
Description DATA PROCESSING APPARATUS) AND DATA PROCESSING METHOD Technical
Field  [0001]         Embodiments of the present invention relate 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
IDPC (Low Density Parity Check) code. Background Art 2]         The LDPC code has a high error
correction capacity and, in recent years, begins to be adopted widely in transmission systems
including satel broadcasting systems such as, for example, theh-S.2 system used in Europe (refer to,
for example, Non-Patent Document 1). Further, it is investigated to adopt the LIDPC code also in
terrestrial digital broadcasting of the next generation [000.3] It is being found by reoent research that a
performance proximate to the Shannon limit is provided by the LDPC code as the code length is
increased similarly to a turbo code and so forth_ Further, since the LEFT 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]          Tfl the following, such an. LEFT code as described above is described
particularly. It is to be noted that the LOFT code is a linear code, and although it is nut necessarily be a
two-dimensional code, the following descrititinn is given urger the assumption that it is a
two-dimensional code. [COPHH          The T.M.PC code has the most significant characteristic in that
a parity check matrix which defines the LOFT code is a sparse matrix. Here, the sperse matrix is a
matudx ir which the number of those elements whose value is "1" is very small (matrix in which almost
all elements are 0.           FIG. 1 shows an example of a parity check matrix of an lDPC code. [00n7
In the ceartv check matrix H of FLG. 1, the weight of each column (column weight) (number of "1")
(weight) is "3" and the weight of each row (row weight) is "6." [0008]         In encoding by ?DEC codes
(14D80 encoding), for example, a generator matrix S is produced based on a parity check matrix Tri
and this generator matrix S is multiplied by two-dimensional information bits to produce a codeword
(LOPC code). rocin:91         In particular, an encoding apparatus which carries out LDPC encoding first
calculates a generator. matrix G which saTYsf,es an expression GET - 0 toether v,ndh a transposed
matrix. Hi of a parity check matrix.Here, if the generabor matrixCisaKxNmatrix, then the encoding
apparatus multiplies the generator. matrix G by a bit string (vector ul of K information. bits to produce.
a codeword cuS) of F bits. The codeword produced by the encoding apparatus is received by the
reception side through a bbedeternbned communication. path.  



[00101         Decoding. of the (LOPE code can be carried out using an algorithm proposed as
probabilistic decoding (Pro)abn'stio Decoding by the Gallager, that is, a message passino algorithm by
belief propagation on a sib-called Tanner graph including a variable nodeiso called message nedei
end a check node. In the following description, each of the variable node and the check node 'e
suitably referred to simply as node. [0Dini         FIG. 7 illustrates a. procedure of decoding of an
L.ki.PC code. [00121         Tt is to be noted that, in. the fcGlowing description, a reel number value
whore the "0" likelihood in the value of the nisi' code bit of an LDPD rode (one coPewordb received by
the reception side is represented in a loq likelihood ratio is suitably referred co as reception
valueFurther, a messapie outputted from a. check node is represented by sti and a message oktoutted
from a variable node, is represented bv v,. J)01.3:         r(trst, kt deflodifte. of an LDPC code, as seen
in FTG. 2, an LDPC code is. received and a message (check. node  message) ui is initiaiizeo to "0"
and besides a variable k which assumes an integer as a counter of repeated aropesses is initialized to
"C" at step S11" whereafter.. the processing advances to step 312. At step 372, mathematical
operation represented be an expression (1) (variable node mathematica). operation) as carried out
based on the recepLiap value co, obtained bar the reeeptiem of the L.020 code to determine a
message (variable node message, vi. Further, mathematical operation represented. by an expression
(2) (check node mathematical opera-jam) is carried cut based on the message v., to determine the
message 13014J [Expression. 



d -1 v. =14, = [0.01.1 'Expression 2] I tanhi Ili - = fJtanh! [1.7.016il         Here, de and d, in the
expression (I) and the expression (2) are parameters which can be selected. arbitrarily and represent
the number of "Is" in a  vertical direction (column and a horizontal. direction (row) of the parity check
matrix E. For example, in the rase of a6) code, de - 3 and dc = 6. 100171         It is to be noted that, in
the variable node mathematical ooration of the expressich (1) and the check node mathematical
oueraticn of the excression (2), the range of uhe mathematical operation is 1 to d", - 1 or 11 to d,1
because a massage inputted from an edge 1:11ne interconnecting a variable node and a check node)
from which a message is to be outputted is nof 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(v.,, v2) represented by an expression (3) defined by one cutout with
respect to two inputs cl and v2 and using the table eucflessirely (recursively) as represented by an 



expression (4.). [001E1 [Expression 31 x=2 tanh H thnhOn / 2) =he,: 2)} = R0,1,1,21 [00141]
[Expression 4]  [00201         At step 512, the variable k is incremented by "i" further), and the processig
advances to step SUL At step 5515is decided whethbr or not the variable k is hidher than a
predetermined. repeated decoding time number C.' :f it is decided at step 513 that the variable k is not
higher than C, then the processing returns to step 512, and. similar processins is repeated thereafter.
[0021] On the other hand, if it is decided, at step 513 



that the variable k is higher than C, then the processing advances to step CJA, at which a messase vi
as a. decodins result to be outputted finally by carrying out mathematical cperation represented by an
expression (5) is determined and outputted., thereby ending the decoding process of the 2252 code.
[00221 [Expression 5] vo= it,y Li;)5) =1         Here, the mathematical cpbration of the expvession )5) is
carried cut, different from the variable node mathematical oneretlon of the expression (1), using;
messages hi from all edges connecting to the variable node. 020241         FIG. 3 illustrates an
example of the parity check matrix E of a (i), 6) TITIIC cods (encoding rate: 1/2, code length: 12).
[0025]         In the rarity check. satrix H of FIG. 3, the weight of a column is 3 and the weight of a. row
Hs 6 Elmtarly as in FIG. 1. [0C26j         FIG. 4 shows a Tanner graoh of the parity check matrix H of
FIG. 2. 



[00171 Here, in TIG. 4, a check node is represented by andvariable node is reoresentee by '-." A
check node and a variable node eerresbont to a row and a column of the parity cheek 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. [0026:         In particular, where the element in the jth row
of the ith column of the parity check matrix is I, the lth variable node (node of "=") from above and the
jet': check  node (node offrom above are connectedao The edge represents that a codeoorresoond nq
to the variable node has a constraint condItIon correspond * to tre check node. 00291 sum product
aldthin gSum Popaucd fgerithm) which is a deood.inq met-or for LDPC codes, bie node
mathemaficaiand cl [0030] 



ustrates the variabfe node nn-utheir,at 3:10with re,ale node. [:0311     With regard to the variabj, e
--chef a nuessace vi rescondinc to an shoe to be calois d.ined by variable node mathematical
operaticexpression which usos messages Irg and uaLning e conned.:the vadrrode andion value
message corresponding to anyedge is determined similarly [00221 FIG. 6 illustrates the check. node
mathematica. carrH.nd our at a. check node.           Here, the onec16 node mathemati cal ore-at i on of
the expression (2) can be carried out.. by rewriting the expression (2) into an expression 06) using the
relationsnio otTexpression a x b = exp { in ( 1 a+ 



0f;x sign (a ) x eci on (b)) .It is to be noted th.at, signis 1 where x 6 0 but is -1 where xO. ! 00 34Hi
(Expression 6 (1-1, = 2 tanh' fJ tanhi r, I cti-I0iv \DIclel17, = 2 tanh exp)tanhx pi sign! tanii, It L! =exp'-!-
In tanh' .2' i =1 



[00300j d  Istgn(i,;) el  Further, if, where x 1 2, a fanction pis defined as an expression= In tan] d62
)then. since an expression= 27(aril'..-1((37') is satisfied, the express 1 on (6: can be trans f oro-d into
an expressa on (7) . [0036] [Expression 7] (th -1 = '1 Yf 7=1.11=1 10037 



At the check node, the check node mathematical operation of the expression (2) is carried out in
accordance with the expression (7) . [0032]         In particular, at the check node, the message ut:
corresponding to the edge to be calculated is determined by check node mathematical operation of the
expression  (7) using messages v1, v2, m5, 74 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.
(14)391         It is to be noted that the function. (c(x) of the expression (7) can be rebresenoed also as
c(x) = in((ex            1)), and where x > 0, c(y)) = c31(x). Vrm,,n the functions c(x) and :-,c3 '(x) are
incorporated in hardware, whllt they are sometimes incorporated -being an LOT (Lok U p Table), such
LUTs become the same MIT. {004C?          Non-Patent Document 1: DVP-3.2: 115I 7N 302 307 V1.1.2
(2006-04) Disclosure of Invention Technical Problem E(:r041] 



Although. it has been known that LDPC. codes exhibit a very high capacity in an AWON (Additive
White Gagssian Noise) communication path, in recent years it has become clear that even tn. the
other communtcaticp paths they have a higher error correction capacity than conventional convolution
codes or connection codes of convolution codes and RS (Reed Solomon) codes. [00421         In short,
if a code having a good performance in an AWON communication path is selected, then the code
frequently has a better performance than the other codes also in other communication paths. [00431
Incidentally, it has been proposed that, for example, where ',DEC codes are applied to terrestrial digital
broadcasting, LETO: codes perceived in the WE-S.2 standards and a modulat"ion. system prescribed
in the DVE-Li standards are corhdned aft an interleaver  (bHtintealeaver) for interleaving code hits of
an. LDPC code is provided between the PDPC encoding and modulation to Hmpreve the performance
of LDPC codes in an AWCW communication path. IK441 However, in a communication path supposed
with  regard to ground waves, burst errors or erasure sometimes occurs. For examnie in an OFDM
(Orthotrinal -Frequency Division Multiplexing) system, in a multi-path environment wherein the D/U
(Desired to Undesired Ratio) is 0 dE (power of Undesired - echo is equal to the cower of Desired. -
main Path), the power of a particular symbol becomes zerocorasureU in response tO a delay off, an
echo (paths other than the rain ndth). [0045J         Further, also in a flutter (communication path in
which an echo whose delay is zero and to which a. Doppler (dopner) frequency is appi)..ed is added),
where the D/U is 0 diF, a case wherein the power of an entire OFDM symbol at a specific point of time
is reduced to zero by the Doppler frequency occurs. 



FT;0467         Furthermore, burst errors sometimes. arise from a situation of a wiring line from an
antenna to a recention apparatus or instability of the power nubpiy. [0047]         Conventionally, also 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 AWSN commzunication path.  004 8]
Meanwhile, in decodina of LDPC codes, since variable node mathematical. operation of the
expression PI; wherein addition of (reception values uoi of code bits of an LDPC code as seen in DIG.
5 is carried out in a column of the parity check matrix H and hence a variable node corresponding to a
code hit of the L.DPC code, if an error occurs with the code bet used for the variable node
mathematical operation, then the accuracy of a message to he determined drops. [00491         Then,
since, in decoding of the LDPC code, the mssage determined at the variable node connecting to the
check note is used to) carry out check node mathematical operation of the expression (7) at the check
node, if the number of check nodes where (code bits of the LDPC code corresnenclih trf, a pfaraiitv of
variable niches connected huterste exhibit an error (includeng erasure) at the same time becomes
great, then the performance of the decoding deteriorates. [005C]         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 that the value
may be 1 are equal to each other to all variable nodes, Tn rh's instance, those check nodes to whbrin
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 matnematrcal ogerationd, and as a
result, an increased number of ftmes of repetition of decodin.g processing are required. Consequently,
the performance of the decoding detericratbs. Further, the power consumption of a reception
apparatus which carries cut decoding of the LDiAC code increases. (00Hij 



Accordingly, at present, a technique for improving the tolerance to burst errors or erasure while the
performance in an 4ANGN communication path is maintained is demanded_ f:.0(257         Pere, It has
been proposed that the performance of =PC codes in an AWGN communication path is improved by
providing an interleavor for interleaving rode bits of an fc()PC code between. LOPS encoding and
modulation as described, hereinabove, and if the. interleaves can carry out interleave of lowering the
'probability that a  plurality of ones of (code bits of LOPP codes co-TT:aspen/ling to) variable nodes
connected to a check node may exhibit an error, than the performance of decoding can be improved.
[00531         Embodiments of the present invention make it possible to improve the tolerance to errors
of code bits of an LDPC code such as burst errors or erasure. Technical Solution [0054]
According to one aspect of the prbsent invention, there is proyideda data processing apparatus which
interleaves data, including parity interleave means for carrying out parity interleave of interleaving
parity bits of an LE100 code obtained by carrying out EDEC encoding in accordance witha parity
check matrix in. which a. parity matrix which is a pomfion cbxresponding to parity bits of an LE4,20
(Low Density Parity Check) code has a staircase structure individually to positions of other ones of the
parity bits. [0055]         According to another aspect of the present invention, there is provided a
processing method for a dataa  



proc s ng anparadus which interleaves Oata, including a                             data o.rocc as I lap
bpharatus of car/ ng out parity interleave of interleaving pari bits ccode obtained by car ying out. LETC
:nroding in accordance wit h a oar ty check matrix which amatrix which is a portion coxresbbn parity
bits of an LDP./ (Low Density Parity Check) code has a staircase structureidually to editions of other
ones of the parlay hits. [COS          In the aspects of the present invention as described above, the
parity interleave of interleaving parity bins of an LEPC code obtained by carrying out LETC encoding in
accordanch with a. parity check matrix in which a parity matr.ix which is a portion corresponding to
parity bits of an LDPC code has a. staircase structure individually to positions of other ones of the pen)
bits is aarried out. [0057] It ibe noted that the data processing apparatus may be an independnt
apparatus or may be an internal block which comooses one apparatus. Advantageous Effect [0 551 



A000rolngro the. embdiments ofe present.  nventi , the tolerance of cocie bits of an LOPC code to
errors can be improved_ Brief Description of Drawings [00591  [FIG. 11 FIG. 1 is a view II lustratinc a
parity check matrix H of an ILTIPC code: [FIG. 2J FIG. 2 is a flow chart illustrating a decodi.ng
procedure of an LOPC code. [FIG. 3] FIG. 3 is a view 1.1 ustrating an example of a parity error matrix
of an LDPC code. [FIG. 4] FIG. 4 is a view showing a Ta er grapo of a parity check matrix. [F]. G. 5]
FIG. 



5 i9 a view showing a variable node. [FIG. 4 FIG. 6 is a view showing a check node. [FIG. T FIG. 7 is a
view showing an example of a  .configuration. of an emrxpdiment of a transmission system 70 whit1
the present invention is applied.  FIG. 97 FIG. 8 is a block diagram show g an exaypie of a
configuration of a transmiss.ion appararus 11. [FIG. 9; FIG. 9 is a. view illustrating a parity cris matrix.
[FIG. 10] FIG. 10 is a view illu.strating a par matrix. 



[FIG. 11] FIG. 11 ix a view illustrating a parity check  matrix. of an 1101222 code and column weights
prescribed in TIE ITVE-S.2. standard. [TIC. 12] FIG- 12 is a viewati.a signal point arrangement cl H..
I'M Fla. 12 is a view illustrating a signal point arrangement of 640AM.  [FIG. 142 FIG. 11 is a view
illustrating a signal point arxangement of 64U114.               TIG. 15 is a view illustrating a signal point
arrangement of 64(1[Tu01.  [FIG. 16] FIG. 16 is a view illustrating processing of a derraltiplexer 25.
[FIG. 171 FIG. 27 is a view illustrating processing of the demultiplexer 25.  [FIG. 1S1 Fla. 12 is a view
showing a Fanner grab:hi regarding decoding of an LEG212 code.         191 FIG. 19 is a view showine
a oardty matrix having a staircase strooterss and. a. Tanner graph correspondiho to :he parity matrix
E.  [FIG. 20] FIG. 20 is a view sbowdng the parity matrix ds pf a parity check matrix E. correspondinc
to the iGP2 code after parity interleaving.  [FIG. 21] FIG. 21 is a view illustrating a conversion parity
check matrix. 



[FIG. 221 FIG. 22 is a view illustrating processing column twist imterleayeb. 24. [FIG. 23) FIG.. 23 is a
view illusrating column numbers of a memory 37 necessary for the column owiat interlevino and
addresses of writng starting pbsitions. [FIG. 24] FIG. 28 is a. view illustrating column numbers of the
memory 31 necessary for one column twist interleaving and addresses of writing startind pbsitfonc.
[FIG. 25[ FI.G. 25 is a flow chart illustrating -rarISTiGn process. [FIG. 261 PIC. 26 is a view showing a.
TiO,Cidi of a communication path adopted in a simulation. [FIG. 271 FIG. 27 is a view illustrating a
rbiationshlp between an error rate obtained by the simulation and a Dbprier fregbency fd of a flutter.
[FIG- -,,a] FIG. 28 is a. view illustrating a relationship between an error rate obtained by Ere simulation
anb a Doppler is.is of a flutter. [FIG. 292] FIG. 29 is a 'Mock diagram showing an emamrie of a
configuration of a reception apparatus 12. [FIG. 39[ FIG. 30 is a flow chart jligsgrating a recertj1011
rcbess. [FIG.PTC. 21 ;F, 5 ebew ibuir.qty-tisig an example of a parity check matrix of an THDPG code.
[FIG. 321 FIG. 32 is a view illustrating a matrix (conversion rarity check matrix) chasm ad. by applying
no replacement and column replacement to a. parity check matrix. [EGG. 351 FIG. 33 is a view
illustrating a conversion - parity check matrix divided. inno a unit. of 5 x 5 bits. :734] FIG. 34 is a block
diagram showing an example 



of a configuration of a decoding apparatus in which node mathematical operation i3 canned out
collectively for P nodes. [FIG. 351 FIG. 35 ts a eGock diagram showing. an (example a conflauratlion
of a 601941 dncoaln5 section 56.  [FIG_ 361 FIG 36 Hs a block diagram showing an examp[le of a
configuration of an embodiment of a computer to which the present invention is applied.  [FIG. 371
FIG. 37 is a view illustrating an example cf: a parity check matrix initial value tat le of an encodino rate
of 273 amd a code length of 76,200. [FIG. 384 FIG. 3F is ailosirating an example of a parity check.
mavritx initial -value table of an encoding rate of 2/3 anal a code length of 64,800. [FIG. 391 FIG. 39
isvisa illustrating the example of the parity check mntbix initial value table cf the encoding rate of 2/3
and the code length of 64,00.  [FIT;. 401 771'13. 45 is a view illustrating the example of the pahitv
check matrix initiel value table of thb encoding fate of 2/3 and the code length of 64,803. [FIG. 411
FIG. 11 is a view illustrating an example of a parity check -matrix initial value :able of an encoding rate
of 3/4 and a code length of 16,200. [FIG. 121 FIG. 42 is a view illustrating an examhGe of a. parity
check matrix initial value table of an encoding rate of 3/4 and. a code length of 64,600. [Iiiil. 431 FIG.
43 is a view illustrating the exorable of the gakitv check matrix initial value table of the encodang rate
of 3/4 and the code lenoth of 64,0130. 



PIE7IG 41 ia a view iiilusenfin: khe exam/pieof the parity check matrix initial value table of the
ancoding rate of 3/4 and the code [iengnh of 64,8g0. r7:0. r:L] Tin. 45 is a. view illustrating nhe
example of      Parity check matrix initial value tablig of. the encoding rate of 3/4 and the code boron  of
61,8n. [FIG. 461 FIG. 46 is a view illustrating an exarrhlia of a          check matrix initial value table of
an encoding rate of 4/5 and a code length of 16,200. EFIG. 471 FIG. 47 is a view illustrating an
example of a parity check matrix initial value t. able of an encoding fate of 4/5 and a coda length of
64,E00. 59  Li- 18: FIG. 48 Is a view iihrtstrating the ekaspie of the parity check matrix initial salad
table of the encoding rate of 1/5 and the code length of 64,805. [FIG. 491 FIG. 19 is a view illustrating
the example of the psrity check matrix initial value telsde of the encoding rate of 415 and the cede
length of 64,800. [FIG. 50] FIG. 50 iS d 'ile'd illisrtaiiodhe etempip of the Parity check matrix Milisal
valse fards of the encoding rate of 1/5 and the code length of 64,600. [FIG. 511 5dGe 51 is a. view
illustrating an example of a parity check satrix no-ilia' velde cable or an encoding rate ot 5/6 and a
code length. of 76,700. 



[FIG. 52] FIG. 52 is a view illustrating an example of a parity check matrix initial value table of an
encoding rate of 5/5 and a cede Aehgto od 64,800. [FTC. 53]31-0. 53 2:5 8 view 12g5eireflog the
'example. of the parity check matrix initial veil -a table of the encochng vane of 5/6 and thd code length
of 64,600. [FIG. 54] FTG. 54 is a view illustrating the exam-pie of the parity check. matrix ihiteal ye lee
table ol the ercofin.q rate of 5/6 and the code length oh 64,800. {FT.d. 55: FIG. 55 is a. view lticstratitlg
the exdmorie cf the paridy check matrix initial. value tdrde of the encoding rate ef 5/6 and the code
_length or 64,860.  [FCC. 561 6629. 56 is a view ilins:rating an example of a parity check matrix initial
value table of an eficiding rate of 8/9 and a code length of 16,299. [FIG. 571 77G. 57 is a view
ilias:itatdhp the example of the parity check mafrix initial value. table 0f the encoding rate of 6/9 and
the code lengtf of 64,200.  FTC. d8] 177n 58 is a view filastveting the emamfMe of the parity check
matrix initial value table of the encoding rate of 8/9 and the code length of 64,800. :FIG. 591 FTC. 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 64,8061. 18-79. 69j FCC. 49 is a view illustrating the example of the befit':
check matrix initial value table of the encodincl 7-ate  6/9 and the code length of 64,600. [FIG. 611
9iGh 41 is a view illustrating an exampbo of a parity check matrp[36 26-t[el sa lin tabdo of an encoding
rate,- of 2/10 and a code length of 61,890. [FIG. 621 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 bode, length ph 68 Pnci"
[Fidt. hal 71.14. 63 He a view illostratind the exampJe of the parity check matrix Initmal value table of
the encoding rate of 9/10 and the cede length of 64,205.  



'FIG, 641 FIG. 64 is a. view llicstrainhp the example of the carHty check. matrix. initial value talfie of
the encoding rate of 9/10 and lhe code leusih of 64,805.  [FIG. 0LF FIG_ 65 is a slam illustrating an
example of a parity check r.trix -initial value table of an encoding rate of 114 and a code length of
64,E01).  [FIG. 661 FIG. 66 is a view 111ustrating the example of the parity check matrix in it.i e:.i.
value table of the encoding rate 6 1/4 and One sods Lensth of 64,800.  [FIG, 611 FIG. 67 Hs a view
illustrating an example of a parity check matrix initial value table of an encodins rate of 1/3 and a code
length of 64,806 [11162 65]i.- 68 is a. view illustrating rho example of the parity- chpck apprix lnitia].
value table of the encoding rate of 1/3 and the code length of 4,500.  [FIG. 691 FIG. 66 is
a111ualrailng an example of a par1[ty check matrix init.iai. vahpe table of an encpdans rahe of 2/5 and
a code length of 64,650.  FIG_ 70-: FTC. 70 is a view ollustraci..:ng the exorable of she oar icy check
mats-ix inl.tial value table of the encoding rate of 2/5 and. the code length. of 64,89C. :FIG. 711 FIG.
71 is a view illustrating ah example of a parity check matrix initial value table cl an once/sinsrate of 1/2
and a code' length of 64,850.            72J Tiu. 72 is a view illustratinci the example of tne parity check
matrix initial value table of the encoding rate of 1/2 and the code length of 64,8g0. fl-Tn. 7551 FIG.
78.is a view illustrating. tbe example of - the parity- check matrix initial value table of the ennogeng
ratm of 1/2 and the code length. of 64,800. 



flFIG, /4: FIG. 74 is a view Lilustrating an example of a parity check matrix initial value table ef Cr:
encoding rate of 3/5 and a code length cf 64,600,  EFIG. 751 FIG/. 75 is a view illustrating tn0 exaTmie
of the parity check m.atrax britla1, value table of the encoding rate of 3/5 and the code length of
64,200.  [FIG. 765 FTC, 76 is a view illustrating the exaffbile of the carity check mat :ax initial value
table of the encoding rate of 3/5 and the code length of 64,250.  [FIG. 75EdG. 25 is a view illustrating
an exammde of a parity check matrix initial. valum cable of an encoding rate of 1/4 and a poem length
of :6,2012. [FIG, 715.2J                  570,20 is a view illustrating an example of a parity check roe ...ix
101 Old. value table of an encoginm rate of 1 5 and a cede lenpin of 56,206.  :FIG. 791 FIG. 77 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 16,202.   I PIG. 801 FIG. 80 is a view illustrating an example of a parity checn matrix
initial value table of an encoding rate. of 1/2 and a code length of 16,20E. [31G. 81j FIG. 31 is a view
illustrating an exan-rJe of a rarity check matrix initial value fable oil an encoding rate of 3/5 and a code
-Hendon on 16,200. [FIG. 821 FIG. 82 is a view flidstbating another examp1e of Lig parity check
matrix initial value table of ode enopetimg rate of 3/5 and the code length of 16,200. [FIG. R51 EGG.
33 is a view ilMastraffreg a method. of determinimg a parity check. matrix H from a oarity check matrix
initial table. [FIG. 881 FIG. 84 js a view Illustrating an example of rebacennant of code bits. 



