1 Description | NFORVATI ON RECORDI NG MEDI UM RECORDI NG RE- PRODUCI NG
APPARATUS, AND RECORDI NG RE PRODUCI NG METHOD Technical Field 11
Aspects of the present invention relate to information recording
nmedia, and nore particularly, to an information recording nmedium 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 a user data area (an area left by
excluding the spare area from tA lenea) or while data recorded
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applied to logical overwrite (LOW). Logical overwrite is a technique that generates the

same elfect 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
treated 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 area was overwritten, becausc the host accesses only
a logical address. Thus, the host can easily manage the write-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.

(3] This recording of a replacement in the unrecorded area of the user data area to
achieve LOW complicates the recovery of replacement data desiroyed by power failure
or an error of replacement information. Where an area in which a rcplacement of
defective data or a replacement for LOW is recorded is limited to a spare area, a re-



achi eve LOWVconplicates the recovery of replacenent data destroyed by
power failure or an error of replacenent information. Wiere an area
in which a replacenent of defective data or a replacenent for LONi s
recorded is limted to a spare area, a re 2 placenment 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 acenent of defective data or a re- placenent for LOVNis recorded,
there appears a need to classify the blocks recorded in a user area
on an information recording nmediuminto user blocks (original data
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[8] As shown in FIG. 1A, although only data A ' obtained by updating original data A

twice exists in a logical space, a final npdate, 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 medivums in cases 5



physi cal volunme space of track #2 on a user data area. Referring to
FIG 1C, in case 6, woriginal data, data A a first update of the
data A, data A , and original data, data B, are sequentially
recorded in a physical volune space of track #2 on a user data area.
Di scl osure of Invention Technical Problem[10] As shown in cases 5
and 6, although physical recording statuses in cases 5 and 6 are the
sane, recording statuses of actual i 1 or mat i on recordi ng nmediuns in
cases 5 3 and 6 are different. Thus, a block to be recorded needs to
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Description of Drawings

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

[14] FIG. 2 is a block diagram of a recording/reproducing apparatus according to 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 used
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 inffrom a user data area of the information recording medium shown in FIG. 4;
[19] FIG. 7A illustrates a physical volume space of an information recording medium
on which original and replacement blocks has been recorded, according (o an
embodiment of the present invention;
[20] FIG. 7B illustrates a logical velume space of the information recording medium



2; [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 recording nmedi um shown in
FIG 4; [19] FIG 7A illustrates a 6hysi cal volune 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 nformati on reboydnB.ledium 4 shown in FIG 7 [21] FIG 8 is a
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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 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 the 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 previcus 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



[27] According to another aspect of the present invention, there is
provided an in- formation recording nedium 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 1is recorded in the spare area aor an unrecorded area of the user
data area; and each of the originalsrecording bl ock and the
repl acenent recordi ng bl ock includes iden- tification information
useabl e to determ ne whether each recording block is the original
recordi ng bl ock or the replacenent recording bl ock. [28] Each
recording bl odleldmrepregioutkddmssd@lda part that contains original data
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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 area
is recorded in the spare area or an unrecorded area of the user data area; and a
confroller 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 arca 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 wite/read unit to wite a
recordi ng bl ock on the information recording nmedium wherein the
written recording block includes at |east one of original address
information indicating a |location of the original recording bl ock or
previ ous address information |nd|cat|ng a location of an inmmediately
previ ous recording block for the orlglnal recordi ng bl ock. [32]
Accordi ng to anot her aspect of the present invention, there is
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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 vser data area; and writing a recording block on
the information recording medium, wherein the recording block comprises iden-

tfication information used to determine whether the written recording block is an



recordi ng bl ock 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 recovering replacenent

i nformati on about the original recording block and the replacenent
recording block by referring to an original address field of the re-
pl acenent recordi ng block that indicates a |ocation of the original
recordi ng bl ock and a previous addréss field of the r epl acenent
recordi ng block that indicates a |ocation of an imediately previous
recordi ng bl ock, which is replaced by the replacenent recording
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Wi ting gof epl ac@RBOhe 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 illustrated 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
embaodiment of the present invention. Referring to FIG. 2, the recording/reproducing
apparatus 200 includes a write/read unit 220 and a controller 210. The write/read unit
220 writes data to an information recording medium 400, under control of the
controller 210 and reads out written data to reproduce the written data. The controller



recordi ng block on the information recording nmediumso that a val ue
of a physical address of the replacenent recording block is always

| arger than a value of a physical address of a recording bl ock
previous to the replacenent recording block and a value a physical
address of the original recording block or always snaller than a
value of a physical address of the recording block previous to the
repl acenent recordi ng block and t heBval ue the physi cal address of
the original recording block. [38] According to another aspect of the
present invention, there is provided a recording/ reproducing nethod
conprising: witing data to and reading data froman information
recor di ng nmedi2Uiednams thg watehrsad mnigl 220e0 avriebedl data inscerodiinpginidbck ekat a and
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wite/read un iu%ing%@ues Ike previous address ficld and the original address field included in the
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-written data from the host 240 and transmits the received
data, command, and information to the system controller 215.

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



recordi ng/ reproduci ng apparatus 200 as di scl osed herein includes
features for recording and reproducing; however, as wll be

appreci ated by persons skilled in the art, sone aspects of the
invention relate only to recording information and other aspects of
the invention relate only to reproducing information. Thus, as the
context may inply, recording/reproducing includes an apparatus for
recordi ng, an apparatus for reprodu@ing or an apparatus for
recordi ng and reproducing information. [43] Upon witing, 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 perfmins @l inithlizatve neesrydpmly wetpe od petiadarappessatthe U290, LOW
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[45] Were datuauqhéaﬂpﬁn%ssw ifar hericadis 11 garriomas iy sem ctelea g nedi um
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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 entry will be described in greater
detail below.

[49] The pickup 250 radiates a laser beamn 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 to the servo 214. The DSP 212 demodulates the modulated data,
performs ECC on the demaodulated data, and outputs resultant data.

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



data, command, and information to the systemcontroller 215. [46] The
system control |l er 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
systemcontroller 215 controls the pickup 250 to wite the update
data to an unrecorded area of a user data area using |inear
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the informati g StOEAXRMBRNY et in units of a block, which is a unit in which data is
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 area (not shown), information about
a location and size of a spare area 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, etc.

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



receives a | aser beamreflected by the information storage nedi um
400, and outputs an optical signal obtained fromthe received | aser
beam The RF AMP 213 converts the optical signal received fromthe
pi ckup 250 into the RF signal and provi des 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 at es t he nodul at ed dat a, perfbrns ECC on the denodul at ed
data, and outputs resultant data. [50] The servo 214 receives the
servo signal fromthe RF AMP 213 and the command 10 necessary for
servo control fromthe systemcontroller 215 and servo-controls the
pi ckup 250. ThenfgwsientinféFm2dch it whiklsarstites df heinfanaioo wepding fredinmtohe  DSP

212 to the hosinhichdd@ is rboarkkd fEk&BreséhtddSs ehelli¥rknaGinaOhisedn@ibadds BeSBSL UT €
of the i nforrrqL on recordi ng nmedi um 400 where the information

recording mediumis enbodied as a disc. Referring to FIG 4, the
i nf or mat 1B r ecorhsififydisrennegemenaraadsd. thgeecord fisaprnpssmantaradiothea dat a
area 420, and thial dise adnagahermﬁxea4343ﬁd tHeF@irth Tlze mhegemdnnared 432 a1 0

i ncludes a seg@ndd lcﬁr&ofﬁﬁffhaﬂ y BR@erflchLinfoAndtRARAEAT Write 9 Cin-
managenent ar ng(a ‘%’fdlngﬂegwglrlgésagﬁ%l sc managenent area 413, a first

