Description DATA PROCESSING APPARATUS AND DATA PROCESSING METHOD Technical
Field [0001] This invention relates to a data processing apparatus and a data processing method, and
particularly to a data processing apparatus and a data processing method which make it possible to
improve the tolerance to burst errors or erasure of, for example, an LDPC (Low Density Parity Check)
code. Background Art [0002] The LDPC code has a high error correction capacity and, in recent
years, begins to be adopted widely in transmission systems including satellite digital broadcasting
systems such as, for example, the DVB-S.2 system used in Europe (refer to, for example, Non-Patent
Document 1). Further, it is investigated to adop e 1LPREC€ode also in terrestrial digital broadcasting
of the next generation. 0003] It is being found by recent research that a performance proximate to the
Shannon limit is provided by 1 the LDPC code as the code length is increased similarly

DATA PROCESSING APPARATUS AND DATA PRCOCESSING METHOD
Technical Field
[0001]

This invention relates to a data processing
apparatus and a data processing method, and particularly
tc a data processing apparatus and a data processing
methed which make it possible to improve the tolerance to
burst errors or erasure of, for example, an LDPC (Low
Density Parity Check) code.
Background Art
[0ooz2] i
The LDPC code has a high error correction capacity
and, in recent vyears, begins to be adopted widely in
transmission systems including satellite digital
broadcasting systems such as, for example, the DVB-35.2
system used in Europe (refer to, for exampls, Non-Patent
Document 1). Further, it 1s investigated to adopt the
LDPC code also in terrestrial digital broadcasting of the
next generation.
[0003]

It is being found by recent research that a

performance proximate to the Shannon limit 1s provided by



to a turbo code and so forth. Further, since the LDPC code has a property that the minimum distance
increases in proportion to the code length, it has a characteristic that it has a superior block error
probability characteristic. Also it is advantageous that a so-called error floor phenomenon which is
observed in a decoding characteristic of the turbo code and so forth little occurs. [0004] In the
following, such an LDPC code as described above is described particularly. It is to be noted that the
LDPC code is a linear code, and although it is not necessarily be a two-dimensional code, the
following description is given under the assumption that it is a two-dimensional code. [0005] The
LDPC code hasthe.mpst sigaificast characterdsticinghat a pantychegk saatexwhich 1defines the

LDPC code is a sparse matrix. Here, the sparse matrix is a matrix in which the number of those
elements whose valueuiskis verysemal dmatrixcinr which almastal elements are-0)L.[006] 2 FIG. 1
shows an example of a parity check matrix H
code has a property that the minimum distance increases
in proportion to the code length, it has a characteristic
that it has a superior block errcr probability
characteristic. Also it is advantageous that a so-called
error floor phencmenon which 1s ocbserved in a decocding
characteristic of the turbo code and so forth liztle
occcurs.,
(0004}

in the following, such an LDPC code as described
above is described particularly. It is to be noted that
the LDPC code is a linear code, and althqugh it is not
necessarily be a two-dimensional code, the following
description is given under the assumption that it is a
two-dimensional code.

[00C5]

The LDPC code has the most significant
characteristic in that a parity check matrix which
defines the LDPC code 1s a sparse matrix. Here, the
sparse matrix is a matrix in which the number of those
elements whose value is “1” is very small (matrix in

which almost all elements are 0).

[0G05]



of an LDPC code. [0007] In the parity check matrix H of FIG. i, the weight of each column (column
weight) (number of "i") (weight) is "3" and the weight of each row (row weight) is "6." [0008] In
encoding by LDPC codes (LDPC encoding), for example, a generator matrix G is produced based on
a parity check matrix H and this generator matrix G is multiplied by two-dimensional information bits
to produce a codeword (LDPC code). [0009] In particular, an encoding apparatus which carries out
LDPC encoding first calculates a generator matrix G which satisfies an expression GHT = 0 together
with a transposed matrix HT of a parity check matrix H. Here, if the generator matrix G is a K x N

matrix, then the encoding:apparaius.multiplies ke generater Matrix- byra bit sting (veator u) of K
information bits to produce a codeword c (= uG) of N bits. The codeword (LDPC code) produced by
the encoding apparatusisreceired by the reception side through a predetermined communication
path. ,0010] 3 Decoding of the LDPC code can be carried out using
(0007]
in the parity check matrix H of FIG. 1, the weight
of each cclumn (column weight) {(number of “1”) {(weight)
is M3” and the weight of each row (row weight) is “e.”
[oooe]
In encoding by LDPC codes (LDPC encoding), for
example, a generator matrix G 1s produced based on a
parity check matrix H and this generator matrix G is
multiplied by two-dimensicnal information bits te produce
a codeword (LDPC code).
[C009]
Irn particular, an encoding apparatus which carries
out LDPC encoding first calculates a generator matrix G
which satisfies an expression GH' = 0 together with a
transposed matrix H° of a parity check matrix H. Here, if
the generator matrix G 1s a K x N matrixz, then the
encoding apparatus multiplies the generator matrix G by a
bit string (vector u) of K information bits to produce a
codeword ¢ (= uG) of N bits. The codeword (LDPC ccde)
produced by the encoding apparatus is received by the
reception side through a predetermined communication path.

[0010]



an algorithm proposed as probabilistic decoding (Probabilistic Decoding) by the Gallager, that is, a
message passing algorithm by belief propagation on a so- called Tanner graph including a variable
node (also called message node) and a check node. In the following description, each of the variable
node and the check node is suitably referred to simply as node. [0011] FIG. 2 illustrates a procedure
of decoding of an LDPC code. [0012] It is to be noted that, in the following description, a real number
value where the "0" likelihood in the value of the nth code bit of an LDPC code (one codeword)
received by the reception side is represented in a log likelihood ratio is suitably referred to as

reception value u0i. Furthesqa messageroutpuited remea checkaodeis representedyrid, and a
message outputted from a variable node is represented by v_. [0013] First, in decoding of an LDPC
code, as seerxin BEIGyo2 iamkDPpode s reeeivedraritid messagedcheck:mode message) u, is
initialized to "0" and besides a variable k 4 which assumes an integer as a counter of repeated
(Probabilistic Decoding) by the Gallager, that is, a
message passing algorithm by belief propagation on a so~
called Tanner graph including a variable node (also
called message node) and a check node. In the following
description, each of the variable node and the check node
is suitably referred to simply as node.
[0011]
FIG. 2 illustrates a procedure of decoding of an
LDPC code.
o012}
It is to bs noted that, in the following
description, a real number wvalue where the “0” likelihood
in the value of the nth code bit of an LDPC code {(one
codeword) received by the recepticn side is represented
in a log likelihood ratio is suitably referred to as
reception value Ugi. Further, a message outputted from a
check node is represented by uy and a message outputted
from a variable node is represented by v;.
10013]
First, in decoding of an LDPC code, as seen in FIG.

2, an LDPC code is received and a message {(check node

message) us is initialized to “0” and besides a variable k



processes is initialized to "0" at step Sil, whereafter the processing advances to step S12. At step 512,
mathematical operation represented by an expression (1) (variable node mathematical operation) is
carried out based on the reception value u3 obtained by the reception of the LDPC code to determine
a message (variable node message) vi. Further, mathematical operation represented by an
expression (2) (check node mathematical operation) is carried out based on the message v to
determine the message uj. [0014] [Expression 1] &-I v,=uo,+ lu, ... (1) j=1 [0015] [Expression 2] ~-1
tanh(2j= dntanhC2) ... (2) [0016] Here, d, and d, in the expression (1) and the expression (2) are
parameters which-car: be setectedh arhitrasity-and representitbe numhbesof distih a vertical direction
(column) and a horizontal direction 5

processes 1is initialized to “0” at step 811, whereafter

the processing advances to step S12. At step S12,

mathematical operatlion represented by an expression (1)

(variable node mathematical operation) is carried out

based on the reception value ug obtained by the reception

of the LDPC code to determine a message (variable node

message) vi. Further, mathematical operation represented

by an expression (2Z) (check node mathematical cperation)

is carried cut based on the message v; to determine the

messade Ujy.

[0014]

[Expression 1]

dv—1
Vi = Hoi + ZH} (1)

J=1
[0015]

[Expression 2]

u de—1 v,
Umhf;j= FEUmhﬂw] . (2)
[0016]
dere, dy and de in the expression {1} and The
expression (2) are parameters which can be selected

arbitrarily and represent the number of “ls” in a

vertical direction {column) and a horizontal direction



(row) of the parity check matrix H. For example, in the case of a (3, 6) code, d" = 3 and d- = 6. [0017]
It is to be noted that, in the variable node mathematical operation of the expression (1) and the check
node mathematical operation of the expression (2), the range of the mathematical operation is 1 to d"
-1lor 1todo- 1 because a massage inputted from an edge (line interconnecting a variable node and
a check node) from which a message is to be outputted is not made an object of the mathematical
operation. Meanwhile, the check node mathematical operation of the expression (2) is carried out by
producing in advance a table of a function R(vl, v2) represented by an expression (3) defined by one
output with respegt to-tiva: inpuisawliang v and usingrthe table suecessively &ecursively) as
represented by an expression (4). [0018] [Expression 3] x=2tanh-'{tanh(vi/2)tanh(v2/2)}=R(vi,v2) ...
(3) [0019] [Expressiont 43 uER(VER (W 2RE3. d Rfvdd-2yvdl,-4)) )y ..6(4) [0020] 6

[G017]

It is to be noted that, in the variable node

mathematical operation of the expression (1) and the

check node mathematical opervation of the expression (Z),

the range of the mathematical operation is 1 to dy — 1 or

1 to d. - 1 because & massage ilnputted from an edge (line

interconnecting a variable node and a check node) from

which a message 1s to be outputted 13 not made an object

of the mathematical coperation. Meanwhile, the check nods

mathematical operation of the exprescsion (2} isg carried

out by prgducing in advance a table of a function R{vy,

vy) represented by an expression (3) defined by one output

with respect to two inputs vy and vy and using the table

successively (recursively) as represented by an

expression (4).

[0018)

[Expression 3]

x = 2tanh " {tanh(v:/ 2) tanh(v2/2)} = R(1,2) . (3)

[0019]

[Expression 4]

= R{vi, R{(v2, R(vi...R(va. - 2,va. - 1)))) .o (4

[0020]



At step 512, the variable k is incremented by "1" further, and the processing advances to step 513. At
step 513, itis decided whether or not the variable k is higher than a predetermined repeated
decoding time number C. If it is decided at step S13 that the variable k is not higher than C, then the
processing returns to step 512, and similar processing is repeated thereafter. [0021] On the other
hand, if it is decided at step S13 that the variable k is higher than C, then the processing advances to
step 514, at which a message v as a decoding result to be outputted finally by carrying out
mathematical operation represented by an expression (5) is determined and outputted, thereby

ending the decoding pracesscef the L PRG gode. {0982} [Expression &lndtzuadluii+(5) J=1
[0023] Here, the mathematical operation of the expression (5) is carried out, different from the variable
node mathentaticaheperation ofithe pxpresson(d) a4sinag daessagesactromal. edges goapecting to
the variable node.
513, it is decided whether or not the variable k is
higher than a predetermined repeated decoding time number
C. If it is decided at step 3513 that the variable k is
not higher than C, then the processing returns to step
512, and similar processing is repeatesd thereafter.
[0021]
On the other hand, 1f it is decided at step 3513
that the variable k is higher than C, then the processing
advances to step 314, at which a message vy as a decoding
result to be cutputted finally by carrying out
mathematicgl operation represented by an exprgssion (5)
is determined and outputted, thereby ending the decoding
process of the LDPC code.
[00zz)
[Expression 5]
v
wmm+2w o (5]
J=1
[0023]
Here, the mathematical cperation of the expression
(5) 1is carried out, different from the variable node

mathematical operation of the expression (1), using

messages u: from all edges connecting to the variable node.



7 0024] FIG. 3 illustrates an example of the parity check matrix H of a (3, 6) LDPC code (encoding
rate: 1/2, code length: 12). 00251 In the parity check matrix H of FIG. 3, the weight of a column is 3
and the weight of a row is 6 similarly as in FIG. 1. [00261 FIG. 4 shows a Tanner graph of the parity
check matrix H of FIG. 3. [0027] Here, in FIG. 4, a check node is represented by " and a variable node
is represented by A check node and a variable node correspond to a row and a column of the parity
check matrix H, respectively. A connection between a check node and a variable node is an edge and
corresponds to "1" of an element of the parity check matrix. [0028] In particular, where the element in
the jth row of the ith column of the parity check matrix is 1, the ith variable node (node of "=") from
above and the jth check node (node of "+") from above are connected by an edge.

FIG. 3 illustrates an example of the parity check

matrix H of a {3, 6) LDPC code (encoding rate: 1/2, code
length: 12)}.
(00253

In the parity check matrix HE of FIG. 3, the weight
of a column is 3 and the weight of a row is & similarly
as in FIG. 1.
(00267

FIG. 4 shows a Tanner graph of the parity check
matrix H of FIG. 3.
[0027]

Here, in FIG. 4, a gheck node 1s represented by
“+,” and a wvarilable node 1s represented by “=." A check
node and a variable node correspond to & row and a column
of the parity check matrix H, respectively. L4 connection
between a check node and a variable node is an edge and
corresponds to “1” of an element of the parity check
matrix.
[0028]

In particular, where the element in the jth row of
the ith column of the parity check matrix is 1, the ith
variable node (ncde of “=") from above and the 7J7th check

ncede {node of “+”) from above are connected by an edge.



8 The edge represents that a code bit corresponding to the variable node has a constraint condition
corresponding to the check node. [0029] In the sum product algorithm (Sum Product Algorithm) which
is a decoding method for LDPC codes, variable node mathematical operation and check node
mathematical cooperation are carried out repetitively. [0030] FIG. 5 illustrates the variable node
mathematical operation carried out with regard to a variable node. [00311 With regard to the variable
node, a message v- corresponding to an edge to be calculated is determined by variable node
mathematical operation of the expression (1) which uses messages ul and u2 from the remaining

edges connecting taithe vasiable;nade apddhe seceptionvalue: spy=Alsenai message gpgesponding to
any other edge is determined similarly. [0032] FIG. 6 illustrates the check node mathematical
operation carried-outdt-a cheek hade.0033]d4ere] the checkinadenmathematicat dperation of the
the check node.
[0029]
In the sum product algorithm (Sum Product
Algorithm) which is a decoding method for LDEC codes,
variable node mathematical operation and check node
mathematical cooperation are carried cut repetitively.
[0030]
FIG. 5 illustrates the wvariable node mathematical
operation carried out with regard te a variable node.
[0031]
With regard to the variable node, & message Vi
corresponding te an edge to be calculated is determined
by wvariakble node mathematical operaticn of the expression
(1) which uses messages u; and up; from the remaining edges
connecting tTo the variable node and the reception value
Ugi. Also a message corresponding to any other edge is
determined similarly.
[0032]
FIG. &6 illustrates the check node mathematical
operation carried out at a check node.

[0033]

Here, the check node mathematical operation of the



9 expression (2) can be carried out by rewriting the expression (2) into an expression (6) using the
relationship of an expression a x b = exp(In([a;) + In H bl)) x sign(a) x sign(b). It is to be noted the'-
sign(x) is 1 where x ? 0 but is -1 where x < 0. [0034] [Expression 6] dclv, 1 m =2 tanh-, tanh[ = 2
tank exp f d 'tin[ tanh[ )~J} x F1 signftanh[, J 2 9 lici=1 do-1wd, -1 = 2 tanh -i exp{- - in[tai i V," 1} x fl
sign(v) ... (6) L 2 1 =_1[0035] Further, if, where x Z 0, a function p(x) is defined as an expression
cp(x) = in(tanh(x/2)), then since an expression 0-1(x) = 2tanh-'(e-x) is satisfied, the expression (6) can
be transformed into an expression (7). [0036] [Expression 7] do-1 d~-1

expression (2) can be carried out by rewriting the

expression (2) 1into an expression (&) using the

relationship of an expression a x b = exp{ln(ial) +
In{lkl)} = sign{a) = sgignik). It is to be noted that
sign{x) is 1 where x 2 0 but i1s -1 where x < 0.
[0034]

[Expression €]

fd=t )
w = 2tanh Ixtmmcgl
j=1
Y de-1 _
tanh(%] )} e .H} Sign[tanh(gﬂ
)

| d-l W]
expy — ES-—ﬁ{}mﬂ{}EJJ xj{}s@yﬁw) w (B

| i=1 i=1

=2tanh™' {exp{dil In[

i=1

=2tanh”’

{0035]

Further, 1if, where x 2 0, a function ¢{x) is
defined as an expression ¢(x) = In(tanh{x/2)), then since
an sexpression @*(x} = Ztanhd(e“} ig satisfied, the
expression (6) can be transformed into an expressicn (7).
[0036]

[Expression 7]

de—1 d:—1
u;m¢l[ §:¢@ﬂﬂx [ Tsign(w) e A

i=1 i=1
[0037]

At the check node, the check node mathematical

10



u~=01 1] o~vi) x fJsign(v) ... (7) i=1i=1[0037] At the check node, the check node mathematical 10
operation of the expression (2) is carried out in accordance with the expression (7). 0038] In
particular, at the check node, the message uj corresponding to the edge to be calculated is
determined by check node mathematical operation of the expression (7) using messages v1, v2, v3,
v4 and v5 from the remaining edges connecting to the check node. Also a message corresponding to
any other edge is determined in a similar manner. [0039] It is to be noted that the function p(x) of the
expression (7) can be represented also as p(x) = In((ex + 1)/(ex - 1)), and where x > 0, (p (X) = (p! (X) .
When the fungtiens po-and:(p:(x: aes: ineomorated imhardwate; (while they are sometimes

incorporated using an LUT (Look Up Table), such LUTs become the same LUT. [0040] Non-Patent
Document 1: BVYB=>52i S KEN 1302430 72 Mk 2+(2006-06) .

[0038]

In particular, at the check node, the message u;

corresponding to the edge to be calculated is determined

by check node mathematical operation of the expression

{7} using messages vy, Vz, Vi, vgq and vs from the remaining

edges connecting to the check nede. Alsc a message

corresponding to any other edge i1s determined in a

simlilar manner.

(00397

It 13 to be noted that the function oi{x} of the
expression (7} qan be represented also as ¢{x) = In{({e® +
1)/ (e = 1)y, and where x > 0, ¢(x) = o (x). When the

functions @(x) and ¢ *(x) are incorporated in hardware,
while they are sometimes Iincorporated using an LUT (Look
Up Tabkle), such LUTs become the same LUT.
[0040]

Non-Patent Document 1: DVB-S5.Z: ETSI EN 302 307
V1.1.2 {2006-08)
Disclosure of Invention
Technical Probliem
00417

Although it has been known that LDPC codes exhibit

==}
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Disclosure of Invention Technical Problem [0041] Although it has been known that LDPC codes
exhibit 1l a very high capacity in an AWGN (Additive White Gaussian Noise) communication path, in
recent years it has become clear that even in the other communication paths they have a higher error
correction capacity than conventional convolution codes or connection codes of convolution codes
and RS (Reed Solomon) codes. [0042] In short, if a code having a good performance in an AWGN
communication path is selected, then the code frequently has a better performance than the other
codes also in other communication paths. [0043] Incidentally, it has been proposed that, for example,

where LDPC godes-are,applied-toderrestrial digitaljpreadeasting: ki2PE-cadespeareeived in the
DVB-S.2 standards and a modulation system prescribed in the DVB-T standards are combined and
an interleaveni{hitinterleaxer) farciaterteaving-eodei bits-etam L D6, codets provided between the
LDPC encoding and modulation to improve the performance of LDPC codes in an AWGN
clear that even in the other communication paths they
have a higher error correction capacity than conventional
convolution codes or connection codes of convolution
cocges and RS {(Reed Solomon) codes.
100427
In short, 1f a code having a good performance in an
AWGH communication path is selected, then the code
freguently has a better performance than the other codes
also in other communication paths.
[0043]
Incidentally, it has been proposed that, fqr
example, where LDPC codes are applied tc terrestrial
digital broadcasting, LDPC codes perceived in the DVB-S5.2
standards and a modulation system prescribed in the DVB-T
standards are combined and an interleaver
(bitinterleaver) for interleaving code bits of an LDPC
code is provided between the LDPC encoding and modulation
to improve the performance of LDPC codes in an AUWGN
communication path.
[0044]
However, 1in a communication path supposed with

regard to ground waves, burst errors or erasure sometimes

12



communication path. [0044] However, in a communication path supposed with regard to ground
waves, burst errors or erasure sometimes 12 occurs. For example, in an OFDM (Orthogonal
Frequency Division Multiplexing) system, in a multi-path environment wherein the D/U (Desired to
Undesired Ratio) is 0 dB (power of Undesired = echo is equal to the power of Desired = main path),
the power of a particular symbol becomes zero (erasure) in response to a delay of an echo (paths
other than the main path). [004.5] Further, also in a flutter (communication path in which an echo
whose delay is zero and to which a Doppler (dopper) frequency is applied is added), where the D/U is

0 dB, a case whereinsthe powes of an entirg QFRDMsynbolc at a speeific peint af dims is reduced to
zero by the Doppler frequency occurs. [0046] Furthermore, burst errors sometimes arise from a

situation of a wiringdinefremian antennado asreeeption iapparatus of instability of the power supply.
0047] Conventionally, also in a communication path in

environment wherein the D/U (Desired to Undesired Ratio)

is 0 dB (power of Undesired = echo ig egual to the power

of Desired = main path), the power of a particular symbol
becomes zero (erasure) in response to a delay of an acho

{(paths other than the main path).

(00457

Further, also in a flutter (communication path in
which an echo whose delay is zerc and to which a Doppler
{dopper) freqgquency is applied is added), where the D/U i3
0 dB, a case whereln the power of an entire OFDM symbol
at a specific point of time isireduced te zerc by The
Doppler freguency occurs.

[004¢6]

Furthermore, burst errors sometimes arise from =z
situation of a wiring line from an antenna to a reception
apparatus or instability of the power supply.

[0047]

Conventionally, alsc in a communication path in
which such burst errors or erasure occurs as described
above, an error correction code of a high performance is
used in an AWGN communication path.

(0048}
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which such burst errors or erasure occurs as described above, an error correction code of a high
performance is used in an AWGN communication path. [0048' 13 Meanwhile, in decoding of LDPC
codes, since variable node mathematical operation of the expression (1) wherein addition of
(reception values uo_ of) code bits of an LDPC code as seen in FIG. 5 is carried out in a column of
the parity check matrix H and hence a variable node corresponding to a code bit of the LDPC code, if
an error occurs with the code bit used for the variable node mathematical operation, then the
accuracy of a message to be determined drops. [0049] Then, since, in decoding of the LDPC code,

the message determinachatthe variable nede-conrectingito the chesk noderisased to carry out
check node mathematical operation of the expression (7) at the check node, if the number of check

nodes where {cotleshitsof-thed DRE cadet correspanding toyra plarali:otvariahle hodes connected
thereto exhibit an error (including erasure) at the same time becomes great, then the performance of
the decoding deteritrates. 1 00801tion of (reception values ug of) code
bits of an LDPC code as ssen in FIG. 5 is carried out in
a column of the parity check matrix H and hence a
variable node corresponding fTo a code bit of the LDPC
code, if an error occurs with the code kit used for tThe
variable node mathematical operation, then the accuracy
of a messages to be determined drops.
(00497
Then, since, in decoding of the LDPC code, the
message determined at the variable node connecting to the
check node %s used to carry out check node mathematicalﬁ
operation of the expression {7) at the check node, if the
number of check nodes where (code bits of the LDPC code
corresponding to) a plurality of varilable nodes connected
thereto exhibit an errcor (including erasure) at the same
time becomes great, then the performance of the decoding
deteriorates.
[0050)
For example, if two or more of the variable nodes
connected to the check node suffer from erasure at the

same time, then the check node returns a message that the

probability that the value may be 0 and the probability

14



For example, if two or more of the variable nodes connected to the check node suffer from erasure at
the same time, then the check node returns a message that the probability that the value may be 0
and the probability 14 that the value may be 1 are equal to each other to all variable nodes. In this
instance, those check nodes to which the message of the equal probabilities does not contribute to
one cycle of decoding processing (one set of variable node mathematical operation and check node
mathematical operation), and as a result, an increased number of times of repetition of decoding
processing are required. Consequently, the performance of the decoding deteriorates. Further, the

power consumption ef.a reception.appajatys ‘A’P@héiﬁEQ?Ls eut decading gEthe. LDPG code increases.
[0051] Accordingly, at present, a technique for improving the tolerance to burst errors or erasure while

the performaree iman AWGhkecommunication pathds maintaineds és demandad952kEHere, it has
been proposed that the performance of LDPC codes in an AWGN communication path is improved by
providing an intetleaves formatesleaving fcodeitscpfa probabilities deoes not
contribute to one cycle of decoding processing {one set
of variable node mathematical coperation and check node
mathematical operation), and as a result, an increased
number of times of repetition of decoding processing are
reguired. Conseguently, the performance of the decoding
deteriorates. Further, the power consumpticn of a
reception apparatus which carries out decoding of the
I.DPC code increases.
[0051]

Accordingly, at present, a technique for improvingﬂ
the tolerance to burst errors or erasure while the
performance in an AWGN communication path is maintained
1s demanded.

[C052]

Here, it has been propoesed that the performance of
LDPC codes in an AWGN communication path is improved by
providing an interleaver for interleaving code Lkits of an
LDPC code between LDPC encoeding and modulation as
described hereinabove, and if the interleaver can carry
out interleave of lowering the probability that a

plurality of ones of (code bits of LDPC codes
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LDPC code between LDPC encoding and modulation as described hereinabove, and if the interleaver
can carry out interleave of lowering the probability that a plurality of ones of (code bits of LDPC codes
15 corresponding to) variable nodes connected to a check node may exhibit an error, then the
performance of decoding can be improved. 0053] The present invention has been made in view of
such a situation as described above and makes it possible to improve the tolerance to errors of code
bits of an LDPC code such as burst errors or erasure. Technical Solution 0054] A data processing
apparatus of a first aspect of the present invention is a data processing apparatus which interleaves

data, including re-aErapgemeny means, foricasnying odt whese apd:RRCyLow Rensity Parity Check)
code is transmitted as a symbol or symbols each formed from two or more code bits thereof, a re-
arrangement process@f resarrangingsthescodeitstofdhe tlH2P Gecotlersuchdbatglural ones of the code
bits corresponding to the value 1 included in one arbitrary row of the parity check matrix are not
included in the¢iecoding can ke improved.

[0053]

The present invention has been made in view of such

2 situation as described above and makes it possible to

improve the tolerance to errors of code bhits of an LDPC

code such as burst errors or erasure.

Technical Solution

[0054]

A data processing apparatus of a first aspect of

the present invention 1s a data processing apparatus

which int@rl@avesldata, including re-arrangement means

for carrying out, where an LDPC (Low Density Parity

Check) code is transmitted as z symbol or symbols each

formed from twe or more code bits thereof, a re-

arrangement process of re-arranging the code bits of the

LDPC code such that plural ones of the code bits

corresponding to the value 1 included in one arbitrary

row of the parity check matrix are not included in the

same symbol.

[0055]

A data processing methoed of tThe first aspect of tThe

present invention is a data processing method for a data



same symbol. 0055] A data processing method of the first aspect of the present invention is a data
processing method for a data 7.6 processing apparatus which interleaves data, including a step
carried out by the data processing apparatus of carrying out, where an LDPC (Low Density Parity
Check) code is transmitted as a symbol or symbols each formed from two or more code bits thereof,
re-arrangement of the code bits of the LDPC code such that plural ones of the code bits
corresponding to the value 1 included in one arbitrary row of the parity check matrix are not included
in the same symbol. [0056] In such a first aspect as described above, where an LDPC (Low Density
Parity Check)casieds trangmitted: asa: symbokar symbels<eachformed froph i@:on more code bits

thereof, the data processing apparatus carries out re- arrangement of the code bits of the LDPC code
such that plurad @nesaof thiedode bits cotresponrding ta theevalied #rgludedtinsonretarbitrary row of the
parity check matrix are not included in the same symbol. 0057] A data processing apparatus of a
second aspectaf rying out, where an LDPC (Low Density Parity Check)
code is transmitted as a symbol or symbcels each formed
from two or more code bits thereof, re-arrangement of the
code bits of the LDPC code such that plural cnes cf the
code bits corresponding to the value 1 included in one
arbitrary row cf the parity check matrix are not included
in the szame symbol.
[0056]
In such a first aspect as described above, where an
LDPC {(Low Density Parity Check) coae 1s transmitted as a
- symbol or symbols each formed from two or more code b;ts
thereof, the data processing apparatus carries out re-
arrangemant of the code bits c¢f the LDPC code such that
plural cnes of the code bits corresponding to the value 1
included in one arbitrary row of the parity check matrix
are not included in the same symbol.
[0057]
A data processing apparatus of a second aspect of
the present invention is a data processing apparatus
which receives an LDPC (Low Density Parity Check) code

transmitted thereto in an interleaved form as a symbol or

symbols each formed from two or more code bits, including

17



the present invention is a data processing apparatus which receives an LDPC (Low Density Parity
Check) code transmitted thereto in an interleaved form as a symbol or symbols each formed from two
or more code bits, including 17 reverse re-arrangement means for carrying out, for an LDPC code
obtained by carrying out a re-arrangement process of re-arranging the code bits of the LDPC code
such that plural ones of the code bits of the LDPC code which correspond to the value 1 included in
one arbitrary row of a parity check matrix are not included in the same symbol, a reverse
re-arrangement process which is reverse re-arrangement corresponding to the re-arrangement

process, and kBP&-decading meanssior saryingrout 1P C deceding efthe LRRPCgode for which the
reverse re- arrangement process is carried out. [0058[ A data processing method of the second aspect

of the preseni.imv@ntioniés aldata pratessingsmethiodiforatdatapreeessing appatatus which receives
an LDPC (Low Density Parity Check) code transmitted thereto in an interleaved form as a symbol or
symbols eachtformed fronf two-crimereidode bits, inclddinga stepicartied bUPBy the<lata processing

apparatus of carrying out, for an LDPC code obtained by carrying out a re-arrangement
such that plural ones of the code bits of the LDPC code

which correspond to the value 1 included in one arbitrary
row of a parity check matrix are not included in the same
symbol, a reverse re-arrangement process which is reverse
re-arrangement corresponding to the re-arrangement
process, and LDPC decoding means for carryving out LDPC
decoding of the LDPC code for which the reverse re-
arrangement process is carried out.

[0058]
) A data processing method of phe second aspect of
the present invention 1z a data processing methed for a
data processing apparatus which receives an LDPC {Low
Density Parity Check) cocde transmitted thereto in an
interleaved form as a symbol or symbols each formed from
two or more code bits, including a step carried out by
the data processing apparatus of carrying out, for an
LDPC code obtained by carrying out a re-arrangement
process of re-arranging the code bits of the LDPC code
such that plural ones of the code bits of the LDPC code
which correspond to the value 1 included in one arbitrary

row 0 a parity check matrix are not included in the same

18



process of re-arranging the code bits of the LDPC code such that plural ones of the code bits of the
LDPC code which correspond to the value 1 included in one arbitrary row of a parity check matrix are
not included in the same 18 symbol, a reverse re-arrangement process which is reverse
re-arrangement corresponding to the re-arrangement process, and a step carried by the data
processing apparatus of carrying out LDPC decoding of the LDPC code for which the reverse
re-arrangement process is carried out. [0059] In such a second aspect as described above, for an
LDPC code obtained by carrying out the re-arrangement process, a reverse re-arrangement process
which is revessenre-ajrangement serrespending ie:there- arrangement tdescribed-abevesis carried out,
and LDPC decoding of the LDPC code for which the reverse re- arrangement process has been
carried out is carreedreuts 40860] A dateeprovessing dpparatus of adhird agpeetdf the present
invention is a data processing apparatus which interleaves data, including re-arrangement means for
carrying out, wherecas L DRC! (lzove Dansity Pakity!l Gheck) eode irewhichcars iforimation matrix which is

that
apparatus of carryving out LDPC decoding of the LDPC code

for which the reverse re-arrangement process 1s carried
out.
[0059]

In such & second aspect as described above, for an
LDEC code cbtained by carrying out the re-arrangement
process, a reverse re-arrangement process which is
reverse re-arrangement corresponding to the re-
arrangement described above i1s carried out, and LDEC
decoding of the ;DPC code for which the reverse re-
arrangement process has been carried out 1s carried out.
[0060]

A data processing apparatus of a third aspect of
the present invention is a data processing apparatus
which interleaves data, including re-arrangement means
for carrying out, where an LDPC (Low Density Parity
Check) code in which an information matrix which i1s that
portion of a parity check matrix thereof which
corresponds to information bits of the LDPC code and has
a cyclic structure is transmitted as a symbol or symbols

each formed from two or more code bits thereof whereas

18



portion of a parity check matrix thereof which corresponds to information bits of the LDPC code and
has a cyclic structure is transmitted as a symbol or symbols each formed from two or more code bits
thereof whereas 19 the symbol is formed from the code bits of the LDPC code which are written in a
column direction of storage means for storing the code bits of the LDPC code in a row direction and
the column direction and are read out in the row direction from the storage means, column twist
interleave of changing the writing starting position when the code bits of the LDPC code are to be
written in the column direction of the storage means for each column of the storage means as a
re-arrangemett progessdor tes afranginy theseodenbits ofithediDRC«cdden Q1A datagprocessing
method of the third aspect of the present invention is a data processing method for a data processing
apparatus whichiinterteavesdata,sncluding a stepcartiedeaut byrthe datd processimggapparatus of
carrying out, where an LDPC (Low Density Parity Check) code in which an information matrix which is
that portion of arparity theok Aistrix dierebfwhichicoifespbRds t¢ dRformatién bits of the LDPC code

and has a cyclic structure is transmitted as a symbol or symbols each ‘
direction and the column direction and are read out in

the row direction from the storage means, column twist
interleave of changing the writing starting position when
the code bits of the LDPC code are to be written in the
column direction of the storage means for each column of
the storage means asg a re-arrangement process for re-
arranging the code bits of the LDPC code.

[0061]

A data processing method of the third aspect of the
present invention is a data processing method for a data
processing apparatus which interleaves data, including a
step carried out by the data processing apparatus of
carrying out, where an LDPC (Low Density Parity Check)
code in which an information matrix which is that pertion
of a parity check matrix therecf which correspcends to
information bits of the LDPC code and has a cyclic
structure is transmitted as a symbol or symbols each
formed from two or more code bits thereof whereas the
symbol is formed from the code bits of the LDPC code
which are written in a column direction of storage means

for storing the code bits of the LDPC code in a row
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formed from two or more code bits thereof whereas the symbol is formed from the code bits of the
LDPC code which are written in a column direction of storage means for storing the code bits of the
LDPC code in a row 20 direction and the column direction and are read out in the row direction from
the storage means, column twist interleave of changing the writing starting position when the code
bits of the LDPC code are to be written in the column direction of the storage means for each column
of the storage means as a re-arrangement process for re- arranging the code bits of the LDPC code.
[0062] In such a third aspect as described above, column twist interleave of changing the writing

starting positign-when the eode bits ot the klaPEicade-arertohey vwitten.in 4he gglumn, direction of the
storage means for each column of the storage means is carried out as a re- arrangement process for

re-arranging tha<odesbitsiafdhe i1DPErcade: 2063] A data precessing:apparatusiota fourth aspect of
the present invention is a data processing apparatus which receives an LDPC (Low Density Parity
Check) code transmited ther&totinarginterleavedyorm asa@ symbaoliors position when

the code bits of the LDPC code are to be written in the

column directicon of the storage means for each column of

the storage means as a re-arrangement process for re-

arranging the code bits of the LDPC code.

[0062]

In such a third aspect as described above, column
twist interleave of changing the writing starting
position when the code bits of the LDPC code are to be
written in the column direction of the storage means for
each coliumn of the storage means 1s carried out as a re-
arrangement process for re-arranging the code bits of the
LDPC code.

0063]

A data processing apparatus of a fourth aspect of
the present inventicn 1s a data processing apparatus
which receives an LDPC (Low Density Parity Check) code
transmitted thersto in an interleaved form ag a symbol or
symbols sach formed from two or more code bits, including
reverse re-arrangement means for carrying out, where the
LDPC code is an LDPC code in which an information matrix

which is that portion of the LDPC code which cerresponds



symbols each formed from two or more code bits, including reverse re-arrangement means for
carrying out, where the LDPC code is an LDPC code in which an information matrix which is that
portion of the LDPC code which corresponds 2 i to information bits of the LDPC code in a parity check
matrix of the LDPC code has a cyclic structure and the symbol is formed from the code bits of the
LDPC code which are written in a column direction of storage means for storing the code bits of the
LDPC code in arow direction and the column direction and are read out in the row direction from said
storage means, for an LDPC code obtained by carrying out column twist interleave of changing the

writing starting positien mhen the eodesbitse of the LDPE eede-aretobewritten inthe-golumn direction
of said storage means for each column of said storage means as a re-arrangement process of
re-arranging theteode bits ohthelllDPCrode, Axeverseyeiarrangemerntuprocess witieh is reverse
re-arrangement corresponding to the re-arrangement process, and LDPC decoding means for
carrying out LBP@ décading of tiee’ LDP@rcddefor wwhich thes reversbeelapihgement process is
carried out. [00641 A data processing method according to the fourth aspect of the present invention
is a data proc&Ssigg are written in a column direction of storage means

for storing the code bits of the LDPC code in a row

direction and the column direction and are read out in

the row direction from said storage means, for an LDPC

code obtained by carrying out column twist interleave of

changing the writing starting position when the code bits

cf the LDPC code are to be written in ths column

direction of said storage means for each column of said

storage means as a re-arrangement process cof re~arranging

the code bits of the LDPC code, a reverse re-arrangement

process which is reverse re-arrangement corresponding to

the re-arrangement process, and LDPC decoding means for

carrying out LDPC decoding of the LDPC code for which the

reverse re-arrangement process is carried out.

(00641

A datea processing method according to the fourth

aspect of the present inventicon is a data processing

method for a data processing apparatus which receives an

LDPC {(Low Density Parity Check) code transmitted thereto

in an interleaved form as a symbol or symbols each formed

from two or more code bits, including a step carried out
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method for a data processing apparatus which receives an LDPC (Low Density Parity Check) code
transmitted thereto in an interleaved form as a symbol or symbols each formed from two or more
code bits, including a step carried out 22 by the data processing apparatus of carrying out, where the
LDPC code is an LDPC code in which an information matrix which is that portion of the LDPC code
which corresponds to information bits of the LDPC code in a parity check matrix of the LDPC code
has a cyclic structure and the symbol is formed from the code bits of the LDPC code which are
written in a column direction of storage means for storing the code bits of the LDPC code in a row

direction and the eoluma-diregtiopane-areeagrautinthe sow eirectian frop.the sipeage means, for
an LDPC code obtained by carrying out column twist ,interleave of changing the writing starting
position whentthe caderbite otthesL BRCLaae arede henwritterin the toltmmdireetion of the storage
means for each column of the storage means as a re-arrangement process of re- arranging the code
bits of the LDPEtcode, alrevérseset asrangementprocesswhi¢h isreverse reaarcangement
corresponding to the re-arrangement process, and a step carried out by the data processing
apparatus of CHrEARG LD PC deeddingedtihe LDPG code forawhieRthepslreréa &

parity check matrix of the LDPC code has a cyclic
structure and the symbol is formed from the code bits of
the LDPC code which are written in a column direction of
storage means for storing the code bits of the LDPC code
in a row direction and the column direction and are read
out in the row directicon from the storage means, for an
LDPC code obtained by carrving out column twist
interleave of changing the writing starting pvosition when
the géde bits ¢f the LDPC code are tc b@ written in the
column direction ¢f the storage means for each column of
the storage means as a re-arrangement process of re-
arranging the code bits of the LDPC code, a reverse re-
arrangement process which is reverse re-arrangement
corresponding to the re-arrangement process, and a step
carried out by the data processing apparatus of carrving
out LDPC decoding of the LDPC code for which the reverse
re-arrangement process 1s carried out.
[0065]

In such a fourth aspect as descriped above, a

reverse re-—arrangement process which is reverse re-
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re-arrangement process is carried out. [0065] In such a fourth aspect as described above, a reverse
re-arrangement process which is reverse re- 23 arrangement corresponding to the re-arrangement
process is carried out for an LDPC code obtained by carrying out column twist interleave as a
re-arrangement process, and LDPC decoding of the LDPC code for which the reverse re-
arrangement process has been carried out is carried out. [0066] It is to be noted that the data
processing apparatus may be an independent apparatus or may be an internal block which
composes one apparatus. Advantageous Effect [0067] With the first to fourth aspects of the present
invention, the delerangedorerrers of coderhitsraf ano LDRC eede: ean bedmpravesk Brief Description of
Drawings [0068] [FIG. 1] FIG. 1 is a view illustrating a parity check matrix H of an LDPC code. [FIG.
2] FIG. 2 is a flewchartiibustratingfe deeading ProcedereceftambbRCogodez rrying out

column twist interleave as a re-arrangement process, and

LDPC decoding of the LDPC code for which the reverse re-

arrangement process has been carried cut 1s carried out.

[00886]

It is to be noted that the data processing

apparatus may be an independent apparatus or may be an

internal block which composes one apparatus.

Advantageous Effect

[0oe7]

With the first to fourth aspects of the present

invention, the tolerance to errors of code bits of an

LDPC code can be improved.

Brief Description of Drawings

(0068

[FIG. 1] FIG. 1 is a view 1llustrating a parity check

matrix H of an LDPC code.

[FIG. 2] FIG. 2 is a flow chart illustrating a decoding

procedure of an LDPC code.

[FIG. 3] FIG. 3 is a view 1lillustrating an example of a
parity error matrix of an LDPC code.

[FIG. 4] FIG. 4 is a view showing a Tanner graph of a

parity check matrix.
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[FIG. 3] FIG. 3 is a view illustrating an example of a parity error matrix of an LDPC code. [FIG. 4] FIG.
4 is a view showing a Tanner graph of a parity check matrix. 24 [FIG. 5] FIG. 5 is a view showing a
variable node. [FIG. 6] FIG. 6 is a view showing a check node. [FIG. 7] FIG. 7 is a view showing an
example of a configuration of an embodiment of a transmission system to which the present invention
is applied. [FIG. 8] FIG. 8 is a block diagram showing an example of a configuration of a transmission
apparatus 11. [FIG. 9] FIG. 9 is a view illustrating a parity check matrix. [FIG. 10] FIG. 10 is a view
illustrating a parity matrix. [FIG. 17.] FIG. ]1 is a view illustrating a parity check matrix of an LDPC
code and colurenaveights prescrided i iher DMVB-Sr stangdaed . EKS. .22 £160de s a view illustrating a
signal point arrangement of 16QAM. [FIG. 13] FIG. 13 is a view illustrating a signal point arrangement
of 64QAM. [FIG.i14] HG. 15 a viensillastrating & signahpoiat arearigemeint of 64QAM. [FIG. 15] FIG.
15 is a view illustrating a signal point

[FIG. 7] FIG. 7 is a view showlng an example of a

configuration of an embodiment of a transmission system

to which the present invention is applied.

[FIG. 8] FIG. 8 i1s a block diagram showing an example of

a configuration of a transmission apparatus 11.

[FIG. 9] FIG. 9 is a view i1llustrating a parity check

matrix.

[FIG. 10] FIG. 10 is a view iliustrating a parity matrix.

[FIG. 11) FIG. 11 is a wiew i1llustrating a parity check

matrix of an LDPC code and column welghts prescribed in

the DVB-5.2 standard.

[FIG. 12] FIG. 12 is a view illustrating a sigrnal point

arrangement of 16QAM.

[FIG. 13] FIG. 13 is a view illustrating a signal point

arrangement of 640QAM,

[FIG. 14} FIG. 14 is a view iilustrating a signal point

arrangement of G4QAM.

[FIG. 15] FIG. 15 is a wview i1lliustrating a signal point

arrangement of 64QAM.

Ly

[FIG. 16] FIG. 16 1s a view illustrating processing of a
demultiplexer 25.

[FIG. 17] FIG. 17 is a wview 1llustrating processing of

25



arrangement of 64QAM. [FIG. 16] FIG. 16 is a view illustrating processing of a demultiplexer 25. [FIG.
17] FIG. 17 is a view illustrating processing of 25 the demultiplexer 25. [FIG. 18] FIG. 18 is a view
showing a Tanner graph regarding decoding of an LDPC code. [FIG. 19] FIG. 19 is a view showing a
parity matrix HT having a staircase structure and a Tanner graph corresponding to the parity matrix
HT. [FIG. 20] FIG. 20 is a view showing the parity matrix HT of a parity check matrix H corresponding
to the LDPC code after parity interleaving. [FIG. 21] FIG. 21 is a view illustrating a conversion parity
check matrix. [FIG. 22] FIG. 22 is a view illustrating processing of a column twist interleaver 24. [FIG.
23] FIG. 23 istanviewaustratingcaldmmnnumbers of a memory 31 necessary for the column twist
interleaving and addresses of writing starting positions. [FIG. 24] FIG. 24 is a view illustrating column
numbers of tHe'nemary 31 necesdary fer thewcolumahwist ngtesleayingsand;addresses of writing
starting positions. [FIG. 25] FIG. 25 is a flow chart illustrating a

regarding decoding of an LDPC code.

[FIG. 19} FIG. 19 is a view showing a parity matrix He

having a staircase structure and a Tanner graph

corresponding to the parity matrix Hr.

[FIG. 201 FIG. 20 1s a view showing the parity matrix Hq

of a parity check matrix H corresponding to the LDPC code

after parity interleaving.

[FIG. 21] FIG. 21 1is a view illustrating a conversion

parity check matrix.

[FIG. 22] FIG. 22 is a view illustrating processing of a

column twist interleaver 24. )
[FIG. 23] FIG. 23 is a view illustrating column numbers
cf a memory 21 necessary for the cclumn twist
interleaving and addresses of writing starting positions.
[FIG. 2Z4] FIG. 24 is a view 1llustrating column numbers
of the memory 31 necessary for the column twist
interleaving and addresses of writing starting pesitions.
[FIG. 251 FIG. 25 iz a flow chart illusﬁrating a
transmission process.
[FIG. 2¢6] FIG. 26 is a view showing z model of a

communication path adopted in a simulation.

[FIG. 27] FIG. 27 is a view 1lllustrating a relationship

26



transmission process. [FIG. 26] FIG. 26 is a view showing a model of a communication path adopted
in a simulation. [FIG. 27] FIG. 27 is a view illustrating a relationship 26 between an error rate obtained
by the simulation and a Doppler frequency fd of a flutter. [FIG. 28] FIG. 28 is a view illustrating a
relationship between an error rate obtained by the simulation and a Doppler frequency fd of a flutter.
[FIG. 29] FIG. 29 is a block diagram showing an example of a configuration of a reception apparatus
12. [FIG. 30] FIG. 30 is a flow chart illustrating a reception process. [FIG. 31] FIG. 31 is a view
illustrating an example of a parity check matrix of an LDPC code. [FIG. 32] FIG. 32 is a view
illustrating a mpatrix<(conyersion paritycheckinatiix) abtainedhky applying-rov. replacement and
column replacement to a parity check matrix. [FIG. 33] FIG. 33 is a view illustrating a conversion
parity check niatix divided infa @nuanit a@f; 5xrb bits 1 (FEx:341 FIG. 34 is a block diagram showing an
example of a configuration of a decoding apparatus in which node mathematical operation is carried
out collectively¥aiGR 28} FIG. 28 is a view lilustrating a relationship

between an error rate cbtained by the simulation and a

Deppler frequency f4 of a flutter.

[FIG. 29] FIG. 29 is a block diagram showing an example

of a configuration of a reception apparatus 12.

[FIG. 20] FIG. 30 is a flow chart illustrating a

reception process.

[FIG. 31} FIG. 31 is a view illustrating an example of a
parity check matrix of an LDPC ccde.
[FIG. 32] FIG. 32 is a view illustrating a matrix
(conversion parity check matrix) obtained by applying row

repliacement and column replacement to a parity check

matrix.

iy
—
W
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FIG. 33 1s a view illustrating a conversion

parity check matrix divided into a unit of 2 x 5 bits.

3
i

rry

IG. 347 FIG. 34 is a block diagram showing an example
of a configuration of a decoding apparatus in which node
mathematical operation is carried out collectively for P
ncdes.

[FIG. 35] FIG. 35 is a block diagram showing an example
of a configuration of a LDPC decoding section 5e.

[FIG. 36] FIG. 36 is a block diagram showing an example
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nodes. [FIG. 35] FIG. 35 is a block diagram showing an example of a configuration of a LDPC
decoding section 56. [FIG. 36] FIG. 36 is a block diagram showing an example 27 of a configuration of
an embodiment of a computer to which the present invention is applied. [FIG. 37] FIG. 37 is a view
illustrating an example of a parity check matrix initial value table of an encoding rate of 2/3 and a
code length of 16,200. [FIG. 38] FIG. 38 is a view illustrating an example of a parity check matrix initial
value table of an encoding rate of 2/3 and a code length of 64,800. [FIG. 39] FIG. 39 is a view
illustrating the example of the parity check matrix initial value table of the encoding rate of 2/3 and the
code length of, 64 800 r[FlGu4GlFl&n 401s anviemditusiraiing the exampte of the parity check matrix
initial value table of the encoding rate of 2/3 and the code length of 64,800. [FIG. 41] FIG. 41 is a view
illustrating anwexamplelof ap pastyrcheck meatrix dnitidbvalpe taldel of an encoding rate of 3/4 and a
code length of 16,200. [FIG. 42] FIG. 42 is a view illustrating an example of a parity check matrix initial
value table of @iléncoding #aié of 3/4 and a coderlendth of 6800y an example of a

parity check matrix initial wvalue table of an encoding

rate of 2/3 and a code length of 16,200.

[FIG. 38] TFIG. 38 1s a view illustrating an example of a

parity check matrix initial value table of an encoding

rate of 2/3 and a code length of ©4,800.

[FIG. 3%] FIG. 39 is a view illustrating the example of

the parity check matrix initial wvalue table of the

encoding rate of 2/3 and the code length of €4,800.

[F1G. 40] FIG. 40 is a view 1ilustrating the example of

the parity check matrix initial value table of the

encoding rate of 2/3 and the code length of 64,800,

[FTIG. 411 FIG. 41 is a view 1llustrating an example of a

parity check matrix initial value table of an encoding

rate of 3/4 and a code length of 16,200,

[FIG, 42 FPIG. 42 is a view illustrating an example of a

parity check matrix initial value table of an encoding

rate of 3/4 and a code length of 64,800.

[FIG. 43] FIG. 43 is & view illustrating the example of

the parity check matrix initial wvalue table of the

encoding rate of 3/4 and the code length of 64,800.

[FIG. 441 FIG. 44 is a view i1llustrating the example of

28



[FIG. 43] FIG. 43 is a view illustrating the example of the parity check matrix initial value table of the
encoding rate of 3/4 and the code length of 64,800. [FIG. 441 FIG. 44 is a view illustrating the
example of 28 the parity check matrix initial value table of the encoding rate of 3/4 and the code
length of 64,800. [FIG. 45] FIG. 45 is a view illustrating the example of the parity check matrix initial
value table of the encoding rate of 3/4 and the code length of 64,800. [FIG. 46] FIG. 46 is a view
illustrating an example of a parity check matrix initial value table of an encoding rate of 4/5 and a
code length of 16,200. [FIG. 47] FIG. 47 is a view illustrating an example of a parity check matrix initial
value table ofanencoding rate:-ef4isand & code fength-ef 64:800: [F16. 48] EHG. 48 is a view

illustrating the example of the parity check matrix initial value table of the encoding rate of 4/5 and the
code length o&64800n JFKG49]HIG3 A9 isadviews!lustrating 4he examplesdf, theparity check matrix
initial value table of the encoding rate of 4/5 and the code length of 64,800. [FIG. 50] FIG.50is a
view illustratingtthe .exBmplerafithe Paritys checkirmatrixt ibitiat valuertgblerof the sencoeling rate of 4/5
and the code length of 64,800.

The parity check matrix initial wvalue table of the

encoding rate of 3/4 and the code length of 64,800,

[FIG. 46] FIG. 456 1s a view illustrating an example of a
parity check matrix initial value table of an encoding

rate of 4/5 and & code length of 16,200.

[FIG. 471 FIG. 47 1is a view i1illustrating an example of a
parity check matrix initial wvalue table of an encoding

rate of 4/5 and a code length of 64,800.

[FIG. 48] FIG. 48 1is a view illustrating the example of

the parity check matrix énitial value table of the

encoding rate of 4/5 and the code length of 64,800.

(FIG. 497 FIG. 49 is a view illustrating the example of

the parity check matrix initisal value table cof the

encoding rate of 4/5 and the code length of 64,800.

[FIG. 50] FIG. 50 is a view illustrating the example of

the parity check matrix initial value table of the

encoding rate of 4/5 and the code length of 64,800.

[FIG. 51] FIG. 51 is a wview illustrating an example of a
parity check matrix initial value table of an encoeding

rate of 5/6 and a code length of 16,200.

[FIG. 52] FIG. 52 is a view i1llustrating an example of a

29



[FIG. 51] FIG. 51 is a view illustrating an example of a parity check matrix initial value table of an
encoding rate of 5/6 and a code length of 16,200. [FIG. 52] FIG. 52 is a view illustrating an example of
a 29 parity check matrix initial value table of an encoding rate of 5/6 and a code length of 64,800.
[FIG. 53] FIG. 53 is a view illustrating the example of the parity check matrix initial value table of the
encoding rate of 5/6 and the code length of 64,800. [FIG. 54] FIG. 54 is a view illustrating the example
of the parity check matrix initial value table of the encoding rate of 5/6 and the code length of 64,800.
[FIG. 551 FIG. 55 is a view illustrating the example of the parity check matrix initial value table of the
encoding ratecefi5/6 andrthe icodedengthiof 64:800. {EIG.56] G 56 fs arview dlustrating an example
of a parity check matrix initial value table of an encoding rate of 8/9 and a code length of 16,200.
[FIG. 57] FIG15Z is @ View #lustrdting thedexampletdf the gatityg ¢heck matrix initial value table of the
encoding rate of 8/9 and the code length of 64,800. [FIG. 581 FIG. 58 is a view illustrating the
example of théJirity BRéck matrix Initialvadue table of thes ehasding ratecofegigrambethe code length of
64,800.

the parity check matrix initial value table of the

encoding rate of 5/6 and the code length of 64,800.

[FIG. 54] FIG. 54 is a view i1llustrating the example of

the parity check matrix initial value table of the

encoding rate of 5/6 and the code length of 64,800.

[FIG. 55} FIG. 55 is a view illustrating the example of

the parity check matrix initial value table of the

encoding rate of 5/6 and the code length of 64,800.

[FIG. 56] FIG. 56 is a view illustrating an example of a

parity check matrix initial value table of an encoding

rate of 8/9 and a code length of 16,200.

[FIG. 577 FIG. 57 is a view illustrating the sxample of

the parity check matrix initial value table of the

encoding rate of 8/9 and the code length of 64,800.

i3

[FIG. b8! FIG. 58 1s a view illustrating the example of

T

the parity check matrix initial value table of the
enceding rate of 8/9 and the code length of ©4,800.
[FIG. 59)] FIG. 59 is a wview ililustrating the example of
the parity check matrix initisel value table of the
encoding rate of 8/9 and the code length of 64,800,

[FIG. 601 FIg. 60 is & view illustrating the example of
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[FIG. 59] FIG. 59 is a view illustrating the example of the parity check matrix initial value table of the
encoding rate of 8/9 and the code length of 64,800. [FIG. 60] FIG. 60 is a view illustrating the example
of 30 the parity check matrix initial value table of the encoding rate of 8/9 and the code length of
64,800. [FIG. 61] FIG. 61 is a view illustrating an example of a parity check matrix initial value table of
an encoding rate of 9/10 and a code length of 64,800. [FIG. 62] FIG. 62 is a view illustrating the
example of the parity check matrix initial value table of the encoding rate of 9/10 and the code length
of 64,800. [FIG. 63] FIG. 63 is a view illustrating the example of the parity check matrix initial value

table of the epgedipgrate,0f-9/d0:anekthe codelengthiof6418R0. - G 64 £161 64 is a view illustrating
the example of the parity check matrix initial value table of the encoding rate of 9/10 and the code
length of 64,800c{RIG.65]HI6. 65 is aAviewdlustrating@n examyple ofa pariyicheck matrix initial
value table of an encoding rate of 1/4 and a code length of 64,800. [FIG. 66] FIG. 66 is a view
illustrating theléxamplelof the faritylcheskamatrigvnitialvadte table of the engodihg rate ef 1/4 and the
code length of 64,800.

parity check matrix initial value table of an encoding

rate of 9/10 and a code length of 64,800.

[FIG. 62] FIG. 62 is a view illustrating the example of

the parity check matrix initial value table of the

encoding rate of %/10 and the code length of 64,800.

[FIG., €3] FIG. 63 is a view 1llustrating the example of

the parity check matrix initial value table of the

enicoding rate of 9/10 and the code length of 64,800.

[FIG. 64} FIG. 64 is a view illustrating the example of

the parity check matrix initial value table of the
encoding rate of 9/10 and the code length of 64,800,
[FIG. ©5] FIG., &5 is a view illustrating an example of a
parity check matrix initial value table of an encoding
rate of 1/4 and a code length of ©4,800.
[FIG. 66] FIG. 69 is a view illustrating the example of
the parity check matrix initial value table of the
encoding rate of 1/4 and the code length of 64,800.
[FIG. ©7] FIG. €7 is a view illustrating an example of a
parity check matrix initial wvalue table of an encoding

rate of 1/3 and a code length of €4,800.

[FIG. 68] FIG. €8 is a view i1llustrating the example of
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[FIG. 67] FIG. 67 is a view illustrating an example of a parity check matrix initial value table of an
encoding rate of 1/3 and a code length of 64,800. [FIG. 68] FIG. 68 is a view illustrating the example
of 31 the parity check matrix initial value table of the encoding rate of 1/3 and the code length of
64,800. [FIG. 69] FIG. 69 is a view illustrating an example of a parity check matrix initial value table of
an encoding rate of 2/5 and a code length of 64,800. [FIG. 70] FIG. 70 is a view illustrating the
example of the parity check matrix initial value table of the encoding rate of 2/5 and the code length
of 64,800. [FIG. 71] FIG. 71 is a view illustrating an example of a parity check matrix initial value table
of an encodingreate of 1£3-and anodeslength af64:800. [FHGLE2)HHGL 4245 andew illustrating the
example of the parity check matrix initial value table of the encoding rate of 1/2 and the code length
of 64,800. [FE\£31FG. ¥38isawview fiustrating the exarmple=ofdhe pafityoéhé&ckCmatrix initial value
table of the encoding rate of 1/2 and the code length of 64,800. [FIG. 74] FIG. 74 is a view illustrating
an example ofl & Iparity theckitatrixdnitial valtié ¢able of antencoding zatesofB15 andacade length of

64,800.
parity check matrix initial wvalue table of an encoding

rate of 2/5 and a code length of 64,800.

[FIG. 70] FIG. 70 is a view illustrating the example of
the parity check matriz initial value table of the
encoding rate of 2/5 and the code length of 64,800.

[FIG. T71] FIG. 71 18 a view illustrating an exanmple of a
parity check matrix initial value table of an encoding
rate of 1/2 and a code length of 64,800.

[FIG. 72] FIG. 72 is a view illustrating the example of
the parity check matrix initial yalue table of the
encoding rate of 1/2 and the code length of 64,800.

[FIG. 73} FIG. 73 18 a view illustrating the example of
the parity check matrix initial wvalue table cf the
encoding rate of 1/2 and the code length of ©4,800.

[FIG. 741 TFIG. 74 is a view illustrating an example of a
parity check matrix initial value table of an encoding
rate of 3/5 and a code length of ©4,800.

[FIG. 75] FIG. 75 18 a view illustrating the example of
the parity check matrix initial wvalue table cof the
encoding rate of 3/5 and the code length of 64,800.

[FIG. 76l FIG. 76 is a view i1llustrating the example of
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[FIG. 75] FIG. 75 is a view illustrating the example of the parity check matrix initial value table of the
encoding rate of 3/5 and the code length of 64,800. [FIG. 76' FIG. 76 is a view illustrating the example
of 32 the parity check matrix initial value table of the encoding rate of 3/5 and the code length of
64,800. [FIG. 77] FIG. 77 is a view illustrating an example of a parity check matrix initial value table of
an encoding rate of 1/4 and a code length of 16,200. [FIG. 78] FIG. 78 is a view illustrating an
example of a parity check matrix initial value table of an encoding rate of 1/3 and a code length of
16,200. [FIG. 79] FIG. 79 is a view illustrating an example of a parity check matrix initial value table of
an encoding tate of 2/5 apd arcade leagthi ef 16,200 4[FIG 280 16G:80-s @ viewdllustrating an
example of a parity check matrix initial value table of an encoding rate of 1/2 and a code length of
16,200. [FIG. 81tEHG 8] issa wiewfillogiiatinglan iexample: of & rparity cheék patiix initial value table of
an encoding rate of 3/5 and a code length of 16,200. [FIG. 82] FIG. 82 is a view illustrating another
example of thigepérity theckinatrix initiabvalue table of the encoding rate ek3/5dnd the code length
of 16,200

parity check matrix initial value table of an encoding
rate of 1/4 and a code length of 16,200.

[FIG. 78] FIG. 78 is a wview illustrating an example c¢f a
parity check matrix initial value table of an encoding

rate of 1/3 and a code length of 16,200.

[FICG. 79] FIG. 79 is a view illustrating an example of

4]

parity check matrix initial wvalue table of an enccding
rate of 2/5 and a code length of 16,200.

[FIG. 80] FIG. 80 is a view illustrating an example of a
parity check matrix initial value table of an eqcoding
rate of 1/2 and a code length of 16,200.

[FIG. 81] FIG. 81l is a view illustrating an example of a
parity check matrix initial wvalue table of an encoding
rate of 3/5 and a code length of 16,200,

[FIG. 821 FIG. 82 is a view iliustrating ancther example
of the parity check matrix initial value table of the
encoding rate of 3/5 and the code length of 16,200.

[FIG. 83] FIG. 83 is a view i1llustrating a method of
determining a parity check matrix H from a parity check
matrix initial table.

