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(57) Abstract

The system for gap positioning optimization in a tape drive takes advantage of the presence of a pair of read heads, located one on
either side of the write head, to precisely determine the boundary between the inter-block gap and the data blocks adjoining the inter-block
gap. In particular, the servo mechanisms in the tape drive note the location of the boundary between the present data block and the
inter-block gap formed at the end of the present data block. When the tape is repositioned between data read/write operations, this servo
information is used to identify this boundary to initiate the subsequently received data read/write operation. A predetermined amount of
inter-block gap is provided at the end of the data block to ensure that subsequently received data is not written on top of the present data
block or the overwriting of the next data record begins at the beginning of the data block. The system for gap positioning optimization in a
tape drive activates the upstream read head during the tape acceleration process to sense the location of this boundary. The upstream read
head senses the presence of a region devoid of data, indicating the inter—block gap, thereby confirming the location of the boundary with
more precision than the servo data indication, and positively verifying before the write operation that the selected block is the one desired.
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SYSTEM FOR GAP POSITIONING OPTIMIZATION IN A TAPE DRIVE

Field of the Invention

This invention relates to tape drive subsystems and, in particular, to a
system that optimizes the operation of the tape drive to accurately determine the
position of the write heads in relation to an inter-block gap located at the end of a
written block of data.

Problem

ltis a problem in tape drive subsystems to efficiently manage the movement
of the tape with respect to the read heads and the write heads of the tape drive to
ensure both error free data recording and maximum utilization of the tape for data
storage. In particular, the tape drive stores the received data on the tape in
segments termed data blocks. A block of data is the smallest unit of data that is
read or written on the tape during one continuous motion of the tape. When the
received data is written on the tape and the tape drive is awaiting the next data
read/write command, the motion of the tape is haited. To prevent the inadvertent
overwriting of data blocks on the tape, the tape drive segregates successive blocks
of data by forming an area that is devoid of data between adjacent blocks written
on the tape, termed the Inter-Block Gap (IBG). These inter-block gaps are needed
to provide space for the motion of the tape to be halted and then resumed without
requiring that the tape transport mechanism be able to resume the motion of the
tape precisely at the point at which the motion of the tape was previously hailted.

Many tape drives operate by decelerating the tape when the end of a data
block is reached, bringing the tape velocity to zero at a point within the IBG. The
tape drive then accelerates the tape on a subsequently received read/write
operation so that the tape is traveling at a speed appropriate for reading/writing
data when the boundary between the end of the inter-block gap and the beginning
of the next data block is reached. When operated in this mode, the tape transport
must decelerate and accelerate the tape quickly enough so that the distance
traveled during deceleration plus the distance traveled during acceleration is less
than or equal to the length of the inter-block gap. This requires expensive drive
motors to quickly accelerate and decelerate the tape and typically also requires the

use of long inter-block gaps.
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It is desirable to make the length of the inter-block gap as short as possible
to enable the writing of more data on the tape. In addition, a shorter inter-block gap
increases the average data transfer rate by minimizing the amount of tape thatis -
devoid of data when the tape drive is reading data in a streaming mode. To
minimize the inter-block gap length, many tape drives operate in a tape
repositioning mode, rather than the tape start-stop mode described above. The
tape repositioning operation is effected when the motion of the tape is stopped
between successive operations or when the direction of movement of the tape is
reversed. The tape drive uses the tape transport servo mechanism to determine
the position of the end of the data record and tracks the tape position with respect
to this servo readout. The tape repositioning operation comprises moving the tape
in a direction and for a distance such that the tape, when accelerated to read/write
speed, reaches the desired velocity prior to reaching the start of the next data block
as computed with respect to the measured servo position. This enables the tape
drive to minimize the length of the inter-block gaps, but requires the close
coordination of the tape position with the location of the beginning of the data
blocks written on the tape. If the tape drive fails to accurately determine the
boundary between the inter-block gap and the beginning of the next data record,
data can be missed in a data read operation, or a data write operation can begin
past the beginning of the old data block, creating a new data block that has
prepended thereto old data. Similarly, the tape drive can overwrite the end of the
present data block if the write operation begins too quickly. Therefore, the length
of the inter-block gap is selected to be of sufficient extent to account for variability
in the operation of the tape positioning mechanism, and in particular the limited
accuracy of the servo mechanism and the possibility of tape stretch.

