DESCRI PTI ON  RECORDI NG MEDI UM RECORDI NG APPARATUS, REPRODUCTI ON
APPARATUS, RECORDI NG METHOD AND REPRODUCTI ON METHOD Technical Field The
present invention relates to a recording nmedium such as an optical
recordi ng nedi um used particularly as wite-once recording nedia as well
as relates to a recording apparatus, a recording nethod, a reproduction
apparatus and a reproduction nethod, which are provided for the recording
medi um Background Art As a technology for recording and reproduci ng
digital data, there is known a data-recording technology for using optical
di sks including magnet o-opti cal di pkscrasraegordi ng nmedi a. Exanpl es of the
optical disks are a CD (Conpact Disk), an MD (M ni-Di sk) and a DvVD
(Digital Versatile Disk). The optical disk is the generic nanme of
recording nedia, which is a netallic thin plate protected by plastic. Wen
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Technical Field
The present invention relates to a recording medium
such as an optical recording medium used particularly as
write-once recording media as well as relates to a
recording apparatus, a recording method, a reproduction
apparatus and a reproduction method, which are provided

for the recording medium.

Background Art
| As a technology for recording and reproducing
"digital data, there is known a_datafrecording technology
for using optical disks includiné ﬁagneto—optical disks
as recording media. Examples of the optical disks are a
CD (Compact Disk), an MD (Mini-Disk) and a DVD (Digital
Versatile Disk). The optical disk is the generic name of
recording media, which is a metallic thin plate protected
by plastic. When a laser beam is radiated to the optical
disk, the optical disk emits a reflected signal, from

which changes can be read out as changes representing



which the user is already famliar with, and a witable category allow ng
data to be witten therein as is generally known. The witable category
includes an MO, a CD-R, a COORW a DVD-R, a DVD-RW a DVD+RWand a
DVD-RAM By adopting a nmagneto-optical recordi ng nethod, a phase- change
recordi ng-met hod or a pignented-coat change recording-nethod for the
writable category, data can be recorded onto a disk of this category. The
pi gnent ed-coat change recording-nmethod is also referred to as a wite-
once recordi ng-nethod. Since this pignmented-coat change recording-nethod

al | ows dagggﬂggg{ gggﬁggg%&ggi3&#@&%t§ﬁsﬁ§nemal of data onto the disk, the

di sk is goo savi ng applications or the like. On the other hand,
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data, novies, .ganes and application prograns. |n addition, |n recent years,
a hi gh- deff€iS! tg\?ﬁi”csﬁr &i£l@]c‘%ﬁa} lga%lt Ly d’i/lrg?'sca s2 pEeht#eVRl oped i n
2 an effort to produce the product on a very large scale. Typically, data
i s recor d6®GHT Ya HilGtidehsiata gt ikl vk Skenridig e it ¥¥ om t he di sk

under a condition
generally known. The writable category includes an MD, a

CD-R, a CD-RW, a DVD-R, a DVD-RW, a DVD+RW and a DVD-RAM.
By adopting a magneto-optical recording method, a phase-
change recording-methced or a pigmented-coat change
recording—method for the writable category, data can be
recorded ontc a disk of this category. The pigmented-coat
change recording-method is also referred to as a write-
once recording—methédd Since this pigmented-coat changé
recording-method allows data recording once and inhibits
renewal of daté onto the disk, the disk is good for data-
saving applications or the like. On the other hand, the
magneto—optical recording method and the'phaée—change
recording-method are adopted in a variety of applications
. allowing renewal of data. The applications allowing
 reﬁewal of data include mainly aﬁ application of
recording various kinds of content data including musical
data, movies, games and application programs.
In addition, in recent years, a high-density

optiCal'disk called a blue-ray disc has been developed in
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requiring a conbination of a laser wwth a wavel ength of 405 nm and an
objective lens with an NA of 0.85 to be reproduced. The laser required in
this condition is the so-called blue laser. Wth the optical disk having a
track pitch of 0.32 gm a line density of 0.12 gnmbit, a formatting
efficiency of about 82% and a dianmeter of 12 cm data of the amount of up
to 23.3 GB (gigabytes) can be recorded onto and reproduced fromthe disk
in recording/reproduction units, which are each a data bl ock of 64 KB
(kil obytes). There are also two types of optical disk having such a high
density, i.e., tical disks of .a wite-once "type and optical, disks of a
W Ttabl e tTHEEIT b b Th TP O N DrLSF Gnt BE0F SRR sk

al l owi ng data to _be recqrded therein by adoption of th net o- opti cal
recordi ng net hod I YPH&adilgme ed@- dSattecod é”Fébdﬁ&Pﬁgrﬁggﬁﬂﬁﬁbr t he
phase-change recordi ng- nethod, guide nmeans for tracking data_tracks is
requi red. OPmHERL HiFloARd %039 catle EFN dehandes k 0iReR Y e 230341 Bk Ryr oove.
The groove or a land is used as a data track. A land is a nenber having a
shape resefffting g seceeeniapien call detawen wikh aalj weeatenyggoves. In
addition, it is also necessary to record ‘addresses so that data can be

r ecor ded a&O%_rpuaj‘gianﬁqtejjective lens with an NA of 0.85 to be

reproduced. The laser required in this condition is the
so-called blue laser. With the optical disk having a
track pitch of 0.32 gm, a line density of 0.12 pm/bit, a
formatting efficiency of about 82% and a diameter of 12
cm, daté of the amount of up to 23.3 GB (gigabytes) can
be recorded onto and reproduced from the disk in
recording/reproduction units, which are each a data block
of 64 KB {kilocbytes).

There are also two types of optical disk having
such a high density, i.e., optical disks of a write-once
typé and optical disks of a writable type.

In an operation to record data onto an optical disk
allowing data to be recorded therein by adoption of the
magneto-optical recording method, the pigmented-coat
change recording-method or the phase-change recording-
method, gﬁide heans for tracking data tracks is required.
Thus, a groove 1s created in advance to serve as a
pregroove. The groove or a land is used as a data track.

A land is a member having a shape resembling a section



| ocation indicated by an address as a |location on a data track. Such
addresses are recorded on grooves by wobbling the grooves in sone cases.
That is to say, a track for recording data is created in advance as
typically a pregroove. In this case, addresses are recorded by wobbling
the side walls of the pregroove. By recording addresses in this way, an
address can be fetched from wobbling informati on conveyed by a reflected
| i ght beam Thus, data can be recorded at a predeternm ned | ocation and
reproduced froma predeterm ned |ocation without creating for exanple pit
dat a shomﬁig an address or thed.ike i.n advance on the track. By adding
addr essesPa8 8 Ao H5EEG g oSy &4I3CHYE #5°°ecessary to discretely provide
an address area or the, like on tracks as an area for recording typically
pit data represefit PrgiEdaRessEsiSSPhEe BEERSSRTHAGPEECAFEa s not
required, the capacity for storing actual data is increased by a quantity
propor t i oASKTES sEfe S8 ithiatadada s@dy s rarded |at ia RIS 41FHEE hat
absolute-tinme (address) information inplenmented by a groove wobbl ed as
descri bedloghdven §ngdidadg@cat YARP addasss we aTilacatyopr @gr covddtaor

track. Such addresses are recorded on grooves by wobbling
the grooves in some cases.

That is to say, a track for recording data is
created in advance as typically a pregrdove. In this case,
addresses are recorded by wobbling the side walls of the
pregroove.

By recording addresses in this way, an address can
be fetched from wobbling information conveyed by a
reflected light beam. Thus, data can be recorded at a
predetermined location and reproduced from a
predetermined locatioﬁ without creating for example pit
data showing an address .or the like in advance on the
track.

By adding addresses as a wobbling groove, it is not
necessary to discretely provide an address area or the
like on tracks as.an area for recording typically pit
data representing addresses. Since such an addreés area
is not required, the capacity for storing actual data is
increased by a quantity proportional to the eliminated

address area.



an ADI P (Address in Pregroove). In addition, in the case of recording nedia
usable as nedia for recording these kinds of data or not as
reproduction-only nedia, there is known a technology for changing a
data-recording location on the disk by providing an alternate area. That
is to say, this technology is a defect nmanagenent technol ogy whereby an
alternate recording-area is provided so that, if a |ocation inproper for
recording data exits on the disk due to a defect such as an injury on the
disk, the alternate recording-area can be used as an area serving as a

substitute for the defective |location to allow proper recording and
reproduction opeFEtF%nEOt%eb%Ot%irFP%H 69?°LFB$E€F@Q fﬂ%gﬁeﬁ§$ect
managenent, t echnol ogi es are disclosed in docunents includin%_ apanese
Unexani nednpgragt 1opyBmpdsiessk efo PY2 60 91927 Pe g OPRA@ ) 85aNESETRREENt Lai d-
open Nos. Sho 60-74020 and Hei 11-39801. By the way, it is naturally

i npossi bl eébryer dsorcgllgdt ani AL Par Akiscdadhy Fdaer d8d PAEEXO0TSd Wo t e- once
optical recording nmedium that is, an area in which data 5 has been
recorded bef @D8P BRadpess oh Pheowoiotvelonce optical recording nediumare a
CD-R, a DVD-R and a high- density recording nedium which function as a
wite-once In addition, in the case of recording media usable

as media for recording these kinds of data or not as
reproduction-only media, there is known a technology for
changing a dataurécording location on the disk by
providing an alternate area. That is toc say, this
technology is a defect management technology whereby an
alternate recording-area is provided so that, if a
location improper for recording data exits on the disk
due to a defect such as an injury on the disk, the
alternate recording-area can be used as an area serving
as a substitute for the defective location to allow
proper recording and reproduction operations to be
carried out properly.

These defect management technologies are disclosed
in documents including Japanese Unexamined Patent
Publication No. 2002-521786, and Japanese Patent Laild-
open Nos. Sho 60-74020 and Hei 11~39801.

By the way, it is nafurally impossible to record
‘data into an already recorded area in a write-once

optical recording medium, that 1is, an area in which data
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di sk. Specifications of nost file systens to be recorded on an optical
recordi ng nmedium are defined by assuming the use of the optical recording
mediumas a ROMtype disk or a RAMtype di sk. The ROMtype disk is a
reproduction-only nediumand the RAMtype disk is a witable optical disk.
Specifications of a file-system for a wite-once recording nedium all ow ng
data to be stored therein only once Iimt functions of the ordinary file
system and i ncl ude special functions. The specifications of a file system
for a wite- once recording nediumare a reason why the file system does
not beconme w del opul ar. On_the other F stem capabl e of
keepi ng upafi Pﬁeg gﬁ?PégﬁdoPeégé§ o?xﬁﬂp ﬁ?o?ﬁa? SnW5F£8e8 Ffig appar at us
and other file _systens cannot be applied to wite-once nedl t hey are.
Wit e- oncOPireERd FECRTENy BEBdvysir€ad ¢OrR: ZpMVilcdt if8is of ]ﬁ;‘eser Vi ng
data. If the wite-once nedia can also be used for the FAT file system by
keepi ng t Hensgéiergrosgaapf Megdiians Wb chhd upictd ogy stSe @ 3 IMRSPEI%, the
usability of the wite-once nmedia can be further 6 enhanced. |In order to
all ow a wddeky used file systemsuch as the FAT file systemand a file
system for RAMs or hard

Specifications of most file systems to be recorded

on an optidal recording medium are defined by assuming
the use of the optical recording mgdium as a ROM-type
disk or a RAM-type disk. The ROM-type disk is a
~reproduction-only medium and the RAM-type disk is a
writable optical disk. Specifications of a file system
fdr a write-once recording medium allowing data to be
stored therein only once limit functions of the ordinary
file system and include special functions.

The specifications of a file system for a write-
cnce recording medium are a reason why the file system
does not become widely popular. On the other hand, a FAT
file system capable of keeping up with a variety of OSes
of an information-processing apparatus and other.file
systems cannot be applied to write-once media as they are.

Write-once media is widely used typically in
applications of preserving data. If the write-once media
can also be used for the FAT file system by keeping the
general specifications of the file system as they are,

the usability of the write-once mediad can be further



di sks to be applied to wite-once nedia as it is, however, a function to
wite data into the sane address as that of existing data is required.

That is to say, a capability of renewing data is required. O course, one
of characteristics of the wite-once nedia is that data cannot be witten
onto the nmedia for the second tine. Thus, it is inpossible to use a file
systemfor such a witable recording nediumas it is in the first place.
In addition, when the optical disk is nmounted on a disk drive or

di smounted fromit, the recording face of the disk may be injured in
dependencelﬁgithe state in which the disk is kept in the drive and the way
in which THEWi%k is used. For this reason, the aforenentioned technique
of managi ng defects has been proposed., & course, even the wite-once

medi a nust be capRbPEOSF TOofrnG it Iisledet St dddEd BF AT ST ¢S 1 n
addition, in the case of the conventional wite- once optical disk, data is

recorded ithen Btk BEtRP avpaick el sBriest | 20T VRANS peds@%f arting from

the inner side. To put it in detail, there is no space |eft between an
area al redthp¥nciadhgeretbedetodaratanangs aedda @s7 ithiish dmwevsrto be
recorded next. This is because the conventional disk is developed with a
ROM type di shunggeicbn dw avibidse data hbtto i fhansame exditess axeatlexti stls, a

existing data is required. That is to say, a capability

of renewing data 1is required. Of course, cne of

characteristics.of the wfite—once media is that data

cannot be written onto the media for the second time.

Thus, it is impossible to use a file system for such a

writable recording medium as it is in the first place.

In addition, when the optical disk is mounted on a

disk drive or dismounted from it, the recording face of

the disk may be injured in dependence on the state in

which the disk is kept in the drive and the way in which

the disk is used. For this reason, the aforementioned

technique of managing defects has been proposed. Of

course, even the write-once media must be capable cof

coping with a defect-éaused by an injury.

In addition, in the case of the conventional write-
once optical disk, data is recorded in a state of being
compacted sequentially in areas starting from the inner

side. To put it in detail, there is no space left between

an area already including recorded data and an area in-



reproducti on operation cannot be carried out. Such a situation limts the
freedom of a random access operation carried out on the wite-once nedi a.
In addition, for a disk drive or a recording/reproduction apparatus, an
operation requested by a host conputer to wite data at an address
specified in the operation as an address in a wite-once optical disk or
an operation to read out data fromsuch an address is a process of a heavy
| oad. From what is described above, contenporary wite- once nedia or, in
particular, wite-once nedia inplenmented by a high-density optical disk

having a _recqrdi capacity of at |east 20 l.i ke the aforenentioned

bl e Pay dITGEH 4 Pl ret Ho FREtrdRE B8t | oiHg rd HeraHan heThe
write-once nedi a shal e capable of renewi ng data and nmapagi n ef ects by
execut’i on %n‘ﬁlb%ﬁeqn#arfg]g%ﬁeﬂﬁ, ‘?‘Fﬁ)]rciﬁﬁcﬁd”tm 3 a%%?ﬁy%%c%%%%?ﬂ?%éjy,
reduci ng the processing | oad borne by the _recording/reproduction

appar at us,2keeHARf PP Wit a THerHE g piReg 37 SXstletn Y the capability
of renewing data and maintaining conpatibility with witable optical 8

di sks as VIRTGBITENDRRITIN-GhIGArITkPe Eeeied et of Sushent i on Exanpl e

enbodi ments may inprove usability of a
situation limits the freedom of a random-access operation

carried out on the write-once media.

In addition, for a disk drive or a
recording/reproduction apparatus, an operation requested
by a host computer to write data at an address specified
in the operation as an address in a write-once optical
disk or an operation to read out data from such an
address is a process of a heavy load.

From what is desc;ibed above, contemporary write-
once media br, in particular, write-once media
implemented by a high-density optical disk having a
recording capacity of at least 20 GB like the_
aforementioned blué—ray disk, is requiréd to meet the
following requirementé. The write-once media shall be
capable of renewing data and managing defects by
execution of proper management, improving the random
accessibility, reducing the processing lcocad borne by the
recording/reproductioﬁ apparatus, keeping up with a
'general—purpose file system by the capability of renewihg

data and maintaining compatibility with writable optical



wite-once recording mediumwith a plurality of recording |ayers by
allowi ng data stored on the wite-once recording nediumto be renewed and
by executing proper managenent of defects. In accordance with a first
aspect of the present invention, there is provided a recordi ng medi um
having a plurality of recording |ayers each including a wite-once
recording area allowing data to be recorded therein only once as an area
conprising: a regular recording reproduction area, which data is recorded
into and cdpkedacedeltond erbudduriiae avlea digksrecording data in an
al ternat e-address process carried out due to a defect existing in said
regul ar recordi ng reproduction area or carried out to renew existing data,;
a first alternate- address nmanagenent information area for recording
al t er nat e- &daécdssumanafgefimevwent idror mat i on for managi ng al t er nat e- addr ess
processes each using said alternate area; and a second alternate-address
managenent i nf or Aréhphe aedeodicrenrtec aradi igpsaived abbbihate-afide ess
managenent information in an updateable state, wherein, 9 for each data
unit of sawdiwerbeeoncecordiigimmgliameayithval pllaralhwyi 6 enesdadieng ndi cati on
information is recorded in a predetermined area as information indicating
whet her or lagtrdabg hasobien dwtd tsivrient @nsaiheé write-once

recording medium to be renewed and by executing proper

management df defects.

In accordance with a first aspect of the present

invention, there is provided a recording medium having a

plurality of recording layers each including a write-once

recording area allowing data toc be recorded therein only

once as an area comprising: a regular recording

reproduction area, which data is recorded into and

reproduced from; an alternate area for recording data in

an alternate-~address process carried out due to a defect

existing in said regqular recording reproduction area or

carried out to renew existing data; a first alternate-

address management information area for recording

alternate-address management information for managing

alternate-~address processes each using said alternate

area; and a second alternate-address management

information area for recording said alternate-address

management information in an updateable state, wherein,



data unit. 9a Furthernore, the second alternate address managenent

i nformati on areas, which are each provided on one of the recording |ayers,
may be used sequentially one after another each as an area for recording
alternate address nmanagenent information serving as an update. In
addition, in exanple enbodinents, the witten/unwitten state indication

i nformati ofot SeadieCtdethiiin Lhesgeqond; alLefnatl & addie3s Jynagenent ,
information areas, and the second alternate address nanagenent infornmation

areas, whi gh; gf &n eaeh- DA ded+Qn 5 nARe 0 ok NerEeLRLdi g Jayers, are used
sequentially one after another each as an area for recording alternate

addr ess nmapagsrent iﬂﬁéﬂﬂg%#@@érﬁg&&hngggaa??OHH £:88,n Wel | as

witten/unwitten state’indication in n or each of the recording
javers as apapedals; JiLbagaocdanee Weth ga3e600d ASASE, ol dhepresent
invention, there 1s provided a recording apparatus ~ provi ed for a
recording gediumpaving a plurality of recording |ayers each including a
wite-once recording area allowing data to be recorded therein only once
as an 10 area conprising: a regular recording reproduction area, which
data is recorded into and reproduced from an

9a



alternate area for recording data in an alternate-address process carried
out due to a defect existing in said regular recording reproduction area
or carried out to renew existing data; a first alternate-address
managenent information area for recording alternate-address nmanagenent
information for managi ng al ternate-address processes each using said
alternate area; and a second alternate-address managenent information area
for recording said alternate-address managenent information and witten

unwitten state pagheatian, M mRiden auegkﬁgﬁéngdawgyer or not data has
been witten into said data unit, in said wite-once recording area in an

updat eabl 6,51 af&neralith £, %Qrt.dibﬂgai?@@gr %ch}?% 'e%(ﬁ'lg ro\M:L'dreé ans for

& .
recor di ng data onto said recordi ng medi um COI’]tI’ means for executlng

control to,Ms&r SqL 1% g\'&/&lﬁagd %Q?E? r@?@ﬁé}@%ﬂ%{ﬁ%&ha’iﬁgr HRL! on

areas, which are each pr one sai d recor

sequentialdy ane, ffdiely 200HNSL GACH B3 Al L&A di9ly LAGAY ga@% updates when

driving sald wite neans to carry ou e operatlon 0 update said

i ten  UMEId e ALaLRALdl ARLLA0 | A LB o 1 cqgidance with an

operation to wite ainto a unit an ration to update

said alternate- aﬂgrqﬁﬁjﬁggpgﬁgpg&amquorngodlmentsaqﬁgrdance wth said

al t ernat e- address proce

written/unwritten state indication information is
recorded in the second alternate address management
information areas, and the second alternate address
management information areas, which are each provided on
one of the recording layers, are used sequentially one
after another each as an area for recording alternate
address management information serving‘as an update as
well as written/unwritten state indication information
for each of the recording layers as an update.

In accordance with a second aspect of the present
invention, there is provided a recording apparatus
provided for a recording medium having a pluralitylof
recording layers each including a write-once recording

area allowing data to be recorded therein only once as an

10



10a I n addition, in exanple enbodinents, when driving the wite neans to
carry out a wite operation to update a portion of the witten/unwitten
state indication information in accordance with an operation to wite data
and a wite operation to update the alternate address nmanagenent

i nformation g é%ﬁ?&@éﬂﬁ& %tpewﬁa],a'ﬁe%ml% %r%aﬁceaeﬁe§§ af he control

nmeans executes con i nclude I nformati the witten/uhwritten

state indigathonabaf oL MBLLOPG DS NG i dd Iladm%dS%ﬁ_zed alternate
11

address managenent inforrmation area to In hat t

“W'tten/un@ﬁ%%&ﬁgtétQEQa'ngcﬁéééghiﬂq(aggg'fﬁ1a5§al@LE38EEV§%d

witten/unwitten state indication ormation in the secon ternate

address mapagemeq! cwzgw%wau%r@é Pl 2 DOLIALLOR 9l D 81 ernate

addr ess managenent ormation being witten int second alternate

address  mgRaGeUENt o LoLQL IR} AN, A1EA %t dicate Lhat hhe gl fernat e

addr ess managenent ive alterna ress managenent

|nfornat|oQ hgwt?§i§€¥%$q%§{£?rgf¥§%séi %§%aqgna%§%gggthn5g5$ﬁéﬂ@nl2rea

I n accordance w aspec resent

provi ded a, g%emge%ﬁogrggpé&atreco A1 59 L91.3-1.859LdLng mecl um havi ng a
plurality

management information for managing alternate—address
procésses each using said alternate area; and a second
alternate-address management information area for
recording said alternate-address management information
and written unwritten state indication information
indicating whether or not data has been written into said
data unit, in said write-once recording area in an
updateable state, said recording apparatus comprising:
write means for recording data onto said recording
medium; and control means for executing control to use
sald second alternate-address management information
areas, which are each provided on one of said recording
layers, sequentially one after another each as an area
for recording updates when driving said write means to
carry out a write operation to update said written
unwritten state indication information in accordance with
an operation to write data into a data unit and a write
operation to update said alternate-address management
information in accordance with said alternate-address

process.

10a



recording layers each including a wite-once recording area allow ng data
to be recorded therein only once as an area conprising: a regular
recordi ng reproduction area, which data is recorded into and reproduced
from an alternate area for recording data in an alternate-address
process carried out due to a defect existing in said regular recording
reproduction area or carried out to renew existing data; a first

al t ernat e- address managenent information area for recording

al ter nat e- addr essy,, nppggemnt ;infQ %ggbogmgggiﬂ@g@gl & addr ess

processes each using said alternate rea; and a secon alternate addr ess

managenment th@fﬁfﬂ@é'ﬁéﬁﬂe% V\Cﬁ : 8ger di Qr ﬁé' ggé%éx?{&?t@o 41835

managenment I nformation en UnMKI e |nd|cat|on i nformation

12,1 ndi cat hngopetess o d9f 430 Mg beeD ?ea’B% DhRLOSgld data unit, in

said write-once recording area in said reproductlon

appar atus gQEpLLSLG, 1% Jz;%:%f;%cfe%ltﬁpfagduci 09, 981 3.1 ram sl s ecor i ng
neans ??Of S
h

medi um and contr executi ng con 0O use sal second

al t er nat e- res ne t nfornatl gas ch ar each provi ded on
one of sa|%9$é%d? |ng é?gﬁgon $8qUkR |3I? %%t%ﬁ?%§eeﬁéﬁﬁﬁﬁs sear chi ng

pi eces of m£§corde al rnat e- addr ess _managenent . nf.ormation and pieces of
recorded Writi em?;ka %ﬁ?%ﬁﬁg e 'ndre8rrahce with thernaterng%e

address process, the control means executes control to

include information in the written/unwritten state

indication information being written in the second

alternate address management information area to indicate

that the

11



information for said effective alternate-address nmanagenent information
and said effective witten unwitten state indication information
respectively and controlling said read neans to read out data from said
recording nmediumat a data read request on the basis of said effective

al t ernat e- address managenent information and said effective witten
unwritten sta%e indication informatjion. 12a. ln accordance with a fourth
aspect of PRECPPREEMITLE RAMGSS R E t-SNp By PERALLOR ebdr di ng net hod
provi ded f?r a_recordjn di um having a plurality of recording |ayers
each i ncl uBfhGCEI W i Yt YeEatdiSRg SaRES APFORRRECT dHt B T BT ecor ded

t herein onlg once as an area conprising: a regular recording reproduction
area, whi ch? B3¢ a3§C1d O FedatHt ¢94ngSEeprbadeBent roxtomreiternate area
for recording data jn_an alternate-address process carried out due to a
def ect exi 8FFRAPTH i Yrtedg@ardn td€orditRgNRERr BAdEEF DR A tcar ri ed out
to renew existing data; a first alternate-address nmanagenent infornmation
area for raREPHIMG @ tRimgt érdddeasdn fhragerentd ahEormte ordsshanagi ng
al ternat e-address processes each using said alternate area; and a second

al t er nat e- BAA? e Handferamt lonf areat toniafdégater thatecdraialdsaiate

al t er nat e- addr ess managenent i nformation
address management information is effective alternate

address management information in the second alternate
address management information area.

In accordance with a third aspect of the present
invention, there is provided a reproduction apparatus
provided for a recording medium having a plurality of
recording layers each including a write-once recording
area allowing data to be recorded therein only once as an
area comprising: a regular recording reproduction area,
which data is recorded into and reproduced from; an
alternate area for recording data in an alternate-address
process carried out due to a defect existing in said
regular recording reproduction area or carried out to
renew existing data; a first alternate-address management
information area for recording alternate-address
management information for managing alternate-address
processes each using said alternate area; and a second
alternate-~address management information area for
recording said alternate-address management information
and written unwritten state indication information

12



and witten unwitten state indication information indicating whether or
not data has been witten into said data unit, in said wite-once
recording area in an updateable state, whereby control is executed to use
said second alternate-address nmanagenent information areas, which are
each provided on one. of said recording |ayers, 13 sequentially one after
anot her each as an area for recording updates in a wite operation to
update said witten unwitten state indication information in accordance
w th an opérditehing wirettreata nott dadadaba beentwandten wiritee seder ation to
update said alternate- address managenent information in accordance with
said altednateunitdr ess guictesdteHonaddibconding &xanpie anbodi nents in a
wite operation to update a portion of the witten/unwitten state

i ndi cat i onupdhdeante okdie acedridareeodithian apperatuodcdnprdiing data into
a data unit associated with 13a the updated portion of the

witten/ unnehtitesass aft@ ddpdiceridion datar FRbi0fa B tr S-oMd iRy eReliaid on to
update the alternate address managenent information in accordance wth

the al ternaha d3btesldmess PrRGessecatealdebgttol the tes WHidgaminod,
alternate-address management information areas, which are
each provided on one of said recording layers,
sequentially one after another, searching pieces of
recorded alternate-address management information and
pieces of recorded written unwritten state indication
‘information for said effective alternate-address
management information and said effective written
unwritten state indication information respectively and
controlling said read means to read out data from said
recording medium at a data read reguest on the basis of
said effective alternate-—address management information
and said effective written unwritten state indication

information.
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control is executed to include information in the witten/unwitten state
indication information being witten in the second alternate address
managenent information area to indicate that the witten/unwitten state
indication information is effective witten/unwitten state indication
information in the second alternate address managenent information area
and information in the alternate address managenent information being
witten in the second alternate address managenent information area to
indicate that the alternate address managenent information is effective
al ternate address managenent information in the second alternate address

managenent i nf orimtdcanraleae Witacaordaper wsbpbca &f file gepacintof the
present invention, there is provided a reproduction nethod provided for a

recordi ng iregintdigvithgra pkupabiideaf a recordimg nayess mashdedc! uding a
wite-once recording area allowing data to be recorded therein only once

as an ar efoif (hMdcwirdgngameaguhahateagr di plur£progust ivtafdag Wwhich data
is recorded into and reproduced from an alternate area for recording data

in an alterfiaer *GPHessc1pH966SS Hak tbegnodt rdie-dih Hefeati1eisti ng in
said regular recording reproduction area or carried out to renew existing
data; a fidsta ald efnatecrddresicPBNAJEAEPtodde as an area

comprising: a regular recording reproduction area, which

data is recorded into and reproduced from; an alternate

area for recording data in an alternate-—address process

carried out due to a defect existing in said regular

recording reproduction area or carried out to renew

existing data; a first alternate-address management

information area for recording alternate-address

management information for managing alternate-address

processes each using said alternate area; and a second

alternate-address management information area for-

recording said alternate-address management information

and written unwritten state indication information

indicating whether or not data has been written into said

data unit, in said write-once recording area in an

updateable state, whereby control is executed to use said

second alternate—address management information areas,

which are each provided on one. of said recording layers,

13



information area for recording alternate-address managenent infornmation
for managi ng al ternate-address processes each using said alternate area;
and a second alternate-address nanagenent information area for recording
sai d alternate-address nanagenent information and witten unwitten state
indication information indicating whether or not data has been witten
into said data unit, in said wite-once recording area in an updateable
state, whereby control is executed to use said second alternate-address

management JJHiRTREI9R BLEASFro WL ChRLE £ach Jy qvf ded ongne of said

recording layers, sequentially one after another, search pieces of

recorded aldeniabe- agduess TANAGRIENL 4ALONRL] on, apdRieecesqof | recor ded

witten unwitten Stafte indication ornmati on for ective

al ter nat e- gddr.ess, Q?@@EEHtst.9£OIﬁ@gééﬁkéH"iﬁ%ﬁfﬁé%ﬁ%%?Ehve written

unwitten state indication information respectively and read out data

from sai d recordind medinmatod. fal .4 ead yaquest, an st -basis of said

effective §1ternate-a ress nmahagenent ormati on and sai ective

written unyeliit sfostales LnghoaLl om0 QLRI Ada, L0 expunl e

enbodi nents, a wite once recording nedirumhas a plurality of recording
L;ﬂe/gr s each dNEludhNg - Bk §OUL Ao LESOT S NY{ TAN QG0N 1388, ;8N al ternate
alternate-address process.
In addition, in example embodiments in a write
operation to update a portion of the written/unwritten

state indication information in accordance with an

operation to write data into a data unit asscciated with
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a first alternate address managenent information area and a second

al ternate address managenent information area. |In addition,
witten/unwitten state indication information is recorded therein.
Typically, the witten/unwitten state indication information is recorded
in the second alternate address managenent information area. By
additionally recording alternate address nmanagenent information related to
an alternate address process in the second alternate address nanagenent

| nf or mat | on«AE edpakhed SEEANTLAIJ LI §:addLes S IRIRgERenl . f o mali on ar ea

can be used as an area for Inplenenting renewa

Tanagenent |4 6Bl ddb il A LOLeYEr o 0ala U Lo (gaalt St er) o

each of the recording layers on the wite ohce” recor

wr it en/ ung 4.0 84 2l Gath g@mbgfcomamgtign use t @osrdaaghcoef mt o

i ndi cati ng whet her or not ta h een witten into a unit. Thus,
in wite On&ﬁt m@%f%lﬁﬁﬁﬁﬁ ts can be managed and data can be renewed. On
the top of that e second alternate address rmanagenent information
areas, which are each provided on one of the recording | ayers, are used
sequentially one after another each as an area for updating alternate
address managenent information and witten/unwitten

13b



state indication informati on. Assune for exanple a two |ayer disk.
Initially, the alternate address nmanagenent infornmation area, for the
first recording layer is used as an area for recording alternate address
managenment information, witten/unwitten state indication information
for the first recording layer and witten/unwitten state indication
information for the second recording |layer. Then, the alternate address
managenent information, the witten/unwitten state indication information
the first adelresdi pgokaye; ascoidieng Wd tien/rynurdihgnmstabe, i ndi cation
information for the second recording |ayer are updated fromtine to tine
as witecoperalli aBSegeeutad ltedimttuddanafineiiofit ikhaheti me, the

al ternat e address managenent information, the witten/unwitten state

i ndi cati ovdiffenpabiventtbe §t4isd ﬂﬁhiéﬁﬁﬁdﬁlﬂhﬂo&%ﬁ&laﬂdbébﬁ
witten/unwitten state indication information for the second recordi ng

layer arewrip@ahednbynhwr s&bded datde it thRirsecondnabbabnat e address
managenent information area for the first recording layer. As the second

al ternat e jaddrR8S i FANAOSIERS 1 MdFdRd 19t aRAWhek tbAguhkEsttégcordi ng
| ayer is all used up for wupdating the alternate address nmanagenent

i nformati @RatbhenWt bht 85 UDW b Edan & ate dArdicgaton information the first
recording layer and the witten/unwitten state

written/unwritten state indication information in the
second alternate address management information area and
information in the alternate addreés management
information being written in the second alternate address
management information area to indicate that the
alternate address management information is effective
alternate address management information in the second
alternate address management information area.

