USOORE41499E

a9 United States

a2 Reissued Patent 10) Patent Number: US RE41,499 E
Nakatsuji et al. 45) Date of Reissued Patent: Aug. 10, 2010
(54) HIGH-SPEED ERROR CORRECTING 4,506,362 A * 3/1985 Morley .c.cocevrerirreerenee 714/6
APPARATUS WITH EFFICIENT DATA 4,775,978 A * 10/1988 Hartness .... ... 714/770
TRANSFER 4,845,713 A * 7/1989 Zook ......... ... 714/784
RE34,100 E  * 10/1992 Hartness .... ... 714/769
(75) Inventors: Fumio Nakatsuji, Kyoto-fu (JP); Yuichi 5A446,743 A : 8/1995 Zook ......... - 714/784
Hashimoto, Osaka-fu (JP) 5,629,949 A 5/1997 Zook. ................ ... 714/769
’ 5,631,914 A * 5/1997 Kashidaetal. ....... ... 714/755
. . . . 5,701,314 A * 12/1997 Armstrong et al. .......... 714/765
(73)  Assignee: Panasonic Corporation, Osaka (P) 5719.8%4 A * 2/1998 Rothetal. ........... ... T14/755
5,745,506 A * 4/1998 Yamashitaetal. .......... 714/760
(21)  Appl. No.: 11/951,276 5844919 A * 12/1998 Gloveretal. ............... 714/769
(22) Filed:  Dec. 5, 2007 5844920 A * 12/1998 Zooketal. ...ccccovecrr. 714/769
’ i 5,872,800 A * 2/1999 Gloveretal. ... ... 714/766
Related U.S. Patent Documents 5,974,580 A * 10/1999 Zooketal. ........ . T14/755
Reissue of: 5,991,911 A * 11/1999 Zook ............. ... 714/758
(64) Patént No.: 6.332.206 5,996,105 A * 11/1999 Zook ...... ... 714/755
o ’ ? 6,048,090 A * 4/2000 Z0OK ..ccovouurrririerinenannn. 714/755
f:suede :));/;-5168;3301 6,052,815 A * 42000 ZOOK crrorrorrrrerrrererree 714/758
ppl. No.: s
Filed: Feb. 24, 1999 FOREIGN PATENT DOCUMENTS
U.S. Applications: Jp 62-256270 . 11/1987
(62) Division of application No. 10/738,699, filed on Dec. 17, Jp 1293013 11/1989
2003, now abandoned. Jp 01293013 11/1989
(30) Foreign Application Priority Data * cited by examiner
Feb. 25,1998  (JP) ciioiioiiiieeee e 10-043219
Primary Examiner—Joseph D Torres
(51) Imt.Cl 4 P
nt. Cl.
HO3M 13/00 (2006.01) (57) ABSTRACT
GI1IC 29/00 (2006.01) . . .
An error correcting apparatus includes a storing means for
) ) ) storing product code with n, rows and n, columns, an error
(52) USCl i 771 144{/775; 1’771 14 4{/785 06 4'771144(/7; 09 5’ correcting unit 5 that performs error correction for four code
(58) Field of Classification S h ’ ’714/755 sequences simultaneously in parallel, and a bus control unit
ield of Classification Search ................. ,

2 for reading codes on four rows from the buffer memory 1
and transferring the codes to the error correcting unit 5. The
bus control unit 2 reads and transfers four consecutive codes
(56) References Cited on each of four rows in order before shifting the reading
position by four codes in the row direction.

714/756, 769
See application file for complete search history.

U.S. PATENT DOCUMENTS

3,622,985 A * 11/1971 Aylingetal. ................ 714/757 66 Claims, 39 Drawing Sheets
2100
BUFFER 2110
BUFFER T UNIT 2070
2120 2140
200 2150 ® AT N
DISC FIRST BUS THIRD HOST
FRONT END |- [INTER- b, ONTROL P{TRANSFERP-{IN TER- 13
PROCESSOR % TR ANSFER g C FACE COMPUTER
TACE T oIt onT__ o UNIT
ERROR DETECTING|[SECOND _}|.-2160
~JUNIT TRANSFER]
2190 ERROR CODE UNIT
S
»
g
2950 STORAGE UNIT \1{
y

l_)ERROR /2130

CORRECTING
UNIT




U.S. Patent Aug. 10, 2010 Sheet 1 of 39 US RE41,499 E

Fig. 1
nl
ki L ml .
———————;»CIDIRECTION§
INFORMATION | CI
n2| k2 | PARITY
{ DATA
C2 DIRECTION ;
I [Ciz
m2 C2PARITY DATA | PARITY
1 \ ' DATA
Fig. 2
’ nl
T >——————==w— ] ISTROW
T > T ZNDROW
ST >————————=w— | JRDROW
=TT —> —————==— | {THROW
R —> ————===— | STHROW
——————— —> ~——====— | 6THROW
2 "‘LE:—-'—: )A__._._-—-—-‘TW 7IHROW
g R > | STHROW
-------- > ———————=—— | I12-]THROW
! e > II7TH ROW




US RE41499 E

Sheet 2 of 39

Fig. 3

Aug. 10, 2010

U.S. Patent

—_— MOE y/d
lqltalﬁlsllf MO gUJ-1&
vt — W01 §:A T4
e e MOE yig-itr

- !
]
—> lnw lllll = ENINNTOD HiI¥
:::::::: > — NINOTOD uit
- — ————=me—— § NINTOD 119
T > —= SaEmammand ZED-HOU m.m-
—— == = § NINNTOD g1
— >—————===ae— ININTIOD quf
— D e e NINNTOD anNe
P == = § NIN[1TIOD 15/
|
N |



US RE41499 E

Sheet 3 of 39

Aug. 10, 2010

U.S. Patent

€06

106

LINSY
ONILVAdN VLVA
SAOINOYAH

LINM ONILVINOTVD
ANTVA 30933

S

Viva ALRVd ZOE%O&ZH
A

4 N Y
{ord‘...zd“1d ‘oo1p°*...‘cp‘zp‘ip }—
FONANOHIS FA0D
¥ "SI
LAV JONid




US RE41499 E

Sheet 4 of 39

Aug. 10, 2010

U.S. Patent

_{LINN ONILVAdA VIV
LS 5
LINN ONLLYTNOTVO SN TVA YOWIH - NOLLISOd YOWA

LIND qoﬁ%omw ONLL
HLNANOD 381a
TANNVEDFE -V LIgavH>] -VaaNg
1S0H VNG sndl  |ssEaaqy \—I1voiLio
€7 ILINNTONINOD SN Mgz Mz
—
w01 XOWEA ¥A34Ng




US RE41499 E

Sheet 5 of 39

Aug. 10, 2010

U.S. Patent

TOUINOD: <>
¢ LINN ONLIOTIH0D d0¥dd .
—H— Y1lvd:
¢1 LINQ
IO VIIELNI
LSOH
= M
owNodsne L 1 "
TR
\ ~— -
1 XIOWIW ¥ad4ng 9 “31q

C1 LINA
VAIUHLNI
> OSIA



US RE41499 E

Sheet 6 of 39

Aug. 10, 2010

U.S. Patent

SS LINN ONLLYIANAD FNOYANAS €— m+ \2 Y

$S LINN ONILVIINTO FNOIANAS <

L
™
)

£S LINM DNILVIANTD HNOIJANAS < ”

¢S LINS ONILVIINGD FINOYANAS <

. TLINO
"IOYLNOD SNd




US RE41499 E

Sheet 7 of 39

Aug. 10, 2010

U.S. Patent

9¢ LINN
DNILLV'I1DIVO
AN IVA JO¥dd
NOLLISOd 30344

L e R

Yivd WEJE ZO?%O&ZH

[ N[

\
{o1d*...‘zd*1d ‘oo1p*...“€p“epIp}

A ADNANOHS FAOD

(SSPS°€S)TS g ‘S



US RE41499 E

Sheet 8 of 39

Aug. 10, 2010

U.S. Patent

AD0Td an? | AOO0Td 1sl

cem | ADOTH quE | MO TH an? | MO0 Sﬂ
R __

c--- | MDOTE mrv | ¥DOTH qut | MO0 ant | AD0TE 1T
TOADury TDAD @f FIDADand  HTOAD sl

6 314

L1N4LOO0 VLvVd

NOILOFHEI0D 4oddd

LNdNI V1Vd



US RE41499 E

Sheet 9 of 39

Aug. 10, 2010

U.S. Patent

MOI 2t
MO pil 2
MO gic-tld
MOA -z

MOd 18
MO a1L
MO n19
MO pif
MO ury
MO e
MOT anNe

MOV 1 E% (I s% .a.a% (& E_%

-
“‘.‘
-
~
—— Jm—— # > A1 >
= A N ’ T
‘\\.v ' l|\| ’ \l‘\
- ’ - N e
= e e ;
- ’ ’ - ) -
= g
\\li q 4 PR ad ' Py ae
L § mmew " ws |\\|
= A P -
- ' - - -t
- 4 ’ P r L\\!
\\“‘ ~~ \\\\\ 7 “‘\\
.- ] P ] P
= P
MT IT“-"II

- o e e =

- -
e
— -
-

-
z s P et r3
- — —
- ’ - ] -
- , - -
- - ’ -
= ’ P A » Z
A > - \A >
Pl ! ’ Pl 4 o
hl L4 - (2 -t
- - -
- & ’ - F) -
- - -
e A I ~=——y P [ P
——n ¢ ’ 2 v e >
Ykl L d. el .~ Pk
!\‘l ’ - i l\\l
- I'd - -
- - -
- - ’ -
£ =

-
-
-

-

i wmn 1P mwmw w% N% Ev- o% mn

z

-
“‘
-
-
-

s

..---,v%.\m% “Z2p Eu 8P. &ﬁ\ bb .nn

0zp . .m% “3IP Dm VD \mﬁ\% IP

Tu

01 314



US RE41499 E

Sheet 10 of 39

Aug. 10, 2010

U.S. Patent

" LINN ONILOSRLISIA VIVd

+ - LIN(]
.8u FIpSIp9Ip ONILVIINTD
...... mZomaEm
...... A&
L _va%.ﬂbﬁ mmmmpm 0
+ LINN }
. % 0IPIPTIP | ONLLVIENTD
...... ANOIANAS
.......... 8
& ~ % TPTIPTD YEHNG ANANOIE—
LINN |
£p9pep’sp | ONLLVIEINTD
mzomazwm
%%%% mmm%mm:m:o 7
D LINQ
; S.% “Pvp'.1p| DNLLVIANTO
FNOIANAS
q <
: B DEPYPLID WWE: EIE :

-4
A vd
PP DD PP PP P OIP TP EID I I YIpLIp* -~

11 81y



US RE41499 E

Sheet 11 of 39

Aug. 10, 2010

U.S. Patent

NOLLVIQYTVO 71

INOLLY'INYTVO £1P

NOIVTINDTIVO IIP

NOLLVINOTVO0IP

NOLLVINDTVD 6P

NOLLVINDTVO &P

NOLLVINO TV LP

NOLLVINDTYD SP

NOLLYINOTVO 9P

NOILYTINDTIVOLIP

NOLLYINXTVO #P

NOLLVIADTVI £P

NOLLYTNOTVI 2P| NOLLY'INDTVO [P

7T AT

-
-
llllll
-
-t

3
Yy
.-
-
""

-
-
-
L.

lllll

.-,
-
ad d
e

-
-~
-
- of

I IPIIA6D]
aAXY

JNOIJANAS
MOY HIYNOA

NOLLVTIADTVD
HNOJYANAS
MOY ANODFS

NOLLY HIDTVO
FNOYANAS
MOY LS

HIASNY UL
vivda

71 3ig



US RE41,499 E

Sheet 12 of 39

Aug. 10, 2010

U.S. Patent

MOY Wi
MOJ g -1

MO wiZ-1U
MOF mif-TU

-
- -

-

NINNTOO wif

NRHI0D vy
NWNNTOD uid
NNQTOO wis

- é_ NINIYTOD wip

NRNNTOD
NINNTOD ang

1% | Nwn100 19
=

)

N

~

il T Y
-

<
-
-
-

w A
b | 922 &P
e N
T | ilapLuplowp] ep
...................... | SR tP L OP | 5P
............ "3 Ip
€1 '3

K



US RE41499 E

Sheet 13 of 39

Aug. 10, 2010

U.S. Patent

........... 1IN
PSP ZIp9Ip | ONLLYHANED |
TINOUANKS
8
WEHNE SN0
1D |DONILLVIENTD 1%
A NN (Y
% PSP | NS 2
>
g
_% T S NG AnANDM-A g
o
o
ONILVEENED| | &
\Zp‘opor V~
cP 9P OIP HNONANAS| | 5
S EEng IO @
.%% ‘DIPIP m
-
| ONLLYSENED
M m ‘6, M
; pepep TNOUANKS
5
_E T ww\h:mm:m:o :

4

€
D2 Py P P Lp 3P 0Ip LIP T IDEIP PIDSIP'9ID* - - -

1 314



US RE41499 E

Sheet 14 of 39

Aug. 10, 2010

U.S. Patent

T INOLLY IO TVO 918

NN

OLLYINYIVOCIP

NOILVTINOTVD 8P

NOILYINJTIVD #P

NOLLYINFIVI S TP

NOLLYINOTYD I1P

NOILVI(YTVD LP

NOLLVINYIVO

£P

NOILY IO TVI 81P

NOLLYTNOTYD #IP

NOLLYTINDIVO 0IP

NOLLYINDTVD

9p

NOILVI(IOTVD

NOILYINDTIVD
TNOUANAS
MOY¥ HLINO0A

NOLLYINDTVD
HANOQJANAS
MOd QUIHL

NOLLY'INITVD
HNOYANAS
MO¥ ANOOHS

NOLLVIDTVD

L1P

NOILVINOTVO £1IP

NOLLVINYTVD

6P

NOLLVINDTVO 5P

NOLLVINDTVO ID

MOY LSYId

L4t

[P,

gDl

8PI/PI9pIcp

3

- JHASNVEL
Vivd

1 '3



US RE41499 E

Sheet 15 of 39

Aug. 10, 2010

U.S. Patent

MOY gr1eld

MO uuI2d

MOI y18
MOd gL
MOIT 19
MOYF uis
MO pr
MO aut
MOd ane
MO 18/

—— . <—— 7 <
=
i P O S—
S P U G z
e ) .L.. e —

cazgrene T 4 %:5---@\.@% 9Ip_SIP zw\%
\ m% -L2P 5P 2y 2ip-11p %.\%
i iy m% 2/ N%. 80.--LP Wu.-.‘n.n
(1up)p” (1-1up)p 0Zp.. .%.. m% % wP.--EP TP IP |

Iu )

o1 817



US RE41499 E

Sheet 16 of 39

Aug. 10, 2010

U.S. Patent

MOY wiI

MOY nu-TU

NWOTOD pif

N0 g

NWOT0D uy?

NAMI00 yif

N0 and

NINTO0D 1o

-

(aup)p|

zu

L

LT 314



US RE41499 E

Sheet 17 of 39

Aug. 10, 2010

U.S. Patent

ou

el 7 ) L s P .
4 7 7 Lg 7 r i ' 4
o F) ? e ’ .’ N 7.
aom E~1| 2l 4 - - -’ [ 4 o’ ’ Pl
N- - m - - P m s a7 2 \\
A """ ?
- L G WS
-
]
]
]
]
’
MOdarr b et
- - - - -
I-TIT\ ' - < — - ¢ All\\
pd 7 4 - ’ -~ 1 4 -
Ll [ ] ] \‘ 7 “  ; \'
MO qut | ¢ =
7 .l eeaca e L v
A - IT

-
‘\-“ll‘-'-l

MO ang ............... p A:n 8P LP P £P

MO 157 { e Q% %. 9p Ahv mo %

| Ju

81 319



US RE41499 E

Sheet 18 of 39

Aug. 10, 2010

U.S. Patent

LIN(]

EPYDLD8P

ONLLVYINTD
HNOYANAS

4 mung anand/4

ONLLY NGO
Ip'2P’sP'9P |~ HINOYANAS
PP L7 hmsang anand ¢
29”

>
—
>
=
:
to
C
=
Z
Q
G
Z
]

g

<

[4 wb«%..ﬂb..ﬁ.b.@.@t»ﬁﬁ«%

61 314



US RE41499 E

Sheet 19 of 39

Aug. 10, 2010

U.S. Patent

NOLLVINYTVD 8D

NOLLVTIN)TVO ZP

NOLLV'INOTVD ¥P

NOILV'INDTVD £P

NOLLY'INOTYO 6P

NOILVI1OTVO 9P

NOLLYINYIVO SP

NOLLY'INYTVD 2P

-

NOLLVINDTVD IP

~

(rTep] [plzpd ﬂ%_%q\_wm_mm

aXe

MOY ANODES
NOLLY'INJTYD



US RE41499 E

Sheet 20 of 39

Aug. 10, 2010

U.S. Patent

Fig. 21

MOY wiitd

MO nU-1U



US RE41499 E

Sheet 21 of 39

Aug. 10, 2010

U.S. Patent

P SLINQ
" Fr T R NG
m 6% ] "

............... WELNE ANAND b

- e -y A -

llllllllllll

lllllllllll

- W o R o gn - -

\ Ipep'SpLP

HANOJANAS

R et

IDED'SPLD

d3LING ANINO

€

LINO ONILNGIILISIA VLVA

~7 Nﬁ.%qgnwﬁnﬁh@ﬁnhﬁn%v

T¢ 81



US RE41499 E

Sheet 22 of 39

Aug. 10, 2010

U.S. Patent

NOILYHDTVI 0IP

NOLLV'INOTVO 8P

NOLLVINY1VD 9P

NOLLVINDTVD #

NOLLVINOIVD ZP

NOLLV'INDTVD)
HNOUANAS
MOE ANODHS

NOLLVIND]

VD 6P

NOLLY'IND1

Vo LP

NOILYTINDTYO &P

NOLLYTNOTVD

NOLLYNO'TvD 17| OV LTV

OIP

6P

14

LD

9p

[yl

MOY 1514

24U

&P

[D

YHASNVIL

vVivd

€7 313



US RE41499 E

Sheet 23 of 39

Aug. 10, 2010

U.S. Patent

J4LNdNOD
LSOH

0.0t~

1IN
TOYINOD
WHLSAS F
| 7
0802 b AT TIOULNOD
OAYES
ogoc” A
LINN
m_ J40SSAD0¥d
qomew%m QNH LNO¥
TVOILIO| ==
0012~
| 4OIATA ONIAVEY JSIA TVOLLIO 010¢C
000z




US RE41499 E

Sheet 24 of 39

Aug. 10, 2010

U.S. Patent

A

LINO IO S
mUZMW%%m

LINIY HAOD MOWIH | | 061T
AHASNY LINQV—
001z [L_aNODISIFONLLOAIA] HOWIH
! LIN(1 LINN
. TING LIND 1INN
¥ININO) el TOVE SNV LI TOULNOD [« umISNY A L€ S
1SOH QAIHL snd IS !
LSOH L — E 5SIa
OLTZ 0812 0§12
oY1z 0ziz
\\
0L0¢C 1INN
TouiNoD OliC
JSIA TVOILdO
0012~

JOSSHOOUd
N4 LNOY4

ovoz”

67 31



US RE41499 E

Sheet 25 of 39

Aug. 10, 2010

U.S. Patent

091¢C

LINN YJLISNVIL ANODHS

0€1Z LINN ONLLOFIIOD d0YdH

0L1C

AFISNVILY
I1SId

LINN TOYLNOD
NOILLVILIgAYV
sndj .