It is beneficial to improve the accuracy of the inter-block gap location
determination as well as the associated control of the tape read/write operations to
minimize the length of the inter-block gaps and minimize the possibility of data
corruption by over- or under- writing data on the tape.

Solution
The above-described problems are solved and a technical advance achieved

in the field by the present system for gap positioning optimization in a tape drive.
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The system for gap positioning optimization in a tape drive takes advantage of the
presence of a pair of read heads, located one on either side of the write head, to
precisely determine the boundary between the inter-block gap and the data blocks
adjoining the inter-block gap. In particular, the servo mechanisms in the tape drive
note the location of the boundary between the present data block and the inter-
block gap formed at the end of the present data block. When the tape is
repositioned between data read/write operations, this servo information is used to
identify this boundary to initiate the subsequently received data read/write
operation. A predetermined amount of inter-block gap is provided at the end of the
data block to ensure that subsequently received data is not written on top of the
present data block or the overwriting of the next data record begins at the
beginning of the data block. The determination of this boundary is subject to error
and the present system for gap positioning optimization in a tape drive uses the
upstream read head to sense the location of this boundary. The upstream read
head is activated during the tape acceleration process at least as early as the servo
mechanism indicates the location of the boundary as determined from the stored
gap boundary data. The upstream read head senses the presence of a region
devoid of data, indicating the inter-block gap, thereby confirming the location of the
boundary with more precision than the servo data indication.

This system enables the tape drive to ensure the precise determination of
the inter-block gap location and reduced the length of the required inter-block gap,
due to the accuracy of this determination.

Brief Description Of The Drawing

Figure 1 illustrates in block diagram form the architecture of a typical tape
drive that includes the present system for gap positioning optimization in a tape
drive;

Figure 2 illustrates a timing diagram that shows tape velocity and position
in a normal data read operation that is followed by a data read operation in the
same direction;

Figure 3 illustrates in flow diagram form the operation of the present system

for gap positioning optimization in a tape drive; and
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Figure 4 illustrates the typical pattern of data blocks that are written on a
tape by the tape drive.

Detailed Description

Figure 1 illustrates in block diagram form the architecture of a typical tape
drive TS that includes the present system for gap positioning optimization in a tape
drive. The tape drive TS comprises a tape controller TC that contains the program
instructions to regulate the operation of the tape drive TS, and format the data read
to and written from the tape MT, as well as a tape transport mechanism TT that
comprises the hardware that is used to effect the movement of the tape. The tape
transport mechanism TT includes a source reel SR and a takeup reel TR with their
associated drive motors and servo circuits SD, TD, respectively. The tape MT is
guided in well known fashion along a tape path across a set of read and write
heads H that are positioned between the source SR and takeup TR reels. The tape
drive controller TC regulates the operation of the drive motors SD, TD and receives
feedback from these drive motors SD, TD regarding the tape position. This is
accomplished by the servo mechanisms in the drive motors SD, TD that function
to count the number of revolutions of the tape reel and translate this data into tape
position data. In this manner, the tape drive controller TC can identify, with some
degree of accuracy, the location of a data block that is written on the tape MT.
Given that the tape MT is of significant length and numerous data blocks are written
on the tape MT, the servo mechanisms must be precisely operating elements to
avoid the problem that the tape drive TS becomes out of synchronization with the
location of data blocks on the tape MT. A further complicating factor is that the
tape MT is subject to stretching and does not maintain a constant length. A
significant amount of design effort and manufacturing expense are therefore
allocated to the servo mechanisms to ensure that the data blocks can be accurately
located.

