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Description

MAGNETIC TAPE DATA STORAGE SYSTEM BUFFER

MANAGEMENT
Technical Field

This invention relates to sequential buffers for magnetic tape data storage systems,
and, more particularly, to managing a buffer for transferring data with respect to
magnetic tape.

Background Art

Data that is written to or read from magnetic tape typically is supplied by or
supplied to a host or host system that is operating at a different speed than is the
magnetic tape data storage system.

Thus, the host and the magnetic tape data storage system, such as a magnetic tape
drive, are rarely operating at identical speeds in a balanced environment. Instead,
typicaily, either the buffer is full, meaning that the incoming data (data from the host to
be written, or data read from the magnetic tape) to the buffer is limited by the speed
that data is removed from the buffer and thus can then be overwritten; or the buffer is
nearly empty, meaning that the outgoing data from the buffer (either host data being
written to the media, or read data being supplied to the host) is limited by the speed
that data is supplied to the buffer.

When the effective host data rate exceeds the native data rate of the magnetic tape
data storage system on a write, or when it is less than the native data rate on a read,
then the differences in speeds requires that the magnetic tape data storage system stop
the magnetic tape to allow the slower speed operation to catch up. Additionally, a
sequence of commands may result in stopping, and perhaps reversing, the magnetic
tape. The effective host data rate is the host data rate after data compression, which is
typically provided by the magnetic tape data storage system. Herein, the term “host
data rate” should be taken to mean the effective host data rate if the data is
compressed, or to mean that the host data is not compressible, or uncompressed if there
is no compression engine in the magnetic tape data storage system.

An example of a command which typically requires that the tape be stopped and
reversed is a “Space” command with a negative argument, which is sometimes referred
to as “Space backwards”. In that case, the tape might be stopped, accelerated
backwards, then re-accelerated forwards so that the target of the Space backwards
command, which might be a short distance previous to the present position, can be read
forward.

Another type of command which might cause the tape to be stopped is a syn-



WO 2004/107158 PCT/EP2004/050771

[007]

[008]

[009]

[010]

[011]

chronizing command. Any type of write command issued with the “Immediate” bit not
set is non-Immediate, which means that the drive is not to reply with a command
complete until after all of the data, up to and including the data to be written as part of
that command, has been written to tape, and verified to be written properly. One
instance of a synchronizing command is a “Write filemark” command with an
argument of zero filemarks to be written, in which case the whole purpose of the
command is to cause the magnetic tape data storage system to write all the data that is
in its data buffer to tape, or “flushed”. In the case of a synchronizing command,
followed by another write comxnand; the magnetic tape data storage system must stop
the tape, accelerate it backwards, stop the tape again, and then accelerate it forward
sufficiently in front of the end of the previously written data so that the writing of the
new data may begin immediately following the data written by the last synchronizing
command. Repositioning the tape to allow writing to resume following the present
position is referred to as a “reposition”, or sometimes as a “backhitch”.

Another case where a reposition is typically required is when a magnetic tape data
storage system which is writing data to tape runs out of data in the buffer be written,
which will happen when the data rate at which the magnetic tape data storage system is
writing to tape is faster than the rate at which the host sends it data.

All of these situations may result in inefficiencies in operation.

Disclosure of Invention

The present invention accordingly provides, in a first aspect, a buffer system fora
magnetic tape data storage system, said magnetic tape data storage system for
transferring data with respect to magnetic tape for writing and reading data on
magnetic tape, said buffer system comprising: a sequential buffer comprising a
plurality of segments; and a buffer management system, said buffer management
system: buffering at least one data record in said sequential buffer in at least one of
said segments, as part of said magnetic tape data Storage system conducting a transfer
process transferring said at least one data record; and at least subsequent to said
magnetic tape data storage system conducting said transfer process transferring at least
one data record, maintaining buffered data of said buffered at least one data record, in
at least one of said segments, and less than all said segments of said buffer, such that
said maintained buffered data is prevented from being overwritten while so
maintained.

Preferably, in the buffer system of the first aspect said buffer management system
maintains said buffered data of said buffered at least one data record, in a pre-
determined number of segments of said sequential buffer.

Further preferably, in the buffer system of the first aspect, the predetermined
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number of maintained segments of said buffered at least one data record, comprises a
number of segments related to the total number of said plurality of segments of said
sequential buffer.

Preferably, in the buffer system of the first aspect, the buffer management system
identifies said maintained buffered data of said at least one of said segments, with a
segment pointer.

The present invention accordingly provides, in a second aspect, a buffer system for
a magnetic tape data storage system, said magnetic tape data storage system for
transferring data with respect to magnetic tape for writing and reading data on
magnetic tape, said buffer system comprising: a sequential buffer comprising a
plurality of segments; and a buffer management system, said buffer management
system: buffering at least one data record in said sequential buffer in at least one of
said segments, as part of said magnetic tape data storage system conducting a transfer
process transferring said at least one data record; at least subsequent to said magnetic
tape data storage system conducting said transfer process transferring at least one data
record, maintaining buffered data of said buffered at least one data record, in at least
one of said segments, and less than all said segments of said buffer, such that said
maintained buffered data is prevented from being overwritten while so maintained; and
indicating said maintained buffered data of said at least one of said segments,
comprises VALID data, whereby said data need not be read from said magnetic tape.

Preferably in the buffer system of the second aspect the buffer management
system, additionally: upon a command for said magnetic tape data storage system to
conduct a backwards spacing and forward read operation, instead provides at least
some of said maintained buffered data of said at least one of said segments.

Preferably, in the buffer system of the second aspect the buffer management
system, additionally: upon a command for said magnetic tape data storage system to
conduct a backwards read operation, instead provides at least some of said maintained
buffered data of said at least one of said segments.

The present invention accordingly provides, in a third aspect, a buffer system for a
magnetic tape data storage system, said magnetic tape data storage system for
transferring data with respect to magnetic tape for writing and reading data on
magnetic tape, said buffer system comprising: a sequential buffer comprising a
plurality of segments; and a buffer management system, said buffer management
system: buffering at least one data record in said sequential buffer in at least one of
said segments, as part of said magnetic tape data storage system conducting a transfer
process transferring said at least one data record; and at least subsequent to said
magnetic tape data storage system conducting said transfer process transferring at least
one data record, maintaining buffered data of said buffered at least one data record, in
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a variable number of said segments less than all said segments of said buffer, such that
said maintained buffered data is prevented from being overwritten while so
maintained.