In accordance with a fifth aspect of the present
invention, there is provided a reproduction method
provided for a recording medium having a plurality of
recording layers each including a write-once recording
area allowing data to be recorded therein only once as an
area comprisingg a regular recording reproduction area,
which data is recorded into and reproduced from; an
alternate area for recording data in an alternate-address
process cérried out due to a defect existing in said
regular recording reproduction area or carried out to

renew existing data; a first alternate—address management
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indication information for the second recording layer, data is witten
into the second alternate address managenent information area for the
second recording layer to update these pieces of information. BRI EF
DESCRI PTI ON OF THE DRAWNGS FIG 1 is an explanatory di agram show ng the
area structure of a disk provided by an enbodi nent of the present
invention; FIG 2 is an explanatory diagram showi ng the structure of a
one-l ayer disk provided by the enbodinment; FIG 3 is an explanatory

di agr am shaw the structure of a two-|ayer disk provided by the
embodi ment ;ln%(%&ation ERekp r%{/‘?n a%]rtaefﬁ SIS TEOVA of a  di sk

I's *an “expf anat ot
provi ded byma'lt hae eréb diirrgntr' %7 Flg 5 is_a, diagram shcovl,i ré%lrt he contents of
a DDS of AW SE svitdsq B9 LRE ERboBTARAL:Y €3S EGT&§Pam showi ng
t he content smoc1c a DFL c?‘f aidi sk gr ovjrgled b% t he enbodj nent ; OFI G 7is a
di agr am shdWisg >F&CeEEF 8P T REnadeteit Lo T BF S in & BECOYAd TDFL of a
di sk provid &rb t he (§nbodi ment; FIG 8 Ls a diagram show ng
al ter nat 6- GHAFES TS AASF RACI B 0P B BELL ATRFIFEROTOR IR provi ded by t he
enbodi nent ; : . . .
recording said alternate-address management information
and written unwritten state indication information
indicating whether or not data has been written into said
data unit, in said write-once recording area in an
updateable state, whereby control is executed to use said
second alternate-address management information areas,
which are each provided on cone of said recording layers,
sequentially one after another, search pieces of recorded
alternate-address management information and pieces of
recorded written unwritten state indication information
for said effective alternate-address management
information and said effective written unwritten state
indication information respectively and read out data
from said recording medium at a data read request on the
basis of said effective alternate-address management

information and said effective written unwritten state

indication information.
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FIG 9 is an explanatory diagramshow ng a TDVMA of a disk provided by the
enbodi nent; FIG 10 is an explanatory di agram showi ng a space bitmap of a
di sk provided by the enbodinent; FIG 11 is an explanatory di agram show ng
a TDFL of a disk provided by the enbodinent; FIG 12 is an expl anatory

di agram show ng a TDDS of a disk provided by the enbodinent; FIG 13 is an
expl anat ory di agram showi ng an | SA and OSA of a disk provided by the
enbodi ment; FIG 14 is an explanatory di agram showi ng a data- recording
order in a TDVA of a disk provided by the enbodinent; FIG 15 is an

expl anatory di agram showing a 18 utilization stage of a TDVA of the

two-layer disk provsdegikychbederbadseatyr G orike w@liagk diagramof a
di sk drive provided by the enbodinent; FIG 17 shows a flowchart

representifngdaudaids Awpling RPCES bW dgd1 Byethec eaotidBMing 1 G 18
shows a flowchart representing a user-data- witing process provided by the

enbodi menta Feéu1dd sheyedind /r@alRkil-tiepr asent i B8 AN OMEIW ida,f unction
process provided by the enbodi nent;

a first alternate address management information area and

a second alternate address management information area.

In addition, written/unwritten state indication

information is recorded therein. Typically, the

written/unwritten state indication information is

recorded in the second alternate address management

information area.

By additicnally recording alternate address
management information related to an alternate address
process in the second alternate address management -
information area, the second alternate address management
information area can be used as an area for implementing
renewal of the alternate address management information.

In addition, for every data unit (each cluster) on

each of the recording layers on the write once'recording
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FIG 20 shows a flowchart representing a process of generating
alternate-address information in accordance wth by the enbodi nent; FIG
21 shows a flowchart representing a data- fetching process provided by the
enbodi ment; FIG 22 shows a flowchart representing a TDFL/space-bitmap
updat e process provided by the enbodinent; FIG 23 shows a flowchart
representing a process of restructuring alternate-address information in
accordance wth the enbodinent; FIGS. 24A, 24B and 24C are each an

expl anatory di agram showi ng the process of restructuring alternate-
address information in accordance with the enbodi ment; 19 and FIG 25 shows
a flomhaﬁr%pﬁéééﬁﬁnd@né’fﬁﬁ@ébssﬁﬁte cigflderat p a“%:ﬁ%lfé“aﬁﬁ%ﬁﬁdje% by the
enbodi ment into a conpatible disk in accordance with the enbodi ment. Best
Mode for Gaadyiary odomred Lom dmdisrn thing fdle 8w neeset igrtarhaxpl ai ns an
enbodi mrent provided by the present invention as an enbodi nent

i mpl enment ibegnaw rdjittiecalindics Khaendled- adiwki Wy | Yauenplioy ed iitie caraeecor di ng
apparatus and/or a reproduction apparatus as a disk drive designed for the
optical disddiaThelefects can be managed and data can be renewed.

On the top of that, the sécond alternate address
management information areas, which are each provided on
one of the recording layers, are used seguentially one
after another each as an area for updating alternate

" address management informaticon and written/unwritten
state indication information. Assume for example a two
layer disk. 1Initially, the alternate address management
information area for the first recording layer is used as
an area for recording alternate address managément
information, written/unwritten-sfate indication

information for the first recording layer and
written/unwritten state indication information for the
second recordiné laYer. Then, the alternate address

.-management information, the writteﬁ/unwritten state
‘indication information the first recording layer and fhe
written/unwritten state indication information for the
second recording layer are updated from time to time as
write operations are carried out thereafter. At that time,
the alternate address management information, the

written/unwritten state indication information the first
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description conprises chapters arranged in the followng order: 1. D sk
Structure 2: DMAs 3: TDVA Method 3-1: TDMAs 3-2: | SAs and OSAs 3-3:
TDVA- Usi ng Method 4: Disk Drive 5: Qperations for the TDVA Method of this
Enbodi nent 5-1: Data Witing 5-2: Data Fetching 5-3: Updating of the
TDFL/ Space Bitmap 20 5-4: Conversion into Conpatible D sks 6: Effects of
the TDVA Met hod of this Enbodinent 1: Disk Structure First of all, an
optical disk provided by the enbodinent is explained. The optical disk can
be inmplenented by a wite-once optical disk referred to as the so-called
bl ue-ray disk. The blue-ray disk pertains to the category of high-density
optical dirskerdiyyg daysshysic dihareimetaranfritiernigfietdensity  opti cal
di sk provided by the enbodi nent are explained as foll ows.

indication information for the second recording layer are

updated by writing data into the second alternate address

management information area for the first recording layer.

As the second alternate address management information

area for the first recording layer is all used up for

updating the alternate address management information,

the written/unwritten state indication information the

first recording layer and the written/unwritten state

indication informaticn for the second recording layer,

data is written into the second alternate address

management information area for the second recording

layer to update these pieces of information.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an explanatory diagram showing the area
structure of a disk provided.by an embodiment of the
_ present invention;
FIG. 2 is an explanatory diagram showing the
structure of a one-layer disk provided by the embodiment;
FIG. 3 is an explanatory diagram showing the
structufe of a two-layer disk provided by the embodiment;
FIG. 4 is an explanatory diagram showing a DMA of a

disk provided by the embodiment;
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The di sk size of the optical disk provided by the enbodinent is expressed
in terns of a dianmeter of 120 mm and a di sk thickness of 1.2 nm That is
to say, fromthe external-appearance point of view, the optical disk
provi ded by the enbodinent is simlar to a disk of a CD (Conpact D sk)
systemand a disk of a DVD (Digital Versatile D sk) system As a
recordi ng/ reproduction | aser, the so-called blue laser is used. By using
an optical systemhaving a high NA of typically 0.85, setting the track
pitch at a small value of typically 0.32 mcrons and setting the 1line
density at a high value of typically 0.12 microns 21 per bit, it is
possi bl e to i npl BREnt Saidser ddasrast shayéndchpacreptentabsdt 22808byte to 25
Goyte for an optical disk with a diameter of 12 cm In addition, a
t wo- | ayer ofi sk diskalpsovdelea dpyedheA embgetimeydr; di sk is an optical disk
having two recording layers. In the case of a two-layer disk, a user-data
capacity of abouFiB0Gécan bedaebiremedhokliGg thiescentexplsawdt er PEdi agr am
showi ng the | ayout (or the area structure) of the entire disk. The
recor di ng o @a difsk e cdiisled mol wdes emdoeddidnt; zone on the innernost
circunference, a data zone on a mddle circunference and a | ead-out zone
on the outernostgrg, 7 is a diagram showing defect list management
" information of a DFL and TDFL of a disk provided by the
embodiment;
FIG. 8 is a diagram showing alternate-address
information of a DFL and TDFL of a disk provided by the
embodiment;
FIG. 9 is an explanatory diagram showing a TDMA of
a disk provided by the embodiment;
FIG. 10 is an explanatory diagram showing a space
bitmap of a disk provided by the embodiment;
FIG. 11 is an explanatory diagram showing a TDFL of
a disk provided by the embodiment:
FIG. 12 is an explahatory diagram showing a TDDS of
a disk provided by the embodiment;
FIG. 13 is an explanatory diagram showing an ISA
and OSA of a disk provided by the embodiment;
FIG. 14 is an explanatory diagram showing a data-
recording order in a TDMA of a disk provided by the

embodiment;

FIG. 15 is an explanatory diagram showing a
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circunference. The |lead-in zone, the data zone and the |ead-out zone serve
as recording and reproduction areas as follows. A prerecorded infornmation
area PIC on the innernost side of the lead-in zone is a reproduction-only
area. An area starting with a managenent/control information area of the

| ead-in zone and ending with the | ead-out zone is wused as a wite-once
area allowng data to be witten therein only once. In the
reproduction-only area and the wite-once area, a spiral recording track
is created as a wobbling groove. The wobbling groove serves as a tracking
guide in 22 a tracing operation using a | aser spot. The wobbling groove is

thus a recdddilmgticacietags f s afedhadddodtsordisdad out from It
is to be noted that, this enbodiment assumes an optical disk allow ng data
to be recordadded bive tdreoerodimsmdiser, the scope of the present invention
is not limted to the optical disk with such a recording track. For
exanpl e, the pre®eft iLAvent kobloeh. diisgrbm efpki ddskodrameoptripvabedi sk
adopting a |l and recordi ng-techni que whereby data is recorded on a | and
bet ween t Wy atjcaeamiodigreoayves. I n addition, the present invention can al so
be applied to an optical disk adopting a | and/ groove
FiG. 17 shows a flowchart representing a data-
writing process provided by the embodiment;
FIG. 18 shows a flowchart representing a user-data-
writing process provided by the embodiment;
FIG. 19 shows a flowchart representing an overwrite
function process provided by the embodiment;
FIG. 20 shows a flowchart representing a process of
generating alternate-address information in accordance
with by the embodiment;
FIG. 21 shows a flowchart representing a data-
fetching process provided by the embodiment;
FIG. 22 shows a flowchart representing a
TDFL/space-bitmap update process provided by the
embodiment;
FIG. 23 shows a flowchart representing a process of
restructuring alternate~address information in accordance
with the embodiment;
FIGS. 24A, 24B and 24C are each an explanatory

diagram showing the process of restructuring alternate-

address information in accordance with the embodiment;
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recordi ng-techni que whereby data is recorded on a land and a groove. In
addition, the groove used as a recording track in an optical disk has a
shape wobbl ed by a wobbling signal. Thus, a disk drive for such an optical
di sk detects both edge positions of the groove froma reflected |ight
beam of a |aser spot radiated to the groove. Then, by extracting
conponents fluctuating in the radial direction of the disk as fluctuations
of both the edge positions in an operation to nove the |aser spot along
the recording track, the wobble signal can be reproduced. 23 This wobble
signal is nodulated by information on addresses of recording | ocations on
the recordindg track. The information on addresses includes physical
addresses and other additional information. Thus, by denodul ating the
wobbl e signal toFpEeddbeshhusi af 6hpuchentomeadgsessésyg at RECGESE @i ve is
capabl e of controlling addresses, at which data are to be recorded or
r epr oducecontree tiead-d mizdnerxchowed pyFltBe enldimertealrdre tthe i nner side
a circunference having a typical radius of 24 nm An area between a
ci rcunf er ene@atit ea diadi Us efccAMahaamvairth ahes reminfdeimesree: wi th a radi us
of 23.1 mmin -
Best Mode for Carrying out the Invention
The following description explains an embodiment
provided by the present inventibn as an embodiment
implementing an optical disk and a disk drive employed in
a recording apparatus and/or a reproduction apparatus as
a disk drive designed for the optical disk. The
‘description comprises chapters arranged in the following
order:
1: Disk Structure
2: DMAs
3: TDMA Method
3-1: TDMAs
3-2: ISAs and OSAs
3-3: TDMA-Using Method
4: Disk Drive
'5: Operations for the TDMA Method of this Embodiment
5-1: Data Writing
5-2: Data Fetching

5-3: Updating of the TDFL/Space Bitmap
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the lead-in zone is the prerecorded information area PIC. The prerecorded
information area PIC is used for storing reproduction-only information as
the -wobbling state of the groove. The reproduction-only information
i ncl udes disk information such as recording/reproduction power conditions,
information on areas on the disk and information used for copy protection.
It is to be noted that these pieces of information can also be recorded on
the di sk as enboss pits or the like. A BCA (Burst Cutting Area) not shown
in the figure nmay be provided on a circunference on the inner side of the
prerecorded information area PIC in sone cases. The 24 BCA is used for
storing a uni queStd: pecenvarsien tet @ skrraktbidi R§SKBdi umin such a state
that the I D cannot be renewed. The unique IDis recorded marks created in
a concentri cEEfecte shapbet 6DMBr Metbeodr ¢éd tédisa Empogip@nt code format. An
area between a circunference with a radius of 23.1 nmand a circunference
wth a radius of 24.0 mmin the |lead-in zone is a nanagenent /control
informati on area. The managenent/control information area has a
pr edet er minedpageastensatireo i nclude a control data area, a DVA (Defect
Managenment Area), a TDVA (Tenporary Defect Managenent Area), a test wite
area (OPC) and arbwktepbf all, an optical disk provided by the
embodiment is explained. The optical disk can be
implementéd,by a write-once optical disk referred to as
the so-called blue-ray disk. The blue-ray disk pertains
to the category of high—denéity optical disks.
Typical physical parameters of the high-density
optical disk provided by the embodiment are explained as
follows.
The disk size of the optical disk provided by the
embodiment 1s expressed in terms of a diameter of 120 mm
and a disk thickness of 1.2 mm. That is to say, from the
external-appearance point of view, the optical disk
provided by the embodiment is similar to a disk of a CD
(Compact Disk) system and a disk of a DVD (Digital
Versatile Disk)} system.
As a recording/reproduction laser, the so-called
blue laser is used. By using an optical system having a
high NA of typically 0.85, setting the track pitch at a

small value of typically 0.32 microns and setting the

line density at a high value of typically 0.12 microns
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area. The control data area included in the nanagenent/control information
area is used for recording managenent/control information such as a disk

type, a disk size, a disk version, a layer structure,, a channel- bit
BCA information, a transfer rate, data-zone position information,
recordi ng/ reproduction | aser power information.

| engt h,

a recording line speed and

The test wite area (OPC) included in the managenent/control information

area is used for atrial witing process carried out in setting data

recordi ng/ reproduction conditions such as a | aser power 25 to be used in

recordi ng/ reproduction operations. That is, the test wite area is a

regi on fopeadpdsti dF tive Poseddrld g rieprlerit oh wohaid3lohsSt3FP9%he case of
an ordinary optical disk, the DVA included in the nmanagenent/contro
i nfor mat i capacddy ©f ededtf &3 Godralitny 28 t@ryie ef e dire 2P hedRgenent

information for managi ng defects. In the case of a wite- once optical
provi ded - by stkheriemb edidiants teroweveér? crihe DVA is used for
only the alternate- .address nmanagenent information of defects but al so
managenent / cont r oh haloEABhH, 0B tab-ilapeeneitsikng sdatldo Cevelalpsd.n Bhe
disk. In this case, particularly,

opti cal

two-layer disk is an optical disk having two recording
layers. In the case of a two-layer disk, a user-data
capacity of about 50G can be achieved.

FIG. 1 is an explanatory diagram showing the layout
(or the area structure) of the entire disk.

The recording area of the disk includes a lead-in
zone on the innermost circumference, a data zone on a
middle cifcumference and a lead-out zone on the outermost
circumference.

The lead-in zone, the data zone and the lead-out
zone serve as recording and reproduction areas as followsr
A prerecorded information area PIC on the innermost side
of the lead-in zone is a reproduction-only area. An area

starting with a management/control information area of

-the lead-in zone and ending with the lead-out zone is

used as a write-once area allowing data to be written
therein only once.
In the reproduction-only area and the write-once

area, a spiral recording track is created as a wobbling

groove. The wobbling groove serves as a tracking guide in
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the DMA is used for recording | SA managenent information and OSA
managenent i nformation, which will be described later. In order to nmake
renewal of data possible by nmaking use of an alternate-address process,
the contents of the DMA nmust al so be updated when data is renewed. For
updating the contents of the DVA, the TDVA is provided. Alternate-address
managenent information is added and/or recorded in the TDVA and updated
fromtime to tine. Last (nbst recent) alteérnate-address managenent
information recorded in the TDVA is eventually transferred to the DVA. 26
The DVA and the TDMA will be described later in detail. The area on the
ci rcunf er EndeS S EREHATIN tthel T Fhge? 22 0SRRL 58. 1 emcbildm®al to the
| ead-in zone is used as a data zone. The data zone is an area, which user
data i s a&ueAvsy reddited iTRG HHNG dpfatiuc edhFebmlatdhels skFer&RAr ess
ADdt s and end address ADdte of the data =zone are included in the data zone
posi tion iaifter mat ixsRd raadorfdedni n the control data area described earlier.
An | SA (I nner Spare Area) is provided on the innernost circunference of
the data zone. Odtt he tbhbe nbiaed, tiwmtQSAhIGUteahdSiarn tAResuries movi ded on
t he
' optical disk allowing data to be recorded on the groove.
However, the scope of the present invention is not
limited to the optical disk with such a recording track.
For example, the present invention can also be applied to
an optical disk adopting a land recording-technique
whereby data is recorded on a land between two adjacent
grooves. In addition, the present invention can also be
applied to an optical disk adopting a land/groove
recording-technique whereby data i1s recorded on a land
and a groove.
In addition, the groove used as a recording track
in an optical disk has a shape wobbled by a wobblipg
signal."Thus, a disk drive for such an optical disk
detects both edge positions of the groove from a
reflected light beam of a laser spot radiated to the
groove. Then, by extracting components fluctuating in the
radial direction of the disk as fluctuations of both thé
edge positions in an operation to move the laser spot

élong the recording track, the wobble signal can be

reproduced.
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out ernost circunference of the data zone. As wll be described later, the
| SA and the OSA are each used as an alternate area provided for defects
and for inplenmenting data renewals (overwiting). The | SA begins fromthe
start position of the data zone and includes a predeterm ned nunber of
clusters each having a size of 65,536 bytes. On the other hand, the OSA
i ncludes a predeterm ned nunber of clusters, which termnate at the end
position of the data zone. The sizes of the | SA and the OSA are descri bed
in the DMVA. A user-data area in the data zone is an area 27 sandw ched by
the I SA and the GSA. This user-data area is an ordinary .
recor di ng/ r epr odGbisonchbég, sianeh dsemodatatedsbyedaiarmatiegorded into
and reproduced from The start address ADus and end address ADue of the
user - dat a sa@dez scefs g tiesdmobatd dro@ft idre Wwertidatrecrediinaddate recor ded
in the DMVA. The area on the circunferences with radii in the range 58.0 to
58. 5 mm exter dalf drmatherdatra adlohree 9 e 4 hisnclwebah quty zioreel, adbrd ssgab out zone
is a managenent /control information area having a predeterm ned format to
include aneoRither daid tareal d diinartd an bufthes, abgadeMocinlaitieg | t he
control data area included in the |ead-in zone, the
the wobble signal to produce the information on addresses,
the disk drive is capable of contrelling addresses, at
which data are to be recorded or reprocduced.
The lead-in zone shown in FIG. 1 is an area on the
inner side a circumference having a typical radius of 24
It .
An area between a circumference with a radius of
22.2 mm and a circumference with a radius of 23.1 mm in
the lead-in zone is the prerecorded information area PIC.
The prerecorded information area PIC is used for
Storing reproduction-only information as the wobbling
state of the groove. .The reproduction-only information
includes disk information such as recording/reproduction
power conditions, information on areas on the disk and
information used for copy protection. It is to be noted
that these pieces of information can also be recorded on
the disk as emboss pits or the like.
A BCA (Burst Cutting Area) not shown in the figure

may be provided on a circumference on the inner side of

the prerecorded information area PIC in some cases. The
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control data area of the |ead-out zone is used for storing various kinds
of managenent/control information. By the sane token, nmuch |ike the DVA
included in the lead-in zone, the DVA of the | ead-out zone is used as an
area for recording managenent information of the |ISA and nanagenent
information of the OSA. FIG 2 is a diagramshowi ng a typical structure of
t he managenent/control information area on a one-layer disk having only
one recording layer. As shown in the figure, in addition to undefined
segnents (reserved segnents), the lead-in zone includes, a variety of
areas such as DMA 2, an OPC (a test wite 28 area), a TDVA and DVA 1. On

t he ot her B§dnds iwsesddion grorieamderiisee déymans igedear Vde sdgitents), the

| ead-out - zone includes a variety of areas such as DMA 3 and DVA 4. It is
to be not e cohatinghaecdmm din datch & ed ades dhiadedrebdle dannst Bshown in the
figure. This is because, in actuality, a portion of the control data area
is used aseachidd.f oThexanphee $bnde trheostiedctarésotraatBMAinsaan essenti al
of the present invention, the control data area is not shown in the
figure. Ascieseibried cdhade dsthed ead-formantdoeatbduiatzones a iect-ude f our
DMAs, i.e., DMVA 1 to DVA 4. DVA 1 to DVMA 4 are each used as an area for
recordi ng dode F¥Pat.
An area between a circumference with a radius of
23.1 mm and a circumference with a radius of 24.0 mm in
the lead-in zone 1s a management/control information area.
The management/control information area has a
predetermined area format to include a control data area,
a DMA (Defect Management Area), a TDMA {(Temporary Defect
Management Area), a test write area (OPC) and a buffer
area.
The contreol data area included in the
management/control information area is used for recording
management/control information such as a disk type, a
~disk size, a disk version, a layer structure, a channel-
bit length, BCA information, a transfer rate, data-zone
position information, a recording line speed and
‘recording/reproduction laser power information.
The test write area (OPC) included in the
‘management/control information area -is used for a trial

writing process carried out in setting data

recording/reproduction conditions such as a laser power
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al t er nat e- addr ess managenent information. However, a TDVA is provided as an
area used for tenporarily recording alternate-address nanagenent
information and, every tine an alternate-address process is carried out

due to renewal of data or a defect, new alternate-address nmanagenent

information is additionally recorded in the TDVA to update. the
information already recorded therein. Thus, till the disk is finalized,
for exanple, the DMAs are not used. Instead, the alternate-address
managenent is carried out and new al ternat e-address nanagenent information
is added to the TDVA and/or 29 recorded in the TDVA. As the disk, is

finalizedto bkt esegt drad¢cess imgragOnentudtifosy s ey isxsor dEBasnifhe

nost recently is transferred to the DMAs so that the

TDVA

al t er nat e- addr ess

process babedtestt WelDMAacar Be cameicddn dutr. HjGst3drics tdeadi agram showi ng a
two-| ayer disk having two recording layers. The first recording |ayer is

referred trecasdiageirepraatctiensecond tiecer.di ng | ayer is
Data is recorded onto and reproduced from

cal l ed | ayer
layer O in a direction fromthe

1.

i nner side of thendthk tasetb€ anterdshdeyt bpreeb]l adsskamehasDMA the case

of one-

| ayer disk. On the other hand, data is recorded onto and

included in the management/control information area is
used for recording alternate-address management

information for managing defects. In the case of a write-

“once optical disk provided by the embodiment, however,

the DMA is used for recording not only the alternate-

.address management information of defects but also

management/control information for implementing data

renewals in the optical disk. In this case, particularly,

the DMA is used for recording ISA management information

and - 0SA management information, which will be described
later.
In order to make renewal of data possible by making

use of an alternate-address process, the contents of the

'DMA must also be updated when data is renewed. For

updating the contents of the DMA, the TDMA is provided.

Alternate-address management information is added
ana/or recorded in the TDMA and updated from time to time,
Last {most recent) alternate-address management
information recorded in the TDMA is_eventually

transferred to the DMA.
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reproduced fromlayer 1 in a direction fromthe outer side of the disk to
the inner side thereof. The value of the physical address increases in the
directions. That is to say, the value of the physical address on |layer O
increases in the direction fromthe inner side of the disk to the outer
side thereof, and the value of the physical address on |ayer 1 increases
inthe direction fromthe outer side of the disk to the inner side
thereof . Much Iike the one-layer disk, the lead-in zone on layer O
includes a variety of areas such as DVA 2, an OPC (a. test wite area),
TDVA 0 and DVA 1. Since the 30 outernost circunference on layer O is not a
| ead-out zone, FThej BMPepadr 88et PYRnBEYlabeodeeeribre d2taHi éR i ncl udes
DMA 3 and DVA 4. The outernost circunference on layer 1'is referred to
si nply asdetaérl .zone 1, which includes DVA 3 and DVA 4. The i nner nost
circunference of layer 1 is a |lead-out zone, which includes a variety of
areas such as DVBh2, aara(OP€ thet estcumifeeeaces) witbMaatiiandnDvhel. As
descri bed above, the |lead-in zone, outer zones 0 and 1 and the | ead-out
zone incl udegel ght. DNds.58.0 nmaddidteamaleach tafe tlhad-ecorabingg isayers
i ncludes a TDVA. The size of the lead-in zone on |layer 0 and the
used as a data zone. The data zone is an area, which user
data is actually recorded into and reproduced from. The
start address ADdts and end address ADdte of the data
zone are included in the data zone position information
recorded in the control data area described earlier.
An ISA (Inner Spare Area) is provided on the
innermost circumference of the data zone. On the other
hand, an OSA (Outer Spare Area) is provided on the
outermost circumference of the data zone. As will be
described later, the ISA and the 0OSA are each used as an
alternate area provided for defects and for implementing
data renewals (overwriting).
The ISA begins from the start position of the data
zone and includes a predetermined number of clusters each
having a size of 65,536 bytes.
On the other hand, the OSA includes a predetermined
number of clusters, which terminate at the end position
of the data zone. The sizes of the ISA and the OSA are
" described in the DMA.

A user-data area in the data zone is an area
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size of the | ead-out zone on layer 1 are equal to the size of the lead-in
zone on the one-layer disk. On the other hand, the sizes of outer zones O
and 1 are equal to the size of the | ead-out zone on the one-layer disk. 2:
DMAs The data structure of each DVA recorded in the |lead-in zone and the

| ead-out zone is explained below. In the case of a two-|ayer disk, the
DVAs al so include the DMAs in outer zones 0 and 1. FIG 4 is a diagram
showi ng the structure of the DMA. 31 The size of the DVA shown in the
figure is 32 clusters (= 32 X 65,536 bytes). It is to be noted that a
cluster .is the small est data-recording unit. O course, the size of a DVA

is not |irmarsivitahedd byt ddieerI$SA |andritge QFA + h&hdz ghesréersaardSedéftifi ed
by cluster nunbers 1 to 32, which each indicate a data position of each
content @in teliDMxy Feeoidegfrepasidwdniiantaien exfriedsabens @tal uster
count. In the DVA, cluster nunbers 1 to 4 identify four clusters formng a
segrment fdrs reeoosrdi Ny addoSded] sataefriditemrodicattiura), which descri bes
the disc in detail. The contents of the DDS will be described |ater by
referring to Fl Grhs. skAra&ctdalkys aDnee ahlie esicz@ddfretslie ADue of the
user-data area define the location of the user-data aréa
and are recorded in the DMA.
The area on the circumferences with radii in the
range 59.0 to 58.5 mm external to the data zone is the
lead-out zone. The lead-out zone is a management/control
information area having a predetermined format to include
a control data area, a DMA and a buffer area. Much like
the control data area included in the lead-in zone, the
control data area of the lead-out zone is used for
storing various kinds of management/control information.
By the same token, much like the DMA included in the
lead-in zone} the DMA of the lead-ocut zone is used as an
area for recording management information of the ISA and
'ménagement information of the OSA.
FIG. 2 is a diagram showing a typical structure of
thé management/control information area on a 6nemlayer-
disk having only one recording layer.
| As shown in the figure, in addition to undefined

segments {reserved segments), the lead-in zone includes a

variety of areas such as DMA 2, an OPC (a test write
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DDS is one cluster, four identical DDSes are recorded in the segnent.
Cluster nunbers 5 to 8 identify four clusters formng a segnent for
recording DFL #1, which is the first recording area of a DFL (defect
list). The data structure of the defect list will be described |ater by
referring to FIG 6. The size of data stored in the defect list is four
clusters formng a list of information on alternate addresses. C uster
nunbers 9 to 12 identify four clusters formng a segnent for recordi ng DFL
#2, which is the 32 second recording area of the defect |list. The second
recording area is followed by the third and subsequent recording areas DFL
#3 t o DFL a#®&a)whiac FDac nidavlPa 1si zen thef otthet| hendrsinThRddisdpncl ust er
segnent DFL #7 used as the seventh recording area of the defect list is
i denti fi edtcbynddedfined segbens s29 reee3¥edAs dgnenting JousHe dmachewdbove :
description, the DMA having a size of 32 clusters includes seven recording
areas of theecddhedtideissty, viardetyDilf #kdas BRich#As MM 3varice-Dice .opt i cal
disk allowing data to be recorded therein once as is the case with the
disk provided bytthe esbpdi Aebed thaerdee tenteelrdatanteabs of a DVA it
IS necessary to carry out a process referred
described above is not shown in the figure. This is
because, in actuality, a portion of the control data area
is used as a DMA for example. Since the structure of a
DMA is an essential of the present invention, the control
data area 1s not shown in the figure.
As described above, the lead-in and lead-out zones
include four DMAs, i.e., DMA 1 to DMA 4. DMA 1 to DMA 4
are each used as an area for recording the same
alternate-address management information.
However, a TDMA is provided as an area used for
temporarily recording alternate-address management
information and, every time an alternate-address process
is carried out due to renewal of data or a defect, new
alternate-address managemeﬁt information is additionally
recorded in the TDMA to update. the information already
recorded therein.
Thus, till the disk is finalized, for example, the
DMAs are not used. Instead, the alternate—address

management is carried out and new alternate-address

~management information is added to the TDMA and/or
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to as finalize'. In this case, the same contents are recorded in seven
recording areas DFL #1 to DFL V. FIG 5 is a diagram show ng the data
structure of the contents of the DDS recorded at the beginning of the DVA
shown in FIG 4. As described above, the DDS has a size of one cluster (=
65,536 bytes). In the figure, byte O is the position of the beginning of
the DDS having a size of 65,6536 bytes. A byte-count colum shows the
nunber of bytes included in each data content. Two bytes indicated by byte
positions O to 1 are 33 used as bytes for recording "DS', which is a DDS
identifier indicating that this cluster is the DDS. One byte indicated by
byt e posi teowreds imsddicad A byRe tbe déedr disndinabbgefior nat nunber of the
version of the DDS format. Four bytes indicated by byte positions 4 to 7
are used ads ebyings —fagid meseo muhinsg e th urberrief t tdmessadeld PDIN Hdwe been
updated. It is to be noted that, in this enbodinent, in the finalize
process, aiDiar matse- addrerssl y nenagerefien rddriomttihon MAsadh thiletaldhe witten
into the DMA itself instead of being used for updating the DVA. The

al t er nat e a3d¢TeSS JTRIRIIERN o iofeyITiid st ich sty @MA rcart hee THMAX def or e

being witten into the DMA in the
out.

FIG. 3 is a diagram showing a two-layer disk having
two recording layers. The first recording layer is
referred to as layer 0 and the second recording layer is
called layer 1. Data is recorded onto and reproduced from
layer 0 in a direction from the inner side of the disk to
the outer side thereof, as same as in the case of one-
layer disk. On the other hand, data is recorded ontoc and
reproduced from layer 1 in a direction from the outer
side of the disk to the inner side thereof.

The value of the physical address increases in the
directions. That is to say, the wvalue of the physical
address on layer 0 increases in the direction from the
inner side of the disk to the cuter side thereof, and the
value of the physical address on layer 1 increases in the
direction from the outer side of the disk to the inner
‘side thereof.

Much like the one-layer disk, the lead-in zone on
layer 0 includes a variety of areas such as DMA 2, an OPC

(a. test write area), TDMA 0 and DMA 1. Since the
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finalize process. Thus, when the finalize process is eventually carried
out, a TDDS (tenporary DDS) of the TDVA contains the nunber of tinmes the
TDDS has been updated. The aforenentioned nunber of tinmes the DDS has
been updated is the nunber of tinmes the TDDS has been wupdated. Four bytes
i ndi cated by byte positions 16 to 19 are used as bytes for recording
ADDRV, which is the start physical sector address of a drive area in the
DVA. Four bytes indicated by byte positions 24 to 27 are used as bytes for
recordi ng ADDFL, which is the start 34 physical sector address of a defect
list DFL in the DVA. Four bytes indicated by byte positions 32 to 35 are
used as bypuésriostr edactinig reanPSN ofphyasiasal 0 seetoet nanberd-enta zghysi ca
sector address) of the start position of the user-data area in the data
zone. Thatiti $st @efayrethéo kampllybes caterugedead,byhéshf anclecesdi ng a PSN
indicating the position of an LSN (| ogical sector nunber) of 0. Four bytes
i ndi cat edplgy. Bytadposmt kons 36 to 39 are wused as bytes for recording an
LSN (l ogi cal sector nunber) of the end position of the user-data area in
the data zone. TtRYUrchYteScbNdicatedrbychybecnoshaeons 46 tefddrade

to simply as outer zone 1, which includes DMA 3 and DMA 4.

The innermost circumference of layer 1 is a lead-out zone,

which includes a variety of areas such as DMA 2, an OPC

(a test write area), TDMA 1 and DMA 1.

As described above, the lead-in zone, outer zones 0
and 1 and the lead-out zone include eight DMAs. In
addition, each of the recording layers includes a TDMA.
The size of the lead-in zone on layer 0 and the
size of the lead-out zone on layer 1 are equal to the
size of the lead-in zone on the one-layer disk. On the

other hand, the sizes of outer zones 0 and 1 are equal to

the size of the lead-out zone on the one-layer disk.

