RECORDI NG MEDI UM  RECORDI NG APPARATUS, REPRODUCTI ON
APPARATUS, RECORDI NG METHOD AND REPRCDUCTI ON METHOD
- BACKGROUND COF THE | NVENTI ON The present invention
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 recor drEgorRITNG MEDAUMG I REcCORD NG alprdaheus| here i s
known a data-recording technology for using optical

di sks i N®ErdoDYCYROHN AFPARNTUGY| RECSKSINAMETECO! di Ng
medi a. Exanples of the optical disks are a CD
(Compact Disk), amrREddopuddirok) mangom DVD (Digital
Versatile Disk). The optical disk is the generic nane
of recording nmedia, which is a netallic thin plate
protected by plastic. Wen a | aser beamis radiated
teackiseoopbi cRl THRIIISWENTrenopt i cal disk emts a
reflected signal, from which changes can be read out
as charmjes prepeeasehhvagtion Medraneti o0 & ecoraded ngnrneleun
optical disk. The optical disks can be classified into
auckads anl ¢picatedgaryordthy dherd)i1an GBedap&t: ROM arldy as
DVD-ROM. | which the user is already famliar wth,
amd ta-once atde@rding media as well as relates to a

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

As a technology for recording and reproducing
digital data, there is known a data-recording technology.
for using optical disks including magneto-optical disks
as recording media. Examples of the optical disks are a
CD (Compact Disk), an MD {Mini-Disk) and a DVD (Digital
Versatile Disk). The optical disk is the generic name of
recording media, which is a metallic thin plate protected
by plastic. When a laser beam is radiated to the optical
disk, the optical disk emits a reflected signal, from
~which changes can be read out as changes representing
infermation recorded on the optical disk.

The optical disks can be classified into a read-

only category including a €D, a CD-ROM and a DVD-ROM,

1




category allowng data to be witten therein as is
generally known. The witable category includes an M,
a CDR a CO-RW a DVD-R, a DVD-RW a DVD+tRW 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
rdgohdichg- wethotk 2Sirmedyt hirsi i agneditagd- spat a ohaings1e
recordi ng-nmet hod al |l ows data recordi ng once and
igettebrry albrelwad deftadababentoitttee apetkedh 4 sks the
optical disk 1is good for data-saving applications or
tdsackrpkéy rovrhe Tbt heritdnie, cehegnmgnetd-oetsi @al MD, a
recordi ng met hod and the phase-change recordi ng- net hod
&PeRadapfetRW n aa D¥arRet § OfD-Ripplal OHDRMsaal | 0OMAVTG RAM .
renewal of data. The applications allow ng renewal of
it adppeinge mEgmeycanr bppil catdeodiog megostdisnghase-
vari ous kinds of content data including nusical data,
FOOTNES  reparkirenacappfi @atd origmeogednscat releddict i on,
in recent years, a high-density optical disk called a
BrGerf e disstadadobethe devidladged cehegeary efdadrt ceo be
produce the product on a very |large scale. Typically,
daEaried rader dedisht of atthigiradenstyy Tost béainedtesd-cort
read out fromthe optical disk under a 2 condition
FRYFS il??g:%dé@ﬁbmﬁég‘i’%rﬂsofaléol aséprygd Hm as a write-

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 discrhas 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 laser required in this
condition is the so-called blue |laser. Wth the
optical disk having a track pitch of 0.32 um a |line
density of 0.12 gmbit, a formatting efficiency of
about 82% and a dianeter 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
lonak t 0fn 64 KB H(ikig abybas)natlier & Arke 1alsse e taypes
of optical disk having such a high density, i.e.,
optetahgth skS 405 amMahtieannaejedtipe akesoptiteain dmsl@s_f
of arewitable type. In addition, in the case of
10e86r to nge negiradusall e THas 1raiedh:aréqu@@o:ﬁdimgst hese
ki nds of data or not as reproduction-only nedia,
thesdttien knrowhea sbechhdéddyl feor aseltangiiigh ahe optical
dat a-recording | ocation on the optical disk by

preki diwicham alrbeknpgiecaren.o. Bratums 4 aisay dehbBi sy of
technol ogy is a defect managenent technol ogy whereby
anl2 alngbnat ear eeoiditigrgae€ai ¢ Sepr Vo tlesbcs® Bhat andifa a
| ocation inproper for recording data exists on the
dpeneadr disk2dgm, t daba def edtd wecdanagé op the ot icEal
di sk, the alternate recordi ng-area can be used as an
agegabytesar viengbasracsudst idnioe ahdr reheodedesttfiinegs the
| ocation to 3 allow proper recording and reproduction
opeieal clisk dnpgecording/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 technology whereby an
alternate recdrding-afea is provided so that, if a
location improper for recording data exists on the
optical disk due to a defective damage on the optical
disk, the alternate recording-area éan be used as an area

serving as a substitute for the defective location to




carried out. For exanple, the defect managenent
technology is disclosed in USP 6,782,488 (hereinafter
referred to as- Patent Docunent 1). By the way, it is
natural ly 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 mnediumare a CO-R, a DVD-R and a hi gh-
- density recording nedium which function as a

With6 BREBer dh o rdIRGChhkC @&b%&&fﬁp%ekgkfﬁy SIE R
to be recorded on an optical recording nedium are
defi-ned Byrassuming the use of the optical recording
~nmediumas a ROMtype disk or a RAMtype disk. The

ROVt ypeo dicsdamipSed £8OT QO %n%@bmefq@d&égﬂm%ggfhgs
RAM type disk is a rewitable optical

Speeinbkeationgsofs,ashi hessysd £MndQa %téﬁr@@% as
recordi ng nedlun1allomnng data to be stored therein
eBk¥nens8chhdAt 1fjunctions of the ordinary file system
and i nclude special functions. The specifications of a
file systemef @hyp I i1L-nLAGRINGCOUMPHHE HRityMrakerd
reason why the file. system does not becone w dely .
papdl afito Qn thecatihereBandea andATl 14 &i i sysder
capabl e of keeping up with a variety of CSes

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

has been recorded 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 aséuming
the use of the optical recording medium as & ROM-type
disk or a RAM-type disk. The ROM~type disk is a
reproduction-only medium and the RBAM-type disk is a
rewritable optical disk. Specifications of a filé system
for a write-once recording medium,allowing data to be
stored therein only once.limit functions of the ordinary
file system and include special functions.

The specifications of a file system for a write-
once recording medium are a reason why the file system

does not become widely pdpular. 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
medi a can al so 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 nedia
can be further enhanced. In order to allow a w dely
used file systemsuch as the FAT file systemand a
Fihe SystaMda@abRAVrOkedigith W $Kenht @ Peran) io3d dses
wite-once nmedia as it is, however, a function to
Wil &8 slat Grritiont Beosas®: addRss -asst b Ofhaxisstiong
data is required. That is to say, a capability of
E@BEMhAN Al ite r@gulieadioChir COMH SRe ARA1Af as they are.
characteristics of the wite-once nedia is that data
cannot whe teevhts tdentie tWhaeMpdhded alydikalseceond
- time. Thus, it is inpossible to use a file systemfor
spphi @t 1w ictrablkes& eedigli g aredr fimmas wirli teSchbethiedia
first place. In order to conpensate for the above
shor4 oy sisedasodi slod azed Ainet BesPat ant Koeeumgntha
descri bed above, in the case of wite-once nedia such
asnaelopipecalf ideskont tdf tare &litler Basecmaraea texlystirag
t hereon, there have been proposed technol ogies for
th@lmﬁﬁhuhuuy afdaba woveramdrice ﬁeﬁmmc¢annbaﬂﬁwmyher
al ternat e-address informati on and the
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, a capability
-bf renewing data is required. Of course, one: of
characteristics of the write-once media is that data
cannot be rewritten onto the media for the secend 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 fo 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
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alternate area. By introducing such technol ogies, a
file system provided for RAMs and ROMs 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 di fferent kinds of nedia. However,

t hese technol ogi es allowing data on wite- once nedia
to be renewed absolutely require that an alternate
area be set on each of disks. In addition, the proper

Fupesioh tfEnqld B8 cah8@Be SRR LI8E Ad A he
uniformvalue if it is necessary to consider, anong

ciltetsaté hersonpati bility of the application with the
media as well as the conpatibility of the apparatus
with tihe inReoduckEay &hen reaseesogess! ibeg 1abayeceait
is necessary to allocate as nmany alternate areas as

pessibée fir MAMs aalt eonat adnRassddaani aesbwaldne need
required fromthe beginning at a formatting tinme, and

aol atget mmbeaerddffuakteonat £nd armam has appefdactoron a
nmet hod of utilizing user-data areas-with a high
gegneeodfviefif,i ditensyno SLBAGARY rEceFHEr Ly NVENTd QoG eThe
present invention provides nmethods for inplenenting
def eteradd=erimatrecaddl 8§ stgrtociess agoagddiatarent kinds
of media.

However, these technologies allowing data on write-
once media to be renewed absolutely require that an
alternate area be set on each of disks. In addition, the
proper sizes of the aiternate 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 al t er nat e- addr ess
informati on but no pre-allocated alternate area for
the defect alternate-address processing and the data
renewal processing. The present invention also

provi des nethods for inplenenting 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

i nf or neiHeORraBane PhesdilRcatedi bl efnalriarga for the
def ect alternate-address processing and the data

ARPeVAEnt IHPRTSICRY 2 2Rrnate 1R r880Ep LbdBs s AP IaAHNGa ta
inefficiencies of the pre-allocation of the alternate
aefawal praceesdanc gow b hyanerhedi Aeat 10fvihe present
invention, there is provided a data-recordi ng net hod
hahagéRen! Girkg Woirt RaladBnPR1@canke60salirgsdredi um
having a wite-once recording area that allows data
tofbemdecor ded nbhprets Didatcangetants t N rdeForath@i n
data area, which data is to be recorded into and to
tefeepradueed tbragtirand @oalskengaied addy @8BS a renewal
managenent information area wused 'for increnentally
pecosshingy.al t er nat e- addr ess managenent information in
order to update already recorded alternate-address
managefmeat prafatimatrven tisedal §@Orpraiagisngethods for

al ternat e- address processing carried out on
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 an embodiment of the present
invention, there is provided a data-recording 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



the wite-once recording area, the data-recording

nmet hod capable of recording the wite. data onto the
recordi ng medi um wi-thout providing a pre-allocated
alternate area in the wite-once recording area in
advance by execution of 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 data wite request as a partial area included in
the wite-once recording area, as an alternate-object
aleingyBAbn Al 880406 198! 1 ANoAbdLINALR ALeaa1 SELEFt ed
anong partial areas existing in the nain data ™ area as
aRcakteqnal =00 RChahepk 8CeBI @R i R CASE: dat &edas
al ready been recorded in the wite-target area;
rfeeonahagi dd1es Wdrhe tdabdar i Prdskonhecheenided . ion
accordance with the data wite request, into the
ahtewnate-ojectedorpiagesesd, area; and updating the

al t er nat e- address nmanagenent information so as to

i ncl ude:HentarEmtEOtrdihd AR thalbt ekpab £z AdRSSrding the
managenent information as information show ng the

akt ee ndd e adtice $hePEOEEESI it melil uaC GOt HARE & Midil e a
dat a-recordi ng nmethod 8 according to the enbodi nent of
bhe-pI Bsertted RUEBEhOte amdsAn Rheagei tbeowd hedoatigal
area in the wite-once recording area is a defective
area:in advance by execution of the steps of:

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 the write-conce recording area, as an

alternate-object original area, and set an alternate area

selected among partial areas existing in the main data

area as an alternate-object replacement area in case data
has already been recorded in the write-target area;

recording the write data, which is to be recorded
in accordance with the data write request, into the
alternate-object replacement area; and

updating the alternate-address management
information so as to include information in the
alternate-address ménagement information as information
showing the élternate—address'proCessing.

In accordance with the data-recording method
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at the step of carrying out alternate-address
processi ng, defective-area alternate-address
processing is carried out 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 nmain data area as an

al ternat e- obj ect replacenent area; and at the step of
updating the alternate-address nmanagenent

i nformati on, the alternate-address nmanagenent

| HQRRhG0R, | ehdlRGM R k@i Bel tide b,0f rrmtihop,shoy ng
the defective-area alternate-address processing. In
G danegsa ik the atarhesos fb N0 AMBIRO0G - aEcordi Ny
to the present invention, the alternate-address
FRRRGEABHL a b & OrdTRE iRFLRELHdES. sequenti al recording
range i nformation on a sequential recordi ng range of
nmain ot aHeeeeegedri fathginRidghtdat dedh S8 ahraals the
step of carrying out alternate-address processing, an
girbeepat g, oy RGit ikePhasBNEN e B £ -ddrBe s "Bl Hedlpd 31
area is selected by using the sequential recording
HiangertDEOrdE iteN selNthE COE BB Ml teh@arget area as
- data-recording nethod according to the present
anventé o t@todike tSbePg Ohal Carday, REIdOYEt an alternate
al t ernat e- address processing, an alternate 9 object
rephaseh@nied@@nighpkhei R dr«dal axdrxeangsisetieckedn by
usi ng postscript-recording point information included
dattherseguenti all teecat e sl sengepiaktemnant i &ka; and

at the step of updating the alternate-address
management information, the alternate-address management

information is updated te include information showing the

defective-area alternate-address processing.

In accordance with the data-recording method
according to the present invention, 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, at the step of
carrying out alternate-address processing, an alternate-
object replaéement area in the main data area is selected
by using the sequential recording range information.

In accordance with the data-recording method
according to the present invention, at the step-of

carrying out alternate-address processing, an alternate-

9



In accordance with the data-recordi ng nmethod
according to the present invention, at the step of
.carrying out alternate-address processing, an
alternate object replacenent 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 sequentia
recording range including the alternative- object
original area involved in the alternate-address

bb@é@ﬁsféﬁladeﬁgﬁﬁcQE@Q”Q@ ﬂﬁéiﬁé&ﬂedgﬁéaaf@&Qié“é&iected
nmet hod according to the enbodi nent of the present

bpvepth®hosatscriBe-st8Pr @I ng PIivNIneYimation included
al ternat e- address processing, an alternate-object
Lepthacesfifendiod r8cbhei @i urdat andberatisn sel ected on
the basis of specific postscript-recording point '
i nf or mEhi aBcoePiRSEntivlg thel akgeste AN 0SS mARRDY

. pi eces of postscript-recording point information on
postsairigptror eher fdragePoi MwerXos! | 88 tie astsgauent i al
recording range or a plurality of sequential recording
cangesg lontaatoedance-adddestsherdatas 119g0rdi ng taphhod-
~according to the present invention, at the step of 10
claj ¢y ngprdateabberaade- addhes saphoSLSS i diha dld selected
alternate object replacenent area in the main data

an gzhd dasebeof ethe rod theciggi-gecobrd ey point

post scri pt-recordi ng point

information on a postscript-recording point existing in a
sequential recording range including the alternative-

object original area involved in the alternate-address

processing.

In accordance with the data-recording method

according to the embodiment of the present invention, at

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

In accordance with the data-recording method

according to the present invention, at the step of

10



i nformati on on a postscript-recordi ng point existing
in a sequential recording range other than a
sequential recording range including the
~alternative-object original area involved in the

al t ernat e- address processing. In accordance with the
data-recording nethod according to the present
invention, the data-recording nethod further includes
the step of setting an additional alternate-address
managenent information area, which is wused for

idReireIBat aht yal €coiHangdhhesal el 813ddeaS81ternate-
managenment information, in the nmain data area. In

apgecdanep] MbdhednoiRar saneadi AR Lftat RecaPi eS8 ected
invention, there is provided a data-recording

appanat basiorof eaEy ¢orgswiipe-eataramigopainecordi ng
.medi um having a wite-once recording area that allows

datrarihecbenrecaf dedtkber ptnro8bydoRC@caRE bRELudes i a
mai n data area, which data is to be recorded into and

tseghent epl otkeael iflg0 Fang8 do BiRe 2l {14 at ecgdehess1
managenent information area used for increnmentally
recording sdigy nalcdvdddgeste &nfarmmtiveRobie©F Aefidial
updat e al ready recorded alternate-address nmanagenent
amber matrobredisied the: hOte MBABG NMHAIslseppates &l eSS
processing carried out on the wite-once recording
-area, the adabadaecordi ity thapparatuscondiiidinkdhod
according to the present invention, the data-recording
method further includes the step of setting an additional
dlternate-address management informaticn area, which is
used for incrementally recording the alternate-address
mahagement information, in the main data area.

In accordance with another embodiment of the
present invention, 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—addreés

- management information in order to update already

recorded alternate-address management information used

11




.a data-writing section for witing the wite data
onto the recordi ng nedium an address verification
section for producing a result of determ nation as to
whet her or not data has been recorded at an address
specified in a data wite request to wite the wite
data into the main data area; an information
determination section for producing a result of.
determination as to whether or not the

-al t er nat e- addr ess managenent i nformation can be
updahedsq Ayl ait‘é&!ﬂztaﬁ:@La§@§ééé)ngfo%%3ss§9§t EQHHNG Jukecon
data-writing section to record the wite data at an
addr esstSPacdd @@ olrAi Ag 0t WHHe qak8qHE8d rd fngt he
-address verification section produces a determ nation
BesHrithhditatidigqt: hat no data has been recorded at

t he address; and carrying out alternate-address
processi Agthowsetivg sMdtient apgelr 2 88 tMal GRitS data
identified by an address specified in a data wite
pafuesie asdrdhl akdaiga included in the wite-once

recording area, as an alternate-object original area,
and setnandalées ned Arceaidld setersedanprgdpaldd al
areas existing in the main data area as an
akdel naife-dehjeetinbepbraceirent waeeBer cONtad ldatg hhbe
data-writing section to record the wite data, which
been reccrded at an address specified in a data write
request to write the write data into the main data area;
an information determination section for producing
a result of determination as to whether or not the
‘alternate-address management information can be updated;
and
a control section for:

. controlling the data-writing secticn to record the
write data at an address specified in a data write
request if the address verification section procduces a
determination result indicating that no data has been
recorded at the 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 the write-once recording area, as an

alternate-object original area, and set an alternate area

12




Is to be recorded in accordance with the data wite
request, into. the alternate-object replacenent area,
and updating the alternate-address nanagenent
information so as to include information in the

al t er nat e- address nmanagenent information as

i nformati on showi ng the alternate-address processing
if the address verification section produces a
determination result indicating that data has been
recorded at the address and the information
deliechenakihonly $REHIHAN RFOLFYCEs: & det eh M Rath oM resyl t
i ndicating that the alternate-addréss nanagenent

larbar BBt QN BN rRecUBERE 8. rddl RGERLHANEE W ddhtRA 15 ng
dat a-recordi ng apparatus according to the present
itheedbt@AwritimgasectDen Wbt fscdrdf §8L AF £8e i dbddI€ which
wite-once recording area is a defective area, the
d¢@ntbobe SesddrofRdCahl b€SoPddnclefi®Gt kME- €A write

al ternat e-address processing to set the defective
weibtestarjeto aheaadse iz tdt@Raite ropi £&dme 3Rl and
area, and set an alternate area sel ected anong
padstihg arleaslexrskt@gaddrdie miRbBedat® MBA T 3R so
al ternat e- obj ect repl acenent area; and updates the
abt o natEhatid i e$s raatbge N ttHenbhoe 8Bt 4 ©H- 4 ddel ude 13
i nformati on showi ng the defective-area

abtegeetre: dddoessti@n ocesisi figmaknoacsswlancenas t h t he
dat a-recor di ng appar at us

alternate-address processing if the address verification

section produces a determination result indicating that
data has been recorded at the address and the information
determination section produces a determination result
indicating that the alternate-address management
information can be'updated.

In accordance with the data-recording apparatus
according to the present invention, in case the write-
target area in the write-once recording area is a
defgctive area, the control section cafries ocut
defective~area alternate-address processing to set the
defective write-target area as an alternate-object
original area, and set an alternate area selected among
partial areas existing in the main data area as an
alfernate—object replacement area; and updates the

alternate-address management information to include

13




according to the enbodi nent of the present invention,
the alternate-address nmanagenent information includes
sequenti al -recording range information on a sequentia
recording range of main data recorded in the main data
area and the control section selects an

al ternat e-obj ect replacenent area for the

al ternat e-address processing in the main data area by
usi ng the sequential recording range information. In
accordance with the data-recordi ng apparatus

LR ohOshBGi Y 83RNGelrRYERLL 0D 4 NE +eOALEOL sqdress
section selects an alternate-object replacenent area
fo¥oddi@ingl t ernate-address processing in the nain data
area by using postscript-recording point information

i ncl udeth i feddyseauanthatnd eerAi NG L8NEE apparatus
-information. In accordance with the data-recording

apparativg «aCERE HitdditehBopr €58 rd AVENt hoBntide, the
control section .selects an alternate-object

rApe-agaiBhriddr&ss r@aqbhenal 1 8Foala-iagddrassupEocessi ng
in the nmain data area on the basis of the

pestueati pl - F@eOfdingg rpagat ih AbSd@LdrORNOR Sequential
postscript-recording point existing in a sequenti al
recordifg range dMeakudi 8g9th heead t@INahi ¥Be Ok: BEtdata

original 14 area involved in the alternate-address
plrreeessd Nghe |doragear daneeomi 441 ddes dat a1 6604 € Nbject
apparatus according to the present invention, the
ceplleobmeeCtd®®e for the alternate-address processing in
the main data area by using the sequential recording
-‘range information.

In accordance with the data-recording apparatus
according to the present invehtion, the control section
‘selects an alternate-object replacement area for the
alternate-address processing in the main data area by
using postscript-recording point information included in
the seéuential recording range information.

In accordance with the data-recording apparatus
according to the present invention, 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




sel ects an al ternate-object replacenent area for the
al ter nat e-address processing in the main data area on
the basis of specific postscript-recording point
information representing a |largest address anong

pi eces of postscript-recording point information on
postscript- recording points existing in a sequentia
recording range or a plurality of sequentia
recordi ng ranges. In accordance with the

dat a-recordi ng apparatus .according to the present
iareant heslvdde i aMer @k t8esht &MhdHRIseCh$o8Bssing.

al t ernat e- obj ect replacenent area for the

al t er natre=2ddr-es8cpr RLES SiMY dafat PEcHBI Thdlalpa@850N
the basis of the postscript-recordi ng point

laetokaRhd Ofo Gthed priR@ShsCLARInt REQr @hBJcBAtRb1 exd&tilond
in a sequential recording range other than a

sequens i @l Jiee0nditegobgBge rdplGldedicRg thea for the
alternative-object original area involved in the

all ternat e-ali-ass ppbeessshddin Ithecagaonhdance Mdad drhehne
dat a-recordi ng apparatus according to the present
bavest o DEpadificopbeabesistii@torsehy poiaddidicanaltion
al t er nat e- addr ess nmanagenent information area, which
rspuseshifiory iandeenentabliyrescaabdngitbes of

al t er nat e- addr ess nanagenent information, 15 in the
pas hsdatmt-areardThe datae riederdiangonedhoso sk dikpe -
dat a-recordi ng apparatus according to the present
Faverdirgn pardetpr exidetng in a sequential recording range

or a plurality of sequential recording ranges.

In accordance with the data-recording apparatus

according to the present invention, 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 seguential
recording range other than a sequential recording range
includinglfhe alternative-cbject criginal area involved
in the alternate-address processing.

In accordance with the data-recording apparatus
according to the present invention, the control section
sets an additional alternate-address management
information area, which is used for incrementally

recording the alternate-address management information,

15



for a wite-once recordi ng medi um havi ng an al t ernat e-
address managenent information area used for
increnental ly recordi ng alternate-address nanagenent
information in order to update already recorded

al t er nat e- addr ess nmanagenent information as descri bed
above, but having no pre-allocated interface area. For
a wite-once recording medi um having a pre-allocated
interface area, the present invention also provides a
dat a-recordi ng nmethod and a data-recordi ng appar at us

as thel haws. dd#w age@er.dance with a further enbodi nent
of the present invention, there is provided a

dat a- r enes didig-reebhegnd Ofe f1RE0 NGRS 4 € -dald enhg a
recordi ng medium having a wite-once recordi ng area

ahgbrakliowsceatd o the the e60E stk 1A ANk ¥e ONES, idRd
i ncludes: a main data area, which data is to be

[feeohdedi tet @ncandcorddeq Nepd NEVeed ihgorh alteAdthte-

al t er nat e- addr ess nmanagenent information area used
bddreasreaeiatdnt nacordh ol 4y alsedaddr ess
~managenent information in order to update already
ieceededtal Iermaoedaddr 855 renagerieit sk nhof spdnant used
16 for managi ng al ternate-address processing carried
oofoomatidre iwr idreleante uvedordiaigargaretbeded

dat a-recordi ng method including the steps of:
alternate-address management information as described
above, but having no pre-allocated interface area. For a
write-once recording medium having a pre-allocated
interface area, the present invention also provides a

" data-recording method and a data-recording apparatus as
follows.

In accordance with a further embodiment of the
present invention, there is provided a data-recording
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

16




setting an alternate area in the 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 partia
area included in the wite-once recording area, as an
al ternate-object original area, and set a partial area
sel ected anpong partial areas existing in the alternate
area as an al ternate-object replacenent area if data
has already been recorded in the wite-target area
ad kWh8agsed ected Rakt hahras 8t s-disablheckoriddedd st
al ternate- address processing; carrying out second
alHeekRat 8- Skl asdHR6ESsHES, tihe S8l 22 YWELEEIATE8hod
area, which is identified by an address specified in

dndataingities regestras a portion included in the
write-once recording area, as an alternate-object

ori gi nadetdfi@g, aandlsein@Paldd-alinatra wealeehed among
partial areas existing in the main data area as an
aleternate-oigct replacenent area if data has al ready
been recorded in the wite-target area and no area
usabl e daairytihg secontrsd tArraharaddi@sss Prrocesskngy 1o
exists in the alternate area; recording the wite _
dataa whitchtarget beeapcwtiidad is ndaacdrdemnas, wint h t he
data wite request, into the
address specified in a data write reguest as a partial
area included in the write-once recording area, as an
alternate-cbject original area, and set a partial area
selected among partial areas existing in the alternate
area as an alternate-object replacement area if data has
already been recorded in the write-target area and the
selected partial area is usable for the first alternate-
-address processing;

carrying out second alternate-address processing to
set a write-target area, which is identified by an
address specified in a data write request as a portion
included in the write-once recording area, as an
alternate-cbject original area, and set a partial area
selected among partial areas existing in the main data
area as an alternate-object replacement area if data has

already been recorded in the write-target area and no

area usable for the second alternate-address processing

17




“al ternate-object replacenent area; and updating the

al t er nat e- address nmanagenent information so as to
include information in the alternate-address
managenent information as information show ng the
first or second alternate-address processing. In
accordance with the data-recordi ng nethod according
to the present invention, in case the wite- target
area in the wite-once recording area is a defective
area: at the step of carrying out the first alternate-

addr=ess ipr ee€ssl Mdnftiel stedef ecti ve-area al ternate-
address processing is carried out to set the defective

Wit e-t as@etdingl @Beafr 8e A4S, NAhecAb] £0tc Wd Fddh-ded
area, and set a partial area selected anong partia

dreascoeyhstd NG thhedakben Pt RAH@as8S afto the
al ternat e- obj ect replacenent area; and at the step of

Gdrteyhage otlhidde repaandmaht esrad £anaddr ess processi ng,
second defective-area alternate- address processing is

carri edupplitihg sBé & heedefrclbiddeeshdrerdaateg@t area as
an alternate-object original area, and set a partia
anfarsetect eth aong paclidd BreasmatBosxistimyg in the
mai n data area as an alternate-object replacenent
alearns heaotredanmanabthet hei rdatraal @601 &4 Nigh fetatzad on
showing the first or second alternate-address processing.

In accordance with the data-recording method
according to the present invention, in case the write-
target arez in the write-conce reccrding area is a
defective area:

at the step of carrying out the first alternate-
address processing, firét defective~area alternate-
address processing is carried out to set the defective
write-target area as an alternate-object original area,
and set a partial area selected among partial areas
existing in the alternate area as an alternate-object
replacement area} and

at the step of carrying out the second alternate-
address processing, second defective—area alternate-
addréSS‘processing is carried out to set the defective

write-target area as an alternate-object original area,

and set a partial area selected among partial areas
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according to the present invention, the

al t er nat e-address nmanagenent i nformation includes
sequential recording range information on a
sequential recording range of main data recorded in
the main data area and wherein, at the step of
carrying out the second alternate-address processing,
an alternate-object replacenent area in the nmain data
area is selected by using the sequential recording
range information. In accordance with the

i B:tiQgOR i Bfe BANPdatACERELI 8Y 40 4R PLesSeMjact

i nvention, at the step of carrying out the second
atdarRakenaddress processing, an al ternate-object

repl acenent area in the main data area is selected by
usi Ng postsedd fitancac Qk dh Nehd Qs - rdber 1R I i Hoac! uded
in the sequential recording range information. In
aceirdangety the the datai heeRf b Rt RoderASEOrBidi@ s
to the present invention, at the step of carrying out
trhagemontd ohfermadienaddeessePrOLOESINGl aBcording

al ternat e- obj ect replacenent area in the main data
afeegye sfSahe£ci@d @nat Beghast Ssa0frddi@ding range of main
postscript-recording point information on a

plasts eetptdedcior dihrgmpohniadd £d:S8tandg whBréiseque ithieal
recordi ng range including the alternative-object

citiegi nél carwea i vwalty edei feddred sEaRGlate-address

al ter nat e- address processi ng.

processing, an alternate-object replacement area in the

main data area is selected by using the sequential
recording range information.

In accordance with the data-recording method
according to the present iﬁvention, 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.

In accordance with the data-recording method
according to the present invention, 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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In accordance with the data-recordi ng nethod

according to the present invention, at the step of
carrying out the second alternate-address processing,
an alternate-object replacenent area in the nmain data
area is selected on the basis of specific
postscript-recording point information representing a
'l argest address anong pieces of postscript-recording
poi nt information on postscript-recording points
existing in a sequential recording range or a
pixisathtyinfa sequentiah FeeOFEHMY rahdBldescllding the
accordance with the data-recording method according
20 tehaapi eseii ddtvertig@hal adrd € rnstepeaf in Cad Wegnaut
t he second al t ernat e- address processing, an
allternate-ahjecis pbepkaseikpl area in the main data
area is selected on the basis of the

post scrimptaceeeasdtagei f10itie idater Ae&d I N m@thod
postscript-recording point existing in a sequentia
recording trange prbheenthifiventisequent tid G0 ng
range i ncluding the alternative- object original area
cavolyed dut tthe second altermaleadddds€SSrqi<aGa85) Ngn
In accordance with the data-recordi ng nmethod 20
atterudaa-dbg echierppbsemtentnearhi an, thdenadiat atatacarda ng
met hod further includes the step of setting an
hddselorEd ocal tbenateiaddf egecidinageoetdch infroreabiotng
area, which is

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.

In accordance with the data-recording method
according to the present invention, 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.

In accordance with the data-recording method
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used for increnentally recording the alternate-address
managenent information, in the alternate area. In
accordance with a further enbodi nent of the present
invention, there is provided a data-recording
apparatus for recording wite data onto a recording
medi um having a wite-once recording area that all ows
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

aldernakhg- @gdﬁees%r%%eﬁge@ﬁ%ntm@r ML Q0 AL 88 NEed,

for incrementally recording alternate-address

RAAGEMEAL chd orrB,i3e8 tHeoéﬁgﬁ 310 dpdaf, éﬂr§ﬁgb%10naé
recorded alternate-address managenent | nformation use

a0k eraRagL feH Al 4 Eaﬁﬁ&@eﬁgg{ eSPrRRe sl R LA G, qut
on the wite-once recording area, the data-recording

@B@@rQbﬂslﬂéﬁédéﬂt@glyargé5ﬁﬁﬂw%fﬂﬂéga§@5£ﬁé¥bjéaaress
witing the wite data onto the recordi ng nedium an

addrgsseveridigati-9Bnsect | e for-haducing. a result
of determ nation as to whether or not data has 21 been

recor deth alccaRdagles ess 15 ReGufrit8dri Bmsb e tWoiEt Ehe
request to wite the wite data into the main data

areasnan nvdryikat | e et B MAkiel segitdNhdrding
produci ng
apparatus for recording write data onto a rececrding
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
qsed for incrementaliylfecording alternate-address
management information in order to update already
recorded alternate-address management information used
for managing alternate-address processing carried out on
the write-once recording area, the data-recording
apparatus including:

a data—wfiting section for writing the write data-
onto the recording medium;

an address verification section for producing a

result of determination as to whether or not data has
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a result of determnation as to whether or not the
al ternat e- address nmanagenent 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 the alternate area; and a
control section for: controlling the data-witing
section to record the wite data at an address
specified in a data wite request if the address
verification section produces a determ nation result
indi-cabibgaddait NG dRlRB8Sshesried 6500dad: Al INe
address; carrying out alternate-address processing to
i%g;u@;st\/\ﬁbt#fj_t‘lﬁ{ G8le 3r82e MWLM At idenkhihed: by ARa;
address specified in a data wite request as a
parti al ararie@&ornA€h B ede + iR Woht §20P£6n I €50 oRcing
area, as an alternate-object original area, and set a
partial t as £aie teohAcled caNMRE O PalHd Rl rabeagoeXtsd i Ng in
the alternate area as an alternate-object replacenent
alearns ot 4l dd sy mahgeflah a- Wi drimag 1 S8CEEONLd Qg RERKd
the wite data, which is to be recorded in accordance
wist hel headlad aesfilte ofr 6gU€Ehinddilod tBeto whether or not
al ternat e-obj ect replacenent area and 22 updating the
aht erpatesaddr €33 FAR3GRABMaddHe@ENMPEbO8s SOng akils®s in
include information in the alternate-address
rhragetemMateneeamt kaa as i nformati on showi ng the

a control section for:

controlliing the data-writing section to record the
‘write data at an address specified in a data write
requeét if the address verification section produces a

determination result indicating that no data has been

recorded at the address;

carrying out alternate-address processing to set a

write-target area, which i1s identified by an address
specified in a data write request as a partial area
included in the write-once recording area, as an.
alternate-object original area, and set a partial area
selected among partial areas existing in the alternate
-area as an alternate-object replacement area, controlling
the data-writing section to record the write data, which
is to be recorded in accordaﬁce with the data write

request, into the alternate-cbjéct replacement area and
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al ternate-address processing if the address
verification section produces a determ nation result
indicating that data has been recorded at the address
and the information determ nation section produces a
determination result indicating that the
al t er nat e- addr ess managenent information can be
~updated as well as a result of determ nation

i ndi cating that an area usable for alternate-address
processing exists in the alternate area; and carrying
aptadliher fié exaddness -RHQEESS IMithdRme8t 8nformation so
wite-target area, which is identified by an address
‘speebf i edlide artRirdavi bh ik el ] tasnatPasdddlsAr ea
included in the wite-once recording area, as an
abhegaat et ol Bina@hibgi Aal i 9f HFatdkd SBbwenpPadHd al area
sel ected anong partial areas existing in the main data
all earast @radd deaisN @k 6cOb} BEd TRRHRCEABALs AR fication
.controlling the data-witing section to record the
wect eonlabgdustisch desetdi e fRCekdadt i Mn@ceadaNetat
with the data wite request, into the

diterinat o] eetorépl acenEnt =aldeasangnd updatidT@richeion
al t er nat e- address managenent information so as to
datérrdena nifcor reticdon i prédhiecead benpatemacghiess r23ult
managenent information as information show ng the

ahd eravaitrer ddeite she pabicessitegadirthe mathgssent
verification section produces a determ nation result
imEpowtiimg tckat be updated as well as a result of

determination indicating that an area usable for
alternate-address processing exists in the alternate
area; 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 the write-once recording area, as an

‘alternate-object original area, and set a partial area
selected among partial areas existing in the main data
area as an alternate-object replacement area, controlling
the data-writing section to record the write data, which
is to be recorded in accordance with the data write
request, into the alternate-object replacement area and

updating the alternate-address management information so

as to-include information in the alternate-address

23



data has been recorded at the address and the
informati on determ nation section produces a
determination result indicating that the

al t ernat e- address nanagenent information can be
updated as well as a result of determnation
indicating that no area usable for alternate-address
processing exists in the alternate area. |In accordance
with the data-recording apparatus according to the
present invention, in case the wite- target area in
mhealkehé St ONCR MmREObHI AY Ai@A S idn debRehd g aar ea,
the control section: carries out defective-area

all t ernat @-aliiess prBE@@@ﬁrﬁ;% NG ttheS @ldkbes dafaaticue ion
wite-target~area as an alternate-object origina
aceaianbsRiuce spar Hedbrlea i selreched an®dNG gt kakt
areas existing in the alternate area as an

abter nad eahl eeoraplagenai Aleassupdating idhemation
al t er nat e- address nmanagenent information to include
dafermbid s bewt hgnt heodleiacta vetakfdnation result
alternate-address processing if the information
tledecat inat itbrats ebti ahte pradi+eesirasdehanagdainton resul t
i ndicating that the alternate-address managenent
informaticon ceanbbeupqtadehs aslwekk asr@sudet efm nation
result indicating that an area 24 usable for the
defeotinsg-i@aneandl tet g edaddnesareprosasisd Mgrexi sts in
the alternate area; and carries out defective-area

al termeteeagdddeessprocessing exists in the alternate area.

