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MULTI-SESSION OPTICAL MEDIA 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional application of co 
pending US. patent application Ser. No. 10/199,164, ?led 
on Jul. 19, 2002, and entitled “MULTI-SESSION OPTICAL 
MEDIA AND METHODS FOR RECORDING.” The 
related application is hereby incorporated by reference, and 
priority under 35 U.S.C. §120 is claimed. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to the 
recording of data to optical media, and more speci?cally to 
a method for enabling multi-session capability in Universal 
Disk FormatTM (UDF) Revision 1.02 environments. 

[0004] 2. Description of the Related Art 

[0005] As optical media recording technology continues 
to make substantial advancements, the casual consumer 
computer user is able to record all kinds, types, and formats 
of digital data to compact disc (CD), digital video disc 
(DVD), and the various kinds, types, and formats of optical 
media. As is Well knoWn, there are several types of optical 
media and associated optical media standards to de?ne 
structure and format and to ensure compatibility across 
disparate operating systems, components, and devices. For 
eXample, ISO-9660, Joliet, UDF, and other standards for 
media format all have speci?c applications relevant to 
optical media. 

[0006] The structure and format of data recorded to optical 
media is generally de?ned and described in the family of 
UDF speci?cations. The Optical Storage Technology Asso 
ciation (OSTA) has developed and implemented the UDF to 
enable ?le interchange among different operating systems 
and environments. In general, UDF Was developed to imple 
ment ISO/IEC 13346 (also knoWn as ECMA 167). Whereas 
ISO/IEC 13346 is a broad, general standard for storing 
information on any media, the UDF speci?cally provides a 
standard for recording data to a plurality of recordable and 
reWritable optical media including CD-ROM CD-Record 
able (CD-R) and CD-ReWritable (CD-RW) as Well as DVD 
ROM, DVD-R, DVD-RW, DVD+R, DVD+RW, double 
density media, multi-layered media, and others. Although 
terms such as “operating system,” and the process of record 
ing data suggest a computer system environment, it should 
be appreciated that UDF is applicable to and de?nes the 
format for consumer CD audio devices for home and mobile 
audio systems, consumer DVD devices for both home and 
mobile DVD audio/visual systems, in addition to the many 
and varied computer system environments. 

[0007] The UDF speci?cation includes a number of revi 
sions, some of Which Were developed and released to capture 
and implement standards for emerging and developing opti 
cal media technologies. By Way of eXample, UDF Revision 
1.02 includes standards and formats for DVD devices, UDF 
Revision 1.50 includes standards and formats for defect 
management and packet Writing, UDF Revision 2.0 includes 
standards and formats intended to supercede Revision 1.50, 
and adds standards and formats for streaming and improved 
security control for optical media, and UDF Revision 2.01 
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includes standards and formats to update Revision 2.0, and 
adds standards and formats for real time ?les. It should be 
anticipated that, as additional technologies and advance 
ments in optical media are developed and released, the UDF 
Will continue to evolve, and additional revisions Will be 
released. 

[0008] Multi-session and multi-border recording to optical 
media is an eXample of one advancement in optical media 
technology that Was captured in the UDF during the periodic 
revision cycle. Prior to UDF Revision 1.50, no multi-session 
or multi-border standards or formats Were implemented in 
the UDF. Beginning With UDF Revision 1.50, multi-session 
and multi-border recording is implemented in UDF. UDF 
Revision 1.02, hoWever, does not include implementation of 
multi-session or multi-border recording, and therefore DVD 
devices compliant With UDF Revision 1.02 do not support 
multi-session or multi-border optical media. Consumer 
DVD devices such as, by Way of eXample, DVD players 
used With television sets or audio/visual systems are gener 
ally UDF Revision 1.02 compliant, and therefore do not 
support or recogniZe multi-session or multi-border optical 
media. Generally, if a multi-session or multi-border DVD is 
inserted into a UDF Revision 1.02 compliant consumer 
DVD player, the consumer DVD player Will only “see” one 
session. Typically, only the ?rst session of the multi-session 
DVD is seen by the consumer DVD player, and therefore 
only the content of the ?rst session is accessible for vieWing. 

[0009] Generally, consumer computer DVD drives are 
also UDF Revision 1.02 compliant, and therefore do not 
support multi-session, multi-border recording As it becomes 
more and more common for consumers to vieW and burn 

DVD media on computers, the compliance of the consumer 
computer DVD recording device is a relevant consideration. 
Depending on the operating system found on the consumer 
computer, the operating system Will generally see only the 
?nal session of a multi-session media. In a MacintoshTM or 
a WindoWsTM NTTM 4.0 and WindoWsTM 9XTM environment, 
as of the time of this paper, only the ?rst session is 
recogniZed. 
[0010] In light of the foregoing, What is needed is a 
method and system of recording DVD optical media that is 
in accordance With the UDF Revision 1.02, but that can be 
recorded in multi-session or multi-border, and each session 
of such recorded media is visible and vieWable on UDF 
Revision 1.02 compliant DVD devices. 

SUMMARY OF THE INVENTION 

[0011] Broadly speaking, the present invention ?lls these 
needs by providing methods to record multi-session optical 
media that adheres to the standards and speci?cations dic 
tated in UDF Revision 1.02. The present invention can be 
implemented in numerous Ways, including as a process, an 
apparatus, a system, a device, a method, or a computer 
readable media. Several embodiments of the present inven 
tion are described beloW. 

[0012] In one embodiment, a multi-session optical media 
having data recorded thereon is provided. The multi-session 
optical media is recorded in compliance With UDF 1.02, and 
the data in each session of the multi-session optical media is 
accessible by a UDF 1.02 compliant optical media device. A 
partition space of a subsequent session to a ?rst session of 
the multi-session optical media is de?ned to begin at a sector 
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at Which the start of a ?rst partition is de?ned in the ?rst 
session on the multi-session optical media. 