[FIG. 85j FIG. 85 is a view illustrating another example of replacement of code bits. [FIG. 261 FIG. 36
as a view illustrating s further. exambde of raplaaemena of code knits. [FIG. 371 FIG. 87 ts a view
1115step:tin a still further ex:amble of rebiacement of coda bits. !FIG. SEG FIG. 88 is a view
fflusurntlog a simulation result Of the HER. [EGG. 891 RIG. 89.is a view illustrating another simulaflon
result of the 3ER.  [FIG. 901 FIG. 90 is a view lilustratixg a. further sixplation result of the BER. fEentl.
911. FiG. 91 is a view illustrating a still simulation result of the PEP_ [2IG. 921: FIG. 92 is a view
ilicstratdnq an. oxfhPle of replacement of code bats. [FIG. 93] FIG. 93 ia u view lifustratind another
example of replacement of code bits. ]Filt[. 94] 711.G. 94 is a view illustrating a further example of
repdaceTent of code tits. [FIG. 19[H FTC. 95 is a view i]lustrading a still rbrther example of
replacement of code bits. [FdC. 96] TIC.. 96 is a ['Hew lliusexuixef ayet further examtle of replacement
of code bits. 



[FIG. 971 Fe0. 97 is a view fllistratine a yet further exapie. of replace=nt of code bits. [EGG. 931 970.
90 is a view illustratleo a yeIs furfnefexamtle of be -Gayer:es- of sorb= bits [rTd 00[ FTG. 99 ls. a view
illustrating a vet further CX27-Tile ct replacement.. of code bits. ]FIG.. 10C1 FTC. 1::,D isLIew
illustrating a ye - further examtie [if replacement of code bltd. [FIG. 101] FIG. lel COOL view illustrating
a yet further ends-pie of replace:Lie:Ili of code tits.  FIG. 101FIG._ni examrinc of recr cerner.t of code
b.Its. [FIG. 103] FIG 103 is a view illustra otcirt of corets [FIG. 101] F122. 194 israting orocessina a
multipicxe [FIG. 105] FIG. 105ating prog 



Cj-_111  isa n twist. deintericaver 55. 71S. '!C6 is. a block diagram showing c of a configuration of the
reception apparatus tc-j a fir. a1 1j_S. Iia neceptics _Ant em E :c a r  tnori ot ta reccodin_ cyst oh can
no eclied to 1eceptner apcar rEISFIG. 109 is a blockdiaqca.n show '1 exarrhajCl 



Fxplan-once Syl apharai72,eceptioc ap rat 21 1,0291 enFittier inmerne  DeLtipi26 M6(7:  on no a
moerleiceori iimory, nT'fl- sec Ortheocrisi demodulation septic-, 52rang section erleayer, 534 130exer,
55 Solemn tw interleaver, 56 LERIT decodir58 section, 300 Edce daia stcrape
memory,Cl3Select.:cock. nodeloci ion 364 Edge darns storaoe Selecacr, 306 Reception data memory
ealetclation section, g rcuit, 305 Decoded word calculation se3.0 



section, 408 ammunicarion 5000 ion415 142 Removablecoraing medico' IC01 Rev::Memory, 1011
deinter1021 11505 decoding seusb. on, Acquisit:, on a action, j-: 7osmi. a. slain1.r-rn- decodiln
ornoessect ion, 1153 Indirmatior: sonoce process;e1U 10 otpni'tting c;rar71(m, nr:          FifS. 7 snows
an exampie of a sonfiauration of an embodiment of a transmission system no which the presemt
invention is anninad the term system. signifies a logimai ageregate of a pluraljty of apparatus in
mespecr've of whether or not. 'Mc :individual aompohedt apparatus are inclubed in the same 'effusing
[00S21 



Ref erring to RIC- /, the transmission system inciudes a transmission apparatus li and a reception
apparatus 12 10068.]         Tho transmission apparatus 11 is, for example, an apparatus which carries
out transmission of a television broadcasting arogramL and transmits obi act data which are an object
of transmission such as image data, sound data and so forth as a television broadcasting anagram,
ton examsie, Mt:cough a satellite tenant-salgsouhd waves. [0064I          Tito: reception apparatus 12
is, Mur example, a tuner CS a television ceceieer ice. receiving a toievision broadcasting program,
and. deceives (infect data transmitted thereto from the transmission arincatas 11. L00651 81C. 8
shows an example of a confi 'abrasion of the  transmission apparatus 11 of FIG. :10.06'6J
Referring to FIG. E, the transmission. apparatus 11 includes an LDP6. encoding section 21, a. bit
jnterJeaver 22, a mapping section 26 and an orthogonal modulation section ZS. 120671         To she
LDPC encoding section 21, object data are supplied. 



(0068J         The LDPC encoding. section 21 carries out LDPC encoding of the object data su plied.
thereto in accordance with a parity check matrix in which a parity matrix which is a portion
corresponding to parity tits of an LDPC code has a staircase structure and outputs an IDPC code
wherein the object data are information bits. LOCIE         in particular, the LDPC encoding sectfon 27
carries. out =PLC encoding of encoding the difSect data into an LEDC code prescribed, for example,
in the DI7E-S.2 standards and outputs an LIFT code obtained as a result of the LIP.C. encoding.
[00701 Here, the LIFT. code prescribed in the inJTEeS.2  standard is an IRA (Irregular Repeat.
Accumulate) code, and the papitv matrix in the parity check. matrix of the LDPC code has a staircase
structure. The parity matrix and the staircase structure are hereinafter described. Further, the :RA
code is described., for example, in "'Irregular Repeat-Ppcumulate Codes," E. JinT, A. Khandekar, and
R. R. MtFltece, in Proceedings of 2nd international Symposium on Ttarbh codes and Related Topics,
pp. "1-8, Sept. 2002. [00711         The. TDAT: code outputted. from The LDPC encoding section 21 is
supplied to the hit interieaver 22. F0072]         The hit intexleaver 22 is a data processing apparatus for
tperleavirp: data and. includes a parity ihterleaver 23, a cod= twist. interleaver 24 and a demuitiolexr
(TLAEK) [0273]         The parity interleave" 21 carries out parity interleave of interleaving parity bits of
the LDPC code ftom the LT PC encoding section 21 to positions of ether parity hits and supplies the
"DERR code after the parity interleave to the column twist interieaver 24. 



[00711  The column twist inberleaver 24 carries out column        interleave for the 2000 code from the
parity interleaver 23 and supplies the 2030 code after the column twist interleave, to the eemultiblexer
25, [0075j          In particular, the ILDPC code is transmitted after two or more code bits thereof are
mapped 70 one symbpi of ortiocuonal modulation by the mapping section 26 hereinafter described.
Ofi22          The column twist iincerleaver 24 carries out, for example, such plumb twist interleave as
hereinafter described as a re-arranging process of re-arranging code . bits of the LOPE code from the
nerity interleaver 23 such that a nluraliey of code bits of the -1,137/0 code corresponding to the value
1. included in one arbitrary row of the parity check matrix used in the L030 emceeing section 21 are
not mapped to one symbol.           TJ-le HeTh:tiolexer 25 carries our a replacing process of replacing
the positions of two or Tre code. 'sits of the LOPS rode from the column twist. interleaver 24 which are
mapped to a symbol to obtain an 203i2 code whose tolerance to AWGN is reinforced and senplies the
es  LDPC code to the map:pine section 26. raD7S]         The manning section 26 macs two or more
code bits of the LDPC code from 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. 



[0077H         In particular, the mapping section 26 symbolizes the LDPC code from the demultiolexer
25 into a symbol (symhoi value), represented ny a sidmil point determined by the modulation system,
on an i.Q Diane constellation) defined by an 2 axis representative of an I component which is in phabe
with a carrier and a 3 air.e representative of a 3 component which is ortnocona2 to the carrier wave.
[0201         Here, as the modulation method of orthodonal modulation carried out by the orthogonal
modulation secMion 27, modulation methods including, for example, a modulation method defined in
the 27TH -T standards, that is, for example, 2DSK (c)tiadrature Phase Shift Keying), 'EC:AM
(Quadrat:1re Amplitude Modulation, 646,,5e16, 2566)7eM, 162437tH, 408637M and so forth are
available. What modulation  method should he. used for orthoconac modulation to carried out by the
orth.ocona modutation section 27 is set in advanoe, for example, in. accordance with an operation of
the transmission apparatus I I dv an oceratot. It is to be noted that the orthogonal modulation section
27 can carry out some other orthogonal 702.0U1 tion such as, for example, 4PAE (Pulse Jirplitude
ModuLation. [3081         The symbol obtained hr the maopinq section 26 is supiciied to the orthogo ]
rachulation sectioni 



[0062]         The orthosonal modulatcn section 27 carries out orthogonal module. on of a. carrier in
accordance with               the mapy_tng section 26 and transmits a. modu...ahionortainee orth000nal
modu1.ation. P13831 Now, FIG- 9 ilsrrares a parity check matrix H used in 2060 encoding by the LI=
encoding '.action 21 FIG. 8. 841 The.neck matrix H has an LECM Genera on Matrix) structure and can
be represented by ar exoressionfrom an information matrixof a portion correspoatin nts and arity
matrix HT corresponding to parity hies from among code bits of the LAUDC code (matrix in which
elements of the information matrix HA are elements on the left side and elements of the parity matrix
HT are elements on the fight side). 



[03831 Here, the bit number of information bits and the number of rrarty bits from among code tits of
one LDPC code (iire cogeword) are referred to as information lendth H and parity length M, and the hit
number of code bits of one LTDC code is referred to as code length N t [3096]         The information
length K and the parity length M regarding an ILDED code of a certain code length N depend upon the
encoding rate. Meanwnile, the herity check matrix K is a matrix whose: rows x columns are M Y N.
Then, the information matrix 1-1,..) is an M x K matrix and the rarity matrix HT is an NM matrix. [00P7]
FIG. 10 il1fietrates the parity matrix He. of the parity check matrix. H of an LIPS code prescribed in the
DT:0-S.2 standard. [00881          The parity matrix 1-1, of the parity check matrix H. of the IF1tO code
rvescribed in the EVE-S.2 standard has a staircase structure wherein elements of the value I are
arranged like a staircase as seen in FTG. 10. The row weight of the parity matrix He is, 1 with regard
70 the first row hut is 2 with regard. to all of the remaining rows. Meanwhile, the column weight is 1
with regard to the lust column but is 2 with regard to all of the remaininc columns. 



rhnp6i         hc described above, the LDPC code of the parity check matrix H wherein the parity matrix
-.7:H7 has a staircase structure can be bloddcgd readily using the parity check matrix H. 100901
in particular, an LOFT code (one cogeword) is represented by a row vector c and a column vector
obtained by transposing the row vector is represented by C. Further, a portion of information hits from
within the row vector c which is an LOPE  code is represented bv an row vector F. and a portion of
parity hi cc, is represented by a row vector T. [00911 Here, in thic instance, the row vector c can he
presented by an expression c -fOln the row vector A. as information hits and the row vector Tea parity
tits row vector wherein the 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). r0092          it is necessary for the parity check
matrix E and th= row vector c = [Al?] as the LTiliC code to satisfy expression H07 = 0, and where the
parity matrix lip of the parity check. matrix H = [EAIHsi has such a. staircase structude as shown. in
FIG. 20, the row vector T as parildh blts which forms the row vector. c = [AFT: which satisfies the
expression EcT - 0 can be determined seauentially by sucessiv=ly setting the elements in the rows
beginning with the elements in the first row of the column vector Hc7 in. the expression Mc? =0 to
zerod [0092]           1211. 11 illus:rates the parity check matrix 'x  of an ilDPC code and column
weights. defined in the 2VE-S.2 c.;kandErd,            In particular, A Or FIG. 9i -ill.b.=t.etes the ParDtv
check matrix H of an LDPC code defined in the DVS-S-2 



[0)095J         With regard to KY columns from the first column of the parity check matrix H, the
onweight is X; with regard to succeeding KS chlurhs, the column weight is 3; with regard to succeeding
14-1 rows, the columh weight is 2; and with regard to the last. one coldr.n, the column weight is 1.
[00961 Here, KYH3 +w 1 is equal to: the code length [31)97]          rh the 30f:7-3.2 standard, the
column numbers KM, K3 and F. (parity length) as well as the COila7M weight H are prescribed in such
a. manner as seen in E of Flo. 11. [0098j          In particular, B. of FIG. 11 illustrates the column
numbers KW, HS and M as well as the column weight regarding different encoding rates of 11090
codes prescribed in the DVS-5.2 standard. 1:-)099] In the DYE-S.2 standard, 1,020 codes of the code 



le gths N of 64,900 Pits and 16,200 tits are prescribed. [0100] And as seen in P of FIG. 11, for the 1:20
code  code length N Is 64,800encod.ang rates (nominal rates) 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 5/6, 8/9
and 9/10 are prescribed. and for the j: 280 code whose code length N is 16,200 bits, 10 encoding rate
1/3., 2/5, 1/2,5/6 and 8/9 are prescribeg. [01011 Regardin?PS' odes, it is known that code bits
corresponainn to a column of the parity chock matr. which has a higher coionm weight exhibits a lower
error The parity check m,r--en in the DVz-S.2 standard and illustrated in TIG 12 has a tendency that a
column nearer to theside [left side) has a higher weHaft'accreting , the 22090 code corresoo:ading
paricheck matrix H has a tendencyode 



bit nearer to        a higher tolerance to an error! anh a cods bit nearer to f.t lower inan error. PIG. 12
illustrates an. arrangement ofal points cgrresponnind ec2smnoaa onII plane where  27 of 121041 In
particular, .[2: of FIG. 12 illustrates symbols of 164))AM. In 160,AM, one symbol represents 4 bits, and
16 zsvmbois exist. Then, the 16 symbols are disposed such that they form a square shape of 4 x 4
symbols 16 the I. ireetbon x Q direction centered at the origin. of the I[D) plane. 101061 Now, if 4 bits
represented by one symbol of 16cAM 



are represented by v0,r v2 and y3 in order from the most significant bit, then where the modulation
system is the 1602aNi, 4 code bits of the LOPC. code are manned to a symbol of the 4 bits yo to y3
which coincide with the 4 bits by the rapping section 26 (177G. 6). -01071 E. of FIG. 12 indicates bit
boundaries regarding the 4 birs yu to v3 represented by the symbol of the I6GiAM. [21081 Here, a ...it
boundary regarding a bit vi"-Cfl. 12, = 2, 1, 2, 3[ signifies a boundary between a symbol whose bit yi is
0 and another symbol whose bit yi is I. 42.           As seen in B of FIG. 12, as regards the most.
significant  bit \.(Pi from among the 4 bits y0 to y3 represented by the symbol of 16QA.F., only one
location of the 44 axis on the IQ plane makes a bit boundary, and as regards the second bit y4
(second from the most significant bdtj, only one location of the I axis on the mares a hit boundary. 



Tplloi Ipiiy,          Further, as regards the third bit y3, each of two locations between the first and
second =limns and between the third and fourth columns from the left of the 4 x 4 symbols makes a
bounder-47. 10111]          Furthermore, as regards the fourth bit 474, each of two locations between
the first and second rows and between the third and fourth rows of the 4 x 4 symlbois makes a
boundary.          The bit yl 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 If ely to become erroneous as the
number of symbols 'positioned nearer to a fit boundary increases.  [0113]          If a bit which is less
likplg to become erroneous (is tolerant to an error) is referred to as "strong bit" hut. a bit which is more
likely T. become erroneous. less tolerant to an error(' is referred to as "weak bit," then as regards :he 4
bits y3 to yo represented by symbols of 16Q(74ev.:, the most significant bit yo and the second bit Ii are
strong bits and the third bit y7 and the fourth bit y()) are weak. bits. F0114]         F:GS. 13 to 15
illustrate arrangements of (signal points corresponding to 64 symispds on the FQ plane where 64QAM
is carried out by the orthogonal modulation section 27 of FIG. 1(4. L01115] In 64Q64q4, one symbol
represents 6 bits., and 64 (- 



symbols exist. Then, the 64 sgmbols are arranged such that they make a square of B x 5 swig-els in
the I direction x c direction centered at the origin of the "Q plane. [0116]          Now, if it is assumed that
the 6 bits represented by she soytlot of 640)24M are represented as yo, yo, y3, y4 and y.5 in order
from the most significant bit, then  where the =du:46Oct= system is 640AM, 6 code bits of the IrIPC
code are mapped to s. symbol of 6 bits yo to yo coUneiment to the 6 bits. 101171          Hers, FIG. 13
indicates bit boundaries regaring the most significant bit yo and the second bit r from arpng the 6 bits
y5 to y5 represented by symbols of 64QAM; FIG. 14 indicates bit boundaries regarding the third bit 72
and the fourth hit 73; and FTC. 15 indicoor5.55, bit boundaries regarding the fifth bit 1'4 and the sixth
bit y5. J0118]           As seen in FIG. 13, the number of bit boundaries with regard to each of the most
significant bit vo and the second hit yl is one. Meanwhile, as seen in FIG. 14, the number of bit
boundaries with regard to each of the third bit y2 and the fourth bitis two, and at seen in FIG. 15, the
number of bit boundaries with regard to each of the fifth bit y4 and the sixth hit v5 is four. [0119]
Accordingly, among the 6 Pits yo to ,J5. represented by symbols Of: 640AM, the most sHarHf4cant bit
yo and the second bit v1 are the strongest tits, and the third hit v2 and the fourth hit v2 are the second
strongest bits. Then, the firth bit v4 and the sixth bit 75 are the weakest hits. 



;)))120         From FIG. 12 and further from FIGS. 11 to 13, it can be seen that, as regards bits of
symbols of orthogonal modulation, there as a. tendency that a high-order bit is a strong bid and a
low-order bit is a weak bit. [01211         Here, as described hereinetpve with reference to FIC. 11, an
IDPC, code outputted from the LDPC encoding. section 21 (FIG. 8) ancigdes code bits which are
tolerant to errors and code tits which are less tolerant to errors. [n].22]         Meanwhile, as described
herelnabove with reference to FIGS. 12 to 18, bits of symbols of orthogonal modulation carried out by
the orthogonal modulation section 27 include strong bits and weak bits. 1.0123]         Accordingly, if
-Panning of allocating a. code bit of the LDPC code which is low in tdderance to an error to a weak tit
of a symbol of orthogonal modulation is carried, then the tolerance to an error drops as a whole. {0124]
Therefore, an interleave: has been proposed which interleaves code bits of an LOPG code such that
mapping  of allocating code bits of the DTAPC code which are low in tcaerance to an error to strong
bits of a symbol of orthogonal modulation is carried out. 



(C185:         The derdltiblexer 25 of FIG. 8 carries out crocessing of the Hcterleaver. [0126':         FIG.
16 is a view illustrating processing of the demultiplexer 25 of FIG. B. 10127]         In particular, A of
FT:, 16 shows an example of a functional. configuration of the emditiplexcr 25. 01281         The
demultiplexer 25 includes a memory 31 and a replacement. section 32. folgc7 To the memory 31, an
LETO code is supplied. {0130]         The memory 31 has a storage. capacitv for storing mb bits in the
(horizontal( direction of a row and storing N/U-abl bits in the (vertical) direction of a column. The
memory 31 writes code bits of the LDPC code sdddlied thereto into the column direction and reads out
the code bits in the row direction and then s.un].ies the read out  code hits to the replacement section
32. 301311 



Here, m represents the tit number of code bits of an L4DPC code to he mapped to one symbol, and b
is a predetermineo positive integer and is a multiple to be used for multiplying m by the integer.
Meanwhile, N (- information length K + parity lehoth M) represents the code length of the LDPC code
as described. hereinatove. [4132]         A of FIC. 14 shows an example of a. configuration of the
demultiolexer 25 where the modulation system is 64QAM, and accordingly, the tit number m of code
bits of the LDPC code to be mapped to one symbol is 6 bits.         Further, in A. of PIC. 16, the multiple
b Is 1, and accordInciy, the memory 31 has a. storade capacity of M4[6  ) bits in the column eireci'on x
row direction.           Here, a storage region of the memory 31.. whist extends in the column direction
and includes one hit in the row direction is hereinafter referred to suitably as column. In A of FIG. 16,
the memory 31 includes six (= 6 X 1) COlorMS.          The demui:inlexer 25 carries out writing of the
code bits of the I= code in a downward direction from above of a column which forms the memory 31
fin a col= direction', beginning with a left side column toward a right, side column. [01361 



Then, if the writinc of the code '-its ends with the iowermest hit in the rightmost column, then the code
bits are read out and supplied fp the replacement section 32 in a unit of 6 tits Orb bits) in the row
direction beginning with the first row of all ef the columns which form the memory 31. [C137] The
replacement sectisn 32 carries out a replacement process of reT-lacing the nosition of code bits of 6
bits from the memory 3.1 and outnuts the 4 bits obtained by the replacement as 6 tits yo, Ya ha, Y3,
Y4 and v.. renresentative of one sismimdi of 640ITA. [01381         in particular., if :he ( -ode bite read
oft in the row direction from memory 31 are represented as ido, 1-32, h, b4 and ns in order from the
most significant. bit, :hen from a reietionshioo.f the column weighTi described  her:einabcve with
reference to FIG. II, thebit. oosirioned indirection of the Pit bg is a code hit. high In tolerance tocode bit
in the direction of the bit b5 Is a code bit low in tolerance to rnement section 32 cerI.e replacement
processeplaii c the positich of the 6 



c.ode pits b5 toemory 31 such that a cede h6 t which is low in solerance to an error romaimonc the
rom the memorymaycd to .o2 erance from among the. esentative of6,one symicti of 64(a).A01. [0140]
Here, code bits. bg, to b5 from the allocated to the 6 various svstere hod for rep' so as no be septative
of been proposed. e 6  of FIG. 16 illustrates a firstement 



ritriodg C of FIG. 16 illustrates a second replace nie.thmd, and 6 ccF 737(3. 3E illustrates a
tiGre:o-acement met nod.  FIG. 16 to Ei of FiG (simiTar1, also in  . 17 hereinafter describeinn
interconnecting the bits b, and'r "jos the: the code bit b, is allocated octh a bit y,, of the symbol
repiaoed into the position of the 1. 43 the epi. aoenent method of E of FIG. Is. proposed to adopt one
of three kinds, and as tie second replacement method of C of16, it. Ps proposed to adopt one of two
kinds. N1441 



third reolsoernent methdd of 1) of FIG. isnee to select and use six ci nd in order. FIG. 27
illustratesexample of a co figuratfo of the25 in a case wherein toe modulation  method T..s
645urjfan,ceordi g'  the bit numoer m of coca             an LDPC code mapped to one symbol is 6
similarly as in FIG. 16) and the multipis 2, and a replacement net          4her ihe mutipi.e b is 2, the
memory 31 has a storse capacity of N6(6 x(6 Y 2 bits in the con dl -ot ion x row1  2..) columns. 



