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15 optical disks have also been used. A DVD in which data can be recorded once

only, and thereafter is essentially a DVD read only memory, is referred to by the
acronym DVD-R. The acronym DVD-R also has been used generally to refer to
write-once, or record-once, technology.

in contrast to DVD-R, several formats exist in which data can be recorded

20 to a DVD, erased and re-recorded. In sum, such a DVD can be overwritten or
rewritten. These DVDs typically are referred to by the acronyms DVD-RAM,
DVD-RW and DVD +RW. Although, as of this time no uniform industry standard
has been adopted, the acronyms DVD-RAM, DVD-RW and DVD +RW have been
used generally to refer to the respective re-writable DVD technologies. Still,

25 reference herein to re-writable DVD technology, devices and methods and
recordable DVD media is generally intended to encompass all of the standards
which are now being used, as well as those which may be developed in the
future.

Present DVDs can have a logical file structure in which audio-video

30 content can be stored. Specifically, as shown in Figure 7, at the top of the file

structure hierarchy of a DVD 700, one or more titles 701 can exist which can

loosely correlate to program episode titles. Titles 701 can consist of control data
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Present DVDs can store data using the Universal Disc Format (UDF)
“specification. As such, present DVDs can include a directory and set of files
20 within the UDF file format. Figure 8 illustrates the directory structure of a typical
DVD. According to the DVD-ROM specification, all files in a DVD are stored in
directories 801, 810, 815 and 820 below the root directory 800. In particular,
DVD-Video data can be stored a single directory referred to as the VIDEO_TS
directory 801. The VIDEO_TS directory 801 can contain a Video Manager and
25 one or more Titles. As illustrated in Figure 8, the Video Manager can include a
Video Manager information file 802, a Video Manager menu file 803, and a
Video Manager backup file 804. Additionally, each Title can include a Video Title
information file 805A, 8058, a Video Title menu 806A, 806B, one or more video
object set files 807A, 807B, 808A, 808B and a Video Title Backup file 809A,
30 809B.
Aside from DVD-Video, DVD-Audio information can be stored in an

analogous directory, AUDIO_TS 810. Furthermore, an optional, root-level
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entire recpingiy9déaBtiPE sectors in a menu area can damage a menu.
For analog tape recording technology, such as VCR technology, a
defective portion of the video tape may not affect the quality of the signal
substantially during playback. In contrast, for digital disc recording technology, a
20 defective sector can significantly affect playback quality causing a loss of
navigation information and control data, video freeze, blockiness, loss of audio
information and menu corruption. As a result, if defective sectors cannot be
identified prior to recording to a re-writable disc, an entire recording can be
ruined. Accordingly, defective sector checking can be critical to a successful
25 digital disc recording.
Notably, re-writable DVDs each have a defect list that is generated by the
manufacturer. Those sectors which are determined to be defective are added to
the defect list so that the defective sectors will be skipped during a recording
session.
30 Notwithstanding, in most cases, defect checking cannot be performed in real-

time during a recording session. Moreover, to inspect a re-writable DVD for

defective sectors by scanning the entire re-writable DVD can consume several



rui ned. Accordingly, defective sector checking can be critical to a
successful 25 digital disc recording. Notably, re-witable DVDs each have
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DVD recortﬁeruseAwaéthgbyr,dmg can be |rrpract| cal to delay the user for the
time required to performthe inspection prior to permtting the user to
begin recording. WO 01/ 35408 PCT/ US00/ 30605 5 SUVWMARY A nethod for
updating a defect list in a DVD can include playing back the DVD
detecting at | east one unrecoverable error associated with at | east one
correspondi ng sector during the playback; adding a reference to each sector
5 associated with the unrecoverable error to a defect candidate list;
determ ning whether each sector referred to in the defect candidate |i st
is a defective sector; and adding a reference to each sector determned to
be a defective sector to the defect list. Additionally, the nmethod can

i nclude renoving fromthe defect candidate |list a reference to each sector
for which a corresponding reference has 10 been added to the defect |ist.
The determ ning step can include identifying each sector having a

reference in both the defect list and the defect candidate |ist; renoving
the identified sectors fromthe defect candidate |ist; and, determ ning
whet her each :
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- sorting the defect list in the structured order; and, subtracting the sorted defect
candidate list from the sorted defect list.  Notably, the subtraction can result in
the identified sectors. Additionally, the sorting steps can include sorting the
20 defect candidate list in ascending order; and, sorting the defect list in aséending
order. Similarly, the sorting. steps can include sorting the defect candidate list in
descending order; and, sorting the defect list in descending order.
A method for updating a defect list in a DVD can include processing
sectors on the DVD during a playback operation; adding references to selected
25 ones of the processed sectors to a defect candidate list; identifying defective
sectors among the selected ones of the processed sectors; and, adding
references to the identified defective sectors to the defect list. Additionally, the
method can include removing from the defect candidate references to each
sector for which a corresponding reference has been added to the defect list.
30 The step of adding references to selected ones of the processed sectors to
a defect candidate list can include detecting an unrecoverable error during the

playback operation; identifying a processed sector associated with the



10 the sorted defect candidate list fromthe sorted defect list. Notably,
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method, the sorting steps can include sorting the defect candidate list in

15 descending order; and, sorting the defect list in descending order.



re-witable disk medium 102 is enbodied as a re-witable DVD in the
illustrated 25 enbodinent. In many instances, as will be noted, the
re-witabl VAPEIS4Bedi um. can al so be, for exanple, a har dPETUSW/3805,
magnet o optical disk (MXD). An exanple of a MO is a mnidisk. In many

I nstances, the inventive arrangenents are applicable to video or audio or
both video and audi 0. ThBRIEFVDESCRUPTION OF i ®RAWINGSI ng onto and readi ng
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Recordable DVD Device
20 A device 100 for implementing the DVD-ROM backwards-compatible

defect management method in accordance with the inventive arrangements
taught herein utilizes a recordable, re-writable disk medium 102 in accordance
with the inventive arrangements is shown in block diagram form in Figure 1. The
re-writable disk medium 102 is embodied as a re-writable DVD in the illustrated
25 embodiment. In many instances, as will be noted, the re-writable disk medium
can also be, for example, a hard drive or a magneto optical disk (MOD). An
example of a MOD is a minidisk. In many instances, the inventive arrangements
are applicable to video or audio or both video and audio.
The device 100 is capable of writing onto and reading from recordable
30 DVD media, in this example, a re-writable DVD 102. The device comprises a
mechanical assembly 104, a control section 120, a video/audio input processing

path 140 and a video/audio output processing path 170. The allocation of most



20 By conparison, during recording, a |aser on the pickup assenbly burns
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digital signal referred to as the playback signal which corresponds to the data

stored on the disk 102.