2: DMAs

The data structure of each DMA recorded in the
lead-in zone.and the lead-out zone is explained below. In
the case of a two-layer disk, the DMAs also include the
DMAs in outer zones 0 and 1.

FIG. 4 is a diagram showing the structure of the

DMA.
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used as bytes for recording the size of the ISAin the data zone. The | SA
is the | SA of a one-layer disk or the 1SA on layer 0 of a two-layer disk.
Four bytes indicated by byte positions 44 to 47 are used as bytes for
recording the size of each CSA in the data zone. Four bytes indicated by
byte positions 48 to 51 are used as bytes for recording the size of the
ISAin the data zone. The ISAis the ISA on layer 1 of a two-layer disk.
One byte indicated by byte position 52 is used as a 35 byte for recording
spare area full flags showi ng whether or not data can be renewed by using
an | SA or an OSA. That is to say, the spare area full flag are used to

i ndi cate that th&hkSAiardofh&eh©SAMAr ehengrusde éngirel s Byt e positions
ot her than the byte positions described above are reserved (or undefined)
and all fdildsed tlx gedes of, 996. bpsedpscritbeit ahwves ddweedDBSdts aused as
an area for storing the addresses of the user-data area, the sizes of
each | SA andisgach iSAmRNGsdrs read-wdcdtdigsy dihat. | ©f tousae, t he DDS

is used for storing information for managi ng and controlling areas of each
| SA and eagh Ehe id¥ thoMiatias zoR€.1imited to 32 clusters. In FIG.

4, the 32 clusters are identified by cluster numbers 1 to

32, which each indicate a data position of each content

of the DMA. The size of each content is expressed as a

cluster count.

In the DMA, cluster numbers 1 to 4 identify four
‘clusters forming a segment for recording a DDS (disc
definition structure), which describes the disc in detail.

| The contents of the DDS will be described later by
referring to FIG. 5. In acﬁually, since the size of the
DDS 1s one cluster, four identical DDSes are recorded in
the segment.

Cluster numbers 5 to 8 identify four clusters
forming a segmenf for recording DFL #1, which is the
first recording area of a DFL (defect list). The data
structure of the defect list will be described later by
.referring to FIG. 6. The size of data stored in the
defect list is four clusters forming a list of
information on alternate addresses.

Cluster numbers 9 to 12 identify four clusters

forming a segment for recording DFL #2, which is the
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Next, the data structure of the defect list DFL is explained by referring
to FIG 6. As explained earlier by referring to FIG 4, the defect |ist
DFL is recorded in an area having a size of four clusters. In the defect
list DFL shown in FIG 6, a byte- position colum shows data positions of
each data content of the defect list having a size of four clusters. It is
to be noted that one cluster is 32 sectors occupying 65,536 bytes. Thus,
one sector has a size of 2,048 bytes. A byte-count columm shows the nunber
of bytes conposing each data content. 36 The first 64 bytes of the defect
list DFL are used as bytes for recordi ng managenent information of the

def ect |i teddFld rEwembinagereyd ¢hftdrerade tecbflise. dédhectsedonst DFL
includes information indicating that this cluster is the defect |ist DFL,
a versi on,rddwerdinnperred id ifelkldved def edie | ilsirdDRnd asalimsmuapdat ed and
the nunber of entries formng the defect |list DFL. The bytes foll ow ng the

64t h byt e @i nisety asrdyd &FL f#5 tearmihg, caniemntsaci leaeh #dizye of the
defect list DFL. Each entry is alternate-address information ati having a

llength of i ghub¥iBsatdrd er mnRatrefhavivig < |sengdhtoire gt eiesisserves
as an alternate-address end i mediately follow ng ati #N,

the seventh recording area of the defect list is

identified by cluster numbers 29 to 32.

As is obvious from the above description, the DMA
having a size of 32 clusters includes seven recording
areas of the defect list, i.e., DFL #1 to DFL #7.

In a write-once optical disk allowing data to be
recorded therein once as is the case with the diskr
provided by the embodiment, in order to record contents
of a DMA, it is necessary to carry out a process referred
to as ‘finalize’. In this case, the same contents are
recorded in seven recording areas DFL #1 to DFL #7.

FIG. 5 is a diagram showing the data structure of
the contents of the DDS recorded at the beginning §f the
DMA shown in FIG. 4. As described above, the DDS has a
‘size of one cluster {(= 65,536 bytes).

In the figure, byte 0 is the position of the

' beéinning of the DDS having a size of 65,536 bytes. A
byte-count column shows the number of bytes included in
each data content.

Two bytes indicated by byte positions 0 to 1 are
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which is the | ast one of pieces of effective alternate- address
information. In this DFL, an area follow ng the alternate- address end is
filled up with 00h codes till the end of the clusters. The defect-Ii st
managenent information having a |ength of 64 bytes is shown in FIG 7. Two
bytes starting with a byte at byte position O are used as bytes for
recording a character string DF representing the identifier of the defect
list DFL. One byte at byte position 2 is used as a byte for 37 recording
the format nunber of the defect |ist DFL. Four bytes starting with a byte
at byte position 4 are used as bytes for recording the nunber of tines the
def ect |i skebFlashayteesefoupdateddintg i"PIX"0 bérvindt dd tzhdDS this value is
actually the nunber of tines the TDFL (tenporary defect list) to be

descri bed ibdaher flas heen catpdat ethaandhitshusl ust eralive threangfSerred from t he
TDFL. Four bytes starting with a byte at byte position 12 are used as

bytes for recordbng bleenunbecatédeByr bgsel postiheodebedts Lksth BELa that is,
t he nunber of pieces of alternate-address information ati. Four bytes

starting wtlh FHRRIrdHe PePd ifimd rAhhdisedt ahdWeasfor gecording
cluster counts indicating
the DDS format.

Four bytes indicated by byte positions 4 to 7 are
used as bytes for recording the number of times the DDS
has been updated. It is to be noted that, in this
embodiment, in the finalize process, alternate-address
management information is additionally written into the
DMA itself instead of being used for updating the DMA.

The alternate-address management information is stored in
the TDMA before being written into the DMA in the

- finalize process. Thus, when the finalize process is
eventually carried out, a TDDS (temporary DDS) of the
TDMA contains the number of times the TDDS has been
updated. The aforementioned number of times the DDS has
been updated is the number of times the TDDS has been
updated.

Four bytes indicated by byte positions 16 to 19 are
used as bytes for recording AD DRV, which is the start
physical sector address of a drive area in the DMA.

Four bytes indicated by byte positions 24 to 27 are

used as bytes for recording AD DFL, which is the start

34



the sizes of free areas available in the alternate areas |I1SA 0, ISA 1, CSA
0 and OSA 1. Byte positions other than the byte positions described above
are reserved and all filled with codes of O00h. FIG 8 is a diagram show ng
the data structure of an alternate-address information ati. The data
structure includes information show ng the contents of an entry

conpleting an alternate-address process. In the case of a one-l|ayer disk,
the total nunber of pieces of alternate-address infornmation ati can be up
38 to a maxi num of 32,759. Each piece of alternate-address information ati
conprises eight bytes (or 64 bits, i.e., bits b63 to b0). Bits b63 to b60
are used ahyEitslf ereatecordidngsst atfus Hefai di dts Bfie igt dthes Bt he entry.
In the defect list DFL, the status is set at a value of 10000' indicating
an ordinary alteonatbyaddr éadiproedsbyebyty. pOsheional Géstof 35t Bgest at us
will be explained later in a description of the alternate address in the
TDFL of thecEDMA HRites Y redsdiaie gl aphidisflorsacror diungpdrthe PSN
(physi cal sector address) of the first sector in an alternate source

cluster. Thaty ighy«Q £aY.sddtdrhissidialss) Yf uddirstart Qdsteiorswy ected to an
al t er nat e- addr ess

the user-data area in the data zone. That is to say, the A

four bytes are used as bytes for recording a PSN

indicéting the position of an LSN (logical sector number)

of 0.

Four bytes indicated by byte positions 36 to 39 are
used as bytes for recording an LSN (lcgical sector

| number) of the end position of the user-data area in the
data zone.

Four bytes indicated by byte positions 40 to 43 are
used as bytes for recording the size of the ISA in the
data zone. The ISA is the ISA of a one-layer disk or the
ISA on layer 0 of a two-layer disk.

Four bytes indicated by byte positions 44 to 47 are
used as byteé for recording the size of each OSA in the
data zdne.

Four bytes indicated by byte positions 48 to 51 are
used as bytes for recording the size of the ISA in the
data zone. The ISA is the ISA on layer 1 of a two-layer
disk.

One byte indicated by'byte position 52 is used as a
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process due to a defect or renewal of data is expressed by the physical
sector address PSN of the first sector of the cluster. Bits b3l to b26 are
reserved. It is to be noted that these bits can also be used as bits for
recording status 2, which is other status in this entry. Bits b27 to b0
are used as bits for recording the physical sector address PSN of the
first sector in an alternate destination cluster. That is to say, in this
data structure, a destination cluster required in an alternate-address
process due to a defect or renewal of 39 data is expressed by the physi cal
sector address PSN of the first sector of the cluster. As described above,
t he alt er batte- daédr essoridifngr meriren satsa i1 lt dhtead @hcan nenthetdvdwi ng an
alternate source cluster and an alternate destination cluster. Then, such
an entry iox ecataldegedcam tiee reefeactd Hy stsibll amaviSfy e sty @&2ure shown in
FIG 6. In the DVA, information on an alternate-address nanagenent

i nf or mat i @haits ikee¢or dag,i tha dalaestanset ua l Ifilkey the aedlescri bed above.
As expl ai ned above, however, these kinds of information are recorded in a

process tandiiclald z@atheHH Sksa landhiBepooBesse BBShgr @gedt entifrediyat i on on
an al t er nat e- addr ess nmanagenent

Byte positions other than the byte positions
described above are reserved (or undefined) and all
filled with codes of 00h.

As described above, the DDS is used as an area for
storing the addresses of the user-data area, the sizes of
each ISA and each OSA and spare area full flags. That is
‘to say, the DDS is used for storing information for
managing and controlling areas of each ISA and each OSA

~in the data zone.

Next, the data structure of the defect list DFL is
explained by referring to FIG. 6. As explained earlier by
:referring to FIG. 4, the defect list DFL is recorded in
‘an area having a size of four élusters.

In the defect list DFL shown in FIG. 6, a byte-
position column shows data positions of each data content
of the defect list having a size of four clusters. It is
to be noted that one cluster is 32 sectors occupying
65,536 bytes. Thus, one sector has a size of 2,048 bytes.

A byte-count column shows the number of bytes

composing each data content.
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information is transferred fromthe TDVA to the DVA. Information on defect
processing and information on an alternate-address nanagenent carried out
due to renewal of data are recorded in the TDVA descri bed bel ow and
updated fromtine to tine. 3: TDVA Method 3-1: TDMVAs The fol |l ow ng
description explains the TDMA (tenporary DVMA) provided in the
managenent/control information area as shown in FIGS. 2 and 3. Mich |ike
the 40 DVA, the TDMA is used as an area for recording information on

al ternat e- address processes. Every tinme an alternate-address process is
carried out to follow renewal of data or follow detection of a defect,

i nformati on on tA&ealftiestattd- aditess © Prideeske fiesctadded 4L wre THBWA or
recorded in the TDVA as an update. FIG 9 is a diagram show ng the data
structure zof bytihes THEMA. rdderdirze cofnd dendmiVAL L So iyt Tad | oyf 251028 cl usters.
As shown in the figure, the first cluster indicated by a cluster nunber of

1 is used @ster€| USSEIDIOr MeeohdinagemensPace diintataprf @f ltdgedeFech space
bitmap conprises bits each representing a cluster of a nain data area
i ncluding j itdie siat & zoneids wetd rdse PorMBNgLRR A ¢ od ol T ea

cluster is the defect list DFL, a version, the number of

times the defect list DFL has been updated and the number‘

of entries forming the defect list DFL.

The bytes fellowing the 64 byte are used as bytes
for recording contents of each entry of the defect list
DFL. Each entry is alternate-address information ati
having a length of eight byfes.

A terminator having a length of eight bytes serves
as an alternate-address end immediately following ati #N,

" which is the last one of pieces of effective alternate-
address information.

In this DFL, an area following the alternate-
address end is filled up with OOh codes till the end of
the clusters.

The defect-list management information having a
length of.64 bytes is shown in FIG. 7.

Two bytes starting with a byte at byte position 0
are used as bytes for recording a cﬁaracter string DF
representing the identifier of the defect list DFL.

One byte at byte position 2 is used as a byte for
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including the lead-in zone and the | ead-out zone (and the outer zones in
the case of a two-layer disk). The value of each bit is wite

exi stence/ non-exi stence information indicating whether or not data has
been witten into a. cluster represented by the bit. Al clusters ranging
from the lead-in zone to the | ead-out zone (including the outer zones in
the case of a two-layer disk) are each represented by a bit of the space
bitmap as descri bed above, and the size of the space bitmap itself is one
cluster. 41 A cluster indicated by a cluster nunber of 2 is wused as a
cluster for recording a space bitmap for layer 1 (or the second layer). It
is to be meteddinat then foltmatcasebelr @ ordd aledleadi dk,sta ¥Pace bitmap for
|l ayer 1 is of course unnecessary. If an alternate-address process is
carried out in, réar Byaspl etaapingewathon bgtehangbydat posdhtient$, a TDFL
(tenporary defect list) is additionally recorded to a cluster at the

begi nni ng ;0 AR MNEAC R ARE 310a rigkdiE ngl BV nliter iof tHimamAstheof a
two-| ayer disk, the first TDFL is recorded in an area starting fromthe

position Jdigated by, ¢lawstRlenunRertf. 318sishewnpennbheds kgute. |n
the case of a one-layer disk, a space bitmap for layer 1 is not necessary
as descriQ%isaQ%ﬁ%e E@u%cﬁugiﬂy'ﬁﬂe number of times the TDFL
(temporary defect list) to be described later has been
updated and, thus, a value transferred from the TDFL.
Four bytes starting with a byte at byte position 12
are used as bytes for recording the number of entries in
the defect list DFL, that is, the number of pieces of
alternate-address information ati.
Four bytes starting with a byte at byte position 24
are used as bytes for recording cluster counts indicating
the sizes of free areas available in the alternate areas
IsA 0, ISA 1, 0OSA 0 and OSA 1.
Byte positions other than the byte positions
described above are reserved and all filled with codes of
00h.
FIG. 8 is a diagram showing the data structure of
~an alternate-address information ati. The data structure
includes information showing the contents ofi an entry
completing an alternate-address process.

In the case of a one-layer disk, the total number

of pieces of alternate-address information ati can be up
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TDFL is recorded in an area starting fromthe position indicated by a
cluster nunber of 2. Then, every tine an alternate-address process is
carried out. thereafter, a TDFL is additionally recorded at a subsequent
cluster position without providing a gap between the subsequent cluster
position and the preceding cluster position. The size of a TDFL is in the
range 1 to up to 4 <clusters. Since a space bitmap shows recordi ng states
of clusters, the bitmap is updated every tinme data is witten into any of
the clusters to update the cluster. 42 \Wen the space bitmap is updated,
much like a TDFL, a new space bitmap is additionally recorded in a TDVA
area st arid Bgnfasdmurhehegdi,miiong of a free area in the TDMA. That is to
say, a space bitmap and/or a TDFL is additionally recorded in the TDVA
fromtime to ti nBachl bikGet 6fbalnetradthaddrikescantognnativansataf a space
bitmap and a TDFL will be described |later. Anyway, a TDDS (tenporary disc

defini ti oGy @) ght 1eaRdetdr idu thecd ast. 2,043ty s Sand wo)af a

cluster used for recording a space bitmap and the | ast 2,048-byte sector

of | to 4LKhusteys dsedd Ard EUING 18 TP Ror The kS d staataiil ed

information on the optical disk. FIG 10 is a diagramshow ng the data
StrUCturew%ﬁchajﬁp%%% LB of the entry. In the defect list DFL,

the status is set at a value of ‘0000’ indicating an
ordinary alternate-address process entry. Other values of
the status will be explained later in a description of
the alternate address in the TDFL of the TDMA.
Bits b59 to b32 are used as bits for recording the
PSN (physical sector address) of the first sector in an
alternate source cluster. That is to say, in this data
structure, a cluster subjected to aﬁ alternate-address
process due to a defect or renewal of data is expressed
by the physical sector address PSN of the first sector of
~the cluster.
Bits b3l to b2B are reserved. It is to be noted
that these bits can also be used as bits for recording
"~ status 2, which is other status in this entry.
Bits b27 to b0 are used as bits for recording the
physical sector addréss PSN of the first sector in an
_alternate destination cluster. That is to say, in this
data structure, a destination cluster required in an

alternate-address process due to a defect or renewal of
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As descri bed above, each bit of a space bitmap represents the recording
state of one cluster on the disk, that is, each bit indicates whether or
not data has been recorded in the cluster represented thereby. For
if data has not been recorded in a cluster, a bit representing
the cluster is set at 1. It is to be noted that, in the case of a
two-| ayer disk, a space bitmap is provided for each |ayer and information
recorded in one of the space.bitmaps is independent of information

recorded in the other space bitmap. 43 For one sector = 2,048 bytes,

exanpl e,

clusters on a | ayer

having a storage capacity of 25 GB can be represented

by a spaceth tirapxpirelsadsize tife 2 yedctalr seciicrcedahees IRt erf conpri ses
32 sectors, the space bitmap itself can be forned fromone cluster
dat a strugher gigfsta sspace kit M shawtdm FIG 10, a cluster allocated as
the bitmap conprises 32 sectors, i.e., sectors O to 31. A byte-position

col um

shows byhg gesttiBE8 Aboeachtak theeggetersddseekor O at the

In the

begi nning of the space bitmap is used as a sector for recordi ng managenent

i nformati QR ffrmalthenbitBR s TWR MULS Ala PR ROSHAANYy Ggnd 1 in sector 0
are used as bytes for recording an UB, which i's an

alternate source cluster and an alternate destination
cluster. Then, such an entry is cataloged in the defect
list DFL having a structure shown ianIG. 6.

In the DMA, information on an alternate-address
management information is recorded in a‘data structure
like the one described above. As explained above, however,
these kinds of information are recorded in a process to

finalize the disk. In this process, most recent

information on an alternate—address management

" information is transferred from the TDMA to the DMA.

Information on defect processing and information on
an alternate-address management carried ocut due to
renewal of data are recorded in the TDMA described below

and updated from time to time.

3: TDMA Method
3-1: TDMAs
The following description explains the TDMA

(temporary DMA)} provided in the management/control

information area as shown in FIGS. 2 and 3. Much like the
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unal | ocated space bitmap ID (identifier). One byte at byte position 2 is
used as a byte for recording a format version such as a version of 00h.
Four bytes starting frombyte position 4 are used as bytes for recording a
| ayer nunber indicating whether this space bitmap corresponds to |ayer O
or layer 1. 48 bytes starting frombyte position 16 are'used as bytes for
recording bitmap information. The bitmap i nformation conprises pieces of
zone information for three zones, i.e., the inner zone, the 44 data zone
and the outer zone. The pieces of zone information are zone information
for the inner zone, zone information for the data zone and zone

i nf or mat i omaf,orchet IM@MAUtier vaeRE aslteh SHza dforeacddvafdidwe pi eces of zone
information is 16 bytes. Each of the pieces of zone information conprises

a start cliggiamaftiost oRSN 1t r5add- e s Pesiddesf. biEvery ddma, aa
validate bit length in bitmap data and a reserved area, which each have a

size of fQuUfeb¥ieSadiiess Yrloddstiey ddrsite PNH St AN dwhysi cal  sector
address) indicating a start position of the zone on the disk. That is to

say, the RNdy31acHt it AU 8891 oW disi g5 esk Whefkgdie: zone i's mapped

-onto the space
information on the alternate-address process is added to

the TDMA or recorded in the TDMA as an update.

FIG. 9 is a diagram showing the data structure of
the TDMA.

The size of the TDMA is typically 2,048 clusters.
As shown in the figure, the first cluster indicated by a
cluster number of 1 is used as a cluster fof recording a
space bitmap for layer 0. A space bitmap comprises bits
each representing a cluster of a main data area iﬁcluding
the data zone as well as a management/control area
including the lead-in zone and the lead-out zone (and the
outer zones in the case of a two-layer disk). The value
of each bit is write existence/non~exi§ténce information
indicating whether or not data has been written into a
cluster represented by the bit. All clusters ranging from
the lead-in zone to the lead-ocut zone (including the
outer zones in the case of a two-layer disk) are each
represented by a bit of the space bitmap as described
above, and the size of the space bitmap itself is one

"cluster.
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bitmap. The start byte position of bitmap data is a byte count indicating
the start position of bitmap data for the zone as a position relative to
the unal | ocated space bit map identifier |ocated at the begi nning of the
space bit map. The validate bit length in bitmap data is also a byte
count representing the anount of bitmap data of the zone. Actual bitnmap
data is recorded on sector 1 in an 45 area starting frombyte position O
of the sector. Sector 1 is the second sector of the space bitmap. In this
area, one sector of the space bitnmap represents 1@ data. The actual
bitmap data is followed by reserved areas ending w th an area i mediately
precedi ng sect or A3tlushechindicahed bst asedusitest nunespade Zbiltsmap. The
reserved areas are filled with codes of 00h. Sector 31, which is the |ast
sect or of udskel space clhistteap,fdrs nesed-ding segtare flortmage ofak NgpeeTDDS. The
pi eces of bitmap information described above are nmanaged as follows. First
of all, the @esamptdcavneEXpiains. aispaee thi brapotcdh thiae | dyerchrunber at
byte position 4 indicating layer 0. That is to say, the description
expl ai ns &=sRAcHE ki omP fBferd QNG| Y eipdiSkoitmap for layer 1 is
of course unnecessary.
If an alternate-address process is carried out in,
for example, an operation to change data contents, a TDFL
(temporary defect list) is additionally recorded to a
cluster at the beginning of an unrecorded area in the
TDMA. Thus, in the case of a two-layer disk, the first
TDFL is recorded in an area starting from the position
indicated by a cluster number of 3 as shown in the figure.
In the case of a one-layer disk, a space bitmap for layer
1 is not necessary as described above. Thus, the first
TDFL is recorded in an area starting from the position
indicated by a cluster number of 2. Then, every time an
'alternate—address process is carried out. thereafter, a
TDFL is additionally recorded at a subsequent cluster
position without providing a gap between the subsequent
cluster position and the preceding cluster position.
The size of a TDFL is in the range 1 to up to 4
clusters. Since a space bitmap shows recording states of

clusters, the bitmap is updated every time data is

written into any of the clusters to update the cluster.
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or a space bitmap for layer O of a two-layer disk. In this case, the zone
information for the inner zone is information for the inner zone of |ayer
0, that is, information for a lead-in zone. The start cluster first PSN of
the zone is a PSN of the start position of the |lead-in zone as shown by a
solid-line arrow. The start byte position of bitmap data is used for
recording information indicating the position of bitmap data correspondi ng
to the lead-in zone in the space 46 bitmap as shown by a dashed-1ine arrow,
that is, information indicating byte position O of sector 1. The val ue of
the validate bit length in bitmap data is the size of the bitmap data for
t he | ead- iWherorde Bmacorsl indprimtipteted, theckiat bkgoneT PEL, i af B2¥at i on on
the data zone of layer 0. The start cluster first PSN of the zone is a PSN
of the stspacepdsittnam iof ddwbl idbtma kbynerasostednibya aTBMA| @xedi ne arrow.
The start byte position of bit map data is used for recording information
i ndi cati ngsttdrer ipogitran die héompnicdat af car fespondeéaginothheTddba zone in
the space bitmap as shown by a dashed-line arrow, that is, information
i ndicating byte posittiiegnt® efaysed &pate bitmap and/or a TDFL is
additionally recorded in the TDMA from time to time.
It is to be noted that the configurations of a
space bitmap and a TDFL will be described later. Anyway,
a TDDS (temporary disc definition structure) is recorded
in the last 2,048-byte sector of a cluster used for
recording a space bitmap and the last 2,048-byte sector
of 1 to 4 clusters used for recording a TDFL. The TDDS is
detailed information on the optical disk.
FIG. 10 is a diagram showing the data structure of
a space bitmap.
As described above, each bit of a space bitmap
represents the recording state of one cluster on the disk,
that is, each bit indicates whether or not data has been
recorded in the cluster represented thereby. For example,
if data has not been recorded in-a cluster, a bit
representing the cluster is set at 1. It is to be noted
that, in the case of a two-layer disk, a space bitmap is
provided for each layer and information recorded in one

of the space bitmaps is independent of information

recorded in the other space bitmap.
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The value of the validate bit length in bitnmap data is the size of the
bitmap data for the data zone. The zone information for the outer zone is
information for the outer zone of layer 0, that is, information for a

| ead- out zone on a one-layer disk or outer zone O of a two-layer disk. The
start cluster first PSN of the zone is a PSN of the start position of the
| ead- out zone or outer zone 0 as shown by a solid-line arrow. The start
byte position of bitnmap data is used for 47 recording information
indicating the position of bitmap data corresponding to the |ead-out zone
(or outer zone 0) in the space bitmap as shown by a dashed-1ine arrow,
that is, informibironnendecabicng Byt0d 8pbsitteison cQ usftesectoor aNlafikee val ue of
the validate bit length in bitnap data is the size of the bitmap data for
t he | ead- ¢idvizone Grtomiteercaonei Oy dNexas Ghecalesss | pipoaseaxprdilig a space
bitmap with the layer nunber at byte position 4 indicating |ayer 1. That

is to say,a tdpdtesortnld exp ainsk aspaEesditdmp. Sdndeayere 1 of a
two-layer disk. In this case, the zone information for the inner zone is

i nformati n fiert hengiileZ031e icdayel the tdice iSithd or@diprnedor a
| ead- out zone.
be formed from one cluster.

In the data structure of a space bitmap shown in
FIG. 10, a cluster allocated as the bitmap comprises 32
sectors, i.e., sectors 0 to 31. A byte-position column
shows byte positions of each of the sectors.

Sector 0 at the beginning of the space bitmap is
used as a sector for recording management information of
the bitmap.

Two bytes at byte positions 0 and 1 in sector 0 are
used as bytes for recordiﬁg an UB, which is an
unallocated space bitmap ID {identifier).

One byte at byte pbsition 2 is used as a byte for
recording a format version such as a version of 00h.

Four bytes starting from byte position 4 are used
as bytes for recording a layer number indicating whether
this space bitmap corresponds to layer 0 or layer 1.

48 bytes starting from byte position 16 are used as
bytes for recording bitmap information.

The bitmap information comprises pieces of zone

information for three zones, i.e., the inner zone, the
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The start cluster first PSN of the zone is a PSN of

the start position of

the | ead-out zone as shown by a dotted-line arrow. Since the address
direction on layer 1 is a direction froman outer side to an inner
position indicated by the dotted-line arrowis a start position. The start

byte position of bit map data is used for

si de,

the position of bitmap data corresponding to the | ead-out zone in the

space

i ndi cating byte position O of sector
| ength in bitmap data

bitmap as shown by a dashed-line arrow, that is, 48 information
1. The value of the validate bit
is the size of the bitmap data for the | ead-out

zone. The deorze danfeorarat itdre fortdthezaat a Abree piscaanfady etricon on t he dat a

zone of

| ayer

1. The start cluster first PSN of the zone is a PSN of

t he

a

recording information indicating

start posiitnfermeftidie dat aaonei rafo siwwobyE e didhd etland i necwe f omondhe st art

byte position of bitmap data is used for

recording information indicating

the posi tiigff imddtdmrForaitte ciiLshongi Ngd t ohideifadomaoneni fothe space
bitmap as shown by a dashed-line arrow, that is, information indicating
byt e posi tdn NiQfy sesiOr 2. The value of the validate bit length in bitnmap

dat a

The size of each of the pieces of zone information
is 16 bytes. Each of the pieces of zone information
comprises a start cluster first PSN, a start byte
position of bitmap data, a validate bit length in bitmap
data and a reserved area, which each have a size of four
bytes.

The start cluster first PSN is a PSN (physical
sector address} indicating a start position of the zone
on the disk. That is to say, the PSN is a start address,
which is used when the zone is mapped onto the space
bitmap.

The start byte position of bitmap data is a byte
count indicating the start position of bitmap data for
the zone as a position relative to the unallocated space
bit map identifier located at the beginning of the space
bit map.

The validate bit length in bitmap data is also a
byte count representing the amount of bitmap data of the
zone.

Actual bitmap data is recorded on sector 1 in an
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is the size of the bitmap data for the data zone. The zone information for
the outer zone is information for the outer zone 1 of layer 1. The start
cluster first PSN of the zone is a PSN of the start position of the outer
zone 1 as shown by a dotted-line arrow. The start byte position of bitnmap
data is used for recording information indicating the position of bitmp
data corresponding to outer zone 1 in the space bitmap as shown by a
dashed-line arrow. The information is 49 information indicating byte
position O of sector N. The value of the validate bit length in bitmp data
is the size of the bitmap data for outer zone 1. Next, the data structure
of a TDFL aireaexpleaitied. frAsm tyser idved. @lovd), f T sesstregror dedtiom a free
area followng a space bitnmap in a TDVA. Every tinme an wupdating operation
is carried dut tha ERconds seeterded athe tspamdeediinmiapy. ofint héisesmeni, ng free
area. FIG 11 is a diagramshowi ng the data structure of a TDFL. The TDFL

conpri ses chet @etteirUsifeithe Bypae@mparinp ddeddia ORIGshwr . nTheG 6, it
is obvious that the contents of the TDFL are simlar to those of the DFL
in that the ki $titedPH=es Afs tfhe Weferthy s R UsE RS ending

with an area immediately preceding sector 31, which is

the last sector of the space bitmap. The reserved areas

are filled with codes of 00h.

Sector 31, which is the last sector of the space
.bitmap, is used as a sector for recording a TDDS.

The pieces of bitmap information described above
are managed as follows. First of all, the description
explains a space bitmap with the layer number at byte
position 4 indicating layer 0. That is to say, the
description explains a space bitmap for a one-layer disk
or a space bitmap for layer 0 of a two-layer_disk.

In this case, the zone information for the inner
Zdne is information for the inner zone of layer 0, that
is, information for a lead-in zone.

The start cluster first PSN of the zone is a PSN of
the start position of the lead-in zone as shown by a
sclid~line arrow. |
| The start byte position of bitmap data is used for
recording information indicating the position of bitmap

data corresponding to the lead-in zone in the space
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bytes for recordi ng managenent information of the defect |list, the bytes
followng the 64th byte are used as bytes for recording contents of pieces
of alternate-address information ati each having a |l ength of 8 bytes, and
a termnator having a length of 8 bytes serves as an alternate-address
end inmediately following ati #N, which is the |ast one of pieces of
effective alternate-address information. However, the TDFL conposed of 1
to 4 clusters is different fromthe DFL in that a DDS (or a TDDS) is 50
recorded in 2,048 bytes conposing the |ast sector of the TDFL. It is to be
noted that, in the case of the TDFL, an area preceding the |ast sector of
a cl ust er Hiccwdy e tdtewrallberaadesaekdt bsse | af oowpt tloat t 81 nat or pertains
is filled up with codes of 00h. As described above, the last sector is

used as a JefdOiatioin recdichinth® JPES. pdéithen @l draatesnddr ess
information termnator pertains to the |ast sector of a specific cluster,

an area between e vspee 0t tHustan @k e llasigigectoniadma cdtst er
i mredi ately preceding the specific cluster is filled up wth codes of 0

~and the |asd sector-ofo¢ h@né %@‘Qh@;gedié[ta Precedhagl €hyst 8T zbseused as a
- sector for recording a

The zone information for the data zone is
information on the data zone of layer 0.

The start cluster first PSN of the zone is a PSN of
the start position of the data zone as shown by a solid-
line arrow.

The start byte position of bit map data is used for
recording information indicating the position of bitmap
data corresponding to the data zone in the space bitmap
as shown by a‘dashed—line arrow, that is, information
indicating byte position 0 of sector 2.

The value of the validate bit length in bitmap data
is the size of the bitmap data for the data zone.

The zoﬁe'infofmatibn fof'the outer zone is
information for the outer zone of layer 0, that is,
information for a lead-out zone on a one-layer disk or
outer zone 0 of a two-layer disk.

The start cluster first PSN of the zone is a PSN of
the start position of the lead-out zone or outer zone 0
as shown by a solid-line arrow.

The start byte position of bitmap data is used for
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The defect-1list managenent information having a size of 64 bytes is

i denti cal

with the defect-list rmanagenent information expl ai ned ear

lier by

referring to FIG 7 as information included in of the defect |ist DFL.

However,

as the nunmber of tines the defect |ist has been updated, t

bytes starting with a byte at byte position 4 are used as bytes for
recordi ng the sequence nunber of the defect list. That is to say, a

sequence

nunber included in defect-list nanagenent information in

recent TDFL is the nunber of tinmes the defect Iist 51 has been updat

Besi des,

the four bytes starting with a byte at byte position 12 ar

he four

a nost
ed.
e used

as byt es frcamsdorddiimf arye timmberdigfatemy idse pesitien eheonlimiier of

pi eces of

alternate-address information ati. In addition, the four

byt es

starting wata adytesrandiyte tpoditie ore2-are used (@s dytes fore rEcor di ng

val ues of

cluster counts at the tinme the TDFL is updated. This clus

ter

counts represtid spshe dizesmpofad redecvar das avdadlabdelime tderalt erhnet e ar eas
ISA 0, ISA1, OCSA 0 and CSA 1. The data structure of the alternate-address
i nfor mat i ans,atiin fidrrtdte okDRlnd icSi iMd asyi®d ddei b 0 séf usédtter shown in FI G

8 as the
The

structure of the alternate-address information ati in the
The value of the wvalidate bit length in bitmap data

is the size of the bitmap data for the lead-out zone or
ocuter zone 0.

Next, the description explains a space bitmap with
the layer number at byte position 4 indicating layer 1.
That is to say, the description explains a space bitmap
for layer 1 of a two-layer disk.

