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PROCESSI NG DATA This invention relates to a data processing appar%@ Eﬁh@tﬁ\
met hod used therein for correcting data errors. In a variety of data
processi ng apparatus, such as personal conputers or word processors, the

di sk-shaped recordi ng nedium s G y disk, is wdely used as

t he external storage nedium The data witing and reading in the disk
apparatus is_usually so perfornped that the_host conputer issues a series of
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of the host conputer Is dedicated to controlling the disk operation such

that theneregeeshal stbragenfmeddfum.ne host conputer is |owered
consi derably. On the other hand, when correcting the errors of the data

recorded W tther @t aft £€ingn adilasead i ags idr ¢ red Dylkeda ppalriat e rios
correction or parity codes in the conventi onal
usually so performed that the host computer issues a series
of control instructions to the disk for seguentially
D aCtuating a variety of functional blocks such'as rotary drive
means or data processing means and the computer operation~is
performed seqguentially in such a manner that, after the end
of a preéetermined control operation is ascertained, the
computer proceeds to the next control operation.
| In the conventional floppy disk apparatus, it is
therefore up to the hosﬁ computer to control the operation of
the disk apparatus 2;;;e the start until the end of data
recording and reproduction. Thus a major portion of the
processing capacity of the host computer is dedicated to
bontrolling the disk operation such that the processing
efficiency of the host computer is lowered considerably.
Onlthe other hand, when correcting the errors of the

data recorded with error correction codes, flags are employed

in the error correction or parity codes in the conventional
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trip[e erasure correcting routine in such a manner that, although the state
of error correction is generally satisfactorily for randomerrors, the risk
is high that a double error correction routine is executed on occurrence of
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pr oDl %fﬁéflgc o@%tlgspdfsﬂp?axh%ﬁh&%&é Ore KO F88ki 1% FHGnCEhBRSa It S

anot er SpECI ect o e present |nvent|on to provide an error

COrr gghupi'e @y &@ﬁ@éﬂiéher%t%ecqrsr At &RPSR| beburkenceheour st
errors may be inproved According to the present invention there is
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correction code and performng an error correction decodi ng, conprising:
example, is taken for a 2-symbol error, the possibility is
high that the correction is not feasible and the errors

remain qncorrected.

It is a general object of the present invention to
provide a data processing apparatus free of the above v/
problems and a method eqployed therein for correcting data

errors.

It is another specific object of the present invention
to provzde an error correction method wherein the error

correction capab;lity for the burst errors may be improved.



5 a first nenory area for stqring received data, a second nenory
area for storing readout flag data during witing of said received data
into said first nenory area, processing neans for perform ng said error
correction 10 decoding on said received data, and a third nmenory area for
storing flag data corresponding to a result of said error correction
decodi ng, wherein said second menory area and said third nenory area 15 are

providgd in the sane byte within a single nenory, sai ond neno ar a
and sai d third nenoryAgcexding m%m&%&w&%%ﬁ’ P/%‘P

during writingnohpdairdtuCtoyetediving Sdigd thl datwmricodedain aml ertor

second nenory area | set to said first I 20 d
correction deEBHFﬁS 6Pns gede; ang; P@Ef(?&?"\éa%u%% eé"ﬁuo(r}l '? %%é%’g Sé%cr:%%nll ’

set to a val ugomprisingeding to the result of said error correction

decodi ng. The present Fg@ er with
ref erence %o the foll 8\/\%&3 % %%W S <Gk %Jrﬁ%%?z%l ary %r%‘b& | meén and
t he acconpanyi ng dr anvangecond wnmouy e fon storing

showi ng dat a Qf Galiler rices v %&t@qﬁ@g&aﬂprpﬂp@tm
whi ch the presen?nbﬁventl S agﬁlled Figs. 5A and 5B are dlagrannat?gy

Vi ews showi ng2reB+
processing means for performing sa1d error correction

10 decodlng on said received data, and
a third memory area for storing flag data
corresponding to a result of said error correction decoding,
wherein _
'said second memory area and said third memory area
15 are provided in the same byte within a single memory, |
said second memory area and said third memory area
are set from a first value to a second value during writing
of said received data in said first memory area, and
said second memory area is set to said first value
20 during said error correction decoding of said received data
while said third memory area is set to a value corresponding
to the result of said error correction decoding.
The present invention will be further described
hereinafter with reference to the following description of an
&J- 25 exemplary embodiment and the accompanying drawings, in which:
Figs. 1 to 4 are diagrammatic views showing data
formats employed in the disk data recordlng/reproducing to
which the present invention is applied.
Figs. 5A and 5B are diagrammatic views showing sub-
30 code data formats composed of the sub-data having the formats
shown in Figs. 3 and 4.
Fig. 6 is a diagrammatic view showing the arrangement
of the error correction codes having the format shown in Fig.
4.
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30 code data formats conposed of the sub-data having the formats shown in
Figs. 3 and 4. Fig. 6 is a diagranmatic view show ng the arrangenent of the
error correction codes having the format shown in Fig. 4. Fig. 7is a

bl ock di agram showi ng the di sk data recording/reproduci ng apparatus to
which the present invention is applied. Fig. 8 is a block di agram show ng
the menory control 5 unit shown in Fig. 7. Fig. 9 is a diagrammatic view

showi ng a nenory of _the buffer pory shown in Fig. 7. Figs, 10A angd
10B are di agrammathi*8vievis f%ﬁiﬁ%?@%ﬁﬂ%@ﬂgﬂl’ﬂ‘éiP@aﬁﬂﬁanﬁgt Sﬁﬁaf | ag area
on t he nmemecordimdreproducing i appdratusg.tdlwvhich thewpeksehtshowi ng an

exanpl e of, jscat i error correction algorithmof the present
i nvent i on X6 é?éﬁn#%;éﬁ%ﬁﬁg *the coding data. Before proceeding to

description of th&igsi8 dig a Mslockdiagramrsheowingi hheappmozyusontraii ch

the daisa RAXCSHAh W FAJUSy and the error correcting nethod according to
the present 1 nvention are applied, the data formats enpl oyed
Fig. 9 is a diagrammatic view showing a memory map of

the buffer memory shown in Fig. 7.

Figs. 10a and 10B are'diagrammatic.views for

understanding the read-correétion flag area on the memory map
10 shown in Fig. 9. _

Fig. 11 is a flow chart showing an example of
application of ﬁQe error correction algorithm of the present ';J
invention to the correction of the coding data.

‘Before proceeding to description of the disk data

15 recording/reprodﬁcing apparatus_to which the data processing
apparatus and thé error cortecting method according to the'
present invention are applied, the data formats employed
therein will be explained by referring to Figs. 1 to 6.

However, those fgfmats_are-pertinent directly to the present

20 invention are not expiainedlfof simplicity.