Preferably, in the buffer system of the third aspect, the variable number of
segments of said buffered at least one data record maintained by said buffer
management system, comprises a number of segments determined as a function of the
characterization of said at least one data record.

Preferably, in the buffer system of the third aspect, the transfer process additionally
transfers said data with respect to a host system, and wherein said variable number of
segments of said buffered at least one data record maintained by said buffer
management system, comprises a number of segments determined as a function of the
performance of said host system as compared to the performance of said magnetic tape
data storage system.

Preferably, in the buffer system of the third aspect, the transfer process additionally
transfers said data with respect to a host system, and wherein said variable number of
segments of said buffered at least one data record maintained by said buffer
management system, comprises a number of segments determined as a function of the
frequency of preceding backwards spacing operations conducted with respect to said
magnetic tape data storage system by said host system.

Preferably, in the buffer system of the third aspect, the transfer process additionally
transfers said data with respect to a host system, and wherein said variable number of
segments of said buffered at least one data record maintained by said buffer
management system, comprises a number of segments determined as a function of the
lengths of preceding backwards spacing operations conducted with respect to said
magnetic tape data storage system by said host system. "

Preferably, in the buffer system of the third aspect, the variable number of
segments of said buffered at least one data record maintained by said buffer
management system, varies up to a maximum number of segments determined as a
function of the total number of said plurality of segments of said sequential buffer.

The present invention accordingly provides, in a fourth aspect, a buffer system for
a magnetic tape data storage system, said magnetic tape data storage system for
transferring data with respect to magnetic tape for writing and reading data on
magnetic tape, said buffer system comprising: a sequential buffer comprising a
plurality of segments; and a buffer management system, said buffer management
system: buffering at least one data record in said sequential buffer in at least one of
said segments, as part of said magnetic tape data storage system conducting a transfer
process transferring said at least one data record; at least subsequent to said magnetic
tape data storage system conducting said transfer process transferring at least one data
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record, maintaining buffered data of said buffered at least one data record, in a variable
number of said segments less than all said segments of said buffer, such that said
maintained buffered data is prevented from being overwritten while so maintained; and
upon said magnetic tape data storage system switching from said transfer process to
another process, indicating said maintained buffered data of said variable number of
said segments, comprises VALID data, whereby said data need not be read from said
magnetic tape.

Preferably, in the fourth aspect, the buffer system further, upon a command for said
agnetic tape data storage system to conduct a backwards spacing and forward read
operation, instead provides at least some of said maintained buffered data of said at
least one of said segments.

Preferably, in the fourth aspect, the buffer system further, upon a command for said

" magnetic tape data storage system to conduct a backwards read operation, instead

provides at least some of said maintained buffered data of said at least one of said
segments.

The present invention further provides, in other aspects, magnetic tape data storage
systems, methods and computer program products corresponding to the buffer systems
described above.

The present invention comprises a buffer system for a magnetic tape data storage
system, a magnetic tape drive, a method, and a computer program product usable with
a programmable computer processor having computer readable program code
embodied therein, for managing a sequential buffer for a magnetic tape data storage
system.

The magnetic tape data storage system transfers data with respect to magnetic tape
for writing and reading data on magnetic tape. The sequential buffer comprises a
plurality of segments.

A buffer management systern, in one embodiment: buffers at least one data record
in the sequential buffer in at least one of the segments, as part of the magnetic tape data
storage system conducting a transfer process transferring the at least one data record;
and at least subsequent to the magnetic tape data storage system conducting the
transfer process transferring at least one data record, maintains buffered data of the
puffered at least one data record, in at least one of the segments, and less than all the
segments of the buffer, such that the maintained buffered data is prevented from being
overwritten while so maintained.

In a further embodiment, the buffer management system indicates the maintained
buffered data of the at least one of the segments, comprises VALID data, whereby the
data need not be read from the magnetic tape.

Thus, a subsequent process may be conducted, and directly use the data maintained
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in the buffer. As the result, the magnetic tape data storage system will not be required
to move the media to a point where it would accelerate the magnetic tape to op-
erational speed at the point required to read the data.

Further, by maintaining buffered data in less than all the segments of the buffer, the
buffer is available for conducting the subsequent process.

In one embodiment, the buffer management system maintains the buffered data of
the buffered at least one data record, in a predetermined number of segments of the
sequential buffer. The predetermined number of maintained segments, in one
embodiment, comprises a number of segments related to the total number of the
plurality of segments of the sequential buffer.

In another embodiment, the buffer management system identifies the maintained
buffered data with a segment pointer.

In a further embodiment, the buffer management system maintains the buffered
data of the buffered at least one data record, in a variable number of segments, less
than all the segments of the buffer.

In another embodiment, the variable number of segments, comprises a number of
segments determined as a function of the characterization of the at least one data
record.

In still another embodiment, the variable number of segments comprises a number
of segments determined as a function of the performance of the host system as
compared to the performance of the magnetic tape data storage system.

In a further embodiment, the variable number of segments of the buffered at: least
one data record maintained by the buffer management system, comprises a number of
segments determined as a function of the frequency of preceding backwards spacing
operations conducted with respect to the magnetic tape data storage system by the host
system.

In a still further embodiment, the variable number of segments comprises a number
of segments determined as a function of the lengths of preceding backwards spacing
operations conducted with respect to the magnetic tape data storage system by the host
system.

In another embodiment, the variable number of segments varies up to a maximum
number of segments determined as a function of the total number of the plurality of
segments of the sequential buffer.

In a further embodiment, upon a command for the magnetic tape data storage
system to conduct a backwards spacing and forward read operation, the buffer
management system instead provides at least some of the data maintained in the at
least one segment of the sequential buffer.

In a still further embodiment, upon a command for the magnetic tape data storage
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system to conduct a backwards read operation, the buffer management system instead
provides at least some of the data maintained in the at least one of the segment of the
sequential buffer. '

In another embodiment, segments are tracked whose data has been transferred and
are made available for overwriting, but which segments have not been overwritten, and
data of the tracked segments are re-enabled as VALID data. The tracked segments may
comprise both the segments available for overwriting and the segments having
maintained buffered data, if any. Further, the buffer may not be enabled to maintain
buffered data, and only segments available for overwriting are tracked.