[0013] In another embodiment, a multi-session optical 
media having data recorded thereon is provided. Apartition 
space of any session recorded after a ?rst session on the 
multi-session optical media is de?ned in reference to an 
address of a ?rst sector of a ?rst partition space in the ?rst 
session on the multi-session optical media. 

[0014] The advantages of the present invention are numer 
ous. One notable bene?t and advantage of the invention is 
the ability to Write multiple sessions of data to an optical 
media that can be accessed, vieWed, executed, and otherWise 
utiliZed in a UDF Revision 1.02 environment. This is of 
particular use in consumer DVD players, and in the devel 
oping enterprise of consumer-generated DVD optical media. 

[0015] Other advantages of the invention Will become 
apparent from the folloWing detailed description, taken in 
conjunction With the accompanying draWings, illustrating by 
Way of eXample the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The present invention Will be readily understood by 
the folloWing detailed description in conjunction With the 
accompanying draWings, Wherein like reference numerals 
designate like structural elements. 

[0017] FIG. 1A shoWs a block diagram of data illustrating 
the general organiZation of data as recorded in multi-session 
or multi-border to optical media. 

[0018] FIG. 1B illustrates a single session of data as 
described in FIG. 1A. 

[0019] FIG. 1C is a block diagram illustrating four struc 
tures of the VDS. 

[0020] FIG. 2 is a data block diagram of data recorded in 
multi-session or multi-border to optical media. 

[0021] FIG. 3 shoWs a data block diagram of multiple 
sessions of data recorded to optical media for a UDF 
Revision 1.02 environment in accordance With one embodi 
ment of the present invention. 

[0022] FIG. 4 is a How chart diagram illustrating the 
method operations performed to Write a multi session optical 
media that is compliant With UDF Revision 1.02 in accor 
dance With one embodiment of the present invention. 

[0023] FIG. 5 is the continuation of How chart diagram 
shoWing the method operations performed to Write a multi 
session optical media that is compliant With UDF Revision 
1.02 in accordance With one embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] An invention for the creation of multi-session, 
multi-border optical media that is in accordance With and 
does not violate the UDF Revision 1.02 speci?cation is 
disclosed. In preferred embodiments, methods and systems 
for recording multi-session optical media include a softWare 
driven method for recording data to optical media that 
de?nes a partition space of a subsequent session to be 
recorded to optical media to begin at the sector at Which the 
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start of the ?rst partition is de?ned in the ?rst session on the 
optical media, and the de?ned partition space for the sub 
sequent session then eXtends from the sector at Which the 
start of the ?rst partition is de?ned in the ?rst session 
through the ?nal sector of the subsequent session. 

[0025] In the folloWing description, numerous speci?c 
details are set forth in order to provide a thorough under 
standing of the present invention. It Will be understood, 
hoWever, to one skilled in the art, that the present invention 
may be practiced Without some or all of these speci?c 
details. In other instances, Well knoWn process operations 
have not been described in detail in order not to unneces 
sarily obscure the present invention. 

[0026] FIG. 1A shoWs a block diagram 10 of data illus 
trating the general organiZation of data as recorded in 
multi-session or multi-border to optical media. It is noted 
that the terms “track” and “session,” as they apply to CD 
optical media and as used herein, also are equivalent to the 
concepts of “Zone” and “border” as they apply to DVD 
optical media. As represented in data diagram 10, each 
session S1 100, S2 104, and S3 108, is a complete and 
contiguous unit of data. Each session S1 100, S2 104, and S3 
108, is separated by a session gap 102, 106, 110. The siZe of 
the session, the siZe of the session gap, and the number of 
sessions recorded to the optical media is variable. 

[0027] FIG. 1B illustrates a single session SI 100 of data 
as described in FIG. 1A. Data recorded in a session 100 as 
illustrated in FIG. 1B illustrate the general structure and 
format of data recorded in accordance With the UDF Revi 
sion 1.02. A general description of selected structures and 
organiZation is provided in the folloWing discussion. For a 
more detailed and thorough description of the entire data 
structure and format, reference is draWn to UDF Revision 
1.02, Which is incorporated herein by reference. 

[0028] Data is generally organiZed into one of tWo areas of 
a session 100. The volume space 120 includes the ?le system 
and data structures to enable playing or vieWing of the media 
in computer systems. As is knoWn, such structures are 
de?ned by the ISO 9660 speci?cation, and When imple 
mented in DVD and other speci?c optical media, knoWn as 
the ISO 9660 bridge. The partition space 122, in general, 
contains the UDF ?le system and structures, and the user 
data. 

[0029] The ISO 9660 bridge contained in the volume 
space 122 includes, among other structures, the volume 
descriptor space 130 (VDS) Which is also knoWn as the 
volume descriptor sequence, additional structures 132, an 
anchor 134 Which is also knoWn as the anchor volume 
descriptor pointer, and additional ISO 9660 structures 136. 
The ISO 9660 structures, and the ISO 9660 bridge, are 
generally knoWn in the art. Speci?c structures are identi?ed 
for further discussion beloW. 

[0030] FIG. 1C is a block diagram illustrating four struc 
tures of the VDS 130. The illustrated components, Which can 
be in any order, include the primary volume descriptor 
(PVD) 162, the logical volume descriptor (LVD) 164, the 
partition descriptor (PD) 166, and the implementation use 
volume descriptor (IUVD) 168. As is generally knoWn, the 
PVD 162, the LVD 164, the PD 166, and the IUVD 168, are 
the ISO 9660 structures that essentially de?ne the media 
space to Which data is Written. In general, the media space 
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de?ned by the ISO 9660 structures is a single session as 
shown in FIG. 1A as S1 100, S2 104, and S3 108, but there 
is no requirement that only the session, or a single session, 
be so de?ned. 

[0031] Returning to FIG. 1C, the LVD 164, as is knoWn, 
generally identi?es the logical block in Which the ?le set 
descriptor (FSD) is Written, or begins, and identi?es the siZe 
or length of the FSD. Typically, the FSD begins the ?rst 
block of the partition space, but this is not a speci?cation 
requirement. The PD 166 identi?es the location of the 
partition, and the partition siZe or length. Theoretically, the 
partition can start anyWhere on the optical media as desig 
nated and identi?ed in the PD 166. In general, the identi? 
cation of location and siZe is by and With logical sectors or 
logical blocks. 

