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 recording
medi um used particularly as wite-once recording nmedia as well as relates:
to a recording apparatus, a recording nethod, a reproduction apparatus
and a reproduction nethod, which are provided for the recordi ng nedi um
Background Art As a technol ogy for recording and reproducing digital data,
there is known a data-recording technology for using optical disks

i ncl udi ng magnet o-optical disks aggeeaepgdirsg nedia. Exanples 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 nane of
recording nedia, which is a netallic thin plate protected by plastic. Wen

a | aser beaf@ néﬁﬁﬂ‘f‘? gﬁmﬁglv{;" ot %ﬁ@@lAP ﬁi‘rué heRé’ﬂié ﬂbr@k emts a

refl ected signa anges can be readd out as changes

representlrgbéaﬁig rf§ﬁ55ﬁ5fﬁé”ﬁ5¥h .§$ %#ﬁﬁbDJ¢§§éﬁnQ§§ﬂ§§a sks can be
classified only category incfuding a ;o a and a
DvD- ROM
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 data—recording technology
for using optical disks includiné magneto-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 pi gnented-coat change recording-nmethod 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-nmethod. Since this pignmented-coat change recordi ng-nethod

al | ows dat aif e6emat Ngn OReCoaEd | Bhi bhésqdigrnewal of data onto the disk, the
disk is good for data- saving applications or the |like. On the other hand,

the nmagneto-opticgler recH NG Mgth Qdh Ak tdies PdasRs £ aNgS o read-
recordi ng-nmet hod are adopted in a variety of applications allow ng renewal
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a Condltlongenerally 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-method or a pigmented-coat change
recording-method for the writable category, data can be
recorded onto a disk of this category. The pigmented-coat
change recording-method is also referred to as a write-
cnce recording-method. Since this pigmented-coat change
recording-method allows data recording once and inhibits
renewal of data 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 phase-change
recording-method are adopted in a variety of applications
allowing renewal of data. The applications allowing
renewal 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



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 62% 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 block of 64 KB
(kil obytes). There are also two types of optical disk having such a high
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reproduced. The laser required in this condition is the
so-called blue laser. With the optical disk having a
track pitch of 0.32 gum, a line density of 0.12 pm/bit, a
formatting efficiency of about 82% and a diameter of 12
cm, data 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 (kilobytes).

There are alsc two types of optical disk having
such a high density, i.e., optical disks of a write-once
type 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, guide means for tracking data tracks is required.
Thus, a groove is 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 information 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

data showi ng ane addsessedt e Aafgcéﬁta?y@@&@spn the track. By adding
addresses as a wobbling groove, 11T IS no necessary to discretely provide
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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 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 information conveyed by a
reflected light beam. Thus, data can be recorded at a
predetermined location and reproduced from a
predetermined location 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. 8Since such an address 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 thewefLald W IRAAd Ahdto MOt LAMORRY (REFLHANG and
reproduction operations to be carried out properly. These defect
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as media for recording these kinds of data or not as
reproduction-only media, there is known a technology for
changing a data—récording location on the disk by
providing an alternate area. That is to 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 Laid-
open Nos. Sho 60-74020 and Hei 11-39801.

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

optical recording medium, that is, an area in which data



di sk. Specifications of nost file systens to be recorded on an optical
recordi ng medium 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 becone yidelyepopil@fdePbd S Of herhands @ FAhe fidie S¥3i&m capabl e of
keeping up wth a variety of OSes of an i nformation-processing apparatus
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usability of. tjhe wite-once nmedia can be further 6 enhanced. |In order to
allow a w Jr?)('used file systemsuch as the FAT file systemand a file

system for RAM O%Hgﬁy%ications of most file systems to be recorded

on an optical recording medium are defined by assuming
the use of the optical recording medium 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
for 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-
once reccrding 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 media 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
dependence gpnhike=gtate in which the disk is kept in the drive and the way
in which the disk is used. For this reason, the aforenentioned technique

of managi ng def ectyg, hassdiean, glqw%d-wiqelf%e%ﬁ,fg?w&f‘eweé&&i ance

medi a nust be capable of coping wth a defect caus by an injury. In
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existing data is required. That 1s to say, a capability
of renewing data is required. Of course, one of
characteristics of the write-once media i1s 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. O0Of
course, even the write-once media must be capable of
coping with a defect caused 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 nmedia or, in
particular, wite-once nmedia inplenented by a high-density optical disk

having a reeordi 89c£apacitVhof rétolgasgtn@fr B ke thegeAfermy i oned
blue-ray disk, is required to nmeet the follow ng reqU|renents The
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thus an Ob]eféugélégel ﬁf@gn%hén Pgéégﬁ 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 tco 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 1s a process of a heavy load.

From what is desc;ibed above, contemporary write-
once media or, in particular, write-once media
implemented by a high-density optical disk having a
recording capacity of at least 20 GB 1like the
aforementioned blue-ray disk, is required to meet the
following reguirements. 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 load borne by the
recording/reproduction apparatus, keeping up with a

general-purpose file system by the capability of renewiﬁg

data and maintaining compatibility with writable optical



addressing such a situation to inprove usability of a wite-once recording
mediumwith a plurality of recording |ayers by allowi ng data stored on the
write-once recording nediumto be renewed and by executing proper
managenent of defects. A recordi ng nedi um provi ded by the present

invention has a plurality of recording |layers each including a wite once
recording area allowing data to be recorded therein only once as an area

i ncluding a regular recording/reproduction area, which data is recorded
into and reproduced from an alternate area for recording data in an

al ternate aglftes sy PrRCESSa S A &hLYOME 1 SMeoh Dy agi e ect existing in the
regul ar recordi ng/reproduction area or carried out to renew existing data,

a first alternate address nmanagenent information area for recording
al ternate address managenent information for nmanaging alternate address

processes eﬁfg i@é etgg Igéé&{fgﬁe area and a second al ternate address
managenent AT OF NALT ON- area T or recording the alternate address

managemnent i nfor iQn i.n_an updateahl e state in an.9 .updati.ng process
prior to finalization® Itﬁmasdcﬁrfiog’r?,e bcorOfSetglcen pd:aetsam’lutni]’trpvo‘ﬁ‘nttlhcg1 wite once
recording area, witten/unwitten state indication inforpation is
ecorded | A SEHREr TR o LRIBSL PR op miftpEAve usability of'a

write-once recording medium with a plurality of recording
layers by allowing data stored on the write-once
recording medium to be renewed and by executing proper
management of defects.

A recording medium provided by the present
invention has a plurality of recording layers each
including a write once recording area allowing data to be
recorded therein only once as an area including 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 the 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 the
alternate area and a second alternate address management
information area for recording the alternate address

management information in an updateable state in an



i ndi cating whether or not data has been witten into the data unit.
Furthernore, the second alternate address managenent information areas,
whi ch are each provided on one of the recording |ayers, are used
sequentially one after another each as an area for recording alternate
address managenent information serving as an update. In addition, the
witten/unwitten state indication information is recorded in the second
al ternate address nmanagenent information areas, and the second alternate
address managenent information areas, which are each provided on one of

the recordi gyl 8Yed SprSELs 4SS oSegblepihal | ¥aohen af tief RRPINRIL eady as an
area for recording alternate address managenent information serving as an

update as velly as. ¥ i 4 e/ SpVERL Lei SLabsce | AOEGRLI 09 dpdormation for each

of the recording layers as an update. A recordi ng apparatus provided by
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data unit.

Furthermore, 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.

In addition, the 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 con one cof the recording layers, are used
sequentially one after another each as an area for
récording 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.

A recording apparatus provided by the present
invention is a recording apparatus designed for the

recording medium described above. The recording apparatus
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one of the recording | ayers, sequentially one after another each as an
area for recording updates 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 into
a data unit associated with the updated portion of the witten/unwitten
state indication information and a wite operation to update the alternate
address managenent information in accordance with the alternate address
process. In addition, when driving the wite neans to carry out a wite

operation to,dpEals POk thom Of rdhere 614185/ 4aMe 1 L1 €5 shat e indication
information in accordance wth an operation"to wite data and a wite

operat i on tPe&EP@%r@gt a Bl 85 A3t £, 20A5 £SFe SRDAY tcoﬂﬂlfaa{r}a?éai&* in
accordance wth the alternate address process, the control neans executes

control to é%&é&‘?és éﬁ@fé‘f%?%é@ ihe %{: ﬁ&”é#?é“{%%lcsnaé&?é&s' ndi cation
information"berng wittén Tn the Second altfernaté addréess nanagenent
information area to indigcate that the 11 itten/unwitten state indication
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in the second alﬁe{nate addr ess fana ement inforn?iion arga and
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another each as an area for recording updates when
driving the write means to carry out a write operation to
update 2 portion of the written/unwritten state
indicaticon information in accordance with an operation to
write data into a data unit associated with the updated
portion of the written/unwritten state indication
information and a write operation to update the alternate
address management information in accordance with the
alternate address process.

In addition, when driving the write means to carry
out a write operation to update a portion of the
written/unwritten state indication information in
accordance with an operation tc write data and a write
operation to update the alternate address manageﬁent
information in accordance with the alternate 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
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information being witten in the second alternate address managenent
information area to indicate that the alternate address nmanagenent
information is effective alternate address nmanagenent information in the
second alternate address managenent information area. A reproduction
apparatus provided by the present invention is a reproduction apparatus
designed for the recording nmedium described above. The reproduction
apparatus includes read nmeans for reproducing data from the recording
medi um and control neans. The control means executes control to use the

second al t%Pﬂﬁeﬁﬂ%ﬁf&té@@ggﬁgmn&mg&f@ﬁi%fafﬁgéiowigh are each

provided on one of the recording | ayers, sequentially one after another,
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the read neans to reag out data.fron1thf reco ding nedium at a data read
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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.

A reproduction apparatus provided by the present
invention is a reproduction apparatus designed for the
recording medium described above. The reproduction
apparatus includes read means for reproducing data from
the recording medium and control means. The control means
executes control to use the second alternate address
management information areas, which are each provided on
one of the recording layers, seguentially one after
another, searches pieces of recorded alternate address
management information and pieces of recorded
written/unwritten state indication information for the
effective alternate address management information and
the effective written/unwritten state indication
information respectively and controls the read means to

read out data from the recording medium at a data read

12



invention is a recording nethod designed for the recordi ng nmedi um descri bed
above. In the recording nethod, control is executed to use the second

al ternate address managenent information areas, which are each provi ded on
one of the recording |ayers, sequentially one after another each as an area
for recording updates in a wite operation to update a portion of the
witten/unwitten state indication information in accordance with an
operation to wite data into a data unit associated with the updated
portion of the witten/unwitten state indication information and a wite

operat i on t&#\ﬁ@ﬁeontﬂ‘?e gld ernate AAdress. JRNAYEIPAL b I O LG OLs | N

accordance w e alternate address process. In addition, in a wite
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information 1 n accordance w an operation to wite data into a data unit
associated wih the updated portion, of. the wi njunwjitten state
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recording medium described above. 1In the recording method,
control is executed to use the second alternate address
management information areas, which are each provided on
one of the recording layers, sequentially one after
another each as an area for recording updates 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 associated with
the updated portion of the written/unwritten state
indication information and a write operation to update
the alternate address management information in
accordance with the alternate address process.

In addition, in a write operation to update a
portion of the written/unwritten state indication
information in accordance with an cperation to write data
into a data unit associated with the updated portion of
the written/unwritten state indication information and a
write operation to update the alternate address

management information in accordance with the alternate

13



information area to indicate that the witten/unwitten state indication
information is effective witten/unwitten state indication information in
the second alternate address nanagenent information area and information
in the alternate address nmanagenent information being witten in the
second alternate address nmanagenent information area to indicate that the
al ternate address managenent information is effective alternate address
managenent information in the second alternate address managenent
information area. A reproduction nmethod provided by the present invention

'S a repr odygtLon. et g des] 9ot 9t £Hechg CEOLE A FEH LRGSO | bed

above. I n accor the “reproduciti on net control is executed to

th d alt t dd i i , which
ach provi et DFCbrie® o TRA Tachr g Taperaco BAEER P FEECL, fler ©'°

t her, h_pi f ded , al.t t d t
[ nf or mat | orfV S BF GCREEbF Lo BB HEG-UPFET ehP BP0 TGRC Seat &1 Idi cat i on

information for the effective alternate address nmanagenent 14 information
and the. ef {BELFVER wih{ TRR/ BRGRTE RhCSFATES FrIGTCat | BRATAFBF R | on
respectively and read out data fromthe recording nediuy1at a data read
request on HEOTBALIQN RreketefiBRiFIkCaFPRENEPR WAYFESR/ HBWAYERBRL

state indication information is effective
written/unwritten state indication information in the
second alternate address management information area and
information in the alternate address management
information beiﬁg 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 informaticn area.

A reproduction method provided by the present
invention is a reproduction method designed for the
recording medium described above. In accordance with the
reproduction method, control is executed to use the
second alternate address management information areas,
which are each provided on one of the recording layers,
sequentially one after another, search pieces of recorded
alternate address management information and pieces of
recorded written/unwritten state indication information

for the effective alternate address management
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information and the effective witten/unwitten state indication
information. That is to say, in accordance with the present invention, a
write once recording nmediumhas a plurality of recording |ayers each
including a regular recording/reproduction area, an alternate area, a
first alternate address nmanagenent 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 secoir}gfoﬁlla;tg{&gtaeq&dg{gséf 14 O R O & 68 o BY

additional 'y recording alternate address nmanagenent 1nfornation related to
an alternate address .prec i n.t t ) nagenent

i nfor mati on-'& le%a}tjt%% ls%%onoastaﬁherpnegﬁéee%%\?%g %Ea@ng%egan%gﬁjﬁi%?%?mti on area
can be used. as qﬂharea fgﬁ_iﬂplqgenting r enewal q% the altern teeaddress
management ST i HCOTH AT ORE Ford SRTY % 1R eadh citister) on
each of the recording | a s on the wite once . recording 15 area,

written/ unit3tterP ttgle’e %%%%W%r@%%?ﬁ%?i% Aress J%ae%'g &"F™hf or mat i on

i ndi cati ng whether or not data has been wijtten, into the data unit. Thus,
in wite ondefoRRA; N FrdCERE @ht frat HER diett BRRY WA Al tEeP bEt R Bhewed.

indication information.

That is to say, in accordance with the present
invention, a write once recording medium has a plurality
of recording layers each including a regular
recording/reproduction area, an alternate area, 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 additionally 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 (eagh cluster) on

each of the recording layers on the write once recording
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On the top of that, the second alternate address nmanagenent 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 state indication
information. Assune for exanple a two |layer disk. Initially, the alternate
address managenent information area for the first recording layer is used
as an area for recording alternate address managenent information,
witten/unwitten state indication information for the first recording

| ayer and ift i i.ndi i I ! h second
regording I%@%%fg#ég€¥ééﬁgﬁgf?%?%§t%@%%%?%%gfc%g%gg2%%%?2?%?%?%35?on, t he

witten/unwitten st | ndi i i i he fjrst Lng | ayer
and the vw???%n %nﬁﬁ%?%%%@%é%f%ﬁﬁg%%gg #gﬁﬁégg%%ng i%%éf%%€§ﬁégésecond
recording layer are updated fromtine to.ti as wite qperations are
carried outb%/%r"éﬁ:f*f%‘% WL el 1 7R U e al Y i ard dddres Liehagenent

i nformation, the ptten/unwitten state indication information the first
16 recordi H@e‘ﬁh?er‘g\%tﬂc?%ec%i?? éﬁ?%%‘%t?%‘i’l d35R eC2R naf cﬁ??%ﬂegnf ormation
for the second recording |ayer are wupdated by witing data into the second
alternate address Ohdisgdshtof itethatineh S§92% L EHEFES S99%R3T di ng

| ayer.
management information areas, which are each provided on

one of the recording layers, are used segquentially one
after another each as an area for updating alternate
address management information and written/unwritten
state indication information. Assume for example a two
layer disk. Initially, the alternate address management
information area for the first recording layer is used as
an area for recording alternate address management
information, written/unwritten state indication
information for the first recording layer and
written/unwritten state indication information for the
second recording layer. Then, the alternate address
management information, the written/unwritten state
indication information the first recording layer and the
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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As the second alternate address managenent information area for the first
recording layer is all used up for updating the alternate address
managenent information, the witten/unwitten state indication infornmation
the first recording layer and the witten/unwitten state indication
information for the second recording layer, data is witten into the
second al ternate address nmanagenent information area for the second
recording |ayer to update these pieces of information. BRI EF DESCRI PTI ON
OF THE DRAWNGS FIG 1 is an explanatory diagram show ng the area

structure of g dhalo Pravl dod 0.0 sobodipal ol the Lpresent | nvent i on,

FIG 2 is an exp i agram show ng the structure of a one-layer disk
provi ded by, t he enbodi e IS, .an ex Ianatorg ia 'Qg t he

t: FIG h
B Puctur e ARt eanrr sy ermation, fok S0 FARMARCEEE XL A" AaPOALQ0 L
I t di how f i sk i,d by t di t; 17
PR 5 o Yn et AR non b @ Bantnfl sThe “sCER “EFea¥nrlR STOCFHRG by
the enbodinent; FIG 6.is a diagran1shomﬁng the contents of a DF of a
di sk provi dBEJCHERE ehBEATHBRRL OV FRESA7 TIPS NG dgrath SHRRRTRYRbf tYSTF i st

management 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 information 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
structure 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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information of a DFL and TDFL of a di sk provided by the enbodinent; FIG 8
is a diagram showi ng al ternate-address information of a DFL and TDFL of a
di sk provided by the enbodinent; FIG 9 is an explanatory di agram show ng
a TDVA of a disk provided by the enbodinment; FIG 10 is an expl anatory

di agram show ng a space bitmap of a disk provided by the enbodi nent; FIG
11 is an explanatory diagram show ng a TDFL of a disk provided by the
enbodi ment; FIG 12 is an explanatory di agram showi ng a TDDS of a disk
provi ded by the errbodi msnt FIG 13 is an explanatory di agram show ng an

| SA and OSA of a i sk pr,Qui d%ﬁ%&éfatrp%h%mg] f{%{gé;oﬁ{t%nés4_fj§ﬂ£arbns

expl anatory di agram shovm ng a recor g or In a of a disk

provi ded by enbodi nmen FlG,.15 | an. ex | anat ory di agram showi ng a 18
utilization® taag% of %rﬁ'ﬁ\ié%fb¥ he" T Wt AV EPCRT 5k provi ded by t he

:ggg: xm Ilz: g %%%s&bl ock1 di agr a%}g}é:ﬁ K dr| ve ?wfj Dﬁy t he
of a disk provided by the embodiment;

FIG. 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 explanatory 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

18



witing process provided by the enbodinent; FIG 18 shows a flowchart
representing a user-data- witing process provided by the enbodi nent; FIG
19 shows a flowchart representing an overwite function process provided
by the enbodinment; 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
provi ded by the enbodinment; FIG 22 shows a flowchart representing a

TDFL/ space-bi t map update process provided by the enbodinment; FIG 23 shows

it or mat ot HE SEior hnietodi Oh T R o ran i R 54 E 948 And 24C are
it or nat 0. BARITLSS | Y offia: PRRC T 4Rebr dance wi th the- enbodi ment 19 and
pr ovi ded by the erfbt i At S LS OHERA! & s 4 SO UAS W t he
enbodi ment. Best Mdde for Carrying out the Invention i

by the embodiment;

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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The follow ng description explains an enbodi nrent provided by the present

i nvention as an enbodi nent inplenenting an optical disk and a disk drive
enployed in a recording apparatus and/or a reproduction apparatus as a

di sk drive designed for the optical disk. The description conprises
chapters arranged in the followwng order: 1: Disk Structure 2: DVAs 3:
TDVA Method 3-1: TDMAs 3-2: | SAs and OSAs 3-3: TDVA-Using Method 4: Disk
Drive 5: Operations for the TDMA Met hod of this Enbodinment 5-1: Data
Witing 5-2: Data Fetching 5-3: Updating of the TDFL/ Space Bitmap 20 5-4:
Conversion jnto Conpatible Disks 6: Effects of the TDVA Met hod of this
Enbodi nent T1:” Disk Structure First of all, an optical disk provided by the

enbodi ment i s explai e%. The opt.ical di c i I%ngn
write-once opti calﬁgﬂ"s 5r ererred tcfgloa‘{%h%l%t %pt}%senrmn tp%ééySE‘aOf
converting a disk provided by the embodiment into a

compatible disk in accordance with the embodiment.