20 By comparison, during recording, a laser on the pickup assembly burns
spots onto a spiral track on the disk 102 in order to digitally record video and/or
audio program material. More particularly, the disk 102, which can include at
least one interior crystalline recordin'g layer, can exhibit two distinctive states,
amorphous or crystalline, each having: different reflectivity characteristics. Those

25 different levels of reflectivity can be detected by optical sensors in the pickup
assembly 108.

Prior to recording, the interior recording layer of the disk is in a crystalline
state exhibiting high reflectivity. The light intensity of a laser beam can be
modulated to write amorphous data marks on the surface of tracks in the interior

30 crystalline recording layer. Specifically, the energy of a laser pulse can quickly

raise the surface temperature of the interior crystalline recording layer above the

layer melting point. Once above the melting point, the interior layer can



126. The servo can al so be considered part of the control section 120. The
navi gation data generation circuit 126 supplies a first input signal to the
mul ti pl exerVORABH08154, which forns part of the video/ audi BCTHBWEMSocessi ng
path 140. The output of the MJUX 154 is an input to an error correction
coding 20 circuit 128. The output of the error carrection coding circuit

128 is a transitiaairom aichpsttllink atate siUsighirefledtivityn® @ aliaPpHOS siehé e Wi Il be
"burned” .onto,the spiral track of the disk 102 by the |aser. The
cont r ol | dPWarsHegiivity., Subseauantivs she sapid sooling of aheilaver posientnakie i n t he

t k buf, ; _n _Fi n troll
12525 CneoarsRuCH B e NSHEL kPRt TRty L PR raliR SRR

buf f er 17blence} digitak datpdandre trEppéd rto tahseripsr gfdaserofulseveReEam vttt
I nventi ve,.ar rnange S. .. rol, and data interfaces are also preferably
provi §ed ‘%'Qf?a'ﬁé’%ﬁ\%&%ﬁgd'?ﬁgs c‘ﬁhl“%cﬁqr\eﬁmﬁ?q‘g todherdigitalidataper ati on of

packet "vi deo euas9! défénding L@Bﬁid&paew,?&ﬁfire]'ﬁ@ntgogﬁ dek @Iﬁj‘v\géd‘ﬂawe

i nventive enbodi ments as described herein: 30 Suit e so re or firmware
i s provi cither angardme resordable sites e Additianallyp ke aiskoh®2 pan fhaverduliple

controll I Ltion rogramyoutines for the WO 01/ 35408
ool Uaooealoyay 8t tdr difls. Rl Jipéff%‘?éeﬁr‘&\}i"vg&s%ﬁ'”e rolling the
cont r ol | dnvéitidn, the Al 1 aRded dridl lhers B\RBlevant, aMota\dr, i Sadegs be

. descr,ibed in qreat er detail. A control buffer 132 for viewer activatable

f unctiPond derRiesided rerpeding. i slsiods drpleuarinvhgthar he aptasdingsofebythptidgs
record, rgpMRE sk §05odctid fbh one B?Bﬁ%@d@% oF e $i< %O%Qe pause 1S a .
counterpart to pause operation in a VCR or exanp nual ly interrupting
the play back Returaing poectr Eigdrept otheacnntrol section Nl preferably catprigéls of a
vi ewed progil%%rt 9?? I i nate, cqmmercials fromthe recording. A separate

6

pause buf® IR N¥igatian data peRerElAREAIt 16 The coptrolley 1RE pause
during r eupplesadirdl Mpesignbl s tHePRavigdtion 8ats GGRIratdH QirdliPYbeRiRFARS| NY
path 140 is a_signal processing circurt for converting a conventional
t el edPsi &8N yAQisupplies aaeepnd InpraGignal pithe inavigatidn giata gevenatiokadircditt a,
for examy£5 MPRGsbni i EiRo%be ESMsidlidh ikt SEHY SM%i%etion 120. The
navigation data generation circuit 126 supplies a first input signal to the
multiplexer (MUX) 154, which forms part of the video/audio input processing
path 140. The output of the MUX 154 is an input to an error correction coding
20" circuit 128. The output of the error correction coding circuit 128 is a recordable
input signat supplied to the pickup 108, which will be “burned” onto the spiral
track of the disk 102 by the laser.
The controller 122 also preferably has access to the data contained in the
track buffer 172 and record buffer 162 as shown in Figure 1. The controller 122
25 can delete, modify, and reformat video data stored in the track buffer 172 and
record buffer 152 for the purpose of implementing the inventive arrangements.
Control and data interfaces are also preferably provided for permitting the
controlier 122 to control the operation of packet video encoder 144 and audio
encoder 148 for implementing the inventive embodiments as described herein.

30 Suitable software or firmware is provided in memory for the conventional

operations performed by controlier 122, In addition, program routines for the



t he device 100. The input path 140 conprises an NTSC decoder 142 and vi deo
encoder, for exanple MPEG 1 or MPEG 2, 144 for video i ri ses an.
15 audi O‘Ya?lﬁll""é@”-st o-digital converter (A/D) 146 and an }&aﬁ%g%%g‘gger, for
exanple MPEG 1. or - MPEG 2, 148. The-digitized signals are conbined in a
nmul tiplexer 150 and stored in a rec®d buffer 152 until _an entire packet
has becafivapged featurasdl 3hareprayidag-fescoptolipgdhe gentrglierc b2 idacket i s

conbi ne ' . t | | : r.at j ' it in the
v 15 AegdidheiVin g Rppfiop asterad HeRBhuflt GEUEARAGA G BeE HER, | |
correction oodontrocbuiden 132 28r viawealastivatabledfaaotiond indioatesithosef t he i nput

path 140. The out put progcessin ath 170 caonprises . a track buffer, or
out put fupgtieRs P’%?Q’f'yiaﬁag;h?%ﬁ‘%ﬁ&)ﬂ Rlay, Jeegrgniqueeseyifast foewatdenpl ed into

packet spdib/pihy! Bﬁé‘%{%&{ ggﬁ%hw is 4 BBuRRREERT o PREsPbP&aEAGH BWERNdi ti onal

access cli rc{ﬁt 174 2 ‘control.s propagation of the packets through
denul t i ok example/tanually interruptingpthet play bpek lof afpreregoctied programadiro

processi ng. The video is decoded by decoder 178  for exanple fr MPEG- 1
b *vpechBhugno e agercing 'S S Viavvel prosrein (b EEUNEe USRS Trosh R sl o
NTSC orreBbiding.NA sBpdrstei paude bfRA 138)isGrovided td PaceiVebomiidiidls&of r om MPEG 1
or MPEG 2, and converted to analog 30 formby audio digital-to-analog (D A)

‘conver trerforging thrpauagduring teasd png plavback 1otionn be deemed to i ncl ude the

err correctio ' j t. L35 0/ 11
bt o 00" s Pabo/bicringiboroRBsdiRg Bun, 160 a3l oSSy U e [ |
wite cajraerting ¥ cobuaritichay teledisioarsigng fonlexymiple/NTSExomPAL dint@ rates for

di ng, or .pl ayi ng bagk of i Mt el i ts/ d, | der t
o erelgit g Bahet Fhsa: 1R GEMTS MREATIHPEC S ThEQRBLIFBRaY) pack
(read) fhetdtiideet00d Theihp&) path PaORBRPFistIah NIBTSdbsode? 142 ahdWidedneous.

