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A digital servo track pattern for a magnetic medium which can be recorded and reproduced by a recording and reprodu-
cing system. The servo track pattern has a plurality of digital mark patterns recorded thereon, each of said digital mark patterns
having a leading identifier field of digital bits, a trailing identifier field of digital bits and a field of digital synchronizing data lo-
cated between said leading and trailing identifier fields. The leading identifier field of digital bits is electrically equivalent during
reproducing while the medium is moving in a first direction to the trailing identifier field of digital bits while the medium is mov-
ing in a direction opposite to said first diréction.
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DIGITAL SERVO TRACK FORMAT
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Triple Orthogonally Interleaved Error Correction System,
by Kirk Handley, Donald S. Rhines and William McCoy, filed J anuary 13,
1992, Serial No. 07/820,737.

TECHNICAL FIELD

The present invention relates to mass storage devices, and more
particularly, to recording and reproducing apparatus and methods for
achieving very high density recording of digital information at very high
transfer rates.

BACKGROUND ART

The market for mass storage devices is growing at what seems
to be an ever increasing rate with the sales of high-performance computers
penetrating numerous industries ranging from financial institutions to oil
exploration companies. The processing power of these high-performance
systems, and the data they generate, are increasing faster than the ability of
storage devices to keep pace. The problem of data storage and rapid retrieval
is particularly pronounced in computational-intensive applications which create
huge amounts of data that need to be accessed in seconds rather than minutes,
hours or even days.

Magnetic disks remain the preferred media for direct access to
frequently used files because of their fast access times. However, because of
their high cost per-unit of storage (such as a megabyte) and their limited
capacity, magnetic disk recorders are prohibitively expensive and therefore
impractical for large-scale data storage. With the advances in magnetic tape
technology, tape based systems remain the preferred choice for mass data
storage. In addition to cost, magnetic tape exceeds the storage density of any
other medium, at least from a volumetric standpoint, because tape is a much
thinner medium than, for example, magnetic disks, and tape can be tightly
packed. A general discussion of such technology may be found in Mass
Storage Technologies, by S. Ranada, published in 1991 by Meckler
Publishing.

The tape format basically defines the recording path used to
record signals on the tape. There are many different recording formats
developed for data recording and reproducing. A commonly used format for
high capacity systems is IBM's 3480 multi-track tape cartridge format in
which the tape transport employs a stationary head and records data along
longitudinal tracks. Since the late 1970's rotary head helical scan recorders, a
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technology developed originally for video recorders, have been used for
recording data. In helical scan recorders, the tape is transported past a rapidly
rotating head along a helical path whereby data is recorded diagonally across
the tape. Compared to longitudinal recorders, helical scan recorders generate
high recording densities and lower tape speeds for a given data transfer rate.

DISCLOSURE OF INVENTION

The present invention is directed to a magnetic recording and
reproducing system that is particularly suited for helical recorders of the type
which utilize cassettes of tape having two hubs and an outer shell, but is not
limited to helical recorders or to the use of such cassettes.

However, because of the unique recording format used by the
system, the cassettes can be conveniently loaded on and unloaded from the
system at any of many positions along the length of tape in the cassette without
jeopardizing the integrity of the data recorded on the tape. - Because of this
functionality, the system can conveniently use cassettes of different sizes and
different lengths of tape, and the necessity of rewinding the tape to the
beginning of the tape prior to unloading and loading is obviated.

While the system disclosed herein is pai'ticularly suited for
providing archival recordings of data and may be a backup to a network
computer application having a large file server, the system disclosed herein is
also suited for use as a near-line library when used in combination with a large
computer disc drive with the disc drive interacting with the system to perform
frequent and multiple transfers of data between the system and the disc drive.
The, present system is also particularly suited for a library functionality which
may be a repository for multiple disc drives and may use robotics for loading
and unloading hundreds if not thousands of cassettes during use. It is
particularly advantageous that the system utilizes cassettes having extremely
high capacity which may be on the order of 165 x 109 bytes for large cassettes
having maximum tape lengths. The system also exhibits extremely high data
transfer rates, i.e., on the order of 15 megabytes per second.

While the system disclosed herein is advantageously suited for
use with cassettes of tape, it should be fully understood that the system does
not require such cassettes and can be used with reels of tape, albeit not with all
of the attendant advantages and desirable features. The format and
functionality that is disclosed has applicability to a wide range of recorders and
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is also not limited to a magnetic recording medium. Many of the desirable

attributes of the system are applicable to types of recording other than helical

type recording, such as longitudinal recording systems, and many aspects of

the present system are definitely not limited to helical type recording and
5 reproducing apparatus and systems.

Also, while the system is described herein as a recording and
reproducing system, it should also be understood a machine could be made
which could have only the functionality of a recorder or of a playback or
reproducing machine. Such limited function machines would severely limit the

10 advantages of a system having both recording and reproducing capabilities,
and any cost savings of such limited function machines is not contemplated to
be justified in light of the limitations that would result.

More particularly, the present invention is directed to a
magnetic recording and reproducing system that has a recording format that

15 records blocks of data of predetermined size as specified by a host or user
system and the present system reformats the user data blocks into physical
blocks that are recorded on tape, with the physical blocks being recorded in
what are referred to herein as double frames. Each double frame is recorded on
a set of successive helical tracks, preferably 32 tracks. Each double frame has

20 system format data interleaved with the user data block data which system
format data identifies the double frame as being of a particular type.

The present invention is directed to a digital servo track pattern
for a magnetic medium which can be recorded and reproduced by a recording
and reproducing system. The servo track pattern has a plurality of digital mark

25 patterns recorded thereon, with each of the digital mark patterns having a
leading identifier field of digital bits, a trailing identifier field of digital bits and
a field of digital synchronizing data located between said leading and trailing
identifier fields. The leading identifier field of digital bits is
electrically equivalent during reproducing while the medium is moving in a

30 first direction to the trailing identifier field of digital bits while the medium is
moving in the opposite direction. The symmetry of the mark patterns enable
the system to recover the mark pattern with the same recovery time regardless
of whether the tape is being moved in the forward or reverse direction.

A mark pattern is written along the servo track for each pair of

35 helical tracks, and a first predetermined one of the mark patterns defines the
first track pair of the double frame, a second one of the mark patterns defines
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the middle track pair of the double frame, a third one of the mark patterns
alternates with the first one and defines every other double frame. The fourth
predetermined mark pattern is used for all other track pairs.

It is a general object of the present invention to provide an
improved system having the desirable aspects of helical recording on magnetic
tape contained in cassettes which is uniquely configured to record digital data
utilizing a format that contributes to extremely high capacity recording, reliable
recording and reproducing, and reliable searching and access to data that is
recorded on the tape.

It is an object of the present invention to provide an improved
servo track pattern for use in a recording and reproducing system which has
many advantages.

Another object of the present invention is to provide an
improved servo track pattern that comprises a digital signal that not only
provides reliable servo marks but which contains other relevant information.

Still another object of the present invention is to provide such
an improved digital servo track pattern that is uniquely defined to have the

~ same recovery time during reproducing regardless of the direction of tape

movement.

Yet another object of the present invention is to provide such an
improved servo track pattern, which because of its unique design, enables a
single electrical circuit to obtain the same signal regardless of the direction of
tape movement.

Other objects and advantages will become apparent upon
reading the following detailed description, while referring to the attached
drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIGURE 1 is a schematic block diagram of the present system shown together

30  with a host system and an intelligent peripheral interface that is located between the
host system and the present system;

FIG. 2 is a broad functional block diagram of the system disclosed herein;
FIG. 3 is a schematic diagram illustrating the manner in which user data is

organized and the manner in which the system disclosed herein organizes and formats
35  the user data for recording and reproducing by the system;

FIG. 4 is a more detailed functional block diagram of the system disclosed
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herein;

FIG. 5 schematically illustrates a magnetic tape and format characteristics that
are used by an embodiment of the system arranged to record and reproduce
information data on magnetic tape;

FIG. 6 is a front elevation of the manual operator control panel of the system
disclosed herein;

FIG. 7 is a schematic illustration of a segment of magnetic tape and illustrating
the format of various recording areas and tracks which are utilized by an embodiment
of the system arranged to record and reproduce data in a rotary head helical scan
magnetic tape recorder;

FIG. 8 is a schematic illustration of a segment of tape, similar to that shown in
FIG. 7, but particularly illustrating the format of recorded segments in the various
recording areas and tracks of the tape;

FIG. 9 is a schematic illustration of sets of recorded double frames that are
recorded during various recording operations that can be performed by the system;

FIG. 10 is a schematic illustration of a tape, with portions removed, and
illustrating the location of partitions formatted on the tape;

FIG. 11 is an illustration of the organi:;.ation of data that is recorded in the
helical recording area of a tape;

FIG. 12 is a chart illustrating the organization of the subarea section used to
record system format data shown in FIG. 11;

FIG. 13 is a schematic illustration of the organization of data that is recorded
in each segment of the logical address track (LAT) and physical address track (PAT)
shown in FIGS. 7 and 8; 7 '

FIG. 14 is a chart showing the type of segment information that is recorded in
various logical address track segments and in the various physical address track
segments, and illustrating the relationship of the segment information to the type of
information that is recorded on the helical recording area;

FIG. 15 illustrates a chart of the information that is recorded in the various
types of logical address track segments and physical address track segments;

FIG. 16 is a diagram illustrating the front padding portion of the illustration
shown in FIG. 13; ]

FIG. 17 is a diagram illustrating the rear padding portion of the illustration
shown in FIG. 13;

FIGS. 18(a), 18(b), 18(c) and 18(d) illustrate the waveform of various
synchronization digital information that is recorded on the servo track; '
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FIG. 19 is a chart illustrating the type of digital information that is recorded at
various locations within each servo track segment;

FIG. 20 is a chart illustrating the information that is recorded in the helical
track type field (HTTY) at the byte 29 location of the phys1ca1 block information in
FIG. 21;

FIG. 21 is a chart illustrating the physical block information that is recorded in
subblocks 0, 2 and 4 of the subarea as shown in FIGS. 11 and 12; )

FIG. 22 is a chart illustrating the volume format information that is recorded in
subblock 1 of the subarea as shown in FIGS. 11 and 12;

FIG. 23 is a chart illustrating the information that is recorded in the format
identifier field (FID) at the byte 0 location of the physical block information in FIG.
21;

FIG. 24 is a chart illustrating the information that is recorded in a volume
format table (VFT) located in the VFI zones shown in FIG. 10;

FIG. 25 is a chart illustrating the information that is recorded in a table entry in
the volume format table (VFT) shown in FIG. 24;

FIG. 26 is a chart illustrating the information that is recorded in an end of
volume (EOV) entry in the volume format table (VFT) shown in FIG. 24:

FIGS. 27(a) and 27(b) comprises a glossary of terms and acronyms, together
with a brief description of them, used herein to describe the methods and apparatus.

' MODE(S) FOR CARRYING QUT THE INVENTION

Broad Overview of the System

While the present invention will be specifically described in connection with a
rotary head helical scan tape recording apparatus, it is equally applicable to other types
of recording apparatus, such as a disk recorder or a longitudinal or quadruples-type
tape recorder. Additionally, while the present invention will be described in
conjunction with the recording and reproducing of information on magnetic tape with
the use of electromagnetic transducing heads, the present invention is also applicable
to optical recorders or the like using appropriate transducers and recording mediums.