Best Mode for Carrying out the Invention

The following description explains an embodiment
provided by the present invention 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:
1l: 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 so-called blue-ray disk. The blue-ray disk pertains to the category of
hi gh-density optical disks. Typical physical paraneters of the high-density
optical disk provided by the enbodi nent are explained as follows. The disk
size of the optical disk provided by the enbodinent is expressed in terns
of a dianeter of 120 nm and a disk thickness of 1.2 mm That is to say,
fromthe external-appearance point of view, the optical disk provided by
the enmbodinent is simlar to a disk of a CD (Conpact Disk) systemand a
disk of a DVD (Digital Versatile Disk) system As a recording/reproduction

| aser, the SO_Calbg%ﬁ|§b§$§%?§§5PiEn%geﬁom gtgéhgngﬁkgptical system havi ng

a high NA of typic etting the track pitch at a small val ue of
typically 0,32 jicraqns qﬁie als) i ensi . i gh val ue of
typically 0512 E{ﬁfcfrc S ‘%‘rl] erLqubﬂ}’ [\%eth:%losc{ r?o%gstl 1% Et%mla&r%pnﬁeegr?ent a user-data
storage capacity of about 23 CGbhyte to 25 Goyte for an optical disk with a
dianeter of 12 cm In addition, a two-layer disk is also devel oped. A

two-1l ayer disk is an optical disk having two recording layers. In the case
of a two-|ayer Misdk StEFULe=%ata capacity of about 50G can be achi eved.

First of all, an optical disk provided by the
embodiment is explained. The optical disk can be
implemented by a write-once optical disk referred to as
the so-called blue-ray disk. The blue—réy disk pertains
to the category of high-density 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 is 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

21



FIG 1 is an explanatory diagram showi ng the |layout (or the area
structure) of the entire disk. The recording area of the disk includes a

| ead-in zone on the innernost circunference, a data zone on a niddle
circunference and a | ead-out zone on the outernost circunference. The

| ead-in zone, the data zone and the | ead-out zone serve as recordi ng and
reproduction areas as follows. A prerecorded infornmation area PIC on the

i nnernost side of the lead-in zone is a reproduction-only area. An area
starting with a nmanagenent/control information area of the |ead-in zone and

ending wi th Lhe dieadoul. sofie.d o used g5 duakd Le- Qace aten aldaugo data

to be witt®H onl*y once. eproduction-only area and the

wite-once area,_a spiral r rdi tra i S .create i ng

gr oove. Thecwi?%gograo%%t gér)vcg%y B rac%)ﬁ%e g%?%egr?n&}gfg racing
operation usjng a |laser spot. The bling groove is thus a recording
track, whi cﬂ"ﬂ%fgt"b“’rl% & IB%Bero‘?f;t\(,J\P r“Fead out from It is to be noted
that, this enbodi nent assunes an_ optical djsk allow ng at%1to e recorded
on the groove. HEReR&A1tdos s o & oraice S i 4T ¥ S0t fhinited

to the optical disk with such a recording, track. _
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 circumference 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 follows.
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/cdntrol 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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For exanple, the present invention can also be applied to an optical disk
adopting a | and recordi ng-techni que whereby data is recorded on a |l and

bet ween two adj acent grooves. In addition, the present invention can al so
be applied to an optical disk adopting a | and/ groove recording-technique
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 wobbled by a
wobbling signal. Thus, a disk drive for such an optical disk detects both
edge positions of the groove froma reflected |ight beamof a | aser spot

adi 2l di T okt o o1 (e S s Tt ong 67 Bot i he bdga hoott ons |

radi al direction oth t ge positions in

an operatio v, | as t ording: Lr wobbl e
ol gnal oan BESTERr S gy, 55 aRPEing BLPRt; S SR BELED 4 Bt
information_on addresses of _recording |ocations on the recording track.

The_infornaf?%% oh 5 e%%%sf¥%%1udes physi cal addresses and ot her

agaitonal 1 nformian, Thves by SPTRA aline, Lhe vebble slggal, Le, o oduce

addresses, Al s o ER' 2 P05i88 85l oES 58 8Lt SBE SRR 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 alsc be applied to
an optical disk adopting a land recording-technigue
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 is 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 wobbling
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 the
edge positions in an operation to move the laser spot
along the recording track, the wobble signal can be

reproduced.
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The |l ead-in zone shown in FIG 1 is an area on the inner side a
circunference having a typical radius of 24 nm An area between a
circunference with a radius of 22.2 mmand a circunference with a radius
of 23.1 mmin the lead-in zone is the prerecorded information area PIC
The prerecorded information area PICis 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 protectiGhyd budhild DOl ad il JEP S GRRAA A Qrat i on

gﬁ?t?LSOAPZqieﬁS{ sho in_th .f'gaz enbossb§|LE8§{959 . c{ﬁé?ﬁf@ggﬁgzt
on e mnef RS M prapic doie L O or S €7 SO oo
i ol S T AR AR e i 5

Cecorted kg crealedf & ceoptiicpitcloustave o, oty oo dat

23.1 mmand a circunference wth a radius of 24.0 mMmmjn
the wobble signal to produce the information on addresses,

the disk drive is capable of controlling addresses, at
which data are to be recorded oxr reproduced.

The lead-in zone shown in FIG. 1 is an area on the
inner side a circumference having a typical radius of 24
mm.

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 informétion
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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the lead-in zone is a managenent/ control information area. The
managenent/control information area has a predetermned area format to
include a control data area, a DVA (Defect Managenent Area), a TDVA
(Tenporary Defect Managenent Area), a test wite area (OPC) and a buffer
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

| ength, BCA information, a transfer rate, data-zone position information,

a recor di gyl ey %&{%@.sﬁﬁ%ig%ﬂ%ﬁ@%t@m £reHOURL nfprmation.

The test wite area I nc Int managenent /control information

est wri (¢ GO} el . cont rol"i nf'o
ecor i ng) reproriag ol 1 el A FEEEE HAAETERE 1D oR et e 2

[ _ fons such”as~a Taser power : 0 be'used in
Feai on Tor ST g e UGS dihdit st SR BT Be T X he case of
an ordinary optical,disk, the DMA inclLuded in the nagenent / contr ol
i nf or mat i onCHEH Tt CTUSELL %rs?%E%rH?n%OETtE?ﬁ%f%@%gg?ggslﬂaﬁa%%ﬁént
information for managi ng defects. In the case of a wite-

code format.

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 is 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 control 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 (0OPC) 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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once optical disk provided by the enbodi nent, however, the DVA is used for
recording not only the alternate- .address managenent i nformation of
defects but also managenent/control information for inplenenting data
renewals in the optical disk. In this case, particularly, the DVA is used
for recording | SA managenent information and OSA nmanagenent information,
which will be described later. In order to make renewal of data possible
by maki ng use of an alternate-address process, the contents of the DMVA
nmust al so be updated when data is renewed. For wupdating the contents of

the DMA, the TDMA is.provided. Alternate; I ess e t iRfQrmation is
added and/%t Fectidhd nr?%%rdlﬂ\ﬂe%eﬁpd}%%‘g%?le f?}%m i | rr(g?{'b tTi’Plr?% %L’ast
al t ernat e- addr ess, managenment _information recorded in the

1 1
(B & oot s PRy SIS S I ol BB e “Tov i 1T be

described later in detail. The area on the circunferences with radii in the
range 24.0 FSENMABAWHAT UG WA RS n zone is used as a data zone.
The data zone is an area, which user data is actually recorded into and

reproduced from TRe the gaseaddr s AIHPS TAh PR ddHeds ADf &M¥ the data

included in the management/control information area 1is
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 i1s 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 OSA 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 1s provided.

Alternate—address management information is added
and/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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zone are included in the data zone position information recorded in the
control data area described earlier. An I SA (I nner Spare Area) is provided
on the innernost circunference of the data zone. On the other hand, an
OSA (Quter Spare Area) is provided on the outernost circunference of the
data zone. As will be described later, the |ISA and the OSA are each used
as an alternate area provided for defects and for inplenenting data
renewal s (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 e er._hand, ihnel u Nalg term ned nunber
of clusters, which e Mﬂ‘néa'tne é_‘?’et hfg)?%\n l&&s%’ﬁ g%%%fl%t %gq‘ gttearIl zrlglne. The
sizes of th _é%iiand the OSA are described in the DMA. A user-data area in

the data z an area 27 sandwi ched by the I SA and the OSA. This
user-data area is__an ordinary_recqrdi ng/ reproduct,ion area, which user data
is general |y recordéd 350 %&%WM&%WS ‘H’?é:%str Taddr ADus and

end address ADue of the wuser-data area define the |ocation of the

user-data afage ot Aried retof dEH FRERRADVIC Hhe B3 R TPRS ¥ cunferences
with radii in 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) 1is 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 OSA 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 0OSA 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.

LA user-data area in the data zZone is an area
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range 58.0 to 58.5 mmexternal to the data zone is the |ead-out zone. The
| ead-out zone is a managenent/control information area having a
predeterm ned format to include a control data area, a DVA and a buffer
area. Much like the control data area included in the |ead-in zone, the
control data area of the |ead-out zone is used for storing various Kkinds
of managenent/control information. By the sane token, nuch |ike the DVA
included in the lead-in zone, the DVA of the | ead-out zone is used as an
area for recording nanagenent information of the I SA and nmanagenent

i nfor mat i F, h ' ! f
he managens (;control Y ‘#& fSAsaﬁddtﬁgr@ﬂs %ﬁr%ylgsréﬁqgiaoia i Ny

t he nanagene ormation area on one- havi ng only

one recording |layer. %%n%%$8¥@ %ﬁ/é?@r%&@g£f0nlgrggd'% Qghtesgpdg%kged

segnent s (r%serv h-zone T ncl udes vari ety of areas
such as DNA.Z an a test .wite 28 are % @nd DVA 1. On the
ot her hand, ?ng%ﬁ%¥? TeSOTATRf TREY ¥onk ?EO??%EQ 84 segnent s) , the

| ead- out zone includes a var of area uch. as 3

to be noted that tHE Hrithtol2 41%%3 c?éé‘ir?’ﬂjed“ ]gﬂ?ﬁ)%h |n the
figure. This is because, in actualltﬁ, a portign of the control data area
is used as BSPMERER ekafpfefingthethecationt ofetBe yser-data area

and are recorded in the DMA.

The area on the circumferences with radii in the
range 58.0 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 1s 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-out zone is used as an
area for recording management information of the ISA and
management information of the 0SA.

FIG. 2 is a diagram showing a typical structure of
the management/control information area on a one-layer
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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DVA is an essential of the present invention, the control data area is not
shown in the figure. As described above, the lead-in and | ead-out zones
include four DMAs, i.e., DMVMA|l to DVA 4. DVMA 1 to DVA 4 are each used as
an area for recording the sanme alternate-address managenent information
However, a TDVA is provided as an area used for tenporarily recording

al t er nat e- addr ess managenent information and, every tine an

al ternat e-address process is carried out due to renewal of data or a
defect, new alternate-address managenent information is additionally

recorded in_ the TE%?#éﬁéngng%%?f iqﬂpqﬁggiégh gﬁﬁ%%%gﬂlggﬁgﬁgi£perein.

e
Thus, till %?ﬁ?%ﬁ inari for exanpl€, are not used.
| nstead, the alternate-address nagement is_carried out and.ne
al t er nat e- adfdr é?f%%ﬁﬁdﬁﬁﬁﬁn?%?gF ?f%ﬁéi%e%ﬁ%%asfb ﬁ%% %m%/or 29
recorded in the TDVA. |/As the dijsk is_finalized alter e- aqdd S
management ?%ﬁ%r%%?fﬁﬁ??e%d?ﬂ%ﬂeBﬁ ?%earQ%ﬁM§H5§ta?e§%§t ya?g éﬁgngferred
to the DMAs so that the alternate-address process based on the DVA can be

carried out. FIGItIs @ dageifsiddthdie (isRlerdalix@d®ing two

recording layers. The first recording |layer is o
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. 8Since the structure of a
DMA is an essential of the present invention, the control
data area is 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 dafa or a defect, new
alternate-address management 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 1s carried out and new alternate-address

management information is added to the TDMA and/ox
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referred to as layer 0 and the second recording layer is called |ayer 1.
Data is recorded onto and reproduced from layer O in a direction fromthe
inner side of the disk to the outer side thereof, as same as in the case
of one- l|ayer disk. On the other hand, data is recorded onto and
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

si de ther eoge(iéﬂge#hﬁ Vil uged . the Q@%Sic%%éc g_%drﬂ%sdl ndgyer 1 increases

in the direction fromthe outer side of sk to the iI'nner side

el udes a Y THI-reatiies Mfldeitys Dieofffion (SBGatfq HEAD )

[ ead- ot 20ro 9% SRRt Ha-T CErRg 37 58T ot of SO D, Sont TR | HeFudes
Simply 5 OO G ETbHE ATIEGRT HETHETT GRS DA BN TR 9% TheoT FheTost

circunference of layer 1 is a |lead-out zone, which includes a variety of
areas such @tDMVA 2, an OPC

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 onto 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 value of the physical
address on layer 0 increases in the direction from the
inner side of the disk to the outer side therecf, 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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(a test wite area), TDVA 1 and DVA 1. As described above, the lead-in
zone, outer zones 0 and 1 and the | ead-out zone include eight DMAs. In
addition, each of the recording layers includes a TDVA. The size of the

| ead-in zone on layer 0 and the 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 0 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 o&%et%lo%@yg{rg&ﬁ%?ré#ge JV'\AQ ggthnglsuql%tt he 1%&9 £r

zones 0 an 4°1Ts"a agram sho e structure e . 31 The

size of the DNA sho in.the figure is 32 clusters (5.3 . byt es)

't is to benoteF THAETE ©F (RHERLY &5 T 19 %t@%%%é’?f?ﬁ%é‘g%it. o

course, the size of a is not limted to 32 clusters. In FIG 4, the
o ot N e

32 cl ust er o by cluster nunbers 1 to 32, which each indicate

a data position of each content of the DVA. The size %T,each ontent is
expressed as a cllifse sptedmpst circumference on layer 1s referre

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

(2 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. 1In
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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In the DMA, cluster nunbers 1 to 4 identify four clusters formng a
segnent for recording a DDS (disc definition structure), which describes
the disc in detail. The contents of the DDS will be described |ater by
referring to FIG 5. In actually, since the size of the DDS is one
cluster, four identical DDSes are recorded in the segnent. C uster nunbers
5to 8identify 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 later by referring to FIG

6. The size of data stared oifn tth[tée Dbﬁefs%%gml ii%ﬂ&:et ];f?L ur%lissl efs formng a

list of informati oh %4 Cer nate “addresses. unbers to 12
identify four clusters _forn.ng segrment for recording DFL #2, ichis

the 32 secont'$&Re? dingdar aGéfSSﬁeng?éit 116t15 THe %%c%%ﬁegrﬁ%%gd?ng area .
is followed by the third and subsequent reco&ding ar eas L #3 to DFL #6,
whi ch each YRS s13 0o Shatte Rt (1367 SrCSREIHRYr YR st & SRR DFL 47
used as the seventh recording area of the defect list is identified by

cluster nunbegsShoetef 32 DA 13 2Bl btRIFFINT P hes aboyateescritft i - t he” DVA

having a size of 32 clusters includes seven recording
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 actually, since the size of the
DDS is one cluster, four identical DDSes are recorded in
the segment.

Cluster numbers 5 to 8 identify four clusters
forming a segment 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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areas of the defect list, i.e., DFL #1 to DFL #7. In a wite-once optical
disk allowing data to be recorded therein once as is the case wth the

di sk provided by the enbodinment, in order to record contents of a DVA it
IS necessary to carry out a process referred to as 'finalize'. In this
case, the sanme contents are recorded in seven recording areas DFL #1 to
DFL U FIG 5 is a diagramshowi ng the data structure of the contents of
the DDS recorded at the beginning of 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 posiltl] h egi nni eJJE:)Q[Sh i jze of 65,536
bytes. A b@?%‘g%%u%%&(g:%%r% %ﬁ%%)vs&t @%gdnﬁfeeré%fl y ésaﬁ\ﬂr%%ueg:eog‘lqzn each
data content. Two, bytes indicat b te positions 0.to .1 used as
byt 65 for rESETHT LY DRen o BT 2 e b PRkt T er e et il P har thi <
cluster is the S. One byte_jndicate y, pbyte sition 2 is used as a
byte for rectrAdHy A ﬁﬁagopﬁfat#j%u% Fﬁf#ghe‘"’}{}g&éi%ﬁc 82YRe2 pbS?F or mat .
Four bytes indicated by byte positions 4 to 7 are used as tes

recordi ng t®e FRbeFlefteffres Mife 99~ Ha¥ e PRt e Tl ¢+ 1 &5 (t)f'ares not ed

that, in this
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
arcas 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 disk
provided by the embodiment, in order to record contents
of a DMA, it is necessary to carry out a process referred
to as ‘finalize’. 1In 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 of 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
beginning 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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enmbodi nent ,

in the finalize process, alternate-address nanagenent

information is additionally witten into the DVA itself instead of b
used for updating the DVA. The alternate-address managenent i nformat
stored in

process.

the TDVA before being witten into the DVA in the finaliz

Thus, when the finalize process is eventually carried out,

(tenmporary DDS) of the TDMA contains the nunber of tinmes the TDDS ha

ei ng
ion is
e

a TDDS
S been

updat ed. The aforenenti oned nunber of tines the DDS has been updated is
the nunber of times the TDDS has been updated. Four bytes indicated by

byte positions,16 to 19 are used as bytes.,for oy di DRV, which is
the start %Efﬁ/%i%%lb%%%ﬁ ofrm::i r%(%s&brf&a %?iﬂ/ewgir%g %% %ﬂ% . Four bytes

AD- DFL, whi

i ndi cated by, byt itions 24 to 27 are used as bytes f di
AD-DFL, whi HPT ST FHER SHATHCalat by Ui PaER 1 SHUSHER o6 T1 & Berect 1ist DFL

in the DVA
bytes for recordi M PR CHYSER

address) of the start position of

That

isto

Four bytes indicgted %yggyhgﬂposith ns 32, t.0 35 are used
cter

5o foe recRFding & P IREMBNHIPes ¢brthechrEfhyl a®PSN

indicating the position of an LSN (Il ogical sector nunber) of O.

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 te 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
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Four bytes indicated by byte positions 36 to 39 are used as bytes for
recording an LSN (| ogical sector nunber) of the end position of the
user-data area in the data zone. Four bytes indicated by byte positions 40
to 43 are wused as bytes for recording the size of the ISAin the data
zone. The ISAis the I SA of a one-layer disk or the |SA on |layer 0 of a
two- | ayer disk. Four bytes indicated by byte positions 44 to 47 are used
as bytes for recording the size of each OSA in the data zone. Four bytes
indicated by byte positions 48 to 51 are used as bytes for recording the

size of he oA Lo hec, dFtagones The.| Shels. thead Sheonshaygs bug! @

two- | ayer e in y byte posi I's used as a 35
byte for recordi ng, spare area I fl Wi n ther n data can
be renewed by usi fg Hn A¥EES ormeer:l} daq}%;?yqq Eg)o h3ezostpa?§e5 area full
flag are use indicate that the, | SA t he CSA are bej used
entirely. %ép%%l?Y5%§ g?ﬁe¥e?%5 IRGed 3@5% bBRY$15R S%%é%?l%%%bﬁﬁove are

reserved (or undefined)_ and all filled with codes of 00h, As described
above, the @Dsauehiﬁ%faalasse@mt%e% gppss) of the start position of

the user-data area in the data zone. That is to say, the
four bytes are used as bytes for recording a PSN
indicating 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 (logical 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 bytes for recording the size of each 0SA in the
data zone.

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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.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 managi ng and controlling areas of each | SA 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
clusters. In the defect list DFL shown in FIG 6, a byte- position columm
shows data positions of each data content of the defect |list having a size

Secumut ne! dE 2rqf trdSord hd% Oéeeda.{gaat S0P £l 451 ey dip g SECLALS

occupyi ng ne sec as a 8 bytes. A

byt e- count col utmm shows th nunber q% t es. n qPOfé g quh ?&Aa content.
36 The fir<F @PHHZR ¢F21 M deteete PR %r% use ByTEs” f or

recordi ng nanagenent informgtion of the i st DFL The,_ managenent
i nformat i ontRAT the Ry 15 %ISR§£?I%£$%d€%ff ?%Q%BT¥% Hdi E%tlng t hat
this cluster is the defect lis a version, the nunber tines the
defect |istimEcaEr BHaah E%%a@%ﬁ 8H€ the mﬁﬁbéﬁe(ﬁe%ﬂﬂrQ%ﬁﬁf%FE%ﬁ Y he

defect list DFL. The bytes following the 64 th byte are used as bytes
Byte positions other than the byte positions

described above are reserved (or undefined) and all
filled with codes of 0OOh.

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 0SA
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 clusters.

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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for recording contents of each entry of the defect list DFL. Each entry is
alternate-address information ati having a |length of eight bytes. A

term nator having a length of eight bytes serves as an alternate-address
end inmediately following ati #N, 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-list 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 r.ecqrdin har. r staing repr i t he
identifier of the Tfé‘er ec rsl%l §gt4 %Ii&e%o%efaﬁ){/}%%e d;etf d}t &qgsécsiﬁi&on itdssr%ised as a
byte for 37 recording the format nunber of the defect.|ist L. Four bytes
starting W?%Q%YB?/? eggﬁ JB?/‘?%J:%};%? e T h%g(ar%astjb?ftl e%f%rrler ecor di ng
the nunber of tinmes, the defect |ist DFL has been dat e L.t i 0 .be
noted that 9¢FFStvatde PELactiid MARARE e s e t tﬂﬂ:@e%cetrrporary
defect list) to be described |ater has been  updated and,: thus, a value
transf err edl 3 brbthel ToREde FotR L PYREL A o} BFHGA WARR BRBYtERLF byte position
12

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

timés the defect list DFL has been updated and the number
of entries forming the defect list DFL.