In accordance with the data-recording apparatus
. according to the present invention, in case the write-

target area in the write-once recording area is a

defective area, the control section:
carries out defective-area alternate-address

processing to set the defective write-target area as an

alternate-object original area and set a partial area
selected among partial areas existing in the alternate
area as an alternate-object replacement area, updating
the alternate-address management information to include
information showing the defective-area alternate-address
processing if the information détermination section

. produces & determination result indicating that the
alternate—addreés management information can be updated

as well as a determination result indicating that an area
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processing to set the defective wite-target area as
an alternate-object original area and set a partia
area selected anong partial areas existing in the
main data area as an alternate-object replacenent
~area, updating the alternate-address nmanagenent -
information to include information show ng the
defective-area alternate-address processing if the
i nformati on determ nation section produces a
determ nation result indicating that the

ald-pneateraged essrmnagenest infarnatianacans be
updated as well as a determ nation result 1ndicating

thialceReial eai disAhne ther ot berdafecli-ve- ahga
alternate-address processing exists in the alternate

area. |&naGeer dancgentdt de dat a1t hngiARRAr at us
according to the present invention, the

plrbeepal 8y agllrRss +HERRAgEREN e |M1Q%“@Ek§@t' £eddes an
sequential recording range information on a
sefuenktetosReA dirigihanger&d 4 Recdat gareLor daedad n
the main data area and the control section selects an
aklernad carahjeplartepl agsea®atears@anignint fice Mad ih data
area in the defective-area alternate- address
progessiag dlyteidiang-bbpeSeqtillaicalneh€COF §4 NU1pd=aNae
information. 25 In accordance with the data-recording
appardtash@accaddirags teatdenpires e AfobAyeNdh oy itrke ude
.control section selects an alternate-object
Lfepbanement shwedngnthdedeidtive-area alternate-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.

In accordance with the data-recording apparatus
according to the present invention, the alternate-address
management information includes sequential recofding
rangé information on a sequential recording range of main
' déta 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 sequéntial recording

range information.
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data area in the defective-area alternate-address
processi ng by using postscript-recording point

i nformati on included in the sequential recording range
information. In accordance with the data-recording
apparatus according to the present invention, the
control section selects an alternate-object
replacement area in the main data area in the

defecti ve-area alternate-address processing on the
basis of the postscript-recording point information

on a pof SIdRah86 Of G ROIA 2L XL 8bEihd pbaratus
sequential recording range including the alternative-

QRjeetiRg | B Nale YredehBVOhYEidh t h:%ed@f)ﬁgfélles&fteﬁ)n
al ternat e- address processing. In ‘accordance with the

deliackeCon i NG BRRAF3LYSct LG LHARAB 0 EDE DY 88RNnain
i nvention, the control section selects an

alat-ar pat &- Dhj O deepLaceEENM  AlLa e 2t hea A d:s dat a
area in the defective-area alternate-address

proeessimg wn dNheghpskssefigpadddréing point _
postscript-recording point information representing a
liargesst bsldriess vawangn phecasyRnpast s6bpdrlEatndieng
poi nt information on postscript-recording points
exifshagidm a sequential 26 recording range or a
plurality of sequential recording ranges. In

accor dancecwbihahde wiaira-thec aadhAge pRBIRL Wpparatus
according to the present invention, 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 the postscripit-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.

In accordance with the data-recording apparatus
according to the present invention, the contrel 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 & segquential
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according to the present invention, the contro
section selects an alternate-object replacenent area
i'n the main data area in the defective-area

al ternate-address processing on the basis of the
postscript-recording point information on a
postscript-recording point existing in a sequentia
recordi ng range other than a sequential recording
range including the alternative-object original area
involved in the defective-area alternate-address

Q&Qﬁﬁﬁﬁb@graﬁ@ea§§QfQﬁmﬁ%1%k§hofrg%dﬁﬁﬂ%i%ﬁpgéggféﬁng
apparatus according to the present 1 nvention, the
=@l section sets an additional alternate-address

managenent information area, which is used for

i ncrenemd alddbrdaeeer dipg fhe BlderBabesdddr&§8Sratus
managenent information, in the main data area in the

GRiceelii Mg- 86 ethadldrisRake 1 nddaf £S5, RHRCESSLRE1 ddktion
addition to the data-recordi ng nmethods and the

datiackecen di N ARR-abysctt REH URIRAE BRYENLH OphalSan
provi des a data reproduction nethod and a data

epaOdUes | DN ERPVFUS i vhRa AES 1I0RAE8 LW bRpEsd |
further enbodi ment of the 27 present invention, there

ipgopesyiggdm tdat dasepr educhd Pbsmbhegdtf obcsepiRAuciing
data froma recordi ng nmedium having a wite-once
ﬁef@tﬂbf@pﬁudﬁaat@a@tébk@pﬁ~ﬁ§ﬂdkdﬂhgbpoint existing in a
sequential ;ecording range other than é seguential
recording range including the alternative-object original
area involved in the defective—area alternate-address
brecessing.

In acceordance with the data-recording apparatus
according to the present invention, the control section
sets an additional alternate-address management
information area, which is uéed 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 present invention also
provides a data reproduction method and a data

reproduction apparatus.

In accordance with still further embodiment of the
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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 nanagenent

i nformation area used for increnmentally recording

al ternat e-address rmanagenent information in order to
update already recorded alternate-address managenent
i nformati on used for nanagi ng alternate-address
processing carried out on the wite-once recording
area wherein the alternate- address nmanagenent

igHeeerBt i 8hchEbtdese3e0UENLE R 1 ad £ GO RO ARt 1on
informati on on a sequential recording range of nmain

dritdoneear dedht dddi@gMBh Pz 8t G & 6 crhendab@dium
reproduction nmethod including the steps of: producing

daiesyl b RFifeCHdl RAcskAlMS 2461 aiNatl i OPs asadP to be
whet her or not data has been recorded at an address

seeokfibedthdrsidaina v 8ade r&vesic1yestef erence to the
sequential recording range information when receivVing

t he data M=gad daeguesda,t anieadqaut thecdala rebbomlinento
mai n data area; producing a result of alternate-status

datietal patiaframded Whehheindr not the address
specified 28 in the data read request is nanaged as an

al t er naire-alebkjraate odddidial maddgessnbYi IMGtiB8 arca
al ternat e-address managenent 1 nformation due to the
fiaed fématiddwerrddt@$g recording alternate-address
managemeﬁt information in order to update already
recorded alternate-address management informaticn used
for managing alternate-address processing carried out on
the write-once recording area wherein the alternate-
- address management information includes sequential
recording range infeormation on a sequential recording
range of main data recorded in the main data area,
the data reproduction method including 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
reference to the sequential recording range information
when receiving the data read request to read out the data
from the main data area;

producing a result of alternate-status

determination as to whether or not the address specified
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has been specified in a previous data wite request if
the result of the recording-status determ nation

i ndi cates that the data has been recorded at the
address; reading out the data fromthe address
specified in the data read request if the result of
the alternate- status determ nation indicates that the
address is not nanaged as an alternate-object
original address by using the alternate-address
managenment information; and reading out the data from

e - Qb p ress fq_agi';]g as a
g%bghgt %%124 fq:c?%gt %%&uglrstﬁe%%g?e- ﬁﬁ%tg g?i %I nal address
Wskng-ihg, Al - £ n L r i on
SR N R D i L

hﬁghgéﬁéﬁ%tﬂﬁ?brh@%iégd&§§sbaﬁﬁ%@%@%@dtﬁgttEﬁ%(Ea&}eﬁﬁad

request is nmanaged as the alternate-object origlina

addr gssn hypdisisngat he al besyahes r nt;
i nfor na?:)%bn. I n accor da%ce vvithd?%g g%‘%%%?frr%%%t%f t1tfhe

RhESe8tult DERhORech Rl Syl S AMQY idedrAi fat fon
reproduction apparatus for reproducing data froma

Haaorsha tHRe WAL Bavh Ngs R Pdr! @+0PE8ed e£LONNGdAKEEs;
that allows data to. be recorded therein only once

and i nglebdesy &% aHRidhtdatracnr ehe MU .Erdabacisid® e
recorded into and to be reproduced from anhd an
ahé eqaed e=addregse FRNAPYEIRNI-dsifier ARt {19h) A3 nate-
status determination indicates that thé address is noct
managed as an alternate-object original address by using
the alternate-address management information; and

reading out the data from an alternate-cbiect
replacement address managed as a substitute for the
alternate-object original address by using the alternate-
address management information if the result of the
alternate-status determination indicates that the address
specified in the data read request is managed as the
alternate-object original address by using the alternate-
address management information.

In accordance with the embodiment of the present
invention, there is provided a data-repréduction
. apparatus for reproducing data from a recording medium

‘having a write-once recording area that allows data to be

recorded therein only once and includes:
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used for increnentally recording alternate-address
managenent i nformation in order to update already
recorded alternate-address managenent information used
for managi ng al ternate-address processing carried out
on the wite-once recording area wherein the

al ternat e- address nmanagenent information includes
sequential recording range information on a
sequential recording range of main data recorded in
the main data area, the data reproduction apparatus

i ncl udisngiaia data 4eadl Rgisechken fored erdirRgodatd into
fromthe recording nmedium a first address

undi 6 aad i @progeteancfon; prducing a result of

recordi ng-status determnation as to whether or not
data has heesrfigeorgrilcals aAnagdehess,indireAtidn area
specified in a data read request to reproduce the data
fisadn tdie inmirendatal 8y edecodihg efl et engeetnidhe s

al ternat e- address managenent information; a second
aalth gssenteinffoeab t 06n sectdaied @b ppa@atiCidigeariyr esul t

of alternate-status determ nation as to whether or
metoatedddressaspesddieth inanzgdatat r gatbmmequest used
reproduce the data fromthe main data area i s nmanaged
byr 3arusiing theeahd ernaldreaddpesse s@iragermmintied out on
informati on as an alternate-object original address
thre W tehenfactettrading hereaddhessihashdhedrespeckti ed

in a previous data wite
address management information includes sequential

recording range information on a sequential recording

range of main data recorded in the main data area, the
data reproduction apparatus including:
a data reading section for reading data from the

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
speéified in a data read request to repfoduce the data
from the main data area, with reference to the alternate-
' address management information;

a second address verification section for preducing
a result of alternate-status determination as to whether
or not an address specified in a data read request to

reproduce the data from the main data area is managed by

30



request; a control section for controlling the data
Teading section to reproduce the data from an

al ternat e- obj ect repl acenent address nanaged by using
the alternate- address managenent infornmation as a
substitute for the alternate-object original address
if the first address verification section produces
the result of the recording-status determ nation as a
result indicating that the data has been recorded at
the address, and the second address verification

SRGhGORLPr QOUCES: £ 16 Juesubt mar?igérrté%talih%B PAL &1 $i %tdef Sn

determination as a result indicating that the a ess

i3 ranaddr &sse BNAACA nRY =4SHdYE the 3t erpatgsaddlgss
managenent informati'on as the alternate-object

QhlegbBate 28 H LS BeANEpbher MBS S ifrelRBLki 45t address
verification section produces the result of the
neeRedtpg-status determnation as a result indicating
that the data has been recorded at the address, and

the secon@nagddressctysr ifdCabheRosechd OthdRIUCes 88y
result of the alternate-status determ nation as a

isegulbn i fli:caiddd@icet BAE ddies AdFASSHI §108Enat-3dERSS
managed by using the 31 alternate-address managenent

irepdas@tidon akirddie abhesoats, eljiegt taEi gl fadnAddr ess.
In accordance with the present invention, there is
address management information as a substitute for the
alternate-object original address if the first address
verification section produces the result of the
recording-status determination as a result indicatihg
that the data has beeg recorded at the address, and the
second address verification section produces the result
of the alternate-status determination as a result
indicating that the address is an address managed by
using the alternate-address managément information as the
alternate-cbject original address; and
.the address if the firét address verification

section produces the result of the recording—statué
'determination as a result indicating that the data has
been recorded at the address, and the second address
_verification section produces the result of the

alternate-status determination as a result indicating

‘that the address is not an address managed by using the
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provided a recordi ng nedium 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 be recorded into and to be
reproduced from and an alternate-address managenent
information area used for increnentally recording

al ternat e-address managenent information in order to
~update already recorded alternate-address managenent
informati on used for managi ng alternate-address

RILEELHStBTaddidILthadteRBnt t NEFIVNIAIQ-ANES FREOTN di NG,
area. In accordance with the recordi ng nmedi um

aceerdbbg-cl edtherpresent shavesd i on, the nmain data
area includes an additional alternate-address
managenentadcii-asAed ieitrarea ¢ieednt oind ool Entakky¥ is
recordi ng the alternate-address nanagenment

prbol qadli ®redordaagondanae Mitih@ sShirkkefoftédeFecording
enbodi nrent of the present invention, there is

prosi tesat sallecer dabg tOEHE LR d@\Eda0 taeVeih CoONE &nce
recording area that allows data to be recorded

thér enolwddsy: once and includes: a nmain data area,
which data is to be recorded into 32 and to be

repr oducedihr oata adread t ethiiathe daddr £s stdrmanagereitied into
information area used for increnmentally recording

ahd et mdte-@gdrdssed 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

the write-once recording area.

In accordance with the recording medium according

to the present invention, the main data area includes an

additional alternate-address management information area

used for incrementally recording the alternate-address

management information.

In accordance with a still further embodiment of
the present invehtion, there is provided a recording
medium having a writé—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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managenent information in order to update already
recorded al ternate-address nmanagenent information used
for managi-ng alternate-address processing carried out
on the wite-once recording area; and an alternate
area, wherein the nmain data area and the alternate
‘area are each used as an area for the

al ternat e-address processing. In accordance with the
recordi ng medi um according . to the present invention,
the main alternate area includes an additiona

aderpabe- pddrssscamnagerent information area used
for incrementally recording said alternate-address

managengnt, i i HRLEQAro 4§ RAGLYLRNEE : WL Al e PIEEENt

i nvention described above, a recording nedi um such as

S o0f 1 hOLNEA L L1 ,0Re8LYPEG NASc Ahate-address
al t er nat e- addr ess nanagenent area used for managi ng

AtenBatLt addr &S d1n0k RBL QL b (P4 ROL1 rbAg) ude a
pre-all ocated alternate area. In this case, in order

trecoBk@ BN e Hef 1t ls - b ek Nak € RUH RS S nREOREE SN Lasnd
data renewal processing, the follow ng techniques are

FeephetagBdy Aldaimateaaddses pididysTayi eArtsed iar on
managi ng data renewal processing is provided in a

fraemat i tgedidL e comdi Rgt Aada ofarad ready exi sting
al t ernat e- addr ess

an alternate area,

wherein the main data area and the alternate area
are each used as an area for the alternaté—address
prOceséing.

In accordance with the recording medium according
to the present invention, the main alternate area
includes an additional alternate-address management
informaticn area used for incrementally recording said
alternate-address management information.

In accordance with the present invention described
above, a recording medium such as a disk of the write-
oncertype has an alternate-address management area used
for managing alternate-address information but may not
include a pre-allocated alternate area. In this case, in
-order to implement defect alternate-address processing

and data renewal processing, the following techniques are

adopted.
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informati on used for managi ng defect alternate-address
processing and, in addition, both the
alternate-address information used for managi ng data
renewal processing and the alternate-address

i nformati on used for managi ng defect

al t er nat e- address processing coexist in the

al t er nat e- addr ess nanagenent area. As an

al ternat e- obj ect replacenent area for defect

al t ernat e- address processi ng and data renewal

processd Ng+e2nhPCal S S1:8GHeH L Do R Aat 3.aLgag

(or a wuser-data area) on the recording nediumis

Hﬁ%g-réﬁbwéﬁ“ﬁﬂ@d@s@ﬁn@u§9ﬁ$&é6¥§@& Qf Esf@rTat identical

postscript-recording ~poi In a sequential recording

LaRgerkOF &k Hackhy. o108 Ald &lNaLe=0hL 8584 -£ &PI acenent
area serves as a substitute for a target area in

dgE8Eha 8 4L NRAL T8EURES S DL PCRTRT 2 204 U & J£Newal
processing. . In order for a recording/reproduction

BPRaE M Uy 4@, PrAdHER: 81 £:8S Wdt Ok ndeh eF & atd o Resko
whet her or not data has been recorded at an address

OAF & hea £ RGO GeAd FoPBdh Mg i dd A al RERENRL | b dsing and
informati on on a sequential recording range) provided

tRe a1 P0sia3er-bBlrE €6 Of £l dibna tiemhikgderd s mldddized.
That is to say, on the assunption 34 that the

POSE SErd PHernaterdidge t £hidie 103 Paskeit Wi tide
techni que or an increnmental -recordi ng techni que)

PI Oyt - gafekal hyndgdndhe a€Baand the DVD i s adopted
as a

® As an alternate-object replacement area for
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 iq a sequential recording range {or a track). The
alternate-object replacement area serves as a substitute
for a target area in defect alternate—adaress 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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recordi ng nmethod, track information (or information on
a  sequential recording range) used by the
recordi ng/ reproducti on apparatus to nmanage states of
the recordi ng nedi um adopting the
" postscript-recording nethod is used in producing a
result of determ nation as to whether or not data has
been recorded at an address. In general, the
i.nformation on a track or the information on a
sequential recording range includes only the start

afdresse p%pcs%?tq_lb%s§eéggdﬂ99$tt%{ﬂlnﬁt ; equrggaﬂemﬂttegf

the sequential reéecordi ng range. he case of such

RRSLALLLPIsH GONidi-RgnBEL 0, - datf NAS LEENGEEL YD gkh
an area between the start address "and an address

b%ﬁéﬁ&'%r RERCed BEd ! H% RS S iRbptbQCLs di Ng
poi nt . the other hand, no data has been recorded

kB8P AP GelMeeR rEBR 1 PASIMGLIR! -(8C 9hdh Atk PRINy,aRd
the end address. Thus, mapping of the recorded and

HBE8€0F 1ed 18IRluS ngf riAge) NG $yngngedi um onto the
informati on on tracks can be established, making the

BEE6F Y e@Ricaduet bR Ut o meaRgbl erdfes of the
producing a result of determ nation as to whether or

neto ity haesiibeeadbpeidathatod thah gt -288 88iSg kBthod
addition, in accordance with the present 35 invention,

2s Need dinng rivadiciiny sache A8 ta odi sletefmt et i idsetence
type may have an alternate-address nmanagenent area
usethdolormagbiagaahi ernaie reddrass bof & ddreisas In
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
péstscript—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 récording/repreduction apparatus
capable of producing a result of determination as to

whether or not data has been recorded at a target address.

In addition, in accordance with the present
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well as a pre-allocated alternate area. In this case,
in order to inplenent defect alternate-address
processing and data renewal processing, the follow ng
techni ques are adopted. 0 Alternate-address

i nformati on used for managi ng data renewal processing
is provided in a format identical to that of already
exi sting alternate-address information used for

" managi ng defect alternate-address processing and, in
addi tion, both the alternate-address information used

ok cARAgE] NY dala 4t aRewal: Bh0GeSS 110 2284 skhEs the
al ternate’ address infornation use for managi ng

defiectoplder %@yaﬂg5§5§npéf%@%ﬁﬂﬂglag8§é5§tméﬁbééﬂént
al t er nat e- addr ess . managenent area In t he same way as

ﬁrégcgﬁgﬁrEbﬂnﬁyn%ggnbnﬁhggfﬁﬁkéuédaf%sélhHE@%ﬁ%&lon as
alternate area an al ternate-object replacenent

acea £9ra shefeah caktennal €s AdM LIS RN 0CESSING aRdedaia
renewal processing, a |location selected anong

beaati efsiddl i@t Reezat| oradad Rl harpats SF&dsSing
used. As no available area is left in the

RhE- aht HCcadediadl bebhat ik farhd Ml 1bfingaSe@lidR@ are
pre-allocated alternate area is used up in defect

albpteal e- address processing and data renewal .36
processing, a location in a main data area (or a user
dat a aree’)tomdihs adeeekdi NgroReh tivd $:s8el €6t efadsyaly

al ternat e- obj ect repl acenent | ocation. An exanple of
SHEHA renewal processing is provided in a format identical
to that of already existing alternate-address information
used for 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 fqr 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 areé is used. Aé no available
rarea 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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a location is a postscript-recording point in a
sequential recording range (or a track). 0 The
recordi ng/ reproducti on apparatus uses track
information (or information on sequential recording
ranges) in the postscript-recording nethod in
producing a result of determ nation as to whether or
not data has been recorded at an address on the
recording mediumin the same way as a recording

medi umincluding no pre- allocated alternate area.. As

deseLibed, a%O\i%caltgl acggrgafﬁg&% w.th EPQapfcgieemuser—

i nvention, a recor ng medi um such as a di

weilespenee 4y r&%enwceeafn@r}n&ilw nat ez pdOY &9, 5

managenent area used for managi ng alternate- adc?r ess

bRt Or MRt d QbR BBYaROhedNCIHAR 181PT 6 pld@eR0 800 such
alternate area. Even in this case, defect

Q'15%5%46%.%%d%egésEéeﬁfﬁ%ﬂfabd¥ain§abélnﬁQﬂ?W@'
processing can be carried out. That is to say, defect

abiesal o addbeasnfr pLessi NG anddaka, reneval
. processing can be carried out without the need to

pre- ald Dt Rr@hheEBBEedd €D ppdshBls dused ectad
area in the main data area such as a

POSS SEA iRl 1(8eOk HEHEMPOIdH dnh skhBeABl 1 dAdbaried as an
37 alternate-object replacenent area; using

tah @ SMBtin0RheNpbE BEKSi d10Yr dJHrah ABL h&Fh&eD irSeFuehtial a
recordi ng ranges) in producing a result of

resuit 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 accordance with the present
invention, a recording medium such as a disk of the
write—once type may have an aiternate-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
tenewal processing can be carried cut. That is to say,
‘defect alternate-address procgssing and data renéwal
_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 peoint in the main data area as an
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determ nation as to whether or not data has been
recorded at an address specified in a data wite
request or the |ike; and m xing alternate-address

i nformati on used for nanagi ng def ect

al t ernat e- address processing and .alternate-address

i nformati on used for nmanagi ng data renewal processing
in the conmon alternate-address information area. As
aresult, the following effects can be obtained. In
the first place, it is no |onger necessary to

estidmbecacsibl et &y Riaa gt Lhg,al ternate area in

advance he application or the i ke. The fact that

it is n951111§;3r3_9ﬁfor%%%§5§351¥ taald acat %@Brﬂgﬁ%rﬂ%e
area inplies efficient utilization of the main data

%ﬁie%%lgmerQ@&FdlrggatL%naﬁg‘? ith rbf(k@lc,sﬁﬁgo%d Bkage. o th
a recording operation carried out by using a genera

fddt@ ey 8 eMn 1 & CONFILBELNGr ORSE 1d QN0 LEEROF LS ded
file on the disk and renew managenent information of

thie ohi badrt e seek ridigstangedffa tihe i clgpeganobene

shortened to a value small enough for conpensating
fiaket;hgnal t er nat e- address 38 operation to nove the
pi ckup to the alternate-object replacenent area. As

an al t eifdaligvel tkhga fBragenmy initbkREERbLORs&] fdie
file can be recorded into an area
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 that it is no
longer necessary to allocate an alterhate area implies
efficient utilization of the main data area or the user-
data area.

In the second place, with a recording operation
carried out b? using 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
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follow ng the data. Thus, the recordi ng performnce
can be inproved. This technique is specially effective
for a case in which the alternate-object replacenent
address is a postscript-recording point |located at a
position separated fromthe present position of the

pi ckup in backward direction. That is to say, the

al ternat e- obj ect replacenent address is a | argest one
anong the addresses of a plurality of
postscript-recording points. In addition, even if data

%ra@@oﬁeég e f@mankugl $&raal enelir-ast L &R acenment

ress corresponding to an address specified in a

a
g; MiaedfcAat araM | t gsrequests e 18R, the datigddhak a

ect has been detected at the address in the

ALErAHS: ¥hide NRAWESE, chRend e Qduell 9t Pek fordmnce
is inproved because of the shorter seek distance of

trive 1BlveKYPend Mt ot echiifue HeS reRechahd YpeBfd@ahicke chAr
a case in which the alternate-object replacenment

addifpsoleda PASESEEEMMTARCAisREcPOL I A RCALQE EBr a
the sane sequential recording range (or the sane

ceaek)nashidie tgReail tieda psldsiepsot Qaptapeént halardss am
al t ernat e- obj ect replacenent address of

al pertat eiptdiRss dPhOCESHLNJ datee] att 8dp &8k 3% he
basis of information on a postscript-recordi ng point
iseparsesiiehtdraltheep o& s ganga ot Ber thbhapidiie in
sequential recording range including an

abtevasd edioljedonor iIMHatalis to say, the alternate-object
replacement address is a largest one among the addresses
of a plurality of postscript-recording 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 pestscript-recording point
located in the same sequential recording range (or the
same track) as the specified address.

Cn top of that, if an alternate—objeét replacement

address of alternate-address processing is selected on
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address representing an address specified in a data
wite process, it is possible to get rid of a problem
of needl essly addi ng al ternate-address nmanagenent
information in order to update existing

al ternat e-address rmanagenent information due to
generati on of consecutive unnecessary data renewal s
initiated by the application in a certain
circunstance. Furthernore, a wite-once disk including
no alternate area is capable of inplenenting the data
reBeras: § WChingR Wakh en e N ARGk 8EOFEEN% B point
reproduction conpatibility with the ordinary

Whi besOnethtikaCekbdbnd: AR iHgAndnbhehegofkl Ne: JRAILHAS
of the RAM and RONIty%%s ii?it is. Thus, the file
s¥sbem genemdlel Y ncphevhgesh fartypieabhbyedhe Ry pe
di sk and the ROMtype disk can also be used for an
eptiread dipthesehttiRg ¥Whii@irQiRCapbypeivithol dhe neede
to nodify the hardware and the physical fornmat.
pMoeeoyer it AsapeskdBneetMddt ttha preseptohIvserds on
descri bed above, a recordi ng nedium such as a di sk of
hbedlydd Iye=0ACAgt ¥ DEe Byt havkiraBsahk i dataraddr ess
managenent area used for managi ng al ternate-address
informetiodn iasc48enetd BSiAa Periaktlngai pebmldteraatieess
area. In this case, defect alternate-address
paoe@ssintg iandraat Ao enenalo gphecessomgo £ ajvridectat reed
out even if the size of an area

unnecessary data renewals initiated by the application in

a certain circumstance.

Furthermore, a write-once disk inecluding no
-alternate area 1s capable of implementing the data
renewal function while maintaining‘fecording and
‘reproduction compatibility with the ordinary write-once
recording medium and the recording mediﬁms 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 accordance with the present invention
described above, 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 as
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left in the a pre-allocated alternate area becones
insufficient for the processing. As no avail able area
is left inthe pre-allocated alternate area, that is
as all the pre-allocated alternate area is used up in
defect alternate-address processing and data renewal
processing, a location in a nmain data area (or a
user-data area) on the recording nmediumis sel ected
as an al ternate-object replacenent |ocation. Thus, it
Is no |longer necessary for an application or the |ike

tV\%lq_StaISngt Is%'é_ﬂ teﬁl é?tggng{@ a]%at.ermttehlag 'sel n

addi ti on, is also no [onger necessary to allocate

%f%%emgsﬂlytéﬁgcgﬁel%gz B-0Leid6, Al LQrpate aLga, i n

accordance wth speculation on nmany extra data

I T, , LA be:ytiliz
R s S R

Selrect hnghan, §lALrNake bk esl te FHERIAGERENLAhR8 ON the
basis of a postscript point in alternate-address

RHRGESSENSn € QGheOBloHSERIhd he main data area, the
same effect of perfornmance i nprovenent as the disk

havi ng 0 @) LeERNALS1 AT 8%AS e3¢kl Pedrabane Gan «4Lthe
obtained. It is needless to say that, also in this

Gasernate MidA- ange dipkadnel udimagpae-aliscnale area
i s capabl e of

-alternate area is used up in defect alternate-address
processing and data renewal prbcessing, & location in a
‘main data area (or a user-data area) on the recording

medium is selected as an alternate-cbject replacement

location. Thus, it is no longer necessary for an

application or the like to estimate a proper size of the

alternate area.

