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51 916 026 18151 21708 23216 30321 33578 34052 37049
4 332 373 2010 3332 5623 16301 34337 36451 37861

130 257 1068 11090 20280 29604 20732 32640 35133 36404
457 885 968 2115 4056 5422 5049 17570 26673 32387

137 57C 619 5006 6088 7978 14429 16660 25443 32780

45 287 287 10258 18383 20258 27186 27494 28429 38266
445 486 1058 1868 0076 11204 20364 23595 30826 35330
134 000 031 12518 14544 (7715 19623 21111 33858 34570
62 66 586 8020 20270 23831 31041 31965 32324 35186

174 200 784 6740 14673 1/642 26286 27382 3344/ 34879
332 675 1033 1838 12004 15430 20765 31721 34225 38863
527 G52 832 3867 6318 8317 10883 13465 18427 25377

431 780 1021 1112 2873 7675 13056 17793 20570 20771
330 536 1015 5725 6916 10846 144R7 21156 78123 30614
456 830 1078 7501 11801 12362 12705 17401 28867 34032
272 538 989 5593 6027 B30P 14008 23445 25127 29077

37 303 788 3025 7768 11367 22276 22761 28232 30394

234 957 1045 1307 2908 6337 26530 28142 14129 35897

35 46 G78 9912 0078 12567 17843 24104 34887 35206

30 959 867 5027 10847 14657 18858 23075 28214 36326
275 477 823 11376 (8073 28997 30521 31651 31041 32116
185 580 866 11733 12013 12760 13358 19372 32534 35604
760 801 1045 11150 20368 21638 20930 31014 33050 34840
360 389 1057 5316 5938 14186 16404 32445 34021 36722
306 344 679 5224 6674 10305 (8753 25533 30585 36043
103 171 1016 8780 11741 12144 19470 20955 22495 27377
818 832 804 3883 14270 14407 22505 28129 28710 31246
245 411 760 5386 25612 28556 32213 32704 35901 36130
220 480 1067 2385 8587 20565 23431 28102 30147 32850
288 664 980 8138 8531 21676 23787 26708 28798 34490

89 552 847 6650 988G 23949 26226 27080 31236 35623

66 142 443 3330 3813 7077 14044 15464 13186 256983

605 876 931 16682 17660 25800 28220 33432 35738 37382
346 423 806 5669 7668 8789 §028 19724 24039 27803

48 460 1055 3512 7380 7549 20216 22180 28221 35437 .
187 636 824 1678 4508 13588 19683 21750 30311 33480 [PROVIDED BY CRCIETR

"’wﬁd,“,m~w’“’“””’vﬁ_ﬂ_ﬂm”——g—n—“mm__—~““““““‘“»~§m
e — _

<

[ AR Bl Sl ]




Patent Application Publication Jun. 9,2016 Sheet 70 0f 220 US 2016/0164540 A1

FIG.70

\-/4_\'\\

25 768 935 2856 8187 0052 21850 20041 33217 34293
349 674 716 2698 6395 6435 8974 10649 15932 17378

336 410 871 3582 9830 (0885 13892 18027 19203 36650
176 849 1078 17302 19379 27964 28164 28720 32557 35495
234 890 1075 9431 9605 9700 10113 11332 12679 24268
516 638 733 8851 10871 22740 25701 20152 32650 35668
253 830 870 2086 16885 22052 23766 25380 34656 17203
94 054 008 2003 3360 6870 7321 20856 31373 34888

79 350 033 4853 6252 11932 12058 21631 24552 24876

246 647 778 4036 10391 10656 13194 32335 32360 34179
149 339 436 6971 8356 8715 11577 22376 28684 31249

36 149 220 6036 18408 19197 19288 23063 28411 35312
973 683 1042 6327 10011 18041 21704 26087 30791 31425
46 138 722 2701 10984 13002 19930 26625 28458 28966

12 1009 1040 1890 2930 5307 21215 22625 23011 29288
125 241 819 2245 3199 8415 21133 26786 27226 36838

45 476 1075 7393 15141 20414 31244 33336 35004 38301
432 578 667 1343 10466 11314 11507 23314 27720 34465
248 291 556 1971 3989 8992 18000 19998 23932 34652

68 694 837 2246 7472 7873 11078 12868 20937 3559

272 924 949 2030 4360 6203 9737 19705 19902 38039

21 314 979 2311 2632 4108 19527 21920 31413 34277

197 253 804 1249 4315 10021 14368 20559 27099 30575
9802 16164 17409 22378 22403 22704 26742 29908

9064 10904 12305 14057 16156 26000 32613 34536 __ —
5178 6319 10239 19343 25628 30577 31110 32201 PROVIDED BY CROETR|
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FIG.71

US 2016/0164540 A1

- N=04800, rate=7/15
460 792 1007 4580 11462 13130 26882 27020 32438
35 472 1066 Fi54 12700 13326 13414 16828 19102
4h 440 772 4854 7863 26945 27684 28651 31875
744 812 892 1509 9018 12925 14140 24357 25106
271 474 761 4268 6706 9609 19701 19707 2487C
223 477 662 1987 9247 18376 22148 24848 27684
44 379 786 8823 12322 14666 16377 23688 29924
104 219 562 5832 19660 20615 21043 22759 32180
41 43 870 7963 13718 14136 17216 30470 33428
b92 744 B87 4b13 6192 18116 15482 25032 34085
456 821 1078 7162 7443 8774 15567 17243 33085
{51 666 977 6946 10358 {1172 156129 19777 32234
236 793 870 2001 6805 9047 13877 30131 342562
297 698 772 3449 4204 11608 22000 26071 27512
202 428 474 3205 3726 6223 770§ 20214 25283
139 718 O1b 1447 2038 11864 15032 21748 28508
135 853 902 3238 13580 20679 30678 33374 34045
S 13 971 11834 13642 17628 21669 24741 30966
344 531 730 1880 16895 17587 21801 28620 31857
7 162 380 3168 3729 bHb18& 6827 20372 34168
28 521 681 4313 7465 14209 2150¢ 23364 25380
269 393 BY8 3561 11066 119685 17311 26127 30309
42 82 707 4880 4890 9818 23340 25959 31695
189 262 707 6573 14082 22258 24230 24380 24664

383 h68
585 56
755 763

316 384

b73 5498 13449 13990 16904 22629 34203
820 2440 2438 21956 28261 28703 29591
785 5636 16433 21714 23452 31150 34545

23 343 669 1159 3507 13096 17978 24241 3432f

944 4872 8491 18913 21085 23198 24768

64 314 765 3706 7136 8634 14227 {7127 23437
220 693 890 8791 12417 13487 18335 22126 27428
285 794 1045 8624 3801 9h47 19167 21884 32657
386 621 1045 1634 1882 3172 13686 16027 22448
8h 627 693 2827 7098 11402 14112 18831 31308
446 813 928 7976 8935 13146 27117 27766 331114
89 138 241 3218 9233 20458 31484 31538 34216
277 420 704 09281 12576 12788 14496 15357 20585
141 643 758 4894 10264 15144 16357 22478 26461
17 108 160 13183 15424 17939 19276 23714 26655
109 285 608 1682 20223 21791 24615 29622 31883
123 515 622 7037 13946 15202 15606 16262 23742
264 585 923 6400 13622 13834 23181 25475 25134
202 548 789 8003 10993 12478 16061 26114 27573
f21 450 575 5872 10062 18693 21852 23874 28031
507 560 889 12064 13316 19629 21547 25461 28732
664 786 1043 8137 9294 10163 23389 31436 34297
45 830 Q7 10730 16541 21232 30354 30605 21847

369 88t 952 3035 12279 12775 17682 17805 34281

T

[PROVIDED BY CRGETR]
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FIG.72

\M\M/m\\«

£83 709 1032 3787 17623 24138 26775 31437 33626
574 792 1042 12248 {4765 18601 25811 32422 33163
137 638 688 7182 8168 10443 22530 24597 29039
1650 643 740 16386 17401 24135 28409 33468 33469
107 481 555 7322 13234 19344 23498 26581 31378
249 389 523 3421 10150 17616 19085 20545 32069
305 728 1045 2415 3005 3820 16541 23542 31088
27 293 703 1717 3460 8326 8501 10290 32625

126 247 515 6031 0540 10643 22067 20480 34450
331 471 1007 3020 3922 7580 23358 28620 30946
222 542 1021 3791 3552 13130 16349 33009 34348
532 719 1038 5891 7528 23252 25472 31305 31774
145 398 774 7816 13887 14936 23708 31712 33160
88 536 600 1239 1887 12195 13782 16725 27998
151 269 585 1445 3178 3970 15568 20358 21051
550 819 BSH 15567 (8546 25571 32038 33350 33620
93 469 800 6059 10405 12296 17515 21354 22231
97 206 951 6161 16376 27022 29197 30150 30665
412 549 986 5833 10583 10766 24946 28878 31937
72 604 659 5267 12227 21714 32120 33472 33874
26 002 912 1137 2975 0642 {1588 25919 28278

420 976 1055 8473 11512 20198 21662 25443 30119
| 24 932 6426 11899 13217 13935 16548 20737

53 618 988 6280 7267 11676 13675 15532 95787
{11 7395 BOS 8133 12717 12741 20253 20608 27850
120 683 943 14496 15162 15440 18660 27543 32404
800 754 1055 7873 9679 17351 27768 3350

344 753 1054 7102 7193 22003 24720 27883

562 1003 1046 11344 23756 27487 27977 32883

28 420 500 11106 (1767 12729 (3100 31782

131 555 007 §113 10258 10300 20680 23070

406 G156 077 12244 20759 26615 27699 32728

46 105 224 1220 4116 10263 13808 17830

16 816 953 7965 9998 13959 30580 30754

164 1003 1032 12920 15975 16682 22624 27357
8433 11804 13531 17675 25880 31384

3166 3813 8595 10368 25104 20584

2466 8241 12424 13376 24837 32711 IPROVIDED BY CRGETRI
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FIG.75

CODELENGTH: N=16200
ENCODING RATE: {8, 10, 12}/15

Rate  |oiREaiiob vALUE (Esno)|  MINIMUM CYCLE LENGTHS

8/15 0. 805765 6

10/15 | 2. 471011 6

12/15 | 4. 269922 6

X1 X2 Y1 Y2 2 1 M
KXT  KX2 KY1 KY?2 M1

Rate |X1 |KXi X2 [KXZ2 (Y1 [KYT Y2 (KY2 M
8/15 132 |720 14 (1080 |4 1440 |3 5400 7560
10/15 125 720 |14 |1440 |4 360 |3 8280 {5400
12/15 |14 2160 | — |0 4 1720 |3 10080 | 3240
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FIG.76

CODELENGTH: HN=64800
ENCODINGRATE: {7, 9,11, 13] /15

Rate | TiREanCLD VALUE (Esg)|  MINIMUM CYCLE LENGTHS
7/15 ~G. 093751 6
9/15 1.658523 8
it/15  |3.351930 6
13/15  |5.301749 6
A
x1 X2 Y1 YZ 2 1 M
KXT  KX2 KY1 KY?2 M1

Rate X1 [KXi X2 |KX2 Y1 [KY1 Y2 | KY2 M

7/15 133 2160 [15 |5040 |4 |0 3 123040 34560
8/15 |19 16840 {— |0 4 16840 |3 2520025920
11/15 {15 18280 | — |0 4 12520 |3 136720117280
13/15 |13 9360 | — |0 4 1360 |3 464408640
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FIG.77
CODELENGTH :  N=64800
ENCODING RATE © {6, 8, 12} /15
A
X1 X2 ¥ 1 Y2 2 1 M
¥
KX 1 KX2 KY1 Ky2 M1

Rate (X1 1KX1 X2 (KXZ YT [KYI Y2 |KYZ | M

6/15 127 (4680 |— |0 4 (1368013 7560 38880
8/15 |19 {7200 |— |0 4 15760 |3 2160030240
12/15 |14 19360 | — |0 4 |0 3 42480 12960

{PROVIDED BY Samsuinig
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FiG.78

CODELENGTH: N=16200
ENCODING RATE: {6,7,9, 11,13} /15

X1 X2 Y1 Y2 2 1 M

KX KX2 Kyl KY?Z2 M1

Rate [ X1 |KX1 X2 (KXZ2 Y1 |KY1 Y2 |KY2 |M

6/15 |30 |1080 |- |- 4 13600 |3 1800 19720
7/15 124 11440 |- |- 4 12520 |3 3600 8640
/15 |16 |[1080 [10 [720 |9 1080 |3 | 6840 6480
11/15 {12 125620 |~ |- - |- 3 |9360 |4320
13/15 |13 (2160 |- |- 4 13600 3 [8280 |2160

PROVIDED BY LGE
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FIG.79

CODELENGTH :  N=64300

ENCODING RATE: 10/15

X1 X2 ¥ 1 Y2 2 i %
¥

K X1 KX2 KY'1 KY?2 M—1

Rate | X1 |KXi X2 [KX2 Y1 |KY1 Y2 KY2 M

10/15 |14 | 8640 |9 2160 14 0 3 32400 | 21600
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FIG.80
CODELENGTH: N=64800
ENCODING RATE: 9/15
X1 X2 Y1 Y2 1 M
KX KX2 oY KYZ M —1
Rate |X1 [KXI K2 [KXZ2 Y1 1KYl Y2 [KYZ M
9/15 |35 2520 |8 11520 14 1080 |3 23760 125920
PROVIDED BY NERC|
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FIG.81

CODELENGTH : N=16200
ENCODING RATE: 5/15

High-rate accumulator-hased code
[ e

A \B
AN

Z

T

R

Q Low-rate single parity check code

Rate N K N-K g o1 G2
5/15 16200 5400 10800 720 2 28

X01=g/360, 02=(N-K-g) /360 [PROVIDED BY CRCETR]
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FIG.82

CODELENGTH : N=64800
ENCODINGRATE: {5, 86, 7} /15

High-rate accumulator-based cods

— K < g N P R—
1
A \B 2z ap
AN y
C B

i&; Low-rate single parity check code

Rate [N K N-K M1 M2 Q1 (2
5/15 [64800 21600 [43200 |1440 (41760 |4 116
6/15 |64800 [25920 38880 [1080 |37800 |3 105
7/15 64800 30240 34560 |1080 |33480 |3 93

XMi=g, M2=N-K-g, Q1=M1/360, Q2=M2/360

[PROVIDED BY CRCETR]




US 2016/0164540 A1

Jun. 9,2016 Sheet 83 of 220

Patent Application Publication

{ L
G-
5 R T ,
) ® ® i-
; nis 80
& L] &
it]
: ¢ ‘ 3 -
® ® ® ®
7 13 1 ¥
® ® (3 ® i
Ey
1xgey
t 2 1- .
, - 5l-
o % _
;-
¢ T ‘e .
" ® @ m _U”
®
& . e ;
;
o ‘e W o{en
i H i
¢ H
| 1- .-
v 7 Sl
h:
o )
0
o ! hd
~ ¥ e X
® LS ®
[ : ¢
o ®

/L8120 38

H -
G1-
2 U H! -
[ 8 [} ] 4
5 Gofos il 50
8 8 @ ]
- 0
4 o s ®
16°0
¢ dle
4597
R -
®® ‘%
{1~
§ U iy £ .-
. ® L % {gp-
L] »
- i
‘o
) W qeu
. 11
e ®
0k
- o G4
o’ K]
l
5 ﬂ,ﬁ mr G-
[
w i
] 50
< |
¢ ®
G
Joy Qrm

{ Iy

{he) ot

! i
Gt~
) J 3 il !
¢ 9t e i-
o
¢ ; p 51
o b, -
0 =
s bt 4 E
8! b » F -
G0
d etk g |
S
LR
| i- 5
#* %
B £l
'y " ® 4G0-
. LI s A -
[} [} ® By
o [ ;
) 3
g
3i/e
ST
| 19 "
- - < g
ot £
{
8’ ré %
Ll
; : 6 X
M ¢, Y .
& L4 ® ® Q¢
8 2 !
® »
Gt
Gl/G 30 4oy

€8'0l4



US 2016/0164540 A1

Jun. 9,2016 Sheet 84 of 220

Patent Application Publication

c @b A
L]

]
G ledene®

[ o ght

§ e e

8 T lig Gy g | pit @it 4T @S

$2 pLipi @i

g Y@ rig

i Woe,0
Uiy lp @10
. O

i c 9




US 2016/0164540 A1

Jun. 9,2016 Sheet 85 of 220

sy

{'xju

L T
s ¢ maas s s
LR
Gi/2h ¥4
N
kI
U]
PR s b,
. L, en s 1e .
° o
. PO
a " (-
. (‘-t:ﬂ‘-r
Pa, T et wt o
2, % AR

IEFEETIN AR

R LA AN IR

2 et L
. N
o o .
. a .0 .

* [T
P .
e e . e
. .
« s

Burslies ha QIIA0Nd] G1/5 o des 3

Z ! 1 Z
. * " s
gy e
v . o o . .
K . . v
» 7 e

. P
e e ST e N
a LR e
e, N
-, @ -
v h L] N 14
2 : &
- [ -
e e
., e

G173 WD 204 ONN

Patent Application Publication

S8 'Ol




=
S
<t
%
lv1a
> ) Ehe i
m b | a i- z 0 L i- z t £
S -
— N 1 4ot rnvemmOmEa b 8 el . . 53
< . H va - p . -
(o] i it i H
H ¥ ~ i H
U = 2 { H
1 = il Z H H
s i H H
Lt n | M
=) " t i W : H .
o~ M M : MR Pt phuiutenpiasisbit it il
~ o : . Dmmmeeen |
1 . Y
S
=] z A
o
=]
D
5 ; 2
7 L - 4 - (-
5 v : r oo - > v . -
= 1s-
wnn ] z
s eensmmansussnmisey v - Vs uemeuniourevun o o +rvevavewmne e B
o g - Drnmmnemiiang e i- R TR 1=
1 m B FBRRPAONOIE BRI 1 4 T B RH DM RDHXFAB B R
. NS pEONOACUEN U NG D O 30- HFE SR el pt g sea_
= 2 - M Y 3 - 4 s mauniimedssmara § 3¢
: B il Y S HER TR+
~ H a = HH H i LIoIRIWAIIELS 2 3
- H ¥ z [ H $iuBIsmmEITINLRY € h
? - [ 4 HR A -H -
= H 450 M -4 N s wosamnaanare ES
. 1 ] 'K} [ S HREARTRISORHOGRE R
= H § HH N { TARIINENNARRI |
= H I s 2 o rtusiomarsaare o
= . . v 6 « veeansussseussuuna &
4 7
(=] 4 - z - 7~ Z ; -
= z [ [4 i A
~d
< 2
m W emsemxzwanmo o 4w ur ws ow e e A s m ove ar @ owu o
Jinsgem R B EBEL B2 T8 BFBE S - THG R T BT M BRR -
D“.-_. pramgENny 51 IR S E NS TN R a0 IR RIS TN
B IS ERT IR N T 4 & s s . « =
Vemxnmxumro s Z cemltian Z Ll mLLniTon . B
= P e REB R E BRI D v 2 e ae wrae st e 0 ks s ne m he e w oy ¢ =
(= BIHIRBIEBRINE Y 53 - Rama ey sa A s 60 - fummova e maa o N
= siRASIINER i HES-EHE RS S i IAE W LE S WBAE v
< PenRtNIaNRINL S ¢ prEEE SR KRR | CRE M Pr s R |
o o rwarmo Emonse s n omer ot ha b s commoas ve mowa
= A cmesmaomaaame samamkrem e 5 e memore 2t monn
W z 2 z
A 83 0Mm GL/E 42 24 I 219 Y7 40 OnN
~d
= ®
g 98 'Old
~d
&



US 2016/0164540 A1

Jun. 9,2016 Sheet 87 of 220

g
i)
¢

[y

>

>

I N TR T I R r gy VP

D R R R T R

B Rk 2 s

L T A R X 11

SO D B e by d o B

R bR H A R AL a
it g b B AR E fug g £
A AR S S A4 kL sy £52

HH PSR L R B
[ESIR SRS LY A R I S DO i

R RN R SR RS TSR ER 3]
RH#STFBRELIISIR IR IR
A AR b B s R E
TeH AL AR S ETT MR TR
B R T et
Bt R bbb
R I
Rt R R e S
Ha RNt ek FEE NS b4

pteRdridirismirig:

BRI E R T TG
B PEEA M A B L S e b e E

+ 5 +
R R R R R R A

F T A T S P R

& 0~
4]

¢0

s s e e s o F oy
I L L L T A
5 A L Iy a i bl
o
in ;
146 ¥ 104 OO
{1 7xiay
g &9 6 §0- i~ G- I~
T : . T v T &=
LR SRR S S T S LS S L SRS B
41 R A S kA B e B e 4 4 m“i
FRNE I T S SR R G E SN S G s S S 4
Iy R AT FFE S Y IR R OT
A - v a Ag w4 -
tronrrmsswrewns oy i}
44 B A e s W v W 3w b @
R BT N I A AR L T ) ﬂﬂ_i
I Bt Ry Ry o%bottoibdoioz )
4 4 a4 Fx b B Ry v R 4% & @ O
303 37 £ o o Rose BRI oM OT%
tipHEr Y E et nt ot
e marta o e e s 190
4 3 A B B B Wb v N A o W
S T S S S R
P AR I N TR R I I IR A
IR EIDY BB oTEII R Y
LR NI I R S S S B R N v B 4 .
KN
e M ek ae ok e s ek 4

G1/8 ¥) Ao4 DY

o™~

(X

i}

{rx

o

[+ - - G- -
1 b &0 0 60 - &1~ 0

T v 4 T 7 v
R . T A I T o
v & R o+ “
P s .o ..
- Wl a Lo
FEEY EEY b % g
P PN e P
3 ®itd [+ tt
H ot I R
ER PR bW .o
P et v o s
T or ot ar v v e
. gk e e o
kg LR L ¥ ot
Ioa A “

+ 1 st ..
P FE bt kR EE R + o+
SN £ rm gLt EL 8 P
P G ittt e & s
¢ Fititibrd vt
< - ek et ibee [
P BAEtEiF bR EET B o
5 P L P
PR S g DM S N S S
Ca e e w e e s e s e 0t
e s ma v bw g ea ke e e ae a
_ 5 : P < i
§1/8 ¥ 04 DR
-
{17%) 2y
o : 0 j-~ G ie
1 1§06 0 S0~ 1~ &%

T v T v T 7
B T T
P TP USRI
R BT B O TR

S SN R £ I S T £ SN T
R R T
+ LTI 3 -t L I R 1+ oAb +
- LR £ o+ + o+ 4% H H o+ o+
P T S YA P
O T
L T T SR
+ R LR i3 A R L +
P O O S A
¥ OFPR O OFTE OO RFIOF A
03 % % $F b o ¥ ¢ tE R b F
+ UL o T LA L. 3 ir R O *
R T T T T T iR
L . 5 : . . 4

5174 ¥ 404 ORK

i

1

(Sa]

(Y]

[

IR}

o o =
¢ §1 4 b= G~ 2=
T T T T T
L
P L R T L T I
+ oy ore T T orT T AT orE b T
> RIS R S N S I S
& ot fFAF oFvE Y bk RFFOF E
n + IR T T R T S S R
=) * LR R RSN 1S
o - L. LR R R R e Ok I
- b TE Rt my R TR vrorr o ke rr b
< NI A S S A A S S
o b4 Ed B4 W E (3 A4 ek hr b g bs b 4
o— BRI R L TR S IO S T
P e B4 Mz 64 pd dd by b by v £ F
= R O G S e A S & D6 B S
Lok he e Rl s aE LA a4 ) A
= R SO G SO O
P S e T
= I R N R 2 RN A
P T
=] I L o e I
o ]
P oy 4 Ey 4T bk odm kR b YW b FE R 4
< PR S D A I O S 5 S S
o A R LI LRSI O RS S
o .
=} LI S A R R e
1<) : n ) " 2
o1/ N iy
- Gi/7L D S04 O
=
S

L8°Dld




Patent Application Publication

FIG. 88

Jun. 9,2016 Sheet 88 of 220

US 2016/0164540 A1

v - .
hps .
t
s Ji -
b £k E
= EE
[543 4t
<L £ 4
P H
[=3 b3
B £
e kg B
[ : 4
= K
= 4
®
It M S
FON RN I H R TH S
Lt [Fe) va—- [Ye] < [Ran] - (A} o
- o o ! - !
[ 1
Hxug
B T T T AT TR AT A T T Y
RN - PN
B
PR OO HITS RTINS AN SN
[P ' 1112
L ER S Fs st i o] 1113 4
irifzhEn Biiri g
A EAR e SES S 1 3 i c il L & i %
juid RS ety 3
-~ T b +4
= L i b R i
= Liis 1idd
i TR
& i itid
o 1 i3 % i
. 3 EER I
&£ i 114
Y- 3 1
LT 1 N
=2 b 1313
= id 1 3
i3 131 3
b ¥ b2 b R
i b4 3
+ o+ T *
P +
r F— * b
2 2 : L :
[aN] L o oy < [R>} o vl o
- < < ! - }
[ 1
(17}

2

Relx 1]

Rels 1}

HHC for CR 12/15

RYC for CR 13/15

e R

-4

P
r 4

SEZaTIRI

§aagict i Bl
Siwntc o

[}

Re(x_1]

Relw 13




Patent Application Publication Jun. 9,2016 Sheet 89 0f 220 US 2016/0164540 A1

FiG.89

Input cell word v | Constellation point zg

(00) (I+10) /472
1) (—-11)/472
(10} (—1+1D) /4 2

a1 (—1—-11) /42




US 2016/0164540 A1

Jun. 9,2016 Sheet 90 of 220

Patent Application Publication

F90C 0 + 1908 0 | 16¥6¢ G + OF6C O | 1568¢ 0 + 106 0 | 1¥PGC 0 + 9319°0 | '0FPC O + 012G 0 e
aG6 0 + [90C°C GG6°0 + 6F6C G | 1GEE 0 + OLLZ°0 | I91WP 0 + €120 | 192660 + 25920 o
H90C 0 + ¥2G6 0 | 16%6¢ 0 + 6556 0 | 12064 0 + 9986 0 | 1LLES 0 + 030¢ | | 1968 0 + 9681 1 M
G656 70 + G956 70 | 1IPB6 0 + CVEE O | 14601 'L + [3FF O | 1¢E6) | + [96F O oM
GL/LL 91 ONK G1/01 91 DN GL/6 91 ONN adeyg/m
GG 0 + 61870 | 19292 0 + CBBY 0 | 1€99C°0 + OCSY C | 12¥82 0 + CEBY O e
18F O + GLGL O | 1656V O + 260C O | 10ESK 0 + €992 0 | 1889F O + o¥8¢ O R
6F 0+ 890¢ 1L | 1090970 + 061 1 | 1911G°Q + ¢60¢ 1 | 1608G 0 + 8261 | LA
ioF61 1 + 620670 | 12607 L + GLIG 0 | 18Z61 1 + 60890 oM
GE/L 910NN G1/991 0NN GL/5791 0N adeyg/m
06914




Patent Application Publication

Jun. 9,2016 Sheet 91 of 220

US 2016/0164540 A1

FIG.91
w/Shape | NUC_64 5/15 HUC_A4_6/15 NUC_ 64 7/15 NUC_84_8/15
wQ 1.4327+0. 33051 1. 4521+0. 300511 1. 4865+0. 29321 |1. 4827 +0. 2920
wi 1.0000+0, 2071111, 2657+0, 817811, 26180, 844611, 2563+0. 8411}
wi 1,2484+0, 780311, 0866+0, 2744111, 02710, 23451 {1. 0211+0. 21741
wd 0.9762+0.5715710. 9500 +0. 5641110, 8976+0.56241{0. 8798 +0. 57021
wi 0.3309+1, 4326110, 2011+1, 4529110, 20431, 4811110, 2920~+1. 48271
wh 0.2979+1.08231{0. 820Z+1. 26511(0. 8402+1. 26021]0. 8410+1. 25631
wo 0.7826+1.2477110.2750+1. 06761 10. 2356-1. 02611{0. 2174+1. 02111
w/ 0.5739+0.9763110. b656+0. 94991 10. 5632+0. 88571{0. 5702 +Q. 87981
wh 03901 +0. 2112110, 3553+ 0. 1945110, 3147+0. 15671{0. 3040+0. 14751
WG 0.5317+0, 2475110, 3569+0, 2094110, 31160, 173010, 3028+0, 1697!
wil 0.3946+0. 22891 0. 5596+0. 24311{0. 6512+0. 205310, 6856 +0. 1871+
wil 0.5236+0.2884110. 5410+0. 30021 10. 5965+0. 33531]0. 6126 +Q. 35631
wi2 0.2108+0. 3911110, 1946+0. 3566110, 18670, 3125110, 1475 +Q. 30401
wil 0.2475+0.5327110. 2084+0. 3579110, 1733+0. 3091110 1691 +0. 30281
wid 0. 22870 395510, 2430+0. 5807110, 2056+0. 65061 0. 1871+0. 68551
wib 0.2898+0.52461 0. 3004+0. 5417110, 3384+0. 59431]0. 3663+0. 61261
w/Shape | NUC_64_9/15 NUGC_ 64 10/15 | NUC 64 _11/15 | NUC 64 12/15 | NUC_A4.13/15
w0 1.4678+0, 3025111, 4388+0. 2878111, 4443+0. 26831 |1. 4480+0. 24031 1. 4303+0. 2329i
wi 1.2296+0 85007 1. 2150+0. 8133310, 74711, 224310. 6406 +1. 1995:{0. 6287+ 1. 1818:
wZ 1.0496+0, 2245111, 0386+0. 221911 1740+0. 77341 {1, 0952+0. 911511, 0803+0, 9154
wd 0 B739+(. 6079110, 8494+0, 61451{0. 7138+0, 8201110, 6868 +C. 81081 0. 6870+ 0. 8095:
wé 0.2834+1.4645]10. 2031 +1. 46561{0. 1638~+1.0769i{1. 0500+C. 16421 11. 0444+0. 1681}
wh 0.8084+1.25321|0. 8230+1. 2278310. 2027+1. 4217 110. 7170+0. 1473110, 7240+10. 1545}
wh 0.2038+1.0260)10. 2069+1. 0645110, 1462+0. 7457111 0519+0. 5188111, 0563+0. 52501
w’ 0,5574+0,89051 10, 53677+0. 8871110, 4124+0, 7408110, 7146+Q, 4532110, 7142+0. 47104
Wi 0.3884+0. 1313110, 4119+0. 117711, 0203+0. 1517110, 1677+1. 04051 {0, 2114+ 1. 43054
w9 0.3771+0. 1914110, 3398+0. 251610, 6653+0. 13571]0. 2402 +1. 40871 |0, 2020+1. 05754
wig 0. 7243+0. 1762710, 7442+ 0. 15501 10. 9639+0, 446510, 1369+0. 70731]0. 1221+0. 6613}
wit 0.61916+0. 40081 0. 5954+0. 43281 10.6746+0. 43391{0. 4044 +0. 70571}0. 3735+D. 75571
wi2 0, 1358+0. 2445110, 1166+0. 1678110, 1271+0. 1428110, 1374+0, 1205110, 1455+0, 1275}
wil 0. 1677+0. 28601 0. 1582+0. 33251 0. 3782 +0. 14061 (0. 4185+0. 135710, 4322+0. 13841
wi4 0. 1555+0. 67561 (0. 13550, 740830, 1311 +0. 428810. 1325+0. 39981 10. 1432+0. 3852i
wib 0.3472+0.600710. 3227 +0. 620010, 3819+0. 42761{0. 4122+0. 4120170. 4220+0. 42781
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w/Shape /15 f
wd 2058 VL8041 27880
wl 0.1255+0. 2077 104870 56671
wl 0.1765+0. 22401 1648440 7428
2 0. 128450, 102450 04140
wd 0.1357+0. 23251 05.7198+1.2427i
5 0.1555+8. 2328 i G.8106+1.
i 15340, ¢.5595 1.0
wl U B118+0 87425
w8 1.6788+0,50021
w3 G 4937+ 6844
w10 27 14212+ 4788
i1 €. 24 %1 D48 NS 1.1478+0 8
wl2 . 5958 B 0.6079+C
w12 [ G. 22840 5T
wld G, 5584 54 5 .
#15 0. 57240 514 a. 0.
wlB i 3, Q.
w7 3. 421Re 6.1
wlg 14197 12004 6.1
w9 1.3 1215 0.
w20 3. 7975 0.
w1 i 11805 0.
%22 1. 17601 0.
w3 i L1765 Q. 3234+0. 8967
w24 1 7 0.1082+3.8
w25 i. 0.7755+0. 18841 0.1074+0,
w25 0.72:4+0.1535i 0. 110906996
Wil 0,731 80,1857, 0.1078+5, 2226
s G.3291+% 83641
%29 B 0.2128+¢,
30 0.57:5-0. 2988 G.2392+0 8
531 0.5689+0, 3864 i 0,822+ .70
532 0167 (+1. 7095 i
w33 0.4420-1.61374 ¢
Wi 0.14731.55744 0.
w38 [ 0 33 C.

$
L2135+1.207
7

[ 1.081441.37844 0.6342+¢ 15721
6.3 E168 C.6550+0_ 1495
4. %] L1040 0.8290+0. 12931
.17 L2041 0.5494+0. 15041
6.7 0. 1526+0. 91405 131278 12400
¢.2 0.1514+0. 9087 (.9572+0 43441
0.2t 0.1338+1.01794 1.2403+0.2651
0.2 0.20%5+1.00844 1.0054+4,

I3 0.53

ojo

¥ 42841
0.4102i
$.43011

CT1ER

L6802
L9146

753001913

<
o

4-0,5584 4
e

o
<

i |ole

6.7 $. 2740, 3 1.8115+0.5 0.

[ 3 1.3785+0. 0.

4 3 1.830200.4 0.

. B .
wh3 [ C.
w4 G. g 0.
w56 .3 4.
u56 G.5¢ 0.
w57 . 52246 2058 0.
58 s g G.1
wiY « . 0.1
w80 G W G.
vl ¢ 2 0.
w62 g, Q.
w63 G 0.
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FIG.93

w/Shape NUC_256 3775 NUC_ 256 12/18 NUC 256 _18/15
wl) 1.1 1. -0, 280240
wi 3. 33801 G. 0. 1.28801
w2 3. 49301 1. 1.2 L9828
w2 i, 488 1. 1.0120+1, 03174
wh . 0. g. 0.5¢ 122324
5 1.4434+0.75 0. 0. .75 30304
W 1,049 +0 8478 2. ¢ L0021 102270
w? 0 8211 11881+, 3. 0. 9448
w8 0. 1048+C.7933i a. 1. 53781
«9 017704074124 g 1.0048+0 5185
@l 0. 0. 11024 0. 1.4321+0, 65431
wll 0. 1.0848+0.3267i 0. 1.0245+0, 7152
wlZ 0. 0.7325+0 68071 0. 0.6334+0.8073
wll 0,358 0. 37800 . 4568 o 0.517500. 5684 i
wld 0,3254+C 51581 0.8744+0 71534 0. 0.6568+0, 78071
wlh 0.2659+ 5307 0.9282+0 5304 0. 0.8311+0. 7459
w6 0.3256+C.0768i §+1.8407i 0. 0.1348+1.47421
wl? 0.3206+C.08701 0. 4867+1 57430 0. 0. 1. 2309
wl8 0.4727+C 0894 0.1363+1.3578i 0. g, 0.9796
wlg 0.4721+C 12081 0.4023+1.3028) 'R 0.1831+1.0198i
w20 0,291 7i i 0. L0986 0.4042+1, 44811
w2l 0.2847+C. 0. 14524 0. 1.22791
w2? 0.3823+C.2592i 0. 0. 27374 0. 0.98271
W23 03044+ 2521 @i g 1,0202
w24 O.7755+C 11180 . U. oasRisl ghi g CB354
w25 0.7513+C.2154i 0.2342+0 9344} 0. 0.2016+0.64641 63241
w2b 0.6591+( 10334 0. 1142+1.1448) 0. 0.0719+0.80751 L8087
w27 0.8446+C 17375 0.8825+1.09725 0. 0.2088+0.2148 L1684
w28 05906+ 49304 0.6062Z+0. 7465 a. 0.4809+0.6298 . 5442i
w23 .8238+(. 41551 0.4807+0.85381 a. (0.3374+0.64121 63220
w30 i 0. R764] ] 01,4955+ 0, 8008 { 0. 8030
w3l UeTi 34370, 8140 L7843
w32 0.2855+0 0748 0. L2731+0.1108 1 L0851
w33 0.2664+).0758i 0. L0784+0.0977 1 0.9487+0. 07161
wod PRELEARN 8. -0, 1268 VR8I0 I T
w35 0.4518+) 1 0. 08531 0.9393+0. 20651
et 0.2559+0.1 i L0B%4 0.6180+0. 07001
w37 : 1, 0554 0.7738-0. 0688
«38 L3520 .23 L1848 | 6220+, 208
w36 (0.3728+0.2¢ 14104 0.7757+0.

L3217

O269~0,3281 0

0. 7708+ .0922i
0. 7407+ .2

. 1

wd?2 0.6180+0. RIRE 1.4663+0.3716 i
wA3 307 0.6019+0.1858] 0.3278+1.07871 . L2470
whd 554 i, [0}, 4981 (L RZY2HY, 14181

whS . 4335+0 . 3435 0.5673+0.39/8] U. 45158+ 5431

wd§ 0.6846+C.08415 L3935 0. i

wi 0.5165+7,0034i 33914 il L2850
w8 8439 1.1003i LOI0T

100410 1.5 L0706

w50 . 47881 1.0 L2194
Wl 1. 2850 ! 0. 21141
w2 1.2728+1. 1 RIEON
w3 1.4509+0.79281 i 76581 L0705
w54 1.0249+C 8794 1. L8559 L2066
wh 1.1758+(, 65450 1. LEQRE L2100
w55 0.5629+C 11131 a. 5002
wS7 0.9226+C,2845i 0.2215+0. 0. L4366
W58 1.1 0.08387+). . i
Wl 1. C. i

wsl 0. 0. 4810+0 8. JAB30+0. 4764
Wbl 0 0.3856+0 . a. 3231+0. 4895
Wiz Y 0.3527+). . 0, 4476+0, 33971
#3 g 0.3100+0 i 0.3083+0. 3490
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FIG.96

ﬂgggde 5/15 6/15 7/15 8/15 9/15 | 10/15 | 11715 | 12/15 | 13/15

Ut 1.0004] 0.9998]1 0.6988| 0.9598] 0.9999| 1.0009] 1.0043| 2.031] 2.7135
u? 1.0002! 0.9984] 0.9996| 1.0004] 1.0384| 2.272] 2.7372| 2.8448| 4.6426
ud 1.0008] 0.9983] 0.998] 1.0013] 1.037| 2.2732] 2.748| 4.8763] 6.3617
ud 0.9953] 1.2356] 2. 0374| 2.6341] 2.7604| 4.1332] 4.6828| 6.8402] & 3598
us 0.9958| 1.2354] 2.0374| 2.5347| 2.7604| 4.1227) 4.7079| 7.912} 10.0999
ub 0.9956] 1.2372] 2.0374| 2.5328| 2 85356 5.4651] 6.4365| ¢. 7373} 12.0627
u? 0.9957] 1.2366] 2.0366| 2.5362| 2.8534| 5.4655| 6.5065] 10.8858] 13.8413
ug 2.676G] 2.98641  3.93| 4.5077| 4.7342| 7.47771 8 4445|12 8891| 1%. 5032
ud 2.67740 2.9867] 3.931] 4.5080] 4.7345| 7.478] 8.6065|14.1081] 17. 7263
ui0 2.5794] 2.9906] 3.0297| 4.5202] 5.0028[ B8.9382{ 10.254] 15.9704| 19. 7625
ull 2.6793] 2.9912] 3.9294| 4.5204] 5.0025| 8.92384] 10.6627| 17.2797] 21. 6431
uiz 2.6758] 3.5858] 5.277| 6.2318] 6.6184| 10.9166{ 12. 3025] 19. 2948| 23. 7857
ul3 7.6764] 3.5859] 5.2757| 6.2314] 6.6189|10.9185| 12. 8281/ 20. 7185 25. 7402
utd 2.67470  3.577] 6.2792| 6.3219] 7.215| 12.5855] 14. 35391 22. 6727] 27. 6051
uls 2.6748] 3.5775] 6.2785] 6.3212] 7.2149] 12 5908} 15. 1126] 24. 2439} 70. 9595
uig 4.62521 5.474] 7.4011] 8.3718] & 9581] 14.7944] 16.7817] 26. 3916 32. 2702
ul? 4.6243) 547571 7.2997| 8.272| 8.9585| 14,8184} 17, 7277| 28, 1062 24. 4226
ui8 4. 6188] 5 4675] 7.4646| 8. 7429  9.94| 16. 6805 19. 2664 | 30. 2335 36. 7983
ui9 4.62] 5.46811 7.4865| 8. 7398] 9.9394]| 16.8025] 20. 3968 32. 12421 39. 1019
u20 5.246] 6.7028] 0.1828] 10.5001] 11.5978| 18. 6131} 22. 1002 34. 4644 41. 6513
u?1 5.24410 6.7104] 9.1919] 10.4099] 11.6041| 19.325] 23. 4306 36. 5679 | 44. 1297
u2? 5.2556{ 6.8816] 9.641| 11.4965] 12. 9965 21. 168] 25. 1/04| 39.027] 46. 8305
u23 5.2584] 6.8738] 9.6278] 11.5018] 13.088] 22. 0945} 26. 7556] 41. 4123} 40. 5435
u24 7.0278] 8.6613] 11.7039] 13.483 14.878] 24. 1425} 28. 7536| 44. 2002| 52. 5352
u?5 7.0453] 8.6344] 11.6913] 13.5672] 15.2586] 25.575{ 30. 6214] 46. 92871 55. 5551
u?6 7.4305] 9.4107] 12,9619 15. 11871 16,8095 27. 6541] 32. 829 50. 0315 58. 6767
u27 7.3941] 9.5027]13.2128| 15.6519] 17. 8237 29. 6567 35. 1146| 53. 2678 62. 2471
u28 8.8516] 11. 1654} 15.161| 17.6098] 19. 6965 32. 2679 37. 8272] 57. 0085 | 66. 2558
u29 9. 14611 11. 73221 16.204] 19. 1646] 21. 4626| 35. 0526 | 40. 7685| 61. 0847| 70. 5087
130 10. 48281 13,5243} 18. 48041 21.5413| 23. 9997 | 38. 6023| 44. 37256 65. 9903 | 75. 5397
u31 12.3176] 15.7967] 21.4433| 24. 7641/ 27. 2995 | 43. 2007} 48. 9596 | 72. 1993 81. 8379
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FIG. 102

w/Shape | NUC_ 64 5/15 HUG_ 84 6/15 HUC 64 7/15 HUGC 64 8/16

w0 1.4327 + 0.33051 |1, 4521 + 0. 300510, 1567 + 0. 31121 1, 4827 + 0. 202

wl 1.0600 + 0. 20711 11, 2657 » 081781101709 + 030371 [1. 2563 « 0. 84114

w2 1.2484 + 0.7803i 1. 0666 + 0.27441 (0. 2003 + (. 65621 |1. 0211 + 0. 2174i

wd 09762 + 057158} 0.95 + G 56411 {0 3315 + 0 60381 | 0. 8798 + 0 5702

wi 0.3308 + 1.4326110. 3011 + 1. 45291 10,2112 + 0. 15671 0. 282 + 1.4827i

wh 02978 + 108231108202 + 1. 265110, 3037 + (. 1709i] 0. 841 + 1. 2563

wh 0.782% + 1.247711 0.275 + 1. 06751 |0.6562 + (. 20831 (0. 2174 + 1. 02114

w/ 0.5738 + 0.9763:]0. 5656 + 0. 94891 | 0. 6038 + 0. 3315i {0, 5702 + 0. 8798}

w8 0.3901 + 0.2112010. 3553 + 0. 1948110 2959 + 1 48771 0. 304 + 0. 14751

w G 5317 + 0.2475 0. 3569 + 0.2004i |0.8427 + 1. 261210 3028 + 0. 16814

wi0 0.3945 + 0, 22891 0. 5596 + 0. 2431110 2380 + 1. 02281 0. 6885 + 0. 18714

wit 0.5236 + 0.28941] 0. 541 + 0.30021 {0.5558 + 0. 8G12i10.6126 + 0. 356%:

wi2 0.2108 + 0.3911:110. 1946 + 0. 3566111, 4877 + (. 26591 0. 1476 + (. 304

wi3 G 2475 + 0.53271{0. 2004 + 0. 3579i{1. 2612 + C. 84271 0. 1691 + 0. 3028i

wid 0.2287 + 0. 305511 0. 243 + 0.56071 11,0228 + 0. 2389110, 187¢ + 0. 68551

wib ¢ 2808 + 0.52461 10. 3004 + 0.54171{0 8612 + . 55551 |0. 3563 + (. 6126:

w/Shape | NUC_84 9/15 NUC 84 107156 | NUC 84 11715 | NUC 64 12/15 | NUC 84 13/15
w0 0 1305 + 0.3311§ {0 1177 + 0. 17299 {1. 4443 + C. 26831 1. 449 + 0.24031 | 1.4319 + 0. 23i
wi 01633 + 0.31621 10 1601 + 0. 2212110 7471 + 1.2243110. 6406 + 1. 199511 1. 0782 + . 92Bi
w2 G.1622 « 071131 {0. 1352 + 0. 72791{1. 1749 + C. 77341 1.0952 + 0. 91151} 0.629 + 1.182i
w3l 03805 + 06163110 3246 + 0 6148110, 7138 + (. BZ011 |0 6868 + 0. 31081 {0, 6851 + 0. 80721
wé G.3317 + 013051 0. 4392 » 0. 11791 10.1638 + 107691 1.05 + 0.16421 [1.0443 + 0. 16881
wh G 3162 + 0. 16331 10. 4033 + 0.24211{0, 2027 + 1. 42170 0. 717 + 0.14731 }1.0635 + 0. 5305]
w6 0. 7113 + 0. 16221 10. 7524 + 0. 1581710, 1462 + 0, 7457, 1. U519 + 0. 5188} 0.722 + 0. 154
wi 06163 + 0.3905i | 0.5996 + 0.4331 {04134 + 0 74081 0. 7146 + €, 45321 |0, 7151 + 0. 4711,
w8 0.2008 + 1.4626110. 2902 « 1.4611§11. 0203 + G 36171 (0. 1677 + 1. 04057 [0. 2080 + 1 42061
w 0.8285 + 1.2399i] 0. 818 + 1. 22811 10.6653 + (. 13571 (0. 2402 + 1.40871} 0. 119 + 0. 6677}
wid 0. 2062 + 1.03671 10,2036 + 1.0575110. 9639 + 0. 4465/ |0. 1369 + 0. 70731 10. 2031 + 1. 0651/
wil G. 5872 + 0.87881 {0. 5641 + 0. 88657 0. 6746 + . 43391 0. 4044 + 0. 70571 {0. 3722 + 0. 7548]
wiz 1.4626 + 0.2909i 1. 4852 + 0. 29071101271 + G 14251 (0. 1374 + 0. 12951 (0. 1438 + 0.12871
wi3 1.2389 = 0.8285i 11 2157 + 0. 818610 3782 « C. 14061 0. 4185 + 0. 13571 (0. 1432 + 0. 3003
wid 1.0367 + 0.2082111. 0447 + 0 2242110 1311 + (. 4288101325 + 0. 30881{0.4298 + 0.1384|
wib 08789 + 0.5872i |0. 8497 + 0. 6176110, 3919 + 0. 42761 0. 4122 + 0. 4121 |C. 4215 + 0. 4279
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FIG. 103

5

i

w/Share WNUC 255 8/

Q0888 + §5.24351
0.0996 «~ 0.24341
G.1166 + 033686+

wl G178 = D381
wd G492 + 0254510
w5 192 « 0

G.1616 + U,
. B8040 F Q1287 - 0
0.1528 < D.8561 | B.1458 + 0,638
0.384 + 058587 | 04191 + 0.50151
Q5318 ~ 0.57981
03589 + 0.546031
33439 + 00,5497
0.2435 « 008991
243

0.7 (s8a

B
N
=3

P Al

+ G 120410

G.304% + $.3238 g+ 011891

0.5043 + €.3232 + 0.1204i 3+ 0,11791

0,300 + 82677« 0,0454; G - 0, 11921

7.3005 + 2077 + 9, 14531 § - 011w
A

m

EAR R SR
3+ 018440

FRg Roig et

a, 06856 ¢ 0.14270 o 0,129310
g, G.5828 + 015621 + DiBI6

1
0.6584 + 0.14227 | (6355 + 61987
e

G6 + G .15240 0.5318 + (.14561

i g 0.5856 + 0.3841 | 06016 « 0. 4191}
BATL | 3.6138 + 032164
L3448 | B §.9603 + 035051

w8l Hd (L5497 « 0.3439i
w32 $.3382 + 19393 BUIg6S - 1.6 i
w3l G386 + NI i
w4 ¢.1%6 +

wis G.39%4 ¢ 1, i
wib 10748 + 1.3006
w37 LU7AR7 + 14040
w33 GOETE ¢ 1 1IN, ] 0O9R34 » 1 08440 | 0.8TRG + 1 (1504

9t 1 0.6568 + 1.1958i

g
;357 + (.G0I4E £ 0.1552 ¢ 0.3481

wdl

wdl < .93

wdl + 1.0448

wéd 025948 + 1.025510

yid 08+ 0,78

wil U.508 » 6.8167i

wdb $.6276 + 085011 | 5693 + 0.49861 1
w7 2 2 +0.90620 | 9.5348 +~ 09459,
wif Batitre v (L TER3E F AR5 + DUIRES
wdd 18981 4% LR+ 0.48aF: 3o+ 43725} 821 4+ G461

0.206%; 1.5%6 + 8.1495i 1.3498 + 5,138
= 038140 | 12988 + DU3%I4
108620 97460
0.8074
0.85344 4 .
(.B86ST | 1.2051 « D a4

wh? + 0340210
o 5+ 0.132310
wid 1047 + 5.290
wil 0.36%5 + 67548 + 0.57641
wtil 5. A 45081

whi? Q. 3+ 050161 § 0.8501 « 0. 8278i

wb3 2 $ o+ 055541 § 6.9052 + .54027 | 2.9458 + B 534§
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FiG. 104

w/Shave NUC_ZE6_3/15 WNUC_25R 10715 NUC_256_11/15 RUC_256 12715 NUC_ 256 13715
Wi 0.0899 + 018370 § 00754 » §.23) AR N LT RN ToedtE e 1.0
wl 0.087 + - 0.23051 0.8162 « 1.20821 § 1.2658 « O
wl 0.0873 + + 0.4138i 1.2778 + 0.85237 § 0.386 + 1.
wl 0.0883 + - 041251 1.03¢ + 0.97530 +

wd 0.1115 0.6057 + 1.224 -

w5 0.1135 R PA42170 +

Wi 0.2087 0, + -

wl 0.197% 3 0. - G g+ U

wh 0.1048 7 0.679 + 0 U.53731 §U.ESE3 + 1.34424
G177 - N 0.284 + @ 51650 § 0.7083 + 1.1122
0.1022 6 60,0723 = 4 i

S }

0.1791 « 05897 §0.1334 + ¢
b )

B51i F 0.18%6 « 4.
¢.4264 1

3.508

A

1,37
0.4078
0.3088
0.0675
0.3475
0.5482
0.4784 +

. 5+ 0,087
0.4721 + 0,0894:
0.4721 + 01205

=8

+ 0, 0. 0. 1674

+ 012981 a. 0.2856 +

+ 0.2592 37« 4. 0.4134
0.3944 + 0,252 0.3959 + 0. 0. 4235
0.7755 + 010 U. 7529 + 0. 2

0.7513 + 0.215¢4 LFERZ -
0.6991
0.644€ +
$.5908 + 0,493
0.6538 + 0
0.4931

.B4B4 i
30750

S1dbi

+
olajole

+

w3l 03550

w32 B262i

w33 1.9837i

wid .

w35 .2883i

w36 28170

w3l L4388

w3y RUEIR

Wiy L1987

Wi L9531 0.032§ +

wit | I . b 0.9 0,276 -

wi2 g.11ig « 1.6 9.108 + 1,134 0.1095 + i
wi? 0.3079 + 1.086 4+ 1.082680 | 0,825 G i
wid 0.5647 + 1), 7639 LI5270 b D.B03E 07 i
w5 0.4385 + 0.34 85281 ¢ 0.4514 Uo7818 + 042470 f 0B35S + U TE54
wih 0.6846 + 0.884 888 0.7161 0.5938 + 0.317i 0.368 + 0.6%32i
wd? 0.5185 + 1,0034 008 0.5294 C.7% ~ 0,285 3.3
wig 1.8458 + 01630 01602 1.680¢ (0088 - 00707

wid 1.5848 + 0.4983: 0.4734 1.5263 3,1722 + 0.07C81

whi 1.3437 + 0.138 0.13 1.338 0.0596 + 0.2119i

| i 1 1.2837 0748 + 0.211410

w52 i [ 1.2476 U.4134 + 00701

w53 1 0. 1.4187 ~ 3.2085 + 0.0705i

w54 1 g. 1.0246 -+ 0.4231 + 00,2086

wha 1 ] (AP .2

=%

19629 + 0.11
8228 + 0.1

0.9782 -
0.9383

feu

e E=1E=]

62 + 0, 0.1124 1. 1455
1.0674 + 0. 0.334 10972

0.7234 + 0.

NESP

e

=3
o

U.3334 + 0,
0.3083 + 0,348i { 0.2125 « 0.3t

0.54261 § 1.0058
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US 2016/0164540 Al

DATA PROCESSING DEVICE AND DATA
PROCESSING METHOD

TECHNICAL FIELD

[0001] The present technology relates to a data processing
device and a data processing method, and more particularly, a
data processing device and a data processing method, which
are capable of securing excellent communication quality in
data transmission using an LDPC code, for example.

BACKGROUND ART

[0002] Some of the information disclosed in this specifica-
tion and the drawings was provided by Samsung Electronics
Co., Ltd. (hereinafter referred to as Samsung), .G Electron-
ics Inc., NERC, and CRC/ETRI (indicated in the drawings).
[0003] A low density parity check (LDPC) code has a high
error correction capability, and in recent years, the LDPC
code has widely been employed in transmission schemes of
digital broadcasting such as Digital Video Broadcasting
(DVB)-S.2, DVB-T.2, and DVB-C.2 of Europe and the like,
or Advanced Television Systems Committee (ATSC) 3.0 of
the USA and the like (for example, see Non-Patent Literature
D).

[0004] From a recent study, it is known that performance
near a Shannon limit is obtained from the LDPC code when a
code length increases, similar to a turbo code. Because the
LDPC code has a property that a shortest distance is propor-
tional to the code length, the LDPC code has advantages of a
block error probability characteristic being superior and a
so-called error floor phenomenon observed in a decoding
characteristic of the turbo code being rarely generated, as
characteristics thereof.

CITATION LIST

Non-Patent Literature

[0005] Non-Patent Literature 1: DVB-S.2: ETSI EN 302
307 V1.2.1 (2009-08)

SUMMARY OF INVENTION

Technical Problem

[0006] In data transmission using the LDPC code, for
example, the LDPC code is converted into a symbol of an
orthogonal modulation (digital modulation) such as Quadra-
ture Phase Shift Keying (QPSK), and the symbol is mapped to
a signal point of the orthogonal modulation and transmitted.
[0007] The data transmission using the LDPC code has
spread worldwide, and there is a demand to secure excellent
communication (transmission) quality.

[0008] The present technology was made in light of the
foregoing, and it is desirable to secure excellent communica-
tion quality in data transmission using the LDPC code.

Solution to Problem

[0009] A first data processing device/method according to
the present technology is a data processing device/method
including: an encoding unit/step configured to perform LDPC
encoding based on a parity check matrix of an LDPC code in
which a code length N is 64800 bits and an encoding rate r is
6/15; a group-wise interleaving unit/step configured to per-
form group-wise interleave of interleaving the LDPC code in
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units of bit groups of 360 bits; and a mapping unit/step con-
figured to map the LDPC code to any of 4096 signal points
decided in a modulation scheme in units of 12 bits. In the
group-wise interleave, when an (i+1)-th bit group from a head
of'the LDPC code is indicated by a bit group i, a sequence of
bit groups 0 to 179 of the LDPC code of 64800 bits is inter-
leaved into a sequence of bit groups

[0010] 71,38,98,159,1,32,28,177,125,102,83,17,121,
151, 66, 92, 140, 6, 165, 23, 75, 91, 87, 108, 163, 50, 77, 39,
110, 128,73, 148, 14, 5, 68, 37, 53, 93, 149, 26, 166, 48, 79,
10, 122, 150, 103, 178, 119, 101, 61, 34, 8, 86, 36, 138, 146,
72,179, 143, 147, 89, 4, 107, 33, 144, 141, 40, 100, 29, 118,
63,46, 20, 153,90, 152,124,7,30,31,43,78,120, 85,25,52,
47,64,81,175,94, 115,15, 112,99, 13, 21, 42, 169, 76, 19,
168,16, 27,162,167, 164, 97,82, 44,106, 12,109, 132, 145,
161,174,95,0, 105, 134,173, 84, 9, 65, 88, 54,67, 116, 154,
80,22,172,60, 111,133, 56,170,104, 131, 123, 24,49, 113,
136, 55, 3,157, 156, 35, 58, 45,155, 70, 59, 57,171, 176, 74,
117,18,127,114, 11, 69, 158, 129, 139, 62, 135, 96, 142, 41,
130, 160, 2, 126, 51, and 137.