In the present tape drive TS, the tape heads H comprise three heads: two
read heads R1,R2 and a single write head WH. The present tape drive TS is
equipped to read and write data on to the tape MT in a bidirectional manner. Inthe
normal course of writing data on to the tape MT, a tape drive TS reads back the

data as it is written to the tape MT to ensure the integrity of the data written on the
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tape MT. A read head is therefore placed a predetermined distance from the write
head downstream as defined by the direction of tape movement. Therefore, in a
tape drive TS that reads and writes data in both directions on a tape MT, aread -
head R1, R2 must be located on both sides of the write head WH to enable the
read back check of the data as it is written, regardless of the direction of tape
movement. As shown in Figure 1, the two read heads R1, R2 are placed one on
either side of the write head WH, a predetermined distance from the write head
WH. The tape MT moves from right to left in this diagram to read/write in the
forward direction. Therefore, the read head R1 on the left side of the write head
WH functions as the read back check read head for write operations in the forward
direction. Similarly, the tape moves from left to right in this diagram to read/write
in the backward direction. Therefore, the read head R2 on the right side of the
write head WH functions as the read back check read head for write operations in
the backward direction.

As described below, the read heads are also used to verify the location of
the inter-block gaps that are formed on the tape MT. The read head that is located
upstream of the write head is used for this purpose. Therefore, the read head R2
on the right side of the write head WH functions as the inter-block gap check read
head for write operations in the forward direction. Similarly, the read head R1 on
the left side of the write head WH functions as the inter-block gap check read head
for write operations in the backward direction.

Standard Automatic Tape Repositioning Operation

Figure 2 illustrates a timing diagram that shows the tape velocity and tape
position as a function of time in a standard tape repositioning operation wherein a
read operation in a forward direction is followed by a subsequent timewise delayed
read operation in a forward direction. This sequence of operations is selected due
to its simplicity and functions to illustrate the basic functioning of a tape
repositioning operation. In Figure 2, the top diagram illustrates tape velocity as a
function of time, while the lower diagram illustrates the position of the tape MT as
a function of time. Along the horizontal axis of the lower diagram is a listing of the
various operations that take place in the tape transport mechanism TT. Figure 4

illustrates the typical format of the data blocks that are written on the tape, with
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each successive data block being separated from the previously written data block
by an inter-block gap.

The first diagram in Figure 2 contains two notations along the vertical axis,
and these are: read velocity - forward direction and read velocity - backward
direction. These two notations indicate that the tape drive TS can operate in both
directions, with the graph above the axis representing forward motion and the graph
below the axis representing tape motion in the reverse direction. With respect to
the first operational segment noted along the bottom of Figure 2, termed "Read
Data Block A," the velocity of the tape MT as indicated in the top diagram is a
constant fixed read velocity in the forward direction (above the axis in the top
diagram). When the tape drive TS reaches the end of Block A as indicated in the
bottom diagram of tape position, and there is presently no subsequent data block
to be read, the tape controller TC enters the deceleration mode as noted along the
bottom of Figure 2 and stops the tape forward motion by transmitting control signals
to the tape transport TT to decelerate the tape MT. As indicated by the top
diagram, the tape velocity linearly decreases from the read velocity in the forward
direction down to the zero point of the axis where the tape MT is stopped at a point
indicated in the bottom diagram a significant distance past the end of data block A
and also a significant distance past the beginning of Data Block B.

