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-1- DATA STORAGE SYSTEMS The present invention
generally relates to data storage systens and
particularly relates to_.apparatus and nethods for
decodi ng data in a data storage system 5 Referring
to Figure 1, a typical data storage system
conprises: an encodi ng subsystem 1; a decodi ng -
subsystem 2; and, a storage subsystem 3. The storage
subsystem 3 conPANSESTORAGCRQGErm®ey um such as a
magnetic tape or disk, a read/wite transducer for
reading data fromand witing data to the X10 storage
The prgegnimlnyee ta oo |g\¢éle§f;@§{lefmneglatﬁ@vmgdtaﬁ@ StOrage
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ansducer be alternatively inplenented via
decodiggt idgdla l@e@h@@lt@gyﬂtomgeem@dneﬁg subsystem 1
transforms raw data from a user device such as a
data processing systeminto a form 15 conpatible with
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a user dev1ce suc data processing system into a form -

compatible with the storage subsystem 3. Error correction data
is typically added to the data recorded by the storage
subsystem 3 during the encodlng transformatlon. The decodlng
subsystem 2 transforms data read from the storage subsystem 3
back into the user data. The error correction data is employed

by the decoding subsystem 2 to correct errors in the data read

-back by the storage subsystem 3.

Data étorage systems usually have stringent reliability
specifications. It is desirable to meet these specifications
with cost-effective data detection and decoding. Accordingly,
it is desirable to keep the implementation complexity of the
deccding subsystem 2 to a minimum while maximizing

performance.

Referriﬁg to Figure 2, a typical decoding subsystem 2 for a
datz storage system employs a cascade of processing steps. A

popular approach comprises a data detector 10 followed by an
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Referring to Figure 2, a typical decoding subsystem 2.
for a data storage system enpl oys a cascade of
processi ng steps. A 30 _pgpwl ar approach conprises a
data detector 10 followed by an 2 error correcting
code (ECC) decoder 20. The decoder 20 may have a
plurality of ECC codes. Referring to Figure 3, in an
error tgquoatt Exanpdde of EGL detmtihdeyr 2 GubBystdanadern 20 may
saoft - deci,si on d jty post processor 30 is
have %ﬂ%éﬁﬁéi?%%t%%en H%R%%%éctOr 10 and the decoder 20.
A conbination of data detection, inner
nmodul ation/parity codes, _and puter interleav :
Refer ik G| SHON Sottest T S YpIonrT ) STbpb s b Jeeto i
subsyafar enepnd | oned-detiabit ibyse@quarenenisst Irddmes somed0 is
. arity based codin rovi des rformance,i V nt
150048 PLETETH (Ot | T RASe? | 10| B CHBht T S LDl i 1.
combiﬁgélﬁcﬁiﬁlt@f %ﬁ@gd@med@;drypinahéy edgh byisi sequencey codes,
etection based on the. Viterbi algorithm. The error
and of e HRETRLSOT B THAOTIER oCrarS LS | Ve By Thkoved
to medOSthPrLESSSUNBIondd Hdl Lisiei 11 be poshi prmeessor 30 .

exploits nmodul ation and parity constraints of the
i nner codi ng. The post processor 30 receives

The idleLH ShONStHroMmede-Qu PYtppbvihes detees ffiadfe IMErovement
post processor 30 also receives soft i-nformation from

with 3 nbimifp@tineredss dot ebtieonvRRIAN e FofaYd ThRkdata

detect®Or ﬂ@etgﬁi9§§99eémﬁib%§0§@§§@§céh@e@@&@ﬂénQ%aﬁ@@ on the
post processor using Reed Sol onon codes to correct

Viterbenal aphgtenr ofRe v Breherdttert BER. OEFPOF sOF eb® ni ng
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detectdr the HabaaLh by PEREESSENGobY Ebg detgctor 10 and
© ectﬁ% pos?@%rocesso¥ 30 S@picg?lycapp%ar as bursts of

25 various lengths. The bursts are usually broken up
In'usgy {QQ post processor 30 exploits modulation and parity

constraints of the inner coding. The post processor 30
receives decisions from the ocutput of thé detector.lo. The
pest processor 30 also receives soff information from the
input tc the detector 10 via a feed forward link 40. The
decoder 20 processes the output of the post processor using
Reed Solomon codes to correct remaining errors via the outer

ECC.

Errors remaining in the data'after processing by the detector
10 and the post-processor 30 typically appear as bursts of‘
various lengths. The bursts are usually broken up by the
decoder 20 via multiple interleaved outer ECC code words.

Various interleaving schemes are possible, depending on the

length and frequency of occurrence of the bursts. Multiple

levels of outer codes may be employed to further enhance the

error correction capability of the system. Typically, a

cyclic-redundancy-check (CRC) code is applied to detect the

presence of any remaining errcors in the data.
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-decoder 20 via multiple interleaved outer ECC code

words. Various interleaving schenes are possibl e,

dependi ng on the |[|ength-apnd frequency of occurrence

of the bursts. Miultiple |evels of outer codes may be

enpl oyed to further enhance the 30 error correction

capability of the system Typically, a

cycl i c-redundancy-check (CRC) code is applied to
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typicalierpeetodiag anea Sygueatiylpeféednﬁdrwar@_manner as

sequ eed .f orward _manne homn in Figug
sown ST EBL LS GeTBRLr) r ePEPToait ) s TP Bt 1y 6E e
Fly" mode. Im @n The Fly mode, contlguous portions of recorded

record read ck d ocesse uch, t hat
data HEECHER 3 et e CURT Por B0 ar "o sTRARy AT dcy aleEe 1o
dellv§h$6 aEqMI$EQaﬁﬁeddEheﬁﬁt@n Thi@nEéqﬁDﬁe@gth@nﬂe©@&Eion,

, b | et ed bef th t f
crnex CES30R. 210 05, COMBLSL s bef oL e Lhe next_pertion o,

next peiveen Perdotaanesdand p@@@%gz(e%?/ ’Dfﬁu&heaﬁ d@%ﬁ@fli@l 10
nd. the decoder 20 is preferable e fina
tradedhh b i CAURSE | REFSRFT of dr%ﬂ%%e%ws?énah%gde*‘a%ctor L0
and tigdabefader "L fidipeerdatmieecovery procedure is
typically initiated. This procedure is usually
referred to as Of Line node. The On The Fly node is

If théhemhanters Upbed: iddi ELduS Agat hertbroughRidy of the
decodi ng subsystem 2. The _aforenentioned reliability

outstaRAinG erht @1 HeeBR5P t APEL khARSt HAEE BPFOWRFR procedure

is ty f@ yiPpssibihi ttess beforeqdes! a5 ingud f @i Fd¥Erred to
L|ne node nay i nvol ve so-call ed erasure

as Of%e%b‘b‘if MePet- The Sut Bre chiesnodeght hehemn 1t ¢ eF el tig
reduc i\l iE&”éﬁ%@@é@ﬂuﬁh@f 20 T 86058885 @t Bsystem 2. The

aforementioned reliability requirements necessitate exhausting

all data recovery possibilities before declaring a failure.

_ The Off Line mode may involve so-called erasure decoding of

20

25

30

the outer codes, together with rereading and reprocessing the

recorded data.

Performance improvement can be obtained by more complexity in
the detector 10, pdst-processbr 30, outer interleaved codes,

and decoder 20. However, additional complexity is undesirable.

Referring to Figure 4, the performance of the detector 10 and
decoder 20 may be improved by feedback 50 of the outer
decoding to the detectpr 10 if at least one of the outer
interleaved ECC code words is correctly decoded. For each
correct deinterleaved outer code word, bits at corresponding
positions in the interleaved data stream can be fixed or
"pinned" to their correct or known values. This partially

correct data stream can be reprocessed by the detector 10.