For a fuller understanding of the present invention, reference should be made to the
following detailed description taken in conjunction with the accompanying drawings.
Brief Description of the Drawings

A preferred embodiment of the present invention will now be described in detail by
way of example only with reference to the following drawings:

FIG. 1 is a block diagram of an embodiment of a magnetic tape data storage
system with a magnetic tape, which magnetic tape data storage system implements the
present invention;

FIG. 2 is a block diagram of the buffer of FIG. 1 and buffer management system of
the processor of FIG. 1 in accordance with an embodiment of the present invention;

FIGS. 3A and 3B are diagrammatic illustrations of data of a buffer of a magnetic
tape data storage system in accordance with the prior art;

FIG. 4A and 4B are diagrammatic illustrations of data of the buffer of FIG. 1in
accordance with an embodiment of the present invention;

FIG. 5 is a flow chart depicting an embodiment of computer implemented methods
of the present invention;

FIG. 6 is a diagrammatic illustration of data of a buffer of a magnetic tape data
storage system in accordance with the prior art in a write process;

FIG. 7 is a diagrammatic illustration of data of the buffer of FIG. 1 in accordance
with an embodiment of the present invention in a write process;

FIG. 8 is a diagrammatic illustration of use of the data of the buffer of FIG. 7;

FIGS. 9A, 9B, 9C and 9D are diagrammatic illustrations of data of a buffer of a
magnetic tape data storage system in accordance with the prior art;

FIG. 10 is a diagrammatic illustration of data of the buffer of FIG. 1 in accordance
with an embodiment of the present invention;

FIGS. 11A and 11B are diagrammatic illustrations of the buffer of FIG. 1 in the
use of the data of the buffer of FIG. 10;

FIG. 12 is a diagrammatic illustration of further use of the data of FIGS. 11A and
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11B;

FIG. 13 is a diagrammatic illustration of data of the buffer of FIG. 1 in accordance
with an embodiment of the present invention; and

FIG. 14 is a diagrammatic illustration of the buffer of FIG. 1 in the use of the data
of the buffer of FIG. 13.

Mode for the Invention
Referring to FIG. 1, an embodiment of a magnetic tape data storage system 10 is il-

lustrated which implements a preferred embodiment of the present invention. The
magnetic tape data storage system provides a means for reading and writing in-
formation with respect to a magnetic tape 14, which is provided, for example, by a
cartridge 11. As a specific example, the illustrated cartridge and associated magnetic
tape data storage system adbere to the Linear Tape Open (LTO) format. An example of
a single reel tape drive is the IBM 3580 Ultrium magnetic tape drive based on LTO
technology. A further example of a single reel tape drive and cartridge is such as that
discussed in U.S. Patent No. 5,432,652, Comeaux et al., issued July 11, 1995. Another
example of a single reel tape drive is the BM 3590 Magstar magnetic tape drive and
associated magnetic tape cartridge. An example of a dual reel cartridge is the IBM
3570 magnetic tape cartridge and associated drive. Tape drives may further comprise
elements of a greater magnetic tape data storage system, such as an automated data
storage library.

As is understood by those of skill in the art, a magnetic tape cartridge 11 comprises
a length of magnetic tape 14 wound on one or two reels 15, 16. Also as is understood
by those of skill in the art, a magnetic tape data storage system 10 comprises one or
more processors 18 of a recording system for operating the magnetic tape data storage
system in accordance with commands received from a host system 20 received at an
interface 21. The tape drive may comprise a standalone unit or comprise a part of a
tape library or other subsystem. The magnetic tape data storage system 10 may be
coupled to the host system 20 directly, through a library, or over a network, and
employ the Small Computer Systems Interface (SCSI), Fibre Channel Interface, etc.

The magnetic tape cartridge 11 may be inserted in the magnetic tape data storage
system 10, and loaded by the magnetic tape data storage system so that one or more
read and/or write heads 23 of the recording system reads and/or writes information
with respect to the magnetic tape 14 as the tape is moved longitudinally by one or more
motors 25. The magnetic tape comprises a plurality of parallel tracks, or groups of
tracks. In some formats, such as the LTO format, discussed above, the tracks are
arranged in a serpentine back and forth pattern of separate wraps, as is known to those
of skill in the art. Also as known to those of skill in the art, the recofding system
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comprises a wrap control system 27 to electronically switch to another set of read and/
or write heads, and/or to seek and move the read and/or write heads 23 laterally of the
magnetic tape, to position the heads at a desired wrap or wraps, and, in some em-
bodiments, to track follow the desired wrap or wraps. The wrap control system may
also control the operation of the motors 25 through motor drivers 28, both in response
to instructions by the processor 18.

Processor 18 also provides the data flow and formatting of data to be read from and
written to the magnetic tape, employing a sequential buffer 30 and a recording channel
32.

In accordance with a preferred embodiment of the present invention, the sequential
buffer 30 is managed by a buffer management system. Referring additionally to FIG. 2,
the buffer 30 comprises a buffer memory 34, a buffer input 35, and a buffer output 36.
The buffer is sequential, in that the data is output on a FIFO (first in, first out) basis, as
is understood by those of skill in the art. The buffer input 35 receives data from the
interface 21 of FIG. 1, e.g., at input 37, or receives data from the recording channel 32
of FIG. 1, e.g., at input 38. The buffer output 36 supplies data to the interface 21 of
FIG. 1, e.g., at output 40, or supplies data to the recording channel 32 of FIG. 1, e.g., at
output 41. The buffer memory 34 is arranged to provide a plurality of addressable
areas as is known to those of skill in the art, herein called “segments”. In some ar-
rangements, the segments may comprise a fixed size, for example, approximately
400K user bytes, which might be formatted out to 512K total bytes to provide
magnetic tape formatting, but there is no fixed size requirement in a preferred
embodiment of the present invention, and may alternatively be of variable size.

A buffer management system 50 of FIG. 2 manages operation of the buffer 30 in
accordance with a preferred embodiment of the present invention. The buffer
management system may be implemented in the hardware and logic of the magnetic
tape data storage system 10, may comprise a method, or may comprise a computer
program product usable with a programmable computer having computer readable
program code embodied therein, the computer program product comprising computer
readable program code which operates a computer processor. The computer program
product may be provided in a fixed or removable memory, such as a ROM, PROM,
disk drive or diskette, associated with the processor 18, may be stored as a part of a
database associated with the processor 18, or may be supplied externally, e.g., from
host system 20, all as known to those of skill in the art.

