- qh0483-3 7
1" ON- THE- FLY ERROR CORRECTI ON APPARATUS Thi s i nvent ion rel a@s to <Lpog ”f%

m the-fly error correctlon apparatus, e.g., an=Tala¥= cH-rre—chev
cluding disk drives. - "On-the-fly" error corrqu cﬁgpqanE$shassn9t béen
mﬁdely i ncor por at ed into hi'gh speed nmagneti recordi ng devi 1g%ly

di sk drives, for at. | east two reasons: unre Eﬁbﬂpmyn cpagsed. bytcem? S

-~ eXceedi ng- code cofp§c1ion and/ or detection a&gebﬂ xhﬁb@ﬂd%

- caused by the conpkexity of the mathematics ve r § (P

" and/or the extreme conplexity of the mat'henfl %’;‘;‘"{%‘s g%?m gn%ééﬁ =

_error correction. The probl ens conmpound ohp tedher : Pﬂﬁ@re Si §m¥ﬂé """

_ capacity of the code "“*&"F\-Fr"*' : vV and
conpl exity. Each codeRorgﬁﬁaki h conveﬁ##g#% f conpruse§ a conplete

sector, has to be de-coded and corrected prior to reaﬁlng and de-coding the

next codeword. W o] td;le}._lj.@g @@% to be read
and de- coded couIgfgégsigeggggﬁﬁr?ggghead of dﬁpve
nece55|tate9095¥§¢ﬁ§°8népﬂﬁ§ﬁtﬂévoPuﬂ*oﬁcﬁhﬂﬂgﬂﬁﬁic gs agai n under

the read/ ¥rigéviead, YhRchudind4taidk ardvids,A- 4 204,948 disclose on-the- fly-
mul ti-byte error cgrre&}‘s gly wever, the har re to do sq is extrenely
as-#t

conpl ex, enpl oyi ng HBA REEOFH SRTTREE SRRaFatys 52y 5&#?) gat es.
The present bedﬁnwmalyeeheotpowauade.n% lspeid alagr@triaet i on

ot aent 1 nvehEPORALPACABVEEehs oo PRaF 1A IS, Antdhe. £ AT oheatar at us
for correctlhgoereassnsn cudzaddabilgmgu sed by terrnns exceeding

10 code correction and/or detéction capacity, and high

latency caused by the complexity of the mathematics
involved in error cor;zﬁéion, and/or the extreme
complexity of the mathématics to perform on-the-fly
error correction; e problems compound one another.

158 Increasing the capagity of the code to handle errors

simultaneously ingreases latenéy'and complexity.

Each codewgrd, which conventionally comprises a
complete sector; has to be de-coded and corrected prior
to reading and/de-coding the next codeword. Where

20 correction es time, the next codeword to be read and

de-coded coyld pass a read/write head of a disk drive.
This necesgitates waiting one disk revolution until that
codeword is again under the read/write head.

A-4,494,234 and US-A-4,504,948 disclose on-the-

25 fly mulég-byte error correction. However, the hardware
to do 50 is extremely complex, employing hundreds if not
thousands of exclusive-OR ("XOR") gates. The present
inveﬁtion seeks to provide on-the-fly error correction
apparatus which is relatively simple in construction.

30 According to é§§2§§é§¢§;§¥ the present invention,

ere is provided R

characterised by comprising gggns~£ﬁr dividing an :' A
el )

encoded codeword “generator polynomial to form a | bot

r means"ré§§6ﬁ51ve to the remainder for (e
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§ynb0ls, each codeword conprising ?ncoded data and check- word synbol s,
sai d apparatus conprising neans for receiving said code words; neans for

appl ying a-generator polynom al to each of said codewords to cal :f
syndronmes and/or remai nders and to derive therefroma correctioncel?%é eﬂd.
| ocation; and means for reading out the respective codeword fromthe neans
for receiving and there is an error, correcting the error using the
correction value and the |location; characterized-in that: a single synbol
error correcting code is used for genergting said codewords; first and
second successive codewords are interleaved synbol by synbol ; sag¥ éﬁP
nmeans processes sald first and second codemords S|nultaneousiy in two
Parahlel Ch.i?ﬁ' afs TR ey ni u.4d h 3{ aftyeort al d|V|der and neans
or deriving e correc n val ue t he at j0 nvention is
iIlustrated, rrerel%F‘ERF#é}g o0 QPer ?ﬁp?f?ig égcg 5aRyIng dr awi ngs, in
whi ch: - Fi gmmén&:lsomn therenbs opyovided dnathemfdy emwrom coxxeabian ror

correction a ar at.us. l!gHE n er-| eaved
arrangenent EP% é? C f%é%%§e§ %#nbgnggggé |%38%-f e-fly error
correcti of ayemeratingctoonliany encoded aodevord/ ati 4eastatwe a bl ock
di agram of 3%6'1‘# % a%ﬁéjxﬁi@ar‘fé’dfé bndiyenthigalilsy aer neastomtwRst i on
apparatus ac I'ng e present ventlon ’Fl 4 1s a bIock di agram
of a progransyRAtTones %9#a$°@#ibﬂeuPn?§reF€ gét§GHeP e 3;
Figure 5 is an al tgeastditty J€o CQILhrEhe2NES &t of the present
invention, there is provided qﬁ;the-fly error correction
10 apparatus characterised by c ’prising means for
generating from an encoded /odeword a syndrome and a
remainder, said syndrome ¢ mprising an error value, and
means responsive to the nemainder for looking up an

error location.

‘15 According to a yét further aspect of the present
invention, there is pfovided on-the-fly error correction
apparatus characterised by comprising means for
generating from an/encoded codeword at least two
syndromes, a first of said syndromes comprising an error

20 value, and means/responsive to said at least two
syndromes for looking up an error location.

