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WO 2004/ 107338 PCT/ | B2004/ 001532 1 DATA STORACE
SYSTEMS The present invention generally relates to
wa@lanoa/181368 age systens and particul arly rel at eBCT/B2004/001532
apparatus and nethods for decoding data in a data
storage system 5 Referring to Figure 1, a typica
data storage system conprises: an encoding subsystem
1; a decoding Sug%yrfgegq«@g AGRSYSTINVIST age subsystem
3. The storage s onprises a storage medi um
such as a magnetic tape or disk, a read/wite
The pressuucénvéntipeadengrdilyd redatafdtar PEFRgSEAEEIR0
syst%ﬁg A03SLQFp9E MBI M- BAd8 gb'&ﬁpﬁ¥§t@€1ﬁﬁﬂ ferhBds for
he storage nediumrel ative to the transducer. The
decoding agetaedfum dABR tEanseBc8YShEY-be alternatively
|nEIenented Vi a oPticaI t echnol ogy. The encodi ng
subsystem 1l transforns raw data _frao a_user_ deyi ce
Refe%ﬁéﬂgaEOaFH%Pﬁepioc@sEYﬂ@cggségﬁFiﬁgérggFoF¥§%§%
compﬁ@ﬁ@gti@heegbbaihbesabeyagemsmbsysﬂeapainﬁrsubsystem 2;
correction a_ s typigall t :
and, T8 BFaEaoDy EREYEE P ane RabEyo Sia et oy fhe ComPTises
a stenagdi mgdinmnstichnati anmaFhetdecsdbrgorsdbsiist anrgad/write
tran%&&gégo%gﬁ gégéiﬁgagaEéongRea HOL29¢ 188Dk ke o3 the
ack into the use ata. The error correction data is
storagpl vgddung pypdt hedde¥BdFNGelHEPE BRVANE tEEr FéOFaTe

medigfnr LS tivkheodaha reafsabaelk . byhehetstr-agagacsiibsy shem
. Data storage_systens u uak%élhave st.ringent

tranggirghi MYyPespeEPEPRELVENY. PRCRESS: YHPe OPS Hréet
techhBe8gySPeRkl baabiong swbkirstest ietfeatifvemdatraw data from
detgctLon and decodiggt Accordi ngly, ti S ¢ £
a usggsPPYBFE FHCReBF thESRpPEREN EgP nsgbnﬁ%b%ltf 5t the
compdedbllengishbsyst enp2ape aulvsystem Bhi Fsreexiceirziesgion data
is tgﬁnfcgli?gnggd getar Eg@gdg%a':%%%‘%d%d Byt ¥piecale odeerdi ng
hsystem for "a dat a storage system enpl oys a
subsygasendd dﬁrén9cé§§iﬁ30§ﬁéﬁ§.tAan§@O§aﬁGﬁ§P-aﬁﬁﬁbgsﬁoding
subsGOTRL 5€8 randabandetigehok-el@l fFRlhwed Ry caages ebsystem 3
orrecting code (ECC) decoder 20. The deco%Fr 2Q may
ata 1is ployed

backhiwsOa HPUREPTL §O6F - EERSC 6&QF COrrection

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

back by the storage subsystem 3.

Data storage 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
decoding subsystem 2 to a minimum while maximizing

performance.

Referring to Figure 2, a typical decoding subsystem 2 for a
data storage system employs a cascade of processing steps. A
popular approach comprises a data detector 10 followed by an
error correcting code (ECC) decoder 20. The decoder 20 may

have a plurality of ECC codes.
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WO 2004/ 107338 PCT/ 1 B2004/ 001532 2 Referring to
Figure 3, in an typical exanple of a decoding
W@ ivgye13esn 2, a soft-deci sion based parity posPCT/IB2004/001532

processor 30 is disposed between the detector 10 and

the decoder 20. A conbination of data detection,’
Refeirtfiexy roodw iatiren/3ardt yare ogesicahl amdarmft@rof 91 eiécewﬁoig

d- Sal onon d I.s..typihcal l t _rmneet

e POt T s A H s e 05t P T ok 30 i
disppaeidt yeltaseh ddu r@gatmcmurdéi) Eard drhmnife:odmr oenemt

Comb#tal%&% |\ (%g:caltc%‘erlo typl cajﬁﬁmo S sequ);pé ﬁl}yCOdes

and Quteat |mardwqﬁqw Spdomcxre %ﬂ gieﬁ’ltt}mﬁcal'lﬂaf employed
to m%%rtoﬁ:hreata%c&ten{eﬁﬁc 1QHRUL-Af e 18} 8L #eshnd oY Oved
by the post - processor 30. In use, t he post processor

30 exploits nodul ation and parity constraints of the
The HARek GREHIAG: Bgﬁédﬂﬁﬁdmﬁﬁ%ﬁﬁﬁﬂkkﬁopéfﬂ&ﬂméﬁbe 1mprovement

deci,si gns fr.om t he out f th etector 10. The
withy8e L350 ek SO msien o5 PaE T (G oY 1 P daca
detether il@putytieaine daa@écdy@r sb(amera:ea deaest fimwasakdd i the
V:Ltergl ali q_%%%de e?fsé% e t%Ut pol'{}t q,]:t t h§ i'H”PSt

proces usi ng ee § | GO codes Cor T ec
detecgmei msngrfequresi \dva mmpmﬂtemr@@ssczco Hrrors

remai ning in the data after processing by the detector

10 and the post-processor 30 typically appear as
In upgr stieoPosfairerssiseorytils expHe ifisr stasuadt ipguand parity
cons@ﬁ:&'i@ir&sul@)fb)thtehQnr@%C%@ﬁn%O ViitRs ﬁBHsIﬂ eix%dégseaﬂ eqyed

out er ECC code \é)prds Various inferleayi ng schenes

rece&ysspgggllﬁlé)nsd ﬁé’ﬂUl GHtoNE o5 |té—"r?gtq'? Y4 é'q%e%ya
postobroeceysoence® efl siohe dawisicss. sMﬂﬁlﬂﬂﬂbrﬂaﬁﬂﬂﬁiﬁﬁomnﬁhﬁ

odes lLo dtofu nhanc t.h r
lnpu%o??ecga%r?e%aega@gl I ?it%y of* ét %t ik ilclgﬁﬁ ﬁ'a%rhe
decodpt]| 2O- pederd@esy thive ok tECRCp frdde i@ sdppiricetkds®r using
Reeddgg?ﬁghgglhgod%r e%%ng:%rgfec%nYEeEn%%ﬂgn%l%yl%r Svla{‘ A:[ﬂée outer

ata etection, 1 nner decodi ng, and outer

ECC.decoding.are typically perforned in a sequential,
feed forward manner as shown in Figures 2 and 3 and

' nerallly referred tg as " The
Erro%e 2 i S t%

remaining in e 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

25

30

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 errors in the data.

The data detection, inner decoding, and outer decoding are
typically performed in a sequential, feed forward manner as
shown in Figures 2 and 3 and generally referred to as "On The
Fly" mode. In On The Fly mode, contiguous portions of recorded

data are read back and processed such that decoded data is
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Fl'y" nmode. In On The Fly node, contiguous portions of
recorded data are read back and processed such that
wale@aders3glata i s WO 2004/ 107338 PCT/ |1 B2004/ 001BGR1B2804/001532
delivered at a steady data ¥ate. This requires the
detection, inner coding, and outer decoding, to be
deli¢empbetedabefeneyt datanext-epomhien refqudatess rded detection,

e B Ao £ B p ey Gt e et SRS Retgrs the
nextt berdéocodert ﬁatasrpaéfesabh@cebﬁeﬁheﬂhumm aCRensdue
trad'eﬁggcgte%xsne,te% Fe%rf o‘fﬁn%lgc%n%h'a O £ %e detec tor 10

orate ta recovery pro edure
and thei derbdemi0i dse®refirirabdeocedure is usually
referred to as Of Line node. The On The Fly node is
then interrupted, 10 reducing_ the throughput of the
If thecbdrag §5§s?@@@nﬂ?d1?ﬁ§esa%@ﬁ§n€ﬁFFHﬁb&EW@PthiIity

outskaddi hgNERhS eNesessitkatre fexhaust i Bk taaldedatcrf r@RIGure

R A L

as OEﬁeLQnéemod@dGShet@@e@herFWythmfk!e&dwm@nammterrupted

d Perf
A R R R S
aforGBEBtuone@OreﬁoQbAQHGNBgg@mlzenmmmﬁemﬁqma@nkedme¢xhausting
all ﬁgggs ec@%g?e f)%ggrl ? 1 tH%‘é/e ‘lﬁ%rf'o I%d (Hetd l%ﬁ%ll%gc Wa@ﬁ'u@é