[FIG. 84] FIG. 84 1is a view illustrating an example of
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[FIG. 83] FIG. 83 is a view illustrating a method of determining a parity check matrix H from a parity
check matrix initial table. [FIG. 84] FIG. 84 is a view illustrating an example of 33 replacement of code
bits. [FIG. 85] FIG. 85 is a view illustrating another example of replacement of code bits. [FIG. 86]
FIG. 86 is a view illustrating a further example of replacement of code bits. [FIG. 87] FIG. 87 is a view
illustrating a still further example of replacement of code bits. [FIG. 88] FIG. 88 is a view illustrating a
simulation result of the BER. [FIG. 89] FIG. 89 is a view illustrating another simulation result of the
BER. [FIG. 90] FIG. 90 is a view illustrating a further simulation result of the BER. [FIG. 91] FIG. 91 is
a view illustrating B=stinsimulation:resultafitbe BER. [FIG. 92] FIG. 92 is a view illustrating an
example of replacement of code bits. [FIG. 93] FIG. 93 is a view illustrating another example of
replacement dftcaile Bits! [FIGG94|FHIGL D4aisaiwewlillustrating @ fugthencther example

of replacement of code bits.

[FIG. 86] FIG. 86 1ls a view illustrating a further

examplie of replacement of code bits.

[FIG. 871 FIG. 87 is a view i1llustrating a still further

example of replacement of cocde bits.

[FIZ. 88] FIG. 88 is a view i1llustrating a simulation

result of the BER.

[FIG. 8%] FIG. 89 is a view 1llustrating another

simulation result of the BER.

[FIG. 9C] FIG, 90 is a view illustrating a further

gimulation result of the BER.

[FIG. 91] FIG. 91 is a wview illustrating a still

simulation result of the BER.

[FIG. 92] FIG. %2 is a view illustrating an example of
replacement of code bits.

[FIG. 93] FIG. 93 is a view illustrating another example

of replacement of code bits.

[FIG. 94] FIG. 94 is a view i1llustrating a further

example of replacement of code bits.

[FIG. 851 FIG. 95 is a view illustrating a still further

exanple of replacement of code bits.

[FIG. 96] FIG. %6 is a wview illustrating a yet further
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example of replacement of code bits. [FIG. 95] FIG. 95 is a view illustrating a still further example of
replacement of code bits. [FIG. 96] FIG. 96 is a view illustrating a yet further 34 example of
replacement of code bits. [FIG. 971 FIG. 97 is a view illustrating a yet further example of replacement
of code bits. [FIG. 98] FIG. 98 is a view illustrating a yet further example of replacement of code bits.
[FIG. 99] FIG. 99 is a view illustrating a yet further example of replacement of code bits. [FIG. 1001
FIG. 100 is a view illustrating a yet further example of replacement of code bits. [FIG. 101] FIG. 101 is
a view illustrating a yet further example of replacement of code bits. [FIG. 102] FIG. 102 is a view
illustrating a yetftiriher exampte et-reptacementcafdodeibits. [FIG. 1031 FIG. 103 is a view illustrating
a yet further example of replacement of code bits. [FIG. 104] FIG. 104 is a view illustrating processing
of a multipleXet 54 whith céinposés adeirtereaveri53. JEIG: 405} FI@. Y65 isfawiéve Hlustrating

processing of a column twist deinterleaver 55. [FIG. 106] FIG. 106 is a block diagram showing another
example of replacement of code bits.

[FIG. 98] FIG. 98 is a view illustrating a yet further
example of replacement of code bits.
[FIG. 99] FIG. 99 is a view illustrating a yet furtherxr
example of replacement of code bits.
[FIG., 100] FIG. 100 is a view illustrating a yet further
example of replacement of code bits.
[FIG. 1011 FIG. 101 is a view illustrating a vet further
example of replacement of code bits.
[FIG. 102] FIG. 102 is a view 1llustrating a yet further
example of replacement of code bits.
[FIG. 1037 FIC. 103 is a view illustrating a yet further
example of replacement of code bits.
[FIG. 104] FIG. 104 is a view illustrating processing of
a multiplexer 54 which composes a deinterleaver 53.
[FIG. 105] FIG. 105 is a view illustrating processing of
a column twist deinterleaver 55.
[FIG. 106] FIG. 106 is a block diagram showing ancther
example of a configuration of the reception apparatus 12.
[FIG. 1071 FIG. 107 is a block diagram showing a first

" example of a configuration of a reception system which

can be applied to the reception apparatus 1Z.



example of a configuration of the reception apparatus 12. [FIG. 107] FIG. 107 is a block diagram
showing a first example of a configuration of a reception system which can be applied to the
reception apparatus 12. 35 [FIG. 108] FIG. 108 is a block diagram showing a second example of the
configuration of the reception system which can be applied to the reception apparatus 12. [FIG. 109]
FIG. 109 is a block diagram showing a third example of the configuration of the reception system
which can be applied to the reception apparatus 12. Explanation of Reference Symbols [0069] 11
Transmission apparatus, 12 Reception apparatus, 21 LDPC encoding section, 22 Bit interleaver, 23

Parity interleaverc24 Golymrrtwist interleaver 25 Lamultiplexer, 26:-Mapping:sestion27 Orthogonal
modulation section, 31 Memory, 32 Replacement section, 51 Orthogonal demodulation section, 52
Demapping section; 63 Deintedeaverf 54 Multiplexer; 55-CGelumichyist: ivterdsames56 LDPC decoding
section, 300 Edge data storage memory, 301 Selector, 302 Check node calculation section, 303
Cyclic shift cireit 304 Edgedata storage tmeniory r305: Selector2 806 Receptid data memory, 307
Variable node calculation section, 308 Cyclic shift

[FIG. 1087 FIG. 109 is a block diagram showing a third

example of the configuration of the reception system

which can be applied to the reception apparatus 12.

Explanation of Reference Symbols

[0069]

11 Transmission apparatus, 12 Reception apparatus,

21 LDPC encoding section, 22 Bit interleaver, 23 Parity

interleaver, 24 Column twist interleaver, 25

Demultiplexer, 26 Mapping section, 27 Orthogonal

modulation section, 31 Memory, 3Z Replacement section, 51

Orthogonal demodulation section, 52 Demapping section, 53

Deinterleaver, 54 Multiplexer, 55 Column twist

interleaver, 56 LDPC decoding section, 300 Edge data

storage memory, 301 Selector, 302 Check ncde calculation

section, 303 Cyclic shift circuit, 304 Edge data storage

memcry, 305 Selector, 306 Reception data memory, 307

Variable node calculation section, 308 Cyclic shift

circuit, 309 Decoded word calculation section, 310

Recepticn data re-arrangement section, 311 Decoded data

re-arrangement secticen, 461 Bus, 402 CPU, 403 ROM, 404

RAM, 405 Hard disk, 40€ Cutputting section, 407 Inputting
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circuit, 309 Decoded word calculation section, 310 Reception data re-arrangement section, 311
Decoded data re-arrangement section, 401 Bus, 402 CPU, 403 ROM, 404 RAM, 405 Hard disk, 406
Outputting section, 407 Inputting 36 section, 408 Communication section, 409 Drive, 410 Input/output
interface, 411 Removable recording medium, 1001 Reverse replacement section, 1002 Memory, 1011
Parity deinterleaver, 1021 LDPC decoding section, 1101 Acquisition section, 1101 Transmission line
decoding processing section, 1103 Information source decoding processing section, 1111 Outputting
section, 1121 Recording section Best Mode for Carrying Out the Invention [0070] FIG. 7 shows an
example of a genfiguwration of ancembadimentof atsansmissionsystem te whichothe present invention
is applied (the term system signifies a logical aggregate of a plurality of apparatus irrespective of
whether or not the:individypal compeneid apparatas Arendnclioded insthersaine hoasing) [0071]
Referring to FIG. 7, the transmission system includes a transmission apparatus 11 and a reception
apparatus 12,1001 Reverse replacement section, 1002 Memcry, 1011
Parity deinterleaver, 1021 LDPC decoding section, 1101
Acquisition section, 1101 Transmission line decoding
processing secticn, 1103 Information source decoding
processing secticn, 1111 Outputting section, 1121
Recording section
Best Mode for Carrying Cut the Invention
00707
FIG. 7 shows an example of a configuration of an
embodiment of a transmission system to which the present
invention is applied (the term system signifies a logical
aggregate of a plurality of apparatus lrrespective of
whether or not the individual component apparatus are
included in the same housing).
[0071]
Referring to FIG. 7, the transmission system
includes a transmission apparatus 11 and a reception
apparatus 1Z.
[0072]
The transmission apparatus 11 is, for example, an

apparatus which carries out transmission of a television

broadcasting program and transmits object data which are
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[0072] The transmission apparatus 11 is, for example, an apparatus which carries out transmission of
a television broadcasting program and transmits object data which are 37 an object of transmission
such as image data, sound data and so forth as a television broadcasting program, for example,
through a satellite channel or ground waves. [0073] The reception apparatus 12 is, for example, a
tuner or a television receiver for receiving a television broadcasting program, and receives object
data transmitted thereto from the transmission apparatus 11. 0074] FIG. 8 shows an example of a
configuration of the transmission apparatus 11 of FIG. 7. 0075] Referring to FIG. 8, the transmission
apparatus 11 sincligdes @n LBPErencadingsseation 21, abit interdeaver+22, asmappingssection 26 and

an orthogonal modulation section 27. [0076] To the LDPC encoding section 21, object data are
supplied. [007#d so ferth as a television broadcasting program, for
example, through a satellite channel or ground waves.
[0073]

The reception apparatus 12 is, for example, a tuner
or a television receiver for receiving a television
broadcasting program, and receives object data
transmitted thereto from the transmission apparatus 11.
[0074)]

FIG. 8 shows an example of a configuration of the
Transmission apparatus 11 of FIG. 7.

[(0075]

Referring to FIG. 8, the transmission apparatus 11
includes an LDPC encoding section 21, a bit interleaver
22, a mapping secticn 26 and an orthogonal modulation

section 27.

[007¢]

To the LDPC enccding secticn 21, cbject data are
supplied.
[0c77]

The LDPC encoding section 21 carries out LDPC
encoding of the cbhiect data supplied thereto in
accordance with a parity check matrix in which a2 parity

matrix which is a portion corresponding to parity bits of
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The LDPC encoding section 21 carries out LDPC encoding of the object data supplied thereto in
accordance with a parity check matrix in which a parity matrix which is a portion corresponding to
parity bits of 38 an LDPC code has a staircase structure and outputs an LDPC code wherein the
object data are information bits. [0078] In particular, the LDPC encoding section 21 carries out LDPC
encoding of encoding the object data into an LDPC code prescribed, for example, in the DVB-S.2
standards and outputs an LDPC code obtained as a result of the LDPC encoding. [0079] Here, the
LDPC code prescribed in the DVB-S.2 standard is an IRA (Irregular Repeat Accumulate) code, and

the parity mateix irLthecparitychesk matsx of the: 4ORE code has axstaircase structure. The parity
matrix and the staircase structure are hereinafter described. Further, the IRA code is described, for
example, in "Iriggfular-RepeatesAecumulate Codes;t Hidim, ArKhantiekay ahdrR K1 1McEliece, in
Proceedings of 2nd International Symposium on Turbo codes and Related Topics, pp.1-8, Sept.
2000. [0080] [0C78]

In particular, the LDPC encoding section 21 carries
out LDPC enceding of enceding the cbiject data into an
LDPC code prescribed, for example, in the DVE~S5.2
standards and outputs an LDPC code obtained as a result
of the LDPC encoding.
[0079]

Here, the LDPC code prescribed in the DVB-5.7
standard is an IRA (Irregular Repeat Accumulate) code,
and the parity matrix in the parity check matrix of the
LDPC code has a staircase structuF@. The parity matrix
and the staircase structure are hereinafter described.
Further, the IRA code is described, for examplie, in
“Irregular Repeat-Accumulate Codes,” E. Jin., A.
Khandekar, and R. J. McEliece, in Proceedings of 2nd
International Symposium on Turbo codes and Related Topics,
pp.1-8, Sept. 2000.
(00807

The LDPC code cutputted from the LDPC encoding
section 21 is supplied to the bit interleaver 22.

[0081]

The bit interleaver 22 is a data processing
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The LDPC code outputted from the LDPC encoding section 21 is supplied to the bit interleaver 22.
[0081] The bit interleaver 22 is a data processing 39 apparatus for interleaving data and includes a
parity interleaver 23, a column twist interleaver 24 and a demultiplexer (DEMUX) 25. [0082] The
parity interleaver 23 carries out parity interleave of interleaving parity bits of the LDPC code from the
LDPC encoding section 21 to positions of other parity bits and supplies the LDPC code after the parity
interleave to the column twist interleaver 24. [0083] The column twist interleaver 24 carries out column
twist interleave for the LDPC code from the parity interleaver 23 and supplies the LDPC code after the
column twist inietleayede the demuttiptexer25: J0084]4n padicutar : the=l-DRCrecocetig transmitted after
two or more code bits thereof are mapped to one symbol of orthogonal modulation by the mapping
section 26 hereinafteedescribed, [@085]Llumn twist interleaver 24 and a
demultiplexer (DEMUX) 25.
(0082}
The parity interleaver 23 carries out parity
interleave of interleaving parity bits c¢f the LDPC code
from the LDPC encoding section 21 to positions of other
parity bite and supplies the LDPC code after the parity
interleave to the column twist interleaver 24.
rogcgs]
The column TwisT interleaver 24 carries out column
twist interleave for the LDPC code from the parity
interieaver 23 and supplies the LDPC code after the
column twist interleave tco the demultiplexer 25.
r0cg4]
In particular, the LDPC code is transmitted after
two or more code blts therecf are mapped to one symbol of
orthogonal modulation by the mapping section 26
hereinafter described.
[0085]
The column twist interleaver 24 carries out, for
example, such column twist interleave as hereinafter

described as a re~arranging process of re-arranging cods

bits of the LDPC code from the parity interleaver 23 such



The column twist interleaver 24 carries out, for example, such column twist interleave as hereinafter
described as a re-arranging process of re-arranging code bits of the LDPC code from the parity
interleaver 23 such 40 that a plurality of code bits of the LDPC code corresponding to the value 1
included in one arbitrary row of the parity check matrix used in the LDPC encoding section 21 are not
mapped to one symbol. [0086) The demultiplexer 25 carries out a replacing process of replacing the
positions of two or more code bits of the LDPC code from the column twist interleaver 24 which are
mapped to a symbol to obtain an LDPC code whose tolerance to AWGN is reinforced and supplies
the LDPC code 4e the mappiigisection 26, 0087) Thednappiag spetion-264naps two or more code bits

of the LDPC code from the demultiplexer 25 to signal points determined by a modulation method of
orthogonal modulatiepdmultizyalue modulationkcadrried @ut:by dhe rorthogonabmodatation section 27.
0088) In particular, the mapping section 26 symbolizes the LDPC code from the demultiplexer 25 into
a symbol row of the parity check matrixz used in the LDPC encoding
section 21 are not mapped to one symbol.
[0086]
The demultiplexer 25 carries out a replacing
process of replacing the positions of two or more code
bits of the LDPC code from the column twist interleaver
24 which are mapped to a symbol to obtain an LDPC code
whose tolerance to AWEN is reinforced and supplies the
LDPC code to the mapping section Z6.
(00877
The mapping section 26 maps two or more code bits
of the LDPC coce frem the demultiplexer 25 to signal
points determined by a modulation method of orthogonal
modulation (multi-value modulation) carried out by the
orthogonal modulation section 27.
[0088)
In particular, the mapping section 26 symbolizes
the LDPC code frem the demultiplexer 25 into a symbol
(symbol value), represented by a signal point determined
by the modulation system, on an IQ plane (IQ

constellation) defined by an I axis representative of an

I component which is in phase with a carrier and a Q axis



(symbol value), represented by a signal point determined by the modulation system, on an IQ plane
(IQ constellation) defined by an | axis representative of an | component which is in phase with a
carrier and a Q axis 41 representative of a.Q component which is orthogonal to the carrier wave.
[0089] Here, as the modulation method of orthogonal modulation carried out by the orthogonal
modulation section 27, modulation methods including, for example, a modulation method defined in
the DVB-T standards, that is, for example, QPSK (Quadrature Phase Shift Keying), 16QAM
(Quadrature Amplitude Modulation), 64QAM, 256QAM, 1024QAM, 4096QAM and so forth are
available. Whatmosutation: methed shouldhenysed:-for orthogenalsnedulatignte betearried out by the
orthogonal modulation section 27 is set in advance, for example, in accordance with an operation of
the transmissionsapparatus:1 by an operator. It is to be noted that the orthogonal modulation section
27 can carry out some other orthogonal modulation such as, for example, 4PAM (Pulse Amplitude
Modulation). [0096°The symbol obtained by the mapping section 26 is supplied to the orthogonal

modulation section 27.
Here, as the modulation method of orthogonal

modulation carried out by the orthogonal modulation
section 27, modulation methods including, for example, a
modulation method defined in the DVBE-T standards, that 1is,
for example, QPSK (Quadrature Phase Shift Keying), 160AM
(Quadrature Amplitude Modulation), ©64QLAM, Z560AM, 10240AM,
40960A8M and so feorth are available. What modulation
method should be used for orthegonal modulation to bhe
carried out by the corthogonal modulation section 27 is
gset in advance, for gxample, in accordaﬂge with an
operation of the transmission apparatus 11 by an operator.
It is to be noted that the orthogonal modulation section
27 can carry ocut some other orthogeonal meodulation such as,
for example, 4PAM (Pulse Amplitude Modulation).
[0080]

The symbel obtained by the mapping section 26 is

supplied to the orthogonal modulaticn section 27.

The orthogonal modulation sectilon 27 carries out
ortheogonal modulation of a carrier in accordance with the

symbol from tThe mapping section 26 and transmits a
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[0091] The orthogonal modulation section 27 carries out orthogonal modulation of a carrier in
accordance with the symbol from the mapping section 26 and transmits a 42 modulation signal
obtained by the orthogonal modulation. [0092] Now, FIG. 9 illustrates a parity check matrix H used in
LDPC encoding by the LDPC encoding section 21 of FIG. 8. [0093] The parity check matrix H has an
LDGM (Low-Density Generation Matrix) structure and can be represented by an expression H =
[HAIHT] from an information matrix HA of a portion corresponding to information bits and a parity
matrix HT corresponding to parity bits from among code bits of the LDPC code (matrix in which
elements of the>dnfosmatian smatrx HA Breselesents onrthe deft sidgans: elemaentstof #he parity matrix

HT are elements on the right side). [0094] Here, the bit number of information bits and the bit number
of parity bits fridi @tiong code bits of one LDPC code (one codeword) are referred to as information
length K and parity length M, and the bit number of code
Now, FIG., 9 1llustrates a parity check matrix H
used in LDPC enceding by the LDPC encoding section 21 of
FIG. §.
[0083]
The parity check matrix H has an LDGM (Low-Density
Generation Matrix) structure and can be represented by an
expression H = [HalHe] from an information matrix Hay of a
portion correspending to information bits and a parity
matrix Hr corresponding tco parity bits from among code
bits of the LDPC code {matrix in which elemenis of the
information matrix Hx are elements on the left side and
elements of the parity matrix He are elements on the right
side} .
[0094]
Here, the bit number of information bits and the
bit number of parity bits from among code bits of one
LDPC code {one codeword) are referred to as information
length K and parity length M, and the bit number of code
bits of one LDPC code is referred to as code length N (=
K + M).
rcoess;

The information length K and the parity length M
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bits of one LDPC code is referred to as code length N K + M). :0095] The information length K and the
parity length M 43 regarding an LDPC code of a certain code length N depend upon the encoding
rate. Meanwhile, the parity check matrix H is a matrix whose rows x columns are M x N. Then, the
information matrix HA is an M x K matrix and the parity matrix HT is an M x M matrix. [0096] FIG. 10
illustrates the parity matrix HT of the parity check matrix H of an LDPC code prescribed in the
DVB-S.2 standard. [0097] The parity matrix HT of the parity check matrix H of the LDPC code
prescribed in the DVB-S.2 standard has a staircase structure wherein elements of the value 1 are
arranged like a:sfairease;as seem ITFHa.dE).cihearove sveight efdbe pasityymiatiix HEhseddwith regard to
the first row but is 2 with regard to all of the remaining rows. Meanwhile, the column weight is | with
regard to theudastcotimnsbut isi2 witheregard tdalirofthe aemdining €olumns:[j6098]
matrix H ig a matrix whose rows x columns are M x N. Then,
the information matrix Hp, is an M x K matrix and the
parity matriz He is an M x M matrix.
[C096]
FIG. 10 illustrates the parity matrix Hy of the
parity check matrix H of an LDPC code prescribed in the
DVB-5.2 standard.
(00971
The parity matrix Hy of the parity check matrix H
of the LDPC code prescribed in the DVB-5.2 standard has a
staircase structure wherein elements of The value 1 are
arranged like a staircase as seen in FIG. 10. The row
welight of the parity matrix Hy 1s 1 with regard to the
first row but is 2 with regard to all of the remaining
rows. Meanwhile, the column weight is 1 with regard tc
the last column but is 2 with regard to all of the
remaining columns.
[GC98]
ks described above, the LDPC code of the parity
check matrix H wherein the parity matrix He has a

staircase structure can be produced readily using the

parity check matrix H,
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As described above, the LDPC code of the parity check matrix H wherein the parity matrix HT has a
staircase structure can be produced readily using the parity check matrix H. 44 [0099] In particular, an
LDPC code (one codeword) is represented by a row vector ¢ and a column vector obtained by
transposing the row vector is represented by CT. Further, a portion of information bits from within the
row vector ¢ which is an LDPC code is represented by an row vector A and a portion of parity bits is
represented by a row vector T. [0100] Here, in this instance, the row vector ¢ can be presented by an
expression ¢ = [AIT] from the row vector A as information bits and the row vector T as parity bits (row
vector wherein ghe elements of the row vector A are elements on the left side and the elements of the
row vector T are elements on the right side). [0101] It is necessary for the parity check matrix H and
the row vector ¢ = [AFTastheciDRCacodesto &bty ancexpressiortédwoddand where the parity
matrix HT of the parity check matrix H = [HAFHT] has such a staircase

represented by a row vector ¢ and a column vector

obtained by transposing the row vector is represented by

c’. Further, a portion of information bits from within

the row vector ¢ which 1s an LDPC code is represented by

an row vector A and a portion of parity bits is

represented by a row vector T.

[G100]

Here, in this instance, the row vector ¢ can be

presented by an expression ¢ = [A|T] from the row vector

A as information bits and the row vector T ag parity bits

{row vector wherein the elements of the row vector A are

elements on the left side and the elements of the row

vecteor T are elements con the right side).

01011

It is necessary for the parity check matrix H and

the row vector ¢ = [BiT] as the LDPC code to satisfy an

expression He' = 0, and where the parity matrix Hy of the

parity check matrix H = [HpiHe] has such & stalrcase

structure as shown in FIG. 10, the row vector T as parity

bits which forms the row vector ¢ = [A|T] which satisfies

the expression He' = 0 can be determined seguentially by

successively setting the elements in the rows beginning
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structure as shown in FIG. 10, the row vector T as parity bits which forms the row vector ¢ = [AIT]
which satisfies the expression HcT = 0 can be determined sequentially by successively setting the
elements in the rows beginning 45 with the elements in the first row of the column vector HcT in the
expression HcT = 0 to zero. [0102] FIG. 11 illustrates the parity check matrix H of an LDPC code and
column weights defined in the DVB-S.2 standard. [0103] In particular, A of FIG. 11 illustrates the
parity check matrix H of an LDPC code defined in the DVB-S.2 standard. [0104] With regard to KX
columns from the first column of the parity check matrix H, the column weight is X; with regard to

succeeding K3icglurans, thecoluran weightis 3t iwith regard 4o sueceedingivh1rewsothe column
weight is 2; and with regard to the last one column, the column weight is 1. [0105] Here, KX + K3 +
M-1 + 1 is equaltoithe idodedepgthsNion He® = 0 to zero.

[0102]

FIG. 11 illustrates the parity check matrix H of an
LDPC code and column welghts defined in the DVB-35.2
standard.

[0103]

In particular, A of FIG. 11 illustrates the parity
check matrix H of an LDPC ccde defined in the DVE-S.Z
standard.

[0104]

With regard to KX columns from the first column of
7the parity check matrix H, the column weight is X; with
regard ftc succeeding K3 columns, the column weight is 3;
with regard To succeeding M-1 rows, The column weight is
Z2; and with regard to the last one coiumn, the column
welght is 1.

[0105]

Here, KX + K3 + M-1 + 1 is equal to the code length
N.

[0106]

In the DVBE-5.2 standard, the coclumn numbers KX, K3
and M (parity length) as well as the cclumn weight X are

prescribed in such & manner as seen in B of FIG. 11.
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[0106] In the DVB-S.2 standard, the column numbers KX, K3 and M (parity length) as well as the
column weight X are prescribed in such a manner as seen in B of FIG. 111. 46 [0107] In particular, B
of FIG. 11 illustrates the column numbers KX, K3 and M as well as the column weight X regarding
different encoding rates of LDPC codes prescribed in the DVB-S.2 standard. [0108] In the DVB-S.2
standard, LDPC codes of the code lengths N of 64,800 bits and 16,200 bits are prescribed. [0109]
And as seen in B of FIG. 11, for the LDPC code whose code length N is 64,800 bits, 11 encoding
rates (nominal rates) 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6, 8/9 and 9/10 are prescribed, and for the
LDPC code whasercode length N is 16,200 bits, 10 encoding rates 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4,
4/5, 5/6 and 8/9 are prescribed. [0110] Regarding LDPC codes, it is known that code bits
corresponding to a columngafthe patityr-checkahatrixH Wwhich hiasser higher calumrcweight exhibits a
lower error
numbers KX, K3 and M as well as the column weight X
regarding different encoding rates of LDPC codes
prescribed in the DVB-S.Z standard.
[0108]
In the DVRB-5.2 standard, LDPC codes cof the code
lengths N of 64,800 bits and 16,200 bits are prescribed.
[0109]
And as seen in B of FIG. 11, for the LDPC code
whose code length N is 64,800 bits, 11 encoding rates
(nominal rates) 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5,
5/6, 8/9 and 9/10 are prescribed, and for the LDPC code
whose code length N is 16,200 bits, 10 encoding rates 1/4,
1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6 and 8/% are
prescribed.
[0110]
Regarding LDPC codes, it is known that cocde bits
correspending to a column of the parity check matrix H
which has a higher column weight exhibits a lower error
rate.
[0111]

The parity check matrix H prescribed in the DVB-5.2

standard and illustrated in FIG. 11 has a tendency that a
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rate. [0111] The parity check matrix H prescribed in the DVB-S.2 standard and illustrated in FIG. 11
has a tendency that a 47 column nearer to the head side (left side) has a higher column weight.
Accordingly, the LDPC code corresponding to the parity check matrix H has a tendency that a code
bit nearer to the head is higher in tolerance to an error (has a higher tolerance to an error) and a code
bit nearer to the tail is lower in tolerance to an error. [0112] FIG. 12 illustrates an arrangement of
(signal points corresponding to) 16 symbols on the 1Q plane where 16QAM is carried out by the
orthogonal modulation section 27 of FIG. 8. [0113] In particular, A of FIG. 12 illustrates symbols of

16QAM. [0114Hn E6QAM: pae Ssymhol sepresantsi4ibits, anek16 24:symbels:existghbBen, the 16
symbols are disposed such that they form a square shape of 4 x 4 symbols in the | direction x Q
direction centered atrtheorigin of the-tQ rplane.ly, the LDPC code corresponding

to the parity check matrix H has a tendency that a code

bit nearer to the head i1s higher in tolerance to an error

(has a higher tolerance to an errcor) and a code bit

nearer toe the tail is lower in tolerance to an error.

[C112]

FIG. 12 illustrates an arrangement of (signal
points corresponding to) 16 symbols on The IQ piane where
16Q8M 1s carried out by the orthcgonal modulation secticon
27 of FIG. 8.

[0113]

In particular, A of FIG. 1z illustrates symbols of
160AM.
[0114]

In 16QAM, cone symbol represents 4 bits, and 16 {=
2%) symbols exist. Then, the 16 symbols are disposed such
that they form a square shape of 4 x 4 symbols in the I
direction x Q directicon centered at the origin of the IQ
plane.

[0115]

Now, 1f 4 bits represented by one svmbol of 100AM

are represented by vo, Vi, ¥z and ys; in order from the most

significant bit, then where the modulation system i1s the
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[01151 Now, if 4 bits represented by one symbol of 16QAM are represented by yo, y1, y2 and y3 in
order from the most significant bit, then where the modulation system is the 48 16QAM, 4 code bits of
the LDPC code are mapped to a symbol of the 4 bits yo to y3 which coincide with the 4 bits by the
mapping section 26 (FIG. 8). [0116] B of FIG. 12 indicates bit boundaries regarding the 4 bits yo to y3
represented by the symbol of the 16QAM. [0117] Here, a bit boundary regarding a bity;, (in FIG. 12, i
=0, 1, 2, 3) signifies a boundary between a symbol whose bit yj is 0 and another symbol whose bit yj
is 1. [0118] As seenin B of FIG. 12, as regards the most significant bit yo from among the 4 bits yo to

y3 representedspyithe symbakoll6QANE onheonglecation of fhe Qaxis-on the IQ plane makes a bit
boundary, and as regards the second bit yl (second from the most significant bit), only one location of

the | axis on thenltpplané makesia bittoundary. [@119 Further, asaregards:thie thitd bit y3, each of
e bits by the mapping section 26 (FIG. 8).
[0116]

B of FIG. 1Z indicates pilt boundaries regarding the
4 bits vy to y; represented by the symbol of the 16QAM.
[(0117]

Here, a bit boundary regarding a bit y; {in FIG. 12,
i =0, 1, 2, 3} signifies a boundary between a symbol
whose bit y; is 0 and another symbol whose bit y; 1s 1.
[0118]

As seen in B of FIG. 12, as regards the most
significant bit yp from among the 4 bits Yo TO V3
represented by the symbol of 160AM, only cne location of
the ¢ axis on the I0Q plane makes a bit boundary, and as
regards the second bit y; {second from the most

significant bit), only one location of the T axis on the

I0 plane makes a bit boundary.

Further, as regards the third bit vy, each of two
locations between the first and second columns and
between the third and fourth columns from the left of the
4 » 4 symbols makes a beoundary.

(01207
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locations between the first and second columns and between the third and fourth columns from the
left of the 4 x 4 symbols makes a boundary. [0120] 49 Furthermore, as regards the fourth bit y3, each
of two locations between the first and second rows and between the third and fourth rows of the 4 x 4
symbols makes a boundary. [0121] The bit y, represented by a symbol is less likely to become
erroneous as the number of symbols spaced away from a bit boundary increases but is more likely to
become erroneous as the number of symbols positioned nearer to a bit boundary increases. [0122] If
a bit which is less likely to become erroneous (is tolerant to an error) is referred to as "strong bit" but
a bit which is more likety: to-become €rroneous fis- tesstialerant e e eriar) is refewred teas "weak bit,"
then as regards the 4 bits yo to y3 represented by symbols of 16QAM, the most significant bit yo and
the second bit wit aiter strong bits landthethird bit §3and thedourth bitdy 3 aresweak bits. [0123]
between the third and fourth rows of the 4 x 4 symbols
makes a boundary.
[0121]
The bit vy, represented by a symbol is less likely
te become erronsous as the number of symbols spaced away
from a bit boundary increasses but is more likely to
become erroneous as the number of symbols positicned
nearer to a bit boundary increases.
[0122]
If a pit which is less likely to bacome erroneous
{is tolerant to an error) is referred to as “strong bit”
but a bit which is more likely to become erroneous (is
less tolerant to an errcr) lg referred to as “weak bit,”
then as regards the 4 bits yp; To v: represented by symbols
of 16QAM, the most significant bit vy and the second bit
vy are strong bits and the third bit y; and the fourth bit
y3 are weak bits.
10123)
FIGS. 13 to 15 illustrate arrangements of (signal
points corresponding to) 64 symbols on the IQ plane where

64Q0AM is carried out by the orthogeonal meodulation section

27 of FIG. 8.
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FIGS. 13 to 15 illustrate arrangements of (signal points corresponding to) 64 symbols on the IQ plane
where 64QAM is carried out by the orthogonal modulation section 27 of FIG. 8. 50 0124] In 64QAM,
one symbol represents 6 bits, and 64 2b) symbols exist. Then, the 64 symbols are arranged such that
they make a square of 8 x 8 symbols in the | direction x Q direction centered at the origin of the 1Q
plane. [0125] Now, if it is assumed that the 6 bits represented by one symbol of 64QAM are
represented as yo, y1, y2, y3, y4 and y5 in order from the most significant bit, then where the
modulation system is 64QAM, 6 code bits of the LDPC code are mapped to a symbol of 6 bits yo to y5
coincident to the16 bits. [0126] Here, FIG. 13 indicates bit boundaries regarding the most significant bit
yo and the second bit y2 from among the 6 bits yo to y5 represented by symbols of 64QAM; FIG. 14
indicates bit boundaries:regarging thethird-bitoy2 ans-thefewrth bt y3; and F&Gd 154ndieates bit
boundaries regarding the fifth bit y4 and the sixth bit y5.
2°%) symbols exist. Then, the 64 symbols are arranged such
that they make a sguare of 8 x 8 symbols in the I
direction x Q direction centered at the origin of the I¢
plane.
[0125]
Now, if it 1s assumed that the ¢ bits represented
by one symbel of €4QAM are represented as vy, Vir Y2, Y3,
v: and ys in order from the most significant bit, then
where the modulation system 1s $40Q0AM, € code bits of the
LDPC code are mapped tc a symbol of 6 bits vy to ys
coincident to the ¢ bits.
[0126]
Here, FIG. 13 indicates pbit boundaries regarding
the most significant bit vy, and the second bit y; from
among the © bits yg to ys represented by symbols of 64QAM;
FIG. 14 indicates bit boundaries regarding the third bit
v; and the fourth bit yi; and FIG. 15 indicates bit
boundaries regarding the fifth bit vy, and the sixth bit vys.
[0127]
As seen in FIG. 13, the number of bit boundaries

with regard to each of the most significant bit yp and the

second bit vy: is one. Meanwhile, as seen 1in FICG. 14, the
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[0127] As seen in FIG. 13, the number of bit boundaries with regard to each of the most significant bit
yo and the second bity_is one. Meanwhile, as seen in FIG. 14, the 51 number of bit boundaries with
regard to each of the third bit y2 and the fourth bit y3 is two, and as seen in FIG. 15, the number of bit
boundaries with regard to each of the fifth bit y4 and the sixth bit y5 is four. [0128] Accordingly, among
the 6 bits yo to y5 represented by symbols of 64QAM, the most significant bit yo and the second bit y,
are the strongest bits, and the third bit y2 and the fourth bit y3 are the second strongest bits. Then,
the fifth bit y4 and the sixth bit y5 are the weakest bits. [0129] From FIG. 12 and further from FIGS. 13

to 15, it can be:seen-that, as regasds bits of symbels of- getheganal modulation; thereris atendency
that a high- order bit is a strong bit and a low-order bit is a weak bit. [0130] Here, as described

hereinabove with reference toh4I1Gotiran LDPG code autpyttechftomsthedHPCencoding section 21
(FIG. 8) includes code bits which are tolerant

15, the number of bit boundaries with regard to each of

the f£ifth bit v, and the sixth bit ys ig four.

[0128]

Accordingly, amcong the 6 bits yp to ys represented

by symbols of ©4QAM, the most significant bit ye and the

second bit y; are the strongest bits, and the third bit y:

and the fourth bit y; are the second strongest bits. Then,

the fifth kit ys and the sixth bit ys are the weakest bits.

[0129]

From FIG. 12 and further from FIGS. 13 to 15, it

can be seen that, as regards blts of symbols of i
crthogenal modulaticon, there is a tendency that a high-
order bit is a strong bit and a low-order bhit 1s a weak
bit.
[0130]

Here, as described hereinabove with reference to

FIG. 11, an LDPC code outputted from the LDPC encoding
section 21 (FIG. 8) includes code bits which are tolerant
to errors and code bits which are less tolerant to errors.
(013173

Meanwhile, as described hereinabove with reference

to FIGS. 12 to 15, bits of symbols of orthogonal
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to errors and code bits which are less tolerant to errors. [0131] Meanwhile, as described hereinabove
with reference to FIGS. 12 to 15, bits of symbols of orthogonal 52 modulation carried out by the
orthogonal modulation section 27 include strong bits and weak bits. [0132] Accordingly, if mapping of
allocating a code bit of the LDPC code which is low in tolerance to an error to a weak bit of a symbol
of orthogonal modulation is carried, then the tolerance to an error drops as a whole. [0133] Therefore,
an interleaver has been proposed which interleaves code bits of an LDPC code such that mapping of
allocating code bits of the LDPC code which are low in tolerance to an error to strong bits of a symbol
of orthogonakmadulation:is earied-0uto[01 34+l The demultiplexern2metiElG:18 earries out processing
of the interleaver. [0135] FIG. 16 is a view illustrating processing of the demultiplexer 25 of FIG. 8.
[01361 section 27 incliude strong bits and weak bits.
[0132]
Accordingly, 1if mapping of allocating a code bit of
the LDPC code which is low in tolerance to an error to a
weak bit c¢f a symbol of orthogonal modulation is carried,
then the tolerance to an error drops as a whole.
10133]
Therefore, an interleaver has been proposed which
interleaves code bits of an LDPC code such that mapping
of allocating code bits of the LDPC code which are low in
tolerance Lo an error te strong bits of a symbol of
orthogonal modulation is carried out.
[0134]
The demultiplexer 25 of FIG. 8 carries out
processing of the interleaver,
[0135]
FIG. 16 i1s a view i1llustrating processing cof the
demultiplexer 25 of FIG. 8.
[0136]
In particular, A of FIG. 16 shows an example of a
functional configuration of the demultiplexer 25.

[0137]

The demultiplexer 25 includes a memory 31 and a



In particular, A of FIG. 16 shows an example of a functional configuration of the demultiplexer 25.
[0137] The demultipiexer 25 includes a memory 31 and a 53 replacement section 32. [0138) To the
memory 31, an LDPC code is supplied. [0139] The memory 31 has a storage capacity for storing me
bits in the (horizontal) direction of a row and storing N/(mb) bits in the (vertical) direction of a column.
The memory 31 writes code bits of the LDPC code supplied thereto into the column direction and
reads out the code bits in the row direction and then supplies the read out code bits to the
replacement section 32. [0140] Here, m represents the bit number of code bits of an LDPC code to be
mapped to one:gymbairand bds a: predetermined positive integer and is a multiple to be used for
multiplying m by the integer. Meanwhile, N information length K + parity length M) represents the
code length off the3l8DPC code as described hereinabove. [0141] A of FIG. 16 shows an example of a
configuration of
To the memory 31, an LDPC code is supplied.
101397
The memory 31 has a storage capacity for storing mb
bits in the (horizcntal) direction of a row and storing
N/ (mb) bits in the [vertical) directicon of a column. The
memory 31 writes code bits of the LDPC code supplied
thereto into the column direction and reads out the code
bilts in the row direction and then supplies the read out
code bits to the replacement section 3Z.
[0140]
Heren m represents the bit number of code bits of
an LDPC code to be mapped to one symbol, and b 1s a
predetermined positive integer and is a multiple to be
used for multiplying m by the integer. Meanwhile, N (=
information length K + parity length M) represents the
code length of the LDPC code as described hereinabove.
101411
A of FIG. 16 snows an example of a configuration of
the demultiplexer 25 where the modulation system is 64QAM,
and accordingly, the bit number m of code bits of the

LDPC code to be mapped to one symbol is € bits.

[0142]
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the demultiplexer 25 where the modulation system is 64QAM, and accordingly, the bit number m of
code bits of the LDPC code to be mapped to one symbol is 6 bits. [0142] 54 Further, in A of FIG. 16,
the multiple b is 1, and accordingly, the memory 31 has a storage capacity of N/(6 x 1) x (6 x 1) bits in
the column direction x row direction. [0143] Here, a storage region of the memory 31 which extends
in the column direction and includes one bit in the row direction is hereinafter referred to suitably as
column. In A of FIG. 16, the memory 31 includes six (= 6 x 1) columns. [0144] The demultiplexer 25
carries out writing of the code bits of the LDPC code in a downward direction from above of a column
which forms the memory, 3t Hir-a column «direction) beginaing with a 1ft side cofurmn taward a right
side column. [0145] Then, if the writing of the code bits ends with the lowermost bit in the rightmost
column, then theccade bits \are readroehang stipplied tathetreplapementsection 32 N/ (6
x 1} x {6 % 1) bits in the column direction x row
direction.
[0143]

Here, a storage reglon of the memory 31 which
extends in the column dirsction and includes one bit in
the row directicn is hereinafter referred to sultably as
column. In A of FIG. 16, the memory 31 includes six (= ©
x 1) columns.
[0id4]

The demultiplexer 25 carries out writing of the
code bits of the LDPC code in a downward direction from
above of a column which forms the memory 31 (in a column
direction) beginning with a left side column toward a
right side column.
[0145]

Then, if the writing of the cods bkits ends with the
lowermost bit in the rightmost column, then the code bits
are resad out and supplied to the replacement section 32
in & unit of 6 bits {(mb bits) in the row direction
beginning with the first row of all of the columns which

form the memory 31.

[0146]



in a unit of 6 bits (mb bits) in the row direction beginning with the first row of all of the columns which
form the memory 31. [0146] 55 The replacement section 32 carries out a replacement process of
replacing the position of code bits of 6 bits from the memory 31 and outputs the 6 bits obtained by the
replacement as 6 bits yo, yl, y2, y3, y4 and y5 representative of one symbol of 64QAM. [01.47] In
particular, ff the 6 code bits read out in the row direction from the memory 311 are represented as bo,
b, b2, b3, b4 and b5 in order from the most significant bit, then from a relationship of the column
weight described hereinabove with reference to FIG. 11, the code bit positioned in the direction of the
bit b5 is a code bit highria telersncedaan-egerwhite tireecade-bit istheu dirgction of the bit b5 is a
code bit low in tolerance to an error. [0148] The replacement section 32 carries out a replacement
process of replagihgdhagositionafdhe 6o Codebits bortg bSiHfeomdhke memoryt3tsueh that a code b|t
which is low in tolerance to an error from among the 6

bits of 6 bits from the memory 31 and outputs the © bits

obtained by the replacement as ¢ bits vs, Vi, V2, Vi, Vs

and ys represgsantative of one symbol of 640QAM.

[0147]

In particular, 1f the & code bits read out in the

row direction from the memory 31 are represented as bg, by,

bo, bs, bs and bs in order from tThe most significant bit,

then from a relationship of the column weight described

hereinabove with reference to FIG. 11, the code bit

positioned in the direction of the bit by is a code bhit

high in tolerance to an error while the code bit in the

direction of the bit bs 1s a code bit low in tolerance to

an error.

[0148]

The replacement section 32 carries out a

replacement process of replacing the position of the €

code bits by to by from the memory 21 such that a code bit

which 1s low in telerance to an errcr from among the ©

code bits by to by from the memory 31 may be allocated to

a bit which is high in tolerance from among the 6 bilts vg

to ys representative of one symbol of 64QAM.

{0149]
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code bits bo to b5 from the memory 31 may be allocated to a bit which is high in tolerance from
among the 6 bits yo to y5 representative of one symbol of 64QAM. [0149] 56 Here, for a replacement
method for replacing the 6 code bits be to b5 from the memory 31 so as to be allocated to the 6 bits
yo to y5 representative of one symbol of 64QAM, various systems have been proposed. [0150] B of
FIG. 16 illustrates a first replacement method; C of FIG. 16 illustrates a second replacement method;
and D of FIG. 16 illustrates a third replacement method. [0151] In B of FIG. 16 to D of FIG. 16
(similarly also in FIG. 1'17 hereinafter described), a line segment interconnecting the bits b and y

signifies that the code Hait-b] isfallocated:to the-hityjrof-ibe symbekbiis replacedriatothe position of the
bit y-). [0152] As the first replacement method of B of FIG. 16, it is proposed to adopt one of three
kinds, and asdhe esécond replacerentmethachef G«of -6, 16, itis proposed«to adopt one of two

inds. allocated to the © bits yy to vs representative of one
symbol of 640AM, wvaricus systems have been proposed.
[0150]

B of FIG., 16 illustrates a first replacement
method; C ¢f FIG. 16 illustrates a second replacement
method; and D of FIG. 16 illustrates a third replacement
method.

[0151]

In B of FIG. 16 to D of FIG. 16 (similarly also in
FIG. 17 hereinafter described), a line segment
interconnecting the bits b; and yq signifies that the code
bit b; is allocated to the bit yy of the symbol (is
replaced into the position of the bit yy).

01527

As the first replacement method of B of FIG., 16, 1t
1s proposed to adept one of three kinds, and as the
secend replacement method of C of FIG. 16, it is proposed
to adopt cone of two kinds.

[0153]

As The third replacement method of D of FIG. 16, it

is proposed to select and use six kinds in order.

[C154]



[0153] As the third replacement method of D of FIG. 16, it is proposed to select and use six kinds in
order. [0154] 57 FIG. 17 illustrates an example of a configuration of the demultiplexer 25 in a case
wherein the modulation method is 64QAM (accordingly, the bit number m of code bits of an LDPC
code mapped to one symbol is 6 similarly as in FIG. 16) and the multiple b is 2, and a fourth
replacement method. [0155] Where the multiple b is 2, the memory 31 has a storage capacity of N/(6
X 2) x (6 x 2) bits in the column direction x row direction and includes 12 (= 6 x 2) columns. [0156] A
of FIG. 17 illustrates a writing order of an LDPC code into the memory 31. [0157] The demultiplexer

25 carries out writing of-gode 1bits;of ankDRE-coda,ina dewnward: directign:from,ahove,, of a column
which forms the memory 31 (in the column direction) beginning with a left side column toward a right
side column asflesctibed:hereingheve-with tefefence.ase wherein the modulation

method is 64QAM (accordingly, the bit number m of code

bits of an LDPC code mapped to one symbol is 6 similarly

as in FIG. 16) and the multiple b is 2, and a fourth

replacement method.

[0155]

Where the multiple b is 2, the memory 31 has a
storage capacity of N/(6 x 2) x (6 x 2} bits in the
column direction x row direction and includes 12 (= & x
21 columns.

[0156]

A of FIG. 17 illustrates a writing order of an LDPC
code into the memorv 31.

[0157]

The demultiplexer 25 carries out writing of code
bits of an LDPC code in a downward direction from above
of a column which forms the memory 31 (in the column
direction) beginning with a left side column toward a
right side column as described hereinabove with reference
te FIG. 16.

(01581
Then, 1f the writing of cocde bits ends with the

lowermost bit in the rightmost column, then the code bits
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to FIG. 16. [0158] Then, if the writing of code bits ends with the lowermost bit in the rightmost column,
then the code bits 58 are read out and supplied to the replacement section 32 in a unit of 12 bits (mb
bits) in the row direction beginning with the first row of all of the columns which form the memory 31.
[0159] The replacement section 32 carries out a replacement process of replacing the position of 12

code bits from the memory 31 in accordance with the fourth replacement method and outputs the 12
bits obtained by the replacement as 12 bits representative of two symbols (b symbols) of 64QAM, in

particular, as 6 bits yo, y,, y2, y3, y4 and y5 representative of one symbol of 64QAM and 6 bits yo, vi,

Y2,y3, y4 and:y5 repregeptativeof angxt opeasyybel, {0160} Here, B 0f FIG-17 illustrates the fourth
replacement method of the replacement process by the replacement section 32 of FIG. 17. [0161] Itis
to be noted thatwhichreplacementimetiodi® bits) in the row direction

beginning with the first row of all of the columns which

form the memory 31.

(0159]

The replacement section 32 carries out a
replacement process of replacing the position of 12 code
bits from the memory 31 in accordance with the fourth
replacement method and outputs the 12 bits obtained by
the replacement as 12 bits representative of two symbols
(b symbols) of €40AM, in particular, as 6 bits vy, Vi, vz,
V3, Ye and ys representative of cne symbel of 64Q0AM and 6
bits vo, Vi, Yer Y3, Y4 and ys representative of a next one
symbol.

[01e0]

Here, B of FIG. 17 illustrates the fourth
replacement method of the replacement process by the
replacement section 32 of FIG. 17.

[0161]

It is to be noted that which replacement method is
optimum, that is, which replacement method provides the
best error rate in an AWGN communication path, differs
depends upon the encoding rate of LDPC coded and so forth.

[GleZ2]



optimum, that is, which replacement method provides the best error rate in an AWGN communication
path, differs depends upon the encoding rate of LDPC coded and so forth. [0162] 59 Now, parity
interleave by the parity interleaves 23 of FIG. 8 is described with reference to FIGS. 18 to 20. [0163]
FIG. 18 shows (part of) a Tanner graph of the parity check matrix of the LDPC code. [01641 If a
plurality of (code bits corresponding to) variable nodes connecting to a check node such as two
variable nodes suffer from an error such as erasure at the same time as shown in FIG. 18, then the
check node returns a message of an equal probability representing that the probability that the value

may be 0 and the probability that the, valuednay bed are equal fo each, ather to,all arjable nodes

connecting to the check node. Therefore, if a plurality of variable nodes connecting to the same
check node arefpladedl ingo ap etasueistate ori the like-atthe same timeg themtheperfoymance in

decoding is deteriorated. [0165] Incidentally, an LDPC code outputted from the LDPC
[0163]

FIG. 18 shows (part of) a Tanner graph of the
parity check matrix of the LDPC code.
[0164]

If a3 plurality of (code bits corresponding to!
variable nodes connecting to a check node such as two
variable nodes suffer from an error such as erasure at
the same time as shown in FIG. 18, then the check node
returns a message of an equal probability representing
that the probability that the value may be 0 and the
probability that the value may pe 1 are equal to each
other to all variable nedes connecting to the check node.
Therefore, if a plurality of wvariable nodes connecting to
the same check node are placed into an erasure state or
the like at the same time, then the performance in
decoding 1is deteriorated.

[0165]

Incidentally, an LDPC code outputted from the LDEC
encoding section 21 of FIG. 8 and prescribed in the DVB-
5.2 standard is an IRA code, and the parity matrix Hy of
the parity check matrix H has a staircase structure as

shown in FIG. 10.
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encoding section 21 of FIG. 8 and prescribed in the DVB- S.2 standard is an IRA code, and the parity
matrix HT of the parity check matrix H has a staircase structure as shown in FIG. 10. 60 0166] FIG.
19 illustrates a parity matrix HT having a staircase structure and a Tanner graph corresponding to the
parity matrix Hr. [01-671 In particular, A of FIG. 19 illustrates a parity matrix HT having a staircase
structure and B of FIG. 19 shows a Tanner graph corresponding to the parity matrix HT of A of FIG.
19. [0168] Where the parity matrix HT has a staircase structure, in the Tanner graph of the parity
matrix HT, variable nodes of the LDPC code which correspond to a column of an element of the
parity matrix HT hawing the value of 1 and whose message is determined using adjacent code bits
(parity bits) are connected to the same check node. [0169] Accordingly, if the adjacent parity bits
described above are flaced info ahlerrorstateshyebmrstefrorspatrix Hy having a
staircase structure and a Tanner graph corresponding to
the parity matrix He.
[CLle7]
In particular, A of FIG. 1% illustrates a parity
matrix Hy having a2 staircase structure and B of FIG. 19
shows & Tanner graph corresponding to the parity matrix Hp
of A of FIG. 19.
101683
Where the parity matrix Hp has a stalrcase
structure, in the Tanner graph of the parity matrix Hg,
variable nodes of the LDPC code which correspond to a
column of an element of the parity matrix Hr having the
value of 1 and whose message 1s determined using adjacent
code bits (parity bits) are connected to the same check
node.
[0169]
Accordingly, if the adjacent parity bits described
above are placed intc an error state by burst errors,
erasure or the like, then since a check node connecting
to a plurality of variable nodes corresponding to the

plural parity bits which have become an error ({variable

nodes whose message are to be determined using parity
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erasure or the like, then since a check node connecting to a plurality of variable nodes corresponding
to the plural parity bits which have become an error (variable nodes whose message are to be
determined using parity 61 bits) returns a message of an equal probability representing that the
probability that the value may be 0 and the probability that the value is 1 may be equal to each other
to the variable nodes connecting to the check node, the performance of the decoding deteriorates.
Then, where the burst length (number of bits which are made an error by a burst) is great, the
performance of the decoding further deteriorates. [0170] Therefore, in order to prevent the
deterioration ini perforraancenef deeodirg deseribedrakoves thespatity-mnterteaver 23 (FIG. 8) carries
out interleave of interleaving parity bits of the LDPC code from the LDPC encoding section 21 to
positions of othep pastynbiisic[0l4} FiGe2@ ilustates ia parity amatrixdH T of aparityy check matrix H
corresponding to the LDPC code after the parity interleave carried out by the parity interleaver 23 of
FIG. 8.[0172&nd the probability that the value is 1 may be equal to
egach other to the variable nodes connecting to the check
node, the performance of the decoding deteriorates. Then,
where the burst length (number of bits which are made an
error by & burst) is great, the performance of the
decoding further deteriorates.
[0170]
Therefore, in order to prevent the deterioration in
performance of decoding described above, the parity
interlieaver 23 (FIG. 8) carries ocut interlsave of
interleaving parity bits of the LDPC code from the LDPC
encoding section 21 to positions of other parity bits.
(01711
FIG. 20 illustrates a parity matrizx Hy of & parity
check matrix H ccorresponding to the LDPC code after the
parity interleave carried out by the parity interleaver
23 of FIG. 8.
(01721
Here, the information matrix Hy of the parity check
matrix H corregponding to the LDPC code prescribed in the

DVBE-3.2 standard and ocutputted from the LDPC encoding

section 21 has a cyclic structure.
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Here, the information matrix HA of the parity check matrix H corresponding to the LDPC code
prescribed in the DVB-S.2 standard and outputted from the LDPC encoding section 21 has a cyclic
structure. 62 [0173] The cyclic structure signifies a structure wherein a certain column coincides with
another column in a cyclically operated state and includes, for example, a structure wherein, for every
P columns, the positions of the value 1 in the rows of the P columns coincide with positions to which
the first one of the P columns is cyclically shifted in the column direction by a value which increases
in proportion to a value q obtained by dividing the parity length M. In the following, the number of P
columns in a ¢ydlicstructure is hereinafter referred to suitably as a unit column number of the cyclic
structure. [0174] As an LDPC code prescribed in the DVB-S.2 standard and outputted from the LDPC
encoding section 21, to4 DRC lcadestarecavailableiigoludingsthese whose wodeWergthid is 64,800
bits and 16,200 bits as described hereinabove with reference to FIG. 11. [0175]

a certain column coincides with another column in a

cyclically operated state and includes, for example, a

structure wherein, for everv P columns, the positions of

the value 1 in the rows of the P columns coincide with

positions to which the first one of the P columns is

cyclically shifted in the column direction by a value

which increases in proportion to a wvalue g cbtained by

dividing the parity length M. In the following, the

number of P columns in a cyclic structure is hereinafter

referred to suitably as a unit column number of the

cyclic structure.

[0174]

Az an LDPT code prescribed in the DVB-3.2 standard

and outputted from the LDPC encoding section 21, two LDPC

codes are available including those whose code length N

13 64,800 bits and 16,200 bits as described hereinabove

with reference to FIG. 11.

[0175]

Now, 1f attention is peid to the LDPC code whose
code length N is 64,800 bits from the two different LDEC

codes whose code length N is 64,800 blts and 16,200 bits,

then eleven different encoding rates are available as the
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Now, if attention is paid to the LDPC code whose code length N is 64,800 bits from the two different
LDPC codes whose code length N is 64,800 bits and 16,200 bits, then eleven different encoding
rates are available as the 63 encoding rate of the LDPC code whose code length N is 64,800 bits as
described hereinabove with reference to FIG. 11. [0176] With regard to LDPC codes whose code
length N is 64,800 bits and which have the eleven different encoding rates, it is prescribed in the
DVB-S.2 standard that the column number P of the cyclic structure is prescribed to 360 which is one
of divisors of the parity length M except 1 and M. [0177] Further, with regard to LDPC codes whose
code length Nris64;809 hitstandwhichehavertheceléwen tdifferent éacdding rates, the parity length M
has a value other than prime numbers and represented by an expression M =g x P =g x 360 using
the value q whithi$ diffexent depdrdingiupoh thexntodivgratey Adecordifglyealse the value q is one
of the divisors of the parity length M except 1 and M similarly to the column number P of the cyclic
structure and is-ebtained by dividing the parity

[017¢)

With regard to LDPC codes whose code length N is
64,800 bits and which have the eleven different encoding
rates, 1t is prescribed in the DVB-S5.72 standard that the
column number P of the cyclic structure 1s prescribed to
360 which is one cof divisors ¢f the parity length M
except 1 and M.

(01777

Further, with regard to LDPC codes whose code
}ength N is ©4,800 b}ts and which have the eleven
different encoding rates, the parity length M has a value
other than prime numbers and represented by an expression
M =g x P =g x 360 using the value ¢ which is different
depending upon the encoding rate. Accordingly, also the
value g 1s one of the divisors of the parity length M
except 1 and M similarly to the column number P of the
cyclic structure and is cobtained by dividing the parity
length M by the column number P of the cyclic structure
{the product of P and g which are divisors of the parity
length M is the parity length M).

[6178]
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length M by the column number P of the cyclic structure (the product of P and a which are divisors of
the parity length M is the parity length M). [0178] 64 Where the information length is represented by K
and an integer higher than 0 but lower than P is represented by x while an integer higher than 0 but
lower than g is represented by y, the parity interleaver 23 interleaves, as parity interleave, the
K+ax+y+Ith code bit from among parity bits which are K+Ith to K+Mth (K + M = N) bits of the LDPC
code from the LDPC encoding section 21 to the position of the K+Py+x+lth code bit. [0179] According
to such parity interleave, since the (parity bits corresponding to) variable nodes connecting to the
same check node are spaced hya distdneescareesponding toithe cofuram aumder$yokthe cyclic
structure, here, by 360 bits, where the burst length is smaller than 360 bits, such a situation that a
plurality of variablenodes egrredtingtethé 'same ckeck nodecaret kemdered ®rroneous at the same
time can be prevented. As a result, the tolerance to a burst error can be improved. [0180] It is to be
noted that the’rEPPEscodeedftérthe while an integer higher than 0 but lower

than g is represented by vy, the parity interleaver 23
interleaves, as parity interleave, the K+gxt+y+lth code
bit from among parity bits which are K+lth to E+Mth (K +
M = N) bits of the LDPC code from the LDPC enccding
sectlion 21 to the position of the EK+Py+x+lth code bit.
[0179]

According to such parity interleave, since the
(parity bits corresponding to) variable nodes connecting
to the same check node are spaced by a distance
c?rresponding to the column number P of the cycliic
structure, here, by 360 bits, where the burst length is
smaller than 360 bits, such a situaticn that a plurality
of variable nodes connecting to the same check node are
rendered erroneocus at the same time can be prevented. As
a result, the tolerance to a burst error can be improved.
[0180]

It is to be noted that the LDPC code after the
parity interleave by which the K+gst+y+lth code bit is
interleaved to the position of the K+Py+x+lith code bit
coincides with the LDPC code of a parity check matrix

(hereinafter referred to also as conversion parity check
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parity interleave by which the K+qgx+y+lth code bit is interleaved to the position of the K+Py+x+"_th
code bit coincides with the LDPC code of a parity check matrix (hereinafter referred to also as
conversion parity check 65 matrix) obtained by column replacement of replacing the K+qgx+y+lth
column of the original parity check matrix H into the K+Py+x+Ith column. [0181] Further, in the parity
matrix of the conversion parity check matrix, a pseudo cyclic structure whose unit is P columns (in
FIG. 20, 360 columns) appears as seen in FIG. 20. [0182] Here, the pseudo cyclic structure signifies a
structure which has a portion having a cyclic structure except part thereof. In a conversion parity
check colummebtdined &yapphying lcolumni replacemeéenteorrespondingsto ] paritygntenkeave to the
parity check matrix of the LDPC code prescribed in the DVB-S.2 standard, a portion of 360 rows x
360 columns Eshift mattiiz hersinafter described) atalnght cormeriportion iskshivrt ofioné element of 1
(which has the value of 0) . Therefore, the conversion parity check matrix does not have a (complete)
cyclic structutébat has alpsevds cyelic Stdetire.

(0181]

Further, in the parity matrix of the conversion
parity check matrix, a pseudo cyclic structure whose unit
is P columns {in FIG. 20, 360 columns) appsars as seen in
FIc. 20.
roisz]

Here, the pseudo cyclic structure signifies a
structure which has a portion having a cyclic structure
except part therecf. In a conversion parity check column
obtained by applying column replacement corresponding to
parity interleave to the parity check matrix of the LDPC
code prescribed in the DVB-5.Z standard, a portion of 360
rows x 360 columns {shift matrix hereinafter described)
at a right corner portion is short of one element of 1
(which has the value of 0). Therefore, the conversion
parity check matrix does not have a (complete) cyclic
structure but has a pseudo cyclic structure.

[0183]

It is to be noted that the conversion parity check

matrix of FIG. 20 is a matrix to which alsco replacement

of rows {row replacement) for configuring the conversion
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[0183] It is to be noted that the conversion parity check matrix of FIG. 20 is a matrix to which also
replacement of rows (row replacement) for configuring the conversion 66 parity check matrix from a
configuration matrix hereinafter described is applied to the original parity check matrix H in addition to
the column replacement which corresponds to parity interleave. [0184] Now, column twist interleave
as a re-arrangement process by the column twist interleaver 24 of FIG. 8 is described with reference
to FIGS. 21 to 24. [0185] In the transmission apparatus 11 of FIG. 8, two or more of the code bits of
the LDPC code are transmitted as one symbol as described hereinabove in order to improve the
utilization effigiency of frequencies.dh:pafticuiar forexample; whete2:hitsicf the code bits are used to
form one symbol, for example, QPSK is used as the modulation method, but where 4 bits of the code
bits are usediteferm ohecsymisal cfot lexdmiple, 1GQANLISs Usetlas thelmodalatioameéthod. [0186]
Where two or more ones of the code bits are

check matrix H in addition to the cclumn replacement
which corresponds Lo parity interleave.

101847

Now, column twist interleave as a re-arrangement
process by the column twist interleaver 24 of FIG. 8§ is
described with reference to FIGS. 21 to 24.

[0185]

In the transmission apparatus 11 of FIG. 8, two or
more of the code bits of the LDPC code are transmitted as
one symbol as described hereinabove in order To improve
the utilization efficiency of freguencies. In particular,
for example, where 2 bits of the code bits are used to
form ong symbol, for example, OP3K is used as the
modulation method, but where 4 bits of the code bits are
used to form one symbol, for example, 16QAM is used as
the modulation method.

[0186]

Where two or more ones cf the code bits are
transmitied as one symbol in this manner, 1if erasure cr
the like occurs with a certain symbol, the all of the

code bites ¢f the symbol become an error (erasure).

