RECORDI NG MEDI UM RECORDING APPARATUS REPRODUCTI ON
APPARATUS, RECORDI NG METHOD AND REPRCDUCTI ON ‘METHOD

BACKGROUND OF THE | NVENTI ON The present i nvention '
relates to a recording nedium such as an opti cal

‘recordi ng nmedi um used particularly as wite-once

recording nedia as well as relates to a recording
apparatus, a recording nethod, a reproduction
apparatus and a reproduction nethod, which are
provided for the recording nmedium As a technol ogy
for recordi RECORPINGPMBETUMNQRECORDING APRARATUNGre i s
known a data-recording technology for using optical

-di sks i ncl REFREPHRTHMt SPEHRATHS . IRERGRDING IMETHON Ng

nmedi a. Exanples of the optical disks are a CD
(Conpact Disk), an NP BHERCDUCIPNaMETEOIDVD (Di git al
Versatile' Disk). The optical disk is the generic nane
of recording nmedia, which is a netallic thin plate
protected by plastic. Wien a | aser beamis radiated

t P4 WWNDCQF THESKNVERBI@Pt i cal disk emits a

reflected signal, from which changes, can be read out
~as chang&8e r BPPRRENtitiEn GiemoreRaien tecormkethhitheediun

optical disk. The optical disks can be classified into
a F¥a0-2S ﬁl“yOPEéF%Jgo?‘?F‘?lﬁéjrfmjimﬁgﬂlamwsed S ROMiBadLy as
DVD-.ROM 1 which the user is already famliar wth,

_zﬂwf%;qmonpgbrgcordlng media as well as relates to a

. recordlng apparatus, a recording method, a reproductlon
.apparatus and a reproduction method, which are provided
for the recording medium.

As a technology for récording and reproducing
digital data, there is known a data-recording technology.
for using optical disks including magneto—optical disks

- as reéording media, Exampleé of the optical disks are a
CD (Compact Disk), an MD {Mini-Disk) and a DVD fDigital
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
information recorded on the optical disk. |

The optical disks can be classified into a read-

only. category inqluding_a CD, a CD-ROM and a DVD-ROM,



category allowng data to be witten therein as is
generally known. The witable category includes an M,
—aCD+R~a~"CD-RW a DVD-R, a DVD-RW a DVD+RW and a
DVD- RAM By adopting a nagneto-optical recording

nmet hod, a phase- change recordi ng-nethod or a

pi gnent ed- coat change recordi ng-nethod for the
writable category, data can be recorded onto a disk
of this category. The pignented-coat change
recording-nethod is also referred to as a wite- once
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an application of recording various ki nds of content
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once recording-method. Since this pigmented-coat change
recording-method allows data recording once and inhibits
renewal of data onto the optical disk, the optical 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 an application of
recording various kinds of content data including musical
data, movies, games and applicatibn programs.

In addition, in recent years, a high-density
optical disk called a blue-ray disc-has been developed in
an effort to produce the product on a very large scale.

Typically, data is recorded onto a high-density

optical disk and read out from the optical disk under a



wavel engt h of 405 nm and an objective lens with an NA
of 0.85 to be reproduced. The | aser required in this
~conditioni's the so-called blue laser: Wth the
optical disk having a track pitch of 0.32 Am a |line
density of 0.12 Ambit, a formatting efficiency of
about 82% and a dianmeter of 12 cm data of the anount
of up to 23.3 (B (gigabytes) can be recorded onto and
reproduced fromthe optical disk in
recordi ng/ reproduction units, which are each a data
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ki nds of data or not as reproduction-on a,
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| ocation to 3 allow proper recording and reproduction
opeiabl ofissk drb&ecording/reproduction units, which are
each a data block of 64 KB (kilobytes).

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

In addition, in the case of recording media usable
as media for recording these kinds éf data or not as
reproduction-only media, there is known a technology for
changing a data-recording location on the optical disk by
providing an alternate area. That is to say, this
technology is a defect management technoiogy'whereby an
alternate recording-area is provided so that, if a
lpcation improper for recording data exists on the
optical disk due to a defective damage on the optical

disk, the alternate recording-area can be used as an area

'serving as a substitute for the defective location to



carried out. For exanple, the defect management

technology is disclosed in USP 6,782,488 (hereinafter
~referred to as Patent Docunent 1). By the way, it is
naturally inpossible to record data into an already
recorded area in a wite-once optical recording
medium that is, an area in which data has been
recorded before. Exanples of the wite-once optica
recording mediumare a CO-R, a DVD-R and a hi gh-
density recordi ng nedium which function as a

W1ty %%%erdkégor@%:'éﬂ&a}%p%%{ugq:agysé 1 th SLEMR

to be recorded on an optical recor m ar e
defdmed Byirassum ng the use of the optlca! recordlng
.mediumas a ROMtype disk or a RAMtype disk. The
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recordi ng nedlun1allomnng data to ~ stored therern
oaltgnenoeclieht functions of the ordinary file system
and i nclude special functions. The specifications of a
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optical recording medium, that is, an area in which data
has been recordéd before. Examples of the write-once
optical recording medium are a CD-R, a DVD-R and a high-
density recording medium, which function as a write-once
disk,.

Specifications 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
rewritable optical disk. Specifications of a file system
for a write-once recording medium allowing data to be
stored therein only oncerlimit functions of the ordinary
file system and include special functions.

The.specifications of a file system for a write-

ocnce recording medium are a reason why the file system

does not become'widely-pOPular. On the other hand, a FAT



of an information-processing apparatus and other file
systens cannot be applied to wite-once nedia as they

-are. Wite-once nedia is widely used typically in

applications of preserving data. If the wite-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 wite-once nedi a
can be further enhanced. In order to allow a w dely
used file systemsuch as the FAT file systemand a

fiille system ¢95abVR OlccRahidy GhSksrd & %I@QE%LS?OE)QeS

wite-once nedia as it is, however, a functi
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characteristics of the wite-once nedia is that data
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enhanced.

In order to allow a widely used file system such as
the FAT file system and a file system for RAMs or hard
disks to be applied to write-once media as it is, however,
a function to write data into the same address as that of
existing data is required. That is to say, & capability
.bf renewing data is required. O©Of course, one.of
characteristics of the write-once media is that data
cannot be rewritten onto the media for the second time.
Thus, it is impossible to use a file system for such a
rewritable recording medium as it is in the first place.

In order to compensate for the above shortcomings,
as disclosed in the Patent Document 1 described above, in
the case of write-once media such as an optical disk with

an alternate area existing thereon, there have been

proposed technologies for implementing a data overwrite



alternate area. By introducing such technol ogies, a
file system provided for RAMs and ROVMs can be used
without the need to limt and add functions and, from
the application point of view, it is no |onger:
necessary to be aware of differences in recording
techni que anong different kinds of nedia. However,

t hese technol ogies allowi ng data on wite- once nedia
to be renewed absolutely require that an alternate
area be set on each of disks. In addition, the proper
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However, these technologies allowing data on write-
once media to be renewed absolutely require that an
alternate area be set on each of disks. 1In addition, the
proper sizes of the alternate areas cannot be set at a
uniform value if it is necessary to consider, among
.others, the compatibility of the application with the
media as well as the compatibility of the apparatus with
the media.

For the reasons described above, it is necessary to
allocate as many alternate areas as‘possiblé or more
alternate areas than actually required from the beginning
at a formatting time, and a large number of alternate
areas has an effect on a method of utilizing user-data

areas with a high degree of efficiency.

SUMMARY OF THE INVENTION



renewal processing for a wite-once disk having a
managenent area for managi ng alternate-address
information but no pre-allocated alternate area for

the defect alternate-address processing and the data
renewal processing. Exanpl e enbodi nents can al so
provi de nmethods for inplenmenting the defect

al t ernat e- address processing and the data renewal
processing also for a wite-once disk having a
managenent area for nmanagi ng al ternate-address
information and a pre-allocated alternate area for the
def ect alternate-address processing and the data

renewal proowdsi egbedidiends the mameide nethayoifirng
inefficiencies of the pre-allocation of the alternate
ar e leRCaEEyY defest witlisraateraddrsspeproaisting presirie
invention, there is provided a data-recording nethod
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havi ng a m%ite-once recording area that allows data
tolﬁﬁﬂﬁﬁ%ﬁP eU ed HEFeMANBHIRE GHEE TaRBCTARITSEEs 1nEO A tH-on
dat,a_.area, whi.ch dat jS to.be recorded into_and to
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nma L tion_ area used for .increnmentally
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managenent 1 nformation used for managi ng

a'ternateiﬁgﬂﬁféSaﬁﬁﬁﬁﬁéﬁkggc§ﬁ”éf§%dp?H&iéH]methods for

implementing the defect alternate-address processing and
the data renewal processing also for a write-once disk
having a management area for managing alternate—address
information and a pre-allocated alternate area for the
- defect alternate-address processing and the data renewal
processing and,.at the same time, avoiding inefficiencies
of the pre-allocation of the alternate area.

In accordance with a first aspect of the present
invention, there is provided a data-recording methed for
recording write data onto a recording medium having a
write-once recording area that allows data to be recorded

 therein only once and includes: a main data area, which data
is to be recorded into and to be reproduced from; and an
alternate-address management information area used for

incrementally recording alternate-address management



said wite-once recording area, said data-recording
nmet hod capable of recording said wite data onto said
recordi ng medi um wi t hout providing a pre-allocated
alternate area in said wite-once recording area in
advance conprising the steps of: carrying out
al ternat e-address processing to set a wite-target
area, which is identified by an address specified in a
datinfmrnbeibeqUeSirdas @opapiied Aneadynedashettd n said
wite-once recording area, as an alternate-object
or i Piteahasreaddmsd sehaganalt emfatrasat@a sekecbed
anong partial areas existing in said main data area as
an Rieghndt elishijrete-pdptecemerteas Bag iqarcasé dat arhas
al ready been recorded in said wite-target area;
recoridi Wyl sHicaCqhr reeordang, axdd .chalid darehbeerecdiated in
accordance with said data wite request, into said
al ¥ hefecabiRlG Grepraeediit widavrimel difdarrhg sald
al t er nat.e- addr ess nanagenent information so as to
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defecti ve-area alternate-address processing I's carried
OUlarea, which is identified by an address specified in a

data write request as a partial area included in said
write-once recording area, as an alternate-object
original area, and set an alternate area selected
amonyg partial areas existing in said main data area as
an alternate-object replacement area in case data has
already been recorded in said write-target area;
recording said write data, which is to be recorded in
agcordance with said data write request, into said
alternate-object replacement area; and updating said
alternate-address management information so as to
include information in said alternate-address
management information as information showing said

alternate-address processing.

7a



to set the defective wite-target area as an

al ternate- object original area, and set an alternate
area selected anong partial areas existing in the
mai n data area as an alternate-object replacenent
area; and at the step of updating the

al t er nat e- addr ess managenent infornmation, the

al t er nat e- addr ess nanagenent information is updated to
i nénuerErPformdioenshowk hep tihe cdeé edtd weibeemmrget area
al ternate- address processing. The alternate-address
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recordi ng point information on a postscript-recording
poalternate-address management information is updated to

include information showing the defective-area alternate-

address processing.

The alternate-address management information includes
sequential recording range information on a seguential
recording range of main data recorded in the main data area
and, at the step of carrying out alternate-address
processing, an alternate-object replacement area in the main
data area 1is selected by using the sequential recording
range information.

At the step of carrying out alternate-address

processing, an alternate-



existing in a sequential recording range including the
al ternative-object original area involved in the

al ternate- address processing. At the step of carrying
out alternate-address processing, an alternate-object
repl acenent area in the main data area is selected on
the basis of specific postscript-recording point
information representing a |argest address anong

pi eces of postscript-recording point information on
postscript-recording points existing in a sequentia
recgtding range or a plurality of sequential
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al t er nat e- address nanagenent information, in the nmain

dataistisy in a sequential recording range including the
alternative-object original area involved in the alternate-
address processing.

At the step of carrying out alternate-address
processing, an alternate-object replacement area in the
main data area is selected on the basis of specific
postscript-recording point information representing a
largest address among pieces of postscript-recording point
information on postscript-recording points existing in a
sequential recording range or a plurality of sequential

recording ranges.

At the step of



In accordance with a second aspect, there is provided
a data-recording apparatus for recording wite data
onto a recording nediumhaving a wite-once recording
area that allows data to be recorded therein only
once and includes: a main data area, which data is to
be recorded into and to be reproduced from and an
al t er nat e- address nanagenent information area used
for increnmentally recording alternate- address
managenent information in order to update already
recorded al t er nat e- addr ess managenent infornmati on used
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I abarsas i ooz ihg, updated; and a control section
for: controlling said data-witing section to record
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wite request if said address verification section
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d?%%ormation area, which is used for incrementally recording
the alternate-address management information, in the main
data area.

In accordance with a second aspect, there is provided
a.data—recording apparatus for recording write data onto a
recording medium having a write-once recording area that
allows data to be recorded therein only once and includes: a
main data area, which data is to be recorded into and to be
reproduced from; and an alternate-address management
information area used for incrementally recording alternate-
address management information in order to update already
‘recorded alternate-address management information used for
managing alternate-address processing carried out on said

write-once recording area, said data-recording apparatus

comprising: a data-writing section for
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has been recorded at said address; and carrying out

al ternat e-address processing to set a wite-target
area, which is identified by an address specified in
a data wite request as a partial area included in
said wite- once recording area, as an

al ternate-object original area, and set an alternate
ar egr déingce airdng pard iaitcaread rexirstinggnésise dn
mai n data area as an alternate-object replacenment
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said wite data, which is to be recorded in
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address and said information determ nation sec

Pr agiizeemant ded @iMaRabh ORad et dhodhcatidg that  said
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def ective-area
write request if said address verification section
produces a determination result indicating that no data
has been recorded at said address; and carrying out
alternate-address processing to set a write-target area,
which is identified by an address specified in a data
write request as a partial area included in said write-
once recording area, as an alternate-object original area,
éﬁd set an alternate area selected among partial areas
existing in said main data area as an alternate-object
replacement area, controlling said data-writing section
to record said write data, which is to be recorded in
‘accordance with said data write request, into said
alternate-object replacement area, and updating said
alternate-address management information so as to include
information in said alternate-address management
information as information showing said alternate-address
processing if said address verification section produces

a determination result indicating that
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al ternat e-address processing to set the defective
wite- target area as an alternate-object origina
area, and set an alternate area sel ected anong
partial areas existing in the main data area as an
al ternat e- obj ect replacenent area; and updates the
al t er nat e- addr ess managenent information to include
13 informati on showi ng the defective-area
al ternat e-address processing. The alternate-address
man&yétent s i b medogdedi atl trfel asidgaeat amd sadclor di ng
range i nformation on a sequential recording range of
mai HGATA R slfedimathen tretH caraodressnd t he
sectjon selects an alternate-object

cont r.ol 5 arl | .

r ep‘{eaF@éWéﬂf‘tJa‘?%ar For Tt ABILFE YA EAtafat @ B 15THEESSI ng
in atdwdeersrgi Igargaatea earteaﬁg¥ usi nc%ht he  sequenti al
recording TARTE 1A orfaP T8RS - Fh & 23CoREr BPI&EE i on

selects an alternate-object replacenent area for the
al ternat e-address processing in the nmain data area by
"using postscript-recording point information

i ncluded in the sequential recording range
information. The control section selects an

al ternat e-obj ect replacenent area for the

al ternat e-address processing in the nain data area on
the basis of the postscript- recordi ng point

i nformati on on a postscript-recording

12



poi nt existing in a sequential recording range
including the alternative-object original 14 area
involved in the alternate-address processing. The
control section selects an alternate-object

repl acenent area for the alternate-address processing
in the main data area on the basis of specific

post scri pfn ¢euwld rgbpdimtntinf dnmabseontheprrasentengea
| argest address anobng pi eces of postscript-recording
poi #e2 iiff Ghaar T ofe omqsoseseripty racer dsng peferttsive
existing in a sequential recording range or a

pl UFEta-t y6f cerBtRhtieft LopeEaFEi oy TngesecThes vaoiser ol
sectjon selects an alternate-object replacenment area

f or 1 HE "I ePAAF &2 A RTEES SpPBCcER STy the dEReCHETh "Hats~
area on the basis of .the posgscri{ﬁ- recordi ng point

i nf ot 6n°dn°a Fost'IETIBrer 8 eTdi R 1 9pBRrht 2 s eiPfigset
in [al  recordi_ng range other.than a -
sedert b i S a el TP Ae i b e sadebine

obj £t 1 Qf gl fak, AL 68 d 1wl ¥gd {1 ece%}ai%g?:f%pﬁlgﬁdcre%%%t

processi ng. The control section sets an

al terdat enqadgi£sss BRAYGIE AL M RISTRELORL AL Sanethi Ch
Is used for 1increnentally recording the

al termatetaddr ess; Amnagenent i nformation, 15

13



in the maiin data area. The data-recordi ng net hod and
the data-recording apparatus in exanple enbodi nents
are provided for a wite- once recordi ng medi um havi ng
an al ternate-address managenent infornmation area used
for incrementally recording alternate- address
managenment information in order to update already

r ecoridedasl oer slatverad §hesde fmridgenenta | alf termat bomidisess
descri bed above, but having no pre-allocated interface
ar at°99¥Sak8or dance with a third aspect of the present
invention, there is provided a data-recordi ng nethod
for recofBf ny- WA eaafdrent GeaceEon i MEommatiam

havij n write- once recording area that allows data
Co B PBesr GEA EHErth i CCORPITOricE dn dnf HETRIAER: o8 frai n
dat g _area,. ich data is to b recorded into, and to
o Sl e G FronT B RS a7 HiR B2Cadr Gued in the
ma [ i ar d for. increnentally
reQ%%§|n9E3|$£§%§?%ia rgggtﬁéﬁéﬁgﬁgﬁp Fﬁ?%?%%f?hn in

or dﬂtertn%tépgﬁﬁ gl f&ﬁ%e&@fé@r%ﬁ@a aéotrg iﬁ:ﬁgt graddress

managenment I nformation used for mana

al teddialse- pddressi My AGeERbNga i CULHL QU LONSAIA the
wite-once recording area, said data- record ng hethod

congiintgat heesd@PshPiranget {hfdn@RicAl ternate area in
said wite-once recording area; carrying out first

al t er nat eThddc@SSrdlr @ee8$oMdsd 136t ad M tdthake-bahaet

~area, which is identified by an address specified in

a dapdavenest regeesbrasha gardrnateasedrédicigtdedsbbng in

Sa%ﬂ@ main data area by "using postscript-recording point
information included in the sequéntial recording range
information.

The control section selects an alternate-object
replacement area for the alternate-address processing in
the main data area on the basis of the postscript-
recording point information on a postscript-recording

point existing in a sequential recording range including

the alternative-object original

14



wite-once recording area, as an alternate-object
original area, and set a partial area selected anong
partial areas existing in said alternate area as an
al ternat e-obj ect replacenent area if data has al ready
been recorded in said wite-target area and said
selected partial area is usable for said first

al t 8Fpat Bredaess §nprloe eddiengateaaddrasg puvcessEognd

al ternat e-address processing to set a wite-target
area, whi ¢S £ongent | 1$Ed By sahealrires slspeerfewdieata
dat a ite request _as a portion included in said. _
Wi F%E’ﬁ%%eé“e%gaﬁai hyr dhEaaineraarenaderpat ulsesstng in
original_.are and _set partjal area se|l ected anpn
par ENaIMait S8 AL 1 (R RETAF il PASE Bl ares A6 ARE -
al t - 0Dj r acenent area if .data has already
beeﬁégg%%¥§£gsﬁhts§$%)ﬁPFﬁgPtg?%ﬁﬁs%ﬂgégg And 15 %ar ea
usa - ad( : c i ng
ox, e APHS PrERaE EPEEO AL ACRERR Ll 3R 1O

dmmwm%wﬁﬁ%éﬂ&%@%@ﬁﬂ?%%%%ﬂ&%?ﬁa

data write reques into said alternate-object
repbegeiital akesrd aid rdpgatdng saLdaakt roateadds £ss

managenent information so as to include information

I n sacakdilriceraayes. address managenent information as

i nformati on showing said first or second

al t er nat eTahgdressrqr ceessongsdleatlsn agxanpdthate-object

enbodi nents, in case the wite-target area in the

wr i tenlgnenenkcarel fypratka dkterrddbeatidvess areasssing in
the main data area on the basis of the postscript-
recording point information on a postscript-recording
point existing in a sequential recording range other than
a sequential recording range including the alternative-
object original area involved in the alternate-address
processing.

The control section sets an additional alternate-

address management information area, which is used for

incrementally recording the alternate-address management

information,
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at the step of carrying out the first alternate-
address processing, first defective-area alternate-
address processing is carried out to set the defective
wite-target area as an alternate-object origina
area, and set a partial area selected anong partia
areas existing in the alternate area as an
allttethat e bbjdade arepl acenent area; and at the step of
carrying out the second alternate-address processing,
second dEteciitferespredlay testince 2addies sdafrrocesskagnd s
carried out to set the defective wite-target area as
arf PRPEEF AL e ETPLe oR TR HAIC I Peare dpiPdeiedatprra ivwgite-
area select;d anogg partial areas 17 existing in the
Hm

mal 1 odata- &t e 4§ A" al Yerihrd 6hf BERA LT @piagERgRnagement
arl%l%ﬁ)é;ggglajl taq:re%ah%-egdgcr)ressncr}%pn% ggf?%frge%%%%iggéll O te&nate—

I nc es sequentl al recording Tan

fﬁaga%@gg%aﬁaeg%%qﬂtngnf of, i Bfgﬁgcogggggggdair“eady

mal n data area an ereln, a

C%%%b&ﬂgdOéﬁteﬁﬂ%%esgggﬁégéﬂﬁéﬂaa%hghedgﬁ§ éyﬁgﬁ?§§ing’

an alternate- object replacenent area Iin the main data

aeacirshel &edwrd phy MM HRepseoMENdadkdl 88U HNY area.
range i nformation. At the step of carrying out the

second alt efdedk@ancRddiela RhOE@SERGL &N the present

al ternat e- obj ect replacenent area in the nain data

aregentsicgl ebtrd ibyptisiitgdpasdsti-rptording method for
recording write data onto a recording medium having a write-
once recording area that allows data to be recorded therein
only once and includes: a main data area, which data is to be
recorded into and to be reproduced from; and an alternate-
address management information area used for incrementally
recording alternate-address management information in order
to update already recorded alternate-address management
information used for managing alternate-address processing
carried out on said write-once recording area, said data-
recording method comprising the steps of: setting an
alternate area in said write-once recording area; carrying out

first alternate-address processing to set a write-
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recordi ng point information included in the sequentia
recording range information. At the step of carrying

out the second alternate- address processing, an

al ternat e- obj ect replacenent area in the nain data
area is selected on the basis of the
postscript-recording point information on a

po§&seed ptrear ewbidins paianttif8edxbptdmeadidmeas specified in
sequential recording range including the

al Befflr iVér6bfeaeer iag Rabankbal ianeal vedlisged Her said
second alternate-address processing. At the step of
caFFyF i ot TERBTABRD ¥/t 8Fnal e3l rtdréssopl oee siiggnal
an_al ternate-object replacenent_area in the main data
ar 85815 8Etel M e BEERsS DY FecpmpRy partial areas
post script-recor di oint information_ representing a
e PSS A Breeet e TodtocH praTReardrRE

poi | nf Lon o stscript-recording points, . .
o ST P AE SR e a DB PRRGeT GRS tn said
pluealdion ot sequentd alihecording Lapges, A.the slap.
of carrying out the second alternate- address

presessding £1 8k al ternate- obhacts Leplacenent cg Eﬁ%& Nt

the main data area is selected on the basis

PosésSaid RILtEesOFdH RErReENbrod LBt LONSAN Awrite-rarget
postscript- recording point existing in a sequentia

r eaepsdli nuicange iodherrildianyaasegutntdsakpb8COI&H Nth a data

range including the
write request as a portion included in said write-once
.recording area, as an alternate-object original area, and
set a partial area selected among partial areas existing in
sald main data area as an alternate-object replacement area
if data has already been recorded in said write-target area
~and no area usable for said second alternate-address
processing exists in said alternate area; recording said
write data, which is to be recorded in accordance with said
data write request, into said alternate-object replacement
area; and updating said alternate-address management
information so as to include information in said alternate-

address management information as information showing said

first or second alternate-address processing
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alternative-object original area involved in the
second alternate-address processing. 19 The

dat a-recordi ng method may further include the step of
setting an additional alternate-address managenent
information area, which is used for increnentally
recordi ng the alternate-address nmanagenent

i nf or mat i én, examplechemabtienaate dmesaséntlae coridanterget
wth a fourth aspect of the present invention, there
i s Provildedhs dat e TECEr dergrdapparseus sf ardefmdidieng
wite data onto a recordi ng nmedi um having a wite-once
recthfi'ng area that allows data to be recorded
therein only ,once and_includes: a nmain data area,

whi ch dat @%i €% 03%88 PECOIRE PN PBE dritf (F3T6E R ErFIGHGEad
fr al.ternate area; an n alternate-address
R b A b e e s e

re [ t e- addr . panagenent. _information.in
or dor g B R 26 R TSI ek bRl
ManaqeReRh L& oAt Lan, Ksed 4,96 OB dMoriginal area,
al ternat e-address processing carried out oR - sar d

W idiRr @B€ear gEof HiNGirakedel eS@d Haha bSOl NGcas
apparatus conprising: a data-witing  Ssection for

W idingiagi onhd e datr-aae8t or&aig HACAT dhAght JRES WAL
an address verification section for producing a

r esaslctl acbmeet esrgaratanadnagstii® Mgt BercoHrryiel dat acthas
been recorded at an address specified in a data wite
reqeesnd alternate-address processing, second defective-

area alternate-address processing is carried out to set
the defective write-target area as an alternate-obiject
original area, and set a partial area selected among

partial areas
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to wite said wite data into said main data area; an
i nformati on determ nation section for producing a
result of 20 determ nation as to whether or not said
al t ernat e-address managenent information can be
updated as well as a result of determnation as to
whet her or not an area usable for alternate-address
processing exists in said alternate area; and a
control section for: controlling said data-witing
section to record said wite data at an address
specified in a data wite request if said address
verd - SEAnY off! 46t Bk Fricdaces as dut edhbnaticowbiestl t
i ndicating that no data has been recorded at said
addPEL8CSRENRT \ATRE- out al ternate- address processing to
set a Wi e-%i%get area, Which is identified by an
addr ess é%ﬁ%i et P A AR ES IR SIEqhes R ioHatdon

par.tial .area included_in said wite-once recordin

ar elé;ﬁgggsanseaq S ?eg %%?%%tnqoﬁaﬁgﬁawé‘?@g%l%af’%gﬁ ‘a

Paikldlnel 0 SeLes! & IoPARL LR ALCBEEX0S 1100 ¢

sai alternate area as an a ternate-objec?

r ephagenent AendC | i 1Ld WL § ]

sectai on to rag{:e%r gnga‘?!gg%%ﬂ'eggdg?%,s% %Igm%é%%&qge out

re¢aedededdt 306RK-HANEE) MAS S Bdcdal fhg Wat §1£<§Pdéd gl
n

into said alternate-object replacement area a _
updatibog sailthcibat nater addrassmaBNaganeat-ohnf orymtd eRq

so as to include information in said alternate-address
mabagesend i erobhoha Asddiral Agt o1yes hawh Ak Siaind

At the step of carrying out the second alternate-
address processing, an alternate-object replacement area
in the main data area is selected by using postscript-
recording point information included in the sequential
recording range information.

At the step of carrying out the second alternate-
address processing, an alternate-object replacement area
in the main data area is selected on the basis of the
postscript~recording point information on a postscript-

recording point
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al ternat e-address processing if said address
verification section produces a determ nation result
i ndicating that data has-been recorded at said
address and said information determ nation section
produces a determ nation result indicating that said
al ter nat e- address managenent information can be
updatEdlRe W3 apsivgnEésll sewirdingdeteyer imatliudang the
i ndi.cating that an area usable for alternate-address
pr GUESEPAGT BT RIS nOE e ) PerRatvolatesh Inalle second
carr ing l@_éﬁternate-address processing to set a

5 Pg%ta $2° WhPERSTE 9dentified by an address

wwiQ%y
specified,jin_a dq;a W.ite reguest as a partial _area

Tncl uded TR I AP £5. GREEY TGP PBS ayeienhel BRrnate-
't - obi ect...qri ginal . set tial

2 L EPass ORIy IR S HRETRYRS B1ES 2 Rhngn, U
dat;a take@s S BhaLlesnat esghieck %I? péh%cgggfg St & aeic&fic

controlling said data-witing section to record

W igogtdat fyr Weicehdih§ t&ihe i&&eeﬁggpori irasg@%ggéﬁ@mge a

with said data wite Trequest, Into sa

al lergabe- ajesls bRBhaCE I s HreRod08er YRdatd-Rgqsald
al t er nat e- address managenent information so as to

i nplodde  imf@mtionnohnpset shdlgreraabedadfdnRSsts existing
managenent information as information show ng said
al tier paseqasldrieds rprocessg ngrrigk sai 8 Wdgessy of
verification section produces a determ nation result
i ngeguenpipl kecordang hawyelseen recorded at said
address and said
At the step of carrying out the second alternate-
address processing, an alternate-object replacement area
in the main data area is selected on the basis of the
postscript-recording point information on a postscript-
recording point existing in a sequential recording range
other than a sequential recording range including the

alternative—object original area involved in the second

alternate-address processing.
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i nformati on determ nation section produces a
determ nation result indicating that said alternate-
address managenent information can be updated as well
as a result of determ nation indicating that no area
usable for alternate-address processing exists in
said alternate area. 22 In exanple enbodi nents, in
case the wite-target area in the wite-once
recording area is a defective area, the contro
section: carries out defective-area alternate-address
processing to set the defective wite-target area as
an Th§| fRF matEBNiiec meERed My dpesbandingiads phetFigp of
rea . sel ected anongﬁfartial areas existing in the

a
al CEFhALS At €89 CBAL at tiate- 8B eets rmepraeraht

area, updating the alternate- address nanage t

in 8?%%%%%%? %Iﬁﬁélﬂgég%rﬁﬁaﬁﬁﬁgi ﬂrs¥ﬁﬁﬁ%ﬂﬁgtgﬁgy

def pye-ar l.t.ernat e- ress processing i.f the
R S LS LA

detgrninal i Qi Lesult indicating that the
al t er nat e- addr ess nanagenent information can be

updated as wel Lcasrdafiet ¢hiFhnatiNRheghd ot igpdigating
that an area 23 usable for the defective-area

al beesatte-iaddnessn Praressh Bopr&XicehSal dhitdecabtermat e
area; and carries out defective- area
al appaattersaddr essc@rdiaes st Nge (R tsebntdhes df@eHiNg medium

wite-target area as an alternate-object original area

antlaving a write-once recording area that allows data to be
recorded therein only once and includes: a main data area,
which data is to be recorded into and to be reproduced
from; an alternate area; and an alternate-address
management information area used for incrementally
recording alternate-address management information in
order to update already recorded alternate-address
management information used for managing alternate-address
processing carried out on said write-once recording area,
said data-recording apparatus comprising: a data-writing
section for writing said write data onto said recording
medium; an address verification section for producing a
result of determination as to whether or not data has been
recorded at an address specified in a data write request
to write said write data into said main data area; an
information determination section for producing a result

of

20




set a partial area selected anong partial areas _
existing in the main data area as an alternate-object
replacenent area, updating the alternate-address
management information to include information show ng
the defective-area alternate- address processing if
the information determ nati on section produces a
detersHHAG AT r 88 UFe Whedibedt PAgnethataitthelternate-address
al t er nat e- addr ss managenent information can be
b e HBFPEHRT LTt GESr RE RIS SSUMELE e GareRglt of
r usabl e for the defective-area
eetrenra lnaﬁéﬂ?e@% Wt $OESBRRCT s PR F‘ﬁe? h%saﬁilteelfﬂ‘ét e

dd nmana emsnt ormat i
|n Ude eg%§:é§§%$ el%@?%egg%ﬁa eanF3+ ?%9%?“85e area;

seguent iah Lgeording, r goge of smig;dat a f&%ordewr Pin

8
the main data area ang the contro Ilngec?l on se€ S a

al §&rnaletebiect -4 eplacement fea i 4hh g&'?és% %%%alfled in
area in the defective-area alternate-address

Process Rgiby rafidtg tikesseguaidals $eFofding JHhabgeion
i nformati on. 24 The control section selects an

al prerdhate- abjiecérniepliacerephl arsdiidadihg PRLA FAlBta has
area in the defective- area alternate-address

privoes siergriyd usi mgifosiGoIdnt cak GO NG PQiBEnate-
information included in the sequential recording

r avfigereissf promesoimg Toe seondrotisedtdrgprtselect sitdrh is

al ternat e-obj ect replacenent area in the main data
ar@gentd fipd Hefactddpeess specified in a data write request

as a partial area included in said write-once recording
area, as an alternate-object original area, and set a
partial area selected among partial areas existing in said
alternate area as an alternate~object replacement area,
controlling said data-writing section to record said write
data, which is to be recorded in accordance with said data
write request, into said alternate-object replacement area
and updating said alternate-address management information
so as to include information in said alternate-address
management information as information showing said
alternate-address processing if said address verification
section produces a determination result indicating that data
has been recorded at said address and said information
determination section produces a determination result
indicating that said alternate-address management

information can be updated as well as a result of
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area al ternate-address processing on the basis of the
postscript-recording point information on a
postscript- recording point existing in a sequentia
recording range including the alternative-object
original area involved in the defective-area

al t er nat e- address processing. The control section
selects an alternate-object replacenent area in the
main data area in the defective- area

al fEFRAPEI A oS dpFBELRg| Hiplorit REeBadfaP it fopeci fic
posggcri t-re ordinﬁﬁgoint_infonnation representing a

| af? %an rESE 3 RoRECPT ETEY SFiph8t SR rigitd peéERFER Ry
oi_nt _i.nformation _on postscript-recordi ng points

DX PeE Ao 1% IS aR e AL o L S RS CORATHF T SigecDTing to set
lurality_ 384 i@&fécgrm. LS ANges. gye nt r ol

ge%t?%%ﬁiégé tg §%9%1té}na e§06?%c% E%%bﬁgcenéﬁﬁﬁﬁﬁga

in sbggif@éc{] iCIilataadg'EgaﬂliinCe_t I%%qggggcéé Vae?aggtggl taH:eea

al t ernat e- address processing on the ba

poshechddd -eGALH RO POIdH-d RLREMBELONL QY 8as an |
postscript- recording point existing in a sequentia

r eaQt difigr d-age ctobhesiddamraaseqgHgnid@la HReer di Ngrea
range including the alternative-object original area

i neolvetkd rniche pdefedt iareaar eai @t {8y Nat eaaddiLSsS data
processi ng. The control section sets an additiona
al eeenate-araddressa naagenenrep i osmpsmiti @Reaf esgntadilching
Is used for
said data-writing section to record said write data, which
is to be recorded in accordance with said data write
request, into said alternate-object replacement area and
updating said alternate-address management information so
as to include information in said alternate-address
management information as information showing said
~alternate-address processing if said address verification
section produces a determination result indicating that
data has been recorded at said address and said
information determination section produces a
determination result indicating that said alternate-
address management information can be updated as well as
a result of determination indicating that no area usable

for alternate-address processing exists in said alternate

area.

22




incremental |y recording the alternate-address

managenent information, in the main data area in the

defective-area alternate-address processing. In

addition to the data-recordi ng nmethods and the

dat a-recordi ng apparatus, the exanpl e enbodi nents al so

provi de a data reproduction nethod and a data

reproduction _apparatus. 26 In accordance with a fifth

aspect TR 1Fr BRI enit oS KBEeWT St prtevicaedarea in

qgta n%p[oduction nmet hod for reproducing data froma

T S ditRg R T WAPHG2 522 Wi t%e S6hRet 1T Gr@Pngtag expntrol
t. allows _data to be recorded therein only once and

s B i raraTar BT aen = i heg lraes

;5 S%?_gl : QBO @pdcl'}eo d%%e%ggrgq&miec%jtrg t a?rneda %r:]s n

al t er nat e- addr ess managemnen i nforneti on-area dsed

d00e irRGLeBBHL A | ) T8GR dLRg, al &”g%%tg'ﬁgggfgf are

managenent “information in order to update a reagy

fecdadamahd &5 1akg1addE £5 Se MBRAGEMBNL L HNTQREBELOD area as

used for nmanagi ng alternate-addréss processing

Lardlitednaut- o sl tepMaicbRe MNCE-dECAPLE PONRAMER S@kdnate-

al ternat e-address managenent information includes

saipeent nahagesardiingormangen i ¢ dnmALEEON: @Ffb@nation showing

sequential recording range of main data recorded in

Hat diafechidatarer ed tesabte daddreyseprodass iron iretthed

conprising the steps of: producing a result of

yregimgithgn stetternidetérn aattiom asodoceket hrtcomination

result indicating that the alternate-address management
information can be updated as well as a determination result

indicating that an area
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not data has been recorded at an address specified in
a data read request by reference to said sequentia
recordi ng range information when receiving said data
read request to read out said data fromsaid nain
data area; producing a result of alternate-status
determ nation as to whether or not said address
specified in said data read request is nmanaged as an
al ternat e-obj ect original address by using said
al t ernat e- address nmanagenent information due to the
fact hat sald address has been  specified in a 27
3008 Gt &V idperkhiiresent ek datesandrers papgessing

record| eternmi nation indicates that said

B B e S AL 20 dPeeEres i AgBgtive-
add fied
e FaqazsriTe: aé"d%&ersséﬁf?sces eil'g. agafs%%rtﬁzﬁ Geiftfiue

det n indicates t S .S

rrar?%gg gt gt E}péer%;st éno JE‘C écrel_gl addr eléléatlbarea and
using ga Q @iéﬁfd}% e £55 SMNaY ing 1

and reaanB out sa%dsgggg fron1§§ g tefﬁa?% 0 %ghlng o

I epiheC RABAt daedrass %n&geglt%%nﬁtéuwféé@tr%pﬁgf:eﬁé{@ area,
al ternat e-obj ect original address by using Sa

aIhjudaahﬁgathﬂEﬁﬁie&ﬁﬁﬂ@€&ﬂﬂﬁe§snﬁ§ﬁﬂﬁ%méﬁk|iﬁf§§mgtlon to

result of said alternate-status determnation

i ndincatids ih@drisaiidnaddsoessy specibfedkive-sakd dat@rnate-
address processing if the information determination section
produces a determination result indicating that the
alternate~address management information can be updated as
well as a determination result indicating that no area
usable for the defective-area alternate-address processing
exists in the alternate area.

The alternate-address management information

includes sequential recording range information on a
sequential recording range of main data recorded in the
main data area and the control section selects an
alternate-object replacement area in the main data area

in the defective-area alternate-address processing by

using the sequential recording range information.
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read request i s managed as sai d alternate-object
original address by using said alternate-address
managenent information. 28 In accordance with a sixth
aspect of the present invention, there is provided a
data reproduction apparatus for reproducing data from
a recording nediumhaving a wite-once recording area
that allows data to be recorded therein only once and
includes: a main data area, which data is to be
recorded into and to be reproduced from and an
al ter nat e- ddresscgpnagenent i.nformati on area used

e

for increfmBht Ty YelsFEtAYy SAiEtRatR- Aldd@sse-object

t _information in order to update already .
recorded 95”4l Ternare A8dPERS GrifagErert® | hFof RetT i7"

us%ﬂx&P%th?Hé@glgé %%%T”%éé%é%%%@e%sr %%%f;%%ggcgay%r

carried out on sal wite-once rec

al teINalenadgds eSS 5 JRBAGENENt; JNf.aunat O%f}hé gs,%'qﬁgﬁéial

sequential "recording range intformation

sequetrdahgl ey diRgokARgeLf mMain data recorded in
said main gata area, said data reproduction apparatus

conpri si NGhe acskat:d1r 6adt Ngh SRAIQR »f 041 ¢ 8adi-agdogata
fromsaid recording nedium a first address

V_erriefpillaa:tei‘néﬂt secdd aR f:ﬂé Iﬂ{ﬁﬂldfaitﬁga@eé eslltheOfefective-
recordi ng-status determ nation as to whet her or not
dateareahadt beents-eciorded @toddssdddr e8SthaMbaghsi 8f the
specified in a
postscript-recording point information on a postscript-
recording point existing in a sequential recording range
including the alternative-object original area involved in
the defective-area alternate-address processing.

The control section selects an alternate-object
‘replacement area in the main data area in the defective-
area alternate-address processing on the basis of specific
postscript-recording point information representing a
largest address among pieces of postscript-recording

point information on postscript-recording points existing

in a sequential
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data read request to reproduce said data fromsaid
main data area, with reference to said

al t ernat e-address rmanagenent information; a second
address verification section for producing a result
of alternate-status determ nation as to whether or
not an address specified in a data read request to
reproduce said data fromsaid nain data area is
managed by using said alternate-address nmanagenent
informati on as an alternate-object original address
due to the fact that said address has been specified
i N TRCPFBVIDURIGS &Y Wi i R 81eddtigs el spheatéaht pesiording
section for controlling said data reading section to
r egfBdtte said dat a froman alternate- obj ect

repl ace sai d

al t er nat eﬂgﬁj(ﬁo §O iﬁ%‘gﬁ@%ﬁrﬁ%}éﬁgg:n t3orrragtgobiect
f t t bj ect |
r ek et i u P B BaRlAach SR prelter s
t
R S R SR LT Sé’%bémgngf'% %

r egeeegérfgt%c@ragﬁg %n@qﬂfo%&cﬁgggr tQ @?sdgsgﬁgpt-

verification section produces said

al teeppd erphRtive detarifgnati Qns@@léhtﬁ%i%écoﬂﬁ%f:%hag
that said address is an address nanaged usi ng sa

al bensat enaddr esgusRnage Rbrinhr fiige0 rﬂn_@§ud Ghe
al ternat e-obj ect original address; and said address

| f a3aedndtinet-obddeesarivanifii aata oinwaekiom pitaduces
Sabgfective—area alternate—address processing.

The control section sets an additional alternate-—
address management information area, which is used for
incrementally recording the alternate-address management
information, in the main data area in the defective—area
alternate-address processing.

In addition to the data-recording methods and the
data-recording apparatus, the example embodiments also

provide a data reproduction method and a data reproduction

apparatus.
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result of said recording-status determ nation as a
result indicating that said data has been recorded at
said address, and said second address verification
section produces said result of said alternate-status
determination as a result indicating that said address
is not an address managed by using said
al t er nat elmddrcessanpanagdnmentifnlf crapetionf ashes girdsent
al ternate-object original address. 31 In accordance
wi tHVan§eventtiiieaspée tPEIvVidsd apiesemenradention, nathede
i's provided a recording nmedium having a wite-once
r edOFdiFRPESTRE th & ta) %6%‘} Yater a6 inrgenediyt deying a
t herein onl¥ once and conprises: a nmain data_area,

S

whi'eH “Gata°t s 16 e "FedbPded  nedahe d4rpéo be recorded
d_f d an. al te- add enent
R R R A LR

i nformat1 on ar ea usé

al Lernale-adaesa pnagemil Jof @6TRLION, I AL Le,

update a y recor ernat e-address manageiren

in&ﬁkﬁﬁhiQf%éﬁﬁﬁiéugﬁdggggg%gﬁéggﬂéﬁEn?ﬁ?éﬁgg£ﬁ§§grea used

processing carried out on sald wite-once recording

ar edr iWheERit N ySpeebhiegy area v+ oL it 0530 gement
alternate- address processing. 32 ......... ..

