1 Description | NFORVATI ON RECORDI NG MEDI UM AND
RECORDI NG REPRODUCI NG APPARATUS Technical Field [1] Aspects of the
present invention relate to information recording nedia, and nore
particularly, to an information recording nedium a
recordi ng/ reproduci ng apparatus, and a recording/reproduci ng net hod,
by which data repl acenent upon logical overwite (LON occurring in
a spare area or in a user data area mpy be efficiently nanaged.
Background Art [2] Rewitable information recording nmedia generally
include a spare area in a portion of a data area to achieve defect
managenent. In other words, when defective data is detected while
user data is being recorded in user, data area (an area left by
excluding the spare area fron1ﬁ@6565ﬂulaﬂea) or while data recorded
in the user data area is being reproduced, a replacenent of the
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information recording nedia. In other ﬁg to update data al ready
recorded in the user data area, the recor data is treated as
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address of theD#l3¥ady-recorded data. Hence, a host can detect that
the data already recorded in the BaegkgromidApy ea was overwitten,

because t EF host R%ﬁﬁﬁéﬁﬁmﬁ{&hy refﬁd%ﬁk(ﬁ?éen g{)lfr?ﬂéde a-géfkgesdarea 19 Qént can

easily nanage t he once tron

However, a net‘?fd‘dla‘ﬁfm? @@Bl?lﬂ’eﬁ‘éfe‘iﬁﬁﬁ%ggnﬂ‘éﬂ%@‘ﬁ warls %E‘if?‘éfé aé?rlea of a
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failure same effect as the rewrite of dala to write-once information recording media, In other
words, to update data already recorded in the user data area, the recorded data is
ireated as defective data, and replacement data that replaces the recorded data is
recorded in the spare area. Accordingly, the logical address of the data already
recorded in the user data area is still used as the logical address of the replacement
data, although the physical address of the replacement data is different from the
physical address of the already-recorded data. Hence, a host can detect that the data
alrcady recorded in the user data arca was overwritten, because the host accesses only
a logical address. Thus, the host can easily manage the wrife-once information
recording media.

[4] However, a method of recording update data in an unrecorded area of a user data
area instead of a spare area and providing replacement information (i.e., defect entry
information) has been used to achieve LOW based on defect management to fully
utilize the capacity of a write-once information recording medium,

[5] This recording of a replacement in the unrecorded area of the user data area to
achieve LOW complicates (he recovery of replacement data destroyed by power failure
or an crror of replacecment information. Where an area in which a replacement of
defective data or a replacement for LOW is recorded is limited to a spare area, a re-



or an error of replacenent information. Where an area in which a

repl acenent of defective data or a replacenent for LOVNis recorded
islimted to a spare area, are 2 placenent block exists only in
the spare area. Hence, replacenent data can be recovered by
searching only the separate spare area for replacenent bl ocks.
However, as a user data area is used as the area in which a

repl acenment of defective data or a re- placenent for LONis recorded,
there appears a need to classify the blocks recorded in a user area
on an information recording nmediuminto user blocks (original data
block that is not replaced by a new bl ock) and repl acenment bl ocks.
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Referring to

spare area, and a 2nd update is recorded in track #2.

(8] As shown in FIG. 1A, although only data A ' obtained by updating original data A
twice exists in a logical space, a final update, namely, data A ', is recorded in different
locations in a physical space in cases 1 through 4.

[9] Referring to FIG. 1B, in case 5, original data, data A, a first update of the data A,
data A ', and a second update of the data A, data A ', are sequentially recorded in a
physical volume space of track #2 on a user data area. Referring to FIG. 1C, in case 6,
original data, data A, a first update of the data A, data A", and original data, data B,
are sequentially recorded in a physical volume space of track #2 on a user data area.
Disclosure of Invention

Technical Problem

{10} As shown in cases 5 and 6, although physical recording statuses in cases 5 and 6

are the same, recording statuses of actual information recording mediums in cases 5



original data, data A, a first update of the data A, data A , and
original data, data B, are sequentially recorded in a physica

vol unme space of track #2 on a user data area. Disclosure of

I nventi on Technical Problem[10] As shown in cases 5 and 6, although
physi cal recording statuses in cases 5 and 6 are the sane, recording
statuses of actual information recording nediunms in cases 5 3 and 6
are different. Thus, a block to be recorded needs to include specific
information so that a drive system can distinguish two different
cases. Technical Solution [11l] An aspect of the present invention
provides an information recording nmedium a recording/reproducing
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Description of Drawings

£13] FIGS. 1A through 1C are reference diagrams illustrating conventional problems;

[[4] FIG. 2 is a block diagram of a recording/reproducing apparatus according (¢ an
embodiment of the present invention;

[15] FIG. 3 is a detailed block diagram of the recording/reproducing apparatus of FIG.
2;

[16] FIG. 4 is a block diagram of a structure of an information recording medium vsed
in the recording/reproducing apparatus of FIG. 2;

[17] FIG. 5 is a block diagram of a data structure of a replacement entry shown in FIG.
4

[18] FIG. 6 is a block diagram of a structure of a block which is recorded/reproduced as

a unit in/from a user data arca of the information recording medium shown in FIG. 4;
[19] FIG. 74A illustrates a physical volume space of an information recording medium
on which original and replacement blocks has been recorded, according to an
embaodiment of the present invention;
[20] FIG. 7B illustrates a logical volume space of the information recording medium



[16] FIG 4 is a block diagramof a structure of an information
recording nediumused in the recording/reproduci ng apparatus of FIG
2; [17] FIG 5 is a block diagramof a data structure of a

repl acenent entry shown in FIG 4; [18] FIG 6 is a bl ock diagram of
a structure of a block which is recorded/reproduced as a unit
inffroma user data area of the information recordi ng nmedi um shown in
FIG 4; [19] FIG 7A illustrates a physical volunme space of an

i nformation recordi ng nmedi um on which original and replacenent bl ocks
has been recorded, according to an enbodi nent of the present
invention; [20] FIG 7B illustrates a |ogical volune space of the

i nformation regordi r;edi um4 shown in FIG 7 [21] FIG 8 is a
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about the original data or the replacement data, The additional information part may
contain at least one of the original address or the previous address.

[27] According to another aspect of the present invention, there is provided an in-
formation recording medium comprising: a user data area for recording user data; and
a spare area for replacing a defect in the user data area, wherein: a replacement
recording block that replaces an original recording block recorded in the user data area
is recorded in the spare area or an unrecorded area of the user data area; and each of
the original recording block and (he replacement recording block includes iden-
tification information useable to determine whether each recording block is the original
recording block or the replacement recording block.

(28] Each recording block may include a data part that contains original data or re-
placement data and an additional information part that contains additional information
about the original data or the replacement data. The additional information part may
contain the identification information.

[29] The additional information part may comprise at least one of an original address
field that indicates a location of the original recording block or a previous address field
that indicates a location of an immediately previous recording block. The identification

information may be a specific identifier recorded in at least one of the original address



formati on recordi ng nmedi um conprising: a user data area for recording
user data; and a spare area for replacing a defect in the user data
area, wherein: a replacenent recording block that replaces an
original recording block recorded in the user data area is recorded
in the spare area or an unrecorded area of the user data area; and
each of the original recording block and the replacenent recording
bl ock i ncludes iden- tification inforgmtion useable to determ ne

whet her each recording block is the original recording block or the
repl acenent recordi ng block. [28] Each recording bl ock may include a
data part that contains original data or re- placenment data and an
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in the spage areg Qo MIMECRLAEH 1R HRRe® loviibn, URRSis H8Yifkadr SnaiPd @
reproducing apparafus comprising: a write/read unit writing data to and reading data
from an information recording medium having a user data area for recording user data
and a spare area for replacing a defect in the user data area, wherein a replacement
recording block that replaces an original recording block recorded in the user data area
is recorded in the spare area or an unrecorded area of the user data area; and a
controller controlling the write/read unit to write a recording block on the information
recording medium, wherein the written recording block includes identification in-
formation used to determine whether the written recording block is an original
recording block or a replacement recording block.

[33] According to another aspect of the present invention, there is provided a recording/
reproducing apparatus comprising: a write/read unit writing data to and reading data
from an information recording medium having a user data area for recording user data
and a spare area for replacing a defect in the user data area, wherein a replacement

recording block that replaces an original recording block recorded in the user data arca



controller controlling the wite/read unit to wite a recording bl ock
on the information recording nmedium wherein the witten recording
bl ock includes at | east one of original address information
indicating a |l ocation of the original recording block or previous
address information indicating a |ocation of an imedi ately previous
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bl ock. [ 34] Acrgg)@ {0 anot her aspect of the present invention,
there is ovi recordlng/ repr oduci hg apparatus conpri si ng:
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replaces an original recording block recordcd in the user data arca is recorded in the

spare area or an unrecorded area of the user data area; and writing a recording block on
the information recording medium, wherein the recording block comprises at least one
of an original address field indicating a location of the original recording block or a
previous address field indicating a location of an immediately previous recording
block.