0S1¢

JIISNVIEL
LSIIH



US RE41499 E

Sheet 26 of 39

Aug. 10, 2010

U.S. Patent

(bar yIWT:V ..<2D“ § 1)

tHVINA

THEVING



U.S. Patent Aug. 10, 2010 Sheet 27 of 39 US RE41,499 E

Fig. 28
2190 BUS CONTROL
UNIT
BT ECTING '
UNIT 790 2160
ERROR CODE SECOND
SEQUENCE | TRANSFER
STORAGE UNIT
2131 2134
] £ J Y /. ]
C1 CODE ERROR DATA

SERIES

REQUEST
U

GENERATING] | UPDATING
UNIT

2135

2130~ EUCLIDEAN | [CHAIN
[ERROR CALCULATIONP|CALCULATING
S%%BECHNG CIRCUIT UNIT

2132 2133



US RE41499 E

Sheet 28 of 39

Aug. 10, 2010

U.S. Patent

DO que] MO0 TH ang Y0018 1s1 A
WO ub| —— |ID0TE ang[¥O0T8 151 B
00T ;LSOO rr | JOOTE que DO ang o0 Ta as1|  NOMQESS
DO TE aLS|PI00TE 17| ID0TH qut | MO0 1 ang[ 30018 1s1|  ONINEAANS
SL yL A Al 1L AL
6T 311




US RE41499 E

Sheet 29 of 39

Aug. 10, 2010

U.S. Patent

| 00820 i DOAID | 00T i DOFID | NOLLOHJIOD
MOOTE Qg 5014 151 AOUYH
NOLLJALEA 3084 10| NOLLJALAA YORH [0 [NOLALATNONE D|  NOLLDELEd
Y0019 qut 0019 axnt MO0 151 Jd0ddd
AD0T9 @t MD0Td anT 0019 151 ONIIELING
€L Al 1L AL
0€ 31y




US RE41499 E

Sheet 30 of 39

Aug. 10, 2010

U.S. Patent

MOY nir | MO sl VAVG HONI
MOA 9 | MOd nw | MOY 157 NOLLY IS
MOUnZ | MOURD | MO¥ay | MOd 15T NOM LIV
MOU il | MOU il | MOUED | MOdppy | MOd rof | NOLLY LIV
ST bl €1 zl 11 TNLL
1€ 814




US RE41,499 E

Sheet 31 of 39

Allg. 10, 2010

U.S. Patent

MOY g1z

MOY mI8
MO¥ L
MOV u19
MOd IS
MOY g1y
MOd quf
MOY ane

MO 38! Q@NWIQ-E%. {Z-10p (c-1p eee

‘l!'-"-ll--l.\lll'

l‘l-ll'l-l-.ll"l‘l'll\l"l|I|.ll

||||||

\\l(l‘.‘-l.l

=Y
———
“ll.ll.lll
|||||||
"
llll

-
gy Satud
|\|.\|‘|
-

-
="

- -
="
-
‘l\-‘
Y

I|||.ll

--
-
\\\\\\
=

r
-

&P A% op

P vp €D 2P

Ip

Tu

U

7€ 811




US RE41499 E

Sheet 32 of 39

Aug. 10, 2010

U.S. Patent

MO gz

MOY gi¥
MOd »iL
MOY p1?
MOY HIS
MOY HY
MO aquf
MOd an?
MOY 15!

P— — m% ~mﬁAQmu\hm|% w..% .n%Avmw-\m%
--\\..A — coe ...w%.--&%AwNv \.m.mv ..N:u\.:v.Aa:u \mmv
el € - yep--" £CP AN.% rﬁ% .... 8D--" LD mbﬁ bu

pr([-1u -1u -I1, \\ p I :v .\\ 4
(1wp-Tr %hm )P (¢-10)p op &va 144 m.hANﬁ :u.
1u

¢¢ 3L




US RE41499 E

Sheet 33 of 39

Aug. 10, 2010

U.S. Patent

MOY urel

MOY 18

AOY B -— w1 < 0P G IS PP

Mo ue | << Y ..mmm-\&% < h% .Em--..% <P - 6P

modms | 7 . =y T

MO¥EY | L VR EP TP PP P P 0 (P

nouae| 7 L e

modaz | S

0¥ L7 | 2P N0 G P 1P
, .




US RE41499 E

Sheet 34 of 39

Aug. 10, 2010

U.S. Patent

JALNdNOD
LSCH

TOULNOD
WHLSAS

0802 “_w

> LIN{)

0L0T™

"TOILNOD
ISId
TVOLLdO

001E™

¥

YETIOULNGOD
OAYHdS

ogoz” A

J0OSSd00dd
{aNd INOYd

ovoT”

HDIAHJ ONIAVHY OSIA TVOLIdO

000s”




US RE41499 E

Sheet 35 of 39

Aug. 10, 2010

U.S. Patent

J9LNdNOD
LSCOH

0L0¢

JLINM
\ﬂOZEmHMMOU
0E1E JOAAA

LINGY  or1€
TOUINOD
OSI1d TVIOLLdO

001" 9¢ Sy




U.S. Patent

Aug. 10,2010 Sheet 36 of 39 US RE41,499 E
Fig. 37
BUS
CONTROL
UNIT
60
SECOND
DATA 3190
%ENIL%CTING
>, 3130
ERROR
N 3131 CORRECTING
CALCULATING ' UNIT
23135 UNIT 14
INPUT DATA| |BUFFER DATA
SYNDROME SYNDROME
STORAGE ST(I)'II%AGE

3136

EUCLIDEAN
CALCULATION UNIT

3132

CHAIN
CALCULATING
UNIT ,




US RE41499 E

Sheet 37 of 39

Aug. 10, 2010

U.S. Patent

00719 qutl Y0019 ang M201d sl Mmh%%z@mw
MoIdwy| —— [MO0Td ang MO0 i1 ¢ NOLLOZHROD
008 HLS| 0018 r| MO0 TE qut] ID0TE ang| 00 1 151| | NOMLOZIIOD
SO0 1S M00TE v |M00Td que| MD0Td ang| MO0 Td 151} ONRIEIANE
SL L A Af 1L HINLL
8¢ 311




US RE41499 E

Sheet 38 of 39

Aug. 10, 2010

U.S. Patent

A0014 isl M%wmwom O%
S (<O S I Q0HL) | Z NOLLOEY 0D
MD0719 anT 300714 151 Joyad
RECL N O0HD . 9oEld I NOLLOEEE0D
0019 ayt MO0TE ant 00719 1s! s (02t
00T qut MO0 ane MD0Td 15l ONIELING

€L (A IL TNIL

6¢ 314




US RE41499 E

Sheet 39 of 39

Aug. 10, 2010

U.S. Patent

AT ot AOY Q. NHITKO @i MO¥ ax? PATYTON 151} MOY yst gdLvadn
¥00T 55! 00T vt | 10T 1] +90079 et | XDOTH st $XOOTE e VIVA J0WIH
MO NAITIOO mit| MOd gt TNAITIO0 aii| ROY ang INFIVIOO 1s1] MDY s NOLLYINDTVD

DO oyt YO0 551 PIOOTE aids J00TH sst PIOOTE @ 3008 15t [XO0E o NIVHD

NAI0D i MO¥my NATOD e MO . NAI00 o MOY ot [NAINI0D sl MOYys1 NOLLVINOTYD
30018 151 300 ant | Y0018 ss1 00T gnt} Y00 151 HDOTH anZ| X008 as1 210078 an| NYIQIrDNg

NINTTIOD 516 | NWIYIOD riy | NIWNIOD qut | NIWNTOD an? | NIWNTOD 35T |NOLLYINDTYD
%0014 15l AOOTd g1 M0071d sl MD079 15l AD0TE 151 | FNOUANAS D
MOd 1S MO w1y MOY qut MOY aNT MO¥ isT  |NOLLVINDTYD
D074 aNZ M00Td gNT 0019 anT AD0719 gne AO0Td ant | TAOUANAS 1D
S 12 £ (4} 8! FINLL
0¥ "8 q




US RE41,499 E

1

HIGH-SPEED ERROR CORRECTING
APPARATUS WITH EFFICIENT DATA
TRANSFER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

Notice: More than one reissue application has been filed
Jfor the reissue of U.S. Pat. No. 6,332,206. This is a reissue
divisional application of U.S. application Ser. No. 10/738,
699, filed on Dec. 17, 2003 now abandoned which is a reis-
sue application of U.S. Pat. No. 6,332,206 issued on Dec. 18,
2001. A second reissue divisional application of U.S. appli-
cation Ser. No. 10/738,699 was filed on Dec. 5, 2007 and
assigned application Ser. No. 11/951,272, now abandoned.

[This application is based on application No. H10-43219
filed in Japan, the contents of which are hereby incorporated
by reference.]

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to an apparatus that corrects
errors in decoded data. In particular, the invention relates to
an apparatus for correcting errors in two-dimensional block
code at high speed.

(2) Description of the Prior Art

When a data storage device uses a magnetic or optical disc
as a storage medium, scratches or dirt on the disc can cause
data errors. To enable such errors to be corrected, codes
specifically for this purpose are added when recording data
onto the storage medium. These codes are commonly called
error correction codes are parity data. During the reproduc-
tion of recorded data, errors are detected using the error
correction codes and the detected errors are corrected.
Hereafter, the processing for adding these error correction
codes and the processing for correcting errors will collec-
tively be called “error-related processing”. To improve the
performance of error-related processing, many systems use
Reed-Solomon codes as the error correction codes and prod-
uct code as the data structure.

FIG. 1 shows an example of product code. Information
composed of k1*k2 bytes is assigned m1 bytes of parity data
in the horizontal (row) direction (hereinafter the “C1 series”
or “Cl1 direction”) and m2 bytes of parity data in the vertical
(column) direction (hereinafter the “C2 series” or “C2
direction”). The combination of the information, the C1 par-
ity data and the C2 parity data compose one block. This
block is the largest unit for which error correction can be
performed. This block is n1*n2 bytes in size. Usually, the
information and the parity data will be stored in a memory
such as a DRAM (Dynamic Random Access Memory) by
incrementing the address in the memory by one in the C1
direction. As a result, the data that composes the code
sequences in the C1 direction is stored in storage areas with
consecutive addresses. Conversely, the code sequences in
the C2 direction is stored in storage areas with non-
consecutive addresses. Note that the separate codes that
compose the product data will be called “data” or “data ele-
ments” in the following explanation.

FIG. 2 shows the flow of the error correction performed
for the code sequences in the C1 direction. Error correction
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is first performed for the code sequence in the first row. The
processing then proceeds to the second and following rows
and is repeated a total of n, times. This means that data is
scanned and error correction is performed for one entire row
at a time. The term “scan” here also refers to the reading
order used when reading the data that is to be subjected to
error detection and error correction from the storage areas.
In this text, the term “error detection” refers to processing
that does not include error correction. The term “error cor-
rection” meanwhile can refer both to error correction and to
the error detection that precedes it.

FIG. 3 shows the flow of the error correction performed
on the C2 code sequences. Error correction is first performed
for the code sequence in the first column. The processing
then proceeds to the second and following columns and is
repeated a total of n, times. This means that data is scanned
and error correction is performed for one entire column at a
time.

FIG. 4 is a block diagram showing the composition of a
conventional error correction apparatus that performs error
correction with the flow described above. In this example,
there are 100 bytes of information numbered d1 to d100 and
10 bytes of parity data numbered pl to p10. Together these
form one code sequence.

The information and parity data are read from the memory
and sequentially inputted into the syndrome generating unit
900. The syndrome generating unit 900 performs a predeter-
mined calculation whenever one data element is inputted
and, when all of the information d1~d100 and parity data
pl~p10 that compose one code sequence have been inputted,
generates ten syndromes. If non-zero data is present in any
of these syndromes, this means that an error is present in the
code sequences, so that the error position-error value calcu-
lating unit 901 uses the syndromes to calculate the error
position and the error value. Here, the “error position™ is
information showing the position of the erroneous data ele-
ment in the code sequence, while the “error value” shows the
size of the error. Finally, the error data updating unit 902
uses the error position and error value to read the error data
from the memory and to correct the error, before writing the
updated value back into the same position in the memory.
This processing is then repeated for another code sequence.

As described above, a conventional error correction appa-
ratus scans and performs error correction one row at a time
for code sequences in the C1 direction and one column at a
time for code sequences in the C2 direction. In this way,
error correction is performed for every code sequence that
composes a block.

In recent years, there have been increasing demands for
improvements in the processing speed of data storage
devices such as modern optical disc drives. Conventional
error correction apparatuses, however, are unable to satisfy
these demands.

To meet such demands, it would conceivably be possible
to use plurality of error correction apparatuses in parallel
within a single data storage device. Such an arrangement
would however require a large-scale circuit and would
reduce cost performance.

SUMMARY OF THE INVENTION

In view of'the stated problems, it is a primary object of the
present invention to provide an error correcting apparatus
that can perform the processing required for error correction
at high speed with a small-scale circuit.

This primary object can be achieved by an error correcting
apparatus that repeatedly performs calculations that are



US RE41,499 E

3

required for error correction on code sequences in a row
direction and a column direction in block code of R rows and
L columns, the error correcting apparatus including: a stor-
ing unit for storing the block code; a calculating unit for
performing calculations for correcting errors in the block
code in units of one of (a) one row and (b) one column; and a
transfer unit, including a row direction transferring unit for
repeatedly reading code sequences on R1 (where R1 is an
integer such that 2=R1<R) rows in the block code from the
storing unit and transferring the read code sequences to the
calculating unit until all R rows have been read and
transferred, the row direction transferring unit transferring
the code sequences on the R1 rows from the storing unit to
the calculating unit by repeatedly reading and transferring
sections of [.1 consecutive codes (where [.1 is an integer
such that 2=[.1<L) on the R1 rows in order, shifting a read
position by L1 codes after reading [.1 consecutive codes on
each of the R1 rows, wherein when codes have been trans-
ferred by the row direction transferring unit, the calculating
unit performs the calculations for the code sequences on the
R1 rows in parallel, treating the received codes as [.1-code-
wide sections of the code sequences on different rows in the
R1 rows.

With the stated construction, error correction in the row
direction is performed in parallel for a plurality of code
sequences. A zigzag scanning order is followed for a plural-
ity of small blocks that are obtained by dividing the code
sequences on a plurality of rows in the row direction. This is
to say, the error correction proceeds in parallel by repeti-
tively scanning only part of the code sequences on different
rows. Compared with when error correction that scans the
entire code sequence on one line at a time is performed, the
present method can use a lower average speed when input-
ting into the error correction circuit for each row and can use
smaller circuitry, such as for the queue buffer in the error
correction circuit for each line, even when codes are read
and error correction is performed at the same rate as before.
Scanning is performed for sequences of codes on a same
row, so that if the block code is stored in a storage device like
a DRAM that uses two-dimensional addresses, the scanning
will access consecutive column addresses on the same row
and so read the codes at high speed.

Here, the block code may be product code, and code
sequences in the row direction and column direction that
compose the block code may include information codes and
error correction codes, the calculating unit may include an
error detecting unit for detecting whether errors are present
in a code sequence on one of (a) a row and (b) a column in
the block code; and an error code updating unit for rewriting,
when the error detecting unit has detected at least one error
in a code sequence, a code in the storing unit that corre-
sponds to the error using a corrected value, the row direction
transferring unit may repeatedly transfer code sequences to
the error detecting unit, and the error detecting unit may
perform error detection for the code sequences on the R1
rows in parallel, treating the received codes as [.1-code-wide
sections of the code sequences on different rows in the R1
TOWS.

With the above construction, the error correcting appara-
tus of the present invention can perform error detection in
the row direction as part of the error correction of product
code. This improves the detection of errors by devices that
receive product code and perform error correction on the
product code. Examples of such devices are a medium read-
ing device, such as for an optical disc, or a receiving device
used in data communication.

Here, the storing unit may store the block code so that
codes on a same row are stored in a storage area with con-
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secutive addresses, and the row direction transferring unit
may sequentially read [.1 codes from a storage area with
consecutive addresses in the storing unit.

With the stated construction, sections of codes that belong
to the same row can be read by simply incrementing the
address outputted to the storing unit, so that the time taken to
read from the storing unit can be reduced.

Here, the storing unit may be a dynamic random access
memory, and the row direction transferring unit may read L1
codes from the-storing unit using page mode.

With the above construction, sections of codes that belong
to the same row can be read by outputting one RAS address
and then consecutive CAS addresses to the storing unit. The
read speed is therefore increased by achieving more page
bits fora DRAM.

Here, the row direction transferring unit may transfer
codes by performing direct memory access to the storing
unit.

With the stated construction, all of the codes that will be
subjected to parallel error detection by the error detecting
unit can be consecutively read from the storing unit and
inputted into the error detection unit. Interruptions in the
input of code sequences during error detection for a small
block by the error detecting unit are thereby avoided, mean-
ing that error correction can be performed based on an effi-
cient pipeline.

Here, the error detecting unit may include: R1 error
detecting units that each perform error detection for a code
sequence on one row in the R1 rows; and a distributing unit
for distributing codes, which are received from the row
direction transferring unit, in [.1-code-wide sections to the
R1 error detecting units in order, wherein the R1 error
detecting units may be independent of one another and may
each perform error detection in parallel with a transfer of
codes by the row direction transferring unit.

During error correction in the row direction, the separate
error detecting units may receive an input of .1 codes from
the distributing unit once every R1 rows. Each error detect-
ing unit performs error detection while the distributing unit
is distributing codes to other error detecting units. As a
result, the processing load of each error detecting unit is
reduced, which reduces the overall scale of the circuitry.

Here, each of the R1 error detecting units may complete
the error detection for an L.1-code-wide section in a time that
is shorter than an interval at which L1-code-wide sections
are distributed to the error correcting unit by the distributing
unit.

During error correction in the column direction, the input
rate of codes into each error detecting unit (i.e., the number
of codes per unit time) is within the processing ability of
each error detecting unit (the number of codes per unit time
for which error detection can be performed). This means that
each error detecting unit does not require a large queue
buffer for storing the inputted codes.

Here, each of the R1 error detecting units may have a
product-sum calculating circuit that calculates a plurality of
syndromes for one code sequence.

With the above construction, the present invention can
achieve an error correcting apparatus that is suited to pro-
cessing Reed-Solomon codes.

Here, when a division of L by .1 results in a quotient of D
and a remainder of E, the row direction transferring unit may
repeat a transfer of [L.1-code-wide sections on R1 rows D
times, before reading and transferring an E-code-wide sec-
tion on each of the R1 rows in order to the error detecting
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unit, and the error detecting unit may perform error detection
a predetermined number of times for [.1-code-wide sections
before performing error detection for E-code-wide sections.

With the stated construction, error correction can be per-
formed in parallel as far as the end of each code sequence
even if the code length of the product code in the row direc-
tion is not an integer multiple of the number of codes [.1 that
are consecutively read each time. This realizes a flexible
error correcting apparatus that does not make requirements
on the size of the product code.

Here, the transferring unit may further include a column
direction transferring unit for reading code sequences in [.2
(where L2 is an integer such that 2=L.2<L) columns in the
block code from the storing unit and transferring the read
code sequences to the error detecting unit until all L. columns
have been processed, the column direction transferring unit
may transfer all code in the 1.2 columns from the storing unit
to the calculating unit by repeatedly reading and transferring
sections of L2 consecutive codes in the row direction on the
R rows in order, shifting a read position by [.2 codes after
reading all codes in the L.2 columns, and when codes have
been transferred by the column direction transferring unit,
the error detecting unit may perform error detecting for the
code sequences in the 1.2 columns in parallel, treating the
received codes as a series where each code corresponds to a
code sequence in a different column in the L2 columns.

With the stated construction, error correction in the col-
umn direction can also be performed in parallel for a plural-
ity of code sequences. This error correction in the column
direction is also performed by repeatedly scanning parts of
the codes on each row. Accordingly, compared with the case
where all of the codes on a row are scanned, a lower average
input rate can be used when inputting codes into the error
correction circuit for each row, and a smaller queue buffer
can be used in the error correction circuit for each row, even
when codes are read and error correction is performed at the
same rate as before.

Here, R1 and [.2 may be such that R1=[.2=j, and the error
detecting unit may include: j error detecting units that each
perform error detection for one code sequence; and a distrib-
uting unit for repeatedly distributing each [.1-code-wide sec-
tion of codes that is received from the row direction transfer-
ring unit to one of the j error detecting units selected in order,
and for repeatedly distributing each code that forms part of
an L2 code-wide section received from the column direction
transferring unit to a different error detecting unit in the j
error detecting units in order, wherein the j error detecting
units may be independent of one another and may each
detect errors in parallel with transfer of codes by the row
direction transterring unit and the column direction transfer-
ring unit.

With the stated construction, the number of rows that are
subject to parallel processing during the error correction in
the row direction is equal to the number of columns that are
subject to parallel processing during the error correction in
the column direction. This makes the number of separate
error detection units equal for both directions, and means
that the error detecting unit can be used to its utmost poten-
tial during the error correction in either direction.

Here, each of the j error detecting units may complete an
error detection for an [L1-code-wide section in a time that is
shorter than an interval at which L1-code-wide sections are
distributed to the error correcting unit by the distributing
unit, and may complete an error detection for one code in an
L2-code-wide section in a time that is shorter than an inter-
val at which codes in L2-code-wide sections are distributed
to the error correcting unit by the distributing unit.
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With the stated construction, during error correction in the
column direction, the input rate of codes into each error
detecting unit (i.e., the number of codes per unit time) is
within the processing ability of each error detecting unit (the
number of codes per unit time for which error detecting can
be performed). This means that each error detecting unit
does not require a large queue buffer for storing the inputted
codes.

Here, the values R1=1.1=[.2=j may be used.

