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EP 0 218 413 Bl Description The present invention relates to a systemand a
nmet hod for_ correcting errors in coded data recorded on a record nediumin
bl ocks_and sub- bl ocks with errgp o@igaks Byt es recorded with the data bytes.
The 5 fnvention has a particul ar application in correcting errors in coded
data recorded on a diskfile. The prior art describes various systens and
met hodesériptiogor recting errors in coded data recorded in nulti-bit bytes in
a suitable record nmedium such as a disk. US-A-4,525,838 is pertinent,
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bei n b di w3y bl ockg error correction capability of such
- a syg'f e?ﬂ Bélé”mI ds? cg'}’rect up t Ftvvo errors in any one of the

sub- bl ock, uqt.ouw %{ gs% rgsgnegxnoeauo-al %m& %a.gn%l% B Q6Hyd B gach

bl ock. éfhrrfﬁ%@c& ét) e ﬂ’ﬁth%"é%e WAd befe'Has @lal Ind 541, wHeré @ + 198 GquBib ©

posi ti 0§ 16¥s than 325 p(é MWRIE B chritpahioh mbfdR of® ikl JBRhdnf4l for deEF@ & ThdP€ymbol T’

COr I 8£t jopidsemiéSt mnbﬁmagpsksbuc 2in6s. IOk aSRMb@ at the f@IBWiIng UNGAx Rf entiotied f he

var i ousprefendal sndbti®e®: i N t he sub-bl ocks of the block. This general case is

described el sewhere in this specification. As shown in Fig. 1, data

recorded along track 11 iS”Vé]%rﬁBcfteg Q/rl o a plurality of fixed or variable

| engt h bl ocks 12, each of i ivided into a predetermned plurality

of “%ab- bl ocks 14. A bl ock |er 00p @l9ctko byte area 15 is associated with

each block. This area, as{shgqwp @rdodegdribed in nore detail bel ow,

i ncl udes four check byte fositions for data integrity checking and two

check byte positions for 4et&nd-9 &% drfror correction. In the

conflgur ation of Figg= 1, 4 s@dewprodocomydri ses 48 data byt positions and

t hre® check byte positiong. Ebsh §u§ (pl ck has two interl eaved codewords.

Each bl ock 12 conprises: 1 bY = 55 each having 96 data byte

positions and three pairs|od osabe @ cbctk heck bytes [err] and [err]; four

check bytes, [err] , for g checki ng; and two check bytes

lerrl, for second |evel cdﬁe%c'toln%?%%ei data integrity check bytes, [err],

appended to the:end of each block are CRC check bytes which provi de dat a

i ntegrity Thb16ds |G¥dnesy EaRicROT1)aRE iBNs shiIeRnteR@FkciRY F8sd-Sdmn dR eCHAERe

det erm ﬁedilyamdmﬁfrom theP phor 2308 TAd 3-bit 1cofnd Cis616:€ , cofrépbidN® PetidntsOdf G gBpraas ent

i nvent i matipliddien py @fabix It doresivnds wEthd mokipliastios by Qe Galdid' Bald BIGrherBy:SMiHi’B accar di ng

to t he pinviverlbmentveprdsertetl hyshdig eduromofdiadearir synbol s in Gl oi si Fi el ds

[err], or T@&-erogderfor gbtreatipg itheeohgckduytde Woraad Cnfoeaach veuhinlphcciub-dodipisisbew im dat a

byt es ( Figs= 2489 3JBwiagendercidndliensity perferial modiuicee: (¢ beacdtionsywhere gk is grigtyaaeinial [with r |

angyj er 1opt « and et e spepific gegorpler pojynemial iferr] i dentical ly correspond to [err]
err}g( and satlsfy the follow ng two nodul 0-2 matrix equations: [ERR] In

equatq of& C1f aﬁdﬁ(*zw =t{e & éﬂ'z)ésel’ffs a m)dul 0-2 summation operation,

b t t t

Eg{j;gm'rs uH ? ;& at by e as hroucogzgr:ntvgc lbck an t;:l?gqu%%ncg O%Imf r(:r:ag br ﬂ?ﬁlg €ss

t han 25 S tl Jo al of

%lf] 4 ﬁ% t S0 i e '%e%a ol i S ‘fkﬁm ags. It
t

degr g r'ﬁé( lu@u’é
i's aSSU.’éE3 &d itfto the &h fn ut'ZB At a%l@ tﬁé bsethtion,
enbodi nﬁ&iks 2{ dé? Q&ﬁ’alrgéh‘é&rby@! CRaMES,| REbctvdl d (2)

si ngl e- symbgtercgw\lengy Re abusho b MATR eQiaticRCH code re'adl |y known fromthe
prior art. The 8-bit colum vectors correspond to elenents of G- [err], and

mul tispl i cation by matrix [err] corresponds to the nultiplication by the
Galois field elenent [&tk] where [err] is a 35 primtive el enent

represent ed by th;e Lir cql3egn of the matrix T. The encodgy,for generati ng
the check bytes: [érr] [err} for each word in each sub-block is shown in

3
3

55 :
The computatiqu of Cs, uniike the computations of C1 and Cz, is performed separately by means of a shift
register and miatrix multiplier as shown in Fig. 4. Initially, the shift register is set to all zeroes and the
ordered sequence of sub-block bytes, starting with B+ 1 through By, is entered into the register in m+2
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1] . .
Figs. 2 and 3. The encoder functions to performnodulo g (x) operations
where g (x) is a polynomal wth root a and a2. The specific generator
polyngm al is: 40 g (x) = (T EpQafdsisgr + x) = [err] + (T + [err])[err] +
[err]. Check bytes [err] and [err], which correspond to [err] and [err],
respectively, for one codeword, are devel oped by supplying data bytes [err]
t hr ougdacessiver §hifts.oAti tirgoend 0P Mis dikratide, P cententshilf caglsteR 32 Eamasrondsrio the veli@ pieCzan 8- bi t
fi el dElehentBhof FiB3de knsexpigsiverRR clupuif, anrtaléneant 320s grecstagpuof Bshift negistpreFlgmerntt 8rent s
madulGawatfwm"!“e"ebpfdwfsp%%m'd FiB5-45 function as matrix nmultipliers to
misl el pl Yhedetalls i the matdx multipiarent. epresentes B blpgk 25 imEigs: 2 and $and béﬂCl‘ 33 offfdocks 21
a cf 2 arg shovadp Fig . Selpcied il positipgs af \ feé aa?%’"tﬁ’tﬂawe@'q?rﬂ‘ '°?"ﬁé ét'fts'e'aer at

ZQ& Qi popifigns selpptadifor "H’étsts ?°§t F‘tﬁé’ﬁ'gmz’fd

cont ai

%t
OVb eévgm Se ter
gl Ven Iz e:/ CO u 10 Sgecelveén %O%Zm bi t?océ ong) f
[engly stﬁtgf% L j%wﬁ tlf i'o. 3" Xl et 2t oy
and |er as shovvn
it Edoh HIGME 15 BbrhgrisdsSl ﬁtfﬂt biss ﬁ% kt% a,ht ,zfddm | GHBkk tyRecO ma‘@equence
of sutaelahfopcds. ):é&ﬁﬁnigfga& b Bab-Bhbck Thnd B thin & i .E?&ro]aoggsa»eati%%ﬁt bt o the

regi sg,ﬁe,f.ddrbymb%olfawingmE&{,.@gagtﬁxéqL&.oBl SUCCGSSI ve shifts. At the end of this
opes ation, the contents of register 32 corresponds to the value of [err].

El ement 31 of Fig. 3 is an exclusive-OR c{rcuit, and elenent 32 is one
stage of a shift registern El engntm+33 is matrix multiplier of the type
shown in Fig. é Jhe desgr+s of ft teixy nul tiplier for(s)T3 r epr esent ed
byblock25|nl§|gs 2 3 an C? f Fig. 5 4 are shown in Fig. 5.