£36] According to another aspect of the present invention, there is provided a recording/
reproducing method comprising: writing data to and reading data from an information
recording medium having a user data area for recording user data and a spare area for
replacing a defect in the user data area, wherein a replacement recording block that
replaces an original recording block recorded in the user data area is recorded in the
spare area or an unrecorded area of the user dala area; and writing a recording block on
the information recording medium, wherein the recording block comprises iden-

tification infonmation used to determine whether the written recording block is an



is recorded in the spare area or an unrecorded area of the user data
area; and a controller recovering replacenent information about the
original recording block and the replacenent recordi ng bl ock by
referring to an original address field of the re- placenent recording
bl ock that indicates a |ocation of the original recording block and
a previous address field of the replacenent recording bl ock that
indicates a location of an imrediately previous recordi ng bl ock,
which is replaced by the replacenment recording block. [35] According
to another aspect of the present invention, there is provided a
recordi ng/ reproducing nmethod conprising: witing data to and
readi ng data from.an inf 'in?ti on rec?rdi ng E'[eq(i um havi ng a user data
original Tecording block or, a replacerfient recordi ock, .
area for recordfng user ata’and 4 spare area tor replacing a defect
in the uddfl dat a’reruing tomietherappegt of & PresshiBYRtine BgHe df DARy dsH & aRcordingt
replaces an ormigbduaihg meer @mpdsily: etkng deos the deailing tduefrats @t infbahgionr ea
'S recor ged ! [}_eéohﬁng éa%ﬂ:%ﬁqg%&@gs@f daﬁarhréd%r?ﬁ:gfdﬁﬁgse%ﬁ?an‘afa sfad?@aréhsfﬁr'd, dat a
area; and witing.a recordin ck o e i.nformatigon Teqgordi ng
et whor eiTFPTHE o Ee bR Aot ateeapel eaugip HESHE
ori gi nal addr esBaces @ ogiging decewling higclarepadedin Bnuser dajafeea dypeprigdin the
recordi ng bl ocdgaretresor ap niredoniss aragleinieaser idate bréla; amthidiai ia hgpladerhenc at i on  of
RSpect of i he SOSEEULE of 86 Rt ARRE mettiilo AEGAARL Bk gl e
repr oduci ng ne@ﬂ%ﬁ OE@?WPP%WE;L:I‘:WW?’%I‘ Hﬁ“%yﬁﬁrggﬁlg“ﬁ“é’ﬁla? ?1% ph%??cﬁl from
an i nf or mat i orpddiess©br Wiméinaefkupravions/to ity replageragnt eardingbleck apdi value a
recordi ng userphgadabadaek of ths pAgifal Bkc&ainf block df @lapiraler thafl@b@edofian t he
user data ar eq HAeLelel ot of CRbARE TRO! bR AWl AGH dchilhg bloBP! aCES
an original r cor |ag |%§ [eco In the user ﬁta area’ls
recorded in t H89™Meyapcihephasical addgss qf eCe é?f?‘gfnég %t the user data
area; and38riti ndccardingtomdirergsiskiod ke present ineenfiont Genads fromded e aenodiingg
nmedi um  wher eiBprbdiging REOEChogridigd GlitiGaiRlé H@Sealidgbata frorh htialotdilion
| nformation used g Aakarae, WELDETe NStilkaR ki eaaRdnebl gek 1
an 7 original recor |&;§1 .bl o k"or a repl acenment recordjn ﬁc . [37]
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[39] Where the immediately previous recording block is also the original recording
block, the original address field and the previous address field may have a same value.
[40] Where an expression of the form "at least one of A or B' is used herein, the
expression should be interpreted as A or B or A and B.
Mode for Invention
(41] Reference will now be made in detail to the present embodiments of the present
invention, examples of which are iliustrated in the accompanying drawings, wherein
like reference numerals refer to the like elements throughout. The embodiments are
described below in order to explain the present invention by referring to the figures.
[42] FIG. 2 is a block diagram of a recording/reproducing apparatus 200 according to an
embodiment of the present invention. Referring to FIG. 2, the recordingfreproducing
apparatus 200 includes a write/read unit 220 and a controller 210. The write/read unit
220 wriles data to an information recording medium 400, under control of the
controller 21{ and reads out written data to reproduce the written data, The controller



address of the replacenent recording block is always |arger than a
val ue of a physical address of a recording block previous to the
repl acenment recordi ng bl ock and a value a physical address of the
original recording block or always snaller than a value of a

physi cal address of the recording bl ock previous to the replacenent
recording block and the value the physical address of the original
recordi ng bl ock. [38] According to areother aspect of the present
invention, there is provided a recording/ reproducing mnmethod
conprising: witing data to and reading data froman infornmation
recordi ng nmedi um having a user data area for recording user data and
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additional information part of the block.

[44] FIG. 3 is a detailed block diagram of the recording/reproducing apparatus 200 of
FIG. 2. Referring to FIG. 3, the recording/reproducing apparatus 200, i.e., a disc drive,
includes a pickup 250, which serves as the write/read unit 220. The information
storage medium 400 is installed to be accessed by the pickup 250. The recording/re-
producing apparatus 200 includes a host interface (I/F) 211, a digital signal processor
(DSP) 212, an RF AMP 213, a servo 214, and a system controller 215, which serve as
the controller 210.

[45] Where data is to be written to the information storage medium 400, the host I/F 211
receives the data to be written and a write command together with information about a
logical address of the to-be-writlen data from the host 240 and transmits the received
data, command, and information to the system controller 2135.

[46] The system controller 215 receives the write command from the host YF 211 and



recordi ng and reproduci ng; however, as will be appreciated by persons
skilled in the art, sone aspects of the invention relate only to
recording informati on and other aspects of the invention relate only
to reproducing information. Thus, as the context nay inply,
recordi ng/ reproduci ng i ncludes an apparatus for recording, an
apparatus for reproducing or an apparatus for recordi ng and
reproduci ng i nformation. [43] Upon wgting, the controller 210
controls the wite/read unit 220 to wite data by performng | ogical
overwiting (LON according to a command of a host or under the
control of the recording/reproduci ng apparatus 200. LOW denotes a
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converted physical address. If the replacement entry cannot be read out, the system
controller 215 recovers the replacement entry. The replacement entry is recovered by
referring to original address information and previous address information included in
a recorded block. The recovery of the replacement eniry will be described in greater
detail below.

[49] The pickup 250 radiates a laser beam onto the information storage medium 400,
receives a laser beam reflected by the information storage medium 400, and outputs an
optical signal obtained from the received laser beam. The RF AMP 213 converts the
optical signal received from the pickup 250 into the RF signal and provides modulated
data extracted from the RF signal to the DSP 212 and a servo control signal extracted
from the RF signal (o the servo 214. The DSP 212 demodulates the modulated data,
performs ECC on the demodulated data, and outputs resultant data.

[50} The servo 214 receives the servo signal from the RF AMP 213 and the command



[ 46] The system controller 215 receives the wite command fromthe
host I/F 211 and 9 perforns an initialization necessary for the
witing. In particular, in a case other than where data is
overwitten to a recorded area, the systemcontroller 215 controls
the pickup 250 to wite the data to an address indicated by the
wite command. On the other hand, when data is to be overwitten to
a recorded area, the systemcontroll ey 215 controls the pickup 250
to wite the update data to an unrecorded area of a user data area
using linear replacenent, generate a defect entry indicating a status
of replacenent based on LON and wite the defect entry to a
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recorded/reproduced, a status of the replacement is represented as a block.

[56] Referring again to FIG., 4, the TDDS 4135 stores location pointers of the temporary
defect information 414, the SBM 416, and a drive areg (not shown), information about
a location and size of a spare arca allocated upon initialization, write-protection in-
formation, information about a location and size of a temporary defect management
area {not shown) allocated in the data area 420, information about a user data area 422,
information about locations on first and second spare areas 421 and 423 where re-
placement data can be written, information about an address of final data written in the
user data area 422, efc.

{371 The SBM 416 denotes a map in which recorded clusters and unrecorded clusters of
the user data area 422 are represented as different bil values. The SBM 416 is used
when the user data area 422 is used in a random recording mode. On the other hand,
when the user data area 422 is used in a sequential recording mode, recording



optical signal obtained fromthe received | aser beam The RF AMP 213
converts the optical signal received fromthe pickup 250 into the RF
signal and provides nodul ated data extracted fromthe RF signal to
the DSP 212 and a servo control signal extracted fromthe RF signal
to the servo 214. The DSP 212 denodul ates the nodul at ed dat a,
perfornms ECC on the denodul ated data, and outputs resultant data.

[50] The servo 214 receives the servaisignal fromthe RF AMP 213 and
the command 10 necessary for servo control fromthe system
controll er 215 and servo-controls the pickup 250. The host I/F 211
transmts the data output fromthe DSP 212 to the host 240. [51]
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[55] FIG 5 il¢@@&%@fe@§z@rd@;m ﬁéorly%ugc@déei ard 102 I CRLAGRIERN re&dchY
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tenmporary 510 is replacement data.