The buffer management system 50 controls the operation of the buffer input 35 and
the buffer output 36, and controls the storage of data in the buffer memory segments,
in conducting data transfer processes for the magnetic tape data storage system. As one
example, the storage of data may by controlled by the use of pointers, as is known to
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those of skill in the art.

Referring to FIGS. 3A and 3B, the buffer is controlled employing pointers and
buffer management as known in the prior art. The total amount of buffer space for
storing data is referenced by the numeral 60, the buffer space arranged in segments,
such as segments 61. The processes being conducted by the magnetic tape data storage
system as depicted in FIG. 3A and in FIG. 3B comprise reading data from the
magnetic tape 14 of FIG. 1, buffering that data in the sequential buffer 30, and
supplying the buffered data to the host system 20. In FIGS. 3A and 3B, and in all
subsequent buffer operation illustrations, the operation of the buffer is depicted as
moving from the left to the right, and then wrapping back to the left end of the il-
lustration, unless otherwise specified. The buffered data is not typically moved within
the buffer, but the addresses where the data is buffered or read from the buffer are
moved, typically with pointers. The transfer process comprises data which is '
transferred in any suitable form, herein called data “records”, the size of which may or
may not be related to the size of the buffer, and which may be variable or constant.

A pointer 62 designates a segment 64 into which data is being stored as it is read
from the magnetic tape, and which is illustrated by the letter “M”. Pointers typically
point to an address of the buffer memory 34 of FIG. 2. Segments of the buffer 60 of
FIGS. 3A and 3B which store data which has been read from the magnetic tape are il-
lustrated by the letter “B”. Anotber pointer 66 designates a segment 67 from which
data is being supplied to the host, the data baving been stored in the buffer, and baving '
been read from the magnetic tape, which is illustrated by the letter “H”. Segments 68
comprise data that has been supplied to the host and which segments are available to
be overwritten, and are illustrated by the letter “r”

In FIG. 3A, the data is being read from the magnetic tape and stored in the buffer at
a higher rate than the buffered data is being supplied to the host system, such that the
pointer 62 is likely to nearly catch up with pointer 66 to the extent that a segment will
be overwritten, like segment “M” 64, as soon as the data in that segment is supplied to
the host system and released, so that there are effectively no segments in the state
shown by “r” segments 68. However, as soon as there are no segments in the “r” state,
the drive is forced to reposition, during which time the data in the buffer can be
partially emptied, before data read from the tape again starts filling the data buffer.

If a subsequent process is conducted that is to start at the end of the data of the
present process, the magnetic tape data storage system is be required to move the
magnetic tape backwards well beyond the point at which the present process ended, to
a point where it may accelerate the magnetic tape in the forward direction to op-
erational speed by the point required to reread the data, and then the magnetic tape data
storage system conducts the subsequent process.
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FIG. 3B illustrates a similar process, but in which the data is being supplied to the
host system and segments released at a higher rate than the data is being read from the
magnetic tape and stored in the buffer. Alternatively, FIG. 3B may illustrate the state
of the buffer following a reposition when the host data rate is lower than the tape drive
data rate but when the buffer is insufficient to hide that reposition. Most of the data
segments still contain the data that has been supplied to the host and which segments
are available to be overwritten, and are illustrated by the letter “r”. Here, the pointer 66
is likely to catch up with pointer 62 to the extent that data buffered in a segment will
supplied to the host system and released, like segment “H” 67, as soon as the data is
read from the magnetic tape and buffered in a segment, such as segment “M” 64, and
so that there are no, or only a minimum number of, segments in the state shown by “B”
segments 69.

Referring to FIGS. 4A and 4B, in accordance with a preferred embodiment of the
present invention, at least one data record is buffered in the sequential buffer in at least
one of the segments, as part of the magnetic tape data storage system conducting a
transfer process transferring the at least one data record, and the buffer management
system, for example, employing a pointer 70, maintains buffered data in at least one of
the segments, for example, shown as segments 71, 72 and 73, such that the maintained
buffered data of the segments is prevented from being overwritten while so
maintained. FIG. 4A represents the new form of the buffer when conducting an
operation similar to that of prior art FIG. 3A. In FIG. 3A, the next media blocks will
overwrite segments 68 with read ahead data unless explicitly prevented from doing so,
as is accomplished in accordance with a preferred embodiment of the present invention
as illustrated in FIG. 4A. FIG. 4B represents the new form of the buffer when |
conducting an operation similar to that of FIG.

3B. In FIG. 3B, the segments 61 from which the data has been read by the host are
released or cleared, and will be overwritten by the next operation unless explicitly
prevented from doing so, as is accomplished in accordance with a preferred
embodiment of the present invention as illustrated in FIG. 4B.

Herein, “H” stands for a segment actively being received from or sent to, the Host;
“M” for a segment actively being read from, or written to, the Media (magnetic tape);
“R” for segments having maintained read data; “W” for segments having maintained
write data; “B” for data which is buffered; and “r” and “W? for segments having data
which has been transferred and are available to be overwritten.

The maintaining of the buffered data may be ongoing during the transfer process,
and the pointer 70 or other indicator moved as the transfer process progresses, as in
FIG. 4A, or may be conducted at the end of the process by applying the pointer or
other indicator, as in FIG. 4B. Thus, at least subsequent to the magnetic tape data
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storage system conducting the transfer process transferring at least one data record, the
buffer management system maintains buffered data of the buffered at least one data
record, in at least one of the segments 71, 72, 73 and less than all the segments of the
buffer. Since the exemplary data transfer process comprises a read process, the
segments 71, 72, 73 maintaining the buffered data are illustrated with the letter “R”.

Then, in accordance with an alternative embodiment of the present invention, the
buffer management system indicates that the maintained buffered data in segments 71,
72,73, designated “R”, comprises VALID data, for example, restoring the segments
back to active read buffered status, whereby the data need not be read from the
magnetic tape, but, instead, may be directly read from the sequential buffer.

Further, by maintaining buffered data in less than all the segments 60 of the
sequential buffer, the buffer is available for conducting the subsequent process.

In another embodiment, referring to FIG. 4A, a pointer 78 is employed to the track
segments 79 indicated as “r” whose data has been transferred to the host and are made
available for overwriting, but which segments have not been overwritten. Al-
ternatively, pointer 62 may be employed for this purpose. Any segment having such
data can be restored to active status as VALID data, in addition to the segments having
maintained data, if any. This can greatly increase the amount of data accessible by
space backwards commands, for example, in the case of a buffer which is nearly empty
of segments in the “B” state, such as illustrated by segments 61 of FIG. 4B, which are
tracked by pointer 78. Further, the buffer may not be enabled to maintain buffered
data, and segments 79 available for overwriting are tracked by pointer 78. In that
instance, segments 71, 72, 73 would not be maintained, but would be tracked by
pointer 78.