In this case, the zone information for the inner

zone is information for the inner zone of layer 1, that

.is, information for a lead-out zone.

The start cluster first PSN of the zone is a PSN of
the start position of the lead-out zone as shown by a
dotted-line arrow. Since the address diﬁection on layer 1
is a direction from an outer side to an inner side, a
position indicated by the dotted-line érrow is a start
position.

The start byte position of bit map data is used for
recording information indicating the position of bitmap
.data corresponding to the lead-out zone in the space

bitmap as shown by a dashed-line arrow, that is,
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alternate-address information ati is included in the TDFL as an entry
showi ng an alternate source cluster and an alternate destination cluster,
which are involved in an alternate-address process. Such an entry is
cataloged in the tenporary defect list TDFL having a data structure shown
in FIG 11. In the case of the TDFL, however, the value of status 1
included in the alternate-address information ati in the TDFL may have a
val ue of 0101 or 1010 in addition to 0000. 52 Status 1 having a val ue of
0101 or 1010 indicates that an alternate-address process carried out on a
plurality of physically continuous clusters is a burst transfer process,
whi ch handinée migd igrusitrelisatolnediythelges Toide hove speedrfik, status 1
having a value of 0101 indicates that the start sector physical address of
an al ternate souffbe whisktepfandet veldtartt $ddt dengysiicalbltadgr ekdaof an
alternate destination cluster, which are included in the alternate-address
i nformati ds athe sdire gfegpecth Malap tdwet phist cahe atkelidssutof zdde. first sector
in the first cluster of the physically continuous clusters serving as the
al ternate sourceraadzbhe physirgal iacdrfess thef dadre fdonst isector in the first

cluster of the physically continuous clusters serving as the alternate
information on the data zone of layer 1.

The start cluster first PSN of the zone is a PSN of
the start position of the data zone as shown by a dotted-
line arrow.

The start byte position of bitmap data is used for
recording information indicating the position of bitmap
data corresponding to the data zone in the space bitmap
as shown by a dashed-line afrow, that is, information
indicating byte position 0 of sector 2.

The value of the validate bit length in bitmap data
is the size of the bitmap data for the data zone.

The zone information for the outer zone is
information for the outer zone 1 of layer71.

The start cluster first PSN of the zone is a PSN of
the start position of the outer zone 1 as shown by a
dotted-line arrow.

The start byte position of bitmap data is used for
recording information indicating the position of bitmap
data correspondihg to outer zone 1 in the space bitmap as

shown by a dashed-line arrow. The information is
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destination. On the other hand, status 1 having a value of 1010 indicates
that the start sector physical address of an alternate source cluster and
the start sector physical address of an alternate destination cluster,
which are included in the alternate-address information ati are
respectively the physical address of the first sector in the |last cluster
of the physically continuous clusters serving as the alternate source and
t he physical address of the first sector in the last cluster of the
physically 53 continuous clusters serving as the alternate destination.
Thus, in an alternate-address process collectively treating a plurality of
physi cal | yndormamions icldisrdrigyy Hytd pasottimecdssd ypa-watlhd og an entry
describing the alternate-address information ati for each of all the
clusters. |nsteatllhei vaisenetesbar yafladspechfiy drhgtbndn éhttmapofdata

al ternate-address information ati including two physical addresses of
first sectier $hen sfiideStofCltihgt ericnand damwtiver @ittay minall er nat e- addr ess
information ati including two physical addresses of first sectors in |ast

clusters as descyithed aheveatAssdesetipedo@baveprbasiscalkdpyaitlee . TDFL has a
data structure identical with that of a DFL. However, the TDFL is
character ipxzediddxtialy e, ze afpgihe TRk PEn a free area

following a space bitmap in a TDMA. Every time an

updating operation is carried out, a TDFL is recorded at

the beginning of the remaining free area.

FIG. 11 is a diagram showing the data structure of
a TDFL.

The TDFL comprises 1 to 4 clusters. By comparing
with the DFL shown in FIG. 6, it is obvious that the
contents of the TDFL are similar to those of the DFL in
that the first 64 bytes of the defect list are used as
bytes for recording management information of the defect
list, the bytes following the 64" byte are used as bytes
for recording contents of pieces of alternate-address
information ati each having a length of 8 bytes, and a
terminator having a length of 8 bytes serves as an
alternate~address end immediately following ati #N, which
is the last one of pieces of effective alternate-address
information.

However, the TDFL composed of 1 to 4 clusters is-.

different from the DFL in that a DDS {(or a TDDS) is
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extended to up to four clusters, the last sector is used as a sector for
recordi ng a TDDS, and managenent of burst transfers can be executed by
using alternate-address information ati. As shown in FIG 9, the TDMA is
used as an area for recording space bitnmaps and TDFLs. As descri bed
earlier, however, the 2,048-byte | ast sector of each of the space bitnmaps
and each of the TDFLs is used as a sector for recoding a TDDS (tenporary
disc definition structure). FIG 12 is a diagram showi ng the structure of
the 54 TDDS. The TDDS occupi es one sector having a size of 2,048 bytes.
The TDDS has the sanme contents as the DDS in a DMA. It is to be noted
that, evenddwough tike 2DDR thas/tesSiaen@fsironetod Usd€r sonséstongtlod 65, 536
bytes, only a portion not beyond byte position 52 is virtually defined as
contents @fpsifhe DDS as explained earlier by referring to FIG 5. That is
to say, actual contents are recorded in the first sector of the cluster.

Thus, in spite oftthe rhagk hbakdt k8atDDSnhanea cvisze A toRl yroang sector,
the TDDS covers all the contents of the DDS. As is obvious from conpari son

of FIG 1% C%‘dll‘% tﬁf@ﬁ%&?ﬁ@@ﬁé&e IE[%S@J{_IJQH&? POSktionscP=t0o 53 are

i denti cal ose o Is to not ed

alternate-address information terminator pertains is
filled up with codes of 00h. As described above, the last
sector is used as a sector for recording a TDDS. If the
alternate-address information terminator pertains to the
last sector of a specific cluster, an area between the
specific cluster and the last sector of a cluster
immediately preceding the specific cluster is filled up
with codes of 0 and the last sector of the immediately
preceding cluster is used as a sector for recording a

- TDDS.

The defect-list management informationh having a
size of 64 bytes is identical with the defect-list
management information explained earlier by referring to
FIG. 7 as information included in of the defect list DFL.

However, as the number of times the defect list has
been updated, the four bytes starting with a byte at byte
position 4 are used as bytes for recording the sequence
number of the defect list. That is to say, a segquence
‘number included in defect-list management information in

a.most recent TDFL is the number of times the defect list
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however, that bytes starting frombyte position 4 are used as bytes for
recordi ng the sequence nunber of the TDDS, bytes starting from byte
position 16 are used as bytes for recording the physical address of the
first sector in a drive area in the TDVA and bytes starting from byte
position 24 are used as bytes for recording the physical address AD DFL of
the first sector of the TDFL in the TDVA. Bytes at byte position 1,024 and
subsequent byte positions in the TDDS are used as bytes for recording 55
i nformation, which does not exist in the DDS. Four bytes starting from byte
position 1,024 are used as bytes for recording the physical address LRA of
a sector s gFeout@sdasédci rcunference included in the user-data area as
a circunference on which user data has been recorded. Four bytes starting

frombyte positigpsk28 anR nad BadytfsFoing aeordi Agpide physi cal

address AD BPO of the first sector in a nost recent space bitmap for

| ayer 0 irbg@ oMy 1 &0 zbé(%]@suéé@éismgyfcégnfew 8cBO8LEhgNtie032 are used

as bytes for recording the physical address AD BP1 of the first sector in

a nost reGai,SPase gﬁ%f@@%foﬁhaéa¥§f %hénnﬁﬂﬁezqy%'pieces of

alternate—address information ati. In addition, the four
bytes starting with a byte at byte position 24 are used
as bytes for recording values of cluster_counts at the
time the TDFL is updated. This cluster counté'represent
the sizes of free areas available in the alternate areas
Isa -0, ISA 1, OSA 0 and 0OSA 1.

The data structure]of the alternate—addreés
information ati in the TDFL is similar to the data
structure shown in FIG. 8 as the structure of the
alternate-address information ati in the DFL. The
alternate-address information ati is includéd in the TDFL
as an entry showing an alternate source cluster and an
alternate destination cluster, which are invoived in an

‘ alternateFaddress process. Such an entry is cataloged in
‘the temporary defect list TDFL having a data structure
shown in FIG. 11.

In the case of thé'TDFL, however, the value of
status 1 included in the alternate-address information
ati in the TDFL may have a value of 0101 or 1010 in

‘addition teo 0Q000.
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One byte at byte position 1,036 is used as a byte for recording a flag for
controlling the use of an overwite function. Bytes at byte positions

ot her than the byte positions described above are reserved and filled with
codes of 00h. As described above, the TDDS includes addresses in the
user-data area, | SA and OSA sizes and spare area full flags. That is to
say, the TDDS includes managenent/control information for managi ng | SAs and
OSAs 56 in the data zone. At this point, the TDDS is simlar to the DDS
Al so as descri bed above, the TDDS al so i ncludes pieces of information such
as the physical address AD BPO of the first sector in the effective nost

recent space bigrapukon hayengla e uehys caloladdr 08 CARmBRra0fed he  first
sector in the effective nost recent space bitmap for layer 1 and the

physical agfyiess ADdEkndfethidddStproasiorcinribe eif estiye nost recent
TDFL (tenporary DFL). Since a TDDS is recorded in the |ast sector of the

space bit d; hes ¢ SR Oy HBodhendihs €Ves¥ets NBsaa 1SPASE bi tmap or
a TDFL isggggggj 9ﬂe rggg{ded T S(?s a neW/TDDSfEThus? in the TDVMA shown

in FIG 9.8 RS jAstuded |niensnacaibist meR added dAstcor &dPRS § nel uded

To be more specific, status 1 having a value of
0101 indicates that the start sector physical address of
an alternate source cluster and the start sector physical
address of an alternate destination cluéter, which are
included in the alternate-address information ati, are
respectively the physical address of fhe first sector in
the first cluster of the physically continuous clusters
serving as the alternate source and the physical address
of the first sector in the first cluster of the
physically continuous clusters serving as the alternate
destination.

On the other hand, status 1 having a value of 1010
indicates that the start sector physical address of an
‘alternate source cluster and the start secter physical
address of an alternate destination cluster, which are
included in the alternate-address information ati are
respectively the physical address of the first sector in
the last cluster of the physically continuous clusters
serving as the alternate source and the physical address

of the first sector in the last cluster of the physically
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in a TDFL added last is the nost recent TDDS. In the nost recent TDDS, the
nost recent space bitnmap and the nost recent TDFL are shown. 3-2: | SAs and
OSAs FIG 13 is a diagram show ng positions of each | SA and each OSA. An

| SA (i nner space area) and an OSA (outer space area) are each an area
allocated in the data zone as an alternate area used in an

al ternat e-address process 57 carried out on a defective cluster. In
addition, an ISA or an CSA is also used in an operation to wite new data
into a desired address as an alternate area for actually recording the new
data supposed to be witten into the desired address, at which other data
has been recdridedusr elivsisins. SEreriopereat itdre tad tammiate tdestigwidata i nto t he
desired address is thus an operation to renew the other data with the new
data. FI G 13A ishasdi agram shoerngtthedpesksti pamsceksagollSAtanelgn OSA on
a one-| ayer disk. As shown in the diagram the ISAis |ocated on the

i nner nost + relatGudf er eneeagiide off g dala Ao ndiensass tdleud¥sAcd s | ocat ed

on the outernost-circunference side of the data zone. On the other hand,
FIG 13B ii$ 3=0ird@ a@-eRQWM- to catalog an entry describing the
alternate-address information ati for each of all the
clusters. Instead, it is necessary to speéify only one
entry of alternate-address information ati including two
physical addresses of first sectors in first clusters and
another entry of alternate-address information ati
including two physical addresses of first sectors in last
 clusters as described above.

As described above, basically, the TDFL has a data
structure identical with that of a DFL. However, the TDFL
is characterized in that the size of the TDFL can be
extended to up to four clusters, the last sector is‘used
.as a sector for recording a TDDS, and management of burst
transfers can be executed by using alternate-address
information ati.

As shown in FIG. 9, the TDMA is used as an area for
recording space bitmaps and TDFLs. As described earlier,
however, the 2,048-byte last sector of each of the space
bitmaps and each of the TDFLs is used as a éector for
recoding a TDDS (temporary disc definition structure).

FIG. 12 is a diagram showing the structure of the
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t he positions of each | SA and each OSA on a two-| ayer

the diagram ISA O is located on the innernost-circunference side
data zone on layer 0 whereas the CSA 0 is |located on the outernost-
circunference side of the data zone on layer 0. On the other hand,
is located on the innernost- circunference side of the data zone on | ayer

wher eas

the OSA 1 is |located on the outernost-circunference side

di sk. As shown in

of the
| SA 1

of the

data zone on layer 1. 58 On the two-layer disk, the size of I1SA 0 may be
different fromthat of I SA 1. However, the size of GSA 0 is equal
of OSA 1. The sizes of the ISA (or ISA 0 and I SA 1) and the sizes

CSA (or

CSA may

to that
of the

OSADG .and OSA 1) are defined in the DDS and the TDDS, which have
been described earlier. The size of the ISAis determ ned at an
initialization tThe #@DOSrenaupdiekti ved skherteaf hevingowewérze offhé,didBe of the

be changed even after data has been recorded therein. That

isto

say, the ©9Aesi.zeTheetobDdetaisnthke sERBS coat e schanged: iDDANropetMA.on to
update the TDDS to increase the size of the OSA. An alternate-address

process ugithg st ke LA Itddaha@5A dviercaiHdeth attie asDd dd Ows. s Bk aper at i on
to renew data is taken as an exanple. For exanple, new data is wi

one cluster consisting of 65,536 bytes, only a portion
not beyond byte position 52 is virtually defined as
contents of the DDS as explained earlier by referring to
FIG. 5. That is to say, actuai contents are recorded in
the first sector of the cluster. Thus, in spite of the
fact that the TDDS has a size of only one sector, the
TDDS covers all the contents of the DDS.

As is obvious from comparison of FIG. 12 with FIG.
5, contents of the TDDS at byte positions 0 to 53 are
.identical with those of the DDS. It is to be noted,
however, that bytes starting from byte position 4 are
used as bytes for recordingsthe sequence number of the
TDDS, bytes starting from byte"bosition 16 are used as
bytes for recording the physical address of the first
sector in a drive area in the TDMA and bytes starting
from byte positioﬁ.24 are used as bytes for recording the
physical address AD“DFL'of the first sector of the TDFL
in the TDMA.

Bytes at byte position 1,024 and subsequent byte

positicns in the TDDS are used as bytes for recording
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into the user-data zone. To be nore specific, the datais witten into a
cluster, in which existing data has al ready been witten previously. That
is to say, a request is nmade as a request to renew the existing data. In
this case, since the disk is recognized as a wite- once optical disk, the
new data cannot be witten into the cluster. Thus, the new data is witten
into a cluster in the ISA or the OCSA. This operation is referred to as an
al ternat e- address process. 59 This alternate-address process is nanaged as
the alternate-address information ati descri bed above. The
alternate-address information ati is treated as a TDFL entry including the
addr ess ofi n&Foeinagtien, wWwhiwh eledsheiotexsitdtng rdathe ass been recorded from
the very start, as an alternate source address. The TDFL entry of the

al t er nat e- addr esgo{,pf B;EBEI @Ba@tiingl $@ohnblydepokheioadd, €94 afrean | SA or
OCSA cluster, in which the new data has been witten as alternate-address

data, as ?’%ed,a'ats?@y%fe% dest iRaldren rridnes phyifialal addr&ay, LHM dhe case of
(0]

r enewal existing data, alternate-address data is recorded in the I SA or

the OSA and e Al hR-AUUASS: QLA LAY |8 Qedy e dat a
wa

| ocations for the rene of the existing data is controlled as
alternateh%%gL%%%£ %& mald oN Allcumference on which user data has

been recorded.

Four bytes starting from byte position 1,028 are
used as bytes for recording the physical address AD_BPO
of the first sector in a most recent space bitmap for
layer 0 in the TDMA.

Four bytes starting from byte position 1,032 are
used as bytes for recording the physical address AD BP1
of the first sector in a most recent space bitmap for
layer 1 in the TDMA.

One byte at byte position 1,036 is used as a byte
for recording a flag for controlling the use of an

overwrite function.

Bytes at byte positions other than the byte
positions described above are reserved and filled with
codes' of 00h.

| As described above, the TDDS includes addresses in
the user-data area, ISA and OSA sizes and spare area full
flags. That 1s to say, the TDDS includes

management/control information for managing ISAs and OSAs
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catal oged on the TDFL in the TDVA. Thus, while the disk is a wite-once
optical disk, virtually, renewal of data is inplenented. In other words,
as seen fromthe OS of a host system a file systemor other systens,
renewal of data is inplenented. The alternate-address process can al so be
applied to managenent of defects in the sane way. To put it in detail, if
a cluster is determned to be a defective area, by carrying out the

al ternat e- address process, data 60 supposed to be witten in the cluster is
witten in a cluster of the I SA or the OSA. Then, for the nmanagenent of-
this alternate-address process, one alternate-address information ati is
cat al oged ias tare efttray wmet.heATDEbis $o3ntTDMA<UIDNG Nist lsddnida rddscri bed
above, every tine data is renewed or an alternate-address process is
carried owhe @gpace bitmap and a TDFL in a TDVA are updated. FIG 14 is a
di agram showi ng the state of updating contents of a TDVA. FIG 14A shows a
state in which aaspacasbigbeepibed abayer, Ghed THEace llid M lfieted ayer 1 and

a TDFL have been recorded in the TDVA. As described above, the |ast sector
of each ofyithaes xace fiddBdorndidied aste seeIcof iderdEFlamrep@ach
of the first sector in the effective most recent space
bitmap for layer 0, the physical address AD BP1 of the
first sector in the effective most recent space bitmap
for layer 1 and the physical address AD DFL of the first
sector in the effective most récent TDFL {temporary DFL}.
Since a TDPS is recorded in the last sector of the
space bitmap and ﬁhe last sector of the TDFL every time a
. space bitmap or a TDFL is added, the recorded TDDS is a
new TDDS. Thus, in the TDMA shown in FIG. 9, a TDDS
included in a space bitmap added last or a TDDS included
in a TDFL added last i1s the most recent TDDS. in the most

recent TDDS, the most recent space bitmap and the most

recent TDFL are shown.

3-2: ISAs and OSAs
FIG. 13 is a diagram showing positions of each ‘ISA
and each O0SA.
An ISA (inner space area) and an OSA {outer space
~area) are each an area allocated in the data zone as an

alternate area used in an alternate-address process
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used for recording a TDDS (tenporary DDS). They are referred to as TDDS 1,
TDDS 2 and TDDS 3. In the case of the state shown in FIG 14A the TDFL is
related to nost recently witten data. Thus, TDDS 3 recorded in the | ast
sector of the TDFL is the nost recent TDDS. As explained earlier by
referring to FIG 12, this TDDS includes AD BPO, AD BP1 and AD DFL. AD BPO
and AD 61 BPl1l are informati on show ng the | ocations of effective npst
recent space bitmaps. On the other hand, AD DFL is information showi ng the
| ocation of an effective nost recent TDFL. In the case of TDDS 3, AD BPQ,
AD BP1 and AD DFL are pieces of effective information pointing to the

| ocat i ons cefrrtikel spaceid e and d el dddras shown by a solid-1line
arrow, a dashed-line arrow and a dotted-line arrow respectively. That is
to say, AD DFL i mnTEBSi8ibs, Hsedsasoanaaddsesy sf arlsepecicklyiing aa TDFL
including TDDS 3 itself as an effective TDFL. On the ot her hand, AD BPO

and AD BPLgdratRe 3 ARG USEhas RAH esses d despesd fyddges spaceaabi t maps
for layers 0 and 1 respectively as effective space bitmaps. Later on, data

is witten 3nd, SdCE-dNeHPacs uitfBRdorddayernd nsy Upgad ed, a new space
bitmap for Jlayer 0 I1s added to the 'TDVA. As shown in FIG 14B, the
supposed to be written into the desired address, at which
'~ other data has been recorded previously. The operation to
write the new data into the desired address is thus an
operation to renew the other data with the new data.

FIG. 13A is a diagram showing the positions of an
'ISA and an OSA on a one—layer disk. As shown in the
diagram, the ISA is located on the innermost-
circumference side of the data zone whereas the OSA is
located on the outermost-circumference side of the data
zbne.

On the other hand, FIG. 13B is a diagram showing
the positions of each ISA and each OSA on a two-layer
disk. As shown in the diagram, ISA 0 is located on the
innermost-cirtumference side of the data zone on layer O
whereas the O0SA 0 is located on the outermost-

- ¢lrcumference side of the data zone on layer 0. On the
other hand, ISA 1 is located on the innermost-
circumference side of the data zone on layer 1 whereas
the OSA 1 is located on the outermost—circumference side

of the data zone on layer 1.
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new space bitmap is recorded at the beginning of a free area. In this
case, TDDS 4 recorded in the |last sector of the new space bitmp becones
the nost recent TDDS. AD BPO, AD BP1 and AD DFL in TDDS 4 are used as
addresses for specifying pieces of effective information. To be nore
specific, AD BPOin TDDS 4 is used as an address for specifying a space
bitmap for layer 0 as a space bitmap, which includes TDDS 4 itself and
serves as 62 effective information. Miuch |ike the state shown in FIG 14A
AD BP1 in TDDS 4 is used as an address for specifying a space bitmap for

| ayer 1 as effective information, and AD DFL in TDDS 4 is used as an
address for speohfyhagtactDeleasdaskef fréet isndeeTDEL ISRatlemagnedata i s
witten again and, since the space bitnmap for layer 0 is updated, a new
space bitgpEfefreintd Btem GHa addersa a t heiokaMar ,Ashehevned RFIOGA DAC, the
new space bitmap is recorded at the beginning of the free area. In this
case, TDD§gb ¢ rdefd dynd her lgst 1 sector of the new space bitmap becones
t he nost recen TDDS. AD BPO, AD BP1 and AD DFL in TDDS 5 are used as

addresses for spegif wingsPhgcene0frsaf f@Gt ingg inferamatgron,) Fadpenwre
specific, AD BPO 1n TDDS 4 is used as an address for specifying a space

bi tmap f O AKely 0 df DesSPAES A PRindibEh 1Nl Hdiese FRE 44 terdf and
pDS and the TDDS, which have been described earlier.

The size of the ISA is_determined at an
initialization time and remains fixed thereafter. However,
the size of the 0SA may be changed even after data has
been recorded therein. That is to say, the 0SA sige
recorded in the TDDS can be changed in an operation to
update the TDDS to increase the size of the 0SA.

An alternate-address process using the ISA or the
0OSA is carried out as follows. An operation to renew data
‘is taken as an example. For example, new data is written
into the user-data zone. To be more specific, the data is
written into a cluster, in which existing data has

| already been written previously. That is to say, a
request is made as a request to renew the existing data.
In this case, since the disk is recognized as a write-
once optical disk, the new data cannot be written into
the cluster. Thus, the new data is written into a cluster

in the ISA or the OSA. This operation is referred to as

an alternate-address process.
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effective information. Much like the state shown in FIGS. 14A and 14B, AD
BP1 is used as an address for specifying a space bitmap for layer 1 as
effective information, and AD DFL is used as an address for specifying a
TDFL as an effective TDFL. As described above, when a TDFL and/or a space
bitmap are updated, a TDDS recorded in the |last sector of the nost recent

i nformation includes addresses indicating 63 effective information such as
space bitmaps and a TDFL, which are included in the TDVA. The effective
information is defined as the nobst recent space bitmaps and the nost
recent TDFL, which are cataloged in the TDVA before a finalize process.
Thus, the di sk dFPhie atteapabteadfirgeaspirngesns ief leceoed EBFLhgnd
effective space bitmaps by referring to a TDDS included in a | ast recorded
TDFL or aalastrnatecedded sspacd chirtatdprr edor diecsdmitdre sk . Bifhehe way,

FIG 14 is a diagramshow ng the state of updating contents of a TDVA for
a two-| ayan teirskteFadldress o feayaititer HIVA isndinsdas=da sspacerid map f or

| ayer O and a space bitnmap for layer 1. The two space bitmaps and the TDFL
are initiahtyy cal-aheged ikhet haidHIWs forr d ayierst®r, That Wisidio say, only the

TDVA for layer O is used and, every time a TDFL

existing data has been recorded from the very start, as
an alternate source address. The TDFL entry of the
alternate-address information ati also includes the
address of an ISA or OSA cluster, in which the new data
has been written asralternate—address data, as an
alternate destination address.

That is to say, in the case of renewal of existing
‘data, alternate-address data is recorded in the ISA or’
the OSA and the alternate-address process carried out on
the data locations for the renewal of the existing data
is controlled as alternate-address information ati
rcataloged on the TDFL in the TDMA. Thus, while the disk
is a write-once optical disk, virtually, renewal of data
is implemented. In other words, as seen from the OS of a
host system, a file system or other syStems, renewal of
data is implemented.

The alternate-address process can algo be applied
to management of defects in the same way. To put it in
detail, if a cluster is determined to be a defective area,

by carrying out the alternate-address process, data
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and/ or a space bitmap are updated, the new TDFL and/or the new space
bitmap are added to the TDVMA as shown in FIG 14. The TDMVA for |ayer 1 as
the second layer is used after the TDVA for |ayer 0 has been all used up.
Then, the TDVA for layer 1 is also used for catal oging TDFLs and/ or space
bi t maps one after another by starting fromthe beginning of the TDVA. 64
FIG 15 is a diagramshowing a state in which the TDVA for layer 0 is al
used up after recording a TDFL or a space bitmap N tinmes. Then, a TDFL or
a space bitmap is catal oged continuously in the TDVA provided for |ayer 1
to serve as a continuation of the TDVA provided for layer 0 as shown in
FIG 14C. suppdeedsttat &eshovirttem BlrGtHks, clafdterr time wiDMA drorin layer 0 has
been used up, two space bitnmaps for layer 1 are further catal oged in the
TDVA for laystek otk Ssrstat ehelDRS N+Zheecorfded tihe taaalgastengect or  of
the nost recent space bitmap for layer 1 is the nost recent TDDS. Mich

li ke the girateighawrdrihdtGaddbed N ghlrdmst desenite MBS -ARBRG AD BP1
and AD DFL point to pieces of effective information as shown by a

sol i d- | i ng B QW+ i3 dasheads |d1e RIJaw ANt 3 &%ﬁzy%ﬂ i #Yee armomW
respectively. That is to say, AD BPl1 in TDDS N+Z is used as an address
3-3: TDMA-Using Method

As described above, every time data is renewed or
an alternate-address process is carried out, a space
bitmap and a TDFL in a TDMA are updated.

| FIG. 14 is a diagram showing the state of updating
éontents of a TDMA.

FIG. 14A shows a state in which a space bitmap for
layer 0, a space bitmap for layer 1 and a TDFL have been
recorded in the TDMA.

As described above, the last sector of each of the
space bitmaps and.the last sector of the TDFL are each
used for recording a TDDS (temporary DDS). They are
referred to as TDDS 1, TDDS 2 and TDDS 3.

In the case of the state shown in FIG. 14A, the
TDFL is related to most recently written data. Thus, TDDS
'3 recorded in the last sector of the TDFL is the most
recent TDDS.

As explaiﬁed earlier by referring to FIG. 12, this

TDDS includes AD BP0, AD BP1l and AD DFL. AD BP0 and AD
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for specifying a space bitmap for layer 1 as a space bitmap, which

i ncludes TDDS N+2 itself and serves as effective information. On the other
hand, AD BPO in TDDS N+2 is used as an address for specifying a space
bitmap for layer 0, that is, the sane space bitmap as that shown in FIG
14C, and AD DFL in TDDS N+2 is used as an address for specifying aTDFL as
effective information or nost recently updated information. 65 It is

needl ess to say that, if the TDFL, the space bitmap for layer 0 or the
space bitmap for layer 1 is updated thereafter, the updated TDFL or space
bitmap is catal oged at the beginning of a free area in the TDVA for |ayer
1. As des@uibedeabovirmatel SEDMAsWioTg ridver ot layerest @fégetivare used one
after another for catal ogi ng updated TDFLs and space bitmaps. Thus, the
TDMAs f or e neeenti nghd @y éristneaps be Oms edhg @ittdry hasida 12dr g Isiigl e TDMVA
As a result, a plurality of DMAs can be utilized wth a high degree of

ef fi ci encynfdimaddidi Whowhetehidgiondy of TS ffeot tfed hast  wi t hout
regard to whether the TDVA is provided for layer O or 1, an effective TDFL

gzg/ gft\j\g_%%ecéﬁﬂﬁ MBFICAN The the' asRed ofl IHdy 3 enbodrENtAD Brnerdayesy di sk
DFL are pieces of effective information pointing to the
locations of the space bitmaps and the TDFL as shown by a
solid-line arrow, a dashed-line arrow and a dotted-line
afrow respectively. That is to say, AD DFL in TDDS 3 is
used as an address for specifying a TDFL including TDDS 3
itself as an effective TDFL. On the other hand, AD BPO
and AD BPl in TDDS 3 are used as addresses for specifying
space bitmaps for layers 0 and 1 respectively as
effective space bitmaps.

Later on, data is written and, since the space
bitmap for layer 0 is updated, a new space bitmap for
‘layer 0 is added to the TDMA. As shown in FIG. 14B, the

- new space bitmap is recorded at the beginning of a free
area. In this case, TDDS 4 recorded in the last sector of
the_new space bitmap becomes the most recent TDDS. AD BPO,
AD BP1 and AD DFL in TDDS 4 are used as addresses for
specifying pieces of effectivé information.

To be more specific, AD BPO in TDDS 4 is used as an

. address for specifying a space bitmap for layer 0 as a

space bitmap, which includes TDDS 4 itself and serves as
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| ayer disk are assuned as described above. It is to be noted, however,
that a disk having three or nore recording layers is also conceivable. Also
in the case of a disk having three or nore recording |ayers, the TDVAs
for the layers can be used one after another in the same way. 4: Disk
Drive 66 The follow ng description explains a recording/reproduction
apparatus serving as a disk drive for the wite-once optical disks
descri bed above. The disk drive provided by the enbodinent is capable of
formng a layout of a wite-once optical disk in a state explained earlier
by referring to FIG 1 by formatting the disk in a state wherein,
t ypi cal | y efdmior iviehe nficemeddredsd Mpfbr ddkicothgr egaPeCssivown imn FEIGG, 1 has
been created but no wite-once area has been fornmed. In addition, the disk
drive recadds dat ®FIntion tth®suderi-sdatssed saeamnfaddmwegh sioformatted in this
way and reproduces data fromthe user-data. If necessary, the disk drives
al so updatsgecd FIOMY by speeer diingnapfiometdesr thexeigf Brekivecords data into
an | SA or an GSA. FIG 16 is a diagramshowi ng the configuration of the
di sk drivan# a3k oh,i Sid@pMDrIe-anCEpmPtd ciad Wik desal idwdress
for specifying a TDFL as an effective TDFL.
Later on, data is written again and, since the
space bitmap for layer 0 is updated, a new space bitmap
for layer 0 is added to the TDMA. As shown in FIG. 14C,
the new space bitmap is recorded at the beginning of the
- free area. In this case, TDBDS 5 recorded in the last
sector of the new space bitmap becomes the most recent
TDDS. AD BP0, AD BP1 and AD DFL in TDDS 5 are used as
addresses for specifying pieces of effective information.
To be more specific, AD BP0 in TDDS 4 is used as an
address for specifying a space bitmap for layer 0 as a
space bitmap, which includes TDDS 4 itself and serves as
effective information. Much like the state shown in FIGS.
14A and 14B, AD BP1 is used as an address for specifying
a space bitmap for layer 1 as effective information, and
AD DFL is used as an address for specifying a TDFL as an
effective TDFL.
As described ébove, when a TDFL and/or a space

bitmap ére updated, a TDDS recorded in the last sector of

the most recent information includes addresses indicating
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above. The disk 1 is nmounted on a turntable not shown in the figure. In a
recordi ng/ reproduction operation, the turntable is driven into rotation at
a CLV (constant linear velocity) by a spindle notor 52. An optical pickup
(optical head) 51 reads out ADI P addresses enbedded on the disk 1 as a
wobbl i ng shape of a groove track and managenent/control information as 67
information prerecorded on the disk 1. At an initialization/formatting tine
or in an operation to record user data onto the disk 1, the optical

pi ckup 51 records managenent/control information and user data onto a
track in a wite-once area. In a reproduction operation, on the other
hand, the edpidaddlve pindkanra8ligreadsclouts darace eciordees ornd he TPEk, 1. The
optical pickup 51 includes a | aser diode, a photo detector, an objective

| ens and amiept isca isydheimd iwhitdte afi@MAot Thieow  fiertive fiirfinmematile | aser
diode is a device serving as a source for generating a | aser beam The

phot o det dct @lefiihical GeMIREmiodOIrsatrectipra heamps edhectied myst he di sk
1. The objective lens is a conponent serving as an output term nal of the

| aser beamecehte Toptl,CalhixitstLr ic?at?all&{)@ﬂnﬂﬂttﬁe@wmmi@éf@get&le | aser
beamto a recording face of the disk 1 by way of the objective |lens and
| eadi ng t&ngyﬂﬁg%ﬁ%dgggnto t he
Thus, the disk drive is capable of grasping an
effective TDFL and effective space bitmaps by referring
to a TDDS included in a last recorded TDFL or a last
recorded space bitmap recorded in the TDMA.
By the way, FIG. 14 is a diagram showing the state
.éf updating contents of a TDMA for a two-layer disk. That
is to say, the TDMA includes a space bitmap for layer 0O
and a space bitmap for layer 1.
| The two space bitmaps and the TDFL are initially
cataloged in the TDMA for layer 0. That is to say, only
fhe TDMA for layer 0 is used and, every time a TDFL,
and/or a space bitmap are updated, the new TDFL and/or
the new space bitmap are added to the TDMA as shown in
FIG. 14.
The TDMA for layer 1 as the second layer is used
after the TDMA for layer 0 has been all used up.
Then, the TDMA for layer 1 is also used for
cataloging TDFLs and/or space bitmaps one after another

by starting from the beginning of the TDMA.
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photo detector. In the optical pickup 51, the objective lens is held by a
bi axi al mechanismin such a way that the mnechanismis capable of noving
the objective lens in tracking and focus directions. In addition, the
entire optical pickup 51 can be noved in the radial direction of the disk
1 by a thread 68 nechanism 53. The | aser diode included in the optical
pickup 51 is driven to emit a | aser beamby a drive current generated by
a laser driver 63 as a drive signal. The photo detector enployed in the
optical pickup 51 detects information conveyed by a beamreflected by the
di sk 1, converts the detected information into an electrical signal
proportional to FHE.|ilght si at dasigmarofshomiang &f |sdctted e ahishd thppl i es the
el ectrical signal to a matrix circuit 54. The matrix circuit 54 has a
current/ valMage oxc drayerrsifon. cialcuidsedhie ha fsenuseescd oiinonv FPFhgen

current output by the photo detector conprising a plurality of

| i ght - seng tspeedeviteep iNtoiveyol tage,, andDFINaLr iaX space bitmap is
processing/anplification circuit for carrying out nmatrix processing to
gener at e REEGRISAYIH do@imioudley NecEssaryvsighed sdedctolel @aydi gh- f requency

signal (or a
to serve as a continuation of the TDMA provided for layer
0 as shown in FIG. 14C.
In the state shown in FIG. 15, after the TDMA for

layer 0 has been used up, two space bitmaps for layer 1
are further cataloged in the TDMA for layer 1. In this
state, TDDS N+2 recorded in the last sector of the most
recent space bitmaﬁ for layer 1 is the most recent TDDS.
Much like the state shown in FIG. 14, in the most recent
TDDS, AD BPQ, AD BP1l and AD DFL point to pieces of
effective information as shown by a solid-line arrow, a
dashed-line arrow and a dotted-line arrow respectively.
That is to say, AD BP1l in TDDS N+2 is used as an address
Afoﬁ sﬁecifying a space bitmap for layer 1 as a space
bitmap, which includes TDDS N+2 itself and serves as

5:effective information. ©On the other hand, AD BP0 in TDDS
N+2 is used as an address for specifying a space bitmap
for layer 0, that is, the same space bitmap as that shown
~in FIG. 14C, and AD DFL in TDDS N+2 is used as én address

for specifying a TDFL as effective information or most

recently updated information.
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reproduced-data signal) representing reproduced data as well as a focus
error signal and a tracking error signal, which are used for servo
control. In addition, a push-pull signal is also generated as a signal
related to wobbling of the groove. The signal related to wbbling of the
groove is a signal for detecting the wobbling of the groove. 69 It is to
be noted that the matrix circuit 54 may be physically integrated inside
the optical pickup 51. The reproduced-data signal output by the matrix
circuit 54 is supplied to a reader/witer circuit 55 The focus error
signal and the tracking error signal, which are_ also ?Fnerated by the
matrix circuit 54t aFeNSEBEPPFEdLOL 6§27 $BRVe difr Ehiet TOTL, TRESHEPRSSUI |
signal generated by the matrix circuit 54 is supplied to a wobble circuit
58. The r &ddawpbwiiarerlagiare @ o3 e spaga duitmdprioxaraydngl ckd processi ng
such as a binary conversion process on the reproduced-data signal and a
process t opdgérer dthe repafdmrodudtd orpdd ook HiKnalr ypardtitmepm RL
technique to generate data read out by the optical pickup 51. The
gener at ed cdatd dged ken t$uppldcddhiting offmedfrsde aYatenodutrad | TOMAE I feui t  56.
The nodul ati on/ denodul ation circuit 56 conprises a functional nenber
serving agayedeqqder in a reproduction
As described above, the TDMAs for recording layers
0 and 1 are used one after another for cataloging updated
TDFLs and space bitmaps. Thus, the TDMAs for the
recording layers can be used jointly as a large single
‘TDMA. As a result, a plurality of DMAs can be utilized
with a high degree of efficiency.
In addition, by searching only a TDDS recorded last
without regard to whether the TDMA is provided for layer
0 or 1, an effective TDFL and/or space bitmap can be
grasped.
In this embodiment, a one-layer disk and a two-
layer disk are assumed as described abdve. It is to be
noted, however, that a disk having three or more
recording layers is also conceivable. Also in the case of
a disk having three or more recording layers, the TDMAs

for the layers can be used one after another in the same

way.