_ First, the data format for the floppy disk will be

explained. '

Track Format -
~ Fig. 1 shows a track format. Each track is formed by ‘o
25 an index and four'sectors #O to #3. Thus, from the start
position on, each track is constituted by a gap 0 (pre-index
gap), index, gap 1 (post-index gap), sector #0, gap 2 (sector
. gap), sector #1, gap 2 (sector gap), sector #2, gap 2 (sector
gap), sector #3, and a gap 3 (the last gap). The index is a
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therein will be explained by referring to Figs. 1 to 6. However, those
formats are pertinent directly to the present 20 invention are not
explained for sinplicity. First, the data fornmat for the floppy disk wll
be explained. Track Format Fig. 1 shows a track format. Each track is

f d by 25 dex -and_f #0 f h
posi 1 on’ GO CARNSERAdiT & BOHERL Ut & t® 1 ghR%0 I T %aﬁﬁft‘ Pndéx,

93p 1.4 PO 8880001, (LTI 0. (0 ﬁp En(SERLQT B, SRR ehbn 9BPe2

(sector gap Sec sect o gap), séc

| ast gap) 4nBi%d X16S o] uous Trmax signal. It is noted t hat one
frame (F)1F§ coﬁggged ?ﬁiﬁ"3§tggt in this order wth each byte

including 10 chanfdnétbs. apﬁo@%@it&%aﬁ ﬁﬁ&%b‘ getletBSK $ebA6N1 LRt GRA
that is produced upon rotation of a spindle notor adapted for rotationally

driving tiprddeser dapbn TFetatdoH bE CAI Iy Pi@UeWnmbt ble aed@teaSeew
Format Fig. 2 shows a sector format. Each sector is fornmed by a preanble

data "2BHrotatyonéldne, drilvingmtheodilngppyt adisk. The signal is

correlated with the index.
- Sector Format
Fig. 2 shows a sector format. Each sector is formed bj
a preamble data "2BH", a sync frame, sub-frame, coding data
(data frames 0 to 127 through n, and a post-amble data "ZBH"_
in this order, and has a length of 5765. bytes.

Sub-frame Format

Fig. 3 shows a sub-frame format. Each sub-frame is
formed by sync daté,\sub-data, frame address, parity codes
for the sub-data and address, mode data, track number, sector
number (#0, #1, #2 or #3), head number, copy protection code,
reserve area and parity codes (4 symbols) for data féllowing
the frame address and mode data, in this order, and has a

kﬁ, length of 44 bytes.

Data Frame Format

Fig. 4 shows a data frame format. Each data frame is
formed by sync data, sub-data, frame address, parity-codes
- for sub-data and address, coding data (32 symbols), Cz'ahd Cq

parity codes (each 4 symbols) as later described, in this



(data frames O to 127 through n, and a post-anble data "2BH', in this
order, and has a length of 5765 bytes. Sub-frame Format Fig. 3 shows a
sub-frame format. Each sub-frame is formed by sync data, sub-data, franme
address, parity codes for the sub-data and address, node data, track
nunber, sector nunber_(#0, #1,  #2 or #3), head nunber, copy protection
cod@rdererand has ankepatht pfc84eBYE8Ssynbols) for data fol I owing the

fragﬁ adgriss and Eode data, in this order, and-has a |l ength of 44 by s.
Dat = 8%ig. 4 shows a data franme format. Each data frame is
formed by,,sync data. sub-data rame, addre pari odes for, sub-data and
addr ess, '%’b%iﬁ‘éga‘é?%e(éf %fmﬁ‘{s)%s [%rg?baﬁédfesff&égﬁyt?ogg‘cfeds Yoach 4
syr’rbloi) ater L b i _th - r | eQ of 44
byt es.éfug?&%dgslgg{rjrm% q“ggggﬁb?c%?eée s%?%ram% %as?f;lq:g‘u _a%% 2 ggge ly formed

by 1o 0¥l 6% ¢34, UEA Ndnd héa%hbﬂe%rﬁgﬁ%?’f‘iéc@edt e SRt 8abh2®® HHwwn in Fig.
4A and each being collected fromeach of the 128 data frames for one :
sectpzs @atahewands £8r 6Ae bector, as shown in Fig. 5A. It is

constituted by the sub-codes #0, #1, #2 and #3. As shown in

Fig. 5B, each sub-code is formed by a mode data, track

number, sector number, head number, copy protection code,

reserve area and parity codes (4 symbols) for'the above data, ;)

in this order, and has a length of 32 bytes.

Data Frame Error Correction Code Format

The C, and C4 parity codes of the above described data
frame will be explained by referring to Fig. 6, wherein,
among the daté constituting one sector, the déta frames
taking part in the formation of the Cz and C4 parity codes
and the sub-frame taking part in the formation of the Cq
parity code, are shown. The C, parity codes are constituted
by plural symbols of the C, series or the coding data
obtained on interleaving from a large number of symbols
arranged in a matrix in a direction extending from the upper
left towards the lower right in the figufe. The C, parity
codes are constituted by plural symbols of the C, series
extending vertically from.the upper side towards the lower

side in the figure, that is, the frame address, coding data



: constituted by the sub-codes #0, #1, #2 and #3. As shown in Fig. 5B, each
sub-code is forned by a node data, track nunmber, sector nunber, head
nunber, copy protection code, reserve area and parlty codes (4 synbols) for
the above data, in this order, and has a |length of 32 bytes. Data Frane
Error Cbrrection Code For mat The C2 and [err] parity codes of the above

;ﬁiﬁrgi Cre? §:‘ B Sm @At Fige ﬁxee”%ec?ﬁqr%égfai &'?ﬁaﬁ@fﬁp%méﬁﬂ the
|(r)1rt heI ?grr‘rgra F%ﬁ CE) rtoh'oq'c%%% It yf%g{:)l t’ya re 'sho i é'ﬁ@a@i p;?mayt goldgg g?;t

const it uhgdybhalhUkdlc oW Hrddife Qfg the coding data obtained
on inter PEavrng‘#%Tﬁn1rT1ﬂ%§£§h§%ber—égggéﬁg%ﬁglarranged inamtrix in a

direction ext epd R a&%@dé‘?dﬁppféc!)%inéowﬁaqﬁrt %dx@a%f r%hihé naabs

figure. The [err] parity codes are constituted by plural ol s of

[err] senaqa el aover desdiribéd caataefam%rtssme otxomrdiﬁ the dpwer
side in the figure, that is, the frane address, coding data 6 and the C2

parity cadaa.ﬂanexﬂkﬁxnéﬁﬂbj fﬁtbfﬁhmgrtbyFmgdes t he Reed- Sol onon- codes,
for exanple, are enployed.

: The data to be recorded are supplied from a host
computer 1 to a buffer_memory 2 by way of an interface -
circuit 11 and a_disk controller 12 within a disk control
section 10. An S-RAM having the storage capacity of the
order of 8 k bytes for each sector, for example, is employed =
as the buffer memory 2. Thé data written into the buffer
memory 2 are subjected.to an-encoding processing shown in -
Fig. 6, that is, the formétion and annexation of the Cz'and
C, parity codes, by an error correction processor 13 having
the encoding and decoding functions. The encoded output from
the buffer memory 2 is supplied to a modulating circuit 14,
where it is subjecﬁed to a processing such as 8/10
conversion, before it is supplied to a magnetic head 4 via
¥4 recording/réproducing circuit 3 so as to be recorded on a

floppy disk 5. The floppy disk is driven rotationally at

3600 rpm, for exémple,-by a spindle motor 7 controlled by a

microcomputer 6 adaptéd'td control the mechanical system.

The movement of the magnelt_ic'head 4 is also controlled by the

microcdmputer 6. A serial/parallel interface 15 is provided



D sk Data Recordi ng/ Reproduci ng Apparatus ,The apparatus for recording
and/ or reproducing the data having the above descri bed data formats on or
fromthe disk will be explained by referring to Fig. 7. The data to be
recorded are supplied froma host conputer 1 to a buffer nmenory 2 by way of

an i Mettwaea tiheurictbovmpatdrsie and rechéedisR viortironl drsk2cert r ol
section 10. An S-RAM having the storage capacity of the order of 8 k bytes
for edifhestcseridDbrcewanphecaitd cmpl oyed wesllhbebuidbtednmutatly ﬂheThéﬁkua
witten into the buffer nmenory 2 are subjected to an encodi ng processing
showmeqonaxpgkrepraducsngtberbuuhaﬁ<nﬂsmdhaan¢ha¢ﬁnncﬁaamea§2anui[err]
parity .codes, by an error correction processor 13 having the encodi ng and
decmﬁﬂﬁfﬁlﬁm?ibngitThe encoded output fromthe buffer nenory 2 is supplied
to a nmodulating circuit 14, where it is subjected to a processing such as
8/ 10 converke (ﬂgﬁt%eﬁ%ﬁ@ -put Bysthp magnes i€ hegsedi Erasatihe £180PY

recor di /re r oduci rcuit 3 so _as to be recaorded on a, fl gppy di sk 5.