E014.71         P of FIG. 17 'illustrates a writing order of an LO PT code into the memory 31. r01181
The gemoitiplexer 25 carries out writing of code bits of an TDPr code in a downward direction from
above of a column which forms the memory 31 (in the column gHrectionl beginning with a left side
column toward a right side column as described hereinabove with reference to FIG. 16. Y3149J
Then, if the writing of code hits ends with the lowermost bit in the rightmost column, then the code hits
are read out and supplied to the replacement section 32     a unit of 12 bits (mth bits in the row
direction beginning with. the first row of all. of the columns WhH2.1-1 friinn the memory ?A_ The
replacement section. 32 carries out s rebiacemant process of repiscing 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 renresentatIve of two symbols  (b symbols) of 64QAM, in
particular, as 6 bits yo, yl, y2, y4" v and y5 representative of one symh of 64QAM and 6 bits y," yl, y4,
v4,, y4 and y2 representative of a next one symbol. 10151] Here, 3. of FIG. 17 illustrates the fourth
replacement method, of the redlacembnf process by thb replacement section 32 of A of FIG. 1 



It is to be nced that which replacement method is cptimumo that Ls, which replacement method
provides the best error rate in an AWGN commninicatin oath, differs depends upon the encoding rate
of LDPC coded and. so forth_ rflla;=:         Now, parody interieame by the parity interieavar 23 of FIG.
8 is described with ,rse-44.ence to FIGS. 18 to 20. ielS41         FIG. 18 shows (Part of, a Tanner araph
of the parity check matrix of the LT:PC code_ [01551         If - plurality of (code tfts 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. 1E, then the check node  returns a message of an equal
probability representing that the probability that t.he value may be e and the r.kohateithe value may be
1 are equal to each tovarianie napesing to te check node. Therefore,pluralityvariable nodes conned;
4to same check node are placed intoerasure state or theat the samethen the performance in
drecodino is deteriorated. identairgybe outputted froT 



encoding section 21 of FIG. S and orebed rn the DV S.2 standard is an :Pie code, and the parity
matrox the parity check matrix H has a staircase structure as 1X natrix H having a staistructure and a
Tanner. ?Edith corrcsuom inc e rarity matrix Inlar, A of FIG. 19 illustrates a parity matrix He haviho a.
rta case structure and TB of FIG. 19 shows a Tanner craph corresoonch no to the parity latrix HT di
ETC. EX1           Where the parity matrix HT has a staircase structure, in. the Tanner graph of the
parity matrix HT. variable nodes of the LOPC code which correspond to a oc(omn of an element of the
parity matrix HT having the value of 1 and whose message is determined using adtacent code hits
(parity bits) are connected to the same check node. [01601 



Accordingly, if the adjacent parity bits described above are placed into an error state by burst errors,
erasure or the like, then since a check node connecting to a olu: lit(' of variable nodes correspohdino to
the plural parity bits which have become an error (variable _ nodes whose message are to be
determined using parity bits) returns a message of an egual probability ,,-_ representing that the
probability that the value may be C and the probahul.itv that the value in I 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 (numberbits which are made an error by a burst) is great, the
performance of the decoding furthet deteriorates. ()3741.1  f decodcL rUed above, the interlea(FIG. 8)
carries our inter! interleaving parity bits of thee from the ipp6i encoding section 21 to )ositid-- of other
parity hit 



FUG. 20 HIlustrates a. parity matrix HT check mart- correspo dito the UPO code after the parity
interleave carried out by tie parity inrerieev er 23 of 71 [01631         Here, the information matrix HA of
the oarliy check matrix H corresoondithe LOPC code prescribed in the DVP-S.2 standard and
outputted 'LoPC encoding cyclic structure [0164] Theoin structure scture a certai coin coier column in a
11211- ccoperated state and includes, f structure wherein, for evens P columns,positions of the value
1 in the rows f the P columns no(rnide wit positions to v e first one the P columns is cyclically shifted in
the co.iurura direction by a value                        proportion to a value g obtained. by dividing tnelength.
M. I the following, the 



of P columns in a cyclic s, is hereinafter referred. to suit.ahiv as a unit 00?n riumber of cyclic structure.
[6165 As anC code prescribed in the DVE-S- 2 standard and outputted from the LDPC encoding
section 21, two LDPC codes are ave. err o including those whose c is 64,800 :efts an- 16,200 bits as
described herei.nabove with reference to [0168J                        flbPC code whose hots fromtwo
different LOPLE 16,200 bits, ding rates are r7aChie as thc  



encoding rate of the LOPS code whose code iengt  ribedhereinabove with referer  With recart to
LOSSwhose code lenoth i4 is 64,800 nits and whioh have then different encoding re-tne DVP..s2
standard that the column nubero the cyclic structure is ore.crihed to      which is one of divisors of the
parity length M excect 1 and M.  rn.-r21 LYe03          Further, with regard to IMP codes whose code
length N is 64,800 bits and which have the &oven different encoding rates, the parity length M has a
value other than prime hunters and rspresented by an expression      c x P = q x 360 using the value q
which is different depending- upon the encoding rate. Accordingly, also the value n 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 obtained by dividing the parity length M by the column number P on the 7VOIC structure (the
product of P and g which are divisors, of the parity 1endth M is the parity length M). 



p):MM9]         Where the information length is represented igy K and an integer higher than N but lower
than Pie represenaed by x while an integer higher than C but lower than o is retresented by y, the
parity interleayer 23 interleaves, as parity interleave, the Feqx-Pvith code bit from. among parity bits
which are Ph-lth to 1,M-Mth (8 g. M = Na bits of the IDPC code from the LOPC encoding section 21 to
the pesition of the DaPyPxelth code hit, [D170] According- to such bara y interleave, since the  (parity
hits corresponding to) variable nodes connecting to the same check node are spaced by a distance
corresbondine to the column number P on the ovoid structure, here, by 366 bits, where the burst.
ienbee is smaller than 360 bits, such a situation that a plurality of variable nodes connectina to the
same check node are rendered erroneous at the same time can be prevented. !Ls a result, the
tolerancd to a burst error can be improved. HI           It is to be noted that the LDPC code after the
parity interleave lax which. the E4dx+y+lth code bit is interleaved to the position e the K+Pyexelth
code bit coincides with the LDPC code of a parity check matrix (hereinafter reForred to also as
conversion parity check matrix) obtained by ccidran replacement of replacing the Kegxey-ifh column of
she original parity check matrix F into the Kel.6y6xLith col.la7,1li [0172]         Further, in the parity
matrix of htle conversion parity check matrix, a pseudo cyclic structure whose unit is P foircane (Hri
FIG. 20, 360 columns) appears as seen in FPG. 20. [0173] Here, the pseudo cyclic structure SignifieS
structure which has a portion having a cyclic structure except part thereof. In a conversion parity check
column obtained by applying column replacent correavunding to parity interleave to the parity check
matrnx of the I0T00 code prescribed in the. LUVE-F.2 standard, a portion of --cHO 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 barity check matrix does not nave a (combleMe)
cyclicstruedure but has a pseudo cyclic structure. 



101741          it is to be noted that the conversion ca-rib': check matrix of FIG. 29 is a matrix to whach
also: teb_acement of rows (row reolacement) for configicine the- conversion.. parity check matrix from
a confiabration matrix hereinafter described is applied to the original parity chgck matrix H in addition
to the column renlecement which corresponds to parity interleave.          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. In the transmission apparatus 11 of FTG. 6, two or  one symbol as descrioe.ernebove
in order to improve the utilization efficiency of frequenena) for example, whereits of the code bits are
used form one symbol,for example., 2PSK is used. as the modulation method but where-:of the code
bdts are used to form one symbol, for example, 16QAMused as the modulation meth Gl 771 Where
two or more on a of the code transmitone symbol in this mannsure or 



the like occurs wi Lb a certain symboU, the all of the the symbol become an error up    nodes
connecting to the same oneok node may saner from erasure at the satime toprove the cerforman-ce in
decoding, it is necessaryid the variable nodes correspundino to code bits of one symbol from conned
no, e same oheok, node. :eanwhi.le, in the nI-eok matrix fl L. an LDPC code proscribed::13-f.7
standard and outcutted  from the GDPC encoding section 21, the information matrix HA has a cyclic
structure and the oarftv mat:Vx r-:.T has a staircase structure as described hereHnabove. Then, in a
conversion parity haok matrix which is a matrix of the LETO code after oaricy interleave, a cyclic
structure (accurately, a pseudo cyclic structure as described hereinabove) appears also in the parity
matrix as described in FIG. 20. 



folao] FIG. 21 shows a conversion parity check matrix. :17n cartioular, A of FIG. 21 illustrates a
conversion parity check matrix of a parfty check matrix which hah a code lencth N of 64,!E00 bits and
an encoding rate. (rd of 3/4. [0162,11         In A of FIG. 21, the pcition of an element haring the value of
I in the conversion ',sanity check matrix is indicated by a. dot (.). c,01831         In 11. of FIG. 21, a
process carried out by the demultiplexer 25 (FIG- En for the iDFC code of the conversion parity matrix
of A of FIG, cthat is, the T,fl-Pn cede after the parity interleave.           In Luf FIG. 21, the code bums of
the lOpc. code after the parity inferleae are written in the column direction in four columns which form
the memory 31 of the demult :Leifer 25 using 162D.A.?.1 as the modulation method. 21851          The
code bits written in the =lure direction in the four columns which form the memory 31 are read out in
the row direction in a unit of 4 bets which make one symbol. :C186] 



In this instance, the 4 code hifs Bo, FiL, B2 and 63 which make one symbol sometimes make code bits
corresponding to 1 and. included in one arbitrary row of the partv check matrix after the conversion of
A of FIG. 21, and in this instance, variabie nodes correspon.dit.q to. the code bits 20, RI, 121 and Bs
are connected to the same cheat node. [0187]          Accordingly, where the 4 code tits 2.0, Et0, Ed
and. Etu of one symbol become code bits corresponding to 1 and incirded 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 Ea, Bi, B0 and 20 are 62  connected cannot determine an aporoprla.te messae,
result., the toeriormanoding deteriorates                       egard to the encodin rates other than the
encoding rate of 3/4., a plurality o:T code corresponding to aali.tv of: variable nod.es conneclimic same
check node sometimes make one symbol ca _ SI Thereforecolumn twist. inferleater 2 ...carries Out
LF.JiaMn twist interleave wherein the o.ode hits of the LETC code after; the canity imateri.ea ye from
the oar 1 inter23 are interleaved such that code hiMina to 1 and Li.ea in one 



row of the cony.ersion canmatrix are not mapped to one aymb F-aG. 32 is a viewius.natino tne column
tw intecicave. 1018f[H 22 [21ates the mempi a he demur_   hits in the column tverticalL direction and
stores NRmh3) bits in the row (horizontal) direction and includes mh. columns as described in F.T.G.
14. Thera the colamn twist linteriever 24 writes the code bits of the 1.3DPC code in the column
direction into the memory 111 and controls the writing starting position when the code bits are read out
in the row direct ion to carry out column twist interleave. [01931 In particular., the column twist
interThayer.24 sei)cabiy chances the writing starting nositoh at which writing cf code blts is to be
started for each of a. plurality of columns so that a plurality ci code bits read out in the .rov..; directior.
and used to make one ay-mt.:hi may not become cede bits corresponding to 1 and included in one
arbitrary row of the conversion parity check matrix (re-arranges :he code bits Of she ItIFC code such
that a plubaligy of code tits corresponding to 1 anh included in one arbitrary row of the parity check
matrix may not be included in the same symbol). 



;0'947          Here, FIG. 22 shows an example of. a configuiatioi, of the memory 31 where the
modulation method is 16):AM and besides the multiple b described hereinabove with reference to FIG.
16 is 1. Accordingly, the hit number m  of code Pits of an LOPC code to be mapped to one symbol is 4
bits, and ins memory 31 is Termed from four (= Inti) columns. 9195)         The column twist interieaver
24 of F:G. 22 (instead of the demultiplemer 25 shown in TG. 16) carries out writing of the code bits of
the LE:PC code in a downward direction (252iumn direction) from above into the four coin= which fp=
the memory 71 beginning with a. left side column towards a right side column. [0196]         Then, when
the writing of code hits ends no the rightmost cciumcn the column twist. interleaver 24 reads iT,Ut the
code bits in a untt of 4 bits (me bits) in the row direction beginning with the first row of all columns
which form the memory 37 and cutouts the code Pith) as an :7595 code after the column twist
interleave to the replacement section 32 (FICT. 16 and :7) of the demoliiplexer 25. [0195]
However, it the address of the head 9:dp[permoe5) psitOdn of each column is represented P2). : and
the addresses of the positions: in. the column direction are represented by integers of an ascending
order, then the  column twist22 sets, for the leftmost column, the writing starting position to the position
whose address. is 0; setc, for toe second column (from the lefttheLi no starting position 10 the nos
toon whose address is 2; sets, for the Third colunm, the writing staffing nosi.. Lion to the position
whose address is  and sets, for the fourTh column, the writing starting posation to the position whose 



ele.,, It is tonoted that., with regard 70 the columns for wh oh the writin starting position is any other
positi.on than the -on whose address is C, strer the COCO pits are written down to roe loermogtccti ,
the t.lnc nosition _to the rod [pocO tion a oL.a..n to = poLL.00n                  carrying out such column
twist interlsov., described shove, such a situation that a plur lity code bits corresponding furalfty of
Lodes  16c!AN (included into the same symbol) with regard to LOPC codes of all encoding rates
whose code length N is 64,800 as prescribed in the LIV8-S.8 standard can be prevented, and as a
result, the performance in decoding in a communication path which provides erasure can be improved.
Le20.8;         FTC. 23 illustrates the number of columns of the memory 31 necessary for column twist
interleame and the address. of the writing starting position for each rphultjon method with regard to
LEPC codes of the eleven different encoding rates having the code length N of 64,800 as prescribed in
the OVE-5.2 standard. 



[02011         As the: replacement method for the replacement . process of the demaitipaexer 28., (FIG.
8), one of the first to third renThcement methods of rIft, 16 iS chanted, and besides, where 085F as
adopted as the modulation method, the bit number m of one smmbol is 2 bits and the mtlitISCEiS 1.
[C202] In this instance, according to FIG.. 23, the memory  3: has two columns for storing. 2 x 1 (=
mbD bits in the row direction and stores. 84,800R2 xbits in the COI= 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 2. 102021          Further, where the fourth reniatement method Of PTC.. 17 is adopted as
the rerdacedent method for the replacement process of the demultiTdexer 25 'FIG. Ei and besides
01166.1N is adopted as the modulation method, the Lit number m of one symbol is 2 bits and the
multiple t, is 2. [02041          In this instance, according to FIG. 23 the memory 31 has four columns for
storing 2 x 2 Pits in the row direction and stores 64,803/(2 x 2; bits in the column direction. Then, the
writing starting otsition for the first column -From among the four, eclat-des of the memory 31 is set to
the position whose address is C; the writihq starting position for the second column is set to. the
position whose address is 2; the writino starting tosition 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 LO2Cit, 



Further, where one of the -Er'7,7- to third replacement methods of FIG. 16 is adopted as the
replacement method for the replacement process of the demultiplexer 25 (FIG.and besides 160AM is
adopted as the modulation method, the bit number m of one symbol is 1 bits and the multiple b is I.
rEew35 L32135         In this instance, according to FIC. 23, the memory 31 has four columns for
storing 4 x 1 bits in the row direction and scores 64,800/(4 x 1) bits in the column direction. Then, the
writing starting position for the first column from among the our columns of the memory 31 is sot to the
DOSi7IICM. whose address is 0; the writinc 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 addross is 4; and the writino starting position for the fourth col atm is set to the position whose
address is 10207'1         Turther, where the fourth replacement method of Fig. 17 is adapted as the
replacement method for the  replacement process of the demulticlexer 25 (FIG. E, and besides
144,21eM is adopted as the module: ion methpd, the  hit number m of one symbol is 4 bits and the
mriticie li is 2. F02061          In this instance, according. to FIG. 23, the memory "in has sight co2umnh
for storing 4 x 2 bits in the row direction and stores 64,800/(4 x 2, bits in the coiunim 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 iF 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 column
is sot to the pbsitich whche address is 4; the writing starting position for the sixth column is se: to the
position whose address is 2; the writino starting bbsirion for the seventh column is set to the position
whose address is 7; and the writing starting position for the eighth chhumr is set to the position whose
address is 7. 15209]          Further, where ens of the first to third raciachment methods of FIG. 16 is
adopted as the a, -  reeTacement method for the replacement process of the demuitiplexer 25 KFIG.
:6;be.eides 64ci1IY. is adopted as the modulation method, the 2,17, number m of me symbol is 6 bits
and the multirj 210:1                   instance, according to FIG. 23, the memory 31 has six coliamns for
star direction. and stores 64,in the ihl tion.rt first column from among the. six coI1.umns of the memory
set toosition whose address. is 0; the wr: n 



starting posit on for the second "-OM= is set to position whose address ts 2; the writing starting mn 15
set to the position          address is 5; the writing start fourth col= is senp0 situ the writing starting posi
or. to the: position whose address is. 10; and the writ starting position for the sixth column is set to
position who        Further, where the fourth repiacemn method of -- is adopted as th reoiacemer.t.
method for replacement process of the demuitipiexerFIG.anc  besides 640AM is adopted as the
modulation method, the Pit number m or one symbol is 4 bits and the multiple b 2. rn2T27          in this
instance, according to E.= 23, the memory 31 has twelve columns for storina 6 Y. 2 bits Ln the row
direction and stores 64,800/(6 Y 2) bits in the colbfrui dfrection. Then, the writing starting position for
the first column from amono the twelve columns cf the memerv     is set to the position whose address
is G; the writing starting position for the second column is set to the position whose address is 0; the
writing std.rtinq position for the third col= is set to the position whose address is 2; the writing starting
position for the fourth column is set to the positiox whose address Is the writing starting position for the
firth column is set to the position whose address is 3; the writing starting position for the sixth
c011117117 is set to the position whose address is 4; the writing starting bosttfoh for the seventh
column is set to the position who-se. address is 4; the writing starting position for the efahrh COM= is
sex 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  position feir the tenth column is set to the position
whose address is 7; the writinb starting position for the e2enenth column ii.c; set to the position whose
address is 



1; and the writing starting position for the twelfth column is set to the position whnse address is 9.
[0213)          Further, where one of the first Sc) third replacement methods of 71G. 16 is adopted as
the replacement method for the replacement nmocess of the dnmuleiplexer 25 (FIG. 8) and besides
256GA1Y is adopted as the modulation method, the hit number m of one symbol is 2 hits and the
multiple b [C214]          In. this instance, according to FIG. 23, the memory 31 has eight columns for
storing E>. x 1 bits in the row directik'n and stores 64,800/(9 x 1) bits in the column. direction. Then,
the writing starting position for the first column from among the eight columns of the memoir; 21 is set
to the positHon whose address is 0; the writing starting position for the second column Ps 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 s.tartrng position :20 the faith column is set to the position.:: whose address
[4; fhe writing starting position for the sIxr-n columnthe DOS whose address is 5; the writing starting
position for the seventh onlumn is set to the osiion whose address is and the writino startingfor the
eighth column is set to :ne Tx-sit-do- whose address i.s 7 [021F)]      Further, where the rourth
reolapemen... method. of PlEGIs hooted as theTu.acemen method for the ren.lac,nt process of the
demultiplexer 25 FIG- 8[ and besid"adulation method, the 



In. :his instance, a000rdino to FIC. 23, the memory 31 has 16 columns for startthe row direction and
stores 64,800/16 x21. Pits in the column direction. Then, the writing staffing position for the first
column from among the 16 coof the memory is set to the positionis 0; the writing startino position for
the second column is set to the nos ion whose address is 2; thestart dug  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 2; the wfii'ng starting
position for the sixth colmn is set to the position whose address is 3; the writing starting position forthe
seventh column is set to the position whose address is. 7; the writing starting position for the eighth
column is set to the position whose address is 15; the writing starting position for the ninth column is
set to the position whose address is 16; the writing staffing posirfon 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 is 27: 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 stertjnq posdtHon 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 20; and the writing starting position for the sixteenth col= is set to the position whose
address is 32.  Further, where one of the first to third replacement methods of FIG. 14 is adopted as
the replacement method for the replacement process of the demultiplexer 25 (FIG. 8) and besides
1024QAM is adopted as the modulation method, the bit number :a of one svrhel is TO tits and the
multiple h is I. 



[02181         In this instance, according to FIG. 23, the memory 33 has ten columns for storing 10 x 1
hits in the row dinecniien and stores 64,800/(10 x 1) nits in the =damn 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 starting position for the second column is sat no the position
whose address is 3; tne writing starting position for the third column is set to the position whose
address is 67 the writing starting position for the fourth clumn is sen to the postnion whose address.
-Cs E);'. the writing starting position for the fifth column is set to thenosinicn 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 collirm is set. to the :position whose address 2.7  the writing start..ino
position for the eight is se: to the oositior whoaClis 17; the starting positionh column is set to posiLion
whose address is 18; arnd the writing            position for the teset to the postolon whose address is
2C. Thither, where the fourthcement method of FIG. 17 is adopted as the replacement method for the
a9S of the demultipdexer 25 J712G. 2) and besides 137401iM is adopted as the modulation method, r
m f one svnice] isd the mu 