[(0187]
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transmitted as one symbol in this manner, if erasure or the like occurs with a certain symbol, the all of
the code bits of the symbol become an error (erasure). [0187] 67 Accordingly, in order to lower the
probability that a plurality of (code bits corresponding to) variable nodes connecting to the same
check node may suffer from erasure at the same time to improve the performance in decoding, it is
necessary to avoid the variable nodes corresponding to code bits of one symbol from connecting to
the same check node. [0188] Meanwhile, in the parity check matrix H of an LDPC code prescribed in
the DVB-S.2 standard and outputted from the LDPC encoding section 21, the information matrix HA
has a cyclic structure anctthedparity mattix Hirhias atstaircase strheture-as desdribed héreinabove.
Then, in a conversion parity check matrix which is a parity check matrix of the LDPC code after parity
interleave, a eydlid ustelcttire @Cclurately, & pseudo tyelitostructunre ds° deveritiedhereinabove)

appears also in the parity matrix as described in FIG. 20. [0189] FIG. 21 shows a conversion parity
check matrix.ficdes connecting to the same check node may suffer from

erasure at the same time to improve the performance in
decoding, it is necessary to avoid the variable nodes
corresponding to code bits of one symbol from connecting
Lo the same check node.
(01887

Meanwhile, 1n the parity check matrix H of an LDPC
code prescribed in the DVB-85.Z standard and cutputted
from the LDPC encoding section 21, the information matrix
Hx has a cyclic structure and the parity matrix Eg has a
stalrcase structure as @escribed hereinabovg. Then, in a
conversion parity check matrix which is a parity check
matrix of the LDPC code after parity interleave, a cyclic
structure (accurately, a pseude cyclic structure as
described hereinabove) appears also in the parity matrix
as described in FIG. 20.
rorgal

FIG. 21 shows a conversion parity check matrix.
[G190]

In particular, A of FIG. 21 illustrates a
conversion parity check matrix of a parity check matrix H

which has a code length N of 64,800 bits and an encoding
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[0190] In particular, A of FIG. 21 illustrates a conversion parity check matrix of a parity check matrix H
which has a code length N of 64,800 bits and an encoding 68 rate (r) of 3/4. [0191] In A of FIG. 21,
the position of an element having the value of 1 in the conversion parity check matrix is indicated by a
dot () [0192] In B of FIG. 21, a process carried out by the demultiplexer 25 (FIG. 8) for the LDPC
code of the conversion parity matrix of A of FIG. 21, that is, the LDPC code after the parity interleave.
[0193] In B of FIG. 21, the code bits of the LDPC code after the parity interleave are written in the
column direction in four columns which form the memory 31 of the demultiplexer 25 using 16QAM as
the modulationsmethod; [6£94]/Ehe code bits written in the column direction in the four columns which
form the memory 31 are read out in the row direction in a unit of 4 bits which make one symbol.
[0191]
In & of FIG. 21, the position c¢f an element having
the value of 1 in the conversion parity check matrix is
indicated by a dot ().
[0182]
In B of FIG. 21, a process carried ocut by the
demultiplexer 25 (FIG. 8) for the LDPC code of the
conversion parity matrix of A of FIG. 21, that is, the
LDPC code after the parity interleave.
[0193]
In B of FIG. 21, the code bits of the LDPC code
after the parity interleave are written in the column
direction in four columns which form the memory 31 of the
demultiplexer 25 using 160AM as the modulation method.
[0194]
The code bits written in the column direction in
the four columns which form the memory 31 are read out in
the row direction in a unit of 4 bits which make one
symbel.
101957
Tn this instance, the 4 code bits By, By, Bz and Bs

which make one symbol scmetimes make code bits

corresponding to 1 and included in one arbitrary row of
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[0195] in this instance, the 4 code bits Bo, B1, B2 and B3 which make one symbol sometimes make
code bits corresponding to 1 and included in one arbitrary row of 69 the parity check matrix after the
conversion of A of FIG. 21, and in this instance, variable nodes corresponding to the code bits BO,
B1, B2 and B3 are connected to the same check node. [0196] Accordingly, where the 4 code bits BO,
B1, B2 and B3 of one symbol become code bits corresponding to 1 and included in one arbitrary row,
if erasure occurs with the symbol, then the same check node to which the variable nodes
corresponding to the code bits Bo, B1, B2 and B3 are connected cannot determine an appropriate
message. As &h tesiity the perfermance:inidecoftling-detesorates: 4019 grAlsa withoregardito the
encoding rates other than the encoding rate of 3/4, a plurality of code bits corresponding to a plurality
of variable nodés cennedting: it thel samercheck nodéssoretimes makermnresgymbolaf 16QAM

similarly. [0198] Therefore, the column twist interleaver 24 carries
the code bhits By, By, B: and B; are connected to the same

check node.
[0196]

Accordingly, where the 4 code bilits Bg, Bi, B; and Bj
of one symbol become code bits corresponding to 1 and
included in one arbitrary row, 1if erasure occurs with the
symbol, then the same check node to which the variable
nodes corresponding to the code bits By, Bi, By and By are
connected cannct determine an appropriate message. As a
result, the performance in decoding deteriorates.

[0197L

Also with regard to the encoding rates other than
the encoding rate of 3/4, a plurality of code bits
corresponding to a plurality of variable nodes connecting
to the same check node sometimes make one symbol of 160AM
similarly.

[0198]

Therefore, the column twist interleaver 24 carries
out column twist interleave wherein the code bits of the
LDPC code after the parity interlieave from the parity

interleaver 23 are interleaved such that a plurality of

code bits corresponding to 1 and included in cone
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out column twist interleave wherein the code bits of the LDPC code after the parity interleave from the
parity interleaves 23 are interleaved such that a plurality of code bits corresponding to 1 and included
in one 70 arbitrary row of the conversion parity check matrix are not mapped to one symbol. [0199]
FIG. 22 is a view illustrating the column twist interleave. [0200] In particular, FIG. 22 illustrates the
memory 31 (FIGS. 16 and 17) of the demultiplexer 25. [0201] The memory 31 has a storage capacity
for storing mb bits in the column (vertical) direction and stores N/(mb) bits in the row (horizontal)
direction and includes mb columns as described in FIG. 16. Then, the column twist interleaver 24
writes the code-bits okthe LRRCLOdena thencalumnddirestion intodhe memaryr3k aadcontrols the

writing starting position when the code bits are read out in the row direction to carry out column twist
interleave. [0202] heparticutar, thecolymbdwist interleaver 24 suitably changes the writing starting
position at which

[01998]

FIiG. 22 is a view illustrating the column twist
interleave.
[0200]

In particular, FIG. 22 illustrates the memory 31
(FIGS. 16 and 17) of the demultiplexer Z5.

[0201]

The memory 31 has a storage capacity for storing mb
bits in the column (vertical) direction and stores N/ (mb)
bits in the row (horizontal) direction and includes mb
columns as described %n FIG. 16. Then, the column twist
interleaver 24 writes the code bits of the LDPC code in
the column direction into the memory 31 and controls the
writing starting pesiticn when tThe code bits are read out
in the row direction to carry out column twist interleave.
(02027

In particular, the column twist interleaver 24
suitably changes the writing starting positicen at which
writing of code bits is to be started for each of a
plurality of ceclumns so that a plurality of code bits

read out in the row direction and used to make one symbol

may not become code bits corresponding te 1 and included
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writing of code bits is to be started for each of a plurality of columns so that a plurality of code bits
read out in the row direction and used to make one symbol may not become code bits corresponding
to | and included 71 in one arbitrary row of the conversion parity check matrix (re-arranges the code
bits of the LDPC code such that a plurality of code bits corresponding to 1 and included in one
arbitrary row of the parity check matrix may not be included in the same symbol). [0203] Here, FIG. 22
shows an example of a configuration of the memory 31 where the modulation method is 16QAM and
besides the multiple b described hereinabove with reference to FIG. 16 is 1. Accordingly, the bit

number m of coderhits:ofianLRPE code tobe mappediie onesympol jis4 bits, and the memory 31 is
formed from four (= mb) columns. [0204] The column twist interleaver 24 of FIG. 22 (instead of the

demultiplexerr2b: shewn i FiG.r ko) pasries eut sviingiofdhe code bits mh the: bBP G cede in a
downward direction (column direction) from above into the four columns which form the memory 31
beginning withlasleftasidéwcolumn fowdrdscaldghtiside columwsponding te 1 and

included in one arbitrary row of the parity check matrix

may not be included in the same symbol).

[0203]

Here, FIG. 22 shows an example of a configuration
of the memory 31 where the modulation method is 16QAM and
esides the multiple b described hereinabove with
reference to FIG. 16 1s 1. Accordingly, the bit number m
of code bits of an LDPC code to ke mapped to one symbol
is 4 bits, and the memory 31 is formed from four (= mb)
co%umns.

(G204

The column twist interleaver 24 of IG. Z2 {instead
0of the demultiplexer 25 shown in FIG. 16) carries out
writing of the code bits c¢f the LDPC code in a downward
direction {(column direction) from above into the four
columns which form the memcory 31 beginning with a left
side column towards a right side column.

[0205]

Then, when the writing of code bits ends to the

rightmost column, the column twist interleaver 24 reads

out the code bits in a unit of 4 bits (mb bits) in the
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[0205] Then, when the writing of code bits ends to the rightmost column, the column twist interleaver
24 reads out the code bits in a unit of 4 bits (mb bits) in the 72 row direction beginning with the first
row of all columns which form the memory 31 and outputs the code bits as an LDPC code after the
column twist interleave to the replacement section 32 (FIGS. 16 and 17) of the demultiplexer 25.
[0206] However, if the address of the head (uppermost) position of each column is represented by 0
and the addresses of the positions in the column direction are represented by integers of an
ascending order, then the column twist interleaver 24 of FIG. 22 sets, for the leftmost column, the

writing starting pesiiopde the positionwhase addressis 0; sets: fardhe secand celump(from the left),
the writing starting position to the position whose address is 2; sets, for the third column, the writing

starting positigit ie-thes paesitiom whese caddress 4s:4; and setssforithe fourth ealumm gherwriting
starting position to the position whose address is 7. [0207]
LDPC code after the column twist interleave to the
replacement secticon 32 (FIGS. 16 and 17) of the
gemultiplexer 250,
[02C6}

However, 1f the address of the head (uppermost)
position of each column is repreasented by 0 and the
addresses of the positions in the column direction are
represented by integers of an ascending order, then the
column twist interleaver 24 of FIG. 22 sets, for the
leftmost cceclumn, the writing starting position to the
position whose address is O{ sets, for the secog@ column
{(from the left), the writing starting pesition to the
position whose address 1s Z2; sets, for the thirxd column,
the writing starting position to the position whose
address is 4; and sets, for the fourth cclumn, the
writing starting position to the positicon whose address
is 7.

[0207]

It is tc ke noted that, with regard to the columns
for which the writing starting pesiticon is any other
position than the position whose address is 0, after the

code bits are written down to the lowermost position, the
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It is to be noted that, with regard to the columns for which the writing starting position is any other
position than the position whose address is 0, after the code bits are written down to the lowermost
position, the 73 writing position returns to the top (position whose address is 0) and writing down to a
position immediately preceding to the writing starting position is carried out. Thereafter, writing into
the next (right) column is carried out. [0208] By carrying out such column twist interleave as
described above, such a situation that a plurality of code bits corresponding to a plurality of variable
nodes connecting to the same check node are made one symbol of 16QAM (included into the same
symbol) with regard te; LPRGC costes:of all:encodingrates whose cede lengthhbiss64,800 as
prescribed in the DVB-S.2 standard can be prevented, and as a result, the performance in decoding in
a communicatibiath which prevides: erasung cdnibe impreved: s[0209hFiGr23lillustrates the number
of columns of the memory 31 necessary for column twist interleave and the address of the writing
starting positiow foregdctembdulatien wigthod withregard o DRC codes ofthesgleven out.

Thereafter, writing into the next (right) column is

carried out.

[0208]

By carrying out. such column twist interleave as

described above, such a situation that a plurality of

code bits corresponding to a plurality of variable nodes

connecting to the same check node are made one symbol of

160AM (included into the same symbol) with regard to LDPC

codes of all enceding rates whose code length N is 64,800

as prescribed in the DVB-5.2 standard can be prevented,

and as a result, the performance in decoding in a

communication path which provides erasure can be improved.

[0209]

FIG. 23 illustrates the number of columns of the

memory 31 necessary for column twist interleave and the

address of the writing starting position for each

modulation method with regard to LDPC codesz of the eleven

different encoding rates having the code length N of

64,800 as prescribed in the DVB-3.2Z standard.

[0210]

As the replacement method for the replacement

74



different encoding rates having the code length N of 64,800 as prescribed in the DVB-S.2 standard.
[02101 As the replacement method for the replacement 74 process of the demultiplexer 25 (FIG. 8),
one of the first to third replacement methods of FIG. 16 is adopted, and besides, where QPSK is
adopted as the modulation method, the bit number m of one symbol is 2 bits and the multiple b is 1.
[0211] In this instance, according to FIG. 23, the memory 31 has two columns for storing 2 x 1 (= mb)
bits in the row direction and stores 64,800/(2 x 1) bits in the column direction. Then, the writing
starting position for the first one of the two columns of the memory 31 is set to the position whose

address is 0, pnd the writing starting.pasitien fardhe second golumn iscset te the: osition whose
address is 2. [02121 Further, where the fourth replacement method of FIG. 17 is adopted as the

replacement method fos the ireplacenient precessnof the demudtipfexer 25(FH6. 8)lapd cbgsides QPSK
is adopted as the modulation method, the bit number m of one symbol is 2 bits and the multiple b is 2.

and besides, where QPSK is adopted as tThe medulation
methed, the bit number m of one symbol is 2 bits and the
multiple b is 1.
[0211]

In this instance, acccocrding to FIG. 23, the memory
31 has two columns for storing 2 x 1 (= mb) bits in the
row direction and stores ©4,800/(2 % 1) bits in the
column direction. Then, the writing starting position for
the first one of the two columns of the memory 31 1s set
to the position whose address is 0, and the writing
starting position for the second column is set to the
position wheose address is Z.
(02127

Further, where the fourth replacement method of FIG.
17 is adopted as the replacement method for the
replacement process of the demultiplexer 25 (FIG. 8B) and
besides QPSK is adoptesd as the modulation method, the bit
number m of one symbol is 2 bits and the multiple b is 2.
[0213]

In this instance, according to FIG. 23, the memory
31 has four columns for storing 2 x 2 bits in the row

irection and stores 64,800/(2 » 2} pbits in the column
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[0213] In this instance, according to FIG. 23, the memory 31 has four columns for storing 2 x 2 bits in
the row direction and stores 64,800/(2 x 2) bits in the column 75 direction. Then, the writing starting
position for the first column from among the four columns of the memory 31 is set to the position
whose address is 0; the writing starting position for the second column is set to the position whose
address is 2; the writing starting position for the third column is set to the position whose address is 4;
and the writing starting position for the fourth column is set to the position whose address is 7. [0214)
Further, where one of the first to third replacement methods of FIG. 16 is adopted as the replacement

method for the replacemgnt progess ofiihe demultiplexes 25 (RIG 8)and; besides 16QAM is adopted
as the modulation method, the bit number m of one symbol is 4 bits and the multiple b is 1. [0215) In

this instance, aceerdingtoiklG . 23 hemergoryn 81 hasrfourcalamsdeor stosng<ne t:pitsin the row
direction and stores 64,800/(4 x 1) bits in the column

is set to the position whose address is 0; the writing

starting positicon for the second column is set to the

position whose address is 2; the writing starting

position for the third column i1s set to the position

whose address 1s 4; and the writing starting position for

the fourth column is set tTo the position whose address is

7.

[0214]

Further, where one of the first to third
replacement methods cf FIG. 16 is adopted as the
replacement method for the~replacemeni precess of the
demultiplexer 25 (FIG. B) and besides 16QAM is adopted as
the modulation method, the bit number m of one symbol is
4 bits and the mulitiple b is 1.

[G215]

In this instance, according to FIG. 23, the memory
31 has four columns for storing 4 x 1 bits in the row
direction and stores 64,800/{(4 x 1) bits in the column
direction. Then, the writing starting position for the
first column from ameong the four cclumns of the memory 31
is set to the position wheose address is 0; the writing

starting positicn for the second column is set to the
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direction. Then, the writing starting position for the first column from among the four columns of the
memory 31 is set to the position whose address is 0O; the writing starting position for the second
column is set to the 76 position whose address is 2; the writing starting position for the third column is
set to the position whose address is 4; and the writing starting position for the fourth column is set to
the position whose address is 7. [02161 Further, where the fourth replacement method of FIG. 17 is
adopted as the replacement method for the replacement process of the demultiplexer 25 (FIG. 8) and
besides 16QAM is adopted as the modulation method, the bit number m of one symbol is 4 bits and

the multiple bpis2. {0217 L inthis instances aceording-to-F G 28i the memaryn31 has eight columns
for storing 4 x 2 bits in the row direction and stores 64,800/(4 x 2) bits in the column direction. Then,
the writing stastiag pasition dar thieefirtst colinan franmarmeng ¢he eight lieelumans ofithe memory 31 is set
to the position whose address is 0; the writing starting position for the second column is set to the

whose address 1s 4; and the writing starting position for

the fourth column is set to the positicn whose address is

7.

[0216]

Further, where the fourth replacement method of FIG.
17 is adopted as the replacement methoed for the
replacement process of the demultiplexer 25 (FIG. 8) and

besides 1€QAM is adopted as the modulation method, the

bit number m of one symbol is 4 bits and the multiple b

[0217]
In this instance, according to FIG. 23, the memory

31 has eight columns for storing 4 x 2 bits in the row
direction and stores €4,800/(4 x 2) bits in the column
direction. Then, the writing starting position for the
first column from among the eight columns of the memory

1 is set to the position whose address is 0; the writing
starting position for the second column 1is set to the
position whose address is 0; the writing starting
position for the third column is set to the position
whose address is 2; the writing starting position for the

fourth column is set to the position whose address is 4;
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position whose address is 0; the writing starting position for the third column is set to the position
whose address is 2; the writing starting position for the fourth column is set to the position whose
address is 4; 77 the writing starting position for the fifth column is set to the position whose address is
4; the writing starting position for the sixth column is set to the position whose address is 5; the
writing starting position for the seventh column is set to the position whose address is 7; and the
writing starting position for the eighth column is set to the position whose address is 7. [0218] Further,
where one of the first to third replacement methods of FIG. 16 is adopted as the replacement method

for the replacement.process of the-demulfiplexer 25 (FIG: 8) mad:hesides-64QAM issadapted as the
modulation method, the bit number m of one symbol is 6 bits and the multiple b is 1. [0219] In this

instance, accerdinghto bk 23 the memary: 3d hasssix solumnstier storingrG; x drhitstinthe row
direction and stores 64,800/(6 x 1) bits in the column direction. Then, the writing starting position for
the first column $rom amohgrthelsix eokninscof thermeémone3l to the position

whose address 1s 5; the writing starting position for the

seventh column 1s set te the position whose address is 7;

and the writing starting position for the eighth column

is set to the position whose address 1s 7.

ozig}

Further, where one of the first to third
replacement methods of FIG. 1¢ is adopted as the
replacement method for the replacement process of the
demultiplexer 25 (FIG. 8) and besides 64QAM i1s adopted as
the modulation method, the bit npmber m of one symbo} is
¢ bits and the multiple b is 1.

(02197

In this instance, according to FIG. 23, the memory
31 has six columns for storing & x 1 bits in tThe row
direction and stores 64,800/(6 » 1) bits in the column
direction. Then, the writing starting position for the
first column from among the six columns of the memory 31
is set to the position whose address 1s 0; the writing
starting position for the second column is set to the
position whose address is Z; the writing starting

position for the third column is set to the position
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is set to the position whose address is 0; the writing starting position for the second column is set to
the position whose address is 2; the writing starting position for the third column is set to the position
78 whose address is 5; the writing starting position for the fourth column is set to the position whose
address is 9; the writing starting position for the fifth column is set to the position whose address is
10; and the writing starting position for the sixth column is set to the position whose address is 13.
[0220] Further, where the fourth replacement method of FIG. 17 is adopted as the replacement
method for the replacement process of the demultiplexer 25 (FIG. 8) and besides 64QAM is adopted
as the modulationsmethed:dbe bitaumbera of oneisymbol is-6 bits and:the multiplerb 48 2. [0221] In
this instance, according to FIG. 23, the memory 31 has twelve columns for storing 6 x 2 bits in the row
direction and stares 6480046 x 2} bitsin the colempo diredtion. Then pthedwritisg stastirig position for
the first column from among the twelve columns of the memory 31 is set to the position whose
address is 0; tHeewriting 1ng starting position for the f£ifth column is set

to the position whose address is 10; and the writing

starting position for the sixth column i1s set to the

position whose address is 13.

[0220]

Further, where the fourth replacement method of FIG.

17 is adopted as the replacement method for the

replacement process of the demultiplexer 23 (FIG. &) and

besides 64QAM is adopted as the modulation method, the

bit number m of one symbol is 6 bits and the multiple b

is 2.

[0221]

In this instance, according to FIG. Z3, the memory

31 has twelve columns for storing € x 2 bits in the row

direction and stores 64,800/(6 x 2) bits in the column

direction. Then, the writing starting position for the

first column from among the twelve columns of The memory

31 is set to the position whose address is (O; the writing

starting position for the second column is set te the

position whose address is 0; the writing starting

position for the third column is set to the position

whose address is 2; the writing starting position for the
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starting position for the second column is set to the position whose address is 0; the writing starting
position for the third column is set to the position whose address is 2; the writing starting position for
the 79 fourth column is set to the position whose address is 2; the writing starting position for the fifth
column is set to the position whose address is 3; the writing starting position for the sixth column is
set to the position whose address is 4; the writing starting position for the seventh column is set to the
position whose address is 4; the writing starting position for the eighth column is set to the position
whose address is 5; the writing starting position for the ninth column is set to the position whose

address is 5; the;writing starting :positian fos the tentb cotumm isiseide theipositioniwhose address is
7; the writing starting position for the eleventh column is set to the position whose address is 8; and
the writing starting positiondosthertwelith wedimn ds: sétto the posititniwheseaddress 9. [0222]
Further, where one of the first to third replacement methods of FIG. 16 is adopted as the replacement
method for theveplacement piocessiof tie adatmgltiplexer 25 (EIG: 8)ahndibesides:256QAM is adopted

position for the sixth column is set to the position
whose address is 4; the writing starting position Zor the
seventh column is set to the position whose address is 4;
the writing starting position for the eighth column is
set to the position whose address 1s 5; the writing
starting position for the ninth column 1s set to the
position whose address 1s 5; the writing starting
position for the tenth column is set fo the position
whose address 1s 7; the writing starting position for the
eleventh column 1s set to the position whose address is
g; and the writing starting position for the twelfth
column is set to the position whose address is 9.

[0222]

Further, where one of the first to third
replacement methods of FIG. 16 1s adopted as the
replacement method for the replacement process of the
demultiplexer 25 {(FIG. 8) and besides 2560AM is adopted
as the modulation method, the bit number m of one symbol
is 8 bits and the multiple b is 1.

[(0223]

In this instance, according to FIG. 23, the memory
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as the modulation method, the bit number m of one symbol is 8 bits and the multiple b is 1. 0223] In
this instance, according to FIG. 23, the memory 80 31 has eight columns for storing 8 x 1 bits in the
row direction and stores 64,800/(8 x 1) bits in the column direction. Then, the writing starting position
for the first column from among the eight columns of the memory 31 is set to the position whose
address is 0; the writing starting position for the second column is set to the position whose address
is 0; the writing starting position for the third column is set to the position whose address is 2; the
writing starting position for the fourth column is set to the position whose address is 4; the writing

starting positign forthedifth-column s set te the pesitign whoseiadgdress isrd; the writing starting
position for the sixth column is set to the position whose address is 5; the writing starting position for
the seventh columpds set tnthespasition whose addeess is V; mandstherwriting statting-position for the
eighth column is set to the position whose address is 7. {0224] Further, where the fourth replacement
method of FIGi1 1&ds$ adopted asithe téplaceméntmethiodfor the position for the
first column from among the eight ceolumns of the memory
31 is set to the posgition whese address 1s 0; the writing
starting position for the second column is set to the
position whose address is 0; the writing starting
position for the third column is set to the position
whose address 1s 2; the writing starting position for the
fourth column is set to the position whose address is 4;
the writing starting position for the fifth cclumn is set
to the position whose address 1s 4; the writing starting
position for the sixth column is set to the position
whose address 1s 5; the writing starting position for the
gseventh column is set to the position whose address 1s 7;
and the writing starting position for the eighth column
ig set to the position whose address 1is 7.
[0224]
Further, where the fourth replacement method of FIG.
17 is adopted as the replacement method for the
replacement process of the demultiplexer 25 (FIG. 8) and
begides 2560QAM 1is adopted as the medulation method, the
bit number m of one symbol is 8 bits and the multiple b

is 2.



replacement process of the demultiplexer 25 (FIG. 8) and besides 256QAM is adopted as the
modulation method, the bit number m of one symbol is 8 bits and the multiple b is 2. 81 0225] In this
instance, according to FIG. 23, the memory 31 has 16 columns for storing 8 x 2 bits in the row
direction and stores 64,800/(8 x 2) bits in the column direction. Then, the writing starting position for
the first column from among the 16 columns of the memory 31 is set to the position whose address is
0; the writing starting position for the second column is set to the position whose address is 2; the
writing starting position for the third column is set to the position whose address is 2; the writing
starting position forsthe fourth column is set to the position whose address is 2; the writing starting
position for the fifth column is set to the position whose address is 2; the writing starting position for
the sixth column is set1a thé pesition twhose addressds 3gtheowfiting starting: pesitiemfarithe seventh
column is set to the position whose address is 7; the writing starting position. for the eighth column is
set to the positionhwliodecaddragstis 15ptheswitinig Stdrting position forthensinthoeolumn is set to the

direction and stores 64,8006/(8 x 2) kits in the column
direction. Then, the writing starting poslition for the
first column from among the 16 columns of the memory 31
is set to the position whose address is 0; the writing
starting position for the second column is set tc the
position whose address is Z2; the writing starting
position for the third column is set to the position
whose address i1s 2; the writing starting position for the
fourth column is set to the position whose address 1s Z;
the writing starting position for the fifth column is sgt
to the position whose address is 2; the writing starting
position for the sixth column is set to the positicn
whose address is 3; the writing starting position for the
seventh column is set to the position whose address 1s 7;
the writing starting position for the eighth column i1s
set to the position whose address is 15; the writing
starting posgition for the ninth column i1s set to the
position whose address is 16; the writing starting
position for the tenth column is set to the position
whose address i1s 20; the writing starting position for

the eleventh column is set to the position whose address
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position whose address is 16; the writing starting position for the tenth column is set to the position
whose address is 20; the writing starting position for the eleventh column is set to the position whose
address 82 is 22; the writing starting position for the twelfth column is set to the position whose
address is 22; the writing starting position for the thirteenth column is set to the position whose
address is 27; the writing starting position for the fourteenth column is set to the position whose
address is 27; the writing starting position for the fifteenth column is set to the position whose
address is 28; and the writing starting position for the sixteenth column is set to the position whose
address is 321 0226} Furtbet; miherepne-efithedigstio shird seplicemeant methads bf FIG. 16 is
adopted as the replacement method for the replacement process of the demultiplexer 25 (FIG. 8) and
besides 1024QANis adeptedtas the: odutationimethaody the biddumber hs of8ne symbol is 10 bits
and the multiple b is 1. [0227] In this instance, according to FIG. 23, the memory 31 has ten columns
for storing 10 %xl bits:in thearping position for the thirteenth column is

set to the position whose address is 27; the writing

starting position for the fourteenth column is set to the

position whose address is 27; the writing starting

position for the fifteenth cclumn is set to the position

whose address is 28; and the writing starting position

for the sixteenth column is set to the position whose

address is 32.

[0226]

Further, where one of the first to thizxd
replacement methods of FIG. 16 is adepted as the
replacement method for the replacement process of the
demultiplexer 25 (FIG. 8) and besides 10240Q0AM is adopted
as the meodulation method, the bit number m of one symbel
is 10 bits and the multiple b is 1.

[0227]

In this instance, according to FIG. 23, the memory
31 has ten columns for storing 10 x 1 bits in the row
direction and stores ©64,800/(10 x 1) bits in the column
direction. Then, the writing starting position for the

first column from among the ten columns of the memory 31

is set to the position whose address is 0; the writing
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direction and stores 64,800/(10 x 1) bits in the column direction. Then, the writing starting position for
the first column from among the ten columns of the memory 31 is set to the position whose address
is 0; the writing 83 starting position for the second column is set to the position whose address is 3;
the writing starting position for the third column is set to the position whose address is 6; the writing
starting position for the fourth column is set to the position whose address is 8; the writing starting
position for the fifth column is set to the position whose address is 11; the writing starting position for
the sixth column is set to the position whose address is 13; the writing starting position for the
seventh columnis setto the position Whaose address oisdl 5; thewwriting stating position for the eighth
column is set to the position whose address is 17; the writing starting position for the ninth column is
set to the positisr Whose'dadresSisIs: smdithe Ivritiriee sta¥tiig- pesitéa f6rithe tenth column is set to
the position whose address is 20. [0228] Further, where the fourth replacement method of FIG. 17 is
adopted as thereplatefert méthed o the féplacBmént procesSofthe déifditipiéker 25 (FIG. 8) and

whose address is 6; the writing starting position for the
fourth column i1s set to the position whose address is 8y
the writing starting position for the fifth column is set
to the position whose address is 11; the writing starting
position for the sixth column is set to the position
whose address is 13; the writing starting peosition for
the seventh column 18 set to the position whoese address
is 15; the writing starting position for the eighth
column is set te the peosition whose address is 17; the
writing starting position for the ninth column is set to
the position whose address is 18; and the writing
starting position for the tenth column is set to the
position whose address is 20.
[0228]

Further, where the fourth replacement methoed of FIG,
17 is adopted as the replacement method for the
replacement process of the demultiplexer 25 (FIG. 8) and
besides 10240AM is adopted as the modulation methced, the
bit number m of one symbol is 10 bits and the multiple b
is 2.

[0229]
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besides 1024QAM is adopted as the modulation method, the bit number m of one symbol is 10 bits
and the multiple b is 2. [0229] 84 In this instance, according to FIG. 23, the memory 31 has 20
columns for storing 10 x 2 bits in the row direction and stores 64,800/(10 x 2) bits in the column
direction. Then, the writing starting position for the first column from among the 20 columns of the
memory 31 is set to the position whose address is 0; the writing starting position for the second
column is set to the position whose address is 1; the writing starting position for the third column is
set to the position whose address is 3; the writing starting position for the fourth column is set to the
position whose addressris 4h ithe inritingnstastingpasitiomtgr the fiffle coltinn ishsetmrtheiposition
whose address is 5; the writing starting position for the sixth column is set to the position whose
address is 6; He haiting Startidgpositibnfosther saventh columipyis-setitd theposition whose address
is 6; the writing starting position for the eighth column is set to the position whose address is 9; the

writing  startiri-pesitiénforthe nirithcdfurfif i 88t tolthe *pasitioh-Whosé aeldfessis R the writing

starting . ‘
direction. Then, the writing starting position for the

first ceclumn from among the 20 columns of the memory 31
is set to the position whose address 1s 0; the writing
starting position for the second column 1s set to the
position whose address is 1; the writing starting
position for the third column is set to the position
whose address is 3; the writing starting position for the
fourth column is set to the position whose address is 4;
the writing starting position for the £ifth coclumn is set
to the position whose address 1s 5; the writing starting
position for the sixth column is set to the position
whose address 1s 6; the writing starting position for the
seventh column 1s set to the position whose address is 67
the writing starting position for the eighth column is
set to the position whose address is 9; the writing
starting position for the ninth column is set to the
position whose address is 13; the writing starting
position for the tenth column is set to the position
whose address 1s 14; the writing starting position for
the eleventh column 1s set to the position whose address

is 14; the writing starting position for the tweifth

85



position for the tenth column is set to the position whose address is 14; the writing starting position for
the eleventh column is set to the position whose address is 14; the writing starting position for the
twelfth 85 column is set to the position whose address is 16; the writing starting position for the
thirteenth column is set to the position whose address is 21; the writing starting position for the
fourteenth column is set to the position whose address is 21; the writing starting position for the
fifteenth column is set to the position whose address is 23; the writing starting position for the
sixteenth column is set to the position whose address is 25; the writing starting position for the
seventeenth columin isi setstoithe positionpyezdse address i=25;dheewrting stafting pesition for the
eighteenth column is set to the position whose address is 26; the writing starting position for the
nineteenth colurhh i getstosthe Lpgsitiors Whose dddress:is 28: anddhe Writingstartings position for the
twentieth column is set to the position whose address is 30. [0230] Further, where one of the first to
third replaceffeht hiethdds BPEIG. 118 isdoisted @3 Ré SrepRcémrent ifethéd forthe replacement

process of the . ‘ ) .
starting position for the fourteenth column is set to the

position whose address is 21; the writing starting
position for the fifteenth column is set to the position
whose address is 23; the writing starting positicen for
the sixteenth column is set to the position whose address
iz 25; the writing starting position for the seventeenth
column is set to the position whose address is Z5; the
writing starting position for the eighteenth column is
set to the position whose address is 26; the writing
starting position for the nineteenth column is set to the
position whose address is 28; and the writing starting
position for the twentieth column is set to the position
whose address is 30.

[0230]

Further, where one of the first to third
replacement methods of FIG. 16 1s adopted as the
replacement method for the replacement process of the
demultiplexer 25 (FIG. 8) and besides 40960AM is adopted
as the modulation method, the bit number m of one symbol
ig 12 bkits and the multipie b is 1.

[0231]
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demultiplexer 25 (FIG. 8) and besides 4096QAM is adopted as the modulation method, the bit number
m of one symbol is 12 bits and the multiple b is 1. [0231] 86 In this instance, according to FIG. 23, the
memory 31 has 12 columns for storing 12 x 1 bits in the row direction and stores 64,800/(12 x 1) bits
in the column direction. Then, the writing starting position for the first column from among the twelve
columns of the memory 31 is set to the position whose address is 0; the writing starting position for
the second column is set to the position whose address is O; the writing starting position for the third
column is set to the position whose address is 2; the writing starting position for the fourth column is
set to the position whose addiesstis<2; atheawriting: stattimgzpdsiticii for the fifthivelummis set to the
position whose address is 3; the writing starting position for the sixth column is set to the position
whose addresslisi4: ¢hé Wwriting starting positionfor thel Seventhcohimilis SEEtorthE position whose
address is 4; the writing starting position for the eighth column is set to the position whose address is

5; the writing &tarting isositiorfoP B Attt Coltinth is-set Yo the Dositionwhdse 44dréss is 5; the
W“ﬁngSKHﬁn%irection. Then, the writing starting position for the

r
first column from among the twelve coclumns of the memcory
31 is set to the position whose address is 0; the writing
starting pesition for the second column is set to the
position whose address is 0; the writing starting
position for the third column is set tco the position
whose address is 2; the writing starting position for the
fourth column is set tTo the positicn whose address is 2;
the writing starting position for the fifth column 1s set
to the position whose address is 3; the writing starting
position for the sixth column is set to the position
whose address is 4; the writing starting position for the
seventh column is set to the position whose address is 4;
the writing starting position for the eighth column is
set to the position whose address is 5; the writing
starting position for the ninth column is set tc the
position whose address 1s 5; the writing starting
position for the tenth column is set to the position
whose address is 7; the writing starting position for the

eleventh column is set to the position whose address is

8; and the writing starting positicon for the twelfth
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position for the tenth column is set to the position whose address is 7; the writing starting position for
the eleventh column is set to the position whose address is 8; and the writing starting position for the
twelfth 87 column is set to the position whose address is 9. [02321 Further, where the fourth
replacement method of FIG. 17 is adopted as the replacement method for the replacement process
of the demultiplexer 25 (FIG. 8) and besides 4096QAM is adopted as the modulation method, the bit
number m of one symbol is 12 bits and the multiple b is 2. [02331 In this instance, according to FIG.
23, the memory 31 has 24 columns for storing 12 x 2 bits in the row direction and stores 64,800/(12 x
2) bits in the ealumnn directian. Thent the weiting starting positiedderthe first 2olumn from among the
24 columns of the memory 31 is set to the position whose address is O; the writing starting position
for the second ¢aliinn is set to the position whose address is 5; the writing starting position for the
third column is set to the position whose address is 8; the writing starting position for the fourth
column is set to the positioh\Whosevaddress g fourth replacement method of FIG.

17 is adopted as the replacement method fcr the
replacement process of the demultiplexer 25 (FIG. 8) and
besides 4096QAM is adopted as the modulation method, the
bit number m of one symbol i1 12 bits and the multiple b
is 2.
(02331

In this instance, according to FIG. Z3, the memory
31 has 24 columns for storing 12 x 2 bits in the row
direction and stores 64,800/(12 =x 2} kits irn the column
direction. Then, the writing starting po;ition for the
first column from among the Z4 cclumns of the memory 31
is set to the position whose address 1s 0; the writing
starting pesiticn for the second column is set to the
pgsition whose address 1s 5; the writing starting
position for the third celumn is set to the position
whose address 1s 8; the writing starting position for the
fourth column is set to the position whose address 1is 8;
the writing starting position for the fifth column 1s set
to the position whose address is 8; the writing starting
position for the sixth column is set to the position

whose address is 8; the writing starting position for the
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the writing starting position for the fifth column is set to the position whose address is 8; the writing
starting position for the sixth column is set to the position whose address is 8; the writing starting
position for the 88 seventh column is set to the position whose address is 10; the writing starting
position for the eighth column is set to the position whose address is 10; the writing starting position
for the ninth column is set to the position whose address is 10; the writing starting position for the
tenth column is set to the position whose address is 12; the writing starting position for the eleventh
column is set to the position whose address is 13; the writing starting position for the twelfth column
is set to the pesitientwyhasel address is16; the writing starting positios forathié thisteenth column is set
to the position whose address is 17; the writing starting position for the fourteenth column is set to the
position whosetaddriss ¥s-19;ithe veritingtstartinge position fdrcthe fifteeathoesiompds setito the position
whose address is 21; the writing starting position for the sixteenth column is set to the position whose
address is 22;thewiting Sthringposition for e sevehitsamh éslunfyis'set to'thetpésition whose

address is 23; the writing starting position for the eighteenth column is
starting position for the ninth column is set to the

position whose address is 10; the writing starting
position for the tenth column is set to the position
whose address 1s 12; the wyriting starting pesiticn for
*he eleventh ceclumn is set to the pozition whose address
is 13; the writing starting position for the twelfth
column 1s set to the position whose address is 16; the
writing starting position for the thirteenth column is
set to the pesition whose address is 17; the writing
starting position for the fourteenth column is set to the
position whose address is 19; the writing starting
position for the fifteenth column is set to the position
whose address is 21; the writing starting position for
the sixteenth column is set to the position whose address
is 22; the writing starting positicen for the seventeenth
column is set to the position whose address is 23; the
writing starting position for the eighteenth column is
set to the position whose address is 26; the writing
starting position for the nineteenth column is set to the
position whose address is 37; the wrilting starting

position for the twentieth column is set to the position
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set to the position whose address is 26; the writing starting position for the nineteenth column is set to
the position whose address is 37; the writing starting position for the twentieth column is set to the
position 89 whose address is 39; the writing starting position for the 21st column is set to the position
whose address is 40; the writing starting position for the 22nd column is set to the position whose
address is 41; the writing starting position for the 23rd column is set to the position whose address is
41; and the writing starting position for the 24th column is set to the position whose address is 41.
[0234] FIG. 24 indicates the number of columns of the memory 31 necessary for column twist

interleave ang the; adgdressekthewriting stading-pasitien for eachnmosutationcmethed with regard to
the LDPC codes of the 10 different encoding rates having the code length N of 16,200 as prescribed
in the DVB-S 2-sfandard. {0235}:Asitheseplacement methad fanthereplacement sprocess of the
demultiplexer 25 (FIG. 8), one of the first to third replacement methods of FIG. 16 is adopted, and
besides, wherdQPSi¢issaddpted asithe modulationi tion for the 2Znd column is

set to the position whose address is 41; the writing

starting position for the 23rd column is set to the

position whose address is 41l; and the writing starting

vosition for the 24th column is set tc the position whose

address is 41.

(02341

FIG. 24 indicates the number of columns of the

memory 31 necessary for column twist interleave and the

address of the writing starting positicen for each

modulation method with regard to the LDPC codes cof the 10

different encoding rates having the code length N of

16,200 as prescribed in the DVB-35.7 standard.

[0235]

As the replacement method for the replacement

process of the demultiplexer 25 (FIG. 8), one of the

first to third replacement methods of FIG. 16 is adopted,

and besides, where QPSK is adopted as the modulation

method, the bit number m of one gymbol is 2 bits and the

multiple b is 1.

[0236]

In this instance, according to FIG. Z4, tThe memory
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method, the bit number m of one symbol is 2 bits and the multiple b is 1. [0236] In this instance,
according to FIG. 24, the memory 90 31 has two columns for storing 2 x 1 bits in the row direction
and stores 16,200/(2 x 1) bits in the column direction. Then, the writing starting position for the first
one of the two columns of the memory 31 is set to the position whose address is 0, and the writing
starting position for the second column is set to the position whose address is 0. [0237] Further,
where the fourth replacement method of FIG. 17 is adopted as the replacement method for the
replacement process of the demultiplexer 25 (FIG. 8) and besides QPSK is adopted as the
modulation methag ¢he bit murmbanm afonessymhakis 2 bitsiand the fultiptebis?. [0238] In this
instance, according to FIG. 24, the memory 31 has four columns for storing 2 x 2 bits in the row
direction and stares16;20042X 2):bits in the, caldmn2 direction> Then Lthetwritingpstarting position for
the first column from among the four columns of the memory 31 is set to the position whose address
is 0; the writingi recticon. Then, the writing starting position for the
irat one of the two columns of the memcory 31 is set to

the position whose address is 0, and the writing starting

position for the second column is set to the position

whoge address is 0.

[0237]

Further, where the fourth replacement method of FIG.
17 is adopted as the replacement methed for the
replacement process of the demultiplexer 25 (FIG. 8) and

bezides QPSK is adopted as the modulation method, the bit

number m of one symbel is 2 bits and the multiple b is 2.

[0238]

In this instance, according to FIG. 24, the memory
31 has four columns for storing 2 »x 2 bits in the row
direction and stores 16,200/(2 = 2) bits in the column
direction. Then, the writing starting position for the
first column from among the four columns of the memory 31
is set to the position whose address is 0; the writing
starting pesition for the second column is set to the
position whose address is 2; the writing starting
position for the third column is set to the position

whose address is 3; and the writing starting position for
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starting position for the second column is set to the position whose address is 2; the writing starting
position for the third column is set to the position whose address is 3; and the writing starting position
for 91 the fourth column is set to the position whose address is 3. [0239] Further, where one of the
first to third replacement methods of FIG. 16 is adopted as the replacement method for the
replacement process of the demultiplexer 25 (FIG. 8) and besides 16QAM is adopted as the
modulation method, the bit number m of one symbol is 4 bits and the multiple b is I. [0240] In this
instance, according to FIG. 24, the memory 31 has four columns for storing 4 x 1 bits in the row
direction and stares 46:200/(:X dxhits in theccalumnh direetion: Thenytheswriting: stasting: position for
the first column from among the four columns of the memory 31 is set to the position whose address
is O; the writiriy. starting position for the second column is set to the position whose address is 2; the
writing starting position for the third column is set to the position whose address is 3; and the writing
starting positiof 61 ]
Further, where one of the first to third

replacement methods of FIG. 16 is adopted as the

replacement method for the replacement process of the

demultiplexer 25 (FIG. 8) and besides 16QAM i1s adopted as

the modulation method, the bit number m of one symbol 1is

4 pits and the multiple b is 1.

[0240]

In this instance, according to FIG. 24, the memory

31 has four columns for storing 4 » 1 bits in the row

direction and stores 16,200/(4 x 1) bits in the coliumn

direction. Then, the writing starting position for the

first column from among the four columns of the memory 31

is set to the pesition whose address is 0; the writing

starting position for the second column is set Lo the

position whose address is 2; the writlng starting

position for the third column is set to the position

whose address is 3; and the writing starting pesition for

the fourth column is set to the pesition whose address is

3.

[02471]

Further, where the fourth replacement method of FIG.
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the fourth column is set to the position whose address is 3. [0241] Further, where the fourth
replacement method of FIG. 92 17 is adopted as the replacement method for the replacement
process of the demultipiexer 25 (FIG. 8) and besides 16QAM is adopted as the modulation method,
the bit number m of one symbol is 4 bits and the multiple b is 2. [0242] In this instance, according to
FIG. 24, the memory 31 has eight columns for storing 4 x 2 bits in the row direction and stores
16,200/(4 x 2) bits in the column direction. Then, the writing starting position for the first column from
among the eight columns of the memory 31 is set to the position whose address is 0; the writing
starting position fasthe:secoad colurhnds settosdhenpositiorewhose addresseis 0; the writing starting
position for the third column is set to the position whose address is 0; the writing starting position for
the fourth columari. is=setdo the position whbsehaddtess: istI; pthexwriting startitg pdsitien for the fifth

column is set to the position whose address is 7; the writing starting position for the sixth column is
set to the positiohides 16QAM is adopted as the modulation method, the

bit number m of one symbol is 4 bits and the multiple b
is 2.
[0z242]

In this instance, according to FIG. 24, the memory
31 has eight ceolumng for storing 4 x 2 bits in the row
direction and stores 16,200/{4 x 2) bits in the column
direction. Then, the writing starting position for the
first column from among the eight columns of the memory
31 is set to the position whose address is 0; the writing
starting position for the second column is set to the
pgsition whose address is 0; the writing starting
position for the third column is set to the posiltion
whose address is 0; the writing starting position for the
fourth column ls set te the position whose address 1s 1;
the writing starting position for the fifth column 1s set
to the position whose address 1s 7; the writing starting
position for the sixzxth column is set to the position
whose address is 20; the writing starting position for
the seventh column is set to the position whose address
is 20; and the writing starting position for the elighth

column is set to the position whose address is 21.
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whose address is 20; the writing starting position for the seventh column is set to the position whose
address is 20; and the writing starting position for the eighth column is set to the position whose
address is 21. 93 [0243] Further, where one of the first to third replacement methods of FIG. 16 is
adopted as the replacement method for the replacement process of the demultiplexer 25 (FIG. 8) and
besides 64QAN is adopted as the modulation method, the bit number m of one symbol is 6 bits and
the multiple b is 1. [0244] In this instance, according to FIG. 24, the memory 31 has six columns for
storing 6 x 1 bits in the row direction and stores 16,200/(6 x 1) bits in the column direction. Then, the
writing startingaosition for the first column from among the six columns of the memory 31 is set to
the position whose address is 0; the writing starting position for the second column is set to the
position whose addresguis Oh #1e writing starting qposition for B tHird ¢olaMA is set to the position
whose address is 2; the writing starting position for the fourth column is set to the position whose

address is 3; ThBAARFRESArRRCHGSIForPfor TRE fifth ColdmAfessed as the

replacement method for the replacement process of the
demultiplexer 25 (FIG. 8) and besides 640QAM 1s adopted as
the modulation method, the bit number m of one symbol is
& bits and the multiple b is 1.
(02443

In this instance, according to FIG. Z4, the memory
31 has six columns for storing 6 x 1 bits in the row
direction and stores 16,200/{(6 x 1) bits in The column
direction. Then, the writing starting position for the
first column from among the six columns of the memory 31
is set to the position whose address is 0; the writing
starting position for the second column is set to the
pesition whose address is 0; the writing starting
position for the third column is set to the position
whose address is 2; the writing starting position for the
fourth column is set to the position whose address is 37
the writing starting position for the fifth column is set
to the position whese address is 7; and the writing
starting position for the sixth column is set to the
position whose address is 7.

[0245]
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to the position whose address is 7; and the writing starting position for the sixth column is set to the
position whose address is 7. 0245] 94 Further, where the fourth replacement method of FIG. 17 is
adopted as the replacement method for the replacement process of the demultiplexer 25 (FIG. 8) and
besides 64QAM is adopted as the modulation method, the bit number m of one symbol is 6 bits and
the multiple b is 2. [02461 In this instance, according to FIG. 24, the memory 31 has twelve columns
for storing 6 x 2 bits in the row direction and stores 16,200/(6 x 2) bits in the column direction. Then,
the writing starting position for the first column from among the twelve columns of the memory 31 is
set to the position whoseraddsess ig(; the wrikinjostarting-pgsitiarefiorrthie setbrd coltinintis set to the
position whose address is 0; the writing starting position for the third column is set to the position
whose addreds/isi@; thd awritirg startingspositioraforiise fomneiy colindeis set4o the position whose

address is 2; the writing starting position for the fifth column is set to the posmon whose address is 2;
themﬁmngsuﬁﬁﬁéacemeﬂt process of the demultiplexer 25 i and

besides 640AM is adopted as the modulaticn method, the
bit number m of one symbol is € bits and the multiple b
is 2.
[C24e1

In this instance, according to FIG. Z4, the memory
31 has twelve columns for storing 6 x 2 bits in the row
directicn and stores 16,200/(6 x 2) bits in the column
direction. Then, the writing starting positicn for the
first column from among the twelve columns of the memory
31 is set to the position whose address is (0; the writing
starting position for the second column is set to the
position whose address is 0; the writing starting
position for the third column is set to the position
whose address is 0; the writing starting position for the
fourth column is set to the position whose address i1s 2;
the writing starting position for the fifth column is set
to the position whose address i1s 2; the writing starting
position for the sixth column 1s set to the position
whose address 1s 2; the writing starting position for the
seventh column is set to the position whose address is 35

the writing starting position for the eighth ceolumn 1s
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position for the sixth column is set to the position whose address is 2; the writing starting position for
the seventh column is set to the position whose addréss is 3; the writing starting position for the
eighth column is 95 set to the position whose address is 3; the writing starting position for the ninth
column is set to the position whose address is 3; the writing starting position for the tenth column is
set to the position whose address is 6; the writing starting position for the eleventh column is set to
the position whose address is 7; and the writing starting position for the twelfth column is set to the
position whose address is 7. 0247] Further, where one of the first to third replacement methods of
FIG. 16 is adeptedtas theerepladement method fodthe:replacenienttprecessiafithe demultiplexer 25
(FIG. 8) and besides 256QAM is adopted as the modulation method, the bit number m of one symbol
is 8 bits and the amultiple lpiss1.q]0248] Inthistinstahtéhactording té 1624 “thet™mémory 31 has eight
columns for storing 8 x 1 bits in the row direction and stores 16,200/(8 x 1) bits in the column
direction. Thep; fHe weiting 'sterting os#ivh fofthes the writing starting

position for the tenth column is set to the position

whose address 1s 6; the writing starting position for the

eleventh column is set to the position whose address is

7; and the writing starting position for the twelfth

column is set to the position whose address is 7.

[0247]

Further, where one of the first to third

replacement methods of FIG. 16 is adopted as the

replacement method for the replacement process of the

demultiplexer 25 (FIG. 8) and besides Z56QAM is adopted

as the modulation method, the bit number m of one symbol

is 8 bits and the multiple b is 1.

[0243]

In this instance, according to FIG. 24, the memory

37 has eilght columns for storing 8 x 1 bits in the row

direction and stores 16,200/(8 x 1) bits in the cclumn

direction. Then, the writing starting position for the

first column from among the eight columms of the memory

31 is set to the position whose address 1s 0; the writing

starting position for the second column is set to the

position whose address is 0; the writing starting
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first column from among the eight columns of the memory 31 is set to the position whose address is 0O;
the writing starting position for the second column is set to the position whose address is O; the
writing starting 96 position for the third column is set to the position whose address is 0; the writing
starting position for the fourth column is set to the position whose address is 1; the writing starting
position for the fifth column is set to the position whose address is 7; the writing starting position for
the sixth column is set to the position whose address is 20; the writing starting position for the
seventh column is set to the position whose address is 20; and the writing starting position for the
eighth columpds set ortheqosition whose addressris 24. X024%)Furtherpwhére one of the first to
third replacement methods of FIG. 16 is adopted as the replacement method for the replacement
process of theriderultipléxes 25 {E1G.;8)tdnd besidés $024Q@AM iscadopted iastheanodulation
method, the bit number m of one symbol is 10 bits and the multiple b is 1. [0250] In this instance,
according to FiG:1 244 theefanmorys 3 hias 10 &olemips Tor-SteFing 105€1 Hits e fite fow 1/

the writing starting position for the fifth column is set
to the position whose address is 7; the writing starting
position for the sixth column is set to the position
whose address 1s 20; the writing starting position for
the seventh column is set to the positicn whose address
is 20; and the writing starting position for the eighth
column is set to the position whose address is 21,

[0249]

Further, where cne of the first to third
replacement methods of FIG. 16 is adopted as the
replacement method for the replacement process of the
demultiplexer 25 (FIG. B) and besides 10240AM is adopted
as the modulation method, the bit number m of cne symbol
1is 10 bits and the multiple b is 1.

(02507

in this instance, according to FIG., 24, the memory
31 has 10 columns for storing 10 x 1 bits in the row
direction and stores 16,200/{(10 = 1) bits in the column
direction. Then, the writing starting position for the
first column from among the ten columns of the memory 31

is set to the position whose address 1s 0; the writing
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direction and stores 16,200/(10 x 1) bits in the column direction. Then, the writing starting position for
the first column from among the ten columns of the memory 31 is set to the position whose address
is 0; the writing 97 starting position for the second column is set to the position whose address is 1;
the writing starting position for the third column is set to the position whose address is 2; the writing
starting position for the fourth column is set to the position whose address is 2; the writing starting
position for the fifth column is set to the position whose address is 3; the writing starting position for
the sixth column is set to the position whose address is 3; the writing starting position for the seventh
column is setda the pasitipn svhoseraddress: iso4; s theowriting-$tarting: positian far theeighth column is
set to the position whose address is 4; the writing starting position for the ninth column is set to the
position whosecaddress: isScarw thedwrting starting Position for the tehthreslumn is set to the position
whose address is 7. [0251] Further, where the fourth replacement method of FIG. 17 is adopted as
the replacemantséthod fopthe-feplabéméntproeess of tHeedermtltiplexepP 25 (FIGT8) and

whose address 1s 2; the writing starting position for the
fourth column is set to the position whose address is 2;
the writing starting position for the fifth column 1s set
to the position whose address i1s 3; the writing starting
position for the sixth column is set to the position
whose address is 3; the writing starting positicn for the
seventh column is set to the position whose address is 4;
the writing starting position for the eighth column 1s
set to the position whose address is 4; the writing
starting position for the ninth column is set to Fhe
position whose address 1s 5; and the writing starting
position for the tenth column 1s set to the position
whose address is 7.
[CZ251]

Further, where the fourth replacement method of FIG.
17 is adopted as the replacement method for the
replacement process of the demultiplexer 25 (FIG. 8) and
besides 10240AM is adopted as the modulaticon method, the

bit number m of one symbol is 10 bits and the multiple b
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besides 1024QAM is adopted as the modulation method, the bit number m of one symbol is 10 bits
and the multiple b is 2. [0252] 98 In this instance, according to FIG. 24, the memory 31 has 20
columns for storing 10 x 2 bits in the row direction and stores 16,200/(10 x 2) bits in the column
direction. Then, the writing starting position for the first column from among the 20 columns of the
memory 31 is set to the position whose address is 0; the writing starting position for the second
column is set to the position whose address is 0O; the writing starting position for the third column is
set to the position whose address is 0O; the writing starting position for the fourth column is set to the
position whose addressris 24 ke Wwrkingrstartingcpositibimtgr the fiffttcolttnn ishsetrtenthe position
whose address is 2; the writing starting position for the sixth column is set to the position whose
address is 2; fie Weiting Startingpositibnforstier sevenith columivis-setits thé&position whose address
is 2; the writing starting position for the eighth column is set to the position whose address is 2; the

writing  startirif-pesific forahél nfrith €dfumm is 86'td tRe *positidh-lhosé atldfessds &the writing

startin
J direction. Then, the writing starting position for the

first column from among the 20 columns of the memory 31
is set teo the position whose address is 0; the writing
starting position for the second column is set to the
position whose address is 0; the writing starting
position for the third column is set to the position
whose address is 0; the writing starting position for the
fourth column is set to the position whose address is Z;
the writing starting position for the fifth column is set
to the position wheose address is 2; the writing starting
position for the sixth column is set to the position
whose address is 2; the writing starting position for the
seventh column is set to the position whose address 1s Z;
the writing starting position for the eighth column is
set to the position whose address is 2; the writing
starting position for the ninth column is set to the
positicon whose address is 5; the writing starting
position for the tenth column 1s set to the position
whose address 1s 5; the writing starting position for the
eleventh column is set to the position whose address is

5; the writing starting position for the twelfth column
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position for the tenth column is set to the position whose address is 5; the writing starting position for
the eleventh column is set to the position whose address is 5; the writing starting position for the
twelfth column 99 is set to the position whose address is 5; the writing starting position for the
thirteenth column is set to the position whose address is 5; the writing starting position for the
fourteenth column is set to the position whose address is 7; the writing starting position for the
fifteenth column is set to the position whose address is 7; the writing starting position for the sixteenth
column is set to the position whose address is 7; the writing starting position for the seventeenth
column is setie thempasitiammwhese addresswa 73 theavititirg staiting: ;positionfok thengighteenth
column is set to the position whose address is 8; the writing starting position for the nineteenth
column is set4a dher positipr svhoseradiress is= 8t and tke writing starting posiion forthetventieth
column is set to the position whose address is 10. [0253] Further, where one of the first to third
replacement ietHodscof FIGR 46 is ddbptetl asthe réplacament FetTSdor tHE replacement process
of the demultiplexer 25 (FIG. 8) and besides 4096QAM is adopted

position for the fourteenth column is set to the pesition
whose address is 7; the writing starting position for the
fifteenth column is set to the position whose address 1s
7; the writing starting position for the sixteenth column
is set to the position whose address is 7; the writing
starting position for the seventeenth column is set to
the position whose address 1s 7; the writing starting
position for the eighteenth column is set to the position
whose address is 8; the writing starting position for the
nineteenth column is set to the position whose address 1is
8; and the writing starting position for the twentieth
column i1s set to the position whose address is 10.

10253]

Further, where one of the first tc third
replacement methods of FIG. 16 is adopted as the
replacement method for the replacement process of the
demultiplexer 25 (FIG. 8) and besides 40%60QAM 1s adopted
as the modulation method, the bit number m of one symbol
is 12 bits and the multiple b is 1.

(02547

In this instance, according to FIG. 24, the memory
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as the modulation method, the bit number m of one symbol is 12 bits and the multiple b is 1. [0254] In
this instance, according to FIG. 24, the memory 100 31 has 12 columns for storing 12 x 1 bits in the
row direction and stores 16,200/(12 x 1) bits in the column direction. Then, the writing starting
position for the first column from among the twelve columns of the memory 31 is set to the position
whose address is 0; the writing starting position for the second column is set to the position whose
address is 0; the writing starting position for the third column is set to the position whose address is O;
the writing starting position for the fourth column is set to the position whose address is 2; the writing
starting positio fox ke fifth eolumm is sel-tasthepesitiarrwhose pddress:is 2ntherwiiting starting
position for the sixth column is set to the position whose address is 2; the writing starting position for
the seventh calumnisiset tethe position whseoaddress is 3;) theiwriting starting: position for the
eighth column is set to the position whose address is 3; the writing starting position for the ninth
column is set tdithecpasition Whese address is 8;i.the wiitng:stadtingo position forthettenth column is

set to the position
first column from among the twelve columns of the memory
31 is set to the position whose address is 0; the writing
starting pesition for the second cclumn is set to the
position whose address is (; the writing starting
position for the third column is set to the position
whose address is 0; the writing starting position for the
fourth column is set to the position whese address is Z;
the writing starting position for the fifth column is set
to the position whose address is 2; the writing starting
position for the sixth column is set to the position
whose address is 2; the writing starting position for the
seventh column is set to the position whose address is 3;
the writing starting position for the eighth column is
set to the position whose address 1s 3; the writing
starting position for the ninth column is set to the
position whose address is 3; the writing starting
position for the tenth column is set to the position
whose address is 6; the writing starting position for the
eleventh column 1s set to the position whose address 1s
7; and the writing starting position for the twelfth

column 1s set to the position whose acdress is 7.
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whose address is 6; the writing starting position for the eleventh column is set to the position whose
address is 7; and the writing starting position for the twelfth column is set to the position whose
address is 7. 101 [0255] Further, where the fourth replacement method of FIG. 17 is adopted as the
replacement method for the replacement process of the demultiplexer 25 (FIG. 8) and besides
4096QAM is adopted as the modulation method, the bit number m of one symbol is 1.2 bits and the
multiple b is 2. [0256] In this instance, according to FIG. 24, the memory 31 has 24 columns for
storing 12 x 2 bits in the row direction and stores 16,200/(12 x 2) bits in the column direction. Then,
the writing startimg=ppsition for the first column from among the 24 columns of the memory 31 is set to
the position whose address is 0; the writing starting position for the second column is set to the
position whose addressiis-Q; ke writing:starting pasitian for ¢hé thirdneolummeistset te theFgdsition
whose address is 0; the writing starting position for the fourth column is set to the position whose
address is 0; the wrtinglstarting pesitibr forsthédfiftreoltmnds Betd for the

replacement process of the demultiplexer 25 (FIG. 8} and

besides 4096QAM is adopted as the medulation method, the

bit number m of one symbol is 12 bits and the multiple b

is 2.