The fq’cﬁ}g 131, SUPRIt afkvige 5@%59%@@?5@@@% FHrceiaml o By a
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circuit 16 after which they are sent tq and written in the
buffer memory 2. The one-sector data written in the buffer
memory 2 are subjected to a predetermined.decoding,.such as
error correction by the €y and C, parity codes and removal of
redundancy bits; before they are supplied via disk controller
12 and interface circuit 11 to the host computer 1.
The disk controller 12 is constituted by a microprogram
control section 12a and an instruction command section 12b.
The microprogram control section 12a interprgé or construes
simple instructions supplied from the host éomputef 1 via
interface circuit 11 to supply the-micro-codes to the
instructioﬁ execute section 12b for controlling é series of Q;
write/read control operétions.
The control data formed in the disk controllér 12 is
supplied via internal bus to a memory managehent ﬁnit 17,
The disk control section 10, including the interface

circuit 11, disk controller 12, an error correction processor



bet ween the microconputer 6 and the disk controller 12 to effect serial
comuni cation.” It will be noted that the recording/reproducing circuit 3
al so has the function as an erasure circuit. The data read-out by the
magneti c head 4 fromthe floppy disk 5 is supplied via
recording/reproducing circuit 3 to a denodulating circuit 16. These data
are subjected to a processing including 10/8 conversion in the denodul ating
circuils 16 after wgich t hey ,are sent ,to_.and witten in the buffey mem)rXGZ.
t

The one- sect or 1dat 9eRPARdaking cirayits 46 BIRRAFY, MaNAdeRsnt. (Wit 17 a

pr edet er m ned codin uch rorL.cqrrection b the'e.rr ‘and C2 parjty
codes and renovaf 5?1&3629353 egi ti'él:teﬁ"gP(ﬁﬁe&t‘r’?fe a§'ré: ﬁée’da%f% %?f%pie,
controller 12 gng.in ac@~Ci %ﬁs- 1 Enﬁ%ﬁ [s4h. The di sk
controller 12 igsgrc%n%?l&i’u%& kS)E/Lga m %%3&%03‘?‘2% con e%{as%ég“iai n 12a and an
instruction co O T T Sectton 1z2a g
interpr s or construes sinple instructions supplied fromthe host conput

1 viainterface circuit 11 to supply the mcro-codes to the instruction
execute section 12b for controlling a series of wite/read control .
operations. The control data formed in the disk controller 12 is suppfied
via internal bus to a nenory nmanagenent unit 17.




The di sk control section 10, including the interface circuit 11, disk
control l-er 12, an error correction processor 8 13, denobdulating circuit
16, nmenory nmanagenent unit 17 and the serial/parallel interface 15, may
conprise, for exanple, a one-chip LSI (large-scale integrated circuit).

Me n nit..The nmenory managenent unit 17 responsible for
aﬂﬂﬁﬁgh el %h 2 ~buffer nenory 2 and having the é@
conf i gur akhi,@n Ln Fi [ l£ LY b : Lte da#fa on
fhe sect orhBaathdtd fianddddent rod N L ¥hpaRklph b0 atadb il o

al sophpd St WhEe f?ﬂfoggﬁibffdrnugrﬁgeﬁy daf aag*&‘efnat}gg}%hwa”bﬂ of

one-sector unit data o ytes o unber uni t prescri bed by

the opgf PGLPEALSYAL 88 ERSWPlid M dI08t GUUBEE dot forly a0d Feadestr ed
addresses of the buffer nenory 2, by way of transferring data between the

buf fek ieD8R Va 286 ttReh@dceoUbaEils The tREDRS dReMSARAlonEEt 17 is

conposed of a start 3 : -
recording or reproducing mode, but also to read or write any
desired number of daﬁé other than the number of one~-sector
unit data of 4096 bytes or the number of unit data prescribed
by the operating systém {(O8) of the host coméuter 1, from and
to desired addreSses of the buffer memoty 2, by way of
transferring data befween the buffer memory 2 and the host
computer 1. .

The memory management-unit 17 is composed of a start
address register 30 fér previously storing data indicating
the access start address when an éccess is had to the buffer
memdrylz from the host computer 1 to effect data transfer to
write or read data, that is, the transfer sﬁart address data,
a data number registe:'31 for previously stdring the number
of the transfefred'déta, a memory address counter 32 for .
presetting the transfer start address data stored in the v/
start address registgr.SO, a data number counter 33 for
presetting data concerning the number of the data stored in
the data number rggisfer 31, and a control circuit'34'for
preset and count control of the memory address éounter'32 and

the data number counter 33. The unit 17 performs the memory
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*address register 30 for previously storing data indicating the access start
address when an access is had to the buffer-nmenory 2 fromthe host conputer
1 to effect data transfer to wite or read data, that is, the transfer
start address data, a data nunber register 31 for previously storing the

e oS P A S B BREE HSSRTR Be S 40
dat a Btoret | WERE &af’s‘;%[fnﬁ'éﬁsié*gé PuTAx HEFREL R  F M TERR hask,
nunber camiEHtEs kB s fher RatBTEERISF L RN Flor e AN aate 1 EHE

buf f er mirL@ﬁnlSr im%rﬁ%?e&%'ﬂt"‘@ G B -pf@@f'?grﬁi‘??%ﬁ’@dm'iigrg%@ry 2

fromthe host Comput 1 to effect data'trans £ or read data, the

NENDry MBRRGEEnd Nthe l¥rhfsPesVisRutity addiddS Batd hasidt eneNdhmdern G4t he
transfer start address data and the nunber of the transferred data fromthe

host conié&rtAdansflesrd data fHém bhe hbstsicemphter addrene datia amd
data nunber data stored in the start address register 30 and the data
nunber redisdechasltrasprervsitpr tbeddresisada e andadatansfumberhdata
stored in the start address register 30 and the déta nﬁmber
- register 31, respecively. Before starting data transfef, the
control circuit 34 céﬁses the transfer start address daté and'
the data indicating the transferred data to be preset ihlihe
memory address counter 32 and in the data number counter.33
and accesses to the buffer memory from éhe address indicated
in the transfer ‘start address data preset in tﬁe memory
address counter. The data transfer is then started. ﬁéch
time one-byte data transfer is completed, the control circuit”
34 causes count pulses to be supplied to the:nemoryhaddress
counter 32 and the data number counter 33 to increment thé
memory address counter 32 while simultaneously decrementing
Lo the data number counter 33. Thus the data is tfansférred
until the value of the data number counter 33 is reduced to
zero, that is, a number of data egual to the value preseﬁ iﬁ.-
the data number register 31 is transferred, before the data

transfer is terminated.