16

15

20

25

30

Perf or mance i nprovenent can be obtai ned by nore
conplexity in } the detector 10, post-processor 30,
outer interleaved codes- 4and decoder 20. However,
.additional conplexity is undesirable. 25 Referring
to Figure 4, the performance of the detector 10 and
decoder 20 may be inproved by feedback 50 of the
KHOWletheelofdé@@d|1@gfatté0€1héndef\’ééﬂl@r ofQ ciofr r&ct &ddts daaigls the
number E? %%%%ﬁglbn%%hh%ﬁﬁgg %QC %OQ%a r@@ﬂ t%%[H%EQ or 10
each correct deinterleaved outer code
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for ashl QElgaved dataral teamaan ol el hled: tgn
their rec Rnown “Valtes. “THI"S
recorddugrdeMSdauassuBeauﬁpantb@nreprUe@see@d@ﬁaIuin such
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locatlahshu@hb&needeﬁdungUdeneﬁtBeshl§ehﬁﬁ@mM|ﬁnmmnbumem a

inter13anEs; RERaSEa MRy R er dOred CaRy CBRra Goges is

propos?éhlerfefroﬁeepa@@atleoa@bm&%mrlmtsl dm E.elpatasng ,t 0 T oved
dec odlcorrectness OftSQG%IfIC blts |n speC|f|c Iocat ons
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CCSDS, l"nlI%‘,FEtE:e@\téethe@@nﬁQhQUDI%OQQd@@M—QB8l NReY. qq_meollqtzmonaduq
codes IS proposed for deep space appllcatlons i.n E

odi ng
convol&}‘,%ib%@lr %@@gewdq@E@yTrgﬁgDS mhﬁEE Trans. 4GONwdN. 12, p.

vol . COw 38, pp "1138-1144, Aug. 1990 and 0. ColTins
—lﬁé—laﬁéLNLﬂkzkéﬁ—J'Deﬁ@rﬁpﬁéﬂ€a§ﬂ§PeOfSt@&ﬁVQQHﬁa@ﬁaWO data

storage0d@s deskEEEHr ans 7, CommuRy, avel o k41l wdE, Y2 g code

rate error correction code design for partial response
systems,” IFEE Trans. Magnetics, veol. 37, no. 2, pp.'704~7O7L

Mar. 2001 , where only an inner data detector and outer
interleaved RS coding is used. An additional bit-interleaving
step intersperses coded and unched user bits. Feedback from
the corrected ocuter code word reccvers the uncoded bits.
However, the performance gain available from such a scheme is
limited. Referring now to Figure 5, another application of
this concept to data storage is described in H. Sawaguchi, S.-

Mita, and J.K. Wolf, "A concatenated coding technigue for

partial response channel," IEEE Trans. Magnetics, vol. 37, no.

2, pp. 6%5-703, Mar. 2001 . Here, the feed forward link 40

from the input of the detector 10 to the post processocr 30
provides forward processing. ECC feedback 50 is provided from
the cutput of the decoder 20 to the detector 10.

A conventional example of the post-processor 30 is described
in R.D. Cidecivan, J.D. Cocker, E. Eleftheriou, and R.L.

e



1785-1794, Dec. 1993 . An application of this concept
to data storage is described in J. Mller and J. K
Wl f, "High code rate error correction code design
for partial response systens " | EEE Trans.

Magnetics, vol. 37, no. pp. 704-707, 20 Mar. 2001
, Where only an inner dat% ‘detector and outer

Galbrait,erieavedhRIicodiragnd s misedi ki addi tbendlion combined
pb|t-|nterleaV|no steo_lntersgerses coded and unc0ded

no. 2, War.d neeoyer satrthezoncoded bits. Hovvever t he
performance gain avallable fromsuch a scheme is 25
limted. Referring now to Figure 5, another

An altéﬂnﬁﬂlﬁathpﬁrdﬂbh thiGe@ﬁﬁﬂngpthé01ﬂhﬁi&p§f£ﬁ§ﬂﬁbdes
escrlbed | and J. K. Wl f,

involvatacahhatthd Tnbh aSBAdNCLy o libl; Sl

detectnaspmmspachammebg"ttéiiiéasamSy dagnebiasqd Molford7a joint

" wP 3, t.he feed
super Meiaty PIHE 40 5007 FERert st 281 T el Boter  rd
combing®d ddtecpost 4nd3@essdmn§0 quayemdeShé(nuwhed of states in

one PSSR0 Lagdhasls 20, ot Lol

ut o ctor
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decodlmmiﬁkkéﬁﬁﬁﬂFV@ approach to decoding the inner parity
code involves conbining the decoding and detecti on.
Sequence detection and parity code trellises may be

The pogoisionedsed Torrdatioidatectegpt? -qaegkbke sdifffyently.

FurtheMd:@, bisegl gord b ggyrlb@ @egugyoée%segrﬁ@rmvoqqep' ned
det ection and deco However, the nunber of states
carefu}rﬁelectlon of various parameters such as the number of

dominant error events tc be detected, the parity code, the size of

the list of most likely error events to be checked, etc.

It would be desirable to improve the performance of deccding

subsystems for data stcrage systems.

Acceording to a first aspect of the invention, there is provided a
method for decoding data in a data storage system, the method comprising:

generating by a detector an ocutput



the super-trellis grows exponentially, and
i npl ement ati on conpl exity becones prohibitive. For
exanpl e, a detector for a degree-K generalized
partial response polynom al conbined with a parity
code with mparity bits requires a 2"(K+n)-state
trellis. A parity post-processor alleviates this
probl em by separating the decoding and detection.
The post processor 30 and the detector 10 operate
bit Strgél{ %r&égelrﬁencel:gﬁt:b%i%ng?rb%oclg%%hg e(&f f]l_:an apg\{org% subsysten
post - processor 30 1 nvolves care ection of
of the dalrd gtisragar WASERr sysgiacdciag tthe mmberoccﬁssodmmm@tted to
b | h
ere derBoodl o PSR e De Syt L B (PSR dobeBRE: 0%
output bhecketkm em@ thetdateubibdie @esirzialbecyt eni a:mcqrveonrhetion
decoderPELLALIANGE Of BSEODDEcs subsustame for. data sLorage
systens. ccord T S asp ect ot
stream fimaepeidence tdnetiee |f3r§nr @vroziedo:arecnm frad itm*earde@emmgmg by
the errgfa ncgjﬁfg ?tlorqacgecoa%zg { 2% e&%ﬁ%e%qufi{%é%endggéeh%g %on?%c:eozlr%n ‘Yor
correctel@ p:amdetmeemo rend, dat ah@lemeht rencei vedchedmma st ondgative of
stem .of the dat ra ste enerating by
errors T e e R e oAt e b et BroR (et
Corrected rk:dlt coepe cloadrbicts st rneasn obne d:@pﬁa‘tﬁtem&rméla\tehesupplying
ut bit stream dat a bl ock; ene.rati ng, b
rrom e B B e L RS E B0t PEBhRECT S RN paEEd
mdzcatm@msswataoﬁsemn@breét@rblc@rJrneehec%ebmtd estéeabridrted bit
c dependence on th rst error corrected bit stream
stredtig ré?‘i‘ﬁ?&r%vngtlﬂ% t&?r%‘is’ic%-’ﬁcﬁéé??roﬁhﬂ Gakretgor corrected
bit strsisrec_hqswpehaempsﬂdﬂm@nﬁing hecssecond error corrected
bit stream and, in the event that the checksumis
indicative of errors in the second error corrected
. bit stream and the second error corrected bit stream
conprises at |east one correct interleave: supplying
fromthe error correction decoder to the post
processor pinning data



i ndicative of |ocations of correct bits in the second
error corrected bit stream and, regenerating by the
post processor the first error corrected bit stream
i n dependence on the pinning data. -6- The
regenerating preferably conprises discounting bits at
the | ocations indicatea‘%y t he pinning data. The
pi nni ng data nmay be indicative of |[|ocations and
The Te %9'“%3 of ¢ rreé} bits in the second . error corrected
BT 251 BEMS TheY (PO Sy SEOHHr TS &1 5U gt YPhdoreons
indicatpd My tige datra nfrdbat hehee piOTingClithandyi pa Geeedaket
locatio%xshenge\;a‘?[gésoro icno L het %\i nt,_that t hedCheCksum S i
I haPeative Of SFFors Tnt the Sefordder ol correteddit
stream. bilte sbtrledmandottie sesagendirer clos péofimgctect Bidm $hé eatbr
east _one correct interleave, The
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. ratj the first error corrected
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d ' rf. Lt error .
output BEASLE G B SepOaIIRE BP (REIIRE ok e fgProracing of
the firgperoer egripatedty’dantéan phe taverte paaiortde iohégksdence on
the pimﬁﬁ'lg] Bgléac atd UBe Qeg@HeJ%rtreﬁ o é g%re%ﬁ'gond error
corrected bit stream The <checksum nay then be
regenerated in dependence of the third error
Erasure CILEMLay Bel pSFLATY A LEr RaLdVelyrLEasy rd%c&?eq:ogf't) ng
may be erforned to generate a third error corrected
generateia L8t Fe§RTIH COREEETRMitt haeathie: checksumtihet the checksum
is indiktdiveald ¥e Qo LREOrsdchnd RerSLCRPL LEL ALt~ sdream. The
corrected bit stream and the second error correcteciF
checksupinaysthcaht CoApRIeEsd 1t dereagenasnel ¢dprigded error corrected

bit strédM.ehl@averivihe £hecks %Mguﬁéﬁb@%errggﬁﬁé%r gl eldnerate a
_ agai n in dependence of the third error corrected bit
third eglfg ezg