I'S undesira errlngto ure
The PEEf bi-ranBEOIST MEle 1@@?&@@050196%@ qEEsHere Feanelinge of

the biReeveddky,f eedbagkS¢ieh thecautiely GRCAUIIBIiMy the
detector 10 if at |east one of the outer interleave

recopgedc8@E@words is correctly decoded. For each correct
dei nterl eaved outer code mord bits at correspondi ng
ositi.ons in th inte gd da%? stream can

25
er£pPpRChr LAGEHRE . borner, CEOASR b Ritoin GaRRi ey in

ues
the ahtecpartnalIpos&epmec&saata3ﬁtr@@menﬂldﬂﬁnhﬂwwwb§9§$s,

and ggfgagrd§bechg%e%gr §@8WEQQQ o nhﬁ%er S%IDOSS s1rable

ué of “correct bits Timts
sequences to be tracked by the detector 10 30 and

Refeb%mﬁg \:Bpm\_s;@%ep@rf%@a@&fo}h@c@ dFaftHC Wetlddtor 10 and
decoﬁ@psg ap&%{&%aa%piggg% %ys %bac&pé%hk%bt 2?8%%29“““
decoding to the detector 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.
Knowledge of the location and value of correct bits limits the
number of possible sequences to be tracked by the detector 10

and hence improves performance. This is particularly useful

for data storage systems in which the dominant noise at high

recording densities is transition or media noise. In such
cases, the randomness of the noise cannot be exploited by
averaging many observations. Therefore, additional information
relating to the correctness of specific bits in specific

locations is beneficial. Use of such feedback from outer
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recording densities is transition or nmedia noise. In
such cases, the randommess of the noise cannot be
wepkadtdesl by averagi ng many observati ons. ThRCEIE20€4001532
additional information 35 relating to the correctness
of specific bits in specific |locations is beneficial.
intdidSetfeds raled-erdhack faaaoueri N2 0 MdAZ3Bonal codes is

proP.%ﬁ?éi 004 091%1?%”%51 4@3}3@@%@%% ReedE Soﬂ,aaggsn codles 18,04

,__NO. D. ]
1785511 Mis Deshcdi293 o it @p@tﬂaa&gﬂ@n sofdetéf&sf mm%pg to data
stordd s RGcdivedMld 7" WIJQ].fILéiOdsﬁ'ld ratie, 8id0F, "High code

rat correcti %nrrcode desi %[1 g part!al resgonfe 10 0

systéit, 7'O7rEEENHrran%QOMaqnmﬁrc% Oﬁ}O/l amsinnses. cLaI aop 704 707,

detect or _and out |nterleav odi.n
——a—go@tir 31% iT - n Teaving deat &p T eecrtsperses coaeed
integrigavecb®ed qmsﬂsmgou& uslésbd@acladdrmortatﬂe wiorristtedleaving
step ‘itnetrer%%‘é‘?rs‘&r d JROVEIS %&éﬂfr T suc ]ﬁ%mf?rfrom

ormance gal n aval schene 1| S

the |qomrte@ﬁped?@fueqerr| P oW RS Fefa*ess té?ﬁatmoded bits.
I—Iowe%ﬁa‘a‘_I | Gald QR Aornidhice %i@?@vél‘ladﬁtea S age- Sa scheme is

described’in H. Savvaguch Mta, .and J. K., Wl f, Aj\f
lm%&%at%#ﬁré&n@oax% Y Ehig Ucﬁ?e ForNYARY APREGRINGR ©
thlsclmm@p doElalatBr mﬂ@m@ |<f£é?scmcﬁed 3h mWmo. Saafaa.(ﬂ.lchl, S.

‘ J KL WolT _caQnc G
2, QE% %%?kmgo, ID/I‘f'a.J:'DI r%;}:Oqed erecPQ t ee %e%”fcﬂ:fwafﬁf lin
conventi on exanp e
frompftheh d npwdt ofr ﬁl@sﬁ@rtewqrs 1(9e§(§3r ithed PP iRr R ggsor 30
proﬂ@dggnﬁﬁ¥%a - B JeRderinE- ﬂ@dﬁﬂééaﬂéﬁk Eﬂ“ié?ﬂrov1ded from

Gal braith, "N0| se predictive maxi mum likeljih
the gayaett @f tdsnsiasedish 24P f& ithe ts%st@&tor 10"

post - processing," | EEE Trans.
A conventional example of the post-processor 30 is described
in R.D. Cidecivan, J.D. Coker, E. Eleftheriou, and R.L.

Galbraith, "Noise predictive maximum likelihood detection

combined with paritv-based post-processing," IEEE Trans.
Magnetics, vol. 37, no. 2, pp. 714-720, Mar. 2001.

An alternative approach to decoding the inner parity code
involves combining the decoding and detection. Seqguence
detection and parity code trellises may be combined to form a
joint '"super-trellis". The Viterbi algorithm may be applied to
perform combined detection and decoding. However, the number
of states in the super-trellis grows exponentially, and
implementation complexity becomes prohibitive. For example, a

detector for a degree-K generalized partial response



Magnetics, vol. 37, no. 2, pp. 714-720, Mar. 2001. An
al ternative approach to decoding the inner parity code
wWQ@uNoBBY¥es conbi ni ng the decodi ng and det ect PONIB2004/001532
Sequence detection and parity code trellises may be
conbined to forma joint "super-trellis". The Viterbi
polyalagoralt hmnnﬁ)nd@ va ieebd0l typerdde ny i mtrlty bits

det ect i dtn wever the nurrber o st at es
reafif @ dEIM A Gt B heit oY o ai e fhSE
allevna teree rittts @rorhimm éogyr ts;egzaanadrcaw pIMKEﬂscmd/mg Faond
detd e, a detector for a degree-K generalized

partial response WO 2004/107338 PCT/ | B2004/001532 5

pol ynom al conbined with a parity code with mparity

The idst JrRAIMLLS %OZAa(ﬂfi"rQhec't@é@eéﬂcﬁl 16 ofe P tYifferently.

post - processaor alleviates this problemby separatin

Furﬁh%%d.d@@l@ﬁﬁd ofydthe thagni t35 PrHE TRIACHTHlessdrimpolves
caradd tea datiest of IRoRaiAtgaindesentdoeh fBIrtheri@issr of

.design of the parit ost ocessor 30 invol ves
domingands §rrod VT d%lo 3& ‘%55%9 metst PEULH 8°9%e the
sizentdj’ft)&jheofl_lsd:omﬂlanistfﬂr]ﬂ{e]@d@m:@oﬁ e dettastiesd, clidigked,
parity code, the size of the list of nost likely
‘error events to be checked, 10 etc. It would be
desirable to i nprove the perfornmance of decodi ng

It mﬁﬂhh%y%e'gésfyabq%t Q:étl%ﬁ%fegytﬁ.{§'§erf&lﬁé}§@é Wecgecodlng

e present 1nvention, therels now provid
subsytieqs ffor dededisierima I et a st or age system 15
the met hod conprising: generating by a detector an

output bit streamin dependence on a data bl ock

In HCEAHAPEE S Marhta ES RIGE UM JF TRt S1VF age
prov&ﬂ?et&h drél nwﬁdatfifdig e ipestdatd q&ezssaibatfaorm&ﬁ@b to/stem,
t ector .a.tirst error_.correcte I, stream|
the &ﬁ%&?ﬁ’e{ﬁé’éﬂp&}sﬁﬁ’@ o AP TS e dm FHE I 5t 4 uz‘if’ut bit
strdamdky dwwrdanmag dy eanladrer drl ok rmestdioredleltiostera storage

Subs gﬂct ed |%t dtsatr%%e%%sclyrr#gedegengencegse eqﬁ %s}f e r%srt
promaogcto@@n@qte@t rearfheyelrientiay a b%AItSrte Ry corrected

bit GUARG! 19N LeeRdRn R easumBdipensndenceff and the data

block; generating by an error correction decoder connected to

etc

the post processor a second error corrected bit stream in
dependence on the first error corrected bit stream; generating
by the error correction decoder a checksum in dependence of
the second error corrected bit stream; and, 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 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 on the

pinning data.