[0256]

In this instance, according to FIG. 24, the memory

31 has 24 columns for storing 12 x 2 bits in the row

direction and stores 16,200/(12 = 2) bkits in the column

direction. Then, the writing starting position for the

first column from among the 24 columns of the memory 31

1s set to the position whose address is 0; the writing

starting position for the seccond ceolumn is set to the

position whose address is 0; the writing starting

position for the third column is set to the position

whose address is (; the writing starting positicn for the

fourth column is set to the position whose address is 0;

the writing starting position for the fifth column is set

to the position whose address is 0; the writing starting

position for the sixth column is set to the position

whose address 1s 0; the writing starting pesition for the

seventh column is set to the position whose address is (;
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to the position whose address is 0; the writing starting position for the sixth column is set to the
position whose address is 0; the writing starting position for the seventh column is set to the position
whose address is 0; 102 the writing starting position for the eighth column is set to the position whose
address is 1; the writing starting position for the ninth column is set to the position whose address is
1; the writing starting position for the tenth column is set to the position whose address is 1; the
writing starting position for the eleventh column is set to the position whose address is 2; the writing
starting position for the twelfth column is set to the position whose address is 2; the writing starting

position for the-thirtegnth celunn is-satig the Juesition whese pddress:s 2; the whting starting position
for the fourteenth column is set to the position whose address is 3; the writing starting position for the
fifteenth columgds sebta:the pesitien whose addressise € sthe avritingtstartingiposttion for the sixteenth
column is set to the position whose address is 9; the writing starting position for the seventeenth
column is set tetthecpositignwhose:addresstis @; thewiiting Starting. spasition:for the eighteenth
column is set to the position whose address is 9; the writing starting position for the

pogition whose address ig 1; the writing starting

position for the tenth column is set to the positicn

whose address is 1; the writing starting position for the

eleventh column 1s set tc the position whose address is

2; the writing starting position for the twelfth column

is set to the position whose address is Z; the writing

starting positicon for the thirteenth column is set to the

pesition whose address is Z; the writing starting

position for the fourteenth column is set to the positicn

whose address is 3; the writing starting position for the

fifteenth column is set to the position whose address is

7; the writing starting position for the sixteenth column

1s set te the position whose address is 9; the writing

starting position for the seventeenth column 1s set to

The position whose address is 9; the writing starting

position for the eighieenth column is set to the position

whose address is 2 the writing starting position for the

nineteenth column is set to the position whose address is

10; the writing starting position for the twentiet

column is set to the position whose address iz 10; the

writing starting position for the 21lst column is set to
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nineteenth column is set to the position whose address is 10; the writing starting position for the
twentieth column is set to the position whose address is 10; the writing starting position for the 21st
column is set to 103 the position whose address is 10; the writing starting position for the 22nd
column is set to the position whose address is 10; the writing starting position for the 23rd column is
set to the position whose address is 10; and the writing starting position for the 24th column is set to
the position whose address is 11. [0257] Now, a transmission process carried out by the transmission
apparatus 11 of FIG. 8 is described with reference to a flow chart of FIG. 25. [0258] The LDPC

encoding sectione2L waits that ebjeet-datadare-suppliedtherete-and;iatistep S101+encodes the object
data into LDPC codes and supplies the LDCP codes to the bit interleaver 22. Thereafter, the
processing acgvances o step-5102. [025€] Atstepb102, thetbit interteaver 22 carrnesvbut dit
interleave for the LDPC codes from the LDPC encoding section 21 and supplies the LDPC codes after
the address is 10; the writing starting pesition for the 23xd
column is set to the position whose address is 10; and
the writing starting position for the Z4th column is set
to the peosition whose address is 11.
[0257]
Now, a transmission process carried cut by the
transmission apparatus 11 of FIG. 8 is described with
reference to a flow chart of FIG. 25.
[czs8]
The LDPC encoding section 21 waits that object data
are supplied thereto and, at step 5101, encodes the
object data into LDPC codes and supplies the LDCP codes
to the bit interleaver Z22. Thereafter, the processing
advances to step S102Z.
102591
At step S102, the bit interlsaver 22 carries out
bit interleave for the LDPC codes from the LDPC encoding
section 21 and supplies the LDPC codes after the
interleave to the mapping section 26. Thereafter, the
procesging advances to step S103.

[0260]

In particular, at step 5102, the parity interleaver
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interleave to the mapping section 26. Thereafter, the processing advances to step S103. [0260] In
particular, at step S102, the parity interleaver i. 0 4 23 in the bit interleaver 22 carries out parity
interleave for the LDPC codes from the LDPC encoding section 21 and supplies the LDPC codes after
the parity interleave to the column twist interleaver 24. [0261] The column twist interleaver 24 carries
out column twist interleave for the LDPC codes from the parity interleaver 23 and then the
demultiplexer 25 carries out a replacement process for the LDPC codes after the column twist
interleave by the column twist interleaver 24. Then, the LDPC codes after the replacement process

are supplied from the demultiiz plexek 254a the- mapping-sections16; [82621At step 5103, the mapping
section 26 maps the m code bits of the LDPC codes from the demultiplexer 25 to symbols

represented by signal paints definedby the>anedulatiort methadhof amlragenat sacdudation carried out
by the orthogonal modulation section 27 and supplies the mapped code bits to the orthogonal
modulation seetiart 29, Thenathe processing advantes o step&Hi04fter the parity
interleave to the column twist interleaver 24.
[0261]

The column twist interleaver 24 carries out column
twist interleave for the LDPC codes from the parity
interleaver 23 and then the demultiplexer 25 carries out
a replacement process for the LDPC codes after the column
twist interleave by the column twist interleaver 2Z24. Then,
the LDPC codes after the replacement process are supplied
from the demultiplexer 25 to the mapping section 26.

[0262]

At step 8103, the mapping section 26 maps the m
code bits of the LDPC codes from the demultiplexer 25 to
symbols represented by signal points defined by the
mecdulation method of orthogonal medulation carried ocut by
the orthogonal modulation section 27 and supplies the
mapped code bits to the orthogonal modulation section 27.
Then, the processing advances to step S104.

[0263]
At step S104, the orthogonal medulation section 27

carries out orthogonal modulation of a carrier in

accordance with the symbols from the mapping secticon Z6.
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[0263] At step 5104, the orthogonal modulation section 27 carries out orthogonal modulation of a
carrier in accordance with the symbols from the mapping section 26. 105 Then, the processing
advances to step 5105, at which the modulation signal obtained as a result of the orthogonal
modulation is transmitted, whereafter the processing is ended. [0264] It is to be noted that the
transmission process of FIG. 25 is carried out repetitively. [0265] By carrying out the parity interleave
and the column twist interleave as described above, the tolerance to erasure or burst errors where a
plurality of code bits of an LDPC codes are transmitted as one symbol can be improved. 0266] Here,

while, in FIG. 8;thg parity. interdeaver 23 whiehis-a blogk fercasrying oyt parityrintedeave and the
column twist interleaver 24 which is a block for carrying out column twist interleave are configured
separately fromceachzathenfas the eonvenienee of deseaription; the parityHiatesleaver;23 and the

column
modulation is transmitted, whereafter the processing is
ended.
[0264]

It is to be noted that the transmission process of
FIG., 25 is carried cut repetitively.

[6265]

By carrying out the parity interleave and the
column twist interleave as described above, the tolerance
to erasure or burst errors where a plurality of code bits
of an LDPC codes are transmitted as one symbol can be
improved.

[0266]

Here, while, in FIG. 8, the parity interleaver 23
winich is a block for carryving out parity interleave and
the column twist interleaver 24 which is a block for
carrying cut column twist interleave are configured
separately from each other for the convenience of
description, the parity interleaver 23 and the column
twist interlieaver 24 may otherwise be configured
integrally with each cother.

[0267]

In particular, both of the parity interleave and
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twist interleaver 24 may otherwise be configured integrally with each other. [0267] In particular, both
of the parity interleave and 106 the column twist interleave can be carried out by writing and reading
out of code bits into and from a memory and can be represented by a matrix for converting addresses
(write addresses) into which writing of code bits is to be carried out into addresses (readout
addresses) from which reading out of code bits is to be carried out. [0268] Accordingly, if a matrix
obtained by multiplying a matrix representative of the parity interleave and a matrix representative of
the column twist interleave is determined in advance, then if the matrix is used to convert code bits,

then a result when parity-interleave is cawiad-autant:thend RRE codesafter the patity: inferleave are
column twist interleaved can be obtained. [0269] Further, in addition to the parity interleaver 23 and

the column twist intedeaviet 24; alsothec demuittiptexerr2scmay defconfigaredcimtegralipn 02701 In
particular, also the replacement process carried

can be represented by a matrix for converting addresses

(write addresses) into which writing of code bits is to

be carried cut into addresses (readout addresses) Irom

which reading out of code bits is to be carried out.

Accordingly, if a matrix obtained by multiplying a
matrix representative of the parity interleave and a
matrix representative of the column twist interleave is
determined in advance, then if tThe matrix is used to
convert code bits, then a result when parity interleave
is carried out and then LDPC codes after the parity
interleave are column twist interleaved can be obtained.
[0269]

Further, in addition to the parity interleaver 23
and the column twist interleaver 24, alsc the
demultiplexer 25 may be configured integrally.

102701

In particular, also the replacement process carried
out by the demultiplexer 25 can be represented by a
matrix for converting a write address of the memory 31
for storing an LDPC code into a read address.

[0271]
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out by the demultiplexer 25 can be represented by a matrix for converting a write address of the
memory 31 for storing an LDPC code into a read address. [0271] 107 Accordingly, if a matrix obtained
by multiplication of a matrix representative of the parity interleave, another matrix representative of
the column twist interleave and a further matrix representative of the replacement process is
determined in advance, then the parity interleave, column twist interleave and replacement process
can be carried out collectively by the determined matrix. (0272] It is to be noted that it is possible to
carry out only one of the parity interleave and the column twist interleave. [0273) Now, a simulation
carried out with regard to:-ther &ransmissiort apparaius 116 F1Gn8 foramersuring thec etrosmate (bit

error rate) is described with reference to FIGS. 26 to 28. [0274] The simulation was carried out
adopting a conimanication pattewhichehasa fluttepwhose Didis.0WB.nterleave,
another matrix representative of the column twist
interleave and a further matrix representative of the
replacement process i1s determined in advance, then the
parity interleave, column twist interleave and
replacement process can be carried out collectively by
the determined matrix.
[0272]

Tt is to be noted that it 1is possible to carry out
only one of the parity interleave and the column twist
interleave.

[0273]

Now, a simulation carried out with regard to the
transmission apparatus 11 of FIG. 8 for measuring the
error rate (bit error rate) is described with reference
to FIGS. 26 to 28.

(02741

The simulation was carried out adopting a
communication path which has a flutter whose D/U is 0 dB.
[GZ275]

FIG. 26 shows a model of the communication path
adopted in the simulation.

[0276]

108



[0275] FIG. 26 shows a model of the communication path adopted in the simulation. [0276] 108 In
particular, A of FIG. 26 shows a model of the flutter adopted in the simulation. [0277] Meanwhile, B of
FIG. 26 shows a model of a communication path which has the flutter represented by the model of A
of FIG. 26. [0278] It is to be noted that, in B of FIG. 26, H represents the model of the flutter of A of
FIG. 26. Further, in B of FIG. 26, N represents ICI (Inter Carrier Interference), and in the simulation,
an expected value E[N2] of the power was approximated by AWGN. [0279] FIGS. 27 and 28 illustrate
relationships between the error rate obtained by the simulation and the Doppler frequency fd of the
flutter. [0280] It is to be noted that&1Gx 27 ilustrates a. relationsbipsbetweendhe etrortate and the

Doppler frequency fd where the modulation method is 16QAM and the
flutter adopted in the simulation.
[0277]

Meanwhile, B of FIG. 26 shows a model of a
communication path which has the flutter represented by
the model of A of FIG. 26.

(0278]

It is to ke noted that, in B of FIG. 26, H
represents the model of the flutter of A of FIG. Z6.
Further, in B of FIG. 26, N represents ICI (Inter Carrier
Interference), and in the simulation, an expected value
E[N°] of the power was approximated by AWGN.

[0279]

FIGS. 27 and 28 illustrate relationships between
the error rate obtained by the simulation and the Doppler
frequency fg of the flutter.

[0280]

It is to be noted that FIG. 27 illustrates a
relationship between the error rate and the Doppler
frequency f4 where the modulation method is 16QAM and the
encoding rate (r) is (3/4) and besides the replacement
method 1s the first replacement method. Meanwhile, FIG.
28 illustrates the relationship between the errcr rate

and the Doppler frequency fa where the modulation method
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encoding rate (r) is (3/4) and besides the replacement method is the first replacement method.
Meanwhile, FIG. 28 illustrates the relationship between the error rate and the Doppler frequency fd
where the modulation method 109 is 64QAM and the encoding rate (r) is (5/6) and besides the
replacement method is the first replacement method. [0281] Further, in FIGS. 27 and 28, a thick line
curve indicates the relationship between the error rate and the Doppler frequency Id where all of the
parity interleave, column twist interleave and replacement process were carried out, and a thin line
curve indicates the relationship between the error rate and the Doppler frequency fd where only the

replacement piecessdrom arong. dhe pasity: inderleave, celumnstwist interlgaye vadi eplacement
process was carried out. [0282] In both of FIGS. 27 and 28, it can be recognized that the error rate
improves (decreasesphereadof the: pasity interteéaves cokmn- twistinterteavenanidh ceplacement
process are carried out rather than where only the replacement process is carried out. [0283] FIG. 29
is a block diagfarhshowing an example of a
Further, in FIGS. 27 and 28, a thick line curve
indicates the relationship between the errcr rate and the
Doppler frequency fgq where all of the parity interleave,
column twist interleave and replacement process were
carried out, and a thin line curve indicates the
relationship between the error rate and the Doppler
frequency fg where only the replacement process from among
the parity interleave, column twist interleave and
replacement process was carried out.
(02827
In both of FIGS. 27 and 28, it can be recognized
that the error rate improves (decreases) where all of the
parity interleave, column twist interleave and
replacement process are carried out rather than where
only the replacement process 1s carried out.
10283]
FIG. 29 is a block diagram showing an example of a
configuration of the reception apparatus 12 of FIG. 7.
[0284]

Referring to FIG. 2%, the reception apparatus 12 is

a data processing apparatus for receiving a modulation
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configuration of the reception apparatus 12 of FIG. 7. [0284] Referring to FIG. 29, the reception
apparatus 12 is a data processing apparatus for receiving a modulation 110 signal from the
transmission apparatus 11 (FIG. 7) and includes an orthogonal demodulation section 51, a
demapping section 52, a deinterleaver 53 and an LDPC decoding section 56. [0285] The orthogonal
demodulation section 51 receives a modulation signal from the transmission apparatus 11 and

carries out orthogonal demodulation, and then supplies symbols obtained as a result of the orthogonal
demodulation (values on the | and Q axes) to the demapping section 52. [0286] The demapping

section 52 cardes; Ayt demapping:of: canverting the.symppalsfram the orthogonal)desedulation
section 51 to code bits of an LDPC code and supplies the code bits to the deinterleaver 53. [0287]
The deinterleaver53 iwcludes amultiplexen (MUX) b4 and arcolumn twist Beinterleaver 55 and carries
out deinterleave of the code bits of the LDPC code from the

demapping section 52, a deinterleaver 53 and an LDPC

decoding section bH6.

[0285]

The crthogonal demcdulation section 51 receives a
modulation signal from the transmission apparatus 11 and
carries out orthogonal demodulation, and then supplies
symbols cbtained as a result of the crthogonal
demodulation {(values on the I and Q axes}) to the
demapping section 52.

[0286]

The demapping section 52 carries cut demapping of
converting the symbols from the orthogonal demodulation
section 51 to code bits of an LDPC code and supplies the
code bits to the deinterleaver 53.

[0287]

The deinterleaver 53 includes a multiplexer (MUX)

54 and a column twist deinterleaver 55 and carries out
deinterleave of the code bits of the LDPC code from the
demapping section 2.

102887

In particular, the multiplexer 54 carries out a

reverse replacement process (reverse process to the
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demapping section 52. [0288] In particular, the multiplexer 54 carries out a reverse replacement
process (reverse process to the 111 replacement process) corresponding to the replacement process
carried out by the demultiplexer 25 of FIG. 8 for the LDPC codes from the demapping section 52, that
is, a reverse replacement process of returning the positions of the code bits replaced by the
replacement process to the original positions. Then, the multiplexer 54 supplies an LDPC code
obtained as a result of the reverse replacement process to the column twist deinterleaver 55. [0289]
The column twist deinterleaver 55 carries out column twist deinterleave (reverse process to the

column twist interleave)eerrespondingto thecalump twist dniesleane asdpe searangement process
carried out by the column twist interleaver 24 of FIG. 8, that is, for example, column twist deinterleave

as a reverse rexafrangement:precess: of refurning thenarrangensent.of 2hie ccodeTuits of the4 DPC code
having an arrangement changed by the column twist interleave as the re-arrangement process to the
original arrangeiment, bt theolBPCcode from thenauitiplexeysbdrion 52, that is, a

reverse replacement process of returning the positions of

the code bits replaced by the replacement process to the

original positions. Then, the multiplexer 54 supplies an

LDPC code obtalned as a result of the reverse replacement

process to the column twist deinterleaver 55.

(0289]

"The column twist deinterleaver 55 carries out
column twist deinterleave (reverse process tTo the column
twist interleave) corresponding to the column twist
interleave as the re-arrangement process carried out by
the ceolumn twist interleaver 24 of FIG. 8, that is, for
example, column twist deinterleave as a reverse re-
arrangement process of returning the arrangement of the
code bits of the LDPC code having an arrangement changed
by the column twist interleave as the re-arrangement
process to the original arrangement, for the LDPC code
from the multiplexer 54.

[G290]
In particular, the column twist deinterleaver 55

carries out column twist deinterleave by writing the code

bits of the LDPC code into and reading out the written
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[0290] In particular, the column twist deinterleaver 55 carries out column twist deinterleave by writing
the code bits of the LDPC code into and reading out the written 112 code bits from the memory for
deinterleave, the memory being configured similarly to the memory 31 shown in FIG. 22 and so forth.
[0291] It is to be noted that, in the column twist deinterleaver 55, writing of the code bits is carried out
in the row direction of the memory for deinterleave using read addresses upon reading out the codes
from the memory 31 as write addresses. Meanwhile, readout of the code bits is carried out in the
column direction of the memory for deinterleave using the write addresses upon writing of the code

bits into the memory 31 as read addresses, J0292}, TheL DRC.cades abtained gs asesult of the

column twist interleave are supplied from the column twist deinterleaver 55 to the LDPC decoding

section 56. [0293] Klere Jwhilesthe-bDB G gade-syppliedfram the, demapping sgetion, 52 te the
deinterleaver 53 has been obtained by the parity interleave, column twist

22 and so forth.

[0281]

It is to be noted that, in the column twist
deinterleaver 55, writing of the code bits 1s carried out
in the row direction cof the memory for deinterlieave using
read addresses upon reading out the codes from the memory
31 as write addresses. Meanwhlle, readout of the code
bits is carried out in the column direction of the memory
for deinterieave using the write addresses upon writing
of the code bits inte the memory 31 as read addresses.
[0292]

The LDPC codes obtained as a result of the column
twist interleave are supplied from the column twist
deinterleaver 55 to the LDPC decoding section 56.

[0293]

Here, while the LDPC code supplied from the
demapping section 52 to the deinterleaver 53 has been
obtained by the parity interlieave, cclumn twist
interleave and replacement process carried out in this
order therefor, the deinterleaver 53 carries out only a
reverse replacement process corresponding to the

replacement process and column twist deinterleave
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interleave and replacement process carried out in this order therefor, the deinterleaver 53 carries out
only a reverse replacement process corresponding to the replacement process and column twist
deinterleave 113 corresponding to the column twist interleave. Accordingly, parity deinterleave
corresponding to the parity interleave (process reverse to the parity interleave), that is, the parity
deinterleave returning the arrangement of the code bits of the LDPC codes, whose arrangement has
been varied by the parity interleave, to the original arrangement, is not carried out. [0294] Accordingly,
the LDPC code for which the reverse replacement process and the column twist deinterleave have

been carried qut bt the-parity gleintedeave-basinnt beescatied-eltissupplieddrom the (golumn twist
deinterleaver 55 of the) deinterleaver 53 to the LDPC decoding section 56. [0295] The LDPC

decoding sectionr56 gartiesrout + DRE edecodirg pbtheilrDP € codedrgm the deinterleaver 53 using a
conversion parity check matrix, obtained by carrying out at least column replacement corresponding
to the parity interleave: for¢he paritectreckematrpeH usedter parity interleave),

that is, the parity deinterleave returning the

arrangement of the code bits of the LDPC codes, whose

arrangement has been varied by the parity interleave, to

the original arrangement, 1s not carrxied out.

[0294]

Accordingly, the LDPC code for which the reverse
replacement process and the column twist deinterleave
have been carried out but the parity deinterleave has not
been carried out is supplied from the {column twist
deinterleaver 55 of the) deinterleaver 53 to the LDPC
decoding section 56.

[0285]

The LDPC decoding section 56 carries out LDEC
decoding of the LDPC code from the deinterleaver 53 using
a conversion parity check matrix, obtained by carrying
out at least column replacement corresponding to the
parity interleave for the parity check matrix H used for
the LDPC encoding by the LDPC encoeding section 21 of FIG.
8, and outputs data obtained as a result of the LDPC

decoding as a decoding result of the object data.

[02%96]
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the LDPC encoding by the LDPC encoding section 21 of FIG. 8, and outputs data obtained as a result
of the LDPC decoding as a decoding result of the object data. [0296] 114 FIG. 30 is a flow chart
illustrating a reception process carried out by the reception apparatus 12 of FIG. 29. [0297] The
orthogonal demodulation section 51 receives a modulation signal from the transmission apparatus 11
at step S111. Then, the processing advances to step S112, at which the orthogonal demodulation
section 51 carries out orthogonal demodulation of the modulation signal. The orthogonal
demodulation section 51 supplies symbols obtained as a result of the orthogonal demodulation to the
demapping section 52, iitieredflerithezprocessing cadvantés frons StepaS B 2 f5-§tepiST1 3. [0298] At
step S113, the demapping section 52 carries out demapping of converting the symbols from the
orthogonal depriedisiation s&eticrs P irfto thdelits'GIEPLBPT cote® hht'stipplies the é6de bits to the
deinterleaver 5239 whereafter the processing advances to step 5114. [0299]

[0297]

The orthogonal demodulation section 51 receives a
modulation signal from the transmission apparatus 11 at
step S111. Then, the processing advances to step 5112, at
which the orthogonal demodulation section 51 carries out
orthogonal demodulation of the modulaticn signal. The
orthogonal demodulation section 51 supplies symbols
obtained as a result of the orthogonal demodulation to
the demapping section 52, whereafter the processing
advances from step 5112 to step S113.

(0298}

At step 8113, the demapping section 52 carries out
demapping of converting the symbols from the orthogonal
demodulation section 51 into code bits of an LDPC code
and supplies the code bits to the deinterleaver 53,
whereafter the processing advances to step S114.

[0299]

At step $114, the deinterleaver 53 carries out
deinterleave of the code bits of the LDPC ccde from the
demapping section 52, whereafter the processing advances

to step S5115.
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At step S114, the deinterleaver 53 carries out deinterleave of the code bits of the LDPC code from the
demapping section 52, whereafter the processing advances to step 5115. 115 [0300] In particular, at
step S114, the multiplexer 54 in the deinterleaver 53 carries out a reverse replacement process for
the LDPC code from the demapping section 52 and supplies LDPC code obtained as a result of the
reverse replacement process to the column twist deinterleaver 55. [0301] The column twist
deinterleaver 55 carries out column twist deinterleave for the LDPC code from the multiplexer 54 and
supplies an LDPC code obtained as a result of the column twist deinterleave to the LDPC decoding
section 56. [03@ZcAt]step SIS, the LDPC decoding section 56 carries out LDPC decoding of the
LDPC code from the column twist deinterleaver 55 using a conversion parity check matrix obtained

by carrying out at leasticolgran téplacement tcostespoRdihé to the parttihterieave fodthEparity check
matrix H used for the LDPC encoding by the LDPC
the deinterleaver 53 carries out a reverse replacement

vrocess for the LDPC code from the demapping section 52
and supplies LDPC code obtained as a result of the
reverse replacement process to the column twist
deinterleaver 55.

[0301]

The column twist deinterleaver 55 carries out
column twist deinterleave for the LDPC code from the
multiplexer 54 and supplies an LDPC code obtained as a
result of the column twist deinterleave to the LDPC
decoding section 56.

[0302]

At step S115, the LDPC decoding section 56 carries
out LDPC decoding of the LDPEC code from the column twist
deinterleaver 5% using a conversion parity check matrix
obtained by carrying out at least column replacement
corresponding te the parity interleave for the parity
check matrix H used for the LDPC encoding by the LDPC
encoding section 21 of FIG. 8, and cutputs data cobtained
by the LDPC decoding as a deccding result of the object
data. Thereafter, the processing 1s ended.

[0303]
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encoding section 21 of FIG. 8, and outputs data obtained by the LDPC decoding as a decoding result
of the object data. Thereafter, the processing is ended. [0303] 116 It is to be noted that the reception
process of FIG. 30 is carried out repetitively. [0304] Also in FIG. 29, the multiplexer 54 for carrying
out the reverse replacement process and the column twist deinterleaver 55 for carrying out the
column twist deinterleave are configured separately from each other for the convenience of
description similarly as in the case of FIG. B. However, the multiplexer 54 and the column twist
deinterleaver 55 can be configured integrally with each other. [0305] Further, where the transmission
apparatus 11 of FIG. 8Toessnaicapy autthel calumn twist interleave sthere isao: needssitydo provide
the column twist deinterleaver 55 in the reception apparatus 12 of FIG. 29. [0306] Now, the LDPC
decoding carried out by tver L&P Cudecodirgsectionl56 of FIG. 29 is further described. [0307]
[C3047
Also in FIG. 29, the multiplexer 54 for carrying
out the reverse replacement process and the column twist
deinterleaver 5% for carrying out the column twist
deinterleave are configured separately from each other
for the convenience of description similarly as in the
case of FIG. 8. However, the multiplexer 54 and the
column twist deinterleaver 55 can be configured
integrally with each other.
[0305]
Further, where the transmission apparatus 11 of FIG.
8 doeg not carry out the column twist interleave, there
is no necessity to provide the column twist deinterleaver
55 in the reception apparatus 12 of FIG. 29.
[0306]
Now, the LDPC decoding carried ocut by the LDPC
decoding section 56 of FIG. 29 is further described.
[0307]
The LDPC decoding secticn 56 of FIG. 29 carries out
LDPC decoding of an LDPC code, for which the reverse

replacement process and the column twist deinterleave

have been carried out but the parity deinterleave has not

117



The LDPC decoding section 56 of FIG. 29 carries out LDPC decoding of an LDPC code, for which the
reverse replacement process and the column twist deinterleave have been carried out but the parity
dein' erleave has not 117 been carried out, from the column twist de_nterleaver 55 as described
above using a conversion parity check matrix obtained by carrying out at least column replacement
corresponding to the parity interleave for the parity check matrix H used for the LDPC encoding by the
LDPC encoding section 21 of FIG. 8. [0308] Here, LDPC decoding which can suppress the operation
frequency within a sufficiently implementable range while suppressing the circuit scale by carrying out
the LDPC decoding using theicenversiondgarityecheck matrix hastbeenipropesed farmeily (refer to, for

example, Japanese Patent Laid-Open No. 2004-343170). [0309] Thus, the formerly proposed LDPC
decoding whichs uses axconversibie parityscheckanatrixtis desceribea:first withhreférenge 1o #IGS. 31 to
34. [0310] FIG. 31 shows an example of the parity check matrix H of an LDPC code whose code
|engﬂ1Ni590Qmaagﬁ@@"Qy carrying out at least column replacement
corresponding to the parity interleave for the parity
check matrix H used for the LIPC encoding by the LDPC
encoding section 21 of FIG. 8.
[0308]
Here, LDPC decoding which can suppress the
cperation frequency within a sufficiently implementalble
range while suppressing the circuit scale by carrying out
the LDPC decoding using the conversion parity check
matrix has been proposed formerly {refer to, for example,
Japanese Patent Laid-Open No. 2004-343170).
[0309]
Thus, the formerly proposed LDPC decoding which
uses a conversion parity check matrix is described first
with reference to FIGS. 31 to 34.
[0310]
FIG. 31 shows an example of the parity check matrix
H of an LDPC code whose code length N is 20 and encoding
rate is 2/3.
[0311]
It is to be noted that, in FIG. 31, 0 is

represented by a period (.) (fthis similarly applies also
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rate is 2/3. [0311] It is to be noted that, in FIG. 31, 0 is represented by a period (.) (this similarly
applies also 118 to FIGS. 32 and 33 hereinafter described) 0312] In the parity check matrix H of FIG.
31, the parity matrix has a staircase structure. [0313] FIG. 32 illustrates a parity check matrix H'
obtained by applying row replacement of an expression (8) and column replacement of an expression
(9) to the parity check matrix H of FIG. 31. [0314] Row replacement: 6s+t+lth row 5t+s+lth row (8)
[0315] Column replacement: 6x+y+6Ith column 5y+x+6Ith column (9) [0316] However, in the
expressions (8) and (9), s, t, x andy are integers within the ranges of 0 <s<5,0<-t <6,0:<x<5
and 0 <t <6, respeetvely.32 and 33 hereinafter described).

[0312]

In the parity check matrix H of FIG. 31, the parity
matrix has a staircase structure.
[0313]

FIG. 32 illustrates a parity check matrix Ef
obtained by applying row replacement of an expression (8)
and column replacement of an expression (9) to the parity

check matrix H of ¥IG. 31.

[0314]
Row replacement: ést+t+lth row - 5St+s+lth row
{(8)
[0315]
Column replacement: 6éx+y+6lth column — Sy+x+olth
column
{9)
[0316]

However, in the expressions (8) and (9}, s, t, X
and y are integers within the ranges of 0 £ s < 5, 0 < t

<6, 02 x<5and 0 £t <6, respectively.

Accerding to the row replacement of the expression
(8), the replacement is carried out in such a manner that

the lst, 7th, 13th, 1%th and Z5th rows each of whose
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[0317] According to the row replacement of the expression (8), the replacement is carried out in such
a manner that the 1st, 7th, 13th, 19th and 25th rows each of whose 119 numbers indicates a
remainder of 1 where it is divided by 6 are replaced to the 1st, 2nd, 3rd, 4th and 5th rows, and the
2nd, 8th, 14th, 20th and 26th rows each of whose numbers indicates a remainder of 2 where it is
divided by 6 are replaced to 6th, 7th, 8th, 9th and 10th rows. [03181 On the other hand, according to
the column replacement of the expression (9), the replacement is carried out for the 61st and
succeeding columns (parity matrix) such that the 61st, 67th, 73rd, 79th and 85th columns each of
whose numbersitidicates adematrder0f d=mehiere dis divideddby 6arereplacad to 62 st, 62nd, 63rd,
64th and 65th columns, and the 62nd, 68th, 74th, 80th and 86th columns each of whose numbers
indicates a remamder wfi2Zlwhere it is dividedshy, 6 anel replaced to-66thn67th; "68thw69th and 70th
columns. [0319] A matrix obtained by carrying out replacement of the rows and the columns for the
parity check matdk Hof EIGL.3Bisa pafityiechecktmatixcH' ©f FIGr8gs =ach of whose

numbers indicates a remainder of 2 where it is divided by
6 are replaced to 6th, 7th, 8th, 9th and 10th rows.
[0318]

On the other hand, according to the column
replacement of tfhe expression (9}, the replacement is
carried out for the 6lst and succeeding columns (parity
matrix} such that the 6lst, 67th, 73rd, 75%th and 85th
columns each of whose numbers indicates a remainder of 1
where it is divided by 6 are replaced to 6lst, 62nd, 63rd,
odth and 65th columns, and the 62Znd, 68th, 74th, 80th and
geth columns each of whose numbers indicates a remainder
of 2 where 1t is divided by 6 are replaced to 66th, 6&7th,
68th, 69th and 70th columns.

[0319]

A matrix obtained by carrying out fepiacement of
the rows and the columns for the parity check matrix H of
FIG. 31 i1s a parity check matrix H’' of FIG. 32.

[0320]

Here, even 1f the row replacement of the parity

check matrix H is carried out, this does not have an

influence on the arrangement of the code bits of the LDPC
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[0320[ Here, even if the row replacement of the parity check matrix H is carried out, this does not have
an influence on the arrangement of the code bits of the LDPC 120 code. 03211 Meanwhile, the
column replacement of the expression (9) corresponds to parity interleave when the information
length K, the unit column number P of the cyclic structure and the devisor q (= M/P) of the parity
length M (here, 30) in the parity interleave of interleaving the K+qgx+y+lIth code bit to the position of
the K+Py+x+Ith code bit are set to 60, 5 and 6, respectively. [0322] If the parity check matrix H'
(hereinafter referred to suitably as replacement parity check matrix) of FIG. 32 is multiplied by a result
of replacementsame as that of the expression (9) for the LDPC code of the parity check matrix H
(hereinafter referred to suitably as original parity check matrix) of FIG. 31, then the O vector is
outputted. In pabticiilar, where a row vector obtained by applying the column replacement of the
expression (9) for the row vector c as the LDPC code (one codeword) of the original. parity check
matrix H is Meanwhile, the column replacement of the expression

(9) corresponds to parity interleave when the information

length K, the unit column number P of the cyclic

structure and the devisor g (= M/P) of the parity length

M (here, 30) in the parity interleave of interleaving the

Ktgx+y+lth code bit to the position of the K+Py+x+lth

code bit are set to 60, 5 and 6, respectively.

[0322)]

If the parity check matrix H’ (hereinafter referred

to suiltably as replacement parity check matrix) of FIG.

32 is multiplied by a result of replacement same as that

of the expression (92) for the LDPC code of the parity

check matrix H {(hereinafter referred to sultably as

original parity check matrix) of FIG. 31, then the O

vector i1s outputted. In particular, where a row vector

cbtained by applying the column replacement of the

expression (9) for the row vector c as the LDPC code (one

codeword) of the original parity check matrix H is

represented by ¢f, since Hc' becomes the 0 vector on the

basis of the characteristic of the parity check matrix,

also H'c’® naturally becomes the 0 vector.

[0323]
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represented by c', since HCT becomes the 0 vector on the basis of the characteristic of the parity
check matrix, also H'c'T naturally becomes the 0 vector. [0323] 121 From the foregoing, the
conversion parity check matrix H' of FIG. 32 becomes the parity check matrix of an LDPC code c'
obtained by carrying out the column replacement of the expression (9) for the LDPC code c of the
original parity check matrix H. [0324] Accordingly, by carrying out the column replacement of the
expression (9) for the LDPC code c of the original parity check matrix H, decoding (LDPC decoding)
the LDPC code c' after the column replacement using the parity check matrix H' of FIG. 32 and then

carrying out reverse replagement te the:gelumy) replacement-of she expeassion (9):toxk result of
decoding, a decoding result similar to that obtained where the LDPC code of the original parity check

matrix H is degeded using the patity.chietkonatiixad carebe ebtained:H8325}&G: 38 shows the
conversion parity check matrix H' of FIG. 32 wherein a space is provided between units of 5 x 5
matrices. an LDPC code ¢’ obtained by carrying out the column

replacement of the expression (9) for the LDPC code ¢ of

the original parity check matrix H.

[0324]

Accordingly, by carrying cut the column replacement
of the expression (9) for the LDPC code ¢ of the original
parity check matrix H, deccding {(LDPC decoding} the LDPC
code ¢ after the column replacement using the parity
check métrix B’ of FIG. 32 and then carrying out reverse
replacement to the column replacement of the expression
(9) for result of decoding, a decoding result similar to
that obtained where the LDPC code of the original parity
check matrix H is decoded using the parity check matrix H
can be obtained.

03257

FIG. 33 shows the conversion parity check matrix H'
of FIG. 32 wherein a space is provided between units of b5
x 5 matrices.

[0326]

In FIG. 33, the conversion parity check matrix H’

is represented by a combination of a unit matrix of 5 x 5

elements, another matrix (hereinafter referred tc
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[0326] In FIG. 33, the conversion parity check matrix H' is represented by a combination of a unit
matrix of 5 x 5 elements, another matrix (hereinafter referred to 122 suitably as quasi unit matrix)
which corresponds to the unit matrix whose element or elements of 1 are changed into an element or
elements of 0, a further matrix (hereinafter referred to suitably as shift matrix) which corresponds to
the unit matrix or quasi unit matrix after it is cyclically shifted (cyclic shift), a still further matrix
(hereinafter referred to suitably as sum matrix) of two or more of the unit matrix, quasi unit matrix and
shift matrix, and a 0 matrix of 5 x 5 elements. [0327] It can be regarded that the conversion parity

check matrix E;0tEIG.-33is composed-afia 1ait matrix,a guask-unit matixe:shifl matix, a sum
matrix and a 0 matrix of 5 x 5 elements. Therefor, the matrices of 5 x 5 elements which compose the
conversion patityieheckimatrix. H-are hereiraftergeferneciarasscampanenianatiices=0328] For
decoding of an LDPC code represented by a parity check matrix represented by a matrix of P x P
components, amarchitecttemdich carriesoutcheckofiole a further matrix

(hereinafter referred to suitably as shift matrix) which

corresponds to the unit matrix or guasi unit matrix after

it is cyclically shifted (cyclic shift), a still further

matrix (hereinafter referred to suitably as sum matrix)

of two or more of the unit matrix, quasi unit matrix and

shift matrix, and a 0 matrix of 5 x 5 zlements.

(0327]

It can be regarded that the conversion parity check

matrix H' of FIG. 233 is composed of a unit matrix, a

guasi unit matrix, a shift matrix, a sum matrix and a O

matrix of 5 x 5 elements. Therefor, the matrices of 5 = b

elements which compose the conversion parity check matrix

H' are hereinafter referred to as component matrices.

[0328]

For decoding of an LDPC code represented by a

parity check matrix represented by a matrix of P x P

components, an architecture which carries cut check node

mathematical operation and variable node mathematical

operation simultaneocusly for P check ncdes and P variable

nodes can be used.

[0329]
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mathematical operation and variable node mathematical operation simultaneously for P check nodes
and P variable nodes can be used. [0329] 123 FIG. 34 is a block diagram showing an example of a
configuration of a decoding apparatus which carries out such decoding as just described. [0330] In
particular, FIG. 34 shows an example of a configuration of a decoding apparatus which carries out
decoding of LDPC codes of the original parity check matrix H of FIG. 31 using the conversion parity
check matrix H' of FIG. 33 obtained by carrying out at least the column replacement of the expression
(9) [0331] The decoding apparatus of FIG. 34 includes an edge data storage memory 300 including

six FIFOs 300, to 3006 a:seleator 304 fon selecting: theshlF&s:300L;ta:3006; Ansheck node
calculation section 302, two cyclic shift circuits 303 and 308, an edge data storage memory 304
including 18 Ft-Q3 304140 804181 a selecter-B30hyforpselectingstheHEIED sc30411 tos3@4 18, a reception
data memory 306 for storing reception information, a variable node calculation section 307, a
decoded wordstattulatiowding as just described.

F0330]

In particular, FIG. 34 shows an example of a
configuration of a decoding apparatus which carries out
decoding of LDPC codes of the original parity check
matrix H of FIG. 31 using the conversion parity check
matrix H' of FIG. 33 obtained by carrying out at least
the column replacement of the expression (89).

[G331]

The decoding apparatus of FIG. 34 includes an edge
data storage memory 300 including six FIFOs 300. to 300,

a selector 301 for selecting the FIFOs 300, to 3004, a
check node calculation section 302, two cyclic shift
circuits 303 and 308, an edge data storage memory 304
including 18 FIFOs 304, to 304,43, a selector 305 for
selecting the FIFOs 304, to 30415, a reception data memory
306 for storing reception information, a variable node
calculation section 307, a decoded word calculation
section 309, a reception data re—arrangement section 310,
and a decoded data re-arrangement section 311.

[0332]

First, a storage method of data into the edge data
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section 309, a reception data re-arrangement section 310, and a decoded data re-arrangement
section 311. [0332] First, a storage method of data into the edge data 124 storage memories 300 and
304 is described. [03331 The edge data storage memory 300 includes the six FIFOs 300, to 3006 the
number of which is equal to a quotient when the row number 30 of the conversion parity check matrix
H' of FIG. 33 is divided by the row number 5 of the component matrices. Each of the FIFOs 300y (y =
1, 2, ..., 6) has a plurality of stages of storage regions such that messages corresponding to five
edges whose number is equal to the number of rows and the number of columns of the component
matrices can ke reagheutfram orewritten intadhe storage segions pEeach stage at the same time.

Further, the number of stages of the storage regions of each FIFO 300, is nine which is the maximum
number of is (Haassing weight) in the row direction of the conversion parity check matrix of FIG. 33.
0334] In the FIFO 3001, data (messages v~ from variable nodes) corresponding to the positions of
the value 1 in the first forfiftreroyes dbthe conversien parityzcheek0 includes the six

FIFQs 300: to 300 the number of which is equal to a

gquotient when the row number 30 of the conversion parity

check matrix H' of FIG. 33 1s divided by the row number 5

of the component matrices. Fach of the FIF0s 300, {y = 1,

2, .., 6) has a plurality of stages of storage regions

such that messages corresponding to five edges whose

number is equal to the number of rows and the number of

columns of the component matrices can be read out from or

written inte the storage regions of each stage at the

same time. Further, the number of stages c¢f the storage

regions of each FIFO 300, is nine which is the maximum

number of ls {(Hamming weight) in the row directiocn of the

conversion parity check matrix of FIG. 33.

[0334]

In the FIFO 300;, data {(messages vy from variable

nodes) corresponding to the positions of the value 1 in

the first to fifth rows of the conversion parity check

matrix H' of FIG. 33 are stored in a closed form in the

horizontal direction in the individual rows (in the form

wherein 0 is ignored). In particular, 1f an element in

the 3 row of the ith column is represented as (i, 1),
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matrix H' of FIG. 33 are stored in a closed form in the horizontal direction in the individual rows (in the
form wherein O is ignored). In particular, if an element the j row of the ith column is represented as (|,
i), 125 then in the storage regions at the first stage of the FIFO 3001, data corresponding to the
positions of the value 1 of the unit matrix of 5 x 5 elements from (1, 1) to (5, 5) of the conversion
parity check matrix H' are stored. In the storage regions at the second stage, data corresponding to
the positions of the value 1 of a shift matrix from (1, 21) to (5, 25) of the conversion parity check
matrix H' (a shift matrix obtained by cyclically shifting the unit matrix of 5 x 5 elements by three in the
rightward direetion). Alsodndhe storage regignsat the third:toreighth stages, datatate stored in an
associated relationship with the conversion parity check matrix H' . Then, in the storage regions at the
ninth stage, dater'cortéspendiag:to the positions: of:thecvaluié sofrapshift imatsixof (1,:86) to (5, 90) of the
conversion parity check matrix H' (a shift matrix obtained by replacing the value 1 in the first row of
the unit matrixveft5x 5 efefnents withi thenaiiue B and then cyckidaiipeshiftingrthe uhit:matrix after the

replacement by one in the leftward direction) are stored.
to {5, % of the conversion parity check matriz H' are

stored. In the storage regions at the second stage, data
corresponding to the positions of the value 1 of a shift
matrix from (1, 21) to (5, 25) of the conversion parity
check matrix HY (a shift matrix obtained by cyclically
shifting the unit matrix of 5 x 5 elements by three in
the rightward direction). Alsc in the sterage regicns at
the third to eighth stages, data are stored in an
assocliated relationship with the conversion parity check
matrix H’. Then, in the storage regions at the ninth
stage, data corresponding to the pesiticons of the value
of a shift matrix of (1, 86) to (b, 90} of the conversion
parity check matrix H’ (a shift matrix obtained by
replacing the value 1 in the first row of the unit matrix
of 5 x 5 elements with the value 0 and then cyclically
shifting the unit matrix after the replacement by one in
fhe leftward direction) are stored.
[0335]

In the FIFO 300,, data corresponding to the
positions of the value 1 from the sixth te tenth rows of

the conversion parity check matrix H' of FIG. 33 are
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[0335] In the FIFO 3002, data corresponding to the positions of the value 1 from the sixth to tenth
rows of the conversion parity check matrix H' of FIG. 33 are 126 stored. In particular, in the storage
region at the first stage of the FIFO 3002, data corresponding to the positions of the value 1 of a first
shift matrix which forms a sum matrix from (6, 1) to (10, 5) of the conversion parity check matrix H' (a
sum matrix which is the sum of a first shift matrix obtained by cyclically shifting the unit matrix of 5 x 5
elements by one in the rightward direction and a second shift matrix obtained by cyclically shifting the
unit matrix of 5 x 5 elements by two in the rightward direction) are stored. Further, in the storage

region at the se¢end stage; gata reorrespondingtoithe positions of the,valyel-ofithe segand shift
matrix which forms the sum matrix from (6, 1) to (10, 5) of the conversion parity check matrix H' are
stored. 0336] Intpagticular, with regard tw a.corpanentdnatex pyhase weightis2 or more, where the
component matrix is represented in the form of the sum of plural ones from among a unit matrix of P
X P elements having-therweigfit the value 1 of a first shift matrix which

forme a sum matrix from (6, 1) to (10, 5) of the

conversicn parity check matrix H’ (a sum matrix which is

the sum of a first shift matrix obtained by cyclically

shifting the unit matrix of 5 x 5 elements by one in the

rightward direction and a second shift matrix obtained by

cyclically shifting the unit matrix of - = 5 elements by

two in the rightward direction) are stored. Further, in

the storage region at the second stage, data

corresponding to the positions of the wvalue 1 of the

second ghift matrix which forms the sum matrix from (6,

1} to {10, 5) of the conversicon parity check matrix H'

are stored.

[0336]

In particular, with regard to a component matrix

whosze welght is 2 ¢r more, where the component matrix is

represented in the form of the sum of plural ones from

among a unit matrix of P x P elements having the weight 1,

a guasi unit matrix which corresponds to the unit matrix

whose one or more elements having the value 1 are

replaced with 0 and a shift matrix obtained by cyclically

shifting the unit matrix or the quasi unit matrix, data
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a quasi unit matrix which corresponds to the unit matrix whose one or more elements having the value
1 are replaced with 0 and a shift matrix obtained by cyclically shifting the unit matrix or the quasi unit
matrix, data 127 corresponding to the positions of the value 1 of the unit matrix, quasi unit matrix or
shift matrix whose weight is 1 (messages corresponding to edges belonging to the unit matrix, quasi
unit matrix or shift matrix) are stored into the same address (same FIFO from among the FIFOs 3001
to 3006) 0337] Also in the storage regions at the third to ninth stages, data are stored in an associated
relationship with the conversion parity check matrix H'. [0338] Also the FIFOs 3003 to 3006 store data

in an associated relationshipyyth therepnversion parity eheckrmagr b [9339] The.edge data
storage memory 304 includes 18 FIFOs 304; to 304].8 the number of which is equal to the quotient

when the columadrmaherR:efi therconvessien parity eheick-makrix-Hxis\dividedhyitha€olumn number
5 of the component matrix. Each edge data storage memory 304,; (x =

1 (messages corresponding to edges belonging to the unit

matrix, guasi unit matrix or shift matrix) are stored

into the same address (same FIFO from among the FIFOs 300;

to 3006 .

[0337]

Also in the storage regions at the third to ninth
stages, data are stored in an associated relaticnship
with the conversion parity check matrix H’.

[0338]

Also the FIFOs 3003 to 2004 store data in an
assoclated relationship with the conversion parity check
matrix H'.

[0339]

The edge data storage memory 304 includes 18 FIFOs
304, to 304,53 the number of which is equal to the quotient
when the column number S0 of the conversion parity check
matrix H' is divided by the column number 5 of the
component matrix. Each edge data storage memory 304, (x =
i, 2, .., 18) includes a plurality of stages of storage
regions, and messages corresponding to five edges the

number of which is egual to the number of rows and the

number of columns of the conversion parity check matrix
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1, 2, 18) includes a plurality of stages of storage regions, and messages corresponding to five edges
the number of which is equal to the number of rows and the number of columns of the conversion
parity check matrix 128 H' can be read out from or written into the storage regions of each stage at the
same time. [0340] In the FIFO 3041, data corresponding to the positions of the value 1 from the first to
fifth columns of the conversion parity check matrix H' of FIG. 33 (messages u_, from the check
nodes) are stored in a closed form in the vertical direction in the individual columns (in the form
wherein 0 is ignored). In particular, in the storage regions at the first stage of the FIFO 3041, data
corresponding-to thepositions0f the valeeskof theyunit aatrix of 5 x-helementsfeom (1, 1) to (5, 5) of
the conversion parity check matrix H' are stored. In the storage regions at the second stage, data
correspondingr ¢g thenpositionsaahthensadue of atfiinst shittenatrixcanvhich forms a sum matrix from (6, 1)
to (10, 5) of the vertical parity check matrix H' (a sum matrix which is the sum of a first shift matrix
obtained by cydligdlfy] shifting the unit matrix of 5 x 5 elements by one to the right and a second shift

matrix obtained by cyclically
In the FIFO 304,, data corresponding tc the

positions of the value 1 from the first to fifth columns
of the conversion parity check matrix H’ of FIG. 33
(messages uy from the check nodes) are stored in a closed
form in the vertical direction in the individual columns
{in the form wherein 0 is ignored). In particular, in the
storage regions at the first stage of the FIFO 304., data
corresponding to the positions of the wvalue 1 of the unit
matrix of 5 »x 5 elements from (1, 1) tc (b, 5) of the
conversion parity check matrix HY are stored. In the
storage regions at the second stage, data corresponding
to the positions of the value of a first snift matrix
which forms a sum matrix from {6, 1) to (10, 5) of the
vertical parity check matrix H’ (a sum matrix which is
the sum of a first shift matrix obtained by cvclicalliy
shifting the unit matrix of 5 x 5 eclements by one to the
right and a second shift matrix obtained by cyclically
shifting the unit matrix of 5 x 5 elements by two to the
right) are stored. Further, in the storage regions at the
third stage, data corresponding to the positions of the

value 1 of the second shift matrix which forms the sum
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shifting the unit matrix of 5 x 5 elements by two to the right) are stored. Further, in the storage regions
at the third stage, data corresponding to the positions of the value 1 of the second shift matrix which
forms the sum 129 matrix from (6, 1) to (10, 5) of the vertical parity check matrix H'. [0341] In
particular, with regard to a component matrix whose weight is 2 or more, where the component matrix
is represented in the form of the sum of plural ones from among a unit matrix of P x P elements
having the weight 1, a quasi unit matrix which corresponds to the unit matrix whose one or more
elements having the value 1 are replaced with 0 and a shift matrix obtained by cyclically shifting the

unit matrix or thequasi gnitmatix, data-corresponging,to thg positions of the yalue 1 of the unit
matrix, quasi unit matrix or shift matrix whose weight is 1 (messages corresponding to edges
belonging to the.unik matrix; guasi unit matrix or shift matrix) are stored into the same address (same
FIFO from among the FIFOs 3041 to 30418) 0342] Also with regard to the storage regions at the
fourth and fifthistageg, data are stored in an associated
In particular, with regard to a component matrix

whose weight is 2 or more, where the component matrix is

represented in the form of the sum of plural cones from

among a unit matrix cof P x P elements having the weight 1,

a guasi unit matrix which corresponds Lo the unit matrix

whose one or more elements having the value 1 are

replaced with 0 and a shift matrix obtained by cyclically

shifting the unit matrix or the guasi unit matrix, data

corresponding to the positions of the valiue 1 of the unit

matrix, quasi unit matrix or shift matrix whose welght is

1 {messages corresponding to edges belonging to the unit

matrix, guasl unit matrix or shift matrix) are stored

into the same address (same FIFO from among the FIFOs 304,

to 304.g) .

103421

Also with regard to the storage regions at the

fourth and f£ifth stages, data are stored in an asscciated

relationship with the conversion parity check matrix H'.

The number of stages of the storage regions of the FIFG

2047 is 5 which 1is & maximum number of the number of 1s

(Hamming weight) in the row direction in the first to
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relationship with the conversion parity check matrix H'. The number of stages of the storage regions of
the FIFO 3041 is 5 which is a maximum number of the number of Is (Hamming weight) in the row
direction in the first to 130 fifth columns of the conversion parity check matrix H'. [0343] Also the
FIFOs 3042 and 3043 store data in an associated relationship with the conversion parity check matrix
H' similarly, and each length (stage number) of the FIFOs 3042 and 3043 is 5. Also the FIFOs 3044 to
30412 store data in an associated relationship with the conversion parity check matrix H' similarly,
and each length of the FIFOs 3044 to 30412 is 3. Also the FIFOs 30413 to 30418 store data in an
associated relatignship dviththe eenveisiopqarity sheek matrix k' similakymand ieaah’length of the

FIFOs 30413 to 304,8 is 2. [0344] Now, operation of the decoding apparatus of FIG. 34 is described.
[0345] The edge #lata storage memory 300 includes the six FIFOs 3001 to 3006, and FIFOs into
which data are to be stored are selected from among the FIFOs 3001 to 3006 in accordance with
information (Matrix dat#)i®812he FIFOs 304; and 304; store data in an

assoclated relationship with the conversion parity check

matrix H’ similarly, and each length (stage number) of

the FIFOs 304, and 3045 is 5. Also the FIFCs 304, to 304

store data in an associated relationship with the

conversion parity check matrix H’ similarly, and each

length of the FIFOs 3044 to 304y; is 3. Also the FIFOs

30443 to 304,53 store data in an assoclated relaticnship

with the conversion parity check matrix H’ similarly, and

each length of the FIFOs 304:3 to 304;p 15 2.

[03447]

Now, operation of the decoding apparatus of FIG. 34
is described.
[0345]
fhe edge data storage memory 300 includes the six

FTEOs 300, to 3004, and FIFOs into which data are to be

stored are selected from among the FIFCs 300, to 300s in

accordance with information {(Matrix data) D312

representing to which row of the conversion parity check

matrix H' five messages D311 supplied from the cyclic

shift circuit 308 at the preceding stage belong. Then,

the five messages D311 are stored collectively and in
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representing to which row of the conversion parity check matrix H' five messages D311 supplied from
the cyclic shift circuit 308 at the preceding stage belong. Then, the five messages D311 are stored
collectively and in 131 order into the selected FIFOs. Further, when data are to be read out, the edge
data storage memory 300 reads out five messages D3001 in order from the FIFO 3001 and supplies
the five messages D3001 to the selector 301 at the succeeding stage. After the reading out of the
messages from the FIFO 3001 ends, the edge data storage memory 300 reads out the messages in
order also from the FIFOs 3302 to 3006 and supplies the read out messages to the selector 301.

[0346] The selegtos 301 seleetsthe five messagesdom that FHEQ from ahich: datazare ausrently read
out from among the FIFOs 3001 to 3006 in accordance with a select signal D301 and supplies the
five messages-as messages ,D302 ta-thecheck-nodes-calculatiemsectioin802.8347-Tite check node
calculation section 302 includes five check node calculators 3021 to 3025 and carries out the check
node mathemdticat operatiomein deedfdance withethefexpressien F7)HsinG the aiessages D302 (D3021

t supplies the five messages D300; to the selector 301 at
the succeeding stage. After the reading out of the
messages from the FIFO 300, ends, the eodge data storage
memory 300 reads out the messages in order also from the
FIFOs 330: to 3005 and supplies the read out messages to
the selector 301.

[0346]

The selector 301 selects the five messages from
that FIFC from which data are currently read cut from
“among the FiFOs 300, to 300 in accordance with a select
signal D301 and supplies the five messages as messages
D302 to the check node calculation section 302.

[0347]

The check node calculation section 302 includes
five check node calculators 302; to 3025 and carries cut
the check node mathematical operation in accordance with
the expression (7) using the messages D302 (D302, to
D3025) (messages v; of the expressiocn (7))} supplied
thereto through the selector 301. Then, the check node
calculation section 302 supplies five messages D303 (D303,

to D303s) (messages uy of the expression (7)) obtained as
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D3025) (messages Vv of the expression (7)) supplied thereto through the selector 301. Then, the check
node calculation section 302 supplies five messages D303 (D303= to D3035) (messages uj.of the
expression (7)) obtained as 132 a result of the check node mathematical operation to the cyclic shift
circuit 303. [0348] The cyclic shift circuit 303 cyclically shifts the five messages D3031 to 3035
determined by the check node calculation section 302 based on information (Matrix data) D305
regarding by what number of original unit matrices the corresponding edges are cyclically shifted in
the conversion parity check matrix H', and supplies a result of the cyclic shift as a message D304 to

the edge data:storage) mepyory304-10349] JheLcqge data starage mempry-304 includes:18 FIFOs
3041 to 30418. The edge data storage memory 304 selects a FIFO into which data are to be stored

from among they £F1IFQs 3044t0304:18 in accordance with the information D305 regarding to which
row of the conversion parity check matrix H' the five messages D304 supplied from the cyclic shift
circuit 303 at thé pieceding stage belong and collectively stores the five messages D304 in order
The cyclic shift circuit 303 cyclically shifts the

five messages D303; to 3035 determined by the chesck node

calculation section 302 based on infeormation (Matrix

data) D305 regarding by what number of original unit

matrices the corregsponding edges are cyclically shifted

in tThe conversion parity check matrix H’, and supplies a

result of the cyclic shift as a message D304 to the edge

data storage memory 304.

[0349]

The edge data storage memory 304 includes 18 FIFOs

304, to 30443. The edge data storage memory 304 selects a

FITO into which data are to be stored from amcng the

FIFOs 304, to 204,3 in accordance with the information

D305 regarding to which row of the conversion parity

check matrix H’ the five messages D304 supplied from the

cyclic shift circuit 303 at the preceding stage belong

and collectively stores the five messages D304 in order

into the selected FIFC. On the other hand, when data are

to be read out, the edge data storage memory 304 reads

out five messages D306; in order from the FIFO 304; and

supplies the messages D306, To tThe selector 305 at the
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into the selected FIFO. On the other hand, when data are to be read out, the edge data storage
memory 304 reads out five messages D3061 in order from the FIFO 3041 and supplies the
messages D3061 to the selector 305 at the 133 succeeding stage. After the reading out of data from
the FIFO 3041 ends, the edge data storage memory 304 reads out messages in order also from the
FIFOs 3042 to 30418 and supplies the messages to the selector 305. [0350] The selector 305 selects
the five messages from the FIFO from which data are currently read out from among the FIFOs 3041
to 30418 in accordance with a select signal D307 and supplies the selected messages as messages
D308 to the variablesnode caleulation sectior 307 anc:thei deceded wordiealsulation section 309.
[0351] On the other hand, the reception data re- arrangement section 310 carries out the column
replacement of i egiréssioni€) tore-arrdmngeci: EDPC> tade DBIByeceived through aut
communication path and supplies the re-arranged LDPC code D313 as reception data D314 to the
reception datamertory 3061 The deceptiorcddiacmeniory B08¢alctiidtestand Stbres@ feception LLR

(logarithmic likelihood ratio) from the reception data
supplies the messages to the selector 305.

[0350]

The selector 305 selects the five messages from the
FIFO from which data are currently read out from among
the FIFOs 304, to 304:s in accordance with a select signal
D307 and supplies the selected messages as messages D308
to the variable node calculation section 307 and the
decoded word calculation section 309.

[0351]

On the other hand, the reception data re-
arrangement section 310 carries out the column
replacement of the expression (9) to re-arrange an LDPC
code D313 received through a communication path and
supplies the re-arranged LDPC code D313 as reception data
D314 to the reception data memory 306. The reception data
memory 306 calculates and stores a reception LLR
(logarithmic likelihood ratio) from the reception data
D314 supplied theretc from the reception data re-
arrangement section 310 and collects and supplies every
five ones of the reception LILRs as reception values D309

to the wvariable node calculation section 307 and the
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D314 supplied thereto from the reception data re- arrangement section 310 and collects and supplies
every five ones of the reception LLRs as reception values D309 to the variable node calculation
section 307 and the 134 decoded word calculation section 309. [0352] The variable node calculation
section 307 includes five variable node calculators 3071 to 3075 and carries out variable node
mathematical operation in accordance with the expression (1) using the messages D308 (3081 to
3085) (messages uj of the expression (1)) supplied thereto through the selector 305 and the five
reception values D309 (reception values uo of the expression (1)) supplied thereto from the reception
data memory 30Q6;Jhen, the variable; nede ealculationsectiory 307 supplies messages D310 (D3011

to D3105) (messages v of the expression (1)) obtained as a result of the mathematical operation to
the cyclic shift{ ¢ircuit;308. [0353] The cyclic shift circuit 308 cyclically shifts messages D3101 to
D3105 calculated by the variable node calculation section 307 based on information regarding by
what number of originaltisit ratricas! thercotrespahdint: edge: isseydlically shifted tirr-thedesnversion
parity check

five wvariable node calculators 207, to 307 and carries

out variable node mathematical operatiocon in accordance

with the expression (1) using the messages D308 (308, to

3085} (messages us of the expression (1)) supplied thereto

through the selector 305 and the five reception values

D30% {reception values ug: of the expression (1)} supplied

thereto from the reception data memory 306. Then, the

variable node calculation section 307 supplies messages

D310 (D301; to D310s) (messages vy of tThe expression (1))

obtained as a result of the mathematical operation to the

cyclic shift circuit 308.

10353]

The cyclic shift circuit 308 cyclically shifts

messages D310, to D310y calculated by the variable node

calculation section 307 based on Infcrmation regarding by

what number of original unit matrices the corresponding

edge 1s cyclically shifted in the conversion parity check

matrix H’', and supplies a result of the cyclic shifting

as a message D311 to the edge data stcecrage memory 300.

[0354]

By carrying out the seguence of coperations
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matrix H', and supplies a result of the cyclic shifting as a message D311 to the edge data storage
memory 300. [0354] By carrying out the sequence of operations 135 described above, decoding in
one cycle of an LDPC code can be carried out. In the decoding apparatus of FIG. 34, after an LDPC
code is decoded by a predetermined number of times, a final decoding result is determined by the
decoded word calculation section 309 and the decoded data re-arrangement section 311 and then
outputted. [0355] In particular, the decoded word calculation section 309 includes five decoded word
calculators 3091 to 3095 and acts as a final stage in a plurality of cycles of decoding to calculate a

decoding resulf{decadediwerd)in , accordaneey with the expression:(5) asingthe fivedmessages D308
(D3081 to D3085) (messages uj of the expression (5)) outputted from the selector 305 and the five
reception valuesD309 (reception values unrofithe expression (5)wutputted frémethe reééption data
memory 306. Then, the decoded word calculation section 309 supplies decoded data D315 obtained
as a result of thétealcalation & theodecodedidatadre<arrangenyeritcsettioni3stl number

of times, a final decoding result is determined by the

decoded word calculaticon section 309 and the decoded data

re-arrangement section 311 and then outputted.

[0355]

fn particular, the decoded word calculation section

309 includes five decoded word calculators 30% to 3095

and acts as a final stage in a plurality of cycles of

decoding to calculate a decoding result {(decoded word) in

accordance with the expression (5) using the five

messages D308 (D308, to D308s) {messages u; of the

expression (5)) outputted from the selector 305 and the

five reception values D309 (reception values ug of the

expression (5)) outputted from the reception data memory

306. Then, the decoded word calculation secticn 309

supplies decoded data D315 cbtained as a result of the

calculation to the decoded data re-arrangement section

311.