‘It should also be understood that the present invention is applicable to
arrangements where the rotating record and/or reproduce head can move in either
rotational direction, where the tape can be introduced to the helical path either above or
below the exit point from the path and where the tape can be u'ansported about the
helical path in either direction.
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The system or apparatus disclosed herein can also be referred to as a data
storage peripheral that is a high speed, high density helical scan tape recording and
reproducing device that is designed to be operated in a master/slave environment as
defined by the Intelligent Peripheral Interface (IPI) standards, such as ANSI X3.147-
1988 (ANSI is the American National Standard Institute) and ANSI X3T9/88-82,
Revision 2.1, January 3, 1989. The system provides the functionality of an IPI-3
slave, as illustrated in FIG. 1.

The system, indicated generally at 20, is an addressable entity under control of
and is connected to an IPI master 22 that is resident in a host system 24. The host
system IPI master 22, which is not described herein, is responsible for managing the
system 20 as well as other IPI slaves in accordance with the capabilities thereof and is
responsible for controlling the IPI interface.

Referring to the broad functional block diagram of FIG. 2, the system 20 has
the capability to accept commands and data from and transfer responses and data to the
host system 24 (FIG. 1) connected to a computer interface port 26 and the system 20
has a cassette interface 28 through which tape cassettes 30 having tape loaded thereon
can be accepted and ejected. When a cassette is inserted into the cassette interface 28,
the system automatically loads the cassettes by positioning the cassette over the
capstan hubs, thereafter extracting tape from the cassette and threading it over the
longitudinal read/write heads (not shown). When necessary, the tape is also threaded
over the rotatable read and write heads that record data on and reproduce data from
tracks that extend diagonally across the tape as it is transported about a cylindrical
guide drum. The rotatable heads and tape guide are commonly in an assembly
referred to as a scanner, which is functionally illustrated at 32.

The structure of the scanner 32 shown functionally as well as the cassette
interface 28, which are functionally illustrated in FIG. 2, are not in and of themselves
part of the present invention, but are known in the art. The scanner includes a pair of
axially displaced drum sections, one of which is stationary and the other rotatable.
The rotatable drum section has four orthogonally located read heads positioned on its
outer periphery, with four write heads located immediately adjacent thereto. The read
heads are mounted on electromechanical bender elements so that they can be laterally
positioned relative to a track to more accurately follow the track during reproducing
and to locate the heads on a track adjacent a track that would be recorded by the write
head during recording so as to obtain the data immediately after it has been written for
the purpose of verifying that the data has been accurately recorded. Details of the
scanner are described in Ampex D2 VTR manual, which is specifically incorporated
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by reference herein.

When commanded to eject a cassette, the system unthreads the tape from the
helical scanner if it had been threaded over the same, and also unthreads the tape from
the longitudinal heads and retracks the tape back into the cassette which is then ejected
from the cassette interface 28.

The system includes a manual interface 34 that contains switches and
indicators necessary for an operator to power on and configure the system and also
contains controls and indicators that are necessary for an operator to manually initiate
loading and ejecting a cassette. The cassette interface 28 allows tape cassettes to be
inserted in and removed from the system 20. The cassette interface is located in the
front of the system. The cassette interface 28 provides the capability to accept small,
medium and large D-type tape cassette sizes as specified in the Society of Motion
Picture and Television Engineers (SMPTE) 226M standard.

A control function block 36 controls the operation of the system and it is
shown to have lines 38 for connecting to an auxiliary interface that is primarily used to
execute diagnostic test sequences and predefined self-tests. The control function 36 is
connected to a format function block 42 that formats the data received from the
computer interface port and is directed to an encoding function block 44 for encoding
and subsequent recording on the tape. Also, data recovered during reproducing is
applied to a decode function block 46 that decodes the data, applies it to the format
function block 42 for transfer to the host system 24 via the computer interface port 26.
Commands received by the system 20 from the host system 24 are input through the
computer interface port 26 and are routed to the control funcuon 36 for processing and
subsequent execution.

In accordance with an important aspect of the system, it accepts user data from
the host system 24 in an organizational data structure defined by the host system, and
the system disclosed herein formats the user data in a manner that enables the data to
be recorded on and reproduced from tape using a format that enables effective fast
access to data and which facilitates very high data transfer rates as well as very high
data capacities. The manner in which the system interacts with a host system
supplying user data can be more easily understood by referring to FIG. 3 which
shows the user view constructs to the left of a reference line 50 with the recording
media view constructs being shown to the right of the line 50.

Referring initially to the user view of the data, the user or host system
generally has data contained in file sets which may include one or more files 52, with
each of the files having one or more file sections 54. Each of the file sections 54 may
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have a large number of data blocks 56 in them with the data blocks having a size that
is determined by the user or host system and which may comprise a convenient
amount of data which is formatted by the system 20 for recording. The present system
20 will support data blocks 56 having as few as 80 8-bit bytes, up to approximately 1

5  million bytes. The system 20 receives the data blocks 56 and organizes them into
physical blocks 58 of data and the physical blocks are recorded in one or more
partitions 60 located on the tape with the partitions being located in a volume 62 that
may be part of a volume set. However, each volume 62 represents a single cassette of
tape.

10 During the recording of user data, user data blocks are formatted into physical
blocks by the system 20. Depending upon the size of the data blocks, which may not
exceed the amount of data that is contained in a physical block, i.e., only complete
data blocks can be contained in physical blocks and a data block cannot extend over
more than one physical block, there may be a number of data blocks contained in a

15  physical block. The system supports up to 1,199,840 bytes of user data block data in
a physical block.

In accordance with another aspect of the present system, the units or physical
blocks 58 that are recorded by the system 20 are”defined by the system to be of a
predetermined size and that size is recorded and reproduced by the system in units that

20  are defined as double frames. While there are various types of double frames, as will
be described, the size of all of the types of double frames are the same and are
recorded on a helical recording area by the scanner 32 during recording. Each double
frame consists of a set of consecutive helical tracks, with the set preferably comprising
32 helical tracks. Given the fact that whole user data blocks 56 must be formatted into

25 physical blocks, and the size of the user data blocks are user defined and can be
different, it should be evident that the amount of data in integer numbers of whole data
blocks that can be grouped into a physical block may not complete the entire
1,199,840 bytes of the physical block. In such event, the system 20 pads out the
physical block with bytes of filler data in order to reach the total capacity of the

30 physical block.

With the above format discussion in mind, a physical block is fully defined by
seven recorded parameters which are used to identify the user data that is recorded and
reproduced by the system 20 in its format. These parameters include a file section
number (FSN), a first data block number (FDBN), the cumulative data block number

35 (CDBN), a data block/byte identification (DB/B), a data block check sum enabled
indication (DCSE), a data block size (DBS) and a total byte count (TBC).
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With respect to the above, the file section number will identify the file section
of data which is located in the physical block and each file section may span many
physical blocks. The first data Block number (FDBN) number identifies the ordinal
number of the first data block number of a physical block in a file section which is
being recorded. The cumulative data block number represents the ordinal number of
the first data block or first user data byte of a physical block counting from the first
data block of a partition. The data block/byte indication merely refers to whether the
data is organized into files or not. Since the system 20 is also useful as an
instrumentation recorder which may have a continuing stream of data that is to be
recorded with no logical boundaries in the data, the use of a predetermined number of
bytes is also supported by the system. The data block size is defined by the host or
user system 24 and as previously mentioned, can be a size that is up to the total
capacity of the physical block which is 1,199,840 bytes. In the present system,
physical blocks are of one size and are recorded by the system on 32 successive
helical tracks, with the physical block data being recorded as double frames of data.

In accordance with another important aspect of the format that is used by the
system 20, there are several different types of double frames, with the type of double
frame being recorded with the user data. It is also an important attribute of the system
that the system record the user data with the tape moving during the recording
process. The system does not stop the tape to re-record a physical block that may have
failed the read-while-write verification criteria of the system. Rather, if during the
recording process, a recorded track is reproduced and found unacceptable when
subjected to an error analysis, the system records that same physical block
downstream on the tape, and depending upon how early the verification failure was
determined, will invalidate any inaccurate physical block and possibly the following
physical block, and will rewrite, i.c., rerecord the invalidated physical block and
possibly the following one. The subsequent physical block can be recorded only if the
preceding physical block is successfully recorded. -

More particularly, the format of the types and use of double frames by the
system include seven types, each of which have format data associated with the
double frame that uniquely identifies it as a double frame of that type. The seven
types include: (1) a BOM double frame which is used in the beginning of a partition
on tape; (2) a physical block double frame (PB DF) which is used to record user data
in the physical block form, and system format information; (3) an end of
recording/temporary double frame (EOR/T) which is used to identify a temporary and
successful end of recording; (4) an end of recording/error (EOR/E) which is used to
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identify a failed write, i.e., a previously recorded physical block was checked for
errors and did not satisfy the verification criteria; (5) an end of recording double frame
(EOR) which is used as a logical file mark which indicates the end of a successful
recording of file marks; (6) a demark double frame (DMDF) which is used to indicate
that the preceding physical block double frame has failed verification criteria; and, @)
an amble double frame (AMDF) which is used to begin a recording, particularly one in
which a gap is desired between old and new recording to prevent damage to existing
data. The use of the various types of double frames greatly contribute to the powerful
functionality of the system as will be described.

Detailed Functional Block Diagram of the System

While the system has been broadly described with respect to the broad
functional block diagram of FIG. 2, the system will now be described in more detail
in connection with the detailed functional block diagram shown in FIG. 4. The
system 20 provides the capability of recording or writing data on a tape at a specified
address that can be selected by the host system 24. The system 20 accepts data blocks
from the host system 24 across one of the computer interface ports, such as the port
26 shown in FIG. 2, and the interface ports are connected to an interface selector
function block 70. While a second computer interface can be optionally provided, the
selector interface function block is provided to route data across one of multiple
computer interface ports to a data formatting function block 72. The data is then
applied to an encode/decode function block 74 where the data is preferably encoded
with a CI, C2 and C3 error correction code so that errors can be detected and
corrected during a subsequent reproducing operation. The C1, C2 and C3 error
correction code is not described herein, but is fully described in the above cross-
referenced related application of Kirk Handley, Donald S. Rhines and William
McCoy, entitled Triple Orthogonally Interleaved Error Correction System, Serial No.
(3661), filed January 13, 1992, which is specifically incorporated by reference herein.

The data format function block 72 also includes a data buffer for the physical
block data and it has the capability of buffering a minimum of 48 formatted physical
blocks. The data format function block 72 manages the buffer in a way which
anticipates that there will be buffer underruns and buffer overruns. The data format
function block 72 accepts one or more data blocks depending upon the size of the data
blocks which is specified by the host system and which can range from 80 bytes to
1,199,840 bytes. Obviously, the larger the data blocks, the fewer can be fit into a
physical block. The data formatting function 72 formats the data blocks into
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fixed size physical blocks and only an integer number of data blocks are contained in a
physical block, since a data block cannot span a physical block boundary. If
necessary, the data formatting function block 72 inserts fill data into the physical block
to complete the required physical block format size. During a recording or write
operation, the data formatting function 72 transfers formatted physical blocks to the
encode/decode function block 74 but retains a given physical block in the buffer until
such time as the encode/decode function 74 indicates that the physical block was
correctly written on tape.