The LDPC code includes an information bit and a parity bit.
The parity check matrix includes an information matrix por-
tion corresponding to the information bit and a parity matrix
portion corresponding to the parity bit. The information
matrix portion is represented by a parity check matrix initial
value table. The parity check matrix initial value table is a
table in which a position of a 1 element of the information
matrix portion is indicated for every 360 columns, and
includes

[0011] 1606 3402 4961 6751 7132 11516 12300 12482
12592 13342 13764 14123 21576 23946 24533 25376 25667
2683631799 34173 3546236153 3674037085 3715237468
37658

[0012] 4621 5007 6910 8732 9757 11508 13099 15513
1633518052 19512 21319 23663 25628 27208 3133332219
33003 33239 33447 3620036473 3693837201 37283 37495
38642

[0013] 16 1094 2020 3080 4194 5098 5631 6877 7889
8237 9804 10067 11017 11366 13136 13354 15379 18934
20199 24522 26172 28666 30386 32714 36390 3701537162
[0014] 700 897 1708 6017 6490 7372 7825 9546 10398
16605 18561 18745 21625 22137 23693 24340 24966 25015
26995 28586 28895 20687 33938 34520 34858 37056 38297
[0015] 159 2010 2573 3617 4452 4958 5556 5832 6481
8227 9924 10836 14954 15594 16623 18065 19249 22394
22677 23408 23731 24076 24776 27007 28222 30343 38371
[0016] 3118 3545 4768 4992 5227 6732 8170 9397 10522
11508 15536 20218 21921 28599 29445 29758 29968 31014
32027 33685 34378 35867 36323 36728 36870 38335 38623
[0017] 1264 4254 6936 9165 9486 9950 10861 11653
13697 13961 15164 15665 18444 1947020313 21189 24371
26431 26999 28086 28251 29261 31981 34015 3585036129
37186

[0018] 111 1307 1628 2041 2524 5358 7988 8191 10322
11905 12919 14127 15515 15711 17061 19024 21195 22902
23727 24401 24608 25111 25228 27338 35398 37794 38196
[0019] 961 3035 7174 7948 13355 13607 14971 18189
18339 18665 18875 19142 20615 21136 21309 21758 23366
24745 25849 25982 27583 30006 31118 32106 36469 36583
37920

[0020] 2990 3549 4273 4808 5707 6021 6509 7456 8240
10044 12262 12660 13085 14750 15680 16049 21587 23997
25803 28343 28693 34393 34860 35490 36021 37737 38296
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[0021] 9554323 5145688581239730118401221619194
20313 23056 24248 24830 25268 26617 26801 28557 29753
307453145031973 3283933025 3329635710 37366 37509
[0022] 264 605 4181 4483 5156 7238 8863 10939 11251
12964 16254 17511 20017 22395 22818 23261 23422 24064
2632927723 28186 3043431956 33971 3437236764 38123
[0023] 520 2562 2794 3528 3860 4402 5676 6963 8655
9018 9783 11933 16336 17193 17320 19035 20606 23579
23769 24123 24966 27866 32457 34011 34499 36620 37526
[0024] 10106 10637 10906 34242

[0025] 1856 15100 19378 21848

[0026] 943 11191 27806 29411

[0027] 45756359 13629 19383

[0028] 4476 4953 18782 24313

[0029] 5441 6381 21840 35943

[0030] 9638 9763 12546 30120

[0031] 9587 10626 11047 25700

[0032] 4088 15298 28768 35047

[0033] 23326363 8782 28863

[0034] 4625 4933 28298 30289

[0035] 35414918 18257 31746

[0036] 1221 25233 26757 34892

[0037] 815016677 27934 30021

[0038] 850025016 33043 38070

[0039] 737410207 16189 35811

[0040] 611 18480 20064 38261

[0041] 25416 27352 36089 38469

[0042] 1667 17614 25839 32776

[0043] 4118 12481 21912 37945

[0044] 5573 13222 23619 31271

[0045] 18271 26251 27182 30587

[0046] 14690 26430 26799 34355

[0047] 13688 16040 20716 34558

[0048] 2740 14957 23436 32540

[0049] 3491 14365 14681 36858

[0050] 4796 6238 25203 27854

[0051] 1731 12816 17344 26025

[0052] 19182 21662 23742 27872

[0053] 6502 13641 17509 34713

[0054] 12246 12372 16746 27452

[0055] 1589 21528 30621 34003

[0056] 12328 2051530651 31432

[0057] 341522656 23427 36395

[0058] 632 5209 25958 31085

[0059] 6193690 19648 37778

[0060] 9528 13581 26965 36447

[0061] 2147 26249 26968 28776

[0062] 15698 18209 30683

[0063] 1132 1988834111

[0064] 4608 25513 38874

[0065] 475172934100

[0066] 7348 32277 38587

[0067] 182 16473 33082

[0068] 38659678 21265

[0069] 444720151 27618

[0070] 633514371 38711

[0071] 704 9695 28858

[0072] 4856 9757 30546

[0073] 1993 19361 30732

[0074] 756 28000 29138

[0075] 382124076 31813

[0076] 4611 12326 32291

[0077] 7628 21515 34995

[0078] 1246 13294 30068
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6466 33233 35865

14484 23274 38150
21269 36411 37450
[0082] 23129 26195 37653.

[0083] Inthe first data processing device/method according
to the present technology, LDPC encoding is performed
based on a parity check matrix of an LDPC code in which a
code length N is 64800 bits and an encoding rate r is 6/15.
Group-wise interleave of interleaving the LDPC code in units
of bit groups of 360 bits is performed. The LDPC code is
mapped to any of 4096 signal points decided in a modulation
scheme in units of 12 bits. In the group-wise interleave, when
an (i+1)-th bit group from a head of the LDPC code is indi-
cated by a bit group 1, a sequence of bit groups 0 to 179 of the
LDPC code of 64800 bits is interleaved into a sequence of bit
groups

[0084] 71,38,98,159,1,32,28,177,125,102,83,17,121,
151, 66, 92, 140, 6, 165, 23, 75, 91, 87, 108, 163, 50, 77, 39,
110, 128,73, 148, 14, 5, 68, 37, 53, 93, 149, 26, 166, 48, 79,
10, 122, 150, 103, 178, 119, 101, 61, 34, 8, 86, 36, 138, 146,
72,179, 143, 147, 89, 4, 107, 33, 144, 141, 40, 100, 29, 118,
63,46, 20, 153,90, 152,124,7,30,31,43,78,120, 85,25,52,
47,64,81,175,94, 115,15, 112,99, 13, 21, 42, 169, 76, 19,
168,16, 27,162,167, 164, 97,82, 44,106, 12,109, 132, 145,
161,174,95,0, 105, 134,173, 84, 9, 65, 88, 54,67, 116, 154,
80,22,172,60, 111,133, 56,170,104, 131, 123, 24,49, 113,
136, 55, 3,157, 156, 35, 58, 45,155, 70, 59, 57,171, 176, 74,
117,18,127,114, 11, 69, 158, 129, 139, 62, 135, 96, 142, 41,
130, 160, 2, 126, 51, and 137.

The LDPC code includes an information bit and a parity bit.
The parity check matrix includes an information matrix por-
tion corresponding to the information bit and a parity matrix
portion corresponding to the parity bit. The information
matrix portion is represented by a parity check matrix initial
value table. The parity check matrix initial value table is a
table in which a position of a 1 element of the information
matrix portion is indicated for every 360 columns, and
includes

[0085] 1606 3402 4961 6751 7132 11516 12300 12482
1259213342 13764 14123 21576 23946 24533 25376 25667
2683631799 34173 3546236153 36740370853715237468
37658

[0086] 4621 5007 6910 8732 9757 11508 13099 15513
1633518052 19512 21319 23663 25628 27208 31333 32219
33003 3323933447 3620036473 36938 37201 37283 37495
38642

[0087] 16 1094 2020 3080 4194 5098 5631 6877 7889
8237 9804 10067 11017 11366 13136 13354 15379 18934
20199 2452226172 28666 30386 3271436390 3701537162

[0088] 700 897 1708 6017 6490 7372 7825 9546 10398
16605 18561 18745 21625 22137 23693 24340 24966 25015
26995 28586 28895 29687 33938 3452034858 37056 38297

[0089] 159 2010 2573 3617 4452 4958 5556 5832 6481
8227 9924 10836 14954 15594 16623 18065 19249 22394
22677 23408 23731 24076 24776 27007 28222 30343 38371

[0090] 311835454768 4992 5227 6732 8170 9397 10522
11508 15536 20218 21921 28599 29445 29758 29968 31014
32027 3368534378 3586736323 36728 36870 3833538623

[0091] 1264 4254 6936 9165 9486 9950 10861 11653
13697 13961 15164 15665 18444 1947020313 21189 24371
26431 26999 28086 28251 29261 31981 34015 3585036129
37186

[0079]
[0080]
[0081]
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[0092] 111 1307 1628 2041 2524 5358 7988 8191 10322
1190512919 14127 1551515711 17061 19024 21195 22902
23727 24401 24608 25111 25228 27338 35398 37794 38196
[0093] 961 3035 7174 7948 13355 13607 14971 18189
18339 18665 18875 1914220615 2113621309 21758 23366
24745 25849 25982 2758330006 3111832106 36469 36583
37920

[0094] 2990 3549 4273 4808 5707 6021 6509 7456 8240
10044 12262 12660 13085 14750 15680 16049 21587 23997
25803 28343 28693 34393 34860 3549036021 37737 38296
[0095] 9554323 514568858123 9730118401221619194
20313 23056 24248 24830 25268 26617 26801 28557 29753
307453145031973 3283933025 3329635710 37366 37509
[0096] 264 605 4181 4483 5156 7238 8863 10939 11251
12964 16254 17511 20017 22395 22818 23261 23422 24064
2632927723 28186 3043431956 33971 3437236764 38123
[0097] 520 2562 2794 3528 3860 4402 5676 6963 8655
9018 9783 11933 16336 17193 17320 19035 20606 23579
23769 24123 24966 27866 32457 34011 34499 36620 37526
[0098] 10106 10637 10906 34242

[0099] 1856 15100 19378 21848

[0100] 943 11191 27806 29411

[0101] 45756359 13629 19383

[0102] 4476 4953 18782 24313

[0103] 5441 6381 21840 35943

[0104] 9638 9763 12546 30120

[0105] 9587 10626 11047 25700

[0106] 4088 15298 28768 35047

[0107] 2332 6363 8782 28863

[0108] 4625 4933 28298 30289

[0109] 3541 4918 18257 31746

[0110] 1221 25233 26757 34892

[0111] 815016677 27934 30021

[0112] 850025016 33043 38070

[0113] 737410207 16189 35811

[0114] 611 18480 20064 38261

[0115] 25416 27352 36089 38469

[0116] 1667 17614 25839 32776

[0117] 4118 12481 21912 37945

[0118] 557313222 2361931271

[0119] 18271 26251 27182 30587

[0120] 14690 26430 26799 34355

[0121] 13688 16040 20716 34558

[0122] 2740 14957 23436 32540

[0123] 3491 14365 14681 36858

[0124] 4796 6238 25203 27854

[0125] 1731 12816 17344 26025

[0126] 19182 21662 23742 27872

[0127] 6502 13641 17509 34713

[0128] 12246 12372 16746 27452

[0129] 1589 21528 30621 34003

[0130] 12328 2051530651 31432

[0131] 341522656 23427 36395

[0132] 632 5209 25958 31085

[0133] 6193690 19648 37778

[0134] 9528 13581 26965 36447

[0135] 2147 26249 26968 28776

[0136] 15698 18209 30683

[0137] 113219888 34111

[0138] 4608 25513 38874

[0139] 475172934100

[0140] 7348 32277 38587

[0141] 18216473 33082

[0142] 3865 9678 21265
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4447 20151 27618

633514371 38711

704 9695 28858

4856 9757 30546

1993 19361 30732

756 28000 29138

3821 24076 31813

4611 12326 32291

7628 21515 34995

1246 13294 30068

6466 33233 35865

14484 23274 38150

21269 36411 37450

[0156] 23129 26195 37653.

[0157] A second data processing device/method according
to the present technology is a data processing device/method
including: a group-wise deinterleaving unit/step configured
to restore a sequence of an LDPC code that has undergone
group-wise interleave and has been obtained from data trans-
mitted from a transmitting device to an original sequence, the
transmitting device including an encoding unit configured to
perform LDPC encoding based on a parity check matrix of the
LDPC code in which a code length N is 64800 bits and an
encoding rate r is 6/15, a group-wise interleaving unit con-
figured to perform the group-wise interleave of interleaving
the LDPC code in units of bit groups of 360 bits, and a
mapping unit configured to map the LDPC code to any of
4096 signal points decided in a modulation scheme in units of
12 bits. In the group-wise interleave, when an (i+1)-th bit
group from a head of the LDPC code is indicated by a bit
group i, a sequence of bit groups 0 to 179 of the LDPC code
ot 64800 bits is interleaved into a sequence of bit groups
[0158] 71,38,98,159,1,32,28,177,125,102,83,17,121,
151, 66, 92, 140, 6, 165, 23, 75, 91, 87, 108, 163, 50, 77, 39,
110, 128,73, 148, 14, 5, 68, 37, 53, 93, 149, 26, 166, 48, 79,
10, 122, 150, 103, 178, 119, 101, 61, 34, 8, 86, 36, 138, 146,
72,179, 143, 147, 89, 4, 107, 33, 144, 141, 40, 100, 29, 118,
63,46, 20, 153,90, 152,124,7,30,31,43,78,120, 85,25,52,
47,64,81,175,94, 115,15, 112,99, 13, 21, 42, 169, 76, 19,
168,16, 27,162,167, 164, 97,82, 44,106, 12,109, 132, 145,
161,174,95,0, 105, 134,173, 84, 9, 65, 88, 54,67, 116, 154,
80,22,172,60, 111,133, 56,170,104, 131, 123, 24,49, 113,
136, 55, 3,157, 156, 35, 58, 45,155, 70, 59, 57,171, 176, 74,
117,18,127,114, 11, 69, 158, 129, 139, 62, 135, 96, 142, 41,
130, 160, 2, 126, 51, and 137.

The LDPC code includes an information bit and a parity bit.
The parity check matrix includes an information matrix por-
tion corresponding to the information bit and a parity matrix
portion corresponding to the parity bit. The information
matrix portion is represented by a parity check matrix initial
value table. The parity check matrix initial value table is a
table in which a position of a 1 element of the information
matrix portion is indicated for every 360 columns, and
includes

[0159] 1606 3402 4961 6751 7132 11516 12300 12482
12592 13342 13764 14123 21576 23946 24533 25376 25667
2683631799 34173 3546236153 3674037085 3715237468
37658

[0160] 4621 5007 6910 8732 9757 11508 13099 15513
1633518052 19512 21319 23663 25628 27208 3133332219
33003 33239 33447 3620036473 3693837201 37283 37495
38642

[0143]
[0144]
[0145]
[0146]
[0147]
[0148]
[0149]
[0150]
[0151]
[0152]
[0153]
[0154]
[0155]
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[0161] 16 1094 2020 3080 4194 5098 5631 6877 7889
8237 9804 10067 11017 11366 13136 13354 15379 18934
20199 2452226172 2866630386 3271436390 3701537162
[0162] 700 897 1708 6017 6490 7372 7825 9546 10398
16605 18561 18745 2162522137 23693 24340 24966 25015
26995 28586 28895 2968733938 3452034858 37056 38297
[0163] 159 2010 2573 3617 4452 4958 5556 5832 6481
8227 9924 10836 14954 15594 16623 18065 19249 22394
22677 23408 23731 24076 24776 27007 28222 30343 38371
[0164] 311835454768 4992 5227 6732 8170 9397 10522
11508 15536 20218 21921 28599 29445 29758 29968 31014
32027 3368534378 3586736323 36728 3687038335 38623
[0165] 1264 4254 6936 9165 9486 9950 10861 11653
13697 13961 15164 15665 18444 1947020313 21189 24371
26431 26999 28086 28251 29261 31981 34015 3585036129
37186

[0166] 111 1307 1628 2041 2524 5358 7988 8191 10322
1190512919 14127 1551515711 17061 19024 21195 22902
23727 24401 24608 25111 25228 27338 35398 37794 38196
[0167] 961 3035 7174 7948 13355 13607 14971 18189
18339 18665 18875 1914220615 2113621309 21758 23366
24745 25849 25982 2758330006 3111832106 36469 36583
37920

[0168] 2990 3549 4273 4808 5707 6021 6509 7456 8240
10044 12262 12660 13085 14750 15680 16049 21587 23997
25803 28343 28693 34393 34860 3549036021 37737 38296
[0169] 9554323 5145688581239730118401221619194
20313 23056 24248 24830 25268 26617 26801 28557 29753
307453145031973 3283933025 3329635710 37366 37509
[0170] 264 605 4181 4483 5156 7238 8863 10939 11251
12964 16254 17511 20017 22395 22818 23261 23422 24064
2632927723 28186 3043431956 33971 3437236764 38123
[0171] 520 2562 2794 3528 3860 4402 5676 6963 8655
9018 9783 11933 16336 17193 17320 19035 20606 23579
23769 24123 24966 27866 32457 34011 34499 36620 37526
[0172] 10106 10637 10906 34242

[0173] 1856 15100 19378 21848

[0174] 943 11191 27806 29411

[0175] 45756359 13629 19383

[0176] 4476 4953 18782 24313

[0177] 5441 6381 21840 35943

[0178] 9638 9763 12546 30120

[0179] 9587 10626 11047 25700

[0180] 4088 15298 28768 35047

[0181] 2332 6363 8782 28863

[0182] 4625 4933 28298 30289

[0183] 3541491818257 31746

[0184] 122125233 26757 34892

[0185] 815016677 27934 30021

[0186] 850025016 33043 38070

[0187] 737410207 16189 35811

[0188] 611 18480 20064 38261

[0189] 25416 27352 36089 38469

[0190] 1667 17614 25839 32776

[0191] 4118 12481 21912 37945

[0192] 5573 13222 2361931271

[0193] 18271 26251 27182 30587

[0194] 14690 26430 26799 34355

[0195] 13688 16040 20716 34558

[0196] 2740 14957 23436 32540

[0197] 3491 14365 14681 36858

[0198] 4796 6238 25203 27854

[0199] 1731 12816 17344 26025

[0200] 19182 21662 23742 27872
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6502 13641 17509 34713

12246 12372 16746 27452

1589 21528 30621 34003

12328 20515 30651 31432

3415 22656 23427 36395

632 5209 25958 31085

6193690 19648 37778

9528 13581 26965 36447

2147 26249 26968 28776

15698 18209 30683

1132 19888 34111

4608 25513 38874

4751729 34100

7348 32277 38587

182 16473 33082

3865 9678 21265

4447 20151 27618

633514371 38711

704 9695 28858

4856 9757 30546

1993 19361 30732

756 28000 29138

3821 24076 31813

4611 12326 32291

7628 21515 34995

1246 13294 30068

6466 33233 35865

14484 23274 38150

21269 36411 37450

[0230] 23129 26195 37653.

[0231] In the second data processing device/method
according to the present technology, a sequence of an LDPC
code that has undergone group-wise interleave and has been
obtained from data transmitted from a transmitting device is
restored to an original sequence, the transmitting device
including an encoding unit configured to perform LDPC
encoding based on a parity check matrix of the LDPC code in
which a code length N is 64800 bits and an encoding rate r is
6/15, a group-wise interleaving unit configured to perform the
group-wise interleave of interleaving the LDPC code in units
of bit groups of 360 bits, and a mapping unit configured to
map the LDPC code to any of 4096 signal points decided in a
modulation scheme in units of 12 bits. In the group-wise
interleave, when an (i+1)-th bit group from a head of the
LDPC code is indicated by a bit group i, a sequence of bit
groups 0to 179 of the LDPC code of 64800 bits is interleaved
into a sequence of bit groups

[0232] 71,38,98,159,1,32,28,177,125,102,83,17,121,
151, 66, 92, 140, 6, 165, 23, 75, 91, 87, 108, 163, 50, 77, 39,
110, 128,73, 148, 14, 5, 68, 37, 53, 93, 149, 26, 166, 48, 79,
10, 122, 150, 103, 178, 119, 101, 61, 34, 8, 86, 36, 138, 146,
72,179, 143, 147, 89, 4, 107, 33, 144, 141, 40, 100, 29, 118,
63,46, 20, 153,90, 152,124,7,30,31,43,78,120, 85,25,52,
47,64,81,175,94, 115,15, 112,99, 13, 21, 42, 169, 76, 19,
168,16, 27,162,167, 164, 97,82, 44,106, 12,109, 132, 145,
161,174,95,0, 105, 134,173, 84, 9, 65, 88, 54,67, 116, 154,
80,22,172,60, 111,133, 56,170,104, 131, 123, 24,49, 113,
136, 55, 3,157, 156, 35, 58, 45,155, 70, 59, 57,171, 176, 74,
117,18,127,114, 11, 69, 158, 129, 139, 62, 135, 96, 142, 41,
130, 160, 2, 126, 51, and 137.

The LDPC code includes an information bit and a parity bit.
The parity check matrix includes an information matrix por-
tion corresponding to the information bit and a parity matrix
portion corresponding to the parity bit. The information

[0201]
[0202]
[0203]
[0204]
[0205]
[0206]
[0207]
[0208]
[0209]
[0210]
[0211]
[0212]
[0213]
[0214]
[0215]
[0216]
[0217]
[0218]
[0219]
[0220]
[0221]
[0222]
[0223]
[0224]
[0225]
[0226]
[0227]
[0228]
[0229]
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matrix portion is represented by a parity check matrix initial
value table. The parity check matrix initial value table is a
table in which a position of a 1 element of the information
matrix portion is indicated for every 360 columns, and
includes

[0233] 1606 3402 4961 6751 7132 11516 12300 12482
12592 13342 13764 14123 21576 23946 24533 25376 25667
2683631799 34173 3546236153 3674037085 3715237468
37658

[0234] 4621 5007 6910 8732 9757 11508 13099 15513
1633518052 19512 2131923663 25628 27208 31333 32219
33003 33239 33447 3620036473 36938 37201 37283 37495
38642

[0235] 16 1094 2020 3080 4194 5098 5631 6877 7889
8237 9804 10067 11017 11366 13136 13354 15379 18934
2019924522 26172 2866630386 3271436390 3701537162
[0236] 700 897 1708 6017 6490 7372 7825 9546 10398
16605 18561 18745 2162522137 23693 24340 24966 25015
26995 28586 28895 2968733938 3452034858 37056 38297
[0237] 159 2010 2573 3617 4452 4958 5556 5832 6481
8227 9924 10836 14954 15594 16623 18065 19249 22394
22677 23408 23731 24076 24776 27007 28222 30343 38371
[0238] 311835454768 4992 5227 6732 8170 9397 10522
11508 15536 20218 21921 28599 29445 29758 29968 31014
32027 3368534378 3586736323 3672836870 38335 38623
[0239] 1264 4254 6936 9165 9486 9950 10861 11653
13697 13961 15164 15665 18444 1947020313 21189 24371
2643126999 28086 2825129261 31981 34015 3585036129
37186

[0240] 111 1307 1628 2041 2524 5358 7988 8191 10322
1190512919 14127 1551515711 17061 19024 21195 22902
23727 24401 24608 25111 25228 2733835398 37794 38196
[0241] 961 3035 7174 7948 13355 13607 14971 18189
18339 18665 18875 1914220615 21136 21309 21758 23366
24745 25849 25982 2758330006 3111832106 36469 36583
37920

[0242] 2990 3549 4273 4808 5707 6021 6509 7456 8240
10044 12262 12660 13085 14750 15680 16049 21587 23997
25803 28343 28693 34393 34860 3549036021 37737 38296
[0243] 9554323 5145688581239730118401221619194
20313 23056 24248 2483025268 26617 26801 28557 29753
307453145031973 3283933025 3329635710 37366 37509
[0244] 264 605 4181 4483 5156 7238 8863 10939 11251
12964 16254 17511 20017 22395 22818 23261 23422 24064
2632927723 28186 3043431956 33971 3437236764 38123
[0245] 520 2562 2794 3528 3860 4402 5676 6963 8655
9018 9783 11933 16336 17193 17320 19035 20606 23579
23769 24123 24966 2786632457 34011 34499 3662037526
[0246] 10106 10637 10906 34242

[0247] 1856 15100 19378 21848

[0248] 943 11191 27806 29411

[0249] 4575 6359 13629 19383

[0250] 4476 4953 18782 24313

[0251] 5441 6381 21840 35943

[0252] 9638 9763 12546 30120

[0253] 9587 10626 11047 25700

[0254] 4088 15298 28768 35047

[0255] 2332 6363 8782 28863

[0256] 4625 4933 28298 30289

[0257] 3541 4918 18257 31746

[0258] 1221 25233 26757 34892

[0259] 8150 16677 27934 30021

[0260] 850025016 33043 38070

[0261] 7374 10207 16189 35811
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611 18480 20064 38261

25416 27352 36089 38469

1667 17614 25839 32776

4118 12481 21912 37945

5573 13222 23619 31271

18271 26251 27182 30587

14690 26430 26799 34355

13688 16040 20716 34558

2740 14957 23436 32540

3491 14365 14681 36858

4796 6238 25203 27854

1731 12816 17344 26025

19182 21662 23742 27872

6502 13641 17509 34713

12246 12372 16746 27452

1589 21528 30621 34003

12328 20515 30651 31432

3415 22656 23427 36395

632 5209 25958 31085

6193690 19648 37778

9528 13581 26965 36447

2147 26249 26968 28776

15698 18209 30683

1132 19888 34111

4608 25513 38874

4751729 34100

7348 32277 38587

182 16473 33082

3865 9678 21265

4447 20151 27618

633514371 38711

704 9695 28858

4856 9757 30546

1993 19361 30732

756 28000 29138

3821 24076 31813

4611 12326 32291

7628 21515 34995

1246 13294 30068

6466 33233 35865

14484 23274 38150

21269 36411 37450

[0304] 23129 26195 37653.

[0305] A third data processing device/method according to
the present technology is a data processing device/method
including: an encoding unit/step configured to perform LDPC
encoding based on a parity check matrix of an LDPC code in
which a code length N is 64800 bits and an encoding rate r is
7/15; a group-wise interleaving unit/step configured to per-
form group-wise interleave of interleaving the LDPC code in
units of bit groups of 360 bits; and a mapping unit/step con-
figured to map the LDPC code to any of 4096 signal points
decided in a modulation scheme in units of 12 bits. In the
group-wise interleave, when an (i+1)-th bit group from a head
of'the LDPC code is indicated by a bit group i, a sequence of
bit groups 0 to 179 of the LDPC code of 64800 bits is inter-
leaved into a sequence of bit groups

[0306] 66, 61, 150, 157, 63, 42, 78, 44, 23, 154, 133, 101,
82,26,84,123,89,31,45,102,36, 134, 83,117, 170,27, 73,
137,25,32,62,91,4, 20, 144, 145,21, 74, 113, 148, 24, 135,
5,19,2,34,43,168,14,64,142,115,87,38,147,39,51,152,
56,86,122,76,57,129,172,6,126,10,97, 85,164, 3, 80, 90,
79,124, 138,120, 17,103, 99, 116,46, 98,162, 151, 143, 11,
175,160,96,132,81,171,94,65,118,161,125,178,95,112,

[0262]
[0263]
[0264]
[0265]
[0266]
[0267)]
[0268]
[0269]
[0270]
[0271]
[0272]
[0273]
[0274]
[0275]
[0276]
[0277]
[0278]
[0279]
[0280]
[0281]
[0282]
[0283]
[0284]
[0285]
[0286]
[0287)]
[0288]
[0289]
[0290]
[0291]
[0292]
[0293]
[0294]
[0295]
[0296]
[0297]
[0298]
[0299]
[0300]
[0301]
[0302]
[0303]
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88,174, 13,35, 1, 167, 0, 128, 12, 58, 29, 169, 67, 28, 119,
166, 60, 55, 54, 130,92, 146, 177,149,111, 9,173, 179, 176,
75,77,114,48,159, 8, 141, 107, 139, 52, 100, 136, 105, 127,
47,18,69,109,16,121,59,163,165,108,106,70, 22,93, 41,
33,110, 53, 140, 153, 158, 50, 15,37, 72, 156,7,131, 49,71,
68, 104, 30, 40, and 155.

The parity check matrix includes a gxK A matrix arranged on
an upper left of the parity check matrix, the A matrix being
indicated by a predetermined value g and an information
length K=Nxr of the LDPC code, a gxg B matrix having a
staircase structure, the B matrix being adjacent to the right of
the A matrix, a gx(N-K-g) Z matrix serving as a zero matrix
adjacent to the right of the B matrix, an (N-K-g)x(K+g) C
matrix adjacently below the A matrix and the B matrix, and an
(N-K-g)x(N-K-g) D matrix serving as a unit matrix adja-
cent to the right of the C matrix. The predetermined value g is
1080. The A matrix and the C matrix are represented by a
parity check matrix initial value table. The parity check
matrix initial value table is a table in which positions of 1
elements of the A matrix and the C matrix are indicated for
every 360 columns, and includes

[0307] 460 792 1007 4580 11452 13130 26882 27020
32439
[0308]
[0309]
[0310]
[0311]
[0312]
[0313]
[0314]
[0315]
[0316]
[0317]
[0318]
[0319]
[0320]
[0321]
[0322]
[0323]
[0324]
[0325]
[0326]
[0327]
[0328]
[0329]
[0330]
[0331]
[0332]
[0333]
[0334]
[0335]
[0336]
[0337]
[0338]
[0339]
[0340]

3547210567154 12700 13326 13414 16828 19102
45 440 772 4854 7863 26945 27684 28651 31875
744 812 892 1509 9018 12925 14140 21357 25106
271 474 761 4268 6706 9609 19701 19707 24870
223 477 662 1987 9247 18376 22148 24948 27694
44 379 786 8823 12322 14666 16377 28688 29924
104219 562 583219665 2061521043 2275932180
41 43 8707963 13718 14136 17216 30470 33428
592744 887 4513 6192 18116 19482 25032 34095
456 821 1078 7162 7443 8774 15567 17243 33085
151666 977694610358 1117218129 1977732234
236 793 870 2001 6805 9047 13877 30131 34252
297 698 772 3449 4204 11608 22950 26071 27512
202 428 474 3205 3726 6223 7708 20214 25283
139719 915 1447 2938 11864 15932 21748 28598
1358539023239 1859020579 30578 33374 34045
913 971 11834 13642 17628 21669 24741 30965
344531 730188016895 1758721901 2862031957
71923803168 3729 5518 6827 20372 34168

28 521 681 4313 7465 14209 21501 23364 25980
2693938983561 11066 1198517311 2612730309
42 82 707 4880 4890 9818 23340 25959 31695
189262707 6573 14082 22259 2423024390 24664
383 568 573 5498 13449 13990 16904 22629 34203
585 596 820 2440 2488 21956 28261 28703 29591
755763 795563616433 21714 234523115034545
23343 669 1159 3507 13096 17978 24241 34321
316384 944 4872 8491 18913 21085 23198 24798
64 314 765 3706 7136 8634 14227 17127 23437
2206938998791 12417 13487 1833522126 27428
285794 1045 8624 8801 9547 19167 21894 32657
386 621 1045 1634 1882 3172 13686 16027 22448
95 622 693 2827 7098 11452 14112 18831 31308
446 813 928 7976 8935 13146 27117 27766 33111

[0349]
[0350]
[0351]
28732
[0352]
[0353]
[0354]
29825
[0355]
[0356]
33626
[0357]
33163
[0358]
[0359]
33469
[0360]
[0361]
[0362]
[0363]
[0364]
[0365]
[0366]
[0367)]
[0368]
[0369]
[0370]
[0371]
33620
[0372]
[0373]
[0374]
[0375]
[0376]
[0377]
30119
[0378]
[0379]
[0380]
[0381]
32404
[0382]
[0383]
[0384]
[0385]
[0386]
[0387)]
[0388]
[0389]
[0390]
[0391]
[0392]
[0393]
[0394]
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2025487898003 10993 12478 16051 25114 27579
121450575 597210062 18693 21852 23874 28031
507 560 889 12064 13316 19629 21547 25461

6647861043 91379294 10163 2338931436 34297
4583090710730165412123230354 3060531847
203 507 1060 6971 12216 13321 17861 22671

369881 952303512279 1277517682 1780534281
683 709 1032 3787 17623 24138 26775 31432

524 792 1042 12249 14765 18601 25811 32422

137 639 688 7182 8169 10443 22530 24597 29039
159 643 749 16386 17401 24135 28429 33468

107481 555732213234 19344 23498 26581 31378
249389 52334211015017616 19085 20545 32069
305738 1045 2415 3005 3820 19541 23543 31068
27293 703 1717 3460 8326 8501 10290 32625
126 247 515 6031 9549 10643 22067 29490 34450
331471 1007 3020 3922 7580 23358 28620 30946
222542102132913652 13130 1634933009 34348
5327191038 5891 7528 2325225472 3139531774
1453987747816 13887 14936 23708 3171233160
88 536 600 1239 1887 12195 13782 16726 27998
151 269 585 14453178 3970 15568 20358 21051
650 819 865 15567 18546 25571 32038 33350

93 469 800 6059 10405 12296 17515 21354 22231
97 206 951 6161 16376 27022 29192 30190 30665
412549986 583310583 10766 24946 2887831937
72 604 659 5267 12227 21714 32120 33472 33974
25902 912 1137 2975 9642 11598 25919 28278

420 976 1055 8473 11512 20198 21662 25443

124932 6426 11899 13217 13935 16548 29737

53 618 988 6280 7267 11676 13575 15532 25787
1117398098133 12717 12741 20253 20608 27850
120 683 943 14496 15162 15440 18660 27543

600 754 1055 7873 9679 17351 27268 33508
344 756 1054 7102 7193 22903 24720 27883
582 1003 1046 11344 23756 27497 27977 32853
28 429 509 11106 11767 12729 13100 31792
131 555907 5113 10259 10300 20580 23029
406 915 977 12244 20259 26616 27899 32228
46 195224 1229 4116 10263 13608 17830

19 819 953 7965 9998 13959 30580 30754

164 1003 1032 12920 15975 16582 22624 27357
8433 11894 13531 17675 25889 31384

3166 3813 8596 10368 25104 29584

2466 8241 12424 13376 24837 32711.

In the third data processing device/method accord-

[0341]
[0342]
[0343]
[0344]
[0345]
[0346]
[0347]
[0348]

89 138 241 3218 9283 20458 31484 31538 34216

2774207049281 1257612788 14496 15357 20585
1416437584894 10264 15144 16357 22478 26461
1710816013183 15424 1793919276 23714 26655
109285608 168220223 21791 24615 2962231983
123 5156227037 13946 15292 15606 16262 23742
264 565923 646013622 13934 23181 2547526134

ing to the present technology, LDPC encoding is performed
based on a parity check matrix of an LDPC code in which a
code length N is 64800 bits and an encoding rate r is 7/15.
Group-wise interleave of interleaving the LDPC code in units
of bit groups of 360 bits is performed. The LDPC code is
mapped to any of 4096 signal points decided in a modulation
scheme in units of 12 bits. In the group-wise interleave, when
an (i+1)-th bit group from a head of the LDPC code is indi-
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cated by a bit group 1, a sequence of bit groups 0 to 179 ofthe
LDPC code of 64800 bits is interleaved into a sequence of bit
groups

[0395] 66, 61, 150, 157, 63, 42, 78, 44, 23, 154, 133, 101,
82,26,84,123,89,31, 45, 102,36, 134,83, 117,170, 27,73,
137,25,32,62,91,4, 20, 144, 145,21, 74, 113, 148, 24, 135,
5,19,2,34,43,168,14,64,142,115,87,38,147,39,51,152,
56,86,122,76,57,129,172,6,126,10,97, 85,164, 3, 80, 90,
79,124,138,120,17, 103,99, 116,46, 98,162, 151, 143, 11,
175,160, 96,132,81,171,94, 65,118,161, 125,178,95, 112,
88,174, 13,35, 1, 167, 0, 128, 12, 58, 29, 169, 67, 28, 119,
166, 60, 55, 54, 130,92, 146, 177,149,111, 9,173, 179, 176,
75,77,114,48,159, 8, 141, 107, 139, 52, 100, 136, 105, 127,
47,18,69,109,16,121,59,163,165,108,106,70, 22,93, 41,
33,110, 53, 140, 153, 158, 50, 15,37, 72, 156,7,131, 49,71,
68, 104, 30, 40, and 155.

The parity check matrix includes a gxK A matrix arranged on
an upper left of the parity check matrix, the A matrix being
indicated by a predetermined value g and an information
length K=Nxr of the LDPC code, a gxg B matrix having a
staircase structure, the B matrix being adjacent to the right of
the A matrix, a gx(N-K-g) Z matrix serving as a zero matrix
adjacent to the right of the B matrix, an (N-K-g)x(K+g) C
matrix adjacently below the A matrix and the B matrix, and an
(N-K-g)x(N-K-g) D matrix serving as a unit matrix adja-
cent to the right of the C matrix. The predetermined value g is
1080. The A matrix and the C matrix are represented by a
parity check matrix initial value table. The parity check
matrix initial value table is a table in which positions of 1
elements of the A matrix and the C matrix are indicated for
every 360 columns, and includes

[0396] 460 792 1007 4580 11452 13130 26882 27020
32439
[0397]
[0398]
[0399]
[0400]
[0401]
[0402]
[0403]
[0404]
[0405]
[0406]
[0407]
[0408]
[0409]
[0410]
[0411]
[0412]
[0413]
[0414]
[0415]
[0416]
[0417]
[0418]
[0419]
[0420]
[0421]
[0422]
34545
[0423]
[0424]
[0425]
[0426]

3547210567154 12700 13326 13414 16828 19102
45 440 772 4854 7863 26945 27684 28651 31875
744 812 892 1509 9018 12925 14140 21357 25106
271 474 761 4268 6706 9609 19701 19707 24870
223 477 662 1987 9247 18376 22148 24948 27694
44 379 786 8823 12322 14666 16377 28688 29924
104219 562 583219665 2061521043 2275932180
41 43 8707963 13718 14136 17216 30470 33428
592744 887 4513 6192 18116 19482 25032 34095
456 821 1078 7162 7443 8774 15567 17243 33085
151666 977694610358 1117218129 1977732234
236 793 870 2001 6805 9047 13877 30131 34252
297 698 772 3449 4204 11608 22950 26071 27512
202 428 474 3205 3726 6223 7708 20214 25283
139719 915 1447 2938 11864 15932 21748 28598
1358539023239 1859020579 30578 33374 34045
913 971 11834 13642 17628 21669 24741 30965
344531 730188016895 1758721901 2862031957
71923803168 3729 5518 6827 20372 34168

28 521 681 4313 7465 14209 21501 23364 25980
2693938983561 11066 1198517311 2612730309
42 82 707 4880 4890 9818 23340 25959 31695
189262707 6573 14082 22259 2423024390 24664
383 568 573 5498 13449 13990 16904 22629 34203
585 596 820 2440 2488 21956 28261 28703 29591
755 763 795 5636 16433 21714 23452 3 1150

23343 669 1159 3507 13096 17978 24241 34321
316384 944 4872 8491 18913 21085 23198 24798
64 314 765 3706 7136 8634 14227 17127 23437
2206938998791 12417 13487 1833522126 27428

[0427]
[0428]
[0429]
[0430]
[0431]
[0432]
[0433]
[0434]
[0435]
[0436]
[0437]
[0438]
[0439]
[0440]
28732
[0441]
[0442]
[0443]
29825
[0444]
[0445]
33626
[0446]
33163
[0447]
[0448]
33469
[0449]
[0450]
[0451]
[0452]
[0453]
[0454]
[0455]
[0456]
[0457)]
[0458]
[0459]
[0460]
33620
[0461]
[0462]
[0463]
[0464]
[0465]
[0466]
30119
[0467)]
[0468]
[0469]
[0470]
32404
[0471]
[0472]
[0473]
[0474]
[0475]
[0476]
[0477]
[0478]
[0479]
[0480]
[0481]
[0482]
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285794 1045 8624 8801 9547 19167 21894 32657
386 621 1045 1634 1882 3172 13686 16027 22448
95 622 693 2827 7098 11452 14112 18831 31308
446 813 928 7976 8935 13146 27117 27766 33111
89 138 241 3218 9283 20458 31484 31538 34216
2774207049281 12576 12788 14496 15357 20585
1416437584894 10264 15144 16357 22478 26461
1710816013183 15424 1793919276 23714 26655
109285608 168220223 21791 24615 2962231983
1235156227037 13946 15292 15606 16262 23742
264565923 646013622 13934 23181 2547526134
2025487898003 10993 12478 16051 25114 27579
121450575 597210062 18693 21852 23874 28031
507 560 889 12064 13316 19629 21547 25461

6647861043 91379294 10163 2338931436 34297
4583090710730165412123230354 3060531847
203 507 1060 6971 12216 13321 17861 22671

369881 952303512279 1277517682 1780534281
683 709 1032 3787 17623 24138 26775 31432

524 792 1042 12249 14765 18601 25811 32422

137 639 688 7182 8169 10443 22530 24597 29039
159 643 749 16386 17401 24135 28429 33468

107481 555732213234 19344 23498 26581 31378
249389 52334211015017616 19085 20545 32069
305738 1045 2415 3005 3820 19541 23543 31068
27293 703 1717 3460 8326 8501 10290 32625
126 247 515 6031 9549 10643 22067 29490 34450
331471 1007 3020 3922 7580 23358 28620 30946
222542102132913652 13130 1634933009 34348
5327191038 5891 7528 2325225472 3139531774
1453987747816 13887 14936 23708 3171233160
88 536 600 1239 1887 12195 13782 16726 27998
151 269 585 14453178 3970 15568 20358 21051
650 819 865 15567 18546 25571 32038 33350

93 469 800 6059 10405 12296 17515 21354 22231
97 206 951 6161 16376 27022 29192 30190 30665
412549986 583310583 10766 24946 2887831937
72 604 659 5267 12227 21714 32120 33472 33974
25902 912 1137 2975 9642 11598 25919 28278

420 976 1055 8473 11512 20198 21662 25443

124932 6426 11899 13217 13935 16548 29737

53 618 988 6280 7267 11676 13575 15532 25787
1117398098133 12717 12741 20253 20608 27850
120 683 943 14496 15162 15440 18660 27543

600 754 1055 7873 9679 17351 27268 33508
344 756 1054 7102 7193 22903 24720 27883
5821003 1046 11344 23756 27497 27977 32853
28429 509 11106 11767 12729 13100 31792
131 555907 5113 10259 10300 20580 23029
406 915 977 12244 20259 26616 27899 32228
46 195224 1229 4116 10263 13608 17830

19 819 953 7965 9998 13959 30580 30754

164 1003 1032 12920 15975 16582 22624 27357
8433 11894 13531 17675 25889 31384

3166 3813 8596 10368 25104 29584

2466 8241 12424 13376 24837 32711.
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[0483] A fourth data processing device/method according
to the present technology is a data processing device/method
including: a group-wise deinterleaving unit/step configured
to restore a sequence of an LDPC code that has undergone
group-wise interleave and has been obtained from data trans-
mitted from a transmitting device to an original sequence, the
transmitting device including an encoding unit configured to
perform LDPC encoding based on a parity check matrix of the
LDPC code in which a code length N is 64800 bits and an
encoding rate r is 7/15, a group-wise interleaving unit con-
figured to perform the group-wise interleave of interleaving
the LDPC code in units of bit groups of 360 bits, and a
mapping unit configured to map the LDPC code to any of
4096 signal points decided in a modulation scheme in units of
12 bits. In the group-wise interleave, when an (i+1)-th bit
group from a head of the LDPC code is indicated by a bit
group i, a sequence of bit groups 0 to 179 of the LDPC code
of 64800 bits is interleaved into a sequence of bit groups
[0484] 66, 61, 150, 157, 63, 42, 78, 44, 23, 154, 133, 101,
82,26,84,123,89,31, 45, 102,36, 134,83, 117,170, 27,73,
137,25,32,62,91,4, 20, 144, 145,21, 74, 113, 148, 24, 135,
5,19,2,34,43,168,14,64,142,115,87,38,147,39,51,152,
56,86,122,76,57,129,172,6,126,10,97, 85,164, 3, 80, 90,
79,124,138,120,17, 103,99, 116,46, 98,162, 151, 143, 11,
175,160, 96,132,81,171,94, 65,118,161, 125,178,95, 112,
88,174, 13,35, 1, 167, 0, 128, 12, 58, 29, 169, 67, 28, 119,
166, 60, 55, 54, 130,92, 146, 177,149,111, 9,173, 179, 176,
75,77,114,48,159, 8, 141, 107, 139, 52, 100, 136, 105, 127,
47,18,69,109,16,121,59,163,165,108,106,70, 22,93, 41,
33,110, 53, 140, 153, 158, 50, 15,37, 72, 156,7,131, 49,71,
68, 104, 30, 40, and 155.

The parity check matrix includes a gxK A matrix arranged on
an upper left of the parity check matrix, the A matrix being
indicated by a predetermined value g and an information
length K=Nxr of the LDPC code, a gxg B matrix having a
staircase structure, the B matrix being adjacent to the right of
the A matrix, a gx(N-K-g) Z matrix serving as a zero matrix
adjacent to the right of the B matrix, an (N-K-g)x(K+g) C
matrix adjacently below the A matrix and the B matrix, and an
(N-K-g)x(N-K-g) D matrix serving as a unit matrix adja-
cent to the right of the C matrix. The predetermined value g is
1080. The A matrix and the C matrix are represented by a
parity check matrix initial value table. The parity check
matrix initial value table is a table in which positions of 1
elements of the A matrix and the C matrix are indicated for
every 360 columns, and includes

[0485] 460 792 1007 4580 11452 13130 26882 27020
32439
[0486]
[0487]
[0488]
[0489]
[0490]
[0491]
[0492]
[0493]
[0494]
[0495]
[0496]
[0497]
[0498]
[0499]
[0500]
[0501]

3547210567154 12700 13326 13414 16828 19102
45 440 772 4854 7863 26945 27684 28651 31875
744 812 892 1509 9018 12925 14140 21357 25106
271 474 761 4268 6706 9609 19701 19707 24870
223 477 662 1987 9247 18376 22148 24948 27694
44 379 786 8823 12322 14666 16377 28688 29924
104219 562 583219665 2061521043 2275932180
41 43 8707963 13718 14136 17216 30470 33428
592744 887 4513 6192 18116 19482 25032 34095
456 821 1078 7162 7443 8774 15567 17243 33085
151666 977694610358 1117218129 1977732234
236 793 870 2001 6805 9047 13877 30131 34252
297 698 772 3449 4204 11608 22950 26071 27512
202 428 474 3205 3726 6223 7708 20214 25283
139719 915 1447 2938 11864 15932 21748 28598
1358539023239 1859020579 30578 33374 34045

[0502]
[0503]
[0504]
[0505]
[0506]
[0507]
[0508]
[0509]
[0510]
[0511]
[0512]
[0513]
[0514]
[0515]
[0516]
[0517)]
[0518]
[0519]
[0520]
[0521]
[0522]
[0523]
[0524]
[0525]
[0526]
[0527]
[0528]
[0529]
28732
[0530]
[0531]
[0532]
29825
[0533]
[0534]
33626
[0535]
33163
[0536]
[0537)]
33469
[0538]
[0539]
[0540]
[0541]
[0542]
[0543]
[0544]
[0545]
[0546]
[0547)]
[0548]
[0549]
33620
[0550]
[0551]
[0552]
[0553]
[0554]
[0555]
30119
[0556]
[0557)]
[0558]
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913 971 11834 13642 17628 21669 24741 30965
344531 730188016895 1758721901 2862031957
71923803168 3729 5518 6827 20372 34168

28 521 681 4313 7465 14209 21501 23364 25980
2693938983561 11066 1198517311 2612730309
42 82 707 4880 4890 9818 23340 25959 31695
189262707 6573 14082 22259 2423024390 24664
383568 573 5498 13449 13990 16904 22629 34203
585 596 820 2440 2488 21956 28261 28703 29591
755763795563616433 21714 234523115034545
23343 669 1159 3507 13096 17978 24241 34321
316384 944 4872 8491 18913 21085 23198 24798
64 314 7653706 7136 8634 14227 17127 23437
2206938998791 12417 13487 1833522126 27428
285794 1045 8624 8801 9547 19167 21894 32657
386 621 1045 1634 1882 3172 13686 16027 22448
95 622 693 2827 7098 11452 14112 18831 31308
446 813 9287976 893 513146 27117 27766 33111
89 138 241 3218 9283 20458 31484 31538 34216
2774207049281 12576 12788 14496 15357 20585
1416437584894 10264 15144 16357 22478 26461
1710816013183 15424 1793919276 23714 26655
109285608 168220223 21791 24615 2962231983
1235156227037 13946 15292 15606 16262 23742
264565923 646013622 13934 23181 2547526134
2025487898003 10993 12478 16051 25114 27579
121450575 597210062 18693 21852 23874 28031
507 560 889 12064 13316 19629 21547 25461

6647861043 91379294 10163 2338931436 34297
4583090710730165412123230354 3060531847
203 507 1060 6971 12216 13321 17861 22671

369881 952303512279 1277517682 1780534281
683 709 1032 3787 17623 24138 26775 31432

524 792 1042 12249 14765 18601 25811 32422

137 639 688 7182 8169 10443 22530 24597 29039
159 643 749 16386 17401 24135 28429 33468

107481 555732213234 19344 23498 26581 31378
249389 52334211015017616 19085 20545 32069
305738 1045 2415 3005 3820 19541 23543 31068
27293 703 1717 3460 8326 8501 10290 32625
126 247 515 6031 9549 10643 22067 29490 34450
331471 1007 3020 3922 7580 23358 28620 30946
222542102132913652 13130 1634933009 34348
5327191038 5891 7528 2325225472 3139531774
1453987747816 13887 14936 23708 3171233160
88 536 600 1239 1887 12195 13782 16726 27998
151 269 585 14453178 3970 15568 20358 21051
650 819 865 15567 18546 25571 32038 33350

93 469 800 6059 10405 12296 17515 21354 22231
97 206 951 6161 16376 27022 29192 30190 30665
412549986 583310583 10766 24946 2887831937
72 604 659 5267 12227 21714 32120 33472 33974
25902 912 1137 2975 9642 11598 25919 28278

420 976 1055 8473 11512 20198 21662 25443

124932 6426 11899 13217 13935 16548 29737
53 618 988 6280 7267 11676 13575 15532 25787
1117398098133 12717 12741 20253 20608 27850
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[0559] 120 683 943 14496 15162 15440 18660 27543
32404
[0560]
[0561]
[0562]
[0563]
[0564]
[0565]
[0566]
[0567)]
[0568]
[0569]
[0570]

600 754 1055 7873 9679 17351 27268 33508

344 756 1054 7102 7193 22903 24720 27883

582 1003 1046 11344 23756 27497 27977 32853
28 429 509 11106 11767 12729 13100 31792

131 555907 5113 10259 10300 20580 23029

406 915 977 12244 20259 26616 27899 32228

46 195 224 1229 4116 10263 13608 17830

19 819 953 7965 9998 13959 30580 30754

164 1003 1032 12920 15975 16582 22624 27357
8433 11894 13531 17675 25889 31384

3166 3813 8596 10368 25104 29584

[0571] 2466 8241 12424 13376 24837 32711.

[0572] Inthe fourth data processing device/method accord-
ing to the present technology, a sequence of an LDPC code
that has undergone group-wise interleave and has been
obtained from data transmitted from a transmitting device is
restored to an original sequence, the transmitting device
including an encoding unit configured to perform LDPC
encoding based on a parity check matrix of the LDPC code in
which a code length N is 64800 bits and an encoding rate r is
7/15, a group-wise interleaving unit configured to perform the
group-wise interleave of interleaving the LDPC code in units
of bit groups of 360 bits, and a mapping unit configured to
map the LDPC code to any of 4096 signal points decided in a
modulation scheme in units of 12 bits. In the group-wise
interleave, when an (i+1)-th bit group from a head of the
LDPC code is indicated by a bit group i, a sequence of bit
groups 0to 179 of the LDPC code of 64800 bits is interleaved
into a sequence of bit groups

[0573] 66, 61, 150, 157, 63, 42, 78, 44, 23, 154, 133, 101,
82,26,84,123,89,31, 45, 102,36, 134,83, 117,170, 27,73,
137,25,32,62,91,4, 20, 144, 145,21, 74, 113, 148, 24, 135,
5,19,2,34,43,168,14,64,142,115,87,38,147,39,51,152,
56,86,122,76,57,129,172,6,126,10,97, 85,164, 3, 80, 90,
79,124,138,120,17, 103,99, 116,46, 98,162, 151, 143, 11,
175,160, 96,132,81,171,94, 65,118,161, 125,178,95, 112,
88,174, 13,35, 1, 167, 0, 128, 12, 58, 29, 169, 67, 28, 119,
166, 60, 55, 54, 130,92, 146, 177,149,111, 9,173, 179, 176,
75,77,114,48,159, 8, 141, 107, 139, 52, 100, 136, 105, 127,
47,18,69,109,16,121,59,163,165,108,106,70, 22,93, 41,
33,110, 53, 140, 153, 158, 50, 15,37, 72, 156,7,131, 49,71,
68, 104, 30, 40, and 155.