Sekected bit positions swbbB=bi t véc*@or B,J @ubbkonbi ned nodulo 2 in bl ocks
51 through 58. The bit p05|t|ons selected for inputs to blocks 51 and 58
are determnedfrommatrlx [err] as shown in Fig. 5A Theto row

det er m §"‘t° ’ @gﬂ prme t"’sﬂ“ﬂ W?‘?’eﬁnf g B?)f ?ﬂﬁ"' I he
ase S

ctionall e genorgfor for *h@s'"pé'thcf?fﬁjt from
men @ n xcu |rcu w I gi

t hg ? ﬁé rl 2.1 éj by ﬁgﬁf (fk ar ﬁﬁ@ g' ﬁg’ gn%léde§
recel m.+1 ) sh| s. A 9\6 nd e S Iﬂ: of S I nput
from terpéksdohééaﬁ':%s thé val Qfg f th fitht sﬁ§ 9:9&?« E{Rr Ea%ﬁlg sM &6 &k CO' ums
_cont ausukrtgacetamtadnnddhe 21504 fal afntaegut, lockb Fa AUt Sunbr0 Ot sare

ar aNged thefo #siokif ohd BUbRiock, ERCHBurTh&k bythe Cf G BT, e&yespd«ta‘aeto éa.tate Pl ocks,
n, Wi ) (Band@tdrpasod oo @k isplaMed bySsdchding ® VRN RBo0) Bbrrecti BUMbodd Sch bs | S
Conputhadescateda LK SWEK ibla® elici@indnd BELL SPSTEM CEOANIGHLBURRALL ING. 48, Sigey 2408 |

sub- bthmo@sz42a$umqslmuﬁ i198d aly erttithedl "AadingOTvorlgforfriatibinl SymBol$Tot Cettain MoNIBGlhANOBCH 15

[ ERR] Cddes iahd Soro® dppiigatioss" plarthe b cbofractian syeipar eing delsiribbd hegn, She blognieatler ,  as
s ¢ heenepdeveed £an kojuismed ias a Fiogulo @ supRivposiine ofdty fofirosub-block dodeveordsuTierefan @l thy

equi veymbaltenpign such arsimey-pesiiinred sodewords coeatdblebi t  position of the i nput

vect or s In ts embpdiment sheyn, thepire derpe of A feux dliogk ichask dRtes javecdsivelopediihy| reerely enent
62 ne Mﬂ%s@r@%t‘: lébb‘f’s 8‘ r‘e {75 wigh need inp by egp 'deé I the b lovgl.chhedar j s set

t 02 eiepk ch ° t@% %‘5 PY‘P gprorg lﬁ‘t?"bF fgv g d‘dPEP"é%{E'h
r Fﬁ os; ‘P'

enébd rIﬁe i i ) Fts. At
(he o ik &tﬁg%i?b Sag 555@323?@ b 1
sub- e b o S accurm ate qug'u ov’er ?%a‘%?e %ﬁegrguﬁth%?aocks

the v hrtuﬁ t
i N SUF abl |ﬁ’ust?é’l$sf 6 opafgion of! dn bk ' Brrdclion” HlslbmO Bordy) 10 Itl%C 6jn GH. check
byt eSRefertify foly to #d7, [eefarflonp@aaestasuastwg,steﬁt 04! 3dnk te,néd.éklaue A 8 sto d (5)
CONPT ¥R oft whidKl thotdd@dd data 10 ormitta@ Gis Riowd ik €AY NP 1R thakler Y atacwereesetsloﬂg BCH
code cheahbyds ¢N8} afkess Bishddoidigd Jor olch S0Blbfock By BOC Bhdobisi| 72 ds NetdiBedBibbte, SYSTEM
TECHNSiGH#ddy JihdRAbck HY®. CAB, alsp algestopad! B etidode 7g hTHddsdd-plogidimaBérerdAi dppeh@$9 and
entt t ¢heck Bykddh NGy aEs o bagh werteispndifiy subedliosk. tShmilaiky, biackforatter 728 agpgnds@idckCode s
and Sehwek WyiCa Gatwet ps Yata infegiith shask bytes, €8 r ©84)i ab thesspg tobthis bieti gThel eesatied ed

her ei fta ig fian roresdad angdislslstogge Eodewor d can be vi ewed as a nodul o 2

super - p8sihe regdoubpr repribagkpipcess, s spagdeyt date dregheried by Thecaoding pquatiaas (Wdi2)s (Arbol

err ora'td r55)§'h8‘H°'af° § Op teNdroraas <t o et Fenventionebmansen inpadicular the sub-bioshodi ment
shé °h Rytes; Gi £z T8 fasgofigteq 8[5’? e’Eﬂf Sedrogiee S $3yand Sz qihile @legkelevah elrpclyy

mer el , I8 assomate with the error syndrome Sp
It should be understood that the subscript numbers assigned to the syndromes, that is So, S1, etc are
related to the partncular T matrix employed to develop the corresponding check characters. Specifi cally So,
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accunul ati ng sub-bl ock check bytes [err] which need not be recorded at
the bl ock I evel. The four block check bytes required to correct two one
byte errors in any sub-bl ock ngp go®gaRgained i ndependently 40 of the

sub- bl ock check bytes [err] and [err]. The four matrices [err] which
are selected for generating the four block check bytes, however, nust be
adj ac ewhichpsodaveleped from-€b, cogesponda trla eor@entidnal daety gkeck byte, Binceeach dit Gys{tipr ofrthe)

fi el d.worthis gheckeds e skpwarith 5igi frflat onothe pther hand; i davelened deindi vdiehtivganeraiee &
r-edun cReeREgENeEn With dred iraie cshenp inalRip-nd) thet dnvelrest meltinitngutie inpuk Y18 (- »ImsEk Pheck
byt/ s Sypdrpings Sinapd|Ser Whichs GresgengHo wacki byes Ehandtffzoterpectiyely. are sipilagly doveloped

il lﬁst‘%sﬁﬂ dogie; Whichoipyopves matcest T' aRd dr rePectivily- Siugh Bﬂcéﬁfﬁ‘&‘ﬁ"&c%?ra'i‘%gs t"’EJ' t he

prese |'hve:ntl on. Ref errl n now to F dat a fr m a da rocess
system / ctin ggi tn 'g 07 m rte ?Zord eg)%o of t sr dfro E
fﬁ:,je‘d C@g? mqbioclfg ? %ré e‘:ﬁ-- oc he eroﬂ? vri"les (zéﬁ jg fé; PQ, & oé;léh ;sg dg‘lt gck
1] T
y B eﬁé}ﬁézj e §ﬁ£+oms9 iﬁg&"d éékebE\ E ey 5¥4 ﬁd.g%
al SO \6rroride lo an@% Rm be y%m out al?d?é%@rp S

check byifs@wre ik 8hbd-zerd e i ahy ofltd SAGEM &@'J@zsd?@@ HhiBig comdSoRd @ eodsd Eﬁel::ka” Y,
bl ock dyRerR! tLor G anam&iuésard@ms ot 6L @K thd YiitEbideR 1dv@st W8 skib-Bisckdak anty BReOr i ty
chegk dysti@srror bgokiliori 4 ©whprp 0ati dnhe 1ethe reafiout BtestB, Bailbe whiéh dsor mat t ed data is
then recorded on disk storage 71. In the readout or readback process, the
readout data is checked by the coding equations (1), (2), (4) and (5) in
order to devel op the syndron®s «fs, @'mratm the conventional manner. In
particular, the sub-block 55 * V\ﬁ [err] and [err] are associ ated
WT# error syndronmes [err] and err] ﬁg Bl ock 1evel check byte [err],
-is associated with the error syndrome So. It shoul d be understood that the
subscrlpt nunbers assi ned to the s ronmes, that is [err etc
rel at %%‘ret"f"f:'ﬂﬂ P Fremike P?W“éﬁﬁvmsfﬂ’%@?@ﬂ% e d@%P‘F“@‘é"ﬁde ng
Qfeg? Specifically, So, EP 0 218 413 B1 which is devel oped
from[ ”]FE,CC” esponds to a conventl onal parity check byte, since each bit
p05|t|on of thé word is checked, as shown in Fig. 6. [err], on the other
hand, s_qls el o(l@ed from[err] which is generated in accordance with the
Ioglc shovvn "n Fig. 4 that involves multiplying the input byte by a matrix
" [erg Sy Regomeg [err] and [err], which correspond to check bytes [err] and
[err], respectively, are sim!l arI y developed 5 wusing logic which involves
_matri q&ae{,@rﬂyieeaads [n@hédk byt €3, iRRttheVHhdtemedliédicd ©YI ¢ for syndrone generation
is well known.:Referring again to Fig. 7 for the readback process, block 73
represﬁbrrtszt-rte first level ECC function of correcti ng a single byte error
in ®acind 8§ =tTHEL wo interleaved words. A block of data is read fromthe file
and stored in block buffer 74 by sub-blocks. If the error syndriones [err]
and [ eihpg, theglecading mauatiands gifenttie sub- 10 bl ock are all zeros, then no error
has: occurred. 1f all sub-blocks are error-free, then block 75, which
genher ates second IeveIl-x rrotf-z:@dr ofFe% (air}d al soidata tegrity check bytes
CR1®CR4), will aPgo indPrat & ar2error-T3ee B 58 an(frf’h bl ock may be sent
to data processing system 70 without any alteration. If 2hdPk is a non-zero
value for any gfs bhe sygdronmes g [@rr] g ofe erid swhi,sBrco respond to decoded
check bytes [err] or [®rr], tRs |ndi3cate§ presence of error at the
sub ;01 ock level. If the sub-bl ock has only one 15 byte in error at position