The regenerating preferably comprises discounting bits at the

locations indicated by the pinning data. The pinning data may
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the second error corrected bit stream and, in the
event that 25 the checksumis indicative of errors in

wo bh4aesed error corrected bit stream and t heCEHER200H001532
error corrected bit streamé6 conprises at |east one
correct interleave: supplying fromthe error

be 1@1@&I’ce<ttlkzen ocieqed.ertlto@lst gy P @Bl Y0 &S SWr Hadiblig- daitrd. the
di cati ve of ons qclfr cor r t bi t the second
& Mot

secopfl 57E95" G5 ise
supplliye npo shep pd e sior dattlae ﬂ‘ndnstth@r remroaorcrcente&d:llmrt decoder

n depen C t |
to t% g%e:reacttloﬁg lpr)lr efler aVI(()DS?“:(::)i.‘%rﬁo‘—’lrtiostlcg{sg gz%scoun i nr}"e lr%dlcattlve
of etrtnersl daattihen s sicodide #tretd b\ artre giiathiig (ﬁéllﬁéaﬁﬂ'hﬁe”ld the

seco@bﬂ%&g%rd%%%r%%%é@ﬁ&%Q@%&&Q%ﬁ?§x£$§¥ﬂéégﬂgg(¥¥§§¥2oﬁ%

icative of locations and values of correct bits
corriegtt Ratezdesne -efiher Nedhast Fey KiNerstGEEA 1 SThe sayR ting

by tHRY e@mRtbse theURRlityutd Yite i g &b dddden the
error. correction decoder, to th ddc-tfector in the event

pinngpg dafg - Adck SeRere tetdindaaty & 1T P9 Ggected
bit seeendnekl ehueowee@tee&d&mte@tﬂremepmmdmﬁ @eadnd pinning

orrected bit am.co r| ses at | east one
data @‘%e&?“ S ﬁtegrern@g\%‘e eﬁ%)t &Y' 't hen conpri se
regenerating by the det ector the output bit streamin

Eras%%% %%%%ﬁ mtal'}]/e bep fg%f%%L qin -Q'H‘:e rH9ier J:l e@i_fon

rst e ror corr stean1nay t hus
o@em‘ @prrer@rueﬂraaao@nd:@m,r@ ®@rove qeimnedipd duitta shickatheln the

evente¥eRer 2Hed PURULS LILaMa iASWEL Feerdidid-dmyiPahe
pertormed in the error correction decoder tg generate

Secoedt mrﬁf@rercpéﬁfe@&eﬁe@tléd Fineadtr FHR ihaHS Uk \ieh Tkt
regehle a¢Rec ks dchsndegdiceald v e ref tdi el ldfrd dd¥eredred bit

e RO LR O[S0 0,001 SLLEAR: T SReC i <o

genetaitieeet ethibrdt ersbrtea:mrn@ddt@dwaintveit;reemaam ehde oy that

the n’%I% C?([S 'Ll%e r:LfSo rln%% ca(?: 1 e Q)t?l:] %tg’le e%‘II Or.JEJ lql etrl'{ rS e%%rrff Céﬁ%r

Feam’i ATt event chécksu
corriendiedatiive stfream endorthien Sta@@nsﬂemrerqcmr%ed bit stream

compIsk cgched 1Rl tStoE:L%a@o@:’}deJth 6 rRREARDRY [ Ohe£ QKRR may
bit stream conpri ses at | east one correct |nterleave
thenTke gﬁ@@p@gﬁpﬁgyagaln in dependence of the third error

corrected bit stream. In either case, a hard error may be
signaled in the event that the regenerated checksum is

indicative of error in the third error corrected bit stream.

Viewing the present invention from another aspect, there is
provided apparatus for decoding data in a data storage system,
the apparatus comprising: a detector for generating an output
bit stream in dependence on a data block received from a
storage subsystem of the data storage system; a post processor
connected to the detector for generating a first error
corrected bit stream in dependence on the output bit stream
and the data block; an error correction decoder connected to
the post processor for generating a second error corrected bit
stream in dependence on the first error corrected bit stream

and, for generating a checksum in dependence of the second
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then be regenerated again in dependence of the third
error corrected bit stream In either case, a hard
w@eo0anorsas be signaled in the event that the PCT/IB2004/001532
regenerated checksumis 25 1ndicative of error in the
third error corrected bit stream View ng the present
erroknﬁéﬂkb@ﬁeﬁr@Hﬁa@Q&%%m.a%meﬁta.ﬁﬁéﬁbddk gwﬂhﬂﬁbﬁjsupplying
aratus for dec |ng dat ta_st %_ stem

a
N L T o IS R ool 5% an
pinnangpdhtabhhdataeawe o fdéperddnes of aodatatbldds in the

r ived from.a t.or age subsys a
o BEEa FoPE R R hBLE BESEhLar Ceanadehy TR e
checiteumctior ihdi cggnsmeavifngrarofdisr . étreosecomnd egtred Isiarrected

bit %g%%%@;%gQF%B%P@%%%%dQQrE%% %Q%Etgggkﬁkr%@Pedﬂ“édﬂﬁ%lses

, an error correctio eco r connected to
at lenstpese prscessornter lganen attihey P ste SBiINT SEEBT

regefRrheehed chiet £3% %t ke RoderRRAARNGA tOR thrk@nf iifSt
error corrected bit stream and, for ratin

depepAgRREURT DG PeRAdnge 63 FECSAVSHY f%e 63&?/ f%ifé?a

corrBethibB20@400@1832 7 error corrected bit streanm and,
a feedback path for supplying fromthe error

correction decoder to the post processor pinning data
The bpgbeatugemaly [focatiernsoofpriser:eet moidus. aitri drh @le cezond

hav1lelhr %SU ru%th %_n%'ctte%lt Ii:%a'phe til'%%uq:v%rft tthl'éa%) ge: Pﬁ:ocessor

is indicative of €rrors-in the sec
and eor putpad connestiedatoatdiet Harydc ofd the erresr cegr&sstion

ecoab'i: sLLeaD GRERMLIESn @hdoRRS 198 HeOIHREIhAJIK ¢Jd 8 tween

post processor. regenerating the first error
the @é?—”@éc?@@r‘ﬁcttl@ﬁ ERFPPRT @&k 1dén &9 Sdn RES5FiSTi ng
data received fromthe error 10 correcti on decoder.

The appar.atus may further co rlse dul ati on
The HEESERE RXFPH @Oﬁn alliﬁﬁutexe: 20 §otthe SSRpRe system
compkheingsbnpe@ce@&mrsuhm@sa@nodkpubnmmmhmgt@@uaahﬂuek for
ut _of_.the errof Al ct| Mt
storﬁg ulgtStﬁreﬁbog s&% Qﬁﬁg%%PQ% %ﬂ%odgﬁSth

i o ath etwee
subsgsten éomrwcnmangd@@@d@mqm@¢dﬂd@t@o§ﬂ£§$@tGES@rdaxﬁe

s torgbgs ﬁl@hllllﬂlv el ‘%%ralx%%dq_)ﬁbe RES (0 R J=HOMAW ks from
em conprising an encoder_ subsystem for encodi ng ,
the égﬁg §¢@g@gpoﬂed1um, and, a decoding subsystem comprising

apparatus as herein before described for decoding the encoded

data blocks.