The parity check matrix includes a gxK A matrix arranged on
an upper left of the parity check matrix, the A matrix being
indicated by a predetermined value g and an information
length K=Nxr of the LDPC code, a gxg B matrix having a
staircase structure, the B matrix being adjacent to the right of
the A matrix, a gx(N-K-g) Z matrix serving as a zero matrix
adjacent to the right of the B matrix, an (N-K-g)x(K+g) C
matrix adjacently below the A matrix and the B matrix, and an
(N-K-g)x(N-K-g) D matrix serving as a unit matrix adja-
cent to the right of the C matrix. The predetermined value g is
1080. The A matrix and the C matrix are represented by a
parity check matrix initial value table. The parity check
matrix initial value table is a table in which positions of 1
elements of the A matrix and the C matrix are indicated for
every 360 columns, and includes

[0574] 460 792 1007 4580 11452 13130 26882 27020
32439
[0575]
[0576]
[0577]

3547210567154 12700 13326 13414 16828 19102
45 440 772 4854 7863 26945 27684 28651 31875
744 812 892 1509 9018 12925 14140 21357 25106

[0578]
[0579]
[0580]
[0581]
[0582]
[0583]
[0584]
[0585]
[0586]
[0587)]
[0588]
[0589]
[0590]
[0591]
[0592]
[0593]
[0594]
[0595]
[0596]
[0597)]
[0598]
[0599]
[0600]
[0601]
[0602]
[0603]
[0604]
[0605]
[0606]
[0607]
[0608]
[0609]
[0610]
[0611]
[0612]
[0613]
[0614]
[0615]
[0616]
[0617]
[0618]
28732
[0619]
[0620]
[0621]
29825
[0622]
[0623]
33626
[0624]
33163
[0625]
[0626]
33469
[0627]
[0628]
[0629]
[0630]
[0631]
[0632]
[0633]
[0634]
[0635]
[0636]
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271 474 761 4268 6706 9609 19701 19707 24870
223 477 662 1987 9247 18376 22148 24948 27694
44 379 786 8823 12322 14666 16377 28688 29924
104219 562 583219665 2061521043 2275932180
41 43 8707963 13718 14136 17216 30470 33428
592744 887 4513 6192 18116 19482 25032 34095
456 821 1078 7162 7443 8774 15567 17243 33085
151666 977694610358 1117218129 1977732234
236 793 870 2001 6805 9047 13877 30131 34252
297 698 772 3449 4204 11608 22950 26071 27512
202 428 474 3205 3726 6223 7708 20214 25283
139719 915 1447 2938 11864 15932 21748 28598
1358539023239 1859020579 30578 33374 34045
913 971 11834 13642 17628 21669 24741 30965
344531 730188016895 1758721901 2862031957
71923803168 3729 5518 6827 20372 34168

28 521 681 4313 7465 14209 21501 23364 25980
2693938983561 11066 1198517311 2612730309
42 82 707 4880 4890 9818 23340 25959 31695
189262707 6573 14082 22259 2423024390 24664
383568 573 5498 13449 13990 16904 22629 34203
585 596 820 2440 2488 21956 28261 28703 29591
755763795563616433 21714 234523115034545
23343 669 1159 3507 13096 17978 24241 34321
316384 944 4872 8491 18913 21085 23198 24798
64 314 7653706 7136 8634 14227 17127 23437
2206938998791 12417 13487 1833522126 27428
285794 1045 8624 8801 9547 19167 21894 32657
386 621 1045 1634 1882 3172 13686 16027 22448
95 622 693 2827 7098 11452 14112 18831 31308
446 813 928 7976 8935 13146 27117 27766 33111
89 138 241 3218 9283 20458 31484 31538 34216
2774207049281 12576 12788 14496 15357 20585
1416437584894 10264 15144 16357 22478 26461
1710816013183 15424 1793919276 23714 26655
109285608 168220223 21791 24615 2962231983
1235156227037 13946 15292 15606 16262 23742
264565923 646013622 13934 23181 2547526134
2025487898003 10993 12478 16051 25114 27579
121450575 597210062 18693 21852 23874 28031
507 560 889 12064 13316 19629 21547 25461

6647861043 91379294 10163 2338931436 34297
4583090710730165412123230354 3060531847
203 507 1060 6971 12216 13321 17861 22671

369881 952303512279 1277517682 1780534281
683 709 1032 3787 17623 24138 26775 31432

524 792 1042 12249 14765 18601 25811 32422

137 639 688 7182 8169 10443 22530 24597 29039
159 643 749 16386 17401 24135 28429 33468

107481 555732213234 19344 23498 26581 31378
249389 52334211015017616 19085 20545 32069
305738 1045 2415 3005 3820 19541 23543 31068
27293 703 1717 3460 8326 8501 10290 32625
126 247 515 6031 9549 10643 22067 29490 34450
331471 1007 3020 3922 7580 23358 28620 30946
222542102132913652 13130 1634933009 34348
5327191038 5891 7528 2325225472 3139531774
1453987747816 13887 14936 23708 3171233160
88 536 600 1239 1887 12195 13782 16726 27998
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151 269 585 1445 3178 3970 15568 20358 21051
650 819 865 15567 18546 25571 32038 33350

[0637]
[0638]
33620
[0639]
[0640]
[0641]
[0642]
[0643]
[0644]
30119
[0645]
[0646]
[0647]
[0648]
32404
[0649]
[0650]
[0651]
[0652]
[0653]
[0654]
[0655]
[0656]
[0657)]
[0658]
[0659]

93 469 800 6059 10405 12296 17515 21354 22231
97 206 951 6161 16376 27022 29192 30190 30665
412 549986 5833 10583 10766 24946 28878 31937
72 604 659 5267 12227 21714 32120 33472 33974
25902 912 1137 2975 9642 11598 25919 28278

420 976 1055 8473 11512 20198 21662 25443

124932 6426 11899 13217 13935 16548 29737

53 618 988 6280 7267 11676 13575 15532 25787
1117398098133 12717 12741 20253 20608 27850
120 683 943 14496 15162 15440 18660 27543

600 754 1055 7873 9679 17351 27268 33508

344 756 1054 7102 7193 22903 24720 27883

582 1003 1046 11344 23756 27497 27977 32853
28 429 509 11106 11767 12729 13100 31792

131 555907 5113 10259 10300 20580 23029

406 915 977 12244 20259 26616 27899 32228

46 195 224 1229 4116 10263 13608 17830

19 819 953 7965 9998 13959 30580 30754

164 1003 1032 12920 15975 16582 22624 27357
8433 11894 13531 17675 25889 31384

3166 3813 8596 10368 25104 29584

[0660] 2466 8241 12424 13376 24837 32711.

[0661] A fifth data processing device/method according to
the present technology is a data processing device/method
including: an encoding unit/step configured to perform LDPC
encoding based on a parity check matrix of an LDPC code in
which a code length N is 64800 bits and an encoding rate r is
8/15; a group-wise interleaving unit/step configured to per-
form group-wise interleave of interleaving the LDPC code in
units of bit groups of 360 bits; and a mapping unit/step con-
figured to map the LDPC code to any of 4096 signal points
decided in a modulation scheme in units of 12 bits. In the
group-wise interleave, when an (i+1)-th bit group from a head
of'the LDPC code is indicated by a bit group i, a sequence of
bit groups 0 to 179 of the LDPC code of 64800 bits is inter-
leaved into a sequence of bit groups

[0662] 75,83,11,24,86,104,156,76,37,173,127,61,43,
139, 106, 69, 49, 2, 128, 140, 68, 14, 100, 8, 36, 73, 148, 65,
16,47,1717, 6,132, 45, 5,30, 13, 22, 29, 27, 101, 150, 23, 90,
41,93,89,92,135,4,71,87,44,124,26,64,1,129, 157, 130,
107,18,91,118,3,82, 144,113, 121, 54, 84,97,122, 120, 7,
154, 56, 134, 57, 161, 33, 116, 28, 96, 72, 172, 12, 115, 38,
164, 32, 167, 145, 17, 88, 39, 151, 80, 0, 136, 169, 142, 74,
147,126, 166, 163, 40, 110, 171, 50, 160, 131, 70, 175, 103,
125,77,162,31, 85,66,67,52,108, 159, 133,42,153, 21, 51,
119,123, 98, 35, 48, 111, 149, 25, 58, 60, 158, 102, 59, 117,
20,141,143,46, 53,155,15,165,152,112, 176,105,178, 99,
174, 168, 114, 179, 78, 10, 19, 62, 63, 170, 138, 34, 109, 9,
146, 95, 94, 55,137, 81, and 79.

The LDPC code includes an information bit and a parity bit.
The parity check matrix includes an information matrix por-
tion corresponding to the information bit and a parity matrix
portion corresponding to the parity bit. The information
matrix portion is represented by a parity check matrix initial
value table. The parity check matrix initial value table is a
table in which a position of a 1 element of the information
matrix portion is indicated for every 360 columns, and
includes
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[0663] 2768 3039 4059 5856 6245 7013 8157 9341 9802
10470 11521 12083 16610 18361 20321 24601 27420 28206
29788

[0664] 2739 8244 8891 9157 12624 12973 15534 16622
16919 18402 18780 19854 20220 20543 22306 25540 27478
27678 28053

[0665] 1727 2268 6246 7815 9010 9556 10134 10472
11389 14599 15719 16204 17342 17666 18850 22058 25579
25860 29207

[0666] 28 1346 3721 5565 7019 9240 12355 13109 14800
16040 16839 17369 17631 19357 19473 19891 20381 23911
29683

[0667] 869245043865316 61607107 10362 1113211271
13149 16397 16532 17113 19894 22043 22784 27383 28615
28804

[0668] 508 4292 5831 8559 10044 10412 11283 14810
15888 17243 17538 19903 20528 22090 22652 27235 27384
28208 28485

[0669] 3892248 5840 6043 7000 9054 11075 11760 12217
12565 13587 15403 19422 19528 21493 25142 27777 28566
28702

[0670] 1015 2002 5764 6777 9346 9629 11039 11153
12690 13068 13990 16841 17702 20021 24106 26300 29332
30081 30196

[0671] 148030843467 440147985187 7851 11368 12323
14325 14546 16360 17158 18010 21333 25612 26556 26906
27005

[0672] 69258876 12392 14529 15253 15437 19226 19950
20321 23021 23651 24393 24653 26668 27205 28269 28529
29041 29292

[0673] 2547 3404 3538 4666 5126 5468 7695 8799 14732
15072 15881 17410 18971 19609 19717 22150 24941 27908
29018

[0674] 88815812311551172189107 10454 12252 13662
15714 15894 17025 18671 24304 25316 25556 23489 28977
29212

[0675] 1047 1494 1718 4645 5030 6811 7868 8146 10611
15767 17682 18391 22614 23021 23763 25478 26491 29088
29757

[0676] 59 1781 1900 3814 4121 8044 8906 9175 11156
14841 15789 16033 16755 17292 18550 19310 22505 29567
29850

[0677] 1952 3057 4399 9476 10171 10769 11335 11569
15002 19501 20621 22642 23452 24360 25109 25290 25828
28505 29122

[0678] 289530703437 4764 4905 6670 9244 11845 13352
13573 13975 14600 15871 17996 19672 20079 20579 25327
27958

[0679] 612 1528 2004 4244 4599 4926 5843 7684 10122
10443 12267 14368 18413 19058 22985 24257 26202 26596
27899

[0680] 1361 2195 4146 6708 7158 7538 9138 9998 14862
15359 16076 18925 21401 21573 22503 24146 24247 27778
29312

[0681] 5229 6235 7134 7655 9139 13527 15408 16058
16705 18320 19909 20901 22238 22437 23654 25131 27550
28247 29903

[0682] 69720354887 52756909 9166 11805 15338 16381
18403 20425 20688 21547 24590 25171 26726 28348 29224
20412
[0683]
[0684]
[0685]
[0686]

5379 17329 22659 23062
11814 14759 22329 22936
2423 2811 10296 12727
8460 15260 16769 17290
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[0687] 14191 14608 29536 30187
[0688] 7103 10069 20111 22850
[0689] 4285 15413 26448 29069
[0690] 5482137 9189 10928
[0691] 4581 7077 23382 23949
[0692] 3942 17248 19486 27922
[0693] 8668 10230 16922 26678
[0694] 6158 9980 13788 28198
[0695] 12422 16076 24206 29887
[0696] 8778 10649 18747 22111
[0697] 21029 22677 27150 28980
[0698] 7918 15423 27672 27803
[0699] 5927 18086 23525
[0700] 3397 15058 30224
[0701] 24016 25880 26268
[0702] 1096 47757912

[0703] 3259 17301 20802
[0704] 1298396 15132

[0705] 1782528119 28676
[0706] 2343 8382 28840

[0707] 3907 18374 20939
[0708] 11321290 8786

[0709] 1481 4710 28846

[0710] 2185370526834

[0711] 5496 15681 21854
[0712] 12697 13407 22178
[0713] 12788 21227 22894
[0714] 629 2854 6232

[0715] 2289 18227 27458
[0716] 7593 21935 23001

[0717] 3836 7081 12282

[0718] 7925 18440 23135
[0719] 497 6342 9717

[0720] 11199 22046 30067
[0721] 12572 28045 28990
[0722] 12402023 10933

[0723] 19566 20629 25186
[0724] 6442 13303 28813
[0725] 476510572 16180
[0726] 55219301 24286

[0727] 6782 1848021383
[0728] 11267 12288 15758
[0729] 771 5652 15531

[0730] 1613120047 25649
[0731] 13227 23035 24450
[0732] 4839 13467 27488
[0733] 2852467722993

[0734] 2504 28116 29524
[0735] 12518 17374 24267
[0736] 122211859 27922
[0737] 9660 17286 18261

[0738] 23211296 29978

[0739] 975011165 16295

[0740] 4894 9505 23622

[0741] 10861 11980 14110
[0742] 2128 15883 22836
[0743] 6274 17243 21989
[0744] 10866 13202 22517
[0745] 1115916111 21608
[0746] 3719 18787 22100
[0747] 1756 2020 23901

[0748] 20913 29473 30103
[0749] 2729 15091 26976
[0750] 44108217 12963
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[0751] 539524564 28235

[0752] 3859 17909 23051

[0753] 5733 26005 29797

[0754] 1935349229773

[0755] 11903 2138029914

[0756] 6091 10469 29997

[0757] 28958930 15594

[0758] 1827 10028 20070

[0759] In the fifth data processing device/method accord-
ing to the present technology, LDPC encoding is performed
based on a parity check matrix of an LDPC code in which a
code length N is 64800 bits and an encoding rate r is 8/15.
Group-wise interleave of interleaving the LDPC code in units
of bit groups of 360 bits is performed. The LDPC code is
mapped to any of 4096 signal points decided in a modulation
scheme in units of 12 bits. In the group-wise interleave, when
an (i+1)-th bit group from a head of the LDPC code is indi-
cated by a bit group 1, a sequence of bit groups 0 to 179 of the
LDPC code of 64800 bits is interleaved into a sequence of bit
groups

[0760] 75,83,11,24,86,104,156,76,37,173,127,61,43,
139, 106, 69, 49, 2, 128, 140, 68, 14, 100, 8, 36, 73, 148, 65,
16,47,177,6, 132,45, 5,30, 13, 22,29, 27, 101, 150, 23, 90,
41,93,89,92,135,4,71,87,44,124,26,64,1,129, 157,130,
107,18,91, 118, 3,82, 144,113, 121, 54,84, 97,122,120, 7,
154, 56, 134, 57, 161, 33, 116, 28, 96, 72, 172, 12, 115, 38,
164,32, 167, 145, 17, 88, 39, 151, 80, 0, 136, 169, 142, 74,
147,126, 166, 163, 40, 110, 171, 50, 160, 131, 70, 175, 103,
125,77,162,31,85,66,67,52,108,159, 133,42,153,21, 51,
119,123, 98, 35, 48, 111, 149, 25, 58, 60, 158, 102, 59, 117,
20, 141,143,46,53,155,15,165,152,112,176, 105,178, 99,
174, 168, 114, 179, 78, 10, 19, 62, 63, 170, 138, 34, 109, 9,
146, 95, 94, 55, 137, 81, and 79.

The LDPC code includes an information bit and a parity bit.
The parity check matrix includes an information matrix por-
tion corresponding to the information bit and a parity matrix
portion corresponding to the parity bit. The information
matrix portion is represented by a parity check matrix initial
value table. The parity check matrix initial value table is a
table in which a position of a 1 element of the information
matrix portion is indicated for every 360 columns, and
includes

[0761] 2768 3039 4059 5856 6245 7013 8157 9341 9802
1047011521 12083 16610 18361 20321 24601 2742028206
29788

[0762] 2739 8244 8891 9157 12624 12973 15534 16622
16919 18402 18780 19854 20220 20543 22306 2554027478
27678 28053

[0763] 1727 2268 6246 7815 9010 9556 10134 10472
11389 14599 15719 16204 17342 17666 18850 22058 25579
25860 29207

[0764] 28 13463721 55657019 9240 12355 13109 14800
16040 16839 17369 17631 19357 19473 19891 20381 23911
29683

[0765] 86924504386531661607107103621113211271
1314916397 16532 17113 19894 22043 22784 27383 28615
28804

[0766] 508 4292 5831 8559 10044 10412 11283 14810
15888 17243 17538 19903 20528 2209022652 2723527384
28208 28485

[0767] 38922485840 604370009054 110751176012217
12565 13587 15403 19422 19528 21493 25142 27777 28566
28702
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[0768]

1015 2002 5764 6777 9346 9629 11039 11153
12690 13068 13990 16841 17702 20021 24106 26300 29332

30081 30196

[0769]

27005
[0770]

14803084 34674401 4798 51877851 11368 12323
1432514546 16360 17158 1801021333 25612 26556 26906

6925 887612392 14529 15253 1543719226 19950
20321 23021 23651 24393 24653 26668 27205 28269 28529

29041 29292

[0771]

29018
[0772]

29212
[0773]

29757
[0774]

29850
[0775]

2547 3404 3538 4666 5126 5468 7695 8799 14732
1507215881 17410 18971 19609 19717 22150 24941 27908

88815812311551172189107 10454 1225213662
15714 15894 17025 18671 24304 25316 25556 28489 28977

1047 1494 1718 4645 5030 6811 7868 8146 10611
15767 17682 18391 22614 23021 23763 25478 26491 29088

59 1781 1900 3814 4121 8044 8906 9175 11156
14841 1578916033 1675517292 1855019310 22505 29567

1952 3057 4399 9476 10171 10769 11335 11569
15002 19501 20621 22642 23452 2436025109 25290 25828

28505 29122

[0776]

27958
[0777]

27899
[0778]

29312
[0779]

2895307034374764 4905 66709244 11845 13352
13573 13975 14600 15871 17996 19672 20079 20579 25327

612 1528 2004 4244 4599 4926 5843 7684 10122
10443 12267 14368 18413 19058 22985 24257 26202 26596

1361 2195 4146 6708 7158 7538 9138 9998 14862
1535916076 18925 21401 21573 22503 24146 24247 27778

5229 6235 7134 7655 9139 13527 15408 16058
16705 18320 19909 20901 22238 22437 23654 25131 27550

2824729903

[0780]

29412
[0781]
[0782]
[0783]
[0784]
[0785]
[0786]
[0787]
[0788]
[0789]
[0790]
[0791]
[0792]
[0793]
[0794]
[0795]
[0796]
[0797]
[0798]
[0799]
[0800]
[0801]
[0802]
[0803]
[0804]
[0805]

69720354887 52756909 9166 11805 15338 16381
18403 20425 20688 21547 24590 25171 26726 28848 29224

5379 17329 22659 23062
11814 14759 22329 22936
2423 2811 10296 12727
8460 15260 16769 17290
14191 14608 29536 30187
7103 10069 20111 22850
4285 15413 26448 29069
548 2137 9189 10928
4581 7077 23382 23949
3942 17248 19486 27922
8668 10230 16922 26678
6158 9980 13788 28198
12422 16076 24206 29887
8778 10649 18747 22111
21029 22677 27150 28980
7918 15423 27672 27803

5927 18086 23525
3397 15058 30224
24016 25880 26268
1096 4775 7912
3259 17301 20802
129 8396 15132
17825 28119 28676
2343 8382 28840
3907 18374 20939
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[0806] 1132 12908786

[0807] 1481 4710 28846

[0808] 2185370526834

[0809] 5496 15681 21854

[0810] 12697 13407 22178

[0811] 1278821227 22894

[0812] 629 2854 6232

[0813] 2289 18227 27458

[0814] 7593 21935 23001

[0815] 38367081 12282

[0816] 7925 18440 23135

[0817] 497 6342 9717

[0818] 11199 22046 30067

[0819] 1257228045 28990

[0820] 12402023 10933

[0821] 19566 20629 25186

[0822] 6442 13303 28813

[0823] 476510572 16180

[0824] 55219301 24286

[0825] 6782 1848021383

[0826] 11267 12288 15758

[0827] 771 5652 15531

[0828] 1613120047 25649

[0829] 13227 23035 24450

[0830] 4839 13467 27488

[0831] 2852467722993

[0832] 2504 28116 29524

[0833] 12518 17374 24267

[0834] 1222 1185927922

[0835] 9660 17286 18261

[0836] 2321129629978

[0837] 975011165 16295

[0838] 4894 9505 23622

[0839] 10861 11980 14110

[0840] 2128 15883 22836

[0841] 6274 17243 21989

[0842] 10866 13202 22517

[0843] 1115916111 21608

[0844] 3719 18787 22100

[0845] 1756 2020 23901

[0846] 20913 29473 30103

[0847] 2729 15091 26976

[0848] 44108217 12963

[0849] 539524564 28235

[0850] 3859 17909 23051

[0851] 5733 26005 29797

[0852] 1935349229773

[0853] 11903 2138029914

[0854] 6091 10469 29997

[0855] 28958930 15594

[0856] 1827 10028 20070

[0857] A sixth data processing device/method according to
the present technology is a data processing device/method
including: a group-wise deinterleaving unit/step configured
to restore a sequence of an LDPC code that has undergone
group-wise interleave and has been obtained from data trans-
mitted from a transmitting device to an original sequence, the
transmitting device including an encoding unit configured to
perform LDPC encoding based on a parity check matrix of the
LDPC code in which a code length N is 64800 bits and an
encoding rate r is 8/15, a group-wise interleaving unit con-
figured to perform the group-wise interleave of interleaving
the LDPC code in units of bit groups of 360 bits, and a
mapping unit configured to map the LDPC code to any of
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4096 signal points decided in a modulation scheme in units of
12 bits. In the group-wise interleave, when an (i+1)-th bit
group from a head of the LDPC code is indicated by a bit
group i, a sequence of bit groups 0 to 179 of the LDPC code
of 64800 bits is interleaved into a sequence of bit groups
[0858] 75,83,11,24,86,104,156,76,37,173,127,61,43,
139, 106, 69, 49, 2, 128, 140, 68, 14, 100, 8, 36, 73, 148, 65,
16,47,1717, 6,132, 45, 5,30, 13, 22, 29, 27, 101, 150, 23, 90,
41,93,89,92,135,4,71,87,44,124,26,64,1,129, 157, 130,
107,18,91,118,3,82, 144,113, 121, 54, 84,97,122, 120, 7,
154, 56, 134, 57, 161, 33, 116, 28, 96, 72, 172, 12, 115, 38,
164, 32, 167, 145, 17, 88, 39, 151, 80, 0, 136, 169, 142, 74,
147,126, 166, 163, 40, 110, 171, 50, 160, 131, 70, 175, 103,
125,77,162,31, 85,66,67,52,108, 159, 133,42,153, 21, 51,
119,123, 98, 35, 48, 111, 149, 25, 58, 60, 158, 102, 59, 117,
20,141,143,46, 53,155,15,165,152,112, 176,105,178, 99,
174, 168, 114, 179, 78, 10, 19, 62, 63, 170, 138, 34, 109, 9,
146, 95, 94, 55,137, 81, and 79,

The LDPC code includes an information bit and a parity bit.
The parity check matrix includes an information matrix por-
tion corresponding to the information bit and a parity matrix
portion corresponding to the parity bit. The information
matrix portion is represented by a parity check matrix initial
value table. The parity check matrix initial value table is a
table in which a position of a 1 element of the information
matrix portion is indicated for every 360 columns, and
includes

[0859] 2768 3039 4059 5856 6245 7013 8157 9341 9802
1047011521 12083 16610 18361 20321 24601 27420 28206
29788

[0860] 2739 8244 8891 9157 12624 12973 15534 16622
16919 18402 18780 19854 20220 20543 22306 25540 27478
27678 28053

[0861] 1727 2268 6246 7815 9010 9556 10134 10472
11389 14599 15719 16204 17342 17666 18850 22058 25579
25860 29207

[0862] 28 13463721 55657019 9240 12355 13109 14800
16040 16839 17369 17631 19357 19473 19891 20381 23911
29683

[0863] 86924504386531661607107103621113211271
1314916397 16532 17113 19894 22043 22784 27383 28615
28804

[0864] 508 4292 5831 8559 10044 10412 11283 14810
15888 17243 17538 19903 20528 2209022652 27235 27384
28208 28485

[0865] 38922485840 604370009054 110751176012217
12565 13587 15403 19422 19528 21493 25142 27777 28566
28702

[0866] 1015 2002 5764 6777 9346 9629 11039 11153
12690 13068 13990 16841 17702 20021 24106 26300 29332
30081 30196

[0867] 14803084346744014798518778511136812323
1432514546 16360 17158 1801021333 25612 26556 26906
27005

[0868] 6925887612392 14529 15253 15437 19226 19950
20321 23021 23651 24393 24653 26668 27205 28269 28529
29041 29292

[0869] 2547 3404 3538 4666 5126 5468 7695 8799 14732
1507215881 17410 18971 19609 19717 22150 24941 27908
29018
[0870] 88815812311551172189107104541225213662
15714 15894 17025 18671 24304 25316 25556 28489 28977
29212
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[0871] 1047 1494 1718 4645 5030 6811 7868 8146 10611
15767 17682 18391 22614 23021 23763 25478 26491 29088
29757

[0872] 59 1781 1900 3814 4121 8044 8906 9175 11156
14841 15789 16033 16755 17292 18550 19310 22505 29567
29850

[0873] 1952 3057 4399 9476 10171 10769 11335 11569
15002 19501 20621 22642 23452 24360 25109 25290 25828
28505 29122

[0874] 289530703437 4764 4905 6670 9244 11845 13352
13573 13975 14600 15871 17996 19672 20079 20579 25327
27958

[0875] 612 1528 2004 4244 4599 4926 5843 7684 10122
10443 12267 14368 18413 19058 22985 24257 26202 26596
27899

[0876] 1361 2195 4146 6708 7158 7538 9138 9998 14862
15359 16076 18925 21401 21573 22503 24146 24247 27778
29312

[0877] 5229 6235 7134 7655 9139 13527 15408 16058
16705 18320 19909 20901 22238 22437 23654 25131 27550
28247 29903

[0878] 69720354887 5275 6909 9166 11805 15338 16381
18403 20425 20688 21547 24590 25171 26726 23348 29224
20412
[0879]
[0880]
[0881]
[0882]
[0883]
[0884]
[0885]
[0886]
[0887)]
[0888]
[0889]
[0890]
[0891]
[0892]
[0893]
[0894]
[0895]
[0896]
[0897]
[0898]
[0899]
[0900]
[0901]
[0902]
[0903]
[0904]
[0905]
[0906]
[0907]
[0908]
[0909]
[0910]
[0911]
[0912]
[0913]
[0914]
[0915]
[0916]
[0917]
[0918]

5379 17329 22659 23062
11814 14759 22329 22936
2423 2811 10296 12727
8460 15260 16769 17290
14191 14608 29536 30187
7103 10069 20111 22850
4285 15413 26448 29069
548 2137 9189 10928
4581 7077 23382 23949
3942 17248 19486 27922
8668 10230 16922 26678
6158 9980 13788 28198
12422 16076 24206 29887
8778 10649 18747 22111
21029 22677 27150 28980
7918 15423 27672 27803
5927 18086 23525

3397 15058 30224

24016 25880 26268

1096 4775 7912

3259 17301 20802

129 8396 15132

17825 28119 28676

2343 8382 28840

3907 18374 20939

1132 1290 8786

1481 4710 28846
21853705 26834

5496 15681 21854

12697 13407 22178

12788 21227 22894

629 2854 6232

2289 18227 27458

7593 21935 23001

3836 7081 12282

7925 18440 23135

497 6342 9717

11199 22046 30067

12572 28045 28990

1240 2023 10933
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19566 20629 25186

6442 13303 28813

4765 10572 16180

552 19301 24286

6782 18480 213 83

11267 12288 15758

771 5652 15531

16131 20047 25649

13227 23035 24450

4839 13467 27488

2852 4677 22993

2504 28116 29524

12518 17374 24267

1222 11859 27922

9660 17286 18261

232 11296 29978

9750 11165 16295

4894 9505 23622

10861 11980 14110

2128 15883 22836

6274 17243 21989

10866 13202 22517

11159 16111 21608

3719 18787 22100

1756 2020 23901

20913 29473 30103

2729 15091 26976

4410 8217 12963

5395 24564 28235

3859 17909 23051

5733 26005 29797

1935 3492 29773

11903 21380 29914

6091 10469 29997

2895 8930 15594

[0954] 1827 10028 20070

[0955] In the sixth data processing device/method accord-
ing to the present technology, a sequence of an LDPC code
that has undergone group-wise interleave and has been
obtained from data transmitted from a transmitting device is
restored to an original sequence, the transmitting device
including an encoding unit configured to perform LDPC
encoding based on a parity check matrix of the LDPC code in
which a code length N is 64800 bits and an encoding rate r is
8/15, a group-wise interleaving unit configured to perform the
group-wise interleave of interleaving the LDPC code in units
of bit groups of 360 bits, and a mapping unit configured to
map the LDPC code to any of 4096 signal points decided in a
modulation scheme in units of 12 bits. In the group-wise
interleave, when an (i+1)-th bit group from a head of the
LDPC code is indicated by a bit group i, a sequence of bit
groups 0to 179 of the LDPC code of 64800 bits is interleaved
into a sequence of bit groups

[0956] 75,83,11,24,86,104,156,76,37,173,127,61,43,
139, 106, 69, 49, 2, 128, 140, 68, 14, 100, 8, 36, 73, 148, 65,
16,47,1717, 6,132, 45, 5,30, 13, 22, 29, 27, 101, 150, 23, 90,
41,93,89,92,135,4,71,87,44,124,26,64,1,129, 157, 130,
107,18,91,118,3,82, 144,113, 121, 54, 84,97,122, 120, 7,
154, 56, 134, 57, 161, 33, 116, 28, 96, 72, 172, 12, 115, 38,
164, 32, 167, 145, 17, 88, 39, 151, 80, 0, 136, 169, 142, 74,
147,126, 166, 163, 40, 110, 171, 50, 160, 131, 70, 175, 103,
125,77,162,31, 85,66,67,52,108, 159, 133,42,153, 21, 51,
119,123, 98, 35, 48, 111, 149, 25, 58, 60, 158, 102, 59, 117,
20,141,143,46, 53,155,15,165,152,112, 176,105,178, 99,

[0919]
[0920]
[0921]
[0922]
[0923]
[0924]
[0925]
[0926]
[0927]
[0928]
[0929]
[0930]
[0931]
[0932]
[0933]
[0934]
[0935]
[0936]
[0937]
[0938]
[0939]
[0940]
[0941]
[0942]
[0943]
[0944]
[0945]
[0946]
[0947)]
[0948]
[0949]
[0950]
[0951]
[0952]
[0953]
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174, 168, 114, 179, 78, 10, 19, 62, 63, 170, 138, 34, 109, 9,
146, 95, 94, 55, 137, 81, and 79,

The LDPC code includes an information bit and a parity bit.
The parity check matrix includes an information matrix por-
tion corresponding to the information bit and a parity matrix
portion corresponding to the parity bit. The information
matrix portion is represented by a parity check matrix initial
value table. The parity check matrix initial value table is a
table in which a position of a 1 element of the information
matrix portion is indicated for every 360 columns, and
includes

[0957] 2768 3039 4059 5856 6245 7013 8157 9341 9802
1047011521 12083 16610 18361 20321 24601 2742028206
29788

[0958] 2739 8244 8891 9157 12624 12973 15534 16622
16919 18402 18780 19854 20220 20543 22306 2554027478
27678 28053

[0959] 1727 2268 6246 7815 9010 9556 10134 10472
1138914599 15719 16204 17342 17666 18850 22058 25579
25860 29207

[0960] 28 1346 3721 55657019 9240 12355 13109 14800
16040 16839 17369 17631 19357 19473 19891 20381 23911
29683

[0961] 86924504386531661607107103621113211271
1314916397 16532 17113 19894 22043 22784 27383 28615
28804

[0962] 508 4292 5831 8559 10044 10412 11283 14810
15888 17243 17538 19903 20528 22090 22652 27235 27384
28208 28485

[0963] 3892248 5840 6043 7000 9054 11075 11760 12217
12565 13587 15403 19422 19528 21493 25142 27777 28566
28702

[0964] 1015 2002 5764 6777 9346 9629 11039 11153
12690 13068 13990 16841 17702 20021 24106 26300 29332
30081 30196

[0965] 14803084 3467 4401 4798 5187 7851 11368 12323
14325 14546 16360 17158 18010 21333 25612 26556 26906
27005

[0966] 69258876 12392 14529 15253 15437 19226 19950
20321 23021 23651 24393 24653 26668 27205 28269 28529
29041 29292

[0967] 2547 3404 3538 4666 5126 5468 7695 8799 14732
15072 15881 17410 18971 19609 19717 22150 24941 27908
29018

[0968] 88815812311551172189107 10454 12252 13662
15714 15894 17025 18671 24304 25316 25556 28489 28977
29212

[0969] 1047 1494 1718 4645 5030 6811 7868 8146 10611
15767 17682 18391 22614 23021 23763 25478 26491 29088
29757

[0970] 59 1781 1900 3814 4121 8044 8906 9175 11156
14841 15789 16033 16755 17292 18550 19310 22505 29567
29850

[0971] 1952 3057 4399 9476 10171 10769 11335 11569
15002 19501 20621 22642 23452 2436025109 25290 25828
28505 29122

[0972] 289530703437 4764 4905 6670 9244 11845 13352
13573 13975 14600 15871 17996 19672 20079 20579 25327
27958

[0973] 612 1528 2004 4244 4599 4926 5843 7684 10122
10443 12267 14368 18413 19058 22985 24257 26202 26596
27899
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[0974]

29312
[0975]

1361 2195 4146 6708 7158 7538 9138 9998 14862
1535916076 18925 21401 21573 22503 24146 24247 27778

5229 6235 7134 7655 9139 13527 15408 16058
16705 18320 19909 20901 22238 22437 23654 25131 27550

2824729903

[0976]

29412
[0977]
[0978]
[0979]
[0980]
[0981]
[0982]
[0983]
[0984]
[0985]
[0986]
[0987]
[0988]
[0989]
[0990]
[0991]
[0992]
[0993]
[0994]
[0995]
[0996]
[0997]
[0998]
[0999]
[1000]
[1001]
[1002]
[1003]
[1004]
[1005]
[1006]
[1007]
[1008]
[1009]
[1010]
[1011]
[1012]
[1013]
[1014]
[1015]
[1016]
[1017]
[1018]
[1019]
[1020]
[1021]
[1022]
[1023]
[1024]
[1025]
[1026]
[1027]
[1028]
[1029]
[1030]
[1031]

69720354887 52756909 9166 11805 15338 16381
18403 20425 20688 21547 24590 25171 26726 28848 29224

5379 17329 22659 23062
11814 14759 22329 22936
2423 2811 10296 12727
8460 15260 16769 17290
14191 14608 29536 30187
7103 10069 20111 22850
4285 15413 26448 29069
548 2137 9189 10928
4581 7077 23382 23949
3942 17248 19486 27922
8668 10230 16922 26678
6158 9980 13788 28198
12422 16076 24206 29887
8778 10649 18747 22111
21029 22677 27150 28980
7918 15423 27672 27803
5927 18086 23525

3397 15058 30224
24016 25880 26268

1096 4775 7912

3259 17301 20802

129 8396 15132

17825 28119 28676

2343 8382 28840

3907 18374 20939

1132 1290 8786

1481 4710 28846
21853705 26834

5496 15681 21854

12697 13407 22178
12788 21227 22894

629 2854 6232

2289 18227 27458

7593 21935 23001

3836 7081 12282

7925 18440 23135

497 6342 9717

11199 22046 30067
12572 28045 28990

1240 2023 10933

19566 20629 25186

6442 13303 28813
476510572 16180
55219301 24286

6782 18480 21383

11267 12288 15758

771 5652 15531

16131 20047 25649
13227 23035 24450
4839 13467 27488

2852 4677 22993

2504 28116 29524

12518 17374 24267

1222 11859 27922

9660 17286 18261
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[1032] 2321129629978

[1033] 975011165 16295

[1034] 4894 9505 23622

[1035] 10861 11980 14110

[1036] 2128 15883 22836

[1037] 6274 17243 21989

[1038] 10866 13202 22517

[1039] 1115916111 21608

[1040] 3719 18787 22100

[1041] 1756 2020 23901

[1042] 20913 29473 30103

[1043] 2729 15091 26976

[1044] 44108217 12963

[1045] 539524564 28235

[1046] 3859 17909 23051

[1047] 5733 26005 29797

[1048] 1935349229773

[1049] 11903 2138029914

[1050] 6091 10469 29997

[1051] 28958930 15594

[1052] 1827 10028 20070

[1053] A seventh data processing device/method according
to the present technology is a data processing device/method
including: an encoding unit/step configured to perform LDPC
encoding based on a parity check matrix of an LDPC code in
which a code length N is 64800 bits and an encoding rate r is
9/15; a group-wise interleaving unit/step configured to per-
form group-wise interleave of interleaving the LDPC code in
units of bit groups of 360 bits; and a mapping unit/step con-
figured to map the LDPC code to any of 4096 signal points
decided in a modulation scheme in units of 12 bits. In the
group-wise interleave, when an (i+1)-th bit group from a head
of'the LDPC code is indicated by a bit group i, a sequence of
bit groups 0 to 179 of the LDPC code of 64800 bits is inter-
leaved into a sequence of bit groups

[1054] 98,159,59,125, 163,89, 26, 4,102, 70, 92,36, 37,
142,176, 95,71, 19, 87, 45, 81, 47, 65, 170, 103, 48, 67, 61,
64,35, 76, 80, 140,77, 10, 167, 178, 155, 120, 156, 151, 12,
58,5,83,137,41,109, 2, 66,133, 62,135, 28,93, 128, 86, 57,
153,161, 110, 52, 147, 141, 31, 79, 32, 88, 160, 84, 150, 6,
100,73, 126, 164, 17,42,101,7,55,105,91, 22,130, 154, 1,
82, 14,0, 9, 21, 50, 165, 72, 138, 175, 106, 108, 3, 169, 30,
157,54, 18, 20, 44,34, 134, 107, 56, 53, 15, 162, 38, 166, 24,
33, 60, 85, 145, 115, 43, 39, 40, 124, 149, 144, 132, 96, 11,
146,90,129,119,111,171,8,152,121,173,131,49,27,118,
16, 148, 68, 177, 94, 179, 13, 114, 75, 51, 117, 25, 46, 136,
143,139,113, 127, 174,74, 29, 122, 158, 69, 97, 78, 63, 99,
112, 104, 116, 172, 168, 23, and 123.

The LDPC code includes an information bit and a parity bit.
The parity check matrix includes an information matrix por-
tion corresponding to the information bit and a parity matrix
portion corresponding to the parity bit. The information
matrix portion is represented by a parity check matrix initial
value table. The parity check matrix initial value table is a
table in which a position of a 1 element of the information
matrix portion is indicated for every 360 columns, and
includes

[1055] 113 1557 3316 5680 6241 10407 13404 13947
14040 14353 15522 15698 16079 17363 19374 19543 20530
22833 24339

[1056] 2711361 623670067307 733312768 15441 15568
17923 18341 20321 21502 22023 23938 25351 2559025876
25910
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[1057] 73 605 872 4008 6279 7653 10346 10799 12482
1293513604 15909 16526 19782 20506 22804 23629 24859
25600

[1058] 1445169043044851891991769252 1378316076
1667517274 18806 1888220819 21958 22451 23869 23999
24177

[1059] 1290 2337 5661 6371 8996 10102 10941 11360
12242 14918 16808 20571 23374 24046 25045 25060 25662
25783 25913

[1060] 28 42 1926 3421 3503 8558 9453 10168 15820
17473 19571 19685 22790 23336 23367 23890 24061 25657
25680

[1061] O 1709 4041 4932 5968 7123 8430 9564 10596
11026 14761 19484 20762 20858 23803 24016 24795 25853
25863

[1062] 29 1625 6500 6609 16831 18517 18568 18738
1938720159 20544 21603 21941 24137 24269 24416 24803
25154 25395

[1063] 55 66 871 3700 11426 13221 15001 16367 17601
18380 22796 23488 23938 25476 25635 25678 25807 25857
25872

[1064] 1 19 5958 8548 8860 11489 16845 18450 18469
19496 20190 23173 25262 25566 25668 25679 25858 25888
25915

[1065] 7520 7690 8855 9183 14654 16695 17121 17854
18083 18428 19633 20470 20736 2172022335 23273 25083
25293 25403

[1066] 48 58 410 1299 3786 10668 18523 18963 20864
22106 22308 23033 23107 23128 23990 24286 24409 24595
25802

[1067] 12 51 3894 6539 8276 10885 11644 12777 13427
14039 15954 17078 19053 20537 22863 24521 25087 25463
25838

[1068] 3509 8748 9581 11509 15884 16230 17583 19264
2090021001 2131022547 22756 22959 24768 24814 25594
25626 25880

[1069] 21 29 69 1448 2386 4601 6626 6667 10242 13141
13852 14137 18640 19951 22449 23454 24431 25512 25814
[1070] 18537890 9934 10063 16728 19040 19809 20825
21522 2180023582 24556 25031 25547 25562 25733 25789
25906

[1071] 4096 4582 5766 5894 6517 10027 12182 13247
15207 17041 18958 20133 20503 22228 24332 24613 25689
2585525883

[1072] 025 819 5539 7076 7536 7695 9532 13668 15051
17683 19665 20253 21996 24136 2489025758 25784 25807
[1073] 34 4044 4215 6076 7427 7965 8777 11017 15593
1954222202 22973 23397 23423 24418 24873 25107 25644
[1074] 1595 6216 22850 25439

[1075] 1562 1517219517 22362

[1076] 7508 12879 24324 24496

[1077] 6298 15819 16757 18721

[1078] 11173 15175 19966 21195

[1079] 59 13505 16941 23 793

[1080] 2267 4830 12023 20587

[1081] 8827 9278 13072 16664

[1082] 14419 17463 23398 25348

[1083] 6112 16534 20423 22698

[1084] 493 8914 21103 24799

[1085] 6896 12761 13206 25873

[1086] 2 1380 1232221701

[1087] 11600 21306 25753 25790

[1088] 8421 13076 14271 15401

[1089] 963014112 19017 20955

[1090]
[1091]
[1092]
[1093]
[1094]
[1095]
[1096]
[1097]
[1098]
[1099]
[1100]
[1101]
[1102]
[1103]
[1104]
[1105]
[1106]
[1107]
[1108]
[1109]
[1110]
[1111]
[1112]
[1113]
[1114]
[1115]
[1116]
[1117]
[1118]
[1119]
[1120]
[1121]
[1122]
[1123]
[1124]
[1125]
[1126]
[1127]
[1128]
[1129]
[1130]
[1131]
[1132]
[1133]
[1134]
[1135]
[1136]
[1137]
[1138]
[1139]
[1140]
[1141]
[1142]
[1143]
[1144]
[1145]
[1146]
[1147]
[1148]
[1149]
[1150]
[1151]
[1152]
[1153]

21213932 21781 25824
5961 9110 16654 19636

58 5434 9936 12770
657511433 19798
2731 7338 20926
14253 18463 25404
21791 24805 25869
211646 15850
6075 8586 23819
18435 22093 24852
2103 2368 11704
10925 17402 18232
9062 25061 25674
18497 20853 23404
18606 19364 19551
71022 25543

6744 15481 25868
9081 17305 25164
8 23701 25883
9680 19955 22848
56 4564 19121
5595 15086 25892
317417127 23183
19397 19817 20275
12561 24571 25825
7111 9889 25865
19104 20189 21851
549 9686 25548
6586 20325 25906
3224 20710 21637
641 15215 25754
13484 23729 25818
2043 7493 24246
16860 25230 25768
22047 24200 24902
9391 18040 19499
7855 24336 25069
23834 25570 25852
1977 8800 25756
6671 21772 25859
3279 6710 24444
24099 25117 25820
555312306 25915
48 11107 23907
10832 11974 25773
2223 17905 25484
16782 17135 20446
475 2861 3457
16218 22449 24362
11716 22200 25897
8315 15009 22633
13 20480 25852
12352 18658 25687
3681 14794 23703
3024531 25846
4103 22077 24107
2383725622 25812
3627 13387 25839
908 5367 19388
06894 25795
20322 23546 25181
8178 25260 25437
2449 13244 22565
31 18928 22741
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1312 5134 14838

6085 13937 24220

66 14633 25670

47 22512 25472

8867 24704 25279

6742 21623 22745

147 9948 24178

8522 24261 24307

[1162] 19202 22406 24609.

[1163] In the seventh data processing device/method
according to the present technology, LDPC encoding is per-
formed based on a parity check matrix of an LDPC code in
which a code length N is 64800 bits and an encoding rate r is
9/15. Group-wise interleave of interleaving the LDPC code in
units of bit groups of 360 bits is performed. The LDPC code
is mapped to any of 4096 signal points decided in a modula-
tion scheme in units of 12 bits. In the group-wise interleave,
when an (i+1)-th bit group from a head of the LDPC code is
indicated by a bit group 1, a sequence of bit groups 0 to 179 of
the LDPC code of 64800 bits is interleaved into a sequence of
bit groups

[1164] 98,159, 59,125,163, 89, 26, 4,102, 70, 92,36, 37,
142,176, 95,71, 19, 87,45, 81, 47, 65, 170, 103, 48, 67, 61,
64,35, 76, 80, 140,77, 10, 167, 178, 155, 120, 156, 151, 12,
58,5,83,137,41,109, 2,66, 133, 62, 135, 28, 93, 128, 86, 57,
153, 161, 110, 52, 147, 141, 31, 79, 32, 88, 160, 84, 150, 6,
100,73,126,164,17,42,101,7,55,105,91,22,130, 154, 1,
82, 14,0, 9, 21, 50, 165, 72, 138, 175, 106, 108, 3, 169, 30,
157,54, 18, 20, 44,34, 134,107, 56, 53, 15, 162,38, 166, 24,
33, 60, 85, 145, 115, 43, 39, 40, 124, 149, 144, 132, 96, 11,
146,90,129,119,111,171,8,152,121,173,131,49,27, 118,
16, 148, 68, 177, 94, 179, 13, 114, 75, 51, 117, 25, 46, 136,
143,139,113, 127, 174,74, 29, 122, 158, 69, 97, 78, 63, 99,
112,104, 116, 172, 168, 23, and 123.

The LDPC code includes an information bit and a parity bit.
The parity check matrix includes an information matrix por-
tion corresponding to the information bit and a parity matrix
portion corresponding to the parity bit. The information
matrix portion is represented by a parity check matrix initial
value table. The parity check matrix initial value table is a
table in which a position of a 1 element of the information
matrix portion is indicated for every 360 columns, and
includes

[1165] 113 1557 3316 5680 6241 10407 13404 13947
14040 14353 15522 15698 16079 17363 19374 19543 20530
22833 24339

[1166] 2711361 623670067307 7333 12768 15441 15568
17923 18341 20321 21502 22023 23938 25351 25590 25876
25910

[1167] 73 605 872 4008 6279 7653 10346 10799 12482
12935 13604 15909 16526 19782 20506 22804 23629 24859
25600

[1168] 1445169043044851891991769252 13783 16076
16675 17274 18806 18882 20819 21958 22451 23869 23999
24177

[1169] 1290 2337 5661 6371 8996 10102 10941 11360
12242 14918 16808 20571 23374 24046 25045 25060 25662
25783 25913

[1170] 28 42 1926 3421 3503 8558 9453 10168 15820
17473 19571 19685 22790 23336 23367 23890 24061 25657
25680

[1171] 0 1709 4041 4932 5968 7123 8430 9564 10596
11026 14761 19484 20762 20858 23803 24016 24795 25853
25863

[1154]
[1155]
[1156]
[1157]
[1158]
[1159]
[1160]
[1161]
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[1172] 29 1625 6500 6609 16831 18517 18568 18738
19387 20159 20544 21603 21941 24137 24269 24416 24803
25154 25395

[1173] 55 66 871 3700 11426 13221 15001 16367 17601
1838022796 23488 23938 25476 25635 25678 25807 25857
25872

[1174] 1 19 5958 8548 8860 11489 16845 18450 18469
19496 20190 23173 25262 25566 25668 25679 25858 25888
25915

[1175] 7520 7690 8855 9183 14654 16695 17121 17854
18083 18428 19633 20470 20736 2172022335 23273 25083
25293 25403

[1176] 48 58 410 1299 3786 10668 18523 18963 20864
22106 22308 23033 23107 23128 23990 24286 24409 24595
25802

[1177] 12 51 3894 6539 8276 10885 11644 12777 13427
14039 15954 17078 19053 20537 22863 24521 25087 25463
25838

[1178] 3509 8748 9581 11509 15884 16230 17583 19264
2090021001 2131022547 22756 22959 24768 24814 25594
25626 25880

[1179] 21 29 69 1448 2386 4601 6626 6667 10242 13141
13852 14137 18640 19951 22449 23454 24431 2551225814
[1180] 18537890 9934 10063 16728 19040 19809 20825
21522 2180023582 24556 25031 25547 25562 25733 25789
25906

[1181] 4096 4582 5766 5894 6517 10027 12182 13247
15207 17041 18958 20133 20503 22228 24332 24613 25689
2585525883

[1182] 025 819 5539 7076 7536 7695 9532 13668 15051
17683 19665 20253 21996 24136 2489025758 25784 25807
[1183] 34 4044 4215 6076 7427 7965 8777 11017 15593
19542 22202 22973 23397 23423 24418 24873 25107 25644
[1184] 15956216 22850 25439

[1185] 1562 1517219517 22362

[1186] 7508 12879 24324 24496

[1187] 6298 15819 16757 18721

[1188] 11173 15175 19966 21195

[1189] 59 13505 16941 23793

[1190] 2267 4830 12023 20587

[1191] 8827 9278 13072 16664

[1192] 14419 17463 23398 25348

[1193] 6112 16534 20423 22698

[1194] 493 8914 21103 24799

[1195] 6896 12761 13206 25873

[1196] 2138012322 21701

[1197] 11600 21306 25753 25790

[1198] 8421 13076 14271 15401

[1199] 963014112 19017 20955

[1200] 2121393221781 25824

[1201] 5961 9110 16654 19636

[1202] 58 5434 9936 12770

[1203] 657511433 19798

[1204] 2731 7338 20926

[1205] 14253 18463 25404

[1206] 21791 24805 25869

[1207] 211646 15850

[1208] 6075 8586 23819

[1209] 1843522093 24852

[1210] 2103 2368 11704

[1211] 1092517402 18232

[1212] 9062 25061 25674

[1213] 18497 20853 23404

[1214] 18606 19364 19551
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[1215]
[1216]
[1217]
[1218]
[1219]
[1220]
[1221]
[1222]
[1223]
[1224]
[1225]
[1226]
[1227]
[1228]
[1229]
[1230]
[1231]
[1232]
[1233]
[1234]
[1235]
[1236]
[1237]
[1238]
[1239]
[1240]
[1241]
[1242]
[1243]
[1244]
[1245]
[1246]
[1247]
[1248]
[1249]
[1250]
[1251]
[1252]
[1253]
[1254]
[1255]
[1256]
[1257]
[1258]
[1259]
[1260]
[1261]
[1262]
[1263]
[1264]
[1265]
[1266]
[1267]
[1268]
[1269]
[1270]
[1271]

71022 25543

6744 15481 25868
9081 17305 25164
823701 25883
9680 19955 22848
56 4564 19121

5595 15086 25892
3174 17127 23183
19397 19817 20275
12561 24571 25825
7111 9889 25865
19104 20189 21851
549 9686 25548
6586 20325 25906
3224 20710 21637
641 15215 25754
13484 23729 25818
2043 7493 24246
16860 25230 25768
22047 24200 24902
9391 18040 19499
7855 24336 25069
23834 25570 25852
1977 8800 25756
6671 21772 25859
3279 6710 24444
24099 25117 25820
5553 12306 25915
48 11107 23907
10832 11974 25773
2223 17905 25484
16782 17135 20446
475 2861 3457
16218 22449 24362
11716 22200 25897
8315 15009 22633
13 20480 25852
12352 18658 25687
3681 14794 23703
3024531 25846
4103 22077 24107
23837 25622 25812
3627 13387 25839
908 5367 19388
06894 25795
20322 23546 25181
8178 25260 25437
2449 13244 22565
3118928 22741
1312 5134 14838
6085 13937 24220
66 14633 25670

47 22512 25472
8867 24704 25279
6742 21623 22745
147 9948 24178
8522 24261 24307
[1272] 19202 22406 24609.
[1273] Aneighth data processing device/method according
to the present technology is a data processing device/method
including: a group-wise deinterleaving unit/step configured
to restore a sequence of an LDPC code that has undergone
group-wise interleave and has been obtained from data trans-
mitted from a transmitting device to an original sequence, the
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transmitting device including an encoding unit configured to
perform LDPC encoding based on a parity check matrix of the
LDPC code in which a code length N is 64800 bits and an
encoding rate r is 9/15, a group-wise interleaving unit con-
figured to perform the group-wise interleave of interleaving
the LDPC code in units of bit groups of 360 bits, and a
mapping unit configured to map the LDPC code to any of
4096 signal points decided in a modulation scheme in units of
12 bits. In the group-wise interleave, when an (i+1)-th bit
group from a head of the LDPC code is indicated by a bit
group i, a sequence of bit groups 0 to 179 of the LDPC code
ot 64800 bits is interleaved into a sequence of bit groups
[1274] 98,159,59,125, 163,89, 26, 4,102, 70, 92,36, 37,
142,176, 95,71, 19, 87, 45, 81, 47, 65, 170, 103, 48, 67, 61,
64,35, 76, 80, 140,77, 10, 167, 178, 155, 120, 156, 151, 12,
58,5,83,137,41,109, 2, 66,133, 62,135, 28,93, 128, 86, 57,
153,161, 110, 52, 147, 141, 31, 79, 32, 88, 160, 84, 150, 6,
100,73, 126, 164, 17,42,101,7,55,105,91, 22,130, 154, 1,
82, 14,0, 9, 21, 50, 165, 72, 138, 175, 106, 108, 3, 169, 30,
157,54, 18, 20, 44,34, 134, 107, 56, 53, 15, 162, 38, 166, 24,
33, 60, 85, 145, 115, 43, 39, 40, 124, 149, 144, 132, 96, 11,
146,90,129,119,111,171,8,152,121,173,131,49,27,118,
16, 148, 68, 177, 94, 179, 13, 114, 75, 51, 117, 25, 46, 136,
143,139,113, 127, 174,74, 29, 122, 158, 69, 97, 78, 63, 99,
112, 104, 116, 172, 168, 23, and 123,

The LDPC code includes an information bit and a parity bit.
The parity check matrix includes an information matrix por-
tion corresponding to the information bit and a parity matrix
portion corresponding to the parity bit. The information
matrix portion is represented by a parity check matrix initial
value table. The parity check matrix initial value table is a
table in which a position of a 1 element of the information
matrix portion is indicated for every 360 columns, and
includes

[1275] 113 1557 3316 5680 6241 10407 13404 13947
14040 14353 15522 15698 16079 17363 19374 19543 20530
22833 24339

[1276] 2711361 623670067307 7333 12768 15441 15568
17923 18341 20321 21502 22023 23938 25351 2559025876
25910

[1277] 73 605 872 4008 6279 7653 10346 10799 12482
12935 13604 15909 16526 19782 20506 22804 23629 24859
25600

[1278] 144516904304 485189199176 925213783 16076
16675 17274 18806 18882 20819 21958 22451 23869 23999
24177

[1279] 1290 2337 5661 6371 8996 10102 10941 11360
12242 14918 16808 20571 23374 24046 25045 2506025662
25783 25913

[1280] 28 42 1926 3421 3503 8558 9453 10168 15820
17473 19571 19685 22790 23336 23367 23890 24061 25657
25680

[1281] 0 1709 4041 4932 5968 7123 8430 9564 10596
11026 14761 19484 20762 20858 23803 24016 24795 25853
25863

[1282] 29 1625 6500 6609 16831 18517 18568 18738
19387 20159 20544 21603 21941 24137 24269 24416 24803
25154 25395

[1283] 5566 871 3700 11426 13221 15001 16367 17601
1838022796 23488 23938 25476 25635 25678 25807 25857
25872

[1284] 1 19 5958 8548 8860 11489 16845 18450 18469
19496 20190 23173 25262 25566 25668 25679 25858 25888
25915
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[1285] 7520 7690 8855 9183 14654 16695 17121 17854
18083 18428 19633 20470 20736 2172022335 23273 25083
25293 25403

[1286] 48 58 410 1299 3786 10668 18523 18963 20864
22106 22308 23033 23107 23128 23990 24286 24409 24595
25802

[1287] 12 51 3894 6539 8276 10885 11644 12777 13427
14039 15954 17078 19053 20537 22863 24521 25087 25463
25838

[1288] 3509 8748 9581 11509 15884 16230 17583 19264
2090021001 2131022547 22756 22959 24768 24814 25594
25626 25880

[1289] 21 29 69 1448 2386 4601 6626 6667 10242 13141
13852 14137 18640 19951 22449 23454 24431 25512 25814
[1290] 18537890 9934 10063 16728 19040 19809 20825
21522 2180023582 24556 25031 25547 25562 25733 25789
25906

[1291] 4096 4582 5766 5894 6517 10027 12182 13247
15207 17041 18958 20133 20503 22228 24332 24613 25689
2585525883

[1292] 025 819 5539 7076 7536 7695 9532 13668 15051
17683 19665 20253 21996 24136 2489025758 25784 25807
[1293] 34 4044 4215 6076 7427 7965 8777 11017 15593
1954222202 22973 23397 23423 24418 24873 25107 25644
[1294] 1595 6216 22850 25439

[1295] 1562 15172 19517 22362

[1296] 7508 12879 24324 24496

[1297] 6298 15819 16757 18721

[1298] 11173 15175 19966 21195

[1299] 59 13505 16941 23793

[1300] 2267 4830 12023 20587

[1301] 8827 9278 13072 16664

[1302] 14419 17463 23398 25348

[1303] 6112 16534 20423 22698

[1304] 493 8914 21103 24799

[1305] 6896 12761 13206 25873

[1306] 2 1380 1232221701

[1307] 11600 21306 25753 25790

[1308] 8421 13076 14271 15401

[1309] 963014112 19017 20955

[1310] 2121393221781 25824

[1311] 5961 9110 16654 19636

[1312] 58 5434 9936 12770

[1313] 657511433 19798

[1314] 2731 7338 20926

[1315] 14253 18463 25404

[1316] 21791 24805 25869

[1317] 211646 15850

[1318] 6075 8586 23819

[1319] 1843522093 24852

[1320] 2103 2368 11704

[1321] 1092517402 18232

[1322] 9062 25061 25674

[1323] 18497 20853 23404

[1324] 18606 19364 19551

[1325] 71022 25543

[1326] 6744 15481 25868

[1327] 9081 17305 25164

[1328] 823701 25883

[1329] 9680 19955 22848

[1330] 564564 19121

[1331] 559515086 25892

[1332] 317417127 23183

[1333] 19397 19817 20275
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12561 24571 25825

7111 9889 25865

19104 20189 21851

549 9686 25548

6586 20325 25906

3224 20710 21637

641 15215 25754

13484 23729 25818

2043 7493 24246

16860 25230 25768

22047 24200 24902

9391 18040 19499

7855 24336 25069

23834 25570 25852

1977 8800 25756

6671 21772 25859

3279 6710 24444

24099 25117 25820

5553 12306 25915

48 11107 23907

10832 11974 25773

2223 17905 25484

16782 17135 20446

475 2861 3457

16218 22449 24362

11716 22200 25897

8315 15009 22633

13 20480 25852

12352 18658 25687

3681 14794 23703

3024531 25846

4103 22077 24107

23837 25622 25812

3627 13387 25839

908 5367 19388

06894 25795

20322 23546 25181

8178 25260 25437

2449 13244 22565

3118928 22741

1312 5134 14838

6085 13937 24220

66 14633 25670

47 22512 25472

8867 24704 25279

6742 21623 22745

147 9948 24178

8522 24261 24307

[1382] 19202 22406 24609.