Fesm erhceiPtheftregBse, the RIPY Ptbrthrashasesst daal ed

indicativ® bResreverdr thathet Be-dregenerated checksumis
i ndicative of error in the third error corrected bit

stream

correct%(g) nﬁ(ral%ﬁcﬁasr ta%
net hod may



According to a second aspect of the invention, there
is provided an apparatus for decoding data in a data
storage system the apparatus conprising: a detector
for generating an output bit streamin dependence on
a data bl ock received froma storage subsystem of the
data storage system a“po5f processor connected to
the det ect or for generating a first error corrected
stream in dependence on the output bit stream
Correctsﬂ&lﬁhetr&aeaa % SeEFFrBrT EOFFEEER Ot CBesaB comorises
at leasﬁ%iféee&ﬁ_@ctolﬁﬂaﬁl@@@t THY ORESSQh a9 t mneé ateyBeited
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again 1PhcgepFP?§Icee?fr ‘g’rlrrgc?%a’rb?‘%r%ﬁeéjaﬁ’r%ﬁ& Sflpr In elther
case, agefer atidigns; be hc_afg&swa if dependenteitotnd hegsecands
checksiE! 04 or&ectﬁ? It streg ang, a feedback ath for
“%u]pspllﬁ} WG ¥ teFFgOJér]I’DOIt TP ER(TORT FEEDURF LY Tt e
ost__ Rrocess |n9_g9ta |nd{cat| | ocati ons

A'Ccordj%%gcorrec‘?c%l s6cohd” ertor g??%c%e&”ﬁng d
an appastieanot raiet:dstEne\/cEmh irh at ddthe schregk sunténs thadippatdtve

. of err Seco d error correcte it st
comoris Qi ot B2l L RN e L oL SO B St iR s petianoe
on a da@i HleaBtreoREv«LOEr@Ch stdvhee|Ledwestahher pAsStdPLOSETI0E
or correcte bit strean1|n

ratln the fi rr
system: (1 BeRE OHoEE e 1 P MT 1 Gt SO St Vi FrsRate o
first e@rdé10kor GQEe iiofrdanotdedepditenappar ateueuﬂmt B_Uﬂf the£am

C rjise: a nodul ati on decoder having an inp
and thec‘g?rﬁr%ebf%cd‘ ‘1 P CRECD TEPTRCOPT tHE DS £° e&&%‘é%’r t%woah
processOHt Ut goreRBeGiged $@ond herbhpity reftihgi et fdam in
correction.decoder; and a modul ati on encoder in the

dependepes fHatlie pATH BEIUe SATTHER I Er S CEFR R oFPTEERRIE:1na 2

checksufdnﬂz tibgerRRSte RIEOERS $8kond eBrorAe6@EAY 10 frbhhf Gnd, a
pect of the invention, there is provided a data

feedbaCEtQﬁtagéors%@@m%%rﬁfpmsvﬁgeﬁwreﬁ%&ee%%%eén@r GFe post

process8NGAGhNG dded anbl ekv OJr stQIage; o &3:0L89@:sHbsyshem
connected to the encoder subsystemfor witing the

second gREFdEeFFaEe BEbcKS R @ dat £Vert Jhayd M hediasrahd st or
indicati @a&Ng-Ahe sncpded gdat arbbpcks-{d@mM d:Restrean and the

second error corrected bit stream comprises at least one cerrect
interleave, the post processor regenerating the first error ccorrected bit
stream in dependence on the pinning data received from the error

correction decoder.

The apparatus may further comprise: a modulation decoder having an input
connected to the output of the post processor and an output connected to
the input of the error correction decoder; and a modulation encoder in the

feedback path between the error correction decoder and the post processor.



data storage nedi um and, a decodi ng subsystem
conprising apparatus as defined above for decoding
the encoded data bl ocks. The exanpl e enbodi nents of
the present invention advantageously inprove the
per formance of decodi ng subsystens for data storage
systens such as nagneticC %ébe drives, disk drives,
and the like. As herein before described, there is a
rend in_data storage decodlngésubs stenttechnolog

accorayigidegs Fitl SR OB1 a1 y UBHEL N THeRRet S RRAHGES 2
data sﬁﬁﬁa@mesyaﬂéhltﬂ&paﬁsSﬂ@taﬁ“ﬁﬂd&ﬂ@ﬁ pardilatchased encoding

cessing in the post ssor 30 to decqode them
RS o R SRR L e o v
encodehighlsysdesi ﬂ’ca:bh\rea_tiﬂi\g ahepretescetianbodbamntorot Lhes
resent in tion, erf mance i
storag® Sl MO R 30RaPRe MO RRGRePT WD Chn  tromEshe
data staoxt@fev\medSum;o dride pOS¢e@PlioressdeySsn ldmariplef afgsestus as

odi.nent of the resent inyention to be described
defined a%gret I5- PRere"s 15 SVrd é‘/ at ﬁ’gack%t i nner data

detectlon and soft deC|S|on parity based post

essi t unctlon Wi t
The exéﬁﬁi%bggkg%¥%%ﬁborrec??)? %%8 ed™% ve lonEifyant geou81y
improkuﬂh@sperﬁoemqngetpéuﬁeaddenpreﬁe$y$ﬂ£menﬁod|dﬁﬂm sobridre
systendRRENL S| YENLAN, L e £eR0s30.48 JIRALt e

to accept i érnaglon uring a secon
pass. Specifically, error events at |least partially

As herSHAMAIERYLT §<,efll%|e'd pgﬁéfé %S k#gg\@d i fezttgo%{oercage are

_drscar ed ontconS| ration. nodi fi cation
decodigptgupisze§em Hee chinicd popf tdvidaslsy iact osiey eft Battbeodes in

inner ml&%dseﬂeltws the PestsPragassar; . and rpg :Mg ']5@ Qves

performance. 9- Additionally, the er
Proces%ﬂﬂ@ré§pE#RﬂHﬁ§trBr%ﬁeﬁﬁ§és§0s%ﬁnﬁﬁﬂbd?h%thwoWﬁlentlng the

perrorffld LARS FRVRE Z€haRM: OU nObno} NRIMN, 5@ Lavar ably
altere o further
preferred embodiment of the present invention, performance is

improved by providing feedback from correctly decoded outer ECC

code words to the post-processor 30.

In a preferred embodiment of the present invention to be described
shortly, there is provided a methecd for inner data detection and
soft decision parity based post processing that can be used in
conjunction with feedback from correctly decoded outer ECC code

words.