During a read or reproducing operation, the data format function block 72
accepts physical blocks from the encode/decode function block 74 and discards any
fill data that was inserted into the physical block during a recording operation. The
data format function block 72 reconstructs the original data blocks from the formatted
physical blocks. The data formatting function 72 uses the physical block buffer to
perform exact logical positioning to a specified data block number address. The data.
formatting function 72 then transfers the data blocks to the interface selector function
block 70.

During recording the encoded data is then transferred from the encode/decode
function block 74 to a read-while-write function 'block 76 which enables the system to
support a rewrite or re-recording capability in the event that an unacceptable number of
errors are detected. The read-while-write function block 76 necessarily decodes the
data that is reproduced to determine if the data written on the tape passes verification
criteria. If an unacceptable error level is detected, the read-while-write function block
76 causes the original the double frame to be rewritten on the tape. The system has
read channels for transferring the data recovered during reproducing and write
channels for transferring the data for recording on tape.

The read-while-write function block 76 analyzes the data read from the helical
tracks to determine if a physical block needs to be rewritten. During a write operation,
the read-while-write function block 76 accepts encoded data from the encode/decode
function 74 on the write channels while simultaneously accepting encoded data from
the channel formatting function block 78 on the read channels and buffered by the
read-while-write function block 76. The block 76 retains a physical block until such
time that the data has been written on tape, thereafter read from tape and analyzed to
determine if it passes the verification criteria. The read-while-write function block 76
then initiates a rewrite operation by interrupting the logical sequence of writing, but
not tape motion, and rewriting the entire physical block using the original buffered

data.
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If the rewritten physical block does not pass the criteria, it will be rewritten
again until it is successfully written, but only attempts a maximum of 20 rewrites,
with the number being adjustable by the host system between zero and 20. If the
read-while-write function block 76 exhausts the rewrite attempt threshold, the write
operation is then terminated and a permanent write error is declared. During a read or
reproducing operation, the read-while-write function block 76 is disabled in that the
encoded data received from the channel formatting function block 78 on the read
channel is transferred directly to the encode/decode function block 74 on the read
channel. The read-while-write function block accepts control information from and
transfers status information to a process control function block 84.

The data from the read-while-write function block 76 is then applied to a
channel format function block 78 which reformats the encoded data and adds
synchronizing data. The data from the channel format function block 78 is then
applied to a data I/O function biock 80 writes the serial data on tape. The data I/O
function block 80 also simultaneously reads the serial data from the tape in order to
support a rewrite capability, and it does so by reformatting the serial data into the
encoded serial channel data and sends it to the read=while-write function block 76.
The read-while-write function block decodes the recovered data to determine if the
data written on the tape is acceptable.

During a write operation, the data I/O function block 80 accepts an encoded
serial data stream from the channel formatting function block 78 on the write channels,
while simultaneously accepting data from the helical scanner and transferring the data
to the channel formatting function 78 on the read channels. The data I/O function
provides line equalization and it also provides the helical scanner subsystem, including
the record amplifiers, play pre-amplifiers, and channel equalizers that are necessary to
transfer data signals to the write heads and accept data signals from the read heads.
Activation and deactivation of the write and read heads is also controlled by the data
I/O function block 80. It provides the capability to activate the read heads during a
write operation, to support the read-while-write and the rewrite capability. During a
read and write operation, the data IO function 80 accepts data from the helical scanner
read heads and transfers the data to the channel formatting function 78 on the read
channels. The rotation of the rotatable heads and transport of tape are controlled such
that the scanner rotation opposes the direction of tape transport during normal write
and read operations and it accepts control information and transfers status information
to the transport control function 90.

The channel format function block 78 accepts encoded parallel data during a
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write operation from the read-while-write function block 76 on the write channels
while simultaneously accepting encoded serial data from the data I/O function 80 on
the read channels. The channel formatting function block 78 inserts synchronization
sequences and other sequences. The channel format function block 78 converts the
parallel data into a serial data stream, and preferably encodes the serial data stream in
accordance with the Miller-Squared encoding rules to favorably shape the record data
spectrum. The Miller-Squared encoding rules are well known in the art and are also
disclosed in U.S. Patent Re. 31,311, assigned to the same assignee as the present
invention.

 The channel formatting function block 78 then transfers the encoded serial data
stream to the data I/O function block 80 on the write channels. During a read and
write operation, the channel formatting function accepts encoded serial data stream
from the data J/O function 80 on the read channels. It then provides line equalization
for the serial data stream and any necessary control signals. The channel formatting
function then decodes the Miller-Squared channel code to NRZ data and detects the
synchronization sequences. It then converts the serial data stream into the original
parallel data format. It uses the detected synchronization sequences to identify the
components of the tape format and removes the synchronization sequences and other
sequences from the parallel data. The channel formatting function block then transfers
the encoded parallel data to the read-while-write function block 76 on the read
channels. It accepts control information and transfers status information to the
process control function 84.

A reference generator block 82 provides the timing control reference signals to
support the control of the data flow together with servo controlled subsystems of the
system. A process control function block 84 provides overall control of the
encode/decode function block 74, the read-while-write function block 76 and the
channel formatting function block 78 as well as the reference generator function block
82. The process control function block 84 transfers control information to and accepts
status information from the encode/decode function block 74, the read-while-write
function block 76, the channel formatting function block 78, the reference generator
function block 82 and a transport control function block 90. It also accepts commands
from and transfers responses to the control function block 36.

The system 20 provides the capability of reproducing data from the tape at a
host system specified address and does so by positioning the tape to a specified
location and begins reading the data from the tape via the data I/O function block 82.
The encoded data is then decoded by the encode/decode function block 74 and errors
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are corrected within the capability of the C1, C2 and C3 error correction code. If an
encode/decode function block 74 error level threshold is exceeded, the system 20 re-
reads the data. The decoded physical block data is then reformatted back into the
original data blocks by the data formatting function 72 and sent to the host system 20
across the computer interface port 26.

The system 20 provides the capability of accepting a tape cassette when
inserted into the cassette interface 28. A cassette handler function block 86 puts the
tape cassette into the system and physically positions the cassette over its capstan
hubs. A tape handler function block 87 extracts the tape from the cassette and threads
it over longitudinal read/write heads and the rotatable read/write heads which are
located within a longitudinal track function block 88 and the data I/O function block
80, respectively. The tape handler function block 87 includes servo controlled
subsystems necessary to protect and control the tape and the rotatable head motion. It
includes a read/write head rotation servo subsystem that phase locks the motion of the
head drum to a reference provided by the reference generator function block 82.

The head rotation servo subsystem controls the helical scanner such that it
maintains a steady state rotation speed during normal write and read operations. The
head rotation servo subsystem provides rotan'on'al position information, with respect
to the read and write heads, for proper commutation of the signals transferred to and
from the read and write heads. The tape handler function block 87 includes a
capstan/reel motor servo subsystem to insure proper tension of the tape and that
subsystem dynamically positions the tape in a linear manner based upon control
signals received from the reference generation function block 82 and control
information received from the transport control function block 90.

The capstan reel motor servo subsystem provides the capability to dynamically
position the tape at various system defined speeds, including (1) pre-striped speed, (2)
shuttle speed, (3) a longitudinal search speed, (4) a helical search speed, (5) a write
speed, and (6) a read speed. The capstan reel motor servo subsystem provides a
control means of transitions between different tape speeds and supports positioning
based upon tape footage, physical address and logical address data. The tape handler
function block 87 includes a thread/unthread servo subsystem to extract tape from a
cassette and it also supports the function of retracting the tape into a cassette. The
thread/unthread servo subsystem physically positions the tape in the tape guide path
for tape motion preparation. It also supports two physical tape path configurations (1)
a load configuration where the tape is physically positioned over the longitudinal
heads and not the rotatable heads, and (2) a thread operation where the tape is
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physically positioned over the longitudinal heads and is wrapped around the
cylindrical tape guide of the scanner. The tape handler function block 87 performs
servo control of the lateral position of the rotatable read head relative to the diagonal
tracks to compensate for track pitch variations.

' The cassette handler function block 86 comprises the electro-mechanical
subsystem necessary to accept, physically position and eject the tape cassettes. It
senses the presence of a tape cassette inserted into the cassette interface. The cassette
handler function block 86 determines the tape cassette size and it also identifies the
tape cassette configuration based on the tape cassette holding holes. By accepting a
tape cassette, the cassette handler function block unlocks and opens the cassette lid
and physically positions the tape cassette on the capstan/reel motor servo subsystem.
Upon ejecting a tape cassette, the cassette handler function block 86 closes and locks
the cassette lid and physically removes the tape cassette from the capstan reel motor
servo subsystem. The cassette handler function block accepts control information
from and transfers status information to the transport control function block 90.

The longitudinal track function block 88 processes the information that is
written to and read from three longitudinal tracks of the tape. The longitudinal track
function block 88 supplies the information from the longitudinal tracks to facilitate the
dynamic positioning of the tape, including searching for various physical and logical
address parameters. As will be comprehensively set forth herein, physical address
parameters relate to discrete positions on the tape whereas logical address parameters
relate to the data that is recorded on the tape. The longitudinal track function block 88
provides the capability to independently activate and deactivate each of the three
longitudinal track heads. The longitudinal track function block 88 writes the
necessary control information in accordance with the system format criteria in the
longitudinal servo control track during a write operation and/or a pre-format operation.
The system 20 does not overwrite previously written control information located in the
longitudinal servo control track if the tape was preformatted or prestriped. During a
position or search operation, the longitudinal track function block 88 provides the
longitudinal servo control track information to the tape handier function block 87 for
position and velocity feedback. It accepts control information from and transfers status
information to the transport controf function 90.

Tape position control information is written to and written from the
longitudinal tracks by the longitndinal track function block 88. The transport control
function block 90 provides overall control of the cassette and the tape during all
operations and the manual interface 34 is used to provide operator controlled manual
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operation of the system 20. The transport control function block 90 transfers control
information to and accepts status information from the data I/O function block 80, the
tape handler function block 87, the cassette handler function block 86 and the
longitudinal track function block 88. It also accepts commands from and transfers
responses to the processing control function 84. It also provides an interface to the
manual interface 34. The transport control function block 90 does not perform any
operation in response to a command received from the manual interface 34 other than
formatting and transferring the command to the control function block 36 via the
processing control function block 84.

A data pattern generator/verifier function block 94 is provided to generate
and/or accept downloaded data blocks which are normally routed through the interface
selector function block 70 to the blocks 72, 74, 76, 78 and 80, in order to simulate
write operations. The function block 94 has the capability of accepting "loop back"
data blocks that have been processed through the system and compare the "loop back"
data blocks to the original data blocks to confirm proper operation.