4: Disk Drive
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process and a functional nenber serving as an encoder in a recording
process. In a reproduction process, the nodul ation/denodul ation circuit 56
i npl enents denodul ation process for run-length Iimted code as decoding
process on the basis of the reproduction clock signal. 70 An ECC
encoder/decoder 57 is a conponent for carrying out an ECC encodi ng process
to add error correction codes to data to be recorded onto the disk-1 and
an ECC decodi ng process for correcting errors included in data reproduced
fromthe disk 1. At a reproduction tine, data denodul ated by the
nmodul ation/ dermodul ation circuit 56 is stored in an internal nenory to be
subj ected to errdhe detldeMiny Emacadidtegmrpraraessing and processi ng such as
a de-interleave process to generate the eventual reproduced data. The
r epr oducedr ekt iohn Af erecb disc ol omsappandtas secvilnggapr acdsskcdrived out by
t he ECC encoder/decoder 57 is read out fromthe internal nenory and
transferr etbr tthawappraics cpniezl edi$los t desdr Skedr aeven accordance
with a command given by a systemcontroller 60. An exanple'of the
appar at us connectteéé Hadskhelrdivak pHfdwiRldd by the embodiment is
capable of forming a layout of a write-once optical disk
in a state explained earlier by referring to FIG. 1 by
formatting the disk in a state wherein, typically, only
the prerecorded information area PIC shown in FIG. 1 has
been created but no write-once area has been formed. In
addition, the disk drive reccords data into the user-data
‘area of the disk formatted in this way and reproduces
data from the user-data. If necessary, the disk drives
also updates a TDMA by recording information therein and
records data into an ISA or an OSA.
FIG. 16 is a diagram showing the configuration of
the disk drive.
A disk 1 is the write-once optical disk described
above. The disk 1 is mounted on a turntable not shown in
the figure. 1In a recording/reproduction operation, the
turntable is driven into rotation at a CLV (constant
linear velocity) by a spindle motor 52.
An optical pickup (optical head) 51 reads out ADIP
'addresses embedded on the disk 1 as a wobbling shape of a

groove track and management/contrel information as
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an AV (Audio-Visual) system 120. As described above, the push-pull signal
output by the matrix circuit 54 as a signal related to the wobbling state
of the groove is processed in the wobble circuit 58. The push-pull signal
conveying ADI P information is denodul ated in the wobble circuit 58 into a
data stream conposing ADI P addresses. The wobble circuit 58 then 71
supplies the data streamto an address decoder 59. The address decoder 59
decodes the data received thereby to generate addresses and then supplies
the addresses to the systemcontroller 60. The address decoder 59 al so
generates a clock signal by carrying out a PLL process using the wobble

si gnal suppificethaliyi omh e neatsisicerdsid i tt188 direk suppl i es the clock signal to
ot her conponents for exanple as a recording-tine encode clock signal. The
push- pul | si gnal AbuaputinbyiahézeatipnX foirmadittingb4iae arsiignahn related to
the wobbling state of the groove is a signal originated fromthe

prer ecor degeriaftfiehmaid arddr@d user mteobhle citeullsio8,, tdtes push- pul |

signal is subjected to a band-pass filter process before being supplied to

t he readeppiicher paidkeg t515Te TN maialddr@sn ol oret 1 Nai Ty CMET i on
process to generate a data bit stream The data bit streamis then
supplied $@d user data onto a track in a write-once area. In a
reproduction operation, on the other hand, the optical
pickup 51 reads out data recorded on the disk 1.
The optical pickup 51 includes a laser diode, a
photo detector, an objective lens and an optical system,
whicﬁ are not shown in the figure. The laser diode is a
device serving as a sdurce for generating a laser beam.
The photo detector is a component for detecting a beam
reflected by the disk 1. The objective lens is a
component serving as an output terminal of the laser beam.
The optical system is a component for radiating the laser
beam to a recording face of the disk 1 by way of the
-objective‘lens and leading the reflected béam to the
photo detector.
| In the optical pickup 51, the objective lens is.
held by a biaxial mechanism in such a way that the
mechanism is capable of moving the objeétive lens in
tracking and focus directions.
In addition, the entire optical pickup 51 can be

moved in the radial direction of the disk 1 by a thread
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t he ECC encoder/decoder 57 for carrying out ECC-decode and de-interleave
processes to extract data representing the prerecorded infornmation. The
extracted prerecorded information is then supplied to the system
controller 60. On the basis of the fetched prerecorded information, the
systemcontroller 60 is capable of carrying out processes such as
processing to set a variety of 72 operations and copy protect processing.
At a recording tine, data to be recorded is received fromthe AV system
120. The data to be recorded is buffered in a nmenory enployed in the ECC
encoder/decoder 57. In this case, the ECC encoder/decoder 57 carries out
processes "ei¢hEmd SufFered data to be recorded. The processes include
processing to add error correction codes, interleave processing and

processi ng to addhsubasesdesodfhangadiglesomyl dthien PrhieaRCE Ierawdi process
IS subjected to a denodul ati on process such as denodul ati on adopting an
RLL (1-7) iPPdnstverd tion antie: arolchd et i lmadnddopdul dtiom circemnt 56 before being
supplied to the reader/witer circuit 55. In these encodi ng processes
carried oufengraxed eégoradilrgsds nixitdie €3 ook sidmnave gehguated fromthe
The photo detector employed in the optical pickup
51 detects information conveyed by a beam reflected by
the disk 1, coﬁverts the detected information into an
electrical signal proportional to the light intensity of
the reflected beam and supplies the electrical signal to
a matrix circuit 54.
The matrix circuit 54 has a current/voltage
conversion circuit, which is used for converting a
current output by the photo detector comprising a
plurality of light-sensitive devices into a voltage, and
a matrix prbcessing/amplification circuit for carrying
out matrix processing to generate necessary signals. The
necessary signals include a high-frequency signél (or.a
reproduced-data signal)‘representing reproduced data as
well as a focus error signal and a tracking error signal,
"which are used for servo control.
In addition, a push-pull signal is also generated
as a sigﬁal related to wobbling of the groove.. The signal

related to wobbling of the groove is a signal for

detecting the wobbling df the groove.

69



wobbl e signal as described above is used as the encoding clock signal,
whi ch serves as a reference signal. After conpleting these encoding
processes, the data to be recorded is supplied to the reader/witer
circuit 55 to be subjected to recording conpensation processing such as
fine adjustment of a recording power to produce a power value optinmm for
factors including characteristics 73 of the recording |ayer, the spot shape
of the laser beam and the recording |linear speed as well| as adjustnent of
t he shape of the |aser drive pulse. After conpleting the recording
conpensation processing, the data to be recorded is supplied to the |aser
driver 63 as | asét idriteebpunssed thet ider mitinigr GBI PrHesS! dHY e | aser
drive pulses to the laser diode enployed in the optical pickup 51 to
drive t he phersdrcatlilon ioft egtadset enimd riome tdpt d¢abepickupthls way, pits
suitable for the recorded data are created on the disk 1. It is to be
noted that the | @er rdpirvencéd-idaclauddgnalhewpudaldye dhPGHtAUL0 Power
Control) circuit for controlling the |aser output to a fixed value
i ndependerdircefitarmi e i tddnso saiche &Se t hver fbdi edi réehped at urkthdy _
nonitoring the |aser output power. A detector is provided in the optical
pi ckup 51 AR SLrMe RS S AN tad fte tracking error signal, which

are also generated by the matrix circuit 54, are supplied

to a servo circuit 61l. The push-pull signal generated by

the matrix circuit 54 is supplied to a wobble circuit 58.

The reader/writer circuilt 55 is a circuit for
carrying out processing such as a binary conversion
-process on the reproduced-data signal and a process to
generate a reproduction clock signal by adopting a PLL
technique to generate data read out by the optical pickup
51. The generated data is then supplied to a
modulation/demodulation circuit 56.

The modulation/demodulation circuit 56 comprises a
functional member serving as a decoder in a reproduction
process and a functional member serving as an encoder in
a recording'process.

In a reproduction process, the
modulation/demodulation circuit 56 implements

. demodulation process for run-length limited ceode as
decoding process on the basis of the reproduction clock

signal.
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nonitoring the | aser output power. The systemcontroller 60 gives a target
val ue of the | aser output power for each of recording and reproduction
processes. The level of the |aser output is controlled to the target val ue
for the recording or reproduction process. The servo circuit 61 generates
a variety of servo drive signals fromthe focus error signal and the. 74
tracking error signal, which are received fromthe matrix <circuit 54, to
carry out servo operations. The servo drive signals include focus,
tracking and thread servo drive signals. To put it concretely, the focus
and tracking drive signals are generated in accordance with the focus
error signal antint BeCt pRERFAG/ ERFBESE grialls ésFoRPonerny ter drive
respectively focus and tracking coils of the biaxial mechanism enployed in
t he opti cabhrpivikgp o8k, aThEEC enmcasking rirmecd o use st = nghs are created as
| oops conprising the optical pickup 51, the matrix circuit 54, the servo
circuit 6toameécthenbicadieal tmechdm sm Hean wsihtdeh, ontro adoonrdiesicel with a
track junp command received fromthe systemcontroller 60, the servo
circuit 6iantuams Folf delvedimac kirgesey Vitod oogr ek ey remsorout a track junp
operation by outputting a junp drive signal.
included in data reproduced from the disk 1.
At a reproduction time, data demodulated by the
modulation/demodulation circuit 56 is stored in an
internal memory to be subjected'to error
detection/correction processing and processing such as a
de-interleave process to generate the eventual reproduced
data.
The reproduced data obtained as a result of a
decoding process carried out by the ECC encoder/decoder
57 is read cut from the internal memory and transferred
to an apparatus connected te the disk drive in accordance
with a command given by a system controller 60. An
example of the apparatus connected to the disk drive is
an AV (Audio-Visual) system 120.
As described above, the push-pull signal output by
the matrix circuit 54 as a signal related to the wobbling
state of the grooﬁe is processed in the wobble circuit 58.
The push-pull signal conveying ADIP information is

demodulated in fhe wobble circuit 58 into a data stream

- composing ADIP addresses. The wobble circuit 58 then
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On top of that, the servo circuit 61 generates a thread drive signal on

the basis of a thread error signal and an access execution control signal,

which is received fromthe systemcontroller 60, to drive the thread
mechani sm 53. The thread error signal is obtained as a |owfrequency
conponent of the tracking error signal. The thread nmechani sm 53 has a
mechani sm conprising a 75 transm ssion gear, a thread notor and a nmain
shaft for holding the optical pickup 51. The thread nmechani sm 53 drives
the thread nmotor in accordance with the thread drive signal to slide the
optical pickup 51 by a required distance. It is to be noted that the
mechani Sn’}siUIp@éllfesl en@’tat@hcﬂmqam thfe 41 AR TS RS se¥vo circuit 62
controls the spindle notor 52 to rotate at a CLV. The spindle servo
circuit 62 obtai iBeaadtvekssignabergefedacedeisn thePdatpr gesss viest t he
wobbl e signal as information on the present rotational speed of the

spi ndl e mhereb? darnd ceompartes adur greserdnd dotlan ongbpl speethaM th a
predeterm ned CLV reference speed to generate a spindle error signal. In
addi ti on, addrepksedudio aheClsaciktesi gralt gelilerat@d. at a data reproduction

time by a PLL circuit enployed in the reader/witer circuit 55 is used as
the reference The address decoder 59 also generates a clock
signal by carrying out a PLL process using the wobble
signal supplied by the wobble circuit 58 and supplies the
clock signal to other components for example as a
recording-time encode clock signal.
The push-pull signal output by the matrix circuit
54 as a signal related to the wobbling state of the
groove is a signal originated from the prerecorded
information PIC. In the wobble circuit 58, the push-pull
signal is subjected to a band-pass filter process before
being supplied to the reader/writer circuit 55, which
carries out a binary conversion process to generate-a
data bit stream. The data bit stream is then supplied to
the ECC encoder/decoder 57 for carrying ocut ECC-decode
and de-interleave processes to extract data representing
the prerecorded information. The extracted prerecorded
'iﬁformation is then supplied to the system controller 60.
On the basis of the fetched prerecorded information,
the system controller 60 is capable of carrying out

processes such as processing to set a variety of
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cl ock signal of a decoding process as well as the information on the
present rotational speed of the spindle notor 52. Thus, by conparing this
reproduction clock signal with the predetermi ned CLV reference speed, a
spindle error signal can be generated. Then, the spindle servo circuit 62
outputs the spindle drive signal, which is generated in accordance 76
with the spindle error signal, to carry out the CLV rotation of the
spindle notor 52. In addition, the spindle servo circuit 62 also generates
a spindle drive signal in accordance with a spindle kick/brake contro
signal received fromthe systemcontroller 60 to carry out operations to
start, steRerajccdteran® eony deecetechipropesspiadl e notor 52. A variety of
operations carried out by the servo system and the recording/reproduction
system as descri B&da aleoveddng ¢dme,oldasth o the sygimdedord rol | er 60 based
on a mcroconputer. The systemcontroller 60 carries out various kinds of
pr ocessi ngrecae iacsbritanc echv tAV coysraeasi2 @ceifed datomtd e Ab&yisdein 120.
When a wite instruction (or a comand to wite data) is received fromthe
AV syst emil Quiffyrexaiml2, memdiey satepoyea@ninothere6d first of all noves
the opti cal
encoder/decoder 57.
In this case, the ECC encoder/decoder 57 carries
out processes on the buffered data to be recorded. The
processes include processing to add error correction
codes, interleave processing and processing to add sub-
codes.
The data completing the ECC encoding process is
subjected to a demodulation process such as demodulation
adopting an RLL (1-7} PP method in the
.modulation/demodulation circuit 56 before being supplied
to the reader/writer circuit 55.
In these encoding processes carried out at a
recording time, the clock signal generated from the
wobble signal as described above is used as the encoding
clock signal, which serves as a reference signal.
After completing these‘enpoding processes, the data
to be recorded is supplied to the reader/writer circuit
55 to be subjected to recording compensation processing

such as fine adjustment of a recording power to produce a

power value optimum for factors including characteristics
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pi ckup 51 to an address into which the data is to be witten. Then, the
ECC encoder/ decoder 57 and the nodul ati on/denodul ation circuit 56 carry
out the encoding processes described above on the data received fromthe
AV system 120. Exanples of the data are video and audio data generated in
accordance with a variety of methods such as MPEQ. Subsequently, as
descri bed above, the 77 reader/witer circuit 55 supplies |aser drive
pul ses representing the data to the laser driver 63 in order to actually
record the data on the disk 1. On the other hand, when a read command to
read out data such as MPER video data fromthe disk 1 is received from
the AV systferhit®2@eqardinyamA s 4 Heheyspem sikape rof | hesbasersbean al |
carries out a seek operation to nove the optical pickup 51 to a target
addr ess atandifihsh newe it ilsinephespead astwélbnas hedduskméntThat is to
say, the systemcontroller 60 outputs a seek command to the servo circuit
61 to drivghe lhags icdaltip dagebldtove nmkesan adtess don@l dtaimgettleddr ess
specified in the seek conmand. Thereafter, necessary control of operations
i s executrettdmlitmpnsigrerdaita @f propessingd skegniatatootbe AV system 120.
That is to say, the data is read out from the disk 1, processing such as
the decodimgatdufd @fipidied to the laser driver 63 as laser

drive pulses.

The laser driver 63 passes on the laser drive

pulses to the laser diode employed in the optical pickup

51 to drive the generation of a laser beam from the diode.

In this way, pits suitable for the recorded data are

created on. the disk 1.

It is to be noted that the laser driver 63 includes

the so-called APC (Auto Power Control) circuit for

controlling the laser output to a fixed value independent

of ambient coﬁditions such as the ambient temperature by

monitoring the laser output power. A detector is provided

in the optical pickup 51 to serve as a monitor for

monitoring the laser output power. The system controller

60 gives a target value of the laser output power for

each of recording and reproduction processes. The level

of the laser output is controlled to the target value for

the recording or reproduction process.

The servo circuit 61l generates a variety of servo

drive signals from the focus error signal and the
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processes is carried out in the reader/witer circuit 55, the

nodul ati on/ denodul ation circuit 56 and the ECC encoder/decoder 57, and the
requested data is transferred to the AV system 120. It is to be noted
that, in the operations to record data into the disk 1 and reproduce data
fromthe disk 1, the systemcontroller 60 is capable of controlling 78
accesses to the disk 1 and the recording/reproduction operations by using
ADI P addresses detected by the wobble <circuit 58 and the address decoder
59. In addition, at predeterm ned points of time such as the time the disk
1 is mounted qn the disk drive, the, systemcontroller 60 reads out a

uni que | D FRSHHIR HERT cht9te! di Yriqh| AT ¢ a58CE HECBCATBRi 5P BALERE disk 1
and prerecorded information (PIC) recorded on the disk 1 as a wobbling
groove frSHARE T effrodfirtTINE BT aF EV0 | PP REkicR%e, TMIIVIVOF seek
operations is executed with the BCA and the prerecorded data zone PR set
as tar get SI9fVe He Hedle ot didonsocuhat trackbngagnd ebaraddsesare i ssued to
the servo circuit 61 to make accesses by using the optical pickup 51 to

t he i nner ¥ssitve @irgnaifer ence side of the disk 1. Later on, the optica

pi ckup 51 is driven to carry out reproduction tracing to obtain a
push-pul | signal Tasput it concretely, the focus and tracking drive

signals are generated in accordance with the focus error
signal and the tracking error signal respectively to

drive respectively focus and tracking coils of the

biaxial mechanism employed in the optical pickup 51. Thus,
tracking and focus servo loops are created as loops
comprising the optical pickup 51, the matrix circuit 54,
the servo circuit 61 and the biaxial mechanism.

In addition, in accordance with a track jump
command received from the system controller 60, the servo
cilrcuit 61 turns off the tracking servo loop and carries
'out a track jump operation by outputtiné a jump drive
signal. | | |

On top of that, the servo circuit 61 generates a
thread drive signal on the basis of a thread error signal
and an access execution control signal, which is received -
from the systemfcontrol;erVGO, to drive the thread |
mechanism 53. The thread error signal is obtained as a
.low—freQUency component of the trackihg error signal. The

-thread mechanism 53 has a mechanism comprising a
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i nformati on conveyed by a reflected beam Then, decoding processes are
carried out in the wobble circuit 58, reader/witer circuit 55 and ECC
encoder/decoder 57 to generate BCA information and prerecorded infornmation
as reproduced data. On the basis of the BCA information and the
prerecorded information, which are read out fromthe disk 79 1 as
descri bed above, the systemcontroller 60 carries out processing such as a
process to set |aser powers and a copy protect process. In the
configuration shown in FIG 16, a cache nenory 60a is enployed in the
systemcontroller 60. The cache nmenory 60a is used for holding typically a
TDFL and/ioraRpseeChi 19D, WhiRFead etPead 80€. frBfinhehabvALCEecor ded on
the disk 1, so that the TDFL and/or the space bitmap can be updated
wi t hout maEliing HeeeRtieat Helickirkol. Vi thhweeatl skeghasismun ed on the
di sk drive, for exanple, the systemcontroller 60 controls conponents of
t he di sk diiivees cheddhotad andBHt andiorondapacewbthnape fhosutthe TDVA
recorded on the disk 1 and store themin the cache nenory 60a. Later on,
when an aldmirneatetguhll ess priodestshe sopichcal edioktipt B1repew daraiveddue to a
defect, the TDFL or
distance. It is to be noted that the mechanism itself is
not shown in the figure.
A spindle servo circuilt 62 controls the spindle
motor 52 to rotate at a CLV.
The spindle servo circuit 62 obtains a clock signal
generated in a PLL process for the wobble signal as
information on the present rotational speed of the
spindle motor 52 and compares the present rotational
speed with a predetermined CLV reference speed to
generate a spindle error signal.
In addition, a reproduction clock signal generated
 at a data reproduction time by a PLL circuit employed in
the reader/writer circuit 55 is used as the reference
clock signal of a decoding process és well as the
information on the present rotational speed of the
spindle motor 52. Thus, by comparing this reproduction
clock signal with the predetermined CLV reference speed,
a spindle error signal can be generated.

Then, the spindle servo circuit 62 outputs the

spindle drive signal, which is generated in accordance

76



the space bitmap stored in the cache nenory 60a is updated. Every tine an
al ternat e-address process is carried out to wite or renew data in the
disk 1 and the TDFL or the space bitmap is updated, for exanple, the
updated TDFL or space bitmap can be additionally catal oged in the TDVA
recorded on the disk 1. By doing so, however, the 80 TDVA recorded on the

disk 1 will be used up at an early tine. In order to solve this problem
only the TDFL or the space bitmap stored in the cache nenory 60a is
updated till the disk 1 is ejected fromthe disk drive. As the disk 1 is

ej ected fron%the di sk.drive, for exanple, the last (nost recent) TDFL or
space bit nibtRtoPedSPHREHe SEERReShBRBLy E0aCRETYr HET EPFe6LV0 the TDMA
recorded on the disk 1. In this way, the TDVA recorded on the disk 1 1is
updat ed onf§tafter PhetibrEPindiermPRerspdece bitmap, which are stored in
the cache nenory 60a, has been updated a |arge nunmber of tinmes so that the
amount of the TDWVA asshHsuti dhearbudiedred dhecekpl Ghatlen gi ven
thereafter is based on a nethod to reduce the anount of consunption of the
TDVA recoferirdfes he sibtkdle byriee ngighelcavhecmendeycé0aiich aprocessi ng
such as a recording process to be described
spindle kick/brake control signal received from the
system controller 60 to carry out operations to start,
stop, accelerate and decelerate the spindle motor 52.
A variety of operations carried out by the servo
system and the recording/reproduction system as described
above are contrelled by the system controller 60 based on
a microcomputer.
The system contreoller 60 carries oﬁt various kinds
of processing in accordance with commands received from
the AV system 120.
When a write instruction (or a command to write
data) is received from the AV system 120, for example,
the system controller 60 first of all moves the optical
pickup 51 to an address into which the data is to be
written. Then, the_ECC encoder/deqoder 57 and the
modulation/demodulation circuit 56 carry out the encoding
~processes described above on the data received from the
AV system 120. Examples of the data are video and audio

data generated in accordance with a variety of methods

such as MPEG2. Subsequently, as described above, the
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later. It is needless to say, nevertheless, that the present invention can
be inplenmented without the cache nenory 60a. Wthout the cache nenory 60a,
however, every tine a TDFL or a space bitnmap is updated, the updated TDFL
or the updated space bitmap nust be cataloged in the TDVA recorded on the
disk 1. By the way, the typical configuration of the disk 81 drive shown
in FIG 16 is the configuration of a disk drive connected to the AV system
120. However, the disk drive provided by the present invention can be
connected to an apparatus such as a personal conputer. In addition, the
di sk drive ma 9? designed into a configuration that cannot be connected
to an ‘apparrea%ci;?sr. Wi§hi G EAsE Uhl FRRPLReS coAFFHuABiVenPYhke®RA in FIG 16,
the disk drive includes an operation unit and a display wunit or an
i nt er f ace TRAMRTCT NG gt tdaig? abel e plesengdrauen. 6Fhan psdes say, data
is recorded onto a disk and reproduced fromthe disk in accordance with an
oper at i on a&taralled magody tie dser ,omntha déskihal is required as a
terminal for inputting and outputting the data. OF course, other typical
configurations aPe ttenceheabhendromwlexanplmsad heonthaid dro viee @ noe
designed as a recording-only apparatus or a reproduction-only apparatus.

data such as MPEG2 video data from the disk 1 is received

from the AV system 120, for example, the system

controller 60 first of all carries out a seek operation

to move the optical pickup 51 to a target‘address at

which the data is to be read out from the disk 1. That is

to say, the system controller 60 outputs a seek command

to the servo circuit 61 to drive the optical pickup 51 to

make an access to a target address specified in the seek

- command.
Thereafter, necessary control of operations is

executed to transfer data of a specified segment to the

AV system 120. That is to say, the data is read out from

the disk 1, processing such as the decoding and buffering

~processes is carried out in the reader/writer circuit 55,

the modulation/demodulation circuit 56 and the ECC

encoder/decoder 57, and the requested data is transferred

to the AV system 120.

It is to be noted that, in the operations to rebord

‘data into the disk 1 and reproduce data from the disk 1,

the system controller 60 is capable of controlling
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5: Operations for the First TDVA Method 5-1: Data Witing By referring to
flowcharts shown in FIGS. 17 to 20, the follow ng description explains
processing carried out by the systemcontroller 60 in a process to record
data onto the disk 1 nounted on the disk drive... 82 It is to be noted
that, at the tine the data- witing process explained belowis carried out,
the disk 1 has already been nounted on the disk drive, and a TDFL as well
as a space bitnmap have been transferred froma TDVA on the disk 1 nounted
on the disk drive to the cache nenory 60a. In addition, when a request for
a wite operation or a read operation is received froma host apparatus
such as t FERFISAtEMrD, dite I Aetthridreserdsngdperrefivatiant he request
as a logical sector address. The disk drive carries out |ogical/physical
address COREAGIUE prdocEsSihRRP cotdeessehedéogreall bectbe waddiess into
a physical sector address but the description of the conversion process
for each radgussit 5& amd ithe taddiess ideomietedd. 1t is to be noted that, in
order to convert a |ogical sector address specified by a host into a
physi cal sector addeddstioh,i stneceskaryntimeathoitttes of time such

as the time the disk 1 is mounted on the disk drive, the

.system controller 60 reads out a unique ID from the BCA

on the disk 1 in case the BCA exists on the disk 1 and

prerecorded information (PICj recorded on the disk 1 as a

wobbling groove from the reproduction-only area.

In this case, control of seek operations is

executed with the BCA and the prerecorded data zone PR

set as targets of the seek operations. That is to say,

commands are issued to the servo circuit 61 to make

‘accesses by using the optical pickup 51 to the innermost-

circumference side of the disk 1.

Later on, the optical pickup 51 is driven to carry

cut reproduction tracing to obtain a push-pull signal as

information conveyed by a reflected beam. Then, decoding

processes are carried out in the wobble circuit 58,

reader/writer circuit 55 and ECC encoder/decoder 57 to

generate BCA information and prerecorded information as

reproduced data.

On the basis of the BCA information and the

‘prerecorded information, which are read out from the disk
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physi cal address of the first sector in a user-data area’ recorded in the
TDDS to the |l ogical sector address. Assune that a request to wite data
into address N has been received froma host apparatus such as the AV
system 120 by the systemcontroller 60. In this case, the system
controller 60 starts processing represented by the 83 flowhart shown in
FIG 17. First of all, at a step F101, a space bitmap stored in the cache
menory 60a is referred to in order to deternm ne whether or not data has
been recorded in a cluster at the specified address. The space bitnmap
stored in the cache nenDd¥ 60a |s space bitmap _updated nost recently. If

no data hds Fe&PTFIRFFRRVE e %@pe%szﬁ%fa C%HF@%éertﬁ% ERBHASP t he
processing goes on to a step F102 to carry out Erocess to wite user
dat a i nt o e PERFRESINASHeprasent P35S heo f $otchaper shovRrfnamiG 18. | f
data has al ready been recorded at the specified address so that the
process t@ widrYe pueEafdt @¥cesis time can not be inplenmented, on.the
.other hand, the flow of the processing goes on to a step F103 to carry out
an overwite prdvesber epndignired oy shewn dwmc G, shiowe icacld G 19. The
process to wite user data into the address as represented by the
fl owchart rsdvewmy iG0aFIiIG hplicysed in the system controller 60. The
cache memory 60a is used for holding typically a TDFL
and/or a space bitmap, which are read out.  from the TDMA
recorded on the disk 1, so that the TDFL and/or the space
bitmap can be updated without making an access to the
disk 1.
When the disk 1 is mounted on the disk drive, for
example, the system controller 60 controls components of
the disk drive to read out a TDFL and/or a space bitmap
- from the TDMA recorded on the disk 1 and store them in
the cache memory 60a.
Later on, when an alternate-address process is
carried out to renew data or due to a defect, the TDFL or
the space bitmap stored in the cache memory 60a is
updated.
Evéry time an alternate-address process is carried
out to write or renew data in the disk 1 and the TDFL or
the space bitmap is updated, for example, the updated
TDFL or space bitmap can be additiocnally cataloged in the

TDMA recorded on the disk 1. By doing so, however, the
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process requested by a command to wite the data into the address at which
no data has been recorded. Thus, the process to wite user data into the
address as represented by the flowhart shown in FIG 18 is an ordinary
wite process. If an error is generated in the course of the wite process
due to a defect such as an 84 injury on the disk 1, however, an

al ternat e-address process may be carried out in sonme cases. First of all,
at a step FIlIl, the systemcontroller 60 executes control to wite the
data into the specified address. That is to say, the optical pickup 51 is
driven to nmake an access to the specified address and record the data of
the wite TPGuEscangss (e Rk 1 ik Rpeistd ofP t3t v t@2¥he data into
the address is conpleted normally, the flow of the processing goes on

fromthe $ti@me-F112 to the step F113 at which the space bitmap stored in
the cache nenory 60a is updated. To put it in detail, the space bitmap is
searched for a bt orderespording tbis elwdtlem, mnih dihe MDMater has been
witten this tine, and the bit is set to a value indicating that data has
been wit ttére isplae b tolags tsdraredlhien, tdhecaxtes utenomr pf 6@dneipr ocessi ng for
the wite request is ended. If the operation carried out at the step FIlI
to updated till the disk 1 is ejected from the disk drive.

As the disk 1 is ejected from the disk drive, for example,

the last (most recent) TDFL or space bitmap stored in the

cache memory 60a is transferred to the TDMA recorded on

the disk 1. In this way, the TDMA recorded on the disk 1

is updated only after the TDFL and/or the space bitmap,

which are stored in the cache memory 60a, has been

updated a large number of times so that the amount of the

TDMA consumption can be reduced.

