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Er ror-Detecting Device and Method Thereof Detailed Descriptio ng g 2[

slnvéntion: [0001] (Field of the invention] The present |nvent|on rela -
“ an error-detecting device and ' a nethod thereof which are enployed to

reproduce data froma storage nedium such as a digital video disk (DVD).

0 9 JUL 2'002 2 [0002] [Background art] In the DVD, for exanpl ﬂmmmmuﬂ"mmm”m

recorded along with an error-correcting code (ECC). For the da

fromthe DVD, an error-correcting process is performed in the unit «gfiean

ECC bl ock. Published Unexam ned Patent plication Nos. 7-230388, 5-31S974,

and 7-50595, for exanple, dlsclose a_devi.ce,and net hod for ng a

correction of data read out from a E?ngégaﬁéﬁPunl [ 0003] VMGBWW@HWMMHMWWRd

out fromthe DVD, for exanple, an error-correcting process mu

performed by enploying the error-correcting code, added to data, wob® the

limt of the ag lity in order to realize the error-correcting ability
standardlzed—%kiﬁ—gisﬁgéplgﬁﬁﬁﬂ¥¥¥g%rrors. |f the error-correcting process
is perfornmed by enploying the error-correction code up to the Iimt of the
?EI|Ity, theEEEBQaBgEbEi %h %éysggngﬁﬁnﬁéghgwl#hgf@ hi gh and therefore
ere wll be a nee et’ect the occurrence a mscorrection. [0004] To
detect the m scorrection, a nethod called an EDC is ' enployed. After
conpletion of the error-correction process, the EDC process is perforned in
the order of reading of an ECC bl ock froma buffer, release of scranbling,
cal cul ations of the value of the EDC, conparison of the value of the read
EDC and the value of the cal cul ated EDC, and judgenment of a m scorrection.

Detailed Description of the Invention:

[0001]
(Field of the invention]
The present invention relates to an error-detecting device and

a method thereof which are employed to reproduce data from a
storage medium such as a digital video disk (DVD).



0 9J UL 2002 -3 If the EDC process is perfornmed in this order, the ECC

bl otk must be read out froma buffer. As a result, the overhea p i
and the overhead time will becone |onger. [0005] [Problens to ng gm@tdzqu

the invention] The present invention has been made in view of the
above-nenti oned probl ens of background art. Accordingly, it is the object
of the present invention to provide an error-detecting device and a net hod
t her eof which are capabl e of reducing ﬁ%erhead operation, detetting a

m scorrection in a short processing tine, and correcting errors. [0006]

[ Summary@boghe I nvention] [Error-Detecting Device] According to one aspect
of the present invention there is provided an error connecting device for
detecting errors that have occurred in an ECC bl ock to be corrected, the
ECC bl ockBeekggogewkeraattdd by respectively adding error-correcting codes
(ECCs) to one or nore EDC bl ocks each added with an error-detecting code

(EDC), the error correcting device conprising: 0 9 JUL 2D02 '
In the DVD, for example, data 1is recorded along with an

error-correcting code (ECC). For the data read out from the
DVD, an error-correcting process is performed in the unit of an
ECC block. )

Published Unexamined Patent Application Nos. 7-230388,
5-315974, and 7-50595, for example, disclose a device and
method for making a correction of data read out from a storage
medium.

(0003]

When data is read out from the DVD, for example, an
error-correcting process must be performed by employing the
error-correcting code, added to data, up to the limit of the
ability in order to realize the error-correcting ability
standardized with respect to burst errors.

If the error-correcting process is performed by employing the
error-correction code up to the 1limit of the ability, the
probability of a miscorrection will become high and therefore
there will be a need to detect the occurrence of a
miscorrection.

[0004]

To detect the miscorrection, a method called an EDC is
employed.

After completion of the error-correction process, the EDC
process is performed in the order of reading of an ECC block
from a buffer, release of scrambling, calculations of the value
of the EDC, comparison of the value of the read EDC and the
value of the calculated EDC, and judgement of a miscorrection.



-4 error-value cal cul ati ng neans for cal cul ating values of said errors by
using said error-correcting codes included in each data sequencegnjU@_dgﬁoz
in said ECC bl ock to each data sequence having said error-correcting codes
(ECCs); EDC syndrone correcting nmeans for correcting a value of syndrone of
said error-detecting code in accordance-®i-th the cal cul ated val ue of the
error every tine said calculated value of the error in said data sequences

i s obtained; and IgtlieOEDAEhBEdsE Mpértaid il thid etRe, the E G bRk Uhilist be eedf o@n
error in said EDC bl ock, based on the corrected val ue of the syndrone of

sai d error-gehechidg cR08 r WCUR! Bl dpKiuBhARK the SRS HELAHILeBRR OF

nore rows and one or nore C ms; sal rror-correcting code is a

each of the rows or colums of said EDC bl ock; said data sequences include
respectiveﬁ9n$ﬁe row or colum of said EDC bl ock and the error-correcting
code added to the row or colum of said EDC bl ock; said error-val ue

cal cul ati ng neans processes said data sequence one by one and cal cul ates
the value of the error; said EDC syndrone correcting means sequentially
corrects a [pp@%leterm ned initial value of the syndrome of the
error-detecting code every tinme said error value is cal cul ated; and every
tinme the value of the error in said data sequence corresponding to said EDC
bl ock is cal cul ated, said error-detecting neans detects said occurrence of

an error iq3§@MQPEE¥5§4éy%&byQE§ﬁgeﬁﬂnﬂhe corrected val ue of the syndrone of
-'detec €.

said error ing co

The present invention has been made in view of the above-mentioned problems
of background art. Accordingly, it is the object of the present invention to provide an
error-detecting device and a method thereof which are capable of reducing overhead

operation, detecting a miscorrection in a short processing time, and correcting errors.
[0006]

[Summary of the Invention]

[Error-Detecting Device]

According to one aspect of the present invention there is provided an error-
correcting device for detecting errors that have occurred in an ECC block to be corrected,
the ECC block being generated by respectively adding error-correcting codes (ECCs) to
one or more EDC blocks each added with an error-detecting code (EDC), the error-

correcting device comprising:



0 9JUL 202 s .. r [oolo] [Operation of the Error-Correcting Device] The
error-correcting device according to the present invention is figyfqt

enpl oyed to detect errors in a plurality of EDC bl ocks added mﬁILgEfu%Ltzggz
are enpl oyed for error detection, |ike the data bl ock recorded on the DVD,
and furthernore, the error-correcting device is enployed for detecting
errors in an ECC bl ock added with two kinds of parity codes Pl and PO

(product codes; egf@ival@y ERGT1AtHE MOARTDr cadsulEvAng o sail SRS biyRisingsaid | |
herei nafter be nade with respect to the case where the EDC is added at a

predeterm n 3 i : : ck .l j ; i t he
parity codeag?lj. &ﬁ%%{ﬁ?c%rs trl%?u(%gl%gg%a&é% ;}El ?ﬁcgeqﬁ}gg%s 15‘%&%1 }ge)d??%frlqe\i/(g Sgéh

cal cul ati ng ans sequenti al t akes out dat uence, including one row
of data on B @Sﬁlﬂ@l‘fﬂq@dwg&sﬁb‘l é‘%ﬁﬁg‘%@geﬁ&é@aed to this row, fromthe
ECC bl ock, and perforns an error detecting process and an error value -

cal cul ati ng pr oceERPC syndrame earrestingamgansnior reregiing b okucont sxstiompefcatdh
sequence by enploying the parity code PI. [0012] [EDC syndrone correcting
means] The EPG-dyeudingrede ar asotdange withrtse talcidbted ehRictdfehy adroieevaly BRE said
syndrone to an initial value when an error with a fixed size occurs at a

fixed | ocat tQey1eRd @ab of Y for i ERKta béRekees idbthined;ge, every tine the
error-val ue cal cul ati ng nmeans cal cul ates the value of an error in each data

sequence, the .EDCenoere?ecvlingJmaﬁ?@o%d@te%tin YDHERIRNELSF £CHIn @Bﬁﬁﬁag%h{cﬁ“ S
t he above-nentioned initiaf value in sedquence in accordance wth the ertor
val ue.

[ 001gzlsed on the corrected value of the syndrome of said error-detecting code, wherein

said EDC block is constructed of one or more rows and one or more columns;

said error-correcting code is added to each of the rows or columns of said EDC
block;

said data sequences include respectively the row or column of said EDC block
and the error-correcting code added to the row or column of said EDC block;

said error-value calculating means processes said data sequence one by one and
calculates the value of the error;

said EDC syndrome correcting means sequentially corrects a predetermined
initial value of the syndrome of the error-detecting code every time said error value is
calculated; and

every time the value of the error in said data sequence corresponding to said
EDC block is calculated, said error-detecting means detects said occurrence of an error in
said EDC block, based on the corrected value of the syndrome of said error-detecting

code.



[ EDC Cal cul ati ng Means] The EDC cal cul ati ng neans cal cul ates the val ue of

t he!. EDC syndrone of the entire EDC bl ock. [0014] [Error Dete 'ng&ﬁggﬁﬁké
If the error-value detecting nmeans finishes the error detectingfg

the error-value cal culating process for all the rows included in the EDC

bl ock, the error detecting neans conpares the value of the EDC syndrone

cal cul ated by the EDC cal cul ating neans with the val ue of the EDC syndrone
corrected by the EDC syndrone correctlgg means. \Wen these valTlues do not

mat ch each other, an error is detected. The detected error is enployed in

t he errgp g@ rectlng process. [0015] [Data Error Detecting Method] The data
error 8 ng nmet hod according to the present invention is a nmethod of
detecting errors that have occurred in an _ECC bl ock to be corrected. The

ECC bl og¢bpksa@8der %)tﬁctl@’ H/ARRECE ¥eL Y, Bedi g 858 pr - correcting codes (ECCs)
to one or nore EDC bl ocks each added with”an error-detecting code (EDC).

The net hod caonprises the steps of: calculating a value of an error in each
dat a sefihenerr+asnoact iyt deedcle daicoisHquence blieugsiregdrte invention

error - o96! §9ied sl e! Lo Laothe each JAla 9MIRNGRY B LA Bidois

sequencé havi ng correcting a va
error-dé@ééﬁlM}Qﬁxﬁ?qq1%k%%r@éﬂc@mplegeQUEQGOEerHIQ¢QQQ¥¥9ﬂ(nA%%%dt09Iue

of the aataul aBskcral t_tesdai‘rdetus ebhor the obbepped;ad @areherm@ra®) the
OCCU”eeﬁg oL m%%&“ %%[%d ey ecﬁl”e #é.%tye%f uforer%g{:eggiﬁ D9 o506 [gﬁlG]

[Preferre or every a sequencés’is o

error |EC€hebEPx—3kofad sW]tﬁ:lbrré'—Wﬂ md’ﬁheoﬁreﬂﬁﬂé‘ﬂ @?&ﬁﬁm’?ﬁt andt hRO

present (peedicitozolidd ; jel@eidntiest Deg desdéd ped. First, to nmake easy an
under standi ng of an error-correcting device 1 according to the pr esent

,invention, a description will be made with respect an ECC bl ock, encoding,
"judgenehs canwexanple here desgription wWitdr hexeinaftenn be r adeocyish

equat i opespBaith t5°2ERE, cake wH¥H] thECEDR d@k]added at a predetermined
location on the EDC block in the same direction of row as the
parity code PI.

[0011]
[Error-Value Calculating Means]

The error-value calculating means sequentially takes out data
sequence, including one row of data on the EDC block and a
parity code PI added to this row, from the ECC block, and
performs an error detecting process and an error value
calculating process to one row of data on the EDc block on each
the data sequence by employing the parity code PI.

[0012]

[EDC syndrome correcting means]

The EDC syndrome correcting means first sets the value of EDC
syndrome to an initial value when an error with a fixed size

occurs at a fixed location on each row of the EDC block.

Furthermore, every time the error-value calculating means
calculates the value of an error in each data sequence, the EDC



Figure 1 is a diagram showi ng the process (S10) of generating data that is
recorded on a DVD. Figure 2 is a diagram show ng the data unit (

bl ock) shown in Figure 1. Figure 3 is a diagram show ng the Ecgq%ng%'gﬁg&%
in Figure 1. [0018] As shown in Figure 1, if 2048 bytes of main data is
input froma host systemand if 4 bytes of Data ID, 2 bytes of IED, and 6
bytes of REV are input froma DVD controller, in the process in step 200
(S200 ) the ID, IED, and REV are added6to the ID area in the nwmin data.

0 9J UL 2002 g [0019] Furthernore, in step 202 (S202), an EDC i s added
and dat a, _un ytes x 12 ro 2 rows x 1 col ums are f.ormed
as showt ¥ A%ﬂ%ﬁrgofref%éW%mﬂgﬁﬁﬁCSPﬁﬁgcifeéhﬁﬂf??ﬁetﬂ%nEbﬂgg amcd iyl
expl anatiaimeintn deeguenhavénaacaeadang eec gddmt ithle tegrole viadassnt i nventi on.
For clarifying expl anation, the row and colum wi |l hereinafter be defined
as shown n Figures 2 and 3. [0020] The data unit 1 shown in Figure 2 wll
her ei naft®13bk referred to as an EDC bl ock. As shown in the figure, the EDC
bl ock |ncludes 12 rows with 172 bytes per row The first row of the EDC

bl ock | t tes, the first to the twelfth rows include
mai n data mnt g%a§5§:¥% M?§ nf data #0 - main data #2047), and the twelfth
row i ncl udes the data ID\Mtr|4-bytes, the IEDwth 2 bytes, and the RSV

with 6 lyies ENO024]1duladiany Z%aﬁﬁoéhlphllat_égﬁ blﬁ@Ckxlrab‘uQi \@? T Ay e
process,g o operation with the elenent of a

pseudo- ra»g%%?ﬁéﬁggrtgéqéﬁﬁéég gﬁ%sggﬁg%OG (S206), 16 scranbl ed EDC bl ocks
are collected and parity codes PO (external codes) with 16 bytes are added
in the rmmxhrectlons of 16 data units 1 (i.e., to 12 row x 16 bytes 192
bytes), respectively. [0022] Furthernmore, parity codes Pl (internal codes)
wWth X0 bytes are added in the colum direction of the data block with 172
bytes [Error Detecting Means]

If the error-value detecting means finishes the error detecting
process and the error-value calculating process for all the
rows included in the EDC block, the error detecting means
compares the value of the EDC syndrome calculated by the EDC
calculating means with the value of the EDC syndrome corrected
by the EDC syndrome correcting means. When these values do not
match each other, an error is detected.