[0032] Looking again to FIG. 1B, it can be seen that in 
some UDF 1.02 implementations, the VDS 130 is located in 
the volume space 120 of the session 100. In the illustrated 
implementation, the volume space 120 includes everything 
to the left of block 0, identi?ed as 121. Everything to the 
right of block 0, 121, is the partition space 122. The FSD 140 
is shoWn in block 0, the ?rst block in the partition space 122. 
As described above, this illustrates a typical implementation 
in Which the FSD begins the ?rst block of the partition space 
122. In the illustrated implementation, the LVD 164 (see 
FIG. 1C) points to block 0, 121, and provides the siZe of the 
FSD 140. The PD 166 also points to block 0, 121, as the 
location of the start or beginning of the partition, and 
identi?es the space from block 0, 121, to the end of the 
session (not shoWn) as the partition siZe. 

[0033] FIG. 1B illustrates an additional feature of a typi 
cal UDF implementation. In general, the volume space is 
identi?ed by logical block number, or logical sector number, 
relative to the start of the session. By Way of eXample, the 
typical volume space includes reserved blocks 1-16, ISO 
9660 bridge structures in blocks 16-20, and the VDS 130 in 
blocks 32 (129) through 48 (131). Although a number of 
structures are de?ned by the UDF as required to be present, 
the speci?c order, frequency of occurrence, siZe, and the like 
are not necessarily mandated by the speci?cation. Table 1 
illustrates one embodiment of the order and content of a 
volume space in accordance With the present invention: 

TABLE 1 

LSN Descriptors Structure 

0 to 15 Reserved 

16 Primary Volume Descriptor (ISO 9660) UDF Bridge 
17 Volume Descriptor Set Terminator Volume 

Recognition 
18 Beginning Extended Area Descriptor Sequence 
19 NSR Descriptor 
20 Terminating Extended Area Descriptor 
21 to 31 Reserved 

32 Primary Volume Descriptor (UDF) Main 
33 Implementation Use Volume Descriptor Volume 

Descriptor 
34 Partition Descriptor Sequence 
35 Logical Volume Descriptor 
36 Unallocated Space Descriptor 
37 Terminating Descriptor 
38 to 47 Trailing Logical Sectors (all 00h bytes) 
48 Primary Volume Descriptor (UDF) Reserve 
49 Implementation Use Volume Descriptor Volume 

Descriptor 
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TABLE 1-continued 

LSN Descriptors Structure 

50 Partition Descriptor Sequence 
51 Logical Volume Descriptor 
52 Unallocated Space Descriptor 
53 Terminating Descriptor 
54 to 63 Trailing Logical Sectors (all 00h bytes) 
64 Logical Volume Integrity Descriptor Logical 

Volume 
65 Terminating Descriptor Integrity 

Sequence 
66 to 255 Reserved (may be used for ISO 9660 path 

tables and/or directories) 
25 6 Anchor Volume Descriptor Pointer First Anchor 

Point 
257 to p-1 ISO Path Tables / Directories ISO 9660 

File System 
p File Set Descriptor File Set 
Last LSN Anchor Volume Descriptor Pointer Second Anchor 

Point 

[0034] It is re-emphasiZed that Table 1 represents only one 
embodiment of any number of combinations and con?gu 
rations for the ISO 9660 bridge and volume space contents. 
Reference is once again draWn to UDF Revision 1.02 for 
speci?c content, structure, and organiZation requirements. In 
Table 1, “LSN” is the logical sector number, “p” denotes the 
?rst block or sector of the partition space, and “p-1” is the 
block immediately preceding the ?rst block or sector of the 
partition space. 

[0035] Returning to FIG. 1B, the volume space 120 
includes ?rst anchor 134, also knoWn as the anchor volume 
descriptor pointer, at block 256. In accordance With UDF 
Revision 1.02, a ?rst anchor 134 is Written to block 256, and 
a duplicate anchor 150 is Written to block “n,” the last block 
or sector of the session. Typically, the anchor 134 is Written 
to block 256 in volume space 120, and identi?es the logical 
sector number of the VDS 130. If a supplementary or 
redundant VDS is Written (see Table 1), the anchor 134 
points to the main VDS 134, providing the location and the 
length of the (main) VDS 130. Generally, by Way of 
eXample, When a DVD optical media is inserted into a 
consumer DVD player, the anchor 134 at block 256 is 
located, pointing the player to the VDS 130, Which, as 
already described, contains structures identifying the start of 
the partition, the siZe of the partition, as Well as the location 
and siZe of the FSD 140. 

[0036] The FSD 140, in the illustrated embodiment, 
begins the partition space 122. The partition space 122 is a 
distinct space Within a session or entire media space, and 
sector numbering restarts. Therefore, in FIG. 1B, the FSD 
140 is in the ?rst sector or block of the partition, and 
numbered “0“. Additional sectors or blocks, including user 
data, are recorded to the partition space 122, and the 
numbering proceeds consecutively as shoWn in blocks iden 
ti?ed at 142, 144, and 146. The last numbered block or 
sector, block “n,” is the duplicate anchor 150 as described 
above. 

[0037] As illustrated in FIG. 1B, a session 100 includes a 
volume space 120 and a partition space 122. Nothing in 
UDF Revision 1.02 prohibits the volume space from being 
Within the partition space, but a more typical con?guration 
is as illustrated With the volume space 120 preceding the 
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partition space 122 and having the ISO 9660 bridge, the 
VDS 130, and the anchor 134 at block 256, among other ?le 
structures. The logical sector numbers of the blocks in the 
volume space 120 begin With block “0“(Zero) at the begin 
ning of the session, and running consecutively until the 
contents of the ?le system and all other volume space 
structures are Written. The partition space 122 folloWs the 
volume space 120, and includes the FSD 140, the root ?le, 
?le and folder identi?cation structures (?le identi?ers, also 
knoWn as “?ds”), ?le entry structures (?le entries, also 
knoWn as FE’s), meta-data, user data, and other information. 
The sector numbering restarts in the partition space 122, 
thereby identifying each directory, ?le, folder, structure, and 
the like by a logical sector number that is relative to the start 
of the partition. 