Spare area 4 a second spare area 423, a
third di $¥! nanag%ﬁém argy €°4 inchigigs thmférstesp%quﬂldh%@errﬁaﬁagfeﬁ%%@nddh@a
432. [53] The sddohPspdst Aretl €2Bahs Sre3cyuaritialdy dranged €IhO fiekt g stdohdspaitateasn used

1; g;ofglt ggt PR 42 128165 %f&atM%@a@éﬁacaﬂ&t %ﬁ*ﬁ%ggmﬁgﬁmﬁm& b

i Lo onge T nfOPIEL PO ECUR BEH B e e 8 LD e PR
tenporary def etore replacem¢nt it that4dpacesslefeetms dnta pyrepleacement ditmfigsessary fon, a
tenporary di sqotefnamkly,irelacahdnudiiing rdplddaQyerd4dth as tenporary def ect
”anage”erfégé' n- e da&@:eaﬂﬂ?de ot§s°a%%&g?4ﬁea5’i%ﬂlﬁg§%@c1 ﬂé@uhc[x A4lre-The

TDFL 414 notes I nformati on about 1nc orrratlon

about a | ocatPiasTmgtdapdhat replacrs thy 26 I4A BPoPHIng Y 6%1“05%‘6%{“05 Wik at i on
of repl acementhedairaarcs 424 lved23def dotin e ugadadn ardard2) dy blpakuthégh,is tebredeff DFL

414 i ncl udes asi &P iaaRidRNd (heBdef Yatdakea 420 55] FIG 5 illustrates a data

struct UITE ft he %@J}Lﬁ? S c%k %66 z{cgoré}f%to aﬁz?&lgc%lgnéﬁgoftﬂ% és%t d&r&nﬁo&ﬂ

repl ace entry
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[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 part 520 may have an error correction 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.



[56] Referring again to FIG 4, the TDDS 415 stores | ocation pointers
of the tenporary defect information 414, the SBM 416, and a drive
area (not shown), information about a location and size of a spare
area allocated upon initialization, wite-protection in- formation,

i nformati on about a |ocation and size of a tenporary defect
managenent area (not shown) allocated in the data area 420,

informati on about a user data area 4%, information about |ocations
on first and second spare areas 421 and 423 where re- placenent data
can be witten, information about an address of final data witten in
the wuser data area 422, etc. [57] The SBM 416 denotes a map in which
recor ded[6@] ust erRefeatg toAIGeTArwien a bdstisteiaadof drive hyetemdewrig dtta Ado ea 422
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ot her hand, 2 gﬂbe # OfRREILERP Y RE LAY SR al
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status of an iongind addrdsoficld Relodediingbloaktird ¥a 16 e O whndidatedid the block Bawr ded
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replaces fectlve cenent necessar
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pl acement dat @rea h@v ar;zeﬂlﬂ@qesm{ah& &R iR BurR B RXShiN B HR: &M 5 0ROt
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area 422. A bl ocl?< S WI‘I t he user
dat a area 422rePEy W‘;&‘ e it APwe indAT S Bredtike seem sREBIH? Fglatdrean
enbodi nent of ettheflps edient thartheoPN Dhws been refdhoed by the FING-1 6FIGRE flesi ng t o

FIG 6, the r%@éﬂacagenuaius #P 0o HRA0PINS UL arford BhidBRsstand B4 PsNd an
addi ti onal |anIr er data. |If

the recordi n§”uhf ast?l %‘@akce%ﬁga%ms ﬁef(%?m agnaaliatog{ 8 a?'ﬁsocfl 'Y Part 510

is original d 3flqies§ figld 7Qlsand 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-I replaces the block recorded at PSN a and thata
physical address (i.e., an original address) corresponding to the logical address of data
A 'recorded at PSNV 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 LSN 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 SV a on the information
recording medium corresponding to the LSV a has already been recorded with data
and determining from the replacement entry #1 that PSN 2 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 (o indicate that the replacement block replaces
the block recorded at PSN a-1 . A value of an original address field 703 in the re-



initially recorded. If the recording unit block 500 is a repl acenent
bl ock, the data part 510 is replacenent data. [62] The additi onal
information part 520 includes additional infornmation about the
original data or the replacenent data. As shown in FIG 6, the
additional information part 520 includes a previous address field
521 and an original address field 522. The origi-nal address field
522 records an address representing ® | ocation of the ori gi nal

bl ock. The previous address field 521 records an address representing
a location of an inmrediately previous block, which is replaced by
the recording unit block 500. The additional information part 520
may have an eiplacemeniOilsakdbvingthsdataus t and ecoldéd =2 PEM -+ is eatto RNt toof  t he
data part 510.,di&RknaF) ShysiédhaddrdsbiBl! B £3indl RUEMFLHESoRfingaB hk MeREIMAL i ON
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used to 9%t i nguihsieaftcheo nelpi dee Revith digh 8¢ kecbrdmgnid IHEW othé isrx@mmaidsock.
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i ndi cating t he BINMWOEY f2 hhEorRhhiGhfeds PINAT ha bEEGIReLhy R6d+2A met hod
o N e B A Sy oS et NP2 ST LoV 2EL fe0f M 2
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drive system rerbacod RSN F1% 8- lse thawe He chapged repipserefnl spEy &5 2rdrihwr i t es
the data A t aheaeplatemet adddaslis PSN a+3 . Referring again to FIG. 74, 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+1 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 ' corresponds 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 fails to obtain a final TDFL from a temporary
defect management area of a lead-in or lead-out area of the information recording
medium, the drive system must recover at least a replacement entry, which indicates a



area PSN a-1 on the information recordi ng medi um by determ ning that
the PSN a on the information recording nmedi um corresponding to the
LSN a has already been recorded with data. As showmn 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-1is set as a replacenment address. “Referring again to FIG 7A,

val ues of a previous address field 701 and an original address field
703 in the replacenent block 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 PShtuaeﬂhdleqohmesretdnﬁng)mrmkn preelitideplactoei?@Maregumckdtuhat a

physi cal addreéféct éneﬁtmn SDOW hd bl recBRIES, @SSne tﬁ‘é)f]f)ﬁsﬁﬁé'&@ QﬂmEtQ ehthe
| ogi cal address d’;\

TN W T L
with data A ingdestiaphggditional nfyrmatips prrbefta hieskesprded anike ipfoimationsy st em t o
wite data A rdcordln@biediumaTics efleetlént varySydt @il iolves désatbedatita A ' to
an unrecor dedr@grg@ep%gﬁ;“ﬂguggh in- formation recording nmedi um by
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8. Referring again to 'ue o ress field
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a+l is set totRSkegnitatioo, thediive atsemirtrarers faplacempit auter rf Flﬁ 86kwhidpl aces
the bl ock recaidieds AkdRSNathe infdmYi@inteoRiing@itdRii @iwhith 130K RSsdddael d 703

inthe re 13 PE@%%?J%Q&;&@L%&%F%X lﬁgﬁo}dggamﬁ and recorded at PSN

atl is set to si cal _address (i.