In a particularly preferred embodiment of the present invention,
the post processor 30 is modified to accept ECC feedback
information during a sscond pass. Specifically, error events at
least partially spanning those bit positions known to be correct
are discarded from consideration. This modification cptimizes the
list of likely error events to be worked on by the post-processor

and thus improves performance.



facilitate processing in the second pass. An

advant age of the exanple enbodi nents of the present

invention is that the type and anount of feedback

i nformati on generated by the outer ECC decoder may

be flexibly determ ned. One possibility is to provide

both the 1ocation and Val Ges of correct bit

positions.. Alternatively, only the |location of

correct bit posjtions may be supplied. This greatly
Radi tiofdlie e PRETARAIRE ST TFERUBAEk Tetddd=sPaPEs 4fF the know
bit posﬁ_’e&ﬁbaﬁ&y pE ddibsd natuse drayrhee fAsuffliyCheftireWher eurther

e detector ,10_.is of a, form where the val ues of

faClllt%er PECTES T 8 Hr%eS5Fed? r&Hifired. However, partial

feedback remains useful in the post-processor 30
becaus allo ivers f i ndi vi dual error
o acvag G 88 (5 BRLS GPRET T DEAT oNS JSHBS CPTel g 0 that
the typbcﬂnﬁtamnuatodf Eémﬁbackomnfoemaambn geoerpted i theibheer ECC
decoderprgarl EX ﬁ xgbkl ge% Hﬂg.lhlee p%St C?e ?}E 5%85%{%&321'_% b(lfiﬂne the

' o mance rea |zed
locatlome@ﬁp*lradueﬂb;ddcmet:‘s kgft pdfﬁatpmr&posﬁﬁhrsmhmw snly hat
t h e 1 ECC
oo o PR Bt T g e ST bR Eeed By R

the amomis ot pf@db@@o rleaiaedl nPdrieal seedrakpal $hhasaaluso nbeare
insuffiP{&R! Qf?eqss—\sﬁﬂee Q¥té Jll.% E%t cgf '3 E&:@n Q?écﬁ%eh RL QBEES0¢ 30

enefit exanp nments o presen
correctednbens iR arse appliredblHewsrhardrtOnt f?éhcéoalékyreandnﬂdseful

in the E%%Q%g %o”%é%%ﬁse ﬂ%‘§lfﬁw§oyg%e§Téﬂse%&fﬂlﬁd£¥¥%h9f]error

radeoff etmeen per f or mance, ementation
events gorislexi pi]heraﬂa@lcamérl%\tasmgosrtoélekeiwmatmnst PPl heoet or

event. E&glg@%smaa% used, mu&:hefjned ESQ@%S&%%%%WB' eI

can be provided to the post-processor 30
in perfggappfoitly §ai ASaltegserformance are possible. 10
Preferred enbodi nents of the present invention, wll

now be described, by way of exaqple only, with
Another  &iVapEHEe Ot &?h%ﬂf@é&ﬁﬁaﬂwﬁs aW%@%OP@%ﬁ?d\Amf@ﬁle is

that it can be used with the detector 10 using the ECC feedback
information. If the data stream used by the post processor 30 in the
second pass has also been preprocessed by the detector, the post

processor 30 benefits.

The example embodiments of the present invention are applicable to both On
The Fly and Off Line decoding modes. This allows a flexible design tradeoff
between performance, impléementaticn complexity, and operating mode. When
multiple outer ECC codes are used, mere refined feedback informaticn can
be provided to the post-processor 30. Thus, additional gains in performance

are possible.
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Figure 1 is a block diagramof a data storage system
5 Figure 2 is a block diagramof a conventiona
decodi ng subsystem for-the data storage system
Figure 3 is a block diagram of another conventiona
decoding subsystem 10 Figure 4 is a bl ock diagram
et anot her conventional decoding subsystem
Prefemegﬁre@k@qlén%’lﬁcﬂ otk fd?%g?%ﬁ?ﬁ%t a- TRE PN c ofveht ionape
descr UREPUING S LMo Hd AR, 6 doci Madkedlaciamel a
decddi g subsyst em enbodyi ig 15 the present
accombanyamd slrawEingia.e I ivwhiacibl ock di agram of anot her
decodi ng subsystem enbodyi ng the present invention;
Figure 8 is a block diagram of yet another decodi ng
Figuresubsystemlaribatdgrpn et pr edem  $hwvend¢ ofy s28nFi gur e
9 is a block diagramof a further decodi ng subsystem
enbodyi ng the present invention; Figure 10 is a flow
Figureclfarits @ortrlexqjorctﬁiawrarm dahe dsmvdérn@iombs@&t@dﬁ,s@om
subs éﬂ% Fg%) t uree3 éteanother flow chart
YT €3 on gf? the d_’le%od?% oy subsystem shown in

Figure 6. - 11 Referring to Figure 6, in an exanple

rigurd 3, 3 A b B e S e A vEREl 38D dgoding

subsyaiefgct or 10, decoder 20, and parity based post
processor 30.  The output of the detector 10 is
connected to 5- the input of the decoder 20 via the

Figureposti Progass $Bilagreri eefl yéwrmﬁl@ﬁt@oﬂﬁewi@m@s

fromthe input of the detector 10 to
decodlng subsystem; _

Figure 5 is a block diagram of a. further conventional decoding

subsystem;

Figure 6 is a block diagram of a decoding subsystem embodying

the present invention;

Figure 7 is a block diagram of another decodihg subsystem

embodying the present invention;

Figure 8 is a block diagram of yet another decoding subsystem

embodying the present invention;

Figure 9 is a block diagram of a further decoding subsystem

embodying the present invention;

Figure 10 is a flow chart corresponding to the decoding

subsystem shown in Figure %; and,

Figure 11 is another flow chart corresponding to the decocding

subsystem shown in Figure 6.
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t he post processor 30. A feedback path 60 extends

fromthe decoder 20 to the post processor 30. The

post processor 30 is nodifjed to take into account

ECC feedback informati on fed 10 back fromthe decoder

20 via the feedback path 60. In operation, the post

processor 30 corrects dom nant error events observed

at the output of the detector 10. The post processor

b d 50N he " t" orec r I

Referfg f¥€o% %?%atlonht%eor m§E% Pge%a g%%ne%tlo#é3§§8tem
embod@m@c |tjna:n pekesealt. ms‘harcame tlB@mdlea:m:lleugr csmbeswesttm t20

d. ar the "int nded
comprdpeds 1 SRt ERECR: dDan e Brie @ 0s B nOrEd Ty Sas post
proce@@@¢e$®orTaa bas patsefaraie degeeitver 10f dris @mﬂmeﬁtdduto
eve

t Th t of each 20
the P@UnaY rhe ARsthcer 20cdar ahen bord Lol Bt

forwa&ﬂr@@tavanteamdnuhsfk@ma&m@nlm@uthafcaﬁe wertdkcthr 10 to

preferred receiver conpri oi se-white
cne oPEE: B oraer b One e SR B L o e

decodeti beniceg the pektoprede@oan 3@r.r ahe %lo@ﬁmprdﬁds\é@ﬂr 30 is
fromthe output of an equalizer and bit 25 decisions

mod1 fgeRerat &aKBy ke AECEERAT TES, TRRCRasHefSERE@ation Fed

back ¢repdimantcebdkhe 2pr esant-nnveRdARL the howut s of
the receivers are conpared. The nost likely error

event is selected. A further check may be made to

In ope@akibm,t hat P%@'i:r echbi-Rg slhe zer ref-revent watingfes rrox
constraints of the inner 30 parity code. The post

eventgr 96665536 tofher §UARYad Pinttage desreton L 0-hdhsamasy

procesQR3! B3l fhs akepARkd bhe rdet eched sdatka %%@%@@éﬁSprlﬂ01ple
corrected according to the selected error event.

of coprmaiwrsaon theonext SkEstthie Rdloy eaendr cagehCiideciyan et
al. reheckedw blam'i_%%ﬁ%merr%r Lherhar iy bEO RtiRiy aFh S

process continues until an error -
treated as the "intended messages"” observed in the presence of

colored noise. The post processor 30 has a separate receiver
for each of the dominant error events. The output of each
receiver is the likelihood of occurrence of the corresponding
error event and its location in the code word. A preferred
receiver comprises a noise-whitening filter followed by a
matched filter. The noise whitening is performed on an error
signal derived from the output of én équalizer and bit
decisions generated by the detector 10. In a preferred
embodiment of the present invention, the ogtputs of the
receivers are compared. The most likely error event is
selected. A further check may be made to confirm that
correcting the error event satisfies constraints of the inner
parity code. The post processor 30 offers an advantage here.
If the parity constraints aré met, the detected data stream is
corrected according to the selected error event. Otherwise,
the next most likely error event is checked with fespect to

the parity constraint. This process continues until an error
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event satisfying the parity constraints is found or
the list of likely error events is exhausted. In
operation, each bl-ock of ﬂ ta read fromthe storage
subsystem 3 by the decodi g subsystem 2 is subject to
a first 5 decoding pass, in which the decoder 20
perfornms a CRC checksumto determne if the bl ock was
S I next o] [
event %?fﬁtor dec%}gt?ﬁfggfgty é?ﬁgtﬁgﬁ% g% ]]g&élgﬁé bLogkei S1st
of likeWwremrdoreventet ugneghévdhedhe decoder 20 to t he
post processor 30 via the feedback Iink 60 in
preparation for -10 a second decodi ng pass of the data
In Opéﬁaﬂi@nArﬁanhnwkmCanﬁddaEﬂtreadtﬁeomréh@nstorage