[0356]

The decoded data re-arrangement section 311 carries

out reverse raplacement to the column replacement of the

expression (9) for the decoded data D315 supplied therecto

136



[0356] The decoded data re-arrangement section 311 carries out reverse replacement to the column
replacement of the expression (9) for the decoded data D315 supplied thereto 136 from the decoded
word calculation section 309 to re- arrange the order of the decoded data D315 and outputs the
re-arranged decoded data D315 as a decoding result D316. [0357] As described above, by applying
one or both of row replacement and column replacement to a parity check matrix (original parity
check matrix) to convert the parity check matrix into a parity check matrix (conversion parity check
matrix) which can be represented by a combination of a unit matrix of P x P elements, a quasi unit
matrix which corrgspends t:thejunit matdx sxhese element oeelements ©f lrarechanged into an
element or elements of 0, a shift matrix which corresponds to the unit matrix or quasi unit matrix after
it is cyclically shiftechcgesumamatrixsof twd arrmorsob theturitmatig Iquashdnib matrix and shift matrix,
and a 0 matrix of P x P elements as described above, it becomes possible to adopt for LDPC code
decoding an drohitecturerwhichcciirdes odedheckonods iatliematicicoding result

D316.
[0357]

As described above, by applying one or both of row
replacement and column replacement to a parity check
matrix {original parity check matrix) to convert the
parity check matrix into a parity check matrix
{conversion parity check matrix) which can be represented
by a combination of a unit matrix of P x P clements, a
gquasi unit matrix which corresponds to the unit matrix
whose element or elements of 1 are changed into an
element or elements of 0, a shift matrix which
corresponds to the unit matrix or quasi unit matrix after
it is cyclically shifted, a sum matrix of two or more of
the unit matrix, quasi unit matrix and shift matrix, and
a 0 matrix of ® x P elements as describsad above, it
becomes possible to adopt for LDPC code deceding an
architecture which carries out check node mathematical
operation and variable node mathematical operation
gimultanecusly for P check nodes and P variable nodes.
Consequently, by carrying out the node mathematical

operation simultaneously for P nodes, it i1s possible to
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operation and variable node mathematical operation simultaneously for P check nodes and P variable
nodes. Consequently, by carrying out the node mathematical operation simultaneously for P nodes, it
is possible to 137 suppress the operation frequency within an implementable range to carry out LDPC
decoding. [0358] The LDPC decoding section 56 which composes the reception apparatus 12 of FIG.
29 carries out check node mathematical operation and variable node mathematical operation
simultaneously for P check nodes and P variable nodes to carry out LDPC decoding similarly to the
decoding apparatus of FIG. 34. [0359] In particular, it is assumed now to simplify description that the
parity check matex et an LDRC spde soutputted from the LDPChencaeding sectien21 aviieh composes

the transmission apparatus 11 of FIG. 8 is, for example, the parity check matrix H wherein the parity
matrix has a staircasetsiructirresshown hFIG. 3cdniithis.instance, the parity interleaver 23 of the
transmission apparatus 11 carries out parity interleave for interleaving the K+gx+y+Ith code bit to the
position of thel K3+Py+x+Ith code bit with the information length K

The LDPC deacoding section 56 which composes the
reception apparatus 12 of FIG. 29 carries out check node
mathematical operation and variable ncde mathematical
operation simultaneocusly for P check nocdes agd P variable
nodes to carry ocut LDPC decoding similarly to the
decoding apparatus of FIG. 34.

[0359]

In particular, it is assumed now to simplify
descripticn that the parity check matrix of an LDPC code
outputted from the LDPC encoding section 21 which
composes the transmissicn apparatus 11 of FIG. 8 is, for
example, the parity check matrix H wherein the parity
matrix has a staircase structure shown in FIG. 31. In
this instance, the parity interleaver 23 of the
transmission apparatus 11 carries out parity interleave
for interleaving the K+gxt+y+lth code bit to the position
of the K+Pytx+lth code bit with the information length K
set to 60, with the unit column number P of the cyclic
structure set to 5 and with the devisor g {= M/P) of the
parity length M to 6.

[0360]



set to 60, with the unit column number P of the cyclic structure set to 5 and with the devisor g (= M/P)
of the parity length M to 6. [0360] 138 Since this parity interleave corresponds to the column
replacement of the expression (9), the LDPC decoding section 56 need not carry out the column
replacement of the expression (9). [0361] Therefore, in the reception apparatus 12 of FIG. 29, an
LDPC code for which parity deinterleave has not been carried out, that is, an LDPC code in a state
wherein the column replacement of the expression (9) is carried out, is supplied from the column twist
deinterleaver 55 to the LDPC decoding section 56 as described above. The LDPC decoding section
56 carries out processingsimilantodhatofithe decodinp-apparatus of £16::34 exceptthat the column
replacement of the expression (9) is not carried out. [0362] In particular, FIG. 35 shows an example of

a configuratiorcdfithe LBRC gleending settioh S6:0ftFIGs 2901]0368] Refering X FIG. 35, the LDPC
decoding section 56 '
decoding section 56 need not carry out the coliumn

replacement of the expression (9).
[0361]

Therefore, in the reception apparatus 12 of FIG. 29,
an LDPC code for which parity deinterleave has not been
carried out, that is, an LDPC code in a state wherein the
column replacement of the expression (9) is carried out,
is supplied from the column twist deinterleaver 55 to the
LDPC decoding section 36 as described above. The LDPC
decoding section 56 carries out processing similar to
that of the decoding apparatus of FIG. 34 except that the
column replacement of the expression (92) 1s not carried
cut.

[0362]

In particular, FIG. 35 shows an example of a
configuration of the LDPC decoding section 56 of FIG. 29.
[0363]

Referring to FIG. 35, the LDPC decoding section 56
is configured similarly to that of the decoding apparatus
of FIG. 34 except that the receptiocn data re-arrangement
section 310 of FIG. 34 is not provided and carries out

processing similar to that of the decoding apparatus of
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is configured similarly to that of the decoding apparatus of FIG. 34 except that the reception data
re-arrangement section 310 of FIG. 34 is not provided and carries out processing similar to that of the
decoding apparatus of 139 FIG. 34 except that the column replacement of the expression (9) is not
carried out. Therefore, description of the LDPC decoding section 56 is omitted herein. [0364] Since
the LDPC decoding section 56 can be configured without including the reception data re- arrangement
section 310 as described above, it can be reduced in scale in comparison with the decoding
apparatus of FIG. 34. [0365] It is to be noted that, while, in FIGS. 31 to 35, it is assumed that the code
length N of therkBPCieode:is=199; thesinfarmatienilength-& isl 6@;thermitecdluma number P (row
number and column number of a component matrix) of the cyclic structure is 5; and the devisor q (=
M/P) of the patityleagthiMnis 6; forisimplified :description;tthe oderkengtreN, mdermationilength K, unit
column number P of the cyclic structure and the devisor q (= M/P) are not individually limited to the
spedﬁcvames%ﬁveh@bbﬁéc decoding section 56 is omitted herein.
[G364]
Since the LDPC deccoding section 56 can be
configured without including the reception data re-
arrangement section 310 as described above, it can be
reduced in scale in comparison with the decoeding
apparatus of FIG. 34.
[0365]
It is to be noted that, while, in FIGS. 21 To 35,
it 1s assumed that the code length N of the LDPC code is
80; the information length K is 60; the unit column
number P (row number and column number of a component
matrix) of the cyclic structure is 5; and the devisor g
(= M/P) of the parity length M is 6, for simplified
description, the code length N, information length X,
unit column number P of the cyclic structure and the
devisor g (= M/P) are not individually limited to the
specific values given above.
[0366]
in particular, while the LDPC encoding sectiocn 21

in the transmission apparatus 11 of FIG. 8 outputs an

LDPC code wherein, for example, the code length N is
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[0366] In particular, while the LDPC encoding section 21 in the transmission apparatus 11 of FIG. 8
outputs an LDPC code wherein, for example, the code length N is 140 64,800, the information length
Kis N - Pg (= N - M), the unit column number P of the cyclic structure is 360 and the devisor q is M/P,
the LDPC decoding section 56 in FIG. 35 can be applied also where LDPC decoding is carried out by
carrying out the check node mathematical operation and the variable node mathematical operation
simultaneously for P check nodes and P variable nodes in regard to such an LDPC code as just
described. [0367] While the series of processes described above can be executed by hardware, it
may otherwiseshe exequted dyi software; Wheresthg:series Df processes is-executrd byt seftware, a
program which constructs the software is installed into a computer for universal use or the like. [0368]
FIG. 36 shows:an examplenaf acohtiguratiof of an embbdimeritofa-computer #16 wehich a program
for executing the series of processes described hereinabove is installed. [0369]
the devisor g is M/P, the LDPC decoding section 56 in FIG.
35 can be applied also where LDPC decoding is carried out
by carrying out the check node mathematical operation and
the variable node mathematical operation simultanecusly
for P check nodes and P variable nodses in regard to such
an LDPC code as Jjust described.
[0367]
While the series of processes described above can
be executed by hardware, it may otherwise be executed by
software. Where the series of processes is executed by
software, a program which ccnstructs the software is
installed into a computer for universal use or the like.
10368}
FIG. 36 shows an example of a configuration of an
embediment of a computer intce which a program for
executing the series of processes described hereinabove
is installed.
[0369]
The program can be reccrded in advance cn a hard
disk 40% or in a ROM 403 as a recording medium built in

the computer.

(03701
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The program can be recorded in advance on a hard disk 405 or in a ROM 403 as a recording medium
built in the computer. [0370] 141 Or, the program can be stored (recorded) temporarily or
permanently on or in a removable recording medium 411 such as a flexible disk, a CD-ROM
(Compact Disc Read Only Memory), an MO (Magneto Optical) disc, a DVD (Digital Versatile Disc), a
magnetic disc or a semiconductor memory. Such a removable recording medium 411 as just
described can be provided as so-called package software. [0371] It is to be noted that the program
not only can be installed from such a removable recording medium 411 as described above into the

computer but also can kg- instglled intg the, hard, disk 405-puilt inthe.computer where it is transferred

thereto and received by a communication section 408. In this instance, the program may be
transferred to thergompren by wirgless: cosmaugication fronna downtoadsitesthreugh anradtificial

satellite for digital satellite broadcasting or transferred to the computer by wire communication through
a network suchmas AN (LocalAreadNetwork)arthe disk, a CD-ROM {Compact

Disc Read Only Memory), an MO (Magneto Optical) disc, a

DVD (Digital Versatile Disc), a magnetic disc or a

semiconductor memory. Such a removable recording medium

411 as just described can be provided as so-called

package software.

[0371]

It is to be noted that the program not only can be
installed from such a removable recording medium 411 as
described above inteo the computer but also can be
installed into the hard disk 405 built in the computer
where it is transferred thereto and received by a
communication section 408. In this instance, the program
may be transferred to the computer by wireless
communication from a download site through an artificial
satellite for digital satellite Dbroadcasting or
transferred to thé computer by wire communication through
a network such as a LAN (Local Area Network) cr the
Internet.

(03723
The computer has a CPU (Central Processing Unit}

402 built therein. An input/output interface 410 is
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Internet. [0372] The computer has a CPU (Central Processing Unit) 402 built therein. An input/output
interface 410 is 142 connected to the CPU 402 by a bus 401, and if an instruction is inputted to the
CPU 402 through the input/output interface 410 when an inputting section 407 configured from a
keyboard, a mouse, a microphone and so forth is operated by a user or in a like case, the CPU 402
executes the program stored in the ROM (Read Only Memory) 403. Or, the CPU 402 loads a program
stored on the hard disk 405, a program transferred from a satellite or a network, received by the
communication section 408 and installed in the hard disk 405 or a program read out from the

removable recording medium4 Ll loaded ingodnive 408and4dostalleddn the hard disk 405 into a RAM
(Random Access Memory) 404 and executes the program. Consequently, the CPU 402 carries out

processing in aegordance with the iflow chad described bereinalioverarqurgnessing carried out by the
configuration of the block diagram described hereinabove. Then, the CPU 402 outputs a result of the
processing frormam ovtputting: section-406 eorfigured drone rani LE DY Liquid Srystal-Display), a speaker
and so forth and transmits the processing result from the

configured from a keyboard, a mouse, a microphone and so

forth is operated by a user cor in a like case, the CPU

402 executes the program stored in the RCM (Read Only

Memory) 403. Or, the CPU 402 lcads a program stored on

the hard disk 405, a program transferred from a satellite

or a network, received by the communication section 408

and installed in the hard disk 405 or a program read out

from the removable recording medium 411 loaded in a drive

409 and installed in the hard disk 405 into a RAM {Random

Access Memory) 404 and executes the program. Consequently,

the CPU 402 carries out processing in accordance with the

fiow chart described hereinabove or processing carried

out by the configuration of the block diégram described

hereinabove, Then, the CPU 402 outputs a result of the

processing from an outputting section 406 configured from

an LCD (Ligquid Crystal Display), a speaker and so forth

and transmits the processing result from the

communication section 408 through the input/output

interface 410 or records the processing result con the

hard disk 405 as cccasion demands.

[0373]
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communication section 408 through the input/output interface 410 or records the processing result on
the hard disk 405 as occasion demands. 03731 143 Here, in the present specification, processing
steps which describe the program for causing the computer to carry out various processes need not
necessarily be processed in a time series in accordance with the order described as a flow chart but
include those processes to be executed in parallel or individually (for example, parallel processes or
processes by an object) [0374] Further, the program may be processed by a single computer or may
be processed by distributed processing by a plurality of computers. Further, the program may be

transferred to and executegkehy acomputerata femete Placec [A375]) |t is to benoted that the
embodiment of the present invention is not limited to the specific embodiment described hereinabove

but may be alteretbin variaus mannetHwithout departing fromthezsubject matterc ofithetpresent
invention. [0376]
to carry out various processes need not necessarily be
processed in a time series in accordance with the order
described as a flow chart but include those processes to
be executed in parallel or individually (for example,
parallel processes or processes by an object).
[0374]

Further, the program may be processed by a single
computer or may be processed by distributed processing by
a plurality of computers. Further, the program may be
Transferred to and executed by a computer at a remote
place.

[0375]

It is to be noted that the embodiment c¢f the
present invention is not limited to the specific
embodiment described hereinabove but may be altered in
various manners without departing from the subject matter
of the present invention.

[0376]

In particular, while, in the present embodiment,
parity interleave and column twist interleave as a re-
arrangement process are carried cut for an LDPC code

prescribed in DVE-3.2, the parity interleave can be
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In particular, while, in the present embodiment, parity interleave and column twist interleave as a re-
arrangement process are carried out for an LDPC code prescribed in DVB-S.2, the parity interleave
can be 144 applied to an LDPC code of a parity check matrix whose information matrix does not have
a cyclic structure if the parity matrix has a staircase structure. Meanwhile, the column twist interleave
as the re-arrangement process can be applied also to the LDPC code of a parity check matrix which
can be varied so as to have a pseudo cyclic structure at least by column replacement, the QC-LDPC
code (QC: Quasi-Cyclic) and so forth where the entire parity check matrix has a cyclic structure.

[0377] In particylan, oady itds eeguireddoethesparity acheckiratrixef LDRG codeswykiek are made an
object of parity interleave that the parity matrix thereof has a staircase structure while there is no
necessity that the datosmation matrix haseeeyclictstiucture 2[03¥ 8] Eurther; the partyicheck matrix of
an LDPC code which is made an object of column twist interleave as the re-arrangement process is
not limited partitwlary int. terms of the Structarestaircase structure. Meanwhile,
the column twist interlieave as the re-arrangement process
can be applied also to the LDPC code of a parity check
matrix which can be varied so as to have a pseudo cyclic
structure at least by column replacement, the QC-LDPC
code (QC: Quasi-Cyclic) and so forth where the entire
parity check matrix has a cyclic structure.
[0377]
In particular, only it is reguired for the parity
check matrix of LDPC codes which are made an obiject of
parity interleave that the parity matrix therecof has a
stalrcase structure while there is no necessity that the
information matrix has a cyclic structure.
03781
Further, the parity check matrix of an LDPFC code
which is made an object of column twist interleave as the
re-arrangement process is not limited particularly in
terms of the structure.
[0379]
It is to be noted that only it is necessary for the

re-arrangement process that it can re-arrange code bits

of an LDPC code such that a plurality of code bits
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[0379] It is to be noted that only it is necessary for the re-arrangement process that it can re-arrange
code bits of an LDPC code such that a plurality of code bits 145 corresponding to the value 1 included
in one arbitrary row of the parity check matrix are not included in the same symbol and can be carried
out by a method other than the column twist interleave. In particular, the re- arrangement process may
be carried out by using not the memory 31 for storing data in the column direction and the row
direction but, for example, a memory for storing data only in one direction and controlling the write
address and the read address of the memory. [0380] Now, a process for LDPC encoding by the LDPC
encoding sectionr2kebihedtansnissionapparatys 11 liiscdestribeddurther. 6381 For example, in the
DVB-S.2 standard, LDPC encoding of the two different code lengths N of 64,800 bits and 16,200 bits

are prescribedr {0382] Arid; ferethetLDRE €odenwhiose:cedeslength Nris 1641800 bits “fhe 11 encoding
rates 1/4, 1/3, 2/5, 1/2,
same symbol and can be carried cut by a method other than

the column twist interleave. In particular, the re-
arrangement process may be carried out by using not the
memory 31 for storing data in the column direction and
the row direction but, for example, a memory for storing
data only in one direction and contrelling the write
address and the reacd address of the memory.

[0380]

Now, a process for LDPC encoding by the LDPC
encoding section 21 of the transmission apparatus 11 is
described further.

[0381]

For example, in the DVB-S.2 standard, LDPC encoding
of the two different ccde lengths N of 64,800 bits and
16,200 bits are prescribed.

[0382]

And, for the LDPC code whose code length N is
64,800 bits, the 11 enceding rates 1/4, 1/3, 2/5, 1/2,
3/5, 2/3, 3/4, 4/5, 5/6, 8/9 and 9/10 are prescribed, and
for the LDPC code whose code length N is 16,200 bits, the
10 encoding rates 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5,

5/6 and 8/9 are prescribed.
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3/5, 2/3, 3/4, 4/5, 5/6, 8/9 and 9/10 are prescribed, and for the LDPC code whose code length N is
16,200 bits, the 10 encoding rates 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6 and 8/9 are prescribed. 146
0383] The LDPC encoding section 21 carries out encoding (err_or correction encoding) into LDPC
codes of the different encoding rates whose code length N is 64,800 bits or 16,200 bits in accordance
with a parity check matrix H prepared for each code length N and for each encoding rate. [0384] In
particular, the LDPC encoding section 21 stores a parity check matrix initial value table hereinafter
described for producing a parity check matrix H for each code length N and for each encoding rate.
[0385] Here, in tHe DVB-S.2 standard, LDPC codes of the two different code lengths N of 64,800 bits

and 16,200 bits are pr?ﬁgbi%gé dggggbe:Ld hereein%bove,g%%d the 11 different enco ing rates are
prescribed for the LDPC codé ‘whose code Fé%g?n 554, bits &nd the 10 ditfers leﬁcoding rates

are prescribed far,1pg LDRC codewhose, £9de Jenath Nis 16,200 BitS. . o: 11,c

different encoding rates whose code length N is 64,800
~bits or 16,200 bits in accordance with a parity check

matrizx H prepared for each code length N and for each
encoding rate.
{03847

In particular, the LDPC encoding section 21 stores
a parity check matrix initial value table hereinafter
described for producing a parity check matrizx H for each
code length N and for each encoding rate.
[0385]

Here, in the DVB-5.2 standard, LDPC codes of the
two different code lengths N of 64,800 bits and 16,200
bits are prescribed as described hereinabove, and the 11
different encoding rates are prescribed for the LDPC code
whose code length N is 64,800 bits and the 10 different
enceding rates are prescribed for the LDPC code whose
code length N is 15,200 bits.
103861

Accordingly, where the transmission apparatus 11 1is
an apparatus which carries out processing in compliance

with the DVB-S.2 standard, parity check matrix initial
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[0386] Accordingly, where the transmission apparatus 11 is an apparatus which carries out
processing in compliance with the DVB-S.2 standard, parity check matrix initial 147 value tables
individually corresponding to the 11 different encoding rates for the LDPC code whose code length N
is 64,800 bits and parity check matrix initial value tables individually corresponding to the 10 different
encoding rates for the LDPC code whose code length N is 16,200 bits are stored in the LDPC
encoding section 21. [0387] The LDPC encoding section 21 sets a code length N and an encoding
rate r for LDPC caodes, for example, in response to an operation of an operator. The code length N
and the encodifig Tate réet by the tDPC Ehtoding” SE&fo o1 are Hefeindftet réferred to suitably as
set code length N.and set encoding rate r, respectivel fLO The LDPC encoding section 21
places, based %ﬁ“ the” rp%?’l%y gﬁlg&g%%ﬁixr%ﬁ%%)vaﬁlé tﬁg es%éa%%r(éscpgﬁ%n"d% “fhe st Gode length N
and the set encoding ratg rselements of Inevalug 4 ofan nfprmatiop matrx HA orres

information lengt (=Nr=co

nding to an

H

value tables individually corresponding to the 10
different enceding rates for the LDPC code whose code
length N is 16,200 bits are stored in the LDPC encoding
section 21.

[0387]

The LDPC encoding section 21 sets a code length N
and an encoding rate r for LDPC codes, for example, in
response to an operation of an operator. The code length
N and the encoding rate r set by the LDPC encoding
section 21 are hereinafter referred to suitably as set
code length N and set encoding rate r, respectively.
[0388]

The LDPC encoding section Z1 places, based on the
parity check matrix initial value tables corresponding to
the set code length N and the set encoding rate r,
elements of the value 1 of an information matrix Ha
corresponding to an information length K (= Nr = code
length N - parity length M) corresponding to the set code
length N and the set encoding rate r in a period of 360
columns {(unit c¢olumn number P of the cyclic structure) in

the column direction teo produce a parity check matrix H.
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length N - parity length M) corresponding to the set code length N and the set encoding rate r in a
period of 360 columns (unit column number P of the cyclic structure) in the column direction to
produce a parity check matrix H. 148 [0389] Then, the LDPC encoding section 21 extracts information
bits for the information length K from object data which are an object of transmission such as image
data or sound data supplied from the transmission apparatus 11. Further, the LDPC encoding section
21 calculates parity bits corresponding to the information bits based on the parity check matrix H to
produce a codeword éLDPC code) for one code length. [0390] In other words, the LDPC encoding
section 21 suctessv ly carries out mathematical operation of a parity bit of the codeword ¢ which

satisfies the following ey&r@essio%O%Qé.é cél’ = 0 0392% Here, in tge%ex ression above, c indicates a
row vector as the codeword (LD &), andCrindicates” imvérsion of Tt row Vector c.

information bits for the information length K from object
data which are an object of transmission such as image
data cor sound data supplied from the transmission
apparatus 1ll. Further, the LDPC encoding section 21
calculates parity bits corresponding to the information
bits based on the parity check matrix H to produce a
codeword (LDPC code) for one code length.
103807

In other words, the LDPC encceding section 21
successively carries cut mathematical operation of a
parity bit of the codeword ¢ which satisfies the

following expression.

0391t

He' = 0
[0392]

Here, in the expressicn above, ¢ indicates a row
vector as the codeword (LDPC code), and ¢' indicates

inversion of the row vector ¢.
[0393]

Where, from within the row vector ¢ as an LDPC code
(one codeword), a portion corresponding to the

information bits is represented by a row vector A and a
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[0393] Where, from within the row vector ¢ as an LDPC code (one codeword), a portion corresponding
to the information bits is represented by a row vector A and a 149 portion corresponding to the parity
bits is represented by a row vector T, the row vector ¢ can be represented by an expression ¢ = [A T]
from the row vector A as the information bits and the row vector T as the parity bits. [0394]
Meanwhile, the parity check matrix H can be represented, from the information matrix HA of those of
the code bits of the LDPC code which correspond to the information bits and the parity matrix HT of
those of the code bits of the LDPC code which correspond to the parity bits by an expression H =
[HAIHT] (matriRWhetéin the relgfietis b thetiffdriifation miathix HA are- 8lertetts drthedeft side and
the elements of the parity matrix HT are elements on the right side). [0395] Further, for example, in

the DVB-S.2 stakdard: tHe 5ty Ehéek Mtrix BT SFheParity Checknalriér =S THARS T Was a

steicase structyre, (03981, L3 necessayy fgy the parity check maie and, oy,

information bits and the row vector T as the parity bits.
[03%4]

Meanwhile, the parity check matrix H can be
represented, from the information matrix Hy of those of
the code bits of the LDPC code which correspond to the
information bits and the parity matrix Hp of those of the
code bits of the LDPC code which correspond to the parity
bits by an expression H = [HxlHe] (matrix wherein the
elements of the information matrix Ha are elements on the
left side and the elements of the parity matrix Hr are
elements on the right side).

[0395]

Further, for example, in the DVB-S.Z standard, the
parity check matrix Hy of the parity check matrix H =
[HaiHr! has a staircase structure.

(03961

It is necessary for the parity check matrix H and
the row vector ¢ = [A[T! as an LDPC code to satisfy the
expression He' = 0, and where the parity matrix He of the
parity check matrix H = [Hp|He] has a staircase structure,

the row vector T as parity bits which configures the row
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the row vector ¢ = [AlT] as an LDPC code to satisfy the expression HCT = 0, and where the parity
matrix HT of the parity check matrix H = [HAIH1] has a staircase structure, the row vector T as parity
bits which configures the row 150 vector ¢ = [AIT] which satisfies the expression HcT =0 can be
determined sequentially by setting the elements of each row to zero in order beginning with the
elements in the first row of the column vector HcT in the expression HcT = 0 [0397] If the LDPC
encoding section 21 determines a parity bit T for an information bit A, then it outputs a codeword c =
[AIT] represented by the information bit A and the parity bit T as an LDPC encoding result of the
information bit AS f0398] AsTdedetibeddbeve, fiEBPEEnchdihFEetivh I Stdles thebarity check
matrix initial value tables_corresponding to the code lengths N and the encoding rates r in advance

therein and caffies dut LEPC BRéBEin g 6Pt et Thld 1ERGtA NF-and the- 86t SNCIURY A8t using a

parity check matrix H produced from the pariéy check matrix initial value tables corresponding to the
set code Iengthelrilg%hdE %é‘ecf e%%ﬁain]gnra?er or beginning with the elem@ntg i

the first row of the column vector Hc' in the expression

If the LDPC enceding section 21 determines a parity
bit T for an information bit A, then it outputs a
codeword ¢ = [A|T] represented by the information bit A
and the parity bit T as an LDPC encoding result of the
information bit A.

[6398]

As described above, the LDPC encoding section 21
stores the parity check matrix initial value tables
corresponding to the code lengths N and the encoding
rates r in advance therein and carries out LDPC encoding
of the set code length N and the set encoding rate r
using a parity check matrix H produced from the parity
check matrix initial value tables corresponding to the
set code length N and the set enceding rate r.

[0399]

Each parity check matrix initial value table 1is a

table which represents the position of elements of the

value 1 of the information matrix Hap corresponding to the

[
it
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[0399] Each parity check matrix initial value table is a table which represents the position of elements
of the value I of the information matrix HA corresponding to the 5 11 information length K
corresponding to the code length N and the encoding rate r of the LDPC code of the parity check
matrix H (LDPC code defined by the parity check matrix H) for every 360 rows (unit column number P
of the periodic structure), and is produced in advance for a parity check matrix H for each code length
N and each encoding rate r. 0400] FIGS. 37 to 82 illustrate the parity check matrix initial value tables
for producing various parity check matrices H including parity check matrix initial value tables

prescribed in tHé DVB13 Stantaid 10461 M pEReqar-Fi6. 89 shofsIRepatity fdck’ matrix initial

value table for a parity check m??Irix Hrrgrescribe in the DVB-S.2 gdt%nd rd ﬁ?d having a code length
N of 16,200 bitd Khd AIT eRtsHing Yateror2/3. {64021 FIGS: 381840 show ttie party check matrix

initial check matrix B (LDPC code defined by the parity check
matrix H} for every 3¢0 rows (unit column number P of the
periocdic structure}, and is produced in advance for a
parity check matrix H for each code length N and each
encoding rate r.
(0400]

FIGS. 327 to 82 illustrate the parity check matrix
initial value tables for producing various parity check
matrices H including parity check matrix initial value
tables prescribed in the DVB-~S.2 standard.

[0401]

In particular, FIG. 37 shows the parity check
matrix initial value table for a parity check matrix H
prescribed in the DVB-5.2 standard and having a code
length N of 16,200 bits and an encoding rate r of 2/3.
[0402]

FIGS. 38 to 40 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-8.2 standard and having a code length N of 64,80C
bits and an encoding rate r of 2/3.

(04031

Tt is to be noted that FIG. 39 is a view continuing

152



value table for a parity check matrix H prescribed in the DVB-S.2 standard and having a code length
N of 64,800 bits and an encoding rate r of 2/3. [0403] It is to be noted that FIG. 39 is a view continuing
152 from FIG. 38 and FIG. 40 is a view continuing from FIG. 39. [0404] FIG. 41 shows the parity
check matrix initial value table for a parity check matrix H prescribed in the DVB- S.2 standard and
having a code length N of 16,200 bits and an encoding rate r of 3/4. [0405] FIGS. 42 to 45 show the
parity check matrix initial value table for a parity check matrix H prescribed in the DVB-S.2 standard
and having a code length N of 64,800 bits and an encoding rate r of 3/4, [0406] It is to be noted that
FIG. 43is a vie’?ﬁf%@nﬁ%ﬁng oM EIGE 42 -ard FieS. £4 {6 Ve PEOntinbiHGEr dMEIG. 143, Further, FIG.
45 is a view cogéinuing from FIG. 44. 0407] FIG. 46 shows the parity check matrix initial value table
for a parity chetk matrix H prescribed in the DVB-

(04047

FIG. 41 shows the parity check matrix initial value
table for a parity check matrix H prescribed in the DVB-
S§.2 standard and having a code length N of 16,200 kits
and an encoding rate r of 3/4.

[04051

FIGS. 42 to 45 show the parity check matrix initial
value table for a parity check matrix I prescribed in the
DVB-S.2 standard and having a code length N of 64,800
bits and an encoding rate r of 3/4.

(04067

It is to be noted that FIG. 43 1s a view continuing
from FIG. 42 and FIG. 44 is a view continuing from FIG.
43. Further, FIG. 43 is a view continuing from FIG. 44.
(0407}

FIG. 4¢ shows the parity check matrix initial wvalue
table for a parity check matrix H prescribed in the DVB-
$.2 standard and having a code length N of 16,200 bits
and an encoding rate v of 4/5.

[0408]
FIGS. 47 to 50 show the parity check matrix initial

value table for a parity check matrix H prescribed in the
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S.2 standard and having a code length N of 16,200 bits and an encoding rate r of 4/5. [0408] FIGS. 47
to 50 show the parity check matrix initial value table for a parity check matrix H prescribed in the 153
DVB-S.2 standard and having a code length N of 64,800 bits and an encoding rate r of 4/5. [0409] It is
to be noted that FIG. 48 is a view continuing from FIG. 47 and FIG. 49 is a view continuing from FIG.
48. Further, FIG. 50 is a view continuing from FIG. 49. [0410] FIG. 51 shows the parity check matrix
initial value table for a parity check matrix H prescribed in the DVB- S.2 standard and having a code
length N of 16,200 bits_and an encoding rate r of 5/6. [0411] FIGS. 52 to 55 show the parity check
matrix initial valtiatablé foF a5y check AR preseibed-AE"DVERS. &anidrd and having a

code length N of 64,800 bits and an encodingcrate ro 5463/ 40412] It is to be noted that FIG. 53 is a
view continuin&]f}:osm‘ﬁ%. 52 %Ef&% 57 Vielv gontlnum'g from FIG.

[0409]

It is toe be ncted that FIG. 48 is a view continuing
from FIG. 47 and FIG. 49 is a view continuiné from FIG.
48. Further, FIG. 50 is a view continuing from FIG. 49.
[0410C]

FIG. 51 shows the parity check matrix initial value
table for a parity check matrix H prescribed in the DVB-
S.2 standard and having a code length N of 16,200 bits
and an encoding rate r of 5/6.

[0411]

FIGS, 52 to 55 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-S.2 standard and having a code length N of 64,800
bits and an encoding rate » of 5/6,

[0412]

It iz to be noted that FIG. 53 is a view continuing
from TIG. 52 and FIG. 54 is a view continuing from FIG.
53. TFurther, FIG. 55 is a view continuing from FIG. 5H4.
[0413]

FIG. 56 shows the parity check matrix initial value
table for a parity check matrix H prescribed in the DVB-

S.2 standard and having a code length N of 16,200 bits
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53. Further, FIG. 55 is a view continuing from FIG. 54. [0413] FIG. 56 shows the parity check matrix
initial value table for a parity check matrix H prescribed in the DVB- S.2 standard and having a code
length N of 16,200 bits 154 and an encoding rate r of 8/9. [0414] FIGS. 57 to 60 show the parity check
matrix initial value table for a parity check matrix H prescribed in the DVB-S.2 standard and having a
code length N of 64,800 bits and an encoding rate r of 8/9. [0415] It is to be noted that FIG. 58 is a
view continuing from FIG. 57 and FIG. 59 is a view continuing from FIG. 58. Further, FIG. 60 is a view
continuing from FIG. 59. [0416] FIGS. 61 to 64 show the parity check matrix initial value table for a
parity check mafHx 4 préseribedia the Bve-§.2 s%Z\rédard and having a code length N of 64,800 bits

and an encodirL% rahtg{ of 9/10. [0417] It is to be noted that FIG. 62 is a view continuing from FIG. 61
) 4 i
and FIG. 63 is a view continuing from

FIGS. 57 to €0 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-S.2 standard and having a code length N of 64,800
bits and an encoding rate r of 8/9.

0415}

It is to be noted that FIG. 58 is a view continuing
from FIG. 57 and FIG. 59 is a view continuing from
FIG. 58. Further, FIG. 60 i3 a view continuing from FIG.

59.

FIGS. 61 te 64 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-S.2 standard and having a code length N of 64,800
bits and an encoding rate r of 2/10.

[0417]

It is to be noted that FIG. 62 is a view continuing
from FIG. 61 and FIG. 63 is a view continuing from
FIG. 62. Further, FIG. 64 is a view continuing from
FIG. &3.

(0418}
FIGS., 65 and 66 show the parity check matrix

initial value table for a parity check matrix H
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FIG. 62. Further, FIG. 64 is a view continuing from FIG. 63. [0418] FIGS. 65 and 66 show the parity
check matrix initial value table for a parity check matrix H 155 prescribed in the DVB-S.2 standard
and having a code length N of 64,800 bits and an encoding rate r of 1/4. [0419] It is to be noted that
FIG. 66 is a view continuing from FIG. 65. 0420] FIGS. 67 and 68 show the parity check matrix initial
value table for a parity check matrix H prescribed in the DVB-S.2 standard and having a code length
N of 64,800 bits and an encoding rate r of 1/3. [0421] It is to be noted that FIG. 68 is a view continuing
from FIG. 67. 0422] FIGS. 69 and 70 show the parity check matrix initial value table for a parity check
matrix H preseribedin thel DMB-8h2: stanglagd and havihgralcedel leagthry 0f 64806 bits and an
encoding rate r of 2/5. 0423]
length N of 64,800 bits and an encoding rate r of 1/4.
[0419]
It is to be noted that FIG. 66 is a view continuing
from FIG. €5.
[0420)
FIGS. 67 and 68 show the parity check matrix
initial wvalue table for a parity check matrix H
prescriped in the DVB-5.2 standard and having a code
length N of 64,800 bits and an encoding rate r of 1/3.
[0421]
It is to ke noted that FIG. 68 i1s a view continuing
from FIG. ©7.
[0422]
FIGS. 692 and 70 show the parity check matrix
initial value table for a parity check matrix H
prescribed in the DVB-S5.2 standard and having a code
length N of 64,800 bits and an encoding rate v of 2/5.
(04237
It is to be noted that FIG. 70 iz a view continuing
from ¥IG. 69.
[G4247

FIGS. 71 to 73 show the parity check matrix initial

value table for a parity check matrix H prescribed in the
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It is to be noted that FIG. 70 is a view continuing from FIG. 69. [0424] FIGS. 71 to 73 show the parity
check matrix initial value table for a parity check matrix H prescribed in the 156 DVB-S.2 standard
and having a code length N of 64,800 bits and an encoding rate r of 1/2. [0425] It is to be noted that
FIG. 72 is a view continuing from FIG. 71 and FIG. 73 is a view continuing from FIG. 72. [0426]
FIGS. 74 to 76 show the parity check matrix initial value table for a parity check matrix H prescribed in
the DVB-S.2 standard and having a code length N of 64,800 bits and an encoding rate r of 3/5. 0427]
It is to be noted that FIG. 75 is a view continuing from FIG. 74 and FIG. 76 is a view continuing from
FIG. 75. 0428VEI&: 77 showsithedpanity check myatex initisd vakres tabls forta péarigOcheck matrix H
prescribed in the DVB- S.2 standard and having a code length N of 16,200 bits
bits and an encoding rate r of 1/2.
[0425]
It is te be noted that FIG. 72 is a view continulng
from FIG. 71 and FIG. 73 is a view continuing from
FIG. TZ.
[0426]
FIGS. 74 to 76 show the parity check matrix initial
value table for a parity check matrix H prescribed in the
DVB-S.2 standard and having a code length N of 64,800
bits and an encoding rate r of 3/5.
[0427]
It is to be noted that FIG. 75 is a view continuing
from FIG. 74 and FIG. 76 1s a view continuing from FIG.
7o,
[0428]
FIG. 77 shows the parity check matrix initial value
table for a parity check matrix H prescribed in the DVE-
8.2 standard and having a code length N of 16,200 bits
and an encceding rate r of 1/4.
104297
FIG. 78 shows the parity check matrix initial value

table for a parity check matrix H prescribed in the DVB-

$.2 standard and having a code length N of 16,200 bits
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and an encoding rate r of 1/4. [0429] FIG. 78 shows the parity check matrix initial value table for a
parity check matrix H prescribed in the DVB- S.2 standard and having a code length N of 16,200 bits
157 and an encoding rate r of 1/3. [0430] FIG. 79 shows the parity check matrix initial value table for
a parity check matrix H prescribed in the DVB- S.2 standard and having a code length N of 16,200 bits
and an encoding rate r of 2/5. "0431] FIG. 80 shows the parity check matrix initial value table for a
parity check matrix H prescribed in the DVB- S.2 standard and having a code length N of 16,200 bits
and an encoding rate r of 1/2. [0432] FIG. 81 shows the parity check matrix initial value table for a
parity check mattixatt presoribeddn the DVB-S.21st@ndard and having a code length N of 16,200 bits
and an encoding rate r of 3/5. 0433] FIG. 82 shows the parity check matrix initial value table for a
parity check méattix™H having a code length N
FIG. 7% shows the parity check matrix initial wvalue
Table for a parity check matrix H prescribed in the DVB-
5.2 standard and having a code length N of 16,200 bits
and an encoding rate r of 2/5.
{0431
FIG. 80 shows the parity check matrix initial wvalue
table for a parity check matrix H prescribed in the DVB-
5.2 standard and having & code length N of 16,200 bits
and an encoding rate r of 1/2.
[0432]
FIG. 81 shows the parity check matrix initial value
table for a parity check matrix H prescribed in the DVBE-
5.2 standard and having a code length N of 16,200 bits
and an encoding rate r of 3/5.
[0433]
G. 8Z shows the parity check matrix initial wvalue
table for a parity check matrix H having a ccde length N
of 16,200 bits and an encoding rate r of 3/5%, which can
be used in place of the parity check matrix initial wvalue
table of FIG. B1.

[0434]

The LDPC encoding seciion 21 of the transmission

108



of 16,200 bits and an encoding rate r of 3/5, which can be used in place of the parity check matrix
initial value table of FIG. 81. 0434] The LDPC encoding section 21 of the transmission 158 apparatus
11 determines a parity check matrix H in the following manner using the parity check matrix initial
value tables. 0435] In particular, FIG. 83 illustrates a method for determining a parity check matrix H
from a parity check matrix initial value table. [0436] It is to be noted that the parity check matrix initial
value table of FIG. 83 indicates the parity check matrix initial value table for a parity check matrix H
prescribed in the DVB-S.2 standard and having a code length N of 16,200 bits and an encoding rate r
of 2/3 shownan# Gz 3Z:0437]das described abeve; the patitycheok matrix initial valte table is a
table which represents the position of elements of the value 1 of a information matrix HA
corresponding %6 Hieinfarrvationdengthik €ofresppadihgy check matrix initial

value tables.
[0435]

In particular, FIG. 83 illustrates a method for
determining & parity check matrix H from a parity check
matrix initial value table.

[0430]

t is to be noted that the parity check matrix
initial value table of FIG. 83 indicates the parity check
matrix initial value table for a parity check matrix H
prescribed in the DVB-3.2 standard and having a code
length N of 16,200 bits and an encoding rate r of 2/3
shown in FIG. 37.

(04371

As described above, the parity check matrix initial
value table is a table which represents the positicn of
elements of the value 1 of a information matrix Ha
corresponding to the information length K corresponding
to the code length N and the encoding rate r of the LDPC
code for every 360 columns (for every unit column number
P of the cyclic structure), and in the first row of the
parity check matrix initial value table, a number of row

numbers of elements of the value 1 in the 1+360x{i-1)th



to the code length N and the encoding rate r of the LDPC code for every 360 columns (for every unit
column number P of the cyclic structure), and in the first row of the parity check matrix initial value
table, a number of row numbers of elements of the value 1 in the 1+360x(1-)th 159 column of the
parity check matrix H (row numbers where the row number of the first row of the parity check matrix
H is 0) equal to the number of column weights which the [+360x(1-1)th column has. 0438] Here, it is
assumed that the parity matrix Hz of the parity check matrix H corresponding to the parity length M
has a staircase structure and is determined in advance. According to the parity check matrix initial
value table, thecinformationtmatrixatd icorresponding:tor tve imfdrmratiomiehgth=K ¥oer within the parity
check matrix H is determined. 0439] The row number k+1 of the parity check matrix initial value table

differs depending upon themipfsrniatiohllength1€.t0440] Thie informatisn fehgth¥Cdnd the row number

k+l of the parity check matrix initial value table satisfy a
matrix H is 0) egual to the number of column weights

which the 1+360x{i-1)th column has.
[0438]

Here, it 1s assumed that the parity matriz Hy of
the parity check matrix H corresponding to fhe parity
length M has a staircase structure and is determined in
advance. According to the parity check matrix initial
value table, the information matrix H, corresponding to
the information length ¥ from within the parity check
matrix H is determined.

[0439]

The row number k+1 of the parity check matrix
initial value table differs depending upon the
information length K.

[04440]

The information length K and the row number kt+1 of
the parity check matrix initial value table satisfy a
relationship given by the following expression.

[0441]

K= (k + 1) x 360

(04427

Here, 360 in the expression above is the unit
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relationship given by the following expression. [0441] K = (k + 1) x 360 [0442] Here, 360 in the
expression above is the unit 160 column number P of the cyclic structure. 0443] In the parity check
matrix initial value table of FIG. 83, 13 numerical values are listed in the first to third rows, and three
numerical values are listed in the fourth to k+lth (in FIG. 83, 30th) rows. 0444] Accordingly, the
number of column weights in the parity check matrix H determined from the parity check matrix initial
value table of FIG. 83 is 13 in the first to 1+360x(3-1)-Ith rows but is 3 in the 1+360x(3-1)th to Kth
rows. 0445] The first row of the parity check matrix initial value table of FIG. 83 includes 0, 2084,
1613, 1548, 128646013196, 4297, 2481, 3369,.345L,4620amd- 2622, and this indicates that, in
the first column of the parity check matrix H, the elements in rows of the row numbers of 0, 2084,
1613, 1548, 108642460, 3196, 4297, 2481,
In the parity check matrix initial value table of
FIG. 83, 132 numerical wvalues are listed in the first to
third rows, and three numerical valuss are listed in the
fourth to k+lth (in FIG. 83, 30th) rows.
[0444]
Accordingly, the number of column welghts in the
parity check matrix H determined from the parity check
matrix initial value table of FIiG. 83 is 13 in the first
to 1+360x{3-1)-1th rows but 1s 3 in the 1+360x(3-1}th to
Kth rows.
[0445] »
The first row of the parity check matrix initial
value table of FIG. 83 includes 0O, 2084, 1613, 1548, 1286,
1460, 31%6, 4297, 2481, 3369, 3451, 4620 and 2622, and
this indicates that, in the first column of the parity
check matrix H, the elements in rows of the row numbers
of 0, 2084, 1el3, 1548, 1286, 140, 31%9¢, 4297, 2481,
3369, 3451, 4620 and 2627 have the value 1 (and be=zides
the other elements have tThe wvalue 0).
F04467

Meanwhile, the second row of the parity check

matrix initial value tabkle of FIG. 83 includes 1, 122,

1ol



3369, 3451, 4620 and 2622 have the value 1 (and besides the other elements have the value 0).
[0446] Meanwhile, the second row of the parity check matrix initial value table of FIG. 83 includes 1,
122, 161 1516, 3448, 2880, 1407, 1847, 3799, 3529, 373, 971, 4358 and 3108, and this indicates
that, in the 361st (= 1+360x(2-1)th) column of the parity check matrix H, the elements in rows of the
row numbers of 1, 122, 1546, 3448, 2880, 1407, 1847, 3799, 3529, 373, 971, 4358 and 3108 have
the value 1. 0447) As given above, the parity check matrix initial value table represents the position of
elements of the value 1 of the information matrix HA of the parity check matrix H for every 360
columns. 0448%Each of thie coltifiihs df4hé patifydcheckmatrix 3 2otheBthan theé 1+360x(-1)th column,
that is, each of the columns from 2+360x(1-1)th to 360xith columns, includes elements of the value of
1 obtained byasyélically® shiftiriy tHelelemenis-efthe vakad of I 0f tHeel£360x{(i- 13th column which
depend upon the parity check matrix initial value table periodically in the downward

1+360=x(2-13th) column of the parity check matrix H, the

glements in rows of the row numbers of 1, 122, 1546, 3448,

2880, 1407, 1847, 378%, 3529, 373, 971, 4358 and 3108

have the wvalue 1.

[(0447]

As given above, the parity check matrix initial

value table represents the position of elements of the

value 1 of the information matrix Hp of the parity check

matrix H for every 360 columns.

[0448]

Bach of the columns of the parity check matrix H

other than the 1+360x(i-1)Yth column, tThat is, each of the

columns from Z2+360x{i-1Yth to 360xith columns, includes

elements of the value of 1 cobtained by cyclically

shifting the elements of the value of 1 of the 1+4360x (i~

lyth column which depend upon the parity check matrix

initial value table pericdically in the downward

direction (in the downward direction of the column) in

accordance with the parity length M.

[0449]

In particular, for example, the 24360x{i-1)th

column 1s a column cbtained by cyclically shifting the
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direction (in the downward direction of the column) in accordance with the parity length M. 0449) In
particular, for example, the 2+360x(1-1)th column is a column obtained by cyclically shifting the 162
1+360x(1-1)th column in the downward direction by M/360 = @), and the next 3+360x(1-1)th is a column
obtained by cyclically shifting the 1+360x(i-I)th column in the downward direction by 2 x M/360 (= 2 x
g) and then cyclically shifting the cyclically shifted column (2+360x(i-I)th column) in the downward
direction by M/360 (= q). [0450] Now, if it is assumed that the numeral value in the jth column (jth
from the left) in the ith row (ith row from above) of the parity check matrix initial value table is
represented by §@ndithé rowv numbemnofithe jthe eltrwentzof thel vakiet i théewthicalamin of the parity
check matrix H is represented by Hw_, then the row number HW __ of the element of the value 1 in the
wth column whithdis a eolunil othiethar e 9+360x(14Jth &6lumisof thien pakityechesk ratrix H can

be determined in accordance with the following expression. [0451]
cyclicalily shifting the 1+360x{i~l)th cclumn in the

downward direction by 2 x M/360 (= 2 x g) and then
cyclically shifting the cyclically shifted column
(2+360x {i-1)th column) in the downward direction by M/360
(= al.
(04507

Now, if it 1s assumed that the numeral value in the
Jth column (4th from the left) in the ith row {(ith row
from above) of the parity check matriz initial value
table 1s represented by bi,y and the row number of the jth
element of the value 1 in the wth column of the parity
check matrixz H is represented by Hy-4, then the row number
Hy-y of the element of the value 1 in the wth column which
ig a column other than the 1+360x{i-1)th column of the
parity check matrix H can be determined in accordance
with the fellowing expression.
[0451]

Hu-y = modih: s + mod{(w-1},P) x g,M}
[04527%

Here, mod(%x,y) signifies a remainder when x 1is
divided by vy.

[6453]
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H,,_ = mod{h,,j + mod( (w-1),P) x q,M} [0452] Here, mod(x,y) signifies a remainder when x is divided
by y. [0453] 163 Meanwhile, P is a unit number of columns of the cyclic structure described
hereinabove and is, for example, in the DVB-S.2 standard, 360. Further, g is a value M/360 obtained
by dividing the parity length M by the unit column number P (= 360) of the cyclic structure. 0454] The
LDPC encoding section 21 specifies the row number of the elements of the value 1 in the 1+360x(i-
1)th column of the parity check matrix H from the parity check matrix initial value table. [0455] Further,
the LDPC encoding section 21 determines the row number H._, of the element of the value 1 in the
wth column which is a Belumhather thran theal +360x(1d)the colomrrofltherparity cheek matrix H and
produces a parity check matrix H in which the elements of the row numbers obtained by the foregoing
have the valug 15 [0456] Now:; varkations of e mhetisoc: ofweptacensent ofs, for

example, in the DVB-S.2Z standard, 360. Further, g is a
vaiue M/360 obtained by dividing the parity length M by
the unit column number P (= 360) of the cyclic structure.
[0454]

The LDPC encoding section 21 specifiss the row
number of the elements cf the vailue 1 in the 1+4+360x({i-
1yth column of the parity check matrix H from the parity
check matrix initial value table.

[0455]

Further, the LDPC encoding section 21 determines
the row number H,.; of the element of the value 1 in the
wth column which is a column other than the 1+380x(1i-1)th
column of the parity check matrix H and produces a parity
check matrix H in which the elements of the row numbers
cbtained by the foregoing have the vaius 1.

[0456]

Now, wariations of the method of replacement of
code blts of an LDPC code in the replacement process by
the replacement section 32 ¢f the demultiplexer 25 in the
transmission apparatus 11, that is, of the allocation
pattern (hereinafter referred to as bit allocation

pattern} of code bits of an LDPC code and sympol bits
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code bits of an LDPC code in the replacement process by the replacement section 32 of the
demultiplexer 25 in the transmission apparatus 11, that is, of the allocation pattern (hereinafter
referred to as bit allocation pattern) of code bits of an LDPC code and symbol bits 164 representative
of a symbol, are described. [0457] In the demultiplexer 25, the code bits of the LDPC code are written
in the column direction of the memory 31, which stores (N/(mb)) x (mb) bits in the column direction x
row direction. Thereafter, the code bits are read out in a unit of mb bits in the row direction. Further, in
the demultiplexer 25, the replacement section 32 replaces the mb code bits read out in the row
direction of theemeawary 3itand:determinesithelcoderhitsiafter the sréplacement as mb symbol bits of
(successive) b symbols. [0458] In particular, the replacement section 32 determines the i+lth bit from
the most significant/bit of the mb code bits read out in the row direction of the memory 31 as the code
bit b and determines the i-Ith bit from the most significant bit of the mb symbol bits of the b
(successive) symbols asithe syrlsalbitty | eidcthen Sreplates helenty édde bits bOto bBEE in

accordance with a . _ _ ‘
code are wriltten 1n the column direction of the memory 2i,

which stores (N/imb)) = {(mb) bits in the column direction
x row direction. Thereafter, the code bits are read out
in & unit of mb kits in the row direction. Further, in
the demultiplexer 25, the replacement section 32 replaces
the mb code bits read out in the row direction of the
memory 31 and determines the code bits after the
replacement as mb symbol bits of (successive) b symbols.
[0458]

In part;cular, the replacement section 32
determines the i+lth bit from the most significant bhit of
the mb code bits read cut in the row direction of the
memory 31 as the code bit by and determines the i+lth bhit
from the most significant bit of the mb symbol bits of
the b {(successive) symbols as the symbol bit vy;, and then
replaces The mb code bits by to buyp-1 in accerdance with a
predetermined bit allocation pattern.

[0459]

FIG. 84 shows an example of a bit zllocation

pattern which can be adopted where the LDPC code is an

LDPC code whose code length N is 64,800 bhits and whose
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predetermined bit allocation pattern. [0459] FIG. 84 shows an example of a bit allocation pattern
which can be adopted where the LDPC code is an LDPC code whose code length N is 64,800 bits
and whose 165 encoding rate is 5/6 or 9/10 and besides the modulation method is 4096QAM and the
multiple b is 1. 0460] Where the LDPC code is an LDPC code whose code length N is 64,800 bits and
whose encoding rate is 5/6 or 9/10 and besides the modulation method is 4096QAM and the multiple
b is 1, in the demultiplexer 25, the code bits written in the memory 31 for storing (64,800/(12 x 1)) x
(12 x 1) bits in the column direction x row direction are read out in a unit of 12 x 1 (= mb) bits in the
row direction andsupplied to:theireplaténtent Séttion 32. He461]<Fhetteplacementsection 32 replaces
12 x 1 (= mb) code bits b0 to b-,. such that the 12 x 1 (= mb) code bits b0 to b to be read out from the
memory 31 mayeallccatdd iR fe 284 Embyeyinbelbityé fo y21 of one (= b) symbol as seen in
FIG. 84. 0462% (I)r}t gggticular, according to FIG. 84, the

Where the LDPC code 1s an LDPC code whose code
length N is 64,800 bits and whose encoding rate is 5/6 or
8/10 and besides the modulation method is 4096QAM and the
multiple b isg 1, in the demultiplexer 25, the code bits
written in the memory 31 for storing (64,800/(12 = 1)) x
(12 x 1) bits in the column direction x row direction are
read out in a unit of 12 x I (= mb) bits in the row
direction and supplied to the replacement section 32.
[0461]

The replacement section 32 replaces 12 x 1 (= mb)
code bits by to bys such that the 12 x 1 (= mb) code bits

by to bis to be read out from The memory 21 may be

allocated to the 12 = 1 (= mb) symbol bits vs to yi; of
one (= b)) symbol as seen in FIG. 84.
[0462]

In particular, according to FIG. 84, the
replacement section 32 carries out, with regard to both
of an LDPC code having the encoding rate of 5/6 and an
LDPC code having the encoding rate of 9/10 from among
LDPC codes having the code length N of 64,800 bits,

replacement for allocating
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replacement section 32 carries out, with regard to both of an LDPC code having the encoding rate of
5/6 and an LDPC code having the encoding rate of 9/10 from among LDPC codes having the code
length N of 64,800 bits, replacement for allocating 166 the code bit do to the symbol bit y8, the code
bit b1 to the symbol bit yo, the code bit b2 to the symbol bit y6, the code bit b3 to the symbol bit y1,
the code bit bA to the symbol bit y9, the code bit b; to the symbol bit ys, the code bit b6 to the symbol
bit y2, the code bit b7 to the symbol bit y3, the code bit b8 to the symbol bit y7, the code bit b9 to the
symbol bit y1o, the code bit blo to the symbol bit y11, and the code bit b1 to the symbol bit y9. [0463]
FIG. 85 shows an exampte af-aibitlallocation cpattern syhithe tat be agdopted where the LDPC code is
an LDPC code whose code length N is 64,800 bits and whose encoding rate is 5/6 or 9/10 and
besides the modulatiort raethodss 4096 QANMcarid thesmultiple bis2 /0464

the code bit by to the symbol kit vys,

the code bit bs to the symbol bit vyi,

the code bit by to the symbol kit vya,

the code bit bs; to the symbol bit vy,

the code bit bg to the symbol bit v,

The code bit b+ fto the symbol bit ys,

fhe code bit by Lo the symbol bit vy,

the code kit be Te the symbol bit vig,

the code bit by to the symbol bit yi;, and

the code kit b To the symbol it vys.

[04637 i

FIG. 85 shows an example of a bit allocation
pattern which can be adopted where the LDPC code is an
LDPC code whose code length N is 64,800 bits and whose
encoding rate is 5/6 or 9/10 and besides the modulation
method is 40960AM and the multiple b is 2.

[0464)

Where the LDPC code 1s an LDPC code whose code
length N is 64,800 bits and whose encoding rate is 5/6 or
9/10 and kesides the modulation method is 4096QAM and the
multiple b is 2, in the demultiplexer 25, the code bits

written in the memory 31 for storing {(€4,800/(12 x 2)) =
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Where the LDPC code is an LDPC code whose code length N is 64,800 bits and whose encoding rate
is 5/6 or 9/10 and besides the modulation method is 4096QAM and the multiple b is 2, in the
demultiplexer 25, the code bits written in the memory 31 for storing (64,800/(12 x 2)) x 167 (12 x 2)
bits in the column direction x row direction are read out in a unit of 12 x 2 (= mb) bits in the row
direction and supplied to the replacement section 32. [0465] The replacement section 32 replaces 12
X 2 (= mb) code bits bo to b23 such that the 12 x 2 (= mb) code bits bo to b23 to be read out from the
memory 31 may be allocated to the 12 x 2 (= mb) symbol bits yo to y23 of two (= b) successive
symbols as seert incFIG. 85.10466} In:particulanaceodrding td 4G « 85 cthedleptacement:section 32
carries out, with regard to both of an LDPC code having the encoding rate of 5/6 and an LDPC code
having the encedimgaate 0f. 94 0fram amiong. LDRPC todes havingthe wodedength N of 64,800 bits,

replacement for allocating the code bit bo to the symbol bit y8, the code bit b2 to the symbol bit yo,
the code bit bdteehre sgmbanBit yerplied to the replacement section 32.

[0465]
The replacement section 32 replaces 12 x 2 (= mb)
code bkits by to bsy such that the 12 x 2 (= mb) code bits

be to bz to be read cut from the memory 21 may be

allocated to the 12 x 2 (= mb) symbol bits yy to yu; of
two (= b) successive symbols as seen in FIG. 8bH.
[C466]

In particuliar, according to FIE. 85, the
replacement section 32 carries out, with regard to both
of an LDPC code having the encoding rate of 5/6 and an
LDPC code having the encoding rate of 9/10 from among
LDPC codes having the code length N of 64,800 bits,
replacement for allocating

the code bit by to the symbol L1t vs,

the code bit b; to the symbol bit vye,

the code bit bs Lo tThe symbol bit ve,

the code bit bs to the symbol bit vq,

the code bit by to the symbol bit v,

the code bit big to the symbol bit vys,

the code bit by Lo the symbol bit vz,

the code bit by to the symbol bit vys,
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the code bit b6 to the symbol bit y1., the code bit bo to the symbol bit y4, the code bit blo to the
symbol bit y5, the code bit b12 to the symbol bit y2, the code bit b14 to the symbol bit y3, 168 the
code bit b16 to the symbol bit y;, the code bit b18 to the symbol bit y18, the code bit b20 to the
symbol bit y1,, the code bit b22 to the symbol bit y9, the code bit io to the symbol bit y20, the code
bit b3 to the symbol bit y12, the code bit b5 to the symbol bit y18, the code bit b7 to the symbol bit
y13, the code bit b9 to the symbol bit yl6, the code bit b11 to the symbol bit y17, the code bit b13 to
the symbol bit y14, the code bit b,5 to the symbol bit y15, the code bit b17 to the symbol bit y39, the
code bit b19 to the symibel bitoyR2, the cede hib b2k 40 Hhensyrnbaolikit ¥23, and the code bit b23 to the

symbol bit y21. [0467] Here, the bit allocation pattern of FIG. 85 utilizes the bit allocation pattern of
FIG. 84 wherein the code bit big to the svmbol bit vig,
the code bit by to the svmbol bit vis,
the code bit by to the symbol bit vy,
The code bhit by To the symbel bit veor
the code bit bs; to the symbol bit vio,
the code bit bs To the symbol bit vis,
the code bit bs to the symbol Dit vis,
the code bhit bs To the svmbol it vie,
the code bit by to the symbol bit vyiq,
the code bit bis to the symbol bit vig,
the code bit bz to the symbol bit vis,
the code bit b1 to the symbol pit Vi1gs
the code bit b1y to the symbel bit vis,
the code kit b to the symbol bit ya;, and
the code bit bz to the symbol bit va..
[0467]
Here, the bilt allocation éattern of FIG. 85
utilizes the bit allocation pattern of FIG. 84 wherein
the multiple b is 1 without any modification. In
particular, the allocation of the code bits by, ba, .., Db
to the symbol bits v: and the allocation of the by, bi, ..,

boy to the symbol bits y; are similar to the allocation of

the code bits by To by To the symbol bits y; of FIG. 84.
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the multiple b is 1 without any modification. In particular, the allocation of the code bits bo, b2, ..., b22
to the symbol bits y and the allocation of the b_, b3, ..., b23 to the symbol bits yj are similar to the
allocation of the code bits no to b,l to the symbol bits y1 of FIG. 84. 169 0468] FIG. 86 shows an
example of a bit allocation pattern which can be adopted where the modulation method is 1024QAM
and the LDPC code is an LDPC code whose code length N is 16,200 bits and whose encoding rate is
3/4, 5/6 or 8/9 and besides the multiple b is 2 and also where the modulation method is 1024QAM
and the LDPC code is an LDPC code whose code length N is 64,800 bits and whose encoding length
is 3/4, 5/6 or 9/40%hd besides the multiple b is 2. [0469] Where the LDPC code is an LDPC code
whose code length N is 16,200 bits and whose encoding rate is 3/4, 5/6 or 8/9 and the modulation
method is 1024QAM ahdGhesides tivarmuitiple basiRlin the denbultiplexepr2s,tthencode bits written in
the memory 31 for storing (16,200/(10 x 2)) x (10 x 2) bits in the column direction x row direction are

read out in a @it 6ETO x"EU=bYabitmn the veWwhreetion andsupphed ic therephicensent

is 102402M and the LDPC code 1s an LDPC code whose code
length N is 16,200 bits and whose encoding rate is 3/4,
5/6 or 8/9 and besides the multiple b is 2 and also where
the mcedulaticn method is 10240AM and the LDPC code i3 an
LDPC code whose code length N is 64,800 bits and whose
encoding length is 3/4, 5/6 or 9/10 and besides the
multiple b is 2.

[0469]

Where the LDPC code i1s an LDPC code whose code
length N is 16,200ﬂbit5 and whose encoding rate is 3/4,
5/6 or 8/9 and the modulation method is 10240AM and
besides the multiple b is 2, in the demultiplexer 25, the
code bits written in the memory 31 for storing
{(16,200/120 » 23y x (10 = 2} bits in the column direction
x row direction are read out in a unit of 10 = 2 (= mb)
bits in the row direction and supplied to the replacement
section 3Z2.