[62] The additional information part 520 includes additional information about the

original data or the replacement data. As shown in FIG, 6, the additional information
part 520 includes a previous address field 521 and an original address field 522, The
original address field 522 records an address representing a location of the original
block. The previous address field 521 records an address representing a location of an
immediately previous block, which is replaced by the recording unit block 500. The
additional information parl 520 may have an error correclion structure different from
that of the data part 510.

[63] FIG. 7A illustrates a structure of an information recording medium on which a
block which is recorded/reproduced as a unit has been recorded. More specifically, a
status of the information recording medium on which address information is stored in
the previous address field and the original address field of a block if the block is
comprised of one sector is illustrated in FIG. 7A. In a general optical system, a host
manages data in units of a sector (2048 bytes), and a drive system manages data in

units of 16 or 32 sectors on an information recording medium.



defect information 414, the SBM 416, and a drive area (not shown),
information about a location and size of a spare area all ocated upon
initialization, wite-protection in- formation, information about a

| ocation and size of a tenporary defect managenent area (not shown)
allocated in the data area 420, information about a user data area
422, information about |ocations on first and second spare areas 421
and 423 where re- placenent data canibe witten, information about an
address of final data witten in the user data area 422, etc. [57]
The SBM 416 denotes a map in which recorded clusters and unrecorded
clusters of the user data area 422 are represented as different bit

val ues. Tha SBMﬁ&thgSto'i*ﬁ?q 001%’3]154@@0 a%sﬂﬂ%v@ [?ﬁﬂoélvﬁ%d @aysed in a
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repl acenent da};‘(ﬁaﬁga&ei;ﬁfw%cee&e? '%?‘t?‘état‘g{fgfgh or replacenent data

necessary for t hat QS]BI aces user data.
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but also in the tﬁlcmfo
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bl ock 500 accd}“’dlflf‘?&n%tlﬁn lé%ﬁpr@ﬁwﬁi%mﬂe&onqlvﬁewﬁwés?é’rﬂhaﬁ ﬁ%@ﬂheah is
shown in FI G réeordléival ditn@s tlowkiGTIG6S, tehigive ysten demrgites Ardplatdneek 500

hnfl udest a5<i gteaﬁp@r b mdi;@ ﬂﬁm:le ﬁmaqglbkénqaﬁécea tﬁéigﬁﬁb-ﬁ? nm@gs thowd0. The
or 1 gi hal bl ook EHESRaT BG4 o* b he PET iy oha e RS S RN |
recorded. |f tavbispeeutaplgmaniaddnsh RelerpeELisioF1G.h sbepelNriwek, t he
data part address field 701 and an original address field 703 in the replacement block having the

data A 'and recorded in the PSN a-1 are both set to PSN a to indicate that the re-

placement block recorded at PSN a-1 replaces the block recorded at PSV z and that a

physical address (i.e., an original address) corresponding to the logical address of data

A 'recorded at PSN a-1 is PSN a .

[67] Thereafter, to perform a 2nd update of data A, i.e., update data A ' with data A’
according to LOW, the host commands the drive system to write data A'to L8N a ,

and the drive system writes the data A ' to an unrecorded area PSN a+1 on the in-
formation recording medium by determining that the PSV a on the information
recording medium corresponding to the LSN a has already been recorded with data
and determining from the replacement entry #1 that PSN a has been replaced by PSN
a-1 . Also, the drive system changes replacement entry #1 to indicate that PSN a has
been replaced by PSN a+1 , as shown in FIG. 8. Referring again to FIG. 7A, a value of
the previous address field 701 in the replacement block having the data A "and
recorded at PSN a+1 is set to PSN a-1 to indicate that the replacement block replaces
the block recorded at PSN a-I . A value of an original address field 703 in the re-



510 is replacenent data. [62] The additional information part 520

i ncl udes additional information about the original data or the

repl acenent data. As shown in FIG 6, the additional information

part 520 includes a previous address field 521 and an origi nal
address field 522. The original address field 522 records an address
representing a location of the original block. The previous address
field 521 records an address represenging a | ocation of an

i mredi ately previous block, which is replaced by the recording unit

bl ock 500. The additional information part 520 may have an error
correction structure different from that of the data part 510. [63]
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det erm ning t ht% reﬁlg&mgxﬁ%(ﬁesgﬂ PSN a+3 . Referring again to FIG. 7A, a value of the
previous address field 701 in the replacement block including data B ' and recorded at
PSN a+3 is set to PSN a+2 to indicate that the replacement block replaces the block
recorded at PSN a+2 . A value of an original address field in the replacement block
including the data B ' and recorded at PSN a+2 is set to PSN a+/ to indicate that a
physical address (i.e., an original address) corresponding to the logical address of data

B "recorded at PSN a+3 is PSN a+1 . A resulting logical volume space 703 generated
by replacing the data A with the data A " and then with the data A ' and subsequently
recording the data B and then replacing the data B with the data B ' is shown in FIG.
7B. That is, data A ' corresponds to LSN a and the data B ' commesponds to LSN a+1 .
{70] A method of recovering a replacement entry will now be described. If an in-
formation recording medium on which data is written as described above is loaded on a
drive system, and the drive system [ails to obtain a final TDFL from a temporary
defect management area of a lead-in or lead-out area of the information recording

mediuim, the drive system must recover at least a replacement entry, which indicates a



the information recordi ng nmedi um corresponding to the LSNa has

al ready been recorded with data. As shown in FIG 8, the drive
system generates a replacenent entry #1 to indicate that the PSNa
has been replaced by the PSNa-1 . FIG 8 shows the replacenent entry
#1 in which the PSN a is set as an original address and the PSN a-]
is set as a replacenent address. Referring again to FIG 7A, values
of a previous address field 701 andia&n original address field 703 in
t he repl acement bl ock having the data A 'and recorded in the PSNa-1
are both set to PSNa to indicate that the re- placenent bl ock
recorded at PSNa-1 repl aces the block recorded at PSNa and that a
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entry #1 of FIG.9A that the block with address PSN a has been replaced by the block

with address PSN a-1 and the block with address PSN a-1 has been replaced by the

block with address PSNV a+1 , the drive system changes the replacement address of the

replacement entry #1 of FIG. 9A from PSN a-1 to PSN a+1 to recover replacement

entry #1 of FIG. 9B.

[74] Then, the drive system reads out a block recorded at PSN a+2 and determines from

a value PSN a+1 set in the previous address field 701 of the read-out block that the

read-out block PSN a+2 has replaced the block with address PSN a+1 and from a

value PSN a+1 set in the original address field 703 of the read-out block PSN a+2 that

user data included in the read-out block PSN a#+2 has a logical address corresponding

to PSN a+l . According to this determination, the drive system recovers replacement

entry #2 of FIG. 9C, which indicates a status of the information recording medium on

which PSN a+1 has been replaced by PSN a+2 .

[75] Thereafter, the drive system reads out a block recorded at PSN a+3 and determines



the data B and recorded at PSNa+2 are both set to PSN a+l to indicate
that the block recorded at PSN a+2 includes original data, i.e.,
data B (al t hough subsequently recorded) and that the | ogical address
of the data B recorded at PSNa+2 is PSNa+l. [69] Thereafter, to
update data B with data B 'according to LOW the host commands the
drive systemto wite data B' to LSNa+l , and the drive system
wites the data B© to an unrecordediarea PSN a+3 on the information
recordi ng medi um by determning that the PSNa+l on the information
recordi ng nmedi um corresponding to theLSNa+1l has al ready been
recorded with data (i.e., data A') and determning fromthe re-
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status of the dnntigihadlaciow be et o aliongingediresspOnreplizenint egpl fadkerent dat a
required upon reglefiR6d bIGRNGH &blePABusQhdrkHN1A BEMORERAIEENLAGELVIRIPNY t he

TDFL. The repl gcenent, entry. .is.recovered.usin | yes, of , a previous
address 11 el 0 ADA N Grtan <RRERBL ey HE il fpdGBpEies f
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recovered using only the original address field 703 of a reproduced block by applying
restrictions to a method of recording a replacement block. Where replacement blocks
are recorded in a predetermined sequence, the replacement entry may be recovered
using only values recorded in the original address field 703 by reference to the original
address field 703 values and the predelermined sequence. Thal is, where the PSN of a
later block in the sequence has a value recorded in the original address field 703 which
corresponds to the PSN of an earlier block in the sequence, it may be determined that
the later block in the sequence replaces the earlier block in the sequence, Thus, the
PSN of a latest block in the sequence having a value corresponding to the PSN of the
earlier block in the sequence recorded in the original address field 703 is a final re-
placement block for the earlier block in the sequence.