In this instance, according to 21G. 23, the memory t 20 columns for storing 10 xbits in the row
direction stores bits in the column direction. Then, the writing starting position for the among -olumns
of t     set to toe osih. on whose address is 0; the writing starting posi.ti.on for the second column is set
to - ncsition whose address is 1; the writing star ing Position for the third cola= t se: t   fourth column is
set to the position whose address is 1; the wrtoing starting Position for the fifth column is set to the
position whose address is 5; the writing starting position for the sixth column is sot to the position
whose address is 6; the writiho starting position for the seventh columm is set to the position whose
address is 6; the writing startjnq Position for the eighth cgim 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 coldmh is set to the position whose address is 14; the writing starting
fonihinn for the e5eventh column is set to the position whose address is 11; the writino starting position
for the twelfth 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 21J the writing starting position for the
fourteenth column is set to the position whose address is 21; the writino starting position for the
fifteenth deli= is ers to the position whose address is 23; the writing starting position for the sixteenth
column is set to the position whose address is 21; the writing startind position for the seventeenth
cold= is set to the position whose address is 25J the  writing starting oosjt.i.on for the eighteenth
column is    t to the position whose address is 26; the writing starting position, for the nineteenth
column is set to the poo Lion whose add.res is 28; and the writ position forleth ooIi.umn is set to the
position whose address is 30. Further, where one of the first to third replacement methods of FIG. 16
is adooted as the replacement. method for the rspi aoeme.nt process of the cemultiple - 25. 8) and
besides 40960teadopted as the modulation metho-symbol 



anc the rrnlltf.pce b                   instance, according to FIG. 23, the memory 31 hasufor storings in the
row dirertion and stores 64, 800in the column direction. Then, the writstarting positfor the first
oolcnnfrou, among- the. twvecolumns of the memory 31 is set to the position whose address  Isthe
writing starting position for the second column is set to the se aggress Is 0; the writing starting po Lion
torOrd column is set to   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 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 wrlting starting positich, for the ninth column is set to the
position whose address is 2; 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 position for the twelfth column is set to the position whose
address is. 9. [G223I          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
40913W4M is adopted as the modulation method, the bit number it of one symbol is 12 bits and the
multipe h 



is 2. [02241 In this instance, according to FIG. 23, the memory  31 has 04 columns for storing 12 x 2
bits in :he row direction and stores 64,800/(12 x 2) bits in the column direction. Then, the writing
starting position for the first column, from among the 24 columns of thb memory 51 is set to the
position whose address is 0; the wriiino starting position for the second column is set to the pbsition
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 position whose address is
8; the writing starting position for the fifth column is set to the position whe address is 8; the writing
starting pest:ion. for the sixth C3iU7M is set to the position whose address: is 8; the wrnc, smarting
position for the seventh column is set to the position whose address is  10; the writing starting position
for the eighth column is set Le the eositibn whose address, is 10; the writing start(position for. the ninth
column is set to the posiMbon whose address is 10; the writing starting position for the tenth column is
se: to the posftion whose address. is if; the writing starting position tem the eleventh column is set to
the nosit.ion whbse address is 13; the writing starting position for the twelfth solnmh Is set to the
ceaition whose address is 16; the '  writing starting position for the thirteenth column is set to the
position whose address i;s 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
pas:T.:ion whose address is 21; the writing starting posnition for the sixteenth column inset. to the
position whoso address is 22; the writing starring position for the sewineenth column is set to the
position whose address. is 23; the writing starting posit on for the eighteenth column is set to the
position whose address is 2E; 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 whose address is 39; the wrUtHno starting position for the 21st column is se: to the position
'arose address is 40; the writind starting positin for the 22nd column. Hs set t 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 wuitind starting position for the 24th column is set to the position whose address is 42.
1029'i F12. 24 indicates. the number of columns of the  memory i necessary for column twist interleave
and the address of the writor each 



moddiation method with regard te the LIPS codes of the _ different encedihq r1g the code 1-k  26,200:
as orescrihedtheste ndard. [0226-j As the reolacemarcrreplacement process of the dem, -25 JIG. first
to third reolacement methods of and besides, where QPOli is adopted asIlation method, the bit number
7: Of one symbo' is 2 bits and the multi flje b is I. [0227: s ance, accordnof Inc FT 0 24, the memory
hasorinbits in the row d.ireotj. or: ends cores 16,200R2 x 7 bits in the col direThen,g start:inc oosifor
the 



onewo columns of the memory 32 is ss nx. cLommenwhose sodd starting pison for the seon d column
is set to the whose address is 0. Further, where the fcurth replacement method of ...ted as the
replacement method for the  besides ciPSK is adopted as the modulation method, the bit number is of
one svmPol is 2 bhCs and the. m {0229]          In this instance, accordind to TIC.. 24, the memory 31
has foui columns for stormns. in the row section and stores 16,2C0/(2, the columr direction.q b0 time
for nrfrom ampscoTumns of the memor     set to the posi.t.to.n whose address is C; t he writing
starting. wh___ion for the second column is set to the bosicion whos. 0ddress is 2; the writing starcino
Position for the third column is set. to the nosit cc WhOSE address is 3; andritiro starting ing pos ion = 



the fourth oolunuc is set to th.pc/s ion whose address is ci , where one of the first to d cement methods
of FTC.plated as the _agem.d for the replacement tepoess of the multOrolexTlC. do and besides
I6QAM is adopt .d as ismethod, the bit number m of one ymbel is s and the mu,tLte b is I.           In this
instance, according to FIG. 24, the memory 31 has four columns for storing 4 X 1 lofts in the row
direction and stores. 16,200/(4L hits in the column direction. Then, the wrting startinc 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 writfrag
starting position for the third column is set to the position . whose address ::-(( 2. and. 24 HP dmft inc
starting posit-of for 



the fourth column is set to the position whose address is          Further, where the fourth replacement
method of FIG. 17 (s. adopted as the replacement method for the replacement probess of the
deTbiltiplexer 25 (FIG. Si and besides 16(IiAM is adopted as the modulation method, the hit nuirber m
of one syMbol is 4 bits anc. the mfitle is 2. ((3233) In this instance, according to FIG.the memory  Rl
has e .ht columns for stiorino 4 x 2 bits in the row direction and stores 16,200/11 x 2) bits in the column
direction. "Mien, the wt.:bind starting pas:Lb:fon for the first. co) wan frchr among the eight columns of
the memory 31 is set to the bos[fich whose address is 0; the writing startimg position for the second
column is set to the position whose address is 0; the wr'ening statt'ng position for the third column is
set to the position whose address is 0; the writing starting positlon 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 bositich whose
address fs 7: the writing starring, position for the sixth. column is c7,--'7 to the tes[teon whose address
is 20; the writing starting position for 'Lee seventh column is set to the pos[ton whose address is 20;
and the writinc starting position for the eighth column is set to the posit:ion whose address is 21. [023 I
Further, where one of the first to 7..'rd replacement methods of FIG. 16 is athbted ae the replacement
method for the replacement process of the demult plexer 25 FIG. 3) and besides 640AM is adobted as
the modulation method, the bit number in of one symbp1 is 6 be.ts and the multiple b is I. [0235:
direction and stores 16,2008(6hits in the column 



rectron. Then, the writin o start rig position_ the first ocliunn from among the six columns of the
memory     set to the oofttior. whose address is 0; the Ifirind starting position for the second column is
set to the position whose a11,C; st_rtino postion ror the third olumn is set to the posit whose
addreswriting-sing position for fourth column is set. to the position whose addr3;                     tind
position for the fifth column is set to the. position whose address is. 7; and the writing start:. nq
poslticsixth column is set to the position whose a [9236 the r, wierdlaoeinnt methcp of FIG. 17 is
adopted as the replacement method for the        cement process=multiplexer 25 )FdC. 8) and besides
440JU is adopted as tne modulation, net ho bin number m of one symbol is 6 bits and the multiple -0 



In tnistan'-e, assTo FTthe memory s twelve. colsmns for storingS  taon. Then, the wrinir:a starting
taps-clog for -     s' ooI umn from amongtwelve columns of the item 31 is set to the uti time whose
address is 0; thee startingthe second, column is set to the -- address is 0; ice critic- sta               r the
third column Is set to the!Posit en whose address istne writino stertino oosition fir the     rth column is
set to the position whose address is 2; the writing starting nositirn for efifth cci icon is set to' ion whose
auos sno starting tuntion for the sixth colonc Is set to the. position whose addres is 2; the writing
tartmn, tnsitieh for th seventh column is set to the pos_alon whose aCi the writino starting oositior for
the eiqhcolumn is to the positse addressthe writino  



eleventh column is set to the position whose address is starting' pc,sitior. for the twel.fth aolomn se set
7Gwhose' Fuan  relacement methods of FIG. 16 '5- adopted as -71h.ei replacement method for the
replacement.-rocess of the                   25 (FIG. 8) and besides 4adopted as the modulation method.,
ni of one symbol is 8 bits and the multiple b is 2. tnos instance., according to 215.the memory ft
columns for'rg 6 Y -4 bits in the row and stores 16,200 (5 x 1 bits in the. column tint.rit , starting
position for the st column from amone the ei.ght co.lumns of the memory 31 is set to the poccc
address is 0;    arthcg position for the second column ; set to oh. position whose address is Eli the
writing starting position for toerd column ic set to the 'os son whose address is 0; the writing starting
position for the fourth column is set to the position whos address is the writing startinc ositlon,forfifth
soicmr_ is set 



to the position whose address 4s. 7 the writin.g. S rtin.c posit: u for the sixth column is Set to the co
'Hen oseis 20; the writingarting           column is set cc the position -no cc adduess is 20; and the writ
ing startIng position for the eighth is set to these ad  102401 Further., where one of the first to third
replacement. methods of FIG. 16 is adopted as the replacement method for the reohacegprC 'siroccos
of the demultiolexer 25 (FIG. Efl and besides 1024c2AM is adopted as the modulation method, the tit
number m of one symbol is 10 bits and the multiple P is L. [0241)          In this instance, according- to
FIG. 24, the memory 31 has 10 op]umns for storing 10 s 1 bits in the row direction and stores.
16,202/[10 xbits in the rOillTan direction. Then, the writing starting position for the first column from
among the ten columns of the memory 21 is set to the position, whose address is 2; the writing starting
position for the second column is se: to the, position whose address is 1; the writing starting position
for the third coinPn is se: to. the position whose address iswriting starting position tor the fogrtn column
is set to the position whose address is 2; the writihp startinp position for the fifth column is set t33 the
position whose address is 3; the writing starting position for the sixth. column Ls set to the position
whose address is 3; the writing starting position Icr :he seventh column is set to the posHi'on whose
address is 4;  the writing starting position for the eighth column is set to the position whose address is
4; the writing starting Position for the ninth column is set to the position whose address is 5; and the
writing starting position for the tenth column is set to the position whose address is 7. 



[0242          Further, where the fourth replacement method of FIG. ld is adopted as the replacement
method for the replacement process or the demultiplexer 25(3:0. 8) and besides 1024cAM is adopted
as the modulation method, the hit number m. of one symbol is 10 bits, and the multiple lo is 2. [0043]
In this instance, according to FIG. 24, the memory 91 ..as. 20 columns for storing 10 x 2 bits in the row
direction and stores 1402004f.10 x 2) bits in the chilundu direction_ Then, the writing starting posttion
for the first column from among the 20 columns of the memory 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 9; the
writing starting position for the third column is set to tne position whose address is 0; the writing
starting position for the   fourth col= is set to the position whose address is 2; the writing starting
position for the fifth co'nmn is set to the position whose address is 2; the writing stattina vosition for the
sixth column is se: to the posit:ion whose address is 2; the writing starting ;position for the seventh
column is set to the position whose address is 2; 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
position whose address 's 5; the writing starting position for the tenth column is set to the position
whose address is e; thp writinq starting position for the eleventh column is set to the position whose
address is     the writing starting position for the twelfth column is set to the position whose address is
5; the writing startino position for the thirteenth oituan is set to the position whose address is 5; the.
writing starting position for the fourteenth column, is set to the positipn whose address is 7; the writing
starting position for the, f,fteentl coluffp is set. to the positipn whose address is 7; the writing starting
ppsition for the sixteenth column is set to the position, whose address is 7; the writing starting position
for the seventeenth coluis; is set cc the position whose address is 7; the writing starting  position for
the eighteenth column is set to the position whose address is 6; the writing starting position for the
nineteenth column is set to the postton whose address is 4; and the writing starting position for the
twentieth 



column is set to the position whose address is 10. [02441 Further, where one of the first to third
renlacemput methods of FIG. 16 is adopted as the replacement method for the rehlacemnt process of
the dempitiplexer 25 (FIG. 6) and besides 4096(DAN is adopted as the modulation method, the bit
number m of one symbol Is 12 bits and the multiple b is 1. [62451          In this ine.tence, according to
FIG. 24, the memory 31 has 12 columns for storing 12 x 1 bits in the row direction and stores
16,2606c12 a I) bits in. the column direction. Then, the writing starting position for the first column from
among the twelve cohimns of the memory 31 is set to the position whose address is 0; the writing
starting positron for the second. column) is set to the position whose address is 0; the writing starting
positiot for the third colpai, is set to the position whose address is 0; the writine starting position for the
fourth column is set. to the position whose address is 6;  the writing starting positioh for the fifth =III= is
set to the position whose address is 2; the writing starting position for the sixth column is set to the
posiinion whose address is 2; the writing starting position for the seventh column is set to the edusttioh
whose address is l',; the writing starting position for the eighth column is set to the posit.ion whose
address is 3; the writing starring bositich for the ninth column is set to the posiUHon whose address is
2; the wrt'ng starting position for the tenth column is set to the position whose address is 6; the writing
starting position for the eleventh. pi umn is set to the position whose address is 7; and the writing
starting Position for the twelfth co;Ulffl is set to the position whose address is 7. [02451          Further,
where the fourth replacement method of FIG. 17 is adopted as the replacement method for the
replacement process of the demultiplexer 25 (FIC. 3) and besides 4096cIAM is adopted as. the
modulation method, the  it number it of or .esymbol is 12 tits and the multiple b is 2. [(2217l          In
this instance., apperdong to EI22. 24, the memory 31 has 26 columns for storing 12 x 2 bits in the row 



95  direction and stores. 16,200/(12 x 2) bits in the column direction. Then., the writing starting position
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 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 0; the writing starting
position for the fifth column is set to the position whose address is 0; the writing startina posiiieb 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 nosition whose address is 0; the writing starting position for the eighth colomb is
set to the position whose address is I; the writing starting position for the ninth column is set no the
position whose address is I; the writing starting nbsition for the tenth. column is set to the posit ion
whose egress 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 star-tin;: position for the thirteenth column is set to the  position whose address is 2; the
wr._ sition for the fcu.rt eenth. column is set to theion whose address is 3;109 startong cositd.cn for the
ffeenth column is set 70 the position whose address is    the t -sing starting position for the sixteenth
column is set to theon whose address is 9; the w sfarti iu positron icr the seventeenth column is set to
the pc iion whose addressthe writing starting pcsitThn for the eignreeritn cclunhri is set to the btsr?iiiin
whose address is 9; the writincling posipeon for toe 



nineteenth. -81 cnnis set to hs.pOF Ion whose address is 10; fil           writing startIng cosition for the
twentieth column is set to the boition wHose address is 1?0; the writsfartin position for the 21st column
is set to position whose addreitartin pos.ition for the 82nd column isthe nd tion whore address is 10;
th.e writinc starting position for the 23rd oflunh is set to the co whose sddress is 10; and  the writing
starti q positionset the position whose address is 11.          Now, a transmission process carried out by
transmssor apparatus 11 of FIG. 8 is described w refeow chart of FIG.  L02491 



The -CDPC encodilig section 21 waits that object data are supplied thereto and, at step 2101, encodes
the object data into IDPC codes and supplies the ADC codes to the bid interleaver 22. Thereafter, the
processing advances tor 5102. [0250] At step. 5102, the tit interleaver 22 carries out bit interleave for
the LDPC codes from the 1190 encoding section 21 and supplies the LTPC codes after the interleave
to the mapping section 26. Thereafter, the processing advances to stet 02e3. [6251]         in particular,
at step) 5102, the facHty 'nterlaaver 22: in the bit interleave:. 22 carries out parity interleave for the
LDPC codes from the LEJFC encoding section 21 and supplies the 1030 codes after the carttv
interleave to the column twist lnrarleayer 24. [U752          The column twist. interleaves 24 carries out
column twist interleave for the 1090 codes from the parity interleaver 23 and then the demultiplexer 22
carries out a replacement process for the DDPC coder after the CO-:LUT.1-1 twist Hnterleave by the
column twist interieaver 24. Then,  



the LOPE codes after the replacement process are surodied from the demmitiplexer 25 to the
mapngnq section 26. 13253]          At stet 3133, the mapping section 26 maps. the in code bits of the
LOPS codes from the demu1tip6exer 25 to symbols renresented by signal points defined by the
modulation method pt. orthogonal modulation carried out bv the orthogonai modulation section 27 and
supplies the manned code bits to the orthogonal modulation section 27. Then, the propessing
advances to stet S104. [02.641          At step 3104, the ortnoccnal modud.ation. section 27 carries out
orthogonal modulation. of a. carrier in accordance with. the symbols from the mapping section 26.
Then, the processing advances to step 6106, at whten the modulation signal obtained as a result of
the orthodonall modulation is transmitted, whereafter the processiho is ended.          It is to he noted
that the transmission process of FIG. 25 is carried out reperitivelV. 132561 Sy carryinc out the parity
interleave and the column twist interleave as described above, the, tolerance 06 rr  to erasure or burst
errors where a plurality of code bits of an LDPC codes are transmitted as one symbol can be
improved_ [02571 



Here, while, in FIG. 3, the parity interleavbr 23 which is a block for carrying out parity interleave and
the column twist. interleave' 24 which. is a block for carrying out column twist interleave are configured
separately from each other for the convenience of description, the parity interieavbr 73 and the column
twist interdeaver 24 may otherwise be configured integraiTy with each other. [025S]         in particular,
both f the parity interleave and the column twist interleave car be carried out by writing and reading out
of code bits into anh from E. memory and can be represented by a matrix for converting addresses
(write addresses into which writing of code bits is to be carried out intg addresses (readout addressesj
from which reading out of code hits is to be carried out. (32591         itccoreHngiv, if a. matrix, obtained
by multiplying a matriz reiggesentative of the parity interleave and a matrix rapresnmiative 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 carried out and then LDPC codes after the barity interleave are
colunm twist interleaved can be obtained. [0260]         Further, in addition to the parity thberleaver 23
and the column twist interleaver 24, also the demultiplexer 25 may be configured integrally. D32611
In particular, also the replacement process carried out by the demsltiplexer 25 can he represented by
a matrix for converting a write address of the memory 31 for storing an LDTC cede into a read
address. 



10262'         Accordingly, if a matrix obtained by multiplication of a matrix representative of the parity
interleave., another matrix representative of the cold= twist interleave and: a further matrix
representatfve of the replacement process is determined in advance, then the rarity interleave, column
twist interleave and replacement process can be carried out collectively by the determined, [0263]
only one of the parity interleave and the column twist interleave. [02         Now, a simulation carried out
with epara to the transmission spoaratus 1.1 of FIC. 9 for measuring the error rate (hot error rate) Is
described with reference to FIGS. The simulation was carried out adeptina a communi)each which has
a flutter whose 7/0 is 0 dEl. [0266l u,. ro snows d 0communimon path 



adopteo in the sinri--'ony [026 In particular, T) of FIG. 26 showsmodel a the flutter adopted in the
slmala Meanwhile,of EIC. 26 shows a model of a  cammunnpath. which has the flutter represented It
:he moapl of 1026 is to be noted that, in S of FIG. 26, represents cite inhe flutter of A Further, in 2 of
FIG. 26, N represents ICI (21-Itt Carr'ier  Interference), and in the simulation, an expected value 0 N21
of the power was approximated by ATM:N- [027H 



FIGS. 27 and 28 illustrate relationships between the error rate obtained by the simulation and the
Doppler frequency fd of the flutter. [0271j          It is to be noted that FIG. 27 ilibstrates a. relationship
between the error rate and the Doppler frequency fd where the modulation method is 16Q..A.N1 and
the encoding. rate (fM 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 is 64QAM and the encoding rate Yr) .-12s (5/6 and besides the
replacement method is the first rentamobent pplahod. [0272          Further, in FIGS. 27 and 28, a. thick
line curve indicates the relationship between the error rate and the Doppler frecuency fd where all or
the parity interleave, column twist intbrbeave and retdabement process ware carried out, and a. thin
fine curve. Hndicates the relationship between the error rate and the floopfer frequency fri where only
the re:decrement process from among  the parityate, colum e.tuaoernent process was carried Put. in
both of RIGS 27 and that the error rate improvereases) where all of the parit:),, column twis: inter-
aarm replacemenL process are carried out rather nhar. A only the re',-ucess is carried cut. 02741 



rT17-, 29 is a block diagram showing an example of a con guratitinrecTi apparatus 12 of FIG.
Referring to Eii.the reception apparatus 12 is    data processing app ratus for receiving a modulation
sienal. :L_o.." the transmission apparatus 11 (FIG. 7 and. includes an orthogonal otemooula1on
section demapping section 22, a deinterlearrer 53 anH an 1.296' deoodinq section 56. The orthogonal
demodulation sectich. modulation signal from the transmission acoaratus 11 and carrieout orthogonal
demodulation,arid rcer sun svwbols obtained as a resrl t of the ortb000nal demodulation(values on the
l andaxes) to the  demappi , section 52, 152771 The demappino section 52 carries outping of
converting the symbols from the orthogonal den(ogulaton section 51 to code bits of a.n LOPC code
andthe code 12 EL- o the de t  



The deinte column t dednterleavc:, of t demapoinc section  cia inul(MUX) sn deinterleaver 55 and ca.rr
as out ode bicode fromthe                particular, :he multiplexer 54 carries out a rave:lacement process
(reverse process to the t ptocess, correspertcIi..nc to tne replacement                ied out by the
denruillplexer 25 of FIG. E, for the LOPC codes from the .5cma:oicHnn section reverse rececement
crocess of returncz the code boos rep JCOOCL by the redrocess to the ono: -1 positions. Then, the
muitip 



LOPS code obtained as a seavit of the reverse replacement process to the column twist deintcrieaver
55. HuLooj column, twist deinteriedvflr 55 -es out.  on] unit twist deinterleave (reverse process to the
column twjst interleave corresponding to the. column twist interleave as the re-arrangement process
carried out by the column twist interleaver 24 of FIG. 3, that is, for example, column twist geihterleave
as a reverse rearrangement process of returning the arrangement of the code bits of the 1,0PC code
having an arrangement changed by the column twist interleave as the reaaamanmemena process to
the original arrangement, for the LDPI. code from the multiplexer 54 [0281j         In partionlar, the
column twist delnterleaver carries out column twist delnaerleave by writing the code bits of the LaPC
code into and reading out the written code bits from the memory fcr dacnteaeave, the memory being
configured similarly to the memory 31 shown in FIG_ 22 and so forth.         It is to be noted that, in the
column twist deinterieaver 55, writing of the code bits is carried out in the row di section of the memory
for deinterleave using fead addresses upon reading out the codes from the memory 31 as write
addresses. Meanwhile, readout of the code dlts is carried out in the column dtrecticm of the memory
fornter,P -sing the write addresses upon wrins of the code bits into the memory 31 as read addresses,
[02831 =S C'rd as a result o the column twist interleave are sugbdied from the co-lumn tw
deinterieave.. 53 to the L.2,52-.0. (*eroding section 56.                 while the Lbw' code s:plied from t
aemapping section 52 to theaver 53 has been 



obtained by the oaritv interlia," column twist          aos carried out order therefor, the a inter eaver 53
carries reverse replacement process correnpond n to the replacement process and =lamb twist be
4.nte      earp ing to the column twist interleave, parityspnctthe parity interleavetetb-ce reverse to the
ItL,"=": is, the parity Aeinterret---Ing arrandement of the code bit.s of the LOPS code, whose
arrangement has been varied by the parity interl the crigfrosi arrangement, is not carried cut. 351
Lccordingiy, the LOPS code fr ....shich the reverse 1acemen,t process ann, the column twist
deinnerieave  have been carried out hut the parity deinterleave has not been cafr[ed out is supl2Lied
from the (column twist. deinterleaver 55 of the) deinterlovver 53 to the LDPC decoding section 56.
[02861 



The LIPS decoding section 56 carries out LDPS decdlng of the TiCPS code from the de[frerleaver 53
using a conversion parity check matrix, obtained, by carrying out at. least cod= replacement
corresponding to the parity interleave for the nanny check matrix H used for the LDPC encoding by the
[LIFO encoding section 21 of FIG. 5, and. outouts data obtained as a result of the LIPS decoding as a
decoding result of the object data.          FIG. 30 is a flow chart illustrating a reception Process carried
out by the receposion apidaratus 12 of FTC. [02881          The orthogonal demodulation section 51
fiemaivef7 8 modulation signal from the transmission apparatus 11 az step 3111. Then, the processing
advances to step 3112, at which the orthogonal demodulation section 51out orthcional 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, whereafter the processime
advances from step. 3112 to step S113. f.)2E9         At step 3113, the demapping section 52 carries
out demapping of. converting the svmhols from the orthogonal demedulatich section 51 into code lefts
or an LOTS code and supplies :he code hits to the deirseerleaver 53, whereafter he processing
advances to step 3114. [02901         At step, 3114, the deioterleaver 53 carries out defnterleave of tee
code hits of the LOPS code from the demappens section 52, whereafter the processing advances to
step S115. [0291         In particular, at step 5114, the mJ.15iplexer 34 in the detnterleaver 53 carries
out a reverse replacement process for the LEOPC code from the demappfoo. section 52 and supplies
1...31:PC code obtained as a result of the reverse replacement orocoss to the column twist
defmterleaver 55. 



[0292]         The column twist defrterleave- 55 carries out column twist deinzerleave for the LOTS code
from the  militiplexer 54 and supplies an LETC code obtained as a result of the column twist
geirterleave to the mr''C decoding section 56. [0293]               feb 5115, the ID.Pc. decoding section 56
carries out DOPC. decoding of the L. DPI code from the column twist deinterleaver 55 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 L.DPC encodingthe LDPC encoding
section 21 of FIG. 8, and outputs datd obtained 'my the L.DPC decoding as a decoding result of the
ittect data. Thereafter, the processing is ended. Y3.294]               0: is to he noted that the reception
process 01 FIG. 30 is carried. out repetitively. 16295]         Also in PIG. 29, the gpfiltiplexer 54 for
carrying out the reverse replacement process and the column twist deinterleaver 55 for carrying out
the column twist de'nterleeve are configured separately from each other for the convenience of
description similarly as in the case of FDD. 8. However, the multiplexer 5= and the column twist -0'55
fan. be configured  iwi th each other. [0296] 



Further, where the transmission. appbra-us II of FIG. 8 does not carry out the column twist is no
nenessity to prbyide the mulurm twist dbinterleaver 55 in the rece.ption abribratub 12 of FIG.
Now, the LOPC decoding carr d out by the decoding section 56 of26 is further denrihed. [8298' The
20680 decoding section 56 of FIG.-; 1090 decoding er an 2010 codech the reverse rerolacemen
-process and the column twist boUnterleaye have been carried out but the arot..y deint.erleave has not
been carried out, from the column twist de itbrleaver 55 as described above using a conversion tarjjjv
check matrix obtained by carrying out at leas-column replacement spondinb to 4.-ine for the, part:
Here, 2091 decodino wh oh can suppress the operation frequency within a suoncientlu ifplementahle  



the 1,13PC decoding usina the conversion na.ri:v check Matrix has been proposed formerly (refer to,
for example, Japanese Patent Laid-Open No. 2004-3434704. [03001 Thus, tne formerly proposed.
LDPC decodinb whach uses a conversion parity check matrix is described first with reference to FIGS.
31 to 34. [0301]         FIG. 31 shows an oxamloie of the parity cheon matrix H of an LDPC code whose
code length N is 93 anb encoding rate is 2/3- [03023 It is to be noted that, in FIG: 31, 0 is represented
by a period '.) (this sibdia.rly aoolies also to FIGS. 32 and 33 hereinafter described),. (0303l         In the
parity check matrix b of FIG. 31, the carjcy matrix has a staircase structure. [03041 



HIG. 32 illustrates a parity check. matrix H' Obtained by applying row replacement of an expression
E',) and column replacement of an expression (9) to the parity check matrix H. of FIG. 31. P333051
Row replacement: 6s+t8-8th row e 5tei-selth row [0306j column lC31271 - Column replacement:
ex+y8618).1 column - 5y+xe81th 8. However, in she expressions (8) and (9. 5, t, x  andare integers
within the ranges of 0 :=). s < 5, 0 h t 



< 6, 0 e- x < 5 and 0 C t < 6, respectivelv. [03062: According to the row replacement of the expression
) (8), the replacement.  a aa,eaaa out in such a manner that the 1st, 7:h, 13th, 19th and 25th rows
each of whose =miners 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, 20nh and. 26th rows each of whose numbers
indicates a. remainder. of 2 where it is divided by Sara replaced to 6th, 7th, 8th 9th and 70th rows.
[C3021          On the other hand, according. to the column rendacement of the expression (9), the
replacement is carried out for the 61st and succeeding columns (parity matrix) such that the 61st, 57th,
731d, 79th and 851h.  columns each of whose numbers indicates a remainder of a where it is divided
by 4 are replaced to 51st, 62nd, 53rd, 64th and 64th columns, and the 62nd, 64th, 74th, 40th and 46th
colifsans each of whose numbers indicates a remainder of 2 where it is divided by 6 are replaced to
66th, 67th, 6eth, 69th and 60th colimhs. i4P101         A matrix obtained by carrying out replacement of
the rows and the columns for the parity check matrix H of FIG. 31 is a parity check matrix Hf of PPG.
22.          Here, even if the row replacement of the parity . check matrix 54 is carried out, this does not
have an influenms on the arrangement of the code bits of the IM0P0 code. 