The control function block 36 provides overall control of the system 20. It has
the capability of accepting commands from and transfer responses to the host system
20 connected to the computer interface port 26 and/or the auxiliary interface and
provides the capability of accepting commands from and transfer an appropriate
response to the manual interface 34 via the processing control function block 84 and
the transport control function block 90. Upon receipt of a command, the control

. function block 36 interprets the command and performs the functions necessary to

execute it. The control function block 36 also provides the capability to enable and
disable each computer interface port, such as interface port 26. It also provides the
capability of qﬁeuing commands from the host system 20 which it processes the order
in which the commands were received. It also maintains accumulated operational
status history data in a nonvolatile memory which may be accessed for system
analysis. ,

The manual interface 34 will be functionally described in connection with FIG.
6 which illustrates the operator visible manual interface that is physically located on
the front of the system 20. The manual interface 34 contains a manual ready/not ready
control switch 100, which if in the ready mode, permits the system to enable the
computer interface port 26, disable the manual interface controls except for the
ready/not ready control. If the control switch 100 is in the not ready mode, the system
20 disables the computer interface port 26, enables the manual interface controls and
accepts all commands across the auxiliary interface. The control switch 100 does not
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require electrical power for its state to be changed. The interface 34 includes a ready
status indicator 102 which indicates whether the system is ready or not ready. Another
indicator 104 indicates when a cassette is loaded in the system 20. A write protect
indicator 106 provides an indication whether the tape cassette is write protected and is
on if the cassette is write protected. An attention indicator 108 provides an indication
if there has been a failure detected. Additionally, a message display 110 is provided
which has the capability to display a minimum of eight alphanumeric characters which
relate to various operating status conditions and commands. The manual interface 34
also contains a manual unload select control 112 which provides the capability for an
operator to select one of four tape unload positions which are identified by indicators
114, 116, 118 and 120. The BOT indicator 114 signifies an operating mode in which
the cassette will be rewound to the beginning of tape before it is unloaded. The EOT
indicator 116 signifies an operating mode in which the tape is wound to the end of
tape before it is ejected. The system zone indicator 118 signifies an operating mode in
which the tape is wound to the nearest system zone where it is stopped and the
cassette ejected. The immediate eject indicator 120 signifies an operating mode in
which the cassette is ejected without winding the tape to a predetermined position.
Operating the switch 112 will sequence among these four possibilities and pressing an
eject switch 122 will result in the cassette being ejected at the appropriate tape position
associated with the operating mode selected.

System Format Overview

Each tape of a cassette, when utilized in the system, has common physical and
logical parameters associated with it for performing recording and reproducing
operations in the system. Referring to FIG. 5, the format of the tape is illustrated and
it has a transparent leader 130 located on each end, and a section at the beginning of
the tape that is identified as a BOT section as shown. To the right of the left portion
132 of the beginning of tape section is a physical location of tape mark 134 (PBOT)
that identifies the beginning of the magnetic recording surface.

After the PBOT location, a beginning of tape zone 136 is established in which
data relating to format considerations is recorded. After the BOT zone 136, a physical
beginning of media mark 138 (PBOM) is established which identifies the first location
in which recording of volume format information 110 is permitted. After the volume
format information, a beginning of media mark 142 (BOM) is established which

identifies the area of the tape after which user data can be recorded. Thereafter, files

of user data can be recorded, such as at 144 and 146, which can cover a substantial
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length of tape.

In the lower portion of FIG. 5, there are logical and physical parameters
relating to the end of the tape and they include an end of media mark 148 (EOM), a
physical end of media location 150 (PEOM), which identifies the location on tape in
which recording of user data has to stop. An end of tape section 152 (EOT) is
identified and an end of tape zone 154 is used for loading and unloading tape. A
physical end of tape location 156 (PEOT) identifies the last portion of the magnetic
tape.

The tape may have one or more system zones 158 located along the length of
tape in the cassette and the system zones are provided to enable loading and unloading
of the cassette at location other than the beginning of tape or the end of tape. It should
be understood that with the extremely high data rates that are accomplished by the
system, data recorded on tape may be vulnerable to damage by the threading and
unthreading operation of a tape when it is loaded into the system. The system zones
are provided to have a length of tape where user data is not recorded so that the system
can position the tape within the cassette with the system zone spanning the tape path
defined by the transport during loading and unloading. Also, the tape comprises a
volume which may be divided into a number of smaller volumes and these are defined
herein as partitions in which recording and reproducing can be done.

Broadly stated, the use of partitions enables a very long tape to be effectively
divided into a number of recordable areas and recording and reproducing can be
accomplished in each of the partitions as desired, and therefore support added
recording of information data including user data within each partition without
affecting the recordings that may be located upstream or downstream of the subject
partition. Near the end of the tape is an end of media warning indication 160 (EMW)
and that is preceded by an early end of media warning or EEW indication 162. The
end of media warning is a predetermined number of double frames prior to the end of
media location 148 and are calculated for each partition. The EEW may be set by the
host system 24.

The relationships of the partitions are also shown in FIG. 10 which illustrates
a complete tape having a number of partitions n, and each partition has an address that
identifies the end of the prior partition (EOP) which is at the interface of the last
double frame and the beginning of the next partition (BOP) which is the next double
frame. Each partition will have the EMW and EOM locations identified and preferably
the end of media warning (EOM) indication is the three double frames before the end
of partition and the EMW warning location is preferably 10 double frames before the
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end of the partition.

Also, within each partition, there is the BOM zone 143 which preferably
comprises 25 double frames of information which includes volume format information
for the partition as well as synchronizing information for it. The EEW and EMW
marks are calculated locations which impose constraints on the recording that is being
done within a partition, and readies the system to end any recording being done within
that partition, since physical blocks cannot be incompletely recorded within a partition
and therefore cannot span from one partition to another.

With respect to the format that is used to record information on the tape, and
referring to FIG. 7, the tape shown has a helical recording area 170 of tracks that
extend across the tape diagonally to its length in which the rotatable heads record and
reproduce information data including user data and system format data as will be
described. Also there are three recording areas, each having a track extending
longitudinally along the length of the tape. These include a logical address track 172, a
physical address track 174, and a servo track 176. The logical address track is for
recording address data relating to the physical blocks and user data blocks that are
recorded on tape. The physical address track 174 is for recording data which
identifies the double frames that are recorded in the helical area as well as other
information, but it does not identify the logical information or information relating to
the identity of the data that is recorded in the helical area. It can be analogized to a tape
counter function, albeit an extremely sophisticated one. The servo track 176 is for
recording servo information for use by the tape servo system for controlling the
relative -head to tape position and velocity, and provides sophisticated digitally
recorded servo marks as well as information which identifies the start of a double
frame and of specific subportions of each double frame.

System Zones
The system 20 provides maximum data integrity by using system zones which

are fixed length areas along the length of tape, preferably occurring at regular intervals
which are reserved for system use. By utilizing these zones, as previously described,
the system can support the implementation of nonbeginning of tape loading and
unloading and avoidance of user data areas during the threading and unthreading of
the tape that occurs during the loading and unloading operations. Such threading and
unthreading of tape around a helical scanner has the potential for damaging a recorded
area, either by stretching or by poorly controlled contact with the rotating heads of the
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scanner. Since tape deformations can be temporary, the potential exists for data
recorded over an area soon after an unthread operation to subsequently become
unreadable when the tape returns to shape.

Such fixed system zones are dedicated to such mechanical operations and
helical recording is not performed within the zones, but the longitudinal tracks in these
zones are recorded. It is preferred that the system support the location of the system
zones at fixed locations for each size of cassette, so that upon reuse of a cassette,
which may occur after bulk degaussing, for example, the system zones are at the same
longitudinal locations along the tape during subsequent use of the cassette. While the
smallest commercial tape length may have no system zones, the larger cassettes with
their increased length tape capacities may have several zones. It is preferred that a
small tape cassette may have three recording sections, i.e., two interior system zones,
a medium cassette have six recording sections and a large cassette have 12 recording
sections separated by 11 system zones. It is contemplated that each of the zones be
approximately one meter in length, but which can also vary depending upon the length
of the tape in the cassette.

In the system zone, there are two subzones, one of which is the load operation
zone (LOZ) and the other of which is the volume format information zone (VFI). In
the load operation zone there is no recording performed in the helical recording area by
the helical scanner, but the longitudinal tracks are recorded in this zone. . The VFI zone
is identical to that shown after the beginning of tape (BOT) zone which comprises the
25 double frames of VFI information. The reasons that the VFI zone is located
downstream or in the forward direction of the load operation zone in each system zone
is that if a cassette is loaded on the system, at a location other than the beginning of
tape, then the tape can be moved forwardly to obtain the VFI information which tells
the system of the format of the tape for operational purposes.

The format allows for some speed variation, i.e., on the order of 0.2%, and
the speed between different physical systems may vary significantly for the reason that
the speed is a function of the amount of tape in a cassette. For small tapes, it is
recommended that the load operation zone consist of approximately 225 double
frames. A medium cassette preferably has load operation zones consisting of
approximately 411 double frames and a large cassette preferably has load operation
zones of approximately 754 double frames. Also the last two double frames in the
VFI zone of a system zone can be converted to amble double frames for the purpose
of providing a gapped append type of recording, if desired.

If a VFI volume format table is not recorded by the system, then the entire 25
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double frames of the VFI zone are recorded as amble double frames. The subarea data
of such amber double frame is recorded on preferably every helical track and it
contains VFI data containing the same type of information recorded in the VFI table.
If the VFT table is recorded, the 25 double frames are recorded as physical block
double frames, but the last two can be converted to amble double frames. The
information in the VFT is repeated 128 times in each physical block of the 23 or 25
double frames in the VFI zone.

System Partitions

The beginning of partition is a location on tape that denotes the physical
beginning of a partition while the BOM is a recorded entity that identifies the logical
beginning of a partition in a volume. A BOM will consist of 25 consecutive recorded
BOM double frames. The first track of the first BOM double frame of a BOM is the
BOP.

The partitions can be defined in terms of two groups of partitions. Each group
can have a different size and a different count of partitions. One group can have
several small partitions followed by the second group having several large partitions
or visa versa, and these two groups are then rei)licated throughout the tape volume.
The partition sizes are effectively transparent to a host system because the host system
merely accesses partitions by partition number and is not concerned with the size of
the individual partitions that it accesses. The partition information is located in
subblock 1 of the subarea data illustrated in FIG. 22.

There are two different size partitions that are supported by the system and are
defined as partition group A and partition group B with each group having a
predetermined size and a count of the number of partitions. A tape is partitioned by
recording the partitions by first establishing the number of partitions specified in
group A followed by those in group B and thereafter group A and group B are
alternated until the volume of the tape has been fully partitioned. In the event that a
volume partition table is utilized and if it cannot be represented in the form of a VFT
table, then the fields in the volume format information of subblock 1 of the subarea
data is set to zero.

Helical Subarea Matrix

In accordance with an important aspect of the present system, the diagonal or
helical tracks that are recorded in the helical area 170 of the tape include physical
blocks of user data, and also include system format information which is used by the .
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system to perform necessary operations. While it is preferred that the system format
information be included on every helical track of each double frame, it is possible to
write the information on some lesser number of tracks. Since each physical block is
written as a double frame of data on 32 helical tracks, the system format information
relating to the physical block and to the system is recorded 32 times for each double
frame.

While the information for each helical track changes as will become evident,
the system format information is always present. It should also be understood that the
system format information is encoded with the user data recorded on the helical tracks
so that it is interleaved with the user data along the entire length of each of the tracks.
However, the system format information comprises a small quantity of information
relative to the user data that is being recorded.