The amount of buffered data to be maintained may be a predetermined amount or
variable. Herein, the amount of buffered data to be maintained is designated as the
number of segments, which are defined above as addressable areas of the buffer
Memory.

The predetermined number of segments may comprise a function of the buffer size.
An example might be less than 5% of the buffer size in the case of a buffer not much
larger than that necessary to hide a reposition, or many times larger in the case of a
bigger buffer. Thus, if the buffer memory 34 of FIG. 2 was 128MB, the predetermined
number of segments would amount to about 4MB. )

The variable number of segments may comprise a function of previous operations,
or the current operation or process, or a combination. As examples, the variable
number of segments may comprise the characterization of the data record(s), a function
of the relative performance of the host system and the magnetic tape data storage
system, a function of the frequency of previous backwards spacing operations, or a



WO 2004/107158 PCT/EP2004/050771

[081]

[082]

[083]

[084]

[085]

[086]

[087]

13

function of the length of previous backwards spacing operations.

As a specific example, in a write process, the data records may include one or more
non-Immediate write filemarks to be written, which, in SCSI protocol, each requires
that the buffer is flushed and all the data preceding the filemark is written to magnetic
tape, before any subsequent command can be received with more data for the buffer, as
is known to those of skill in the art. If a large amount of data is maintained in the
buffer, the characterization of a data record as a filemark would result in the release of
some of the segments, reducing the number of segments to maintain buffered data to a
minimum number of segments. An example might be approximately 5% of the buffer
size with no filemarks present and a minimum of 1-1.5% of the buffer size with
filemarks.

As another example, if the relative performance of the host system and the
magnetic tape data storage system are such that data is output at a faster rate than
input, leaving empty space in the buffer, such as shown in FIG. 4B, the number of
segments to maintain buffered data may be expanded. Conversely, if the relative
performance of the host system and the magnetic tape data storage system are such that
data is available to be input at a faster rate than it is output, such that the buffer is full
of data to be output, such as shown in FIG. 4A, the number of segments to maintain
buffered data may be reduced.

As a further example, if backwards spacing operations have been performed
frequently, the number of segments to maintain buffered data may be expanded.
Conversely, if backwards spacing operations have been performed infrequently, or not
at all, the number of segments to maintain buffered data might be reduced to a
minimum level, perhaps even to zero. '

Further, if there have been backwards spacing operations, the lengths of the
preceding backwards spacing operations may be utilized to determine the variable
number of segments to maintain buffered data.

Additionally, the variable number of segments varies up to a maximum number of
segments determined as a function of the total number of the plurality of segments of
the sequential buffer. For example, a maximum number of segments might be 5% of
the buffer size.

FIG. 5 illustrates embodiments of computer implemented methods of a preferred
embodiment of the present invention. A command or commands for the next process
are received by the magnetic tape data storage system in step 80, switching from the
previous process to the next, or present, process.

In step 81, a determination is made whether buffered data of the previous process
can be used in the present process, if the previous process was a transfer process which
maintained buffered data in segments of the buffer in accordance with a preferred
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embodiment of the present invention, such that the maintained buffered data is
prevented from being overwritten while so maintained. For example, the present

" process may comprise a locate command following a write or read command, and the

maintained buffered data may be directly used by the present process. As the result, the
magnetic tape data storage system will not be required to move the media to a point
where it would accelerate the magnetic tape to operational speed at the point required
to read the data.

In another embodiment, step 81 additionally determines whether any tracked
segments which are available for overwriting, and which bave not been overwritten,
exist, and whether the data of the tracked segments can be used by the present process.

If step 81 determines that the maintained buffered data can be used by the present
process, “YES”, in step 82, the buffer management system indicates that the
maintained buffered data of the at least one of the segments, comprises VALID data,
whereby the data need not be read from the magnetic tape.

In another embodiment, if step 81 determines that tracked segments, perhaps
including segments having maintained buffered data, exist, and that the tracked data
can be used by the present process, in step 84, the buffer management system indicates
that the data of at least one of the tracked segments, comprises VALID data. In step 81,
if the buffer is not enabled to maintain buffered data, only segments available for
overwriting are tracked and may be indicated as VALID data in step 84.

The buffer management system then determines the number of segments of
buffered data to maintain in the present transfer process, beginning at step 85, in which
the inputs to the variable functions are provided. The inputs may be related to previous
operations, obtained from a feedback step 87, or the current operation or process, or a
combination, as discussed above. As examples, the variable number of segments may
comprise the characterization of the data record(s), a function of the relative
performance of the host system and the magnetic tape data storage system, a function
of the frequency of previous backwards spacing operations, or a function of the length
of previous backwards spacing operations. The predetermined inputs are provided a
step 88. As examples, the predetermined inputs may comprise maximum or minimum
numbers of segments for the variable number of segments; or may comprise the pre-
determined number of segments, which may be a function of the buffer size, also as
discussed above.

If the implementation allows a selection between various functions, or between one
or more variable number of segments functions and a predetermined number of
segments, step 90 comprises a selection of the function, or the combination, to
determine the number of buffered data segments to be maintained in step 91. If only
one function is to be employed, step 91 may be omitted. Similarly, if only a pre-
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determined number of segments are used to maintain buffered data, steps 85, 87, 88
and 90 may be omitted.

Thus, with the selected function, step 91 determines the number of segments with
which to maintain buffered data. Also, the number of segments, if variable, may be
varied during the process in accordance with the function.

In step 95, the buffer management system operates the buffer for the process
received in step 80, and step 87 provides any feedback from that process for the
variable function inputs.

During the operation of the sequential buffer for the process, buffered data may be
maintained on an ongoing basis in the determined number of the segments, for
example, by use of a pointer 70 of FIG. 4, which moves as the process sequences from
left to right through the segments of the buffer 60.

In another embodiment, segments are tracked, in step 89, whose data has been
transferred and are made available for overwriting, but which segments have not been
overwritten. That data may be re-enabled as VALID data in step 84. In one
embodiment, the buffer is not enabled to maintain buffered data, skipping steps 91 and
96 such that only segments available for overwriting are tracked in step 89.