Apparently sinultaneous playi ng{l back and recording with such a machi ne
woul d sewedeo fioe examplesMPEGe] op MPRG-2n 1ddcter yideoninrand eapusises @ nachi ne

o AR SISt SR D AT Sl e SR, | o
as wel | MREGOt be MPEG-2Nt1i48c Tihe- digizadndignals are combined in a multiplexer
150 and stored in a record buffer 152 until an entire paé:ke_t has been
constructed. As each packet is constructed, each packét is combined with the
output of the navigation data generation circuit in the MUX 154 and sent to the
20 error correction coding circuit. 128. Error correction coding circuit 128 can also
be deemed to be part of the input path 140.
The output processing path 170 comprises a trac'_k_ buffer, or output
buffer, 172, in whicﬁ data read from the disk is assembled into packets for
further processing. The packets are processed by conditipnal access circuit 174
25 that controls propagation of the packets through demulfiplexer 176 and into
respective paths for video and audio processing. The vi:deq is decoded by
decoder 178, for example from MPEG-1 or MPEG-2, an;_i encoded as a
conventional television signal, for example NTSC or PAL. The audio is decoded
by circuit 182, for example from MPEG-1 or MPEG-2, and converted to analog
30 form by audio digital-to-analog (D/A) converter 184. The output processing path

170 can be deemed to include the error correction circu;it 130, as noted.



10 It wll also be appreciated that the inventive arrangenments can al so be

usef ul fo.r%gwjéq%s _hav! ng higher data rates. DVD Media F%yﬁﬁ&,@gﬁgs of

illustrati nvent i<ve arrangenents, program nateri al ecor ded
onto recordable DVD nedia, for exanple the re-witable DVD of 15 Figure 1,
and pl ayed back fromthe re-witable DVB The re-witable DVD 102, as shown
in further det Eﬁevlqenwfi)ganéemesenatna owehing h@flnsmrwbm%taaéxmmahd

t oget her I d sk. hoIe 118
can be fo%(egmtg%?ﬁ%'v t%yaﬁ)fi e {?QL Q’g a‘%"'émhé ad‘r"?"ﬂm § Fof the
not or  10@eedrdingger slayingdackasfpdryxiaiatély tihenbgabitsadcant Irobrdéaetoangul ar
motion of .the 20 same in accordance with the inventive arrangements. . As

in convent"F‘B'ﬁé'I‘e’EWRﬁ the ryenBYg ; afrﬁneementﬁrlrsmspésawmom pck h@ad}p_resent
| nvent 50n ;hRGEEHY RiAS) th hwﬁ&w&n&% def1d'bE AndiBhAR  CRBRGRAAR! o7 | &
|sk T orns a

to record data to. and/ e co |nat|on uous
spi ral 1SRnuI\tﬂndwdatlayxngcbmckle¢ﬁdalebardm wlith suth anthohirk woﬁweeerﬂaba:d:an be

witten 25 ontoth e-wit DVD 102 in an outwardly direction along the
api rai 11 3mPotlaen b &V PHOR AEMEHRR] SAPaPHY FRAGURS PO bBacuABagEPHAY (o { he

| ar ger ra@bléﬁat@@'iﬁ beEordghcé Qﬁtrﬁmef fverthve ar Begeth¥isdb prolidSapPlardrith rfe | ar ge

dots (_ - _) denote portions of the spiral not shown'in the draw Each
near|y ci stuvlsaneousdiiaying b@Qh@edtrec@rdmas welloés other manalh/ehtéhngemmtl mes
referged t 30 112 can th a

oi do 1851 B4t 65 SReree Bl ¥n, ENinY By sracenst Hmaiee e TretLory pe

i ndexi ng. dBuee*s@nadiri‘gfhnguértdi&& ratesscal e only portions of the spiral 16 are
shown, and these are shown in greatlté enl arged scale. WO 01/ 35408
'PCT/ US00/ 30605 12 To mai ntain const2¥¥ Media density across the surface of

the re-witabl gor RMBol2 of 'ilﬂl%tlraﬁﬁgrtﬁé g\%@?:&égfang?nc n¥é gg%%ét‘é’?n{ y-1our

(24) annul ar zones.  Each zone racks
and 944 gcen@qneaomd orfachcondable DY Ddinedide €ori e)tam;ﬂecthen's-vﬂrhéb(eoDVD 6f

?'IQ?' f55¢ }g@r%gf anfpivecthack frof the re-wiitable DVE." Tha re-watable BYD 3855 &€"
as shown in further detail in Figure 2, can consist of two substrates bonded
together by an adhesive layer forming a 1.2mm thick disk. A center hole 118
can be formed in the center of the disk so that a gripping device of the motor
106 of Figure 1 can securely grip the disk and control the angular motion of the

20 same in accordance with the inventive arrangements..

As in conventional DVD-RAM technology, the re-writable DVD 102 of the
present invention incorporates a land/groove structure and phase change material
to record data to disk. The land/groove combination forms a continuous spiral
112, with data recorded alternately on land and groove. Data can be written

25 onto the re-writable DVD 102 in an outwardly direction along the spiral 112,
beginning with the smaller radius portion of the spiral to the larger radius portion
of the spiral 112. The several series of three large dots {_ _ ) denote portions of
the spiral not shown in the drawing. Each nearly circular, radially concentric
section of the spiral 112 is sometimes referred to as a track. Notably, the spiral

30 112 can be formed with a side-to-side wobble, not shown in the drawing, to
accommodate media type indexing. Due to difficulties of scale only portions of

the spiral 16 are shown, and these are shown in greatly enlarged scale.



nunber of sectors per track increases by one in each succeedi ng zone.

