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DATA BUFFER MONITORING APPARATUS
IN A DISK DRIVE SYSTEM

KGRO OF THE INVENTION
Field of the Invention | '

The present invention relates to disk drive
systems and, more specifically, to an apparatus for
determining if space is available in a WRITE data
buffer for a WRITE operation and if the sectors are

"available for transfer in a READ data buffer for a READ -

operat:.on .

Descriptior 1a t

| In some present disk drive systems a READ buffer
and a WRITE buffer are used to buffer data being
transferred bet.ween the host and the disk. These
buffers may ‘be separate ‘RAMs or can be a single RAM
that is partitioned into the two “separ'ate buffers. The
use of the READ and WRITE buffers allows the disk drive
system to receive data from the host for storage in the
WRITE buffer while, at the same time, retrieving data
from the disk for storage in the READ buffer, or for
transferring data from the WRITE buffer to the disk
while, at the same time, transferring data from READ
buffer 1 to the host. " ' '

In disk drive systems that use READ and WRITE
buffers it becomes' necessary to mon:.tor the amount of
data available in the READ buffer for a requested READ
operat:.on and the amount of space available in the
WRITE buffer for a requested WRITE operatlon. A sector
of data, 512 bytes of’ data, is the basic unit of
transfer of data in many disk drive systems. Since in
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a READ and WRITE operation more than one sector may be
transferred, - the host will provide the disk drive
system with the number of sectors to be transferred.

~ Data is stored in the READ and WRITE buffers as sectors

where each buffer can store up to 2,000 to 3,000
sectors. _ | _ :

The disk drive system has a i‘nicroproc_essor,- under
program control, which controls the overal'l operation
of the disk drive system. One function performed by
the microprocessor is to determine if a requested WRITE -
operation can be performed that is, the availability
of space within the WRITE buffer for a requested WRITE
operation. If a requested READ operation can be
performed, that is, the availability of sectors in the
READ buffer for a requested READ operation and if the
READ or WRITE operation can be performed, to generate ’
an OK TO TRANSFER s:.gnal indicating the same in the
disk drive system '_ The processing overhead on the.
micro- processor for perfornu.ng this function can become
large enough to degrade_ the overall disk drive system'
performance and efficiency characteristics.

SUMMARY OF THE INVENTION :

Accordingiy, it” is an cbject of the present
invention to provide a data buffer monitor apparatus
which monitors the space availability in the WRITE
buffer and the number of sectors available for transfer
in the READ buffer, and to generate the OK TO TRANSFER
signal when a requested READ or WRITE operation from
the host can be processed by the disk drive system.

It is another object of the present invention to
provide a READ and WRITE buffer monitor apparatus to
reduce the processing overhead on the microprocessor, -
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thereby _increesing the overall performance and
efficiency characteristics of the disk drive system.

It is another object of the present invention to
provide a READ and WRITE buffer monitor apparatus that
continuously monitors ~the transfer of data sectors
between the READ and WRITE buffers, and the host and
the disk. '

Briefly, the data buffer monitor apparatus
comprises a READ buffer monitor, a WRITE buffer monitor
and a transfer controller. The READ buffer monitor -
monitors the total number of sectors stored in the READ

- buffer and the number of sectors in the READ buffer

available for transfer to the host, and generates a
READ OK TO TRANSFER signal if the READ monitor
determines that the sectors for a requested READ
operation are stored in the READ buffer and can be’
transferred to the host. The READ buffer stores both
sectors that are available for transfer to the host and
sectors which are being held in the READ buffer after
the sector has been transferred to the host. The READ
buffer monitor also determines if the READ buffer is '
full and will generate a BUFFER FULL signal when such

is the case to prevent the overwriting of sectors in
the READ buffer by the disk drive. The WRITE buffer
monitor monitors the total number of sectors in the
WRITE buffer and generates a WRITE OK TO TRANSFER
signal if the WRITE monitor determines that a requested
WRITE  operation can be performed by the disk drive
system. The WRITE buffer stores sectors released to be
transferred to:the disk and unreleased sectors which
are being accumulated in the WRITE buffer for the WRITE
request being processed, which will be released after
all the sectors for the WRITE operation have been

transferred to  the WRITE buffer. The transfer

controller, in response to either the READ OK TO
-
Beei'\li\efl‘im



WO 95/25298

10

15

20

25

30

RIS SHEET T PCT/US95/02773

TRANSFER signal being generated by .the READ buffer
monitor if a READ operation has be'en_ requested, or the
WRITE OK TO TRANSFER signal being generated by the

WRITE buffer monitor if a WRITE operation has been

requested, generates an OK TO TRANSFER signal
indicating that the requested READ or WRITE operation
transfer of sectors to and from the disk drive system
may be performed by the disk drive.

An advantage of the hardware data ‘buffer monitor

apparatus is the- reduction of the process:.ng overhead -

on the microprocessor.

Another advantage of the hardware data buffer
monitor apparatus is the ability to maintain up-to-date
records of the status of the READ a_nd WRITE buffers

.such that a decision' can be efficiently and quickly
made as to when a requested READ oOr WK_ITE operation of

a given block size of sectors can be uhde’rtaken by the
disk drive system for the transfer of sectors to and
from the disk drive system. '

BRIEF DE PTION OF DRAWI
The invention will be described with respect to

the particular embodiments thereof and references will

be made to the drawings, in which:

FIGURE 1 is a diagram of a. disk drive system
including a data buffer monitor apparatus which
includes a READ buffer monitor, a WRITE buffer monitor
and the transfer controller; : I -

FIGURE 2 is a logic diagram of the transfer
controller;

FIGURE 3 is a logic diagram .of the ‘WRITE buffer

monitor; and . _ :
FIGURE 4 is a logic diagram of the READ buffer -

monitor.
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FIGURE 1 shows the overall block diagram of the
disk drive system embodying the present invention. The
host exchanges data and control signals with host
interface 2 via bus 25 in the disk drive system. The
disk exchanges data and contrql- signals with disk
interface 3 via bus 26. Microprocessor 5 communicates
with host interface 2 via bus 16 to control the
transfer of  data from READ buffer 1 to host interface
2 via bus 10, and the transfer of data from host
interface . 2 to WRITE buffer 4 via bus 12.
Microprocessor 5 communicates with disk interface 3 via
bus 17 to control the transfer of data from WRITE
buffer 4: to disk interface 3 wvia bus 13, and the
transfer of data from disk interface 3 ‘to READ buffer
1 via bus 11. | | '

'Host .interface 2 generates a SECTOR TRANSFER FROM

- HOST signal on line 14 to the WRITE buffer monitor 6

each time a sector is transferred from the host to the
WRITE buffer 4 in the disk drive system, and a SECTOR
TRANSFER TO HOST signal on line 15 to READ buffer
monitor 8 each time a sector is transferred from the
READ buffer 1 in the disk drive system to the host.
Disk interface 3 generates a SECTOR TRANSFER TO
DISK signal:on line 18 to the WRITE buffer monitor 6
each time a sector is transferred from the WRITE buffer

4 to the disk and a SECTOR TRANSFER FROM DISK signal on
line 19 to READ buffer monitor 8 each time a sector is
-transferred from the disk to READ buffer 1.