ori gi nal gl dr es St B CEEpYHER Figdtyt ¢ Herk If?f@idé%f’rt fé(&dﬂ%%%efefﬂeﬂfé%a
‘recorded at PS8k '-+d in tiRBlarevioys@8resk field 7¢lomd theloegieal dédrass Beld 303 @ be

witten to theehifiQhiBidck PINTQOME tad BB NS Qi oritiRe RRE nhigake of
data A with data 'Aladedhf%?lthSt comands the drive systemto wite the

data B to LSNA+L® e drive systemwites the data B to an
unr ecor d&d ar ea Thereigs SiegFve Haem Frdy e Plegk poarlsd iPTY até and defcyines
det erm ni ng t frain atvhiee PSNa-#|setdmthe pladousnafldesyfitld GO ofeleoediangblondSHm

corres fﬁgdldgtg al%ﬁt%%’b@-bl@&?ﬁﬁdvzie@ ﬁﬁ%ﬁﬁé’ﬁ:@({‘me Bé?&?é&ﬁgg ‘efﬂllféS*NéjﬁBﬁ,
entry #2 o 1 faneaele PRYe e e i IR RGPy R BV ey,
LSN a+1 cor r 88papidistairslydag g, rea&é’“%'ﬂ%ﬁ’sw r?*#hf@a kgm ey $¥ng ag al n
to FIG 7A, vabspmsingfoPSN a. Since the drive system can determine from the replacement
entry #1 of FIG.9A that the block with address PSIY a has been replaced by the block
with address PSN a-1 and the block with address PSN a-I has been replaced by the
block with address PSN 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 2+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+1 . According to this determination, the drive system recovers replacement
entry #2 of FIG. 9C, which indicates a status of the information recordmg 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 previous address field 701 and the original address field 703 in
the block including the data B and recorded at PSNa+2 are both set to
PSN a+1 to indicate that the block recorded at PSNa+2 i ncl udes
original data, i.e., data B (although subsequently recorded) and
that the |ogical address of the data B recorded at PSN a+2 is PSN a+l
. [69] Thereafter, to update data B with data B 'according to LOW
the host conmands the drive system o wite data B' to LSNa+1 , and
the drive systemwites the data B' to an unrecorded area PSN a+3
on the information recording medium by determ ning that thePSNa+l1 on
the information recordi ng nedi um corresponding to the LSNa+l has

al ready been rfeocrdkdPHN gh2 sbinshe(prevens addesslich] 701 ahitle dad-eutionki thet f r om
t heI re- dpLac g gﬁ%adfbmﬁlUck#’g'NTa?%Bas%ﬂ]aQéd\ﬁé bl@didé&ﬁﬁd RedIvaE2 aftersonbeen

repl aced by a 0 e dri.ve n r

ey 59 vy i iBReESEar il bl flatE RUCRST EDRIBSRRARWAREIRIL |
8. al so shows inchdedin disgeag-onidpnck £8Nent hasglesjcakaidiess copgspipding (SN

repl acenent ader eSisceitls dRSN+#8m chlafeermibafjoragairaplacanchi diry #Fof FAGYE| ue of
the previous yadgl 698 Jilrelubled Phnials hlicLERIACEHERE vIBiQAH Jided PNNg

data B ' and recorded, at . PSNa+3 is to PSN a+2 to ingdicate that
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physi cal addr%sfmgp 2:280P6N b9 D Ao REALESREnGREY £5ReRslIpy to the

| ogi cal address o a B "recorded at PSNa+3 i's PSN a+1 .
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repl acenent erf #{naheplecsishy biRsk ifaeopissbly fromevalyps ﬁeHJJS]F(BPeHﬁPﬁ "gﬂress
recor di ng nedifialis ofrembriucdd bitmkshavigg owginal eddreasticiisdr whitfe iddptisagvales is
LpadFdT%E La]c dfoiexd,esto%s&c@;@u I@Merﬁdﬂeinﬁiekﬁﬁﬂﬁ%ﬁkﬁrﬂﬂc@édv&aﬁlﬂ Iokhedi N a

i na ro err QEHER . -l.n or
| ead- out area worpf(gtﬁ?eo@gﬁ?%?%%sf ﬁ%&gﬁae%%?@?ng n&gﬁ&i%aa %%&élﬁaﬁ\%gs 6sfyst em
must recover &f Originad plogk tp by ehasaperiginal addrsps of Aprlacemepy pnyferdhey 14
status of t he repnddocaddbtocknnd epeviais adireve field nf ogreprhivetd Wenllpayginent dat a
required upon pheledhPRblregRnefia fepRccifentHidlk bAGe HESNI K6k Beds asaneng t he
TDFL. The replp%%eenglpgddr%snstﬂ%%e [ecover ed using values of a previous
address field

|

and an ori gl nalre’pgaa‘3 rees_s field | ncl uded in an
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descri bed Wi t Ranoffe§h@RBEretRertd. Howeéf) tletéiéeBenYentry may be properly
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 predetermined sequence. That 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



[71] First, assum ng, for exanple, values as showmn in FIG 7A the
drive systemreads out a block recorded at PSNa-1 and determ nes
froma value PSN a set in the previous address field 701 of the
read-out bl ock that PSN a-1 previously replaced PSN a and f roma
value PSNa set in the original address field 703 of the read-out

bl ock that data A recorded at PSN a-1 has a | ogi cal address
corresponding to PSNa . According to'® this deternination, the drive
system recovers replacenent entry #1 of FIG 9A, which i ndi cates a
status of the information recording nedium on which a bl ock recorded
at PSNa has been replaced by a block recorded at PSN a-1 . [72]
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a- to at+
Then, the dri \%oeﬁegicé%g%&?gaﬁ 2 H%&QJ'&%% cﬁ%mr(té%:{gféévglfun@&tﬁ? fL 4
det er m nes f r 8 is Eogrdiddthpiaiy ima ghyaigs! spage qliianel Peing 'GH‘éCOTzQEfH‘Pé‘%%‘CFE eI d
701 of the r esmheoiaprobiboshor ifalrive &yacmuréadlsabosttﬂwsko@@meaﬁt dias
repl aced the bhagkdw mea@lglfo%ﬁ& AR ahia ddsciiRd al Ol B YauldIR ridShledtl set

user data DnoPSNA PRl G SN %) ol M ORI QBT RN 12

cor r espondi ng accp@m%%%f\s deggribed dhoms Hvwitips picdagde ayamapt iséf‘r?or dethe
drive system mithdueins: phsaqlrlahapamh]nouglebmfrgyméﬁor@a‘d ifrh Bgic8 Gpacems iprohibited

i ndicates a 55@&b!grl@fsy&éﬁ?mfo?ﬁipz{l'i@ltdf(aﬁ‘erf&%f?f %fﬁ&ﬁhﬁﬂﬁh%ﬂt@ﬁﬁt&t@ PSN
a+l has been r

L2 tem
Teads out & bPURR FELUPHEN SPBSRRISRL L BF iR HEC R KN T
PSNa+2 set i nOnlydn fsedseotysn were ds? PrEey ac}t@%s eld tSWéedraéaer%mn bl oc k

t hat formation to recover a replacement entry, the replacement entry 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 system determines that data indicated by the data write command is not re-
placement data but new user data, and thus a previous address field 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



t he read-out bl ock PSN a+3 has replaced the bl ock recorded at PSNa+2
and froma value PSN a+l set in an original address field 703 of the
read-out block that user data included in the read-out bl ock PSN a+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 with address PSNa+1l has been replaced by the block with
address PSN a+2 and can determine fiomthe val ue PSN a+2 read out
fromthe block PSN a+3 the block with address PSN a+2 has been
repl aced by the block with address PSN a+.3, the drive system
changes the replacenent address of the replacenent entry #2 of FIG
9C f r om PSNa+2hus@ rdpBiéraenBentrp for deoviginal deip lsacredhedfor, antpesptigt2l 085. FI G 9D.
[76] As degceri be@ih@bQa/@pm&ma;ﬁtemh@s&lrm@mue@&tarpyevfsls AssEReRTdnd an
repl acenent eng. r gdrgr% ldE)fﬁé&‘-é 1a%?n [ galdggglsaalxg %CV'FQH%O?*Q@ ss field
Eél f de (51 % I'ona

and an ori gi na?lr I ess or mation

part of a bl ockrenpFescrdssiett Ptk gt foybe theﬁhbﬁlqa]é‘&ﬂfﬁﬁéﬂﬁﬁ?méﬁg fythe logical
recovering netaidress adaedibynitie daa wiite eonipeoid ieoferaibn 1006. The ehyeivtl address