{03127         Meanwhile, the column reh6acement cf the expressich (9) corresponds to parity
interleave when the information length K, the shit column number. P of the cyclic  structure and the
devisor g --- M/P) of the parity length. M (hereg 30) th the parity interleave of interleaving the
E+gxeyslth code bit tc the position of the 124t9y-x+lth cote Isft are set to 60, 5 and 6, respectively.
[03IP7  If the parity .( (horeinal icr referred to suitably as replacement parity check ma-of FIG      s
multi.plied bv a result of renlacement same as that of the expressionfor the LDPC code of check
matrix(hereinafter referred to suitably as            narit check matrix) of FIG. 31, then the 0 vector _4.
outputted. In part -Jar, where a row vector obtained dv appovinc -' = column reolacement expression.
(9) for the1 row vector c as the 1DPC code. (one codewordi of the oronnal parity check matrix H is
repre-entedsincebecomes the C vector or -' basis of the chards:":atm, also F1' c''hmremse the 0 vector
(0314) 



From the foregoing, the conpar-1 matrix H' of FIG. 32 here:nes the parity check matrix of an 1190 code
c' obained dv carryino out th.e column. replacement: of the expressionthe )/C19e: codo thelei aitv
check matrix H. TC3151 _sere:dincarrying out thei) replacement the expression (9)c of the -.flu1 r the'
LT:Pc et                 matrix F, decoding (LE:PC decoding)the lIT code c' after the cc lumen replacement
usinu the rarity  check matrix H' of EEC. 32 and then carrying rt reverse replacemena to the column
replacement of the expression (90 for result of decoding, a decoding result similar to Lhat obtained
where the EDPC cede of the original parity check matrix H is decoded using the carimy check matrix H
can he obtained_ L0316J         FIG. 33 shows the conversion parity check matrix H' of FIG. 32 wherein
a space is :provided between unims of 5 x 5 matrices. r0217]         In FII. 33., the conversion parity
check matrix H' is represented by a comiddination of a. unit matrix of 5 x 5 elements, another matrix
(Thereinafter referred to 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 shitt matrix which corresponds to the unit matrix: or arasi unit matrix after it is
cyclically shifted (cyclic shi=t), a still further matrix (hereinafter reoemred 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 E. elements.
[03           it can be regarded that the conversion parity check. matrixof FTC. 33: is composed of a unit
matrix, unasi unit matrix, a shift matrix, a sum matrix and a C matrix of 5 X 5 elements. Therefor, the
matrices of 5 r 5 elements which compose the conversion parity check matrix HI are hereinafter
referred to as component matrices. 103191          For decoding of an TiDPc code represented by a
parity check matrix represented by a matrix of P X 7 components, an architecture which carries out
check node mathematical operation and variable mode mathematical operation simultaneously tor P
check nodes and P variable nodes can be used. 103201           FTC, TL is e block diacdam showing
an enambUe of a configuration of a decodlinb apparatus which carries out such deccdind as just
described- 103211          In particular, FTC.. 34 shows an. example of a configuration of a decoding
apparatus which carries out decoding of LDPC codes of the crihi al parity check matrix H of FTC. 31
using the conversion parity check  Y33221 



The decocinc apparatus of FIG. 34 includes an edge storage memory 330 Lnciudfsix. FIFos 3001 to
3006, a selector 301 for selectinc the HIFOs3006, check node calculation sect on 302, two cyclic shift
circuits 303 and 308, an edoe data st.orage memory 304 in. :lading 18 FIFOs 3041 to 30418, a
selector 'Of, for selectino the TT0sto 304, a receoticn data memory 306 for storing reception
information, a. variable node            ion section 307, a decoded worn caFtu tion section 309, a
receeklon de. arra.ncernentt section and a decoded data re-arranqemen s ctaen rC2231 a storage met
a of data intedata rage memories 300 al - 304 isdescrHbeo /1 The edge data storage merer 300
in.:nudes the six         300 t J vtoe number of which 1s eauei to a quotient when the row number 30 of
the conversion par check be-vit H' of FIG. 63. is divided by the row num.ie of the comoonent matrices.
Ieof the FiFes hasegions such that rressaqes corresoondiedges whose 



columns of the camp:anent matrices can be read cut from or written into the storage regions of each
stage at the same time_ Further, the number of stades of the storage regions of each FIFO 30(Iy is
nine which is the maximum number of is (Hanmiing weight) in the row direction of the conversion parity
ofmatrix of III. 33. [03251          In the FIFO 300i, data (messages V. from variah1e nodes)
corresponding to the positions of the valuein the first to fifth rows. of the conversion npritv check matrix
H' of FIG. 33 are stored in a closed form in the horizontal direction in the individual rows (in the form
wherein C is ignored). In carticciar, if an element in the a row of the ith codumn is represented as [a, f),
then in the storage regions at the first stage of the FIFC 3001, data corresponding: to the bbm[bLtions
of the velue I of the unit matrix of 5 x 5 elements from (1, 1) to (5, 5) of the conversion pa:lilt's/ check
matrix H' are stored. In the storage regions at the second stage, data corresponding to the positions. of
thp vmice 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 Pv three in the rightward
direction). Also in. the storage regions at  -he third5C5, aata are store in an associated relationship an
the conversion parcheck main the storace regions at theth stageroorresoondinq to the positions of the
of a s'of MI, 86)90) of the cony ciirh -city eh''c matrixa shift ma solacing the valueow of the 



5 elements with the shifting the unit matrix after the rep cement ho ore in the 1sf tward direction) 0] (
the FIFOdata corre pondihp ons of the value 1 from the sixth to tenth. rows o  toe conversion Parity
check matrix stored. In particular, stae of thedata corres: Coclue 1 of  FIG. 33) are et the =-Irst tse shift
matrix which 



forms a sum matrix from_( to (ID,3 pf the conversion parity check matrix(a sum matrix which the sum
of a first shift matrix obtained._Ically matrix( of.enents by one in t sot) on and a second shift matrix
obtained            theof 5 x R. elements ho _Ibibtwalt( direction) are stored. Further,  storage region at
the second stage, data ccore spon dine postions of the valuethe second snve matrix forms the sum
matri.x from 1, to JO, 5 of the oonversi.on aratv check matrix are stored. In particular, with regard to a
component matrix se weight is 2 or more, where the component helrix is 



epreented in the form of thestar of p'3.uroi ones from amonga...nit matrix 11XxPelements the weich a
quasi tit matrix whico corresponds to the unit matrix e, one or more elements having the valu 1 are
aced with 0 and a shift matrix obtained by cyclically shi ftinq lane unit mator the. quasi unit matrix, data
corresponding to the pos's of the value 1 of the linit matrix, uuas urmatrix or shift matrix whose weight
4s 1 (messages corresponding to edges belonoing guasior shift matrix are stored  into tate same
address .same F1E0 from among the TUF_FOs to 300 Also in the storage recc.ons at the stages,a are
stored in an associated rions'  [0329  Also theOs 3O0 c c 3006 store data. 



associated relations matrix H.'. 10330j The erIce dat  3041 to -the number of which is equal to the
quotient whencolumn number 90 of the conversion caricy check matrix H' fs ivided by thenolumn
number S of the xxent ma.rix Each edge data storage memo-sty 04,                  'ncludes a tlurality of
stages of sade regions arid.ges correspcn.dino to five edoes the numoer of which is egual to the
number of rows and ths number of columns of the conversion parity check metrO H' can be read out
from or written into, the storage regions of each stage at the same time. [0331]  data correspond:. 



itions 01Ii the conversion paricv check macri  to the o fifth columns of Tfl.  messages uH from the
check nodes) are store,22e fc.rm in the verticalon on the indivj.dualcclmris the torn whereinignored)in
parcicula storage regions at theof the 3130 -data  corresponding to the positions of the value 1 of the
unit matrix of d 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 cordespondinh fu the positions of the value of a fid.st
shift. matrix which forms a sum matrdx from (6, 1) to (10, 5) cf the vertical parity check matrix E' (a
sum matrix witch is the sum of a first shift matrix obtained by cyclically shifting the unit matrix of 5 Y 5
elements by one to the right and a second shift matrix obtained by cyclically shifting the unit matrix of
5x 5 elements by two to the  right) are stored. Further, 7n the storage regions at the thiind stage, data
corresponding to the positions of the value. 1 of the second shift matrix, which for= the sum matrix
from (6, :) to (15, 5) of the verrine7 parity check matrix H'. 



10232]         Fn carticu'ar, with regard to a component matrix whose weight is 2 or more, where the
component matrix is represented in the form o; the sum of plural ones from among a unit matrix of PP
elements having the weight 1, a quasi unit matrix: which corresponds to the unit matrix whose one or
more elements haying the vague I are replaced with 0 and a shift matrix obtained by cyclically  shifting
the unit matrix or the quasi unit matrix, data corresponding to the positions of the value 1 of the unit
matrix, quasi unit matrix or shift matrix whose weight is    Untessages corresponding to edges
beLonging to the unit matfix, quasi unit matrix or shift matrix.) are stored.  into the same address
(same FIFO from among the TIFOs 3041 to 304aw).         Alsb wth regard to the storage regions at the
fourth and fifth stagos, data are stored in an. associated relationship with the conversion. parity check
matr'x H'. Toe number of stages of the storage regions of the FIFO 3041 is 5 which is a maximum
number of :he hmber of 7s (Han-ging weichr) in the row directiop. in the first to fifth columns of the
conversion parity check matrix H'. 103541 the FITOs 3041- andstore data in an associated
relationship, with the =version parity check matrix H" similarly, and each length 'stage nipherO of the
FIFO- 5042 and 3043Also the PTT(Us 304i to 30412 store data in an associated relationship with the
conversion parity check matrix H' similarly, and each loncth of the Vi ps 304, to 304, is 3. Also the
TITOs 304.;, to 3041& store data 5m an associated relationship  



with the conversion parity check matrix F' similarly, and. each length of the Flits04ui [03331: Now,
operation of taposda is described. [033         The edge data storage. memory 300 includes he s[ FIFns
3001 to 3006, and FIFOs into whichare 7C b. stored are selectedFIEnDs 300[ to 3006 accordance with
informationdata. 0312 representing o which row of the convers on par ty CfleCK matrix H' five
messages llflsu shift circufr 3061 at the tecet,stage the five massages 0311 are stored collecti ordor
into the selected FIFO.s. Further, the edge data storage memory sages 0300g in order from the FIFC 



the cv  Then, d in data are reads out  supplies thmessages 030the selector 301 at succeeding stage.
After the readino out messages from7C,edge data stgrage mem3 reads out the messaaes in order a)
so from the FIECIs 3302 to 3006 and sumpout massages the selector 301.           The selector 301
selects the five messages from that FIFO 4-107L which data are currently read out from among the
FIFOs to 30H in accordance xi t.h t s signsuppliesfive messages as messages :6302 to the check
node eicuiatfon sec 



The check ncde ceiculati s sectich 3012 inclgdes five check in362.. and carries out the ch.eck node
mathematical operation In accorc1arcg the expression (7) using the messages 030 T3021 D3025)
(messages v of the expression (sappl there-c through the selector 301.check node calculation sect ion
332 supplies five messacs(D301 toiitessages u7. cf the e.xpression (obtained a result of the check
node mathematical oto the cyclic, shift circuit 303. The cyclic shift ci_shifts the five messagesto
3036,Jed by the check node calculation section 302 based on information:(Matrix data) 0305
reoe.rd.ing by what arhger of cricinel unit matrices the coarespon.ding edges are cyclically shifted
the conversion parity check matrixand supplies a result of theshift_ as a message E.;304. to the edge
data storage memory 304. 103401 



The edge data storage memory 304 includes 18 FIIOs 38)4: to 304p3 The edge data storage memory
304 selects a FIFO into which data arc to be stored from among the FI7ns 304] to 30418 in
accordance with the information :305 regarding to which row of the conversion parity check matrix Hf
the five messages 0304 subbilea from the. cyclic shift circuit 303 at the preceding stage belong and
collectively stores the five massages 0304 in order into the selected FIFO.. On the other hand, when
data are to be read out, the edge data storage memory 30: reads out five messages 0306H in order
from the F7F0 3.041 and supplies the messages D308,1 to the sementor 305 at the succeeding stage.
After the reading out of data from the 811:0 3841 ends, the edge data storage memory 304 reads out
messages in order also from the 877F-Cs 3042 to 3041e and suptbiss the messages to the selector
305. [0341I              selector 305 selects the five messages from the 7:F0 from which data are
currently read cud from among the FIFOs 3041 to, in accordance: with a select signal :387 and
supplies the selected messages as. messages 0308 to thb parable node calculation section ?olf-7 and
the "77  decoded word calculation section. 309. the recemtre- arrangement section 310 carries out the
column. replsacement of the expressuon (9 te re-arrange an code 0313 received snrougn a
communication path and anti Hen the reLOPC code 0313 as receptio 0314 to the reception data
memory 306. The -ion data memory 306 calculates anc snores d (oogar:thmcomstio) fro- the reception
data 3374 supplied thereto from the reception data r arrangement section 319 an 



ones of the rocepts 1-cots and, supplies every as reception values 06509  to the variable node
calculation section 201 decoded wesesron 309. L00    3ralues tr, of the es,.s;sn thereto. 'memory 06.
Then, t  variable node calculation section 307 supplies messages 1,310 (D301i to D3105) (messages
vu of the expression r1)) obtained as a result of the mathematical operation to the cyclic shift circuit
308. 103441         The cyclic shift circuit 308 cyclically shifts messages D810o to D3105 calculated by
the vardande node calculation section 307 based on information regarding by what number of original
unit matrices, the corresponding edge is ovtlitally shifted in the conversich parity cheek matrix H', and
supplies a result of the cyclic shifting as a. message D311 to the edge data storage memory 300. 



[0104g1 By carrylne out the sequence of operations described above, decoding in one cycle of an
LDPC code can be carried out. In the decoding apparatms 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 ahn. the decoded data re-arrancement section 311 and then outputted. t03461
In particular, the decoded word calculation sect-tam 309 includes five decoded word calculators 309-.
to 309F, and acts as a final stage in a hlurafotv of cycles, of  decoding to calculate a decoding result
decoded word) in accordance with the expression. 5) using the five messages 030:8 (13081 to
03385)(messages u1 of the expression Mr))) outputted from the selector 305 and five reception values
0309 (reception values rice" of the expression (5); outputted from the reception data mbrnory 306.
Then, the decoded word calculation section 309 supplies decoded data E315 obtained as a result of
the calculation to the decoded data re-arrangement section [03431          The decoded data
re-arrangement section 311 carries out reverse replacement to the column replacement of the
expression (9) for the decoded -dec. 5115 supplied thereto. from Lhe decoded word calculation.
section 309 to rearrange the order of the decoded data 1)315 and outputs the re-arranged decoded
data 0315 as a decoding D316. r0346)         As described above, by an line 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 parley check. matrix 



(conversion Parity check matrix) which can be represented  by a. combinatlon of a unit matrix of P x P
elements, a quasi unit matrix which corresponds to the unit matrix whose element or elements of I are
changed inyo an element, or elements of 0, a shift matrix w :Lich corresponds to the unit matrix or
quasi unit matrix after it is cyclically shifted, a sum matrix cif two or more of the.: unit matrix, quasi unit
matrix and shift matrix, and a 0 matrix of P. x  elemdnts as described above, it becomes possible to
adopt for LEPC code decoding an architecture which carries out check node mathematical operation
and variable node mathematical operation simultaneously for P check nodes and P variable nodes.
Ionsecnently, by carrying out the node mathematical operation slmattaneosiv for P nodes, itpossible to
suppress the operation frequency within an implementdble range to carry cut. LDPC decoding. lC3491
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 tm the decoding apparatus of
FIG. 34. [0000  in particular,is assumed now to simplify descriotion that the parity check matrix of an
LDPT code outputted from the liD2C encoding seticn71 which composes the transmission apparatus Ii
c.f TIC. 8 is, for example, thecheck matfix H wherein the pars to matrix has a staircase strucL,ure
shownPIC. this instance, the pariterieaver 23 of the transmission apparatus 1.1 carri.es out parity
interleave for interleaving. the Pecdx.ey+,th code biteition 



of thedwith the information length b set to 60,the unit column number P ci tf o 5 and. with the dee5(=
M/Pi of the pariath 5sj                     sparity interleave corresponds to column replacement of
texPression(P) , the L.I'PC decoding section 56 need not carry outobit= )laceof the expression f9),
Therefore, in the reception apparatus 12 of    TDPT5 coda forparity dei,nterleave has not been carried
out, that is, an inaC code in a state wherein the column reefacomen- ofexpression Y9) is c.arriod out,
decoding section 56 as described above. The 0EL30 decoding section 56 carries out processing simile



that of the decoding apparatus of 31except tnat column replacement of the =airy essior out. [0353]
In particular, FIG. 35 snows an examgie of a configuration of the 1030 decor-L-1 section 56 of FIG,
[0354] is 1. DPIdecoding section 56 configured simils,s:t of the lecodin- dflwaratus of 7except that the
recere-arrangement section. 315 of File, 34 is not pfcc proccssing similar to chatecodfro acparatus of
34 except that the column rebiacement of the expressionis not carried out. Therefore, description of
the LTPC. decoding secL,icr. 56 is omitted herein. Since the LERC decoding section 56 can 



without including the reception data re-arrangementoncan be -educed in scale in onparison with the
decod.ing absaretos of FIG. 34.           It is to be noted that, while, in FIGS. 31 to 35, it is assumed that
the code length N of the LUPO code is 90; the information length K is 60; the unit column nuber P (row
number and coil= number of a component matrix) of the cyclic structure is 5; and the devisor fa (=
NIP) of the rarity length. M is 6, for simplified description, the code length N, information. length K, unit
column. number P of the cyclic structure and the devisor g (= MINPt are not individually limited to the
soectfic values given above.          In barticular, while the iiI(PC encoding section 21 in the
transmission apparatus II of FIG. 9 outputs an LDPC code wherein, for example, the code length N is
64,830, the information (length K is N - Pc (- N - NN, the unit column number P of the cyclic structure
is 360 and the devisor c is WIN the I(DPC decoding section 55 shown in FIG. 36 can be applied also
where. LiNPC decoding is carried out by carrying cut the check node mathematical operation and the
variable node mathematica7 operation simultaneously for P check nodes and P variable nodes in
regard to such an LIOPC code as just described. [0358] While the series of processes described
above can  he executed by hardware, it may otherwise he executed by software. Where the series of
processes is executed software, a program which constructs the software is installed into a combater
for universal use or the like. [0159]         FIRS. 16 shows an example of a cenlimeration of an
embodiment of a computer into which a. program, for executing the series of processes described
hereinalopve Is installed. 



1,03.60,1         The ptogram car, be recorded in advance on a hard disk 405 or in a ROM 5103 as a
recording medium built in the computer. _ (flRF)(1)         Or, the program can be stored. (recorded)
tempprariTy or permanently on or in a removable recording medinn. 411 such as a flexihgc dish, a
CE-ROM (Compact Disc. Read Onii", Memory), an MS (Magneto Obsical) disc, a DVD (Digital
Versatile Disc), a magnetic disc or a semiconductor memoty. Such a removable recordihq medium.
411 as just described can be provided as so-called package [0162]  installed from such a. removable
recording medium 411 as described above into the computer but also can he installed infp the hard.
disk 405 -.audit in the computer where it is transferred thereto and received by a communication
section 458. Tn this instance, the program may be transferred to the computPr by wireless
coxcnioation from a download site through an arinficial satellite for dipital satellite broadcasting or
transferred to the computer by wire communication through a network such. as a LAN (local Area
Network) or the Internet. [0363]         The computer has a CPU (Central Processing Unit) 402 built
therein. Ar input/output 'Interface. 420 is connected to the CPU 402 by a bus 401, and if an instruction
is inputted to the CPU 402 throgqh the input/putout interface 419 when an inputting section. 40T
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 RCP: (Read Only MPrnoiirV 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 opmmunication section 408 and installed in the hard disk 405 or a. program read out
cm the removable recording medium 411 loadeda drive 



409 andled Hp the hard disk 405 ',nit_ a PJd4:Randcm, !access Memor\Je 404 ahe program.
Consecruentiv, the 7.1.7.; 402 carries out processing in accordance with flow chat described here
above or processing carried out by the configuration of the block diacram described e.reinabove.
Then, the -21., 402 outputs a result of the processing from an outpunt4fla section 406 configured fIr an
LCD 1,1;prujd Crystala speaker and so feclin s the proces=ino renT t from the communication section
408 throug:t/outcct interface eliC or rac.ords the processing result occasion dehu Here,pc sent
specification, processing steps which describe=gram for caus ,lig the computer to carry out vafl us
processes neet riot necessarily be processed in a time series in accordancene order described as a.
_LIOW chart but include those processes tc. be executed in parallel or individual1v (for example,
pare__ocesses of process crocessed by a :76nenle computer ordi.scributed process 



a plurality of computers. Further, the program may be transferred to and executed by a computer at a
remote Place. [036El          It is to be noted that the embodiment of the crespnt invention is not limited
to the specific embodiment described hereinabsvp hut mac he altered in various illa-MICIS without.
departing from the subject matter of the present invention. f:367]          In particular, whiie, in the
present embofnimend, parity interleave and column twist. interleave as a rearrangement process are
carried out for an LEPC code prescribed in EN'E-5.2, the parity interleave can be applied to an LDPC
code of a parity check matrix whose information matrix does not have a cyclic structure :f the parltv
Ity=.7-rHz has a staircase structure. Meanwhile., the column twist interleave as the me-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 f.:_jC-I,D.PC node (DC:
Quasi-Cyclic) and so forth where the entire parity chec.< matrix has a cyclic structure. [03681  In
particular,rem;:rify     rk matrix of LDPC codes 4hich e.re made an obfecf of parity interleave chatthe
parity matrix thereof has a staircase structure i5fle. There is nonecessity ft at the :anion matrix has aiic
strurfai [03 Irthei, the rarity checkri>:ch an LE(PC code  Mich is madLcolumn twist interleave as the 



re-arranacmnt process is not inited parcrcucariyin terms of the structure. rU 7.70
noted thar only it is ncessary for the re-arrangementim can re-arrange code bits of an LDPC code such
that a riuralttv of code bits ccrrespondrng to the. valueincluded it row ormatrix are not included in same
symbol ande carriedethod ocher than the column twist iner ave. in particular, the rearrangement
u.noc.trs may be carried cult by us. El nrn. the menory 31 fo.r storing data in the column direction and
the row d4 rectiCarty for examnie, a memorystoring data only in one direction and controlling sa and
the read addrss of the memory.           Now, a process for 12:20 encoding. by the encoding section 21
of the transnirssmon apraratds described further example, irDVE-S.2 standard, LDPC encodinc of the
two different code lenoths N Of 6.4,800 h ts and 14,200 bits are rresorrbed. 