In addition, it is also no ionger 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~cbject
replacement area on the basis of a postscript point in
alternate-address processing carried out using the main
data area, the same effect of performance improvement as

the disk having no alternate area as described above can
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i npl enenti.ng the data renewal function while

mai ntai ning recording and reproduction conpatibility
with the ordinary wite-once recording nedi umand the
recording  nediuns of the RAM and ROMtypes as it is.
Thus, the file systemgenerally provided for
typically the RAMtype disk and the ROMtype di sk can
al so be used for an optical disk of the wite-once
type without the need to nodify the hardware and the
physi cal format. BRI EF DESCRI PTI ON OF THE DRAW NGS
Hheserand=@t her objects and features of the present
invention will become clear fromthe foll ow ng

descri ptd o @ketiheshr ef essedngrbodi B8NS @iiveraubt hy
reference to the acconpanyi ng diagrans, in which: FIG
Lirii$ e@Bn€X b BNatioNy wdi Agr &M ShAWMNG et Beedl 88 capable of
structure of a disk provided by an enbodi nent of the
RS enbnt Ve NHORathl Gendwd B AME@XRhARAL 08 Y rAGHidng
showi ng managenent/control information areas on a
dicslsrace@rahdgedrodubei enbeshgmnti 1EkG wth Stran

.expl anatory di agram showi ng a DVA of a 42 disk
prdvhded Jay ddhrererbedesbdng MQivh badathexpatationy

di agram showi ng the contents of a DDS of a disk

piedy e do Dy Heheprembadi ReMtsypesl G8. 18 £6. SBhake the file
expl anat ory di agrans showi ng the

system generally provided for typically the RAM-type disk

and the RCOM-type disk can alsc be used for an optical
disk of the write-once type without the need to modify

the hardware and the physical format.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other obkjects 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 area-
structure of a disk provided by an embodiment of the
present invention; |

FIG. 2 1s 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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structure of a TDVA, FIGS. 6A to 6C are expl anatory

di agrans show ng a TDMS update unit provided by the
enbodiment; FIG 7 is an explanatory di agram showi ng a
state of increnentally recording TDVS update units
provided by the enbodinent; FIG 8 is an explanatory
-di agram showi ng a TDDS of a di sk provided by the
enbodi ment; FIG 9 is an explanatory di agram showi ng a
TDFL of a disk provided by the enbodi nent; FIGS. 10A
and 10B are explanatory diagrans showng a DOWNentry
Qfi & PhrskipLQMhFad DYnbRg ORI ment; FIGS. 11A to 11C
are explanatory diagrans showing SRRs on a disk

provi deghdy 4 he grbodimBMtoRl Gial2ahSsiad€xplarat ory
di agram showi ng SRRl ‘of a di'sk provided by the
erhedniBNb: £1iES k34 andk IR RExXp anat SfyodiRaans
showng an SRRl header of a disk provided by the
enbodi nents. Bl € 38 s %kﬁ@ia%%@goéli/a@ﬁa@z% FMows RGWERE
an SRR entry of a disk provided by the enbodi nent; 43
EBkGuctlreéSoamn exnanat ory di agram showi ng a for mat
.including an I SA and an OSA; FIG 16 is an

expl anatmyy, Bhoek 6 agram:ghewatgra diQfmmds ishektidyng
no alternate areas in accordance wth

TDMS update unit provided by the embodiment;

FIG. 7 is an explanatory diagram showing a state.of
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 TDEL 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 diagram showing an SRR

entry of a disk provided by the embodiment;
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the enbodinent; FIG 17 is an explanatory diagram
"showi ng TDVMA information of a disk provided by the
enbodi ment; FIG 18 is a bl ock diagram showi ng a di sk
drive according to the enbodinent; FIG 19 shows a
flomchart representing first typical processing to
wite data onto a disk with a format including no
alternate areas in accordance with the enbodi nent;

FI GS. 20A and 20B are expl anatory di agrans show ng an
application and shifted NWAs; FIGS. 21A and 21B are

explana¢ﬁ¢y1@!agraﬂseﬁﬁmaﬁdﬂ$ryadm@%£§mqgﬁﬁa&boa format
causing no shifted NWAs; FIG 22 shows a flowchart

rieplesenti fg sECend ahypsgal processing to wite data
onto a disk with a format including no alternate

areas iyr@acaer dangg ¥kdinndtheyephedk @idgranl Ghovdng a -
shows a flowchart representing processing to read out

datraatr omt BudlirsK nor avtdefaty dhe seahodbdBrdincdWetn24
‘shows a flowhart representing disk check 44
pihecessodigngrtgvi ded by t he enbodi ment; FIG 25 shows a
flomchart representing first typical processing to
wWite daica afit Osaadi ko Miraliogy &8 04d@HBdm i IrehidgngDMa
alternate areas in accordance with the

information of a disk provided by the embodiment;

FIG. 18 is a block diagram showing a disk drive
according 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;

FiG5. 21A and 21B are'explanatory diagrams showing-
a write operation causing no shifted NWAs;

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

FIG. 23 shows a flowchart representing processing

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

FIG. 24 shows a flowchart representing disk check
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enbodi nent; and FIG - 26 shows a flowchart representing
second typical processing to wite data onto a disk
with a format including alternate areas in accordance
with the enbodi nent. DETAI LED DESCRI PTI ON OF THE
PREFERRED ENMBODI MENT The foll ow ng description
expl ains an enbodi nent provided by the present
i nvention as an enbodi nent inplenenting an optica
di sk and a disk drive enployed in a recording
apparatus and/or a reproduction apparatus as a disk
trrose sdesi gmesk fdyd bhetbpt aioddidiesic; The . descri ption
i ncludes chapters arranged in the follow ng .order:
1. Disketr o6t ghews 22 OMAvGiarEDWBp Beden thMA fStristict ur e
and TDMS Update Unit 3-2: TDDS 3-3: TDFL 45 3-4: SRR
ang iSRRI pBedesAlnicetpatei Adddeiss dAtecesdisg #iorh RFor mat
with Alternate Areas 3-6: TDVA and ATDMA in For mat
viictrmatit it 1wtinat @ lAeeaste areas in accordance with the
embodiment; and

FIG. 26 shows a flowchart representing second
typical processing to write data onto a disk with a
format including alternate areas in accordance with the

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 emplecyed in
a recording apparatus and/or a reproduction apparatus as
a disk drive designed for the optical disk. .The
description includes chapters arranged in the following
ofder:
1: Disk Structure

2: DMA

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

3-3: TDFL
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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/ Reproduction Processing |Invol ving
Alternate Areas 6--1: First Exanple of Data-Witing
Processing 6-2: Second Exanple of Data-Witing
Processing 6-3: Data-Reading Processing 7: Effects of

t he Emmdi:megr zkhid @zgk Structure First of all, an
optical disk provided by the enbodinent is explained.

The opti-gal sk cak-badrespl ererdsd ny rarwrbtRstOREeh
optical disk referred to as the so-called blue-ray

dlskrndthe Adase-ray di sk pertains to the category of
hi gh-density optical disks. 46 Typical physical
" par anetzess ofpMdedd ghrpdeNsht Fornet mdahodt SK1 e tded
by the enbodi nent are explained as follows. The of
mireaspti cal di sk provided by the enbodinent is
expressed in terns of a dianeter of 120 mm and a di sk
4: Disk Drive Configuration
5: Data Recording/Reproduction Processing without
Alternate Areas
' 5-1: First Example of Data-Writing Processing
5-2: Second Example of Data-Writing Processing
5-3: Data-Reading Processing
5-4: ATBMA-Checking Processing
6: Data Recording/Reproduction Processing Involving
Alternate Areas
6-1: First Example of Data-Writing Processing
£-2: Second Example of Data-Writing Processing
6-3: Data-Reading Processing
7: Effects of the Embodiment
l: 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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thickness of 1.2 nm That is to say, fromthe

ext ernal - appearance point of view, the optical disk
provi ded by the enbodinment is simlar to a disk of a
CD (Conpact Disk) systemand a disk of a DvD (Digital
Versatile Disk) system As a recording/reproduction

| aser, the so-called blue |aser is used. By using an
optical systemhaving a high NA of typically 0. 85,
setting the track pitch at a small value of typically
0.32 mcrons, and setting the line density at a high
val ue ofygiqalcahlyiBalZpdiicdRss Pertid thidH-dehisity
possible to inplenment a user-data storage capacity of
alpaita23d CGhytierdva 2 Bhytee f@ivRiinepti saé etbddnMdt hsa
diameter of 12 cm In addition, a two-layer disk is
dloddodevel oped. A two-layer disk is an optical disk
having two recording layers. In the case of a

two- | ayire difskheaopsefadatizk papatiddy Wf tae0owinbbAGnean
be achieved. FIG 1 is an explanatory di agram show ng
tilseekpyested (ior tehesapfaz sdvarettgrepfof 20 hem eartd r=e disk
disk. 47 It is to be noted that, in the typica
shécknpsa $Orinedt timng ThaTess toanape Tamr iteée eswternal -
selectively inplenent a |layout shown in (a) of FIG 1
epraatayoritpoigitowt vhegb)tiof delt@eal. disk gptdiedecadbe,
the recording area of the optical .

the embodiment is similar to a disk of a CD (Compact

Disk}) system and a disk of a DVD (Digital Versatile Disk)

system.

As' a recording/reproduction laser, the so-called
blue laser is used. By using an optical system having a
high NA of typically 0.85, setting the track pitch at a
small wvalue 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 twe recording
layers. 1In the case of a two;layer disk, a user-—data
-éapacity of about 506G can be achievéd.
FIG. 1 is an explanatory diagram showing the layout

{or the area structure) of the entire disk.
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disk 1 includes a lead-in zone on the innernost
circunference, a data zone on a mddle circunference
and a | ead-out zone on the outernost circunference.
The | ead-in -zone, the data zone and the | ead-out zone
~serve as recording and reproduction areas as foll ows.
A prerecorded informati on area PIC on the innernost
side of the lead-in zone is a reproduction-only area.
An area starting with a managenent/contro

information area of the lead-in zone and ending with
the | eatk dig txobe hsStediSEEhtasS id Whkt EyPNELR 3R88em, a
allowing data to be witten therein only once. In the
rfepmetdtthd ope@rd s aveabanch thie:dudiite tengele@tieslva
spiral recording track is created as a wobbling
dmgdeeenThe Mobhld shognoove(serofesias a br acKiaygugui de
in a tracing processing using a | aser spot. The
whlblhi hy (lgr coveTics- thus a recordi ng track, which data
is recorded onto or read out from It is to be noted
t hat, tln si¢chbodrareat tEssueesrdingoptexalf dhekoptical
all owi ng data to be recorded on the groove. 48

owey ér inghedessc @péeofi-ihezqrees@ntchenvenéimorst s not
limted to the optical disk wth such a recording
chacknferceaxanpkéa tdre presenmtddieeni romizaengksende
applied to an optical disk adopting a |and

Ped®n &7 Pig- tZsgienicguéhe whieraebwp sdatcarcemfecenaed on a

| and bet ween two adj acent
The lead-in zcne, the data zone and the le&d-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 information area of

the lead-in zone and ending with the lead-out zone is
used as a write-once area allowing data to be written
therein only once.

In the reproduction-only area and the write-once
area, a spiral recording track is created as a wobbling
groove. The wobbling groove serves as a tracking guide in
a tracing processing using a laser spot. The wobbling
groove is thus a recording track, which data is recorded
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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grooves. In addition, the present invention can al so
be applied to an optical disk adopting a | and/groove
recordi ng-techni que whereby data is recorded on a | and
and a groove. In addition, the groove used as a
recording track in an optical disk has a shape

. wobbl ed by a wobbling signal. Thus, a disk drive for
such an optical disk detects both edge positions of

- the groove froma reflected |ight beamof a |aser
spot radiated to the groove. Then, by extracting
compoaent shé | seddéaifNghkNptbgant adivaht gbk ecsd i;dx of the
optical disk 1 as fluctuations of both the edge

pasl teBNSoi thal qPtecasSHNgkt @i fWichhe FaserdirfPairack.
al ong the recording track, the wobble signal can be
repr edufplle, Tites ppebbhe Shonatids capdul ad ask pplied to
i nformati on on addresses of recording |ocations on
theopetoadi ik maloktindhe 1aHDr-@mcraingnc addiiepses

i ncl udes physical addresses and other additiona
whEtoehmt date iEhuecobiledesddul Bindn@etirben wobbl L1 %icgnal
to produce the information on addresses, 49 the disk
droveess dapabBetodnconta qlreisegtatitveasses, cah abhsshoe
data are to be recorded or reproduced. The lead-in
zppéisfiotm dm oblt@Geal dbslamnadamed ngnat hend fgmervesi de of
a typical radius of 24 nm An area between a

cercudiey errcdiniiatlh wheaebwisiadfa is recorded on a land

and a groove.

In addition, the groove used as a recording track
in an optical disk has a shape wobbled by a wobbling
signal. Thus, a disk drive for such an optical disk
detects both edge positions of the groove from a
reflected light beam of a laser spot radiated to the
groove. Then, by extracting components fluctuating in the
radial direction of the optical disk 1 as fluctuations of
both the edge positions in a processing to move the laser
. spot along the recordiné 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 ﬁhysical addresses
and other additional information. Thus, by demodulating

.the wobble signal to produce the information on addresses,
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22.2 mmand a circunference with a radius of 23.1 mMm
in the lead-in zone is the prerecorded infornmation
area PIC. The prerecorded information area PIC is used
for storing reproduction-only information as the
wobbling state of the groove. The reproduction-only
i nformation includes disk information such as
recordi ng/ reproducti on power conditions, informtion
on areas on the optical disk 1 and information used
for copy protection. It is to be noted that these
pihec@ssofddinfeo ri@bb@ﬁb!?@"b@'c&@lt&%llﬁ.ﬁ? osdled R st het
optical disk 1 as enboss pits or the Tike. A BCA
(WBHERt A4k tdrRg A @a) reebr&hO0Wr Bpthguidigure may be
provided on the inner side of the prerecorded

i nf or natieconcatean Piénd nroaneigases., 1Nt ke BEfs & the
unique |D peculiar to the optical disk 1 is stored by

huner ngidofdt a tepoedl ngadiayes Fhemwni que 1D s
recorded marks <created in a concentric-circle shape
to formnrecondedtwetat & iciraundsr&ode Wighmat raduaren
‘between a circunference with a radius of 23.1 nmm and
a2 ¢k rrourdrey ence reihbe fertadivdshof 24dDugmaf 135Q khein
| ead-in zone is a managenent/ control information
dhealeadHia nenageésetitd qgodreebriad of mbdineit iahear8aSPEC.
predeterm ned area fornmat to include a control data
area, TaeDvieldedeitd Nafageaehin Alres) P18 IDMsed for
(Tenporary Defect Managenent Area), a test wite area
§tﬁxgnqun¢paouuttépn~only information as the wobbling
state of the groove. The repreduction-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 unigue
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-cocde 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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area. The control data area included in the

managenent /control information area is used for
‘recordi ng nanagenent/control information such as a
disk type, a disk size, a disk version, a |ayer
structure, a channel- bit length, BCA information, a
transfer rate, data-zone position information, a
recording line speed and recording/reproduction |aser
power information. The test wite area (OPC) included
in the managenent/control information area is used
fOe AchBiBh 2 MMd LiNG HLCERRARYELLG QUL 88 EbRTarea.
data recording/reproductiion conditions such as a

| aser pPOWEHahOgbReSALdd1e6AFGHAM 1 GPIQAUCHEON:
processing. That is, the test wite area is a region
beedade sty alrbe rheefF didai-epradyctbn-Londichi aR8a,
In the case of an ordinary optical disk, the DVA

al DEAUORIFddt MABaFBAGEE MBS )GORL kol i P arimid-QN pakeat
iIs wused for recording alternate-address managenent
Mahegemdritomrean , Mmnagingrciefeel-sa ortheardd &l duekea

di sk 51 system the DVA is referred to as a Defect
Masagenent Area. In the case of a wite-once optica
di sk provided by the enbodi nent, however, the DVA is
used f aher ecotthN@datoreal ynéhedal tier nake- addr ess
managenent information of defects but also
nanagenent/coantodl infdokEicnoarkaris used for recording

management/control information such as a disk type, a
disk size, a disk version, a layer structure, a channel-
bit length, BCA information, a transfer rate, data—zone
position information, a recording line speed and

recording/reproduction laser power information.

The test write area (OPC) included in the

management/contrcl 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
reéording/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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i mpl ementing data renewals in the optical disk. Thus,
the DMA has a function of the D sc Managenent Area.
In addition, in order to make renewal of data

possi bl e by maki ng use of an alternate-address
process, the contents of the DVA nust al so be updated
when data is renewed. For updating the contents of
the DVA, the TDVMA is provided. Alternate-address
managenent information is added and/or recorded in
the TDVA and updated fromtine to tinme. Last (nost
rBGerk) ahtennatsr addeessdmpage e MerebBf QERNBRY Nt
recorded in the TDVA is eventually transferred to the
PVRa . Then DM d2det be JDMA sdldndReogdesssi bedsid at-ekibed
~detail. The area on the circunferences with radii in
e theasgBol#mdhd,0 hoBe@ein €4 anpali st asthesbead:ddrding
zone is used as a data zone. User data is actually
meeopeaed tid oxltitthatepradueed dagetbat dak soaR S onlBe
start address ADdts and end address ADdte of the data
Zetfecasebincd e thabdgbfehbec ot @17 0REcpasSt {dOFor
“information recorded in the control data area
destenbediearddter rehBwfdy o #HGoptichd @il agraas, the
showing a format in which alternate areas (or spare
arMeabas an efprapdicied £i nhet hissdlatamazienent | Ardédi s case,
the alternate areas are

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

Alternate—address management information is added

and/or recorded in the TDMA and updated from time to time.

Last (most recent) alternate-address management

information recorded in the TDMA is eventually
transferred to the DMA.

The DMA and thé 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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provided as an | SA (I nner Spare Area) on the innernost
circunference of the data zone and an OSA (Quter Spare
Area) on the outernost circunference of the data zone.
That is to say, the I SA and the OSA are each an
alternate area used in alternate-address processing

~ to treat a defect and al ternate-address processing to
-~ renew data already recorded on the optical disk. The
| SA is an area having a size of a predeterm ned

nunber of clusters starting fromthe start position in

tihe teat az 29 n;?oneTgﬁ 5326 0f n o Gl USRS rbSohReP3 Rykes.

On the other han the CSA is an area having a size

Ron@rpl edst £rdHNEdRUNDELd oo aliust.ers from the |ast
position to the inner side in the data zone. The sizes

of therd SA)and Fhe. CCA ;& @ teagrdRdshdlitle aD¥hymat in
descri bed above. A region existing in the m ddl e of

thecHab Bt 20N ASireds (68 HPh sandWchedrdypidia deSAiand
the OSA is used as a user-data area. User data is to

haenas @l ohd eCOnderl 4 Ha@e,aRdet 91 bermtaTal k¥t £88 out
fromthe user-data. 53 Also recorded in the DVA

gescidbedhabovasat henné ORI 2akat hen uses -idakanaksea
~is expressed in ternms of a start address ADus and end

addeeste AR @ff tthe 4s5€d -daled andll @a. 0§0 tdig <ot BREre
hand, in (b) of FIG 1, is a diagram
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
. pesition to the inner side in the déta 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 0SA 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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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 zone is
used as a user- data area. However, an ATDVA
(Additional TDVA) can be created on the end edge of
the data zone. It is to be noted that, in the case of
the | ayout shown in (a) of FIG 1, an ATDVA nay be
created in the OSA. The ATDVA is an area provi ded
additionally to the TDVMA in the managenent/ contro

i nfor median rakeadedf id hene TMAGES USRS Wb WY, wpdating
al t er nat e- addr ess nanagenent information, the ATDVA
Qaitsheotsed ey uwiedabihhg hhsa @ t@prakbe-addl 6&Sms of a
managenent information as a continuation of the TDVA.
st atrlie z 6ases Dfaridze ahar Bl sovard BD(B) o Of tId Gisek-d2a8
| SA and an OSA are not provided. Thus, the sizes of
taieal. SA and the OSA are both set at 0 in the DVA
descri bed above. The |ocation of the user-data area,

t hat | 9n tthe oshar thadilr eiss (ADusf £ni Nnci,das w bhadghen
start address 54 . ADdts of the data zone. |If an ATDVA
saordhg pi aibdrded, ihhehiehdamddresaaAbugred tde a spare
user-data zone coincides with the end address ADdte
etetheidaie paneidbi an HOMAHas zphevi ded,thaB thge, the
ot her hand, the end address ADue of the wuser-data
20hebeyi erdiides anet hoAntlaeldisgss zionreds atsdy as a user-

data area. However, an ATDMA (Additicnal 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 OSA.

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 03A are not provided. Thus, the sizes of
the ISA and the OSA are both set at 0 in the DMA
déscribed above.

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

start address ADus, coincides with the start address
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preceding the ATDMA. In the case of either the fornmat
shown in (a) of FIG | or the format shown in (b) of
FIG 1, the area on the circunferences with radii in
the range 58.0 to 58.5 nmmexternal to the data zone
is the | ead-out zone. The |ead-out zone is a
managenent /control information area having a
predeterm ned format to include a control data area,
a DVA and a buffer area. Much like the control data
area included in the lead-in zone, the control data

abgds Of e d-8a0-0HE . ZONe onS ABSAA 97 QLbigayar i ous
ki nds of rmanagenent/ control information. By the sane

takesdaraieh afduke et Bee DM + Nl idednk nccBi}%:ﬂcﬁe%d Wilh the

zone, the DVA of the |ead-out zone is used as an area

kb s@eRsd NHIrRNagetRat dat NTHERL | 0N Lf Ahbeal 54 and
managenent information of the OSA FIG 2 is a

gragi@da shonidhe ath¥pi Kaha StHHICLUHC2Qfredd@Due of the
managenent/control information area. As shown in the

tib gt @atd naddicbi 081 48s undef iaReddasegaentedieserved
segnents),, the lead-in zone includes a 55 variety of

areasaschhas AbbAn2, an OPC (a test wite area), a
TDVA and DMA 1. On the other hand, in addition to

undef i madtBegaeid Sof redseevednhseghmidts)showhhen! ead-out
zone includes a variety of areas such as DVA 3 and DVA
1G] tl i ttheb@onmbedslidiat itthgbgoBEr PIG dat,a tdkearea on
the circumferences 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 zdne 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 is used as an aréa for rgcording managenent
information of the ISA and management information of the
OSA.

FIG. 2 is a diagram showing a typical structure of
the management/control information area.

As shown in the figure, in addition to undefined

segments {reserved segments), the lead-in zone includes a
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descri bed above is not shown in the figure. This is
because, in actuality, a portion of the control data
area is used as a DVA for exanple. Since the
structure of a DMA is an essential of the present

i nvention, the control data area is not shown in the -
figure. As described above, the |ead-in and | ead- out
zones include four DMAs, i.e., DVA 1 to DVA 4. DVA
to DMA 4 are each used as an area for recording the
same al ternate-address managenent information.

Hawexey, o8 MMA ISRl Qui el AS AN opkeqsused: ffite
tenporarily recording al t er nat e- address managenent

iapbal Mg i m@%d SVArY . tide +88 ather n@ér@i ,addr 888ition
process is carried out due to renewal of data or due

@ andeffedd s@Wnkt Lo srRddigas nBNAgeEMead-out
information is incrementally recorded in the TDVA (or

zBae ATRMAdds hearTDM) BasaRean shedayphMi 03 Updabaat be
information already recorded therein. Thus,~till the

opti calrwdiisktd bs At ized, thercoexaplRrat hee PMAS
are not used. Instead, the alternate 56 address

gasagipentabdoreCcakl hed Shdwranch rew akigyersat ehiaddsess
managenent information is added to the TDVA (or the

BEMsandimiacteaotded & pddid ohDYR (Be dhe- ATDMAtES area
~the TDVA has been used up). As the optical disk 1 is
fisnatezeds aalDMar fiakeerdfifless pafMageimNtstribanpatsOMmk
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 zoﬁes
iﬁclude 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—addresg 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 optical disk 1 is finalized, for

example, the DMAs are not used. Instead, the alternate-
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recorded on the TDVA (or the ATDVA) nost recently is
transferred to the DMAs so that the alternate-address
process based on the DVA can be carried out. 2: DVA
FIG 3 is a diagramshowi ng the structure of a DVA
recorded in the lead-in zone and the | ead-out zone.
The figure shows a typical DMA with a size of 32
clusters. However, the size of a DMA is not limted to
32 clusters. It is to be noted that | cluster is
65,536 bytes as described earlier. Acluster is the

sitRirbest miRkfednt R0€8S8HBY b0t rBLOHAwdAl Be Pl -2
di sk. A sector or a data frane is another unit having

QAd8ir2e sOhara§dierty tieForhBtsSon B Hddelekol £hé&OMMAS g rof
32 sectors or 32 data franes. In expressing the size

aheusepMbatad/dhecseetion is tieguinml ot tRet AEDMiAliE
frame. However, the sector is a physical data unit

whiel @DEAJRES Bdanmisked ap) 0girsalhdabptickl tdisAn 1addr ess
is assigned to every sector. A physical 57 sector
dddaesseds sarfaed-tadassa RoNdRRysi caFoSeet ain
Nunber) while a logical sector address is referred to
ascoadeSNof Lidgi daiMASeot othNUATIRMR)). mbett hecdyficadls
structure showmn in FIG 3, cluster nunbers in the
tangefdrted 32 athe ANBsQgRedcliar ever yldernate-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. However, the sector is a
physical data unit while a data frame is a logical data

unit,

An address 1s assigned to every sector. A physical

57




clusters of the 32 clusters as nunbers indicating the

| ocation of each data in the DMA. The size of each
data is expressed in terns of clusters. In this case,
each data has a size of 4 clusters. In the DVA,
cluster nunbers 1 to 4 identify four clusters formng-
. a segnent for recording a DDS (Disc Definition
Structure), which describes the disc in detail. The
.contents of the DDS will be described I ater by
referring to FIG 4. In actually, since the size of

18+ o PDSi Se N6 L1 UFLE eaqf OYT 5 d dderﬂsﬁNC%thg@atao%ge%tor

recorded in the segnent. ust er nunber

INGBREES Vil O L£11U3f; ' gREN
record?ng DFL #f%%&ﬁﬁgh8%2£€%gﬂkgf%§tq?e%%é%ﬁﬁﬁ? g?egs

Qf ranDitoddefededtbst dumdde) si ze of data stored in the
defect list is four clusters formng a |ist of

i nformatd ameOonypl el NAt:8 AdALLS888n Therrd.NROr BRL L oL
on alternate addresses is referred to as DON entries

eumbELs /1 1S .rahiese eatid es-MddsiBa-dessrd-Req 4
‘later. 58 Cluster nunbers 9 to 12 identify four

chusters of amd ng a1s8egRNtad FurbReqr dhatedHilng#2ne
which is the second recording area of the defect

Lbsktidbersecenddaesoldli f1g: anga | 8né adiwed Bychh@ata
third and subsequent recording areas DFL #3 to DFL

#6, eMpit€dbed 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 of‘the
DDS is one cluster,lfour 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 alternate addresses is referred to as DOW
entries dr DEL entries., Thése entries will be described

later.
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each have a size of four clusters. The four-cluster
segnment DFL #7 used as the seventh recording area of
the defect list is identified by cluster nunbers 29
to 32. As is obvious fromthe above description, the
DVMA having a size of 32 clusters includes seven
recording areas of the defect list, i.e., DFL #1 to
DFL #7. In a wite-once optical disk allowing data to
be recorded therein once as is the case with the
optical disk 1 provided by the embodiment, in order

tor ec%ﬂlstcégnhﬁ#{ggrgf S a‘t% d, En%?fgefc?érls%l%ﬁﬁtt%rgar ry

out a process re rred to as I na IS case,

tft&q:m§.ﬁ§i é:é:b%e%@ D'g_g%r ?egg gz[rgge ElL #2EVEN: LRCS %dét}*%g

ar eas I nce’ the stfucture

f = I l,ywi th that of the
%%C%Q%Téﬁ%%¥§f?-a§eg Ef PH% &%%%%'?g bé descri bed

later, THQﬂSQEQBHOPeS%I&IHE éyéruggufglfgwéJ“% %Egcgﬁird

list DFL is omtted. a di agram show ng t

datiasshi c trSrpOfy ot c
at -t he b%%%ﬁt?ﬁg&é%mﬁ% 9%“ s B, B8 i

dasarhbed ahqve, okhgo@%mea_»ss' Zehofrnecickysier (=
65,536 bytes). In the data structure shown in FIG 4,

BbRe Qe i Br1, e upaai b OPnOTsd 1% heGLBBEAN P  addie PDFhe
having a size of
defect 1list is identified by cluster numbers 29 to 32.

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

In a write-once opticel 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
refefred to as ‘finalize’. 1In this case, the same
contents are recorded in seven recording areas DFL #1 to
" DFL #7.

Since fhe structure of the defect list DFL is all
but identical with that of the TDFL (Temporarj DFL} in
the TDMA to be described later, explénation 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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65, 536 bytes. A byte-count columm shows.the nunber of
bytes included in each data content. Two bytes

i ndicated by byte positions O to 1 are wused as bytes
for recording "DS', which is a DDS identifier
indicating that this cluster is the DDS. One byte

i ndi cated by byte position 2 is used as a byte for
recording a DDS format nunber of the version of the
DOS format. Four bytes indicated by byte positions 4
to 7 are wused as bytes for recording the nunber of
tovpeshbhe DPSsrdhass been updated. The nunber of tines
the DDS has been wupdated is referred to as a DDS
Updat e £HuiscriibeliSabovde cHOR@ hhata divd S one
enbodi nent, in the finalize process,
allbeesat e=agslr £5s gy@maagenent information is
additionally witten into the DVA itself instead of
bei ng usedHeodatupdathdhdhehlM. idherc. 4, byte 0 is
al t ernat e- address managenent information is stored in
tthe FOMAbed e dhel BegWihid@rof idMeODbbehdMhg i tee of
finalize process. Thus, when the finalize process is
é¥ehbaabyyecar Bi podt@tdqura TODBmAOs K& e hyimbPs) o of
the TDMA contains the nunber of tinmes the TDDS has
bgeas updalwetkd The catbr eémentdanechtnunber of tines the
DDS has been updated is the nunmber of tines the TDDS
has beélwoupdatedindoratday begsbiyndi sadiad dng loyte 1 are
positions 16 to 19 are

used as bytes for recording “DS”, which is a DDS

identifier indicating that 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 recbrding 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 addifionally
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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used as bytes for recording AD DRV, which is the start
physi cal sector address of a drive area in the DVA
Four bytes indicated by byte positions 24 to 27 are
used as bytes for recording AD DFL, which is the start
physi-cal sector address of a defect list DFL in the
DVA. Four bytes indicated by byte positions 32 to 35
are used as bytes for recording a PSN (Physica

Sector Nunber or a Physical Sector Address) of the
start position of the user-data area in the data

20 o P8y ShiRE | cPf_O% 9BMA°£ox"gFaglﬂJsseJh.Fh%ﬁbQ£ €3¢ 1] rlelle

data zone i s A Dus IS to say

the ToHE Ryl asdl & la%%gdas 13]\% %%orgfagn f&&é@'dﬁ%b@rp%'

(Physi cal Sector Nunber ating e position wth

N rleSNL L L OB E 3 4 SEPS uﬁlﬁg@&ﬁ )lé)ftl'%‘ n%ﬂ\BErbé/f et?imes the

i ndi cated by byte positions 36 to 39 are used

s hh9rnd&e argiatggan LSN of the end position of t he
user-data area in the data zone. The end position of

the usefsdabgrasedndifcdhe; ‘ﬂ%‘ %y%@ngob&fo@QéQBV\@m Hre
FIG 1. Four bytes indicated by byte positions 40 to

43car s By useEAs rhybes: AQras aqar, dihg chhes Size o Athe
TSA in the data zone. In the case of the format shown

phycDEaDfsddtGr abarkbe §fze HfidharkaAihstisetnat, 0.
Four bytes indicated by byte positions 44 to 47 are

::Jﬁgd asFduyt Bgtéor in@c@ Gyt Borsi ges 0fifach 4088 21 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 positions 32 tc 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 (Physical 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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data zone. In the case of the format shown in (b) of
FIG 1, the size of the OSRis set at 0. Four bytes

i ndi cated by byte positions 48 to 51 are used as
bytes for recording the size of the ISAin the data
zone. The ISAis the I SA on the second |ayer of a-
two-| ayer disk. One byte indicated by byte position 52
is used as a byte for recording a spare area ful

flag show ng whether or not data can be renewed by
using an TSA or an CSA. That is to say, the spare area

fdlely Bl %Jcés uggd fe%or'dﬁ@gcgfuigy dhal otfh%hésﬁsﬁnﬂn Lhe,

OSA have been used up entire One byte 1 ndicated by

Ritce RESELT an Bdel eayéegf AEnd rIULE él%wrﬁ ecor@ing rarrc.
disc certification flag. Thus, this byte is

aut heat k¢al i On Slatrdg 9k the optd.cal disk 1. Four
bytes i ndi cated by byte positions 56 to 59 are used

as byt egod:0h i 860E Al NGafed a5F YR Lok AU 665 to 47 are
poi nter. Byte positions other than the byte positions

@%e&eggfb&)@é’s %%V%eéb%dﬁﬁéeﬁl\{@dsl(z@ odndgthnesh andral |
filled with codes of O0Oh. I n the DMA, informati on on

akbtar Bahe: adedr eas capdagemay fosmhecordlad i @)dakaric.
structure like the one described above. As explained
abovee bO¥®\®T thhesg Kkngst at 0.

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
Eyte 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 flag is used to
‘indicate that the ISA and the 0OSA have been used up
entirely.
| One byte indicated by byte position 54 is used asra
7 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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of information are recorded in a process to finalize
the optical disk 1. In this process, npbst recent
informati on on alternate-address managenent is
transferred fromthe TDVA to the DVA. Information on
def ect processing and information on

al t er nat e- addr ess managenent carried out due to
renewal of data are recorded in the TDVA descri bed
bel ow and updated fromtinme to tinme. 3. TDVA 3-1
TDVA Structure and TDMS. Update Unit The fol |l owi ng
ARSCHiPEHOALEUP| Bt ScB THMA PEOLARG i nkR) tB8d a11
managenent/control information area, which is shown

i1 1Fk@ withasoshowE igpnFl G 2. Much i ke the DMA, the
TDVA (Tenporary DMA) is an area for storing

i nf or mati atheomMal, t ehPatEatAde %S amessgereMddrEie TDVA
is “updated by indrenmentally recording additiona

imahalyEREhONi s e AridelN ah €a adigh £ 55 riRRage NEMte WIRN R
al ternat e-address process is carried out at renewal of

dizlsaribed dsb@ed | onsoéxgiefierid a63vE| GowdAA,0 t9Bsar Rinds
di agrams showi ng the structure - of the TDMA. As shown
iof EhGSrm&A @nthreBreactypd cil sipgecest 8o THME 1Irevicded
in the managenent/control area is 2,048 clusters. FIG
SGtisad disigriam shovhiy dreestl uabsit erdfedth@nformation
‘on alternate-address management is 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
A.in the management/contfol informatién area, which is
shown 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 additional information
on alternate-address management when an alternate-address

process 1s carried out at renewal of data or defection of

a defect.
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TDVA 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 1. The TDWVA structure corresponding to the
format = shown in (b) of FIG 1 will be described |ater
by referring to FIG 16. The first 2 clusters at the
begi nning of the TDMA,” i. e., clusters CLO and CL1,
have the functions of TDMA indicators. Cluster CL1 is
an ATDMA indicator, which is used for recording a

struct ugsd n%h”@b”ﬁD@nﬁP%ﬁag%ﬁﬁgtsﬁg%¥% (£HEH§QE§E¥ure
Disk Definition Structure) to be descrl% | at er when

bR enaBthen, | ﬁsrgﬁ&ﬁrd%.ql it clshe sATRMA 54 A@'éﬁggh size
TDMA) for the first time. Cluster CLOi's a

brdicabex pml‘a@dl $nused rﬁﬁade%@ﬁ”c%ﬁﬁt?@fe&s@é ¥s
information read in the formshown in FIG 3 froma

el gr ecedderEDMB (Tenporary D sk Managenent
Structure) to be described |ater when data is recorded

in  theiYAsc64s W tdy 28kt BebWERg A KLa-Ueeeeded ik
cluster CLI, this cluster indicates that the npst

meﬂ.enmax}rlal\@acanzeepfrga@asf rQRstBe s ATRMYe Wi, hthe
necessary information already recorded in cluster

Ecuctiis tlowst e¢h Fndi ot eortRabohhe &P | £dmadi SK 1
~has been finalized, being put in a wite-

including the alternate areas ISA and 0OSA 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 the TDMA,
i. e., clusters CLO and CL1, have the functions of TDMA
indicators.

Cluster CL1 is an ATDMA indicator, which is used
for recording a structure including a most recent TDDS
(Temporary Disk Definition Stfucture) to be described
latér when information is recorded in the_ATDMA
(Additional TDMA) for the first time.