The detected error is employed in the error correcting process.
{0015} .
[Data Error Detecting Method]

The data error detecting method according to +the present
invention is a method of detecting errors that have occurred in
an ECC block to be corrected. The ECC block is generated by
respectively adding error-correcting codes (ECCs) to one or
more EDC blocks each added with an error-detecting code (EDC).
The method comprises the steps of: calculating a value of an
error in each data sequence corresponding to each data sequence
by using the error-correcting code included in the each data
sequence to each data sequence having the ECCs; correcting a
value of syndrome of the error-detecting code in accordance



0S ~a~ Zooz 9 x (192 + 16) rows (16 EDC bl ocks and parity codes PO

obtained in the aforenentioned process. Thus, the parity code
added to the EDC bl ocks are also referred to as product codesq]?gbggg ZQUZ

descri bed above, the EDC bl ock expanded to 182 bytes x 13 rows is al so
referred to as a sector. 16 sectors forman ECC block with (172 + 10) bytes
X (192 + 16) rows shown in Figure 3. This ECC block is the m ni mumunit of
recordi ng and regeneration with respe to a DVD. [0024] [Encoding Process]
The encoding process of adding the parity codes PO and Pl to the EDC bl ock
w |l be described in further detail. In the DVD, Reed-Sol onon codes defined
on the CHbhs £8 d G BPHated e¥dlBGedOds &Mor - Ko ect PRETXodEdMeECdhe
For t he dekcaBatedonvaddes, o& se@eeneerot ddna biatisl |da$agnseqm®nd§g) is .

symols Shbhlgold WAL gBYoBLRLLS Andog BEEdRber e, cabeulats one progadur e

are perforne Fof &30 f& & pari té code gherate
parity dokeskar éDaéﬁﬁjiadOtﬂo the mrar%@q%:bn@éluvheo attél%equeda;@meddeﬂ wilten

parity qg@f@raagtégﬁeﬁgegoag as a code word. [0025] The cal cul ation
procedure is realized as division enploying a polynom al. For instance, if

8-bit data 00000010 is taken to be a primtive root a, polynomals of the
tenth degdt@k6 hind t he sixteenth degree for parity codes Pl and PO ar-e
expressed with the following Equations 1-1 and 1-2 and are also reférred to
as U L 20Q2 enerator polynomnals . Data sequence is
nultlpllQRF?§e§ﬁe Tﬁ@LngﬂPP tils divided by the generator pol ynoninal shown
in the follomﬁng equation 1-1. The renmainder is the parity code PI.

Simlarlphe dapeteaderre apgihbRt! CQDY. €d8. Pheddyl Ling th_bﬂed Wit he

gener at o] nonlnal shown 1.n oW ng equation 1-2. e rema
‘the parﬁ'l%f TEer beod GFCFEHGQt-u on 1] Pl: (x - a) (x - a) ... (x - a9)
«(1-1) PO (x - a) (x-al).... (x - a,15 (1-2)

First, to make easy an understanding of an error-correcting
device 1 according to the present invention, a description will
be made with respect an ECC block, encoding, judgement of
whether there is an error, error location, an error locator
equation, chain search, etc.

[0017]
{ECC block]

Figure 1 is a diagram showing the process (S10) of generating
data that is recorded on a DVD.

Figure 2 is a diagram showing the data unit 1 (EDC block) shown
in Figure 1.

Figure 3 is a diagram showing the ECC block shown in Figure 1.

[0018]

As shown in Figure 1, if 2048 bytes of main data is input from
a host system and if 4 bytes of Data ID, 2 bytes of IED, and 6
bytes of REV are input from a DVD controller, in the process in
step 200 (S200) the ID, IED, and REV are added to the ID area
in the main data.



[002] Error Detection] As evident in the encoding process described up to
here, in the code word (ECC bl ock) the remai nder fromthe di QQ}ULSE ed
to the ECC block as a parity code. On the Galois field GF(28), since

addi tion and subtraction (XOR) are the sane, the addition of the renainder
fromthe division is equal to subtracting the remainder fromthe data
sequence. Therefore, if the code word is divided by the pol ynom al
(Equations 1-1 and 1-2), it can be divided wi thout a renmainder~ [0028]
Therefore, when the code word cannot be divided by the pol ynom al without a
remai nder 5 can be judged that errors resulting fromnoise and the like
has occhPQ& Hn the code word. Thus, whether or not the code word can be

di vi ded by the polynom al without a renmainder is the sufficient condition

for chec he err t X J. U
L 2U02 mﬁkgggg?ﬁF%%ﬁdrongf£%ét ?Ié%%y?hﬂnéﬁrgﬁbcgfcgﬁgggggvglJgnﬁgeg %t
for not &nlf drfdorbyfeeecki d8 Bowsal SI2 e¥9Wws Xoi7ecEpPdHmng )b@rgeskormed as

| at er, tbhowal ie @fi rone is cal cul ated which is equivalent to checking
that a code can be divided by the generator pol ynom nal without a

remai nder. [0030] The value of the 'syndrone is calculated by substituting
t he root The wew gurdkraecbumpolayeosed for hheogenwendencel fofi rexpbagatiben F

can be dayhded hot hRapar lahyn%éﬁxﬁj SEEER L AT @@I }‘_ﬂ@mp&@séfﬂﬁ hﬂ‘t‘\‘ieﬁtlon._
remai nde at th g.is

oot ror PP ERETdFyEnb et atatighs cbhe Bk R Ke I e O HhRE e
parity- cbgedpOigedest sthqwul yimorFigured thoandadyemainder ( F ( a ) - F ( al
- F(als) - 0), it nmeans that there is no error in the code word F.
[ 0031J [Eébgr Location] The value of the error location is counted so that,
inthe E Pdck shown in Figure 3, the value of the |ocation of a synbol
‘(byte) away fromthe parity code Pl is increased with the |ast synbol of
the parifpeCod@alu ngrehomusint hei giitai€2 Ofi | e neirbhalrRed! I +OPEFREES
t he | ocagion of |ﬂ%19 ere an error has occurred. Note that when a
synbol i OeP?oﬁQOEQ% Kze of the error is expressed by the result of
Excl usi ve OR between the val ue of the erroneous synbol and the value of a

correct ﬁgﬂe%wnl fu; flef{@ £$ @PeerEHé #bcl B%tcucorin@m%rersorlzl qt‘cﬁ&s; qxalth n)y2
for exang % he val ue of %e err is 11 1 111 eg ﬁ é) 09
y es loc 1nc es an EDC

JUL2002 per row. flrS Yow O e ED
with 4 bytes, the first to the twelfth rows include main data
with 2048 bytes (main data #0 - main data #2047), and the

twelfth row includes the data ID with 4 bytes, the IED with 2
bytes, and the RSV with 6 bytes.

[0021]

In step 204 (S204), the EDC block is given a scramble process,
which takes Exclusive OR operation with the element of a
pseudo-random number sequence.

In step 206 (S206), 16 scrambled EDC blocks are collected and
parity codes PO (external codes) with 16 bytes are added in the

row directions of 16 data units 1 (i.e., to 12 row X 16 bytes =
192 bytes), respectively.

[0022]

Furthermore, parity codes PI (internal codes) with 10 bytes are
added in the column direction of the data block with 172 bytes



12 1 i the erroneous synbol at the location n is 01011010 and iﬂ val ue_ of
the. correct synmbol is 10100101. [0032] [Error Locator Equation ﬁdJiﬁk 2002
Range of Definition] Wth the above-nentioned syndrone, an equation
i ncluding information about an error |ocation can be derived by a
predet erm ned cal cul ati on procedure. This polynom al is called an error
| ocator polynom al and defined |like the follow ng Equation 2. [0033]
[Equation 2] ( 1 - *amx ) ( 1- a" 2x) (1- a",xx) - 1+Px + PZXZ +

+ PkXk in which ml - nk = error |dcation, a= primtive root. [0034] (2)
However, practically the follow ng Equation 3-1, which is reciprocity of
Equat i on %2, (182 ott &A) esrpsy dd barfdPG Nl 9ok s oandgp &Lty | 8Ades 2PEht abited nfadom
Equat i oni 8- ihé saeopengadiasetihereckes .l ocat or equati on. [0035] [Equation 3]
ang ) ... ((Z2-a~) - zZk -f- pl . zZk-1 + ... Pk (3-1) 0 9 JuL 2f102 13
~71 . zZk-1 ~- ... Pk c 0 [0036]

Thus, the parity codes PO and PI added to the EDC blocks are

also referred to as product codes.

[0023]

As described above, the EDC block expanded to 182 bytes Xx 13
rows is also referred to as a sector. 16 sectors form an ECC

block with (172 + 10) bytes X (192 + 16) rows shown in Figure
3. This ECC block is the minimum unit of recording and
regeneration with respect to a DVD.

[0024]
[Encoding Process]

The encoding process of adding the parity codes PO and PI to
the EDC block will be described in further detail.

In the DVD, Reed-Solomon codes defined on the Galois field-:
GF(2°) are employed as error-correcting codes (ECCs).

For the Reed-Solomon codes, a sequence of data bits is
segmented into symbols 8 bits (1 byte) by 8 bits and a
predetermined calculation procedure are performed for each
symbol to generate a parity code. The generated parity codes
are added to the data sequence. The data sequence added with
parity codes are referred to as a code word.

[0025]

The calculation procedure is realized as division employing a
polynomial. For instance, if 8-bit data 00000010 is taken to
be a primitive root a, polynomials of the tenth degree and the
sixteenth degree for parity codes PI and PO are expressed with
the following Equations 1-1 and 1-2 and are also referred to as



