21 JUNE 2006 -1 RETRIEVAL OF A SINGLE COWPLETE COPY FROM MULTI PLE STORED
COPI ES OF | NFORMATI ON FI ELD OF THE | NVENTI ON 5 The present invention
relates to disc storage systems and, in particular, to a net RbeNEA0é
apparatus for retrieval of a single conplete copy fromnultiple stored
copies of information. BACKGROUND OF THE I NVENTION I n data storage systens
such as disc drives, information is stored 10 upon a surface of a nmedi um
such as a storage disc in a set of concentric <circular patterns called
tracks. Typically, storage discs of a disc drive are stacked and nounted
for rotation together on a single spindle. Each side of each disc in the
di sc stack has a surface which is usuaIVQ used to store information. Each
surface of a disc in the disc stack is usually exposed to 15 at |east one

head responsi bl td cul ar
surface. Typica wlﬁf&ﬂgﬁ%%ﬁé%gh EE%§2[1§6£n acIf uator arm
nove in tandemradially o that they are all

at the same approximte disc radius at the sane tine. In order to read and
wite data fromthe correct Io]: [ 15 b stack, the data
storage areas in the disc stac cylinder address, head
address and sector rﬂ@é | cific tracks
on the di sg surfaces | %gnt |v§%:{{lgﬁg tésqg%wé@&eﬁe%yggél%@%%gﬁ and are,
in general, sipattitalagoiosd setloadand Appatutus fer retdévtat of asingle chegdete The head
addr ess |dent|f|es whi ch head can read the 25 data and therefore identifies
the disc that aopy fsemamultiplestrredopies afantprmation.

BACKGROUND OF THE INVENTION

In data storage systems such as disc drives, information is stored

10 upon a surface of a medium such as a storage disc in a set of concentric
circular patterns called tracks. Typically, storage discs of a disc drive are
stacked and mounted for rotation together on a single spindle. Each side
of each disc in the disc stack has a surface which is usually used to store
information. Each surface of a disc in the disc stack is usually exposed to

15  at least one head responsible for reading and writing information on that
particular surface. Typically, all the heads which are mounted on an
actuator arm move in tandem radially over the surfaces of the disc so
that they are all at the same approximate disc radius at the same time.

In order to read and write data from the correct location in the

20 disc stack, the data storage areas in the disc stack are identified by a
cylinder address, head address and sector address. A cylinder identifies
a set of specific tracks on the disc surfaces in the disc stack which lie at
equal radii and are, in general, simultaneously accessible by the
collection of heads. The head address identifies which head can read the

25 data and therefore identifies the disc that the data is recorded on. Each
track within a cylinder is further divided into sectors for storing data and

servo information.



track within a cylinder is further divided into sectors for storing data
and servo information. 21 JUNE 2006 -2 Most cylinders are avail able for
read/ wite access by the host conputer. However, drive uni q@&JUNE2006
information, for exanple, the drive defect table (table that contains
remap information to circunvent defective sectors fornmed at the tinme the
di sc was manufactured) is stored 5 in reserved cylinders which are not
normal |y accessible by the host conputer. Typically, multiple copies of
drive unique information are stored in reserved cylinders. Additionally,
mul tiple copies of user data are sonetines stored on user accessible
cylinders for fast access and data backﬂb pur poses. 10 Each of the
multiple copies is stored on a different set of sectors. Defects can arise
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repeat ed untilstored in reserved cylinders. Additionally, multiple copies of user data
are sometimes stored on user accessible cylinders for fast access and data
backup purposes.
10 Each of the multiple copies is stored on a different set of sectors.
Defects can arise in any of these sectors at various times during the
lifetime of the storage system (grown defects). Grown defects include,
for example, invading foreign particles which become embedded onto
the surface of the disc, or external shocks to the storage system which
15  can cause the transducer to nick the surface of the disc. Defective sectors
present within a group of sectors storing any of the multiple copies of
information pose either temporary or permanent problems in retrieving
an entire copy.
In typical prior art systems, when retrieval of a first copy fails due
20 to a defective sector being encountered, a second attempt is made to
retrieve a second copy. If the second attempt fails, a third attempt is
made to retrieve a third copy and so on. This process is repeated until,
either a complete copy is retrieved or until a recovery attempt on the last
available copy has failed. In this retrieval method, any portion of

25  information contained on a defective sector in each copy is sufficient to

prevent the retrieval of a complete copy of information. Therefore, at



either a conplete copy is retrieved or until a recovery attenpt on the | ast
avai l abl e copy has failed. In this retrieval nethod, any portion of 25

i nformation contained on a defective sector in each copy is s&f fiNs28%t to
prevent the retrieval of a conplete copy of information. Therefore, at 21
JUNE 2006 -3 | east one copy of information should be contained on a set of
conpletely error-free sectors for the prior art retrieval nethod to work.
Consequently, data can be lost, or in sone cases, where critical
information |ike the defect table cannot be retrieved, the drive could 5
prevent the user from accessing any data,stored on the discs. In general,
all data backup systens include redundant” copies of information. One such
systemis the redundant array of inexpensive discs (RAID) system In
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operations are directed to a surviving drive. A replacenent drive is then
rebui |t usi ngGiatsaqfienthy,tduta sam be Vestgor idrsonee caBesisyhereswitidali ng drive
containing error-free data_is needed for this technique. 15 er nodel s
of RAID syst esgformatioarliketheletectdablesanpet brrefrieyedbdbhe Ayivepadd ¢ echni que
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avai lability Qfﬁfobﬂtalﬁiodla(meemdhpsgsﬂeﬁyis the redundant array of inexpensive
discs (RAID) system. In typical RAID systems, multiple copies of
information are stored in data arrays with each copy stored on different
10  drive. In some models of RAID systems, when a failure occurs in an
array, subsequent read and write operations are directed to a surviving
drive. A replacement drive is then rebuilt using data from the surviving
drive. Thus, a surviving drive containing error-free data is needed for
this technique.
15 Other models of RAID systems use parity information for data
recovery. This technique involves regenerating missing data by
determining the appropriate value of each missing bit. Typically, parity
information is distributed among all drives in the array, instead of a
dedicated parity drive to prevent loss of all parity information. However,
20 loss of any drive still reduces the availability of both data and parity
information until the failed drive is regenerated from a surviving drive.
The present invention addresses these problems, and offers other
advantages over the prior art.