Cluster CLO is a DMA indicator, which is used for
recording necessary information read in the form shown in .
FIG. 3 from a most recent TDMS8 (Temporary Disk Management

‘Structure) to be described later when data is recorded in

" the DMA.
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protect state and the nost recent information on the
optical disk 1 can be read fromthe DVMA, Custers CL2
to CL2047 are used for updating information on the
optical disk I and information on alternate-address
managenent. A structure including the information on
the optical disk 1 and the information on

al ternat e-address managenent, which are recorded in
cluster CL2 and subsequent clusters, is referred to
as a TDVS (Tenporary D sk Managenment Structure). The
TDVS i siipdat edrbychperementa) I coeaes ding1addit cenal
information into the TDMS in TDMS update units each

havbnglassez €iddidaftesr 8RgE dhd Gnd¥ClruSERE STDND din be
sequential recording node, the value of Nis set at 4.

readt heoe asiee ofTrA2- |y rdicelssat-ReiMabiigtafonNal $es€f
at 8. In the case of the TDMS shown in FIG 5D, for

exaopied an fdlnsiceFDVBOppeiaie dMidtravhfgccsd 28a6f the
cluster is recorded initially in cluster CL2. Then, a
sptbcall TE Updatsebeaht el @ PezfgOpudl 0l Ustetities
65 recorded in cluster CL3. Subsequently, a third TDVS
ppdat et widtehavidngha soze ofcehiclingbensticn recanded in
cluster CL4. Since the information on the optical disk
¢pahckl hiisk rif crmabeoreadh Aldrerdhat eMaddr ess managenent
must be

Clusters CLZ 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
optical 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 update units
each having a size in the range 1 to N clusters. In a
sequential recording mode, the value of N is set at 4. In
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 1

cluster is recorded initially in cluster CL2. Then, a

second TDMS update unit having a size of 1 cluster is
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updated, the TDMS is continuously updated fromtine to
time by increnentally recordi ng additional TDMS update
units into subsequent clusters as described above. A
nost recent TDMS update unit is recorded into a

cluster imediately followng the cluster in which~--
the i medi ately precedi ng TDMS update unit has been
recorded. |If a sequential recording node is set as
the recording node of the wite-once di sk according
to the enbodinent, the TDVS i s conposed of three

HRORALS ith -cBisted ERBS Qﬂﬁﬁﬁ%ﬁ@ﬁ¥l§&s§_ fAgnirbign
Structure), a TDFL (Tenporary Defett List) and SRR

@gag@sn&ﬁ@& HARGIILNG: »Bange | NfERLI 08) re JNGRG in
elenents are always recorded in the same TDVA. As
wiliktbe ¢escribed in detail later, the TDDS is a

structure for mainly recording information for

managersaice Qﬁetbﬁfagﬁgiic%ﬁgnthﬁeTEE%iééi AikkStl and the
showi ng DOW and DFL f entries representing actua

ahternat RoradE @3seiAb 0L MBIdQLs mERabbReot NBIsthard, the
SRRl is SRR (Sequential Recording nge) nmanagenent

uplietemt iR mesgr dedcbi: {heusser udakte6raedinkheo
sequential recording range in this case corresponds

toma By ackreebathedyt f: @SndidPPRAC0EhSRSL @MEDyupaRdea
DVD. FIGS. 6A to 6C are diagrans each show ng the
units into subsequent clusters as described above. A most
recent TDMS update unit is recorded intoc a cluster
'immediately fellowing the cluster in which the
immediately preceding TDMS update unit has been recorded.
If a sequential recording mode is set as the
tecording mode of the write-once disk according to the
embodiment, the TDMS is composed of three elements, i. e.,
a TDDE (Temporary Disc Definition Structure), a TDFL
{(Temporary Defect List) and SRRI (Sequential Recording
Range Information). These elements are always recbrded in
the same TDMA. |
As will be described in detail later, the 7TDDS is a
structure for mainly recording information for management
of the TDbMS, and the TDFL is a list showing DOW and DFL
entries representing actual altérnate¥address information.

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

‘Range) management information recorded in the user-data
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,Structure of a TDVS update unit. Each TDMS update
unit includes a TDDS having a size of 1 sector. The
"TDDS is placed in the |ast sector (or the |ast data
frame) of the clusters conposing the TDVS update
unit. If the TDMS update unit includes a TDFL, the
TDFL occupi es as many sectors (or as nmany data
frames) at the beginning of the TDVS update unit as
required. If the TDMS update unit includes SRR, the
SRRl is placed at the end of the TDMS update unit at

SBCLQr SThd GeiRnFREE $886+A1y RGeSRRI tRCEURILS as
many sectors (or as many data frames) inmediately

RIRGedbBHdl Neo TDRS 2% reequiégd:o RHG aﬁengso@hg'f@,graamn
showi ng a typical TDMS update wunit including SRR and

anfDBSpvihi s typi cal TDMS update wunit has a typical
size of I cluster with the last sector (or the | ast

data freres.3kp ysedcfOFe rénandinagehBe JERS.ng R SRR
has a size of Msectors. That is to say, M sectors

istredicatel yf pf avedi ngabhe IRDS acgcusesd aipddtecending
the SRRI. These M sectors begin with data frame (31 -
WMhcandeensl mwrich ndatagf kasez80ef .166e0kbee i MR €al
TDVS update unit does not include a TDFL, data frane
Plhoedaim thHamasE38ectd)y adce tHd lllaed "pt fhamer @ fdaha
of 00h. FIG 6B is a diagram showi ng a typical TDVS
gpdaters 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 regquired.

‘If the TDMS update unit includes SRRI, the SRRI is
placed at the end of the TDMS update unit at sectors. To
be more specific, 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
unit 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 sectors begin with data frame

{31 - M) and end with data frame 30.
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unit including a TDFL and a TDDS. This typical TDVS
update unit has a typical size.of K clusters with the
| ast 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 of the TDMS update unit are used for storing
the TDFL. These N sectors are data franes rangi ng
data frame O of cluster O to data frane (x - 1) of
cluster K where notation x is an integer satisfying

the fold:Qucngnigquabi ot 7oms MRt 32t -qoks FbRCE
this typical TDMS update unit does not include SRRI

dabanhié amerpr 0 Baka rtEAgeo 3O AR S iekhad vpo Wi)h .28 0
data of 00h. FIG 6Cis a diagramshowng a typica

FOMBedpalatid tHiNidrd BgLNdbAG@ TOFL, SRRl and a TDDS,
This typical TDM5S wupdate unit has a typical size of K

clustengay it theal @51 S8CsRbwisgdaf Ofp A0SR b BE
TDDS. In this case, the last sector 1s data frane 31

ahitl usdBidilag 1f ThRe o PR s .a 8hze QfpiN=3eebess,
the N sectors at-the start 68 of the T updat e unit

‘ap@atisachiftomast ar kRgitde iRl .or kKnesasPhS£G6HiehS +ake
data franmes ranging fromdata frame O of cluster O to

data ddem (sed Iprofecdusiliey th Tody, ThetBRRIchas, a
size of Msectors. That is to say,

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
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 00h.

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 XK. If the

TDFL has a size of N sectors, the N sectors at the start
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M sectors imredi ately preceding the TDDS are used for
recording the SRRI. These M sectors begin with data
frame (31 - M and end with data frane 30 of cluster
K. If an area is left between the TDFL and the SRRl as
shown in the figure, the area is filled up with zero
data of 0OOh. It is to be noted that the nunber of
clusters conposing the TDMS update unit varies in
dependence on the sizes of the TDFL and the SRR

FIG 7 is a diagramshow ng a state in which

agidihjconal;s TRV whdatie upit §s£@vieolrf)%%§é‘g.?§r EAEM &M Y

recorded. For exanmple, first of all, i onal TDMS

update nubkit #ds had RAt@ %EgﬁegfréhdﬂnﬁsEQBﬁ E§ta frame 0

incrementally recorded. Then, additional TDMS update

WH (31 #2er #3 to -ddbs Fram@y (A€ hhgemeptakly (pdded.
Assune for exanple that it Is necessary to update a

TDFL, SR spribakl 2 sTiFloand sRBbrs! N =der st 0o say,
update a TDFL, an additional TDMS update unit having

M@ estbUSt e d Wy bReEL&E nHBHeS Th@g0Ldedused for
increnentally. In order to update SRRI, an additiona

HWorupa@t endRrRINAVEIREsd he B tobEUstyl € WwhAWRIR Fh&e
6A is recorded increnentally. In order to update both

3 3TDFLupnsh SRNG varhaddibi pRale BOVE: updater umj t

havi ng the structure shown in FIG 6C is recorded

I ncr emertt ahl Yrehf ist14 5t NRGEOSSAr Yhé oThipdaire; SRBlI SRRI as
shown in the figure, the area is filled up with zero data
of 00h.

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

FIG. 7 is a diagramrshowing a state in which
additional TDMS update units have been incrementalily
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 incrémentally added.

Aszume 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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but not a TDFL, for exanple, the increnentally
recorded additional TDMS unit has a format |ike one
shown in FIG 6A. In the state shown in FIG 7, TDMS
update unit #y is the nost recent TDMS update unit.
As also shown in this figure, a TDMS update unit

‘al ways includes a TDDS. Thus, the TDDS included in

TDVB update unit #y is the effective nost recent

TDDS. This nost recent TDDS points to effective SRR
and an effective TDFL. TDMS update unit #y in this
exaupteré SShowdCEAMENS Al d3 1LGIdRAHO HPEB SRRy, 1In
Thus, the nbst recent TDDS included in TDMS update
uBiér #yo NBkRS <t Beth SRRIDFT naldided 1, Nad DM Uda-a gnMb
#y effective SRRI. In addition, if the TDFLm i ncl uded
ippadDMVBantpd alae i ng Nt ke #t i nAlshdwd DEL, Fide aosts
recent TDDS included in TDVS update unit #y makes the

Tekbmdddndedenta TOMS 1Wpdat €sufnédéedbargn tef ipahty esrRRI

TDFL. That is to say, in TDMS update units

bucrrenerd aidry., et osttahfer,oraHel ARcEkemén el Iy relcdstied
CL2 and subsequent ti 70 clusters in the TDVA shown in
OGS 1dmlt @DED, ubhe NEEDS forelatidedkée norndesHmmsit iheeeat
TDVS update unit is the effective nost recent TDDS
pointing to effective SRR

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 #y 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,inclﬁded in TDMS update
unit #x is a valid TDFL, the most recent TDDS included in
TDMS update unit #y makes the TDFLm 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 subseguent
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- - to the contents of the DDS in a DMA described before by

and an effective TDFL. 3-2: TDDS FIG 8 is a diagram
showi ng the structure of a TDDS (Tenporary Disc
Definition Structure) recorded in the |[|ast 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 simlar .to the contents
of the DDS in a DVA 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,

a8 u@xBLal nedeieardil Bywheh 8T Fidg, t9 EbGsp4, ol ¥bps
byte positions 0 to 59 of data frame O are defined as

tihe1uasuah @Q@Eﬁﬂﬁ§r@&eﬁheTQ@§14%&@% LbSitt O S@Ye the
actual contents of the DDS are recorded in the first

SEEketi (Ormodtherddedntt T8aEa Hkaieidn Dl%ftot heretpstersraor
this reason, .even thougﬁ the T has a size of only

bn&eghOéffééﬁjvéﬂﬁﬁmﬂ_ contents of the DDS can be
accommpdated in the TDDS. As described above, the
BBRS iogn the | ast sector of the last cluster of a
TDVB update unit. Thus, as shown in FIG 8, the TDDS

I s recamdedsat shyt @i @sdrt | MBwiGgt @hd 1s 2n4lir@f odakarTpns
frame 31. Byte positions O to 53 of the TDDS are the
SaaRpatary Mose: Ok rihetDBS. sThattdre)t @esaydedhiah theDDS
1s recorded
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

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 DDS. 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
TDDS.

As described above, the TDDS is in the last sector
6f the last cluster of a TDMS update unit. Thus, as shown

in FIG. 8, the TDDS is recorded at byte positicns 0 to
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at a finalization tine, the contents of byte positions
O 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
TDDS are used for storing a DDS-updating count as ~ -
expl ained 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

ROYlsti QRSyLA, tH. A Ixg maintained at 0 till close

processing of the optical disk 1 is carried out. The

cl ose QQQQ?%SSQQiEﬁsp50&§%§§Q&'Eﬂei@BﬁQiéﬁigﬁé same as

increnental 'y recording processing descri ove. In
tthesel gserid anessi fgar the tPR2,Cr GALL Ofﬂelﬁ%érits recorded

recorded at byte positions 4 to 7 and fect-11st

%Eaﬁtffﬁgifﬁﬁﬁmﬁ§419k,b¥ﬁs égﬁﬁéﬂﬂ%n§f26¥£9 %8%f€§éns 0

copied fromthe nost recent TDDS at a finalilzation

Rei B b tHLRAG! reebytDyhes RO Lielscfeb0i{ @RA byte
positions 24 to 27 of the DDS witten into the DVA

rBybedposhdd .ons 1, 024 and subsequent byte positions
in the TDDS are used for recording information not 72

recorded iR thebOOHtdd Hrstt Q?IB@ pod ad dhats, tonst he

~TDDS shown in FIG 8, sonme of contents of byte
posetpedis ibr324 tandasybsggians ByhetpOSThhONS-ARBed

el imnated and only

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
till close processing of the optical disk 1 is carried
out. The close processing is processing to inhibit the
incrementally recording processing described abofe.

In the close processing, the TDDS creation count
reccrded at bytg positions 4 to 7 and_Ehe defect-list
start PSN recorded at byte positions 2; to 27 are copied
from the most recent TDDS at a finalization point to
:espectively.byte positions 4 to 7 and byte positions 24
to 27 of the BDS 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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contents rel evant to explai ned processing of the
enbodi nent are shown. One byte at byte position 1,024
is used for recording the recording node of the
optical disk 1. Four bytes at byte positions 1,032 to
1,035 are used for recording the | ast 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 ATDVA.
Four bytes at byte positions 1,120 to 1,123 are used

fQlc o @8ar 8hngnt Nend | 5t PN Ofd hecLir §ﬁa@' %t ec"heofmns
the TDFL. Every 4 bytes thereafter are used

HHKmNGnt Rec. f& ) S§onRSNrOkogRCH: Of o *E%;t%egE}E‘ﬁti&se'lQWzQ
clusters of the TDFL. The first PSN”of the first

Andsk8bs8bubhe gL tbeitibes fdFste BN nakeihengighth
cluster of the TDFL are used as the pointers to their

respeatkVeecbusierny ak mgné@%{oce%%ﬁaow tie FIG 7,
the pointers are used ?or indicating an effective

ERbbdient byd eshaln . byte positions 1,184 to 1,187 are
73 used for recording the first PSN of the SRRI. The

first deNwfet be SRR piittisnt @, bhe SRRIs@ndoks used
for indicating the effective SRRI as shown in FIG 7.
recording the recording mode of the optical disk 1.

Four bytes at byte positions 1,032 to 1,035 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

ugsed 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 TDFIL.

Every 4 bytes thereafter are used for storing the
first PSN of each of the second to eighth clusters 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 ianIG. 7, the pointers are used for indicating
an effective TDFL.

"Four bytes at byte pdsitions 1,184 to 1,187 are
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Four bytes at byte positions 1,216 to 1,219 are wused
for recording the next avallable PSN of | SA.  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
processing, the PSN of the next available sector in
the I SA or the OSA 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

als oy tre r PRSES F QRS 159201 19¢ 29%83@&ﬁeugﬁﬂxf OlrheSEQEENT
the drive ID. 3-3: TDFL Next, the structure of a TDFL

(FRameer ahy 4D poantgxn@batz_m@obaaﬁs adeseLi hegy akave, the
TDFL is updated by including a new TDFL in an

dediitbeonad tHIVE rtupdat ecuskks 44 shenTPRLFBETr uct ure
shown FIG 9, the cluster nunber/the data-frane

nunber Firt Bgtagnberppfe HodiwsbRE 1) Mmé he TDBLsage t he
nunber of a 2,048-byte sector in the cluster

udent £br ecbdnrdihg ehushext neEL1A detiacf rayme  byte
position is the byte position in a data frane
i dent i fHced bytébeatladed e tauAber, 224 i Xt ¥28 oatre
bytes starting with a byte at byte position O are
used for stcridiggatAbFhefTenpanabyeDefecér ddast)
header descri bi ng managenent information of the

After the ISA or the OSA is used in alternate-
address processing, the PSN of the next available sector
in the ISA or the OSA 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. As 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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TDFL. The TDFL managenent information included in the
TDFL header includes information indicating that the
clusters are TDFL clusters, a version nunber, a TDFL-
updati ng count (or a TDFL-recordi ng/ updati ng count)
and an entry count indicating the nunber 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 tenporary |list of defects. The

t enpor ag ik 4yi-Fovef bed £cd s dticludesnaa Wy ald byyaf

i nformati on bl ocks, which each have a size of 8

ysesiohf 0 Netdfigiemmtbensbbocks ArEHLNCTMEeS-AH, et
tenporary list of defects, the size of the list is

Thes) Ne2d8r hides.ibARgi Hh0s Feildan iblreeka i dd & sirze of
8 bytes is a piece of alternate-address information,
geFuing as a DOW or DFL entry. Essentially, a DOW
entry is the sanme alternate- address information as a
DFL entThe TDRLOh&Sigdn@entake fblttatexplanatided in the
convenient, a DFL entry is alternate-address 75
TAFbrivedden iofcladdef bofonres tairen indl bet BnPAN=antuhe i S
al ternate-address informati on used for renew ng data.
Sinsec DOWN'DPELcEns té£85, &t eifsaeassetbdn) a TDFL-
updating count (or a TDFL-recording/updating 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 subseguent byte
positions are used for storing a temporary list of
defects. The temporary list of defects includes a
plurality of information blccks, 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 bytes 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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virtually the same alternate-address processing, these
entries may coexist as information blocks in the
tenporary list of defects. The tenporary |ist of
defects is thus a collection of a plurality of DFL
and DOV entries. The maxi num nunber of DFL and DOW
entries is 32,759 in the case of a one- |ayer disk.

. The tenporary list of defects is inmediately followed
by a tenporary defect |ist termnator also having a
size of 8 blocks. The tenporary defect |i st

LB RREGEn] B Lalefh AR endQf i N LEHRAN 3y i 8§ Of
defects. The area in the sane cluster as the tenporary
defeoihalcbShakifL 98 Nl Qrra% 1bh! h 8Lk UR, With 9athg Qhc D, to
the end of the cluster. FIG 10A is a diagram show ng

the strycdad @ ahiie nr8- byt e LOVRNLEY-885¥h NtH as an
information block. It is. to be noted that the DFL

aftlnanas the sane fidmktasabdee s PINRRLEY ng [higesd he
DOWVentry has a size of 64 bits. Four bits 363 to b60

adre UseUmb PrcsBeydiang istratmstidon HiWRIMsy i@l gt bits

b59 to b32 are used for. recording 76 an

aldmporat - Dhiedr ardr@icral, address, that is, the first

PSN of the alternate-object original cluster. The

a,lh't eLnaIkﬁe akpgetaeli pisal cndidifesssi $saphasd essl.lcattion
ic

of a plurality of DFL and DOW entries. The maximum number

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 terminatof 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
8-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 has a size‘of 64 bité. Four
- bits b63 to b&0 are used for recording status 1.

Twenty-eight bits b59 to b32 are used for recording
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data is supposed to be recorded originally, but is
replaced with the address of another |ocation in

al t er nat e- address processi ng. The address used as a
.substitute for an alternate-object original address is
referred to as an al ternate-object replacenent

address. Four bits b3l to b28 are used for recording
status 2. . Twent~-eight bits b27 to bO are used for
recording an alternate-object replacenent address,
that is, the first PSN of the alternate-object
replacemrate cdbbid@ oridenaRaniNgss Hf Shat UseSthe and-4
are explained by referring to FIG 10B as fol |l ows.
Stsat ugeshd antkrhdiei-bsettabrifOAD Jindiceat e dhat  the
DOWentry (or the DFL entry) is ordinary alternate-
addeesstenblofermt iaaigihalt hadease iof =@r duAak¥s, at which
al ternat e-address informati on, the entry corresponds
tdatal ter sateadtiresde peocesst ngricaneiled, ophtt Os
process a cluster on the basis of an alternate-object
cepbgienall addr eds andransabf esmaiter 0biaetohephacenent
address, which are recorded in the entry of the
allternate-aiitheess pirotosmhb g on.ThEhatidiss 4 Quskl sa@ya t he
entry corresponds to alternate-address processing
sabstethiutfdro anepéwedat be ovb pldierayenatida®ssess is

processi ng based on detection of a defect.
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-cbject 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 DCW 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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In the case of a format including a set alternate
area as shown in (a) of FIG 1, the alternate-object
repl acenent address is basically an address in an | SA
or an OSA. In the case of a format including no
alternate area as shown in (b) of FIG 1, on the
ot her hand, the alternate-object replacenent address
is an address selected in the user-data area. It is
to be noted that, as will be described later, even
for a format including a set alternate area as shown

igr,aknef ety doraddRinaiat @caddr £5s. fU-Qe@sskog may be
carried out by using a region in the user-data area in

§HTRc6R38§. chPr SHEIHAATRS rehBf @bt LT 1aAPHEEL -address
repl acenent address is an address selected in the

yEeicesdaha BASSd S altsesibnapt 2 &8tedt. 0000' and
10001" respectively indicate that the entry includes

start Bddessescusedai PfobtH1Stirl10ek ngl & esdatataddeess
processing. Statuses 1 and 2 set at ~0000' and 10010

eepeati yedéyn i ndi cat eft Fat. t he & ral derahudesn phnst
addresses used in burst-block alternate-address
preplessinegt ddterqysodesbhbfch Bl @l dreramiresaddi ess 168 or
processing carried out on a plurality of physically
e@oNDBRAUOUS: glhestess &f eat@dneal lieetliudehy . nolhdteraate
say, an entry with statuses 1 and 2 set

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

It is to be noted that, as will be described 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 area in
some cases. In such cases, the alternate-object
replacement address is an address selected in the user-
data 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 ‘00107

 respectively indicate that the entry.includes end

‘addresses used in burst-block alternate-address

processing. The processing is alternate-address
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at ' 0000' and '0001' respectively includes the first
PSN of the first cluster of a plurality of physically
continuous clusters treated collectively as one

al ternat e-object original cluster and the first PSN of
the first cluster of a plurality of physically
continuous <clusters treated collectively as one

al ternat e-obj ect replacenent cluster. An entry with
statuses | and 2 set at 10000' and '00101
respectively includes the first PSN of the |ast

phrusbesind carplivuabiit YoRfa phiisdaaaklyo € optfuuQus v
clusters treated collectively as one alternate- object

@bh@ii Aabus Wlustersandeibed fdd1SlecRSMe0f . t he | ast
cluster of a plurality of physically continuous

cl ust ermater eat 6l s£pl |8Ctdntelyywash 0N flsker Nakfg opj Aot
replacenent cluster. By using the above two entries,

Bt €000@n LBt rYoowm the§§&i&h§z%ﬂ.ylJ,ﬁﬁﬁuci’e§e€heatf13£@QOQSN
and 10001" respectively and an entry with statuses 1

andtReseirsat c1hB009' cand JONEALlcrespesivasiapiyit i s
possible to carry out alternate-address processing on
aoptimadis yloktephysteatddy @onecbuveby dusiers treated
collectively as each one of alternate-object origina
ahtereptactient 79iginst erisistEhabnd Stied [ayt PBNObHer
to carry out alternate-address processing on a
pher &lidly adusphysefad |pluredrhitiynudush ywd iustiays coneateshs
coll ectively as each one of
clusters treated cocllectively as one alternate-cbject
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 continuous clusters
treated collectively as one alternate-object original
cluster and the first PSN of the last cluster of a
plurality of physically continuous clusters treated
collectively as one alternate-object replacement cluster.

By using the above two entries, 1. e., an entry
with statuses 1 and 2 set at ‘0000’ and ‘0001’
respectively and an entry with statuses 1 and 2 set at
‘0000 and 00107 respectivély, 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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al ternate-object original and replacenent Clusters, it
IS not necessary to provide an entry for each pair of
al ternat e-obj ect original and alternate-object

repl acenent cluster. Instead, it is necessary to
provide only an alternate-address information entry
for the first alternate-object original and

repl acenent clusters and another alternate-address
information entry for the last alternate-object
original and replacenment clusters. The DOW and DFL
eNLELESs COGRRSt 18Ntd e TDRL bRatbero Sade-f appat . Wen
the optical disk I according to the enbodinent is

RRUBELLE OV By ARPREBEHSS Y I NP18@hRity of physically
al t er nat e- address processi ng power, however, the DOW

abeltifiduLrdldseerar erédted HANRCRE €135z PRla @Nlhiees £SO
that, since a cluster read out at a reproduction tine

a8 te St} @aiEd o0 o2l b e ARt B RIS S REREESSIFIBrs, it is
normal Iy, reproduction conpatibility is sustained. In
addi heesssdly it Peeessarah dtegngbeesaa papparat us
havi ng no burst-bl ock alternate-address processing
hunetnaore-objest whedima DMAD alwerhbea-edjert
finalization time, that is, when the contents of the
resiaceaeent cIDEkear e isitkhap i6tos theddbkrat ta provide
finalization 80 time, it is necessary to reconstruct
they DEL diyernepeesétd g ia fphrnaal bh yerofrClidst €ehs first
conpl eting the burst-block alternate-address
ptocesdiengbijrcteonsyiofal 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 ne 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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their individual ordinary alternate-address
information entries. By representing a plurality of
clusters conpleting the burst-block alternate-address
processing in terns of their individual ordinary
alternate-address information entries, al
alternate-address information clusters each describe
ordinary alternate-address information of a cluster
so that reproduction conpatibility can be assured
‘even in the case of an apparatus having no
huimst, - Bkock ddysatetaddeessstacessi perfypct i on.
3-4: SRR and SRRI Next, an SRR (Sequential Recording
Rapgeleanth $RRIH1rSequenbi at1 RACHdi-a8pRapgey the
Information) are explained. FIGS. 11A to 11C are
tuagranBosS ol g riahe -staYE s HeskhagSRR cdhes R i's
a wite area (or a contiguous recording range), which
ithetigetnaheita isegdenbiral a1 toenndi-agdrede isradoptied
in a wite-once disk according to the enbodi nent. The
SRRrhas. f @yl eabpgsehaimftLplstblsty <d2 dimst>ssi m | ar
to those of a track on a CD. <1> Data is recorded onto
chepBRRnq thre bneseablogk aiddiressecdhfi@cés®prddessing
addition, the SRR can have only a 81 recordabl e-data
addtesss ref ehedd todasiduposireidhibpl - al e€otai g ddecss.
The address used as the postscript- recording point is
ahformefianr editirdeas abhl W e(rNexxkb-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 no burst-block alternate-address
processing function. |
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 &z write area (or a contiguous
recording range), which is used when a sequential
recording mode is adopted in a write-once disk according
tb the embodiment. The SRR has following characteristics
'<1> to <5> similar to those of a track on a CD.
<1> Data is recorded onﬁo tﬁe SRR in an increasing

address direction. In addition, the SRR can have only a
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Witable Address) or a next witable PSN. The
postscript- recording point of an SRR is thus the
start address of an area left in the SRR as an area
into which data can be recorded. As shown in FIG
11A, an LRA (Last Recorded Address or last PSN) is
the last recorded address in the SRR In the
foll owi ng description, a recorded address nmeans an
address at which data has been recorded. In this case,
the NWA can be expressed as follows: NWA = (ip

" t PSN
cpocdalg-ed gigrtst) b EOLe el Y o ?g“g*far st
n t b {a, s
22kB0REns MLy, 1088, fha J%Rds%ﬁe%&“?sﬁ%e bk

@@%gaﬁé P&B\Bntoflsaaqlse%éferfm alely figh! i ng a

cluster that iIncludes the LRA no data i s not

bk Bgb i ecRigad 4)nte ghﬁepﬁBer%ﬁl%e p@hherThéﬂm%tsw@ £~
NWA is set at the start address (PSN) of the 3>

Theo SRR g b ave 0Rg Skrt VO Kl ds ref S%E§EU§dd£4gast dfSan

ei ther open status or closed status. s a

diragr a8% 6 oW tHE: IRRORENarpRRre MUHHY lwmég @awldaablb%
SRR or an SRR having an NWA. on the other hand, FIG

14Bot 8@, di agram show ng a cl osed SRR, which is an
unwritable S9R or an SRR havi ng no NWA

As shown in FIG. 11A, an LRA (Last Recorded Address
or last PSN} is the last recorded address in the SRR. In
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 = (ip (LRA/32) + 1) * 32 + 1) (For LRA # 0)

il

NWA = Start PSN of the SRR (For LRA = 0)
where ip (N) is 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
immediately following a cluster that includes thetLRA. 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 stat;s, that is,
either open status or closed status. -

FIG. 11A is a diagram showing an open SRR, which is
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<3> A process to allocate an open SRR on a disk is
referred to as a processing to reserve an SRR On the
ot her hand, a process to change the status of an open
SRR to the closed status is referred to as a
processing to close the SRR <4> A plurality of SRRs
up to a maxi mum of 7,927 may exist on a disk. The
SRRs existing on a disk may include up to 16 SRR3
each having the open status. <5> An SRR into which
data is to be witten may be selected arbitrarily in

Yy rakdBlie dKR aGCQANBREE hWht Ay ath agiual ofet RO ©Qer hand,
using an SRR, an open SRR is reserved by allocating a

FEtagenBNt s  &f Rfrakh@nbish By Sy st RIBdN skRe fRI¥@Ards an
direction of file data and recordi ng nmanagenent

pfeitablons®f drhenf ske 8X6i€Mnd M.t he nmanagenment
area after recording file data onto the optical disk

k3>FI G prbkels) thSadl 6298 af THRW BERAcs i@ d gyout  of
- a disk on which data is recorded in the sequentia

recerdedgtdoge.a BiotBes Rk i €al rdlieskel andsBRRS onl the. ,
SRR #1 to SRR #4, exist. SRR #1, SRR #3 and SRR #4
atkeeabindn DpencSBR 83 whihe: SRR #ZakGsaot! £5egheSRBRR
Thus, additional data can be increnentally recorded
‘apt oht hel@ptd caktdbssks lrafteeiddato ak bhproexdsiwmg tabl e
close the SRR.

<4> IA plurality of SRRs up to a maximum of 7,927 may
exist on a disk. The SRRs existing on a disk may include
.up to 16 SRRs each having the open status.

<35> 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.

| FIG. 11 {(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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addresses NWA1, NWA3 and NWAA of SRR #1, SRR 43 and
SRR #4 respectively. A TDVS update unit descri bed
above is increnentally recorded to store additional
SRRl as information for managing such SRRs. FIG 12
is a diagramshow ng the structure of SRRl - As shown
inthe figure, SRRI has a size in the range | to 31
data franes. A relative data frane nunber in the,
structure shown in FIG 12 is-a nunber identifying a
data frame in the cluster. As described earlier, the

R i srplipced ih@osdPMypdate unit at a | ocat i on
i mredi ately preceding the TDDS recorded in the | ast

data frahg, 3%d9it£&§‘ai”&atta E% b Si ASSHIS 59 e%@@&!’c@ed
that the SRRI has a size of .sectors. In t IS case,

bheo SER dpﬁ:l@aqcﬁgsﬁtldﬁt_ %fﬂ?%rfe%f( Bie -ndft t&l%gblé
byte position in a data frame is the position of

Bu&Leddd havdat auhBagRy WithDWregrat A1 1k Wit fanhh@RR
byte at the beg| nning of .the SRRI are used as an

PRREe fipadarfigr. describing managenent information of
the SRRI. The SRRl nanagenent information included in

t he 84aSRBUshegéete iviGludescnbod rddvan ilsndheséhmdttally
that the cluster is the cluster of SRR, a version

peehelad ad sSBRE- 4RAaEi G ICORAYL LeTi@fbrmation for
SRRI - r ecor di ng/ updati ng count)
managing such SRRs.

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

As shown in the figure, SRRI has a size in the
‘range 1 tc 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
position 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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and an entry count indicating the total nunmber of SRR
entries, which are each a block of SRR information, in
the SRRI. Bytes at byte position 64 and subsequent
byte positions are used for storing a list of SRR
entries. The |ist of SRR entries includes a plurality
of SRR information bl ocks, which each have a size of
8 bytes. If N information blocks are included in the
list of SRR entries, the size of the list is thus N X
8 bytes. The tenporary list of SRR entries is

isEERdhal ey ijal 'd%\é’egn?é!nﬁ‘é‘t %%R'ln'd'lggt]{ éﬁ}ﬂ&t Qhedl SO

haV|ng a size of ytes. An area ng the SRR

h S r d.0 (VIS Ty
fll %E%}I?u{? ﬁ@ &g{ggggfo%h@@n 1%%}?2012 di agrrém%n

_ %hﬁﬂLﬁﬂdégﬁhéﬂaaﬁ%Euggr°£ntgﬁklJ§885r5§ﬁgﬁﬁpdé%ﬂﬂét@%ué%}

byte positions 0 an are used for recording an

SRR ah @, SRBh (i Qﬁ@i&ﬂﬁ{ Wsedods) ARMAGCTRNERR
“information of the SRRI. yte at byte position 2 is

esedi &9, MBCH dirB0ealh aS&FﬂoJkoerfagRﬁxm@éﬁ@éﬂc ids, tbg
nunber of version of the SRRI. 85 4 bytes at byte

- pR&i kNS 4 to 7 are used for recording an SRR
updat e count representing the nunber of tinmes the

SRRl has mee updated s@sftlon 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 8 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 terminatocr up to
the end of the cluster is filled up with data of 0.

FIG. 13A 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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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 nunber of open SRRs each having open
status in the SRRI. Bytes starting with a byte at
position 20 are used for recording a |list of open SRR
nunbers as a collection of the nunbers of all open
SRRs in the SRRI. FIG 13B is a diagram show ng the

struct ugecpfed ke blicst pofi ORAN SRRONUMREE Sus deAGh Of
the open SRR nunbers has a size of 2 bytes. Since the

|detiorafingpen SBR nipeesScotad Féstdiie tifgt Ohd @Y of
SRR nunbers, the list has a size of 32 gytes. If the

ruimdeer tak SRRN ISRRMekes GpBhtes =4 hayr 16, an area
unoccupi ed by open SRR nunbers as the remaining area

of the 4istrds afti bhed ppsditdhsdavatref19.arOprRdISRBe
nunbers on the list are sorted in a decreasing order.
\tken rtihag nambErR efntepesoRSréhitd Lase8g0the degtaases,
the contents of the list is adjusted accordingly.
Suoheano SRRKR hedddresi snfohdé osmexr i n the SRRI by the 86
list of SRR entries as shown in FIG 12. FIG 14 is a
di agr am show /g bhee stetictivire 16f 1anuSRR it rypcodthgl an
i shown in the figure is a nunber assigned to the SRR
epeny SRR count representing the number of open SRRs each
having open status in the SRRI.