More particularly, and referring initially to FIGS. 11 and 12, FIG. 11
illustrates a matrix of data with each small square representing a byte of data. The data
of each track comprises user data in the area as shown and occupies the bulk of the
total data that is written on a track. The matrix also includes a subarea as shown, in
which 192 bytes of system format information is contained. The remainder of the data
is Cl1 type error correction code data and also C2 type error correction data. The C1
and C2 areas are illustrative and these areas comprise a larger number of bytes than are
actually shown in FIG. 11. The user data is encoded with C3 type error correction
code.

During operation, the data is written into a buffer (in the encode/decode

- function block 74 of FIG. 4) as previously described, and the data from the buffer is

read out for recording on tape. The data in the subarea, while written into the buffer
as a stream of data, will be read out of the buffer and written onto tape incrementally,
which necessarily spaces on tape each byte of information from its adjacent byte in the
subarea when it is recorded. As previously described, the error correction code is
more comprehensively described in the above-referenced application entitled "Triple
Orthogonally Interleaved Error Correction System", by Kirk Handley, Donald S.
Rhines and William McCoy.

The subarea of 192 bytes is organized as shown in FIG. 12 which includes six
subblocks 0 through 5, with each subblock having 32 bytes of data. Subblocks 0, 2
and 4 contain the identical information and that information is shown in FIG. 21
which includes data relating to the physical block being written. Subblock number 1
of the subarea contains volume format information and the content of this information
is illustrated in FIG. 22. Subblock 3 is reserved for future use and the system
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currently does not use any information in these 32 bytes. Subblock 5 contains a time
stamp indicating in real time when a recording is made, as well as vendor information.

With respect to the data recorded in subblock 0, 2 and 4 shown in FIG. 21, it
comprises physical block information relating to the physical block being recorded in
its associated helical track. It includes the format identifier (FID) in byte number 0
which is an 8-bit byte, the contents of which are shown in FIG. 23. As is shown in
FIG. 23, this byte specifies whether the tape has been pre-formatted. "If pre-
formatted, it would have the physical address track recorded with relevant information
and also the servo track. Bit 5 of the FID byte specifies whether system zones have
been enabled, bit 4 indicates whether a partition table is provided or not. In this
regard, a partition table, as will be described, includes information relating to the
location of the partitions and system zones that have been defined for the tape. While
it is possible to partition the tape with two sizes of partitions that are defined in terms
of the number of partitions and the size of partitions of each type, the use of a partition
table which is located at the beginning of tape and immediately after each system zone,

- enables many different sizes of partitions and system zones with their location being

specified are possible.

Returning to FIG. 21, the physical block information also includes
information in byte number 1 which identifies the zone type and it contains four bits
which identify whether the zone is an information zone, a volume format information
zone, a load operation zone, or reserved zone. If the zone type indicates that the zone
is an information zone, then the other bits of byte 1, in conjunction with byte 2,
identify the partition. If it is not an information zone, then these bits define the type of
physical block double frame that is contained in partition group B.

Byte 2, in conjunction with byte 1, identifies the partition if the zone is an
information zone, otherwise it identifies the system zone. Bytes 3-6 specify the file
section number of the user data which is being recorded, and bytes numbers 6-11
specify the first data block number in the helical track being recorded or if a stream of
data such as from an instrumentation recorder is being recorded, and which have no
logical data block boundaries, then the byte number is recorded in these fields. Byte
12 utilizes bits to specify whether data blocks as opposed to bytes of data are being
recorded, whether a data block check sum is enabled (a check sum is not useful for
recording bytes of data from an instrumentation application).

Byte 12 also contains an EMW flag, which is set when a double frame being
recorded is within ten double frames of the end of a partition on the tape. Byte 12 bits
4-0 and bytes 13 and 14 also has data defining the size of the user data blocks being
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recorded. Bytes 15, 16 and 17 specify the total count of total user data bytes in a
physical block double frame. If recording of data blocks is being done, so that data
block check sum bytes are included, the total byte count includes all the data block
check sum bytes in its count. The range of this field is from 1 to 1,199,840.

" Byte 18 comprises a physical block sequence tag that will be hereinafter
described. Byte number 19 enables rewriting of physical blocks upon lack of
verification of accuracy of the physical block being recorded, as well as a rewrite
count that is permitted and which is remaining, with the count preferably having a
maximum of 20. Bytes 20 through 25 specify the cumulative data block/byte number
which represents the total count of all user data blocks that have been recorded in the
partition.

Bytes 26 through 28 specify the absolute double frame number which is also
recorded on the physical address track and this number identifies each double frame
regardless of its type or the information that was contained in it. Four bits of byte 29
specifies the type of double frame, of which there are presently only one.

The other four bits of byte 29 specify the helical track type, which is an
identification of the seven different types of double frames that have been previously
described. These are shown in FIG. 20 and include the various end of recording types
of double frames, the beginning of media double frame, as well as demark, amble and
data double frames. The final byte 31 comprises seven bits of subarea subblock cyclic
redundancy check (CRC) information which is inverted.

Volume Format Information

The data contained in the 32 bytes of subarea subblock 1 relate to volume
format information data and comprises data relating to partitions and system zones.
This information is included in the subarea that is recorded on each helical track so it is
recorded in the helical recording area. Moreover, at the physical beginning of media
and after each load operating zone, there is a volume format information zone which
contains this information, and possibly a volume format table as previously described.

Turning now to FIG. 22 which illustrates the volume format information that
is contained in subblock 1 of the subarea data of each helical track, byte number 0 has
two bits dedicated to a partition layout option which specifies how data is to be written
in a partition when a system zone is encountered. In this regard, it should be
understood that a system zone may occur in the middle of a partition and these two
bits specify whether the portion of the partitions before and after the system zones are
to be treated. It should be understood that a discontinuity in the partition would result
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in an interruption during data transfer, but the partition size or capacity is neither
increased or decreased by a system zone being present. If a pack option is chosen,
then a second partition is always abutted against a first partition. If the pack option is
disabled, the second bit specifies a stretch or a waste option. The stretch option
extends the prior partition to the beginning of the system zone and begins a new
partition at the opposite side of the system zone. This is done during recording or
during a pre-formatting operation. The second bit may also specify a waste option in
which the tape after the end of the previous partition and before the system zone is not
used to record information and that partition is begun on the other side of the system
zone.

The other six bits of byte 0 and byte 1 specify the system zone size and bytes
2, 3 and 4 specify the system zone spacing. In the event that a volume format table is

‘not used, the system permits two sizes of partitions which are definéd as group A and

group B partitions and bytes 5-7 specify the size of partition group A partitions with
byte number 8 specifying the count of them. Bytes 9 through 11 specify the group B
size with byte 12 specifying the count of group B partitions.

Bytes 13-18 are used for vender identifier and provides a record which enables
a subsequent system which reproduces recorded tépes from another system to identify
the prior system where the recording was done in the event that there is a problem
with the recording that could warrant repair and/or correction. Bytes 19-21 specify
the last double frame number that is the double frame at the physical end of media
(PEOM) and should not be used for recording. Byte 22 specifies the last valid system
zone. Byte 23 and four bits of byte 24 identify the last valid partition with the other
four bits of byte 24 specifying the partition group A physical block double frame type.
Bytes 25 through 30 specify the volume identifier data and byte 31 includes subarea
subblock 1 CRC inverted data.

Yolume Format Table

The system 20 has the capability of providing a volume format table that is
located at the beginning of tape and near the end of each system zone, with the volume
format table providing data that specifies the location of each partition and system zone
that is present in the volume or tape cassette. An advantage of the use of the volume
format table is that partitions and system zones of virtually any size within the
constraints of the system can be established, and one is not limited to the use of the
predetermined size of partitions that is supported by the group A and group B
partitions in the volume format information in subblock 1 of the subarea data. This
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adds to the flexibility and use of the system and does not impose constraints on the
size and location of partitions and system zones that may be desired by a host system.
The inclusion of the volume partition table after each system zone and at the beginning
of tape permits the tape cassette to be loaded at any system zone and the system can
immediately obtain the partition information for the entire tape.

The table is structured as shown in FIG. 24. The table is a fixed size,
preferably 9,004 bytes that can contain up to 1,125 entries. It has three parts as
shown in FIG. 24, the first part of which specifies the number of valid table entries in
the table. The second part comprises 9,000 bytes and is used to contain up to 1,125
eight byte table entries. If less than 1,125 table entries are used, the unused space is
preferably filled with zeros. A third part of the table comprises two bytes in which a
partition table check sum is provided and it is derived by adding the 9,002 bytes on a
byte-by-byte basis and then taking the one's complement of the sum and keeping the
least significant 16 bits as the check sum.

The table enables the volume to be divided up to 1,124 nonoverlapping but
contiguous tape sections and for each table entry there is one eight byte section. The
order of the section entries in the table are established based on the location-of each
section relative to the beginning of tape. For example, the section entry for the first
VFI zone shall always be the first entry of the table and shall occupy bytes 2 through
bytes 9 of the table. Also, each table has one end of volume entry following the last
tape section entry. With respect to the section entries, they identify the type of a tape

. section, its beginning location and an associated identifier if applicable.

The definition for section entries is set forth in FIG. 25 and is largely self-
explanatory. The starting double frame number for the section specifies the double
frame identification number of the first double frame of that section. The physical
block double frame type specific the type of physical block double frame that may be
used in that section. The partition/system zone identifier located in four bits of byte
number 4 and byte 5 comprises a 12-bit field that is used to sequentially number the
partitions for the system zones in a volume. Four bits of byte 6 specifies the table
entry type which includes either the beginning of the first VFI zone, the beginning of a
system zone, the beginning of a partition or the continuation of a previous partition.

With respect to the end of volume entry, i.e., the last entry in the table, it is
shown in FIG. 26 and includes data relating to the last valid system zone identifier,
the last double frame number of the volume, the last valid partition number, and a
portion of a byte which specifies that it is the end of volume entry.
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Types Of Double Frames
In accordance with an important aspect of the system disclosed herein,

recording and reproducing of user data blocks that are formatted into double frames of
information that are recorded on 32 helical tracks as has been previously described.
The system 20 operates to perform recording and reproducing of double frames with a
major consideration residing in the identification of each double frame being of a
particular type.

As previously described, there are seven types of double frames which are set
forth in FIG. 20. The type of double frame is specified in byte 29 of the physical
block information (see FIG. 21) which is recorded in subblocks 0, 2 and 4 of the
subarea section of the system format data recorded in each helical track of each double
frame. Thus, each recorded physical block or double frame of data is a specified type
of double frame. In addition to the HTTY field being uniquely specified for each
type, there are other field in each type of double frame that are different in various
ones of the types.

In FIG. 21, the various fields of data are set forth and for a data track type
double frame, the fields set forth in FIG. 21 are all applicable. A data track double
frame has its HTTY field set to 0101 and the double frame is used to record user
information as well as system format information concerning a recording.

When a recording is to be made in any partition, a number of beginning of
media double frames (BOM DF) are recorded to permit the system to become
synchronized and it is preferred that approximately two seconds of BOM DF's be
recorded and for this reason 25 BOM double frames are recorded in this area.