[78] For example, if replacement is performed under a rule that a physical address of a

current replacement block is always greater than a physical address of each previous




out a bl ock recorded at PSN a-1 and determ nes froma value PSN a set
in the previous address field 701 of the read-out block that PSN a-1
previously replaced PSN a and f rout a value PSNa set in the
original address field 703 of the read-out block that data A
"recorded at PSNa-1 has a | ogical address corresponding to PSNa .
According to this determ nation, the drive systemrecovers

repl acenent entry #1 of FIG 9A, whieh indicates a status of the

i nformation recordi ng nedium on which a block recorded at PSNa has
been replaced by a block recorded at PSNa-1 . [72] Then, the drive
systen1reads out a bl ock recorded atPSN a and determ nes froma
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PSNa+2. [75] Thereaft t ded
. PSNasd and CHBEGR I Hen B o BBt sEti b bl e S o

address fi el d SyhRngfea flqﬁ@hefé@m%moblbmwwhwuﬂ FI(§5 &B prgidld-cswbe 91vedk PSN
a+3 has repl acetl ihktes datepokn wagoosdedpratiod2idrds? fielt § vkddamaddress in-

formation to recover a replacement entry, the replacement eniry may be correctly
recovered.

[81] FIG. 10 is a flowchart illustrating a method of recording data according to an
embodiment of the present invention. In operation 1001, a drive system receives a data
write command from a host. Since the host only operates with logical addresses, the
host provides to the drive system a logical address where data is to be recorded.

[82] In operation 1002, the drive system converts a logical address indicated by the data
write command into a physical address. In operation 1003, the drive system determines
whether the physical address is unrecorded, Where the physical address is unrecorded,
the drive systemn determines that data indicated by the data write command is not re-
placemént data but new user data, and thus a previous address ficld and an original
address field are both set to be 0, in operation 1004,

[83] When it is determined that the physical address is recorded, the drive system
determines that data indicated by the data write command denotes replacement data
with which data already recorded in the recorded physical address is to be updated, and



value PSN a+1l set in an original address field 703 of the read-out

bl ock that user data included in the read-out bl ock PSNa+3 has a

| ogi cal address corresponding to PSN a+l1 . Since the drive system
can determne fromthe replacenent entry #2 of FIG 9C that the bl ock
wi th address PSNa+l has been replaced by the block with address PSN
at2 and can determne fromthe value PSNa+2 read out fromthe bl ock
PSNa+3 the block with address PSN a+2 has been replaced by the bl ock
wi th address PSN a+-7, the drive system changes the repl acenent
address of the replacenent entry #2 of FIG 9C from PSNa+2 to PSNa+3
to recover replacenent entry #2 of FIG 9D. [76] As described above,

exact repl acer@uréta rg céx}{en#éhug‘@cg éhg)&%g Thal fdgtgl gga?&gcpttor %ﬂg tlﬁl Oﬁg e

recover abhl e usi % I na addr ess
field indftded i h%{ﬁno rePlaremeR fafrics atfﬁ‘fﬁﬁ"}’iia‘fall"éﬁ"fﬁé’i‘ec"loaﬁa regsy fisldand jipr e
specifically, driginal adépds ficlé oEtht reglatemgnt dnieglar &r 2 mglacemthbbclaoder di ng to

an enbodi ment c%cﬁt@eec%&ﬁ@rebmh m(%rﬂelt&%yswapmh@se%ﬂr&ﬁbndag toAhd Togl&d
repl acenent bI rom y

Lo aoe T of daae i RIRL ARV Ee bR bR B ook ok ARG BUGHRYP |
in which an i dafiesee allocwwéem Ye oggippl pyr dadaiap besp reewﬂ?de@top?r@tﬂnal{é%e nt
entries for theefionks caryenchemngveodgdiabaddiess apt h eplacaventdgdresatis or i gi nal

address field g%erﬁedr @m&fgmgleaqdr@s%mlfﬁg &ubg@&@dmmtﬁééngﬁﬂms@mtaof
an original blo QRIacenent

entry for the 9 erdin e Rty S R SRR ot he
repr oduced bl d&%elp?%blpﬁé%toéewﬁWQ@r cal address of a final replacenent
bl ock of [8:)e or i @heralthe bdpacdmehienbgisS@ind dsm# be deterplirad @h@hdr (erddgieds of

the repl ace”erﬁalaqlgst Be¥n rE:cZ(L]; Hﬁlar:éalearﬁ)ﬁmluﬁlys RO WMhuek Br (i ﬁcvﬂda"addréss can

be seen that i f ddr ess
field 703, a riad B S Fu b b R Bl
properly r ecovtgelerepqgiietbe foun rhléaqe@mta@éfn@mheémrﬁwxwgfraw 1@9&96’@r| y
recovered usi ngevivak yddidaeliedt of fienamrenbiifi@ssnfbicek d sot @Bbeafreface gt oduced
bl ock by appl yz!dH}st of @8 Fdhh&fe l%&cﬁtgn@y é‘iﬁtﬂ'{lsqglgf?lﬁl aﬁcﬁ'gsglﬁglh'agth@currem re-

repI acement E@OI’ ded in a

predet er m ned Pg%&‘ﬂ@ﬁvggfk § T‘?é PE&‘F&E@% ﬁ‘%dreéﬁ?frﬂﬁﬁaf CORLLPHdE  usi ng
only val ues r everridwd 0% the rplagguicyt addicssnd the éaygd lfcplé¢0dlcfit@8tr>b19 chapgedr ence

to the origi natom deghyeiss addreet 6F Melhsevicalk teplEceniaft bldaR o ligdial Mdrachbf
sequence. Thatyl S [fentdlEbeN of a later block in the sequence

has a val recoy de e_original addres fleld

correspontl to t é’P‘F’@N“&#’ athe %‘E’FF‘F%HMCB‘P‘?P&RN IS gErate %Bﬁh‘é‘lé"g P¢d9ay be
det er m ned t hatdicateldy thatder whtegokmanl of He hewk epdeddeonaldploneation tthee ear | i er
bl ock in the seauRRERressitiBand iRR@rigikdhtiddss ﬁelﬁ)&h@ﬁz&or&ﬂd@ﬁﬂﬁe te[ila&elﬂﬁnt

sequence havi < X f r
bl ock i n the %ﬁ%&??@éﬁ%ﬁtfaﬁ%@&ﬁq%ﬁw IR SRR, |

final re- pl acERIRRRenhPURIET G Fhapgrd r‘é’éﬁc?qleé’F “HP’bgdfﬁcofdﬁ ’c“ﬁéeaélélé]?fé?‘?éé’“

area of the information recording medium.

g:

[87] FIG. 11 is a flowchart illustrating a method of recovering a replacement entry
according to an aspect of the present invention. First, in operation 1110, a block
recorded in a user data area is reproduced, and information contained in a previous
address field and an original address field is acquired {rom an additional information
part of the reproduced block.

[88] In operation 1120, a replacement entry including a replacement address and an
original address is recovered. A physical address of a first reproduced block is set as
the replacement address of the replacement entry, and the value of the original address
field included in the additional information part of the first reproduced block is set as
the original address of the replacement entry.

[89] In operation 1130, a second block next to the first reproduced block and recorded
in the user data area is reproduced, and information contained in a previous address



[ 78] For exanple, if replacenent is perforned under a rule that a
physi cal address of a current replacenent block is always greater
than a physi cal address of each previous 16 replacenent block and a
physi cal address of an original block, it can be determned froma
hi story of replacenent contained in an arrangenent of physical
addresses that a replacenent bl ock having a hi ghest physical address
in a sequence of replacenent blocksigs the final replacenent bl ock.
[ 79] As anot her exanple, if replacenent is performed under a rule
that a physical address of a current replacenent block is always
smal l er than a physical address of each previous replacenent bl ock
and a physi cal; address: of, A e iD2L iRl 06K ihe diaifia BRrm Sk ‘F’{nmf”ed
froma history of re PEcenen ,conta[ﬂeﬁ in an arrangeneﬁ% 0 ﬁhy3|ca
addr esses t hath&serf Plogle Heperatipnold RO. fds detrgmiged wigkhst thperedtabadiressdlr ess
in a sequence ¢ recaverpd eplecomant chinois kensiktent twlire theiinfarimari@yoatgiesenthe bl ock