Hence, rmost zone contains forty (40) sectors r . Each
BBl s

sect or ns with a read-only identification field, 0ossed onto the
di sk surface. This identification field, known.as the header, is used to
identify the physical location 10 of *€he sector and is kept separate from
the user rectt q@iNt@inHenstantdata depsity agrass thp surfaceiod the reryrétabley r eadabl e.

The r e- M e DV . d

Cont o WD FO2CR debfing bt 14 lidelinta bdtiy B0 LA HhrBiet SoheS, |
exanpl eEddedR\VhasDV[B &8 Macks, iBMDding 44 land tBacks andc844 Yyroye waeks.of t he
re-writable DVD, 102. of .Figure 2. 5 sho in Figure 3, are-witable
VD> 102E %8k TPRE I MidRa LT 8eipfs: hF dore-sing 8 Seotorif SBRMAktsEd dat o ar eas.
The 5e”ba§fp§girt?;?t Thé finefmoSt ¥bhd AR l@&%&@@%p&ﬁs HePglaatcﬁ.d Tife L he

I nner nos on of the re-witable DVD , referred to as the Ilead-in

area llsumbercot seatoisnparrteacklihéreasas by reneiinfeachwucoeedihg chneahlendent i fy the
type of ,nedi.a, such. as DVD- r.DVD-R The re-witable Dyp,102 20 ,
ST i1 arthy QuRtmARY thns Sotaing Tty VAPERERS Ptcrad, EeeRRectob T 4can nave a
user ap&fn@ Wit résdenliyatiestifidalion fillderhbedsedltitd the tivk srtdcR. Bhiga can be
used for the replacenent of any defective sector detected in the user

area. Fdaatifigation figlds kpewpeassibethsadat ds bsed tRyideatihn thaphveiedl leeatien def ect
mangge . ' . i e alist
o 5 cof thocSdEas ek s kepe3Bafet W WA LB RDbabRAUE HfE W ST 2
each defhatit isgeapanently eeaziable? 2The esrwaivaltlaiDVD @ XScarefurtiierrineludeanas ot her

def ect mapagenent areas 122, rovidi an. adqditipnal | evel of yedundancy
Lo | mprBOFaR a1R Ta PeRipinin [ead-only Oiifq WAHN.C3A9ens The tge of pe
appr eci e, FoakxdriSie BN, DYAS-ROM, drapygbtRherein are 30 applicable to

ot her kinds of disk nedia and disk medi a pl ayers and recorders.
Addi t i onal | Figwer3 isus cubawaycdewafsheretwritable/ PVP 102 o Figure@.i AsFi gure 1

e e b EBAAAT P T 152 B iobag B APl VoS it o 0
her ei n and esbosskahdstavareds.t Theienisossed data faxrgewnitable DVD 102 can be
located at the innermost'portion of the re-writéble DVD :162, referred to as the
lead-in area 116. The lead-in area 116 contains information which can identify
the type of media, such as DVD-RAM or DVD-R. The re-writable DVD 102
20 similarly can include a lead-out area 124. Notably, each zone can have a user
area and an associated spare area (not shown). The spare area can be used for
the replacement of any defective sector detected in the user area. Finally, ..
defective sector addressing can be handled using defect management areas 122.
Each defect management area 122 can include a list of defective sectors and
25 associated replacement sectors. Additionally, each defect management area 122
can contain the same information as other defect management areas 122,
providing an additional level of redundancy to improve the reliability of the re-
writable DVD 102.
It will be appreciated that the advanced features taught herein are
30 applicable to other kinds of disk media and disk media players and recorders.
Additionally, various modifications of the device illustrated in Figure 1 and the

disk medium illustrated in Figures 2 and 3 can be used together to implement the



In particular, a solution for defective sector nmanagenent in accordance
with the inventive arrangenents can include nodifications of and additions
t o har dwar Y0 08350ar e and software in the controller 122PESHUSIEI605di ng
data to recordable DVD 5 nedia. Checking Defective Sectors For Digital

Di sc Recorders Notably, the present inuantion can be realized in hardware,

sof t war e, advanted deaturesitaught tlerdinlif WBE 6rdande SAtH 198 Pvei¢banangaadaly e
storage according to the.present invention can be realized in a

central i z4® PREGHId 3 $plWtien for gafeetive) sealps manageaient imapcardanes with the | er

122, [ ' ' 1S g | d
aerose. selyenfive biraRbofent A fBBhGairCalibRE BF nd ABRIGR ' RIS
syst em or fimbware apgsoftwere dnlaip¢ edntrollerck22 yom@cording lata tetdteidalsie b bed

herein.is _acceptable. Specifically, although the present invention as
described™¥@Bin 15- contenpl ates the controller 122 of Figure 1, a typical

conbi nation of har dW&k’@%ﬁE{’pﬂgﬁgtﬁfﬁﬂggﬁ%"?’%ﬁ ggb%dr% pose conputer

systemwi th a conputer programt execut ed,
control s the chotablyrtheypresant invehtionR4d be cealided dn basiveanss isofthware or 4 he

control section 120 qf FEiqgure sych that i.t caryies out the nethods
descri bedcﬂgbgﬁaﬁ'.‘mm}%ﬂﬁgéﬁ?"% ﬁ9§?ﬁﬁ"&‘)‘n r@%‘ﬂ‘"&? 5??‘1’2"6?90%’:%?%%%"“9 o

conput er heOgHedshinQEHESN \blh B residediif @Scitralizbl thaAbN P one Foathutae the

i mpl enent ation of the nmethods descri bed herein, and which when | oaded in a

comput@®r systempfosexampletthe contrpliend 22 hes in awistobutedfasbiopuvberepr ogr am i n

t he prese t r | ' any | anqguage, code or
not at i on, &gﬁ‘e?%&sééﬁ‘gﬁ @%@%ﬁ?@éﬁ@?ﬁ? ‘Z%'i?g(q" e %:%ggﬁg'}eédacﬁgp@%&sgﬂ%?i ng an
i nf or mat i Any [kirat ef somputarsstérnioy dtherspparatisaadapitéd o GdrryinglBot it ei t her

directly or _after either or, hoth of the followi ng: (a) conversion to
anot her I'é‘t‘?&?ﬂ{je‘,’e '%ESJP’WBt'%?F‘EﬁEtayﬁd (b) reproduction in a different

material for ngpekifcdiiyy 8fthb&sh méséﬁgla.gﬁinh,t%hgaﬁag%séﬁbéd Weldipd enbedded in

a conputer program which can be | mented by a programmer using
comrerxi a¢ontegplateaithe isontralierc] 22 ot Figuwred, & fypicab gendinatipreykhanisvare

conpat i bl §nJV£$RWtaP§ oM be’ L lgeégmerajr%%rpdo%%eccrgnt\)g&e?gsgt%m with a computer
program that, when being loaded and executed, controls the computer system
and a DVD recording system simitar to the control section 120 of Figure 1 such
that it carries out the methods described herein. The present invention can also
20 be embedded in a computer program product which comprises all the features
" enabling the implementation of the methods described herein, and which when
loaded in a computer system is able to carry out these methods.
A computer program in the present context can mean any expression, in
any language, code or notation, of a set of instructions intended to cause a
25 system having an information processing capability to perform a particular
function either directly or after either or both of the following: (a) conversion to
another language, code or notation; and (b) reproduction in a different material
form. The invention disclosed herein can be a method embedded in a computer
program which can be implemented by a programmer using commercially
30 available development tools for operating systems compatible with the controller
122 described above.