. information lih exarpl €cenpashtdentsadiyhecpsidedat a

area incl udes
alternate-address management information used for
managing alternate-address processing carried out on said
write-once recording area, said alternate-address
management information includes sequential recording
range information on a sequential recording range of main
data recorded in said main data area, said data
reproduction method comprising the steps of: producing a
result of recording-status determination as to whether or
not data has been recorded at an address specified in a
data read request by referencerto said sequential
recording range information when receiving said data read
request to read out said data from said main data area;
producing a result of alternate-status determination as
to whether or not said address specified in said data
read request is managed as an alternate-obiect original
address by using said alternate-address management
information due to the fact that said address has been

specified in a
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an addi tional alternate-address managenent information
area used for increnentally recording the alternate-
address managenent information. In accordance with an
ei ghth aspect of the present invention, there is
provi ded a recordi ng nedium having a wite-once
recording area that allows data to be recorded

t herreivaooal yaonowr idred reqrpst seb s dnakepul dat@d i€,
which data is to be recorded into and to be

r efie6QuE £ T ¥ G usadleabret mit eeradadéss t eanteeatid
information area used for incrementally recording

al t9&rRafas derrR e GrRegefrbnta i hfaslirges orrgadispdert t o

updat, I rea recqrded al t er nat e- addr ess nanagenent
R

i nforfrat'? oh SPofl ARSI hGPArt B Pt ! £@dFeddta
rocessi ng carried aqut on id wite-once recordin
N
ar eg ag iﬁ?l%gor?l 1 &N g%sah%‘?t are pagh, used; as gn area
for said alternate-address processing. 322" The  mai n

al%%%@a&@ Qéeghigﬁgé¥%%%eagb é@tdfi Bal address b
tiron area uséﬁ for

al t er nat e- addr ess nanagenent i nfor

| NGeRBNE A & Ya TRG:Aieng a8 R &s ald BRIt adHESSRcion;
managefrent information. In exanpl'e enbodi nents, a

r ecerdi8gdRgidim $u6R astaarMislarokithendedigsenee

type has an al ternate-address managenent area used

f orepanaghage adldfdrat emadge®€SHs a substitute for said
alternate-object original address by using said
alternate-address management information if said
result of said alternate-status determination
indicates that said address specified in said data
read request 1s managed as said alternate-object

original address by using said alternate-address

management information.
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i nformati on but may not include a pre-allocated
alternate area. In this case, in order to inplenent
defect alternate-address processing and data renewal
processing, the follow ng techniques are adopted in

t he exanple enbodinents. 33 Alternate-address

i nformati on used for nmanagi ng data renewal processing
i's provi ded davcgdboramritildentisbh aspadt phathofpresent

al ready existing alternate-address information used

f orlWWER&YPRg Erarect SaPTevivice aaddr @ seepnodoceswi mgpranatus
in addition, both the alternate-address information

us &@Pf SEPRAMRINYY Ja5f al FEhWAIeCHFBERS N9 N Bavih@ 3

al ternat e-address jnformati on used for nanagi ng
def&¢-SaPREF nht € Edde 85 pr RS SIHGWE08xFRTT K&t FEcorded

al%%%nate-adgress managenent . ar ea

e ea.__As an .
al ternat8- OB et Fepraceientd®ared Farn %aetfaec?ffea’ which
al tc%ﬁ:gagg'@g% esrsec%rrgggsf’itncg aéll‘l dtg)a]tog £eenreo\é\9|ced from;
pr ocessi ng, a Tocation selected in a main data area”

(oran@ aHSQEﬁgﬂ‘i ea—ra%kegﬁ %i?a&e%%ﬁ:dh?go;ﬁﬂi% ia§'ea used

used. An exanple of suc ocat1 on

POSHGSCH hBkah@eOA1diNG e cBOH Mg | 4118 $RUUERIL Al s § SEALHEAGN:
range (or a track). The al%ernate-object repl acenent

ar 6a feem%esoasSi@d SRSt ikbulifdaforad-d-aKgetcar&dy i n

def ect alternate-address processing and data renewal
processing. |In order for a recording/reproduction
appar at us '
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to produce a result of determi nation as to whether or
not data has been recorded at an address on the
recording nedium track information (or infornmation

on a sequential recording range) provided for a
postscript-recording technique is utilized. That is

to say, on the assunption 34 that the
postaldeirpat e egdith 31y recehaneue {ref paekébnwisdd for
technique or an increnental -recording technique)

pr VArded ndgahey Hid e faddrehe O Rt indecBYDL 4% cadopredaid
as a recording nethod, track information (or

i nPBITREPBARS oRe L XEGFe Rt Fal Skt sridicrgaranddragsed by

t he recording[rqgroduction apparatus to nmanage states
of ARG ICEEBF di - il 1a80pEEhgs tential recording

postscript-recordin% met hod is .used in  producing

r es P of MHRTE mHatPoR 23T ViR ﬁ%FO’écFl%tranaﬁt%gﬁ%?si“

be%g_re [ t..an_address..|l.n general,. the
RS ALIEEe 2 AL AU o] ARAR aid B

el st .t bies BALY Hmohathcoscr

addr eéss, en stscript-recording

of ddiersaquentdla f&%ﬁOEQiJmkééy}ggngIﬁb&ﬂﬁﬁ;cgsfifgt
such a postscript- recording nmethod; data has been

I ecRidedsi fe AN L3 onbDQEWEEHN LIS Hhdkilicadgr £sSANd ar
address immedi ately preceding the

postes@iridphogr EQFEH N teemAhat n tde tof hekthbBangs MO data
data has been recorded in an area between the

postasc bieph- recordidigtpanntdanes 4 hedgnth addspssifidusn a

mappi ng of the recorded and unrecorded status of the
dgta read request to reproduce said data from said main
data area, with reference to said alternate-address
management information; a second address verification
section for producing a result of alternate-status
determination as to whether or not an address specified
in a data read request to reproduce said data from said
main data area is managed by using said alternate-address
management information as an alternate-cobject original
address due to the fact that said address has been
specified in a previous data write request; and a control
section for controlling said data reading section to
reproduce said data from an alternate-object replacement
address managed by using said alternate-address
nanagement information as a substitute for said
alternate-object original address if said first address
verification section produces said result of said

recording-status determination as a result indicating
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recordi ng mediumonto the information on tracks can be
est abl i shed, naking the recordi ng/reproduction
apparatus capable of producing a result of

determ nation as to whether or not data has been
recorded at a target address. |In addition, in exanple
enbodi nents, 35 a recordi ng nedi um such as a di sk of

t he&hati seidnéeta ype bemy haverdsd alt erddt edddesassind
managenment area used for managi ng al ternate-address

i NfELAREE6ANAs2ARISsaFe sl pieat gl Geatéan apradurasesaid
area. In this case, in order to inplenent defect

al & Hatehdif ¥ 2 lfroRater M g icanirehisinlas a result
racessing, the foll.ow techni ques are adopt ed.

thl&pﬁgﬁggﬁﬁd%é%% FHCOPREFFOR 1S fa&drﬁﬁﬁaﬂg?faggeddé%ya
renewal processin ak%_gr8¥ég§d in a fornmat ide@pica

to that of &l Feady exi 8T hg® 2l BIATArE  hath kydiation as

i nfar. ' d. . f.aor i def . .

ol o R oS R bR TROPOLID, JRRRs L e %2 Btees

t he ralskennat es2dA(H3S Sl %9%9?%%%&%%@t1€9r%£%{1ﬁ%§1%a1d

dat a renewal processi ng an t er nat e- ress

i nfrasmati on ssef fQbrARpgolNo defRet ALLEF NA 8% a result
address processing coexi St in the alternate-address

manage et ngr eeat s dille dsagend@ybas acceefbdi g S um
including no pre-allocated alternate area. As an

al taelimate; o cia e pkaceieadddea viet ri def 861 section

al t ernat e- address processi ng and data renewal

pr ggessicng, said geatilonofes &0t ed tanmaget scatisons in the
determination as a result indicating that said address is
not an address managed by using said alternate-address

management infermation as said alternate-object original

address.

31



pre-all ocated alternate area is used. As no avail abl e
area is left in the pre-allocated alternate area, that
is, as all the pre-allocated alternate area i s used
up in defect alternate-address processing and data
renewal 36 processing, a location in a main data area
(or a user- data area) on the recording nediumis
~selected as an alternate-object replacenent |ocation.
An exanmple of such a location is a

post scri piR rascerdange poitht ai pcdertdy@enethalof tdeor di ng
range (or a track). The recordi ng/reproduction _
apPaFatls HYESTLPAcKNSTe dEnBFP O Cor FRFOTHaG BRIGAT
sequential recordin ranges) in the

polPSAP ot - PECST APHG FETHOH-I%h SBEBdERT G I ovFedett oy
de&grninat'o her or ngt data has been

to wh
¢ oB5T BB R hr A B o THE PBLOT UG SHadi Lt ¢ he
a r.ecor.di ng. di um i ncl ' no
Srgggﬁﬁ%ﬁgibgﬁugﬁt%g%%?gygféﬁé_kSC%%%%fgﬁé %%%Jgfqﬁw
| ex@@kgd&ﬁ@@dﬂmt Sndfan ' S6YAINY_TBGLMD SUGA B8R Ar
di sk of the wite-once type may have an

al terpaher Adldress H@@@g%@mn&%ﬁ@nyéﬁq( fQEs - BNAgI Ng

al ternate-address informati on but may 'not include a

pr eiaklogod-edicabbernal e 1E¥eRnbfidiis: ¢286r to
defect alternate-address processing and data renewal

pr agpesseNglrEaly hecoatedesdl OitnatBiatidicss$ nfaigentidafect

al ternate- address processing and data renewal

pr océssinagicandesel for managing alternate-address
processing carried out on said write-once recording area,

wherein no specified area is formed for an alternate-

address processing.
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carried out without the need to pre-allocate an
alternate area by: using a selected area in the main
data area such as a postscript-recording point in the
main data area as an 37 alternate-object replacenent
area; using information on tracks (or information on
sequential recording ranges) in producing a result of
det er nmi naltt exaapleoewbedhentonr hbt e dhas been includes
recorded  at an address specified in a data wite
reGiedfidpientd alitrenabptedAnasigmaneesmratte iaddresion

i nformati on used for nmanagi ng def ect

al féffatecddfiedd prueaE’t hy Hrerdany khmtd-tadarsss

i nformation used for managing data renewal processing
in 5635H%%H?Qﬁ“FQFnégg9€é%ﬁ£§§s i nformation area. As

aresult, . the fol,low ng. effects n be obtained. In
t he firstl%ﬂﬁﬁﬁgfdf?c?s&%é%I%En é?ﬁﬁ%€§§§§Ey°Fo§he

. . . ; i th | . .
eStp'rg@Eﬁt & nt!ﬁ%h? Phéfe OJ.S rr%tv%celé? r nz}te%?%étfﬁglcﬁec%%ug}

advance in the application i ke.
it pia%1A9 almgc%r-oa%,e%é@syd;}r% allbocay 1%%.%93% &o

area inplies efficient utilization of the main :
ar ea QkcbRfed!Ikredat 8nBf @icel AnliNGrgHGaRd: P 66, Wi th

a recording operation carried out by using a genera

filbatayst€d) which data is to be recorded into and to be
reproduced from; an alternate-address management
information area used for incrementally recording
alternate-address management information ih order to
update already recorded alternate-address management
information used for managing alternate-address
processing carried out on said write-once recording
area; and an alternate area, wherein said main data

area and said alternate area are each used as an area

for said alternate-address processing.
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‘consi dering operations to record a file on the disk
and renew. managenent information of the file, the
seek distance of the pickup can be shortened to a

val ue small enough for conpensating for the

al ternat e-address 38 operation to nove the pickup to
the alternate-object replacenent _area. As an

al t er nat I'P8, M2 He IFEgeREntred APGARERS o gfddikéonpl e
can, be r-cgrggd into an area ,follow,ng the data.
This CTHE S 8E0F a7 hid  PRIFBFRENERT TR 188 PR dRed. Tthi s

te%HQi%%§u5 lspecia effegtive for a ggase i n which

| 1.y
the af t er na eYoBT%QﬁAﬁﬂépFS& neht®Addredddtess panagement
po§5§g££%yi-5ecording poi nt | ocated at a position
separate £fom t he present position of the pickup in

backwar d 1| é%ﬁh@-e&Baﬁméﬁté,ngg&oM‘&sg éneldium sntlch as

al ternat e- obj ect repl acenent ress |1 argest “one

- amangi dihe raddEessese - e b ddd th Qfternate-address
postscript-recording pointS. In addition, even |f'§ata
. NMugnfperd@adaenl fsamat mahhelinatArebhect-sapiacenent
address corresponding to an address specified in a

pr enfatis tdahabwe i@y meguestldae 4 ret-he1basted Nattcdnate
def ect has been detected at the address in the
preveépusinmtintie cegeesin drhderr epr ofbiciriedt AeFEot mance

is inproved because of the shorter seek distance of

t halppwlaip-adHirsst guhmieguwe nysaspetital rgneedf getdoeast ag,
a case in which the alternate-object replacenent

adtre sk lilowanpose Suriiqpesr eceraiapgegoimtthe example

embodiments.
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| ocated in the same sequential recording range (or the

sane track) as the specified address. On top of that,

if an al ternate-object replacenent address of

al ternat e-address processing is selected on 39 the

basis of information on a postscript-recording point

in a sequential recording range other than the

sequent i al Artemedengddedee drdolrndtbon arsed for managing

al ternat e-obj ect original address representing an
adfdés r%@‘ec‘rl# |Fé?ﬂ>qeﬁ5én@a%% nioveded pipgedormpt jdentical

poss&?he to rid of a problemof needlessly adding

al t'gy ttQaEd F e%]sf%afﬁa@éh%?&nq RAEEFBREFOTRAGLESST der t o
updla eX| s(t3 CJotfer nat e- addr ess managem_ant _
P B Ra T b RoRUE R enarars 1P SR TeOToRLetTire-adaress

d L ti b
ap eﬂ."oﬁc%%%%%g.%@%a&@f?a?ﬁﬁ Bobi ditiet Eheot brasieAssess
mw'tﬁ%d%ﬁ% 19hS#Séd“%o!dhﬁﬂﬁgﬂg%%k&%T98%5% [ %OC%SSlng and

capabl e o ementi ng t renewal  fUNCt i
whidi, %&k@kﬁéf%lghdf%%%rthgrﬁgEiodwﬂg 8d58£'ﬁﬁha lnglng

conpatibility with the ordinary MW|te once recor

medidfacang] £ BendCordirBgs Bl 1 g &S@Xﬁwl@lﬂ@he
types as it is. Thus, the file system generall

pr Mt@&daﬁ@#addﬁiﬁs@ahﬁha@&@erﬁﬁlﬁﬂeﬁpe di sk and the
ROMtype disk can al so be used for an optical disk of

the wite+ Zonce kypermttdialitcthergebstdrenodi-éy tdhe

hardware and the physical format.
defect alternate-address processing and data renewal
processing, a location selected in a main data area {or a
user-data area) on the recording medium is used. An
example of such a location is a postscript-recording
point in a sequential recording range (or a track). The
alternate-object replacement area serves as a substitute
for a target area in defect alternate-address processing
and data renewal processing.

* In order for a recording/reproduction apparatus
to produce a result of determination as to whether or not
data has been recorded at an address on the recording
medium, track information ({(or information on a sequential

recording range) provided for a postscript-recording

technique is utilized. That is to say, on the assumption
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Mor eover, in exanple enbodi ments, a recording nedium
such as a disk of the wite-once type nay have an

al t er nat e- addr ess nanagenent area used for managi ng

al ternate-address information as 40 well as a
pre-allocated alternate area. In this case, defect

al t er nat e- address processi ng and data renewal
processing can be carried out even if the size of an
area left in the a pre-allocated alternate area
becones insufficient for the processing. As no

avail able area is left in the pre-allocated alternate
ar 42t Fae PeSterigitrreferging dldchpated {alneskaaterite
area i.s used up in defect alternate-address _
pr oSS AY Sl FatlRcrenentd !t prascesdnggtedhnisest | BROYed

a min ?ta area (or a yser-data.area) on the )

re %ncﬁrﬁ@ VS e SPsarectin VO df aneRiahes. 8bfeerrding
I I tion. . Th it, l,

f on T L r e AT BR D [Pk S BeET RS & Frdgertial

Sl éy}dﬁﬂﬁ rQA%§¥IH¥€% ggeﬁhel eég¥§i%| Qe fédlé%i%hso

no 1 onger necessary to | Focdte an extes |vé1y I"ar ge

. ; . . .
si 7. Rfhrakhe @&tﬁgﬂgﬂ%esﬁﬁﬁés 6§1§ﬁ§9@@@?§$nqiﬁé§luphe

specul ation on many extra data renewa

MR JHcPRE agat ga ;Q?s”csl%%i#t:j—l:éé&_@&i\ﬁ heRnofi gb ((egr eg of

efficiency. On top of that, by selecting an

al tfoat-engbh e€dsult of determination as to whether or not
data has been recorded at an address. 1In general, the
information on.a track or the information on a sequential
recording range includes only the start address, end
address and postscript-recording point of the sequential
recording range. In the case of such a postscript-
recording method, data has been recorded in an area
between the start address and an address immediately
preceding the postscript-recording point. On the other
hand, no data has been recorded in an area between the
postscript-recording point and the end address. Thus,
mapping of the recorded and unrecorded status of the
recording medium onto the information on tracks can be
established, making the recording/reproduction apparatus
capable of producing a result of detérmination as to
whether or not data has been recorded at a target address.

In addition, in example embodiments,
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repl acenent area on the basis of a postscript point in
al t er nat e- address processing carried out using the
main data area, the sanme effect of perfornance

i mprovenent as the disk having no alternate area as
descri bed above can 41 be obtained. It is needless to
say that, also in this case, a wite-once disk

i nel wedrngdarg alskiennateclaraa a slica@pabl theofvrite-once type
i npl enenting the data renewal function while
maimaahave@n radderdi by adir asepredagehort corpatsdd |fiary
W th the ordinary wite-once recording medi um and the
r e@GPAPREY IEdI IS cor e FRS RANMTaAHa ROV tafpes LAsas ta jpge-
Thus, the file systemgenerally provided for

t yBi-earpyed 1 TRARRES pr < sk Inaﬁ%l% HesROME R ypsd 0 can

I d. f an_opti cal isk of the wite-once
¢y PRI ERR G ST RS t B HE T TPy o5 B R HEReMAr e b P AT

hysi | . f t. .BRI EE | PTI CF THE DRAW
phy3h&al, por nC%SSJ_B?éE‘EheDEf%ﬁPméné{L%?\Lech&quﬁ% aprreeslé!g%?ted.

These  and other °d s an res

i nvention, Willc%rtsﬁééeq-%?ggeggri fe c?g]qrrlelf ?géé)ygo'}gman?ﬂing

description o erre nts givéen w

rebeEeneendih it R RECOMMAN RG oHi 494 aﬂlﬁ’a Ie8 i ClertliGa

1 is an explanatory di agram show ng the area

StiuCtHEe Of Ardkak PfOW idRd 4BY R, &NREIEBHT i Ofodl® ion
present invention; FIG 2 i's an explanatory di agram

sh@wefgfor managing defect alternate-address processing and,
in addition, both the alternate-address information used
for managing data renewal processing and the alternate-
address information used for managing defect alternate-
address processing coexist in the alternate-address
management area in the same way as a recording medium
including no pre-allocated alternate area.

* As an alternate-object replacement area for
defect alternate-address processing and data renewal
processing, a location selected among locations in the
pre-allocated alternate area is used. As no available
area is left in the pre-allocated alternate area, that is,
as all the pre-allocated alternate area is used up in

defect alternate-address processing and data renewal
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managenent /control information areas on a di sk
according to the enbodinent; FIG 3 is an explanatory
di agram showi ng a DVA of a 42 di sk provided by the
enbodi nent; FIG 4 is an explanatory di agram show ng
the contents of a DDS of a disk provided by the
enbodinent; FIGS. 5 to 5D are expl anatory di agrans
showing the structure of a TDVA;, FIGS. 6A to 6C are
expl anatory di agrans showi ng a TDMS update unit

provi ded by the enbodinent; FIG 7 is an explanatory

di agram showi ng a state of increnentally recording
TDWMSogpaated uri tlocpiraonded dynaire dagabatkareivr; aFbeers

Is an explanatory di agram showing a TDDS of a disk

pr 6Ftaedr Yy tHe %ﬁbé@??@iﬁl}g mediuy |5 sadeskplapatdr y
di agram showing a TDFL of a disk provided by the
enBodFhEAtS ™ PGSt T6RIARTAIHB LaEtaRpt datGYPdragt afach
showi,n a DQWentry, of a disk provided by.the ,
oot HERLYT IS, PREASTE AT e ERBI B o) G SEruaRiial
show . IS rQvi ded by the enbodi nent;

= %@c?%d%rgcﬁﬁangg "ilog Ettktrpacgc\f

Xpl'anat ory di'agram showi ng SRRl of a

Gk 01 954, DL S B0 5| GBS0, R A1
information {or information on sequential recording
ranges) in the postscript-recording method in producing a
result of determination as to whether or not data has been
recorded at an address on the recording medium in the
same way as a recording medium including no pre-—-allocated
alternate area.

As described above, in example embodiments, a
recording medium such as a disk of the write-once type may
have an alternate-address management area used for
managing alternate-address information but may not include
a pre—-allocated alternate area. Even in this case, defect
alternate-address processing and data renewal processing
can be carried out. That is to say, defect alternate-
address processing and data renewal processing can be
carried out without the need to pre-allocate an alternate
area by: using a selected area in the main data area such
'as a postscript-recording point in the main data area as

an
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an SRRl header of a disk provided by the enbodi nent;
FIG 14 is an explanatory di agram showi ng an SRR
entry of a disk provided by the enbodi nent; 43 FIG 15
is an explanatory di agram showi ng a format i ncluding
an | SA and an CSA; FIG 16 is an explanatory bl ock

di agram showing a format including no alternate areas
in accordance with the enbodinent; FIG 17 is an

expl anat ory di agram showi ng TDVA information of a

di sk, provj ded by the enbodinent; FIG 18 is a block

di agram 3how nf & disd anemeat agesrding to the

enmbodi nent;. FIG 19 shows a flowchart representing
first typirCd ‘proceesing eo wWatks datm iarfiasmatdiskon

Wi th lgcn{%lrra; i ncl.uding no alternate areas in

accordance Wt CaH % Mrodcatnin FFEBiCDOA ank20B afe
exg%?gﬁg r idi agrans showi ng an application and

shifte CTEPES P2 YREARET 298 2ee dd dmat draen recorded

di agr 10W N a.w.ite operation causing no shifted
NWAS ; Q‘Efaés‘;lff 5s %8\% lgﬁlﬁfiowe hdr #2 @ preisentigapesdcondthe
typj el aq;dlocessi ng to wite data onto a disk with a

format including no alternate areas in accordance with

the enboﬂkgEgé;alternate—address information used for
managing defect alternate-address processing and
alternate-address information used for managing data
renewal processing in the common alternate~address

- information area.

As a result, the following effects can be obtained.

In the first place, it is no longer necessary to
estimate a suitable size of the alternate area in advance
in the application or .the like. The fact tﬁat it is no
longer necessary to allocate an alternate area implies
efficient utilization of the main data area or the user-
data area.

In the second place, with a recording operation
carried ouF by usiﬁg‘a general file system, in
considering operations to record a file on the disk and
renew. management information of the file, the seek
distance of the pickup can be shortened to a value small

_ enough for compensating for the alternate-address

38



FIG 23 shows a flowchart representing processing to
read out data froma di sk provided by the enbodi nent;
FIG 24 shows a flowchart representing disk check 44
processing provided by the enbodi ment; FIG 25 shows a
flowmchart representing first typical processing to
wite data onto a disk wwth a format incl uding
alternate areas in accordance with the enbodi nent;
and FIG 26 shows a flowchart representing second

t ypi procgessing to wite data onto a disk with'a
fo%%?éiflnoc udi 1§’ ‘% ttg‘lenaf‘gk‘a\PeB% the admdateschieht
the, %%%r{rrﬁrgr DETAI LED DESCRI PTI ON OF THE PREFERRED
EMVBCDI 1611 oW il FESEEIREITR - e kPraRABagRRent

empodi gent. . prqvided by the present invention as an
iorP e FF%@ GAR Opt | kegonAesk Lake andrsra

enbodi nent 1 npl enen

- driye &l i a rgcording apparatus and/or a
r epr oduct |gg)n£%%p€§}:3t‘ us a8 " th% AP BI dRT Fprerpiesy can
t he aplr6akqdi s{xl?i?ﬂ‘%eec description includes_chapters

arranged in the fol | 'ow hg %6 dr SPECipl 8k Stkefctiiee for a

LZJnﬁa?MAl% whMA %h&: air%ascter—uo%juerc% ?:g%llgg/gegg de?glc?ress is
a postscript-recording point located at a position
separated from the present position of the pickup in
backward direction. That is to say, the alternate-object
replacement address is a largest one among the addresses
of a plurality of postscript—recoxding points.

In addition,: even if data must be read out from an
alternate-object replacement address correspbnding to an
address specified in-a previous data write request due to
the fact that a defect has been detected at the address
in the previous write request, the reproduction
performance is improved because of the shorter seek

. distance of the pickup. This technique is specially
effective for a case in which the alternate-object
replacement address is a postscript-recording point
located in the same sequential recording range (or the

- same track) as the specified address.

On top of that, if an alternate-object replacement

‘add;ess of alternate-address processing is selected on
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3-2: TDDS 3-3: TDFL 45 3-4: SRR and SRRl 3-5:

Al t ernat e- Address Processing for Format with

Alternate Areas 3-6: TDMVA and ATDMVA in Format w t hout
Alternate Areas 4. Disk Drive Configuration 5: Data
Recor di ng/ Reproducti on Processing without Alternate
Areas 5-1: First Exanple of Data-Witing Processing
5-2: Second Exanple of Data-Witing Processing 5-3:
Dat a- Readi ng Processi ng 5-4: ATDMA- Checki ng Processing
6: Data Recordi ng/ Reproducti on Processing |nvolving
Alternate Areas 6-1: First Exanple of Data-Witing
Pr §&&sbrays Bt 2iniSgEshdc BRI @o6fsPrtREWeCeirdgng point
Praocessin 6- 3:. Dat a- Readi ng Processing 7: Effects of
t hemEﬁbﬁﬁT%ﬁ%Ti‘ﬁlall TeRPERITSE radoar et Sthagf the | seqential

tical .disk i.d th nbodi nent i s expl ai ned.
TheSRFrEnT R CBRTHEINY R GTBRERG: By SR DB BHES

Op%h%§£59i§%bﬁéﬁg%%ﬁgg éﬁ’éﬁ%ress specified in a data write
process, it is possible to get rid of a problem of
needlessly adding alternate-address management information
in orxder to update existing alternate-address management
information due to generation of consecutive unnecessary
data renewals initiated by the application in a certain
circumstance.

Furthermore, a write-once disk including nc
alternate area is capable of implementing the data
renewal function while maintaining recording and
reproduction compatibility with the ordinary write-once
recording medium and the recording mediums of the RAM and
.ROM types as it is. Thus, the file system generally
.provided for typically the RAM-type disk and the ROM-type
disk can also be used for an optical disk of the write-
once type without the need to modify the hardware and the
physical format.

Moreover, in example embodiments, a recording
medium such as a disk of the write-once type may have an
alternate-address management area used for managing

alternate-address informatiocn as
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the so-called blue-ray disk. The blue-ray disk
pertains to the category of high-density optica

di sks. 46 Typi cal physical paranmeters of the

hi gh-density optical disk provided by the enbodi nent
are explained as follows. The of the optical disk
provi ded by the enbodinent is expressed in terns of a
di anmeter of 120 nm and a disk thickness of 1.2 nm
That is to say, fromthe external - appearance point of
view, the optical disk provided by the enbodinent is
si HEftdr 2 02 aPEP s IsfcageaDal Compact abbsk) Tayshes aggea
disk of a DVD (Digital Versatile Disk) system As a
reQSFSFEg?%%ﬁﬁ%ﬂﬁﬁnﬁdéﬁebaserpceheiﬁ@-a&dIdaia Bldewal

| aser is used. By using an optical system having a

hi GheRAS 319 YAt &iel yaorgsd eett mgnthe tHeack zpi bEhaat area
a sgall val ue of tygically 0.32 microns, and setting
t htSTH i He denst Pyeaplachabdval termitd yiceabkyofled?
nicrqgé . Per bit, it is possible to inplenent a

ustP et iandy 496 thapakpesseinabout 23 Goyte to 25
CGoyt e foF an optical ~disk with a dianeter of 12 cm
I'n addi t FBn2Ca?Ybtdbhferrr@iask s d efits ondeve | mpechl Weated
t@gﬁ&gxgr disk is an optical disk having two recording
| &Yere A ARE2cat® ol % taf-a by drhedipsle-adlusatedat a

cgﬂﬂpi%%tof about 50G can be achi eved.
€r € area 1s used up in defect alternate—address

processing and data renewal processing, a location in a
main data area (or a user-data area) on the recording
medium is selected as an alternate-object replacement
location. Thus, it is no longer necessary for an
application orrthe like to estimate a proper size of the
alternate area.

In addition, it is also neo longer necessary to
allocate an excessively large size of the alternate area
in accordance with speculation on many extra data
renewals. Thus, the main data area can be utilized with a
high degree of efficiency.

On top of that, by selecting an alternate-object
rgplacement area on the basis of a postscript point in
alternate-address processing carried out using the main
data area, the same effect of performance improvemént as

-the disk having no alternate area as described above can
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FIG 1 is an explanatory diagram show ng the |ayout

(or the area structure) of the entire disk. 47 It is
to be noted that, in the typical system a formatting
process can be carried out to selectively inplenent a
| ayout shown in (a) of FIG 1 or a layout shown in
(b) of FIG 1. In either case, the recording area of
the optical disk 1 includes a lead-in zone on the

i nnernost circunference, a data zone on a mddle

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

| ead- out 1ZQRe .5 s.re i.ng and reproduction
areas as foIIoms.a¥§§8r5§e%%¥gggg%n gﬁﬁhﬁpoﬁhh?e%?iﬁ(:a

onwiheetomes stk Silg t -in zone is a
reproduction-only arec':Lll.Oﬁ];1 g?eéfgg 23%Y MySA £F gapable of

mahag BeREr f torQl JaRE0LNRL] r of the lead-in . .
zone and eﬁ%ﬁﬂg mﬂtﬁ'Fhegﬁégggog?gékﬁﬁ§iw 1lgsBgigEajning

W réeo 0iiaRy airkR rakh-owi,RY i d9at &, mritten . therein
only once. In thebreprodﬁctioﬁﬁg% §%%£%§¥'§ﬁ&htgge

W bt @irenGe wratedondeSPhESEal GF Al NG, L Ls created
as a wobbling groove. The Wo bf?%ﬁgbf%%ﬁghEeFe%%r%%“%

t reskiung gifi dRel RaMAahd 3RO JPOLCEISI;NT ;USi ng a | qser .

spot. The wobbling groove igﬂ{hus%élgeégfdﬁﬁan?rg%f,flle

Wi sGitetlabaniBal 89 0p 866k a0 82 19U fLORAM-type disk
and the ROM-type disk can also be used for an optical

Qisk of the write-once type without the need to modify

the hardware and the physical format.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other cbjectsy and features of the present
invention will become clear from the following
description of the preferred embodiments given with
reference to the accompanying diagrams, in which:

.FIG, 1 is an explanatory diagram showing the arear
structure of a disk provided by an embodiment of the
Present invention;

FIG. 2 is an explanatory diagram showing
management/control information areas on a disk according

to the embodiment;

FIG. 3. is an explanatory diagram showing a DMA of a
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It is to be noted that, this enbodi nent assunmes an
optical disk allowing data to be recorded on the
groove. 48 However, the scope of the present
invention is not |imted to the optical. disk wth
such a recording track. 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 | and between two adjacent grooves. In
addition, the present invention can also be applied

@i A0 ORIk g Sknadgpldig3 4 and/ groove
recor di ng-techni que r ata is recorded on a | and

er eby
and a ggeaves 44 a%d%ixyl%atwg g%g@}’fna%%%ﬁiﬁgpghe

recording track 1n an optica s as

vwehtlad by raz lﬁ@'&f‘ga cﬁﬂsgéqz'}ljrov{ﬁ@ﬁ'%%’ HS Kl MG

such -an optical disk detects both edge positions o

t he 9r09Y@Sfr@mkﬁﬁtfgggegkﬁﬁahgggfyQﬁ%@&gﬁsash8§fﬁg the

spot radiated to the groove. Then, by extracting

OIS offl Hettafi ng in the radial direction of the
optical disk 1 as fluctuations of both the edge

posi tionscs N €n AIPGeSarRYekO1 ARYE A N€11L3SEhs SROing a
al ong the recording track, the wobble signal can be

rEprodigeede This pabhlRaskbynahel snpBdidaied by
informati on on addresses of recording |ocations on

the recprdi ng iy aekexpTBBatHEPT ABLJ .00 QRoAULE ESSEBate of
i ncl udes physi cal addresses

incrementally recording TDMS update units provided by the
embodiment;

FIG. 8 is an explanatory diagram showing a TDDS of
a disk provided by the embodiment;

FIG. 9 is an explanatory diagram showing a TDFL of
" a disk provided by thé embodiment:;

FIGS. 10A-and 10B are explanatory diagrams showing
a DOW entry of a disk provided by the embodiment;

FIGS. 11A to 11C are explanatory diagraﬁs showing
SRRs on a disk provided by the embodiment;
| FIG. 12 is an explanatory diagram showing SRRI of a
~disk provided by the embodiment;

FIGS. 13A and 13B are explanatory diagrams showing
an SRRI header of a disk provided by the embodiment;

FIG. 14 is an explanatory diagramlshowing an SRR

entry of a disk provided by the embodiment;
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and ot her additional information. Thus, by

‘denodul ating the wobble signal to produce the

i nformati on on addresses, 49 the disk drive is capable
of controlling addresses, at which data are to be
recorded or reproduced. The | ead-in zone shown in FlIG
1is an area on the inner side of a typical radius of
24 mm 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 informati-on

area Pl €rcThes prerec kgdednh b Ay mitd 00,288, Phe %Zféﬁr?adc

for storing reproduction-only |nfornat|on ast

wobhlydlgg shat€s ofnd e, ds@ove. The reproduction-only
information includes disk information such as

recordi pgdr ey GRUGH @R 19§M€6r§QﬂQkk!QﬁégrbeQﬁS%EAé”b‘
on areas on the optlcaF di sk and i nformati on used

fﬁﬂnﬁﬂﬁin@l@&ﬁ@élﬁﬁ1alﬂeﬂﬁ%t@oargﬁbnﬁiggxkﬁ@hnkge§§th
pi eces of information can also be recorded on the

optd eatbodisknd; as enboss pits or the like. A BCA
(Burst Cutting Area) not shown in the figure nay be

provi defi®n 17he si BRCExBI 8Ga0dry kA aBrahesabfedy TomA
information area PIC in sone cases. In the BCA a

uimi fgpueati&h pet W idrs¥ @rchedeptbeadhdiesdochimenstored by
burning off a recording layer. The unique IDis

r ecor dekliararies iscrebledki difyeNCeBlihe- 61 4Cse Shape
to formrecorded data in a bar-code format.
accerding to the embodiment;

FIG. 19 shows a flowchart representing first
typical processing to write data onto a disk with a
format including no alternate areas in accordance with
the embodiment;

FIGS. 20A and 20B are explanatory diagrams showing
an application and shifted NWAs:;

FIGS. 21A and 21B are explanatory diagrams showing-
a write operation causing no shifted NWAs;

FIG. 22 shows a floﬁchart representing second
' typical processing to write data onto a disk with a-
format including no alternate areas in accordance with
the embodiment;

FIG. 23 shows a flowchart representing processing

to read cut data from a disk provided by the embodiment;

FIG. 24 shows a flowchart representing disk check
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An area between a circunference with a radius of 23.1
mm and a circunference with a radius of 24.0 mrmmin 50
the lead-in zone is a managenent/control informtion
area. The managenent/control information area has a
predeterm ned 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 managenent/control information area

| srowsedifner pheconsd g, dmRhagereakegentrol information
such as a disk type, a disk size, a disk version, a

| ayer srroct2s eshcvschamnebcnbit 1GNHNANBES first
information, a transfer rate, data-zone position

| it pebceasiRgOfdlivid dd BRLSPEREo A tisk with a
recordi ng/ reproduction | aser power information. The

t Brsdmanr iihelateag (SYrratel wdedsi Int A€-ordance with the
managenent/control information area is used for a

tenmkaldimehit; | Agdprocess carried out in setting data
recordi ng/ reproduction conditions such as a | aser

power FDGbe2&istduisnar €Lowchag! nefyreduetiay second ,
processing. That is, the test wite area is a region
foypiadilustbngss ey trecaridiengheepsoebicd i kcondht kons.

In the case of an ordinary optical disk, the DVA

i frrgimade dnihud breg relnagereet Aceasr oh 4ddcdmiceORigheahé S

embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODiMENT

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 recordlng apparatus and/or a reproduction apparatus as
a disk drive designed for the optical disk. The

description includes chapters arranged in the following

o&der:

1l: Disk Structure

2: DMA

3: TDMA
3-1: TDMA Structure and TDMS Update Unit
3-2: TDDS

3-3: TDFL
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used for recording alternate-address managenent
information for managi ng defects. In the field of a
di sk 51 system the DVA is referred to as a Defect
Managenment Area. In the case of a wite-once optica
di sk provided by the enbodi nent, however, the DVA is
~used for recording not only the alternate-address
managenent information of defects but also
managenent/control information for inplenmenting data
renewal s in the optical disk. Thus, the DMA has a
function-of tdre BhgcgMrpagenent Area. In addition, in
order to nmake renewal of data possible by making use

of an abtsrnasn%@el@lrc@sm@f@&sesfsmcés%qn%o@B@nwm@a‘t tdl%h
DMA nust al so be updated when data is "renewed

udadring et heecgontents of the DMA, the TDVA is
provi ded. Alternate-address nmanagenent information is

added and! orrpvacandesThvn thie FEMA rand tupdat 4 4 QiPe
time to time. Last (nobst recent) alternate-address

margenent information recorded in the TDVA is
eventually transferred to the DVA. The DVA and the
TOVADWE k | Dbevalesartibeaakabgr in detail. The area on
the circunferences with radii in the range 24.0 to
58. ODaha exd @ mding/Rephedheadon e zois disig wseHods a
data zone. User data is actually recorded into
Alternate Areas
5-1: First Example of Data-Writing Processing
5-2: Second Example of Data~Writing Processing
5-3: Data-Reading Prccessing
5—4: ATDMA-Checking Processing
6: Data Recording/Reproduction Processing Involving
Alternate Areas
6-1: First Example of Data-Writing Processing
6-2: Second Example of Data-Writing Processing
6-3: Data-Reading Processing
7: Effects of the Embodiment
1: Disk Structure ' .
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-ray disk pertains

to the category of high-density optical disks.
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and reproduced fromthe data zone. The start address
ADdts and end address ADdte of the data zone are
included 52 in the data zone position informtion
recorded in the control data area described earlier.
In (a) of FIG 1, is a diagramshowng a format in
which alternate areas (or spare areas) are provided in
the data zone.. In this case, the alternate areas are
provided as an | SA (I nner Spare Area) on the innernost
circunference of the data zone and an OSA (Quter Spare

‘Area) omyvbheaD JRsh ¢hhkg f. the. d ne.
That is’?g s%y%ﬁgﬁe |§A%§ndH§E§£%§%§§%§ gggﬂ g%§8£9y

abpercnat @11 sar aowsesh iy, alHernabe: Addr ess %Eégﬁ%ﬁﬁieagas

to treat a defect and alternate-address processing to
resievswdat a al ready recorded on the optical disk. The
I SA is an area having a size of a predeterm ned

nunber Dhe CbHISEIRS HpEiabli AYskOFBdRRSHH LhBOShL s @ nd 1t
the data zone. The size of 1 cluster is 65,536 bytes.

O tehpretbes hantkride fOSAHiSmAle Al &8 18V 0 aBaShZ81 sk
of a predeterm ned nunber of clusters fromthe | ast

posidkn@n st oft hez inmner Thhdeis ned heyJatrdokopBe JheeSizes
of the ISA and the OSA are recorded in the DVA

degerirbede pbove. oA wiegi, 0RheXbstiddl idiskhersiddbe 8
the data zone as a region sandw ched by the | SA and
ttfhe @BAocH$mesedi Asimilar 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
per bit, it is possible to implement a user-data storége
capacity of about 23 Gbyte to 25 Gbyte for an optical
disk with a diameter of 12 cm.

In addition, a two-layer disk is also developed. A
two-layer disk is an optical disk having two recording
layers. In the case of a two;layer disk, a user-data
'éapacity of about 50G can be achievéd.

FIG. 1 is an.eXplanatory diagram showing the layout

{(or the area structure) of the entire disk.
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user-data area. User data is to be normally recorded
into and to be normally read out fromthe user-data.
53 Also recorded in the DVA descri bed above, the

| ocation of the user-data area is expressed in termns
of a start address ADus and end address ADue of the
user-data area. On the other hand, in (b) of FIG 1
is a diagram showing a format in which an alternate
area (or a spare area) is not provided in the data
zone. In this case, the all but entire area of the

data zome is tisask amptRUsBEt, AAL &1 §&)pilHAWCUEEre@N &
. ATDVA (Additional TDMA) can be createg on the end

- etigemaaft ihhepdat8s 2 0fgn Bé_déir&@dbSutnﬁgE%Eﬂéyyivehgwkhe
case of the layout shown in (a) of FIG 1, an AT

nayp immesireat edyoic t floddSAn The AFDMi S) &y & 8ayout
provi ded additionally to the TDMVA in the
netageentbgoat rptcj nformation area. |If the TDMVA is
used up for updating alternate-address managenent

i nf or marh o, tHehe AERBVAtBaNrbeorsetd; fxakaupdathadodtheal
al t er nat e- address nanagenent information as a

obirtk duanconded 4 hieesEDMA zbhet B €85 € rofe rinde +f or mat
shown in (b) of FIG 1, an |ISA and an OSA are not
prigvugdddreibels, a tdiecssizzee ofi athedd SA @Anduire rO85A: as:84
both set at O in the DVA described above.

a lead-out zone on the outermost circumference.

The lead-in zone, the data zone and the ledd-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/control informatiocn 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
a_tracing processing using a laser spot. The wobbling
groove is- thus a recording track, which data is reéorded
onto or read out frqm.

It is to be noted that, this embodiment assumes an

optical disk allowing data to be recorded on the groove.
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The | ocation of the user-data area, that is, the

start address ADus, coincides with the start address
54 ADdts of the data zone. |If an ATDVA i s not

provi ded, the end address ADue of the user-data zone
coincides with the end address ADdte of the data
~zone. |f an ATDVA is provided, on the other hand, the
end address ADue of the wuser-data zone coincides with
an address imedi ately preceding the ATDVA. In the
case of either the format shown in (a) of FIG 1 or

s dviTet nehewg, é”ofbé eOfprEzls@ﬁt mw&%@eg Oﬁkogt he

ci rcunferences Wlt € range
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| ead- out zone is a managenent control ormati"on ar ea

h@@ REatpReedet er s ned f araL Lt 8, i Agk %eshoalb%ﬁgb%ghed to

data area, a DVMA and a buffer area.

ANl cdat als@rg@omqlgﬁ%eqahe Lbeoteatsidl 4an u?g pe

control data area 'of t | ead-out zone i's use
- SitRreRg Makhous ¥é65¥ﬁéa:on”ﬁnﬁgﬁafﬁgéwééH“ﬁﬂy ad&wp?nt

dinformation. By the sane token, nuch like t

igrelowded i theyiltead; 'Bhéoﬁféséﬁgaﬂgwénggoﬁh@anl§§§%(Hg

zone is used as an area for recordi ng nanagenent

iappat B8t EeNanf op fie-d1SAiand s ABPAGENENt 1 44 QR Lon of
the OSA FIG 2 is a diagram showi ng a typica

Felchetiihg- 0& chi heudTRIRGLBBNHAEON: & Ol ddHRUMaLI QN1 gkea.
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 optical disk 1 as fluctuations of
both the edge positions in a processing to move the laser
. spot along the recoxdiné track, the wobble signal can be
reproduced.