The bytes following 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 bytes.

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 00h 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 character 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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are used as bytes for recording the nunber of entries in the defect |ist
DFL, that is, the nunber 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, OSA 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 diagramshowi ng the data structure of an
alternate-address information ati. The data structure includes information

show ng t he, content s @l AR, AL o OUP! 611 e A0 ALLET nLe- gl ess pr ocess.

In the case of a one-layer I er of pieces of

al ternat e- address i nformation_ ati_.can he.u 8.to i f. .32 759. Each
pi ece of alternat -Oé.‘}fdrbg% 5 r?ftc?rrrj?dtr}gor‘iqlgttlll "2 %&’rﬁ?r iage%egﬁjt@%yttlgoé (4(1:;r 64aC
bits, i.e., bits b63 to bqg. fBits b63.t0 b60 are used as_bits for
recordiﬂg A58 Ussad AGPRRCT Lo ef QTR AL Bf “ER WY Ty . OF nEHASS defeet 1 st
DFL, the status is set_at a value of " 000Q" indicating an i

al t er nat e- a@RIFRSE biok sl Mt yPeeR naPdghfdes 0f 15 H& %%two#:q%a%

expl ained later in a description of
this value is actually the 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, IsAa 1, OSA 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 of 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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the alternate address in the TDFL of the TDVA. 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,
cluster subjected to an 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 b31 to b28 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
recordi ng th Qﬁ%f- Secdory dress PSN of the first sector in an

al ternate destTnation cluster’. at is to say, inthis data structure, a

at
destination cl ust required i al terl - addr. S etoa
defect or renewal ?&C%g’lﬁgteaqu a@xﬁrréls'—’ls%d%a% %gs %%Ig{aal%%%zlcta%ﬁ addr ess
PSN of the first sector. of the cluster. descri bed. abav th
al t er nat e- ScfIPRELSes LA O %t {C”f s§{ r}éﬁgfiﬂ s 'ahe%JhY? 3)@?105\? g%o b
alternate source cluster_and an alterngée degtination cl uster Tﬂen, such
TEEL S

an entry | et PP i PPt RrUSIRE 35 AV RGP EERT LEEEFES shown i n

FIG 6. In the DMA, information on an alternate-address ,
which is the status 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 1s expressed
by the physical sector address PSN of the first sector of
the cluster.

Bits b3l to b28 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
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managenment information is recorded in a data structure 1|ike the one

descri bed above. As expl ai ned above, however, these kinds of information
are recorded in a process to finalize the disk. In this process, nost
recent information on an alternate-address nmanagenent information is
transferred fromthe TDVA to the DMA. 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 below and updated fromtine to
time. 3: TDVA Method 3-1: TDMAs The foll owi ng description explains the

as Shoun | RS ZARRE Sk 11 L0, DR - Lhe Nt kel ag an

area for recordin i nf or mat i on .on t er nat e- addr ess processes. Every tinme
an al ternat -a%’d‘?%%ssep?to%%s i %a‘?ajr‘il%%e%'ut to follow renewal of data or

foll ow detection of a defect, information_qn the alternate-address process
is added to the fﬁwﬂﬁéFng@gr Vi ¢ ?é%&%%?%ﬁ?%ﬂiﬁ%%ﬁ FIG 9is a

di agram showi ng the data structure of the TDVA. The sjze of the TDVA is
typically zgmﬁggmﬂqkﬁgwgﬁl is treated as an entry showing an

alternate source cluster and an alternate destination
cluster. Then, such an entry is cataloged in the defect
list DFL having a structure shown inijG. 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 out 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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As shown in the figure, the first cluster indicated by a cluster nunber of
1 is used as a cluster for recording a space bitmap for |ayer 0. A space
bitmap conprises bits each representing a cluster of a nain data area
including the data zone as well as a nanagenent/control area including
the lead-in zone and the | ead-out zone (and the outer zones in the case of
a two-1layer disk) The value of each bit is wite existence/ non-existence
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 | eads:out zon i.ncl udi ng, t he u S| ase of a two-I|ayer
di sk) are e %é%?%’él\ggtjesd Lbi/g% b targféf‘%]aezlg(%gc%é%?%&n%ﬁ)gas descri bed
above, and the size of the ace bit itself is one uster.. 41 A
cluster i nd}r%]g‘?]gﬁatbjyo% Yo} L%f‘%?r%ﬁﬁ‘)_e%&glfeis i BRFOUREY As ;—‘Ichr@sttelrmef i
recording a space bitmap for layer 1 (or the iecond Iage%% . It is to be
not ed t hat,2}e¥prbtet 1S PINETaYET REKCA LPackC i for layer 1 is
of course unnecessar%.qlf an alternate-address process_is carried out in,
t

for exanpl ecengiaberhtddfa tor chahbev ddebechbhrents, 2 A9E8Et  (tenporary

defect list) is additionally recorded to a cluster at the begi nni ng of an
unr ecor ded ErEarmatiee 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 i1s used as a cluster for recoxrding a
space bitmap for layer 0. A space bitmap comprises bits
each representing a cluster of a main data area including
the data zone as well as a management/control area
including the lead-in zone and the lead-out zone (and the
outer zoneés in the case of a two-layer disk). The wvalue
of each bit is write existence/non-existence 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-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 described
above, and the size of the space bitmap itself is one

cluster.
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TDVA. Thus, in the case of a two-layer disk, the first TDFL is recorded in
an area starting fromthe position indicated by a cluster nunber of 3 as
shown in the figure. 1In the case of a one-layer disk, a space bitmap for

| ayer 1 is not necessary as described above. Thus, the first 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 betmeen t he subsequent cluster position

o s P et oD Yo P I Aed i 3 20, e Hililod:® I 2 18, range 1 to

up to 4 clusters.” Since a space OWs recor |ng stat es “of

clusters, the bitm u dat d eve ime data is e y of the
clusters tad? %%Cga?% %)h%f% °r 4 %llf‘%e A PRt b| |€Oupd§¥%% nuch
i ke a TDF ne ace ma di,tiqnal co d,inaT area
starting fr%rrf‘?%em{b%gg%‘ﬁ‘?‘?fg ]Eﬂ "gr)f're rea G b[%el%d&% t 3% HI%(\)/Asay a
space bitmap and/or a TDFL is additionally recorded_in fhe TQ&A,fron1t|ne
to time. 1%3%% ¢% HeOMRITLY IRt he %oﬁ??é%r%&?%ﬁ% 9T a-2¥phce bFtmap and

a TDFL will be described |ater. Anyway, a TDDS (tenporary disc definition
structure) 95 ¢eepPSNECEIIRIY ast 2, 048-byte sector of a cluster used for

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 subseguent
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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recording a space bitmap and the | ast 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 showi ng the data structure of a space bitnap.
As descri bed above, each bit of a space bitnmap 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
exanple, 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

t
two-layer disk space biftnep is; prLovided for-gaghlayerpand Lnfopmation
R t A% Space epend I n

recorded in ac Ifnmaps 1s I ndependent o ormat1 on

recorded in the ot her space_ bit .43 _For _on ector = 0 tes,
clusters onsga?%y@?tmﬂ%v+ﬁga§d§€%$%%%§¥aﬁ%%?f@e%f1%5£éED%%n§ %depresented
by a space bitmap with a size of 25 sectors, _Since one c%ést
anprlses-3%t§5E% FsTTPReCRBRBILIEARE PFsBI FEEENTHR #Br hed ?P%ﬁfone
cluster. In the data structure of a space bjtmap sh in G . 10,

cluster allocated B®Y4 He Bt ity cohpihaes ot ’bc%g:lr iE?eT.I,iJ“ISeJc? or saO to

31. A byte-position colum shows byte positions of each of ,the sectors.
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 énd information recorded in one
of the space bitmaps is independent of information

recorded in the other space bitmap.
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Sector 0 at the beginning of the space bitmap is used as a sector for
recordi ng managenent information of the bitmap. Two bytes at byte
positions O and 1 in sector O are wused as bytes for recording an UB, which
is an unallocated 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 |layer nunber indicating whether this space bitnmap corresponds
to layer O or layer 1. 48 bytes starting frombyte position 16 are used as

bytes for recordi bi t map i nf or matj o) ]Bg: j t . 1f [ ri ses

pi eces of zone i %g’& AL (%’necfr%(?gt htrzlégszon s,etgl’. eq’fip‘.létth%é[%lr Hm;mraogo e, the 44
data zone and t he outer zone. The. pi eces,of .zone . nf i one
informatio ??ﬁHQPﬁa??ﬁﬁﬁg%dﬁ%?aaﬁﬁ% Ofn%gr%%t?%% #%rg%ﬁgéégﬁggégg and
zone information for, the outer zone. T?e gize of each,.of the pieces of
zone i nf or Mat$RRCE | RIGBARWESD ERhZ0f Ot he® pFeTER D 20HES NSt mat i on
conprises a start cluster first PSN, a start psition of%gitnap dat a,

byt e
a val i dat e BIESTRRGEFPRLEFS d SBREATandtRe 3RATT L PR, 1hhrth E3Bh have

a size of four
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 recording an UB, which is an
unallocated 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 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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bytes. The start cluster first PSNis 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 bitnap data is a byte count
indicating the start position of bitmap data for the zone as a position
relative to the unall ocated space bit map identifier |ocated at the

begi nning of the space bit map. The validate bit length in bitmap data is
al so a byte count representing the anmount of bitnmap data of the zone.

Actual bi t?%%t%d%%g?ignéeﬁ%?&gggp segLor shd n@n.4o C?%n%t arting from

byte posit he Se gctor 1 i's the second sector of the space

e e U SoE AL E Ry OPE 2GR OaBbitle: SRRES, PLELPARAER! £ORET S HB dat 2.

The actuall% _ "Dy reserved areas ending an area
bi o, Theld BERYEHOR, £a6 aF c7FFI B0nt: TR CEvae bPEooheC Bl BPEalr whi ch
is the | ast sector of the space bitmap, is used as a sector for recording
a TDDS. the outer zone.
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 1s 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 alsc a
byte count representing the amount of bitmap data of the
zZone.

Actual bitmap data is recorded on sector 1 in an
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The pieces of bitmap informati on descri bed above are nmanaged as foll ows.
First of all, the description explains a space bitmap with the |ayer
nunber 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 bitmp
for layer 0 of a two-layer disk. In this case, the zone information for the
i nner zone 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 solid-line

arrow. The start_b }teirpqosﬁérgrbﬁ%%%{&atgil%?t@ A%aﬁﬁgdsg@gor_reﬁ%#g he

I nformati onali%%ist’:ta i g 1 he posi map a correspon

| ead-in zone in the space.46 bitma shown_b dashed-| i rrow, that
is, infor xﬁ%nt}?%aff‘%%?’?%gs%%%r p“g%ia%?%ns%a% ykéjgtcr%%‘?' 1&%@%%%%\%& t he
validate bit length in pitmap data . s the size of t [ dat.a for the
| ead-in zorfRe ﬁf’ec*z%eofn?}b? N FoN }?bﬁm??]er%%lf%s%%%hf%g ‘%%?%r %n on the
data zone of layer 0. The start cluster first PSN of the zone iis a PSN of

the start pARFYabrobEmameiafsd oty ol bRW_hdwh B S et i HESTF et iBw,

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
zone 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
solid-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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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

i ndi cating byte position O of sector 2. The value of the validate bit

l ength 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
of layer 0, that is, infornmation for a | ead-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. positi f -0 ne.or outer zone O
as shown b a%%?ﬁi?l?kh%w%rggv@ éf‘?]sé g Elrjglb%y%]gé%é’si }il%tg f(;?' bitmap data is
used for 47 recording informatjon .indicating.the.position of.bitmap data
'correspondi+Ef%¥W??k§%e%ﬂg%é%%&%%ébYEﬁ QRﬁ%ﬁHQ%n% %? S¢R ehel space bit map
as shown by a dashed-line arrow, that ., js, informatiaon . ndi,gatin te
position 0 of sectld N2lHfe faltde dﬁaltlld@t\?aﬁl&atjeertﬁ 1'8h ]ﬁ:r‘?aﬁ) gﬁq}r{?ﬁp dat a

is the size of the bitrmap data for the | ead-out.  zone or, outer zone O.

Next, the obScFiptFbre exblHistitBprceab?thap WrenletReltageRenunber at

byte position 4 indicating | ayer 1. )
The zone information for the data zone is

information on the data zone of layer O.

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

The zone information 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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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

i nformation for the inner zone of layer 1, that 1is, information for a

| ead- out zone. 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 I is a direction froman outer side to an

i nner side, a position indicated by the dotted-line arrowis a start
position. The start byte position of bit map data is used for recording

information indicatin he position,o | ; e | to the
| ead- out zorn%cci’rn&tl?‘% %%“é)%%?%%ﬂ]%%éasﬁ%%e g&%:l%%ﬁ%%ﬁl ?ﬁggg‘?{r?o .t hat
is, 48 information indicatjng byte Position O of sector 1. Th I of the
val i date bit2¥RfRACTIPHR %%%'Héf@heiie??ﬁP%Fz%P%? fe %?%%%pg%% a§for t he
| ead- out zone. The zone infornatiothor t he qgta?z%gﬁﬂis inforng%i n on
the data zoHe B¢ |382Fe IPIEHPRP 35 r PRV Era 177 LRePSNBF FHECYbne TS a PSN
of the start position of the data zone as showm,bx 8 ggtted- IiQe arr ow.

The start bite PoSP¥mapion HREhaR"Had 20Y5e UBRE FoF sector

The value of the validate bit length in bitmap data
is the size of the bitmap data for the lead-out zone or
outer 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 direction 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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recording information indicating the position of bitmap data correspondi ng
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 val ue 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 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-Iline
arrow. The start byte position of bitmap data is used for recording

i nformation, ifdi cag%i'cg %Q&igﬁiﬁ#%g%}p%%gg%n dsit & corLesponding to outer

zone 1 in tH&% itmap as s ed-line arrow. The

information is 49 _jnformation indi cati.ng . byte.pasiti.on .q of. t . The
val ue of the valid&fe B9 &igihs ﬁ’%ﬁo%écﬁyé’é’ttaq%ngtt elnsi%zlet%no %ae i t map
data for oufer zone, 1. xt, the data,structure of_a TDFL is explained. As
descri bed abdvere asﬁ'ﬁL‘L\?stl?%c%Jr%ﬁpicﬁaBaf e @?%ale?%T?% i 137Q" space
bitmap in a TDVA. Every time an updating orﬂperation is carried out, a TDFL
is recorded at tA&S&Gmilngd BaHen & ity Fatée 281916 11 is a

di agram show ng the data structure of
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 1is
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 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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a TDFL. The TDFL conprises 1 to 4 clusters. By conparing wth the DFL
shown in FIG 6, it is obvious that the contents of the TDFL are sim |l ar
to those of the DFL in that the first 64 bytes of the defect list are used
as bytes for recordi ng managenent information of the defect |I|ist, the
bytes following the 64 th byte are used as bytes for recording contents of
pi eces of alternate-address information ati each having a |length of 8
bytes, and a termnator having a |l ength of 8 bytes serves as an
alternate-address end immediately following ati #N, which is the |ast one

of pieces ojfrlﬁ%‘%gazé%v %&%M&%i ees n?SJfﬂ&{ nﬁgéﬁgseé—pg\@vm, t he TDFL

conposed of ustersi1s rom t Linthat a DDS (or a

TDDS) is 50 recorded in.2, 04 tes__ca i t | ast .SeGl. TDFL
It is to be noted t¥at’2i4F toﬁe%{laesevagfr%)%ze %;Lrl%anrg arlzla%fol%rénca di%lageét he

| ast sector, of a cluster_t ich the, alternate-address jinformation
term nat or berthf nd s O#iﬁ?%hﬁ“%t%aE%dg%r orooh. 2ALS d%'scri bed above,

the last sector is used as a sector for rgﬁfrdi a .TDDS. .| f. th
al t er nat e- addr ess Naiftor kS Gi® S Sttt &t & T 35 X0 Sct or of

specific cluster, an area between the ,
As described above, a TDFL is recorded in a free area

following a space bitmap in a TDMA. Every time an
updating cperation 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 obviocus 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 B8 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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specific cluster and the |ast sector of a cluster imediately preceding
the specific cluster is filled up with codes of O and the | ast sector of
the immedi ately preceding cluster is used as a sector for recording a
TDDS. The defect-list managenent information having a size of 64 bytes is
identical with the defect-list managenent information explained earlier by
referring to FIG 7 as information included in of the defect |ist DFL.
However, as the nunber of tinmes the defect list has been updated, the four
bytes starting with a byte at byte position 4 are used as bytes for

recordi ng the sequence ,n r.of the defect I, st al .| 0 a
sequence ﬁﬂﬁ%%?ééﬁc}%d%ﬁﬁgae%%?%%tG?T%?s%% é%%%n%?g?n%%éﬁ% i%%a?%e a nost
recent TDFL _is the nunber of tines the defect |ist 51 has been updated.

Besi des, thefhur bytes starting with a byte at byte position 12 are used
as bytes for recording the_ nunber of entries, that is er of

-t
pi eces of al t er ndtte-Budre e i GIdthadn . the Gafh t‘?%r}{}‘eet ur®’byt es

starting with a byte at byte position 24 are used as bytes for recording
val ues of cR¥dtcprecedhrd Biethast(seeteneofprLCt4stplated Rk stRBuUst er

counts represent the sizes of free areas available in the alternate areas
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 information 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 sequence
number included in defect-list management information in

a most recent TDFL is the number of times the defect list
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ISA -0, 1SA 1, CSA 0 and OSA 1. The data structure of the alternate-address
information ati in the TDFL is simlar to the data structure shown in FIG
B as the structure of the alternate-address information ati in the DFL.
The 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 val ue of

status 1

i ncl uded iqﬁ%hﬁ?altern te iddress information ati in the TDFL nmay have a
1

S 1IPTR-C

value of O

ddition to 0000 52 Status 1 having a val ue of

0101 or 1010 indicates al t r ddress pr.Qcess c rr| d out on a
ToRtioy % oA P BUSE 3 A d

plurality of physit&iidf
whi ch handl es the clusters_coll ecti g
having a vaPYieS gPosHaDA" | hali RE% e4SePat S t RELes af P¥ SERERF

an alternate source cluster and the start sector physi cal

TGS

process,

To be _nore s glfIC status |

bRYsFR&I address of

address of an

al ternate degtpentPbnertikeer  that chsarehei REPREEJCE WPERESEI PEr nat e- addr ess

information ati, are

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 counts represent

the sizes of free areas available in the alternate areas

IsA 0, ISA 1, OSA 0 and OSA 1.

The data structure of the alternate—-address

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 involved in an

alternate-address process. Such an entry is cataloged in

the temporary 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 value of 0101 or 1010 in

addition teo 0000.
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respectively the physical address of the first sector in the first cluster
of the physically continuous clusters serving as the alternate source and
t he 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
sector physical address of an alternate destination cluster, which are
included in the alternate-address information ati are respectively the

physi cal address %’ft ttglgﬁ’f}; ﬁ?t aiLsect or, aI]t hI[e dast &l usg gftq{d %scﬁym cally
5% a erna e

conti nuous cluste e source an si cal

address of the first sector in.the |ast cluster t he caII 53
cont | nuous Ehale e S LEF IR A ITHES REFRATE  GRbT %-%%t?%%p@% o an

al t er nat e- addr ess, process colle veI treatln luralit ysically
conti nuous Rlasibiky Oftp@%sh6? c%% Rl g}ﬁ?gﬁrﬁnl§n¥ ﬁg cri bing

the alternate-address information ati for each of | ust e
| nst ead, itt¥anpteesBEPFEEs, sPBALhy hemd)esndh eerﬁlr%ﬁ‘b?r%l ‘E%Jrﬁ%?‘él‘é%@ ess
infornatlon ati including two physical addresses of first sectors in first
clusters and anotherbemase FFpegifdihatsalati ek NaVERF rat T &Gt

0101 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 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 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 the physical address

of the first sector in the last cluster of the physically
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i ncluding two physical addresses of first sectors in last clusters as
descri bed 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

| ast sector is used as a sector for recording a TDDS, and managenent of
burst transfers can be executed by using alternate-address information
ati. As showmn in FIG 9, the TDVA is used as an area for recording space
bi t maps and TDFLs. As described earlier, however, the 2,048-byte |ast

sector of each .of the [ T I as a
sect o(rj for c?%clgld‘lwnlbs a%?%e%%?%} n%’l ?%eﬁ%%%%%ﬁ%%ﬁﬁf&ﬁ G 12
is a diagram show the structure of the 54 TDDS. The T i one
sector having a ghg%sdfl?,@EBaﬁ%ffgfﬁeTﬁg&%ﬁﬁ§I%i?qﬁig §§ﬁ§e%%%$§h s as the
DDS in a DVA. It is to be noted that, ev t hough, t he DDS has a size of
one cl ust ertcoHs i%gf’:'o‘fr%%%%boéﬁﬂégs,l%ﬁhyy a Jtr?‘b%u%o%%% ohtl byt e
position 52 is virtually defined as contents of the DDS as expl ai ned
earlier by ¥eft maly 1YFTIATY 500 9AE2 1T 1P ST TAKIF T Lo ent S are

recorded in the first sector of the cluster. Thus, in spite of the
alternate-address information ati for each of all the

clusters. Instead, it is necessary to specify 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 TDEFL
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 sector for
recoding a TDDS (temporary disc definition structure).