The explanation given thereafter is based on a

method to reduce the amount of consumption of the TDMA

recorded on the disk 1 by using the cache memory 60a in

processing such as a recording process to be described

later. It is needless to say, nevertheless, that the

present invention can be implemented without the cache

memory 60a. Without the cache memory 60a, however, every

time a TDFL or a space bitmap is updated, the updated

TDFL or the updated space bitmap must be cataloged in the

TDMA recorded on the disk 1.

- By the way, the typical configuration of the disk
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wite the data into the address is not conpleted normally and an

al ternat e-address process function is in an on state, on the other hand,
the fl ow of the processing goes on fromthe step F113 to the step F114. It
is to be noted that the step F112 is executed also to determ ne whether or
not the alternate-address 85 process function is in an on state by
checki ng whether or not an | SA and/or an OSA have been defined. |If at

| east either an | SA or an OSA has been defined, an alternate- address
process can be carried out. In this case, the alternate-address process
function is determned to be in an on state. An ISA or an CSA is

det er mi ne@Tigeh&POBedh ddd-ndd L thfe carndel Bratieon if @ dhekosA in the
TDDS of the TDVMA has been set at a value other than a zero. That is to
say, at &rfFemsonngstedmdofthehdVdissietem a2Q eadlovwgivieer the 1Id8&kr an OSA
is defined as an actually existing alternate area by specifying its size
at a val ugretvireproviaieda byertdiel pre sSEDDS lavwknrteicor diary bdecTDBS-tedt he first
TDVA. As an alternative, for exanple, an OSA can be redefined by setting
its size &b anvapperetther stlthn e azererdomadn apgndtéon to update a TDDS in
a TDVA. After all, if at least either an I SA or an OSA exists, the
al t er nat e- addr essnpaddessohUntheodib® drive may be designed into a

configuration that cannot be connected to an apparatus.

In this case, unlike the configuration shown in FIG. 16,

the disk drive includes an operation unit and a display

unit or an interface member for inputting and outputting

data. That is to say, data is recorded onto a disk and

reproduced from the disk in accordance with an operation

carried out by the user, and a terminal is required as a

terminal for inputting and outputting the data.

Of course, other typical configurations are
conceivable. For example, the disk drive can be designed

as a recording-only apparatus or a reproductionwonly

- apparatus.

5: Operations for the First TDMA Method
5;1: Data Writing

By referring to flowcharts shown in FIGS. 17 to 20,
the following description explains processing carried out
by the system controller 60 in a process to record data

onto the disk 1 mounted on the disk drive..



determned to be in an on state. In this case, the flow of the processing
goes on to the step 5114. If the determ nation result obtained at the step
F112 indicates that neither an | SA nor an OSA exists, indicating that the
al ternat e- address process function has been nade ineffective, on the other
hand, the flow of 86 the processing goes on to the step S113. It is to be
noted that, at this step, the space bitnmap stored in the cache nmenory 60a
is searched for a bit corresponding to a <cluster at the specified address
and the bit is set at a value indicating that data has been recorded in

the cluster. Then, the execution of the processing is ended. |In this
case, however, tR& wsite Pegneded $hatdedti rfhen tisg dgrhe Idptspite of the
fact that a wite error has been generated, at the bit in the space

bi t map, a Wiidging nuliemdhEetthainsd dodbew beencaecbededutn the diakter
corresponding to the bit is set in the sanme way as a nornmal termnation of
the processihags alhesbt thawn ofodrieed fdagteatssk hatitbe defleat TDELarea i s
managed by using the space bitnmap as a cluster in which data has been
recorded. aBhusslleven d fspadeqiiesiiap Shdecabyet Bsamsfeeguestrbm wite data

into the defective area, in which the error has been generated, by
referring toma heh sPac@iisk 1 mounted on the disk drive to the cache
memory 60a.

In addition, when a request for a write operation
or a read operation is received from a host apparatus
such as the AV system 120, the target address 1is
specified in the request as a logical sector address. The
disk drive carries out logical/physical address
conversioﬁ processing to convert the logical sector
address into a physical sector address but the
description of the conversion process for each reguest

. from time to time is omitted. |

It is to be noted that, in order‘to convert a
logical sector: address specified by a host into a
physical sector address, it is necessary to add ‘the
physical address of the first sector in a user-data area’
recorded in the TDDS to the logical sector address.

Assume- that a request to write.data into address N
has been received from a host apparatus such és the AV
system7120 by the system controller 60. In this case, the

system controller 60 starts processing represented by the
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bi t map, the processing of the request can be carried out wth a high
degree of efficiency. As described above, if the alternate-address process
function is determined at the step F112 to be in an on state, the flow of
the processing goes on to the. step F114, first of all, to determ ne

whet her or not the 87 alternate-address process can be actually carried
out. In order to carry out the alternate-address process, the spare area,
that is, either the I SA or the OSA, nust have a free area for at | east
recording the data requested in the wite operation. In addition, the TDVA
must have a margin allowng an entry of the alternate- address information
ati for nehegierptthi shewn ermal EG. atldr eSSl pgtocebsal b, bet ardeep tRbd1i s,
allowing the TDFL to be updated. It is possible to determ ne whether or
not the | SA sprce Hel Qs heisosedhim theecacka hymohgckDagitheehanbed of
unused | SA/OSA clusters included in the defect-list nmanagenent information
shown in ARG iy.oAsedescrddesrmba: | wiesthéheodefieet dbhtst hemnbgenent
information is included in a TDFL as shown in FIG 11. If at |least either

the |1 SA orrdderd®f hesa acfueger aé‘@&tla@ds%@@ifw& hagrasher gk fgpadpdat e,

the flow of the processing carried out by the systemcontroller 60
bitmap stored in the cache memory 60a is a space bitmap
updated most recently.

if no data has been recorded at the specified
address, the flow of the processing goes on to a step
F102 to carry out a process to write user data into the
~address as represented by the flowchart shown in FIG. 18.

If data has already been recorded at the specified
address so that the process to write the data of this
time can not be implemented, on .the other hand, the flow
‘of the processing goes on to a step F1l03 to carry out an
overwrite process represented by the flowchart shown in
FIG. 109.

The process to write user data into the address as
rep;esented by the flowchart shown in FIG. 18 is a
process requested by a command to write the data into the
address at which no data has been recorded. Thus, the
process to write user data into the address as
represented by the flowchart shown in FIG. 18 is an
ordinary write process. If an error is generated in the

course of the write process due to a defect such as an
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goes on fromthe step F114 to a step F115 at which the optical pickup 51
is driven to make an access to the ISA or the OSA and record the data
requested in the wite operation into the free area in the |ISA or the CSA
respectively. Then, at the next step F116, after the wite 88 operation
requiring the alternate-address process, the TDFL and the space bitmap,

whi ch have been stored in the cache nenory 60a, are updated. To put it in
detail, the contents of the TDFL are updated by newy adding an entry of
the alternate-address information ati representing the present alternate-
address process as showmn in FIG 8 to the TDFL. In addition, in accordance
wi th the dddivryommofthsuch sn 1,emtawgvarhe alunbktreoiatataddgesis DFL entries in
the defect- |ist nmanagenent information shown in FIG 7 is increased while
t he nunbeprokassused E9A @A iddsiEr sin nsdire caedect -1 1 st nmanagenent
information showmn in FIG 7 is decreased. If the alternate-address process
is carried out egareneogl yslier att beshepber 1af, eMealsggaenDkorataliles: is

i ncrenented by one while the nunber of unused | SA/OSA clusters is

decrenent g% Rkcifted tedritddd RS RAtEt thad @tPrDeesSStio geseipteqt he
alternate-address information ati w |l be described |ater.
address. That i1s to say, the optical pickup 51 is driven
to make an access to the specified address and record the
data of the write request into the address.

If the operation to write the data into the address
is completed normally, the flow of the processing goes on

from the step F112 to the step F113 at which the space
bitmap stored in the cache memory 60a is updated. To put
it in detail, the space bitmap is searched for a bit
corresponding.to a cluster in which.the_data has been
written this time, and the bit is set to a valué
indicating that data has been wriﬁten into the cluster.

'~ Then, the execution of the processing for the write
fequest is ended.

If the operation carried out at the step F1l1l1l to
write the data into the address is not completed normally
and an alternate-address process function is in an on
state, on the other hand, the flow of the processing goes
on from the step F113 to the step Fll4.

It is to be noted that the step F1l12 is executed

also to determine whether or not the alternate-address
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In addition, a bit included in the space bitmap as a bit corresponding to
a cluster at the address, at which an error of the requested wite
operation has been generated, is set at a value indicating that data has
been recorded in the cluster. By the sane token, a bit included in the
space bitmap as a bit corresponding to an 89 I SA or OSA cluster, in which
the data has been actually recorded, is set at a value indicating that
data has been recorded in the cluster. Then, the execution of the
processing of the wite request is ended. In this case, however, a wite
error has been generated at the address specified in the wite request,
by carryi myomgss Heralttiemadtse-iaddiress prioties Sy ¢lecking ewlopelhati on can be
conpl eted. Fromthe standpoint of the host- apparatus, the processing of
the witerdst sendeh rordyedd yan IGSA heswetlesan ndd foned esulft aobtlssawd at t he
step F114 indicates that neither the I SA nor the OSA has a free area or

the TDVA dgeahdiotarhasa arelrgioEA tasl Dded cdebenapdatedal tendtow of the
processing carried out by the systemcontroller 60 goes on to a step F117

at whi ch FYARIIORIRRYS dan et Waed 4P dibe, hast t3pparaddes, akk the
execution of the processing is ended. If the determ nation result obtained
at the st ternate-address process function is determined to be in

.an on state.

An ISA or an OSA is determined to have been defined

if the size of the ISA or the OSA in the TDDS of the TDMA

: has been set at a value other than a zero. That is to say,
at a formatting time of thé disk 1, at least either an
ISA or an OSA is defined as an actually existing
alternate area by specifying its size at a value other
than a zero in a TDDS and recording the TDDS in the first
TDMA. As an alternative, for example, an 0OSA can be
redefined by setting its size at a value other than a
zero in an operation to update a TDDS in a TDMA.

After all, if at least either an ISA or an 0SA
exists, the alternate-address process function is
determined to be in an on state. In this case, the flow
of the processing goes on to the step S5114.

If the determination result obtained at the step

- F112 indicates that neither an ISA nor an OSA exists,
indicating that the alternate-—address process function

has been made ineffectiﬁe, on the other hand, the f£flow of
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F101 of the flowchart shown in FIG 17 indicates that data has already
been recorded at the address specified in the wite request nade by the
host apparatus as evidenced by the fact that a bit included in the space
bitmap as a bit corresponding to a cluster at the address has been set at
a value indicating that data has been 90 recorded in the cluster, the flow
of the processing goes on to the step F103 as described earlier. At this
step, the overwite function process represented by the flowhart shown in
FIG 19 is carried out. The flowhart begins with a step F121 at which the
system control |l er 60 determ nes whether or not the overwite function or

t he data tésewalockgsdnidoyoes oaf frecttinge. strie ShistemIdodtsr 619 & 60 is
capabl e of determ ning whether or not the overwite function is effective
by ref errinegetdo thaftl, agti ndlivdedepn thhe EPRSe dhidwmp retRix@d 1n asha fl ag

i ndi cating whether or not the overwite function is usable. If the flag

i ndi cat i ngavhet hemoary oz tilke sewechdd €of undiitorcdsremadnding ota set at 1
indicating that the function is not effective, the flow of the processing
goes on t@laskkep akl2Rcatspaltiich cahn aeldr@s g efind ttHadbcati fgsdncor rect

specification of the address is returned to the host apparatus and the
executi onw@fiukh@ndicating that data has been recorded in the
cluster. Then, the execution of the processing is ended.
In this case, however, the write request is ended in an
error.

In spite of the fact that a write error has been
generated, at the bit in the space bitmap, a flag
indicating that data has been recorded in the cluster
corresponding to the bit is set in the same way as a
normal termination of the processing. The setting of the
flag means that the defective area is managed by using
the space bitmap as a cluster in which data has been
recorded. Thus, even if a request is received as a
request to write data into the defective area, in which
the error has been generated, by referring to the Space
bitmap, the processing of the reguest can be carried out
with a high degree of efficiency.

As described above, if the alternate-—address
process function is determined at the step F11l2 to be in
an on state, the flow of the processing goes on to the

~step Fl1l4, first of all, to determine whether or not the
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processing is ended. If the flag indicating whether or not the overwite
function is usable is set at 1 indicating that the data renewal fu
is effective, on the other hand, the processing of the data renewa
function is started. In this case, the flow of the processing goes
91 a step F123 first of all to determ ne whether or not the

al t er nat e- address process can be carried out. As described above,
to carry out the alternate- address process, the spare area, that i
either the ISA or the OSA, nust have a free area for at |east reco
the data requested in the wite operation and, in addition, the TDVA nust
have a nargitexidtovaddzgremrgcesd cde e tarrmagbladdresseidnpoEmtion ati
for managing this alternate-address process to be added, that is,
al | owi ng t he TDFInt eriderupdatced.ryl foudt Hreastlistthmre tdddfShs oprobes ©SA has

a free

area and the TDVA has a margin allow ng an entry of the

nction
I
on to

in order
S,
rdi ng

al t er nat e-taddrgsard sttt ats, farthenaghagIithi sr ahtetBal emaddr ess
process to be added, the flow of the processing carried out by the
control | ethfik goeSredmidHNMdhen 1St Bgn 28 ¢Oraing eph&lddtat which the

pi ckup 51 is driven to nake an access to the ISA or the OSA and"

record thedalastaguastath iw-ihe JpdtLe Oper atiPhiddition, the TDMA

opti cal

must have a margin allowing an entry of the alternate-
.address information ati for managing this alternate-
address process to be added, that is, allowing the TDFL
to be updated.

It is possible to determine whether or not the ISA

~or the OSA has such a free area by checking the number of

unused ISA/OSA clusters included in the defect-list
‘ﬁanagement information shown in FIG. 7. As described
earlier, fhe defect-1ist management information is
included in a TDFL as shown in FIG. 11.

If at least either the ISA or the 0SA has a free
area and the TDMA has a margin for update, the flow of
the processing carried out by the sysfem controlleﬁ &0
goes on from the step F114 to a step F115 at which the
optical pickup 51 is driven to make an access to the iS5A
or the OSA and record the data requested in the write
operation into the free area in the ISA or the OSA
:espectivély.

Then, at the next step Fl1l6, after the write
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into the free area in the I SA or the OSA respectively. Then, at the next
step F125, after the wite operation requiring execution of the

al ternat e-address process, the TDFL and the space bitnmap, which have been
stored in the cache nenory 60a, are updated. To put it in detail, the
contents of the TDFL are updated by newy 92 adding an entry of the
alternate-address information ati representing the present

al ternat e- address process as shown in FIG 8 to the TDFL. However, data at
t he sane address may have been renewed before and an entry of the
alternate-address information ati representing the alternate-address
process f apde renewatuingng s beldre et e ogddross tireocTHFL. the such a
case, first of all, all pieces of alternate-address infornmation ati

cat al oged TDFI hendTDFle s@races ddirtofy, fwiricn eave ybeem| sidengdt e Blddr ess as
an alternate source address. If alternate-address information ati has
been cat al;gedt ineridey W, asranmpdtigd. i ncl uding the address as an
alternate source address, the alternate destination address included in

~the alternate- ad@be%&ti AtormRHeeRiati the ¢hangettd @it hee adiiesard n the | SA
or the OSA. Since the TDFL containing such alternate-address information

SE): as an Bdvedasy RERN; lhy i4h e SRCHe FREDLY: 603a 86 -hberpsesent
information ati representing the present alternate-
address process as shown in FIG. 8 to the TDFL. In
addition, in accordance with the addition of such an
entry, the number of cataloged DFL entries in the defect-
list management information shown in FIG. 7 is increased
while the number of unused ISA/OSA clusters in the
defect—list management information shown in FIG. 7 is
“decreased. If the alternate-address process is carried
out on one cluster, the number of cataleged DFL entries
is incremented by one while the number of unused ISA/OSA
clusters is decremented by one. _It is to be noted that a
précess to generate the alternate-address information ati
- will be described later.

| In addition, a bit included in the space bitmap as
‘a bit corresponding to a cluster at the address, at which
an error of the requested write operation has been
| generated, is set at a value indicating that data has

been recorded in the cluster. By the same token, a bit

included in the space bitmap as a bit corresponding to an
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of tinme, the change of the alternate destination address of the
alternate-address information ati can nade with ease. It is to be noted
that, without the cache nenory 60a, every tinme the TDFL recorded on the
disk 1 is wupdated, the already catal oged entry nust be deleted from the
TDFL before adding a new entry to the TDFL. 93 If a new entry of the
alternate-address information ati is added to the TDFL, the nunber of
catal oged DFL entries in the defect-1list managenent infornmation shown in
FIG 7 is increased while the nunber of unused | SA/OSA clusters in the
defect-list managenent information shown in FIG 7 is decreased. In

addi ti on, IBmhidr iORA udedstier t hien sgaioeh biheapaas hasbbeesoaeeypdbhdi ng to an
| SA or OSA cluster, in which the data has been actually recorded, is set
at a val uereddrtieaait iing ddiatatdad avdiase biedicetongdethan daeachastkeeenThen,

t he execution of the processing of the wite request is ended. By carrying

out the pracassddy 10 wse ctnecd:SA or the OSA as descri bed above, the
system controller 60 is capable of coping with a data renewal request,

which is a requegheh0 Whist @ xdahud il @ PR rRddhessesAtngh £ datwr higs been
recorded. If the determ nation result obtained at the step F123 indicates

that neitherfhe 19A ded he 1BANAS Bise, however, a write error

has been generated at the address specified in the write
request, by carrying out the alternate-address process,
the write operation can be completed. From the standpoint
of the host apparatus, the processing of the write is
ended normally.

If the determination result obtained at the step
F114 indicates that neither the ISA nor the OSA has a
free area or the TDMA does not have a margin for TDFL to
be updated, the flow of the processing carried out by the
system controller 60 goes on to a step Fll? at which an
error report is returned to the host apparatus and the
execution of the processing is ended. |

If the determination result obtained at the step
F101 of the flowchart shown in FIG. 17_indicates that
data has already been recorded at the address specified
in the write request maderby the host apparatus as
évidenced by the fact that a bit included in the space
bitmap as a bit corresponding to a ciuster at the address

has been set at a value indicating that data has been
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free area or the TDVA does not have a margin allowng an entry of the
alternate-address information ati for managing this alternate-address
process to be added, on the other hand, the flow of the processing carried
out by the systemcontroller 60 goes on to a step F126 at which an error
report indicating no free wite area is returned 94 to the host apparatus
and the execution of the processing is ended. By the way, at the step F116
of the flowhart showmn in FIG 18 and the step F125 of the flowhart shown
in FIG 19, alternate-address information ati is newly generated for the
al ternate-address process by the system controller 60 in processing

r epr esent esedpyrdeate ifl ddchariustshrowtlian Fl@y Q0. tihepfdoaehong ghedn in FI G
20 begins with a step F151 to determ ne whether or not the

al t er nat ecaddredshe mioge RS = plovesshedredetdiout &t ahplaursidngy of
physically continuous clusters. If the alternate-address process is a
process adld icetoidi ten farrsttisdrerpsceas Pl ot e dynodd phy stleal | y

di sconti nuous clusters, the flow of the processing goes on to a step F154
at whi ch aitgridraira: agdwessid nfiag.metd ois @dirisdgemerated for the cluster or

each of the physically discontinuous clusters. In this case, status 1

The flowchart begins with a step F121 at which the
system controller 60 determines whether or not the
overwrite function or the data renewal function is
effective. The system controller 60 is capable of
determining whether or not the overwrite function is
effective by referring to a flag included in the TDDS
shown in FIG. 12 as a flag indicating whether or not the
overwrite function is usable.

If the flag indicating whether or not the overwrite
function is usable is not set at 1 indidating that the
function is not effective, the flow of the processing
goes on to a step F122 at which an error report
indicating incorrect specification of the address is
returned to the host apparatus and the execution of the
processing is ended.

If the flag indicating whether or not the overwrite
function is usable is set at 1 indicating that the data
renewal function is effective, on the other hand, the
processing of the data renewal function is started.

In this case, the flow of the processing goes on to
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of the data structure shown in FIG 8 is set at 0000 for each
alternate-address information ati as is the case wth the normal

al t ernat e- address process. Then, at the next step F155, each
alternate-address information ati generated in this way is added to the
TDFL. If the alternate-address process is a process 95 carried out on a
plurality of physically continuous alternate source and alternate
destination clusters, on the other hand, the flow of the processing goes
on to a step F152 at which, first of all, alternate-address infornmation
ati is generated for clusters at the beginnings of the alternate source
and al t er ratstepdstdhafiort cdlustler sto atelt stming dhethéheonl tetnahe- address
information ati is set at 0101. Then, at the next step F153,

al t er nat e-aldtrosst erdddred s e atds s scgenes atedriédroat ustreey s at the ends of
the alternate source and alternate destination clusters, and status 1 of

the alterdede:dastet etsovef oinredndr afd ¢SrBpetoat 4040a1d8eRateat the next
- step F155, the two pieces of alternate- address information ati generated

in this waHaresadsiestedd, tihes Td¥dre Byr&a) ryhag 08) L0EnOFOERESTHA
descri bed above, even an alternate-address process for three or nore

physi cal | yo,cQid NS 1ol MS v GANE RS NBRAYCEL PYa HS1 88t recording
the data requested in the write operation and, in
addition, the TDMA must have a margin allowing an entry
of the alternate-address information ati for managing
this alternate-address process to be added, that is,
allowing the TDFL to be updated.

If at least either the ISA or the OSA has a free
area and the TDMA hés a margin allowing an entry of the
alternate-address infofmation ati for managing this
alternate-address process to be added, the flow of the
processing carried out by the system controller 60 goes

- on from the step Fl123 to a step F124 at which the optical
pickup 51 is driven to make an access to the ISA or the

" OSA and record the data requested in the write operation
into the free area in the ISA or the 0OSA respectively.

Then, at the next step F125, after thé'write
operation requiring execution of the altérnate—addréss
process, the TDFL and the space bitmap, which have been
stored in the cache memory 60a} are uvpdated. To put it in

_detail,'the contents of the TDFL are updated by newly
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only two pieces of alternate-address information ati. 5-2: Data Fetching
By referring to a flowhart shown in FIG 21, the follow ng description
expl ai ns processing carried out by the systemcontroller 60 to reproduce
data fromthe disk 96 1 nounted on the disk drive. Assume that the system
controller 60 receives a request to read out data recorded at an address
specified in the request froma host apparatus such as the AV system 120.
In this case, the flowhart representing the processing begins with a step
F201 at which the system controller 60 refers to a space bitmap to
determ ne whether or not data has been stored in the address specified in
t he requestddilrfg o dattaryhast Hden stivreth teraddrasdr sstospatidnedtiin t he
request, the flow of the processing goes on to a step F202 at which an
error repardprartrgatnng Hehatrddwnt speod frect adillosss i sravessncasr ect addr ess
is returned to the host apparatus. If data has been stored in the address

speci fi ed dHowrt hien remies .t ortehermrher hand, the flow of the processing:
goes on to a step F203 at which the TDFL is searched for alternate-address

information ati HeGkydrNgdatheaspesicf isthea ddRES sAMaAN ML ale source

address in
renewed before and an entry of the alternate-—address
information ati representing the alternate-address
process for the renewal has thus been cataloged on the
TDFL. In such a case, first of all, all pieces of
alternate-address information ati cataloged in the TDFL
are searched for an entry including the address as an
alternate source address. If alternate-address
information ati has been cataloged in the TDFL as an
entry including the address as an alternate soufcé
address, the alternate destination address included in
the alternate-address information ati is changed to the
address in the ISA or the OSA. Since tﬁe TDFL containing
sucﬁ alternafe-address information ati as an entry hés
been stored in the cache memory 60a at the.present point
of time, the change of the alternate destination address
of the alternate—addresé information ati can made with
ease. It is to be noted that, without the cache memory
60a, every tiﬁe the TDFL recorded on the disk 1 is
'updated, the already cataloged entry must be deleted from

the TDFL before adding a new entry to the TDFL.
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order to determ ne whether or not an entry including the specified address
has been catal oged on the TDFL. If alternate-address information ati
including the specified address as an alternate source address is not
found in the search, the flow of the processing goes on 97 fromthe step
F203 to a step F204 at which data is reproduced froman area starting at
the specified address before ending the execution of the processing, which
is a nornmal process to reproduce data fromthe user-data area. If the
determ nation result obtained at the step F203 indicates that
~alternate-address information ati including the specified address as an

al t ernat e sour ce Ifadgdness ehds ybedn theurd Hernaie-seaingss omfdmuagtdmer hand,
the flow of the processing goes on fromthe step F203 to a step F205 at

whi ch an alterimateddiestioattie nr zaid) estse | sun@enubd £ ech & bogédeDFL
alternate-address information ati. This alternate destination address is

an addr esSerifirads |19A tfe HFLEA 1 Themamdgédhen hexif stmpr F2W6shéhie system
controller 60 reads out data fromthe | SA or OSA address, which has been

catal oged i the, al tey nat@eratesmind of M@t hiefbet i of asnddedl 1A PALR
destination address, and transfers the reproduced data to the host

appar at us syedt&ass the AL Ryatam 120 bel of Soridh Noh #heneXesMt §98wRT the

pr ocessi ng.
in FIG. 7 is decreased.

In addition, a bit included in the space bitmap as.
a bit corresponding to an ISA or OSA cluster, in which
the data has been actually recorded, is set at a value
indicating that data has been recorded in the cluster.

Then, the execution of the processing of the write
request is ended. By carrying out the processing to use
the ISA or the 0SA as described above, the system
controller 60 is capable of coping with a data renewal
request, which is a request to write data intoc an addresé
at which data has been recorded.

If the determination result obtained at the step
F123 indicates that neither the ISA nor the OSA has a
free area or the TDMA does not have a margin allowing an
entry of the alfernate—address.information ati for
managing this alternate-address process to be added, on
the other hand, the flow of the processing carried out by
the syétem controller 60 goes on to a step F126 at which

an error report indicating no free write area is returned
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By carrying out the processing described above, even if a request to
reproduce data is received after the data has been renewed, the nost
recent data can be reproduced appropriately and transferred to the host.
98. 5-3: Updating of the TDFL/ Space Bitmap In the processing described -
above, the TDFL stored in the cache nenory 60a is updated in case the
process to wite data into a cluster is acconpanied by an alternate-
address process and the space bitmap also stored in the cache nenory 60a
is updated to reflect the data wite process. At a certain point of tine,
t he updated TDFL and space bitmap need to be transferred to the TDVA
recorded 1o tthee bk dppaitattud said Slay, exdciisi mecessany pooupsiateg t he
state of managenent based on alternate-address processes and the recording
state, whiith exi;e&tates recorded on the disk 1. It is nost desirable to
update the TDVA recorded on the disk 1 at a point of tine the disk 1 is

about to be ejeghedntr aant hatdicsle diage FveN dihaugh fgydHaBtNGHdwn updat e
the TDVA is not Iimtedto the timng to eject the disk 1. Besides the

timng to g effc ! hes disk the theJ Oy 5 CaP @hs O DowsRAAE eshulhgnihhe power
supply of the disk drive is turned off or updated periodically. FIG 22
shows a flgmehard representd NoyProcessfOrmation ati is newly

génerated for the alternate-address process by the system

controller 60 in processing represented by the flowchart

shown in FIG. 20.

The flowchart shown in FIG. 20 begins with a step

F151 to determine whether or not the aiternate—address

process 1s a process carried out on a plurality of

physically continuous clusters.

If the alternate-address process is a process

carried out on a cluster or a plurality of physically

discontinuous clusters, the flow of the processing goes

on to a step F154 at which alternate-address informaticn

ati is generated for the cluster or each of the

physically discentinuous clusters. In this case, status 1

of the data structure shown in FIG. 8 is set at 0000 for

each alternate-address information ati{as is the case

with the normal alternate-address process. Then, at the

next step F155, each alternate-address infofmation ati

generated in this way is added to the TDFL.

If the alternate~address process is a process
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update the TDVA recorded on the disk 1. At an ejection tine or the |ike,
the systemcontroller 60 determnes whether or not it is necessary to
update the contents of the TDVA, that is, whether or not it is necessary
to 99 catal og the updated TDFL or space bitmap in the TDVA. |If necessary,
a process to update information in the TDVA is carried out. At an ejection
time or the like, the system controller 60 carries out processing to
update the TDFL and/or the space bitmap. This processing starts at a step
F301 of the flowchart shown in FIG 22. The flowhart actually begins with
a step F302 to determ ne whether or not the TDFL stored in the cache
menory 60admasidiberntupdateed:lurfalitiiey KFLpinasi dekly upoat sdyoushe fl ow of the
processi ng goes on to a step F303 at which a TDDS shown in FIG 12 is added
t o the updditetr-nafigFlsotheiangnecdridechate tdwestasit sectolustethe JDFL. Then,
at the next step F304, the optical pickup 51 is driven to record the TDFL
at the begimmidth&d Hardd eehar®aow ot hehd Pfodesortledgossthe tbsk 1. It is
to be noted that, at that time, since data is newy recorded in the TDVA,

the space hidgrap st AeediH it heriGaghe MaDry H0gerifeal s@ippdat ed. Then,

after the TDFL is recorded in the TDVA the
information ati is generated for clusters at the
beginnings of the alternate source and alternate
destination clusters, and status 1 of the altérnate—
address information ati is set at 0101. Then, at the next
step F153, alternate-~address information ati is generated
for clusters at the ends of the alternate source and
alternate destination clusters, and status 1 of tﬁer
alternate-address information ati is set at 1010. Then,
at the next step F155, the two pieces of alternate-
‘address information ati generated in this way are added
to the TD¥FL.

By carrying out the processing described above,

even an alternate-address process for three or more

physically continuous clusters can be managed by using

oﬁly two pieces of alternate-address information ati.

5-2: Data Fetching
By referring to a flowchart shown in FIG. 21, the
following description explains processing carried out by

the system .controller 60 to reproduce data from the disk
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fl ow of the processing goes on to a.step F305. The flow of the processing
al so goes on to the step F305 fromthe step F302 because the TDFL was not
updated. In either case, the space bitmap stored in the cache nmenory 60a
is 100 checked to determ ne whether or not the bitmap has been wupdated. If
the TDFL has been updated as described above, at |east, the space bitmap
has al so been updated at that tine. This is because an alternate-address
process has been carried out so that the space bitnmap has al so been
updated as well in accordance with the alternate-address process.. In
addition, the space bitmap is also updated in accordance with an operation
to record Hateuntredy @l udterdisgyatrife no al t er nat e- address process has been
carried out. If the space bitmap stored in the cache nenory 60a has been
updat ed i n one oRstheesichaat icbes sgesen bedtalodder oCheddecdwes & he
processing goes on to a step F306, at which the TDDS shown in FIG 12 is

added to tiequgpdatied reaphcmibidatap sdoseded nait hen caddnee s nBpyc 60hed bei ng
recorded in the |l ast sector of the space bitnmap. Then, at the next step

F307, the aptiralrdhadatp S S Hdstenepeard@edrsadhes spaee Hivt map at the
beginning of a free area in the TDVA recorded on the disk 1. Finally, the

executi on Qfsithe Processi RYiE0 cheeor dnhe1¥pdaed Hddresenting the
processing begins with a step F201 at which the system
controller 60 refers to a space bitmap to determine
whether or not data has been stored in the address
specified in the request.

If no data has been stored in the address specified
in the request, the flow of the processing goes on to a
step F202 at which an error report indicating that the
specified address is‘an incorrect address is returned to

 the host apparatus.

If data‘has been stored in the address speéified in
the request, on the other hand, the flow of the
processing goes on to a step F203 at which the TDFL is

" searched for alternate-address information ati including
the specified address as an alternate source address in
order to determine whether or not an entry including the
rspecified address has been cataloged on the TDFL.

If alternate-address information ati including the
specified address as an alternate source address is not

found in the search, the flow of the processing goes on
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and/ or the updated space bitmap in the TDVA at an ejection tine or the
like is ended. .It is to be noted that, if no data has been witten into
the disk 1 at all since the disk 1 was mounted on 101 the disk drive, the
fl ow of the processing represented by the flowhart shown in FIG 22 goes
fromthe step F302 to the end by way of the step F305 wi thout recording an
updat ed TDFL and/or an updated space bitmap in the TDVA. At the steps F304
and F307, the TDFL and the space bitmap are recorded sequentially at the
beginning of a free area in the TDVA recorded on the disk 1 as explai ned
earlier by referring to FIGS. 14 and 15. In the case of a two-layer disk,
t he TDVA cirdmaydre Gliep Jsdd fia st st 2t eat fwriclecdrdd ngst he TDFL and
the space bitmap and, after no nore free area is left in the TDVA on | ayer
0, the ThMpmrldekerfron sirusatka |stadding org tile tdpechbecdfadhdress he
one-layer disk and the two-layer disk, a TDDS added to the |ast TDFL or
space bit mgfdre tdreliHdVEhd e regurteicor defl the tpwocd asing sechdehofstde | ast
TDFL or the last sector of the last space bitmap is the effective TDDS,
whi ch poi Bicsn=0 tdieceafd ant ineprdhlcanth ther & eté iesspadetbi snap. By the
way, when a TDFL is additionally recorded in the TDVA at the step F303,
F304, a techni qugrmeyeakis@elfination result obtained at the step

F203 indicates that alternate-address information ati

including the specified address as an alternate source

address has been found in the search, on the other hand,

the flow of the processing goes on from the step F203 to

a step F205 at which an alternate destination address is

acquired from the alternate-address information ati. This

alternate destination address is an address in an ISA or

an OSA.

Then, at the next step F206, the system controller

60 reads out data from the ISA or 0SA address, which has

been cataloged in the alternate-address information ati

as an alternate destination address, and transfers the

reproduced data to the host apparatus such as the AV

system 120 before ending the execution of the processing.

