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USER-DEFINED DATA IN AN UNUSED REGION
OF DATA STORAGE MEDIA

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates generally to storage media and, more particularly,

to recording of user-defined data on storage media.
2. Description of the Related Art

Computer tape storage devices record use:l data on lengths of recordable tape
to thereby provide convenient, relatively economical storage of data. The tape
generally consists of a length of substrate on which is deposited a coating that
provides a recording media. The recordable magnetic tape is advanced past magnetic
heads that record flux transitions, which represent data. Some tape storage devices
record data with rotating heads in a helical scan pattern, across the width of the tape,
but the vast majority of tapé storage devices record data along the length of the tape,
in a linear fashion, as the tape is moved past stationary heads.

A linear length of recording media, such as a inagnetic tape, is generally
referred to as a volume. A reserved region at the physical beginning of the tape
(BOT) is recorded with data format information and identification data that permits
a tape storage device to determine that nature of the user data that is to follow on the

‘remainder of the tape. This reserved region is generally referred to as a volume
control region (VCR). The VCR contains approximately ten megabytes (10 MB) of
uncompacted data and occupies a relatively small length. For example, in a 300-meter

length of magnetic tape, the VCR typically occupies no more than two meters.



to thereby provide convenient, relatively econom cal storage of data. The
tape generally consists of a |l ength of substrate on which is deposited a
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hel i cal scan pattern, across the width of _bhe tape, but the vast majority
of tape storage devices record data along the length of the tape, in a

| i near fashion, as the tape is noved past stationary heads. A i near
| ength of recording nedia, such as a nmagnetic tape, is generally referred

to as a volune. A reserved region at the physical, K beginning of {he tape,
(BOT) is recorded i SO ipsarr Bpeatoragss SRvines | RIS Tbe faRertq st sizRd qEFordingat
permts a tape r 4 |

PRat 15 fo fol I saled patichs at ARARATHE Dolns Jfo ffalll dogks B30 Raedn o
general | y ref ersegeritined fashiono| Thaeisc @ sihgle! pattitiprstoingider ddtaenajake apless tisan
approxi mately ten negabytes_ (10 MB) of unconpacted data and occupies a
rel atively smalthe PRIFGWAR, ‘S’éiéﬁﬁ)l é,sememamg@ec HOrage pasisen cherrdSrFEa@]a # path

f gPe, the VCR 4R SALWY a FrSUBIE FralP siRnfng the RnfiMOleABh S tShe tape in one direction,
returns in the opposite tape direction in an adjacent parallel track, and then continues
sweeping back and forth along the length of the tape in parallel tracks. Figure 1
illustrates a portion of magnetic tape 20 with user data stored in a serpentine pattern.
User data is stored in data partitions distributed within eight parallel, linear tracks 22
along the length of the tape. The data partitions are. indicated by the legend "data
area" and the direction of serpentine recording is indicated by the aﬁows 24. The
VCR afea 25 occupies the physical beginning of the tape in the first track, and
therefore defines an unused area 26 at the end of each parallel partition track located
at the physical beginning of the tape.

The serpentine path defines a single storage path having a data area or logical
length that might be many times the physical length of the tape. Therefore, the
logical middle of the tape storage path might be located at the physical beginning of
the tape. In this way, éerpentine recording advantageously provides independently
addressable storage regions, reduces the access time for mid-tape partitions, and
increases the total amount of data that can be stored on a tape.

Such tape storage devices include a device controller that manages the
partitioning so that data storage and retrieval into the partitiohs is transparent to a host
computer, with which the storage device exchanges data. Thus, the host computer
sends and receives data from the storage device, but has no involvement with the
recording of that data on the storage media. If a user data block in a partition is
updated and the new data values extend past the partition in which the prior values
were stored, the device controller can stop the recording at the end of the partition and
resume recording in a partition at another tape location. In this way, update-in-place

data operations can be accommodated.



Some |inear tape storage devices divide the tape into fixed-sized recording
areas called partitions and arrange the partitions into parallel tracks on
the tape in a "serpentine"” fashion. That is, a single partition storing
user data may take up less than the entire width of the tape. A serpentine
t ape st'orage pattern records data in a path that follows a first data track
spanning the entire length of the tape in_.gne direction, returns in the
opposite tape direction in an adjacent parallel track, and then continues
sweepi ng back and forth along the length of the tape in parallel tracks.
Figure 1 illustrates a portion of magnetic tape 20 with user data stored in
a serpentine pattern. User data is stored in datg artitions, distriputed
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partition track is used for the storage area, then the remaining partitions will be the

same size, but a large portion of the data recording area on the tape is wasted.
From the discussion above, it should be apparent that there is a need for a

serpentine-recorded storage tape with a user-accessible storage area that does not waste

recording area and permits equal-sized partitions. The present invention satisfies this

need.
SUMMARY OF THE INVENTION

In accordance with the present invention, a storage device controller that
records user data in a plurality of equal-sized partitions in parallel linear tracks and
records tape format information in a protected region at one end of a track, thereby
defining an unused area across all the remaining storage media tracks in which user
data is not recorded, provides a user accessible suppler}xental storage area by storing

user data in one or more of the unused areas. In this way, the partitions are fully



data operations can be accommopdat ed. Users woul d |i ke
an area of tape in which they can record data of their own choosi ng,
outside of the data partitions. Users would be free to organi ze the
contents of such a suppl enential storage area in a neaningful manner as they
see fit and to maintain the contents. Users could define a data record for
contai ning such information and keep the rgcord within one of the
partitions, but doing so would require an application |evel progranm ng
change and woul d effectively elimnate equal -sized partitions on the tape.
Users woul d |i ke access to a supplenental storage area without having to
define the nature of the storage area thenselves. That is, users would Iike
storage and r etutilized|fof ngemdatrescs thap nermeeardingsares agy wasted andgthp gartitions Famain
to their data oper t.i ons. Providing such a user-accessible storage area can
be probl ematic,*B&5¥E%I |y where equal - si ze partitions are desired. Users

typically prefer parg ddech@?élﬁ of the'iav&ltionhtheARbédss b Bﬁ)riﬁ@%&'r&tri@fnntgﬁ&tasﬁfﬂﬁ
size. If an area fromthe Tirst partition is taken t
the supplemental storage area is transparent to the user, so that the user has no concept
of how many separate unused areas are used to comprise the supplemental storage area
and how many such areas are specifically used to contain the user-defined data stored
therein. Management of the supplemental storage area is thereby performed by the
storage device controller rather than the user.
Other features and advantages of the present invention should be apparent from
the following description of the preferred embodiment, which illustrates, by way of

example, the principles of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a representation of a prior art tape recording storage media having
serpentine data tracks. _

Figure 2 is a view of a recording media tape cartridge constructed in

" accordance with the present invention.

Figure 3 is a representation of a portion of the recording media contained in
the tape cartridge illustrated in Figure 2.

Figure 4 is a view of a recording subsystem that utilizes the tape cartridge
illustrated in Figure 2.

Figure 5 is a representation of the storage device illustrated in Figure 4
connected to a host computer.
' Figure 6 is a block diagram that shows the construction of the apparatus
illustrated in Figure 5.