SUMMARY OF THE INVENTION

25 The present invention relates to disc storage systems capable of

merging recoverable sectors {error free sectors) from more than one



information until the failed drive is regenerated froma surviving drive.
The present invention addresses these problens, and offers other

advant ages over the prior art. SUMVARY OF THE | NVENTI ON 25 Thé&! pNE20%4t
invention relates to disc storage systens capable of nerging recoverable
sectors (error free sectors) fromnore than one 21 JUNE 2006 -4 stored copy
of information to forma single conplete copy to solve the above-nentioned
probl enms. A nethod and apparatus for retrieving a single conplete copy
frommultiple stored copies is provided. Information of each of the 5
multiple stored copies is contained in a different set of sectors on disc
surfaces in a disc storage system Each @i fferent set of sectors includes
at | east one defective sector fromwhich information is not recoverable.
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copies other than the selected copy. Information fromthe selected copy is
merged wit h i nf or med inoethbd emdt dpeparapisdore netnieveera singla corhplete ¢cdy  si ngl e
conpl ete copy.. These_and various_other features as_wel} a afdéant ages whi ch
15 char act er i Zeomyauliide stared gopigsiiv pravided Jaiemppatiame %‘gw t88di ng of the
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head- di sc assegbated HAisWstdrage system. Each different set of sectors includes at
least one defective sector from which information is not recoverable. One
copy from the multiple stored copies from which information is
recoverable is selected. Defective sectors in the selected copy are
10 identified. Replacement sectors are located from the multiple stored
copies other than the selected copy. Information from the selected copy
is merged with information from the replacement sectors to form the
single complete copy.
These and various other features as well as advantages which
15 characterize the present invention will be apparent upon reading of the
following detailed description and review of the associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a head-disc assembly (HDA) with
which the present invention is useful.
20 FIG. 2 is a simplified block diagram of a disc drive storage system
in accordance with the present invention.
FIG. 3 illustrates an example of a prior art method of attempting
to retrieve a single copy of information from multiple copies of a defect

table.




which the present invention is useful. 20 FIG 2 is a sinplified block

di agram of a disc drive storage system in accordance with the present
invention. FIG 3 illustrates an exanple of a prior art method! ${NE2006
attenpting to retrieve a single copy of information fromnultiple copies
of a defect table. 21 JUNE 2006 -5 FIG 4 illustrates retrieval of a
single copy of information from nultiple copies of a defect table in
accordance with an enbodi nent of the present invention. FIG 5 illustrates
retrieval of a single copy of information from5 nultiple copies of a
defect table in accordance w th another Snbodi ment of the present
Invention. FIG 6 illustrates retrieval ©f a single copy of information
from nultiple copies of a defect table in accordance with anot her

enbodi nent of the ept _jinvention. El 7.sh mul t.i pl g _copi es of
all information co_n@g’le‘ %égu_%tﬁg%ﬁ éemﬁi"rg]c&fg%?lflg%ee‘?pﬁl méorgi%lda EI% Rt vi dual
copi es of the gylddie |C8Ffé9 R Sl thblaYh @ecordAntl (Vi AbmPodfment daces. FI G
9 shows sectors of indfvidual copies of the nmultiple copies in 15 an
interl eaved fahaprédedt ideersfvows a fl ow di agram of a nmethod of retrieving a
single conplete copy fromnultiple stored copies in accordance with the
present invention. FIG.5 illustrates retrieval of a single copy of information from
5 multiple copies of a defect table in accordance with another embodiment
of the present invention.
FIG. 6 illustrates retrieval of a single copy of information from
multiple copies of a defect table in accordance with another embodiment
of the present invention.
10 FIG. 7 shows multiple copies of all information contained on one
disc surface.
FIG. 8 shows individual copies of the multiple copies distributed
on different disc surfaces.
FIG. 9 shows sectors of individual copies of the multiple copies in
15 aninterleaved form.
FIG. 10 shows a flow diagram of a method of retrieving a single
complete copy from multiple stored copies in accordance with the

present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

20 Referring now to FIG. 1, a perspective view of a disc drive, head
disc assembly (HDA) 100 with which the present invention is useful is
shown. The same reference numerals are used in the various figures to
represent the same or similar elements. HDA 100 includes a housing
with a base 102 and a top cover (not shown). HDA further includes a

25 disc stack 106, which is mounted on a spindle motor (not shown) by a



DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS 20 Referring now to FIG
1, a perspective view of a disc drive, head disc assenbly (HDA) 100 with
which the present invention is useful is shown. The same ref @ &{{{tg00é
nunerals are used in the various figures to represent the same or simlar
el ements. HDA 100 includes a housing with a base 102 and a top cover (not
shown). HDA further includes a 25 disc stack 106, which is nounted on a
spindl e notor (not shown) by a 21 JUNE 2006 -6 disc clanmp 108. Di sc stack
106 includes a plurality of individual discs which are nounted for
co-rotation about central axis 109. Each disc surface has an associ ated
slider 110 which is mounted in HDA 100 %Ad carries a read/ write head for
comuni cation with the disc 5 surface. In the exanple shown in FIG 1,

sliders 110 arg.suangtis Bl SRR ABRALI2 Ay B Sadilihli uguppor ted by

track accessing arns an ac uat or omn in FIG 1

i s of the typexkit@viedRouRtetFbRtY-roRM oG BRI cer@aLBEOI0RNd | ncl udes a voice
coil notor (VCM, shown generally at 118. Qther types of actuators can be

used, such as 10 | iledrdiacsudacy kas arvasseciatéd slidardrl OxBichas atcamtadﬁlmat or

116 mnth Its attached sliders 110 about a pivot shaft 120 t osjtion
sliders 110 ov@P#l %gnééarréﬁamreafi;/mwéwﬁéoac rygaztl%mﬁbﬁ‘e i8¢ sc

onet 9o ot Ao e SLERSCHART LR SRR 118
internal cir C@ds’ﬁﬁnéligﬁs ez RhiSardiastubh oR pGift@di MRtk actbdsedy Afmstod ed on
one or nore of the disc surfaces wthin dedlcated servo fields. The servo
fields can be dfrareadteatoed16i The actuator shown in FIG. 1 is of the type known as
a rotary moving coil actuator and includes a voice coil motor (VCM)},
shown generally at 118. Other types of actuators can be used, such as
10 linear actuators.
Voice coil motor 118 rotates actuator 116 with its attached sliders
110 about a pivot shaft 120 to position sliders 110 over a desired data
track along a path 122 between a disc inner diameter 124 and a disc outer
diameter 126. Voice coil motor 118 operates under the control of a
15 closed-loop servo controller within internal circuitry 128 based on
position information, which is stored on one or more of the disc surfaces
within dedicated servo fields. The servo fields can be interleaved with
data sectors on each disc surface or can be located on a single disc
surface that is dedicated to storing servo information. As slider 110
20  passes over the servo fields, the read/write head generates a readback
signal that identifies the location of the head relative to the center line of
the desired track. Based on this location, actuator 116 moves suspension
112 to adjust the head's position so that it moves toward the desired

position. Once the transducing head is appropriately positioned, servo

25  controller 128 then executes a desired read or write operation.