Eﬁol I f onl YFT%%inWAaQH&Q@i%Id%@ﬂE%&idfréﬁéﬁcczi(ﬂﬂac%.s included in a EI ock in
e case , . a WE0N ace n entr IS I. over e \
eoonr il fhot it srigiy S RRE! BR A5 EER bR s § gflat?fgalq%?%a

bl ock recor dedoagatipgqnigined in thqepigipy address leld plhgsespad gepgdpsdblgck -t pe
recorded at LSMNagdrd repstiead blofd iSNavhiker(dhiadifferest franf usardataiofige Gifst data t o an

area that is gecardafood Adicd Ak teinbd SePBRICRtaRRAG) B rdhRpYR-bei ng
unrecorded in g I drive system

ogi cal , ace i rohi bited or .if
it o s hoa: s il e Rt pd Rttt ataitd 180T Y 8 See T o
such an dPBa desEihepeging pésresy of thpreeevaedisblpgmprt eRtedpiderdigal 4 the MSNg +2
correspondi ng fbonai&GNan@inedin thetbaigial Bddreso fikld ofike deama igpeduat PSHA 3

according to LM HRcideR6dcRB oftRR%e 1130ks A deli 3G a9h bR fact RenflleAT €2
that is recorded tqrdata in a h%5|c€I gaac&ba%t§o§gh %FI

unr ecor ded i n B8 FBess e SABSE 4o R P RicETYuaP s Py e Hrseiprowoed Reckm

i nfornms a hostHeke, arpperpicarl 19 the expticgmrentfddigssob thasasevered repticerecnbiitrs t o
such an area desfigebath phasmesddpsolitrnmex aprabawnliotiy FIGS. | B and 1C
rold 15 e as Rt bk FEAAEE iy WREKE, BRI B, B UtLRAT ose
entry, the reghRtanbhEInbr jrdsPrpauetptts Prgept e bekis BT £ G
10 is a fl owchdA® tirgdredyeeth iemginiag etk do blocks sxlrrftitherrepradusederisb i ng
to an enbodi nedkodaf cohdredepr esent i nvention. In operation 1001, a
drive sysham r eCRLyfedo Hhfb bl R EORVARNG, L ORiEaNRRE rolcBfich: h1e
host only ope;gtes mn?E _cé] a ressesf t he o?tggro |g8%rto t he
drive system doTBYPLEP bagfifrack mgoure! iyapgiemsviers aseplacendl Y69 82] 1n
oper ati on 1002ccurhie adpareaeasy gt aeuverclein vt tThus the eificierndy ohdatr regreduchahi cat ed
by the data wmipfo®escommand into a physical address. In operation

1003, t h%Qtﬂr ive ﬁMﬁ)Egm fgﬁteﬁﬁéguﬂ&% of the present invention have been shown and

described, it would be appreciated by those skilled in the art that changes may be made
in this embodiment without departing from the principles and spirit of the invention,
the scope of which is defined in the ¢laims and their equivalents.



whet her the physical address is unrecorded. Were the physical
address is unrecorded, the drive systemdeterm nes that data

i ndicated by the data wite command is not re- placenent data but new
user data, and thus a previous addresggfield and an original address
field are both set to be 0, in operation 1004. [83] Wen it is
determ ned that the physical address is recorded, the drive system
determ nes that data indicated by t#afiasa wite command denotes

repl acenent data w th which data already recorded in the recorded
physi cal hddyaismpton rgeayding pepgivsrlcorapiebingz.  t hus a repl acement entry
for the origi operation 1005. [84] Were
no replacenen?ﬂgﬁ€$$%%%%$%? ﬁﬁﬁgm%gﬁﬁ%éﬁ%f a previous address field
and an ori gi nedpa@dikadbsreplaeing ackfechdetecsydl iadensat dattadrag, that is, a
repl acenent bl ock .to be currently recorded, are both set to be the
physi cal addr e¥¥'¢By responding to the | ogi cal address indicated by
the data wri tehx%?l%@rﬂﬂt recBrdHREI G4k tRe rdf1ERs arl BEgiRAYSdokdhg BIGK R%6rded

i ndicates a | ocation where the original user data has been recorded.

I n oper atindhe usg0data arga isaproadasin the spaterayea o en yanepgydetharst pifhauser defdr ess
and a replacepgnt address is generated. The original address
identifies the physical address of the original user data, and the
repl acenent adbeepkcemdan técbfcﬁzlsg bloq;ihiylsliudasl at degielroms 91 & Mirsvhaddrbsstildicating

current re I ac nt bI i.S e recor ere the
Fop! acemehipe ity Tedriedihtreontihe g ins waERaH ey fist e PHEoBe gi nal
data has heefr ﬁbpﬁ@erﬁaﬁhowckmh@qﬁam@udr e HlE BgLMal rediediMgblees. of the
previ ous address field and the original address field of the current
replacenent block are determined wth reference to the found
r epl acemenirye fihinaubR 1&bRGHg RN ofehifRCHALLAN 1008, the previous
address field e curren rep cenent ck is set to be a
repl acemant etudrepkasemént tmrcﬁmalbidc}r opludeserdata patthatycontams owlgelabdaitfgmnal
addr ess f| e cprre acenment. bl ock i
OF i gl nal ?eépse '%Qa c@nﬁmel mf) rmatlo rﬁart tgftlt conta nls] aﬁ&é pl(él%agfnq ailﬁlbg
the repl aahemeﬂiéoﬂ@ﬁdﬁl&ﬁ&c@fthetﬂaplaé@mﬂmddatemlaacenent entry is changed
fromthe physical addres of ther{)rew ous repI ace nt bl ofcik to
physi cal addr ée%actslfmon@h@ TR RN OREIEBTRE AN Ok ey adiips o, %m on
1010, t heggddd LRtess €Pl acenent bl ock i s generated by i ncluding the
data indicated by the data wite command of the host and additi onal
information (the previous address field and the original address
field) and g e r ddress on an information
recordi ngjjréegld?‘ ngg?r?a%c{}étri% |nge% %?%Rﬂﬁ%n "‘new y produced replacenent
entry or the cﬂmagc&ﬂhareqafoamnahﬂgmtdgamadrecorded in a lead-in or
| ead-out  ar eaé s(}))];retapeea f]cnn ;egfag@ltgla%gfecte &:etected thrIeeu%It:rucEQta ared,
wherein:
a replacement recording block that replaces an original recording block recorded
in the user data area is recorded in the spare area or an unrecorded area of the user data
arca; and
a value of a physical address of the replacement recording block is always larger
than or always smaller than a value of a physical address of a recording block previous to
the replacement recording block and a value of a physical address of the original

recording block.



[87] FIG 11 is a flowhart illustrating a nmethod of recovering a
repl acenent entry according to an aspect of the present invention.
First, in operation 1110, a block recorded in a user data area is
reproduced, and information containedzpn a previous address field
and an original address field is acquired froman additional
information part of the reproduced block. [88] In operation 1120, a
r epl acenehtA exbdrdng/meplodakimgamparagplcangreing: address and an  ori gi nal
address is recovered., A.physi cal address of fiaxst reproduced bl ock
s set as  t et VISTSLHHTY e © 430of fradiog et SiopLan PEERGOT and ¢ he
val ue of fberdDiginkidiah; e ArcaBolldk coltfblliniCtheiAeiet/lehd bAiEroanete bir@dading
information part of the first reproduced block is set as the

ori gi nal dlaek esthe fHfopmation sepopipgpdiugnvhgieinr 89] | n operation 1130, a
second bl ock Ny HGrdidyf Kibel RRIAIUCR T RE!Se BaHIG8 B AN rorkfidd1®
user data area I's reproduced, and Irntformation contained in a previous
addr ess 18dichiireg alloaatbnand an piiginalatcoadidg blosk bi pledioinsaddegss infehativom t he

additional_,information part .of t ecand bl ock. peration 1140,
M s Gor B TrRR o i Rsmel i e SaPaCe e bR ccover ed

repl acenent entry is consistent with the information contained in the
original address field of the second reproduced block. [90] If the
ori gi nal addeeordry IR duging ganaEyuy dlapchabercihtry is different from

the in- formatdoq Gentbifd 15K 0 fecOfde@ il Ap AR LS Sinf Unfdclrddfl afel®r a
second reproduced bl ock, the second reprodhced bl ock 1's new user

dat a di f f eseedata freom user data of the first reproduced bl ock. Hence,
t he net hod goes back to operation 1120 to recover a re- placenent
entry for the second bl ock reproduced in operation 1130. [91] If the
origi nal adikessrdihg/idedicagpsesuy eallagesmtreantry is identical to
the in- formatjon contained.in the QriqhnaL.a drgés.f'eld.ot t he
second repr odUBEHTHFREEOrd e lockHOBRHSE BT R BY 26 é*e!a*qnﬁa%w i on

1130 is not naw Wsigkn HALAIBI0IKER IRERICE At a BedtRn deRAhin@RERERSg tEe
sanme user data as the user data replaced by the first reproduced

bl ock. Hepdesermiredpeeyencs offoqativns ok meordiapbloskirent address of the
recovered replacenent entry is changed to a physical address of the
next reproduced bl ock. [92] Then, in operation 1160, it is determ ned
whet her a7.dhecécotdingepfadating mppaegnoadfisdtac 6, eshiesirsthe pfedatebhineksdgoerve

further rgproduced exists, the nethod es back operation, 10 to
Fopr oducelOHABS P EEFAFIRG BlSCRTeTPRIGE i DEReARE Bt SRTRbie-Papdiibed
exi st, thg gréiRk QM alval1eQRBEEpERENg [ OB 10666 &Hithdoti @nAReRENRREbIOE. t he
present invention as described a%ove, repl acenent in- formation can

be effectively recovered in a systemwhere a replacenent for LOW
8. The recording/reproducing apparatus of claim 7, wherein the predetermined sequence

follows a rule where a value corresponding to a location of a subsequently written
replacement recording block is greater than the value corresponding to the location of the

recording block which replaces the original recording block.