Accordigé to yet another aspect of the present
invention, tyEfe is provided on-the-fly error correction
apparatus cﬁeracterised by comprising means for

25 generating, two syndromes from a codeword encoded by
means of é; irreducible polynomial P(X) having a root o
and a finite field of elements i'modulo_P(x), a first
of said syndromes comprising an error value, and means

_ respohsive to a second of said syndromes for determining

30 ror location i by comparing for equality the value
' of-the first syndrome with the value of the field
element o i times the second yndrome. -

Said codewor

be formed froe&ifgegeeaESE”"
polynomi ving the root ¢ and sai irst syndreme
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an on-the-fly error correction apparatus according to the present invention

where a syndrome [err] provides the error value; . Figure 6 is an
alternative de-coder arrangenent of an on-the-fly error correctloﬂ\ T
apparatus according to the present invéention where a syndrone [edt lka\J

provi des an error value and a syndrone [err] in conjuction with an error
| ocator ‘provides the error |ocation; Figure 7 is an alternative de-coder
arrangenent of an on-the-fly error correction apparatus according to t he
present invention where:a syndrone [err]” provides the error val ue poth
syndrones index an error location in a nenory; Flgure 8 is an alterﬂétlve

de- coder arrﬁggfmé?ofrag fhet E‘Softl Yo ® I Or qiy &

to the prese ion_where
| ocations i nfarmeqlmfyanFaggeaeyath POLVDON LA R ES cﬁ%nt of an inter-

4 | eaved de-goder ool 2p 6@ rs%a&%ree%s Foruudr e theording to
t he present | nven ' Flgure 10 is a Schematic diagramof an alternative

enbodi ment o¥S% frer- | eaved encoder/ de-coder of an @n- the-fly error
correcti og apparatwﬁeaﬂﬁﬁéﬂtﬂﬁntﬁstHahwstraﬂedJ“mHnerlby wangl 6Egure 11 is

a schematic diagramo alternatlve nt / d d
-~ correction cf¥ Pieof ;'Q B RRSOMRR I %&We%ﬁéj ?‘g%#é ﬁscgcgtr)rglnng to
t he prfsent |nvenzrﬂg?r5|guis a biccﬁﬂdiagnamnpiuanﬁoaﬁthm-fhE €ryoxr r or
correction ara or
gerSnge R%g%ﬁ% ) adéq%4§§§:ﬂ5sﬁﬁ%aﬁﬁegenepanEHtiaﬂ sout put

fromthe err at us
Figure 2 is a timing dzagram of an inter-leaved

10 arrangement showing correction’of a six bit error;
Figure 3 is a block diééram of an inter-leaved
de~coder of an on-the-fly eiror correction apparatus
according to the present,invention; '
Figure 4 is a blqck diagram of a programmed logic
15 array of the inter-leaved de-coder of Figure 3; '
Figure 5 is anfelternative de-coder arrangement of
an on-the-fly erro;fcorrection apparatus according to
the present invenﬁlon where a syndrome sd provides the

error value;

20 Figure 6 is an alternative de-coder arrangement of

" an on-the-fly_error correction apparatus according to

the present invention where a syndrome Sg provides an
error value'and a syndrome S; in conjuction with an
error locator provides the error locationj

25 Fighre 7 is an alternative de-coder arrangement of
.an on—tbe-fly error correction apparatus according to
the preeent invention where a syndrome S, provides the
error value and both syndromes index an error location
in a memory; '

30 f Figure 8 is an alternative de-coder arrangement of
an on-the-fly error correction apparatus according to
the present invention where both syndromes index both
error values and locations in a memory;
' Figure 9 is an alternative embodiment of an inter-
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interface 12. Read and wite clocks for timng data transfer are provided
and a servo clock is also provided for tracking control through this f

i mterface. Also shown are normal read/wite electronics 24 for tran lE//?‘h/g
actual information to and froma disk 20 of the disk drive throu .
transducer head 22. This circuitry generates a read clock in res Inse: {0

read data. A servo phase |ocked oscillator (PLO 46 receives a servo ihput :

fromeither the transducer 22 or froma gepar ate transducer -head (not
shown), and outputs a servo clock to the®l/Ointerface 12 through a clock
control 42 and to the clock input of a parall eI -to serial (PISO converter
28fort|mn to. t d e 4. Thi s
much of the error corre"q?C é}p% p%?a?ﬁs{:ﬁg é:fo venti To(%ng:ltdr ec(rizlia wite data

i s input int apparatius |m¢wng;et@athsepressnbEgpvgmttﬂmugh a mul tipl exer
26 under the contrglidird N W4 ig séﬂe&aweoaaag@awug R Wt dhatiiie

SERDES out puts the wite data 1n parall I, y ynbol, to a latch 16
whose out put efbodimant &Ff an Jntes-leaved; ﬁPFPF@F éﬁ-cmqro)oﬁom an-1g,

and to a Bee(ihgﬂﬂ@'hxﬁé& LELEEEL flen Cafphrdusaicdorditigied iR i nput

si gnal s by aggener tor om al . en the servo PLO 46 indicates that the
t ransducer X0t | at%ﬁ‘ | ocated to wite data, data synbol s
are cl ocked out of nilmxfé F1C1 méfsrsdﬁemhtibhdiagd'am iofc anv &l tematiarePl SO

2. Al the ot i Apaepd End et ME-S0arE, ah Serae ity Menchif B2, " °°

nunber of symmolq;'l,-tth&a-ﬁ]armarm ¢ovnedtiosi appefraths dscordimglto of «the~.

data seg t mal, is clocked out of the
encoder/ de- 2,)@ %ég { t?hiel{v%w

Figure 1 is a block diagram of an on-the-fly error

correction apparatus e -
for a disk drive. Data is serially input to and output
from the error correction apparatus through an I/O

15 interface 12. Read and write clocks for timing data
transfer are provided and a servo clock is also provided
for tracking control through this interface. Also shown
are normal read/write electronics 24 for transferring
actual information to and from a disk 20 of the disk

20 drive through a transducer head 22. This circuitry
generates a read clock in response to read data. A
servo phase locked oscillator (PLO) 46 receives a sexrvo
input from either the transducer 22 or from a separate
transducer head (not shown), and outputs a servo clock

25 to the I/O interface 12 through a clock control 42 and
to the clock input of a parallel-to-serial (PISO)
converter 28-for'timing write data input to the
read/write electronics 24. This much of the error
correction apparatus is conventional.

30 Serial write data is input into a serialiser/de-
serialiser (SERDES) 14 through a multiplexer 26 under
the control of the write clock through a multiplexer 44.
The SERDES outputs the write data in parallel, symbol by
symbol, to a latch 16 whose output is connected to a
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converter 28 and appended to the data segment recorded on the disk. This

remai nder conprises in the present enbodi nent a single error correcTIng“ >
code enpl oyi ng two checkword synbols. Essentially the reverse pr@GGdUIGJHS h,i
used during reading. To read data fromthe disk, the read/wite '
el ectronics 24 first -detects a sync mark denoting t he begi nning of a data
sector. This initialises read/ wite timng and the read clock. Subsequent
serial read data is coupled through a ngltiplexer 26 to the SERDES 14 under
control of the read clock to the clock control 42. The SERDES converts the
serial input to parallel and outputs the read data synbols through the

jatch 16 10 #4415 et 1) PUEEETo g ?ﬁﬂr‘bb‘ebﬁffeileﬁbqeaﬁad%b 20ReB@® |atter

circuit divi to recel ve codewor I the heckwor b
t he gener at GOYRASTHFFR enmeréﬂﬁrﬁeéﬁr( AR Y’Hi g‘y g" "ﬂ:l y
di vi si on uni A4 deptafgesebatort beliyﬁaﬁtaan awnenaltm @‘em @uor. The

remai nder (whj ot tech I d I hed d

| at ches 32, %duﬁ&é] Ehﬁngé Eﬁﬁ¥ﬁ§h§g§ e a?% §5 e?%?négngrror

vAIaIt ues ?_rgd :pleﬁ wcauedyteswm:et daltm,taapar Bymhqils are6 alonkedler s.
erna |ve S

| ocati on. f é%%%?&uggggeg 1yél ahi glr}g'? %K'E%u%?e?'%%d b ﬁ% and

i ndexed errmIsmlmmverberpEB whichepropddesether d@taeﬁ@nkal\ﬂér R (XR)

array 38. Thihd ARG PLEQ! o1 868FDATCES 20! PR khed i Wrl QeityTiae O 36.