i nvention, t h%ndl&?e@& lo@aﬁmn %er@thfe'oﬂﬁhal E&P&a@&ﬁ&@d@h réé&r@&ikln' o%erﬁt%qgw zabl e
from val ues set in en?e c:l us ad fields pad duced bl ocks

repla m anor na ddress an ar g&ce
havi ng ori gl naal p&amess g ?’I an 1 den |ca ue IS

stored, so thaenegaidy E‘&?tmﬂ’éﬂl aﬂ@éﬁ%@t@ﬁw Plysicgl gddresp ef tbff thgv@l yprelata,
recover abl e. land bt Feplacenwor ad8ressadentifiels g phyaical addlese sswifichahakuatnt are-

reproduced bl %%eﬁgnmb&%to@e@g&gédcal address of an origi naI bl ock to
| nal address of a .replacene Pt entr,

be set a or|

oot otue bl ockihatniie BORFERR DY ARG e Pretinet gt Pl g eml
bl ock provi deshia haﬁdﬁlﬁ%ﬁ@%‘lﬂamlﬂé@sar@faccardmghame st af:lbmw%laétkss of
the original leRickd ihe ofigina eddrasfiad sfehe dRiret RFRImeaItilicR 88 dekrmiild

repl acenent entifiVerebd ]m ‘?fo{, eﬁ%{é{m{@n h@% ‘ﬁorﬁé ﬁopZAncin' 1%029% be

seen that if a recor ress

field 703, a PEHIML wé%tf gt fepﬂéce%%@f(’a%ﬁ Pt AT oo
proper |y reco\nddres of lhbﬁvgw@ﬁplaqcmeﬂtlcetpd arcléhpeomiginglratidryss fitgldl opide Eﬂf@pfelref y
recovered usi Rhcétdnyblbdk8s R fo®k tha lorigal h &8s dfited foundQepiaément ¢veprI@duced
bl ock by appl g&gtm\;@égt bk 9%1 Oent a%dl%ssrsf&bqunﬁepla&ﬁ@ﬁc%%glé@mged

repl acenent bl ecor

pr edet er ni ned ’é’&q‘ﬂ‘éﬂ%’@"a f‘qﬁjées§ %fﬁ]Fee{E"é’PPé‘ﬁfeP]é‘f?‘W’;]ftb}Pék‘/ tofhe phatigAl #0EsE ©fusi ng
only val ues r elrouded raphicantest Weckgi nal address field 703 by reference

to the or s@r Ih n?I In dpFARE sofOI @t elm%%epx@laﬁ@lwams iéﬁ&a@d BoBtieding Aedhta
seguence. a [ uence
q mdlca d:dﬁh ﬁle %%t% gte Qnd] o?‘tha hgsg g{d a? 18? 51 gﬁ{\ﬁ @.ﬁq

has a val ue recor
corresponds t @RS ‘ngfﬁsstﬁel%ﬁ*fd é“éPFlglé%l a‘ﬂﬂr?f&f%dfl f0d freorddft Bnteglacgmentgy pe

det er m ned t hatldressloeal afoenatioh ochrding medien de gpesatioe 1¢1d phawedy prodicgar | i er

block in the %@ﬂé&@:ﬂ&n@entﬂ;r&y&e chadfed rEpRlbritnt dhirky &r8@tde® Ind0Kadlif of 18R-out
sequence havi n%aof% lye corres ondl ﬁg to the PSN of the earlier

bl ock in the sequence %“3%8%1&“8 G Che or i ginal address field 703 is a
final redl8? 1G. 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 from 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 eniry, 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



pl acenent bl ock for the earlier block in the sequence. [78] For
exanple, if replacenent is performed under a rule that a physical
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 ﬁp arrangenent of physical
addresses that a replacenent block faving a highest physical address
in a sequence of replacenment blocks is the final replacenent bl ock.
[ 79] As another exanmple, if replacenent is perfornmed under a rule
that a physical address of a current replacenent block is always
smal | er than &eldhydingeikingldddress Sieldfis acgaretirpn e iaddigproplaplommeamepart bl ock
and a physic akhe%@c@ﬁ@ﬁscmn oPBadhil GioNRks dokePGiked wibiherak: di’@maldﬁﬂx@:fslﬂif ned

froma histor ¥he Heol 8t r%ﬁacrrlg%& 5{?33/”:%((.% [&ESe [y @1? 1]]%115’1?[%%%6 mRhysi cal

addresses that are hysi cal address

ina sequenceOﬂglﬂﬂﬁ&msaﬁ‘ﬂ‘ﬁr@frﬁ“’*%ﬁ?‘lﬁ‘ék@mﬂg"eg%c}‘f| nal repI acement bl ock.
[80] If @oly thdf e engiralgidasohf @ssechiepdddepl@dmdns crituy ¢4 difeeht fmmahebinock i n

the case of Fl&naidhcont@nddiPRe mggim ARISIERd &mersycoh&ebﬁa&wme& by
recogni zi ng t hat cfal bké%%dglg Osrnew et dat% §§erent frlgm user%gtalofl%m'naged by a

bl ock recordef®
recorded at me@#@dlbmlt Elgereghe IESN’daEPiS beeifg opqraion L {20p feeqvatp &F dat a
to an area t phtenicat dneg i thedecond Hlod adpsodinced in qpapdorcldBO.space al t hough

g ;IS ? g mu :1 'r[]%?ig ? rde qf thé o@gu%?ﬁ&%@ée?’f I}l%?&%@eréd%eﬁﬂc&ﬁén@ Eﬂt@% 1@¢ntitd] tcAnd E)ﬂ— \\I/\/I?I ‘o
Gata to suh e zodust pE G ol T & s st P RAPR RGP ot

PSN a+2 cor r esgortilen renpdusiangperatiomld 3¢jis met nBw uses daft bht Frplapercst Ged

at PSNa+3  acc @fatiepigeet Me bdMlusdslatd @S¢ ks taaiymaced by the fivst itpradyeafblatat a to

an area that Eﬁﬁse?ﬁ%ggﬁfén 1Y‘.40t Jﬂeai, faGenfeft aadrpéax§m9&kov%ge%1a@énien%gp

bei ng unrecor rohi a drive
system i nf orrré“ga”rgﬁ%‘t"aé‘?’ ﬁ’élfl’?g g‘ﬁ“?"é 8%‘%?“%@’ g‘ command to wite
data to [®¥lch arTher éropdutor ilbdd iadetominedgvisticenkiodkdo bhigwher raprofraes, | B
and 1C can be egigh yetblock @beyfuititr fePioSuce@ésts, BY giothddgieebaeR toyoperafineVi OUS

address field ﬁ)tH?e ﬁ)dﬁ‘éﬂ?eq%aqﬁ %_'ﬂnl&k 1 05 DB bl et Yfileodexist, the

r epl acenent en I"acement entry may be correctly recovered.
[81] FIG 10 Fé"ﬂ‘é fScBvEMEtt il lustrating a nethod of recordl ng data
accor di n3l 0 an Acesrbiogiomenspeaiof thhgregpnggention as desprtied above.mepsemeat iion
1001, a dri Ve fg¥ab@ntad &Ceeﬂe&tﬁ@y aecslv%}sa in Mybte:8 wheeTRMhcéidiioal bwst .