data sectors on each disc surface or can be |l ocated on a single disc
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JUNE 2006 -7 Referring nowto FIG 2, a \?drrplified bl ock di agram of a disc
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Host computer 210 is in communication with controller 128 which is
adapted to receive commands from host 210 and operate the disc drive
in accordance with these commands. When a read operation is sent from
the host 210 to controller 128, the controller converts a logical block
address received from the host 210 to a physical block address (PBA).
Based on the PBA, a seek is performed and data is read from the disc into
disc drive buffer memory 212. Typically, when a read error occurs, an
error correction algorithm that attempts to identify and correct the error
at the defective sector is applied by controller 128.

Critical information, such as the drive defect table, is stored on the
disc 202 in multiple copies in reserved cylinders. One copy of the drive
defect table is retrieved from the disc 202 into buffer memory when the
disc 202 is booted up. Multiple copies of the drive defect table are stored
on the disc 202 to ensure that at least one complete copy can be retrieved
from the disc 202. Additionally, multiple copies of user data are
sometimes stored on user accessible cylinders for fast access and data
backup purposes. Although storing multiple copies of critical
information increases the probability of recovering a complete copy, in

some cases portions of information from each of the multiple copies may



Critical information, such as the drive defect table, is stored on the
disc 202 in nultiple copies in reserved cylinders. One copy of the drive
defect table is retrieved fromthe disc 202 into buffer nmenory¢! W¥ER%he 20
disc 202 is booted up. Multiple copies of the drive defect table are stored
on the disc 202 to ensure that at |east one conplete copy can be retrieved
fromthe disc 202. Additionally, multiple copies of user data are
sonetimes stored on user accessible cylinders for fast access and data
backup purposes. Although storing nmultiple copies of critical 25

I nformation increases the probability of ,recovering a conplete copy, in
sone cases portions of information from&ach of the mul tiple copies my 21
JUNE 2006 -8 be contained on one or nore defective sectors. The foll ow ng
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conpl etely recove erring now to n-exanp a prior art
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information from "nultiple copies is shown. Four copies of deféct table

i nformation (30ypleRlyrec®@eralel 308) with each having information stored
over eight sectors_wth at |east one of the_ eight sectors_of cgach copy
bei ng defective ar Referignordodiley a1 amexamplapimpHar aftreeiHodid recover
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20z Lol 20 sty s iiken bSO ek aiegztay (3) o
recovery att erfiod, 306 aat808) witherclBb4virg informatiedstofdkovénaight sagtorsect or s
(0-3) of Secorwitﬁ%mlea%? gng E)fe the eight sectors of each copy being defective are
shown. Retrieval begins with an attempt to recover first copy 302. Sectors
10 (0), (1) and (2) are successfully recovered, but an attempt to recover
information from defective sector (3) of first copy 302 fails. As a result of
this failed recovery attempt on sector (3) of the copy 302, the recovery
attempt on copy 302 is terminated and a recovery attempt on second
copy 304 is initiated. The first four sectors (0-3) of second copy 304 are
15  error free and are therefore successfully recovered. However, sector (4)
of second copy 304 is defective and the attempt to recover second copy
304 is terminated when defective sector (4) is encountered. An attempt to
recover third copy 306 is then initiated. Sectors (0-4), which are error
free, are successfully recovered, but the recovery attempt on third copy
20 306 is terminated when defective sector (5) is encountered. Finally, an
attempt is made to recover fourth copy 308. Sectors (0-1) of fourth copy
308 are successfully recovered, but an error is encountered at sector (2) of
fourth copy 308. After this failed read, the retrieval attempt is terminated

and no further recovery attempts are made. Consequently, the defect

25 table cannot be retrieved, thereby making the drive inaccessible.



15 error free and are therefore successfully recovered. However, sector (4)
of second copy 304 is defective and the attenpt to recover second copy 304
is termnated when defective sector (4) is encountered. An at Z&MNE2P
recover third copy 306 is then initiated. Sectors (0-4), which are error
free, are successfully recovered, but the recovery attenpt on third copy 20
306 is term nated when defective sector (5) is encountered. Finally, an
attenpt is made to recover fourth copy 308. Sectors (0-1) of fourth copy
308 are successfully recovered, but an error is encountered at sector (2)
of fourth copy 308. After this failed rgad, the retrieval attenpt is
termnated and no further recovery atternpts are nmade. Consequently, the
defect 25 table cannot be retrieved, thereby naking the drive inaccessible.
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shown in FIG 3 using ew recovery net n

enbodi nent  of FIN & u3iNg & Mew racontiyometitodsiioastorddreerneith aa\sahbaditeit  begi ns
with a read attenpt 402 on first copy 302. On encountering defective
sector (3), 5 affibepuatsst invendionds shpwa. SberetrievabattempsBegips2yith g 1 ecor ded.

Froe sectors 158 TERPARAELERIEPSY PPom S EbeH e B tBarsrS ket ect i ve
sector (4) i ensRHRLARro/ 08 feerd B ANTRAT00) iEHkBfIdd HeeaBoicRs T cal

(0-3) are recor y at rea enpt 406 to read third copy
306. 10 Encouniteimpodide @atiestdrubeGReBOt is(ihjtiat¢deF Rirfedrorffreesestmsors (0- 4)

are recorded. The process is repeated until an attenpt to read all copies
avail abl e i s coapead sdccebsfutliifsorasaopideopy de&hbefare amefectigs spefopéd)fisr med
on fourth and | aStnfRY A2%m, e Slmber oF oot HEd seGbRSfeatiGo3fate" (2) 11
recorded followed by a third read attempt 406 to read third copy 306.
10 Encountering the defective sector (5), the error-free sectors (0-4) are
recorded. The process is repeated until an attempt to read all copies
available is completed. In this example, a read attempt 408 is performed
on fourth and last copy 308. After encountering defective sector (2) in
read attempt 408, the number of error free sectors (0-1) are again
15 recorded. The error free sectors from the copy with the longest sequence
of error free sectors are then loaded into memory. In this example the
sequence of five error free sectors (0-4) from copy 306 are the longest
sequence of error free sectors and are therefore loaded into memory.
A second set of read attempts is then carried out to find error free
20 sectors (5-7) to form a complete copy of the defect table. This operation
begins with a second read attempt 412 on first copy 302 which is carried
out starting at first subsequent error free sector (5). Sector (5) is retrieved
successfully, but an error is encountered during the retrieval of sector (6)
of first copy 302. Next, a second read attempt 414 on sectors (5-7) of