Figure 7 is a block diagram of the storage device controller illustrated in

Figure 6.



provi de t'he storage area, then the partitions cannot be the sane size. If
an entire partition track is used for the storage area, then the renaining
partitions will be the sane size, but a |arge portion of the data recording
area on the tape is wasted. From t he di scussion above, it should be
apparent that there is a need for a serpentine-recorded storage tape with a
user-accessi bl e storage area that does notswaste recording area and permts
equal -si zed partitions. The present invention satisfies this need.

SUMVARY OF THE | NVENTI ON In accordance with the present invention,
a storage device controller that records user data in a plurality of
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recording user-defined data in the supplemental storage area illustrated in Figure 8.
Figure 10 is a flow diagram that illustrates the processing steps performed in
retrieving user-defined data from the supplemental storage area illustrated in Figure

8.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Storage Media
Figure 2 shows a data cartridge 40 constructed in accordance with the present

invention. The data cartridge can comprise, for example, a Model 3590 tape cartridge
produced by the International Business Machines Corporation (IBM Corporation)
intended for use with the Model 3590 tape storage subsystem by IBM Corporation.

The data cartridge 40 includes an outer shell 42 that contains a storage media
comprising a single-reel tape 44 having a leader block 46 attached at one end. Figure
3 is a representation of the tape 44 that shows the data arrangement. The tape is pre-
formatted with eight linear, serpentine parallel recording tracks having a plurality of
equal-sized partitions for recording user data and with a protected Volume Control
Region (VCR) 48 at one end of the first serpentine track, in which is stored tape
format information. The logical beginning of tape (LBOT), which defines the storage
area in which the user ordinarily has access, begins after a blank synchronizing area
of the tape. The equal-sfzed tape partitions mean that the VCR thereby defines an
'unused area across all the remaining storage media tracks in which user data is not
recorded. In accordance with the invention, user-defined data is segmented and
recorded piecemeal in one or more of the unused areas. The segmentation and storage

of the user-defined data is transparent to the user. In this way, the partitions are fully



utilized for user data so that no recording area is wasted and the
partitions remain equal -sized. In one aspect of the invention, the
process of storing and retrieving data fromthe suppl enental storage area
is transparent to the user, so that the user has no concept of how many
separ at'e unused areas are used to conprise the supplenental storage area
and how many such areas are specifically yged to contain the user-defined
data stored therein. Managenent of the supplenental storage area is thereby
performed by the storage device controller rather than the user.

O her features and advantages of the present invention should be apparent
fromthe following description of the preferred enbodi rent,
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preferred embodiment, the tape is 0.5 inch (2.5 cm) wide, 1000 feet (300 meters)
long, and has the capacity to store approximately ten GB of un-compacted data. The
eight serpentine tracks of the tape 44 are designated Track 0, Track 1, and so forth
through Track 7. Arrows in the partitions indicate the direction of data recording.
Beginning of partition markers are indicated in Figure 3 by diagonally striped bars in
each track. The partitions are numbered consecutively in the serpentine path,
beginning with the first partition of Track 0, which is labelled Partition 0, and ending
with the last partition of Track 7, labelled Partition 15. It should be understood that
the number of pa;titions on a tape cartridge can be much greater than the sixteen
partitions shown in Figure 3 or can be fewer, as desired. Likewise, the number of
serpentine tracks can be greater or fewer than the eight tracks shown.

The first otherwise unused, supplemental storage area in Track 1 of the tape
44 that contains user-defined data is labelled in Figure 3 as "S-1" to indicate that it
comprises a first segmentation of the user-defined data. The second otherwise unused,
supplemental storage area in Track 2 of the tape is labelled in Figure 3 as "S-2" to
indicate that it comprises a second segmentation of the user-defined data. The
remaining supplemental storage areas in succeeding tracks are likewise indicated as
S-3, S-4, ..., through S-7, respectively.

A blank synchronizing interval precedes and follows the VCR in the first
serpentine track of the tape 44, after the PBOT. In the preferred embodiment, the
VCR contains tape format information, statistical error information relating to
read/write operations previously performed on the tape, and a device block map that

indicates tape cartridge status. The exact contents of the VCR (and therefore its size)



connected to a host conputer. Figure 6 is a block diagramthat shows
the construction of the apparatus illustrated in Figure 5. Figure 7
is a block diagram of the storage device controller illustrated in Figure
6. - 5- Figure 8 is
a detail representation of a portion of the recording nedia illustrated in
Fi gure 3. Figure 9 is a flow diagramthat illustrates the processing
steps perforned in recording user-defined data in the suppl enental storage
area illustrated in Figure 8. Figure 10 is a flow diagramthat
illustrates the processing steps perfornmed in retrieving user-defined dat a
fromthe supplenental storage area illustrated in Figure

DESCRI PTI ON OF dependrmEHERARteBOSRbsEsigm with which the data cartndge 40 is being used.

Guard band regions that include partition markers and blank synchronizing areas are

provided between partitions of the serpentine tracks.

Data Storage Subsvstem

Figure 4 shows an automatic cartridge feeder subsystem 50 that is used with
the data cartridge 40. In Figure 4, multiple cartridges have been placed in a cartridge
magazine 52 for mating with a loader unit 54, which is attached to a drive unit 56.
The drive unit may comprise, for example, the aforementioned Model 3590 unit from
IBM Corporation, and contains a tape transport mechanism and read/write heads. The
loader unit physically transfers cartridges to the drive unit and can accept cartridges
from the magazine 52, from an automated library, from direct insertion by a user, or
from other suitable cartridge storage facilities. When the magazine 52 is mated with
the automatic cartridge loader 54, cartridges are removed from the magazine,
transported to a receiving port 58 of the drive unit, and processed. After processing,
the cartridges are returned to the magazine. At any time during such operations, a
cartridge can be manually inserted into a pnonty slot 60 and transported to the drive

unit 56 for processing.

Tape Drive Unit and Tape Path
Figure 5 shows the drive unit 56 with a top panel removed to reveal a tape

cartridge 40 inserted into the drive unit for processing. In the preferred embodiment
of the Model 3590, a loading arm 64 pulls the tape leader block 46 (Figure 2) out
from the cartridge and threads it through a tape path 65 that winds around several
pinions 66, 68, 70 before coupling the leader block to a take-up reel 72 of the drive
unit. Thus, the recording tape media is wound around a supply reel 74 of the data
cartridge 40 and is advanced onto the take-up reel 72 of the tape drive 56. User data
is stored and retrieved between the tape drive and a host computer 74, through which

a user 76 provides storage and retrieval commands.



St orage Medi a Figure 2 shows a data cartridge 40 constructed in
accordance with the present invention. The data cartridge can conprise, for
exanpl e, a Mddel 3590 tape cartridge produced by the International Business
Machi nes Corporation (1BM Corporation) intended for use with the Mdel 3590
t ape storage subsystem by |BM Corporation. The data cartridge 40 includes
an outer shell 42 that contains a storage _gedia conprising a single-reel
tape 44 having a | eader block 46 attached at one end. Figure 3 is a
representation of the tape 44 that shows the data arrangenent. The tape is
pre- formatted with eight linear, serpentine parallel recording tracks
having a plurality of equal -sized partitions for recording user data and
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storage subsystem.