Microprocessor 5 communicates control signals with
WRITE buffer monitor 6, READ buffer monitor 8 and
transfer controller 7 via bus 21.  The control signals

" on bus' 21 include a WRITE BLOCK signal on line 21-3,
which release the  sectors accumulated in the WRITE
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buffer 4 during a WRITE operation for transfer to the
disk, a BLOCK COUNT signal on bus 21-5, which is the
number of sectors requested to be transferred during a
requested READ or WRITE operation,'a CLOCK signal on
line 21-4 for controlling timing, a READ BLOCK signal
on line 21-6 which indicates either a READ retention
mode or ‘a READ ring mode of operation for READ monitor
8, and releases the~10cation of héld sectors in the
READ buffer monitor 8 after exiting from the READ
retention mode, a-MULTIPLEHBLOCKS"siQnal on line 21-7

: indicating. to READ buffer monitor. 8 Whether.one'or:more

than one sectors.areu:equested for transfer during a
READ-operationfand a READ:MODE signal on line 21-1 to
the transfer controller 7 -indicating whether the
requested.operatibn{is.a'READ or: WRITE operation.
WRITE buffer monitor 6 maintains the total number
of sectors stored in the WRITE buffér 4, the number of
stored sectors released for transfer to the disk and
the number of stored sectors not released for transfer
to the disk. - WRITE- buffer monitorzé will generate a
WRITE OK TO TRANSFER signal on line 23 to transfer

.controller 7 if the WRITE buffer 4 has sufficient space

to receive the number of sectors indicated by the BLOCK
COUNT signal for the pending operation..

READ Buffer monitor: 8 maintains the total number
of 'sectors stored:in the READ buffer 1, the number of

. stored sectors available :for transfer to the host and

the number of:seCtorS'after'havihg~been-transferred to
the host are being held : ‘in the READbuffer 1. .READ
buffer monitor 8. will:generate a 'READ OK TO 'TRANSFER

© signal on line 24 to_transfer.controller '7- if the READ

buffer 1 has a sufficient number of sectors available
to be transferred to the host as:indicated by the BLOCK
COUNT . signal for .the pending. READ operation. - READ

‘buffer monitor 8 generates a BUFFER FULL signal on line
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20 to disk 4ihterface 3 to prevent: the disk from
overwriting,sectors in the READ buffer 1 when the READ.
buffer 1 is full.

Transfer controller 7 generates an OK TO TRANSFER
signal on line 22 to host interface 2, if the operation
is a READ operation, and a READ OK TO TRANSFER signal
is received from READ buffer monitor 8, or the
operation is a WRITE operation and a. WRITE OK TO
TRANSFER signal is received £from WRITE buffer
monitor 6. '

- TRANSFER CO LLER

- Referring to Figure 2, transfer controller 7
includes AND 31, AND 32 and OR 33. AND 31 is
conditioned by the coincidence of the READ MODE signal

. being high from microprocessor 5 on line 21-1 of bus

21, indicating the READ mode and the READ OK TO
TRANSFER signal being high on line 24 from READ buffer
monitor 8. AND 31 when so conditioned causes a OK TO
TRANSFER signal to be high on ' line 37 which is
connected to OR 33. AND 32 is conditioned by the
coincidence of the READ MODE signal being low from
microprocessor 5 on line 21-1 of bus 21, indicating the
WRITE mode and the WRITE OK TO TRANSFER signal being
high on line 23 from WRITE buffer monitor 6, and when
80 conditioned causes an OK TO TRANSFER signal to be
high on line 38 which is connected to OR 33. OR 33
causes an OK TO TRANSFER signal to be high on line 22
to host interface 2 whenever an OK TO TRANSFER SIGNAL
is present on either lines 37 or 38, thereby indicating
the requested transfer of sectors for a requested READ

. or WRITE operation from the host may be processed by

the disk drive system.

-
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WRITE BUFFER MONITOR

Referring to Figure 3, AND 40, 41 and 43 and
Cyclic Counter 42 form a state machine for generating
a series of RELEASE signals on line 57 whenever there
is coincidence between the WRITE BLOCK signal being
high on line 21-3 of bus 21 and the NOT ZERO signal
being high on line 51 by zero detector 44.

AND 40 is conditioned by the coincidence of the
WRITE BLOCK signal being high on line 21-3 of bus 21
and the NOT ZERO signal being high on line 51 by zero
detector 44. The WRITE BLOCK signal is raised to
release the sectors being held in WRITE buffer 4 for
transfer to the disk. The NOT ZERO signal is high on
line 51 whenever zero detector 44 detects that the
count in  held counter 45 is: greater than zero,
indicating that sectors are being held in WRITE buffer
4. AND 41 gates the CLOCK signal on . line 21-4 to

‘cyclic- counter 42 when AND 40 .is conditioned. Cyclic
counter 42 counts in the following sequence:

000
001
011
010
110
111
101

© 100
000.