Ther eafter, | S cont al ne the FIFO buffer 18 are cl ocked,
one by one, segnertXorhichagoppriges| a arefiﬁé%m#peﬁ Aamer 19fcat i on

tcﬁgpf‘gg‘;& %gmﬁo% OtCI(S)ﬁ{Ié é‘&lﬂhiﬁd@i‘efﬁbﬁbhlvli%iéncQifnt&fe \aiteh by ls from
he data segment by a generator polynomial, is

clocked out of the encoder/de-coder 30 to the PISO
converter 28 and appended to the data segment recorded
on the disk. This remainder comprises in the present

15 embodiment a single error correcting code employing two
‘checkword symbols. '

Essentially the reverse procedure is used during

reading. To read data from the disk, the read/write
electronics 24 first detects a sync mark denoting the

20 beginning of a data sector. This. initialises read/
write timing and the read clock. Subseguent serial read
data is coupled through a multiplexer 26 to the SERDES
14 under control of the read clock to the clock control
42. The SERDES converts the serial input to parallel

25 and outputs the read data symbols through the latch 16
to the FIFO buffer 18 and the encoder/de-coder 30. The
latter circuit divides to receive codeword symbols,
including the checkwords, by the generator polynomial.
The remainder (and the syndromes) after this division

30 uniquely identifies both the location and value of an
error. The remainder (while not technically a syndrome)
is latched into syndrome latches 32, whose.output index
a ROM memory 34 having predetermined error values and

locations uniquely associated with particular
_ -y
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dhxinun1count). When ‘the | ocation conparator 36 indicates that a synmbol in

error is now being clocked through, it enabl es the output of thq”XQB;array; B

38, which is the corrected read data synbol, to substitute for théihéaHszg,_
synbol in error. The read data synbols and substituted corrected read data
synbols are connected to a parallel-to-serial (PISO converter 40, which
converts the synbols to serial and outputs it on the read data output of
the I/Ointerface 12. Note that only the information portions of a codeword
are retained in the FIFO buffer 18,\MﬂIQ3the full codeword including
checkwords is input to the encoder/ de-coder 30. In one enbodi nent, each

synbol is fiyve bits. us t f t L Sofi Ve bi t he
latch 16 is Fﬁvgi%‘?tefg'and %e%%%g'c%eg%%ﬁ%eﬁ&fﬁsehgléfls to
serial. The toniopdeng vk wamhr afalaresand checrbiond dEhésdwildoRsrises
two five bita3uohalsha BIFE AR td!% CaFed TTARSCH, UniAuClnabdea! i T es a
single error value and location. There afe [err] different such

possi bi | i ti eeTToRe vRAWedfgntent e ang dnppt $et 2bHoan: exchpeivsnst ant s,

et - TRes b O e e Aot B b S BT ned
by creating EOc8ddRGAtian %Ej”'lﬂ?&aé'rﬂl%%' brﬁgﬁ’é?%eﬁfeg‘t-ﬁﬁgégg?y i ﬁdﬁ(r:imnge
al | known poggmblodseidotitained Nm e\ FARD Bufidr ny8ecaré olotkedgr oneeous
codenor e DY bk Spden s e SRR IELSY S RERELAR | el Bk SERRRLERSY 1"
appar at us actocditiprn cdnmyateaed6 iis alockedt (whichcprefierabdy is a
inter-leaved  IReaPUHTdE HRY AP tHd 'Padbd %6Suhf up to its
maximum count). When the location comparator 36
indicates that a symbol'in error is now being clocked
through, it enables the output of the XOR array 38,
which is the corrected read data symbol, to substitute
15 for the read symbol in error. The read data symbols and
substituted corrécted read data symbols are connected to
a parallel—to—serial (PISO) converter 40, which converts
the symbols to serial and outputs it on the read data
output of the I/O interface 12. '
20 Note that only the information portions of a
codeword are retained in the FIFO buffer 18, while the
full codeword including checkwords is input to the
encoder/ de-coder 30. _ _
In one embodiment} each symbol is five bits. Thus
25 the output of the SERDES 14 is five bits, the latch 16
is five bits, and all the PISO converters convert five
bits to serial. The remainder-checkword, after both
encode and de-code, comprises two five bit symbols.
Each non-zero de-code remainder uniquely
30 identifies a single error value and location. There are
210 gifferent such possibilities. The ROM memory 34
therefore contains 1024 ten bit canstants, each ten bits
comprising a five bit error value and a five bit
location number. These constants may be calculated, but
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t wo adj acent synbols without providing a two-error correcting code. In this
alternative arrangement, the information portion of each codeword Q@@ﬁ%]@ﬁ%
si xteen synbols, for a total of thirty two data synbols in the twme~, < ..
inter-leaved codewords. The inter-leaving arrange- ment is shown if e Elgufe :
2. Each sector ‘begins with a sync mark which is a predeterm ned b|t <
pattern. The sync mark of a sector itself conprises the first even dat a
synbol. This is followed by data synmbolg 1 - 31 and checkword synbols O -
3. Each odd synbol is associated with one codeword and each even synbol
wi-th another. The two codewords conprise a codeword group and are de-coded

si mul t aneousdye ﬁﬁeheﬂabaySd@Rmnmﬁmeﬁemqbbweattngr&;endﬁwnzﬂiugdmg

i nter-|eaved cod p re is no
boundary betﬁ%@n %gégﬁgrgg %b&&malggggﬁe preset |nvéﬂp“£n pern1€e r eadi ng,
de- codi ng apdssbblecermmninhd:m ywodrwondy erdividing each ek ckhened b
thetlrretogierggg N&od! d 24 ?@%}m tdvhd t ’
Si X
Is:yrrbol 52 pl lr: 9 l? 'é‘} ay %@%‘Q‘q r%lts 3?%‘5 38@%11?1 a|]§;ureﬂly In
i gure 2,5t hRssacia ngstﬂ’lﬁdir@at dhe densEy eXEORHIYR TR | ne
and t he Ihﬁ BEQD DATA | ne. Also shomn in the Figure are a hypo-

thetical six fi{ L:Pbn I&_ﬂg@ﬁ?@gﬁm\%@mﬁk(ﬂc&grdﬁ& tonhe fisemnd t heir

correction in response to seéparate EN and ODD CORRECT tim ng pul ses
from separat gy Eﬁ%ﬁf iR déﬂeﬁ@ﬁe a@é leérrledi)eds “THi$ permeits3etection 0f g% egosyHam of