i = X1 VBRI fvll EublbistRNisvel) dedddst BISRIAUIS -Mé{r&él In€hérb o%ﬁﬂ i €ighel bb@ingss [ ERR]

wher e &&plishb® byRedds Bi thre6 EiIP Fagit@isle0A, 0B JREEICE IR HRTEYLRHard ¥inflir QRS one
cor r esshomdinNBig.t © ekddpt MOBHIBY 3B WG K artichid) sHkD foglstbls BEXI 808 oh@ 835 afet! I |
[err] consfrogted wthr 11, ~T,en [T-3 m(iiiglier3dicuits ®0A, ]90B ah90C] respe(c&)ely] #hidhhepe eriden iyt e
errar Figs. 94) 9B haed BC,bydpectivey. (The thidecshifitréyistey ardl linaisSlodded wile syintrofnes 61, Sz afder r |

0 35 Sanwsgeetvely. Fhe} erershiftddvith eabln elodkaydeliBach shifingtdperation Snulfipkes nhdbgontents of

the three shift registers by T~1, T~2 and T3, respectively, which is done until the contents of the three shift

registers become equal.

With continuing reference to Fig. 8, the logic of blocks 81, 82, 83, 84, 85 and 86 performs the function

55 of comparing the contents of the three shift registers. Blocks 81 and 82 are each an 8 exclusive-OR (Ex-

OR) gate. Blocks 83 and 84 are each an 8-way OR gate and block 85 is a 2-way OR gate. Block 86 is a

NOT gate. The output of block 86 is a ONE only when the contents of the three shift registers 80A, 80B and

80C bscome e:q'ual. The number of shifts, thus required, determines x and the final contents of each of the

'check
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[ERR] 45 First level (sub-block Ievel) decoder block 73 is illustrated in
nore detail in Fig. 8. Decoding is acconplished by neans of three shift
regi sters 80A, 80B and 80C. Tip odisfd13Bigi sters are simlar to the one
shown in Fig. 4 except nultiplier 33 is different. In particular, shift

regi sters 80A, ‘80B and 80C are constructed with [err], and [err]

mul t itjbée episteisicthe breor @M B @BacasrdantOH@h Hoedipe )i vel vy, whi ch are shown in 50
Fi gs. OByffeD® inlfit. 8 Gyidsr thesypedord subblpck btes, Bilferease sprtfiack F@?lm endglelyses therri ti al | y

| oadexte vat tehtineey witlh epabsclodkeayelp sterting [véth rBo, iny eagperce /i reygh, Brire Theapauredian it ed wi t h
each Rreffermrd exythp-8y bycbiedk 83 K} ‘?’T(P%gat?ig)@,ﬁ"ﬁtﬂiecﬁ'i’°m?ﬁ?’f‘ (i 0B shiftsecistas SERheUgT ¢t he

t hisecB-4ay; AND palp88 iwhjch is,gpenpdpy B sighg frogy NPT gatesqge%t'mew COURTLHPYIE fone

unt i Idel"ﬁ@dé‘b'i’ﬂﬁé’n?“s":'%fn Pﬁ@"‘feﬂ'ta@é" ?T?H’ qu!é ﬂﬁt gﬁ\ g
e feéf:ég T B ::z° el o5 and
86 p h| rlg ﬂté) Sﬁ doe‘ﬁotbce’sc&o e o ual r an c’L ree shift
re%l S shes %5) . 8 ae ec?to inftigfty. Edtch te s@vg& %; )latzﬁad;?e

Bl oc 'g‘ ct thatthd Bdnte e&gt u\q@&ﬁalm gate.
Bl ocky, flo Bt & %x qh&wm%p 00 ﬁ%hséwesp@m e

cont egy § ,% Ugﬂgd,ga Rdtrbdied &@E. St ers 80A B and 8 ecorre equal The
number ﬁiho% I doliSted tHathe hé&ily! i€ dignail fiies Fm@%s‘mdfca@rﬂﬂraﬁéqﬁatﬁ lined for 8@ pgAles Of

eagh @bcobdtg. 7 : EP 0 218 413 Bl three registers is the error pattern [err]
i N accorkateectsd btesEiotatddasy e Hecoliwifof Eify. ®3reidBlivbried) in Bvensal dildor rdisive ®abkOUt

sub- bdraee robytee 8y tHeahedder df Glg. Brsactstaterist ocker @b ba eliminated, Hineboskatyl esuathhem one
at a redifgngiihe ldederiralits dlecadjngl aan steamativelygbevdctdmplished by emploracpihen baxdwarshr ough

[ err]or sGitwarequathodst i on i s performed on-the-fly by block 91 (8 Ex-OR gates)
useng t Referdng egainga Fige 7 rthe Pindiones Br.Gim Shasseciatedgrith rsaeh %ﬂ'%h?re@&ﬁ hgld I8 way
-AND ¢fefek mmoRyhicand; are gejaiprelfon jurtherspreessingr atofe %PP‘W“"F hgs anrhe

cor r SPPECpY PEY agy indigatad; Ryeihe Vi Eg’lﬁhP'P@Fed?EY pip QZ "sf l??’e' B &8} | ater

del i VEFRP ;PS'P@'H? @'deﬁl}Ba“B'f gﬂZ ‘ig’(f ""eﬁnf" "98 ect the
| . o o 75 liyf‘ t
DL ek o Sy R P PTA oy A 8°°P 55?1"[ s ‘%arﬁ% so el 0

the Coml'ﬁenﬁo%oﬂf {hggy& ﬁﬁc {]ﬁcftlﬁn rt g&n%t:te.{ @I@ﬁ@ engpﬁ oﬂ@ % ?m%%szi%e cone

equalfo&r%@nd?d% Erreéfontifg ortﬂ Sk Byibs rd Os &y al ¥ are

_resetydf h&‘n d )ﬁ ddsébed i @s ﬂt4§43 33, YhaCIoh&kc ddelid Lf (RS 1dgR' drlthd Sordied Zzer o,
ang | s?épglﬁhv od iVedr tmsyee Shér thra SIEBGLLY pmessfna% f6un 8fndiohB byEcRNhe Of the

t hr eepailer fhb preSahk ﬁ.b@.f.& B\ dvBINBIL o sHdGSIeRlencelilpd®nt. DG Pribh @t Arh@RikerOUNt

. EXCEEms cdrideting bl Qs *in Ja (vbrd Eby, prodwesiny @D Bellatday $yadroas iblrie® iay, HMNEdugsat Bo 92

providghgsoyéd signal, UE, indicating an uncorrected error. It should be noted

t hat t hEhm!ea\ay'oiS@hditbnsmag may otduniashe systemnds wigsré ordi sotrbleckpantaihd @bredi@nawd i nes

f ogs Berdoistanghdwende] ie kincbBectableo Téseionepndifidnds layerdaid eadatiii ¢ shegodackeloeted inythis he

dec ockesbodifment] kiprice itamay be enigoprgcted. Sometinescihis willdhednskcated by secord lpvs! ddsedopy&ier

pr oduehen. asya resilt ok Rioerseing B bioclyleved syrdiemie Dyt Seeprafiehia oren Hignskis@rqvidphat ed,

| §  pedneg dhgrsyndrepe pigeassing 1%:'CFP\‘;'MI Pk Block '8 thaebese ¢iprhler to dgepity, the Jocayigs anelPh °b an
\f/er'?iﬁ?’f' \Pé Efeb%lb vyl 8 et "H?g"éfn‘ﬁle% ‘?ﬁj @b a'ﬁ%F'?}%rséc"o‘f""%'E?F‘P