*

(3-2) When the error locator polynomal is solvable, the roots a~l, a'"z,

~~~, and a'"~ are obtained and the | ogarithm c val ues of these

represent error locations m - nk, respectively. The roots of FLg gﬁ*LHZDUZ
| ocat or polynom al are obtained as 8-bit synbols and the logarithm c val ues
beconme values within a range of 0 - 254. r ;__ On the other hand, the

val ues of the parity codes PI and PO are within a range of 0 - 181 (182 -
1) and 0 - 207 (208 - 1)s~respectively. Thus, the ranges of detinition of
the error equatl ons forx,«txae parity codds PI and PO becone a - a, 18 and a -
az2', res @Jﬁ( ggxé'}“ gl n Search Method] Figure 4 is a diagram
shomﬁng aln od In the. correction of a code word

i ncl udi ng nany errors a method called a chain search js generally

enpl Oyed)atTatws@t;@eac%eai@hmmwttigdléaqugntxal |y swbstrebuties idedeveaeat Hy N
the definition rang t.he errorllolgator equc%[ of Jegto t he eﬁ %tlon and
checks ?h%?HSFa 8t éﬁgﬁqﬁﬂ%ﬁ§ 0 %Yﬂe&n “he" Festf 19t SgHa-1on

substi t @henrebaindes zer d;he hparbyy sobden@It.he imbtatrbgat datequsqurmce
[0038] [4J riggitepiokd n %ﬂs“ SaH N ddulbei B a3t st Lagl of 1f’aﬁﬂdie

that is supstity e error_|locator equation 9 “JUL 4 --

obt ai nePDHYRIBLRAL | gheynndiny ithe i il Lowi g 1894a PR al - by ThepLehainder
root a, i tthe papnktiyccedeurol (a to the 0 power (a) ) as an initial value.
Therefore, as shown in Figure 4, a conventional chain search is generally
made fromthe end of the parity code toward the head of data bits. In
contrastl@®¥2&his, in the error-correcting device 1 according to the present
i nvention the chain search is performed fromthe head of data bits toward

t he Iast ué@foﬁ’a ty code, as shown in Figure 4. The chain search is al so
charadt ed 1n t t a value to be substituted into the error |ocator

l‘polynomal is t obtained by sequentially dividing the primtive root a,

Difference] For instance, I’ISI der t hg,case where three errors e~" e~ ~and
en8 ar e Hde to ‘Ec?de ?ﬁordg‘p (@ = &®hnd ¢ and words dn, dn_1, |, Al
are received, as shown in the follomﬁng Equation 4. [0040]

[0027]

W th thq_:jm%xa,]_ &8 uexas glg'..ofxaz’ g9y [0039] [Syndrome and its Corgrgefy on

[Exrror Detection]

As evident in the encoding process described up to here, in the
code word (ECC block) the remainder from the division is added
to the ECC block as a parity code.

On the Galois field GF(2%), since addition and subtraction (XOR)
are the same, the addition of the remainder from the division
is equal to subtracting the remainder from the data sequence.
Therefore, if the code word is divided by the polynomial
(Equations 1-1 and 1-2), it can be divided without a remainder.

[0028]

Therefore, when the code word cannot be divided by the
polynomial without a remainder, it can be judged that errors
resulting from noise and the like has occurred in the code
word. Thus, whether or not the code word can be divided by the
polynomial without a remainder is the sufficient condition for
checking whether or not there is an error in the code word.



[ EQuation 4] ( Chr Ca-i " Cmr " G2 r ' Cr " r Co ) + =
emur,. ' e~. " e-3r " r 0) - ( dn. dn-~"' dmr ' due. ' mﬂﬂdl?h&GUZ
.4 ) [0041] Here, when D ( x ) - d~xn + d" Ix"-1 + ... +dand C( x ) - c"X
+ (~~Ixn-1+ .. + c, the values of the syndrones S - Sk are given by the
foll ow ng Equati on 5. D9 J UL 2002 15 [0042] [Equation 5] So = D ( a )
= Edi = ~ci +emM + e, ~+em So =Day)= Ediai _IrCai + e~lam + e, ~a, ~
+ Sk =D ( a~) _ ~diak - Eciak .+. ~laxm .~ e~axnz + enjaxns-where i =1
~n. j0043] (5) Here, in Equation 5 thalvalue of ~ci ~ ~ciak beconmes 0 by
t he defip@é&gﬂ of the code word, so the values of the syndronmes So Sk are
obt ai ned own in the follow ng Equation 6. [0044] [Equation 6] - S =
em + e~ + e~

[Syndrome]

Actually, to obtain a calculated value needed for not only
error detection but also error correction to be described
later, the value of syndrome is calculated which is equivalent
to checking that a code can be divided by the gen€rator
polynominal without a remainder.

[0030]

The value of the ‘syndrome is calculated by substituting the
root of the generator polynominal for a code word F. If the
code word F can be divided by the parity-code PI generator
polynominal without a remainder (F(a’) = F(a') == F(a®) = 0),
it means that there is no error in the code word F.

If the code word F can be divided by the parity-code PO

generator polynominal without a remainder (ﬁ(a°) = F(al) = « =
F(a'®) = 0), it means that there is no error in the code word F.
[0031]

[Error Location]

The value of the error location is counted so that, in the ECC
block shown in Figure 3, the value of the location of a symbol
(byte) away from the parity code PI is increased with the last
symbol of the parity code PI as zero. Thus the value of the
error location indicates the location of a symbol where an
error has occurred.

Note that when a symbol is erroneous, the size of the error is
expressed by the result of Exclusive OR between the value of
the erroneous symbol and the value of a correct symbol. If
there is an error at location n (error 1location = n), for
example, the value of the error is 11111111 when the value of



So = emam .+ e~anz + e~,anB Sx = em axm .~ e~axnz + enBaknB
[ 0045] For data sequence ( O, O, ~, em O ) where, each tine ab gtJUszzoﬂz
.error position and an error value are found in the decodi ng process,

val ue includes the synbol of the error value only at the error p03|t|on and
the remaining synbols are 0, if a 09 J UL 2002 16 syndrome with respect
to the data sequence is defined as a correction difference, correction
differences So' , S1' , , Sx' are obtained as shown in the foltow ng
Equations 7-1 ~ 7-k. The val ue of theﬁgyndrone equal s the sumof all the
correcti dlfferences Si - ESI am~_where E rep resents total

respect gg f%ﬂ%‘]‘s[%é'ﬁgﬁlona%] iy 1o aetrﬁ 5 Byl togﬁilijOSx

e akmi VaIHE P £Stihe conmﬁbﬁJSﬁmbole&sﬂmEEDOdﬁﬂ enzaxng C7 _ 2 ) "So.
_enk SInk' - e~anx S xnx' _ e~axnx ( 7 k ) [0047] [EDC and Correction

Di fferenceb The correction difference with respect to the EDC can be
defined [AY8Rd same way as the above-nentioned correction difference with
respect to the syndrone However, when the error-correcting process

eD! oY1 NPk DB PRELLY 06045, R0 o S WP Ghardie SPNLE AR QI POl oot ed Lo be

eval uat e are di sperse e sequence defining

With the above-mentioned syndrome, an equation including
information about an error location can be derived by a
predetermined calculation procedure. This polynomial is called
an error locator polynomial and defined 1like the following
Equation 2.

[0033]

[Equation 2]

(1 - *a™x)- (1 - a™x) « (1 - o™x)
= 1 + PiX + P,X2 + . + P Xk (2)
in which

m - m = error location,

o= primitive root.

[0034]

However, practically the following Equation 3-1, which is
reciprocity of Equation 2, is often employed and the following
Equation 3-2 obtained from Equation 3-1 is employed as the
error locator equation. *

[0035]
[Equation 3]

(z - a™) « (2 - a™) .« (2 - o)
= zk + P1‘Zk_1 + e Py (3—1)



0 9 JUL 27002 mthe EDC, so it is difficult to calculate the cQrte Qio&B
difference for the EDC. [0048] [Correction Difference for the éé&xi LI 02
. Present. Invention (Standard Correction Difference)] In contrast to this, in
the calculation of the correction difference for the EDC in the present
invention (hereinafter also stated as an EDC correction difference), the
val ue (standard correction difference) of the EDC is derived wth respect
to an error whose value in the domain of an EDC to be evaluated i s 00000001
(01h) and whose value in the donmain ofi;nother EDC is 0. The value is
multiplied by the size of the error, whereby the correction difference is
cal cul at ed.? dDég]'Héfef t'hePxeBCor recti on-di f f er ence cal cul ati ng nfethdd
in the present invention will be described with respect to the case where
an error whghjan error value of a occurs only at the row 1 of the rows O -
11 of seEtor & (see the Figure 2). In the. EDC correction difference

cal cul ation according to the present invention, when an object of

eval uat i QRehS tiHe t BBrb28W rocdboOp8iyAbmiad OLLUsbdablel N&EHOWM-Bots om,
Therefore,, at the boundar Eﬁ%meen ectgr g aid sec%gr,N—l, the EDC
correcti®n ditfeRRACE™T Gre IRPAASH A9 FReLOEATIRATRe VA SEQTorFhese
di f f er en€@Ot8r repyesentoermors logadddny an50] Mwharesprcibbyely. of eval uati on
isinthe row1l, an error has occurred in the row 1. Therefore, the~

correcti differen i.s calculated fromthe standard correcti di fference
S for thBeEBROERG A& e o HecetoR o LipdhiaT catea s et 4P A
wor k r egb¥mbelsornndother tiagami fhiei@ncalees cheaonenviilbes wigdhdndl rHOHe
18 regi sgerodaessyot description). always correspond to the follow ng Wen
t he object of evaluation is between the rows 2 and 10, there is no error in

the rows and therefore the process of adding a cal cul ated correction
{di f f eren@e tbet beheor hanelyi dther values @frtbenpdrity whdest Rd amde®@O afre

eval uat i Qpth$ni rpg\h&é, oft @s_atlglhe(ggggnd_ary) bghwean sesldr {\b@@d_s_elc;,or
N+1. Therefore 'thﬁ numeric value within the {Frk ,e%;sler is Stored in the
correct i BA°BPFEEVENYe rediltSr &S hE2BEEFOrO @terf'lrlél st 8F gble fyror
al ways ceqtu&spong trort kthd gpdpityoceassr ppt iagid .Pd Bddme o - o' and o

- a7, respectively.

[0037]

[Chain Search Method]

Figure 4 is a diagram showing the chain search method.

In the correction of a code word including many errors, a
method called a chain search is generally employed.

The chain search method sequentially substitutes the elements
in the definition range of the error locator egquation into the
equation and checks whether or not each value, obtained as the

result of the substitution, becomes zero, thereby solving the
error locator equation.

[0038]
[Direction of the Chain Search in the Present Invention]

The value that is substituted into the error locator equation



(Error-Correcting Device 1] Figure 5 is a diagramshowi ng the construction
of the error-correcting device 1 according to the present |nv{h
error-correcting device 1 according to the present invention wll

" hereinafter be described in reference to Figure 5. As shown in the figure,
the error-correcting device 1 is - constructed of an error-correcting bl ock
10, a mscorrection detecting block 12, and a control section 20. [0052]
The error-correcting block LOis constructed of a storage 100,~a read/wite
control section 102, a syndrone/ EDC cal cul ati ng section 104, an
error-locator-polynonlallerror eval uat or - pol ynom al deriving section 106,

an er asurse @bt@tnedcw (ﬂeqzmntrxﬂlls}ecmubhlmbslna pocattisdri tovied evalue, by

chain s a n ng sectian 4,52
correct%b con Vg r%%élf%L gégﬁ |on 1¥%§h# d %c%?re |on ng%r
detectldg‘bﬂoéﬁ:leénéBhéirU@ﬂéG(ﬁ Tﬁﬁ?%ﬁﬁ?%otFénSBPWWeﬂéhééﬁﬁ#%uﬂatﬁng
sect i onsomMeerdnicbriab, chaikDE€earehdasd gemeredtliyomadld ffaremncehe abrd| afi the

section i i f§e e cul ating section 18,
%@CI@CUI 2l %ES’W %\‘i@é RBa4i bEepgRsepsake 9

conpar i 4,a mscorrection detection section 122, and
sel ectors 126 and 128. Wth these conmponents, the error-correcting device 1
per f or min heorerrast coor emiisr,lg ipr ¢¢1@saamxt-lrmnﬁ%1him;: kdéwrigerr ¢ drcogddngut

froma [B\éD Otﬁf‘%& i i Oeﬁﬁ%ﬁn%ﬁe iéégfcilfgﬁ &é%ﬁ&rxﬂ%] Eﬁﬂﬁn Rhe?

DVD Ia
cont rpol |Qﬁ1 dataohiis éiOtW?é?rzEd}llQll Lashgobpshst T idly «rde coapofBAWNOf

the errdnr @Ig@@él 19 deteceHaid 0964tchEis0Rig0or icttirdetdllizdd 10 That a

h 0 h ft he d hed.
[0055]  TatfagtOTat LAUPRERERGPH, drtish FBP ST onIe0o}oF, Holynomial ' 18
er r or < cobteditriaw) byocéeqlﬂenttiml]apcdnmmrtg) that pdlindftives reat/ wr) t @ithi s

{st or age +}Q0 §iQf ogks,eF seqpence, reads out the stored ECC bl ocks
to the 207tﬁ'ﬂbﬁ§§%n e uﬁ%t of arowor tothe 0 colums in the unit of a

col umm, storage 100 operates control section 102. figure 3) supplied in in
the orddO0#9khe 0 in order of the 181st and supplied the read

[Syndrome and its Correction Difference]
For instance, consider the case where three errors e., em, and

€, are added to code words ¢, Cnis **y and ¢, and woxrds d,, d.,,
««, and d, are received, as shown in the following Equation 4.

[0040]

[Equation 4]

(Cns Cn1 " Cmiy * Cm2s * Cmir ¢ Co)

+ (Ol w0 - en, - €nar * €m3s "y 0)

= (dnl dn1 - Arir * Ameys * duas o4 dO) (4)
[0041]

Here, when D(x) = dyx* + dpx™?! + - + d; and C(X) = CpXx® + Cup X!
+ <« + c,, the values of the syndromes S, - Sy are given by the

following Equation 5.



0O ~aa~ 2~00z 20 data to the read/wite control section 102. Al so, the
storage 10 bl ock and supplies processing unit and the correcti{hgdgqyk %poz
section 102. [0056] corrects an error occurring in the ECC the correcte
data to an informati on storage (not shown) in accordance with supplied from
the read/wite control In addition to controlling the operation of the
storage 100, the read/wite control section 102 outputs the read data i nput
" - fromthe storage 100 to the syndrone/ EDC cal cul ati ng sectien 104 and
outputs the corrected data i nput fromlshe error-correcting section 116 to

t he StO% 00, thereby correcting the data where an error has occurred.
(0057] [Syndronme/ EDC Cal cul ating Section 104] The syndrone/ EDC cal cul ating
section 104 cal cul ates the value of a syndronme and the val ue .of
error-dgtmptdtieosofpes fromthe read data input fromthe read/wite contro
section 102, each tine 12-rows of data are input fromthe storage 100 in
the unit of a row. The syndrone/ EDC cal cul ati ng section 104 outputs the

cal cul atsgd=vpl ue)of3dhes SyH)daoep, to hpth d.he

error-lg&a;ob-gp*g giql/error-evaluator-polynonial deriving section 106 of
t he erroP-cor# C igg M ock 10 and the conparing circuit 124 of the

m scorrecti on &&€e®i ng bl ock 12 and al so outputs the cal cul ated value of

t he error-corrgc@#ggxcpdg?a@o+ta%oponparing circuit 120 of the -