[0470]

On the other hand, where the LDPC code is an LDPC

code whose code length N is 64,800 bits and whose

encoding rate is 3/4, 5/6 or 9/10 and the modulation
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section 32. [0470] On the other hand, where the LDPC code is an LDPC code whose code length N is
64,800 bits and whose encoding rate is 3/4, 5/6 or 9/10 and the modulation 170 method is 1024QAN
and besides the multiple b is 2, in the demultiplexer 25, the code bits written in the memory 31 for
storing (64,800/(10 x 2)) x (10 x 2) bits in the column direction x row direction are read out in a unit of
10 x 2 (= mb) bits in the row direction and supplied to the replacement section 32. [0471] The
replacement section 32 replaces 10 x 2 (= mb) code bits bo to bh such that the 10 x 2 (= mb) code
bits b to b G to be read out from the memory 31 may be allocated to the 10 x 2 (= mb) symbol bits yo
to y n of two {mbhsuccessivesypabols as seenind4G:86. [0472]iinlparticular, Bccording o FIG. 86,
the replacement section 32 carries out, with regard to all of the LDPC codes having the encoding rate
of 3/4, LDPC dotes thavirrthe éricodingprate of 516land tDPC eodes: Havingrafurther ¥ncoding rate

of 8/9 from among LDPC codes having the code length of 16,200 bits as well as
for storing (64,800/(10 % 2}}) x (1C x 2} bite in the

column direction x row direction are read out in a unit
of 10 x 2 (= mb) bits in the row direction and supplied
To the replacement section 3%2.
[0471]

The replacement section 32 replaces 10 x 2 (= mb]
code bits by Lo bis such that the 10 x Z (= mb) code bhits

by to bis To be read out from the memory 31 may be

allocated to the 10 x 2 {(= mb! symbol bilits vy toc yis 0Of
two (= b} successive symbols as seen in FIG. Bo.
(04723

In particular, according to FIG. 86, the

replacement section 32 carries out, with regard te all o©

h

the LDPC codes having the encoding rate of 3/4, LDPC
codes having the encoding rate of 5/6 and LDPC codes
having a further encoding rate of 8/9 from among LDPC
codes having the code length of 1¢,200 bits as well as
LDPC code having the encoding rate of 3/4, LDPC cocdes
having the encoding rate of 5/6 and LDPC codes having a
further encoding rate of 9/10 from among LDFC codes
having another code length N of 64,800, replacement for

allocating
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LDPC code having the encoding rate of 3/4, LDPC codes having the encoding rate of 5/6 and LDPC
codes having a further encoding rate of 9/10 from among LDPC codes having another code length N
of 64,800, replacement for allocating 171 the code bit bo to the symbol bit ye, the code bit b, to the
symbol bit y3, the code bit b2 to the symbol bit y,, the code bit b3 to the symbol bit ylo, the code bit
b4 to the symbol bit y19, the code bit b5 to the symbol bit y4,  the code bit b6 to the symbol. bit y9,
the code bit b7 to the symbol bit y5, the code bit b8 to the symbol bit y17, the code bit b9 to the
symbol bit y6, the code bit b10 to the symbol bit y14, the code bit b,1 to the symbol bit yl,, the code
bit b1z to the symbol bitiy2, theicodebithl8do the:symioldit 18, the code bit b14 to the symbol bit
y16, the code bit b15 to the symbol bit y15, the code bit b16 to the symbol bit yo, the code bit b17 to
the symbol bit y1, the cote bitkE8 ta théosymbot bit yi3pamd. bit vs,
the code bit bs: to the symbol bit vy,

- the code bit bs; to the symbol bit vyig,
the code bit by to the symbol bit vyis,
the code bit by to the symbol bit vy,
the code bit bs to the symbol bit ve,
the code bit by to the symbol bit vys,
the code bit bg to the symbol bit vyiq,
the code bit bs to the symbol bit ve,
the code kit by; To the symbol kit vi4,
the code bit bjy to the symbol bit vii,
the code bit bj; to the symbol bit ys,
the code bilit bjs; to the symbol bit vis,
the code bit by to the symbol bit yis,
the code bit by to the symbol bit vyis,
the code bit by to the symbol bit vy,
the code bit b:y to the symbol bit y:,
the code it bz to the symbol bit yviz, and
the code bit by to the symbol bit yis.

[0473]
FIG. 87 shows an example of a bit allocation

pattern which can be adopted where the modulation method

is 40860AM and the LDPC code is an LDPC code whose code
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the code bit b19 to the symbol bit y12. [0473] FIG. 87 shows an example of a bit allocation pattern
which can be adopted where the modulation method is 4096QAM and the LDPC code is an LDPC
code whose code 172 length N is 16,200 bits and whose encoding rate is 5/6 or 8/9 and besides the
multiple b is 2 and also where the modulation method is 4096QAM and the LDPC code is an LDPC
code whose code length N is 64,800 bits and whose encoding rate is 5/6 or 9/10 and besides the
multiple b is 2. [0474] Where the LDPC code is an LDPC code whose code length N is 16,200 bits
and whose encoding rate is 5/6 or 8/9 and the modulation method is 4096QAM and besides the
multiple b is 2 émthendemukiplexer 25, thie-codahitsvritteneindbe imnemen:31 for stdrng (16,200/(12 x
2)) X (12 x 2) bits in the column direction x row direction are read out in a unit of 12 x 2 (= mb) bits in
the row directiof amdsupplied e thehreptacementesection 32. {0475]10n thevetherttiand, where the
LDPC code is an LDPC code whose code length N is 64,800 bits and whose encoding rate is 5/6 or
9/10 and the medulstibhdnethodlied s 40860AM and the LDPC cede is an LDPC

code whose code length N is 64,800 bits and whose

encoding rate is 5/6 or 9/10 and besides the multiple b

is 2.

[G474]

Where the LDPC code is an LDEC code whose code

length N is 16,200 bits and whose encoding rate is 5/6 or

8/9 and the modulation method is 4096QAM and besides the

muitiple b is Z, in the demultiplexer 25, the code bits

written in the memory 31 for storing (16,200/(12 x 2)) x

(12 x 2) bits in the column direction x row direction are

read out in a unit of 12 x 2 (= mb) bits in the row

direction and supplied to the replacement section 32.

(04757

On the other hand, where the LLDPC code is an LDPC

code whose code length N is 64,800 kits and whose

encoding rate is 5/6 or 9/10 and the modulation method is

4096QAM and besides the multiple b is 2, in the

demultiplexer 25, the code bits written in the memory 31

for storing (64,800/(12 x 2)) x (12 x 2) bits in the

column direction x row dilrection are read out in a unit

of 12 x 2 (= mb) bits in the row direction and supplied
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4096QAM and besides the multiple b is 2, in the demultiplexer 25, the code bits written in the memory
31 for storing (64,800/(12 x 2)) x (12 x 2) bits in the column direction x row direction are read out in a
unit of 12 x 2 (= mb) bits in the row direction and supplied 173 to the replacement section 32. [0476]
The replacement section 32 replaces 12 x 2 (= mb) code bits bo to b23 such that the 12 x 2 (= mb)
bits to be read out from the memory 31 may be allocated to the 12 x 2 (= mb) symbol bits yo to y23 of
two (= b) successive symbols as seen in FIG. 87. [0477] In particular, according to FIG. 87, the
replacement section 32 carries out, with regard to all of the LDPC codes having the encoding rate of
5/6 and LDPG: «cotles having:therencoding-rateof 89 from among LDPC codes having the code
length of 16,200 bits as well as LDPC codes having the encoding rate of 5/6 and LDPC codes having
the encoding rfdté"0f 9/10 from among LDPC codes having another code length N of 64,800,
replacement for allocating the code bit bo to the symbol bit ylo, the code bit bl to the symbol bit y15,
The replacement section 32 replaces 12 x 2 (= mb)
code bits by Lo biz such that the 12 x 2 {= mb) bits fo be
read out from the memory 31 may be allocated to the 12 «x
2 (= mb) symbol bits y¢ to yzz 0of two (= b} successive
symbols as seen in FIG. 87.
[0477]
In particular, according to FIG. 87, the
replacement section 32 carries out, with regard to all of
the LDPC codes having the encoeding rate of 5/6 and LDPC
codes having the encoding rate of 8/9 from among LDPC
codes @aving the code length of 16,200 bits as well as
LDPC codes having the encoding rate of 5/6 and LDPC codes
having the encoding rate of 9/10 from among LDPC codes
having ancther code length N of 64,8C0, replacement for
allocating
the code bit by to the symbol bit vig,
the code Dit b to the symbol bit va:s,
the code bit b, to the symbol it vya,
the code bit by to the symbol kit yis,
the code bit by to the symbcel bit vai,

the code bit bs To the symbol bit vie,

the code bit bg to the_symbol bit vos,
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the code bit b2 to the symbol bit y4, the code bit b3 to the symbol bit y19, the code bit b4 to the
symbol bit y21, the code bit b, to the symbol bit y16, the code bit be to the symbol bit y23, 174 the
code bit b7 to the symbol bit y18, the code bit be to the symbol bit yii, the code bit bg to the symbol
bit y,4, the code bit b10 to the symbol bit y22, the code bit b,, to the symbol bit y5, the code bit b12 to
the symbol bit y6, the code bit b13 to the symbol bit y17, the code bit b14 to the symbol bit y13, the
code bit b15 to the symbol bit y20, the code bit b16 to the symbol bit y1, the code bit b17 to the
symbol. bit y3, the code bit b,e to the symbol bit y9, the code bit b19 to the symbol bit y2, the code
bit b20 to the symbol bitry, cihescdslecbibb2tto thessyubolbit y8i theycode bit b2, to the symbol bit
y12, and the code bit y23 to the symbol bit yo. [8478) According to the bit allocation patterns shown
bg to the symbol bit vii,
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The same bit allocation pattern can be

and

the tolerance to errors can be set to a desired

performance with regard to all of the plural kinds of

LDPC codes.
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FIGS. 84 to 87, the same bit allocation pattern can be adopted for a plurality of kinds of LDPC codes,
and besides, the tolerance to errors can be set to a desired performance with regard to all of the
plural kinds of LDPC codes. 175 0479] In particular, FIGS. 88 to 91 illustrates results of simulations of
the BER (Bit Error Rate) where a replacement process is carried out in accordance with the bit
allocation patterns of FIGS. 84 to 87. [0480] It is to be noted that, in FIGS. 88 to 91, the axis of
abscissa represents Es/N3 (signal power to noise power ratio per one symbol) and the axis of
ordinate represents the BER. [0481] Further, a solid line curve represents the BER where a
replacement gro¢esy is carried out and an alternate long and short dash line represents the BER
where a replacement process is not carried out. [0482] FIG. 88 illustrates the BER where a
replacement process irageordancelwith tHe Bit all6cation palttern bf sFIGs 84sis casied-out for LDPC

codes whose code length N
of simulations of the BER (Bit Error Rate) where a

replacement process is carried out in accordance with the
bit aliocation patterns of FIGS. 84 to 87.
ro4ga’

It is to be noted that, in FIGS. 88 to 21, the axis
of abscissa represents LE/Np (signal power to nolse power
ratic per one symbol) and the axis of ordinate represents
The BER.

[6481]

Further, a sclid line curve represents the BER
wheye a replacement process is carried out and an
alternate long and short dash line represents the BER
where a replacement process 1s not carried out.

(04821

FIG. 88 illusirates the BER where a replacement
process in accordance with the bit allocaticon pattern of
FIG. 84 is carried out for LDPC codes whose code length N
is 64,800 and whose encoding rate is 5/6 and 9/10
adopting 40960AM as the modulaticn methed and setting the
multiple b to 1.

[0483]

FIG. 89 illustrates the BER where a replacement
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is 64,800 and whose encoding rate is 5/6 and 9/10 adopting 4096QAM as the modulation method and
setting the multiple b to 1. [0483] FIG. 89 illustrates the BER where a replacement 176 process in
accordance with the bit allocation pattern of FIG. 85 is carried out for LDPC codes whose code length
N is 64,800 and whose encoding rate is 5/6 and 9/10 adopting 4096QAM as the modulation method
and setting the multiple b to 2. [0484] It is to be noted that, in FIGS. 88 and 89, a graph having a
triangular mark applied thereto represents the BER regarding the LDPC code having the encoding
rate of 5/6, and a graph having an asterisk applied thereto represents the BER regarding the LDPC
code having the cenrcoding rate ©f 8400 H485b] EIG 9@ illustratesthe BER whete aseplacement
process in accordance with the bit allocation pattern of FIG. 86 is carried out for LDPC codes whose
code length NE'iss16,200 andowhose encoding vatelis Bl4,c5/6 and+8/9 andc fakd DRC codes whose
code length N is 64,800 and whose encoding rate is 3/4, 5/6 and 9/10 adopting 1024QAM as
ig 64,800 and whose encoding rate is 5/6 and 9/10
adopting 409602M as the modulation method and setiing the
multiple b to 2.
[0484)
It is to ke noted that, in FIGS. 88 and 8%, a graph
having a triangular mark applied thereto represents the
BER regarding the LDPC code having the encoding rate of
5/6, and & graph having an asterisk applied thereto
represents the BER regarding the LDPFC code having the
encoding rate of 9/10.
[0485]
FIG. 9C illustrates the BER where a replacement
process in acccerdance with the bit allcocaticon pattern of
FIG, 86 is carried out for LDPC codes whose code length N
is 16,200 and whose encoding rate is 3/4, 5/6 and 8/9% and
for LDPC codes whose code length N is 64,800 and whose
encoding rate is 3/4, 5/6 and 9/10 adopting 10240QAM as
the modulation method and setting the multiple b to 2.
[048¢6]
It 18 to be noted that, in FIG. 90, a graph having

an asterisk applied thereto represents the BER regarding

the LDPC code having the code length N of 64,800 and the
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the modulation method and setting the multiple b to 2. 04861 It is to be noted that, in FIG. 90, a graph
having an asterisk applied thereto represents the BER regarding the LDPC code having the code
length N of 64,800 and the 177 encoding rate of 9/10, and a graph having an upwardly directed
triangular mark applied thereto represents the BER regarding the LDPC codes having the code length
N of 64,800 and the encoding rate of 5/6. Further, a graph having a square mark applied thereto
represents the BER regarding the LDPC code having the code length N of 64,800 and the encoding
rate of 3/4. [0487] Further, in FIG. 90, a graph having a round mark applied thereto represents the

BER regardingrthe 4 DRC cade having the cade:lengih Aof 16:200.andthexeneedibg rate of 8/9, and
a graph having a downwardly directed triangular mark applied thereto represents the BER regarding
the LDPC cod&laving the codertengtir Nrefr 4 6:2001ardithehencoding: eate ©f 816. Further, a graph
having a plus mark applied thereto represents the BER regarding the LDPC code having the code
length N of 182R0:ukthelericoding Fdléof 3/4i§488]ving the code length N of

64,800 and the encoding rate of 5/6. Fuither, a graph
having a sqguare mark applied thereto represents the BER
regarding the LDPC code having The code length N of
64,800 and the encoding rate of 3/4.

[0487]

Further, in ©IG. 90, a graph having a round mark
applied theretc represents the BER regarding the LDPC
code having the code length N of 16,200 and the encoding
rate of 8/9, and a graph having a downwardly directed
triangular mark applied there?@ represents the RBER
regarding the LDPC code having the code length N of
16,200 and the enceding rate of 3/6. TFurther, a graph
having a pius mark applied thereto represents the BER
regarding the LDPPC code having the code length N of
16,200 and the encoding rate of 3/4.

[04B88]

FIG. 91 illustrates the BER where a replacement
process in accordance with the kit allocation pattern of
FIG. 87 1is carried out for LDPC codes whose code length N
is 16,200 and whose encoding rate is 5/6 and 8/9 and for

LDPC codes whose code length N is ¢4,800 and whose
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FIG. 91 illustrates the DER where a replacement process in accordance with the bit allocation pattern
of FIG. 87 is carried out for LDPC codes whose code length N is 16,200 and whose encoding rate is
5/6 and 8/9 and for LDPC codes whose code length N is 64,800 and whose 178 encoding rate is 5/6
and 9/10 adopting 4096QAM as the modulation method and setting the multiple b to 2. [04891 It is to
be noted that, in FIG. 91, a graph having an asterisk applied thereto represents the BER regarding
the LDPC code having the code length N of 64,800 and the encoding rate of 9/10, and a graph having
an upwardly directed triangular mark applied thereto represents the BER regarding the LDPC codes
having the codedengthd\ of 164,800 ard theénéddingadtecaf516. [04900RMrther, imEIG. 91, a graph
having a round mark applied thereto represents the BER regarding the LDPC code having the code
length N of 16;2060 badithe encbding eate of 819, arul & lgraphihdving @ dovirwardly directed triangular
mark applied thereto represents the BER regarding the LDPC code having the code length N of
16,200 and theddrfdoding rate of 5/6. [0491;

It is to be noted that, in FIG. 91, a graph having
an asterisk applied thereto represents the BER regarding
the LDPC code having the code length N of 64,800 and the
encoding rate of 9/10, and a graph having an upwardly
directed triangular mark applied thereto representis the
BFR regarding the LDPC codes having the code length N of
64,800 and the encoding rate of 5/6,

[0490]

Further, in FIG. 91, a graph having a round mark
applied thereto represents the BER regarding phe LDPC
code having the code length N of 16,200 and the encoding
rate of 8/9, and a graph having a downwardly directed
triangular mark applled theretc represents the BIER
regarding the LDPC code having the code length N of
16,200 and the encoding rate of 5/6.

[0491]

According to FIGS. 88 to %1, the same bit
allocation pattern can be adopted with regard to a
plurality of kinds of LDPC codes. Besldes, the telerance
to errors can be set to a desired performance with regard

to all of the plural kinds of LDPC codes.
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According to FIGS. 88 to 91, the same bit allocation pattern can be adopted with regard to a plurality
of kinds of LDPC codes. Besides, the tolerance to errors can be set to a desired performance with
regard to all of the plural kinds of LDPC codes. 179 0492] In particular, where a bit allocation pattern
for exclusive use is adopted for each of a plurality of kinds of LDPC codes which have different code
lengths and different encoding rates, the tolerance to an error can be raised to a very high
performance. However, it is necessary to change the bit allocation pattern for each of a plurality of
kinds of LDPC codes. [0493] On the other hand, according to the bit allocation patterns of FIGS. 84 to
87, the same bitélidcation pattern can be adopted for a plurality of kinds of LDPC codes which have
different code lengths and different encoding rates, and the necessity to change the bit allocation
pattern for each of a plurality of kitids of L DRErGodesas incal easewherein abiealiocation pattern for

exclusive use is adopted for each of a Iurali(tiy of kinds of LDPC codes is eliminated. [0494]
exclusive use 1s adopted for each of a plurality of kinds

of LDPC codes which have different code lengths and
different encoding rates, the tolerance to an error can
be raised to a very high performance. However, 1t is
necessary to change the bit allccatiocon pattern for each
cf a plurality of kinds of LDPC codes.

[0493)

COn the other hand, according tTo the kit allocation
patterns of FIGS5. 84 to 87, the same bit allocation
pattern can be adopted for a plurality of kinds of LDPC
codes which have differ@ntwcode lengths and different
enceding rates, and the necessity to change the bit
allocation pattern for each of a plurality of kinds of
LDPC codes as in a case whereln a bilt allocation patiern
for exclusive use is adopted for each of a plurality of
kinds of LDPC codes is eliminated.

[04947]

Further, according to the bit allocation patierns
of FIGS. 84 to 87, the tolerance to errors can be raised
to a high performance althcough 1t is a little lower than
that where a bit allocatlon pattern for exclusive use is

adopted for each of a plurality of kinds of LDPC codes.
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Further, according to the bit allocation patterns of FIGS. 84 to 87, the tolerance to errors can be raised
to a high performance although it is a little lower than that where a bit allocation pattern for exclusive
use is adopted for each of a plurality of kinds of LDPC codes. 180 04 95, In particular, for example,
where the modulation method is 4096QAM, the same bit allocation pattern in FIG. 84 or 85 can be
used for all of the LDPC codes which have the code length N of 64,800 and the encoding rate of 5/6
and 9/10. Even where the same bit allocation pattern is adopted in this manner, the tolerance to errors
can be raised to a high performance. [0496] Further, for example, where the modulation method is
1024QAM, the Gante bit allocation pattern of FIG. 86 can be adopted for all of the LDPC codes which
have the code length N of 16,200 and the encoding rate of 3/4, 5/6 and 8/9 and the LDPC codes
which have the code lengtky - of 4,800, add thezercadirg rate ©f 3/4,15¢6 and 9/20.1 Then, even if the
same bit allocation pattern is adopted in this manner, the tolerance to errors can be raised to a high
performance_l’[@@g‘?ﬂd is 4096QAM, the same bit allocation pattern in FIiG,.

84 or 8bh can ke used for all of the LDPC codes which have

the code length N of 64,800 and the encoding rate of 5/6

and 9/10. Even where the same bit allocatiocn pattern is

adopted in this manner, the tolerance to errors can be

raised t¢ a high performance.

[049¢6]

Further, for example, where tThe modulation method

is 10240AM, the same bit allocation pattern of FIG. 86

can be adopted for ail of the LDPC codes which have the

code length N of 16,200 and the encoding rate of 3/4; 5/6

and 8/9 and the LDPC codes which have the code length N

of 64,800 and the encoding rate of 3/4, 5/6 and 9/10.

Then, even if the same bit allocation pattern is adopted

in Tthis manner, the tolerance to errors can be raised to

a high performance.

[G497)

Meanwhile, for example, where the modulation method
is 4096QAM, the same bit allocation pattern of FIG. 87
can be adopted for ail of the LDPC codes which have the

code length N of 16,200 and the encoding rate of 5/¢ and

8§/9 and the LDPC codes which have the code length N of
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Meanwhile, for example, where the modulation method is 4096QAM, the same bit allocation pattern of
FIG. 87 can be adopted for all of the LDPC codes which have the code length N of 16,200 and the
encoding rate of 5/6 and 8/9 and the LDPC codes which have the code length N of 181 64,800 and
the encoding rate of 5/6 and 9/10. Then, even if the same bit allocation pattern is adopted in this
manner, the tolerance to errors can be raised to a high performance. [0498] Variations of the bit
allocation pattern are further described. [0499] FIG. 92 illustrates an example of a bit allocation
pattern which can be adopted where the LDPC code is any LDPC code which has the code length N
of 16,200 or 6448GQ bitsrahd:-are ofithedenepding rates farthe 42PG code defired by-asparity check
matrix H produced, for example, from any of the parity check matrix initial value tables shown in
FIGS. 37 to 82 bthérsthanantke lehcodihgratetofo8/5and besides thelomodedation method is QPSK and
the multiple b is 1. [0500] Where the LDPC code is an LDPC code which has the
manner, the tcolerance to errors can be railsed to a high
performance.
[0428]
Variations of the bit allocation pattern are
further described,.
[0499]
FIG. 92 illustrates an example of a pit allocation
pattern which can be adopted where tThe LDPC code is any
LDPC code which has the code length N of 16,200 or 64,800
bits and one of the encoding rates for the LDPC code
defined by a parity check matrix H produced, for example,
from any of the parifty check matrix initial wvalue tables
shown in FIGS. 37 tc 82 other than the encoding rate of
3/5 and besides the modulaticn method is QPSK and the
multiple b is 1.
(05007
Where the LDPC code is an LDPC code which has the
code length N of 16,200 or 64,800 bits and has the
encoding rate other than 3/5 and besides the modulation
method is QPSK and the multiple b is 1, the demultiplexer

25 reads out code bits written in the memory 31 for

storing (N/(2 = 13} »x (2 x 1} bits in the column
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code length N of 16,200 or 64,800 bits and has the encoding rate other than 3/5 and besides the
modulation method is QPSK and the multiple b is 1, the demultiplexer 25 reads out code bits written
in the memory 31 for storing (N/(2 x 1)) x (2 x 1) bits in the column 182 direction x row direction in a
unit of 2 x 1 (= mb) bits in the row direction and supplies the read out code bits to the replacement
section 32. [0501] The replacement section 32 replaces the 2 x 1 mb) code bits bo and b, read out
from the memory 31 in such a manner that the 2 x 1 (= mb) code bits bo and bl are allocated to the 2
x 1 (= mb) symbol bits yo and y-- of. one (= b) symbol as seen in FIG. 92. [0502] In particular,
according to ElGr 92} then replacemeint sedtion:32 carriesrout reglagement for allgcating the code bit
bo to the symbol bit yo and the code bit b-~ to the symbol bity,. [0503] It is to be noted that, in this
instance, alsoditt is-pesgible tdiconsiderthatrépkicemert és iotecaried outtandcte dodesbits bo and b;

are determined as they are
to the replacement section 32.

[CG501]
The replacement section 32 replaces the 2 x 1 (=

mb) code bits by and by read out from the memory 321 in

such a manner that the 2 x 1 (= mb) code bits by and by
are allocated to the 2 x 1 (= mb) symbol bits vy, and y: of
cne (= b} sympbol as seen in FIG. S2.

[0502]

In particular, according to FIG. 92, the
replacement section 32 carries ocut replacement for
allocating i

the code bit by to the symbol bit vy and

the code bit by to the symbol bit v..

[C503]

It ig to be noted that, in this Instance, also it
is possible to consider that replacement 1s not carried
out and the code bits by and b: are determined as they are
as the symbol bits yy and yi, respectively.

[0504]
FIG. 93 shows an example of a bit allocation

pattern which can be adepted where the LDPC code 1s an

I.DPC code which has tne code lengtn N of 16,200 oxr ¢4,800
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as the symbol bits yo and yl, respectively. 0504] FIG. 93 shows an example of a bit allocation pattern
which can be adopted where the LDPC code is an LDPC code which has the code length N of 16,200
or 64,800 183 bits and has the encoding rate other than 3/5 and besides the modulation method is
16QAM and the multiple b is 2. [0505] Where the LDPC code is an LDPC code which has the code
length N of 16,200 or 64,800 bits and has the encoding rate other than 3/5 and besides the
modulation method is 16QAM and the multiple b is 2, the demultiplexer 25 reads out the code bits
written in the memory 31 for storing (N/(4 x 2)) x (4 x 2) bits in the column direction x row direction in
a unit of 4 x 2(£t mby:hitstia the: raw directiomgnd stpplesthe readrout /Codebitstestheégeplacement
section 32. [0506] The replacement section 32 replaces the 4 x 2 mb) code bits bo to b7 read out from
the memory 31fia suchua atammenthatihe 4 21(=0HH) eode bits areialidgated to the 4.x 2 (= mb)

symbol bits yo to 367 of two (= b) successive symbols as seen in FIG. 93. [0507]
[0505]

Where the LDPC code 1s an LDPC code which has the
code length N of 16,200 or 4,800 bits and has the
encoding rate other than 3/5 and besides the modulation
mathod i1s 16QAM and the multiple b is 2, the
demultiplexer 25 reads out the code bits written in the
memory 31 for storing (N/(4 x 2)) x (4 x 2} bits in the
column direction x row direction in a unit of 4 x 2 (=
mb} kits in the row direction and supplies the read out

code pits To the replacement section 3Z.

[050¢6] i

The replacement secticon 32 replaces the 4 x 2 (=
mb) code bits by to bs read cut from the memory 31 in such
a manner that the 4 = 2 (= mb) code bits are zllocated to
the 4 = 2 (= mb) symbol bits vy to yy; of two (= b)
successive gymbols as seen in FIG. 83,
[0507]

In particular, according to FIG. 93,'the
replacement section 32 carries out replacement for
aliccating

the code bit by to the symbol bit vq,

the code bit b1 Lo tThe symbol bit v,
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In particular, according to FIG. 93, the replacement section 32 carries out replacement for allocating
the code bit bo to the symbol bit y7, the code bit bl to the symbol bit yi, 184 the code bit b2 to the
symbol bit y9, the code bit b3 to the symbol bit y2, the code bit b4 to the symbol bit y;, the code bit
b5 to the symbol bit y3, the code bit b6 to the symbol bit y6, and the code bit b7 to the symbol bit y0.
[0508] FIG. 94 shows an example of a bit allocation pattern which can be adopted where the
modulation method is 64QAM and the LDPC code is an LDPC code whose code length N is 16,200
or 64,800 bits and whose encoding rate is any other than 3/5 and besides the multiple b is 2. [0509]
Where the LDPC codetisandciP Cocadecwhiose Codes lengthL NEis 165200 or 64,800 bits and whose
encoding rate is any other than 3/5 and the modulation method is 64QAM and besides the multiple b
is 2, in the demultiplex&i25 cdde cbdé bits writtéri i thieremoly: 3" forystoring (N/(6 x 2)) X (6 x 2) bits
in the column direction x row
the code bit by te the symbol bit vs,
the code bit bs Lo the symbol bit v,
the code bit bg to the symbol bit vyg, and
the code bit by to the symbol bit yg.
[0508]
FIG. 94 shows an example of a bit allocation
pattern which can be adopted where the modulation method
iz €64QAM and the LDPC code 1s an LDPC code whose code
length N is 16,200 or 64,800 bits and whose encoding rate
is any other than 3/5 and besides the multiple b is 2.
[0509]
Where the LDPC code is an LDPC code whose code
length N is 16,200 or 64,800 bits and whose encoding rate
is any other than 3/5 and the modulation method is 64QAM
and besides the multiple b is 2, in the demultiplexer 25,
the code bits written in the memory 31 for storing (N/ (6
¥ 2)) x (& x 2) bits in the column direction = row
direction are read out in & unit of & x 2 (= mb) bits in
the row direction and supplied to the replacement section
3Z.
[0510)

The replacement section 32 replaces the & x 2 (=

185



direction are read out in a unit of 6 x 2 (= mb) bits in the row direction and supplied to the replacement
section 32. [0510] The replacement section 32 replaces the 6 x 2 185 mb) code bits bo to bl, read out
from the memory 31 such that the 6 x 2 (= mb) code bits bo to bll may be allocated to the 6 x 2 (=
mb) symbol bits yo to yll of two (= b) successive symbols as seen in FIG. 94. [0511; In particular,
according to FIG. 94, the replacement section 32 carries out replacement for allocating the code bit
bo to the symbol bit y1,, the code bit bi to the symbol bit y7, the code bit b2 to the symbol bit y3, the
code bit b3 to the symbol bit ylo, the code bit b4 to the symbol bit y, the code bit b5 to the symbol bit
y2, the code hit b6todhelsymbabbitty9, bthe code bitth7 torthe symbaohbiteyby the codetbit b8 to the
symbol bit y the code bit. b9 to the symbol bit. y8, the code bit bto to the symbol bit y4, and

that the & x 2 (= mb) code bits g To b1 may be allocated
to the & x 2 (= mb) symbcl bits yg to yi1 of two (= b)
successive symbols as seen in FIG. 94,
[0511]

In particular, according to FIG. %4, the

1 Tl carries out replacemen or
repiacement section 32 t pl t f
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85 shows an example of a bit allocation
pattern which can be adopted where the modulation method

is 2560AM and the LDPC code 1s an LDPC code whose code
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the code bit bl, to the symbol bit yo. [05121 FIG. 95 shows an example of a bit allocation pattern
which can be adopted where the modulation method is 256QAM and the LDPC code is an LDP-- code
whose code 186 length N is 64,800 bits and whose encoding rate is any other than 3/5 and besides
the multiple b is 2. [0513] Where the LDPC code is an LDPC code whose code length N is 64,800 bits
and whose encoding rate is any other than 3/5 and the modulation method is 256QAM and besides
the multiple b is 2, in the demultiplexer 25, the code bits written in the memory 31 for storing
(64,800/(8 x 2)) x (8 x 2) bits in the column direction x row direction are read out in a unit of 8 x 2 (=
mb) bits in thesroutdirection and, suppliedite the deplacementsectiong32 20514k The yeplacement
section 32 replaces the 8 x 2 mb) code bits bo to b15 read out from the memory 31 such that the 8 x
2 (= mb) coderbits botb d15inay bedlloeatede to thHes8 X 2L(=mb} spmbel Bits yo to y15. of two (= b)
successive symbols as seen in FIG. 95. [05151
[0513]
Whnere the LDPC code is an LDPC code whose code
length N is 64,800 bits and whose encoding rate is any
other than 3/5 and the mcodulation method is 2560Q0AM and
besides the multiple b is Z, in the demultiplexer 25, the
code bits written in the memory 31 for storing (64,800/(8
x 2)) x (8 x 2} bits in the column direction = zow
direction are read ocut in a unit ¢f 8 x 2 (= mb) bits in
the row direction and supplied to the replacement section
32.
[C514]
The replacement section 32 replaces the 8 x 2 (=
mb) code bits bp to bis read ocut from the memory 31 such
that the 8 x 2 (= mb) code bits by to bis may be allocated
to the 8 x 2 (= mb) symbol bits yp to vis of two (= b)
successive symbols as seen in FIG. 95,
[0515]
In particular, according to FIG. 95, the
replacement section 32 carries out replacement for
allocating

the code bit by to the symbol bit yis,

the code bit by o the symbol bit v,
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In particular, according to FIG. 95, the replacement section 32 carries out replacement for allocating
the code bit bo to the symbol bit y15, the code bit bl to the symbol bit y], 187 the code bit b2 to the
symbol bit Y13, the code bit b3 to the symbol bit y3, the code bit b4 to the symbol bit y8, the code bit
b5 to the symbol bit y11, the code bit b6 to the symbol bit yy, the code bit b7 to the symbol bit y5, the
code bit b3 to the symbol bit y10, the code bit ba to the symbol bit y6, the code bit blo to the symbol
bit y4, the code bit b11 to the symbol bit y7, the code bit b12 to the symbol bit y12, the code bit b13
to the symbol bit y2, the code bit b14 to the symbol bit y14, and the code bit b15 to the symbol bit yo.
[0516] FIG. 96 shows &nexanye bfia bit-allocation pattern Which canzbe adopted where the
modulation method is 256QAM and the LDPC code is an LDPC code whose code length N is 16,200
bits and whose encodingtatecigany: t
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96 shows an sxample of a kit allocation

pattern which can be adopted where the modulation method

is 256Q0AM and the LDPC code 1s an LDPC code whose code

length N is 16,200 bits and whose encoding rate is any

other than 3/5 and besides the multiple b is 1.

[0517]

Where the

LDPC code 1s an LDPC code whose code

length N is 16,200 bits and whose encoding rate is any

other than 3/5 and the medulation method i1s 2560AM and
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other than 3/5 and besides the multiple b is 1. [0517] Where the LDPC code is an LDPC code whose
code length N is 16,200 bits and whose encoding rate is any other than 3/5 and the modulation
method Is 256QAM and 188 besides the multiple b is "I, in the demultipiexer 25, the code bits written
in the memory 31 for storing (16,200/(8 x 1)) x (8 x 1) bits in the column direction x row direction are
read out in a unit of 8 x 1 (= mb) bits in the row direction and supplied to the replacement section 32.
[0518] The replacement section 32 replaces the 8 x 1 mb) code bits bo to b7 read out from the
memory 31. such that the 8 x 1 (= mb) code bits bo to b7 may be allocated to the 8 x 1 (= mb) symbol
bits yo to y7 dfemedssh)t sgmbolas séen in EKG.196. {051%dn gparticidarn, aeeerdingbto EIG: 96, the
replacement section 32 carries out replacement for allocating the code bit bo to the symbol bit y* the
code bit bl to thecsyrmbolbit'yd,t tiiencade bitb2nerthe symbolbitystoring (16,200/ (8
*x 1Y) x {8 x 1) bits in the column direction x row
direction are read out in a unit of & x 1 (= mb) bits in
the row direction and supplied to the replacement section
32.
[0518]
The replacement secticn 32 replaces the 8 x 1 (=
mb) code bits by to by read out from the memory 31 such
that the 8 x I {= mb) code bits by to by may be asllocated
to the 8 x 1 (= mbk) symbol bhits yg to y7 of one (= b}
symbol as seen in FIG. 86.
[0519] ]
In particular, according to FI&. 96, the
replacement secticn 32 carries out replacement for
allocating
the code bit by to The symbol it vs,
the code bit by to the symbol bit vys,
the code bit bz to the symbol bit v,
the code bit ks to the symbol bit vs,
the code bit by To the symbol bit vz,
the code bit by to the symbol it ve,

the code bit bg toc the symbol bit vy, and

the code bit by to the symbol bit vo.
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the code bit b3 to the symbol bit y5, the code bit b4 to the symbol bit y,, the code bit b5 to the symbol
bit y6, the code bit b6 to the symbol bit y4, and the code bit b7 to the symbol bit yo. 189 0520] FIG. 97
shows an example of a bit allocation pattern which can be adopted where the LDPC code is an LDPC
code whose code length N is 16,200 or 64,800 bits and whose encoding rate is any other than 3/5
and besides the modulation method is QPSK and the multiple b is 1. [0521] Where the LDPC code is
an LDPC code whose code length N is 16,200 or 64,800 bits and whose encoding rate is any other
than 3/5 and besides the modulation method is QPSK and the multiple b is 1, in the demultiplexer 25,
the code bits Wittei in the memory 31 for storing (N/(2 x 1)) x (2 x 1) bits in the column direction x row
direction are read out in a unit of 2 x 1 (= mb) bits in the row direction and supplied to the replacement
section 32. [0522] TheFiEplacemehtcsettion 32veplacesiie 2 X1 tmb) éedé bitsbo and b, read out

from the memory 31 such
pattern which can be adopted where the LDPC code is an

LDPC code whose code length N i1s 16,200 or 84,800 bits
and whose encoding rate is any other than 3/5 and besides
the modulation method is QPSK and the multiple b is 1.
[G5217]

Where the LDPC code i1s an LDPC code whose code
length N is 16,200 or 64,800 bits and whose encoding rate
is any other than 3/5 and besides the modulation method
1s QPSK and the multiple b is 1, in the demultiplexer 25,
the code bits written in the memory 31 for storing (N/ (2
x 1y = (2 = 1) bits in the column qirection X Tow
direction are read out in a unit of 2 x 1 (= mb) bits in
the row direction and supplied to the replacement secticn
32,

[G522]

The replacement section 32 replaces the 2 x 1 (=
mb) code kits by and b: read out from the memory 31 such
that the 2 x 1 (= mb) code bits by and b:; may be allocated
To the 2 x 1 (= mb} symbel bits vg and vi1 of one (= b)
symbol as seen in FIG. 97.

[0523]

In particular, accoeording to FIG. €7, the
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that the 2 x 1 (= mb) code bits bo and b may be allocated to the 2 x 1 (= mb) symbol bits yo and yi of
one (= b) symbol as seen in FIG. 97. [0523] In particular, according to FIG. 97, the 190 replacement
section 32 carries out replacement for allocating the code bit bo to the symbol bit yo, and the code bit
b- to the symbol bit Y2- [05241 It is to be noted that, in this instance, also it is possible to consider that
replacement is not carried out and the code bits bo and bl are determined as they are as the symbol
bits yo and yl, respectively. [0525] FIG. 98 shows an example of a bit allocation pattern which can be
adopted where the LDPC code is an LDPC code whose code length N is 64,800 bits and whose
encoding rateris 1% anuddesidesctheanodulatienr methodis: 166AM amddhe niultiple b is 2. [0526]
Where the LDPC code is an LDPC code whose code length N is 64,800 bits and whose encoding rate
is 3/5 and besidesthé madulation method is 16QAM and the

the code bit by to the symbol bit vy, and

the ccde bit b to the symbol bit vs.
[0524]

It 1s to be noted that, in this instance, also it
is poszible to consider that replacement 1s not carried
out and the code bits by and by are determined as they are
as the symbcl bits vy and yi, respectively.

[0525]

FIG. 98 shows an example of a bit allocation
pattern which can be adopted where the LDPC code is an
LDPC code whose gode fength N is 64,800 bits and whose
encoding rate is 3/5 and besides the modulation method is
160AM and the multiple b is 2.

[0526]

Where the LDPC code is an LDPC code whose code
length N 1s 64,800 bits and whose encoding rate is 3/5
and besides the modulation method is 160AM and the
multiple b is 2, in the demultiplexer 25, the code bits
written in the memory 31 for storing (64,800/(4 = 2}) =x
(4 x 2) bits 1in the column direction * row direction are
read out in a unit of 4 x 2 (= mb) bhits in the row

direction and supplied to the replacement section 3Z.
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multiple b is 2, in the demultiplexer 25, the code bits written in the memory 31 for storing (64,800/(4 x
2)) X (4 x 2) bits in the column direction x row direction are read out in a unit of 4 x 2 (= mb) bits in the
row direction and supplied to the replacement section 32. 191 0527] The replacement section 32
replaces the 4 x 2 mb) code bits bo to b, read out from the memory 31 such that the 4 x 2 (= mb)
code bits bo to b7 may be allocated to the 4 x 2 (= mb) symbol bits yo to y7 of two (= b) successive
symbols as seen in FIG. 98. [0528] In particular, according to FIG. 98, the replacement section 32
carries out replacement for allocating the code bit bo to the symbol bit yo, the code bit b, to the
symbol bit y5,[ #3€ ¢dde bit b2 to the symbol bit y,, the code bit b3 to the symbol bit Y2, the code bit
b4 to the symbol bit y4, the code bit b5 to the symbol bit y7, the code bit b6 to the symbol bit y3, and
the code bit b7 to the Syasbol Bityecefosng] section 32 replaces the 4 x 2 (=
mb) code bits by to by read out from the memory 31 such
that the 4 x 2 (= mb) code bits by to by may be allocated
to the 4 x 2 (= mbk) symbcl bits yo to vy of two (= b)
successive symbols as seen 1n FIG. %8.
[0528]
Ir particular, according to FIG. 98, the
replacement section 32 carries out replacement for
allocating
the code bit by te the symbol bit v,
the code bit by to the svmbol bit ys,
the code bit b, to the symbol bit y,
the code bit b: to the symbol kit vg,
the code bit b:; to the symbol bit vy,
the code bit bs to the symbol bit vy,
the code bit be to the symbol bit y;, and
the code bit b to the symbol bit vys.
[0529]
FIG. 99 shows an example of a bit allocation
pattern which can be adopted where the LDPC ccde 1s zan
LDPC code whose code length N is 16,200 bits and whose

encoding rate is 3/5 and besides the modulation method is

160AM and the multiple b is 2.



FIG. 99 shows an example of a bit allocation pattern which can be adopted where the LDPC code is
an LDPC code whose code length N is 16,200 bits and whose encoding rate is 3/5 and besides the
modulation method is 16QAM and the multiple b is 2. 192 [0530] Where the LDPC code is an LDPC
code whose code length N is 16,200 bits and whose encoding rate is 3/5 and besides the modulation
method is 16QAM and the multiple b is 2, in the demultiplexer 25, the code bits written in the memory
31 for storing (16,200/(4 x 2)) x (4 x 2) bits in the column direction x row direction are read out in a
unit of 4 x 2 (= mb) bits in the row direction and supplied to the replacement section 32. [0531] The
replacement séctivh]32 replaces the 4 x 2 mb) code bits bo to b7 read out from the memory 31 such
that the 4 x 2 (= mb) code bits bo to b7 may be allocated to the 4 x 2 (= mb) symbol bits yo to y7 of
two (= b) successive $ymbiGls B8seehiin FIGI99: [0532] PbartieGae atedfdingt6iFIG. 99, the

replacement section 32 carries out replacement for allocating . !
length N is 16,200 bits and whose enhcoding rate is 3/5

and besides the modulation method is 160QAM and the
muitiple b 1is 2, in the demultiplexer 25, the ccde bits
written in the memory 31 for storing (16,200/(4 x 2}) x
(4 % 2} bits in the column direction x row direction are
read out in a unit of 4 x 2 (= mb) bits in the row
direction and supplied to the replacement section 32.
[0531]

The replacement section 32 replaces the 4 x 2 (=
mh) code bits by Lo by read out from tThe memoryy 31 such
that the 4 x 2 (= mb) qode nits by to by may be allocated
te the 4 x 2 (= mb) symbol bits vy to y; of two (= b)
successive symbols as seen in FIG. 99.

[0532]

In particular, according to FIG. 99, the
replacement section 32 carries out replacement for
allocating

the code bit by to the symbol bit vy,

the code bhit by to the symbol bit y.,

the code bit by to the symbol bit vys,

the code bit by to the symbol bit ya,

the code bit b, to the symbol bit vys,
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the code bit bo to the symbol bit y7, the code bit b; to the symbol bit y" the code bit b2 to the symbol
bit y4, the code bit b3 to the symbol bit y,, the code bit b4 to the symbol bit y5, 193 the code bit b5 to
the symbol bit y3, the code bit b6 to the symbol bit y6, and the code bit b7 to the symbol bit yo. 0533]
FIG. 100 shows an example of a bit allocation pattern which can be adopted where the modulation
method is 64QAM and the LDPC code is an LDPC code whose code length N is 64,800 bits and
whose encoding rate is 3/5 and besides the multiple b is 2. [0534] Where the LDPC code is an LDPC
code whose code length N is 64,800 bits and whose encoding rate is 3/5 and the modulation method
is 64QAM and besides:the nuwitiple bisi2, inthe demeitiplexer25; the code bits written in the memory
31 for storing (64,800/(6 x 2)) x (6 x 2) bits in the column direction x row direction are read out in a
unit of 6 x 2 (= mb) bitg:iretheadw direction andsuppligdite thecreplacementisection 32. [0535]

the code kit by to tThe symbol kit vyo.
[G533]

FIG. 10C shows an example of a bit allccation
pattern which can be adopted where the modulation method
is 64QAM and the LDPC code i1s an LDPC code whose code
length N is 64,800 bits and whose encoding rate is 3/8
and besides the multiple b is Z.

[0534)]

Where the LDPC ceode 1is an LDPC code whose code
length N is 64,800 bits and whose encoding rate is 3/5
and the modulation method is 64QAM and besides the
multiple b is 2, in the demultiplexer 25, the cods bits
written in the memory 31 for storing (64,800/(6 = 2)) x
{6 x Z) bits in the column direction x row direction are
read out in a unit of 6 x 2 (= mb) bits in the row
direction and supplied toc the replacement section 32.
[0535]

The replacement section 32 replaces the ¢ x 2 (=
mb) code bits by to b1 read out from the memcory 31 such
that tThe & x 2 (= mb) code bits bs to b1 may be allocated
toe the 6 x 2 (= mb) symbol bits vy to vi1 of two (= b)

successive gymbols as seen in FIG. 100.

194



The replacement section 32 replaces the 6 x 2 mb) code bits bo to bll read out from the memory 31
such that the 6 x 2 (= mb) code bits bo to b1_ may be allocated to the 6 x 2 (= mb) symbol bits yo to
y,i of two (= b) successive symbols as seen in FIG. 100. 194 0536] In particular, according to FIG.
100, the replacement section 32 carries out replacement for allocating the code bit bo to the symbol
bit y2, the code bit b to the symbol bit y7, the code bit b2 to the symbol bit y6, the code bit b3 to the
symbol bit y9, the code bit b4 to the symbol bit yo, the code bit b5 to the symbol bit y3, the code bit
b6 to the symbol bit y1, the code bit b7 to the symbol bit y9, the code bit be to the symbol bit y4, the
code bit b, to fHe:8yhbol bit y11, the code bit blo to the symbol bit y5, and the code bit b11 to the
symbol bit ylo. [0537] FIG. 101 shows an example of a bit allocation pattern which can be adopted
where the modulation fetiyecdt icular, according to FIG. 100, the

replacement section 32 carries out replacement for

alioccating
the code hitT by to the symbol bit va,
the code bit b; to the symbol kit vy,
the code kit b:; te the symbol bhit ve,
the code bit bs to the symbol bit vyg,
the code bit bs Lo the symbol bit vo,
the code bit bs to the symbol bit vs,
the code bit be to the symbol bit v,
the code bit bs; to the symbol bit vs,
the code kit ks to the symbol bit v,
the code bit bs to the svmbol bit vii,
the code bit by to the symbol bit vs, and
the code bit by to the symbol bit vig.
[G537]

FIG. 101 shows an example of a bit allocaticon

pattern which can be adopted where the modulation method
is 64QAM and the LDPC code is an LDPC code whose code
length N is 16,200 bits and whose encoding rate is 3/5
and besides the multiple b is 2.

(05381

Where the LDPC code is an LDPC code whose code
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is 64QAM and the LDPC code is an LDPC code whose code length N is 16,200 bits and whose
encoding rate is 3/5 and besides the multiple b is 2. [0538] Where the LDPC code is an LDPC code
whose code 195 length N is 16,200 bits and whose encoding rate is 3/5 and the modulation method
is 64QAM and besides the multiple b is 2, in the demultiplexer 25, the code bits written in the memory
31 for storing (16,200/(6 x 2)) x (6 x 2) bits in the column direction x row direction are read out in a
unit of 6 x 2 (= mb) bits in the row direction and supplied to the replacement section 32. [0539] The
replacement section 32 replaces the 6 x 2 mb) code bits b0 to b,1 read out from the memory 31 such
that the 6 x 2 (= mjrcadeihits 6o fb- mayhezallocated <o ¢he 6 2 (= mix)syimbdl bits yo to y1, of
two (= b) successive symbols as seen in FIG. 101. [0540] In particular, according to FIG. 101, the
replacement settioni32 cartiesout replacement for dlfozhtingthe tede. Bit b3ttbdhe symbol bityl_,
the code bit b, to the symbol bit y~,

multiple b is 2, in the demultiplexer 25, the code bits

written in the memory 31 for storing (16,200/(6 x 2)) x

(6 »x 2V bhits 1n the column direction x row direction are

read out in a unit of & x 2 (= mb) bits in the row

direction and supplied to the replacement secticon 32,

[0539]

The replacement section 32 replaces the 6 x 2 (=

mb) code bits by to by; read out from the memory 31 such

that the ¢ x 2 (= mb) code bits by to ki may be allocated

to the & x Z (= mb) symbol bits ys to vi1 of two (= bj

successive symbols as seen in FIG. 101.
[0540]

In particular, according te FIG. 101, the
replacement section 32 carries out replacement for
allcocating

the code bi

]w

t

o
]

to the syvmbol bit vi.,
the code bit by toe the symbol kit yaq,

the code bi

l,.,J

¢t

o
3%}

to the symbol bit va,
The code kit bs to the svmbol bit vig,
the code bit bs; to the symbol bit ve,
the code bit by to the symbol bit yo,

the code bit bg to the symbol bit vy,
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the code bit b2 to the symbol bit y3, the code bit b3 to the symbol bit y,0, the code bit ba to the
symbol bit y6, the code bit b5 to the symbol bit y2, the code bit b6 to the symbol bit y9, 196 the code
bit b7 to the symbol bit y5, the code bit be to the symbol bit yl, the code bit b9 to the symbol bit y8,
the code bit blo to the symbol bit y4, and the code bit b11 to the symbol bit yo. [0541] FIG. 102 shows
an example of a bit allocation pattern which can be adopted where the modulation method is
256QAM and the LDPC code is an LDPC code whose code length N is 64,800 bits and whose
encoding rate is 3/5 and besides the multiple b is 2. [0542] Where the LDPC code is an LDPC code
whose code length N istt4,80@its andawhose eneodingrate is 345 vand the modulation method is
256QAM and besides the multiple b is 2, in the demultiplexer 25, the code bits written in the memory
31 for storing (64,800/(8» 2p>¢8 i) Wits incthélcoluminidireéctiort x Yow direction are read out in a

unit of 8 x 2 (= mb) bits in the row ‘
the code bit by to the symbol bit vys,

the code bit biy to the symbol bit y,, and

the code bit b1 Lo the symbol bit vp.
05417

FIG. 102 shows an example of a bit allocation
pattern which can be adopted where the modulation method
is 256QAM and the LDPC code 1s an LDPC code whose code
length N is 64,800 bits and whose encoding rate i1s 3/5
and besides the multiple b 1s 2.

[0542]

Where the LDPC code is an LDPC code whose code
length N is 64,800 bits and whose encoding rate is 3/b
and the medulation method 1s 250QAM and besides the
multiple b is 2, in the demultiplexer 25, the code bits
written in the memory 31 for storing (64,800/(8 x 2}) x
(8 x 2} bits in the column direction x row direction are
read out in a unit of 8 x 2 (= mb} bits in the row
direction and supplied to the replacement secticon 32.
[0543]

The replacement section 32 replaces the § x 2 (=
mb) code kits by to bis read out from the memory 31 such

that the 8 x 2 (= mb) code bits by to bis may bhe allccated
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direction and supplied to the replacement section 32. [0543] The replacement section 32 replaces the
8 x 2 mb) code bits bo to b15 read out from the memory 31 such that the 8 x 2 (= mb) code bits bo to
b,5 maybe allocated 197 to the 8 x 2 (= mb) symbol. bits yo to Y15 of two (= b) successive symbols as
seen in FIG. 102. [0544] In particular, according to FIG. 102, the replacement section 32 carries out
replacement for allocating the code bit be to the symbol bit y2, the code bit bl to the symbol bit y11,
the code bit be to the symbol bit y3, the code bit b3 to the symbol bit y4, the code bit b4 to the symbol
bit yo, the code bit b, to the symbol bit y9, the code bit b6 to the symbol bit y1, the code bit b7 to the
symbol bit y8,t the:eadesbit be to-theisymbahbit yla; ithe cadechit hby:tasthersymbet kit)yy13, the code bit
blo to the symbol bit y7, the code bit b-_- to the symbol bit y14, the code bit b12 to the symbol bit y6,
successive symbols as seen in FIG. 102,

[0544]

In particular,

according to FIG.

102,

the

replacement section 32 carries out replacement for

allocating

[0545]
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the code bit b13 to the symbol bit y5, the code bit b14 to the symbol bit y5, and the code bitb_5to
the symbol bit y12. [0545] FIG. 103 shows an example of a bit allocation .98 pattern which can be
adopted where the modulation method is 256QAM and the LDPC code is an LDPC code whose code
length N is 16,200 bits and whose encoding rate is 3/5 and besides the multiple b is 1. [05461 Where
the LDPC code is an LDPC code whose code length N is 16,200 bits and whose encoding rate is 3/5
and the modulation method is 256QAM and besides the multiple b is 1, in the demultiplexer 25, the
code bits written in the memory 31 for storing (16,200/(8 x 1)) x (8 x 1) bits in the column direction x
row direction are: reach out:incd uniof Bx & {oml)kbitgiathe row direttibatandsupplieddo the
replacement section 32. [0547] The replacement section 32 replaces the 8 x 1 mb) code bits bo to b7
read out fromihe Aigradiy 3 sucthahabiie 8xde(=umb}rodebits bOde b7rmay becallecated to the 8

x li (= mb) symbol bits yo to y7 of one (= b) symbol as seen in FIG. 103.
length N is 16,200 bits and whose enccding rate is 3/5

and besides the multiple b is 1.
[0546]

Where the LDPC code is an LDPC code whose code
length N 1s 16,200 bits and whose encoding rate is 3/5
and the modulation method is Z56Q0AM and besides the
multiple b 1s 1, in the demultiplexer 25, the code bits
written in the memory 31 for storing (16,200/(8 x 1)) x
(8 »x 1% bits in the column directicon x row directiocon are
read out in a unit of 8 x 1 (= mb) bits in the row
direction and supplied to the replacement section 32.
(05473

The replacement section 32 replaces the 8 x 1 (=
mb) code bits by to by read out freom the memory 31 such
that the 8 x 1 {= mb) code bits by to by may be allocated
te the 8 x 1 (5 mb) symbol bits vy to vy of one (= b}
symbol a&s seen in FIG. 103.

(05487

In particular, according to FIG. 103, the
replacement section 32 carries out replacement for
allocating

the code bit by teo the symbol bit vy,
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0548] In particular, according to FIG. 103, the replacement section 32 carries out replacement for
allocating the code bit bo to the symbol bit y7, 199 the code bit bl to the symbol bit y3, the code bit b2
to the symbol bity,, the code bit b3 to the symbol bit y5, the code bit b4 to the symbol bit y2, the
code bit b=, to the symbol bit y, the code bit bd to the symbol bit y4, and the code bit b7 to the symbol
bit yo. [0549] Now, the deinterleaver 53 which composes the reception apparatus 12 is described.
0550] FIG. 104 is a view illustrating processing of the multiplexer 54 which composes the
deinterleaver 53. [0551] In particular, A of FIG. 104 shows an example of a functional configuration of
the multiplexer 54. [0552T e nwrltipléxeér: 54 is tbmpesed of.alreverge, replacement section 1001 and
a memory 1002.
the code bit b; to the symbol bit vy,
the code bit by to the symbol bit vs,
the code bit bs to the symbol bit vy,
the code bit by Lo the symbol bit vs,
the code bit bs to the symbol bit vy, and
the code bit b; to the symbol bit vg.
[0549]
Now, the deinterleaver 53 which composes the
reception apparatus 12 1is described.
[0550]
FIG. 104 is a view illustrating processing of the
multiplexer 54 which composes the deinterleaver 53.
[0551]
In particular, A of FIG. 104 shows an example of a
functional configuration of the multiplexer 54.
(05527
The multiplexer 54 is compossd of a reverse
replacement section 1001 and a memory 1002.
[0553]
The multiplexer 54 determines symbol bits of
symbcls supplied from the demapping section 52 at the

preceding stage as an object of processing therecf and

carries out a reverse replacement process corresponding
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[0553] The multiplexer 54 determines symbol bits of symbols supplied from the demapping section 52
at the preceding stage as an object of processing thereof and carries out a reverse replacement
process corresponding 200 to the replacement process carried out by the demultip'.exer 25 of the
transmission apparatus 11 (process reverse to the replacement process), that is, a reverse
replacement process of returning the positions of the code bits (symbol bits) of the LDPC code
replaced by the replacement process. Then, the multiplexer. 54 supplies an LDPC code obtained as
a result of the reverse replacement process to the column twist deinterleaver 55 at the succeeding
stage. [05541tn particuar; im thenmuttiplexerdss mb symbol bits yoyyihe, y,b_1 of b symbols are
supplied in a unit of b (successive) symbols to the reverse replacement section 1001. [05551 The
reverse replacementsegctionst0015carfies lotit reverseireplace mamntof rstuming the arrangement of the
me symbol bits yo to y,,_ to the original arrangement of the mb code bits bo, b |, ..., b,~_1
(arrangement Gftheeddereverse to the replacement process), that 1s, a
reverse replacement process of returning the positions of
the code bits (symbol bits) of the LDPC code replaced by
the replacemeni process. Then, the multiplexer 54
supplies an LDPC code obtained as a result of the reverse
replacement process to the column twist deinterleaver 55
at the succeeding stage.
[0554]

In perticular, in the multiplexer 54, mb symbol
bits vo, Vi, s Vmp-1 ©f b symbols are supplied in a unit
of b (successive) symbols to the reverse replacement
section 1001,
[0555]

The reverse replacement section 1001 carries out
reverse replacement of returning the arrangement of the
mbk symbol bits yg TO Vm-: To the original arrangement of
the mb code bits by, b1, .., bme-: (arrangement of the code
bits by to bmpp-r before the replacement by the replacement
section 32 which composes the demultiplexer 25 on the
transmission apparatus 11 side is carried out). The

raeverse replacement section 1001 outputs code bits by to

bm,-1 cbtained as a result ¢of the reverse replacement.

201



its bo to b,rb_11 before the replacement by the replacement section 32 which composes the
demultiplexer 25 on the transmission apparatus it side is carried out). The reverse replacement
section 1001 outputs code bits bo to b,,,v_1 obtained as a result of the reverse replacement. 201
[0556] The memory 1002 has a storage capacity of storing mb bits in the row (horizontal) direction
and storing N/(mb) bits in the column (vertical) direction similarly to the memory 31 which composes
the demultiplexer 25 of the transmission apparatus 11 side. In other words, the reverse replacement
section 1001 is configured from mb columns each of which stores N/(mb) bits. [0557] However, in the
memory 1002{ Writing of the code bits of LDPC codes outputted from the reverse replacement section
1-0001 is carried out in a direction in which reading out of code bits from the memory 31 of the
demultiplexer 25 of theltrangifission appatatussl Biss eaiiedcoutaand idading oatofiéade bits written
in the memory 1002 is carried out in a direction in which writing of code bits into the memory 31 is

carried out. [B558]1Aarticllaf the thultitéxer B 8f theteééptforPn and storing

N/ (mb) bits in the column (vertical) direction similarly
to the memory 31 which composes the demultiplexer 25 of
the transmission apparatus 11 side. In other words, the
reverse replacement section 1001 is configured from mb
columns sach of which stores N/ (mb) bits.
(0557

However, in the memory 1002, writing of the code
bits of LDPC codes outputted from the reverse replacement
secticn 1001 is carried out in a direction in which
reading cut of code bits from the memory 31 of the
demultiplexer 25 of tThe transmission apparatus 11 is
carried out, and reading out of code bits written in the
memory 1002 is carried out in a direction in which
writing of code bits into the memory 31 is carried out.
(05587

In particular, the multiplexer 54 of the reception
apparatus 12 successively carries out writing of code
bits of an LDPC code outputted from the reverse
replacement section 1001 in & unit of mb kits in the row
direction beginning with the first row of the memory 1002

toward a lower low as seen in A of TIG. 104.
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apparatus 12 successively carries out writing of code bits of an LDPC code outputted from the reverse
replacement section 1001 in a unit of mb bits in the row direction beginning with the first row of the
memory 1002 toward a lower low as seen in A of FIG. 104. 202 [0559] Then, when the writing of code
bits for one code length ends, the multiplexer 54 reads out the code bits in the column direction from
the memory 1002 and supplies the code bits to the column twist deinterleaver 55 at the succeeding
stage. [0560] Here, B of FIG. 104 is a view illustrating reading out of the code bits from the memory
1002. [0561] The multiplexer 54 carries out reading out of code bits of an I,DPC code in a downward
direction (colupir tdifection) from above of a column which composes the memory 1002 beginning
with a leftmost column toward a right side column. [0562] Now, processing of the column twist
deinterleaver 55 whicl¥temposes the:tdeinterieaven 58 of thelredeption fapparatusckis described

with reference to FIG. 105.
length ends, the multiplexer 54 reads cut the code bits

in the column direction from the memory 1002 and supplies
the code bits te the column twist deinterleaver 55 at the
succeeding stage.

[0560]

Here, B cf FIG. 104 is a view illustrating reading
out of the code bits from the memory 1002.

[0561]

The multiplexer 54 carries out reading out of code
bits of an LDPC code in & downward direction (column
direction) from above of a column which composes the
memory 1002 beginning with a leftmost column toward a
right side column.

[0562]

Now, processing of the column twist deinterlieaver
55 which composes the deinterleaver 53 of the reception
apparatus 12 is described with reference to FIG. 105.
[0563]

FIG. 105 shows an example of a configuration of the
memory 1002 of the multiplexer 54.