When the recording is begun, under certain conditions such as an append
recording where additional double frames are recorded on an existing recording at the
end of prior recorded data, an amble double frame will be written. All of the data
written in the helical tracks except for the subarea data and the error correction code
data is the fill pattern and no user data is recorded in an amble track.

In accordance with another important aspect of the amble double frame is the
fact that when amble double frames are recorded, two double frames are recorded,
with the first having the unique characteristic that the recording heads of the scanner
are not energized during the first 16 tracks. This results in a gap between the prior
recorded double frame and the first amble double frame that is approximately 1/2 of
the width of the double frame. The gap is useful in compensating for any tracking
misalignment that may exist with the system recording the new data and the prior
recorded double frame. If the prior recording was done in another machine, the
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tolerances may be different between that machine and the system in which the present
tape cassette is located and the placement of the gap will preclude the new recording
from possibly destroying some of the latter tracks of the last double frame of the prior
recording. The recorded amble double frame provides an area of new recording that
may be needed to obtain synchronization for recovering the subsequent data of the
new recording. As will be discussed hereinafter, the present system distinguishes
between recordings that were done possibly on another machine-and the present
system and if the prior recording was done on the same machine during the same tape
load, it is unnecessary to perform a gapped append type of recording and amble
frames may therefore not be required. If the last 16 or all of the 32 tracks in a double
frame are of the amble track type, the double frame is an amble double frame.

The recording format of the system generally involves the tape being moved in
the forward direction with the scanner heads recording helical tracks successively
along the tape and if double frames that are recorded are then detected to be inaccurate,
ie., the double frame fails to meet the verification criteria, the double frame will be re-
recorded downstream. This is in contrast to stopping the tape, returning it to the
location where the double frame was not accurately recorded and re-recording over the
double frame that proved to be inaccurate.

In fact, the system records physical blocks, and maintains the data recorded in
those double frames in the system buffer until the read heads on the scanner read the
recorded track and the read data is then analyzed to determine if it is accurate or not. If
it is detected to be inaccurate, the system again records the double frame if it is
detected early enough, or a prior double frame in addition to the double frame
currently being written are again recorded if the prior double frame was inaccurate and
such inaccuracy was detected later. If the prior double frame was detected to be
inaccurate, the current double frame being recorded will be converted to an demark
double frame wherein at least the last 12 helical tracks are provided with the demark
designation which has its HTTY field is set to "1011". As will be described
hereinafter, once a data double frame is converted to a demark double frame, the
double frame and the prior double frame are rewritten according to the original
sequence.

The system also utilizes end of recording to provide a mark that a recording
operation has ended. End of recording consists of two double frames of identical
types and there are three types of end of recording double frames (an EOR, an EOR/T
and an EOR/E double frame). The EOR/T double frame represents an entity used to
identify the current end of recording of a partition. If there are more than one EOR
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double frames in a partition due to overwrite recording on already recorded tape, the
EOR that is closest to the beginning of media of the partition is considered to be the
valid one.

The normal EOR consists of two consecutive recorded EOR double frames.
The file system number FSN fields of the first EOR double frame have the same
values as the FSN of the last physical block or double frame. The FDBN of both
EOR/T double frames will be one larger than the last physical block number of the last
physical block or equal to the FDBN if the last physical block is an empty physical
block. All of the FSN fields of the second EOR double frame shall be equal to the
sum of the FSN of the last file section and the additional tape marks counts recorded.
The FDBN fields of the second EOR double frame shall all be set to zeros. If there is
an append recording, the EOR double frames of any of the three types will be
overwritten by the new recording and the new recording will then end with two EOR
double frames of one of the three types and may be at a different location.

In addition to the normal EOR double frame, an EOR/T or temporary end of
recording can be written and it consists of two consecutively recorded EOR/T double
frames located in each track. The EOR/T double frames are automatically recorded by
the system 20 when the record operation is temporarily stopped due to lack of data
from the internal buffer. All of the FSN fields of both EOR/T double frames shall
have the same FSN value of the last recorded physical block. The FDBN of both
EOR/T double frames will be one larger than the last physical block number of the last
physical block or equal to the FDBN if the last physical block is an empty physical
block. '

The last EOR double frame type is an EOR/E or error end of recording and it
consists of two consecutively recorded EOR/E double frames. This EOR is recorded
by the system to indicate a detection of recording failure and the recording operation is
terminated by the recorder. It is in the inherent operation of the system that there will
always be one demark double frame located between the failed physical block double
frame and the EOR/E double frame. All of the FSN and FDBN fields of both EOR/E
double frames shall be set to the FSN and FDBN value of the physical block that was
the cause of the recording failure. Due to the recording of EOR double frames, the
gapped append using amble double frames will not produce an unrecorded gap on
tape.

Recording and 1 ogical Overrecording Double Frames
The system records data blocks in a partition by appending to the BOM of the
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partition if physical blocks or file marks are to be recorded. For a partition which
already contains recorded physical blocks, writing can start in the recorded area and
this is called an overwrite or overrecording. Overrecording will invalidate all existing
recording downstream or behind the starting point of the overwrite.

Of the seven types of double frames that have been hereinbefore described,
only the physical block double frame and the EOR double frames are recorded under
commands. The other five types of double frames are recorded automatically by the
system, either during the formatting process, e.g., BOM double frames, or when
certain situations arise as will be described.

A physical block will be recorded in one or more physical block double frames
that are interspersed with demark double frames and/or amble double frames if rewrite
or gap append has occurred, respectively. Demark double frames and amble double
frames will have the identical PTID, FSN and FDBN values with the physical being
recorded. If the recording is not ended with an EOR/E, the last physical block double
frame is considered as containing a valid physical block. A file mark is recorded
implicitly as an increment of the file section number (FSN) or explicitly as a normal
EOR. The explicit file mark recording will be converted to the implicit file marks
when append recording is performed.

The recording format may be more readily understood while referring to FIG.
9, FIG. 9(a) of which depicts several double frames 1-5 which are recorded without
failure and the end of the recording therefore has two EOR double frames which end
the recording, those being shown in locations 6 and 7.

If there are additional double frames that are to be added to the recording of
recording shown in FIG. 9(a), i.e., an append recording, then as shown in FIG. 9(b),
the EOR double frames at locations 6 and 7 will be overwritten with physical block
double frames 6 and 7, and when that recording has successfully ended, additional
EOR double frames are recorded at locations 8 and 9 to identify the end of that
recording. .

The append recording shown in FIG. 9(b) requires that the double frames 1
through 5 as well as 6 and 7 are recorded by the same system and that the physical
tolerances result in the inclination of the helical tracks be the same in one double frame
as those of an adjacent double frame. Therefore, there is little chance that an append
recording would destroy tracks of the prior double frame. In this case the first track
of double frame 6 would not overwrite any of the ending tracks of the double frame 5.

If the failure of write verification of a physical block double frame is detected
before the beginning of the next double frame recording and if no boundary condition
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exists, the same physical block is recorded at the next double frame. Referring to
FIG. 9(c), and particularly during the writing of the double frame 3, if the write
verification fails during the early portion of the writing of the double frame, i.e., early
detection, the same double frame 5 will be rewritten at the next double frame, in this
case at location 6.

In the event there is a late detection of write verification which is not verified
until the system is recording the following double frame 6, the double frame 5 will
have been recorded without any indication that it is defective. However, the write
verification failure for the physical block 5 written at location 5 will cause the physical
block 6 at location 6 to be demarked and the buffer information containing the physical
blocks 5 and 6 will be used to rewrite physical block 5 in location 7 and physical
block 6 in location 8. Because of the above-described manner in which write
verification is accomplished, upon recovery or reproducing of the physical blocks, it
is always necessary to examine two successive physical blocks after a subject physical
block to confirm that the subject physical block is valid.

As previously mentioned, the system 20 supports a gapped append, which is
illustrated in FIG. 9(¢). The gap append is used as a precautionary method by
providing a gap between old and new recording to prevent the new recording from
damaging an existing recording. Without the gap, the new recording if done by a
recorder with different track curvature, may overlap onto some track of the old
recording and damage the old recording. The gap is provided by appending two
amble double frames to the old recording before recording physical blocks or an EOR
double frame. The first of the two amble double frames will have its last 16 tracks
recorded new and the first 16 tracks will be left intact with whatever was recorded
previously. The previously recorded 16 tracks become the buffer zone or gap
between the old and the new recording.

The system 20 can overwrite prior recordings in one of two ways, i.e., a full
or a partial overwrite which is dependent upon whether the first data block to be
overwritten is at the beginning of a physical block double frame or not. If the first data
block to be overwritten is the first data block of the physical block containing it, the
whole physical block will be overwritten in the manner described in connection with
9(b). .

However, if the first data block to be overwritten is not the first data block of
the physical block containing it, then that physical block will be preserved, and the
overwrite will start at the next double frame with a physical block having that
prescribed data block as its first data block. This is diagrammatically illustrated in
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FIG. 9(f) wherein a double frame "n" contains a file section number "m" and a first
data block number 10 and a last data block number 21 the latter of which is calculated
by the system. If the host system commands a rewriting of data blocks beginning
with data block 15, it should be appreciated that data block 15 through 21 would have
been recorded in double frame "n". Therefore double frame "n" is retained since it
contains presumably valid data block numbers 10 through 14 and double frame "n+1"
is recorded beginning with the first data block number 15 and it will have data blocks
15 through 35 within it. '

Nonrecording Failure Detection
The system disclosed herein has the capability of recording data on a tape that

has been previously recorded without the necessity of degaussing the tape. Because
of this capability, it is possible, if not expected that many locations along a tape will
have data written over previously recorded data.

Since the double frames begin at predetermined locations along the tape,
previously recorded double frames may otherwise appear to be part of a later
recording, if the later recording did not actually record new data. Stated in other
words, if there is a nonrecording failure that occurs during recording of data and the
nonrecording failure occurs when an old recording is intended to be overwritten, then
there will be areas on tape where the new data will not be recorded. If this is not
detected, then during reproducing, the system will be reading the old pre-recorded
data thatis not valid. Such a nonrecording failure can be caused by various problems,
including the failure of a recording channel, the failure of a recordiné head or the
temporary clogging of a recording head. ‘

The system has the capability of determining whether a nonrecording failure
has occurred by virtue of data that is recorded in the subarea matrix, and particularly
the physical block information field of the subarea matrix data. Referring to FIG. 21,
byte 30 includes cyclic redundancy check data which is generated for the entire
physical block information subgfoup (see FIGS. 11 and 12) and it will'have a unique
content by virtue of the inclusion in the recorded physical block information of the
absolute double frame number (ADFN) and the cumulative data block/byte number
(CDBN). Since both of these numbers increment during the recording of the user
data, the generated CRC data will be unique for each track.

As has been previously described, the system has a read-while-write capability
wherein a read head reads the data that has just been recorded during a recording -
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operation. The read heads on the scanners preferably read the adjacent track that has
just been recorded.

The data that is recorded is also stored in a buffer as has been previously
dcscribed, for the purpose of performing an accuracy verification, so the cyclic
redundancy check data is necessarily present in the buffer. The CRC data recovered
during the read-while-write operation can be compared with the CRC data written in
the buffer, and if the comparison does not reveal an identical value, then the-system
determines that a nonrecording failure has occurred.