Then, at least subsequent to the magnetic tape data storage system conducting the
transfer process transferring at least one data record, in step 96, the buffer management
system maintains buffered data of the buffered at least one data record, in at least one
of the segments, and less than all the segments of the buffer, up to the number
designated in step 91, if any, such that the maintained buffered data is prevented from
being overwritten while so maintained. The system is then ready to proceed to the next
process in step 80, with the buifered data of the previous process maintained in the
determined number of segments of the buffer 60. Upon the magnetic tape data storage
system switching from the transfer process to another process in step 80, the buffer
management system, in step 82, indicates that the maintained buffered data comprises
VALID data, whereby the data need not be read from the magnetic tape. Instead, the
subsequent process may be conducted, and directly use the data maintained in the
buffer. As the result, the magnetic tape data storage system will not be required to
move the media to a point where it would accelerate the magnetic tape to operational
speed at the point required to read the data. Further, by maintaining buffered data in
less than all the segments of the buffer, the buffer is available for conducting the
subsequent process.

FIGS. 6, 7 and 8 illustrate, respectively, data of a buffer of a magnetic tape data
storage system in accordance with the prior art in a write process, the data of the buffer
in accordance with an embodiment of the present invention in the same write process,

and use of the data of the buffer of FIG. 7 for error recovery after a permanent error.



WO 2004/107158 PCT/EP2004/050771

[099]

[100]

[101]

[102]

{103]

16

FIG. 6 illustrates a write process in which the data is being supplied by the host
system at a rate at least as high as the rate that the buffered data is being written to the
magnetic tape and segments 97 of the buffer 60 are released for buffering more data
from the host. Thus, most of the data segments contain buffered data that has been
supplied by the host and which segments, when released, are immediately overwritten,
and are illustrated by the letter B, Here, the pointer 98 at segment 99 has caught up
with pointer 100 at segment 101 the extent that any segment released when the
buffered data is written to magnetic tape, such as segment “M” 101, becomes
available, it is immediately overwritten by the host, such as segment “H” 99, and so
that there are no segments having data that has been already completely written.

Referring to FIG. 7, in accordance with a preferred embodiment of the present
invention, at least one data record is buffered in the sequential buffer in at least one of
the segments, as part of the magnetic tape data storage system conducting a transfer
process transferring the at least one data record by writing the data to magnetic tape,
and the buffer management system, for example, employing a pointer 103, maintains
buffered data that had been written to magnetic tape in at least one of the segments, for
example, shown as segments 104, such that the maintained buffered data of the
segments is prevented from being overwritten while so maintained. The pointer 98
now points to segment 107 for the host to supply data to the buffer.

Thus, if there is a permanent error that is discovered in the data that has just been
written to magnetic tape, no “good data” remains in the buffer of the prior art process
of FIG. 6. In contrast, the buffer of FIG. 7 has maintained buffered data in a number of
the segments 104, and prevented that data from being overwritten. Hence, if the next
process is a recovery action to recover and restore the just written data, that data is
converted to VALID data in accordance with a preferred embodiment of the present
invention, as shown in FIG. 8 in segments 104, and is available for the recovery
process. In this example, the amount of data that is maintained may be tied to the
present record size (typically no larger than 16 mb), or the amount of data sent since
the last synchronizing event.

In another embodiment, referring to FIG. 7, a pointer 105 is employed to track
segments 106 indicated as “w” whose data has been transferred to the media and are
made available for overwriting, but which segments have not been overwritten. Al-
ternatively, pointer 98 may be used for this purpose. Any segment baving such data
can be restored to active status as VALID data, in an addition to the segments having
maintained data, if any. Further, the buffer may not be enabled to maintain buffered
data, and segments 106 available for overwriting are tracked by pointer 105. In that
instance, segments 104 would not be maintained, but would be tracked by pointer 105.

The host system may perform small file or trailer operations on data just written or
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just read. For example, a host may be writing a small transaction, then, another one is
processed, which may involve examining part of the previous entity. A repetitive
sequence may result as follows:

W1) Space backwards to volume trailer

W2) Read volume trailer

W3) Space backwards to last transaction header

W4) Read header

W5) Space to frailer

W6) Read trailer

W) Write new transaction

W8) Write trailer, etc.

Maintaining buffered data in the buffer in accordance with a preferred embodiment
of the present invention allows this, W1-W6, to be done without any magnetic tape
read operations, and write operations only are conducted.

This becomes even more efficient with read processing only, where distinct host
transaction processing may involve:

R1) Space backwards to last transaction trailer

R2) Read trailer

R3) Read header of this transaction

R4) Read transaction

R5) Read trailer, etc.

FIGS. 9A, 9B, 9C and 9D illustrate a read process in which the data is being read
by the magnetic tape data storage system and buffered, and the buffered data is being
transferred to the host system, The read and buffered data is designated by the letter “B
” In FIG. 9A the data is being read and buffered from the magnetic tape at a rate at
least as high as the rate that the buffered data is being transferred to the host system
and segments 112 of the buffer 60 are released for buffering more data from the
magnetic tape. Thus, most of the data segments contain buffered data that has been
supplied by the host and which segments, when released, are immediately overwritten.
Here, the pointer 118 at segment 119 has caught up with pointer 115 at segment 116, to
the extent that any segment released when the buffered data “B” is supplied to the host
system, such as segment “H’ 116, is immediately overwritten by the magnetic tape
data storage system, such as segment “M” 119, and so that there are no segments
having data that has been read.

To conduct step “R1”, above, in the prior art, the magnetic tape data storage system
must reposition the magnetic tape backwards to a position backwards of the last
transaction trailer. If the magnetic tape data storage system has been conducting the
read operation on a read ahead basis (which is a normal basis of operation), the
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magnetic tape is a considerable distance from the position backwards of the last
transaction trailer that has been supplied to the host. This is seen from the buffer 60,
which is full of buffered data “B” that has been read from the magnetic tape. When the
magnetic tape is repositioned, the buffer is emptied, as is shown in FIG. 9B.

After the magnetic tape is repositioned, it is accelerated to a speed such that the
magnetic tape data storage system may read the trailer, step “R2”, and read the header
of this transaction, step “R3”. The magnetic tape data storage system then, as shown in
FIG. 9C, then resumes the read ahead process, moving pointer 118 to segment 120,
and providing read buffered data at segments 121 of buffer 60.