FIG. 12 is a diagram showing the structure of the
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fact that the TDDS has a size of only one sector, the TDDS covers all the
contents of the DDS. As is obvious fromconparison of FIG 12 with FIG 5,
contents of the TDDS at byte positions O 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 recording the sequence nunber of the
TDDS, bytes starting frombyte position 16 are used as bytes for recording
t he physical address of the first sector in a drive area in the TDVA and
bytes starting frombyte position 24 are used as bytes for recording the
physi cal aqg§ s AD DFL of the first sector of the TDFL in the TDVA. Bytes
S

at byte position 1,024 and subsequent byte positions in the TDDS are used
as bytes for recordin i nf ormati on h..dqes e S.
Four bytes st arti gf@%%oﬁccuﬁdlmstl (;?n a?leaVl sgtecii )a%ss%yt es QPGOZHD
recordi ng t hy5| s LRA o sector on an ,out

ci rcunf er er® ?u:l ﬁfgifd ﬁﬂjd%ﬁ? IL-J‘Ls}ber Sdaé‘fea LS aa%lnﬁ’}?: rﬁ%gojrﬂ:e & oft Wi ch

user data has been recorded. Four tes starti frompbyte positiop 1,028
are used ast byt e<Ciof ?%E%@d?%@ttﬁ%yﬁ%yg?%%ﬁha eRES ABF PR S%?etﬂg first

sector in a npbst recent space bi t ma P
one cluster consisting o© 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, actual 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 recording the sequence number 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 TDMA 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 TDMA.

Bytes at byte position 1,024 and subsequent byte

positions in the TDDS are used as bytes for recording
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| ayer O in the TDMA. Four bytes starting frombyte position 1,032 are

used

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

a nost recent space bitmap for layer 1 in the TDVA. One byte at byte

position 1,036 is used as a byte for recording a flag for controlling the

use of an

zone. At tHiI's poin
above, the TDDS al
address AD BPO of

bitmap for

overwite function. Bytes at byte positions other than the byte
positions described above are reserved and filled with codes of 00h.
descri bed above, the TDDS includes addresses in the user-data area,

and OSA sizes and spare area full flags. That is to say, the TDDS i ncl udes

managemnent /ffﬁéfrr?algi;é}m;%ndég %@?a&wtl?ﬁ:t%%@% 56 in the data

1S Si ar to

| ayer 0, the physical address AD-BPl.of-the.  firs ecto
ef fective nb3 rfé%ekh‘ft%?)ag%r bt € e ll?%raf‘%y%}Pyﬁlcé?ﬁ]d ?(ﬁ%r%%%/s#%%l S%d%r
AD-DFL of the first sector in the effec%ive nost _recen EEF%hétenpor

DFL) .

sector on an outermost circumierence 1nclude
user-data area as a circumference 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 BPl
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 0Oh.

As described above, the TDDS includes addresses in
the user-data area, ISA and OSA sizes and spare area full

flags. That is to say, the TDDS includes

management/control information for managing ISAs and OSAs
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Since a TDDS is recorded in the |last sector of the space bitmap and the

| ast sector of the TDFL every tinme a space bitmap or a TDFL i s added, the
recorded TDDS is a new TDDS. Thus, in the TDMA shown in FIG 9, a TDDS
included in a space bitmap added | ast or a TDDS included in a TDFL added
|l ast is the nost recent TDDS. In the nost recent TDDS, the nobst recent
space bitmap and the nost recent TDFL are shown. 3-2: |ISAs and OSAs FI G
13 is a diagram showi ng positions of each | SA and each OSA. An | SA (inner .
space area) and an OSA (outer space area) are each an area allocated in

the data zqne 4g alhe Al IGINA! 4,063 USRA ) ARANTHNALE AdNRSS gy 0cess 57

carried out 'on a ectrve cluster. i'tion, an I SA or an CSA is al so
used in an ng&g%ion to wite new data into a desired address as an
alternate ar® “actually recording the new data supposed to be witten

into the desired dress, at which t her ta r r

previously. The o &t@@ndégcgﬁhepe geﬁe&ﬁﬁhﬁgﬁﬁh?§%¥héﬁﬁgégﬁgﬁ addr ess
is thus an operation to renew the ather data with the new dat 13A
is a di agr &HeFN Ny %W@PEREﬁ%?QNEP%ﬁ %ﬁ1€%%¥P%%%P%%PC§H§8% ‘%%eg% yer

|
di sk. As shown in the , )
of the first sector in the effective most recent space

bitmap for layer 0, the physical address AD_BPl 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 recent TDFL (temporary DFL).
Since a TDDS is recorded in the last sector of the
space bitmap and fhe 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 is 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 OSA.

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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diagram the ISAis |ocated on the innernost- circunference side of the
data zone whereas the OSA is |ocated on the outernost-circunference side
of the data zone. On the other hand, FIG 13B is a diagram showi ng the
positions of each | SA and each OSA on a two-layer disk. As shown in the
diagram I1SA O is located on the innernost-circunference side of the data
zone on layer O whereas the OSA 0 is located on the outernost-
circunference side of the data zone on layer 0. On the other hand, ISA 1
is located on the innernost- circunference side of the data zone on layer 1

whereas the Qg%%é.%ﬁ&zgggééqﬂﬁgg%gi cgﬁ&g{@§t-circunference side of the

ga¥? zone ?ﬁi ayﬁr wo-T ayer disk, the size of ISA 0 may be
ifferent fromthat of, .SA 1. Ho r, .t |ZE€ [JES=Tol to that
%g Ao(SA 1.OSThe si 248 &fddrl%el"l“SAa(‘\gﬁ\é?’ero%g‘nﬁjsﬁ‘s&%fl)acl?%dqﬁsﬁéis i ;‘%Js of the
or A 0 and, OSA 1) are defined in.the S and.,t , i.ch have
been descr i PREE BT 670 LR T 2 thet T § TR RY '%@%J%§a%gm£8
initialization tinme and repnins fixed thereafter the size of the

. ..However
OSA may be &HeERAF@ ALY AR reeRFtRE o R " T he?2FA. That is to
say, the OSA size
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
zone.

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~circumference side of the data zone on layer O
whereas the 0SA 0 is located on the outermost-
circumference 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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recorded in the TDDS can be changed in an operation to update the TDDS to
i ncrease the size of the OSA. An al ternate-address process using the |ISA or
the OSA is carried out as follows. An operation to renew data is taken as
an exanple. For exanple, new data is witten into the user-data zone. To
be nore specific, the datais witten into a cluster, in which existing
data has already been witten 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 wite- once optical disk, the new data cannot be witten

nto the cluster o Thus, (Lhe now.0ahay s ofd LG I G52 o shehe I the | SA

or the OSA. This ope ion’is rred’'to as an alternate- ress process.

59 This al ?ﬁfetlg%%a%df%%ﬁ @E%gegf%ﬁ n?nagi%qqet%rt h healsti e?%tfe-o%qadrcpss
r e’ e

informatio alternate-dddress information ati is

treated as a TDFL _ entry i ncl udi he address of a cluster, in which the
exi sting datS $3&bhekn el}é?:ibr%gaé#}goin the very start, as an alternate

source address. The TDFL ent rfy of the alternate-add : i for ti.on ati
al so includes the Theudriess Gf &ha 8% BeAh fpstaé’i‘:{?s%‘ V??HI At Hd'hew dat a
has been witten as alternate-address data, as_an alterpate destjnation
address  sizes of the OSA {or OSA 0 and OSA 1) are derGed {n the

DDS 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 OSA may be changed even after data has
been recorded therein. That is to say, the OSA size
recorded in the TDDS can be changed in an operation to
update the TDDS to increase the size of the OSA.

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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That is to say, in the case of renewal of existing data, alternate-address
data is recorded in the I1SA or the OSA and the alternate-address process
carried out on the data |ocations for the renewal of the existing data is
controlled as alternate-address information ati cataloged 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

i npl ement ed. The al t ernat e-address process can also be applied to

management of def @ghis 1A tih$ 3R dMPessT Qe dd ild) malRiRld ad frie Cluster
Is determned to be a defective area, by carrying out the alternate-address

process, da&iﬁt%@pﬁ@ d éosgAﬂ?ch}\!]MéE &i&%ﬁ hgeSLHBLEN diSoYeittgRin a

cluster of the or t en, for the nanagenent of this
RGeS Rt R T
sbove, (1o an b A5k 8yl ST SREVES, Sq 0 2 LELIBL S o gy Brceges 15,
di-agram Shoé,\}n;:lngt}.rt]ge gégatl ehaoé gggﬁtiengorgggt J?ct)n% gkfleavérz%métart, 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 as alternate-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 0SA 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
cataloged on the TDFL in the TDMA. Thus, while the disk
is a write-once optical disk, wvirtually, renewal of data
is implemented. In other words, as seen from the 0S of a
host system, a file system or other systems, renewal of
data is implemented.
The alternate-address process can also be applied
to management of defects in the same way. To put it in
detalil, if a cluster is determined to be a defective area,

by carrying out the alternate-address process, data
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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 TDVA. As described above,
the | ast sector of each of the space bitmaps and the | ast sector of the
TDFL are each 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 nbst recent TDDS. As

expl ained earlier by referring to FIG 12, this TDDS includes AD BPO, AD

ot and AD Lo iby D g0d, AR Od Bl afe éfﬁ&%@?ti%”wf Lng; Ahg | ocations

of effective space it maps. e ot and, AD DFL is

i nformation_show ng f ve t In the
case of Tthéflﬁst% %]ILDC}-eh n\%ﬁ%\%?s%: elgiée plfegc%st 0 %{afq#gegcet%rlet
|nfornat|on ojnting,to the ations_of the s ace TDFL as
shown by a © cﬁ?%ﬁI%ﬁﬁf%ﬁ?%ﬁvaéﬁ%ﬁ&%e%g??%%sar?g rH%P%; QQF%%§ arr ow
respectively. _That |s to sa L in TDDS used ddress for
speci fyi ng %ﬂﬁ?ﬁ%@?h%?uﬂ?hgyﬁtfﬁF%Tg??ge?? ES %ﬂéﬁyf%%th% g@% On the
ot her hand, AD BPO and AD BP1 in TDDS 3 are used as addresses for

speci fyi ng

3-3: TDMA-Using Method

As described above, every time data is renewed or
an alternate-address process i1s carried out, a space
bitmap and a TDFL in a TDMA are updated.

FIG. 14 is a diagram showing the state of updating
contents 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 receording a TDDS (temporary DDS). They are
referred to as TDDS 1, TDDS 2 and TDDS 3.

In the case of the state shown in FiIG. 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 explained earlier by referring to FIG. 12, this

TDDS includes AD BP0, AD BPl and AD DFL. AD BP0 and AD
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space bitmaps for layers 0 and 1 respectively as effective space bitnmaps.
Later on, data is witten and, since the space bitmap for layer 0 is
updat ed, 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
bi t map 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 bit map,{ rée ?J%’I?folomé"@i@n SRACEn DT LHBP) oMk £bn & NG udlese JDDR4 i tsel f

and serves as 6 ective information. Mich |like the state shown in FI G

14A, AD BPL_ in T [ adgy e mEVy ice bit
For | ayer THE GHTeRts viPH e o i o, Chnd D B Ak (2 o as an

address ' for. speel fybna g JOEL @s. an &1 oot 48 JPFLecLat efoofocgata is

witten agdPﬁ space nmap for Tayer I's updated, a new

e TPt AL b B T P L G
case, TDDS o.yecorded L0 108 LASLer 588" PhrOlmiPEoRots SRAFS S PEL MBR, PECOMES
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 BP0
and AD BP1l in TDDS 3 are used as addresses for specilfying
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 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
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TDDS. AD BPO, AD BP1 and AD DFL in TDDS 5 are used as addresses for

speci fying pieces of effective information. To be nore 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 effective
information. Miuch |ike 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
ef fective TDFL. As described above, when a TDFL and/or a space bitmap are

updated, a & i NS, | 29413t Ye Phe QLD ShARCER Frrf.or mati on
i ncl udes a resses |n |cat|ng 63 effective information such as space

bi t T
b trape a7 T mebichuctes 4 ol ot 1, Lo TG odn el foct Ve

e nost recent space tnaps and the nost

recent TDFL, whigch. are catal oge t efo ze process.
Thus, the cﬁ%eﬁc V& i3 sc,paé %dc "’[‘tg)grg(gpl%yAé %% &EJ?%/%%L and
effective s e bitmaps b TDODS included_in | asi recorded
TDFL or a | W%Eb?rg’eoalicbﬁ%e#ffrfﬁb i@%%r%leﬂsllﬁs?%eaﬁ'[ﬁ% %?/ ?#‘e way,

FIG 14 is a di agr am show @bthe state _of u datlgchontents of a TDMVA for
a two-|ayer %WS%peq- Hoying a FL as an effect

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, TDDS 5 recorded in the last
sector of the new space bitmap becomes the most recent
TDDS. AD BP0, AD BPl and AD DFL in TDDS 5 are used as
addresses for spécifying 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 BPl 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 most recent information includes addresses indicating
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is to say, the TDMA includes a space bitmap, for layer 0 and a space
bitmap for layer 1. The two space bitmaps and the TDFL are initially
cataloged in the TDVA for layer 0. That is to say, only the TDVA for |ayer
O is used and, every tine 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 TDVA for layer 1 as the second |layer is used after the TDVA
for layer 0 has been all used up. Then, the TDVA for layer | is also used
for catal oging TDFLs and/or space bitmaps one after another by starting

from the begiAig,&f dHEiMbn Budl G 18hd Se B AiAGSARAON g, State T

whi ch the | ayer is all used up after recording a TDFL or a

bi t
T L R e R R
of ' Lhe TOMA proyvied 190 L Sfoo® Aol ALGR M e the state shown

in FIG 15,7 af ayer en us two space bitmaps
Tops %Srrérceoqa%ifdfﬁﬁﬁ TR SR ROTHL Ther tﬁéﬁtb% P28 B tmap for
layer 1 1s 10e TPl Jo5ENs 1O
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
of updating contents of a TDMA for a two-layer disk. That
is to say, the TDMA includes a space bitmap for layer 0
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
the 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 alsc used for

cataloging TDFLs and/or space bitmaps one after another

by starting from the beginning of the TDMA.
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Much like the state shown in FIG 14, in the nost recent TDD- S, AD BPO AD
BP1 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 BPl1 in TDDS N+2 is used as an address

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 i RyEDDG sN6Z i USRO-AS HbBY eSS c i 19Peaisfof rhet TOFL as
effective information or nost recently updated information. 65 It is

needl ess ta $ tla§%r}@¢i%§%%le%@§%2€§0§ftgft?%@big%%%g%eTDQLoérthe

space bitmap for Tayer dat ¢ after, e up TDFL or space
R e AR F RO ], 3, A8, 3523, A R o ey
SRl anothel, LBLcRl onlng, yRest o (TEFES AN SpREgaDELImp oy, the
fo o resulty aplurality of DM, £an, e UELLi 268 E00: 8ol 8D degyee ©f

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 bitmap for layer 1 is the most recent TDDS.

Much like the state shown in FIG. 14, in the most recent

TDDS, AD BP0, AD BPl 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

for specifying a space bitmap for layer 1 as a space

bitmap, which includes TDDS N+2 itself and serves as

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 an address

for specifying a TDFL as effective information or most

recently updated information.
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In addition, by searching only a TDDS recorded | ast wthout regard to

whet her the TDMA is provided for layer O or 1, an effective TDFL and/ or
space bitmap can be grasped. In this enbodinment, a one-layer disk and a
two- |l ayer disk are assunmed as described above. It is to be noted,

however, that a disk having three or nore recording layers is also

concei vable. Also in the case of a disk having three or nore recording

| ayers, the TDMAs for the |layers can be used one after another in the sane
way. 4: Disk Drive 66 The follow ng description explains a

recordi ng/ reproductd Gy aRRAIAIS 1SLRENERS A i Shdmpm,, fdle tdhice
write-once optical disks described above. The di sk drive prOV|ded by t he

enbodi ment y 51 £APEHE €1 Hfef OF BAGRe | SYOLE Q{txﬁaﬁwféﬁ oageroptigal disk in

a state explained earlier by referring to 1 by ornattlng the disk in
a state wh &y nl A REES gfﬁeg QL rea PIC
shown in Fgga%%as%%%%\f%?ga %%e LEE? no wre?te on](::eé]%re L2en f or ned.

I ddi t q ; rmed
o sk 1 or i A RO Th 3 Wb e T ey S ohe® THTR ??%%S?%egﬁéméef‘of) e
necessary, i£§ég'fF drlves

As described above, the TbDMAs 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 Jjointly 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 reccrded 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 above. 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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al so updates a TDVA by recording information therein and records data into
an | SA or an OSA. FIG 16 is a diagram show ng the configuration of the
disk drive. Adisk | is the wite-once optical disk described above. The
disk 1 is mounted 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
~wobbling shape of a groove track and nmanagenent/control information as 67

information preree@ded19RWihg dHesleriptAlornRxlialial ization/formatting time
or in an operation to record user data onto the disk 1, the optical

pi ckup 51 recqrds: m LCOR TR d A QIR d O n Angls useg; datgrpRL o a

track in a wite-onte area. In a reproduction opefration, on the other

hand, the Q%f%oc%ge ‘pf C@Poéée lrcg@gifc%ﬂ%lgﬁ% cﬁ%%@fﬂ?%%o&5@§. disk 1. The

optical pic i 'ncl udes oto tector, an objective

| ens and an optic system. .whi ch ar.e n shown in the figure. The | aser
diode is a devi c?}‘?eﬁisﬁ(g d§§“"§ S gefdgfpygre%%eer aetnibr?éﬂénqnétgelrs beam The

h ' I . .
photo det eCcEaOpraléfe aofogggrr?fr?é afo aﬁ?&@%% ng v?r:l.)teg—rrc]mce 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 records 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/control information as
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reflected by the disk 1. The objective lens is a conponent serving as an
output termnal of the |aser beam The optical systemis a conponent for
radiating the laser beamto a recording face of the disk 1 by way of the
objective lens and | eading the reflected beamto the photo detector. In the
optical pickup 51, the objective lens is held by a biaxial nechanismin
such a way that the nechanismis capable of noving the objective lens in
tracki ng 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

nmechani sm 53, £ Jhga ASEIp i ey died wsledehd dhex opti cal pickup 51 is driven

to emt a laser beamby a drive current generated by a |aser driver 63 as

a drive signal. The %%Ofi?li%gtag%%fti%w tt & QR igGal; Pigkup 51
eyed by

. . i
detects information conv a beamreflected by the disk 1, converts

t he detect e%%fﬁ%@%@rké%%%ﬁsde%l%éi%ﬂosh?gaéi%opor{ﬂgnal to the

l'ight inten ere eam and supplTes e electrical signa
SRR CE T g T SR
and 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,
which are not shown in the figure. The laser diode 1is a
device serving as a soﬁrce 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 beam 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 objective 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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current output by the photo detector conprising a plurality of
| ight-sensitive devices into a voltage, and a matrix
processing/anplification circuit for carrying out nmatrix processing to
generate necessary signals. The necessary signals include a high-frequency
signal (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
signal related to wobbling of the groove. The signal related to wobbling

of the groqygéﬁéﬁ¥§ﬂ§i al for detecting the wobbling of the groove. 69 It
is to be noted that the matrix circuit 54 may be physically integrated

inside the opti caIAth%i GKUR 5k e irﬂ%&r“%%gfﬁ%%efo?&wl Qut y the

matrix circuit 54771s Supp|lé€ toare r Ircurt '55. The focus

error signal_and, the tracki I I ieh,ar gener ated by
the matrix ¢ir Jffr‘fe%ifé a%@gg%g%%%r Si%%&g %Bé%o&%‘F%uﬁP%%gt The push-pul |
signal generated b
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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 processing/amplification circuit for carrying
out matrix processing to generate necessary signals. The
necessary signals include a high-frequency signal (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 signal related to wobbling of the groove. The signal
related to wobbling of the groove is a signal for

detecting the wobbling of the groove.
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technique to generate data read out by the optical pickup 51. The
generated data is then supplied to a nodul ati on/denodul ation circuit 56.
The nodul ati on/ denodul ation circuit 56 conprises a functional nenber
serving as a decoder in a reproduction process and a functional nenber
serving as an encoder i-n a recording process. In a reproduction process,
the nodul ation/denodul ation circuit 56 inplenments denodul ati on process
for run-length limted 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 EGE GRCd BG RRcestr} G4 eiidlix CAvRA on GRdesd o data
to be recorded onto the disk 1 and an ECC decodi ng process for correcting

errors included ] 1 C e. di : reproducti on
tinme, data %‘eﬁ%%%%ﬁgl%éﬁgfg&m%ia(gél)(r;&nlﬁ%eor%&dﬁﬁlgi%gﬁ]g?? c%?'t 56 is stored
in an internal ngﬁnr t o be supjected.t rror et Lan/ .ection
processi ng and pr (p?s)séieﬁ)&%ﬁlc O{;sd%g:a %éL- %n erq%é:g\}% 5) of:egl%s g{{glg{rclerate t he
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focus error signal and the tracking error signal, which

are also generated by the matrix circuit 54, are supplied
to a servo circuit 61. The push-pull signal generated by
the matrix circuit 54 is supplied to a wobble circuit 58.