This wobble signal is modulated by information on
addresses of recording locations on the recording track.
The information on addresses includes physical addresses
and other additional information. Thus, by demodulating

‘the wobble signal to produce the information on addresses,
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As shown in the figure, in addition to undefined
segnents (reserved segnents), the lead-in zone
includes a 55 variety of areas such as DVA 2, an OPC
(a test wite area), a TDVA and DVA 1. On the other
hand, in addition to undefined segnents (reserved
segnents),, the lead-out zone includes a variety of
areas such as DVA 3 and DVA 4. It is to be noted that
the control data area described above is not shown in
the figure. This is because, in actuality, a portion

ofnd ke s&oRntk oL 9@155 L okscgﬁggof%%i§[g§%regses

exanple. Since the structure o an essén?lal

afnildhe dREGSERE f@vﬁg“féy%mdggeofOpéégéﬁui% a area is

not shown in the figure. As descri ove t he

| ead-i npgdnd d 0 inel f;0 :
g oo Dmaﬁ:?-q_rplitoné Qﬁéwn Jﬂ‘r: Eta'_t%: é,ag% it o eé o% the

aearf eiakeser di hgihe %@Hﬁus aéf es nahe- address
managenent information. However, a TDVA is provided as

an afeaAMS£EEJ‘Eétw%@ﬁpgréiiédhﬁé¥éﬁb | B9th a radius of
al t er nat e- address nanagenent information an every

ti2Te AR ahd el NAt e At SSc P OEESS rdd LAl 68, PUly dye
to renewal of data or due to a defect, new

&hbeEEaﬁelﬁdﬂhﬁ§%jﬁ&m@9§HEBécéfééHrEHﬂd%%ak§on area PIC.
increnentally recorded in the TDVA (or the ATDMA i f

the TR haskeerddgedn thndtd Hpdate bhe {Hfrdmtsen
al ready recorded therein.

storing reproduction-only information as the wobbling
state of the groocve. The reproduction-only information

includes disk information such as recording/reproduction

power conditions, information on areas on the optical

- disk 1 and information used for copy protection. It is to

be noted that these pieces of information can also be
recorded on the optical disk 1 as emboss pits or the like.

A BCA (Burst Cutting Area) not shown in the figure

may be provided on the inner side of the prerecorded

information area PIC in some cases. In the BCA, a unique

ID peculiar to the optical disk 1 is stored by burning
off a recording layer. The unique ID is recorded marks
Created in a concentric-circle shape to form recorded
data in a bar-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
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Thus, till the optical disk 1 is finalized, for
exanple, the DMAs are not used. Instead, the
alternate- 56 address managenent is carried out and
new al ternate- address nanagenent information is added
to the TDVA (or the ATDVA and/or recorded in the TDVA
(or the ATDMA if the TDMA has been used up) . As the
optical disk 1 is finalized, alternate-address
managenent information recorded on the TDVA (or the
ATDVA) nost recently is transferred to the DVAS so

t t t ernat e-add rocess hased _qn_t he, DVA
o e R Bs o R P AN A P SO e

the Str@?%gﬁ_cﬁﬁéﬁ%ngy%o?%gg?rfﬁ%%gﬁ%#fg% Lead-in_ zone

and the’l zone. i gure ‘Shows' & typi'tal® bva
W&e%h&ﬁe&f 282 & Lers, sHoyeyer, the size of a
is not limted to cl usters. ?t i's 10 be Roted ’

thajunl (BLUSLENvd S fine?30 ARULES 8Srpges &n%ﬂg@?ébé?&ét

A cluster is the smallest unif of ~processin
MecRdndatanplip, & distk. Ai$EC Of 5t d f | S
anotﬁ%ﬁ uni t haging a sizelgg é?%ﬁ8f%§%%gﬁg% ué?g§%£
cligster is conposed of 32 sectors or 32 data franes.

In expressing the size of user data, the sector is
equi val e ddnttde data frage:,dopeven, the sector is a

physi cal data unit while a data frane is a | ogica
#ahagement/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 (QOPC) 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
to be used in recording/reproduction processing. That is,
the test write area is a region for adjusting the
recording/reproduction conditions.

In the case of an ordinary optical disk, the DMA
‘included in the management/control information area is

used for recording alternate-address management

information for managing defects. In the field of a disk
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unit. An address is assigned to every sector. A

physi cal 57 sector address is referred to as a PSN
(Physical Sector Nunber) while a |ogical sector
address is referred to as a LSN (Logical Sector
Nunmber). In the typical structure shown in FIG 3,
cluster nunbers in the range 1 to 32 are assigned to
every 4 clusters of the 32 clusters as nunbers
indicating the |ocation of each data in the DVA. The
size of each data is expressed in terns of clusters.

I I
R ARl LR AdRR 2 S feoplod BRI

CARSE er $nf PRET g A o%ega%tteggnégc Qﬁq élglﬁ?f%@azf'&ed

Definition Structure), which escr es the

def aile cMpeasRBLENt Sowdvdhe RSl |5 ﬂ?s[«%?%rﬂ Q%gor 1ng

| at er by referrlng to FIG 4. In act since t

shae i1t hee Qp§ef§a19éleac§:lxlésstsehang?&ﬁeﬂ@%mfoﬁat%eéf

are recorded in the segnent. Cus nunber s

| diedd sy bh@UR1 S URd & Gond A /MG r81 SEHEBA Hi%h for
recordi ng DFL #1, which is the first recordlng area

Gﬁmﬂe@%htﬁﬂ@fﬁﬁta|iéﬁ§waléTﬂ%.%héeoﬁﬁlcékﬂ&QSQ;orﬁﬁhér]the
the defect list is four clusters formng a |list of

iDMZO Gt BOHuABE Bbit e¥Malre AAePS8Sgerddty Arakor mation
on alternate addresses is referred to as DOW

In addition, in order to make renewal of data
possible by making use of an alternate-address process,
the contents of the DMA must also be updated when data is
renewed. For updating the contents of the DMA, the TDMA
-is prowvided.

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,

The DMA and the TDMA will be described later in
detail,

The area on the circumferences with radii in the
range 24.0 to 58.0 mm external to the lead-in zone is
used as a data zone. User data is actually recorded into

and reproduced from the data zone. The start address

ADdts and end address ADdte of the data zone are included
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entries or DFL entries. These entries will be
described later. 58 Cluster nunbers 9 to 12 identify
four clusters formng a segnent for recordi ng DFL #2,
which is the second recording area of the defect
list. The second recording area is followed by the
third and subsequent recording areas DFL #3 to DFL
#6, which each have a size of four clusters. The
four-cluster segnent DFL #7 used as the seventh
recording area of the defect list is identified by

R e

escri pt aving a

:égHEi%%Ed§§¥e$%£%;§g§¥£¥%$da%g% .0f the defect I|ist,

.e., L a“Wwrite-once opti cal disk

allowi ng.d recorded.t herein,once as Ls the:
Case with (e ‘;o%tEiq?au l’d?ékgld:bar%rva}mdés’&ogf/n?hae %Omahc_ in

qu%qjli gﬁ@&rné@e Oég@gs t(%rr %g?&g aggagsg )e?aérfséel%:rogig%@’ i1|1t

is necessary to carry out process € as
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recorded in seven recor I Ng areas
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identical with that of the TDFL (Tenporary
- (e chiVi-becbe daset ined Laher.,expl anal '(gthI» there

structure of the defect list DFL is omtt

Area) on the outermost circumference of the data zone.
That is to say, the ISA and the OSA are each an alternate
area used in alternate-address processing to treat a
defect and alternate-address processing to renew data
already recorded on the optical disk.

| The ISA is an area having a size of a predetermined
.number of clusters starting from the start position in
the data zone. The size of 1 cluster is 65,536 bytes.

On the other hand, the OSA is an area having a size
of a predetermined number of clusters from the last
position to the inner side in the data zone. The sizes of
the ISA and the OSA are recorded in the DMA described
above.

A region existing in the middle of the data zone as
a region sandwiched by the ISA and the OSA is used as a
user-data area. User data is to be normally recorded into

and to be normally read out from the user-data.
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FIG 4 is a diagramshow ng the data structure of the
contents of the DDS recorded at the begi nning of the
59 DVA shown in FIG 3. As described above, the DDS
has a size of one «cluster (= 65,536 bytes). In the
data structure shown in FIG 4, byte 0 is the
position of the beginning of the DDS having a size of
65, 536 bytes. A byte-count colum shows the nunber of
bytes included in each data content. Two bytes

i ndi cated by byte positions Oto 1 are used as bytes

for rec igé . D%r;e‘?s ! acgl Bmﬁ cPDS e tagqlgg[:, the

|nd|cat|ng t

fggé% o%dogyfiﬁg orna‘éééjnr%al§?u§%é?§%sed EYEEI&Fh%f a

recor nunper o Ver si
QQ%j&p%ﬁgEesgdgﬁu§M£f E %Eggsb D&Qt q§§ltlgg§?§ta
are use recordi ng t%e nunbe

ties the DDS has been updated The nunber of tinmes
the DDS has been updated is referred to as a DDS

Updat e &QUEHe Att elrsplggdbelnn% eq)ft %tG n EQI g diagram |

enbodi nent, In nali ze process

inat t
alHRrinat 8- Qgﬂﬁ%%mﬁm% ﬁ%@ Sa%{% lor, a_spare

additionally witten intot

Reid <39 H§ego£g§ro+ﬁ% '1@19 tthlaed% zc;l—rlﬂee . In this case, the
al t er nat e- addr ess nanagenent i nfornation i's stored in
the TOMAcRef o exhei nge Wy thﬁ@a.zone is used as a user-
data area. However, an ATDMA (Additional TDMA) can be
created on the end edge of the data zone. It is to be
noted that, in the case of the layout shown in (a) of FIG.
1, an ATDMA may be created in the 0SA.

The ATDMA is an area provided additionally to the
TDMA in the management/control information area. If the
TDMA is used up for updating alternate-address management
' information, the ATDMA can be used for updating the
alternate-address management information as a
continuation of the TDMA.

In the case of the format shown in (b) of FIG. 1,
an ISA and aﬁ OS5A are not provided. Thus, the sizes of
the ISA and the OSA are both set at 0 in the DMA
described above.

The location of the user-data area, that is, the

. start address ADus, coincides with the start address
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into the DVA in the finalize process. Thus, when the
finalize process is eventually carried out, a TDDS 60
(tenporary DDS) of the TDMA contains the nunber of
times the TDDS has been updated. The aforenenti oned
nunber of times the DDS has been updated is the
nunber of tinmes the TDDS has been updated. Four bytes
i ndicated by byte positions 16 to 19 are used as
bytes for recording AD DRV, which is the start

physical sector address of a drive area in the DVA

b db 24 t 27
B YD RL ISR ER S Ph B RR W pBh PETTSLS sre
f def ect
R aBE e hle MENESS Wi Balbl St | Ripe 0a5 %9% the
di PSN_(P
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zone e start position e user ata area I n

%@ge 4908 aéné s She waegygh%dcgr SNrb 81 L0 5RY,

four bytes are use recording a PSN

gggxgagﬁ% Sectofpunber) indicating the position with
an LSN (Logi cal Sector Number) of 0. Four bytes

i ndi catgg )y byte BesLiiQns tﬁr%%éagﬁowy (gafsi

bytes for recording an LSN of the end position

w¥3er - daba @a@afdﬂnatth%hg%a £0p5) Jhe@nd DO%héleganon
the user-data area in the data zone is A Due hown in
kFh& c¢ircumferences with radii in the range 58.0 to 58.5
ﬁm external to the data zone is the lead-out zone. The
lead-out zone is a management/control information area
having a predetermined format to include a control data
area, a DMA and a buffer area. Much like the control data
area included in the lead-in zone, the control data area
of the lead-out zone is used for storing various kinds of
management/control information. By the same token, much
like the DMA included in the lead-in zone, the DMA of the
lead—out zone 1s used as an area for recording management
informaticn of the ISA and management information of the
OSA.

FIG. 2 is a diagram showing a typical structure of

the management/contrel information area.

As shown in the figure, in addition to undefined

segments {reserved segments), the lead-in zone includes a
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1. Four bytes indicated by byte positions 40 to 43 are
61 used as bytes for recording the size of the ISAin
the data zone. In the case of the format shown in (b)
of FIG 1, the size of the ISAis set at 0. Four
bytes indicated by byte positions 44 to 47 are wused----
as bytes for recording the size of each GSA in the
data zone. In the case of the format shown in (b) of
FIG 1, the size of the OSA is set at 0. Four bytes
i ndi cated by byte positions 48 to 51 are used as

%aﬁréset%fh {éﬁék’ésd' Tt B eheteandtd a Gar griget
géd aTgﬁg nép%ﬁ?P%Feeé% Fﬁ;qglg%gF ar gsé%é%tlon
féoaqm%@mgg g@g%ehn Arfes.f%%gfe ata Cgﬁtg; tglnewsgd Yt

usi ng an or~an 0O Sa

az{]o%aeofég guéésga'éaﬁ g areg re?&thatnb@h% 'SA Be 4.

ave been ‘use

I ndi cated jfy byte RAsLY é4tﬂ$<§§ﬁQ$ﬁ gdea QXEG for

recording a disc certi |ca ron flag byt e

'&s@éﬁﬁsat Lgatd q[r)g E’L At us o, &Hetﬁgg% %aJ 'Sﬁ}s Four

‘bytes 1 ndicated yte positions %59 are Used

@%c@%%@s iﬁraééﬂél(yﬂug pb@%&oMGSffﬁﬁgiégyérgﬁsdata area
is used as a DMA for example. Since the structure of a
DMA is an essential of the present invention, the control
data area is not shown in the figure,.

As described above, the lead-in and lead-out zohes
_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.

Howevef, a TDMA is provided as an area used for
temporarily recording alternate—addres; management
information and, every time an alternate-address process
is carried out due to renewal of data or due to a defect,
new altérnate—address management information is
incrementally recorded in the TDMA {(or the ATDMA if the
TDMA has been used up) to update the information already
recorded therein.

Thus, -till the optiqal disk 1 is finalized, for

example, the DMAs are not used. Instead, the alternate-
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poi nter. Byte positions other than the byte positions
62 descri bed above are reserved (or undefined) and al
filled with codes of 00h. In the DMA, information on
al ternat e-address rmanagenent is recorded in a data
structure |like the one described above. As expl ai ned
above, however, these kinds of information are
recorded in a process to finalize the optical disk 1.
In this process, nost recent information on

al t ernat e- address managenent is transferred fromthe

T ets% }ng%aggﬁén nifsorcnar_trlioegl %ﬂt gggi er(l:etw parl Ceersn%ltgg and
I nformati on n al t'er nate-address managenen carri ed
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f%ﬁ4ﬁ§3Q¥§ gescr?ﬁ%%%%ggghﬁgiﬁ§52@?%£mﬁ%$3%?%ggI&§anhe

/ l..d ti 1.6h 4L h
e L R R R T S P LA

TOMA 1 Teppor ar v DVA)._ d fy.21 gggnsﬁaggﬁeéé oGy

information on alternate-a ess nanagenent.a+ﬁgnTDNA

IScoedat 88 b¥e i ASEMRIN alhey ahBRRYT diig additiqnal o

information on alternate-address managenent en an
all@/sHat-e2ad85 8% DMAs so that the alternate-address

process based on the DMA can be carried out.
2: DMA

FIG. 3 is a diagram showing the structure of a DMA
recorded in the lead-in zone and the lead-out zone.

The figure shows a typical DMA with a size of 32
-clusters. However, the size of a DMA is not limited to 32
clusters.

It is to be noted that 1 cluster is 65,536 bytes as
described earlier. A cluster is the smallest unit of
processing to record data onto a disk. A sector or a data
‘frame is another unit having a size of 2,048 bytes. Thus,
a cluster is composed of 32 sectors or 32 data frames. In
expressing the size of user data, the sector is
equivalent to the data frame. Hoéever, the sector is a
physical data unit while a data frame is a logical data
unit.

An address is assigned to every sector. A physical
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process is carried out at renewal of data or defection
of a defect. 63 FIGS. 5A to 5D are di agrans show ng
the structure of the TDVA. As shown in FIGS. 5A and
5B, a typical size of a TDVA provided in the
managenent/control area is 2,048 clusters. FIG-5Cis -
a di agram showi ng the structure of the TDMA having a
size of 2,048 clusters. However, the structure shown
in FIG 5C corresponds to a format including the
alternate areas | SA and OSA as shown in (a) of FIG
carre spondln%$to the fo

eéEor aggﬁ‘gtrECtur d topas ﬁ Ml

SHoWh Ti AC(bY° of "G T NRA FObRS dRstrt bEd MSaCar Betor
r“ﬁ%‘?)%rﬁ:’ nibfe thetominal eoter hafriiire ceeraRt G a0
A ot %ﬁ%%ca ol TRy catore. Duster Gl i

g a

R T R g s TN
fngh T ke FE GETd 3 Qe TR0 pongl 7o)
rea ?%§tﬁ§e&£?n§23hcg’\%%%%%l ngfd%%gg oénﬂcgr?géecent
EQM@tQJS”@?réHé%WBéﬁé Nﬂn@ﬂgnﬁﬁﬁ_ The size of each data
is expressed in terms of clusters. In this case, each
data has a size of 4 clusters.

In the DMA, cluster numbers 1 to 4 identify four
clusters forming a segment for recording a DDS (Diéc
- Definition Structure}, which describes the disc in detail.

The contents of the DDS will be described later by
referring to FIG. 4. In actually, since the size oflthe
DDS is one cluster,rfour 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 size of
data stored in the defect list is four clusters forming a
list of information on alternate addresses. The
information on alterﬁate addresses is referred to as DOW
entries ér DFL entries. Theése entries will be described

later.
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Structure) to be described |ater when data is recorded
in the DMA. 64 Wth a structure already recorded in
cluster CL1, this cluster indicates that the nost
recent TDVS can be read fromthe ATDVA. Wth
necessary information already recorded in cluster
CLO, this cluster indicates that the optical disk 1
has been finalized, being put in a wite- protect
state and the nost recent information on the optical
disk 1 can be read fromthe DMA. Clusters CL2 to
CL2047 %516 used r updati ng informati on on_the
opti cal “drEk® ST of Bt FonTORP Rty vt £14abPRY s
nagenent . A structure including the |nfornat|on on
CRE TR o POBRER AOBrPIHE A B hutforiaheh L the
altern t e- addr ess nt whi ch are recorded in
B TEC2TanY %ﬁ%‘%e‘i}% e dedsftr $ists referred to

i.sk Managenent_ _Structure

as a TDJ}@ (Teér(p CL

TDVS i s~ UPd3Ted Dy SHEFERENELFT y* 7 cOrdi TG “¥dd ?l%d

B R A R
TR, LTER BRI L Bl L
Seshort! okoTH T Sp5atia (Daack oRre Havrig S o8 of e
defect list is identified by cluster numbers 29 to 32.

As is obvious from the above description, the DMA
having a size of 32 clusters includes seven recording
areas o§ 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 optical
disk 1 provided by the embodiment, in order to record
contents of a DMA, it is necessary to carry out a process
referred to as ‘finalize’. In this case, the same
contents are recorded in seven recording areas DFL #1 to

| DFL #7.

Since £he structure of the defect list DFL is all
but identical with that of the TDFL (Temporarj DFL) in
the TDMA to be described later, explanation of the
structure of the defect list DFL is omitted.

FIG. 4 is a diagram showing the data structure of

the contents of the DDS recorded at.the beginning of the
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cluster is recorded initially in cluster CL2. Then, a
second TDVS update unit having a size of 1 cluster is
65 recorded in cluster CL3. Subsequently, a third TDVS
update unit having a size of 2 clusters is recorded in
cluster CL4. Since the information on the optical disk
1 and the information on alternate-address managenent
nmust be updated, the TDMS i s continuously updated
fromtime to time by incrementally recording

addi tional TDMS update wunits into subsequent clusters

Q§ﬂggﬁgyhpgg gggyga_A nost recent TDMS update unit is

reco into a cluster imediately follow ng the

C|USterAEnd %éﬁﬁ%p%bobgnegégfs¢$1&&?%?%&9 .g one

update unit een recor a sequenti a

recfdi.ng-npdest s s the recording node of the
mmite-ongeng?sﬁ aé%%% i'ng to the enbodinent, the TDMS

i's COnpﬁﬁeghgﬂﬁﬁ%ég%rﬁhgﬂ?gt§ho&n f%’FIGg %Eﬁﬁ&te 0 is

(Tenporary Disc inirtiron Structure),

TRMpRIsRY o £Cnd izl n30d s SBR chSagenLiabaRECas dLnge
| al wa €

(¢
Range Information). ThHese el’'enents are yS recor

g%, sie rgaBEs . TAVR, +AS Wi hi Q@lﬁ%%%ﬁkk%dth@ detail) of

later, the TDDS i§ a structure for mainly recording
iHY@sMhic@0atQr i franagewRRt Bhebhe TDM5, and the TDFL

is a list showing DOVand DFL entries representing

- actual alhé espalL3ddr8E8q i Y 5 P8 iR tions 0 to 1 are
used as bytes for recording “Ds”, which is a DDS
identifier indicating fhat this cluster is the DDS.

One byte indicated by byte position 2 is used as a
| byte for recording a DDS format number of the version of
the DDS format.

Four bytes indicated by byte positions 4 to 7 are
used as bytes for re&ording the number of times the DDS
has been updated. The number of times the DDS has been
updated is referred to as a DDS Update Count. 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
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On the other hand, the SRRl is SRR (Sequentia
Recordi ng Range) nanagenent information recorded in
the user-data 66 area. The sequential recording range
in this case corresponds to a track referred to as,
anong others, a CD and a DVD. FIGS. 6A to 6C are

di agrans each showing the structure of a TDVS update
unit. Each TDWMS update unit includes a TDDS havi ng a
size of 1 sector. The TDDS is placed in the | ast
sector (or the last data frane) of the clusters

uﬁﬁ?m%%ﬁggaf@@sgm%ﬁ%ed%%%ﬁﬁﬁt%aﬂgi%;%%%m? Fimes

t%?et %rﬂ%él(upaal? un‘%lff‘ga%%ac} ea ng fgl%?“t‘eﬂj:elo?e n%lg%{o et
SRR

t lmefDﬁ% gat%a%H? t ﬁﬂgéﬂﬁgr§s g%ace = t ﬁggﬁfl£he

t RRI ple many sectors (or as nany dat a
f@gﬁig |§%§% é E?%wecedlng t he TDDS as required.

Elnﬁ i6nc ud| rfg %g{ﬁ{% %\émldfl]'%h%b fl Coallltﬁ"locrzlﬁl E%Dﬁ% 19 are
B 3 00 L L Bt Sk

[REAIHLN0L0ECT o NG SERL, 088 2,8l 26, G M aﬁct or S.
is to say, sectors ‘i medr at e y precedlng t he
TDDS arﬁmﬂ?%%t e indicated by byte positions 24 to 27 are
used as bytes for recording AD DFL, which is the start
physical sector address of a defect list DFL in the DMA.

Four bytes indicated by byte positicns 32 to 35 are
used as bytes for recording a PSN (Physical Sector Number
or a Physical Sector Address) of the start position of
the user-data area in the data zone. The start position
of the user-data area in the data zone is A Dus shown in
FIG. 1. That is to say, the four bytes are used as bytes
for recording a PSN (Physiéal Sector ﬁumbér) indicating
the position with an LSN (Logical Sector Number) of 0.

Four bytes indicated by byte positions 36 to 39 are
used as bytes for recording an LSN of the end position of
the user-data area in the data zone. The end position of
the user-data area in the data zone is A Due shown in FIG.
1. |

Four bytes indicated by byte positions 40 to 43 are
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recording the SRRI. These M sectors begin with data
frame (31 - M and end with data frame 30. 67 Since
this typical TDMS update unit does not include a

TDFL, data franme O to data franme (30 - M are filled
up with zero data of 00h. FIG 6B is a diagram show ng--
a typical TDMS update wunit including a TDFL and a
TDDS. This typical TDMS update unit has a typical

size of Kclusters with the |ast sector used for
recording the TDDS. In this case, the |ast sector is

f Lf th h Si f
PR i 0 T e
f th T
sectors are atéﬂfggﬁggQFZ%g%kgg%Eﬁéa fgﬁgl- 2E§e°EJFIG

o usher 060 dat . frare; (xcce 1) gf cluster K where

not ati on IS an I nteger satistying the follow ng

equat|opou¥ o J&&h%%ked %g g%%%%)&nt p%%akoTE»E%re

update unit does not 1nclu X'to

q.?ste% f I a%tég fLe Eéééf&&b" th\gI Egzéetgf %}g Cs)sz qghthe

FI G 6C i§ a diagram showhg a typlca
Uity izRekudi Y & eT ke g%Rkh@nfofhé@]g%p#Ehh%.t%P'&@'FIG

TDVM5 update unit has a typical size of K clusters

Wt hnkhe i bast sect@da useddonergeording the TDDS. In
this case,

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 the second layer of a
two-layer disk.

One byte indicated by byte position 52 is used as a
byte for recording a spare area full flag showing whether
or not data can be renewed by using an.ISA or an OSA.
That is to say, the spare area full fiag is used to
.indicate that the ISA and the OSA have been used up
entirely.
| One byte indicated by byte position 54 1s used as a
_ byte for recording a disc certification flag. Thus, this
byte is authentication status of the optical disk 1.

Four bytes indicated by byte positions 56 to 59 are
used as bytes for recording a last verified address |

pointer.

Byte positions other than the byte positions
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the last sector is data frame 31 of cluster K If the
TDFL has a size of N sectors, the N sectors at.the
start 68 of the TDMS update unit are used for storing
the TDFL. These N sectors are data franmes rangi ng
fromdata frame O of cluster O to data franme (x - 1)
of cluster (K- 1). The SRRl has a size of Msectors.
That is to say, Msectors imrediately preceding the
TDDS are used for recording the SRRI. These M sectors
begin with data frame (31 - M and end with data

f - f | sl eft, het th
g 0Lt g sbenglicll e

as e area i s

faided UR+W Lhgzer a of 00h. It is to be noted
that the nunber gfgiﬁﬁ%%ers conposi ng the TDVS updat e

unit vagjes,i nm%p%%seﬁstgan 5J?eaf‘llr1e%:%%tgf—a38§% JDFL

and the " SRRI. FIG 7'is a diagramshowng a s ein

WGl e A4 EEOQQLOJ%&%%%%’CH”EE?%@& hegn the, one

i ncrenment al | recor For exanp irst of

agditiiepal TRV, %@dgkglgm&d#a’l%%ggj %}g%yak,zetﬁés@ inds

clusters is incrementally recor additiona

- BMVBruRdakeioHNkis Hbor#ida in BXproced 4 ®inalize the
incremental |y added. Assune for exanple that it 1Is

2Eessar MikR Ypdate tdis THFbee SRRINY: BQLALA. i JRELANG N
SRRI. In order to update a TDFL, an additional TDMS
updatiecRbtePaNEAGL 4 RRANSLEMEhYN s transferred from the
TDMA to the DMA.

Information on defect processing and information on
alternate-address management carfied out due to renewal
of data are recorded in the TDMA described below and
updated from time to time.

3: TDMA

- 3-1: TDMA Structure and TDMS Update Unit

The following description explains a TDMA provided
; in the management/control informatién area, which is
shewn in FIG. 1, as shown in FIG. 2. Much like the DMA,
the TDMA (Temporary DMA) is an area for storing
infbrmation_on alternate-address management. The TDMA is
updated by incrementally recording additicnal information

on alternate-address management when an alternate-address

process is carried out at renewal of data or defection of

a defect.
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shown in FIG 6B is recorded increnentally. In order
to wupdate SRRI, an additional TDVS update unit having
the 69 structure shown in FIG 6A is recorded
incrementally. In order to update both a TDFL and
SRRI, an additional TDMS wupdate unit having the
structure shown in FIG 6Cis recorded increnentally.
If it is necessary to update SRRI but not a TDFL, for
exanple, the increnentally recorded additional TDVS
unit has a format |ike one shown in FIG 6A 1In the

state showg idn EloGSD7ar-£D!§@a.&P%SQ§ ?ﬁﬁ%ﬂji OVBE\}%e: %t%ltl? ‘?usre

nost recent TDMS update unit SO0 'S

fdgure TaniDVE R 4qi I e pde .
Thus, tﬁe TDDS inc%&geggiElg%xgyﬁﬁggféﬁﬁn%t%ﬁég?éit?ﬁfe

efff ectripw® pBStidaceH t@%angg.bﬁeﬂpﬁ\%or{&qﬁn taf%EEjg_s TDVE

points to effective SRRI, and™ an effective

updatee cunkte#y. in this exanple is incrementally
recorded to update SRRI. Thus, the nobst recent TDDS

i ncl udeprgn SEOVB Wpdabgrufi thdtvi Bkes theu SRR Nor the
included in TDVS update unit #y effective SRRI. In

aueint hewingfa tduecTRHLM, igngl vdgd: &y TDNE, updat e pni t
#x is a valid TDFL, the nost recent TDDS i ncluded in

BbMBctipdat ehawti tirttrimakes therJBFdAnd ngl wded kA TOVE
-update unit #x an effective TDFL.
including the alternate areas ISA and OSA as shown in (a)
of FIG. 1. The TDMA structure corresponding to the format
shown in (b) of FIG. 1 will be described later by
referring to FIG. 16.

The first 2 clusters at the beginning of tﬁe TDMA,
i. e., clusters CLO and CL1, have the functions of TDMA&
indicators.

Cluster CLl is an ATDMA indicétor, which is used
for recording a structure including a most recent TDDS
(Temporary Disk Definition Stfucture) to be descriﬁed
later when information is recorded in the ATDMA
(Additional TDMA) for the first time.

Cluster CLO is & DMA indicator, which is used for
‘recording nécéssary information read in the form shown in

FIG. 3 from a most recent TDMS (Temporary Disk Management

Structure) to be described later when data is recorded in

" the DMA.
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That is to say, in TDVS update units increnentally
recorded fromtine to tine in cluster CL2 and
subsequent 70 clusters in the TDVA shown in FIGS. 5A
to 5D, the TDDS included in the nost recent TDMVS
update unit is the effective nost recent TDDS
pointing to effective SRRI and an effective TDFL

3-2: TDDS FIG 8 is a diagram show ng the structure of
a TDDS (Tenporary Disc Definition Structure) recorded
in the last sector of a TDVS update unit as descri bed

above. S |ze sect.or

equi valyi—%?{ tdosszgrglf;t%%yt EEL%%%g b%@s%as conf en ];”sler &El
| ahustort f X escribed

e St e St R Al O B B8

tRal, re¥aN:LHoMEMA t NG BPPShQ@ésgﬁ z6& £Qf. tEE#Stfi?de

equi val ent to 65,536 ytes, as e plalne earlier

&%E%&ﬁbaglﬁocfﬁ§%eﬁ%HﬁﬁlXhlgyﬁfuggéftHﬁﬂ%a@e&otﬁgtoghe

data frane 0 are definéd as t actu content's of

heiBRB. g Thatq I1$ad %e%%y'flhgglégﬁu%elrggo:ﬁh%naﬁ gf whPBan

DDS are recorded in the first sector rst

gabdctt angBitOfa a1 %%%%rreggﬁttfﬁfbﬂﬂ§%igﬁ onC¥ED
t hough the TDDS has a size of only 1 sector, the

aptuohlcondent S-0f HheRBSrean PR. aggommodat ed in the
TDDS. As descri bed above, the TDDS is in the |ast

- SeClor Clusters CL2 to CL2047 are used for updating
information on the optical disk 1 and information on
alternate-address management.

A structure including the information on the
opfical disk 1 and the.information on alternate-address
management, which are recorded in cluster CL2 and |
subsequent clusters, is referred to as a TDMS (Temporary
Disk Management Structure).

The TDMS is updated by incrementally recording
additional information into the TDMS in TDMS updafe units
each havipg a size in the range .1 to N clusters. In a
sequential recording mode, the value of N is set at 4. 1In
the case of a 2-layer disk, the value of N is set at 8.

In the case of the TDMS shown in FIG. 5D, for
example, a first TDMS update unit having a size of 17

cluster is recorded initially in cluster CL2. Then, a

second TDMS update unit having a size of 1 cluster is
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of the last cluster of a TDVS update unit. Thus, as
shown in FIG 8, the TDDS is recorded at byte
positions 0 to 71 2,047 of data frane 31. Byte
positions O to 53 of the TDDS are the sane as those

of the DDS. That is to say, when a DDS is recorded--at--
‘a finalization tine, the contents of byte positions 0
to 53 of the nost recent TDDS are reflected in the
recorded DDS. It is to be noted that byte positions 4
to 7 in byte positions O to 53 of the DDS and the

TSk vRcthuLor, Sor] g8, DO UAdAl g CoUntoRs

expl ai ned earlier referrin

Afpdaite TRDS, hga@waeg leﬁgfg qaLhon sfored in byte .

poSitions 4 to Ereatton counfeﬁQﬁ
addistkengrhhe defect-list start PSN recorded at byte
positions 24 to 27 is naintained at 0 till close

pr ocessd - Ofr 1 fhe Rt hGal ofi sK dnd ﬂﬁ?ﬁ%&?egﬁsQu{'aggn%he

cl ose processing i s processing to

ACLERERL 3h | on 2001 dING. BLAEESS! 0O, JIRSRH DGR abgye. In

the cl ose processi ng, t he creation coun

I G [ o
e e S e Bat by [P B CELnL! 0

eoptely {rordda dmst deecelt nd DRRiAL; &l 1] gza%afg
point to respectively byte positions 4to y%e
RASktE OfiSo 24ibd L R2h 0l 1LRePDS Widdan Pt Apbhe . D¥Rost
recent TDMS update unit is recorded into a cluster
immediately following the cluster in which the
immediately preceding TDMS update unit has been recorded.

If a sequential recording mode is set as the
recording mode of the write-once disk according to the
embodiment, the TDMS is compcsed of three elements, i. e.,
a TDDS (Temporary Disc Definition $tructure), a TDFL
(Temporary Defect List) and SRRI (Sequential Recording
Range Information). These elements are always recorded in
the same TDMA. |

As will be described in detail later, the TDDS is a
structure for mainly recording information for management
of the TDMS, and the TDFL is a list showing DOW and DFL
entries representing actual alternate-address information.

On the other hand, the SRRI is SRR (SeQuential Recording

Range) management information recorded in the user-data
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Byte positions 1,024 and subsequent byte positions in
the TDDS are used for recording informati on not 72
recorded in the DDS. It is to be noted that, in the
TDDS shown in FIG 8, sone of contents of byte
positions 1,024 and subsequent byte positions are
elimnated and only contents relevant to expl ai ned
processi ng of the enbodiment are shown. One byte at
byte position 1,024 is used for recording the
recordi ng node of the optical disk 1. Four bytes at

b‘#ee? positi Qg&ug?@:sazl t.0 ecloa%g%gar e used ftqilhr ecordi ng

ast physrca Sector e GS&r - dat a

aLea i-.ch dat Qrded. _Four bytes at
byte‘% §$?FOE§ % gﬁggﬁ Rﬁﬁ%f% are “hsed™7or r%&%ﬁdlﬁgCD
thes si zgof the ATDMA. Four bytes at byte positions

1,120 to 1,123 are used for recording the first PSN
of the t r t
Fiest AU ofc e WOSLIDRL. RUPIh DI @R

thereafter are used for storlng th ITst

cerdt t.ers T h
PSRRI S el g e

1rfcg_i_tud3e%Na0&DbBeh§'!r:gtm ha C.Jl%t & Qf SEQEOJDFlTh%r ?DH%SQS

as the pointers to their respective clusters o

Wleed A% sheWaéd HlGor, (JhenR0Oh QLEr §a 2L er R .06 the

i ndi cating
- clusters composing the TDMS update unit.

If the TDMS update unit includes-a TDFL, the TDFL
occupies as many sectors (or as many data frames) at the
_beginning of the TDMS update unit as required.

If the TDMS update unit includes SRRI, the SRRI is
placed at the end of the TDMS update unit at sectors. To
be more épecific, the SRRI occupies as many sectors. (or
as many data frames) immediately preceding the TDDS as
required.

FIG. 6A is a diagram showing a typical TDMS update
unit including SRRI and a TDDS. This typical TDMS update
uniﬁ has a typical size of 1 cluster with the last sector
(or the last data frame 31)'used for recording the TDDS.
The SRRI has a size of M sectors. That is.to'say, M
sectors immediately preceding the TDDS are used for
_ recording the SRRI. These M séctorsubegin with data frame

(31 — M) and end with data frame 30.
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an effective TDFL. Four bytes at byte positions 1,184
to 1,187 are 73 used for recording the first PSN of
the SRRI. The first PSN of the SRRI points to the
SRRI and is used for indicating the effective SRRl as
shown in FIG 7. Four bytes at byte positions 1,216 to
1,219 are wused for recording the next avail abl e PSN
of ISA. Four bytes at byte positions 1,220 to 1,223
are used for recording the next avail able PSN of OSA
After the | SA or the OSA is used in alternate- address

. PSN f th | abl t
Phe | SA B¢ heobA FasaactPUS! ypévgét%}letﬁca%ﬁ‘étﬁé ey "
t b 3 t
BT %%2?? ro%as%"%aonet S Poadatae il 6. My pES
lla§r|vgo Eﬁhoggr& %éo t% %U%48 are used for storing

the structure of a TDFL

(Tenporﬁfd DRL); gbsa 4812l Sﬁowﬁ% descidiRed ahgveipddie

ﬂFLlSLmdMe |nga|1w

TDEL
S 0TS, RO S k0, o TP s
Riseer hﬁlkhﬁagu 1%falas(il HSIE)%r%(hé[hé‘ieers DELnapd.the

. nunber of a 2,048-byte sector

|1@%@tégb€grb¥sé@ef54l%@a%rdﬁﬂgbﬁﬁe %Dﬁ?FaIBr@H?s case,

the last sector is data frame 31 of cluster X. If the
TDFL has a size of N sectors, the N sectors at the start
of the TDMS update unit are used for storing the TDFL.
These N sectors are data frames ranging data frame 0 of
cluster 0 to data frame {x -~ 1) of cluster K where
notation x is an integer satisfying the followihg
“equation:

x = mod (N/32) - 1.

Since this typical TDMS update unit does not
include SRRI, data frame x to data frame 30 are filled up
with zero data of 0Oh.

FIG. 6C is a diagram showing a typical TDMS update
unit including a TDFL, SRRI and a TDDS. This typical TDMS
update unit has a typical size of K clusters with the
last sector used for recording the TDDS. In this case,
the last sector is data frame 31 of cluster K. If the

TDFL has a size of N sectors, the N sectors at.the start
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byte position is the byte position in a data frane
identified by the data-frame nunber. 74 Sixty-four
bytes starting with a byte at byte position 0 are
used for storing a TDFL (Tenporary Defect List)
header descri bi ng managenent information of the TDFL
~The TDFL managenent information included in the TDFL
header includes information indicating that the
clusters are TDFL clusters, a version nunmber, a TDFL-
updating count (or a TDFL-recordi ng/ updati ng count)

t indicati t h f [
e e G B R O i o

it d. DFL entri es. t t t
TAPH Rl A Rt Ml B BT Rl e o

or | i st of deggg s.. The

f ' .
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i nformat.) ks, .whi.ch each have a si of
byt es. ?#‘8&%} SRt 5 261 8?182 STe e UORAT | F (ife SaY”

g L s T N
S ERrkcRe S, ThpllLA DELEALILESS LOLA IR s
e(rglrl iM§ 598 é%iaéﬂ et Srame 30 of cluster K.

If an area is left between the TDFL and the SRRI as
shown in the figure, the area is filled up with zerc data
of 00h.

It is to be noted that the number of clusters
composing the TDMS update unit varies in dependence on
the sizes of the TDFI and the SRRI.

FIG. 7 is a diagram showing a state in which
additional TDMS update units have been incrementally
recorded. For example, first of all, additional TDMS
update unit #1 having a size of 2 clusteré is
incrementally recorded. Then, additional TDMS update
units #2, #3 ... #x ... #y are incrementally added.

Assume for example that it is necessary to update a
TDFL, SRRI or both a TDFL and SRRI. In order to update a
TDFL, an additional TDMS update unit having the structure
shown in FIG. 6B is recorded incrementally. In order to

update SRRI, an additional TDMS update unit having the
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address information as a DFL entry. In order to nake
the explanation convenient, a DFL entry is
alternate-address 75 information of a defective area
while a DOVentry is alternate-address information
used for renewing data. Since DOWand DFL entries are
processed in virtually the sane alternate-address
processing, these entries may coexist as informtion
bl ocks in the tenporary list of defects. The
tenporary list of defects is thus a collection of a

%%EBEH&%’ d% L apds %eg%rgggomﬂlf l%%’éer%‘éﬂknffber In

entries Is he casé o one-
I The f LS
p@&g Ig%: a%g Hd%qu EB¥L %gé %é%?;éﬁgF' %%Eon?l TDMS

hsagwaag{ta@ﬁng{*%ﬁgngtéué{a? °£hc§, Lhackse Ee is

tenporary d ist termna I'ndicat e thé end of

&@@ogsg@om erden%*al?pary Ct;ect @%eégs |0, L6y SRRt

cluster as the tenpo I St t m nator 1s

BbklﬁgtUQ WhATh Q%Eaeggmﬁléo the ﬁ%yéﬁggtgmfy %8§%§&ed

FIG 10Ais a dlagran1s OW ng fhe structure o

8abyt Lo ROVEMY Yin$ e KL 89, 380 ARt rufl%rf%boghmqgcssn e,

is to be noted that the DFL eniry has the sane format
ga.the DOWentry. Thus, the DONentry has a size of
64 bits. Four

In the state shown in FIG. 7, TDMS update unit #y
is the most recent TDMS update unit. As also shown in
this figure, a TDMS update unit always includes a TDDS.
Thus, the TDDS included in TDMS update unit #vy is the

effective most recent TDDS.

This most recent TDDS points to effective SRRI and

an effective TDFL.

TDMS update unit #y in this example is
incrementally recorded to update SRRI. Thus, the most
recent TDDS included in TDMS update unit #y makes the
SRRIn included in TDMS update unit #y effective SRRI.

In addition, if the TDFLm included in TDMS update

unit #x is a wvalid TDFL, the most recent TDDS included in

TDMS update unit #y makes the TDFIm included in TDMS

update unit #x an effective TDFL.

That is to say, in TDMS update units incrementally

recorded from time to time in cluster CL2 and subsequent

70



bits b63 to b60 are used for recording status 1.
Twenty-ei ghtbits b59 to b32 are used for recording 76
an alternate-object original address, that is, the
first PSN of the alternate-object original cluster.
The alternate-object original address is an address,
at which data is supposed to be recorded originally,
but is replaced with the address of another |ocation
in al t ernat e- address processi ng. The address used as
substitute. for an alternate-object origina

fe |t t t
_rglp Hreir Hhor b ﬁtn 551 B8 o6t s dR For
dj T t b27 t
GG BB i St eusgﬁéétu%fpw%cgﬁ%@are
t hat th PSN
a‘? 1 naliV Igaj sct (r:%rf)e 56%ntpoﬁn&§ggrlwﬁ%f%t&n i

e
e-
expl ained by referring to FIG
%ﬁ? %g%?o lvesféf%ses 1 and 2 both set at 0000
I ¢ a{qughat the DOWentry (or the DFL entry) is
or nary alternate- address information. In the case

of Ordlfﬁéyiﬁl e{%ﬁ%g§%%r§§8W1£8f€Hé“§ tu& o§n£r¥bDS

COffESpOﬂdS tO aI er nat e- addr ess DFOCESSIng carr

{ﬁem %rQE9C §§ca0£%$ﬁ§é¥ gﬂ%tgggkdreégr in the

nate-o jeCt orlglna ress a an alternate-
last sector of a TDMS update unit as described above.