9. The recording/reproducing apparatus of claim 6, wherein the predetermined sequence
follows a rule where a value corresponding to the location of the written recording block

is less than a value corresponding to the location of the original recording block.



occurs in a spare area or in a user data area. Thus, the efficiency
of data reproduction inproves. [94] Al though a few enbodi nents of
the present invention have been shown and described, it would be
appreciated by those skilled in the apt that changes may be nade in
this enbodi ment wi thout departing fromthe principles and spirit of
the invention, the scope of which is defined in the clainms and their
equi val ent® Thi®ecofdimg/reprotinciAg appafamanaiiciaim % eberth thgpredemmmabsegnénse ng

. a user ta area.for recording user data; a spare area for

- eptac; ngotER SUE MRt eiemnattEls & Bifio R o RRaR ity

repl acenefhlac@ait oot Bl6kk is b tHag Mherefe dfrefohding & the Gatich ahel ock
recorded 1n the user data area is recorded in the spare area or an

unr ecor detfeanding bhgckyrch gsalacesdhaorigipa gecoghipg bIRek-r epl acenent recordi ng
bl ock includes at | east one of a first address indicating a |ocation
of the original recording block or a second address indicating a

| ocat i on bf. Thamerohibng/reppidaciegepnardthisodiclavhide whereawi ousl y repl aced t he

original recording.block..2. The infor ion recording.nmedi um of
ol atm e, wher ok g RS R SR SRy b SRR P 4R
part that replpéménd dataahd hhadditkihRin@rmati@ppAchaRdhtadRtadditinth]l afformation

additional, informati on parf that contains additional information
about t he2Rsuf e Heng %?Qﬂé?ﬁ%ﬁ¢gﬁﬁﬁé@ﬁﬁﬁﬁ data; and the additiona

information pagt 2GR R8SmAtioh BASLo?Rs AllcabtUheldrtiRloRHMAl &RBeQr the
second address. 3. An information recording nmediumconprising: a

user dat aindgreatiéer thepsvipupgddressinfdemaiionand a spare area for
replacing a defect detected in the user data area, wherein: a

repl acenent recordi ng block that replaces an original recording bl ock
recorded 11.m ieberditgpfreprddicingapparaius comprsidgd i n the spare area or an

unrecorded area qof the user..data area, and val ue of .a physi cal
address of t he® PEIRTSREHRRLY iiRg ﬂpﬁﬁﬁgfﬁﬁ%nﬁgaﬁﬁaﬁ?@lngﬁgpgn;han or
al ways  snglkbd@ngtrhidiu chpyEndd uddr BAY 9ic6 Fbr rBchifias 8s?aid ahf s Qllﬂzﬁié Ra;
bl ock previous to the replacenent recording block and a value of a

physi cal #@ddress of the original
a controller controlling the write/read unit to write a recording block on the

information recording medium, wherein the recording block comprises identification
information useable to determine whether the recording block is an original recording

block or a replacement recording block.

13. The recording/reproducing apparatus of claim 12, wherein:

the recording block includes a data part that contains original data or replacement
data and an additional information part that contains additional information about the
original data or the replacement data; and

the additional information part contains the identification information.

14. The recording/reproducing apparatus of claim 13, wherein: the additional information

part comprises:



recording block. 20 4. A recording/reproducing apparatus conpri sing:
a wite/read unit witing data to and/or reading data from an
information recording nmedium and a controller controlling the
wite/read unit to wite a recording 2block on the information
recordi ng medium wherein: the witten recordi ng bl ock conprises at

| east one of original address information indicating a |ocation of
an original retbustiong obhrockginal apdressifml@ﬂladddiestssﬂmmimmﬁtkmnﬁginal

bl ock. 5. SRATERRS AT A P BRGE G apperras bhettaihe s5Sifes WPk

the writtRplatRIagHé RPlLbA&H rdcSrdigcBlbelednd N @ spare area or an
unrecorded area of a_ user data area. 6. The_ recordi ng/reprodum tgee
S

appar atus of dhaidgntificatipreindyrppatipnis WP@%W%%@W%HOH& icRast epaRti
the ori 9'&@1@??8’&@3%5&‘31&‘5 é@%{,}ggs adinds ﬁ[élllae witten recording block is

recorded at” a location ned according to a predeterm ned
sequence of | ocations of recordlng bl ocks. 7. The

recordi ng pr.o aratus of clai.m®6, wherein the predeterm ned
sequence {iglrle% g&ﬁ?ﬁpmeapgmﬁm\slﬁ?’ﬁ%méﬁr esponding to the Iocation
of the wittem weeaeddivrg Whithgldatd 16 agd/enteeding Haxa fdnval freetisespondi ng

to the location of the original recording block. 8. The
r ecor di ngFFEBNBRFAIWY #BPpar at us of claim 7, wherein the predetermnned

sequence fol |a%%tr§11€r%ﬁrdm§‘g’ ﬁe%vrif@%éd@uﬁi@f& @ﬁf&%‘éﬂ)lﬂ&n{e@lt fcbAfRHIQR Of
a subsequently witten replacenent recordin ock i1s greater than

t he val ueorcibe pdepmtidh rgording meditmsatiaba valfe Dg@physe"@badsimsgomh@ck whi ch
I
repl aces DR inalifagend. .0l ARk aln oG LeERNT RN TRRLadET ng

appar at us erm ned sequen
rul e wherghysicMaldtescafrarrespding blogk beevidue td the &Ipla?tﬂmelﬁt rédfwdmg blotleand a

recordi ng is le th a val ecor nding to the location
of the Oryag\ferpiaghg@ml&g%ass i “g?? repgyrd "é@gfﬁ‘ecordl ng/ r epr oduci ng
apparatus of claim9, wherein the predeterm ned sequence follows a

rule where a val ue corresponding to a |ocation of a subsequently
witten KeplrgewdngirenredusigiapparpiupepnpiEsitgss t han t he val ue

correspondi ng t\the}élQadl ﬁ%ﬂg&& c%ga t{)?ﬁd rJagﬁig rdg’!ang fle hPffo dﬁgh&bré‘cgﬁ CES

the original recor |ng e rec repro I ng apparatus
of cl ai md¢diwheargli n: the witten recording block includes a data part

that contains ori al data or nd an dd| t.i onal

it or mat i on pr TP EGRETETEP AT GHAT Aot YA g Bl Fecoriind
block and the replacement recording block by referring to an original address field of the
replacement recording block that indicates a location of an original recording block and a
previous address field of the replacement recording block that indicates a location of an

immediately previous recording block, which is replaced by the replacement recording

block.

17. A method of recording/reproducing data on an information recording medium, the
method comprising:

writing a recording block on the information recording medium, wherein the
recording block comprises at least one of an original address field indicating a location of

an original recording block replaced by the written recording block or a previous address



about the original data or the replacenent data; and the additional
information part contains at |east one of the original address
information or the previous address information. 12. A
recordi ng/ reproduci ng apparatus conprgsing: a wite/read unit witing
data to and/or reading data froman information recording nmedi um
conprising a user data area for recording user data and a spare area;
and a configldiddenatizpatoceatidn afg rrévgowsty wetteraacording bldck whidht replacasdlmor di ng
bl ock on the .informatign recording nedium wherein the recording

bl ock coﬁﬁﬁ?@%ngﬁégﬁﬂ?a%ation i nformation useable to deternine

whet her the recording block is an original recording block or a

repl acenent recording bl ock. 13. The recordi ng/reproduci ng apparat us
of cl ai m ¥ Themsther gf claime 17.dodhedcagPEIREk i ncl udes a data part that
contains orli g'ﬁ%ngﬁcﬂé PecQIrdiI{g,qm)&Cig g%?ére a2 bR R0 dONARL: data
information part that contains additional 1nformation about the
original @det.a or the replacenent data; and the additional information
part contains the identification information. 14. The
recordi ng/ reproduci ng apparatus of claim 13, wherein: the additional

i nf or mat i oN Th alethod @M PlaInG €3, whZein:at | east one of an origi nal address
field that indicates a | ocatign of the original recording block or a
previ ous addr e¥rs the vgitien ggcording Maslecomprissrangien) datp, the P@%@ﬂd“vlﬁlger bl ock
repl aced by, & replacement recording block; and the identification
information’is a specific identifier recorded in at |east one of the
ori gi nal addr ewtifg adatheyalue e cqphoy iheunsi girdd adsksess flicksl agd thempreyious address
recordingég&producing apparatus conprising: a wite/read unit witing
data to an&'or reading data froman information recording nediunm
and a controller controlling the wite/read unit to wite a

repl acenent .recordi.ng b o on.the information recordi ng nmedi um so
that a véﬂhgﬁﬁngmﬂﬁ %?E%E%dﬂﬁﬁﬁgs of the replacenent recording

bl ock is al wayghdr@fhg Q¥ritich 2t oRlin@h19E SorgiTRES fist lte?ﬁﬂelﬁen‘( 8htd €orrighhal
physi cal address of a recording bl ock previous to the replacenment

r ecor di ngdad, Hrsinethed frtherdogwrisgs: a physi cal address of the origina

di bl ...16 Yo j i . : i Si :
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r ecor di ngaddress field and the previous address field.