The reader/writer circuit 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 1s 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 code as
decoding process on the basis of the reprcduction clock

signal.
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decodi ng process carried out by the ECC encoder/decoder 57 is read out
fromthe internal nenory and transferred to an apparatus connected to the
di sk drive in accordance with a command given by a systemcontroller 60.
An exanple of the apparatus connected to the disk drive is an AV
(Audi o- Vi sual ) system 120. As descri bed 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 ADIP information is denodulated in the wobble circuit 58 into a

data stream conpasi RgcARRAGI/REIR%erTHY Wabhl & dhidosiid: F&:t hen 71
supplies the data streamto an address decoder 59. The address decoder 59

decodes thechioﬁfC&ﬁ/% dderehy, Jﬂé(?e%%g@érﬁseaggrgééeé%%@ then supplies

the addresses he system contro address decoder 59 al so
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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
deqoding process carried out by the ECC encoder/decoder
57 1s read out from the internal memory and transferred
to an apparatus connected to 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 matrixAcircuit 54 as a signal related to the wobbling
state of the groove is processed in the wobble circuit 58.
The push-pull signal conveying ADIP information is
demodulated in the wobble circuit 58 into a data stream

composing ADIP addresses. The wobble circuit 58 then
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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/witer circuit 55, which <carries out a binary conversion process to
generate a data bit stream The data bit streamis then supplied to the
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

system ?Ontéugéﬁf{e@tﬁé_&épébé&@ém%ra{ﬁ Nga@HLss PHOEESSLSssuUch as
processing to set a variety of 72 operations and copy protect processing.
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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 out ECC-decode
and de-interleave processes to extract data representing
the prerecordéd information. The extracted prerecorded
information is then supplied to the system controller 60.

On thé 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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adopting an RLL (1-7) PP nethod in the nodul ation/denodul ation circuit 56
before being supplied to the reader/witer circuit 55. in these encoding
processes carried out at a recording tine, 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 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 adjustnment of a recording power to produce a power value optimum for

factors includinhg ghar &Lds 1SSt Ofpt b €605 di ng | ayer, the spot shape

of the | ase eam and the recording |i'near speed as well as adjustnent of

the shape of the lLgser ]_.(&1_3rc’j0\{:%lig1 t;tq_guoeegtecﬁrtacgg)g):e&iﬁ%otﬂa% rigcor di ng

conpensati on processing, the recor I's supplied to the |aser
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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 encoding 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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the so-called APC (Auto Power Control) circuit for <controlling the |aser
output to a fixed value i ndependent of anbient conditions such as the

anbi ent tenperature by nonitoring the |aser output power. A detector is
provided 1in the optical pickup 51 to serve as a nonitor for 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 laser output is controlled to the target value for the
recording or reproduction process. The servo circuit 61 generates a variety

of servo gan Vﬁ;}ﬂ%ﬁiﬂ&”ﬁ@@d%&’é SHEOT AR £ ol tNgsd A HeaRki ng

error sign e received fromthe matrix <circuit 54, to carry out

servo operat| T. V, i S| S. i e.fo i and
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optical pickup 51, the matrj ircuit 54, the servo_circuit 61 and th
b?axial gEC%%é#%ﬁﬁd {E supplfég to the laser grfver 6§ as laser the

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 conditions such as the amblent 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 61 generates a variety of servo

drive signals from the focus error signal and the
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In addition, in accordance with a track junp conmand received fromthe
systemcontroller 60, the servo circuit 61 turns off the tracking servo

| oop and carries out a track junp operation by outputting a junp 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 fromthe systemcontroller 60, to drive
the thread nechanism 53. The thread error signal is obtained as a

| ow f requency conponent of the tracking error signal. The thread nechani sm

53 has a ”Bfmfﬁ% COPRS} Sk Ngh &1 7S] SRNSPS S5EO8; B8AT £ rdm PREAa FPLLr and a
mai n shaft for holding the Optical pickup 51. The thread nmechani sm 53

dri H . ! q . ;
rives the %ﬁ s M4 O & gﬁﬁﬁgy‘?r&i‘tf'c&%é ot diea £ 1624 | tﬂ{é e Sjgnal to

slide the o pi ckup a required °distance. Is to be noted that
the mechanigmits ' Lot ' : Spy. circuit
62 control§§ %ésiléﬁégﬁ %ﬁ%%@gggﬁ?%g?ngf%égfﬁg'ﬁ@%feﬁﬁgégpgﬁgyg servo
circuit 62 gbtains, a ciock signal generated in a PLL process for the
wobbl e si gnaf*%s ®19F#dr¥mti on on the present rotational speed of the

spindl e notor 52 and conpares the present r | onal . .
P To puénit concre el§?3€he(¥ggu§)§%d tracking drive

signals are generated in acceordance 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 serve circuit 61 and the biaxial mechanism.

In addition, in accordance with a track jump
command received from the system controller 60, the servo
circuit 61.turns off the tracking servo loop and carries
out a track jump operation by outputting 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 system controller 60, to drive the thread
mechanism 53. The thread error signal is obtained as a
low~frequency component of the tracking error signal. The

thread mechanism 53 has a mechanism comprising a
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speed with a predeterm ned CLV reference speed to generate a spindle error
signal. In addition, a reproduction clock signal generated at a data
reproduction tinme by a PLL circuit enployed in the reader/witer circuit
55 is used as the reference clock 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 predeterm ned
CLV reference speed, a spindle error signal can be generated. Then, the
spindle servo circuit 62 outputs the spindle drive signal, which is

generat ed '&ﬁgﬂﬁg@gl doa i 12 {RESR! NOLEr CLAQT aShIPAl shb e CAGEY OUL the

CLV rotation e not or I'n addltlon the spindle servo

cirouit 62 alsg;,g @ﬁéasgfl@afg%pgkg%dﬂ.vgﬂ 3l ddb deeardance i th a

spindle kic contr S g erve system control |l er 60
o o okt S8 LR ek, B SERR R R PTEEL IS s
andthe rocgL 10/ SELodheton.pvskem g, descr bed, shoxg B cort ! b
60 carries gfétggééouiﬁﬁhﬂgix)be noted that the mechanism itself is

not shown in the figure.

A spindle servo circuit 62 controls the spindle
motor 52 to rotate at a CLV.

The spindle servo clrcuit 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 as 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
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of processing in accordance with commands received from the AV system 120.
When a wite instruction (or a command to wite data) is received fromthe
AV system 120, for exanple, the systemcontroller 60 first of all noves
the optical pickup 51 to an address into which the data is to be witten.
Then, the ECC encoder/decoder 57 and the nodul ation/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 MPER.

Subsequent'witﬁstﬁssgﬁw% abpvey thendy, readest i bt chicely 55 supplies

| aser drive pulses representing the"data to the Taser driver 63 in order

to actuallyo{§€95€ 5§2¥§3§€%ﬁ9d1938%%§§ ds On t he ot her hand, when a read

command to fead ou as video data fromthe disk | is

received fromthe AV system 1 far. e i o ol l er 60
first of all carri%é% G E%/lscamsnéek%q'io(;“pe ajtl}&(;ln e?‘v%\r}:gf%gltgpr%% ca;hlrg%i ckup 51 to
a target addresg t which e aia is.to eiread ou fron1£p gisk 1. That
is to say, IENEr2yE? et TBNETOF I F 6D BUEPars™a SEER™CBNRENG "t 0%t he servo
circuit 61 to, drive the optjical pickup 51 t make an access,to a target
addr ess Spe%P%?%Heihl?héb akg co trof signal receive %rom Ehe

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 controlled by the system controller 60 based on
a microcomputer.

The system controller 60 carries out variocus kinds
of processing in accordance with commands received from
the AV system 120.

When a write instruction (or a_command to write
data) 1s 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/decoder 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. Subseguently, as described above, the
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command. Thereafter, necessary control of operations is executed to
transfer data of a specified segnent to the AV system 120. That is to say,
the data is read out from the disk 1, processing such as the decodi ng and
buffering processes is carried out in the reader/witer circuit 55 the
nmodul 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 t%éﬁ%p}@ﬁ%fb@;i%ﬂ?%ﬁr%ﬂﬁw{@@r%%gﬁ%‘{%pﬁ%ﬂégns by using

ADI P addresses detecte e e "circuit e address decoder
1s mount erarerii IEES TR UL el TR b S St R 2
and " pr er eCHT QUL LR FREE o P9 rBbOPHod bR (he di oK 1 as A  wobbl i ng
operations 15 exCBUREHE AU REPSEATBIRD th S57breUBPIdD i FomiR  set
as targets égtérgaggeésqggéégiéqgénggéaigrég gﬁg’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 record

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

the system controller 60 is capable of controlling
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commands are issued to the servo circuit 61 to nake accesses by using the
optical pickup 51 to the innernost- circunference side of the disk 1. Later
on, the optical pickup 51 is driven to carry out 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/witer 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

fromthe disk.J9:ds as, daseraPed Abaye chdersystemsrrisRbdgie B carries

out processing such as a process to set laser powers and a copy protect

D ety | PRSI a0y R S EL e d et oI B O S
oL, OPLERL e STk 08 e AIPAE AT e 1 Ch are ead out Trom
can be updaled W iout, Jing oL Seseps gl sl Lo Men g g ok 1 1S
component s gg 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 i in case the BCA exists on the disk 1 and
prerecorded information (PIC) 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
out reproduction tracing to obtain a push-pull signal as
information conveyed by a reflected beam. Then, decoeding
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 ocut from the disk
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the disk drive to read out a TDFL and/or a space bitmap fromthe TDVA
recorded on the disk 1 and store themin the cache nenory 60a. Later on,
when an al ternate-address process is carried out to renew data or due to a
defect, the TDFL or the space bitmap stored in the cache nenory 60a is
updated. Every tine an alternate-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 bitnmap can be additionally
cataloged in the TDMA recorded on the disk 1. By doing so, however, the 80

TDMA recor dfdaé’rHéQ@r%é& dodid] DRe USESaR B5n@PoBRELY6Hi BBrrl8sorder to
solve this problem only the T TDFL “or he space bitmap stored in the cache

The dr sk 1 98 SERETIire al o Tttt e Sanarest TR Tet rmet

dr|ve for exanple

recent) T DFEL 8%%§5§%§tgéEF§Po§éQ ed in the cache nenory 60a is transferred

to the TDVA ré In this way, the TDVA recorded on the

disk 1 is update after. the TDFL nd/ or, t pace hitm whi ch are
stored in the cac(rjfé1 %@l?o u]:naa s Pedi J‘B’daltnegﬁaél 2lr6§e nurﬁ)er of times so

h h n f
that the aqggmérf 66a is employed 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 1is
carried out to renew data or due to a defect, the TDFL or
the space bitmap stored in the cache memory 60a is
updated.

Every time an alternate-address process 1s carried
out to write or renew data in the disk 1 and the TDFL or
the spacé bitmap is updated, for example, the updated
TDFL or space bitmap can be additionally cataloged in the

TDMA recorded on the disk 1. By doing sc, however, the

80



TDVA consunption can be reduced. The expl anation given thereafter is based
on a nethod to reduce the anmount of consunption of the TDMA recorded on
the disk 1 by using the cache nenory 60a in processing such as a recording
process to be described later. It is needless to say, neverthel ess, that
the present invention can be inplenented wthout the cache nenory 60a.

Wt hout the cache nenory 60a, however, every tinme a TDFL or a space bitmp
i s updated, the updated TDFL or the updated space bitmap nust be catal oged
in the TDVA recorded on the disk 1. By the way, the typical configuration

of the di Sﬁ)ﬁ\kﬁ%éé’@ré@@%'%@&sﬁq'ﬁlif%éoﬂéé@%ﬁtéﬁmaﬂfe@r sk drive

connect ed e AV system 120. However, the disk drive provided by the
pr esent |nvgfméon can be connected to an apparatus such as a personal
conputer. IR addition, the disk drlve nay be designed into a configuration

t hat cannot be co ecte%tocoago Qpegr d’_ sLP brl tﬂn sr}cl q:heunf

configuration sho rive i ncl'udes an oper§$|on uni t

d a displ t terf £t d_out put t
Gara. That the 1Pty Bulap {SEORRE ot b a1 SRARY EP8pf bauckd from t he

di sk in accordance with an oper rr h n
t;rnihal ISUPQQﬁﬁ ekt %% the gf atiols g?éc%gg gggmbghé glgﬁedrlg da

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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termnal for inputting and outputting the data. OF course, other typical
configurations are conceivable. For exanple, the disk drive can be
designed as a recording-only apparatus or a reproduction-only apparatus.
5: Operations for the First TDVA Method 5-1: Data Witing By referring to
flowcharts showmn 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 nmounted on the disk drive. 82 It is to be noted that,
at the tine the data- witing process explained belowis carried out, the

di sk 1 hasy.al i, eyt . t ' ' : T as well as
a space bi ?jn%jfgé%mﬁggn% t ran's?%r ?lensd %o%%&%%%&?g%@ﬁ g{i_slk nount ed on

the disk didved odiit Gaehe o TP Acdd 200l Uidlhe shiEN B UGS TOT 2

wite operation or a fead opefation is received froma Host apparatus

such as the, AV system 120, t target address is specified. i e, request
as a | ogi cé?rjsve%tporro?ncgefcgs%{ ht?hee P acdr]ir%e%%lf?l?e e I%%I#rg%%g]%%ysi cal
address conversion processing to convert t sector address into

e | ogi cal
a physi cal Se@bhrd &S 5HCY (s @ personal computer

In addition, the disk 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 reproduction-only

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.

82



description of the conversion process for each request fromtine to tinme
is omtted. It is to be noted that, in order to convert a |ogical 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 | ogical sector address. Assunme 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 systemcontroller 60 starts processing represented by the 83

flomchart shown |9 Fh@ ob7pdlitledndl], A dhedthd ik gt pace bitmap

stored in the cache nenory ails referfe In order to determ ne

whet her or not, data has been record i clu : S i fi

Addr ocs. THE RIS PGS SESAANT % R EaiheShEhiA 86 FERE AL bi ¢ v
updated nost recently. . lf no data has been recorded at the specifiged
address, the q?%\/@%gﬁ‘% lbef%%ég%li‘rh%e%o @?}etcgl%k s(?lé veFl"E)Iﬁét%%c%irﬂ]?y out a
process to wite user data into, the address as re rgsent d_by the

Pl ovchar{ SHoWFLh 3% G SRRCT {DHEIAP ARV Pyt HUen: PREDT dBHORt e  he

specified address so that the process to wite the data of this tine can
not be i npl Ethter, thn dhek ot Hepuke®d, OB hehe | vk 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 is
specified in the request as a logical sector address. The
disk drive carries out logical/physical address
conversion processing to convert the logical sector
address into a physical sector address but the
description of the conversion process for each request
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 as the AV
system 120 by the system controller 60. In this case, the

system controller 60 starts processing represented by the
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of the processing goes on to a step F103 to carry out an overwite process
represented by the flowhart showmn in FIG 19. The process to wite user
data into the address as represented by the flowhart shown in FIG 18 is
a process requested by a command to wite the data into the address at

whi ch 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 ternate-address rocess pficar.ieqto - sqQue _c . Rig.st of
all, at a a4t ?4%?”%y§?éﬁﬁ%bn ol I'er" > 6Hifgbdt§§?é%%%§%1Eﬁéhvkite
the data into the specified address. That is to Sﬁi’G he.optifal gickup 51
is driven % cORARR® XhTERR AT tHe HRFIFY BAPeEstYhd s kBT IFe  data
of the wite request into the address. |f the operation to g&ite t he data
into the add? 3 OFQCE ohD| R RIERR S ISR HeCT | BN oF2 Eh DT 00RERi ng goes on
fromthe step F112 to the step F113 at which the space bitmap stored in
the cache meseeydedainsa upbatert I be spPecihiedtafdrespe PSR mp is
searched for a bit corresponding to a cluster in which the data has been
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 F103 to carry out an
overwrite process represented by the flowchart shown in
FIG. 19.
The process to write user data into the address as
represented 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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witten this tinme, and the bit is set to a value indicating that data has
been witten into the cluster. Then, the execution of the processing for
the wite request is ended. If the operation carried out at the step F111
to wite the data into the address is not conpleted nornmally and an

al ternat e- address process function is in an on state, on the other hand,
the flow 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 checking

whet her or ., not an | SA and/or | east either
an | SA or a4 s ve Cg “det | "ih terna dé(}?égsasd%cr%%:ess can be
carried out. In this c se t he, (9I q{nate address rocess function is

det er i ned RPBET MR POFET S A 1°8h 9% ° is determined to have
been defined if the size of .the |SA or @ﬁ A.in the TDDS o% t

has been set at aP¢&iSle Odt Rer «t Rdn 3 SF&Po Flitar Ghe nggﬁvl -8 5?hatt|ng
time of the disk 1, at |east either an | SA or an OSA i s defined_as.an

actual |y eﬁ%tﬁ&fg:u’faﬁ PRt arted A 5 et d yAHE | FREQi e APECYEER ot her
than a zero in a TDDS and recording the TDDS in the first
address. That is to say, the optical pickup 51 is driven

to make an access to the specified address and recoxrd 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 i1s searched for a bit
corresponding to a cluster in which the data has been
written this time, and the bit is set to a value
indicating that data has been written into the cluster.
Then, the execution of the processing for the write
request is ended.

If the operation carried out at the step Flll 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 F11l4.

It is to be noted that the step Fl1l2 is executed

also to determine whether or not the alternate-address
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TDVA. As an alternative, for exanple, an OSA can be redefined by setting
its size at a value other than a zero in an operation to update a TDDS in
a TDVA. After all, if at least either an I SA or an OSA exists, the

al ternat e- address process function is determned to be in an on state. In
this case, the flow of the processing goes on to the step S114. If the
determ nation result obtained at the step F112 indicates that neither an
| SA nor an OSA exists, indicating that the alternate-address process
function has been nade ineffective, on the other hand, the flow of 86 the

processi ng goes on to the step S113. 1t | this step,
t he space B%%epssst%qré%t]ﬁp tJhéé 8¢ eorgneén%aré@ ?sgé]g%}i@de?%érr a(p%i t
corresponding to a _cluster at t eci f.i ed address.an he bit i.s set at
a value i rﬂ:ﬁq'ceﬁr? N4 kﬁﬁé};% aamacgﬁtégq]vq é%%?rble‘g&%hn‘?%‘e (}th ds gre.athen, t he
execution of the processing is ended. In this_case, however, the wite
request is i goﬁ“? Q3 g}ﬁ? P 1Fef AR (ARSI e error has
been generated, at the bit in the space bitmap,_a flag indicating that
data has beFRTDHIRRRAFTTS tPN PUFRFLLRGrPEsportdt it A% bitS s set in

the same way as a nornal term nation of the processing, The setting of the
alternate-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 the 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 operatilon to update a TDDS in a TDMA.

After all, if at least either an ISA or an OSA
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 S114.