The present invention advantageously improves the performance
of decoding subsystems for data storage systems such as

magnetic tape drives, disk drives, and the like.

As herein before described, there is a trend in data storage
decoding subsystem technology towards inclusion of parity
codes in inner coding schemes and use of soft-decision parity
based processing in the post-processor 30 to decode them.
Maximizing the performance gain of such schemes is highly
desirable. In a preferred embodiment of the present invention,
performance is improved by providing feedback from correctly

decoded outer ECC code words to the post-processor 30.
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storage; a storage subsystem connected to the encoder

subsystem for witing the encoded data bl ocks on a
wa@lat0a/1@0B3%t or age nedi um and for readi ng the enpOOEER004/001532

data bl ocks from the data &torage nedium and, a

decodi ng subsystem conprising apparatus as herein

bef ore described for decoding the encoded data

bl ocks. The esent i nv L on_advant ageousl.y. i nproves
In o) RE G HA R ST ShaCi R Gy S ot gt e
descstibedgeheysilons theck ds pregriddc a apeldd ves; idirske data
dri.ves nd the i ke.. el ' .
actefib8° ap Sert ddci®s oS pOR RS PRSI A i Riheing chac
can bechselbody rowduds tilegl wditdn fefedpadk Frogpdwsyiattlnner

deco%%ﬁiggt%Qh%ﬂE§c%@% Usggef soft-decision parity 30

ased processing I n the post-processor 30 to decode
them Maxim zing the perfornmance gain of such schenes

In al %agitgtt‘:hﬁarq%q bﬁ:@f'e%-re'dp eﬁb@d@ﬁ:@ﬂ@%ﬁ't@ﬁdiyﬁb dertf the

_ present invention, perfornmange is j.nproyve

inveREdond: (et QOB OCRaRCCoredt] FOMTRsHed G REECT

feedb%%?l%@gg&?%gibhgdm@ihgpﬁogggﬁmd3%?s%ﬂ?%?ﬁbﬂfﬂﬁﬁﬂﬂy, error

4 15 In_a_preferred e i_nent, .of

eventil ok CRAToRER b g Vb @D HIRL T iSO o e dfhown

to bpr cvirted ta amet kide degdeidn feromd atcen s idstredtiicon  dfidl s of t

modﬁ%g%'i% %%.rt'itnﬁz%%s @6hPAS L +Pr 2cassidig thator GARAS to be
used Tnconjunction wth eedback T mcorrectly

workgdc ote ¥voiher PREE -PFds erRsods andch tauysarimpaavas performance.

addiRiehenned emodidyent Afnkhe RreeonditeMd ¥t &t some
gpst processor 30 is nodified to accept ECC feedback
of t ﬁf&PﬁWPi@ﬁtd@95ﬁ§l§n§e€@ﬂdhﬁa&ﬁrQQQaﬂqq(ﬂﬂl%ﬁh%ﬁW%ﬁe
favo@¥BNs adt dreds tropahiritdldry fapdniiveg d hesedddippsirt itns
known 10 to be correct are discarded from
SeCopEn®PiEration. This nodification optimzes the |ist
of likely error events to be worked on by the

o POSHEBG B UL LS ST WIS fyge and
amoupgastf femelbask tipd drmewi ol Y epeiatiash Pyimdiheh @ o C

decofdl QLyothermiesa iy Rerale Rl RleddQ fidirtiher is to
facilifate_processing in the ) L
provide both the location and values of correct bit positions.
Alternatively, only the location of correct bit positions may
be supplied. This greatly reduces the amount of feedback
needed. Partial feedback of this nature may be insufficient
where the detector 10 is of a form where the values of
corrected bits are also required. However, partial feedback
remains useful in the post-processor 30 because it allows
receivers for individual error events to select other
locations as most likely locations of the error event. Coupled
with the parity checking by the post-processor 30, a gain in

performance may be realized.

Another advantage of the proposed scheme ig 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
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second pass. An advantage of the present invention is
that the type and anount of feedback information
w@edanersasl by the outer ECC decoder may be f|PXI/B2p04/001532

determi ned. One possibilityis to 20 provide both the
| ocation and val ues of correct bit positions.

passAH=ey rald o eesn qti}}e}pﬁdtlfeés(f&tkiﬁortmé d:@t:fé@lﬂcb]abi the L?]ost
oSi ti may _he supplied. This greatly reduces the

pro aei?ﬁ?rﬁ%gf}?eé%ed%gt& needed. Partial feedback of this
nature may be insufficient where the detector 10 is

The Zﬁfrea.senq an%g’{teJ'%r{]elél aéﬂi)elslt%rbjfésf =2 cgt.gtﬂe&q bflllg ﬁff and Off

SO require wever ar remal
Llnatsﬂefqg:ldmg tntteiegﬂ}stﬂptrso@lslws 30 Dleassidzle |<ie%\i¢;@meradeof i

betv\fe%‘}le tp\é%r%lfn%[ndé‘d' 1%&%&?&[@0@%%%&&91&?' egha Oéﬁ‘&fatlng

| ocat’i ons as nost ]%)/: ocations of the error event
©

modecp (ifsiead m%ttlrplt%@%et BFCRdeH Py YR, more refined
feed%%ﬁ:lk e&m&wﬁp,ca@a g prhdv ik ped FoHdBhse: Yo dessor 30.

ot her advant age of the proposed, schene is
T p g A G e d T R ST B G9 Fo- t he
ECC feedback information. |[|f the data stream used by

AR AR B 0 Ty

desday elag dbelteta}orqf teheanmﬂst orﬁtyoce@stdt B denetetso e

prese i jgable to both On The Fly and
accs ﬁtﬂ eco Img %Drgg\gi QcFﬁls allows a flexible

desi gn tradeoff 5 between performance, inplenment ati on

FigueQMRl &d by b1tk RYIAEINDE PR e add i plec gyt er
ECC codes are used, nore refined feedback i'nformation

can be provided to the post-processor 30. Thus,
Figu&«édizt lienal rgaidys dikdgrent yfenefenhpiass bldecoding

referr od of the resent i nvention, wll
Subs ST £oF) T SR EBY Ay Y Skanpl 6 onl v, Wi th
reference to the acconpanyl ng draw ngs, in which:

riofeld 854 Dok el A R A e

Su}osé(‘@ﬂi%temfor the data storage system

Figure 4 is a block diagram of yet another conventional

decoding 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 1s a block -diagram of another decoding subsystem

embodying the present invention;

Figure 8 is a block diagram of yet another decoding subsystem

embodying the present invention;
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15 Figure 3 is a block diagram of another conventi onal
decoding subsystem Figure 4 is a block diagram of
w@Q edo4aomBher conventional decodi ng subsyst en PCDIB2004/001532
Figure 5 is a block diagramof a further conventi onal
decodi ng subsystem Figure 6 is a block diagram of a
Figui@cdadijng 50&6)13@@1 eeadd\o o  funeclpse séad od v Ndwledy s tem
ure ck d| 2agram of anot her decodi ng

embo nygstté"rﬁ Fﬁ%e |ng et ‘oresent invention; Figure
8 is a block di agram of yet another decoding subsystem

: Qyis i T - HO7
Flgu%g;a] f%gflt g%f@%z 0 Fcrbgure éﬁg 4‘€< dé&?%%n
SubWe@W@m@Wﬁ/emn%nbodyl ng the present

invention; Figure 10 is a flow chart corresponding to

t he decodl ng _subs tem shown in Figure 6; and, 5
Figugieydrle €1 37O @R Cd’*ﬁ%é%qr%?ﬁ%'s‘%fd?ﬁh% tlee tdreoding -

subsgeeeei RthowslIbisy Stieirshewn in Figure 6. Referring to
Figure 6, in an exanple of a data storage system

enbodyi ng the present invention, the decodi ng
Refe&uﬂdsggstte:mﬁgm*rm'i sies drhexdeieet aof 10, dadec oslesradfs system

eni BB SASG PO IR A0S o e e SRS -
compdé@@ertl@ detedtive gdst deaackss a0 ,S(hndk Eﬁeedty florseat doost
proc%%tsl'c‘)rA'Qi OeXt'IEng%JtrﬂHE t(ﬂi'e ﬂf}féogitb tc%( E(ﬂe Pdat es“@dnr%ékt%é%i to

post processor 30. path 60 exte rom
the tlﬁ@u’cd@cfod&e zﬂeqqﬁetrhe?opo@ta prive ety BRCSHROPot. A feed