Since the hOStocc?lPlIX a a%a%?mvf\inu% dJ:th Fg 1.3?%19 &?v\,ﬁ&? &rﬁereprgcﬂéﬁon

provides to the driv em a 0|ca ata 1s to be
recor ded. [82]1m1Prﬁ"e§perat| on 1002, the drive systemconverts a | ogical
addr ess (9ili cat exlthoyghtatfew crabogliments 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 claims and their equivalents.



wite command into a physical address. In operation 1003, the drive
system determ nes whether the physical address is unrecorded. \Were
t he physi cal address is unrecorded, nmiaé]e drive system determ nes that
data indicated by the data wite co hd is not re- placenment data
but new user data, and thus a previous address field and an ori gi nal
address field are both set to be O,dﬁn%)erati on 1004. [83] Wen it
is determ ned that the physical address 1s recorded, the drive system

determ nqum@fongﬁ;@,rgmaiggh@giuaycgmsg%t;a write command denot es
h whi

repl acenent data wt ich data already recorded in the recorded

physi cal addr égserdataaseafer isardingnsendaie; Bhd thus a repl acenent entry
for the origi %%Ear%}ei fbﬁe@ﬁ@hgﬁggfeﬁ&faec'téai BRNAL! O A005. [84] \Were
no replacenment entries ar otind, val ues of a previous ‘address field
and an origi ndleraitidress field of the replacenent data, that is, a
repl acenent bl ock to be cyrrent recorded, ar.e both.sei. to be the
bhysi cal - addr eEPRSTIEBGBET AR A G GSiTisgs Ehp R GE qPesus HaFE RO Dy
the dat a j\HehReCRPBRESis réddrdaeh Bel sphire hAGr arl BfreBhINEd 584 oPEE 185 Fata

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

| n oper at#e9hankh07, a repl acenent entry including an original address

and a repl ace LSt L. Qi g
denti 1 65t nO oy SuE? ol MABE! BhEHes ol Moo O B ey e STMicatiog

r epl aceneribcatidd é g origmat retordmgdl@hysiacadond dddresssindinativg adbcation of
current re-_ placenent ock,is to.be. recor . ].85], Wer.e e

r epl acené’ﬁ?thg’rﬁl’gc?l’%enf Bi?ﬁ@th“?‘ SN @Bﬁg%ﬁgﬁg{]g’ﬂ}ile???éﬁim? hg’d&ri gi nal
data has been preciously replaced, and accordingly, the values of the
previous address field and the original address field of the current
r epl acenenfheindemnaiipe regardingynedinm ofclaym leybetgice to t he found

repl acenent e ' td o h90B el ri sRRLYRHS
address fi el dq%%%%)]ﬁlé&%%?%Eﬁ&%%?%kc%%%%e{)%oc I'S se%ltato 6‘% a

r epl aceneatlaceacdt des anaf ant duditfonalrivformpiiegenshit centaimg addifidnal indorpratigh nal

address field, of .t.he current r.e- pl ment, block is set to be the
origi nal % 8‘&3@%%“%1&5%@ Ofrgllﬁ{aplf‘%eﬂ%gggﬁ%nﬁndent ry. In operation 1009,
t he repl acenente AddfRsSinRimbiieh pRtibshprissy A C@REdte ofilid {itsi fldahanghel
fromthe physical address of the previous replacenent block to the

physi cal s8e®Adeddrest  the current replacement block. [86] In operation
1010, the current replacenent block is generated by including the
data indicated by the data wite conmand of the host and additi onal

i nf or mat i3oAn(infeematpmaviwding atdivws somfiprading: and t he ori gi nal address

field) and recorde(? at the repl.ac ..address on an information
recordi ng medi®dBt 995 agf)aeir%é ?ngdlﬂ%ﬁsg?g%ﬁeﬁgew y produced replacenent
entry or the changacarfepleplacingatdeftot defedil ineloorsdedhta area | ead-in or

| ead- out .

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 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.



area of the information recording nedium [87] FIG 11 is a flowhart
illustrating a method of recovering a replacenent entry according to
an aspect of the present invention. Fifst, in operation 1110, a bl ock
recorded in a user data area is reproduced, and information contai ned
in a previous address field and an original address field is

acqui r ed 4 QR RARKEL r&hgﬂ%la 'Bg}gtgg Ef&h?ﬂ’% .part of the reproduced

bl ock. [88] In opération 15 a replacenent entry including a

r epl acenment addw&s/seadmmltamitingrdﬁ‘gltnaild/ad:dactsgdats fromcovisfodatioh physi cal

address of a.first. duced bl ock et t e.repl acemen

Sddr ess dreoftiet FELRE BRERFSTRIE SahRelt iR e il T £ Rigme
addr ess bldcklod thetafoithatlon ftcélﬂﬁlgaﬂéﬂlﬁman@dremnf ormation part of the
first reproduced block is set as the orjiginal address of the

repl acenent eH%er‘ythQToﬁhﬁg@B@k&PmBﬂseif%@aStan%%%W%P%Rssﬁ%ffﬂnﬁt@nt he
first reppagked IB:AGK oPRbIEERTEBHInd Nolil: pﬂx‘éﬁéus%&ésﬁ%ﬁﬁnfaﬁon _

r epr oduced, i nformation contalne In a previous address 18 field
and an orndjeatia adotsities of 4 fepladement dorihé oegindlreqordihgbladdi t i onal
information part of the second block. In operation 1140, it is

det erm ned whether the original address of the recovered repl acenent
entry i s scTRStctbdity/reprobudifieappafabisrodtlain 4c@hérainned in the original
address field of the second re roduced bl ock. [90] If the orlgln?
address of t hiherwitirareniding blosk énwsrerdedhinasppis agqardr @p Iptecoidgdiemel 3 n-
formati on.contaiped in the original address field of the second

repr oduced bl ock, the second reproduced bl ock is new user data
different fromuser data of the first reproduced bl ock. Hence, the
met hod goes, back .t o,operation 11 regover. a. re- placenent entry
I T e D LR YRS ST
0L|g|naIfaddraﬁSWﬁﬁamhanﬁ@@Quﬁkeﬁmpﬁﬂkﬂ&ﬂﬁﬁﬁﬁ%g@ﬁf%1¥$n?gem$mﬁﬁl to
the in- formation _contai n the ori address fi of the
second reprotheeW%ﬁfnor&RorQ g lock axisrrided g 09@3985&6@&&? peapinedPiton
1130 is rﬁ?édeﬁ%n@&@équ@ﬁée@)f%ﬂél%ﬂif@&%%ﬁﬁ pdaksa that replaces the
sane user data as the user data replaced by the first reproduced

bl ock. Hence, in operation 1150, the replacement address of the

recovere he
ot eproBECisEO AT Mo BN alpRee Ol oDy RerBiNife fRUBAARARS0 ek 1C
whet her dolh:lv@czi«ulaowheere hwaliab eorresppidinioabe loeaticmtd thd drigenlecaiing didek
further roduced exi sts, the.nethod goes ck to erati 1110 to
|t oucds BRESHERLe RS bareshaiains bl P aRpe! A e RS Batoduced
exist, the nethod is concluded. [93] According to an aspect of the

present i nvention as described above, replacenent in-
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.