25  second copy 304 is carried out. This attempt results in successful

recovery of error free sectors (5-7) of second copy 304. Therefore, the



read attenpt 408, the nunber of error free sectors (0-1) are again 15
recorded. The error free sectors fromthe copy wth the | ongest sequence
of error free sectors are then | oaded into nenory. In this exéhﬂ”E%?WE
sequence of five error free sectors (0-4) fromcopy 306 are the | ongest
sequence of error free sectors and are therefore |oaded into nenory. A
second set of read attenpts is then carried out to find error free 20
sectors (5-7) to forma conplete copy of the defect table. This operation
begins with a second read attenpt 412 on first copy 302 which is carried
out starting at first subsequent error fﬁfe sector (5). Sector (5) is
retrieved successfully, but an error is encountered during the retrieval
of sector (6) of first copy 302. Next, a second read attenpt 414 on

sectors (5-7) Qf &Rl Pt QA irof8d a8 aﬁ%riélitg.‘_é%?ﬁ% Paa_gbéeﬁéﬁ&@gf%lggsu' ts in

successful recovery of error free sectors second copy

Therefore, thee2dvetbliito 2&@16a-slxﬂéléQbﬁi}ﬂ@t@copyo"ﬂeis?fefrﬁevtabfﬂéth@dh@lsaS al |
ei ght sectors have been successfully recovered to forma single conplete
copy. This reteniablesl a pepihofitheadefeettabledd be rebypsyedt byt hergisigdoformgdian t o be
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anot her enbodi e pre I nvention is shown. The retrieval
attenpt begins w t IRedefrade neit eMEIGSB2 adcd @yl inetod apycditdanéd beith

sectors (0-2) are retrieved, defective sector (3) is encountered. On 1o
encount eri ng deptaer embodiment E8)the rpraserdt inveptios 08 showrr Fheaewievahd
defective SeCta?treng];?t) bieginrset?v?tildgdfea ;(’}ter%pg 95%9 81:[1 ttﬁgp frirs%%%pt}fOS(Sf agftggcond
sectors (0-2) are retrieved, defective sector (3) is encountered. On
10 encountering defective sector (3), read attempt 502 is terminated and
defective sector (3) is recorded. Next a read attempt 504 to read second
copy 304 is initiated. Read attempt 504 starts from the recorded defective
sector (3) in read attempt 502. Sector (3) is recovered successfully, but an
error is encountered during the retrieval of sector (4). On encountering
15 defective sector (4), read attempt 504 is terminated and defective sector
(4) is recorded. Read attempt 506, performed on copy 306, starts at last
recorded defective sector (4). Sector (4) is recovered successfully, but an
error is encountered during the retrieval of sector (5), which is recorded.
Read attempt 508, performed on copy 308, starts at last recorded
20  defective sector (5). After sector (5) is recovered successfully, an error is
encountered during the retrieval of sector (6), which is recorded. Read
attempt 508, performed on copy 308, is the last of a first set of read
attempts performed on all copies of information. Since a single complete
copy has not yet been successfully recovered, a second set of read

25  attempts is carried out starting from sector (6) of copy 302. Sector (6) is

the last recorded defective sector at the end of the first set of read



copy 304 is initiated. Read attenpt 504 starts fromthe recorded defective
sector (3) in read attenpt 502. Sector (3) is recovered successfully, but
an error is encountered during the retrieval of sector (4). @hJUNE2006
encountering 15 defective sector (4), read attenpt 504 is term nated and
defective sector (4) is recorded. Read attenpt 506, perfornmed on copy 306,
starts at last recorded defective sector (4). Sector (4) is recovered
successfully, but an error is encountered during the retrieval of sector
(5), which is recorded. Read attenpt 508, perforned on copy 308, starts at
| ast recorded 20 defective sector (5). A ier sector (5) is recovered
successfully, an error is encountered during the retrieval of sector (6),
which is recorded. Read attenpt 508, perfornmed on copy 308, is the | ast of

2 Tirst set ofisals RIAIIRAS S5 TS0 A0nAL (FOBLSS 8 T0LAL T hag. S/ nce

a single conplete *copy not* yet “béen successf recovered, a second
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302. Sector (6) is the last recorded defective sector”at the end of the

first set of rmad @terdpiNBE12096ermihated andt =adRetteinpt Gadps peiforopel bor med on
copy 302, starts at . recorded defective sector (6)

Iagt ! Si nce seghﬁr (6)
of copy 302 i o S0fi Deginning ¢t a59ckpm - slibisj atterapti restlta hFuressatalt « enpt
514 is perf.or 4 begi nni S , LS. at results
in successﬁulmgg?g%'v§?$¥8$)§é§?§r§ Egg¥?@%#e@%%% @64;9#%ﬁs,¥¥ﬁ§%?e ri eva
process is tegfinnaited adallalightedeiirs BRGE Besn Hid@sJFRRY rédtieeas tolfdrim a
recovered to forma single Conplete copy. An unsuccessful term nation of
the retrieval gingleeempetanapyi.f a defective sector encountered during a
current read atterrp‘& on a L _ )
n unsuccessful termination of the retrieval process occurs if a
defective sector encountered during a current read attempt on a
10  particular copy is the same as a recorded defective sector from a
previous read attempt on the same copy. In the above example, read
attempt 502 on copy 302 results in sector (3} being the recorded defective
sector. If, for example, sector (3) is also found defective on copies 304, 306
and 308 during read attempts 504, 506 and 508, respectively, then read
15 attempt 512 will also begin on sector (3) of copy 302. If sector (3) is found
defective during read attempt 512, the retrieval process terminates
unsuccessfully.
Referring now to FIG. 6, a recovery method in accordance with
another embodiment of the present invention is shown. The retrieval
20  attempt includes retrieving all error free sectors (0, 1, 2, 5, and 7) from
copy 302 with the help of read attempts 602, 604 and 606, respectively.
All defective sectors (3, 4 and 6) are recorded. Read attempt 612,
performed on copy 304, begins at first recorded defective sector (3)
which is successfully recovered, but terminates at defective sector (4).