21. The method of claim 17, wherein:

where the written block comprises nth replacement data for original data, the
method further comprises:

writing a value indicating the location of the original data in the original address
field, and

writing a value indicating a location of (n-1)th replacement data in the previous
address field.

22, The method of claim 17, further comprising:
writing the recording block at a location determined according to a predetermined

sequence of locations of recording blocks.



medi um and a controller recovering replacenent information about the
original recording block and the replacenent recording bl ock by
referring to an original address field of the replacenent recording
bl ock that indicates a |ocation of anagriginal recording block and a
previ ous address field of the replacenment recordi ng bl ock that
indicates a location of an inmediately previous recordi ng bl ock,

whi ch is:EbﬁhaneﬂmbpfcMEnEkﬂﬁwmmnempﬁﬁmgording bl ock. 17. A nethod

of recordlng/r Ci for rdi.ng nmedium th
O hod commel SR 1B o Aot Bk mREh A St

recor di ngfoIBws éli“ﬁle wheeni anvawe&oné%aﬂﬂg Agithb lRekoLEONRE wEikten AkoldéRst one
of an original address field indicating a |ocation of ., an orj ginal

r ecor di ncpleskde Rreaispihan & yalyg comesparding ©rihe edion;of gherpanal geording boskous
address 23 field indicating a location of a previously witten
recordi ng bl ock which replaces the original recording block. 18. The
met hod of%hﬂhtnwﬂmdofumtmé3ih@hppbmmhgngmﬁiting t he recordi ng bl ock

i d 19 Th
ot hod of o ol TR CORSPETRD Gmal & CRio Pt By BeAPar R e |

conpr i sesfolléwgh Rat whérkin a tahe dRetpoddingtd thelocat@npl ths esittemrdcbiditg a
sane value in each qof the original_ address field and the previ ous
address ¥lpe ig grestsr thppa vake HBHGSBPHCEF%T%MI?CE‘ disprevipesheviiHen
witten n@&gﬁgg@gmgjock conprises first replacenent data for origina
data, the nmethod further conprises: witing a value indicating the

| ocation of the original data in both the original address field and

t he preV|£y§hadd g%fﬁ%§$921%&mnlﬂﬁ?ﬁ§£§°d of claim17, wherein:
r

where the wi comprises n pl acenent data for original
data, the ITEchﬁlﬁhgftﬁdS feheﬂ’dngdﬂ@dkl 5 @docathon tvhﬂgmahe/pieﬂmerinmnﬁqumenge t he

Iocatlondpb the i nal ?ta in the oriqginal addgg flelddrand
wWriting %‘f"%“i ?18’ AN g Qeg e ‘Hgé?g‘fﬁocf??th L %W&@E‘hﬁ?“r{’r d#®ta in

the previgys is smaller than a value corresponding to the location of the original recording block.

26. The method of claim 25, further comprising:

writing the recording block at a location wherein the predetermined sequence
follows a rule wherein a value corresponding to the location of the written recording
block is smaller than a value corresponding to the location of the previously written

recording block.

27. The method of claim 17, wherein:

the recording block includes a data part that contains original data or replacement
data and an additional information part that contains additional information about the
original data or the replacement data; and

the additional information part contains at least one of the original address or the

previous address.

28. A recording/reproducing method comprising:



address field. 22. The nmethod of claim 17, further conprising:
witing the recording block at a | ocation determ ned according to a
predeterm ned sequence of |ocations of recording blocks. 24 23. The
met hod of claim22, further conprisings witing the recording bl ock
at a location wherein the predeterm ned sequence follows a rule
wherein a val ue corresponding to the |ocati-on of the witten

recordi ng bl oektihga gredimrblédkam the infdrnaticorecaspgnokdign whdréie the

| ocation of the original. recording hlock.. 24. The method of claim
23, f ur t hEFORSBR o CRBPTigs oo e TPigEBiiar e bipie delermume ettt B
wher ei n t&eo@ﬁ@dﬂas&rimmdgiﬁﬁq%%ﬁ%bmm SOWRpRcdne rdbb RN Blok. val ue
corresponding to the location of the witten recording | ock is
greater than a value corresponding to the | ocation of the previously

witten ﬁ&ﬁ%ﬂle&%d@f@&ﬁn 2§5w%e'mg, met hod of claim?22, further
g ordi ng

conprising: witing the recording block at a | ocation wherein the
pr edet er mi ned theguntiag eecofdilg Wwsk @mpuises avugr @irnthat coatains ociginabdgppoodi ng

to the location of the, wititen recordji.ng block is.smgll.er .than a

val ue. cor PRSPt fhedd Gital FERPERO R R coniss sl e uitsex
26. The ngidaothe Ofighhbdaa @Ghe feEl’aEéiﬁént aaPAdShHditinbl inRGmbién pacor di ng
bl ock at a | ocation wherein the predeterm ned sequence follows a

rul e wher 8nains theidgatificstipe SSeHLAl to the | ocation of the witten
recording block is smaller than a value corresponding to the
| ocation of the previously witten recording block. 27. The nethod
of cl ai m A% Themetledf claime 1peelereiing bl ock i ncludes a data part that
cont ai ns ori gi nal ta.or. replacepent .data and an additi I
Coformati on et i o ST msise b e liedl o8 R0 kba RBhase foa
origi nal ghdicatiny a lobsioheghlacsiganl redaidaig Mok drhgradslistadarss fidldimlidrhg on
part contajns, at |east one of the orig’jgnﬁl ﬁddress or the previous
&a g

addr ess. 2®catonof ap iHMEEAESHITEHORS T5EPT cB¥prising: 25 witing a

recordi ng bl ocke QRnfifaGitibR i36mBkibR T 4 HEALE iR ILHTAd W 8 Bhd? ohdISF the
recordi ng bl ock conprises identification information useable to

det er mi neongieal nddressteld erctbopigivioys iddoesk field. an ori gi nal recordi ng bl ock
or a replacenent recording bl ock.

31. A recording/reproducing method comprising:

writing a replacement recording block on the information recording medium,
wherein:

a value of a physical address of the replacement recording block is always larger
than or always smaller than a value of a physical address of a recording block previous to

the replacement recording block and a value a physical address of the original recording
block.

32. A recording/reproducing method comprising:

writing a replacement recording block that replaces an original recording block
recorded in a user data area in a spare area or an unrecorded area of the user data area, the
replacement block coxﬁprising an original address field indicating a location of the
original recording block and a previous address field indicating a location of a previous

replacement block; and



29. The nethod of claim 28, wherein: the witten recordi ng bl ock
conprises a data part that contains original data or replacenent
data and an additional information part that contains additional
information about the original data o the replacenent data; and the
additional information part contains the identification information.
30. The nethod of claim 10, wherein: the additional information part
conprises at |m®asicriog eepdn‘celanntdnﬁogmtbjn shddribsoridina rebordingiblogk amigha
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and the i dddressffictiadfitveplaéidimidcordingsoleckspeci fic identifier recorded
in at least one of the original address field or the previous
address field. 31. A recording/reproducing nethod conprising: witing

a replac eﬁ? 3. mreﬁl%Q %P‘feBHnd'B&ﬁg Kur?é}lt tuEH% dht'afﬁ%r{@%%rfcﬁ QiR GHnUM

wher ei n: val ue a physical address of the replacenent™ recordi ng
bl ock is hanmg/@ ¢rmug?érecomdhmblo¢k aidwespbsegpedt rordirpblocksy ahereinghe a
physi cal address o n prLevi.ou enen
Pevor ot ngonpBaseetmEoH S T P8 Piln Pl B BicR meh s FREpRERISH

r ecor di ngaddetsediklds3Re filkt ﬁxersabaidr‘e@lﬂfeepﬁady@ﬂ thgoﬂghﬂil(}ébcﬁ&lﬂ@blosk B@/mg a
witing a repl ace recordin Iock hat repl aces an or| naI
recor di ngS®%o e, e QB Rarors 1ok locarh A5 1. BERUGR: e

unr ecor degd s@bR@vAhe ﬁlhf%a lo8&ioA oqlﬂ?eaongtlﬁh? dath SR A SORAYH a&ﬂr@é&l‘ﬁeld of
conprising an original address field indicating a |ocation of the

ori gi nal rasbof tiempubsequsnt sgeardingbleckshayingddespseiveisedond ivalyp dnidatioe a

| ocation pf,d, pJf?lYé (-t Salggilgﬁfﬁg&ﬁl g'b?occﬁ th@ﬂ%tk?ogl ng%gg}{g“ ng

replacenent or ma n e orrginal recor ock and the
repl acenent r enemhdg thg fivitaed sdynd eddressifielfls tfar datieothe grigiahl rachddieg block

field and t revi ous ield of the replacement recording
bl ock. SS@J&EHBP%Bth?E ﬁ E’E(fclflf& current user data froma wite

once recor di ngdéi&ﬂhﬂiﬂ%frbﬁ\’th@ﬂ:a@-ﬂré@ hhdiddahd dRERS HL109 whbiBekha Belrdht data
subsequent recordlng | ocks, wherein the original recording block

and each Burdwdeddntheroagbpbicaerdimeddockiondn (rgath suppaguend peposdipg based on the
addr ess f}e? % %$§m3ﬂf§ﬁn§9ﬂdﬁQﬁﬁ@g address fields of the origina

recordlng aving a sane va the first address field of each
of then subsequent recordlng bl ocks |nclud|ng a second val ue

| ndi cat | g, a3l QIR oRim 59 ARL Y AHsfg! @ aNd the second addr ess

determining the original recording block to include the current data where no

subsequent blocks are read having the second value in the first address field.