formati on can be effectively recovered in a systemwhere a

repl acenent for LOWN occurs in a spare area or in a user data area.
Thus, the efficiency of data reproduc&ion i nproves. [94] Al though a
few embodi ments of the present invention have been shown and
described, it would be appreciated by those skilled in the art that
changes nhy ThE rdiBdthg/eProbiliss @ﬂﬁﬁ%@lsrﬂ?@hnﬂ"!}t Qﬁweln%@ﬁ‘{eaét%lfléd)ﬁhﬁéﬁ%e
principles and spirit of the invention, he 'scope of which

defined ifellotiea mlawhsreanfdlmherrcsqumgrm aalmwlonxﬁ a srilbmmﬂi wnmn

infornatlo reco ser. dat

Fecor di ng atsAit: DTk T, ST Ble Ay coBe BB Ralicaled Bibe oo
in the usledsordiagaloakmchmﬂemlﬂmorsglmaeﬁaéoaﬁ;’e;n@blbck ecordi ng bl ock that
repl aces 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 it Bge fRBldHAERRIuGSE NG J2cREK 4| RRlkdes at |east one of a
first address indicating a ocatlon of the original recording block
or a second adhlfrwstgenmq)rdmglbﬂ@kamlmimtald@tﬁtmﬂ that gonthios OnglphlatﬁWt

bl ock mhlc revi Qus e or recordin

it o mat Penereai SR s ARARESR hge R e AR i et
recordlng&bﬁuﬁkom@ﬁﬂuueanamﬂapﬁcﬁmmﬁdm&&mdconta|ns original data or
repl acenent data and an additional information rt that_ contains
addi ti onal inf HowA mﬁﬁﬁa&mw& Sfagis eaéra&nao Fhepﬁgmabﬁfdé@énem
dat a; anqnfotl‘llga@d;pgrtth@%]@{,mhmdagé@;ﬂf%a%ﬁt conpri ses at |east one of
the first address or second address. 3. An information recording
nediun1conprisihg a user data area for recording user data; and a
spare arqi A (Hﬁggggkagmgld 5%&_? % d in the user data area,
wher ei n: face rec B it replaces an ori gi nal
recordi ng bI ocahnnite;(marddmd wmtmgtdaea tt]$ﬁdi/od&h&m§lﬂﬂa fiosn dre@éirhadon N t he
spare area or, an ynrecorded area of the_user data rea; ,and a val ue
of a physFEaFPEITESE VIPHHE 46! ‘%’é%ﬁ’ﬁﬁf"ruf%c& gv: 2 il gi‘%é%d?épaé‘f’ Xe&srs

| arger tdaan or always smaller than a value of a physical address of

a recording block previous to
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:



t he repl acenent recording block and a val ue of a physical address of
the original recording block. 20 4. A recording/reproducing
apparatus conprising: a wite/read unﬁ witing data to and/or
reading data froman information recording nedium and a controller
controlling the wite/read unit to wite a recording block on the

| nf or mati on 1 GeREAIRE oMMl WIEERIMIA Iientehit! Sk RAERIIRNGidhACk
conprises at |east one of original address information indicating a
| ocat i on redording blochbnabrerimusadiiresy fislddbit indicgessiocaipnaddresosding block
informatio nd| at i alocatlo of,.a epl acenment for the original
recor di nd Ifglf‘ceg t’ﬁfreﬁ‘ﬁgel?ené rdm nbl% 8%‘3(:. ng apparatus of claim4,
wherei n: the wid iﬂbﬁfﬁcﬁ&@ﬁlﬁﬂjrﬂ@mﬁ{ ﬁ@.lgpecsﬁds rientifite dedorled i1 piele £t aficcdl the
an unrecorded area qof a user data area. 6. The recording/reproducing
appar at uTigiatddress gel d\/ﬁ’iéli‘eé?rﬁ"m‘fsr?éldﬁﬁsf?ﬂén recordi ng bl ock conprises
the original address information; and the witten recording block is
recorded at a location determ ned according to a predeterm ned
sequence 16f Alremadingmeprafucingeppatitngchpridieg: 7. The

Ceauence 1 of FORCARPERREs AR i BaPre MOE R BE-RRE oot on

of the wrkdordifg frRdiuindgiang bl ock IS greater than a vaI ue correspondi ng
to the location of the origin recor gblock 8. The
recor di ng/repra&ea'a?ifgcarﬁfs&m & Ve o S ﬁowﬂﬁ@rréli’lﬁceﬁl‘?é‘tf?f“%@é’cgé’rl?ﬁkned

sequence onfipd fn@Whatonk Hslc:@r Sl (8 A€ a GRLE BB PPANAABaddRsRof @eat i On Of
a subsequently witten acenent recording bllock is greater than

t he val ue"eni@qemspmn@tﬂwg bﬂqpktlhelvwamtlatgeo thapfor elways sadler tiang valuesk awhi ch
repl aces the origin o rdin g
appar at u é)th §1cac1) ad@ress 1f a'y ceo?(ielg%{;'][%ﬁ]ppl%%m ?oetrhren re%lag%lglgnt urgclz,]o%mg B 09? gﬁd !11

rul e whernale o‘falphgaslmmﬂsq@(mlﬁmen@ghm tdoerdirgddbdkon of the witten
recording block is less than a value corresponding to the | ocation
of the original recording block. 21 10. The recordi ng/reproducing

appar at usj0f redcRdifk/PeprivieingiaPpdrives BsRGiesie: M ned sequence follows a
rul e where a val ue correspondl ng to a location of a subsequent l(}/
mg

witten repl a@emﬁﬁ@adr@éwramﬂgia@l tp @Rrd regding slgtatiframan iéorgafigerecor

cor respor}lqA tQqthe location of the recording block which replaces

the origina Pecor di ng bl ock. 11. The recordi ng/reproduci ng apparat us
of cl aim 4, \A/(&&bﬁirdjilertdﬂﬁvmrigtrelﬂmenmohxﬂdm@tibth et iheokigthabreaordatga part

that co ntb?cl)c[llsa egrle&%cen(?e%tf %corrdmg 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



repl acenent data and an additional information part that contains
additional information about the original data or the replacenent
data; and the additional information rt contains at |east one of
the original address information or e previous address
information. 12. A recordi ng/reproduci ng apparatus conprising: a

wri t e/ r egRlidiRiicatiMyl 4 1oB8iod JF 8 pkRickIR/ Witidhaashrdiflg GRER whichie@ices the
information recording nmediumconprising a user data area for

recor di ngrigvelregdimedaska spare area; and a controller controlling
the wite/read unit to wite a recording block on the information
recordi ng nmedium wherein the recordi ng bl ock conprises

i denti fi dat Tlemethod of alEitn U fwrdeabdmprismglet er m ne whet her t he
recording block.is an original. recordin bl ock or repl.acenment

F ecor di ng bl oCHIng e Tpepsditg Bk Fpash Fn AT OB AT 4058 o 12,
wher ei n: 4tdae recording block includes a data part that contains
original data or replacenent data and an additional information part
that contains additional information about the original data or the
r epl acenggt ' -he iLttonal information part contains the

i denti fr@gﬁ%ﬁ%?t%?%%%@olnﬁ%ﬁ&hghe recordi ng/ reproduci ng appar at us
of claim 13, whereghawritttrercackdirtg okl complrieesmaigimmhdatpahe methop furgdes: 22
at |least one_.of an original address field that indicates a |ocation
of the ofPYPHHES recording bl ock or a previous address field that
indicates a | QgainbQRa@E valué ﬁﬁé&l’cﬂbﬂﬂlelé}igﬁllél addeddh 8618 Gnd yheldevious address
repl acenment recordi ng bl ock; and the identification information is a
specificfieentifier recorded in at |east one of the original address
field or the previous address field. 15. A recording/reproducing
apparatus conprising: a wite/read unit witing data to and/or

readi ng @atBhedmethvdof daifrothwtheem: recordi ng nmedi um and a controller

controlling the wjte/read unit to.wite a replacenent .recordin
bl ock . on' © he "ERIFGPHET Ghicr AP AR Lo TPRATOER, £ g e
physi cal dagidime sfetitfd fhflieer comptiggenent recording bl ock is always | arger
than or always smaller than a value of a_ physical address of a
recor di ng bl o®Ritige @ypmgéndieating the lagation efflstorigiabdats mpbah Belerigingl a
val ue of ,aqRbVEhEald ﬂggfe@ﬁﬁs%dﬂes@%eﬁf.i gi nal recording block. 16. A
recordi ng/repr oéum ng apparatus conpri sing:
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.