Acoraing. ¢ FHcag) aBanE SYPBRSOR ?ﬁ#f%%ﬁ%&%%?%%i“i) s
i nput t016hecbﬁrebtiﬁgunddm In this alternative arrangement, the '
information portion of each codeword comprises sixteen
symbols, for a total of thirty two data symbols in the
two inter-leaved codewords. The inter-leaving arrange-
ment is shown in Figure 2. Each sector begins with a
15 sync mark which is a predetermined bit pattern. The
sync mark of a sector itself comprises the first even
" data symbol. This is followed by data symbols 1 - 31
and checkword symbols 0 - 3. Each odd symbol is
associated with one codeword and each even symbol with
20 another. The two codewords comprise a codeword group
- and are de-coded simultaneously.

Each data -sector preferably contains a plurality
of inter-leaved codeword groups, the number being a
design choice. There is no boundary between codeword

25 groupa, as the present invention permits reading, de-
- coding and correction on-the-fly.

The latency period is determined by the time to
de-code one codeword group, in this embodiment, thirty
six symbols, plus gate delays of elements 32,34,38 and

30 40 of Figure 1. 1In Figure 2, the latency is indicated
by the gap between the READ DATA line and the INTERNAL
READ DATA line. - Also shown in the Figure are a hypo-
thetical six bit error in two consecutive symbols, S1
and S2, and their correction in response to separate
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control of a clock fromthe clock control 42 which responds to the READ
CLOCK fromthe read/wite electronics 24. The input to the latch 16
conprises both inter-|eaved codewords. These are input unnodi- fied to a
programmed | ogic (PAL) array 56 which divides themby a generatoP\

pol ynom al. As well the data portions of the two codewords are s apated by -
being input to two separate FIFO buffers 52,54 under control of EN'and -
QDD cl ocks fromthe clock control 42. The PAL array 56 contains two
generat or polynom al "dividers 80,82 (Fidure 4) which separate the input
codeword group into its conponents by input |atches 88,92 alternately
enabl ed again by EVEN and ODD signals fromthe c|lock control Each of
t he gener at oEVEN| #ndn ORDa|ICORRE rﬁ#@ﬁﬂ&aE#kﬁ%ﬁuﬁF@RwﬁﬁQﬂr%B%structlon an

|gg|togt 8§O§nga&ﬁ8§glgﬁggﬁt Q,Ua@rs Coélwrdﬁt@é)nnect ed to t he ogt put of an I)(O? ]
nn regis an atc
90, 94. The regi st eF18YTS 3 dF 2 iﬁs"‘ﬁ%rﬁ%&‘-{’éﬂg (%H ntetr ?ﬂ'?épalﬁl
Egos$houtp?tc?ae?o?ﬁeahe@nﬁ?hgﬁgeyuhﬁr?f)d&mriff?qnu&pﬁﬁratmbto a register
e output o ere er IS nultiplie tiplier go
and proviXed2G6054dng, 8 ithsus rtq§q lﬁ%l %n86yD%§aGa%]fo+ﬁb%W%ppPeC| at gd
th: S arralrlge?gnDEsf 1dl qmyi&qonc)\/lmarﬁmmltsodthe slatclbyl & wder at or
pol ynoni al of _the for E%GE’ imwg he generat or
pol ynom al Q ?5' %TrlrJ(?rlﬁ rfd'lo er r'ff‘ﬁ‘?E %‘ 1 v%er ega i is a
mtuple fiel zieepemélst t@f tGE([R&Aq )Chﬁﬁﬁlﬁw>9h& readfwmiterr] + 1. Thus,
gl = [err] 2?% ! %‘nglcsa%h gg.l.‘he :fﬁ'[ﬁdt TH0 . 146K &1 §0dSRprises exanpl e,

are the co-e nts of
10 both inter-leaved co ewords. These are input unmodi-

fied to a programmed logic (PAL) array 56 which divides

them by a generator polynomial. As well the data

portions of the two codewords are'separated by being

input to two separate FIFO buffers 52,54 under control
15 of EVEV and ODD clocks from the clock control 42.

The PAL array 56 contains two generator polynomial
dividers 80,82 (Figure 4) which separate the input
codeword group into its components by input latches
88,92 alternately enabled again by EVEN and ODD signals

20 from the clock' control 42. Each of the generator poly-
nomial &ividers'have the same general construction, an
input XOR gate 84 whose other input is connected to the
output of an XOR gate 86 and whose output is connected
to'a register RO and an output latch 90,94. The

25 register RO, in turn, is connected to Galois multiplier
g1, whose output is connected as one input to the XOR
gate 86 and to a register R1. The output of the
register R1 is multiplied by a Galois multiplier g0 and
provided as a second input to the XOR gate 86. As will

30 be appreciated, this arrangement of elements provides

| Galois division by a generator polynémial of the form:

x2 + gqX + 90 
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[err] and [err] is a root of P(X), i.e., P([err])[err] After every synbol

of the respective codewords has been clocked into the register RO, the

remai nder is available at respective latches 90,94 in response to two nore
clocks. During these clocks,, a timng signal CWOUT cl ocks the Aatches.: The. .
output fromthe PAL array 56 is provided on a CHECKWORD OUT ou\gb;gﬁﬁg@nkhm;g
both | atches 90, 94. Because they share the sane output, the latches are ~~ "™
alternately enabled by the aforenention& EVEN and ODD signals. This
CHECKWORD QUT .out put is provided during encode to the PISO converter 28 as
shown in Figure 1, and to four "syndrome" |atches 58 - 64 shown in Figure

3. The two synbol sIof thee preferzes: iemhatingnt | LheaengratP®Enes 58,60 in
response to ﬁg@?ﬁgﬁ&g& g(xalis:CW and CW2. The two synbols of the odd
‘checkwords are Tatched by latches 62,64 in response to successive signals
CW and CA2. After the | atches have been | oaded with the checkword synbol s,
they are provided, two x@ a ti®x 0 BOVs 66,68, on the ROMs ten bit
address input lines. First the two even | atches 58,60 are provided as
co-ordi nabed by the EVEN'%ignaI. %g Next the fwo odd | atches 62,64 are
provi ded as £xomowrdiots ed 15y ande B0 % ghere Each i a e-waptesBieddar e

1024 x 5 raggggls“ggl e?’?dé@?@?%ﬂ?ﬁ%?&ﬁ% Wﬁ&zgm{ sephdg, 1024 five

bit error v 2 C morqi in nits ten bit address
li nes. The cght entts “of= 0103 0RGM @& orgs isset hes 1Y, where @010,

‘locations asehodgxad AL t g oCE NN r § 1PNt df SEHEmbiprddr ess | i nes.