25 Read attempt 614, also performed on copy 304, begins at sector (6),

which is successfully recovered. Final read attempt 620, performed on




10 particular copy is the sanme as a recorded defective sector froma
previous read attenpt on the sane copy. In the above exanple, read attenpt
502 on copy 302 results in sector (3) being the recorded defedl /W& 20¥ect or.
If, for exanple, sector (3) is also found defective on copies 304, 306 and
308 during read attenpts 504, 506 and 508, respectively, then read 15
attenpt 512 will also begin on sector (3) of copy 302. If sector (3) is
found defective during read attenpt 512, the retrieval process tern nates
unsuccessfully. Referring nowto FIG 6, a recovery nmethod in accordance
with another enbodi ment of the present hpvention is shown. The retrieval
20 attenpt includes retrieving all error free sectors (0, 1, 2, 5 and 7)
fromcopy 302 with the help of read attenpts 602, 604 and 606,

respectively. cdpy 30EReinva seeek gtgswﬁi%h_ i4 sAAds&N119r8ad SO fedevdtead

attenpt 612, performed on copy 304, begins at fir5t recorded defective
sector (3) whpodrebsissturnasaédhb ylleigasectods hived béear siccedsesllpt def ecti ve
sector (4). 25 Read attenpt 614, also performed on copy 304, begins at
sector (6), wHicoKered o fopasxsinglaconmpleiecany. Irigaacraldhg data wepveno,

perfornmed on 2 -12. copy. 306.. begi ns _at sector, (4 ilch is
iccessrul Iy rHeiOERERRE ¢ e ifksficng SroPhahr TEFadIL e O gnt
sectors have beeRosWtaasst Wordd céﬁeyaaﬁcts&& 5@3@%@ agﬂo@dﬁgmi ete copy.
In general, the data recovery nethod of FIG 6 includes retrieving

i nfor mati on frdefeatiVe seators dfrthe fifststotedrcopyf(sack as 302)sNexed reagpy of data
(such as 302), and recording all_ _defective sectors of the first stored
copy (such as 2tempt fgngecorenyf defegtiversgetornis qaetied ony opf sgeprd staFedsect or s

's carried out coopny éu?:ﬁ%g @64)5 tIﬁalreepq‘ocess is repeated on subsequent copies (such as

306, 308) until all defective sectors are recovered. The recovery attempt

10 terminates unsuccessfully if a defective sector is encountered on a last
stored copy of data (such as 308).

Although the above examples relate to recovery of a defect table,

in general, the same retrieval process can be applied for recovery of a
single complete copy from any set of multiple stored copies.

15 FIGS. 7-9 illustrate different forms of storing multiple copies of
information. FIG. 7 illustrates a form of storage where all multiple copies
702 are contained on one disc surface 700. In FIG. 8 a form of storage is
shown where individual copies of the multiple copies 702 are each stored
on a different disc surface of disc stack 800. FIG. 9 illustrates a sector

20  interleave method of storage where consecutively numbered sectors are
not laid next to each other in multiple copies 702 on disc surface 900.
The new scheme for merging error free sectors from multiple stored
copies can be applied in all the above forms of storing multiple copies of
information.

25 Referring now to FIG. 10, a flow diagram illustrating a method of

merging information from the error free sectors from different stored




copy (such as 304). The process is repeated on subsequent copies (such as
306, 308) until all defective sectors are recovered. The recovery attenpt
10 terminates unsuccessfully if a defective sector is encount & 8NEGAC% | ast
stored copy of data (such as 308). Although the above exanples relate to
recovery of a defect table, in general, the sane retrieval process can be
applied for recovery of a single conplete copy fromany set of nultiple
stored copies. 15 FIGS. 7-9 illustrate different forms of storing multiple
copies of information. FIG 7 illustrates a formof storage where al
mul tiple copies 702 are contained on on??disc surface 700. In FIG 8 a

a

formof storage is shown where individu copies of the nultiple copies
702 are each stored on a different disc surface of disc stack 800. FIG 9

IIlustrates 2 &Sl 2% @%Wghee@a&ﬁ?m?éo pf akbRlate WhR'tRe peaeAe Ul ively

nunber ed sect are not [ai"d nex ch other in multiple copies 702 on

di sc surface Y%Rentidhés stowachenslotn0n®ofFI® 16) one chbpehasiegtolongbsiom
mul tiple stored copies can be applied in all the above forms of storing
nul ti pl e copi essquence af eranfres sectos fremewhidhgnfermatiprAsaecaerablef | ow

Sectors from drePLEHePERLIEd SpistRecisngs. chpdPal deTitalt Rl o °°
| . | Eopr € 4T Sthgle
1010 of F1 & 15 R e R R Rt e BB e Mo et or s

from whi ch i nf 4t BRickQ030 srephaenridbétorsd fi-om multiplplstorati @opibsatheres i s
selected. In block 1020, defective sectors in 5 the copy having the |ongest
sequence of erthen the sepy devinga langestisaquiehreaf error free sectors is located.

At block 1040, information from the longest sequence of error free sectors
is merged with information from the located replacement sectors to form
10 asingle complete copy.

The present invention can be summarized in reference to the
figures, which illustrate (1) HDA 100 and components thereof, (2) block
diagram of a disc drive storage system 200, and (3) examples of the new
method of merging error free sectors from multiple copies. The method

15 includes selecting one copy (302} from which information is recoverable
from the multiple stored copies (302-308). Defective sectors are then
identified in the selected copy (302). Replacement sectors from the
multiple stored copies other than the selected copy are located to replace
defective sectors. Information from the selected copy (302) is merged

20  with information from the replacement sectors located to form the single
complete copy.