In order to reposition the tape MT so that the data block adjacent to Data
Block A can be read at the beginning of the data block boundary, the tape MT must
be repositioned so that the tape transport TT can bring the tape MT to the
appropriate read velocity prior to the beginning of Data Block B. This requires that
the tape MT be backed up a predetermined distance from its present position. The
tape controller TC now enters the Automatic Tape Repositioning mode as indicated
along the bottom of Figure 2 and continues the deceleration of the tape MT past
the zero point in a negative direction, which comprises accelerating the tape MT in
the reverse direction to back the tape MT up the required distance. The
acceleration of the tape MT in the reverse direction continues for a short period of
time and is then terminated when a predetermined distance has been reached.
The tape MT is then decelerated to a stop at the end of the Automatic Tape

Repositioning mode where the tape velocity is zero and the tape position is at the
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Forward Read Position Target, which comprises the predetermined distance from
the beginning of data block B required for the tape transport TT to get the tape MT
up to read forward direction speed.

The tape controller TC then enters the Idle Time mode which represents the
time between the completion of the Automatic Tape Repositioning mode and the
receipt of a subsequent read forward operation request. The receipt of such a
request results in the tape controller TC activating the tape transport TT to enter the
Acceleration mode and accelerate the tape MT in the forward direction. This
acceleration is represented in the top diagram as an upwardly sloping straight line
which levels off at the read velocity forward direction point indicated in the vertical
axis of the top diagram. The bottom diagram indicates the corresponding tape
position, with the tape MT reaching the read velocity forward direction point at or
before the beginning of Data Block B, noted on the diagram as "less than or equal
to the IBG length." At this point, the tape controller TC enters the Read Data Block
B mode where the tape velocity is constant and the tape position linearly changes
over time as data is read from the tape MT.

The above-noted automatic tape repositioning operation is illustrative of the
repositioning function. The following description represents a slight variation of this
operation, where the subsequently received operation is a data write operation.

Servo Control of Tape Position

The positioning of the tape MT with respect to the read R1, R2 and write WH
heads is accomplished by servo mechanisms that are attached to the tape
transport TT. The servo mechanisms track the physical position of the tape MT as
it is transported over the read R1, R2 and write WH heads form the source reel SR
to the takeup reel TR. However, the servo mechanisms are mechanically based
and introduce a certain amount of error in the calculation of the tape position.
Given the number of tape position determinations, as well as velocity
determinations, that are required to automatically reposition the tape MT for a
subsequent read operation in the forward direction, the errors introduced into the
tape position determination can accumulate over numerous iterations of this
automatic repositioning operation and represent a significant pdrtion of the inter-

block gap. Therefore, the length of the inter-block gap is selected to account for
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this error accumulation, since there is no positive feedback regarding the true

location of the data block - inter-block gap boundaries.

" System For Gap Positioning Optimization In A Tape Drive

The present system for gap positioning optimization in a tape drive GP
overcomes the limitations of existing tape drives TS by providing direct feedback
regarding the location of the data block to inter-block gap boundaries. This is
accomplished by making use of the above-noted read heads R1, R2, which are
positioned on either side of the write head WH, to identify the boundary between
the present data block and the inter-block gap formed at the end of the present
data block. The present system for gap positioning optimization in a tape drive GP
is implemented as part of the tape controller TC and makes use of the existing tape
transport TT mechanisms.

As noted above, the tape drive TS includes two read heads: R1, R2 with one
located on either side of the write head WH. Figure 3 illustrates in flow diagram
form the operation of the present system for gap positioning optimization in a tape
drive GP which makes use of the three heads and the existing servo mechanisms
to accurately locate the boundary between the present data block written on the
tape MT and the inter-block gap that is formed at the end of the present data block.
The gap positioning can be verified before the writing of data begins on the tape
MT to avoid corrupting data blocks written on the tape MT. The tape drive TS uses
the forward read head to read the prior data on the tape, searching for the gap
where the writing is to begin.