I.nv d Y+ P QV f eedbag
supsy LML LO0. ADCAE L3, 120000 L0RaL I, I QUL i By e5age:
decodxhgegass,]ih wini sbnehedatacster age sysfenss &hERC checksum

encoder subsystem 1, 15 co
£ detGribddt FortEnhdour Rg ﬂ%%rS%aFgggfo?}% ggcg%f@ If so, the
next @m@mdhng:mndspr@@edfﬁg daoedipari Iy E@tpdrpgnnlng"

ocdodE O UM L 7. b CSERET: AGEALE bR, CACHRaNI aCi R T

post gkmm&kgoﬂO3®vawovhdeﬁeehbhmgemlﬁhe6@u1puprepathelon for

. post essor 30 a the i ut.of 20 the decoder 20.
a Sec&b%ﬁ %.}%% %%%%d% %%e éag509}885 in the feedback
paths fromthe decoder 20 to the post processor 30
and the detector 10Q0. The feedback fromthe decoder 20
In aﬂ?%ﬁe?eﬁ%ﬁ% S by° ghEhﬁnaﬁ?ﬁ?PBnl%ﬁ%%Hé?n 0-BFF6r 1fo

additUseally theovPdsd ProeessaEk3Padndsthexdehechgr £16mi Bhe
t he second pass. 25 Referring to Figure 9, in another

deCOd%ﬁb%%lH%h?h%fd?%%cb?éséﬂt i nvention, only the post
processor 30 receives ECC feedback infornation from

t he decoder 20. Accordi ngl X’ t he feedback Eath 50 to
In songdafet ettoF2d® FESHATEt elCTRRSOfRRSUPAY LS

comprises a modulation encoder for encoding user data
following ECC encoding and preceding inner parity encoding.

Accordingly, referring now to Figure 8, in another embodiment

of the present invention,'a medulation decoder 70 1is provided

20

25

30

between the output of the post prccessor 30 and the input of
the decoder 20. A modulation encoder 80 is provided in the
feedback paths froﬁ the decoder 20 to the post processor 30
and the detector 10. The feedback from the decoder 20 1is
re—encoded by the modulation encoder 80 prior to use in the

post processcr 30 and the detector 10 in the second pass.

Referring tc Figure 2, in another embodiment of the present
invention, only the post processor 30 receives ECC feedback
information from the decoder 20. Accordingly, the feedback
path 50 to the detector 10 is omitted. This leads to a ) ‘
reduction in implementation complexity because the detector 10

does not perform a second pass of processing.

S
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reduction in inplenentation conplexity because the

detector 10 30 does not perform-a second pass of

processing. 13 COperatienigf -the decodi ng subsystem 2

herein before described with reference to Figure 6

wi Il now be described with reference to Figure 10.

At block 100, a data block is read fromthe storage
Operafipayefei's €eCPfénderubeypPten af heneis &@é@aengescrlbed
with §H?§¥§ﬁ§@1go fiﬁgkgcg 4291 hBG Q@tegggEl | Bicy

onbi nati on wit oSt processor uce a
refer@@@?e@@eﬂl@ure éﬂre&hwbl@ﬁkth@odaﬁadbkacthAk bBocEad

srom {0, 5LHEL0ECO0EL 20enPS! (0T DR CLLL EALT S5 hon, A

t est checksun1 10
decodiﬁgtﬁ@b€F§IQMe&ksah1bbdtbaié@; nbher detsctbhehlatn

d S the .data_bl ock a
combi R BEn F i HhE BECRCE o Do R8Ro5D, bUBARL S hBekeRhsd bit
streapabsom Thiee ndxtadalackl osk bkockhéﬁO;eadefdenbﬁhe 20

perfo?ﬁgrgg o%ug§¥§égg1§nf ﬁ%dﬁggdg gg% Eéhgﬁggggégﬁggsgggts

ndi cates an error, the
the C®@86h©¢k$M® data block is made. At bl ock 150, the
decoder 150 determnes if at |east one interl eaved
error was corrected. |If at |east one interl eaved
If th@r@&@ mmscb@mmetmeﬂcaté@en@ atrbreckth68, athpideroden,

Xtr |nn| i nf or %IO fromthe c cted

the ag e T8 S BT not AT G7 WAL § bR 207 COHBRREBEE R decoded
folloWIﬁ@HtMﬁlfﬁr@@rﬁﬁcée@$iﬁglpaiﬁe ﬂﬁéanék@C&atghElocﬁ is

i nni information is sent b tge decoder 20 to the
then %%%? P%?%c%%%o§t%ﬁa@? SEpRYsh ckOFi ARCBOINGf at

| east one interleaved error was not corrected, then

th codi ng su stem 2 enters Of_Line node. At
e cng R ‘%??dest%% @@ya%%%%e?nz%rﬁaﬂ oFRgnerAguFgcond
proceseiagigis s Rot | o g €4 aSLE€k is made. At block 150, the
decoder 150 determines if at least one interleaved error was
corrected. If at least one interleaved error was corrected,
then, at .block 160, the decoder 20 extracts pinning
information from the corrected data. The pinning information
comprises the location of correct bits in the data block. The
pinning information is sent by the decoder 20 toc the post

processor 30 via the feedback link 60.

If at least one interleaved error was not corrected, then the
decoding subsystem 2 entexs Off Line mode. At block 170, the
decoder 20 performs erasure decoding. FolloWing erasure

decoding, at biock 180, the decoder 20 tests the CRC checksum.

If the checksum indicates no errors, then, at block 210,.the
decoder 20 indicates that the block was successfully decoded.
However, if the checksum indicates an error, then at block
200, the decoder 20 determines if all erasuie shifts have been

made. If all erasure shifts have been made, then, at block
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decodi ng, at block 180, the decoder 20 tests the CRC

checksum |If the checksumindicates no errors, then,

at block 210, the decodern426 indicates that the

bl ock was successfully decoded. 30 However, if the

checksum i ndi cates an error, then at block 200, the

decoder 20 determines if all erasure shifts have been
220, tvadederpdar|derasuieeshihes hhvedpeerinadef thenblagk was

unsucgéggfuﬂ4 ZggrdtQErg§09geEeg§Eﬁéa1n?ﬁetgﬁgshgg decodlng

decodi ng of t he unsuccessful. A hard error
involvegsret sweed. aqhQOQragunégdébgﬂugg bihgolueshs gwkepblock.

If eré&&k&”sﬂ?ﬁ%$9réH£9Hg@obbESm58e§hﬁhgﬁtﬁtbbﬁ Foc%bQQOthe

rasure s fenain to be nmade en at
decodehe? deteodein@d dét ecninesti pnat ihtasteomed error was
Correégégrleaved error was corrected. Again, if at |east
oné interl eaved error was corrected, then, at block
160, the decoder 20 extracts pi nning information from

the.co cte dat a. e nni ng _i nformati an
Againg " CRL FEISE SRR nEHRDaxtBoCPLOD 0, BRLEREERT chen,
at bldaka16ﬁhetmen@eogdernﬁ@rBatrentsspagaﬁngsenfobmathen from
‘decoder ,20 to ost rocessor 30_.via
the cPPRRCBEY THe" pobephocbBob 50t Mper 6P AE=EAGPhErTRaLses
the lofatbendaf achblpekttBktpgiacehantaok.t hee punnnng
infornati on receive

insorplt S0t Rot SR b FRE: BH thRefccafetpogor phe PRar

proce§€60080 Qﬂaag@@nfaeﬂbetnsleﬁaseoe tUreogbBg. p@Bcessor 30
recei pt of the |nn|n fornﬁg g, t he . post
0 SS

perfoppy 28 breB0P2H rPSr eke CBrifAeadgPYnt of the

plnnl@@ogﬁfog@@tﬁoﬁoké@@aﬁgdzo st eps 140 to 220, but. now
excluding the bits identified by the pinning
i nformati on as being correct. For the post processor

If at least one interleaved error was not corrected, then, at

block 170, the decoder 20 again performs erasure decoding.