_ Thus the buffer memory 2 may be accessed from the host

11



control circuit 34 causes the transfer start address data and the data
indicating the transferred data to be preset in the nenory address counter
32 and in the data nunber counter 33 and accesses to the buffer nmenory from
the address indicated in the transfer start address data preset in the

MEMDEY niSisi 8851 CEYRINE A Ihﬁerﬁ%féﬁ@s‘térah&tﬂ&n Filveh diaFasl e

one- byte data transfer |s conpleted, the control circuit 34 causes co% '
er

pul se:&it@eb@rsugehaecateetsheéa?na@mwélﬂrws gaaler s32 st heydaha n
counter 33 to increnent the menory address counter 32 whil e sinultaneously

decr eramsfRa ity dtpumbabebfcaatizelothbr thur thie Aohbelrsehhanste red
until the value of the data nunmber counter 33 is reduced to zero, that is,

a nuabaunBerataisgdato thiehpowedris pfe2edri ant batézfra hunbsberegifst er 31
is transferred, before the data transfer is term nated. Thus the buffer
menotine nelyebeofigcanyewdstefiuhecaboess timemtbo ethd bHuffern pemeryaddress
to another given address to wite or read a desired nunber of data, so .
t hat maywikhen elimigiated rtp cdimpnoee btheddataotransfraneffidciemey: equal to a
nunber raised to the powers of 2 or an integral nunber of tinme thereof, any

wast EpfifexcMemony MHavo the buffer nemory nay be elinminated to inprove the-

data t f ff
ata ran%eererenrlxgmtegcf(ig. 9., each sector of the buffer memory 2

has a capacity of 8 k(8192) bytes, of which 6 k(6144) bytes
 represent alusable area. The area shown by hatched lines is.
not pertinent directly to the present invention and therefore
the related descrlptlon is omitted for simplicity. The 128-
frame or one-sector codlng'data is written in the left half
32x128 byte portion in the figure. The C, and Cq parity
codes are written in the 4x128 byte area adjaeent to the area
where the coding data are written. The C1 correction flags
dependent onlthe results of the error correction decoding by
the.c1 perity codes and the read flag indicating the data
write tiﬁe are written in the 1x128 byte area at the right- -
hand side of the figure. The read flags and the C; o/
correction flags are set for each frame, with the read and Cq
correction f}ags for each frame being written in the same 8; |
bit byte. The frame address is written in the 1x128 byte
area-adjacent to this area. The sub-codes Spg to Sp3 having

the same contents as described above are written in the 1x128

12



Buffer Menory Map Referring to Fig. 9, each sector of the buffer nmenory 2
has ‘a capacity of 8 k(8192) bytes, of which 6 k(6144) bytes represent a

usabl e area. The area shown by hatched lines is not pertinent directly to
the present invention and therefore the réelated description is omtted for

si npli ci tdhgrk2B-ad{asen®’ C C Qehi d [ Lt | he |l eft
hal f 32xt152ly8 bytg por’a'lt i%n i r?q't ﬁ?‘?‘fgﬁé?@%ﬁg‘?gﬁ ]%h%nﬁ%\&h Eggrx‘llét]syé cf(;aes

are withepitteme Pridhdyrgare; sledopiler U ibptar a2tz tihe 16o0HHY
data are witten. The [err] correction flags dependent on the results of

the errobyter earied ddcuiceatbytiohethely |apeid t ¥ sCadles edve8he spad Kb ag
indicating the data wite tinme are. witten in the 1x128 byte area at the

ri ght- hawrsectioh flagki byr ¢he pehei tpacodésgef attet Bab-@odes;orwkLiéon
flags are set for each frane, with the read and [err] correction flags for
each frashecloyear il+bytenatiea sisrmusedbas bjec inerfaancegddrtess for
witten in the 1x128 byte area adjacent to this area. The sub-codes [err]
to [err] ¥R®&iRGCt REOSEBSOZOt3Bent s as described above are witten in the
1x128 12 byte area adjacent to the area where the frane address is
witten. In therei ifad fHlagppands-hee G caosrectdian1fdags will be

described in detail. 2As shown to an enlarged scale in Fig.
10A, the reading flags and the C, correction flags for eééh
frame are written in the 1-byte or 8- bit area in the buffer
KJ memory 11. The upper five bits D3 to D9 and the three bits |
Do to D, represent the area for the read flags and the afea
for the Cq; correction flags, respectively. As shown in Fig.
'10B, when the data are written into the buffer memory 2, all
the bits are "1". When the error correction and decoding is
performed by the C, parity codes, the upper S5-bits for
reading flags are all "0", while the lower 3 bits for Cq
correction flags are "1" or "0" depending upon the results of
correction and decoding. Thus they are "000" when there is.
v no error, "001" when one erfor is to be corrected, "011" when
2 errors are to be corrected and "111" when the correction is
impossible. In other words, a flag is set at Fo bit in case
of one error correction, flags are set at Fop and Fq bits in
case of two error correction, and flags are set at the three

bits Eo, Fq and F, in case the correction is not possible.
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byte area adjacent to this area is reserved for the correction flags by the
parity codes of the sub-codes, while the:lower 7-byte area is used as the
internal register for the ECC processor 13. The read flags and the [err]
correction flags will be described in detail. As shown to an enl arged scal e
in Fig. 10A, the reading flags and the [err] correction flags for each
frame are witten in the 1-byte or 8- bit area in the buf fer nenory 11-. The

ar oatFol & REFR Pt idle %ig%tﬂégﬁ%hske%#ﬁt 35 Skl B

I t t th
Lﬁ??é?*#éﬁo*ﬁyf%%ﬁ'hq*“l%%s 2,20k F(a88 RY Jaber Uedlithed ona
decodi ng iz RA{HEAnGE ! Bd %é&owh%acg%s tH Fekes RIS for
reading flags are all ™ 0" | e the™l ower err corr i on

fl aganar ¢hat' for 'the deﬂeaara&cua% tﬂ%grsesa&é Sp:@évfeéa eghi Baea%adecodl ng.
Thus they are "000" there is no error, when one error 1S to be .
cor r thlecdsam@l by tdh o 2t RELOIch By coh e Bgt@réﬁfﬂée@(f o ldheWaR
correction is inpossible. In other wor aflag is set at [err] in-
caseagieantorr eackoframe.on, Sinaes the agipet [fdwved Bhds ot ltlhté |n case’

of two error correction, and flags are set at the three bits [err] and F2
in casedingchblags age |aslhdto'bo$.§1&)t dsdrxeset automatically, at
the time of error correction by the C4 parity codes, it

becomes unnecessary to reset the reading flag again for

reprqducing the next sector.
These flag states are transferred as.the'occﬁéi;n may
reguire to the aforementioned status register 22.
Error Correction
A typical method for correcting the error in the data
frame and sub-code will be explained.
Error Correction for Data Frame
An algorithm of error correction of the data frame will
be explained first by referring to Fig.ll. At step 301, fhe _;;

data contained iﬁ the C, code of each frame are seguentially
read from the buffer memory 2 and transmitted to the error
correction processor 13. At step 302, the eiror correction

processor calculatés the syndrome using the C; parity codes,

14
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It is noted that the above [err] correction flag is intended for error
coa;ection by the C2 parity codes as |later described. In this nmanner, the
mehory area for the reading flags and that for the [err] correction flags
are provided in one and the sanme byte so that only one byte suffices for

the flag area_for, each frane. Since the upper five bits for the reading
flags ar@nd | £1pds ithe pumhex pl,fhanRTEFFy Pagedhen the $yadrome

Feadiry ARAFaRya it oFS  EBPBAEBEREeth S th BROR okl heRBEE they eRTRTosifr o
reai st or ShE AUTORh, FEEPTon XE( RPCERSHIENS PEBREITRuc G | RPEHER | ¢
Frame Anah GREE 0 81w BRERRD G1% T EHE of bt EBe iE SV PPEH S be T SF nec
ferr] codSeiib il Pogatiydr s UnhiReib AF BaR RO MRRERR I
LT 6 A0 ek b B P ERESaRE o or' BERPC. sibetast
14 If the error is determined to be the 1-symbol error at step
304, the error location is found at step 306 using the
syndrome, and the error symbol is corrected."if the erior_is 
determined to be the 2 symbol error at step 303,'the érror.
location is found at step 307 using the syndrome and the
error symbol is corrected. At the next siep 303,'the-flags
Fq of the corfection flag area of the buffer meméry 2 shown
in Figs. 9 and 10A are set as indicated in Fig. 10B. 1In:
case of no error or of effecting 1-symbol or 2-symbol error
correction, it is checked at step 309 whether continuity
exists between the frame address of the fréme and the frame
address of the frame immediately before it. 1In case of
discontinuity or in case the error of three or more symbols
L; is found is found at step 305 so that correction is not
possible, the flags F,, Fq1 and F, are set at the next step
310 as indicated in Fig. 10 B.
The above steps are repeatedly executed for each frame.