With the stated construction, the read order of product
code is the same regardless of whether error correction is
being performed in the row direction or in the column direc-
tion. This means the control circuit of the transfer unit that
accesses the storing unit can be simplified.

The stated primary object can also be achieved by an error
correcting apparatus that repeatedly performs calculations
that are required for error correction on code sequences in a
row direction and column direction in block code of R rows
and L columns, the error correcting apparatus including: a
storing unit for storing the block code; a calculating unit for
performing calculations for correcting errors in the block
code in units of one of (a) one row and (b) one column; and a
transfer unit, including a column direction transferring unit
for repeatedly reading code sequences on [.2 (where R1 is an
integer such that 2=I.2<I) columns in the block code from
the storing unit and transferring the read code sequences to
the calculating unit until all L. columns have been read and
transferred, the column direction transferring unit transfer-
ring the code sequences in the L.2 columns from the storing
unit to the calculating unit by repeatedly reading and trans-
ferring sections of L2 consecutive codes on the R rows in
order, shifting a read position by L2 codes after reading all
codes in the L2 columns, wherein when codes have been
transferred by the column direction transferring unit, the cal-
culating unit performs the calculations for the code
sequences in the L2 columns in parallel, treating successive
codes as belonging to code sequences in different columns in
the L2 columns.

With the stated construction, error correction in the row
direction is performed in parallel for a plurality of code
sequences. A zigzag scanning order is followed for a plural-
ity of small blocks that are obtained by dividing the code
sequences on a plurality of rows in the row direction. This is
to say, the error correction proceeds in parallel by repeti-
tively scanning only part of the code sequences on different
rows. Compared with when error correction that scans the
entire code sequence on one line at a time is performed, the
present method can use a lower average speed when input-
ting into the error correction circuit for each row and can use
smaller circuitry, such as for the queue buffer in the error
correction circuit for each line, even when codes are read
and error correction is performed at the same rate as before.
Scanning is performed for sequences of codes on a same
row, so that if the block code is stored in a storage device like
a DRAM that uses two-dimensional address, the scanning
will access consecutive column addresses on the same row
and so will read the codes at high speed.

By using the characteristic components of the above error
correcting apparatus for error correction in the row direction
to perform error correction in the column direction, the same
effects can be achieved as when performing error correction
in the row direction.

The stated primary object can also be achieved by an error
detecting apparatus that performs error correction on codes
received from a first external apparatus and outputs the cor-
rected codes to a second external apparatus, the error detect-
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ing apparatus including: a storing unit including a storage
area for storing the codes; an error detecting unit for detect-
ing errors in sections of a predetermined number of codes;
an error correcting unit for correcting sections, in which the
error detecting unit has detected an error, of a predetermined
number of codes in the storing unit; a first transfer unit for
transferring codes outputted by the first external apparatus in
parallel to the storing unit and to the error detecting unit so
that the outputted codes are stored in the storing unit and
simultaneously subjected to error detection by the error
detecting unit; a second transfer unit for transferring a sec-
tion of a predetermined number of codes, in which the error
detecting unit has detected an error, from the storing unit to
the error correcting unit, a third transfer unit for transferring
a section of a predetermined number of codes that does not
contain any uncorrected errors from the storing unit to the
second external apparatus; and a transfer control unit for
controlling transfers of codes so that transfer is exclusively
performed by one of the first to third transfer unit.

With the above construction, the codes outputted by the
first external apparatus are subjected to error detection in
parallel with the storing of the codes into the storing unit.
Compared with conventional methods where codes are read
out and subjected to error detection after first being stored in
the storing unit, error correction can be completed in a
shorter time and with fewer accesses to the storing unit. This
achieves an error correcting apparatus that operates at high
speed but with low power consumption.

Here, the error detecting unit may include a detection
result recording unit that records detection results showing
whether an error exists in a section of codes, and the error
correcting unit may refer to the detection results in the detec-
tion result recording unit and control the second transfer unit
so that only sections of codes for which the error detecting
unit has detected an error are transferred from the storing
unit to the error correcting unit.

With the stated construction, code sequences that are not
found to contain errors during the error detection performed
in parallel with the storage into the storing unit are not sub-
jected to transfer from the storing unit to the error correcting
unit or to error correction by the error correcting unit.
Accordingly, error correction can be performed at high
speed and with fewer accesses to the storing unit.

Here, the first external apparatus may repeatedly output
code sequences that form rows in block code composed of R
rows by L columns, the block code may be product code,
code sequences in the row direction and column direction
that compose the block code may include information codes
and error correction codes, and the error correcting unit may
perform error correction for code sequences in one of (a) a
row direction and (b) a column direction, and when perform-
ing error correction for code sequences in the row direction,
may refer to the detection results in the detection result
recording unit and control the second transfer unit so that
only code sequences in the row direction for which the error
detecting unit has detected errors are transferred from the
storing unit to the error correcting unit.

With the stated construction, the error correcting appara-
tus of the present invention can be used where high-speed
error correction is required, such as for a data communica-
tion device or a disc drive (e.g., an optical disc reader).

Here, the error detecting unit may accumulatively store
detection results in the detection result recording unit for all
code sequences in the row direction that compose one set of
block code, and when performing error correction for code
sequences in the column direction, the error correcting unit
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may refer to the detection results in the detection result
recording unit and control the second transfer unit so that the
second transfer unit transfers code sequences in the column
direction in a block from the-storing unit to the error correct-
ing unit only if the error detecting unit has detected at least
one error in the block.

With the stated construction, when no errors are found in
any of the code sequences in the row direction in one set of
block code, the error detection and error correction pro-
cesses are skipped for the code sequences in the column
direction in the block code. When errors are rarely found in
sets of block code, such as when sets of block code are
sequentially read from a storage medium like an optical disc,
this skipping of the error detection and error correction
raises the average read speed.

Here, the second transfer unit may include a row direction
transferring unit for repeatedly reading code sequences on
R1 (where R1 is an integer such that 2=R1<R) rows where
errors have been detected from the storing unit and transfer-
ring the read code sequences to the error correcting unit,
until no code sequences on rows that contain errors remain
in the block code, the row direction transferring unit may
transfer the code sequences on the R1 rows from the storing
unit to the calculating unit by repeatedly reading and trans-
ferring sections of L1 consecutive codes (where L1 is an
integer such that 2=I.1<L.) on the R1 rows in order, shifting
a read position by L1 codes after reading [.1 consecutive
codes on each of the R1 rows, and when codes have been
transferred by the row direction transferring unit, the error
correcting unit may perform the calculations for the code
sequences on the R1 rows in parallel, treating the received
codes as [L1-code-wide sections of the code sequences on
different rows in the R1 rows.

With the stated construction, the error correction for a
plurality of code sequences in the row direction is performed
in parallel by repeatedly performing error correction for
small blocks of code. Compared with when error correction
is simply performed in parallel, lower processing perfor-
mance is required of the error correcting unit even though
the data is scanned and subjected to error correction at the
same rate. The size of the circuitry can also be reduced.

Here, the second transfer unit may further include a col-
umn direction transferring unit for repeatedly reading code
sequences in L2 (where L is an integer such that 2=1.2<L)
columns in a block where an error has been detected from
the storing unit and transferring the read code sequences to
the error correcting unit, until code sequences in all L col-
umns have been transferred, the column direction transfer-
ring unit may transfer all code in the [.2 columns from the
storing unit to the error correcting unit by repeatedly reading
and transferring sections of L.2 consecutive codes in the row
direction on the R rows in order, shifting a read position by
L2 codes after reading all codes in the L2 columns, and
when codes have been transferred by the column direction
transferring unit, the error correcting unit may perform error
detection for the code sequences in the .2 columns in
parallel, treating the received codes as a series where each
code corresponds to a code sequence in a different column in
the L2 columns.

With the stated construction, error correction in both the
row direction and the column direction are performed in
parallel, so that a high-speed error correcting apparatus can
be achieved with a relatively small-scale circuit.

Here, transfer of codes from the first external apparatus to
the storing unit by the first transfer unit, transfer of codes
from the storing unit to the error correcting unit by the sec-
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ond transfer unit, and transfer of codes from the storing unit
to the second external apparatus by the third transfer unit
may all be transfers that are accompanied by direct memory
access (DMA) to the storing unit, the transfer control unit
may have DMA transfer by the first transfer unit performed
with a highest priority out of DMA transfers by the first to
third transfer unit, and when DMA transfer by the first trans-
fer unit becomes necessary, the transfer control unit may
have DMA transfer performed by the first transfer unit
immediately if DMA transfer is not presently being per-
formed by any of the first to third transfer unit and, if DMA
transfer is presently being performed by one of the first to
third transfer unit, may allow a present DMA transfer to end
before having DMA transfer performed by the first transfer
unit.

With the stated construction, buffering of codes in the
storing unit is given the highest priority, so that when the
error correcting apparatus of the present invention is adopted
in an optical disc reader or other such reading apparatus,
codes can be sequentially read from the optical disc by an
optical pickup.

Here, the transfer control unit may have DMA transfer
performed by the second transfer unit with a lowest priority
out of the first to third transfer unit, so that when DMA
transfer by the second transfer unit becomes necessary, the
transfer control unit may only have DMA transfer performed
by the second transfer unit if DMA transfer is not being
performed by any of the first to third transfer units.

With the stated construction, error detection is performed
in parallel with the buffering of codes in the storing unit. As
a result, exclusive access control is made to the storing unit
which considers (1) the improvements in error correction
speed due to the performance of error detection in parallel
with the buffering in the storing unit and (2) the improve-
ments in error correction speed due to the parallel processing
of a plurality of codes sequences.

Here, the error correcting unit may specify an error code
in a code sequence transferred by the second transfer unit
and then rewrite a corresponding error code in the storing
unit under control by the transfer control unit, the transfer
control unit only allowing the error correcting unit to rewrite
the corresponding error if DMA transfer is not being per-
formed by any of the first to third transfer units.

With the stated construction, exclusive control is per-
formed so as to allow balanced access to a single storing unit
by four different processes. This means an error correcting
apparatus with superior cost performance can be achieved.

The stated primary object can also be achieved by an error
detecting apparatus that performs error correction on codes
received from a first external apparatus and outputs the cor-
rected codes to a second external apparatus, the error detect-
ing apparatus including: a storing unit including a storage
area for storing the codes; an error correcting unit for detect-
ing error codes in sections of a predetermined number of
codes and correcting the error codes in the storing unit; a
code selecting unit for selecting one of codes sent from the
first external apparatus and codes sent from the storing unit
and sending the selected codes to the error correcting unit to
have the error correcting unit perform error detection and
error correction on the selected codes; a first transfer unit for
transferring codes outputted by the first external apparatus in
parallel to the storing unit and the code selecting unit so that
the outputted codes are stored in the storing unit and simul-
taneously selected by the code selecting unit and sent to the
error correcting unit where error detection and error correc-
tion are performed on the transferred codes; a second trans-
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fer unit for transferring a section of a predetermined number
of codes from the storing unit to the code selecting unit so
that the error correcting unit performs error detection and
error correction on the transferred codes; a third transfer unit
for transferring a section of a predetermined number of
codes that do not contain any uncorrected errors from the
storing unit to the second external apparatus; and transfer
control unit for controlling transfers of codes so that transfer
is exclusively performed by one of the first to third transfer
units.

With the above construction, the codes outputted by the
first external apparatus are inputted via the code selecting
unit into the error correcting unit in parallel with the storing
of the codes into the storing unit. Compared with conven-
tional techniques where codes are first stored into the storing
unit and are then read out and inputted into the error correct-
ing unit, the overall processing required for error correction
can be completed in a shorter time and with fewer accesses
to the storing unit. This means that an error correction appa-
ratus that operates at high speed and small-scale circuitry
can be realized.

Here, the first external apparatus may repeatedly output
code sequences that form rows in block code composed of R
rows by L columns, the block code may be product code, and
code sequences in the row direction and column direction
that compose the block code may include information codes
and error correction codes, the first transfer unit may transfer
code sequences in a row direction that are repeatedly output-
ted by the first external apparatus in parallel to the storing
unit and the code selecting unit to have the code sequences
stored in the storing unit and simultaneously selected by the
code selecting unit and sent to the error correcting unit
where error detection and error correction are performed on
the transferred code sequences, and the second transfer unit
may transfer code sequences in the column direction in the
block code to the code selecting unit so that the code
sequences are selected by the code selecting unit and sent to
the error correcting unit where error detection and error cor-
rection are performed for the code sequences.

The stated construction realizes an error correcting appa-
ratus that is well-suited to use in a device, such as an optical
disc reader or a data communication device, that demands
high-speed error correction for product code.

Here, the error correcting unit may include: an error
detecting unit for detecting whether error codes are present
in a code sequence on one of (a) one row and (b) one col-
umn; and an error updating unit for updating, when the error
detecting unit finds an error code, a code in the storing unit
that corresponds to the error code using a corrected value,
the error detecting unit may include: a row direction detec-
tion result recording unit for recording results of error detec-
tion for code sequences in the row direction that are trans-
ferred by the first transfer unit from the first external
apparatus to the error detecting unit; and a column direction
detection result recording unit for recording results of error
detection for code sequences in the column direction that are
transferred by the second transfer unit from the storing unit
to the error detecting unit, and the error code updating unit
may use the detection results in the row direction detection
result recording unit and in the column direction detection
result recording unit to update codes in the storing unit.

With the above construction, the results of the error detec-
tion in the row direction are stored separately to the results of
the error detection in the column direction. By using these
results, the code updating unit and other components that
operate following the error detection may operate with lower
processing speeds.



US RE41,499 E

11

Here, when performing error detection in the row
direction, the error detecting unit may accumulate detection
results for all code sequences in the row direction that com-
pose one set of block code in the row direction detection
result recording unit, and when performing error detection in
the column direction, the error detecting unit may refer to
the detection results recorded in the row direction detection
result recording unit and control the second transfer unit so
that only code sequences in the column direction that com-
pose a set of block code that contains an error are sent from
the storing unit to the error correcting unit.

With the stated construction, when no errors are found in
any of the code sequences in the row direction that compose
a set of block code, error detection and error correction are
not performed for the code sequences in the column direc-
tion that compose the block. This raises the average data
read speed.

Here, the transfer control unit may have—(a) a transfer of
a code sequence of one row from the first external apparatus
to the storing unit by the first transfer unit, and (b) a transfer
of a code sequence for one column from the storing unit to
the code selecting unit by the second transfer unit—executed
alternately in units of parts of the transferred code
sequences, the error detecting unit may switch between (i)
error detection for a code sequence in the row direction sent
from the first external apparatus by the first transfer unit and
(ii) error detection for a code sequence in the column direc-
tion sent from the storing unit by the second transfer unit in
units of parts of the code sequences so as to perform error
detection for code sequences in the row direction and code
sequences in the column direction in parallel, the error
detecting unit may store results of the error detection in the
row direction in the row direction detection result recording
unit and results of the error detection in the column direction
in the column direction detection result recording unit, and
the error code updating unit may sequentially refer to the
detection results recorded in the row direction detection
result recording unit and in the column direction detection
result recording unit and successively update error codes in
the storing unit in the row direction and error codes in the
storing unit in the column direction.

With the stated construction, the code updating unit can
perform the error correction in the row direction and the
error correction in the column direction sequentially, not in
parallel. As a result, a smaller-scale circuit can be used.

Here, the second transfer unit may include a column
direction transferring unit for repeatedly reading code
sequences in L2 (where L2 is an integer such that 2=[.2<L)
columns in a block and transferring the read code sequences
to the error correcting unit via the code selecting unit until
all L columns in the block code have been transferred,
wherein the column direction transferring unit may transfer
the code sequences in the L2 columns from the storing unit
to the code correcting unit by repeatedly reading and trans-
ferring sections of L2 consecutive codes in the row direction
on the R rows in order, shifting a read position by L2 codes
after reading all codes in the .2 columns, and, when codes
have been transferred by the column direction transferring
unit, the error correcting unit may perform error correction
for the code sequences in the L2 columns in parallel, treating
the received codes as a series where each code corresponds
to a code sequence in a different column in the L2 columns.

With the stated construction, the error correction of a plu-
rality of code sequences in the row direction is performed
not through parallel processing but by repeatedly performing
error correction on small blocks. Compared with when par-
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allel processing is used, lower processing performance and
smaller-scale circuits can be used, even when codes are
scanned and error correction is performed at the same rate.

Access to the storing unit is achieved using DMA, and
scheduling is performed according to a predetermined prior-
ity list. Exclusive control is performed so as to allow bal-
anced access to a single storing unit by four different pro-
cesses. This means an error correcting apparatus with
superior cost performance can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, advantages and features of the
invention will become apparent from the following descrip-
tion thereof taken in conjunction with the accompanying
drawings which illustrate a specific embodiment of the
invention. In the drawings:

FIG. 1 shows the data structure of product code;

FIG. 2 shows the processing order for sequentially per-
forming error correction in the C1 direction one row at a
time;

FIG. 3 shows the processing order for sequentially per-
forming error correction in the C2 direction one column at a
time;

FIG. 4 shows the processing order for error correction by
a conventional error correction apparatus;

FIG. 5 is a block diagram showing the composition of the
error correction apparatus 100 in the first embodiment of the
present invention;

FIG. 6 is a block diagram showing the detailed composi-
tion of the bus control unit 2 in the error correction apparatus
100;

FIG. 7 is a block diagram showing the detailed composi-
tion of the data distributing unit 51 of the error correction
apparatus 100;

FIG. 8 is a block diagram showing the detailed composi-
tion of one syndrome generating unit 52 (53, 54, 55) in the
error correction apparatus 100;

FIG. 9 is a timing chart for the major processes (data
input, error correction, data output) performed by the error
correction apparatus 100;

FIG. 10 shows the read order of the product code within
the buffer memory 1 when performing error correction in the
Cl1 direction;

FIG. 11 shows the operation of the data distributing unit
51 when data is transferred from the buffer memory 1 in the
order shown in FIG. 10;

FIG. 12 shows the timing of the data transfer from the
buffer memory 1 to the error correcting unit 5 and of the
product-sum calculation by the four syndrome generating
units 52~55 during the error correction in the C1 direction;

FIG. 13 shows the read order for the product codes in the
buffer memory 1 when error correction is performed in the
C2 direction;

FIG. 14 shows the operation of the data distributing unit
51 when data is transferred from the buffer memory 1 in the
order shown in FI1G. 13;

FIG. 15 shows the timing of the data transfer from the
buffer memory 1 to the error correcting unit 5 and of the
product calculation by the four syndrome generating units
52~55 during the error correction in the C2 direction;

FIG. 16 shows the processing order for the end part of
code sequences in the C1 direction;

FIG. 17 shows the processing order for the end part of
code sequences in the C2 direction;
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FIG. 18 shows the read order for the product codes in the
buffer memory 1 when error correction is performed in the
C1 direction for two adjacent rows;

FIG. 19 shows the operation of the data distributing unit
51 when error correction is performed in the C1 direction for
two adjacent rows;

FIG. 20 shows the timing of the data transfer and the
syndrome calculation when error correction is performed in
the C1 direction for two adjacent rows;

FIG. 21 shows the read order for the product codes in the
buffer memory 1 when error correction is performed in the
C2 direction for two adjacent columns;

FIG. 22 shows the operation of the data distributing unit
51 when error correction is performed in the C2 direction for
two adjacent columns;

FIG. 23 shows the timing of the data transfer and the
syndrome calculation when error correction is performed in
the C2 direction for two adjacent columns;

FIG. 24 is a block diagram showing the composition of
the optical disc reading device 2000 in the second embodi-
ment of the present invention;

FIG. 25 is a block diagram showing the composition of
the optical disc control unit 2100 in the optical disc reading
device 2000;

FIG. 26 is a block diagram showing the detailed composi-
tion of the bus control unit 2180 in the optical disc reading
device 2000;

FIG. 27 shows an example of control for three exclusive
DMA (Direct Memory Access) transfers by the bus arbitra-
tion control unit 2812 of the optical disc reading device
2000,

FIG. 28 is a circuit diagram showing the detailed compo-
sition of the error correcting unit 2130 of the optical disc
reading device 2000;

FIG. 29 is a timing chart showing the internal processing
of the optical disc control unit 2100;

FIG. 30 shows the timing chart of FIG. 29 in more detail;

FIG. 31 is a timing chart for the processing of rows by the
error correcting unit 2130 when performing error correction
in the C1 direction;

FIG. 32 shows the access order for the product code stored
in the buffer memory 2110 when correcting the code
sequences shown in FIG. 31;

FIG. 33 shows the read order for data from the disc inter-
face unit 2120 when performing the error correction in the
C1 direction shown in FIG. 31 for four rows of code in
parallel;

FIG. 34 shows the read order for the end parts of code
sequences in the C1 direction shown in FIG. 31;

FIG. 35 is a block diagram showing the composition of
the optical disc reading device 3000 in the third embodiment
of the present invention;

FIG. 36 is a block diagram showing the detailed composi-
tion of the optical disc control unit 3100 in the optical disc
reading device 3000;

FIG. 37 is a block diagram showing the detailed composi-
tion of the error correcting unit 3130 in the optical disc read-
ing device 3000;

FIG. 38 is a timing chart showing the internal processing
of'the optical disc control unit 3100 when consecutively pro-
cessing data in a plurality of blocks;

FIG. 39 shows the timing chart of FIG. 38 in more detail;
and
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FIG. 40 is a timing chart showing the processing of the
error correcting unit 3130 for code sequences in the row and
column directions.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Several preferred embodiments of the present invention
are described below with reference to the drawings.