WO 01/35408 ., PCT/US00/30605 14 In accordance with the inventive
arrangenents, defective sectors on a re- witable disc are detected and a
ref erencVOP&5680 pl aced in a defect list in the- def eRCIRHE6Ment area
122 as shown in Figure 3. In consequence, those defective sectors having a
reference stored in the defect |ist agse not used for 5 recording. Mre

particul arl vin ddeerdimiceciitly ¢hé vefitive arrafgémetits, datdctiveisettdts @n & hecked
during each playback of the re-witable disc. If an unrecoverable error is
det ect eWrisaRie discanefiptecied andmraferenca therstq placed jnadefectdistdn thect or can

be. br |V 4 _ I cul ar
sector SNEhnAneBeEhF Eldal P22 BE oRbuiANTI G o EAushdl #BES, 1
parti cudefectiee sectorsnheving a reéerehce dtared irsthee defiect list] are deft esed\fer sector, a

reference tqQ th articular sector. can be added to the defect list in the
dof ctt | FRGRERse MOTE RArtiqarly e Hafectve RROLPTS AN @ 47 MELABIS U5C 5, be added 1o

the DV ldiea dRirhgatith  didyback (df Rk $6SvritabRf dISE. 1CarRGRREBVERbR biver Ref ect
list and the defecCtive sector candidate list. Specifically, as shown in

t he di rdetected when playing back edarticilansactors the pagicoiap sg¢ctarggasy e st ruct ure in

accordapnce wi,th t ipventive arrgngengnts cam ingclude bel ow fhe root

i r ect oPiEndgh 8 2 deectie Beert pARGBRGT BN Stof e Aepfiiet sl ten BE 00
candi daplacéd 7 a defectivd seetdrasamanits Usteffant partidul@séctsd Iatdr is wariflegat e | i st
backup directories 435, 440. Additionally, as in conventional DVD-Video

di r et ors agenuinehDdefeotive seetiof <2 refetence 10 ha PRAIGUIAISesta) gRrbbe @ddathager

I nfor ' ' ) h@p%ﬁ ek fbbe. 403, and the Video Manager
backugsﬁ f“eL éfg .gt ﬁ%ﬁf‘t‘ﬁ%ygﬁe“?, ea ﬂﬂel thel ﬁb?he DVD- Vi deo directory 401
can i ncl ude Motdbleadditidnal dinéctories cem beiddded 38 Ahe D0HBdirectdrgda@odTilel e nenu

406A, 406B, one or, nore video object set files, 407 407B 08A, 408B and a.
Vi deo TFYHRSUERELQRSer i9 écmﬁ‘,MEEéJEPE o olads %}' qnd #'tehcgéffﬁﬂyedﬁé@fory structure

al s0 25¢47fidatRist.0Sp etifiddiy Hs isRodn'iRGhe Idiredtiy tieRalivdfdibd in Riglire egteory 415
and other user-definable directories 420. A defective sector

i deth i f DYE: dicectantistresture raacaondanaenwithithe inveptive er@naaiments Aen i nvent i ve
arrangefiRnlie RV ha68t dirdctdRFaobNE DV BXREE airstt6ly 20128 dRfect list
425, a defect candidate list 430 and corresponding defect list and defect
candidate list backup directories 435, 440. Additionally, as in conventional
DVD-Video directories, the DVD-Video directory 401 can include a Video
20 Manager information file 402, a Video Manager menu file 403, and the Video
Manager backup file 404. Additionally, each Title in the DVD-Video directory
401 can include a Video Title information file 405A, 405B, a Video Title menu
406A, 406B, one or more video object set files 407A, 407B, 408A, 408B and a
Video Title Backup file 409A, 409B. Optionally, the DVD directory structure also
25 can include a DVD-Audio directory 410, the JACKET_P directory 415 and other
user-definable directories 420.
A defective sector identification and verification method in accordance
with the inventive arrangements advantageously uses the playback function as a
defective sector checking process. In consequence, each sector suspected of a
30 defect during the playback of the sector can be added to a defective candidate
jist. Subsequently, a verification process can determine whether the sectors in

" the defective candidate list are to be added to the defect list. Figure b is a flow



defective sector checking process. |In consequence, each sector suspected of
a 30 defect during the playback of the sector can be added to a defective
candi date WQV354B hsequently, a verification process canPEBEUSMORPHE whet her
the sectors in the defective candidate |list are to be added to the defect
list. Figure 5 is a flow WD-01/35408 PCI% US00/ 30605 15 chart illustrating
a process chont ilkateatingng peeress fat Hetegting Apdctrackinie Suspiected defective sedtorsng

t he executy . function. In accordance with the inventive
arrangemh["g{qg?ﬁegf‘g%%asm P??Vébﬂgﬁﬁgegg%a ArTURPIC] 8"%‘3’3 a sector
in a re-wiventive diRgehients, Mn Ge&p S0AN firétetheTR3ced calaREMPE e b&d §TrOr is 5
encountered, in step 503 the address of the sector or other suitable

r ef er ence Se¢98iRAdecvritable BY@:JIf; in deeisipacter 50@. @atundorrectakil¢ erronisieci si on
step 504 iLiad ' continue, .the process can

r epeat ngb%d’%eg{aégﬁ %ﬁgo? ﬁggpar%l gg%%%&%hs%«g% ?rhéé%ﬁ'éﬁ'f'tgb&tr Bfer?qut he DVD.
To r educe theretodambe\aeidetlitoat defect bandisaty listLIf g dedisiti @b 564 egt ors 10

contained in a. defect candidate |ist, addresses of suspected defective
sectors cgﬁt%@'%glﬁlﬂ‘ég%&%f‘fhgﬁm €RNinye, the preqess €gndepeat Whetsointstene

defect |igpjamde fafﬁess‘é‘ihirﬁéﬁ‘?hgﬁé%%%%{ﬁr ﬁ]eﬁ]tegﬁ? the defect candidate.