[0038] FIG. 2 is a data block diagram 170 of data recorded 
in multi-session or multi-border to optical media. Similar to 
the single session 100 shoWn in FIG. 1B, multi-session and 
multi-border data essentially strings multiple sessions of 
data together in a single optical media space. In the data 
block diagram 170 shoWn in FIG. 2, a ?rst session, S1 at 
172, is the ?rst session of data recorded to the optical media 
space. S1 172 includes a volume space 120 and a partition 
space 122. The volume space 120 contains the ISO 9660 
bridge, VDS, and other ?les and structures as described 
above in reference to FIGS. 1A-1C. A ?rst anchor 173 is 
Written to block 256. The start of the ?rst partition space P1 
is shoWn at 174. As noted, the block or sector numbering 
re-starts at P1, and continues consecutively until the end of 
the session. A duplicate anchor is Written to a ?nal block or 
sector of the session, shoWn at 176, and the session is closed. 

[0039] A session gap 178 is Written betWeen the end of a 
?rst session, and the beginning of a neXt session. The session 
gap 178 separates the sessions on optical media. In one 
embodiment, the session gap 178 is of a ?Xed and constant 
length Whenever it is Written. In other embodiments, the 
session gap is not ?Xed in length, and is of different siZes in 
different applications or implementations. In one embodi 
ment, the session gap 178 is of a ?Xed and constant siZe of 
about 18,000 blocks or about 2 Mbytes. 

[0040] FolloWing the session gap 178, a second session S2 
180 begins. The second session S2 180 is structurally similar 
to S1 172, and includes a volume space 120 and a partition 
space 122. As With S1 172, the second session S2 180 restarts 
or begins sector numbering in the volume space 120 at the 
beginning of the session S2 170, numbering sectors or blocks 
consecutively through the end of the volume space 120. 
Sector or block numbering restarts at the beginning of the 
partition space 122, identi?ed as P2 182. Sectors or blocks in 
the volume space 120, therefore, are numbered session 
relative, and sectors or blocks in the partition space 122 are 
numbered partition-relative. 

[0041] A ?rst anchor 181 is at block 256 in the volume 
space 120 of the second session S2 180. As described above, 
a duplicate anchor 184 is Written to the last block of the 
session S2 180. The duplicate anchor 184 is in the partition 
space 122, and terminates the session. A session gap 186 
separates the end of session tWo S2 180 and the beginning of 
session three S3 188. 

[0042] The third session S3 188 is structurally similar to 
the previous tWo sessions already described. A ?rst anchor 
189 is Written in the volume space 182, and a duplicate 
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anchor is Written to the last block of the session (not shoWn). 
The partition space 122 of the third session S3 188 begins at 
P3 190, signifying the third partition space of the optical 
media. The sector or block numbering of the partition space 
122 that starts at P3 190, begins With 0 (Zero), and continues 
consecutively through the last block or sector in the session 
188. The sector or block numbering Within the partition 
space 122 is partition-relative. The sector or block number 
ing that begins With the ?rst block of the volume space 120, 
is session-relative and runs consecutively from 0 (Zero) 
through the last block of the volume space 120. 

[0043] As can be appreciated from FIG. 2, each session S1 
172, S2 180, and S3 188 are discrete, and distinct from each 
other such that the ?rst session, S1 172 is de?ned as a 
speci?c siZe or number of blocks or sectors having a 
determined number of blocks or sectors de?ning a volume 
space 120 and consecutively numbered relative to the begin 
ning of the session S1 172, and a determined number of 
blocks or sectors de?ning a partition space 122 and con 
secutively numbered relative to the beginning of the parti 
tion P1 174. The VDS and other ISO 9660 structures (See 
FIG. 1B and Table 1) identify an eXact siZe in numbers of 
blocks or sectors of both the volume space 120 and the 
partition space 122. Similarly, succeeding sessions S2 180, 
S3 188, and so forth, are each de?ned With an essentially 
eXact number of sectors or blocks for each volume space 120 
and each partition space 122, and each sector is consecu 
tively numbered relative to the respective session for volume 
space sectors and relative to the respective partition for 
partition space sectors. Each ?le, folder, structure, and the 
like is therefore identi?able Within each session relative to 
the session Within Which the ?le folder, structure, and the 
like is located. Data, therefore, is not located or accessed 
relative to the optical media space, but relative to the 
session, and partition Within a session. 

[0044] Optical media, and in particular UDF, typically 
uses tWo addressing schemes for sectors or blocks on the 
media, physical and logical addressing. A physical address 
of a given block on the media is the address assigned based 
on the physical construction of the media. In the physical 
space, every block is visible and has a sequential address. A 
logical address of a given block on the media is a number 
assigned to the block by the optical media device, and used 
by the host system to reference the block. Essentially, all 
folders, ?les, structures, and the like in a partition are 
addressed logically. Logical block numbers or sector num 
bers are derived relative to a designated point, and in one 
embodiment of the invention, the designated point is the 
start of the partition, P1 174, P2 182, P3 190, or relative to a 
session S1 172, S2 180, and S3 188. 

[0045] Although data Within each session S1 172, S2 180, 
and S3 188 is referenced to the respective session start and 
partition start as appropriate, the physical address is knoWn 
or calculable for essentially every sector of the media space. 
By Way of eXample, the anchor 181 located in the volume 
space 120 of the second session S2 180 is Written to block 
number 256 of the session S2 180. The essentially eXact siZe 
of the ?rst session S1 172 is knoWn. As stated above, the 
essentially eXact siZe of the session gap 178 is also knoWn. 
The essentially eXact sector of the media space at Which the 
second session S2 180 starts, the physical address, is there 
fore knoWn. Since the ?rst anchor 181 in the volume space 
120 of the second session S2 180 is knoWn to be Written to 
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block or sector 256, the essentially exact sector or block of 
the ?rst anchor 181, the physical address, is known. Like 
Wise, the essentially exact block or sector, the physical 
address, for all data, ?les, folders, directories, structures, and 
the like, are knoWn or calculable. 