[1383] Intheeighth data processing device/method accord-
ing to the present technology, a sequence of an LDPC code
that has undergone group-wise interleave and has been
obtained from data transmitted from a transmitting device is
restored to an original sequence, the transmitting device
including an encoding unit configured to perform LDPC
encoding based on a parity check matrix of the LDPC code in
which a code length N is 64800 bits and an encoding rate r is
9/15, a group-wise interleaving unit configured to perform the
group-wise interleave of interleaving the LDPC code in units
of bit groups of 360 bits, and a mapping unit configured to
map the LDPC code to any of 4096 signal points decided in a
modulation scheme in units of 12 bits. In the group-wise
interleave, when an (i+1)-th bit group from a head of the

[1334]
[1335]
[1336]
[1337]
[1338]
[1339]
[1340]
[1341]
[1342]
[1343]
[1344]
[1345]
[1346]
[1347]
[1348]
[1349]
[1350]
[1351]
[1352]
[1353]
[1354]
[1355]
[1356]
[1357]
[1358]
[1359]
[1360]
[1361]
[1362]
[1363]
[1364]
[1365]
[1366]
[1367]
[1368]
[1369]
[1370]
[1371]
[1372]
[1373]
[1374]
[1375]
[1376]
[1377]
[1378]
[1379]
[1380]
[1381]



US 2016/0164540 Al

LDPC code is indicated by a bit group i, a sequence of bit
groups 0to 179 of the LDPC code of 64800 bits is interleaved
into a sequence of bit groups

[1384] 98,159, 59,125,163, 89, 26, 4,102, 70, 92,36, 37,
142,176, 95,71, 19, 87,45, 81, 47, 65, 170, 103, 48, 67, 61,
64,35, 76, 80, 140,77, 10, 167, 178, 155, 120, 156, 151, 12,
58,5,83,137,41,109, 2,66, 133, 62, 135, 28, 93, 128, 86, 57,
153, 161, 110, 52, 147, 141, 31, 79, 32, 88, 160, 84, 150, 6,
100,73,126,164,17,42,101,7,55,105,91,22,130, 154, 1,
82, 14,0, 9, 21, 50, 165, 72, 138, 175, 106, 108, 3, 169, 30,
157,54, 18, 20, 44,34, 134,107, 56, 53, 15, 162,38, 166, 24,
33, 60, 85, 145, 115, 43, 39, 40, 124, 149, 144, 132, 96, 11,
146,90,129,119,111,171,8,152,121,173,131,49,27, 118,
16, 148, 68, 177, 94, 179, 13, 114, 75, 51, 117, 25, 46, 136,
143,139,113, 127, 174,74, 29, 122, 158, 69, 97, 78, 63, 99,
112,104, 116, 172, 168, 23, and 123,

The LDPC code includes an information bit and a parity bit.
The parity check matrix includes an information matrix por-
tion corresponding to the information bit and a parity matrix
portion corresponding to the parity bit. The information
matrix portion is represented by a parity check matrix initial
value table. The parity check matrix initial value table is a
table in which a position of a 1 element of the information
matrix portion is indicated for every 360 columns, and
includes

[1385] 113 1557 3316 5680 6241 10407 13404 13947
14040 14353 15522 15698 16079 17363 19374 19543 20530
22833 24339

[1386] 2711361 623670067307 733312768 15441 15568
17923 18341 20321 21502 22023 23938 25351 25590 25876
25910

[1387] 73 605 872 4008 6279 7653 10346 10799 12482
12935 13604 15909 16526 19782 20506 22804 23629 24859
25600

[1388] 1445169043044851891991769252 13783 16076
16675 17274 18806 18882 20819 21958 22451 23869 23999
24177

[1389] 1290 2337 5661 6371 8996 10102 10941 11360
12242 14918 16808 20571 23374 24046 25045 25060 25662
25783 25913

[1390] 28 42 1926 3421 3503 8558 9453 10168 15820
17473 19571 19685 22790 23336 23367 23890 24061 25657
25680

[1391] O 1709 4041 4932 5968 7123 8430 9564 10596
11026 14761 19484 20762 20858 23803 24016 24795 25853
25863

[1392] 29 1625 6500 6609 16831 18517 18568 18738
19387 20159 20544 21603 21941 24137 24269 24416 24803
25154 25395

[1393] 55 66 871 3700 11426 13221 15001 16367 17601
1838022796 23488 23938 25476 25635 25678 25807 25857
25872

[1394] 1 19 5958 8548 8860 11489 16845 18450 18469
19496 20190 23173 25262 25566 25668 25679 25858 25888
25915

[1395] 7520 7690 8855 9183 14654 16695 17121 17854
18083 18428 19633 2047020736 2172022335 23273 25083
25293 25403

[1396] 48 58 410 1299 3786 10668 18523 18963 20864
22106 22308 23033 23107 23128 23990 24286 24409 24595
25802

[1397] 12 51 3894 6539 8276 10885 11644 12777 13427
14039 15954 17078 19053 20537 22863 24521 25087 25463
25838
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[1398] 3509 8748 9581 11509 15884 16230 17583 19264
2090021001 2131022547 22756 22959 24768 24814 25594
25626 25880

[1399] 21 29 69 1448 2386 4601 6626 6667 10242 13141
13852 14137 18640 19951 22449 23454 24431 2551225814
[1400] 18537890 9934 10063 16728 19040 19809 20825
21522 2180023582 24556 25031 25547 25562 25733 25789
25906

[1401] 4096 4582 5766 5894 6517 10027 12182 13247
15207 17041 18958 20133 20503 22228 24332 24613 25689
2585525883

[1402] 025 819 5539 7076 7536 7695 9532 13668 15051
17683 19665 20253 21996 24136 2489025758 25784 25807
[1403] 34 4044 4215 6076 7427 7965 8777 11017 15593
19542 22202 22973 23397 23423 24418 24873 25107 25644
[1404] 15956216 22850 25439

[1405] 1562 1517219517 22362

[1406] 7508 12879 24324 24496

[1407] 6298 15819 16757 18721

[1408] 11173 15175 19966 21195

[1409] 59 13505 16941 23793

[1410] 2267 4830 12023 20587

[1411] 8827 9278 13072 16664

[1412] 14419 17463 23398 25348

[1413] 6112 16534 20423 22698

[1414] 493 8914 21103 24799

[1415] 6896 12761 13206 25873

[1416] 21380 1232221701

[1417] 11600 21306 25753 25790

[1418] 8421 13076 14271 15401

[1419] 963014112 19017 20955

[1420] 2121393221781 25824

[1421] 5961 9110 16654 19636

[1422] 58 5434 9936 12770

[1423] 657511433 19798

[1424] 2731 7338 20926

[1425] 14253 18463 25404

[1426] 21791 24805 25869

[1427] 211646 15850

[1428] 6075 8586 23819

[1429] 1843522093 24852

[1430] 2103 2368 11704

[1431] 1092517402 18232

[1432] 9062 25061 25674

[1433] 18497 20853 23404

[1434] 18606 19364 19551

[1435] 7102225543

[1436] 6744 15481 25868

[1437] 9081 17305 25164

[1438] 823701 25883

[1439] 9680 19955 22848

[1440] 564564 19121

[1441] 5595 15086 25892

[1442] 3174 17127 23183

[1443] 19397 19817 20275

[1444] 12561 24571 25825

[1445] 7111 9889 25865

[1446] 19104 20189 21851

[1447] 549 9686 25548

[1448] 6586 20325 25906

[1449] 3224 20710 21637

[1450] 641 1521525754

[1451] 13484 23729 25818

[1452] 2043 7493 24246
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16860 25230 25768
22047 24200 24902
9391 18040 19499
7855 24336 25069
23834 25570 25852
1977 8800 25756
6671 21772 25859
3279 6710 24444
24099 25117 25820
5553 12306 25915
48 11107 23907
10832 11974 25773
2223 17905 25484
16782 17135 20446
475 2861 3457
16218 22449 24362
11716 22200 25897
8315 15009 22633
13 20480 25852
12352 18658 25687
3681 14794 23703
3024531 25846
4103 22077 24107
23837 25622 25812
3627 13387 25839
908 5367 19388
06894 25795
20322 23546 25181
8178 25260 25437
2449 13244 22565
3118928 22741
1312 5134 14838
6085 13937 24220
66 14633 25670

47 22512 25472
8867 24704 25279
6742 21623 22745
147 9948 24178
8522 24261 24307
[1492] 19202 22406 24609.
[1493] The data processing device may be an independent
device and may be an internal block constituting one device.

[1453]
[1454]
[1455]
[1456]
[1457]
[1458]
[1459]
[1460]
[1461]
[1462]
[1463]
[1464]
[1465]
[1466]
[1467]
[1468]
[1469]
[1470]
[1471]
[1472]
[1473]
[1474]
[1475]
[1476]
[1477]
[1478]
[1479]
[1480]
[1481]
[1482]
[1483]
[1484]
[1485]
[1486]
[1487]
[1488]
[1489]
[1490]
[1491]

Advantageous Effects of Invention

[1494] According to the present technology, itis possible to
secure excellent communication quality in data transmission
using the LDPC code.

[1495] The effects described herein are not necessarily lim-
ited and may include any effect described in the present
disclosure.

BRIEF DESCRIPTION OF DRAWINGS

[1496] FIG.1isanillustration of a parity check matrix H of
an LDPC code.

[1497] FIG. 2 is a flowchart illustrating a decoding
sequence of an LDPC code.

[1498] FIG. 3 is an illustration of an example of a parity
check matrix of an LDPC code.

[1499] FIG. 4 is an illustration of an example of a Tanner
graph of a parity check matrix.

[1500] FIG. 5 is an illustration of an example of a variable
node.
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[1501]
node.
[1502] FIG. 7 is an illustration of a configuration example
of an embodiment of a transmission system to which the
present invention is applied.

[1503] FIG. 8isablock diagram illustrating a configuration
example of a transmitting device 11.

[1504] FIG.9isablock diagram illustrating a configuration
example of a bit interleaver 116.

[1505] FIG. 10 is an illustration of an example of a parity
check matrix.

[1506] FIG. 11 is an illustration of an example of a parity
matrix.

[1507] FIG. 12 is an illustration of the parity check matrix
of'the LDPC code that is defined in the standard of the DVB-
T.2.

[1508] FIG. 13 is an illustration of the parity check matrix
of'the LDPC code that is defined in the standard of the DVB-
T.2.

[1509] FIG. 14 is an illustration of an example of a Tanner
graph for decoding of an LDPC code.

[1510] FIG. 15 is an illustration of an example of a parity
matrix H,becoming a staircase structure and a Tanner graph
corresponding to the parity matrix H.

[1511] FIG. 16 is an illustration of an example of a parity
matrix H; of a parity check matrix H corresponding to an
LDPC code after parity interleave.

[1512] FIG. 17 is a flowchart illustrating an example of a
process performed by a bit interleaver 116 and a mapper 117.
[1513] FIG. 18 is a block diagram illustrating a configura-
tion example of an LDPC encoder 115.

[1514] FIG. 19 is a flowchart illustrating processing of an
example of an LDPC encoder 115.

[1515] FIG. 20 is an illustration of an example of a parity
check matrix initial value table in which an encoding rate is
1/4 and a code length is 16200.

[1516] FIG. 21 is an illustration of a method of calculating
a parity check matrix H from a parity check matrix initial
value table.

[1517] FIG. 22 is an illustration of a structure of a parity
check matrix.

[1518] FIG. 23 is an illustration of an example of the parity
check matrix initial value table.

[1519] FIG. 24 is an illustration of an A matrix generated
from a parity check matrix initial value table.

[1520] FIG. 25 is an illustration of parity interleave of a B
matrix.

[1521] FIG. 26 is an illustration of a C matrix generated
from a parity check matrix initial value table.

[1522] FIG. 27 is an illustration of parity interleave ofa D
matrix.

[1523] FIG. 28 is an illustration of a parity check matrix
obtained by performing a column permutation serving as
parity deinterleave for restoring parity interleave to an origi-
nal state on a parity check matrix.

[1524] FIG. 29 is an illustration of a transformed parity
check matrix obtained by performing a row permutation on a
parity check matrix.

[1525] FIG. 30 is an illustration of an example of the parity
check matrix initial value table.

[1526] FIG. 31 is an illustration of an example of the parity
check matrix initial value table.

[1527] FIG. 32 is an illustration of an example of the parity
check matrix initial value table.

FIG. 6 is an illustration of an example of a check
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[1528] FIG. 33 is an illustration of an example of the parity
check matrix initial value table.
[1529] FIG. 34 is an illustration of an example of the parity
check matrix initial value table.
[1530] FIG. 35 is an illustration of an example of the parity
check matrix initial value table.
[1531] FIG. 36 is an illustration of an example of the parity
check matrix initial value table.
[1532] FIG. 37 is anillustration of an example of the parity
check matrix initial value table.
[1533] FIG. 38 is an illustration of an example of the parity
check matrix initial value table.
[1534] FIG. 39 is an illustration of an example of the parity
check matrix initial value table.
[1535] FIG. 40 is an illustration of an example of the parity
check matrix initial value table.
[1536] FIG. 41 is an illustration of an example of the parity
check matrix initial value table.
[1537] FIG. 42 is an illustration of an example of the parity
check matrix initial value table.
[1538] FIG. 43 is an illustration of an example of the parity
check matrix initial value table.
[1539] FIG. 44 is an illustration of an example of the parity
check matrix initial value table.
[1540] FIG. 45 is an illustration of an example of the parity
check matrix initial value table.
[1541] FIG. 46 is an illustration of an example of the parity
check matrix initial value table.
[1542] FIG. 47 is an illustration of an example of the parity
check matrix initial value table.
[1543] FIG. 48 is an illustration of an example of the parity
check matrix initial value table.
[1544] FIG. 49 is an illustration of an example of the parity
check matrix initial value table.
[1545] FIG. 50 is an illustration of an example of the parity
check matrix initial value table.
[1546] FIG. 51 is an illustration of an example of the parity
check matrix initial value table.
[1547] FIG. 52 is anillustration of an example of the parity
check matrix initial value table.
[1548] FIG. 53 is an illustration of an example of the parity
check matrix initial value table.
[1549] FIG. 54 is an illustration of an example of the parity
check matrix initial value table.
[1550] FIG. 55 is an illustration of an example of the parity
check matrix initial value table.
[1551] FIG. 56 is an illustration of an example of the parity
check matrix initial value table.
[1552] FIG. 57 is anillustration of an example of the parity
check matrix initial value table.
[1553] FIG. 58 is an illustration of an example of the parity
check matrix initial value table.
[1554] FIG. 59 is an illustration of an example of the parity
check matrix initial value table.
[1555] FIG. 60 is an illustration of an example of the parity
check matrix initial value table.
[1556] FIG. 61 is an illustration of an example of the parity
check matrix initial value table.
[1557] FIG. 62 is an illustration of an example of the parity
check matrix initial value table.
[1558] FIG. 63 is an illustration of an example of the parity
check matrix initial value table.
[1559] FIG. 64 is an illustration of an example of the parity
check matrix initial value table.
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[1560] FIG. 65 is an illustration of an example of the parity
check matrix initial value table.

[1561] FIG. 66 is an illustration of an example of the parity
check matrix initial value table.

[1562] FIG. 67 is an illustration of an example of the parity
check matrix initial value table.

[1563] FIG. 68 is an illustration of an example of the parity
check matrix initial value table.

[1564] FIG. 69 is an illustration of an example of the parity
check matrix initial value table.

[1565] FIG. 70 is an illustration of an example of the parity
check matrix initial value table.

[1566] FIG. 71 is an illustration of an example of the parity
check matrix initial value table.

[1567] FIG. 72 is an illustration of an example of the parity
check matrix initial value table.

[1568] FIG. 73 is an illustration of an example of a tanner
graph of an ensemble of a degree sequence in which a column
weight is 3, and a row weight is 6.

[1569] FIG. 74 is an illustration of an example of a tanner
graph of an ensemble of a multi-edge type.

[1570] FIG. 75 is an illustration of a parity check matrix.
[1571] FIG. 76 is an illustration of a parity check matrix.
[1572] FIG. 77 is an illustration of a parity check matrix.
[1573] FIG. 78 is an illustration of a parity check matrix.
[1574] FIG. 79 is an illustration of a parity check matrix.
[1575] FIG. 80 is an illustration of a parity check matrix.
[1576] FIG. 81 is an illustration of a parity check matrix.
[1577] FIG. 82 is an illustration of a parity check matrix.
[1578] FIG. 83 is an illustration of an example of a constel-
lation when a modulation scheme is 16QAM.

[1579] FIG. 84 is an illustration of an example of a constel-
lation when a modulation scheme is 64QAM.

[1580] FIG. 85 is an illustration of an example of a constel-
lation when a modulation scheme is 256QAM.

[1581] FIG. 86 is an illustration of an example of a constel-
lation when a modulation scheme is 1024QAM.

[1582] FIG. 87 is an illustration of an example of a constel-
lation when a modulation scheme is 4096QAM.

[1583] FIG. 88 is an illustration of an example of a constel-
lation when a modulation scheme is 4096QAM.

[1584] FIG. 89 is an illustration of an example of coordi-
nates of a signal point of a UC when a modulation scheme is
QPSK.

[1585] FIG. 90 is an illustration of an example of coordi-
nates of a signal point of a 2D NUC when a modulation
scheme is 16QAM.

[1586] FIG. 91 is an illustration of an example of coordi-
nates of a signal point of a 2D NUC when a modulation
scheme is 64QAM.

[1587] FIG. 92 is an illustration of an example of coordi-
nates of a signal point of a 2D NUC when a modulation
scheme is 256QAM.

[1588] FIG. 93 is an illustration of an example of coordi-
nates of a signal point of a 2D NUC when a modulation
scheme is 256QAM.

[1589] FIG. 94 is an illustration of an example of coordi-
nates of a signal point of a 1D NUC when a modulation
scheme is 1024QAM.

[1590] FIG. 95 is anillustration of relations of a symbol y of
1024QAM with a real part Re (z,) and an imaginary part Im
(z,) of a complex number serving as coordinates of a signal
point z, of a 1D NUC corresponding to the symbol y.
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[1591] FIG. 96 is an illustration of an example of coordi-
nates of a signal point of a 1D NUC when a modulation
scheme is 4096QAM.

[1592] FIG.97is anillustration of relations of a symbol y of
4096QAM with a real part Re (z,) and an imaginary part Im
(z,) of a complex number serving as coordinates of a signal
point z, of a 1 D NUC corresponding to the symbol y.
[1593] FIG. 98 is an illustration of another example of a
constellation when a modulation scheme is 16QAM

[1594] FIG. 99 is an illustration of another example of a
constellation when a modulation scheme is 64QAM

[1595] FIG. 100 is an illustration of another example of a
constellation when a modulation scheme is 256QAM

[1596] FIG. 101 is an illustration of another example of
coordinates of a signal point of a 2D NUC when a modulation
scheme is 16QAM.

[1597] FIG. 102 is an illustration of another example of
coordinates of a signal point of a 2D NUC when a modulation
scheme is 64QAM.

[1598] FIG. 103 is an illustration of another example of
coordinates of a signal point of a 2D NUC when a modulation
scheme is 256QAM.

[1599] FIG. 104 is an illustration of another example of
coordinates of a signal point of a 2D NUC when a modulation
scheme is 256QAM.

[1600] FIG. 105 is a block diagram illustrating a configu-
ration example of a block interleaver 25.

[1601] FIG. 106 is an illustration of an example of the
number C of columns of parts 1 and 2 and part column lengths
R1 and R2 for a combination of a code length N and a
modulation scheme.

[1602] FIG. 107 is an illustration of block interleave per-
formed by a block interleaver 25.

[1603] FIG. 108 is an illustration of group-wise interleave
performed by a group-wise interleaver 24.

[1604] FIG. 109 is an illustration of a 1st example of a GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1605] FIG.110is an illustration of a 2nd example of a GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1606] FIG.111 is an illustration of'a 3rd example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1607] FIG.112is anillustration of a 4th example of a GW
pattern for an LDPC code in which a code length IN is 64 k
bits.

[1608] FIG.113is anillustration of a 5th example of a GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1609] FIG.114 is anillustration of a 6th example of a GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1610] FIG.115is anillustration of a 7th example of a GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1611] FIG.116isanillustration of an 8thexample ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1612] FIG.117 is anillustration of a 9th example of a GW
pattern for an LDPC code in which a code length N is 64 k
bits.

Jun. 9, 2016

[1613] FIG.118isanillustration ofa 10th example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1614] FIG. 119 is an illustration of an 11th example of a
GW pattern for an LDPC code in which a code length N is 64
k bits.

[1615] FIG.120isanillustration ofa 12th example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1616] FIG.121isanillustration ofa 13th example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1617] FIG.122isanillustration ofa 14th example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1618] FIG.123isanillustration ofa 15th example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1619] FIG.124isanillustration ofa 16th example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1620] FIG.125isanillustration ofa 17th example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1621] FIG. 126 is an illustration of an 18th example of a
GW pattern for an LDPC code in which a code length N is 64
k bits.

[1622] FIG.127isanillustration ofa 19th example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1623] FIG.128isanillustration ofa 20th example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1624] FIG.129is anillustration of a21st example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1625] FIG. 130 is an illustration of a 22nd example of a
GW pattern for an LDPC code in which a code length N is 64
k bits.

[1626] FIG. 131 is an illustration of a 23rd example of a
GW pattern for an LDPC code in which a code length N is 64
k bits.

[1627] FIG.132isanillustration ofa 24th example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1628] FIG.133isanillustration ofa 25th example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1629] FIG.134isanillustration ofa 26th example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1630] FIG.135isanillustration ofa 27th example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1631] FIG.136isanillustration ofa 28th example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1632] FIG.137isanillustration ofa 29th example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1633] FIG.138isanillustration ofa 30th example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.
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[1634] FIG.139is anillustration of a31st example ofa GW
pattern for an LDPC code in which a code length N is 64 k
bits.

[1635] FIG. 140 is an illustration of a 32nd example of a
GW pattern for an LDPC code in which a code length N is 64
k bits.

[1636] FIG. 141 is an illustration of a 33rd example of a
GW pattern for an LDPC code in which a code length N is 64
k bits.

[1637] FIG. 142 is an illustration of a 1st example of a GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[1638] FIG.143 is an illustration of a 2nd example of a GW
pattern for an LDPC code in which a code length IN is 16 k
bits.

[1639] FIG. 144 is an illustration of'a 3rd example of a GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[1640] FIG. 145 is anillustration of a 4th example of a GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[1641] FIG. 146 is an illustration of a 5th example of a GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[1642] FIG.147 is an illustration of a 6th example of a GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[1643] FIG. 148 is anillustration of a 7th example of a GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[1644] FIG.149isanillustration of an 8thexample ofa GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[1645] FIG.150 is an illustration of a 9th example of a GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[1646] FIG.151isanillustration ofa 10thexample ofa GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[1647] FIG. 152 is an illustration of an 11th example of a
GW pattern for an LDPC code in which a code length N is 16
k bits.

[1648] FIG.153isanillustration ofa 12thexample ofa GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[1649] FIG.154isanillustration ofa 13thexample ofa GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[1650] FIG.1551sanillustration of a 14thexample ofa GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[1651] FIG.156isanillustration ofa 15thexample ofa GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[1652] FIG.157isanillustration ofa 16thexample ofa GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[1653] FIG. 158 is an illustration of a simulation result of a
simulation of measuring an error rate.

[1654] FIG. 159 is an illustration of a simulation result of a
simulation of measuring an error rate.

[1655] FIG. 160 is an illustration of a simulation result of a
simulation of measuring an error rate.
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[1656] FIG. 161 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1657] FIG. 162 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1658] FIG. 163 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1659] FIG. 164 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1660] FIG. 165 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1661] FIG. 166 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1662] FIG. 167 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1663] FIG. 168 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1664] FIG. 169 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1665] FIG. 170 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1666] FIG. 171 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1667] FIG. 172 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1668] FIG. 173 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1669] FIG. 174 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1670] FIG. 175 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1671] FIG. 176 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1672] FIG. 177 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1673] FIG. 178 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1674] FIG. 179 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1675] FIG. 180 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1676] FIG. 181 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1677] FIG. 182 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1678] FIG. 183 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1679] FIG. 184 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1680] FIG. 185 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1681] FIG. 186 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1682] FIG. 187 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1683] FIG. 188 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1684] FIG. 189 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1685] FIG. 190 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1686] FIG. 191 is an illustration of a simulation result of a
simulation of measuring an error rate.
[1687] FIG. 192 is an illustration of a simulation result of a
simulation of measuring an error rate.
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[1688] FIG. 193 is an illustration of a simulation result of a
simulation of measuring an error rate.

[1689] FIG. 194 is an illustration of a simulation result of a
simulation of measuring an error rate.

[1690] FIG. 195 is an illustration of a simulation result of a
simulation of measuring an error rate.

[1691] FIG. 196 is an illustration of a simulation result of a
simulation of measuring an error rate.

[1692] FIG. 197 is an illustration of a simulation result of a
simulation of measuring an error rate.

[1693] FIG. 198 is an illustration of a simulation result of a
simulation of measuring an error rate.

[1694] FIG. 199 is an illustration of a simulation result of a
simulation of measuring an error rate.

[1695] FIG. 200 is an illustration of a simulation result of a
simulation of measuring an error rate.

[1696] FIG. 201 is an illustration of a simulation result of a
simulation of measuring an error rate.

[1697] FIG. 202 is an illustration of a simulation result of a
simulation of measuring an error rate.

[1698] FIG. 203 is an illustration of a simulation result of a
simulation of measuring an error rate.

[1699] FIG. 204 is an illustration of a simulation result of a
simulation of measuring an error rate.

[1700] FIG. 205 is an illustration of a simulation result of a
simulation of measuring an error rate.

[1701] FIG. 206 is an illustration of a simulation result of a
simulation of measuring an error rate.

[1702] FIG. 207 is a block diagram illustrating a configu-
ration example of a receiving device 12.

[1703] FIG. 208 is a block diagram illustrating a configu-
ration example of a bit deinterleaver 165.

[1704] FIG. 209 is a flowchart illustrating an example of a
process performed by a demapper 164, a bit deinterleaver
165, and an LDPC decoder 166.

[1705] FIG. 210 is an illustration of an example of a parity
check matrix of an LDPC code.

[1706] FIG. 211 is an illustration of an example of a matrix
(atransformed parity check matrix) obtained by performing a
row permutation and a column permutation on a parity check
matrix.

[1707] FIG. 212 is an illustration of an example of a trans-
formed parity check matrix divided into 5x5 units.

[1708] FIG. 213 is a block diagram illustrating a configu-
ration example of a decoding device that collectively per-
forms P node operations.

[1709] FIG. 214 is a block diagram illustrating a configu-
ration example of an LDPC decoder 166.

[1710] FIG. 215 is a block diagram illustrating a configu-
ration example of a block deinterleaver 54.

[1711] FIG. 216 is a block diagram illustrating another
configuration example of a bit deinterleaver 165.

[1712] FIG. 217 is a block diagram illustrating a first con-
figuration example of a reception system that can be applied
to the receiving device 12.

[1713] FIG. 218 is a block diagram illustrating a second
configuration example of a reception system that can be
applied to the receiving device 12.

[1714] FIG. 219 is a block diagram illustrating a third con-
figuration example of a reception system that can be applied
to the receiving device 12.

[1715] FIG. 220 is a block diagram illustrating a configu-
ration example of an embodiment of a computer to which the
present technology is applied.
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DESCRIPTION OF EMBODIMENTS

[1716] Hereinafter, exemplary embodiments of the present
technology will be described, but before the description of the
exemplary embodiments of the present technology, an LDPC
code will be described.

[1717] <LDPC Code>

[1718] The LDPC code is a linear code and it is not neces-
sary for the LDPC code to be a binary code. However, in this
case, it is assumed that the LDPC code is the binary code.
[1719] A maximum characteristic of the LDPC code is that
a parity check matrix defining the LDPC code is sparse. In
this case, the sparse matrix is a matrix in which the number of
“1” of elements of the matrix is very small (a matrix in which
most elements are 0).

[1720] FIG. 1 is an illustration of an example of a parity
check matrix H of the LDPC code.

[1721] In the parity check matrix H of FIG. 1, a weight of
each column (the column weight) (the number of “1”)
becomes “3” and a weight of each row (the row weight)
becomes “6”.

[1722] In encoding using the LDPC code (LDPC encod-
ing), for example, a generation matrix G is generated on the
basis of the parity check matrix H and the generation matrix
G is multiplied by binary information bits, so thata code word
(LDPC code) is generated.

[1723] Specifically, an encoding device that performs the
LDPC encoding first calculates the generation matrix G in
which an expression GH'=0 is realized, between a transposed
matrix H” of the parity check matrix H and the generation
matrix G. In this case, when the generation matrix G is a KxN
matrix, the encoding device multiplies the generation matrix
G with a bit string (vector u) of information bits including K
bits and generates a code word ¢ (=uG) including N bits. The
code word (LDPC code) that is generated by the encoding
device is received at a reception side through a predetermined
communication path.

[1724] The LDPC code can be decoded by an algorithm
called probabilistic decoding suggested by Gallager, that is, a
message passing algorithm using belief propagation on a
so-called Tanner graph, including a variable node (also
referred to as a message node) and a check node. Hereinafter,
the variable node and the check node are appropriately
referred to as nodes simply.

[1725] FIG. 2 is a flowchart illustrating a decoding
sequence of an LDPC code.

[1726] Hereinafter, a real value (a reception LLR) that is
obtained by representing the likelihood of “0” of a value of an
i-th code bit of the LDPC code (one code word) received by
the reception side by a log likelihood ratio is appropriately
referred to as a reception value u,,. In addition, a message
output from the check node is referred to as v, and a message
output from the variable node is referred to as v,.

[1727] First,indecoding of the LDPC code, as illustrated in
FIG. 2, in step S11, the LDPC code is received, the message
(check node message) u, is initialized to “0”, and a variable k
taking an integer as a counter of repetition processing is
initialized to “0”, and the processing proceeds to step S12. In
step S12, the message (variable node message) v, is calculated
by performing an operation (variable node operation) repre-
sented by an expression (1), on the basis of the reception value
u,,; obtained by receiving the LDPC code, and the message u;
is calculated by performing an operation (check node opera-
tion) represented by an expression (2), on the basis of the
message v,.
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[1728] Here, d, and d_ in an expression (1) and expression
(2) are respectively parameters which can be arbitrarily
selected and illustrates the number of “1” in the longitudinal
direction (column) and transverse direction (row) of the par-
ity check matrix H. For example, in the case of an LDPC code
((3, 6) LDPC code) with respect to the parity check matrix H
with a column weight of 3 and a row weight of 6 as illustrated
in FIGS. 1, d,=3 and d_=6 are established.

[1729] In the variable node operation of the expression (1)
and the check node operation of the expression (2), because a
message input from an edge (line coupling the variable node
and the check node) for outputting the message is not an
operation target, an operation range becomes 1to -1 or 1 to
d_~1. The check node operation of the expression (2) is per-
formed actually by previously making a table of a function R
(vy, v,) represented by an expression (3) defined by one
output with respect to two inputs v, and v, and using the table
consecutively (recursively), as represented by an expression

).
[Math. 3]

x=2 tan k~ {tan (v /2)tan h(vo/2)}=R(v;,v5) 3)

[Math. 4]
=R, ROVoR(vs, .. R(Vy_2Vq, 1))

[1730] Instep S12,the variable k is incremented by “1”” and
the processing proceeds to step S13. In step S13, it is deter-
mined whether the variable k is more than the predetermined
repetition decoding number of times C. When it is determined
in step S13 that the variable k is not more than C, the process-
ing returns to step S12 and the same processing is repeated
hereinafter.

[1731] When itis determined in step S13 that the variable k
is more than C, the processing proceeds to step S14, the
message v, that corresponds to a decoding result to be finally
output is calculated by performing an operation represented
by an expression (5) and is output, and the decoding process-
ing of the LDPC code ends.

Q)

[Math. 5]

d\/
Vi =g + Z uj
=

®

[1732] In this case, the operation of the expression (5) is
performed using messages u, from all edges connected to the
variable node, different from the variable node operation of
the expression (1).

26
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[1733] FIG. 3 illustrates an example of the parity check
matrix H of the (3, 6) LDPC code (an encoding rate of 1/2 and
a code length of 12).

[1734] Inthe parity check matrix H of FIG. 3, a weight ofa
column is set to 3 and a weight of a row is set to 6, similar to
FIG. 1.

[1735] FIG. 4 illustrates a Tanner graph of the parity check
matrix H of FIG. 3.

[1736] In FIG. 4, the check node is represented by “+”
(plus) and the variable node is represented by “=" (equal). The
check node and the variable node correspond to the row and
the column of the parity check matrix H. A line that couples
the check node and the variable node is the edge and corre-
sponds to “1” of elements of the parity check matrix.

[1737] That is, when an element of a j-th row and an i-th
column of the parity check matrix is 1, in FIG. 4, an i-th
variable node (node of “=") from the upper side and a j-th
check node (node of “+”) from the upper side are connected
by the edge. The edge shows that a code bit corresponding to
the variable node has a restriction condition corresponding to
the check node.

[1738] In a sum product algorithm that is a decoding
method of the LDPC code, the variable node operation and
the check node operation are repetitively performed.

[1739] FIG. 5 illustrates the variable node operation that is
performed by the variable node.

[1740] Inthe variablenode, the message v, that corresponds
to the edge for calculation is calculated by the variable node
operation of the expression (1) using messages u, and u, from
the remaining edges connected to the variable node and the
reception value u,,. The messages that correspond to the other
edges are also calculated by the same method.

[1741] FIG. 6 illustrates the check node operation that is
performed by the check node.

[1742] Inthis case, the check node operation of the expres-
sion (2) can be rewritten by an expression (6) using a relation
of an expression axb=exp{(In(lal)+In(Ibl) }xsign(a)xsign(b).
However, sign(x) is 1 in the case of x=0 and is -1 in the case
of x<0.

Math. 6]

©

-1

dC
= 2tank™! [exp{
1

5 3}
= 2tanh”! [eXp{—[dCi —ln(tanh(¥

i= i=
i=1

)

[1743] Inx=0,if a function ¢(x) is defined as an expression
¢(x)=In(tan h(x/2)), an expression ¢~ (x)=2 tan h™'(¢™) is
realized. For this reason, the expression (6) can be changed to
an expression (7).

o ] sotom(3)

X l_[ sign(v;)

i=1

Math. 7]

de-1
uj = ¢*I[Z ¢<|v;|>] x
i=1

de-1

l_[ sign(v;)

i=1

M
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[1744] In the check node, the check node operation of the
expression (2) is performed according to the expression (7).
[1745] That is, in the check node, as illustrated in FIG. 6,
the message u, that corresponds to the edge for calculation is
calculated by the check node operation of the expression (7)
using messages v,, V,, V3, V,, and v from the remaining edges
connected to the check node. The messages that correspond to
the other edges are also calculated by the same method.
[1746] The function ¢(x) of the expression (7) can be rep-
resented as ¢(x)=In((e*+1)/(e*~1)) and p(x)=¢p~'(x) is satis-
fied in x>0. When the functions ¢(x) and ¢~*(x) are mounted
to hardware, the functions ¢(x) and ¢~*(x) may be mounted
using an LUT (Look Up Table). However, both the functions
¢(x) and ¢~'(x) become the same LUT.

[1747] <Configuration Example of Transmission System to
which Present Disclosure is Applied>

[1748] FIG. 7 illustrates a configuration example of an
embodiment of a transmission system (a system means a
logical gathering of a plurality of devices and a device of each
configuration may be arranged or may not be arranged in the
same casing) to which the present invention is applied.
[1749] InFIG. 7, the transmission system includes a trans-
mitting device 11 and a receiving device 12.

[1750] For example, the transmitting device 11 transmits
(broadcasts) (transfers) a program of television broadcasting,
and so on. That is, for example, the transmitting device 11
encodes target data that is a transmission target such as image
data and audio data as a program into LDPC codes, and, for
example, transmits them through a communication path 13
such as a satellite circuit, a ground wave and a cable (wire
circuit).

[1751] The receiving device 12 receives the LDPC code
transmitted from the transmitting device 11 through the com-
munication path 13, decodes the LDPC code to obtain the
target data, and outputs the target data.

[1752] Inthis case, it is known that the LDPC code used by
the transmission system of FIG. 7 shows the very high capa-
bility in an AWGN (Additive White Gaussian Noise) com-
munication path.

[1753] Meanwhile, in the communication path 13, burst
error or erasure may be generated. Especially in the case
where the communication path 13 is the ground wave, for
example, in an OFDM (Orthogonal Frequency Division Mul-
tiplexing) system, power of a specific symbol may become 0
(erasure) according to delay of an echo (paths other than a
main path), under a multi-path environment in which D/U
(Desired to Undesired Ratio) is 0 dB (power of
Undesired=echo is equal to power of Desired=main path).
[1754] Inthe flutter (communication path in which delay is
0 and an echo having a Doppler frequency is added), when
D/U is 0 dB, entire power of an OFDM symbol at a specific
time may become 0 (erasure) by the Doppler frequency.
[1755] In addition, the burst error may be generated due to
a situation of a wiring line from a receiving unit (not illus-
trated in the drawings) of the side of the receiving device 12
such as an antenna receiving a signal from the transmitting
device 11 to the receiving device 12 or instability of a power
supply of the receiving device 12.

[1756] Meanwhile, in decoding of the LDPC code, in the
variable node corresponding to the column of'the parity check
matrix H and the code bit of the LDPC code, as illustrated in
FIG. 5, the variable node operation of the expression (1) with
the addition of (the reception value u0i of) the code bit of the
LDPC code is performed. For this reason, if error is generated
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in the code bits used for the variable node operation, precision
of'the calculated message is deteriorated.

[1757] In the decoding of the LDPC code, in the check
node, the check node operation of the expression (7) is per-
formed using the message calculated by the variable node
connected to the check node. For this reason, if the number of
check nodes in which error (including erasure) is generated
simultaneously in (the code bits of the LDPC codes corre-
sponding to) the plurality of connected variable nodes
increases, decoding performance is deteriorated.

[1758] That is, if the two or more variable nodes of the
variable nodes connected to the check node become simulta-
neously erasure, the check node returns a message in which
the probability of a value being 0 and the probability of a
value being 1 are equal to each other, to all the variable nodes.
In this case, the check node that returns the message of the
equal probabilities does not contribute to one decoding pro-
cessing (one set of the variable node operation and the check
node operation). As a result, it is necessary to increase the
repetition number of times of the decoding processing, the
decoding performance is deteriorated, and consumption
power of the receiving device 12 that performs decoding of
the LDPC code increases.

[1759] Therefore, in the transmission system of FIG. 7,
tolerance against the burst error or the erasure can be
improved while performance in the AWGN communication
path (AWGN channel) is maintained.

[1760] <Configuration Example of Transmitting Device
11>
[1761] FIG. 8isablock diagram illustrating a configuration

example of the transmitting device 11 of FIG. 7.

[1762] In the transmitting device 11, one or more input
streams corresponding to target data are supplied to a mode
adaptation/multiplexer 111.

[1763] The mode adaptation/multiplexer 111 performs
mode selection and processes such as multiplexing of one or
more input streams supplied thereto, as needed, and supplies
data obtained as a result to a padder 112.

[1764] The padder 112 performs necessary zero padding
(insertion of Null) with respect to the data supplied from the
mode adaptation/multiplexer 111 and supplies data obtained
as a result to a BB scrambler 113.

[1765] The BB scrambler 113 performs base-band scram-
bling (BB scrambling) with respect to the data supplied from
the padder 112 and supplies data obtained as a resulttoa BCH
encoder 114.

[1766] The BCH encoder 114 performs BCH encoding
with respect to the data supplied from the BB scrambler 113
and supplies data obtained as a result as LDPC target data to
be an LDPC encoding target to an LDPC encoder 115.

[1767] The LDPC encoder 115 performs LDPC encoding
according to a parity check matrix or the like in which a parity
matrix to be a portion corresponding to a parity bit of an
LDPC code becomes a staircase (dual diagonal) structure
with respect to the LDPC target data supplied from the BCH
encoder 114, for example, and outputs an LDPC code in
which the LDPC target data is information bits.

[1768] That is, the LDPC encoder 115 performs the LDPC
encoding to encode the LDPC target data with an LDPC such
as the LDPC code (corresponding to the parity check matrix)
defined in the predetermined standard of the DVB-S.2, the
DVB-T.2, the DVB-C.2 or the like, and the LDPC code (cor-
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responding to the parity check matrix) or the like that is to be
employed in ATSC 3.0, and outputs the LDPC code obtained
as a result.

[1769] The LDPC code defined in the standard of the DVB-
T.2 and the LDPC code thatis to be employed in ATSC 3.0 are
an IRA (Irregular Repeat Accumulate) code and a parity
matrix of the parity check matrix of the LDPC code becomes
a staircase structure. The parity matrix and the staircase struc-
ture will be described later. The IRA code is described in
“Irregular Repeat-Accumulate Codes”, H. Jin, A. Khandekar,
and R. J. McEliece, in Proceedings of 2nd International Sym-
posium on Turbo codes and Related Topics, pp. 1-8, Septem-
ber 2000, for example.

[1770] The LDPC code that is output by the LDPC encoder
115 is supplied to the bit interleaver 116.

[1771] The bit interleaver 116 performs bit interleave to be
described later with respect to the LDPC code supplied from
the LDPC encoder 115 and supplies the LDPC code after the
bit interleave to an mapper 117.

[1772] The mapper 117 maps the LDPC code supplied
from the bit interleaver 116 to a signal point representing one
symbol of orthogonal modulation in a unit (symbol unit) of
code bits of one or more bits of the LDPC code and performs
the orthogonal modulation (multilevel modulation).

[1773] That is, the mapper 117 performs maps the LDPC
code supplied from the bit interleaver 116 to a signal point
determined by a modulation scheme performing the orthogo-
nal modulation of the LDPC code, on an IQ plane (IQ con-
stellation) defined by an I axis representing an I component of
the same phase as a carrier and a Q axis representing a Q
component orthogonal to the carrier, and performs the
orthogonal modulation.

[1774] When the number of signal points decided in the
modulation scheme of the orthogonal modulation performed
by themapper 117 is 2™, m-bit code bits of the LDPC code are
used as a symbol (one symbol), and the mapper 117 maps the
LDPC code supplied from the bit interleaver 116 to a signal
point indicating a symbol among the 2™ signal points in units
of symbols.

[1775] Here, examples of the modulation scheme of the
orthogonal modulation performed by the mapper 117 include
a modulation scheme specified in a standard such as DVB-T.
2, a modulation scheme that is scheduled to be employed in
ATSC 3.0, and other modulation schemes, that is, includes
Binary Phase Shift Keying (BPSK), Quadrature Phase Shift
Keying (QPSK), 8 Phase-Shift Keying (8PSK), 16 Amplitude
Phase-Shift Keying (APSK), 32APSK, 16 Quadrature
Amplitude Modulation (QAM), 16QAM, 64QAM,
256QAM, 1024QAM, 4096QAM, and 4 Pulse Amplitude
Modulation (PAM). A modulation scheme by which the
orthogonal modulation is performed in the mapper 117 is set
in advance, for example, according to an operation of an
operator of the transmitting device 11.

[1776] The data (a mapping result of mapping the symbol
to the signal point) obtained by the process of the mapper 117
is supplied to a time interleaver 118.

[1777] The time interleaver 118 performs time interleave
(interleave in a time direction) in a unit of symbol with respect
to the data supplied from the mapper 117 and supplies data
obtained as a result to an single input single output/multiple
input single output encoder (SISO/MISO encoder) 119.
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[1778] The SISO/MISO encoder 119 performs spatiotem-
poral encoding with respect to the data supplied from the time
interleaver 118 and supplies the data to the frequency inter-
leaver 120.

[1779] The frequency interleaver 120 performs frequency
interleave (interleave in a frequency direction) in a unit of
symbol with respect to the data supplied from the SISO/
MISO encoder 119 and supplies the data to a frame builder/
resource allocation unit 131.

[1780] On the other hand, for example, control data (sig-
nalling) for transfer control such as BB signaling (Base Band
Signalling) (BB Header) is supplied to the BCH encoder 121.
[1781] The BCH encoder 121 performs the BCH encoding
with respect to the signaling supplied thereto and supplies
data obtained as a result to an LDPC encoder 122, similar to
the BCH encoder 114.

[1782] The LDPC encoder 122 sets the data supplied from
the BCH encoder 121 as LDPC target data, performs the
LDPC encoding with respect to the data, and supplies an
LDPC code obtained as aresult to amapper 123, similarto the
LDPC encoder 115.

[1783] The mapper 123 maps the LDPC code supplied
from the LDPC encoder 122 to a signal point representing one
symbol of orthogonal modulation in a unit (symbol unit) of
code bits of one or more bits of the LDPC code, performs the
orthogonal modulation, and supplies data obtained as a result
to the frequency interleaver 124, similar to the mapper 117.
[1784] The frequency interleaver 124 performs the fre-
quency interleave in a unit of symbol with respect to the data
supplied from the mapper 123 and supplies the data to the
frame builder/resource allocation unit 131, similar to the fre-
quency interleaver 120.

[1785] The frame builder/resource allocation unit 131
inserts symbols of pilots into necessary positions of the data
(symbols) supplied from the frequency interleavers 120 and
124, configures a frame (for example, a physical layer (PL)
frame, a T2 frame, a C2 frame, and so on) including symbols
of'a predetermined number from data (symbols) obtained as a
result, and supplies the frame to an OFDM generating unit
132.

[1786] The OFDM generating unit 132 generates an
OFDM signal corresponding to the frame from the frame
supplied from the frame builder/resource allocation unit 131
and transmits the OFDM signal through the communication
path 13 (FIG. 7).

[1787] Here, for example, the transmitting device 11 can be
configured without including part of the blocks illustrated in
FIG. 8 such as the time interleaver 118, the SISO/MISO
encoder 119, the frequency interleaver 120 and the frequency
interleaver 124.

[1788] <Configuration Example of Bit Interleaver 116>
[1789] FIG. 9 illustrates a configuration example of the bit
interleaver 116 of FIG. 8.

[1790] Thebitinterleaver 116 has a function of interleaving
data, and includes a parity interleaver 23, a group-wise inter-
leaver 24, and a block interleaver 25.

[1791] The parity interleaver 23 performs parity interleave
for interleaving the parity bits of the LDPC code supplied
from the LDPC encoder 115 into positions of other parity bits
and supplies the LDPC code after the parity interleave to the
group-wise interleaver 24.

[1792] The group-wise interleaver 24 performs the group-
wise interleave with respect to the LDPC code supplied from
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the parity interleaver 23 and supplies the LDPC code after the
group-wise interleave to the block interleaver 25.

[1793] Here, in the group-wise interleave, 360 bits of one
segment are used as a bit group, where the LDPC code of one
code is divided into segments in units of 360 bits equal to the
unit size P which will be described later, and the LDPC code
supplied from the parity interleaver 23 is interleaved in units
of bit groups, starting from the head.

[1794] When the group-wise interleave is performed, the
error rate can be improved to be better than when the group-
wise interleave is not performed, and as a result, it is possible
to secure the excellent communication quality in the data
transmission.

[1795] The block interleaver 25 performs block interleave
for demultiplexing the LDPC code supplied from the group-
wise interleaver 24, converts, for example, the LDPC code
corresponding to one code into an m-bit symbol serving as a
unit of mapping, and supplies the m-bit symbol to the mapper
117 (FIG. 8).

[1796] Here, intheblock interleave, for example, the LDPC
code corresponding to one code is converted into the m-bit
symbol such that the LDPC code supplied from the group-
wise interleaver 24 is written in a storage region in which
columns serving as a storage region storing a predetermined
number of bits in a column (vertical) direction are arranged in
a row (horizontal) direction by the number m of bits of the
symbol in the column direction and read from the storage
region in the row direction.

[1797] <Parity Check Matrix H of the LDPC Code>
[1798] Next, FIG. 10 illustrates an example of the parity
check matrix H that is used for LDPC encoding by the LDPC
encoder 115 of FIG. 8.

[1799] The parity check matrix H becomes an LDGM
(Low-Density Generation Matrix) structure and can be rep-
resented by an expression H=[H,IH;] (a matrix in which
elements of the information matrix H , are set to left elements
and elements ofthe parity matrix H are set to right elements),
using an information matrix H , of a portion corresponding to
information bits among the code bits of the LDPC code and a
parity matrix H, corresponding to the parity bits.

[1800] In this case, a bit number of the information bits
among the code bits of one code of LDPC code (one code
word) and a bit number of the parity bits are referred to as an
information length K and a parity length M, respectively, and
a bit number of the code bits of one code (one code word) of
LDPC code is referred to as a code length N (=K+M).
[1801] The information length K and the parity length M of
the LDPC code having the certain code length N are deter-
mined by an encoding rate. The parity check matrix H
becomes a matrix in which rowxcolumn is MxN (a matrix of
MxN). The information matrix H , becomes a matrix of MxK
and the parity matrix H, becomes a matrix of MxM.

[1802] FIG.11 is anillustration of an example of the parity
matrix H, of the parity check matrix Hused for LDPC encod-
ing in the LDPC encoder 115 of FIG. 8.

[1803] The parity matrix H; of the parity check matrix H
used for LDPC encoding in the LDPC encoder 115 is identi-
cal to, for example, the parity matrix H of the parity check
matrix H of the LDPC code specified in a standard such as
DVB-T.2.

[1804] The parity matrix H,of the parity check matrix H of
the LDPC code that is defined in the standard of the DVB-T.2
or the like becomes a staircase structure matrix (lower bidi-
agonal matrix) in which elements of 1 are arranged in a
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staircase shape, as illustrated in FIG. 11. The row weight of
the parity matrix H, becomes 1 with respect to the first row
and becomes 2 with respect to the remaining rows. The col-
umn weight becomes 1 with respect to the final column and
becomes 2 with respect to the remaining columns.

[1805] As described above, the LDPC code of the parity
check matrix H in which the parity matrix H, becomes the
staircase structure can be easily generated using the parity
check matrix H.

[1806] That is, the LDPC code (one code word) is repre-
sented by a row vector ¢ and a column vector obtained by
transposing the row vector is represented by C”. In addition,
a portion of information bits of the row vector ¢ to be the
LDPC code is represented by a row vector A and a portion of
the parity bits is represented by a row vector T.

[1807] The row vector ¢ can be represented by an expres-
sion c=[AlT] (a row vector in which elements of the row
vector A are set to left elements and elements of the row
vector T are set to right elements), using the row vector A
corresponding to the information bits and the row vector T
corresponding to the parity bits.

[1808] In the parity check matrix H and the row vector
c=[AIT] corresponding to the LDPC code, it is necessary to
satisfy an expression Hc?=0. The row vector T that corre-
sponds to the parity bits constituting the row vector c=[AlIT]
satisfying the expression Hc”™=0 can be sequentially calcu-
lated by setting elements of each row to 0, sequentially (in
order) from elements of a first row of the column vector Hc”
in the expression Hc’=0, when the parity matrix H;. of the
parity check matrix H=[H ,IH,] becomes the staircase struc-
ture illustrated in FIG. 11.

[1809] FIG. 12 is an illustration of the parity check matrix
H of the LDPC code that is defined in the standard of the
DVB-T.2 or the like.

[1810] The column weight becomes X with respect KX
columns from a first column of the parity check matrix H of
the LDPC code defined in the standard of the DVB-T.2 or the
like, becomes 3 with respect to the following K3 columns,
becomes 2 with respect to the following (M-1) columns, and
becomes 1 with respect to a final column.

[1811] In this case, KX+K3+M-1+1 is equal to the code
length N.
[1812] FIG. 13 is an illustration of column numbers KX,

K3, and M and a column weight X, with respect to each
encoding rate r of the LDPC code defined in the standard of
the DVB-T.2 or the like.

[1813] In the standard of the DVB-T.2 or the like, LDPC
codes that have code lengths N of 64800 bits and 16200 bits
are defined.

[1814] With respect to the LDPC code having the code
length N of 64800 bits, 11 encoding rates (nominal rates) of
1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5, 5/6, 8/9, and 9/10 are
defined. With respect to the LDPC code having the code
length N of 16200 bits, 10 encoding rates of 1/4, 1/3, 2/5,1/2,
3/5, 2/3,3/4, 4/5, 5/6, and 8/9 are defined.

[1815] Hereinafter, the code length N of the 64800 bits is
referred to as 64 kbits and the code length N of the 16200 is
referred to as 16 kbits.

[1816] Withrespecttothe LDPC code, an errorrate tends to
be lower in a code bit corresponding to a column of which a
column weight of the parity check matrix H is large.

[1817] In the parity check matrix H that is illustrated in
FIGS. 12 and 13 and is defined in the standard of the DVB-T.2
or the like, a column weight of a column of a head side (left
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side) tends to be large. Therefore, with respect to the LDPC
code corresponding to the parity check matrix H, a code bit of
a head side tends to be robust to error (there is tolerance
against the error) and a code bit of an ending side tends to be
weak for the error.

[1818] <Parity Interleave>

[1819] Next, the parity interleave by the parity interleaver
23 of FIG. 9 will be described with reference to FIGS. 14 to
16.

[1820] FIG. 24 illustrates an example of (a part of) a Tanner
graph of the parity check matrix of the LDPC code.

[1821] As illustrated in FIG. 14, if a plurality of, for
example, two variable nodes among (the code bits corre-
sponding to) the variable nodes connected to the check node
simultaneously become the error such as the erasure, the
check node returns a message in which the probability of a
value being 0 and the probability of a value being 1 are equal
to each other, to all the variable nodes connected to the check
node. For this reason, if the plurality of variable nodes con-
nected to the same check node simultaneously become the
erasure, decoding performance is deteriorated.

[1822] Meanwhile, the LDPC code that is output by the
LDPC encoder 115 of FIG. 8 is an IRA code, same as the
LDPC code that is defined in the standard of the DVB-T.2 or
the like, and the parity matrix Hof the parity check matrix H
becomes a staircase structure, as illustrated in FIG. 11.
[1823] FIG. 15 illustrates the parity matrix HT becoming
the staircase structure as illustrated in FIG. 11, and an
example of a Tanner graph corresponding to the parity matrix
HT.

[1824] That is, A of FIG. 15 illustrates an example of the
parity matrix HT becoming the staircase structure and B of
FIG. 15 illustrates the Tanner graph corresponding to the
parity matrix HT of A of FIG. 15.

[1825] In the parity matrix H, with a staircase structure,
elements of 1 are adjacent in each row (excluding the first
row). Therefore, in the Tanner graph of the parity matrix H,
two adjacent variable nodes corresponding to a column of two
adjacent elements in which the value of the parity matrix H,.
is 1 are connected with the same check node.