Forwdker 430 dx& R dadidyd @dhd a1t d@t&@%ﬂtcﬁc@o to
f eedback |nforrrat| on fed baﬁ romt e decoder 20 via

the pREtt BTRFEIE PFart? BEm ¢hePsardhrigeas dde
decodlérc dror eﬁ &r@mdmtpxefdeysoert srrs&)wwqbﬁcdst@r 30 is

noai R o el dhthe bt At PoRmch B " dfed

backcdtmumtm |d@q:dd$e:oﬁy). vSee tilee f@‘eﬂ]@témpamted&n deci yan
et

In operation, the post processor 30 corrects dominant error
events observed at the output of the detector 10. The post
processor 30 may be based on the "one-shot" recelver principle
of communication theory. See the aforementioned Cideciyan et
al. reference. Dominant error events to be detected are
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 an equalizer and bit
decisions generated by the detector 10. In a preferred
embodiment of the present invention, the outputs 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
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al . reference. Dom nant error events to be detected
are treated as the "intended nessages" observed in
wo b@4pomsence of col ored noise. The post procRSEIB20B0001532
has a separate receiver 251or each of the dom nant
error events. The output of each receiver is the
paritiket¢dmodiled pesurpercesodrthe cbfeespandhdganeager here.

If @Y@%a%'é&lé@fﬁﬂ@% éPetx\E\ﬁtco&e V\g Elﬁactzé\?gr%%g%mgaream is

receiver conprises a ten|ng
COrnRrted mg 19 | terthaheehedsed whi teni egens. pethernede,

the AN 1R3410r1 BB} Wt deLiyed fL o@?l%@lg (guvtv?ﬁlfi ]gée%é%t:%r to

equal i zer and bjt decisions generate
the Rty £Prieain: ?#ﬁﬁx@?ﬁ#ﬁS%fCQmﬁﬁmw%%enmtll an error
evenm\éﬁﬂﬂﬁylﬁdﬁazwtﬂ&iﬁtﬁfcért@tréfﬁ@é VEL S k83 CORPRLED, 4 o+

The .npst |1 kel error event is selected. A furthe
of k& THy e eﬁéﬂb Fg o S G E9At 35 correcting the

error event satisfies constraints of the i nner WD

33 H1,B2004/.00 parity code. The
T Ot S0 T ei's it v AEh AT Siarate
subspygrtiemy 3c drys thhe lﬁéslczﬁlmgr&tubstyteteitetkculsedsﬂ@jébtsttfce&m first

decoﬁ%ngc%rars%‘:t %.‘E’l %\ﬁ’ﬁ%r}{j'trllga &%CI[%FGFS%OQN oerétgﬁor eé’Reé‘ c¢hecksum

ermnse next nost er or ev
to d@ﬁ@6%é@ﬂmhﬁwd%%é§éﬁ*tm&?tﬂu&qﬁﬂsﬁqﬂkxndaqaﬂad Thhiso, the

nextPEOEEs H10RM i1RUSRINtA]y R RIdiNy. %ﬁﬁerﬂotsat "gﬁlr%é‘l:{}% f he
¥ onstraints is found or_ the e
reecBREl LafOtie et PG A oioer dtioleaRis Bbdo dfhe
POStd@kQCES&@rfB@thbet&k@ﬁ%@@ba%ﬁbﬂﬁ%&e@d3ﬂﬁ/ﬁﬂg?aratlon for
gﬁad ng, ubsysten12 | sugagét a first
2 Seq8Eed Ry pAY. PAR Swiitc frien k20 performs a CRC
checksumto determne if the block was successfully
h t Q re
In aﬂ@EH% embggﬁﬁenE %f EX 89% ngd&&@ﬁ“]ﬁf@? q5$|%§

deco I NNl N ee
adleéP{tfinész PrELORE éeé@@élbam} pathh&0 postendringeSsom dthe

decodba Qbetge@ggaggtgbnngQotn preparation for 15 a
second decodi ng pass of the data bl ock. In another

enbodi ment of the present invention, there is
In saﬁdlaaaaabtyragevsygdeﬁsfeeﬁaaéthaEBlégb%§%%@%!ﬁg

compégges a mo uiogggnzgnggdggefggtggggélng user data
following ECC encoding and preceding inner parity encoding.
Accordingly, referring now to Figure 8, in another embodiment
of the present invention, a modulation decoder 70 is provided
between the output of the post processor 30 and the input of
the decoder 20. A modulation encoder 80 is provided in the
feedback paths from the decoder 20 to the post processor 30
and the detector 10. The feedback from the decoder 20 is
re-encoded by the modulation encoder 80 prior to use in the

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

Referring to Figure 9, 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
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In sonme data storage systens, the encoder subsystem 1
20 conprises a nodul ati on encoder for encodi ng user
wa@lad0a/101368 | owi ng ECC encodi ng and precedi ng i NPET/1B2004/001532
parity encoding. Accordindky, referring nowto Figure
8, i n another enbodinent of the present invention, a
redumd@hatmorin@e@ﬁmrtamdm dﬂﬁt@)‘liedﬁd:y heicsesre e Qdtddtor 10

g % rocessor. 30 and ut of 25 the
Oesd&? dBF736 r ACTSFICAS HRSENS d Ssmp?r ovided in the
f eedback paths fromthe decoder 20 to the post
e The fe
opeff 985580, o, RDAE Serschied®: s fesdagt Ueinea

withemedeerng8@ o @ngmaeuéerdlthW'¢@sﬁkpxuué5§bmu301and
refe?c@ﬁc@e%%c%‘ibul% '1'@) the %‘iga%‘il:d 1@%53 %%t%equraamst Yead

ure 9, 1N another enbodi nent he present

from ﬁ%@nﬁﬁi@ﬁag@nlsylbtsﬁé;t}%‘sﬁ ﬁpo@e@s@iete@wcé%@sf Ebe

decoﬁ@ﬁ%béﬁksyeﬁ%%fﬁatmﬁnhﬁbQ&lHb@ degRdefetddtor 10 in
Accor.di n t he feedback ath 50 to the detector 10

combigaghep; Ud LhThTe Posds AlGCRoMET2004PESTgS & corrected bit
streBfaT EIrB&O(%/eO%%Zblbaw edtc bil@r ki n3|orrplte1@reﬁteaiddyr 20

oor =GRRBn ks CoF LF 608hgi (g, COpTaidn STo HEHREaiTy oot

the SBlOsybtems2mherei n before described wth reference to
Figure 6 will now be described with 5 reference to
Figure 10. At block 100, a data block is read from

If thhReCBforhgeksubsysdampdesonpherdersct ¢hen adf hllpek 210,

the Q@EBQEBQ 29ubsystemae Abthl 8gkck2@s tsla%c%%ts%lqr Hdddea

onbi nation . wth the post processor 30 produce a
Follgyipgctes BiEss Pé&ﬁﬁﬁﬁéﬁ*ﬁt Résgat é’h@l BEKE Apts ddieck is

thenl3Badt fiecteebdekt3@aye RALEYEHENERN ForCAuceetingn. At
bl ock 140, the decoder 20 tests the CRC checksum |f

the CRC checksumindicates no errors, then at bl ock
If tEéOCRCtbhedksumeuna@cpaeseantberdatathb@ckhassecond

procégggﬁa %e nex? ﬂge Ioc%hg 2% ﬁgdgreag %l%P%fi%%g the

ata rom
deCO§eer éé@ dabsysians3 1ﬁoatdéee§tngnel fintkees l1EREechegkommwas

corré@géegt Qgt g@b%g@‘tl gh%:flg%@‘f»lég%ﬁd erBBQC%%' Y3t ed,
then, at block 160, the decoder 20 extracts’plnnlng
information from the corrected data. The pinning information
comprises the location of correct bits in the data biock. The
pinning information is sent by the decoder 20 to the post

processor 30 via the feedback link 60.