First Embodiment

The first embodiment of the present invention relates to a
high-speed error correction apparatus that corrects error for
four code sequences in parallel in either the row or column
direction.

FIG. 5 is a block diagram showing the composition of the
error correction apparatus 100 in this first embodiment. The
error correction apparatus 100 is installed in an optical disc
drive or the like, and corrects errors in data that has been
read from an optical disc. The error correction apparatus 100
includes a buffer memory 1, three processing blocks that
access the buffer memory 1 (the disc interface unit 12, the
error correcting unit 5, and the host interface unit 13), and a
bus control unit 2 for controlling exclusive access by these
processing blocks. Note that the arrows in FIG. 5 show the
flow of the data that is subjected to error correction. This
error correction apparatus 100 uses Reed-Solomon codes as
the error correction codes and product codes as the code
structure.

The buffer memory 1 is a semiconductor memory, such as
a DRAM, that has storage areas that are specified using a
two-dimensional address (a row address and a column
address). The buffer memory 1 has sufficient storage capac-
ity for temporarily storing a plurality of blocks that will be
subjected to error correction.

The disc interface unit 12 is an interface circuit that relays
data that has been read from an optical disc or other storage
medium and writes the data into the buffer memory 1.

The error correcting unit 5 reads the data that the disc
interface unit 12 has written into the buffer memory 1 and
detects whether any errors are present in the data. On finding
an error, the error correcting unit 5 corrects the error in the
buffer memory 1. This error correcting unit 5 simultaneously
corrects errors in four data sequences in parallel. As shown
in FIG. 5, the error correcting unit 5 includes a data distrib-
uting unit 51, four syndrome generating units 52~55, an
error position error value calculating unit 56, and a data
updating unit 57.

The data distributing unit 51 distributes data that has been
transferred from the buffer memory 1 to one of the four
syndrome generating units 52~55. When doing so, the data
distributing unit 51 sends data that belongs to the same code
sequence to the same syndrome generating unit. The four
syndrome generating units 52~55 all have the same con-
struction. Whenever distributed data is inputted, the syn-
drome generating units 52~55 perform a product calcula-
tion. When an entire data sequence including ten elements of
parity data has been inputted, the syndrome generating units
52~55 each generate ten syndromes.

The error position.error value calculating unit 56 judges
whether any non-zero elements are present in any of the ten
syndromes generated by each of the syndrome generating
units 52~55 in order. When non-zero elements are present in
the ten syndromes generated by a syndrome generating unit,
the error position.error value calculating unit 56 uses the
syndromes to calculate the error position and error value. To
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do so, the error position-error value calculating unit 56 cal-
culates coefficients for each expression to specify an error
position polynomial and an error value polynomial using a
Euclidean method or the like. The error position.error value
calculating unit 56 then finds the root (error position) of the
error position polynomial using a chain search or other
method, before finding the error value using the error value
polynomial.

The data updating unit 57 reads error data from the buffer
memory 1 according to the error position calculated by the
error position.error value calculating unit 56 and calculates a
logical XOR for the read error data and the error value cal-
culated by the error position-error value calculating unit 56.
The data updating unit 57 then writes the resulting value into
the buffer memory 1 at the error position. Note that in the
error correcting unit 5, only the syndrome generating units
52~55 operate in parallel, with the other circuits (the error
position.error value calculating unit 56 and the data updating
unit 57) not operating in parallel. This is because ten product
calculations by one of the four syndrome generating units
52~55 are required for each data element regardless of
whether an error is present in the data. The calculation pro-
cessing thereafter is performed using the ten syndromes pro-
duced for each code sequence, so that little further calcula-
tion is required.

The host interface unit 13 is an interface unit for reading
data that has been processed by the error correcting unit 5
from the buffer memory 1 and outputting the data to a host,
such as a computer.

The bus control unit 2 is a control circuit for performing
data transfer on an 8-bit data bus between the buffer memory
1, and any of the disc interface unit 12, the error correcting
unit 5, and the host interface unit 13. The bus control unit 2
includes an address generating unit 21, a bus arbitration con-
trol unit 22, and a DMA channel unit 23. The bus arbitration
control unit 22 allows exclusive access to the buffer memory
1. The address generating unit 21 generates and outputs an
address for accessing the buffer memory 1. The DMA chan-
nel unit 23 establishes a bus connection between the buffer
memory 1 and one of the disc interface unit 12, the error
correcting unit 5, and the host interface unit 13, and has data
transfer performed according to DMA (Direct Memory
Access).

FIG. 6 is a block diagram showing the detailed composi-
tion of the bus control unit 2. In FIG. 6, the three DMA
channels 23a~23c are DMA controllers that compose the
DMA channel unit 23 shown in FIG. 5. This bus control unit
2 has a function for exclusively permitting one of three
DMA to the buffer memory 1. This means that when the bus
arbitration control unit 22 receives requests for access to the
buffer memory 1 from the disc interface unit 12, the error
correcting unit 5, and the host interface unit 13, the bus
arbitration control unit 22 only allows one of these requests
according to a scheduling procedure and priority list that are
decided in advance.

The bus arbitration control unit 22 enables the first DMA
channel 23a and outputs a control signal that allows data
transfer by the disc interface unit 12. The bus arbitration
control unit 22 also has the address generating unit 21 gener-
ate write addresses for the buffer memory 1 and allows the
disc interface unit 12 to input data into the buffer memory 1.
This data transfer stores data that has been read from the
storage medium into the buffer memory 1 via the disc inter-
face unit 12.

In the same way, the bus arbitration control unit 22
enables the second DMA channel 23b and outputs a control
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signal that allows data transfer by the error correcting unit 5.
The bus arbitration control unit 22 also has the address gen-
erating unit 21 generate read addresses or write addresses for
the buffer memory 1 and allows the error correcting unit 5
read data from or write data into the buffer memory 1. This
data transfer for correcting errors allows the error correcting
unit 5 to read data from the buffer memory 1 or to write
corrected data back into the buffer memory 1.

In the same way, the bus arbitration control unit 22
enables the third DMA channel 23c¢ and outputs a control
signal that allows data transfer by the host interface unit 13.
The bus arbitration control unit 22 also has the address gen-
erating unit 21 generate a read address for the buffer memory
1 and allows the host interface unit 13 to read data from the
buffer memory 1. This data transfer for outputting data
allows host interface unit 13 to read data from the buffer
memory 1 and has the data in the buffer memory 1 outputted
to a host via the host interface unit 13.

Note that the address generating unit 21 performs high-
speed access to the buffer memory 1 during the three DMA
transfers using page mode. So long as a page hit is achieved,
a constant row address (RAS—Row Address Select) can be
outputted to the buffer memory 1, with the address generat-
ing unit 21 only incrementing the column address (CAS—
Column Address Select) by the required number of data ele-
ments.

FIG. 7 is a block diagram showing the detailed composi-
tion of the data distributing unit 51. The data distributing
unit 51 includes a selector 51a and a switching control unit
51b. The selector 51a allows data sent by the bus control unit
2 to pass to one of the syndrome generating units 52~55. The
switching control unit 51b controls the distribution of data
by selector 51a according to instructions from the bus con-
trol unit 2. Using in built counter logic, the switching control
unit 51b outputs control signals to the selector 51a in syn-
chronization with the input of data into the selector 5la.
However, the switching control unit 51b controls the selector
51a differently depending on whether error correction is per-
formed in the row or column direction. This is described in
more detail later in this specification.

FIG. 8 is a block diagram showing the detailed composi-
tion of one syndrome generating unit 52 (53, 54, 55). The
syndrome generating unit 52 includes a queue buffer 62 and
ten types of syndrome calculating units 63~65. The queue
buffer 62 temporarily stores up to eight inputted data ele-
ments in FIFO (first-in first-out) format. The syndrome cal-
culating units 63~65 are connected in parallel to the output
of the queue buffer 62 and are circuits that each repeatedly
calculate a product-sum. Each syndrome calculating unit
includes a register 68 for storing one product-sum value, a
Galois field multiplier 66 for reading a product-sum value
stored in the register 68 and multiplying it by a unique
coefficient, and a Galois field adder 67 for adding the next
inputted data element to the multiplication result of the
Galois field multiplier 66.

The oldest data element d in the queue buffer 62 is read
and is inputted into the ten syndrome calculating units
63~65 in parallel. In each of the syndrome calculating units
63~65, the product-sum d+Sn*an is calculated and the
result is stored in the register 68 to update Sn. As one
example, suppose that a code sequence including 100 bytes
of information numbered d1~d100 and 10 pieces of parity
data numbered p1~p10 is sequentially inputted into the syn-
drome generating unit 52. This data is supplied in parallel to
the ten syndrome calculating units 63~65 via the queue
buffer 62. Focusing on the syndrome calculating unit 63, the
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first information element d1 is inputted first and is stored as
it is in the register 68. When the next information element d2
is inputted, the syndrome calculating unit 63 calculates the
product-sum d2+d1*a0 and stores the result in the register
68.

As described above, the syndrome calculating units 63~65
calculate a product-sum every time a data element is
inputted, so that when the input of the last parity data ele-
ment pl0 has been inputted and processed, the data in the
register 68 is the syndrome S0. The same calculation is per-
formed in parallel by the other syndrome calculating units
64~65 so that ten types of syndrome S0~S9 are simulta-
neously generated.

The operation of the error correction apparatus 100 is
described below.

FIG. 9 is a timing chart for the major processes (data
input, error correction, data output) performed by the error
correction apparatus 100. This shows the flow of the pro-
cessing when code sequences in the product code shown in
FIG. 1 are sequentially processed as a plurality of blocks.
Note that the n? block in FIG. 9 corresponds to all of the
data in one set of product code shown in FIG. 1. The legends
“data input”, “error correction”, and “data output” corre-
spond to the operations of the bus control unit 2 when con-
trolling data input, the data transfer performed for error
correction, and data output.

In the first cycle, data input is performed for the first
block. In the second cycle, data input is performed for the
second block and error correction is performed for the first
block in parallel. In the third cycle, data input is performed
for the third block, error correction is performed for the
second block, and data output is performed for the first block
in parallel. In the fourth and succeeding cycles, data input is
performed for a new block, error correction is performed for
the immediately preceding block, and data output is per-
formed for the preceding block that has just been subjected
to error correction. These operations are performed in paral-
lel.

As described above, the bus control unit 2 controls three
kinds of transfer so that every block of data is subjected to
three kinds of processing in what resembles a pipeline archi-
tecture. These three kinds of processing are data transfer
from the disc interface unit 12 to the buffer memory 1, data
transfer between the buffer memory 1 and the error correct-
ing unit 5, and data transfer from the buffer memory 1 to the
host interface unit 13. In these three kinds of data transfer,
the buffer memory 1 is either the transmitter or recipient of
data, even through the buffer memory 1 has only one input/
output port. However, the bus control unit 2 has a preset
priority list for the three types of data transfer and so can
only allows one of the data transfers at any given instant. By
switching between the three types of data transfer using time
division, the bus control unit 2 performs control to have the
data transfers performed using what appears to be parallel
processing.

FIG. 10 shows the read order of the product code within
the buftfer memory 1 when performing error correction in the
Cl1 direction. The bus arbitration control unit 22 enables the
second DMA channel 23b and notifies the error correcting
unit 5 that data for the error correction in the C1 direction
will be sent. Next, by having the read addresses outputted in
a predetermined order from the address generating unit 21 to
the buffer memory 1, the bus control unit 2 has the data in
the buffer memory 1 transferred to the error correcting unit
5.

The bus control unit 2 consecutively reads four bytes of
data on the first row (data d1~d4) of the buffer memory 1 and
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transfers this data to the error correcting unit 5. The bus
control unit 2 then consecutively reads and transfers four
bytes of data on the second row (data d5~data d8). The bus
control unit 2 then consecutively reads and transfers four
bytes of data on the third row (data d9~data d12). The bus
control unit 2 then consecutively reads and transfers four
bytes of data on the second row (data d13~data d16). The
processing then returns to the first row and the bus control
unit 2 reads and transfers four bytes of data (data d17~d20).
This reading and transferring continue until all of the data on
the first to fourth rows has been read and transferred, at
which point the processing advances to the fifth-eighth rows
that are read and transferred in the same way. By doing so,
the processing for reading and transferring four rows of data
in parallel is repeated until every row in the block has been
transferred.

Note that the bus control unit 2 performs the reading and
transferring of four consecutive bytes in the row direction by
successively performing an indivisible process using a DMA
mode. This means that memory access to the buffer memory
1 cannot be made for other processes such as data input and
data output while this data transfer is being performed. Since
four consecutive data elements in the row direction will
always be stored in consecutive addresses in the buffer
memory 1, high-speed access to the DRAM is performed by
achieving page hits.

FIG. 11 shows the operation of the data distributing unit
51 in the error correcting unit 5 when data is transferred
from the buffer memory 1 in the order shown in FIG. 10. On
being instructed to start the error correction in the C1 direc-
tion by the bus control unit 2, the switching control unit 51b
controls the selector 51a and so has the data sent from the
bus control unit 2 distributed in the following way.

The data distributing unit 51 distributes the four bytes of
data d1~d4 on the first row it receives first to the syndrome
generating unit 52. The data distributing unit 51 then distrib-
utes the four bytes of data d5~d8 on the second row it
receives next to the syndrome generating unit 53, the four
bytes of data d9~d12 on the third row to the syndrome gen-
erating unit 54, and four bytes of data d13~d16 on the fourth
row to the syndrome generating unit 53. In the same way,
data distributing unit 51 distributes the four bytes of data
d17~d20 on the first row it receives next to the syndrome
generating unit 52. Accordingly, during error correction in
the C1 direction, data is repeatedly sent in four-byte units
from the buffer memory 1 via the bus control unit 2, with the
data distributing unit 51 distributing each four-byte set of
data to one of the four syndrome generating units 52~55 that
is selected in order.

FIG. 12 shows the timing of the data transfer from the
buffer memory 1 to the error correcting unit 5 and of the
product-sum calculation by the four syndrome generating
units 52~55 during the error correction in the C1 direction.

The reading of each four-byte unit of data (such as data
d1~d4 or d5~d8) from the buffer memory 1 and transfer to
the error correcting unit 5 takes time tl. The transfer of a
four-byte unit of data is repeated at intervals of t2 in FIG. 12.
The reason an interval is required between the end of data
transfer for a first four-byte unit of data and the start of data
transfer for the next four-byte unit of data is that these units
of data exist on different rows in the buffer memory 1, mean-
ing that there is the risk of a page miss whenever a next
four-byte unit of data is read. Accordingly, it is assumed that
the bus control unit 2 will need to output a new row address
to the buffer memory 1 when accessing a first byte in a next
four-byte unit of data.
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The four syndrome generating units 52~55 respectively
calculate syndromes for the first to four rows and calculate
four product-sum values that are required for the inputted
four bytes within a period that is four times t2. As one
example, the syndrome generating unit 52 performs a
product-sum calculation for the four bytes of data d1~d5
within four times t2. Focusing on syndrome generating unit
52, the data that is inputted after data d1~d5 is data d17~d20,
with the interval between the input of these four-byte units of
data being four times t2. Accordingly, the calculation of the
product-sum for a four-byte unit of data only needs to be
completed within four times t2. Provided that the calculation
speed is sufficient for this condition to be satisfied, the
amount of data that will accumulate in the queue buffer 62
that precedes the syndrome generating units 52~55 will not
exceed a maximum of four bytes, not even momentarily.

The syndrome generating units 52~55 each need to com-
plete a product-sum calculation of one byte in time t2, so that
the syndrome calculation may be performed at a speed that is
V4 of the data transfer speed (4/t2). The processing for a
plurality of different code sequences proceeds in parallel for
small data units (four bytes), so that compared with methods
where one code sequence is processed at a time, the syn-
drome calculation can be performed at a slower speed and a
smaller queue buffer can be used. Putting this another way,
the effective transfer speed from the buffer memory 1 to the
error correcting unit 5 is raised in comparison with conven-
tional techniques and error correction can be performed for
four sequences in parallel with a smaller circuit size than the
case where a plurality of error correction circuits are pro-
vided.

Note that by increasing the number of data elements con-
secutively read from the same code sequence, more page hits
can be achieved when transferring data from the DRAM.
When doing so, increasing the parallelism of the error cor-
rection is preferable. If the number of bytes that are trans-
ferred from consecutive memory addresses is increased in
keeping with the degree of parallelism of the error correction
processing, the circuit scale can be reduced with regard to
the processing load for one code sequence. This means effi-
cient error correction can be performed in parallel.

The following is an explanation of the operation of the
error correction apparatus 100 when performing error cor-
rection in the C2 direction, with reference to FIGS. 13~15.

FIG. 13 shows the read order for the product codes in the
buffer memory 1 when error correction is performed in the
C2 direction. The bus arbitration control unit 22 enables the
second DMA channel 23b and notifies the error correcting
unit 5 that data transfer will be performed for the error cor-
rection in the C2 direction. Next, by having the address gen-
erating unit 21 output read addresses in a predetermined
order to the buffer memory 1, the bus control unit 2 has the
data in the buffer memory 1 transferred to the error correct-
ing unit 5.

The bus control unit 2 consecutively reads four bytes of
data on the first row (data d1~d4) of the buffer memory 1 and
transfers this data to the error correcting unit 5. The bus
control unit 2 then consecutively reads and transfers four
bytes of data on the second row (data d5~data d8). This
reading and transfer of the first four bytes of data are
repeated for all of the data on the first four rows. In this way,
the transfer of data in four code sequences in the C2 direc-
tion is completed. The same reading and transfer are per-
formed for all of the data in columns 5~8 in four-byte units.
In this way, this reading and transfer in parallel of all of the
data in four columns are repeated until all of the columns in
one block have been transferred.
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In the same way as when performing data transfer in the
C1 direction, the bus control unit 2 reads and transfers four
bytes of data that are consecutive in the row direction using
DMA mode so that processing units that cannot be further
divided into shorter time slots are continuously performed.
In other words, the bus control unit 2 prohibits access to the
buffer memory 1 for other processing (data input, data
output) during each of these data transfers, and so can make
high-speed access to the DRAM by achieving page hits.

FIG. 14 shows the operation of the data distributing unit
51 in the error correcting unit 5 when data is transferred
from the buffer memory 1 in the order shown in FIG. 13. On
being instructed to start the error correction in the C1 direc-
tion by the bus control unit 2, the switching control unit 51b
controls the selector 51a and so has the data that has been
received from the bus control unit 2 distributed in the follow-
ing way.

The data distributing unit 51 distributes the four bytes of
data d1~dS5 on the first row it receives first to the syndrome
generating units 52~55 in order. In detail, the data distribut-
ing unit 51 sends data d1 to syndrome generating unit 52,
data d2 to syndrome generating unit 53, data d3 to syndrome
generating unit 54, and data d4 to syndrome generating unit
55. The data distributing unit 51 operates in the same way
for data d5~d8, so that the four bytes of data are respectively
inputted into a different one of the syndrome generating
units 52~55 in order. In this way, the data distributing unit 51
repeats a process distributing each byte in the received four
byte units to the syndrome generating units 52~55 when
error correction is to be performed in the C2 direction.

As a result, the data dl1, d5, . . . that belongs to the first
column is inputted into the syndrome generating unit 52, the
data d2, do, . . . that belongs to the second column is inputted
into the syndrome generating unit 53, the data d3, d7, . . . that
belongs to the third column is inputted into the syndrome
generating unit 54, the data d4, d§ . . . that belongs to the
fourth column is inputted into the syndrome generating unit
55. In the same way, data that belongs to the fifth column is
inputted into the syndrome generating unit 52, data that
belongs to the sixth column is inputted into the syndrome
generating unit 53, data that belongs to the seventh column is
inputted into the syndrome generating unit 54, and data that
belongs to the eighth column is inputted into the syndrome
generating unit 55.