m scorrection detecting block 12. 0 9J UL 202 21 [0058]

[ Error-Locator-Pol ynom al / Error-Eval uat or - Pol ynom al Deriving Section 106]
The error-1ocator-pol ynom al/error-eval uat or-pol ynom al deriving section
106 derigyes g€y 0sdjo@cat or polynonial and an error eval uation pol ynoni al
shown in the fol lowi hg Equa' ~ions 8-1 and 8-2 fromthe val ues of the
syndraomes i nput” é?h t he syndrone/ EDC cal cul ating section 104. Furthernore,
it he error - | ocattoexdtly oAl e @ od¥al uat or - pol ynomi al deriving sect (6
106 generates uncorrectable data. [0059]

where 1 = 1 ~ n.

[0043]

Here, in Equation 5 the value of 2Zc; ~ Zcya* becomes 0 by the
definition of the code word, so the values of the syndromes S, ~
Sx are obtained as shown in the following Equation 6.

[0044]

[Equation 6]

- So=em1+em2+em3
So = eml(l"‘l + emz(lmz + emgam3
Sk = eua™ + g0 + eaF (6)
[0045]
For data sequence (0, 0, -+, €, <+ 0) where, each time a set of

an error position and an error value are found in the decoding
process, a value includes the symbol of the error value only at
the error position and the remaining symbols are 0, if a



(Equation 8] a~(x) _ (x _am) ... ~X - a k) ~em~j~i~X [0060 8-1 8-2
Al sa, the error-Ilocator-pol ynom al/error-eval uator - pol ynom al éeé |J'U>rhg§2002)
,section 106 outputs the derived error |ocator polynomal to the chain
search section 112, outputs the generated uncorrectable data to the erasure
error location control section 108, and outputs the error | ocator
pol ynom al and the error evaluation polynomal to the error-val ue
cal cul ating section 114. [0061] Note that erasure-location data indicates
the | ocation of a synbol where the océ@rrence of the error is known but the
size of the. error is unclear. Wen the parity code Pl or,the parity code PO
i s proceRERUA GPeWIEHE i TESRGC e ahRot t bR %ﬁ‘ltc%l afgHeafea tor datd gf a
col um, é&mréﬁmiehjaiﬂﬁéréﬁﬂ?ﬁrCEFQE@%%Q&1#}%f%ﬁ§?%€§|ngfiSQ'WLLh, Sy
respect t arity code or .PI. .~ e S e
uncorrec%‘g%lE%d%]é“?cﬁdﬁgat%%o‘f%aﬂnanué?r &%31 SENG 58}1%59{1& 07a"nlttj an 7e'_f}f'or
eval uat i BRe pBRYHENCA tEhendyngeora| edualed the swWerehi allokher cyinaRtiom
addi ti orgifhershees- | (@GAOrzPRy NRAbRL/ 8f rﬁégﬁé%ﬂ%or‘m@o! yﬁ}@ﬂtakgﬂerwfwg
section 11@? %)8£pggs. o'the [ocation counter 110 a start signal indicating
that cal'cuTatrons of the two pol ynom al s have ended. [0062] [Erasure error
Location Control Section 108] a The erasure error |ocation control section
108 geney@yg£syerasure-location data fromthe uncorrectabl e data input from
the error-I|ocator-polynom al/error-eval uator-pol ynom al deriving section
106 and outputs the generated data to the
error-| ocRqwatpohyhdm al / error - eval uat or - pol ynonmi al deriving section 106.
[ 0063] [Location Counter 110] The location counter 110 generates a cl ock
signal ngeded for sequentially calculating cr(ai) in the chain search in
accor darit’e w't fi=t he start signal input fromthe
lerror- | gat oe- pgloynom al / error - eval uat or - pol ynomi al deriving section 106
and hol ds the nunber of generations as i (which assunes a value of 181 - 0
in the case of the parity code Pl and a value of 207 - O in the case of the
parity e POPm®™The | ocation counter 110 outputs the held i to tHe-HDC
standard correction difference calculating section 16 of the m scorrection
det ecti ngnbl gack 12, the chain search section 112 of the error-correcting
bl ock 10, the selector 126 of the m scorrection detecting block 12, and the
correct iDA cOnerd™ section 116 of the error-correcting block 10. In the
case of 0.9 J UL 2002

Se™' = ey

Slmk' = emka‘“k

Skmk' = SmOxmk (7—]'()
[0047]

[EDC and Correction Difference]

The correction difference with respect to the EDC can be
defined in the same way as the above-mentioned correction
difference with respect to the syndrome.

However, when the error-correcting process employing the parity
code PO is performed, the positions of objected to be evaluated
by the chain search are dispersed on a code sequence defining



23 the parity code PO the |location counter 110 al so outputs h) tQiJ E%
standard correction difference cal culating section _16 a sign gt L 02
requests updating of the EDC standard correction difference when processing
has been finished up to the last of a colum. [0064] [Chain Search Section
112] Based on the error locator .polynomal input fromthe r
error-1|ocator-polynom al /error-eval uator- pol ynom al deriving - section 106
and the clock signal and substitution data input fromthe | ocati on counter

110, the chal n search section 112 cal £ll ates al ai) in order of i = 181,
180, in Eﬁﬁ;se t p ty and_in 20 n
t he case of t pa?glty Jg%dg:[é %%ggg Fggt 89?00%8%98%%9& S%. stﬁzggggﬁtlf'n

0. The djekfeﬁﬁ%l%%t%m(aﬂ)elﬁ@l?eatl ng an error location is output to the
error-value cal culating section 114 and the correction control section 116.
Al so, h[ Oi% n search section 112 outputs the detected data to the

sel ect or's and 128 and controls data selection of each of the selectors
126 and 128. - [0065] [Error-Value Cal cul ating Section 114] The error-val ue

cal cul atficdi st iy bjl‘}ffé‘ecrﬂ:'@t %%rerﬁﬁ’é wHueihr afd herdapd! eﬁn@éhéébﬂpm

fromthe chai n search secti %% and out puts the cal cul ated val ue data
i ndi cat i (f- 4 \féf?{fée‘fBl?’iﬁeD?: PEERFBAlcontrol section 16. 0 9 JUL 202
24 [0066] [Correction Control Section 116] The correction control section

116 gengrpt %n%cirarsecct 'tBn éfl&g from t@ﬁe' %ﬁd‘ﬂf @!i%@ Qﬁ' )thepuaoffﬁ&mﬁ

| ocat i oEjé_cfgqunt er ocation data input hai n sear¢h- section
112, . ‘H’a‘ia Pﬁptﬁ ¢ r ERG hdteths -B ?ﬁ%n'&allé\)’leé’tq% sékerennafreryng
the err alsdet extated coasechnon Eba a doyrdcticam tdief fersemye et i tie devattieng

section (%%Zcuﬁ{artc{] c%rrfgatctq.t%'heCﬁi@%@%&}x@%‘it'919 tﬁh%CkEéécf{Lgnﬁ%g ?oo??f‘

generdted correction te control

{[ M scor PEERESE DeR edhi ®FUaOckhaDe YRdUEoABodIR sdmaimeofi adoETt¥@nbe

(cj:gt ect i rydihvetied 21 gi Idoc{woleomaf(beh)b%nﬂasanbbedva[lﬁh%ﬁn[EED@ Qonitling dof
rrectig c cu n ti a r

show ng A éé:ﬂc%lfngﬁélﬁgcﬁl gg) “of ﬂ%é %B(i s%t anda’&lgitgé:rg%%? bg g sq'z?\egegfn the

cal cul atS5FP e dtherran %%vﬁPFHeFFQBPedef?ﬁénEBC%tﬁﬂéﬁPHaESﬁr ection

di fference cal culating section 16 cal cul ates an EDC standard correction

differe %4vg']th t he updated data input fromthe | ocation counter 110, by

t he conponent’s shown in Figure 16 and outputs the.EDC standard correction

difference to the EDC correction difference ' calculating sections 14a and

14b. [0@GEYe, the EDC correction-difference calculating method in the

present invention will be described with respect to the case
where an error with an error value of e occurs only at the row
1 of the rows 0 - 11 of sector N (see the Figure 2).

In the EDC correction difference calculation according to the
present invention, when an object of evaluation is in the row

— 0, no error has occurred in the row 0. Therefore, at the
boundary between sector N and sector N-1, the EDC correction
difference for the sector N-1 is saved and the correction
difference for the sector N is loaded.

[0050]

When the object of evaluation is in the row 1, an error has
occurred in the row 1. Therefore, the correction difference is
calculated from the standard correction difference #1 for the
EDC and the error value e. The calculated value is added to a
work register for «correction difference calculation (this



[ Sel ector 126] The sel ector 126 operates according to control efQt ch
0 9 JUL 202 25 =. search section 112 of the error-correcting bﬂogk‘nw'm

the detected data indicates that there is no error, the selector 126
selects a nuneric value of 0. In the case other than that, i.e., in the
case where the detected data indicates that there is an error, the selector
126 selects the root input fromthe | ocation counter 110 and outputs the
selected root to the EDC correction dﬁgference cal cul ati ng sections 14a and
14b and the syndrone correction difference calculating section 18. '"

0070 Sel ect 12 Th | ect 128 i . " | of th
chai n SO EEEt | IPH2 Ot ho “dAdE. coPPELPERAB! ock? 16, When hHdowind °

det ect eddeltniphidosites that there is no error, the selector 128 selects a
nuneric value of 0. In the case other than that, i.e., in the case where
the detected data indicates that_there is an error, the sel ectqr

, 12
sel ect s W sthe RPaerhp@f f e¥ALHAELGR, ohS vRPLWeRR| dhet FRYS sect #BA i
and out pthéré hdssehectexkr st zandathet adWe ERE ciemsfors dhef gpevcess of

cal cul atj ng. sections 1 an 4 .1 he I C o) if ferange
cal cul at‘%é]ncg”iic%‘i Sr?aféﬁaa[t(ﬁfgl%ofb’é%%gbégr g@%f{%%rll:%&%fef g{rc;e(r?g%écg giﬁl arfelgﬁ'g r
Secti on I8iandprparbprmedion of PO Figure 7 is a diagram showi ng the
construction of the first EDC correction difference cal culating section 14a

shown in_Figure 5. Fi.ure 8_.is_a di agtam show.ng i ect.ion, of
cal cul aﬁkb‘?fgi nter\ﬁn 853%ﬁ’tED&fco?Y%g\l?gﬁgﬂi fJ?%r é‘%ce£|8§ glall ’cultlé:t eﬁgby“’“f hé:he
first ED®WAREY! ikeptween eraenoxalltuldid ngesteri oltl4a siharefere gurths.
E 9 J xlkhdaelﬁ%)QZ vA1dae E@g_neﬁr {%@ Qﬂ:gfiikffwe@ggee&al G ab?t@&gaectiirpg tJt_fJe?h
makes cal cul atjons i e direction indicagted by an, arr Lgure .8 .w
fespect TUTRELERR Hlneetanse FRotebRFe oF “(pensBiBE MalPalkonehedy
idi f f er erdeesianet | apwaysr oorirespbDG dicatd@ doddiowisd ciesdirfipdriane '
cal culating section 16 and the | ocation data, size data, or nunmeric value O
i nput frﬁ@éﬂe selectors 126 and 128, by the conponents shown in Figure 7
and cal c L an EDC standard correction difference. [0072] [EDC
Correction Difference Calculating Section 14b for the direction of PI]

Fi gure 9 gsrérdeagtartingWrgitke jgonstruction of the second EDC correction
di fference cal cul ating séction 14b 'shown in Figure 5. The EDC correction

difference cal cul ating section 14b makes cal cul ations in the direction of
t he pariFjgenele Bl (irsow @i r déagoain wishewiggpecthe o eorsEDEbionk Sfowthe

Fi gure Zer¥bibcbpeestindanevielr achHcd difderanatddFraddiititi fverit idwe. EDC
standard correction difference cal culating section 16 and the | ocation

data, size data, or numeric value O input fromthe selectors 126 and 128,
by the cBRponemrorstopsrect gur degiged chl cargesding EMNO st hhfar dresent

correctipivehé{6h€RGQ1 hereinafter be described in reference to Figure
5.

As shown in the figqure, the error-correcting device 1 |is
constructed of an error-correcting block 10, a miscorrection
detecting block 12, and a control section 20.

[0052]

The error-correcting block 10 is constructed of a storage 100,
a read/write control section 102, a syndrome/EDC calculating
section 104, an
error-locator-polynomial/error-evaluator-polynomial deriving
section 106, an erasure error location control section 108, a
location counter 110, a chain search section 112, an
error-value calculating section 114, and a correction control



[0073] [Syndronme Correction Difference Cal cul ating Section 18] FEQELW%ZOQZ
a diagram show ng the syndronme correction difference cal cul ati

shown in Figure 5. The syndronme correction difference cal culating section
18 calculates a correction difference with the |ocation data, size data, or
nuneric value O input fromthe selectors 126 and 128, by the conponents
shown in Figure 10 and outputs the cal cul ated 0 9J UL 2002 27
correction difference to the conparing gerU|t 124. [0074] [ Cosaparing
Circuit 120] The conparing circuit 120 €onpares the EDC input fromthe
syndrone/Egg Callé%?tlng section 104 with the correction difference input
from t hESE ion difference calculating sections 14a and 14b, by the
Excl usi ve , OR therebetween and out puts the result of the conparison to the

m SCOr T gl Omlg%%%?%qo%ecabeeca% rbno&gfﬂﬁ [ﬁ,orrra:%wsrt@cugfr legbcThe

conparln% circuit ares the value o ndrone i nput ron1t
syndr onf EBGQ&%QHHQ&#?@F%%@?lSﬁlfGA&hHﬂgtqﬁ?Qkﬂgéxﬂ?%na&ﬁfﬂéﬁénd§1|ﬁBGt

fromt hetayml@rm @@ff@@ti@n ddfifffettre e al cal @ lagingct seatidn byld he a

Excl usi g ere oy res co ' to he
n1scorre HIgaetec 0 sé%ﬂg 4é%¥é%é%§96 ]8%%ﬁ§%%§$§%t|”98é£§§§t néh
SectlonCPEPPanQlnqmﬁﬂukﬁﬂlcﬁ?QkﬂQﬁdlnhﬂ%ect&OHHHQQOﬁ@@@EL@nandéteﬁtlpn

correct e ti®ns A eHiP Ve RSt S eag@MPagi son results input fromthe
conparing circuits 120 and 124, generates m scorrection data indicating

that the value of the syndrone and the value of the correction difference
do not Witdh thaese oclomponentsout phes anmomicugeddsinpnddyiget d t herforms

correct cfe G¥SPLcSPEEEOING1Proceds? dn Uthe2@@E F10ock (Figure 3) read
« out from a DVD and supplied in sequence to the error-correcting
- device 1 by a DVD player (not shown), for example.

[0053]
[Control Section 20]

The control section 20 controls the calculating operation of
each component of the error-correcting device 1.

[0054])
[Error-Correcting Block 10]

The components of +the error-correcting block 10 will
hereinafter be described.

[0055]
[Storage 100 and Read/Write Control Section 102]

In the error-correcting block 10, the storage 100 operates
according to control of the read/write control section 102.
This storage 100 stores ECC blocks (Figure 3) supplied in
sequence, reads out the stored ECC blocks in the order of the 0
to the 207th rows in the unit of a row or in order of the 181st
to the 0 columns in the unit of a column, and supplied the read



[0077] [Processing in the Error-Correcting Device 1 in the Direction of PI
(hor,i zontal direction)] The processing in the error-correcting device 1 in
, the direction of Pl will hereinafter be described in reference tégiljUrLeQUUZ

11 - 19. Figure 11 is a diagramshowing the error-correcting device 1
perfornms processing in the direction of Pl. Figure 12 is a diagram show ng
the processing in step 3 in the error-correcting device 1 shown in Figure
11. Figure 13 is a diagram show ng theg&rocessing in step 5 in~the
error-correcting device 1 shown in Figtfe 11. Figure 14 is a diagram