If it is found at step 311 that the processing of all of the

frames is terminated, decoding of the next C, series is

15



and finds the nunber of the errors based on the syndrone status. - It
,-then checked at step 303 whether the error is the 2 synbol error. |If the
- result is negative, it is checked at step 304 whether the error is the 1

- synbol error. If the result is negative, it is checked at step 305 whet her

Lher 6ds APMEH.O" Shel Ner £BEOIGLErbRE IV OF ol Sl JRREESY Jf the

erro termned to e 1-synbol error at ste error .

! ocayeqrrélsmtaaurm ehesfs%ﬁmrunﬁh%émrﬁﬂqr %aﬁ@é éhetﬁérsso%ﬂbol‘f
corrected. If the error is deternmned to be the 2 synbol error at step

303, didterdbed prscds©ing Sof OtRd aktat Epadé.using the syndrome and the
error synbol is corrected. At the next Step 308, the flags [err] of the
correctiond ltae asLpoef cotedution FORDENie2Cshewries [ighe datandflOA are
set as indicated in Fig. 10B. 1In case of no error or of effecting 1-synbol
or 2therith serescintectliervedtfromchhekbdfflersnegpmdfy Bhatrkereadntinuity
exi sts between the frame address of the frane and the frame address of the-
f ramoutmatlistepy3béf and the syndwemeofsdcedonlatedyasr skercddsd+ he error
of three or nore s mbols is found is_found at step 305 so that correction
i s nheRurbes Q eexr-aggr i& rgheneteriinedfpom fhehSindrepes310 as
I ndicated in Fig.,6 10

status. It is then checked at step 314 whether the error is

S
t

the 2-symbol error. 1If the result is negative, it is checked
at step 315 whether the error is the 1;syﬁboi error. If the
result is neéative, it is checked at step 316 whether there
is no error or whether the error is the error of three or
more si}mbols. If the error.is found to be'the 1-symbol error
at step 315, the erroi location is found aﬁ step 317 and the
error symbol is corrected. In mofe detail, referring to
Table 1, when ﬁhe error location is not coincident with the
location of the symbol to which the F, .flag has been
.afforded in the C4 correction processing, it is checked by
the number of the F, flags whether the correction is to be
performed. If the correction is not made, the current state -;J
is mainained. 1In the Table 1, Ny and N, denote the numbers
of the symbols to which the flags F, and Fz'are afforded and
that aré:coincident in locations to the error locations. k4
and k, déndte the numbeis of the Fq and Fy flégs and X means

"don't care".
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The above steps are repeatedly executed for each frane. If it is found at
step 311 that the processing of all of the frames is term nated, decoding
of the next C2 series is 15 per f or med. The error correction for 'the
sub-frames is performed in the sinilar manner and in advance of the above
descri bed processing of the data franes. In the error correction for the C2

series, the data of the C2 series interle e omthe buffer nenory 2 are
r ead Qyt at step 312 and the syndrone is Eul ted at step 313. The nunber
of errors is then deternined fromthe syndrone status. It is then checked
at step 314 wheth be error is error.f It the1esult §s
negative, it is ch cel%g‘c?f t step 33(25%%'{%%? B he errdr is:PRRE3% symbol
error. |f the respltgis|negative, it_is checked at step 316 whet her |t here -
is no error or whepher the error js the error of thr 80 &PT }e synbolls. If
the error is found{'to be}t Liﬂ -synbol error at stef % Ej,%@gr Lfor :
| ocation is found gt ptep angpgge error synbol ilsjcarpechadeg | njnore
detail, referring fo Tab qqzko whgg 4 he error |ocatign hc°o P&ét col'nci dent
wi th the | ocation pt—t+helsywhel—to—whi-ch—the-{err] fgag_mmiinﬁuLiiiorded
in the [err] correction prilcedsiNg=2i tkzszchecked by 2 error correct
Nl=2 N2=1 K2=2 2 error correct
NI=2 N2=0 K2=0 2 error correct
NI=2 N2=0 Ki=4 K2=1,2 2 error correct
NI=2 N2=0 KIl=5 K2=1,2 uncorrect
Nl=1 K1=3 K2=2 | 2 error correct
2 Ni=1 Kl=4 K2s2 uncorrect
\_ N =0 K2=2 uncorrect
' KI=3 K2=3 ' 3 erasure correct
Ki2d K2=3 N2=1) 2 erasure & _
1 error correct
K125 K2=3 N2=0) uncorrect
Kl=4 K2=3.4 : 4 erasure correct
K125 K2=4 | uncorrect
K1=3 J erasure correct
Klzd K2=3 2=1) ‘2 erasure &
more 1 error correct
than 3| Kl=5 K2=3 N2=0) " uncorrect
Kl=4 4 erasure correct '
K25 K2#3 uncorrect
Kis2 uncorrect _

Nl: number of flags corresponding with the error location

N2: number of flags corresponding with the error location
K1: number of F1 flag .

Lo K2: number of F2 flag
N X: don't care

- When tbe error is determined to be the 2-symbol efror at
step 314, the number of the F, flags is deteimined at step
318.. When-'the error is the error of 2 orlless symbols, the

2-symbol error correction processing is performed at step

17



t he nunber of the F2 flags whether the correction is to be perfornmed. |If
.the correction is not made, the current state i s nmi nai ned. In the Tabl e
71, [err] and N2 denote the nunmbers of the synbols to which the flags [err]
and F2 are afforded and that are coincident in |ocations to the error

| ocatigns. [err] .and [err] denpote the nunpers of the F1 and [eryr] flags and
X nmeahee" dBhen Eheerger isThhpcerray §f more than two gymbebsti on —.

operate 0 . . o0 corfect, N2= 1 ™
(Perab; SLAPREE cOrregiisn RFocessing as later deseriBes 5 o o

correct _N2=0

Ko=operformed. K_Z&erlrs] éft&;p&n%ﬁte&tqHQS w__tlﬁjenzg %;t{egﬁ]slz\lyl;gol N2=2
oSO s eMihn Boa B Cpegrppmes, pagennd EROES ERRECC!, 107
errofPSSn 41 YPITERHE HE nra shpoiq i Tt es B Withone 2
uncogggelr BbrPection. — K2 2 uncorrect
When it is determined that there exist errors of three
or more symbols at 'sié.'e'p 316 or the numbér of F, flags exceeds
two at step 318, ii is determined at sfeps_320 and 321
whether the number of Fq flags is 3 or 4. When it is three,
.a 3-erasure correctien is performed at step 322 and, when it
is four, a 4-erasurelcorrection is performed at step 323.
When it is determined at steps 320, 321 that the number
of F4 flags is neither 3 nor 4, the numbers of Fq and fz
flags are determined at step 324. A 2-erasure correction and
a l-error correction are performed at step 322 only'when the
number of F, flags ie not less than 5 and the number of Fo
flags is 3. | | |
| When the correction is not made in the above procedufe, '
the data are treated as error. ' ' A
The above steps are repeated for each series and, when
it is determined at etep 325 that the processing of theee'
series is terminated, the correction is terminated.
At the time of the correction by the:Cziparity codes,

when it is determined above all that there exist errors of

18



K1 =3 K2=3 - .3 erasure correct Ki[err]5 K2=3

(N2.=1) 2 erasure & 1 error correct Ki[err]5 K2=3
(N2[err]0) uncorrect ‘KL =4  K2=3,4