That is to say, the TDDS has a size of 1 sector
equivalent to 2,048 bytes. The DDS has contents similar
- to the contents of the DDS in a DMA described before by
referring to FIG. 4. It is to be noted that, even though
the DDS has a size of 1 cluster equivalent to 65,536
bytes, as explained earlier by referring to FIG. 4, only
- byte positions 0 to 59 of data frame 0 are defined as the
actual contents of the DD3. That is to say, the actual
contents of the DDS are recorded in the first sector (or
the first data frame) of the cluster. For this reason,
~even though the TDDS has a size of only 1 sector, the
actual contents of the DDS can be accommodated in the
ITDDS.
As described above, the TDDS is in the last sector
of the last cluster of a TDMS update unit. Thus, as shown

in FIG. 8, the TDDS is recorded at byte positions 0 to’

71



obj ect replacenent address, which are recorded in the
entry of the alternate-address information. That is to
77 say, the entry corresponds to alternate-address
processing carried out to renew data or

al ternat e-address processi ng based on detection-.of.a---
defect. I'n the case of a format including a set
alternate area as shown in (a) of FIG 1, the

al ternat e- obj ect replacenent address is basically an
address in an ISA or an OSA. In the case of a format

i ing ,np al.ternate area as shown in (b) of FIG
fg%%ﬁﬂfﬁéd8gﬁe rﬁ%%gilthe al t er nat e- obj ect
sel ected in the

Bl eceBunL S50 3, 35, 890058 LSCLE L Do o
AN TR C R LR R
4 S0 0009 PLEFCSELGTRY, S PSS UL,
O e

Satyses ngpd 2 set at ~0000' and 0001

respectively indicate that the entry includes start

s eSS #0500 BN DhOBk BlJ SUTLSRIeRS
'b%@eE)EEYgié!né r@i é:c@t% torkatthtehBDEngrgcy éhl’(L‘CLIl%%S a:ergsdused
for storing a DDS-updating count as explained earlier by
referring to FIG. 4. In the case of the TDDS, however,
information stored in byte positions 4 to 7 is a TDDS
creation count. In addition, the defect-list start PSN
recorded at byte positions 24 to 27 is maintained at 0
£ill close processing of the optical disk 1 is carried
out. The close processing is processing to inhibit the
incrementally recording processing described aboﬁe.

In the close processing, the TDDS creation count
recorded at byte positions 4 to 7 and Ehe defect-list
start PSN recorded at byte positions 24 to 27 are copied
from the most recent TDDS at a finalization point to
respectively byte positions 4 to 7 and byte positions 24
to 27 of the DDS written into the DMA.

Byte positions 1,024 and subsequent byte positions

in the TDDS are used for recording information not
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addresses used in burst-block alternate-address
processi ng. The processing is alternate-address 78
processing carried out on a plurality of physically
continuous clusters treated collectively. That is to
say, an entry with statuses 1 and 2 set at "0000' and
“0001' respectively includes the first PSN of the
first cluster of a plurality of physically continuous
clusters treated collectively as one alternate-object
original cluster and the first PSN of the first
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R S B PO Bl B " B o LA o f el |

(oL eMVATI cF-UN Y2 gggtgﬂg§H§ clusters treated collectively
as one alternate-object replacenment cluster. By using

the aboygs (WP EML kESe basPriofMm 0S4 % s YLD SLat uses

1 and 2 set "at " 000 re§pect|vely gnd an
SRidarathbh cALakUE6S hARtaR S8t oAb O@QP%% Ang 0010

respectively, it is possible to carr
al ter naksnadgfass 4 8Ge8Shag: Ofbds P WAl ikby193s are
used for recording the last physical-sector address PSN
of the user-data area in which data has been recorded.
Four bytes at byte positions 1,040 to 1,043 are
used for recording the size of the ATDMA.
Four bytes at byte positions 1,120 to 1,123 are
used for recording the first PSN of the first cluster of
the TDFL.

Every 4 bytes thereafter are used for storing the

first PSN of each of the second to eighth c¢lusters of the

@

- TDFL.

The first PSN of the first cluster of the TDFL to
the first PSN of the eighth cluster of the TDFL are used
as the pointers to their respective clusters of the TDFL.

As shown in FIG. 7, the pointers are used for indicating

an effective TDFL.

Four bytes at byte positions 1,184 to 1,187 are
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physically continuous clusters treated collectively as
each one of alternate-object original and repl acenent
79 clusters. That is to say, in order to carry out

al ternat e- address processing on a plurality of
physically continuous clusters treated collectively
as each one of alternate-object original and

repl acenent clusters, it is not necessary to provide
an entry for each pair of alternate-object origina
and al ternate-object replacenent cluster. Instead, it

| §s @ CRSS al¥ol-81i REOVALer; QN Ysdn o2l LRL n§7%;§1 adQEgsélrSt

information entry for the first alternate-obje

I
or$1gi @l reNdrRePhILLIEN o GlHESteRS 3R oF pﬁé&f Tor

al ternate-address information entry

al i@Tatiegobhect £ 8 gi nal srand a%egh%ﬁ usters.
The DOW and DFL entri es coexist on t inthe

sane forgat.byhen £the,ent beak « fhsk 1 z%%CG&f Ldiing, § daﬁé"e

enbodi ment i s nounted on an appar at'us haV|ng no data

aldet matreraddr @58y PEIRC ARSItNA vROVEE] « NOWEVEF 1skhe DOW
~and DFL entries are all interpreted as DFL entrles SO

that, Bbémceryred WSt efteepds Otiodd @ Joepreduchspn td ne
IS subjected to alternate-address proce33|ng :

norenilfloy, recepd Do ciHOhek@MRahE Dihid Yodi§ SUSkal ned. In
addition, it is necessary to consider an apparatus

havi ng Adtdurste hisackrakheroet er-Add@SSn R OEESSIdY
function. Thus, when a DVMA is witten at a
address processing, the PSN of the next available sector
in the ISA or the 0Sa respectively is stored in the 4
bytes at byte positions 1,220 to 1,223 or the 4 bytes at
byte positions 1,220 to 1,223 as an update.

Bytes at byte positions 1,920 to 2,048 are used for
storing the drive ID.
3-3: TDFL

Next, the structure of a TDFL (Temporary DFL) is
explained. BAs described above; the TDFL is updated by
including a new TDFL in an additional TDMS update unit.

In the TDFL structure shown FIG. 9, the cluster
number/the data-frame number is the number of a cluster
in the TDFL and the number of a 2,048-byte sector in the
cluster identified by the cluster number. A data-frame
byte position is the byte position in a data frame

identified by the data-frame number.
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finalization tinme, that is, when the contents of the
nost recent TDFL are witten into the DFL at a
finalization 80 time, it is necessary to reconstruct
the DFL by representing a plurality of clusters
conpl eting the burst-block alternate-address
processing in terns of their individual ordinary
alternate-address information entries. By
representing a plurality of clusters conpleting the
burst-bl ock alternate-address processing in terns of

their iediviydeghe ofylicRaky a2kt 8ENAY 85 AUWRSS ot byte
information entries, all alternate-addréss |nfo¥nat|on

chassitterch eachedasedi £ AdiMaly alrbet net & Add/ 85$e £
information of a cluster so tﬁgﬁ reprogactionz%S etect

cloingat iHeiddetry de88r e s R aenr kArbhe, Case & an
appar atus havi ng no burst-block alternate-address

priiessi ng function. 3-4: SRR and SRRI Next, an SRR
(Sequential Recording Range) and SRRl (Sequentia

Recor di Nye RaDge ratfz@emBhi 0n) £3F R €XR aink€ddedFl GSrnd 1A
to 11C are diagrans showi ng the structure of the SRR

TR ISRRaids raint 1 ide AredE ordk taot0nhE gPtS g eeer dhagy
range), which is used when a sequential Trecording
mide tieg sadopt BUFL clmsmeirse- eneerdi sk @egeidi agroke-t he
enbodi ment. The SRR has follow ng characteristics <1>
tipdaBingi pbhat (o tthaSeLetcackHank/ @160 count) and
an entry count indicating the number of entries in an
information block of the TDFL. The entries are DOW (Data
Overwrite) and DFL entries.

Bytes at byte position 64 and subsequent byte
positions are used for storing a temporary list of
defects. The temporary list of defects includes a
plurality of information blocks, which each have a size
of 8 bytes. If N information blocks are included in the
temporary list of defects, the size of the list is thus N
X 8 bytes.

An information block with a size of 8 byvtes is a
piece of alternate-address information, serving as a DOW
or DFL entry.

Essentially, a DOW entry is the same alternate-

address information as a DFL entry. In order to make the

explanation convenient, a DFL entry is alternate-~address
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<1> Data is recorded onto the SRR in an increasing
address direction. In addition, the SRR can have only
a 81 recordabl e-data address referred to as a
postscript- recording point. The address used as the
postscript- recording point is also referred to as an
NWA (Next Witable Address) ora next witable PSN
The postscript recording point of an SRRis thus the
start address of an area left in the SRR as an area
into mhich data can be recorded. As shown in FIG
%&astd ded Address . or last PSN) is
déd ‘3 Js%eﬁmrﬁan R 2 ROV fRbTY is

a recorded, addr ess neans

%dr%%%a B R rRa et R, dre s e np Rred e,
he NWA b d f.ol | NWA
t(L(EQA/ 32)'5%“5:]‘1)’9‘3"?)3(‘%|‘r‘]e tﬁ“ e rl%ﬁAgﬁgo?m‘f\‘ﬁ/Wﬁd &fart PSN
‘ R F LRA = 0 |

g SnirEor PRat Q%aﬁ sk bBefo i e

|nteger

b%'lélre %&?QS?EEQC%%E rmaémglﬁﬁAFygfgﬁfoa;ﬁgta
c{éﬁg§&ﬂ%h %egngkug5§%ég§RR - theno data is not

being re rnto ot her hand, the

NWA i s §ﬁ& @%%é/e %stag&r }2% &E?'\Qs L}Sh% ?%Eéﬂtlon

The SRR can S of sta
of a plurality of DFL and DOW entries. The maximum number

n tlon
th rec

of DFL and DOW entries is 32,759 in the case of a one-
layer disk.

The temporary list of defects is immediately
followed by a témporary defect list terminator also
having a size of 8 blocks. The temporary defect list
terminator indicates the end of the temporary list of
defects. The area in the same cluster as the temporary
defect list terminator is filled up with data of 0 to the
end of the cluster.

FIG. 10A is a diagram showing the structure of the
B-byte DOW entry serving as an information block. It is
to be noted that the DFL entry has the same format as the
DOW entry.

Thus, the DOW entry hasra size-of 64 bité. Four
bits k63 to b60 are used for recording status 1.

Twenty-eight bits b59 to b32 are used for. recording
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ei ther open status or closed status. FIG 11Ais a

di agram showi ng an open SRR, which is 82 a witable
SRR or an SRR having an NWA. On the other hand, FIG
11B is a diagram showi ng a closed SRR, which is an
unwitable SRR or an SRR having no NWA. <3> A process
to allocate an open SRR on a disk is referred to as a
processing to reserve an SRR On the other hand, a
process to change the status of an open SRR to the
closed status is referred to as a processing to close

the éi%%rﬁ%%é—éb?é@fa&fid&ﬁﬁﬁ.%Bgﬁegg,tghéErEBq'EHE Qfi rst
7,927 may exist on a disk. The SRRs existing on a

dPSK dRYHeN Gl HEna td- 4195 b iagh:havidg, thg.open
status. <5> An SRR into which data is to be witten

neycdxthateelongted arbiidal idaaidssanY% Ohdedardds, at which
accordance wth an actual method of using an SRR an

opeih SRR suppbes8r ¥& b dyradd:@eat iohd gdn JBnageant; Ar ea
of the file systemin the forward 3|rect|on of file

Chedipl a ol wii €8Ot Hé NgH By e iin drAk o 184 ©1bfid he file
system into the managenent area after recording file

chelt tae rontt@ -atiiee 9Pt prdde LHisly 1. T GadkkesChisks 8s a
~di agram showi ng a sanple |ayout of a disk on which
datkss tiisurtec dodesh | 41 e Seguentical orieo difgiraxdeis

referred to as an alternate-object replacement address.

Four bits b3l to b28 are used for recording status

Twenty~-eight bits b27 to b0 are used for recording
an alternate-object replacement address, that is, the
first PSN of the alternate-object replacement cluster.

The meanings of statuses 1 and 2 are explained by
referring to FIG. 10B as follows.

Statuses 1 and 2 both set at ‘0000’ indicate that
the DOW entry {or the DFL entry) is ordinary alternate-
address information.

In the case of ordinary alternate-address
information, the entry corresponds to alternate-address
processing carried out to process a clﬁster on the bésis
of an alternate-object original address énd an alternate-
object replacement address, which are recorded in the

entry of the alternate-address information. That is to
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On the optical disk 1, 4 SRRs, i. e., SRR #1 to SRR
#4, exist. SRR #1, SRR #3 and SRR #4 are each an open
SRR 83 while SRR #2 is a closed SRR Thus, additiona
data can be increnmentally recorded onto the optica
disk 1 at either of the next witable addresses NWA1,
NWA3 and NWA4 of SRR #1, SRR #3 and SRR #4
respectively. A TDMS update unit described above is
incrementally recorded to store additional SRR as
information for managi ng such SRRs. FIG 12 is a

dsag) aes ReWy cEQ?e?;ﬁ:éﬁ'@g W aqfte§gglte adSrSfown in

the figure, SRRI has a size in range 1 to 31 data

f b od@ss s Mg ebathvg QéﬁatérfgﬁédqﬁgQ%roknai{@%égﬂéﬁydﬂr%ss
shown in FIG 12 is a nunber identifying a frame

| prédessitlusheba Ba desssdgd ganl bgkecthe SRRI s
placed in a TDMS update unit at a | ocation

|WWEdlaEﬁ'Vh@r@§§Q|6E)éiﬁ%rmI@D§nE§§&HﬂE“&'é%ttQQtE§§£te
data frame 31 of the unit. Let us assune for exanple

tdrada tdie shBRh has(a) sézeraf. M, s@et Qﬁ.is.erxllaﬂ:é-]'Hbs_;e aSe,
the SRRI is placed at data frames (31 - M to"30. A

by feefiehi:0BdERe 8s dad add i@l 1S ahhN8aa POSY tird rénOfIS@ or
byte in the data frane. 64 bytes starting with the

byt ©sat. the tegiddian®Oh rbhRaSRBlcAIE s ad astarn SRR
header for descri bing

area as shown in (b) of FIG. 1, on the other hand, the
alternate-object replacement address is an address
selectea in the user-data area.

It is to be noted that, as will be descriﬁed later,

even for a format including a set alternate area as shown
in (a) of FIG. 1, alternate-address processing may be
carried out by using a region in the user-data aréa in
some cases. In such cases, the alternate-object
replacement address is an address selected in the user-
daﬁa area.

Statuses 1 and 2 set at ‘0000’ and ‘0001°
respectively indicate that the entry includes start
addresses used in burst-block alternate-address
processing. Statuses 1 and 2 set at ‘0000’ and ‘0010
'respeqtively indicate that the entry includes end

addresses used in burst-block alternate-address

processing. The processing is alternate-address
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‘managenent information of the SRRI. The SRR

managenent information included in the 84 SRRl header
i ncludes information indicating that the <cluster is
the cluster of SRRI, a version nunber, an

SRRl -updati ng count (or an SRRl -recordi ng/ updating
count) and an entry count indicating the total nunber
of SRR entries, which are each a bl ock of SRR
information, in the SRRI. Bytes at byte position 64
and subsequent byte positions are used for storing a

: |ﬂr$:tce%fsi§8Rc§P£{éc?%utThﬁl al ?ﬁﬁrgéfégéf%msgﬁaﬁﬂ | udes

a pluralify of SRR iInfornafion each

heort i@udhugec Phs Sty 6% adda M DEOI IR} on bl ocks are

included in the list of SRR entries, the size of the

list isthhusidNob %a@?{t 88 efbey thﬁmors%rél‘,ugl‘alét 9£?§%Qset

entries is inmrediately followed by an SRR lis
tas Mon@or a8k SOy dEv NQ pe3iZ26e0f 1,&NHELS +1HAN rALER poN
following the SRRI |list termnator up to the end of

td¥e telUst esti S1dddd e UR Wilhgaﬂﬁ‘@fhcgff p@rgsElc@ll}3A is a

di agram showi ng t he structure of SRRl header. 2

yhes nabubyt BuPasid i1oRs t@qand] le & 8,154 5f Ohe
recording an SRRI-ID (an SRRl identifier) used as

rARageaestobfdOf ati@maof it 08t SRRIng kHeytre rak b¥iiesr
position 2 is used for recording an
the first cluster of & plurality of physically continuous
clusters treated collectively as 6ne alternate-object
replacement cluster.

An entry with statuses 1 and 2 set at ‘0000’ and
‘0010" respectively includes the first PSN of the last
cluster of a plurality of physically continucus clusters
treated collectively as one alternate-object original
cluster and the first PSN of the last cluster of a
plurality of physidally continuous clusters treated
collectively as one alternate-object replacement cluster.

By using the above two entries, i. e., an entry
with statuses 1 and 2 set at ‘0000’ and ‘0001’
respectively and an entry with statuses 1 and 2 set at
‘00007 and ‘0010’ respectively, it is possible to carry
out alternate-address processing on a plurality of

physically continuous clusters treated collectively as

each one of alternate-object original and replacement
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SRRI format expressed as the nunber of version of the
SRRI. 85 4 bytes at byte positions 4 to 7 are used for
recordi ng an SRRl update count representing the nunber
of times the SRRI has been updated so far. 4 bytes at
byte positions 12 to 15 are used for recording an SRR
entry count representing the total nunber of SRR
entries in the SRRI. 1 byte at byte position 16 is
used for recording an open SRR count representing the
number of open SRRs each having open status in the

eyl eonalanty ng whih & L Al Pasiti,on, 20 are

used for recordi ing a [T5t™ of open ers as a

[l I
siasthtnooplc A1 sl ol cooth STS ilec o,

tcfaﬁltllnlughsoém&e&ﬁ%@eg%ggegéug Dvé)f¥ ta%e eQRREN, IEBROf

nbers has a size of ytes nce he I'i'st of open

%RReQHE"Qgﬂébjéé"«E‘ dngiude uR tpegﬁaggsaﬁs%%u@wpgrsﬁ is

the list has a size of 32 y es e nunber of
mnnggﬁsér%sf@lﬁﬁv:w%h@ﬂ dBr r@Ne BE e@aéﬁqgﬁgﬁpb?d by

open SRR nunbers as the renaining area o ist is

fadiklkedatp- Mbﬁébﬁkﬂfidiﬁag an@PEN: SR FULEY aﬁ%ton the

list are sorted in a decreasing order. en the
HepheteRbnopenustREs. | NELARES 39_* i deekeasssy {d&rovide

contents of the list is adjus ed
only an alternate-address information entry for the first
alternate-object original and replacement clusters and
another alternate-address information entry for the last
alternate-object original and replacement clusters.

The DOW and DFL entries coexist on the TDFL in the
same format. When the optical disk 1 according to the
" embodiment is mounted on an apparatus having no data
alternate-address processing power, however, the DOW and
'DFL entries are all interpreted as DFL entries so that,
since a cluster read out at a reproduction time is
subjected to alternate-address processing nofmally,
reproduction compatibility is sustained.

In addition, it is necessary to consider an
apparatus having no burst-block alternate-address
processing function. Thus, when a DMA is written at a

finalization time, that is, when the contents of the most

recent TDFL are written into the DFL at a finalization
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accordingly. Such an SRRl header is followed in the
SRRI by the 86 list of SRR entries as shown in FIG
12. FIG 14 is a diagram showi ng the structure of an
SRR entry. Synbol i shown in the figure is a nunber
assigned to the SRR entry, which corresponds to an
SRR. An SRR entry of an SRR show ng information on the
SRR has a size of 8 bytes or 64 bits, which are
described as follows. 4 bits b63 to b60 are reserved
or undefined bits. 28 bits b59 to b32 are used for

reiee,diing 16hee8E 4 4y address ek »sRR #l %LStbiwg. in the
user-data area, that is, the PSN of t%e beginni ng of

the ralsft igh Ust©ruaf1 i3RR d%‘b ;clﬁisﬁ:epg’ lcénﬁzllést\?\%g{ Qhe

recording a session start bit indicating her or

nofrSth®18BR & 5td ey ddlddBle 8RBk 851 SESH WrrmkO o€
nore specific, bit b31 set at 1 indicates that the

$RRirS ihbevighdl r SRR G -2:8888100adhAls 15 APmat@¥n
the session is started fromthis SRR 3 bits b30 to

bﬁﬁ:rake.r%erﬂé%e@énﬂﬂﬁgfhnfﬂumﬁi%y o28chjik8eh27 to bO
are used for recording the LRA (last recorded

ateipaes ) ngf tiERRH s 80190k 1k Bri B Usiresdab@ odb88ing
that is, the PSN of the end of SRRl #i as shown in

ElGtetbs FhectBRR inuahudiuag 8PdSRRly NaadenaatdaSRRess
entries
information entries, all alternate-address information
clusters each describe ordinary alternate-address
information of a cluster so that reproduction
compatibility can be assured even in the case of an
apparatus having neo bursﬁ-block alternate-address
processing functicen.
3—-4: SRR and SRRI
Next, an SRR (Sequential Recording Range) and SRRI
(Sequential Recording Range Information) are explained.
FIGS. 11A to 11C are diagrams showing the structure
| of the SRR. The SRR is a write area (or a contiguous
recording range), which is used when a sequential
recording mode is ado?ted in a write-once disk according
to the embodiment. The SRR has following characteristics
<1> to <5> similar to those of a track on a CD.

<l1> Data is recorded onto the SRR in an increasing

address direction. In addition, the SRR can have only a
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as descri bed above is used for managi ng every SRR
existing in the user-data area, the nunber of SRRs,
the 87 address of each SRR and the LRA of every SRR

In addition, as described above, the NWA ( Next
Witable Address) of an open SRR can be conputed from
the LRA (Last Recorded Address) recorded in an SRR
entry provided for the SRR If it is necessary to
updat e managenent status of an SRR for exanpl e when
an SRR is reserved, data is increnentally recor ded

B o R e e af,d%téos Rarr\i):é%%ag us
St po:hbe S adﬁf?%ﬁhﬁ%% i 2 et hg

f coFrQir:L%t RM}IQ 1§|£f{)onarteef The fOII n& =t

escription explarns basic alternate- A4di'ess

Wﬁct%%‘i' nﬂdé?ésg) f<91!: rgatr%exr%c lwlilr nglgsgsﬁl ! %at e%st‘%ﬁr:’é%t—

alternate areas 1nthe formo ahd/ or

S 4is i Fbginﬂ' &ﬁ)an %qu%WhB%AE &?%a}rtsaﬁicfre of an

(I nner Spare r an pare

%&aallle@‘eaiﬁ‘dt}‘?@ Sﬁ[@saqse%tﬂ \é&leg E.H@ 'vl;'tpleéh %dca

L rb
sides in the data zone as alterna?e ar eas useg 5 ©
Galdyiiag . out al ternate- address processing for
defective clusters. In addition, when there is a

requestad Wndm in FIG. 11A, an LRA (Last Recorded Address
oi last PSN) is the last recorded address in the SRR. 1In
the following description, a recorded address means an
address at which data has been recorded. In this case,
the NWA can be expressed as follows:

NWA

It

{ip (LRA/32) + 1} * 32 + 1) (For LRA # 0)
NWA = Start PSN of the SRR (For LRA = 0)
where ip (N) 1s a largest integer smaller than N.
That is to say, if data is being recorded into the
SRR, the NWA is the start address (PSN) of a cluster
;Lnunediately folldwing a cluster that includes the. IRA. If
no data is not being recorded into the SRR, on the other

hand, the NWA is set at the start address (PSN) of the

SRR.

<2> The SRR can have one of two kinds of status, that is,

either open status or closed status.

FIG. 11A is a diagram showing an open SRR, which is
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processing to wite data into an already recorded
address, that is, a request for a renewal of recorded
data, an ISA 88 and/or an OSA are al so each used as

an alternate area for actually recording data to be
witten into the target address. An already recorded
address is an address at which data has been recorded
whereas an unrecorded address is an. address at which
no data has been recorded. The sizes of an | SA and an
CSA are defined in the DDS and the TDDS, which have
been-idesqki bed a@ogﬁ-sﬂ§“h§¥fﬁ% Qh &EQJI lthe other hand,

determined at an initializatiion tinme and remai ns

umuhangsﬁibharaﬁééﬁﬁm,sHB%% %GE@BESaagﬁﬁ?séhic is an
~ processing using the I SA and the OSAis carried out as

fual:aweb14 BRREY¥AlawfsiatiRdisiy dbvRRaaS an exanpl e.
Let us assune for exanple that there is a request for

& Pf OBESHOEGs$ G aMa1ti@cdabazhnb e @rdld£ady;gCc oL ded
address in a cluster of the user-data area, that is,

xerfequest thoas aa refewds i0fy dat ac£e6ps08d s tBE the
cluster. In this case, since the optical disk 1 is a

wrthiee- haoe, di skyodkada tARMhgBetWe | £ £0:d MO a‘hU%Beé SRR
cluster on the optical disk 1. Thus, the data to be
Wi tthencilosed ast ajy=eddy regeetdadtadgs esSoiceactiugl by

recorded in clusters in the I SA or the OSA. The
prlocesshagsSk®. actual |y record data into an al ready
recorded address is referred to as alternate-address
<4> A plurality of SRRs up to a maximum of 7,927 may
exist on a disk. The SRRs existing on a disk may include
uﬁ to 16 SRRs each having the open status.

.<5> An SRR into which data is to be written may be
selected arbitrarily in any order.

In accordance with an actual method of using an SRR,
an.open SRR is reserved by allocating a management area
of the file system in the forward direction of file data
and recording management information of the file system
into the management area after recording file data onto
the optical disk 1.

FIGf i1l (c) is a diagram showing a sample layout of
a disk on which data is recorded in the sequential

recording mode.

On the optical disk 1, 4 SRRs, i. e., SRR #1 to SRR

#4, exist. SRR #1, SRR #3 and SRR #4 are each an open SRR
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processi ng. The al ternate-address processing is
managed as a 89 DOWentry descri bed above. That is to
say, the address of a cluster in which data has been
al ready recorded is cataloged in the DONentry as an
al ternate-object original address and the address of
a cluster included in the |ISA or the OSA as a cluster
in which data has actually been witten is catal oged
in the sane DOWentry as an alternate-object

repl acenent address. That is to say, in the case of a

.8 _r ,.data , for, replacing already recorded
gg%geigﬁgg?%afgyavﬁ%%ﬁﬁgnSﬁ?ﬁto the I SA or the CSA and

the al tgr te}%ﬁj t orj,ginal__and .replace
,ora é:%.%g. dg’ka C n%e 1ncremeng§££§/ d:eﬁdﬁ:led

| ocati ons a renewal  are  manage

GRILLY chECOOOEL Py AT Df L) i ERE, TR DexkPL2: YBY: o y

ata recor e optic IS can vVIir

raa@tzgfgge@v%%g%ﬁsata@g QRhLCaE Shskyl isRrdas ang SRR

wite-once t s, the DFOCESSI'ng to renew

dat a.appepis.1ealizable to the OS or file system of
t he ehgst sy%tgn1or the file systemor the like. The

a'ternQ&Gmﬁﬂﬂ&&%%t@r?ﬁfés'é§E£¥E%H*éﬁ% eapgvfhcfgﬂéﬁgé?iy

be carried out "al so for the purpose of managing a

debeeheqa WENs @ defLeHI V681 €3rk B Qgtﬁ%%ﬂa@@oanfor

optical disk, data to be witten into the defective
AbRagifgactisldprstored into a cluster of an I SA or an
CSA in

FIG. 12 is a diagram showing the structure of SRRI.

As shown in the figure, SRRI has a size in the
range 1 to 31 data frames.

A relative data frame number in the structure shown
in FIG. 12 is a number identifying a data frame in the
cluster. As.described earlier, the SRRI is placed in a
TDMS update unit at a location immediately preceding the
TDDS recorded in the last data frame 31 of the unit. Let
us assume for example that the SRRI has a size of M
sectors. In this case, the SRRI is placed at data frames
(31 - M) to 30. A byte position in a data frame is the
pesition of a byte in the data frame.

64 bytes starting with the byte at the beginning of
the SRRI are used as an SRRI header for describing
management information of the SRRI.

The SRRI management information included in the
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al t ernat e- address processing. Then, for the purpose of
al t er nat e- addr ess processi ng managenent, one DFL entry
is 90 cataloged. In alternate-address processing,
data is actually recorded in clusters of the |ISA
starting wwth a cluster at the | owest address in the
i ncreasi ng-address direction. As all the clusters of
the | SA are used up, the alternate-address processing
is continued to clusters of the OSA as shown in FIG
15. The |1 SA and OSA clusters in which data is

witt Lrnate- addr S are

re erre)é‘d £6 a5 #eesr ﬁé’t ~06)-aet 1R chact pro%%F% g??ons.

ug%%F %%etln g&ﬁgk &%ﬁ |Zé3ap$g§§ogﬁp n%tre

'area 0 A canm be Ut |

Case o?ﬁ?ghngrgwﬁ or anngﬁglnEﬂggP fagdﬁtgﬁ%tcount}

pre erred e

Q %%F@th%tégﬁﬁﬁfindﬁEgﬁﬁng tggsg %QFQnﬁgga outs%ﬁ

ternate dress processin carrie

lé%t&&e‘shewfﬂf"?& -fAl 3.akea B‘:(?Pkaé% ?RR i efo%ln’a%ﬁ{p‘

areas are used up as W escri
- 318 skRYA and ATDVA in Fornat without Alternate Ar eas
FIG 16 is a diagramshow ng a disk layout including

ne'ther I§§tQQra£I¥§te position 64 and subsequent byte
positions are used for storing a list of SRR entries. The
list of SRR entries includes -a plurality of SRR
information blocks, which each have a size of B8 bytes. If
N information blocks are included in the list of SRR
‘entries, the size of the list is thﬁs N X 8 bytes.

The temporary list of SRR entries‘is immediately
followed by an SRRI list terminator also having a size of
8 bytes. An area following the SRRI list terminator up to
the end of the cluster is filled up with data of 0.

FIG. 132 is a diagram showing the structure of the
SRRI header.

2 bytes at byte positions 0 and 1 are used fof
recording an SRRI-ID {an SRRI identifier) used as
management information of the SRRI.

1 byte at byte position 2 is used for recording an -
SRRI format-expressed as the number of version of the

SRRI.
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A special format command is used to create a disk
including no alternate areas. Since the optical disk 1
91 does not include an ordinary alternate area, the
parameter of this conmand is set to specify a | argest
storage capacity to which addresses can be assigned.
By explicitly setting the paraneter at a val ue
small er than the maxi mum storage capacity a little,
the function of the disk drive serving as a
recordi ng/ reproducti on apparatus can be extended so
as 1o | 8aKp: &, AN AL LNE: o004 0o LN S B data, ar ea

o
as a region wth no address assi gned ereto. I'nthis

ef@&ﬁldl%@t ansgﬁﬁl %%@&@%d\ﬁlt &%b%&gigﬁt%r&;eacéiaegél%%?gg of

managenment area usable as an AT

fOrm dHackusinga gl $&IDalR ALEAS, £@s, Si mul taneous
TDMVA i ndi cators %rovidedrg% Fhe Beg?ﬁning of the

TDVA, 24chysd &rsr ©h@andsEhloak e 31sed 1as ;$h0WBLNe oy

FIG 5. In the casé of "a format including no alternate

aF QA0 hReshk ekt hand,yAnekherschusteriHes radded to
the T indicators to give 3 clusters CLO, CL1 and

Gliibe rOo¥shRR Sheriss r6f aeedrke.as a TDMA information
cluster. In an initial recording processing of the

TDMVA,  figpte oft Hylte dBshpionMBE i ON RlLCKkoLSrE860886H an
“in cluster CL2 as TDMA informati on. Then, a first

D iSRRI €60h fletepidk i tusie i hel duhot + o RGN erREMBach
information block. As the entire area of the TDVA is
used ndp obeh status in the SRRI.

Bytes starting with a byte at pesition 20 are used
for recording a list of open SRR numbers as a céllection
cf the numbers of all open SRRs in the SRRI.

FIG. 13B is a diagram showing the structure of the
list of open SRR numbers. Each of the open SRR numbers
has a size of 2 bytes. Since the list of open SRR ﬁumbers

"can include up to 16 open SRR Qumbers, the list has a
size of 32 bytes. If the number of open SRRs is smaller
than 16, an area unoccupied by open SRR numbers as the
remaining area of the list is filled up with data of 0.
Open SRR numbers on the list are sorted in a decreasing
order. When the number of open SRRsS increases or
decreases, the contents of the list is adjusted

accordingly.

Such an SRRI header is followed in the SRRI by the
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recordi ng managenent information and additiona

i nformati on nust be recorded in the ATDVMA serving as
the 92 continuation of the TDMA, also in cluster CL1
used as an ATDMA indicator, the contents of the TDVA
information cluster are recorded. FIG 17 is a

di agram showi ng the format of the TDMA i nformation.
As shown in the figure, the TDVA information has a
size of 2,048 bytes formng a structure for recording
informati on on the ATDVA. In cluster CL2 used as a

o ot (50 A L\ggné's“%.e%% "g? ; h%&ém@t e?I&TbD“I” ‘gifa®
T
s{i 9%%%% R e AL B BTt iR SERHE e K Phat
%h&%ﬁ%ggx%%e F%EFIS Zho$@m££EF2551 néH“%o %! Sﬁ& ePtry,

shown ‘i nece (F8\e v EF
ST P RREPENE Be th e o, “That ?Qt t Er Sg‘y, T the
are. seltasd oot % T o8 SRR G TR B b e
P&k TN o 4§1IQ%A ?Vé &S, 1 0: b %%eglﬁg WL ?Algé‘fl c%.@%ilbed

size of th | nnef Spare Area)’ are se
byl es Stasting with a byte at position 44 as

4 bits b63 to b60 are reserved or undefined bits.

28 bits b59 to b32 are used for recording the start
address of SRR #i existing in the user-data area, that is,
the PSN of the beginning of the start cluster of SRR #i.

Bit b3l is used for recording a session start bit
indicating whether or not the SRR is the initial SRR of a
session. To be more specific, bit b3l set at 1 indicates
that the SRR is the initial SRR of a session. That is to
say, the session is started from this SRR.

3 bits b30 to b28 are reserved dr undefined bits.

28 bits b27 to b0 are used for recording the LRA
(last recorded address) of SRR #i existing in the user-
data area, that is, the PSN of the end of SRRI #i as
Shown in FIG. 11.

The SRRI including an SRRI header and SRR entries
as described above is used for managing every SRR

existing in the user-data area, the number of SRRs, the
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bytes to be used for recording the size of the OSA
(Quter Spare Area) are set actually at a val ue
obtained as a 93 result of dividing the ATDVA size
expressed in terns cluster units by 256. 4 bytes
starting wwth a byte at position 1040 as bytes to be
used for recording the size of the TDVA in the OSA
are set at the ATDMA size expressed in terns of
cluster units. By providing cluster CL2 as a TDVA
information cluster used for recording such TDVA

| HQIBE 09N eash H88CLADaG, ARME o NGy SRR In addition,
recordi ng/ reproducti on apparatus is cgpa e of

[8A%:RG i Beq TRME & NTOIIHAON NekS et c WORD A fLieckiinga,,

di sk nounted on the apparatus 1n order to eterm ne

W 8RROEaAObe Ao &Xicst $hANTRAC (PP Gal- o degk 1
and knomﬁng ch s??g of the ATDMVA | f éﬁe ATDVA exi st s

tveneen) rdcolQuli gural iserk ehithe Phekad ivg THE srr.

foll owi ng description explains a

recor di ng/ 1 €1 HHCIseR r@PPEr AUt S I MHNB MBS tasHhBKs of
drive for the wite-once optical disks described

aboger The dikskpid imRPERVisded:BYrtfer-RIModimnt i s
capable of formng a |layout of a wite-once optica

dingkembAtal ¢ at ecerdpiingd aar hi-et byar&hRy rddg t8e Nwa
FIG. 1 (a) and 1 (b) by formatting the optical disk
bfi anasBRabe an SRR is closed, the SRRI is used to update
the status by including thé SRRI in an incrementally
recorded TDMS3 update unit.

3-5: Altefnate—Address Processing for Format with
Alternate Areas

The folldwing description. explains basic alternate-
address processing for a format including pre-allocated
alternate areas in the form of an ISA and/or an OSA as
shown in FIG. 1 (a).

As shown in FIG. 15, an ISA {Inner Spare Area)
and/or an OSA (Quter Spare Area) are allocated on
respectively the inner and outer sides in the data zone
as alternate areas used for carrying out alternate-
address processing for defective clusters.

In addition, when there is a request for a

processing to write data into an already recorded address,

that is, a request for a renewal of recorded data, an ISA
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wherein, typically, only the prerecorded information
area PIC shown in FIG 1 has been created but no
wite-once 94 area has been fornmed. In addition, the
di sk drive records data into the user-data area of
the optical disk 1 formatted in this way and
reproduces data fromthe user- data area. |f
necessary, the disk drives also updates a TDVA or an
ATDMA. FIG 18 is a diagram showi ng the configuration
of the disk drive. Adisk 1 is the wite-once optica
[ esgr d b Ve, opti.cal lis nt ed
%ﬁ%‘z ?u%ﬁtg earr%t S c?\/?/r?%l ng?%e i grbrag[tel ﬁlage ared ror
g t rocessin the .turnta [
ﬁ?ft%%i?n%%‘?@f? s dﬁc% GGt R T
SueCsby) Y A-0UOTLEHPAON e/l O e lRalieldRe

optical hea S ou dre§ses e

%ﬂlkgedggélﬁﬁg 6géﬂ(££c%§dgdmgggr UQ aq'ﬁ%%%a% dgdgroove

track and nanagenent/contro or ma
Lafoedst | on, prejseaided gn;the gpéa&a'ha 3l roll dl.
|n|t|al|zat|on/fornatt|ng I me or a proceSS|ng 0

record ﬂ?@%l%tsao@ngﬁ S:g'ﬁ a%alos‘il] é% ef}_ll?éed q.@xt it(l:l |

pi ckup 51 records nanagenent/contro ornatlon an
BBEr afat BnOMKHA LAtk hAva MELY %%&%ﬁeﬁf GBovlD 2
er hand,

reproducti on processing, on the ot

The size of the ISA is determined at an
initialization time and remains unchanged thereafter.

The alternate-address processing using the ISA and
the OSA is carried out as follows. A renewal of data is
‘given as an example. Let us assume for example that there
is a request for a processing to write data into an
already recorded address in a cluster of the user-data
area, that is, a request for a renewal of dafa recorded
in the cluster. In this case, since the optical disk 1 is
a write-once disk, data cannot be written into such a
| cluster on the optical disk 1. Thus, the data to be
written into an already recorded address is actually
recorded in clusters in the ISA or the OSA. .The
processing to actually record data into an already
recorded address is referred to as alternate-address

processing.

The alternate-address processing is managed as a
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the optical pickup 51 reads out data recorded on the
optical disk 1. 95 The optical pickup 51 includes a

| aser diode, a photo detector, an objective |lens and
an optical system which are not shown in the figure.
The |l aser diode is a device serving as a source for
generating a | aser beam The photo detector is a
conmponent for detecting a beam reflected by the
optical disk 1. The objective lens is a conponent
~serving as an output term nal of the |aser bean1 The

Qi el r$YSEERY IS FRYRONGH, - f Of g rt%d|s§§| nglﬁ A2 or
beamto a recording face of the optical "dis y way

of c1iBeeobjgCHi MG |Rhs and b@@ﬂl p9-ihe, ne 'oﬁeéadlgeam
to the photo detector. In the optical plckup 51, th

QRjtaebiyke EeNehd Spohehdrhy 3 Qhaéiéérrr@c%heebé@c' n Such
a way that the nechanism'is capable of noving the

QhjigehhVeaki@hssd ind kReKhAArald §ocHs dshect i QBSuadd in
~addition, the entire optical pickup 51 can be noved

ithet IEAr adi he digreclsi ancohisthe opthcaln diask A-by a
t hread mechani sm 53. The | aser di ode included in the

epttueal ypbektipy Sl tens 1dr b&@ﬁlb?e@niﬁ thel 38RL BEAN YR
drive current generated by a [aser driver 63 as a

disi we sigaahatdhd iRkt ecgebeshont emplsed in the
opti cal pickup

That is to say, in the case of a data renewal, data
for replacing already recorded data is actually written
into the ISA or the 082 and the alternate-cbject original
and feplacement locations for the data renewal are
managed as a DOW entry recorded on a TDFL in the TDMA. In .
this way, data recorded on the optical disk 1 can be
virtually renewed even though the optical disk 1 is a
write—oncé disk, that is, the piocessing to renew the
data appears realizable to the 0S8 or file system of the
host system or the file system or the like.

The alternate-address processing described above
can also be carried out alsc for thé purpose of managing
a defect. When a defective area is detected on an optical
disk, data to be written into the defective area is
actually stored into a cluster of an ISA or an OSA in

alternate-address processing. Then, for the purpose of

alternate-address processing management, one DFL entry is

90



51 detects information conveyed by a beamreflected by
the optical disk 1, converts the detected infornmation
96 into an electrical signal proportional to the |ight
intensity of the reflected beam and supplies the

el ectrical 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 including a plurality of ‘
light-sensitive devices into a voltage, and a matrix

p5g9§§§%gglanpllflcatlon circuit for carrying out
matri X processing to generate necessary signals. The

d h h f
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54 is supplied to a reader/witer circult

{Aﬁl:ﬁé@q 4l iSi gpahaang Lhecddack] N9 800 SI Al

processing are referred to as alternate-object
replacement lccations.

By the way, in such a format, a portion or entire
area of the OSA can be utilized as an AfDMA {additional
TDMA) .

It is to be noted that, in the case of this
preferred embodiment, in the format including alternate
areas as described above, alternate-address processing
can be carried out by using the user-data area even after
the alternate areas are all used up as will be described
Jlater.

3—6: TDMA and ATDMA iﬁ Format without Alternate Areas

FIG. 16 is a diagram showing a disk layout
including neither ISA nor OSA.