showi ng the processing~in step 6 in the error-correcting device 1 shown in
Fi gure $ftaritguitde mpad/Mrire eRngFahssefbiPhgl?®he processing in steps 7
and 8 in the error-correcting device 1 shown in Figure 11. Figure 18 is a
di agra how ng t he_ processj in_step 9 in rrof: recting.devi 1
shown imﬁﬁ |% ur%lpll.stleir(j‘@ree J1(8(9i SO8" |C§:§r am s g\%lo%gof célcr%gloncges%f‘n % g?‘ép
11 in t hdogkr oranshr reupphieslevibe 1comyested Fdgdee XD [0078infersabinni n
Figure LloceasSn@pP Gnite diRdi Wdtdg 4Rt [RbtSeHw@) 107 abcbRBance with
errpr-cgﬂwxnln dgyjce 1 %Elgure SQ.SHbSEItUtE%'an initjial value 30% fﬂr a
vari abl &® aﬁ?%}ﬁﬁ;%QPst@ 3~ suppgiedy from oFhey Wit &t epPRETPhe
read/ wr iseetdomt 1d@2 section 102 clears the register for storing the val ue of
t he EDC syndrome and goes to step 2. [0080] In step 2, the syndrone™
correction difference cal culating section 18 perforns an initialization
process [888%Jeturns to the initial state. r [0081] In step 3, the

syndr one/ EDC cal cul ati ng section 104 reads out the ith data of the ECC

bl ock (T B3 4Ol h&g@@dﬂf&hge GO SBLr8EEbhOBE Ohe | BEREHLLY 3b S
the val e of the syndrome (error-correctjng code), and goes to step, 4, as
shomn<iﬁhﬁgﬁﬁﬁg/WQEﬁe[GQB Foinsec&don QRN bSeFEBCTrear: faka ngnput
isecti onfioh | thigestyieidier 100 nad the veyndraiie [EEC syalcatatdalgcusatedlonn
step 3 7€ Gy Wghellats® "ehe? e’ BortlReR8Ct 1 80¢404 PREGL!0 FEER 5 the

error-correcting section 116 to the storage 100, thereby
correcting the data where an error has occurred.

[0057]

1

[Syndrome/EDC Calculating Section 104]

The syndrome/EDC calculating section 104 calculates the value
of a syndrome and the value of error-detecting codes from the
read data input from the read/write control section 102, each
time 12- rows of data are input from the storage 100 in the unit
of a row.

The syndrome/EDC calculating section 104 outputs the calculated
value of the syndrome to both the
error-locator-polynomial/error-evaluator-polynomial deriving
section 106 of the error-correcting block 10 and the comparing
circuit 124 of the miscorrection detecting block 12 and also
outputs the calculated value of the error-correcting codes to
the comparing circuit 120 of the miscorrection detecting block
12.



- In the case other than that, the syndrone/ EDC cal cul ati ng section 104
adds, a nuneric value of 1 to the variable i (i.e., I =1 + 1) a e n
back to step 2. [0083] In step 5, as shown in Figure 13 the rﬁ]g\jt”_ 5002
error-1locator-polynom al /error-eval uat or-pol ynom al deriving section 106
cal cul ates an error polynomal fromthe value of the syndrone input from

t he syndrone/ EDC cal cul ati ng section 104 and substitutes a nuneric val ue of
alel (L _ a.~B~) for a variable L (ai used in the chain search). 0 9 JuL
2'002 .. 30 [0084] In step 6, as shown2ln Figure 14, the initial value of

t he value h %lven by the | ocation counter and the chain search section 112
perforns [PRa%dhai n search with the initial value of the variable L and the
cl ock signal given by the location counter 110 in order to judge whether or
not the ym@&:mc%wfr.%lﬁ{om% 3 B < Cﬁv%ﬂ?ai%f ol PRGHPELPO! YHOP1 fhng
When it error ocator ynom al e error-va

cal cul at $R§tde8: 1891114 cal cul ates error value at that |ocation and goes to
step 7. r ' [0085] In step 7, when the variable L is the root of the error

| ocat or |l ynom al , the _sel ector 128 sel ect.s t e error._value in fromthe
error vallE cal cul at | RETOECAPGR COET BRIy ST S EHr Sy A Aoy OGR TRL o

t he synddenevaograanummnnrﬁﬁwdﬁmevealanlarrqg decaton p@hynbmﬂ&ifand an

correcti QBrEl!rf f&F £PGEL £6h C L{:lcﬁtyr{tﬂnﬁéft sARwh?bin Vg2 | Eolio{&%g ﬁ&’@ioné he
sel ect or ou pgt%Ddero thFhe syndro cqrrectiqgn difference c

| cul at 1 ng
section 38 rf’bn i OfAtFT ePénce"TaF¥RFEPIRS s’e‘&?‘i“bn gﬂ\
syndr onesgndrene/&nhCdi f ¢alentatinyculsedtnigpseciPédn 18 aEdrtherﬁDEe, the

correcti gArdrliseanes - yﬂﬂldlg/e&%f%alﬂew%w&ﬁmcom radBLy PRgt O
respectlve orreﬁhlon rences US|qu$h |nput val ues and goes to
ftep 8a. SFHH3BP 5959QE3 §HHW# atA< { he selector 128 sel ects
he error value input fromthe error-value calculating section 114 and
outputs ff§gs8§l ected error value to the EDC correction difference
cal cul ating séction 14b, which in turn calculates a correction difference.
| f the chain search has cone to the end of the ith row, the EDC 0 9 J UL
2' 002 ., [BuatiiopeactBilon di fference cal cul ating section 14b goes to step 9.
In the case other than that, the EDC correction difference cal cul ating
section 14b updates the value of the variable L to L x a-' and goes to step

6 (step S&¥) FOOS7F o) - (x - o™) (8-1)
(D(X) = Zemﬂj;ei(x - (1'“3) (8_2)
[0060]

Also, the error-locator-polynomial/error-evaluator-polynomial
deriving section 106 outputs the derived error locator
polynomial to the chain search section 112, outputs the
generated uncorrectable data to the erasure error location
control section 108, and outputs the error locator polynomial
and the error evaluation polynomial to the error-value
calculating section 114.

[0061] .

Note that erasure-location data indicates the location of a
symbol where the occurrence of the error is known but the size
of the error is unclear. When the parity code PI or the parity
code PO is processed or when an error cannot be calculated at a
certain row or column, the row or column number indicates the
erasure location with respect to the parity code PO or PI.



In step 9, as shown in Figure 18, the conparing circuit 124 conpares the
val ue of the syndrome input fromthe syndrome/ EDC cal cul ati ng ?&g MLl@@UZ
W th the value of the correction difference input fromthe syndrone ;
correction difference calculating section 18. Wen the value of the
syndronme and the correction difference match each other, the m scorrection
detecting circuit 122 outputs the m scorrection detecting data to the
correction control section 116 as a valze indicating that a m scorrection
has not occurred. In the case other tha that, the mscorrection detecting
circuit 122 outputs the mscorrection detecting data to the correction
cont r ol 248€ri oRha 1@ngorreafialtle ndatat i fitates HhatordcersRhakocator
occurr egolphemilale MsEor AAcCt it diet esha Nga €lad @ iFdhyﬁbﬂialhatcaﬁhnot be
m SCO”S%F{' @gahasa occurred,, the correcti ucontro section 116 makes an
error corrSAtEET bR, e TR (B Thv) ™St the read/write control
section 102. In the case other than that, the correction control section
116 makeg no error correction. [008qitistep 10, the read/wite contgghk
section 102r‘J lid es whether or, noj it has %Jocessed he | asi row of the EDC
bl ock (BF§Gre ??*‘.a P QLY R (RIS e bR ,n‘?‘{‘lﬁ%es t O“StEH1Rg.
I n the sestionhdr0@ hawtphts, tot theesldaatsicap GouhO€@B9l10nastsdmritl, sigpal
conpari g LEYI : 3
mput | FasPRe e, R B e T R F el RGP SR
correction difference input fromthe EDC correction difference cal cul ating
sectionffbde2j\Wen the value of the EDC and the value of the correction
di fference match each other, mscorrection detecting data is output to the
correction control section 116 as a value indicating correction is
i npossi bBEEaspxe; gr rogs dastaferon Heantrmk ,S‘?Cﬁ'el%nlp%ﬁlgng circuit 120 outputs
data, which is detected and corrected, to the correction control section
116 as al indi cat ha ti ' ossl nd S 2.
0000 PRy SRt offel PloSRELSH, BBnkiaR°>BeBedol | HAES donEtaPesl.
pr ocessByENEe-docatdpmnnf daka EDEO®| sbie (eR¥rectabligefiata hagpytocEserd
t he | astheow, it]end&r&mcﬁ_%ﬁgﬁ@r-igb]lﬂmmﬁﬁﬁlﬁ’éﬁﬂiﬁ—éﬂﬁlﬁldﬁtﬂhpdlﬂi@hﬂ&ﬂ]ﬁ
to step : cr v e rof: [ evice e
chain sgéfékq?%% gré?ggggor%ggt iaggé)i %utthgtgi r%@%i 3‘{16'5%43%‘? sia%}g’cu;t%d %trl%m
t he hea8T&PralpRtonraolxnoninkiRr et evakm tr TRPteomiali r ectdepiving
nuneri csectdbmwel 0&. ~, ,lel, o,,lso ~ ... ~ and a are f first substituted
into the error |locator polynomal to judge whether or not they are roots of
t he pol XBorri al. When they are the roots, the error value is calcul ated.
[ 0092] 9631t he syndronme/ EDC cal cul ati ng section 104 processes the data of
the ECC bl ock fromthe head of the colum. In addition, the value of the

correct i pBdifil8r U m1Ean al cul ated by cal culating the sumof the
i nfl uen(L,escof lerrors on a synﬁrorre. 't 09 J UL 2002 33

The location counter 110 generates a clock signal needed for
sequentially calculating o(ay) in the chain search in accordance
with the start signal input from the
error-locator-polynomial/error-evaluator-polynomial deriving
section 106 and holds the number of generations as 1 (which
assumes a value of 181 - 0 in the case of the parity code PI
and a value of 207 - 0 in the case of the parity code PO).

The location counter 110 outputs the held i to the EDC standard
correction difference calculating section 16 of the
miscorrection detecting block 12, the chain search section 112
of the error-correcting block 10, the selector 126 of the
miscorrection detecting block 12, and the correction control
section 116 of the error-correcting block 10. In the case of



Therefore, when in the chain search an error is found and the error val ue
is galculated, the value is input to the syndrome correction di[} ﬂedeUﬂgeZ[]OZ
cal culating section 18 and the EDC correction difference calcul ating
section 14b. In the case other than that, a nunmeric value of 0 is input.
Wth this, the correction difference for the syndronme can be cal cul at ed.
Therefore, the processing in the error-correcting device '"~1 in the P
direction can be perforned w thout a sgmndard correction difference.
[ 0093] [Processing in the Error-Correcting Device 1 in the PO (vertical)
fDi recti amle rpariﬂytajm Pbe eoly erdrs]d:@ﬂi@lﬂxfbenamee af1¢ helsyndnputd the
irst E I 2 I i rraor. 0 S at . 1 hi L oOw
of the friar o bt BkEd dor et Ibf, Xhinetios el AR b s S Eion 16 By
e(x) nm&ignal whak geguetHonnupdatiad obf okihey ERLastendagd Teorrectliane
this, !aﬁﬁémﬁa@%ueﬁoggabesb%@ 20 BBXh of xpidR&d 8pX koSN 1asE g s
follow ng Equation 10. [0094] [Equation 10] a ( X ) - ("X~ -~ Xa -1- XZ)
x~(2'n29i§ qé}I{'lo ) (0095] For this reason, standard correction
difference N~ is first defined as shown in the follow ng Equation 11. In
the casgoysaye an error with a size of 0x01 has occurred at the 170th of
t he EDC bl ocK, the standard correction difference N, indicates the £EDC s
contribution to the syndrone. 0 9J UL 2002 34 [0096] [Equation 11] N12
= gcci s§Jehadh iSeaaxchgba ¥dn N2 F X<ci s9+i 72*i 0) *e} nod g(x) N3=
gcel s9+722} *e>nodg( x) N2= gc<l s9+~72*~} *et nodg( x) N1= X<us9+nR* o0} *s} nodg(x) _
~ where NX represents the xth standard correction difference of fi the
EDC. (1BPsesbo7PnThehehai RrEREr chlQRREPHN PPIVARHIAAe | HRRRT on fZ&Wht eEhE10
of Fi guesrromdiqniter+olyneaeia Dedtdraadabuaoor vpdoUgnodli n t hdepieLAgs

of- the I . or 4, i o) h jr of
The 111 SEEERTE) SOR- oHGF, ERECIRER odOhal, i OEaELFEuploh Bt | EnblY
the 198EFMowtBe tIRCHIOMD| soMmMarautt0i2 the schaig -sqaxch gogecddom EbE2
Ot b T o e & RS ot (7 L83 o18hy Dl RHSREULE of Lhe
t he errgﬁﬁ££¥t7?§%cg#gﬂpgté@lﬂfé%ﬁa%?r6r7b8¥ﬁéctﬁkg d?réﬁi@%%;%ﬁs?Qg%
(t he 19%hle maw)ity tcode dP@oahdudetehss theteot othabssatbafoast béoEPC=bPeck
is at thee Rdtbdtay datde(dd) shdRainfal Ratse Pocidhei FGubbeekto
(Fi gur el bRGILIE AR - cullting!® sbction 114 and the correction

control section 116.

Also, the chain search section 112 outputs the detected data to
the selectors 126 and 128 and controls data selection of each
of the selectors 126 and 128.

(00651
[Error-Value Calculating Section 114]

The error-value calculating section 114 calculates error value
from the detected data input from the chain search section 112
and outputs the calculated value data indicating error value to
the correction control section 16.



Because it is also found that the error value is 0x94, e(x) ( + +
) *){~~2*172+169)B} At this time, the correction difference Sﬁiﬂ sﬁijZﬁﬁZ

expressed 0 9J UL 2002 35 like the followi ng Equation 12 by using the
standard correction difference N3 shown in Equation 11, because an error
has occurred at the third row on the EDC bl ock. [0098] [Equation 12] S(x) -
(x" + x + x2) * xic2tl~s+~s9>e> nod g (x) = x' * xcczn2+~s9~e> nod g ( X )
+ X * xcc2m2+~s9>e> nod g ( x ) + X2 * xtc2~ne+~ss>et nod g (¥ - - [x' *
N3] nod g (x) + [x * N3] nod g (x) + [g%* N,] mod g (x) (12) in which ( A
+ B ) nod = Anmnd g+ Bndg, (AF* nod g = ~B* (A nod g)~ nod g.

[ 0099] M@Ogﬁﬂs time, a circuit for calculating [x' * N3] nmod g (x) can
easily. be constructed by hardware such as a randomlogic. O, the

eqUiVﬁif5%¥93£§55§tE?ﬁFE%@ﬁgéigéﬁgﬁﬁékhy reali zable by software. [0100] In

t he EDC COrreéction ti‘ng section 14a shown in Figure 7
if B, =1, B- 1, B2 - 1, and the others are 0 so as to correspond to the

error vghde Bbctith OvbRitirodf s8etadferi i ybaeckREegorécetesidhf f@ence
cal cul ati ng section 14a becones the correction difference S(ﬁ?. 09J UL
2002 3efrom the location data (a') input from the location cdunter 110,

the location data input from the chain search section 112, the

size data input from the error-value calculating section 114,

and the error detection/correction data input from the

miscorrection detecting section 122 of the

error-detecting/correction block 12 and outputs the generated
. correction data to the read/write control section 102.

[0067]
[Miscorrection Detecting block 12]

The components of the miscorrection detecting block 12 will
hereinafter be described.

[0068]
[EDC Standard Correction Difference Calculating Section 16]

Figure -6 is a diagram showing the construction of the EDC
standard correction difference calculating section 16 shown in
Figure 5. The EDC standard correction difference calculating
section 16 calculates an EDC standard correction difference
with the updated data input from the location counter 110, by
the components shown in Figure 16 and outputs the EDC standard