I f fewer than the maXi num nunber of possible codeword synbols are used, as
in the pteferred enbodi ment where

a' = At + Ad® +A0? +A0! +A.0°, and a is a root of
P(X), i.e., P(a) =’ +a®+ 1 =0

15 After every symbol of the respective codewords has
"been clocked into the register RO, the remainder is
availabie at respective latches 90,94 in response to two
more clocks. During these clocks, a timing signal CW
OUT clocks the latches. The output from the PAL array

20 56 is provided on a CHECKWORD OUT output from both
latches 9b,94. Because they share the same output, the
latches are alternately enabled by the aforementioned
'EVEN and ODD signals. This CHECKWORD OUT output is
provided during encode to the PISO converter 28 as shown

25 in Figure 1, and to four "syndrome" latches 58 - 64
shown in Figure 3. The two symbols of the even
checkwords are latched by latches 58,60 in response to
successive signals CW1 and CW2. The two symbols of the
odd checkwords are latched by latches 62,64 in response

30 to successive signals CW1 and CW2. After the latches
have been loaded with the checkword symbols, they are
provided, two at a time to ROMs 66,68, on the ROM's ten
bit address input lines. First the two even latches
58,60 are provided as co-ordinated by the EVEN signal.
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only sixteen data synbols are used and the maxi num codeword l'ength is
thirty one synbols, each ROM s contents can be correspondi ngly reduced
because of the reduced nunber of possible error values and |ocations. The
even error value is tenporarily latched in a latch 70, and both eggri-and- - .
odd error values are provided to the PAL array 56 for subsequent SRR R
addition to the erroneous read data synbol for the even and odd codewords
of a group. The even and odd error |ocations are provided to respective
count-up counters 74,76. Next, the conteygs of the FIFO buffers 52,54 are
alternately clocked out under control of EVEN and ‘ODD signals both to the
PAL array 56 and to a latch 78, which has a disable input connected to the
PAL array. Nyextl ithe ¢wohdddARd¥eHes 864 @re kprbvidediasisoel ocked out

to the PI SO converter e of the counters 74 or 76

I ndi cates an §B¥ Eﬁ@%é& ﬁﬁmMaéﬁrﬁﬁ?%ﬁ hy di sabl es the output of the |atch
78 and enabl es t he ESCRRECTRDeRBRAMD/EBY GBitaxe 1024 e P sundonvaccess4o.
Figure 4 Sho%@%&%@s‘)% gérg%*ﬁo?d F&é) mﬁf& LRE o ¢f'4tf'fv€'°$i€”ay 56.

The EVEN and error val ue are as one_input to an XCR array

102. 1% Tesrorhaalugsu@s dnsdexed @y @%mmkwr@ﬁelwwb enf LEFs. 52, 54.
bresent ot L T e e g e o ATMorPout bs
gnabled undeFOFEKigGhFhﬁ 1924 Fiye %aﬁxﬁpﬁw&g%? arrgyéggﬁgeévém or
ODD CORRECT E&iéBleEuefdmﬁse iU o {¥s en ThEt caddréssflihesOR gfte 100
al so disabl eg Lne FTRAR PhY il dulitn ' Aliitfer Sor pOSs 18 bodERBEEE XOR array
10 symbols are used, as in the preferred embodiment where
only sixteen data symbols are used and the maximum
codeword length is thirty one symbols, each ROM's
contents can be correspondingly reduced because of the
reduced number of possible error values and locations.
15 The even error value is temporarily latched in a
latch 70, and both even and odd error values are
provided to the PAL array 56 for subsequent Galois
addition to the erroneous read data symbol for the even
and odd codewords of a group. The even and odd error
20 - locations are provided to respective count-up counters
74,76. Ny . ' _
Next, the contents of the FIFO buffers 52,54 are
~alternately clocked out under control of EVEN and ODD
signals both to ﬁhe PAL array 56 and to a latch 78,

25 which has a disable input connected to the PAL array.
Normally, each READ DATA symbol clocked into it is
clocked out to the PISO converter 40. However, if one
of the counters 74 or 76 indicates an error location,
the PAL array disables the output of the latch 78 and

30 enables the CORRECTED READ DATA output to the PISO
converter 40.

- Figure 4 shows the portions of this process
contained in the PAL array 56. The EVEN and ODD error
values 96 are provided as one input to an XOR array 102.

This Sheet Has Been Rep lace




provi ded on the CORRECTED DATA out put to the PI.SO converter 40, thereby
substituting for the synbol in error. If no synbol is in error for a
codeword, the remai nder from division by the generator polynomal is zero
Zero could index an error |ocation value that would not count oyt

counters 74 or 76, or alter- natively, neans (not shown) can be rb%uded io
detect all zero remainders and inhibit operation of the counters. Figure 5
is an alternative arrangenent where thetdoots of the generator pol ynom al
are chosen such that a syndrone [err] directly yields the error value. The

even codeword is shown. An identical arrangenent is made for the odd
codeword. |The (ptherrinputeho, eagh disotbeaputpmts pfatde] EAFP, yield a

gener at or pQQﬂﬁﬂﬁﬁé'sieS&l When an er2f hﬁbﬁkiﬁﬁrﬁdﬂ betvTBelaraf the .
codeword are ocked 6oug 2 §generator pol ynom al divider, the last two

inputs bei ndvinad othey Bnegrorhdsc present at tihds doputeto Ry, RL
represent tfﬁxémr@ﬁaﬁhvoded by:hé XoRe airlrayWoutbuts 1sy&ekamd[ err]. The