In operation, the tape controlier TC reaches the end of reading (or writing)
the present data block as is well known in tape drives and then signals the servo
mechanism at step 301 to record the end of block position which is the boundary
between the present data block (Data Block N) and the inter-block gap (IBG). The
tape controller TC then executes an automatic tape repositioning operation at step
302, as is well known in tape drives. The tape drive TS subsequently receives
another read/write command at step 303 and initiates a tape acceleration operation
at step 304 to bring the tape MT up to the proper speed to read/write data on the
tape MT in the data block N+1 location on the tape MT. When the servo

mechanism generates an "at last remembered gap position" signal at step 305, the
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tape controller TC looks for the Data Block N to inter-block gap transition with the
forward read head R2 at step 306. This is accomplished by the upstream read head
R2 reading the data in Data Block N from the tape MT and verifying the correct -
block ID of block N until the absence of data comprising the inter-block gap IBG is
encountered by the upstream read head R2. (Alternatively, the upstream read
head R2 can be switched on at the some point earlier in the tape acceleration
process.) The tape controller TC recognizes the absence of data to represent the
inter-block gap IBG. Once the inter-block gap is located by the tape controller TC
at step 307, the write operation is delayed one read head to write head distance in
time and the write operation begins at a predetermined point in the nominal gap
length at step 308. The tape controller TC can then switch the forward read head
R2 off and switches on the trailing read head R1 at step 309 to verify the integrity
of the data that is written on the tape MT by the write head WH.

The tape controller TC no longer relies exclusively on critical servo
tachometer positioning in order to know when to begin writing data on the tape MT.
Servo positioning tolerances can therefore be reduced, with less expensive servo
systems being used in the tape drive TS at a significant cost savings. The write
reliability is similarly enhanced by guaranteeing that the tape drive TS never
overwrites existing data or by introducing a permanent undetected block ID
sequence error by writing further down the tape MT. Finally, error recovery actions
are greatly enhanced, in that the specific block N can be positively verified in this

same way.
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What Is Claimed:

1. A tape drive for reading/writing data records on a magnetic tape in -
either of two directions of tape movement, where a gap comprising a region having
an absence of data is formed at the end of each data record written on said
magnetic tape, said tape drive comprising:

read/write head means, comprising:

write head means for writing data on said magnetic tape as said
magnetic tape is passed over said read/write head in either of said two
directions;

first and second read head means, positioned on opposite sides of
said write head means, each selectively activatible for reading data written
on said magnetic tape as said magnetic tape is passed over said read/write
head in either of said two directions;

tape transport means for transporting said magnetic tape in a selected one
of said two directions of tape movement across said read/write head means;

magnetic tape positioning control means for enabling activation of said write
head means to write data on said magnetic tape in response to determining a
position of said gap that is formed at an end of a selected data record written on
said magnetic tape, comprising:

means for activating a one of said first and second read head means
that is located upstream from said write head means for said selected
direction of tape movement to read data from said magnetic tape; and

means, connected to said activated one of said first and said second
read head means, for determining a presence of said gap formed at said

end of a selected data record.

2. The tape drive of claim 1 wherein said magnetic tape positioning

control means further comprises:

means, responsive to said detected gap, for activating said write head

means for writing data on to said magnetic tape.

-10-
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3. The tape drive of claim 1 wherein said activating means comprises:
means for identifying a location on said magnetic tape representative of a
juncture between said selected data record and said gap; and

means for confirming when said activated one of said first and second read

head means is at said identified location.

4. The tape drive of claim 3 wherein said means for determining a
presence of said gap comprises:

means, responsive to said means for confirming, for receiving output
representative of data read from said magnetic tape from said activated one of said
first and second read head means; and

means, responsive to said received output, foridentifying an absence of data

on said magnetic tape for said predetermined amount of time.

5. The tape drive of claim 4 wherein said magnetic tape positioning
control means further comprises:
means, responsive to said detected gap, for activating said write head

means for writing data on to said magnetic tape.

6. The tape drive of claim 5 wherein said magnetic tape positioning
control means further comprises:

means, responsive to said detected gap, for disabling said activated one of

said first and second read head means.

7. The tape drive of claim 5 wherein said magnetic tape positioning
control means further comprises:

means, responsive to said detected gap, for enabling the other one of said
two read head means from said activated one of said first and second read head

means, to read data from said magnetic tape as it is written by said write head

means.