Cyclic counter 42 is.a three stage counter which counts
in the above sequence such that only one stage changes

state.in response to a CLOCK signal,; thereby improving

the settling time of cyclic counter 42 such that cyclic
counter 42 can be stepped at the frequency of the CLOCK
signal. The count in cyclic counter 42 is monitored by
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AND 43. AND 43 will raise the RELEASE signal on line
57 during the time that cyclic counter 42 contains the
count of 001 as indicated on lines 54, 55 and 56,
respectively. Line 57 is connected to the DOWN input of
held counter 45 and the UP input of released counter
47. . , ' |
' The SECTOR TRANSFER FROM HOST signal on line 14
from host interface 2 is connected to the UP input of
held counter 45. The count output of held counter 45
is connected by bus 58 to zero detector 44 and adder -
46. The SECTOR TRANSFER TO DISK signal on line 18 from
disk interface 3 is connected to the DOWN input of
released counter 47 and decreases the count by 1 each
time the SECTOR TRANSFER TO DISK signal is received by
released counter 47. The count output of released
counter 47 is -connected by bus 59 to adder 46. Adder
46° combines the counts " from held counter 45 and
released counter 47 to form a sub-total count output on
bus 60 which indicates the number of sectors presently
being used in WRITE buffer 4. The sub-total count
output of adder 46 is connected via line 60 to adder
48. The BLOCK COUNT signal on bus 21-5 is connected to
adder 48. ' ADDER 48 combines the number of sectors to
be transferred as represented by the BLOCK COUNT signal
and the sub-total count from adder 46 to produce a
total sector count output on bus 62 to the B input of
comparator 50. '
Buffer size register 49 contains the count of the
maximum number of sectors that can be stored in WRITE

‘buffer 4. - The count value ‘of buffer size register 49

is connected via line 63 to the A input of comparator
50. When the total count on line 62 is less than or
equal to the buffer size register 49 count, then
comparator 50 will raise the WRITE OK TO TRANSFER
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signal on 1line 23 “which is connected to transfer
controller 7.

The operation of WRITE buffer monitor 6 will be
described by the following examples. First, assume the
following set of conditions: the count in buffer size
register 49 is 2000, the count in released counter 47

is 500, the count in held counter 45 is 0, the BLOCK

. COUNT signal has a value of 100, a WRITE operation is

requested by the host, and the WRITE BLOCK signal on
line 21-3 is low. Under these conditions the sub-total -

~count of adder 46 is 500 and the total count of adder

48 is- 600.. Comparator 50’s output, WRITE OK TO
TRANSFER signal on line 23, which is connected to

“transfer controller 7, is high since the total count of
. 600 from adder 48 is less than the buffer size count of
.2000.° AND . 32 . will be  conditioned in transfer

controller -7 therebYuqausing-the OK TO TRANSFER signal

to be high on line 22 to host processor 2. Host
- processor 2, upon receiving the OK TO TRANSFER signal,

will initiate the process of transferring sectors from

“the host to the disk drive for the WRITE request. Each
* time a sector is transferred from the host to the disk
-drive system, host interface 2 will generate a SECTOR

TRANSFER - FROM HOST signal on 1line 14 which will

-Ancrease by 1 the count in held counter 45. After the

last of the 100 sectors of the WRITE request have been
transferred, the count in held counter 45 will be 100

and -the count in released counter 47 will be 500.

Microprocessor 5:will raise the WRITE-BLOCKwsignal on

+1ine:21-3: The NOT ZERO signal on line 51 will be high
- ~since held counter 45's count is not equal to zero.
-AND 40.is conditioned thereby allowing CLOCK signals to

be ~gated to 'cyclic counter 42. Each" time cyclic

-+, countexr 42 has the count of 001, a RELEASE signal is
35

generated on line 57 which will decréase the count in
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held counter 45 and will increase the count in released
counter 47. ' When held counter 45 is decreased to the
count of 0, the NOT ZERO signal on line 51 will be low
thereby deconditioning AND 40 resulting in no further
CLOCK signals being gated to cyclic counter 42. At
this time the count in held counter 45 will be 0 and
the count in released counter 47 will be 600.

Further, released counter 47 . includes an
arbitration circuit that deals with the situation of a
RELEASE signal and a SECTOR TRANSFER TO DISK signal -
being p'resented to released counter 47 at the same
time. The arbitration circuit will first process the
RELEASE signal and then the SECTOR TRANSFER TO DISK
signal before the time of issuance of the next RELEASE
signal. The cyclic counter 42 is used to allow
settling time for the held counter 45 and the- released
counter 47 after being change'd.'

. Next assume the following set of conditions: the
count in buffer size register 49 is 2000, the count in

‘released counter 47 is 1500, the count in held counter

45 is 0, the BLOCK COUNT signal has a value of 600 and
a WRITE operation is requested by the host. Under
these conditions the sub-total count of adder 46 is
1500 and the total count of adder 48 is 2100. The
WRITE OK TO TRANSFER SIGNAL on line 23 from comparator

.50 will be low since the total count of 2100 £rom adder

48 is greater than the buffer size of 2000. Each time
a sector is transferred to‘the -di-sk} disk interface 3
will generate a SECTOR TRANSFER TO DISK signal- which
will decrease the count by 1 in released counter 47.
In this example, once 100 sectors have been transferred
to the disk from the write buffer 4, comparator 50 will
raise the WRITE OK TO TRANSFER signal since the total
count of 2000 from adder 48 is equal to the buffer size
of 2000. The pending  WRITE - request can then be
-
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processed since there is now enough room in WRITE
buffer 4 to store the 600 sectors assoc1ated with the
pending WRITE request

READ BUFFER MONITOR 8

The READ operation has two modes, a retention mode
and a ring mode. In the retention mode, sectors are
transferred from the READ buffer 1 to the host and are
maintained in the READ buffer 1 until released. The.
retention allows the READ operat:Lon to ‘be completed
while all the transferred sectors are still available
in the READ buffer 1 for transfer to the host if the
host should so require re-transfer of the sectors.
This mode thereby saves the time of retrieving those
same sectors from the disk to the READ buffer 1. Once
it is determined that the sectors can be released, the
location of those sectors in the READ buffer 1 are made
available for storage of new sectors retr:.eved from the
disk. 1In the ring mode sectors are transferred to the
disk and the sector’s location -in READ buffer 1 is
immediately made available' for storage of a new sector
retrieved from the  disk. The retention mode is
1nd:|.cated by the READ BLOCK signal being low and the
ring mode by the READ BLOCK signal being high.