[1826] Therefore, when parity bits corresponding to two
above-mentioned adjacent variable nodes become errors at
the same time by burst error and erasure, and so on, the check
node connected with two variable nodes (variable nodes to
find a message by the use of parity bits) corresponding to
those two parity bits that became errors returns message that
the probability with a value of 0 and the probability with a
value of 1 are equal probability, to the variable nodes con-
nected with the check node, and therefore the performance of
decoding is deteriorated. Further, when the burst length (bit
number of parity bits that continuously become errors)
becomes large, the number of check nodes that return the
message of equal probability increases and the performance
of decoding is further deteriorated.

[1827] Therefore, the parity interleaver 23 (FIG. 9) per-
forms the parity interleave for interleaving the parity bits of
the LDPC code from the LDPC encoder 115 into positions of
other parity bits, to prevent the decoding performance from
being deteriorated.

[1828] FIG. 16 is an illustration of the parity matrix H, of
the parity check matrix H corresponding to the LDPC code
that has undergone the parity interleave performed by the
parity interleaver 23 of FIG. 9.
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[1829] Here, the information matrix H ; of the parity check
matrix H corresponding to the LDPC code output by the
LDPC encoder 115 has a cyclic structure, similarly to the
information matrix of the parity check matrix H correspond-
ing to the LDPC code specified in a standard such as DVB-
T.2.

[1830] The cyclic structure refers to a structure in which a
certain column matches one obtained by cyclically shifting
another column, and includes, for example, a structure in
which a position of 1 of each row of P columns becomes a
position obtained by cyclically shifting a first column of the P
columns in the column direction by a predetermined value
such as a value that is proportional to a value q obtained by
dividing a parity length M for every P columns. Hereinafter,
the P columns in the cyclic structure are referred to appropri-
ately as a unit size.

[1831] As an LDPC code defined in a standard such as
DVB-T.2, as described in FIG. 12 and FIG. 13, there are two
kinds of LDPC codes whose code length N is 64800 bits and
16200 bits, and, for both of those two kinds of LDPC codes,
the unit size P is defined as 360 which is one of divisors
excluding 1 and M among the divisors of the parity length M.

[1832] The parity length M becomes a value other than
primes represented by an expression M=qxP=qx360, using a
value q different according to the encoding rate. Therefore,
similar to the unit size P, the value q is one other than 1 and M
among the divisors of the parity length M and is obtained by
dividing the parity length M by the unit size P (the product of
P and q to be the divisors of the parity length M becomes the
parity length M).

[1833] As described above, when information length is
assumed to be K, an integer equal to or greater than 0 and less
than P is assumed to be x and an integer equal to or greater
than 0 and less than q is assumed to be y, the parity interleaver
23 interleaves the K+qx+y+1-th code bit among code bits of
an LDPC code of N bits to the position of the K+Py+x+1-th
code bit as parity interleave.

[1834] Since both of the K+gx+y+1-th code bit and the
K+Py+x+1-th code bit are code bits after the K+1-th one, they
are parity bits, and therefore the positions of the parity bits of
the LDPC code are moved according to the parity interleave.
[1835] According to the parity interleave, (the parity bits
corresponding to) the variable nodes connected to the same
check node are separated by the unit size P, that is, 360 bits in
this case. For this reason, when the burst length is less than
360 bits, the plurality of variable nodes connected to the same
check node can be prevented from simultaneously becoming
the error. As a result, tolerance against the burst error can be
improved.

[1836] The LDPC code after the interleave for interleaving
the (K+qx+y+1)-th code bit into the position of the (K+Py+
x+1)-th code bit is matched with an LDPC code of a parity
check matrix (hereinafter, referred to as a transformed parity
check matrix) obtained by performing column replacement
forreplacing the (K+qx+y+1)-th column of the original parity
check matrix H with the (K+Py+x+1)-th column.

[1837] In the parity matrix of the transformed parity check
matrix, as illustrated in FIG. 16, a pseudo cyclic structure that
uses the P columns (in FIG. 16, 360 columns) as a unit
appears.

[1838] Here, the pseudo cyclic structure is a structure in
which the remaining portion excluding a part has the cyclic
structure.
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[1839] The transformed parity check matrix obtained by
performing the column permutation corresponding to the par-
ity interleave on the parity check matrix of the LDPC code
specified in the standard such as DVB-T.2 has the pseudo
cyclic structure rather than the (perfect) cyclic structure since
itis one 1 element short (it is a 0 element) in a portion (a shift
matrix which will be described later) of a 360x360 matrix of
a right top corner portion of the transformed parity check
matrix.

[1840] The transformed parity check matrix for the parity
check matrix of the LDPC code output by the LDPC encoder
115 has the pseudo cyclic structure, for example, similarly to
the transformed parity check matrix for the parity check
matrix of the LDPC code specified in the standard such as
DVB-T.2.

[1841] The transformed parity check matrix of FIG. 16
becomes a matrix that is obtained by performing the column
replacement corresponding to the parity interleave and
replacement (row replacement) of a row to configure the
transformed parity check matrix with a constitutive matrix to
be described later, with respect to the original parity check
matrix H.

[1842] FIG. 17 is a flowchart illustrating processing
executed by the LDPC encoder 115, the bit interleaver 116,
and the mapper 117 of FIG. 8.

[1843] The LDPC encoder 115 awaits supply of the LDPC
target data from the BCH encoder 114. In step S101, the
LDPC encoder 115 encodes the LDPC target data with the
LDPC code and supplies the LDPC code to the bit interleaver
116. The processing proceeds to step S102.

[1844] Instep S102, the bit interleaver 116 performs the bit
interleave on the LDPC code supplied from the LDPC
encoder 115, and supplies the symbol obtained by the bit
interleave to the mapper 117, and the process proceeds to step
S103.

[1845] Thatis, in step S102, in the bit interleaver 116 (FIG.
9), the parity interleaver 23 performs parity interleave with
respect to the LDPC code supplied from the LDPC encoder
115 and supplies the LDPC code after the parity interleave to
the group-wise interleaver 24.

[1846] The group-wise interleaver 24 performs the group-
wise interleave on the LDPC code supplied from the parity
interleaver 23, and supplies the resulting LDPC code to the
block interleaver 25.

[1847] The block interleaver 25 performs the block inter-
leave on the LDPC code that has undergone the group-wise
interleave performed by the group-wise interleaver 24, and
supplies the m-bit symbol obtained as a result to the mapper
117.

[1848] In step S103, the mapper 117 maps the symbol
supplied from the block interleaver 25 to any of the 2™ signal
points decided in the modulation scheme of the orthogonal
modulation performed by the mapper 117, performs the
orthogonal modulation, and supplies data obtained as a result
to the time interleaver 118.

[1849] As described above, by performing the parity inter-
leave and the group-wise interleave, it is possible to improve
the error rate when transmission is performed using a plural-
ity of code bits of the LDPC code as one symbol.

[1850] Here, in FIG. 9, for the sake of convenience of
description, the parity interleaver 23 serving as the block
performing the parity interleave and the group-wise inter-
leaver 24 serving as the block performing the group-wise
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interleave are configured individually, but the parity inter-
leaver 23 and the group-wise interleaver 24 may be config-
ured integrally.

[1851] That is, both the parity interleave and the group-
wise interleave can be performed by writing and reading of
the code bits with respect to the memory and can be repre-
sented by a matrix to convert an address (write address) to
perform writing of the code bits into an address (read address)
to perform reading of the code bits.

[1852] Therefore, if a matrix obtained by multiplying a
matrix representing the parity interleave and a matrix repre-
senting the group-wise interleave is calculated, the code bits
are converted by the matrixes, the parity interleave is per-
formed, and a group-wise interleave result of the LDPC code
after the parity interleave can be obtained.

[1853] In addition to the parity interleaver 23 and the
group-wise interleaver 24, the block interleaver 25 can be
integrally configured.

[1854] That is, the block interleave executed by the block
interleaver 25 can be represented by the matrix to convert the
write address of the memory storing the LDPC code into the
read address.

[1855] Therefore, if a matrix obtained by multiplying the
matrix representing the parity interleave, the matrix repre-
senting the group-wise interleave, and the matrix represent-
ing the block interleave is calculated, the parity interleave, the
group-wise interleave, and the block interleave can be collec-
tively executed by the matrixes.

[1856] <Configuration Example of LDPC Encoder 115>
[1857] FIG. 18 is a block diagram illustrating a configura-
tion example of the LDPC encoder 115 of FIG. 8.

[1858] The LDPC encoder 122 of FIG. 8 is also configured
in the same manner.

[1859] As described in FIGS. 12 and 13, in the standard of
the DVB-T.2 or the like, the LDPC codes that have the two
code lengths N of 64800 bits and 16200 bits are defined.
[1860] With respect to the LDPC code having the code
length N of 64800 bits, 11 encoding rates of 1/4, 1/3, 2/5,1/2,
3/5,2/3,3/4,4/5, 5/6, 8/9, and 9/10 are defined. With respect
to the LDPC code having the code length N of 16200 bits, 10
encoding rates of 1/4, 1/3, 2/5, 1/2,3/5, 2/3, 3/4, 4/5, 5/6, and
8/9 are defined (FIGS. 12 and 13).

[1861] For example, the LDPC encoder 115 can perform
encoding (error correction encoding) using the LDPC code of
each encoding rate having the code length N of 64800 bits or
16200 bits, according to the parity check matrix H prepared
for each code length N and each encoding rate.

[1862] The LDPC encoder 115 includes an encoding pro-
cessing unit 601 and a storage unit 602.

[1863] The encoding processing unit 601 includes an
encoding rate setting unit 611, an initial value table reading
unit 612, a parity check matrix generating unit 613, an infor-
mation bit reading unit 614, an encoding parity operation unit
615, an a control unit 616. The encoding processing unit 601
performs the LDPC encoding of LDPC target data supplied to
the LDPC encoder 115 and supplies an LDPC code obtained
as a result to the bit interleaver 116 (FIG. 8).

[1864] That is, the encoding rate setting unit 611 sets the
code length N and the encoding rate of the LDPC code,
according to an operation of an operator.

[1865] Theinitial valuetable readingunit 612 reads a parity
check matrix initial value table to be described later, which
corresponds to the code length N and the encoding rate set by
the encoding rate setting unit 611, from the storage unit 602.
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[1866] The parity check matrix generating unit 613 gener-
ates a parity check matrix H by arranging elements of 1 of an
information matrix H, corresponding to an information
length K (=information length N-parity length M) according
to the code length N and the encoding rate set by the encoding
rate setting unit 611 in the column direction with a period of
360 columns (unit size P), on the basis of the parity check
matrix initial value table read by the initial value table reading
unit 612, and stores the parity check matrix H in the storage
unit 602.

[1867] Theinformation bitreading unit 614 reads (extracts)
information bits corresponding to the information length K,
from the LDPC target data supplied to the LDPC encoder
115.

[1868] The encoding parity operation unit 615 reads the
parity check matrix H generated by the parity check matrix
generating unit 613 from the storage unit 602, and generates
a code word (LDPC code) by calculating parity bits for the
information bits read by the information bit reading unit 614
on the basis of a predetermined expression using the parity
check matrix H.

[1869] The control unit 616 controls each block constitut-
ing the encoding processing unit 601.

[1870] In the storage unit 602, a plurality of parity check
matrix initial value tables that correspond to the plurality of
encoding rates illustrated in FIGS. 12 and 13, with respect to
the code lengths N such as the 64800 bits and 16200 bits, are
stored. In addition, the storage unit 602 temporarily stores
data that is necessary for processing of the encoding process-
ing unit 601.

[1871] FIG. 19 is a flowchart illustrating an example of
processing of the LDPC encoder 115 of FIG. 18.

[1872] In step S201, the encoding rate setting unit 611
determines (sets) the code length N and the encoding rate r to
perform the LDPC encoding.

[1873] Instep S202, the initial value table reading unit 612
reads the previously determined parity check matrix initial
value table corresponding to the code length N and the encod-
ing rate r determined by the encoding rate setting unit 611,
from the storage unit 602.

[1874] Instep S203, the parity check matrix generating unit
613 calculates (generates) the parity check matrix H of the
LDPC code of the code length N and the encoding rate r
determined by the encoding rate setting unit 611, using the
parity check matrix initial value table read from the storage
unit 602 by the initial value table reading unit 612, supplies
the parity check matrix to the storage unit 602, and stores the
parity check matrix in the storage unit.

[1875] In step S204, the information bit reading unit 614
reads the information bits of the information length K (=Nxr)
corresponding to the code length N and the encoding rate r
determined by the encoding rate setting unit 611, from the
LDPC target data supplied to the LDPC encoder 115, reads
the parity check matrix H calculated by the parity check
matrix generating unit 613 from the storage unit 602, and
supplies the information bits and the parity check matrix to
the encoding parity operation unit 615.

[1876] Instep S205, the encoding parity operation unit 615
sequentially operates parity bits of a code word ¢ that satisfies
an expression (8) using the information bits and the parity
check matrix H that have been read from the information bit
reading unit 614.

Hc'=0 (8)
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[1877] Intheexpression (8),c represents arow vectorasthe
code word (LDPC code) and c” represents transposition of the
row vector c.

[1878] As described above, when a portion of the informa-
tion bits of the row vector ¢ as the LDPC code (one code word)
is represented by arow vector A and a portion of the parity bits
is represented by a row vector T, the row vector ¢ can be
represented by an expression c=[ A/T], using the row vector A
as the information bits and the row vector T as the parity bits.
[1879] In the parity check matrix H and the row vector
c=[AIT] corresponding to the LDPC code, it is necessary to
satisfy an expression Hc?=0. The row vector T that corre-
sponds to the parity bits constituting the row vector c=[AlIT]
satisfying the expression Hc”™=0 can be sequentially calcu-
lated by setting elements of each row to 0, sequentially from
elements of a first row of the column vector He”'in the expres-
sion Hc”=0, when the parity matrix H,. of the parity check
matrix H=[H ,IH/] becomes the staircase structure illustrated
in FIG. 11.

[1880] Ifthe encoding parity operation unit 615 calculates
the parity bits T with respect to the information bits A from the
information bit reading unit 614, the encoding parity opera-
tion unit 615 outputs the code word c=[ A/T] represented by
the information bits A and the parity bits T as an LDPC
encoding result of the information bits A.

[1881] Then, in step S206, the control unit 616 determines
whether the LDPC encoding ends. When it is determined in
step S206 that the LDPC encoding does not end, that is, when
there is LDPC target data to perform the LDPC encoding, the
processing returns to step S201 (or step S204). Hereinafter,
the processing of steps S201 (or step S204) to S206 is
repeated.

[1882] When it is determined in step S206 that the LDPC
encoding ends, that is, there is no LDPC target data to perform
the LDPC encoding, the LDPC encoder 115 ends the process-
ing.

[1883] As described above, the parity check matrix initial
value table corresponding to each code length N and each
encoding rate r is prepared and the LDPC encoder 115 per-
forms the LDPC encoding of the predetermined code length
N and the predetermined encoding rate r, using the parity
check matrix H generated from the parity check matrix initial
value table corresponding to the predetermined code length N
and the predetermined encoding rate r.

[1884] <Example of the Parity Check Matrix Initial Value
Table>
[1885] The parity check matrix initial value table is a table

that represents positions of elements of 1 of the information
matrix H , (FIG. 10) of the parity check matrix H correspond-
ing to the information length K according to the code length
N and the encoding rate r of the LDPC code (LDPC code
defined by the parity check matrix H) for every 360 columns
(unit size P) and is previously made for each parity check
matrix H of each code length N and each encoding rate r.
[1886] That is, the parity check matrix initial value table
represents at least positions of elements of 1 of the informa-
tion matrix H , for every 360 columns (unit size P).

[1887] Examples of the parity check matrix H include a
parity check matrix in which the (whole) parity matrix Hhas
the staircase structure, which is specified in DVB-T.2 or the
like and a parity check matrix in which a part of the parity
matrix H has the staircase structure, and the remaining por-
tion is a diagonal matrix (a unit matrix), which is proposed by
CRC/ETRIL
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[1888] Hereinafter, an expression scheme of a parity check
matrix initial value table indicating the parity check matrix in
which the parity matrix H; has the staircase structure, which
is specified in DVB-T.2 or the like, is referred to as a DVB
scheme, and an expression scheme of a parity check matrix
initial value table indicating the parity check matrix proposed
by CRC/ETRI is referred to as an ETRI scheme.

[1889] FIG. 20 is an illustration of an example of the parity
check matrix initial value table in the DVB method.

[1890] That is, FIG. 20 illustrates a parity check matrix
initial value table with respect to the parity check matrix H
thatis defined in the standard of the DVB-T.2 and has the code
length N of 16200 bits and the encoding rate (an encoding rate
of notation of the DVB-T.2) r of 1/4.

[1891] The parity check matrix generating unit 613 (FIG.
18) calculates the parity check matrix H using the parity
check matrix initial value table in the DVB method, as fol-
lows.

[1892] FIG. 21 is an illustration of a method of calculating
a parity check matrix H from a parity check matrix initial
value table in the DVB method.

[1893] That I, FIG. 21 illustrates a parity check matrix
initial value table with respect to the parity check matrix H
thatis defined in the standard of the DVB-T.2 and has the code
length N of 16200 bits and the encoding rate r of 2/3.

[1894] The parity check matrix initial value table in the
DVB method is the table that represents the positions of the
elements of 1 of the whole information matrix H, corre-
sponding to the information length K according to the code
length N and the encoding rate r of the LDPC code for every
360 columns (unit size P). In the i-th row thereof, row num-
bers (row numbers when a row number of a first row of the
parity check matrix H is set to 0) of elements of 1 of a
(14360x(i-1)-th column of the parity check matrix H are
arranged by a number of column weights of the (14+360x(i—
1)-th column.

[1895] Here, since the parity matrix H; (FIG. 10) corre-
sponding to the parity length M in the parity check matrix H
of the DVB scheme is fixed to the staircase structure illus-
trated in FIG. 15, it is possible to obtain the parity check
matrix H if it is possible to obtain the information matrix H
(FIG. 10) corresponding to the information length K through
the parity check matrix initial value table.

[1896] A row number k+1 of the parity check matrix initial
value table in the DVB method is different according to the
information length K.

[1897] A relation of an expression (9) is realized between
the information length K and the row number k+1 of the parity
check matrix initial value table.

K=(k+1)x360 ©)

[1898] Inthis case, 360 of the expression (9) is the unit size
P described in FIG. 16.

[1899] Inthe parity check matrix initial value table of FIG.
21, 13 numerical values are arranged from the first row to the
third row and 3 numerical values are arranged from the fourth
row to the (k+1)-th row (in FIG. 21, the 30th row).

[1900] Therefore, the column weights of the parity check
matrix H that are calculated from the parity check matrix
initial value table of FIG. 21 are 13 from the first column to the
(14360x(3-1)-1)-th column and are 3 from the (1+360x(3-
1))-th column to the K-th column.

[1901] The first row of the parity check matrix initial value
table of FIG. 21 becomes 0, 2084, 1613, 1548, 1286, 1460,
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3196,4297,2481, 3369, 3451, 4620, and 2622, which shows
that elements of rows having row numbers of 0, 2084, 1613,
1548, 1286, 1460, 3196, 4297, 2481, 3369, 3451, 4620, and
2622 are 1 (and the other elements are 0), in the first column
of the parity check matrix H.

[1902] The second row of the parity check matrix initial
value table of FIG. 21 becomes 1, 122, 1516, 3448, 2880,
1407, 1847, 3799, 3529, 373, 971, 4358, and 3108, which
shows that elements of rows having row numbers of 1, 122,
1516, 3448, 2880, 1407, 1847, 3799, 3529, 373, 971, 4358,
and 3108 are 1, in the 361 (=1+360x(2-1))-th column of the
parity check matrix H.

[1903] As described above, the parity check matrix initial
value table represents positions of elements of 1 of the infor-
mation matrix H , of the parity check matrix H for every 360
columns.

[1904] The columns other than the (1+360x(i-1))-th col-
umn of the parity check matrix H, that is, the individual
columns from the (2+360x(i-1))-th column to the (360xi)-th
column are arranged by cyclically shifting elements of 1 of
the (14360x(i-1))-th column determined by the parity check
matrix initial value table periodically in a downward direction
(downward direction of the columns) according to the parity
length M.

[1905] That is, the (2+360x(i—1))-th column is obtained by
cyclically shifting (14360x(i-1))-th column in the downward
direction by M/360 (=q) and the next (34+4360x(i-1))-th col-
umn is obtained by cyclically shifting (1+360x(i-1))-th col-
umn in the downward direction by 2xM/360 (=2xq) (obtained
by cyclically shifting (2+360x(i-1))-th column in the down-
ward direction by M/360 (=q)).

[1906] If a numerical value of a j-th column (j-th column
from the left side) of an i-th row (i-th row from the upper side)
of' the parity check matrix initial value table is represented as
h,, and a row number of the j-th element of 1 of the w-th
column of the parity check matrix His represented as H,, _, the
row number H,, - of the element of 1 of the w-th column to be
a column other than the (1+360x(i-1))-th column of the par-
ity check matrix H can be calculated by an expression (10).

H,, ~mod{#; +mod((w-1),P)xq,M) (10)

[1907] In this case, mod(X, y) means a remainder that is
obtained by dividing x by y.

[1908] In addition, P is a unit size described above. In the
present embodiment, for example, same as the standard of the
DVB-S.2, the DVB-T.2, and the DVB-C.2, P is 360. In addi-
tion, q is a value M/360 that is obtained by dividing the parity
length M by the unit size P (=360).

[1909] The parity check matrix generating unit 613 (FIG.
18) specifies the row numbers of the elements of 1 of the
(14360x(i-1))-th column of the parity check matrix H by the
parity check matrix initial value table.

[1910] The parity check matrix generating unit 613 (FIG.
18) calculates the row number H,, ; of the element of 1 of the
w-th column to be the column other than the (1+360x(i-1))-th
column of'the parity check matrix H, according to the expres-
sion (10), and generates the parity check matrix H in which
the element of the obtained row number is set to 1.

[1911] FIG. 22 is an illustration of a structure of the parity
check matrix of the ETRI scheme.

[1912] The parity check matrix of the ETRI scheme is
configured with an A matrix, a B matrix, a C matrix, a D
matrix, and a Z matrix.
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[1913] The A matrix is a gxK upper left matrix of the parity
check matrix expressed by a predetermined value g and the
information length K of the LDPC code (=the code length
Nxthe encoding rate r).

[1914] The B matrix is a gxg matrix having the staircase
structure adjacent to the right of the A matrix.

[1915] The C matrix is an (N-K-g)x(K+g) matrix adja-
cently below the A matrix and the B matrix.

[1916] The D matrix is an (N-K-g)x(N-K-g) unit matrix
adjacent to the right of the C matrix.

[1917] The Z matrix is a gx(N-K-g) zero matrix (zero
matrix) adjacent to the right of the B matrix.

[1918] In the parity check matrix of the ETRI scheme con-
figured with the A to D matrices and the Z matrix, the A matrix
and a portion of the C matrix configure an information matrix,
and the B matrix, the remaining portion of the C matrix, the D
matrix, and the Z matrix configure a parity matrix.

[1919] Further, since the B matrix is the matrix having the
staircase structure, and the D matrix is the unit matrix, a
portion (a portion of the B matrix) of the parity matrix of the
parity check matrix of the ETRI scheme has the staircase
structure, and the remaining portion (the portion of the D
matrix) is the diagonal matrix (the unit matrix).

[1920] Similarly to the information matrix of the parity
check matrix of the DVB scheme, the A matrix and the C
matrix have the cyclic structure for every 360 columns (the
unit size P), and the parity check matrix initial value table of
the ETRI scheme indicates positions of 1 elements of the A
matrix and the C matrix in units of 360 columns.

[1921] Here, as described above, since the A matrix, and a
portion of the C matrix configure the information matrix, it
can be said that the parity check matrix initial value table of
the ETRI scheme that indicates positions of 1 elements of the
A matrix and the C matrix in units of 360 columns indicates
at least positions of 1 elements of the information matrix in
units of 360 columns.

[1922] FIG. 23 is an illustration of an example of the parity
check matrix initial value table of the ETRI scheme.

[1923] In other words, FIG. 23 illustrates an example of a
parity check matrix initial value table for a parity check
matrix in which the code length N is 50 bits, and the encoding
rate ris 1/2.

[1924] The parity check matrix initial value table of the
ETRIscheme is atable in which positions of 1 elements of the
A matrix and the C matrix are indicated for each unit size P,
and row numbers (row numbers when a row number of a first
row of the parity check matrix is 0) of 1 elements of a (1+Px
(i-1))-th column of the parity check matrix that correspond in
number to the column weight of the (1+Px(i-1))-th column
are arranged in an i-th row.

[1925] Here, in order to simplify the description, the unit
size P is assumed to be, for example, 5.

[1926] Further, parameters for the parity check matrix of
the ETRI scheme include g=M,, M,, Q,, and Q,.

[1927] g=M, is a parameter for deciding the size of the B
matrix and has a value that is a multiple of the unit size P. The
performance of the LDPC code is changed by adjusting
g=M,, and g=M, is adjusted to a predetermined value when
the parity check matrix is decided. Here, 15, which is three
times the unit size P (=5), is assumed to be employed as
g=M,.

[1928] M, has a value M-M, obtained by subtracting M,
from the parity length M.
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[1929] Here, since the information length K is Nxr=50x1/
2=25, and the parity length M is N-K=50-25=25, M, is
M-M,=25-15=10.

[1930] Q, is obtained from the formula Q,=M, /P, and indi-
cates the number of shifts (the number of rows) of the cyclic
shift in the A matrix.

[1931] Inother words, in each column other than the (1+Px
(i-1))-th column of the A matrix of the parity check matrix of
the ETRI scheme, that is, in each of a (2+Px(i-1))-th column
to a (Pxi)-th column, 1 elements of a (1+360x(i-1))-th col-
umn decided by the parity check matrix initial value table
have periodically been cyclically shifted downward (down-
ward in the column) and arranged, and Q, indicates the num-
ber of shifts the cyclic shift in the A matrix.

[1932] Q, is obtained from the formula Q,=M,/P, and indi-
cates the number of shifts (the number of rows) of the cyclic
shift in the C matrix.

[1933] Inother words, in each column other than the (1+Px
(i-1))-th column of the C matrix of the parity check matrix of
the ETRI scheme, that is, in each of a (2+Px(i-1))-th column
to a (Pxi)-th column, 1 elements of a (1+360x(i-1))-th col-
umn decided by the parity check matrix initial value table
have periodically been cyclically shifted downward (down-
ward in the column) and arranged, and Q, indicates the num-
ber of shifts the cyclic shift in the C matrix.

[1934] Here, Q, is M,/P=15/5=3, and Q, is M,/P=10/5=2.
[1935] Inthe parity check matrix initial value table of FIG.
23, 3 numerical values are arranged in 1st and 2nd rows, and
one numerical value is arranged in 3rd to 5th rows, and
according to a sequence of the numerical values, the column
weight of the parity check matrix obtained from the parity
check matrix initial value table of FIG. 23 is 3 in the 1st
column to a (1+5x(2-1)-1)-th column and 1 in a (1+5x(2-
1))-th column to a 5th column.

[1936] In other words, 2, 6, and 18 are arranged in the 1st
row of the parity check matrix initial value table of FIG. 23,
which indicates that elements of rows having the row num-
bers of 2, 6, and 18 are 1 (and the other elements are 0) in the
1st column of the parity check matrix.

[1937] Here, in this case, the A matrix is a 15x25 (gxK)
matrix, the C matrix is a 10x40 (N-K-g)x(K+g)) matrix,
rows having the row numbers of 0 to 14 in the parity check
matrix are rows of the A matrix, and rows having the row
numbers of 15 to 24 in the parity check matrix are rows of the
C matrix.

[1938] Thus, among the rows having the row numbers of 2,
6, and 18 (hereinafter referred to as rows #2, #6, and #18), the
rows #2 and #6 are the rows of the A matrix, and the row #18
is the row of the C matrix.

[1939] 2, 10, and 19 are arranged in the 2nd row of the
parity check matrix initial value table of FIG. 23, which
indicates that elements of the rows #2, #10, and #19 are 1 in
a 6 (=1+5x(2-1))-th column of the parity check matrix.
[1940] Here, inthe 6 (=1+5%x(2-1))-th column of the parity
check matrix, among the rows #2, #10, and #19, the rows #2
and #10 are the rows of the A matrix, and the row #19 is the
row of the C matrix.

[1941] 22 is arranged in the 3rd row of the parity check
matrix initial value table of FIG. 23, which indicates that an
element of the row #22 is 1 in an 11 (=1+5x(3-1))-th column
of' the parity check matrix.

[1942] Here,inthe 11 (=14+5%(3-1))-th column of the parity
check matrix, the row #22 is the row of the C matrix.
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[1943] Similarly, 19 in the 4th column of the parity check
matrix initial value table of FIG. 23 indicates that an element
of the row #19 is 1 in a 16 (=1+5x(4-1))-th column of the
parity check matrix, and 15 in the 5th row of the parity check
matrix initial value table of FIG. 23 indicates that an element
of the row #15 is 1 in a 21(=1+5x(5-1))-st column of the
parity check matrix.

[1944] As described above, the parity check matrix initial
value table indicates the positions of the 1 elements of the A
matrix and the C matrix of the parity check matrix for each
unit size P (=5 columns).

[1945] In each column other than a (1+5 (i-1))-th column
of the A matrix and the C matrix of the parity check matrix,
that is, in each of a (2+5%(i-1))-th column to a (5xi)-th col-
umn, the 1 elements of the (1+5x(i-1))-th column decided by
the parity check matrix initial value table have periodically
been cyclically shifted downward (downward in the column)
and arranged according to the parameters Q, and Q,.

[1946] In other words, for example, in the (2+5%(i-1))-th
column of the A matrix, the (1+5x(i-1))-th column has been
cyclically shifted downward by Q, (=3), and in a (3+5x(i-
1))-th column, the (1+5x(i-1))-th column has been cyclically
shifted downward by 2xQ, (=2x3) (the (2+5%(i-1))-th col-
umn has been cyclically shifted downward by Q, ).

[1947] Further, for example, in the (2+5x(i-1))-th column
of the C matrix, the (14+5x(i-1))-th column has been cycli-
cally shifted downward by Q, (=2), and in a (3+5x(i-1))-th
column, the (1+5x(i-1))-th column has been cyclically
shifted downward by 2xQ, (=2x2) (the (2+5%(i-1))-th col-
umn has been cyclically shifted downward by Q,).

[1948] FIG. 24 is an illustration of the A matrix generated
from the parity check matrix initial value table of FIG. 23.
[1949] In the A matrix of FIG. 24, according to the 1st row
of the parity check matrix initial value table of FIG. 23,
elements ofrows #2 and #6 ofa 1 (=1+5x(1-1))-st column are
1.

[1950] Further, in each ofa 2 (=2+5%(1-1))-nd columnto a
5 (=5+5x(1-1))-th column, an immediately previous column
has been cyclically shifted downward by Q,=3.

[1951] Further, in the A matrix of FIG. 24, according to the
2nd row of the parity check matrix initial value table of FIG.
23, elements of rows #2 and #10 of a 6 (=1+5%(2-1))-th
column are 1.

[1952] Further, in each ofa 7 (=2+5x(2-1))-th column to a
10 (=545x(2-1))-th column, an immediately previous column
has been cyclically shifted downward by Q,=3.

[1953] FIG. 25 is an illustration of the parity interleave of
the B matrix.
[1954] The parity check matrix generating unit 613 (FIG.

18) generates the A matrix using the parity check matrix
initial value table, and arranges the B matrix having the stair-
case structure at the right of the A matrix. Further, the parity
check matrix generating unit 613 regards the B matrix as the
parity matrix, and performs the parity interleave so that the
adjacent 1 elements of the B matrix having the staircase
structure are away from each other in the row direction by the
unit size P=5.

[1955] FIG. 25 illustrates the A matrix and the B matrix
after the B matrix has undergone the parity interleave.

[1956] FIG. 26 is an illustration of the C matrix generated
from the parity check matrix initial value table of FIG. 23.
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[1957] Inthe C matrix of FIG. 26, according to the 1st row
of the parity check matrix initial value table of FIG. 23,
element of a row #18 of a 1 (=1+5x(1-1))-st column of the
parity check matrix is 1.

[1958] Further, each of a 2 (=2+5x(1-1))-nd column to a 5
(=545x(1-1))-th column is one in which an immediately pre-
vious column has been cyclically shifted downward by Q,=2.
[1959] Further, in the C matrix of FIG. 26, according to the
2nd to 5th columns of the parity check matrix initial value
table of FIG. 23, elements of arow #19 ofa 6 (=1+5%(2-1))-th
column of the parity check matrix, a row #22 of an 11 (=1+
5%(3-1))-th column, a row #19 of a 16 (=1+5x(4-1))-th col-
umn, and a row #15 of a 21 (=1+5x(5-1))-th column are 1.
[1960] Further, in each of the 7 (=2+5%(2-1))-th column to
the 10 (=5+5%(2-1))-th column, each of a 12 (=2+5x(3-1))-
th column to a 15 (=5+5%(3-1))-th column, each of a 17
(=2+45x(4-1))-th column to a 20 (=5+5x(4-1))-th column,
and each of'a 22 (=2+5%(5-1))-nd column to a 25 (=5+5x(5-
1))-th column, an immediately previous column has been
cyclically shifted downward by Q,=2.

[1961] The parity check matrix generating unit 613 (FIG.
18) generates the C matrix using the parity check matrix
initial value table, and arranges the C matrix below the A
matrix and the B matrix (that has undergone the parity inter-
leave).

[1962] Further, the parity check matrix generating unit 613
arranges the Z matrix at the right of the B matrix, arranges the
D matrix at the right of the C matrix, and generates the parity
check matrix illustrated in FIG. 26.

[1963] FIG. 27 is an illustration of the parity interleave of
the D matrix.
[1964] After generating the parity check matrix of FIG. 26,

the parity check matrix generating unit 613 regards the D
matrix as the parity matrix, and performs the parity interleave
(only for the D matrix) so that the 1 elements of the odd-
numbered rows and the next even-numbered rows of the D
matrix of the unit matrix are away from each other in the row
direction by the unit size P (=5).

[1965] FIG. 27 illustrates the parity check matrix after the
parity interleave of the D matrix is performed on the parity
check matrix of FIG. 26.

[1966] (The encoding parity operation unit 615 (FIG. 18)
of) The LDPC encoder 115 performs LDPC encoding (gen-
eration of the LDPC code), for example, using the parity
check matrix of FIG. 27.

[1967] Here, the LDPC code generated using the parity
check matrix of FIG. 27 is the LDPC code that has undergone
the parity interleave, and thus it is unnecessary to perform the
parity interleave on the LDPC code generated using the parity
check matrix of FIG. 27 in the parity interleaver 23 (FIG. 9).
[1968] FIG. 28 is an illustration of the parity check matrix
obtained by performing the column permutation serving as
the parity deinterleave for restoring the parity interleave to an
original state on the B matrix, the portion of the C matrix (the
portion of the C matrix arranged below the B matrix), and the
D matrix of the parity check matrix of FIG. 27.

[1969] The LDPC encoder 115 can perform LDPC encod-
ing (generation of the LDPC code) using the parity check
matrix of FIG. 28.

[1970] When the LDPC encoding is performed using the
parity check matrix of FIG. 28, the LDPC code that does not
undergo the parity interleave is obtained according to the
LDPC encoding. Thus, when the LDPC encoding is per-
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formed using the parity check matrix of FIG. 28, the parity
interleaver 23 (FIG. 9) performs the parity interleave.
[1971] FIG. 29 is an illustration of the transformed parity
check matrix obtained by performing the row permutation on
the parity check matrix of FIG. 27.

[1972] As will be described later, the transformed parity
check matrix is a matrix represented by a combination of a
PxP unit matrix, a quasi unit matrix obtained by setting one or
more is of the unit matrix to zero (0), a shift matrix obtained
by cyclically shifting the unit matrix or the quasi unit matrix,
a sum matrix serving as a sum of two or more matrices of the
unit matrix, the quasi unit matrix, and the shifted matrix, and
a PxP zero matrix.

[1973] As the transformed parity check matrix is used for
decoding of the LDPC code, an architecture of performing P
check node operations and P variable node operations at the
same time can be employed for decoding the LDPC code as
will be described later.

[1974] <New LDPC Code>

[1975] Incidentally, a terrestrial digital television broad-
casting standard called ATSC 3.0 is currently pending.
[1976] Inthisregard, a novel LDPC code which canbe used
in ATSC 3.0 and other data transmission (hereinafter referred
to as a new LDPC code) will be described.

[1977] For example, the LDPC code of the DVB scheme or
the LDPC code of the ETRI scheme having the unit size P of
360, similarly to DVB-T.2 or the like, and corresponding to
the parity check matrix having the cyclic structure can be
employed as the new LDPC code.

[1978] The LDPC encoder 115 (FIGS. 8 and 18) can per-
form LDPC encoding for generating a new LDPC code using
the parity check matrix obtained from the parity check matrix
initial value table of the new LDPC code in which the code
length N is 16 kbits or 64 kbits, and the encoding rate r is any
of 5/15, 6, 15, 7/15, 8/15, 9/15, 10/15, 11/15, 12/15, and
13/15.

[1979] In this case, the storage unit 602 of the LDPC
encoder 115 (FIG. 8) stores the parity check matrix initial
value of the new LDPC code.

[1980] FIG. 30 is an illustration of an example of a parity
check matrix initial value table of the DVB scheme for a
parity check matrix of a new LDPC code in which the code
length N is 16 kbits, and the encoding rate r is 8/15 (herein-
after, also referred to as Sony symbol (16 k, 8/15)), proposed
by the applicant of the present application.

[1981] FIG. 31 is an illustration of an example of a parity
check matrix initial value table of the DVB scheme for a
parity check matrix of a new LDPC code in which the code
length N is 16 kbits, and the encoding rate r is 10/15 (herein-
after, also referred to as Sony symbol (16 k, 10/15)), proposed
by the applicant of the present application.

[1982] FIG. 32 is an illustration of an example of a parity
check matrix initial value table of the DVB scheme for a
parity check matrix of a new LDPC code in which the code
length N is 16 kbits, and the encoding rate r is 12/15 (herein-
after, also referred to as Sony symbol (16 k, 12/15)), proposed
by the applicant of the present application.

[1983] FIGS. 33, 34, and 35 are illustrations of an example
of'a parity check matrix initial value table of the DVB scheme
for a parity check matrix of a new LDPC code in which the
code length N is 64 kbits, and the encoding rate r is 7/15
(hereinafter, also referred to as Sony symbol (64 k, 7/15)),
proposed by the applicant of the present application.
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[1984] FIG. 34 is an illustration subsequent to FIG. 33, and
FIG. 35 is an illustration subsequent to FIG. 34.

[1985] FIGS. 36,37, and 38 are illustrations of an example
of a parity check matrix initial value table of the DVB scheme
for a parity check matrix of a new LDPC code in which the
code length N is 64 kbits, and the encoding rate r is 9/15
(hereinafter, also referred to as Sony symbol (64 k, 9/15)),
proposed by the applicant of the present application.

[1986] FIG. 37 is an illustration subsequent to FIG. 36, and
FIG. 38 is an illustration subsequent to FIG. 37.

[1987] FIGS. 39, 40, 41, and 42 are illustrations of an
example of a parity check matrix initial value table of the
DVB scheme for a parity check matrix of a new LDPC code
in which the code length N is 64 kbits, and the encoding rate
ris 11/15 (hereinafter, also referred to as Sony symbol (64 k,
11/15)), proposed by the applicant of the present application.
[1988] FIG. 40 is an illustration subsequent to FIG. 39, and
FIG. 41 is an illustration subsequent to FIG. 40.

[1989] FIGS. 43, 44, 45, and 46 are illustrations of an
example of a parity check matrix initial value table of the
DVB scheme for a parity check matrix of a new LDPC code
in which the code length N is 64 kbits, and the encoding rate
ris 13/15 (hereinafter, also referred to as Sony symbol (64 k,
13/15)), proposed by the applicant of the present application.
[1990] FIG. 44 is an illustration subsequent to FIG. 43, and
FIG. 45 is an illustration subsequent to FIG. 44.

[1991] FIGS. 47 and 48 are illustrations of an example of a
parity check matrix initial value table of the DVB scheme for
a parity check matrix of a new LDPC code in which the code
length N is 64 kbits, and the encoding rate r is 6/15 (herein-
after, also referred to as Samsung symbol (64 k, 6/15)), pro-
posed by Samsung.

[1992] FIG. 48 is an illustration subsequent to FIG. 47.
[1993] FIGS. 49, 50, and 51 are illustrations of an example
of a parity check matrix initial value table of the DVB scheme
for a parity check matrix of a new LDPC code in which the
code length N is 64 kbits, and the encoding rate r is 8/15
(hereinafter, also referred to as Samsung symbol (64 k, 8/15)),
proposed by Samsung.

[1994] FIG. 50 is an illustration subsequent to FIG. 49, and
FIG. 51 is an illustration subsequent to FIG. 50.

[1995] FIGS. 52,53, and 54 are illustrations of an example
of a parity check matrix initial value table of the DVB scheme
for a parity check matrix of a new LDPC code in which the
code length N is 64 kbits, and the encoding rate r is 12/15
(hereinafter, also referred to as Samsung symbol (64 k,
12/15)), proposed by Samsung.

[1996] FIG. 53 is an illustration subsequent to FIG. 52, and
FIG. 54 is an illustration subsequent to FIG. 53.

[1997] FIG. 55 is an illustration of an example of a parity
check matrix initial value table of the DVB scheme for a
parity check matrix of a new LDPC code in which the code
length N is 16 kbits, and the encoding rate r is 6/15 (herein-
after, also referred to as LGE symbol (16 k, 6/15)), proposed
by LG Electronics Inc.

[1998] FIG. 56 is an illustration of an example of a parity
check matrix initial value table of the DVB scheme for a
parity check matrix of a new LDPC code in which the code
length N is 16 kbits, and the encoding rate r is 7/15 (herein-
after, also referred to as LGE symbol (16 k, 7/15)), proposed
by LG Electronics Inc.

[1999] FIG. 57 is an illustration of an example of a parity
check matrix initial value table of the DVB scheme for a
parity check matrix of a new LDPC code in which the code
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length N is 16 kbits, and the encoding rate r is 9/15 (herein-
after, also referred to as LGE symbol (16 k, 9/15)), proposed
by LG Electronics Inc.

[2000] FIG. 58 is an illustration of an example of a parity
check matrix initial value table of the DVB scheme for a
parity check matrix of a new LDPC code in which the code
length N is 16 kbits, and the encoding rate r is 11/15 (herein-
after, also referred to as LGE symbol (16 k, 11/15)), proposed
by LG Electronics Inc.

[2001] FIG. 59 is an illustration of an example of a parity
check matrix initial value table of the DVB scheme for a
parity check matrix of a new LDPC code in which the code
length N is 16 kbits, and the encoding rate r is 13/15 (herein-
after, also referred to as LGE symbol (16 k, 13/15)), proposed
by LG Electronics Inc

[2002] FIGS. 60, 61, and 62 are an illustrations of an
example of a parity check matrix initial value table of the
DVB scheme for a parity check matrix of a new LDPC code
in which the code length N is 64 kbits, and the encoding rate
ris 10/15 (hereinafter, also referred to as LGE symbol (64 k,
10/15)), proposed by LG Electronics Inc.

[2003] FIG. 61 is an illustration subsequent to FIG. 60, and
FIG. 62 is an illustration subsequent to FIG. 61.

[2004] FIGS. 63, 64, and 65 are illustrations of an example
of'a parity check matrix initial value table of the DVB scheme
for a parity check matrix of a new LDPC code in which the
code length N is 64 kbits, and the encoding rate r is 9/15
(hereinafter, also referred to as NERC symbol (64 k, 9/15)),
proposed by NERC.

[2005] FIG. 64 is an illustration subsequent to FIG. 63, and
FIG. 65 is an illustration subsequent to FIG. 64.

[2006] FIG. 66 is an illustration of an example of a parity
check matrix initial value table of the ETRI scheme for a
parity check matrix of a new LDPC code in which the code
length N is 16 kbits, and the encoding rate r is 5/15 (herein-
after, also referred to as ETRI symbol (16 k, 5/15)), proposed
by CRC/ETRIL

[2007] FIGS. 67 and 68 are illustrations of an example of a
parity check matrix initial value table of the ETRI scheme for
a parity check matrix of a new LDPC code in which the code
length N is 64 kbits, and the encoding rate r is 5/15 (herein-
after, also referred to as ETRI symbol (64 k, 5/15)), proposed
by CRC/ETRIL

[2008] FIG. 68 is an illustration subsequent to FIG. 67.
[2009] FIGS. 69 and 70 are illustrations of an example of a
parity check matrix initial value table of the ETRI scheme for
a parity check matrix of a new LDPC code in which the code
length N is 64 kbits, and the encoding rate r is 6/15 (herein-
after, also referred to as ETRI symbol (64 k, 6/15)), proposed
by CRC/ETRIL

[2010] FIG. 70 is an illustration subsequent to FIG. 69.
[2011] FIGS. 71 and 72 are illustrations of an example of a
parity check matrix initial value table of the ETRI scheme for
a parity check matrix of a new LDPC code in which the code
length N is 64 kbits, and the encoding rate r is 7/15 (herein-
after, also referred to as ETRI symbol (64 k, 7/15)), proposed
by CRC/ETRIL

[2012] FIG. 72 is an illustration subsequent to FIG. 71.
[2013] Amongthe new LDPC codes, the Sony symbol is an
LDPC code having particularly excellent performance.
[2014] Here, the LDPC code of good performance is an

LDPC code obtained from an appropriate parity check matrix
H.
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[2015] The appropriate parity check matrix H is, for
example, a parity check matrix that satisfies a predetermined
condition to make BER (and FER) smaller when an LDPC
code obtained from the parity check matrix H is transmitted at
low E/N, or E,/N_ (signal-to-noise power ratio per bit).
[2016] For example, the appropriate parity check matrix H
can be found by performing simulation to measure BER when
LDPC codes obtained from various parity check matrices that
satisfy a predetermined condition are transmitted at low
EJ/N,.

[2017] As a predetermined condition to be satisfied by the
appropriate parity check matrix H, for example, an analysis
result obtained by a code performance analysis method called
density evolution (Density Evolution) is excellent, and a loop
of'elements of 1 does not exist, which is called cycle 4, and so
on.

[2018] Here, in the information matrix H ,, it is known that
the decoding performance of LDPC code is deteriorated
when elements of 1 are dense like cycle 4, and therefore it is
requested that cycle 4 does not exist, as a predetermined
condition to be satisfied by the appropriate parity check
matrix H.

[2019] Here, the predetermined condition to be satisfied by
the appropriate parity check matrix H can be arbitrarily deter-
mined from the viewpoint of the improvement in the decod-
ing performance of LDPC code and the facilitation (simpli-
fication) of decoding processing of LDPC code, and so on.
[2020] FIG. 73 and FIG. 74 are diagrams to describe the
density evolution that can obtain an analytical result as a
predetermined condition to be satisfied by the appropriate
parity check matrix H.

[2021] The density evolution is a code analysis method that
calculates the expectation value of the error probability of the
entire LDPC code (ensemble) with a code length N of o
characterized by a degree sequence described later.

[2022] For example, when the dispersion value of noise is
gradually increased from 0 on the AWGN channel, the expec-
tation value of the error probability of a certain ensemble is O
first, but, when the dispersion value of noise becomes equal to
or greater than a certain threshold, it is not 0.

[2023] According to the density evolution, by comparison
of the threshold of the dispersion value of noise (which may
also be called a performance threshold) in which the expec-
tation value of the error probability is not 0, it is possible to
decide the quality of ensemble performance (appropriateness
of' the parity check matrix).

[2024] Here, as for a specific LDPC code, when an
ensemble to which the LDPC code belongs is decided and
density evolution is performed for the ensemble, rough per-
formance of the LDPC code can be expected.

[2025] Therefore, if an ensemble of good performance is
found, an LDPC code of good performance can be found from
LDPC codes belonging to the ensemble.

[2026] Here, the above-mentioned degree sequence shows
at what percentage a variable node or check node having the
weight of each value exists with respect to the code length N
of'an LDPC code.

[2027] For example, a regular (3,6) LDPC code with an
encoding rate of 1/2 belongs to an ensemble characterized by
a degree sequence in which the weight (column weight) of all
variable nodes is 3 and the weight (row weight) of all check
nodes is 6.

[2028] FIG. 73 illustrates a Tanner graph of such an
ensemble.
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[2029] In the Tanner graph of FIG. 73, there are variable
nodes shown by circles (sign O) in the diagram only by N
pieces equal to the code length N, and there are check nodes
shown by quadrangles (sign []) only by N/2 pieces equal to a
multiplication value multiplying encoding rate 1/2 by the
code length N.

[2030] Three branches (edge) equal to the column weight
are connected with each variable node, and therefore there are
totally 3N branches connected with N variable nodes.
[2031] Moreover, six branches (edge) equal to the row
weight are connected with each check node, and therefore
there are totally 3N branches connected with N/2 check
nodes.

[2032] In addition, there is one interleaver in the Tanner
graph in FIG. 73.

[2033] The interleaver randomly rearranges 3N branches
connected with N variable nodes and connects each rear-
ranged branch with any of 3N branches connected with N/2
check nodes.

[2034] There are BN)! (=BN)x(3N-1)x ... x1) rearrange-
ment patterns to rearrange 3N branches connected with N
variable nodes in the interleaver. Therefore, an ensemble
characterized by the degree sequence in which the weight of
all variable nodes is 3 and the weight of all check nodes is 6,
becomes aggregation of (3N)! LDPC codes.

[2035] In simulation to find an LDPC code of good perfor-
mance (appropriate parity check matrix), an ensemble of a
multi-edge type is used in the density evolution.

[2036] Inthe multi edge type, an interleaver through which
the branches connected with the variable nodes and the
branches connected with the check nodes pass, is divided into
plural (multi edge), and, by this means, the ensemble is char-
acterized more strictly.

[2037] FIG. 74 illustrates an example of a Tanner graph of
an ensemble of the multi-edge type.

[2038] In the Tanner graph of FIG. 74, there are two inter-
leavers of the first interleaver and the second interleaver.
[2039] Moreover, in the Tanner graph chart of FIG. 74, v1
variable nodes with one branch connected with the first inter-
leaver and no branch connected with the second interleaver
exist, v2 variable nodes with one branch connected with the
first interleaver and two branches connected with the second
interleaver exist, and v3 variable nodes with no branch con-
nected with the first interleaver and two branches connected
with the second interleaver exist, respectively.

[2040] Furthermore, in the Tanner graph chart of FIG. 74,
¢l check nodes with two branches connected with the first
interleaver and no branch connected with the second inter-
leaver exist, ¢2 check nodes with two branches connected
with the first interleaver and two branches connected with the
second interleaver exist, and ¢3 check nodes with no branch
connected with the first interleaver and three branches con-
nected with the second interleaver exist, respectively.

[2041] Here, for example, the density evolution and the
mounting thereof are described in “On the Design of Low-
Density Parity-Check Codes within 0.0045 dB of the Shan-
non Limit”, S. Y. Chung, G. D. Forney, T. J. Richardson, R.
Urbanke, IEEE Communications Leggers, VOL. 5, NO. 2,
February 2001.

[2042] In simulation to find (a parity check matrix initial
value table of) a Sony code, by the density evaluation of the
multi-edge type, an ensemble in which a performance thresh-
old that is E,/N, (signal-to-noise power ratio per bit) with
deteriorating (decreasing) BER is equal to or less than a
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predetermined value is found, and an LDPC code that
decreases BER in a case using one or more orthogonal modu-
lations such as QPSK is selected from LDPC codes belonging
to the ensemble as an LDPC code of good performance.
[2043] The parity check matrix initial value table of the
Sony code is found from the above-mentioned simulation.
[2044] Thus, according to the Sony symbol obtained from
the parity check matrix initial value table, it is possible to
secure the excellent communication quality in the data trans-
mission.

[2045] FIG. 75 is an illustration of parity check matrices H
(hereinafter, also referred to as “parity check matrices H of
Sony symbols (16 k, 8/15), (16 k, 10/15), and (16 k, 12/15))
obtained from the parity check matrix initial valuetable of the
Sony symbols (16 k, 8/15), (16 k, 10/15), and (16 k, 12/15).
[2046] Every minimum cycle length of the parity check
matrices H of the Sony symbols (16 k, 8/15), (16 k, 10/15),
and (16 k, 12/15) has a value exceeding cycle 4, and thus there
isno cycle4 (aloop of 1 elements in which a loop length is 4).
Here, the minimum cycle length (girth) is a minimum value of
a length (a loop length) of a loop configured with 1 elements
in the parity check matrix H.

[2047] A performance threshold value of the Sony symbol
(16 k, 8/15) is set to 0.805765, a performance threshold value
of the Sony symbol (16 k, 10/15) is set to 2.471011, and a
performance threshold value ofthe Sony symbol (16 k, 12/15)
is set to 4.269922.

[2048] The column weight is setto X1 for KX1 columns of
the parity check matrices H of the Sony symbols (16 k, 8/15),
(16 k, 10/15), and (16 k, 12/15) starting from the 1st column,
the column weight is set to X2 for KX2 columns subsequent
thereto, the column weight is set to Y1 for KY1 columns
subsequent thereto, the column weight is set to Y2 for KY2
columns subsequent thereto, the column weight is set to 2 for
M-1 columns subsequent thereto, and the column weight is
set to 1 for the last column.

[2049] Here, KX1+KX2+KY1+KY2+M-1+1 is equal to
the code length N (=16200 bits) of the Sony symbols (16 k,
8/15), (16 k, 10/15), and (16 k, 12/15).

[2050] In the parity check matrices H of the Sony symbols
(16 k, 8/15), (16 k, 10/15), and (16 k, 12/15), the numbers
KX1, KX2, KY1, KY2, and M of columns and column
weights X1, X2, Y1, and Y2 are set as illustrated in FIG. 75.
[2051] In the parity check matrices H of the Sony symbols
(16 k, 8/15), (16 k, 10/15), and (16 k, 12/15), similarly to the
parity check matrix described above with reference to FIGS.
12 and 13, columns closer to the head side (the left side) have
higher column weights, and thus a code bit at the head of the
Sony symbol tends to be robust to error (have error tolerance).
[2052] According to the simulation conducted by the appli-
cant of the present application, an excellent BER/FER is
obtained for the Sony symbols (16 k, 8/15), (16 k, 10/15), and
(16 k, 12/15), and thus it is possible to secure the excellent
communication quality in the data transmission using the
Sony symbols (16 k, 8/15), (16 k, 10/15), and (16 k, 12/15).
[2053] FIG. 76 is an illustration of parity check matrices H
of'the Sony symbols (64 k, 7/15), (64 k, 9/15), (64 k, 11/15),
and (64 k, 13/15).

[2054] Every minimum cycle length of the parity check
matrices H of the Sony symbols (64 k, 7/15), (64 k, 9/15), (64
k, 11/15), and (64 k, 13/15) has a value exceeding a cycle 4,
and thus there is no cycle 4.

[2055] A performance threshold value of the Sony symbol
(64 k, 7/15) is set to -0.093751, a performance threshold
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value of the Sony symbol (64 k, 9/15) is set to 1.658523, a
performance threshold value ofthe Sony symbol (64 k, 11/15)
is set to 3.351930, and a performance threshold value of the
Sony symbol (64 k, 13/15) is set to 5.301749.

[2056] The column weight is set to X1 for KX1 columns of
the parity check matrices H of the Sony symbols (64 k, 7/15),
(64k,9/15), (64 k, 11/15), and (64 k, 13/15) starting from the
1st column, the column weight is set to X2 for KX2 columns
subsequent thereto, the column weight is set to Y1 for KY'1
columns subsequent thereto, the column weight is set to Y2
for KY2 columns subsequent thereto, the column weight is
set to 2 for M-1 columns subsequent thereto, and the column
weight is set to 1 for the last column.

[2057] Here, KX1+KX2+KY1+KY2+M-1+1 is equal to
the code length N (=64800 bits) of the Sony symbols (64 k,
7/15), (64 k, 9/15), (64 k, 11/15), and (64 k, 13/15).

[2058] In the parity check matrices H of the Sony symbols
(64 k,7/15), (64 k%, 9/15), (64 k, 11/15), and (64 k, 13/15), the
numbers KX1, KX2, KY1, KY2, and M of columns and
column weights X1, X2, Y1, and Y2 are set as illustrated in
FIG. 76.

[2059] In the parity check matrices H of the Sony symbols
(64 k, 7/15), (64 k, 9/15), (64 k, 11/15), and (64 k, 13/15),
similarly to the parity check matrix described above with
reference to FIGS. 12 and 13, columns closer to the head side
(the left side) have higher column weights, and thus a code bit
at the head of the Sony symbol tends to be robust to error
(have error tolerance).