[0564]

The memory 1002 has a storage capacity for storing



[0563] FIG. 105 shows an example of a configuration of the memory 1002 of the multiplexer 54.
[0564] The memory 1002 has a storage capacity for storing 203 me bits in the column (vertical)
direction and stores N/(mb) bits in the row (horizontal) direction and is composed of mb columns.
[0565' The column twist deinterleaver 55 writes code bits of an LDPC code in the row direction into
the memory 1002 and controls the position at which reading out is started when the code bits are
read out in the column direction to carry out column twist deinterleave. [0566] In particular, the column
twist deinterleaver 55 carries out a reverse re-arrangement process of suitably changing the reading
out starting pasitian: akwhich: reading @ut of cede: hits Withdegarditbeachraf as plurality of columns is
to be started to return the arrangement of code bits re-arranged by the column twist interleave to the
original arrangenieht. [6567 Herel FG r105 shows anrexamplel of aconfigurtioni s

composed of mb columns.
[0b65]

The column twist deinterleaver 55 writes code bits
of an LDPC code in the row direction intoe the memory 1002
and controls the position at which reading out is started
when the code bits are read out in the column direction
to carry out column twist deinterleave.

[0566]

In particular, the ceolumn twist deinterleaver 505
carries out a reverse re-arrangement process of suiltably
changing the reading out starting position at which
reading out of code bits with regard to each of a
plurality of columns 1s to be started to return the
arrangement of code bits re-arranged by the column twist
interleave to the original arrangement.

[0567]

Here, FIG. 10> shows an example of a configuration
of the memory 1002 where the modulation method is 160AM
and the multiple b is 1. Accordingly, the bit number m of
one symbol is 4 bits, and the memcory 1002 includes four
(= mb) columns.

(0568 ]
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of the memory 1002 where the modulation method is 16QAM and the multiple b is 1. Accordingly, the
bit number m of one symbol is 4 bits, and the memory 1002 includes four (= mb) columns. [0568. 204
The column twist deinterleaver 55 carries out (in place of the multiplexer 54), writing of code bits of an
LDPC code outputted from the replacement section 1001 in the row direction successively into the
memory 1002 beginning with the first row toward a lowermost row. [0569] Then, if writing of code bits
for one code length ends, then the column twist deinterleaver 55 carries out reading out of code bits
in the downward direction (column direction) from a top of the memory 1002 beginning with a leftmost
column toward a right Side calumm: [G570] Haovwever stheccoltemn fwist deinterteaver 55icarries out
reading out of the code bits from the memory 1002 determining the writing starting position upon
writing of thefcodeshitsthy e coldmhtwistenteréaver24.6rithie dansniission apparatas 11 side to a

reading out starting position of the code bits.
LDPC code cutputted from the replacement section 1001 in

the row direction successively into the memory 1002
beginning with the first row toward a lowermost row.
[C569]

Then, if writing of code bits for one code length
ends, then the column twist deinterleaver 55 carries out
reading out of cede bits in the downward direction
{column direction) from & top cf the memcry 1002
beginning with a leftmost column toward a right side
column.

[0570] i

However, the column twist deinterleaver 55 carries
out reading out of the code bits from the memory 1002
determining the writing starting positicon upon writing of
the code bits by the column twist interleaver 24 on the
transmission apparatus 11 side to a reading out starting
position of the code bits.

[0571]

In particular, if the address of the position of
the top cof each column is determined as 0 and the address
of each position in the ccolumn direction is represented

by an integer given in an ascending order, then whare the

205



[0571] In particular, if the address of the position of the top of each column is determined as 0 and the
address of each position in the column direction is represented by an integer given in an ascending
order, then where the 205 modulation method is 16QAM and the multiple b is 1, the column twist
deinterleaver 55 sets the reading out starting position for the leftmost column to the position whose
address is 0, sets the reading out starting position for the second column (from the left) to the position
whose address is 2, sets the reading out starting position for the third column to the position whose
address is 4, and sets the reading out starting position for the fourth column to the position whose
address is 7. {8572] #ttis ¢o beaoted: that, withAdganddotdachrof ithose €olumiss Wwhoseseading out
starting position has an address other than 0, reading out of code bits is carried out such that, after
such reading oot igwartied stt dewntrorthedvwermbstsodsition) ¢he esabimg oatposition is returned to
the top (position whose address is 0) of the column and the reading out is carried out downwardly to
the position infifeliatély preéddingio e rédtfing Bt most column to the position

whose address 1s 0, sets The reading out starting
position for the second column (from the left) to the
position whese address 1s 2, sets the reading out
starting position for the third column to the position
whose address 1s 4, and sets the reading out starting
position for the fourth column to the position whose
address is 7.
105727

It is to be noted that, with regard to each of
theose columns whose reading out starting position has an
addregs other than 0, reading out of code bits is carried
out such that, after such reading out is carried cut down
to the lowermost positicn, the reading out pcesition is
refturned to the top (position whose address 1s 0) of the
column and the reading ocut is carried out downwardly to
the position immediately preceding to the reading out
starting position. Then, after that, reading out is
carried out from The next {right) column.
[G573]

By carrying out such column twist interleave as

described above, the arrangement of the code bits re-
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starting position. Then, after that, reading out is carried out from the next (right) column. [0573] By
carrying out such column twist interleave as described above, the arrangement of the code bits re-
206 arranged by the column twist interleave is returned to the original arrangement. [0574] FIG. 106 is
a block diagram showing another example of the configuration of the reception apparatus 12. [0575]
Referring to FIG. 106, the reception apparatus 12 is a data processing apparatus which receives a
modulation signal from the transmission apparatus 11 and includes an orthogonal demodulation
section 51, a demapping section 52, a deinterleaver 53 and an LDPC decoding section 1021. 0576]
The orthogonalk-demgoddlation seetiam bitrreceivesa odetatiomsignal from thentrensmission
apparatus 11, carries out orthogonal demodulation and supplies symbols (values in the | and Q axis
directions) obtdired as @l resuleofithe Grtiogonal demodulation to the demapping section 52.

[0574]

FIG. 106 1is =z block diagram showing ancther example
of the configuration of the reception apparatus 12.
[0575]

Referring to FIG. 106, the reception apparatus 12
i1s a data processing apparatus which receives a
modulation signal from the transmission apparatus 11 and
includes an orthogonal demoduiation section 51, a
demapping section 5Z, a deinterleaver 53 and an LDPC
decoding section 10Z21.

[057¢]

The orthogonal demodulation section 51 receives a
modulation signal from the transmission apparatus 11,
carries out orthogonal demcdulation and supplies symbols
{(values in the I and Q axis directions) obtained as a
result of the orthogonal demodulation to the demapping
section 52.

[C577]

The demapping sectlon 52 carries out demapping of
converting the symbols from the orthogonal demcdulation
section 51 into code bits c¢f an LDPC code and supplies

the code bits to the deinterleaver 53.
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[0577] The demapping section 52 carries out demapping of converting the symbols from the
orthogonal demodulation section 51 into code bits of an LDPC code and supplies the code bits to the
deinterleaver 53. 207 05781 The deinterleaver 53 includes a multiplexer (MUX) 54, a column twist
deinterleaver 55 and a parity deinterleaver 1011 and carries out deinterleave of the code bits of the
LDPC code from the demapping section 52. [0579] In particular, the multiplexer 54 determines an
LDPC code from the demapping section 52 as an object of processing thereof and carries out a
reverse replacement process corresponding to the replacement process carried out by the
demultiplexer 2ZB:Gfthe transmission apparatus 11 (reverse process to the replacement process), that
is, areverse replacement process of returning the positions of the code bits replaced by the
replacement process téthedsrigiial positions. Thehtheunigitiplexansl sapphes: alMUBPC code
obtained as a result of the reverse replacement process to the column twist deinterleaver 55. [0580]
The column twibt deintérieaver 55 ideteffinBs tia saver 55 and a parity

deinterieaver 1011 and carries out deinterleave of the
code bits of the LDPC code from the demapping section 52.
[0579]

In particular, the multiplexer 54 determines an
LDPC code from the demapping section 52 as an oblect of
processing thereof and carries out a reverse replacement
process corresponding to the replacement process carried
out by the demultiplexer 25 of the transmission apparatus
11 {(reverse process to the replacement process), that is,
a reverse replacement process of returning the positions
of the code bits replaced by the replacement process to
the original positicns. Then, the multiplexer 54 supplies
an LDPC code obtained as a result of the reverse
replacement process to the column twist deinterleaver 355.
[05807

The ccolumn twist deinterleaver 55 determines the
LDPC code from the multiplexer 54 as an object of
processing and carries out column twist deinterlieave
corresponding to the column twist interleave as a re-
arrangement process carried out by the column twist

interleaver 24 of the transmission apparatus 11.
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LDPC code from the multiplexer 54 as an object of processing and carries out column twist
deinterleave corresponding to the column twist interleave as a re- arrangement process carried out by
the column twist interleaver 24 of the transmission apparatus 11. 208 0581] The LDPC code obtained
as a result of the column twist deinterleave is supplied from the column twist deinterleaver 55 to the
parity deinterleaver 101._. [0582] The parity deinterleaver 1011 determines the code bits after the
column twist deinterleave by the column twist deinterleaver 55 as an object of processing thereof and
carries out parity deinterleave corresponding to the parity interleave carried out by the parity
interleaver 23 obthejtransmission apparatus 11 (reverse process to the parity interleave), that is,
parity dein'terieave of returning the arrangement of the code bits of the LDPC code whose
arrangement was chariffedl By#tie parity interleavedo dke ariginabarrangement. {0888}:The LDPC code
obtained as a result of the parity deinterleave is supplied from the parity deinterleaver 1011 to the
LDPC decodifiy 86éticte 102 rleave is supplied from the column twist
delnterleaver 55 to the parity deinterleaver 1011.
[0582]
The parity deinterleaver 1011 determines the code
bits after the column twist deinterleave by the column
twist deinterleaver 55 as an object of processing therecf
and carries out parity deinterleave corresponding to the
parity interleave carried out by the parity interleaver
23 of the transmission apparatus 11 (reverse process to
the parity interleave), that 1s, parity deinterlieave of
returning the arrangement of the code bits of the LDPC
code whose arrangement was changed by the parity
interleave to the original arrangemsnt.
[0583]
The LDPC code cbtained as a result of the parity
deinterleave is supplied from the parity deinterleaver
1011 to the LDPC decoding section 1021.
[0584]
Accordingly, in the reception apparatus 12 of
FIG. 106, the LDPC code for which fthe reverse replacemsnt

process, column twist deinterleave and parity

deinterleave have been carried out, that is, an LDPC code
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[0584] Accordingly, in the reception apparatus 12 of FIG. 106, the LDPC code for which the reverse
replacement process, column twist deinterleave and parity deinterleave have been carried out, that
is, an LDPC code 209 obtained by LDPC coding in accordance with the parity check matrix H, is
supplied to the LDPC decoding section 1021. [0585] The LDPC decoding section 1021 carries out
LDPC decoding of the LDPC code from the deinterleaver 53 using the parity check matrix H itself
used for LDPC encoding by the LDPC encoding section 21 of the transmission apparatus 11 or a
conversion parity check matrix obtained by carrying out at least column conversion corresponding to
the parity intetleaue forctheparity Checkimatrix. H. athem; tee:EBPCLdécadirg sectiorny1021 outputs
data obtained by the LDPC decoding as a decoding result of the object data. [0586] Here, in the
reception appar&es IPE6FRIG. HO6! Ssifcean LBPC eolle obidiféd B 1 PRC 2né6dingdn accordance
with the parity 8g%ck matrix H is supplied from the (parity deinterleaver 1011 of) the deinterleaver

[0585]

The LDPC decoding section 1021 carries out LDPC
decoding of the LDPC code from the deinterleaver 53 using
the parity check matrix H itself used for LDPC encoding
by the LDPC enceding section 21 of the transmission
apparatus 11 or a conversion parity check matrix obtalined
by carrying out at least column conversion corresponding
te the parity interleave for the parity check matrix H.
Then, the LDPC decoding section 1021 outputs data
obtained by the LDPC decoding as a decoding result of the
object data.

[0586]

Here, 1in the reception apparatus 12 of FIG. 106,
since an LDPC code obtailned by LDPC encoding in
accordance with the parity check matrix H is supplied
from the (parity delnterleaver 1011 0f} %the deinterlieaver
53 to the LDPC decoding section 1021, where the LDPC
decoding of the LDPC code is carried out using the parity
check matrix H itself used for the LDPC encoding by the
LDPC enceding section Z1 of the transmission apparatus 11,

the LDPC decoding section 1021 can be configured, for
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53 to the LDPC decoding section 1021, where the LDPC decoding of the LDPC code is carried out
using the parity check matrix H itself used for the LDPC encoding by the LDPC encoding section 21
of the transmission apparatus 11, the LDPC decoding section 1021 can be configured, for 210
example, from a decoding apparatus which carries out LDPC decoding in accordance with a full serial
decoding method wherein mathematical operation of messages (check node messages and variable
node messages) is carried out for one by one node or another decoding apparatus wherein LDPC
decoding is carried out in accordance with a full parallel decoding method wherein mathematical
operation of messages atercarrieddut simokaraaushiaim pardtied hfor all :nodesc058Z-Fafther, where
LDPC decoding of an LDPC code is carried out using a conversion parity check matrix obtained by
carrying out af fsast éBlimn reptaceifiet eolresporiding to tHesparity intefleavé forthé pafity check
matrix H used in the LDPC encoding by the LDPC encoding section 21. of the transmission apparatus
11, the LDPC'08EGdiRg BREHGH 102 tanBeEECEHiirATedfrori 2S BRe6ding dpparatiis ©f an architecture

which carries out the check node mathematical operation and the variable
messages and varlaple node messages, 1s carried out for

one by one node or another decoding apparatus wherein
LDPC decoding is carried out in accordance with a full
parallel decoding method wherein mathematical operation
of messages are carryied out simultaneously {in parallel)
for all nocdes.

[0587]

Further, where LDPC decoding of an LDPC code is
carried out using a converslion parity check matrix
obtained by carrving out at least column replacement
corresponding to the parity interleave for the parity
check matrix H used in the LDPC encoding by the LDPEC
encoding section Z1 of the tramsmission apparatus 11, the
LDPC decoding section 1021 can be confirmed from a
decoding apparatus of an architecture which carries out
the check node mathematical operation and the wvarlable
node mathematical operation simultaneously for F (or a
devisor of P other than 1} check nodes and P variable
nodes and which has a receptiocn data re-arrangement
section 310 for carrving out column replacement similar

to the column replacement for obtaining a conversion
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node mathematical operation simultaneously for P (or a devisor of P other than 1) check nodes and P
variable nodes and which has a reception data re-arrangement section 310 for carrying out column
replacement similar to the column replacement for obtaining a conversion 211 parity check matrix for
the LDPC code to re-arrange the code bits of the LDPC codes. [0588] It is to be noted that, while, in
FIG. 106, the multiplexer 54 for carrying out the reverse replacement process, column twist
deinterleaver 55 for carrying out the column twist deinterleave and parity deinterleaver 1011 for
carrying out the parity deinterleave are configured separately from each other for the convenience of
description, tweor.morelof the marttiplexerddd, column twist deintedeaver Sbrand;paritydeinterleaver
1011 can be configured integrally similarly to the parity interleaver 23, column twist interleaves 24 and
demultiplexer 2&csf the transmisdien appératusiat.. [0589] FIG. 107 is a block diagram showing a first
example of a configuration of a reception system which can be applied to the reception apparatus 12.
[0590] 10588
It is to be noted that, while, in FTIG. 106, the
multiplexer 54 for carrying out the reverse replacement
process, column twist deinterleaver 55 for carrying out
the column twist deinterleave and parity deinterleaver
1011 for carrying out the parity deinterleave are
configured separately from each other for the convenience
of description, two or more of the multiplexer 54, column
twist deinterleaver 55 and parity deinterleaver 1011 can
be configured integrally similarly to the parity
interlieaver 23,7coiumn twist interleaver 24 and
demultiplexer 25 of the transmissiocn apparatus 11.
[0589)]
FIG. 107 is a block diagram showing a first example
of a configuration of a reception system which can be
applied to the reception apparatus 12.
[0530]
Referring to FIG. 107, the reception system
includes an acguisition section 1101, & transmission line
decoding processing section 1102 and an information

gource decoding processing section 1103,

[0591]



Referring to FIG. 107, the reception system includes an acquisition section 1101, a transmission line
decoding processing section 1102 and an information source decoding processing section 1103.
[0591] 212 The acquisition section 1101 acquires a signal including an LDPC code obtained at least
by LDPC encoding object data such as image data and music data of a program through a
transmission line such as, for example, terrestrial digital broadcasting, satellite digital broadcasting, a
CATYV network, the Internet or some other network. Then, the acquisition section 1101 supplies the
acquired signal to the transmission line decoding processing section 1102. [0592] Here, where the
signal acquired by the abguisition i sectiom1 kk-isikroaddast, for exampte, fram @nbroadcasting station
through ground waves, satellite waves, a CATV (Cable Television) or the like, the acquisition section
1.1.01 is configurediffonta sunerD&En STBYSelt ToprBok) ot tHeelike. Oy thedtherhandiwbere the
signal acquired by the acquisition section 1101 is transmitted in a multicast state as in the IPTV
(Internet ProtoeoFTéledidion) sfef exampléidesim dweb sef/epthec data of a

program through a transmission line such as, for example,
terrestrial digital broadcasting, satellite digital
broadcasting, a CATV network, the Internet or some other
network. Then, the acquisition section 1101 supplies the
acquired signal to the tTransmission line deccding
precessing section 1102.
[0D9Z7

Here, where the signal acquired by the acguisition
section 1101 1is broadcast, for example, from a
broadcasting station through ground waves, satellite
waves, a CATV (Cable Television) or the like, the
acquisiticn section 1101 is configured from a tuner, an
STB (3et Top Box) or the like. On the other hand, wheres
the signal acquired by the acquisition section 1101 is
transmitted in a muiticast state as in the IPTV (Internet
Protocol Television), for example, from a web server, the
acqgquisition section 11 is configured from a network I/F
(Inter face) such as, for example, an NIC {Network
Interface Card).

[0593]

The transmission line decoding processing section



acquisition section 11 is configured from a network I/F (Inter face) such as, for example, an NIC
(Network Interface Card). 0593] The transmission 'Line decoding processing section 213 1-102
carries out a transmission line decoding process including at least a process for correcting errors
produced in the transmission line for the signal acquired through the transmission line by the
acquisition section 1101, and supplies a signal obtained as a result of the transmission line decoding
process to the information source decoding processing section 1103. [0594] In particular, the signal
acquired through the transmission line by the acquisition section 1101 is a signal obtained by carrying
out at least erf@fi¢orrections encoding foreorsectingiemors predutetkinithe transmission line, and for
such a signal as just described, the transmission line decoding processing section 1102 carries out a
transmission i€ deeddifig 2rotess Suéh Bsofor exafple, Arrereoridoreectionpracess. [0595] Here,

as the error correction encoding, for example, LDPC encoding, Reed-Solomon encoding and so forth
are produced in the transmission line for the signal acquired

through the transmission line by the acguisition section
1101, and supplies a signal obtained as a result of the
transmisgsion line decoding process to the information
source decoding processing section 1103.

[0594]

In particular, the signal acguired through the
transmission line by the acguisition section 1101 is a
signal cbtained by carrying out at least errocr correction
encoding for correcting errors produced in the
transmission line, and for such a signal as just
described, the transmissicn line decoding processing
section 1102 carries out a transmission line decoding
process such as, for example, an error correction process.
[0585]

Here, as the error correction encoding, for example,
LDPC encoding, Reed-Sclomon encoding and so forth are
available. Here, as the error correction encoding, at
least LDPC encoding is carried out.

[053%¢]
Further, the transmission line decoding process

sometimes includes demodulation of a modulation signal
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available. Here, as the error correction encoding, at least LDPC encoding is carried out. [0596]
Further, the transmission line decoding process sometimes includes demodulation of a modulation
signal 214 and so forth. [0597] The information source decoding processing section 1103 carries out
an information source decoding process including at least a process for decompressing compressed
information into original information for the signal for which the transmission line decoding process
has been carried out. [0598] In particular, the signal acquired through the transmission line by the
acquisition section 1101 has sometimes been processed by compression encoding for compressing
information inzordesto reduce the data amount such as images, sound and so forth as information. in
this instance, the information source decoding processing section "1103 carries out an information
source decodif§ process such as a process (decompression process) for decompressing the

compressed information into original information for a signal for which the
The information source decoding processing sechtion

1103 carries out an information source decoding process
including at least a process for decompressing compressed
information into original information for the signal for
which the transmission line decoding prcocess has been
carried out.

[0598]

In particular, the signal acguired through the
transmission line by the acquisition section 1101 has
scmetimes been processed by compression encoding for
compressing information in order to reduce the data
amount such as images, sound and sc¢ forth as information.
In this instance, the information source decoding
processing section 1103 carries out an information source
decoding process such as a process (decompression
process) for decompressing the compressed information
into original information for a signal for which the
transmission line decoding prccess has been carried out.
[0599]

It is to be noted that, where the signal acguired
through the transmission line by the acquisition section

1101 has not been carried out compression encoding, the
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transmission line decoding process has been carried out. [05991 It is to be noted that, where the
signal acquired through the transmission line by the acquisition section 1101 has not been carried out
compression encoding, the 215 information source decoding processing section 1103 does not carry
out the process of decompressing the compressed information into the original information. [0600]
Here, as the decompression process, for example, MPEG decoding and so forth are available.
Further, the transmission line decoding process sometimes includes descrambling in addition to the
decompression process. [0601] In the reception system configured in such a manner as described
above, the acuisitioregectionsti0lcreceiesdarsignal obtained by sanyingrout compression encoding
such as MPEG encoding for data of, for example, images, sound and so forth and further carrying out
error correctibf enéddifig slich 43 EDPCCERESHIRG fSIherEshpressivntérfcodeddaa #ndugh a

transmission line. The signal is supplied to the transmission line decoding processing section 1102.
[0602] information into the original information.

[0600]

Here, as the decompression process, for example,
MPEG decoding and so forth are available. Further, the
transmissicn line decoding process sometimes includes
descrambling in addition to the decompression process.
[0601]

In the reception system configured in such a manner
as described above, the acquisition section 1101 receives
a signal obtained by carryving out compressicn encoding
such as MPEG encoding for data of, for example, images,
souncd and so forth and further carrying out erroxr
correction encoding such as LDPC encoding for the
compression encoded data through & transmission line. The
signal 1s supplied to the transmission line decoding
processing section 110Z.

[0602]

In the transmission line decoding processing
section 1102, processes similar to those carried cut, for
example, by the orthogonal demodulation section 51,
demapping section 52, deinterleaver 53 and LDPC decoding

sectlicon 56 {(or LDPC dscoding section 1021) are carried
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In the transmission line decoding processing section 1102, processes similar to those carried out, for
example, by the orthogonal demodulation section 51, demapping section 52, deinterleaver 53 and
LDPC decoding section 56 (or LDPC decoding section 1021) are carried 216 out as the transmission
line decoding process for the signal from the acquisition section 1101. Then, a signal obtained as a
result of the transmission line decoding process is supplied to the information source decoding
processing section 1103. [0603] In the information source decoding processing section 1103, an
information source decoding process such as MPEG decoding is carried out for the signal from the
transmission fine decoding proeessivig séction L1062, ddb daimages orsoand obtdihed as a result of
the information decoding process is outputted. [0604] Such a reception system of FIG. 107 as
described ab®v&ah ber afplidtt fércikaniple L t'a telelision thAérl for Fec@iving teélédBivh

broadcasting as digital broadcasting and so forth. [0605] It is to be noted that it is possible to configure
obtalned as a result of the transmission line decoding

process 1g supplled to the information source decoding
processing section 1103,
[0603]

In the information source decoding processing
section 1103, an information source decoding process such
as MPEG decoding is carried out for the signal from the
transmission line decoding processing section 110Z, and
an image or sound obtained as a result of the information
decoding process is outputted.

[0604]

Such a reception system of FIGZ. 107 as described
above can be applied, for example, To a television tuner
for receiving television broadcasting as digitail
broadcasting and so forth.

[Ce05]

It is to be noted that it is possible to configure
the acqguisition section 1101, transmission line decoding
processing section 1102 and information source decoding
processing section 1103 esach as an independent apparatus
(hardware (IC (Integrated Circuit) or the like} or a

software module) .



the acquisition section 1101, transmission line decoding processing section 1102 and information
source decoding processing section 1103 each as an independent apparatus (hardware (IC
(Integrated Circuit) or the like) or a software module). 217 [0606] Further, as regards the acquisition
section 1101, transmission line decoding processing section 1102 and information source decoding
processing section 1103, a set of the acquisition section 1101 and transmission line decoding
processing section 1102, another set of the transmission line decoding processing section 1102 and
information source decoding processing section 1103 or a further set of the acquisition section 1101,
transmission lifé @etoding processing section 1102 and information source decoding processing
section 1103 can be configured as a single independent apparatus. [0607] FIG. 108 is a block
diagram showing a secGhE" eRampie of ieecoRfighiFion of hé receptiohssysiem whith-can be
applied to the reception apparatus 12. [0608] It is to be noted that, in FIG. 108, elements
corresponding Hiose%h FIGC 107 Ht8 derbielibylikg ocessing section 1102 and

information source decoding processing section 1103, a
set of the acguisition section 1101 and transmissiocon line
decoding preocessing section 1102, ancother set of the
transmission line decoding processing section 1102 and
information source decoding processing section 1103 or a
further set of the acquisition section 1101, transmission
line decoding processing section 1102 and information
source decoding processing section 1103 can be configured
as a single independent apparatus.

(0607]

FIG. 108 is a block diesgram showing a second
example of the confilguraticn of the reception system
which can be applied to the reception apparatus 12.
[0608]

It ig to be noted that, in FIG. 108, elements
corresponding those in FIG., 107 are denoted by like
reference numerals, and description of them is suitably
omitted in the following description.

[0609]
The reception system of FIG. 108 isg common to that

of FIG. 107 in that it includes an acqguisition section
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reference numerals, and description of them is suitably omitted in the following description. [0609] The
reception system of FIG. 108 is common to that of FIG. 107 in that it includes an acquisition section
218 1101, a transmission line decoding processing section 1102 and an information source decoding
processing section 1103 but is different from that of FIG. 107 in that it newly includes an outputting
section. 1111. [0610] The outputting section 1111 is, for example, a display apparatus for displaying
an image or a speaker for outputting sound and outputs an image, a sound of the like as a signal
outputted from the information source decoding processing section 1103. In other words, the
outputting sectibi 11,114 displays andimagelorsutpatsosouny. j@61H Suchga seception system of FIG.
108 as described above can be applied, for example, to a TV (television receiver) for receiving a
television broadcast asa diyital broattastra Beio freceiver forireceivintra sadivcbroadcast and so

forth. [0612]
section 1103 but is different from that of FIG. 107 in

that it newly includes an outputting section 1111.
10620]

The outputting section 1111 is, for example, a
display apparatus for displaying an image or a speaker
for ocutputting sound and outputs an image, a sound of the
like as a signal cutputted from the information source
decoding processing section 1103. In other words, the
outputting section 1111 displays an image or outputs
sound.

[0611] )

Such a reception system of FIG. 108 as described
above can be applied, for example, to a TV (television
receiver) for receiving a television broadcast as a
digital broadcast, a radic receiver for receiving a radio
breoadcast and so forth.

(0612}

It is to be noted that, where the signal acquired
by the acguisition section 1101 is not in a form wherein
compression encoding is not applied, a signal cutputted
from the transmission line decoding processing ssction

1302 1s supplied to the outputting section 1111.
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It is to be noted that, where the signal acquired by the acquisition section 1101 is not in a form
wherein compression encoding is not applied, a signal outputted from the transmission line decoding
processing section 1102 is supplied to the outputting section 1111. 219 [0613] FIG. 109 is a block
diagram showing a third example of the configuration of the reception system which can be applied to
the reception apparatus 12. [0614] It is to be noted that, in FIG. 109, corresponding elements to those
of FIG. 107 are denoted by like reference numerals, and in the following description, description of
them is suitably omitted. [0615] The reception system of FIG. 109 is common to that of FIG. 107 in
that it includes @nlathuisition section 110 and a transmission line decoding processing section 1102.
[0616] However, the reception system of FIG. 109 is different from that of FIG. 107 in that it does not
include the informationfsource decéding proeessing seefion 3108 buw newhlinelidesaretording

section 1121. _ . _
of the configuration of the reception system which can be

applied to the reception apparatus 12.
[0e14]

Tt is to be noted that, in FIG. 109, corresponding
elements to those of FIG. 107 are denoted by like
reference numerals, and'in the following description,
description cf them is suitably omitted.

[0615]

The recepticn system of FIG. 109 is common to that
of FIG. 107 in that it includes an acguisition section
1101 and a transmission line decoding processing section
1102.

[0616]

However, the reception system of FIG. 109 is
different from that of FIG. 107 in that it does not
include the Iinformation source decoding processing
section 1163 but newly includes a recording section 1121.
[0617]

The recording sectien 1121 records (stores) a
signal (for example, a TS packet cof a TS of MPEG)
outputted from the transmission line decoding processing

section 1102 on or into a recording (storage) medium such
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[0617] The recording section 1121 records (stores) a signal (for example, a IS packet of a IS of
MPEG) outputted from the transmission 'Line decoding processing section 1102 on or into a
recording (storage) medium such 220 as an optical disk, a hard disk (magnetic disk) or a flash
memory. [0618] Such a reception system of FIG. 109 as described above can be applied to a recorder
for recording a television broadcast or the like. [0619) It is to be noted that, in FIG. 109, the reception
system may include the information source decoding processing section 1103 such that a signal after
an information source decoding process has been carried out by the information source decoding
processing sectioanl11@3; thatlisgdm image lor saund obtajned;by decodingkis tecarded by the
recording section 1121. 221 Claims A data processing apparatus which interleaves data, comprlsmg
re-arrangemeht argansdopearrying out,

[0618]
Such a reception system of FIG. 10% as described
above can be appiied to a recorder for reccording a

television broadcast or the like.

t is to be noted that, in FIG. 109, the reception
system may include the infeormation source decoding
processing section 1103 such that a signal after an
information source decoding process has been carried out
by the information source decoding processing section
1103, that 1s, an image or sound cobtained @y decoding, is

recorded by the recording secticn 1121.
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where an LDPC (Low Density Parity Check) code is transmitted as a symbol or symbols each formed
from two or more code bits thereof, a re-arrangement process of re-arranging the code bits of the
LDPC code such that plural ones of the code bits corresponding to the value 1 included in one
arbitrary row of said parity check matrix are not included in the same symbol. 2. A data processing
apparatus which interleaves data, comprising: re-arrangement means for carrying out, where an
LDPC (Low Density Parity Check) code in which an information matrix which is that portion of a parity
check matrix thereof which corresponds to information bits of the LDPC code is transmitted as a
symbol or symbols each formed from two or moré:cotesbits thereof whereas the symbol is formed
from the code bits of the LDPC code which are written in a column direction of storage means for
storing the code bits ofithe EDPETLeoderivra Fow 2R 2adirection andthe eblurir giféstioreand are read
out in the row direction from said storage means, column twist interleave of changing the writing
starting positief WherPeFcot@ bits  of the LDPC code are

re~arrandgement means for carrying out,

where an LDPC (Low Density Parity Check) code is
transmitted as a symhol or symbols each formed from two
or mere code bits thereof,

a re-arrangement process of re-arranging the code
bits of the LDPC code such that plural ones of the code
bits corresponding to the value 1 included in one
arbitrary row of said parity check matrix are not
included in the same symbol.

2. A data procesgimg apparatus which interleaves
data, comprising:

re-arrangement means for carrying out,

where an LDPC (Low Density Parity Check) code in
which an information matrix which is that portion of =
parity check matrix thereof which corresponds to
information bits of the LDPC code 1is transmitted as a
symbol or symbols sach formed from two or more cods bits
therecf whereas

the symbol 1s formed from the code kits of the LDPC
code which are written in a column direction of storage

means for storing the code bits ¢f the LDPC code in a row

222



to be written in the column direction of said storage means for each column of said storage means as
a re- arrangement process for re-arranging the code bits of the LDPC code. 3. The data processing
apparatus according to claim 2, wherein a parity matrix of the parity check matrix of the LDPC code
which corresponds to parity bits of the LDPC code has a pseudo cyclic structure in which the parity
matrix has a portion having a cyclic structure except part thereof by column replacement. 4. The data
processing apparatus according to claim 3, wherein the parity matrix has a staircase structure which
is converted into the pseudo cyclic structure by the column replacement. 5. The data processing

apparatus aceordingttooglaimd, wehereinthed DRC codeds,an LORG code pressribediin the DVB-S.2
standard. 223 6. The data processing apparatus according to claim 5, wherein, where m ones of the
code bits of thenkDPC.caderare: Converteshinta bnesypole means,
column twist interleave of changing the writing
starting position when the code bits of the LDPC code are
to be written in the column direction of said storage
means for each column of sald storage means as a re-
arrangement process for re-arranging the code bits of the
LDPC code.
3. The data processing apparatus according to
claim 2, wherein
a parity matrix c¢f the parity check matrix of the
LDPC code which corresponds to parity bits of the LDPC
code"has a pseudo cyclic structure in which the parity
matrix has a portion having a cyclic structurs except
part thereof by column replacement.
4. The data processing apparatus according to
claim 3, wherein
the parity matrix has a stailrcase structurse which
is converted into the pseudo cyclic structure by the
column replacement.
5. The data processing apparatus according to
claim 4, wherein
the LDPC code 1s an LDPC code prescribed in the

DVB-5.2 standard.
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when the code length of the LDPC code is N bits and a predetermined positive integer is represented
by b, said storage means stores mb bits in the row direction and stores N/(mb) bits in the column
direction, and the code bits of the LDPC code are written in the column direction of said storage
means and then read out in the row direction, the mb code bits read out in the row direction of said
storage means being converted into b symbols. 7. The data processing apparatus according to claim
6, further comprising parity interleave means for carrying out parity interleave of interleaving the parity
bits of the LDPC code to the positions of other ones of the parity bits, wherein said re-arrangement

means carries out the golumn dwistdntefeave forthe LRRG sodg afterthe-panity interleave. 8. The
data processing apparatus according to 224 claim 7, wherein the bit number M of the parity bits of the

LDPC code is aamtue othetdhan the prime numbers, and where two ones of devisors of the bit
number M of the

where m ones of the cocde bits of the LDPC code are
converted into one symbol,

when the ccde length of the LDPC code is N bits and
a predetermined positive integer is represented by b,

sald storage means stores mb bits in the row
direction and stores N/ {(mb) bits in the column direction,
and

the code bits of the LDPC code are written in the
column direction of said storage means and then read ocut
in the row direction,

the mb code bits read out in the row direction of
said storage means being converted into b symbols.

7. The data processing apparatus according to
claim ©, further comprising

parity interl@avg means for carrying out parity
interleave of Interleaving the parity bits of the LDPC
code to the positions cof other ones of the parity bits,
wherein

sald re-arrangement means carries out the column
twist interleave for the LDPC code after the parity

interleave.

. The data precessing apparatus according to
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parity bits other than 1 and M whose product is equal to the bit number M of the parity bits are
represented by P and g, the bit number of information bits of the LDPC code is represented by K, an
integer equal to or higher than 0 but lower than P is represented by x, and another integer equal to or
higher than 0 but lower than q is represented by y, said parity interleave means interleaves a
K+gx+y+Ith code bit from among the parity bits which are K+lth to K+Mth code bits of the LDPC code
to the position of the K+Pv+x+lth code bit. 9. The data processing apparatus according to claim 8,
wherein, where the LDPC code is an LDPC code having one of 11 different encoding rates and a
code length N-of:64,800 hits-preseribed in the DVB-S.2 standard and the m bits are 2 bits and the
integer b is 1 and besides 225 two ones of the code bits of the LDPC code are mapped to two ones

of four signal points determined imampredetermined, masilation methodavhile,saidstorage means has
two columns for storing 2 x

code is a value other than the prime numbers, and where

two ones of deviscors of the bit number M of the
parity bits other than 1 and M whose product is egual o
the kit number M of the parity bits are represented by P
and q,

the bit number of information bits of the LDFC code
is represented by K,

an integer egual to or higher than 0 but lower than
P is represented by x, and

another integer equal to or higher than 0 but lower
than g i1s represented by vy,

salid parity interleave means interleaves a
K+gx+y+lth code bit from among the parity bits which are
K+1th to K+Mth code bits of the LDPC ccde to the position
of the K+Py+x+lth code bit.

9. The data processing apparatus according to
claim &, wherein, whers

the LDPC code is an LDPC code having one of 11
different encoding rates and a code length N of 64,800
bits prescribed in the DVB-S.2 standard and

the m bits are 2 bits and the integer b is 1 and

besides
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1 bits in the row direction and stores 64,800/(2 x 1) bits in the column direction, said re-arrangement
means sets, where the address of the top position of said storage means in the column direction is
represented by 0 and the address of each position of said storage means in the column direction is
represented by an integer given in an ascending order, the writing starting position of the first column
from between the two columns of said storage means to the position whose address is 0, and sets the
writing starting position of the second column from between the two columns of said storage means
to the position whose address is 2. 10. The data processing apparatus according to claim 8, wherein,

where the LDPC code js,an LDPC cede having-qne.of-11 different epeeding sates,and a code length
N of 64,800 bits prescribed in the DVB-S.2 standard and the m bits are 2 bits and the integer b is 2

and 226 besiggegpue onesof the gede bits pHthe kRRLac0de-ake: snappest-taitweones ef four signal
points determined in a predetermined modulation method while

predetermined modulaticon method while

said storage means has two columns for storing 2 x
1 bits in the row direction and stores 64,800/(2 x 1)
bits in the column direction,

said re-arrangement means

sets, where the address of the top position of said
storage means in the column direction 1s represented by O
and the address c¢f each position of said stcecrage means in
the column direction is represented by an integer given
in an ascending order,

the writing starting position of the fizgt celumn
from between the two columns of =zald storage means to the
position whose address is 0, and

gsets the writing starting positicn of the second
column from between the two ccolumns of said storage means
to the position whose address is 2.

10. The data processing apparatus according to
claim 8, wherein, where

the LDPC code is an LDPC code having one of 11
different encoding rates and a code length N of ©4,800
bits prescribed in the DVB-5.2 standard and

the m bits are 2 bits and the integer b is 2 and
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said storage means has four columns for storing 2 x 2 bits in the row direction and stores 64,800/(2 x
2) bits in the column direction, said re-arrangement means sets, where the address of the top position
of said storage means in the column direction is represented by 0 and the address of each position of
said storage means in the column direction is represented by an integer given in an ascending order,
the writing starting position of the first column from between the four columns of said storage means
to the position whose address is 0, sets the writing starting position of the second column from
between the four columns of said storage means to the position whose address is 2, sets the writing
starting positig 9f the-third column from between the four columns of said storage means to the
position whose address is 4, and sets the writing starting position of the fourth column from between

the four columns of saigistorages 22 means-todherposiionwhose addressdsi €. ikEhe data
processing apparatus according to claim 8, wherein, where the LDPC code is an LDPC code having
one of 11 mapped to two ones of four signal points determined in a
predetermined moduiation method while
sald storage means has four columns for storing 2 x
2 bits in the row direction and stores 64,800/(2 = 2)
pits in the column directicn,
salid re-arrangement means
sets, where the address of the top position of said
storage means in the column direction is represented by 0
and the adadress of each positicon of said storage means in
the column direction is represented by an integer given
in an ascending order,
the writing starting position of the first column
from between the four cclumns of saidg storage means To
the position whose address is 0,
sets the writing starting position of the second
column from between the four columns of sald storage
means to the position whose address is 2,
sets the writing starting position of the third
column from between the four columns of said storage
means to the position whose address is 4, and
sets the writing starting position of the fourth

column from between the four ccolumns of sald storage
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different encoding rates and a code length N of 64,800 bits prescribed in the DVB-S.2 standard and
the m bits are 4 bits and the integer b is 1 and besides four ones of the code bits of the LDPC code
are mapped to four ones of 16 signal points determined in a predetermined modulation method while
said storage means has four columns for storing 4 x 1 bits in the row direction and stores 64,800/(4 x
1) bits in the column direction, said re-arrangement means sets, where the address of the top position
of said storage means in the column direction is represented by 0 and the address of each position of
said storage means in the column direction is represented by an integer given in an ascending order,

the writing staxting, position of the.first calump, from hetween; thefour columns of said storage means
to the position whose address is 0, sets the writing starting position of the second 228 column from

between the four columns of said sterages meanssto.ihe posiipnwhose-address is 2sets the writing
starting position of the third column from between the four columns of said storage

claim 8, wherein, where

the LDPC code is an LDPC code having one of 11
different encoding rates and a code length N of 64,800
bits prescribed in the DVB-5.2 standard and

the m bits are 4 bits and the integer b is 1 and
besides

four ones of the code bits of the LDPC code are
mapped to four ones of 16 signal points cetermined in a
predetermined modulation method while

sald storage means has four columns for storing 4 x
1 bits in the row direction and stores 64,800/(4 x 1)
bits in the column direction,

said re-arrangement means

sets, where the address of the top position of said
storage means in the column direction is represented by 0
and the address c¢f =ach position of saild storage means in
the column direction is represented by an integer given
in an ascending order,

the writing starting position of the first column
from between the four columns of said storage means to
the position whose address is (,

sets the writing starting position of the second
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means to the position whose address is 4, and sets the writing starting position of the fourth column
from between the four columns of said storage means to the position whose address is 7. 12. The
data processing apparatus according to claim 8, wherein, where the LDPC code is an LDPC code
having one of 11 different encoding rates and a code length N of 64,800 bits prescribed in the
DUB-S.2 standard and the m bits are 4 bits and the integer b is 2 and besides four ones of the code
bits of the LDPC code are mapped to four ones of 16 signal points determined in a predetermined
modulation method while said storage means has eight columns for storing 4 x 2 bits in the row

direction and stores.64 8004406 2), bits in the column.direction, saidse-arrangement means sets,

where the address of the top position of said storage means in the column direction is represented by
0 229 and the.addressofigachasition-ef said storagg peeansiin the column direction is represented

by an integer given in an ascending order, the writing starting position of the first column

sets the writing starting position of the third
column from between the four columns of said storage
means to the position whose address ilg 4, and

sets the writing starting position of the fcourth
column from between the four columns of said storage
means to the position whose address is 7.

iZ. The data processing apparatus according to
claim 8, wherein, where

the LDPC code 1s an LDPC code having ons of 11
different encoding rates and a code length N of 64,800

) bits prescribed in the DVB-5.2 standard and B

the m bits are 4 bits and the integer b is 2 and
besides

four ones of the code bits of the LDPC code are
mapped to four ones of 16 signal points determined in a
predetermined modulation method while

sald storage means has eight columns for storing 4
x 2 Ppits in the row direction and stores 64,800/(4 x 2)
bits in the column direction,

sald re-arrangement means

sets, where the address of the top position of saild

storage means in the column direction i1s represented by 0
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from between the eight columns of said storage means to the position whose address is 0, sets the
writing starting position of the second column from between the eight columns of said storage means
to the position whose address is 0, sets the writing starting position of the third column from between
the eight columns of said storage means to the position whose address is 2, sets the writing starting
position of the fourth column from between the eight columns of said storage means to the position
whose address is 4, sets the writing starting position of the fifth column from between the eight
columns of said storage means to the position whose address is 4, sets the writing starting position of

the sixth columpy from:betweensthe sight-columps of said sierage; means;tg fhe position whose
address is 5, sets the writing starting position of the seventh column from between the eight columns

of said storagenmeansig:.the pesition whose address is: .and-23Q sets:the ywiting:staring position of
the eighth column from between the eight columns of said storage means to the position whose
address is 7. 13. Ehe data:processingdapparatus according to
the writing starting pesition of the first column
from between the eight columns of said storage means to
the position whose address is 0,
sets the writing starting position of the second
column from between the eight columns of said storage
means to the position whose address is 0O,
sets the writing starting position of the third
coiumn from between the eight columns of said storage
means to the position whose address 1s 2,
sets the writing starting position of the fourth
column from between the eight columns of said storage
means to the position whose address is 4,
sets the writing starting position of the fifth
column from between the eight columns of said storage
means Lo The position whose address 1g 4,
sets the writing starting position of the sixth
column from between the eight columns cof said storage
means to the position whose address is 5,
sets the writing starting position of the seventh
column from between the eight columns of sald =storage

means Lo the position whose address is 7, and
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claim 8, wherein, where the LDPC code is an LDPC code having one of 11 different encoding rates
and a code length N of 64,800 bits prescribed in the DVB-S.2 standard and the m bits are 6 bits and
the integer b is 1 and besides six ones of the code bits of the LDPC code are mapped to six ones of
64 signal points determined in a predetermined modulation method while said storage means has six
columns for storing 6 x 1 bits in the row direction and stores 64,800/(6 x 1) bits in the column
direction, said re-arrangement means sets, where the address of the top position of said storage
means in the column direction is represented by 0 and the address of each position of said storage

means in the column direction s representedby, an i@{@g@rogiy%rioiﬂ anrasgending;arder, the writing
starting position of the first column from between the six columns of said storage means to the 231

position whoseaddiess is-@, seis the:writing starting position:of therseecond colrar from between the
six columns of said storage means to the position whose address is 2,

means to the position whose address is 7.

13. The data processing apparatus according To
claim &, wherein, where

the LDPC code ig an LDPC code having one of 11
different encoding rates and a code length N of 64,800
bits prescribed in the DVBE~3.2 standard and

the m bits are 6 bits and the integer b is 1 and
besides

six ones of tThe code bits of the LDPC code are
mapped to six cnes of 64 signal points determined in a
predetermined modulation method while

sald storage means has six columns for storing © x
1 bits in the row direction and stores 64,800/(6 x 1)
birs in the column direction,

said re-arrangement means

sets, where the address of the top position of said
storage means in the column direction 1s represented by 0
and the address of each poesition of said storage means in
the column direction 1s represented by an integer given
in an ascending order,

Lhe writing starting position of the first column

from between the six columns of said storage means to the
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sets the writing starting position of the third column from between the six columns of said storage
means to the position whose address is 5, sets the writing starting position of the fourth column from
between the six columns of said storage means to the position whose address is 9, sets the writing
starting position of the fifth column from between the six columns of said storage means to the
position whose address is 10, and sets the writing starting position of the sixth column from between
the six columns of said storage means to the position whose address is 13. 14. The data processing
apparatus according to claim 8, wherein, where the LDPC code is an LDPC code having one of 11
different encogglgirgg%a%gsc&dgdggg@sN of 66,,800 bits prescribed in the DVB-S.2 standard and
the m bits are 6 bits and the integer b is 2 and besides six ones of the code bits of the LDPC code are

232 mapped to six ones of §4:signal-points sletermined in a predetarmined modulation-method while
said storage means has 12 columns for storing 6 x 2 bits in the row direction and stores 64,800/(6 x 2)
bits column from between the six columns of said storage means
to the position whose address 1s 2,

sets the writing starting position of the third
column from between the six columns of said storage means
to the positicon whose address is 5,

sets the writing starting position of the fourth
column from between the six coclumns of saild storage means
Lo The position whose address is &,

sets the writing starting position of the f£ifth
column from between the six columns of said storage means
to the position whose address iswlﬂ, and

sets the writing starting position of the sixth
column from between the six columns of said storage means
to the position whose address is 13.

14, The data processing apparatus accerding to
claim 8, wherein, where

The LDPC code 1s an ILDPC code having one of 11
different encoding rates and a code length N of &4,800
bits prescribed in the DVB-8.2 standard and

the m bits are 6 bits and the integer b is 2 and
besides

six ones of the code bits of the LDPC code are
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in the column direction, said re-arrangement means sets, where the address of the top position of said
storage means in the column direction is represented by 0 and the address of each position of said
storage means in the column direction is represented by an integer given in an ascending order, the
writing starting position of the first column from between the 12 columns of said storage means to the
position whose address is 0, sets the writing starting position o™ the second column from between the
12 columns of said storage means to the position whose address is 0, sets the writing starting position
of the third column from between the 12 columns of said storage means to the position whose

address is 2, sgtsthe writing starting positianofthg faurth, colunan from petween the 12 columns of

said storage means to the position whose address is 2, sets the writing starting position of the fifth
233 column frgm:betweenithed Zreplumis;iof said storage,means to the position whose address is 3,

sets the writing starting position of the sixth column from between the 12 columns of said storage
means sald storage means has 1Z columns for storing & x 2

Hits in the row directicn and stores 64,800/(6 x 2} bits
in the column direction,

sald re-—-arrangement means

sets, where the address of the top position of said
storage means in the column direction is represented by ©
and the address of each position of said storage means in
the column direction is reprssented by an integer given
in an ascending order,

the writing starting position of the first coclumn
from between @he 12 columns of said storage means tTo the
position whose address i1s O,

sets the writing starting position of the second
column from between the 1Z columns of sald storage means
to the position whose address is O,

sets the writing starting position of the third
column from betwsen the 12 columns of said storage means
to the posgition whose address is Z,

sets the writing starting position of the fourth
column from between the 12 columns of sald storage means
to the position whose address is 2,

sets the writing starting position of the fifth
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to the position whose address is 4, sets the writing starting position of the seventh column from
between the 12 columns of said storage means to the position whose address is 4, sets the writing
starting position of the eighth column from between the 12 columns of said storage means to the
position whose address is 5, sets the writing starting position of the ninth column from between the 12
columns of said storage means to the position whose address is S, sets the writing starting position of
the tenth column from between the 12 columns of said storage means to the position whose address
is 7, sets the writing starting position of the eleventh column from between the 12 columns of said

storage meansota.the Rosifipnwhose addressiis 8; and:sets the witing stagting,Rosition, of the twelfth
column from between the 12 columns of said storage means to the position whose address is 9. 15.

The data processing=appasatusaccording ta 284¢elaim 8, wherein, where the LDPC code is an LDPC
code having one of 11 different encoding rates and a code length N of 64,800 bits prescribed in the
DVB-S.2 standard andsets the writing starting position of the sixth
column from between the 12 columns of sald storage means
Tto the position whose address is 4,
sets the writing starting position of the seventh
column from between the 12 columns of said storage mesans
te the peosition whose address is 4,
sets the writing starting position of the eighth
column from between the 12 columns of saild storage means
to the position whose address is 5,
sets the writing starting position of the ninth
column from between the 12 columns of said storage means
to the position whose address is 5,
sets the writing starting position of the tenth
column from between the 12 columns of said storage meansg
to the pesiticn whose address is 7,
sets the writing starting position of the eleventh
column from between the 12 columns of said storage means
te the position whose address is 8, and
sets the writing starting positionrn of the twelfth
column from between the 12 columns of said storage means

to the position whose address is 9.

15. The data processing apparatus according to
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the m bits are 8 bits and the integer b is 1 and besides eight ones of the code bits of the LDPC code
are mapped to eight ones of 256 signal points determined in a predetermined modulation method
while said storage means has 8 columns for storing 8 x 1 bits in the row direction and stores 64,800/(8
x 1) bits in the column direction, said re-arrangement means sets, where the address of the top
position of said storage means in the column direction is represented by 0 and the address of each
position of said storage means in the column direction is represented by an integer given in an
ascending order, the writing starting position of the first column from between the eight columns of
said storage means t@ thepesiion whosa-address is 0, sets the writing starting position of the second
column from between the eight columns of said storage -means to the position whose address is 0,
235 sets the writing starting positioncafdhe shiech coiun froaebatweenithereighticalumns of said
storage means to the position whose address is 2, sets the writing starting position of the fourth
different encoding rates and a code length N of 64,800
bits prescribed in the DVE-5.2 standard and
the m bits are 8 bits and the integer b is 1 and
besides
eight ones of the code bits of the LDPC code are
mapped tc eight ones of 256 signal points determined in a
predetermined modulaticn method while
said storage means has 8 columns for storing 8 x 1
bits in the row direction and stores 64,800/{8 x 1) bkits
in the column direction,
sald re-arrangement means ]
sets, where the address of the top position of said
storage means in the column direction is represented by 0
and the address of each position of sald storage means in
the column direction i1s represented by an integer given
in an ascending order,
the writing starting poesition of the first column
from between the eight columns of said storage means to
the positicn whose address is G,
sets the writing starting position of the second

column from betwsen the eight columns of said storage

means to the position whose address is 0,
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column from between the eight columns of said storage means to the position whose address is 4,
sets the writing starting position of the fifth column from between the eight columns of said storage
means to the position whose address is 4, sets the writing starting position of. the sixth column from
between the eight columns of said storage means to the position whose address is 5, sets the writing
starting position of the seventh column from between the eight columns of said storage means to the
position whose address is 7, and sets the writing starting position of the eighth column from between
the eight columns of said storage means to the position whose address is 7. 16. The data processing

apparatus according tq glaim 8. wherein,wherethe LDPC code is,an LPRG code having one of 11
different encoding rates and a code length N of 64,800 bits prescribed in the DVB-S.2 standard and

the m bits are-8 bits.and:thg infegaebis 2and: 236 besideseight-ones=ofthewodedits of the LDPC
code are mapped to eight ones of 256 signal points determined in a predetermined modulation
method whilemeans to the position whose address is 2,
sets the writing starting position of the fourth
column from between the eight columns of said storage
means te the positicn whose address is 4,
sets the writing starting position of the fifth
colunn from between the eight columns of said storage
means to the position whose address is 4,
sets the writing starting position of the sixth
celumn from between the eight columns of said storage
means to the position whose address is 5,
sets the writipg starting position of the sevent@
column from between the eight columns of said storage
means to the position whose address is 7, and
sets the writing starting position of the eighth
column from between the eight columns of said storage
means to the position whose address is 7.
15, The data processing apparatus according to
claim 8, wherein, where
the LDPC code is an LDPC code having one of 11
different encoding rates and a code length N of 64,800
bits prescribed in the DVB~S5.Z2 standard and

*he m bits are & bits and the integer b 1is 2 and
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said storage means has 16 columns for storing 8 x 2 bits in the row direction and stores 64,800/(8 x 2)
bits in the column direction, said re-arrangement means sets, where the address of the top position of
said storage means in the column direction is represented by 0 and the address of each position of
said storage means in the column direction is represented by an integer given in an ascending order,
the writing starting position of the first column from between the 16 columns of said storage means to
the position whose address is 0, and sets the writing starting position of the second column from
between the 16 columns of said storage means to the position whose address is 2, sets the writing
starting positigr ©f thesthird column from between the 16 columns of said storage means to the
position whose address is 2, sets the writing starting position of the fourth column from between the
16 columns of said storagemeans =234 ta:the pesitionwhese addressiis 2 setsdtheayriting starting

position of the fifth column from between the 16 columns of said storage means to the position whose
address is 2, mapped to eight cones of 256 signal points determined in a

predetermined mocdulation method while

said storage means has 16 columns for storing 8 x 2
bits in the row direction and stores €4,800/(8 x 2} bits
in the ceolumn direction,

said re-arrangement means

sets, where the address of the top position of said
storage means in the column direction 1s represenied by 0
and the address of each position of said storage means in
the column direction is represented by an integer given
in_am ascending order,

the writing starting position of the first column
from between the 16 columns of said storage means toc the
position whose address is G, and

sets the writing starting position of the second
column from between the 16 columns of said storage means
to the position whose address is 2,

sets the writing starting position of the third
column from between the 16 columns of said storage means
to the position whose address is 2,

sets the writing starting peosition of the fourth

column from between the 16 columns of said storage means
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sets the writing starting position of the sixth column from between the 16 columns of said storage
means to the position whose address is 3, sets the writing starting position of the seventh column
from between the 16 columns of said storage means to the position whose address is 7, sets the
writing starting position of the eighth column from between the 16 columns of said storage means to
the position whose address is 15, sets the writing starting position of the ninth column from between
the 16 columns of said storage means to the position whose address is 16, sets the writing starting
position of the tenth column from between the 16 columns of said storage means to the position

whose addressds 20: sgts:the;writing,startingpesitien ofthe eleventh column from between the 16
columns of said storage means to the position whose address is 22, sets the writing starting position

of the twelfth column frambetween the 16 colnans ofsaid starage-means: i238to the position whose
address is 22, sets the writing starting position of the thirteenth column from between the 16 columns
of said storagestheans fo dhe positionwhdse addresd.isti2g of said storage means
to the pesition whose address iz 2,
sets the writing starting position of the sixth
column from between the 16 columns cf said storage means
to the position whose address is 3,
sets the writing starting positicen of the seventh
column from between the 16 columns of said storage means
to the positicon whose address is 7,
sets the writing starting position of the eighth
column from between the 16 columns of said storage means
to the position whose address is 15,
sets the writing starting position of the ninth
column from between the 16 columns of said storage means
to the position whose address is 16,
sets the writing starting position of the tenth
column from between the 16 columns of sald storage means
to the pesition whose address is 20,
sets the writing starting position of the eleventh
column from ketftween The 16 columns of sald storage means
to the position whose address is 22,
gsetg the writing starting position cof the twelfth

column from betwsen the 16 columns of said storage means
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sets the writing starting position of the fourteenth column from between the 16 columns of said
storage means to the position whose address is 27, sets the writing starting position of the fifteenth
column from between the 16 columns of said storage means to the position whose address is 28, and
sets the writing starting position of the sixteenth column from between the 16 columns of said storage
means to the position whose address is 32. 17. The data processing apparatus according to claim 8,
wherein, where the LDPC code is an LDPC code having one of 11 different encoding rates and a
code length N of 64,800 bits prescribed in the DVB-S.2 standard and the m bits are 10 bits and the

integer b is 1 and hesides. 10 ones.of the cade bits of the LBPC code are mapped to 10 ones of 1024
signal points determined in a predetermined modulation method while said storage means has 10

columns for storing 10 x=239 drhits.inthe xw Hireetion and stares §4,800/¢k:x 1) bits in the column
direction, said re-arrangement means sets, where the address of the top position of said

thirteenth column from between the 16 columns of said
storage means to the position whose address is 27,

sets the writing starting position of the
fourteenth ceclumn from between the 16 columns of said
storage means to the position whose address is 27,

sets the writing starting position of the fifteenth
column from between the 16 columns of said storage means
to the position whose address is 28, and

sets the writing starting position of the sixteenth
cclumn from between the 16 columns of said storage means

~to the position whose address is 32.

17. The data processing apparatus according to
claim 8, wherein, where

the LDPC code is an LDPC code having one of 11
different encoding rates and a code length N of 64,800
bits prescribed in the DVB-3.2 standard and

the m bits are 10 bits and the integer b iz 1 and
begides

10 ones of the code bits of the LDPC code are
mapped to 10 cones of 1024 signal points determined in a
predetermined mecdulation method while

sald storage means has 10 columns for storing 10 x
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storage means in the column direction is represented by 0 and the address of each position of said
storage means in the column direction is represented by an integer given in an ascending order, the
writing starting position of the first column from between the 10 columns of said storage means to the
position whose address is 0, and sets the writing starting position of the second column from between
the 10 columns of said storage means to the position whose address is 3, sets the writing starting
position of the third column from between the 10 columns of said storage means to the position
whose address is 6, sets the writing starting position of the fourth column from between the 10

columns of sajd storage means 1o.the;pasition whose addressds 8; setsthe wrifing starting position of
the fifth column from between the 10 columns of said storage means to the position whose address is

11, sets the wiiting starting posiion-ef the sixth 1240 column from between the 10 columns of said
storage means to the position whose address is 13, sets the writing starting position of the seventh
column from between theil0 eelumns=ofgaid: storage: means
sets, where the address of the top position of said
storage means in the column direction is represented by 0
and the address c¢f each position of said storage means in
the column direction iz represented by an integer given
in an ascending order,
the writing starting position of the first column
from between the 10 columns of said storage means to the
vogition whose address is 0, and
sets the writing starting poesition of the sacond
column from between the 10 columns of sald storage means
to the position whose address is 3,
sets the writing starting position of the third
column from between the 10 columns of said storage means
to the position whose address is 6,
sets the writing starting pogition of the fourth
column from between the 10 columns of said storage means
to the position whose address is 8,
sets the writing starting position of the fifth
column from between the 10 columns of sald storage means
tc the position whose address is 11,

sets the writing starting positicn of the sixth
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to the position whose address is 15, sets the writing starting position of the eighth column from
between the 10 columns of said storage means to the position whose address is 17, sets the writing
starting position of the ninth column from between the 10 columns of said storage means to the
position whose address is 18, and sets the writing starting position of the tenth column from between
the 10 columns of said storage means to the position whose address is 20. 18. The data processing
apparatus according to claim 8, wherein, where the LDPC code is an LDPC code having one of 11
different encoding rates and a code length N of 64,800 bits prescribed in the DVB-S.2 standard and

the m bits are 49 s, aqd dhe ntegerchis.2 andobesiden @ ones of the gods.bifs af e, LDPC code

are mapped to 10 cries of 1024 signal points determined in a predetermined modulation method

while 241 said storage means:has 20, selumnsfor storing 10:x 2 bits in the row direction and stores
64,800/(10 x 2) bits in the column direction, said re-arrangement means

sets the writing starting position of the seventh
column from kbetween the 10 columns of said storage means
te the position whose address is 15,

sets the writing starting position of the eighth
column from between the 10 columns of said storage means
to the position whose address is 17,

sets The writing starting position of the ninth
column from between the 10 columns of said storage means
Lo tThe position whose address is 18, and

sets the writing starting position of the tenth
column from between the 10 columns of sald storage means
to the position whose address is 20.