731 god, for the LDPC doge hose- 04, eCU bits,encoding fares 1/4, 1, 3/4,5/6, 8/9 and 9/10 are
Prescrited, and for the 10130 codede1 is 16,290 bits 10 encoding rates 5/6 and E/9 are prebed. 0J /4:
LDPC encoding section 21 carries cut. e c inr --r correction encoding) into IO21 codes of the    iLierent
encoding rates whose cope length N is 64,300 bits or 16,200 bits in accordance with c seritv check
matrix prepared for each code :1..encth N ' for each encodino rate. [0375j r paLDPC encoding, section
21 stores a paohlec matrix mi ti.al value tab 



described for producing a rarity check matrix H for each code length N and for each encoding rate.
[03761         Here, in the ENE-S.2 standard, LDPC codes of the two different code Lengths N of
64,800 bits and 161200 hHare prescribed as described hdreinahove, and the 11 different encoding
rates are Prescribed for the LDP.: code whose code length N is 64,800 bits and the 10 different
encoding rates are prescribed for the LO.PC code whose ocde length N is 16,200 bits. [03777
Accordingly, where the transmission apparatus 11 is an acoaratus which carries out urocebsind in
compliance TiMlah the 111.73-3.2 standard, parity check matrix -ini-ial value tables individually
corresponding: to tie 11 different encoding rates for the L.TEaT code whose code length N is 64,40D
bits and oarity check matrix drithal value tables individually corresponding to the 10 different enooding
rates for the 10PC code whose code length N is 16,200 bits are stored in the TiiP2 encoding' section.
21. [13781         The TATPC encor-41ng section 27 sets a code lenott NT and an encoding rate r for
LE..PC codes, for exorable, in  response to an operation of an operacor.code lemath N and the
encoding rate s set by the LDPC encoding section 21 are hereHnamter referred 7:3 suitably as set
code length N and set encoding rate r, respectively. F0379. 



The --DPP encoding section 7: oaces, 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 FL corresponding to an information Tenoth NNr = code length N - parity
lendthcorresponding: to the set code length N and the set encoding rate r in a period of 360 columns
(nit column number. P of the cyclic structure) in the col= direction to produce a paretv check matrix E.
[6386]         Then, the 1880 encoding section 21 extracts information Pits for the information length E
from object data which are an object of transmission such as image data or sound data supplied from
the transmission apparatus 11. Further, the 1086 encoding sectHon 21 calculates parity tits
corresponding to the information nits based on the parity check matrix PI tp produce codeword
(11,112C code) for one code length.           In other words, the Tilr=a0 encodinc section 21
successively carries out mathematical operation of a parity bit of the codewort c which satisfies the
fiollowns expression. [0382] HoT =          Here, in the expression above, c indicates a row vector as the
Paideword (LDPC code), and oij indicates inversion of the row vector c. [0384i         Whern from within
the row vector c as an LDPC code (one cpdewordi, a portion corresponding t) the information bits is
represented by a row vector A and a oortio.n corresponding to the parity bits or represented by a. row
vector 2, the row vector c can he represented by an exoression ccm the row vector A as the
information bits and the row vector 2 as toe parity bits. L03:e5H 



Meanwhile, the parity check matrix H can be represented, from the information matrix !fik of chose of
the code bits of the LDPC code which corresconH to the information bits and the parity matrix HT pf
those of the code bits of the Ti.C.PC code which correspond tb the parity  cv an expression H =HT
(rnthe elements of the inforraarhon matrix HAare elements on the left side and the elements of the
cmatrix y ,aiam4,n=s on the right side). 103861 Further, for examele, in the avustand-, the rarity check
matrix -2 of the carj..ty heck matrix IHkH) has a staircase st kcure. rfl-"C7- it is necessary for theand
the -ow vector c -Ti as an LDPC code t satisfy the expression .and where the par paT.n.tv check
matrix h. = [HAI H7a staircase structure, the row vector T as oaritv ititch conficure 



LIT, which satisfieseselon Hc can be. determined seuenti any by setti q the elements of each row to.
'i=rr' in order Pegtncing the first row pf the column vector Hc in the excre - erap dinq secispar         for
an 1. formation hit A, then i.t curpits a cedeword cTJ represented dv the and the caT as an LEFT
enccdin  information bit A. [0399j         As describht above, the EDP!: encoding section 21 stores the
parity check matrix initHa7 value tabfes corresponding to thelengths N and the encoding ratesin
advance therein and cantles out LEPC encoding of the set code, length. N and the set encoding rate r
using a parity check matrix hl produced from the rarity check matrix initial value tables corresponding
to the sat coda length N and the set encoding. rate [0390]          Each parity check matrix initial value
table is a table which represents the position of elements of the value I of the information. matrix hs
corresponding to the )nfarmation length Y) correspondinc to the code length N and the encoding rate r
of the LCPC code of the parity check matrix H (IfDPC code defined by the parity check matrix H) for
every 360 rows (unit column number P of the pen odic structure), and is produced in advance for a
parity check matrix 8T, for each code length N and each encoding rate r. [(1)391j 



F5CS. 877 to 82 illustrate the parity check matrix HnitThi value tables for producing various parity
check  matrices H including parity check matrix initial valve lea prescribed in the 970-3.2 standard.
1.0392]          In particular, FIG, 37 shows the parity check matrix initial value table for a parity check
matrix prescribed in the Dvs-S,2 standard and. ha-vino a code length N of 16,200 hits and an encoding
rate r of 2/9. YI3921         FLO'S. 38 to 40 show the parity check matrix initial value tablea parity check
matrix 9, Prescribed in the 170E-3.1 standard and having a code length N of 64,800 bits and an
encodine rater of 7/2. 102941         It is to be noted that. FIG. 30 is a view contlnudno from FIG. 28 and
FIG. 40 is a view continuing from FIG, 39.         FIG. 41 shows the Parity check matrix initial 'value
table for a parity check matrix H prescribed in the IVE3.2 standard and havino a code length r of
16,200 bits and an encoding rate r of 2/4. 



F02961         FIGS. 42 to. 45 shdw the parity check matrix initial value table for a parity check. matrix H
oreser'had in the  DVE-S.2 standard and having a code length N of 64, 800 bits and an encoding rate r
of [03971       It is to be noted that FIG. 43 is a view corl 'plug from FIG. 42 and FIG. 44 is a vi.ew
continuing from FIG. Further, FIG. 45 is a view ccnti.nuing from FIG. 44. DIG. 46 shows tpari.matrix
initial value tabie for a parity check matrix M prescribed in the 511 standard and having a code length
N of 14,200 bits and an encodinc rate r of [03 FIGS. 47 o 50 show thecher-, matrixal table
forparimatTmeseribed in the DVE-S-2 standard ano-de .cnotn y of 54, E11: and an encodino rate r of
It is to oE: noted that FIG. _._ is a view continue from F:: 47 and Fitm 49 is a view Continuing rom FIG.
48. Further, FIG. 50 is a view continuing from FIG. 49, 



showatrix initial value table _y neeurea, bed in Ike DVE- rd and hacof 19,700 bits  and an encoding
rate r of 5/6. 10402]         FIGS. 52 to 55 show the bar2ty chec:c matrix initial value table for a parity
check matrix H prescribed in the [VS -3.2 standard and having a code length N of 64,800 bits and an
encodingr of 5/6. [0403]         It is to be noted that FIG. 53 is a view condinuing from FIG. 52 and FIG.
54 is a view continuing from Fir:.       F.-^1-h(=t, FIG. 55 is a view continuing from FIG. 54. 104041
FIG. 56 shows the parity check matrix initial. -value sablea parity check matnix H prescribed in tne
073- 3.2 standard and having a. codo length N of 16,200 bits and an encoding rate r of 6/9. [040g1 



FIGS. 57 to 60 show the panitv check gabrix initial value table for a parity check matrix 171 prescribed
in the DVS-3.2 standard and having a code length. N of 64,800 bits and an encoding rate r of 5/9-
f04061 It is to ....toted that FIE. 58 isview continuing from FIG. 57 and FIG. 59 is a view continuing
from FIG. SE, Further, FIG. 62 is a view cortinuind from FIG.  10407]          FIGS. 51 to 64 show the
nariiy check matrix initial value table for a sanity check. matrix Id prescribed 4n the 27/B-S.2 standard
and having a code length N of 64,600 tits ang an encoding rate r or 94273. F04681          It is to be
noted that FIG. 52 is a view continuiing from EI1.7. 61 and FIG. 53 is a view continuing from FIG. 62.
Further., TIC. 64 is a view continuing from DIG. 53. 



[0409] FIGS. 55 and 56 show the parity check matrix initial value table forparity check matrix E
prescribed in the DVE-S.2 standard and having a code length N of 64,900 bits and an encoding rate
r1/4. [04101          It is to be noted chat FIG. 66 is a view continuing from PSG. Ef. [0411J          FIGS.
67 and 48 show the parity check. matrix initial value table for a party check matrix H prescribed in. the
27E-E.2 standard and hab'ng a code length N of 54,800 'sits and an encoding rare r of 743N'  1041211
It 4s to be noted that FIG. 68 is a view continuing frem FIG. 67. [0413         FIGS. 69 and 70 show the
parity check matrix initial value tahie for a parity check matrix E. prescribed in the DVD-S.2 standard
and having a code length. N of 04,600 bits and an encoding rate r of 2/5. 



r0414I          It is to be noted that FIG. 90 is a view continuing frog.. FIG. 09. [0415]         FIGS. 71 to
73 show the Pare,.ty check matrix initial value table for a parity check matrix F prescribed in that
DVB-S.2 standard and having a code length N of 04,600 bits and an encoding rate r of 1/2. C...)4167
It is tb be noted that FIG. 72.is a view continuing from PIG. 71 and FIG. 73 is a view continuing from
FTE. 72. [04171          FIGS. 74 to 76 show the parity check matrix initial valie table for a parity check
matrix 5 prescribed in the 575-5.2 standard and having a code length. N of 64,800  hits and an
encoding rate r of 3/5. [0418] It is to he noted thatview continuing from FIG. 74 and FIG. 76 is a view
continuing from FIG. 7b. 



FIG. 77 shows the parity check matrix. initial value table for a barity check matrix H prescribed in the
DVS -:3.2 standard and having a code length. N of 16,200 bits and an encoding rate r of 1/4. [04201
FIG. 78 shows the parity check matrix i::itia. value table for a parley check matrix 91 prescribed in the
FM-    4 s,anddra dna naorbq a code Length N of 16,200 hits and an endodli:.(2 rate r of 1/3. 12.4274'
FIG. 79 shows the pariLy check matrix initial value table for a parity check matrix N prescribed in the
2:9/S3.2 standard and having a code length H of 16,20C bits and an encoding rate r of 2/5. [0422]
FIG. 90 shows the parity check matrix initial value tabae for a parity check matrix F prescribed in the
07E5.2 standard and having a code length N of 16,200 bits  and an encoding rate r of 1/5. [0423]
FIG. 81 shows the rarity check matrix initidl. value table for a parity check matrix h. prescribed in the
DVS-5.2 standard and having a code length N of 16,280 bits and an encoding rate r of 8/5, 



[0/1241]                E02 shows the pariv check matrix initial value table fer a parity check matdix A
having a node 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 value table of FIG. Di. [842Ey          The 1/DPI encoding section 21 of the
transmission apparatus II determines a parity check matrix A in the following manner using the parity
check matrix initial value tables. [042e]          In particular, FIG. 83 illustrates a method for determining
a parity check matrix A from a Parity check matrix initial value table. [842I          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-3.2 standard and having a code length N of 16,200
bdts and an encoding rate r of 2/3 shown in TC:. 37. r0423:         As described, above, the parity check
matrix. initial value table is a table which represents the position 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 .1DPfl cede for every 366 columns for every unit
oblimn number P of the- cycLc structurej, and in the first row of the parich2 check. matrix initial yahoo
table, a number of row numbers of elements of the value 1 in the 16360x(i-l)th column of the parity
check matrix H -1.7ow numbers. where the row number of the first row of the parity check matrix. 11 is
0) equal to the number of COM= weights which the 16360x(1-1)th =rum has. [C429]         Here, it. is
assumed, that the parity matrix NT Of the parity check matrix H corresponding to the -parity length M
has a staircase structure and is determined in advance. Acccrdind to the parity check matrix initial
value table, the information matrix HA corresponding to  the information length K from within the parity
check matrix H is determined. [0430J         The row number. Re' of the parity check matrix initial value
table differs depending upon the information length K. {54311         The information length K and the
row number kiff of the parity check matrix initial value table satisfy a relatIlcnshito given by the
following expression. [0432; =+ 1 )360 [04331         Here, 360 in the extression above is the unit.
column. number P of the cyclic structure. [04341 



In the parity check matrix iniVial vslua 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 'Keith (in PPG. 83, 30th:. rows. [04351
Accard.ingly, the number of column weights in the parity check matrix H determined from the raxacy
check matrix initial value table of 7:G. FL?. is 13 in the first  to 1.8360x(3-1)-1th rows but is 3 in the
1+360x0-1)th to Kch rows. [54741         The first row of the parity check matrix initial value table of 215.
83 includes 8, 2084, 1613, 11548, 1084, 1460, 3194, 4297, 2481, 3369, 3451, 4620 and 2E22, and
this indicates that, in the first column of the parity check matrix H, the elements in rows of the row
numbers of 0, 2004, 1613, 1548, 1284, 1460, 2195, 4297, 2481, 9349, 3451, 4420 and 2692 have the
value 1 Mane besides the other elements have the valce 06. [8437]         Meanwhile, the second row
of the parity check matrix initial value table of FIG. 87 includes 1, 122, 1516, 3448, 2895, 1407, 1847,
3799, 3529, 373, 9/1, 4358 and 3108, and thls indicates that, in the 351st 15360x(2-1)th column of the
parity check matrix H, the elements in rows of the row numbers oil, 122, 1546, 3448,  2880, 1407,
1E47, 3799, 3529, 3/3, 971, 1338 and 3128 have the value 1. [0438] 



As given above, the parity check, matrix initial value table reprosenes the tosition of elements of the
value 1 of the information matrix Lir of the parity check  matrix H for every 360 olumns. [0439]
Each of the columns of the parity check. matrix F. ocher than the 1+360x(S-l)th column, that is, each of
the columns from 2+360x(i-l)th to 360xith columns, includes elements of the value. of I obtained by
cyclically shifting the elements of the value of 1 of the 1-'763x(ith column which depend. uron the parity
check matrix initial value table periodically in the downward direction (in the downward direction of the
column) in accordance with. the fiabry lenath E. Pl440]          In particular, for example, the
9-E360x(i-])thl columnobtained by cyclically shirting the 0H360x(i-i]th column in the downward direction
by M/366 (= o], and the next 3H360x(1-1)th -LS a column obtained bv cyclically shift:mu the
1-3E0x(i-l)th column in the downward direction by 2 x M/360)= 2 x q] and then cyclicallyi0Linetoe
cyclical). shifted codumn (9H360x(1-1]th column] in the downward direction by E/360 1.0441]  from
above) of the parity check matrix initial value table is representedhe row number of th Cr 



element of the value I in theumn of the ran --ix E a.toented by H, then the row number ne element or
tn.e value. 1on the wtn column which column other thanlelcolumn of the heck matorix E can be
determone- in accordance with tlll in-2hp expression. - mod-1)x gyyl C4-431 , moax,y)ignifi.es a
remainderwhe n 2: is Oded b [ 0 Me.anwhtle, P isa unit number of columns of the structure described
e e above and is, for r a, PU\R-S.2 67aa 



value M/360 obtained by dividin unit col. uma, number340, of theupti        The 10PC en:codirio section
21 soecifi.es the row number of the elements of the value 1 in the 1+360 columnthatv check matrox H
from the pant  L'0446(i         Further, the LDPC encoding section 21 determines the row number H,..j of
the element of the valnb i in the wth column whtch is a column other than the -,on360x(i-1)th column of
the parity check matrix H and produces a parity check matrix H in which. the elements of the row
numbers obtained by the foregoino have the value. 1. [0443]         Now, variations of the method of
remiacement of code hits of an( LPPC code in the replacement process by the replacement secti 32 of
the demultiplexer 25 in the transmission apparatus 71, thet is, of the allocation pattern (hereinafter
referred to as bit allocation pattern) of code bits of an LEPT code and svmboi bits recxesentative of a
symbol, are described. [04481         In the demultinlexer 2E, the code bits of the 1_,DIY: code are
written. in the colum direction of the memory 31, which stores N/ (nib)x (Tab) hits in the column
direction  s row direction. Thereafter, the code bits are read out in a unit of mb bits in the row direction.
Further, in the demuitiplexer 25, the. replacement section 32 replaces the mit code bits read out in the
row direction of the memory 31 and determines the code Pita after the  replacement as mb symbol bits
of (successive) b symbols. In particular, the replacement section 



determines the isfith hit =rom the most signific bcocIe its read out in ttion of - memo)de bit b.dinesth
i+lth hit from the mostntof the'1)01 bits of the b (successive) symbols as the symbol bit y, and :hen
_aces the mf dodo b ts b3 to Orr.;,1 in accordance w1 th hredetermined fin allcation pattern. [04.50]
FIG. 34 shows an example of a bit allocation oattern which can be adopted where the NIOPC code is
an 10140 code whose code length N is 64, 800 bits and whose encoding rate is 5/6 or 9/10 and
besides the m culation method os 409602M and the mult '7'911 code -is an LDPC code whose code
aength N is 6C bits 9/10 ano beside the flr' an uflO 



multldie written in the memory  hose en di3/6 or          method is 4096A1'1 and the dencode bits for
storinc (64,8                          the column direction x res. direction read out in a unit of 12 x I. = mb) bits
in the row  direction and supplied to the replacement section 32, [04521 The replacement section 32
ree3acee 12' = Mb) code bits ho te pli such that the 12 x 1 0-5 mbe code hite g0 to hu to be read out
from the memory ST, nay allocated to the 12 x 1 foo mobl symbol hits vo toof one ge, hi) symbol as
seen in FIG. 84. 



[0453]          In particular, according to FIG, 84, the replacement. section 32 carries out, with regard to
both of an 22180 code haying the encoding rate of 5/6 and an 2030. code having. the encoding rate of
9/10 from among 2030 codes having the code length N of 64,830 Cita, replacement for allocating the
code bin bo to the svmbo bit ys, the coda bit bi to the symbol bit vo, the code tit Jo1 to the symboly r
the code tit bo to the symbol bit the code bi54 ba to the symboly1, tthe code hit bE. to the symbol bit
the codeto the symbol bit the code bit b7 to the symbol bit 'go, the code bit bp 7-0 the SMM501 bit y7,
The code hip bo to the symbol bit v110  the code bit bl< to the svTnhol bit. the code bitthe symbol FIG.
BS shows an example of a.allocation nattern which can be adapted whthe 2090 code is an code
whose code. lenoMin N cs 64,500 hitsse 



encoding rate is 5/6 or 9/10 and besides the mocuraMion method is 4096QAt4 and the muitiDie b is 2.
Where the 2022 code is an IDIPI come who ienath N is 64, 500 pits and whose encodino -ate is 5/6 or
0/15 and besides the modulation method is 4596QAre and the mass: .5 25, the code bi  written in the
memor (12 x 2) read out in a unit c  torino (64,500/(12 x 2       on x row direction are = mc bits in the
row  direction and siIacem 5 seo.tion 32. j4(1561 The replacement section 32 reciaces 12 Y code hits
bo to b?hits 



iss to b2 to be read out from the memory icbated to the 12synro 101.15 yo 5!Th two - b) successive
symbost as seen. in FIG. 85 P3457)  In particular, according to FIG replacement. section 22 carries
out, with regard to tot of an -LUPO code haying the encoding rate of 5/E and an             having the
encoding rate of 9/E0 from among LDPC codes having  the code ]ength N of 64,200 bits, :casement
for allocatino the code bit b.7 to the svrnho hit the code bit b. tc cc symbol bit the code bit symbol bit
the code bit be to the ymbol hit the code symool e code bit hv. to the symbol cf e symbol hit the doe bit
noi to the symbol hit, y9, the code nit M19 to the symbol the code bite to Odesymbol bit s 



the codthe symbol the code bitthe symbol hit Yi, thehit h; to the symbol_ bit y2o, the code bit hn9 to
the symbol hit the coda bto the symbol_ Lityub the code hit no tsymbol bit v1, the code bitto the syffboi
cit the codeto the symbol '  the code bit b12, to the symbol bit ya4, the code bit by, to the symbol bit
y15, the code bit h17 to the symbol bit 121c,, the code bit bixi to the symbol bit y2h, the code bit bm to
the symbol bit y7,0, and The code bit Om2, to the symbo_ bit yh. 1_0158j         Here, the bit allocation
pattern of FIG. 85 atilizes the bit allocation pattern of FIG_ 84 wherein the multiple b is 1 without any
modification. particular., the allocation, of the code pits h, b2,-222 



to the syrrtel bits ya and the allocation of the ba, b3,     to the symbol bits yi are similar to the allocation
of the code bits Oa to h11 to the symbol bits va of FIG. 84. F0459;         FIG. 86 shows an example of
a bit allocation pattern which can to adopted where the modulation TeLhOd iS 1024021E and. the
ipPC code is an If0P01 code whose code length N is 16,200 bits and whose encoding rate is 3/4, 5/6
or EJ9 and besides the muThbfe b is 2 arid also where the modulation method is 1024c.hfA and the
LOPC code is an TDPM. code whose code lengrh N is 64,800 bits and whose encoding length is 3/4,
5/6 or 9/10 and besides the mitH,h1e h is 2.  [P1601         Where the LDPC code is an LDPC code
whose rode length N is 16,200 bits and whose encodino rate is 5/6 Of 8/9 and the modulation method
is 1024QAM and besides the rnaltiple b. is 2, in the demnitnlexer 95, the code bits written in the
memory 31 for storing :16,200/(15 x(12 x 2) bits in the column direction x row direction are read out in
a unit. of 10 x 2 (= cab) bits in the row direction and supplied to the replacement section 32. [016].]
On the other hand, where the 109:3 code is an code whose code length N is 64,800 bits and whose
encodino rate is 3/4, 5/6 or 9/10 and the modulation method is 1024c)AM and besides the multipleLs
2, in the 



demuittplexer 25, the code hits written in the memory 31 for storing 164,800/102)(10 x 2). nits in the
column direction x row direction are read out in a unit of 15 x 2 (= mt.) bits in rho row direction and
supplied to the replacement. sect] on 32. [0462]         The replacement section 22 replaces 10 x 2 er
mt.) code bits ha to ey, such that the 10 x 2 (= mien code tits ho to hJ2 to be read out from the
memory 31 may he  allocated :0 the 10 x 2mb) symbol bits yo to yoo of twoh) successive symbols as
seen in FTC. 86. [04631          In particular, according to FIG. 86, the replacement section 32 carries
out, with regard to all of the LDPC codes having the encoding rate of 3/4, LDFC codes having the
encoding rate of 5/6 and 12682 codes having a further encoding rate of 8/9 from among 1970 codes
having the code length of 16,200 bits as well as 198C code having the encoding rate of 3/4, LDPC
cones haying the encoding rate of 5/6 and LDPC codes having a further encoding rate of 9/10 from
amocq 2E6PC codes having another code length N of 64,800, replacement for allocating  the code bit
hu to the symbol bit ya, the code bit bo to the symbol hit gTe, the code bit b2 to the symbob bit ge, the
code bit b3 to the symbol bit yeo, the code bit bel to the symbol bit yoo, the code bit be to the symbol
bit yo, the code bit b6 to the svmbob bit v9, the code bit b7 tb the symbod. hit yo, the code hit he to the
symbol bit yv,, the code hi: bo to the symbol bit y6,  the rodein= symbol 



the code hit hsymbcd hit yfl, the code bit b12 to the symbol92 the CM the code bit h1:nod. 19'.t You
e code bitto the symbol5 toe code bid :DIE to the sy the cods himsymbol bit the code bit b1 to the
symbol ot YlBr and toe cotet.ho.syminoi hi 11:4641             . 87 shows an example of a bit allocation
pattesr which canciopted wh.ere the modulation Met                                                     862 code is an
'ur-,PC code whose code lenoth N is 16,206 bits end whose encoding rate is 5/6 or 8/9 and besides
the multinle b. is 2 an d also where the modaletion method is 40916QM and *fle LDPC code *s, an
LDFC code whose coe length N i 64,800 hits and whose encoding rate is- or 9/10 and besides the
multiple b        P the IDPC code: is an LOPC code whose code lenath N is l5,204rid wh.os a encodinc
rate is 5/6 or e modulation method is 4096cA4 and besides  



rru:Ltcp_e h is 2, in the demuiti lexerTEp the code bits written in the memory 31 for storing (15 00/(r x
2)) x x 2)the column direction x row dLrecticr are read out in a unit f 12 xbits in the row direction and
supptied to the replacement section          On. the other hand, where: the LOPE:. code is an L016o
code whose code length N is 6s and whose encoding rate2 or 9/19 and the modulation method
40960'M and besidesn demur' iplexer 25, the codee emcr for storino890/(12(12 xbits in the column
direction x row direction are read out in a unit of 12 xthe row direction and supplied to the replacement
section [0467' The renlacerneni section 32 recl nes 1 



codeh9h. such that the 12 xto be read out from the mgmg,e ulliniated to 2 (=symbol hits Ycsuccess
symbolsFIG.  LDPDcodes having the encoding rate of 5/5 and LDPC codes having the encoding rate
of 8/9 from among LOPC codes having the code lengthas well as LDPfl coded having re encoirc rate
of 5/6 and LDPC codes having the encoding rate offrom among LIDPD codes having another cede
length N of 64,8for allocat c the code bit b0 tc the symbol bit the code bit b, to the symbol the code tit
b2 to the symbol hit y4, 



the code hit b3 to the symbol. bit 0; tThe code nit b4 to the symbol bit y21, the code tit b- to the symbol
bit y16, the code bit to6 to the symbol hit 5 the code bit b7 to the symbol    the code L.Ht h12 to the
symbol bit the code hit h1 to the svmhol the code bit h14 to the symbcl hit the code hit blE, to the
symbol the code bit b. tc tte symbol  the codesymbol code hit teaT, to the symbol bit 



code hit4 the symbol code tit :620 to the symbol bit y-b the code bit b26 to the symbol left cd.),_to the
symbol hit v,, and code bit y. to the symbol h {34593 Aoco.ding to the bit allocation pattemos shown
FIGS. $4 to $7, the sane hit allocat.ion pattern can be adopted for a plural itt of k.inds of 16D177
codes, and             tn.e tolerance to erroro can be set to a des performance with regard to all of
theui.St LEPC codes d4:10] In parildular FIGS. 8$tes results of simulations of the DERIrror Rate)
where a replacement orooess is carried out in accordance with the on patterns. of FIGS. 84 to 27. 