[0046] FIG. 3 shoWs a data block diagram 200 of multiple 
sessions of data recorded to optical media for a UDF 
Revision 1.02 environment in accordance With one embodi 
ment of the present invention. The illustrated multiple 
sessions of data include a ?rst session S1 202, at least part of 
a second session S2 212, and an Nth session SN 222. A 
session gap 211 is Written betWeen the ?rst session S1 202 
and the second session S2 212, and a session gap 220 is 
Written immediately preceding the Nth session SN 222. In 
one embodiment, the session gap 211, 220 is about 18000 
blocks, or approximately 2 Mbytes. 

[0047] As described above in reference to FIG. 2, the ?rst 
session S1 202 includes a volume space 120 and a partition 
space 122. A ?rst anchor 208 is Written to block 256 in 
volume space 120, and the partition space 122 of the ?rst 
session S1 202 begins at P1 204. A duplicate anchor 210 is 
Written to the last sector of the session S1 202, the session is 
closed and immediately folloWed by ?rst session gap 211. 
Similar structure and organiZation is illustrated for the ?rst 
part of the second session S2 212, and for the Nth session SN 
222. The volume space 120 for the second session S2 212 is 
shoWn preceding P2 214, and the volume space 120 for the 
Nth session is shoWn preceding PN 224. 

[0048] As described above in reference to FIG. 1B, user 
data is Written to the partition space 122 of a session of data. 
Sectors or blocks of data in a partition space 122, in a typical 
UDF Revision 1.02 environment, are partition-relative, and 
are therefore identi?ed by logical addressing and accessed 
according to the relative position from the start of the 
partition. Looking again to FIG. 3, all user data in the ?rst 
session S1 202 is located in the partition space 122 that 
begins at P1 204. The VDS in the volume space 120 of the 
?rst session S1 202 identi?es the location and siZe of P1 204. 
In one embodiment of the present invention, the ?rst session 
S1 202 is the ?rst and only data recorded to the optical media 
at the time the ?rst session S1 202 is recorded. When the 
duplicate anchor 210 is Written to the last sector of the 
partition space 122 and session S1, the session S1 202 is 
closed. The siZe of the volume space 120 in sectors is knoWn 
and shoWn as distance 240 beloW data block diagram 200 on 
the total sector continuum 235. In the ?rst session S1 202, the 
siZe of the volume space 120 in sectors or blocks is also the 
number of sectors or blocks from the beginning of the 
session S1 202 to the beginning of the partition P1 204. This 
number of sectors is also represented as SP1 206. 

[0049] Similarly, the siZe of the partition space 122 is the 
number of sectors betWeen P1 and the end of the session S1 
202, Which is Where the duplicate anchor 210 is Written. The 
total number of sectors in the partition space 122 of the ?rst 
sector S1 202 is shoWn on the total sector continuum 235 as 
241. When a single session, e.g., S1 202, is Written to an 
optical media space, the total partition space 122 in Which 
user data is Written is shoWn as Sp_1 250. The absolute 
number of sectors or blocks Written from the beginning of 
the ?rst session S1 202 is the sum of distances 240 and 241 
on the total sector continuum. 

[0050] If a second session S2 212 is Written to the optical 
media folloWing the ?rst session S1 202, both sessions Would 
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not be visible to the typical UDF Revision 1.02 device since 
each session describes only the space Within the session 
boundaries. Whichever session is opened or accessed, the 
device only sees the data Within the boundaries of that 
particular session. In accordance With one embodiment of 
the present invention, second and subsequent sessions are 
Written to the optical media in compliance With the UDF 
Revision 1.02 speci?cation, and such sessions can provide 
access to a previously Written session or sessions. 

[0051] When a second session S2 212 is Written to the 
optical media, a session gap 211 is Written immediately 
folloWing the end of the ?rst session S1 202 as described 
above. The siZe of the gap can be ?xed and constant, and the 
siZe of the gap can be variable according to application and 
implementation. In one embodiment, the siZe of the session 
gap is a ?xed approximately 18000 blocks or approximately 
2 Mbytes. In FIG. 3, the siZe of the session gap in sectors 
is shoWn on the total sector continuum 235 at 242. 

[0052] The second session S2 212 is then Written in essen 
tially the same manner as the ?rst session S1 202 as 
described above. The second session S2212 includes a 
volume space 120, and a ?rst anchor 216 is Written to block 
256 of the volume space 120. The FSD is Written to the ?rst 
sector folloWing the volume space at P2 214. 

[0053] As described above in reference to FIG. 2, user 
data in the partition space 122 is identi?ed and accessed 
according to logical block or sector that is partition-relative. 
In typical implementations, each partition space 122 of a 
session of data restarts the sector or block numbering so that 
all user data in the session is identi?ed and accessed by 
logical sector or block referenced to the start of the partition 
space 122. Looking again to FIG. 3, the partition space 122 
for the ?rst session S1 202 begins at P1 204, and all user data 
in the ?rst session S1 202 is identi?ed and accessed by 
logical sector or block referenced to the start of that partition 
space at P1 204. In accordance With one embodiment of the 
present invention, the partition space of the second session 
S2 212 and every subsequent session SN 222 is de?ned to 
start at the start of the ?rst partition P1 204 of the ?rst session 
S1 202 on the optical media. By Way of example, the 
partition space for the second session S2 212 is shoWn 
de?ned as SP_2 252 and includes all of the sectors or blocks 
from P1 204 through the end (not shoWn) of the second 
session S2 212. For any subsequent session SN 222 Written 
to the optical media, the partition space is de?ned to include 
all of the sectors from P1 204 in the ?rst session S1 202 
through the end of the session SN 222, shoWn at the duplicate 
anchor 230 Written to the last sector of the session SN 222. 
The partition space for the subsequent session SN 222 is 
shoWn as SP_N 254. 