FIG. 15 shows the timing of the data transfer from the
buffer memory 1 to the error correcting unit 5 and of the
product calculation by the four syndrome generating units
52~55 during the error correction in the C1 direction.

The reading of each four-byte unit of data (such as data
d1~dS5 or d5d8) from the buffer memory 1 and transfer to the
error correcting unit 5 takes time tl. The transfer of a four-
byte unit of data is repeated an interval of 12, in the same way
as in the processing in the C1 direction shown in FIG. 12.

The four syndrome generating units 52~55 respectively
calculate a syndrome for the first to fourth columns, and
each calculate a product-sum for each byte of data within a
period equal to time t2. As one example, the syndrome gen-
erating unit 52 that calculates the syndrome for the first col-
umn calculates a sum-product for the one-byte data d1 that is
inputted first within the time t2. The syndrome generating
unit 52 similarly calculates a sum-product for the one-byte
data d5 that is inputted next within time t2. By focusing on
the syndrome generating unit 52, this restriction is due to
one byte of data being inputted in t2 intervals. Provided this
calculation speed can be maintained, the amount of data that
accumulates in the queue buffer that is provided in front of
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the syndrome generating units 52~55 will not exceed one
byte, not even momentarily.

As described above, the syndrome generating units 52~55
only need to calculate a product-sum value for one byte in
time t2, which is the same processing speed as when per-
forming error correction in the C1 direction. While data is
inputted into the syndrome generating units 52~55 in bursts
during the error correction in the C1 direction, data is input-
ted uniformly (at a steady rate of one byte per time t2) during
the error correction in the C2 direction, so that there is no
need to provide a queue buffer in front of each of the syn-
drome generating units 52~55.

As described above, this first embodiment sets the number
of data elements consecutively read from one address in the
buffer memory 1 (which is to say, data on the same row in
the product code) and transferred to the error correcting unit
5 equal to the number of calculations performed in parallel
by the error correcting unit 5. As a result, the relation
between the read speed from the buffer memory 1 and the
calculation speed for the product-sum values for each syn-
drome generating unit becomes equal for the error correction
in both the C1 and C2 directions. This means that only a
small queue buffer needs to be provided before the syn-
drome generating units. With this construction, the control
procedure performed by the bus control unit 2 to realize the
full processing potential of each syndrome generating unit
becomes uniform for the error correction in both the C1 and
C2 directions. This enables an error correction apparatus that
performs high-speed error correction with a small-scale cir-
cuit to be realized.

This apparatus is well balanced between the error correc-
tion in the C1 direction and the error correction in the C2
direction, and so can reduce redundancy in the circuitry
required for the error correction apparatus.

The read orders shown in FIG. 10 and FIG. 13 assume that
the number of bytes in the code sequence in the row direc-
tion is a multiple of four, although the error correction appa-
ratus 100 can still perform error correction correctly even if
this is not the case. As one example, if division of the num-
ber of bytes in the code sequence in the row direction leaves
a remainder of two, the reading order of product code in the
buffer memory 1 will be as follows.

FIG. 16 shows the processing order for the product code
in the buffer memory 1 when performing error correction in
the C1 direction, when division of the number of bytes in the
code sequence in the row direction leaves a remainder of
two. When reading all but the last two columns in the code
sequence, the bus control unit 2 repeatedly reads and trans-
fers four bytes at a time from four consecutive columns as
before. For the final two columns, the bus control unit 2
repeatedly reads and transfers two bytes at a time from two
columns. The data distributing unit 51 performs the same
operation as before, and so on receiving a four-byte unit of
data, distributes the four-byte data to one of the syndrome
generating units 52~55 in order. On receiving a two-byte
unit of data, the data distributing unit 51 similarly distributes
the two-byte data to one of the syndrome generating units
52~55 in order.

This amendment to the read order used by the bus control
unit 2 and the distributing order used by the data distributing
unit 51 can be easily realized by changing the respective
control procedures of the bus arbitration control unit 22 in
the bus control unit 2 and switching control unit 51b in the
data distributing unit 51.

This first embodiment describes an apparatus that calcu-
lates syndromes in parallel for four code sequences,
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although the number of calculations that are performed in
parallel need not be four. As one example, two or eight cal-
culations may be performed in parallel. This means that the
error correction apparatus 100 of this first embodiment may
include two or eight syndrome generating units as necessary.

FIGS. 18, 19, and 20 show the operation for error correc-
tion for a C1 direction in an error correction apparatus that
performs two error correction processes in parallel. These
figures respectively show the read order for reading data
from the buffer memory, the operation of the data distribut-
ing unit when inputting data into the respective error correct-
ing units when data is inputted in the illustrated order, and
the timing of data transfer and syndrome calculation.

In the same way, FIGS. 21, 22, and 23 show the operation
for error correction in the C2 direction in an error correction
apparatus that performs two error correction processes in
parallel. These figures respectively show the read order for
reading data from the buffer memory, the operation of the
data distributing unit when inputting data into the respective
error correcting units when data is inputted in the illustrated
order, and the timing of data transfer and syndrome calcula-
tion.

This first embodiment describes a system where errors
detected in data read from a storage medium such as an
optical disc are corrected and corrected data is outputted to a
host computer. However, the opposite data flow is also
possible, so that a host computer may output data which is
assigned parity data and written onto a storage medium such
as an optical disc. This is because the present invention
relates to technique where all of the code sequences in prod-
uct code, which is temporarily stored in a buffer memory
provided on a data path between a host computer and storage
medium, are efficiently read and transferred to a third device
(a separate processing device to the host computer and stor-
age medium) so that the third device can perform code pro-
cessing in the C1 direction and the C2 direction in high
speed and with small-scale circuitry.

In more detail, the four syndrome generating units 52~55
and the error position-error value calculating unit 56 in the
error correcting unit 5 may be replaced with a parity data
generating circuit, and the data updating unit 57 may be
replaced with a parity data writing circuit. By doing so, an
error correction apparatus that performs error-related
processing, composed of the addition of error correction
codes when data is written onto the storage medium and the
correction of data when reading data from the storage
medium, at high speed can be realized.

In the first embodiment, the bus control unit 2 controls the
DMA transfer of one four-byte unit of data from the buffer
memory 1 to the error correcting unit 5 and allows other data
transfers involving the buffer memory 1 in the interval
before the next DMA transfer. However, data transfer for one
sixteen-byte unit of data may be achieved through one DMA
transfer. During error correction in the C1 direction, the six-
teen bytes of data d1~d16 shown in FIG. 10 are transferred
from the buffer memory 1 to the error correcting unit 5 in a
single DMA transfer. During this data transfer, interrupts
due to other data transfers that involve access to the buffer
memory 1 are prohibited, so that the data transfer time for 16
bytes, which is to say the time taken to provide each of the
four syndrome generating units 52~55 with four bytes of
data, will become almost constant, thereby avoiding situa-
tions where bottlenecks in data transfer to the error correct-
ing unit 5 cause great reductions in the processing speed of
the syndrome calculations.

In this first embodiment, the error correction apparatus
100 is described as having an eight-bit data bus, although a
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thirty-two-bit data bus may be used instead. By doing so,
four bytes of data can be read from the buffer memory 1 and
transferred to the error correcting unit 5 by a single memory
access. Here, the data distributing unit 51 may divide the
thirty-two bit data into eight-bit data units which it then
respectively distributes to the four syndrome generating
units 52~55.

Finally, in this first embodiment, the error correcting unit
5 only performs the syndrome calculation in parallel,
although the operations of the error position-error value cal-
culating unit 56 and the data updating unit 57 that follow the
syndrome calculation may also be performed in parallel. By
doing so, when a large number of errors occur during the
syndrome calculation, it can be ensured that the error pro-
cessing can be completed within a given time.

Second Embodiment

The second embodiment relates to a high-speed optical
disc reading apparatus. In this apparatus, error detection is
separate to error correction, and the former being performed
in parallel for data that is stored in a buffer memory. Error
correction uses the results of the error detection, so that data
that does not include errors is not transferred from the buffer
memory to the error correcting unit.

FIG. 24 is a block diagram showing the composition of
the optical disc reading device 2000 in the second embodi-
ment of the present invention. This optical disc reading
device 2000 reads data that is recorded on the optical disc
2010, performs error correction on the read data and trans-
fers the corrected data to the host computer 2070. As shown
in FIG. 24, the optical disc reading device 2000 is composed
of a pickup 2020, an amplifier 2030, a front end processor
2040, a spindle motor 2050, a servo controller 2060, and a
system control unit 2080.

The system control unit 2080 is a microprocessor that
receives data requests including commands from the host
computer 2070 via the optical disc control unit 2100. The
system control unit 2080 interprets these commands and
controls the servo controller 2060 and the optical disc con-
trol unit 2100 to realize the functions that correspond to the
data requests.

The spindle motor 2050 rotates the optical disc 2010. The
servo controller 2060 receives instructions from the system
control unit 2080. Based on information it receives from the
front end processor 2040, the servo controller 2060 controls
the rotation of the spindle motor 2050 and the lens position
of the pickup 2020.

The optical disc 2010 is a DVD-ROM. The pickup 2020
exposes the optical disc 2010 to laser light and reads the data
on the optical disc 2010 from the reflected light which it
converts to electrical signals. The amplifier 2030 amplifies
the signals outputted by the pickup 2020 and outputs the
result to the front end processor 2040.

The front end processor 2040 performs feedback control
for the servo controller 2060, the spindle motor 2050, and
the pickup 2020 based on the inputted signals, and outputs
stabilized signals to the optical disc control unit 2100. This
front end processor 2040 includes an equalizer, an AGC
(Automatic Gain Control), and a PLL (Phase Locked Loop)
and other such components. Note that the signals outputted
by the front end processor 2040 to the optical disc control
unit 2100 are modulated data.

The optical disc control unit 2100 informs the system con-
trol unit 2080 of the commands in the data requests sent
from the host computer 2070. Based on control by the sys-
tem control unit 2080, the optical disc control unit 2100
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demodulates the signals inputted by the front end processor
2040 to obtain the required data, performs error correction
on the data, and outputs the result to the host computer 2070.

Note that in FIG. 24, the thick arrows show the flow of
data recorded on the optical disc 2010 until it reaches the
host computer 2070. These arrows show that the data
recorded on the optical disc 2010 passes the pickup 2020,
the amplifier 2030, the front end processor 2040, and the
optical disc control unit 2100 before reaching the host com-
puter 2070. The data recorded on the optical disc 2010 is
composed of the product code shown in FIG. 1 for the first
embodiment. Reed-Solomon codes are again used as the
error correction codes.

FIG. 25 is a block diagram showing the composition of
the optical disc control unit 2100. This optical disc control
unit 2100 demodulates the signals it receives from the front
end processor 2040, performs error correction, and sends the
result to the host computer 2070. The optical disc control
unit 2100 includes a buffer memory 2110, a disc interface
unit 2120, an error correcting unit 2130, a host interface unit
2140, a first transfer unit 2150, a second transfer unit 2160, a
third transfer unit 2170, a bus control unit 2180, an error
detecting unit 2190, and an error code sequence storage unit
2200. Note that the thick arrows in FIG. 25 show the data
paths when data is written into or read from the buffer
memory 2110 using a DMA transfer.

The buffer memory 2110 is a semiconductor memory,
such as a DRAM, that has storage areas that are specified
using, a two-dimensional address (a row address and a col-
umn address). The buffer memory 2110 has sufficient stor-
age capacity for temporarily storing a plurality of sets of the
product code shown in FIG. 1.

The disc interface unit 2120 demodulates the signals
inputted by the front end processor 2040 and outputs the
resulting data to the first transfer unit 2150 so that the data is
stored into the buffer memory 2110. Note that when the first
transfer unit 2150 transfers data outputted from the disc
interface unit 2120 to the buffer memory 2110, the data is
inputted in parallel into the error detecting unit 2190.

The error detecting unit 2190 receives data from the disc
interface unit 2120 via the first transfer unit 2150 and judges
whether errors are present in any of the code sequences in
the C1 direction. On detecting an error in a code sequence,
the error detecting unit 2190 stores the number of the code
sequence into the error code sequence storage unit 2200 that
is composed of RAM. Note that the error detecting unit 2190
calculates a predetermined number of syndromes for each
code sequence and judges whether a non-zero element exists
in one of the syndromes. If so, the error detecting unit 2190
judges that an error is present in the code sequence being
processed. In detail, the error detecting unit 2190 includes
one of the syndrome generating units 52~55 in the error
correcting unit 5 of the first embodiment (a circuit shown in
FIG. 8), and a logical AND gate or similar for judging
whether the generated syndromes are all zero.

The error correcting unit 2130 only performs error correc-
tion in the C1 direction and C2 direction for code sequences
where an error has been detected, out of all of the product
code that has been transferred from the error correcting unit
2130 and stored in the buffer memory 2110. In detail, the
error correcting unit 2130 refers to the numbers stored in the
error code sequence storage unit 2200 and only performs
error correction for (1) code sequences in the C1 direction
where an error has been detected and (2) for all code
sequences in the C2 direction in a block in the buffer
memory 2110 where an error has been detected.
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The host interface unit 2140 is an interface circuit that
reads data that has been processed by the error correcting
unit 2130 from the buffer memory 2110 via the third transfer
unit 2170 and outputs the data to the host computer 2070.

The first transfer unit 2150 is a DMA controller that
receives permission from the bus control unit 2180 for trans-
fer requests issued by the disc interface unit 2120. On doing
so, the first transfer unit 2150 transfers data from the disc
interface unit 2120 to the buffer memory 2110 using DMA
and, in parallel, transfers the same data to the error detecting
unit 2190.

The second transfer unit 2160 is a DMA controller that
receives permission from the bus control unit 2180 for trans-
fer requests issued by the error correcting unit 2130. On
doing so, the second transfer unit 2160 transfers data from
the error correcting unit 2130 to the buffer memory 2110
using DMA.

The third transfer unit 2170 is a DMA controller that
receives permission from the bus control unit 2180 for trans-
fer requests issued by the host interface unit 2140. On doing
so, the third transfer unit 2170 transfers data from the buffer
memory 2110 to the host interface unit 2140 using DMA.

The bus control unit 2180 controls the first transfer unit
2150, the second transfer unit 2160, and the third transfer
unit 2170 according to a predetermined priority list so that
DMA transfer is exclusively performed by one of these three
transfer units. In addition, the bus control unit 2180 controls
standard (non-DMA) access to the buffer memory 2110 by
the error correcting unit 2130 when error data in the buffer
memory 2110 is rewritten.

FIG. 26 is a block diagram showing the detailed composi-
tion of the bus control unit 2180. The bus control unit 2180
includes an address generating unit 2181, a bus arbitration
control unit 2182, and a bus switching unit 2183. The
address generating unit 2181 generates an address for
accessing the buffer memory 2110. The bus switching unit
2183 switches a bus connection with the buffer memory
2110 between the first transfer unit 2150, the second transfer
unit 2160, the third transfer unit 2170, and the error correct-
ing unit 2130. The bus arbitration control unit 2182 controls
the three transfer units 2150~2170 and the bus switching
unit 2183 according to a predetermined priority list so that
DMA transfer by one of the three transfer units 2150~2170
or access to the buffer memory 2110 by the error correcting
unit 2130 is exclusively performed.

Note that the address generating unit 21 accesses the
buffer memory 2110 at high speed during a DMA transfer
using page mode. So long as a page hit is achieved, a con-
stant row address (RAS) can be outputted to the buffer
memory 1, with the address generating unit 21 only incre-
menting the column address (CAS) by the required number
of data elements.

FIG. 27 is a timing chart showing an example of the
scheduling performed by the bus arbitration control unit
2182 for the three types of exclusive DMA transfer. These
DMA transfers are DMA#1 where the first transfer unit 2150
transfers from the disc interface unit 2120 to the buffer
memory 2110, DMA#2 where the second transfer unit 2160
transfers from the buffer memory 2110 to the error correct-
ing unit 2130, and DMA#3 where the third transfer unit
2170 transfers from the buffer memory 2110 to the host
interface unit 2140. In FIG. 27, the horizontal axis represents
time, the triangular marks show the time at which requests
for DMA transfer are issued, and the shaded rectangles show
executions of the DMA transfer.

The bus arbitration control unit 2182 gives the highest
priority to DMA#1. This means that when DMA transfer is
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not being performed and a request for DMA#1 has been
received, the bus arbitration control unit 2182 will have
DMA#1 performed with the highest priority, regardless of
the order in which requests for DMA transfer have been
received. If no request for DMA#1 has been received, the
bus arbitration control unit 2182 will have DMA#3 per-
formed. If no request for DMA#1 or DMA#3 has been
received, the bus arbitration control unit 2182 will have
DMA#2 performed. However, when a request for DMA#2
and DMA#3 is received while consecutive requests for
DMA#1 are being received, the bus arbitration control unit
2182 will stop having DMA#1 consecutively executed and
will have DMA#2 or DMA#3 executed instead.

Note that the bus arbitration control unit 2182 handles the
standard access to the buffer memory 2110 by the error cor-
recting unit 2130 when rewriting error data in the buffer
memory 2110 in the same way as DMA#3. This means that
the bus arbitration control unit 2182 permits standard access
to the buffer memory 2110 by the error correcting unit 2130
provided that a request for either DMA#1 or DMA#3 has not
been received.

FIG. 28 is a circuit diagram showing the detailed compo-
sition of the error correcting unit 2130 and the related com-
ponents. The error correcting unit 2130 is a circuit for per-
forming error correction for a row or column where an error
has been detected, out of the code sequences in the C1 direc-
tion and C2 direction that compose the product code shown
in FIG. 1. As shown in FIG. 28, the error correcting unit
2130 includes a C1 code series transfer request unit 2135, a
syndrome generating unit 2131, a Fuclidean calculation cir-
cuit 2132, chain calculating unit 2133, and an error data
updating unit 2134.

The C1 code series transfer request unit 2135 reads the
number of a code sequence in the C1 direction that includes
an error from the error code sequence storage unit 2200 and
instructs the second transfer unit 2160 to read the code
sequence with this number from the buffer memory 2110.

The syndrome generating unit 2131 obtains the C1 code
sequence, which includes an error and was requested by the
C1 code series transfer request unit 2135, from the buffer
memory 2110 via the bus control unit 2180 and the second
transfer unit 2160. The syndrome generating unit 2131 then
calculates syndromes for the code sequence and outputs the
results to the Euclidean calculation circuit 2132.

Note that at any given instant, the syndrome generating
unit 2131 only calculates syndromes for a code sequence in
one of'a row and a column, and so corresponds to one of the
four syndrome generating units 52~55 in the error correcting
unit 5 of the first embodiment (i.e., the circuit shown in FIG.
8). Here, if the size of the product code given by k1=k2=100
bytes and m1=m2=10 bytes, the syndrome generating unit
2131 will include a queue buffer for temporarily buffering
the input data and ten product-sum calculation circuits for
calculating ten syndromes. These product-sum calculation
circuits will each include a register for storing one product-
sum value, a Galois field multiplier for reading a product-
sum value stored in the register and multiplying it by a
unique coefficient, and a Galois field adder for adding the
next inputted code to the multiplication result of the Galois
field multiplier.

The Euclidean calculation circuit 2132 calculates coeffi-
cients for each expression, based on the syndromes it
receives from the syndrome generating unit 2131, to specify
an error position polynomial and an error value polynomial
using a Euclidean method or the like. The Euclidean calcula-
tion circuit 2132 outputs the resulting coefficients to the
chain calculating unit 2133.
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The chain calculating unit 2133 finds the root of the error
position polynomial, based on the coefficients it receives
from the Euclidean calculation circuit 2132, using a chain
search-or other method. The chain calculating unit 2133 then
outputs the results of its calculation and the error value poly-
nomial generated by the Fuclidean calculation circuit 2132
to the error data updating unit 2134.

The error data updating unit 2134 uses the error position
and the error value polynomial received from the chain cal-
culating unit 2133 to find the error value at the indicated
error position. The error data updating unit 2134 reads the
data or parity data positioned at the indicated error position
in the buffer memory 2110 via the bus control unit 2180, and
calculates an exclusive OR on the retrieved values, before
writing the resulting value back into the buffer memory
2110.

Note that the transfer of data from the buffer memory
2110 to the syndrome generating unit 2131 by the second
transfer unit 2160 is performed using DMA, while the trans-
fer of data between the buffer memory 2110 and the error
data updating unit 2134 by the bus control unit 2180 is per-
formed according to standard (i.e., non-DMA) access. This
is because the rewriting performed during error correction is
not restricted to data stored in consecutive addresses in the
buffer memory 2110. Also note that the four circuits
2131~2134 that compose the error correcting unit 2130
operate separately and in parallel, which means that the error
correcting unit 2130 performs sequential processing with a
pipeline architecture.