Alternatively, a time stamp located in subblock 5 of the subarea data (see FIG.
12) is used to record the specific time in which a double frame was recorded, with the
time including the portion of a second, the minute, hour and date in which the double
frame was recorded. In this regard, the system includes a 250 Hz internal clock
which provides such information for 100 years startiné with the year 1990. Upon
recovery during reproducing, the specific time in which the double frame was
recorded can be compared with specific times of that double frame that is contained in
the buffer, and if the time is not identical, the system will generate data indicating a
nonrecording failure.

Still another alternative is to use the CDBN of each physical block for the
check. Since the CDBN will be different for each physical block within a partition, it
provides the required uniqueness in detecting a nonrecording failure.

The Servo Track

The digital servo track shown in FIGS. 7 and 8 includes data that is shown in
FIGS. 17 and 18, which data comprises four different fields, each of which
comprises a 12 bit field and which are shown in FIGS. 18(a), 18(b), 18(c) and 18(d).
A field is written or recorded on the servo track for each track pair, so that each double
frame will have 16 fields written along the servo track. The fields are selectively
written on the servo track depending upon the location of each track pair, and the
locations are shown in FIG. 19. More particularly, the field of FIG. 18(a) is written
in all but the 0 and 8th track pair, the field of FIG. 18(b) is written at the 8th track
pair, the fields of FIGS. 18(c) and 18(d) are alternately written at the track pair 0.

Each of the fields, when reproduced, appear to’ be identical to a servo
reproducing head when the tape is moved in either the forward or rearward directions.
The fields comprise data which in the first half of the field are reversed in polarity
relative to the second half of the field. Also, the location of the transitions from the left
in the lead servo mark identifier are the same as the location of the transitions from the
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right in the trail servo mark identifier.

As shown in FIG. 18, each of the four fields includes a lead servo mark
identifier and a trail servo mark identifier, with an ANSI sync word positioned
between the lead and trail servo mark identifiers. The ANSI sync word is also used to
determine the direction of tape motion during reproducing.

With respect to the servo track, the structure of it is such that it has the same
recovery time regardless of the direction of searching and the transition in the middle
of the ANSI sync word is the digital equivalent to the peak of a spike that normally
occurs in analog servo tracks. As is shown in FIG. 19, there is one servo pulse for
each pair of tracks. The leading and trailing servo mark identifier sections of the 12-
bit field also have an error correction aspect in that for each type of 12-bit field which
identifies either a single track pair, a single frame, a double frame or a quad pair, there
are two bits in each identifier that are different from bits of another type of identifier,
which aids in reliable recovery of data which indicates the type of pair that is to be
identified. Itis therefore less error prone. Prestriping the tape means only the servo
track has been prerecorded.

Longitudinal Address Tracks (PAT and LAT)
All of the information that is recorded on the longitudinal tracks, including the

physical address track and the logical address track, which relate to the physical
blocks that are recorded is identified nominally and monotonically. Therefore, all such
longitudinal track information is useful in accomplishing searching.

The main difference between the logical and physical address tracks is that
every time there is an over recording or rewrite, for example, the logical track
information can change while the physical address track relates to the physical layout
of the tape regardless of the logical content that is recorded in the helical recording
area.

Since only the logical address track is needed for recording data related to the
logical content of data, the servo and PAT tracks are not variant with the helically
recorded data, and they can be used to preformat a tape. When a tape is formatted
with mulﬁple partitions, the boundary of partitions can be easily positioned to. Thus,
the tape can be preformatted by only recording both the servo track and the physical
address track. The tape can be merely prestriped which means .that only the servo
track is pre-recorded which provides some servo consistency upon interchange with
other transports. However, the present system fully supports writing all of the
longitudinal tracks during a recording operation and no pre-recorded information is

SUBSTITUTE SHEET



WO 93/17420 PCT/US93/00483

10

15

20

25

30

35

37

necessary for the system.

The longitudinal tracks include the logical address track 172 and the physical
address track 174 shown in FIG. 7 and they are written with track segments as shown
in FIG. 8. Each logical address track segment (LATS) and physical address track
segment (PATS) has a format as shown in FIG. 13 that comprises a front padding
portion of 2.5 bytes, a rear padding portion of 2.5 bytes, an ANSI Sync Word of 0.5
byte, and inverted ANSI Sync Word of 0.5 byte and a segment information portion of
18 bytes. The front padding portion comprises ten repetitions of a "10" pattern as is
shown in FIG. 16, while the rear padding portion comprises ten repetitions of a "01"
pattern as shown in FIG. 17. The use of the ANSI sync word in the logical address
track, as well as the physical address track and the servo track enables the
synchronization of information from each of these tracks to be accomplished.

The inverting of the ANSI sync word near the rear padding portion of each of
the longitudinal address track segments allows detection of encountering a segment
during movement in the reverse direction to be the same as in the forward direction.

The front and rear padding enable the system to become synchronized so that
the information relating to each segment can be recovered and also the front padding
provides a gap of space which may be partially overwritten if during an append
recording, and the padding will isolate each segment information portion so that it will
not be destroyed.

With respect to the physical address track segment information, there is only
one type of segment information being recorded, and the information recorded in it is
shown in FIG. 15. As is evident from the information shown in FIG. 15, the data
specifies physical parameters of the tape, including the absolute double frame number
(ADFN), the volume identifier (VLID), system zone size (SZSZ) and system zone
spacing (SZSP), all of which relate to locations on the tape regardless of the content of
the data recorded in the helical tracks.

With respect to the logical address track segment (LATS) information, there
are four different types of segment information written depending upon the content of
the data being recorded on the helical tracks. As shown in FIG. 14, type 11, type III
or no LATS segment information is written in the beginning of tape zone and type II
ségmcnt information is written in all the volume format information zones. Type I, IIT
or EOR segment information is used in the information zones when physical block
double frames are being recorded. Type I is recorded when physical block, amble or
demark double frames are being recorded. Type III is only used for initialization
purposes. Type II information is also written in all the load operating zones (LOZ) of
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a system zone, and the end of tape zone (EOT) contains type III or no segment
information. The information for each of the types is shown in the various columns
of FIG. 15.

The end of recording (EOR) type of segment information as shown in FIG.
15, comprises 36 ANSI sync words which are important during searching and enables
high speed searching to be performed and the information can be obtained simply
using word detecting circuitry without involvement of decoding and other software
and quickly identifies an end of recording during the searching process. This pattern
is only recorded on the LAT segment associated with the second double frame of an
EOR of any of the three EOR types. An existing EOR LATS will be overwritten by
any append operation and be replaced by a new EOR LATS written probably
downstream. The reason for the overwrite is to leave only one valid EOR LATS ina
partition. .

Physical Block Sequence Tag
The system uses a physical block sequence tag to sequentially number each

physical block within a partition during recording and this sequence tag enables the
system to determine during recovery whether physical blocks have been lost and also
how many have been lost.

Such information is necessary because of the partial or logical overwrite
capability of the system. Because of the manner in which the FSN and FDBN
numbers are used to support partial rewriting of data blocks in subsequent double
frames and the fact that when such partial overwrites are performed, the subsequently
recorded physical block containing the data that is overwritten is given the same file
section number FSN and a FDBN that duplicates the data blocks in the prior physical
block, then these two items of data do not necessarily indicate whether a physical
block has been lost. It is for this reason that the physical block sequence tag is used to
consecutively number different physical blocks during recording.

While the sequence tag value is set to sequence for each physical block that is
written, it is given the same sequence tag number as the previous physical block if it is
a complete overwrite or rewrite. Similarly, those physical block double frames will
also carry the same PTID, FSN and FDBN values.

Partition Access Bookkeeping
The system 20 supports a record keeping journal of recording, searching and

reading activities that are performed during a current load of a cassette, and the
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information is stored in a memory. As part of the partition access bookkeeping, the
first time that a recording is done in each partition of a tape after it has been loaded and
the host has provided a location in which recording is to occur, the first recording of
the actual user data in each partition is not done until two amble double frames have
been recorded, with the first amble double frame having the first 16 tracks inhibited.

The partition access bookkeeping thereafter keeps track of whether the
recording is being performed by the same machine during the same load and decides
whether a gapped append should be performed when the tape is repositioned to record
information at a different location on the tape. The bookkeeping aspect of the system
keeps track of every partition on tape. Every time the system relocates the tape to a
new partition, a gapped append amble double frame is written within the partition and
by virtue of the bookkeeping aspect, thereafter further recording in a partition which
has been recorded will determine whether the append recording is being added to the
new recording or if it was an old recording.

If the append is to add further data to the recording in a particular partition in
which recording was done during the present session, then a gapped append is not
called for. An amble double frame is transparent in the sense that it will not cause any
problem during reproducing or searching for data to provide the data from the system
to the host system. ,

When a tape is loaded into the system, none of the partitions have been
accessed so that during a search operation the tape is moved to the beginning of the
partition during an initial search. Once a partition has been accessed, then the system
keeps track of the highest accessed location that has being accessed in that partition.
For example, if a partition has been accessed to perform an append recording, then at
the end of the append recording where two EOR frames have been written and the
locations thereof are therefore known and their location are written into the memory.

Since the location of the end of recording is therefore known within the
partition, then that information can be used to perform a search from either the
forward or the reverse tape direction, because the system then knows where the end of
recording is within the partition. Because data can be written over prior recordings
with the prior recordings having end of recording double frames written thereon, the
prior recorded information would not reliably enable accurate searching to be done
because the system would not know, without the partition access information,
whether another end of recording double frame would have been written previously at
a location nearer the beginning of the partition. If the current target is before the
highest accessed location kept in the bookkeeping record for the partition, reverse
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searching would also be allowed, since the highest accessed location cannot be
beyond the EOR even if its location is not known.

Also, if during a prior search, the highest accessed location before an end of
recording double frame was encountered and therefore the end of recording location
was not determined, during a reverse search, if the current target is after the highest
access location, the bookkeeping information is used to locate the tape at the address
and the search is then done in a forward direction to find the target. This is necessary
because the system would not know where the valid end of recording occurred. The
information that is stored in the memory includes the highest accessed address in each
partition, including the file section number (FSN) in each partition, the data block
number (DBN) and the cumulative data block number (CDBN).

Thus, the bookkeeping capability may considerably shorten the time required
to perform the search. Therefore, from the above it should be appreciated that the
information that is most relevant is the valid end of recording aspect and if access to
the partition has been done in order to read information from the partition, then the
highest read location is necessary to perform reliable searching. If the fact that an
append recording has been performed is known, then the searching can be done in
either direction with a single frame of information.

Longitudinal Searching
With respect to longitudinal searching that is done by the system, it searches in

one of two search modes, one of which is a logical search mode and the other an
absolute search mode. When in the absolute search mode, the ADFN or absolute
double frame number is searched, and it is located on the physical address track.
Since during loading, the system knows where on tape it is as soon as it begins to
read information from the physical address track and because the absolute double
frame number is a monotonically increasing value from double frame to double frame,
it is relatively easy to transport the tape to the desired location and the ADEN numbers
can be retrieved while searching so effectively it is almost like a footage counter. This
type of searching enables high speed movement of the tape to be used and may be a
tape speed such as approximately 60 times the normal recording speed.