If at least one interleaved error was not corrected, then the
decoding subsystem 2 enters Off Line mode. At block 170, the
decoder 20 performs erasure decoding. Following erasure
decoding, at block 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 erasure shifts have been

made. If all erasure shifts have been made, then, at block
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decoder 150 deternmnes if at |east one interl eaved
error was corrected. |If at | east one interl eaved
w@eroanoisads corrected, 20 then, at bl ock 160, tPET/IB2004/001532
decoder 20 extracts pinning3 information fromthe
corrected data. The pinning information conprises the
220, atid iderdaferc Adgteeimitids inatd thdladdcddDed. ofhehe block was
i nni i nformation i s sent t he. decoder 20 to éhe )
UnSUSESS Sirdreds G180 AT e FREdHEtE 1 i TS etF as ¢ dggoding
invdle@st sorsvaan erd eiavederimy tesough keiors et ethe tdeta block.
e [ enters [ de,
rf qup@ur SO SURGLAD NS, a6 BREk g the
decodsitl AW e terasivres  ide cddileg s tatoris ookt ai8lzavdd elecwderas
ts the CRC checksum 30 If the checksum
Corrf%%é:ite?gtes no errors, then, at block 210, the decoder
20 indicates that the block was successfully decoded.
Agaidowevenht ifeddte difeCkaEminAiLatas &N d Yortdeedt then,
bgl ock 200, .the decoder_ 20 determnes if al] erasure
at Dokt & ofav ERsedlec 29 exfechm Rima i it Rt ton from
the beetrards] ddten, mfaibdl, 02040 A mation comprises

the gCT/ I 82004#0%1532 Ctl%.ztzo,. tg% decqder determ nes that
tREFEESHi G SFHEFE 53¢k %réa?}:@(:'e QPR HY d
infoematrons irsetagraned.s<lte or adir @adestmt M) tovidle gost
ti A hj i n e 0

procBEER 30 o1 AL, Tty 1 gl Bl 0 THIE e s Rigbeor 30
perfpgos enethedemsdsr 20 tdwt glafondsl ddk attdkdawy agmount of the
pinniRbehhe_Ved t8ldOradas vprrected. Again, if at |east

one interleaved error was corrected, then, at block

160, the decoder 20 extracts pinning information from

If atheeeefr %&Tee(irﬁ:&lirl&ea%%' Té,erf ﬁmﬁ!@@idl% ddﬂ:foﬂId'@id,O(rjthen, at
onprL.i s 10, t ocation .of correct bits in the ta.
blockpang) piher Aecirsro ot EoRidl 2t Hrdbul ' dadiiny
20 to the post processor 30 via the feedback |ink 60.

On ré@%iB‘ES%fpﬁ:?%E. Si?ﬁ'li%%o ul% ro%?nrat é)%rlgptlﬂlll%r Fsgoasﬁ:f] qoée?s?s(s)ﬁ: 30

ata bl ock ng ac I nni orma

- perfpsmei pegdecthd foasts lofadheode tianfdidaday edragmy oo Meosy imet

step&0inBCcteda2hbNe®urdthow excluding the bits identified by the
pinning information as being correct. For the post processor
30 to operate 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 process 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
post processor 30 to exclude these positions from further

consideration. This reduces the number likely errors to be
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bl ock 170, the decoder 20 again perforns erasure
decoding. On receipt of the pinning information, the
w@omk/1preeessor 30 perforns a second pass of POEIRA4#001532
bl ock, again follow ng 20 d#eps 140 to 220, but now
excluding the bits identified by the pinning
revildied MBt ite Fo i N IRCI30 Raid ttreupasthaiesessor
O to operate in the second pass, it will be
PertfiPd& %t ed that decodi ng process may invol ve
tenporarily storing data sanples derived fromthe
equal i-zer t.put _an I t.s out.put f { det [
The R ltehé) fgel{ ggedipn%sgeﬁgcs ylsr%veeégl.oréa}géééglo&n e}?%go%er o%éé&!éés)rlbed
withherdiardheforte dbisnriddd vig kpefierante to bdfgwre Toe Fly
and :Hofrfgﬁrféi'xd&ﬁe%o.nt}%v&%f,”_éé}&éseerﬁéédﬂ&’édéé QNS KNOWesent

] be correct after the first pass are_discarded from
invepddsindarat wn loynitted gus 0B dSof WY n R kkbeorricher
embd@Bs@nt30 H S fadddl | vanatfd hdy, o rechi fdd to off
., positions may bé also discarded by the post procgggor,

Lin&gode, tltﬂ%ené%’sée%&rgeﬁ%ﬁ%fsﬁﬂqjsa’h%@ wiidy Hae Off Line
modeafie gload a;ﬂ%ﬂjpiartrﬂdlrig; iﬁ}ﬁmtﬂnﬁﬂ\;@_}éwvﬁid h@ef Qﬁ)ﬁéhsent
. racessor t Q.excl ude t positions fromfurther
LoveREISRIRESAT THR S ERIceE BTt kT3P aff cretuced
for tthebaaWe 204073381 REWdBA0A 001532 14 revi ewed by

t he post processor 30 and thus enhances perfornmance.

The exanple of the present invention herein before
Refedesod e twi thqusfeerldncd oo Hfglrind Ooriky apprdedibie
comﬂf&s@%tQHgTégﬁé[gﬁ%péség“ﬁégéiﬂJHE%J?E“&%S&%W%%?”With

some enbodi nents of the present invention ma

reforemicee§a §ignrméd Kl wRASRE EJudhs , tetheror at Teast one

inte@TRegidE ks dheyesamo.invention may be limted to
O f Line node. Latency requirenents associated with

the Of Line node in sone applications may be
In thepreoled ivientt ket prtes gnteskht nverdn Wirprb éoatssin theefore
des CPI‘%IE)J%%{ v\ﬁ.fthb lr%%rre%{ce aq:s’o LBfee £ d L{:%leed dg ﬁc._gc é(ﬂ:e qﬁr@l s0
arget hard'error rate.” Referring now to Fgure 11,
recetivesObfinhing dmfpymedciedurieront gy iderddre Janmdlanepsthe
pinrd$N8 LI Rel e LeEdiPed W dhndLeferenas W RlIWE the
10, except for the test for "at | east one ,
correct bits. This arrangement advantageously permits
simplification of the aforementioned temporary storage step.
Specifically, bits output from the detector 10 need not be
stored if the detector 10 also performs a second processing

pass to generate a new set of detected bits based on pinning

information received via the feedback path 50 from the decoder

20 following the first pass. Errors corresponding to some or
all bit positions known to be correct may be zeroed out or

otherwise favorably altered in the detector 10, thereby

further enhancing second pass processing in the post processor

30.