[0054] Subsequent session SN 222 is used to illustrate the 
de?ning of the partition space SP_N that is compliant With the 
UDF Revision 1.02 in accordance With one embodiment of 
the present invention, and provides access to the user data in 
each of the tWo or more sessions Written to the optical media. 
As described above, the total number of sectors Written to 
the optical media, the physical address for each sector, is 
knoWn or calculable, thereby alloWing the identi?cation of 
essentially an absolute sector or block number for any sector 
or block of data on the optical media. The total sector 
continuum 235 illustrates the total number of sectors Written 
in the exemplary data block diagram 200. From the start of 
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the ?rst session S1 202, the total number of sectors Written 
to volume space 120 is shown at 240, the total number of 
sectors Written to partition space 122 is shoWn at 241, and 
the knoWn session gap 211 is represented at 242. The second 
session S2 212 is similar to the ?rst session S1 202 With the 
total number of sectors Written to the volume space 120 
shoWn at 243, and so forth through the end of session SN 
222, shoWn at 248. The total sector continuum 235 therefore 
illustrates that the essentially absolute sector number for the 
start of each session, e.g., S1 202, S2 212, SN 222, is a knoWn 
or calculable value, available When Writing user data to 
optical media. 

[0055] In one embodiment, the second partition and each 
subsequent partition is de?ned to start at P1 204, and 
continue through the end of the respective session, thereby 
de?ning a partition back to a common reference point, and 
capturing all data Written to any sector Within the de?ned 
partition, e.g., SP_2 252, SP_N 254. As described above, 
hoWever, a volume space 120, in a typical implementation, 
is not a ?Xed or constant siZe. Generally, a volume space 120 
varies in siZe according to the siZe of the ?le system required 
to describe the user data Written to a session. Therefore, 
volume space 120 in the ?rst session S1 202 is not neces 
sarily the same siZe as volume space 120 in the second 
session S2 212, or the Nth session SN 222, and so forth. Each 
volume space 120, hoWever, has a knoWn or calculable 
number of sectors as shoWn in the total sector continuum 
235. In one embodiment of the present invention, each 
partition Will be de?ned to start at the start of the ?rst 
partition P1 204. Therefore, the ?rst volume space siZe SP1 
206 is set as a reference in order to accurately de?ne each 
partition back to P1. The volume space of each session, e.g., 
S2 212, SN 222, also a knoWn or calculable value, is 
compared to the reference SP1 206 to determine a ASP, e.g., 
a change in siZe of the volume space betWeen the reference 
volume space (SP1 206) and a current volume space, to 
compensate for the differences in siZe betWeen volume 
spaces 120. 

[0056] As described above in reference to FIGS. 1B and 
1C, the anchor at block 256 points a device or system to the 
VDS Which points to the location and de?nes the siZe of the 
FSD, and points to the start and de?nes the siZe of the 
partition. In one embodiment of the invention, the FSD is 
Written to the ?rst sector folloWing the volume space 120 in 
any session, e.g., S1, S2, SN. In the ?rst session S1 202, the 
?rst sector folloWing the volume space P1 is also the ?rst 
sector of the partition space, and the VDS points to the same 
sector as the start of the FSD and the partition space 122. In 
the second and any subsequent sessions S2, SN, the VDS 
points to the ?rst sector folloWing the volume space P2, PN, 
as the start of the FSD, but points to P1 as the start of the 
partition space. The siZe of the partition space is de?ned as 
the total number of sectors from P1 through the end of the 
respective session. 

[0057] In FIG. 3, the Nth session SN 222 is used to 
illustrate the calculation of the location of the start of the 
partition space, e.g., P1 204, for any session Written to the 
optical media subsequent to the ?rst session S1 202. As 
described above, the absolute sector number of the start of 
any session SN 222 is calculable according to the total sector 
continuum 235. In one embodiment, each subsequent ses 
sion SN 222 starts the sector numbering according to the start 
of the session, e.g., session SN 222 starts at sector number 0 
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(Zero). Therefore, in order for the VDS to point to the start 
of the partition space P1 204, the total number of sectors 
from a reference point in the current session, SN 222, to P1 
204 is calculated. In accordance With one embodiment of the 
present invention, the reference point is the FSD at PN, and 
the Equation 1 is used to calculate the start of the partition: 

[0058] In Equation 1, SN is the value of the absolute sector 
number (the physical address) for the start of the current 
session, P1 is the value of the absolute sector number of the 
start of the ?rst partition space, and AASP is the difference 
in siZe betWeen the current volume space and the reference 
volume space as described above. In accordance With an 
embodiment of the present invention, the resulting value 
de?nes the start of the partition at the number of blocks or 
sectors from the reference. Each partition space of any SN 
then is de?ned to include all of the user data from every 
other session recorded to the optical media. 

[0059] In one embodiment, the additional ?le structures to 
identify the user data (e.g., metadata) from any previous 
session to the current session are imported into the current 
session SN making all of the user data recorded to the optical 
media in any session visible and accessible. In another 
embodiment, pointers are Written in the current session, SN, 
pointing to the ?le structures identifying the user data in 
each previous session recorded. Similarly, all user data 
recorded to the optical media in any session is then visible 
and accessible from the current session SN. In one embodi 
ment, nothing from prior sessions is copied into the current 
session SN. All the descriptors that are imported are only 
read, and When the neW ?le system is built, neW descriptors 
re?ect the actual ?le system state including the number of 
?les, ?le updates, and other ?le, folder, directory, and 
structural information, and the like. 

[0060] FIG. 4 is a How chart diagram 300 illustrating the 
method operations performed to Write a multi-session opti 
cal media that is compliant With UDF Revision 1.02 in 
accordance With one embodiment of the present invention. 
The method begins With operation 310 in Which an optical 
media is received for recording in a UDF Revision 1.02 
environment. As used herein, the phrase “recording in a 
UDF Revision 1.02 environment” is intended to suggest the 
optical media is recorded in a format compliant With UDF 
Revision 1.02, and that can be vieWed, accessed, identi?ed, 
and otherWise utiliZed in a UDF Revision 1.02 device or 
system. 