4 erasure correct Kl[err] 5 K2[err] 4 ' uncorrect Kl
=3 3 erasure correct-K1 LerrJ 5 . K2=3 (N2
= 1) two or morg, 8YmPod $uor @n erasure correcti outine is

1 error. correct t han 3 Ki[err] 5

u rect
20 ® “performed” when' the numbes é—’rfas 2e %g%Pécts?(E[ér‘?’i 5SymbaLs

ncorrect Kil[er . . ncorrect N1: nunber of
fTags cor FEREBABRAG 1 the i SeThes GXASEHF 12 #ﬂﬁfgéfs'o@ 9%, gaore, and

E‘Sr?FZS‘)Qd'?SsVﬁ“#h ?ﬁif%r&ﬁﬁg%ﬁ%°“ﬂ@erd§?§? sFPot Bd:Es c'{iﬁ‘%@ﬁ%sf’f
4. .
S160 “\nBsEReTiea WRHBN allovd hugBllr gféssa% tiSGELS Cugel 1B 38" eP

error cor ey Aher 8cesY §1% £ S3Pe hake @yﬁ%SPslar burst errors. are

caused that the F, flags are set in the course of correction

by the C; parity codes. However, in a majority of cases, it

is the burst errors that are caused, if the symbol error rate

is not higher than 10-3. 1In this manner, wasteful 2-érfor

correction routines are not executed on accurrence of'the

burst errors and the uncoffectable errors otherwise caused
during the correction routines may be avoided with a

significantly improved correction capability for 'burst
errors. The result would be most favorable when the burst

error length is 8 to 14 frames.

It will be appreciated from the_foregoing description
that, in the present embodiment, when it is determined that
there are caused errors of a number of symbols larger than
L the number that may be corrected for errors, such as twp

simbols, an erasure correction is or is not executed
according-as the number of flags.indicating that the
correction is not possible by the C, parity codes and that
are set for symbols contained in the C, series exceeds or

does not exceed a predetermined number, - such that the
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319. When the error is the error of nore than two synbols, an erasure
correction processing as |later described is perforned. It is determ ned at
step 319 whet her the 2-synbol error correction should be perforned under
the condition shown in Table 2, or the data should be left as are w thout
error correction. Wien it is determned that there exist errors of three or
nore synbol s at step 316 or the nunber of F2 flags exceeds two ai step318,
i t q%r%%Fgﬁlﬂ%eﬂa&‘ta%tS%bEYSZ%P’én ULSt REHRE St ﬁ%%uﬁfmgﬂpr{%‘ﬁ flayd is
3 or. 4.. Wen #i is three, a 3-erasure correction is perforned at step 322
an* MW F2°FE¥1our, a 4-erasure correction is performed at step 323. Wen

it is d r i neds- eps. .32 t ] I (We) P =TS is

nei t hereifng% ﬁ,gt?ﬁeéhggb_g?sggfa erbrj]téataen eé:r '_ I%ég;sc alflé %jte%éer ned at

St by 2%-1 hZr £EPSAED] T aHli 1 8pdtd k{@édp_ﬁpq,@r B bPB dath PSef orned at
step 322'only when the nunber of [err] flags is not less than 5 and the -
nurdsf relcted fbagtre &, Pavitdyeceaesict i vh moritoiderdeli,n éheonpbove
procedure, the data are“treated as error. The above steps are repeated for
eacdos gleictsi cund ofwhmn symbeladctEndyned etasuee 38brriextidwe mfocassi ng of
these series is termnated, the correction ts termnated. At the tinme of
t hesgnobo st age [posdibXe& patht gheoBgsparity cod_es, wherein m and

n are given by the formula

2m + n gid -1 |
where the minimum distance between the eodes o=5. In case >
of 4-symbol errors, the fellowing formuias hold for the

syndromes Sg, S;, S, and Sj.

Se=eite terte, I ()
Si=a'e, +ate, +ate, +ate e @
1S:=ar?le; + a?ie; + ahe, + atte, | « 3
S3= a,:iej+a,31e‘.{.“3kek'.}. adle, : s (4)

where e;, €, e_k and ey represent error f:att.e’_rns,

represents the root satisfying the irre.duci'b'lel polynoﬁinal
F(x)=0 on the galois fi‘_eld CF(QM), wh‘ere,'fOr'examp.le, M=8,
and i, j, k and £ represent error locations. In case of a 3-
symbol error, e =0. The error locations i, 1 and k only are
known in the triple- erasure correction, while the error

locations i and i only are known in the double error

20



-when it is deternined above all that there exist errors of two or nore
synbols, an erasure correction routine is perfornmed when the nunber of F2
flags set for symbols contained in the C2 series exceeds 2, that is, 3 or
nore, and a 2-error correction routine or double error correction is

per fornmed when the bove nu er does not exceed two. It is when the errors

of 3 or CRSFESHHWHIRIYE PIRGICPFEPE. CAFFESHIY that t he F2 flags are set
in the cours corr tion; b err] parit 0] in.a
maj ority of ec‘sa‘(%)izgl ﬁte"i ett‘f‘e‘L E? BT s ¢4Pa yﬁ?ggca&?s)ed {“[)new%ol

error rate

th hi t 2-
COI’I’eCtIO%sP%Lﬁ g‘tf]lg g&?%e”éato%rﬁ chfxgﬁ(r,ége'(r)f &ﬁzaﬁérftl 'e(rarF(rS'?e; and
h h
y EQ%@?‘Z% Eﬁégé?gﬁ%f Tol e U QL6 (bR e et Eedbl o) s g o

burst erdyisSinddie result would be nost favorable when the burst error
length is 8 to 14 franes. It wll be appreciated fromthe foregoing
description that, in the present enbodinent, when it is determ ned that
‘there are caused errors of a nunber of sxnbols | ar ger. t han the nunber that
may be corrected Ser(eeiorsk +omch Sas(@ Wb i %bb1' s @~ Sl St U & 'Sarrection is

or is not ewacd ed (13 at9) (14 %) (4 =)

cor (5)
Soi(a"k'l' a-l+“-l)s‘+(a-k-l+a-l-i.‘.a-i-k)sz*a-l-l-lsa
[ = - ‘
' ! (D) Qv (lradtt)
N/ s (6)
So-}(a’-l'f‘a—‘"'Q’-J)Sﬂ'(a’-l"'*'a-"d'*'a’"-l)Sz{'a-l_.-’-‘s:
ey = —
) (14 a*-1) (14 - 4) (14 ac*4)
P (7)
Sot(x~i4 a i+ a S (a4 ta -kt a % 1)5,1a"1"9-%5;
e, =