A special format command is used to create a disk

including no alternate areas. Since the optical disk 1
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are also generated by the matrix circuit 54, are
supplied to a servo circuit 61. The push-pull signa
generated by 97 the matrix circuit 54 is supplied to a
wobbl e circuit 58. The reader/witer 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 is then

%ﬂ%%%l%% to g nodul at | on/ dempdul ation circuit 56. The
o oAl GERBT T AL P T Gt S5 B FAcR Rfes e
fﬁggt nal %e er serv n as a decoder jn a
repro ugfl8 ?%c%@@m g F&ﬁcFPoﬁﬁ?ch%hﬁbF§§@Fﬁlng
an encgder % a rec dcg%_proce , B
reproéhcflgn ProcE3s” 86F8€.8ﬁ?d§h&ﬁm%ﬂﬁ%ﬁ1 Y
A oui L. ? nPLenent denod§ ation_ process f
1clt
s engfh FPRFT0G U et &Eoind %?%%%fgﬂaﬁﬁeﬁhéhan
. e_re roduction.cloc ¥% @F %C
a
encogbrfﬁecoaer B | TS ongﬁF% Ek%? i ¢°6uftan
ﬁgg %g%gdaggvgrg%§§ &%O add erro& correction .codes to
f0 be Tecorded ¢ thé“optita FE oSk ﬁ& an ECC
adi;Rg<P Qﬁeﬁ'é dare %“c{ %%t arslg erioré d Nelyded bn,
a repro uced from optlca 5
end of the user-data area as a region with no address
assigned thereto. In this embodiment, such a region is
referred to as a spare management area usable as an ATDMA.
In the case of a format including alternate areas,
as simultaneous TDMA indicators provided at the beginning
of the TDMA, 2 clusters CLO and CLl are used as shown in
FIG. 5. In the case of a format including no alternate
areas, on the other hand, another cluster is added to the
TDMA indicators to give 3 clusters CLO, CL1 and CL2.
Cluster CLZ is referred to as a TDMA information cluster.
In an initial recording processing of the TDMA,
first of'all, an information block is recorded in ciuster
CL2 as TDMA information. Then, a first TDMS is recorded
in cluster CL3 following the TDMA information block.
- As the entire area of the TDMA is used up for

recording management information and additional

information must be recorded in the ATDMA serving as the
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At a reproduction tine, data denodul ated by the
nmodul ati on/ denodul ation circuit 56 is stored in an 98
internal nenory to be subjected to error
detection/correction processing and processing such as
a de-interleave process to generate the eventua
reproduced data. The reproduced data obtained as a
result of a decoding process carried out by the ECC
encoder/decoder 57 is read out fromthe interna
nenDry and transferred to an apparatus connected to
di sk _drive_in accordance wth a command given b
Cosrgtst-f%lﬁtesﬂt%ﬁ% GO AT L SBx AP BUBEoT (- lappara s n
nected.to the disk drive is AV_( Audi o- V'sual)
%bcater i fastireibover Bhe Mo iR hai

u% 3% é(%x circuit 54 as a signal related
Bﬁlrﬁﬁor Thte of the groove i s processed in

the mob GUIt The push nal conve

ADP | E BTt OF s ARG SEh T Hife MOBRFeoR t o

%%EBQ&Q - data stream conposing ADI P addresses. The
STe“circuit 58 then supplies the data streamto an

addr ess, sde%ogfh e, adl ess, degprer, 59 decodes Lhe
data receive ereg % genera e addresses and then

%liggll S t51§8 C%% 9%3&31 o,the system gontrol | er 60.
a

he a ress 0 genera es a Cl oC
information on the ATDMA.

In cluster CL2 used as a TDMA information cluster
in the TDMA, the TDMA information having a size of 2,048
bytes (= 1 data frame) is recorded repeatedly 32 times.

The basic structure of the TDMA information is the
same as that of the TDDS, which is shown in FIG., 8 and
similar to the DDS shown in FiG. 4. It is necessary,
however, to set some parameters at values different from
the actual parameters of the . TDDS. That is to say, in the
case of the TDMA information, some of the parameters are
set as follews.

4 bytes starting with a byte at position 40 as
bytes to be used for recording the size of the ISA (Inner
Spare Area) are set at 0.

4 bytes starting with a byte at position 44 ae
bytes  to be used for recording the size of the 0SA (Outer

Spare Area) are set actually at a value obtained as a
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signal by carrying out aPLL process using the wobble
signal supplied by the wobble circuit 58 and supplies
the 99 clock signal to other conponents for exanple
as a_ recording-tine encode clock signal. The
push-pul | signal output by the matrix circuit 54 as a
signal related to the wobbling state of the groove is
a signal originated fromthe prerecorded infornation
.PIC. In the wobble circuit 58, the push-pull signal is
subjected to a band-pass filter process before being

S )| o,.the.reader/witer circuit 55, which
c%%%legdco%tdlg.l iRar yh%ol}]v%{}%isdﬁepﬁéeéﬁs‘f% Jerdédte a

' t.rea data bit streamis then supplied
A GBI 205

enc ecoder 57 for carrying out

ECC- decqd d_de-i.nterl.eave processes t.0.extract
dat a re%r§¥5%?i?Efrﬁﬁﬂ§ g%ggeéogﬁgﬁ FhRFTREPEN Y tHeas

t.ed.prerego d_infaormation i.s then supplied to
?ﬁgkgiggéﬁghgﬁ%@o%?ﬁrr%éfr 1% FE°pEs7 8 %fiFﬁ%%&QEdlBut
L hf j he .system contraller 60 i
Tl G b0 O B ol % SECEREEERASd O Feadd

ta 88t anfaki ety of processings and copy protect
processing. At a recording tinme, data to be recorded

s recgivedotsomd he AY.systen 120 o he data, Lo, be
recorded” 1s buffered rna nenory enployed In The”Ecc
cluster used for recording such TDMA information as
described above, the recording/reproduction apparatus is
capable of reading the TDMA information cluster when
checking a disk mounted on the apparatus in order to

determine whether or not an ATDMA exists on the optical

disk 1 and knowing the size of the ATDMA if the ATDMA

exists thereon.
4: Configuration of the Disk Drive

The following descfiption explains a
recording/reproduction apparatus serving as a disk drive
for the write-once optical disks described above,

The disk drive provided by the embodiment is
gapable of forming a layout of a write-once optical disk
in a state explained eariier by referring to FiIGs. 1 (a)
and 1 (b) by formatting the optical disk 1 in a state
wherein, typically,ronly therprerecorded information area

PIC shown in FIG. 1 has been created but no write-once
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encoder/decoder 57. In this case, the ECC
encoder/decoder 57 carries out processes on the
buffered data to be recorded. The 100 processes
i nclude processing to add error correction codes,
i nterl eave processing and processing to add sub-..
codes. The data conpleting the ECC encodi ng process is
subj ected to a denodul ati on process such as
denodul ati on adopting an RLL (1-7) PP nethod in the
nDduIation/denDduIation circuit 56 before being
pplied to the reader/witer circuit 55. In these
eﬁeedhﬁ@ P y@edoar Fi @Skt oty &her édskdfngre iTRsords
the cl ock signal generated fromthe wobble signal as
gesér iBea Hhowssisdzded 2gsat Ak %fh%octﬁwalmdééﬂe i gnal ,
ich serves as a reference sign After_ conpl eting
ﬁé@étéﬁéoﬂn ng-ipT seds 888, r?ﬁé@%%%s cta&aoefrpecarlaelaser%-
E lied to the reader/witer circuiit 55 to be
Jgeé‘if%%l t d fr BEGRAFARY coriperisiats &%lﬁeaceége ngPdadifeh @

§%élne adj ust ment of a recordi ng power to produce a
@ °€a?ﬁeA OPthmum for factors |nclud|ng

charact é%cs of the rec rdln he spot
shape | 48ef BLAFTR rSPH LgprRigen of

gggeg E as adj ust nment of the shape of the |aser
PrveETp %l After conpleting the recording

Conpensﬁi@tdls Rr ggeglgula nxgtléeheondcaet %pszlcgf disk described

above. The optical disk 1 is“mounted on a turntable not
shown in the figure. In a recording/reproduction
processing, 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 embeaded_on the optical disk 1 as a wobbling
shape of a groove track and management/control
information as information prerecorded on the optical
disk 1.

At an initialization/formatting time or in a
processing to record user data onto the optical disk 1,
the optical pickup 51 records management/control
information and user data onto a track in a write-once
area. In a repfoduction processing, on the other hand,
~ the optical pickup_Sl reads out data recorded on the

optical disk 1.
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recorded is supplied to the |aser driver 63 as |aser
drive pulses.' The |aser driver 63 passes on the |aser
drive 101 pulses to the |aser diode enployed in the
optical pickup 51 to drive the generation of a |aser
beam.fromthe diode. |In this way, pits suitable for
the recorded data are <created on the optical disk 1.
It is to be noted that the laser driver 63 includes
the so-called APC (Auto Power Control) circuit for
controlling the | aser output to a fixed val ue

i ndependent of anbient conditions such as the anbi ent
t enper atltite obyicabiiidrim@ it Heclades autgasr pbwee., A
detector is provided in the optical pickup 51 to
serYeC Lt TRt 8 PiechbfR tlorihgrchen| egetcoltgyaten,
power. The systemcontroller 60 gives a target val ue
of e dus&Ctoghpyr poviere fhrgursachThé Yassor diivgleand 2
reproducti on processes. The level of the |aser output
| SCEHH reITvEdSt 85t feStwrgrtivalapnegitinghe Fazon diarg.
or reproduction process. The servo circuit 61
gEMRBRUL SaFsrtarylafe seamrenad veorsfgrasrsing gmhsme
focus error signal and the tracking error signal,
wfﬁ%h?%ﬂ%? F@bég9eap?¥Qﬁﬁtqﬁ?Hnﬁwﬁ Xhe Phiastives lepg is a
carrg out servqQ processings. The servo drive signals

| RIS Yo AR VPP akRi A aREPEhr BaEm sy @ T dihievdaser beam.

S%ﬁguﬂﬁ%ical system is a component for radiating the laser
beam t¢ a recording face of the optical 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 optical disk 1 by a
thread mechanism 53.

The laser diode included in the optical pickup 51
is driven to emit a laser beam by a drive current
generated by a laser driver 63 as a drive signal.

The photo detector employed iﬁ the optical pickup
51_detects information conveyed by a beam reflected by

the optical disk 1, converts the detected information
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"To put it concretely, the focus and tracking drive
signals are generated in accordance with the focus
error signal and the tracking error signa
respectively to 102 drive respectively focus and
tracking coils of the biaxial mechani smenployed in
the optical pickup 51. Thus, tracking and focus servo
| oops are created as |loops including the optica

pi ckup 51, the matrix circuit 54, the servo circuit
61 and the biaxial mechanism In addition, in
accordance with a track junp conmand received from

A% ot BAPEDRE FRT | BFS Rre@ossiopal cie cifie Eebhtur ns
of f the tracking servo Ioop and carries out a track

UM GYessi F bye btadhAd BsgmaspangrrRiias hegnal . On

to of that, the servo circuit 61 generates a thread
o‘"'i"]reifé:%lc@ﬁaigl%‘ﬁa}c heP PadiaF o &itAread rror signal
and an access execution control signal, which is
recei ve eF?%ﬁﬁ%%u?%%?§ﬂén@éohf?cﬁIQHrqﬁyt/F818?g%e t he
t hread nechani sm 53. The thread error signal is
SHTRISTEd°RsCH S e FRE e Sy UEBfpEAerCTHIe T H&S Facki ng
error %I ngp The  thread nechani sm 53 has a nmechani sm
| A Tdi g U Rh ST S STt g 85 FSC EOT M B and a

) haf o oId| t.he optical pickup
r%uerﬁlgl ?1% {Js?f‘? iNeg F‘ﬁ&l‘f‘ﬁ? e]afbt%&'t JP]litﬁ‘gef and
accaordance with the rive s o slide.the

SotFEAr pPERe %S%“lng:{f“é?lrlg%&? g FOUIt for Carzying

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 signai for
détecting the wcbbling of the groove.

: It is to be noted that the matrix circuit 54 may be
physically integrated inside the optical pickup 51.

The reproduced-data signal output by the matrix
circuit 54 is supplied to a reader/writer circuit 55. The
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
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distance. It is to be noted that the nechanismitself
is not shown in the figure. A spindle servo-circuit
62 controls the spindle 103 notor 52 to rotate at a
CLV. The spindle servo circuit 62 obtains a clock
signal generated in a PLL process for the wobble
signal as information on the present rotational speed
of the spindle notor 52 and conpares the present
rotational speed with a predeterm ned CLV reference
speed to generate a spindle error signal. In

addi tion, a reproduction clock signal generated at a
ddtea TREFASdGEEFBAL t el Dy upPREEdC ER cai FolkMA Gyiaguis 58.
the reader/witer circuit 55-is used as the reference
cl ock stigharedte/ "ddéadi AGTPROEESS s ansilircad tt fer
information on the present rotational speed of the
SHHEFEINBEEr PE2CEFHRT PAFH RSl adPABREhI S HEssd@ict i on
clock signal with the predeterm ned CLV reference
HKFEEESS FRspPRdF BPEFBTekioghal ségnRabertfb e RaasE s SThen,
the spindle servo circuit 62 outputs the spindle
FTEAEPgRal SPHRT AR 1 Jerekafédnth B csiRined awPLh
Hpe spindlg error signal, to carr¥ out the CLV i
SERPEEHS oF Ot BROSTA 1fd IR TR0 6R6 91T | Y ddtR 1R cadheickup
gﬁjnd$e.servo circuit 62 also ener.ates aaspindle

!

i've 8% ghElS At oS E6fdan et ifE Fipplied to

modulation/demodulation circuit 56.

The modulation/demodulation circuit 56 includes 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 reproduction clock
signal.

An ECC encoder/decoder 57 is a component for
carrying out an ECC encoding process to add error
correction codes to data to be recorded onto the optical
disk 1 and an ECC decoding process for correcting errors
~included in data reproduced from the optical disk 1.

At a reproduction time, data demodulated by the

modulation/demedulation circuit 56 is stored in an
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"spindl e kick/brake control signal received fromthe

systemcontroller 60 to carry out processings to
start, stop, accelerate and decelerate the spindle

-notor 52. 104 A variety of processings carried out by

the servo system and the recording/reproduction

" system as descri bed above are controlled by the

system controll er 60 based on a mcroconmputer. The
system controller 60 carries out various kinds of
processing in accordance with commands received from
the AV system 120. When a wite instruction (or a
conrrmdlt mewpry eto dag ajubi=atedeicvedrfoom t he AV system
120, for exanple, the systemcontroller 60 first of
fetemhies/cheroptieal prpiciaipasintiopancessdies sucht es a
which the data is to be witten. Then, the ECC
Srcodérrdeasdepr87eamd-a eenepsdel ahe ony eletwdul mpiroduced
circuit 56 carry out the encoding processes described
on the data received fromthe AV system 120.
Exanpl es of the data are video and audi o data
gener at €@ | FPREDBY®EnCe tii ehtained iast & gleswdthedsa
such as MPEQ. Subsequently, as described above, the
([ELPER Gy PERFEET redi i esb aifppli E8e | BGerenirqdes /gelsdsr
representing the data to the |aser driver 63 in order
tﬁj) 15cFGafl GUF e the ifdesneh pemoBptandltinserredn

t he other hand, when a read comuand to read out
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 abbve, 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
demodulated in the wobble circuit 58 into a data stream
composing ADIP addresses. The wobble circuit 58 then
supplies the data stream to an address decoder 59.

The address decoder 59 aecodes the data received
thgreby to generate addresses and then supplies.the
addresses to the system controller 60.

The address decoder 59 also generates a clock
signal by carrying out a PLL pfocess using the wobble

signal supplied by the wobble circuit 58 and supplies the
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data such as MPE&Q video data fromthe optical disk 1
is received fromthe AV system 120, for exanple, the
system controller 60 first of all carries out a seek
processing 105 to nove the optical pickup 51 to a
target address at which the data is to be read out
fromthe optical 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 nmake an
access to a target address specified in the seek
command. Thereafter, necessary control of processings
icdocky LERRY tO PrRaTsfErr@RER TS far speEilicedSsegnent
to the, AV system 120. That is to say, the data is
FESATELROTFORE PePpiGlesk ditgral; processing such as
the decoding and _buffering processes is carried, out
in the TRAHT WA dr S1ENPEUPHEBELE Rhdhe matrix circuit
g%dulation/denndulation circuit and the ECC

cB8ef/ BLBBYEITHATShFOr hBer HahkstRd thats of the
transferred tp the AV system 120. It is to be noted
FRECVEI hSt RS PP ute i Agoatse FEe8r Y RELLTOE IERe

opti cal  disk and reproduce data fromthe optica
AReRP 5o L4820t otrcBREr BFToH G0t il CABabt 8¢ pash-pull
SO PSR ot R e ot kg R o
B h g SR fra S e G Y LI PRR €8 LM P82 0L 0]
éarries out a kinary 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 prerecorded information. The extracted prerecorded
information is then supplied to the system controller 60,

On the basis of the read out prerecorded
information, the system controller 60 is capable of
carrying out processes such as processing to set a
variety of processihgs and copy protect processing.

At a recording time, data to bé recprded is
received from the AV system 120. The data to be recorded
is buffered in a memory employed in the ECC
encoder/decoder 57.

InAthis case, the ECC encoder/decoder 57 carries

out processes on the buffered data to be recorded. The
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In addition, at predeterm ned points of tinme such as
the tinme the optical disk 1 is nounted on the disk
drive, the systemcontroller 60 reads out a unique ID
106 fromthe BCA on the optical disk 1 in case the BCA
exists on the optical disk 1 and prerecorded
information (PIC) recorded on the optical disk 1 as a
wobbl i ng groove from the reproduction-only area. In
this case, control of seek processings is executed
with the BCA and the prerecorded data zone PR set as
targets of the seek processings. That is to say,.
Sar8il8hel P The Sy 96 PEHPE BA 1SS e
accesses by using the optical pickup 51 to the
i JOESE PR YRT BT R Y&t RESHptIEatc didsk spb-
Later on, the optical pickup 51 is driven to carry
ott“S%pr oduction tracing to obtain a push-pull signa

as inf Rga%ion conveyed by a reflectﬁg,beanl_Thenh
decod!ng °p %E%§§§§ﬂ§%é”@a¥P?e5?8u?n? 1¥e PREGGGFE 15
T S L AL R AGRCTRN R A
SR HRLOTTEE 3 S sprodiged data, O the
BRI B8, LS QU BN OByt
G TS QUL RYQEPSSL N9 AHEN 33 A process to set laser
In these encgding 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
of the recording layer, the spot shape of the laser_beam
and the recording linear speed as well as adjustment of
the shape of the laser drive pulse. After completing the
rééording compensation processing, the data to be
recorded is supplied to the lasex driver 63 as laser

drive pulses.’

The laser driver 63 passes on the laser drive
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powers and a copy protect process. In the

configuration shown in FIG 18, a cache nenory 60a is

enpl oyed in the systemcontroller 60. The 107 cache
menory 60a is used for holding information such a
TDDS, a TDFL and/or SRR, which are read out fromthe
TDVA recorded on the optical disk 1, so that the
i nformati on can be updated wi thout naking an access to
the optical disk 1. Wen the optical disk 1 not
finalized yet is nounted on the disk drive, for
exanpl e, the system controller 60 controls conmponents
FHERE GPskPartaeet g edrYadTEbS e FHIC3dn 846K 1P
§§§| fromthe TDMA recorded on the optical disk 1 and
& RN APEheeneRRhECHevory 1608T PRE8r T6A™ WRBNIAPFe -
al ternate-address process is carried out to renew
MG OWPTY e Gata DT RIS 6OF Thet Rt LrEEe, S5RR

and/ or TDFL _stored in the cache nenory 60a are

66&?&?8.0%VE?? W% Hiternat e- addr ess process is

i sk 1 Hnd i 1S PERAPTARATERE THFLASS UATEd. oF ofncludes
R Pao ATt o e T o PR T ENROF Bt dekt Ortt ™

P AAEN T R R ST T 115k S qpspegient

of ambient conditions such as the ambient temperature by

monitoring the laser output peower. 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‘ci;cuit 6]l generates a variety of servo
drive signals from the focus error signal and the
tracking error signal, which are received from the matrix
circuit 34, to carry out servo processings. The servo '
drive signals include focus, tracking and thread servo
drive signals.

To put it concretely, the focus and tracking drive
signals are generated in accordance with the focus error

signal and the tracking error signal respectively to
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‘early tinme. j In order to solve this problem there is
adopted a nethod whereby, when the LRA (Last Recorded
Address) 108 serving as an address of SRRl is updated
after data is increnentally recorded, for exanple,
the SRRI stored in the cache nenory 60a is updated up
to a certain nunber of tines and, at a certain point
- of tinme after that, the updated SRRI stored in the
. cache nenory 60a is recorded on the optical disk 1 by
catal oging a TDMS update unit. In addition, there is
al so a conceivable nethod whereby the SRRl stored in
tHe A CREPRERDY L B0ECTEs anst fragkasgnanyls i psthes
required till typically the optical disk 1 is ejected
fioihitHe "AFSRNUPT VeI ehsint ide optieal miekum 315  Thus,
ej ect ed fron1the di sk drive, for exanple, the nost
r nERANA AFAFRT STTIC SksRsd aFR cheatedcte TRamsty
60a are transferred to the TDVA on the optical disk
Géydtlﬁ‘@ hay, R Ry RicdivRe St fhrare bRt pfcinrmid Sk
rlve shown.in FIG_18 is the configuration of a disk
e\/éewﬁn‘éﬁ%‘aﬂi ot FRaarhsy et adoneFoRr AR t he
di sk drlvecg_OV|ded by the present invention can be

connect%ﬂiaq Qﬁ?napﬂﬁrﬁFEQrgﬁEﬁed§”§1§EF§€E§IJump

C g@gtgr §%$a%|on t he di sk drive may be designed

FrBas et 1Bh THat SRRt OBE" Shififected 6 8RTVO
%R@%&%Eugl turns off the tracking serve loop and carries
out a track jump processing 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 contrel 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 including a
transmission gear, a thread motor and a main shaft for
holding the optical pickup 51. The thread mechanism 53
dfives the thread motor in accordance with the thread
drive signél to slide the optical pickup 51 by a required
distance. It is to be noted that the mechanism itself is

not shown in the figure.

A spindle serve circuit 62 controls the spindle
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In this case, unlike the configuration shown in FIG
18, the disk drive includes an operation unit and a
di splay wunit or an interface nmenber for inputting and
outputting 109 data. That is to say, data is recorded
onto a disk and reproduced fromthe optical disk 1 in
accordance with an operation carried out by the user,
and a termnal is required as a termnal for
inputting and outputting the data. O course, other
typi cal configurations are conceivable. For exanple,
the disk drive can be designed as a recording-only
s tor *etpépraduetGoh-only apparatus. 5 Data
Recordlng/Reproductlon Processings without Alternate
Areas 5TH® #Piatleasafyce cdrcpata %V@bﬁQﬂTﬂD@o@éQSRnglgmﬁl
referring to flowharts shown in FIG 19, the
fQﬁWQ£ﬁtﬁg d8sér Fhbi P éFﬁstBﬁoU@égl?mF¥ﬂﬂﬁﬁ éd out
d&? t he systemcontroller 60 enployed in the disk
TPETERIRD BRoERE PE%S Fc draFadaraabnereethe Hftiecal
disk 1 formatt 9 to include no alternate areas as
s d\ﬂ%‘ enfefer § (B9 9amR3Teso the RBEEP | Hedtatdrnefe
e gata mgltln roceSS|n% expl ai ned below is
rrleHlB Pﬁ% PR Sk TET ARSI rERRAF Ben
énne? on th sk drive, and a TDDS, a TDFL as wel |l
&s SRR h%vépb’é ® (S Sesal-

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 épeed of the
spindle motor 52. Thus, by including this reproduction
clock signal with the predetermined CLV reférence speed,
a spindle error signal can be generated.

Then, the spindle servo circuit 62 outputs the
spindle drive signal, which is generated in accordance
with the spindle error signal, to carry out the CLV
rotation of the spindle motor 62.

In addition, the spindle servo circuit 62 also
generates a spindle drive signal in accordance with a
spindle kick/brake control signal received from the
system controller 6Q to carry out processings to start,

stop, accelerate and decelerate the spindle motor 52.
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froma TDVA on the optical disk 1 nounted on the disk
drive to the cache nenory 60a. In addition, when a
request for a wite processing 110 or a read
processing is received froma host apparatus such as
the AV system 120, the target address is specified in
the request as a | ogical sector address (or an LSN)
The disk drive carries out |ogical /physical address
conversi on processing to convert the logical sector
address into a physical sector address (or a PSN). It
is to be noted that, in order to convert a |ogica
sect or AdHHESE s pdciPrPegspynegs homtriad vk byhybecegrvo
sector address, it is necessary to add "the physica
S €€s 28R the FetdigerreprrAlgtiger syaten areglescribed
recorded in the TDDS to the | ogical sector address.
BT S &R eCORbeRl Uit P4t HécoptpEar @prkralisr dludpepd on
units. Assune that a request to wite data into
S ArESSCRPYB? T a | ogi cal sector address N where Nis a
mul tiple of 32) has been received froma host .
appar at U sUSTEs SPRETOALLE VY iR DY Hth&agyeeefinds
gﬁptroller.60.,ln this case, the systemcontroller 60
a

PEECERT LB s IRF TEHPESENT LB byOTMend s JvRIvd e s AEHA
t of all, at steps F101 and F102,

' F 19. Fi
Iécrffiﬁl hgt 8}1%1&31{:”1'{ 'e cache nenory 60a or SRRl nost

recently updated. in.th
ﬁ%edja were lnsgruction {or a command to write

data) is received from the AV system 120, for example,
the system controller 60 first of all moves the optical
pickup 51 to an.address into which the data is to be
written. Then, the ECC encoder/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. Subsequently, as described above, the
‘reader/writer circuit 55 supplies laser drive pulses
representing the data to the laser driver 63 in order to
actually record the data on the optical disk 1.

On the othér hand, when a read command to read out
-data such as MPEG2 video data from the optical disk 1 is
received from the AV system 120, for example, the system

controller 60 first of all carries out a seek processing
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cache nenory 60a is referred to in order to produce a
result of determ nation whether or not data has been
recorded in a cluster at the specified address. 111
That is to say, in a process carried out at a step
F101, SRR entries in the SRRl are examned to find an
SRRI entry of an SRR including the specified address.
To put it concretely, first of all, the |ogica
sector address N specified by the host apparatus is
converted into a physical sector address N Then, the
physi cal sector address N is collated with addresses
r'ee YR ihe CREACSRREMINY b W quiteas sehea SRR Mufiter
assugged to the SRR entry with recorded addresses
porRdidRgat 65t Be hyEsadloweditom AbdreBsioel difsdnl.
in a process carried out at the next step F102, the
Aot ess §|6’ec§|af*’|' eah? BYHee® et lflgr §0wpptRuts a seek
processjing is npared with the LRA of the SRR
| TERATS & tBﬁ Fﬁ%"%o‘iﬁﬁ‘%‘@at funtér d54¥pghed PRE19%d SRR
entre;gd$ order to generate a result of determ nation
gt frér MBFS HOt2AHE nddt es$25Peti pidErTh Ireitied

req st for a wit processing is an already recorded
595 acBW%%% s carried out at the next step

F103 Tgﬁ is_to say, the .address_specified in the
r equest 187 cohpHre FOGPERF He CERAT Obf Ot HRF SRR S¢PIFhES

o AR AT e TAF R 4

AV system 120. That is to say, the data is read out from
the optical disk i, processing such as the decoding and
buffering processes is carried out in the reader/writer
circuit 55, the modulgtion/demodulation circuit an& the
ECC encoder/decoder 57, and the requested data is
transferred to the AV system 120.

It is to be noted that, in the processings to
record data into the optical disk 1 and reproduce data
- from the optical disk 1, the system controller 60 is
capable of controlling accesses to the optical disk 1 and
the recording/reproduction processings by using ADIP
‘addresses detected by the wobble circuit 58 and the
 address decoder 59.

In addition, at predetermined points of time such
as the time_the optical disk 1 is mounted on the disk

drive, the system controller 60 reads out a unique ID
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address N is smaller than the NWA of the SRR If the
result of the determ nation indicates that the

physi cal sector address N is smaller than the NWA of
the SRR, the 112 physical sector address N is
determined to be an already recorded address. As
described earlier, the NMA of an SRR can be derived
fromthe LRA of the SRR described by the SRR entry.
If the result of the determ nation indicates that the
physi cal sector address N equal to the NWA of the

SRR, the pr(%lsi cal sector address N is determned to
bECOThotReafCal PRabYe r Stk efdd Hddr dsdn Shpr etheh BINRGEH S

~the SRR is a_postscript-recordi n%ﬁpoi_nt, in this

R g WRHLEN dbFX thet'pt ressicngageesn brrtatanm HEIC)
step F103 to _a step, F104 at which data is witten

i TRPHITE PRy SPEaPPsidlord! sfddr é§s aNwobhing g qayes fyom
in this case, . the address specified in a wite

C 0 uEEFP?"%‘E&Y FFat-a-writing processing is not
an al ready _recorded address. Thus, the data witing
processiAg P GRTS e FOBLEChoPhafP§" RYCCKFSEPESr 15) s
enerated i,n. the data-wjting processing due to an
?en*jelﬁ%a?efanf“r-it%t Bl® ot RSt &Feaﬁgﬁrﬁe%rd%ﬂ/ ZoPRe PR
cause, thovve er |.t er nat e- addr ess processi ng may be
CHTT i98d “6GPE P nt eHif B SPIGFeEFIYT n dPprodEsEC Sav.

carried out at the. ste
commands 4are l1ssued to Qhe servo circuit 61 fo make

accesses by usingrthe optical pickup 51 to the innermost-
circumference side of the optical 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/writer circuit 55 and ECC encoder/decoder 57 to
generate BCA information and prerecorded information as
reproduced data.

On the basis of the BCA information and the
prerecorded information, which are read out from the
optical disk 1 as described above, the system controller
60 carries out processing such as a process to set laser
powers and a copy protect process.

In the configuration shown in FIG. 18, a cache

‘memory 60a is employed in the system controller 60. The
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F104, the systemcontroller 60 executes control to

wite data onto the optical disk 1. To put it
concretely, the systemcontroller 60 noves the pickup
51 to the specified 113 address to nake an access to
the address and record the data to be witten onto
the optical disk 1 in accordance wth the data wite
request at the address. If the data-witing processing
is conpleted normally, the processing goes on from
the step F104 to a step F105 at which the SRRl stored

in th h 60a i ted t flect th

R TR e BEF o e (4 "RYCa Pt BE A SR Then

[ ce ry, that i if thetre is an_opportunity to

Iu% at’e a‘fﬁ%%Rﬁ‘g?‘%ﬁlﬁf’% d‘%‘ltcltﬁlear%;ﬁ%%lg% %fll fie
t.h tical disk. 1 i I dat ed.

e L O R R SRR L 2 SR P o T he

optical .disk 1. Final he processjng carried o

PR e oy 67 e iRiTyed i aBaRE) Ta k% b trsrgy o

t*ﬁg Af fggﬁ Hggﬁifal sector address N specified in

t he vwﬁ% i

€ request is greater than the NWA of the SRR
anille par.a r..error. i transm.t.ted to. the
Qﬁén'g%%gﬁﬁhcaﬁ dﬁgk f not 1nﬁ%% é% y?ttﬁ%

appar at us na € Wi request’. weve
%&.\éﬁ! é%{]tonsgﬁwdi Fc!r%vej;g fggeéx%ﬁéf‘ot e .%yhs%g%ase I n

|1 C t he pnysi cal sector a Iess speciTi e in the
Wl L& 18QYegh éénégéﬁg(%bﬂﬁyagnkgeogw¥£éﬁdisk drive to
read cut a TDDS, a TDFL and/or SRRI from the TDMA
recorded on the optical disk 1 and store them in the
cache memory 60a.

Later on, when an alternate-address process is

carried out to renew and/or write data or due to a

detected defect, SRRI and/or TDFL stored in the cache

‘memory 60a are updated.

Every time an alternate-address process is carried
out to write or renew data in the optical disk 1 and the
SRRI and the TDFL is updated, for example, a TDMS update
unit can be incrementally cataloged in the TDMA or ATDMA
recorded on the optical disk 1. By doing so, however, the
TDMA recorded on the optical disk 1 will be used up at an
early time. |

In order to solve this problem, there is adopted a

method whereby, when the IRA (Last Recorded Address)
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the SRR If the determ nation result produced in the
process carried out at the step F103 indicates that
the address 114 specified in the request for a wite
processing is an already recorded address, the data
to be witten onto the optical disk 1 in accordance-
wWth the data wite request cannot be witten into
the specified address. In this case, the flow of the
processing goes on to a step F106. First of all, in a
process carried out at the step F106, the TDVA

i ncluding the ATDVA is exam ned to produce a result
oFSTHELEF it BATESST P et Hor. So PPABESR et TEIE tGarid
t he ATDNQ%HHave been all _used up _for recordin ,
ARG GY1 FoERERS £ 5o ST Loal Foe arti f readedn
[ the TDMA including the ATDMA, alternate-address
e gerIR m@&ﬁrﬁog@j%rfgser@odea%&ﬂeé@t £Q. 21 FRE RN qyEper of

‘the flow of the rocessi ng goes on to_a st F107 at
\/\g}r{é%s ar Vgi'eraltoi"1 Ssde I?%qutr HshitPe et tF tHert the

R SO ey, (3L ML eatent 1L cEpon
P30 SIS IO o P LSOO o0 B L
Lie SRS Myt E10C, 200 RSO
Shafedyl 08 R SERH 9(RTHCd LR PLQINSE @4 g3vlt of
updated as many times as required till typically the
optical disk 1 is ejected from the disk drive and, as the
optigal disk 1 is ejected from the disk drive, for
example; the most recent SRRI and/or TDF@ stored in the
cache memory 60a are transferred to the TDMA on the
optical disk 1.

By the way, the typical configuration of the disk
drive shown in FIG. 18 is the configuration of a disk
‘drive connected to the AV system 120. However, the disk
.drive provided by tﬁe Present invention can be connected
" to an apparatus such as a personal computer.

In addition, the disk drive may Be'designed into a
configuration that cannot be connected to an apparétus.
.In this case, unlike the configuration shown in FIG. 18,

the disk drive includes an operation unit and a display

unit or an interface member for inputting and outputting
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determ nation as to whether or not an NWA exists in
the SRR The examned SRR is the SRR found in the
process carried out at the step F101, that is, the
SRR i ncluding 115 the alternate-object origina
address. As described above, an SRR including no NWA
is an already closed SRR That is to say, the SRR is
exam ned to produce a result of determnation as to

whet her or not the target SRRis a still open SRR
Such a result of determ nation can be produced by
QF erri ta informati on described in the SRR
[feader . T e TPeSAlt R tUStTHAREACRENOT AR 2 Atk amst
ee tar% t . SRR i s a still ogen SRR, the flow of the
6’8589%? ‘g Jif pTacelefl Fioh @t AMOEARAR WhER 3D
m% tten onto t he g tical disk 1 jn accordance wth
PR TR q’eodjl}e FBS Wi 2 e Plihfo tEAMARRY +5
%%@%&IQQ fron1 of the SRR Then, the f|ow of

processmgtegrg”é%1 ntPs é?%??ﬁfEQqud SPTRHFERNG the

%gggssary update process is carried out. That is to
say, S|nce the processing to wite the data onto the
opti cal, QeProcess n%OQ?%reneMI dat a already

recor de c ufﬁ Iopglcal grhat e hdthess
CHEROISE P RS i e

' Qd Cf@éﬂf&%ﬁ%J§%l&hgpggﬁgtugwg} éﬂ¥e89@éucE1¥n -only
apparatus.

5: Data Recording/Reproduction Processings without
Alternate Areas

5-1: First Example of Data-Writing Processing

By referring to flowcharts shown in FIG. 19, the
following description explains processing carried out by
the system controller 60 employed in the disk drive in a
process to record data onto the optical disk 1 formatted
to include no alternate areas as shown in FIG. 1 (b).

It is ﬁo be noted that, at the time the data-
writing processing explained below is carried out, the
optical disk 1 has already been mounted on the disk drive,
and a TDDS, a TDFL as well as SRRI have been tranéferred
from a TDMA on the optical disk 1 mounted on the diék

drive to the cache memory 60a.

In addition, when a request for a write processing
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i ncl udes the physical sector address N, which is
indirectly specified in the data wite request, as an
al ternat e-obj ect original address because the physical
116 sector address N is an already recorded address,
and the NWA, which has been used as the target of the
data- recording process carried out at the step F109,
as an alternate-object replacenent address. In

addi tion, since the data to be witten onto the
optical disk 1 in accordance with the data wite
request . (is witten into an SRR, the SRR entry of the
PR e é’l@&es@lﬁ%dﬂa% SRECHEhEF ABr @, DT th P RAHE LPBFL
and the SRRI are dated, the TDDS needs to be
dﬁﬂgféﬁ tﬂﬁuév FHS? WOcdde tareredediEest ithe step

F|IId st of all, the TDFL, SRRl and TDDS stored in

t%% 8afér? PyCBEE S #UFdAPEdC2FhEFC T 6o Gan 8
e éﬁﬂ? of, the TDFL, the SRRl and the TDDS,

anr u TR I A F@éi‘éﬁs af iTEERed PRy pycal

ded 1n t ATDVA the opti cal
diSR 'Pr”“fﬁaga%wﬁﬁ% VB #BaBPEVBr balited S P

&£ Fl |nd|cates t t th targe is an al read
%6%% %%ﬁe ?Ee %t dse?ﬁ%rf?égé%ﬁs g @ BSNY.
rocess oes F110.. Then, the d ta to
Ee Wi tlt[gg %n e opt F%gfpd}%korfqr fcESPEShte® wi t h

fgﬁf%%ﬁasg%kgg 5& ngg 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’
recqrded in the.TDDS to the logical sector address.

Data is recorded onto the optical disk 1 in cluster
units.

Assume that a request to write data into addfess N
(or a logical sector address N where N is a multiple of
32) has been received from a host apparatus such as the
AV system 120 by the system controller &0.

In this case, the system contrcller 60 starts
processing represented by the flowchart shown in FIG. 19.
First of all, at steps F101 and #102, SRRI stored in the
cache memory 60a or SRRI most recently updated in the
cache memory 60a is referred to in order to produce a
result of determination whether or not data has been

. recorded in a cluster at the specified address.

111



is witten into an area starting fromthe | argest one
anong the NWAs of open SRRs. That is to say, the data
to be witten onto the optical disk 1 in accordance
with the 117 data wite request is witten into an
area starting from the NWA in the rearnost one anong
open SRRs ‘existing in the user-data area. By the
rearnmost SRR, an SRR existing at the |argest address
anong the open SRRS is inplied. As the data-recording
process is conpleted, the flow of the processing goes
on to step. Fill at which the sane update processes
as theaglﬁ%g WG ih¥d dBoYeP RS THALeqd0art Tb Putep

[ on tely, first of all, the TDFL, SRRl and TDDS
idflad 5P REELSEHRT iifolR 808" ar - UBtRACA® EFRENAR
d i.th the updating of the TDFL, the SRR
TR RETFBOS " TONS ‘badeenank e | SPeTidaies 2aHgSss
incre t al Ié/ .rtecorded in the TDVA (or, _the ATDVA) aon
the optTdal” disKCECTRECtes cribtd Hbéve; Fhe +9dvaHart

S0 Bt P RS A I SR
R s R b
T ML R R L M L
Ok AL, U L0y SL9EL L8 SO 8oL R
E@Eaned to the SRR entry with recorded addresses
corresponding to the physical sector address N’.

Then, in a process carried out at the next step
F102, the address specified in the reguest for a write
processing is compared with the LRA of the SRR identified
by the acquired number assigned to the SRR entry in order
to generate a result of determination as to whether or
not the address specified in the request for a write
processing is an already recorded address in a process
.carried out at the next step F103. That is £o say, the
address specified in the request is compared with the LRA
of the SRR of the SRR entry to generate a result of
determination as to whether or not the physical sector
address N’ is smaller than the NWA of the SRR. If the

result of the determination indicates that the physical

sector address N’ is smaller than the NWA of the SRR, the
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an address, which happens to be an address in a
defective area. Let us assune for exanple that, even
if the address 118 specified in the request for
processing to wite data onto the optical disk 1 is
an address in an unrecorded cluster, which is a
cluster without data recorded therein, the cluster is
defective, making it inpossible to wite data therein
correctly. In this case, the flow of the processing
goes on fromthe step F103 to the step F106 to carry

| t te- t th t
F%%EP& i e Dibeatnsnt Lt e 2 ognggsgg o Xg e ety
GEPEPREAaLeRy PO Q%feﬁ‘:a”&% %@ﬁs“gh@n SRR
I DEL. ent n th
Zﬁ%l?y@%h#%&%ﬁﬁi‘é’rorﬁcFi”mfn L Piecééﬁ%eae%@ K i ate

UBLE - e Second Exanple of Data-Witing ProceSS|ng
By the way, in a process carried at the step F109 of

the floyehart shaw id} FLG gl9..al Lernal encddf S5 tpat

processi ng 1 nvolving an area udil ng_ an
adel esis, spegi thed.] na&clmee t@- A'fhghngo ¢ LRe
carri e out. Nornma Yy, SucC al t rnate a ress

ecessitonyieen eiceol e ot en, B ol
rﬁ%ﬁtaﬂlﬁyfeﬁdy recorded address. Since the NWA of the SRR
is a postscript-recording peint, in this case, the flow

of the processinglgoes cn from the step F103 to a step
F104 at which data is written into the physical sector
address N’ .

That is to say, in this case, the address specified
in a write command to carry out a data-writing processing
is not an already recorded address. Thus, the data-
writing processing is carried out normally. If an error
is generated in the data—writihg processing due to an
injury inflicted on the optical disk 1 or any other cause,
however, élternate—address processing may be carried out
instead.

First of all, in a process carried out at the step
Fl04, the system controller 60 executes control to write

data onto the optical disk 1. To put it concretely, the

system controller 60 moves the pickup 51 to the specified
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| ocation physically close to the alternate-object
original location can be selected as the

al ternat e- obj ect replacenent |ocation. Such an

al ternate-object 119 repl acenent |ocation provides a
benefit in that a seek distance of a |later processing
to read out data fromthe alternate-object

repl acenent | ocation can be shortened. For sone
appl i cations executed in the host apparatus such as

t he AV systen1120 however, an alternate-object

t t t | t te-

HRLARSTE neBE A Tasiehs o A R e
t f II t hi I

LN o L ° £ agp'g?rs% o Honmg o gehatce

%ﬁ@%lt%gdgﬁggaﬁgngpd a%e%roc%s% 4 select an NWA in

es
e sane as an a ernat e- 0 jeC ﬁlacenﬁnt

addr ess, noor def e,melvg'%ﬁggoggsg%tgzgggcgﬁgﬁ% al r eady

recorded data n part

hl%tr@nlaaqyp%ﬁé %oaa},ﬁ% g%egsog def et gg 'gJ %ﬁﬁ% a

Let us assune certain poI N

- agddress oADQ ba%‘?PcﬁPSch%” SR safRdegt Jihe t'ﬂx%s'}:?gﬁg &%%ﬁ%

makes a request for an processing

igtkoid ahHstes & fgki%%%stﬁgi?oéEEé %.rgggggéﬁgn§§ the

the cluster starting from address

Ghust eheoatheraial e- addr es5r RLAGRSS] 99 ‘cﬁat Cj?‘é rigd Qe
That is to say, data Dlfa to be writ I nt

is an opportunity to update the SRRI recorded on the
optical disk 1, the SRRI recorded on the optical disk 1
is also updated. That is to say, a TDMS update unit is
recorded on the optical disk 1.

Finally, the processing carried out for the write
request is ended.

It is to be noted that if the physical sector
address N’ specified in the write request is greater than
the NWA of the SRR, an illegal parameter error is
transmitted to the apparatus making the write request.
However, the flowchart shown in FIG. 19 does not shows
the case in which the physical sector address N’
specified in the write request is greater than the NWA of
"the SRR. |

If the determination result produced in the process

carried out at the step F103 indicates that the address
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this defective cluster nust be actually witten into a
cluster range existing in SRR #1 as a cluster range
starting fromaddress AD1 as shown in the figure. In
this 120 case, the cluster range existing in SRR #1 as
a cluster range starting fromaddress AD1 is referred
to as the alternate-object replacenent area of the

al ternat e- address processing. After data DTa is
witten into the cluster range as described above,
the NWA is shifted to address AD2. Thus, the LRA

(oot Fegos ety Adiissg], regorded, Lo, Lhe S ety or
85 CIRCSUEL B ener G0 b, L0 U o,
suc Q%%ugﬁp |ca?%o%gé§%§%%§§nglggm}P?e %ggnégg?ew}?ﬁBﬁFt
Pt a6 EhRr | 0 Wi ORGhhaRY SPUATYi ngadtrbss
corind asue o ThE rptapeg] 5290%6%6‘:?”&&%‘1. ggﬁsaa%%

and such; amdd €74C0 d ¢ d
case, data may be WFH??e o an §F§a S % ?Fﬁ%l ﬁ%p

afidyee's $ hADEpyA ef 1, IS, %ef g& @g{g'ee@mhat Ot g;t%]ég %

Db is witten onto the optica K

?ﬁé%%?%@eﬁfnd@%é%mfﬁ%ﬂﬂ%h aEnQerﬁé%ﬂé&-%ﬁs%gkngh NAbua
(and the ATDMA) have been all used up for recording
information., If there is no more valid and free area in
the TDMA including the ATDMA, alternate—address
management can no longer be executed. In this case, the
flow of the processing goes on to a step F107 at which an
error message is transmitted to the apparatus making the
.data write reguest in response to the request.