Referring to Figure 4, AND 70, 71, 74 and 75 and
cyclic counter 72 form a state ‘machine for generating

. -a series of RELEASE signals on:line 99 whenever there

30

is coincidence between the READ BLOCK signal being high

on line 21-6 of bus 21, the NOT ZERO signal being high

on line 92 and the NOT ZERO signal being high on line
102. | ' L _

'AND 70 is conditioned by the coincidence of the
READ BLOCK signal being high on line 21-6 of bus 21 and
the NOT ZERO signal being high on line 92. The READ

: ThlS Sheet Has Been Reilaced
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BLOCK signaii?éuréised to add the court of held counter
78 to sectdf'counter 80 when sectors are released that
were being held in READ-buffer 1 and to indicate the
ring mode of operation. The NOT ZERO signal on line 92
is high whenever sectors are being held in READ buffer
1, indicated by held counter 78 having a count greater
than zero. When AND 70 is conditioned AND 71 gates the

 CLOCK signal on line 21-4 to step the cyclic counter

72. Cyclic counter 42 counts in the following

sequence:
000
001

- 011

010
110
111
101
100
000.

Cyclic counter 72 is a three stage counter and counts
in the above sequence such that only one stage changes
state in response to a CLOCK signal. . This method of
counting improves the settling time of cyclic counter
72. such that cyclic counter 72 can be stepped at the

frequency of the CLOCK signal. The count in cyclic

counter 72 is monitored by AND 74 which will produce a
RELEASE signal on line 98 during the time that cyclic
counter 72 contains the count of 011, as indicated on
lines 95, 96 and 97 respectively. AND 75 will gate the

'RELEASE signal on line 98 omto line 99 when sector

counter 80 has a count greater than zero such that zero
detector 76’s NOT. ZERO output~signal on line 102 is
high thereby conditioning AND 75.- Line 99 connects the

This Sheet Has Been Replaced
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output of AND 75 to the DOWN input. of held counter 78
and the DOWN input of sector counter 80.

The SECTOR TRANSFER TO HOST signal on line 15 from
host interface 2 is connected to the UP input of held
counter 78. . The count output of held counter 78 is
connected by bus 100 to zero detector 73, the B input

'of comparator 77 and the A input of adder 81. Zero

detector 73 will raise the NOT ZERO signal on line 92
whenever the count in held counter 78 is greater than
zZero. | :
The SECTOR TRANSFER FROM DISK signal on line 19
from disk interface 3 is connected to the UP input of
sector counter 80 and increases the count by one each
time the SECTOR TRANSFER FROM DISK signal is received
by sector counter 80. The count in sector counter 80
is the total number of sectors stored in READ buffer 1,
that is the number of sectors already transferred but
being held in READ buffer 1 plus the number of sectors
awaiting to be transferred from READ buffer 1. The
output of sector counter 80 is cdnnected by bus 102 to
the A input.-of comparator 77, to the A input of
comparator 79, to zero detector 76, to the A input of
comparator 85 ahd to the B input of comparator 91. The

. BLOCK COUNT on bus 21-5 is connected to the B input of

adder 81. Adder 81 combines the number of sectors to
be transferred as represented by the BLOCK COUNT signal
with the number of sectors being held in READ buffer 1
as indicated by held counter 78 to form a retention
count. 'The retention count output of adder 81 on bus
104 is connected to the B input of comparator 79.
MULTIPLE BLOCKS signal on line 21-7 when high partially

- conditions AND 82 to indicate that more than one sector
.is to be transferred by the pending READ request, and

when low partially conditions AND 83 to indicate that

-
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only 1 secééﬁﬁis to be transferred:Py the pending READ
request. o _

Buffer size register 90 contain the count of the
maximum number of sectors that can be stored in READ
buffer 1. The count output of buffer size register 90
is connected via bus 110 to the A input of comparator
91. When the count output of sector counter 80 on line

102 is equal to the count output of buffer size

register 49, then comparator 91 will raise the BUFFER
FULL signal on line 20 to the disk interface 3. The:
BUFFER FULL signal being high will inhibit the transfer
of sectors from the disk to the READ buffer 1, thereby
preventing any sector stored in READ buffer 1 from
being overwritten.

| Comparator 77 determines if the count on line 100
(the number of sectors being held in held counter 78$
is less than the count on 1line 102 (the number of
sectors in sector counter 80 or the number of sectors
in READ buffer 1) and if such is the case the output
signal from comparator 77 on line 101 is high. The
RETENTION SINGLE OK TO TRANSFER output signal of AND 83
will be high when both the output signal on line 101 is
high and the MULTIPLE BLOCKS signal is low on line 21-
7, indicating that only one sector is to be transferred
in the retention mode and at least one sector is
available for transfer in READ buffer 1. The RETENTION
SINGLE OK TO TRANSFER signal on line 106 is connected
to OR 84. -

Comparator 79 détermines if the count output of
adder 81 on line 104, indicating the sum of the number
of sectors being held in held counter 78 plus the
number of sectors requested to be transferred count, is
less than or equal to the count output of sector
counter 80 on line 102, indicating the number of
sectors in the READ buffer 1. If such is the case, an
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output signal from comparator 79 will be high on line

-103. The RETENTION MULTIPLE OK TO TRANSFER output

signal on line 105 of AND 82 will be high when the
output signal on line 103 is high and the MULTIPLE
BLOCKS signal is high on line 21-7, indicating that
more than one sector is to be transferred and at least
the number of sectors requested for transfer are
available for transfer in READ buffer 1. The RETENTION
MULTIPLE OK TO TRANSFER signal on line 105 is connected
to OR 84.

The RETENTION OK TO TRANSFER output signal of OR
84 is connected to AND 88 via line 107 and will be high
when either the RETENTION SINGLE OK TO TRANSFER signal
is high or the RETENTION MULTIPLE OK TO TRANSFER signal
is high. The RETENTION OK TO TRANSFER ‘signal on line
107 will be gated through AND 88 -to OR'89 via line 112

~ when the READ BLOCK signal is low on line 21-6.

Comparator 85 determines if the number of sectors
to be transferred by the pending READ request as
indicated by the BLOCK COUNT signal on bus 21-5.is less
than or equal to the count of the number of sectors in
the READ buffer 1 count on line 102 and, if such is the
case, the output signal from comparator 85 on line 109
will be high. The RING OK TO TRANSFER output signal of
AND 86 will be high when both the output. of comparator
85 on line 109 is high, indicating that the number of
sectors in the READ buffer 1. are greater than the
number of sectors requested to be transferred from the
READ buffer 1, and the ZERO signal on line 93 is high,

- indicating that no sectors are -being held .in READ

buffer 1 and that all sectors in READ buffer 1 are
available for transfer. The RING OK “TO TRANSFER signal
on line 108 is gated through AND 87 to OR 89 wvia line
111 when the READ BLOCK signal is high on line 21-6.
\
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The READ OK TO TRANSFER output signal of OR 89 on
line 24 is high when either the RING OK TO TRANSFER
signal on line 111 is high or the RETENTION OK TO
TRANSFER on line 112 is high.