Figure 7 is a block diagram of the storage device controller 80 illustrated in
Figure 6. The controller 80 includes a central processing unit (CPU) 88, such as the
"1960" microprocessor available from Intel Corporation, Santa Cla:a,-..Califomia. The
controller also includes a high-speed, random access memory 90, a data buffer 92, and
a servo controller 94 for maintaining the position of the realerite/e;ase heads over
the user data tracks. .As noted above, the preferred embodiment includes sixteen data
tracks within each serpentine track. Thus, the tape 44 includes servo information
recorded for maintaining the head posi'!cion over a desired one of the data tracks. The
data buffer 92 can be used to temporarily store user data, such as the user-defined data

to be stored in the supplemental storage area.

Tape Format Details _
Figure 8 shows details of the supplemental data storage area at the physical

beginning of the taf:e. Tﬁe VCR area 48 is shown in Track 0 following the blank
synchronization interval 102, some distance after the indicated PBOT. The VCR area
is followed by another blank synchronization interval 104 before the LBOT, which is
followed by the first data partition, labelled Partition 0. A blank synchronization
“interval 106 in the next adjacent parallel track, Track 1, is adjacent an unused area
having a length substantially equal to that of the VCR area 48. The unused area is
followed in the tape advance direction by another blank synchronization interval 108
before the LBOT. Because the tape 44 is formatted in a serpentine path, the LBOT

for Track 1 marks the end of Partition 3. Conventionally, the unused area between



- 6- utilized for user data so that no recording area is wasted and the
partitions remain equal -sized. In Figure 3, the physical beginning
of the tape 44 (near the | eader block shown in Figure 2) is indicated by
"PBOT" and the physical end of. the tape is indicated by "REOT". Thus, a
reference to the "forward tape direction" will be understood to nean the
direction noving fromthe beginning of thegtape to the end of the tape. In
the preferred enbodinent, the tape is 0.5 inch (2.5 cm w de, 1000 feet
(300 neters) long, and has the capacity to store approximtely ten GB of
un- conpacted data. The eight serpentine tracks of the tape 44 are
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posmon for reading (or writing) data in the next rack, following head shifting.
AIterhatively, the user-defined data could be recorded in the same tape direction as
the VCR information. In such a scheme, even though the user data in Partition 3 of
Track 1 is recorded in the tape rewind direction, the user-defined data in the unused
area of Track 1 preferably is recorded in the tape advance direction, the same
direction in which the VCR information is recorded.

The unused area in Track 1 is shown recorded in the same tape direction as
Partition 3 with a beginning-of-data or header (HDR) mark, followed by user-defined
data indicated as S-1, followed by a pointer P-1. After being transduced by the read
heads, the HDR mark is recognized by the storage device controller illustrated in
Figure 7 as indicating that a data field in the unused area follows. Any user-defined
data in the S-l- area can then be recognized by the controller, or can be recorded by
the controller into the area. The pointer P-1 points to the unused area of the next
parallel track, as described further below. Preferably, the user is provided with one
or more tape drive instructions that command the storage device controller to accept
user-defined data and store it into the unused area. Corresponding instructions retrieve
such data from the unused area. Such instructions can be provided, for example, in
the C programming language or other special instruction sets recognizable by the

controller. The user-defined data can comprise data generated by a user application



S-3, S4, ..., through S-7, respectively. A bl ank synchroni zi ng

I nterval precedes and follows the VCRin the first serpentine track of the
tape 44, after the PBOI. In the preferred enbodi nent, the VCR contains tape
format information, statistical error information relating to read/wite
operations previously perfornmed on the tape, and a device bl ock map that

i ndicates tape cartridge status. The exactjgontents of the VCR (and
therefore its size) -7-
depend on the tape storage subsystemw th which the data cartridge 40 is
bei ng used. Guard band regions that include partition markers and bl ank
synchroni zi ng areas are provided between partitions of the serpentine
tracks. Data PXOgFaBer Sandganymther user dafadhatehe userodesirgs to stossite ¢he unused
cartridge feedef subsystem 50 that is used with the data cartridge 40. In
Figure 4, multiple cartridges have been placed in a cartridge nagazi ne 52
for mating with a | oFHernennipardilel tiskok Cof tie ®iptadd)eTrack 2, i shown iwith 26blank

synchronization interval 110 followed in the tape advance direction by an unused area
having a length substantially equal to that of the VCR area 48. The unused area is
followed by another blank synchronization interval 112 before the LBOT position.
Because the tape 44 is formatted in a serpentine path, the LBOT for Track 2 marks
the beginning of Partition 4. The unused area between the blank intervals 110, 112
in Track 2 are accessible to the user for storing data. The unused area is shown with
a header (HDR) mark, followed by user-defined data indicated as $-2, followed by a
pointer P-2. Again, the HDR mark is recognized by the storage device controller
illustrated in Figure 7 as indicating that a field for user-defined data follows in the
unused area.

The supplemental storage areas of successive tracks are linked in similar
fashion by respective pointers. Thus, for Track n, a supplerr;ental storage area for
Track n (labelled S-n) is located between two blank synchronization intervals 114, -
116. In this way, the storage device controller records user-defined data into the
unused areas of the parallel serpentine tracks. The last pointer, P-n, is used in the
case of Track n being adjacent to a Track n+1. Those skilled in the art will appreciate

“that at the end of the user-defined data, the controller writes an end-of-data (EOD)
" marker. Thus, it is fo_ be understood that the last parallel track of the tape would not
require a pointer. Therefore, in the example having eight serpentine tracks, Track 7

would not require a P-7 field.

Storing and Retrieving User-Defined Data
The process of storing and retrieving data from the otherwise unused,

supplemental storage areas in each of the serpentine tracks is transparent to the user.
That is, the user is not aware of the supplemental storage areas as comprising

discontinuous blocks of recording media. In the case of eight serpentine tracks, the
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ry, fromdirect insertion by a user, or ft

ge facilities. Wien the magazine 52 is mated with the

i dge | oader 54, cartridges are renoved fromthe nagazine,

a receiving port 58 of the drive unit, and processed. After
cartridges are returned to the magazine. At any tine during
, a cartridge can be manually inserted into a priority sl ot

axed comptikes sdvén/diseomtinu®s stargpmedrsstasg. Wheltheaiser prowidgnidata

Fi gure 5 shows, t drive upif, 56 wth t anel

1 the 15558 GBriEe ROGESRS Tor StorB b, s TREICRYIY THFE Aies, the
EbMRrdlee fa@tonRdicaINP Qeb & 1R dithSnidopGHhioR® At Mt IneR W Bespedtived
| eader_ bl ock 46 (Figure 2) out fromthe cartridge and

axghs, vithoye ppaicipabion tiraam the wets. ar ound several pinions 66, 68,
ing the |l eader Ql ock to ake-up reel 72 of.the drive.unit.
g 05 Tl tnimert. t TeroEe 6 CopERcr PR ent it Horr,