Equation 1 

[0061] Once the optical media has been received for 
recording, the method advances to decision block 312 in 
Which it is determined Whether at least one session is already 
recorded to the optical media. In one embodiment, a record 
ing system or recording softWare application is multi-session 
capable in order to make such a determination. If no session 
is recorded to the received optical media, a “no” to decision 
block 312, the method advances to method operation 314. If 
it is determined that at least one session is already recorded 
to the received optical media, a “yes” to decision block 312, 
the method skips operation 314 and proceeds With operation 
316. 

[0062] In method operation 314, a ?rst session is recorded 
to the received optical media. The recording of the ?rst 
session is according to knoWn methods, practices, and 
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procedures, and is in accordance With the UDF Revision 
1.02 speci?cation. Once a ?rst session has been recorded, 
the method advances to operation 316. 

[0063] In method operation 316, a session gap is recorded 
to the optical media immediately following the ?rst session 
(or last recorded session if more than one session is recorded 
to the received optical media) on the optical media. In one 
embodiment of the present invention, a softWare application 
used to record a session to optical media in a multi-session 
recording environment records one of a ?Xed and a variable 
sector length session gap. In one embodiment, the session 
gap is ?Xed, and in one embodiment, the session gap is 
approximately 18000 blocks or about 2 Mbytes in length. 

[0064] After the session gap is recorded in operation 316, 
the method continues With operation 318 in Which the 
physical sector number of the start of the ?rst partition space 
on the optical media is determined. The start of the ?rst 
partition space is designated P1 in FIG. 3 above. As illus 
trated and described in reference to FIG. 3 above, the 
absolute sector number for essentially every sector Written to 
the optical media is knoWn or calculable, and the absolute 
sector number for the start of the ?rst partition P1 is used to 
de?ne any subsequent partition space on the optical media. 
In one embodiment of the present invention, the method 
determines the physical sector number of the start of the ?rst 
partition space on the optical media in operation 318 as 
illustrated in FIG. 4, but in other embodiments, the deter 
mination is made When the ?rst partition space is de?ned and 
the value saved to a ?le or structure that is accessed in 
operation 318, and in other embodiments, the ?le or struc 
ture is accessed, or the determination is made at the time of 
calculation of the start of the neXt partition (during the 
Writing of a second or subsequent session), or at any other 
reasonable time according to the recording softWare appli 
cation used to record to the optical media in accordance With 
the present invention. 

[0065] The method continues With operation 320 in Which 
the physical sector of the start of the neXt (current) session 
is determined. In one embodiment of the present invention, 
prior to Writing any data to a session, all Writing and 
processing calculations are accomplished. The absolute 
value of the ?rst sector of the neXt (current) session is 
required to determine the start of the partition space, and in 
the illustrated embodiment of the invention, the determina 
tion of the absolute sector number is made in operation 320. 
In alternative embodiments, the determination and any asso 
ciated calculation is accomplished according to the record 
ing softWare application used to record to the optical media 
in accordance With the present invention. 

[0066] Operations 322a and 322b illustrate different 
embodiments for essentially the same method operation in 
accordance With the present invention. In operation 322a, 
?le system structures, ?les, ?le entries, ?le identi?cation 
structures (?ds and FE’s), and the like are imported from a 
previously Written session or sessions on the optical media. 
In operation 322b, pointers are identi?ed and constructed to 
direct the ?le system of the current session to the ?les and 
structures used to identify the user data Written in the 
partition(s) of the previous session(s). Once the ?le system 
structures, ?les, ?le entries, ?le identi?cation structures, and 
the like are imported (operation 322a) or pointers con 
structed to direct the ?le system to their location (operation 
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322b), the method advances through “A” to the continuation 
of the How chart diagram 300 in FIG. 5. 

[0067] FIG. 5 is the continuation of How chart diagram 
300 shoWing the method operations performed to Write a 
multi-session optical media that is compliant With UDF 
Revision 1.02 in accordance With one embodiment of the 
present invention. The method continues through connector 
“A” to operation 324 in Which the amount of partition space 
required for the session to be recorded is determined. In one 
embodiment of operation 324, one of a plurality of pre-burn 
computations are accomplished in order to determine a 
number of sectors required for the data to recorded in the 
current session, a destination sector for each sector of data 
to be recorded, the number of sectors and the destination of 
the required data structures associated With the user data, 
and the like. In one embodiment, operation 324 is represen 
tative of all such pre-burn calculations. 

[0068] In operation 326, the siZe of the volume space for 
the session to be recorded is calculated. As described in 
detail above, the volume space includes the ?le system and 
data structures to enable playing or vieWing of the media in 
computer systems such as the ISO 9660 bridge, VDS, and 
the like. The siZe of the volume space required can vary With 
the amount of data to be recorded to the session. In one 
embodiment of the present invention, the siZe of the volume 
space is calculated for use in typical pre-burn calculations, 
and to compare With the volume space of the ?rst session 
recorded to the optical media. 

[0069] Next, the method advances to operation 328 in 
Which the difference betWeen the siZe of the volume space 
for the session to be recorded and the siZe of the volume 
space for the ?rst session recorded to the optical media is 
calculated. In FIG. 3 above, the resulting value is illustrated 
and described as ASP. 