The operation of the READ buffer monitor 8 will be
explained by the following examples. First, assume
that a READ request has been made for the transfer of
1 sector from the READ buffer 1 to the host in the
retention mode, the BLOCK COUNT signal equals 1, the
count in held counter 78 is 0, the count in sector -
counter 80 is 0 and the MULTIPLE BLOCK signal is low.
Under these conditions the output of compai‘ators 77, 79
and 85 will be low and the READ OK TO TRANSFER signal
will be low on line 24. When the disk retrieves the
next sector from the disk and stores that sector in
READ buffer 1, the disk interface 3 will generate a
SECTOR TRANSFER FROM DISK signal on line 19 which will
step the count in sector counter to 1. Now the output
of comparators 77, 79 and 85 will all be high causing
the RETENTION SINGLE OK TO TRANSFER signal on line 106
to be high, the RETENTION OK TO TRANSFER signal on line

-~ 107 to be high and the RING OK TO TRANSFER signal on

line 108 to be high. The READ OK TO TRANSFER signal on
line 24 will be high since AND 88 will be conditioned
by the READ BLOCK signal on line 21-6 being low and the

_ RETENTION OK.TO TRANSFER signal on line 107 being high.

Transfer controller 7 will raise the OK TO TRANSFER
signal to high on line 22 from transfer controller 7 to
host interface 2.

Host interface 2 will then initiate the processing
of: the READ request and one sectoi:- will be transferred
from READ buffer 1 to the host. Host interface 2 will
generate.a SECTOR TRANSFER FROM HOST signal on line 14

which will increment held counter to 1. At this time

the count in held counter 45 is 1 and the count in

-
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released counter 47 is 1, indicating that the sector in
the READ buffer 1 has been transferred to the host and
there are no other sectors in the READ buffer 1
ava:.lable for transfer to the host.

Next assume that the host issues another READ -
request in the retention mode for transferring 5
sectors  from the READ buffer 1 to the host. Under
these conditions the outputs will be 1low for
comparators 77, 79 and 85 thereby causing the READ OK
TO TRANSFER signal on line 24 to be ‘low. The host -
interface 2. will not attempt to..transfer any sectors
from the READ buffer 1 to the host. As sectors are

| retrieved from the disk and stored in READ buffer 1,

disk interface 3 generates a SECTOR TRANSFER FROM DISK
signal after each sector _is transferred on line 19
which will increment the count in sector counter 80 to
increase by 1. As soon. as the .sector counter reaches’

. the count of 2, the output' signal on 1line 101 of
.comparator 77 will be high since the count of 2 in

sector register 80 is. greater than the count of 1 in
held counter 78. The output of AND 83 will be low
because multiple sectors are -being transferred,
therefore the MULTIPLE BLOCKS signal 'is high on line
21-7. Therefore the READ OK TO TRANSFER s:Lgnal on line
24 will remain low. . _

When the sector counter 80 reaches the count of 6

-.the output signal of comparator 79: .will ‘be high,

resulting in the RETENTION OK. TO: TRANSFER Ssignal on
line 107 being high. Since the retention mode is being

- used, the READ BLOCK signal is low on.line 21-6 of bus
--21 which will gate the RETENTION OK TO TRANSFER signal

through AND 88 to OR 89. The READ OK: TO TRANSFER
signal will be .high on line 24 and the OK TO TRANSFER
signal on line 22 to host interface 2 will be high.
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Host inﬁéiface 2 will initiaté the processing of
the READ request from the host and 5 sectors will be
transferred from the READ buffer 1 to the host. Host
interface 2 will generate a SECTOR TRANSFER TO HOST
signal on line 15 to increment held counter 78 after
each sector has been transferred to the host. After
the READ request has been processed by microprocessor
5 the held counter 78 has a count of 6 and the sector
counter has a count of 6, thereby indicating that all
the sectors in READ buffer 1 have been transferred to-
the host and no sectors are available in READ buffer 1
for transfer to the host. '

Next assume that the host issues a READ request
for 10 sectors in the ring mode. When this READ
request is received the READ BLOCK signal on line 21-6
will be high, the BLOCK COUNT signal on line 21-5 will
have a value of 10 and the MULTIP1E BLOCK signal will
be high since more than one sector is requested to be
transferred to thé host.. Under these conditions the
outputs of camparators 77, 79 and 85 are all low sinée
the count in the sector counter is less than 10 and,
therefore, the READ OK TO TRANSFER signal on line 24
will be low and the OK TO TRANSFER signal on line 22
will be low. Host interface 2 will not initiate the
transfer of sectors from READ buffer 1 from the host.
Disk interface 3 will initiate the retrieval of the
requested sectors from the disk and will store the

_requestedjlo-sectors in READ buffer 1.

‘Since the READ BLOCK signal is high on line 21-6
and the NOT ZERO signal on line 92 is high, in that the
count in held counter 78 is greater than 1, AND 70 will
be conditioned which will allow CLOCK signals to step
cyclic counter 72. Each time cyclic counter reaches
the count of 011 the RELEASE signal on line 98 will be '

gated through AND 75 since the NOT ZERO signal is high
/’1
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on line 102, indicating that the count in sector
counter 80 is greater than 0. Each RELEASE signal on
line 99 will decrement the count in held counter 78 and
sector counter 86. When held counter reaches 0, AND 70
will be deconditioned thereby blocking the CLOCK
signals from stepping the cyclic counter 72. When
sector counter 80 reaches 0, AND 75 is deconditioned
thereby blocking the RELEASEa%ignals from decrementing
held counter 78 and sector cou_ntef 80. This will
result in the held counter 78 haviqg'a count of 0 and-

.. the sector counter count being decrémented 6 times.