list. Specifically, where both t ect an €& defect candidate |ist
are stored in fhosedugs tadaddaentieerification ceckbef sasparaed deferdiveaicosrs Whi ch
are n contained. in both lists can be nore easily 15 identified. For
exarrpfé, BReR™M e'“aaefjgﬁe_t“ Icf"gﬁ'dﬁ?ﬁlﬁﬁthésﬂﬁséﬁ °€§H§ﬁ/ﬁ5‘f‘%dﬂe§@"éoﬁ?_‘fﬁﬁs sort ed
i n ascendisw beladiahfRRAUS AR in d Bradilréd 8Pder in boti1sd 80P fist hnd Sfor
determ ned that playback should not continue, in step 505, the defect
candi dat evenified deteslive sestargldthecdsfeet erpdidate lispe Specifically.r where bothf the

I nstance ' r | - r equent I n,step 506 the
verificat ?%%ggrgggggg dgé%&%‘?\@gﬂnaggrl{g{ég Itaﬁetﬂéﬁ%a gﬁuﬁé"#%\?f %"Ha?gc"f PRUSEr ati ng
a processcémpansel arid secrossiahint ak notedarnhined is ®OIO StsSEHPSISS Witk eagily he

i i 1 yiOREGR 0% FEaMpl Hil the dREACHdit pne 306 gRTock capelete sk oan be

advant agegaiged irf¥ssetidnith bHaésd2Rbifigtoralef.Cin Ry Qleht?§r Al st6p 504 it is
determined that playback should not continue, in step 505, the defect candidate
list can be sorted according to a specified structure, for instance ascending or
descending order. Subsequently, in step 506 the verification process can

20 commence.

Figure 6 is a flow chart illustrating a process for verifying suspected
defective sectors subsequent to the detecting and tracking process of Figure 5.
Significantly, in order to minimally inconvenience the user, the verification
process can be advantageously executed just before ejection of the disc.

25 Specifically, in step 601, an existing defect list can be loaded. Notably, the
defect list can be a sorted defect list. Additionally, in step 602 the defect
candidate list can be loaded. Significantly, the invention is not limited to
retrieving a previously sorted defect list and defect candidate list. Rather, in an
alternative aspect of the present invention, the lists can be retrieved and

30 dynamically sorted in a structured order, for example ascending or descending

order.



25 Specifically, in step 601, an existing defect |ist can be | oaded.

Not ably, the defect |list can be a sorted defect list. Additionally, in
step 602 WRRU¥dIBct candidate |ist can be | oaded. SigrRGHERPBEISYS t he
invention is not limted to retrieving a previously sorted defect |ist and
defect candidate list. Rather, in an1alternative aspect of the present

i nvention, tlheany elentCimstep 603, theviets candbScomipassd and tiyose0sdctors i a

struct ur ed order, for exanple ascendi ng or descending order. WO 01/35408 -

PCT/ usoHresdrfest candidateJisy véhieh ere P'fP%ClVe'B the slefeqidist jake éiseams'efremrpar ed and
those sgtd Béfict Landidstedt° Notgf) It el @éts‘fﬂbﬁfbeﬁhﬁg?gbdﬁﬂ%’ in the defect

| i st are di scarde ect can 1 st where t he
| i st s hstrectoeexthoriert ek defeet catmdateuusedeeﬂ dsly, be babnﬂaxftedtfrmartdedat e |list

nee onI be.subtracted fr t he 5 defect |st t Q. det ermi ne which sectors
e HeTeBt R A RiT e WEIEN SRR 6 T fetagt SAnGIBER It B ey | | of

The e”BééH Bdd&Ed feSdérest AL €THE ReRaihmg M clor8Gire deterflifdf td B Jsdect i ve
sectors which are to be subsequently verified. In step 604, the remaining

sect or soﬁs@snenmd/dd@atw seeﬂors mehich arecist ke subsequently verifiedn fact, the
sectors are LS determ ned..t a ted. 10 defective
sector is in f&%‘? 84?&? irvgamﬂg /% grsajg?l?wg%@é%gﬁﬁﬁggi%?%ﬁrn}% be added
to the gdaletitdr, in fctathé seRtdreale dersdtivee IEiRfie detarpiined that d sgdpectddier Wi se;

t he defective sector is sinply renpved fromthe defect candidate |ist.

Fi n30 | ydefestive segior 6pip tasy dePFt’VPh@ sep &35 thesdefegtive,geatgr cam beccording to

ovo.- vo S Bt et B iy o i erE cgriiiatt st JOth e 0o
def ect thesdefeative Mocmqnmpéy ngnover frgmthebdefiect canditidle istdéiratly irg at
Isggts E)r og{aﬁpg ;ﬁ?eégr:{zg r6§ nger r’Pect ?.gts gé:r{ é%grt\é“d tarc]:cg}dmg %S Eheogt(?uct%?eré espondi ng

order and written to the defect list in the re-writable DVD.



adding a reference to each sector associated with said unrecoverable error
to a defect candidate list; determ ning whether each sector referred to in
sai d def ectWedH¥#®ate |ist is 10 a defective sector; andPeHYPHFIHS
reference to each sector determned to be a defective sector to the defect
list. 2. The nethod of claim1l, wherein ®aid determ ning step conprises: 15
I dentifying each sector having a referGAIMS n both the defect |list and said
defect candidate list; renoving said identified sectors fromsaid defect
candidate list; and, determ ning whether each sector remaining in said

defect cangi dat & tisiod for Wpdafihg &l ddtBcER iR’ DYP omdligingBt hod of claim 1,
further conprising: renoving fromsaid defect candidate T'ist a reference to

each sector forplayingchack ther@¥Bpondi ng reference has been added to the

- defect List. 25,4. The npethod of claim wherein sajd step . qf identifying
each settor hav??\tﬁcaﬁgragﬁ%ﬂsgr?@g qmeﬁ%‘feﬁgt?’ﬁ«?rﬁ’éfaéﬁ?c'#egtW&ﬁoatgﬁ?s& M ect
candi dat e kbséspoHiMd 866tor dufihg isBll SiayBadlef ect candidate list in a
structured order; sorting the defect [ist in said structured order; and,

subtracti ng sai addingacigferenee to easkisdetos assetiatedonitb siaifl uorecederabiecetrot i st |

30 said su ' Bys in said identified sectors.
1111111111{13(;1%i}%’é_‘['ﬁlJtncf;"r'ﬁﬁ'%tgt{E l'P%I 11111 L MS ,~ WD 01/ 35408 PCT/ US00/ 30605

18 5. The met hodetetmiring Whethehedch secti fePed tdth sdidiefés@rnididite 1804 | NY
said defect candidate |list in ascending order; and, sorting the defect
list i 10 astdsipqiyes e ads. The method of claim4, wherein said sorting

St eps conpri se:adding a reference to each sector determined to be a defective sector to

the defect list.