The present invention permits the type and amount of feedback

information generated by the decoder 20 to be determined in a

flexible manner, depending on the degree of involvement of the

post processor 30 and the detector 10 in the second pass of
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15 interleaved error at block 150. In the enbodi nent
of the present invention herein before described with
WO ejoanersse to Figure 7, the detector 10 al so PETEB20€8001532
pinning information fromtH& decoder 20. Here, the
pinning information additionally conprises the val ue
prodéséiﬁg &Et£QmI@@ksbi$§m1ﬂh£§yartﬁégpﬂ§§ént invention

t I Lt I fi
perTt O CHaT L bRERE Carbbr 75, SLBFRbeobi EATSOSHEt Pregpy, needed
basdai tcm otiteuiedrem itdsrew]niedﬂ&ct]me AOsheprdotetsbe 38t anddthe
i f.t I f
actqdrdl A RAE 108 B0 BEL 200508 BECe O BEREE A ane
secqidhmagp 25 ipforeetinn becehvedeveatohel f eadBack phehpost
proé%éééf”ﬁdIﬁéfﬁﬁ%ék%oréééé£%ﬁ°&f”Ee+$§%1ﬁ58&r98§§ thereby

Errors correspon Ing to sone or positions

elinddmining Hee dape@ciorey Brroad ocihbet iBprovencharbe

per fMURRY Yot teheshdpdhe detector 10, thereby further
enhanci ng second pass processing in the post processor

30 30. The present invention permts the type and
Plp@mu{ﬂn@fméﬁﬁﬁﬁ)aé}kpléy‘é@rmt f@ﬂt}g@ﬁeﬁapﬁdv@ythh@ughput of a

d 20t d C
S R HP UL r e e VO ELAB | EoRp-Lining
invgrosessr G0 ansedded dixtieet oor 14nd ot heesewdmdopass of
pro#s@o‘”@g? $H/¢§@&pfcélge£1?§?nve Ié’%lg&e%ééﬁg?%&éssor
are slaved iion Iﬁreté@c@@msw Mempor bty stloe aferseedetector
and/bﬁseﬂﬁs’t thesd %ch?@eé&M&éhﬂ @r@@éésﬁgcé‘ﬁé%ey?@ Bdck of

he det ector partl cipate 1 n the second pass
datapr%sﬁ%“ 3 QERIH FPAES 8™ p? ocessi ng by t he
detector 10 and/or the post processor 30 permts
correction errors t.her eb ellmnatln
In S R PR o S PSS | S IR TRATE T b Che
pinraingy tihrfouglgiuton Fipexdadi aglyrain bef £nploy edod®. frrmnéﬂnethe
decoq’]‘{@{gg # eqppﬁ'lter%erasp IéLI'Ql %ﬁ:&gigr J?é@éf o?”PQQ%’I&gd
rese I nventi on nlng I n
datasdeormh mretadr Mo drlmoxfmtmmta\patbb@hb@rforrhe
repl%ggr%etﬁgé)rr@&[@/k%c@.ecﬂ{@ Mnc@r]&c@éégéing pass by the
detector 10 and/or post processor 30 may be performed only in
Off Line mode. This leads to advantageous 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
code word by the post processor 30. The output of the post
processor 30 may be then fed to the decoder 20 for final error

correction.

The present invention is applicable to many different data
storage systems, including magnetic tape drives and optical or
magnetic disk drives. It will be appreciated that the decoding

subsystem 2 may be implemented in hardwired logic circuitry,



are enployed in the second pass. Meanwhile, the first
detector and/or first post processor begin processing
wo b@4nesss bl ock of 15 data read from the stor aper/1B2004/001532
subsystem 3. In another prdberred enbodi nent of the
present invention, the pinning information is used
soft@fine lerkegdtlmgmarnm dMemﬁ@qor@@mﬂhé@lé@ﬁd@é@g@ﬁs, or

ent.ers this readjn recorded data
2 cHRETAH YRS e S | S f o e sottware
exed\;ﬂplr@peﬂsmn‘@ dat anareabhaekammdiel s guomnck foces sTmgthe

y. t detector 10. _and/.or st ocessor 3
emb 1men soro% &: onlpyrelsnentdjfmil ntelom) er an jg R esc:ylbed
dataadxﬁani@gisdns thed (bt d aghisng rslﬂ;oﬁystemrrp? enerbmq:lw Such
[ V. fl? e IS
bLocQiTh] not e hé%%- 6%?%§Qg6§?§$$§%‘$ﬁw%n K %fy

divipjenfecdter ZP9vay maintain the list of nost i keI y
error events. Miltiple error events may be corrected
in the inner code word by the post processor 30. The
out put of the post processor 30 may be then fed to
t he decoder 20 for final error 30 correction. The
present invention is applicable to many different data
storage systens, including magnetic tape drives and
optical or magnetic disk drives. It wll be
appreci ated that the decoding subsystem 2 may be
i npl enmented in hardwired logic circuitry, WO
2004/ 107338 PCT/1B2004/ 001532 16 software executing
on one or nore progranmabl e processors, or a
combi nation of hardwired and logic circuitry and
software executing on one or nore progranmabl e
processors. In the enbodinents of the present
i nvention herein before described, 5 data is read by
t he decodi ng subsystem 2 in bl ocks. Such bl ocks may
correspond to sectors on a disk or simlar divisions
on a tape. WD 2004/107338 PCT/1B2004/ 001532 17 CLAI M5
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1. A nethod for decoding data in a data storage
system the nethod conprising: generating by a
wa@leaeaom88 an out put bit streamin dependence POT/EB2daL/@1532
bl ock received froma stordge 5 subsystem of the data
storage system generating by a post processor
connected to the detectorcgatmgst error corrected bit
stream in dependence on the output bit stream and the
data bl ock; generating by an error correction decoder

1. conpeded tfor td’és%o@i&ig mmeslsora aaasmccmd;mg@rsystem, the
rected hit streami epe(f & on the first
e

methpR GRRE LR g T LT S B IS B CHeLITT i
streaar riec deprerdecade o & edles rhdak dependent efmodm 4 hetorage

subsS/% oerrlndq1 %hec Sre%tt%qfa%(ﬁ Csz{srt%qrm gaé}fje al&rkﬂq?}ﬁ\e/a?%ost

umils | Ive ‘'of" errors
processond camnec tesbrbce dthed dsitetare@am itk &t e wacorrkrected

bit &tr¥anf A %%é@ntcesgne%ﬁel%m i5es Alrd £AUNnPNehe data

correct 1 nterleave: supplying fromt he error

blockgr GeEISTEH ide b Pt ST SR §5io8s ST GRReRERd to
the LYo od ocAdma @fr e r&ﬁtrebjﬂeai ITh 1 r&mrmh

error corr cted bit stream a ener at i by th
depepein Hrg (e A S b o SHHe T B R ing
by t@h%p@id@’tcezor%dﬂidrheiemdﬂémgi dateckim Armeidmshdsnce of

ei,n the regeneratjn
e g n%eegrd) scouﬁﬁcﬁ\é\%ﬁ% SEHTET SERt onsgfi i Tatey thet
the Wdﬂ@umlmlm@m‘f& ofA exptdied ias teaismrbrich edznm

corr%c reddbqjﬂns?tfrel era?fép tgée (f?c%r{aues 12%5 %ﬁrécsted bit .stream

cative o ocatl ons an correct bits in
comm%@@d@ﬁrtopn@wm pintextlesam : sugpsitdbdfran the

errod ddeeddt & fae@oaerf Wd hefe IRy I@d&s@w?mmé heata

pi nning data fromthe error correction d t he
indigatddior0t i AME ST RTINS dHdck sim The i e OF
corrdltefd erinors ridant;hersgcond reigaterearires tied ﬂhé mgteam

procBi e SISO S0 SOLLSChe B SLLEAM SOTDL) SFcnce

on tRETHIB206 @r%32 18 5. A nethod as clained in claim
4, further conprising

2. A method 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
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
of errors in the second error corrected bit stream and the
second error corrected bit stream comprises at least one

correct interleave.
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regenerating by the detector the output bit streamin

dependence on the pinning data. 6. A nethod as cl ai ned
w0 noogh1603e8 5, wherein the regenerating 5 of theCT/iB2904/001532

error corrected bit steamil8 perfornmed in dependence

on the pinning data and the regenerated output

5. Shrgafhod- ad BELhRd3asnClakARd 4i, N faryhpkeeetiord sdnai m
nmpri . sin in the error orrecti on

c
regeﬁ@FFEFﬁgngYeFQ§u@@t8658§|ﬁ e ?@tPHtg?ﬁgrégéegﬂiHFrd
depeffiefAteConr €Bkegdibhlingt Ba&e.i n the event that the

checksumis indicative of an error in the second
error corrected bit stream and, regenerating the
6. chenksuodi as dépénddnde oflatime 5t hivhgrernnotheomessinedat ing

of tg £31 f%agkrér 09g§g§ggda%l%' M@& 1@ g@%f«a'rme@ in

|ng C he error
dependeneetpontuecpdenlngeﬂﬁ@ﬁnﬁn@ agﬁgénéééééﬂn@qﬁ§ut
stredfnerate a third error corrected bit streamin the
event that the checksumis indicative of an error in
the second error corrected bit stream and the second