(L") Oiat ") Qiat-")
@

In case of the triple erasure correction or the double

erasure correction plus single error correction, the

W simultaneous equations (1) to (4) (e;=0) are solved with
respect to the error patterns ey, ey and e, to give ‘the
following eguations (2) to {(12) wherein, in the double .error
correction plus single error correction, qlﬂ,that is, the

error location, is alsoc found.
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according as the nunber of flags indicating that the correction is not
possible by the [err] parity codes and that are set for synbols contained
in the [err] series exceeds or does not exceed a predetern ned number,

such that the 19 correction capability for burst errors may be inproved
significantly. It is noted that up to double errors can be corrected by the
[err] parity codes, while up to quadruple errors can be corrected by the C2
parity codes. In nore detail, error correction of msynbols and/or erxure
correctiony of n sSuebblist (e ipbaddhiSe with the C2 parity codes, wherein m
and n are |[geYer py—thre—formura—2mm—=n [err] d - 1 whete®@he ni ni num

di st ance bet ween $dme* Podhdatf=5a%) HSa case of 4-synbol errors, the fol |l ow ng
formulas hpld for the syndrones [err] and [err] [err] where [err] and [err]
represent ferror patterns, represents the root satistying the irreducible
pol ynomi na [err]sdﬁ?'tm%s'dé‘f'g'f'gs“gi"'eﬁ?d [err] where, for z@rrpl e, M8, and
[err] and [ &nrT rep&gieargg) %&r‘olal,?cations. In case of - '

Soa"u"'sl' (w‘ -4 d"‘) +Sz

€

< {1

(adi+axl) (a?+ a)

Seax 445, (i +d)+8S; _ )
ey = - (12) R

L (a*+ i) (a*+ad)

In this manner, in the casés.of gadruple erasure
correction, triple error correction and double error
correction plus single error correction, the arithmetic
operations by separate egquations are usually carried out,
with an increased prégram volume and time involved in the
arithmetic operations.

Thus the guadruple erasure correction and triple erasure -
correction (or double erasure correction plus single error
correction) are carried out using the common terms fo: the
two sets of eguations, that is, the set of egquations (5) to
(8) for finding the quadruple error patterns and thegset of

equations (9) to (12) for finding the triple error patterns,

instead of carrying out separate arithmetic operations using
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synbol error, e =0. The error locations [err] and k only are known in the
triple erasure correction, while the error locations i and j only are known
id the double error 20 correction plus single error correction. Solving
t he sinultaneous equations (1) to (4) with respect to the error patterns
[err] and [err] the follow ng equations for the quadruple erasure

correctdydisar el ¥MYud €{bhsl.N T35 HY ﬁf‘@séh'tpleﬁ\t%@ﬂ\re%tcortrr?éééon or
t he doubl e erasure correction plus single error correction,

si mul*t anammen coeRhs 08se (dxpreseel by thearrdiauwiath éd ﬁhﬁﬂéﬂQ@Ct to the
error patterns [err] and Ferr] to give the follomnng equations (9) to (12)
wherein, in the double error correction plus single error correction,

[err] , that is, the error location, is also found. 21 [err]
A=at*d e = (13)
B=a'+a’ | v (14)
C=S,A+S;B+S; | < (15)
'D=S,A+S.B+S: | s (16)

Using these equations (13) to (16) for the above common

terms, the eguations (15) to (18) for finding the quadruple

error patterns may be expressed by the following formulas
(17) to (19):
Ty ’ Dal( +C T .
e, = _ . e AD
(A+Ba'+a®) (a'+ak) .
Dat+C
e, = - - e (18).
(A+Ba*+a?) (a'+ak)
Seaxt+S, +t(atta¥)e+(at+at)e
e, = ~ (19
. B
keg = So + e t+ ex t ey b (20)

Using the same equations (13) to (16), the equétions (9)
to (12) for finding the triple ertor'patte:ns hay be.

expressed by the following formulas (21) to (24):
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In this manner, in the cases of qgadruple erasure correction, triple error
correction and double error correction plus single error correction, the
arithnmetic operations by separate equations are usually carried out, with
an increased programvolune and tine involved in the arithnetic operations.
Thus the quadruple erasure correction and triple erasure correction (or
doubl e erasure correction plus single error correction) are carried out;
using the common terns for the two sets of equations, that is, the.se?‘of
equations (5) to (8) for finding the quadruple error patterns and the set
of equatiorfs (9) t% (12) for finding the triple errcw(i]tterns, i nst ead of
ir At these sets of

carrying oyt®*separate arithmetic operations using 22
equations. {In the ﬁresent enbodi ment, these common terns are expressed by

the foll owijng equations. [err] Using these equations (13) to (16) for the
above commgn terns, the eguations (15) to (18) for finding the quadruple
error patter9§ aey_be expressed by the following farmgegs (17) to (19):

Seaxi+S;4 (al4 a¥ey '
e, = oo (22)

€ - Soe 1 ex 't ey : ' e (24) | \J

The above common terms are found in advance ahd
substituted into the eguations (17) to (20) to find the error
patterns ey, ey, ey and e; in the case of the guadruple error
correction and into the eguations (21) td (24) to £find the
error patterns ey, ey and ey in the case of the triple
efasuré correction and double error correction plus single
error correction. It is noted that &¥ is to be found only
in the case of the daable erasure correction plus single
error correction. |

In this manner, when carrying out the arithmetic
operations for error correction and/or erasure correction of
different numberé,of symbols, those portions common to these

operations are cdmputed in advance for reducing the program
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*Using the sane equations (13) to (16), the equations (9) to (12) for
finding the triple error patterns may be expressed by the follow ng
formulas (21) to (24): 23 [err] The above common terns are found in
advance and substituted into the equations (17) to (20) to find the error
patterns [err] _and gerr] in the case of the quadruple error correction and
into thé!oe[i-q{lh?i §ox (the iarithpatici ppenpt Lonsr and t eheryening &he ek in
the case of the triple erasure correction and double error correction plus
si ngFé EOMPIENT &M, It is noted that [err] is to be found only in the

ranner . when WSE GRRRCRA f A SFRvTR VS SedeacRe dn APER G saron
common 24 4bEa EhErahaRt &' 1HERETRA NS e VAP s 3nakiBH P o

reé cornput in-advance uci'ng ogram

24 to (24) for finding the triple error patterns will be
hereafter explained. First, the equations for finding the
quadruple error patterns are derived in the following manner.
By multiplying denominators and the numerators of the
equations (8) and (7) by ot 3*+3+k ang A1+I+1l, respectively,
the following equations, we obtain

Qb v avhg oy (ot dp e hy er* 1) 4 (ot @94 @¥)S,45s
. (et +a!) (a'+ad) (a'+a") -
{aet*9So4 (vt 1 0 d)S14S2) ™t {a?* 98,4 (art+ @ 9)S248s)
- {a,u.{*(a,n:)al.'_azl} (a'+a¥)
s (25)
@b IS (et ity @t )8, (@t et ') 5248,
9 e = | (av+at) (a+at) (a*+at)

{ai*4S4 (1 9)S;482) 'y o984 (a4 x¥)S248;s)

{at*ds(at*)ar+att) (a¥+at)

- (26)

By introducing the aboye equations (13) to (16) for the
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volume for the arithnmetic operations and shortening the conmputing tinme. The
nmet hods of deriving the equations (17) to (20) for finding the quadruple
error patterns and the equations (21) to (24) for finding the triple error
patterns will be hereafter explained. First, the equations for finding the
quadrupl e error patterns are derived in the follow ng manner. By

MUl td HbyeNgodRNOR Pak eI, Mk tdipuatIenali(ary ahd hes9azei 8Bt ai@ednd (7} by
[err] i+j+k and [err] i+j+1, respectively, the follow ng equations,

obt ofirbrh ethe Byovie! lerplistiinghs h2 P e(Re).i 0nd s©],3byt Eirdddnd othéhe 25
above common terns, the equation (17) and (18) are obtained fromthe above
equadqwansi $25§ 1 ardef L6 p1udl equalty o M@ g thee foollcdvinng [egquikiomwst] plus
equation (2), the follow ng equations. [err] are obtained. Bu introducing

t he equation (;14)e tHheiequnal i pgi( 19 ibgpbt ai ned. )0 he equation
(28). Also éd&‘)esdﬁa{]‘?oﬁg%}%d%?%aﬁ&bjee*gg%a?ﬁegg‘f rom t he e%@t ion (1). The
equation for finding the triple error patterns are derived in the follow ng

manner. The equ_at i O&iég‘fh)l{_p@d}&%*(glt@‘)el : :
ey = — — e (28)

at+ad

are obtained. Bu introducing the equation (14), the eqﬁétion

(19) may be obtained from the equation (28). Also the

equation (20) may be'bbtained from-the eguation (1). - A\
The equation for finding the triple error patterns are

derived in the following manner. The eqguation (21) and (22)

may be obtained by iﬁtroducing the above eguations (13) to

(16) for the common terms into the equations (9) énd (12).