‘With respect to the logical search mode of operation, which is to look for a
particular data block within a recorded partition and in such a search the system does
not know where in a partition the data block is located. Since the partition in which
the data block is located is known, once the tape is moved so that the partition in
which the data block is located is encountered, the servo slows the tape movement to
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no greater than preferably approximately 30 times normal recording speed so that the
logical track information can be recovered.

The search operation continues during movement of the tape until the
parameter that is being searched is overshot. When moving in the forward direction,
the system moves the tape to a partition and the searching is for a DBN of a file
section number. Because of the manner in which double frames are demarked, even if
the target file section number and DBN number is located during a forward search, it
is necessary to go on to determine if the prior number was a valid physical block, and
therefore it is necessary to overshoot by a number of double frames that are required
in order to confirm that the first target value was in fact a valid double frame. For
forward search, the confirmation is achieved when there are two consecutive logical
address track segments containing FSN and/or FDBN that are larger than the
FSN/DBN of the target. During a reverse search, the first encountering of a logical
address track segment containing a FSN and/or FDBN that is equal or less than the
FSN/DBN of the target concludes the search.

The system can either search for the file section number (FSN) and the DBN,
but not a DBN number alone, because there can be many possible DBN numbers that
match the target number that is being searched. However, for any particular file
section number there will be only one DBN number for a valid data block and the
combination of these two characteristics would yield the desired data block that is
being searched. Alternatively, there is only one unique cumulative data block number
CDBN and a reliable search can be accomplished using this parameter rather than a
FSN together with a DBN. The search from a forward direction will start at the
partition and it will continue until the target is reached or an EOR double frame is
encountered. '

During a logical track search the system moves the tape to the area in which the
data block is believed to be located. However, the system requires confirmation of the
location by a subsequent search of the helical tracks done in a helical search to be
described, because among other things, the longitudinal tracks are not encoded with
error correction coding and are not totally reliable.

The logical searching is done in conjunction with the partition access
bookkeeping information. To search a given partition, the system examines the
information known about the partition. If no bookkeeping information exists with
respect to a partition, the system will access the partition at its beginning and then it
will begin the searching. . |

If the partition access bookkeeping provides a known access point from a prior
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search and read operation, the target data block can be compared with that information
and if the data block cannot be between the beginning of the partition and the highest
accessed location (not an EOR), the system uses the known access point as a starting
point to do the searching in the forward direction until the target data block location is
actually found. Once the logical search on the longitudinal track is accomplished and
the target is believed to be found, the system moves the tape to a pre-roll position that
is preferably approximately two seconds worth of tape where the helical search is
started and it will perform its search for the actual data block that is being searched
for.

If the target data block is between the beginning of the partition and the highest
accessed location, the system can search from the access point to the target in the
reverse direction, or from the beginning of the partition to the target in the forward
direction. Successfully completion of a search may provide new access locations for
the partition accessing bookkeeping information.

Helical Searching
With respect to the helical search mode, it is first necessary to determine that

the physical block double frame contains a valid physical block, which requires
reproducing at least two additional or subsequently recorded double frames to
determine whether a subsequent double frame has been designated as a demark double
frame. Once the physical block is determined to be valid, the physical block is
searched to locate the target data block which is being searched for. The end of file is
defined as the last physical block with the same FSN. If a successive double frame
contains a file section number that is greater than the prior one, it is defined as the
beginning of a new file section. The beginning of a file has a new file section number
with a FDBN number equal to zero.

The mixed mode type of search is an extension of the longitudinal track search
and the helical track search whereby a host system has a bookkeeping system that it
uses and it can command that a search be done to the system whereby it will request a
search be done for a particular data block and it will also provide an ADFN number
that it sends to the system 20 and in such event, the system will use the ADFN
number to shuttle to the location where the block should be located and once it is
there, then it will perform'the above described longitudinal track search in the reverse
direction followed by the helical search to complete the search.

From the foregoing, it should be understood that an extremely powerful data
recording and reproducing system has been shown and described which has the
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capability of storing large amounts of data in an extremely organized manner. The
organization of the format of the system enables the system to perform many desirable
operational functions, including reliable searching, recording and recovery of the data.
While various embodiments of the present invention have been shown and
5 described, it should be understood that various alternatives, substitutions and
equivalents can be used, and the present invention should only be limited by the
claims and equivalents thereof.
Various features of the present invention are set forth in the following claims.
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WHATIS CLAIMED IS:

1. A longitudinal servo track pattern located on an elongated medium
having other areas on which information can be recorded and reproduced, said servo
track pattern comprising a-plurality of digital mark patterns recorded thereon, each of
said digital mark patterns comprising:

a leading identifier field of digital bits;

a trailing identifier field of digital bits; and

a field of digital synchronizing data located between said leading and trailing
identifier fields.

2. A longitudinal servo track pattern as defined in claim 1 wherein each of
said leading and trailing identifier fields comprises a predetermined number of bits,
said field of digital synchronizing data has a length that is equal to the length of each
of said identifier fields.

3. A longitudinal servo track pattern as defined in claim 1 wherein said
predetermined number of bits in each of said identifier fields is four.

4. A longitudinal servo track pattern as defined in claim 2 wherein said
synchronizing data comprises the ANSI sync word.

5. A longitudinal servo track pattern as defined in claim 1 wherein said
leading identifier field comprises a plurality of bits of digital data, wherein the flux
transition directions and locations of said bits in a first direction are predefined.

6. A longitudinal servo track pattern as defined in claim 5 wherein said
trailing identifier field comprises a plurality of bits of digital data, wherein the
locations of successive flux transitions in said trailing identifier field from an opposite
direction to said first direction are identical to the locations of successive transitions of
said leading identifier field transitions in said first direction, the direction of each
successive flux transition of said trailing identifier field in said second direction being
opposite the direction of each successive flux transition in said leading identifier field
from said first direction.

7. A longitudinal servo track pattern as defined in claim 6 wherein said
synchronizing data comprises a first half of flux transition directions and locations in a
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first direction, and a second half of flux transition directions and locations, said
locations and directions of successive flux transitions in the opposite direction of said
first direction of said second half being identical to the locations of flux transitions of
said first half in said first direction, the direction of successive flux transitions of said

5 first half in the first direction being opposite the direction of successive flux transitions
of said second half in said opposite direction.

8. A longitudinal servo track pattern as defined in claim 7 wherein said
10 synchronizing data has a length equal to four bits of digital information.

9. A longitudinal servo track pattern as defined in claim 1 wherein the
magnetic tape has an area in which information can be recorded on helical tracks, one
of said digital mark patterns being recorded for each pair of helical tracks.

15

10. A longitudinal servo track pattern as defined in claim 9 wherein units
of information of a predetermined minimum size are recorded on a predetermined
number of successive helical tracks, each said mark pattern having a leading identifier
field that uniquely identifies the helical track pair of the beginning of each unit and a

20  leading identifier field that uniquely identifies the middle helical track pair of each unit,
and leading identifier fields that uniquely identify all other helical track pairs as not
being beginning and middle helical track pairs.

11.  Alongitudinal servo track pattern as defined in claim 10 wherein each
25  of said units of information comprises approximately 1.2 Megabytes. _

12. A longitudinal servo track pattern as defined in claim 10 wherein each
of said leading identifier fields which uniquely identify the beginning helical track
pair, the middle helical track pair and all other helical track pairs comprise bit patterns

30 thatare different from one another.

13.  Alongitudinal servo track pattern as defined in claim 10 wherein said
predetermined number of successive helical tracks is 32 helical tracks.

35 14.  Alongitudinal servo track pattern as defined in claim 12 wherein said
bit pattern for said leading idcntiﬁer field which uniquely identifies the beginning
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helical track pair is one of 1001 and 1111, with the bit pattern of successive units
alternating between the two bit patterns.

15. A longitudinal servo track pattern as defined in claim 12 wherein said
bit pattern for said leading identifier field which uniquely identifies the middle helical
track pair is 0011.

16. A longitudinal servo track pattern as defined in claim 12 wherein said
bit pattern for said leading identifier field which uniquely identifies the all helical track
pairs which are not beginning or middle helical track pairs is 0101.

17.  Alongitudinal servo track pattern as defined in claim 7 wherein a servo
mark consists of a flux transition located at the end of said first half and the beginning
of said second half of said synchronizing data.

18. A longitudinal servo track pattern as defined in any one of claims 1
through 17 wherein said servo track pattern is adapted to provide signals for a servo
system for controlling the movement of the medium, the servo system having a
magnetic reproducing head adapted to read the digitally recorded longitudinal servo
track pattern during movement of the medium in either direction, and said leading
identifier field of digital bits being electrically equivalent during reproducing while the
medium is moving in a first direction to the trailing identifier field of digital bits while

_ the medium is moving in a direction opposite to said first direction.

19. A longitudinal servo track pattern as defined in'claim 18 wherein said
field of digital synchronizing data comprises two halves, said first half being
electrically equivalent during reproducing while the medium is moving in a first
direction to said second half while the medium is moving in a direction opposite to
said first direction.
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ACRONYM DESCRIPTION

PGAC PARTITION GROUP A COUNT

PGAPD PARTITION GROUP A PHYSICAL BLOCK DOUBLE FRAME TYPE

PGAS PARTITION GROUP A SIZE

PGBC PARTITION GROUP B COUNT

PGBPD PARTITION GROUP B PHYSICAL BLOCK DOUBLE FRAME TYPE

PGBS PARTITION GROUP B SIZE

PFMT PRE-FORMATTED

PSID PARTITION/SYSTEM-ZONE IDENTIFIER

PTAC TYPE A PARTITION COUNT

PTAS TYPE A PARTITION SIZE

PTBC TYPE B PARTITION COUNT

PTBL PARTITION TABLE

PTBS TYPE B PARTITION SIZE

PTCS PARTITION TABLE CHECK SUM

PTEC PARTITION TABLE ENTRY CHECK SUM

PTGAC PARTITION GROUP A COUNT

PTGAS PARTITION GROUP A SIZE

PTGBC PARTITION GROUP B COUNT

PTGBS PARTITION GROUP B SIZE

PTID PARTITION IDENTIFIER

PTOL PARTITION LAYOUT OPTION

QF QUAD FRAME '

QFsM QUAD FRAME SERVO MARK

RRWC REMAINING REWRITE COUNT

RWEN REWRITE ENABLE

SDFN STARTING DOUBLE FRAME NUMBER

SF SINGLE FRAME

SFSM SINGLE FRAME SERVO MARK

SM SERVO MARK

SSCRCI SUBAREA SUBBLOCK CRC INVERTED

SSCs SUBAREA CRC SUM

SVT SERVO TRACK

SVTS SERVO TRACK SEGMENT

SZEN SYSTEM ZONE

SZID SYSTEM ZONE IDENTIFIER

SZsp SYSTEM ZONE SPACING

SZsZ SYSTEM ZONE SIZE

TBC TOTAL BYTE COUNT

TETY TABLE ENTRY TYPE

TP TRACK PAIR

TPSM TRACK PAIR SERVO MARK

TS TIME STAMP

TSDT TIME STAMP DATA

TSTY TIME STAMP TYPE

VFI VOLUME FORMAT INFORMATION

VLID VOLUME IDENTIFIER

VNDR VENDOR IDENTIFICATION

ZNTY ZONE TYPE

. ‘
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