2. The method of claim 1, wherein said determining step comprises:
15 identifying each sector having a reference in both the defect list and said
defect candidate list;
removing said identified sectors from said defect candidate list; and,
determining whether each sector remaining in said defect candidate list is
a defective sector. |
20
3. The method of claim 1, further comprising:
removing from said defect candidate list a reference to each sector for

which a corresponding reference has been added to the defect list.

25 4. The method of claim 2, wherein said s;tep of identifying each sector having
a reference in both the defect list and said defect candidate list comprises:
sorting said defect candidate list in a structured order;
sorting the defect list in said structured order; and,
subtracting said sorted defect candidate list from said sorted defect list,

30 said subtraction resulting in said identified sectors.

I



sorting said defect candidate |list in descending order; and, sorting the
defect list in descending order. 7. A nethod for updating a defect list in
a DVD corf¥PPEIA. - 10 processing sectors on the DVD durRGIUSRO68S back
operation; adding references to selected ones of said processed sectors to
a defect candidate list; identifying ®efective sectors anong said sel ected
ones of $ai d Phedeetbed of claimod syvharein sdid switing gtepsfaomemdises t o sai d

identified defective.sectors ta.the.defect Ijist. 8 The nethod of claim-§
wherein said & ‘Bgoﬁa'igafeﬁg°F'a$8?%?'53§"?8°%'b4'%%?@ﬁe” @?@s of said processed
sectors to a getingitheansledelist ihié,beﬁgn‘grdrggs_: detecting an unrecoverabl e
error during said playback operation; 20 identifying a processed sector

associated with said unrecoverable error; and, adding a reference to said

identified se r ' fec adi dat e .| st 9. The nethod of claim8,
V\/nere‘T;n ?éi d Tﬁ%r’ﬁ‘%‘ﬁ §§%§%éﬁq'§‘p‘?'c‘sc¥9%%{"§8§@ sféi"iﬁgﬁelplsfcﬁ"f‘ﬂ's@ach sector having
a reference i sortiaylsaiddefdet eandibatl lisain descehdintebriet; grid)di date |i st
renoving references to said identified sectors fromsaid defect candi date
list; and, det@tiRgihadefgrtilistin deggending efdef-crmining i n sai d def ect
candidate list is 30 a defective sector. 1111122112222 [LE0EE LEEenr e il
C L WD 01/ 35408 PCT/US00/ 30605 19 10. The nethod of claim$8, further
conpri si i@dg: rAmethog for apdatingl adisfecttlist 3mdi DMD eomgrisirgnces t o each sector

f or ich a corresFondin refﬁr%;\;i has been added to.the defect list. 5
11. e et hotO5esENg ReQrs QRIPEHVR duing ARavhadk RRRFAHORING each sect or

havi ng adding references to selected ones of said processed sectors to a defect
candidate list;
identifying defective sectors among said selected ones of said processed
sectors; and,

15 adding references to said identified defective sectors to the defect list. -

8. The method of claim ‘8, wherein said step of adding references to selected
ones of said processed sectors to a defect candidate list comprises:
detecting an unrecoverable error during said playback operation;
20 identifying a processed sector associated with said unrecoverable error;

and,

adding a reference to said identified sector to said defect candidate list.

9. The method of claim 8, wherein said identifying step comprises:

25 identifying each sector having a reference in both the defect list and said
defect candidate list;
removing references to said identified sectors from said defect candidate
list; and,
determining whether each sector remaining in said defect candidate list is

30 a defective sector.
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a reference in both the defect Iist and said defect candidate |i st
conprises: _ sorti ng said defect candidate list in a structur

sorting the WVABME | i st in said structured order; and, suB?T’ﬁ%‘f"Pﬂ Ssaid
sorted defect candidate list fromsaid sorted defect list, 10 said
subtraction resulting in said identifiedSectors. :12. The nmethod of claim
11, wher ei A0sai The methad of algie &.omnthessommsmg ‘ng said defect candidate
li-st in ascendi ng_or.der,; and fect |jst a di n rder.
15713 "The ot HEROYRE e seid oGRES &oiel® ot e tol el e B R oalich s
sorting sacerrégicirling petdreiitechdsi lsdeni stidéaeahdididestrlisel ; and, sorting the
defect list in descending order. 20 14. A machi ne readabl e storage havi ng

stored thereon, a conmputer program having a plurality of code sections for

updatf g 214" et bhatholbraNEY, dMerif S4B o(BE S TURTGHEMALLE DY nivina, | .

machi ne for causin e mac Ine to orm steps
DVD; 25 deheete'relgcatn bMeMeuﬂrse@ndwa&bHefeet bandndathoﬁstaioedpﬂsetsh at | east
one correspondw_ct; sector, during sai | ayback; adding a reference to each

sector associ at Wt%‘?"%gﬁi’c&ﬁﬁﬁ@ée@r'ﬁl'ﬁ ae?tfléfrt”'qdo”&’eﬁef ect candi date
|ist; deternini v@%gqef@&qgﬁ@g%@rséﬁﬁgg %p dnla sai d defect candi date
Ing a re

list is 30 a de i ve sector érente to each sector
det erm ned to baﬂar@nﬁrmsaldsoaedtdefedtccanditbteihsetmm said sorted|ddfgctllist11 | |

éll Lul mlﬁ ﬁﬁ' §°Eg§é9 nglrﬁg% S'Q?'?zetgf d'Ssec'{he machi ne readabl e storage of

12. The method of claim 11, wherein said sorting steps comprise:
sorting said defect candidate list in ascending order; and,
sorting the defect list in ascending order.

15

13. The method of claim 11, wherein said sorting steps comprise:

sorting said defect candidate list in descending order; and,

sorting the defect list in descending order.