b, o Tk PER oS BULRULR, oLl 26, st Lkl Alg e
before, aISQﬂnmNqmelgnndeuRRECESEnABnErofrbmcthbomouhterstnd ﬂénalnder i's
D TSB! Spchnb cBRChREs To kiR WiGaRidsCRhe AR O 1
al t er nat i ve DATAMEnthe, labhchs§Adr ofbe[ entputafrion dhed XQRt Array dsne
generat or PGl Yoy {dd 3bn! £h¥! BbRRECEDUBAMAI CUHPRY kP EneN pYisher | ocation
10 converter 40, thereby substituting for the symbol in
error. :
If no symbol is in error for a codeword, the
remainder from division by the generator polynomial is
zero. Zero could index an error location value that
15 = would not count out in counters 74 or 76, or alter-
natively, means (not shown) can be provided to detect
all zero remainders and inhibit operation of the
counters. |
Figure 5 is an alternative arrangement where the
20 Troots of the generator polynomial are chosen such that a
syndrome S, directly yields the error value. The even
codeword is shown. An identical arrangement is made for
the odd codeword. In this arrangement, the roots are

ao and 61, yield a generator polynomial

25
G(X) = X2 + o + o', and
gl = @' = 00011 and g0 = a' = 00010.

-Here all symbols of the codeword are clocked
30 through a generator polynomial divider, the last two
~ inputs being set to zero. The sum of the contents of
- the registers RO, R1 represent the remainder divided by
X - a9, which is syndrome Sg. The sum is formed by
providing the outputs of these registers to an XOR array

: ThlS Sheet Has Been Re;

AT



by the circuit shown in Figure 6. This additionally elimnates the need for
the ROM 68. As before, [err], the output of the XOR 106, yields the error
val ue. The division of the remainder by X - [err] yields syndrome [err].
The co-efficient of the multiplier g0 is [err]. Thus the renmai ndgro) :

divided by X - [err] happens to be the output of the Galois multiti p‘]iér g@?‘

sumed with the output of the register RO This sumis provided by an XOR
array 108, the input of which is the afqrenmentioned outputs. The error

| ocati on may be found u3| ng the syndrorréz[ err] by conparing the product of
[err] and [err] = 31tothe error val ue at thelocatlonl. The

pr oduct nay er, codeword in
GF(25) has %ﬁ%%ﬁ%g:g fi @I Iwel'yr?’e#qui[s ﬂﬂe %f[o dlgs enbodi nent ,
however, | ess thanTI;BI rpmad-nﬂlee',case\hgﬁbng/.n‘@dlsv amémi-yzé;dentifies

Speci fi cal | n© 8; |y ggyé ﬁaqg s Gv d Rese

an‘pl’l si ng yat ag}: t lo\@attg.f‘hn 1 13 m)st Si I cant syrﬁ:a)!:)els of a
codewor d ar ethet Oﬂﬁpﬁtﬁaﬁ’f regdetesc Ry %n&&u&hﬁat@drﬁﬁ dmputs e first
- possi bl e gatEhérken 685 2hisObelfory, eﬁaﬂ firsesd ithe dridrt Q.%dtQ.QﬁrI  ons can be

s by oo avebal) Bl altarom sl foamenete MR O oo
110 nul tipliggndebmk B mh?r lb]e useHSw&ﬂcadwl ﬁmlrgamﬂaam] poly- nput to
o orrer Tocglat Foea Ve ae e 0T ST e B, o
regi ster R3 apdthe g:amhmmqm dn Figureheé .outThits (afddlltei.orajtbt er RBis
mul tipli 1eg b¥l£§iﬁ£t@§ LRRU el %lxqﬁéarl{ow ggt8 and the register R3. The
As before, Spr the output of the XOR 106, yields
the error value. The division of the remainder by
X - ol yields syndrome Sq. The co-efficient of the
multiplier g0 is a 1. fThus the remainder divided by
15 X - a 1 happens to be the output of the Galois multi-
plier g0 summed with the output of the register RO.
This sum is provided by an XOR array 108, the input of
which is the aforementioned outputs.
The error location may be found using the syndrome
20 Si by comparing the product of 5S4 and a i,'i = 1,2...31
to the error value at the location i. The product may
be determined by multiplying S; by « ?.'
A codeword in GF(2°) has many symbols as field
elements, i.e. 31. In this embodiment, however, less
25 than all possible codeword symbols are non-zero.
Specifically, only 18, with only the 16 most signifi-_
cant of these comprising data. Thus the 31 - 18 = 13
most significant symbols of a codeword are not important
to correct erroneous data. Therefore, the first
30 possible data error location is 14 and the first
thirteen locations can be ignored. This is achieved by
multiplying S4 by o 13, preferably, or alternatively by
multiplying Sy by a 1 thirteen times. A pre-multiplier
110 multiplies S; by o 13,
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ot her input of the XOR array 118 is the error value fromthe XOR array 106.

If the scaled error location and error value are identical the

correspondi ng data synbol is the one in error. Also, if the two inputs. are\.
equal , the output of the XOR array 118 is all zero. This is tested by, @ ; \
gate 120, which goes high only when all inputs are zero. As each data' b
synbol (even or odd) is about to be forwarded to the PISO converter 40, its
first input is provided to the latch 70 and to the XOR arrays 38 (Figure

1), the even one 104 of which is shown iTFigure 6. The other input to the

XOR array is the correspondi ng even or. odd error value In Figure 6, the
error value fromthe X%%‘grayqll%ls I pput  to. an X t he out put of -
which is gated by & :9@91%m outbﬁtlﬁPuF gﬁ?eeﬁFPﬁy 124 is

enabl eld when 1td&ﬁ‘dﬁRh o234 etﬂx?&gmoh cswr £bch he1 Peandt iabood aegtsearcRdeword
error |ocati 1| S, out’ IS conn d to the CORRE ATA out put
of Figure 3. E?ﬁf% qﬁ? {Fébgﬁi u?iS?e?hgnhﬁrpgiggbﬁgé IP gEonnected-
to the Iatchwhichuimbkmméesthémregi$terdR3taad ant #h' whehtapléeen error

| ocation i.s f d. | t SREF Eﬁﬁ? bgt,i &uli ng

t he READ lB TAO'L? the él]n%u’%&?% c%% 1&1& §g%onvertcgfE g ac ﬁgtf?'%g tB e PI SO
converter 40a§uinﬁu$Itn(ﬁn7ﬁpRua¥¥ﬁbckb% femd abheveagishes| R3s heThegi st er

R3 is clockeg, Oﬂ?% Wﬂ?é"’e}for@fai-fé%h%'di&'ﬁﬁé eerabevamaat £emt he
- XOR array 118 t nex pomer of [err rocess continyes until

the entire edde é@?ev&ﬁ’c'FYs 08 oc ek ckhe TRea iR aPET RS éﬂG%J-Pﬂ fPBure 6 is
for the even mﬂﬁ”drdidéﬁti@&?aéﬁél é8rréBpondingodavar gymbath al so

has neanﬁofo&s éﬂﬂlr] t n errozgat so,ofé gﬁe two inputs are equal,
the output of the XOR array 118 is all zero. This is
tested by a NOR gate 120, which goes high only when all
inputs are zero. :
"As each data éymbol (even or odd) is about to be

15 forwarded to the PISO convetfer 40, its first input is
provided to the latch 70 and to the XOR arrays 38
(Figure 1), the even one 104 of which is shown in Figure
6. The other input to the XOR array is the
corresponding even or odd error value. In Figure 6, the

20 error value from the XOR array 106 is input to an XOR
126, the output of which is gated by a gate array 124.
The output of the'gate array 124 is enabled when the NOR
gate 120 indicates the detection of an even codeword
error location. This output is connected to the '

25 CORRECTED READ DATA output of Figure 3. At the same
time, the output of the NOR gate is also connected to
the latch 78 and disables the output of that latch when
an even error location is found. This results in the
CORRECTED READ DATA substituting the READ DATA at the

30 input to the PISO converter 40.