[2060] According to the simulation conducted by the appli-
cant of the present application, an excellent BER/FER is
obtained for the Sony symbols (64 k, 7/15), (64 k, 9/15), (64
k, 11/15), and (64 k, 13/15), and thus it is possible to secure
the excellent communication quality in the data transmission
using the Sony symbols (64 k, 7/15), (64 k, 9/15), (64 k,
11/15), and (64 k, 13/15).

[2061] FIG. 77 is an illustration of parity check matrices H
of Samsung symbols (64 k, 6/15), (64 k, 8/15), and (64 k,
12/15).

[2062] The column weight is set to X1 for KX1 columns of
the parity check matrices H of the Samsung symbols (64 k,
6/15), (64 k, 8/15), and (64 k, 12/15) starting from the 1st
column, the column weight is set to X2 for KX2 columns
subsequent thereto, the column weight is set to Y1 for KY'1
columns subsequent thereto, the column weight is set to Y2
for KY2 columns subsequent thereto, the column weight is
set to 2 for M-1 columns subsequent thereto, and the column
weight is set to 1 for the last column.

[2063] Here, KX1+KX2+KY1+KY2+M-1+1 is equal to
the code length N (=64800 bits) of the Samsung symbols (64
k, 6/15), (64 k, 8/15), and (64 k, 12/15)

[2064] Inthe parity check matrices H of the Samsung sym-
bols (64 k, 6/15), (64 k, 8/15), and (64 k, 12/15), the numbers
KX1, KX2, KY1, KY2, and M of columns and column
weights X1, X2,Y1, and Y2 are set as illustrated in FI1G. 77.
[2065] FIG. 78 is an illustration of parity check matrices H
ofthe LGE symbols (16 k, 6/15), (16 k,7/15), (16 k, 9/15), (16
k, 11/15), and (16 k, 13/15).

[2066] The column weight is set to X1 for KX1 columns of
the parity check matrices H of the LGE symbols (16 k, 6/15),
(16 k, 7/15), (16 k, 9/15), (16 k, 11/15), and (16 k, 13/15)
starting from the 1st column, the column weight is set to X2
for KX2 columns subsequent thereto, the column weight is
set to Y1 for KY1 columns subsequent thereto, the column
weight is set to Y2 for KY2 columns subsequent thereto, the

Jun. 9, 2016

column weight is set to 2 for M-1 columns subsequent
thereto, and the column weight is set to 1 for the last column.
[2067] Here, KX1+KX2+KY1+KY2+M-1+1 is equal to
the code length N (=16200 bits) of the LGE symbols (16 k,
6/15), (16 k, 7/15), (16 k, 9/15), (16 k, 11/15), and (16 k,
13/15).

[2068] In the parity check matrices H of the LGE symbols
(16k, 6/15), (16 k, 7/15), (16 k, 9/15), (16 k, 11/15), and (16
k, 13/15), the numbers KX1, KX2, KY1, KY2, and M of
columns and column weights X1, X2, Y1, and Y2 are set as
illustrated in FIG. 78.

[2069] FIG. 79 is an illustration of parity check matrices H
of'the LGE symbols (64 k, 10/15).

[2070] The column weight is setto X1 for KX1 columns of
the parity check matrices H of the LGE symbols (64 k, 10/15)
starting from the 1st column, the column weight is set to X2
for KX2 columns subsequent thereto, the column weight is
set to Y1 for KY1 columns subsequent thereto, the column
weight is set to Y2 for KY2 columns subsequent thereto, the
column weight is set to 2 for M-1 columns subsequent
thereto, and the column weight is set to 1 for the last column.
[2071] Here, KX1+KX2+KY1+KY2+M-1+1 is equal to
the code length N (=64800 bits) of the LGE symbols (64 k,
10/15).

[2072] In the parity check matrices H of the LGE symbols
(64 k, 10/15), the numbers KX1, KX2, KY1, KY2, and M of
columns and column weights X1, X2, Y1, and Y2 are set as
illustrated in FI1G. 79.

[2073] FIG. 80 is an illustration of parity check matrices H
of'the NERC symbols (64 k, 9/15).

[2074] The column weight is set to X1 for KX1 columns of
the parity check matrices H ofthe NERC symbols (64 k, 9/15)
starting from the 1st column, the column weight is set to X2
for KX2 columns subsequent thereto, the column weight is
set to Y1 for KY1 columns subsequent thereto, the column
weight is set to Y2 for KY2 columns subsequent thereto, the
column weight is set to 2 for M-1 columns subsequent
thereto, and the column weight is set to 1 for the last column.
[2075] Here, KX1+KX2+KY1+KY2+M-1+1 is equal to
the code length N (=64800 bits) of the NERC symbols (64 k,
9/15).

[2076] Inthe parity check matrices H of the NERC symbol
s (64 k, 9/15), the numbers KX1, KX2, KY1, KY2, and M of
columns and column weights X1, X2, Y1, and Y2 are set as
illustrated in FIG. 80.

[2077] FIG. 81 is an illustration of a parity check matrix H
of'an ETRI symbol (16 k, 5/15).

[2078] For the parity check matrix H of the ETRI symbol
(16 k, 5/15), the parameter g=M, is 720.

[2079] Further, for the ETRI symbol (16 k, 5/15), since the
code length N is 16200 and the encoding rate r is 5/15, the
information length K=Nxr is 16200x5/15=5400 and the par-
ity length M=N-K is 16200-5400=10800.

[2080] Further, the parameter M,=M-M,=N-K-g is
10800-720=10080.

[2081] Thus, the parameter Q,=M, /P is 720/360=2, and the
parameter Q,=M,/P is 10080/360=28.

[2082] FIG. 82 is an illustration of parity check matrices H
of ETRIsymbols of (64 k, 5/15), (64 k, 6/15), and (64 k, 7/15).
[2083] Forthe parity check matrices H ofthe ETRI symbols
of (64 k, 5/15), (64 k, 6/15), and (64 k, 7/15), the parameters
g=M,, M,, Q,, and Q, are set as illustrated in FIG. 82.
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[2084] <Constellation>
[2085] FIGS. 83 to 104 are illustrations of examples of

constellation types employed in the transmission system of
FIG. 7.

[2086] Inthe transmission system of FIG. 7, for example, a
constellation used in MODCOD can be set to MODCOD
serving as a combination of a modulation scheme and an
LDPC code.

[2087] Inother words, in the transmission system of F1G. 7,
for example, the LDPC codes can be classified into 9 types of
LDPC codes in which the encoding rate r is 5/15, 6/15,7/15,
8/15, 9/15, 10/15, 11/15, 12, 15, and 13/15 according to the
encoding rate r (regardless of the code length N), and a com-
bination of the 9 types of LDPC codes (each of the LDPC
codes in which the encoding rate r is 5/15, 6/15, 7/15, 8/15,
9/15,10/15, 11/15, 12, 15, and 13/15) and each modulation
scheme can be employed as MODCOD.

[2088] Further, in the transmission system of FIG. 7, one or
more of constellations can be set to MODCOD of 1 using the
modulation scheme of MODCOD.

[2089] The constellations include uniform constellations
(UCs) in which an arrangement of signal points is uniform,
and non uniform constellations (NUCs) in which an arrange-
ment of signal points is not uniform.

[2090] Examples of NUCs include a constellation called a
1-dimensional M?-QAM non-uniform constellation (1D
NUC) and a constellation called a 2-dimensional QQAM
non-uniform constellation (2D NUC).

[2091] Commonly, the 1D NUC is better in the BER than
the UC, and the 2D NUC is better in the BER than the 1D
NUC

[2092] A constellation in which the modulation scheme is
QPSK is the UC. For example, the 2D NUC can be employed
as the constellation in which the modulation scheme is
16QAM, 64QAM, 256QAM, or the like, and for example, the
1D NUC can be employed as the constellation in which the
modulation scheme is 1024QAM, 4096QAM, or the like.
[2093] Hereinafter, a constellation of an NUC used in
MODCOD in which the modulation scheme is a modulation
scheme in which an m-bit symbol is mapped to any of 2™
signal points, and an encoding rate of an LDPC is r is also
referred to as NUC_2" r.

[2094] For example, “NUC_16_6/15" indicates a constel-
lation of an NUC used in MODCOD in which the modulation
scheme is 16QAM (or the modulation scheme in which a
symbol is mapped to any of 16 signal points), and the encod-
ing rate r of the LDPC code is 6/15.

[2095] In the transmission system of FIG. 7, when the
modulation scheme is QPSK, the same constellation is used
for each encoding rate r of the LDPC code.

[2096] Further, in the transmission system of FIG. 7, when
the modulation scheme is 16QAM, 64QAM, or 256QAM, a
different constellation of a 2D NUC is used according to each
encoding rate r of the LDPC code.

[2097] Further, in the transmission system of FIG. 7, when
the modulation scheme is 1024QAM or 4096QAM, a differ-
ent constellation of a 1D NUC is used according to each
encoding rate r of the LDPC code.

[2098] Thus, as described above, when the LDPC codes are
classified into the 9 types of LDPC codes of r=5/15, 6/15,
7/15,8/15,9/15,10/15,11/15, 12, 15, 13/15 according to the
encoding rate r, one type of constellation is prepared for
QPSK, 9 types of constellations of a 2D NUC are prepared for
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each of 16QAM, 64QAM, and 256QAM, and 9 types of
constellations of a 1D NUC are prepared for each of
1024QAM and 4096QAM.

[2099] FIG. 83 is an illustration of an example of a constel-
lation of a 2D NUC for each of 9 types of encoding rates r
(=5/15, 6/15, 7/15, /15, 9/15, 10/15, 11/15, 12, 15, and
13/15) of LDPC codes when the modulation scheme is
16QAM

[2100] FIG. 84 is an illustration of an example of a constel-
lation of a 2D NUC for each of 9 types of encoding rates r
(=5/15, 6/15, 7/15, /15, 9/15, 10/15, 11/15, 12, 15, and
13/15) of LDPC codes when the modulation scheme is
64QAM.

[2101] FIG. 85 is an illustration of an example of a constel-
lation of a 2D NUC for each of 9 types of encoding rates r
(=5/15, 6/15, 7/15, /15, 9/15, 10/15, 11/15, 12, 15, and
13/15) of LDPC codes when the modulation scheme is
256QAM

[2102] FIG. 86 is an illustration of an example of a constel-
lation of a 1D NUC for each of 9 types of encoding rates r
(=5/15, 6/15, 7/15, /15, 9/15, 10/15, 11/15, 12, 15, and
13/15) of LDPC codes when the modulation scheme is
1024QAM.

[2103] FIG. 87 and FIG. 88 are illustrations of examples of
a constellation of a 1D NUC for each of 9 types of encoding
rates r (=5/15,6/15,7/15,8/15,9/15,10/15,11/15,12, 15, and
13/15) of LDPC codes when the modulation scheme is
4096QAM.

[2104] In FIGS. 83 to 88, a horizontal axis and a vertical
axis are an | axis and a Q axis, and Re{x,} and Im{x;}
indicate a real part and an imaginary part of a signal point x,
serving as coordinates of the signal point x,.

[2105] In FIGS. 83 to 88, a numerical value written after
“for CR” indicates the encoding rate r of the LDPC code.
[2106] FIG. 89 is an illustration of an example of coordi-
nates of a signal point of a UC that is used in common to 9
types of encoding rates r (=5/15, 6/15, 7/15, 8/15, 9/15,10/15,
11/15, 12, 15, and 13/15) of LDPC codes when the modula-
tion scheme is QPSK

[2107] In FIG. 89, “Input cell word y” indicates a 2-bit
symbol that is mapped to a UC of QPSK, and “Constellation
pointz,” indicates coordinates a signal point z,. An index q of
the signal point z, indicates a discrete time (a time interval
between a certain symbol and a next symbol) of a symbol.
[2108] In FIG. 89, coordinates of the signal point z, are
indicated in the form of a complex number, in which i indi-
cates an imaginary unit (V(-1)).

[2109] FIG. 90 is an illustration of an example of coordi-
nates of the signal point of the 2D NUC of FIG. 83 used for the
9 types of encoding rates r (=5/15, 6/15, 7/15, 8/15, 9/15,
10/15,11/15,12, 15, and 13/15) of the LDPC codes when the
modulation scheme is 16QAM.

[2110] FIG. 91 is an illustration of an example of coordi-
nates of the signal point of the 2D NUC of FIG. 84 used for the
9 types of encoding rates r (=5/15, 6/15, 7/15, 8/15, 9/15,
10/15,11/15,12, 15, and 13/15) of the LDPC codes when the
modulation scheme is 64QAM.

[2111] FIGS. 92 and 93 are illustrations of an example of
coordinates of the signal point of the 2D NUC of FIG. 85 used
for the 9 types of encoding rates r (=5/15, 6/15, 7/15, 8/15,
9/15, 10/15, 11/15, 12, 15, and 13/15) of the LDPC codes
when the modulation scheme is 256QAM
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[2112] InFIGS. 90 to 93, NUC_2"_r indicates coordinates
of a signal point of a 2D NUC used when the modulation
scheme is 2"QAM, and the encoding rate of the LDPC code
ist.

[2113] In FIGS. 90 to 93, similarly to FIG. 89, coordinates
of the signal point z, are indicated in the form of a complex
number, in which i indicates an imaginary unit.

[2114] In FIGS. 90 to 93, w#k indicates coordinates of a
signal point of a first quadrant of the constellation.

[2115] Inthe 2D NUC, a signal point of a second quadrant
of the constellation is arranged at a position to which the
signal point of the first quadrant has moved symmetrically to
the Q axis, and a signal point of a third quadrant of the
constellation is arranged at a position to which the signal
point of the first quadrant has moved symmetrically to an
origin. Further, a signal point of a fourth quadrant of the
constellation is arranged at a position to which the signal
point of the first quadrant has moved symmetrically to the I
axis.

[2116] Here, when the modulation scheme is 2"QAM, m
bits are used as one symbol, and one symbol is mapped to a
signal point corresponding to the symbol.

[2117] The m-bit symbol is expressed by, for example, an
integer value of 0 to 2”-1, but if b=2"/4 is assumed, symbols
yv(0), y(1),...,and y(2"-1) expressed by the integer value of
0 to 2™-1 can be classified into four symbols y(0) to y(b-1),
y(b) to y(2b-1), y(2b) to y(3b-1), and y(3b) to y(4b-1).
[2118] In FIGS. 90 to 93, a suffix k of w#k has an integer
value within a range of 0 to b-1, and w#k indicates coordi-
nates of a signal point corresponding to the symbol y(k)
within the range of the symbols y(0) to y(b-1).

[2119] Further, coordinates of a signal point corresponding
to the symbol y(k+b) within the range of the symbols y(b) to
y(2b-1) are indicated by —conj(w#k), and coordinates of a
signal point corresponding to the symbol y(k+2b) within the
range of the symbols y(2b) to y(3b-1) are indicated by conj
(wi#k). Further, coordinates of a signal point corresponding to
the symbol y(k+3b) within the range of the symbols y(3b) to
y(4b-1) are indicated by —w#k.

[2120] Here, conj(w#k) indicates a complex conjugate of
witk.
[2121] For example, when the modulation scheme is

16QAM, the symbols y(0), y(1), . . ., and y(15) of m=4 bits
are classified into four symbols y(0) to y(3), y(4) to y(7), y(8)
to y(11), and y(12) to y(15) if b=2%/4=4.

[2122] Among the symbols y(0) to y(15), for example, the
symbol y(12) is the symbol y(k+3b)=y(0+3x4) within the
symbols y(3b) to y(4b-1), and k is zero (0), and thus the
coordinates of the signal point corresponding to the symbol
y(12) are —wHk=-wO0.

[2123] Now, forexample, if the encoding rate r of the LDPC
code is 9/15, according to FIG. 90, when the modulation
scheme is 16QAM, and the encoding rate r is 9/15, w0 of
(NUC_16_9/15) is 0.4967+1.1932i, and thus the coordi-
nates—w0 of the signal point corresponding to the symbol
y(12) are —-(0.4967+1.1932i).

[2124] FIG. 94 is an illustration of an example of the coor-
dinates of the signal point of the 1D NUC of FIG. 86 used for
the 9 types of encoding rates r (=5/15, 6/15, 7/15, 8/15, 9/15,
10/15,11/15,12, 15, and 13/15) of the LDPC codes when the
modulation scheme is 1024QAM.

[2125] InFIG. 94, a column of NUC_1k_r indicates a value
of'u#k indicating the coordinates of the signal point of the 1D
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NUC used when the modulation scheme is 1024QAM, and
the encoding rate of the LDPC code is r.

[2126] u#k indicates the real part Re(z,) and the imaginary
partIm(z,) of the complex number serving as the coordinates
of the signal point z, of the 1D NUC.

[2127] FIG. 95 is an illustration of a relation between the
symbol y of 1024QAM and u#k serving as each of the real
part Re(z,) and the imaginary part Im(z,) of the complex
number indicating the coordinates of the signal point z, of the
1D NUC corresponding to the symbol y.

[2128] Now, the 10-bit symbol y of 1024QAM is assumed
to beindicated by ¥, . V1 s ¥2.00 V3,00 Yargr V5,00 Yo.ur V7,00 Voo
and y, , from the first bit (the most significant bit).

[2129] A of FIG. 95 illustrates a correspondence relation
between 5 odd-numbered bits Y, . Y5 s Ya.p0 Yo,40 Ya,4 Of the
symbol y and u#k indicating the real part Re(z,) (of the
coordinates) of the signal point z, corresponding to the sym-
boly.

[2130] B of FIG. 95 is a correspondence relation between 5
even-numbered bits y, ,¥; s Vs .- ¥7,,, a0dy, , of the symbol
y and u#k indicating the imaginary part Im(z,) (of the coor-
dinates) of the signal point z,, corresponding to the symbol y.
[2131] For example, when the 10-bit symbol y=(y, ., ¥, ,
Y2,q5 Y3,q5 Y4,q5 YS,qS Y6,q5 Y7,q5 YS,qS YQ,q) of 1024QAM is (05 05
1,0,0,1,1,1, 0, 0), the 5 odd-numbered bits (¥ ,, Y345 Ya 40
Yo, Ys.p)are (0,1,0,1,0), and the 5 even-numbered bits (y, ,,
Va0 Vs, V7.0 20d ¥ ) are (0,0, 1, 1, 0).

[2132] InA of FIG. 95, the 5 odd-numbered bits (0, 1,0, 1,
0) are associated with u3, and thus the real part Re(z,) of the
signal point z,, corresponding to the symbol y=(0, 0, 1,0, 0, 1,
1,1,0,0) is u3.

[2133] InB of FIG. 95, the 5 even-numbered bits (0,0, 1, 1,
0) are associated withul1, and thus the imaginary part Im(z,)
of the signal point z, corresponding to the symbol y=(0, 0, 1,
0,0,1,1,1,0,0)isull.

[2134] Meanwhile, for example, ifthe encoding rate r of the
LDPC code is 7/15, according to FIG. 94, for the 1D NUC
(NUC_1k_7/15) used when the modulation scheme is
1024QAM and the encoding rate r of the LDPC code is 7/15,
u3is 1.1963, and ull is 6.9391.

[2135] Thus, the real part Re(z,) of the signal point z,
corresponding to the symbol y=(0,0,1,0,0,1,1,1,0,0)isu3
(=1.1963), and Im(z, ) is ull (=6.9391). As a result, the coor-
dinates of the signal point z, corresponding to the symbol
y=(0,0,1,0,0,1, 1, 1,0, 0) are indicated by 1.1963+6.93911.
[2136] FIG. 96 is an illustration of an example of the coor-
dinates of the signal point of the 1D NUC of FIGS. 87 and 88
used for the 9 types of encoding rates r (=5/15, 6/15, 7/15,
8/15, 9/15, 10/15, 11/15, 12, 15, and 13/15) of the LDPC
codes when the modulation scheme is 4096QAM.

[2137] In FIG. 96, each column indicates a value of u#k
indicating the coordinates of the signal point of the 1D NUC
used when the modulation scheme is 4096QAM and the
encoding rates r of the LDPC codes are 5/15, 6/15, 7/15, 8/15,
9/15,10/15, 11/15, 12, 15, and 13/15.

[2138] u#k indicates the real part Re(z,) and the imaginary
part Im(z,,) of the complex number serving as the coordinates
of the signal point z, of the 1D NUC.

[2139] FIG. 97 is an illustration of a relation between the
symbol y of 4096QAM and u#k serving as each of the real
part Re(z,) and the imaginary part Im(z,) of the complex
number indicating the coordinates of the signal point z, of the
1D NUC corresponding to the symbol y.
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[2140] A method of obtaining the coordinates of the signal
point of the 1D NUC of 4096QAM using FIGS. 96 and 97 is
the same as the method of obtaining the coordinates of the
signal point of the 1D NUC of 1024QAM using FIGS. 94 and
95, and thus a description thereof is omitted.

[2141] FIG. 98 is an illustration of another example of the
constellation of the 2D NUC for each of the 9 types of encod-
ing rates r of the LDPC codes when the modulation scheme is
16QAM.

[2142] FIG. 99 is an illustration of another example of the
constellation of the 2D NUC for each of the 9 types of encod-
ing rates r of the LDPC codes when the modulation scheme is
64QAM.

[2143] FIG.100 is an illustration of another example of the
constellation of the 2D NUC for each of the 9 types of encod-
ing rates r of the LDPC codes when the modulation scheme is
256QAM.

[2144] In FIGS. 98 to 100, similarly to FIGS. 83 to 88, a
horizontal axis and a vertical axis are the | axis and the Q axis,
and Re{x;} and Im{x, } indicate the real part and the imagi-
nary part of the signal point x, serving as the coordinates of
the signal point x,. Further, in FIGS. 98 to 100, a numerical
value written after “for CR” indicates the encoding rate r of
the LDPC code.

[2145] FIG. 101 is an illustration of another example of the
coordinates of the signal point of the 2D NUC of FIG. 98 used
for each of the 9 types of encoding rates r of the LDPC codes
when the modulation scheme is 16QAM.

[2146] FIG.102 is an illustration of another example of the
coordinates of the signal point of the 2D NUC of F1G. 99 used
for each of the 9 types of encoding rates r of the LDPC codes
when the modulation scheme is 64QAM.

[2147] FIGS. 103 and 104 are illustrations of another
example of the coordinates of the signal point of the 2D NUC
of FIG. 100 used for each of the 9 types of encoding rates r of
the LDPC codes when the modulation scheme is 256QAM.
[2148] InFIGS. 101 to 104, NUC_2"_r indicates the coor-
dinates of the signal point of the 2D NUC used when the
modulation scheme is 2"QAM, and the encoding rate of the
LDPC code is r, similarly to FIGS. 90 to 93.

[2149] The signal points of the 1D NUC are arranged in a
grid form on a straight line parallel to the I axis or a straight
line parallel to the Q axis. However, an interval between the
signal points is not constant. Further, when the signal point
(the mapped data) is transmitted, average power of the signal
points on the constellation is normalized. The normalization
is performed by multiplying each signal point z, on the con-
stellation by a reciprocal 1/(VP,,,) of a square root VP, of a
root mean square value P, when a root mean square value of
an absolute value for (coordinates of) all signal points on the
constellation is indicated by P,

[2150] According to the constellations described above
with reference to FIGS. 83 to 104, it is confirmed that the
excellent error rate is obtained.

[2151] <Block Interleaver 25>

[2152] FIG. 105 is a block diagram illustrating a configu-
ration example of the block interleaver 25 of FIG. 9.

[2153] The block interleaver 25 includes a storage region
called a part 1 and a storage region called a part 2.

[2154] Each of the parts 1 and 2 is configured such that a
number C of columns equal in number to the number m of bits
of'the symbol and serving as storage regions that store one bit
in the row (horizontal) direction and store a predetermined
number of bits in the column (vertical) direction are arranged.
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[2155] Ifthe number of bits (hereinafter, also referred to as
a part column length) that are stored in the column direction
by the column of the part 1 is indicated by R1, and the part
column length of the column of the part 2 is indicated by R2,
(R1+R2)xC is equal to the code length N (64800 bits or 16200
bits in the present embodiment) of the LDPC code of the
block interleave target.

[2156] Further, the part column length R1 is equal to a
multiple of 360 bits serving as the unit size P, and the part
column length R2 is equal to a remainder when a sum (here-
inafter, also referred to as a column length) R1+R2 of'the part
column length R1 of the part 1 and the part column length R2
of the part 2 is divided by 360 bits serving as the unit size P.
[2157] Here, the column length R1+R2 is equal to a value
obtained by dividing the code length N of the LDPC code of
the block interleave target by the number m of bits of the
symbol.

[2158] For example, when 16QAM is employed as the
modulation scheme for the LDPC code in which the code
length N is 16200 bits, the number m of bits of the symbol is
4 bits, and thus the column length R1+R2 is 4050 (=16200/4)
bits.

[2159] Further, since the remainder when the column
length R1+R2=4050 is divided by 360 bits serving as the unit
size P is 90, the part column length R2 of the part 2 is 90 bits.
[2160] Further, the part column length R1 of the part 1 is
R1+R2-R2=4050-90=3960 bits.

[2161] FIG. 106 is an illustration of the number C of col-
umns of the parts 1 and 2 and the part column lengths (the
number of rows) R1 and R2 for a combination of the code
length N and the modulation scheme.

[2162] FIG. 106 illustrates the number C of columns of the
parts 1 and 2 and the part column lengths R1 and R2 for
combinations of the LDPC code in which the code length N is
16200 bits and the LDPC code in which the code length N is
64800 bits and the modulation schemes of QPSK, 16QAM,
64QAM, 256QAM, 1024QAM, and 4096QAM.

[2163] FIG. 107 is an illustration of the block interleave
performed by the block interleaver 25 of FIG. 105.

[2164] The block interleaver 25 performs the block inter-
leave by writing the LDPC code in the parts 1 and 2 and
reading the LDPC code from the parts 1 and 2.

[2165] Inother words, in the block interleave, writing of the
code bits of the LDPC code of one code word downward (in
the column direction) in the column of the part 1 is performed
from the column at the left side to the column at the right side
as illustrated in A of FIG. 107.

[2166] Then, when the writing of the code bits is completed
to the bottom of the rightmost column (a C-th column) of the
columns of the part 1, writing of the remaining code bits
downward (in the column direction) in the column of the part
2 is performed from the column at the left side to the column
at the right side.

[2167] Thereafter, when the writing of the code bits is com-
pleted to the bottom of the rightmost column (the C-th col-
umn) of the columns of the part 2, the code bits are read from
the 1st rows of all the C columns of the part 1 in the row
direction in units of C=m bits.

[2168] Then, the reading of the code bits from all the C
columns of the part 1 is sequentially performed toward a row
therebelow, and when the reading is completed up to an R1-th
row serving as the last row, the code bits are read from the 1st
rows of all the C columns of the part 2 in the row direction in
units of C=m bits.
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[2169] The reading of the code bits from all the C columns
of'the part 2 is sequentially performed toward a row therebe-
low and the reading is performed up to an R2 row serving as
the last row.

[2170] As aresult, the code bits read from the parts 1 and 2
in units of m bits are supplied to the mapper 117 (FIG. 8) as
the symbol.

[2171] <Group-Wise Interleave>

[2172] FIG. 108 is an illustration of the group-wise inter-
leave performed by the group-wise interleaver 24 of FIG. 9.
[2173] In the group-wise interleave, 360 bits of one seg-
ment are used as the bit group, where the LDPC code of one
code word is divided into segments in units of 360 bits equal
to the unit size P, and the LDPC code of one code word is
interleaved according to a predetermined pattern (hereinafter,
also referred to as a GW pattern), starting from the head.
[2174] Here, when the LDPC code of one code word is
segmented into the bit groups, an (i+1)-th bit group from the
head is also referred to as a bit group 1.

[2175] When the unit size P is 360, for example, the LDPC
code in which the code length N is 1800 bits is segmented into
bit groups 0, 1, 2, 3, and 4, that is, 5 (=1800/360) bit groups.
Further, for example, the LDPC code in which the code length
N is 16200 bits is segmented into bit groups 0, 1, . . ., and 44,
that is, 45 (=16200/360) bit groups, and the LDPC code in
which the code length N is 64800 bits is segmented into bit
groups 0, 1, ...,and 179, thatis, 180 (=64800/360) bit groups.
[2176] Hereinafter, the GW pattern is assumed to be indi-
cated by a sequence of numbers indicating a bit group. For
example, for the LDPC code in which the code length N is
1800 bits, for example, the GW pattern 4, 2, 0, 3, 1 indicates
that a sequence of bit groups 0, 1, 2, 3, and 4 is interleaved
(rearranged) into a sequence of bit groups 4, 2, 0, 3, and 1.
[2177] The GW pattern can be set at least for each code
length N of the LDPC code.

[2178] <Example of GW Pattern for LDPC Code of 64
kbits>

[2179] FIG. 109 is an illustration of a 1st example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2180] According to the GW pattern of FIG. 109, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2181] 39, 47,96, 176, 33,75, 165, 38, 27, 58, 90, 76, 17,
46,10,91,133,69,171,32,117,78, 13,146,101, 36, 0, 138,
25,77,122,49,14, 125,140, 93,130, 2,104, 102,128,4, 111,
151, 84, 167, 35, 127, 156, 55, 82, 85, 66, 114, 8, 147, 115,
113, 5,31, 100, 106, 48, 52, 67,107, 18,126,112, 50, 9, 143,
28, 160, 71,79, 43, 98, 86, 94, 64, 3, 166, 105, 103, 118, 63,
51,139, 172,141, 175, 56, 74, 95, 29, 45, 129, 120, 168, 92,
150,7,162, 153,137,108, 159,157,173, 23, 89, 132,57, 37,
70, 134, 40, 21, 149, 80, 1, 121, 59, 110, 142, 152, 15, 154,
145,12, 170,54, 155,99, 22,123,72,177,131, 116, 44, 158,
73,11, 65,164, 119, 174, 34, 83, 53, 24, 42, 60, 26, 161, 68,
178,41,148,109, 87,144, 135,20,62, 81,169,124, 6, 19,30,
163, 61, 179, 136, 97, 16, and 88.

[2182] FIG. 110 is an illustration of a 2nd example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2183] According to the GW pattern of FIG. 110, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2184] 6,14,1,127,161,177,75,123,62,103,17,18, 167,
88,27, 34, 8, 110, 7, 78, 94, 44, 45, 166, 149, 61, 163, 145,
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155,157,82,130,70,92,151, 139, 160, 133, 26, 2,79, 15,95,
122,126,178,101, 24,138,146, 179,30, 86, 58,11,121, 159,
49, 84,132,117, 119, 50, 52, 4, 51, 48, 74, 114, 59, 40, 131,
33,89, 66, 136,72, 16,134,37,164,77,99, 173, 20,158, 156,
90, 41, 176, 81,42, 60,109, 22,150, 105, 120, 12, 64, 56, 68,
111,21, 148,53, 169, 97, 108, 35, 140,91, 115, 152, 36, 106,
154, 0, 25, 54, 63, 172, 80, 168, 142, 118, 162, 135, 73, 83,
153,141,9,28,55,31,112, 107, 85, 100, 175, 23, 57, 47, 38,
170, 137, 76, 147, 93, 19, 98, 124, 39, 87, 174, 144, 46, 10,
129, 69,71, 125,96, 116, 171, 128, 65, 102, 5, 43, 143, 104,
13, 67,29,3, 113, 32, and 165.

[2185] FIG. 111 is an illustration of a 3rd example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2186] According to the GW pattern of FIG. 111, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2187] 103,116,158,0,27,73, 140,30, 148,36, 153, 154,
10, 174,122,178, 6,106, 162, 59, 142,112,7,74, 11, 51, 49,
72,31, 65,156, 95, 171, 105, 173, 168, 1, 155, 125, 82, 86,
161,57, 165, 54, 26, 121, 25, 157, 93, 22, 34, 33, 39, 19, 46,
150,141,12,9,79,118, 24,17,85,117,67, 58,129, 160, 89,
61,146,77,130,102, 101, 137,94, 69, 14, 133, 60, 149, 136,
16, 108, 41, 90, 28, 144, 13, 175, 114, 2, 18, 63, 68, 21, 109,
53,123,75,81,143,169,42,119, 138, 104, 4, 131, 145,8, 5,
76,15,88,177,124,45,97,64,100,37,132, 38, 44,107, 35,
43,80, 50, 91, 152, 78, 166, 55, 115, 170, 159, 147, 167, 87,
83,29, 96,172, 48,98, 62,139, 70,164, 84,47,151, 134,126,
113,179,110,111,128,32,52,66,40,135,176,99,127,163,
3,120, 71, 56, 92, 23, and 20.

[2188] FIG. 112 is an illustration of a 4th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2189] According to the GW pattern of FIG. 112, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2190] 139, 106, 125, 81, 88, 104, 3, 66, 60, 65, 2, 95, 155,
24,151, 5, 51, 53, 29, 75, 52, 85, 8, 22, 98, 93, 168, 15, 86,
126, 173,100, 130, 176, 20, 10, 87,92, 175, 36, 143, 110, 67,
146,149,127,133,42,84,64,78,1,48,159,79,138,46,112,
164, 31, 152, 57, 144, 69, 27, 136, 122, 170, 132, 171, 129,
115, 107, 134, 89, 157, 113, 119, 135, 45, 148, 83, 114, 71,
128, 161, 140, 26, 13, 59, 38, 35, 96, 28, 0, 80, 174, 137, 49,
16,101,74,179,91,44,55,169,131,163, 123,145,162, 108,
178,12,77,167, 21, 154, 82, 54,90, 177,17, 41,39, 7, 102,
156, 62, 109, 14, 37, 23, 153, 6, 147, 50, 47, 63, 18, 70, 68,
124,72,33,158,32,118, 99, 105,94, 25,121, 166, 120, 160,
141,165,111,19,150,97,76,73,142,117,4,172, 58,11, 30,
9,103, 40, 61, 43, 34, 56, and 116

[2191] FIG. 113 is an illustration of a 5th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2192] According to the GW pattern of FIG. 113, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2193] 72,59,65,61,80,2,66,23,69,101, 19,16, 53, 109,
74,106,113, 56,97,30, 164, 15,25,20,117, 76, 50,82, 178,
13,169,36,107,40,122,138,42,96,27, 163,46, 64, 124,57,
87,120,168, 166,39,177,22,67,134,9, 102,28, 148,91, 83,
88,167,32,99, 140,60, 152, 1, 123,29, 154,26,70,149,171,
12, 6,55, 100,62, 86, 114,174,132, 139,7,45,103, 130, 31,
49,151, 119,79, 41, 118, 126, 3,179, 110, 111, 51, 93, 145,
73,133, 54,104, 161, 37, 129, 63, 38, 95, 159, 89, 112, 115,
136,33, 68, 17,35, 137, 173, 143,78, 77, 141, 150, 58, 158,
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125,156, 24, 105, 98, 43, 84, 92, 128, 165, 153, 108, 0, 121,
170,131, 144,47,157,11,155,176,48,135,4,116,146, 127,
52,162,142,8,5,34,85,90,44,172,94,160,175,75,71,18,
147, 10, 21, 14, and 81.

[2194] FIG. 114 is an illustration of a 6th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2195] According to the GW pattern of FIG. 114, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2196] 8, 27,7,70, 75,84, 50, 131, 146, 99, 96, 141, 155,
157,82,57,120,38, 137, 13, 83, 23, 40,9, 56, 171, 124, 172,
39,142,20,128,133,2,89,153,103,112,129, 151,162, 106,
14,62,107,110,73,71,177,154,80,176,24,91,32, 173,25,
16,17,159,21, 92, 6, 67, 81, 37, 15, 136, 100, 64, 102, 163,
168,18,78,76,45,140,123,118,58,122,11,19, 86,98, 119,
111,26,138,125,74,97,63,10,152,161,175,87, 52, 60,22,
79, 104,30, 158, 54, 145, 49, 34, 166, 109, 179, 174, 93, 41,
116,48,3,29, 134,167,105, 132,114,169, 147, 144,77,61,
170, 90, 178, 0, 43, 149, 130, 117, 47, 44, 36, 115, 88, 101,
148,69,46,94,143, 164,139, 126,160, 156,33,113,65, 121,
53,42, 66, 165,85, 127, 135, 5, 55, 150, 72, 35,31, 51,4, 1,
68, 12,28, 95, 59, and 108.

[2197] FIG. 115 is an illustration of a 7th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2198] According to the GW pattern of FIG. 115, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2199] 0,2,4,6,8,10,12, 14,16, 18,20, 22, 24, 26, 28, 30,
32,34,36,38,40,42,44, 46, 48, 50, 52, 54,56, 58, 60, 62, 64,
66,68,70,72,74,76,78,80, 82, 84, 86, 88,90, 92, 94, 96, 98,
100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122,
124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146,
148, 150, 152, 154, 156, 158, 160, 162, 164, 166, 168, 170,
172,174,176,178,1,3,5,7,9,11,13,15,17,19, 21, 23, 25,
27,29,31,33,35,37,39,41,43,45,47,49,51, 53,55, 57, 59,
61,63,65,67,69,71,73,75,77,79, 81, 83,85,87, 89,91, 93,
95,97,99, 101, 103, 105,107, 109, 111,113,115, 117, 119,
121, 123,125, 127, 129, 131, 133, 135, 137, 139, 141, 143,
145, 147, 149, 151, 153, 155, 157, 159, 161, 163, 165, 167,
169, 171, 173,175,177, and 179.

[2200] FIG. 116 is an illustration of an 8th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2201] According to the GW pattern of FIG. 116, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2202] 11,5,8,18,1,25,32,31,19,21, 50, 102, 65, 85, 45,
86,98, 104, 64,78,72, 53,103,79, 93,41, 82,108, 112, 116,
120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164,
168,172, 176, 4, 12, 15, 3, 10, 20, 26, 34, 23, 33, 68, 63, 69,
92, 44, 90, 75, 56, 100, 47, 106, 42, 39, 97, 99, 89, 52, 109,
113, 117, 121, 125, 129, 133, 137, 141, 145, 149, 153, 157,
161,165,169,173,177,6,16,14,7,13,36,28,29,37,73,70,
54,76, 91, 66, 80, 88, 51, 96, 81, 95, 38, 57, 105, 107, 59, 61,
110, 114, 118, 122, 126, 130, 134, 138, 142, 146, 150, 154,
158,162,166,170,174,178,0,9,17,2,27,30,24,22,35,77,
74,46, 94, 62, 87, 83, 101, 49, 43, 84, 48, 60, 67,71, 58, 40,
55, 111, 115, 119, 123, 127, 131, 135, 139, 143, 147, 151,
155,159, 163, 167,171, 175, and 179.

[2203] FIG. 117 is an illustration of a 9th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.
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[2204] According to the GW pattern of FIG. 117, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2205] 9,18,15,13,35,26,28, 99, 40, 68, 85, 58, 63, 104,
50, 52, 94, 69, 108, 114, 120, 126, 132, 138, 144, 150, 156,
162,168,174,8,16,17,24,37,23,22,103,64,43,47,56,92,
59, 70, 42, 106, 60, 109, 115, 121, 127, 133, 139, 145, 151,
157,163,169, 175,4,1, 10, 19,30, 31, 89, 86,77, 81, 51,79,
83, 48,45, 62,67,65,110,116, 122, 128, 134, 140, 146, 152,
158,164,170,176,6,2,0,25, 20,34, 98, 105,82, 96,90, 107,
53,74,73,93,55,102,111,117,123,129,135, 141,147,153,
159,165,171,177,14,7,3,27,21,33, 44,97,38,75,72, 41,
84,80,100,87,76,57,112,118,124,130,136, 142,148,154,
160,166,172,178,5,11,12,32,29,36,88,71,78,95,49, 54,
61,66,46,39,101,91,113,119,125,131,137, 143,149,155,
161, 167, 173, and 179.

[2206] FIG. 118 is an illustration of a 10th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2207] According to the GW pattern of FIG. 118, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2208] 0,14,19,21,2,11,22,9,8,7,16,3, 26, 24, 27, 80,
100, 121, 107,31, 36,42, 46,49, 75,93,127, 95,119, 73, 61,
63,117,89,99,129,52,111, 124,48,122,82,106,91,92,71,
103,102, 81, 113, 101, 97, 33, 115, 59, 112, 90, 51, 126, 85,
123,40, 83,53,69,70, 132,134,136, 138, 140, 142, 144, 146,
148, 150, 152, 154, 156, 158, 160, 162, 164, 166, 168, 170,
172,174,176,178,4,5,10,12,20,6,18,13,17,15,1, 29, 28,
23,25, 67,116, 66, 104, 44, 50, 47, 84, 76, 65, 130, 56, 128,
77,39,94,87,120, 62, 88,74,35,110,131,98,60,37,45,78,
125,41, 34,118,38,72, 108, 58, 43, 109, 57, 105, 68, 86, 79,
96,32, 114, 64, 55,30, 54,133, 135, 137, 139, 141, 143, 145,
147, 149, 151, 153, 155, 157, 159, 161, 163, 165, 167, 169,
171,173, 175,177, and 179.

[2209] FIG. 119 is an illustration of an 11th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2210] According to the GW pattern of FIG. 119, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2211] 21,11,12,9,0,6,24,25,85,103, 118, 122,71, 101,
41,93,55,73,100, 40,106, 119,45, 80, 128,68,129,61, 124,
36, 126, 117, 114, 132, 136, 140, 144, 148, 152, 156, 160,
164,168,172, 176, 20, 18, 10, 13, 16, 8, 26, 27, 54, 111, 52,
44,87,113,115, 58, 116, 49, 77, 95, 86, 30, 78, 81, 56, 125,
53,89, 94, 50,123, 65, 83,133, 137, 141, 145,149, 153,157,
161,165,169, 173,177,2,17,1,4,7, 15,29, 82,32, 102, 76,
121,92,130,127,62,107,38,46,43,110,75,104, 70,91, 69,
96,120,42,34,79,35,105,134,138, 142,146, 150,154,158,
162,166, 170,174,178, 19, 5,3, 14,22, 28,23,109, 51, 108,
131,33, 84, 88, 64, 63, 59, 57,97, 98, 48, 31, 99, 37, 72, 39,
74,66, 60,67,47,112,90, 135,139, 143,147,151, 155, 159,
163,167, 171,175, and 179.

[2212] FIG. 120 is an illustration of a 12th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2213] According to the GW pattern of FIG. 120, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2214] 12,15,2,16,27,50,35,74,38,70,108,32,112, 54,
30,122,72,116,36,90, 49, 85,132, 138, 144, 150, 156, 162,
168,174,0,14,9, 5, 23, 66, 68,52, 96, 117, 84, 128, 100, 63,
60, 127,81, 99, 53, 55,103, 95, 133, 139, 145,151, 157,163,
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169,175,10,22,13,11,28,104,37,57,115,46, 65,129, 107,
75,119,110,31,43,97,78,125, 58, 134, 140, 146, 152, 158,
164,170,176,4, 19,6, 8,24,44,101,94, 118, 130,69, 71, 83,
34,86, 124, 48, 106, 89, 40, 102, 91, 135, 141, 147, 153, 159,
165,171,177,3,20,7,17, 25,87, 41, 120,47, 80, 59, 62, 88,
45,56,131,61,126,113,92, 51,98, 136, 142, 148, 154, 160,
166,172,178, 21, 18, 1,26, 29,39, 73, 121, 105, 77,42, 114,
93,82,111, 109, 67,79, 123, 64, 76, 33, 137, 143, 149, 155,
161, 167, 173, and 179.

[2215] FIG. 121 is an illustration of a 13th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2216] According to the GW pattern of FIG. 121, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2217] 0,2,4,6,8,10,12, 14,16, 18,20, 22, 24, 26, 28, 30,
32,34,36,38,40,42,44, 46, 48, 50, 52, 54,56, 58, 60, 62, 64,
66,68,70,72,74,76,78,80, 82, 84, 86, 88,90, 92, 94, 96, 98,
100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122,
124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146,
148, 150, 152, 154, 156, 158, 160, 162, 164, 166, 168, 170,
172,174,176,178,1,3,5,7,9,11,13,15,17,19, 21, 23, 25,
27,29,31,33,35,37,39,41,43,45,47,49,51, 53,55, 57, 59,
61,63,65,67,69,71,73,75,77,79, 81, 83,85,87, 89,91, 93,
95,97,99, 101, 103, 105,107, 109, 111,113,115, 117, 119,
121, 123,125, 127, 129, 131, 133, 135, 137, 139, 141, 143,
145, 147, 149, 151, 153, 155, 157, 159, 161, 163, 165, 167,
169, 171, 173,175,177, and 179.

[2218] FIG. 122 is an illustration of a 14th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2219] According to the GW pattern of FIG. 122, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2220] 0,4,8,12,16,20,24,28,32,36,40, 44, 48, 52, 56,
60, 64, 68,72, 76, 80, 84, 88, 92, 96,100, 104, 108, 112, 116,
120, 124, 128, 132, 136, 140, 144, 148, 152, 156, 160, 164,
168,172,176,1,5,9,13,17,21,25,29,33,37,41, 45,49, 53,
57,61, 65,69,73,77,81, 85,89, 93,97, 101, 105, 109, 113,
117,121, 125, 129, 133, 137, 141, 145, 149, 153, 157, 161,
165,169,173,177,2,6,10, 14,18, 22, 26, 30,34, 38, 42, 46,
50,54,58,62,66,70,74,78,82,86,90,94,98,102, 106, 110,
114, 118, 122, 126, 130, 134, 138, 142, 146, 150, 154, 158,
162,166,170,174,178,3,7,11,15,19,23,27,31,35,39, 43,
47,51, 55,59, 63,67,71,75,79, 83, 87,91, 95,99, 103, 107,
111, 115,119, 123, 127, 131, 135, 139, 143, 147, 151, 155,
159, 163, 167, 171, 175, and 179.

[2221] FIG. 123 is an illustration of a 15th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2222] According to the GW pattern of FIG. 123, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2223] 8,112,92,165, 12,55, 5, 126, 87, 70, 69, 94, 103,
78,137,148, 9, 60, 13, 7, 178,79, 43, 136, 34, 68, 118, 152,
49,15,99,61, 66,28,109, 125,33,167,81,93,97, 26,35, 30,
153,131,122, 71,107, 130, 76, 4, 95, 42, 58, 134, 0, 89, 75,
40,129,31,80,101,52,16,142, 44,138, 46,116, 27, 82, 88,
143, 128, 72, 29, 83, 117, 172, 14, 51, 159, 48, 160, 100, 1,
102, 90, 22,3, 114, 19, 108, 113, 39, 73, 111, 155, 106, 105,
91,150, 54,25,135,139, 147,36,56,123,6, 67,104, 96,157,
10,62,164,86,74,133,120,174,53,140,156,171,149, 127,
85,59,124,84,11,21,132,41,145,158,32,17,23, 50, 169,
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170,38,18,151,24,166,175,2,47,57,98,20,177,161, 154,
176,163,37,110,168,141,64,65,173,162,121,45,77,115,
179, 63, 119, 146, and 144.

[2224] FIG. 124 is an illustration of a 16th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2225] According to the GW pattern of FIG. 124 a sequence
of bit groups 0 to 179 of the LDPC code of 64 kbits is
interleaved into a sequence of bit groups

[2226] 103, 138,168,82,116,45,178,28,160,2,129,148,
150,23,54,106,24,78,49,87,145,179,26,112,119,12, 18,
174,21,48,134,137,102,147,152,72,68,3,22,169,30, 64,
108, 142, 131, 13, 113, 115, 121, 37, 133, 136, 101, 59, 73,
161,38, 164, 43, 167,42, 144,41, 85,91, 58, 128, 154, 172,
57,75,17,157,19, 4,86, 15, 25, 35, 9, 105, 123, 14, 34, 56,
111,60,90,74,149, 146,62, 163,31, 16, 141, 88, 6,155,130,
89,107,135,79,8,10,124,171,114,162,33,66,126,71,44,
158, 51, 84, 165, 173, 120, 7, 11, 170, 176, 1, 156, 96, 175,
153,36,47,110,63, 132,29, 95,143, 98, 70, 20, 122, 53, 100,
93, 140, 109, 139, 76, 151, 52, 61, 46, 125, 94, 50, 67, 81, 69,
65,40, 127,77,32,39,27,99,97, 159, 166, 80, 117, 55, 92,
118, 0, 5, 83, 177, and 104.

[2227] FIG. 125 is an illustration of a 17th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2228] According to the GW pattern of FIG. 125, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2229] 104,120,47,136,116,109,22,20,117,61,52,108,
86, 99,76, 90,37, 58,36, 138, 95,130,177,93,56,33,24,82,
0,67, 83,46,79,70,154,18,75,43,49, 63, 162, 16, 167, 80,
125,1, 123,107, 9, 45, 53, 15, 38, 23, 57, 141, 4, 178, 165,
113,21, 105, 11, 124, 126, 77, 146, 29, 131, 27, 176, 40, 74,
91, 140, 64,73, 44,129,157,172,51,10, 128,119, 163, 103,
28, 85, 156,78, 6, 8, 173, 160, 106, 31, 54, 122, 25, 139, 68,
150, 164, 87, 135, 97, 166, 42, 169, 161, 137, 26, 39, 133, 5,
94,69,2,30,171, 149,115, 96, 145,101, 92, 143, 12, 88, 81,
71,19,147,50,152,159,155,151,174,60,32,3,142,72, 14,
170,112, 65,89, 175,158,17, 114,62, 144, 13,98, 66, 59,7,
118, 48, 153, 100, 134, 84, 111, 132,127, 41, 168, 110, 102,
34,121, 179, 148, 55, and 35.

[2230] FIG. 126 is an illustration of a 18th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2231] According to the GW pattern of FIG. 126, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2232] 37,98, 160, 63, 18, 6, 94, 136, 8, 50, 0, 75, 65, 32,
107, 60, 108, 17, 21, 156, 157, 5, 73, 66, 38, 177, 162, 130,
171,76,57,126,103, 62,120, 134,154,101, 143,29,13, 149,
16,33, 55, 56, 159, 128, 23, 146, 153, 141, 169, 49, 46, 152,
89,155,111, 127,48, 14,93,41,7,78, 135,69, 123,179, 36,
87, 27, 58, 88, 170, 125, 110, 15, 97, 178, 90, 121, 173, 30,
102, 10, 80, 104, 166, 64, 4, 147, 1, 52, 45, 148, 68, 158, 31,
140, 100, 85, 115, 151, 70, 39, 82, 122,79, 12, 91, 133, 132,
22,163,47,19,119, 144, 35, 25, 42, 83, 92, 26, 72, 138, 54,
124, 24,74, 118, 117, 168, 71, 109, 112, 106, 176, 175, 44,
145,11,9,161,96,77,174, 137,34, 84, 2, 164, 129, 43, 150,
61,53,20,165,113,142, 116, 95, 3, 28, 40, 81,99, 139, 114,
59, 67,172, 131, 105, 167, 51, and 86.

[2233] FIG. 127 is an illustration of a 19th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.
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[2234] According to the GW pattern of FIG. 127, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2235] 58,70, 23,32, 26, 63,55, 48, 35, 41, 53, 20, 38, 51,
61, 65,44,29,7,2,113, 68, 96, 104, 106, 89, 27,0, 119, 21,
4,49, 46, 100, 13, 36, 57, 98, 102, 9, 42, 39, 33, 62, 22, 95,
101,15,91,25,93,132,69,87,47,59,67,124,17,11,31,43,
40,37, 85, 50,97, 140, 45, 92, 56,30, 34, 60, 107, 24, 52, 94,
64, 5,71, 90, 66, 103, 88, 86, 84, 19, 169, 159, 147, 126, 28,
130, 14, 162, 144, 166, 108, 153, 115, 135, 120, 122, 112,
139, 151, 156, 16, 172, 164, 123, 99, 54, 136, 81, 103, 128,
116,150, 155,76,18, 142,170,175, 83,146,78,109,73, 131,
127,82,167,77,110,79,137,152,3, 173, 148,72,158, 117,
1,6,12,8, 161, 74, 143, 133, 168, 171, 134, 163, 138, 121,
141,160, 111, 10, 149, 80, 75, 165, 157, 174, 129, 145, 114,
125,154, 118, 176, 177,178, and 179.

[2236] FIG. 128 is an illustration of a 20th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2237] According to the GW pattern of FIG. 128, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2238] 40,159,100, 14,88,75,53,24,157,84,23,77, 140,
145,32, 28,112,39,76,50,93,27,107, 25,152,101, 127, 5,
129,71,9,21,96,73,35,106, 158,49, 136,30, 137,115, 139,
48,167,85,74,72,7,110,161,41,170,147,82,128, 149,33,
8, 120, 47, 68, 58, 67, 87, 155, 11, 18, 103, 151, 29, 36, 83,
135,79,150,97,54,70,138, 156,31, 121,34, 20, 130, 61,57,
2,166, 117,15, 6,165,118, 98, 116, 131, 109, 62, 126, 175,
22,111, 164,16,133,102, 55,105, 64,177, 78,37, 162, 124,
119,19, 4, 69, 132, 65, 123,160, 17,52, 38, 1, 80, 90, 42, 81,
104,13,144,51,114,3,43,146,163,59, 45, 89,122,169, 44,
94, 86, 99, 66, 171, 173, 0, 141, 148, 176, 26, 143, 178, 60,
153,142,91,179,12,168, 113,95, 174, 56, 134, 92, 46, 108,
125,10, 172, 154, and 63.

[2239] FIG. 129 is an illustration of a 21st example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2240] According to the GW pattern of FIG. 129, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2241] 143, 57,67,26,134,112, 136,103, 13, 94, 16, 116,
169, 95, 98, 6, 174, 173, 102, 15, 114, 39, 127, 78, 18, 123,
121,4,89,115, 24, 108, 74, 63, 175, 82, 48, 20, 104, 92, 27,
3,33, 106, 62, 148, 154, 25, 129, 69, 178, 156, 87, 83, 100,
122,70,93,50, 140, 43,125,166,41, 128,85, 157, 49, 86, 66,
79,130, 133,171, 21, 165, 126, 51, 153, 38, 142, 109, 10, 65,
23,91, 90,73, 61,42,47,131,77,9, 58, 96, 101, 37, 7, 159,
44,2,170,160,162,0,137,31,45,110, 144, 88,8,11,40,81,
168, 135, 56,151,107, 105,32, 120, 132, 1, 84, 161, 179,72,
176,71, 145,139, 75, 141, 97, 17, 149, 124, 80, 60, 36, 52,
164, 53,158, 113, 34,76, 5,111, 155, 138, 19, 35, 167, 172,
14,147, 55,152,59,64,54,117, 146,118,119, 150, 29, 163,
68,99, 46,177, 28, 22, 30, and 12.

[2242] FIG. 130 is an illustration of a 22nd example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2243] According to the GW pattern of FIG. 130, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2244] 116, 47, 155, 89, 109, 137, 103, 60, 114, 14, 148,
100, 28, 132, 129, 105, 154, 7, 167, 140, 160, 30, 57, 32, 81,
3,86,45,69,147,125, 52, 20, 22,156, 168, 17, 5,93, 53, 61,
149,56, 62,112, 48,11, 21, 166, 73, 158, 104, 79, 128, 135,
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126, 63, 26, 44,97, 13, 151, 123, 41, 118, 35, 131, 8, 90, 58,
134, 6,78, 130, 82, 106, 99, 178, 102, 29, 108, 120, 107, 139,
23, 85, 36, 172, 174, 138, 95, 145, 170, 122, 50, 19, 91, 67,
101,92, 179,27,94,66,171,39,68,9,59,146,15,31,38, 49,
37,64,77,152,144,72,165,163,24,1,2,111, 80, 124, 43,
136, 127, 153, 75, 42, 113, 18, 164, 133, 142, 98, 96, 4, 51,
150, 46, 121,76, 10,25,176,34, 110,115, 143,173, 169, 40,
65, 157,175, 70, 33, 141, 71, 119, 16, 162, 177, 12, 84, 87,
117, 0, 88, 161, 55, 54, 83, 74, and 159.

[2245] FIG. 131 is an illustration of a 23rd example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2246] According to the GW pattern of FIG. 131, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2247] 62,17, 10,25, 174, 13, 159, 14, 108, 0, 42, 57, 78,
67,41,132,110,87,77,27,88,56,8,161,7,164,171,44,75,
176, 145,165, 157,34, 142,98,103, 52, 11, 82, 141, 116, 15,
158,139,120, 36,61, 20, 112, 144, 53,128, 24, 96,122,114,
104, 150, 50, 51, 80, 109, 33, 5,95, 59, 16, 134,105,111, 21,
40, 146, 18, 133, 60, 23, 160, 106, 32,79, 55, 6, 1, 154, 117,
19,152,167,166,30,35,100,74,131, 99, 156,39, 76,86, 43,
178,155,179, 177, 136, 175, 81, 64, 124, 153, 84, 163, 135,
115,125, 47, 45, 143,72, 48, 172,97, 85, 107, 126, 91, 129,
137,83, 118, 54, 2, 9, 58, 169, 73, 123, 4, 92, 168, 162, 94,
138,119, 22,31, 63, 89, 90, 69,49, 173, 28, 127, 26,29, 101,
170, 93, 140, 147, 149, 148, 66, 65, 121, 12,71, 37,70, 102,
46, 38, 68, 130, 3, 113, and 151.