l COI’ errors
agai t e S
assom a fe y 8 "'g %8 R%W' a" °" sf'élfﬁrﬁc?' are
e err in-a co i\ord was co su ock Iev and

reta| FEher 'orw has an
BB o Sl b s o

uncor,; (‘ﬁ r 5 B eﬁr&_}éu@
figsty, bgvel deco oca nenory /6 al so retains entl catlon of

an  UNCORTsRSACESb BERNBROR omBcridH i kr{a%stérﬁi QR didsrBa thbt, in dder tha %e%%&f\g the

bl 0C kprodektCio RAOA thel RYGK ISVBING IcOFR! twoRirork i Hsd-8MskK, it'i8 nddbdsahn® idehtitp Whibiev el
syndr @8BRck coh@ingd twh@he Bliderrofd in thd §elemldeédiibsd, b SsbaliockRTMNlfied By BeGopigcessed
by seqabbidcd @rebynd@mes ehich! FhdnQporésse@ 64 thb Wist-Rvel S/inBromB pdddsing Birkits indiddie

posd | anunodrrettaitle siyart I8 Amybther Fsub-tingd provities hon-6r $yadrbmes, Whith tdydscthe filsOlbvel N ONe
Sub- bdyodrtmé propassinge sisisitsgro fpedarm siysigfecaner borisetion,ctbis desspohilierigre twith blaek Ib@lir check
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all sub-bl ocks were corrected properly at the sub-block |Ievel, then the

val ue of f issiddirstpoorcsyndremiel byte @omdrating) eelisagekerdtesy édr .eadhetubdloek, r(Qt:} +deirepbe t he
bl &cke | ev eyndemedytes eadhrconteisingib bits, coreépendingr to said @ t e pIero( ¢heek bytes in each sub-

m scorrechkldgns) introduced by the decoder in sub-block f. Such error :
patterns can be renoved from sub-block f and their 30 contribution {[err]}
fromthe syrﬁ‘i‘Fd‘ﬁ% fSSY"qq'ﬂ?spm‘leF?é’gs“é?“ 9915?{?%?‘?"]9?‘3 MR {5 te SEPrE 8¢ frie r onmes
for the ofPg§iAtAc" ‘iéﬁ’ﬂ“w ﬁ)errerrsr"b"fagh? ock f H"g errors in the

bl oc® | ev | Sé'ﬁé& FrEsSY" SETAAIPR PTG generates. P gach by %%b'?‘?‘fé’"afosdﬂ"?’% +in
modul 0 2 8¥P% hnetic which is acconpl i shed by the conventional bit-by-bit

excl usiyre; Eﬂ},jfocqrrg %Lrnoa@ o dsfn 5“?‘% e géje@rn ;i rg f{ﬁ%‘i@g& 7 ye%%’ case

“Of - M SCQIELGh rcﬁnh' &bcjé @& §lsaid 0 G

and [err] pRbLindkil s tW@rer P hbrdntd |§'§cessT Q:rrajrt RCkhe ee)é/ig a ﬁ-ﬁ &ativaGner Sueh tat [ €5 ]
for [err] gpungks g;.aQ\glc_des proper correction of all remaining errors. Cains

40 1. An error correcting systemfor correcting errors in coded data
recor desl @A eforlcordtich $yedinaclathibyl in Slaifal 10DkEctérbd) infiat A Mllacoldtt BGto (i N+ Bhixch
eachasbl oclsrr@o iMpédcs asb-Bibek IFambeossirgy Sith2thl+0¢e leydishje, byads idatia fiy bee syfitome B49)
and at | eastessing ciepitrp anccireio Kt by Kiesrpi€in eneGBi-plockrtyy prdcedsing Stid @B erriyl syadconas 1 or
check byt bytesiaisdid sgeoned ara eyngronsi pnagessig sirguiny. eheredy tsreenohpegatigdantegensich dhaheans,
res_BonsivG1 tro) Eecandixisox check bytes recorded in each sub- block, for
geneérat i n%‘ during read out of the data bytes and error check byt es |n each
sub B ot k An EperRoreing PYSipE %‘Eed‘ ‘E? of the pfeced'éﬁ? Fligims chypqirgip ‘?dn‘%
r esponsi ve"cPW%' “E'PF'B V@;? ’Eﬁ’%ﬂ%m ""P‘E?ra PP&‘&? orqrig ey P ¥e® dat a
byt es reaaf ‘ﬁf‘ Y grdna 7'( ?peggh@:g b&'f’
gener at i n ?cess'"é ﬁre?”' ANt sa'gu o cﬁs &rest °sfh%’?ssh8 )

corr spon ng to e check byt es assom ated with each sub- bI ock, 55 first

errof S/ " NG BF GRS o8 okl 3y (oAbt 0 FEBIRIRG ek 1Olp SFhblaciuhBsch @k
error syndi®iRodddreSsyndirBms 616 Eéne@% rddhd @&Fate@ bl Ry STbibfek WHEHBAnoPbe
errors incideted alisinddél BSocialdd 8AdrRhetid Bytbd. ock and to detect but not correct
anot her predeterm ned nunber of errors in the data bytes in each sub-bl ock,
10 50 BP @R bhordcbdedidg BYsiKaLldiféd Mhokrk shanbractgREE athdt BGcoR® aife syntiddile By
gener at i ngerdtatuimehs Goeraid’ s identifyttissub-Glolk rbauiring & harddsDlnberof byte correctionssecond
error syndrone byte generating neans for generating block error syndrone
byt es, % oAmesdpdmiicqugeting etrére inegodert dagdhrecddedyon esre¢ord wediym (1 bip lblogksd 13 af ditdd| ock
error cheb¥edyin which egefjblock comprises at ieast one sub-block (14), of data bytes (B2-B49) and at least

65 one sub-block error check byte (C1-C3), and at least one block error check byte,

said n%ethod comprising

i
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second error syndrone processing circuitry (74 - 78), responsive to s

bl ock error syndrone bytes, to correct additional errorm‘“‘“@! ﬂ

in each block, 10 char acter | sedgp g 248a§3 Bach sub- bl ock

b-bit data bytes where b is any positive integer and (2[%rr9 error
check bytes where [err] and c are positive integers such that [err] c [err]
1, and 15 eagsderdihg) @kresponsprto he srrarehdck bpererdrddd-iledch eubrtiock, clodrgleedsiyautd theher e
t2 is a pdeabyitesand ertog gleck bydestin deh subtiffock, grer syhdrorgealytbsfandst  err or syndrone
byt.e generating neans generates, for each sub-bl ock, (2[eg@] + c) error 20
syndrome by tcersctingais ospense toi saidiegortsyisirame, byesramers ioiiel it xies reagiayt fopreeh f + ()
errof chewdd shbleeksi n each sub- bl ock said first error syndrone processing

circuitry detects and corrects up to [err] errors and detects but does not
correct u t98“ qeg ¢ bch'&?“%PY”&'i"g‘e bM‘°%&E’FPs%‘196'"%1°6 te%ssswa‘ed with eac

second er ndr g“ brlagk {b J % ectiy i‘ bI ock
error syn P ﬁ'?—F?Qw © °f° ﬁrs 9’59% ‘738'h °t°5§f|' ge | A% '"gr m 1

charct er FS8F ofryped; um r° SrOG P St i PEY errbrs in each sub- bl ock
by processi @gne%h%bré&[e%rrohectb%sl%FSa%ﬁbrﬁéﬁ“dr one bytes in said first error

syndr one rocessing circurtry and up to ([err] + x) errors in one

sub- bl ock bxgertram:@asékrwrosajn&o%s BytBY ENespoNdh B 16t GcH Bytesah Bach Bf@iNSheeT I OT