20 14. A machine readable storage having stored thereon, a computer program
having a plurality of code sections for updating a defect list in a DVD, said code
sections executable by a machine for causing the machine to perform the steps
of:

playing back the DVD;
25 detecting at least one unrecoverable error associated with at least one
corresponding sector during said playback;
adding a reference to each sector associated with said unrecoverable error
to a defect candidate list;
determining whether each sector referred to in said defect candidate list is
30 a defective sector; and
adding a reference to each sector determined to be a defective sector to
the defect list.
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conprises: identifying each sector having a reference in both the defect
list and said defect candidate list; 5 renpving said identified sectors
from sai WQ@1/39e8 candi date |ist; and, determ ning whetHrUE83I§05ect or
remaining in said defect candidate list is a defective sector. 16. The
machi ne readabl e storage of claim 14, Purther conprising: 10 renoving from
sai d def 46t caheimidahing readablersibragernfeclaion d4civheeeit said determimirghstep
correspondi ng. reference has been added to the defect list. 17. The machi ne
r eadabl e°8?‘8?‘5§% of claim 15, wherein said step of identifying each sector
having a ref ejgAtifyihg eBoh Beétdr HAOINQG rdfbfehnca il bt thel@éfest itaqd skaie 15
list conprises: sorting said defect candidate list in a structured order; -
sorting detecyeppdidate H3t:i n sai d structured order; and, subtracting said
sorted defect ggpﬂ' 4o St e ' or t. i . .. sald
subt rgct i on rEau hgggﬁn'hégﬁt'fdéé gge%rﬁ% ?éf ﬂgﬁ' éséégéﬁ gfeg:%%%bdifg?é lﬁ;c(agf}rlgfchi ne
readabl e st or dgerdinied avhether, eathesezitor reaaining i said dafe@scardidimeiliseis sorting
sai d defect .candidate list in ascending order; and, sorting the defect
list in 8JeleehivRSeiteer. 25 19. The nachine readabl e storage of claim 17,
wherein said sorting steps conprise: sorting said defect candidate list in
descendi ng order; and, sorting the defect list in descending order.
1111111 16111Theé mddhind tdadable stotage\wd adin3 b4 08urfh@&F/coBidisB@s0s 21 20. A

machige readaple,Ghg RS saRVadtdct b Mdithb Nt § Pterdn Ol SEcH st ™

which a corresponding reference has been added to the defect list.

17. The machine readable storage of claim 15, wherein said step of identifying
each sector having a reference in both the defect list and said defect candidate
15 list comprises:
sorting said defect candidate list in a structured order;
sorting the defect list in said structured order; and,
subtracting said sorted defect candidate list from said sorted defect list,

said subtraction resulting in said identified sectors.

20
18. The machine readable storage of claim 17, wherein said sorting steps
comprise:
sorting said defect candidate list in ascending order; and,
sorting the defect list in ascending order.
25
19. The machine readable storage of claim 17, wherein said sorting steps
comprise: |

sorting said defect candidate list in descending order; and,

sorting the defect list in descending order.
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having a plurality of code sections for updating a defect list in a DVD,
said code _sections executable by a machine for causing th cgi to
performthé”%?’@ﬁ%“s of : 5 processing sectors on the DVD du?&ﬂggog-ﬁagyback
operation; adding references to selected ones of said processed sectors to
a defect candidate list; identifying deéflective sectors anobng said sel ected
ones of sa?@. prAceaciite reastable storageihaviog stiefiedtheesfoss @rmoraputer padgram

identified defecti,ve,sectorg.to the defect list, . 21. The i ne, regdabl e
Storage of PEIY A DFRIRY. BF 8pfle sBrfevl (5 idenna s derepttist i BV Pl pBRF oo
ones of sajébtiineCeathbte by & Mathing fOPt8GEing ARE insRdhind tc perf6ARthe $€8ps 15
detecting an unrecoverable error during said playback operation; '

i denti fyi n®f:a processed sector associated with said unrecoverable error;

and, adgding ar o N N S | ef ect candi date
list. 0 22. T’E‘Ié’%%rg%ﬁgﬁ%&ozgggl}hgﬁs\?%rdéjggigo?eségg’?%%?ﬂa&ﬁgf ein said

i dentifying stegpdding mlerartes todeidctéd oRgs ofichidpotessdiisdct@rsato £defedtce i n
both the defect |list and said defect candidate list; renmoving references
to said i defRdifatedisdectors fromsaid defect candidate 25 list: and,

det er m ni ng whey -ﬁg,? Lr, i_ni ' ' i st is
a defective sec'ttdgﬁ{.I . B?ﬁ'gﬁ%gcs ﬁlﬁﬁdg?? &%fﬂd}?h&gﬂtﬁgﬁg 8fg|§i§1 %Eg#uérdts her
conpri si ngse@0rs;eamdyi ng from sai d defect candi date references to each

lsfgi ?rl (I\)/Ir va\bcgﬁqe}g%ig@; S g&%lc%?c!g%g@gi%ig % efg&?vebsee%Qor%dt%et?leté)eftegtelisC%.ef ect

21. The machine readable storage of claim 20, wherein said step of adding
references to selected ones of said processed sectors to a defect candidate list
comprises:
15 detecting an unrecoverable error during said playback operation;
identifying a processed sector associated with said unrecoverable error;
‘and,

adding a reference to said identified sector to said defect candidate list.

20 22. The machine readable storage of claim 20, wherein said identifying step
comprises:
identifying each sector having a reference in both the defect list and said
defect candidate list;
removing references to said identified sectors from said defect candidate
25 list; and,
determining whether each sector remaining in said defect candidate list is

a defective sector.

23. The machine readable storage of claim 20, further comprising:
30 removing from said defect candidate references to each sector for which a

corresponding reference has been added to the defect list.
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24. The machi ne readabl e storage of claim 21, wherein said step of

I dentifying each sector having a reference in both the defect |ist and

sai d def SHOOUIA date |ist conprises: sorting said defRCHUSOSBEPSIat e | i st
in a structured order; 5 sorting the defect list in said structured order;
and, subtracting said sorted defect cargidate |[ist fromsaid sorted defect

fist, sa4l sThermaching rézinbld stogadelofsélaitn 206 NHdréintbake Stepf &F idaRtifyIHg
machi ne readabl e storage of claim24, wherein said sorting steps 0
conpr i se:e26BSeFtRy haying a&eferancedn dogithe detect jist ard: seididejec eandidatad,
sorting tli?f’cﬁﬁfpﬁﬁé@' I st in ascending order. 26. The machi ne readabl e
storage ot clarm 24, wherein said sorting steps 15 conprise: sorting said-
def ect candi dabrting sdid idefebt vaadidiate listrid @r stradtdred 6miet;i Nng the defect list in
descegdi ng order, 1.1 :} 1\ 1.1 11,1111 111 11111 1111111 ~ S

sorting the defect list in said structured order; and,

subtracting said sorted defect candidate list from said sorted defect list,

said subtraction resulting in said identified sectors.

25. The machine readable storage of claim 24, wherein said sorting steps
10 comprise:
sorting said defect candidate list in ascending order; and,

sorting the defect list in ascending order.

26. The machine readable storage of claim 24, wherein said sorting steps
15 comprise:
sorting said defect candidate list in descending order; and,

sorting the defect list in descending order.
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