Hath Sasafi¥ AAGLTE RBSAed Hbto!t Bk AmvBed 8f%as.” Mbfe phr@ichRAg, did ¥Orde.
ored and retrieved between the tape drive and a _host

denigh comtraller geepivas uper-gefnedddata eindrsteres ahtemparaiilyyviito the data

buffer illustrated in Figure 7. The controller retrieves a sufficient amount of the data

and records it into the first unused area S-1. If the user-defined data fits completely
into the first area S-1, then the controller writes an end-of-data (EOD) marker at the
end of the user-defined data in the S-1 area and completes its processing. If the user-
defined data does not fit completely into the S-1 area, then the storage device
controller fills the S-1 area and then writes the pointer P-1 so that upon later reading
the data in the S-1 area the controller will recognize that further data is to be found
in the unused area of the next parallel track, Track 2, and will then command the read
heads to transduce the data recorded therein. After writing the pointer P-1, the
controller records more user-defined data into the Track 2 area S-2. :
Next, if the remainder of the user-defined data does not fit completely within
the Track 2 unused area S-2, the storage device controller writes a pointer P-2 so that
upon later reading the data in the S-2 area the controller will recognize that further
data is to be found in the unused area of the next parallel tfack, Track 3, and will then
command the read heads to transduce the data recorded therein. After writing the
pointer P-2, the controller records more user-defined data into the Track 3 area S-3.
The storage device controller repeats this process, retrieving user-defined data from
the storage buffer, segmenting it on the fly, and recording it piecemeal into the unused
areas of the paralle] serpentine tracks, until the user-defined data is completely
recorded. At the end of the user-defined data, shown in Figure 8 as Track n, the

controller writes an end-of-data (EOD) marker.

e

t Has Been Reraced
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Stor'age Subsyst em Conponent s Figure 6 is a block diagram of the

st orage subsystem 50 showi ng its connection to the host conputer 74. The
tape drive unit 56 conprises a storage device that includes a controller

80, read and wite heads 82 that read, record, and erase data fromthe
storage nedia, and a storage-nedia transport 84, which noves the storage
nmedia relative to the heads. The optional_ %al’tl’l dge | oader 54 conpletes the
st orage subsystem Figure 7 is a bl ock di agram of the storage device
controller 80 illustrated in Figure 6. The controller 80 includes a central
processing unit (CPU) 88, such as the "i 960" m croprocessor available from
Intel Corporation, Santa Clara, California. The controller also includes a
hi gh- speed, rarsdmif—'msméls storageoarga @al afcat BOBlmackero, engaunigresethe controller

controller 94 for a t he e read/ witefe e
over the user &8?’5’ srea(ﬁgg FoT% L%?/é’omtfﬁels B léfeg %ergﬂbg}? ﬁ’g Bfit6ter
i ncl udes si xt e@ﬁb\ﬁéattl@e tad hled Mol the Reardtk SR REAHsI dat frbACthe sIBplémehi@P sfoddpR
44 includes servo information recorded for maintai ning the head position

over a desi r ed amscolothat ﬁ@chdacmatm&@mmm ugtit ﬁlebE@Delﬁ rgzchedn be used to -

temporari|y store usle 3% 3 lndSolhe suaek lElhned btatch t R oRdREE Uik
the present invention will be more completely understood with reference to the flow
diagrams of Figure 9 and Figure 10, which illustrate the operating steps followed by
the controller shown in Figure 7 in writing data and reading data, respectively, from
the supplemental storage area.

The process of recording user-defined data into the supplemental storage area
is initiated when a user invokes a predetermined storage subsystem command to store
data. This user action is represented in Figure 9 by the flow diagram box numbered
202. Preferably, the storage device controller checks the amount of data received
from the user for recording into the supplemental storage area and indicates an error
condition if the data exceeds the capacity of the area. Such an error condition should
not occur frequently, however, as the supplemental storage area of the preferred
embodiment approximately duplicates the capacity of the VCR area in each of the
subsequent parallel tracks. In the illustrated configuration with a VCR of
approximately 10 MB and eight serpentine tracks, the supplemental storage area can
provide up to 70 MB of otherwise unavailable storage. Even greater storage capacity
can be obtained from the supplemental storage area if data compacting techniques are
used. Thus, as represented in Figure 9 by the flow diagram box numbered 204, the
storage device controller accepts the user-defined data if it can be contained within the
supplemental storage area and indicates an error condition otherwise.

In the next processing step, the controller stores as much of the user-defined
data as will fit into the supplemental storage area of the first serpentine track. This
processing step is represented by the flow diagram box numbered 206. The controller
next checks for addi-tional data to be stored, indicated by the decision box numbered

208. If no more user-defined data is present in the storage buffer, a negative outcome



Fi gure 8 shows details of the supplemental data storage area at the

physi cal begi nning of the tape. The VCR area 48 is shown in Track O
foll owi ng the bl ank synchroni zation interval 102, sone distance after the
i ndi cated PBOT. The VCR area is followed by anot her bl ank-synchronization
I nterval 104 before the LBOT, which is followed by the first data
partition, labelled Partition 0. A blank SX?chronization Interval 106 in

t he next adjacent parallel track, Track 1;°1s adjacent an unused area
having a |l ength substantially equal to that of the VCR area 48. The unused
area is followed in the tape advance direction by another bl ank

synchroni zation interval 108 before the LBOT. Because the tape 44 is
formatted i n a atehpdedisioe bpstthen theentlBPHataolEOD pkirker iswiigtei, w8 indidated by the
Partition 3. Copventionally, the upused area between .

-9-  the bl anftow shagrgm boxmygnberers 210, apdthy Wity PEOGESTING §10pssilh pdditignglidata

user. In accor %@?&F#’ éﬂ SF eréﬁ%g SutdoRid: gt&g\r‘@% gtroragte %vﬁ%énﬁgﬁer%ﬁ{eg eaiﬂﬁnter

retrieve data from W SE unuse nused “ar
bet ween t he bl aokhe néapasiis] tidk. THISpiickdsing)spcia képredetediBcthé dlowsdiagiargbox

' nformation on rtluqr?belf'gde rzlg.atlg tﬂaonregg pi'orclzegs?neg gtglr)r’a ;egge(ascrenfce)g l}yht%etf?gv?'diasgljrgik;x box
numbered 214, the controller records additional user-defined data into the
supplemental storage area of the pointed-to track. Processing then returns to the flow
diagram box numbered 208, where the controller checks for more data in the data
buffer. |

Reading data from the supplemental storage area proceeds in-a similar fashion
and, as with writing data, the assembling of data from the separate segments is
transparent to the user. The processing steps followed in reading the data are
illustrated in the flow diagram of Figure 10. Reading is initiated by the user with
invocation of a storage device supplemental Storage read command, represented in
Figure 10 by the flow diagram box numbered 222. In response, the storage device
controller reads data from the supplemental storage area of the first track. This step
is represented by the flow diagram box numbered 224. Next, at the decision box
numbered 226, the controller checks to determine if an end-of-data (EOD) marker was
encountered. If the EOD was found, an affirmative outcome, then the controller
provides the reconstituted data to the user, as represented by the flow diagram box
numbered 228.