In some embodiments, selecting one copy from multiple stored
copies includes selecting a copy with the longest sequence of error free
sectors (306). In some embodiments, selecting one copy with the longest

25 sequence of error free sectors (306) includes sequentially reading each

sector of the set of sectors from each one of the multiple stored copies




At bl ock 1030, replacenent sectors frommultiple stored copies other than
the copy having a | ongest sequence of error free sectors is |located. At

bl ock 1040, information fromthe |ongest sequence of error fréd/¥¥ERPYrs s
merged with information fromthe | ocated replacenent sectors to form 10 a
single conpl ete copy. The present invention can be sunmarized in reference
to the figures, which illustrate (1) HDA 100 and conponents thereof, (2)
bl ock diagramof a disc drive storage system 200, and (3) exanples of the
new nethod of merging error free sectors fromnultiple copies. The nethod
15 includes sel ecting one copy (302) fromwhich information is recoverable
fromthe nultiple stored copies (302-308)> Defective sectors are then
identified in the selected copy (302). Replacenent sectors fromthe

Tl (i ple Stor adosapien Rsbier bPfkok heeSeLBR RAINMAL Ak OeHiel 0 T ep! ace

defective sectors. romthe selected copy I's nmerged 20
wi t h i nf or mat isebtdriioshdéditeril acrRRtored@bpl (40D468)ad récorflad Mhd@ st ngl e
conpl ete copy. In sonme enbodi nents, selecting one copy fromnultiple stored
copi es i ncl udéwvirg the longest scgpypned ohenrprefree peptets (Seepfepmethefreeqrded free
sectors (306). Inbso enbodi nents, sel ectig_%one gop wiftﬂ t&?{-ﬁ | ongest 25
sequence of erMUPPET YIRS SeqtarfesOTTSsPPRHUE ORABPPYIGt fhe PHBE each
sector of the : h one of the nultiple stored copies 21
JUNE 2006 ES14 S?%?%’(S@%%zﬁ%%ée?&f%%error free sectors read before a first
defective sector ilasontoembeditlents, RREINS roplacemioMysectiiz isP&forfied ecor ded.

The copy having the |ongest sequence of error free sectors 3306) fromthe
recor ded by selectively reading the set of sectors of at least one of the multiple
stored copies other than the copy having a longest sequence of error free
sectors (306). The selective reading is restricted to sectors within the set
10 of sectors that can replace defective sectors.

In some embodiments of the present invention, information from
the error free sectors is merged in a buffer memory 212. In some
embodiments, the multiple stored copies 702 are all contained on one
disc surface 700. In some embodiments, individual copies of the multiple

15 stored copies 702 are distributed on different discs 800. In some
embodiments, individual copies of the multiple stored copies 702 are
interleaved with each other.

Embodiments of the present invention also include a disc drive
storage system with at least one rotatable disc 202 having a disc surface

20 including multiple stored copies (302-308) of information. Information of
each of the multiple stored copies is contained in a different set of sectors
on the disc surface. Each different set of sectors includes at least one
defective sector from which information is not recoverable. Transducer
head 110 is configured to read from the disc surface. Controller 128

25  selects one copy (302) from which information is recoverable from the

multiple stored copies (302-308). Controller 128 also identifies defective




nunber of error free sectors corresponding to each copy of the multiple 5
stored copies is then identified. In some enbodi ments, |ocating replacenent
sectors is performed by selectively reading the set of sectoﬁg“ﬁﬁzgﬁ | east
one of the multiple stored copies other than the copy having a | ongest
sequence of error free sectors (306). The selective reading is restricted
to sectors within the set 10 of sectors that can replace defective sectors.
In some enbodi ments of the present invention, information from the error
free sectors is nmerged in a buffer nmenory 212. In sone enbodinents, the
mul tiple stored copies 702 are all contahged on one disc surface 700. In
sone enbodi nents, individual copies of t multiple 15 stored copies 702
are distributed on different discs 800. In sone enbodinents i ndi vi dual

copi es of Lhe SdddsahensLatadysanl mosPRaAEcahhacten YRbatkdd each ot her.

Enbodi ments of t resent "1 nven P AeT storage

systemw th atnimple Ao d Dpaédther &\aﬁﬁtf&%lé&@éd&ﬁn l@llééatéwb?race
including multiple stored copies (302-308) of information or mat i on of

each of the mﬁuntmlérﬁZBr&dtaﬂymceﬁrolhardéatrmngesimfnrlaatiomfmmrhhe set of

sectors on the_ disc surface ch djfferent set, of sectors includes at
| east one def%&%qtﬂf/éf’%e{sowhﬂ rEatign ﬁ%%ﬁpbﬁev@nhﬁct?rééaﬁﬁ BPe.

Tr ansducer e to read fromthe disc surface.
5128% gg‘%gﬂr@i‘f &S}ﬂ eeq%‘:]o [ [ [

Controll er (302) fromwhich information is
recoverabl e fromthlchsdﬂdébhmoaxﬁlbﬁfseeoﬁ@@ﬁlmz(s%@?ecé’é)&e cdnbf Bel er 128 al so

i dentifies defective 21 JUNE 2006 - 15 sectors in the sel ected copy (302).
Repl acement s enwdtiplefstoredidopies having a longest sequence of error free sectors

(306). In some embodiments, controller 128 sequentially reads each

sector of the set of sectors from each of the multiple stored copies.

10 During the sequential read, controller 128 records a number of error free
sectors read before a first defective sector is encountered in each copy.
Controller 128 then identifies the copy having the longest sequence of
error free sectors from the recorded number of error free sectors
corresponding to each copy of the multiple stored copies.

15 In some embodiments, controller 128 selectively reads the set of
sectors of at least one the multiple stored copies other than the copy
having a longest sequence of error free sectors to locate replacement
sectors. In some embodiments of the present invention, information
from the error free sectors is merged in a buffer memory 212 by

20 controlier 128.

It is to be understood that even though numerous characteristics
and advantages of various embodiments of the invention have been set
forth in the foregoing description, together with details of the structure
and function of various embodiments of the invention, this disclosure is

25  illustrative only, and changes may be made in detail, especially in

matters of structure and arrangement of parts within the principles of



mul tiple stored copies other than the sel ected copy are | ocated by
controller 128. Finally, controller 128 nerges information fromthe

sel ected sectors with information fromthe replacenent sector ' /BE2P%d to 5
forma single conplete copy. In sonme enbodi nents, controller 128 selects
one copy of the nmultiple stored copies having a | ongest sequence of error
free sectors (306). In sone enbodi nents, controller 128 sequentially reads
each sector of the set of sectors fromeach of the nultiple stored copies.
10 During the sequential read, controller 128 records a nunber of error
free sectors read before a first defectjve sector is encountered in each
copy. Controller 128 then identifies th€ copy having the | ongest sequence
of error free sectors fromthe recorded nunber of error free sectors

correspondi ng C f t tiple.stored,copigs. 15 In sone
enbodi nent s, écic-}gtpr?o (ta?&g%%sneﬁogg‘?iw/f«l\l%pepg%‘ilc?tﬁg b e e%?ma%ggf‘% of at