Each time the PISO converter 40 and the latch 78
are clocked for an even symbol, the register R3 is
clocked to load a new power of s! and place on the input
to the XOR array 118 the next powef of s'. The process
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only when a correspondi ng even or odd synmbol is present at the |atch 78.
Figure 7 shows a variation on the even de-coder segnent of Figure 5. As the
syndronmes, as well as the remainder, in conbination are uniquely associ ated
with a single error |location, they are provided fromthe XOR arrays 106
[err] 108 [err] to the ROM 68 to | ook up pre- associated error |6&cations.: -
Figure 8 shows a variation on Figures 5, 7 and 3 wherein the syndrones are
enpl oyed to | ook up both the pre-associatged error values and |ocation from
the ROVE 66,68 respectively. As shown in these Figures, the syndrones are
formed by dividing the remai nder by the roots of the generator polynom al.

There are ot E@hﬁmwhr@l@rﬁﬁ@iéﬁﬁ@@ﬁm%&%ﬁi chsl epescesse8, exanpl e,
shown i n. US- A-4, 58 686 di vi.des code its l{ﬁb the roots of the

d
gener at or pol ynom Faratas § Q: X5 € Bra%thve
i nt er - | eaved codewardr drrlqm t i i ﬂ%mwiﬁedB fdrerche odd cadeword. i s

rray o6 as BaPD A1k, Ak BEHREFhe e Rl AR EEIAT ofRbts,
but out pug cowleycmn fa icomresponding téwenian odd t$ymidl-GHupresents
funnel | ed th us antgﬁter- —+«gate of the PAL array 56. Figure 10 shows this

vari ation, native inter-|leaved encoder/de-coder 80. Here
both even and odd Higwses % shewsha Madakionren the ieyer de-¢PdeXCR array

102. The ot h@egmaRit! dfS FilRipd % erﬂé)rth’@'ég:droﬂe§ s wéDFea®UEREt S
normal 1y all rze%traci).%séelénl eisnS c% lilneaotlzityn tahx:(?e un ateel 10&95&’\@3 ateé he:{tan even
or odd error ’ ) 4

10 single error location, they are provided from the XOR

arrays 106 (So), 108 (51) to the ROM 68 to look up pre-

associated error locations.
Figure 8 shows a variation on Figures 5, 7 and 3
wherein the syndromes are employed to look up both the
45 pre-associated error values and location from the ROMs
66,68 respectively.

As shown in these Figures, the syndromes are
‘formed by dividing the remainder by the roots of the
generator polynomial. There are other ways of
20 determining syndromes from a codeword. One example,
shown in US-A-4,584,686, divides the codeword itself by
the roots of the generator polynomial.

Figure 9 is a schematic view of an alternative
inter-~-leaved de-coder.ffom that of Figure 3 wherein the
25 latch 78 is eliminated. Here both the even and odd

symbols are provided to the PAL array 56 as before, and

output unmodified if the symbol is not in error, but
output corrected if in error. All the data of the FIFO
buffers is funnelled through the XOR gate of the PAL

30 array 56.

Figure 10 -shows this variation, plus an alter-
native inter-leaved encoder/de-coder 80. Here both even
and odd symbols from the FIFO buffers are input to the
XOR array 102. The other input is from the error value
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|'ocation has been deterni ned by the counters 74,76 (Figures 3 or 9).
enabl ed by the OR gate 100, the EVEN or ODD error value then present
t.o the XOR array 102 where it corrects the data symbol in error frpmm

FI FO buffer.

In both cases, the results of the XOR array are correbth

When

passes
he \ 1 5‘.

aand N

forwarded to the Pl SO converter 40. The encoder/de-coder 80 repl aces the
pair of encoder/de-coders 80,82 fromFigure 4. In this Figure, regist

RO, Rl and R2, R3 are shift registers wggch have two array cells.

tially,

this manner

ers

Essen-

at each clock, the register RO copies the five bits on its input
and the register Rl copies the five bits in the register RO and pl aces
these bits 09‘6Ltﬁheﬂépdﬁtpﬁﬁeiéeﬁbﬁnﬁﬂ.iyRallR&eQbéBaimlesst ematded way. |n

cllock ¢y ough el GRchabs. 1Al “BrB BERERE. Boy 5veB, e, R BrEkh o o

WO separate
codewor ds bylbbatibnfhasebeenedetarmiﬁadaby Rhe Eannthcsoaﬂpﬂﬁ I's the sane.

”ﬁlgﬁfQQCSS £h§%”eeﬂmk9xr eRUB b&abﬁhﬁﬂ' ObRk ltte' Rlgos" Tn0. 91,

The arrange
etc. Figure

of Figure56 BﬁgNo9rngDDhersnrfvaiugl§hen Dresepsnpasses kg

é’g ?620& L.eea&er c&%%e@% Reen gaeal %%@,ow 1) %fofdr registers
tion | entlca to shift registeis RO, ﬁﬁ R3. On

regi ster

R4, R5 mhlch

erféd varratiron

alternate clfxrs, the ELER BPfgﬁioerF&erG@aF?§ﬁswst§@aFﬁ§H %

outputlgg t hgoRiORrgaycatélcapdetlt @hEOFoYWatd@edn toheheutprso of the XOR
array

enabl es the EQPEeIEEItggpass the error value through the XOR array 126

whi ch

If the te 120 indicates an error location is present,

160rrects the eéatedeyifielcodesr 80r regdeeesr thef padiremfor

15

20

- 25

30

encoder /de-coders 80,82 from Figure 4.
In this Figure, registers RO, R1 and R2, R3 are
shift registers which have two array cells. Essen-

_tially, at each clock, the register RO copies the five

bits on its input and the register R1 copies the five
bits in the register RO and places ﬁhese bits on its
output. The registers‘RZ, R3 operate in the same way.
In this manner, both inter-leaved data segments or code-
words are input each clock through the latch 88, but are
effectively separated into two separate codewords by the
shift registers R1, RO and RZ, R3. The output is the
same. The arrangement reduces the need for duplicate
Galois multipliers, g0, g1, etc.