After a sector is transferred from the disk into
READ buffer 1, disk 1nterface 3 will generate a SECTOR
TRANSFER FROM DISK 81gnal on 11ne 19 which will
increment - sector counter - 80. Sector counter 80

- includes an arbitration circuit:that deals with the
. situation of a RELEASE signal and a SECTOR TRANSFER
- FROM DISK signal being presented to sector counter 80

at;the.same~time..;The-arbitration circuit will first
process the RELEASE signal and then the SECTOR TRANSFER
FROM DISK signal before the time of isgsuance of the
next RELEASE signal. - The cycliccounter 72 is used to
allow settling time for the held counter 78 and the
sector counter 80 after being changed.

 When the count in sector counter 80 is greater
than the count in held counter 78, the RETENTION SINGLE
OK TO TRANSFER signal of comparator 77 will be high but
not gated through AND 83 since the MULTIPLE BLOCKS

. 8ignal on-line 21-7 is high. When the sector count
reaches a-count of 10 and-the held counter has a count

of 0, the RETENTiON MULTIPLE OK -TO TRANSFER signal of
comparator 79 will be high, resulting in the RETENTION

-OK TO TRANSFER signal on:line 107 being high. The.

- . RETENTION OK TO TRANSFER signal will be blocked by AND

35

- 88 since the READ BLOCK signal is high, indicating a
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ring mode ofﬂﬁperation. When the séctor count reaches
a count of 10 and the held counter has a count of 0,
the output signal on line 109 of comparator 85 will be
high, the RING OK TO TRANSFER signal on line 108 will
be high and the READ OK TO TRANSFER signal on line 111
will be high. The READ OK TO TRANSFER signal on line
24 from OR 89 will be high and the OK TO TRANSFER
signal on line 22 to host interface 2 will be high.

At this time the held counter 78 has a count of 0
and the sector counter 80 has a count of 10. Host -
interface 2 will initiate the transfer of the 10
sectors from the READ buffer 1 to the host. After each
sector is transferred to the host from READ buffer 1,
the host interface 2 will generate a SECTOR TRANSFER TO
HOST signal on line 15 to held counter 78. The SECTOR
TRANSFER TO HOST signal will increment held counter to
1 thereby raising the NOT ZERO signal on line 92 such
that AND 70 is conditioned. AND 70 being conditioned
will allow the cyclic counter 72 to be stepped by the
CLOCK signal. When cyclic counter reaches a count of
011 the RELEASE signal will be high and gated through
AND 75. The RELEASE signal will decrement the count in
sector counter 80 by 1 and will decrement the count in
held counter 78 to 0. Held counter 78 having a count
of 0 will result in AND 70 being deconditioned and the
CLOCK signal being removed from the cyclic counter 72.
Therefore, for each SECTOR TRANSFER TO HOST signal
received on line 15 for a READ ring mode operation
during the transfer of sectors from the READ buffer 1
to the host, held counter 78 will be incremented from
0 to 1 and then decremented from 1 to 0. After all 10
sectors have been transferred from READ buffer 1 to the
host, held counter 78 will have the count of 0 and
sector counter 80 will have the count of 0.
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While the invention has been particularly shown
and described with references to the preferred
embodiments thereof, it will be understood by those
skilled in the art that changes in form and detail may
be made therein without departing from the spirit and
scope of the invention. Given the above disclosure of -
general concepts and specific embodiments, the scope of
the protection sought is defined by the following
claims.
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What is claimed is:

1. A data buffer monitoring system in a disk

7
2 .drive system, said disk drive system including a WRITE
3 buffer for storing a plurality of sectors of data
4 received from a host for storage on disks in said disk
5 drive system, a READ buffer for storing a plurality of
6 sectors of data from said disks for transfer to said-
7 host and control means for generating a plurality of
8 control signals for controlling the transfer of sectors
9 of data between said host and said disk drive system in

10 response to READ and WRITE requests for the transfer of

11 one or more sectors of data issued by said host to said

12 disk drive system, said data buffer monitoring system

13 comprising:

14 a WRITE buffer monitor for generating a WRITE OK

15- TO TRANSFER signal when said WRITE X buffer has

16 sufficient available space to store the number of

17 sectors requested by either a. said READ or WRITE

18 request issued by said host;

19 a READ buffer monitor for generating a READ OK TO

20 TRANSFER signal when said READ buffer has in storage

21 the number of sectors of data available for transfer to

22 said host that was requested for transfer by either a

23 said READ or WRITE request issued by said host; and

24 transfer controller for generating an OK TO

25 TRANSFER signal to said control means in said disk

26 drive system when either said WRITE buffer monitor

27 generates said WRITE OK TO TRANSFER signal and said

28 host has issued a WRITE request or said READ buffer

29 monitor generates said READ OK TO TRANSFER signal and

30 said host has issued a READ request

—_—
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whereby said control means in response to said OK
TO TRANSFER signal controls the transfer of the number
of sectors of data from either said host to said WRITE
buffer if a WRITE réquest was issued by said host or
from said READ buffer to said host if a READ request
was issued by said host.

2. The data buffer monitoring apparatus of Claim
1 wherein | R

said READ buffer monitor generates a BUFFER FULL
signal to said control means in said disk drive system

. when said READ buffer is full of sectors of data such

that the storage of another sector of data in said READ
buffer by said control means would overwrite a sector
of data that is available for transfer to said host,

whereby said control means in response to said
BUFFER FULL signal inhibits the further transfer of
said sector of data from said disks to said READ buffer
until said BUFFER FULL signal is deactivated by said
READ buffer monitor means.

3. The data buffer monitoring apparatus of Claim
1 wherein said data buffer monitoring apparatus
receives from said control means in said disk drive
system: '

a READ mode signal connected to said transfer
controller, said READ MODE signal when high indicates
a READ requesti from said host and when low indicates a
WRITE request from said host;

a WRITE BLOCK signal connected to said WRITE
buffer monitor, said WRITE BLOCK signal when high
indicates that sector of data stored in said WRITE
buffer can be released for transfer to said disks;

__‘______~________
- This Sheet Has Been R

- I I I Ill!