, on RIGS_ 88 to 91. the axis of abscissa representsaquato no ratio per one symbol: and: the axis of
ordinate represents _ e FPS_  Le472; Further, a solid line curve reoreserts               acement, process
is carried.out and an alternahi ion; and short dash line: rePresents the F2r2. where a repiacemenh
prores is not carried out. [N72,         FIG.88 illustrates the SIR where a replacement process in
accordance with thu bit allocation pat:ern FIG. 84 is carried out for LDFlAl codes whose code length is
64,880 and whcodi2- 5/6 and 9/10 40960N as the modulation method and settina multiple FIG. 89
ill-ea the "SEP unere a replacement process in accordance with the bit alloca ion patern of Frnm 85 is
carried out for LEFC codes unose code length N is 64,800 and whose encoding race is 5/5 and 9/70
adoctinq a_"AM as thc modulation method an' setting the muicnLe h to 2. 



[0475] It is to he noted that,FIGS. 88 and 59, a diu having a tr ancular mark applied thereto represents
the or g-70 code hay .ng an asterns'r app ahereto  represents the DER rederding the LDIC code
having the encoding rate of 9/10. th4,6,          0I0. 90 illustrates the PER where a =lace-menu process
in accordance with the tit allocation pattern of RTC. 06 is carried out 60r LEIRC codes whose code
length N is 16,200 and whose encoding rate is 3/4, /6 and 8/9 and for Lop0 codes whose code length
N is 64, 900 and. whose encoding rate. is 3/4, 3/6 and 9/10 agocdind 1624{,6:AM as the modulation
method and settina the multiple h to 2. f04711          It is to ....noted that, in FIG. 90, a graph having an
asterisk applied thereto represents the PER regarding. the SD PC code having the code length E of
64,800 and the encoding rate of 9/10, and a graph havInot an upwardly directed triangular mark
acciied thereto represents the PER redardinp the LOP: 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 recrasenda the PER
regarding the LOP: code having the code lenath N of 64,800 and the encoding rate of 3/4. r04781
Further, in FIG. 90, a graph having a round mark applied. thereto represents the PER regarding the
'EDP 1.71  code having the code lenoth N 09 16,200 and the encoding rate of 8/9, and a Graph having
a dowro,fardly directed triangular mark applied thereto represents the BRP. regarding the 2220 code
having the code length N of 16,200 and the encoding rate of 5/6. Further, a graph having a plus mark
applied. thereto represents the PER regarding the LIPS code having the code length N of 16,206 and
the encoding rate of 2/4. 



[04791         71.G. 91 illustrates the DER where a replacement process in accordance with the hit
allocation pattern of FIG. 89 is carried out for LDPC codes whose code length. N is 16,268 and whose
encoding rate is 5/6 and 8/9 and for LIPS codes whose code length N is 64,609 and whose encoding
rate is 5/6 and 9/70 adopting 40960kM as the modulation method and settng the multiple r to 2. [0480:
It is to he noted that, in FIG. 91, a. graph having an asterisk applied thereto represents the BEE
regarding the LDPC cods havind the code length N of 64,800 and the encoding rare of 9/16, and a
graph having an nowardlv directed trandular mark appliec. thereto represents the DER regarding the
LDPG dodos having the code Jen:7th N of 64,600 and the encoding rate of 5/6.  [04811         Further,
in FIG. 91, a graph having a round mark applied thereto represents the BER recording the LOP: code
having the code length N of 14,201 and the encoding rape of 8/9, and a araph hav7hc a downwardly
directed triangular mark applied thereto represents the BH5 regarding the =PC code having hhe code
length N of 16,200 and the encoding rate of 0/6. [0482]         According to FIGS. BE to 91, the same bit
allocation pattern can he adopted with regard to a plurality of kinds of LDPC codes. Besides, the
tolerance to errors can he set to a desired performance with regard. to all of the rHare1 kinds of 0080.
codes. [0483]          In particular, where a. Pit allocation pattern for exclusive use is adopted for each of
a plurality of kinds of 0080 modes which have different code lengths and different encoding rates, rho
tolerance to an error can be red to a very high performance. However, it is necessary to change the bit
allocation Pattern for each of a plurality of kinds, of I080 codes. F04.4741 On the other, hand,
according to the bit allocation  



patterns of FIGS. 84 to 67, the same bit allocation pattern can be adopted for a plurality of kinds of
LIPS codes which have different code Lengths and different encoding rates, and the necessity to
chance the bit allocation pattern for each of a pirralfty of k7nds of 7-1,PC codes as in a. case wherein
a hit allocation pattern for exclusive use is adopted for each of a. plurality of kinds of LDPC codes is
eliminated. r0485'         Further, accordin,c to the tit alliocatior patterns of FIGS. 84 to 87, the tolerance
to errors can be raised to a hich performance although Lt is a little lower than that where a bit
allocation catbern for exclusive use is adopted for each of a plurality of kinds of LDPC codes. :0486]
In particular., for example, where the modulation method is LICEIGE, the same bdt allocation pa:tern
in FTC. $4 or 85 can be used for all of the LIPS codes which have rho code lonath N of E4,600 and
the encoddnd rate of 5/6 and 9/10. Even where the same bit allocation pattern is adc.c.ded in this
manner, the tolerance to errors can be raised to a high performance.. E0487] Further, for example,
where the modulation method  is -10240Am, thehit 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 and 8/9 and th.e
7DFC codesthe code length N of 64,800 and the encodi c Then, even if she same bit ailocatic in this
manner, she colera ce to errors can. igh performance. and 9/10. 



Is adopted  n_.for exa:nolo, vinare che modulation [ is 4086QAM, she same bit allocabon pattern of
FIG, can be adodced for et. of the LDPC codes which have the, code length F of 16,200
andantocenoand 0/9 and the LDP0 codes which have the code _Length N of 64,800 and the encoding
rate of 5/6 and 9/10. Then, even if th same hitiocat.ion pasterndorin this manner, the tolerance to0be
rd secm a h cerrormance, [0Q.                     s of the bit allocation pattern are fuEr described. _rates an
examblileft allocation n be adopted where the LDPC cocL is a  



LDP.: code which has the code length N of 16,200 or 64,600 bits and one of the encoind rates for the
L000 code defined by a parity check matrix H produced, for example, from any of the parity check
matrix inntiai vabue tables shown in FIGS. 27 to 62 other than the encoding rate of 3/5 and besides
the modulation method is c72PSN and the multiple b is 1. [04917         Where the T.EPC code ts an
LDP7 code which has the code length N of 16,200 or 61,800 bits and has the encoding rate other than
3/1. and: besides the modulation method is ciPSK and the multiple b is 1, the demultiolexer 23 reads
out rode bits written in the memory 3] for storing (N./(2 x 117 x :12 x 1) bits in the column direction x
row direction in a cult of 2 k 1 (= mit.) bits in the few direction and supplies tho read out code bits to the
replacement section 32. [C(492         The repbacement section 32 replaces the 2 Y. 1 (=. ffel code lefts
no and he rhad out from the memory. 31 in such a manner that the 2 k 1 (= mid) code bits no and hw
are allocated to the 2 x. I (= Inn) symbol bits ye and va of one (= bd cst73-101 as seen in FIG. 92.
(0493]  particular, accordang tothe cement section 32 carries out replacement for allocating the code
bit b. to  



the code bHt b6 to the symbol bit [049 is to he flogeb that, in this instance, also   s possible 70
consreplacement is not carried out and the code "gigs b. and b1 are determined as they a symro.4,
respect' [0466j 93 hcy an examnie of a bit al:coati( pattern which can be adopted where the LDPC
code is an LDPC cocode lenqt.h N off 64,6041 hits and has the encoding rate oanand besides the
modulation method is 6QAN and the muitinie b [0496] ?.re the 1.47616e. cod,'s an li.DPC code which
has the 



code i ennn6inc ra methcvd is lb demultipli colon's: direr  ' 16,200 o.54 600 hits and has the  mt) bits irr
the row direction and supplies the rend out code bits to the replacement section 32. [0.4971 The
replacement section 32 replaces the 4 x 2 ( = mb) code nits bo to bo read out from the memory 31 in
such a manner that the 4 x 2.(= mit) code bits are allocated to the 4 x 2 (= mtd symbol bits yo to ,77 of
two (= hd successive symbols as seen in FT(T. 93. {04961.         In pdrticular, according to 910. 93, the
replacement section 32 carries out replacement for allocating the code bit bo to the symbol hit the
code b-t f= to the svmcel bit the code hit bs( to the svmtol bit the code bit b?, to the symbol bit y2, the
code bit loni to the symbol hit 915, the cone bit h()) to the symbol bit. 



the code bit H to the c-"VM.iDC: hit y, and the codesymbol         FIG. 94 shows an example of a bit
allocation pattern which can be adopted where the inoculation method is 64QAM and the LDPC code
is an 1290 code whose cede  Length N is 16,200 or 64,800 bits and whose encoding rate is any other
than 3/5 and besides the multiple t Is 2. [05001         Where the LETO code is an LDPT. code whose
code length N is 14,200 or 64,800 bits and whose encoding rate is any ether than 3/5 and the
modulation method is 64cAM and besides the multiple b. is 2, in the demultiplezer 25, the code bits
written in the memory 31 for storinc (1);/(6 Y 2)) x (6 x 2) bits in the column direction x row direction.
are read out in a unit of 6 x 2 (= nab) tits in the raw direction and supplied to the replacement. section
05011,         The reolacemet section 32 replaces the 6 Y--- artd code tits to to Pil read out from the
memory 31 such that the 6 x 2 '9- rub) code tits Po to tr; may he allocated to the 6 x 2 (= ildo) svabol
bits yo to ylo of two' In) successive symbols as seen in FiG. 94. [0502?         Ton. particular, ccordine
to F75. 94, the replacement section 32 carries out replacement for cf:oaailnd the code bit to to the
symbol tit vja" the code bit bi to the symbol bit yli  



code bit b, to the symbol the code bit b3 t.o the symbol hit \in, the code bit b1, to the syMbol. Hit 7 bit
V2, the code hit bL to thc synhcj.1 1 Y r                     to the symbol bit y3., the code bit bE _ tne symbol
bit. ,23, the -ode bit b the symbol bit yEL, the code bitthe symbol bit y4, and the code bit '          FTC.
95 shows a1 examole of a bit elleba in pattern which can be adopted here the modulation method
isandL'DC code is an LflPC code whose code length N is 64,830 hits and whose encoding rate is any
other than /5 and besides the mu. 1,050,4J Wherc the LDPC code is ancode wnose code                    -
N is 64,800 bits and whose encoding rate is any other th and the modulation method is 256(DAM and
besides the multiple b is 2, in the demuicip]. code bits writtenmemory 31 for stor800/(E 



xx 2) hits i the column direction x row dirctionreap outunie of E x 2b) bits in  the row direction and
supplied to the replacement section (CFCS: The replacement section 32 ret9aces the B x 2 mb code
bits bxj to b75. read out from the memory 31 such that the 8 x 2 (- mb) code bits 00 to b55 may be
allocated to the 8 x 2 (= mlc) symbol bits yeof two (= bi successive symbols as seen in FIG. 95. 7, ^.(-,
I         In particular., according. to FIG. 95, the replacement section 32 carries out replacement for
allocating the code hit bT to the symtbd bit yls, the code bit bh to the symbol. bit yw, the code bit b2 to
the sgMtcl. bit y53, the code bit b no the symbol hit 375, the code bit b4 to the symbol. bit ye, the code
bit hh th, the symbol bit 9d, the cede bit 17)6 to the symbol S.Hr  the code bit bw to the symbol bit y5,
the code bit h to the symbol tit yhe, the code hit b5 to the symbol bit y6, the code bit Imo to the symbol
hit y6, the code bit hd to the symbol bit y-f,  the code hit 51 to the symbol bit the code hit by,, to the
symbol bit y2, 



the code tit CI.) to the symbol bitand the code bit .b2:), to the symbol bit \pc [0507]          FIG. OE
shows an example of a bit allocation Pattern which can be adopted where the modulatibn method is
256QAE and the LTPC code is an LOPC code whose code. length. I\T is 16,200 bits and whose
encoding rate Cs any other than 3/5 and besides the mdltible t is I. {050E]          Where the LDPC code
lhs an LOPC code whose code length ic is 54,200 bits and whose encoding rate is any other than 3/5
and the modulation mettod is 2560.74N and besides the mbitiple b is 2, in the tem-dltiplexer 25, the
code tits written in the memory 35 for storind J6,225/ x 1)) xx 1) bits in the column direction x row
direction are read out in a unit of 0 YH-r- nib) bits in the row direction and supplied to the replacement
section 23 [0509]          The replacement section 32 replaces the 8 x 1 (= mb) code bits bo to P3 read
out from the memory 31 th>t th 8 x I(= mbi code bits bo to b7 may be allocated 



to the 8 x 1(66 mn) symbol bits y)6 tov of one (= h) sytrbol as seen in FIG. 96. 10516]         In
particular., accordirb to FIG.. 96, the reciacem.ent section 32 carries out reblacem.ent for allocating
the code bit b6 to the symbrel bitva, the code tat b.- to the syrdboi tit 86,, the code bit it to the symbol
tit Yi, the code bit Pe) to the symbol telt: y6, the code: bit b4 to, the symbol the codebe to the symbol
bit y6, the code bit it, to the sTaboi bit y4, and the code hit it to the symbol tit y6.          FIG. 97 shows
an example of a hit allocation net t= which can be adopted where the LOP.): code is an LG6PC code
whose code length N is 16,206 or 64,800 bits and whose encoding mate is any other than 3/5 and
besides the modulation method is c)PSK and the multiple h is 1. [0:572]          ,There the LOPG code
is an 1,0001 code whose code length N is 16,200 or 64,800 bits and whose encoding rate He any
other than 3/5 and besides the mpddiation method  is c)P.SR and the multiple b is 1, in the
demb'tiolexer. 75, the code bits written in the memory 31 for storing N/ (2 x 1) ) x x 1) bits in the
column. direction x row direction are read out in a unit of 2mb) bits in the row direction and supplied to
the replacement sectlon 



22. fpfl%'         The replacement section 32 replaces the 2 x 1 fm nit) code bits b.0 and hi read out from
the memory 21 such. that the. 2 x 5 im mbi code hits bo and Hay be allocated to the 2 xmb) symbol,
bits vn and v1 of one i= bf symbol as seen in FIG. 97. [05143            particular, according to TE)T. 97,
the replacement section 32 carries out replacement for allocating the code bit loo to the sviMpol bit vo,
and the code bit bi to the symbol bit y2 305153 7'i is te be hated that, in this instance, also it.
boss[ble to consider that replacement fs not carried out and the code hits h1 and b2 are determined as
they are as the symbol. bats yo and. y, respectively. [C5161  FIG-. 99 shows an example pattern
which can be adopted where the IDPC code is an LDPC code whose ode iengh N is 64,606 Piso and
whose encoding rateand besides the modulation method is 



IEQAN and the multiple IP is rgcr17          Where the IDPC code is an L.DPC code whose code length
11 2 64,800 bits and whose encoding rate is 3/5 and. besides the mduLod is 16Q7\M and the
mu1ioc.2, in the demuit ipiez_o4 written in the memory 31 for storl(64 Pflr (4 x 2) bitsthe column c e,
ion x tow d'heTtion are read. out in a unit of 4 x 2mh) bits in thc row direction and supplied to the
replacement scction 32 [0516 The'acement sect. ion 32 replaces rob) code biLe b to bT read out from
the memorv 3] such. that the 4 x 2md code tOss LTbe aLocatea to the 4_of two successive swobois
as seen in FIG. 98. C. )ar:jcuiaaco rd rig to FIG. 98, 



replacement section 32 carrOes out rerlfor  the code bit to to the symbol bit yo, the code bit tr to the
synlb,c1 Pit the code bit bw to the symbol bit yo, the code bit 1-32. to the symbol tit yo, 1.1.i . code bit
tG to the symbol bit V4/ the code bit ft. to the symbol tit. y2, the code bit b6 to the symbol bit ).77,- and
the code bit b7 to the symbol 3-Ht v6.         FIG. 99 shows an example of a bit allocation, pattern which
can he adopted where the LDPC code is an LOPC code whose code length N is 16,200 bits and
whose encoding rate is 3/3 and besides the mdduinion method is 160AM and the multioie b is 2.
[0521]         Where the LDPC code is an LIPS code whose cooe length N is 16,200 bits and whose
encoding rate is and besides the modulsnion method is 16QAM and the            ti is 2, in, the
demultjolexer 25, the code tits written in thd memory 31 for storing (14,200/(4 x 21 1x (4 x 21 bins in
the column direction x row direction are read out in. a. unit of 4 x 2mb) bits in the row direction and
supplied to the replacement section 32.  retnacementsecticS the 4 x 2 mb' code bitsreaa out tram the
memory 31 s that *.1-1= 4 x 2 (= nLr3y code bits '00 to b7 raav he allocated x 2 Pe, rah)to 34 of two (=



successive - nbols as seen p. FIG. 92,       In particular, aocordin.g to FIG. 99, reolacemone section 32
carries out replacement _o doting thenit bL, to the symocl the code bit blsvmho2 the code hit h1 to the
rode bitsvmhci32, to the svmhol bit code bit bb to the symbol bitv3, the code nit b6 tovvrorddi bit Y6,
and the code bit bc to the =vvidol hit. vcd FIG. 100 shows an. exorable of a rcdocaidon pattern whi.ch
can be adooted where the modulation rletnod. is 64QA54 and the DPC codese node length 1 is
64,800 buts and whose en besides the mutioi.rate is 9t45 LOS2', 



Where the LDPC code is an LDPC code whose code length N is 64,800 nits and whose encoding rate
is and the mcduletion method is 64),W,.'t and besides the ma(tipie n is 2, in the demaitliolexed 25, the
code bits written in the memory 31 for storing 674,B00/(6 x 2n) x (e x 2) bits 'n the column direction Y
row direction are read out in a unit of 6 x 2rb) bits in the row direction and suordied to the replacement
section 32. [0.526         The replacement section 32 replaces the 6 x 0(= ciii code tits ho to nu read out
from the memory 31 such that the 6 x 2mn1 code bits n to kali mat be allocated to the 6 x 2 (= Tb)
smrlhol bits y)) to y))) of two (= b) saccessime symbols as seen. in FIG. 100. :05271
-r :particular, according to FTC. 100, the replacement section 32 carries out replacement for an the
code bit Co to the symbol ht the code hit h to the symbol hit y7, the code bit b2 to the symbol hit v6,
the code bit bi to. the symbol hit. 76, the code 6i2 in to the symbol.. Pit 



the code hit b6 to the symbol hit  the code bit b.),i to the symbol hit yi, the code bit b.. to the symbol hit
the code bit hE. to the symbol bit the code bit h,4 to the symbol. bit \in, the code bit bio to the symbol
hit ys, and the code bit bfl to the symbol bib yio [0528b          FIG. 1.01 shows an examble of a. hit
allocation pattern which can be adopted where the modulation method. is 64WiM and the ID.PG cedo
is an 2II9.0 code whose cods length N is 3h,20C bits and whose encoding rate is 3/5 and besides the
multiple b is 2. 10.529I          Where the 2592 code is an IIPC (-Thde whose code length N is 16,200
bits and whose en-flotino rate is 3/5 and the modulation method is 64.QAN and besides the multiple h
is 2, in the demultihbexer 25, the code bits written in the memory 31 for storing [16,200/ ('6 h 2) x (4 x
2) bits in the column direct ion x row direction are read out in a unit of 4 >, 2 (= :Mg) bits in the row
direction and supplied to the replacement section 32. 7C1,312L The replacement section 32 replaces
the 6 >: 2 code bits ho to tul read out from the memory 31 such 



that the 6 x 2 (= mbl coda bits he tomay be allocated to the 6 x 21= mh) symbbi bits y0 to yu of two ;=
he successive symbols as seen in 770. H531]          In particular, according to FIG. 101, the
replacement section 32 carries out replacement for allocating the code biT bu to the symbol bit the
code bet hn to the symbol bit y), the code hit. ,P1 to the symbol tit 7/3, the code bit he. to the symbol
bit v80, the code hit :04 to the symbol bit p0, the code bit be to the symbol bit 8'-4, the cede bit he to
the symbol tit y9, the code hit he to the symbol bit ys, the node bit he to, the symbol bit yl, the code bit
be to the symbol bit y8, the code het t10 to the symbol bat. v4, and the code het tu to the symbol tit v0.
[0532]          Elc:. 702 shows an example of a bet allocation pattern; which can be adopted where the
modulation method. ts 256QAM and the 002/2: code is an LIFO: code whose code length N is 64,800
bits and whose encoding rate is 3/5  and besides the multipie b is I. [CO331         Where the LETO
code is an LOFT code whose code length N is E4,800 bits and whose encoding rate is 3/5 and the
modulation method is 256DAM and besides the multiple b is 2, in the demditiplezer 2E, the code bits
written in the memory 31 for storing. (64,800/(8 xx c8 x 21 bits in the column direction x row direction
are read cup in a unit of 8 x 2(= oh) bits in the row direction and stipplied to the replacement section
32. 