7. €hrREteenr ast @@a@inbdsﬁhe&@yc @m@rcleaq&gatclbgaﬁt daf@rlsmg,
correct 20 |nterleav§ %F erat.ing the c %5 urg.

in tha BeseRIGREBCEE L omnEeERIRY cPRat ol PeLsd e Gocting

to géhéeaﬂb Q. tAlﬁﬁth@ﬁo&SCQEQEﬁE@dlhl¢|&tﬂeam0ﬁnﬂﬂheﬂd§ent

et PR L85 95008, 10600 L 8 S Ual J o

ative of error
errotrheotrhrierdedr bat s@reamme@HGZSH@gensﬂﬁéamg the checksum in

depeﬁﬁe Rarat ug EPE dgcodi ng. daf a .02 daf 13t agesystem

appar atus conprising: a detector for generating
an output bit streamin dependence on a data bl ock

g. racgkyeddl beM-a,8khaBage o9 %M%tlﬁﬂwfectelaﬁn@af(ﬂaiﬁtomge
system a post processor 3 qonnect to the detector

compraFiggneift thE §TFPEsCO&HRGT 080 Es TR EHE n
erasg@@e E@ea@@ngn tbh geﬁéﬁfaltb i t-hd tride @rcand:otrtrecdatda bit

ock; an error rrection de oder .connegt
Streﬁ@sﬁ“pF%@e?X@Ptf%gaﬁe% Fath 5 e dén gﬁf%% corfgg?%b
errohiﬁnMﬁh%O@ébbﬁaS38r5€TbbBZ@@4kﬁOlﬁ32Stn@am 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
stream in dependence on a data block received from a storage
subsystem of the data storage system; a post processor
connected to the detector for generating a first error
corrected bit stream in dependence on the output bit stream
and the data block; an error correction decoder connected to

the post processor for generating a second error corrected bit
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stream in dependence on the first error corrected bit
stream and, for generating a checksumin dependence

wobkootherssecond error corrected bit stream aneCT/EB2004/001532
f eedback path for supplyindg9 fromthe error correction
decoder to the post processor 5 pinning data

strdaffiigatderRrfer RC I Atfe Ofi Gl r@etoPidSridrid® biecoHRtlean
error corrected bit streami.n t(£56

event th t.he
and, ¢ oLk ST 51 CatGRARE R ity E?’?Pf%%e%n@%r?%?ond
errog_o Ittt edbibdi tstatassamgndridhe = ebanibark qratdorfect @doplying
it stream conpri ses | east ,one .correct inter e,

Erom 1) 6aT B GRRRESE LT Assiin IR e T dEeFeesay
pinndory eetted iidicsttrisemdin laependencs arptthectpiliisigin the

ecei Vv t Ql r [ )
seodil LARGEH A T Sian O TG PAPORE ¢
cheghspue ssorinddgatara exf tdrdns sin difrorseuectegepi gorrected

bit Hdeam hg 1 SUHy G- P to e des 1190atd 9RSam comprises

indicated by the pinning data. 12. Apparatus as
at lgegthemg FYULEGhH L0 tGT 83 e BRFeifF QFHRESYF nni ng

rege%ﬁx%di&agjt hﬂﬂiéiaiiix\éat CéfrﬁdlCaideF&ttG%tﬂ v ueSr&dm c% r igt
its in e .secand .error correcte it stream :
depeRGFRCH & 4 IRHEd] acﬁaaﬁﬁclezl,vwk?eﬁ%% e FEEback
correaidi dnurddweydeaxt ends to fromthe error correction

decoder to the detector for supplying the pinning

data fromthe error correction decoder to the
11. deéfpgetmrtus asheleviarad timtcldion kheoksmin thelirestve

: r it st

Do BT ST o7 bor ekt oF b1 SUr oA sonpl| cagromn by
discguntdast e &dr ité Janadd e elndicagshdrat tlee ainning
dateCl aimed in claim 13, wherein the detector regenerates

the output bit streamin dependence on the pinning

data. 30 15. Apparatus as clainmed in claim14, wherein
12. t meedtupracesistmaegeneriatias theodf idldierrby wherein the

., _corrected .bit., sf.eam..s rformed i n dependence o
PN Yt ath “an Ciafr?elver e enleorcaatnt‘:lcO %Sut%%@? ‘é%jfue%sﬁ] O%gﬁrect
bit 2G04/ 33T RPAT /4B 4 P0Es32d 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 decoder 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 one correct interleave.

14. Apparatus as claimed in claim 13, wherein the detector
regenerates the output bit stream in dependence on the pinning
data.

15. Apparatus as claimed in claim 14, wherein the post
processor regenerates the first error corrected bit steam is
performed in dependence on the pinning data and the

regenerated output stream.
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20 16. Apparatus as clainmed in any of clainms 10 to 15,
wherein the error correction decoder perforns erasure
wale@adidTig8t o generate a third error correct edP@I/1B2004/001532
streamin the event that ©he checksumis indicative
of an error in the second error 5 corrected bit stream
and regenerates the checksumin dependence of the
third error corregted hit stre 17. ar at as .
16. CPRPREATHR & COPLETR: M8 269 G LIS 15sr ot & g epfisrein
the @@KLEC LR dedomedcporke’ Pordloasiy erdetnd Mpdading to
eneratﬁ a third error corr%§&9 bi.t stream..n the
|

geneggifit 2 frlt TL0 SFRETC REERSTHs HHhdist&T Ve ot Hiv &gt™ Bhat
the chetheusedendnéricert iveooifeaneddyictr sty edrm awbdite error

second.error._corr e ' I 0 ' t: | east
Corrgﬁée oPﬁ&thFﬁ @r?@?v%?gghéi%£§%£g¥%%ggk% e n@ﬁé%ksum
dependetependenbe ¢hirde erhriord comrectest lddt edrusiam.st r eam

15 18. Apparatus as clainmed in claim16 or claim17,

wherein the error correction decoder signals a hard |
17. ePPpRrpfruphéseferimethdn eRy Pdgsidiadted b H& Ksumyherein

the ie??figgﬁ]hio%g‘e@%%w @t%cio@etrh %leﬂf@rgr% %rr’fa@urf‘elo rcf_f&i&ﬁl'gl. dtOitIo
S ). aratus as ¢l aj in any cla
genergter g thdr B E&‘Fprcioﬁrﬁ&t% oISk deb G %Vaﬁﬂqfngthat
the aheRuin Ci@nge@tieatti@e olte a@utermtdoxofiﬁ hthepasicond error
processar_ an an out P connect to_t i nput .
CorrgFggg'%&Fré&?@gﬁ'éggogéf;SgﬁgrgFﬁggﬁréfR%%kaeﬁ%%§%¥ér$%ream
comptrieekeatbdek spavhebeomrer tt Hatemlaaveor rect imrgenerates the
checggglgng 96 g%ge&l&%negstofp 8ECI80g T2 AadAdc Wiage

rising an encoder subsystem for encodi ng
stregat-a bl ock for storage; a storage subsystem connected

to the encoder subsystemfor witing the encoded data

bl ocks on a data storage nmedi um and far readjng.the .,
18. ehbbgsatdst &5 FLERET rom tReatta Ok &?]a?glé" di Sﬂlﬁereln the
errodN@ordcdecoti Bgcodsy stieMad® @OMpIrdsid1gappal athes asgnt
thatg :jf%gg%gla%te%%egg lgill_e%lkg%mlgmt o:l_n]dglcfaq—.rived E‘OC§ delrnn:%rt r}L% the

third error corrected bit stream.

19. Apparatus as claimed in any claims 10 to 18, further
comprising: 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.

20. A data storage system comprising an encoder subsystem for
encoding data block for storage; a storage subsystem connected
to the encoder subsystem for writing the encoded data blocks
on a data storage medium and for reading the encoded data
blocks from the data storage medium; and, a decoding subsystem
comprising apparatus as claimed in any of claims 10 to 19 for

decoding the encoded data blocks.