[2248] FIG. 132 is an illustration of a 24th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2249] According to the GW pattern of FIG. 132, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2250] 168, 18, 46, 131, 88,90, 11, 89, 111, 174, 172, 38,
78,153, 9,80, 53,27,44,79,35,83,171,51,37,99, 95,119,
117,127,112,166,28, 123,33, 160,29, 6,135, 10, 66,69, 74,
92,15,109, 106, 178, 65,141, 0,3, 154,156, 164,7,45,115,
122,148,110, 24,121, 126,23,175,21, 113, 58, 43, 26, 143,
56, 142,39, 147, 30, 25, 101, 145, 136, 19, 4, 48, 158, 118,
133, 49, 20, 102, 14, 151, 5, 2, 72, 103, 75, 60, 84, 34, 157,
169,31, 161, 81, 70, 85, 159, 132, 41, 152, 179, 98, 144, 36,
16, 87, 40,91, 1, 130, 108, 139, 94, 97, 8, 104, 13, 150, 137,
47,73, 62,12,50, 61, 105, 100, 86, 146, 165,22, 17,57, 167,
59, 96, 120, 155, 77, 162, 55, 68, 140, 134, 82, 76, 125, 32,
176,138,173,177,163,107,170,71,129,63,93,42,52, 116,
149, 54, 128, 124, 114, 67, and 64.

[2251] FIG. 133 is an illustration of a 25th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2252] According to the GW pattern of FIG. 133, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2253] 18,150,165,42,81,48,63,45,93,152,25,16,174,
29, 47,83, 8, 60,30, 66,11, 113,44,148,4, 155,59,33,134,
99,32,176,109,72,36,111, 106,73, 170, 126, 64, 88,20, 17,
172,154,120, 121, 139, 77, 98, 43, 105, 133, 19, 41, 78, 15,
7, 145,94, 136, 131, 163, 65, 31, 96, 79, 119, 143, 10, 95, 9,
146, 14,118, 162,37,97, 49, 22, 51,127, 6,71, 132, 87, 21,
39,38, 54,115,159,161, 84,108, 13,102, 135, 103, 156, 67,
173,76, 75,164,52,142, 69, 130, 56, 153,74, 166, 158, 124,
141, 58,116, 85,175, 169, 168, 147,35, 62, 5, 123, 100, 90,
122,101, 149, 112, 140, 86, 68, 89, 125, 27, 177, 160, 0, 80,
55,151, 53,2,70, 167,114, 129, 179, 138, 1, 92, 26, 50, 28,
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110, 61,82,91, 117, 107, 178, 34, 157, 137, 128, 40, 24, 57,
3,171, 46, 104, 12, 144, and 23.

[2254] FIG. 134 is an illustration of a 26th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2255] According to the GW pattern of FIG. 134, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2256] 18,8,166,117,4,111,142,148,176,91, 120, 144,
99, 124,20, 25,31, 78,36,72,2,98,93,74,174, 52,152, 62,
88,75, 23,97, 147, 15,71, 1, 127, 138, 81, 83, 68, 94, 112,
119,121,89, 163, 85, 86,28, 17,64, 14,44, 158,159, 150,32,
128,70, 90, 29,30, 63, 100, 65, 129, 140, 177, 46, 84, 92, 10,
33,58,7,96,151,171,40,76,6,3,37,104,57,135,103, 141,
107,116, 160,41,153,175,55,130,118,131,42,27,133,95,
179,34, 21, 87,106, 105, 108, 79, 134,113, 26, 164, 114,73,
102,77,22,110,161,43,122,123,82, 5,48, 139, 60,49, 154,
115, 146, 67, 69, 137, 109, 143, 24,101, 45, 16, 12, 19, 178,
80, 51, 47, 149, 50, 172, 170, 169, 61, 9, 39, 136, 59, 38, 54,
156,126, 125,145,0,13,155,132,162,11,157,66,165, 173,
56, 168, 167, 53, and 35.

[2257] FIG. 135 is an illustration of a 27th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2258] According to the GW pattern of FIG. 135, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2259] 77,50,109,128,153,12,48,17,147,55,173, 172,
135,121,99,162,52,40,129,168,103,87,134,105,179, 10,
131,151, 3,26,100, 15, 123,88,18,91, 54,160, 49, 1,76, 80,
74,31,47,58,161,9,16,34,41,21,177, 11, 63, 6, 39, 165,
169, 125,114,57,37,67,93,96,73,106, 83, 166,24, 51, 142,
65,43, 64,53,72,156, 81, 4, 155,33, 163, 56, 150, 70, 167,
107,112,144, 149,36, 32, 35, 59, 101,29, 127, 138, 176, 90,
141, 92,170, 102, 119, 25,75, 14, 0, 68, 20, 97, 110, 28, 89,
118, 154,126,2,22,124,85,175,78, 46,152, 23, 86,27, 79,
130, 66, 45,113, 111, 62, 61, 7, 30, 133, 108, 171, 143, 60,
178,5,122,44,38,148,157,84,42,139,145,8,104,115,71,
137, 132, 146, 164, 98, 13, 117, 174, 158, 95, 116, 140, 94,
136, 120, 82, 69, 159, and 19.

[2260] FIG. 136 is an illustration of a 28th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2261] According to the GW pattern of FIG. 136, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2262] 51,47,53,43,55,59,49,33,35,31,24,37,0,2,45,
41,39, 57,42, 44, 52, 40, 23, 30, 32, 34, 54, 56, 46, 50, 122,
48,1,36,38,58,77,3, 65,81, 67,147, 83, 69, 26,75, 85,73,
79,145,71,63,5,61,70,78, 68, 62, 66, 6, 64, 149, 60, 82, 80,
4,76,84,72,154,86,74,89,128, 137,91, 141,93,101,7,87,
9,103, 99,95, 11, 13, 143, 97, 133, 136, 12, 100, 94, 14, 88,
142,96,92, 8,152, 10, 139, 102, 104, 132, 90, 98, 114, 112,
146,123,110, 15, 125, 150, 120, 153, 29, 106, 134, 27, 127,
108,130,116, 28,107, 126, 25,131, 124,129, 151, 121, 105,
111, 115, 135, 148, 109, 117, 158, 113, 170, 119, 162, 178,
155, 176, 18, 20, 164, 157, 160, 22, 140, 16, 168, 166, 172,
174, 175, 179, 118, 138, 156, 19, 169, 167, 163, 173, 161,
177,165, 144, 171,17, 21, and 159.

[2263] FIG. 137 is an illustration of a 29th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.
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[2264] According to the GW pattern of FIG. 137, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2265] 49,2,57,47,31,35,24,39,59,0,45,41, 55,53, 51,
37,33, 43, 56,38, 48,32, 50, 23,34, 54, 1, 36, 44, 52, 40, 58,
122,46, 42,30,3,75,73, 65,145,71,79, 67, 69, 83, 85, 147,
63,81,77,61,5,26,62,64,74,70, 82, 149, 76, 4,78, 84, 80,
86, 66, 68,72, 6, 60, 154, 103, 95, 101, 143, 9, 89, 141, 128,
97,137, 133,7,13, 99,91, 93, 87, 11, 136, 90, 88, 94, 10, 8,
14,96,104,92,132,142,100,98,12,102, 152,139,150, 106,
146, 130, 27,108,153, 112, 114,29, 110, 134, 116, 15, 127,
125,123,120, 148, 151,113,126, 124,135,129, 109, 25, 28,
158,117,105,115,111,131,107,121, 18, 170, 164, 20, 140,
160,166, 162,119, 155,168,178,22,174,172,176, 16,157,
159,171,161, 118, 17, 163, 21, 165,19, 179, 177, 167, 138,
173, 156, 144, 169, and 175.

[2266] FIG. 138 is an illustration of a 30th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2267] According to the GW pattern of FIG. 138, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2268] 71,38,98,159,1,32,28,177,125,102,83,17,121,
151, 66, 92, 140, 6, 165, 23, 75, 91, 87, 108, 163, 50, 77, 39,
110, 128,73, 148, 14, 5, 68, 37, 53, 93, 149, 26, 166, 48, 79,
10, 122, 150, 103, 178, 119, 101, 61, 34, 8, 86, 36, 138, 146,
72,179, 143, 147, 89, 4, 107, 33, 144, 141, 40, 100, 29, 118,
63,46, 20, 153,90, 152,124,7,30,31,43,78,120, 85,25,52,
47,64,81,175,94, 115,15, 112,99, 13, 21, 42, 169, 76, 19,
168,16, 27,162,167, 164, 97,82, 44,106, 12,109, 132, 145,
161,174,95,0, 105, 134,173, 84, 9, 65, 88, 54,67, 116, 154,
80,22,172,60, 111,133, 56,170,104, 131, 123, 24,49, 113,
136, 55, 3,157, 156, 35, 58, 45,155, 70, 59, 57,171, 176, 74,
117,18,127,114, 11, 69, 158, 129, 139, 62, 135, 96, 142, 41,
130, 160, 2, 126, 51, and 137.

[2269] FIG. 139 is an illustration of a 31th example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2270] According to the GW pattern of FIG. 139, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2271] 66, 61, 150, 157, 63, 42, 78, 44, 23, 154, 133, 101,
82,26,84,123,89,31,45,102,36, 134, 83,117, 170,27, 73,
137,25,32,62,91,4, 20, 144, 145,21, 74, 113, 148, 24, 135,
5,19,2,34,43,168,14,64,142,115,87,38,147,39,51,152,
56,86,122,76,57,129,172,6,126,10,97, 85,164, 3, 80, 90,
79,124, 138,120, 17,103, 99, 116,46, 98,162, 151, 143, 11,
175,160,96,132,81,171,94,65,118,161,125,178,95,112,
88, 174, 13,35, 1, 167, 0, 128, 12, 58, 29, 169, 67, 28, 119,
166, 60, 55, 54, 130,92, 146, 177,149,111, 9,173, 179, 176,
75,77,114,48,159,8, 141, 107, 139, 52, 100, 136, 105, 127,
47,18,69,109,16,121,59,163,165, 108, 106,70, 22,93, 41,
33,110, 53, 140, 153, 158, 50, 15,37, 72, 156,7,131, 49,71,
68, 104, 30, 40, 155.

[2272] FIG. 140 is an illustration of a 32nd example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2273] According to the GW pattern of FIG. 140, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2274] 75,83,11,24,86,104,156,76,37,173,127,61, 43,
139, 106, 69, 49, 2, 128, 140, 68, 14, 100, 8, 36, 73, 148, 65,
16,47,177,6, 132,45, 5,30, 13, 22,29, 27, 101, 150, 23, 90,
41,93,89,92,135,4,71,87,44,124,26,64,1,129, 157,130,
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107,18,91,118,3,82, 144,113, 121, 54, 84,97,122, 120, 7,
154, 56, 134, 57, 161, 33, 116, 28, 96, 72, 172, 12, 115, 38,
164, 32, 167, 145, 17, 88, 39, 151, 80, 0, 136, 169, 142, 74,
147,126, 166, 163, 40, 110, 171, 50, 160, 131, 70, 175, 103,
125,77,162,31, 85,66,67,52,108, 159, 133,42,153, 21, 51,
119,123, 98, 35, 48, 111, 149, 25, 58, 60, 158, 102, 59, 117,
20,141,143,46, 53,155,15,165,152,112, 176,105,178, 99,
174, 168, 114, 179, 78, 10, 19, 62, 63, 170, 138, 34, 109, 9,
146, 95, 94, 55,137, 81, and 79.

[2275] FIG. 141 is an illustration of a 33rd example of the
GW pattern for an LDPC code in which the code length N is
64 kbits.

[2276] According to the GW pattern of FIG. 141, a
sequence of bit groups 0 to 179 of the LDPC code of 64 kbits
is interleaved into a sequence of bit groups

[2277] 98,159, 59,125, 163, 89, 26, 4,102, 70, 92, 36, 37,
142,176, 95,71, 19, 87,45, 81, 47, 65, 170, 103, 48, 67, 61,
64,35, 76, 80, 140,77, 10, 167, 178, 155, 120, 156, 151, 12,
58,5,83,137,41,109, 2,66, 133, 62, 135, 28, 93, 128, 86, 57,
153, 161, 110, 52, 147, 141, 31, 79, 32, 88, 160, 84, 150, 6,
100,73,126,164,17,42,101,7,55,105,91,22,130, 154, 1,
82, 14,0, 9, 21, 50, 165, 72, 138, 175, 106, 108, 3, 169, 30,
157,54, 18, 20, 44,34, 134,107, 56, 53, 15, 162,38, 166, 24,
33, 60, 85, 145, 115, 43, 39, 40, 124, 149, 144, 132, 96, 11,
146,90,129,119,111,171,8,152,121,173,131,49,27, 118,
16, 148, 68, 177, 94, 179, 13, 114, 75, 51, 117, 25, 46, 136,
143,139,113, 127, 174,74, 29, 122, 158, 69, 97, 78, 63, 99,
112,104, 116, 172, 168, 23, and 123.

[2278] The 1st to 33rd examples of the GW pattern for the
LDPC code in which the code length N is 64 kbits can be
applied to any combination of the LDPC code in which the
code length N is 64 kbits with an arbitrary encoding rate r and
modulation scheme (constellation).

[2279] However, when the GW pattern to be applied to the
group-wise interleave is set for each combination of the code
length N of the LDPC code, the encoding rate r of the LDPC
code, and the modulation scheme (constellation), the error
rate of each combination can be further improved.

[2280] When the GW pattern of FIG. 109 is applied to, for
example, the combination of the ETRI symbol (64 k, 5/15)
and QPSK of FIG. 89, a particularly excellent error rate can
be achieved.

[2281] When the GW pattern of FIG. 110 is applied to, for
example, the combination of the ETRI symbol (64 k, 5/15)
and 16QAM of FIG. 90, a particularly excellent error rate can
be achieved.

[2282] When the GW pattern of FIG. 111 is applied to, for
example, the combination of the ETRI symbol (64 k, 5/15)
and 64QAM of FIG. 91, a particularly excellent error rate can
be achieved.

[2283] When the GW pattern of FIG. 112 is applied to, for
example, the combination of the Sony symbol (64 k, 7/15)
and QPSK of FIG. 89, a particularly excellent error rate can
be achieved.

[2284] When the GW pattern of FIG. 113 is applied to, for
example, the combination of the Sony symbol (64 k, 7/15)
and 16QAM of FIG. 90, a particularly excellent error rate can
be achieved.

[2285] When the GW pattern of FIG. 114 is applied to, for
example, the combination of the Sony symbol (64 k, 7/15)
and 64QAM of FIG. 91, a particularly excellent error rate can
be achieved.
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[2286] When the GW pattern of FIG. 115 is applied to, for
example, the combination of the Sony symbol (64 k, 9/15)
and QPSK of FIG. 89, a particularly excellent error rate can
be achieved.

[2287] When the GW pattern of FIG. 116 is applied to, for
example, the combination of the Sony symbol (64 k, 9/15)
and 16QAM of FIG. 90, a particularly excellent error rate can
be achieved.

[2288] When the GW pattern of FIG. 117 is applied to, for
example, the combination of the Sony symbol (64 k, 9/15)
and 64QAM of FIG. 91, a particularly excellent error rate can
be achieved.

[2289] When the GW pattern of FIG. 118 is applied to, for
example, the combination of the Sony symbol (64 k, 11/15)
and QPSK of FIG. 89, a particularly excellent error rate can
be achieved.

[2290] When the GW pattern of FIG. 119 is applied to, for
example, the combination of the Sony symbol (64 k, 11/15)
and 16QAM of FIG. 90, a particularly excellent error rate can
be achieved.

[2291] When the GW pattern of FIG. 120 is applied to, for
example, the combination of the Sony symbol (64 k, 11/15)
and 64QAM of FIG. 91, a particularly excellent error rate can
be achieved.

[2292] When the GW pattern of FIG. 121 is applied to, for
example, the combination of the Sony symbol (64 k, 13/15)
and QPSK of FIG. 89, a particularly excellent error rate can
be achieved.

[2293] When the GW pattern of FIG. 122 is applied to, for
example, the combination of the Sony symbol (64 k, 13/15)
and 16QAM of FIG. 90, a particularly excellent error rate can
be achieved.

[2294] When the GW pattern of FIG. 123 is applied to, for
example, the combination of the Sony symbol (64 k, 13/15)
and 64QAM of FIG. 91, a particularly excellent error rate can
be achieved.

[2295] When the GW pattern of FIG. 124 is applied to, for
example, the combination of the ETRI symbol (64 k, 5/15)
and 256QAM of FIGS. 92 and 93, a particularly excellent
error rate can be achieved.

[2296] When the GW pattern of FIG. 125 is applied to, for
example, the combination of the ETRI symbol (64 k, 7/15)
and 256QAM of FIGS. 92 and 93, a particularly excellent
error rate can be achieved.

[2297] When the GW pattern of FIG. 126 is applied to, for
example, the combination of the Sony symbol (64 k, 7/15)
and 256QAM of FIGS. 92 and 93, a particularly excellent
error rate can be achieved.

[2298] When the GW pattern of FIG. 127 is applied to, for
example, the combination of the Sony symbol (64 k, 9/15)
and 256QAM of FIGS. 92 and 93, a particularly excellent
error rate can be achieved.

[2299] When the GW pattern of FIG. 128 is applied to, for
example, the combination of the NERC symbol (64 k, 9/15)
and 256QAM of FIGS. 92 and 93, a particularly excellent
error rate can be achieved.

[2300] When the GW pattern of FIG. 129 is applied to, for
example, the combination of the Sony symbol (64 k, 11/15)
and 256QAM of FIGS. 92 and 93, a particularly excellent
error rate can be achieved.

[2301] When the GW pattern of FIG. 130 is applied to, for
example, the combination of the Sony symbol (64 k, 13/15)
and 256QAM of FIGS. 92 and 93, a particularly excellent
error rate can be achieved.
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[2302] When the GW pattern of FIG. 131 is applied to, for
example, the combination of the ETRI symbol (64 k, 5/15)
and 1024QAM of FIGS. 94 and 95, a particularly excellent
error rate can be achieved.

[2303] When the GW pattern of FIG. 132 is applied to, for
example, the combination of the ETRI symbol (64 k, 7/15)
and 1024QAM of FIGS. 94 and 95, a particularly excellent
error rate can be achieved.

[2304] When the GW pattern of FIG. 133 is applied to, for
example, the combination of the Sony symbol (64 k, 7/15)
and 1024QAM of FIGS. 94 and 95, a particularly excellent
error rate can be achieved.

[2305] When the GW pattern of FIG. 134 is applied to, for
example, the combination of the Sony symbol (64 k, 9/15)
and 1024QAM of FIGS. 94 and 95, a particularly excellent
error rate can be achieved.

[2306] When the GW pattern of FIG. 135 is applied to, for
example, the combination of the NERC symbol (64 k, 9/15)
and 1024QAM of FIGS. 94 and 95, a particularly excellent
error rate can be achieved.

[2307] When the GW pattern of FIG. 136 is applied to, for
example, the combination of the Sony symbol (64 k, 11/15)
and 1024QAM of FIGS. 94 and 95, a particularly excellent
error rate can be achieved.

[2308] When the GW pattern of FIG. 137 is applied to, for
example, the combination of the Sony symbol (64 k, 13/15)
and 1024QAM of FIGS. 94 and 95, a particularly excellent
error rate can be achieved.

[2309] When the GW pattern of FIG. 138 is applied to, for
example, the combination of the Samsung symbol (64 k,
6/15) and 4096QAM of FIGS. 96 and 97, a particularly excel-
lent error rate can be achieved.

[2310] When the GW pattern of FIG. 139 is applied to, for
example, the combination of the ETRI symbol (64 k, 7/15)
and 4096QAM of FIGS. 96 and 97, a particularly excellent
error rate can be achieved.

[2311] When the GW pattern of FIG. 140 is applied to, for
example, the combination of the Samsung symbol (64 k,
8/15) and 4096QAM of FIGS. 96 and 97, a particularly excel-
lent error rate can be achieved.

[2312] When the GW pattern of FIG. 141 is applied to, for
example, the combination of the Sony symbol (64 k, 9/15)
and 4096QAM of FIGS. 96 and 97, a particularly excellent
error rate can be achieved.

[2313] <Example of GW Pattern for LDPC Code of 16 k
Bits>

[2314] FIG. 142 is an illustration of a 1st example of a GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[2315] According to the GW pattern of FIG. 142, a
sequence of bit groups 0 to 44 of the LDPC code of 16 kbits
is interleaved into a sequence of bit groups

[2316] 21,41,15,29,0,23,16,12,38,43,2,3,4,20,31,27,
5,33,28,30,36,8,40,13,6,9, 18,24,7,39,10,17,37,1, 19,
22,25,26,14,32,34, 11, 35, 42, and 44.

[2317] FIG.143 is an illustration of a 2nd example of a GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[2318] According to the GW pattern of FIG. 143, a
sequence of bit groups 0 to 44 of the LDPC code of 16 kbits
is interleaved into a sequence of bit groups

[2319] 1,3,2,8,5,23,13,12,18,19,17, 20, 24, 26, 28, 30,
32,34,36,38,40,42,0,4,6,7,21, 16,10, 15,9, 11, 22, 14,
25,27,29,31,33,35,37, 39, 41, 43, and 44.
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[2320] FIG. 144 is an illustration of'a 3rd example of a GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[2321] According to the GW pattern of FIG. 144, a
sequence of bit groups 0 to 44 of the LDPC code of 16 kbits
is interleaved into a sequence of bit groups

[2322] 1,4,5,6,24,21,18,7,17,12,8, 20, 23, 29, 28, 30,
32,34,36,38,40,42,0, 2,3, 14,22, 13, 10, 25,9, 27, 19, 16,
15,26, 11, 31,33, 35, 37,39, 41, 43, and 44.

[2323] FIG. 145 is an illustration of a 4th example of a GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[2324] According to the GW pattern of FIG. 145, a
sequence of bit groups 0 to 44 of the LDPC code of 16 kbits
is interleaved into a sequence of bit groups

[2325] 3,0,4,7,18,9,19,27,32,10, 12,24, 8, 35, 30, 17,
22,20,36,38,40,42,2,5,1,6,14,15,23,16,11,21, 26, 13,
29, 33,31, 28, 25,34, 37, 39, 41, 43, and 44.

[2326] FIG. 146 is an illustration of a 5th example of a GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[2327] According to the GW pattern of FIG. 146, a
sequence of bit groups 0 to 44 of the LDPC code of 16 kbits
is interleaved into a sequence of bit groups

[2328] 137,0,41,19,43,8,38,3,29,13,22,6,4,2,9,26,39,
15,12,10,33,17, 20, 16, 21, 44, 42,27,7, 11, 30, 34, 24, 1,
23,35, 36, 25, 31, 18, 28, 32, 40, 5, and 14.

[2329] FIG. 147 is an illustration of a 6th example of a GW
pattern for an LDPC code in which a code length IN is 16 k
bits.

[2330] According to the GW pattern of FIG. 147, a
sequence of bit groups 0 to 44 of the LDPC code of 16 kbits
is interleaved into a sequence of bit groups

[2331] 6,28,17,4,3,38,13,41,44,43,7,40, 19, 2,23, 16,
37,15,30,20,11, 8, 1, 27,32, 34, 33, 39, 5, 9, 10, 18, 0, 31,
29,26, 14,21, 42,22, 12, 24,35, 25, and 36.

[2332] FIG. 148 is an illustration of a 7th example of a GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[2333] According to the GW pattern of FIG. 148, a
sequence of bit groups 0 to 44 of the LDPC code of 16 kbits
is interleaved into a sequence of bit groups
[2334] 27,11,20,1,7,5,29,35,9,10,34,18,2
17,0,23,16,41, 15,19, 44,24,37,4,31, 8,32, 1
40, 30, 36, 39, 43, 21, 3, 22,26, 33, and 38.
[2335] FIG.149isanillustration of an 8th example ofa GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[2336] According to the GW pattern of FIG. 149, a
sequence of bit groups 0 to 44 of the LDPC code of 16 kbits
is interleaved into a sequence of bit groups

[2337] 3,6,7,27,2,23,10,30,22,28, 24,20,37,21,4, 14,
11,42,16,9,15,26,33, 40, 5, 8, 44,34, 18, 0,32, 29, 19, 41,
38, 17, 25, 43, 35,36, 13, 39, 12, 1, and 31.

[2338] FIG. 150 is an illustration of a 9th example of a GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[2339] According to the GW pattern of FIG. 150, a
sequence of bit groups 0 to 44 of the LDPC code of 16 kbits
is interleaved into a sequence of bit groups

[2340] 31,38,7,9,13,21,39,12,10,1,43,15,30,0, 14,3,
42,34,40,24,28,35,8,11,23,4,20,17,41,19, 5,37,22,32,
18, 2, 26, 44, 25,33, 36, 27, 16, 6, and 29.

5,28,6,13,
4,42,12,2,
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[2341] FIG.151isanillustration of a 10thexample ofa GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[2342] According to the GW pattern of FIG. 151, a
sequence of bit groups 0 to 44 of the LDPC code of 16 kbits
is interleaved into a sequence of bit groups

[2343] 36,6,2,20,43,17,33,22,23,25,13,0,10,7,21,1,
19,26, 8, 14,31, 35,16, 5,29,40, 11,9, 4,34, 15, 42,32, 28,
18,37, 30,39, 24, 41, 3, 38,27, 12, and 44.

[2344] FIG.152isanillustration ofa 11thexample ofaGW
pattern for an LDPC code in which a code length N is 16 k
bits.

[2345] According to the GW pattern of FIG. 152, a
sequence of bit groups 0 to 44 of the LDPC code of 16 kbits
is interleaved into a sequence of bit groups

[2346] 14,22,18,11,28,26,2,38,10,0,5,12,24,17,29,
16,39, 13, 23, 8, 25,43,34,33,27,15,7,1, 9, 35, 40, 32, 30,
20, 36,31, 21, 41,44,3,42,6, 19,37, and 4.

[2347] FIG.153 isanillustration of a 12thexample ofa GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[2348] According to the GW pattern of FIG. 153, a
sequence of bit groups 0 to 44 of the LDPC code of 16 kbits
is interleaved into a sequence of bit groups

[2349] 17,11,14,7,31,10,2,26,0,32,29,22,33,12, 20,
28,27,39,37,15,4,5,8,13,38,18,23,34,24,6,1,9, 16, 44,
21,3, 36, 30, 40, 35, 43, 42,25, 19, and 41.

[2350] FIG.154isanillustration ofa 13thexample ofa GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[2351] According to the GW pattern of FIG. 154, a
sequence of bit groups 0 to 44 of the LDPC code of 16 kbits
is interleaved into a sequence of bit groups

[2352] 1,27,17,30,11,15,9,7,5,6,32,33,2,14,3,39, 18,
12,29, 13, 41,31, 4, 43, 35, 34, 40, 10, 19, 44, 8, 26, 21, 16,
28,0, 23, 38, 25, 36, 22,37, 42, 24, and 20.

[2353] FIG.1551sanillustration of a 14thexample ofa GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[2354] According to the GW pattern of FIG. 155, a
sequence of bit groups 0 to 44 of the LDPC code of 16 kbits
is interleaved into a sequence of bit groups

[2355] 41,2,12,6,33,1,13,11,26, 10,39, 43,36, 23, 42,
7,44,20,8,38,18,22,24,40,4,28,29,19, 14,5, 9,0, 30, 25,
35,37,27,32,31,34,21,3,15, 17, and 16,

[2356] FIG.156isanillustration ofa 15thexample ofa GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[2357] According to the GW pattern of FIG. 156, a
sequence of bit groups 0 to 44 of the LDPC code of 16 kbits
is interleaved into a sequence of bit groups

[2358] 17,2,30,12,7,25,27,3,15,14,4,26,34,31,13,22,
0,39,23,24,21,6,38,5,19,42, 11, 32, 28, 40, 20, 18, 36, 9,
41,10,33,37,1, 16, 8, 43, 29, 35, and 44.

[2359] FIG.157isanillustration ofa 16thexample ofa GW
pattern for an LDPC code in which a code length N is 16 k
bits.

[2360] According to the GW pattern of FIG. 157, a
sequence of bit groups 0 to 44 of the LDPC code of 16 kbits
is interleaved into a sequence of bit groups

[2361] 28,21,10,15,8,22,26,2,14,1,27,3,39,20,34,25,
12,6,7,40,30,29,38,16,43,33,4,35,9,32,5,36,0,41,37,
18,17, 13, 24, 42, 31, 23, 19, 11, and 44.
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[2362] The 1stto 16th examples of the GW pattern for the
LDPC code in which the code length N is 16 kbits can be
applied to any combination of the LDPC code in which the
code length N is 16 kbits with an arbitrary encoding rate r and
modulation scheme (constellation).

[2363] However, when the GW pattern to be applied to the
group-wise interleave is set for each combination of the code
length N of the LDPC code, the encoding rate r of the LDPC
code, and the modulation scheme (constellation), the error
rate of each combination can be further improved.

[2364] When the GW pattern of FIG. 142 is applied to, for
example, the combination ofthe LGE symbol (16k, 6/15) and
QPSK of FIG. 89, a particularly excellent error rate can be
achieved.

[2365] When the GW pattern of FIG. 143 is applied to, for
example, the combination of the Sony symbol (16 k, 8/15)
and QPSK of FIG. 89, a particularly excellent error rate can
be achieved.

[2366] When the GW pattern of FIG. 144 is applied to, for
example, the combination of the Sony symbol (16 k, 10/15)
and QPSK of FIG. 89, a particularly excellent error rate can
be achieved.

[2367] When the GW pattern of FIG. 145 is applied to, for
example, the combination of the Sony symbol (16 k, 12/15)
and QPSK of FIG. 89, a particularly excellent error rate can
be achieved.

[2368] When the GW pattern of FIG. 146 is applied to, for
example, the combination ofthe LGE symbol (16k, 6/15) and
16QAM of FIG. 101, a particularly excellent error rate can be
achieved.

[2369] When the GW pattern of FIG. 147 is applied to, for
example, the combination of the Sony symbol (16 k, 8/15)
and 16QAM of FIG. 101, a particularly excellent error rate
can be achieved.

[2370] When the GW pattern of FIG. 148 is applied to, for
example, the combination of the Sony symbol (16 k, 10/15)
and 16QAM of FIG. 101, a particularly excellent error rate
can be achieved.

[2371] When the GW pattern of FIG. 149 is applied to, for
example, the combination of the Sony symbol (16 k, 12/15)
and 16QAM of FIG. 101, a particularly excellent error rate
can be achieved.

[2372] When the GW pattern of FIG. 150 is applied to, for
example, the combination ofthe LGE symbol (16k, 6/15) and
64QAM of F1G. 102, a particularly excellent error rate can be
achieved.

[2373] When the GW pattern of FIG. 151 is applied to, for
example, the combination of the Sony symbol (16 k, 8/15)
and 64QAM of F1G. 102 a particularly excellent error rate can
be achieved.

[2374] When the GW pattern of FIG. 152 is applied to, for
example, the combination of the Sony symbol (16 k, 10/15)
and 64QAM of F1G. 102 a particularly excellent error rate can
be achieved.

[2375] When the GW pattern of FIG. 153 is applied to, for
example, the combination of the Sony symbol (16 k, 12/15)
and 64QAM of F1G. 102 a particularly excellent error rate can
be achieved.

[2376] When the GW pattern of FIG. 154 is applied to, for
example, the combination ofthe LGE symbol (16k, 6/15) and
256QAM of FIGS. 103 and 104 a particularly excellent error
rate can be achieved.
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[2377] When the GW pattern of FIG. 155 is applied to, for
example, the combination of the Sony symbol (16 k, 8/15)
and 256QAM of FIGS. 103 and 104 a particularly excellent
error rate can be achieved.

[2378] When the GW pattern of FIG. 156 is applied to, for
example, the combination of the Sony symbol (16 k, 10/15)
and 256QAM of FIGS. 103 and 104 a particularly excellent
error rate can be achieved.

[2379] When the GW pattern of FIG. 157 is applied to, for
example, the combination of the Sony symbol (16 k, 12/15)
and 256QAM of FIGS. 103 and 104 a particularly excellent
error rate can be achieved.

[2380] <Simulation Result>

[2381] FIG. 158 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 109 is applied to a
combination of the ETRI symbol (64 k, 5/15) and QPSK of
FIG. 89.

[2382] FIG. 159 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 110 is applied to a
combination of the ETRI symbol (64 k, 5/15) and 16QAM of
FIG. 90.

[2383] FIG. 160 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 111 is applied to a
combination of the ETRI symbol (64 k, 5/15) and 64QAM of
FIG. 91.

[2384] FIG. 161 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 112 is applied to a
combination of the Sony symbol (64 k, 7/15) and QPSK of
FIG. 89.

[2385] FIG. 162 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 113 is applied to a
combination of the Sony symbol (64 k, 7/15) and 16QAM of
FIG. 90.

[2386] FIG. 163 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 114 is applied to a
combination of the Sony symbol (64 k, 7/15) and 64QAM of
FIG. 91.

[2387] FIG. 164 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 115 is applied to a
combination of the Sony symbol (64 k, 9/15) and QPSK of
FIG. 89.

[2388] FIG. 165 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 116 is applied to a
combination of the Sony symbol (64 k, 9/15) and 16QAM of
FIG. 90.

[2389] FIG. 166 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 117 is applied to a
combination of the Sony symbol (64 k, 9/15) and 64QAM of
FIG. 91.

[2390] FIG. 167 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 118 is applied to a
combination of the Sony symbol (64 k, 11/15) and QPSK of
FIG. 89.

Jun. 9, 2016

[2391] FIG. 168 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 119 is applied to a
combination of the Sony symbol (64 k, 11/15) and 16QAM of
FIG. 90.

[2392] FIG. 169 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 120 is applied to a
combination of the Sony symbol (64 k, 11/15) and 64QAM of
FIG. 91.

[2393] FIG. 170 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 121 is applied to a
combination of the Sony symbol (64 k, 13/15) and QPSK of
FIG. 89.

[2394] FIG. 171 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 122 is applied to a
combination of the Sony symbol (64 k, 13/15) and 16QAM of
FIG. 90.

[2395] FIG. 172 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 123 is applied to a
combination of the Sony symbol (64 k, 13/15) and 64QAM of
FIG. 91.

[2396] FIG. 173 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 124 is applied to a
combination of the ETRI symbol (64 k, 5/15) and 256QAM
of FIGS. 92 and 93.

[2397] FIG. 174 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 125 is applied to a
combination of the ETRI symbol (64 k, 7/15) and 256QAM
of FIGS. 92 and 93.

[2398] FIG. 175 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 126 is applied to a
combination of the Sony symbol (64 k, 7/15) and 256QAM of
FIGS. 92 and 93.

[2399] FIG. 176 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 127 is applied to a
combination of the Sony symbol (64 k, 9/15) and 256QAM of
FIGS. 92 and 93.

[2400] FIG. 177 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 128 is applied to a
combination of the NERC symbol (64 k, 9/15) and 256QAM
of FIGS. 92 and 93.

[2401] FIG. 178 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 129 is applied to a
combination of the Sony symbol (64 k, 9/15) and 256QAM of
FIGS. 92 and 93.

[2402] FIG. 179 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 130 is applied to a
combination of the Sony symbol (64 k, 13/15) and 256QAM
of FIGS. 92 and 93.

[2403] FIG. 180 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
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error rate when the GW pattern of FIG. 131 is applied to a
combination of the ETRI symbol (64 k, 5/15) and 1024QAM
of FIGS. 94 and 95.

[2404] FIG. 181 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 132 is applied to a
combination of the ETRI symbol (64 k, 7/15) and 1024QAM
of FIGS. 94 and 95.

[2405] FIG. 182 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 133 is applied to a
combination of the Sony symbol (64 k, 7/15) and 1024QAM
of FIGS. 94 and 95.

[2406] FIG. 183 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 134 is applied to a
combination of the Sony symbol (64 k, 9/15) and 1024QAM
of FIGS. 94 and 95.

[2407] FIG. 184 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 135 is applied to a
combination ofthe NERC symbol (64 k, 9/15) and 1024QAM
of FIGS. 94 and 95

[2408] FIG. 185 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 136 is applied to a
combination of the Sony symbol (64 k, 11/15) and 1024QAM
of FIGS. 94 and 95.

[2409] FIG. 186 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 137 is applied to a
combination of the Sony symbol (64 k, 13/15) and 1024QAM
of FIGS. 94 and 95.

[2410] FIG. 187 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 138 is applied to a
combination of the Samsung symbol (64 k, 6/15) and
4096QAM of FIGS. 96 and 97.

[2411] FIG. 188 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 139 is applied to a
combination of the ETRI symbol (64 k, 7/15) and 4096QAM
of FIGS. 96 and 97.

[2412] FIG. 189 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 140 is applied to a
combination of the Samsung symbol (64 k, 8/15) and
4096QAM of FIGS. 96 and 97.

[2413] FIG. 190 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 141 is applied to a
combination of the Sony symbol (64 k, 9/15) and 4096QAM
of FIGS. 96 and 97.

[2414] FIG. 191 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 142 is applied to a
combination of the LGE symbol (16 k, 6/15) and QPSK of
FIG. 89.

[2415] FIG. 192 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 143 is applied to a
combination of the Sony symbol (16 k, 8/15) and QPSK of
FIG. 89.
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[2416] FIG. 193 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 144 is applied to a
combination of the Sony symbol (16 k, 10/15) and QPSK of
FIG. 89.

[2417] FIG. 194 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 145 is applied to a
combination of the Sony symbol (16 k, 12/15) and QPSK of
FIG. 89.

[2418] FIG. 195 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 146 is applied to a
combination of the LGE symbol (16 k, 6/15) and 16QAM of
FIG. 101.

[2419] FIG. 196 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 147 is applied to a
combination of the Sony symbol (16 k, 8/15) and 16QAM of
FIG. 101.

[2420] FIG. 197 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 148 is applied to a
combination of the Sony symbol (16 k, 10/15) and 16QAM of
FIG. 101.

[2421] FIG. 198 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 149 is applied to a
combination of the Sony symbol (16 k, 12/15) and 16QAM of
FIG. 101.

[2422] FIG. 199 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 150 is applied to a
combination of the LGE symbol (16 k, 6/15) and 64QAM of
FIG. 102.

[2423] FIG. 200 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 151 is applied to a
combination of the Sony symbol (16 k, 8/15) and 64QAM of
FIG. 102.

[2424] FIG. 201 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 152 is applied to a
combination of the Sony symbol (16 k, 10/15) and 64QAM of
FIG. 102.

[2425] FIG. 202 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 153 is applied to a
combination of the Sony symbol (16 k, 12/15) and 64QAM of
FIG. 102.

[2426] FIG. 203 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 154 is applied to a
combination of the LGE symbol (16 k, 6/15) and 256QAM of
FIGS. 103 and 104.

[2427] FIG. 204 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 155 is applied to a
combination of the Sony symbol (16 k, 8/15) and 256QAM of
FIGS. 103 and 104.

[2428] FIG. 205 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
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error rate when the GW pattern of FIG. 156 is applied to a
combination of the Sony symbol (16 k, 10/15) and 256QAM
of FIGS. 103 and 104.

[2429] FIG. 206 is an illustration of a BER/FER curve
indicating a simulation result of a simulation of measuring the
error rate when the GW pattern of FIG. 157 is applied to a
combination of the Sony symbol (16 k, 12/15) and 256QAM
of FIGS. 103 and 104.

[2430] FIGS. 158 to 206 illustrate BER/FER curves when
an AWGN channel is employed as the communication path 13
(FIG. 7) (the upper drawings) and BER/FER curves when a
Rayleigh (fading) channel is employed as the communication
path 13 (FIG. 7) (the lower drawings).

[2431] InFIGS. 158 to 206, “w bil” indicates a BER/FER
curve when the parity interleave, the group-wise interleave,
and the block-wise interleave are performed, and “w/o bil”
indicates a BER/FER curve when the parity interleave, the
group-wise interleave, and the block-wise interleave are not
performed.

[2432] As can be seen from FIGS. 158 to 206, when the
parity interleave, the group-wise interleave, and the block-
wise interleave are performed, it is possible to improve the
BER/FER and achieve the excellent the error rate compared
to when they are not performed.

[2433] Further, it is possible to apply the GW patterns of
FIGS. 109 to 157 to the constellation in which the signal point
arrangements illustrated in FIGS. 83 to 104 have been moved
symmetrically to the I axis or the Q axis, the constellation in
which the signal point arrangements illustrated in FIGS. 83 to
104 have been moved symmetrically to the origin, the con-
stellation in which the signal point arrangements illustrated in
FIGS. 83 to 104 have been rotated at an arbitrary angle cen-
tering on the origin, and the like in addition to the constella-
tion of QPSK, 16QAM, 64QAM, 256QAM, 1024QAM, and
4096QAM of the signal point arrangements illustrated in
FIGS. 83 to 104, and it is possible to obtain the same effects
as when the GW patterns of FIGS. 109 to 157 are applied to
the constellation of QPSK, 16QAM, 64QAM, 256QAM,
1024QAM, and 4096QAM of the signal point arrangements
illustrated in FIGS. 83 to 104.

[2434] Further, it is possible to apply the GW pattern of
FIGS. 109 to 157 to the constellation in which the most
significant bit (MSB) and the least significant bit (LSB) of the
symbol to be associated with (allocated to) the signal point are
interchanged in the signal point arrangements illustrated in
FIGS. 83 to 104 in addition to the constellation of QPSK,
16QAM, 64QAM, 256QAM, 1024QAM, and 4096QAM of
the signal point arrangements illustrated in FIGS. 83 to 104,
and it is possible to obtain the same effects as when the GW
patterns of FIGS. 109 to 157 are applied to the constellation of
QPSK, 16QAM, 64QAM, 256QAM, 1024QAM, and
4096QAM of the signal point arrangements illustrated in
FIGS. 83 to 104 as well.

[2435] <Configuration Example of Receiving Device 12>
[2436] FIG. 207 is a block diagram illustrating a configu-
ration example of the receiving device 12 of FIG. 7.

[2437] An OFDM operating unit 151 receives an OFDM
signal from the transmitting device 11 (FIG. 7) and executes
signal processing of the OFDM signal. Data that is obtained
by executing the signal processing by the OFDM operating
unit 151 is supplied to a frame managing unit 152.

[2438] The frame managing unit 152 executes processing
(frame interpretation) of a frame configured by the data sup-
plied from the OFDM operating unit 151 and supplies a signal
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of target data obtained as a result and a signal of signaling to
frequency deinterleavers 161 and 153.

[2439] The frequency deinterleaver 153 performs fre-
quency deinterleave in a unit of symbol, with respect to the
data supplied from the frame managing unit 152, and supplies
the symbol to a demapper 154.

[2440] The demapper 154 performs demapping (signal
point arrangement decoding) and orthogonal demodulation
on the data (the data on the constellation) supplied from the
frequency deinterleaver 153 based on the arrangement (con-
stellation) of the signal points decided according to the
orthogonal modulation performed at the transmitting device
11 side, and supplies the data ((the likelihood of) the LDPC
code) obtained as a result to the LDPC decoder 155.

[2441] The LDPC decoder 155 performs LDPC decoding
of'the LDPC code supplied from the demapper 154 and sup-
plies LDPC target data (in this case, a BCH code) obtained as
a result to a BCH decoder 156.

[2442] The BCH decoder 156 performs BCH decoding of
the LDPC target data supplied from the LDPC decoder 155
and outputs control data (signaling) obtained as a result.
[2443] Meanwhile, the frequency deinterleaver 161 per-
forms frequency deinterleave in aunit of symbol, with respect
to the data supplied from the frame managing unit 152, and
supplies the symbol to a SISO/MISO decoder 162.

[2444] The SISO/MISO decoder 162 performs spatiotem-
poral decoding of the data supplied from the frequency
deinterleaver 161 and supplies the data to a time deinterleaver
163.

[2445] The time deinterleaver 163 performs time deinter-
leave in a unit of symbol, with respect to the data supplied
from the SISO/MISO decoder 162, and supplies the datato a
demapper 164.

[2446] The demapper 164 performs demapping (signal
point arrangement decoding) and orthogonal demodulation
on the data (the data on the constellation) supplied from the
time deinterleaver 163 based on the arrangement (constella-
tion) of the signal points decided according to the orthogonal
modulation performed at the transmitting device 11 side, and
supplies the data obtained as a result to a bit deinterleaver 165.
[2447] The bit deinterleaver 165 perform the bit deinter-
leave on the data supplied from the demapper 164, and sup-
plies (the likelihood of) the LDPC code serving as the data
that has undergone the bit deinterleave to an LDPC decoder
166.

[2448] The LDPC decoder 166 performs LDPC decoding
of'the LDPC code supplied from the bit deinterleaver 165 and
supplies LDPC target data (in this case, a BCH code) obtained
as a result to a BCH decoder 167.

[2449] The BCH decoder 167 performs BCH decoding of
the LDPC target data supplied from the LDPC decoder 155
and supplies data obtained as a result to a BB descrambler
168.

[2450] The BB descrambler 168 executes BB descramble
with respect to the data supplied from the BCH decoder 167
and supplies data obtained as a result to a null deletion unit
169.

[2451] The null deletion unit 169 deletes null inserted by
the padder 112 of FIG. 8, from the data supplied from the BB
descrambler 168, and supplies the data to a demultiplexer
170.

[2452] The demultiplexer 170 individually separates one or
more streams (target data) multiplexed with the data supplied
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from the null deletion unit 169, performs necessary process-
ing to output the streams as output streams.

[2453] Here, the receiving device 12 can be configured
without including part of the blocks illustrated in FIG. 207.
That is, for example, in a case where the transmitting device
11 (FIG. 8) is configured without including the time inter-
leaver 118, the SISO/MISO encoder 119, the frequency inter-
leaver 120 and the frequency interleaver 124, the receiving
device 12 can be configured without including the time
deinterleaver 163, the SISO/MISO decoder 162, the fre-
quency deinterleaver 161 and the frequency deinterleaver 153
which are blocks respectively corresponding to the time inter-
leaver 118, the SISO/MISO encoder 119, the frequency inter-
leaver 120 and the frequency interleaver 124 of the transmit-
ting device 11.

[2454] <Configuration Example of Bit Deinterleaver 165>
[2455] FIG. 208 is a block diagram illustrating a configu-
ration example of the bit deinterleaver 165 of FIG. 207.
[2456] The bit deinterleaver 165 is configured with a block
deinterleaver 54 and a group-wise deinterleaver 55, and per-
forms the (bit) deinterleave of the symbol bits of the symbol
serving as the data supplied from the demapper 164 (FIG.
207).

[2457] In other words, the block deinterleaver 54 performs
the block deinterleave (the inverse process of the block inter-
leave) corresponding to the block interleave performed by the
block interleaver 25 of FIG. 9, that is, the block deinterleave
ofrestoring the positions of (the likelihood of) of the code bits
of the LDPC code rearranged by the block interleave to the
original positions on the symbol bits of the symbol supplied
from the demapper 164, and supplies the LDPC code
obtained as a result to the group-wise deinterleaver 55.

[2458] The group-wise deinterleaver 55 performs the
group-wise deinterleave (the inverse process of the group-
wise interleave) corresponding to the group-wise interleave
performed by the group-wise interleaver 24 of FIG. 9, that is,
the group-wise deinterleave of restoring the original
sequence by rearranging the code bits of the LDPC code
whose sequence has been changed in units of bit groups by the
group-wise interleave described above, for example, with
reference to FIG. 108 in units of bit groups on the LDPC code
supplied from the block deinterleaver 54

[2459] Here, when the LDPC code supplied from the
demapper 164 to the bit deinterleaver 165 has undergone the
parity interleave, the group-wise interleave, and the block
interleave, the bit deinterleaver 165 can perform all of the
parity deinterleave (the inverse process of the parity inter-
leave, that is, the parity deinterleave of restoring the code bits
of the LDPC code whose sequence has been changed by the
parity interleave to the original sequence) corresponding to
the parity interleave, the block deinterleave corresponding to
the block interleave, and the group-wise deinterleave corre-
sponding to the group-wise interleave.

[2460] However, the bit deinterleaver 165 of FIG. 208 is
provided with the block deinterleaver 54 that performs the
block deinterleave corresponding to the block interleave and
the group-wise deinterleaver 55 that performs the group-wise
deinterleave corresponding to the group-wise interleave, but
no block that performs the parity deinterleave corresponding
to the parity interleave is provided, and thus the parity deinter-
leave is not performed.

[2461] Thus, the LDPC code that has undergone the block
deinterleave and group-wise deinterleave but has not under-
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gone the parity deinterleave is supplied from (the group-wise
deinterleaver 55 of) the bit deinterleaver 165 to the LDPC
decoder 166.

[2462] The LDPC decoder 166 performs LDPC decoding
of the LDPC code supplied from the bit deinterleaver 165
using the transformed parity check matrix obtained by per-
forming at least the column permutation corresponding to the
parity interleave on the parity check matrix H of the DVB
scheme used for the LDPC encoding by the LDPC encoder
115 of FIG. 8 (or the transformed parity check matrix (FIG.
29) obtained by performing the row permutation on the parity
check matrix of the ETRI scheme (FIG. 27)), and outputs data
obtained as a result as a decoding result of LDPC target data.
[2463] FIG. 209 is a flowchart illustrating a process per-
formed by the demapper 164, the bit deinterleaver 165, and
the LDPC decoder 166 of FIG. 208.

[2464] In step S111, the demapper 164 performs demap-
ping and orthogonal demodulation on the data (the data onthe
constellation mapped to the signal points) supplied from the
time deinterleaver 163, and supplies the resulting data to the
bit deinterleaver 165, and the process proceeds to step S112.
[2465] In step S112, the bit deinterleaver 165 performs the
deinterleave (the bit deinterleave) on the data supplied from
the demapper 164, and the process proceeds to step S113.
[2466] Inother words, in step S112, in the bit deinterleaver
165, the block deinterleaver 54 performs the block deinter-
leave on the data (symbol) supplied from the demapper 164,
and supplies the code bits of the LDPC code obtained as a
result to the group-wise deinterleaver 55.

[2467] The group-wise deinterleaver 55 performs the
group-wise deinterleave on the LDPC code supplied from the
block deinterleaver 54, and supplies (the likelihood of) the
LDPC code obtained as a result to the LDPC decoder 166.
[2468] In step S113, the LDPC decoder 166 performs
LDPC decoding of the LDPC code supplied from the group-
wise deinterleaver 55 using the parity check matrix Hused for
the LDPC encoding by the LDPC encoder 115 of FIG. 8, that
is, using the transformed parity check matrix obtained from
the parity check matrix H, for example, and outputs the data
obtained as a result to the BCH decoder 167 as a decoding
result of the LDPC target data.

[2469] InFIG. 208, similarly to the example of FIG. 9, for
the sake of convenience of description, the block deinter-
leaver 54 that performs the block deinterleave and the group-
wise deinterleaver 55 that performs the group-wise deinter-
leave are configured individually, but the block deinterleaver
54 and the group-wise deinterleaver 55 may be configured
integrally.

[2470] <LDPC Decoding>

[2471] The LDPC decoding performed by the LDPC
decoder 166 of FIG. 207 will be described.

[2472] As described above, the LDPC decoder 166 of FIG.
207 performs the LDPC decoding of the LDPC code that is
supplied from the bit deinterleaver 165 and has undergone the
block deinterleave and the group-wise deinterleave but has
not undergone the parity deinterleave using the transformed
parity check matrix obtained by performing at least the col-
umn permutation corresponding to the parity interleave on the
parity check matrix H of'the DVB scheme used for the LDPC
encoding by the LDPC encoder 115 of FIG. 8 (or the trans-
formed parity check matrix (FIG. 29) obtained by performing
the row permutation on the parity check matrix of the ETRI
scheme (FIG. 27)).
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[2473] In this case, LDPC decoding that can suppress an
operation frequency at a sufficiently realizable range while
suppressing a circuit scale, by performing the LDPC decod-
ing using the transformed parity check matrix, is previously
suggested (for example, refer to JP 4224777B).

[2474] Therefore, first, the previously suggested LDPC
decoding using the transformed parity check matrix will be
described with reference to FIGS. 210 to 213.

[2475] FIG. 210 illustrates an example of a parity check
matrix H of an LDPC code in which a code length N is 90 and
an encoding rate is 2/3.

[2476] InFIG. 210 (and FIGS. 211 and 212 to be described
later), O is represented by a period (.).

[2477] In the parity check matrix H of FIG. 210, the parity
matrix becomes a staircase structure.

[2478] FIG. 211 illustrates a parity check matrix that is
obtained by executing row replacement of an expression (11)
and column replacement of an expression (12) with respect to
the parity check matrix H of FIG. 210.

Row Replacement: (6s++1)-th row—>(5t+s+1)-th row (11

Column Replacement: (6x+y+61)-th column—(Sy+x+
61)-th column (12)

[2479] In the expressions (11) and (12), s, t, X, and y are
integers in ranges of 0=s<5, 0=t<6, 0=x<5, and O=t=<6, respec-
tively.

[2480] According to the row replacement of the expression

(11), replacement is performed such that the 1st, 7th, 13rd,
19th, and 25th rows having remainders of 1 when being
divided by 6 are replaced with the 1st, 2nd, 3rd, 4th, and 5th
rows, and the 2nd, 8th, 14th, 20th, and 26th rows having
remainders of 2 when being divided by 6 are replaced with the
6th, 7th, 8th, 9th, and 10th rows, respectively.

[2481] According to the column replacement of the expres-
sion (12), replacement is performed such that the 61st, 67th,
73rd, 79th, and 85th columns having remainders of 1 when
being divided by 6 are replaced with the 61st, 62nd, 63rd,
64th, and 65th columns, respectively, and the 62nd, 68th,
74th, 80th, and 86th columns having remainders of 2 when
being divided by 6 are replaced with the 66th, 67th, 68th,
69th, and 70th columns, respectively, with respect to the 61st
and following columns (parity matrix).

[2482] In this way, a matrix that is obtained by performing
the replacements of the rows and the columns with respect to
the parity check matrix H of FIG. 210 is a parity check matrix
H' of FIG. 211.

[2483] In this case, even when the row replacement of the
parity check matrix H is performed, the sequence of the code
bits of the LDPC code is not influenced.

[2484] The column replacement of the expression (12) cor-
responds to parity interleave to interleave the (K+qx+y+1)-th
code bit into the position of the (K+Py+x+1)-th code bit,
when the information length K is 60, the unit size P is 5, and
the divisor q (=M/P) of the parity length M (in this case, 30)
is 6.

[2485] Therefore, the parity check matrix H' in FIG. 211 is
a transformed parity check matrix obtained by performing at
least column replacement that replaces the K+qx+y+1-th col-
umn of the parity check matrix H in FIG. 210 (which may be
arbitrarily called an original parity check matrix below) with
the K+Py+x+1-th column.

[2486] If the parity check matrix H' of FIG. 211 is multi-
plied with a result obtained by performing the same replace-
ment as the expression (12) with respect to the LDPC code of
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the parity check matrix H of FIG. 210, a zero vector is output.
That is, if a row vector obtained by performing the column
replacement of the expression (12) with respect to a row
vector ¢ as the LDPC code (one code word) of the original
parity check matrix H is represented as ¢', HcT becomes the
zero vector from the property of the parity check matrix.
Therefore, H'c¢'T naturally becomes the zero vector.

[2487] Thereby, the transformed parity check matrix H' of
FIG. 211 becomes a parity check matrix of an LDPC code ¢'
that is obtained by performing the column replacement of the
expression (12) with respect to the LDPC code ¢ of the origi-
nal parity check matrix H.

[2488] Therefore, the column replacement of the expres-
sion (12) is performed with respect to the LDPC code of the
original parity check matrix H, the LDPC code ¢' after the
column replacement is decoded (LDPC decoding) using the
transformed parity check matrix H' of FIG. 211, reverse
replacement of the column replacement of the expression
(12) is performed with respect to a decoding result, and the
same decoding result as the case in which the LDPC code of
the original parity check matrix H is decoded using the parity
check matrix H can be obtained.

[2489] FIG. 212 illustrates the transformed parity check
matrix H' of FIG. 211 with being spaced in units of 5x5
matrixes.