If no EOD marker was encountered at the read, a negative outcome at the
decision box numbered 226, then the controller responds by moving the read heads
to the track indicated by the pointer at the end of the supplemental storage region in
the preceding track. This processing step is represented in Figure 10 by the flow
diagram box numbered 230. In the flow diagram box numbered 232, the controller
reads the data stored in the supplemental storage area of the 'pointed—to track.
Processing then resumes at the decision box numbered 226, where the controller again

checks for the EOD marker. Reading from the supplemental storage areas proceed



information m ght conprise, for exanple, a table of contents for the tape
volume and wll typically be accessed by the tape drive controller when the
cartridge is initially | oaded, after first reading the VCR information. In
the preferred enbodi nent, the user-defined data is recorded in alternate
tape di‘rections, track by track. In this way, after reading (or witing)
data in one track, the tape will be in suhgtantially the correct position
for reading (or witing) data in the next rack, follow ng head shifting.
Alternatively, the user-defined data could be recorded in the sane tape
direction as the VCR information. In such a schene, even though the user
data in Partition 3 of Track 1 is recorded in the tape, rewi nd directiop,
the user-defi nd® thiamanner, traek B (ragk untid sheoEOR, magker has becay ensoyntered; é'c\’)’g’fféd
in the tape ad | t.1.0p: direction in which the VCR
informati gn isYi?%gglregigga.e& ﬂrgorde&ﬁé&ﬁ‘%%ged area in Track 1 is shown
recorded in the sandntthjsewsy,r thetpresenfiinveation tpermitsS othieirisa Wimged) storageoinediat a
or header (HDR) nmark, fol Ipwed by user-defiged data indicated as S$.1,

fol | owed by a PBASStierbeprapsionmed intg sppgjemeniakotags ap5A %ﬁﬁbcane‘aeduﬁézggslzy 1 Heer

HDR mark is re j t he i 0 j g,,;j-_-'
Figure 7 as ing?%g%o?ﬁg.%%téﬁgsx%éa? gqgigeﬁ%érc]%taﬁgﬁh%’ugﬂgg&zr ggég?%vfﬁ)% i lkhzyed
user - defi ned daphritions tahé pfevidiapgeancenriert ecesbeo nddiagnalzstotaps. t he control |l er,

or can be recorded the control|er_into tge ar, eg. The poi nter tP—l poi Nt s
to the unused area ofet FESHREdRVERtion hay beem dgscribed AROVE| i term ¢fha  PIEanGY,
Preferably, th [ Lded wi 0 ' 0 CL
that command t ééig[?%‘% aegleb%g%%rgegcma{t :bgl Pg?&%t(aiﬁ%{ége%?ﬁ%sg{e?ﬁgfi:'nnég{d(?at égpgﬁd
store it into theveyads®herarey ho@evercmpoyconfiguratins fiort stonage metiiainet spesifidally
data fromthe uynused. grea. Such .instrugtions can be provided, .for_exanple,
inthe C or ogr SRHFIRGS erraR Ry i 5@@@% Iy eﬁa@nﬁgaéqlg The present
r ecogni zabl € byndifiof QbR {Hefefork ot BE"solf s "tkitfd B ERNpARERE! Stflaiient
generated by a user application

described herein, but rather, it should be understood that the present invention has

wide applicability with respect to storage media generally. For example, the present
invention can be applied to capacitive and optical transition sensing storage systems.
All modifications, variations, or equivalent arrangements that are within the scope of
the attached claims should therefore be considered to be within the scope of the

invention.



-10-" ﬁrogram or can be any other user data that the user desires to
store into the unused area. The next parallel track of the tape 44,

Track 2, is shown with a blank synchroni zation interval, }ﬂmw,mu : he
tape advance direction by an-unused area having a length!® "m "H”"’
equal teo that of the VCR area 48. The unused area is followefl by ahotsher

bl ank synchroni zation interval 112 before_i%ﬁe LBOT position. Because the

tape 44 is formatted in a serpentine path, ‘he LBOT for Track 2 narks the

begi nning of Partition 4. The unused area between the blank intervals 110,
112 in Track 2 are accessible to the user for storing data. The unused area
Is shown with a header (HDR) mark, followed by user-defined data indicated
as S-2, foll oneWh{LaAlpbi nter P-2. Again, the HDR mark is recogni zed by the
storage device controller illustrated in Figure 7 as indicating that a
field for user-defined data follows in the unused area. The

suppl emental storagejaread Qbragh@slstofphigiagks are linked in simlar
fashi on by respective pointers.” Thus, for Track n, a Sl£pl enent al storage

area for Track n (| ab@lurelityfrparaliel lipear teatkh én wdieh usqp dataaiskrecorded;
synchroni zation intervals. 114 16. 1n,.this,way., the st g evice .
control l er records ug%l}ah-agf%mea&%tmaﬁh%eﬁe%ﬁﬁ%g&cgi 3%33 %{ﬁj “he ?’%ﬁefléﬁf
serpentine tracksdresti¥le stFigePRigtin€lof tit fordge rhéd4l td Whidlea @s&ena8facdésack n
bei ng adjacent to a Track n+l. Those skilled in the art wl| _ appreciate
a protected region at one end of a track that is not accessible to the user and
that stores media format information, and defines plurality of unused areas in each of
the remaining storage media tracks; and

user-defined data stored in one or more of the unused areas.

2. A storage media as defined in claim 1, wherein the unused area in each
parallel linear track includes a pointer to a next succeeding parallel linear track.
3. A storage media as defined in claim 2, wherein the unused area of the

last parallel linear track includes an end-of-data marker.

4, A storage media as defined in claim 1, wherein the user data recorded
in the parallel linear tracks is recorded in a serpentine fashion, in alternating storage
media directions, and all of the user-defined data stored in the unused areas is

recorded in the same storage media direction.

5. A storage media as defined in claim 1, wherein the user data recorded
in the parallel linear tracks is recorded in a serpentine fashion, in alternating storage
media directions, and the user-defined data stored in the unused areas is recorded in

alternating storage media directions. .



end- of -data (EOD) marker. Thus, it is to be understood that the last

parallel track of the tape would not require a pointer. Tk’mﬂ'ﬁ T
exanpl e having ei ght serpenti-ne tracks, Track 7 woul d not Iﬂﬂl"";moymm
field. * Storing and Retrieving User-Defined Data | THe frotess *
storing and retrieving data fromthe otherw se unused, supplenental storage
areas in each of the serpentine tracks is tfansparent to the user. That is,
the user is not aware of the supplenental storage areas as conprising

di sconti nuous bl ocks of recording nedia. In the case of eight serpentine

tracks, the :

REPLACEMENT SHEET 6. Arreethod mfries@dingevsendelfisabdata rmma statge agdiarbaking
areas. Wen the use royi.des data t.0 the storage device controller .for
storing into tABUERIsPAARG: tEgcks (18 Whjch yseradata i, Fecopindy 4he methad Gorapridige the
segments the datagigpt 0 portions that fit into the respective areas, w thout

participation fromthe user.
recording a segment of the user-defined data in an unused area of a first

parallel track of the storage media defined by media format information stored in an
initial parallel track such that the media format information is protei:ted from user
access;

recording a next segment of the user-defined data in an unused area of a next
parallel track defined by media format information stored in the initial parallel track;
and _ |

repeating the step of recording segments of the user-defined data in unused
areas of next parallel tracks until all remaining parallel tracks of the storage media

have received a segment of the user-defined data.

7. A method as defined in claim 6, wherein the steps of recording include
writing a pointer at the end of a user-defined data segment to the next succeeding
parallel track, if the user-defined data could not be completely contained within a

unused area of a single parallel track.