Syndjz0me  QiiOsieR SHér@héck bpid, by Where x i's a non-negative integer such that
([err] + x) [err] and x [err] c¢. 3. An error correction systemas cl ai ned

in claiml chegctit Rrrosporbeit siid Blck drrorvsynbiro®e Ibiyies; taddifbnl Grrbfs & thp data dytes k) 35
errors inesembbcksub- bl ock by processing said 2[err] + c syndrone bytes in
said first error syndrone processing circuitry and up to ([err] + x) errors
in bde sub- Ishapeterignd iptheicessi ng said 2[err] error syndrone bytes in said
second error syndrone processrng circuitry, where x Is a non-negative

i nt eger sucfachtryp-blogkomprises %)tO[?eP'Pf daidbytes, I’@F"rq is @ny pp@ltwe4nteggh er ror
correcting systemas clained in any one of the precedin

char act er | séﬂchr ﬁ‘fb'tbt‘i%{t compriges d&c dntt EHPT BPCKRYIFG MORE tHtde § r‘?g"r‘t!%{f’ |“'Fﬂ§e'rsr€3‘?§'s
comfi’ ses@ %yBEd Yk buffer for stori ng the data bytes of each sub-bl ock
Zfré?egyﬁr reor ?\abqocag%m ?ig%gu C? Zték%rtlerrrloq gercftggesv% aeotgﬁslvel O ve mtea/er guschql %I’ st
processing said (2[err] + c) error syndrome bytes. 45 5 An error

corrgeting SYSheH S hdtidaBeklphsds any one of the preceding clains 1 to 3
characterised 1n that said second error syndrone byte generating neans

~oper at es t 0 gokbrdiihg fol oadh YubSBidik, Q2D GKe) \WhbrCeindichit Stes PRct: €nfafil Bbits| bbridsSdndg 1 t S
associ at eglg & salr(2tC hed) krrdrthedk bytedin efich s@iibledk Or correcting system as cl ai med
inclaim5 charaéterised in that second error syndrome byte generating
means oper atdetScth@ andienbetihy up toeh Brds inlaod Betéctispbut netgolrdetng uprtg@s t+ ¢)errein of
byt e cor reachswridack,and A net hod of correcting errors in coded data recorded
on a record nedi l.tm (11) in blocks (12) of data bytes, in which each bl ock
con‘-p\r}i ses atgenesaling, fos mechdipik, Bl blokk ¢rprnyndigie Hlesn byt es ( B2- B49) and at | east
; one sub- bl ock error check byte (C1-C3), and at |east one bl ock
erro‘f" Aneendiogliens. sai d net hod corrprr si ng EP 0 218 413 Bl generating, in

response Lo the error che tes re orded n _each durrng read
out of th v St daiai ool S e 8 oy 5 o, oo
onnees sur un su |strement ( dans quuel ch ue Ioc
syndrone gi % motk Ie tes
de contr IeS@er

?e%a ggnﬂ‘ s"%r rs&.s ey Qf, ol rr§

err OISS I ncén T c)éts §S-

generating su error syn ronme tes correspon I ng to t e check byt es

-associ at ed W ddinLRFbbnipiAabl ock, . in response to said sub-block error

.syndr one bytes detectrng and correcting a predeterm ned nunber of errors

-in the dat aubyhdsn igénétuh d6 wrtipbRCde SMatoHle dREbUrNGNEBIE aBO nulEIstE A6 tcof@le

: 60 d'erreurs enregistrés dans chaque sous-bloc, pour générer, pendant la lecture ou extraction des
multiplets de données et des multiplets de contrble d'erreurs dans chaque sous-bloc, des muttiplets de
syndrome d'erreur, et

un moyen correcteur d'erreurs, sensible & ces multiplets de syndrome d'erreur, pour corriger des
§5 erreurs dans Ies multiplets de données extraits de chacun des sous-blocs,

un premr,er moyen générateur de multiplets de syndrome d'erreur pour générer des multiplets de
syndrome d'erreur de sous-bloc correspondant aux multiplets de contrdle coordonnés 3 chaque sous-

; 12



10 " anot her predeternined nunber of errors in the data bytes in each
sub- bl ock, generating block error check bytes for each -block-gererating—
‘bl ock error syndrone bytes correwﬂ sigy the error check byt e

‘bl ock and 15 said block error c gic‘ﬂglby?'es, and corre nm;m lﬂl'ﬂ%gﬁ
‘to said block error syndrone bytes, additional errors in

‘each bl ock,pieharacterised in that each sub-block conprises up to 2b b-bit
.data bytes, where b is any positive integer, each sub-block conprises
(2[err] + c) arer romidleediicuiioyd de trakegroet fee syniromeel derrewr d73)oneily wi MR gesuch
25  t hatsyndr@ne J'ercuf dr sdus-tloc, aput détegiér dblcortiger 4o nesplive prgddigsming d'oreiys qang) 1o, ¢
error checkmufiiptetssdevdionndes tans ichaaue pRyEPlps glepobriéiagier malsER PaseprTiopr unaytip norbye

and in thatpfes’éied""i'ﬁaq%Gﬁs@mslwyeﬁé‘?é'%ﬁé?wmf?ﬂaq‘@ef&'? Q%h- bl ock, (2[err] +

((:)2[ gnfrJrsyndr one byt es each lt?lﬁeﬁé ai ‘??Ifi"g ermu&o[? bpogé_;zgsg or gléne g}"'t'ﬁ'g" gnd
%cting but not correct| ng up to

o
correc15| ng ‘{?L‘Pm?tf?'e[‘b?'ﬁej"sg P%?Fg )ﬂ°“éﬁ'3fq‘d°e
(Lerr]T+ c) errors no2ack éseu CRL ﬁ ra ﬁ\re%énjag &Q\C&smuﬁﬁlgl’sde
2lerr] block ?*P""Sf,ré ?’% iﬁxé Sy ‘% g et ¢ e heur
d erreurs p A{ts onnoes cogees enregi str~es en
bl ocs (12) ets e onn es sur un support d' enregistrenent (11),
dans I.gquel Chm&&eonhb irculieNBTIE GBibrRk dEyRorkE3 dSersr-(Rd O78), (sbhblbleliix Muktbleldet S
de donn6es Riome Béfeur d8biodDHNS coligertést driduigtadgifonfidiios dans Caanhuliilets dB @onndssr s
de sous- bl o&anésﬂaquem&) et au nmoins un nultiplet de contr8le d erreurs de
bl oc, systeme qui. conprend un nmpyen generateur de multiplets de syndrone
d' erreur, samskidéanasiguatul tiplets de contr8le 60 d' erreurs enregistrds
dathaque sous-bl oc, pour gendrer, pendant la |lecture ou extraction des
mul tiplets de citbgue 6s-blet cerelerenmmw'pl%t@"tﬁbtsé@ﬁ?ﬂf@seﬁ b’ Ritp.roflend uncantier gRgffue
sous- bl oc, ahelsonaud et Bh et §) meltinigigder eoniEdleid’errausyly ot eftant des iers PesHifs tels Ayl
d erreurs, s2h8ible a ces nultiplets de syndrone d' erreur, pour corriger

des 55 erreurs dans | es mul ets de donn extr cun
sous- FFocs, uf® \‘%H’P%F°’H‘B§ﬂ§’r1’“ﬁ’8%6£‘af"@'ﬂ?'etﬁge r‘r"ﬂ'ftﬁ gfe ’s}e@;}ﬁﬁf %ﬁ@ o e’e"?r eur

pour gendre‘r‘°s'ﬂfet %Ptl‘pl ets de syndrone d' Arreur de sous- bl oc correspondent

ltiplets d tr8l olriohué 1&isbibs B
iaux nmu :3 IpI EJ ?e+p emf?rgoyren gg%z'g %QT Errffetgd%%g fhe HYSUr &&M drichddué L6t %ﬂ-fé i

tiplets _de , confgnant thacu b|t corr ant L€ (R enkybr e
circuiterie ur (73), sensible aux

multiplets '(':]e syn@rome d" erreur e sous bI oc pour d6tecter et corriger un

nonbre pr6det gf gFbdibre LirfitdrRWoSrakMbht deCsyndromes d'en’ﬁM' déteptb @t Eonite jEGuN f eFredlass
chaque souSaddcREmEE ndEunige PaS, REGU (1 V1) Sirelr® dRBSTh&E BdugBlog, etin aut re nonbre
predkterm n6 d erreurs dans les nmultiplets de donn6es dans chaque

sous- hs0c.  un e HEeb gaiéedsur de mutiblbts gk esywiraie d¢ersur Généredpar cckaans bide 2kl oc
(72B) pour gat‘;ﬁaehesie&ommu'bqukeﬁlﬂoode contr8le d erreurs de bloc (Q0) pour
chaque bl oc,” 10 un second noyen gené6rateur de nultiplets de syndrone

d' errour 2poaystégen®rre¢tetde!§frﬁu$ tsplps) et revendicalioh dr eanestérséepn 69Ul CogesR jusau'a t
cor r'egpondesrteutsudansnghaciie iseusslod esnciegitent depell’ &r9) éWtEE'GHa‘F?sSY@Wa'Elﬁé' eHP‘Hcdaéi Ia
auxdi t4 ni | pPpeedicyaracdoatenast EP %’P?’B’ﬂ?ssd ?i@“'b?tb’é'q” fr 1) ereurs dans yp {f ss g? nde
ci rcui t eri et&aitaptyior Seppltigeis ? g &Fr 'a% °"d° %'m'?eﬂe s TglPRety

mul tiplets HEVEPRRT YIRS oy* 8 t'era'?"ﬂ B S gLl €8T RS es erreurs

_addl ti Om?i.el gy m%ai:rc])rsfeclte%rs d'gryeluutsl sBJor“? a re\g%lg%}\n‘ﬁ %§ral9(§@§ er?t@&lHPcoMgQrQ jusqu'a (h + ¢

. 45 - x) erreurs dans chaque sous-bloc en traitant les 2ti + ¢ multiplets de syndrome dans la premiere
circuiterie de traitement de syndromes d'erreur et jusqu’a (ti + x) erreurs dans un sous-bloc en traitant
les 2t; multiplets de syndrome d'erreur dans la seconde circuiterie de traitement de syndromes
d'erreur, oll x est un entier non-négatif tel que (1 +x) St st x s c.