Figure 11 is a preferred variation from the error
locator arrangement of Figure 6 employing the shift
register arrangement of Figure 10. Here the register R3
of an error locator 128 has been replaced with shift
registers R4, RS which function identically to shift
registers RO, R1 and R2, R3. On alternate clocks, an
even or odd error location is available from the output
of the NOR gate 120 and the error value on the output of
the XOR array 106. If the NOR gate 120 indicates an
error location is present, it enables the gate 124 to
bass the error value through the XOR array 126 which
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| ocation is not present, the gate 124 is not enabled and out puts al

zeroes, and the data fromthe FIFO buffer passes through the XOR array 126
‘uncorrect ed. 17 CLAIMS 1. On the fly error correction apparatua‘fdr A
correcting errors in codewords, grouped in multi-bit synbols, eagh: cademofd
.conpri sing encoded data and check-mord synbol s, said apparatus conprising
means (24) for receiving said codewords; neans (30) for applying a
generator polynom al to each of said c words t-o cal cul ate syndromnes
and/or remai nders and to derive therefr a correction value and | ocati on;
and neans (13, 38 34, 36) for reading out the respective codeword fromthe

means for reesivd s %M é#@eégmbéla{h £P5r . COBGGELERY LBCaR! rd#Si NY

the correction va ati1on aracterized in that; _a _singl e

symbol errorlagation iy neticoresent  the grterhidnissarh epablsdjand st

and second W&Vflrmééf 2hE& tRécgheavedonythel FRrospuEger said
appl yi ng neans processes sald tirst and nggnd codemoﬁsaf5|nultaneously in-

two paral | elPaSE8H FRTORIR Hthe XOR | 2EF3¥H 140 'IRGORER§ di vi der (80,

82) and ans for deriving the correction value and location. * 2. An error
correction apparatus as clainmed in claiml1, further conprising a nenory
(34, 66, 68) for storing the correction values and | ocations. 3. An error
correction apparatus as claimed in Caiml or 2, in which the applying
means conprises a first XOR gate (84) having a first input for receiving
the codeword, a second input for receiving the output of a

10
15
20
25
30 _
—
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18 second XOR gate (86) and an output coupled to a first register (RO), the
output of the first register (RO) is coupled to the input of a first
nultiplier (gl) and a second register (Rl), the output of the flrst

nul tiplier { input of the second XOR gate (.86)f ){hd Qutput

of the second register is. coupled to the input of a second- nultlpl

(g0) and thﬂ“\mmm Rkﬂ“ rovi des the second input for the second CR
gate (86) ctlon appg atus as clained in clal -yhen
dependent ‘on*cl &int2,” in which the sumof the outputs of the And
second registers (RO, Rl) is used to address the nenory to aln he
correction value and the | ocati on. ¢by, A AnMesror correction appayatus as
claimed in claim3, in which the output of the first XOR gate (84) provides
the renai nder. 6. An error correction apparatus as clainmed ifi claim3,.in
whi chdt he aum of thw-thépflg efrbbecbirrettiod appandtnsg' #c~ RO, R1)
provi des t cQrres c N halehe.dyady t he out puts
of the firstt %g ggﬁﬁdc?ﬂﬁFgﬁgﬂ gﬁégsR?§ pggéﬁ Eh& é regal nder. 7. pAn
erraL Cﬁrgﬁo¢m®ewam@azntutsagenézahed polynhamial tpeﬁogmp dent on claim 2,
in I ch the, e t o] t ¢80 e .St RO, R1
provi des the §§%%8%ﬁ% c%gge@géﬁg }eggsn%gbécgérggélg%mg |ue’Zﬁ§5thé sun1o¥
the first anhoebbmmdupegnsenrgr(mocakipnu§ndsgalus-ad- ess the menmory to

obtain the lgcati ogn.. thegflx 88 Bk %r%%'i;%hl apparaglat ¢haaael ai ned in
any precedlng claimin wh each channel_has a respectiyve
erised by comprising means for generaling from an.
10 encoded codeword at least two syndromes, and means

responsive to said at least two syndromes for looking up

an error location and value.
3. On-the-fly error correctioff apparatus charac-
terised by comprising means fdv generating from an |

15 encoded codeword a syndrome aid a remainder, said
syndrome comprising an erro«-value, and means respbnsive
to the remainder for lookifg up an error location.
4. On-the-fly error cgrrection apparatus charac-
terised by comprising means for generating from an

20 encoded codeword at léast two syndromes, a first of said
syndromes comprising an error value, and means
responsive to said/at least two syndromes for looking up
an error locatiop.
5. On-the-f error correction apparatus charac-

25 terised by comiprising means for generating two syndromes
from a codeyord encoded by means of an irreducible
polynomial/P(X) having a root ¢ and a finite field of
elements/ ¢ i modulo P(X), a first of said syndromes
comprising an error valué, and means responsive to a

30 second of said syndromes for determining an error
locgtion i by comparing for equality the value of the
fifst syndrome with the value of the field element « i -
Zimes the second syndrome.
6. Apparatus as claimed in any of claims 3 to 5
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pol ynom al divider. 9. An error correction apparatus as clained in claim
8 when dependent on any one of clains 3 to 7 in which the applying neans
conprises two-first and secand XOR gates (84, 86), first and Second -
registers (RO, Rl) and first and second nultipliers (g0, gl1), each t;
associ at ed m"mm,ﬂ"ﬁmmmchannel 10. An error correction apparatus’as :
clainmed in a 1 to 7 in which the two parallel. channels
share a singlé pblynorfial® dfvider. 11.,4n error correction apparatus ,as

clainmed in cla|n110_mhen dependent on any one of clainms 3 to 7, in i ch
the first register is a first shift register (RO, Rl) and the secoxd

regi ster isgRa seeeéiaaaf Fnr %ﬁh%t %&i&R%odB%bralas RoraidP £ £ i on

'\..'\3

apparatus as c almed 1n_claiml firstg and. second Ahift
registers (%ﬂeF&t°R29°ﬂ2¥f‘°ﬂl|’-é1t Révé-égl t§ﬁ| F'Pqte@ st ér%d a4 SHEET
syndrome is formed from the root o 0, .
7. Apparatus as claimed in claim 6 characterifed in

5 that said codeword is formed from a generator golynomial
having the root o 1 and said second syndrome As formed
from the root a !, '
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