8. A method as defined in claim 7, wherein the step of repeating includes

writing an end-of-data marker at the last succeeding parallel track.

9. A method as defined in claim 8, wherein the user data recorded in the
parallel linear tracks is recorded in a serpentine fashion, in alternating storage media
directions, and the steps of recording user-defined data in the unused areas comprise
recording in alternating storage media directions.

10. A method as defined in claim 6, wherein the user data recorded in the

parallel linear tracks is recorded in a serpentine fashion, in alternating storage media



In the preferred enbodi ment, the storage device controller segnents the
user data as the data is recorded into the unused areas. Mre-partictu arly
the storage device controller receives user-defined data and st \“\
tenporarily into the data buffer illustrated in Figure 7. ;\'M\‘ﬁ@ m‘“
retrieves a sufficient anmount -of the data and records it—i LI RStS
unused area S-1. |If the user-defined data.tits conpletely into the first
area S-1, then the controller wites an enlg of -data (EOD) narker at the end
of the user-defined data in the S-1 area and conpletes its processing. If
the user- defined data does not fit conpletely into the S-1 area, then the
storage device controller fills the S-1-area and then wites the pointer
P-1 so that upalirectiaisgand drditersy dfirecctding user-ddfmes-datanincthe tuneseoartasntdmprise
will recognize that. further data is to({)e found in the unused area of the
next paral | el (FEERINSRFURMSLing Storage medip difeeifitand the read heads to
transduce the data recorded therein. After witing the pointer P-1, the
controller records nore user-defined data into the Track 2 area S-2.

Next, if the remai ndelr of A tsherages devide fconteollatathat devesdsnuoger fdata cimrappbltdity of

within the Track ed reaSZ sto age deyvice cantroller ,wri.t
Dot nt o Pra so Ferallel BRGH 91k SPrae dindin) RS FATGPIF fapa, Beragn, e whidhbser Gata”

controller wllij %1%?&9 '&hé Qha’tf%&irei H{eaﬁ%nﬂé\tﬁfdrﬁlahgnl?@ aBQHHﬁl bHrallQﬁtrbElélﬁﬁdxe
area of the next parall track, Track 3, and will then comrmand the read

heads to transdtorage medlaesuah that thechmediaformatrinformation is pratenged frormpesentaegess,
P-2, the control,ler. record re user%lgeflned data into the Track 3 area

S-3. The stor ag&aedit eeSt8Bar$F Mcgrcopé Fts this process, retrieving

user-defined data frefmijditiselgernia dlatﬁffoﬁﬁtora%‘é%ﬁﬁﬂé sfdgagdel mMia bifide of the agta
recording it pieceneal into the unused areas of the paral |l el serpentine

tracks, until mlamtme,r Fedeﬁsmdeglmna of she usprtdefised datec iy dedinuged atea afnal figst

the user-defined in_Fi qur Tr a n oIIer es
an end- of - dataP g\ﬁpe smrageq’&iﬁig%g @%{‘P@%ﬁa?’ﬁdﬁarg’ﬂ"f’ B"'fé t}’éf
storage areas, jhig8l aﬁirél!é}%cﬂ%‘éé&ﬁs £ At sBdth &t of iR AefiR& &Ht@ﬁ?ﬁumﬁgéhrdas
the controller rea data fromthe first
of a next parallel track defined by the media format information stored in the initial
parallel track, and repeatedly records segments of the user-defined data in unused

areas of next parallel tracks until all remaining user-defined data has been recorded.

12. A storage device controller as defined in claim 11, wherein the storage
device controller records the user-defined data by writing a pointer at the end of a data
segment of the user-defined data to the next succeeding parallel ﬁ'ack, 1f the user-
defined data could not be completely contained within a unused area of a single

parallel track.

13. A storage device controller as defined in claim 12, wherein the storage
device controller records the user-defined data by writing an end-of-data marker at the

last succeeding parallel track.

14. A storage device controller as defined in claim 11, wherein the user

data recorded in the parallel linear tracks is recorded in a serpentine fashion, in



-12-° §upp| enental storage area S-1. If an EOD marker is encountered, the
controller conpletes the reading process. If a pointer P-1_is encountered,

then the controller noves the read heads to the next track and reads data
fromthe-supplenental storage area of that track, repeati n
until the EOD is reached. The storage nedia and st trlm T"Iﬂlmmm”m
control l er constructed in accordance with the present invertién Wit be *
nore conpl etely understood with reference to the flow diagrams of Figure 9
and Figure 10, which illustrate the operating steps foll owed by the
controller shown in Figure 7 in witing data and readi ng dat a,
respectively, fromthe suppl enental storage area. The process of
recordi ng user - dsfrnpting starageimedia directinpspindrthet dorage devige canwellérsrererds jusered
when a user invgkes redet ermi ned st or age subsystem command o store
data. This user SSRedift & pinbefereds i Akrpame $oe wiedy G tRPser am box
nunbered 202. Preferably, the storage device controller checks the anmount
of data received fromthe user for recording into_the suppl enental  storage
area and indi cat es afSerr d¥ storesi daviss qontroHer gradefinedciactiaim Ad, whpeeen the wyer
the area. Such g, erfahe9AdhE i BRIRDGHLL. ROl ORCHEoES HN thipenfiPkRlon, 1R
t he suppl enental storage area- e preferre

alternating storage media directions, and the storage device controller records user-

defined data in the unused areas in the same storage media direction as the media

format information.

16. A storage device that records user data in a plurality. of parallel tracks
of a storage media having multiple data partitions in which user data is stored, and
that stores media format information in an initial paralle] track of the storage media
such that the media format information is .protected from user access, wherein the
storage device:

receives user-defined data for storage on the storage media outside of the data
partitions, records a segment of the user-defined data in an unused area of a first
parallel track of the storage media defined by the media format information of the
initial parallel track, records a next segment of the user-defined data in an unused area
of a next parallel track defined by the media format information stored in the initial
parallel track, and repeatedly records segments of the user-defined data in unused
areas of next parallel tracks until all user-defined data has been recorded.

17. A storage device as defined in claim 16, wherein the storage device
records the user-defined data by writing a pointer at the end of a data segment of the
user-defined data to the next succeeding parallel track, if the user-defined data could

not be completely contained within a unused area of a single parallel track.



enbodi ment approxi mately duplicates the capacity of the VCR area in each of
t he subsequent parallel tracks. In the illustrated configuration with a
VCR of approximately 10 MB and ei ght serpentine tracks, the Supptemental
storage area can provide up to 70 MB of otherw se unavail abl age. Even
greéater ‘storage capacity can be obtained fromthe suppl en;eaiﬂ!’%m!m,ﬂw

if data conpacting techniques are used. Thu9, as represente m’
the flow di agram box nunbered 204, the storage device cortrol |l er accepts *
the user-defined data if it can be contained within the suppl enent al
storage area and indicates an error condition otherw se. I n the next
processing step, the.gontrol]er stores a h. of, t he_user-defined data as
will fit into the sud& er’réAntsgﬁra%et @?Véﬁeasaﬁ%é{%g‘f‘“tﬂ%mf ﬁ?s%"%&é%é § pioEees deit
Thi's processi ngreebedd thé us@PdSnRatdah Bywhiligg bh@nd dfantamakier ab tEiasietdcddebing
The controller next checks for additional data to be stored, indicated by

t he deci si on bopamlielbleackd 208. |If no nore user-defined data is present in
the storage buffer, a negative outcone

-13- at the decision box, then the end-of-data (EOD) nmarker is witten,
as indicated by the filbow § agfapedecite BsdéfReddn ¢kdm B WhbRen Weiiser @t cRSededd

stops. If additional data . . . L .
in the parallel linear tracks is recorded in a serpentine fashion, in alternating storage

media directions, and the storage device records user-defined data in the unused areas

in alternating storage media directions.