On receipt of the pinning information, the post processor 30
performs a second pass of the data block, again following
steps 140 to 220, but. now excluding the bits identified by the
pinning information as being correct. For the post processor
30 tc cperate in the second pass, it will be appreciated that
decoding process may involve temporarily storing data samples
derived from the equalizer output and bits output from the

detector 10 in the decoding subsystem 2.

Based on the prccess herein before described with reference to
Figure 10, errors fully contained in those bit positions known
to be .correct after the first pass are discarded from
consideration by the post processor 30 in the second pass.
Errors partially located in correct bit positions may be also
discarded by the post processor 30. In this case, neighboring

bits may also be affected. The pinning information allows the

pa—
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30 to operate in the second pass, it will be"
appreci ated that decoding process may invol ve
tenporarily storing data sampl es derived fromthe
equal i zer output and bits output fromthe 25 detector
10 in the decodi ng subsystem 2. Based on the process
herein before described with reference to Figure 10,
pest preersseul Py tonearhedei AheReseobitiposi troms IkpoWaT
cons180r €I GO I B s a%sEchetw AhnB@3S12LE1 01 seapded b am
consi deration e post processor e secon
reviepagshy 30hErposts pam:eatsby B8canddthnscerhentebi t
ons may be al so discarded by the post
perfop@%%%%sor 30. In this case, neighboring bits nmay
also be affected. The plnnlng information allows the .
rocessor 0.to clud t hese sitiqgns .
The e3Pt HERe ERRerat, abPeRt T BoraiicRB2Phe Aanparo=s
with teﬁetgneerbmsFigube lbevsewpdlbyabhe posbophocasFae Fly
nces _performn The exanpl e_of
and Ofp Eie BiRef nVaRTFBRThar @ik BEPSPSTaBES Photn=wPERoent
lnventﬁéﬁrmmpebéol£mgUéa 106 0a appl Ftabhedé&o Bqthlmp Theher
Hoynev 0 nts_of
embod pdnt S oRE Fhe ROGARR b LG SheoT Y oot ooty CHech 9T
Line mode. Esguahty, reyberemenbedipedtsaobdt WetRr eBONDEL Line
- | nvention n@y be I|n1tedmﬁ Of 10 Line nDde Lat ency
mode +RqTifPendil st G850eNat BaYwPEh TRECEFE Vi Ret RoBESFRNT
invenSO6® 10pPhh sat t RaSniMYecbeokNplLovRdr¥iaatiBechreBNteduced
i nvention because the nunber of block rereads can be

for t?%dﬁ%%% LRp7et nR2EEnBT FaFgEtthRard error rate.

Referring now to Figure 11, the Of Line only

procedure 15 conprises the sane steps_as herein
REferB%?%r%pﬂe%%er%ﬂrﬁA@ﬁ FBEePéhcEil® ??bﬁr%rQGEdQXEept

compr{&&sthige t €5he f 9FcBt h8aBErONB before described with
reference to Figure 10, except for the test for at least one

interleaved error at block 15GC..

In the embodiment of the present invention herein before
described with reference to Figure 7, the detector 10 also

receives pinning information from the decoder 20. Here, the

- pinning information additicnally comprises the value of the

25

30

correct bits. This arrangement advantageously permits
simplification of the aforementioned tem?orary storage step.
SpeCifically, bits output from the detector 10 need not be
stored if the detector 10 also_performé~a second processing
pass to generate a new set of detected bits based on pinning
infeormaticn received via the feedback path 50 from the decoder
20 foliowing the first pass. Errors corresponding to some or
all bit positions known to be correct may be zerced out or
otherwise favorably altered in the detector 10, thereby
further enhancing second pass processing in the post processor
30.



interl eaved error at block 150. In the-enbodi nent of
the present invention herein before described with
reference to Figure 7, _the detector 10 also 20
receives pinning information fromthe decoder 20.
Here, the pinning information additionally conprises
the value of the <correct bits. This arrangenent
advant ageously pernits sinplification of the

af orenentioned te orage st Ci
The Pre7eat ofBER:17BPE G  Hel VEBEoF 708 Reducmelnpeb s  Sedback
informst O6RAgthetheedeboctpe 1QeabserpeofOaneadseeDmdned in a
rocessi ng pass to gene%gte a _new set , of getec

flexible {RaBASEd GRORRAMNAGOT PGy HREFER PociivE Sbfghfnes the

post pf@@ggéék pat AngO0cheonetbBerdecadern 28ef ekbowdngatbeot
first pass. Errors corresEondln to sone or all bit
procespbagt iohs RABWSt 0SBBLLBFL¥ct TRy PRESSBE0&BVEHRELGR 30

permthtQSETh§§a£§¥ﬁr@?|¥h@|bﬁ6§ﬂtlBftﬂ%mﬁgkéﬁyoétégage needed
hereby further enhanci ng second pass processing in

based @hetbésﬂ@9¥@@e§§owh130 thejgostherpresent rPHventi 6he

" detectBETThi 84 gggﬁﬂFQgeaﬁg %H@UBECQEdf%%@Eaﬁ%ocbﬁth@HtTQ@
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generate he decoder 20 to be determned in
secondf passbbé muAREFSLiHEpEHdILRE éﬁtﬁﬁéoaeépeénéﬁor the post

proceség¥ogﬁegg§%leg EB?reEQ%Bnp%QC%%%%ﬁn%ggaBQer% ghfreby

etecto In the second pass of 5 processin
eliminbtooksthsi nekdr fpr eheepeesenhilgy SHPIr6NSSperM

amount of tenporary storage
perforgg%aghéﬁgaseagtﬁh?ﬁg degree to which the post

processor 30 and the detector 10 participate in the

second S§PL J« The cond Rass ok hout of
Pipe- 11P%€g3§§§ %5y %&ﬁ%gggegfbr 6§§%d/ogﬂﬁhe pogouf put o+ 4
decodeprege$smr23@mpeduumg ¢dwer gateisem tofi nvemdilonng Pdipegrlg ning

1nvolveﬁgp§€gofg£{%Eg%kﬁn%ekgﬁtgﬁe%ﬂaybfi§§§§ﬁppogﬁ'S
processor. The second detector and/or second post processcr
are employed in the second pass. Meanwhile, the first detector
and/or first post processor begin processing the next block of

datz read from the storage subsystem 3.

In another preferred embodiment of the present invention, the
pinning information is used only in Off Line mode. When the
decoding subsystem 2 enters this mode, reading of recorded
data is suspended. More time is thus available for
reprocessing data read back. The second processing pass by the
detector 10 and/or post processor 30 may be performed only in
Off Line mode. This leads to advantagecus reductions in both
implementation complexity and latency. Here, however,
performance is not enhanced during operation in On The Fly

mode.