WO 95/25298 PCT/US95/02773
) O AN O A
- * c L M s *
13 a CLOCK Signal connected to both said READ buffer
14 monitor and said WRITE buffer monitor;
15 a BLOCK COUNT signal connected to both said READ

16 buffer monitor and said WRITE buffer monitor, said
17 BLOCK COUNT signal indicating the number of sectors of
18 data that are being requested for transfer by either a
19 READ or WRITE request issued by said host;
20 a SECTOR TRANSFER FROM HOST signal connected to
21 said WRITE buffer monitor, said SECTOR TRANSFER FROM
22 HOST signal being generated after each sector of data’
23 is transferred from said host to said WRITE buffer;
24 - . a SECTOR TRANSFER TO HOST signal connected to said
25 READ buffer monitor, said SECTOR TRANSFER TO HOST
26 signal being generated after each sector of data is
27 transferred from READ buffer to said host;
28 a SECTOR TRANSFER FROM DISK signal connected to
29 said READ buffer monitor, said SECTOR TRANSFER FROM
30 DISK signal béing generated after each sector of data
31 is transferred from said disk to said READ buffer;
32 . a SECTOR TRANSFER TO DISK signal connected to said
33 WRITE buffer monitor, said SECTOR TRANSFER TO DISK
34 signal being generated after each sector of data is
35 transferred from said WRITE buffer to said disks;
36 a MULTIPLE BLOCK signal connected to said READ
37 Dbuffer monitor, said MULTIPLE block signal when high
38 indicating that more than one sector of data is
39 requested to be transferred by either a READ or WRITE
40, request issued by said host and when low indicating
- 41 that only one sector is requested to be transferred by
42 either a READ or WRITE request issued by said host; and
43 a READ BLOCK signal connected to said READ buffer
44 monitor, said READ BLOCK signal when high indicating a
45 ring mode of operation where the location in said READ
46 Dbuffer is immediately released for the storage of a new
47 sector of data after the sector of data at that
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location is transferred from the READ buffer to said
host and when 1low indicating a retention mode of
operation where a sector of data is maintained in said
READ buffer after said sector of data has been
transferred from said READ buffer to said host.

4. The data buffer monitoring apparatus of Claim
3 wherein said WRITE buffer monitor comprises:

a held counter for maintaining the count of the-
number of sectors of data stored in said -WRITE buffer

- which have not been released for transfer to said disk;

a released counter for maintaining the count of
the number of sectors of data stored in said WRITE
buffer which have been released for transfer to said
disk; . .

a buffer size register for storing the count of
the maximum number of sectors of data that can be
stored in said WRITE buffer;

a transfer means for generating said WRITE OK TO

 TRANSFER signal when the sum of said count in said held

register plus the count in said BLOCK COUNT signal is
equal to or less than the count in said buffer size
register. '

5. The data buffer monitoring apparatus of Claim

. 4 wherein said WRITE buffer monitor further comprises:

a state machine for adding said count in said held
counter to said count in said released counter and for
making the count in said held counter equal to zero

- when the sectors of data in said WRITE buffer that were

not released for transfer to said disks are released
for transfer to said disk.
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6. The data buffer monitoring apparatus of Claim
5 wherein '

said state machine generates a series of RELEASE
signals equal to the count in said held counter when
said WRITE BLOCK signal is changed from low to high;

said held counter receives said RELEASE signals
and is decremented by one count for each said RELEASE
signal received; and ' '

said released counter receives said RELEASE
signals and is incremented by one count for each said
RELEASE signal received.

7. The data buffer monitoring system of Claim 4
wherein |

said held counter receives said SECTOR TRANSFER
FROM HOST signals and is incremented by one count for
each said SECTOR TRANSFER FROM HOST signal received;
and .

said released counter receives said SECTOR
TRANSFER TO DISK signals and is decremented by one
count for each said SECTOR TRANSFER TO DISK signal received.

8. The data buffer moriitoring system of Claim 1
wherein said READ buffer monitor comprises;

. a held counter for maintaining the count of the
number of sectors of data stored in said READ buffer
which have been released for transfer to said host and
are being retained in said READ buffer;

a sector counter for maintaining the count of the
number of sectors of data stored in said READ buffer,
said count including the number of sectors of data
being held in said READ buffer and the number of

1
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sectors of data stored in said READ buffer that are
available for transfer to said host;

a buffer size register for storing the count of
the maximum number of sectors of data that can be
stored in said READ buffer; '

an adder for generating a summation count equal to
sum said count in said held register plus the count in
said BLOCK COUNT signal; and

a transfer means for generating said READ OK TO
TRANSFER signal when the number oﬁ sectors of data
requested for transfer to said host by a READ request
issued by said host is equal to or less than the number
of sectors of data in said READ buffer that are
available for transfer to said host..

9. The data buffer monitoring apparatus of Claim
8 wherein said READ buffer monitor further comprises:
a- state machine for reducing said count in said

- sector counter by the count in said held counter and

for reducing the count in said held counter equal to
zero when said retained sectors of data in said READ
buffer are released thereby providing the locations
occupied by said retained sectors of data available for
the storage of new sectors of data in said READ buffer.

10. The data buffer monitoring apparatus of Claim
9 wherein
said state machine generates a series of RELEASE
signals equal to the count in said held counter when
said READ BLOCK signal is change from low to high;
' said held counter receives said RELEASE signals.
and is decremented by one count for each said RELEASE
signal received; and
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10 and is decremented by one count for each said RELEASE
11 signal received. ' '

1 11. The data buffer monitoring apparatus of Claim
2 8 wherein ' '
3 said held counter receives said SECTOR TRANSFER TO
4 HOST signé.ls and is incremented by one count for each
5 said SECTOR TRANSFER TO HOST signal received; and

6 said sector counter receives said SECTOR TRANSFER
7 FROM DISK signals and is incremented by one count for
8 each said SECTOR TRANSFER FROM DISK signal received.

1 12. The data buffer monitoring apparatus of Claim
2 8 wherein said transfer means comprises:

3 first méans for generating a RETENTION SINGLE OK
4 TO TRANSFER signal when the count in said sector
5 counter is greater than the count in said held counter
6 and said MULTIPLE BLOCKS signal is low;

7 second means for generating a RETENTION MULTIPLE
8 OK TO TRANSFER signal when the count in said sector
9 counter is equal to or greater then said summation
10 count in said adder and said MULTIPLE BLOCKS Signal is
11  high; | ' '
12 third means for generating a RETENTION OK TO
13 TRANSFER signal whenever either said - first means
14 generates said RETENTION SINGLE OK TO TRANSFER single
15 or said second means generates said RETENTION MULTIPLE
16 OK TO TRANSFER signal;

17 fourth means for generating a RING OK TO TRANSFER
18 signal when said count in said sector counter is equal
19

to or greater than the count of said BLOCK COUNT signal
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'and said count in said held counter is equal to zero;

and

fifth means for generating a READ OK TO TRANSFER
signal when either said third means generates said
RETENTION OK TO TRANSFER signal and said READ BLOCK
signal is low or said fourth means generates said RING
OK TO TRANSFER 81gna1 and said READ BLOCK signal is
high.