20. A storage device as defined in claim 16, wherein the user data recorded
in the parallel] linear tracks is recorded in a serpentine fashion, in alternating storage
media directions, and the storage device records user-defined data in the unused areas

in alternating storage media directions.



i's p7eseﬁt, an affirmative outcone, then the storage device controller
wites a pointer to the next parallel track. This processing step is
represented by the flow di agram box nunbered 212. In the next processing
step, represented by the flow di agram box nunbered 214, the controller
records additional user-defined data into the supplenental storage area of
the pointed-to track. Processing then returns to the flow di agram box
nunbered 208, where the controller checks-Zoor nore data in the data buffer.
Readi ng data fromthe suppl enental storage area proceeds in a simlar
fashion and, as wwth witing data, the assenbling of data fromthe separate
segnents is transparent to the user. The processing steps followed in
reading the data are illustrated in the flow diagram of Figure 10. Readi ng
isinitiated by the user with invocation of a storage device suppl enent al
storage read command, represented in Figure 10 by the fl ow di agram box

nunbered 222. r , i s

t he suppl enenltlgﬁRéﬁ%f@géﬁg‘éiﬁoﬂ mﬁﬁl@b ?&a@@ﬁ ﬁ% @“?‘Mﬁﬁﬁ?ﬁ%%{é@ﬁ&d
by the flow di agram box nunbered 224. Next, at the decision box nunbered
226, the controller checks to determne if an end-of-data (EOD) marker was
encount er ed. AgéTRAETECD was found, an affirmative outconme, then the
controller provides the reconstituted data to the user, as represented by
t he flow di agram box numnbered 228. I f no EOD marker was encountered
at the read, a negative outcone at the decision box nunbered 226, then the
control |l er respdhdorige daviderogpntroHerr thaidreberdsl asdralatahin 4 placdlity oflequad-aitedy t he
poi nter at the end of the supplenental storage region in the preceding
track. Thi s partiiansdDg 18) spparsllel diserracksand irecordgyiape famnay yoforreatidnin ali agr am
box nunbered 230. In the flow di agram box nunbered 232, the controller

reads the ddratested region (48)7t oge spd ehd tragl and tercby defipes ¥t umysed grarBelta 3
track. Processing then resynes at the decision hax nunbgred 226 ere the
Cont ol 1 er - S2PTove Al dh FPRHRER sfzeds e Gcko D TR SR G4 Rt thsoRdent ol
storage ar e%%o‘%gscae texger accessible supplemental storage area by storing user data in one or more

of the unused areas.

Fig. 3.
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-14-*-=pfn this manner, track by track, until the EOD nmarker has been
encountered, at which tine the data is provided to the user. In this
way, ‘the present invention permts otherw se unused storage nedia space to
be transformed into supplenmental storage area that can be utilized by a
user for storing data outside of the storage partitions, thereby preserving
equal -si zed partitions and providi ng convéddBent access to additi onal

st or age. The present invention has been described above in ternms of
a presently preferred enbodi nent so that an understandi ng of the present

i nvention can be conveyed. There are, however, nmany configurations for
storage nedia not specifically described herein but with which the present
invention is applicable. The present invention should therefore not be seen
as limted to the particul ar enbodi nent described herein, but rather, it
shoul d be understood that the present invenbipon has w de applicability with
respect to storage nmedia generally. B&r exanple, the present invention can
be applied to capacitive and optical {ransit/on sensing sto2ége systens.

All nodifications, variations, or equfval enfi arrangenents tHat are within

the scope of the attached cl §fins ShOW d {herefore be consi de{ed to be
wthin the scope of Rkck 0 |  veR DATA AREA
24
TRACK 1 UNUSED DATA AREA. -
TRACK 2 UNUSED DATA AREA —
24
/ TRACK 3 | UNUSED DATA AREA —=—<
22 TRACK 4 | UNUSED DATA AREA —»
\\\\ TRACK 5 UNUSED DATA AREA -
TRACK 6 UNUSED DATA AREA ——»
TRACK 7 UNUSED DATA AREA -
FIG. 1

26



i nvention' -15- WE CLAI M

1. A storage nedia conpri sing: a plurality of parallel linear
tracks in which user data is recorded; equal -si zed partitions

wi thin each of the tracks that define independently addressabl e storage
regions of the storage nedia to which a user has access; a protected

reglon at one end of a track that is not @y8essible to the user and that
stores nedia format information, and defines plurality of unused areas in
each of the renmmining storage nedia tracks; and user-defined data
stored in one or nore of the unused areas. 2. A storage nedia
as defined in claim1, wherein4 unused area g )

FIG. 2
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paral l el ‘linear track includes a pointer to a next succeeding parall el

| i near track. 3. A storage nedia as defined in claim?2, wherein
the unused area of the last parallel linear track includes an end-of-data
mar ker . 4. A storage nedia as defined in claim1l, wherein the
user data recorded in the parallel linear tracks is recorded in a
serpentine fashion, in alternating stor nmedia directions, and all of the
user-defined data stored in t he unused areas is recorded in the sane
storage nedi a dlrectlon 5. A storage nedia as defined in claim
1, wherein the use rBr,_d_ed_ in the parallel Lnear tracks is recorded
In a serpentine fas np.lﬁﬁalternating-storage medi a dijrectijons, pnd the
user -defined data Fp in the unysed areas |s regorded in 4l ternpting
storage media diré? AANAANN SAANNNN SANNAN AANAANN
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6. ° A method of recording user-defined data on a storage nedia having
multiple parallel tracks in which user data is recorded, the nethod
conprising the steps of: recordi ng a segnent of the user-defined
data in an unused area of a first parallel track of the storage nedia
defined by nedia format information stored in an initial parallel track
such that the nedia format information ig,¢rotected fromuser access,
recordi ng a next segnent of the user-defined data in an unused area of a
next parallel track defined by media format information stored in the
initial parallel track; and repeating the step of recordi ng segnents
of the user-defined data in updsed areas of pay, al, | el ks
remai ni ng parallel tracks of theigtordﬁé\mg /;'"\&§§$§$§$QS§§§§%‘

t he user-defined dat a. A ‘ \\\b&\\\\'\\“ &\\:‘\‘%\&\
wherein the steps of recor ‘ Sﬁb\é&@&a%%%&%&xﬁ

user - defi ned data segment/to the \%ﬁfiiﬁiiﬁijy
user-defined data coul d ZNRI/E ¥ i thi

a single parallel track
wherein the step of

| ast succeedi ng paral
8, wherein the user

. /§/¢i




parallel-linear tracks is recorded in a serpentine fashion, in alternating
storage nedia directions, and the steps of recording user-defined data in

t he unused areas conprise recording in alternating storage nedi a
directions. 10. A method as defined in claim®6, wherein the user
data recorded in the parallel linear tracks is recorded in a serpentine
fashion, in alternating storage nedia 5/8

-17- directions, and the steps of recording user-defined data in the
unused areas conprise recording in alternating storage nedia directions.