The decoder 20 may maintain the list of most likely error

events. Multiple error events may be corrected in the inner

—
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per formance and throughput. Pipe-lining my be
enpl oyed to further inprove throughput of a decoder
system 2 enbodyi ng the pregsent invention. Pipe-lining
15 invol ves use of a second detector and/or second
post processor. The second detector and/or second
post processor are enployed in the second pass.
code woghwhi Itdie mHivstf inrsicedetasctdr. Thwd/ortuitr sif post post
I 0 | t
prOCES% gfg%ﬁfg{r%y{)%% ;%tr%: agtge%; sys]{berégﬁ’)%dfg Ioérﬁ(afgoo hfg?laal etrot
correcwnetarred enbodi nent of the present invention, the
~ pinning information is used only in Of Line node.
When the decodi ng subsystem 2 enters this node,
The prree@dnitngrmfenrce_w ded apgdtiaaisl e LtS:pamd@d diMfeer dritimeidts
stora e %9|Iable reprocessi ng data, read 2%%¥ The
9 ec?’é’ﬁ 56 c e85 éfl&%é“at%}le( &ttt ArfAGal or
magnetﬁ@stdlﬁﬂdﬁﬁeﬁ?@rsdBQﬂlw lhe meerdfrred agﬂslcy dHut (Hl'febldeﬁ%dlng
Thi s.| eads .t o adva tag us J€ tions in bot
Subsystﬁﬁﬁ EmBRYa ot TETHIS égaef{) ISHE HoVery

softwaper keemndeg Srneheeraneeed q;\zrdgngn@fwlaé lp%derss@rs, or
der, 20 may nmmintain the

The Fl 30 The dec
a combingti 8% ﬁ%o ?"amdw&rfde@m oloafé?nt%lr%tﬁyp@éldeﬁo&tware
execut&h@nb‘h PR Be et gired rahnidre d MiRJcekkoraodernnang by
post_processor 30., The output of the post

embodlﬁl@&éés@ér tag REyPSEE Y HEVedd Ao Naveide reyglesgir ibed,
data 1fs| &@'adelbfyortheC@%rc%‘%illn%n subi fHe@sent; 4 MUK ON di%h
plicable to many different data 5 storage systens,
blocks| ﬁ‘é‘lyu&|°ﬁ§eﬁé’@ﬁ€t it S&FE S WS 2arsl sdptacdlmrlar
divisiBRgneh ¢ dipk drives. It will be appreciated that the
decodi ng subsysten12 may be |nplenented in hardw red
logic circuitry,



sof tware executing on one or nore progranmuabl e
processors, or a conbination of hardwired and | ogic
circuitry and software 101gxecuting on one or nore
progranmmuabl e processors. In the enbodinents of the
present invention herein before described, datais
read by the decodi ng subsystem 2 in blocks. Such
bl ocks may correspond t@LB&MEors on a disk or simlar
di visions on a tape. 15 - 18 - CLAIM5 1. A nethod
for decoding data in a data storage system the

1. Aretdtoch o i ic%crtgjirgﬁrteartai i g eby:lea:ajeitemgn;e asnymrémwtthe

[ streamin denc on a,data bl ock receiyv

methodf AR g e AT (it O TR bt U gt D

st reand Yist ei’ép@&ftﬁ’fﬁ idg abydaﬂ:apaslocﬂ{ oceSsiofed ofinett £dst@rage
the dete or a first ‘error corrected bit streamin

5 subsysfége S e’ U PR BT S SH it tHe ‘faed post

proceéﬁcﬂ@leosgﬁ:rtareai g e alefdr COrfeedt ar SeeosleFrected
connected. to the ost rocessor a second error

bit stGamectefaRnn QD UHFHddhice TFeHR #7d sthe data

block Bldée Gl IRe g i teﬁﬁcrle&remgﬁtercﬂt I odyr then@EE0dd to
correction decoder a checksumin dependence of the

the pPosdc FHPGTHT COrTAB DIECBIITAR Y, Pin Theedehit

10 dependéﬁﬂe drhe-iehecksimd Srd Nk St d M Db B I HF Sedi; t&@heratlng
second error corrected bit stream and the second

by Tthep g0k It Ed Bt 19839 A hamptis e ddeperdenener?t

the s&UdELrddY &8 dSaVS -SUPP! Ydnedd omdde i @10 event that
correction decoder to the post processor pi nni ng data

the chediest ive Oidioehlvomnt cfrevrs eét Bie sseerndhec 58BN
correcq{ercprblfpo.:{trfé‘atn?darm tt}‘?‘é r@@éﬁn@@rréﬁ%ﬁ@éﬁé@ @i’t té‘&eam

15 comprlses at least one Correct interleave: supplying from the
error correction decoder to the post processor pinning data
indicative of locations of correct bits in the second error
corrected bit stream; and, regenerating by the post
processor the first error corrected bit stream in dependence

20 on the pinning data.

Z. A methed as claimed in claim 1, wherein the regenerating
comprises discounting bits at the locations indicated-by the

pinning data.

3. A method as claimed in claim 1 or claim 2, wherein the
25 pinning data is indicative of locations and values of correct

bits in the second error corrected bit stream.

4, A method as claimed in claim 3, further comprising
supplying the pinning data from the error correction decoder
to the detector in the event that the checksum is indicative

30 of errors in the second error corrected bit stream and the

S
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processor the first error corrected bit streamin

dependence 20 on the pinning data. 2. A nethod as

clainmed in claim1, whereijy tthe regenerating

conprises discounting bits at the |ocations

i ndi cated-by the pinning data. 3. A nethod as

claimed in claiml1 or claim?2, wherein the 25
secongi ankay darasrsedndiitasitveanf chopatisensaandewaktueaecof

r in the second error corrected bit
correS? E‘L81‘3I%r%lg‘lagiénﬁ\thod as clainmed in claim3, further

conprising supplying the pinning data fromthe error

or L t|on de der to the.detector in the event that
2 %he g eck%ﬁngls medi &8t Sl§040ff8FFb?§ FR™PheS4880ond

regenerabingobyecheddbitbcsbreameandtbhe 9+ seeenfl enror
orrected _bit strean1§g¥grises at | east one correct

dePenéﬁ?E?lEQVEBeSPlﬁFﬁBQh s claimed in claim 4,
further conprising regenerating by the detector the
it streamin.5 dependence on the nni ng
6. % § i?nﬁﬁﬂbﬂeasle|aiﬁéﬂ gn YRSFRLE, taﬁeFégﬁnﬁﬁétlng
of théegfﬁgtaétﬁgr ebrtbetbir Bt cecLBEmCOLr getedrRL sheam
erforned in dependence on the pinning data and

depen@%%g?ea%nEPatBanaaﬁgu@atgtﬁegthfor7gem?ﬁ@¥ﬁ6doa§put

streamg| aimed in any preceding claim conprising, in the
error correction decoder, perform ng erasure decoding
to generate a third error corrected bit streamin the

7. BViedthod hag &D@lﬁQSCK§UthSpk@Qb@%ﬁbvélQEmancSﬁﬁ95shHg,
the second error corrected bit stréam and,

in the eqeHeF afPRESEhECRNBERSHRT i NP5 fABPERdentasBEet flecoding
to gehdhdteefroni pQrELeLEAcBitestE@AMt stream in the event

that the checksum is indicative of an error in the second
error corrected bit stream; and, regenerating the checksum in

dependence of the third error corrected bit stream.

8. A method as claimed in'ahy claim preceding claim 7,
comprising, in the error correction decoder, performing
erasure decoding to generate a third error corrected bit
stream in the event that the checksum is indicative of an
error in the second error corrected bit stream and the second
error corrected bit stream comprises at least one correct
interleave; and, regenerating the checksum in dependence of

the third error corrected bit stream.

9. A method as claimed in claim 7 or claim 8, comprising
signaling a hard error in the event that the regenerated
checksum is indicative of error in the third error corrected

bit stream.

10. Apparatus for decoding data in a data storage system, the

apparatus comprising: a detector for generating an output bit
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8. A nmethod as clainmed in any claimpreceding claim

7, conprising, in the error correction decoder,

perform ng erasure decodifig-to generate a third

error corrected bit streamin the event that the

checksumis indicative of an. 20 error in the second

error corrected bit stream and the second error
strearng gy gePegdsinces oreamdedidphilsesk atededastd dne ey rdeirage

' rl X , ratj h '
subsyspliflaeia® BRS SRR e SR s eam
connedd.edA tieetihed des edtaimerb i megleaiahificora diaisth &rror

onpri.si 5 si lLing, a hard error_‘in the .event
correqtelPit Wreah TP TPl dh Fhe suthit Sig aris

‘and tHen dahte tHlioak ;eramore oy ectrackcthicn stgceatmr Hbnnected to

parat us faor .decodin ata in a data storage syste .
the b BRics A, SO AT TS, T g SR S bit
streamaniroWepuindeinice 20 thsd rfdamt rrdependence @ didateream

| ock recei,ved froma storage, subsystem of .the data
and, Lo BegE LFerBne SMSSHE U dob SSHE o (tied o S4dan

error detreeicared ofi tgenetatn nGiral,f id Heib=ork o extreddiglying
treamin dgpende_nce on the output bit stream5 an

from e SdFCE IO EIEC T Te ISP T et thifen Rfsto e SEaifdct ed

pinnidd dathe ipRScaRHEACeSFOMN St igenerc Idg i e At eff Ahe
corrected bit streamin dependence on the first

SECONGe FEgPTe GIAECES Ditt: St aA™ aridl,“ oo rs Geterddnd-he

check=GREGKS UMdiRk A9RRNIENGE 1fr & N8 S8GONG cBId VT ratdted
bit stream and, a feedback path for supplying 10

b1t stmesm emel ércos e ANIGH, RESHEed Slitthetgeam comprises

at lealRftOGRRS Ol r RIGHNIING daldd vd)ditgal ipe Ofpdpcaldans of
correct bits in the -second error corrected bit
regenegiiddys ithet He féfe Mt IHaC A e Cl@te Ssurh it dhditcat i ve

depend¥nc® IR SHN Jike 1$RCORE L1l 1G] R the error

correction decoder.