FIG. 29 is a timing chart showing the internal processing
of'the optical disc control unit 2100 when consecutively pro-
cessing data in a plurality of blocks. In FIG. 29, the first to
fifth block are blocks of data stored in the buffer memory
2110. The legend “buffering” represents the transfer of data
from the buffer memory 2110 to the disc interface unit 2120
by the first transfer unit 2150. The legend “error detection”
represents the transfer of data from the disc interface unit
2120 to the error detecting unit 2190 by the first transfer unit
2150 and the detection of errors by the error detecting unit
2190. The legend “error correction” represents the transfer
of data from the buffer memory 2110 to the error correcting
unit 2130 by the second transfer unit 2160 and the error
correction process of the error correcting unit 2130. The
legend “transfer to host” represents the transfer of data from
the buffer memory 2110 to the host interface unit 2140 by
the third transfer unit 2170.

As shown in FIG. 29, buffering and error detection are
performed in parallel for each block. When these processes
have ended for a block, error correction is performed on the
block. When the error correction is complete, the block is
transferred to the host. These processes are performed
sequentially and in parallel to form a pipeline architecture.
For the example of cycle TS5, the fifth block is transferred
from the disc interface unit 2120 to the buffer memory 2110
at the same time as the error detecting unit 2190 performs
detects errors in the fifth block. At the same time, the fourth
block is transferred from the buffer memory 2110 to the
error correcting unit 2130 where error correction is
performed, and the third block is transferred from the buffer
memory 2110 to the host interface unit 2140.

Note that the reason the three types of data transfer that
access the buffer memory 2110 appear to be executed in
parallel in FIG. 29 is that the drawing shows blocks as a
relatively large amount of data. By focusing on the separate
data elements that compose each block, it can be seen that
only one of the data transfers is being performed at any given
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instant. This kind of exclusive data transter and pipeline con-
trol is achieved by the bus arbitration control unit 2182 of the
bus control unit 2180 switching the permission to transfer
data at very short intervals between the three transfer units
2150, 2160, and 2170 according to the predetermined prior-
ity order. This is shown by the timing chart in FIG. 27.

The reason error correction is not performed for the third
block in FIG. 29 is that no errors were detected for this block
during the error detection process. On receiving notification
that the error detecting unit 2190 did not find any errors in
the third block, the error correcting unit 2130 does not per-
form any error correction on this block. The error correcting
unit 2130 informs the bus control unit 2180 that no error
correction will be performed, so that the second transfer unit
2160 does not transfer any of the code sequences in the third
block from the buffer memory 2110 to the error correcting
unit 2130.

In this way, “buffering” and “error detection™ are per-
formed for this same block in parallel and, when no errors
are detected in a block, the error correcting unit 2130 is
informed that no errors exist in the block. As a result, the
error correcting unit 2130 can skip the reading of data with
no errors, thereby avoiding unnecessary data transfers that
involve the buffer memory 2110. Conventionally, the follow-
ing three transfers are performed for all data read from an
optical disc:

(1) the storage of data read from an optical disc into a

buffer;

(2) the transfer of data from the buffer for error detection
and error correction; and

(3) the transfer of data from the buffer to a host computer.

With this second embodiment, however, data that does not
contain any errors only needs to be transferred into the buffer
memory (transfer (1)) and then transferred onward to the
host computer (transfer (3)). Accordingly, such data only
requires two transfers.

FIG. 30 shows the timing chart of FIG. 29 in more detail.
In FIG. 30, the error detection and error correction are
shown as separate processes in the C1 direction and the C2
direction. In this example, error detection is only performed
in the C1 direction, while error correction in the C1 direction
and error correction in the C2 direction are both respectively
performed once for each block that contains an error.

During cycle T1, the error detecting unit 2190 detects
whether there are any errors in the code sequences in the C1
direction for the first block that the first transfer unit 2150
sends from the disc interface unit 2120. On finding an error,
the error detecting unit 2190 records the number of the code
sequence that includes an error in the error code sequence
storage unit 2200.

Here, the reason the error detecting unit 2190 performs
error detection in the C1 direction is that the data transfer
from the disc interface unit 2120 to the buffer memory 2110
is performed in an order where the product code is scanned
in the row direction repetitively from the first row to the n,”
row. This means that error detection in the C1 direction is
simple. The reason error detection is not performed for the
C2 direction is that if the preceding error correction in the
C1 direction finds there is one or more code sequences in the
C1 direction for which error correction is impossible, error
detection is performed for all code sequence in the C1
direction, error correction for the code sequences in the C2
direction will also be necessary. Accordingly, there is no
need to detect errors in the C2 direction.

Next, in cycle T2 the error correcting unit 2130 reads the
code sequences in the C1 direction from the buffer memory
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2110 and performs error correction. Here, the error correct-
ing unit 2130 refers to the error code sequence storage unit
2200, reads only code sequences in the C1 direction that
contain errors from the buffer memory 2110, and performs
error correction on these code sequences. When this process-
ing has been completed for every code sequence in the C1
direction that was found to contain an error, if there is at least
one code sequence in the C1 direction for which error cor-
rection was not possible, the error correcting unit 2130 reads
all the code sequences in the C2 direction that compose the
block from the buffer memory 2110 and performs error cor-
rection on these code sequences. Note that error correction is
performed for every code sequence in the C2 direction that
composes a block since it is unclear from the error detection
in the C1 direction by the error detecting unit 2190 which
code sequences in the C2 direction contain errors.

FIG. 31 is a timing chart for the processing of row units by
the error correcting unit 2130 when performing error correc-
tion in the C1 direction. This drawing shows the parallel
processing of the syndrome generating unit 2131, the
Euclidean calculation circuit 2132, the chain calculating unit
2133, and the error data updating unit 2134 when the error
detecting unit 2190 has detected errors in the code sequences
on the first, fourth, sixth, and eleventh rows.

Since the error detecting unit 2190 has not detected any
errors in the code sequences on the second, third, fifth, and
eighth~tenth rows, these rows are not read from the buffer
memory 2110 by the syndrome generating unit 2131. AS a
result, the data on these rows is not subjected to syndrome
calculation, Euclidean calculation, chain calculation, and
error data updating.

FIG. 32 shows the access order for the product code stored
in the buffer memory 2110 when correcting the code
sequences shown in FIG. 31. Here, error correction is first
performed for the first row, before skipping the second and
third rows and moving on the fourth row. The fifth row is
then skipped and error correction is then performed for the
sixth row and the seventh row. While every row is scanned in
FIG. 2, only rows where an error has been detected are
scanned in FIG. 32.

As described above in this second embodiment, the error
correcting unit 2130 refers to the error code sequence stor-
age unit 2200 and only reads code sequences that contain
errors, which is to say code sequences for which error cor-
rection is required from the buffer memory 2110, before
performing error correction on the read code sequences. In
this way, unnecessary transfers of data from the buffer
memory 2110 are avoided.

With the above construction, code sequences in the C1
direction for which no errors are detected will not require the
conventional three data transfers of (1) storing all data read
from the optical disc into the buffer memory, (2) reading all
data from the buffer memory for error detection.error
correction, and (3) reading data from the buffer memory for
transmission to the host computer. Instead such data only
needs the two data transfers of (1) storage into the buffer
memory and (2) output to the host device. This reduces the
number of accesses made to the buffer memory 2110, which
increases the overall processing speed of the optical disc
control unit 2100, as well as reducing power consumption.
This enables the optical disc reading device 2000 to operate
at higher speed with lower power consumption.

Note that while the second embodiment states that the
error correcting unit 2130 repeatedly performs error correc-
tion for one code sequence of a row or a column at a time, as
shown in FIG. 32, the error correcting unit 2130 may instead
perform error correction in parallel on a plurality of code
sequences, such as on four rows or columns as in the first
embodiment.
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FIG. 33 shows the read order for data from the disc inter-
face unit 2120 when performing the error correction in the
Cl1 direction shown in FIG. 31 for four rows of code in
parallel. This read order has fundamentally the same flow as
the read order shown in FIG. 10 in the first embodiment,
although in FIG. 33 differs in that only rows where an error
has been detected (the first, fourth, sixth, seventh rows etc.)
compose the four rows that are read in parallel. When the
length of the code sequence is not divisible by four, the read
order shown in FIG. 34 may be used. Here, the transfer of
four bytes is repeated for the first four rows where an error
has been detected (the first, fourth, sixth, seventh rows), and
two bytes is transferred for the end part of each of these
rOws.

In this way, the error correcting unit 2130 of the second
embodiment can be modified to execute error correction in
parallel for four code sequences by providing four syndrome
generating units and a data distributing unit that distributes
the data sent from the buffer memory 2110 among the four
syndrome generating units. The resulting system has a high
processing speed by performing error correction in parallel
as in the first embodiment, and by performing error detection
before error correction as in the second embodiment.

In the second embodiment, the C1 code series transfer
request unit 2135 is provided inside the error correcting unit
2130, although it may instead be provided inside the error
detecting unit 2190, or as a circuit that is external to both the
error correcting unit 2130 and the error detecting unit 2190.

In this embodiment, the error detecting unit 2190 only
notifies the other elements of the numbers of code sequences
where an error has been detected, although the error detect-
ing unit 2190 may also inform other elements of the syn-
dromes obtained during the detection. The error correcting
unit 2130 may then receive the syndromes for a code
sequence where an error has been detected from the error
detecting unit 2190 before performing the Euclidean and
chain calculations. By doing so, the same syndrome calcula-
tions do not need to be executed by both the error detecting
unit 2190 and the error correcting unit 2130.

In the same way, instead of merely detecting errors, the
error detecting unit 2190 may also perform the Euclidean
and chain calculations. When this is the case, the error cor-
recting unit 2130 can receive the error position and error
value for a code sequence found to contain an error from the
error detecting unit 2190, and can proceed to amending the
error data in the buffer memory 2110. In this way, where
possible under the exigencies of processing time, the error
detecting unit 2190 may perform the syndrome calculations,
Euclidean calculations, and chain calculations needed for
error correction in the C1 direction. This means that these
calculations are performed while data is being transferred
from the disc interface unit 2120 to the buffer memory 2110,
which reduces the processing time taken for error correction
by the error correcting unit 2130.

Third Embodiment

The third embodiment relates to a high-speed optical disc
reading apparatus with a reduced number of accesses to a
buffer memory. In this apparatus, error correction in the C1
direction is performed in parallel with the storage of data
into the buffer memory. Only blocks where an error has been
detected during the error correction in the C1 direction are
read from the buffer memory and subjected to error correc-
tion in the C2 direction.

FIG. 35 is a block diagram showing the composition of
the optical disc reading device 3000 in the third embodiment
of the present invention. This optical disc reading device



US RE41,499 E

31

3000 reads data that is stored on the optical disc 2010, cor-
rects errors in the read data and outputs the corrected data to
the host computer 2070. As shown in FIG. 35, the optical
disc reading device 3000 includes a pickup 2020, an ampli-
fier 2030, a front end processor 2040, a spindle motor 2050,
a servo controller 2060, and a system control unit 2080.

The only difference between the optical disc reading
device 3000 of this third embodiment and the optical disc
reading device 2000 in the second embodiment lies in the
optical disc control unit 3100. Other components are the
same as in the optical disc reading device 2000 and so have
the same reference numbers. No further explanation of such
components will be given.

FIG. 36 is a block diagram showing the detailed composi-
tion of the optical disc control unit 3100. This optical disc
control unit 3100 demodulates signals it receives from the
front end processor 2040, performs error correction on the
resulting data, and sends corrected data to the host computer
2070. As shown in FIG. 36, the optical disc control unit 3100
includes a buffer memory 3110, a disc interface unit 3120,
an error correcting unit 3130, a host interface unit 3140, a
first transfer unit 3150, a second transfer unit 3160, a third
transfer unit 3170, a bus control unit 3180, and a data select-
ing unit 3190. Note that the thick arrows in FIG. 36 show the
data paths when data is written into or read from the buffer
memory 3110 using a DMA transfer.

The buffer memory 3110 is a semiconductor memory,
such as a DRAM, that has storage areas that are specified
using a two-dimensional address (a row address and a col-
umn address). The buffer memory 3110 has sufficient stor-
age capacity for temporarily storing the plurality of sets of
product code shown in FIG. 1.

The disc interface unit 3120 demodulates the signals
inputted by the front end processor 3040 and outputs the
resulting data to the first transfer unit 3150 so that the data is
stored into the buffer memory 3110. Note that when the first
transfer unit 3150 transfers data outputted from the disc
interface unit 3120 to the buffer memory 3110, the data is
inputted in parallel into the data selecting unit 3190.

The data selecting unit 3190 is a selector for selecting the
transfer source for a code sequence on which the error cor-
recting unit 3130 is going to perform error correction. When
the first transfer unit 3150 is transferring data from the disc
interface unit 3120 to the buffer memory 3110, the same data
is inputted in parallel into the data selecting unit 3190, so
that the data selecting unit 3190 selects this data and passes
it on to the error correcting unit 3130. On the other hand,
when the second transfer unit 3160 transfers a code
sequence for the C2 direction from the buffer memory 3110,
the data selecting unit 3190 selects this data and passes it on
to the error correcting unit 3130. Note that the data selecting
unit 3190 selects the source for data transfer according to
instructions from the first transfer unit 3150 and the second
transfer unit 3160.

The error correcting unit 3130 performs error correction,
distinguishing between the two types of code sequences (C1
direction and C2 direction) it receives from the data select-
ing unit 3190. When the data selecting unit 3190 selects and
transfers data (code sequences in the C1 direction) received
from the first transfer unit 3150, the error correcting unit
3130 performs error correction in the C1 direction.
Conversely, when the data selecting unit 3190 selects and
transfers data (code sequences for the C2 direction) received
from the second transfer unit 3160, the error correcting unit
3130 performs error correction for the C2 direction.

The host interface unit 3140 is an interface circuit that
reads data that does not require further processing by the
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error correcting unit 3130 from the buffer memory 3110 via
the third transfer unit 3170 and outputs the data to the host
computer.

The first transfer unit 3150 transfer data from the disc
interface unit 3120 to the buffer memory 3110 using DMA
and simultaneously transfers the same data in parallel to the
data selecting unit 3190. The second transfer unit 3160
transfers data from the buffer memory 3110 to the error cor-
recting unit 3130 using DMA. The third transfer unit 3170
data from the buffer memory 3110 to the host interface unit
2140 using DMA.

The bus control unit 3180 controls the first transfer unit
3150, the second transfer unit 3160, and the third transfer
unit 3170 according to a predetermined priority list so that
DMA transfer is exclusively performed by one of these three
transfer units. In addition, the bus control unit 3180 controls
standard (non-DMA) access to the buffer memory 3110 by
the error correcting unit 3130 when error data in the buffer
memory 3110 is rewritten. Note that the detailed composi-
tion of the bus control unit 3180 and its method for control-
ling exclusive access to the buffer memory 3110 are the
same as those shown in FIGS. 26 and 27 for the bus control
unit 2180 of the second embodiment.

FIG. 37 is a block diagram showing the detailed composi-
tion of the error correcting unit 3130 and the related compo-
nents. The error correcting unit 3130 is a circuit for perform-
ing error correction, switching between a code sequence for
one row in the product code and a code sequence for one
column according to time division. As shown in FIG. 37, the
error correcting unit 3130 includes a syndrome generating
unit 3131, a Euclidean calculation circuit 3132, chain calcu-
lating unit 3133, and an error data updating unit 3134.

The syndrome generating unit 3131 calculates syndromes,
distinguishing between the two types of code sequences sent
from the data selecting unit 3190. This syndrome generating
unit 3131 includes the input data syndrome storage unit
3135 and the buffer data syndrome storage unit 3136 as two
temporary memories. The input data syndrome storage unit
3135 is a memory with a suitable storage capacity for tem-
porarily storing syndromes for all of the code sequences in
the C1 direction that compose a block. Conversely, the
buffer data syndrome storage unit 3136 is a memory with a
suitable storage capacity for temporarily storing syndromes
for all of the code sequences for the C2 direction that com-
pose a block.

When the data selecting unit 3190 selects and transfers
data from the first transfer unit 3150 (C1 code sequences),
the syndrome generating unit 3131 calculates syndromes for
the C1 code sequences, accumulates the calculated syn-
dromes for each C1 code sequence, and stores them in the
input data syndrome storage unit 3135. On the other hand,
when the data selecting unit 3190 selects and transfers data
from the second transfer unit 3160 (C2 code sequences), the
syndrome generating unit 3131 calculates syndromes for the
C2 code sequences and accumulates the calculated syn-
dromes for each C2 code sequence and stores them in the
buffer data syndrome storage unit 3136.

Note that at any given instant, the syndrome generating
unit 2131 only calculates syndromes for a code sequence in
one of'a row and a column, and so corresponds to one of the
four syndrome generating units 52~55 in the error correcting
unit 5 of the first embodiment (i.e., the circuit shown in FIG.
8). Here, if the size of the product code is given by kl1=k2=
100 bytes and m1=m2=10 bytes, the syndrome generating
unit 3131 will include a queue buffer for temporarily buffer-
ing the input data and ten product-sum calculation circuits
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for calculating ten syndromes. These product-sum calcula-
tion circuits will each include a register for storing one
product-sum value, a Galois field multiplier for reading a
product-sum value stored in the register and multiplying it
by a unique coeficient, and a Galois field adder for adding
the next inputted code to the multiplication result of the
Galois field multiplier.

The Euclidean calculation circuit 3132 sequentially reads
the syndromes stored in the input data syndrome storage unit
3135 and the buffer data syndrome storage unit 3136 of the
syndrome generating unit 3131 and calculates coefficients
for each expression to specify an error position polynomial
and an error value polynomial. The Euclidean calculation
circuit 3132 outputs the resulting coefficients to the chain
calculating unit 3133.

The chain calculating unit 3133 finds the root of the error
position polynomial, based on the coefficients it receives
from the Euclidean calculation circuit 3132, using a chain
search or other method. The chain calculating unit 3133 then
outputs the results of its calculation and the error value poly-
nomial generated by the Fuclidean calculation circuit 3132
to the error data updating unit 3134.

The error data updating unit 3134 uses the error position
and the error value polynomial received from the chain cal-
culating unit 3133 to find the error value at the indicated
error position. The error data updating unit 3134 reads the
data or parity data positioned at the indicated error position
in the buffer memory 3110 via the bus control unit 3180, and
calculates an exclusive OR on the retrieved values, before
writing the resulting value back into the buffer memory
3110.

Note that the transfer of data from the buffer memory
3110 to the syndrome generating unit 3131 by the second
transfer unit 3160 is performed using DMA, while the trans-
fer of data between the buffer memory 3110 and the error
data updating unit 3134 by the bus control unit 3180 is per-
formed according to standard (i.e., non-DMA) access. Also
note that the four circuits 3131~3134 that compose the error
correcting unit 3130 operate separately and in parallel,
which means that the error correcting unit 3130 performs
sequential processing with a pipeline architecture.

FIG. 38 is a timing chart showing the internal processing
of'the optical disc control unit 3100 when consecutively pro-
cessing data in a plurality of blocks. In FIG. 38, the first to
fifth blocks are blocks of data stored in the buffer memory
3110. The legend “buffering” represents the transfer of data
from the buffer memory 3110 to the disc interface unit 3120
by the first transfer unit 3150. The legend “error correction
1” represents error correction by the error correcting unit
3130 for code sequences in the C1 direction that have been
transferred from the disc interface unit 3120 by the first
transfer unit 3150. The legend “error correction 2” repre-
sents error correction by the error correcting unit 3130 for
code sequences for the C2 direction that have been trans-
ferred from the buffer memory 3110 by the second transfer
unit 3160 via the data selecting unit 3190. The legend “trans-
fer to host” represents the transfer of data from the buffer
memory 3110 to the host interface unit 3140 by the third
transfer unit 3170.

As shown in FIG. 38, a block is first subjected to “buffer-
ing” and “error correction 17 in parallel. The block is then
subjected to “error correction 2”, and after that to “transfer
to host”, so that processing of blocks is performed sequen-
tially and in parallel in a pipeline architecture. Focusing on
cycle T5, for example, the fifth-block is transferred from the
disc interface unit 3120 to the buffer memory 3110 at the
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same time as the error correcting unit 3130 performs “error
correction 1” (error correction in the C1 direction) on the
fifth block. At the same time, the fourth block is transferred
from the buffer memory 3110 to the error correcting unit
3130 where “error correction 2” (error correction in the C2
direction) is performed, and the third block is transferred
from the buffer memory 3110 to the host interface unit 3140.