Then, in FIG. 9D, the host system begins to receive the data from the buffer 60, as
indicated by moving pointer 115 to segment 130, leaving read data that may be
overwritten in segments 131.

Time consuming backwards motion of the magnetic tape may be eliminated by
maintaining buffered data in a number of segments of the buffer in accordance with a
preferred embodiment of the present invention.

FIG. 10 illustrates the new read process when conducting an operation similar to
that of prior art FIG. 3A, or of FIG. 9A where the catch up has occurred, but conducted
in accordance with a preferred embodiment of the present invention. In FIG. 10, the
read process is one in which the data is being read by the magnetic tape data storage
system and buffered, as shown by pointer 150, the segment is indicated as “M” for
data being read from the magnetic tape, and the buffered data is being transferred to
the host system, as shown by pointer 151, the segment is indicated as “H” for buffered
data being transferred to the host system. The data is being read and buffered from the
magnetic tape at a rate at least as high as the rate that the buffered data is being
transferred to the host system and segments 138 of the buffer 60 are released for
buffering more data from the magnetic tape. However, in accordance with a preferred
embodiment of the present invention, the buffer management system maintains
buffered data in at least one of the segments, and less than all the segments of the
buffer, such that the maintained buffered data is prevented from being overwritten
while so maintained, as is illustrated by pointer 140 and segments 141, 142, 143, 144
and 145, which are illustrated with the oldest data segment having the highest
numerical reference. The pointer 150 at segment 152 represents the read ahead process,
and has caught up with pointer 140 at segment 145, and is prevented from overwriting
the maintained buffered segment.

As shown by FIG. 11A, to conduct step “R1”, above, the magnetic tape data
storage system is not required to reposition the magnetic tape backwards as in the prior
art. Rather, the buffer management system, upon the magnetic tape data storage system
switching from the transfer process to the process of step “R1”, indicates the
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maintained buffered data of the at least one of the segments, comprises VALID data,
and logically repositions the host backwards to the desired segment containing the last
transaction trailer, as shown by pointer 151 being repositioned at segment 143. The
maintained buffered data is indicated as VALID and is designated by the letter “B” as
still buffered.

Hence, as shown by FIG. 11B, the data may be again sent to the host in accordance
with step “R2”, etc., as shown by the movement of pointer 151 in the forward
direction. All the while, in both FIG. 11A and in FIG. 11B, pointer 140 prevents the
read ahead function of the magnetic tape data storage system from overwriting the
maintained data. Once the number of segments maintaining buffered data again
reaches the determined number of segments, pointer 140 moves forward and allows the
read ahead process to continue from the previous point.

FIG. 12 represents a potential step which may follow that shown in FIGS. 11A and
11B in which the host conducts a “space forward” operation, jumping to the data at
segment 160, which, because the data remains in the buffer, is available, is accessed
logically by the buffer management system.

FIGS. 13 illustrates a write process in which the data is being supplied by the host
system, as indicated by pointer 160, and the segment indicated by the letter “H”, and
the magnetic tape data storage system is writing the data to the magnetic tape, as
indicated by pointer 161, and indicated by the letter “M”. In accordance with a
preferred embodiment of the present invention, a buffered data is maintained in a
number of segments 170, 171, 172 and 173, and indicated by pointer 163. The
remaining data that has been written and not maintained may be overwritten, and is
designated by the letter “w”.

The host system, in the next process, may wish to read the data that has just been
written. In the prior art, that data would bave been made available for overwriting and
would not be valid. However, in accordance with a preferred embodiment of the
present invention, some or all of the data has been maintained and is prevented from
being overwritten. In FIG. 14, the buffer management system, upon the magnetic tape
data storage system switching from the transfer process to the backwards read process,
indicates the maintained buffered data of the at least one of the segments, comprises
VALID data, and the maintained buffered data, now VALID for backwards reading is
designated by the letter “B” as buffered. The host pointer for the read operation then
moves from right to left in the buffer 60, and pointer 163 indicates that segment 173
represents the last of the maintained data for backwards read back.

The illustrated components of the magnetic tape data storage tape system 10 of
FIG. 1, and the components of the buffer management system of FIG. 2 may be varied,

combined, or combined functions may be separated, as is known to those of skill in the
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art. The illustrated steps of FIG. 5 may be altered in sequence, omitted, or other steps
added, as is known to those of skill in the art.
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Claims

A buffer system for a magnetic tape data storage system, said magnetic tape data
storage system for transferring data with respect to magnetic tape for writing and
reading data on magnetic tape, said buffer system comprising: a sequential buffer
comprising a plurality of segments; and a buffer management system, said buffer
management system: buffering at least one data record in said sequential buffer
in at least one of said segments, as part of said magnetic tape data storage system
conducting a transfer process transferring said at least one data record; and at
least subsequent to said magnetic tape data storage system conducting said
transfer process transferring at least one data record, maintaining buffered data of
said buffered at least one data record, in at least one of said segments, and less
than all said segments of said buffer, such that said maintained buffered data is
prevented from being overwritten while so maintained.

The buffer system of Claim 1 further comprising: means for indicating said
maintained buffered data of said at least one of said segments, comprises VALID
data, whereby said data need not be read from said magnetic tape.

The buffer system of claim 1 wherein said at least one of said segments is a
variable number of said segments.

The buffer system of claim 3 further comprising: means for, upon said magnetic
tape data storage system, switching from said transfer process to another process,
indicating said maintained buffered data of said variable number of said
segments, comprises VALID data, whereby said data need not be read from said
magnetic tape. '
The buffer system of Claim 1, wherein said buffer management system, ad-
ditionally: upon a command for said magnetic tape data storage system to
conduct a backwards spacing and forward read operation, instead provides at
least some of said maintained buffered data of said at least one of said segments.
The buffer system of Claim 1, wherein said buffer management system, ad-
ditionally: upon a command for said magnetic tape data storage system to
conduct a backwards read operation, instead provides at least some of said
maintained buffered data of said at least one of said segments.

A magnetic tape data storage system comprising:at least one magnetic head for
writing and reading data on magnetic tape;a drive mechanism for moving a
magnetic tape relative to said at least one magnetic head;a sequential buffer
comprising a plurality of segments; and a control processor for operating said
drive mechanism, said at least one magnetic head, and said sequential buffer for
transferring data with respect to magnetic tape for writing and reading data on
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magnetic tape, said control processor:buffering at least one data record in said
sequential buffer in at least one of said segments, as part of said magnetic tape
drive conducting a transfer process transferring said at least one data record; and
at least subsequent to said magnetic tape data storage system conducting said
transfer process transferring at least one data record, maintaining buffered data of
said buffered at least one data record, in at least one of said segments, and less
than all said segments of said buffer, such that said maintained buffered data is
prevented from being overwritten while so maintained.