awite/read unit witing data to and reading data from an
information recording nedium and a controller recovering

repl acenent information about the origjnal recording block and the
repl acenent recording block by referring to an original address field
of the replacenent recording block that indicates a |ocation of an
origi nal 738 dictdd R elgin andudherRb@pligns address field of the

repl acenent recording block that indicates a |ocation of an

i medi atel y previngihe reerging Merkt a dacatigibercinghe prsieieranngshsegyrace

repl ace ' : , d : ' i ng
Gat e on oo kFERIGLAGent AR colCancRafiE (B I aibEGRRGLAdCR RRORENE
writing alodciegohategthah echkluerotréspondifigionthe looationed dredoripgnakestording block.
wherein the recording block conprises at |east one of an original
address field indicating a |ocation of an original recording bl ock
repl aced Jy ThéeModof ElRink 23, T GolpRGKe:0r @ previ ous address 23
field indicating a |ocation of a previously witten recordi ng bl ock
whi ch repl acesviting thereceiding bleckeas p docatiomwheirin thgpredyemyprdfsguayee cl ai m
17, furt L SknQ: it P i : LA rea
o an' unroigFERHIS Fhn e e lieBaR RIS LI e W SR
17, wher dilock ingesater tHae awalue temespendingliortle bicatehn of tinqprisesslpwrigemal
data, the ne&ho further conprises: witing a sane value in each of
the ori gi'fidl""38 F’égs field and the previous address field. 20. The
met hod of claim 17, wherein: where the witten recordi ng bl ock
conprises first replacenent data for original data, the nethod
further conppe Bedodgf flajon g2, fushar gempa@ngat i ng the | ocation of the
original data JMA: - Ol O £ %ﬁhﬁ% i.0US
addr ess fieIdﬁh%fgﬂ%ﬁgkﬂggﬁgJ&%gﬁgﬂg?ﬂgggﬁéeEggéﬁﬁ: erefg §¥%§itten
bl ock conphoses ¢ whereinl aacdrrswitresfmnding ¢o theloagiiombl e pvaitten hesordmst hod

et BB o b R3PSl Mo

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:



witing a value indicating a location of (n-I)th replacenment data in
the previous address field. 22. The nethod of claim 17, further
conprising: witing the recording blo at a |l ocation determ ned
according to a predetermi ned sequencé of |ocations of recording

bl ocks. 24 23. The nmethod of claim 22, further conprising: witing
the recordi ng yGk ﬁéor&mh%Rﬁk'oﬁ%é’&ﬁfb&ﬁhfbdﬂ%@orﬁﬁl@%%dﬁlnmvﬂ%%ﬁﬁﬂ:uence
follows a rule whérein a val ue corresponding to the |ocation of the
written rieeudids hlpck poropises &egtiBeation infpraration sgable te detewnipe mliether the t he
| ocation f, claim
23, furt hrgéor%g bf&k%la%aérﬁ'rﬁ? Pecglldf eﬁ!r)%g%ra |I%l acebnfeg?}f? I%dm%dqlgcl:c ation
wherein the predeterm ned sequence follows a rule wherein a val ue
correspondi to the_locatjon of the witten recording block is
greater t ﬁg%m\?'é‘PGQ %IBWQ%F)’HWEﬁnhg to the location of the previously
witten recorngd Reid RekdingdlockREm! gﬁEéQQdiaﬁhfpaQtltﬁét%%gmsfoﬁéﬂnﬁﬁ‘data or
conprising: witing the recording at ‘a location whérein the

pr edet er neplecemeatidpdhand arfasiditions! informitionyagrthatisontaing dditiensl irdepotidn ng
to the |qf snal t

val ue cor %géﬂﬁg%%ﬁ%%&{& gta\t%(%ﬁ § rg@a{e?%‘% %tgggdﬁg%ra%ﬁfdﬁ%?l {r@gggtr nnlﬂ %EI ock.
26. The nehtod tof idedtdicati@binfdromatitrer conprising: witing the recordl ng
bl ock at a | ocation wherein the predeterm ned sequence follows a
rul e wherein a value corresponding to the |ocation of the witten
recor di ngo, PhOgkihbs ofBINk €0, WiRAn:a val ue corresponding to the

| ocation of the previously witten recording block. 27. The nethod
of claim 17, wkradditipnakinforingiarpirrempriseset lassy anges amodginal agdress Heldt
cont ai ns I

ot or mt 1oy AL 0GR 0Bl L ARlAL L ng HiH: 2Ryl 208l AR dicating
ori gi nal a:lateamnrof amenmahhtakyq:mm;usdatoadmghhbck hlmdaddi ti onal information
part conta| ns t .one_.o ori ress revi ous
etrece op. ARt e iERIG) PaRratinei e RRR B Pufat 2BseP i 0
recor di ngaﬁgmckdc@@sﬁeﬂ drihOprevbhOadiR aEIdi Ng nedi um  wherein the
recordi ng bl ock conprises identification information useable to

det ermi ne whet her the

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 smalier 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 comprising 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



recording block is an original recording block or a replacenent
recordi ng bl ock. 29. The nethod of claim 28, wherein: the witten
recording block conprises a data part,fhat contains original data or
repl acenent data and an additi onal in%ornation part that contains
additional information about the original data or the replacenent

data; and the raddifiioR ﬂacénﬁ%fn@gﬂ'&frrl%ldﬁﬂnﬁﬁélﬁ theCiphrfl RofdM block and the

bl
identification informati on. 30. The nethod of claim 10, m%ereln: t he
addi t i onarplpermsnhecordingbaeak bygrismingds the origiead pddsess fistd and the prgvigus

address1g&§ékﬁ%§g%ﬁéggﬁgfgwlﬁgg&h@gbﬁkkphe original recording block

or a previous address rcatfng a location of an inmediately
previ ous recording block; and the identification information is a

specific jdentifier.recorded in at |east one qof the original. address
Teld or Tnd Hrtbof At ei T B 358 TR & WebraP NPt g

met hod cafphissh '&ﬁ'gi_n\ﬂl febdABe Bl dcRRhA G IBREudne FR5 iR Ckh QBintihe
information recordi ng nedium wherein: a value of a physical address

of the repiginabreeondinecdenkdindgaddl wbkeanentaeenading blaelymcludenhbingt end ssbandy s
smal l er t i . r di: :

previ ous a{&%@sfﬁ%ﬁﬁgﬁ g%ﬁ fg{s:tea?rlgﬁp %?% %g‘!rh&?sgtg&%ﬁs%é% %r%ﬁﬁag?%gﬂiﬁgglgg%%@néaﬁ
addr ess ohmt lveluerthgfirsahddres dielli ofgactbdfah&n s@Requdnt recarltigrivdddke prebdingi ng
met hod conprising: w.itjng.a replacenent cor dj bl ock,  hat

ol a0 Anpost aflisddipaaad oo pb i ortnel ot (R seaRtradics Beld ot | o
a spare ahfifofdhe ARuBRGRACFIOAi Rk hatiRg a HEpsctidatRoAd @8ue IHAR ating a
repl acement bl ock conprising an original address field indicating a

| ocat i on legatipnef thg(p-giithaibssoperfreonding bloek, thaprcthop campetisg:addr ess
field indicating: i i gl e] 3 6
1€l aindicatl, acl‘,]%rrdel%tﬁ%?h d‘se@én@adﬁ?e@%h@l‘ﬁ f%re%ﬂ &Qﬁg&ﬁémﬁ &% m%[}lgf%ck

recovering rep nformati on about the originalrecordin
and t he raapllacesubadquenaeraddingblockck by referring to the original

address field and the previous, .address fiel.d o he, r epl acenment
ecording bl odRemE R KGR S e e e e BR FEETER (4 a
wWrite onGeincRaed Hitﬁ@oﬂ?ﬂhl&@&onﬁlﬁﬁbrbgk@ﬁirﬁhé gihnabsch & rétofingdba6korfhd N
subsequent recordi ng bl ocks, wherein the original recording bl ock

and each rsashidrstandsecand @ddigssigeldryess. i ncl udes first and second

address fields, the first and second address fields of the original
recording block having a sane value, the first address field of each
of then sSdbThemethpdd pEdeimddhduithen clrmpiisicg:udi ng

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 include the current data based

on the comparison.