[2490] InFIG. 212, the transformed parity check matrix H'
is represented by a combination of a 5x5 (=pxp) unit matrix
that is a unit size P, a matrix (hereinafter, appropriately
referred to as a quasi unit matrix) obtained by setting one or
more 1 of the unit matrix to zero, a matrix (hereinafter, appro-
priately referred to as a shifted matrix) obtained by cyclically
shifting the unit matrix or the quasi unit matrix, a sum (here-
inafter, appropriately referred to as a sum matrix) of two or
more matrixes of the unit matrix, the quasi unit matrix, and
the shifted matrix, and a 5x5 zero matrix.

[2491] The transformed parity check matrix H' of FIG. 212
can be configured using the 5x5 unit matrix, the quasi unit
matrix, the shifted matrix, the sum matrix, and the zero
matrix. Therefore, the 5x5 matrixes (the unit matrix, the quasi
unit matrix, the shifted matrix, the sum matrix, and the zero
matrix) that constitute the transformed parity check matrix H'
are appropriately referred to as constitutive matrixes herein-
after.

[2492] When the LDPC code represented by the parity
check matrix represented by the PxP constitutive matrixes is
decoded, an architecture in which P check node operations
and variable node operations are simultaneously performed
can be used.

[2493] FIG. 213 is a block diagram illustrating a configu-
ration example of a decoding device that performs the decod-
ing.

[2494] That is, FIG. 213 illustrates the configuration
example of the decoding device that performs decoding ofthe
LDPC code, using the transformed parity check matrix H' of
FIG. 210 obtained by performing at least the column replace-
ment of the expression (12) with respect to the original parity
check matrix H of FIG. 212.

[2495] The decoding device of FIG. 213 includes a branch
data storing memory 300 that includes 6 FIFOs 300, to 3004,
a selector 301 that selects the FIFOs 300, to 300, a check
node calculating unit 302, two cyclic shift circuits 303 and
308, a branch data storing memory 304 that includes 18
FIFOs 304, to 304 ., a selector 305 that selects the FIFOs
304, to 304, ;, a reception data memory 306 that stores recep-
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tion data, a variable node calculating unit 307, a decoding
word calculating unit 309, a reception data rearranging unit
310, and a decoded data rearranging unit 311.

[2496] First, a method of storing data in the branch data
storing memories 300 and 304 will be described.

[2497] The branch data storing memory 300 includes the 6
FIFOs 300, to 300, that correspond to a number obtained by
dividing a row number 30 of the transformed parity check
matrix H' of FIG. 212 by a row number 5 of the constitutive
matrix (the unit size P). The FIFO 300, (y=1, 2, ..., and 6)
includes a plurality of steps of storage regions. In the storage
region of each step, messages corresponding to five branches
to be a row number and a column number of the constitutive
matrix (the unit size P) can be simultaneously read or written.
The number of steps of the storage regions of the FIFO 300,
becomes 9 to be a maximum number of the number (Ham-
ming weight) of 1 of a row direction of the transformed parity
check matrix of FIG. 212.

[2498] In the FIFO 300,, data (messages v, from variable
nodes) corresponding to positions of 1 in the first to fifth rows
of the transformed parity check matrix H' of FIG. 212 is
stored in a form filling each row in a transverse direction (a
form in which O is ignored). That is, if a j-th row and an i-th
column are represented as (j, 1), data corresponding to posi-
tions of 1 of a 5x5 unit matrix of (1, 1) to (5, 5) of the
transformed parity check matrix H' is stored in the storage
region of the first step of the FIFO 300, . In the storage region
of the second step, data corresponding to positions of 1 of a
shifted matrix (shifted matrix obtained by cyclically shifting
the 5x5 unit matrix to the right side by 3) of (1, 21) to (5, 25)
of'the transformed parity check matrix H' is stored. Similar to
the above case, in the storage regions of the third to eighth
steps, data is stored in association with the transformed parity
check matrix H'. In the storage region of the ninth step, data
corresponding to positions of 1 of a shifted matrix (shifted
matrix obtained by replacing 1 of the first row of the 5x5 unit
matrix with 0 and cyclically shifting the unit matrix to the left
side by 1) of (1, 86) to (5, 90) of the transformed parity check
matrix H' is stored.

[2499] Inthe FIFO 300,, data corresponding to positions of
1 in the sixth to tenth rows of the transformed parity check
matrix H' of FIG. 212 is stored. That is, in the storage region
of the first step of the FIFO 300,, data corresponding to
positions of 1 of the first shifted matrix constituting a sum
matrix (sum matrix to be a sum of the first shifted matrix
obtained by cyclically shifting the 5x5 unit matrix to the right
side by 1 and the second shifted matrix obtained by cyclically
shifting the 5x5 unit matrix to the right side by 2) of (6, 1) to
(10, 5) of the transformed parity check matrix H' is stored. In
addition, in the storage region of the second step, data corre-
sponding to positions of 1 of the second shifted matrix con-
stituting the sum matrix of (6, 1) to (10, 5) of the transformed
parity check matrix H' is stored.

[2500] That is, with respect to a constitutive matrix of
which the weight is two or more, when the constitutive matrix
is represented by a sum of multiple parts of a PxP unit matrix
of which the weight is 1, a quasi unit matrix in which one or
more elements of 1 in the unit matrix become 0, or a shifted
matrix obtained by cyclically shifting the unit matrix or the
quasi unit matrix, data (messages corresponding to branches
belonging to the unit matrix, the quasi unit matrix, or the
shifted matrix) corresponding to the positions of 1 in the unit
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matrix of the weight of 1, the quasi unit matrix, or the shifted
matrix is stored at the same address (the same FIFO among
the FIFOs 300, to 300,).

[2501] Subsequently, in the storage regions of the third to
ninth steps, data is stored in association with the transformed
parity check matrix H', similar to the above case.

[2502] Inthe FIFOs 300, to 300, data is stored in associa-
tion with the transformed parity check matrix H', similar to
the above case.

[2503] The branch data storing memory 304 includes 18
FIFOs 304, to 304, ; that correspond to a number obtained by
dividing a column number 90 of the transformed parity check
matrix H' by 5 to be a column number of a constitutive matrix
(the unit size P). The FIFO 304, (x=1, 2, ..., and 18) includes
aplurality of steps of storage regions. In the storage region of
each step, messages corresponding to five branches corre-
sponding to a row number and a column number of the con-
stitutive matrix (the unit size P) can be simultaneously read or
written.

[2504] In the FIFO 304,, data (messages u, from check
nodes) corresponding to positions of 1 in the first to fifth
columns of the transformed parity check matrix H' of FIG.
212 is stored in a form filling each column in a longitudinal
direction (a form in which 0 is ignored). That is, if a j-th row
and an i-th column are represented as (j, 1), data correspond-
ing to positions of 1 of a 5x5 unit matrix of (1, 1) to (5, 5) of
the transformed parity check matrix H' is stored in the storage
region of the first step of the FIFO 304, . In the storage region
of'the second step, data corresponding to positions of 1 of the
first shifted matrix constituting a sum matrix (sum matrix to
be a sum of the first shifted matrix obtained by cyclically
shifting the 5x5 unit matrix to the right side by 1 and the
second shifted matrix obtained by cyclically shifting the 5x5
unit matrix to the right side by 2) of (6, 1) to (10, 5) of the
transformed parity check matrix H' is stored. In addition, in
the storage region of the third step, data corresponding to
positions of 1 of the second shifted matrix constituting the
sum matrix of (6, 1) to (10, 5) of the transformed parity check
matrix H' is stored.

[2505] That is, with respect to a constitutive matrix of
which the weight is two or more, when the constitutive matrix
is represented by a sum of multiple parts of a PxP unit matrix
of which the weight is 1, a quasi unit matrix in which one or
more elements of 1 in the unit matrix become 0, or a shifted
matrix obtained by cyclically shifting the unit matrix or the
quasi unit matrix, data (messages corresponding to branches
belonging to the unit matrix, the quasi unit matrix, or the
shifted matrix) corresponding to the positions of 1 in the unit
matrix of the weight of 1, the quasi unit matrix, or the shifted
matrix is stored at the same address (the same FIFO among
the FIFOs 304, to 304,)

[2506] Subsequently, in the storage regions of the fourth
and fifth steps, data is stored in association with the trans-
formed parity check matrix H', similar to the above case. The
number of steps of the storage regions of the FIFO 304,
becomes 5 to be a maximum number of the number (Ham-
ming weight) of 1 of a row direction in the first to fifth
columns of the transformed parity check matrix H'.

[2507] Inthe FIFOs 304, and 304, data is stored in asso-
ciation with the transformed parity check matrix H', similarto
the above case, and each length (the number of steps) is 5. In
the FIFOs 304, to 304 ,, data is stored in association with the
transformed parity check matrix H', similar to the above case,
and each length is 3. In the FIFOs 304, to 304, data is
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stored in association with the transformed parity check matrix
H', similar to the above case, and each length is 2.

[2508] Next, an operation of the decoding device of FIG.
213 will be described.

[2509] The branch data storing memory 300 includes the 6
FIFOs 300, to 300,. According to information (matrix data)
D312 on which row of the transformed parity check matrix H'
in FIG. 212 five messages D311 supplied from a cyclic shift
circuit 308 of a previous step belongs to, the FIFO storing data
is selected from the FIFOs 300, to 300, and the five messages
D311 are collectively stored sequentially in the selected
FIFO. When the data is read, the branch data storing memory
300 sequentially reads the five messages D300, from the
FIFO 300, and supplies the messages to the selector 301 of a
next step. After reading of the messages from the FIFO 300,
ends, the branch data storing memory 300 reads the messages
sequentially from the FIFOs 300, to 300, and supplies the
messages to the selector 301.

[2510] The selector 301 selects the five messages from the
FIFO from which data is currently read, among the FIFOs
300, to 300, according to a select signal D301, and supplies
the selected messages as messages D302 to the check node
calculating unit 302.

[2511] The check node calculating unit 302 includes five
check node calculators 302, to 302,. The check node calcu-
lating unit 302 performs a check node operation according to
the expression (7), using the messages D302 (D302, to
D302,) (messages v, of the expression 7) supplied through the
selector 301, and supplies five messages D303 (D303, to
D303;) (messages u, of the expression (7)) obtained as a result
of the check node operation to a cyclic shift circuit 303.
[2512] The cyclic shift circuit 303 cyclically shifts the five
messages D303, to D303, calculated by the check node cal-
culating unit 302, on the basis of information (matrix data)
D305 onhow many the unit matrixes (or the quasi unit matrix)
becoming the origin in the transformed parity check matrix H'
are cyclically shifted to obtain the corresponding branches,
and supplies a result as messages D304 to the branch data
storing memory 304.

[2513] The branch data storing memory 304 includes the
eighteen FIFOs 304, to 304,,. According to information
D305 on which row of the transformed parity check matrix H'
five messages D304 supplied from a cyclic shift circuit 303 of
a previous step belongs to, the FIFO storing data is selected
from the FIFOs 304, to 304 ; and the five messages D304 are
collectively stored sequentially in the selected FIFO. When
the data is read, the branch data storing memory 304 sequen-
tially reads the five messages D304, from the FIFO 304, and
supplies the messages to the selector 305 of a next step. After
reading of the messages from the FIFO 304, ends, the branch
data storing memory 304 reads the messages sequentially
from the FIFOs 304, to 304, ; and supplies the messages to the
selector 305.

[2514] The selector 305 selects the five messages from the
FIFO from which data is currently read, among the FIFOs
304, to 304, ., according to a select signal D307, and supplies
the selected messages as messages D308 to the variable node
calculating unit 307 and the decoding word calculating unit
309.

[2515] Meanwhile, the reception data rearranging unit 310
rearranges the LDPC code D313, that is corresponding to the
parity check matrix H in FIG. 210, received through the
communication path 13 by performing the column replace-
ment of the expression (12) and supplies the LDPC code as
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reception data D314 to the reception data memory 306. The
reception data memory 306 calculates a reception LLR (Log
Likelihood Ratio) from the reception data D314 supplied
from the reception data rearranging unit 310, stores the recep-
tion LLR, collects five reception LLRs, and supplies the
reception LLRs as reception values D309 to the variable node
calculating unit 307 and the decoding word calculating unit
309.

[2516] The variable node calculating unit 307 includes five
variable node calculators 307, to 3075. The variable node
calculating unit 307 performs the variable node operation
according to the expression (1), using the messages D308
(D308, to D308;) (messages u, of the expression (1)) supplied
through the selector 305 and the five reception values D309
(reception values u,, of the expression (1)) supplied from the
reception data memory 306, and supplies messages D310
(D310, to D310,) (message v, of the expression (1)) obtained
as an operation result to the cyclic shift circuit 308.

[2517] The cyclic shift circuit 308 cyclically shifts the mes-
sages D310, to D310, calculated by the variable node calcu-
lating unit 307, on the basis of information on how many the
unit matrixes (or the quasi unit matrix) becoming the origin in
the transformed parity check matrix H' are cyclically shifted
to obtain the corresponding branches, and supplies a result as
messages D311 to the branch data storing memory 300.
[2518] By circulating the above operation in one cycle,
decoding (variable node operation and check node operation)
of'the LDPC code can be performed once. After decoding the
LDPC code by the predetermined number of times, the
decoding device of FIG. 213 calculates a final decoding result
and outputs the final decoding result, in the decoding word
calculating unit 309 and the decoded data rearranging unit
311.

[2519] That is, the decoding word calculating unit 309
includes five decoding word calculators 309, to 3095. The
decoding word calculating unit 309 calculates a decoding
result (decoding word) on the basis of the expression (5), as a
final step of multiple decoding, using the five messages D308
(D308, to D308;) (messages u; of the expression) output by
the selector 305 and the five reception values D309 (reception
values u,, of the expression (5)) supplied from the reception
data memory 306, and supplies decoded data D315 obtained
as a result to the decoded data rearranging unit 311.

[2520] The decoded data rearranging unit 311 performs the
reverse replacement of the column replacement of the expres-
sion (12) with respect to the decoded data D315 supplied from
the decoding word calculating unit 309, rearranges the order
thereof, and outputs the decoded data as a final decoding
result D316.

[2521] As mentioned above, by performing one or both of
row replacement and column replacement on the parity check
matrix (original parity check matrix) and converting it into a
parity check matrix (transformed parity check matrix) that
can be shown by the combination of a pxp unit matrix, a quasi
unit matrix in which one or more elements of 1 thereof
become 0, a shifted matrix that cyclically shifts the unit
matrix or the quasi unit matrix, a sum matrix that is the sum of
two or more of the unit matrix, the quasi unit matrix and the
shifted matrix, and a pxp O matrix, that is, the combination of
constitutive matrixes, as for LDPC code decoding, it becomes
possible to adopt architecture that simultaneously performs
check node calculation and variable node calculation by P
which is the number less than the row number and column
number of the parity check matrix. In the case of adopting the
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architecture that simultaneously performs node calculation
(check node calculation and variable node calculation) by P
which is the number less than the row number and column
number of the parity check matrix, as compared with a case
where the node calculation is simultaneously performed by
the number equal to the row number and column number of
the parity check matrix, it is possible to suppress the operation
frequency within a feasible range and perform many items of
iterative decoding.

[2522] The LDPC decoder 166 that constitutes the receiv-
ing device 12 of FIG. 207 performs the LDPC decoding by
simultaneously performing P check node operations and vari-
able node operations, similar to the decoding device of FIG.
213.

[2523] That is, for the simplification of explanation, if the
parity check matrix of the LDPC code output by the LDPC
encoder 115 constituting the transmitting device 11 of FIG. 8
is regarded as the parity check matrix H illustrated in FIG. 210
in which the parity matrix becomes a staircase structure, in
the parity interleaver 23 of the transmitting device 11, the
parity interleave to interleave the (K+qx+y+1)-th code bit into
the position of the (K+Py+x+1)-th code bit is performed in a
state in which the information K is set to 60, the unit size P is
set to 5, and the divisor q (=M/P) of the parity length M is set
to 6.

[2524] Because the parity interleave corresponds to the col-
umn replacement of the expression (12) as described above, it
is not necessary to perform the column replacement of the
expression (12) in the LDPC decoder 166.

[2525] For this reason, in the receiving device 12 of FIG.
207, as described above, the LDPC code in which the parity
deinterleave is not performed, that is, the LDPC code in a state
in which the column replacement of the expression (12) is
performed is supplied from the group-wise deinterleaver 55
to the LDPC decoder 166. In the LDPC decoder 166, the same
processing as the decoding device of FIG. 213, except that the
column replacement of the expression (12) is not performed,
is executed.

[2526] Thatis, FIG. 214 illustrates a configuration example
of the LDPC decoder 166 of F1IG. 207.

[2527] In FIG. 214, the LDPC decoder 166 has the same
configuration as the decoding device of FIG. 213, except that
the reception data rearranging unit 310 of FIG. 213 is not
provided, and executes the same processing as the decoding
device of FIG. 213, except that the column replacement of the
expression (12) is not performed. Therefore, explanation of
the LDPC decoder is omitted.

[2528] As described above, because the LDPC decoder 166
can be configured without providing the reception data rear-
ranging unit 310, a scale can be decreased as compared with
the decoding device of FIG. 213.

[2529] InFIGS. 210 to 214, for the simplification of expla-
nation, the code length N of the LDPC code is set to 90, the
information length K is set to 60, the unit size (the row
number and the column number of the constitutive matrix) P
is set to 5, and the divisor q (=M/P) of the parity length M is
set to 6. However, the code length N, the information length
K, the unit size P, and the divisor q (=M/P) are not limited to
the above values.

[2530] That is, in the transmitting device 11 of FIG. 8, the
LDPC encoder 115 outputs the LDPC code in which the code
length N is set to 64800 or 16200, the information length K is
set to N-Pq (=N-M), the unit size P is set to 360, and the
divisor q is set to M/P. However, the LDPC decoder 166 of
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FIG. 214 can be applied to the case in which P check node
operation and variable node operations are simultaneously
performed with respect to the LDPC code and the LDPC
decoding is performed.

[2531] Further, when the parity portion of the decoding
result is unnecessary, and only the information bits of the
decoding result are output after the decoding of the LDPC
code by the LDPC decoder 166, the LDPC decoder 166 may
be configured without the decoded data rearranging unit 311

[2532] <Configuration Example of Block Deinterleaver
54>
[2533] FIG. 215 is a block diagram illustrating a configu-

ration example of the block deinterleaver 54 of FIG. 208.
[2534] The block deinterleaver 54 has a similar configura-

tion to the block interleaver 25 described above with refer-
ence to FIG. 105.

[2535] Thus, the block deinterleaver 54 includes the stor-
age region called the part 1 and the storage region called the
part 2, and each of the parts 1 and 2 is configured such that a
number C of columns equal in number to the number m of bits
of'the symbol and serving as storage regions that store one bit
in the row (horizontal) direction and store a predetermined
number of bits in the column (vertical) direction are arranged.
[2536] The block deinterleaver 54 performs the block
deinterleave by writing the LDPC code in the parts 1 and 2
and reading the LDPC code from the parts 1 and 2.

[2537] However, in the block deinterleave, the writing of
the LDPC code (serving as the symbol) is performed in the
order in which the LDPC code is read by the block interleaver
25 of FIG. 105.

[2538] Further, in the block deinterleave, the reading of the
LDPC code is performed in the order in which the LDPC code
is written by the block interleaver 25 of FIG. 105.

[2539] Inother words, in the block interleave performed by
the block interleaver 25 of FIG. 105, the LDPC code is written
in the parts 1 and 2 in the column direction and read from the
parts 1 and 2 in the row direction, butin the block deinterleave
performed by the block deinterleaver 54 of FIG. 215, the
LDPC code is written in the parts 1 and 2 in the row direction
and read from the parts 1 and 2 in the column direction.

[2540] <Other Configuration Example of Bit Deinterleaver
165>
[2541] FIG. 216 is a block diagram illustrating another

configuration example of the bit deinterleaver 165 of FIG.
217.

[2542] Inthe drawings, portions that correspond to the case
of FIG. 208 are denoted with the same reference numerals and
explanation thereof is appropriately omitted hereinafter.
[2543] That is, the bit deinterleaver 165 of FIG. 216 has the
same configuration as the case of FIG. 208, except that a
parity deinterleaver 1011 is newly provided.

[2544] Referring to FIG. 216, the bit deinterleaver 165 is
configured with a block deinterleaver 54, a group-wise
deinterleaver 55, and a parity deinterleaver 1011, and per-
forms the bit deinterleave on the code bits of the LDPC code
supplied from the demapper 164.

[2545] Inother words, the block deinterleaver 54 performs
the block deinterleave (the inverse process of the block inter-
leave) corresponding to the block interleave performed by the
block interleaver 25 of the transmitting device 11, that is, the
block deinterleave of restoring the positions of the code bits
rearranged by the block interleave to the original positions on
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the LDPC code supplied from the demapper 164, and supplies
the LDPC code obtained as a result to the group-wise deinter-
leaver 55.

[2546] The group-wise deinterleaver 55 performs the
group-wise deinterleave corresponding to the group-wise
interleave serving as the rearrangement process performed by
the group-wise interleaver 24 of the transmitting device 11 on
the LDPC code supplied from the block deinterleaver 54.
[2547] The LDPC code that is obtained as a result of the
group-wise deinterleave is supplied from the group-wise
deinterleaver 55 to the parity deinterleaver 1011.

[2548] The parity deinterleaver 1011 performs the parity
deinterleave (reverse processing of the parity interleave) cor-
responding to the parity interleave performed by the parity
interleaver 23 of the transmitting device 11, that is, the parity
deinterleave to restore the sequence of the code bits of the
LDPC code of which a sequence is changed by the parity
interleave to the original sequence, with respect to the code
bits after the group-wise deinterleave in the group-wise
deinterleaver 55.

[2549] The LDPC code that is obtained as a result of the
parity deinterleave is supplied from the parity deinterleaver
1011 to the LDPC decoder 166.

[2550] Therefore, in the bit deinterleaver 165 of FIG. 216,
the LDPC code in which the block deinterleave, the group-
wise deinterleave, and the parity deinterleave are performed,
that is, the LDPC code that is obtained by the LDPC encoding
according to the parity check matrix H is supplied to the
LDPC decoder 166.

[2551] The LDPC decoder 166 performs the LDPC decod-
ing of the LDPC code supplied from the bit deinterleaver 165
using the parity check matrix H used for the LDPC encoding
by the LDPC encoder 115 of the transmitting device 11. In
other words, the LDPC decoder 166 performs the LDPC
decoding of the LDPC code supplied from the bit deinter-
leaver 165 using the parity check matrix H (of the DVB
scheme) used for the LDPC encoding by the LDPC encoder
115 of the transmitting device 11 or the transformed parity
check matrix obtained by performing at least the column
permutation corresponding to the parity interleave on the
parity check matrix H (for the ETRI scheme, the parity check
matrix (FIG. 28) obtained by performing the column permu-
tation on the parity check matrix (FI1G. 27) used for the LDPC
encoding or the transformed parity check matrix (FIG. 29)
obtained by performing the row permutation on the parity
check matrix (FIG. 27) used for the LDPC encoding).
[2552] InFIG. 216, the LDPC code that is obtained by the
LDPC encoding according to the parity check matrix H is
supplied from (the parity deinterleaver 1011 of) the bit
deinterleaver 165 to the LDPC decoder 166. For this reason,
when the LDPC decoding of the LDPC code is performed
using the parity check matrix H (of the DVB method) itself
used by the LDPC encoder 115 of the transmitting device 11
to perform the LDPC encoding (for the ETRI scheme, the
parity check matrix (FIG. 28) obtained by performing the
column permutation on the parity check matrix (FIG. 27)
used for the LDPC encoding), the LDPC decoder 166 can be
configured by a decoding device performing the LDPC
decoding according to a full serial decoding method to
sequentially perform operations of messages (a check node
message and a variable node message) for each node or a
decoding device performing the LDPC decoding according to
afull parallel decoding method to simultaneously (in parallel)
perform operations of messages for all nodes.
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[2553] Inthe LDPC decoder 166, when the LDPC decoding
of'the LDPC code is performed using the transformed parity
check matrix obtained by performing at least the column
replacement corresponding to the parity interleave with
respect to the parity check matrix H (of the DVB method)
used by the LDPC encoder 115 of the transmitting device 11
to perform the LDPC encoding (for the ETRI scheme, the
transformed parity check matrix (FIG. 29) obtained by per-
forming the row permutation on the parity check matrix (FIG.
27) used for the LDPC encoding), the LDPC decoder 166 can
be configured by a decoding device (FIG. 213) that is a
decoding device of an architecture simultaneously perform-
ing P (or divisor of P other than 1) check node operations and
variable node operations and has the reception data rearrang-
ing unit 310 to perform the same column replacement as the
column replacement (parity interleave) to obtain the trans-
formed parity check matrix with respect to the LDPC code
and rearrange the code bits of the LDPC code.

[2554] InFIG. 216, for the sake of convenience of descrip-
tion, the block deinterleaver 54 that performs the block
deinterleave, the group-wise deinterleaver 55 that performs
the group-wise deinterleave, and the parity deinterleaver
1011 that performs the parity deinterleave are configured
individually, but two or more of the block deinterleaver 54,
the group-wise deinterleaver 55, and the parity deinterleaver
1011 may be configured integrally, similarly to the parity
interleaver 23, the group-wise interleaver 24, and the block
interleaver 25 of the transmitting device 11.

[2555]

[2556] FIG. 217 is a block diagram illustrating a first con-
figuration example of a reception system that can be applied
to the receiving device 12.

[2557] In FIG. 217, the reception system includes an
acquiring unit 1101, a transmission path decoding processing
unit 1102, and an information source decoding processing
unit 1103.

[2558] The acquiring unit 1101 acquires a signal including
an LDPC code obtained by performing at least LDPC encod-
ing with respect to LDPC target data such as image data or
sound data of a program, through a transmission path (com-
munication path) not illustrated in the drawings, such as ter-
restrial digital broadcasting, satellite digital broadcasting, a
CATYV network, the Internet, or other networks, and supplies
the signal to the transmission path decoding processing unit
1102.

[2559] Inthis case, when the signal acquired by the acquir-
ing unit 1101 is broadcast from a broadcasting station through
aground wave, a satellite wave, or a CATV (Cable Television)
network, the acquiring unit 1101 is configured using a tuner
and an STB (Set Top Box). When the signal acquired by the
acquiring unit 1101 is transmitted from a web server by
multicasting like an IPTV (Internet Protocol Television), the
acquiring unit 1101 is configured using a network I/F (Inter-
face) such as an NIC (Network Interface Card).

[2560] The transmission path decoding processing unit
1102 corresponds to the receiving device 12. The transmis-
sion path decoding processing unit 1102 executes transmis-
sion path decoding processing including at least processing
for correcting error generated in a transmission path, with
respect to the signal acquired by the acquiring unit 1101
through the transmission path, and supplies a signal obtained
as a result to the information source decoding processing unit
1103.

<Configuration Example of Reception System>
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[2561] That is, the signal that is acquired by the acquiring
unit 1101 through the transmission path is a signal that is
obtained by performing at least error correction encoding to
correct the error generated in the transmission path. The
transmission path decoding processing unit 1102 executes
transmission path decoding processing such as error correc-
tion processing, with respect to the signal.

[2562] As the error correction encoding, for example,
LDPC encoding or BCH encoding exists. In this case, as the
error correction encoding, at least the LDPC encoding is
performed.

[2563] The transmission path decoding processing
includes demodulation of a modulation signal.

[2564] The information source decoding processing unit
1103 executes information source decoding processing
including at least processing for extending compressed infor-
mation to original information, with respect to the signal on
which the transmission path decoding processing is executed.
[2565] That is, compression encoding that compresses
information may be performed with respect to the signal
acquired by the acquiring unit 1101 through the transmission
path to decrease a data amount of an image or a sound corre-
sponding to information. In this case, the information source
decoding processing unit 1103 executes the information
source decoding processing such as the processing (extension
processing) for extending the compressed information to the
original information, with respect to the signal on which the
transmission path decoding processing is executed.

[2566] When the compression encoding is not performed
with respect to the signal acquired by the acquiring unit 1101
through the transmission path, the processing for extending
the compressed information to the original information is not
executed in the information source decoding processing unit
1103.

[2567] In this case, as the extension processing, for
example, MPEG decoding exists. In the transmission path
decoding processing, in addition to the extension processing,
descramble may be included.

[2568] In the reception system that is configured as
described above, in the acquiring unit 1101, a signal in which
the compression encoding such as the MPEG encoding and
the error correction encoding such as the LDPC encoding are
performed with respect to data such as an image or a sound is
acquired through the transmission path and is supplied to the
transmission path decoding processing unit 1102.

[2569] In the transmission path decoding processing unit
1102, the same processing as the receiving device 12 executes
as the transmission path decoding processing with respect to
the signal supplied from the acquiring unit 1101 and a signal
obtained as a result is supplied to the information source
decoding processing unit 1103.

[2570] In the information source decoding processing unit
1103, the information source decoding processing such as the
MPEG decoding is executed with respect to the signal sup-
plied from the transmission path decoding processing unit
1102 and an image or a sound obtained as a result is output.
[2571] The reception system of FIG. 217 described above
can be applied to a television tuner to receive television
broadcasting corresponding to digital broadcasting.

[2572] Each of the acquiring unit 1101, the transmission
path decoding processing unit 1102, and the information
source decoding processing unit 1103 can be configured as
one independent device (hardware (IC (Integrated Circuit)
and the like) or software module).
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[2573] With respect to the acquiring unit 1101, the trans-
mission path decoding processing unit 1102, and the infor-
mation source decoding processing unit 1103, each of a set of
the acquiring unit 1101 and the transmission path decoding
processing unit 1102, a set of the transmission path decoding
processing unit 1102 and the information source decoding
processing unit 1103, and a set of the acquiring unit 1101, the
transmission path decoding processing unit 1102, and the
information source decoding processing unit 1103 can be
configured as one independent device.

[2574] FIG. 218 is a block diagram illustrating a second
configuration example of the reception system that can be
applied to the receiving device 12.

[2575] Inthe drawings, portions that correspond to the case
ofFIG. 217 are denoted with the same reference numerals and
explanation thereof is appropriately omitted herein after.
[2576] The reception system of FIG. 218 is common to the
case of FIG. 217 in that the acquiring unit 1101, the transmis-
sion path decoding processing unit 1102, and the information
source decoding processing unit 1103 are provided and is
different from the case of FIG. 217 in that an output unit 1111
is newly provided.

[2577] The output unit 1111 is a display device to display
an image or a speaker to output a sound and outputs an image
or a sound corresponding to a signal output from the infor-
mation source decoding processing unit 1103. That is, the
output unit 1111 displays the image or outputs the sound.
[2578] The reception system of FIG. 218 described above
can be applied to a TV (television receiver) receiving televi-
sion broadcasting corresponding to digital broadcasting or a
radio receiver receiving radio broadcasting.

[2579] When the compression encoding is not performed
with respect to the signal acquired in the acquiring unit 1101,
the signal that is output by the transmission path decoding
processing unit 1102 is supplied to the output unit 1111.
[2580] FIG. 219 is a block diagram illustrating a third con-
figuration example of the reception system that can be applied
to the receiving device 12.

[2581] Inthe drawings, portions that correspond to the case
ofFIG. 217 are denoted with the same reference numerals and
explanation thereof is appropriately omitted hereinafter.
[2582] The reception system of FIG. 219 is common to the
case of FIG. 217 in that the acquiring unit 1101 and the
transmission path decoding processing unit 1102 are pro-
vided.

[2583] However, the reception system of FIG. 219 is dif-
ferent from the case of FIG. 217 in that the information source
decoding processing unit 1103 is not provided and a record-
ing unit 1121 is newly provided.

[2584] The recording unit 1121 records (stores) a signal
(for example, TS packets of TS of MPEG) output by the
transmission path decoding processing unit 1102 on record-
ing (storage) media such as an optical disk, a hard disk (mag-
netic disk), and a flash memory.

[2585] The reception system of FIG. 219 described above
can be applied to a recorder that records television broadcast-
ing.

[2586] In FIG. 219, the reception system is configured by
providing the information source decoding processing unit
1103 and can record the signal obtained by executing the
information source decoding processing by the information
source decoding processing unit 1103, that is, the image or the
sound obtained by decoding, by the recording unit 1121.



US 2016/0164540 Al

[2587)]

[2588] Next, the series of processing described above can
be executed by hardware or can be executed by software. In
the case in which the series of processing is executed by the
software, a program configuring the software is installed in a
general-purpose computer.

[2589] Therefore, FIG. 220 illustrates a configuration
example of an embodiment of the computer in which a pro-
gram executing the series of processing is installed.

[2590] The program can be previously recorded on a hard
disk 705 and a ROM 703 corresponding to recording media
embedded in the computer.

[2591] Alternatively, the program can be temporarily or
permanently stored (recorded) on removable recording media
711 such as a flexible disk, a CD-ROM (Compact Disc Read
Only Memory), an MO (Magneto Optical) disk, a DVD
(Digital Versatile Disc), a magnetic disk, and a semiconductor
memory. The removable recording media 711 can be pro-
vided as so-called package software.

[2592] Theprogram is installed from the removable record-
ing media 711 to the computer. In addition, the program can
be transmitted from a download site to the computer by wire-
less through an artificial satellite for digital satellite broad-
casting or can be transmitted to the computer by wire through
a network such as a LAN (Local Area Network) or the Inter-
net. The computer can receive the program transmitted as
described above by a communication unit 708 and install the
program in the embedded hard disk 705.

[2593] The computer includes a CPU (Central Processing
Unit) 702 embedded therein. An input/output interface 710 is
connected to the CPU 702 through a bus 701. If a user oper-
ates an input unit 707 configured using a keyboard, a mouse,
and a microphone and a command is input through the input/
output interface 710, the CPU 702 executes the program
stored in the ROM (Read Only Memory) 703, according to
the command. Alternatively, the CPU 702 loads the program
stored in the hard disk 705, the program transmitted from a
satellite or a network, received by the communication unit
708, and installed in the hard disk 705, or the program read
from the removable recording media 711 mounted to a drive
709 and installed in the hard disk 705 to the RAM (Random
Access Memory) 704 and executes the program. Thereby, the
CPU 702 executes the processing according to the flowcharts
described above or the processing executed by the configu-
rations of the block diagrams described above. In addition,
the CPU 702 outputs the processing result from the output
unit 706 configured using an LCD (Liquid Crystal Display) or
a speaker, transmits the processing result from the communi-
cation unit 708, and records the processing result on the hard
disk 705, through the input/output interface 710, according to
necessity.

[2594] In the present specification, it is not necessary to
process the processing steps describing the program for caus-
ing the computer to execute the various processing in time
series according to the order described as the flowcharts and
processing executed in parallel or individually (for example,
parallel processing or processing using an object) is also
included.

[2595] The program may be processed by one computer or
may be processed by a plurality of computers in a distributed
manner. The program may be transmitted to a remote com-
puter and may be executed.

<Embodiment of Computer>
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[2596] An embodiment of the disclosure is not limited to
the embodiments described above, and various changes and
modifications may be made without departing from the scope
of the disclosure.

[2597] That is, for example, (the parity check matrix initial
value table of) the above-described new LDPC code can be
used even if the communication path 13 (FIG. 7) is any of a
satellite circuit, a ground wave, a cable (wire circuit) and
others. In addition, the new LDPC code can also be used for
data transmission other than digital broadcasting.

[2598] The GW patterns can be applied to a code other than
the new LDPC code. Further, the modulation scheme to
which the GW patterns are applied is not limited to QPSK,
16QAM, 64QAM, 256QAM, 1024QAM, and 4096QAM.
[2599] The effects described in this specification are
merely examples and not limited, and any other effect may be
obtained.
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[2601] 12 receiving device

[2602] 23 parity interleaver

[2603] 24 group-wise interleaver
[2604] 25 block interleaver
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[2606] 55 group-wise deinterleaver
[2607] 111 mode adaptation/multiplexer
[2608] 112 padder
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[2610] 114 BCH encoder

[2611] 115 LDPC encoder

[2612] 116 bit interleaver

[2613] 117 mapper

[2614] 118 time interleaver

[2615] 119 SISO/MISO encoder
[2616] 120 frequency interleaver
[2617] 121 BCH encoder

[2618] 122 LDPC encoder

[2619] 123 mapper

[2620] 124 frequency interleaver
[2621] 131 frame builder/resource allocation unit
[2622] 132 OFDM generating unit
[2623] 151 OFDM operating unit
[2624] 152 frame managing unit
[2625] 153 frequency deinterleaver
[2626] 154 demapper

[2627] 155 LDPC decoder

[2628] 156 BCH decoder

[2629] 161 frequency deinterleaver
[2630] 162 SISO/MISO decoder
[2631] 163 time deinterleaver

[2632] 164 demapper

[2633] 165 bit deinterleaver

[2634] 166 LDPC decoder

[2635] 167 BCH decoder

[2636] 168 BB descrambler

[2637] 169 null deletion unit

[2638] 170 demultiplexer

[2639] 300 branch data storing memory
[2640] 301 selector

[2641] 302 check node calculating unit
[2642] 303 cyclic shift circuit

[2643] 304 branch data storing memory
[2644] 305 selector
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[2645]
[2646]
[2647]
[2648]
[2649]
[2650]
[2651]
[2652]
[2653]
[2654]
[2655]
[2656]
[2657]
[2658]
[2659]
[2660]
[2661]
[2662]
[2663]
[2664]
[2665]
[2666]
[2667]
[2668]
[2669]
[2670]
[2671]
[2672]
[2673]
[2674]
[2675]
[2676]
[2677]

1. A data processing device comprising:

an encoding unit configured to perform LDPC encoding
based on a parity check matrix of an LDPC code in
which a codelength N is 64800 bits and an encoding rate
ris 6/15;

a group-wise interleaving unit configured to perform
group-wise interleave of interleaving the LDPC code in
units of bit groups of 360 bits; and

amapping unit configured to map the LDPC code to any of
4096 signal points decided in a modulation scheme in
units of 12 bits, wherein

in the group-wise interleave, when an (i+1)-th bit group
from a head of the LDPC code is indicated by a bit group
i, a sequence of bit groups 0to 179 of the LDPC code of
64800 bits is interleaved into a sequence of bit groups

71,38, 98,159, 1,32, 28,177,125, 102, 83, 17, 121, 151,
66, 92, 140, 6, 165, 23,75, 91, 87, 108, 163, 50, 77, 39,
110, 128,73, 148, 14, 5, 68,37, 53, 93, 149, 26, 166, 48,
79, 10, 122, 150, 103, 178, 119, 101, 61, 34, 8, 86, 36,
138,146,72,179, 143, 147,89, 4,107, 33, 144, 141, 40,
100, 29, 118, 63, 46,20, 153, 90, 152, 124,7,30,31,43,
78,120, 85,25,52,47,64,81,175,94, 115, 15, 112, 99,
13,21,42,169,76,19,168,16,27,162,167,164,97,82,
44, 106, 12, 109, 132, 145, 161, 174, 95, 0, 105, 134,
173,84, 9, 65, 88, 54, 67,116,154, 80,22,172, 60, 111,
133,56, 170, 104,131, 123,24, 49, 113,136, 55, 3, 157,
156, 35, 58, 45, 155, 70, 59, 57, 171, 176, 74, 117, 18,
127, 114, 11, 69, 158, 129, 139, 62, 135, 96, 142, 41,
130, 160, 2, 126, 51, and 137,

306 reception data memory

307 variable node calculating unit
308 cyclic shift circuit

309 decoding word calculating unit
310 reception data rearranging unit
311 decoded data rearranging unit
601 encoding processing unit

602 storage unit

611 encoding rate setting unit

612 initial value table reading unit
613 parity check matrix generating unit
614 information bit reading unit
615 encoding parity operation unit
616 control unit

701 bus

702 CPU

703 ROM

704 RAM

705 hard disk

706 output unit

707 input unit

708 communication unit

709 drive

710 input/output interface

711 removable recording media
1001 reverse interchanging unit
1002 memory

1011 parity deinterleaver

1101 acquiring unit

1101 transmission path decoding processing unit
1103 information source decoding processing unit
1111 output unit

1121 recording unit
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the LDPC code includes an information bit and a parity bit,

the parity check matrix includes an information matrix
portion corresponding to the information bit and a parity
matrix portion corresponding to the parity bit,

the information matrix portion is represented by a parity
check matrix initial value table, and

the parity check matrix initial value table is a table in which
a position of a 1 element of the information matrix
portion is indicated for every 360 columns, and includes

1606 3402 4961 6751 7132 11516 12300 12482 12592
13342 13764 14123 21576 23946 24533 25376 25667
26836 31799 34173 35462 36153 36740 37085 37152
37468 37658

4621 5007 6910 8732 9757 11508 13099 15513 16335
18052 19512 21319 23663 25628 27208 31333 32219
33003 33239 33447 36200 36473 36938 37201 37283
37495 38642

16 1094 20203080 4194 5098 5631 6877 7889 8237 9804
10067 11017 11366 13136 13354 15379 18934 20199
24522 26172 28666 30386 32714 36390 37015 37162

700 897 1708 6017 6490 7372 7825 9546 10398 16605
18561 18745 21625 22137 23693 24340 24966 25015
26995 28586 28895 29687 33938 34520 34858 37056
38297

159201025733617 44524958 5556 5832 6481 82279924
10836 14954 15594 16623 18065 19249 22394 22677
23408 23731 24076 24776 27007 28222 30343 38371

3118 3545 4768 4992 5227 6732 8170 9397 10522 11508
15536 20218 21921 28599 29445 29758 29968 31014
32027 33685 34378 35867 36323 36728 36870 38335
38623

1264 4254 6936 9165 9486 9950 10861 11653 13697
13961 15164 15665 18444 19470 20313 21189 24371
26431 26999 28086 28251 29261 31981 34015 35850
36129 37186

111 1307 1628 2041 2524 5358 7988 8191 10322 11905
12919 14127 15515 15711 17061 19024 21195 22902
23727 24401 24608 25111 25228 27338 35398 37794
38196

961 3035 7174 7948 13355 13607 14971 18189 18339
18665 18875 19142 20615 21136 21309 21758 23366
24745 25849 25982 27583 30006 31118 32106 36469
36583 37920

2990 3549 4273 4808 5707 6021 6509 7456 8240 10044
12262 12660 13085 14750 15680 16049 21587 23997
25803 28343 28693 34393 34860 35490 36021 37737
38296

9554323 514568858123 97301184012216 19194 20313
23056 24248 24830 25268 26617 26801 28557 29753
30745 31450 31973 32839 33025 33296 35710 37366
37509

264 605 4181 4483 5156 7238 8863 10939 11251 12964
16254 17511 20017 22395 22818 23261 23422 24064
26329 27723 28186 30434 31956 33971 34372 36764
38123

5202562 2794352838604402 5676 6963 8655 9018 9783
11933 16336 17193 17320 19035 20606 23579 23769
24123 24966 27866 32457 34011 34499 36620 37526

10106 10637 10906 34242

1856 15100 19378 21848

943 11191 27806 29411

4575 6359 13629 19383

4476 4953 18782 24313

5441 6381 2184035943
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9638 9763 12546 30120

9587 10626 11047 25700

4088 15298 28768 35047

2332 6363 8782 28863

4625 4933 28298 30289

3541 4918 18257 31746

1221 25233 26757 34892

8150 16677 27934 30021

8500 25016 33043 38070

7374 10207 16189 35811

611 18480 20064 38261

25416 27352 36089 38469

1667 17614 25839 32776

4118 12481 21912 37945

5573 13222 23619 31271

18271 26251 27182 30587

14690 26430 26799 34355

13688 16040 20716 34558

2740 14957 23436 32540

3491 14365 14681 36858

4796 6238 25203 27854

1731 12816 17344 26025

19182 21662 23742 27872

6502 13641 17509 34713

12246 12372 16746 27452

1589 21528 30621 34003

12328 20515 30651 31432

3415 22656 23427 36395

632 5209 25958 31085

6193690 19648 37778

9528 13581 26965 36447

2147 26249 26968 28776

15698 18209 30683

1132 19888 34111

4608 25513 38874

4751729 34100

7348 32277 38587

182 16473 33082

3865 9678 21265

4447 20151 27618

6335 14371 38711

704 9695 28858

4856 9757 30546

1993 19361 30732

756 28000 29138

3821 24076 31813

4611 12326 32291

7628 21515 34995

1246 13294 30068

6466 33233 35865

14484 23274 38150

21269 36411 37450

23129 26195 37653.

2. A data processing method comprising:

an encoding step of performing LDPC encoding based on
a parity check matrix of an LDPC code in which a code
length N is 64800 bits and an encoding rate r is 6/15;

a group-wise interleaving step of performing group-wise
interleave of interleaving the LDPC code in units of bit
groups of 360 bits; and

a mapping step of mapping the LDPC code to any of 4096
signal points decided in a modulation scheme in units of
12 bits, wherein
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in the group-wise interleave, when an (i+1)-th bit group
from a head of the LDPC code is indicated by a bit group
i, a sequence of bit groups 0 to 179 of the LDPC code of
64800 bits is interleaved into a sequence of bit groups

71,38,98, 159, 1,32, 28,177, 125,102, 83, 17, 121, 151,
66, 92, 140, 6, 165, 23,75, 91, 87, 108, 163, 50, 77, 39,
110,128,73,148, 14, 5, 68,37, 53, 93, 149, 26, 166, 48,
79, 10, 122, 150, 103, 178, 119, 101, 61, 34, 8, 86, 36,
138,146,72,179, 143, 147,89, 4,107,33, 144, 141, 40,
100,29, 118, 63, 46, 20, 153, 90, 152, 124, 7,30,31, 43,
78,120,85,25,52,47,64,81,175,94, 115, 15,112, 99,
13,21,42,169,76,19,168,16,27,162,167,164, 97,82,
44,106, 12, 109, 132, 145, 161, 174, 95, 0, 105, 134,
173,84, 9, 65, 88, 54, 67,116, 154, 80,22, 172,60, 111,
133,56, 170, 104,131, 123,24, 49, 113,136, 55,3, 157,
156, 35, 58, 45, 155, 70, 59, 57, 171, 176, 74, 117, 18,
127, 114, 11, 69, 158, 129, 139, 62, 135, 96, 142, 41,
130, 160, 2, 126, 51, and 137,

the LDPC code includes an information bit and a parity bit,

the parity check matrix includes an information matrix
portion corresponding to the information bit and a parity
matrix portion corresponding to the parity bit,

the information matrix portion is represented by a parity
check matrix initial value table, and

the parity check matrix initial value table is a table in which
a position of a 1 element of the information matrix
portion is indicated for every 360 columns, and includes

1606 3402 4961 6751 7132 11516 12300 12482 12592
13342 13764 14123 21576 23946 24533 25376 25667
26836 31799 34173 35462 36153 36740 37085 37152
37468 37658

4621 5007 6910 8732 9757 11508 13099 15513 16335
18052 19512 21319 23663 25628 27208 31333 32219
33003 33239 33447 36200 36473 36938 37201 37283
37495 38642

16 1094 2020 3080 4194 5098 5631 6877 7889 8237 9804
10067 11017 11366 13136 13354 15379 18934 20199
24522 26172 28666 30386 32714 36390 37015 37162

700 897 1708 6017 6490 7372 7825 9546 10398 16605
18561 18745 21625 22137 23693 24340 24966 25015
26995 28586 28895 29687 33938 34520 34858 37056
38297

15920102573361744524958 5556 5832 6481 8227 9924
10836 14954 15594 16623 18065 19249 22394 22677
23408 23731 24076 24776 27007 28222 30343 38371

3118 35454768 4992 5227 6732 8170 9397 10522 11508
15536 20218 21921 28599 29445 29758 29968 31014
32027 33685 34378 35867 36323 36728 36870 38335
38623

1264 4254 6936 9165 9486 9950 10861 11653 13697
13961 15164 15665 18444 19470 20313 21189 24371
26431 26999 28086 28251 29261 31981 34015 35850
36129 37186

111 1307 1628 2041 2524 5358 7988 8191 10322 11905
12919 14127 15515 15711 17061 19024 21195 22902
23727 24401 24608 25111 25228 27338 35398 37794
38196

961 3035 7174 7948 13355 13607 14971 18189 18339
18665 18875 19142 20615 21136 21309 21758 23366
24745 25849 25982 27583 30006 31118 32106 36469
36583 37920
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2990 3549 4273 4808 5707 6021 6509 7456 8240 10044
12262 12660 13085 14750 15680 16049 21587 23997
25803 28343 28693 34393 34860 35490 36021 37737
38296

0554323 514568858123 97301184012216 19194 20313
23056 24248 24830 25268 26617 26801 28557 29753
30745 31450 31973 32839 33025 33296 35710 37366
37509

264 605 4181 4483 5156 7238 8863 10939 11251 12964
16254 17511 20017 22395 22818 23261 23422 24064
26329 27723 28186 30434 31956 33971 34372 36764
38123

520256227943528 38604402 5676 6963 8655 9018 9783
11933 16336 17193 17320 19035 20606 23579 23769
24123 24966 27866 32457 34011 34499 36620 37526

10106 10637 10906 34242

1856 15100 19378 21848

943 11191 27806 29411

4575 6359 13629 19383

4476 4953 18782 24313

5441 6381 21840 35943

9638 9763 12546 30120

9587 10626 11047 25700

4088 15298 28768 35047

2332 6363 8782 28863

4625 4933 28298 30289

3541 4918 18257 31746

1221 25233 26757 34892

8150 16677 27934 30021

8500 25016 33043 38070

7374 10207 16189 35811

611 18480 20064 38261

25416 27352 36089 38469

1667 17614 25839 32776

4118 12481 21912 37945

5573 13222 23619 31271

18271 26251 27182 30587

14690 26430 26799 34355

13688 16040 20716 34558

2740 14957 23436 32540

3491 14365 14681 36858

4796 6238 25203 27854

1731 12816 17344 26025

19182 21662 23742 27872

6502 13641 17509 34713

12246 12372 16746 27452

1589 21528 30621 34003

12328 20515 30651 31432

3415 22656 23427 36395

632 5209 25958 31085

619 3690 19648 37778

0528 13581 26965 36447

2147 26249 26968 28776

15698 18209 30683

1132 19888 34111

4608 25513 38874

4751729 34100

7348 32277 38587

18216473 33082

3865 9678 21265

4447 20151 27618

6335 14371 38711

704 9695 28858

4856 9757 30546
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1993 19361 30732

756 28000 29138

3821 24076 31813

4611 12326 32291

7628 21515 34995

1246 13294 30068

6466 33233 35865

14484 23274 38150

21269 36411 37450

23129 26195 37653.

3. A data processing device comprising:

a group-wise deinterleaving unit configured to restore a
sequence of an LDPC code that has undergone group-
wise interleave and has been obtained from data trans-
mitted from a transmitting device to an original
sequence,

the transmitting device including

an encoding unit configured to perform LDPC encoding
based on a parity check matrix of the LDPC code in
which a code length N is 64800 bits and an encoding rate
ris 6/15,

a group-wise interleaving unit configured to perform the
group-wise interleave of interleaving the LDPC code in
units of bit groups of 360 bits, and

a mapping unit configured to map the LDPC code to any of
4096 signal points decided in a modulation scheme in
units of 12 bits, wherein

in the group-wise interleave, when an (i+1)-th bit group
from a head of the LDPC code is indicated by a bit group
i, a sequence of bit groups 0 to 179 of the LDPC code of
64800 bits is interleaved into a sequence of bit groups

71,38,98, 159, 1,32, 28,177, 125,102, 83, 17, 121, 151,
66, 92, 140, 6, 165, 23,75, 91, 87, 108, 163, 50, 77, 39,
110,128,73,148, 14, 5, 68,37, 53, 93, 149, 26, 166, 48,
79, 10, 122, 150, 103, 178, 119, 101, 61, 34, 8, 86, 36,
138,146,72,179, 143, 147,89, 4,107,33, 144, 141, 40,
100,29, 118, 63, 46, 20, 153, 90, 152, 124, 7,30,31, 43,
78,120,85,25,52,47,64,81,175,94, 115, 15,112, 99,
13,21,42,169,76,19,168,16,27,162,167,164, 97,82,
44,106, 12, 109, 132, 145, 161, 174, 95, 0, 105, 134,
173,84, 9, 65, 88, 54, 67,116, 154, 80,22, 172,60, 111,
133,56, 170, 104,131, 123,24, 49, 113,136, 55,3, 157,
156, 35, 58, 45, 155, 70, 59, 57, 171, 176, 74, 117, 18,
127, 114, 11, 69, 158, 129, 139, 62, 135, 96, 142, 41,
130, 160, 2, 126, 51, and 137,

the LDPC code includes an information bit and a parity bit,

the parity check matrix includes an information matrix
portion corresponding to the information bit and a parity
matrix portion corresponding to the parity bit,

the information matrix portion is represented by a parity
check matrix initial value table, and

the parity check matrix initial value table is a table in which
a position of a 1 element of the information matrix
portion is indicated for every 360 columns, and includes

1606 3402 4961 6751 7132 11516 12300 12482 12592
13342 13764 14123 21576 23946 24533 25376 25667
26836 31799 34173 35462 36153 36740 37085 37152
37468 37658

4621 5007 6910 8732 9757 11508 13099 15513 16335
18052 19512 21319 23663 25628 27208 31333 32219
33003 33239 33447 36200 36473 36938 37201 37283
37495 38642
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16 1094 20203080 4194 5098 5631 6877 7889 8237 9804
10067 11017 11366 13136 13354 15379 18934 20199
24522 26172 28666 30386 32714 36390 37015 37162

700 897 1708 6017 6490 7372 7825 9546 10398 16605
18561 18745 21625 22137 23693 24340 24966 25015
26995 28586 28895 29687 33938 34520 34858 37056
38297

159201025733617 44524958 5556 5832 6481 82279924
10836 14954 15594 16623 18065 19249 22394 22677
23408 23731 24076 24776 27007 28222 30343 38371

31183545 4768 4992 5227 6732 8170 9397 10522 11508
15536 20218 21921 28599 29445 29758 29968 31014
32027 33685 34378 35867 36323 36728 36870 38335
38623

1264 4254 6936 9165 9486 9950 10861 11653 13697
13961 15164 15665 18444 19470 20313 21189 24371
26431 26999 28086 28251 29261 31981 34015 35850
36129 37186

111 1307 1628 2041 2524 5358 7988 8191 10322 11905
12919 14127 15515 15711 17061 19024 21195 22902
23727 24401 24608 25111 25228 27338 35398 37794
38196

961 3035 7174 7948 13355 13607 14971 18189 18339
18665 18875 19142 20615 21136 21309 21758 23366
24745 25849 25982 27583 30006 31118 32106 36469
36583 37920

2990 3549 4273 4808 5707 6021 6509 7456 8240 10044
12262 12660 13085 14750 15680 16049 21587 23997
25803 28343 28693 34393 34860 35490 36021 37737
38296

0554323 514568858123 97301184012216 19194 20313
23056 24248 24830 25268 26617 26801 28557 29753
30745 31450 31973 32839 33025 33296 35710 37366
37509

264 605 4181 4483 5156 7238 8863 10939 11251 12964
16254 17511 20017 22395 22818 23261 23422 24064
26329 27723 28186 30434 31956 33971 34372 36764
38123

520256227943528 38604402 5676 6963 8655 9018 9783
11933 16336 17193 17320 19035 20606 23579 23769
24123 24966 27866 32457 34011 34499 36620 37526

10106 10637 10906 34242

1856 15100 19378 21848

943 11191 27806 29411

4575 6359 13629 19383

4476 4953 18782 24313

5441 6381 21840 35943

9638 9763 12546 30120

9587 10626 11047 25700

4088 15298 28768 35047

2332 6363 8782 28863
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4625 4933 28298 30289
3541 4918 18257 31746
1221 25233 26757 34892
8150 16677 27934 30021
8500 25016 33043 38070
7374 10207 16189 35811
611 18480 20064 38261
25416 27352 36089 38469
1667 17614 25839 32776
4118 12481 21912 37945
5573 13222 23619 31271
18271 26251 27182 30587
14690 26430 26799 34355
13688 16040 20716 34558
2740 14957 23436 32540
3491 14365 14681 36858
4796 6238 25203 27854
1731 12816 17344 26025
19182 21662 23742 27872
6502 13641 17509 34713
12246 12372 16746 27452
1589 21528 30621 34003
12328 20515 30651 31432
3415 22656 23427 36395
632 5209 25958 31085
6193690 19648 37778
9528 13581 26965 36447
2147 26249 26968 28776
15698 18209 30683

1132 19888 34111

4608 25513 38874

475 1729 34100

7348 32277 38587

182 16473 33082

3865 9678 21265

4447 20151 27618

6335 14371 38711

704 9695 28858

4856 9757 30546

1993 19361 30732

756 28000 29138

3821 24076 31813

4611 12326 32291

7628 21515 34995

1246 13294 30068

6466 33233 35865

14484 23274 38150
21269 36411 37450
23129 26195 37653.
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