If there is still a valid and free area in the TDMA
including the ATDMA, on the other hand, processes to
renew data stored the optical disk 1 are carried out at a
step F108 and subsequent steps.

First of all, in_a-process carried out at the step
F108, the SRR is examined to produce a result of
determination as to whether or not an NWA exists in the

SRR. The examined SRR is the SRR found in the process

carried out at the step ¥10l, that is, the SRR including
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is aresult of shifting the NWA from address ADO
coinciding with the previous NWA by a di stance
corresponding to the size of data DTa to address ADL,
the 121 sane application witing data DTa this tine
issues a wite command to wite other data DTb into
clusters starting fromaddress ADL. In this case, the
di sk drive carries out the processing represented by
the flowchart shown in FIG 19. Since data DTa has
been actually witten into the clusters starting from
qg%;%ﬁgé@u . _hgmever, the data-writing processing is
carried oUf “§s°87 °ghat & t &l adsir6e8s s ATiiRs crdked BTove,
kﬁlgﬁﬁgggg into clusters starting fromaddress AD2,

L CH SRS PR RARTA IF (3t alREdst aloeRvRR. That is

, Lthe .1 S _updated again_ to address AD3 and
S hear SnF%\A 13 YERLREFC RFSEUFR F MsHdser

I he appl | cat,i o executed in the host
2%%§¥§?S§Ea§%sg§o Od@ﬁﬂﬂFg’Fﬁénﬁﬁther?ﬁ%ﬁﬁtI@ﬁ&.1?hﬁs,

S, ORISR XA P s
saaebdiogy i i s M g e, e,

tdr@r padg.application this time issues a wite conmand
to wite other data into clusters starting from

ot ot TR PAERE A e R L ol G
GAkGLeSSRRLI S NE still open SRR, the flow of the
processing goes on to a step F109 at which the data to be
written onto the optical disk 1 in accordance with the
data write request is written into an area starting from
the NWA of the SRR.

Then, the flow of the processing goes on to a step
F111 at which a necessary update process is carried out.

That is to say, since the processing to write the
data onto the 6ptical disk 1 is an processing to renew
data already recorded on the optical disk 1, alternate—-
address processing needs to be carried out for the
renewal processing. Thus, a new DOW entry must be
generated and cataloged on the TDFL. The new DOW entry
includes the physical sector address N’, which is
indirectly spedified in the data write request, as an

alternate-object original address because the physical
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data-writing processing as a data renewal process,
which requires alternate-address processing. In this
al ternate- address processing,. the other data is
witten into 122 clusters starting from address ADS,
which is the true NWA and, after the data renewal
process, a new DOWis generated. That is to say, sone
applications may not acquire the nost recent NWA
before issuing a coomand to wite data into the sane
SRR as previously witten data. Wen such an

t syes.a data wite conmand naki ng
?%%%'eéa B 15 1 S A sSSPRG o HeREA e dme ghe

S 0 bl e S T ST
Y B A IR
AR 20 Lo g, SespiLt on oxp i
Tohat! A RO %efaft?.aog%éég;ﬂgomo

ST R, LRI BT ko 0

usom«artrensqg% Lp EL8 49 VBYEL, DG PSR RLLONS

of these steps aré not’ rep ea ed’
At Wel LbRgtRKOCESSi ng

Furthermore, since the TDFL and the SRRI are

updated, the TDDS needs to be updated.

Thus, in the process carried out at the step F111,

- first of all, the TDFL, SRRI and TDDS stored in the cache

‘memory 60a are updated. Then, in accordance with the
updating of the TDFL, the SRRT and the TDDS, a TDMS
update unit is created and incrementally recorded in the
TDMA (or the ATDMA) on the optical disk 1.

If the determination result produced at the step
F108 indicates that the target SRR 1s an already closed
SRR, on the other hand, the flow of the processing goeé
on to a step F110. Then, the data to be written onto the
optical disk 1 in accordance with the data write request
is written into an area starting from the largest one
among the NWAs of open SRRs. That is to say, the data to

be written onto the optical disk 1 in accordance with the
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represented by the flowchart shown in FIG 22, if the
address specified in the data wite request is an

al ready recorded address and a free area exists in
the TDVA or 123 the ATDMA, the flow of the processing
goes on to a step F108A in order to carry out

al ternat e-address processing. At this step, the SRRs
are exam ned to produce a result of determ nation as
to whether or not an NWA is included in an SRR
different fromthe SRR including the address

S [ fi in the data wite request is to be noted
ﬁ§€é ¢é¥%$afﬁ§ueﬁg f%d@?lEFQ§Qﬁ§toaP§ Pﬁe%p%ﬁﬁ%ﬁ%§9u§rom

Thus e d%ggrgggathp result produced in the
process carrled ott At~ tHE ?F@BQFTQS% PRRS Rty ng in

f,.the SRR including the address speC|f|ed in
?ﬁﬁga‘ls’teéj \%/ralttfile reque;ét 'lég’e E%aﬁrﬁ‘i”i/t SER-pa SRR Bpktting

si.at r he determ nation result = produced in
th e1%§3é52§@§gr??% d out™ &t fr8°sPBE" FIHEA 4 inglied.

d I [ e flow of the processing goes
on o the es BT itrart it o Regelgiers &

thaRs et 8D LPoLhE: £ ‘?ﬁog}ﬁ: at i,on, maki n@w E}ilﬂata% },Ae'}rllléﬁ

request before exec of “F'h&®dat ¥

AHRCesskNgqL €PY by this flowhart .is
the resul t=of ckﬁgﬁﬁﬁﬁgéfuéﬁ E%%f??n% Har- gﬁd OV? Afe

el RS PR T A B R o,
tdM®I and TDDS stored in the cache memory 60a are updated.
Then, in accordance with the updating of the TDFL, the
SRRI and the TDDS, a TDMS update unit is created and
incrementally recorded in the TDMA {or the ATDMA) on the
optical disk 1.

As described above, the flowchart shown in FIG. 19
represents alternata-address processing carried cout in
order to renew data in response to a reguest for
brocessing to write data into an address, which happens
to be an already recorded address. It is to be noted,
however, that the altérnate-address processing may also
be carried out in the same way in order to renew data in
response to a request for processing to write data into
an address, which happens to be an address in a defective

area.

Let us assume for example that, even if the address
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ot her hand, the flow of the processing goes on to a
step F109A at which the data intended in the data
wite request is witten into the other SRR in an area
starting 124 fromthe NWA. That is to say,
al ternate-address processing using an area in the
other SRRis carried out as a data renewal process.
Then, at the next step Fill, the TDFL and the TDDS
are updated in accordance with the alternate-address
processi ng. Subsequently, the SRRl for the contents
of the SRR serving as an alternate-object replacenent
SIS T TS dhuplat MAuRS thdlar. PreceReidat e wiittengata
proce%'in% regresented by the flowchart shown in FIG
23 5% REACM i Pk dquesn pRereaddiesy spaeicbirdddi n
tgg ata m&%tg request is an already recorded address
and “altér WAt addr sS PP beEsEt Hypyts datgs resarfpddtbetein,
tQ r%ﬂgm%data al ready recorded at the address. It is
$ENGEEY thateHTErivat Sedddreds PrRRSESSIRg toanrite

%13% Q%e%ggried out .in the sane way because the

40 eSS SPRTIT R Gl -t hedERLS Widd%e taquésevi If afhe
2@%%%%%iin a def ective E{ea. Let _us assume for

xanpl e that C¢2veh TN (he 546PeEi03fetitficedtrr FRES to

r€ S o] rocessi-ng to, wite data onto _the optica
&.e“%%?’lt"ilfé B e 24 TR PR o GFERS? PoeraLner 2t has

Rt et AR
procesShqugp%%sgno rQQéthtééﬁ-uﬁégérégs processing
. carried out for such a defective cluster, however, the
TDFL is updated by cataloging a new DFL entry in the same
way as a DOW entry through an incrementally recorded a
TDMS update unit.

5-2: Second Example of Data-Writing Processing

By the way, in a process carried at the step F1i09

of the flowchart showﬁ in FIG. 19, alternate-address
processing involving an area in the SRR inclﬁding an
address specified in the data-writing processing is
‘carried out. Normaliy, such alternate-address processing
does not raise a problem. As a matter of fact, the
alternate-address processing may have a merit that a
location physically close to the alternate-object
original location can be selected as the alternate-object

replacement location. Such an alternate-object
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the step F106 to carry out the sane alternate-address
processing using an area in the other SRR as an

i nterface-object replacenent area at the step F106 and
125 the subsequent steps. FIG 21 is diagranms each
showi ng the state of data wite processings carried
out in the data-witing processing described above.
Mich like FIG 20, SRR# 1 and SRR #2 are each an
open SRR In FIG 21A, let us assune that a defective
cl uster is detected in a hatched portion of SRR #1

at a t be witten into this defective
%’ ST re ?%%%atls%JPéf&VééeﬁoaalF%%fﬁaﬁ -ddpEse seek
i%%es& ng another SRR i s sel ect ed | n
ter natae ]aadtaer §3§°C6F8&8§3F?19r%%d FEwAlaER EFen &
21 ata. DIa w]l be witten for
g‘%&r%r%ﬁe 3t° r%esrseP menﬁh?‘%ﬁaifjsoq HETNAR SFOEW%CE
Vi t.her SRR. Thuys
al terS ﬁ%t eg%édfgllrceagcsmﬁsoceéfg }11' jo%t?ﬁ)%‘fsl SBPRFRLEUS Purch
U r rid n at address AD11 he NWA of
SthE pL NG 330" Uit Awltﬁm%—o%asc
T ntry,for SR of SRR
ﬁ%@%g@%eﬁ{‘tﬁ%; %R% I%Fls¥ggsseame %Eﬁ :ﬁ‘ EEA aiiehe
egtJ I t hat t he
%ggle%g?{%%nce%@r{ aﬁe&gtﬁl?ﬁ ppticati & '\%ﬁﬁ%sl% e
aguest for a

First of all, this problem is explained as follows.

FIG. 20 is diagrams each showing open SRR#1 and
SRR#2 and an processing to select an NWA in the same SRR
as an alternate-object replacement address in order to
avoid a defect and renew already recorded data.

In particular, FIG. 20 (a) shows a hatched portion
‘in SRR #1 as a defect in this SRR. Let us assume that, at
é certain point of time, address ADO becomes an NWA, and
the host apparatus makes a request for an processing to
write data DTa into a cluster at address ADO. 1In this
case, since the cluster starting from address ADO is a
deéfective cluster, alternate-address processing is
carried out. That is to‘say, data DTa to be written into
this defective cluster must be actually written into a
cluster range existing in SRﬁ #1 as a cluster range

starting from address ADl1 as shown in the figure. In this
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processing to wite data DIb after DTa onto the

optical disk 1 without acquiring the nost recent NWA
the application specifies address ADl, which is
assuned to be 126 the nost recent NWA of SRR #1. Thus,
data DTb is witten normally in an area starting from

~AD1 and the NWA of SRR #1 is updated to address AD2.

That is to say, the application does not incorrectly
assune an NWA as is the case with the exanple

expl ained earlier by referring to FIG 20. It is thus
possi bl e to sol ve the problem caused by generation of
Urisce &% F1BORPENT$1%S  exits tiigat dnbBRACt Bt Matcluister
this case, the NWA of SRR #2 may be updated. w thout
DT BTG BY FRe™ afsiiqssatitdnis| Febereschdte saddhess
processing is carried out by witing data into an SRR
GHHET A En CPREC SRIEP 15aRmG aseehefobhgiaidienratget of
the data wite request, basically, the application
55§F5@FI?rPﬁF§F§n$nfornation on the target SRR in
advance, _This i s bhecause the processing to update the
NWA of Of het BRR #320b8sWhottenr FRiQ@ Hise ceBFEBE Tange as

rried out by the _application as inference

i nf
S ERGPERr SPARE1 ot N Warigef R 0 idgess ADZ. Thus,

' t a- Readi ng, Processi xt, by referring to the
f gmé gr?hg%gm%equéaigidggess) ¥ecorded ingthe SRR entry

for SRR #1 as the LRA of SRR #1 is updated.

The disk drive updates the SRRI as described above.
In this case, however, some applications executed in the
host apparatus may not acquire the most recent NWA. Thus,
such an application may issue a write command without
knowing that the NWA has been updated to address AD2. In
addition, while a write command specifying address AD1l is
waiting for a turn to be executed on a command gueue in
the disk drive, the NWA is updated and such a write
command cannot be canceled. In this case, data may be
written into an area starting from address AD1.

Let us assume for example that other data DTb is

_ written onto the optical disk 1 after data DTa as shown

in FIG. 20 (b). Incorrectly assuming that the present NWA
is a result of shifting the NWA from address ADO
coinciding with the previous NWA by a distance

corresponding to the size of data DTa to address AD1, the
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23, the follow ng description explains processing
carried out by the systemcontroller 60 to reproduce
data from the optical disk 1 nmounted on the disk
drive. 127 Let us assune that the systemcontroller 60
receives a request for a processing to read out data
from an address, which is specified in the request as
a logical sector address N, froma host apparatus
such as the AV system 120. At such a request, the
systemcontroller 60 starts the processing -

represen flomchart shown in FIG = 23. As

ed

M aPﬁ& %Q¥?@u‘?3’eltltr}9e deanbhar fhbegriee Wisshes a
Slen F201 at whi ch, the systemcontroller 60 refers to
PR TRSRATART  HS ERES iRl g EEnBTP o talc WelesF

ress N. specified in.the_request in order to
Ss%% uéggaf]r:elgu Qs &g}ler nthatHoh FS%0 MRefthdf drive

3 g 88%0£fled address is an alr recaorded

Q%’ F&SS PRTaPF deede Sdrs SPBﬁ?e%Fegﬁ@yﬁ€§1f%PEﬁhart

E I f . all h I
saern R BrELIy 2%22.‘“ ] %ﬁ%&la?ﬁoa%enassiw%{ég' s

t d
GaayeLhedn to, 2 Ie%% %%%a ]6%2‘3?#‘%15%1*3@& ess

physical sector a ess

t t h I
FRMLEES] D DYadl “‘*‘%t%“% ; aées%%@'ﬁs?‘a%ﬁsr?‘éﬁ@smas 2
$BeLOLenddl 655, 4 herfiser -data anea to the |ogical

sect or
clusters starting from address AD2, which is the true NWA.

After the data renewal process, the NWA is updated again
to address AD3 and a new DOW entry is generated.

Also in this case, however, the application
executed in the host apparatus does not acquire the most
recent NWA. Thus, again incorrectly assuming that the
present NWA is a result of shifting the NWA from address
ADl coinciding with the'previous NWA by a distance
corresponding to the size of data DTbh to address AD2, the
same appliéation this time issues a write command to
write other data into clusters stafting from address ADZ2.
Thus, address AD2 is specified in the.next data request;

Also in this case, the disk drive carries out the
data-writing processing as a data renewal process, which
requires alternate-address processing. In this alternate-

address processing,. the other data is written into
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address N. Then, fromthe physical sector address N,
an SRR nunber and an SRR entry identified by the
nunber are acquired. The SRR entry reveal s whet her or
not data has 128 been recorded at the physical sector
address N . If no data has been recorded at the
specified address, the flow of the processing goes on
fromthe step F202 to a step F203 at which an error
nmessage is transmtted to the host apparatus to
notify the host apparatus that the specified address
i;ba ncorrect address. |If data has been recorded at
tFi “S%eéa FEEGtLdr o5 2 asife A08nerhiahds tihe frow WA
the, pro eSSIHg %oes on fromthe step F202 to a step
P67 &N REANGWE ) PERFERBA # OFeh DOBWiSr DFL
entr ncludlng the specified address as an

erna 3 ‘obj ect original address in order to produce

a r esul of determ nation in a process carried out at
the next '3t ep F205°%s SOPEsTPR oI dersr ApalPbne e ite

et her .or. _not i fied address i s an address
g%hpl%FFnéeg?? Iﬂ@igpggﬁFb§§SBFB%e§§FW§BnpftPherte
r tLon resul roduced.in ocess carried
g‘ﬁéttt%a?”? L ERD (SR s Se e R blle L S e ga S fineh
§Q§§g egpﬁﬂﬁéeéﬁn{%s”Ot an ress, conpl etin
Hesarnge

al ter nat er ress proc 3 T RrE a89 Fﬂ%l?%di
(it B are PR ety £3oL0sL e e BN L,

actually carries out a data renewal processing in place
of the requested data-writing processing, wastefully
Consuming an area for recording newly generated DOW
entries.

By referring to FIGs. 21A and 21B and 22, the
following description explains data-writing processing
taking the situation described above into consideration.

FIG. 22 shows a flowchart representing data-
writing processing carried out by the system controller
60. Since steps F101 to F1i07 are identical with those of
the flowchart shown in FIG. 19, however, the descriptions
of these steps are not repeated.

In the case of the data-writing processing
represented by the flowchart shown in FIG. 22, if the
address speéified in the data write request is an already

recorded,address and a free area exists in the TDMA or
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an alternate-object original address, the flow of the
processi ng goes on fromthe step F205 to a step F206
at which data is read out fromthe specified address
and 129 transferred to the host apparatus such as the
AV system 120. Then, the execution of the processing
represented by this flowhart is ended. Thus, data is
read out fromthe user-data area in normnal
reproduction processing. If the determ nation result
produced in the process carried out at the next step

5 cates at the specified address is an
tﬁ%ﬁ é‘?@ﬂé npPet ﬂﬂ'a‘lﬁ( ePRaPECCERTERE Y90GS §Png akep
%ﬁ gnced b the fact that a DOWor DFL entry
de8 PRESHHYRI G Ys 6Ltor LEBAR8se MTgPaRTocessing.
t;%%nat Obj ﬁ% origi nal address, on the other hand,
e§§in§X@Be§e%ht9rﬂﬁﬂQH%§ &t 8pSEbb5
% %etgte F207 at whic ﬁEta is read out from an
al't &f nafm %‘bloerbtasretﬁ 5’ EMBRE SAdres L1 MPudediralrded
L rred to the host
g&ggraﬁgg suc %:%% §y %%n+ﬁﬁ&?dlﬁﬁeﬁhetﬁ€dress
of the roceSS|ng re resented by this
QEE% @ %%‘%ﬁ%e CArRG4 e U8RI  t he case of a data

::aﬂegt S5 RS BT RS LRI 3 B
SR s OERRS) SRR, BB T
produced in the process carried out at the step F108A is
hardly a denial. If the SRR including the address
specified in the data write request is the only SRR put
~in open status, however, the determination result
produced in the process carried out at the step F108A is
a denial. In thisg case, the flow of the processing goes
on to the step F107 at which an error message is
transmitted to the application making the data write
_request before execution of the data-writing processing
represented by this flowchart is ended.

If the result of determination confirms that an NWA
is included in an SRR different from the SRR including
the address specified in the data write request, on the
other hand, the flow of the processing goes on to a step

F108A at which the data intended 'in the data write

request is written into the other SRR in an area starting
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properly and transferred to the host apparatus. 5-4:
ATDVA- Checki ng Processing By referring to a flowchart
shown in FIG 24, the 130 follow ng description
expl ai ns processing, which is carried out by the
systemcontroller 60 to check the existence of the
ATDVA when an optical disk 1 having the format shown
in FIG 16 is nounted on the disk driver. Let us
assune that the optical disk 1 having the format

i ncluding an ATDVA and no alternate area as shown in

h t ed the disk d Th
A 0P B Roa HAE RRGE o8 Kot HE NIt -AosE8ps F301 at
Qﬂ;ch the system controll.er 60 reproduces TDVA
i'Ndi CAtore oF “YASTDMET & GABdOFHET MRR ok TEABHNORH
é atgrgg1the%éptu§al dlsg 1 mounted on the disk
i ve in ordef Fotice Fes @t OF @&tcr AfRatE ot
1. contai ns the ATDVA
g%?ﬁfgﬁln a pfﬁ%%f’e gpgﬁgé%oﬁ? %EC%Qﬁ;9ﬁ§le§?ebbe
CLl d t t t
%%a—’g%%?%%‘he% O SR prOBS ARG g des “on THBmEo"
F303_at_whi ch TDVA information
ités?l%r ggge?gggn%%ocus %&_s rvm%r%r%r‘_’l”? oa]atcedvlﬂarJt BB

[ t. e he optical disk 1 from
I%%Q%%E%%Rﬂf%$%§¥1ongg¥ﬁgdg£e ornaeﬂah on the ATDMA is

:Eg ﬁég?istgﬁbé%%4w§9glﬁﬁ€éﬁoégég&%% éggygéegtgg]by the
flowchart_shown in FIG. 22 for a data write request, the
address specified in the data write request is an already
rgcorded address and alternatefaddress processing is thus
carried out to renew data already recorded at the address.
It is to be noted that alternate-addréss processing can
also be carried out in the same way because the address
specified in the data write request is an address in a
defective area. Let us assume for example that, even if
the address specified in the request for processing to
write data onto the optical disk 1 is an address in an
unrecorded cluster, the cluster is defective, making it
impossible to write data therein correctly. In this case,
- the flow of the processing goes on from the step F103 to
the step F106 to carry out the same alternate-address

processing using an area in the other SRR as an-

interface-object replacement area at the step F106 and
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recent TDVS is obtained fromthe TDVA. That is to say,
cluster CL1 not containing the ATDMA indicator yet

i ndicates that the nost recent TDVMS 131 exists in the
TDVA and no data has been recorded in the ATDVA yet.
Thus, the nost recent TDMS is read out from the TDMNA
A TDDS, SRRI and TDFL obtained fromthe nost recent
TDMS are transferred to the cache nenory 60a so that
the TDDS, the SRRI and the TDFL can be read out from
the cache nmenory 60a in subsequent recording and

‘rég%oduction processings. It is to be noted that a

o8hePFon apparatus may not be capabl e
readlng the TDVA information fromcluster CL2. In
thi s cafeC-thk BkidrareEs srchhehadDMA tdensdrteof data
recaogni zed. However, the start position of the ATDVA

HEs: \Pelﬁoﬁésg?ﬁ@aﬁe?alflfﬂaﬁﬁit% vidl rée gptateritaistg
| ogi cal .address recorded in the TDDS as the | ast
|P ICEA°ST5dd FESST req P Uker - MHFR hilen K6 @Re PBBt# 1
%_ E_ ﬁg user-data area) In addition, there is no
% 5 A%r 8F 5t PRI Lt V&S £8Rogi cal address and the
physica& aggé corresBondlng to the | ogical address
and no ' s 18Fe 'CaPPPEES othet & ﬁ@§8°6&¥eaﬁHUSter

fromanli to this portlon Thus, the

recorglﬁéfgebpoﬁdﬁ 6ﬁﬁ§ﬁPBlPFt§ Rt s pdchideda. Dipe

QE; %awrlt en 1nt Q1 %%ctlve gluster is thus
'subjected to alternatefaddress processing. If the NWA of
another SRR is selected in the alternate-address
processing as shown in FIG. 22, as shown in FIG. 213,
data DTa will be written for example at address AD11,
which is the NWA of SRR #2 serving as the other SRR. Thus,
in the alternate-address processing, data DTa is stored
in a cluster range starting at address AD11 and the NWA
of SRR #2 is updated to address AD12. Namely, the LRA
recorded in an SRR entry for SRR #2 as the LRA of SRR #2
is-updated.

In this case, on the other hand, the application

. correctly assumes that the NWA in SRR #1 has not been

updated. If an application makes a request for a
processing to write data DTb after DTa onto the optical
disk 1 without acquiring the most recent NWA, the

application specifies address ADl1, which is assumed to be
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recordi ng/ reproducti on apparatus not capabl e of
recogni zing the ATDMA. In this case, when the TDMA has
been updated to its end, the recording/reproduction
132 apparatus is no | onger capable of updating the
TDVA and hence conceivably carries out processing to
close the optical disk 1, that is, processing to
inhibit further wite processings. If the
determination result produced in the process carried
out at the step F302 indicates that an ATDVA

di cat or has been recorded in cluster CL1, on the

[
ot Her*CrangcePhe TR oW ofRR Hd -pr BitessidrFagees oh veigten
ste F%35, at which the systemcontroller 60
rré%%baﬂi ed™t AR 2HFR DFAriiiy ATENARPAdRRAtDI s Pér SRR
Then, the flqw of the processing goes on to a step

6 at'h Féﬁ FRe?<Yst ¥ nt rol | er 60 produces a -
result _of determ nation as to whether or not the
ATDMA eXiREstS 14 FHe FBSUPPPLECRMePhidassnPREL i on
uggicate%lthat the ATDMVA exists, the flow of the
OrOCa4STRGY gBRe Y8R b WA &FeSFEB8 GRstnidl thRecErzBle
of the T in,the OSA (outer _space area) _or the size
SRR CRAC T AERNY G G TdBPar T FEie &) 71074t HEms
TDIVA he size of the T in_the A and the size
go%jeo :%Sg\o hsa(\)/gv%e%lhe %ﬁ?ygﬁ‘eaaﬁﬁ?g@ i PSSP qRal Fon

t informati on shown FIG 17. Then, the
g%gfgggggggéggﬁfe??ﬁ?%&TDN%‘is found fromthe LAA

It is to be noted that, in this case, the NWA of
SRR #2 may be updated without being known by the
application. If alternate-address preocessing is carried
ocut by writing data into an SRR other than the SRR
.serving as the original target of the data write request,
basically; the application correctly infers information
on theAtarget SRR in advance. This is because the
processing to update the NWA éf other SRR #2 does not
._affect the correct inference carried out by the.
application as inference of the information on target SRR
#1.
5-3: Data-Reading Processing

Next, by referring to the floﬁchart'shown in FIG.
23, the following description explains processing carried
out by the system controller 60 to reproduce data from

the optical disk 1 mounted on the disk drive.
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(Last ADI P Address of data zone) Subsequently, the
nost recent TDMS is acquired fromthe ATDMA. That is
to say, the ATDMA indicator recorded in 133 cluster

- CL1 indicates that the nost recent TDMS exists in the
ATDMA so that the nost recent TDVMS can be acquired
fromthe ATDMA. A TDDS, SRRl and TDFL obtained from
the nost recent TDMS are transferred to the cache
menory 60a so that the TDDS, the SRRl and the TDFL
~can be read out fromthe cache nenory 60a in
“subsequent recording and reproduction processings. It
is to bEShotedRIvaE $OARE theos ¥Ry ropitaddéeirohl
apparatus may detect parameter m smatching between the
VS QR V6F PhECATENA fadicc Broceseébe deel Hercclaudt detel from
and the nost recent TDMS, hence conceivably
proidsiesig wated W isvePridedsinngle ®mieSth ashe case
of such recording/reproduction apparatus, however,
MY Adh SF@E%Foﬁlﬁ‘fgflerséprNadééloﬂ‘oﬁ BorpanaAIatYE iSgcheps
systained. If the determ nation result produced in the
PG éds svehpri Bl out at the step F306 indicates that -
the ATDVA exists as evidenced -by the ATDMA indi cator
recor deti fPcicBusearedtl biie thiteq sensrother Arhvtards
q:t been set and if all information has al ready been
;

OPJCHFALEh SHIR TGS Pife LPF ol FChATE FPOXEsPngIC-

- goes on to a. step F307 at which the entire area of
t'he TDMA on the opti cal

Az shown in the figure, the flowchart begins with a
.step F201 at which the system controller 60 refers to the
SRRI of the SRR including the logical sector address N
specified in the request in order to produce a result of
determination.as to whether or not the specified address
is an already recorded address in a process carried out
at the next step F202. To put it concretely, first of all,
- the logical sector address N specified by the host
apparatus is converted into a physical sector address N'.
The physical sector address N’ can be found in the
address conversion by adding the start physical sector
address recorded in the TDDS as the start physical sector
address of the user-data area to the logical sector
address N. Then, from the physical sector address N, an
SRR number and an SRR entry identified by the number are

acquired. The SRR entry reveals whether or not data has
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disk 1 is determ ned to have been used up for
recording information. That is to say, the optica
disk 1 is deternmined to have conpleted a finalization
process. For 134 this reason, in a process carried out
at the next step F308, the nobst recent DMS including
a DDS, SRRI and a DFL 1is acquired fromthe DVA and
transferred to the cache nenory 60a so that the DDS
“the SRRl and the DFL can be read out fromthe cache
menory 60a in subsequent recording and reproduction
processi ngs. 6: Data Recording/ Reproduction Processing
1BRPS YERETIRH t 2F it Mirwsdsad- secFpE stddseatpli¥ -of
Data-Wjting Processing Next, by referring to a
f1 owchatt %hslata hapl Beepsrecerded it dliengraeséiedt i on
expl ains data-writin processing carried out by the
§ffrent¢ of L A %?ﬁ%@@&%ﬁl&%@%%gﬂg frompahe step
%g%luding alternate areas as shown in FIG 1 (a). It
iU tBe® ndt R THht 2 tald hnaPhPEreRSEES 9% 1Spoi nt of
time the data-w.iting processing described below is
BEUETEEEBE Car TN SHPRESGRE] Eal Mol FhRadoBEen
nDunteg on_the disk drive gnd a TDDS, a TDFL and SRR
[FRVE BERD Topt P rBifitie *FDRAF 22D r e RTor RETEFE cal
d%@k 1l to the cache nenory 60a. In addition, when the
§i°Sk8¥1 ve receives a data

If data has been recorded at the specified address,
on the cother hand, the flow of the processing goes on
from the step F202 to a step F204 at which the TDFL is
searched for a DOW or DFL entry including the specified
address as an alternate-object original address in order
to produce a result of determination in a process carried
out at the next step F205 as a result of determination as
to whether or not the specified address is an addresé
completing alternate-addfess processing.

If the determination result produced in the process
carried out at the next step F205 indicates that the
_ specified address is not an address éompleting alternate-
address processing as evidenced by the fact that no DOW
and DFL entries include the physical sector address N’ as
an alternate-object original addréss, the flow of the
processing goes on from the step F205 to a step F206 at

which data is read out from the specified address and
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wite request and/or a data read request from a host
apparatus such as the AV system 120, the disk drive
converts a |l ogical sector address (LSN) specified in
the 135 request as the address of a target of the data
wite and/or read processings into a physical sector
address (PSN) prior to the data wite and/or read
“processings, and the data wite and/or read
processings are carried out in cluster units in the
same way as an optical disk 1 wth the format
including no alternate areas as described earlier.
eEngdeas88neC t g ard ppesateansvolh &y B Anployed
in the disk drive receives a data wite request
dpéei t ey diaddressinn(of B¢ qyiasassdaet seradoreissl Ny
where Nis a nultiple of 32) as the address of a
- tthigefloBFharata sidac processing from a host
apparat us such as the AV system 120. In this case,
the syst®HicsitPorPeresd Sthariren Hde ggea-—dprei pepa in
processi ng represented by the flowhart shown in FIG
- 25FRs § T4 He BOGEPEinghe fl owchart begins with
‘a step F401 at  which the nost recentl updat ed SRR
i s read ot FSHPERETREERR FRETHDrTY PEOSUCTReAN the Rrocess
process carried out at the next step F402, the SRR
PEELaM a0 o HRodees 4 FRSEFYS o dictaen TheFoRbas t o

whet her éhecipecitied adgress is an al ready recorded
_specifled address is an address completing alternate-

address processing as evidenced by the fact that a DOW or
.DFL entry includes the physical sector address N’ as an
alternate-object original address, on the other hand, the
flow of the processing goes on from the step F205 to a
step F207 at which data is read out from an alternate-
object replacement address included in the DOW or DFL
entry and transferred to the host apparatus such as the
AV system 120. Then, the execution of the processing
represented by this flowchart is ended.

Thus, even in the case of a data read request made
after data has been renewed as a request for reproduction
of the renewed data, by carrying out the processing
described above, thehmost recent data can be repréduced
properly and transferred to the host apparatus.

5-4: ATDMA-Checking Processing

By referring to a flowchart shown in FIG. 24, the
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address or an unrecorded address, that is, whether or
not data has been recorded in a cluster at the
speci fied address. An already recorded address is an
address at 136 which data has already recorded and an
unrecorded address is an address at which no data has -
al ready recorded. That is to say, in the process
carried out at the step F401, the SRRl is searched
for the SRR entry of an SRR including the specified
address and, in the process carried out at the next
step F402, the result of the search is used to

Ve " FeSELP bf on eq ki imet icowcassing, wheitdreri sor
not the SRRI has the SRR entry of an SRR including
tFRFLFEL iTite BYa e eses temp qamtriol leonef etelghedk tse of
all, in the process carried out at the step F401, the
| B LA Se CfoFRadlF RS wWhgns gecicbitégabydite Thdstving the
%ﬁParatus is converted into a physical sector address

O R OWRe LR EF cal© secmeuntaddpesEhan disk colivared
w th addresses described in the SRR entries to
acqui r eP8h SRR FISerRahdtAA SRRIent isk dehevingdtiyy
t he numger _as an SRR entry corresgonding to the

JPdal PESLHORT ot AERANENOTREN 21 L AT R4 RTGEeg§ Shown

carrj_ed t _at the next step F402, the physica
5@b?@%‘aggr3§§ RECT: IPUELSEn G nGheodi He d1ig§i-cal sect or
address_N specified in the data wite request is

conpar et Wi t P IHETERANPHE| T F n $héeadnsi rabh a step

F301 at which the system controller 60 reproduces TDMA
indicators of the TDMA included in the forﬁat'shown in
FIG. 16 from the optical disk 1 mounted on the disk drive
in order to produce a result of determinaticn as to
whether or not cluster CLl contains the ATDMA indicator
-in a process carried out at the next step F302.

If cluster CL1l does not contain the ATDMA indicator,
éﬁe flow of the processing goes on from the step F302 to
a step F303 at which TDMA information is read from
cluster CL2 in order to acquire information on the ATﬁMA
of the optical disk 1 from the TDMA information. The
information on the ATDMA is the start position and size
of the ATDMA. Then, at the next step F304, the most
recent TDMS is obtained from the TDMA.

That is to say, cluster CLl not containing the

ATDMA indicator yet indicates that the most recent TDMS.
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SRR entry of the corresponding SRR The SRR entry
i ndi cat es whet her or not data has been recorded at the
physi cal sector address N corresponding to the
| ogi cal 137 sector address N specified in the data
wite request. That is to say; a physical sector
address N smaller than the NWA of the SRR indicates
that data has been recorded at the physical sector
address N corresponding to the |ogical sector
address N specified in the data wite request. The
can be found fromthe LRA recorded in the SRR
e%%%iFSIHP the PhY&i e e &adr BssnNreewidess pondhAg
to _the logical sector address N specified in the data
W TE Yedquestus s difudiosto reRsn Yhoi T aEeAgont from
p tscrlpt- recordin oi nt, the physical_ sector
SRR gl

At BFHa?%t‘Wdée%éFéﬁmr EE%rIEI%’?JIt
at the %F% ical sector address N . In this case, the
3B 0F BFBcEEIPHP PSS tookhPr GAFE RSB £2635¢0

teQ F48§ ? mglch dat a | witten into the
yS| A 3B driess N gt TPELt 2R e §57% Rpg from
case cac%e address eC|f| inawite command to
carry out a-daté- tﬁme§§%§@8§§Fn§eC?§dtﬂﬁ a3 al r eady
regq&guctaggregs Thus, the data- witing processing
P REAPCECBUPT RO RITdP 1f an error is generated in

01§ ot CH B ChebRCTER Harsic s ahy e Rer SaseRten
apparatus may not be capable of reading the TDMA
information from cluster CL2. In this case, the existence
of the ATDMA cannot be recognized. However, the start
position of the ATDMA has a value greater than the value
of the last logical address recorded in the TDDS as the
last logical address of the user-data area {or the last
LSN of the user-data area). 1In addition, there is no
change in relation between a logical address and the
physical address corresponding to the logical address and
no processings are carried out to read out and write data
from and into this portion. Thus, the
recording/reproduction compatibility is sustained.

The optical disk 1 ﬁay be mounted on a
recording/reproduction apparatus not capable of
recognizing the ATDMA. In this case, when the TDMA has

been updated to its end, the recording/reproduction

132



however, alternate-address processing may be carried
out instead. First of all, in a process carried out
at the step 138 F404, the systemcontroller 60
executes control to wite data onto the optical disk
1 for the specified address. To put it concretely,
the systemcontroller 60 noves the pickup 51 to the
speci fied address to nake an access to the address
and record the data, which is to be witten on the
optical disk 1, at the address. If the data-witing
processing is conpleted normal |y, the processing goes
(ﬁ?Hﬁ%ﬁﬁ“ﬁhéssP%pl¢QHﬁ¥tﬁ?9§b1§t@§ FadE: iatg hiec ADMAeand
- SRRI stored in the cache nenory 60a is updated to
e COPREL FBRt S (Tt Sse Bt PRGCePS irtte todatla@sientbet he
SRR.. Then, if necessary that is, if there is an
nPEFEt b Uitpt & Srh® 'SRRE S BE oFtddhdifhdurther
optical disk 1, the SRRl recorded on the optical disk
rite progefptai®d. That is to say, a TDVB update unit
is recorded on the optical disk 1. Finally, the
process?ﬁg Qﬁuq%9%§mbﬂ?tf8? Ferahir ipredurggue’t the process
is to be noted that, if the physical sector
é@&F&fg ﬂuts%%C?F?€&ePnF§H@ &P?%%a?%hﬁ@§ﬁ A8 §Fe4ker

an il]egal paraneter_ error

t
AP LT YD o et T B g it BoOTeRd Ly nenaEhs cother

h%%%?sghe flow of the processing goes on to a step F305
at which the system controller 60 recognizes the core of
therATDMA indicator cluster.

Then, the flow of the processing goes on to a step
F306 at which the system controller 60 produces a result
of deterﬁination as to whether or not the ATDMA exists.
If the result of the determination indicates that the
ATDMA exists, fhe flow of the processing goes on to a
step F309 at which the size of the TDMA in the OSA (outer
~Space area) or the size of the 0SA is acquired to obtain
the size of the ATDMA. The size of the TDMA in the OSA
and the size of the 0SA have been mentioned before in
explanation of the TDMA information shown FIG. 17. Then,
the start address of the ATDMA is found from the LAA
(Last ADIP Address of data zone). Subsequently, the most
recent TDMS is acquired from the ATDMA.

That is to say, the ATDMA indicator recorded in
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However, the flowchart shown in FIG 25 does not show
the case in which the physical sector address N
specified in the wite request is greater than the
NWA of the SRR 139 If the determ nation result
produced in the process carried out at the step F403
i ndi cates that the address specified in the request
for a wite processing is an already recorded
address, the data to be witten onto the optical disk
1 in accordance with the data wite request cannot be

% ten |ﬁgo the specified address. In this case, the
oWt t POESRSThg dedon Pt ar st et FANE erilsse in

of, al ocess carried out at the step F406,

t FBW‘ Ag gla?‘hg R GOSTDNRCPE ek alT nerl (ke Fesdieed a
‘rgsul t_ of ? rm_nation as_to whether or not the TDVA
(an&iﬁ§e iy ﬁh?@DﬁeeﬁRgFla%%éﬁnﬂpCﬁﬁﬁlPééoFHP%gthe

informatio Tﬁf there is no nore valid and free area

i1 ReC Pe | U ntgfarfi?éfeﬁ@ﬂmto aFierGrahe 468reys 60a
I ted. In thi
"?ﬁc’"ac%%@‘a%e O e a6 6088 oo 7 iy mrag7out
h t tted to the
AR B oS T Bm dnve PP e Rt st dar R BgpaRte
t.Q EHSUE?%&§$%iIJ5;Pere is still a valid and free
ar

iMEl dlng the ATDVA, on the other
hand, Fﬂ? flqg gf Rhge p£§$§%%%§9F%%ﬁggﬁgﬁyggp{%éuéklon

F408 to produce a result
Q@ﬁ%QQEuQrmiyndégg%’ p%%a%@tgétﬁgéggtchlng between the

value of the ATDMA indicator recorded in cluster CL1 and
the most recent TDMS, hence conceivably prohibiting data
write processings. Even in the case of such
recording/reproduction apparatus, however, minimum
recording/reproduction compatibility is yet sustained.
If the determination result produced in the process
carried out at the step F306 indicates that the ATDMA
exists as evidenced by the ATDMA indicator recorded in
cluster CL1 put the size of the ATDMA has not been set
and if all information has already been recorded in the
DMA too, the flow of the processing goes on to a. step
F307 at which the entire area of the TDMA on the optical
dlSk 1 is determined to have been used up for recordlng
information. That is to say, the optical disk 1 is

determined to have completed a finalization process. For
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area, that is, a sufficient free area included in the

| SA or the OSA as an area | arge enough for carrying
out alternate-address processing. 140 Such a result

of determ nation can be produced by referring to the
TDDS that is valid at the present tine. As explained
earlier by referring to FIG 8, the 4 bytes at byte
positions 1,216 to 1,219 of the TDDS are used for
recordi ng the address of the next avail able sector in
the |SA whereas the 4 bytes at byte positions 1,220
to 1,223 of the TDDS are used for recording the
ddtre£§3§PNL héh AEREOFRIS | G d esleoubr 2k nthdien@BA stEpom
the recorded addresses, it is possible to determ ne
thid %t 40EsmEFt RFaPPRDPES amedaidingt RAeDPSA SRR tansl @SAFL
As an alternative, the spare area full flag recorded
at® B Ipeei EFem Boe oA tand tmenségnrafisko behe cache

referencgd to produce such a result of determ nation.
|

RETEES 8PRedC eBh? T ethyPR%f éhe AGRE 2R At DD EhG# PA
FIGd‘4, t?e spﬁ%g area full flag is used to indicate
1587 PHE FER ahiee t FRESSANRFY BREN I TsTEPIpIuEHt i rel .
That Es to s&y, at‘ﬁﬁgojnt of time all alternate
areas“are Wed-upt Ot S PaPECaFEATPUFI flag is  set.
If the determnation result produced in a _process

é”;r r?%%a % Coa‘id}me’%&%adﬁ&‘esov N R h dOVeREI BT i s a
§HfficngtA£é§§ area included in the | SA or the CSA as

anterna
- 6-1: First Example of Data-Writing Processing

Next, by referfing to a flowchart shown in FIG. 25,
the following description explains data-writing
processing carried out by the embodiment for an optical
disk 1 having a format including alternate areas as shown
in FIG. 1 (a).

It is to be noted that, alsc in this case, at a
point of time the data-writing processing described below
is about to be carried out, the optical disk 1 has been
mqunted on the disk drive and a TDDS, a TDFL and SRRI
have been copied from the TDMA recorded on the optical
disk 1 to the cache memory 60a.