| east one the mpdrihpld? thé Qired GOPhRE tAb Bpheh e (laltfs GRPYxprR8ddN 4 | ongest
sequence of error free sectors to |ocate replacenent sectors. In sone
enbodi ment s ofexatreplprtbe garticuwlae aleinumts imfyovarsitdependingon theparticatarf r ee
sectors is ne;&gg$in a_ buffer menory 212 by 20 controller 128. It is to be
under st ood t h&PPLGEHOR f s disnistpakal apsralerepilkleimaintaining dvant ages of

vari ous enRodi . i . t . i f or egoi ng
vari ous enod ekl ek BUTIRLALARYS IFRT AGheid Ehih B o
various enbodiaf@psriobf &reepﬂeaemhv@moﬁmﬁo,damﬁ%&m@ préfedred | I ustrative
only, and changes may be nade in detail, especially in mtters of
structure and eatbatigeme kiiscbdsepaetarmihirty thetlbrggtisagugicesf etrd FreBUNE 2006
sectors beginning at sector (0), equivalent alternative embodiments are
contemplated wherein the longest sequence of error free sectors is
10 determined beginning at any desired sector or regardless of where the
sequence begins. In addition, although the preferred embodiment
described herein is directed to retrieving a single copy complete copy of
information from multiple copies of the same information for a disc
storage system, it will be appreciated by those skilled in the art that the
15 teachings of the present invention can be applied to systems, like

magnetic, optical or other storage system techniques, without departing

from the scope and spirit of the present invention.



-16 the present invention to the full extent indicated by the broad general
meaning of the terns in which the appended clains are expressed. For
exanpl e, the particular el ements may vary depending on the par! /290
application for the disc retrieval operation while maintaining 5
substantially the same functionality w thout departing fromthe scope and
spirit of the present invention. Al so, although the preferred enbodi nent

di scl oses determ ning the | ongest sequence of error free sectors beginning
at sector (0), equivalent alternative enbodiments are contenplated wherein
t he | ongest sequence of error free sect is 1o determ ned begi nning at
any desired sector or regardless of wher€ the sequence begins. In

addi tion, although the preferred enbodi ment described herein is directed

to retrieving pAP e1CORYEHAEP! ete copy of information frommultiple
-sarre—rn%r—rmm—mr' f

copies of the or a disc storage system it will be
appreci ated by those skilled in the art that the 15 teachings of the
present invention can be applied to systens, |like nmagnetic, optical or
ot her storage Isyst ehmetbhdicfweisievivig Acompletsgepy 9f data Bem aelarabige oand

Tothod of 1 ot SREVRGRIESCR DR OB ¢BBP IR BRORPTSHSPET STFITES B stored
GiTierent Ser GRcipspafafenid gt e ShARES LR The FRANIRRRP DA o1 ng.
(a) selecting one qh) t heelkeBhgorieldfthé Bepiek ficah ithe phiralityosfstorezbpi es;
copies;
(b)  identifying defective sectors in the selected copy;
()  locating replacement sectors from the plurality of stored
10 copies other than the selected copy; and

(d)  merging sectors from the selected copy with replacement

sectors defining the complete copy.

2. The method of claim 1 wherein step (a} includes selecting one of
15 the copies from the plurality of stored copies having a longest sequence

of error free sectors.

3. The method of claim 1 wherein each of the plurality of stored
copies of data comprises at least one defective sector from which data is

20  not recoverable.

4. The method of claim 1, wherein the selecting one copy step ()
comprises:
(a)(1) sequentially reading each sector of the set of sectors from

25 each of the plurality of stored copies;



(b) identifying defective sectors in the selected copy; (c) locating

repl acenment sectors fromthe plurality of stored 10 copies other than the
sel ected copy; and (d) nerging sectors fromthe sel ected copy 2WW{NF 2006
repl acenent sectors defining the conplete copy. 2. The nethod of claim1
wherein step (a) includes selecting one of 15 the copies fromthe
plurality of stored copies having a | ongest sequence of error free
sectors. 3. The nethod of claim1l wherein each of the plurality of stored
copies of data conprises at |east one defective sector fromwhich data is
20 not recoverable. 4. The nethod of claigm 1, wherein the selecting one
copy step (a) conprises: (a)(1l) sequentially reading each sector of the
set of sectors from 25 each of the plurality of stored copies; 21 JUNE

2006 - 18 2 ' f
(a)(2) r eg@{(%'r @&cﬁd%ﬁ%ﬁe&% lePlorff&Gebfits PER1 hERE: RERSY € 2

first defective s IS en when each of the plurality of
copies is sequentially rdetettivie sactodligamneantéret whapedd) ¢flithe plarditp (a) (3)
identifying one copy having a | ongest sequence of error free sectors from
the recorded nunmber of ©f copiesissequentially readin eesesdenasgvith sect@)dopy of
the plurality of stored opies. 10 5. The nethod of claim1, wherein the

| ocati ng replacenent se rs

5 (a)(3) identifying one copy having a longest sequence of error
free sectors from the recorded number of error free sectors
corresponding to each copy of the plurality of stored

copies.

10 5. The method of claim 1, wherein the locating replacement sectors
step (c) is performed by locating the set of sectors of at least one of the
plurality of stored copies other than the selected copy, wherein the
locating is restricted to reading sectors within the set of sectors that can
replace defective sectors identified in step (b).

15
6. The method of claim 1, wherein the merging sector step (d) is

performed in a buffer memory.

7. The method of claim 1, wherein the plurality of stored copies is all

20 contained on one disc surface.

8. The method of claim 1, wherein individual copies of the plurality

of stored copies are distributed on different disc surfaces.

25 9. The method of claim 1, wherein individual copies of the plurality

of stored copies are interleaved.




step (c) is performed by locating the set of sectors of at |east one of the
plurality of stored copies other than the sel ected copy, wherein the

| ocating is restricted to reading sectors within the set of s&t{B¥2hat
can replace defective sectors identified in step (b). 15 6. The net hod of
claim1l1, wherein the nerging sector step (d) is perfornmed in a buffer
menory. 7. The nethod of claim1, wherein the plurality of stored copies is
all 20 contained on one disc surface. 8. The nethod of claim1l, wherein

i ndi vi dual copies of the plurality of stored copies are distributed on
different disc surfaces. 25 9. The nethoggof claim1l1, wherein individual
copies of the plurality of stored copiées”are interleaved. 21 JUNE 2006 -19
10. A disc drive storage systeminplenmenting the nmethod of claiml. 11. A
disc drive storage system conprising: 5at |east one rotatable disc having
a disc surface including a plurality of stored copies of information, with

information of0.eachA dibc ffieeBtdtagé bjste®f ingilofRatiagRhe nethdd df AREM 1 a
different set of sectors; a transducer head configured to read data from
the disc surface; 10 and a controller configured to select one copy of the

plurality of s{ red e‘ﬁofgi es fromwhich information is recoverable, and to
i dentify defective &b fleve stqrage systerny EYREPYE and to | ocate

5 at least one rotatable disc having a disc surface including a
plurality of stored copies of information, with information
of each of the plurality of stored copies contained in a
different set of sectors;
a transducer head configured to read data from the disc surface;
10 and
a controller configured to select one copy of the plurality of stored
copies from which information is recoverable, and to
identify defective sectors in the selected copy, and to locate
replacement sectors from the other stored copies, and to
15 merge sectors from the selected copy with the replacement

sectors defining a complete copy of the stored information.