Note that the reason the three types of data transfer that
access the buffer memory 3110 appear to be executed in
parallel in FIG. 38 is that the drawing shows blocks as a
relatively large amount of data. By focusing on the separate
data elements that compose each block, it can be seen that
only one of the data transfers is being performed at any given
instant. This kind of exclusive data transter and pipeline con-
trol is achieved by the bus control unit 3180 switching the
permission to transfer data at very short intervals between
the three transfer units 3150, 3160, and 3170 according to a
predetermined priority order.

The reason “error correction 2” is not performed for the
third block in FIG. 38 is that no errors were detected for this
block during the “error correction 1” process (error correc-
tion in the C1 direction) for this block. This means that all
syndromes calculated by the error correcting unit 3130 for
the code sequences in the C1 direction in the third block and
written into the input data syndrome storage unit 3135 are
zeros, or alternatively that the “error correction 1” in the
cycle T1 was able to correct all of the errors in the code
sequence in the C1 direction so that errors are no longer
present in the block. By referring to the stored content of the
input data syndrome storage unit 3135, the error correcting
unit 3130 finds that error correction in the C2 direction for
the third block is unnecessary, and does not perform any
processing for the “error correction 2” of this block. The
error correcting unit 3130 informs the bus control unit 3180
that no error correction will be performed, so that the second
transfer unit 3160 does not transfer any of the code
sequences in the third block from the buffer memory 3110 to
the error correcting unit 3130.

In this way, “buffering” and the error correction in the C1
direction (“error correction 1) are performed for the same
block in parallel, with information regarding the detection of
errors being stored in the input data syndrome storage unit
3135. The error correcting unit 3130 can soon know if no
errors are detected in the code sequences in the C1 direction
by referring to the input data syndrome storage unit 3135. As
a result, the error correcting unit 3130 can skip the reading of
data that does not require error correction in the C2
direction, thereby avoiding unnecessary data transfers that
involve the buffer memory 3110. Conventionally, the follow-
ing three transfers are performed for all data read from an
optical disc:

(1) the storage of data read from an optical disc into a

buffer;

(2) the transfer of data from the buffer for error detection

and error correction; and

(3) the transfer of data from the buffer to a host computer.

With this third embodiment, however, data that does not
contain any errors only needs to be transferred into the buffer
memory (transfer (1)) and then transferred onward to the
host computer (transfer (3)). Accordingly, such data only
requires two transfers.

FIG. 39 shows the timing chart of FIG. 38 in more detail.
In FIG. 39, the “error correction 1” and “error correction 2”
are shown as separate processes in the C1 direction and the
C2 direction. In this example, error correction in the C2
direction (“error correction 2”) is only performed for blocks
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for which an error was detected during the error correction
(“error correction 1”) in the C1 direction.

During cycle T1, the error correcting unit 3130 performs
error correction (“error correction 1) for the code sequences
in the C1 direction for the first block that the first transfer
unit 3150 sends from the disc interface unit 3120. When
doing so, the syndrome generating unit 3131 stores the syn-
dromes obtained for all code sequences in the C1 direction in
the input data syndrome storage unit 3135.

Here, the error correcting unit 3130 performs error correc-
tion in the C1 direction since the data transfer from the disc
interface unit 3120 to the buffer memory 3110 is performed
in an order where the product code is scanned in the row
direction repetitively from the first row to the n,” row. This
means that error correction in the C1 direction is simple.

Next, in cycle T2 the error correcting unit 3130 performs
the “error correction 1” in the C1 direction for the second
block and, in parallel, performs the “error correction 2” in
the C2 direction for the first block. Here, data for the first
block and the second block is sent from the data selecting
unit 3190 according to time division, so that the error cor-
recting unit 3130 performs error correction in the C1 direc-
tion for the code sequences of the second block that are
inputted from the disc interface unit 3120 via the data select-
ing unit 3190, and performs error correction in the C2 direc-
tion for the code sequences of the first block that are inputted
from the buffer memory 3110 via the data selecting unit
3190.

Note that when no errors are detected during the correc-
tion in the C1 direction or when all of the detected errors in
the C1 direction have been corrected, error correction in the
C2 direction is not performed for the first block, in the same
way as with the third and fourth blocks. This means that the
code sequences in the C2 direction in the first block are not
transferred by the second transfer unit 3160 from the buffer
memory 3110 to the error correcting unit 3130.

FIG. 40 is a timing chart showing the processing of the
error correcting unit 3130 for code sequences in the row and
column directions. This drawing corresponds to “error cor-
rection 1”” and “error correction 2” shown at the start of cycle
T2 in the timing chart of FIG. 39. Accordingly, FIG. 40
shows how the error correcting unit 3130 performs the error
correction in the C1 direction (“error correction 1) for the
second block in parallel with the error correction in the C2
direction (“error correction 2”) for the first block.

In time t1, the syndrome generating unit 3131 calculates
syndromes for the first column in the first block and for the
first row in the second block in parallel. The syndrome gen-
erating unit 3131 stores the respective results in the input
data syndrome storage unit 3135 and the buffer data syn-
drome storage unit 3136. Note that data is sent from the data
selecting unit 3190 that switches between the first row of the
second block and the first column of the first block according
to time division, so that at any given instant, the syndrome
generating unit 3131 will be calculating syndromes for only
one of these code sequences.

In time 12, the syndrome generating unit 3131 calculates
syndromes for the second column in the first block and for
the second row in the second block in parallel. Again, the
syndrome generating unit 3131 stores the respective results
in the input data syndrome storage unit 3135 and the buffer
data syndrome storage unit 3136.

Also in time t2, the Euclidean calculation circuit 3132
reads the syndromes for the code sequence of the first row in
the second block from the input data syndrome storage unit
3135 and uses the read syndromes to perform a Euclidean
calculation. The Euclidean calculation circuit 3132 notifies
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the chain calculation unit 3133 of the results. After this, the
Euclidean calculation circuit 3132 performs a Euclidean cal-
culation on the code sequence in the first column of the first
block, and notifies the chain calculation unit 3133 of the
results.

In the latter half of time t2, the chain calculating unit 3133
performs a chain calculation on the data for the first row of
the second block received from the Euclidean calculation
circuit 3132, and notifies the error data updating unit 3134 of
the results.

In time t3, the syndrome generating unit 3131 calculates
syndromes for the third column in the first block and for the
third row in the second block in parallel. In parallel, the
Euclidean calculation circuit 3132 performs respective
Euclidean calculations for the code sequence of the second
row in the second block and the code sequence in the second
column of the first block. Also in parallel, the chain calculat-
ing unit 3133 performs respective chain calculations for the
code sequence on the first column of the first block and the
code sequence on the second row of the second block. Also
in time t3, the error data updating unit 3134 updates the error
data in the code sequence of the first row in the second block
(rewrites the error data in the buffer memory 3110) and then
updates the error data in the code sequence of the first col-
umn in the first block.

Hereafter, in each period tn, syndrome calculation,
Euclidean calculation, chain calculation, and error data cor-
rection are performed in parallel for respective code
sequences of one row and one column. Note that in FIG. 40,
the Euclidean calculation, chain calculation, and error data
correction are performed for every row and every column.
This corresponds to the case when an error is detected in
every code sequence during the calculation of syndromes.
When a code sequence is found to contain no errors, Euclid-
ean calculation, chain calculation, and error data correction
are not performed for that code sequence.

As described above, this third embodiment has the error
correction in the C1 direction (shown as “error correction 17
in the drawings) performed for data in parallel with the
transfer of the same data from the disc interface unit 3120 to
the buffer memory 3110 (shown as “buffering”). As a result,
once data has been stored in the buffer memory 3110, the
buffered data does not need to be read from the buffer
memory 3110 to perform error correction on this data in the
Cl1 direction.

The error correction performed in parallel with the buffer-
ing process stores the results (syndromes) of error detection
in the C1 direction in the input data syndrome storage unit
3135. This stored content is then referred to, so that when no
errors are detected in any of the code sequences in the C1
direction for a block, unnecessary data transfers that read
data in such blocks for which error correction in the C2
direction is unnecessary can be avoided.

In this third embodiment, data transfer from the buffer
memory 3110 is not necessary for error correction (1) in the
C1 direction or (2) for error correction in the C2 direction
provided a block does not contain any errors. The error cor-
rection processing can therefore be performed with fewer
accesses to the buffer memory 3110 than were convention-
ally possible. This means that an optical disc reading device
2000 that operates at high speed with lower power consump-
tion can be achieved.

Note that while this third embodiment describes an
example where the error correcting unit 3130 repeatedly per-
forms error correction on one row or one column, the error
correcting unit 3130 may instead perform error correction on
four rows on four columns, for example, as in the first
embodiment.
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As an example modification of the third embodiment
where the error correcting unit 3130 performs error correc-
tion for four code sequences in parallel, the error correcting
unit 3130 may be provided with four syndrome generating
units and a data distributing unit for distributing data sent
from the buffer memory 3110 on the four syndrome generat-
ing units, like the error correcting unit 5 in the first embodi-
ment. As a result, a single error correction device can attain
the effects of faster error correction in the first embodiment
achieved due to parallel operation and in the third embodi-
ment achieved by performing error correction in the Cl
direction first.

In the third embodiment, the data selecting unit 3190 and
the syndrome generating unit 3131 detect errors in the code
sequences that are respectively sent from the first transfer
unit 3150 and the second transfer unit 3160 according to
time division. Alternatively, by providing two independent
syndrome generating circuits that respectively perform error
detection for a code sequence received from the first transfer
unit 3150 and for a code sequence received from the second
transfer unit 3160, error detection for two code sequences
can be performed simultaneously in parallel.

The present invention has been explained using the three
embodiments given above, although it should be obvious
that the invention is not limited to such. A number of modi-
fications are possible, examples of which are given below.

In the first to third embodiments, the error correction for
one block is performed by performing error correction in the
C1 direction and error correction in the C2 direction respec-
tively once. However, a further error correction in both the
C1 and C2 directions may be performed. By increasing the
number of executions, the device’s ability to correct errors
can be improved, so that the number of executions of error
correction in each direction may be set with consideration to
the number of errors found in the data and the amount of
time allowed for error correction, given the requirements of
other processes.

Other variations of error correction apparatuses can be
achieved by combining features that have been described in
different embodiments. As one example, the three DMA
transfers in the second and third embodiments that are
shown in FIG. 27 may be scheduled in the same way as in
the first embodiment.

The first to third embodiments of the present invention are
disc drive apparatuses that use a DVD-ROM or other optical
disc as a storage medium. The error correction apparatus of
the invention does not apply only to such data storage
apparatuses, and so may naturally be used whenever high-
speed correction of errors is required for transferred data. An
example of such a use would be for a relay device used in
network communication.

Although the present invention has been fully described
by way of examples with reference to accompanying
drawings, it is to be noted that various changes and modifi-
cations will be apparent to those skilled in the art. Therefore,
unless such changes and modifications depart from the scope
of the present invention, they should be construed as being
included therein.

What is claimed is:

1. An error correcting apparatus that repeatedly performs
calculations that are required for error correction on code
sequences in a row direction and a column direction in block
code of R rows and L columns, the error correcting appara-
tus comprising:

storing means for storing the block code;

calculating means for performing calculations for correct-

ing errors in the block code in units of one of (a) one
row and (b) one column; and
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transfer means, including
a row direction transferring unit for repeatedly reading
code sequences on R1 (where R1 is an integer such
that 2=R1<R) rows in the block code from the stor-
ing means and transferring the read code sequences
to the calculating means until all R rows have been
read and transferred,
the row direction transferring unit transferring the code
sequences on the R1 rows from the storing means to
the calculating means by repeatedly reading and
transferring sections of L1 consecutive codes (where
L1 is an integer such that 2=L1<L) on the R1 rows
in order, shifting a read position by L1 codes after
reading [.1 consecutive codes on each of the R1
rows,

wherein when codes have been transferred by the row
direction transferring unit, the calculating means per-
forms the calculations for the code sequences on the R1
rows in parallel, treating the received codes as [.1-code-
wide sections of the code sequences on different rows
in the R1 rows.

2. The error correcting apparatus of claim 1,

wherein the block code is product code, and code
sequences in the row direction and column direction
that compose the block code include information codes
and error correction codes,

the calculating means includes:

error detecting means for detecting whether errors are
present in a code sequence on one of (a) a row and
(b) a column in the block code; and

error code updating means for rewriting, when the error
detecting means has detected at least one error in a
code sequence, a code in the storing means that cor-
responds to the error using a corrected value,

the row direction transferring unit repeatedly transfers
code sequences to the error detecting means, and

the error detecting means performs error detection for the
code sequences on the R1 rows in parallel, treating the
received codes as L1-code-wide sections of the code
sequences on different rows in the R1 rows.

3. The error correcting apparatus of claim 2,

wherein the storing means stores the block code so that
codes on a same row are stored in a storage area with
consecutive addresses, and

the row direction transferring unit sequentially reads [.1
codes from a storage area with consecutive addresses in
the storing means.

4. The error correcting apparatus of claim 3,

wherein the storing means is a dynamic random access
memory, and

the row direction transferring unit reads [.1 codes from the
storing means using page mode.

5. The error correcting apparatus of claim 4,

wherein the row direction transferring unit transfers codes
by performing direct memory access to the storing
means.

6. The error correcting apparatus of claim 2,

wherein the error detecting means includes:

R1 error detecting units that each perform error detec-
tion for a code sequence on one row in the R1 rows;
and

a distributing unit for distributing codes, which are
received from the row direction transferring unit, in
L1-code-wide sections to the R1 error detecting units
in order,
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wherein the R1 error detecting units are independent of
one another and each perform error detection in parallel
with a transfer of codes by the row direction transfer-
ring unit.

7. The error correcting apparatus of claim 6,

wherein each of the R1 error detecting units completes the
error detection for an L1-code-wide section in a time
that is shorter than an interval at which L1-code-wide
sections are distributed to the error correcting unit by
the distributing unit.

8. The error correcting apparatus of claim 7,

wherein each of the R1 error detecting units has a product-
sum calculating circuit that calculates a plurality of
syndromes for one code sequence.

9. The error correcting apparatus of claim 2,

wherein when a division of L by L1 results in a quotient of
D and a remainder of E, the row direction transferring
unit repeats a transfer of [.1-code-wide sections on R1
rows D times, before reading and transferring an
E-code-wide section on each of the R1 rows in order to
the error detecting means, and

the error detecting means performs error detection a pre-
determined number of times for L1-code-wide sections
before performing error detection for E-code-wide sec-
tions.

10. The error correcting apparatus of claim 2,

wherein the transferring means further includes a column
direction transfer unit for reading code sequences in .2
(where L2 is an integer such that 2=[.2<L)) columns in
the block code from the storing means and transferring
the read code sequences to the error detecting means
until all L columns have been processed,

the column direction transferring unit transfers all code in
the L2 columns from the storing means to the calculat-
ing means by repeatedly reading and transferring sec-
tions of L2 consecutive codes in the row direction on
the R rows in order, shifting a read position by L2 codes
after reading all codes in the L2 columns,

and when codes have been transferred by the column
direction transferring unit, the error detecting means
performs error detection for the code sequences in the
L2 columns in parallel, treating the received codes as a
series where each code corresponds to a code sequence
in a different column in the L2 columns.

11. The error correcting apparatus of claim 10,

wherein R1 and L2 are such that R1=[.2=j, and the error
detecting means includes:
j error detecting units that each perform error detection
for one code sequence; and
a distributing unit for repeatedly distributing each
L1-code-wide section of codes that is received from
the row to one of the j error detecting units selected
in order, and for repeatedly distributing each code
that forms part of an [.2 code-wide section received
from the column to a different error detecting unit in
the j error detecting units in order,
wherein the j error detecting units are independent of one
another and each detect errors in parallel with transfer
of codes by the row direction transferring unit and the
column direction transferring unit.
12. The error correcting apparatus of claim 11,
wherein each of the j error detecting units completes an
error detection for an L1-code-wide section in a time
that is shorter than an interval at which-L1-code-wide
sections are distributed to the error correcting unit by
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the distributing unit, and completes an error detection
for one code in an [.2-code-wide section in a time that
is shorter than an interval at which codes in L2-code-
wide sections are distributed to the error correcting unit
by the distributing unit.

13. The error correcting apparatus of claim 12,

wherein R1=L.1=[2=j.

14. An error correcting apparatus that repeatedly performs
calculations that are required for error correction on code
sequences in a row direction and column direction in block
code of R rows and L columns,

the error correcting apparatus comprising:
storing means for storing the block code;
calculating means for performing calculations for cor-
recting errors in the block code in units of one of (a)
one row and (b) one column; and
transfer means, including
a column direction transferring unit for repeatedly
reading code sequences on [.2 (where R1 is an
integer such that 2=[.2<L)) columns in the block
code from the storing means and transferring the
read code sequences to the calculating means until
all L columns have been read and transferred,
the column direction transferring unit transferring the
code sequences in the [.2 columns from the storing
means to the calculating means by repeatedly read-
ing and transferring sections of .2 consecutive codes
on the R rows in order, shifting a read position by .2
codes after reading all codes in the L2 columns,

wherein when codes have been transferred by the column
direction transferring unit, the calculating means per-
forms the calculations for the code sequences in the .2
columns in parallel, treating successive codes as
belonging to code sequences in different columns in the
L2 columns.

15. The error correcting apparatus of claim 14,

wherein the block code is product code, and code
sequences in the row direction and column direction
that compose the block code include information codes
and error correction codes,

the calculating means includes:
error detecting means for performing error detection for
a code sequence on one of (a) a row and (b) a column
in the block code; and
error code updating means for rewriting, when the error
detecting means has detected at least one error in a
code sequence, a code in the storing means that cor-
responds to the error using a corrected value,
the column direction transferring unit repeatedly transfers
code sequences to the error detecting means, and
the error detecting means performs error detection for the
code sequences in the L.2 columns in parallel, treating
the received codes as a series where each code corre-
sponds to a code sequence in a different column in the
L2 columns.
16. The error correcting apparatus of claim 15,
wherein the storing means stores the block code so that
codes on a same row are stored in a storage area with
consecutive addresses, and
the column direction transferring unit sequentially reads
L2 codes from a storage area with consecutive
addresses in the storing means.
17. The error correcting apparatus of claim 16,
wherein the storing means is a dynamic random access
memory, and
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the column direction transferring unit reads L2 codes

from the storing means using page mode.

18. The error correcting apparatus of claim 17,

wherein the column direction transferring unit transfers

codes by performing direct memory access to the stor-

ing means.

19. The error correcting apparatus of claim 15,

wherein the error detecting means includes:

L2 error detecting units that each perform error detec-
tion for a code sequence in one column in the 1.2
columns; and

a distributing unit for distributing each code that forms
part of an [.2 code-wide section received from the
column direction transferring unit to a different one
of the L2 error detecting units in order,

wherein the 1.2 error detecting units are independent of

one another and each perform error detection in parallel

with a transfer of codes by the column direction trans-
ferring unit.

20. The error correcting apparatus of claim 19,

wherein each of the 1.2 error detecting units completes the

error detection for one code in an L.2-code-wide section

in a time that is shorter than an interval at which the
distributing unit distributes codes in L.2-code-wide sec-
tions to the error correcting unit.

21. The error correcting apparatus of claim 20,

wherein each of the [.2 error detecting units has a product-

sum calculating circuit that calculates a plurality of

syndromes for one code sequence.

22. The error correcting apparatus of claim 15,

wherein when a division of L by L2 results in a quotient of

D and a remainder of E, the column direction transfer-

ring unit repeats a transfer of .2-code-wide sections on

R rows D times, before reading and transferring an

E-code-wide section on each of the R rows in order, and

the error detecting means performs error detection a pre-

determined number of times for L.2-code-wide sections
before performing error detection for E-code-wide sec-
tions.

23. An error correcting apparatus that performs error cor-
rection on codes received from a first external apparatus and
outputs the corrected codes to a second external apparatus,

the error correcting apparatus comprising:

storing means including a storage area for storing the
codes;

error detecting means for detecting errors in sections of
a predetermined number of codes;

error correcting means for correcting sections, in which
the error detecting means has detected an error, of a
predetermined number of codes in the storing means;

first transfer means for transferring codes outputted by
the first external apparatus in parallel to the storing
means and to the error detecting means so that the
outputted codes are stored in the storing means and
simultaneously subjected to error detection by the
error detecting means;

second transfer means for transferring a section of a
predetermined number of codes, in which the error
detecting means has detected an error, from the stor-
ing means to the error correcting means,

third transfer means for transferring a section of a pre-
determined number of codes that does not contain
any uncorrected errors from the storing means to the
second external apparatus; and

transfer control means for controlling transfers of codes
so that transfer is exclusively performed by one of
the first to third transfer means.
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24. The error correcting apparatus of claim 23,

wherein the error detecting means includes a detection
result recording unit that records detection results
showing whether an error exists in a section of codes,
and

the error correcting means refers to the detection results in
the detection result recording unit and controls the sec-
ond transfer means so that only sections of codes for
which the error detecting means has detected an error
are transferred from the storing means to the error cor-
recting means.