11. Apparatus as claimed in claim 10, wherein the post
processor regenerates the first error corrected bit stream by
discounting bits at the locations indicated by the pinning
data. '

12. Apparatus as claimed in claim 10 or claim 11, wherein the
pinning data is indicative of locations and values of correct

pits in the second error corrected bit stream.

13. Apparatus as claimed in claim 12, wherein the feedback
path further extends to from the error correction decoder to
the detector for supplying the pinning data from the error
correction decocder to the detector in the event that the
checksum is indicative of errors in the second error corrected
bit stream and the second error corrected bit stream comprises

at least cne correct interleave.

M’
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bit stream and the second error corrected bit stream
conprises 15 at |east one correct interleave, the
post processor regeneratbrpg.the first error
corrected bit streamin dependence on the pinning
data received fromthe error correction decoder. 11.
Apparatus as clained in claim210, wherein the post 20
. processor regenerates the first error corrected bit
treamb di scounting bits.at.the | ocations
14, BGRTEArN B CheL It Ant hot Lakt al 312 MRt arl dRtector
regen€tataedha chapwr 10 orscraam 14, daben@dmcd hen ptidi Bgnning
data is indicative of |ocations and val ues of correct
data.og hits in the second error corrected bit stream 13.
Apparatus as clained in claim12, wherein the
f eedback ath. further extends.to fromthe error

15, ZRRIERTT O UeCoteE ot M t e HBt Tt ¥ T OF R UbPE PR t he

proce Pt Ngéiad pateoMuber eFsOrer £6F I €611 OO SQCOTEI st Ham is
the detector in the event that the 30 checksumis

performRy chf | YPBRIIFBren | B¢ HelReEdRdiRE? oFneofRect ed

regendtdt &4 re@mp@ndst feagecond error corrected bit stream
conprises at |east one correct interleave. 21 14.

Apparatus as clained in claim 13, wherein the

16. SFL0Es £808NeIRLES i h henPubput1 DihsSifeamM 19, wherein
ependence on the pinning ~data.. 15. Apparatus as

the exTef meerTertien Madodaneper FOrRe po3tULS prlecedsey to
generd €ICNCERI £F LREF1 ESE LE£ 08 GPET LT LM DL %ga%%fﬁté that

performed i n dependence on the pinning data an
the chegesien at 2diodtprtlstrefneh 18T r@ppak atlue a6Cend| fepgor

co;reé@b@ﬂyiQfsgfééﬂsa&@ f@gééer¥@§§e£ﬂe checksum in

dependence of the third error corrected bit stream.

17. Apparatus as claimed in any of claims 10 to 15, wherein
thg error correcilion decoder performs erasure decoding to
geﬁerate a third error corrected bit stream in the event that
the checksum is indicative of an error in the second error
cofrected bit stream and the second error corrected bit stream
camprises at least one correct interleave, and regenerates the
checksum in dependence of the third error corrected bit
stream.

|
18. Apparatus as claimed in claim 16 or claim 17, wherein the
error correction decoder signals a hard error in the event
that the regenerated checksum is indicative of error in the

rthird error corrected bit stream.

19. Apparatus as claimed in any claims 10 to 18, further
comprising: a modulatiocn decocder having an input connected te
the output of the post processcr and an output connected to

the input of the error correction decoder; and a modulation



. the error correction. decoder perforns erasure
decoding to 10 generate a third error corrected bit
streamin the event that 2£he checksumis indicative
of an error in the second error corrected bit stream
and regenerates t he checksumin dependence of the -

h| or_corregt ar at us
encode gljié n]’::%en@o%(f"ﬁ ﬁgtg lgigwa%ggr%h& lélégfncoli%e? ion
decod@rr@mdcnmeep¢$©npdecedeorperforns erasure decodlng to
generate a third error corrected bit streamin the
event that the checksumis indicative of an error in

20. Afmaeecemdregéoeyscemre@mpﬂlbimgs&me@@@@m@kt§@b§§§@@ﬂ for

rror corrected bit stream conprises at |east one

enCOd%:Ib‘? &t it er eV, ShRBAPegeniet BPEEIT HEURDY Thek ksemected

to thé %M@@@ﬂeﬁﬁﬁspétéﬂﬂefbhlﬁﬁl@lﬁ@rtﬁ@réﬁ@é@é’dbﬁéta blocks
stream 18. paratus as clainmed in claim16 or

on a %@%?n?ﬁqra%ﬁém%@huWh%nde??Brr%%?%%%t?%% fecodef data
block$ SRdhStRe N th €5 8Fa48 hbg;@MeENing} hé“dé@@dlng subs stem
regenerated checksumis indicative of error in Z%

COMPrifHiRY FPPHFEEOP raet ed2bPed st eany 29, C%@b@?a%@st%sl9 for
decod £h@l MRE dA-&Wqchat aspiQc-ke. 18., further conprising:

a nodul ati on decoder having an |nput connected to

the output of the post processor and an out put

connected to the input of the error correction

decoder; and a nodul ation 22 encoder in the feedback
pat h between the error correction decoder and the

post processor. 20. A data storage system conpri sing

an encoder subsystem for encoding data bl ock for
storage; a storage subsystem connected 5 to the

encoder subsystemfor witing the encoded data bl ocks
on a data storage nedium and for reading the encoded
dat a
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bl ocks fromthe data storage nmedi um and, a decodi ng
subsystem conprising apparatus as clained in any of
clainms 10 to 19 for decodihg the encoded data
bl ocks. ABSTRACT Described is a nethod and appar at us
for decoding data in a data storage system In
operation, a detector generates an output bit stream
i n dependence on a data block received from a
storage subsystem of th@giarst orage system A post
processor connected to the detector generates a first
error corrected bit streamin dependence on the
Descr@HERUL sbht n8th8@Minandpbheadakarbl-0gkecAMNEr Qs in a
correction decoder connected to the post processor
data gERBRECeSYALSBeoRH EPPERLEOFr bt BALBFEOSt gRAATRRASS an
outpugeﬁgedgeggaﬁnlﬁhge&bﬁﬁ%n@érBh ﬁoaéggtﬁgoéktré é?@gh from
and al so generates a checksumin dependence of the
a StOSé@@naubévﬁbﬁmc@fréb?eéabats§@¢éﬁﬁ18ﬁ§t@@db&ck©path
proceégepleEnéeegatEs £BET AL CRELECLEAR JECQUEr et OsLNEy 1oy
ost processor pinning ata Icative o ocati ons
corre@tedobn@cstbﬁas in dhpesdeond enrbhecontpetedibi stream
and tﬁ%rSQEB'BlEQE GXS”ErEBgtcBQQe%%ESESHQEga r'ngﬁéEkgﬁ to
errors rn the second error corrected b ream
the panatl phecsecondgenevetesr receednbi ersbreanrcoeapefisbst
streaﬁtiheééggnag °5§?E£ lpterleaye. %Qgrg8§£dp£9£e§§9eam
regener rst error corfréec stream i'n
and atlepegdenceten ahehpchaumg1dadapeedenuedofrbhethecond

erroreEEQEeE rregt&on gg%deﬁ feedback path supplles frem the

.error correction decoder to the post processor plnnlng data

indicative of.locaﬁions of correct bits in the second error
corrected bit stream in the event that the checksum is
iﬁdicative of errors in the second error corrected bit stream
and the second error corrected bit stream comprises at least
one correct interleave. The post processor regenerates the
first error corrécted bit stream in dependence on the pinning

data received from the error correction decocder.