I1f 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 ineffective, on the other hand, the flow of
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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 wite data into the defective area, in which the
error has been generated, by referring to the space bitmap, the processing
of the request can be carried out wth a high degree of efficiency. As
descri bed above, if the alternate-address process function is determ ned
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 whether or not the 87

al ternat e- address process can be actuyally .carrd out.. I, rder to carry
out the al tethdte BES %}%%eo&%:o ;Jcﬁ%e e éaﬁ‘aa', ?ﬁatlgi gc,o g)let her the |SA
or the OSA, nust have a free area for at |east recording t e.dq&g

t*have® a nargin

request ed iMPEIRE Wate Hpdhatd oiteAn RRITEHHF THTFME

allowing an entry of the alternate- address information ati for nanagi ng
this alter Ra®e JRRRESE Packs ST BEAIRE 2 (bt FULSFPRIP (He FDFL to
be updated. It is possible to determ ne whether or not the 1SA or the OSA

has such a drwster eat yhemrddHgeheaddrpes d1d thridelt | 5V THA *F Bters

included in the defect-list managenment information shown in FIG 7. As
descri bed value indicating that data has been recorded in the

cluster. Then, the execution of the processing is ended.
In this case, however, the write request 1s 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 request can be carried out
with 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 determine whether or not the
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earlier, the defect-list managenent information is included in a TDFL as
shown in FIG 11. If at least either the | SA or the OSA has a free area
and the TDVA has a margin for update, the flow of the processing carried
out by the systemcontroller 60 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 I SA or the CSA respectively. Then, at the next step F116,

after the wite 88 operation requiring t he al ternate-address process, the

TDFL and th bi t n QC menory 60a,
are update&g‘ el§£§¥é%éxﬁ ? $?%e con %éﬁ%#h%%eé#ﬁifgarggtupdated by
new y addi ng an e e alternat dre inf.ormat i on at
representing the B[Peé’&#er r{ter%ré’ é"gzdatg% ?S)‘r‘stocessteasal s o i FTE®8 to

the TDFL. In addition, in cordance |t|o ch an_ entr
the nunber di¢ C‘%if%t‘F%g%’ae"i‘JFL tris E‘rJn e'f"n’é %?eﬁg}g (P}r-s %Sen%‘ﬁ t g

information shown in FIG 7 is increased while, the nunber of unused
| SA/ OSA cl Ut 2 i fFrehea reref oY -3% s%e%%a@%%ﬁ‘#lﬁ‘%fW%@?% shown in FIG 7

is decreased. If the alternate-address process is carried
requested in the write operation. 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.

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/0OSA clusters included in the defect-list
management information shown in FIG. 7. As described
earlier, the defect-list management information is
included in a TDFL as shown in FIG. 11.

If at least either the ISA or the OSA has a free
area and the TDMA has a margin for update, the flow of
the processing carried out by the system controller 60
goes on from the step F114 to a step F1l1l5 at which the
optical pickup 51 i1s driven to make an access to the ISA
or the 0SA and record the data requested in the write
operation into the free area in the ISA or the OSA
respectively.

Then, at the next step F116, after the write
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out on one cluster, the nunber of catal oged DFL entries 1is increnented by
one while the nunber of unused | SA/OSA clusters is decrenented by one. It
is to be noted that a process to generate the alternate-address
information ati w |l 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 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

89 | SA OSA «cl . 4 j 4 ded, i
ot at o VAT R R R PR e
Then, th ti f th LSS f.t it i d. |
(hi s case, WAV Gouiiastoror oaasthsth Hhrer el ST Daraes |

specified in the wite equest %%gfar ying out the alternate-address
process, tHERF iMEYperaid o A il et ed. From the standpoint of the

dot er m nat fon. Fes(ix BoBt atndd STAH oh5 GEPLETERIEalgE THAE AES her t he
| SA nor the OSA has a free area or the TDVA does nof have a_qgégin for
TDFL to updated by newly adding an entry of the alternate-a ess
information ati representing the present alternate-
address process as shown in FIG. 8 to the TDFL. 1In
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 cataloged 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
process 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 tTo an
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be updated, the flow of the processing carried out by the system
controller 60 goes on to a step F117 at which an error report is returned
to the host apparatus and the execution of the processing is ended. If the
determ nation result obtained at the step F101 of the flowhart shown in
FIG 17 indicates that data has already been recorded at the address spe
cified inthe wite request nade by the host apparatus as evi denced 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

e 00, B B D 00 S 0 L0

step F103 'er. s step, the overwite function

process represented by the flowchart shown. in F i ryf . The
f1 owchart b%eg‘?%é%ﬁg't h£/% %?%patFlaz1vaaiu%\h}%\@l?%1:el&£y% A %%ﬁ%r%%'%g?g

determ nes whether or not the overwite function or the data renewal
function i steRFERE | 1. thicC I8 t%m control ler 60 is capable of deternining

whet her or not the overwite function is .effective by referring to a flag
included in the TObBSD/sHE s5¢mtdon PHLINe MTRFSSHiTRN S‘“%éi% € or not

the overwite function is usable. If the flag indicating whether or not
t he overwirequest is ended. In this case, 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 appératus, 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 made 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
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function is usable is not set at 1 indicating 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 overwite function is usable is set at

| 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 91 a step F123 first of all to

det er m ne whet he r.not, th | tern - re - ied out.
As descri BStFHBRR, 17 n- % a%%ru‘ctatoerc'ar%eeou (%Lf h%faﬁgfﬁ?%%%d@ﬁeggé%r ocess,
the spare area, that is, el r_the |1 SA, or the OSA st_.have free area
for at | east® r’%‘?:oab? nyEeR h%{(ggtaas r‘iﬁ%céﬁké%di%a{%%eﬂiri {%‘ &&éLrsatSl%r?’and, in
addition, the TDMA nust have a, nargin allow ng an eq&r f the

al t er nat e- deRR eXECTWHE b Frat 1A T B?c%%aﬁ?lﬁ’ges?%?% é%t’ er M3t e- addr ess
process to be added, that is, _allowing the TDFL to be updated. If at | east
ei ther the FiSveharhesioesm hbs B rek? 5F e@2BRHCENUTDMA has a margin

allowing an entry of the alternate-address information ati for managi ng
this 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 functionris
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 indicating that the
function is not effective, the flow of the processing
goes on to a step Fl122 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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al ternat e- address process to be added, the flow of the processing carried
out by the systemcontroller 60 goes on fromthe step F123 to a step F124
at which the optical pickup 51 is driven to nake an access to the | SA or
the OSA and record the data requested in the wite operation 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 alternate-address
process, the TDFL and the space bitmap, which have been stored in the
cache nmenory 60a, are updated. To put it in detail, the contents of the

TDFL are updated by newly 92 addi an entry of the alternate-address

i nf or mati orf at%epP r%ﬁ%s@#?‘hg"gﬁﬁg@%e ‘?t%‘jr[rf”err‘%a‘f = 625 BPocess as
shown in FIG 8 to the TDFL. However, data at the sane address may have
been reneviek- Sl 2RSS REISLDT FHe RE Rt S es€*S i nformation at i
representing the alternate-address process for the renewal has thus been
cat al oged ofestribabrbover stizirrdeRsee $2¥5Y ottt afhe alternates of

al ternate-address information ati cataloged in the TDFL are searched for
an entry i reddickesiy phecesiklr etise aspare arear nbltat sbir cel by ke [$A

alternate-address information ati has been cataloged in the TDFL as an
entry incl ust ngh¢ heSaddness svana aftee natea sbor cet least 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 information 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 F123 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 the write
operation reguiring execution of the alternate-address
process, the TDFL and the space bitmap, which have been
stored in the cache memory 60a, are updated. To put it in

detail, the contents of the TDFL are updated by newly
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address, the alternate destination address included in the
alternate-address information ati is changed to the address in the |ISA or
the OSA. Since the TDFL containing such alternate-address information ati
as an entry has been stored in the cache nmenory 60a at the present point
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 TDEL. 93.1f a .new entry of_the

al t er nat e- &S FThiSH st iHn T ialiq'se]%[‘t?&é%_‘-’tcgd]fef?es ?rI?Ehtefl%rﬁ)te]F of
cataloged DFL entries in the defect-]ist mangagcf nt%i nformati on shown in

FIG 7 is iGRAGENH W 119 RE i erd ettt RIWIUBIAS in the
defect-list managenent information shown in FIG 7 is decreased. In

addi tion, Ssivn el Blded § e Hspddbitmap as a bit corresponding to an
| SA or OSA cluster, in which the data has been actually recorded, is set
at a val ue i ndi céicweyetthadagat athibehcans aCehgsd Mant Ve B&S&y . Then,

t he execution of the processing of the wite request is ended. By carrying
out the prosessied befuse andern SMory the O8A abtelertiebrddeddve, the
system

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 source
address, the alternate destination address included in
the alternate-address information ati is changed to the
address in the ISA or the 0SA. Since the TDFL containing
such alternate-address information ati as an entry has
been stored in the cache memory 60a at the present point
of time, the change of the alternate destination address
of the alternate-address information ati can made with
ecase. It is to be noted that, without the cache memory
60a, every time 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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controller 60 is capable of coping wth a data renewal request, which is a
request to wite data into an address at which data has been recorded. If
the determination result obtained at the step F123 indicates that neither
the 1SA nor the OSA has a free area or the TDVA does not have a margin
allowing an entry of the alternate-address information ati for managi ng
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 af the . processing..i . By the
way, at the step Ef18 &F" RE Wb&gﬁ§PF 5&5ﬁ¥nﬁﬁ$ ﬁiﬁief% ant fﬁ%ggtéb F125
of the flowhart shown in FIG 19, alternate-address, i fornqé' nati is
new y generaliedls ?998mR &R tidtat Bl drieS sSTHRRRE ST YA TP S5t control |l er
60 in processing represented by the flowchart shme in FIG 20. The
flowchart shwiesn Fi Ghorlekfsl it ManageperE1H 2 3et @F it 5" Whet her or

not the alternate-address process is a process carried out on a &Iurality
of physi calh yFEent 7 niputnerested svhite t Hee spepbemnt of dumeed FFoCE3R s a

process

clusters in the defect-list management information shown
in FIG. 7 is decreased.

Tn 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 08A as described above, the system
controller 60 is capable of coping with a data renewal
request, which is a request to write data into an address
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 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 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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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

al ternate-address information ati is generated for the cluster or each of
the physically discontinuous 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 wth the normal alternate-address process.
Then, at the next step F155, each alternate-address infornmation ati
generated in this way is added to the TDFL. If the alternate-address

process is a process 95 carried out.on a pl | Bgy i ti nuous
al ternate Source® g'h%s%ﬁ%ﬁﬁﬁ%usde%?ﬁi n%t‘? o%x%#‘#s%%ﬁr{sg% on fé]%@%%%sejr% and,
the flow of, the processing goes on to a step F152 at which, first of all,
al t er nat e- atftlr edinformation ati is generated for clusters at the

begi nnings of the alternate source and alternate estination cluysters, and
status 1 of the alBYerih&t @aVaddrtedd§ r’?"ftcﬁ'prra1’:[]1']tﬁil it%es féﬁwcﬁ}ard_’l ““fhen,
"at the next step F153, alternate-address information ati_is generated

for clusterknalfI€hel@mRd othe hetep t Bt Aatef sbhe celarehast t #ReWe et lest i nat i on
clusters, and status 1 of the alternate-address information_ati is set at
1010. Then,FIlGt i%e abkernabp Fdsesshbniopnptbeesabi &f tRPHAY e-

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 alternate-address
process is 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 information
ati is generated for the cluster or each of the
physically discontinuous 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 information ati
generated in this way is added to the TDFL.

If the alternate-address process is a process
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address information ati generated in this way are added to the TDFL. By
carrying out the processing descri bed above, even an alternate-address
process for three or nore physically continuous clusters can be managed by
using 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 explains processing carried out by the systemcontroller 60 to
reproduce data fromthe disk 96 1 nounted on the disk drive. Assune that
the systemcontroller 60 receives a request to read out data recorded at

dd jfied _in th f h t he AV
System 120, STHELH Sowast 1 T bacrar s ey St P e ao8E Lo e ng begi ns
ith t F201 at which th troll 60_r ef
bl tmap to (RGP SHETHRr BT Abte HAT & K4S BT Sor et ot e Sdr ess
specified in the request. If no_data Eas been stored in the address
specified FhetHeeeqirRd, the Fiow of the DrOGRIItNg 40%% 3N 8 4 step

F202 at which an error report indicating that the specified address is an

incorrect avleRRsEIP2 2etwhhdd tbirehethodllapphiefprte—address

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, altérnate—address information ati is generated
for clusters at the ends of the alternate source and
alternate destination clusters, and status 1 of the
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 TDFL.

By carrying out the processing described above,
even an alternate-address process for three or more
physically continuous clusters can be managed by using

only 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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| f data has been stored in the address specified in the request, on the

ot her 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 determ ne
whet her 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

fl ow of the processing goes on 97 fromthe step F203 to a step F204 at

whi ch datai%%%lg@é@d&geglé rcpjfrg]?raﬂ‘p@ starting at the specified address
0

bef ore endi'ng e execution he processing, which is a normal process

to reproduce dat atz%%%rﬂgé%a%s 'iléd%t %tt%rﬁngg%'oglt{roth%rd%toeygdé%%!e% 4esult

obtained at the s i ndi Cat ernate-address information ati
including the specified address,as an alternate sour addr ess. has . been
found in t HEEERFTHO PR B h%‘%‘%afﬁ%‘?orc%i 3 oW o?&?ﬂ%s%r%%%%ls?ﬁ%dgoes on
fromthe step F203 to a step F205 at which an alternate deg%'nation
address is FAcRf retdi¢m #*@“a@t%ﬁ’%‘ét@%ﬂ?@ﬁ ?‘h‘?%r%ﬁ%‘ﬁ {{i . This
alternate destination address is an address in_an | SA or an OSA. Then, at
the next steySFemel2Q he I8y dhdd &&feyolihgy flowchart representing 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
specified 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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60 reads out data fromthe | SA or OSA address, which has been catal oged 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

t he processing descri bed 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

n the cachg JRMgly 804, I ¢iPdal e Jdbcasfod Ne: REPCAPSad (@, HETLE data into

a cluster i's accomnpani y an alterndte- address process and the space
bitmap al so_stored i he cache ne i . L ef e data
wite pr ocrees%r.oi‘icea&cferr?r%iann poi Tit Eir)gf)é%/ﬁ"lrre? %ieﬁg%%?éejcd{ % %‘%%fe%%ace
bitmap need to be transferred to the T recorded on the .dj That is
to say, |td‘?9§€%%e%%§rr}f3 tg“%pecfé?%uq%%aﬁ%e ot Meniager ’ntw%%gl}é ot

al ternate-address processes and tge re ord;gg state, which are states
recorded orM@HRAHIRKCASST (L9 LIRS T Updat e el d e T2 or ded on

the disk 1 at a point of time the disk 1 is about to be %jected fromthe
di sk drive even t Hdughe Betem#ingtien result obtained at the step

F203 indicates that alternate-address information ati
including the specified address as an alternate source
addresé 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 OSA 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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update the TDMA is not limted to the timng to eject the disk 1. Besides
the timng to eject the disk 1, the TDMA can al so 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 TDVA recorded on
the disk 1. At an ejection tinme or the like, the systemcontroller 60
determ nes 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

i nformat i 0n5i§1:”t§> E@%g S GHd iTeFIOMpadd Brfigection tinme or the like,
the system contr fier O carries out processing to update the TDFL and/or

t he space bit map. i r j t ; R3QL t har t
shown in FIG 22. eé]ﬁo gmﬁgg u%ﬁtc)s/mg}'eegc?r?? o\?ﬁ'h a stlgoFLF%g:ZJ%é(?m

deter e, Wigthel SioelndlerT CEby oL 1 GfoLubhe, cogbe (AETBEY-00a bas been
02 SLep, F308 8L o e TE0S sheun L1 SLSyed 2246058 91 L yosat o
siep F304. the optical piokup,Sh LS SrLyeR: L0 0o5oLd (08, IBF palnihe

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, it 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 1s, whether or not it is necessary to
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area in the TDVA recorded on the disk 1. It is to be noted that, at that
tinme, since data is newy recorded in the TDVA, the space bitmap stored in
the cache nenory 60a is also updated. Then, after the TDFL is recorded in
the TDVA, the flow 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 bitnmap 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 descri bed above, at |east,

h bi | B, e
the space bilimp pas,al so.been #AAISH Hatbabschbgin This touRecause an

dress” proce n carried out so that the space bitmap
has al so been_ _updated [ n ' t dggess
process. | i AfaT 15 oh ?ﬂéF%%%%% g?fﬁgﬁéfg gﬁ%%%%%%%?§d§+h€ﬁ§2%§$%ance W th
an operation_ to,record data in a cluster even if no alternate-address

process hasCHeeh" 2Pt ed out. If the space bitmap stored in the cache
T O0m 12 SO AP Pl S U SRR, e
FIG 12 is added to the updated space bitmap stored éntéhghga%BELnenDry
60a, being controllier 60 carries out processing to upda

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
TDFL, 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 6€0a
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 €0a is
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recorded in the | ast 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 TDVA recorded on the disk 1. Finally, the
execution of the processing to record the updated TDFL 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 nounted on 101 the disk drive, the flow of the processing
represented by the flowchart shomn in FIG 22 goes fromthe step F302 to

the end by way of the step F305 out recordi u t T, and/ or an
updat ed spdeEHfgeP |c§f3 EE‘@“W et et Jt eibstr}g:?gﬁltrga F]%g% k?%;n TDFL and
the space bitmap are recorded sequentially at the begi nning of a free area

in the TDMARE?Yed on the disk 1 as expl ai ned earller by referring to

FIGS. 14 and 15. In the case of a_ two-I|ayer dISk %%E%ﬂs%% Iayer 0 IS
used first as an Idr &def GDFedBrUiRRET WP Ffap &n

after no nore free area is left in the TDVA on Iayer , he TDVA on Iayer
1 is used. lemsiddithenspace tihbtmagehads »bEH b%@lolhrédwa%raaﬂélka and t he
two-| ayer disk, a TDDS added to the last TDFL or space bitmap in the TDVA,
bei ng recorﬂﬁmhlr1ﬂﬂnsIxﬂﬂbecause an alternate-address process has

been carried out so that the space bitmap has also 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 carried out.

If the space bitmap stored in the cache memory 60a
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 memory 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 processing to record the updated TDFL
and/or the updated space bitmap in the TDMA at an
ejection time or the like is ended.

Tt 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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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 TDVA at
the step F303, F304, a technique may al so be adopted as a conceivable
technique for restructuring pieces of alternate-address information ati
stored in the cache nenory 60a. FIG 23 shows a flowchart representing a
typi cal 102 alternate-address information restructure process. This

process can be carried out typically before the step F303 of the flowhart

shown in FI 22. At a ste [ - | afior mat i on
ati catal og’&i3 dfrlst]ﬁe ‘I;f)EL %OVP e ¢a ﬂéeﬁge%(f %g%f%%éen%%&]ar ed to
verify whether t he follomn |t|on XISt T

desti nati orf? %ﬂﬁiﬂ%éh??%d? é%b g%g '%%% rf%érna e- address

information ati are respectiv atlon f_the source and
desti nati orFhg (RREARY ‘f@br%@eﬁ?%oﬁptb%p lﬁ:gd%t szeclz%r BT e of
alternate- address information ati. |f suchi§§§C|f i eces, of

al t er nat e- atRfiatzed TRFlorard/Oh 3 | URER QP It the S¥ch, the

flow of the proce55|n%.goes fromthe step F352 back to
e steps F304 and F307, the TDFL and the space

bitmap are recorded sequentially at the beginning of a
free area in the TDMA recorded on 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 recoxded in
the TDMA at the step F303, F304, a technique may also be
adopted as a conceivable technique for restructuring
pieces of alternate-address information ati stored in the
cache memory 60a.

FIG. 23 shows a flowchart representing a typical
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the step F303 of the flowchart shown in FIG 11 without carrying out any
process. If such two specific pieces of alternate-address infornation ati
were found in the search, on the other, hand, the flow of 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 103 synt hesize 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 processing goes fro p. t st e, ;F303.

FI GS. 24A, téarrﬁff(fa ag%(%é%if’ ana o%@g%?%lgr%é;%élz% oW %98 ¥%{;§Q§? t e?ﬁg’tsg- addr ess
i nformation restructur process. Assune for, £ex e_t hat h in FIG
24A, requé%?%c?%?vﬁ??gb%af%¥¥h?% %?ﬁs?%?%c%i.¥a%§é?r%1€h%n%§e§1§¥2%e

recei ved separ at el and data is wit into clusters CL11, Cl12, C113
and Cl14 ré%%é%@?v%i?w?%ﬁﬁﬁ %E&Wnth?oéﬁﬁ'agialternate-address process. In

this case, since the four requests to wite data intochpe clusters are
recei ved separat elAE & iebpi gfieces of alternate-address

information 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
carrying out any process.

If such two specific pleces of alternate-address
information ati were found in the search, on the other
hand, the flow of the processing goes on to a step F353
at which the specific pileces 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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alternate-address information ati are each catal oged 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 | of
1010 respectively can be applied to four alternate- address continuous
destination clusters CL1, Cl12, Cl13 and Cl14 and four alternate-address
continuous source clusters CL11, Cl112, Cl113 and Cl14 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 Cll as

wel | as start , . destination cluster Cl11 . an r i s 1 of

1010 i ndi cﬁﬁ%%%&ﬂ%@%ﬁs‘?irs ]1}1 Sa%@(\%e cggs&d%%’gjg gd%\égt%%aﬁ%%éjcl ust er

Cl14. As a result, the nunber of , pi s of .al ternate-addr.ess .i mati on

ati recor dHLS] PRI Y Thrf e 1 Z%%’c?gd _alﬁ[ SUCH SH5E Y &Cecfjterrgaet%r such

restructuring of alternate-address information can of cours& bghapplied to
9

any pair ofoera¥ieaerddsRIs INHPIATCAME LA PRATRATT Plurality

of continuous source and a plurality of destination clusters as described

above. For flxarmpf iha B1ecesping FeantroBsthepreeRnt 304 DrckatPty of
first continuous source clusters and a plurality of first continuous
destinati ontltd uster sE3®WY. t he sane t oken,

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

Assume for example that, as shown in FIG. Z24A,
requests to write data into clusters CL1l, ClZ, Cl3 and
Cl4 are received separately, and data is written into
clusters CL11, Cl12, €113 and Cl14 respectively in an OSA
through an alternate-address process.