correction difference to the EDC «correction difference >
calculating sections 14a and 14b.

[0069]
[Selector 126]

The selector 126 operates according to control of the chain



[0101] The foregoing description is generalized and the first to the

twel fth standard correction differences of the EDC bl ock in the igh m;@nz
. are defined like the follow ng Equation 13. Wen there is an erxb d

180t h colum, the standard correction differences are given by the

foll owi ng Equation 14, which is obtained by substituting i - 180 into the
follow ng Equ' ~tion 13. [0102] [Equation 13] N12 = X< ci-to+tnm2*nfet nod g (
X ) N11 = X< ci-to+nm2~0>e> nod g ( X ) - X<cCi -t o+ne*z~e>nmodg{ x) N2-

Xcci -t o+nz*u8>npdg(x) N1- X<ci -t o+nz*o~aynod (13) g(x) [0103] [Equation 14]
- - NL1_= xsci~o+nfio~* d - Xt C~~Q-+nf 7 ~* N2-

¢ c—o PRARIC AR gL T B g etrorS0geratlq BTORRETEN Tphep, the
Equat | deser3eghddattia dndbeadtemndshdtedrhans i o8 d@iof ferepce IWhe caeléetor
expresgeg 'é&l%é&ﬁeé ?r;llan(lxj;i?é\ti‘& Fayaki 8% 3. Wi RHdicasddthes thAR that,

cal cul gtions can e on an error at the 0,9 J U,L 2002 37 181st
col um-Emal}y, tREnEasE W&ﬁ?ﬁeﬁh?o?eE?SF?ﬂgdiﬁac&PHéﬁﬁgﬁ§(ﬁ%ﬁ%rﬁhEEg and
anot hed.sr exn séerokor tdieorsalector olité rsedwctt sartthe egoot ednpat HiXom the

E?rLfgh@&ﬂfgkggféfﬁﬁﬁgf?g%%h%?hﬁgoéﬁﬁﬁkg”théaééiééﬁgd9P689 D ShnehHB
g correction dgfference calculating sections 1l4a and 14b and_ the

syndrome correction difference calculating section 18. -
[0070]
¢ [Selector 128}

The selector 128 operates according to control of the chain
search section 112 of the error-correcting block 10. When the
detected data indicates that there is no error, the selector
128 selects a numeric value of 0. In the case other than that,
i.e., in the case where the detected data indicates that there
is an error, the selector 128 selects the size data input from
the error-value calculating section 114 and outputs the
selected size data to the EDC correction difference calculating
sections 14a and 14b and the syndrome correction difference
calculating section 18.

[0071]

[EDC Correction Difference Calculating Section 14a for a
Direction of PO]

Figure 7 is a diagram showing the construction of the first EDC
correction difference calculating section l4a shown in Figure s
5.

Figure 8 is a diagram showing the direction of calculation in
which an EDC correction difference is calculated by the first
EDC correction difference calculating section 14a shown in
Figure 5.



N; _ (xe*Ny) nmod g (x) [0106] (15) The processing in the error r ti
device 1 in the direction of POw Il hereinafter be described i&ﬁfeﬂgﬁeZQQZ
.to Figures 20 - 30. Figure 20 is a diagram showi ng how the error-correcting
device 1 (Figure 5) perfornms processing in the direction of PO Figure 21
is a diagram showi ng the processing in step 100 in the EDC standard
correction difference calculating section 16 (Figure 6) of the
error-correcting device 1 (Figure 5) shown in Figure 20. Figure 22 is a

di agram showi ng the processing in step 201 of the error-correcting device 1
shown in Figure 20. Figure 23 is a diagram showi ng the processing in step
103 of TheheEDCr oeosoerédrinngdiéfiptencesheaculaHnar semtiqr gdda 2makesa

dlh agr amcsd;i%/ulrbgc %63% E_mceriélz gﬁl_rleﬁtibﬁp ill%cﬁfﬁe'fd_h%ye {afrp radw eth | pPlgaew ge 1
shown in Figure . Figure [ agram showi n e processing.i.n step
10701 CHOLTEy FEFPestr obb! it BLEbw RN i cF3gire” (2, WG $heP|
2002 38 stiqndar@6cosractianr diffeoence tdadapriopessi fpn ntlse epDA0Ftahdalre
EDC cor IRHI QN b | 81236 HlC U2 d e 0215 B0ctiBn( 1 QUBRA e 1BBation
error-correcting device shown 1 n Frgure” 20. Figure 27 1s a diagram

showi ng 4@ pr&88sidffam rePpURF IS YRLVEDE cHRRPWEt £5AMdither %%E@Ctors
cal cul atizg melt12s, 18g tﬁbgubmpahethiyhdwnc%?cx&quxéiﬂgam&vbakcmlahemnf
in Figur Fi i i a i the processing in step-110 o
t he erré"r%- gF‘ngcr eéc%(ga%%v#%%gﬁg{éﬁg&ng}%?g%ﬁgg'20. Figure 29 is a diagram
showi ng the processing in step 111 of the EDC standard correction
differeqamoza cul ating section 16 - (Figure 6) of the error-correcting
device 1 shown in Figure 20. Figure 30 is a diagram show ng the processing
in step 112 of the error-correcting device 1 shown in Figure 20. (0107] As
shown | MEOQuCexEctipnt diififErentr Kodatlatdard Ssatdem od 48 f £erenthe
cal cul atd ivBeicdn e PPy substitutes an initial value 10 for the variable i
(the reason why the initial value .of the variable i becones 10 is that the
parity code Pl is not included inh the EDC block) in order to calculate the
initial Fitgindar 8 cior r acdiagnsinf f shewirgNithe jcongtruckien 12f) wmwweecendhe
fol | ow mbhdEquRir st tifon t REINF £ @aiSe t R TAMI & i g ( RctsiWN )L 4W t Bhowinhe in
syndroggﬂcorreggion di fference cal culating section 14a that stores the
syndrome ot t%e’ EDC, initializes the syndrome/ EDC cal cul ating section 104
(syndrone generating circuit for error-correcting codes), and goes to step
101. , [HO8EDEquakreati®h difference calculating section 14b makes

calculations in the direction of the parity code PI (row
direction) with respect to the EDC block shown in Figure 2,
with the standard correction difference data input from the EDC
standard correction difference calculating section 16 and the
location data, size data, or numeric value 0 input from the
selectors 126 and 128, by the components shown in Figure 9 and
calculates an EDC standard correction difference.

o

[0073]

[Syndrome Correction Difference Calculating Section 18]

Figure 10 is a diagram showing the syndrome correction
difference calculating section 18 shown in Figqure 5.

The syndrome correction difference calculating section 18
calculates a correction difference with the location data, size
data, or numeric value 0 input from the selectors 126 and 128,
by the components shown in Figure 10 and outputs the calculated



N12 - Xtci:lo+n2me? nod g(x) N1 1 - X cci-to+l~2~0~ey nmo d g ( X ) 09
JUL 2' 002 39 N3- X~ci-~o+ntz~*B>nodg(x) N2- Xici-~o+nTu*e>nndg(1}EldtJL %gpz
_ Xtci-to+tne*o~*e>nmodg ( x ) [0109] (16) In step 101, as shown i i gur e

the syndrone/ EDC cal cul ating section 104 (Figure 5) calcul ates the val ue of
the syndrone of the error-correcting code at the ith colum of the EDC

bl ock (Figure 2) and goes to step 102. [0110] In step 102, when the val ue
of the syndrone calculated in step 101 is not 0, the -

error-| ocator-pol ynom al /error-eval uatgy - pol ynom al deriving section 106
goes to step 103. In the case other than that, the

error - | ceatmecipoby ndihf ferencertevbihaatomppolinpgogiiaicudér ilZidng section 106
increnents the variable i by 1, then updates the value of the standard
correction djfference by the follow ng Equation 17 and returns to step 101.
[0111] [Yhtion 17] N - (N-*xe) nmod g (x) [0112] {17) In step 103, as
shown in Figure 23, the error-1locator-polynomal/error-eval uator-pol ynom al

derivin i 06 I the error |ocator polynomal fromthe val ue
of the gyn éﬁgﬂgilghfa %g ?%gitep 101, substitutes a2' for the val ue of

the variable L, and goes to step 104. 0 9 JUL 2'002 40 [0113] In step

104, 11Zmeer iconipanialgle cdfrcie pakynogbaparas steen EpC Figisiet 24£rdnne thai n

search %%ﬁdfghé}ﬁb&haggléﬁiQ%En%“dgé5¥§§h“hfbﬂefﬁ%{ﬂ“ﬂtﬁge correction
difference input from the EDC correction difference calculating
sections 1l4a and 14b, by the éxclusive 'OR therebetween and
outputs the result of the comparison to the miscorrection
detecting section 122.

[0075]
[Comparing Circuit 124]

The comparing circuit 124 compares the value of the syndrome
input from the syndrome/EDC calculating section 104 with the
correction difference input from the syndrome correction
difference calculating section 18, by the Exclusive OR
therebetween and outputs the result of the comparison to the
miscorrection detecting section 122.

[0076] .
[Miscorrection detecting Section 122]

The miscorrection detecting section 122 detects an error in
correction (miscorrection) by wusing the comparison results
input from the comparing circuits 120 and 124, generates
miscorrection data indicating that the value of the syndrome
and the value of the correction difference do not match each
other, and outputs the miscorrection data to the correction
control section 116.



variable L is the root of the error |ocator Wien the value of the variable
L is the root of the error |ocator polynomal, the error-val ue cUn &t i

. section 114 calcul ates error value. In the case other than that ﬂiphglﬂalwz
of the error value is made 0. _ [0114] In step 105, the syndrone correction
di fference cal culating section 18 calculates a correction difference from
the value of the error value calculated in step 104 and goes to step 106.
[0115] In step 106, the syndrome correction difference cal cul ating section
18 judges which EDC bl ock (Figure 2) in28he ECC bl ock (Figure 3) and which
row in tPSOFP? bl ock an error has occurred in, fromthe |ocation of the
error cafculated by the chain search.section 112 and the | ocation counter
110, and goes to step 107. [0116] In step 107, as shown in Figures 25 and
26, the FPEogeEEEAYI O dtﬁéew-@ﬁt&@éﬂ@g BEe¢iEON 1145, sehects ddidion
standard forre?élon difference N, caorresponding to the jth row on the EDC
bl ock whFef{fn{BPESZPHES &ﬁfﬁp&ﬁﬁéd that an error has occurred, then
makes a cal cul ation of the foll owi ng Equati on 18 by using error val ue Bk

(where =0 = : =4 or ) R : p : [P11

[ Equat i of 18 PEBEPRPIRA dn g ue) puteg-gegTgatighet difen) Boda _ che
repr esent T eREIQDMAot B Widdh Megsimatiex begdesgribe gin | KelpEFNEEs ts
shown i nFEggues 2T, -t @ .EDC correction difference cal cul ati ng secti 6n 1l4a
updates the correction difference for the syndronme corresponding to the EDC
bl ock - obtained in step 106, by using the result of the calcul ation
(Equat i ohi9B¥eodtlai h&d 8 ndiagpamoFhayiingbetheo enrgy -perraadiry dgvicep 1
109, whepethérmbaproseakifhghdn hden diltcttiet o tkxthe last of the ith
columm on the EDC bl ock, the chain search section 112 goes to step 110. In
the case other than that, the chain search section 112 nultiplies the

\vari abl eFiowyealdursy iz dhagran- shawdngethenprosenssmaoin $tep2d Jin the
In step d#Poragsoshewling Hegtic’ A8 sHdim GHMEIGUYE dircuit 124 conpares the
val ue of the syndrone input fromthe syndrone/ EDC cal cul ati ng section 104
with the value of the correction difference calculated in step 109 by the
syndr oneFég¥EecidBod i g f @iedtamcghewlagi ffes audaassing ienstaRs8 idl ddie

mat ch , eagbrotbekecthagrdeedicecqt istivwietiectFiR@ra raui t 122 judges that the
correction difference of the syndronme is right, then nmakes an error

correction on the buffer (not shown) of the read/wite control section 102,
and goesFiguseep41is 3§ dipgramsshewhag then Ruaaessing iwcokepchi gm the

det ecti ngreofcdbkréd? ingt dedildenqosirtimie Figard adata to be detected and
corrected and the correction control section 116 goes to step 111 w t hout
maki n

g Figures 15 - 17 are diagrams showing the processing in steps 7

and 8 in the error-correcting device 1 shown in Figure 11.

Figure 18 is a diagram showing the processing in step 9 in the
error-correcting device 1 shown in Figure 11.

Figure 19 is a diagram showing the processing in step 11 in the
error-correcting device 1 shown in Figure 11.

f0078] ,

As shown in Figure 11, in step 0 the read/write control section
102 of the error-correcting device 1 (Figure 5) substitutes an
initial value (0) for a variable i and goes to step 1.



42 an error correction. [0121] ~ 9 J UL 2f102 In step 111, a h i
Figure 29, the EDC standard correction difference calcul ati ngﬂsgcgmn Zﬂgz

judges whet her or not error |ocation and error value have been cal cul at ed
for up to the last row of the EDC bl ock (Figure 2). Wen the EDC sta~l dard
correction difference calculating section 16 has cal cul ated the | ast row,
it goes to step 112. In the case other than that, it returns to step 101. C
[0122] r In step 112, the conparing circuit 120 conpares the val ue of the
EDC i nput fromthe syndrone/ EDC cacheﬁQrm]section 104 with t-he val ue of
the correction difference calculated in steps 101 - 112 by the EDC
correct[0on7diifference cal cul ating section 14a. Wen these val ues match each
other, the error-detecting/correcting circuit 122 ends the process. In the
case other than that, the conparing circuit 120 Sets an uncorrectable flag
to datalRo BEHet bet ebh@andt f%%%gﬁ PANERAL t3RCHEResk02 [ @hoars the
has beeﬁeé@é@étb@@ﬁﬂﬁhﬁtlﬁ@etﬁéCO&QU@Qdﬁ)ﬁH&BEU@SgﬁhdrBMQHEW@1gﬁﬁh(%othe
| ocation_and,size of an error the value of the syndrone of the
nlscorr%E?Poﬁ at the same tinme. Ther a m scorrection can be reduced.
error-correcting device performthe cal cul ati ons and the cal cul ati ons of
EDC thajoygphes by a efore, the probability of , In addition, the number of
times for readlng out data froma buffer can be reduced conpared with prior
art, so the tine needed for the error-correcting process can be reduced.
0 9 J Uh 280ep432[012he [AdndmpagesGﬂrnﬂutﬁqnuadﬁﬁﬁQrQNQﬁmwﬁakpulﬁtimg
o1 O - CREEeEbhNaL#Ckbedoid Mok Nathi¢fidiNG AN RIPIProBUER! diin PErdens! | b
above, over eration can be reduced. As a result, the present
i nvent i bRE; %H&E&ég Et8tedetecting a miscorrection in a short processing
Jgdime=,and correcting errors. Brief Description of the Drawings: ( Figure 1
lis a dbggbg showi ng the process (S10) of generating data that is recorded
on a D rlrgure 2 is a diagram showing the data unit 1 (EDC bl ock) shown
in Figure 1; Figure 3 is a diagram show ng the ECC bl ock shown in Figure 1;
In step 3, the syndrome/EDC calculating section 104 reads out

the ith data of the ECC block (Figure 3) from the read/write
control section 102, then calculates the value of the syndrome
(error-correcting code), and goes to step 4, as shown in Figure
12.

-
.

[0082]

In step 4, the syndrome/EDC calculating section 104 judges
whether or not the value of the syndrome calculated in step 3