In addition, when the disk drive receives a data
write request and/or a data read request from a host

apparatus such as the AV system 120, the disk drive

converts a logical sector address (LSN) specified in the
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area | arge enough for carrying out alternate-address
processing, the flow of the processing goes on to a
step F409. 141 In this case, the data to be witten
onto the optical disk 1 in accordance with the data
wite request can be recorded by carrying out

al ternat e-address processing taking an area starting
fromthe next recording address in the | SA or the OSA
as an alternate- object replacenent area. Then, the
flow of the processing goes on to a step F410 at

‘whi ch necessary updating processes are carried out.
Tressd 88 §By, 2R t9e adarageki of nghprdsdes sirige i s
carried out as a data renewal process, the data to be
WY P& *BREOPE AR BH TSI NdiosR  Phyalerk craddimee afidrhsthe
data wite request is recorded by performng

P8P nREECT allfr BRY Jicc a&dithgand’ b seedhad calsswangs,
Thus, ~a new DOW entzy must be catal oged on the TDFL
T EPRofaT e pEET F$ @nd/ar reafepBesaTSing garerareiad
Dg¥yentr¥ describjng the physical sector address N

S5 r &8pSnafhgt t ¥t e odhearangetevrasaddr o9& ispaciiplkdl
in.the data wjite request as the alternate-object
&%itg‘i EBF AEPRS s RAdRLESTRIt AR TeRte S| Aepaadaed
in the | SA or the OSA as an actual target area of the
Fata W rte processing carried out at the step

Let us assume that the system controller 60
employed in the disk drive receives a data write request
specifying an address N (or a logical sector address N
where N is a multiple of 32) as the addréss of a target
of a data write processing from a host apparatus such as
the AV system 120.

In this case, the system controller 60 starts the
data-writing processing represented by the flowchart
- shown in FIG. 25. As shown in the figure, the flowchart
begins with a step F401 at which the most recently
updated SRRI is read out from the cache memory 60a. Then,
'in a process carried out at the next step F402, the SRRI
is examined to produce a result of determination as to
whether the specified address is an already recorded
address or an unrecorded address, that is, whether or not
data has been recorded in a cluster at the specified

address. An already recorded address is an address at
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F409 as the al ternate-object replacenent address. The
physi cal sector address N serving as the alternate-
obj ect original address of the DONentry is thus an
142 address at which previous data has been recorded.
As described above, the TDFL is updated by catal ogi ng
a new DOV entry thereon. In addition, since the TDFL
is updated, the TDDS is al so updated. That is to say,
in the process carried out at the step F410, first of
all, the TDFL and TDDS stored in the cache nenory 60a
are &g{ed Then, a TDMS update unit according to
iﬁi Pndest 2t headpriceatdiechentpps pare pegress
and increnentally recorded in the TDVA or ATDVA on
the adbﬁdé&resal gk DiFh Rh&loder AFi AAFFBAY restarded.
produceg F a process .carried out at the step F408
Pndli cat S8Ehbt Therd /i 4énesBF PrRrBiaTHedl ailbaat the

G For ERPr TR Tt HHeOrAator alop oSkt BrORoesi A,

i usgﬁt Ei%a SPeufec PR Blones PRl R eTorRes
féaq—'wdceg RUF LTSSy %resn%{%%n saef’%ee waffith’?eft%sr
rg?agéﬁR %23% f%R? e 6#%g§§§%gﬁﬁwwéﬁ ?ﬁﬁeﬁﬂl Q¥'°ns?%pt°
RAERQ: bhe, SRR Dcd i ng L hg abLgroat e oblect .
including the specified.address.

To put it concretely, first of all, in the process

carried out at the step F401, the logical sector address
N specified by the host apparatus is converted into a

physical sector address N’. Then, the physical sector

~address N’ is collated with addresses described in the

- SRR entries to acquire an SRR number and an SRR entry

identified by the number as an SRR entry corresponding to
the physical sector address N’.

Then, in the process carried out at the next step
F402, the physical sector address N’ corresponding to the
logical sector address N specified in the data write
request is compared with the LRA included in the acquired
SRR entry of the corresponding SRR. The SRR entry
indicates whether or not data has been recorded at the

physical sector address N’ corresponding to the logical
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original address nentioned above. That is to say, at
this step, the systemcontroller 60 refers to
information in the SRRl header in order to produce a
result of 143 determ nation as to whether or not the
target SRRis open or closed. If the result of the
determ nation indicates that the target SRR is open,
the flow of the processing goes on to a step F412 at
which the data to be witten onto the optical disk 1
in accordance with the data wite request is recorded
into an area starting fromthe NWA. Then, the flow of
I oo cessrag Yowewifiesl drnsttdp Bald writtewreghest.
requi red updating processes are carried out. In this
cdasd, 18 ter faye- addresssagr seessirngdilsesTal'r isedldat byan
using an area in the target SRR Thus, the TDFL is
[56af®8 by Aagi PR 4 OORPeEr FheRerets T beke ~SRRFdEs
updat ed by updating an SRR entry. Then, the TDDS is
&5 GhGpRAYadcat corddiarglefldrerat N scoprempndingt he the
5%pcess carried out at the step F414, first of all
HRE 1 CRBFE S CBRRI a3 STDBS SBE6i Sdefnin N selie Wehbey
60a are wupdated. Then, a TDMS update unit according
tEHRET - u iNg 6fnthe Forpd fren SRR LBAdre¢rrdrDDI N s
%$nergted and incrementally recorded in the TDVA or
Bn*theY: optical disk 1. If the deternination

resul t Pgoqyce in a process
the physical sector address N’ corresponding to

the logical sector address N specified in the data write

request is equal to the NWA indicating a postscripi-
recording point, the physical sector address N’ indicates
that no data has been recorded at the physical sector
address N’. In this case, the flow of the processing goes
on from the step F403 to a step F404 at which data is
written into the physical sector address N’.

That is to say, in this case, tﬁe address specified
in a write command to carry out a data-writing processing

is not an already recorded address. Thus, the data-

- writing processing is carried out normally. If an error

is generated in the data-writing processing due to an
injury inflicted on the optical disk 1 or any other cause,

however, alternate-address processing may be carried out

instead.

First of all, in a process carried out at the step
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E

carried out at the step F411 indicates that the target
SRR is closed, on the other hand, the flow of the
processing goes on to a step F413. At this step, the
data 144 to be witten onto the optical disk 1 in
accordance wwth the data wite request is recorded
into an area starting fromthe |argest NWA anong the
NWAs of open SRRs. As the process to record the data
is conpleted, the flow of the processing goes on to a
step F414 at which the required updating processes
deg&rlbed above are carried out. That is to say, in
JEs SYEEPR eenbrellan @h@xgpepewqmtﬁqlrsxo ofite
al. | the TDFL, SRRl and TDDS stored in the cache
At \PHE0a thFecRptat b i sthdn foa ThRBsPepiias waidress .
cording to the updating of the TDFL, the SRRl and
t % ptth%gﬁ §°38H%F B HH SYREFBNEARBFPLle @k detesi hhe
DN%H ATDVA on the optical disk 1. As described
a%’o‘i)‘élpt tPI bR heR 2o SHGh AR PP & tognakemreseness to

afﬁerqgfe addr$ rocessing carried out in order to
r'enew “FAEES AP eSPOE e datequBkich oks 5 eegsihgeno

dat a ddress, which happens to be an
reaé?cpg&S? e gﬁ eéd the pddFeShe noted, however,

that th? Ite%p e- address processi ng may also be
| : a%ﬁ

carried ou _wgéﬁénﬁagr???§ﬁ¥%%JFbCP@H%%F%%ta in

r et et for roce n to wite dat
g, | o R haRs oRe TR St 840" ho o

Qﬁ&ﬁp%ﬁﬁg at which the SRRI stored in the cache memory
60a is updated to reflect the postscript recording of the
data into the SRR. Then, if necessary, that is, 1f there
is an opportunity to update the SRRI recorded on the
optical disk 1, the SRRI recorded on the optical disk 1
is also updated. That is to say, a TDMS update unit is

recorded on the optical disk 1.

Finally, the processing cérried out for the write
request is ended.

It is to be noted that, if the physical sector
address N’ specified in the write request is greater than

the NWA of the SRR, an illegal parameter error is

- transmitted to the apparatus making the write request.

However, the flowchart shown in FIG. 25 does not show the
case in which the physical sector address N’ specified in

the write request is greater than the NWA. of the SRR.

139



area. Let us assune for exanple that, even if the
address specified in the request for processing to
wite data 145 onto the optical disk 1 is an address
in an unrecorded cluster, the cluster is defective,
making it inpossible to wite data therein correctly.
In this case, the flow of the processing goes on from
the step F403 to the step F406 to carry out the sane
al t ernat e- address processing at the step F406 and the
subsequent steps. In the case of the alternate-address
processing carried out for such a defective cluster,
however It Hee dmSerniigagiant sasnyt cenadurgicnd na thewpbitess
entry in the same way as a DOVentry through an
i‘?‘?ﬁ%ﬁé’nPHFl §trerorde® £40PDNBdihipahee Unit .tie 2ddress
Secon .Ega_ le of Data-Witing Processing Next, other
tfcar® a?g- W thSHysitodeSsPnyTEEe RRXPFRE HieW by an
r ferring to a flowhart shown in FIG 26. Mich |like
e Sq&¥a’ ﬁf?¥$%fb I 0EESsi rgcelprai hedeedititden ppto the
referrin .tg {he flowchart -.shown in FIG 22, this
0 éFa%y§%E |1 ddt £WFEERGepHoERsERP PG Vs tehgequest
by, the fact that the application does

"pr.obl caused
6T RaEq P 2 S TNAR ot OFe SRERLALEE 3 - &P ghis

%F%\ es ngfif,éw re chd data onto the optical disk 1.
26"Shows"” £ "B RAPESFEpPEsErRT iy dat & vatiori B§O6 -
First of all, in a process carried out at the step
F406, the TDMA including the ATDMA is examined to produce
a result of determination as to whether or not the TDMA
{and the' ATDMA) have been all used up for recording
information. If there is no more valid and free area in
the TDMA- including the ATDMA, alternate-address
management <¢an no longer be executed. In this case, the
flow of the processing goes on to a step F407 at which an

error message is transmitted to the apparatus making the

data write request in response to the reguest.

If there is still a valid and free area in the TDMA
including the ATDMA, on the other hand, the flow of the
processing goes on to a step F408 to produce a result of
determination as to whether or not there is an alternate
area, that is, a sufficient free area included in the ISA

or the OSA as an area large enough for carrying out

‘alternate-address processing.
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processing carried out by the systemcontroller 60.
Since steps F401 to F410 are identical with those of
the flowhart shown in FIG 25, however, the
descriptions of 146 these steps are not repeated. In
the case of the data-witing processing represented
by the flowhart shown in FIG 26, if the address
specified in the data wite request is an al ready
recorded address, a free area exists in the TDVA or

t he ATDWA and there is no free area in the | SA or the

YO SVN tH flow of the‘$r00e53|ng goes on to a step
FA11A i RUCBrdefeTd bty \PeSGEmAPREL PRt B2 RR @geduced by

A R e 8 S By

AR e PR LB 1RGSR ot nfy 1 dcees
L T R RN SO MR
St ny IR, A0ageL LR, ULl B odice i
S el DS o) & Blesorey . Setput P spens 223
e 0 aneal, g e
e LA, B L TP
addresses, it is possible to determine the states of
available areas in the ISA and the OSA. As an alternative,
the spare area full flag recorded at byte position 52 of -
the TDDS can also be referenced to produce such a result
of determinétion. As explained earlier by referring to
the DDS shown in FIG. 4, the Spare area full flag is used
to indicate that the ISA and the OSA have been used up
entirely. That is to say, at a point of time all
alternate areas are used up, the spare area full flag is
set.

If the determination result produced in a process
carried out at the step F408 indicates that there is a
sufficient free area included in the ISA or the OSA as an

area large enough for carrying out alternate-address

processing, the flow of the processing goes on to a step

F409.
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transmtted to the application making the data wite
~request before execution, of the data-witing
processing represented by this flowhart is ended.
147 If the result of determ nation confirnms that an
NVMA is included in an SRR different fromthe SRR
including the address specified in the data wite
request, the flow of the processing goes on to a step
FA12A at which the data to be recorded onto the
optical disk 1 in accordance wth the data wite
request is witten into the other SRR in an area
st art ilmg thienrehe, NWie dEat tics beowsayten onto the
al t ernat e- address processing using an area in the
opther!l HRR ils isaecreddaute asiteh datea dat¢newal tProepssst
Then, at the next step F414, the TDFL and the TDDS
Cak P pRredsc byacesrdang eowi tdl ttehmaskt eddates addr ess
processing. Subsequently, the SRRl for the contents
PEPCEHELIBRR 2 kS ayov BRgaasa ant &l ttiern diremobhectexepl acenent
SRR is also wupdated as well. In the wite data
CHFUCETY fgidresredentled BSA the thd @RBhast asholieinatel-G
26 for a data wite request, the address specified in
RIRF P IHCEIE Fedte8t is an already recorded address
and al ternate-address processing is thus carried out
to rehBfPdathe aftuadf rdcopgedeasithaamddrasso al stes
0, be noted that alternate-address processing can
PR %G aNdafy PEESBBRTY MRI 9P rREGSFO? AT amrdied

oGMﬁ ch :

That 1s to say, since the data-writing processing
is carried out as a data renewai process, the data to be
writﬁen onto the optical disk 1 in accordance with the
data write request is recorded by performing alternate-
address processing as described above. Thus, a new DOW
eﬁtry must be cataloged on the THFL. To be more specific,
it is necessary to generate a DOW entry describing the
physical sector address N’ corresponding tOtthe logiéal
sector address specified in the data Qrite request as the
alternate-object original address and the address of an.
area included in the ISA or the 0SA as an actual target -
area of the data write processing carried out at the step
F40S as the alternafe—object replacement address. The
physical sector address N’ serving as the alternate-

object original address of the DOW entry is thus an
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the address specified in the data wite request is an
address in a defective area. Let us assune for exanple
. that, even if the address specified in the request for
148 processing to wite data onto the optical disk 1
IS an address in an unrecorded cluster, the cluster
is defective, naking it inpossible to wite data
therein correctly. In this case, the flow of the
processing goes on fromthe step F403 to the step
F406 to carry out the sane alternate-address
processing using the ISA or the OSA or, if there is
adgrems e tf ridd clr aevacrheddSA s tigen OSACTERE: sane
al ternat e-address processing using an area in the
ot her 28RReas*dheinzeeteaacdhehTOEL fepradeiftht®Yarea at
the step F406 and the subsequent steps. Wen .
catebehitn®-aaddre POV LBEEE sSTHRF YT nglAN2 A EE I SAAC3RR
as an interface-object replacenent area is carried
that TBEE atfs erdreeHsAtAAITPRE 1054 1% URAEEESnsuned by
such data-writing processing, the procea;in S .t the
expl ailhed &&r FPefaby Fof'dls PAGCESSFFE 2% &€ @
performed. It is thus ossible to so%ve t he $rob%‘@
seEPWast &f T 4TP tg@fePatt nghe utifde &¥aryPBORFERET i 85 e
to an incorrect assunption de by the a C%icatio as
caRha SBRME Y 20PrEnEPRREC S s r%%ar a%nEHﬁ%aﬁ) % Es"i}lg
referring to FIG 20. 6-3; Qgta-gﬁgdi g,Pro i.n
apaPadtRAdi g5 GPEESIRY PortE cHt iaﬁgmﬁﬁshf?‘ﬁ% ¥
generated and incrementally recorded in the TDMA or ATDMA
on the optical disk 1.

If the determination result produced in a process
carried out at the step F408 indicates that there is no
sufficient free area included in the ISA or the OSA as an
area large enough for carrying out alternate-address
processing, on the other hand, alternate-address
processing using the user-data area is carried out.

In this case, the flow of the processing-goes on to
a step F411 to produce a result of determination as to
ﬁhether or not the target SRR includes an NWA. The target
SRR is the SRR found in the process carried out at the
step F401 or the SRR including the alternate-object
original address mentioned above. That is to say, at this

step, the system controller 60 refers to information in

the SRRI header in order to ?roduce a result of
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format of the optical disk 1 includes alternate-object
replacenent areas in the | SA and the CSA is the sane
as that represented by the flowhart shown in FIG

23. 149 7: Effects of the Enbodi nent As descri bed
above, the enbodi nent inplenents an alternate-address
function to record data on a disk with a format not
including alternate areas. In the case of an optica
disk with a format including alternate areas, the

al ternate-address function to record data on the
optical disk can be inplenmented with a high degree of
detereieakien Asatoi ghebhenyor inptoftder tepgekt TR ihepren
defect alternate-address function and the data
OFeftW@®dfunction in a wite-once disk and a
recording@@eproductlon apparatus, the functions are

i mpl erfen ASSEF | dhtherige teapARe t bIn 4 IIAREERET Yhaked
as alternate-address information in a data renewal
the oEaEST g RS I&pAPBRT nekel {LoW e $BRePESCYHETDIATEE of
a DFL entry used as alternate- address information in
°a B‘éf%c?t%ﬂ el fafé- KRbrRsE prdtés §Pnge ¥Bbt i & tBow
and DFL entries_used as alternate- address |nfornat|on
tPﬁ PUEH Eridwal *Pr dcetsIIRfandth toerdete write
al ternat e- addressDErgceSS| respectlveh% é% NWA.
TPELDT Ul AP IWESTFDER %sa’bl SSPEERPSr HRTT orie
Xistin n the TDFL for rin n
Tﬁ%ﬁbr%ﬁﬁléé? 0 t Ee proceéglég(%oesgcga agen§%ép F414
at which required updating processes are carried out.

In this case, alternate-~address processing is
carried out by using an area in the target SRR. Thus, the
TDFL is updated by adding a DOW entry thereto and the
SRRI is updated by updating an SRR entry. Then, the TDDS
is alsc updated accordingly. That is to say, in the
process carried out at the step F414, first of all, the
TDFL, SRRI and TDDS stored in the cache memory 60a are
‘updated. Then, a TDMS update unit according to the
updating of the TDFL, the SRRI and the TDDS is generated
and incrementally recorded in the TDMA or ATDMA on the
optical disk 1.

If the determination result produced in a process
carried out at the step F411 indicates that the target

SRR is closed, on the other hand, the flow of the

processing goes on to a step F413. At this step, the data
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def ect alternate-address processing. As

al ternat e- obj ect repl acenent areas of a defect

al t ernat e- address processing and a data renewal 150
processing, it is possible to use not only a defect
alternate area on the optical disk 1, but also a track
(or an SRR) existing in the user-data area as a track
(or an SRR) including an NWA sel ectable as a
postscript- recording point. By extending the defect

al ternate-address function and the data renewal
function as descri bed above, a data renewal

tpr beessitigerancita dbéeopt btdlerdiatke-lader essopdanes siinth
can be carried out even if alternate areas do not

thgri déta |vridadireiqorsti hst hecoadst dinta ahorpmed § et widiqg
alternate areas, a data renewal processing and a
fdefethe Hnuwwshal@raddresstipr d0¥ssiafg opan BBRsarri ed
out even if the storage capacity of the alternate

ar eas Mdecheabesceds o valaggdnbhesdbtcientonfide teder ithg
data anynore. On top of that, if the optical disk 1
fhecor iy toocgrsénpodPamn it Pogeed Féh4 ant appaatat us
with the data renewal function not extended, the
thpper@tied mpeppied sprocPOR e fiasgnibed agove are

al ternate-address information in a data renewal
CRFBERS iUy ashat OFL %ntsey udedths BrePesTat@rrigdr 658

information in a defect alternate-address
at the step F414, first of all, the TDFL, SRRI and TDDS

stored in the cache memory 60a are updated. Then, a TDMS
update unit according to the updating of the TDFL, the
SRRI and the TDDS is generated and incremenﬁally recorded
+in the TDMA or ATDMA on the optical disk 1.

As described above, the flowchart shoﬁn in FIG. 25
represents alternate-address processing carried out in
order to renew data in response to a request for
processing'tb write data into an address, which happens
to be an already recorded address. It is to be noted,
however, that the alternate-address processing may also
be carried out in the same way in order to renew data in
response to a request for processing to write data into
an address, which happens to be an address in & defective
area.

Let us assume for examplé that, even if the address

specified in the request for processing to write data
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processi ng, and reads data at an alternate-object
repl acenent area specified in the alternate-address
information. That is to say, since the conventiona
151 request processing is carried out, the
reproduction conpatibility is sustained in an
apparatus with the data renewal function not extended
even if the optical disk 1 conpleting execution of
the alternate-address function for data renewals is
nmounted on the apparatus. Furthernore, an NWA existing
in an SRR as a postscript-recordi ng point can be
oged et thptasadndiakt &r hat ern obfléotsy épl acenentcadde@ss
for a data renewal processing and a defect
chlternatidcaddressrpiocdsenyi vy redliagt ingimpodbble
which exists in an SRR as a postscript-recording
tpoinite gatan thkreinaterovbiety. rfdeplkhienemte addressldm
pl ace of an address in an alternate area in the |SA
obrthher @GR ssthg Foks ownnfrometie ssteawn FB€3obrathedst4m
the first place, with a recording processing carried
Fok By qrsinygoatgeher apne | ¢ bteymatamaddgesgonspdes $ el
processings to record a file on the disk and renew
aheyetieamn H4fPorhat Fon orbier@udnt stephe seek di stance
of the pickup can be shortened to a value small
enoughnf SRhecempreidat ity Fidrenidcarteraat euaifesiay

- processing to nove the pickup to the alternate-obgect
carried out for such a defective cluster, however, the

TDFL is updated by cataloging a new DFL entry in the same
way as a DOW entry-through an incrementally recorded a
TDMS update unit.
6-2: BSecond Example of Data-Writing Processing

Next, other typical data-writing processing is
explained by referring to a f£lowchart shown in FIG. 26.
‘Much like the déta~writing processing explained earlier
by referring to the flowchart shown in FIG. 22, this
other typical data-writihg procéssing solves the'problem
caused by the fact that the application does not acquire
an NWA before m@king‘a request for a processing to record
data onto the optiéal disk 1.

FIG. 26 shows a flowchart representing data-writing
processing carried out by the system controller 60. $Since
steps F401 to F410 are identical with those of the

flowchart shown in FIG. 25, however, the descriptions of
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repl acenent area. As an alternative, the managenent
information of the file can be recorded into an area
foll owi ng the data. Thus, the recordi ng performnce
can 152 be inproved. In this case, a rearnost
postscript-recording point selected as an
.al ternate-obj ect replacenent address is considered to
be an effective alternate-object replacenment address.
Such a rearnost postscript-recording point is
sel ected as an alternate-object replacenent address
in a process carried out at the step F110 of the
HhegRc RRPRS sHwWP 9t 1Ersated-or the step F413 of the
flowchart shown in FIG 25. In the second place, in a
pr ocesSt fdet 6§ap€adfolbeadar vl HingnmpafRcessing
al t ernat e-obj ect repl acenent address due to a defect
rgereceRtrd v e drlidiviigepioeBeer ni e Pépr ddutbeon
performance i s inproved because of a short seek
SHOCEERACTP YIRS pit KdF dphat Hrste asduestpdst §8r ppready
recordin oi nt sel ected as an_ al t er nat e- obj ect
rregﬁffas‘én%?ffr%%rr esL55% @ﬁsasaﬁﬂes%ﬁ:wasthﬁémﬁh 8F nke-
Ag,?y}y{ect riginal, address is considered o be an

BcPRV eSS erhdt%e 106 F P ebt Al QddE8EsCSBych

pastscrjpt- recording point in the sane SRR as.the
t%‘ﬁ giﬁ‘ﬁt%’% obj%ed” Occﬁﬁsdigﬁqaﬁo‘éﬁa‘?rés%o i% S&&Pedféd™at™ an
o%lgtfa?:‘g%t%% Orb ateo(%.{th grlg:[%g%%%gggctidggsdsr %Srsoée%saln rggffcfg‘? the

" user-data area. At this step, the SRRs are examined to
produce a result of determination as to whether or not an
NWA is includedrin an SRR different from the SRR
inciuding the address specified in the data write request.
It is to be noted that, normally, at least two SRRs
afe in open status. Thus, the determination result
produced in thé process carried out at the step F411A is
hardly a denial. If the SRR including the address
specified in the data write request is the only SRR put
".in open status, however, the deﬁermination result
produced in the process carried out at the step F41lA is
a denial. 1In this case, the flow of the processing goes
on to the step F407 at which an error message is
 transmitted to tﬁe application making the data write
reQuest before execution of the data-writing processing

represented by this flowchart is ended.
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F109 of the flowchart shown in FIG 19 or the step
F412 of the flowhart shown in FIG 25. In addition,
if a postscript-recording point 153 existing in an
SRR ot her than the SRR including the alternate-object
original address as the NWA of the other SRR is
sel ected as the al ternate-object replacenent address,
it is possible to get rid of a problem of needlessly
addi ng DOV entries due to generation of consecutive
unnecessary data renewal s initiated by the
application in a certain circunstance. A postscript-
- recor dimgheoiratuexi sf i dg-dmmiantSRR ebhet rdarhd thesnSRRA
i ncludi ng the alternate-object original address as the
ifWAnofudidxd iot ey SBRRALSfsebrtt &tbrasheh@RR including
al ternate-object replacenent address in the
tHat addwress mpgriddiesisingtheepaesaentiar rgqubetf | e hérdw
shown in FIG 22 or 26. It is to be noted that, if the
oflathe vwitdarpiny goessbngtoepr esantEd 2By athehi towcinar t
shown in FIG 22 or 26 is carried out, it is
dappr bprvateeqardact vakbytheecprikalhalidgat & dndaccohdance
followi ng condition: For an application running on the
whbkt thppiatd vy iteatrefoast {swvoparenSRRScatbe aptiveatIwR
on the optical disk 1, and the postscript-recording
- 1potmt 2kt @ifagRRNet Bepm thanWWhe SRRthavi by sawef ect
area or experiencing a renewal of data is selected as
a@h%r%g§%ﬁqé§gg5@bpé@pessing using an area in the other

SRR is carried out as a data renewal process. Then, at
the next step F414, the TDFL and the TDDS are updated in
accordance with the alternate-address processing.
Subsequently, the SRRI for the contents of the SRR
sexving as an alternate-object replacement SRR is also
updated as well.

In the write data processing represented by the
flowchart shown in FIG. 26 for a data write‘request, the
address specified in the data write request is an already
recorded address ana alternéte—address processing is thus
ﬁarried out to renew data‘already recorded at the address.
It is to be noted that alternate-address processing can
~also be carried out in the same way for a case in which
‘the address specified in fhe data write request is an
_address'inla defective area. Let us assume for example

that, even if the address specified in the request for
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repl acenent address for the defect or the address of
the data being renewed. In addition, in the case of
the format not 154 allocating an alternate area, it
is no longer necessary to estimate the size of a
suitable alternate area in advance in the application
or the like. The fact that it 1is no |onger necessary
to allocate an alternate area inplies efficient
utilization of the user-data area. On top of that,
even in the case of the format allocating alternate
areas, a region in the user-data area can be selected
rascensahy ermat el oy efatas osoontlas @bticdihelialkl ocas esh
alternate areas are used up. Thus, it is no |onger
aderessaty 4w wsteqmatded kdustee, ofha Sisttabl és
alternate area in advance in the application. The fact
dtelfaf:tivej supipi nonigerinpesesbhe yt ¢ oveidtd piatte thersimze of
an ppropriate alternate area inplies that it is not
Cﬁééé§§ y tlo ghligcapecantiexcdssi vél yhkapgecaddismnagbes
area so that the data zone can be utilized wwth a

°Ri §FolcEreesstal REXI dicehiby. step tRidide cairnyt diet cldse
of the enbodinent, in order for the disk drive or the
SPBE oR HF I3 Eprasiirasisorroappaiag us ity fhedid ar ridsul t
of determ nation as to whether an address on the

O5pt PEalifitdicre iis &% madrefsed mrean ial toadySh ezorided

area or an unrecorded area, the disk
OSA, the same alternate-address processing using an area

in the other SRR as an interface-object replacement area
.at the step F406 and the subseguent steps.

When alternate-address processing using an afea in
an SRR as an interface-object replacement area is carried
out because the ISA and the 0SA are all consumed by such
data—writing précessing, the processings explained
earlier by referring to FiG. 21 are performed. Tt is thus
possible to solve the problem of wastefully generating
uﬁnecessary DOW entries due to an incorrect assumption
made by the appliéation as an assumption of the NWA as
‘explained earlief by referring to FIG. 20.

6—3: Data-Reading Processing

Data-reading processing for a case in which the
fofmat of the opticai disk 1 includes alternate-object
replacement: areas in the ISA and the OSA is the saﬁe as

that représented by the flowchart shown in FIG. 23.

149




drive or the recording/reproduction apparatus uses
SRRI  (Sequential Recordi ng Range | nformation)

provi ded for managi ng al ready recorded addresses or
unrecorded 155 addresses in the postscript-recording
met hod. An already recorded area is an area in which
data has al ready been recorded whereas an unrecorded
area is an area in which no data has al ready been
recorded. In general, track information such as the
SRRl includes three elenents, i. e., the start
address, end address and NWA (new witable address or
TposksCecid -afectedEngddpeemt of the SRR In the
postscript-recording nmethod using an SRR (or a
track)hs idedribedessary, tithe esdrocdlichaha ahwbysents aim
area starting fromthe NWA serving as the postscript-
aleeondingapdreds dfunicheé oSRR> Fatsrd sldiecanse dhskaredch
exi sting between the start address of the SRR and an
saddrass nohediaiwliygprétednage tdre=grost 3ortipt -cascorcdi Ag
point of the SRRis determned to be an area in which
cipgt aahagiak reiady bdemmpéecondbadivg |26 temnareaabet sweethe
the postscript-recording point and end address of the
agRrRrhpgtededéredndgnctibe b seeerd mavki oh hbederp Bl dres
al ready been recorded. Thus, in the case of an-

dépki ean B¢ skelemephedi nihly dat ol elargedof hef Ebnidncy -
adoption of the postscript-recording method, the disk
dri ve TfetcdFabesey, Pr othism§oackésnfit tlhg defect

determ nati on as to whether an
alternate-address function and the data renewal function

in a write-once disk and a recording/reproduction
apparatus, the functions are implemented as follows.

The format of a DOW entry used as alternate-address
information in a data renéwal processing is approximately
the same as the format of a DFL entry used as alternate-
address information in a defect alternate-address
processing.

Both the DOW and DFL entries used as alternate-
address information in a data renewai processing and a
defect alternate-address processihg respectively are
- recorded on the TDFL as pieceé of information coexisting
~on the TDFL for storing management information of the
defect alternate-address processing.

As alternate-object replacement areas of a defect

alternate-address processing and a data renewal
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address specified in a wite or read command is an
al ready recorded or unrecorded address by acquiring
information on all SRRs existing on the optical disk
1. 156 On top of that, in order to inprove reliability
of alternate-address nmanagenent information, it is
necessary to increase the nunber of tines to update
the alternate- address managenent information. If the
size of the TDVA used as an area for updating the
al t er nat e- address nmanagenent information is only 2,048
clusters, allocation of a larger area allow ng
Rldcessang, addr es spommiagentnt usenhoenatlpm tdefeet
updated is demanded. It is to be noted that the format
shewunats Fré& dn (e dpiticedudéskaleomfii gursat isomrack
allowing a portion of the alternate area to be set as
@r ATDSRR] Addittiomnlin TésposarydBeheatedmmgeneack (or
Area) at an initialization tinme. However, since this
FFettREd asstnesnaldrodWhi orleftahleabs eF s sarépt-
referred to as the OSA as a precondition, this method
rearietnBePappti ed to an optical disk 1 having no
alternate areas as shown in FIG 1 (b). Thus, in the
case OFY £¥GFNY ke uds FRrhoal ratearddaeeasiarction
shown in FIG 1 (b), as a nmethod of allocating an
- agfe Sheofe bR nRfiag v der6tiori Adsdefcriftdt aibovgi sk data
inforpmation on the optical disk 1, there is adopted a
TCEEHAT qREC ST T DD G an 2 ATDRAC t WAL BRT Rt ar adgiragEment

area . . -
processing can be carried out even if alternate areas do

not exist.

In addition, in the case of a format inciﬁding
alternate areas, a data renewal processing and a defect
alternate-address processing can be carried out even if
the storage'capacity of the alternate areas decreases to
a value not-sufficient for storing data anymore.

On top of that, if the optical disk 1 according to
an embodiment is mounted on an apparatus with the data
renewal function not extended, the apparatus interprets a
DOW entry used as alternate-address information in a data
renewal processing as a DFL entry used as alternate-—
~address informatioﬁ in a defect alternate-address
processing, ana regds data at an alternate-object
replacement area specified in the alternate~addréss

information. That is to say, since the conventional
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i ndependent of the alternate areas, to be allocated at
the position in the rearnost portion of the user-data
area. 157 In the case of a wite-once disk of the
bl ue-ray type, a special format conmand is executed
to create an optical disk including no alternate
areas. Since format paraneters of this special conmand
do not include one specifying an ordinary alternate
area, the optical disk is formatted by specifying a
maxi mum storage capacity covering all assigned '
addresses. By explicitly specifying a value snaller a
reabeke biecaswmg tilve camxiipdnpst ortdge wapadiucyias a
storage capacity, however, the functions of the disk
,C@mpaélhhhﬂbe3@%@@@&@@H6§0135amoampaﬁﬂuﬁ§ aithpabe| daa
of generating a region with no addresses assigned
reperet ofwctin® et ektendedseyeniatf thwr oRtiThatdisktd
say, in the case of this enbodinent, this regionis
CEBRUShENE SIRAUEiant efnahe- adte wuste Traldagereunat dan
- referred to as the ATDVA. In addition, at the sane
£PFnEate A Sd Sy Bopgted| @ Hroirkedalush a functi on
to add an _extension referred to as a TDVA indicator
to t h&BEGPRAPRG: of Mt FBA SPENIL i8Nd LPeaBr 8RR M Dramt i on

on the ATDMA and other information in the TDVA
PPREFCEIRy Fecording point can be selected as an

alternate-object replacement address for a data renewal
processing and a defect alternate—addfess processing.

By selecting an NWA, which exists in an SRR as a
postscript-recording point, as an alternate-object
replacement address in place of an address in an
VIalternate area in the ISA or the 0SA, the following
merits can be obtained.

In the first place, with a recording processing
carried out by using a general file system, in
considering processings to record a file on the disk and
renew management information of the file, the seek
distance of the pickup can be shortened to a value small
enocugh for compensating for the alternateéaddress
processing to move the pickup to the alternate-object
‘replacemené area. As an alternative, the-managemenf
information of the file can be recorded into an area

following the data. Thus, the recording performance can
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The TDMA i ndicator has a function executed by the
di sk drive with a high degree of efficiency to find
out a location used to record the nost recent TDVS.
The di sk 158 drive always refers to this TDVA
i ndicator in processing of a check disk shown in FIG
24 to acquire the information on the ATDVA at a
check-disk time. Thus, the disk drive is capable of
handl i ng the ATDVA for a case in which no alternate
area exists. As is obvious fromthe above description,
even in the case of a format providing no alternate
bgr éapraned. even in the case of a format providing
alternate areas, this enbodinent is capable of
sust ai Hi fidrisecordi ng adrirmeosprmticttdrapteoapatidbid igoint
W t hout substantially changing the physical formt
SghachhfsiTan ladyernase-thaent| ter bimendi skidgpds is
without |limting the functions. In addition, the data
SRPPtEcTehctd de @@neﬁéeCﬁﬁEBeﬁéh@%ﬁﬁﬁQTQ@jwpKte-once
di sk including no alternate areas by sustaining
TeRéBF eI aarf’dgf%ﬁr odEieEl oh resgmyati BPFEsyTripEhredrrding
conventional wite-once disk, the RAMtype disk and
PPRBT REM 1§45 tdsRSagn| BlESINTheobidrE Fiebd asgBean
generally provided for typically the RAMtype di sk
AEcthel ROVRPSESdi SREEART %‘P%oa%eth?sééepor‘?léﬁ 8pt teal

ﬁBSk of the wite-once type wthout the need to
dFP9* t RPEY dRafECand®t R Physitem Fel3 of the

flowchart shown in FIG. 25.

In the second place, in a processing to read out a
block from an alternate-object replacement address due to
a defect detected in a recording processing, the
reproduction performance is improved because of a short
seek distance of the pickup. In this case, a postscript-
. recording point selected as an alternate-object
replacement address in the same SRR as the alternate-
-objecf original address is considered to be an effective
alternate-object replacement address. Such a postscript-
recording point in the same SRR as the alternate-object
‘original address is selected as an alternate-object
replacement address in a process carried out at the step
E109 of the flowchart shown in FIG. 19 or the step F412
of the flowchart shown in FIG. 25. |

In addition, if a postscript-recording point
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format. In addition, it should beunderstood by those
skilled in the art that a variety of nodifications,
159 conbi nations, sub-conbi nations and alterations nay
occur in dependence on design requirenents and ot her
factors insofar as they are within the scope of the
appended clains or the equivalents thereof. 160 WHAT
IS CLAIMED IS: 1. A data-recording nethod for
~recording wite data onto a recording nedi um having a
wite-once recording area that allows data to be
recorded therein only once and includes: a main data
Ared 1 nghiehadafBRi ether Yérare cbed88R| hvoludindy ttdebe
reproduced from and an al ternate-address nmanagenent
e PREET O] afBacT isletr f Gddiresserentia | Wk edortdiengther
al t er nat e-address nanagenent information in order to
Ududtesairebay 25 ety ddd caresrnabacat drelsqrmeagenent
information used for managi ng alternate-address
H1GEESsi hy tArPPEH IR ton Iesarddwef t & -widd smeedr di ng
area, said data-recordi ng nethod capabl e of recording
- TEECYSRPTY YR 2T D SB4ird cPeEBR dERgITREHAIMON Cliout

cprovidin_g algre-allocated alternate area in said wite
onsecutive unnecessary data renewals initiated by the

application in a certain circumstance. A postscript-
recording point existing in an SRR other than the SRR
including the alternate-object original address as the
NWA of the other SRR is selected as the alternate-object
replacement address in the data¥writing processing
represented by the flowchart shown in FIG. 22 or 26.

It is to be noted that, if the data—writing
processing represented By the flowchart shown in FIG. 22
or 26 is carried oqt, it is appropriate to actually
.record the data under the following condition:

For an application running on the host apparatus,
‘at least two open SRRs. are allocated on the optical diék
1, and the postscript-recording point of an SRR other
_than the SRR having a defect area or experiencing a
renewal of data is selected as the alternate-object
replacement address for the defect or the address of the
data being renewed.

In addition, in the case of the format not
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once recording area in advance conprising the steps
of : carrying out alternate-address processing to set a
wite-target area, which is identified by an address
specified in a data wite request as a partial area
included in said wite-once recording area, as an

al ternate-object original area, and set an alternate
area selected anong partial areas existing in said
main data area as an alternate-object replacenent
area in case data 161 has already been recorded in
.said wite-target area; recording said wite data,
i glrtiingt enbel recoxtdechrica, adcol dane el amddr s@icdsdata
wite request, into said alternate-object replacenent
w7 etimadeupdat $ e safi ¢ ahtierhat ez hddrress: mArRagenent
information so as to include information in said

hvasrasatie- bder assl hertbdgenent thaf bikat | Cheagact that it
~information showi ng said alternate-address

¥t scedonagr 2ecThmdatt® eédordtagmethod rateordeag t o
claim1l, wherein, in case said wite-target area in
45 id ofr pE6ichiele yiddormditignaréatlis walefdeds weear ea:
at said step of carrying out alternate-address

pr oces@t PP ¢t dbpitvecdrealaltther vase- afdressformat
processing 1is carried out to set said defective
afrliccatiag get e cafirean - akt Bedeare-iohjtdet useirgiaba
area, and set_an alternate area sel ected anong
&Pt Far Be ezdlestisst ifg aPnadhewnakd mrea as soon as all

.the allocated alternate areas are used up. Thus, it is no
longer necessary to estimate the size of a suitable
alternate area in advance in the application. The fact
that it is no longer necessary to estimate the size of an
appropriate alternate area implies that it is not
necessary to allocate an excessively large alternate area
so that the data zone can be utilized with a high degree
of efficiency.

Furthermore, in the case of the embodiment, in
order for the disk drive of the recording/reproduction
apparatus to produce a result of determination as to
whether én addréss on the optical disk 1 is an address in
an already recorded area or an unrecorded area, the disk
drive or the recording/reproduction apparatus uses SRRI
(Sequential Recording Range Information) provided for

managing already recorded addresses or unrecorded
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data area as an alternate-object replacenent area; and
at said step of updating said alternate-address
managenent information, said alternate-address
managenent information is updated to include

i nformati on show ng said defective-area

al t er nat e- address processing. 3. The data-recording
nmet hod according to clains 1 or 2, wherein said

al t er nat e- address nmanagenent information includes
sequential recording range information on a 162
sequential recording range of main data recorded in
&idrtbs sl Andaha 96 9o NG AeEerRindtms@idh St 8R 8fready
carrying out alternate-address processing, an
Bddaideat erebj estark eplacarenhianedats 1$ad s dakan
area is selected by wusing said sequential recording

reangelddnivaerat s oin vhreb@ddat aregcos i gt hed which
according to claim3, wherein, at said step of

cardatianacubladd@yf nadedr addbesdsd. processierq) , aBrack

al ternat e-obj ect replacenent area in said nain data
larfeamas isel ectietahyusiSRGIpAstiadé Pt tHeeOredieR@ntRi Nt
i nformation included in said sequential recording
g.angéel sterhatddressH. ehlde addtrass esod diwrg (ebheditable
according to claim4, wherein, at said step of
shmepisngroptbs bédEimtatrecaddings peloceesSithg, SRR.

al ternat e-obj ect replacenent area in said main data
area i inseledted sonitherbasrdéigf meghdd using an SRR (or
a track), it is necessary to record data always in an
area starting from the NWArserving as the postscript-
recording point of the SRR.. This is because an area
existing between the start address of the SRR and an
address immediately preceding the postscript-recording
point of the SRR is determined‘to be an area in which
data has already been recorded while an area between the
postscript-recording point and end address of the SRR is
‘determined to be an area in which no data has already
been recorded. Thus, in the case of an optical disk 1
containing data recorded thereon by adoption of the
postscript+recording method, the disk drive is capable of
producing a result of determination as to whether an
address specified in a write or read command is ahr

already recorded or unrecorded address by acgquiring

information on all SRRs existing on the optical disk 1.
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postscript-recording point information on a
postscript- recording point existing in a sequentia
recordi ng range including said alternative-object
original area involved in said alternate-address
processing. 6. The data-recording nmethod according to
claim4, wherein, at said step of carrying out

al ternat e-address processing, an alternate-object

repl acenent area in said main data area is sel ected
on the basis of specific postscript-recording point
information representing a 163 | argest address anobng
pi ecesCBft o stis diapy - Lacordengto poipnovenfred fabi bt prof
postscript-recording points existing in a sequentia
FléCoratagafanyes dranrgemensl infoohat semueiit jigl necessary
recordi ng ranges. 7. The data-recordi ng nmethod
tcdOrFarAget Bhe | AR, ofwihémepntoarpdatel Hieeploprnate-
carryi ng out alternate-address rocessi ng, an
agArerAafRRdBFRRA T rgyficarakd AR - arTeg the sdizg ofathe dRRMA
‘area is selected on the basis of said

U566t 88 FPL TR OTYT MPBEiRE FRE orhEe TRt orpddiress
postscript- recording point existing in a sequential
mFgeg?ﬁ?ﬁg +%ﬁﬁﬁ?a9ﬁﬂﬁeﬂstHﬁﬁyazs%ﬁ%méﬁ%%ﬂeﬁﬁecé#éPﬁ@tlon
%angﬁ i ncl udi n id, alternative-object original area
Sintof 9BHT P 'sH FalVePAaf L aHR B HHGSSs 8PRGICBE The
id@tgﬁrgcorQ%p nmet hod accor ing to any one of clains
PIPE T T A P it APPEEEH AR TRERGR f ur t her

It is to be noted that the format shown in FIG. 1
(a) introduces a configuration allowing a portion of the
alternate area to be set as an ATDMA (Additional
Temporary Defect Management Area) at an initialization
time. However, since this method assumes allocation of an
alternate area referred to as the 0SA as a precondition,
this method cannot be applied to an optical disk 1 having
no alternate areas as shown in FIG. 1 (b).-

Thus, in the case of a format including no
alternate areas as shown in FIG. 1 (b), as a method of
allacatiﬂg an area for managing various kinds of optical-
disk information on the optical disk 1, there is adopted -
a technique allowing an ATDMA, which is a management area
independent of the alternate areas, to be allocated at
the position in the rearmost portion of the user-data

area.
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conprising the step of setting an additiona

al ternat e- address nmanagenent information area, which
is used for increnentally recording said

al t er nat e- address nmanagenent information, in said
main data area. 9. A data-recording apparatus for
recording wite data onto a recordi ng nedi um having a
wite-once recording area that allows data to be
recorded therein only once and includes: a nain data
area, which data is to be recorded into 164 and to
be.reproduced from and an alternate-address
managenenthd rfagenati anwaf ea-omsedifs@r oifneneenial day
recordi ng alternate-address nmanagenent information in
topder at epapdal ef ainsgadymmbadot geskaddridnabecaddt €Ssn
managenent i nformation used for nmanagi ng

cglttierpatiés hdthrdsglipmoces silhgroats i atkazut on  sai d
write-once recording area, said data-recording

appar a uscec divpmiasi pgrame tat a-off ithiisg speci abncdddand do
witing said wite data onto said recordi ng nedi un
ngiy addieds v idpiecatfivdangsest pohidfaory prloguckng area,
result of determ nation as to whether or not data has
theeartéeat dbics katisafcgndress Spewmddigding a daganwmite
request to wite said wite data into said main data
sgpEgge capacity covering all assigned addresses. By

explicitly specifying a value smaller a little bit than
the maximum storage capacity as a storage capacity,
however, the functions of the disk drive can be extended
S0 as to provide a capability of generating a region with
no addresses assigned thereto at the end of the user—data
area.