By carrying out the processing described above,
even if a request to reproduce data is received after the

data has been renewed, the most recent data can be

reproduced appropriately and transferred to the host.
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adopted as a conceivabl e technique for restructuring pieces of
alternate-address information ati stored in the cache nenory 60a. FIG 23
shows a flowchart representing a typical 102 alternate-address infornmation
restructure process. This process can be carried out typically before the
step F303 of the flowhart shown in FIG 22. At a step F351, pieces of
alternate-address information ati catal oged on the TDFL stored in the
cache nenory 60a are searched to verify whether or not the follow ng
condition exists. The source and destination clusters represented by
specific p%gﬁes of alternate- address inforpmation ati are respectively

0

physi cal ti MPATR DY Hd s JHdY SHAFIS S8R i on clusters represented

by the other specific pieces of alternate- address information ati. |If such
speci fic pieces dft dnfemigcesiddresiesqnilsdahorn atithadt@F ngitaersth f ound
in the search, the flow of the processing goes fromthe step F352 back to
the step FBO3the ¢3ehe |esmdmy t68howh tpdEtal in ehstotbe papcgsagtout any
process. If such two specific pieces of alternate-address information ati
wer e foundvihte hdalbearety ancliheter hby abaompathedfbpwanfalherpabeessi ng
goes on to a step F353

address process and the space bitmap also stored in the

cache memory 60a is updated to reflect the data write

process. At a certain point of time, the updated TDFL and

space bitmap need to be transferred to the TDMA recorded

on the disk 1. That is to say, i1t is necessary to update

the state of management based on alternate-address

processes and the recording state, which are states

recorded on the disk 1.

It is most desirable to update the TDMA recorded on

the disk 1 at a point of time the disk 1 is about to be

ejected from the disk drive even though the timing to

update the TDMA is not limited to the timing to eject the

disk 1. Besides the timing to eject the disk 1, the TDMA

can also be updated when the power supply of the disk

drive is turned off or updated periodically.

FIG. 22 shows a flowchart representing process to
update the TDMA recorded on the disk 1. At an ejection -
time or the like, the system controller 60 determines

whether or not it is necessary to update the contents of

the TDMA, that is, whether or not it is necessary to
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at which the specific pieces of alternate-address information ati are
synt hesi zed for the purpose of restructuring them The steps F352 and F353
are executed repeatedly to 103 synthesize any pair of such specific pieces
of alternate- address information ati. After all such specific pieces of
alternate-address information ati are processed, the flow of the
processi ng goes fromthe step F352 back to the step F303. FIGS. 24A, 24B,
24C are explanatory diagrans show ng the alternate-address information
restructure process. Assunme for exanple that, as shown in FIG 24A,
requests to wite data into clusters CLI, Cl2, Cl13 and Cl4 are received
separ at el yC2hadodathei PArFe@ehPiht 8 EPaseebstmap1incihe TRHA3 ahH Cl14
respectively in an GSA through an alternate-address process. In this case,
since the MPURSPREVesRsPEOCARFt EodaPdatentisfphmatiost éhstheeTPHBeilged
separately, four pieces of alternate-address information ati are each
cat al oged @srragdepety having status 1 of 0000 as shown in, FIG 24B.
However, two pieces of alternate-address information ati having status 1
of 0101 and st at ust Jarofeedlilbn dsipectowetlye chinkde @ppldedtdm f our
al t ernat e-
~controllier 60 carries out processing to update the TDFL
and/or the space bitmap. This processing starts at a step
F301 of the flowchart shown in FIG. 22.
The flowchart actually begins with a step F302 to
determine whether or not the TDFL stored in the cache
memory 60a has been updated. If the TDFL has been updated,
the flow of the processing goes on to a step F303 at
-which a TDDS shown in FIG. 12 is added to the updated
TDFIL,, being recorded in the last sector of the TDFL.
Then, at the next step F304, the optical pickup 51
is driven to record the TDFL at the beginning of a free
~area in the TDMA recorded on the disk 1. It is to be
- noted that, at that time, since data is newly recorded in
the TDMA, the space bitmap stored in the cache memory 60a
is also updated.
Then, after the TDFL is recorded in the TDMA, the
flow of the processing goes on to a step F305. The flow
of the processing also goes on to the step F305 from the
step F302 because the TDFL was not updated. In either

case, the space bitmap stored in the cache memory 60a is
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address continuous destination clusters CL1, Cl2, Cl13 and Cl4 and four

al t er nat e- address conti nuous source clusters CL11, Cl112, Cl113 and Cl114
used in this exanple. Thus, as shown in FIG 24C, the four entries can be
104 restructured into a start entry with status 1 of 0101 indicating start
source cluster Cli as well as start destination cluster Cl11 and an end
entry with status 1 of 1010 indicating end source cluster Cl4 as well as
end destination cluster Cl14. As a result, the nunber of pieces of

al ternate-address information ati recorded on the disk 1 can be reduced.
It is to be noted that such restructuring of alternate-address information
can of courtseclosl appldeste tnoi nanyheaher ofr enbt iEse Vibithnesp atais Heefi 0101 and
1010 indicating a plurality of continuous source and a plurality of
destinati aipddesd.ers as descri bed above. For exanple, a first pair of
entries represents a plurality of first continuous source clusters and a

plurality of finggt tgentripiyons sdesddmaijared Ust lescBbddasang taken, a
second pair of entries is a pair provided for a plurality of second

continuous; saur ce el %s&fé b AT 44 b in SGEAND § 0L | PNOYS

destination cl usters. the second conti nuous source clusters are a

cont i nuat i\ of 7tag &' r%c%%te' YOUS (3QULGR -Gladsters and dhe seeond

been carried out so that the space bitmap has alsoc been
updated as well in accordance with the alternate-address
process. In addition, the space bitmap is also updated in
accordance with an operation to record data in a cluster
‘even if no alternate-address process has been cafried out.
If the space bitmap stored in the cache memory €0a
has been updated in one of the situations described above,
‘the flow of the processing goes on to a step F306, at
which the TDDS shown in FIG. 12 is added to the updated
'-space bitmap stored in the cache memoiy 60a, being
recorded in the last sector of the space bitmap. Then, at
.the next step F307, the optical pickup 51 is driven to
record the space bitmap at the beginning of a free area
in the TDMA recorded on the disk 1. Finally, the
execution of the procéssing to record the updated TDFL
and/or the updated space bitmap in the TDMA at an
ejection time or the like is ended.
It is to be noted that, if no data has been written

into the disk 1 at all since the disk 1 was mounted on
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;

continuous destination clusters are a continuation of the first continuous
destination clusters, the first pair of entries and the second pair of
entries can be restructured into a new pair of entries. 105 In addition,
if aplurality of continuous source and destination clusters represented
by a pair of entries wth status 1 of 0101 and status 1 of 1010 as

descri bed above are respectively continuations of source and destination
clusters represented another entry with status 1 of 0000, the pair of
entries can be restructured into a new pair including the other entry.
5-4: Conversion into Conpatible Disks By the way, in a witable optical

di sk, managenetitsk afrialet,erohat e laddroes Sde irg oeeacuitred taprssangtsd ther nat e-
address managenent information stored in the DVA recorded on the disk.
That is tahsaylcwdhake tShewdti Sk Fig.ovideded)fidie ebadigme30a tDVA i s
not provided so that the alternate-address managenent information stored

in the D¥hd tesRl by wahergnathd & ter3gs Wilthqt extEithg an

al ternat e- address process. The data structure of the DMA recorded on a

wri tabl e Gl dipgk, hd e SAMBREHNE s g neaAAed P Hdershisk 1
provi ded gﬁk%%e enbodinen(&ﬁin théﬁﬁﬁitef%nce optiéﬁf di sk provided by the

embodi ment, on the ofheL.Ngady3@at an6aRsBe, WEhL! 8RFLNLAG the space

bitmap are recorded sequentially at the beginning of a
free area in the TDMA recorded cn the disk 1 as exﬁlained
earlier by referring to FIGS. 14 and 15. In the case of a
" two-layer disk, the TDMA on layer 0 is used first as an
area for recording the TDFL and the space bitmap and,
after no more free area is left in the TDMA on layer 0,
the TDMA on layer 1 is used.

In addition, in the case of‘both the one-layer disk
and the two-layer disk, a TDDS added to the last TDFL or
space bitmap in the TDMA, being recorded in the. last
sector of the last TDFL or the last sector of the last
space bitmap is the effective TDDS, which points to the
effective TDFL and the effective space bitmap.

By the way, when a TDFL is additionally recorded in
the TDMA at the step F303, F304, a2 technique may also be
adopted as a cdnceivable technique for restructuring
pieces of alternate-address informatibn ati stored in the
cache memory 60a.

FIG. 23 shows a flowchart representing a typical
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an area including the TDVA only once so that the enbodi nent nust adopt a
techni que to update the TDVA by adding alternate-address nmanagenent
information to the 106 TDVMA. Thus, in order nake a disk drive for a
witable optical disk capable of reproducing data fromthe disk 1

provi ded by the enbodinment, it is necessary to reflect nost recent

al t er nat e- addr ess managenent information recorded.in the TDVA in the DVA
In addition, in the case of a witable optical disk or the like,
alternate-address information ati is recorded in the DVA for each cluster
even if an alternate-address process is carried out on clusters |ocated
i n a contiaguoisnaresaddneshel whsanafien weterontcere optocassdi skhis ke t he
one provided by the present invention, that is, in the case of a disk with
a recordi ngreapaci ¢yn deereast gd duet toychdal Wi béEore hehel stephPh@ver, it
is specially inportant to effectively utilize the [imted area of the

TDVA. |t isftiws gesicpdre éowaddptragmerhod of not increasing the size of
the TDFL even in an alternate-address process carried out on clusters of a

contiguous area. athus.stdpstread ofp iU MG 1 @l dnpldistflrSidr esses _
conpleting an alternate-address process as alternate-address information
ati in thejnformation ati cataloged on the TDFL stored in the cache

memory 60a are searched to verify whether or not the

following condition exists. Thé source and destination

clusters represented by specific pieces of alternate-

address information ati are respectively physical

continuation of the source and destination clusters

represented by the other specific pieces of alternate-

address information ati.

If such specific pieces of alternate-address
information ati were not been found in the search, the
flow of the processing goes from the step F352 back to
the step F303 of the flowchart shown in FIG. 11 without
cérrying out any process.

If such two spécific pieces of alternate-address
information ati were found in the search, on the other
hand, the flow cof the processing goes on to a step F353
at which the specific pieces of alternate-address
information ati are synthesized for the purpose of
restructuring them.

The steps F352 and F353 are executed repeatedly to
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tenporary defect nmanagenent information TDFL recorded in the TDVA, a
burst-transm ssion format represented by a pair of entries wth status 1
of 0101 and status 1 of 107 1010 as descri bed above is adopted so as to
reduce the nunber of pieces of recorded alternate-address information
ati. That is to say, if addresses of three or nore continuous clusters are
subjected to an alternate- address process, a contiguous area is allocated
as alternate-address destinations for the addresses so that only two
entries of the alternate-address infornmation ati need to be catal oged on
the TDFL. In the case of a wite-once optical disk provided by the

enbodi nentsyrdittesrivat ergddrasiss ¢hfseomt spechiic isleoss abDgebt emabe TDFL
every tine an alternate-address process is carried out. Thus, the size of

i nf or mat i Grddmweatsaljogedr it ide afFL @fargesllTlatch Sple@idday; rdeddse nunber
of clusters subjected to the alternate-address process increases, the size

of i nfornmadf ol wAtrpd ngetidiesd hienfdhhatl o0 4t 5esre Byreotdeed) ngha plurality
of continuous clusters subjected to an alternate-address process into a

group of ciusi ey wealdroddds g casdy i ffom Othie thee@l BT NAbLcladEs €SS process
only once as described above, %owever, the increase in TDFL used area can
be reducede step F303.

FIGS. 244, 24B, 24C are explanatory diagrams
showing the alternate-address informaticn restructure
process.

Assume for example that, as shown in FIG. 24A,
requests to write data into clusters CL1l, Cl2, Cl3 and
Cl4 are received separately, and data is written into
clusters CL11, Cl1iZ2, C1l13 and Cl14 respectively in an OSA
through an alternate-address process.

In this case, since the four reguests to write data
into the clusters are received separately, four pieces of
alterﬁate—address information ati are each cataloged as
an entry having status 1 of 0000 as shown in FIG. 24B.

However, two pieces of alternate-address
information ati having status 1 of 0101 and status 1 of
1010 reépectively can be applied to four alternate—
address continuous destination clusters CL1, Cl12, C13 and
Cl4 and four alternate-address continuocus source clusters
CLll, Cl112, Cl13 and Cl14 used in this example.

Thus, as shown in FIG. 24C, the four entries can be
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If conpatibility of the wite-once optical disk inplemented by the

enbodi nent with the witable optical disk is taken into consideration, it
is desirable to 108 provide the wite-once optical disk with the format of
a DFL in the DVA identical with the corresponding format in the witable
optical disk. The DFL in the DVA is obtained as a result of conversion of
a TDFL recorded in the TDMA. To put it concretely, it is desirable to
record all pieces of alternate-address information ati in a format wth
status 1 set at 0000. By using such a format, it is not necessary for the
disk drive to switch processing related to information stored in the DVA
fromone woompat¢theediidtehe state-enteyopliiltabtaisk toobnéllOtonpati bl e
with the witable optical disk or vice versa so that a processing | oad
borne by tiwedikskinyisveircamobeceretusesr €01 dbhewethsan descti bed above,
when information recorded in the TDMA is transferred to the DVA recorded

on the di sdedtiOCEsSENGstePrE€BENt £6ld byn aehd ovghaytwishowwatasFLG 25 is
carried out. It is to be noted that the information transferred to the DVA

is final & tEfT@t Bl ©55g NBRNAJSHRAte | Pf QEPBE | OD4 SOstPal1dakae8aN noO
| onger be renewed by using the TDVMA. Thus, the processing to transfer

infornHIi(&bgg&ﬁgg&ghiélﬁé%%ﬂT@&ﬁ4, As a result, the number of
pieces of alternate-address informaticon ati recorded on
the disk 1 can be reduced.
It is to be noted that such restructuring of
_alternate—address information can of course be applied to
any pair of entries with status 1 of 0101 and 1010
indicating a plurality of continuous source and a
plurality of destination clusters as described above. For
example, a first pair of entries represents a plurality'
‘of first continuocus source clusters and a plurality of
" first continuous destination clusters. By the same token,
a second pair of entries is a pair provided for a
plurality of second continuous source clusters and;a
plurality of second centinuous destination clusters. If
the second continuous source clusters are a continuation
of the first continuous scurce clusters and the second
continuous destination ciusters are a continuation of the
first continuous destination clusters, the first pair of
"entries and the second pair of entries cén be

restructured into a new pair of entries.
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to the DVA recorded on the disk 1 is carried out typically as a
finalize-tinme process. In addition, the processing to transfer information
recorded in the TDVA 109 to the DVA recorded on the disk 1 neans a process
to convert the disk 1 into a disk having conpatibility with a witable
optical disk. Wen the processing to transfer information recorded in the
TDVA to the DVA to convert the disk 1 into a disk having conpatibility
with a witable optical disk is carried out, first of all, at a step F401
of the flowhart shown in FIG 25, the systemcontroller 60 carries out a
process to transfer a TDFL and/or a space bit map fromthe cache nmenory
60a to the TDMA. ISi adeithios, proeesd urslditm lodr domttimegursocessaeepr esent ed
by the flowhart shown in FIG 22 as processing carried out at an

i nj ecti on dridreiedt itrthe: ddrkezlidtse et ad ek dlesed ipf i OHpais abteniepest ed.

Then, at the next step F402, the nost recent TDDS recorded in the | ast

sector of ke HMrdss T e ®LE1 tdhd eaies | DfeF Negi ®naofddder R shown in
FIG 5. Subsequently, the flow of the processing goes on to the next step

.F403 to d%&ﬁN@'ﬁ%éME%éEﬁcﬂEvéE& ééﬁ%ﬂﬁﬁﬂtiéﬂE”éEk%b&EEé(Hn@ﬁfe pi eces of
alternate-address information ati. Thus, first of all, the npbst recent

TDFL destination clustexs represented another entry with

status 1 of 0000, the pair of entries can be restructured

into a new pair including the other entry.

5-4: Conversion into Compatible Disks

By the way, in a writable optical disk, management
of alternate addresses is executed by using alternate-
address management information stored in the DMA recorded
on the disk. That is to say, unlike the disk 1 provided
by the embodiment, a TDMA is not provided so that the |
alternate—~address management information stored in the
DMA itself is renewed to keep up with an executed
alternate-address process. The.data structure of the DMA
;ecorded on a writable optical disk is the same as the
DMA recorded on the disk 1 provided by the embodiment.

In the write-once optical disk provided by the
embodiment, on the other hand, data can be written into
an area including the TDMA only once so that the
embodiment must adopt a technique to update the TDMA by

adding alternate-address management information to the
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is read out fromthe TDVA. As explained earlier by referring to FIG 14,
information on the recording |ocation of the effective TDFL can be
obtained fromthe. 110 TDDS. The nunber of catal oged pi eces of
alternate-address information ati can be obtained fromthe defect-Iist
managenent information of the TDFL as the nunber of catal oged DFL entri es.
The nunber of catal oged pieces of alternate-address information ati set at
O indicates that no alternate- address information ati is catal oged. In
this case, the flow of the processing goes on to a step F404 at which the
TDDS is deleted fromthe TDFL to | eave data for creating a DFL |ike the
one shown TIMAI G 6. This is because, as shown in FIG 11, the TDFL

i ncludes the TDDS. Then, at the next step F408, the created DDS and DFL
are recorded in Diiasl, iBVaZdeDMAakeared Dk 4rivd dior hawe ibegrieal | ocat ed on
the disk 1, before the execution of the processing is ended. If the

det er m natdii d=is WislobiSpaierk ab £ t hep Sddpcifd Oda t N0f €t eshé haisk he nunber
of catal oged pieces of alternate-address infornmation ati is 1 or greater,

on the otdeiviend by hend | ihediddier processi Mdc8o8srPncdoracpéep F405 to
determ ne whether or not an alternate-address process has been carried out
on conti nyeis: ald&IMaterternate-address management information
recorded in the TDMA in the DMA.
In addition, in the case of a writable optical disk
or the like, alternate-address information ati is
recorded in the DMA for each cluster even if an
alternate—-address process is carried out on clusters
located in a contiguous area. In the case of a write-once
optical disk like the one provided by the present
invention, that is, in the case of a disk with a
recording capacity decreasing due to data written therein,
however, it is specially important to effectively utilize
the limited area of the TDMA. It is thus desirable to
adopt a method of not increasing the size of the TDFL
. even in an alternate-address process carried out on
clusters of a contiguous area. Thus, instead of including
all cluster addresses completing an alternate-address
process as alternate-address information ati in the
temporary defect management information TDFL recorded in
the TDMA, a burst-transmission format represented by a

pair of entries with status 1 of 0101 and status 1 of
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address source and destination areas. At the step F405, first of all,
status 1 of alternate-address information ati catal oged on the TDFL il
as an entry is fetched. Alternate-address information ati wth status 1 of
0101 indicates that an alternate-address process has been carried out on
continuous alternate- address source and destination areas represented by
the alternate-address information ati. On the other hand, all the entries
catal oged on the TDFL having status 1 of 0000 indicate that no alternate-
address process has been carried out on continuous alternate-address
source and destination areas. In this case, the flow of the processing
goes on taoagstepde4Ctibald whicete tilke aHOPSads sdelaat b freamdehe HEDFL t 0 | eave
data for creating a DFL. If an alternate-address process has been carried

out on COoRuMBERUS falleceat efaddcessiesbunae raad e-GeRiriatat i on areas, first of
all, at a step F409, entries wth status 1 of 0000 are copied to the DFL.

These enthirgsn@acbn apRriesenhadl t8r pat 8agddiessdipbekBBt b@Ntakke ber an
al ternat e- address process carried out on a normal one-to-one pair

consi sting 0t 2,3@4heeus atek A Ao deMiRALPR S St riAR- at the
next step F410, alternate-address

address process, a contiguous area is allocated as
alternate—address destinations for the addresses sc that
only two entries of the alternate-address information ati
need to be cataloged on the TDFL.

In the case of a write-once optical disk provided
by the embodiment, alternate-address information ati is
cataloged on the TDFL every time an alternate-address

'process is carried out. Thus, the size_of information
cataloged on the TDFL changes. That is to say, as the

" number of clusters subjected to the alternate-address
process increases, the size of information cataloged on
the TDFL also rises. By collecting a plurality of
continuous blusters subjected to én alternate-address
process into a group of clusters dealt with by carrying
out the alternate-address process only once as described
‘abdve, however, the increase in TDFL used area can be

- reduced.

If compatibility of the write—oﬁce optical disk
implemented by the embodiment with the writable optical

disk is taken into consideration, it is desirable to
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information ati with status 1 of 0101 is acquired and the alternate source
address in the alternate-address information ati is saved as a start
address SA. Then, 112 alternate-address information ati follow ng the
alternate-address information ati with status 1 of 0101 is acquired and
the alternate source address in the follow ng alternate-address
information ati is saved as an end address EA. Then, at the next step
F411, alternate-address information ati with status 1 of 0000 is catal oged
on the DFL as alternate-address information ati including the start
address SA as the alternate source address. Subsequently, the start

addr ess Sancrideridmemsiddyonce (G cEA digh When, thée t eprete-abidr ess
information ati wth status 1 of 0000 is catal oged on the DFL as

al t er nat e-idries shenfMARtdent atd L iwict uding ¢derespenéhent Bormsatarin addr ess
(SA + 1) as the alternate source address. These processes are carried out
repeat edl ytHd lwr ithebincrememd edisdlar t Taddmess iSA theadhs id hdbtericheaddr ess
EA. By carrying out these processes repeatedly as described above,

al t er nat e-addf asssulfOf MRIARNr S dn rSPrLSENL NPe EOAEEAUDNSthe TDMA.

al ternat e-address source and destination areas is catal oged on the DFL as

a plurality of egties ieachndestldiRi, nd raliternatie-addY €8s record all
?ieces of alternate-address information ati in a format
with status 1 set at 0000. By using such a format, it is
not necessary for the disk drive to switch processing
related to information stored in the DMA from one
compatible with the write-once optical disk to one
compatible with the writable optical disk or vice versa
so that a processing load borne by the disk driver can be
reducéd.

For the reascn described above, when information
recorded in the TDMA is transferred to the DMA recorded
on the disk 1, processing represehted by a flowchart
‘shown in FIG. 25 is carried out. It is to.be noted that
the information transferred to the DMA is final
alternate-address management information so that data can
no longer be renewed by using the TDMA. Thus, the
.processing to transfer inférmation recorded in the TDMA
to the DMA recorded on the disk 1 is carried out
typically as a finalize-time prbcess. In addition, the

processing to transfer information recorded in the TDMA
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information ati representing a normal one-to-one pair consisting of a
source cluster and a destination cluster. Then, at the next step F412, the
TDFL is searched 113 for other alternate-address information entry with
status 1 of "0101'. If such an entry is found in the search, the flow of
t he processing goes back to the step F410 to repeat the processes described
above. That is to say, the processes of the steps F410 and F411 are
carried out on all pieces of alternate-address information ati with

status 1 of 0101 on the TDFL. Then, the flow of the processing goes on from
the step F406 or the step F412 to a step F407 at which the pieces of

al t er nat etaddihes PMEnfreraratdegh cat itTeatdhl Dged rrensg e wragssd BPFL are
rearranged in an order of increasing alternate source addresses. Then, at
t he next siceradr08hd ki v datiedt DES dairek YR ray ecomgeorideidl ity DMAHL, DVA 2,
DMVA 3 and DVA 4, which have been allocated on the disk 1, before the :

execution g Qfritthe IRy @RSy disskended. By carrying out the processing
descri bed above, alternate-address information recorded in the TDVA is

recorded in the t@l\(@nbxheogmb_teis@qntgheoi Rfr@IEFrON nifdrda tédir i es each having
status 1 of 0000. The disk drive designed for a witable optical disk
recorded in the TDMA to the DMA to convert the disk 1
into a disk having compatibility with a writable optical
disk is carried out, first of all, at a step F401 of the
flowchart shown in FIG. 25, the system controller 60
carries out a process to transfer a TDFL and/or a space
bit map from the cache memory 60a to the TDMA. Since this
process is similar to the process represented by the
flowchart shown in FIG. 22 as processing carried out at
an injection time or the like, its detailed description
is not repeated.

Then, at the next étep 7402, the most recent TDDS
recorded in the last sector of the TDMA is read out to
create information of the DDS shown in FIG. 5.

Subsequently, the flow of the processing goes on to
the next step F403 to determine whether or not the TDFL

- includes one or more pieces of alternate-address

- information ati. Thus, first of all, the most recent TDFL
is read out from the TDMA. As explained earlier by
referring to FIG. 14, information on the recording

location of the effective TDFL can be obtained from the
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reads out information fromthe DVA to verify the state of the

al ternat e-address process. Since the disk 1 provided by the enbodinent is
converted into a disk having a DVA 114 created as descri bed above, it is
possible to verify the state of the alternate-address process and carry
out processing in accordance with the state in the sane way as the
ordinary witable optical disk. 6: Effects of the TDVA Method of this
Enbodi mrent The disk 1 and the disk drive, which are inplenented by the
enbodi ment, have the followi ng effects. In accordance with the enbodi nent,
a wite request can be nmade nore than once-to wite data at the sane

addr ess i MO i Teeonuabept bfalcatindkgethpdecies iof aptsginbite-bddappisy a file
system which used to be wunusable, to the conventional wite-once optical
di sk. Foringcampltd,om il ey dendiairsed aftet ythof dpbrat-+niggt syst ens (0S)
can be applied as it is. An exanple of such a file systemis a FAT file
system | maaddidmednt, ideicrnGal orbe Exaharmert, wid hhd el aonsci ous of
differences in OS. On top of that, the wite-once optical disk makes it

possi bl e 1Q daRENPFIPR-NL Misey, data but, of course, directory infornmation
of the FAT or the like recorded in the user-data area. Thus, the
write-once opticahedhgkneRr 8 83 080%ENLERER st Bat 2dRkansueh saRdiskect ory
information ati set at 0 indicates that no alternate-
" address information ati is cataloged. In this case, the
flow of the processing goes on to a step F404 at which
 the TDDS is deleted from the TDFL to leave data for
creating a DFL like the one shown in FIG. 6. This is
because, as shown in FIG. 11, the TDFL includes the TDDS.
Then, at the next step F408, the created DDS and
~ DFL are recorded in DMA 1, DMA2, DMA 3 and DMA 4, which
have been allocated on the disk 1, before the execution
of the processing is ended.
If the determination result obtained at the step
F403 indicates that the number of cataloged pieces of
alternate~address information ati is 1 or greater, on the
‘other-hand, the flow of the processing goes én to a step
F405 to determine whether or not an alternate-address
process has been carried out on continuous alternate-
address source and destination areas.
At the step F405, first of all, status 1 of

alternate-address information ati cataloged on the TDFL
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information of the FAT or the |like can be updated from

Assum ng that the AV system 120 is used, video and nusical data can be
utilized as updateable nedia as long as a free area of an | SA or an CSA

renmai ns.

opti cal

In addition, an operation to record data into an address
specified by a host conputer or the |ike as an
disk or read out data fromsuch an address is a heavy processing

| oad for the disk drive. If a wite instruction specifying an address

recei ved and the address is known as an address at

been recorded before, an error report can be returned without actually
maki ng an aaccesentny tiwe firt¢hesdinc @ ldapiringdle -didskee dan iorftemattd donplténent
such a configuration, it is necessary to manage the recording states of
the witewdnte sapitcall BBSKOBM,idndicdtds grbodimesnt ;e pnspacaddidsmp i s

used as neans for

prepari ng proRace thid Mgsen randond enof et Bnudtis t£1 oaeeatpt i cal
having a | arge storage capacity can be inplenented w thout inposing a

processi NG dat Osodhtee Uik Hd¥Vfal TbRddidd ONreSiHeenF &L W ¢li fige St at es of

alternate areas can be nanaged, an alternate destination

an al t er Nghe-AYAress: RURSESS; o BuAef G tat s .

On the other hand, all the entries cataloged on the
TDFL having status 1 of 0000 indicate that no alternate-
address process has been carried out on continuous
alternate-address source and destination areas. In this
case, the flow of the processing goes on to a step F406
at which the TDDS is deleted from the TDFL to leave data
for creating a DFL.

If an alternate-address process has been carried

out on continuous alternate-address source and

destination areas, first of all, at a step F409, entries
with status 1 of 0000 are copied to the DFL. These
entries each represent alternate-address information ati
for an alternate-address process carried out on a normal
one-to-one pair consisting of a source cluster and a
destination cluster.

Then, at the next step F410, alternate-address
information ati with status 1 of 0101 is acquired and the
alternate source address in the alternate-address

information ati is saved as a start address SA. Then,
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or a. logical overwiting process can be acquired w thout actually making
an access to the wite-once optical disk. 116 On top of that, by using the
space bitmap for managi ng nanagenent/control information areas all ocated
on the disk as the lead-in and the | ead-out zones, recording states of the
managenent/control information can also be managed. In particular, the
managenent of the test area OPC serving as an area for adjusting the power
of the laser beamis effective. Wth the conventional technique, an access
must be actually made to the disk in order to search the disk for the
address included in the OPC as an address at which data should be witten.
It is thusltuitag evadunesshe rhoumdst iofn possi Biliewinddathean area in which
data has been recorded by using a snmall |aser power is interpreted as an
unr ecor dech lareama tBy-akinegs 4 hen f capacel dii tamp Wiorh adtsocumagiingd ke OPC ar ea,
however, it 1is possible to avoid such msinterpretation. By conbining the
overw it e ifurcidquonradesard ek dlafcore td tdoihe: spadeedd timmphd he processi ng

| oad borne by the disk drive can be reduced. That is to say, as is

obvi ous frrMIRE R efaSe 9fa fi-QERES W e aset&d Dy tihe sdleawcharts shown
in FIGS. 17 to 21, without actually naking an access to the disk, it is

possi bl e tQ, dgierdidiesMigt her or not the overwite function is to be
activated.

Then, at the next step F411, alternate-address
information atli with status 1 of 0000 is cataloged on the
DFL as alternate-address information ati including the
start address SA as the alternate source address.
Subsequently, the start address SA is incremented by 1
{SA = SA + 1). Then, alternate-address information ati
with status 1 of OOOOIis cataloged on the DFL as
alternate-address information ati including the
incremented start address (SA + 1) as the alternate
source address. These processes are carried out
repeatedly till the incremented start address SA reaches
the end address Eéd"By carrying out these processes
repeatedly as described above, alternate-address
information ati representing continuous alternate-address
source and destination areas is cataloged oﬁ the DFL as a
plurality of entries each describing alternate-address
information ati'répresenting a normal cne-to-one pailr
consisting of a source cluster and a destination cluster.

Then, at the next step F412, the TDFL is searched
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In addition, by putting a defective area detected at a wite tinme and
surroundi ngs of the area in recorded 117 status in the space bitmap, it is
possible to elimnate a tine-consum ng process to record data at a
defective address caused by an injury. In addition, by conmbining this
feature of the space bitmap and the overwite function, it is possible to
carry out a wite process, which appears to the host as a process having
no wite error. On top of that, an updated TDM. serving as alternate
address managenent information and an updated space bitmap are
additionally recorded in the TDVA and, at the same tine, information

i ndi cat i nforhetéfdrealibsgnafoFadadmy or i widfteiotn \antepace. Wi t3w8-Uss al so
recorded as well. Thus, the effective TDFL and/or the effective space
bi t map can lef i'Wdaritli’f.i edfasueachnpenttryofist ifmend Thathes searshy, thiee di sk
drive is capable of correctly grasping the updating state of the

al t er nat e-faddr eSS thmmagy®Hi i fayamtbark do dAddidtiegn, F4TE fact that the
space bitmap is recorded in the TDVA neans that the data zone serving as

a main ar gagedit eROHiote e sRace idd b vs. Nohatised. toFeayexampl e, the
| SA or the l'ike is not used. Thus, it is possible to carry out an
al t er nat e{AdArLSS PIACRIRE steps F410 and F41l are carried out on

all pieces of alternate-address information ati with

status 1 of 0101 on the TDFL.

Then, the flow of the processing goes on from the
step F406 or the step F412 to a step F407 at which the
pieces of alternate-address information ati cataloged on
the created DFL are rearranged in an order of increasing
alternate source addresses.

| Then, at the next step F408, the created DDS and
DFL are recorded in DMA 1, DMA 2, DMA 3 and DMA 4, which
have been allocated on the disk 1, before the execution
of the processing is ended.

By carrying out the processing described above,
alternate-address information recorded in the TDMA is

._recorded in the DMA by converting the information into
‘entries each having status 1 of 0000.