11. A storage device controller that records user data in a plurality of
paral l el tracks_of a storage nedia having miltiple data partitions in which
user data is stjored, and that stores nmedia format information in an initial
paral l el track jof the storage nedia such that the nedia formgt information
is protected frijomjuser access, _—~56
STORAGE DEVICE

54
STORAGE MEDIA [—{ 84 2
" TRANSPORT
CARTRIDGE
LOADER
READ /WRITE
HEADS _1+—82

STORAGE DEVICE
CONTROLLER _l-80

STORAGE SUBSYSTEM

\

! ’ 50

74—~ HOST COMPUTER

FIG. 6
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92
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390
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wher'ei n t'he storage device controller: recei ves user-defined data
for storage on the storage nedia outside of the data partitions, records a
segnent of the user-defined data in an unused area of a first parall el
track of the storage nedia defined by the nedia format information of the
initial parallel track, records a next segnent of the user-defined data in
an unused area of a next parallel track ®&#8i ned by the nedia fornat
information stored in the initial parallel track, and repeatedly records
segnents of the user-defined data in unused areas of next parallel tracks

until all remaining user-defined data has been recorded. 12. A
storage device controller as defined in claim1ll, wherein the storage
device controller records t er -defi ned dat witing a pointer at the
end of a data sedmeEpt—0 use i net—afp to next succeeding
paral l el track, ijf the er-| defijned|dat agcould not be[cesptete]y |contai ned
within a unused drep of Ja sijngl e{pardll el tragk. 13. A st or age
device controller] af deflined in §l aith 12, {whefein the $torage device
controller records the user- efippd cataq@y Wi ting anjend-of-dptla marker
at the |l ast succqeding ﬁﬁrallel tTack. 14. A storape \device
controller as deflingd i Zclaj mi1Z wjerei& the¢ user data recordpd \n the
paral l el |inear tjragks f% r elcor i a éarpe1tine fashion, in
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-18-° alternating storage nedia directions, and the storage device
controller records user- defined data in the unused areas in alternating
storage nedia directions. 15. A storage device controller as
defined in claim11l, wherein the user data recorded in the parallel linear
tracks is recorded in a serpentine fashion, in alternating storage nedi a
directions, and the storage device controller records user- defined data in
the unused areas in the same storage medi &/®i rection as the nedia format

i nformation. 16. A storage device that records user data in a

plurality of parallel tracks oj= okage nedia having nultiple data

partitions in which user data i , and that stores nedia formt

information in an initial paral Pet—raCk of the storage nedia such that the

media format information is protectged fromuser access, wherein the storage

devi ce: receive 2 i rage on the storage nedi a

outside of the data USER INVOKES STOR _—202

INTO SUPPLEMENTAL
STORAGE AREA

'

ACCEPT DATA FROM USER ——204

{

STORE DATA INTO
SUPPLEMENTAL AREA 506
OF FIRST TRACK

_—
! 208 210
MORE DATA ? WRITE EOD

STOP

WRITE POINTER TO
SUPPLEMENTAL STORAGE | 9519
AREA OF NEXT TRACK

'

STORE DATA INTO
SUPPLEMENTAL STORAGE
AREA OF NEXT TRACK —214

FIG. 9



partititons, records a segnent of the user-defined data in an unused area of
a first parallel track of the storage nedia defined by the nedia formt
information of the initial parallel track, records a next segnment of the
user-defined data in an unused area of a next parallel track defined by the
media format information stored in the initial parallel track, and
repeatedly records segnents of the user-defined data in unused areas of
next parallel tracks until all user - def i nB data has been recor ded.

17. A storage device as defined in claim16, wherein the storage device
records the user-defined data by witing a pointer at the end of a data
segnent of the user-defined data to the next succeeding parallel track, if
t he user-defined data could not be conpletely contained within a unused
area of a single parallel track. :

-19- 18. A storage deviceNas defined in claim 17, wherein the
storage devi ce records the usek-&ARhell data by witing an end-of -data

mar ker at the |ast succeedi ng parairtet track. :

USER INVOKES READ 299
FROM SUPPLEMENTAL
STORAGE AREA

'

READ DATA FROM _
SUPPLEMENTAL AREA | 904
OF FIRST TRACK

226 298

2

WRITE EOD

STOP

£OD FOUND ?

GO TO TRACK INDICATED
BY POINTER —230

|

READ DATA FROM TRACK |_—0o39

FIG. 10



19.

A storage device as defined in claim18, wherein t rErs
reCorded in the parallel linear tracks is recorded in a gEPtZEE AT SHEED
in alternating storage media directions, and the storagg device records
user-defined data in the unused areas in alternating stq¢rageq 5qq:_r@1997

di rections.
the user data recorded in the parallel |i+l@d¢ar tracks is|recordet—Tmra

20. A storage device as defined ifnfclaim 16, efe

serpentine fashion, in alternating storage nedia directions, and the
storage devi ce records user-defined data in the unused areas in alternati
storage nedi a directions.

area comprises seven discontinuous storage media areas. When the user provides data
to the storage device controller for storing into the supplemental storage areas, the
controller automatically segments the data into portions that fit into the respective
areas, without participation from the user.

| In the preferred embodiment, the storage device controller segments the user
data as the data is recorded into the unused areas. More particularly, the storage
devxce coritroller receives user-defined data and stores it temporarily into the data
buffer illustrated in Figure 7. The controller retrieves a sufficient amount of the data
and records it into the first unused area S-1. If the user-defined data fits completely
into the first area S-1, then the controller writes an end-of-data (EOD) marker at the
end of the user-defined data in the S-1 area and completes its processing. If the user-
defined data does not fit completely into the S-1 area, then the storage device
controller fills the S-1 area and then writes the pointer P-1 so that upon later reading
the data in the S-1 area the controller will recognize that further data is to be found

‘in the unused area of the next parallel track, Track 2, and will then command the read

heads to transduce the data recorded therein. After writing the pointer P-1, the
controller records more user-defined data into the Track 2 area S-2.

Next, if the remainder of the user-defined data does not fit completely within
the Track 2 unused area S-2, the storage device controller writes a pointer P-2 so that
upon later reading the data in the S-2 area the controller will recognize that further
data is to be found in the unused area of the next parallel tfack, Track 3, and will then

command the read heads to transduce the data recorded therein. After writing the

“pointer P-2, the controller records more user-defined data into the Track 3 area S-3.

The storage device controller repeats this process, retrieving user-defined data from
the storage buffer, segmenting it on the fly, and recording it piecemeal into the unused
areas of the parallel serpentine tracks, until the user-defined data is completely

recorded. At the end of the user-defined data, shown in Figure 8 as Track n, the

' éohtroller writes an end-of-data (EOD) marker.

Upon reading data from the supplemental storage areas, the storage device
controller reverses the process. That is, the controller reads data from the first

ng