35. The method of claim 33, further comprising;

comparing the respective first fields of the n subsequent recording blocks having a
first field including the location of the original recording block with a predetermined
sequence of assigning locations of subsequent recording blocks; and

determining the nth subsequent recording block to inciude the current data based

on the comparison.

36. The method of claim 33, further comprising:



each of then subsequent recording bl ocks having a respective second
value indicating a |location of the (n-1)th subsequent recording

bl ock, the nethod conprising: reading the first and second address
fields for each of the original recorging block and the n subsequent
recordi ng bl ocks; determning fromthe read first and second address
fields whether the current data is included in the original

recor di ng bl ockteonining dnieef tiicm wbispeni eevordiezblocksrigbbasgheronginhe r ead
first and_second, address fie alues. . 34..The t hod of, clai m 33,
further doRErrerige VaERaons fil g TR LeBs naiind eelEiaRs g S aR B

i ncl ude tsagondUfeldaiif tbaing offiRmesubRquéait Beeligblotisdaksa anee vabid havi ng
the second value in the first address field. 35. The nethod of claim
33, further conprising; conparing the respective first fields of then
subsequent; KerahsH SideRtb@5dS dR¥hNGeRdat] frbmla i€loHcd REdHNLREEALRE

| ocation of the original recording block wth a predeterm ned
sequencelmﬂmagsbgamnbeUdm@hhnkaogathﬁhﬂs&w@ﬁmsgﬁwﬁmn§n$bbdﬁs; and

det er m ni t.he nth.subsequent recqrdi,ng, bl ock to j.ncl.ude. the current
ot o Bao ol e bR B S o B8 L o e B ro B B ES nboClE|
conpri si nddregs/ficld @h@figh Rangvadne andf whitrein asubheedddsdatioe ot briginkll ocks

t o be anot her, ongkngl rgcording bl ock where noqﬁ é{ the first fields
have t he TEXERg iP5k ard each Selseayent wplaggraent soeting lpek ig assignef ARPORHRS of

then subsggueitterRned Sighsndelo? ieatidlR b8 red oRIEL1¥Ks UBe nithodAofiBliiRg Of
reproduci ng current user data froma wite once recordi ng nedi um

havi ng an ori geading theadshess Aiglddboedeh ahthegrigingl rgrordipgdlockabd dpudprelity
recordin ihh e original recording block and each
subseque%#Q@%% rgfﬁb gpggwx%%cludes an address field having a sane
val ue, and whdeeiminingweliatier die crenaatl dumn ©indiied ar ihgioriginal ewdingi ng
bl ock and.each.subsequent repl.acenent recordi ng.bl ock is.assjgned
ncCor di gk i SRERIHH FrEd CE e hon Bt B ARESSHEeTL B ng

bl ocks, theieciRhhed séRRid To@iofeadiRm: t he address field for each of
the original recording block and the plurality _of subsequent

recordi ng bl odhkeserigieal scardinglodhenthesubseuertypiasding hipek hardnga jater
i ncl uded | . Qf 1 i f [ i :

Fecor di ng B Bo i BREmRER Al 0RO onPhnd o L AR HERKires

pr edet er Mehbd dsegumad ® ioflulotatiwes usestdetaei n: the original recording
bl ock or the subsequent recording block having a | ater sequence in
t he predeterm ned sequence of |ocations and the sane value in the
address 38. The method of claim 37, wherein the predetermined sequence follows a rule where a

=

value corresponding to the location of each subsequent recording block is greater than a
value corresponding to the location of a previous subsequent recording block and greater

than a value corresponding to the location of the original recording block.

39. The method of claim 37, wherein the predetermined sequence follows a rule where a
value corresponding to the location of each subsequent recording block is less than a
value corresponding to the location of a previous subsequent recording block and less

than a value corresponding to the location of the original recording block.

40. A method of recording on a write once recording medium, the method comprising:

providing first data and a logical address for recording the first data;



field is determned to include the current user data. 38. The nethod
of claim 37, wherein the predeterm ned sequence follows a rule where
a value corresponding to the location of each subsequent recording
block is greater than a value corresppnding to the |ocation of a
previ ous subsequent recording block and greater than a val ue
corresponding to the | ocation of the original recording block. 39.
The net hod of checking Bfitst pityeicel addtcseopihe datte omicreprdingmedwen f ol | ows a

rule where a_valu orresponding to the | ocation.of .each, subseguent
ocor dr maropeomebding % BRLFRRRAGATa nelfe RSRY AN ARl pRRRLARERE R
of a previeanpresidasloaenicdf @cior di ng bl ock and |l ess than a val ue
corresponding to the location of the original recording block. 40. A
met hod of r ecdtdedigstahyscahaddress atpotbeenprayiagslyisarids. Eeedipg thsod

conpri si Ngovidl £t 8l thd fist piflRkcd [Arks@ ok 09i cal address for recording
the first data; 28 checking a tfirst physical address on the wite

once recor di ngl sesaiddatais fowslpd ti first physieeddroggi cal address to
determ ne whether,.the first physical, address has,. been. previously
fecor deq: and TR rPlEdhep SR G e WL SR A0 nd SR O ool ol
recorded, recakamfiidom ea¢pldadndnt ety windtiter dic filbrdatd is $éplapsysntahta
addr ess; ér i f seéond data.is found at the first physical address,
checki ng {41 thegeeond daiger agitigpabdatihe write once recordi ng medi um

det erm ning f re/mdihe HegRliARAMR AkRRl hiysHaehdipdsstda first data is
repl acenent data for the second data or additional data, recording

the first datapdating thereplagemeny shiealif the firs data isthe rappagampemiglataher

repl acenent e L i o e ) a, or
creating a ne&%%%ﬁ%g%gﬁgﬁ¥L§%%%§%ﬁ&$fPﬁgﬁgf%%ﬁpggggﬁﬁéhég%&%dditional
data. 41. The nethod of claim40, wherein, if the first data is the

e I A A R A e
the fir Streétﬁfﬂiﬁg@ﬂﬂlefﬂrﬁ%Eta%ﬂ%e%@&ﬁﬂ%h?di&!l dédressicBb@pfitdkst field having a
val ue corresponding to the provided | ogical address and the second

fiel d havi ng &eveping TsEorengdinrkrgmpesing therljrptdatasmd dirstapd sepgnd felds,and
gi ° ! "
recordingpl Flf‘sx ﬁ&g?{a%ﬁg vatu@ %&T@sba%cﬂg% @ﬁg@g@v@% ﬁitggc%' adiels 83 the dcond NE

met hod of clarm erein the acenent entry
conpr i sesficld hatng dvalge crsepodihgrte tHedosmbysicantdigssagimbei at i ng t he
| ogi cal address wi.th the econd physi cal ,address., 43. The net hod of
ol ai m 40, wherGroRIng frerorfing Bock i the peopd IREATHIRE data, e
recordi ng
42. The method of claim 41, wherein the updating of the replacement entry comprises:
recording a second replacement entry associating the logical address with the

second physical address.

43. The method of claim 40, wherein, if the first data is the additional data, the recording
of the first data at the second physical address comprises:

generating a recording block comprising the first data and first and second address
fields having a same value; and

recording the recording block at the second physical address.

44, The method of claim 43, wherein the creating of the new replacement entry comprises:



of the first data at the second physical address conprises:
generating a recording block conmprising the first data and first and
second address fields having a sane val ue; and recording the
recordi ng bl ock at the second physi capgaddress. 44. The net hod of
claim43, wherein the creating of the new replacenent entry
conprises: 29 recording the new replacenent entry, the new

repl acenent enteordiag $waicateplgcdnioat 0wy, dwinewdeplessment ¢ritrytadssocstiop g
physi cal addr.e §; 45.hﬁpe nethgd.qi ﬁiain143, wherein the sanme val ue
is an arbog?gfé'VEﬁﬁg. RECOPARINETNAUTSE ¢l ai m 43, wherein the sanme

value is a value corresponding to the provided |ogical address.

45. The method of claim 43, wherein the same value is an arbitrary value.

46. The method of claim 43, wherein the same value is a value corresponding to the

provided logical address.