is zero. When it is not zero, the section 104 goes to step 5.
In the case other than that, the syndrome/EDC calculating
section 104 adds a numeric value of 1 to the variable i (i.e.,
i =1+ 1) and returns back to step 2.

[0083]
In step 5, as shown in Figure 13 the
error-locator-polynomial/error-evaluator-polynomial deriving

section 106 calculates an error polynomial from the value of
the syndrome input from the syndrome/EDC calculating section
104 and substitutes a numeric value of o' (L = a!®) for a
variable L (a! used in the chain search).



Figure 4 is a diagram showi ng a chain search nethod; Figure 5 is a diagram
showi ng the construction of an error-correcting device accordi{pgtg[ybqﬁggé
present invention; Figure 6 is a diagram show ng the construction of an
standard correction difference cal culating section shown in Figure 5;
Figure 7 is a diagram show ng the construction of the first EDC

correction difference calculating section (14a) shown in Figure 5; Figure 8
is a diagram showi ng the direction of calculation in which an EDC
correction difference is cal cul ated by %Be first EDC correction difference
cal cul ating section (14a) shown in Figure 5; 09 J UL 2002 44 Figure 9
is a di ggd showi ng the construction of the second EDC correction

di fference cal cul ating section (14b) shown in Figure 5; Figure 10 is a

di agram showi ng t he syndrone cqrrection difference palqulating section
shown i A0F §teR %/ FR§urghawn | dng BiggFamldnowrhg tieltedlor vadree @ nhe
dev~. ce vhipes f or ngipencassi el NLodet don ecdowitedf Bhd Fiigelr ehkdn Ssearch

Shoun 1 EERAME 107 BREESRRLCInE" RGN Sl i Nné 8#%]?‘%%%?%‘%'9?#2?53 5
(o)

of the d&heor vagiedde ng dendcetlie sm?q nskggale diven miyyutdel4lpgagion

di agr amhaiield 106 RMOCEsEeRY ton fidde SwAbthBe ¥ Oho€Okhectydei fsvéce,,1
shown in Flgurq_ll; Figure 15 is a first dla%ran1shomnng_the processing in
steps 7 iaft 8 Uf iEheé SFOF -@6r BBt PREOYLOCATL s RAMY NI lgur Wh8R  ELgdse
16 i s atdecombpali agrfantdieonwengorhelpratessi pglynostieds 7thed eruvér+-walue

error- CQINRAI NN MFVa &t foghoM cR1EuWIdtesl brid WA de 46 Enhbi 18cdtagnam
showi ng the processing in_steps 7 and 8 of the error-correcting device 1

shown | @08 JRSS 1° FHPRrt- 18 is a di agram showing the processing in step 9
of the error-correcting device | ~shown in Figure 11; Figure 19 is a diagram
shomﬁngﬂdyggyocessing in step 11 of the error-correcting device 1 shown in
Figure 11; Figure 20 is a diagram showi ng how the error-correcting device
(Figure 5) perfornms processing in the direction of PO, Figure 21 is a

di agramIshatiemy 1 hewlpencebei ngriabdeel I@0 the root of the error locator

polynomial, the selector 128 selects the error value input from
the error-value calculating section 114 and outputs the
selected error value to the syndrome correction difference
calculating section 18 and the EDC correction difference
calculating section 14b. When it is not the root, the selector
128 outputs zero +to the syndrome correction difference
calculating section 18 and the EDC correction difference
calculating section 14b.

The syndrome correction difference calculating section 18 and
the EDC correction difference calculating section 14b calculate
the contribution to respective correction differences by using
the input values and goes to step 8a.

[0086]

In step 8, as shown in Fiqure 17, the selector 128 selects the
error value input from the error-value calculating section 114
and outputs the selected error value to the EDC correction
difference calculating section 14b, which in turn calculates a
correction difference.

If the chain search has come to the end of the ith row, the EDC



09 JUL2002 45 the EDC standard correction difference cal cul ating Chi N
(Firgure 6) of the error-correcting device 1 (Figure 5) shown in BizquT28002
., Figure 22 is a diagram showi ng the processing in step 101 of the
error-correcting device 1 shown in Figure 20; Figure 23 is a diagram
showi ng the processing in step 1b3 of the error-correcting device 1 shown
in Figure 20; Figure 24 is a diagram show ng the processing in step 104 of
the error-correcting device 1 shown in Figure 20; Figure 25 is.a diagram
showi ng the processing in step 107 of the error-correcting device 1 shomn
in Figure 20; Fiqure, is a diagr show n 55|n in step 10

the 111 COEBE IS et FERTaPFPe/ Bl teh (i aferbieBetifn 40 BRI kR o57)

of the amrotheorcas¢i mihlawi thab shbah,i nthe giDe 200rfegbmen27d1§fardnagran1
showi ng t 1 h red 1 B £OLREC f epce
cal cul at %Egugectﬁgi %%ﬂ?ﬁ E?gu?lgd%ttets % ée ‘zérlr or - cgr?égt Vr?g dacﬂvllé::eﬂ t6
shown i b K gdr @mD;gdagute Dgep sb a(sitegr&ar) showi ng the processing in step
110 of the error-correcting device 1 shown in Figure 20; Figure 29 is a

di agram %@%g|ng the processing in step 111 of the EDC standard correction
dlffere élculating section (Figure 6) of the error-correcting device 1
shown in Figure 20; and Figure 30 is a diagram show ng the processing in
S]Eep rlrgalnofsﬁég @rroésc%ft{o%ﬁltlﬂﬂ ?Lﬁ% 11§h0‘t/|he| NodthySRAF End Oct:[rlaQﬁCtrlpﬁuono
of synbal s [ror=corr ror rrec

o 3" L eohatss eihoYaiSepET I BN npyr) 58, S0 oo el
... Synepdem/lERGngnl @agctiany st:‘h onitlme the wvalue of the correction
Error-| ggatreirdiley nomfﬁ{;er '.‘EQbmeValﬂ@t O5yRALYRENM bri@dtuiold SEEEF8Per88

... FErasure- rrqr-loc pn cqftr section 110 ... Location counter 112 ...
“Chai n- sEALEN '+ Error-value cal cul ating section

When the value of the syndrome and the correction difference
match each other, the miscorrection detecting circuit 122
outputs the miscorrection detecting data to the correction
control section 116 as a value indicating that a miscorrection
has not occurred. In the case other than that, the
miscorrection detecting circuit 122 outputs the miscorrection
detecting data to the correction control section 116 as a value
indicating that a miscorrection has occurred.

When the miscorrection detecting data indicates that a
miscorrection has occurred, the correction control section 116
makes an error correction on the buffer (not shown) of the
read/write control section 102. In the case other than that,
the correction control section 116 makes no error correction.

[0088]

In step 10, the read/write control section 102 judges whether -
or not it has processed the last row of the EDC block (Figure
2). When it has processed the last row, it goes to step 11.

In the case other than that, it goes to step 3.

[0089]

In step 11, the comparing circuit 120 compares the value of the



116 ... Correction control section 12 ... Error-detecting/corregcting bl ock
*120 ... Conparing circuit \- 122 ... Mscorrection detectindf LﬁjL{%@@Z
"Conparing circuit 126 ... Selector 128 ... Selector 14a, 14b ... E
correctlon difference calculating section 16 ... EDC standard correction
di fference calculating section 18 ... Syndrome correction difference
cal cul ating section 20 ... Control section 0 9J UL 2002 -47 dains: 1.
An error-correcting device for detecting errors that have occwred in an
ECC block to be corrected, the ECC bl o8k bei ng generated by respectively
addi ng error correcting codes (ECCs) to one or nore EDC bl ocks each added
wi th anBa oingeteciroly chee {¥Ehdyoméeper calcudiatdaig ngedevoae pIPLiithng:
error-valy %e ¢ah G abknggﬂEa“éoEPécE%fi”'dﬁdff‘&é/ﬁé eguféuéa'f}o%{r%% b%g
using said error-correctrng codes I h eac ed

ence inclu

in saldQQQSQQQkQDt@lﬁﬁéﬁeﬂﬁﬁaC@é&@éﬁ@éﬂﬂ@ﬁ@ﬁf%ﬁﬂdlébrorygﬁﬁ¥e%b¢ngaéﬁaes
( EC(C;S) oEDstiﬁn@{mmaﬁag reed | wm&gr@ff %efﬁédtsﬁﬁéwsl;oﬁl @ﬂ(ji%xcgnéé/nga%h of
said error-de ing cade in accordangce w cul ated, val ue, o
error ev&IP t %&e&;ﬂ d AR h L?geetcﬁCttlﬁ’eg e i 18saPY 4L, §8qut§tr[]?8es
S obtanmmreqnubmﬁwqmtﬂelesEchgoneaﬂ§ fagr adetaglote npndicating r eareect ian
error i &éagﬂpé%lﬁhgck Peengn thge CORA! Ctnk! Un&, t RhSYBHRBAR 0k
said errar ecting code,

circuit 120 outputs data, which is detected and corrected, to

the correction control section 116 as a value indicating that

correction is possible and goes to step 12.
[0090]

In step 12, the comparing circuit 120 judges whether or not it
has processed the last row of the EDC block (Figure 2). When
it has processed the last row, it ends processing. In the case
other than that, it returns to step 1.

[0091]

As described above, in the error-correcting device 1 the chain
search for error correction in the direction of PI is executed
from the head of a row.

That is, in the chain search in the PI direction, numeric
values of ao'®l, a!®, .., and o' are first substituted into the
error locator polynomial to judge whether or not they are roots
of the polynomial. When they are the roots, the error value is
calculated.

[0092]

Also, the syndrome/EDC calculating section 104 processes the
data of the ECC block from the head of +the column. In
addition, the value of the correction difference can be
calculated by calculating the sum of the influences of errors
on a syndrome.



said EDC bl ock is constructed of one or nore rows and one or nore colums;
said error-correcting code is added to each of the rows or col fL§?ng
.. EDC bl ock; said data sequences include respectively the row or colum o
said EDC bl ock and the error- correcting code added to the row or columm of
said EDC bl ock; said error-value cal cul ati ng neans processes said data
sequence one by one and cal cul ates the value of the error; said EDC
syndronme correcting nmeans sequentially3gorrects a predetermned initial
val ue of the syndrone of the error-detecting code every tinme said error

| at ed; . and .ever the value of the error in s

| i | ti
o nenc N i hER; dTL e R hoSeae T b thret 18ntpund nd™the
error - detamty nga heand sdet@iotslated, otber nerigee ofs ahnputorto nthe 0sgndrome
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sai d error detectln .code. . The_error-d tectlng?&evu%g as set forth in

claimi1F fafefq% eFP&F“&@@&PS ategt sitioh dhSacRss
sai d datoa:ma&quetmesthsa; da ERGmeyidr ore® ueo rofe |1ng irgans. usiebsth hehigpdrhee

of the ¢ 6¥”d{¥ké¥5ﬁbésféﬁ'9?ﬁ %%h&ko 2@9 SE9UGERLERY.Y corrects

said |n|t|al val ue 1 n accordance w e ca error Vvalue. 3. The
error-detecting device as set forth in cIa|n12 further conpri sing EDC

cal cul atig-e®aAns, f eheCHrodes ity aiHaltiR Obribe-66FPiceBh§CHRd =0lE ah
each Offﬁ%‘%l direction can be performed without a standard correction
difference.

[0093]

[Processing in the Error-Correcting Device 1 in the PO
(vertical) Direction]

For instance, the correction difference of the syndrome in the
first EDC block (Figure 2), in which an error 0x94 occurs at
the third row of the first EDC block and the 179th column of
the ECC block, is given by e(x) mod g(x), with e(x) shown in
the following Equation 10. To calculate this, it is necessary
to calculate e(x) mod g(x) from e(x) shown in the following
Equation 10.

[00947] .
[Equation 10]

e(x) = (X7 + X + x?) * x{@174169)%0) (10)
[0095]

For this reason, standard correction difference N; is first
defined as shown in the following Equation 11.

In the case where an error with a size of 0x01 has occurred at
the 170th of the EDC block, the standard correction difference
N, indicates the EDC's contribution to the syndrome.



EDC bl ocks; and wherein, every tine a value of an error in sai d data
sequence corresponding to said one EDC bl ock is cal cul at ed, sal a’% ZQQ
error-detecting neans conpares said cal cul ated val ue of the error- C %
code with the corrected value of the syndrone of the error detecting code
and detects the occurrence of an error in said EDC bl ock.
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The chain search section 112 and the location counter 110 of
'Figure 5 output error location 198 and error value 0x94 in the
process of the 179th column.

The error 0x94, which has occurred at the third row of the
first EDC block and the 179th column of the ECC block, is
located at the 198th row of the ECC block because 12 * 15 + 16
- 1 = 198 (each EDC block has 12 rows, the EDC blocks are 16 in
total, the row begins at the 0Oth row, and the parity code PO
has 16 rows). Therefore, it is found that the error position
calculated by the error-correcting circuit is at 198 (the 199th
row).

It is also found that the error position on the EDC block is at *
the third row on the first EDC block (Figure 2) of the ECC

block (Figure 3) because (199 - 1) = 12 * 15 + 3.

Because it is also found that the error value is 0x94, e(x) =
(X7 + x! + x2) % x{(2¥172+169)%8}

At this time, the correction difference S(x) can be expressed
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the equivalent calculation process is easily realizable by

e,

software.

[0100]

In the EDC correction difference calculating section 14a shown
in Figure 7, if B, = 1, B, = 1, B, = 1, and the others are 0 so
as to correspond to the error value 0x94, the output of the
adder of the EDC correction difference calculating section 1l4a
becomes the correction difference S(x).
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The foregoing description is generalized and the first to the
twelfth standard correction differences of the EDC block in the
ith column are defined like the following Equation 13. When
there is an error in the 180th column, the standard correction
differences are given by the following Equation 14, which is

obtained by substituting i = 180 into the following Equation
13.

[0102]

[Equation 13]

N1
N1

[\
1l

X {(i-10+4172*11)*8} mod g(x)
= X{(-104172:10)*8) mod g(X)

|

e
I

N3 = X(d-107228 mod g(x)
N2 = X{(-10417221)¢8} mod g(x)
N1l = X{(d-100172:0)*8} mod g(x) (13)

(0103]

[Equation 14]

. N1l = X{(170+172¢10)+8} mod g(x)

N_3. = Y{(170+172*2)*8} mod g(x)

N; = X{(Q70+172:1)*8} mod g(x) .
N_]; - x{(170+172*0)*a) mod g(x) (14)
[0104]

From Equations 13 and 14, a new standard correction difference
N'; can be expressed like the following Equation 15. With this