In a magnetic tape data storage system for transferring data with respect to
magnetic tape for writing and reading data on magnetic tape, said magnetic tape
data storage system having a sequential buffer comprising a plurality of
segments, a method comprising the steps of: buffering at least one data record in
said sequential buffer in at least one of said segments while conducting a transfer
process transferring said at least one data record; and at least subsequent to
conducting said transfer process transferring at least one data record, maintaining
buffered data of said buffered at least one data record, in at least one of said
segments, and less than all said segments of said buffer, such that said
maintained buffered data is prevented from being overwritten while so
maintained.

A computer program product usable with a programmable computer processor
having computer readable program code embodied therein, said programmable
computer processor for managing a buffer system of a magnetic tape data storage
system, said magnetic tape data storage system for writing and reading data on
magnetic tape, said buffer system having a sequential buffer comprising a
plurality of segments, said computer program product comprising: computer
readable program code which causes said programmable computer processor to
buffer at least one data record in said sequential buffer in at least one of said
segments while conducting a transfer process transferring said at least one data
record; and computer readable program code which causes said programmable
computer processor, at least subsequent to conducting said transfer process
transferring at least one data record, to maintain buffered data of said buffered at
least one data record, in at least one of said segments, and less than all said
segments of said buffer, such that said maintained buffered data is prevented
from being overwritten while so maintained.



WO 2004/107158

117

PCT/EP2004/050771

20
HOST /1 0
21
INTERFACE
~30
o PROCESSOR
18
32
RECORDING
CHANNEL
23 27
11 WRAP
CONTROL
14
é v 28
MOTOR
15~ 16 DRIVERS
%5
MOTORS

Fia. 1



WO 2004/107158

217

PCT/EP2004/050771

50
BUFFER
MANAGEMENT
SYSTEM
30
v 35 v v % pec.
INT.| | BUFFER | BUFFER | Burrer || B
3771 7| INPUT | MEMORY ouTPUT [ 147
o 4
38 40|
\
RECORDING INTERFACE
CHANNEL
FIG. 2

60\‘

MBBBBBWBWBBBMBWMBWUrHBBB

~ g7
61 68
FIG. 3A
B0~ (Prior Arf) 66 N

CrTr e e Ur e e Ue e e e e e Tel e D [ L JHIBIML P
X

67

FiG. 38
{Prior Art)

67~ / 64

69



WO 2004/107158 PCT/EP2004/050771

377

6'0\

(BIEIEEEIEEIEBIBIEIE ML T T RIRIRIHIBIBIB]
61 79 737271
FiG. 4A
60—~ w0 682
CrlrTre e Ul T le T e lelr [rl e TP IRIRIRIHIBIMI L A L 1
N /77 6764
61 737271

FiG. 48



WO 2004/107158

47

PCT/EP2004/050771

80
RECEIVF
| COMMAND(S)
= FORNEXT
PROCESS
INNGL 82
MAINTAINED/ INDICATE
TRACKED DATA | MAINTAINED DATA
BE USED AS VALID DATA
NOY V84
INDICATE
- TRACKED DATA
Y e 85 AS VALID DATA
VARIABLE
FUNCTION |«
INPUTS
Y ~90 ~88
SELECT PREDETERMINED
FUNCTION INPUTS
 J Ve 97
DETERMINE NO.
OF SEGMENTS
70 MAINTAIN
95
S 87
OPERATE ‘
BUFFER FOR > FEEDBACK
PROCESS
v 89
TRACK SEGMENTS
Y 96
PROCESS ENDS
MAINTAIN DATA

FiG. &



WO 2004/107158 PCT/EP2004/050771

5177

60~ 98\l ¢/700
B|B|B|B|B|R|B|B|B|B|R|R|B|B|HIMIB|B|B|B|B|BIB|B
N\ 99 101
97
FIG. 6
(Prior Art)

60~ 98\‘ ¢/105$/703 i/100

B|B|B|B|B|B|BH|wiwiwWWWW\MB|BIB|B|B|B|BIB

N w7 Y N 101

97 106 104
FiG. 7
60~ 108 100
(BIBIBIBIBIBIBIBIBIBIHI 1111 IMBIBIBIBIBIBIBIE
1077 SN\~ 101
97 104
FIG. 8
60~ 778\¢ i/775
|B|BIB|BIBIB|R]BIB|B]|BIBIMIH]B]BIB|BIB]|BIBIB(B|B]
N 119 116
112
~ FIG. 9A
(Prior Arf)
50\
[T - A L e
116 119
FIG. 9B

(Prior Art)



WO 2004/107158 PCT/EP2004/050771

6177

60~ KHE 718\¢

- EEEA L FHIBRIEBEM -1
1167 "N\ 120
121

FIG. 9C
(Prior Arl)

115 118

-L-1-1-1-1-1-1-1-1-1-1-1rlr|H|B]B|B|BIBIM! - |- -]
| ?3/1 130

FIG. 90
(Prior Art)

140
B0~ 750\i ‘/‘;"4 }42 i/757

|BIBIBIBIBIBIBIB1BIBIBIBIBIBIMIRIRIRIRIRIH|BIBIB

1522/ / / 183

138 145 143 141
FiG.10

140

™ 0N

BBBBBBBBBWMBBBMMﬁH§BBWMM
/G44f)}42//

145 143 141
FIG.11A

151




WO 2004/107158 PCT/EP2004/050771

717

N 150\l | ¢/751

|BIBIB|B|B|B|B|B|B|B|BIB|B|BIMIRIRIRIRIH|B|B|B|B

60—~ 750\$ ¢/740 ‘/757 |

B[BIB|B|B|B|B|B|B|B|BIBIBIBIM| | r|RIRIR HiRj/;l
160

o

50\\ 163 161 160

w T T T [ [ e T D L e T AWM H e L we L L we L wr | we

Y, T
173772j \771170

FIG. 13

(‘763 ‘L/760
T - - IBBIBIBIBIH - - - - - 1
173
FIG. 14




	Abstract
	Bibliographic
	Description
	Claims
	Drawings