Bytes starting with a byte at position 20 are used
for recording a list of open SRR numbers as a collection
of 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 numbers
can include up tc 16 open SRR numbers, 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 SRRs 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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whi ch corresponds to an SRR An SRR entry of an SRR
showi ng i nformation 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 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 b31 is used for recording a session start bit
i ndi cating whether or not the SRRis the initial SRR

| _ SR i's ¢! SR
i o s T Tyt S e T RE T 2 oA Y
dicates  tha tiar SRRCof e C 7
R S TR et T e LndeFhed
' 28 DLt s, to. b 3 '
A R P oebraen St caupear SaRRORTE el <t g T Tia

qgg&ilq%ggegggﬁhstgyﬂég sgrt he PSN of the end of SRR
#1 as shown in FIG 11. The SRRl including an SRR

header ANGERRRAEDLI LES2ASsHESHAREE ARPYEndSidtSed kAL

managi ng every SRR existing in the user-data area, the

HEReL 0k SHS of e BLsaddr £85,10fs, 038R FRRrant 48 bed

LRA of every SRR Inaddition, as described above,
the ML Next Witable Address) of an open SRR can be
conmputed fromthe LRA (Last Recorded

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 b31 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, kit b3l set at 1 indicates
that the SRR is the initial SRR of a session. That is to
say, the session is étarted 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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Address) recorded in an SRR entry provided for the
SRR If it is necessary to update nmanagenent status of
an SRR for exanple when an SRR is reserved, data is
increnentally recorded into an area starting fromthe
NWA of an SRR or an SRR is closed, the SRRl is used
to update the status by including the SRRl in an
increnentally recorded TDMS update unit. 3-5:

Al t er nat e- Address Processing for Format with
Alternate Areas The follow ng description explains
Ragkesal & eraaie-cr@ddnasenlr ORLSSE NG, dr9r sarf OMfMtaddition,
including pre-allocated alternate aréas in the form

Ak a8stSHMUYveaN tEBANRE (19OWH iR aEh S rddfdda) AF an

shown in FIG 15, an I SA (Inner Spare Area) and/or an

OBl ( Sxik ef 2SRy %oﬁb@@édafﬁqr@'tlm&@@d (@Bst I RSPecidyvel y
the inner and outer sides in the data zone as

- abiesvaf er AR USAdah OSRE A NG AW a8l B5PAERs SRR.
address processing for defective clusters. In

addi ti af, iwheB hBes€sd:Sy ad eguast HdfademdHt06@s$1LBYot 0
wite data into an already recorded address, that is,

anr SRRIESdr fadfamp leenR¥Rl afSHEGE dededatd, @dtd 3A 88
and/or an OSA are al so each used as an alternate area
incracdn@dllly reecordedditid art @@ Webhitefy i Mt tdhe Nwa
target address. An already recorded address is an
afldtressRRAtor an SRR is closed, the SRRI is used to update
the status by including thé SRRI in an incrementally
recorded TDMS update unit.

3-5: Altefnate—Address Processing for Format with
Alternate Areas

The following description. explains basic alternate-
address processing for a format including pre-allccated
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 {Outer Spare Area) ére 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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whi ch 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 OSA are defi ned
“in-the DDS and the TDDS, whi ch have been descri bed
above. The size of the ISAis determ ned at an
initialization tinme and remai ns unchanged thereafter.
The al t ernat e-address processing using the I SA and the
OCSA is carried out as follows. A renewal of data is

gi ven as an exanple. Let us assune for exanple that

theyvsr is @sd equest sboLaa, RIRGessi ag 39%914& da a

into an already recorded address in a cluster o e

HSEeha 0B} el ! Kk I a | Of
'dataargiofaeé%ﬁﬁn P%Eac§%steﬁ&qﬁﬁé%hﬁgEgé?§§QE%%§g t he

aRbteas ., dingkah réSay aré/l‘fdﬂc%doaggrgé§kls daf & e@RRet ;e
witten into such a cluster an the optical disk 1.

Hhush ddves datsAnk@nbeec¥ridd QheREQ 8 ghf&ashudsecor ded
address is actually recorded in clusters in the |ISA

88dEdes GBA.anThadxBE9CEE SkEH Qoaghial hys NeCO! ¢eddt-ded.
into an already recorded address is referred to as

al t er nahe- 3ddeesdr A aBRSShAYan Thea Al AeTRatigzaddk et
processing i s managed as a 89 DOWentry descri bed

BbOVend Tt TIPSt OwBayh HAiR addhesssefibéd Cpssker in
whi ch data has been already recorded is cataloged in
t he DOthenkiye asr athealtsar ngt @ 0dfeiGled 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 recordad
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 éddress is referred to as alternate-address
proéessing.

The alternate-address processing is managed as a
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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 cataloged in the sane DOW
entry as an alternate-object replacenent address.

That is to say, in the case of a data renewal, data
for replacing already recorded data is actually
witten into the ISA or the OSA and the

al ternat e-object original and replacenent |ocations
for the data renewal are nanaged as a DONentry
pewoefletly afestribEl kBotde THAMA. ikntotdHS WaY, adatdss of
recorded on the optical disk | can be ‘virtually

bebEuete £vian Wieughathenaptidal dirskd} t&cdrded is
wite-once disk, that is, the processing to renew the

datalegpeains theabbwabhery ad ey @3teinbtd-eoisisicem of
the host systemor the file systemor the Iike. The
arieimal exdatitisas anfr oeeSsldig:desar abethahve nctadedl $0
be carried out also for the purpose of managing a
tdeéerta dMhameaodef ectd velarted i1 dRielftdc0maan
optical disk, data to be witten into the defective
acrvaally lactualklytst creddtrilogadcitsties safneamOWSAnory
an CSA in alternate-address processing. Then, for the
psir posel igfrnajkt-ebnat e -agdraesmepttoadsse s} managenent ,
one DFL entry is 90 catal oged. 1In alternate-address
procesfhayg, idata day,achudhkyceseortled danackestesrs, afata
the | SA starting with a cluster

for replacing already recorded data is actually written
into the ISA or the 0SA and the alternate-object original
and replacement 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-
ﬁrite—once disk, that is, the processing to renew the
data appears realizable to the 0S 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 also for the 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
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at the | owest address in the increasing-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 | SA and
OSA clusters in which data is actually witten in
al ternat e-address processing are referred to as

al ternat e- obj ect replacenent |ocations. By the way, in
such a format, a portion or entire area of the OSA
can be utilized as an ATDVA (additional TDWA). It is
to e peyed that, in the case of this preferred
enbodi rfent, in the format including alternate areas

as descy berl Ahove.aLLELOAL 5 AL ESSABLOCLESING 1690

be carried out by using the user &4 area even aft

tfgﬁdyd%%rﬁﬁtglégégy% %ﬁ?%%k'igﬁegkéﬁkfﬁa W&Eh Qecluster

described l|ater. 3-6: DVA and ATDMA I n For mat

Vﬁt! hﬁiét 1%%@%”@&8::@5@?& ﬂg‘ iﬁlcqeia% iﬁgdgégfé‘g@ Sm&g_on .
a disk layout including neither |ISA nor OSA. A

shechal ther fats «ommid dhg WSE, 10 eale, atfL sk

including no alternate areas. Since the optical disk 1

h 1498 tB0LddNd 4198 R sk A NAL Yo H tiShRAt oakeRstdNE of
parameter of this conmand i's set to specify a | argest

S0 288 £APARIY 0 il ChsadanRsses §A0 e asiseRed. in
Jgich data is actually written in alternate-address
processing are referred to as alternate-cbject
replacement locations.

By the way, in such a format, a portion or entire
area of the 0OSA can be utilized as an ATDMA (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 in Format without Alternate Areas

FIG. 16 is a diagram showing a disk layout
including neither ISA nor OSA.

& special format command is used to create a disk

including no alternate areas. Since the optical disk 1
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explicitly setting the paraneter at a value smaller
than the maxi num storage capacity a little, the
function of the disk drive serving as a
recordi ng/ reproduction apparatus can be extended so
as to leave a region at the end of the user-data area
as a region wwth no address assigned thereto. In this
- enbodi nent, such a region is referred to as a spare
managenent area usable as an ATDVA. |In the case of a
format including alternate areas, as sinultaneous

T. L.ndi rs_provided_at the beqginnin f the

TR PBY PALPAS. R B-ARHA 2y LDEREASNAY, Bhet e

alternate
S

El h f af t i ncludi.

L e et Phe b hor "HARE, LAnByherd GPISEE! P SHIEd to
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FERRLSE P op L L peap e e Eat ndnel
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Hcehiatat %A% TR R mion, Thenefeli iy
IAEORTRE | @R Rl Qck-y A5 Lhe, %aaﬁi@{g'%?egzow@tim i's
used up for recording managenent I'nfofmation and
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serving as the 92 continuation of the TDVA ~“also in

ehusbercifd ludisadi2s aPaATRMA, I NCAL Qf cnl HE LAMAN S
of the TDVA information cluster are recorded.
assigned thereto. In this embodiment, such a region is
referred tc 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 CL1 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 CLZ.
Cluster CLZ is referred to as a TDMA information cluster.

In an initial recording precessing of the TDMA,
first of all, an information block is recorded in cluster
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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FIG. 17 is a diagram showi ng the format of the TDVA

i nformation. As shown in the figure, the TDVA
informati on has a size of 2,048 bytes fornmng a
structure for recording information on the ATDVA. In .
cluster CL2 used as a TDMVA information cluster in the
TDVA, the TDVA information having a size of 2,048
bytes (= 1 data franme) is recorded repeatedly 32
times. The basic structure of the TDVA information is
the sanme as that of the TDDS, which is shown in FIG

%oﬂrﬂ‘Enuéﬁmr{ an tt‘ﬁet H‘%MQDS stgc?% 'Jlqult(e:& éLlI&? s an

necessary, however , to'set” sone par anet ers

%ﬁ&gr ents £4Qm, the @SEEQﬁtQ%f%he&%M%f 1}19?02@%11

is to say, in the case TDVA I nformat 1 on,

%qggtgg 1he pargnpters are set as follows. 4 bytes
starting wWith a byte at position 40 as bytes to be

used fasrg eqording & ﬂnz%hgtuhgetﬂlé%ém of §H@rﬁm

Area) are set at 0. 4 bytes starfing wth a byte at
RAsLELOPi 4. as Dbytes 'to be used for recording the
size of the OSA (Quter Spare Area) are set actually at

a_val ua:okhalRedn agnd A3fresUkhe Ofipii Vi@fd}%aﬁ:fignpﬁ%
Size expressed in terns cluster units by 256. 4 bytes
staet bnp Wdsh b3 thY¥t eophi AP t4Q0 1048 8Sr recording
information on the ATDMA.

In cluster CLZ 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 folléws.

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 aé

bytes to be used for recording the size of the 0SA (Quter

Spare Area) are set actually at a value obtained as a
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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
informati on as described above, the
recordi ng/ reproducti on apparatus is capable of
readi ng the TDVA i nformation cluster when checking a
~disk mounted on the apparatus in order to determ ne
whet her or not an ATDVA exists on the optical disk 1

and KROWENG: & @i 1§ 28.0hThiig TP«%A%' g AIPMP? X1 sts
theﬁéon. 4? Cbﬁ%%gu?at?on pﬁit e‘%éﬁﬁ%gDPive The
faldsewi-ndndescty pigeon expl ains a _ .
recordi ng/ reproducti on apparatus serving as a di sk

drive §oyddie Wakten@neerpnt ihﬁ?cle kagésﬁﬁﬁﬁ{ 1R as
above. The di sk drive provided by the enbodi nent is

¢3RakI ec0be fQSdH NG ra rbayelt n9f 18 Wilder@Nege OPhCal,
disk in a state explained earlier by referring to

thesosd &8 sandid thb) abymi 0f 1At td:ngekheq opt i EdimdisgK

1in a state wherein, typically, only the prerecorded
icnf:ieeat ipnc@rea PIC shown in FIG 1 has been created
but no wite-once 94 area has been fornmed. In

addi ti @y dheidisk drimed eeor ds sdapen i H B ion
user-data area of the optical disk 1 formatted in
chisteayusertl TRpredueesngadacH mumat harusRitrion 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 description 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
capable of forming a léyout ofra write-once optical disk
in a state explained earlier by referring to FiGs. 1 (a)
and 1 (b) by formatting the optical disk 1 in a state

wherein, typically, only the prerecorded information area

PIC shown in FIG. 1 has been created but no write-once
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data area. If necessary, the disk drives al so updates
a TDVA or an ATDVA. FIG 18 is a diagram show ng the
configuration of the disk drive. Adisk 1 is the
write-once optical disk described above. The optica
disk I is mounted on a turntable not shown in the

- figure. In a recording/reproducti on processing, the
turntable is driven into rotation at a CLV (constant
| i near velocity) by a spindle notor 52. An optica

pi ckup (optical head) 51 reads out ADIP addresses
grbedried 0abd he Rl Caly Al 1oRS B 00RPL N.; ,Shape, ol
a groove track and nanagenent/ cohtro I nf ormat’i on as
hakor matd amPrerecanded, or, (e Rt heakcadighd 1 AL an
~initialitzation/formatting tine or 'h a processing to

FBERL frUs ey %qgsgag,oamer J&l%lesd}iﬁléialfrorﬁ h§ onpkLeal

pi ckup 51 recor nanagenent / contro nf ormat 1 on and

Haehk dala ORkOon8-LLack, i Rpd W&Ekeaﬁmé?% ARy thés a
reproduction processing, on the other hand, Phe
eplhCca) JH GlkwpnSl reads out data recorded on the

optical. disk 1. 95 The optical pickup 51 includes a
| aser dirgde;ga; s PNt AeeShokin@ N ib &t e rhes, and

an optical system which are not shown in'the figure.
the 4aseradhede is a

A disk 1 is the write-once optical disk described
above. The optical disk 1 is mounted on a turntable not
shown in the figure. 1In a recording/reproduction
processing, the turntable is driven into rotation at a
CLV (constant linear wvelocity) by a spindle motor 52.

An optical pickup (optical head)} 51 reads out ADIP

addresses embedded on the optical disk 1 as a wobbling

shape of a groove track and management/contrcl

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 i,
the optical pickup 51 records management/control
information and user data onto a track in a write-once
area. In a reproduction processing, con the other hand,

. the optical pickup 51 reads out data recorded on the

optical disk 1.

95



devi ce serving as a source for generating a |aser
beam The photo detector is a conponent for detecting
a beam reflected by the optical disk 1. The objective
lens is a .conponent serving as an output term nal of
~the laser beam The optical systemis a conponent for
radiating the laser beamto a recording face of the
optical disk 1 by way of the objective I ens and

| eading the reflected beamto the photo detector. In
the optical pickup 51, the objective lens is held by
a bi axi nechanlsn1|F sugg a way_ that _the nechani sm

He

is capa BV RGC J%Rﬁ%?ﬁ?slénéaﬁﬁr s i
qg focui dlfGCtIOﬁ%v Ig addition, the entire ogtlcal
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‘The optical system is a component for radiating the laser
beam to 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
. heid 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 in the optical pickup

51 detects information conveyed by a beam reflected by

the optical disk 1, converts the detected information
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The matrix circuit 54 has a current/vol tage
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 processing/anplification circuit for
carrying out matrix processing to generate necessary
signals. The necessary signals include a

hi gh-frequency signal (or a reproduced-data S|gnal)
representing reproduced data as well as a focus error

orgiérev%fj%%n”acik' %nsé&?%?% ri}nsasﬁh F?aéwgt*:sed

h k 51.
p ySI Caﬂheyggg?:i?grélggult %p%t Q‘EJI:JI: e/‘}r%rjajt a%g

The reprod ata S|gn rirx
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ocus error S|gna and t 'ng err si gnal ,

P EDn: 00 1S, ORNET Bled, baeée%gogaaﬁ%&mfgt 54,

are supp I e a servo circul ul

3&99§ir%@QﬁgQE%ﬂtbxegg;£I%%'Hgvlcés égglé é4%ﬂ§§e, and

supplied to a wobble circuit reader/witer

8'ﬁQHfixfﬁidd%s%195?8Hb11f£€a6¥@hrXEQQuQHtf$¥(%§¥¥?1HQ

such as bi nary conversi on
out matrix processing teo 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 wobbling of the groove.

It is te 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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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 optica

pi ckup 51. The generated data is then supplied to a
nodul ati on/ denodul ation circuit 56. The

nodul ati on/ denodul ation circuit 56 includes a
functional menber serving as a decoder in a
reproduction process and a functional nenber serving
as an encoder in a recording process. In a

8 AUt LoD progess, ;Lhe, pdul ald onl deppdul atign. o

circult enent’s de ufati on

run-1 engih 4 Lod, pede as.cdecading process on he

basi s t he reproduction c si-gnal -

d 7.5 a ent. .for  carrving out an
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ncodi Nng process error corr on codes to
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ECC decodi ng process tor correcting errors inc
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reproductiontinme, data denp at ed
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internal nenory to be subjecte _
det ecitﬂeorye%&é%esl&th%ce&%wgugggi@aog:&sam ng such as

a de-interleave process to generate the eventua
88k PP 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 ieproduction 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 onte 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/demodulation circuit 56 is stored in an
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~data. The reproduced data obtained as a result of a
decodi ng process carried out by the ECC
encoder/decoder 57 is read out fromthe internal
menory and transferred to an apparatus connected to
the disk drive in accordance wth a command given by
a systemcontroller 60. An exanple of the apparatus
connected to the disk drive is an AV (Audio-Visual)
system 120. As descri bed above, the push-pull signa
output by the matrix circuit 54 as a signal related
t.o the bbl i n state of the groove is processed in
17 SREB I%e%??glﬁot 8 SUPTRE USSR FFF° si gnal conveyi ng
ég%P information .is denodulated jn the wobble circuit
PTG CR/ Ut StPBaRr CEBRPHRT RJ ABIFPCEaaF BE sBEN Afe @
gpgblg cgrcuit 58 then supplies the data streamto an
FdrBSET URTHUST BE°THE TS dECoGEFBY2 HecTuesUeRE
ata received thereby to generate addresses and then
su 6Fies the ,addresses to the systemcontroller 60.
The adqﬁg§s decgder 59 als ener.at es cl si gna

repFodu 9 a Gk

by carrying 5Gf = %%%é%%:d§?ﬂga?h% ﬂ%ﬁngOstgna
BHBLLEY s MBR £yt 3 BBE BUPBLL SR e st
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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 cutput 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 decodes 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 process using the wobble

signal supplied by the wobble circuit 58 and supplies the
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54 as a signal related to the wobbling state of the
groove is a signal originated fromthe prerecorded
information PIC. In the wobble circuit 58, the
push-pul |l signal is subjected to a band-pass filter
process before being supplied to the reader/witer
circuit 55, which <carries out a binary conversion
process to generate a data bit stream The data bit
streamis then supplied to the ECC encoder/decoder 57
for carrying out ECC-decode and de-interleave

cesses to.extract data representin he
O RSl i Grh: SamEa RS ek eBamRt Bra% &t ded
[ I lan- js then supplied to. the systemcontroller
ngf:&(%%%iggbdgs I°5 O -t ﬁgg?]éas Bt ‘prerecorded

| nf or .n%thieOEUSLD uf]yséi%rﬂacio%tu%ohlteg% 619'1e| Sma%aegiblcergtlit
carryi ng out processes such as protessing to sef a

¥ari ety of,pnoGessings: and, CopY.ALaLest. Pr ogessing. At
i b acto i

a recor g tinme, e recordéd Is received

FORE Nes AV System 120; , The; datg, te.bg. raconded is
P oo Toyed 10 the EOC

in anmenory enpl oye nt

SREGHRI/ Aeceder ST, it 18168588, 1ie ECChe pRsh-pull

encoder/decoder 57 carries out processes on

99&&@1@@5QQ&ﬁeEEeQet£Q¥Q5 péggeflggepﬁ£§§§§§§before
I ncl ude processing to add error correction codes,
%%%g%'§¥§ﬁii@ﬁ0€85§ﬁggkéHHEﬂ¥d¥¥%é§iBQré&&éﬂﬁ%,s%ﬁich
éarriés out a binary conversion process to generate a
data bit stream. The data bit stream is then supplied to
the ECC encoder/decoder 57 for carrying out ECC-decode
and de—interleavé 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 processiﬁg to set a
variety of processiﬁgs and copy protect processing.

At a recording time, data-to be 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.

In this case, the ECC encoder/decoder 57 carries

out processes on the buffered data to be recorded. The
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The data conpleting the ECC encodi hg process is

.Subj ected to a denodul ati on process such as
denodul ati on adopting an RLL (1-7) PP nethod in the
nodul ati on/ denodul ation circuit 56 before being
supplied to the reader/witer circuit 55. Tn these
encodi ng processes carried out at a recording tineg,
the clock signal generated fromthe wobble signal as
descri bed above is used as the encoding clock signal,
whi ch serves as a reference signal. After conpleting

g&g%gisgggo%ag%@gr Hi8RR8S:n he,dagd o r%r?§g£§§8 ded is

tot W iter circui e
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speed as well as ad he sha aser
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conpensati on processing, the data to recor i's

supptigd 4,0 He (12967 p@rhyeN B3 pseaser drive
pul ses.”™ The |l aser driver 63 passes on the |aser drive
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pickup 51 to drive the generation of a | aser beam

thonme hee £hend8erick? thisuwaYysspits suitable for the
recorded data are

in these enching brocesses 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 laserlbeam
and the recording linear speed as well as adjustment of
the shape of the laser drive pulse. After completing the
'reéording compensation processing, the data to be
recorded is supplied to the laser driver 63 as laser
drive pulses.’

The laser driver 63 passes on the laser drive
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created on the optical disk 1. It is to be noted that
-the |l aser driver 63 includes the so-called APC (Auto
Power Control) circuit for controlling the |aser

- output to a fixed value independent of anbient

.condi tions such as the anbi ent tenperature by
nmonitoring the [ aser output power. A detector is
provided in the optical pickup 51 to serve as a
nmonitor for nonitoring the |aser output power. The
systen1contro||er 60 gives a target value of the

|38k s Obd Pitte PRI, fﬁ%dee@tﬁ@lﬁec[ 8¢ordlng,and ple‘Llp
reproduction processes. The |evel of the laser “output
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or reproduction process. The servo circuit

genenadt 65ad WldLlyiebp3er¥o- Oid e csi-anal éaH oed he
focus error signal and the tracking error signal,

Whibebedrléh refeicpRd chiogitpe matrix circuit 54, to
carry out servo processings. The servo drive signals

i ncl udetf QeUso beaskidy @G thbeadsSeryo vall igdeincludes
signals. To put it concretely, the focus and tracking

dhiVeo- &gl $par eagenepahed dontaeapr danesi i idy the
focus error signal and the tracking error signa
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tracking coils of the biaxial nechani sm enployed in
btheamptdraalcopide kiipnblsudiuss thier agkh8gt anshdocits:reebyo
| oops are created as | oops
monitoring the laser output power. A detector is provided

_in the optical pickup 51 to serve as a monitor for
monitoring the laser output power. The system controller
60 gives a target value of the laser output power for

each of recording and reproduction processes. The level

of the laser output is controlled to the target value for

the recording or reproduction process.

The servo-ci;cuit 61 generates a variety of serveo
drive signals from the focus error signal and the
tracking error signal, which are received from the matrix
qircuit 54, 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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i ncluding the optical pickup 51, the matrix circuit
54, the servo circuit 61 and the biaxial nmechanism In
addition, in accordance with a track junp conmand
received fromthe system Controller 60, the servo
circuit 61 turns off the tracking servo | oop and
carries out a track junp processing by outputting a
junmp drive signal. On top of that, the servo circuit
61 generates a thread drive signal on the basis of a
t hread error signal .and an access execution contro

I d th t [
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| bt ai ned | ow f t
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control’s the spindle 1 to ro

EBﬁm§H&rE%é%l dN%rBhVGHétsﬁgt ﬂE%o%%%kogg Sﬁégugervo

generated 1n a PLL process e signa
circuit 61 turns off the tracking serve loop and carries

out a track jump processing by outputting a jump drive
signal.

On top of that, the serve circuit 61 generates a
thread drive signal on the basis of a thread error signal
-and an access execution control signal, which is received
from the system controller 60, to drive the thread

mechanism 53. The thread error signal is obtained as a

low-frequency component of the tracking error signal. The
thread mechanism 53 has a mechanism including a
transmission gear, a thread mctor and & 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 servo circuit 62 controls the spindle
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informati on on the present rotational speed of the

spi ndl e notor 52 and conpares the present rotationa

speed with a predeterm ned CLV reference speed to

generate a spindle error signal. In addition, a

reproduction clock signal generated at a data

- reproduction time by a PLL circuit .enployed in the
‘reader/witer circuit 55-is used as the reference

cl ock signal of a decoding process as well as the

i nformati on on the present rotational speed of the

|ndI tor 5 Thus i ncluding this reproduction
%Fbck §Fg§a| %ﬁ%% e & ppggeternined CLV reference
speed, i.ndl.e error signal_ can ener at.ed. Then,
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@ggg§§§éqg§3 Qﬁ%Jegr9g£ Qé?&gﬁ servo system and the

recording/r uction system as descri bed above are
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‘at a data reproduction time by a PLL circuit employed in

~the reader/writer circuit 55-is useq as the reference
clock signal of a decoding process as well as the
information on the present rotational speed of the
spindle motor 52. Thus, by including this reproduction
clock signal with the predetermined CLV reference speed,
a spindle error signal can be generated.

Then, the spindle servo gircuit 62 outputs the
spindle drive signal, which is generated in accordance
with the spindle error Signal, to carry cut 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 60 to carry out processings to start,

stop, accelerate and decelerate the spindle motor 52.
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a mcroconputer. The systemcontroller 60 carries out
various kinds of processing in accordance with
commands received from the AV system 120. Wen a
wite.instruction (or a conmand to wite data) is
received fromthe AV system 120, for exanple, the
systemcontroller 60 first of all noves the optica

pi ckup 51 to an address into which the data is to be
witten. Then, the ECC encoder/decoder 57 and the
nodul ati on/ denodul ation circuit 56 carry out the
encodi&gv_ggggess s_descri.bed above

the d
recei véd fromthe Qﬁf%ﬁﬁﬁﬁ&ﬁﬁlE@Frﬁ%gﬁﬁﬁégﬂb%-ahéeag?a
. d d di .d ted i d i t
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he. iyer 63 in order to actually record the
%a§é£%%§{ Sﬁg%fical disk 1. On the other hand, when a
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data from iS Treceived
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first of a carries out a seek processing 1 0 nove

the optdalrphskup 51 to a target address at which
‘the data is to be read out fromthe optical disk 1.

That igntR Sayridde mystem sentsoll elo bl QUtBULS: A

seek
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 othe? 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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conmand to the servo circuit 61 to drive the optica

pi ckup 51 to nake an access to a target address
specified in the seek command. Thereafter, necessary
control of processings is executed to transfer data
of a specified segnent to the AV system 120. That ‘is
to say, the data is read out from the optical disk 1,
processi ng such as the decoding and buffering
processes is carried out in the reader/witer circuit
55, the nodul ati on/denodul ation circuit and the ECC

der / decoder. 57, th ted data i
RPaReTEr FBn o R0’ AV-Lyer Sh 130 Sﬁrqe%a?%d‘sésaoﬁd

th t th t ! he,
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reag Sou Q%‘%%F%ﬁé ID 106 fromthe BCA on the optical
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and prerecor ormat | rec
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AV system 120. That is to say, the data is read out from

the optical disk 1, processing such as the decoding and

buffering processes is carried out in the reader/writer

circuit 55, the modulation/demodulation circuit and the
ECC encoder/decoder 57, and the requested data is
transferred to the AV system 120.

| It is to be noted that, in the processings to
record data into the optical disk 1 and reproduce data
from the optical disk 1, the system contreoller 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 timerthe optical disk 1 is mounted on the disk

drive, the system controller 60 reads out a unigue ID
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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, conmands are issued to
the servo circuit 61 to nake accesses by using the
optical pickup 51 to the innernost- circunference side
of the optical disk 1. Later on, the optical pickup 51
is driven to carry out reproduction tracing to obtain
a push- puII signal as information conveyed by a

h d d i,
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contro carr ES out processi ng such as a
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process. In the conflguratlon shown
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are read out fromthe recor on the optlcaFy'
dbfKardds SO-d halsybBeto the servo circuit 61 to make

accesses by usingAthe 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 cobtain a push-pull signal as
- information conveyed by a reflected beam. Then, decoding
brocesses 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
pferecorded information, which are read out from the
-optigai disk 1 as described above, the system contrcller
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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i nformati on can be updated w thout nmaking an access to
the optical disk 1. Wien the optical disk 1 not
finalized yet is nmounted on the disk drive, for
exanpl e, the system controller 60 controls conponents
of the disk drive to read out a TDDS, a TDFL and/or
SRRI fromthe TDVMA recorded on the optical disk 1 and
store themin the cache nmenory 60a. Later on, when an
al ternat e-address process is carried out to renew
and/or wite data or due to a detected defect, SRR

A IRy 2401 &L D ?ngﬁgfdg%&ﬁ%g AT

G, 54 nlh it Mo CRe00 LEDSH aetb?fe'a i eg%fl‘é‘r e
|
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recor on t cal e“used up a

eqld ¥tk pey Jdinorder to solve this problem there |s
adgptgd a néiho& wher eby, when the LRA (Last Recorded

Addr essinct08ngeh ¥t Na RSy AN, 3ddpess dﬁ%ﬁgﬂr yet yrdat ed

after data is 1ncrenent y recor exanpl e,

Eﬁﬁn§85|1§ﬂgﬁﬁ@ls@ dEb@eCaﬁn?eﬂ%ﬂBﬁg GQﬁeléyyﬂgﬁted up

to a certain nunber of
controller 60 controcls components of the disk drive to

read ocut 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 deoing so, however, the
TDMA recorded on the optical disk 1 will be used up at an
early time. o

In order to solve this problem, there is adopted a

method whereby, when the LRA (Last Recorded Address)
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times and, at a certain point of tine after that, the
updated SRRI stored in the cache nenory 60a is _
recorded on the optical disk I by catal oging a TDMS
update unit. In addition, there is also a conceivable
met hod = whereby the SRRI stored in the cache nenory
60a is wupdated as nmany tines as required til
typically the optical disk | is ejected fromthe disk
drive and, as the optical disk | is ejected fromthe
di sk drive, for exanple, the nost recent SRRl and/or

B e 5SS ETRLY, 8088 L ant o1 o
LSRNl MAALIEN O e, ok, dLvEEho 10,8
R BT g P S LR G o
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unit or ace

t put t4 -aat That. J t ta.l d
out Pt g A8t o T 8 S LS RGHACS,

onto a feproduced Trom't

%QQEQ?”&% "!sfﬂl A orQRCI ALLRN LN GHnOH) bYa tie user,
and a termnal is
| updated as many times as required till typically the
optical disk 1 is ejected from the disk drive and, as the
optical disk 1 is ejected from the disk drive, for
example, the most recent 3RRI and/cor TDFL 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 é 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'apparatus.
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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required as a termnal for inputting and outputting
the data. O course, other typical configurations are
concei vabl e. For exanple, the disk drive can be
designed as a recording-only apparatus or a
reproduction-only apparatus. 5: Data

Recor di ng/ Reproducti on Processings without Alternate
Areas 5-1: First Exanple of Data-Witing Processing By
referring to flowharts shown in FIG 19, the
foll owi ng description explains processing carried out

th t trol 60 I in the disk
1o "SI TLEON O 20 STl Vel Ut el
' it to i |.ud l t t .
GLBkobi AL P SoLDCLiE 0, L AIBLE R B8

bh0Pa LN, dabas o LLLNG, Rrocessna_expl ained bl ow i's

carried out, the “optita Si'SKk 1 has aIr%%HVI een

h ' rive,. nd.a. T , TDEL _as I
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gptical disk 1 nounted on the disk drive to the cache

nmenory 60a. In addition, when a request for a wite

procesgingod10e ; Ol Ptggi{?%gCc%\%?éi%ﬂé%i%ggeé%[%g from

a host apparatus such

L&k el A4dr eSpo) Sox SRGEL T LR 41k NG R RAUER! 58Sy i gned
| ogi cal sector address (or

as a recording-only apparatus or a reproduction-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 optigal disk 1 formatted
to include no alternate areas as shown in FIG. 1 (b).

It is to 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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an LSN). The disk drive carries out |ogical/physica
address conversion processing to convert the | ogica
sector address into a physical sector address (or a
PSN). It is to be noted that, in order to convert a
.l ogical sector address specified by a host into a
physi cal sector address, it is necessary to add the
physical address of the first sector in a user-data
area’ recorded in the TDDS to the |ogical sector
address. Data is recorded onto the optical disk 1 in
cluster ynits. Assunme that ar est to wite data
i"rﬁél 58‘8 e%%o‘i\?ss(lélrg ésl BSF%hYe “Gr aagaﬁ‘és%PH@We N
[ S been receiv froma host
R VLR PR AT R S

n this, case, the s cont%.ller 60
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the SR re exam ne iid an ry o an SRR

EQSEHQE”§%548% %B%gégéegpggg¥f%%§by a hosttlnto a

physical sector address, it is necessary to add ‘the
physical address of the first sector in a user-data area’
recorded in the.TDDS to the logical sector address.

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 60.