50 4. Systdme correcteur d'erreurs selon I'une quelconque des revendications précédentes, caractérisé en
ce que le second moyen générateur de multiplets de syndrome d'erreur comprend un tampon de sous-
blocs pour mémoriser les multiplets de données de chaque sous-bloc lorsqu'ils sont extraits et pour
mémoriser des données d'erreur créées par la premiére circuiterie de fraitement de syndromes
d'erveur pour ce sous-bloc par suite du traitement des (2t; + c) multiplets de syndrome d'erreur.

85

5. Systéme correcteur d'erreurs selon ['une queiconque des revendications 1 3 3 précédentes, caractérisé
en ce que le sscond moyen générateur de multiplsts de syndrome d'erreur effectue l'identification de
tout sous-lploc qui ne peut pas étre corrigé en utilisant les multiplets de contrble d'srreurs qui lui sont

13 | i



caract6r|se en ce que -420 chaque sous-bl oc conprend jus

nul ti pl et sde donneos a b bits, b teant un ontier positi fqlm m m’&u Illl
(2t1 + c) nultiplets de contr81gP§'ﬁgr4%rbsi tl et ¢ etan

positifs tols que tl | c a 1,et 2 chaque bl oc conpren jusqu a 2t2
multiplets de contr8le d erreurs &b bits, t2 4tant un entier positif tel
quo t2 > tdordoh@sprem er noyen gén6rateur de multiplets de syndronme d' erreur
genere, pour chaque sous-bloc, (21li + c) multiplets de syndronme d' erreur,
cont endnt Systemsucpnbctmrtc‘serreu@rse@sp@ rreMendicationx 5.( rdctérisécyn 8¢ que le gedond piogens de
contr 8l e dénératemdesmuliniets desheyodrems dierceubpitsetue [lidenfification sk gousiblog wpmanidand Iejrius

trai venengrawwmhwwpmlyplﬂdm ecte et corrige jusqu' at, erreurs et

detecte, mais ne corrige pas, jus , + c) er eurs dans c e,

sous- bl-’c)CP’O@C'é Fgur corriger dep BITUES IR é’ﬁée ERgjst 3“ lots
syndrone e 8pngegsu ?\éﬁ‘@m ﬂ(?ﬂ’l‘*g g rﬁg

d erreur Fﬁé‘sgﬁf)g'” T 4? Ia %"‘#‘EP' ce?"tf 88 "Es ?hgn 1,
caral® eri §&° |a“8‘8}“? f‘"b@}" et |e”eeurrsr eurs’ dans chaque sous- bl oc

en traitant é(‘%] reg.% mul ti pl ets de syndronme d' erreur dans |e 40
prem ere crrcur? 1 €786 T raitement de syndronmes d'erreur et jusqu'a (ti +

X) erreurs qapge {and%qﬁulmle%cdé)ﬂn&rﬁrﬂé baRdur bR Rperisé a&l’#nﬁlﬁﬁﬂt@&e%dﬂ%l@ﬁ@ﬂéﬂm
d' er j;our gabisttdshS CRIAEE sdub-bied! bdnBkrt PexflEetibt @snRiipidis dd Aomset QB Rulbicl dedur ,
ou x est buhtr@reweﬁéumaaasa@g@ﬂsoﬁs-mai etque (t, + x) St2 et x Sc. 3 Systene
correcteur d erreurs selon |a revendication 1, caractdris4 en co qu'il

COrrigera | usaqbiedtiop! én 1épnsd R ces muitiple)s @& syndrose dansurcdiepus Soeseddas len
traitant mesipi@sde donoeersmkttaitspﬂmhacld@esgmsjbmse dans la premibre circuiterie de
trafwenment de syndromes d' erreur et jusqu' a (t, + x) orrours dans un

sous- bl oc erla péndiatiemde imuitiplgts de mynidrome| diarreurcide @yﬁl@lmm@rream@ﬁanémx Huiplety de
seconde cFM@r‘PFW@@"@é@P‘H‘PF@WNP de syndrorres d erreur, ou x est un entier
non-négatif tel que ( St2 et X stbrre correct eur

d-erreurs seﬂ"d‘PP°P3°Lﬁ1'éesgﬁl-@|p 5 LFé!"%%B ?%’(P@'h?ﬁ ?f’él? P'B‘h $°°“°" d'un
car a®t dr i 8g"RSHPE ‘éet Qe oy le g ;Pr dr one
foreRFB RN e 8 bre B é%"" re"?r“ﬁ?r%?"r éeé YRRt 0 Pots de

d' errour 5‘6 E )
donndes d&"&f "lﬂ‘u°e3°é‘888° bI oc l orsqu'ils sont extralts et pour rrem)rl ser des
donn6es d' erl£ géﬁgra&Jn%%ltlg@‘{s dle@orﬂ%ﬁ@eﬁglﬁs Eé El&"ﬂohieghh %E)ct raitement de

syndgonmes d' efreur pour €O sous-bloc par suite du ralterrent des (2t, + c¢)

mul ti p| ets q@gﬁ%ﬁﬁd’n%tﬁlpﬁfsr&%ndrm Porredydol TR oFEPERGT UK mékiphity ®LdoRtrske| ONn

|" une queleRiiriindlgaqiciR dlhkaisintitiplots d8 contBloGERBRE iEBoc, 6N act eri se en ce
que | e second noyen generateur de nultiplets de syndrome d'errour effectue
| "identificaitamctdh diefbiirs SdiESnmSles VartUiés Mtinitsde qoAmseStiane chaalis bigeredponse

uti | gssant alcwmmdldtswsyhaordedamutdeadlm d erreurs qui lul sont 13 EP 0 218
413 Bl I Liii!! 1143 11111 | | 'l coordonnés.
6. Systene cmmmé@é@upedmerreurs selon la revendication 5, caract6rise en ce
que | e second noyen gen6rateur de nmultiplets de syndrome d' erreur. effectue
| i dehtificehpayn saus-ics eomprond lugePa Atamtipieteloslopages 2 b bits, | éiantium ey eosiie