36. The method of claim 33, further comprising:



a second value indicating a |l ocation of the original data and the
second address field of each of the n subsequent recordi ng bl ocks
havi ng a respective second value indigating a |ocation of the
(n-1)th subsequent recording bl ock, the nethod conprising: reading
the first and second address fields for each of the original

recordi ng bl ogkierAmchgldi@ of tHRUPSBSHARE réBERAEHIBEKSR) 86 kfothd@tigial ni ng
fromthe read first and second address fields whether the current

data i s reasedingblock whengarope potha alrst figlds haverthe bicoadkvave nd theBrshand
b ) 4
TR e R R

determ ning the original recording block to include the current data
where no ,_subsequ bl ocks are read, haying the second value. in the
first add’ o8 angihy @fegsgu%cwwaf e Bpmiat e oneEHEPERIIIT si ng;
conpar i NGa{ifie ah %ﬁ?ﬁﬁﬁx‘e&ﬁdﬁ? bidckfah@h GRirft bhﬁﬂﬂsé;'[d_b&%%%dlh bRery, di ng

bl ocks having a first field includin %e | ocati on of t%e origi nal

r ecor di ngvhsrae thewgiriginabreperdiiet eqki and gachisaheranerd resordiagblgel mgludescant i ons
of subse ' , ter m.i ent
recordingﬁﬁﬁ%g%g%g&ﬁﬁggﬁﬁégf éi3ﬁ$9%%§&d&%ﬁﬁggé%gﬁgﬁgfwggggﬁggrison.
36. The nmedohdidg block b ¢acB 3ubstarehtveplacangit rebriing Wdck id atségned nccvgdiope

of then subsequent. r cordinggPlocks %o be.a tggr or i igal recor di ng
bl ock whd? BPFERETBIPe] HAvPTPH [FRUPHO! FRegRitaRICSScBR Pl se™RHE g he
first and see¢Quthgfth@idiBetficlder 828 oPiheldfighabrESRMIYM K86 MHIndlity

bl ocks have a sanme val ue. 37. A nmethod of reproducing current user
dat a f r orf subspqueat wperdingddeskeli ng medi um havi ng an origi nal recording
bl ock and a pl i equs 3 et in:the
ori gi nal recogg%ﬁghkﬁag&ﬂ%% eachﬁéﬁégggﬁgﬁ?ﬂgggggﬁﬁﬁggﬁgg%gﬁ?W'Iudes
an addr édskfor el the hahseqynarcsandmg\bdddidasaino thisrmé addressialldiadahe a

| ocati on of. the, original recordigﬁ bl ock and each subsequent

r epl acendhieE BBy R OPEOR YRR according to a predet er ni ned

sequence of | @Al s r@brdi@Cslbel Mhé)édb@é’sﬁlenttrbﬁqrcﬂm% Brdk aovTRg h Ftdg:
reading the address field for each of the original recording bl ock

and the pPeQicasq inyhe prdadempieyl reatenceellpentiogs sdibr samerwles igithg argress
whet her tﬁQﬁl S Qe ed’&%cﬂ%ﬁeicﬁlaédi%cﬁ%g in the original recording
I ng

bl ock or 1 n the subsequent recor l'ock based on the read address
field and the predeterm ned sequence of |ocations, wherein: the

et or Al 35erRl dLiidd B A%k &, vl RS AR ink S S Ao K Al a2
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;



sequence in the predeterm ned sequence of |ocations and the sane
value in the address field is determned to include the current user
data. 38. The nethod of claim37, whejgein the predeterm ned sequence
follows a rule where a value corresponding to the |ocation of each
subsequent recording block is greater than a value corresponding to

the location @heckidd b QhysicslRAGRUES the R SHicB gedolBEKnRARINOT eat er
than a value corresponding to the | ocation of the original recording

bl ock. 3%orrqipending Holie kzicel addigss 1o detprarieg whathes thy berlasicplnddresebasence
foll ows @t r%viwgﬁ%?ec de¥alye corresponding to the location of each
subsequent recording ock Is less than a value corresponding to the
| ocati on of aifthefirsdplsyssabsiegse his nedesrdiregolsioekordad] ree@sding thean a

val ue corresponding to the |qcation.of the original recording block
40. A netpﬁ%vd‘_? %F‘éggradiﬂﬁgtﬁ"éwq’gswliapgmﬁ%% recording medium the

et hod conpri $f 8ond dataaY flind Gt fhiefizét podienl aldes, | 0gi cal address for

recording the first data; 28 checking a first physical address on

the wite onceheckingradieplacaraat eftcwy the Sisbherica gecoslingymeivgh cal  addr ess
to determ ne t j.r i j |y
recorded; and i &?ﬁgjgfffb?gﬁeﬁ%gﬁ%ﬁ{ %@l&r@%g{eﬁgg ﬂr%gtfﬁa aggg&é#%@:é%ﬁ&é y
r ecor ded forrthe sgcdindidatt headdpiiomal dbea first data at the first physical

address; or if segon ta is found,at th i rst _physical address,
checking a re[ST"&E“ﬁ%%F%gﬁligﬂ? aB?\S‘TcﬂBdg\ﬂsfcéfe?ﬂ{ﬁl&eé‘s’raggor di ng medi um

det erm ni ng fﬁ.\ﬁﬂ@tﬁl?@hdl%ﬁﬂa@éh@dﬁﬁeﬁtrﬁE\ftthéfﬁifsh@att’éli%rthé hpldcbm&it ddal é i S

repl acenent data_ ftor the second data or_ additional data, recording
the first dat&rcatinga B¢ spipcprguicaly, bt dsy dlatadpthegddisions gatane

repl acenent entry, if the first data is the replacenent data, or
creating a new replacenent entry, if the first data is the additional
data. 4381. Themathodhofclaiim 4, siberedq if thinfrse data is the tdpbactinegtdathathe i s t he

repl acenent data,.the .recordin f,the first data at the second
bhys: cal TehaiiB B o6 A LB e G RBpS Pt e RS APRER! ock conpri i ng
the first dat gedgligaiséoraing bEkRR @blpfisift the firstidag aht fisdt ahd edcdndavidng a
val ue corresponding to the provided |ogjcal address. and the_ second

field ha\ﬂixer@mhﬁ%hg\én%wlé% pUFEPoRsmgtothrreyided logispkaddagss aadihesecondng
recordin legl%vﬁfg%a%er&n%@%ng&% ﬁie%fg‘ﬁ%g)aeial RiedsCalg address. 42. The

met hod o m41, wherein th pdat i of the replacenent entry
conpri ses: regordigite sccoshinmblocless the savend plomicehaddsseci ati ng t he
| ogi cal address with the second physical address.

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:




43. The nethod of claim40, wherein, if the first data is the
additional data, the recording of the first data at the second

physi cal address conprises: generatingga recording block conprising
the first data and first and second address fields having a sane

val ue; and recording the recording block at the second physi cal
address. 44. Th@rdiBi teGeRreflh@nttnfiehtryMiemeieflieniehedinhy@scefatihf enew
replacenent. entry conprises: 29 recording the new replacenent entry,
t he new rlegrdcddiss widhie yecoad pbysigal #fireésie | ogi cal address with the
second physi cal address. 45. The nmethod of claim43, wherein the sane
value is an arbitrary value. 46. The nethod of claim43, wherein the
sane val . The methall nEcleior 43 syermti thg stoe vilee ispnevhitey vabgi cal addr ess.

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

provided logical address.