In this case, the system controller 60 starts
processing represented by the flowchart shown in FIG. 19.
First of all, at steps F10l and F102, SRRI stored in the
cache memory 60a or SRRI most recently updated in the
cache memory 60a is referred tc in order to produce a
result of determination whether or not data has been

recorded in a cluster at the specified address.
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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. physical sector address N is collated wth
addresses recorded in each SRR entry to acquire the
SRR nunber assigned 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 request for a
‘Wwite ﬁrocessing is conpared with the LRA of the SRR
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st cal sector address m ne

R BT oRa P sRRLRRaS R R P TR ot o
gggféﬁ@qup%hgthR 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 request 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’ 1s 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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SRR entry. If the result of the determ nation on

i ndi cates that the physical sector address N equa
to the NWA of the SRR, the physical sector address N
is determned to be not an already recorded address.
Since the NWA of the SRR is a postscript-recording
point, in this case, the flow of the processing goes
on fromthe step F103 to a step F104 at which data is
witten into the physical sector address N . That is
to say, in this case, the address specified in a

wei te comuan rr a-writing processin
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address to mm e an access to t ress an recor
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accordance ata wite request at
@QQrgﬁsalready recorded address. Since the NWA of the SRR
is a postscript-recording point, in this case, the flow
of the processing‘goes on from the step F1l03 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, elternate—address processing may be carried out
instead. |

First of all, in a process carried out at the step
F104, 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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If the data-witing processing is conpleted normally,
the processing goes on fromthe step F104 to a step
F105 at which the SRRI stored in the cache nmenory 60a
is updated to reflect the postscript recording of the
.data into the SRR Then, if necessary, that is, if
there is an opportunity to update the SRRl recorded
on the optical disk 1, the SRRl recorded on the
optical disk 1 is also updated. That is to say, a
TDMS update unit is recorded on the optical disk 1.
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t he: address 114 specified in the request for a wi

Bracee il 80, coH SR oarigl: T Sasr s 0 B

whth 1he dala iRl t erBOURH necessary, that is, if there
is an opportuﬁity to update the SRRI recorded on the
optical disk 1, the SRRI recorded on the optical disk 1
is also updated. That is tc 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 reguest.
However, the flowchart shown in FIG. 19 does not shows
the case in which the physical sector address N’
specified in the write requeét 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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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 TDMA including the ATDVA i s exam ned
to produce a result of determ nation as to whether or
not the TDMA (and the ATDMA) have been all used up
for recording information. If there is no nore valid
and free area in the TDMA including the ATDVA,

al ternat e-address nmanagenent can no | onger be
executed In this case of the roceSS|ng
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iIs to say, the SRR is exam ned to produce resu
{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 request 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 F101, that is, the SRR including
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determination as to whether or not the target SRRis a
still open SRR Such a result of determ nation can be
produced by referring to informati on described in the
SRRl header. If the result of determ nation indicates
that the target SRRis a still open SRR, the flow of
the processing goes on to a step F109 at which the
data to be witten onto the optical disk 1 in
accordance with the data wite request is witten
into an area starting from the NWA of the SRR Then,
t.he fI of , the processin on to a step FII] at
e o 8rﬂ%"cees°§>aﬂreftuﬁ&&9ég5?o% SE3% ch? rfeArhed above,
‘That, LS say, since the roceSS|ng o wite the data
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peduesta 35 r%ges L Ecil%nf’og 10D A 9%

ecause sector adgress IS an
@hﬁgagg &%&orded address, and the NWA, which has been
used as the target of the data- recordi ng process

carri e‘%fo%hea)t:eéﬁft SJP%e@eQ%’inQ%i&p indicates that the
target SRR is a 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
Fl11ll at which a necessary update process is carried out.

That is to say, since the processing to write the
data onto the bptical disk 1 is an processing to renew
data already recorded on the optical disk 1, alternate-
address processing needs te 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 specified in the data write request, as an

alternate-object original address because the physical
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al ternat e- obj ect replacenent address. In addition,
since the data to be witten onto the optical disk I
in accordance with the data wite request is witten
into an SRR, the SRR entry of the SRR nust al so be
updat ed. Furthernore, since the TDFL and the SRRl are
updat ed, 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 nenory
60a are updated. Then, in accordance with the

updati ng of the TDFL, the SRRl and the TDDS, a
u%zf&toé %HPFEFg ]Er et &F FhGSPAEr BFRARIST 9%%%&1@ ffhe

a@ﬁé T (or e ATDMA) on the optical djsk, 1. If t he
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i ndi cat.es that t he tar%gt SRR i s an already cl osed
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ste F110. Then, .the data to be witten
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B
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also be updated.

Furthermore, since the TDFL and the SRRI are
updated, the TDDS needs to be updated.

Thus, in the process carried ocut 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 SRRI and the TDDS, a TDMS
updaterunit is created and incrementally recorded in the
TDMA (or the ATDMA) on the optical disk 1.

If the determination result produced at the step
Fi08 indicates thét the target SRR is 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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the user-data area. By the rearnost SRR, an SRR
existing at the largest address anpng the open SRRs
is inplied. As the data-recording process is

compl eted, the flow of the processing goes on to a
step Fill at which the sanme update processes as the
ones descri bed above are carried out. To put it
concretely, first of all, the TDFL, SRRl and TDDS
stored in the cache nenory 60a are updated. Then, in
accordance with the updating of the TDFL, the SRR
%%_ the, TDDS, a date unit is created and

eﬁﬁhF%|t%ﬁ%%ﬁEoﬁ&eaftﬁtttmenﬁﬂw&n(eFeﬁheteﬁtm#% LgA™
'the %gttcal disk 1. As described above, the flowchart
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SRRI 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. 18
represents alternate-address processing carried out in
order to renew data in response to a request for
processing to write data into an address, which happens
to be an alteedy 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 reqguest 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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cluster, which is a cluster without data recorded
therein, the cluster is defective, making it

i npossible to wite data therein correctly. In this

case, the flow of the processing goes on fromthe
step F103 to.the step F106 to carry out the sane

al ter nat e- address processing at the step F106 and the
subsequent steps. In the case of the alternate-address
processing carried out for such a defective cluster,

~ however, the TDFL is updated by catal ogi ng a new DFL
entrg i,n_ the sane as a DOWNentry through an
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t6 fead. From The
In the case of the alternate-address 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 F109
of the flowchart shown in FIG. 19, alternate-address
processing involving an area in the SRR including an
address specified in the data-writing processing is
carried out. WNormally, 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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al t er nat e- obj ect replacenent |ocation can be
shortened. For sonme applications executed in the host
apparatus such as the AV system 120, however, an
al ternat e-obj ect replacenent |location in the same SRR
as the alternate- object replacenent |ocation may
raise a problemin sone cases, First of all, this
problemis explained as follows. FIG 20 is diagrans
each showi ng open SRR#l and SRR#2 and an processing to
select an N\VA in the sane SRR as an alternate-object
eg&acenent address in order to avoid a defect and
E\F%fP‘?rbta&;?cnaé&SPdBHO‘@aO&%F 3 Reparttctp dhatrRGsesh
%a% shomszﬁ. t ched Eortlon in SRR #1 as a defect in
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gﬁﬁ SRR #1 as a cluster range starting from address

I's referred to as the

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.

Iin particular, FIG. 20 (a) shows a hatched portion

‘in SRR #1 as a defect in this SRR. Let us assume that, at
a certain point of time, address AD0 becomes an NWA, and
~the host apparatus makes a request for an processing to
write data DTa into‘a cluster at address ADO. In this
case, since the cluster starting from address ADO is a
défective cluster, alternate-address processing is
carried out. That is to say, data DTa to be written into
this defective cluster must be actually written info a
cluster range existing in SRRV#l as a cluster range

starting from address AD1l as shown in the figure. 1In this
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al ternat e-obj ect replacenent area of the alternate-
address processing. After data DTa is witten into the
cluster range as described above, the NVA is shifted
to address AD2. Thus, the LRA (Last Recorded Address)
recorded in the SRR entry for SRR #1 as the LRA of
SRR #1 is updated. The disk drive updates the SRRl as
descri bed above. In this case, however, sone
appl i cations executed in the host apparatus may not
acquire the nost recent NWA. Thus, such an
application may issue a wite command w t hout know ng

tREC t RBe NWH TR FésAcupdht bthd oitaddReds Apra Gipster
addition, while a wite command specifying address ADl
T8N IRarf A T DriTe™ aAAT £8S baPexKet g 6R% at @ :
deue in the disk drive, the NWA i s updated and such
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t.he present. NWA s result,%%ﬁfhiftin the NWA from
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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 ADl is
waiting for a turn to be executed on a command gqueue in
the disk drive, the NWA is updated and such a write
command cannct be canceled. In this case, data may be
written into an area starting from address ADI.

Let us assume for example that other data DTk is
written ontc 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 ADLl, the
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starting fromaddress ADI. In this case, the disk
drive car ries out the processing represented by the
flowchart = shown in FIG 19. Since data Dra has been
actually witten into the clusters starting from
address AD1l, however, the data-witing processing is
carried out as a data renewal process. Thus, data DTb
is witten into clusters starting from address AD2,
which is the true NWA. After the data renewal

process, the NWA is updated again to address AD3 and

new_ DOW ent r enerated Also .in this, case,
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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 incofrectly assuming that the
present NWA is a result of shifting the NWA from address
AD1 coinciding with the‘previous NWA by a distance
corresponding to the size of data DTb to address ADZ2, the
same appliéation this time issueé a write command to
write other data into clusters starting from address AD2.
Thus, address AD2 is specified in the.next data request.

Alsc in this éase, the disk drive carries out the
data-writing processing as a data renewal process, which
requires alternate-address processiﬁg. In this alternate-

address processing,.the_other data is written into
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generated.. That is to say, sone applications rmay not
acquire the nost recent NWA before issuing a command
to wite data into the sane SRR as previously witten
data. When such an application issues a data wite
command nmaking a request for a data-witing
processing, the disk drive actually carries out a
data renewal processing in place of the requested
data-writing processing, wastefully "consum ng an area
for recording newy generated DON entries. By
referring to FIGs. 21A and 21B and 22, the follown
dtglé'@ltleﬁﬁ B EXBIRITTSTIAEHT AR T tADy FPRdEBsEF nghe tiakien WA
t he situation descri bed above into consideratjion. FIG
F2%h6nsSh FIoWATar CoPEpResRIRGSTE dat BV wPPY i 1y

proceSS|§g carried out by the systemcontroller 60.
§PREE35E8ps F101 to F107 are identical with those of
t he flgwchart shown in FIG 19, however, the
descrip aotn§S 5? ?ﬂ%s@@'feeﬁ?péllgaﬁb‘?n? Sared. aPAvLRR
% se_of the %,%Lh |ng? r ocessi ng epr ﬁsentedtb
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ste %Iﬂ@% iN ordet S8 et I Sut'Farter e8d @
9%888§§|fgk a data-writing processing, the disk drive
actually carries out a data renewal processing in place
of the requested data-writing processing, wastefully
donsuming an area for recording newly generated DOW
entries,

By referring to FIGs. 21A and 21B and 22, the
following description explains data-writing proceséing
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 F107 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 specified in the data write request is an already

rechded address and a free area. exists in the TDMA or
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At this step, the SRRs are exam ned to produce a
result of determ nation as to whether or not an NVWA
is included in an SRR different fromthe SRR
including the address specified in the data wite
request. It is to be noted that, normally, at |least 2
SRRs are in open status. Thus, the determ nation
result produced in the process carried out at the
step F108A is hardly a denial. If the SRR including
the address specified in the data wite request is
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ternate-address’ procCéssing usin he
BE&Eﬂcég?1n|%hgaﬁfbgégéngarrled out at the step F108A4 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 this 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 fequest, on the
other hand, the flow of the processing goes on to a step
F109A at which the data intended in the data write

request is written into the other SRR in an area starting
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as a data renewal process. Then, at the next step
FIll, the TDFL and the TDDS are updated in accordance
with the alternate-address processing. Subsequently,
the SRRI for the contents of the SRR serving as an
al ternat e-obj ect replacenent SRR is also updated as
“well. In the data-witing processing represented by
the flowhart showmn in FIG 22 for a data wite
request, the address specified in the data wite
request is an already recorded address and

ter ddr processi thus. carried out to
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§1§&éhé¥t %@B%n in FIG. 22 for a data write request, the
address specified in the data write request is an already
recorded address and alternate-address processing is thus
carried 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 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 specifiéd in the request for processing to
write data onto fhe 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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wite processings carried out in the data-witing
processi ng descri bed above. Much like FIG 20, SRR # 1
and SRR #2 are each an open SRR In FIG 21A Ilet us
assune that a defective cluster is detected in a _
hat ched portion of SRR #1 and data DTa to be witten
into this defective cluster is thus subjected to

al t ernat e- address processing. If the NWA of anot her
SRR is selected in the alternate-address processing
as shown in FIG 22, as shown in FIG 21A, data DTa
wll be witten for exanple at address ADll, which is
{hé RVWASBAUSRR $#ErServing as the other SRR Thus, in
the alternate-address processing, data DTa is stored
in a cliictertly 269813761 MpHU SagdiegstDBEatgn@tt Hata
NWA of SRR #2 is updated to address AD12. Nanely, the
YRAter BEBFRRIL NI &4 LSRRI y1T ofheSRRtg2WRSEYME LRA of
SRR #2 is updated. In this case, on the other hand,
PRECEPPITC al e T ihesr pREYPY ABSimddkehBiC+ HE NARR A SRR
#1 has_not been updated, |If_an application nmakes a

PBGuBBR FHra%f S5F8c88sPREtRRwrite data DTb after DTa
onto the @ ticgl disk 1 without acquiring the nost
recent MWAIG hél2aphtt ¢t idGTEFetPrt &3 dé‘d%rcééé’eABiPSter
V.\:high i S a%s_umsd to be 126 the nost _recent NWA of SRR
#%.°%huste atth SDPBEFRe I PRY P Ry RBRI i drdhufiafedTa
%Eaéélégkggéﬂniég% %ﬂ98t£§%£%¥§é§ c ﬁgter is thus
‘'subjected to alternate—address processing. If the NWA of

another SRR is selected in the alternate-address

processing as shown in FIG. 22, as shown in FIG. 21A,

data DTa will be written for example at address ADlI,

which is the NHA 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 AD1l and the NWA
of SRR #2 is updated to address ADl12. WNamely, the LRA
recorded in an SRR entry for SRR #2 as the LRA of SRR #2
is.apdated.

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 cnto the optical
~disk 1 without acquiring the most recent NWA, the

application specifies address AD1, which is assumed to be
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#1 is updated to address AD2. That is to say, the
application does not incorrectly assunme an NVWA as is
the case with the exanple explained earlier by
referring to FIG 20. It is thus possible to solve
the probl em caused by generation of unnecessary DOW
entries. It is to be noted that, in this case, the NWA
of SRR #2 may be updated w thout being known by the
application. If alternate-address processing is
carried out by witing data into an SRR ot her than
the SRR serving as the orL inal target of the data
15 BOPEGTRSTTt MBS S%ar Ry, #Ehe THBEY | BALR TR drr dELFen
infers.information on the target. SRR in advance. This
FOra ot (b 1o CESENGY t B Udiblle “PHe SRRATEY 4t FER

?ﬁ?ig2u$§§§agq%ié%§?%%% %Qflcorrect i nference carried
( y the appl | | i nference of the
Pr ocesel iy NExE> BTt chier AR AR ST octfar  Shoun
L I A SR T —
SSISgEe 400,17 80 ;L8 S8 kb, ke gn, e
Fgggi%%% el{dja%g)lfx{eg%%EVSJ?o@léme q:%eusstedf 85{ 8‘e1[1)c£ xoé:teisosni rg)% to
unnecessary DOW entries.

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 processing is carried
out by writing data into an SRR other than the SRR
serving as the original target of the data write regquest,

basically, the application correctly infers information

on the target SRR in advance. This is because the

processing to update the NWA of 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 flowchart 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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an address, which is specified in the request as a
| ogi cal sector address N, froma host apparatus such
as the AV system 120. At such a request, the system
controller 60 starts the processing represented by
the flowhart shown in FIG 23. As shown in the
figure, the flowhart begins with a .step F201 at
whi ch the systemcontroller 60 refers to the SRRl of
the SRR including the | ogical sector address N
specified in the request in order to produce a result
- of detern1nat|on as to et her or not thﬁ_s ecified
addr ess™®% &3 ﬁ EPP%aH@aF FE TaHdr BT ‘ﬂPﬁﬁocess
carried out Qg next steg F202. To g ut it
cr&r‘?@r‘gteél?/ reF‘i”r‘c"s?t GPTaf| PTo Et’fh%lﬂgo& c&P2d et briadfEse
pgglfled HP host R?ngrat is converted into a
Sﬁygl 5PSSector-addr 888 SPEUPSLERT Gt

S can foun ? t he address converS|o

b
agglca tﬁ%?t ﬁé%%rSﬁyS|Ca TABA IS taghHPRESt ?%d%rﬁéﬁ%ln

S.as t start physical sector address of the
EH% IEE%%Q%reQ%to the |l ogical sector address N. Then,

frOWltugpgh%ilgare e%%géﬁﬁggégégﬁm ¢orl rol %@ %Bnbgarts

and an entr e nunber “ar

@ﬁgugiggg%m & %Rg r8OLLY ?&e?faaﬁ; Whether 0 sf%n A 2rc.

has een réc sica sector ad
- M. If no data has been recorded at the speC|f|ed

As shown in the figure, the flowchart begins with a
.step F201 at which the system controller &0 ;efers to the
SRRI cf the SRR including the logical sector address N
specified in the request in order to produce a result of
determinationras to whether or not the specified address
is an already recorded address in a process carried out
ét 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 éddress Nf, 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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address, the flow of the processing goes on fromthe
step F202 to a step F203 at which an error nessage is
transmtted to the host apparatus to notify the host
apparatus that the specified address is an incorrect
address. If data has been recorded at the specified
‘address, on the other hand, the flow of the
processing goes on fromthe step F202 to a step F204
at which the TDFL is searched for a DOVor DFL entry
including the specified address as an

| t ernat e- (%ect rigbnal address in order _to produce

“FBsHFEC YBhCHh D3 cB8EreaT Y ed out at
t he ne t step F205 as a result of determ nati,on
whet hert Fofion DR e nBaS AT iHegoudarest Fe diPridieds
| et I t dd
GOTES Ff oD P LPRC B EhF oRERear 105 RRepe B chao™ g 19467
at the ne ep, F205 i ndicates that the,
28020 e 2T Be nER T e BaSniet iy

_@%éﬁrﬂqge qurgss Ergce§§é£§:astgéég?ﬂeypﬁgyrl %_fact

RPRES el yS|ca

g Pﬁuﬂg h%%stﬁé a?e%h 1eét%£ﬂ%ge ggJeCt Orl In%

I'ess, e flo processing goes B HFTOm t he
&gp {%05 to a step F206 at which data is read out
ron1 e specified address and 129 transferred to the

1ot RS AE e Ao O AR IOkl
on the other 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-ocbject original address in order
tq 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 determinatioﬁ result produced in the.process
carried out at the next step F205 indicates that the
specified address is not.an address completing 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 address, 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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this flowhart is ended. Thus, data is read out from
the user-data area in normal reproduction processing.
If the determ nation result produced in the process
carried out at the next step F205 indicates that the
speci fied address is an address conpleting 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 fromthe
step F205 to a .step F207 at which data is read out
FFBH?%%I%RQ(ﬁFhéﬁé heB} eBPPFEHIEC SHERL 2B dEResAY iS¥Etaded
in the DONor DFL entry and transferred to the host
dpPar HEE sHER B¥STHE OAPLs FEPeRT 2905 S THe T, cRrREented by
execution of the proceSS|ng represented by this
Fhrofchseichad teAge8™9FRus, even in the case of a data
read re uest nmade, after data has been renewed as a,

r equestT FGr ?@E?oﬁ%cﬁ?%ﬁ1°“§fffﬂ% I RAF A, 2pye in
carr%iqgafut t he processin descri bed above, the npst

Pece 25N 168 PEPTD properly and
transferre the host. appar a 5-4: ATDMVA:- Checki ng
Proces |n§]q Fet g To ﬁSFiBm%?&ﬁ%c%ﬂuiﬂn thR ?ﬁ?%ess

th 0 fo OMAn descrl tion _expl ai ns_processing,
RATELET Uicar Faa BULE by he 20yt B BBRTT of e 65 t o
nggfffggaaddress 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 1s 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 fiowchart is ended.

Thus, even in the case of a data read requesf made
after data has been renewed as a request for reproduction
of the renewed data, by carrying out the processing
described above, the_most recent data can be repréduced
properly and transferred to the host apparatus.

5-4: ATDMA-Checking Processing

By referring to a flowchart shown in ¥IG. 24, the
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exi stence of the ATDVA when an optical disk 1 having
the format shown in FIG 16 is nmounted on the disk
driver. Let us assunme that the optical disk 1 having
the format including an ATDMA and no alternate area
as shown in FIG 16 has been nounted on the disk
drive. The flowchart shown in FIG 24 begins with a
‘step F301 at which the systemcontroller 60
reproduces TDVA indicators of the TDMA included in
~the format shown in FIG 16 fromthe optical disk 1
mounted on the disk drive in order to produce a
feddbrring deterivitiani onpasing pywwtIsdnger wihbth claust er
CL1 contains the ATDMA indicator .in a process carried
carrapdt Aet Nfextthst eyskeo2contrel st &0 Chickikds tst
contain the ATDVA indicator, the flow of the
Fa6ESBFAQefode AADMPo e hea st et k3324t ok ol shaspiER(Fhe
at which TDVA information is read from cluster CL2 in
degeptt shaeruit & LCnf 6F nhf i BPLBTES e AFBMALSpfdtifer .
optical disk 1 fromthe TDVA information. The

i nf or nektS ortSoASEHES AARNA the (RE1sear ¢ipbdi tiegananghe
size of the ATDVMA. Then, at the next step F304, the
fesTratr seehtdiovgni 8TBER AR AT ridrRerRetT ONIEE AfatSHiogn
to say, cluster CL1 not containing the_ ATDVA

ilﬁdféét o} © Vs BRERCcEPRRERFH AT tHie Misk FetEht TDVB 131
exists in the TDMA and no data has been recorded in
the ATHAYEr I FhusSLYRe Hodt Cr eé&nteIriNE & r Badt ot

%ggg]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 determination as to
whether or not cluster CL1 contains the ATDMA indicator
-in a process carried.out at the next step F302.

If cluster CLl1 does not contain the ATDMA indicator,
fﬁe flow of the processing goes on from the step F302 to
a step F303 at which TDMA information is read from
cluster CLZ in order to acguire information on the ATbMA
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 CL1 not containing the

ATDMA indicator yet indicates that the most recent TDMS
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the TDVA. A TDDS, SRRI and TDFL obtai ned fromthe nost
recent TDMS are transferred to the cache nenory 60a so
that the TDDS, the SRRl and the TDFL can be read out
from the cache nenory 60a in subsequent recording and
reproducti on processings. It is to be noted that a
recordi ng/ reproducti on apparatus may not be capable
of reading the TDVA information fromcluster CL2. In
this case, the existence of the ATDVA cannot be
recogni zed. However, the start position of the ATDVA
has a val ue greater than the value of the | ast
I%@ﬁ?&l 1R deesSPHecsdded ARtE RASTEIS asefREde] ddt the -
i cal address of the user-data area (or the |ast
E’ér%Mé‘f YEhe J@@Pldé@ﬁ %?%%)feqeﬁltaa"él’ﬂtsl of, Fe3fereti $TAY
chan e in relation between a | ogical address and the
&ﬁg?s Pﬁf* addrt&Ss - céﬁﬁésmoﬂ?%& PE TR ot TalthadPEss
rocessi re carried out to read out and
m%&tdﬁﬁ% ?]?eorﬁr%?@%ﬁﬁt’% dt e St%ﬁalcg}ﬁ nEHoEY 47 SO

RS G e L L8 L
di ng/. d
EROGAT BT TS AT PRETHI g okAeRS TS ToA has
dat e o its.end, the recording/reproduction

f?fraég%ﬁ%ﬁ%n?r9$eﬁ81P8ﬁger capabl e of updatlng t he
TOWA and hengg gongel Kahly, 4" Lhes, i QeaRtigol ©
apparatus may not be capable of reading the TDMA
~information from cluster CL2Z. 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
I.SN ¢f the user-data area). in addition, there 1s 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
reco:ding/reproduction apparatus not capable of

recognizing the ATDMA. In this case, when the TDMA has

been updated to its end, the recording/reproduction
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optical disk 1, that is, processing to inhibit further
wite processings. If the determ nation result

produced in the process carried out at the step F302
_indicates that an ATDMA indicator has been recorded
in cluster CL1, on the other hand, the flow of the.
processi ng goes on to a step F305 at which the system
controller 60 recognizes the core of the ATDVA

i ndi cator cluster. Then, the flow of the processing
goes on to a step F306 at which the systemcontroller
60 produces a result of determ nation as to whether
GPPAGE LRl ATIVA CBgESt SaPalte tHfe WPdatii g ofhg HEPMA and

- determ nation indicates that the ATDVA exists, the
FEIFPoFORFR FHce SSFRGSYORET T AESa1ngt B FEUF dihe

whi ch the size of the TDVA in the OSA (outer space
gP&aFabrdtfe lsi 7636 16heP BRI "ac A Féfal%t othet
the size of the ATDVMA. The size of the TDVA in the OSA
¥RA TEhBRT ST 8¥Strhe OSA have been mentioned before in
expl anation of the TDVA i nformation shown FIG 17.

Then, ‘theé &t SPteaBtiEdC b SRt TGS ABufkbef PEIFeSS
the L Last ADI P Add f dat
§G%§é‘a%e?1‘§"f S the Rbt0 FIED aRaPakes 1O an ATBHRY om
he. ATDVA.. That di t
58@6?%%‘—’ et bseh; FePRrH A1 CiPEEr s T hon henpsher

gnt };Iregkgogaﬁ%t ghlgg%{]c%%]egs&ég%ogg ct)rrﬂego taheste SE“BOS
at which the system controller 60 recognizes the core of
the ATDMA indicateor cluster.
iThen, the flow cof the processing goes on to a step
© F306 at which the system controller 60 produces a result
cf deterﬁination as to whether or not the ATDMA exists.
'If the result of the determination indicates that the
ATDMA exists, the 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 O0SA 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 informaticn shoﬁn 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 i1s acquired from the ATDMA.

That is tc say, the ATDMA indicator recorded in
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fromthe ATDVA. A TDDS, SRRl and TDFL obtai ned from
the nost recent TDVS are transferred to the cache
~menory 60a so that the TDDS, the SARI and the TDFL
can be read out fromthe cache nmenory 60a in :
subsequent recording and reproduction processings. It
is to be noted that sone recordi ng/reproduction
apparatus may detect paraneter m smatchi ng between the
‘val ue of the ATDMA indicator recorded in cluster CL1
and the nost recent TDMS, hence conceivably
prohibitéﬁg d%%f wite grocessings. Even in the case
SHUSGER CTectitiqrdrrepRrotuths P SpFacaPisTOROWESES 10
I Ni recordi ng/reproduction conpatibility is yet
st B Rl <4 fonae Lt BPRT nERTOT et £2pr b RAITEY he
oce ied_ o t the step _FE306 indicates tha
et AT BRI o1 2 "By i Ric B8 DF O FeoRrDRS HaEarBF
recorded in uster CL1 but t si.ze of the ATDVA has
e e L T N B e R AP
rec d.,n the flo t he processin
558n8h b A o MEs O A e MRB e A e G
T. on,.th tic disk.,1l is determined to ve
08 IS T BBl A YbsrRaPRoRctiGd Snfl

2gﬁ%?%?§€9§}%&%£egg§g?g'is determ ned to have

( I'nal’rzatTon process. For 134 this reason,
st T egent BT e ik Boke "G iR soi ot on
apparatus may detect parameter mismatching between the
value of the ATDMA indicator reéorded 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 @ut 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
disk 1 is determined to have been used up for récording
information. That is to say, the optical disk 1 is

determined to have completed a finalization process. For
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is acquired fromthe DVA and transferred to the cache
nmenory 60a so that the DDS, the SRRl and the DFL can
be read out fromthe cache nenory 60a in subsequent
recordi ng and reproduction processings. 6: Data
Recor di ng/ Reproduction Processing Involving Alternate
Areas 6-1:. First Exanple of Data-Witing Processing
Next, by referring to a flowhart shown in FIG 25,
the follow ng description explains data-witing
processing carried out by the enbodi nent for an
optical. disk 1 having a format including alternate
&hé&sTa8sShow® 3 @rPFesslcFé}‘leq touts ato the RBtedsiapat
also in this case, point of tine the data- Mﬁltln%

Eﬁ@&ﬁhﬁgﬂ%@scﬁr@m@& @@ﬁowcmd%@t DP§ . bERBAr#eF DF

out, the optical disk 1 has been nounted on the disk
dei ¢ éqahﬁe%tfﬂﬂﬁsthﬁ ?BﬁLaaﬁdt¥§ﬁﬂfeq¥%9etBeéhec%&ﬁ@%j

fromthe TDVMA recorded on the optical disk 1 to the
BSEREY nefrSP 68:2C theallPt i be aPRe taRsKTWrgare be

receives a data wite request_ and/or a data read
FEHeStt i £ FoSAchEpPRFRt UL QUdH SEPFREVAV syst em
120, the disk drive converts a Io%lcal sect or address
(E%REd%%%é?F1éﬁpFﬁdPﬁEl?§5P?%ﬁﬁﬁiﬁ? ds the address of a
et of the dat? Wit and/ aor read groces%} %s into
quﬁecgégfgg %ﬁﬁﬁ tion Processing Invo

Alternate Areas
- 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, also 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
mounted 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 ﬁhe 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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(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 opti cal
disk 1 with the format including no alternate areas
as described earlier. Let us assune that the system
controller 60 enployed in the disk drive receives a
data wite request specifying an address N (or a

1 ogi cal sector address N where Nis a nultiple of 32)
as the address of a target of a data wite processing
froma host apparatus such as the AV system 120. In
tRAYeEhseS e adldseem ednt rivdtamt 60 shardata herite
data-witing processing represented by the flowchart
SREVAT | Redd @TamsSSABIS halke | h RIS iPRuPeCteheaddress
flowchart begins with a step F401 at which the nost
HEEBht PYLo derattd® SRRP YElfeaNWpr FeRath RFREHdRes,
menory 60a. Then, in a process carried out at the
RBRt t%% PO ItehandRRY T5ad SIATEREINTD Prddirded 1gd
result of determ nation as to whether the specified
SHEr SR sCHEET A ESdy" r EDord®E YAddPEsIR giPEfal disk 1
unrecorded address, that is, whether or not data has
BEER TR rditi AnGIRILRY di° &l WREaspeRTIIRES Sidradbed
An al ready recorded address is an address at 136 which
83?@?%%3 al ready recorded and an unrecorded address

IS an ?%%ress at mhiﬁp no. data has alreaqﬁegeggrded.

us assume at the system contro
" 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
ﬁhether 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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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 produce a result of

determ nation as to whether or not the SRRI has the
SRR entry of an SRR including the specified address.
To put it concretely, first of all, in the process
carried out at the step F401, the | ogical sector

b S e TR e e
éggF séééC%%%zﬁft C%ﬁgngggag%ﬁgéﬁgglégtggcg% ! Te an
2o an S eﬁ?S?y*«aQS??EsgrgtmvenérggggfLéggﬁ%i E%et Eicfﬁ?
BRER P Raby ooty Srb aPSEaied oty ent ey JF%h
cqr 9389%9‘ g 0, Lhe ;Log] Cac&dsgsg?te O qaddress N occ.

Speci s conpare Wit h
th cl yd in the QUi RR entr the
SOFFESIT i e Perl R FRaree es ¥ Sheter or
t n._r orde t 1 p [ Sector
A, DD 530 Al oL eal g .