[0070] In operation 320, the method calculates the parti 
tion start to be de?ned in the session to be recorded as P1 
from the ?rst session on the media. In order to correctly 
de?ne the partition space, the number of sectors from a 
reference Within the session to be Written to P1 from the ?rst 
session is calculated. In one embodiment of the present 
invention, the partition start is calculated according to Equa 
tion 1, SN—P1+ASP. In other embodiments, the current 
session reference is shifted as desired, and the equation 
modi?ed accordingly. 
[0071] Once the pre-burn calculations are complete, and 
the calculation to de?ne the partition space back to the start 
of the partition space in the ?rst session P1 as described in 
operation 330, is accomplished, the method advances to 
operation 332. In operation 332, the method proceeds to 
record the session including ?le systems or pointers to the 
?le system structures, ?les, ?le entries, ?le identi?cation 
structures, and the like of a previous session or sessions, and 
identifying all partition data relative to the start of the 
partition space of the ?rst session recorded to the optical 
media P1. In accordance With embodiments of the present 
invention, the session of data is recorded such that it 
complies With the standards and requirements of UDF 
Revision 1.02, and the optical media is recorded to be 
compliant With and visible in a UDF Revision 1.02 device 
or system. Once the session is recorded, the method is done. 
Assuming the recordable media is not closed to neW data, 
subsequent sessions may be added, and the method is 
repeated as desired. 
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[0072] With the above embodiments in mind, it should be 
understood that the invention may employ various com 
puter-implemented operations involving data stored in com 
puter systems. These operations are those requiring physical 
manipulation of physical quantities. Usually, though not 
necessarily, these quantities take the form of electrical or 
magnetic signals capable of being stored, transferred, com 
bined, compared, and otherWise manipulated. Further, the 
manipulations performed are often referred to in terms, such 
as producing, identifying, determining, or comparing. 

[0073] Any of the operations described herein that form 
part of the invention are useful machine operations. The 
invention also relates to a device or an apparatus for per 
forming these operations. The apparatus may be specially 
constructed for the required purposes, or it may be a general 
purpose computer selectively activated or con?gured by a 
computer program stored in the computer. In particular, 
various general purpose machines may be used With com 
puter programs Written in accordance With the teachings 
herein, or it may be more convenient to construct a more 
specialiZed apparatus to perform the required operations. 

[0074] The invention can also be embodied as computer 
readable code on a computer readable medium. The com 
puter readable medium is any data storage device that can 
store data Which can be thereafter be read by a computer 
system. Examples of the computer readable medium include 
hard drives, netWork attached storage (NAS), read-only 
memory, random-access memory, CD-ROMs, CD-Rs, CD 
RWs, DVD-ROM, DVD-R/RW, DVD-RAM, DVD+R/+ 
RW, magnetic tapes, and other optical and non-optical data 
storage devices. The computer readable medium can also be 
distributed over a netWork coupled computer systems so that 
the computer readable code is stored and eXecuted in a 
distributed fashion 

[0075] Although the foregoing invention has been 
described in some detail for purposes of clarity of under 
standing, it Will be apparent that certain changes and modi 
?cations may be practiced Within the scope of the appended 
claims. Accordingly, the present embodiments are to be 
considered as illustrative and not restrictive, and the inven 
tion is not to be limited to the details given herein, but may 
be modi?ed Within the scope and equivalents of the 
appended claims. 

What is claimed is: 
1. A multi-session optical media having data recorded 

thereon, the multi-session optical media being recorded in 
compliance With UDF 1.02 and the data in each session of 
the multi-session optical media accessible by a UDF 1.02 
compliant optical media device, 

Wherein a partition space of a subsequent session to a ?rst 
session of the multi-session optical media is de?ned to 
begin at a sector at Which the start of a ?rst partition is 
de?ned in the ?rst session on the multi-session optical 
media. 

2. The multi-session optical media of claim 1, Wherein a 
partition space of any session recorded after the ?rst session 
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on the multi-session optical media is de?ned in reference to 
an address of a ?rst sector of the ?rst partition space in the 
?rst session on the multi-session optical media. 

3. The multi-session optical media of claim 1, Wherein ?le 
system structures to de?ne the partition space of the subse 
quent session are Written to describe data Written to the 
subsequent session and the ?le system structures are Written 
to de?ne the partition space of the subsequent session to 
describe data Written to a previous session on the received 
optical media. 

4. The multi-session optical media of claim 3, Wherein the 
?le system structures include ?le identi?ers and ?le entries. 

5. The multi-session optical media of claim 3, Wherein the 
subsequent session includes the partition space and a volume 
space. 

6. The multi-session optical media of claim 3, Wherein 
user data Written to the subsequent session is referenced to 
the sector at Which the start of the ?rst partition is de?ned in 
the ?rst session. 

7. The multi-session optical media of claim 1, Wherein the 
multi-session optical media is a DVD. 

8. A multi-session optical media having data recorded 
thereon, Wherein a partition space of any session recorded 
after a ?rst session on the multi-session optical media is 
de?ned in reference to an address of a ?rst sector of a ?rst 
partition space in the ?rst session on the multi-session 
optical media. 

9. The multi-session optical media of claim 8, Wherein the 
multi-session optical media is recorded in compliance With 
UDF 1.02. 

10. The multi-session optical media of claim 9, Wherein 
the data in each session of the multi-session optical media is 
accessible by a UDF 1.02 compliant optical media device. 

11. The multi-session optical media of claim 9, Wherein a 
partition space of a neXt session after the ?rst session of the 
multi-session optical media is de?ned to begin at a sector at 
Which the start of a ?rst partition is de?ned in the ?rst 
session on the multi-session optical media. 

12. The multi-session optical media of claim 9, Wherein 
?le system structures to de?ne the partition space of a 
subsequent session are Written to describe data Written to the 
subsequent session and the ?le system structures are Written 
to de?ne the partition space of the subsequent session to 
describe data Written to a previous session on the received 
optical media. 

13. The multi-session optical media of claim 12, Wherein 
the ?le system structures include ?le identi?ers and ?le 
entries. 

14. The multi-session optical media of claim 12, Wherein 
the subsequent session includes the partition space and a 
volume space. 

15. The multi-session optical media of claim 12, Wherein 
user data Written to the subsequent session is referenced to 
the sector at Which the start of the ?rst partition is de?ned in 
the ?rst session. 

16. The multi-session optical media of claim 12, Wherein 
the multi-session optical media is a DVD. 

* * * * * 