12.  The disc drive storage system of claim 11 wherein the controller is
further adapted to select one copy of the plurality of stored copies

20 having a longest sequence of error free sectors.

13. The disc drive storage system of claim 11 wherein each of the
plurality of stored copies of information comprises at least one defective
sector from which data is not recoverable.

25



repl acenent sectors fromthe other stored copies, and to 15 nerge sectors
fromthe selected copy with the replacenent sectors defining a conplete
copy of the stored information. 12. The disc drive storage sy2i $NE3P%c| ai m
11 wherein the controller is further adapted to select one copy of the
plurality of stored copies 20 having a | ongest sequence of error free
sectors. 13. The disc drive storage systemof claim 11l wherein each of the
plurality of stored copies of information conprises at | east one defective
sector fromwhich data is not recoverable. 25 21 JUNE 2006 -20 14. The disc
drive storage systemof claim 11, whereip the controller is further
adapted to sequentially read each sector“fromeach of the plurality of
stored copies, and to record a nunber of error free sectors read before a

fi st defectiva, seataralogRREauIter shfics SaRM Pl RS Ratl diBkilor of

stored copies’is re e COopy naving a ongest sequence

of error freeisagtirsaddpiad E@?ec{] %%H?Cieml@@&{ storar 6@ eachlgfghsect or s
correspondi ng to each copy of e plurality of stored copies. 15. The disc

drive data st qnlalgaélt}sy)ﬁsmdwtopiea; andlto rechsd einuntber of@roodteedactrrsi s furt her

adapted to sele ly read e set of sectors of a | east one of the
plurality of §?@é@f€0665. g§t6% elive sheron ip eneeitered whgngach ghigt sequence

Furcher i ntt udi g of seoed PRRREGRSL i A RBh HERIN RS comprete
copy. 17. The gkt dedukhcd @ 8rdh HRARAYS HOM Be k8l dBdldumBbEbEEROE Ne

free sectors corresponding to each copy of the plurality of stored copies.

15.  The disc drive data storage system of claim 11, wherein the
10 controller is further adapted to selectively read the set of sectors of at
least one of the plurality of stored copies other than the copy having a

longest sequence of error free sectors.

16.  The disc drive data storage system of claim 11, further including a

15 buffer memory to temporarily store the complete copy.

17.  The disc drive data storage system of claim 11, wherein the

plurality of stored copies is all contained on one disc surface.

20 18.  The disc drive data storage system of claim 11, wherein individual
copies of the plurality of stored copies are distributed on different disc

surfaces.

19.  The disc drive data storage system of claim 11, wherein individual

copies of the plurality of stored copies are interleaved.




plurality of stored copies is all contained on one disc surface. 20 18. The
disc drive data storage systemof claim 11, wherein individual copies of
the plurality of stored copies are distributed on different di25éUNE20¥f aces.
19. The disc drive data storage systemof claim1l, wherein individual 25
copies of the plurality of stored copies are interleaved. 21 JUNE 2006 -21
20. A disc drive storage systemfor storing information on a surface of a
rotating disc, the disc surface including a plurality of stored copies of
information, with information of each of the plurality of stored copies
contained in a different set of sectorsuziﬁe system conprising: 5 a
transducer head configured to read infornmation fromthe disc surface; and
a controller nmeans for selecting one copy of the plurality of stored

copi es from wpgh i AfQsMaLveRtdrigs SEAMEI RBPL R hihRhatidi BRI fu¥fded of
defective sectors in the selecte% copy, and for 10 |l ocating repl acenent
sectors from taeotatingrdisd, thedisc opifase inchundingar pluealiiyne sseetlanpidsafm t he

sel ected copy with the replacenent sectors defining a conplete copy of the
stored i nfor ifenation, wﬁﬁ@f@m@hgzp_f erelT Rf theapluesitx of|stesied <copigs ETE coPY

FROM MILTIPLE - RESHER ik diFer et stMEIeTs e sFatR Emphisiigs D SC-OSURE

5 a transducer head configured to read information from the disc
surface; and
a controller means for selecting one copy of the plurality of stored
copies from which information is recoverable, and for
identifying defective sectors in the selected copy, and for
10 locating replacement sectors from the other stored copies,
and for merging sectors from the selected copy with the

replacement sectors defining a complete copy of the stored

information.




5 A nethod and apparatus for retrieving a single conplete copy from
multiple stored copies is provided. Information of each of the nultiple
stored copies is contained in a different set of sectors on di2ZS¢UNE2N¥f gces
in a disc storage system Each different set of sectors can include at

| east one defective sector fromwhich information is not recoverable. 10
One copy fromthe nmultiple stored copies fromwhich information is
recoverable is selected. Defective sectors in the selected copy are
identified. Replacenent sectors are |located fromthe nultiple stored
copies other than the selected copy. Infgrmation fromthe selected copy is
merged with information fromthe repl acement sectors to formthe 15 single
conplete copy. FIG 10

RETRIEVAL OF A SINGLE COMPLETE COPY FROM MULTIPLE
STORED COPIES OF INFORMATION

ABSTRACT OF THE DISCLOSURE

5 A method and apparatus for retrieving a single complete copy
from multiple stored copies is provided. Information of each of the
multiple stored copies is contained in a different set of sectors on disc
surfaces in a disc storage system. Each different set of sectors can include
at least one defective sector from which information is not recoverable.

10 One copy from the multiple stored copies from which information is
recoverable is selected. Defective sectors in the selected copy are
identified. Replacement sectors are located from the multiple stored
copies other than the selected copy. Information from the selected copy
is merged with information from the replacement sectors to form the

15  single complete copy.

FIG. 10