%ﬂQEﬁ§§ g£§ﬁﬁpl&ﬂegRFEsec$or ag;%ygh%ﬁ&esna% SR e

0 say, phyS| ess er than
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 intoc a
physical sector address Nf. 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, fhe 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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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 NWA can be
found fromthe LRA recorded in the SRR entry. If the
physi cal sector address N corresponding to the

| ogi cal sector address N specified in the data wite
request is equal to the NWA indicating a postscript
recordi ng point, the physical sector address N
indicates that no data has been recorded at the
pRYSPEarddertoM saadi85sINI the tdeits vabes nadwepltow of
t he processing goes on fromthe step F403 to a steE
Ehoz &% Uhitdy dat ahvsicak i seeiry mogrene Hhyssiaddler than
sector address N . That is to say, in this case, the
5harBER epddiq i6E irdieains tidatommandhed ke yesardad
data-writing processing is not an already recorded
GHAFRIPPYMIERL SRECERL FRRIT Mg SHrEeERIIHGI $ochPPi ed
out normally. If an error is generated in the ‘
Ve |§??F§rpraﬁlélé§§? My WrEifdeghini FpardptenfEiéted on
the optical disk I or any other cause, _however,

EPERT Tiat o BEGMBR ST GeLSFRE ARG DEC AR SACBERST in

instead. First of all, in a process carried out at the

5@ F§%%8§ﬁﬁ©% t he systen1contro||er 60 executes
contr ol to wite %Fa onto the ogtlcal disk 1 for the
speC|f|5d Badpg%%}ca sector addre corresponding to

the logical sector address N specified in the data write
reguest is equal to the NWA indicating a postscript-
recording point, the physical sector address N’ indicates
that no data has been recorded at the physical sector
address N’. 1In this case, the flow of the processing goes
or 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, the address specified
in a write command to carry out a data-writing processing
‘1s not an already reccrded address. Thus, the data-

" writing processing is carried out normally. If an error
is generated in the data—writiné précessing 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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To put it concretely, the systemcontroller 60 noves
the pickup 51 to the specified address to nmake 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-writing processing is conpleted nornmally,
the processing goes on fromthe step F404 to a step
F405 at which the SRRl stored in the cache nenory 60a
is updated to reflect the postscript recording of the
data into the SRR Then, if necessary, that is, if
is an opportunity to update the SRR recorded
oFrr1 0t4he thg pPYTHA™ FOSET 11RO GRRISCUEEST BRAC AT thfe Write
optical disk 1 is also updated. That is to s
GpEat BrmRtical Pé%rﬂde‘cproﬁh@hépaﬁfﬁc%d #@I@Sf
Finally, the proceSS|n carried out for the w
TSqGEST L SCOHHAFe Ve 180 57T GLBATPRART 54 TfgS the
phy i cal sect address N specified jn the wite
3&& rstfgr@a SPechined 13 &f {I‘ﬁéesﬁRa%‘Fss to
|IIe | paraneter error |s transmtted to
gg W%&Fﬁédmﬂ? %t@qué’zﬂl‘:h #E)\/\E?/é?e WtrPr ten
ro hart shaown FI G 25 does, not show the case in’
i €At A" d&ﬁ& %ec?BrﬁaddP@§§ SR specified in the

wite r uest ter than the NWA of tge SRR, 139
't he ot enf AT TG oW FE OB UURba § i TRAShFbcess
%%ra: Iegg Ol'#:theatprtobzgsggg g':cf"eo3 Im%l 8%t ’gﬁ'etsh:ep tEUi%ﬁl to a
step F405 at which the SRRI stored in the cache memory
60a is updated toc reflect the postscript recording of the
data into the SRR. Then, if necessary, that is, if there
is an opportunity tc 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 £he apparatus making the write request.
However, the flowchart shown in FIG. 25 does not show the
case in which the bhysical sector address N’ specified in

the write request is greater than the NWA of the SRR.
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specified in the request for a wite processing is an
~already recorded address, the data to be witten onto
the optical disk I in accordance with the data wite
request cannot be witten into the specified address.
In'this case, the flow of the processing goes on to a
step F406. First of all, in a process carried out at
the step F406, the TDMA including the ATDVA i s

exam ned to produce a result of determ nation as to
whet her or not the TDVMA (and the ATDVA) have been al
used up for recording information. |f there is no
nore vall dhgndeFrERIBR LT Festhé FORAVFIREITHithG PRECESS
ATDMA, _al ternat e-address managenent can no | onger be
EREELUERBAUY 71t HiPe eher, Fife l%O?Jaﬁ/t&P that prlaeaaddnsgs
goes on to a step F407 at which an error pessage is

PEALHT £E ed® (78St RETUPPEr 2R UL TEKITHgPEAESSHHRA Wr it
rfguegt in responsg to the request. |f there is,stil
&VEPTY 4re

HitPeEe 24rES T 0 e £o; RE| Wit heb e the
R TS T kb Ml el B
SELSHLOBUIGN.ER |RCAELeL, O IRl LIBIELS 99 gose
included in the_l or the OSA as an area |arge
ARG or” 651 FJi RO dUo 1 PndE 8% a0l Eoe® ot Gedd0fy,
140, Suqheap Bkt 25 SLLIEY! O o, U PLOdGR Y.
%55@; 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 thefe is no more valid and free area in
the TDMA including the ATDMA, alternate-address
ménagement can no longer be executed. In this case, the
Iflow of the processing goes on to a step F407 at which an
error message is transmitted to the apparatus méking the
data write request in iesponse 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
.procéssing goes on to a step F408 to produce a result of
determination as to whether or not there is an alternate
afea, 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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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 recording the address of the next
avai l abl e sector in the |SA whereas the 4 bytes at
byte positions 1,220 to 1,223 of the TDDS are used
for recording the address of the next avail able
sector in the OSA. Fromthe recorded addresses, it is
possible to determne the states of available areas
in the ISA and the OCSA. As an alternative, the spare
area fu

' ded  at t 52 of
To0S Lol e b BF crtertit 3{18'832%%@%%&'%1 b
t t d f
K R TR %t?ﬁge‘é?) 7 o a%%s%ﬁégt%
. t t hat | SA d t
%e&xapgﬂéeﬂ%: IR, Bk % T I
[ [t t f ul
ArabvPe Betft it e dofer %1#."%% b R
30006085 02T d A0 out el N3t eR 408, Endleal s, tg%t
there ci%ént free area 1nc ed i
t I f
E{Sﬁei’ﬁs?% o TS aRL AR %Cv 312t %'@o" 1"'%3
1 h ,
REOSRE St 9P 180 B BheB o PP Sl 4ol L2 e

%%QQrQ@fo%ﬂMérEédF%rdﬁhatﬂé'ééhjﬁegygﬁtthe recorded

addresses, it is'possible‘to determine the states of
available areas in the ISA and the 0SA. 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

F4009,
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can be recorded by carrying out alternate-address
processing taking an area starting fromthe next
recording address in the I SA or the OSA as an
al ternate- object replacenent area. Then, the flow of
the processing goes on to a step F410 at which
necessary updating processes are carried out. That is
to say, since the data-witing processing is carried
out as a data renewal process, the data to be witten
onto the optical disk I in accordance with the data
wite request is recorded by perform ng alternate-
addr e$s provessiaigths deszridd: abovsenThuke henew DOW
entry nust be catal oged on the TDFL. To be nore
opeeilf désk Lt insaqmupskegeywibh gelmerditte arDON eatnsst
descri bing the physical sector address N
cgpireespontdfag by cdrriog eak ateetmategddrdesssspecified
in the data wite request as the, alternate-object
pPrndegicAal hddieg sammteehe tagtiessiomm dhe apgh i ncl uded
inthe | SA or the OSA as an actual target area of the
refaraingi eddpedeelsithg Eafr PEdtivutOHt ashensfbperT™=OY as
the alternate-object replacenent address. The physica
objectoreRYaFreBIN N 2@-vi ng as the alternate object
original address of the DONentry is thus an 142
addr STt i AR Opr 801 BRR REACE SFA89IbERRS ret driéd SteRs

descri bed above, the TDFL i s updated by )
F410 at which necessary updating processes” are carried

'out.

That is to say, since the data-writing processing
is carried out as a data renewai process, the data to be
writfen onto the optical disk 1 in acccrdénce.with the
data write reguest is :ecorded by performing alternate-
address processing as described above. Thus, a new DOW
entry must be cataloged on the TDFL. To be more specific,
it_is-necessary to generate a DOW entry describing the
physical sector address N' corresponding tO'the logical
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 0OSA as an actual target
area of the data write processing carried out at the step
F409 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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catal oging a new DONentry 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
menory 60a are updated. Then, a TDVMS update unit
according to the updating of the TDFL and the TDDS is
generated and increnmentally recorded in the TDVA or
ATDVA on the optical disk 1. If the determ nation
result produced in a process carried out at the step
F408 indicates that there is no sufficient free area
afdes et R iChePFSAIOFS t97¢308RSa8=5R r%ﬁ%ﬁquarge
enough faor carr out al ternate-address rocessi ng,
on th@soﬁﬁﬁ?rﬂﬁ%a VEer hidfel %ﬁﬁh@%éﬁxﬁ?ﬁeegging using

the user-data area is carried out. n this case,

PP LES Re nBF‘oE%@s?fhtg“Yg&é’?%ﬂnt 0 Irh aéjtdéﬁlﬁﬁilsltrbce

r e .a result of determ nat a o Wwhet her or
t'ﬁ% #E&é ltSaPﬁégt%ﬁR F%%IT?P@QS l§n| Eﬁ\% 3 F4%rget SRR s

the S d th d t t th t
N T LA

S0l 94, addres S;%plé' Qped appve, . Thal I3 @ say. o8

step. n1contro 39 6P e eS

LB o e T P,

tesul't natlon as

ad Q8L SRR L8 ORSL £ ¥y ©'fO$8Y: TpFL 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 F408 indicates that there is no
sufficient free area included in the ISA or the 0SA as an
area large enough for cafrying out alternate-address
processing, onrthe 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 iz 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 gontroller Gb refer; to information in

- the SRRI header in order to produce a result o&f
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Tf 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 the processing goes on to a
step 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
d%ﬁ?]f“j%lliar%oé’t §Sahfl YRREDSSRRE net g‘&%t‘?(fgﬁ)? ﬁBBaH"‘ ngFdh
SRR entry. Then, the TDDS is al so updated
OEC‘EJO‘?%‘?CHeg. That is to say, in the process carried
out at__the st%%‘ F414, %lrst of all, th TDFL, SRR
and TBOSTE of &t Ah&NEatRESHETHSY t)}OEOén%‘lJr%at%dﬁ’ta@d
Then a _TDMS update uni.t cording to the dati ng of
PRt IR, PRl %meranotﬁehiﬁ?mf-%eg@ﬁgﬁsﬁéagga%%esg
|ncreme taIE ecorclhl th
Bptd &S tEPs Xi & dé:flgrﬁ?ﬁﬁt‘f %r@@ﬂlltf:eﬁr%ﬁfuced
in a cess crr ed out._at the st % cates
tl’t‘%a‘fpt{)lh t SF gt f RIS ErE584" Gh t?%e ﬁer t he
| ow of t he -gges_on to .a ste F413 v:ﬁ}
% Ty stleS re?ﬁ at a§f4 " 5TR Wi Qct it gﬁ?o F]Ple opt’ cal
Tl'génSk 1%1 I I%lgccg£d Cervc\)nctegs thegcgea&; %nwrt g ggggeﬁild S
recor 0 an area star |ﬂg
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 also updated accordingly. That is to say, in the
process carried out at the step F41l4, first of all, the
.TDFL, SRRI and TDD3 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
SER is closed, on the other hand, the flow of the

Processing goes on to a step F413. At this step, the data

144




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
requi red updating processes described above are
carried out. That is to say, in the process carried
out at the step F414, first of all, the TDFL, SRR
~and TDDS stored in the cache nenory 60a are updat ed.
Then, a TDVMS update unit according to the updating of
the TDFL, the SRRl and the TDDS is generated and
: |ncrenentally recorded in the TDVA or ATDMA on the
tEpPE cifl ffiesk ontoashg eaririqrdd ddisévé, iphecedwsimaegr with
shown in FIG 25 represents alternate-address
tHPoLR's3i g (earrrBES but s iTPCBKger 1nbor ehew Hhatsdairing
fhesponse to a re%uest for processing to wite data

ramothm ‘gdgrassh WW%&]&‘&H@ASt 8fbereth HEeady

recorded address. is to be noted,  however, that
t he aﬁFeFﬁat%r%ecﬁSest@ BREEES sThR dRly? diSs6omBeeEedr | Bt
he sane |n order to renew data in

P8 e sfaC?aa {94 “Br 5808sT RGP (1 M Ptte vBAL
%gtqa an g 8 whi ch happens to . be an address in a
e 8? AH PP IREeASEaNESF O  RSARAY S REE, even
Clgrfggaou drg@§ specified in the r%%yest for
processing t W i'te 8a?3y14%“o €e8ﬁtF€5fl%ﬂ§$Pq
o Sl %%drﬁm'n A B e g b *lsmal"GnS! #3BET
e Bl
stored in the cache memory 60a are updated. Then, a TDMS
update unit acceording 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.

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 to 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 a defective
area,

Let us assume for example that, even if the address

specified in the request for processing to write data
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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 at the step F406 and the
subsequent steps. In the case of the alternate-address
processing carried out for such a defective cluster,
however, the TDFL is updated by catal oging a new DFL
entry in the same way as a DOWentry through an
incrementally recorded a TDMS update unit. 6-2:
Second Exanple of Data-Witing Processing Next, other
OB i %l&amﬂ%?lﬁgl p’r%caé’ssqc%§els§ iaxqt ditrardafed
referring to_a flowhart_shown in FIG 26. Mich |ike

CHyEdat &% FEPREEPrio e 91) 165p| BrRREWI ekf | imossgple
referring to the flowhart shown in FIG 22, this
Ot yBiteal MBS H Wi TS S o o c B stHG §€I5€es thpeflow
qplen1 caused by the fact that the application does
of g BOAEPES Hh 4088 B0 crmikeng P rdese e gten
- essin ecord data onto the _ optical disk 1.
R S R Ryt T oL T P eREiRg
r9ges in rie t he system controller 60.
|%%e % 958@5 (f1gfhfﬁ&?F@ueB nfYEA- with those of
the flowchart sho owever, the ,
descr#p?@%néng TZ6 bﬁeg tgf%%ﬁeﬁ?%ﬁﬁgﬁ PEREGEREY | n

in %a%StOEGErg%c a tl%eprgggggﬂyn%owever,'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: Second Example of Data-Writing Processing

Next, other typical data~writing processing is
_ explainéd by referring to a flowchart shown in FIG. 26.
‘Much like the détawwriting processing explained earlier
by referring to the flowchart shown in FIG. 22, this
other typical data—writihg processing solves the‘problem
caused by the fact that the application does not acquire
an NWA before making_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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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 the ATDMA and there is no free area in the
TSA or the OSA, the flow of the processing goes on to
a step F411A in order to carry out alternate-address
processing using the user-data area. At this step,
the SRRs are exami ned to produce a result of

determ nation as to whether or not an NWM is included
hn an SRR dlffer nt frgﬁ% he SRR i ncl udi ng the address

ese. gte are >
spéci Tied in e request. It is to be

not ed th nornal Ly l.east are in open
Statud™ T ca?ﬁeO%e Rty TN A
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stat us, owever, termnation result produce

EéBSr@ cP%%?ﬁe%%r r Eeﬂé‘rQQt%@éaf the § eEﬁFéﬁéArﬂnﬁa 3 the

ent a Int case l'ow o € processi ng goes
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transmtted he application nmaking the data wite
th€& ﬂ}kﬁﬁtofb%ﬁefﬁr%@gy{ﬁ&%y bherdat as Wl tg QA in

processing -represented his flowhart 1s ended.

o}ééklﬂb Eggrpeéﬁkta@teﬁﬁ%ﬁHJQdHQEBanféggé51 RQ@E aPhe
is inclfuded in an SRR different fromthe %

uéé%idéﬂangrea. At this step, the SRRs are examined to

produce a result of determination as to whether or not an

NWA is included'in an SRR diffefent from the SRR

including the address specified in the data write request.
It is to be noted that, normally, at least two SRRs

afe in open status. Thué, the determination result

produced in thé process carried out at the step F411A is

hardly a deniai. 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 F411A is

a deniel. In this case, the flow of the processing goes

on to the step F407 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.
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the address specified in the data wite request, the
flow of the processing goes on to a step F412A 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 starting fromthe NWA
That is to say, alternate-address processing using an
area in the other .SRRis carried out as a data
renewal process. Then, at the next step F414, the
TDFL and the TDDS are updated in accordance with the
al ternat e-address processing. Subsequently, the SRR
for tH& &bRteREeLbfoR KetSRRINGEL O nepHs rayy that an NWA
al ternat e-obj ect replacenment SRR is also wupdated as

1fetrclyded Het v £8Radt B prdtte eioAg the pi ki etdddiyat he
flowhart shown in FIG 26 for a data wite request,
hReA G e IPespE PR By i tHREadHrAtRr TR Equddie £40un
Ireagg‘i recqorded address and al t er nat e- addr ess
o P e SRS I m0nEECS at riRdt GUEDL 621 Shetl BY£alHEady
recorded at the address.. It i,s to_be noted that
d3tq e‘}%i%ee-f&&afsegs%%c‘%&i%gtleaﬁ dipkdl i esePrdancat
wi tqf zgﬂf maﬁ for a case in which ,t@e ?gdreis
Lol & Tn "eRES RIS O PEAUESE 1RE i hea@EPeTs SRR
.a defective area. %et ! me for exanple that..
- HevEh 34 RECAGHPEs roérbe%gﬁ ?\@gl nltllaH:e lrsegge§?yf or 148
aPLOSE Séi_% dtrgs\éWth:oecedsat'a Oreltso thgno tei Call %i Sko%hciaii’ an
addr 6sS N Can-unf ecorded T MTetEr S S s 8P |
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
serving as an alternate-cobject 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 and alternate-address processing is thus
carried 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 the data write request is an

address in a defective area. Let us assume for example

that, even if - the address speéified in the request for
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defective, making 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 no nore free area in
the | SA or the OSA the sane alternate-address
processing using an area in the other SRR as an

i nterface-object replacenent area .at the step F406
and the subsequent steps. \Wen alternate-address
processlnq6g5|n an area in an SRR as an

PEREEPFHLR-Ubj"Ect-or 8pFacementther ertiisataftied isuen
ggcause the 1 SA and the OSA are all consumed by such
fas it .adb FECEESPAgSI Y HE Tpr GEEsSHRYS K ai ned
d % L referrlng to FIG 21 are perfornmed. It is

EhES %%séfradﬁlélgt & Cs TR T H o r O MERT Bf I3 tERFR )
rnerq%% ecessaryﬁ%FNVgntrles due to an,.
£or et giEsuﬁ‘b?l%?'Fe' GeThy" t Pk t&k?plﬂré’ﬁﬁﬁﬁhn%sg%?
tj.on E. QWQ expl ai g earlier
OPe %%Eltnhge toepl 10 ats}? sﬁ&?a%gﬁ d‘F?]gcaﬁ'r&:é’g‘%i hg®
{ a;y.eadin cess ng for .a case in which the fornmat
t
Q? tTie opt |ca FSR® IPT9ESId8d SF%%?n%Ree I0"36‘] 8kt the
o§£9% c%qpq% @rea in the I.SA and the qﬁb the sane
%' r epresefit ed” moﬁﬁwfsﬁﬁomfﬁ%r{n %M{ PnCEI &€ 23.
o ﬁg'éi é&lcgitgin €E a x%g%"595c§§53§§9£hged abov%i
ment |np
in the other SRR as an interface-object replacement area
.at the step F406 and the subsequent steps.

When alternate-address processing using an area in
an SRR as an interface-object replacement area is carried
out because the ISA and the OSA are all consumed by such
data—Writing processing, the processings explained
earlier by referring to FIG. 21 are performed. It 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 earlier by referring to FIG. 20.

6-3: Data-Reading Processing

Data-reading processing for a case in which the

format of the optical disk 1 includes alternate-object

replacement areas in the ISA and the OSA is the same as

that représented by the flowchart shown in FIG. 23.
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al ternate-address function to record data on a disk
with a format not including alternate areas. In the
case of an optical disk with a format including
alternate areas, the alternate-address function to
record data on the optical disk can be inplenented
with a high degree of efficiency. That is to say, in
order to extend the defect alternate-address function
and the data renewal function in a wite-once disk
and a recordi ng/ reproduction apparatus, the functions .
are inplenented as follows. The format of a DOWentry
Tas et et Oér hae ERpfti@sst information in a data
renewal processing is approximately the sanme as the

f or matAofAegcbEbe@ iy cus 8 cas™art BTkt érPARBPRES 21
information in a defect alternate-address processin
ABLERNE R I9RLEAd TERE LR rieTegsed A3t Fernsiek wit
address infaormation in a data renewal processing and a
adé?@%?tdFFéﬁﬁﬁ%égéH%r%%ﬁ?ﬁﬂ45@e§§ﬁﬁ@-réngEFiG%F? A g
recorg%g n thg TDFL as pieces of i-nformation

“RbERT 5t "Gt Ret TOELT 8IS EEOPP ndyt HaegEmeneas, the

i pf ti ft defect alt - add )
P OEREE AR RE ™o PR D b BEOTT M e Gfert caPBESHE
86 i STHG T P L b o PSS b o E Al GAFChERSyT

defec%hat is to say, in order to extend the defect

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 ccexisting
~on the TDFL for storing management information of the
defect altgrnateraddress processing.

As alternate-object replacement areas of a defect

alternate-address processing and a data reéenewal
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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 described above, a data renewal
processi ng and a defect alternate-address processing
can be carried out even if alternate areas do not
exist. In addition, in the case of a -format including
alternate areas, a data renewal processing and a
PEEFEEFIAU tir dat &c5ddPesstprioteddthgrédnabdetafti ed
gut even if the storage capacity of the_alternate
3858 Hect s & th° gPTAFRk Motk duf PREI 8ROt &% i ng
data apynore.. On top of that, if the optical disk 1
(8¢ caPd %Pg) tB L S EnbBdF ARt 5 RSN PER= o o HpfAf alt s
Wi he dat renewal function not extended, the
agp%g?gtﬂkcdji”f‘fﬁélrgp?& VA SN SRSy As8dPastscripts

aIternate-ad%ress information in a data renewal

rﬁ?%ﬁ%ﬁ%ﬁﬁﬁ”ﬁ%'a DFL entry used as al ternate address

i nf ti R, f I at e- add L Nng,
and 1 306255 e B Brara ot 0T S e ChERE Lo
_ ified in,t | t te- addr I nf t]
BaPeRR eBlebdt nab MRl SRRAER st

- rBRLOCES %rrbg:elsé iﬁar LLE da oéjetfeéth % ll%:%p:{lg tleJEatléc&)rne ss

processing can be carried out even if alternate areas do

not exist.

In additicen, in the case of a format inclﬁding

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 notlsufficient 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 information in a defect alternate-address
processing, ana rgads data at an alternate-object
replacement area specified in the alternate—addréss

information. That is to say, since the conventional
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conpatibility is sustained in an apparatus wth the
data renewal function not extended even if the
optical disk 1 conpleting execution of the
al ternate-address function for data renewals is
nount ed on the apparatus. Furthernore, an NWA exi sting
.in an SRR as a postscript-recording point can be
selected as an alternate-object replacenent address
for a data renewal processing and a defect
al ternat e- address processing. By selecting an NWA,
whi ch exists in an SRR as a postscript-recording
TBEPATE RICC&T SdPPer-AatRrbYj ROt r EBPatBREAT Eddress in
pl ace, of an address in an, alternate area in the |SA
CBWP?ﬁ’ebJ(%&Y e SFSFROM g hér AEPEAATHR BhtthiTeddafa
the f pl.ace, with a recordi ng_processing carrled
SBUEbY ARG oh BehePAFONTD SSpBt O PR ORbH e dGLe gL
ﬁﬁﬁge55|ng5 to recorg file on the glsk an renew
XeﬁFBfLﬁBtF it W&W?F% fec2 s dglpcton
ance of t i C ca hortened to a val ue
ot G e F o COMRFER PG PoPPERESF1S-
alter at e- addr ess rocessin nove t plckup to
the a eg}ﬁa 8% ecr{) Sf%ﬁgﬁ%tmaraé’a gg%s

pg tern tive ge -nana enent |nf?rn9t|on of the file
e

e Fe%%? At Hh é?gabefo? OMAng The' data

al{ggﬁate QBJESEO£Qbf§c£§GﬁPBQB”8 nr¥§259: %%g
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
~alternate area in the ISA or the 0OSA, the following
merits can be obtained.

In the first place, ﬁith 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
enough for compensating fér the alternateéaddress
. processing to move the pickup to the alternate-ocbject
.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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In this case, a rearnost postscript-recordi ng point

sel ected as an alternate-object replacenent address is
consi dered to be ‘an effective alternate-object

repl acenent address. Such a rearnost
postscript-recording point is selected as an

al ternat e- obj ect replacenent address in a process
carried out at the step F110 of the flowchart shown
in FIG 19 or the step F413 of the flowhart shown in
FIG 25. In the second place, in a processing to read
out a block froman alternate-object replacenment
PEJHFRE"Ylre to a defect detected in a recording
proceSS|g% the reproduction perfornmance is inproved

becaud® &Pia SHft 2 SEEKTPSt RABESOF RN S5OCRapY Prnt
this case, a postscript- recording point selected as
Saheaf R ratas- abfeEraty e‘tﬂja?cceﬁ"réﬁpléﬂﬁﬁ“%%*s MRS ddme
SRR as the alternatg- obj ect orlgﬁnal address is
C%ﬁ%‘ii%%erdec?ot Beba™ af %Efcf ‘ﬁ v tegPeEr n%‘?%e%tbj ect
| acenent Qeress gostscrl recordlng Bglnt
r?% I HEEHNE 8RR s FW& aFt§F BPeS b etS TP Ral
addr ess ted as an altern e-obj e
pPURF eI R ea P epﬁnﬁ&ssg S8 PR IR ne
F109 of the flomcha n FIG or .th
a@%@%"wﬂza BFobRe® 118 ©Thgin P %‘ieéz Plog the
addit o c t- ardin t A eX|st|ng
| nWChar%RFi St'Ret tﬁfé t]h'CJD %%encllcu i hg %1 & St%
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-
object original address is considered to be an effective
alternate-object replacement address. Such a postscript-
recording point in the same SRR as the alterﬁate—object
‘original address is selected as an altérnate—object
replacement address in a process carried out at the step
. F109 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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al ternate-object original address as the NWA of the
other SRR is selected as the alternate-object

repl acenent address, it is possible to get rid of a
probl em of needl essly adding DOV entries due to
generation of consecutive unnecessary data renewal s
initiated by the application in a certain

ci rcunstance. A postscript- recording point existing
in an SRR other than the SRR including the

al ternate-object original address as the NWA of the
other SRR is selected as the alternate-object

SF&pFaRenEhteaddife S5PPR iR dedta-SHR tlpﬁéuﬁ%%%e"shﬁ ng
aregresentﬁhgq%%the flowhart shown in FIG 22 or 26.

2ty EF1ORREL 4TS Pt &Pr MR ng® the other
B S A (b GhteTTeT CRGrOB PR
<BBHF 11 or: 0P g Fo s orf T AQUBTLTE Host
BREEER R a0 fa 500 o eupeig%ggggfg{;%%gft d on
Bl %‘?fveei‘%@%@?ﬁg%%%ff ARSI LA, .
ReT e S Bhe sadhreute (TR ars el eéssrt%%[emé Sin
-8dd} lgp 01%ttQ§l§@§ gof thes5%rn@£eg hAb4.al l.acating

an a ate ar ea, Ionger necessary

including the alternate-cbject 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 out, 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 disk
1, and the postscript-recording point of an SRR other
than the SRR having a defect area or experiencing a
renewal of data is éélectéd as the alternate-object
replacement addre;s for the defect or the address of the
data being renewed.

In addition, in the case of the format not
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to estimate the size of a suitable alternate area in
advance in the application or the Iike. The fact that
it is no longer necessary to allocate an alternate
area inmplies 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 as an alternate area 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
Hgpiciecany om derhace ardat it diss nwolbvage merssessary
to estimate the size of an appropriate alternate area
Garsisiténatpdihy tsiize pét 2 petledtlar plterapfocanes dm
excessively large alternate area so that the data
afyReceah b utdiRlZed “hPr hoa HiggH ifegr e dfact that it
. efficiency. Furthernore, in the case of the

ienBedi ARt L nevesspaEr tP 0P LiIrEtE Sk albveEnate e

recordi ng/reproduction apparatus to produce a result
BPlaes e‘?%lrﬁ%tein(?n ugd i patifettfethaf £oaBdRRSS Bitarhe
optical disk 1 is an address in an already recorded
area O &FPuRfetr e 'Sedr the eIk °Mdrfihfe I8Fmthe

cordlng/reproductlon appar at us uses SRR
a&%@ﬁﬁ%ﬁi‘?aﬁ\ YREEEEE] ﬁﬁe%ngae TeRH-GP i By pIoVICaéER for

nmana alrﬁﬁ recorded addresses or unrecorded }55
2&88ar %% FEP08E s iPt-FBEF AP R et HEE™ AR 2

tggrgfggcated 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.

Furthermcre, in the case of the embodiment, in
order for the disk drive of the recording/reproductidn
épparatus 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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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 already been recorded. In
general, track information such as the SRRI includes
three elenments, i. e., the start address, end address
and NWA (new witable address or
postscript-recording) point of the SRR In the
postscript-recording nmethod using an SRR (or a-
track), it is necessary to record data always in an
area starting fromthe NWA serving as the postscript-
adeeesdengipaitt pobtthei SRR eddridd nigsme biecdus @nanlapedy
exi sting between the start address of the SRR and an
reddrass armedisatel yres ecedinigeht kietposéscalptadedered ng
point of the SRRis determned to be an area in which
- re@badbd swiad reead pnbeene cectrdl ed ewhiib eamne zg®al rh athigdn
the postscript-recording point and end address of the
nSRRai:g haetdmeadgdbeéen beecordadea Im asrieclalno tdack has
al ready been recorded. Thus, in the case of an _
ipptivalieh skich agobhai PREY idutladescohoer] eirsdiF by -
adoption of the postscript-recording nmethod, the disk
edy i Vee | stadpalbieess., prdhdnegsaandsifd gfew writable
determ nation as to whether an address specified in a
agdrees opr med seoRpBnE ¢ erdma)aPeéatlycf edvr déd -or
unrecorded address by acquiring information on al
SRRs & $hiengedhs e topecesring skethod msieg a8pSBR (or
that, in order to inprove reliability of

a track), it is necessary to record datd 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 iﬁ which
data has already been recorded while an area between the
postscript-recording point and end addfess 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 ah_
already recorded or unrecorded address by acquiring

information on all SRRs existing on the optical disk 1.

156




al t er nat e- address managenent information, it is
necessary to increase the nunber of tines to update
the alternate- address managenent information. |If the
size of the TDMA wused as an area for updating the

al t er nat e- addr ess nmanagenent information is only 2,048
clusters, allocation of a larger area allow ng

al t ernat e- address nmanagenent information to be
updated is demanded. It is to be noted that the fornat
shown in FIG 1 (a) introduces a configuration
allowing a portion of the alternate area to be set as
an ATOVATCRAEFt Fonbd 1Temgerary DBPERTS Mfiagereaty of
Area) at an initialization tinme. However, since this
afE e KRRl HEATRES SaMRBRSENYH: OfR IAFMagEPBY nht el ;megessary
referred. to as the OSA as a precondition, this

thet RO ISE Blémﬁﬁﬁl?%dtlt“%?%r?"ob‘f’idééﬁ Eﬁ’%l@llt%é\ﬂtﬁg
no alternate areas as shown in FIG 1 (b). Thus, in
afifiecsadiergoenepsy rRECTRRE iR ngTAothal Hiden &fe thPeEEMAs
"shown in FIG 1 b% as, a net hod of aIIocatlng an
Uarea® ot" ﬁ‘éﬁé‘gifﬁ% RT3 ot EFd S L5PTBpET a9 hiss
informatiqn on the optical disk 1, here IS ed a
MERRFHIY e TREPORPHGCAM ATEVE, AP EhCi %S‘éerrﬁaméa r?Eﬁ’ltlon

i ndependent . of, t he al t ernate areas,
°§ F O AESS, ALl BB Dt Rs o Sk SE BB of

;Lhe user- dat a Jare at%?Jﬁl%eRg%dggse of a wite-once
% Bt Fhé&bPieray
It is to be noted that the format shown in FIG. 1
(a) introduces a configuration allowing a portior 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 OSA as a precqndition,
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
allocatiﬁg an area for managing various kinds of optigal—
.disk information on the optical disk 1, there is.adopted
a technique allowing an ATDMA, which is a management area
indepéndent of the alternate areas, to be allocated at
the posifion in the rearmost portion of the user-data

area.,
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type, a special format command is executed to create
an optical disk including no alternate areas. Since
format paraneters of this special command do . not
i ncl ude 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 snmaller a little bit
than the maxi mum storage capacity as a storage
capacity, however, the functions of the disk drive
can be extended so as to provide a capability of
gener dini tgeacaegioh aMwditenonaddiesses ddsi ghed-ray
thereto at the end of the user-data area. That is to
tgpy; & repdvdadaserndtt hdmnanbddi pratyted Mis qregitenans
used as a spare alternate-address .nmanagenent area
opefert etisko laslvenATDMER L grnaddi arems. at the sane
time, the disk drive is .also provided with a
f unct iSénceof adth arPapamerrsirenot r diigy seg e lasoanapivalo
i ndi cator to the beg-inning of the TDMA and record
nphf brefetdeoRnEnSPhe ATDMA & @TetheFY 21 5FGaket R6AZI n
the TDVA indicator. The TDMA indicator has a function
threrit st b ifkels dfakrafriare b EReG- AT g degrgemgr
- efficiency to find out a__location used to record the
SEPSIIT SCERCLEDMO VIR Hi K P58iared e REPSSrefBf s to

this TDVA indicator in processing ) ,
explicitly specifying a value smallér a lititle bit than

the maximum storage capacity as a storage capacity,
however, the functions of the disk drive can be extended
so as to provide a capability of generating a region with
no addresses assigned theréto 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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of a check disk shown in FIG 24 to acquire the
i nformati on on the ATDVA at a check-disk tinme. Thus,
the disk drive is capable of handling 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 areas and even in the
case of a format providing alternate areas, this
enbodi nent i s capabl e of sustaining recording and
reproduction conpatibility wi thout substantially
changi ng the physical format and physical |ayout of
drhege weitaaronederdi 5k dnds WiMiodndicates nign tdrecessing
functions. In addition, the data wite function can be
of np| Eifeit e siknshovni ie-Oifce 24 §k Bagting rdieno
‘alternate areas by sustaining recording and
ipEpFerfvictl @R thenpabiibidt tay ohieck-dhek coimeent Tonal the
wite-once disk, the RAMtype disk and the ROMtype
dgrkkdaisTg s sapFhle, of Herdliegs fae e Yendiodl lpy case in
rovided for typically the RAMtype disk and the
w Y& IdiegRatanared 5tifdsused for an optical disk of
the wite-once type wthout the need to nodify the
har dwifelanPTHEHHFSPchhe foPTratdesSHiRE4PRT oRVeR tin
shoul d be understood by those skilled in the art that
the GRS Etty 2of OFBRYT fRTatiORg, "258! tHit iFatit6as, and

subncow%inations and_al terations, may occur
even in 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 1limiting the functions.