In this case, since the four requests to write data
into the clusters are received separately, four pieces of
alternate—address information atli 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 respectively can be applied to four alternate-
address continuous destination clusters CL1l, Cl2, Cl3 and
Cl4 and four alternate-address continuous source clusters
CLll, Cl12, €113 and Cl14 used in this example.

Thus, as shown in FIG. 24C, the four entries can be
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a second pair of entries is a pair provided for a plural
continuous source clusters and a plurality of second con
destination clusters. If the second continuous source cl
continuation of the first continuous source clusters and
continuous destination clusters are a continuation of the
destination clusters, the first pair of entries and the
entries can be restructured into a new pair of entries.

if a plurality of continuous source and destination clus

ity of second
ti nuous
usters are a

t he second

first continuous
second pair of
105 In addition,
ters represented

0L Pt TR ot e S 08 e 1 56 0090,

descri bed
clusters represented another entr jth st s 1 of. 0000
entries cantMiG2istrdcttAed S?‘Fl’f%gac\:,\ﬂn‘éW%%iﬁfnﬁ dFhy H
5-4: Conversion into Conpatible D sks By the ,,.1n a,

di sk, managésmnaigion ¢Eisee Ghbt 3RB2R & %@%ﬁ?%ﬂ %%M%

address managenent information stored in the DVA recorded

i onsS of source ‘and destination

, Lhe_ pair of
SSother entry.
itab{e opti cal
sPHt 4Pt er nat e-
on the disk.

That is to &hyl 01l indicaeing sknd $PeNFetluByeE el 2ndddyeht 25 aSFBVA i s
not provided so that the alternate-address managenment information stored

in the DvKéstsondtien reheskert©lkéep Afp aninas vt exXdrautragnd

er of

pieces of alternate-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 course be

applied to

any pair of entries with status 1 of 0101 and 1010

indicating a plurality of continuocus source and a

plurality of destination clusters as described

above. For

example, a first pair of entries represents a plurality

of first continuous source clusters and a plurality of

first continucus destination clusters. By the

same token,

a second pair of entries is a pair provided for a

plurality of second continuous source clusters

plurality of second continuous destination clu

and a

sters. If

the second continuous source clusters are a continuation

of the first continuous source clusters and the second

continuous destination clusters are a continua
first continuous destination clusters, the fir
entries and the second pair of entries can be

restructured intoc a new pair of entries.

105
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al ternat e- address process. The data structure of the DMA recorded on a
writable optical disk is the sane as the DVA recorded on the disk 1

provi ded by the enbodinent. In the wite-once optical disk provided by the
enbodi nent, on the other hand, data can be witten into an area including
the TDVA only once so that the enbodi nent nust adopt a technique to update
the TDVA by adding alternate-address nanagenent information to the 106
TDVA. Thus, in order nake a disk drive for a witable optical disk capable
of reproducing data fromthe disk 1 provided by the enbodinent, it is

necessary to refl %%;Aa]dﬁult%héjr%mg |aﬁlpt&§1§ﬁr%%§f%ﬁ%ﬁlt%%%%§fﬂ ormati on

recorded in the T i e case witable
optical disk or the like, t er nat e- addr ess i@fornation ati is r{ggorded

in the DVA 3% BRHRILAIRICHRIFTT TPISTIRrTAtRY aUdress Pr 0tess 53
carried out on clusters located in a contigﬁoqé éﬁ@' In.the as€ of a
write-once ot i gates sk oF KelPherRheS PRIV ded yfl 37 2P LR RV ent i on,
that is, in the case of a disk with a recording capacity decreasing due to
data witterooverate, resRpeveYely  CORLEHRT Py Php3PEEne 08 effectively

utilize the limted area of the TDMA. It is thus desirable to
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 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
recorded 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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adopt a nethod of not increasing the size of the TDFL even in an

al ternat e-address process carried out on clusters of a contiguous area.
Thus, instead of including all cluster addresses conpleting an

al ternat e-address process as alternate-address information ati in the
tenporary defect nmanagenent information TDFL recorded in the TDVA, a
burst-transm ssion format represented by a pair of entries with 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 i@% say, if addresses of three or nore continuous clusters are
subj ected t al ternate- address process, a contiguous area is allocated

as alternate-address destinations.for the. address S ly two
entries of the alt atépa8&%€§snﬁﬁpo?wgﬁﬁ§nd%PWe %%%d%tgﬂggaggghloged on
the TDFL. In the case of a mmite-%nce opti cal qisk p ovidelgE %y thf

enbodi ment Rl k@ h A RhRARLS MbrTRT SHPGHRY | LT3 at BB g A T he” TDFL
every tinme an alternate-address  process is carried out. Thu t he size of

i nfor mat i orPreEidedded e terbaEmeRrhantest s TRECFE2TY LayFeht®the nunber
of clusters subjected to the alternate-address process increases, the size
of i nfor matiast ceecsnyeall ternape-Jiiress Jearadaen Byl ebPIBREIAY a plurality

of
recorded in the TDMA in the DMA.

In addition, in the case of a writable optical disk
or the like, alternate-address information atil is
recorded in the DMA for each cluster even if an
alternate-address process 1s 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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continuous clusters subjected to an alternate-address process into a group
of clusters dealt with by carrying out the alternate-address process only
once as described above, however, the increase in TDFL used area can be
reduced. |f conpatibility of the wite-once optical disk inplenmented by
the embodinent with the witable optical disk is taken into consideration
it is desirable to 108 provide the wite-once optical disk wth the fornat1
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 T . ut_Jt. ¢ el it is
](c:IeS| r?bl e tjﬁlroec:‘(?r eglqu%&d:@gsovgf 3l taegr}é%éctenggbdraeésstq n g"ﬁn}ﬁ iiﬂ%)ﬁlriE ati in a
or ma with status. 1 set at 0000. Si such a rmat, it is not
necessry morbeicth e o S BBt B 1o ot o
| . , atible w e wite-once optical disk t
one conpaﬂﬂﬁQ¥mﬂﬁ#PQtﬂ¥Nwi?HBFelépFPcéﬁydi%E 8&E§F§§e§epga%£§8etﬁ§{ a °

processing | oad borne by the disk driver can be  reduced.. For the reason
descri bed atsoivee camtemuaifsorHatS taTs A rdBy §HThe ook 353 S erred to

the DVA recorded on the disk 1, processing represented QX a flowhart
address process, a contiguous area is allocated as

alternate-address destinations for the addresses so 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 clusters subjected to an alternate-address
process into a group of clusters dealt with by carrying
out the alternate-address process only once as described
above, however, the increase in TDFL used area can be
reduced.

If compatibility of the write-once optical disk
implemented by the embodiment with the writable optical

disk is taken into consideration, it is desirable to
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shown in FIG 25 is carried out. It is to be noted that the information
transferred to the DVA is final alternate-address managenent information
so that data can no |onger be renewed by using the TDVA. Thus, the
processing to transfer information recorded in the TDMA to the DVA
recorded on the disk 1 is carried out typically as a finalize-tine
process. In addition, the processing to transfer information recorded in
the TDVA 109 to the DVA recorded on the disk 1 nmeans a process to convert
the disk 1 into a disk having conpatibility wwth a witable optical disk.

When the processjng.to tr.ansfer infarnation | T o the
DVA to con\Pé:rOtVJtdr?e esl?"rllacq o < |q:s & lavclﬂnsgﬁ ggj?r{p}gﬁqbe% Irsci('lf%&v&t aé writable
at_a

optical disk is carried out, first of .all ste A01 of .

fl owchart $HIwD ik @%&ée{r}%@st"@rﬁ%oﬁ? o‘?cf%ﬁe%%é)ncglal} i@%r%%\f | process
to transfer a TDFL and/ or a space .bit p fromthe c e .nmenpry .60a to the
TDVA.  Si ncEhhiritaRlephiicat fisk- tg‘?%th&r &@egg‘er @%@e&én%&yaﬁfet e
flowchart shown in FIG 22 as processing carried out at ,an injection time

or the |ikeasia srerats | GRSEETHEDPT i THD refet e he?® at e next

step F402, the nost recent TDDS recorded in the |ast sector of the TDVA is
read out to To put it concretely, it is desirable to record all

pieces 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
reduced.

For the reason described above, when information
recorded in the TDMA is transferred to the DMA recorded
on the disk 1, processing represented 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 information recorded in the TDMA
to the DMA recorded on the disk 1 is carried out
typically as a finalize-time process. In addition, the

processing to transfer information recorded in the TDMA
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create information of the DDS shown in FIG 5. Subsequently, the flow of
the processing goes on to the next step F403 to determ ne whet her or not
the TDFL includes one or nore pieces of alternate-address information
ati. Thus, first of all, the nost recent TDFL 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 pieces of alternate-address information ati can be
obtained fromthe defect-list managenent information of the TDFL as the

nunber of catalo DFL entrjes. e n r t Igaqﬁde i s of

alj'éer nat e- ?&Hrtg‘&es%%&)hfro%“r% Th Gt it%et&;%wg irﬁéda}rg%tag t até)gng&gl t er nat e-
address in ornmation . ati i at.al oged. .l n this, case. the . fi : e
processi ng GIELTn T éjlsgtsliercjl Ifsz_ngaat %ﬁq%ﬁ’axfjh%g %@l%le%%gzjfélgm t he
TDFL to | eave data for creatugg a DFL |i ke the one shown in FIG 6. This

is because WHeltahhh F8E33 944K+t he TDFL includes the TDDS. Then, at the

next step F408, the created DDS and DFL are recorded in DVA 1, DVA2, DVA 3
and DVA 4, which Yh&he thee Pro0ese4PEd ton tiRe sdiedk 1PIPERGHE™ he execut i on

of the processing is ended. If the determnation result obtained at the
step 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 step F402, 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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F403 indicates that the nunmber of catal oged pieces of alternate-address
information ati is 1 or greater, on the other hand, the flow of the
processing goes on to a step F405 to determ ne whether or not an

al ternat e-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 catal oged on the TDFL 111 as
an entry is fetched. Alternate-address information ati wth status | of
0101 indicates that an alternate-address process has been carried out on

cont i nuous rnat e address urce .,an tipati r I by

t he I al t gr r?gé[g'ad s SUTRES r??ic a&ﬂg%ado%ieh%%ot%rﬁﬁ:e%artgola t ﬁe %t ries
catal oged on the TDFL havin tatus_1, of 0000 indicate that,no alternate-
addr ess pro%%%RFWﬁEF%%e%t%afg?ZEFO b ?Wﬂoﬁ%e g?f%? 5%%§§ddress
source and destination areas. Jn this A case, the flow of the Processing

goes on to BARAERNENDGINERTINF LA t e HEDSI PEL df et BT PYBRFTh&T TDFL to | eave

data for creating a DFL. If an alternate-address process has been carried
out on cont¢atlededtRFha¢Rthad@f ess source and destination areas, first of

all, at a step F409, entries wth status 1 of 0000 are copied to the DFL.
These The number of cataloged pieces of alternate-address

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, DMAZ2, 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 §n to a step
7405 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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entries each represent alternate-address information ati for an

al ternat e-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, 112 alternate-address
information ati following the alternate-address information ati with
status 1 of 0101 is acquired and the alternate source address in the

fol | ow ng %éegﬁférg;lgdﬁﬁ&g}{&eggg%ﬁ e d-S AL as s ARANd Address EA

Then, at the nex ress I1ntormation ati wt st at us

1 of 0000 is, cataloged on L. as alter e- add i r i at i
i ncl udi ng t"ﬁ]etCh s?ata? Saa%r%ésmpzlsmﬁ%a ar T eér}%% eglgo%fgérﬂé%éd%) e%@&é)gs
Subsequentlgé&the iﬁart address SA,is jincrenented by 1 éSA = SA + 1).

Then, al t erfERSESRINESLIH THEETTN ALT O TP STATE® 12bF B8 Ts cat al oged
on the DFL as. alternate-address i nformation ati including.the increnented

start addr AEYEHS 1SAYreR 3P WFeIPATECT STLFRE LeRFRISNTGALRE Prdcesses

are carried out repeatedly till the increnented start address SA reaches
alternate-address information ati.

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 cut 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 acgquired and the
alternate source address in the alternate-address

information ati is saved as a start address SA. Then,
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the end address EA. By carrying out these processes repeatedly as

descri bed above, alternate-address information ati representing continuous
al ternat e-address source and destination areas is catal oged on the DFL as
a plurality of entries each describing alternate-address 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 10101". |If
such an entry is found in the search, the flow of the processing goes back

to the step F410 to repeat the process SCf | V, That is to say,

t he procesas]etse%?at't%eacgcf%epsss FAYS it ?filaq‘glr efé:]gfcg'i'%poé)ou on all pieces of
al t ernat e-address info tion ati_with status, 1 of_ 0101 pn L. Then,
the flow ofaltq?errtﬁ%"é%‘i%%de‘g%ﬂ“%]o?ﬁ (et ‘%ﬁ%}b %%%u%rft%%r@[%fpﬁMlZ to
a step F40] at which the pieces of alternate-adqﬂgss infort tion ati

cat al oged oFf 3FELEF¥AANF DHI® AL TR TAREHTH A TTHer v “Fhcr easi ng
alternate source addresses. Then, at the next step F408, the created DDS

and DFL arfo¥kewinkEl}repmta-adsiness e mahometd 1552 ra%e been

all ocated on the disk 1, before the execution of the processing is ended.
an end address EA.

Then, at the next step F41ll, alternate-address
information ati 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.
Subseguently, the start address SA is incremented by 1
(S& = 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 EA. By carrying out these processes
repeatedly as described above, alternate-address
information ati representing continuous alternate-address
source and destination areas is cataloged on the DFL as a
plurality of entries each describing alternate-address
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 seaxrched

113



By carrying out the processing described above, alternate-address
information recorded in the TDMA is recorded in the DVA by converting the
information into entries each having status 1 of 0000. The disk drive
designed for a witable optical disk reads out information fromthe DVA to
verify the state of the alternate-address process. Since the disk 1
provided by the enbodinent is converted into a disk having a DVA 114
created as described above, it is possible to verify the state of the
alternate-address process and carry out processing in accordance with the

state in t y qg%% ects of
t he TDVA ?1roc§3 h‘.?ls rrr%[% (ﬂ% Vﬁdﬁﬁ% and t‘ﬁ%}% dr%eﬁ%\hl ch
are inplemented p ha ve t he fol | ow g . ff I

accor dance W ]ﬂ %e&j;'enbo m?HtC QT\ME' 5 Yr édu Oumdcal% ng %%ea&r(rjll)qr’er%t fan once

to wite data at sane address in wite-once o isk. Thus, it
is possi bl %{)p éle?qeeS%ng SRESHRER (Rd 1% e Eﬁ%ﬂs@b‘f% to the

conventional wite-once optical d|sk ,.For a file systemfor a
vari ety of XRRSak iR RGNS &S aib%‘?%ped Thet 5 §°y&r? exéﬁﬁ e of
such a file systemis a FAT file s stem In addition, data can be
exchanged WIIRRASDRI ¢ Wemseiors BFL1Qi31drehtbsaTe egrried 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 PMA 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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On top of that, the wite-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. Thus, the wite-once optical disk

provi des conveni ence that data such as directory information of the FAT or
the like can be updated from tine to time. 115 Assuming 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 I SA or an OSA remains. In addition, an operation
to record data into an address specified by a host conputer or the |ike as

an | 2adresse i db {0e J01d&s ONAS. PRI GRL diﬁgi@%éf@%f@ttga#@rlﬁoﬁQUCh an

address is @ eavy proceSS|ng Ive

i nstruction_specif address i d gggre is known as
an address %54%%Wﬁ% tn%%t Ei) rea Y % g@%%?%edﬁﬁe?or %%terror

report can be returned, mnthout actuaII%l&n@té n%Ean acceﬁ% 19 éheawwite-once
optical di FREOFIPIUErT ATHPFEIRTE ¥ FrQutac TR, 5#ei % hecessary

to manage the recordlng states of the Mﬁl nce optical disk and, in
this enbodid®nthe LEHRETH ‘t’-ﬂ’a‘bal?i u%%%l”é% n%la%g for inplenenting the

managenent of the recording states. By preparing a space bitmap, random
recordi ng on a

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 eiffects.
In accordance with the embodiment, a write reguest
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 file system is a FAT file system. In addition, data can
be exchanged without being conscious of differences in O0S.
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. Thus, 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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write-once optical disk having a | arge storage capacity can be inplenented
W t hout inposing a processing |load on the disk drive. In addition, since
recording states of alternate areas can be nanaged, an alternate
destination address used in an alternate-address process of a defect or a
| ogi cal overwiting process can be acquired without 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/ controly J.nfqry r;tig%&&%%n]@! s henmBndied dsrkdlartiddy ang the

managenent of the test serving as an area for adjusting the power
of the | aser_beami f iwve. Wy e 'éﬁf% i qu n access
nmust be actrﬁ%slﬁ/ar&rra%ae% o(’eﬁeﬁl%i% ]}%é@or%ﬁgr &(;&pﬁséearc r%%(gf%% %I?&t he
address included.in the ~OPC as addr ess I ata should be witten.
It is thusa%ﬁt%rﬁtﬁ%at%’g atfbuf]éc}% of ap%s%%i%%ﬂ?%at an area in which
data has been recordedcﬁéjusin a snall.las%%)ﬁpomer is.nterpreted as an
unrecorded area. By GHHGH SEETH D Fort %S Ay i S [ opC ar ea,
however, it _is possible to avoid such m sinterpret tioﬂ% By conbining the
overwite fARREeTH R IRA PHet JrRs i FATRHESE pAE 7 t hb®  2Re®Pr ocessi ng

| oad borne _ '
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 returned without aptually 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 optical disk and, in
this embodiment, a space bitmap is used as means for
implementing the management of the recording states.

By preparing a space bitmap, 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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by the disk drive can be reduced. That is to say, as is obvious fromthe
pi eces of processing represented by the flowharts shown in FIGS. 17 to
21, without actually making an access to the disk, it is possible to
determ ne whether or not the overwite function is to be activated. 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 conbining this

feature of the spame dug rem wanc t ey aveimy idiee Soied iimdy f&r possible to
carry out a wite process, which appears to the host as a process having

no wite ehiRigify mORaGEméNE)coRPraPdphedriPMoReE¥ENg 88108kt e nate
address managenent information and an updated space bitmap are

addi tional | y, 1 egQr dedyi fst fge TEM 2N, anQt thBe1 8858 hHE mEon%Qf ormation
i ndi cating the effective TDFL and/or the effective space bifnmap is al so

recor ded a%e@@f&in h§§%té9eoff%ﬁ%tﬁgﬁa%¥ﬁ%?ﬁgeéﬁﬁﬁ%?e%%%%fﬁ&%¥8n space

bitmap can be rdentified at eac ol nt 0 Say, the disk
glrj[\é?niatse?: rla%]égé n%%;ﬁ?ﬁ&%%dg][ﬁs%;atn ltCh].l auxp,d%ﬁen%asr}aagte%neogt tohf the
gene I Nt or I on.