13. The data buffer monitoring system of Claim 8
wherein said transfer means further comprises:

eighth means for generating a BUFFER FULL signal
when said count in said sector counter is equal to said
count in said buffer size register indicating that the
storage of another sector of data in said READ buffer
by said control means would overwrite a sector of data
that is available for transfer to said host,

whereby said control means in response to said
BUFFER FULL signal inhibits the further transfer of
said sector of data from said disks to said READ buffer
until said BUFFER FULL signal is deactivated by said
READ buffer monitor means.

14. The data buffer monitoring system of Claim 3
wherein: |
said WRITE buffer monitor comprises:

a held counter for maintaining the count of
the number of sectors of data stored in said WRITE
buffer which have not been released for transfer
to said disk;
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a released counter for maintaining the count
of the number of sectors of data stored in said

'WRITE buffer which have been released for transfer

to said disk;

a buffer size register for storing the count
of the maximum number of sectors of data that can
be stored in said WRITE buffer; and

a transfer means for generating said WRITE OK
TO TRANSFER signal when the sum of said count in
said held register plus the count in said BLOCK
COUNT signal is equal to or less than the count in
said buffer size register; and
said READ buffer monitor comprises;

a held counter for maintaining the count of
the number of sectors of data stored in said READ
buffer which have been released for transfer to
said host and are being retained in said READ
buffer;

a sector counter for maintaining the count of
the number of sectors of data stored in said READ
buffer, said count including the number of sectors
of data being held in said READ buffer and the
number of sectors of data stored in said READ
buffer that are available for transfer to said
host; '

a buffer size register for storing the count
of the maximum number of sectors of data that can
be stored in said READ buffer;

an adder for generating a summation count
equal to sum said count in said held register plus
the count in said BLOCK COUNT signal; and

a transfer means for generating said READ OK
TO TRANSFER signal when the number of sectors of
data requested for transfer to said host by a READ
request issued by said host is equal to or less

"l
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than the number of sectors of data in said READ
buffer that are available for transfer to said
host.

15. The data buffer monitoring apparatus of Claim
14 wherein said WRITE buffer monitor further comprises: .

a state machine for adding said count in said held
counter to said count in said released counter and for
making the count in said held counter equal to zero -
when the sectors of data in said WRITE buffer that were:
not released for transfer to said disks are released
for transfer to said disk.

16. The data buffer monitoring apparatus of Claim
15 wherein

said state machine generates a series of RELEASE
signals equal to the count in said held counter when
said WRITE BLOCK signal is change from low to high;

said held counter receives said RELEASE signals
and is decremented by one count for each said RELEASE
signal received; and

said released counter receives said RELEASE
signals and is incremented by one count for each said
RELEASE signal received. :

17. The WRITE buffer monitor of the data buffer
monitoring system of Claim 14 wherein:

said held counter received said SECTOR TRANSFER
FROM HOST signals and is incremented by one count for
each said SECTOR TRANSFER FROM HOST signal received;
and .
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8 TRANSFER TO DISK signals and is decremented by one
9 count for each said SECTOR TRANSFER TO DISK signal
10 received.

18. The data buffer monitoring apparatus of Claim
14 wherein said READ buffer monitor further comprises:

a state machine for reducing gaid count in said
sector counter by the count in said held counter and
for reducing the count in said held counter equal to
zero when said retained sectors of data in said READ
buffer are released thereby providing the locations
occupied by said retained sectors of data available for

W O 3 0 U b W N

the storage of new sectors of data in said READ buffer.

19. The data buffer'monitoring apparatus of Claim
18 wherein _ '

said state machine generates a series of RELEASE
signals equal to the count in said held counter when
said READ BLOCK signal is change from low to high;

said held counter receives said RELEASE signals
and is decremented by one count for each said RELEASE
signal received; and

said sector counter receives said RELEASE signals
and is decremented by one count for each said RELEASE
signal received. '

W O I WN R
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20. The READ buffer monitor of the data buffer
monitoring apparatus of Claim 14 wherein:
said held counter receives said SECTOR TRANSFER TO
HOST. signals and is incremented by one count for each
_ said SECTOR TRANSFER TO HOST signal received; and
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said sector counter receives said SECTOR TRANSFER
FROM DISK signals and is incremented by one count for
each said SECTOR TRANSFER FROM DISK signal received.

21. The data buffer monitoring apparatus of Claim
14 wherein said transfer means OF said READ buffer
monitor comprises:

first means for generating a RETENTION SINGLE OK
TO TRANSFER signal when the count in said sector
counter is greater than the count in said held counter
and said MULTIPLE BLOCKS signal is low;

second means for generating a RETENTION MULTIPLE
OK TO TRANSFER signal when the count in said sector
counter is equal to or greater then said summation
count in said adder and said MULTIPLE BLOCKS signal is
high;

third means for generating a RETENTION OK TO
TRANSFER signal whenever either said first means
generates said RETENTION SINGLE OK TO TRANSFER single
or said second means generates said RETENTION MULTIPLE
OK TO TRANSFER signal;

fourth means for generating a RING OK TO TRANSFER
signal when said count in said sector counter is equal
to or greater than the count of said BLOCK COUNT signal
and said count in said held counter is equal to zero;
and _ |

fifth means for generating a READ OK TO TRANSFER
signal when either said third means genefates said
RETENTION OK TO TRANSFER signal and said READ BLOCK
signal is low or said fourth means generates said RING
OK TO TRANSFER signal and said READ BLOCK signal is
high.
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1 22. The data buffer monitoring system of Claim 14

2 wherein said transfer means of said READ buffer monitor

3 further cdmprises: '

4 eighth means for generating a BUFFER FULL signal

5 when said count in said sector counter is equal to said

6 count in said buffer size register indicating that the

7 storagé of another sector of data in said READ buffer

8 by said control means would overwrite a sector of data

9 that is available for transfer to said host,

10 whereby said control means in response to said
11 BUFFER FULL signal inhibits the further transfer of
12 said sector of data from said disks to said READ buffer
13 until said BUFFER FULL signal is deactivated by said
14 READ buffer monitor means.
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