In addition, the data write function can be
implemented in a write-once disk including no alternate
areas by sustaining recerding and reproduction
compatibility with the conventional 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,

159




i n dependence on design requirenents and ot her factors
insofar as they are within the scope of the appended
claims or the equivalents thereof. 160 WHAT IS CLAI MED
I'S: 1. A data-recording nmethod for recording wite
data onto a recording nmedi um 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 be recorded into and to be reproduced from and
an al ternate-address managenent information area

.used for increnentally recording alternate-address
conhageriits i shbrrarbdmiieror dod edtepiat@isamagadgcur
recorded alternate-address managenent information used
ifiofleperrajiaey cal Hephar eretidriesenypoeed stitpc &rcteds out
on said wite-once recording. area, said

188 EE ¥ erortdieng amet Hoshtmpals 6ceper e ottt mpresdrd write
data onto _said recording mediumw thout providing a

- Cprévaltoddreganivet aate Wedgofn said wite- 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
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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 al ready been recorded in
said wite-target area; recording said wite data,
which is to be recorded in accordance with said data
wite request, into said alternate-object replacenent
area; and updating said alternate-address nmanagenent
information so as to include information in said
al t er nat e- addr ess managenent infornmation as
WHAT of Pt WOMEDSRA6W ng sai d al t er nat e- addr ess
processing. 2. The data-recording nethod according to
cl ai mlt, Avwkrainecordipgseetid Mwri recondiey wride in
said wite- once recording area is a defective area:
data s@airte st egcordénd rigdgrolavabg e nat deaddices s
processing, defective-area alternate-address
rBFRESSY] mFeai Shahr vl kv datiao teebe strapdiside dhievein
wite-target area as an alternate-object origina
CBERLONGHEGefinghudtt ernate area sel ect ed ‘anong
partial areas existing in said main data area as an
al t er Raf@iBuieid aweslakbieht dareds &RdPat reapiad dptef
updating sai d alternate-address nanagenent
a?‘ﬁf"b‘? Mt F6RFOLAFE af ¥ B n&"€- addr ess managenent
infornatigg?is updated to include infarmati on show ng

sai d Bf BLEFVR T G5 CAPCEr At W Ao 8T BFBREL? i =2

used for incrementally recording alternate-address
management information in order to update already
recordéd alternate~address management information used
for managing alternate-address processing carried out on
said write—onée recording.areaf

said data-recording method capable of recording
said write data onto said recording medium without
providing a pre-allocated alternate area in saia write-
once recording area in advarnce comprising the steps of:

ﬁarrying out alternate-address processing to set a
IWriteitarget 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 érea, and Set an alternate area
selected among partial areas existing in said main data

area as an alternate-object replacement area in case data
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3. The data-recording nmethod according to clains 1 or
2, wherein said alternate-address nanagenent
i nformati on includes sequential recording range
informati on on a 162 sequential recordi ng range of
main data recorded in said nain data area and
wherein, at said step of carrying out
al t ernat e- address processi ng, an alternate-object
hasepllacadetesar ezcondsdi th meiin daibearaaydts agehect ed by
usi ng said sequential recording range infornation. 4.
The deapnddegr 8ihg wirdttkodabacoridialg isotel s me®orded
_Wwherein, at said step of carrying out _ _
irglecephdtrcadditds saigr deessimge araabser ndte gojidct
replacement area in said main data area is selected
alpprgatagohivdtts epgeceBedt diteg: podnt i nf ormati on
included in said sequential recording range
i nf ortRASTERY salcrr@l]fdaﬁn@-tﬁeé@%ﬁ@ nREgeHeaEcording to
. claim4, wherein, at said step of carrying out
1nPERF Hte-Stddfess 1pFbtEsdnigrrakian i mate obj ect
repl acenent area in said nmain data area i s sel ected
alERIRPEL IRIATESSf R FISHEs LB EP TR LAk Ged L RGO P titon
hinformat,ion on a postscript- recording point existing
Shpy1ng St ALFEFE BEAARTRGSr BRYESS3 9 udi ng sai d
~alternatjve-object original area invglved in said
al te%natTéI?aa‘aF S PEOERY STHGO% 2CTREC RS &°r EEBJrIEii]rrg
whé?gg%?digcggéglggad:%rgkgLQ;fget area in said write-
once recording area is a defective area:
at said step of carrying ocut alternate-address
processing, defective-area alternate-address processing
is carried out to set said defective write-target area as
an alternate-ocbject 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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wherein, at said step of carrying out

al ternat e-address processing, an alternate-object

repl acenent area in said nmin data area is sel ected
on the basis of specific postscript-recording point
informati on representing a 163 | argest address anong

pi eces of postscript-recording point information on
postscript-recording points existing in a sequentia
recording range or a plurality of sequentia

recordi ng ranges. 7. The data-recordi ng nethod
according to claim4, wherein, at said step of
seaueytiiag avtoabied nadreyaddt easn a0 essiorgiedahn said

al ternat e-obj ect replacenent area in said nmain data
naieadats seleected w@retdion basi sadfl satm of carrying out
postscript-recording point information on a
apostirdpiddrees op dhawp ioint aexbdtermgp ierodisegquent i al
recording range other than a sequential recording
rephygeeniant] adeagisaialid alatier dateverabjiectsedergeaaby ar ea
involved in said alternate-address processing. 8. The
uglna-yadcosdingn et hoe cusldndi hgnyo imfpronsionf cl ai ns
1 to 7, said data-recording nethod further conprising
t he stiep Wfe deterngcandbudinstdedl aaterding ¢o gddiessd,
managenent information area, which is used for
wheggidredtabpid rgesit diingagavdngl ewy rditeradgdeeaddress
managenment .information, in said main data area. 9. A
PERELETIEGor Al ny! EpEtanePIr6E Ferbrdiegtweree 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 te claim 4,
whereiﬁ, at said step oflcarrying out 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 postscript-
recording point existing in a sequential recording range
'_including said alternative-object original area involved
in said alternate-address processing.

6. The data-recording method according to claim 4,
wherein, at said step of carrying out alternate-address
processing, an.alternate—dbject replacement area in said
main data area is selected on the basis of specific

postscript-recording point information representing a
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data onto a recording nmedi um 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 be recorded into 164 and to be, reproduced from
and an al ternate-address nmanagenent information area
used for increnentally recording alternate-address
managenment information in order to update already
lareest dedd ad dseranahe- patdees sofimaagenempt+rdarmaanhigon used
for managi ng al ternate-address processing carried out
padamt $afdrmatiitoe- onceosteoarigitrgeavedingaiodnts existing
dat a-recordi ng apparatus conprising: a data-witing
ins ec seguerfitora wriecondisai tenwd toer dapauraiity i d
recordi ng nmedi um an address verification section for
segruedttihgezordényl targfesdet ermi nati on as to whet her or
not data has been recorded at an address specified in
a daf/a WiiHet dataerprosding nethal sacdrding godatainnf.o
said main data area; an information determ nation
wheyedni oat f ridséeac PAgeaz Yigwubtt of 1 trarartigi-ndereds as to
whet her or not said alternate-address nanagenent
PreedoTifdli 6R ehheherpuhiedt repbRcensmtt popastiet S
- for:

main data area is selected 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

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 infeormation 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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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 determnation result indicating that no data has
been 165 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
aatleto iselreptreduasBngr@ny taral areas existing in said
main data area as an alternate-object replacenent
ar ea, aconltetrhangadhied sdabaagemdrng rfecthibonot carreacor d
said wite data, which is to be recorded in
usedofdanceremehtsaiy daterding hdteempestaddrete sai d
al t ernat e- obj ect replacenent area, and updating said
mahieematteiaddressiomnageneietr tpnhodatet ia0resdyas to
include information in said alternate-address
reppradpdredtternb be nraddors amanporaat | orf oxiadiiongused d
al ternat e- address processing if said address
foermdnagdnoonlsectiver kbdiscepraceet grariagariied Pelsdn
i ndi cating that data has been recorded at sai d address
safd it -opter racdohimeE@es nat i on section produces-a
determ nation result indicating that said alternate-
addr e§3 1 fatigenERe g r ARPR OH- EasoRe T pdad ed.

a data-writing section for writing said write data
onto sald 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
érea;

an information determination section for producing
a result of determination as to whether or not said
_altérnate—address management information can be updated;
and

a control section for:

contrélling said data-writing section to record
said write data at an éddress specified in a data write
-réquest if said address verification section produces a

determination result indicating that nc data has been
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10. The data-recordi ng apparatus according to claim
9, 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
wite-target area as an alternate-object origina
areal and set an alternate area sel ected anong
partial areas existing in said nain data area as an
al ternat e- obj ect replacenent area; and updates said
al t er nat e- addr ess nmanagenent information to include
riepbodeat aonsshbwidgesat dandlef ecti ve- ar ea

al t ernat e- address processing. 11. The data-recording
appar atauxydegopdi ngl ternatleaiaiBr8s orpddye satieyekn, ssaiad
al t er nat e-address nanagenent i nformation includes
wgégeendi@dt raemer divhjchr amgeddntfidrimet bpnemmdiress
sequential recording range of main data recorded in
spardfhed nirdat aadprearane sajukstcast rRopasent]i erresel ect s
an al ternate-object replacenent area for said
iartededtier addideysipeocessitrrandisdi dremi s @at a ar ea
~ by using said sequential recording range information.
alpermpeeddti®ctecoidimyl appa-atad actorniagaroate| area
11, wherein said control section selects an .
sgleereratanansj pertiepl e mxiaiténgf br SHid ralinedate e-

address processing in said main data area by usin%‘
area as an alternate-cobject replacement area, controliling

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—addresé management
information s0 as to inciude 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 determinatioti sectionhproduces-a
determination result indicating that said alternate-
address maﬁagement information can be updated.

lO.\IThe data-recording apparatus according to
c}aim 9, wherein, in case said write—target area in said
write-once recording area is a defective area, said

control section carries out defective-area alternate-
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postscript-recording point information included in
said sequential recording range information. 13. The
dat a-recordi ng apparatus according to claim12,
wherein said control section selects an
al ternat e-obj ect replacenent area for said alternate
167 address processing in said main data area on the
basis of said postscript-recording point informtion
addimeas postscringt tnesor daigl peifettéxe stitintg-target
sequential recording range including said
arght esnar | alezeginaeet cbpectgicdlgiandéaaresyolared sien sai d
al ternat e-address processing. 14. The data-recording
aliappaa bt Usreac celdingd tamongl pamti?] asteerseiemishimy ciont r ol
section selects an alternate-object replacenent area
safigr mgan diatia ersat es anldrldssngtecebsedly darlagetenti n
data area on the basis of specific
argast aed i yndatesorsdiad @ oimatienbddnass orenadepeasent i ng a
| ar gest address anong pieces of postscript-recording
inggrmatien dmép\r:éﬁdﬁnirp%sqn@@riiopt sheees diaig points
exi sting in a_sequential recording range or a
defpaEaYe13rest 23EqLBRET Adressr Bragesabyes. 15. The
dat a-recordi ng apparatus according to claim12,
wher éitn sBid J@SAT FRFORBET GRP3EREERE s2afprding to
.al ternat e-object replacenment area for said alternate-
clyRfr &5 &FpiBec e dRF5Fg N nS8af 02 hef afa294E88S on t he basis
of

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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sai d postscript-recording point information on a
postscript-recording point existing in a sequentia
recordi ng range other than a sequential recording
range including said.alternative-object original area
involved in said alternate-address processing. 168
16. The data-recordi ng apparatus according to any one
of claims 9 to 15, wherein said control section sets
an addi tional alternate-address managenent information
area, which is used for increnentally recording said
al ternat e- addr ess managenent information, in said main
agdtgsareeOceEping dat aeFécor i Myteethed dortheedesdisngt
wite data onto a recording medium having a
St BOBhRE IRted6FaT Agnar kRl thanfarrehsoriara & 0 be
recorded therein only once and includes: a main data
PEFEACT WAT TIF WECA P sPR o bee ¥ etidinge dni At aueitivd be
reproduced from and an alternate-address managenent
TRAPBT AT i ARoEr dacludiee feid mditereat BYePIeEsT di ng
al ternat e-address nmapagenent information in order to
OLpIRRE ATFady VOB e P A SlhEE RS LIRS Sfanagement
i nformati on used for nanagi ng alternate-address
PhPotEsYitg carried out on said wite-once recording

area, .sai dat a-recordi met hod conpri sing the steps
of 14.'drhe datawrecorggng apparatugpaccor ing to P

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-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.

15. The data-recording apparatus according to
claim 12,.wherein said control section selects an
" .alternate-object replacemeht area for said alternate-
addreéss processing in said main data area on the basis of
said postscript—recording point information on a
postscript-recording point existing_in a seqqential
recording range other than a sequential recording range
including said.alternative-object original area involved

in said alternate-address processing.
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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
recording area, as an 169 al ternate-object origina
area, and set a partial area selected anong partia
ar easléexi Bte niptianr reapddahd emppatretuar eac@siian to any
al ternat e-obj ect replacenent area if data has already
onpeef ¢lkiorsd&dtbnl saivthemeiinestad geintaéasantdicaiskts
selected partial area is usable for said first
angpteértnarel adteesstpragtesssnyaneganeritngnéotmaetond
al ternat e-address processing to set a wite-target
argaeavhighi dis usetidénr i ficagmeptahly aduraess ngpesifli ed in
a data wite request as a portion included in said
aliprrateomclress ondiagenanda indsraat it dongeédobp et
original area, and set a partial area selected anong
dapardfef- areas existing in said main data area as an
al ternate-object replacenent area if data has al ready
been ¥ ecdt fsFarnesar i rmeshedr it receadang o tear ea
usabl e for said second alternate-address processing
dapyki QL ion r&5PYILNY SRgthE BREBARY redbridiengresid wite
data, which is to be recorded _in accordance with said
refﬁ&%%qﬂﬂaFéarEﬁ%%s%%lqwﬁtgaE%i%P 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-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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al ternat e- obj ect repl acenent area; and updating said
al ternat e- address nmanagenent information so as to
include information in said alternate-address
managenent information as information show ng said
first or second alternate-address processing. 18. The
dat a-recordi ng net hod according to claim170 17,
wherein, in case said wite-target area in said
wite-once recording area is a defective area: at said
step of carrying out said first alternate- address
processing, first defective-area alternate- address
aiterngspngbiscc amiicdédadubres. suid saitdadpfstiaarea
wite-target area as an alternate-object origina
- sglegtedapdonetrar tiadt pakaar el stelnsc tiad said ngl pamEtal
areas existing in said alternate area as an
axreepAafe- dbfdraterepl aeeneellagamentangeat 1 5adatasthap
of carrying out said second alternate- address .
a&FBéégsgﬁ@? oG ddénet iV eiirien targeE nare? Hdeedd
processing is carried out to set said defective
SfrPEeet apdetidr édcas lanuark bt fatte S6pFeéi ©of i 3t Rgmate-
area, and set a partial area selected anong partia
agpEgss BRXPRIFG9n said main data area as an
al ternat e-qbject replacenent area. 19. The .
dat a- ret IV Hg et FRFPHE oG Rg T e 62 LI $is PTPPeSP 2B, tO

wherei n,  sai d alternate-address managenent
_set a write—-target area, which is identified by an

address specified in a data write request as a portion
Aincluded 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 i1f data has
‘already been recorded in said write-target area and no
area usable for said second alternate-address processing
egists in said alternate area;

recording said write data, which is to be recorded
in accordance with said data write request, into said
alternate-cbject réplacement area; and

updating said alternate—address management
rinfoxmation so 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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i nformati on includes sequential recording range
informati on on a sequential recording range of main
data recorded in said main data area and wherein, at
said step of carrying out said second
al ternat e- address processing, an alternate-object
replacenent area in said main data area is selected
by using said sequential recording range 171
Tl nfiremainonin @@e Fheddeat B-9-e¢cogdi ngremtimodaadcor di ng
to claim19, wherein, at said step of carrying out
wigidied onee orelcorditngr pate- bdldr elsSeprovessiary, an
al ternat e-obj ect replacenent area in said main data
area #% wwldested oY camivagapest ssxidifiret ordiarmgasent
i nformation included in said sequential recording
addzrge PRPGIFRIICon fipat deeedfdiva—peearall ¥Ry nadehod
according to claim 20, wherein, at said step of
addxeEi RECHRAS1SW dsseebhted AutetRafet athirbgiefective
processi ng, an alternate-object replacenent area in
WIdAPAt AR SR aFedli 3l SRTE e @PORCT t Hel Bdsils 28f2sai d
postscript-recording point information on a
anﬁo§?§c?iEﬁﬁﬁﬁﬁéoFHFﬁgsi%ﬁQReQaﬁWQPgn@a¥?F§% $eGdént i al
rrecordi ng range _including said alternative-obj ect
eX%5eFgRAat a‘%aéﬁlg PAVBIVRLE i4F<Saitd §Bcdhernate-object
alternat e- address . processing. 22. The data-recording
TeRLPREREAE Aedi nd o claim 20, wherein, at said step

of carryi out said second .
at.%agg step © carrygng out sald 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 seguential 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 is selected by using said sequential recording range
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al t ernat e- address processi ng, an alternate-object
replacenent area in said main data area is selected on
the basis of specific postscript-recordi ng point

i nformati on representing a | argest address anong

pi eces of postscript-recording point information on
postscript- recording points existing in a sequentia
recordi ng range 172 or a plurality of sequentia
recordi ng ranges. 23. The data-recording nethod
according to claim 20, wherein, at said step of
carrying out said second alternate-address
ipfeEs®3siPRy, an al ternate-object replacenent area in
said main data area is selected on the basis of said
post sctl pt Tre i F9eidangi Rebhedhtacsiwrddngato claim
postscript-recording point existing in a sequentia
1PecBPEF#fr &fgSadfhéFePhah @ EedeenPral S+ 82 0P UG
range including said alternative-object original area
AL {GENTRY2qdr eSS @reeedRENAM t3 fdteraglresiPrlocessi ng.
24, The data-reqording nmet hod accordi ng to any one of
TEP AP R (35 23 s §R 4T aBR HR (G arRg het FOteFRY ke
conprising the step of settjing .an additional ,
USRS TR EEEOhanAY St i REBFRAL TN W e YSEhiBh
is,used for, increnepntally recordi ng said

S31 ¢ ef FAl G dddr E85O NN TRe FPEPREI PN, in sai d
oo IALe % Be Audl el oRRBLES 0T

2&{'&&é8§&§ 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 seguential
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 élternate—object
replacement area in said main data area is selected on
the basis of specific postscriptFrecording point
ihformation represeﬁting a largest address among pieces

of postscript-recording point information on postscript-

recording points existing in a sequential recording range
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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 managenent
information area 173 used for increnentally recording
al ter nat e-address nanagenent information in order to
updat e already recorded alternate-address managenent
ot i @Rl Oby Usk Gd@entbangtag ralinher patgeaddr ess
processing carried out on said wite-once recording
ar ea,23sal Thdad=s-a-eeabdihyy apdoat iscenditg Songladm
data-writing section for witing said wite data onto
20sawderetoy dingateldstap ab cddndss veri fatdtserorsiect i on
for producing a result of determnation as to whether
aloernate taidrdsas prbeessireroraged latramtaddriess speci fi ed
in a data wite request to wite said wite data into
repabdenainth alatea inapead wdin dadrmateenideseledteat ioon
section for producing a result of determnation as to
thghbedes @f sadd pabtscaintemeaedaddresinrErdgamenion
- information can be updated as well as a result of
ondat et Fraticdrrasordinharier 6xiabing am & sgqusablial f or

al ternat e- address processing exists in
recording range other than a sequential recording range

including said alternative-cobject original area involved
in sald 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
cnly 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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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 determnation result indicating that no data has
been 174 recorded at said address; 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
vgptefpatigisprest by grerbr dimea 2 L5AEN3e ~3HESS al area
sel ected anong partial areas existing in said
mappeeheitle indoemahsoaninl teiatate- obfete 3pmatenent
area, controlling said data-witing section to record
r8EPEIN | A dRLAS T adAT _FS iNPNATPENE et BF QP 4P used
accordance wiith said data wite request, into said
fori mepedidokiléernrEPpTadE it PraFEasSHMd ydatShg sary
al t er nat e-address mapagenent information so as to
SEAE | HEE S TPGEnREFORIT Y sHiSF al t er nat e- addr ess
managenent .information as informati on show ng said
al t er FALE- GAHF S FUEEs §PRG“F FUS HUPIdFH883
verification section produces a det.erm nation,result
| ndll &t PRGSTREEC T 2 94d CBebn” rECrde SAe do AP i G i s s

and saj 'infgrnatio . determ nation section produces a
onto sal recoralng medaium;

an address verification secticon for producing a
result of determination as to whether or not data has
been recorded at an address specified in a data write
regquest to write said write data into said main data
area;

an information determination section for producing
a result of determination as to whether or rnot said
-alternate-address management information can be updated
as well as‘a result of determinatién as to whether or not
an area usable for alternate-address processing exists in
said alternate area; and

a control section fér:

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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determination result indicating that said alternate-
address managenent informati on can be updated as wel |
as a result of determ nation indicating that an area
usabl e for alternate-address processing exists in
said alternate area; and carrying out
al ternat e- address processing to set a 175 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
alternate-object original area, and set a partial area
reeprdekdtarreng padréad; areas existing in said main
data area as an alternate-object replacenent area,
cont r glekrirgng seitd aldteanmtietr pAdreee tbaressirgche dsshial
wite data, which is to be recorded in accordance
Wil e saiaptdarga, whieh riquelsntiified kgjap address
al ternat e-obj ect replacenent area and updating sai-d
speeefind draddfess wahayermshest apor et o is§r&s to
include information in said alternate-address
ipghadrchemt SeafloMRAEE IR GEs HaTREFARRE| BFF2 sfSwWeflg sai d
al t ernat e- address, processing if said address
a2 e T CPIRCEeBF F DD GifCes 2RAdER BriRTHT G PESEI t
indicating that data has been recorded at sai d address
sehRF i dPRpoPARETvh TS FFASEEBA %Exﬁﬁ%ﬂwaﬁF8HB€E§ a
determ nation result jndicatingethat said altern

BRI SN SG BT~ TG R EP AR CERAT b AT at 8 L8 LT

sggh 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
determinétion result indicating that said alternate-
address management information can be updated as well as
a result of determination indicating that an area usable
for altérnate—address processing exists in said alternate
area; and.

carrying out alternate—address'processing to set a -’
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a result of determ nation indicating that no area
usable 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
Is a defective area, said 176 control section carries
out defective-area alternate- address processing to
set said defective wite-target area as an

al ternate-object original area and set a partial area
sel ected anong partial areas existing in said

witterarechrateaas WAN Sl ter hdeetobjascbyr epl adénest
area, updating said alternate-address nanagenent
SHFCeLAEE Bh & FatRcMidEe HPERASt i ashenthglsarer
defective-area alternate-address processing if said
IngleARdt ot et SHtRacrsR seedrdingprsgacessadn
determnation result indicating that said alternate-
addgreesenenfdmat SiRrdr AEER orPRhfehe 2upaBE &AL A SRel |

ai a geterninatiqn result indicating that an area
- SFSERIEEYf FPONS &1 tdefle EFPTE- S 1A%t éPnﬁ?édalﬂ%H‘ré@ta
processing exists in said alternate area; and carries
aGGE Q&f B tTVETRAEE ORI BEF nBRRLAFFIPEE s PP BC oS P HLg I
Set aagd“defective %ﬁite- target area as, an
8 el AT V0 8¢t S6FPRaF® af ¥R a8t " htpafaiul area

sel ected anong partigl . areas existing jn said nmain
B L oo B SRR e iR e e cPe B Shcrei date
write request, intoc 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.

26. The data-recording appatratus 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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area, updating said alternate-address nmanagenent
information to include information show ng said

def ecti ve-area al ternate-address processing if said

i nformati on determ nation section produces a

determ nation result indicating that said alternate-
address managenent i nformati on can be updated as wel |
as 177 a deternmination result indicating that no area
usabl e for said defective-area alternate-address
processing exists in said alternate area. 27. The
dat a-recordji ng apparatus according to clainms 25 or
COBLIhet i - WhicGraleer Aat elHddtdys -aranagerfamate -
information includes sequential_ recording range
AAAFBF R T UIP Y $eqiehtFatd Cederdilg Yahbr G- aedi n
data recorded in said nain data area and said contro
3EBRt PO AeErS R~ gPI T h - IIPPdc PRI PRpIRE S1RENE ar ea
in .said nain _data area in said defective-area

PEF LI haARe® S6dFE58d B Fatdisy asray aidhidWgdenti al

[ i nf tion. 28. The data-recordin
B o e GRaR g (B SRS 2 -oRhEr by TETRRaTE it Lo

a;egtioneﬁglects.gn altérnq;eapb'ect re Iac%pent area
A safff iy datd areErnqte e80a a8t et YEiiea
;8 é%&ﬂ%kg-%%dnesg §r°C§¢Sin%-bé ﬁéSi%%J .

postecript -retdrding Poir v A or iaeY iﬁﬁﬂdhded in
dé%%ékfﬁgﬁé%%%'%Htéggé%éﬂékéﬂg%ggSrggégéiﬁg'i '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 saild 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 .
information to_include information showing &aid
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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29. The data-recordi ng apparatus according to claim
28, wherein said control section selects an
al ternat e- obj ect replacenent area in said nain 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 178 .recording range
a idetkudingtsai dreghufler hadice:iol) ebbht oo grewmlusabéa for
involved in said defective-area alternate- address
sagdodefsrhgve -Jedl e tdahat ¢ epbimdisyy pappasaiug @cicorsdi ng
to claim28, wherein said control section selects an
inalpédnateewbjtecereapl acenent area in said main data
area in said defective-area alternate-address
pr océdsi njherdattaheepasfisnefapppasitiiscaccording to
postscript-recording point information representing a
claimyest caddpessherming spildcasteniatposadsinesgt - r ecor di ng
point information on postscript- recording points
nmaagesieig ipfoanakkpremicaldes coranenyt radngecosfling
plurality of sequential recording ranges. 31. The
rangy 4NFeEBrEi Ay Apparcsdisnhtedr e erFdiey crapm 9B main
wherein said control section selects an
datf rerRafed obf et Y Bl A ceMEN TSP NS 31 FIMTRdat a
area in said defective-area alternate-address
Se%@e%?ﬁ@’c% A0 tHE ehRIFS NI dFepoafsRetptatséedidi ng
point information on a postscript-recordi ng point

saﬁgdmgﬁpnaaFﬁ %r%%qﬁbﬁ@pg|defectlve—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 reccrding 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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recordi ng range other than a sequential recording
range including said alternative-object original area
involved in said defective-area alternate-address
processi ng. 32. The data-recordi ng apparatus according
to any one of clains 25 to 31, wherein said contro
section sets an additional alternate-address
managenent information area, which is 179 used for

rdaearengntahdy iredacdinggssad dz bl derardtve—adgleess
managenent information, in said main data area in said

ocmlefieeli geeariswcdlvedr hat ez atldfedfestprocessa nglte3BatA-
data reproduction nethod for reproducing data froma

addegessdpngeamdingm having a wite-once recording area
that allows data to be recorded therein only once and
i ncl Gdes:The caitA-datardiren appairehudat ecdsling e
recorded into and to be reproduced from and an

clain éfravbesdin essidmeagemtnsetpior retlieoisapra  used
for incrementally recording alternate-address '

altpymagemeht et nf pamadedwntnadedein trighogte dhkeaaea

~ recorded al ternate-address managenent information used

in fspldhAgagFRYveata e alécanakesaipice PIORGSEART i @Y out
on said wite-once recording area, said

thehesigaré- aeripess Pegragedeht et otmet PeA™ncl udes
sequential recording range information on a

InfoEAaéAPRaF SRERTTIRG PahyeoDTt mgidgess among pieces

of postscript-recording point information on postscript-

recording points existing in a sequential recording range
or a plurality of seguential recording ranges.

31. The data-recording apparatus according to
_ claim 28, wherein said control section selects an
élternate—object replacement area in said main data area

in said defective-area alternate-address processing on

the basis of said postscript-recording peint information

on a postscript-recording point existing in a sequential
recording range other than a sequential recording range
including said alternative-object original area inveolived
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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data recorded in said main data area, said data
reproduction nethod conprising the steps of: producing
a result of recording-status determnation as to
whet her or not data has been recorded .at an address
specified in a data read request by reference to said
sequential. recording range information when
receiving said data read request to read out said 180
data fromsaid main data area; producing a result of
alternate-status determ nation as to whether or not
sai d address specified in said data read request is
upedafed jas:ranealtélnatecowbjrec sacdi gl el nathktraakiyelyy
usi ng said alternate-address managenent infornmation

mgpagtnetthd nffgenat han, skt daiddreds dabs deen igpeeiifi ed
in a previous data wite request if said result of

ds ¢ dt yermrgiangl sennyse vrddrasnarironssingli cat es t hat
sai d data has been recorded at said address; reading
out saidd datds e sersafdchien awthogedpri sEProMuGHIY
data read request if said result of said

dats ef iRt & SEEPHSIBRtRT HHRIATANENE| CRt B VIRt sai d
address is not nanaged as an al ternate-object origina

rager &9y @feésFﬁats%ikP¥ﬂt4ﬁﬁﬁaFé hadreserdashdgerent
i nformati on; and readlng out said data from an

only st é%bﬂ@%%“des

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-addxess
management information in order to update already
recorded alternate-address management information used
for managing alternate-address proceésing carried out on
said write-once recordiﬁg 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
defermination as to whether or not data has been recorded
.at an address specified in a data read requést by
reference to Said'sequential recording range information

. when receiving said data read request to read out said
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repl acenent address nmanaged as a substitute for said
al ternat e- obj ect original address by using. said
al t ernat e- address. nmanagenent information if said
result of said alternate-status determ nation
indicates that said address specified in said data
read request is managed as said alternate-object
original address by using said alternate-address
managenent information: 181 34. A data reproduction
apparatus for reproducing data froma recording
medi um having a wite-once recording area that allows
Hten firembeaidcer deddatiseragien’ only once and includes: a
mai n data area, which data is to be recorded into and
to be Peptwtiiced fegmltanll akteinadieratetaddr ess
managenment information area used for incrementally
JedEsrdraglant &% nat etlwddieassr nahatermddneser AREFOA1ICH
order to update already recorded alternate-address
afagenent=i A e MATST tudedmanagedrmmgimglternate-
al t ernat e- address processing carried out on said
qRiecs- sredi et A TRF Sab¥aus 53y s aid erlifgreagadpddsess
managenent _ i nformati on incl udes sequential recording
“Pé’ﬁ@@mFﬁF ot MERTHH 16 4U8efberht af 25 ddrdi ﬁ@lfiaﬁ%‘ér%ifs
main data recorded in said nain data area, said data
HﬁépPaaac%E’%?ﬂ%epﬁ%rlék Gs PEBHPPTS| Hrf2 &d&CarPEREF hgtE

section eadi data.fromsaid
sa?d resu og sé&d“%ecordlng 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 detérmination indicates tﬁat said
address is not managed'as an alternate-ocobject original

address by using said alternate-address management

informaticen; and

ieading out said data from an alternate-object
réplacemen£ address managed as a substitute for said
alternate-object original addresé by using said
alternate—address managémeﬁt'information if said reéult
of séid alternatefstatus.determination indicatesrthat
said address specified in said data read regquest is
managed asrsaid alternate-object original address by

using said alternate-address management information.
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recording nmedium a first address verification section
for producing a result of recordi ng-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 main
data area, with reference to said alternate-address
managenent information; 182 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

repr odifce B3adatalateg rfodoritsan dapmd 1 et £oar eaprgducing
managed by using said alternate-address managenent
dahéof net i rreardangakedi watlewiceet woiktgraade addr ess
due to the fact that said address has been specified
repondpre\dngs tataaitpve dateyuesibe gadondednilragiein
section for controlling said data reading section to
ondpr ok ershiigcdatdastrom an al t er nat e- obj ect

repl acenent address nmanaged by using said alternate-
addr ess "adRagehemreanf ofvahi datasia suks irasesdegrinto
said alternate-object original address if said first
apddredee naprcrieati HrCBecibn produces said resul t of
said recording-status determ nation as a result

i ndi c&fi Adrermate sidrds Achagepeeh YEBTHed At 2887 d

address, and said_second address verification section
uﬁ?%dg@égjggp&entally recording alternate-address

management information in order to update already
recorded alternate-address management information uséd
for managing alternate-address processing carried out on
said write-ohce recording area, said alternate-address
management information includes sequential recording
range information on a sequential recording rénge of main
data recorded in said main data area,
said data reproduction apparatus comprising:

a data reading seétion for reading data from said
recofding 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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result of said alternate-status determ nation as a
result indicating that said address is an address
managed by using said alternate-address managenent
information as said alternate-object origina
address; and said address if s aid first address
verification section produces said result of said
recordi ng-status determnation as a result indicating
that said data has been recorded at said 183 address,
and said second address verification section produces
said result of said alternate-status determ nation as
a resu? tS950d FEARYS ¢ Hagr Salich td@dr 885t1en figt paducing
address managed by using said alternate-address
nERagehent ¥ Wﬁréﬁaggss%?‘be%‘flt“é‘rtﬁaf’e@%b?%d’thether
original address. 35. A recording nedium having a
% PPE- BR RS rgrRg TarRal® ratdadld sfeddaea e g%?
recorded therein aonly once and conprises: a main data
TEPEaTuGhi T U& S & 2pB BA1F dEOIUER Pnfbca skt FAsEd

nd an al ternate-address, npnagenent

b RoE L T R Teba POTE T MATGREEFT G FeRORtRiE 23
Bt o oty o T ebbr ALH B 1L ae SR RS el e A
BROCERRI T} G PEa"otR G bt i PEETbRES TEEordi g
r%&ﬁgst; and

a control section for controlling said data reading
section to reproduée said data from an alternate-object
replacement address managed by using said alternate-
address management information as a substitute for said
aiternate—object original address if said first addresé

verification section produces said result of said

recording-status determination 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 mahaged by
 using said alternate—address,manageﬁent information as
said alternate-object original address; and said address
if said first address verification section produces said
‘result of said recordihg—status determination as a result

indicating that said data has been recorded at said
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wherein no specified area is fornmed 'for an

al t er nat e- address processing. 36. The recordi ng nmedi um

according to claim35, wherein said nain data area

i ncl udes an additional alternate-address managenent
~information area used for increnentally recording said

al t er nat e- addr ess managenent information. . 184 37. A

recordi ng medi um having a wite-once recording area

that allows data to be-recorded therein only once and

conprises: a nmain data area, which data is to be

recorded into  and to be reproduced from an

afdreriat 2P0 el SRRy BABREST nfUritdCrsh Oar 88°t ¥R d
- for increnentall recordLQg al t er nat e- addr ess
BrERAGEReRt S of °6n 3P of HetTRag a5 datesal r eady
ded al t t e- ad t inf iion used
S MRAGT T T Cortratd Caaarbet it CBeL] A Bars P b
id.wite-once recording area; .and an al ternate
a1 FEA SRaEH AL arR ARd-CareartGT ¢
ea are egpqﬂ%%ed as _an are%_for

id . .
~drideRats. 20685 B o 8 eFRe°Pagst dPFipina!

d) S 53l a
ress  processing.
_ gﬁgign1according to claim37, wherein said main
a e3s. b . .

altérnate area includes an additiona

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 reprocduced from;  and

an alternate-address management information area
used for incrementally recording alternate-address
_management informafion in orderlto 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 afea used for
incrementally recording said alternate—address management

information.
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al t er nat e- addr ess rranagerrent i nformati on area used for
increnental ly recording said alternate-address
managenent information. 185

37. A recording medium having a write;once
recording area that allows data to be recorded therein
only once and comprises:

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
reécorded alternate-address management information used
for managing alternate-—address processing carried out on
sald 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 acceording to claim 37,
wherein said main alternate area includes an additional
alternate-address maﬁagement information area used for
incrementally recordiﬁg said alternate;address management

information.
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