The disk drive designed for a writable optical disk
reads out information from the DMA to verify the state of
the alternate-address process. Since the disk 1 provided

by the embodiment is converted into a disk having a DMA
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effectively utilizing a data zone and any one of an I SA and an OSA, which
each serve as an alternate-address area. 118 For exanple, either an | SA or
an OSA is selected as an alternate-address area to be used in an

al ternate-address process typically on the basis of preference of an area
closer to the alternate source address. By selecting either an I SA or an
CSA in this way, an operation to make an access to data conpleting the

al ternat e-address process can be nade efficient. On top of that, in an
operation to wite data onto the disk 1, data nay not be witten into a
specified area due to a defect detected in the area and, if data is

recei ved comdtribust yasreridadd edbovy, chif ris eposibhe tal (erhél ethridr ess
process, the wite operation can be continued without returning an error
report. Fatadiearaft ywhe refftmriatatreddtont hareseshond i er I GHutl7 and 18. In
addition, if an operation to wite data into a specified area cannot be
carried ouytraesdimaq idefaotordiet@cteidch ntlidestaiea, in nthanyamasesy ar eas
surrounding the defective area are nost likely also areas into which data

cannot be geadagkdims thiwr Casele coptid£l pidgless can be carried out as a
process assum ng that predeterm ned areas follow ng the defective area are
al so defective areas to which no access is actually made. |If

6: Effects of the TDMA Method of this Embodiment
The disk 1 and the disk drive, which are
implemented by the embodiment, have the following effects.
In accordance with the embodiment, a write request
can be made more than once to write data at the same
address in a write-once optical disk. Thus, it is
possible to apply a file system, which used to be
unusable, to the conventional write-once optical disk.
For example, a file system for a variety of operating
~systems (0S) can be applied as it is. An example of such
a fiie system is a FAT file system. In addition, data can
be exchanged without being conscious of differences in 08S.
On top of that, the write-once optical disk makes
it possible to renew not only user data but, of course,
directory information of the FAT or the like recorded in
the user-data area. Thué, the write-once optical disk
provides convenience that data such as directory
information of the FAT or the like can be updated from

time to time.
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data for these areas has already been received by the disk drive,'an

al t er nat e- address process can be carried 119 out on the areas. In this
case, even if three or nore continuous clusters are subjected to an

al ternat e-address process, alternate-address information ati can be

catal oged on the TDFL only as two entries so that the size of the used
wite area can be reduced. On top of that, by carrying out a process on the
space bitmap to treat a processed area as an area, in which data has been
witten in this way, an iIIegaI access can be avoided. If no data for
areas followng an area, in whic data cannot._be witten, has been

recei ved by the 3F§Hml&9|§§atoﬁh?h§ oWt SFardd 0 &FeH@F@rnWﬁ@&ooﬁég of the
foll owi ng areas are catalogfd on. the TDFL as defective clusters each

havi ng anT3igEd: st (e Weskiisng ivh ukdrbeatels ste b t3e XPite bit map

as areas, in which data has already been witten. If an instruction to
write dat &S iEntfFesuctrem of em |5 ageiared3h orendiahost thereafter, . the
disk drive refers to the space bitmap to find out that the area is an
area, in which dahaahlddtabneady beematvort tten reloerthideteasetct ke overwite
function can be executed to record the data without generating an error.
I n addi ti aridraissceptdre A as 4 e sameongatteer or the like as an

address in the write-once optical disk or read out data

from such an address is a heavy processing load for the

disk drive. If a write instruction specifying an address

is received and the address is known as an address at

which data has already been recorded before, an error

report can be refurned without actually making an access

to the write-once optical disk. In order to implement

such a configuration, it is necessary to manage the

. recording states of the write-once éptical disk and, in

fhis embodiment, a space bitmap is used as means for

implementing the management of the recording states.

By preparing a space bitﬁap, random recording on a

write-once optical disk having a large storage capacity

can be implemented without imposing a processing load on

the disk drive. In addition, since recording states of

alternate areas can be managed, an alternate destination

address used in an alternate-address process of a defect

or a logical overwriting process can be acquired without

actually making an access to the write-once optical disk.
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structure as the witable disk, data can be reproduced by a reproduction
system fromthe di sk provided by the 120 enbodi nent even if the
reproduction systemdesigned for a witable disk is used. D sks provided
by preferred enbodi nents and di sk drives designed for the disks have been
described so far. However, the scope of the present invention is not
limted to the preferred enbodi nents. That is to say, a variety of

nodi fications within the range of essentials of the present invention are
concei vabl e. For exanple, as a recording nediunlof the present invention,

rdi ng nmedi uym ot her opti.cal - medi ym can be used.
Ex;ﬁgﬁeslo? thelbgcgpa'H§t§§€FUW%ybEﬁﬂf“% t%R§Qﬁﬂﬁ%EmaPHF§%"nedlun1are a

magnet o-optical, disk, a ma n tic disk and nedja based on a sem conduct or
rre?mry | HRTGSH TRIRY ut Gcfg}l%oli SIBERTRRSI 9B ot 83 &b 3cripti ons,
the present invention has the follomnﬁg effects. In accordance with the
present i ferfthtorftisk a5 tidie ovRadTide A righerebpadm @dh #Rneled virtual Iy as
a recording nediumallow ng data already recorded thereon to be renewed.
Thus, a fi Fecrstiae sdtes of AR Mdrggyenerdoiral win fetyhat YeTor di ng

medi um can be used for a
can also be managed. In particular, the management of the

test area OPC serving as an area for adjusting the power
of the laser beam is effective. With the conventional
technique, an access must be actually made to the disk in
order to search the disk for the address included in the
OPC as an address at which data should be written. It is
thus guite within the bounds of possibility thaf an area
in which data has been re;orded by using a small laser
power is interpreted as an unrecorded area. By using the
space bitmap for also managing the OPC area, however, it
is possible to avoid such misinterpretation.

By combining the overwrite function described
before with tﬁe space bitmap, the processing load borne
by the disk drive can be reduced. That is to say, as is
obvious from the pieces of processing represented by the
flowcharts shown in FIGS. 17 to 21, without actually
making an access to the disk, it is possible to determine
whether or not the overwrite function is to be activated.

In addition, by putting a defective area detected

at a write time and surroundings of the area in recorded
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wite-once recording nedium As a result, the present 121 invention
provides an effect that the usefulness of a wite-once recording nmedi um
can be enhanced considerably. For exanple, the FAT file system which is a
standard file systemfor information-processing apparatus such as a
personal conputer, allows a variety of operating systens (OS) to reproduce
data froma witable recording nediumand record data onto only a witable
recording nedium By virtue of the present invention, however, the FAT
file systemcan also be applied to a wite-once recording nediumas it is
and allows data to be exchanged w thout being conscious of differences
bet ween op¥taltihiginsyke espacThebandpat Ut essapesailbegoodelimimate a
conpatibility- maintenance point of view In addition, in accordance with
t he presentiménwentiing goywides obcereeconddiaga nedi andefacbevased as a
witable recording nediumas long as an alternate area and an area for
updating atddress ecadsk@sisy namagei®eny. |1 ordwitt ioh,r eRidbrpidihey Wi t e- once
recordi ng medium Thus, the wite-once recording medi um can be used
ef fectivelyhidsreatessldt the ﬁf@é@%ihﬂé{ Nih@N:RE oyv&esriel ef fect that
ed.

resource wasting can be reduc On top of that, a space bitmap can be

referred tfun@sidif of#1etd qhod b cati Ho-pbey heke 0 PPirdat Aobassbeen
which appears to the host as a process having no write
error.

On top of that, an updated TDML serving as
alternate address management information and an updated
space bitmap are additionally recorded in the TDMA and,
at the same time, information indicating the effective

 TDFL and/or the effective space bitmap is also recorded
as well. Thus, the effective TDFL and/or the effective
space.bitmap can be identified at each point of time.
That is to say, the disk drive is capable of correctly
grasping the updating state of the alternate-address
management information.

In addition, the fact that the space bitmap is
recorded in the TDMA means that the data zone serving as
a main area for recording the space bit map is not used.
‘For example, the ISA or the like is not used. Thus, it is
possible to carry out an alternate-address process
effectively ﬁtilizing a data zone and any one of an ISA

and an OSA, which each serve as an alternate-address érea.
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recorded in any cluster, which is used as a data unit on 122 each recording
| ayer of the recording nmedium In general, a host conputer or the |like
makes a request to record data at an address specified in the request as
an address in a recording nediumnounted on a recording apparatus or a
request to reproduce data froman address specified in the request as an
address in a recordi ng nedium nounted on a reproduction apparatus, and
such requests are a heavy processing | oad that nmust be borne by the
recording and reproduction apparatus. By referring to such a space
bi t map, however, it is possible to determne whether or not data has
al ready bdeit redSiRIsy f1HPAdRN 532 2penfPRY $orsekampre &8 alwite
request. If data has already been recorded at the specified address, an
error repdYieH $AIFTHA D EPPhostedohpureraliehoate-adduessy naki ng
an access to the recording nedium As an alternative, the data can be
renewed bPIFFSA rg/otaldy <t teimadbvas bsldpEsprpfecesse oh parsieal ar, it is
al so possible to determ ne whether or not the function to renew data is
ef fecti ve Qlarssyt dd) thig holte mottuml $guneki addrass ac@s sdleditherg ecor di ng
medium In addition, by referring to such a space bitmap, it is possible
to deter maighehetdrerI S cwtardaish hias tlad s eagy, beerncpeeor ted e aokaddr ess
specified for exanple

an access to data completing the alternate-address

process can be made efficient.

On top of that, in an operation to write data onto
the disk 1, data may not be written into a specified area
_ due to a defect detected in the area and, if data is

received continuously thereafter, by carrying out an

alternate-address process, the write operation can be

continued without returning an error report. For clarity,

refer to the flowcharts shown in FIGS. 17 and 18.

In addition, if an operation to write data into a

specified area cannot be carried out due to a defect

detected in the area, in many cases, areas surrounding

the defective area are most likely also areas into which

data cannot be recorded. In this case, a write process

can be carried out as a process assuming that

predetermined areas following the defective area are also

defective areas to which no access is actually made. If

data for these areas has already been received by the

- disk drive, ‘an alternate-address process can be carried
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in aread request. If no data has already been recorded 123 at the
specified address, an error report can be returned to the host conputer

wi t hout actually nmaking an access to the recording nmedium That is to say,
it is possible to reduce a processing |oad borne by the recording and
reproduction apparatus in respectively recording and reproduci ng data
onto and fromthe recordi ng nedi um by maki ng random accesses to the
recording medium In addition, by using the information indicating whether
or not data has been recorded in any cluster, recording states of

alternate as..c b pnaged. Thus, it is possible to acquire an
al ternate gggt?ﬂa??%ngrgg fegg? %%f%hc?getoeﬁgnuﬁgdtpﬁeﬁnoﬁlP%Fﬁate-address

rocess carrjied out due tp the existence of a defect or carried out to
PeneM/data§5§?%ﬁ%8Psa%?ﬂﬁﬁ?§snﬁﬁﬁn6u§ﬁec&@@e§§ £8 PRESFEESLIRAGIMEEi um On

top of that, manage t/control areas such as_ the |ead-in and |ead-out
areas can Fgﬁeﬁé'n%ﬁgﬁﬁaaBﬁ‘aﬂgFﬁéstHéfpﬁﬂéﬁﬁﬁpiéﬁliﬁépcéﬁing whet her or
not data has een recorded in any cluster. Thus, the information

i ndi cat i ngCdhat perdoPnnbhe dEPELhaBlHeaR FwWeortsdiea anythetusher is
suitable for typically a process to grasp the used range of the OPC for
adj usti ng &-fasef pedwersed vhéte area can be reduced.

On top of that, by carrying out a process on the
space bitmap to treat a processed area as an area, in
which data has been written in this way, an illegal
access can be avoided.

If no data for areas follewing an area, in which
data cannot be written, has been received by the disk
drive, on the other hand, predetermined ones of the
following areas are cataloged on the TDFL as defective
clusters each having an allocated alternate destination
and treated on the space bitmap as areas, in which data
has already been written. If an instruction to write data
into such an area is received from the ﬁoSt thereafter,
the disk drive refe;s to the space bitmap to find out
that the area is an area, in which data has already been
written. 1In this case, the overwrite function can be
executed to record the data without generating an error.

In addition, since the DMA has tﬁe same data
structure as the writable disk, data can be reproduced by

@ reproduction system from the disk provided by the
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like. That is to say, when the OPC is searched for a 124 trial-wite area
for adjusting a |l aser power, it is not necessary to actually nake an
access to the recording nediumand it is also possible to avoid incorrect
detection as to whether or not data has been recorded in a cluster. In
addition, if the information indicating whether or not data has been
recorded in any cluster reveals that an area used as a target of a wite
operation is defective due to an injury and data has been recorded in
areas surrounding the target area, it is possible to elimnate a process
for recordi ata at_an address in the defective target area_as a process
t hat woul %nﬁ%fcﬂ%}rl%%ee‘fearkelfoe%et}f%r?%u@éjr?ﬂ} %ﬁ??e%dg%bg%?dtﬁ%,aby
conmbi ning this .function with a function to renew data, it 1is possible to
carry out 9%?[#%%&&%5 J#7<¢h appears to the host as a process
involving no wite error. On top of that, the second alternate-address
management i nf or RES¥Sn PEPFaSedviive P rfie rdmch egred idsnten arshalistk r ecor di ng
| ayers, are used sequentially one after another each as an area for

updat i ng SHermttesd e 5o e eherks | e neeéndendr bédtenm Tanwitten

state indication information (or a space bitmap provided for each
recor di ng Hoxgsrgr, the scope of the present invention is not

limited to the preferred embodiments. That is to say, a
variety of modifications within the range of essentials
of the present invention are conceivable.

For example, as a recording medium of the present
_invention, a recording medium other than the optical-disk
medium can be used. Examples of the recording medium
other than the optical-disk medium are a magneto-optical
disk, a magnetic disk and media based on a semiconductor

memoxry.

Industrial Applicability

As is obvious from the above descriptions, the
present invention has the following effects.

In accordance with the present invention, a write-
once recording medium can be used virtually as a
recording medium allowing data already recofded thereon
to be renewed. Thus, a file system such as a FAT file
system for a writable recording medium can be used for a

write-once recording medium. As a result, the present
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The fact that the second alternate-address 125 managenent information
areas is used in this way neans that the second alternate-address
managenent information areas are used collectively as a | arge second

al ternate- address nmanagenent information area. Thus, a plurality of

second al t ernat e- addr ess nmanagenent information areas can be used with a
hi gh degree of efficiency. In addition, at a point of tine a wite
operation is carried out to update a portion of the witten unwitten
state indication information in accordance with an operation to wite data
or a wite, tionis .carried t 1o _update the alternate-address
nanagenentlﬁ§$§§%%%lg€ﬁy% e%c%%rﬁgﬁ%%£mFP%ttE%eaF?EEHiP@§§d8Fe§S process,
control is executed to include information in the witten unwitten state
i ndi cati on" T htOreRTT ot ERF A9 P ETWR FARtRe sebanacdl FerRAferalBdyess
managenment_ information area to_indicate that the witten unwitten state
i ndi cati o $hiOFHERTON e FAEcEI 4R swrtemn whhGRi L5en standarddi cation
information in the second  alternate-address nmanagenent information area or
i nf or mat i ont1$h THE-AR tiehat el eEmR ebennRRageseny apparattsoaubei ag witten
in the second al ternate-address nanagenent information area to indicate
that the @lREFIRRE adurestse ramabementa i véoiaay i of oseedfingi ve

systems (03) to reproduce data from a writable recording
medium and record data onto only a writable recording
medium. By virtue of the present invention, however, the
FAT file system can also be applied to a write-once
recording medium as it is and allows data to be exchanged
without being conscious of differences between operating
systems. These féatures are also good from compatibility-
maintenance point of view.

In addition, in accordance with the present
invention, a write-once recording medium can be used as a
writable recording medium as long as an alternate area
and an area for updating alternate-address management
information remain in the write-once recording medium.
Thus, the write-once recording medium can be used
effectively. As a result, the present invention provides
an effect that resource wasting can be reduced.

On top of that, a space bitmap can be referred to
as information indicating whether or not data has been

recorded in any cluster, which is used as a data unit on
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al t ernat e- address managenent information in the second 126 _
al ternate-address management information area. Thus, at every point of
time, the effective alternate-address managenent information or the
effective witten unwitten state indication information in the second
al ternate- address managenent information area can be identified. That is
to say, the recording apparatus and the reproduction apparatus are capable
of correctly grasping the updating state of the alternate-address
managenment information and the updating state of the witten unwitten
state indication information. Thus, by using the witten unwitten state
i ndi cat i orfa ofFRRT BN AN YEheo Bl e npeecndiinessedhnagenntgsndorvat i on,
the recording apparatus and the reproducti on apparatus are capable of
carrying cuthgiocewepuigeni oh shéi phkeegakesod refiestenoyred@¥dCLAIMS 1. A
recordi ng medi um having a plurality of recording layers each including a
wite-oncedateroadiany addeasal spedhffi ddt int ohderegoostedst arr edaressy once
as an area conprising: a regular recording reproduction area, which data
i's recordeih iantwe @ reprosfioet féoited on a recording apparatus or

a reguest to reproduce data from an address specified in

the regquest as an address in a recording medium mounted

on a reproduction apparatus, and such requests are a

heavy processing load that must be borne by the recording

and reproduction apparatus. By referring to such a space

bitmap, however, it is possible to determine whether or

not data has already been recorded at an address

specified for example in a write request. If data has

already been recorded at the specified address, an error

report can be returned to the host computer without

actually making an access to the recording medium. As an

alternative, the data can be renewed by cérrying out an

alternate-address process. In particular, it is also

possible to determine whether or not the function to

renew data is effective (enabled) without actually making

an access to the recording medium.

In addition, by referring to such a space bitmap,
it is possible to determine whether or not data has

already been recorded at an address specified for example

in a read request. If no data has already been recorded
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an alternate area for recording data in an alternate-address process
carried out due to a defect existing in said regular recording
reproduction area or carried out to renew existing data; a.first

al t er nat e- address managenent information area for recording

al t ernat e- address managenent information for managi ng alternate-address
processes each wusing said alternate area; and a second alternate-address
managenent information area for recording said alternate-address
managenent information in an updateable state, wherein, for each data unit
of said mwite-gnce recor ing area, witten unwitten state indication

i nfor mat i ot i 87 eCRTTEHLFA AP eddt ek REHCAr 88PAEL FAROPRREFBHINAGI cati ng
whet her or_not. data has been witten into said data unit. 2. The recording
medi um acclo? d?%‘”gaii‘%sEl SPRPYter J8iherki ACkar 4l crakidngl per nacesadpess
managenent information areas, which are each provided on one of said
recor di ng Hagerecordinggaediefuential |y one after another each as an area
for recording alternate-address managenent information serving as an
update. 3. The r &d@tdiisy trediaym aidcdradipwp 4idlsd diandedudrerein said witten

unwitten state indication
' processing load borne by the recording and reproduction

apparatus in respectively recording and reproducing data
onto and from the recording medium by making random
accesses to the recording medium.

In addition, by using the information indicating
whether or not data has been recorded in any cluster,
recording states of alternate areas can be managed. Thus,
it is possible to acquire an alternate destination
address, which is to be used in an alternate-address
process carried out due to the existence of a defect or
carried out to renew data, without actually making an
access to the recording medium.

On top of that, management/control areas such as
the lead-in and lead-out areas can also bé managed by
using the information indicating whether of not data has
been recorded in any cluster.‘ Thus, the information
indicating whether or not data has been recorded in any
-cluster is suitable for typically a process to grasp the
used range of the OPC for adjusting a laser power or the

like. That is to say, when the OPC is searched for a
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information is recorded in said second alternate-address nmanagenent

i nformati on areas and said second alternate- address managenent information
areas, which are each provided on one of said recording |ayers, are used
sequentially one after another each as an area for recording

al t ernat e- address managenent information serving as an update as well as
witten unwitten state indication information for each of said recording
| ayers as an update. 4. A recording apparatus provided for a recording
medi um having a plurality of recording |layers each including a wite-once

recording area allpwing data to be recorded therein only once as an area
conprising?rﬁg}ﬁﬁﬁ+5? gﬁ%%rﬁ?ﬁgaséb?ﬁﬂﬁﬁt?oﬁaﬁﬁéaPOVﬁFcthaﬁé np§ recorded

into and reproduced from an alt-ernate area for recording data in an
al t er nat e- 2RI Proee’dst ¢at 1Y sRabat aduaceesa Hef be reeordingting in said
regul ar recording reproduction area or carried out to renew existing data;
a first al®ethane22@diesss nehagapensibheotanavohd anearfectrecordi ng
al ternat e- address managenent infornmation for nmanagi ng alternate-address
processes @edctigh ngs sbd dwiadtieenate mreagabadhasseeendratbedadt énaddr ess
managenent i nformation
a cluster.
In addition, if the information indicating whether
.0r not data has been recorded in any cluster reveals that
an area used as a target of a write operation is
defective due to an injury and data has been recorded in
areas surrounding the target area, it is possible to
eliminate a process for recording data at an address in
the defective target area as a process that would
otherwise take long time to carry out. On top of that, by
combining this function with a function to renew data, it
~1s possible to carry out a write process., which appears to
the host as a process invelving no write error.
On top of that, the second alternate-address
management information areas, which are each provided on
one of recording layers, are used sequentially one after
" another each as an area for updating alternate-address
management information and written unwritten state
indication information (or a space bitmap provided for

each recording layer).

The fact_that the second'alternate—address
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area for recording said alternate-address managenent i nformation and
witten unwitten state indication information indicating whether or not
data has been witten into said data unit, in said wite-once recording
area in an updateable state, said recording apparatus conprising: wite
means for recording data onto said recording nedium and control neans for
executing control to use said second alternate-address managenent
information areas, which are each provided on one of said recording

| ayers, sequentially one after another each as an area for recording

updat es iving said wjite neans to carry .out.a wite operation to
updat e sgpggﬁgé%T%%guﬁ%w?fT% lo%t%FgaFnﬂFcH??éannFBFﬁaWFﬁnmﬁﬁnéccordance
with an operatjonto wite data jnto a data unit and a wite operation to
updat e sai diar t EPRat eC¥Ydr 255 HRALG e RERT S 250 PRPERPRERE oANEATRESPHaNCe Wit h
said alternate-address _process. 5._The recording apparatus according to
claim4 vHETRF reranededr ¢t Hecshvalir peeandanset seeantyasdueraate-. wite
operation to update said witten unwitten state indication information in
accor danc @ EPS arfdpryereh tofowpptéodassennt dThusata phitabify aofrite

operation to
second alternate-address management information areas can

be used with a high degree of efficiency.

Inladdition, at a point of time a write operation
is carried out to update a portion of the written
unwritten state indication information in accordance with
an operation to write data or a write operation is
carried out to update the alternate-address management
information in accordance with the alternate-address
process, control is executed to include information in
the written unwrittgn state indication information being
written in the second alternate-address management
information area to indicate that the written unwritten
state indication information is effective written
unwritten state indication information in the second

alternate-address management information area or
information in the alternate-address management
information being written in the second alternate-address
management information area to indicate that the
alternate-address management information is effective

alternate-address management information in the second

126



updat e said al ternate-address managenent information in accordance with
said alternate-address process, said control neans executes control to
include information in said witten unwitten state indication information
being witten in said second alternate-address managenent information
area to indicate that said witten unwitten state indication information
is effective witten unwitten state indication information in said second
al t ernat e- address nmanagenent information area and information in said

al t er nat e- addr ess managenent information being witten in said second

al ternate-_address nmanagenent infornatipon_area to indicate that said

al t er nat e- %ﬂﬁF?ﬁﬁé&%&ﬁﬁum??ﬁ%ﬁﬁﬁfFohnfgr%??é%¥i%Eeamt@#qﬁmeﬁ%ddress
managenent information jn said second alternate-address nanagenent

i nfor mati oV HrePOHL OF ptriucthienc bppar AY sa provnaee-28drassr ecor di ng
medi um having a plurality of recording layers 131 each including a

wri t e- onc @GRy et bun ngr delka et Bepelvecor etlerhenerhtbahy once
as an area conprising: a regular recording reproduction area, which data

i s recordetFat oihica o dickelriabhen ahn ather satendraatéonateeor di ng dat a
in an alternate-address process carried out due to a defect existing in
sai d requlatdrespmimapemprodutioonafiea area can be identified.

That is to say, the recording apparatus and the
reproductiﬁn apparatus are capable of correctly grasping
the updating state of the alternate-address management
information and the updating state of the written
unwritten state indication information. Thus, by using
the written unwritten state indication information and
the alternate-address management information, the
recording apparatus and the reproduction apparatus are
capable of carrying out processing with a high degree of

efficiency.
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carried out to renew existing data; a first alternate-address nmanagenent
information area for recording alternate-address managenent information
for managi ng al ternate-address processes each using said alternate area;
and a second al ternate-address managenent information area for recording
sai d alternate-address nmanagenent information and witten unwitten state
indication information indicating whether or not data has been witten
into said data unit, in said wite-once recording area in an updateabl e
state, said reproduction apparatus conprising read neans for reproducing
data fromsaid recording mediumand cepirgl means for executing control to
use said second alternate-address managenent information areas, which are

each provided on onge of, sai.d.r [ | ayers, 132 sequentially one after
anot her, searchi ng pie%ésgggrdﬁg or ggugﬁt@Wﬁgﬁéﬁa§§Pg§§lﬁ§h§ ement

information A i ece recorded itten unwitten state indication
i nf ormati on ?%?ogg}ﬁgef?é%%?V%a%?t%?%%?g}%ad?e§§ltﬁﬁﬂ%§%n§ﬁ?°Fﬁ%ﬁgnation

and said eff i ve iften, unwitten state indication information
respecti vel yE?%%% S0 19 sBP PT eERCrEERe EoeFehd oulydaneefasnesai d

area comprising:
a regular recording reproduction area, which data
is recorded into and reproduced from;
an alterﬁate area for recording data in an
alternate-address process carried out due to a defect
existing in said regular recording reproduction area or
carried out to renew existing data;
a.first alternate-address management information
area for recording alternate-address management
information for managing alternate-address processes each
‘using said alternate area; and
a second alternate-address management information
-area for recording said alternate-address management
-information in an updateable state,
wherein, for each data unit of said write-once
recording area, written unwritten state indication
-information is recorded in a predetermined area as
information indicating whether or not data has been
written into said data unit.

2. The recording medium according to claim 1
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recording nediumat a data read request on the basis of said effective

al t er nat e- addr ess managenent information and said effective witten
unwitten state indication information. 7. A recording nethod provided for
a recording nediumhaving a plurality of recording | ayers each including
a wite-once recording area allowing data to be recorded therein only once
as an area conprising: a regular recording reproduction area, which data
is recorded into and reproduced from an alternate area for recording data
in an alternate-address process carried out due to a defect existing in
said regul ar_.,recording. reproduction area or,.carried out to renew existing
dat a; agfi r TR TR ik eé- aa%cf%%cg %%%ﬁé%%?a?%%ﬁm?%%gerﬁ?%% for recording
al t er nat e- addr ess nagenent information for managi ng al ternate-address
processes eajtfhteﬁ%%ar%s‘? A Y dfqueql?*na?%e FH Bt cghene of said

al t er nat e- addr ess, managenent information area for recording said

al t er nat e- addfiCELiMghagorfsit, 3457 o1sRd i rAuat gl Y anamfies anaihae

indication information indicating whether or not data has been witten
into said d&achums a0 meed o inecwitie s aldreinrferaddiesan updat eabl e

st at e,
management information serving as an update.

3. The recording medium according to claim 1
wherein said written unwritten state indication
information is recorded in said second alternate-address
management information areas and sald second alternate-
address management information areas, which are each
provided on one of said recording layers, are used
.sequentially one after another each as an area for
recording alternate-address management information
serving as an update as well as written unwritten state
indication information for each of said recording layers
as an update.

4. A recording apparatus provided for a recording
medium having a plurality of recording layers each
including a write-once recording area allowing data to be
recorded therein only once as an area comprising:

a regular recording reproduction area, which data
is recorded into and reproduced from;

an alternate area for recording data in an

-alternate-address process carried out due to a defect
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whereby control is executed to use said second alternate-address
managenent i nformation areas, which are each provided on one of said
recording |layers, sequentially one after another each as an area for
recording updates in a wite operation to update said witten unwitten
state indication information in accordance with an operation to wite data
into a data unit and a wite operation to update said alternate- address
managenent information in accordance with said alternate-address process.
8. The recording method according to claim?7 mhereby, in awite operation

to dat e sa nwiitten state i cation mation in
accgfdance Wt h yﬁiﬁ%perau?%%lf%gﬁ%?f %%% #%90£%Pﬁ|$5¢ h??lﬁﬁﬁé a®rite

operation to_updat al t ernat e- addr ess ,nanagenent information in
accordance wit r%%ﬁ%P@ﬁ &7 R RS A EESI N PrdRERS, control is executed to
include information in 134 said witten unwitten state |nd|cat|on

i nformation being Awiittén Fhtdaiad ssecsiie=a Manseaeid e rmtdgeent
information area to indicate that said witten unWW|tten state indication
i nf or mat i on 3% FVCIKOTFINT enl terdi e taddeess eramayemeion i nf ormation in
said second alternate-address managenent information area and information
in said altefHernaddidre ko nawrnpgiery alternate-address processes each

using said alternate area; and

a second alternate-address management information
area for recording said alternate-address management
information and written unwritten state indication
information indicating whether or not data has been
written into said data unit, in said write-once recording
area in an updateable state,

said recording apparatus comprising:

write means for recording data onto said recording
medium; and

control means for executing control to use said
second alternate-address management information areas,
which are each provided on one of said recording layers,
sequentially one after another each as an area for
recording updates when driving said write means to carry
out a write operation to update said written unwritten
state indication information in accordance with an
operation to write data into a data unit and a write

operation to update said alternate-address management
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information being witten in said second alternate- address managenent
information area to indicate that said alternate-address nanagenent
information is effective alternate-address nanagenent information in said
second alternate-address nmanagenent information area. 9. A reproduction
met hod provided for a recording nediumhaving a plurality of recording

| ayers each including a wite-once recording area allowi ng data to be
recorded therein only once as an area conprising: a regular recording
reproduction area, which data is recorded into and reproduced from an

alternate areardhat £60r i No. A3t i He a‘;’]i%}ql ég{@agﬁ%ﬁ_%@g_sagégcess carried

sS5.
out due to a defect existing in sard regular recor reprod%c?lon ar ea

or carried éﬁgcéggrenem/existing data; a first alternate-address
managenent infornation area for recording alternate-address managenent 135

information for nmanagi al t ernat e- addr ess,_processes, each using said
alternate area; and-a gg%oﬁﬁcﬁf éPﬂa?BpﬁaaFQESaﬁﬁﬂﬁ éﬁﬂn?oiﬁiaﬁ fion area

for recording said alternate-address, managenent information and witten
unwitten stHIEFTHY CRSOFTIHRE Ra O T Nt @RaHY Sheidery tUha® data has

been witten into said data unit, in said wite-once recording
write operation to update said written unwritten state

indication information in accordance with an operation to
write data into a data unit and a write operation to
update said alternate-address management information in
accordance with said alternate-address process, said
control means executes contrbl to include information in
said written unwritten state indication information being
written in said second alternate-address management
information area to indicate that said written unwritten
state indication information is effective written
unwritten state indication information in said second
alternate-address management information area and
infeormation in said alternate-address management
information being written in said second alternate-
address management information area to indicate that said
alternate-address management information is effective
alternate-address management information in said second
alternate-address management information area.

6. A reproduction apparatus provided for a

recording medium having a plurality of recording layers
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area in an updateable state, whereby control is executed to use said second
al t er nat e- addr ess managenent information areas, which are each provided on
one of said recording |layers, sequentially one after another, search

pi eces of recorded alternate-address nanagenent information and pieces of
recorded witten unwitten state indication information for said effective
al t er nat e- address managenent information and said effective witten
unwitten state indication information respectively and read out data
fromsaid recording nediumat a data read request on the basis of said

effecti ve alégégafﬁhfﬁgg enen }géorgailon and ffégigffgctlve

witten unwitten state ?ndlca ion 1 nf or et on.d 1365 @
to be recorded therein only once as an area comprising:

a regular recording reproduction area, which data
is recorded into and reproduced from;

an alternate area for recording data in an
alternate-address process carried out due to a defect
existing in said regular recording reproduction area or
carried out to renew existing data;

a first alternate-address management information
area for recording alternate-address management
information for managing alternate-address processes each
using said alternate area; and

a second alternate-address management information
area for recording said alternate-address management
information and written unwritten state indication
information indicating whether or not data has been
written into said data unit, in said write-once recording
area in an updateable state,

said reproduction apparatus comprising

read means for reproducing data from said recording
medium and

control means for executing control to use said
second alternate-address management information areas,

which are each provided on one of said recording layers,
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sequentially one after another, searching pieces of
recorded alternate-address management information and
pieces of recorded written unwritten state indication
information for said effective alternate-address
management information and said effective written
unwritten state indication information respectively and
controlling said read means tec read out data from said
recording medium at a data read request on the basis of
said effective alternate-address management information
and said effective written unwritten state indication
information.

7. A recording method provided for a recording
medium having a plurality of recording layers each
.including a write-once recording area allowing data to be
recorded therein only once as an area comprising:

a regular recording reproduction area, which data
is recorded into and reproduced from;

an alternate area for recording data in an
alternate-address process carried out due to a defect
existing in said regular recording reproduction area or
carried out to renew existing data;

a first alternate-address management information
area for recording alternate-address management

information for managing alternate-address processes each
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using said alternate area; and

a second alternate-address management information
area for recording said alternate-address management
information and written unwritten state indication
information indicating whether or not data has been
written into said data unit, in said write-once recording
area in an updateable state,

whereby control is executed to use said second
alternate-address management information areas, which are
each provided on one of said recording layers,
sequentially one after another each as an area for
recording updates in a write operation to update said
written unwritten state indication infeormation in
accordance with an operation to write data into a data
unit and a write operation to update said alternate-
address management information in accordance with said
alternate-address process.

8. The recording method according to claim 7
whereby, in a write operation to update said written
unwritten state indication information in accordance with
an operation to write data into a data unit and a write
operation to update said alternate-address management
information in accordance with said alternate-address

process, control is executed to include information in
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said written unwritten state indication information being
written in said second alternate-address management
information area to indicate that said written unwritten
state indication information is effective written
unwritten state indication information in said second
alternate-address management informaticon area and
information in said alternate-address management
information being written in said second alternate-
address management information area to indicate that said
alternate-address management information is effective
alternate-address management information in said second
alternate-address management information area.

9. A reproduction method provided for a recording
medium having a plurality of recording layers each
including a write-once recording area allowing data to be
recorded therein only once as an area comprising:

a regular recording reproduction area, which data
is recozxded into and reproduced from;

an alternate area for recording data in an
alternate-address process carried out due to a defect
existing in said regular recording reproduction area or
carried out to renew existing data;

a first alternate-address management information

area for recording alternate-address management
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information for managing alternate-address processes each
using said alternate area; and

a second alternate-address management information
area for recording said alternate-address management
information and written unwritten state indication
information indicating whether or not data has been
written into said data unit, in said write-once recording
area in an updateable state,

whereby control is executed to use said second
alternate-address management information areas, which are
each provided on one of said recording layers,
sequentially one after another, search pieces of recorded
alternate-address management information and pieces of
recorded written unwritten state indication information
for said effective alternate-address management
information and said effective written unwritten state
indication information respectively and read out data
from said recording medium at a data read request on the
basis of said effective alternate-address management
information and said effective written unwritten state

indication information.
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