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 quite within the bounds of possibility that an area
in which data has been recorded 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 the space bitmap, the processing load borne
by the disk drive can be reduced. That is to say, as is
obviocus 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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In addition, the fact that the space bitmap is recorded in the TDVA neans
that the data zone serving as a main area for recording the space bit nmap
is not used. For exanple, the ISA or the like is not used. Thus, it is
possible to carry out an alternate-address process effectively utilizing a
data zone and any one of an I SA and an OSA, which each serve as an

al ternat e-address area. 118 For exanple, either an ISA or an CSA is
selected as an alternate-address area to be used in an alternate-address
process typically on the basis of preference of an area closer to the

al ternate sguLcesaddreg -sﬁﬁcéebﬁﬁﬁéﬁ?oigi%ge%o§8?5§é 96t%215§ﬁa£8 Lhis

way, an operation to make ~ an access a onpl et ng

operatfon t o conBEREAaTpEBeeRE BB ReRblopets o Ehat AL 8LE PR, [ io s
if, data is

specified ar due to a.defect detected in the area and,

Boei veq contarasteroSeRar Bhr h, PRESELE] U ARSAEE Y et fuar ese
rocess, the wite erati.on, can be conptinued w fhout returning an error
P enort . For Chlar FeaCher oo, g PRace: BALHAP: ShghbaA PRERTESEe1 T and 16 I

addition, if antggeration to wite data into a sgecified area cannot be

carried out TUBEELBa dbf &8t POARLELEHO| RAERE GFEad VAIRBNHTES8ES: areas

surroundi ng _ . . .
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 utilizing a data zone and any one of an ISA

and an OSA, which each serve as an alternate-address area.
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the defective area are nost |likely also areas into which data cannot be
recorded. In this case, a wite process 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 nade. If data for these
areas has already been received by the disk drive, an alternate-address
process can be carried 119 out on the areas. In this case, even if three or
nore continuous clusters are subjected to an alternate-address process,

al ternate-address information ati can be cataloged on the TDFL only as two

entries so f@fteiﬁﬁalé'Zé;@ﬁeihénu§§ﬁ AR @éﬁ j Sagebecfedugedsn On top of

that, by carrying out a process on the space |tnap to treat a processed

area as an %i@@rné@e*ﬁgéfgsga g QaﬁobES“uQQatiﬁlah“ai@éfn&@¥&a3&rééﬁega'

access can be avoi ded or areas OW Ng an area, In

dat a cannot beﬁ¥%éé£%ﬁicgf ybﬁgnt$ 5¥eg Dy %agfgkgnce #vgh on_the ot her

hand, prede?e? omﬁng ar are cat oged on-t he TDFL

def ect I d alt t e desti nat d
[ eated on ChRSShate BREnap aevar Bagoure uFRRReaat o DRSS R been

witten. If an instruction to wite data, into such an area is received
fromthe hoet ?ﬁ%r%%f%%% or an OSA in this way, an operation to make

an access to data completing the alternate-address
preocess 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 intoc 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 actuallykmade. If
data for these areas has already been received by the

disk drive, an alternate-address process can be carried
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the disk drive refers to the space bitmap to find out that the area is an
area, in which data has already been witten. In this case, the overwite
function can be executed to record the data wi thout generating an error.
In addition, since the DVA has the sanme data structure as the witable

di sk, data can be reproduced by a reproduction systemfromthe disk

provi ded by the 120 enbodi nent even if the reproduction system designed for
a witable disk is used. Disks provided by preferred enbodi nents and di sk
drives designed for the disks have been described so far. However, the

scope of thguprgsephel A¥ERLI ONT Sp L cAdd teghi 05 £ hen PLET SF TRbre

enbodi ments. That is to say, a variety of nodifications wthin the range

of essential ntQBqu'JHE PLGSEDLs! QY¥ENLLP eEESdC‘BBCSh"g?ltErnﬁgé—Séﬁggég as a

recordi ng ne Ium of the present I nvention, a recording nmedi um other than

the optical ogbsk.onediym apobe tseds BxRUBLES of, Lhe Legopding medi um

ot her than he " 6p edium-are nagne o-optical™ di'sk, a magnetic
disk and TedLEpIated 20 BySeALBENdNClO, VRIDCN: A ndusr LAl 0Bl oabl 111y
fol I 'owi ng effeCtof the used write 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 feollowing 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 host thereafter,
the disk drive refers to the space bitmap to find out
that the area 1s an area, in which data has already been
written. In this case, the overwrite function can be
executed to record the data without generating an error.

In addition, since the DMA has the same data

structure as the writable disk, data can be reproduced by

a reproduction system from the disk provided by the
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I n accordance with the present invention, a wite- once recording nedi um
can be used virtually as a recording nediumallow ng data al ready recorded
thereon to be renewed. Thus, a file systemsuch as a FAT file systemfor
a witable recording mediumcan be used for a wite-once recordi ng nmedi um
As a result, the present 121 invention provides an effect that the
usefulness of a wite-once recordi ng nmedium can be enhanced consi derably.
For exanple, the FAT file system which is a standard file systemfor

i nformati on-processi ng apparatus such as a personal conputer, allows a

variety of opesalhoge syshe® ((B):Lo-ssprofiaesdat an' oM gulhi kbl g

recording nediumand record data onto on e rec ng nmedi um

By virtue o&rigngéeéfgﬁ igv&g&&on, however, the FAT file system can al so
be applied to a wite-once recording nediumas it is and allows data to be

exchanged w thout..bei ng consciouys of differences between operating
systens. These feaqjlﬁ'q%ss%arroévla RS Lfsg"oc?cn’“? eorrﬁeccgr%ﬂiﬁ nil%,\rlfe%/s- ?"Fgc?n%e%nce poi nt
of view In,addition,.in accordance with the present inyention, _a

Wi tesonce PELETE TGS AP AT CAniDE GLBKS abate REPhaBPaCTLEBRPRAE A um as
long as an alternate area and an area for updating,alternate-address
managenent HPYEEEFat PR FERP nof nthRePtrFER ohRBCRBEBR AL AgNAEMI UM

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

MEmory.

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 recorded 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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Thus, the wite-once recordi ng nmediumcan 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 122 each recording |ayer of the
recording medium In general, a host conputer or the |ike nmakes a request
to record data at an address specified in the request as an address in a
recordi ng nmedi um nounted on a recordi ng apparatus or a request to

reproduce dafgofroman, agduessaaPeetLiedcnge Lhe fegrashods ap gddress in a

recordi ng Ium nou on a reprodaducti on apparatus, such request S

are a heavy, PLessas é“?eéy%gl QaﬁeﬁkﬁﬁoQSnb QSnHXnEQS E?ﬁQEQ%Eleg .

reproductlon appar ar u e rrlng suc spacé

bl d d d ded
an hodr ess TeRoETHTEN fthsx%;%@ 3k %%}?ﬁéawﬁaae?ﬁe?f ehRgRREeor o 2t

been recorded. at the spg dress, an error Bort can be returned to
t he host coﬁbﬁ?e? Y@k ERobP T éE 85@F§1HBRPﬁac§ﬁséEQe§8 £53FHE FBEErGan
medium As an alternative, the data can be renewed by carrying out an
al t er nat e- a8dP8ESOPRbCESRPUF AT parLietiFaR, VAFLEEYaPE0OPBBERBFe to deter nine

whet her or not the function to
systems (0S) 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 consciocus of differences between operating
systems. These features 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 a2 data unit on
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renew data is effective (enabled) w thout actually nmaking an access to the
recording nmedium In addition, by referring to such a space bitmap, it is
possi ble to determ ne whether or not data has already been recorded at an
address specified for exanple in a read request. If no data has al ready
been recorded 123 at the specified address, an error report can be returned
to the host conputer wi thout actually naking an access to the recording
medium That is to say, it is possible to reduce a processing |oad borne
by the recording and reproduction apparatus in respectively recording and

repr oduci no. dah oo 004: A0C Lgom Lbechecordhbg: AEdhUm by, T ngegangom

accesses to the recor rum I n addition, By using the information

i ndi cating et her or not data has. bee ord i ny_c ,
recordi ng s?ggggpo?ogPFg?ﬁa?E g?%aglggnﬂﬁggﬁaéaggﬁgg%ﬁug? L??&?@ possi bl e
to acquire @n alternate gestination .agdres which is to be us d.in an
al t er nat e- atfiF8s8" PP oRBEESRAr PPRIHUEC dLB E%etﬁ%qgﬁfgt%ﬁcano §r83Fect or
carried out to renew data, w.thout actually nmakin n access to the
ecor di ng mhBi AnFOERTELPY GRERHER, MABRLEANERt A CDREF BN AR cABPSEERUSSOT he
| ead-in and | ead-out areas can al so be nmanaged by o )

a request to reproduce data from an address specified in

the request 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 a£ 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 carrying out an
alternate-address process. In particular, it 1is also
possible to determine whether or not the function to
renew data is effective (enabled) withéut 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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using the information indicating whether or 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 | aser power or the |like. That is to
say, when the OPC is searched for a 124 trial-wite area for adjusting a

| aser power, it is not necessary to actually make 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

i nformation, t%gﬁé#@&m& hsadreésn%nd@miﬂafe}?@fa ESGopdedot Ry ARy

cluster reveals an area used as a t ar get a wite operation Is

defective dug El?eai,?oé{” Sk B00: A0 En a8 DEENA T 2GSRI Non aLEBSsSUELOUNdI Ng

the target area, it 1§ pos proces or recording data
at an address_in defective target area as a process that would

ot herw se té?% F%ﬁ ?%ﬂ% T%d%%rry out On top of that, by conbining this
function with a fuypction to renew data, i Slb| to carry out a
write process, which appedry $% tJh ﬁosasslkgl%qcooce%% 191t vi ng no wite
error. On top of that,_ the second alternate-a gdress na ege i nformation
ar eas, mhlcﬁr%?%sééﬁﬁ '}p39i Berngnby the recording and T reproduction

apparatus in respectively recording and reproducing data
ontoc 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 acguire 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 be managed by
using the information indicating whether or 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

124



one of recording |layers, are used sequentially one after another each as
an area for updating alternate-address mnanagenent information and witten
unwitten state indication information (or a space bitnmap provided for
each recording layer). The fact that the second alternate-address 125
managenent information areas is used in this way neans that the second

al t er nat e- addr ess managenent information areas are used collectively as a
| arge second alternate- address managenent information area. Thus, a
plurality of second alternate-address managenent information areas can be

used Wi th athigh-gegreeapbaetbi-chgnaytihg addakbenpontra pei it Abttinme a
wite operation is carried out to update a portion of the witten

unwri tten shateskadioabl 98:LBiopRLkENahNaaEE0EdaacenY tBcoRRAgeration to

wite data or a wile operation®is carried out to update t

al ternat e'gﬂ 4255 ORGAgENeOt 41 Lo g{BEEEBQQ LB QGS%%‘HE?%’%EE the

al t ernat e- ress process, contr IS executed to inc Information in

the witten i n_state jndication_infqgrpatjon ing. written.in the
second aIteg%ggéﬁgégr%és%%aﬁgéghé%tOgiﬁ grﬁ%g?o%g rg eForFﬁafgggelPhat t he
witten unwitten, state indication infornation is effective witten

unwritten state fh8fcation information in the second

In addition, if thelinformation indicating whether
or 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 1s 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 carxry out. On top of that, by
combining this function with a function to renew data, it
is possible to carxry out a write process. which appears to
the host as a process involving 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 infprmation (or a space bitmap provided for
each recording layer).

The fact that the second alternate-address
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al t ernat e- address managenent information area or information in the

al t er nat e- addr ess managenent information being witten in the second

al ternat e-address nmanagenent information area to indicate that the

al t ernat e- address nmanagenent information is effective alternate-address
managenent information in the second 126 alternate-address nmanagenent

I nformati on area. Thus, at every point of tine, the effective

al ternat e-address nmanagenent information or the effective witten
unwitten state indication information in the second alternate- address

management hof OLORLHON: AESAMEANoRe SR i Ei §deq THAathES {QySA¥ankhe
recordi ng apparatus and the reproduction apparatus are capabl e of

correct|y QEHégi E'ﬁe EggoHBdé‘U:QQné’cét—SdﬁT:eEQ?méhé&éfﬂéﬁ@? aferesscppagenent
the up ewitten tate

i nformati on an ating state of t unwitten s

ndli cati on FRFernaFFoRe SR ot et st Tertare. Sudnett e iR R n e AR Eb s on,

Ly 2COT g B0haL ahus AL DECLERLOUUE! Lon.comaralue, arf SrpRllegol |

recording nggégghhgxkggngtngégkggg 82nagement information areas can
be used with a high degree of efficiency.

In_addition, 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 unwritten 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
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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 t ernat e- address managenent information for managi ng alternate-address

brocesses egeheriist00aaakdss! hehagLeeAt e2nraifladi sRCOPdadl torAL saddr ess

management ormati on area ecor I ng Sal t er nat é- address

mwmmb%@%@ﬁ@%@%@kﬂ%m%m&¢%%wwmmﬁ

of said wift recordlng ar éa Mﬁl Fen unwritten sta ndi cati on
i nformation_i areconﬁ n% 5 redetergbnedfg ggl L % rgatkgn.%gdlcatlng
whet her or Hot2dal'a has 85% wit Pan-1'ht 6+ 58 Hgtg ﬁ el 1 ﬁgcordlng

medi um accor ein salghseco E% nat e- addr ess

g Sl MBS IS WRea AR It Lo RS Rt R

address management information area can be identified.
That 1s to say, the recording apparatus and the
reproductidn 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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recording |layers, are used sequentially one after another each as an area
for recording alternate-address managenent information serving as an
update. 3. The recording nediumaccording to claiml wherein said witten
unwitten state indication information is recorded in said second

al ternat e-address nmanagenent information areas and said second alternate-
address managenent 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 nanagenent information serving as an
update as well as witten unwitten st ﬂégﬁ indication information for each
of said recording Iayers as an update A recordi ng apparatus provided

for a recording m_havi recordln Ia erss each
including a wite- F@ESF@&R@ §F§§u§IF§ R& 3ap§ yy corded therein
only once as [ea risin | ar recor re roductlon ar ea,

whi ¢h dat a r?gorﬁmdiﬁﬁwaﬁh %asfﬁﬁaegdaf% ﬁna?'? EPRare Bea f or
recording data in_an  alternate-address process carried out due to def ect
129 exi sti ngLeh @é%GW%%guﬁaFarEeoPa.H@CPEQ?GdEE?F%ﬁnaPeéyoPnceaﬁF.@a out to

renew exi sting data;
area COITlpI‘lSlng

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
aréa 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 1s 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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a first alternate-address nmanagenent information area for recording

al t er nat e- addr ess managenent information for nanagi ng alternate-address
processes each wusing said alternate area; and a second alternate-address
managenent information area for recording said alternate-address
managenment information and witten unwitten state indication information
i ndi cati ng 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 nmeans for recording data onto said recording

redi um and, conti gl 0FANS L0k eXPEULD0.cOOLLOLS t Qatisgenald  second

al t er nat e- address nanagenen ornat1on areas, are each provided on
one of said,recordjng |ayers, equent i al | n0ne afteé anot her ach.gs an
area for r%%§9ﬁ$ﬁ lgﬁd3¥%§SMM%ﬁl%$i@Fﬁgegéldpﬁ?y%%enegﬁso?% Rarty “out a
wite operation éo update said wittén unwwi%teE state_ipdicati n

i nf or mat i ont $ROLLERP dhAKBT W t ATENSEPeP SEFGAT LB Wi PREdAF an?Bog data unit

and a wite operation to afdate said,alternate-addrggs managenment 130
i nf or mat i on®*AP aR8 ofBaRER2WF PR E&FETEFEr ALt BTRAHFE2S BPBcess.

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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5. The recordi ng apparatus according to claim4 wherein,

when driving said

wite neans to carry out a wite operation to update said witten

unwritten state
wite data into

indication information in accordance with an operation to
a data unit and a wite operation to wupdate said

al t ernat e- address managenent information in accordance with said
al ter nat e- address process, said control neans executes control to include

information in
witten in said

said witten unwitten state indication information being
second al t ernat e- address nanagenent information area to

ndicate thaty sl §oWELULENUPNGLELENre8bahEna L6040 BhOLIBLI gR | S

effective wri

unwri ate |n Icatio ormation in said second

al t er nat e- addr ess ,managenent |nfor and information in said
al ternat e- aﬁ%?ﬁ%%dnﬁﬁg gﬂeﬁ?new ?orna%ggng%g?hg witten in said second

al ternat e- address nage infornmation area to 1ndicat t. said

al t er nat e- addr ess ?5ﬂ§ﬁ§nﬂ e?%;@ﬁ?%ﬁﬁw%&a féﬁWéﬁ%P%ddress
managemnent |nfornat|on in_said secon t.er nat e- addr ess nagenent

i nf or mat i on25fRafob. TACPEPIBHUR F%ﬁnﬁﬁﬁa?ggﬁgsﬁr@9?688m?8 recording

medi um havi ng a

write-once #eERFARR§CRr EAr AMRBATAGIdE

plurality of recordlng | ayers 131 each |nclud|ng
EerFBtBea?@ESFEeHrPﬁ@FEPﬁ SﬁFP once

as an area conpr|3|ng
using said alternate area; and

a second alternate-address management information

area for recording said alternate-address management

information and written unwriltten 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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a regul ar recording reproduction area, which data is recorded into and
reproduced from an alternate area for recording data in an

al ternat e- address process carried out due to a defect existing in said
regul ar recording reproduction area or carried out to renew existing data;
a first alternate-address nmanagenent information area for recording

al t er nat e- addr ess managenent information for nanagi ng alternate-address
processes each wusing said alternate area; and a second alternate-address
managenent information area for recording said alternate-address nmanagenent

information; apd Mkt EbENIHNYEELE8BnsEakehndh¢at LR rhRE AL ABLIQBsI Ndi cating
whet her or not data has been witten into said data unit, Iin said

write-once ggggéggpg area in an updateable state, said reproduction
apparatus conprising read neans for reproducing data from said recording

medi um and control ¢ means, E%@oﬁﬁﬁgghégga&%QE%oEc&ﬁﬁhIgﬁfﬁkgcf%%%Pgsovided on

al t er nat e- addr ess nanagenent on areas, are eac

f id - di | . 132 tiall ft t , hi
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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, saild
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 indicaticn information in said second
alternate-address management information 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.

6. A reproduction apparatus provided for a

recording medium having a plurality of recording layers
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pi eces of recorded witten unwitten state indication 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 fromsaid recording nmedium at
a data read request on the basis of said effective alternate-address
managenment information and said effective witten unwitten state
indication information. 7. A recording nethod provided for a recording
medi um having a plurality of recording |layers each including a wite-once

recording aé&@haih&’%&gngaéawEQtQEonEQCQéQSQdiHGr §k8a08h¥oﬁﬂﬁ$ gatgn area
conprising: a regular recording reproduction area, whi data” is recorded

into and re QOQQCEQCBEM @He?&iﬁré}ﬁi? ghea Lgraﬁeﬁ%g' Egmgi‘&@lh

al ternat e-address process carried out due to a defect exi tlng sald

2 firet ol tor nat o halt Sk e .nﬁpélférf{&@%?taar%%a@?%%ééﬁé g

al t er nat e- addr ess i,nf or mat,i on managi ng al ter nat e- address
brocesses ehtht 333 U8Rn HﬁaaanalfsPﬁa?gcs?eﬁrognd 2 second

al t er nat e- addr ess nangg?nent i nforma %
an alternate area for recordlng 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 reprcduction 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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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, whereby control is executed to use said second
al ter nat e- addr ess nmanagenent.information areas, which are each provided on
one of said recording |ayers, 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

write data _iééc}glgeﬁtgﬁ &H‘ét? .9 %%%ﬂ@r??ﬁé%%@%%%&@@é‘é%?aid

al t er nat e- €SS nmarragenen Af of At on e wth said

al t ernat e- addr es rocess. 8. The recordi o] i claim?7
Shereby. - FSERETTE QLEy 07 o e trva e aade e u SRR G O, 2 S Bt o
indication ipformation in accordance with an operatjon.to.wjte data into a
data unit ATt er® %&%‘gi%ﬁlFBeﬁp‘&%YﬁlES?Ig %??t‘? njeﬁl(g%cé%{&?’%%s
managenent  information_in accordapce with said alternate-address rocess,
Control |5 BXERUTAHLR THE| SR Bf DY Rat TOra heTRaCSaraahFFEL en Unwr | ¢t en
state indication information being witten in said second
aIternate-aﬂ@@@%@mﬁﬁhaﬁ%ﬁ%ﬁ@atlon 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 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 saild 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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information area to indicate that said witten unwitten state indication
information is effective witten unwitten state indication information in
said second alternate-address managenent information area and infornmation
in said alternate-address managenent information being witten in said
second al ternate- address managenent information area to indicate that said
al t er nat e- addr ess managenent information is effective alternate-address
managenent information in said second alternate-address nanagenent
information area. 9. A reproduction nethod provided for a recording nedium

havi ng a pIurgA%} 295 5f§9%95€9 %gggrsa gch including a wite-once
ata'to pe

. S .
recordi ng area OW ng fecorded therein only once as an area

conprising: a regular recprding reproduction area.  whi.ch dat j S. recorded
into and reproducéd FTYSH fgttiﬁr?reﬁeatae&%eesas FAGEEST ng a4 aatjl'lnore{aln

al t er nat e- addr es frocess carried ou% due %o a gefect existing in said
regul ar rec%?%?ngo ebF AL At a2 IR FTRA95GE St BAPRREW Bk sti ng dat a:
a first alternate-address nmanagenent information area,for, recording
aIternate-aﬁ@?%@@aﬁﬁﬂ%g%ﬁﬁnWr&gﬁePn?%VﬁﬁFF%ﬂ PbRtRamagt i§taPPer nat e- addr ess

processes each wusing said alternate area; and
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 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.

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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a second al ternate-address nmanagenent information area for recording said
al t er nat e- addr ess managenent 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
managenent i nformation areas, which are each provided on one of said
recordi ng layers, sequentially one after another, search pieces of
recorded alternate-address managenent information and pieces of recorded

witten unveiiden sigle Lidieaionsi afor TRyl o0 ST s Spb et BatLYEn

al ter hat e-a ess_ n'apagerren . nr or I'T.B.tl on and Sf'il ctive witte
From sai d reordFhg: ot i 3tCaTaar b ¢ BbET catneySa midab iRt 2 0T
cifective alLecate; addless pRnpgsrente Lokerabicy, p0ERel il Lechi v
' state indication information is effective written
unwritten state indication information in said second
alternate-address management information 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 recorded into and reprocduced 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 saild 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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