value, similar calculations can be made on an error at the
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[Equation 15}

¢« N'5 = (x"*N;) mod g (x) (15)
[0106]
The processing in the error-correcting device 1 in the
direction of PO will hereinafter be described in reference to

Figures 20 - 30.

Figure 20 is a diagram showing how the error-correcting device
1 (Figure 5) performs processing in the direction of PO.

Figure 21 is a diagram showing the processing in step 100 in
the EDC standard correction difference calculating section 16
(Figure 6) of the error-correcting device 1 (Figure 5) shown in
Figure 20.

Figure 22 is a diagram showing the processing in step 101 of
the error-correcting device 1 shown in Figure 20.

Figure 23 is a diagram showing the processing in step 103 of
the error-correcting device 1 shown in Figqure 20.

Figure 24 is a diagram showing the processing in step 104 of
the error-correcting device 1 shown in Figure 20.

Figure 25 is a diagram showing the processing in step 107 of
the error-correcting device 1 shown in Fiqure 20.
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- (Figure 6) of the error-correcting device 1 shown in Figure 20.

Figure 30 is a diagram showing the processing in step 112 of
the error-correcting device 1 shown in Figure 20.

[0107] '

As shown in Figure 20, in step 100, the EDC standard correction
difference calculating section 106 substitutes an initial value
10 for the variable i (the reason why the initial value of the
variable i becomes 10 is that the parity code PI is not
included in the EDC block) in order to calculate the initial
standard correction difference Ny (j = 1, -+, and 12) shown in
= the following Equation 16, then clears the register (not shown)
within the syndrome correction difference calculating section
l4a that stores the syndrome of the EDC, initializes the
syndrome/EDC calculating section 104 (syndrome generating
circuit for error-correcting codes), and goes to step 101.

[0108]
[Equation 16]

N12 = X{(irl0+172¢11)¢8} mad g(x)

N1l1l x{(i—10+172'10)'8} mod g(X)
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~In step 101, as shown in Figure 22, the syndrome/EDC
calculating section 104 (Figure 5) calculates the value of the
syndrome of the error-correcting code at the ith column of the

EDC block (Figure 2) and goes to step 102.

—

[0110]

In step 102, when the value of the syndrome calculated in step

101 is not 0, the
error-locator-polynomial/error-evaluator-polynomial deriving
section 106 goes to step 103. 1In the case other than that, the
error-locator-polynomial/error-evaluator-polynomial deriving

section 106 increments the variable i by 1, then updates the
value of the standard correction difference by the following
Equation 17 and returns to step 101.

[0111]

[Equation 17]

Ny = (Ns*x?) mod g (x) (17)
(0112} .
In step 103, as shown in Figure 23, the
error-locator-polynomial/error-evaluator-polynomial deriving

section 106 calculates the error locator polynomial from the

value of the syndrome calculated in step 101, substitutes o?”
for the value of the variable L, and goes to step 104.
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value of the variable L is the root of the error locator

polynomial.

When the value of the variable L is the root of the ®rror
locator polynomial, the error-value calculating section 114
calculates error value. In the case other than that, the value
of the error value is made 0.

[0114]

e,
P

In step 105, the syndrome correction difference calculating
section 18 calculates a correction difference from the value of
the error value calculated in step 104 and goes to step 106.

[0115]

In step 106, the syndrome correction difference calculating
section 18 judges which EDC block (Figure 2) in the ECC block
(Figure 3) and which row in the EDC block an error has occurred
in, from the location of the error calculated by the chain
search section 112 and the location counter 110, and goes to
step 107.

[0116]

In step 107, as shown in Figures 25 and 26, the EDC correction
difference calculating section 14a selects the standard .,
correction difference N; corresponding to the jth row on the EDC
block where in step 106 it has Jjudged that an error has
occurred, then makes a calculation of the following Equation 18
by using error value B, (where k = 0 - 7 and B, = 1 or 0), and
goes to step 108.
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[0117]

[Equation 18]
2ZB*(Ns* mod g (X)) (18)

where X represents the sum total with respect to k = 0 - 7.

-

[0118]

In step 108, as shown in Figure 27, the EDC correction
difference calculating section 14a updates the correction
difference for the syndrome corresponding to the EDC block
obtained in step 106, by using the result of the calculation
(Equation 18) obtained in step 107 and goes to step 109.

A

[0119]

In step 109, when the chain search has been finished up to the
last of the ith column on the EDC block, the chain search
section 112 goes to step 110. In the case other than that, the
chain search section 112 multiplies the variable L by a numeric

value o! and returns to step 104.

[01207] .

T In step 110, as shown in Figure 28, the comparing circuit 124
compares the value of the syndrome input from the syndrome/EDC
calculating section 104 with the value of the correction
difference calculated in step 109 by the syndrome correction
difference calculating section 18. When these values match
each other, the miscorrection detecting circuit 122 judges that
the correction difference of the syndrome is right, then makes
an error correction on the buffer (not shown) of the read/write
control section 102, and goes to step 1l11. In the case other
than that, the miscorrection detecting circuit 122 sets an
uncorrectable flag to data to be detected and corrected and the
correction control section 116 goes to step 111 without making
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In step 111, as shown in Figure 29, the EDC standard correction
difference calculating section 16 judges whether or not error
location and error value have been calculated for up tQ the
last row of the EDC block (Figure 2). When the EDC standard
correction difference calculating section 16 has calculated the
last row, it goes to step 112. 1In the case other than that, it
returns to step 101.

[0122]
In step 112, the comparing circuit 120 compares the value of

the EDC input from the syndrome/EDC calculating section 104
with the value of the correction difference calculated in steps

101 - 112 by the EDC correction difference calculating section
l4a. When these values match each other, the
error-detecting/correcting circuit 122 ends the process. In

the case other than that, the comparing circuit 120 sets an
uncorrectable flag to data to be detected and corrected and
ends the process.

[0123]

As has been described above, the error-correcting device
according to the present invention can perform the calculations

of the location and size of an error and the calculations of
the value of the syndrome of the EDC that varies by a
miscorrection, at the same time. Therefore, the probability of |
a miscorrection can be reduced.

In addition, the number of times for reading out data from a
buffer can be reduced compared with prior art, so the time
needed for the error-correcting process can be reduced.
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[Advantages of the invention]

According to the error-correcting device and method of the
present invention, as described above, overhead operation can
be reduced. As a result, the present invention is capable of

detecting a miscorrection in a short processing timeé~ and
correcting errors.

Brief Description of the Drawings:

Figure 1 is a diagram showing the process (S10) of generating
data that is recorded on a DVD;

Figure 2 is a diagram showing the data unit 1 (EDC block) shown
in Figqure 1;

Figure 3 is a diagram showing the ECC block shown in Figure 1;
Figure 4 is a diagram showing a chain search method;

Figure 5 1is a diagram showing the construction of an
error-correcting device according to the present invention;

- Fiqure 6 1is a diagram showing the construction of an EDC
standard correction difference calculating section shown in
Figure 5;

Figure 7 is a diagram showing the construction of the first EDC .
correction difference calculating section (14a) shown in Figure
5;

Figure 8 is a diagram showing the direction of calculation in
which an EDC correction difference is calculated by the first

EDC correction difference calculating section (l4a) shown in
Figure 5;
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igure is a diagram showing the construction of the second
EDC correction difference calculating section (14b) shown in

Figure 5;

Figure 10 is a diagram showing the syndrome correction
difference calculating section shown in Figure 5;

-

Figure 11 is a diagram showing the error-correcting device 1
performs processing in the direction of PI;

Figure 12 is a diagram showing the processing in step 3 of the
error-correcting device 1 shown in Figure 11;

Figure 13 is a diagram showing the processing in step 5 of the
error-correcting device 1 shown in Figure 11; ;

Figure 14 is a diagram showing the processing in step 6 of the
error-correcting device 1 shown in Figure 11;

Figure 15 is a first diagram showing the processing in steps 7
and 8 of the error-correcting device 1 shown in Figure 11;

Figure 16 is a second diagram showing the processing in steps 7
and 8 of the error-correcting device 1 shown in Figure 11;

Figure 17 is a third diagram showing the processing in steps 7
and 8 of the error-correcting device 1 shown in Figure 11;

Figure 18 is a diagram showing the processing in step 9 of the
error-correcting device 1 shown in Figure 11;

Figure 19 is a diagram showing the processing in step 11 of the
error-correcting device 1 shown in Figure 11;

Figure 20 is a diagram showing how the error-correcting device
(Figure 5) performs processing in the direction of PO;

Figure 21 is a diagram showing the processing in step 100 in
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the error-correcting device 1 shown in Figure 20;

Figure 26 is a diagram showing the processing in step 107 of
the first EDC correction difference calculating section (1l4a in
Figure 7) of the error-correcting device 1 shown in Figure 20;

Figure 27 is a diagram showing the processing in step 108 of
the first EDC correction difference calculating section (l4a in
Figure 7) of the error-correcting device 1 shown in Figure 20;

Figure 28 is a diagram showing the processing in step 110 of
the error-correcting device 1 shown in Figure 20;

Figure 29 is a diagram showing the processing in step 111 of
the EDC standard correction difference calculating section
(Figure 6) of the error-correcting device 1 shown in Figure 20;
and

Figure 30 is a diagram showing the processing in step 112 of
the error-correcting device 1 shown in Figure 20.

[Description of symbols]

1 ... Error-correcting device
10 ... Error-correcting block
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1. An error-correcting device for detecting errors that have occurred in an
ECC block to be corrected, the ECC block being generated by respectively adding error-
correcting codes (ECCs) to one or more EDC blocks each added with an error-detecting
code (EDC), the error-correcting device comprising:

error-value calculating means for calculating values of said errors by using said
error-correcting codes included in each data sequence included in said ECC block to each
data sequence having said error-correcting codes (ECCs);

EDC syndrome correcting means for correcting a value of syndrome of said
error-detecting code in accordance with the calculated value of the error every time said
calculated value of the error in said data sequences is obtained; and

error-detecting means for detecting an occurrence of an error in said EDC block,
based on the corrected value of the syndrome of said error-detecting code, wherein

said EDC block is constructed of one or more rows and one or more columns;

said error-correcting code is added to each of the rows or columns of said EDC
block;

said data sequences include respectively the row or column of said EDC block
and the error-correcting code added to the row or column of said EDC block;

said error-value calculating means processes said data sequence one by one and
calculates the value of the error;

said EDC syndrome correcting means sequentially corrects a predetermined
initial value of the syndrome of the error-detecting code every time said error value is
calculated; and

every time the value of the error in said data sequence corresponding to said

EDC block is calculated, said error-detecting means detects said occurrence of an error in
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said EDC block, based on the corrected value of the syndrome of said error-detecting

code.

2. The error-detecting device as set forth in claim 1, wherein when a fixed
error occurs at a fixed position on each of said data sequences, said EDC syndrome
correcting means uses the syndrome of the error-detecting code as said initial value and

sequentially corrects said initial value in accordance with the calculated error value.

3. The error-detecting device as set forth in claim 2, further comprising
EDC calculating means for calculating a value of the error-detecting code of each of said
EDC blocks; and

wherein, every time a value of an error in said data sequence corresponding to
said one EDC block is calculated, said error-detecting means compares said calculated
value of the error-detecting code with the corrected value of the syndrome of the error-

detecting code and detects the occurrence of an error in said EDC block.