18. The data preocessing apparatus according to
claim 8, whereiln, where

the LDPC code is an LDPC cocde having one of 11
different encoding rates and a code length N of 64,800
bits prescribed in the DVB-S5.2 standard and

the m bits are 10 bits and the integer b is 2 and
besides

10 ones of the code bits of the LDPC code are
mapped to 10 ones of 10Z4 signal points determined in a

predetermined modulation method while
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sets, where the address of the top position of said storage means in the column direction is
represented by O and the address of each position of said storage means in the column direction is
represented by an integer given in an ascending order, the writing starting position of the first column
from between the 20 columns of said storage means to the position whose address is 0, and sets the
writing starting position of the second column from between the 20 columns of said storage means to
the position whose address is 1, sets the writing starting position of the third column from between the
20 columns of said storage means to the position whose address is 3, sets the writing starting position

of the fourth column frem between.the 2Q.golumns.of said.storage: meaps sta,the, positionwhose
address is 4, sets the writing starting position of the fifth column from between the 20 columns of said

storage means 1o the pesition:whese addeess:is:5, 242 sets the-writing starting pasition of the sixth
column from between the 20 columns of said storage means to the position whose address is 6, sets
the writing stasting position©f the severthrection,
sald re-arrangement means
sets, where the address of the top position of said
storage means in the column direction is represented by 0
and the address of sach position of sald storage means in
the column direction is represented by an integer given
in an ascending order,
the writing starting position ¢f the first column
from between the 20 columns of said storage means to the
position whose address is 0, and
_sets the writing starting positionuof the szecond
column from betweaen the 20 columns of sald storage means
to the position whose address is 1,
sets the writing starting position of the third
ceiumn from between the 20 columns of sald storage means
te the position whose address is 3,
sets the writing starting position of the fourth
column from between the 20 columns of said storage means
to the position whose address is 4,
sets the writing starting position of the fifth
column from between the 20 ccliumns of said storage means

to the position whose address is 5,
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column from between the 20 columns of said storage means to the position whose address is 6, sets
the writing starting position of the eighth column from between the 20 columns of said storage means
to the position whose address is 9, sets the writing starting position of the ninth column from between
the 20 columns of said storage means to the position whose address is 13, sets the writing starting
position of the tenth column from between the 20 columns of said storage means to the position
whose address is 14, sets the writing starting position of the eleventh column from between the 20
columns of said storage means to the position whose address is 14, sets the writing starting position

of the twelfth column from between, yletgg &ogggrﬁ gf@aig géqr@ggﬂn%@s[ﬁ%t@el Q(B%ition whose

address is 16, sets the writing starting position of the thirteenth column from between the 20 columns

of said storage;means to dhe pasiias whase aderess is2L 248 sets theswiiting starting position of the
fourteenth column from between the 20 columns of said storage means to the position whose address
is 21, sets theqwriting: stasking pesition ok thefifteernth s ¢,
sets the writing starting position of the seventh
column from between the 20 ccolumns of saild storags means
to the position whose address is 6,
sets the writing starting pcesition of the sighth
column from between the 20 columns of said storage means
to the position whose address is &,
sets the writing starting position of the ninth
column from between the 20 columns of said storage means
to the position whose address is 13,
sets the writing starting position cof the tenth
column from between the 20 columns of szid storage means
to the position whose address is 14,
sets the writing starting position of the eleventh
column freom between the 20 columns of sald storage means
to the position whose address is 14,
sets the writing starting position of the twelfth
column from between the 20 columns of said storage means
t.o the position whose address 1s 16,
sets the writing starting position of the
thirteenth cclumn from between the 20 columns of said

storage means to the position whose address is 21,
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column from between the 20 columns of said storage means to the position whose address is 23, sets
the writing starting position of the sixteenth column from between the 20 columns of said storage
means to the position whose address is 25, sets the writing starting position of the seventeenth
column from between the 20 columns of said storage means to the position whose address is 25, sets
the writing starting position of the eighteenth column from between the 20 columns of said storage
means to the position whose address is 26, sets the writing starting position of the nineteenth column
from between the 20 columns of said storage means to the position whose address is 28, and sets the

writing starting position,ef. theyenfieth. column from; hetween-the 20 columpps of said storage means

to the position whose address is 30. 19. The data processing apparatus according to claim 8, wherein,

where the LDP&: 6adesistan LBPGreoda-having one-of 1k, 244 different.gnceding sates and a code
length N of 64,800 bits prescribed in the DVB-S.2 standard and the m bits are 12 bits and the integer

bis 1 and besidesage means tc the position whose address is 21,

sets the writing starting position of the fifteenth
column frem between the 20 columne of saild storage means
Lo the position whose address 1s 23,

sets the writing starting position of the sixtesenth
column from between the Z0 columns of sald storage means
to the position whose address is 25,

sets the writing starting position of the
seventeenth column from between the 20 columns of said
storage means to the position whose address is 25,

sets the writing starting position of the
eighteenth cclumn from between the 20 columns of said
storage means o the positicon whose address is 26,

sets the writing starting position of the
nineteenth cclumn frcem between the 20 columns of said
storage means to the position whose address ig 28, and

sets the writing starting position of ths twentisth
column from between the 20 columns of said storage means
to the position whose address is 30.

19. The data processing apparatus according to
claim 8, wherein, where

the LDPC code is an LDPC code having one of 11
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12 ones of the code bits of the BDPC code are mapped to 12 ones of 4096 signal points determined
in a predetermined modulation method while said storage means has 12 columns for storing 12 x 1
bits in the row direction and stores 64,800/(12 x 1) bits in the column direction, said re-arrangement
means sets, where the address of the top position of said storage means in the column direction is
represented by O and the address of each position of said storage means in the column direction is
represented by an integer given in an ascending order, the writing starting position of the first column
from between the 12 columns of said storage means to the position whose address is 0, and sets the

writing starting pesitipn.of the second; colunn fram between the1g, columns:of said storage means to

the position whose address is 0, sets the writing starting position of the third column from between the
12 columns of-said storage,means 245-9diheposiion whesesaddress s 2, sets the writing starting

position of the fourth column from between the 12 columns of said storage means to the position
whose address is 2, the m bits are 12 bits and the integer b is 1 and

besides

12 cnes of the code bits of the LDPC code are
mapped to 1Z cnes of 4096 signal points determined in a
predetermined medulation method while

sald storage means has 12 columns for steoring 12 x
1 bits in the row direction and stores 64,800/(12 x 1)
bits in the column direction,

said re-azrrangement means

sets, where the address of the top position of said
storage means in the column direction is represented by 0
and the address of each position of said storage means in
the column direction i1s represented by an integer given
in an ascending order,

the writing starting position of the first column
from between the 12 columns of said storage means to the
position whose address is 0, and

gsets the writing starting position of the second
column from between the 12 columns of said storage means
to the position whose address is O,

sets the writing starting position of tne third

column from between the 12 columns of said storage means
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sets the writing starting position of the fifth column from between the 12 columns of said storage
means to the position whose address is 3, sets the writing starting position of the sixth column from
between the 12 columns of said storage means to the position whose address is 4, sets the writing
starting position of the seventh column from between the 12 columns of said storage means to the
position whose address is 4, sets the writing starting position of the eighth column from between the
12 columns of said storage means to the position whose address is 5, sets the writing starting position
of the ninth column from between the 12 columns of said storage means to the position whose

address is 5, sets;the vgg@t%ggiqgh%%%ti%afgggge@@ gglumn from between the 12 columns of

said storage means to the position whose address is 7, sets the writing starting position of the
eleventh column from between the, 12 columns: gf-said storage means, 2461ta the pesition whose

address is 8, and sets the writing starting position of the twelfth column from between the 12 columns
of said storagedneans 1@ dhe pesitionwhose address isids of said storage means
to the position whose address is Z,
sets the writing starting position of the fifth
column from between the 12 columns of said storage means
to the position whose address is 3,
setz the writing starting position of the sixth
column from between the 12 columns of said storage means
to the position whose address is 4,
sets the writing starting position of the seventh
column from between the 12 columns of sald storage means
to the position whose address_is 4,
sets the writing starting positicon of the eighth

£
T

coiumn from between the 12 columns of said storage means
to the position whose address is b,

sets the writing starting pesition of the ninth
column from between the 12 columns cf sald storage means
to the position whose address is 5,

sets the writing starting pesition of the tenth
column from between the 12 columns of saild storage means
to the position whose address is 7,

sets the writing starting position of the eleventh

column from bestween the 1Z columns of sald storage means
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20. The data processing apparatus according to claim 8, wherein, where the LDPC code is an LDP--
code having one of 11 different encoding rates and a code length N of 64,800 bits prescribed in the
DVB-S.2 standard and the m bits are 12 bits and the integer b is 2 and besides 12 ones of the code
bits of the LDPC code are mapped to 12 ones of 4096 signal points determined in a predetermined
modulation method while said storage means has 24 columns for storing 12 x 2 bits in the row
direction and stores 64,800/(12 x 2) bits in the column direction, said re-arrangement means sets,
where the address of the top position of said storage means in the column direction is represented by

0 and the address:of eash position,of said storagemeansdn thg.column direction is represented by
an integer given in an ascending order, the writing starting position of the first column 247 from

between the 24 columns:eksaid Sterage Tneans:torthen positien whesesddress is«; ane-sets the
writing starting position of the second column from between the 24 columns of said storage means
column from between the 12 columns of sald storage means
to the pesition whose address 1s 9.
20. The data processing apparatus according to
claim 8, wherein, where
the LDPC code is an LDPC code having one of 11
different encoding rates and a coge length N of £4,800
bits prescribed in the DVB-85.2 standard and
the m pkits are 12 bkits and the integer b is 2 and
besides
12 ones of the code bits of the LDPC code are
mapped to 12 ones of 4096 signal points detezmin@d in a
predetermined modulation methed while
said storage means has 24 ccolumns for storing 12 x
2 bits in the row dirsction and stores 64,800/ (12 x 2)
bits in the column direction,
said re-arrangement means
sets, where the address of the top position of said
storage means in the column direction ig represented by O
and the address of esach position of said storage means in
the column direction 1s represented by an integer given

in an ascending order,

the writing starting position of the first column
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to the position whose address is 5, sets the writing starting position of the third column from between
the 24 columns of said storage means to the position whose address is 8, sets the writing starting
position of the fourth column from between the 24 columns of said storage means to the position
whose address is 8, sets the writing starting position of the fifth column from between the 24 columns
of said storage means to the position whose address is 8, sets the writing starting position of the sixth
column from between the 24 columns of said storage means to the position whose address is 8, sets
the writing starting position of the seventh column from between the 24 columns of said storage

means to the posiian:whase, addiessds 10; saizdng wrling stating positipn.pfane eightty column

from between the 24 columns of said storage means to the position whose address is % sets the
writing starting, position,of the, ninth 248 calumn from_hetween the 24 columns of said storage means

to the position whose address is 10, sets the writing starting position of the tenth column from
between the 24 columns-ef-said stofage MeaNS-arting position of the second
column from between the 24 cclumns of said storage means
to the position whose address is b,

sets the writing starting position of the third
column from between the 24 columns of said storage means
to the position whose address is 8,

sets the writing starting position of the fourth
column from between the 24 columns of said storage means
to the position whose address is 8,

sets the writing starting position of the fifth
column from between the 24wcolumns cf sald storage means
to the position whose address is 8,

sets the writing starting position of the sixth
column from between the 24 columns of said storage means
o the position whose address is 8,

gsets the writing starting position of the seventh
column from between the Z4 columns of sald storages means
to the position whose addrese is 10,

sets the writing starting position of the eighth
column from between the 24 columns of said storage means
to the position whose address i1s 10,

sets the writing starting position ¢f the ninth
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to the position whose address is 12, sets the writing starting position of the eleventh column from
between the 24 columns of said storage means to the position whose address is 13, sets the writing
starting position of the twelfth column from between the 24 columns of said storage means to the
position whose address is 16, sets the writing starting position of the thirteenth column from between
the 24 columns of said storage means to the position whose address is 17, sets the writing starting
position of the fourteenth column from between the 24 columns of said storage means to the position
whose address is 19, sets the writing starting position of the fifteenth column from between the 24

columns of said sigraoe: mearise 1o, e pasition whoss gddtessds 21, setsdbe yyling.siaging position

of the sixteent umn tween the 24 columns of said storage means to the position whose

address is 22, setsithe ‘g\gglpgl%%rt@g@nwdqfégg 249 seventeenth column from between the 24
columns of said storage means to the position whose address is 23, sets the writing starting position

of the eighteenth columafrombetween the;24 columnsobsald-ion of the tenth

column from between the 24 columns of said storage means
to the pesition whose address is 12,

sets the writing starting position of the eleventh
column f£rom between the 24 columns of said storage means
to the position whose address 1s 13,

sets the writing starting positicon of the twelifth
column from between the 24 columns of sald storage means
tco the position whose address is 16,

sets the writing starting position of the
thifteegth column from between the 24 columns of said
storage means to the position whose address is 17,

gsets the writing starting position of the
fourteenth column from between the 24 columns of said
storage means to the positlion whose address is 19,

sets the writing starting position of the fifteenth
column from between the 24 columns of sald storage means
to the position whose address is 21,

gets the writing starting position of the sixteenth
column from betwsen the 24 coclumns of said storage means
to the position whose address 1s 22,

sets the writing starting position of the
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storage means to the position whose address is 26, sets the writing starting position of the nineteenth
column from between the 24 columns of said storage means to the position whose address is 37, sets
the writing starting position of the twentieth column from between the 24 columns of said storage
means to the position whose address is 39, sets the writing starting position of the twenty- first column
from between the 24_ columns of said storage means to the position whose address is 40, sets the
writing starting position of the twenty- second column from between the 24 columns of said storage
means to the position whose address is 41, sets the writing starting position of the twenty- third column

from betweenthe 24 calumns.of said storage ;means.fo the position whase address is 41, and sets the

writing starting position of the twenty- fourth column from between the 24 columns of said storage
means to the pesitigpwheseraddress is-4L2L thhe dataprecessingapparatussaccording to 250

claim 8, wherein, where the LDPC code is an LDPC code having one of 10 different encoding rates
and a code length N ofsk6,208 Heits.preseribed ikthei DY BrS 2 istandard angh o

elighteenth column from between the 24 columns of said
storage means to the position whose address is 26,

sets the writing starting position of the
nineteenth column from between the 24 columns of said
storage means to the position whose address is 37,

sets the writing starting position of the twentieth
column from between the 24 columns of said storage means
to the position whose address is 39,

sets the writing starting position of the twenty-
Tirst column from between the 24 columns of said storage
means to the position whose address 1s 40,

sets the writing starting position of the Lwenty-
second column from between the 24 columns of said storags
means to The position whose address is 41,

sets the writing starting position of the twenty-
third column from between the 24 columns of said storage
means to the position whose address is 41, and

sets the writing starting position of the twenty-
fourth column from between the 24 columns of said storage
means to the position whose address 1s 41.

21. The data processing apparatus according to
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the m bits are 2 bits and the integer b is 1 and besides two ones of the code bits of the LDPC code
are mapped to two ones of four signal points determined in a predetermined modulation method
while said storage means has two columns for storing 2 x 1 bits in the row direction and stores
16,200/(2 x 1) bits in the column direction, said re-arrangement means sets, where the address of the
top position of said storage means in the column direction is represented by 0 and the address of
each position of said storage means in the column direction is represented by an integer given in an
ascending order, the writing starting position of the first column from between the two columns of said

storage meansitg the gposjtien- whose addgess is 0, and sets the writing starting position of the second
column from between the two columns of said storage means to the position whose address is 0. 251

22. The data processing,apparatus-aceordingda claim 8:wherein,wherethe LIPErcode is an LDPC
code having one of 10 different encoding rates and a code length N of 16,200
different encoding rates and a code length N of 16,200
bits prescribed in the DVB~S.Z2 standard and
the m bits are 2 bits and the integer b is 1 and
besides
two cones of the code bits of the LDPC code are
mapped to two ones of four signal points determined in a
predetermined modulation method while
sald storage means has two columns for storing 2 x
i bits in the row direction and stores 16,200/(2 = 1)
bits in the column directilion,
said re-arrangement means
sets, where the address of the top position of said
storage means in the column direction is represented by 0
and the address of each position ¢f said storage means in
the column directicn is repressented by an integer given
in an ascending order,
the writing starting position of the first column
from between the two columns of saild storage means to the
pesition whose address is 0, and
sets the writing starting position of the second
column from between the twe columns of sald storage means

to the positicn whose address is 0.
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bits prescribed in the DVB-S.2 standard and the m bits are 2 bits and the integer b is 2 and besides
two ones of the code bits of the LDPC code are mapped to two ones of four signal points determined
in a predetermined modulation method while said storage means has four columns for storing 2 x 2
bits in the row direction and stores 16,200/(2 x 2) bits in the column direction, said re-arrangement
means sets, where the address of the top position of said storage means in the column direction is
represented by O and the address of each position of said storage means in the column direction is
represented by an integer given in an ascending order, the writing starting position of the first column

from between the four %Iym@%gf a%lg ast%@(gg gg%§@l§;toa5%%gg§iggn gv@g?ﬁqgée?%is 0, and sets
] o

the writing starting position of the second™ column from between the four column said storage 252
means to the positipn whoseaddress is2,sets the writing starting position of the third column from
between the four columns of said storage means to the position whose address is 3, and

the LDPC code is an LDPC code having one of 10
different encoding rates and a code length N of 16,200
bits prescribed in the DVE-5.2 standard and

the m bits are Z bits and the integer b is 2 and
begides

two ones of the code bits of the LDPC code are
mapped to two ones of four signal points determined in a
predetermined modulation method while

sald storage means has four columns for storing 2 x
2 bits in the row direction and stores 16,200/(2 x 2}
bits in the column direction,

said re~arrangement means

sets, where the address of the top pesition of said
storage means in the cclumn direction is represented by 0
and the address of each pesition of said storage means in
the column direction is represented by an integer given
in an ascending order,

the writing starting position of the first column
from between the four columns of said storage means to
the pogition whose address is 0, and

sets the writing starting position of the second

column from between the four columns of sald storage
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sets the writing starting position of the fourth column from between the four columns of said storage
means to the position whose address is 3. 23. The data processing apparatus according to claim 8,
wherein, where the LDP-_ code is an LDPC code having one of 10 different encoding rates and a
code length N of 16,200 bits prescribed in the DVB-S.2 standard and the m bits are 4 bits and the
integer b is 1 and besides four ones of the code bits of the LDPC code are mapped to four ones of 16
signal points determined in a predetermined modulation method while said storage means has four
columns for storing 4 x 1 bits in the row direction and stores 16,200/(4 x 1) bits in the column

direction, saidje-arsangergnt means sets, yhere theaddress of the top position of said storage
means in the column direction is represented by 0 and the address of each position of said storage

means in 253 the colugut dirgction.dsreprasented-by Y integergivencin amaseandiap order, the
writing starting position of the first column from between the four columns of said storage means to
column from between the four columns of said storage
means to the positicn whose address is 3, and

sets the writing starting position of the fourth
column from between the four columns of sald storage
means to tThe position whose address is 3.

23. The data processing apparatus according o
claim 8§, wherein, where

the LDPC code is an LDPC code having one of 1
different encoding rates and a code length N of 16,200
bits prescribed in the DVB-35.2 standard and

the m bits are 4 bits anq the integer b is I and
besides

four ones of the code bits of the LDPC code are
mapped to four ones of 1¢ signal polnts determined in a
predetermined modulation method while

sald storage means has four columns for storing 4
1 bits in the row direction and stores 16,200/(4 = 1)
bites in the column direction,

sald re-arrangement means

sets, where The address of the fop position of saild

storage means in the column direction is repressented by 0

and the address ¢f =ach position of said storage means in
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the position whose address is 0, and sets the writing starting position of the second column from
between the four columns of said storage means to the position whose address is 2, sets the writing
starting position of the third column from between the four columns of said storage means to the
position whose address is 3, and sets the writing starting position of the fourth column from between
the four columns of said storage means to the position whose address is 3. 24. The data processing
apparatus according to claim 8, wherein, where the LDPC code is an LDPC code having one of 10
different encoding rates and a code length N of 16,200 bits prescribed in the OVB-S.2 standard and

the m bits are:4,bits-and the integerb is.2 and besides four ones of the gode bits of the,LDPC code
are mapped to four ones of 16 signal points determined in a predetermined modulation method while
254 said storage means haseight coldmns for storing 4 x 2 bits in the row direction and stores
16,200/(4 x 2) bits in the column direction, said re-arrangement means
the writing starting position of the first column
from between the four cclumns of sald storage means to
the position whose address is 0, and
sets the writing starting position of the second
column from between the four columns of said storage
means to The peosition whose address is 2,
sets the writing starting position of the third
column from between the four columns of sald storage
means to the position whose address is 3, and
sets the writing starting position of the fourth
column from p@tween the four columns of sald storage
means To the position whose address is 3.
Z24. The data processing apparatus according to
claim 8, wherein, where
the LDPC code is an LDPC code having one of 10
different encoding rates and a code length N of 16,200
bits prescribed in the BDVB-3.2 standard and
the m bits are 4 bits and the integer b is 2 and
besides
four ones of the code bits of the LDPC code are
mapped to four ones of 1¢ signal points determined in a

predetermined modulation method while
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sets, where the address of the top position of said storage means in the column direction is
represented by O and the address of each position of said storage means in the column direction is
represented by an integer given in an ascending order, the writing starting position of the first column
from between the eight columns of said storage means to the position whose address is 0, and sets
the writing starting position of the second column from between the eight columns of said storage
means to the position whose address is 0, sets the writing starting position of the third column from
between the eight columns of said storage means to the position whose address is 0, sets the writing

starting position of the fourth .colump from bgtwegn;the;eight columns of said storage, means to the

position whose address is 1, sets the writing starting position of the fifth column from between the
eight columns.of;said storage +means 4o te-pesition Whese address isd, 255 sets thepwriting starting

position of the sixth column from between the eight columns of said storage means to the position
whose addressiis20i setsitheanritingstarting-pasitign of the seventh

sald re-arrangement means

sets, where the address of the top position of said
storage means in the column direction is represented by 0
and the address of each position of said storage means in
the cclumn direction is represented by an integer gilven
in an ascending crder,

the writing starting position of the first column
from between the eight columns of said storage meansg to
the position whose address 1s 0, and

sets the writing starting position of the second
column from between the eight columns of said storage
means to the position whose address is 0,

gsets the writing starting position of the third
column from betwesen the eight columns of said storage
means to the position whose address is 0,

sets the writing starting position of the fourth
ceclumn from betwesen the eight columns of said storage
means to the position whose address is 1,

sets the writing starting position of the fifth
column from between the eight ceolumns of sald storage

means to the position whose address is 7,



column from between the eight columns of said storage means to the position whose address is 20,
and sets the writing starting position of the eighth column from between the eight columns of said
storage means to the position whose address is 21. 25. The data processing apparatus according to
claim 8, wherein, where the LDPC code is an LDPC code having one of 10 different encoding rates
and a code length N of 16,200 bits prescribed in the DVB-S.2 standard and the m bits are 6 bits and
the integer b is 1 and besides six ones of the code bits of the LDPC code are mapped to six ones of
64 signal points determined in a predetermined modulation method while said storage means has six

columns for storing 6 x, 1.hits.ip the yqw g%rgcggg 999&50@8 46,200((6.% 1% yRits.jn the column

direction, said re-arrangement means sets, where the address of the top position of said 256 storage
means in the columpdirectionistepresented By Onand the,address of eagh position.of said storage

means in the column direction is represented by an integer given in an ascending order,

means to the position whose address 1s 20,

sets the writing starting position of the seventh
column from between the eight columns of sald storage
means to the position whose address is 20, and

sets the writing starting position of the eighth
column from bketween The eight columns of =aid storage
means to the position whose address is 21.

25. The data processing apparatus accordilng to
claim 8, wherein, where

the LDPC code is an LDPC code having one of 10
different encoding rates and a code length N of 16,200
bite prescribed in the DVB-S.2 standard and

the m bits are © bits and the integer b is 1 and
besides

six ones of the code bits of the LDPC code are
mapped to six ones of 64 signal points determined in a
predetermined modulation method while

sald storage means has six columns for storing & x
1 bits in the row direction and stores 16,200/(6 = 1)
bits in the column direction,

gsaid re-arrangement means

sets, where the address of the top position of sald
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the writing starting position of the first column from between the six columns of said storage means to
the position whose address is 0, and sets the writing starting position of the second column from
between the six columns of said storage means to the position whose address is 0, sets the writing
starting position of the third column from between the six columns of said storage means to the
position whose address is 2, sets the writing starting position of the fourth column from between the
six columns of said storage means to the position whose address is 3, sets the writing starting
position of the fifth column from between the six columns of said storage means to the position

whose address-is,, and.sets the writing stayting,positiep.of the sixth columa from hepween the six

columns of said storage means to the position whose address is 7. 26. The data processing
apparatus acegrdingto glaimS; whereina where 257 the LDPG gode is-an- LRP G gede having one of

10 different encoding rates and a code length N of 16,200 bits prescribed in the DVB-S.2 standard
and the m bits ate 6ditsrandithedategenbis 2antresented by an integer given
in an ascending order,
the writing starting pesiticn of the first column
from between the six columns of said storage means to the
pogition whose address is 0, and
sets the writing starting position of the second
column from between the six columns of said storage means
to the position whose address is 0O,
sets the writing starting position of the third
column from between the six columns of sald storage means
~to the position whose address 1s Z,
sets the writing starting position of the fourth
column from between the six columns c¢f said storage means
to the position whose address is 3,
sets the writing starting position of the fifth
column from between the six columns of said storage means
to the position whose address is 7, and
sets the writing starting position of the sixth
column from betwesen the six columns of said storage means
te the position whose address is 7.
26. The data processing apparatus according to

claim B8, wherein, where



besides six ones of the code bits of the LDPC code are mapped to six ones of 64 signal points
determined in a predetermined modulation method while said storage means has 12 columns for
storing 6 x 2 bits in the row direction and stores 16,200/(6 x 2) bits in the column direction, said
re-arrangement means sets, where the address of the top position of said storage means in the
column direction is represented by 0 and the address of each position of said storage means in the
column direction is represented by an integer given in an ascending order, the writing starting position
of the first column from between the 12 columns of said storage means to the position whose

address is 0, and sets thg wyiting stastiag positioniafthe sgeand, £olumn from between the 1-2
columns of said storage means to the position whose address is 0, sets the writing starting position of

the third 258 goluran fiem betweenthekZ eclumns of saidistorage;meanscto the, pasition whose
address is 0, sets the writing starting position of the fourth column from between the 12 columns of
said storage meansprescribed in the DVB-3.2 standard and
the m bits are 6 bits and the integer b is Z and
besides
six ones of the code bits of the LDPC code are
mapped to six cnes of 64 signal points determined in a
predetermined modulation method while
said storage means has 12 columns for storing 6 x 2
bits in the row direction and stores 16,200/(6 x 2) bits
in the column direction,
sald re-arrangement means
; sets, where the address of t@e top position of said
storage means in the ccolumn direction is represented by 0
and the address of each position of said stcorage means in
the column direction is represented by an integer given
in an ascending crder,
the writing starting position of the first column
from between the 12 columns of said storage means to the
position whose address is 0, and
gets the writing starting position of the second
column from between the 12 columns of sald storage means

to the position whose address is O,

sets the writing starting position of the third

258



to the position whose address is 2, sets the writing starting position of the fifth column from between
the 12 columns of said storage means to the position whose address is 2, sets the writing starting
position of the sixth column from between the 12 columns of said storage means to the position
whose address is 2, sets the writing starting position of the seventh column from between the 12
columns of said storage means to the position whose address is 3, sets the writing starting position of
the eighth column from between the 12 columns of said storage means to the position whose
address is 3, sets the writing starting position of the ninth column from between the 12 columns of

said storage means; o thepositionahose-address is, 3,5els he writing starting positign of the tenth

column from between the 12 columns of said storage means to the position whose address is 6, sets
the writing stafting pesitien of the elgventh 289 column drom between the 12 columns of said storage

means to the position whose address is 7, and sets the writing starting position of the twelfth column
from between the 12 celemns-efsaid storage meansing position of the fourth

column from between the 1Z columns of said storage means
to the position whose address is 2,

sets the writing starting position of the fifth
column from between the 12 columns c¢f sald storage means
to the position whose address 1s 2,

sets the writing starting position of the sixth
column from between the 12 columns of said storage means
To the position whose address is 2,

sets the writing starting pesition of the seventh
column from betwgen the 12 columns of sald storage means
to the position whose address is 3,

sets the writing starting position of the eighth
column from between the 12 columns of said storage means
to the poszition whose address is 3,

sets the writing starting position of the ninth
column from between the 12 columns of sald storage means
to the position whose address is 3,

sets the writing starting position of the tenth
column from between the 12 columns of said storage means
to the position whose address is 6,

sets the writing starting position of the eleventh
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to the position whose address is 7. 27. The data processing apparatus according to claim 8, wherein,
where the LDPC code is an LDPC code having one of 10 different encoding rates and a code length
N of 16,200 bits prescribed in the DVB-S.2 standard and the m bits are 8 bits and the integer It is |
and besides eight ones of the code bits of the LDPC code are mapped to eight ones of 256 signal
points determined in a predetermined modulation method while said storage means has 8 columns for
storing 8 x 1 bits in the row direction and stores 16,200/(B x 1) bits in the column direction, said
re-arrangement means sets, where the address of the top position of said storage means in the

column directignigrepressntad-by, 0-and the address @fieach position of said:sferage.means in the
column direction represented by an integer given in an ascending order, 260 the writing starting

position of the:first aelupis from betweer: thejeighteolumns,of saitl storage means to the position
whose address is 0, and sets the writing starting position of the second

sets the writing starting position of the twelfth
column from between the 12 columns of said storage means
to the position whose address is 7.

27. The data processing apparatus according to
claim 8, wherein, where

the LDPC code is an LDPC code having one of 10
different encoding rates and a code length N of 16,200
bits prescribed in the DVB~3.2 standard and

The m bits are 8 bits and the integer b is 1 and
besides

eight ones of the code bits of the LDPC code are
mapped to eight ones of 256 signal points determined in a
predetermined mcdulation method while

sald storage means has 8 columns for storing 8 x 1
bits in the row direction and stores 16,200/(8 x 1) bits
in the column direction,

said re-—arrangement mMeans

sets, where the address of the top position of said
storage means in the cojumn direction is represented by 0
and the address of each position of said storage means in
the column direction is represented by an integer gilven

in an ascending order,
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column from between the eight columns of said storage means to the position whose address is 0,
sets the writing starting position of the third column from between the eight columns of said storage
means to the position whose address is 0, sets the writing starting position of the fourth column from
between the eight columns of said storage means to the position whose address is 1, sets the writing
starting position of the fifth column from between the eight columns of said storage means to the
position whose address is 7, sets the writing starting position of the sixth column from between the
eight columns of said storage means to the position whose address is 20, sets the writing starting

position of the seventh. calumn; from between the eight columns,ef sajd storage means to the position

whose address is 20, and sets the writing starting position of the eighth column from between the
eight columnsrofsaighstorage means 1o the pesitien whose addressis 21526428, Ihedata

processing apparatus according to claim 8, wherein, where the LDPC code is an LDPC code having
one of 10 differentencodingrrates-and atodedength N of 46200

sets the writing starting positiocn of the second
column from between the eight columns of said storage
means to the position whose address is O,

sets the writing starting position of the third
column from between the eight columns of said storage
means to the position whose address is 0,

sets the writing starting position of the fourth
column from between the eight columns of sald stcrage
means to the position whose address is 1,

sets the writing starting position of the fifth
column from between the eight columns of said storage
means to the position whose address is 7,

gets the writing starting position of the sixth
column from between the elght cclumns of said storage
means to the position whose address is 20,

sets The writing starting position of the seveanth
celumn from betwsen the eight columns of saild storage
means to the pesition whose address is 20, and

sets the writing starting position of the eighth
column from between tThe elght columns of said storage

means to the position whose address is 21.
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bits prescribed in the DVB-S.2 standard and the m bits are 10 bits and the integer b is 1 and besides
10 ones of the code bits of the LDPC code are mapped to 10 ones of 1024 signal points determined in
a predetermined modulation method while said storage means has 10 columns for storing 10 x 1 bits
in the row direction and stores 16,200/(10 x 1) bits in the column direction, said re-arrangement
means sets, where the address of the top position of said storage means in the column direction is
represented by O and the address of each position of said storage means in the column direction is
represented by an integer given in an ascending order, the writing starting position of the first column

from between the 10 cokymns:f. saig.sto Jueans o the, position whoseraddrgss is 0, and sets the
writing starting position of the second column from between the 10 columns of said storage means

262 to the positian whoseiadgressis lirsets the writing starting position of the third column from
between the 10 columns of said storage means to the position whose address is 2,

the LDPC code is an LDPC code having one cof 10
different encoding rates and a code length N of 16,200
bits prescribed in the DVB-5.Z standard and

the m bits are 10 bits and the integer b is 1 and
besides

10 cones of the code bits of the LDPC code are
mapped to 10 ones of 1024 signal points determined in a
predetermined modulation method while

said storage means has 10 columns for storing 10 x
1 bits in the row directicon and stores 16,200/(10 = 1)
bits in the column direqtion,

sald re-arrangement meang

sets, where the address of the top position of said
storage means 1n the column direction 1s represented by 0
and the address of each position of said storage means in
the column direction is represented by an integer given
in an ascending crder,

the writing starting pozition of the first column
from between the 10 columns of said storage means to the
position whose address is O, and

sets the writing starting position of the second

column from between the 10 columns of said storage means
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sets the writing starting position of the fourth column from between the 10 columns of said storage
means to the position whose address is 2, sets the writing starting position of the fifth column from
between the 10 columns of said storage means to the position whose address is 3, sets the writing
starting position of the sixth column from between the 10 columns of said storage means to the
position whose address is 3, sets the writing starting position of the seventh column from between the
10 columns of said storage means to the position whose address is 4, sets the writing starting position
of the eighth column from between the 10 columns of said storage means to the position whose

address is 4, setsdthe witing-startingmosition-ef-the ninth  golumn from between the 10 columns of
said storage means to the position whose address is 5, and sets the writing starting position o- the

tenth column from betweer the d0.columAs of saidistaragesneans 263rto-the positien whose address
is 7. 29. The data processing apparatus according to claim 8, wherein, where the LDPC code is an
LDPC code having:onefofdf) between the 10 columns of said storage means
to the position whose address is 2,
sets the writing starting position of the fourth
column from between the 10 columns of said storage means
tec the position whose address is 2,
sets the writing starting position of the £ifth
column from between the 10 columns of said storage means
to the position whose address is 3,
sets the writing stariting position of the sixth
column from between the 10 columns of said storage means
to the position whose address is 3,
sets the writing starting position of ths seventh
column from between the 10 columns of said storage means
to the position whose address is 4,
sets the writing starting position of the eighth
column from between the 10 columns of said storage means
to the position whose address is 4,
sets the writing starting position of the ninth
column from between the 10 columns of sald storage means
to the position whose address is 5, and
sets the writing starting position of the tenth

column from between the 10 columns of said storage means
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different encoding rates and a code length N of 16,200 bits prescribed in the DVB-S.2 standard and
the m bits are 10 bits and the integer b is 2 and besides 10 ones of the code bits of the LDPC code
are mapped to 10 ones of 1024 signal points determined in a predetermined modulation method
while said storage means has 20 columns for storing 10 x 2 bits in the row direction and stores
16,200/(10 x 2) bits in the column direction, said re-arrangement means sets, where the address of
the top position of said storage means in the column direction is represented by O and the address of
each position of said storage means in the column direction is represented by an integer given in an

ascending ordey, the-wrting stasting,pesition of the first golmn from between the 20 columns of said
storage means to the position whose address is 0, and sets the writing starting position of the second

264 column from between the 20 colwnans of saickstarage-peans e the posiionivhese address is 0,
sets the writing starting position of the third column from between the 20 columns of said storage
means claim 8, whereiln, where
the LDPC code is an LDPC code having one of 10
different encoding rates and a code length N of 16,200
bits prescribed in the DVB-S5.2 standard and
the m bits are 10 bits and the integer b is 2 and
besides
10 ones of the code bits of the LDPC code are
mapped to 10 ones of 1024 signal points determined in a
predetermined modulation method while
sald storage means has 20 columns for storing 10 x
2 bits in the row di;ection and stores 16,200/(10 = 2)
bits in the column direction,
said re-arrangement means
sets, where the address c¢f the fTop position of said
storage means in the column direction is represented by 0
and the address of each position of said storage means in
the column direction i1s represented by an integer given
in an ascending order,
the writing starting position of the first column
from between the 20 columns of said storage means to the

position whose address is 0, and

sets the writing starting posgition of the second
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to the position whose address is 0, sets the writing starting position of the fourth column from between
the 20 columns of said storage means to the position whose address is 2, sets the writing starting
position of the fifth column from between the 20 columns of said storage means to the position whose
address is 2, sets the writing starting position of the sixth column from between the 20 columns of said
storage means to the position whose address is 2, sets the writing starting position of the seventh
column from between the 20 columns of said storage means to the position whose address is 2, sets
the writing starting position of the eighth column from between the 20 columns of said storage means

to the position-whose addressds 2, 8ets thevrting-starting-position, oftheninth, column, from between
the 20 columns of said storage means to the position whose address is 5, sets the writing starting

position of the-tenth 265:ealumnrfrembeiwegean the 20 columns of said storage means to the position
whose address is 5, sets the writing starting position of the eleventh column from between the 20
columns of said storageaheansic writing starting position of the third
column from between the 20 columns of said storage means
to the position whose address is 9O,
sets the writing starting poesition of the fourth
column from between the 20 columns of saild storage means
to the position whose address is 2,
sets the writing starting positicn of the fifth
column from between the 20 columns of said storage means
to the pogition whose address is 2,
sets the writing starting position of the sixth
column from between the 20 columns of said storage means
to the position whose address is 2,
sets the writing starting poeosition of the seventh
.column from between the 20 columns of said storage means
to the position whose address is 2,
sets the writing starting position of the eighth
column from between the 20 columne of said storage means
to the position whose address is 2,
sets the writing starting position of the ninth
column from between the 20 columns of said storage means
to the position whose address is 5,

sets the writing starting position of the tenth
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to the position whose address is 5, sets the writing starting position of the twelfth column from
between the 20 columns of said storage means to the position whose address is 5, sets the writing
starting position of the thirteenth column from between the 20 columns of said storage means to the
position whose address is 5, sets the writing starting position of the fourteenth column from between
the 20 columns of said storage means to the position whose address is 7, sets the writing starting
position of the fifteenth column from between the 20 columns of said storage means to the position
whose address is 7, sets the writing starting position of the sixteenth column from between the 20

columns of said, starage ragans: 1Q;the,pesition whose addressris , setssthewriting,starting position of
the seventeenth column from between the 20 columns of said storage means to the position whose

address is 7, setstthe witkg-stadingrpesiticiafitbes 266 eighteenth column from between the 20
columns of said storage means to the position whose address is 8, sets the writing starting position of
the nineteenth columnsttam hetweenthe 20 columns:of saidsition of the eleventh
column from between the 20 columns of said storage means
to the positicn whose address is 5,
sets the writing starting position of the twelfth
column from betwesen the 20 columns of sald storage means
to the pesition whose address is 5,
sets the writing starting position of the
thirteenth column from between the 20 columns of said
storage means to tThe pogition whose address is 5,
sets the writing starting position of the
fourteenth column from between the 20 columns of said
storage means tTo tThe position whose address is 7,
sets The writing starting position of the fifteenth
column from betwsen the 20 columns of sald storage means
to the position whose address is 7,
sets the writing starting pesition of the sixteenth
column from between the 20 columns of said storage means
to the position whose address is 7,
gets the writing starting positicon of the
seventeenth column from between the 20 columns of said

storage means to the position whose address is 7,

sets the writing starting position of the
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storage means to the position whose address is 8, and sets the writing starting position of the
twentieth column from between the 20 columns of said storage means to the position whose address
is 10. 30. The data processing apparatus according to claim 8, wherein, where the LDPC code is an
LDPC code having one of 10 different encoding rates and a code length N of 16,200 bits prescribed
in the DVB-S.2 standard and the m bits are 12 bits and the integer b is 1 and besides 12 ones of the
code bits of the LDPC code are mapped to 12 ones of 4096 signal points determined in a
predetermined modulation method while said storage means has 12 columns for storing 12 x 1 bits in

the row directionsand: stores 46,2004(12:64) bits.inr the eslumndirectionrsaid rearrangement means
sets, where the address of the top position of said storage means in the column direction is

represented byt® 267-and thesaddress of gaeh positionrof saidkstaragesmeans jn the column direction
is represented by an integer given in an ascending order, the writing starting position of the first
column sets the writing starting position of the
nineteenth column from between the 20 columns of said
storage means Lo the position whose address is 8, and
sets the writing starting position of the twentieth
column from between the 20 columns ¢f sald storage means
to the position whose address is 10.
30. The data processing apparatus according to
claim 8, wherein, where
the LDPC code iz an LDPC code having cone of 10
different encoding rates and a code length N of 16,200
bits prescribed in the DVB-8.2 standard and
the m bits are 12 bits and the integer b is 1 and
besides
12 ones ©f the code bits of the LDPC code are
mapped to 12 ones of 4096 signal points determined in a
predeternined modulation method while
sald storage means has 12 columns for storing 12 «x
1 bits in the row direction and stores 16,200/(12 x 1)
bits in the column direction,
sald re-arrangement means
sets, where the address of the top position of said

storage means in the column direction is represented by 0
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from between the 1.2 columns of said storage means to the position whose address is 0, and sets the
writing starting position of the second column from between the 12 columns of said storage means to
the position whose address is 0, sets the writing starting position of the third column from between the
12 columns of said storage means to the position whose address is 0, sets the writing starting position
of the fourth column from between the 12 columns of said storage means to the position whose
address is 2, sets the writing starting position of the fifth column from between the 12 columns of said
storage means to the position whose address is 2, sets the writing starting position of the sixth

column from hgtweendhe 42.columps of said storageiweans todhe positionyhosesaddress is 2, sets
the writing starting position of the seventh column from between the 12 columns of said storage

means to themesitionlwhese: addressds 3; 268 spisstherwriing-stagting pasitien: otthe=gighth column
from between the 12 columns of said storage means to the position whose address is 3, sets the
writing starting position of ¢hel hingh order,
the writing starting position of the first column
from between the 172 columns of saild storage means to the
position whose address 1s 0, and
sets The writing starting position of the second
celumn from beftween tThe 17 columns of saild storage means
to the position wheose address is 0,
sets the writing starting position of the third
column from between the 12 ceclumns of sald storage means
to the position whose address is 0,
sets the writing starting position of the fourth
column from between the 12 columns of said storage means
to the position whose address is 2,
sets The writing starting position of the fifth
colunn from between the 12 columns of said storage means
to the position whose address is 2,
sets the writing starting position of the sixth
column fxom between the 12 columns of said storage means
to the position whose address is 2,
sets the writing starting position of the seventh
column from between the 12 cclumns of said storage means

0o the position whose address is 3,
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column from between the 12 columns of said storage means to the position whose address is 3, sets
the writing starting position of the tenth column from between the 12 columns of said storage means
to the position whose address is 6, sets the writing starting position of the eleventh column from
between the 12 columns of said storage means to the position whose address is 7, and sets the
writing starting position of the twelfth column from between the 12 columns of said storage means to
the position whose address is 7. 31. The data processing apparatus according to claim 8, wherein,
where the LDPC code is an LDPC code having one of 10 different encoding rates and a code length

N of 16,200 bits prescebed in-the RYB-$2;standand:and thednbits-are A2-bits and the.integer b is 2

and besides 12 ones of the code bits of the LDPC code are mapped to 12 ones of 4096 signal points
determined inceo 268rpredeterminad modtiationzmethpgwihile-said sierage sreayps has:24 columns for

storing 12 x 2 bits in the row direction and stores 16,200/(12 x 2) bits in the column direction,
to the position whose address is 3,

sets the writing starting position of the ninth
column from between the 12 columns of =zald storage means
to the position whose address is 3,

sets the writing starting position of the tenth
column from between the 12 columns of said storage means
to the position whose address is 6,

sets the writing starting position of the eleventh
coiumn from between the 12 columns of said storage means
to the position whose address is 7, and

sets The writing s?arting position of the twelfth
column from between the 12 columns of said storage means
to the position whose address is 7.

31. The data processing apparatus according to
claim 8, wherein, where

the LDPC code is an LDPC code having one of 10
different encoding rates and a code length N of 16,200
bits prescribed in the DVB-3.2 standard and

the m bits are 12 bits and the integer b is 2 and
besides

12 ones of the code bits of the LDPC code are

mapped to 12 ones of 4096 signal points determined in a

269



said re-arrangement means sets, where the address of the top position of said storage means in the
column direction is represented by 0 and the address of each position of said storage means in the
column direction is represented by an integer given in an ascending order, the writing starting position
of the first column from between the 24 columns of said storage means to the position whose
address is 0, and sets the writing starting position of the second column from between the 24 columns
of said storage means to the position whose address is 0, sets the writing starting position of the third
column from between the 24 columns of said storage means to the position whose address is 0, sets

the writing stastingipesition of the fourths eolumn, from-betymeenthe 24 columns of said storage means
to the position whose address is 0, sets the writing starting position of the fifth column from between

the 24 columns of saidsstaragetoeans: 27tosthepositionavhese.address is B.rsets the writing starting
position of the sixth column from between the 24 columns of said storage means to the position
whose address is;s in the row direction and stores 16,200/(12 x 2)
bits in the column direction,
said re-arrangement means
sets, where the address of the top position of said
storage means in the column direction is represented by 0
and the address of each pesition of said storage means in
the column direction is represented by an integer given
in an ascending crder,
the writing starting position of the first column
from between the 24 columns of sald storage means to the
positipm whose address is €, and
sets the writing starting position of the second
column from betwsen the 24 columns of said storage means
to the position whose address is (C,
sets the writing starting position of the third
column from between the 24 columns of said storage means
to the position whose address is 0,
sets the writing starting position of the fourth
column from between the 24 columns of said storage means
tc the position whose address 1s 0,
sets the writing starting position of the fifth

column from between the 24 columns of sald storage means

270



sets the writing starting position of the seventh column from between the 24 columns of said storage
means to the position whose address is 0, sets the writing starting position of the eighth column from
between the 24 columns of said storage means to the position whose address is 1, sets the writing
starting position of the ninth column from between the 24 columns of said storage means to the
position whose address is 1, sets the writing starting position of the tenth column from between the 24
columns of said storage means to the position whose address is 1, sets the writing starting position of
the eleventh column from between the 24 columns of said storage means to the position whose

address is 2, setsithe witing-starting-pesitigef-thedwelfty column from between the 24 columns of
said storage means to the position whose address is 2, sets the writing starting position of the

thirteenth column fromsaetween dhe; 24columns of saity 241 storage ngansite thepgsition whose
address is 2, sets the writing starting position of the fourteenth column from between the 24 columns
of said storage meansftodhe peskionwhose addressSisn8,s of said storage means
to the position whose address is O,
sets the writing starting position of the seventh
column from between the 24 columns of said storage means
to the pesition whose address is 0O,
sets the writing starting position of the eighth
column from between The 24 columns of said storage means
to the position whose address is 1,
sets the writing starting position of the ninth
column from between the 24 columns of said storage means
to the position whose address is 1, )
sets the writing starting position of the tenth
column from betwsen the 24 columns of saild storage means
to the position whose address is 1,
sets the writing starting position of the eleventh
column from between the 24 columns of said storage means
to the position whose address is 2,
sets the writing starting position of the twelfth
coiumn from between the 24 columns of said storage means
to the pesition whose address 1s 2,

sets the writing starting positicon of the

thirteenth column from between the 24 columns of said
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sets the writing starting position of the fifteenth column from between the 24 columns of said storage
means to the position whose address is 7, sets the writing starting position of the sixteenth column
from between the 24 columns of said storage means to the position whose address is 9, sets the
writing starting position of the seventeenth column from between the 24 columns of said storage
means to the position whose address is 9, sets the writing starting position of the eighteenth column
from between the 24 columns of said storage means to the position whose address is 9, sets the
writing starting position of the nineteenth column from between the 24 columns of said storage
means to the positigpavheseaddress isel0.csets the wiiting starting position of the twentieth column
from between the 24 columns of said storage means to the position whose address is 10, sets the
writing starting positiors ef:thettinenty:= firstr-epluma from dpepweert then24 eolumns of said storage 272
means to the position whose address is 10, sets the writing starting position of the twenty- second
column from Betweeadhe!24ccolumns of saidostorage: méens2té the pasitionothese address is 10,

storage means Lo the position whose address is 3,

sets the writing starting position of the fifteenth
column from between the 24 columns of said storage means
to the position whose address is 7,

sets the writing starting position of the sixteenth
column from ketween the Z4 columns of sald storage means
to the position whose address is 9,

sets the writing starting positicn of the
seventeenth column from between the 24 columns of said
storage means to the position whose address is 9,

sets the writing starting position of the
eighteenth column from between the 24 columns of said
storage means to the position whose address is 9,

sets the writing starting position of the
nineteenth column from between the 24 columns of said
storage means to the pesgition whose address is 10,

sets the writing starting position of the twentieth
column from between the 24 columns of said storage means
to the pesition whose address is 10,

sets the writing starting position of the twenty-

first column from between the 24 columns of said storage
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sets the writing starting position of the twenty- third column from between the 24 columns of said
storage means to the position whose address is 10, and sets the writing starting position of the
twenty- fourth column from between the 24 columns of said storage means to the position whose
address is 32. The data processing apparatus according to claim 5, wherein the LDPC code is
transmitted after modulation is applied thereto by QPSK (Quadrature Phase Shift Keying), 16QAM
(Quadrature Amplitude Modulation), 64QAM, 256QAM, 1024QAM or 4096QAM. 33. The data
processing apparatus according to claim 1, wherein the LDPC code is a QC (Quasi-Cyclic)-LDPC
code, and saig:te-arranpgemenpmeans sarreseul, where the symbol is formed from the code bits of
the LDPC code which are written in a column direction of storage means for storing the code bits of
the LDPC code in a rowedigection and thencolgmmrditection andtdre:read auidnthe rew-direction from
said storage means, 273 column twist interleave of changing the writing starting position when the
code its of thesEDPGcadel are: td bemviittervinghe doturdA directiomef sdid stdrdge tmeans for each

column of said storage means as the re-
means to the position whose address is 10,

sets the writing starting position of the twenty-
third column from between the 24 columns of said storage
means to the position whose address is 10, and

sets the writing starting position of the twenty-
fourth column from between the 24 columns of said storage

means to the position whose address is 1

[

32. The data processing apparatus according to
claim 5, wherein the LDPC ccde is transmitted after
modulation is applied thereto by QFPSK (Quadrature Phase
Shift Keying), 160Q0AM {(Quadrature Amplituds Modulation),
0AQAM, Z56QAM, 10240QAM or 40%60QAM,

33. The data processing apparatus according to
claim 1, wherein

the LDPC code is a QC (Quasi-Cyclic)-LDPC code, and

said re-arrangement means carries out,

where the symbol is formed from the code bits of
the LDPC code which are written in a column direction of
storage means for storing the code bits of the LDPC code

in a row direction and the column direction and are read

out 1in the row direction from said storage means,
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arrangement process. 34. The data processing apparatus according to claim 7, wherein said parity
interleave means and said re-arrangement means are formed integrally with each other. 35. A data
processing method for a data processing apparatus which interleaves data, comprising: a step carried
out by the data processing apparatus of carrying out, where an LDPC (Low Density Parity Check)
code is transmitted as a symbol or symbols each formed from two or more code bits thereof,
re-arrangement of the code bits of the LDPC code such that plural ones of the code bits
corresponding to the value 1 included in one arbitrary row of said parity check matrix are not included

in the same symbol. 36: A data precessing apparatys which-receivesan LDRG (Lqw Density Parity
Check) code transmitted thereto in an interleaved form as a symbol or symbols each formed from two

or more code ®its,-eomprising: 274 revetse reagangement means ferneamying outder aanLDPC code
obtained by carrying out a re-arrangement process of re- arranging the code bits of the LDPC code
such that plurak be written in the column direction of said storage

means for each column of sald storage means as the re-
arrangement process.

34. The data processing apparatus according to
claim 7, wherein said parity interleave means and said
re-arrangement means are formed integrally with each
other.

35. A data processing method for a data processing
apparatus which interleaves data, comprising:

a step carried out by the data processing apparatus
of carrying out,

where an LDPC (Low Density Parity Check) code is
transmitted as a symbol or symbols each formed from two
cr more code bits therecof,

re—arrangement of the code bits of the LDEC code
such that plural ones of‘the code bits corresponding to
the value 1 included in one arbitrary row of said parity
check matrix are not included in the sams symbol.

39, A data processing apparatus which recsives an
LDPC (Low Density Parity Check) code transmitted thereto
in an interleaved form as a symbol or symbols sach formed

from two or more code bkits, comprising:
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ones of the code bits of the LDPC code which correspond to the value 1 included in one arbitrary row
of a parity check matrix are not included in the same symbol, a reverse re-arrangement process which
is reverse re-arrangement corresponding to the re-arrangement process; and LDPC decoding means
for carrying out LDPC decoding of the LDPC code for which the reverse re-arrangement process is
carried out. 37. The data processing apparatus according to claim 36, wherein said reverse
re-arrangement means carries out the reverse re-arrangement process for an LDPC code obtained by
carrying out parity interleave of interleaving parity bits of an LDPC code obtained by carrying out
LDPC encoding in accardanee: with-a: patitygheck matsx its whieh azparipy mataxwhidhois that portion
of the LDPC code which corresponds to parity bits of the LDPC code has a staircase structure
individually tospositigiis afc2#5 othier bnes of the parity bits and then carrying out a re-arrangement
process of re- arrangement of the code bits of the LDPC code such that plural ones of the code bits
which Correspond to they carrying out a re-arrangement process of re-
arranging the code bits of the LDPC code such that plural
ones of the coce bits of the LDPC code which correspond
to the value 1 included in one arbitrary row of a parity
check matrix are not included in the same symbol,
a reverse re-arrangement process which is reverse
re-arrangement corresponding to the re-arrangement
process; and
LDPC decoding means for carrying ocut LDPC decoding
of the LDPC code for which the reverse re-arrangement
process is carried out.
37. The data processing apparatus according to
claim 36, wherein
said reverse re-arrangement means
carries out the reverse re-arrangement process for
an LDEC code obtained by
carrying out parity interleave of interleaving
parity bits of an LDPC code obtained by carrying out LDPC
encoding in accordance with a parity check matrix in
which a parity matrix which is that portion of the LDPC

code which corresponds to parity bilts of the LDPC code

has a stalrgase structure individually to pesiticns of
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value 1 included in one arbitrary row of the parity check matrix are not included in the same symbol,
and said. LDPC decoding means carries out LDPC decoding of the LDPC code for which the reverse
re-arrangement process has been carried out but parity deinterleave which is deinterleave
corresponding to the parity interleave has not been carried out using a conversion parity check matrix
obtained by carrying out at least column replacement corresponding to the parity interleave for the
parity check matrix. 38. A data processing method for a data processing apparatus which receives an
LDPC (Low Density Parity Check) code transmitted thereto in an interleaved form as a symbol or

symbols eachformed from twe: of morg £odey bits,1comprising; &,step carried out by the data
processing apparatus of carrying out, for an LDPC code obtained by carrying out a re-arrangement
process of re- arrangingdhe code bitsiof the &L DG sode sueh that phurak anes,ef the code bits of the

LDPC code which correspond 276 to the value 1 included in one arbitrary row of a parity check matrix
are not included i thegame symbolea revirsé fe-arrangement. pracess avhieh isreveese
re-arrangement corresponding to the re-arrangement
plural cnes cof the code bits which correspond to the
value 1 included in one arbitrary row of the parity check
matrix are not included in the same symbol, and
sald LDPC decoding means carries out LDPC decoding
of the LDPC code for which the reverse re-arrangement
process has been carried out but parity deinterleave
which i1s deinterleave corresponding to the parity
interleave has not been carried out using a conversion
parity check matrix obtained by carrying ocut at least
column replacement corresponding to the parity interleave
for the parity check matrix.
38. A data processing method for a data processing
apparatus wnhich receives an LDPC (Low Density Parity
Check) code transmitted thereto in an interleaved form as
a symbol or symbols each formed from two or more code
bits, comprising:
a step carried out by the data processing apparatus
of carrying out, for an LDPC code obtained
by carrying out a re-arrancgement process of re-
arranging the code bits of the LDPC code such that plural

ones of the code bits of the LDPC code which correspond
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process; and a step carried by the data processing apparatus of carrying out LDPC decoding of the
LDPC code for which the reverse re-arrangement process is carried out. 39. A data processing
method for a data processing apparatus which interleaves data, comprising: a step carried out by the
data processing apparatus of carrying out, where an LDPC (Low Density Parity Check) code in which
an information matrix which is that portion of a parity check matrix thereof which corresponds to
information bits of the LDPC code and has a cyclic structure is transmitted as a symbol. or symbols
each formed from two or more code bits thereof whereas the symbol is formed from the code bits of

the LDPC code wiieh ate wiitten im acehwnn diregtien of-storage-means for storing-the,code bits of
the LDPC code in arow direction and the column direction and are read out in the row direction from
the storage meaaskcalamnitwistinterleave of tharging:the: weitingm7 & starting position when the
code bits of the LDPC code are to be written in the column direction of the storage means for each
column of the storage means @ssegre-arfangementsprocessoe re-amangingithe wodeits of the

re-arrangement corresponding to the re-arrangement
process; and

a step carrlied by the data processing apparatus of
carrying out LDPC decoding of the LDPC code for which the
reverse re-arrangenment process is carried out.

39. A data processing method for a data processing
apparatus which interleaves data, comprising:

a step carried out by the data processing apparatus
cf carrying out,

where an LDPC (Low Density Parity Check) code in
which an information matrix which 1s that portion of a
parity check matrix thereof which corresponds to
information bits of the LDPC code and has a cyclic
structure 1s transmitted as a symboel or symbocls each
formed from two or more code bits thereof whereas

the symbel 1s formed from the code bits of the LDPC
cede which are written in a ceolumn direction of storage
means for storing the code bits of the LDPT code in a2 row
direction and the column direction and are read out in
the row direction from the storage means,

column twist interlieave of changing the writing
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LDPC code. 40. A data processing apparatus which receives an LDPC (Low Density Parity Check)
code transmitted thereto in an interleaved form as a symbol or symbols each formed from two or
more code bits, comprising: reverse re-arrangement means for carrying out, where the LDPC code is
an LDPC code in which an information matrix which is that portion of the LDPC code which
corresponds to information bits of the LDPC code in a parity check matrix of the LDPC code has a
cyclic structure and the symbol is formed from the code bits of the LDPC code which are written in a
column direction of storage means for storing the code bits of the LDPC code in a row direction and

the column digectioniangd presread-gutimdheraw diregtion from said:steragermeanscforan LDPC code
obtained by carrying out column twist interleave of changing the writing starting position when the
code bits of the: L3P & codesare 1o beheritteri inrtheCotwmn tirectidn of 2 78:said storage means for
each column of said storage means as a re-arrangement process of re-arranging the code bits of the
LDPC code, anrevesse re-aprangementprocesstwisicls isomevgesegneans as a re-
arrvangement process for re-arranging the code bits ¢f tThe
LDPC code.
40. A data processing apparatus which receives an
LDPC (Low Density Parity Check) code transmitted thereto
in an interleaved form as a symbol or symbols each formed
from two or more code bits, comprising:
reverse re-arrangement means for carrying out,
where the LDPC code 1s an LDPC code in which an
information matrix which is that portion of the LDPC code
which corresponds to information bits of the LDPC code in
a parity check matrix of the LDPC code has a cyclic
structure and
the symbol is formed from the code bits of the LDPC
code which are written in a column direction of storage
means for storing the code bits of the LDPC code in a row
direction and the column direction and are read ocut in
the row direction from said storage means,
for an LDPC code obtained
by carrving out column twist interleave of changing
the writing starting position when the code bits of the

LDPC code are to be written in the column direction of
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re-arrangement corresponding to the re-arrangement process; and LDPC decoding means for
carrying out LDPC decoding of the LDPC code for which the reverse re-arrangement process is
carried out. 41. The data processing apparatus according to claim 40, wherein said reverse
re-arrangement means carries out the reverse re-arrangement process for an LDPC code obtained by
carrying out parity interleave of interleaving parity bits of an LDPC code obtained by carrying out
LDPC encoding in accordance with a parity check matrix in which a parity matrix which is that portion
of the LDPC code which corresponds to parity bits of the LDPC code has a staircase structure

individually tospositionsofz gthenongs of the parity bitsiand:then catrying-eutthedesarrangement
process, and said LDPC decoding means carries out LDPC decoding of the LDPC code for which the
reverse re-arrangemest :27%%:prosess has beesarred oythutparijy deintereavedwhich is
deinterleave corresponding to the parity interleave has not been carried out using a conversion parity
check matrix olftairietl by E&rryingout at least

a reverse re-arrangement process which i1s reverse
re-arrangement corresponding to the re-arrangement
process; and

LDPC decoding means for carrying out LDPC decoding
of the LDPC code for which the reverse re-arrangemeant
process is carried out.

41. The data processing apparatus according to
claim 40, wherein

sald reverse re-arrangement means

carries out the reverse re-arrangement process for
an LDPC code obtained by

carrying out parity interleave of interleaving
parity bits of an LDPC code cobtained by carrying out LDPC
encoding in accordance with a parity check matrix in
which a parity matrix which is that portion of the LDPC
code which corresponds to parity bits of the LDPC code
has a stalrcase structure individually te positions of
other cnes of the parity bits and then

carrying cut the re-arrangement process, and

sald LDPC decoding means carries out LDPC decoding

of the LDPC code for which the reverse re-arrangement
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column replacement corresponding to the parity interleave for the parity check matrix. 42. A data
processing method for a data processing apparatus which receives an LDPC (Low Density Parity
Check) code transmitted thereto in an interleaved form as a symbol or symbols each formed from two
or more code bits, comprising: a step carried out by the data processing apparatus of carrying out,
where the LDPC code is an LDPC code in which an information matrix which is that portion of the
LDPC code which corresponds to information bits of the LDPC code in a parity check matrix of the
LDPC code has a cyclic structure and the symbol is formed from the code bits of the LDPC code

which are writtemnirea cotunan direetion:ef-storage. means fok storingthe cede hitsof the LDPC code in
a row direction and the column direction and are read out in the row direction from the storage

means, for antDRE codedelitained: 280 dycarrying outicalgmndwist éntedeave,of changing the
writing starting position when the code bits of the LDPC code are to be written in the column direction
of the storage nieans=far eabh tolumin bf:the steragesmeans assing a conversion
parity check matrix obtained by carrying cut at least
column replacement corresponding to the parity interleave
for the parityv check matrix.
42. A data processing method for a data processing
apparatus which receives an LDPC {(Low Density Parity
Check) code transmitted thereto in an interleaved form as
a symbol or symbols each formed from two or more code
bits, comprising:
a step carried out by the data processing apparatus
of carrving out,
where the LDPC code is an LDPC code in which an
information matrix which is that portion of the LDPC code
which corresponds to information bits of the LDPC code in
a parity check matrix of the LDPC code has a cyclic
structure and
the symbol is formed from the code bits of the LDEC
code which are written in & column direction of storage
means for storing the code bits of the LDPC code in a row
direction and the column direction and are read out in
the row directicn from the storage means,

for an LDPC code obtained
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a re-arrangement process of re-arranging the code bits of the LDPC code, a reverse re-arrangement
process which is reverse re-arrangement corresponding to the re-arrangement process; and a step
carried out by the data processing apparatus of carrying out LDPC decoding of the LDPC code for
which the reverse re-arrangement process is carried out. 281

by carrying out column twist interleave of changing

the writing starting position when the code bits of the

DPC code are to be written in the column direction of
the storage means for each column of the storage means as
a re—arrangement process of re-arranging the code bits of
the LDPC code,

a reverse re-arrangement process which is reverse
re—arrangement corresponding to the re-arrangement
process; and

a step carried out by the data processing apparatus
of carrying cut LDPC decoding of the LDPC code for which

the reverse re-arrangement process 1s carried ocut.
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