25. The error correcting apparatus of claim 24,

wherein the first external apparatus repeatedly outputs
code sequences that form rows in block code composed
of R rows by L columns,

the block code is product code, and code sequences in the
row direction and column direction that compose the
block code include information codes and error correc-
tion codes, and

the error correcting means performs error correction for
code sequences in one of (a) a row direction and (b) a
column direction, and when performing error correc-
tion for code sequences in the row direction, refers to
the detection results in the detection result recording
unit and controls the second transfer means so that only
code sequences in the row direction for which the error
detecting means has detected errors are transferred
from the storing means to the error correcting means.

26. The error correcting apparatus of claim 25,

wherein the error detecting means accumulatively stores
detection results in the detection result recording unit
for all code sequences in the row direction that com-
pose one set of block code, and

when performing error correction for code sequences in
the column direction, the error correcting means refers
to the detection results in the detection result recording
unit and controls the second transfer means so that the
second transfer means transfers code sequences in the
column direction in a block from the storing means to
the error correcting means only if the error detecting
means has detected at least one error in the block.

27. The error correcting apparatus of claim 23,

wherein the second transfer means includes a row direc-
tion transferring unit for repeatedly reading code
sequences on R1 (where R1 is an integer such that
2=R1<R) rows where errors have been detected from
the storing means and transferring the read code
sequences to the error correcting means, until no code
sequences on rows that contain errors remain in the
block code,

the row direction transferring unit transfers the code
sequences on the R1 rows from the storing means to the
calculating means by repeatedly reading and transfer-
ring sections of L1 consecutive codes (where .1 is an
integer such that 2=[L.1<L.) on the R1 rows in order,
shifting a read position by [.1 codes after reading L1
consecutive codes on each of the R1 rows, and

when codes have been transferred by the row direction
transferring unit, the error correcting means performs
the calculations for the code sequences on the R1 rows
in parallel, treating the received codes as L.1-code-wide
sections of the code sequences on different rows in the
R1 rows.

28. The error correcting apparatus of claim 27,

wherein the second transfer means further include s a col-
umn direction transferring unit for repeatedly reading
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code sequences in [.2 (where L is an integer such that
2=1.2<L.) columns in a block where an error has been
detected from the storing means and transferring the
read code sequences to the error correcting means, until
code sequences in all L. columns have been transferred,

the column direction transferring unit transfers all code in
the [.2 columns from the storing means to the error
correcting means by repeatedly reading and transfer-
ring sections of 1.2 consecutive codes in the row direc-
tion on the R rows in order, shifting a read position by
L2 codes after reading all codes in the .2 columns, and

when codes have been transferred by the column direction
transferring unit, the error correcting means performs
error detection for the code sequences in the [.2 col-
umns in parallel, treating the received codes as a series
where each code corresponds to a code sequence in a
different column in the L2 columns.

29. The error correcting apparatus of claim 23,

wherein transfer of codes from the first external apparatus
to the storing means by the first transfer means, transfer
of codes from the storing means to the error correcting
means by the second transfer means, and transfer of
codes from the storing means to the second external
apparatus by the third transfer means are all transfers
that are accompanied by direct memory access (DMA)
to the storing means,

the transfer control means has DMA transfer by the first
transfer means performed with a highest priority out of
DMA transfers by the first to third transfer means, and

when DMA transfer by the first transfer means becomes
necessary, the transfer control means has DMA transfer
performed by the first transfer means immediately if
DMA transfer is not presently being performed by any
of the first to third transfer means and, if DMA transfer
is presently being performed by one of the first to third
transfer means, allows a present DMA transfer to end
before having DMA transfer performed by the first
transfer means.

30. The error correcting apparatus of claim 29,

wherein the transfer control means has DMA transfer per-
formed by the second transfer means with a lowest pri-
ority out of the first to third transfer means, so that
when DMA transfer by the second transfer means
becomes necessary, the transfer control means only has
DMA transfer performed by the second transfer means
if DMA ftransfer is not being performed by any of the
first to third transfer means.

31. The error correcting apparatus of claim 30,

wherein the error correcting means specifies an error code
in a code sequence transferred by the second transfer
means and then rewrites a corresponding error code in
the storing means under control by the transfer control
means, the transfer control means only allowing the
error correcting means to rewrite the corresponding
error if DMA transfer is not being performed by any of
the first to third transfer means.

32. An error correcting apparatus that performs error cor-

rection on codes received from a first external apparatus and
outputs the corrected codes to a second external apparatus,

the error correcting apparatus comprising:

storing means including a storage area for storing the
codes;

error correcting means for detecting error codes in sec-
tions of a predetermined number of codes and cor-
recting the error codes in the storing means;

code selecting means for selecting one of codes sent
from the first external apparatus and codes sent from
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the storing means and sending the selected codes to
the error correcting means to have the error correct-
ing means perform error detection and error correc-
tion on the selected codes;

first transfer means for transferring codes outputted by
the first external apparatus in parallel to the storing
means and the code selecting means so that the out-
putted codes are stored in the storing means and
simultaneously selected by the code selecting means
and sent to the error correcting means where error
detection and error correction are performed on the
transferred codes;

second transfer means for transferring a section of a
predetermined number of codes from the storing
means to the code selecting means so that the error
correcting means performs error detection and error
correction on the transferred codes;

third transfer means for transferring a section of a pre-
determined number of codes that do not contain any
uncorrected errors from the storing means to the sec-
ond external apparatus; and

transfer control means for controlling transfers of codes
so that transfer is exclusively performed by one of
the first to third transfer means.

33. The error correcting apparatus of claim 32,

wherein the first external apparatus repeatedly outputs
code sequences that form rows in block code composed
of R rows by L columns,

the block code is product code, and code sequences in the
row direction and column direction that compose the
block code include information codes and error correc-
tion codes,

the first transfer means transfers code sequences in a row
direction that are repeatedly outputted by the first exter-
nal apparatus in parallel to the storing means and the
code selecting means to have the code sequences stored
in the storing means and simultaneously selected by the
code selecting means and sent to the error correcting
means where error detection and error correction are
performed on the transferred code sequences, and

the second transfer means transfers code sequences in the
column direction in the block code to the code selecting
means so that the code sequences are selected by the
code selecting means and sent to the error correcting
means where error detection and error correction are
performed for the code sequences.

34. The error correcting apparatus of claim 33,

wherein the error correcting means includes:

an error detecting unit for detecting whether error codes
are present in a code sequence on one of (a) one row
and (b) one column; and

an error updating unit for updating, when the error
detecting unit finds an error code, a code in the stor-
ing means that corresponds to the error code using a
corrected value,

the error detecting unit includes:

a row direction detection result recording unit for
recording results of error detection for code
sequences in the row direction that are transferred by
the first transfer means from the first external appara-
tus to the error detecting unit; and

a column direction detection result recording unit for
recording results of error detection for code
sequences in the column direction that are trans-
ferred by the second transfer means from the storing
means to the error detecting unit, and
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the error code updating unit uses the detection results in
the row direction detection result recording unit and in
the column direction detection result recording unit to
update codes in the storing means.
35. The error correcting apparatus of claim 34,
wherein when performing error detection in the row
direction, the error detecting unit accumulates detection
results for all code sequences in the row direction that
compose one set of block code in the row direction
detection result recording unit, and when performing
error detection in the column direction, the error detect-
ing unit refers to the detection results recorded in the
row direction detection result recording unit and con-
trols the second transfer means so that only code
sequences in the column direction that compose a set of
block code that contains an error are sent from the stor-
ing means to the error correcting means.
36. The error correcting apparatus of claim 35,
wherein the transfer control means has
(a) a transfer of a code sequence of one row from the
first external apparatus to the storing means by the
first transfer means, and
(b) a transfer of a code sequence for one column from
the storing means to the code selecting means by the
second transfer means executed alternately in units
of parts of the transferred code sequences,
the error detecting unit switches between
(1) error detection for a code sequence in the row direc-
tion sent from the first external apparatus by the first
transfer means and
(ii) error detection for a code sequence in the column
direction sent from the storing means by the second
transfer means

in units of parts of the code sequences so as to perform
error detection for code sequences in the row direction
and code sequences in the column direction in parallel,
the error detecting unit storing results of the error
detection in the row direction in the row direction
detection result recording unit and results of the error
detection in the column direction in the column direc-
tion detection result recording unit, and

the error code updating unit sequentially refers to the
detection results recorded in the row direction detection
result recording unit and in the column direction detec-
tion result recording unit and successively updates error
codes in the storing means in the row direction and
error codes in the storing means in the column direc-
tion.

37. The error correcting apparatus of claim 32,

wherein the second transfer means includes a column
direction transferring unit for repeatedly reading code
sequences in 1.2 (where L2 is an integer such that
2=1.2<L.) columns in a block and transferring the read
code sequences to the error correcting means via the
code selecting means until all I columns in the block
code have been transferred,

the column direction transferring unit transters the code
sequences in the 1.2 columns from the storing means to
the code correcting means by repeatedly reading and
transferring sections of .2 consecutive codes in the row
direction on the R rows in order, shifting a read position
by L2 codes after reading all codes in the .2 columns,
and

when codes have been transferred by the column direction
transferring unit, the error correcting means performs
error correction for the code sequences in the 1.2 col-
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umns in parallel, treating the received codes as a series
where each code corresponds to a code sequence in a
different column in the L2 columns.
38. The error correcting apparatus of claim 32,
wherein transfer of codes from the first external apparatus
to the storing means by the first transfer means, transfer
of codes from the storing means to the error correcting
means via the code selecting means by the second
transfer means, and transfer of codes from the storing
means to the second external apparatus by the third
transfer means are all transfers that are accompanied by
direct memory access (DMA) to the storing means,
the transfer control means has DMA transfer by the first
transfer means performed with a highest priority out of
DMA transfers by the first to third transfer means, and

when DMA transfer by the first transfer means becomes
necessary, the transfer control means has DMA transfer
performed by the first transfer means immediately if
DMA transfer is not presently being performed by any
of the first to third transfer means and, if DMA transfer
is presently being performed by one of the first to third
transfer means, allows a present DMA transfer to end
before having DMA transfer performed by the first
transfer means.

39. The error correcting apparatus of claim 38,

wherein the transfer control means has DMA transfer per-

formed by the second transfer means with a lowest pri-
ority out of the first to third transfer means, so that
when DMA transfer by the second transfer means
becomes necessary, the transfer control means only has
DMA transfer performed by the second transfer means
if DMA transfer is not being performed by one of the
first transfer means the third transfer means.

40. The error correcting apparatus of claim 39,

wherein the transfer control means only allows the code

updating unit to rewrite codes in the storing means if
DMA transfer is not being performed by any of the first
to third transfer means.

41. An error correcting method that rvepeatedly performs
calculations that are required for error correction on code
sequences in a row direction or a column direction in block
code of R rows and L columns, the error correcting method
comprising the steps of:

storing the block code in a memory;

calculating, using a calculating unit, a calculation for

correcting errors on codes of one row or one column in
the block code; and

repeatedly reading, using a rvow direction transferring

unit, code sequences on RI (where RI is an integer such
that 2=R1<R) rows in the block code from the memory
and transferring the read code sequences to the calcu-
lating unit until all R rows have been read and
transferred,

transferring, using the row direction transferring unit,

code sequences on the R1 rows from the memory to the
calculating unit by repeatedly reading and transferring
sections of L1 consecutive codes (where L1 is an inte-
ger such that 2=L1<L) on the Rl rows in order, and
shifting, using the row direction transferring unit, a
read position by L1 columns after reading LI consecu-
tive codes on each of the RI rows,

wherein the step of transferring code sequences, using the

row direction transferring unit, and the step of
calculating, using the calculating unit, the calculations
for the code sequences in the RI rows, are performed in
parallel.
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42. The error correcting method of claim 41,
wherein when codes have been transferred by the row
direction transferring unit, performing, using the cal-
culating unit, the calculations for the code sequences
on the RI rows by time division, treating the received
codes as Ll-code-wide sections of the code sequences
on different rows in the RI rows.
43. The error correcting method of claim 41,
wherein the block code is product code.
44. The error correcting method of claim 43,
wherein code sequences in the row direction and column
direction that compose the block code include informa-
tion codes and error correction codes, and
wherein the step of calculating, using the calculating unit,
includes the steps of:
performing error detection, using an errvor detecting
unit, a code sequence on one of (a) a row and (b) a
column in the block code; and
rewriting, using an error code updating unit, when the
error detecting means has detected at least one error
in a code sequence, a code in the memory that corre-
sponds to the error using a corrected value,
repeatedly transferring, using the row direction trans-
ferring unmit, code sequences to the error detecting
unit, and
performing error detection, using the error detecting
unit, for the code sequences on the RI rows in
parallel, treating the received codes as Ll-code-wide
sections of the code sequences on different rows in
the R1 rows.
45. The error correcting method of claim 44,
wherein the block code is stored in the memory so that
codes on a same row are stored in a storage area with
consecutive addresses, and
further including the step of sequentially reading, using
the row direction transferring unit, L1 codes from a
storage area with consecutive addresses in the memory.
46. The error correcting method of claim 45,
wherein the memory is a dynamic random access memory,
and

Sfurther including the step of reading, using the row direc-
tion transferring unit, L1 codes from the memory using
page mode.

47. The error correcting method of claim 46,

wherein the row divection transferring unit transfers
codes by performing direct memory access to the
memory.

48. The error correcting method of claim 44,

wherein the step of performing error detection, using an
error detecting unit, includes the steps of:

performing errvor detection, using Rl error detecting
units, for a code sequence on one row in the Rl rows;
and

distributing, using a distributing unit, codes which are
received from the row divection transferring unit, in
Li-code-wide sections to the R1 error detecting units in
order,

wherein the Rl error detecting units arve independent of
one another and each perform error detection in paral-
lel with a transfer of codes by the row direction trans-
ferring unit.

49. The error correcting method of claim 48,

wherein each of the R error detecting units completes the
error detection for an Ll-code-wide section in a time
that is shorter than an interval at which L1-code-wide
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sections are distributed to the error correcting unit by
the distributing unit.
50. The error correcting method of claim 49,

wherein each of the R error detecting units has a
product-sum calculating circuit that calculates a plu-
rality of syndromes for one code sequence.

51. The error correcting method of claim 44,

repeating, using the row direction transferring unit, a
transfer of L1-code-wide sections on RI rows D times,
before reading and transferring an E-code-wide section
on each of the RI rows in order to the error detecting
unit when a division of L by L1 results in a quotient of D
and a remainder of E, and

performing error detection, using the error detecting unit,
for a predetermined number of times for L1-code-wide
sections before performing error detection for E-code-
wide sections.

52. The error correcting method of claim 44,

wherein the step of transferring, using the row direction
transferring unit, includes:
reading, using a column divection transfer unit, code
sequences in L2 (where L2 is an integer such that
2=L2<L) columns in the block code from the
memory and transferring the read code sequences to
the error detecting unit until all L columns have been
processed,
the column divection transferring unit transfers all code
in the L2 columns from the memory to the calculating
unit by repeatedly reading and transferring sections
of L2 consecutive codes in the row divection on the R
rows in order, shifting a read position by L2 codes
after reading all codes in the L2 columns, and
performing error detection, using the error detecting
unit, for the code sequences in the L2 columns in
parallel, treating the received codes as a series
where each code corresponds to a code sequence in a
different column in the L2 columns when codes have
been transferred by the column direction transfer-
ring unit.
53. The error correcting method of claim 52,
wherein R1 and L2 are such that R1=L2=j, and the step of
performing error detection, using the error detecting
unit, includes:
performing error detecting, using j error detecting units
that each perform errvor detection for one code
sequence; and
repeatedly distributing, using a distributing unit, each
Li-code-wide section of codes that is received from
the row to one of the j error detecting units selected
in order, and
repeatedly distributing, using the distributing unit, each
code that forms part of an L2 code-wide section
received from the column to a different error detect-
ing unit in the j error detecting units in order,
wherein the j error detecting units are independent of
one another and each detect errors in parallel with
transfer of codes by the row direction transferring
unit and the column direction transferring unit.
54. The error correcting method of claim 53,
wherein each of the j ervor detecting units completes an
error detection for an Ll-code-wide section in a time
that is shorter than an interval at which L1-code-wide
sections are distributed to the error correcting unit by
the distributing unit, and completes an error detection
for one code in an L2-code-wide section in a time that
is shorter than an interval at which codes in L2-code-
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wide sections arve distributed to the error correcting
unit by the distributing unit.

55. The error correcting method of claim 54,

wherein R1=L1=L2=j.

56. An error correcting method that vepeatedly performs
calculations that are required for error correction on code
sequences in a row direction or a column direction in block
code of R rows and L columns,

the error correcting method comprising the steps of:

storing the block code in a memory;

calculating, using a calculating unit, a calculation for
correcting errors on codes of one row or one column
in the block code; and

repeatedly reading, using a column direction transfer-
ring unit, code sequences on L2 (where L2 is an inte-
ger such that 2 L2<L) columns in the block code from
the memory and transfers the read code sequences to
the calculating unit until all L columns have been
read and transferred,

transferring, using the column divection transferring
unit, code sequences in the L2 columns from the
memory to the calculating unit by repeatedly reading
and transferring sections of L2 consecutive codes on
the R rows in order, and shifiing, using the column
direction transferring unit, a read position by L2 col-
umns after reading all codes in the L2 columns,

wherein the step of transferring code sequences, using
the column dirvection transferring unit, and the step
of calculating, using the calculating unit, the calcu-
lations for the code sequences in the L2 columns, are
performed in parallel.

57. The error correcting method of claim 56,

wherein when codes have been transferred by the column

direction tramnsferring unit, the calculating unit per-
forms the calculations for the code sequences in the L2
columns by time division, treating successive codes as
belonging to code sequences in different columns in the
L2 columns.

58. The error correcting method of claim 56,

wherein the block code is product code.

59. The error correcting method of claim 58,

wherein code sequences in the row direction and column

direction that compose the block code include informa-
tion codes and error correction codes,

wherein the step of calculating, using the calculating unit

includes the steps of:

performing error detection, using an errvor detecting
unit, a code sequence on one of (a) a row and (b) a
column in the block code; and

rewriting, using an error code updating unit for
rewriting, when the error detecting unit has detected
at least one error in a code sequence, a code in the
memory that corresponds to the error using a cor-
rected value,

repeatedly tramnsferring, using the column direction
transferring unit, code sequences to the error detect-
ing unit, and

performing error detection, using the error detecting
unit performs, for the code sequences in the L2 col-
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umns in parallel, treating the received codes as a

series where each code corresponds to a code

sequence in a different column in the L2 columns.
60. The error correcting method of claim 59,

wherein the block code is stored in the so that codes on a
same row ave stored in a storage area with consecutive
addresses, and

Sfurther including the step of sequentially reading, using
the column dirvection transferring unit, L2 codes from a
storage area with consecutive addresses in the memory.

61. The error correcting method of claim 60,

wherein the memory is a dynamic random access memory,
and

Sfurther including the step of reading, using the column
direction transferring unit, L2 codes from the memory
using page mode.

62. The error correcting method of claim 61,

wherein the column direction transferring unit transfers
codes by performing direct memory access to the
memory.

63. The error correcting method of claim 59,

wherein the step of performing error detection, using the
error detecting unit, includes the steps of:
performing error detection, using L2 error detecting
units, for a code sequence in one column in the L2
columns; and
distributing, using a distributing unit, each code that
forms part of an L2 code-wide section received from
the column direction transferring unit to a different
one of the L2 ervor detecting units in order,
wherein the L2 error detecting units ave independent of
one another and each perform error detection in par-
allel with a transfer of codes by the column direction
transferring unit.
64. The error correcting method of claim 63,

wherein each of the L2 error detecting units completes the
error detection for one code in an L2-code-wide section
in a time that is shorter than an interval at which the
distributing unit distributes codes in L2-code-wide sec-
tions to the error correcting unit.

65. The error correcting method of claim 64,

wherein each of the L2 error detecting units has a
product-sum calculating circuit that calculates a plu-
rality of syndromes for one code sequence.

66. The error correcting method of claim 59,

wherein when a division of L by L2 results in a quotient of
D and a remainder of E, the column direction transfer-
ring unit repeats a transfer of L2-code-wide sections on
R rows D times, before reading and transferring an
E-code-wide section on each of the R rows in order, and

the error detecting unit performs error detection a prede-
termined number of times for L2-code-wide sections
before performing error detection for E-code-wide sec-
tions.