-11-
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8. The tape drive of claim 4 wherein said magnetic tape positioning
control means further comprises:
means, responsive to said detected gap, for activating said write head -

means for writing data on to said magnetic tape after a delay of a predetermined
time period.

9. A method of controlling the position of a magnetic tape in a tape drive
that reads/writes data records on a magnetic tape in either of two directions of tape
movement, where a gap comprising a region having an absence of data is formed
at the end of each data record written on said magnetic tape, said tape drive
comprising a read/write head that includes a write head for writing data on said
magnetic tape as said magnetic tape is passed over said read/write head in either
of said two directions and first and second read heads, positioned on opposite
sides of said write head, each selectively activatible for reading data written on said
magnetic tape as said magnetic tape is passed over said read/write head in either
of said two directions; a tape transport for transporting said magnetic tape in a
selected one of said two directions of tape movement across said read/write head,
said method comprising the steps of:

enabling activation of said write head to write data on said magnetic tape in
response to determining a position of said gap that is formed at an end of a
selected data record written on said magnetic tape, comprising:

activating a one of said first and second read heads that is located
upstream from said write head for said selected direction of tape movement
to read data from said magnetic tape; and

determining a presence of said gap formed at said end of a selected

data record.

10. The method of claim 9 wherein said step of enabling further
comprises:

activating, in response to said detected gap, said write head for writing data
on to said magnetic tape.

-42-
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11.  The method of claim 9 wherein said step of activating comprises:
identifying a location on said magnetic tape representative of a juncture

between said selected data record and said gap; and

confirming when said activated one of said first and second read heads is
at said identified location.

12.  The method of claim 11 wherein said step of determining a presence
of said gap comprises:

receiving, in response to said step of confirming, output representative of
data read from said magnetic tape from said activated one of said first and second
read heads; and

identifying, in response to said received output, an absence of data on said

magnetic tape for said predetermined amount of time.

13. The method of claim 12 wherein said step of enabling further

comprises:

activating, in response to said detected gap, said write head for writing data

on to said magnetic tape.

14. The method of claim 13 wherein said step of enabling further
comprises:

means, responsive to said detected gap, for disabling said activated one of

said first and second read head means.

15. The method of claim 13 wherein said step of enabling further
comprises:

enabling, in response to said detected gap, the other one of said two read
heads from said activated one of said first and second read heads, to read data

from said magnetic tape as it is written by said write head.

16. The method of claim 12 wherein said step of enabling further
comprises:

-13-
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activating, in response to said detected gap, said write head for writing data

on to said magnetic tape after a delay of a predetermined time period.

-14-
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FIG. 3

o

TAPE CONTROLLER REACHES END OF DATA BLOCK

AND SIGNALS SERVO TO RECORD END OF
BLOCK POSITION

[~ 301

\

TAPE CONTROLLER EXECUTES AUTOMATIC
TAPE REPOSITIONING OPERATION

302

\

TAPE DRIVE RECEIVES SUBSEQUENT
COMMAND

303

A4

TAPE CONTROLLER INITIATES
TAPE ACCELERATION

304

SERVO PRODUCES INDICATION THAT
RECORDED END OF BLOCK POSITION
HAS BEEN REACHED

- 305

A

TAPE CONTROLLER ACTIVATES FORWARD READ
HEAD TO READ DATA FROM TAPE TO VERIFY
GAP LOCATION AND BLOCK ID

——~— 306

A

TAPE CONTROLLER USES READ DATA TO
IDENTIFY END OF BLOCK POSITION

307

4

WRITE OPERATION ACTIVATED A
PREDETERMINED TIME AFTER END OF BLOCK
POSITION REACHED

308

y

TAPE CONTROLLER SWITCHES OFF LEADING
READ HEAD AND SWITCHES ON TRAILING
READ HEAD
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