'corr@ctl of¥eI9BARYy| ti pl et. 7. Proced6 pour corri ger des erreurs dans des

donn6es codd s enre |strees bl ocs tL ets, d
support d' erfEHE SPY% .“L‘f%dancg "l"ﬁ'a'ﬁ Idec"ﬂ'gﬁk? ool téc?ﬁf&rg%ﬂg eﬁfnﬁﬂﬁ ns un
sous- bl oc ?ﬂ. ﬁgm%h 1%ts’ de donn6es (B2 - B49), au moins un mul tipl et
de cgntr8le r o) i .
mil £ ot et &mﬁﬁ s, 25 PRI Loides st (PR i Wamer o o
de nultlpPets de syndrone d erreur en r6potse aux nultiplets de contr8le
d' erreurs 164 ence §RNIERLSELE 8snpist@S Chaque sous-bl oc pendant |'extraction des
‘mul tiplets de donnees et des nmultiplets de contr8le d erfeurs dans chaque
-soussddl oc, ah ghrration, poGidhadue sOUS-UIRPANEE 3 ©aBultiplslst depsyBEremel @'efyundsontarant
d' erreur, cnh'carus Bits| Grréspoiidantaesditel @0 S+ kpsultipiths defomité®e dierede AaseBagex bduablbs, de
.chacun des sous-bl ocs,
: la détection et la correction d'un nombre d'erreurs allant jusqu'a t; dans chaque sous-bloc, de
méme que la détection mais non pas la correction d'un nombre d'erreurs allant jusqu'a (i + c) dans
55 chaque sous-bloc, et

la génération de 2t multiplets de syndrome d'erreur de bloc pour chague bloc.
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Ta gén~ration de nultiplets de syndrone d' erreur de sous-bl oc,
correspondant aux multiplets de contr8l e coordonnés a chaque sous-bl oc,

reponse & ces multiplets de syndigpiEsd AsEAUr de sﬁmmlﬂll“ Iﬂlﬂﬁmct i on et
| a correction d un 25 nonbre proédetermne d' er ltiplets
de donn6es dans chaque sous-bloc et |a detection, nals non pas la’

corr ect i ramgntahispticelt r e nonbre predeterm n6 d erreurs dans |les nultiplets de
donn6es dans chaque sous-bloc, |la génération de nmultiplets de contr8le

d' err eurts &ehldgkapektysugtemcivagiiawidishancvon Eehldrm ing@riertent Ratan, die avhsineinluézpichngegs-
syndrome dmsdipmut) deBBtken (120 vonclgtenhyiemaufasesichnel|sint.pieb eichge jedieynBlpc| zumindest

d' erréurs @aems Yedlgde (18] aes Batenvine) (82481 nd pimindest Rinepofrhlegribyte (G1r@hvad de
bl oc, et | &upitdepicin Fablerpefifyie b ainen Bloek au9ithel | es dans les nultipl ets de
donndes dans chaqye bloc en rdponse 35 - a ces nultiplets de syndrone

d' erreur d&oM 8% SYEEPIRGEITUVER ce que ' - 1~ chaque sous bl oc conprend

Jq us ﬁgoﬁqﬁ 2 »ﬂg’" rP E%e%:j}edon,pzi%rsE@r%ntﬁl EA%E;E:; fgaﬁmu r%ﬂéalﬁﬁf&aé h
te |

d erreurs, ers ,
chaque bloé conpren jusqu’ a ets de contr8|e d erreurs a b bits,

t2 6tant U'#elﬁé?ﬁdrr@l(turpl%i biefaut 6ib FQHQ'anaroﬁb)Ftés arBpre@Bn, G Pk i ddal &6 G&dBm der
conpr @nd 5Qnterblscke ausée%s&ﬁﬁ'dﬁtaﬁblyﬁazu RftglersrNaque sous- bl oo, de (2t, + c)
mul tiplets de syndr one d' erreur, contenant chacun b bits, correspondant

auxdits (2bih erstas)Mittslikinh Biz&igen ¢hd FeRlGYsynBiombgless i emmers;clambymamea (!il:lﬁrblbbloc,

| a det ect i aneredugbra welcherdeo jeden Udetblockagénrdnedh itifbgias sntspkdchem{ | usqu’' a t, dans

chaque sous-bloc, de nene que |la ddtection nais non pas |a correction d' un

nombr'e d' eeineusrste Mérarheitungsashaitvng) (13 fUr-eirg Fehlkasygdrers, die aufcdie daklersindrombytescilr et

| a gen6r at ieloen Heterbipdoanaprpahpr jupt einecverbestimte fArzabl' ver Fehlam iedop [Detenbytes in lejue

bI oc. 14 Uniepblogk zujgfaspergung) 2u korrigieren undjum eine  andeyq yorestimmip Anzehhven Fehlgm ip den |
S * . palameyies ﬂ‘rlﬂﬁﬁ‘euniefb'%ﬁP RN IRdoc iy 8¢ EAFIGAT Kor ri gi eren von

Fehl ernin rten Dat en, auf_ej nem Auf zei chn S -

Bl Gokéh (1§f e@g ST LYl FoRRPURIR A “CPh Be-ban opiendic B bseR

zum ndest r eingt R €YBMock (14) aus Datenbytes (B2-B49) und

cum et ShGMESITLEN SRS koGl B e&ﬁﬁst,dr ) SRR
fU i
e M R

Unt er bl ock auf gezel chneten Fehl erprUfbyt es ansprechen urn w-hrend des
Ausl esens dmb i ABRIWsRMgsBIEH 7F BN fue bR PN n@Bmi de h@ ARMohiBlsRidkBEks fur
Fehi er Sy ndeReDBIbckansprictt uaCAgRMNChE FéhiEah UaT DetdhbyRée il jobidrh BRtK zudkbmigiareh, di e

Fehi er syndr onbyt es ansprechen, um Fehler in den aus jedern der 15

Unt er i 6ck dadutch gekeas=einimnt, Dat enbyt es zu korrigieren, ein erstes Mttel zurn
Erzeugen von Fehiersyndronbytes, um Fehl ersyndronbytes fUr einen Unterbl ock
Zu erzeugeirdenidritarblieck disreyj 28 Patenyfes enith) Bitsk wo b dreendeine pasitiveganehgahbist, und (2t +
ent spr echer) Felaprifbytasjapweisl wa te ukbe pastiied ganzegisblemsind, fikdie 78§ 21l ynd ei n
FehT‘érsyndrom die auf die Fehl ersyndronbytes fU einen Unterbl ock

anspr #chen jedgfrBiesk bis 2y Skifebieribiivies mit LA avféﬁ's‘ﬁé‘h'fzéf“ﬁ PP§iive 8ANzp&e ish i & 4

"j edern Unt Erbl ock zu erfassen und zu korrigieren und urn eine andere

vor besti rmte ers aerljdelvon eh eremesr]:eglersy“?a Qbﬁ r}F; demd%n erbl ot U
erfassen, @Lzs o Tl TR S Sy o Ty ep! Zolors ﬁei:[jf g
von F ofechent Bl oc j ed Bl otk loyt es
(CO r el nen ocﬁ< zZu erzeugen ein Z\Aeltes Mttel zum Erzeugen von

Fehi er syndiRrdasd fsrarbsiturs5@biuRg R i FeRytRsromWis £ theOhidAh BFdft did korrigiert und bis

zu (ti + c¢) Fehlern in jedem Unterblock erfaft, jedoch nicht korrigiert und

50 das zweite Mittel zum Erzeugen eines Fehlersyndroms 2t» Fehlersyndrombytes ler jeden Block
-erzeugt.

2. Fehlerkorrektursystem nach Anspruch 1, dadurch gekennzeichnet, daB dieses bis zu t; Fehlern in
jedem Unterblock durch Verarbeiten der (2t1 + c¢) Fehlersyndrombyies in der ersten Verarbeitungs-
66 schaltung flir ein Fehlersyndrom und bis zu (t1 + x) Fehlem in einem Unterblock durch Verarbeiten der
2t Fehlersyndrombytes in der zweiten Verarbsitungsschaltung fiir ein Fehlersyndrom korrigieren wird,

wo x eine picht-negative ganze Zahl ist, flir die (tt + x) Stz und xS c.
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erzeugen, welche.den FehlerprUfbytes in jedem Bl ock und den Fehl er pr Uf byt es
f U einen Block 30 entsprechen und eine zweite tung
(74-78) fUr ein Fehl ersyndrom E ?'léf“ngq Fehl ersyﬁﬂlﬂl‘ﬂﬂl!“ﬂﬂl‘ﬂﬂm

Bl ock anspricht, um zusatzliche er in den Datenbytes it j8&detn B ock zu
korrigieren, 35 dadurch gekennzei chnet, da8 jeder Unterblock bis zu 2b
Dat enbya e Sehmarkorrbktussyisem woh mnépr@&mdelhmnpgmém'zemneg,aataaedie?,embisizet(n dand- kRt 1 +
c) Fehl er petidrbiptiemmaintertddck tiyrchwiderdrbeiteinder @ po s iSyndvenbytas inaleerbtbre Viergbettdngs{ Ur
die tj 2 schalituhg finein46hlersyndiomdied biBlzoik + x) Eehiern i@ eifenf-ghibrblogh darch[Yetadheitemider b

Bi t &~auf wak $ehlerpmdiodbesia dproaviettdmMeraheitungssZhaliung firtein Fabjersyideom Korrgieren wirds
ersté M t wek oing nicimogativpeehldstfilrdibht &} S vold vABYtes (2ti + ¢)