[C534.1         The replacement section 32 replaces the 6 x 2 (- oh) code Pits be to h1E. read out from
the memory 31 such that the 8 x 2 (= Filt code hits Jou to b1. may be allocated to the 8 x 2 n= rand
symbol bits yo to yis of two (= n) successive symbols as seen in FIG. 102. 108357 In particular,
accorobno to FTC. 102, the replacement section allocating 32 carries out replacement for the the the
code tit code hnt code nit 



be hn, boa to to to the the the symbhd symbol symbol tit bit 



hit 112, V1.I the code tit h th thh symbol blot   the code bit b4 to the symbol bit yo, the rode bit h, to tne
symbol hit y9, the cod= Pit ',of, to the SV7MbC4 bit yl, the code hit bb to the symbol bit y,i, the code bit
Up to the symbol bit yu, the code bit b9 to the symbol bit the code hit bn to the symbol bit y7, the code
tit bb to the symbol bit ye4, the code bit b12 to the symbol bit yo, the code bit bn to the symbol bit y45,
the code bit h04 to the symbol bit y9, and the code bit b15 to rt= symbol bit yna 



[053Ej ,_ FIG. 1.03 shows an example of a. bi allocation pattern which can. be adopted where the
modulation method is 256cAM and thc LEPC code is an -.14DPC code whose code length N is 16,200
bits and whose encoding rate is 3/5 and besides the multiple b is 1. r'.1,7771          Where the LOPC
code is an L.DPO code whose code length N is 16,200 bits and whose encoding rat= is 3/5 and the
modulation method is 236QAM and besides the multiple b is :, in the demuTtipjeser 25, the code bite
written in the memory 31 for storing (16,200/(6 x 1\1   (8 x 1, bits in the column direction x row direction
are read out lh a unit of 8 x 1 (= mb) bits in the row direction and sueplied to the replacement section
{C5381         The replacement section 311 replaces the 8rent)) code bits h0 to S7 read out from the
memory 31 such that the  x I (= mh) code hits bo to In ray be allocated to the 8 x I. (= TIth) symbol bits
yo, to y7 of one In b) svmbel as seen in FIG. 103. J)5391         In particYlar, accorddns to FIG. 103, the
replacement section 32 carries Dr_ replacement for allocatine 



the code bit hi; to the symbol bit y7, the code bit ba to the symbol tit yo, the code bit he tb the symbol
Sdt yi, the code hit In to the symbol bit y51 the code bit In to the symbol32, the code bit In to the
symbbi bit 56, the code hi' SE to the svmbol Sit y4, and the code bit In to the svmbed bit yo. rn9,40;
Now, the deitterleaver Si which cc mscses the reception apparatus 11 is described.  10541]         FIG.
104 is a view illustrating processing of the multiplexer 54 which composes the deihterleayer 53. L',542]
In particular, A of FIG. 134 shows an example of a functional configuration of the multiplexer 54. 0543]
The multiplexer 54 is composed of a reverse replacement section 1001 and a memory 1.002. [05441
The multiplexer 54 determines symPpi bits of symbols supplied from the demapp ng section 52 at the
preceding stage as an object of processing thereof and carries out a reverse replacement process
corresporio:mno to the replacement Process carried out by the demultiplexer 25 of the transmission
apparatus 11 (process reverse to the replacement  process), that is, a 



reverse replacement process of returning the post:laps of the code hits (symbol bits) of the 1000 code
replaced by the replacement Process. Then, the multiplexer 54 supplies an LDP.: code obtained as a
result of the reverse replacement process to the column twist deinterleaver 55 at the succeeding
stage. L0545]  lar, in toefrdexer 54, rub symbol bite. yo,vmnols are supgL ed in a unit of b (successive)
symbols to the reverse.. replacement sect]1001. [05461         The reverse replacement section 1001
carries out reverse replacement of returning the arrangement of the rub Col bits ye to oridihial
arrangement the rub code bits ht,7.fle5-nt of the code       be) to trragi before tIe replacement by the
reclacement section 32 which composes the d.emultiplexer 25 on the s issiodatus 11 side is carried
ouc). The  reverse repLacemert sec=frin 1001 outputshit= Ce to larda], obtained as a result of the
reversereplacement. :054 The memoryhas a storage capeOr stcrrrc 



ction and start, [)/to Thincal) direction simile           emorv hgthe de.ser 25 the transmission acbatatds
11 side. :n other words reverse repl adement section 1001 rs configured from. rib columns each of
whic [2548] However, In the memcr'finc of the code  bits of 10DHC codes outputted. from the reverse
replacement Eertioh. 1001 is carried out in a direction in which reading out of code hits from the
memory 31 of the demultiplexer 25 of the transmission apparatus 11 is carried out, and reading out of
code bits written in the memory 1022 is carried out in a direction in which writing of code bits into tho
memory 31 is carried out. [0549]         In particular, the multiplexer 34 of the reception apparatus 12
successively cart .as out writing of code hits of an LDfC code outpdtted from the reverse replacement
section 1001 in a unit of mb bits if the row direction beginning with tine first row of the memory 1002
toward a lower low as seen in A of' FTC. 104. [055C]         Then, when the writing of code bits for one
code length ends, the multiplexer E4 reads out the code bits in the column direction from the memory
1032 and. supplies the code bits to the col= twist deinterieaver 35 at the: succeeding Et...app. 



[0551]         Here, R. of F2c. 104 is a view illustrating reading out of the code bits from the memory
1002. [05521          The multiplexer 54 carries out reading out of code bits of an LOST code in a
downward direction (col= direction) from above of a column which composes the memory 1002
bedinueng with a leftmost column toward a right side column. Now, processing of the coduridc twist
delnterleaver 55 which composes the deinterleaver 53 of the reception apparatus 12 is described with
reference to! ELI C4. 105. [05541         TIC. leh shows an example of a configuration of the memory
1002 of the multiplexor 54. [03551         The memory 1002 has a storage capacity for =torin  mb bits in
the column ivertical) direction and stores N/ 01-b) bits in The row (horizontal) direction and is
composed of mb cc1umns. 105561         The column twist deinterieever 33 writes cod= tits of an LDPC
code in the row direction into the memory 1002 and controls the bbs-itdon a: which reading out is
started when the code bits are read out in the column direction 



to carry out column twist deinterleave. dU557]           in particular, the opium twist deinterleaver 55
carries out a reverse re-arrangement process of suit:ably changing the reading out starting position at
which reading out of code bits with regard to each. of a niurslity of coluffms is to be started to return
the errsndement of code Sits re-arranged by the column twist interleave to the original arrangement.
[0556j         Here, FIG. 105 shows an example of a configuradion of the memory 1= where the
modulaticr! method is 16QAM and the multiple h is 1. Accordingly, the bit number m of one symbol is 4
bits, and the memory 1002 includes four (= mb) col=m1s. [05F.9         The column twist deinterleamer
SE: carries out (in place of the mitinlexer 54), writing of code bits of an LDPC code outputted from tha
replacement section 1001 in tne row direction successively into the memory 1002 beginning with the
first row toward a lowermost row. CIU.5601         Then, if writing of code tits for one code length ends,
then the column twist de'nterleaer 55 darrtes. our reading out of code bits in the downward direction
(column direction) from a top of the memory 1002  hegfinnng with a leftmost column toward a right
side 



0561]          However, the column twist deinterleaver 55 carries out reading out of the code hits from
the memory 1002 determining the writino starting mosition upon writing of the code bits by the column
twist interieaver 24 on the transmission apparatus 11 side to a reading out starting position of the code
bits. [0:,62]          in particular, if the address of the position of the top. of each column is determined as
0 and the address of each posdtiot in the column direction is rebresentec by an integer given in an
ascending order, then where the modulation method is lEedjAN and the multiple b is 1, the column
twist deinterfeaver 55 sets the reading out starting position for the leftmost column to the position
whose address is 0, sets the reading out starting pesition for the second column (from the left) to the
position whose address is 2, sets the reading out starting position for the third coil= 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.                    b be noted that,with regard to each of those c -damns whose reading
out staidion has an address other than 0, readingt of code bits is carried. outsuch that, after such
reading out is carried out down            lowermostsitaion, the readin.g out posi.tl on is reJurned to the
top uosataon whose address is .rifl of the       mu andi( out is carried out downwardly to the position am
ediatelv preceding to the readinq out startin.c position. Then, after that, reading out is carried Out
fr0dm the next (right) column. 



carrvinc out such cr....Marin twist interleave as described above, the arran.cement of the code bats
arranged byla tin twistis returned to fl FIG. 100 :0-.7 a block of the con.fen of the reoention anoaratus
[9560i           Ref ring to FIG. 106, the reception appara is a data processing apparatus which receives
a modHdnal from' the transmission apparatus example  70dedhodonal demodulation sec  demapping
section 52, a deinterleaver al and an LDPC decoding section 1021. [0561]         The orthogonal
demodulation section. 5l. receives a modulation signal from the transmission apparatus 11, carries out
orthogonal demodulation and supplies symbols  values to the I and Q axis directions obtained as a
result of the orthogonal demodulation to the derrapping section 52. 



fU 569;              demal2ping section 52 carries out gemapoing of converting- the symbols from the
orthogonal derfcdulatfon section ii into code. hits of an LDPC nociP and supplies the code tits to the
deinterleaver 53. [05691         The deHnterleaver 53 includes a multiplexer (MLI2C 54, a column twist
dein:Le:tie:aver 55 and a barfly detnterleaver 1011 and carries out deinterleave of the code hers of the
LEIPC code from the demaydihd section. 52. 105710j         In particular, the multiplexer 54 determines
an 0007 code from the demaoping section 52. as an obfect of processing thereof and carries out a
reverse replacement process corresponding to chs replacement process carried 20i  out by the
demultipiexer 25 of the transmission apparatus 11 (reverse process to the replacement process), that
a. reverse replacement process of returning the positions of the code bits replaced by the replacement
process to the oripinal positions. Then, the multiplexer 54 supplies an LDPC node obtained as a result
of the reverse replacement process to the column twist deinterleavex 55. [057j)         The column twist
deinterleaver 53 determines the LDPC code from the multiplexer 54 as an object of processinc and
carries out colurpi twist de'rterleave corresponding to the column twist interleave as a rearrangement
process carried out by the column twist inter leaver 24 of the transmission apparatus 11. [0572j
The LEPT35: code obtained as a besult of the column twist deinterleave is supplied from the column
twist deinterleaver 55 to the parity deinterleaver 1011.         The parity deinterleaver 101: determines
the code tits after the column twist deinterleave by the column twist deinterieaven 55 as an object of
processing thereof and carries on parity deinterleave correspondjrnj co the parity interleave carried out
by the parity interleavr 



202  23the transndssion apparatusverse process no the pa i, that is, pandeinterleave of re =ifs the
arrangement of the ciode hits of the -- code whose arrangement was changed bv the rarity interleave
to the origin a] arrangement. :74] 1020 code obtained as aparity deinteri save IS supplied f am the
parity aeintenea 1011 to the ILDPC decoding. sectit,it Accordtrgly, in the recer.a.ior, apparatus. 12
1020 code for whicref e rplacemen process, column rvLSt deinenl.eave and parity              ae have
been .arried out, that is, an 10277 code obtained dv LOPC cocii.nq in accordance -heck matrix H, is
supplied to the LDT7C decodinc sect .on 1.13761 



The 0020 decodin..j section 1027 carries o - decoding of thecode from tn_terleavev check matrix H
itself used f L0770 encodinc sectionthe transmission apparatus 17 or a conversion parity check matrix
d           Here,in the receptiurk apparatus 12 of Fla. 106, since an LDPC code obtained dv LDC
encoding in. accordance with the parcheck matrix i from the ;riaritv deinnerleaver 101' of the
deinnerleavor 53 to the 120213imp section 1021, where the 1010 decoding of the L0o3de is carried
out usina (-neck matrix 13 itself used for Inc encoding by nhs LDPC encoding section 21 of the
transmission apparatus the LIFT decoding 1021 can be configured             from a decoaratus which
carries out LDTT: decodin in accordance with a full serial decoding method where:Li- math
ematica:operation of messages (check node messages and variable node messages) is carried out for
one dv one node or another decoding apcara us wnerein LCPC. decoding is carried outaccordance
withfull ;parallel decoding mechod n e,- mathematical. operatson         sages are carried outcusly-L 1 



for all nndes,          Further, where LDPC decoding of an 1DPC code is carried Dui using a. conversion
parity check matrix obtained by caxrying out at least column replacement corresponding to the parity
interleave for the parity check matrix h used in the LGFC encoding by the LOGO encoding section. 27
a' the transmissich apparatus 21, the .GOPc decoding section 1021 can be confirmed. from a
decoding apparatus of an architecture which carries out the check nook mathematical operation and
the variable node mathematical. 'operation simultaneously for P (or a devisor of P other than 1) chock
nodes and P variable nodes and which has a recebtion data re-arrangement section 310 for carrying
out column replacement similar to the column replacement for obtaining a conversion parity check
matrix four the (lDPC code to re-arrange the code hits of the LOGO codes. [05791         It is to be
noted that, while, in FIG. 100, the multiplexer 54 for carrying on- the reverse replacement process,
column twist deinterleavhr 55 for carrying out the column twist deinterleave and parity deinterieaver
1011 for carrying out the parity .deintericave are configured separately from each 'other for the
convenience of descriprion, two or more of the multiplexer. 54, column  twist deinterl.eave.r 705 and
parity1011 can he confiaured integrally similaroars interleaver 23, column t.wis luteer 24 and domultipl
er 25 of the transmission apparatus 12. '05-n         FIG. 107 is a bloch diagram showing a first ewe of a
con on of a receptipn system which can be applied to the reception apparatas 12. [0581]
Referring no FRG. 107, the reception system includes an acquisition section 1101, a transmission 1ne
decoding orocessing section 1102 and an infornati on scare_ decoding processing seclion 1103 [0582l



The acquisition section 110ties a stark..       ding. an LDPC code obtained at least by LDPC encodin
orie t- data such as image data and musts: program tnouch a transmissionas, for example, terrestrial
dig tal. broadcast ng, satellite broacicastinc, a CATV netwsInternet or some other .-en, the acquisai-n
section 1101 suto.E. acruired signal ta the transmission line decoaica processina section 1102. [05F:3,
Here, where the signal acquared by the eccuisition section 1101 he broadcast, for example, from a
broadcasting station through ground ayes, satelj.ite waves, a CATV (Cablethe like, the acquisition
section 1101 is conf: urea from a tun an STE (Set Top Boxi or the like. On the ether hand, where the
signal acquired - acquisition section 1101 is transmitted in aast state as ir the IPTV (Internet
Protocollet ston, for example from a web server, the acquisition section 11 Is contoured from a network
7 Jnter face) such as, for example, enNIC (Network interface. Card). 



[0564] The transm"sprocessing section  1202 catties out a transq:a on l'ne decoding process IncItht s
a 1.east a prc ess for correcting errors :produced in the transmission 1 ne for the signal acquired
through the transmi.e by the achulsition section 1101, and supplies a Cigna.). obtained as a result of
the transmission line decodlno process to the information e decoding processing sa,,tgai 1103. f0586]
In barticuiar,-1 acethrough. the  signal obtained by carrying out at least error correction encoding fox
crrecting errors croduoed in the transmbs, and for such a signa- as _just described, the transmission=
decoding processing section 1102 carries out a tra.smas on line decoding process such as. fnn
example, an error correction proces Here, as the ergo-dtion encodingexampi LOPE ei
coReed-Solomon encod no and so forth are 



avallande. as the erroron encoding, least LDPCis carried Further,emission fine decodino orocess
sometimes includes dc:rodulaticrr of a modulation s and so for         The information source decoding
processing section 1103 ca _es out an information source decoding process including at least a
oroc.ess for decompressing compressed, ormaticn into ortofxel. informatfor the signal for ismission
line. fding process has been carried out. ticular, the signal ecquir e.d through  transmission line by the
acquisition section 1101 has sometimes been processed by compression encoding for compressing
information in order to reduce the data amount such as images, sound and so forth as information. In
this instance, the information source decoding processing section 1153 carries out an information strce
decoding process such as a process H.:3eccmpression process) for decompressitpc the compressed
informat'on into trig'nel. information for a signal for which the transmdssipn Tiihe decoding process has
been carried cut. [059IC         It is to be noted that, where the signal acqntred through the transmission
line by the acquisition section 



hes not been carried out compression encoding, the information source decoding processing section
1103 does not tarty out the process of decompressing the compressed information. into the original
information.         Here, as the decompression process, for example, MPEG decoding and so forth are
available. Further, the transmission Line decoding process sometimes includes descraaLling in
addition. to the. decompression process. r0f) In the retention system configured in such a manner   as
described aocve, tho accuisition section 1701 receives a signal obtained by carrying out compression
encoding such as MPEG encoding anr data of, for example, images, sound_ and so forth and further
carrying out error correction encoding such as =11 encoding for the compression encoded data
through, a transmission line. The signal is supplied 70 the transmission line decoding processing
section 1102. [0931         In the iransmissi= line decoding processing. section 1102, processes similar
to those carried, out, for example, by the orthogonal demodulation section demaoping section 52,
dednterleaver 53 and TIP: desod1/2c section 56 (or LIP C decoding section. 1011l are carried out as
the transrdssfon line decoding prchess for the signal from the acapisirion section. 1101. Then, a sfunal
obtained as a result of the transmission line decoding process is supplied to the information source
decoding processing section 1103. [C594]         In the information source decoding processing section
1103, an indbrmstict source decoding process such as =L  decoginp is carried out for the sPonsi from
the transmission line decoding processing section 110:2, and  an image or sound obtained as a result
of the information decoding process is outputted. 



Such a reception system of FIG. 107 as described above can be applied, for example, to a television
tuner for receivine television broadcasting as dialtel broadbastinq and sp. forth. 103961         It is to be
noted that is is possible to configure the acquisition section 1101, transmission line decoding
processing section 1102 and information source do-coding processino section 1103 each as an
independent apparatus (hardware (IC (Inteorated Circuit) or the like) or a software module). [0597]
Further, as regards the acouistion section 1101, transmission line decoding processing section 1102
and information source decoding processino section. 1103, a set of the acquistion section 1101 and
transrdssion line decoding processing section 1102, another set of the transmission T'T*" decod[no
processing section 11013 and information source decoding processing section 1103 or a further set of
the acquisition section 1101, transmission line decoding processing section 1102 and 'nformation
source decoding processing section 11E3 can be cohfidureP as a single independent apparatus.
1'059E12         FIR. 10E is a Plonk dagram showing, a second example of the configuration of the
reception system which can be applied to the reception apparatus 12. 105291         It is to be noted
that, in FIG. 10E, elements corresponding those in FIG. 103 are denoted by lixe reference numerals,
and description of them is sutabiv omitted in the following doscafotion. TOGOCL         The reception
system of FIG. 108 is common to that of FIG. 107 in that it includes an acquisition section 1101 a
transmission line decoddno processing section       and an iazormerion source decodinp processing
section 11103 hut is different from that of 77f3. 307 in that it newly includes an oxtnutting section fll 



[0601]         The outputting section 1111 is, for exampHa, a display apparatus for displaying an image
or a speaker for outnutting 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 section illId
ispays an imaaa or outputs sound. C.J6021          Such a reception system of FIG. 106 as described
above can he applied,example, to a TV (television receiver) for receiving alevision broadcast as
oadcast, a radio receiver for reco: ind a radio broadcast and so forth. [06031 ted that,           EiCgOl si
ttn section 1301 is not in P form whe compression encodrno is not appliedr:nai cdcrunteo from the
transmission line decoding. Processon 1102 if suppli.ed co the outputting section 1111. 106041 



FIG. 109 is a clagram showing e third example the configuration o reception system wit n be  applied
to the reception apparatus [060S]          :t is to he noted that, in 015, 106, coutrespontri elements to
those of. FIG. 107 are denoted dv Ike reference numerals, and in the following description, dectc. utof
them is s tomi ec.  lEns recc=pelor. se-stern of 109 is common to that or FiU7 an tnat at includes an
acquisition section 1101 and a. traii 1.ssion line decoding Processing secti on 1102. [06071 However,
the reception system of FIG. 1:9 is 



et PIA. 101 in tht it does nct include, the i ormatior source decoding processing section 1103 but' newly
includes a recordin.q c=oction 11:1. recording se tic 1171 records Ltore sigHfor examp:e, a TO packet
of an:putted from the trartsmi scion 1.ine decoprocessind section 1102 on or into a reicrdind (storage)
meLtam such an optical disk, a hard diskdisk) c tiash men r0609         Such a reception system of FIG.
199 as described anove can he apmliod to a recordrecont L, a television broadcast or the 1 c It is to he
noted that,109, the 10 .eption system may processing as the information source gencvaing 11:3 such
signal after an 



information source decodingaen canned out    the information source decoding processino section
7103, that is, an image or sound obtained by decoding, recorded by the recordunc section 1121.
Claims         1. A data processing ancaratus which interleaves data, comprising:         parity interleave
means for carrylmq out parity interleave of interleaving parity 1,77 7" of an LOPC code ob-tadhed by
carryind out 1119C encoding in accordance with a parity check matrix in which a parity matrix which is
a portion corresponding to parity bits of an iDAC (Low Density- Parity Check) code has a. staircase
structure individually to positions of otter ones of the parity bits.            The aia processino apparatus
according to claim 1, wherein:         the bit number M of the parity nit= of the 17,2)Pr code is a value
other than the crime numbers; and       where two ones of devisors of the bit number M of the parity
:fits other than 1 and M whose product is edual to the Pit number N of the parity bits are rep-resented
by P and g,         the bit number of information tits of the 7-1-0A2 cede Is represented by K,         an
integer ecual to or higher than C but lower than P is represented. by X, and 



another inteper egaal to or higher than 0 but lower  thar g is represente e-leave means interleaves a
code Olt from among the parity hit0 which are Kali's-. to K+Mth code hits of the LOP: code to the
position rode.         3. The data processing apparatus according to clam 2, further corprisinc
re-arrandement moans for carrying ou, where the LOP:: code is transmitted such that two or more
ones of the code bits of the LDPC code are trans tted as one symbol, a re-arrandemend process for
re-arranglthe code tits of the LOP: code after the parity interleave such that a plurality of code hits
corresponding to the value 1 included in one arbitrary ithe parity mae not included in the same symbol.
4. data arc:des:ling apparatus accorui  claim 2, wherein: 



the Ill/PC coan LOPE: code wherein an information matrix which is a portion matrix of the
1D2whichrressonis to the in.formation hdta of the LOP: code has  said datu processing.toter
comprises  twist interleave for changing, where a symbol is formed from code bits of the LOP: code
written in a column direction of storage means for storing the code bits of the LOP: code in crow
direction and the column direction and read out in the row direction, the writing starting position when
the code bits of the LOP: code are written in the column direction of said storage means is changed for
each of the columns of said storage mans as a re arrangement process for re-arranging the code hits
of the LETO code_         0. The data processing apparatus according to claim 1, wherein the parity
matrix in the parity check matrix of the LOP: code has a. pseudo cyclic structure in which the parity
matrix has a. portion haying a cvcito sta.-cloture except part thereof, the structure being obtained by
applying row replacement corresponding to the parity interleave.         6. The data processing
apparatus according to claim 5, wherein:         where one symbol is formed, from m ones of the code
bits of the '....DP11. code, and     where the code length of the LOPC code is N nits and a
predetermined positive integer is represented by t, said storage means stores mb bits in the row  



direction and stores N/(mb) hits in the columnrection;     the code bits of the LDPC code being written
in the direction. of said. storage means, whereater the code bits are read out in Lhe row direction mb
coderead out in the row direccion said storage means be.ing converted into b symbolA data
processing method forocessing apparatus which interleaves data, comprising:         a. sfeo carci.ed out
by the data processing apparatus of carrying out oar1ave of inter:ha -Jd V. V     s of an I:1)PC code
obt-,carryino out LDPC encoding in accordance with a panity check matrix in which a Parity matrix
which isa portion corresponding to pantyan ILDPC Low Density Parity Check) - od has a starrcase
strtc:vre :Lnaiviauall- to positions of other ones of the parity  Abstract Present invention ion relates to a
dare processing apparatus and a cars processing apparatus 



ove the tolerance to an error of a code bit of an LDPC code such as burst errors or eras encoding
section 21 carries out LDPC encoding in accordance with a parity check matrix in which a parity matrix
which is a portion corresponding to parity bits of an LDPC (Low Density Partly Check) code has a
staircase structure., and outputscode. A parity interleaver 23 carries out parity interleave of
interleaving the   parity bits of the LDPC code outputted from the LDPC encoding section 21 to the
positions of ot The prevent invention can be applied, for example, to a anon apparatusich transLDPC
code. 






