That is to say, in the case of this embodiment,

this region is used as a spare alternate-address

. management area referred to as the ATDMA.

In addition, at the same time, the disk drive is
also provided with a function to add an extension
referred to as a TDMA indicator to the beginning of the
TDMA and-record information on the ATDMA and other
information in the TDMA indicator.

The TDMA indicator has a function executed by the
disk drive with a high degree of efficiency to find out a

location used to record the most recent TDMS. The disk
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an information determ nation section for producing a
result of determnation as to whether or not said

al t er nat e- address nmanagenent i nfornmation can be
updated; and a control section for: controlling said
data-writing section to record said wite data at an
address specified in a data wite request if said
address verification section produces a determni nation
result indicating that no data has been 165 recorded
at said address; and carrying out alternate-address
processing to set a wite-target area, which is

drdenst isflivesls bye taraddr édds spEei fhetkcdtvra idabaowekkeng
request as a partial area included in said wite-once
afe@orctienly diel,stagmann &lGer A4t te chj@citreorhgi nal ar ea,
and set an alternate area selected anong partia
igfexzgasipst Pgttin ASAMA ati B dhtak-dirsa tdsean Thus, the
al ter nat e- obj ect replacenent area, controlling said
dd&ka i Ve i iy seEtilen ofohredbidg stia AWMAe fdat a, casdi oh
is to be recorded in accordance with said data wite
vhdghiesP, 21 tRINaE @rabt exkhate- obj ect repl acenent area,
and updating said alternate-address managenent

i nf or Nt i'6n °8Figyst Eremcihrietiavieodratcibption sawen in
al t er nat e- addr ess managenent infornmation as

that 6RABLP DR LHBWtngrediding toe reliteraddeesseps oerdsi ng

I f said address
even 1n the case of a format providing alternate areas,

this embodiment is capable of sustaining recording and
reproduction compatibility without substantially changing
the physical format and physical layout of the write-once
disk and without limiting the Ffunctions.

In addition, the data write function can be
implemented in a write-once disk including no alternate
areas by sustaining recording and reproduction
compatibility with the coﬁventional write—once disk, the
RAM-type disk and the ROM-type disk as it is.

Thus, the file system generally provided for
typically the RAM-type disk and the ROM-type disk can
also be used for an optical disk of the write-once type
without the need to modify the hardware and the physical
format.

In addition, it should be understood by those

skilled in the art that a variety of modifications,
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verification section produces a determ nation result

i ndi cating that data has been recorded at sai d address
and said information determ nation section produces-a
determination result indicating that said alternate-
address managenent information can be updated. 10. The
dat a-recordi ng apparatus according to claim9,
wherein, in case said wite-target area in said
wite-once recording area is a defective area, said
control section carries out defective-area alternate
166 address processing to set said defective
soriigatieget swr-emmgs naniaht eamat&E-telyaedbner ngy natcur
area, and set an alternate area sel ected anong
FadePahdareaseexdestiiong requi samen naianddatthear factasran
al ternate-object replacenent area; and updates said
@sodpnabe- ki e neithganthe s¢oederafatthenappended ude
i.nformati on showi ng said defective-area - '
Aldeenar etiridrasysgeosesshmgecil. The dat a-recordi ng
apparatus according to clainms 9 or 10, wherein, said
al ternat e-address managenent information includes
sequential recording range information on a
sequential recording range of main data recorded in
said main data area and said control section selects

~an al ternate-object replacenent area for said

al ternat e-address processing in said main data area
by using said sequential recording range
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informati on. 12. The data-recordi ng apparatus
according to claim11l, wherein said control section
selects an alternate-object replacenent area for said
alternate- address processing in said nain data area
by using postscript-recording point information
included in said sequential recording range

i nformati on. 13. The data-recordi ng apparat us
according to claim 12, wherein said control section
selects an alternate-object replacenent area for said
alternate 167 address processing in said main data
T@Ada ISnCLhsMEasiss of said postscript-recordi ng point
informati on on a postscript-recording point existing
in a skquéntebi-recootidiqopatange fonatdti-rg nsad i te

al ternative-object original area involved in-said
daltee Pnép ez arkraesE ngpmedéssi hgvidgt.a Wretdabaceecor di ng
apparatus according to claim 12, wherein said contro
reeerlong setesctidiadn alabtver date- objectrerepliadenteateiar ea
for said alternate- address processing in said nmain
cBatachfeawh itsd udasics of specific
postscript-recording point information representing a
| ar gest MRddr €352 anpeRy pileicds defta postsdre pteqeecieddingo
poi nt informati on on postscript- recordi ng points
agdi 5§ gy T9predyegdeitPmF aedordi ng range

an alternate-address management information area
~used for incrementally recording alternate-address
management information in order to update already
recorded alternate-address management information used
for managing alternate-address processing carried out on
said write—onée recording area,

said data-recording method capable of recording
said write data onto said recording medium without
providing a pre-allocated alternate area in saié write-
once recording area in advance comprising the steps of:

éarrying out alternate-address processing to set a
write-~target area, which is identified by an address
specified in a data write request as a partial area
included in said write-once recording area, as an
alternate-object original area, and set an alternate area
Selected among paptial areas existing in said main data

area as an alternate-object replacement area in case data
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or a plurality of sequential recording ranges. 15. The
dat a-recordi ng apparatus according to claim 12,
wherein said control section selects an
al ternat e-obj ect replacenent area for said alternate-
address processing in said nmain data area on the basis
of said postscript-recording point information on a
postscript-recording point existing in a sequentia
héi€cOndandg basger&idieled Ransai §apuantital-geecordi ng
range including said. alternative-object origina

area ravetdaty daAdsaidtaldLyanathiaddi £S5 P0eesstddH
168 16. The data-recordi ng apparatus according to any
iwnecafrdahakbneidht ©a kb daraene be Soéghaant riekosestdon
sets an additional alternate-address managenent
alrdoramet-cbpecar egpladdneinti ardsedaddr i ncremental |y
recording said alternate-address managenent
i nf or npdatoimg iszishiadteranate-daidreasemanidemént
data-recording nethod for recording wite data onto a
infecoetdinyg sedumdadvicigda wmfdmseaones ineeatdi ng area
that allows data to be recorded therein only once and
alitgenatiesaddrers magagemeneainithireti idat asi snfarmeion
recorded into and to be reproduced from and an
-shemilagnag dd aaldrease teanddessntotoskessayi on area used

for incrementally recording alternate-address
2. The data-recording method according to claim 1,

wherein, in case said write-target area in said write-
cnce recording area is a defective area:

at said step of carrying out alternate-address
processing, defective-area alternate-address processing
is carried out to set said defective write-target area as
an alternate-object original area, and set an alternate
area selected among partial areas existing in said main
data area as an alternate-object replacement area; and

at said step of updating said alternate-address
management information, said alternate-address management
information is updated to include information showing
said defective-area alternate-address processing.

3. The data-recording method according to claims 1
or 2, wherein said alternate-address management
information includes sequential recording range

information on a
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managenent information in order to update already
recorded al ternate-address nanagenent information used
for managi ng alternate-address processing carried out
on said wite-once recording area, said

dat a-recordi ng net hod conprising the steps of:

setting an alternate area in said wite-once

recording area; carrying out first alternate-address
processing to set a wite-target area, which is
identified by an address specified in a data wite
request as a partial area included in said wite-once
seeendial peEdrdias aangB9oal hermata-ohiectasdi o nalid
area, and set a partial area selected anong partia
mai@easaexi stedtarid) whairdial t @F Nd B AHeRAcASc@Prying out
al ternat e-obj ect replacenent area if data has already
aleennaeeadditrk d N praicd sWh h £- 41 gede rdizea-apgesai d '
selected partial area is usable for said first
rebfleremtet addr €3S spiacassh NG tLardas 1g oul eSEEONG,

al ternat e-address processing to set a wite-target
Ughed, sahd cledquerntdent réteddbyg amangddnessmspeeai fied in
a data wite request as a portion included in said

wr i t e-oncéhe edoratingpcaridag astand atdeerriabetobiegim 3,
original area, and set a partial area selected anong
vwhareinl i essidexitspi ng§ tarsairdy nwitn adatanats-eaddasesan

al ternate-object replacenment area if data has
processing, an alternate-object replacement area in said

main data area is selected by using postscript-recording

point information included in said sequential recording

range -information.

5. The data-recording method according to claim 4,

-wherein, at said step of carrying out alternate-address

processing, an alternate-cobject replacement area in said

main data area is selected on the basis of said

postscript-recording point information on a postscript-

recording point existing in a seqguential recording range

_including said alternative-object original area involved

in said alternate-address processing.

6. The data-recording method according to claim 4,
whe;ein, at said step of carrying out alternate-address
processing, an,alternatemébject replacement area in said
main data area is selected on the basis of specific

postscript-recording point information representing a
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al ready been recorded in said wite-target area and no
area usable for said second alternate-address
processing exists in said alternate area; recording
said wite data, which is to be recorded in
accordance with said data wite request, into said
al t er nat e- obj ect repl acenent area; and updating said
al t er nat e- address nanagenent information so as to
ldpddtdadunb s elden JikRal g Jbd I NalR-addhessng
managenent information as information show ng Said
pdirtstingbragend %@%EQEEiM&Sﬁdﬁﬁ@C§§§rﬁﬁg-ex]i%-tiEBe
dat a-recordi ng method according to clfaim 170 17,
inhkerRiqdent DaTase-G@iidgWrhhget @F 08t 1@ 1k Sai d _
wite-once recording area is a defective area: at said
sesfemtob] casdandiggoutngas d first alternate- address
processing, first defective-area alternate- address
processi Nige idntaatetetiing ne@hsat aSaddiitgl estdveim 4,
wite-target area as an alternate-object origina
whareiay, aandaséts@epartt cakraieq gl eqtrednasengipaidd al
areas existing in said alternate area as an
pPrakeesivag e-abjedternaeptachmentreaneapmant @fesaind satiep
- of carrying out said second alternate- address
mapnodessi anga secordedefdcon veharnes ial dr nate- address
processing is carried out to set said defective
PoRtECRipargratordried psinh alfemzdatienobhestportgimalt-
ar ea,
recording point existing in a sequential recording range

other than a sequential recording range including said
alternative-object original area involved in said
-alternate-address processing.

8. The data-recording method according to any one
of claims 1 to 7, said data-recording method further
comprising the step of setting an additional alternate-
address management information area, which is used for
incrementally recording said alternate-address management
information, in said main data area.

9. A data-recording apparatus for recording write
data onto a recording medium having a write-once
recording area that allows data to be recorded therein
only once and includes:

a main data area, which data is to be recorded into
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and set a partial area selected anong partial areas
existing in said main data area as an alternate-object
repl acenent area. 19. The data-recordi ng nmet hod
according to clains 17 or 18, wherein said

al t er nat e- address nmanagenent - information includes
sequential recording range information on a
sequential recording range of nmain data recorded in
said main data area and wherein, at said step of
carrying out said second alternate-address processing,
an al ternate-object replacenent area in said nain data
sakie@ol Be SebBcI Rty Mehigasal d sequential recording
range 171 information. 20. The data-recordi ng nethod

accor G 1t rebakbPhdfre YN Bl dher@ht S2hHoShLD S area
carrying out said second alternate-address

uREACESSI Y reaferAldiahnakeool] f¢tal tanlaceHBAt St €a i N
said main data area is selected by wusing

rpAayeaeh PliTRo-ding pai Bidénfes MMd-e8 kheksged in
sai d sequential recording range information. 21. The
reabade e Cal th i teetlidd ca6 Canth fgndrd  h@bBna20en Wnssei n,
at said step of carrying out said second
fekt sanad sraddressaproadssé iy, prdtadlsiagnaker 0bf ettt on
repl acenent area in said main data area is selected on
stihe babis-ofcesaiedopdshgcated-recordi ng point
information on a postscript-recording point existing
i n a seqdedbekalrecording apparatus comprising:
a data-writing section for writing said write data
onto said recording medium;
an address verification section for producing a
result of determination as to whether or not data has
been recorded at an address specified in a data write
request to write said write data into said main data
area;
an information determination section for producing
a result of determination as to whether or not said
alternate-address management information can be updated;
and
a control section for:
controlling said data-writing section to record
said write data at an éddress specified in a data write

request if said address verification section produces a

determination reSult indicating that no data has been
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recordi ng range including said alternative-object
original area involved in said second

al ternat e-address processing. 22. The data-recording
met hod according to claim 20, wherein, at said step
of carrying out said second alternate-address
processing, an alternate-object replacenent area in
said main data area is selected on the basis of
speci fic postscript-recording point information
representing a |l argest address anong pi eces of
postscript-recording point information on postscript-
FeRGOIANG tPOh I Sadild NGridn @ sequential recording
range 172 or a plurality of sequential recording

rangescadyinendatarbeqot 8l fgHaihed-a3e6 9k A Ngo tt 2
claim 20, wherein, at said step of carrying out said

waeeRrdargkt eaned e~addess PHeRESSIdW.by@Rn address
al ternat e-obj ect replacenent area in said main data

spleed fii8dS ehegt @sk D itthe oagkst Ofs SAighrtial area
postscript-recording point information on a
ipestsiedi ph- s@td el ing-poicet rexbsdimg dreag sequanti al
recordi ng range other than a sequential recording
aldrgeatinchbikk M rSajiithadl beenat dve-0hj ect a0kkghhsd &area
involved in said second alternate-address processing.
s2decthe gmbay reoaridiing reeshedi scnay dinngatiad ARYn ofAeta Of
claims 17 to 23, said data-recording nmethod further
ageaprpsangal terrsttep obfi eset repba@meaddiatreanakbontrolling
al t er nat e- :
said data-writing section to record said write data,
which is to be recorded in accordance with said data
write réquest, into said alternate-object replacement
area, and updating said alternate-address management
informatioq so a8 ko include information in said
alternate-address management information as information
showing said alternate-address processing if said address
verification section produces a determination result
indicating that data has been recorded at said address
and said information determination section_produces-a
determination result indicating that said alternate-
address management information can be updated.
10. The data-recording apparatus according to
claim 9, wherein, in case said writeutarget area in said

write-once recording area is a defective area, said

contreol section carries out defective~area alternate-
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address managenent information area, which is used for
increnmental ly recording said alternate-address
managenent information, in said alternate area. 25. A
dat a-recordi ng apparatus for recording wite data
onto a recording medium having a wite-once recording
area that allows data to be recorded therein only
once and includes: a main data area, which data is to

adirez@cpirdedss M@ ARGt 0abg deptoduLed firentaadet
alternate area; and an alternate-address managenent

adenf @sMahi aDtereete-bb3 eusedri @ind NERIENLAL| Yot egpr di ng
al ternat e-address managenent information in order to

alipdatecahreadel gtear daonqlgardiatieaadds essi Jmragenent
informati on used for managi ng alternate-address

sgirocessi dgtsairéeths0dh abte S th-Whfee-toReplseadrti ng
area, said data-recording apparatus conprising: a
amgat;aandi tpdgtsectdion afl oermat ¢+ afiirsaisd mahbyenslet a onto
said recordi ng nedium an address verification section
irfformptoduct agirecludes ihfooha tbdrerstiawdhigosaas to whet her
or not data has been recorded at an address specified
deifipcaidatarew i dlemmegeestidtasswprtcecesaiidgwr i te data into
said main data area
11. The data-recording apparatus according to
claims 9 or 10, wherein, said alternate—address
management information includes sequential recording
range information on a sequential recording range of
main data recorded in said main data area and said
control section selects an alternate-object replacement
.area for said alternate-address processing in said main
data area by using said sequential recording range
information.
12. The data-recording apparatus according to
claim 11, wherein said control section selects an
alternate-object replacement area for said alternate-
address processing in said main data area by using
postscript-recording point information included in said
sequential recording range information.
13. The data-recording apparatus according to

claim 12, wherein said control section selects an

alternate-object replacement area for said alternate-
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an information determ nation section for producing a
result of determnation as to whether or not said

al t er nat e- address nmanagenent i nfornmation can be
updated as well as a result of determ nation as to
whet her or not an area usable for alternate-address
processing exists in said alternate area; and a
control section for: controlling said data-witing
section to record said wite data at an address
specified in a data wite request if said address
verification section produces a determ nation result
ddddiecst iprgcehatnnordated chas ibeentd 74raccor ded Bhssai 6
address; carrying out alternate-address processing to
spdd poswsicrért argmetrdinga poditc hnEsrigenrin bihed by an
address specified in a data wite request as a
APgEical PArsacofdiciauded nitn esaisdimg i 1re-onegueacosdi ng
area, as an alternate-object original area, and set a
Faerdandarense selderdddgameng patermtiareabiexi:sting in
said alternate area as an alternate-object
oregiagenehea atwwlvedntinobkiidgal saithidataddnessi ng
section to record said wite data, which is to be
Preegfdétd n accordance with said data wite request,
into said alternate-object replacenent area and
updat i ho sdP dtariRaesddadr eppanahuyemmarding to

Enfornation so as to include information in said
claim 12, wherein said control section selects an

alternate-cbject replacement area for said alternate-
address processing in said main data area on the basis of
specific postscript—reéording point information
representing a largest address among pieces of
postscript-receording point information on postscript-
recording points existing in a sequential recording range
or a.plurality of sequential recording ranges.

15. The data-recording apparatus accordihg to
“claim 12,_wherein said control section selects an
' .alternate-object replacement area for said altérnate—
address processing in said main data area on the basis of
said postscript—recording point informafion on a
postscript—reCording point existingrin a sequential
;ecording range other than a sequential recording range
including said.alternative-object original area involved

in said alternate-address precessing.
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al t er nat e- address managenent information as
informati on showi ng said al ternate-address processing
if said address verification section produces a
determination result indicating that data has been
recorded at said address and said 'information

determ nation section produces a determ nation result
indicating that said alternate- address managenent

i nf oremt i ORe Ca:Da-Lpdatiad aﬁpa@ﬁusa%cc@ragﬁgl ’Eo Ofny
determi nation indicating that an area usable™ for

on@l ber Bad tnAddIeSI5Pr A6EsSIMGA4 shatim saldalt gepate
area; and carrying out alternate-address processing to

ansetidatididl wiitkenkoegeddada marigeRehs 1desvnfdieq by
an address specified in a data wite request as a
aral, t walclariea usenc fode dntperfdith MWy -ecoRgend asirdi ng
area, as an alternate-object original area, and set a
alparhbaé-atdesss eheatete ATONYE Qadsttiiah, af €asa BXingtiinng i n
said main data area as an alternate-object
datephaegnent area, controlling said data-witing
section to record said wite data, which is to be
recortfed Andaccoredamdénygi hditisal dodatacomtirtiee wreéquest ,
into said alternate-object replacenent area and
dagipdantap saapralingr nad suradureisyy marageaemice
information so as to include information in said
regpréinatareaddhet sa hbmegedrnat tionber netemiedasherein
i nformati on show ng said alternate-address processing
onily enr¢el wddriassudes:

a main data area, which data is to be recorded into
and to be reproduced from; and

an alternate-address management information area
used for incrementally recording alternate-address
management information in order to update already
recorded alternate-address management information used for
managing alternate-address processing carried out on said
write-once recording area,

said data-recording method comprising the steps of:

setting an alternate area in said write-once
recording area;

carrying out first alternate-address processing to
set a write-target area, which is identified by an
address specified in a data write request as a partial

area included in said write-once recording area, as an
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verification section produces a determ nation result
i ndi cating that data has been recorded at sai d address
and said information determ nation section produces a
determination result indicating that said alternate-
address managenent information can be updated as well
as aresult of determnation indicating that no area
usabl e for alternate-address processing exists in
said alternate area. 26. The data-recordi ng apparatus
according to claim25, wherein, in case said
~Wite-target area in said wite-once recording area
dlgeardafeecbivet avegirsdi chxEd) aant sot seciitdmlicarebes
out defective-area alternate- address processing to
spdte od@idd adefhigcpa el alr i dreedsaregdstiag etn asaiah alternate
al ternate-object original area and set a partial area
T cisednapbhgrpard 1l earteasp@ricehieémy drea Sa data has
alternate area as an al ternate-object replacenent
Hreadyupdani recsala dnt eraiat eraddr essgamragement] said
information to include information show ng said
sfereterveant bal ol tew rat elsadideefor psoigksEinsg iafl teandte-
information determ nation section produces a
ageresti RapFePSIE Ul t i ndicating that said al ternate-
address managenent information can be updated as wel |l
as a RiermmgutoAeresdl aliathatzt-adgrehat papcassiang to
“usable for said defective-area alternate-address
_Sﬁﬁoéeggpﬁ%—ggﬁgﬁ%;area, which is identified by an

address specified in a data write request as a portion
_includgd in said write-once recording area, as an
alternate-object original area, and set a partial area
'selected among partial areas existing in said main data
area as an alternate-object replacement area if data has
-already been recorded in said write-target area and no
area usable for said second alternate-address processing
exists in said alternate area;

recording said write data, which is to be recorded
in accordance with said data write request, into said
alternate—object replacement area; and

updating said alternate-address management
-information s0 as to include information in said
alternate-address management information as information
'showing said first or second alternate-address processing.

18. The data-recording method according to claim
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in said alternate area; and carries out defective-area

al t er nat e- address processing to set said defective

wite- target area as an alternate-object origina

area and set a partial area selected anobng partia

areas existing in said nmain data area as an

al t er nat e- obj ect replacenent area, updating said

al t ernat e- address nanagenent information to include
17 hfferiinoni shexndGSa dridefestdie-sakgain said

al ternat e-address processing if said information
wileeioiceat-b0fr $8ed ieaPraduCesrart idet akahnation result

indicating that said alternate- address nanagenent

i nf or et soid cadepherupdat gthasusekhidsrilrsh adternate-

determination result indicating that no area usable
addyxresssardcdef bod,i id-raitede@bt e et £-caddnessnprecessi ng

exists in said alternate area. 27. The data-recording
adzthpmsapuscassingli ing daariebabns 26 @t 26idwHerectiwai d

al ternat e-address managenent information includes
wisidgueatrgat aecoral g aflapgeatefoymit @riginal area,

sequential recording range of main data recorded in
arshisgtmai padatlal aaew sedesbed momig gartiedt bpaasel ects

an alternate-object replacenent area in said main
exigtdngr én faldaldadukéet rvea arearaldleerabee—adikass

processi ng by using said sequential recording range
repifagemant oare28.arfhe dat a-recor di ng appar at us

according to
at szaid step of carrying out said second alternate-

address processing, second defective-area alternate-
address processing is carried out to set said defective
write-target area as an alternate-object original area,
and set a partial area selected among partial areas
existing in said main data area as an alternate-object
replacement area.

19. The data-recording method according to claims
17 or 18, wherein said alternate-address management
information includes sequential recording range
information on a sequential recording range of main data
recorded in said main data area and wherein, at said step
of carrying out said second alternate-address processing,
an alternate-object replacement area in said main data

area 1s selected by using said sequential recording range
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claim 21, wherein said control section selects an

al ternat e-obj ect replacenent area in said nmain data
area in said defective-area alternate-address
processi ng by using postscript-recordi ng point
information included in said sequential recording
range informati on. 29. The data-recordi ng apparat us
according to claim28, wherein said control section
selects an alternate-object replacenent area in said
main data area in said defective-area

al t er nat e- address processing on the basis of said
pgsiryertiipn~r ecor di ng point information on a
postscript-recording point existing in a sequentia
178 regdr diThg rahger¢ootdidigignegdiod akteraabd vier alljzeat
original area involved in said defective-area

1#-t ehsaeén, addr essd priceesdi ngrr8dng Thet datiat secondi ng
apparatus according to claim28, wherein said contro
adderingresatdee ss arocalstséngat enobjl eetnateplddenent ar ea
in said main data area in said defective-area
gPlecraeet agiite s peddedsilngdeha ehrn biasiselefctegebific
pqstscrigt-recording point information representing a
USaPge 8OSHATF BRE HANTE L pide pesnt ol npomaigdptincdededi iy
poi nt informati on on postscript- recording points
s@xfsFrAYerhial serfirsitingl reeger dhforraliga - or a
pluraljty of sequential recording ranges. 31. The

dat a- retor dPRgdapparetusiiaccsedhag eecording to claim

20, wherein, at said step of carrying out said second
alternate-address processing, an alternate-object
replacement area in said main data area is selected on
the basis of said postscript-recording point information
on a posﬁscript—recording point existing in a sequential
recording range including said alternative-object
original area involved in said second alternate-address
processing.

22. The data-recording method according to claim
20, wherein, at said step of carrying out said second
alternate-address processing, an alternate—object
. replacement area in said main data area is selected on
the basis of specific postscript-recording point
iﬁformation represeﬁting a largest address among ﬁieces
Qf postscript-recording point information on postscript-—

recording points existing in a sequential recording range
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claim 28, wherein said control section selects an

al ternat e-obj ect replacenent area in said nmain data
area in said defective-area alternate-address
processing on the basis of said postscript-recording
point information on a postscript-recording point
existing in a sequential recording range other than a
sequential recording range including said

ol & E N 1M @3, 0bF e ndiznakcah g AduQlnyed, in said
def ecti ve-area al ternate-address processing. 32. The

dat a- peCorfkNga BPRA RIS ndCROFIL NG IR &Yy PHePLin
clains 25 to 31, wherein Said control SeC?IOH sets an

2mddinerenal at talinatf-pddiress PRNAGesBNts ikl QepBhion
area, which is 179 used for increnmentally recording

alsRirthadbl e8dEd €5 3HARSS i nfRNAY B rrarbopEREEON, 1N
said main data area in said defective-area

reqlllzenahe- ages eSs qAICassShngat33ardn dad aclepredushi on
nmet hod for reproducing data froma recordi ng nmedi um

thaviaBgsac i $4 2 QRGE schepor dedgrdirea pohat ahtemsataid
to be recorded therein only once and includes: a nain
ordat @oatearimhicdrodat agi polot bexietiogded hnsoquatid10
be reproduced from and an alternate-address
reavaraddesenangaforheat ithlnapneaequsedi 4 Drrddratemgni-ahy
recordi ng alternate-address nanagenent information in
ingrideingosapdlatle cainagady-—cbject original area involved
in said second alternate-address processing.

24. The data-recording method according to any one
of claims 17 to 23, said data-recording method further
comprising the step of setting an additional alternate-—
address management information area, which is used for
incrementally recording said alternate-address management
information, in said alternate area.

25. A data-recording apparatus for recording write
data onto a recording medium having a write-once
recording area that allows data to be recorded therein
only once and includes:

a main data area, which data is to be recorded into
and to be reproduced from;

an alternate area; and

an alternate-address management information area
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recorded alternate-address managenent information used
for managi ng al ternat e-address processing carried out
on said wite-once recording area, said

al ternat e-address managenent information includes
sequential recording range information on a
sequential recording range of main data recorded in
said main data area, said data reproduction nethod
conprising the steps of: producing a result of

recordi ng-status determ nation as to whether or not
data has been recorded at an address specified in a
Weda frsatneesprssitaldy meebedéng eal e rsaitek-seigurenti al
recording range informati on when receiving said data
me@aderequest fvmatdat dut osded 180umta falewasai d main
data area; producing a result of alternate-status
rg¢ecefrinat fornale tasdidueeshepnagemott saifpraddriessused
specified in said data read request is managed as an
foirt BERaY 829 obj eenadei-giddak sadely e iy ausiamg isdi dut on
al t ernat e-address nanagenent information due to the
SP&et WERBE~ G LFGEse9 Rasabeen specified in a
previous data wite request if said result of said
recor didgl SPARTSCHRFSERY mERA R CUSnaPRAT €8inthat sai d
data has been recorded at said address; reading out
sai d FarRtPryntsand Qe ey Sgerriféns saidand tdatata

read request if said result of said
onto said recording medium;

an address verification section for producing a
result of determination as to whether or not data has
been recorded at an address specified in a data write
request to write said write data into said main data
area;

an information determination section for producing
a result of determination as to whether or not said
alternate-address management information can be updated
as well_asra result of determination as to whether or not
an area usable for alternafe—address processing exists in
said_alternate‘area; and

a control section fdr:

controlling said data-writing section to record
said write data at an address specified in a data write
request if said address verification section produces a

determination result indicating that no data has been
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alternate-status determnation indicates that said
address is not managed as an alternate-object origina
address by using said alternate-address nmanagenent

i nformati on; and reading out said data from an

al ternat e-obj ect replacenent address nanaged as a
substitute for said alternate-object original address
by using said alternate-address managenent information
if said result of said alternate-status determ nation
indicates that said address specified in said data
read request is nmanaged as said alternate-object
meciogidedl aadsa s sadiiresssi Nng sai d al t ernat e- addr ess
managenent information. 181 34. A data reproduction
appar atarsrtiorg reepr aduerngte-tdaddrddOmracecedndi g set a
medi um having a wite-once recording area that allows
wlatte-terpetr ecox dediitdheriei hdennl §i edcey and addekrdes: a
mai n data area, which data is to be recorded into and
spechéirdpindacdttd nomteamdgaasal deraagte-taddr essa
managenent information area wused for increnmentally
ingd vrdfngn ata et natidcaddices secondage nerda,i SoORMAt i on i n
order to update already recorded alternate-address
aggragerencbiedoromitdionluseda, f and neetagi pgrtial area

al t er nat e- address processing carried out on said
S@P-PrEcdneeor@cUItiing areas swisttihy ermateddaddressate

area as an alternate-object replacement area, controlling
sald data-writing section to record said write data,
which is to be recorded in accordance with said data
write request, into said alternate-object replacement
area and updating said alternate-address management .
information so as to include information in said
alternate-address management information as information
showing said alternate—addressiprocessing if said address
TVerification section produces a determination result
indicaﬁing that data has been recorded at said address
‘and said information determination section produces &
determination result indicating that said alternate-
address management information can be updated as well as
a result of determination indicating that an area usable
for alternate-address processing exists in said alternate
area; and

carrying out alternate~address processing to set a

175



managenent information includes sequential recording
range informati on on a sequential recordi ng range of
main data recorded in said nmain data area, said data
reproducti on apparatus conprising: a data reading
section for reading data fromsaid recording nedium
a first address verification section for producing a
result of recording-status determ nation as to whether
or not data has been recorded at an address, which is
specified in a data read request to reproduce said
data fromsaid miin data area, with reference to said
it tterratrgeaddress wimirageineritdennfidi satbhprgn HRirassecond
address verification section for producing a result
sfecl fiednaheastat asvdietermaquatsiconsas par et hetea or
not an address specified in a data read request to
¥reprugthdc e ns ak d det Bt 4 rames aiegtomdii ng dait @a araea ains
managed by using said alternate-address managenent
dhifeomederohiast @migirtal ratee, obpdcseora giandliadddress
due to the fact that said address has been specified
- §elestsdevinons it alay ianeasy eqiesting aiw seichmiariol data
section for controlling said data reading section to
FEF Guet shtererter fricmtareplaeenate-otfaactcontrolling
repl acement address managed by using said alternate-

&8s anranhbbre ned tifor it renoad @ slibstiiteudethor
sai d

which is to be recorded in accordance with said data
_lwrite request, into said alternate-object replacement
area and updating said alternate-address management
information so as to include information in said
alternate-address management information as information
showing said alternate-address processing if said address
verification section produces a determination result
indicating that data has been recorded at said address
and said information determination section produces a
determination result indicating that said alternate-
address management information can be updated as well as
a result-of determination indicating that no area usable
for alternate-address processing exists in said alternafe
area.

26. The data-recording apparatus according to
claim 25, wherein, in case said write-target area in said

write-once recording area is a defective area, said
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al ternate-object original address if said first
address verification section produces said result of
said recording-status determ nation as a result
indicating that said data has been recorded at said
address, and said second address verification section
produces said result of said alternate-status
determination as a result indicating that said
address is an address nmanaged by using said

al t er nat e- addr ess managenent information as said

al ternat e-obj ect original address; and said address
doptgaildseéctson agdiress verti lefattbvesecta eltprodtees
said result of said recording-status determ nation as
agldresal pro¢ael e itey seltasasdi de fatai trasri¢entaegeot ded
at said 183 address, and said second address

ayeri RPcali ahtswatticowbiprsdatésinal dareesaind ektsai d
alternate-status determnation as a result indicating
PER&L 24 ap Beadth ey ods ampog pArhildl esavaragetiiby Lmsi ng
sai d al ternate-address nmanagenent information as said
szl fler At EOBE ettedAisSgPRabkl tatitr esscb BB L Aepdeoemény
medi um having a wite-once recording area that allows
agsta MRIPEIMECHidedltREPRIA-2dRT§s DMERAgRBEBBNDY | Ses:
.a_main data area, which data is to be recorded into
13R8TFREHRY riepricdieds Lréarmaktrrashaviegnaeédaddr ess

n%nagenent i nformati on area :
defective~area alternate-address processing if said

information determination section produces a
‘determination result indicating that said alternate-
address management information can be updated as well as
"a determination result indicating that an area usable for
said defective-area alternate-address processing exists
in said alternate area; and carries out defective-area
alternate-address processing to set said defective write-
target area as an alternate-object original area and set
a partial area selected among partial areas existing in
said main data area as an alternate-object replacement'
area, updating said alternate-address management -
informatidn to_include information showing said
defective-area alternate-address processing if said
information determination section produces a
:determination result indicating that said alternate—.

address management information can be updated as well as
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used for increnentally recording alternate-address
managenent information in order to update already
recorded alternate-address nmanagenent information used
for managi ng al ternat e-address processing carried out
on said wite-once recording area, wherein no
specified area is fornmed for an alternate-address
processi ng. 36. The recordi ng medi um according to

a 3 fat i W EF &I 1Saind i FBE Pndatdh @nRA 2 BE! HESS1 &Ncor
addi tional alternate-address managenent information

s el Forars N BIEBMHAL Y aHEE0t Wb NG5Gy exists
al t ernat e- address nanagenent information. I84 37. A

i ecadungeregidimtaavi ng a wite-once recording area
that allows data to be recorded therein only once and

conprisesthae d@tddaicrdangaappbtshusaiadsiihg ke
recorded into and to be reproduced from an

claiherimte addr eRsrannagel® il idthareabii@hess €a used
for increnmentally recording alternate-address

managagene nn forbhat trahi Oiciuwdey defqueatipldatecatdaagdy

recorded alternate-address nanagenent information used
rahge imafagiangoal ber aateqasdrieds rpeoe8s84 NEACEE 10 e thadunt

on said wite-once recording area; and an alternate
dabgeggcorded in said main data area and said control
section selects an alternate-object replacement area in
said main data area in said defective-area alternate-
address processing by using said sequential recording
range information.

28. The data-recording apparatus according to
claim 21, wherein said control section selects an
alternate-object replacement area in said main data area
in said defective-area alternate-address processing by
using postscript-recording point information included in
said sequential recording range information.

29. The data-recording apparatus according to
claim 28, wherein said control section selects an
alternate-object replacement area in said main data area
in said defective-area alternate-address processing on

the basis of said postscript-recording point information

on a postscript-recording point existing in a sequential
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wherein said main data area and said alternate area
are each used as an area for said alternate-address
processi ng. 38. The recordi ng medi um according to
claim37, wherein said nmain alternate area includes
an additional alternate-address managenent
informati on area used for increnentally recording
said alternate address managenent information. 185

%; | 11 REGERRLNG APPARMUS, e REERREPUCTI ON
" APPARA ECORDI NG METHOD AND REPRODUCTION METHCD

ofﬁ@iﬁ%&cgrgg i Y RCLGBYREG | fle e Wi feL720RGE 2 MBS Ra t LY

using a selected area such as an area starting froma

adiRSlsChiPted LGy ding point in the main data area as
an alternate area, by determ ning whether or not an

addr gss speciddted rieoadh 8gUSShaSicls ascarwihers equest
is an address at which data has been recorded on the

clbhsizg ofwheirefiar BRLd Ofortir A seqtiedhi ableeeoHrai ng range
and by recording pieces of alternate-address
al tenagesveht] ccnf oepbit@edOrarazephashng Aefecidtee area
| ocations on the nmedia and for renewing data recorded
in sr idhelafeditd veRaacd adil = ins Heetitidhgs s her pteteinofon
informati on coexist in the table, defective |ocations
therbdse ofedpacdinc beosteplaeed recbhddbhepoirmcat i ons and
data already recorded on the nedia can thus be
infenewddneveprasehoing Pprlevigdshgagdsesd lpeagedieces
alternate area on the nedia. In
of postscript-recording peoint information on postscript-
recording points existing in a seguential recording range
or a plurality of sequential recording ranges.

31. The data-recording apparatus according to
claim 28, wherein said control section selects an
alternate-object replacement area in said main data area
in said defective-area alternate-address processing on
. the basis of said postscript-recording point information
on a postscript-recording peint existing in a seguential
recording range other than a sequential recording range
including said alternative-object original area involved
in said defective-area alternate-address processing.

32. The data-recording apparatus according to any
one of claims 25 to 31, wherein said control section sets

~an additional alternate-address management information

area, which is
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addition, if the nedia is provided wth an alternate
area and the alternate area becones insufficient for
al ternate-address processing, a selected region in
the main data area can be used as a region
~suppl enentary to the insufficient alternate area. An
exanple of the region is an area starting froma
postscript- recording point nmentioned above. FIG 1 186

used for incrementally recording said alternate-address
management information, in said main data area in said
defective-area alternate-address processing.

33. A data reproduction method for reproducing
data from a recording medium having a write-once
recording area that allows data to be recorded therein

~only once and includes:

a main data area, which data isrto be recorded into
and to be reproduced from; and

an alternate-address management information area
used for incrementally recording alternate—address
management information in order to update already
recorded alternate-address management information used
for managing alternate-address proceSsing carried out on
said write-once recordihg area, said alternate-address
management information includeé sequential recording
range information on a sequential recording range of main
data recorded in said main data area, said data
reproduction method cemprising the steps of:

producing a result of recording-status

-defermination as to whether or not data has been recorded
.at an address specified in a dafa'read requést by
reference to éaid'sequential recording range information

when receiving said data read request to read out said
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data from said main data area;

producing a result of alternate-status
determination as to whether or not said address specified
in said data read request is managed as an alternate-
object original address by using said alternatefaddress
management information due to the fact that said address
has been specified in a previous data write request if
said result of said recording-status determination
indicates that said data has been recorded at said
address;

reading out said data from said address specified
"in said data read request if said result of said
alternate-status determination indicates tﬁat said
address is not managed as an alternate-object original
address by using said alternate-address management
informaticen; and

reading out said data from an alternate-object
réplacemenf address managed as a substitute for said
alternate-object original address by using said
alternate-address managémeﬁt'information if said result
of séid alternate—status‘determination indicatesrthat
said address specified in said data read request is
ﬁanaged as.said alternate-object original addresé by

using said alternate-address management information.
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34. A data reproduction apparatus for reproduqing
data from a recording medium having a write-once
recording area that allows data to be recorded therein
only once and includes:

a main data area, which data is to be recorded intoc
and to be reproduced from; and

an alternate-address management information area
used for incrementally recording alternate-address
management information in order to update already
recorded alternate—address management information used
for managing alternate-address processing carried out on
said write-once recording area, said alternate-address
management information includes sequential recording
range information on a sequential recordingrrange of main
data recorded in said main data area,
said data reproduction apparatus comprising:

a data reading seétion for reading data from said
recording medium;

a first address verification section for producing
a result of recording—-status determination as to whether
or not data has been recorded at an address, which is
specified in a data read request to reproduce said data
from said main data area, with reference to said

alternate-address management. information;
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a second address verification section for producing
a result of alternate-status determination as to whether
or not an address specified in a data read request to
reproduce said data from said main data area is managed
by using said alternate-address management information as
an alternate-object original address due tc the fact that
said address has been specified in a previous data write
request; and

a control section for contreolling said data reading
section to reproduée said data from an alternate-cbject
replacement address managed by using said alternate-
address management information as a substitute for said
alfernate—object original address if said first address
\verification section produces saild result of said
recording-status determination as a result indicating
fhat said data has been recorded at said address, and
said second address verification section produces said
result of said alternate-status determination as a result
indicating that said address is an address mahaged by
 using said alternate-address management information as
said alternate-object original address; and said address
if said first address verification section produces said
‘result of said recordiﬁg~status determination as a result

indicating that said data has been recorded at said
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address, and said second address verification section
produces said‘result of said alternate-status
determination as a result indicating that said addrgss is
not an address managed by using said alternate—aﬁdress
management information as said alternate-object original
address.

35. A recording medium having a write-once
recording area that allows data to be recorded therein
only once and comprises:

a main data afea, which data is to be recorded into
and to be reproduced from; and

an alternate-address management information area
used for incrementally recording_alternatémaddress
management informafion in order‘to update already
recorded alternate-address management information used
for managing alternate-address processing carried out on
 said.wnite~once recording area,

wherein no specified area is-formed for an
alternate-address processing.

36. The recording medium according to claim 35,
wherein said main data area includes an additional
alternate-address management information area used for
incrementally recording said alternate-address management

information.
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37. A recording medium having a write-once
recording area ﬁhat allows data to be recorded therein
only once and compriseé:

a main data area, which data is to be recorded into
and to be reproduced from;

an alternate-address management information area
used for incrementally recording alternate-address
management information in order to update already
recorded alternate-address management information used
for managing alternate-address processing carried out on
said write-once recording area; and

| an alternate area,
wherein said main data area and said alternate area are
each used as an area for said alternate-address
processing.

38. The recording medium according to claim 37,
wherein said main alternate area includes an additional
alternate-address maﬁagement information area used for
incrementally recordiﬂg said altérnate;address management

information.
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RECORDING MEDIUM, RECORDING APPARATUS, REPRODUCTION

APPARATUS, RECORDING METHOD AND REPRODUCTION METHOD

ABSTRACT OF THE DISCLCSURE

In a write-once media, by using a selected area such as
an area starting from a postscript-recording peint in the main
data area as an alternate area, by determining whether or not
an address specified in a request such as a write request is an
address at which data has been recorded on the basis of
information on a sequential recording range and by recording
pieces of alternate-address management information for
replacing defective 1locations on the media and for renewing
data recorded on the media in a table by letting the pieces of
information coexist in the table, defective locations on the
media can be replaced with other locations and data already
recorded on the media can thus be renewed even without
providing pre—allocated alternate area on the media. In
addition, if the media is provided with an alternate area and
the alternate area becomes insufficient for alternate-address
processing, a selected region in the main data area can be used
as a region supplementary to the insufficient alternate area.
An example of the region is an area starting from a postscript-
recording point mentioned above.

FIG.1
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