Fehl er syndronbytes fUr jeden Unterbl ock erzeug wobei jedes b Bits
ent hdl t% m%'wéremws'emnacmr@pd s e Y°f_qe 'PSH’" E?dﬁrcﬁfgekennze'gﬂlebtdﬁq ck

ent spr echﬁ?ﬁgz , d F‘éﬂ%é\"ﬁ’%ﬁ z‘ﬁ' U@i°f‘i"°ﬁ'8’H %Pﬁ%@
ti F a e |e sen w
Ulnt e(ﬁ’bl gg pe e?ra e't: ::r:@a @$ﬁe {l QE;E E‘f T ef%; ?'vgr yng’rgm Ohr en nterbloc M%{?e

zurn Erzeu en el nes rsyndronbyt es fU jeden Bl ock

erzeugty 3eib4: l@:ﬁhﬁ&r&@(s%{:#f & biR&h &%E%ﬁdﬂﬁﬁiﬁgg é‘ 3 ol e&g%;,g;e%phnet

daB di eSeqetDiag gas!zviekte r&dﬁgé irQREGH Qin{eﬁ%cﬁiﬁr (2t
+ C) ssFehl losiiplehm AbRn@F vérRerder s@iﬁ&’t sta{ Ieltpﬂmﬂ%'s ioh konigiord hitabnikditg T U
ein Fehl ersyndromund bis zu (t, + Fehl ern in einern Unterbl ock dur ch

Ver ar bes. t eshiiefreidirsyste@ac &‘;éﬂdﬂfmhydu&ﬁ gbienakeichrigiVaal &8 zweite Mittel zum Erzeugen
Ver ar bei t whgRbbizpidranibgted bibeitt, umidsn| Untetiatkl 20 RMelitizisrbrg iwelckan disi griéBie Awxahl ven ne
ni cht - neg&ytekoeolaerzarfordainl ist, fU die (t, + xX) gt2 und x 5 c. 15 EP
| 218 413 B1 | Cl1111111 12121 11 1 11 3. Fehlerkorrektursystem nach
Anspr uch Yerfatieed awre Korgeigremyondiellm ét codidrign Ritensdissauh pigeny gufgaichnungemediug) (THéh| em
in jedem Bideken §12) a0 RrtenbYies asfasrdinbnat sind.chel wakghen jedes fo enneindgiteinon Untedtplopk
ersten Vef4} sisiDaiprpes (B2R49) uoch gimingestsingmRohip@iliyiedF bRl Prcpitsn Unterblqek und, )
Fehl ern i AUreifdeghain ToheRrvisdi ogp Bleckafgihei t en der | *-j 2t 2

er zweiten Verarbeitungsschaltung fO ein

Fehi & d
th: e;ggaﬁ%ﬂ?%é’r%a?h&"éa%%dﬁw ‘5 - WD X ei ne ni cht-negative zahl ist,
fa die (E,'zeu ofido eﬁw% t§s 8nts echf ng{ é%iré e%ﬁ{f& BAEEn F h% €l nem

der vorge Jtel
Zum Erzeuaang.&bms‘o% s desen 3’5 & %nfa@ra% a@ggeﬁsfaﬁ e zé"smsmﬁ bSon um

di e Dat enpyhidsnd6HtesYU nterb oc S zu speichern,” wenn sie ausgel esen werden,
und um Fehl erdaten zu 10 spei chern, die von der ersten

Ver ar bei t epgsges e Edhdgyhddmisies filr&itef mwm@e»o Wokchd' dgilGsdchintftdrBlbdRCligdothé@brge des
Ver ar bei t efuby@ebntépidchent C) Fehl er syndronbytes erzeugt werden. 5.

Fehl &r korr ekt ur syst em nach irgend ei nern der vorgehenden AnsprCche 1 bis 3,
dadur ch gemspnetheidcden FeblersyrdiedBbglias fir vatrioh dunldriidcie |Erfassen Endz erdgletere binesvorbe-

Fehl er syndiimumters AgzableianeFehlam inr dpe rididsinbydes lonibdemb VaterklogkyuniiSErassen, jedoch nicht

i deqt i f i zKesrigioron elear andeten vorhestimemted inzphloen Fehlerryin geroPatenbytemin fadpr dinerblobiby t es

ni cht korrigiert werden kann. 6. Fehl erkorrektursystem nach Anspruch 5,
daduf’ch géﬁé‘f?ﬁﬁé?"(ﬁ?h‘é‘?’“fbdﬁ fur gigen Blogkfir jedep Blecki zum Erzeugen von

Fehl I d rrb t t et d nt K fi ch
di o S?ZYS o @e gg i KA o e o ot fe St 54 "
Korri gi erd PRETeE niprede 'b%ﬂden d| e auf einem

! Z%Lf?ﬂ“ﬂi%o“ ) AT ok R oGP B0y SRR RE KO =
(B2-B49) und zum ndest el nem Fehl er pr Uf byt e (Cl C3) fUr einen Unterbl ock

und zum ngdgptch §bkndzeibhE, BLsUf byte fOr einen Block aufweist, 25 wobel das
Ver fahren fol gendes unfait: Erzeugen von Fehiersyndronbytes entsprechend

den §on | egasnudritiick bie ek 2tntigbres mibn sknmert) We b irgéddeindptsite gantd Rmdstdes

Ausl esens der Datenbytes und der FehlerprU bytes in jedem Unterblock und 30
Korri gi er isderiinteridfazk (2t m d) Fetdeeprifaytes guérebiztywd @ uniditt pesithlepahize Zabisigsihd: e die

Dat enbyt e certgygr echend den Fehl er syndr onbyt es,

65 jeder Block bis zu 2t: Fehlerpriifbytes mit b Bits aufweist, wo t2 eine positive ganze Zahl ist, filr die t2
>,

und daf das :iVerfahren folgendes umfaBt:
i .
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Er zeugen von Fehl ersyndronmbytes fir einen Unterblock welche den j edem

Unt er bl ock zugeordneten PrUfbytes entsprechen,

ent sprechend den Fehl er syndronbytg@sg bif 4 fyﬁtpn Unterbl ock““‘“!imllu‘“mmm“‘
Korrigieren einer vorbe- stimmten Anizahl von Fehlern in denct Dat edbyt’es*in
j edem Unt er bl ock und Erfassen, jedoch nicht Korrigieren el ner anderen

vor besti nmt en Anzahl von Fehlern in den Datenbytes in jedem Unterhbl ock, 40
Er zeugen vahizdugdnl ven [yt by tFetder§ylodrombytesnftibaen nfetiilock, edbbei jd8bo b IBjts ehthédiuwaighe von
Fehl er syndrdanigyt €<) Fbferpeifingas iBjedark Untevbibaklvetspteshedsehl er pr Uf byt es in j edem
'B|0Qb und den FehlerprUfbytes flr einen Bl ock entsprechen und 45

Kor r'i gi er erEriagsan zod Komigierem bis FethFehlem jund Eeapseaiadpmhytidhs Kprrioipra) &ih 28| Gk )

ent spr echerféhlg@rin jedam Unterhlack uid onbyt es f Or ei nen Bl ock, dadurch

gekennzei chnet, dafl 50 jeder Unterblock bis zu 2b Dat enbytes nmit b
Bits aufweiBFeuoenyon 2 F@f@?ﬁﬂéﬁ"ﬂ'@byﬁﬁﬂ’t’?@%m@%ze Zahl ist, jeder Unterbl ock
(2t, + c) FehlerprUbytes aufweist, wo ti und c p05|t|ve ganze Zahl en si nd,

fO di®t, 2 c¢c 2 1 und 55 jeder Bl ock bis zu 2t2 FehlerprUfbytes mt b
Bits aufweist, wo t2 eine positive ganze Zahl ist, fU die t2 > ti, und
dafl das Verfahren fol gendes unfaflt: 16 Er zeugen von (2t1 + c)

Fehi er syndronbytes fU jeden Unterbl ock, wobel jedes b Bits enthflt, welche
den (2t1 + c) Fehl erprUfbytes in jedem Unt er bl ock ent sprechen, 5

Erfassen und Korri gieren bis zu t1 Fehlern und Erfassen, jedoch nicht
Korrigieren bis zu (ti + c) Fehlern in jedem Unterbl ock und Erzeugen von
2t 2 Fehl ersyndronbytes fUr jeden Block. 10 15 20 25 30 35 40 45 50 66 17
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