Also, by setting ei=0 in the equatiqn {28), we obtain

a?SotSii(atya¥)e,
e, = ' e (29)

al.’..a’.‘

so that, by introducing the equation (14), the equation (23)
may be obtained from the equation (29). The equation (24)
may be obtained by sét;ing e;=0 in the equation (1).

It will be appre#iated from above that, according to
the error correction and decoding.method of the present
invention, those portiohs common to the arithmetic operations

for the error correction and/or erasure correction with

26



ey be obtained by introducing the above equations (13) to (16) for the
common ternms into the equations (9) and (12). Also, by setting [err] in the
equation (28), we obtain [err] so that, by introducing the equation (14),
the equation (23). may be obtained fromthe equation (29). The equation
(24) may be obtained by setting [err] in the equation (1). It wll be
appreci ated from above that, according to the error correction and decodi ng
met hod: of the fresent i nventi.on, those portions common to the arithmetic
operations fdllfferentpumbersceofosymbols: aseasonputedr do: advance,  Ech

di fferent nunpers of synbols are_conputed in advance, such that the program
vol une and t Herbnbhe| %5091-’% Velure andr the; Fewpukingh fimec negessarah £amy

be reduced. Attention,js djtected to,our copepdi ng _application 5 8812941.6
(GB- A- 2, 205, 4 s?r%ﬁ+€ﬂ?ﬁhﬁ?h?geﬁﬂ§FPB§tPﬁg &&srgpvgggd,and also to our
copendi ng applicationg, rL.9106142.4 (GB-A-2,.241,.804 d ..
0106143, 2 (peg- A2, 24?%B§£%P£ﬁémé?£e§?§§ ’&Pvf("HEd"PHEPéiﬁg abpil¢ation

5 8812941.6 (GB-A-2,205,423) from which this application was

divided and also to our copending applications: 53063436~

E _ 9106142.4 (GB-A-2,241,804) and 9106143.2
(GB-A-2,241,805) which were also divided thereon. '



CLAI M5 1. An aratus for receiving digital data encoded in an error
C on code and performng an error correction decoding, conprising: 5

a.f “‘T“ for storing received data, a second nenory area for
stoi“ ““ ! data during witing of said received data into said

fir MOEy '%r e€a, *processing neans for performing said error correction 10
decodi ng on said received data, and a third nenory area for storing flag
data corresponding to a result of said error correction decodi ng, wher ewh
said.second nenory area and said thirEAEMEy area 15 are provided in the
sane byte within a single nenory, said second nenory area and said third
menory area are set froma first value to a second value during witing of

22l d [oce Yo 9al ol ne3phdabis SkolIRLIRIES, oRUYAR. SeREC U N E°,
to the reciiobreetrafloh bhde BHR, ba5ERnyfig;h,berBr' Bl LON ™! 10
%gggf gh?g%%&iﬂ%lwfﬁ%ﬂgiﬂg?a‘ d error correction code conprises a .
par i code.
5 - a first memory area fqr_storing received data,
a second memory area;for storing readout fYag data
-during writing of said received data into said first memory
area,
processing means for performing said error correction
10 decoding on said received data, and
a third mémory area for storing flag data
corresponding to a result of said error correction decoding,
wherein
said second memory area and said third memory area
15 are provided in the same byte within a single memory,
said second memory area and said third memory area
are set from a first value to a second value during writing
of said received data in said first memory area, and o’
said second memory area is set to said first value
20 during said error correction decoding of said received data
.while said third memory area is set to a value corresponding

to the result of said error correction decoding.

2. An apparatus according to claim 1, wherein said error

correction code comprises a Reed-Solomon parity code.
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3. An -apparatus according to .claim1 or 2, wherein said first menory
area is also provided in the sam nenory as said second andmnmufml‘gm”m"”“‘
areas. 4. An apparatus according to claiml, 2 or 3, _ !
information data includes first error correction codes forned f¥om a™i Ffst
series of data, and second error correction codes formed froma second
series of data which are interleaved with the first series of Qata, and
sai d ‘weans for performing said error correction decodi ng conprises: 10

first decoding means for performng decoding of respective first error
ecti ; f . ti fl,.ag data_indicating error
o cti on | nbossi bl AR SRPRESRRE AGCAEGIER Foc SlARR logw , ‘hensin weid
[ i [ ti i rst ies o
data is i mposEFEFE: BEBEBHASAER 4PN g LARRRECR GSHei o Hhien oe: AT IS said
respective se r ciiLon _co and conprising: nmeans for
: EB5n8 508 FRIFACheREcChERas

determ ni ng the nunber Acl uded in the respective second
series of data; 20 means for correcting erroneous data anludeq in
the respective second series of data when the nunber of erroneous data is

determ ned toggxceed gnfapphratadch8EBYAEHgEBPR1a3R 1, 2 or 3, wherein
5 the information data includes first error correction codes
formed frbm a-first series of data, and second error
correction codes formed from a second series of data which
are interleaved with the first series of data, and said means
for performing said error correction decoding comprises:

10 first decoding means for performing decoding of

respective first error correction codes:
means for generating flag data indicating error
correction impossible with regard to respective first series
of data when correction of erroneous data inciuded in the

15 respective first series of data is impossible;

'second decoding means for performing decoding of
\_ ' respective second error correction codes, and comprising:
means for determining the number of erroneous data
included in the respective second series of data:;

20 means for correcting erroneous data included in the
respective second series of data when the number of erroneous
data is determined to exceed a first predetérmined numbef and
the number of said flag data relating to the data of éaid

second series of data does not exceed a second predetermined

S|



| ag data relating to the data of said second series of
dat a does not exceed a second predeternined' nunber; nmeans for erasure

\Aﬂmunmu"'mm" | data included in the respective second series of data
lerroneous data is determ ned to exceed a first

predeterh1n%d funber and the nunber of flag data added to the second
series of data exceeds a- second predeterm ned nunber. 5. ' An appar atus
according to claim1, 2 or 3, wherein the information data i s encoded Wt h
respecti vausbee; correcti on codes having a m ni num code di stance equal to
d, 10 where d is an integer, and wherein the neans for performng said
error correction ceamnd fprdersre expaEcting rexaswns rdatta dinchatbed in

satisfying the equation; [err] where, mis a nunber of erroneous symbols to
be 15 cor thet ¥eéspegtivies sgqqma@emfeser% gata when the mumber reft ed;

erroneous data is determined to exceed a first predetermined
5 number and the number of flag data added to the second series

of data exceeds a second predetermined number.

5. © An apparatus according to claim 1, 2 or 3; wherein
the information data is encoded with respective error ' W)
correction codes having a minimum code distancé equal to 4,
10 where d is an integer,'and wherein the means for performing
said error correcfion'decoding decodes respective error
correction codes satisfying the equation;
2m + n <4 -1 -
where, m is a number of erronéous stbols to be
15 corrected and n is a number of erasure symbols to be

corrected;
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