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123, step 323 branches to step 326 and the RUN signal
terminates as shown at time t13 in Chart 19B. The
resulting termination is sensed on the wire 107 at time
t14 as shown in Chart 19G. As previously indicated, the
EBL signal is prolonged so that the RUN signal will
always terminate before the EBL signal terminates. The
EBL signal at the drive terminates at time (15 as shown
in Chart 19H and this transition produces a strobing
signal to monitor the RUN signal. As the RUN signal is
not asserted, step 325 advances to step 327 to disable
the synchronous data section, reset the GO bit in the
drive control status register 140 and set the DRY bit in
the control and status register 141. At time (16, the
controller senses the transition of the EBL signal over
the wire 110 and, in step 330, terminates its writing
operation.

It is possible that during the transfer operations, the
controller will not be prepared to transfer a word
through the drivers 297. When this occurs step 319 in
FIG. 18 branches and the controller sets a DLT bit
position in the control and status register 134,

C. WRITE-CHECK Command

During an operation initiated by a WRITE-CHECK
command, circuits in the controller compare the data
actually written in a drive with the data contained in
the system. This command produces a reading opera-
tion at the device bus 121 (FIG. 5) and the data words
pass through the input buffer 122, storage facility 123,
and output buffer 124. The control 126 also responds
to the WRITE-CHECK command by enabling an EX-
CLUSIVE OR circuit array 298 to receive the data in
the output buffer 124 as one input.

When the output buffer 124 contains a word, the
interruption circuit 292 generates an INTERRUPT
signal to effect a data transfer from locations identified
by the contents of the bus address register 137 over the
system bus 120 through the receivers/drivers circuit
295 to be a second input to the EXCLUSIVE OR array
298. If any error exists, then the EXCLUSIVE OR
array 298 produces a ONE output which a WRITE-
CHECK ERROR circuit 299 monitors. The control
circuit 126 may then interrupt subsequent operations.

Otherwise the operation is the same as a READ oper-
ation in response to a READ command. Successive
words from the drive are transferred over the device
bus 121. Corresponding words from the system identi-
fied by the bus address register 137 are received over
the system bus 120 and through the receiver/driver
circuit 295 as in a writing operation except they pass
directly to the EXCLUSIVE OR array. The word
counter register 136 and drive word counter register
174 will terminate the operations and effectively dis-
connect the controller and the drive as previously dis-
cussed.

D. Detailed Synchronous Data Path Control Circuit

With this understanding of the operation of a control-
ler and drive, it is possible to discuss the controller
circuits in more detail. Referring to FIGS. 20A and
20B, a function decoding circuit 350 receives the
FUNCTION signals and produces output signals indi-
cating a function to be performed. Basically, the func-
tion decoding circuit 350 comprises a decoding circuit
for producing a unique command signal in response to
each proper combination of FUNCTION signals which
define a data transfer command. Each such command
signal is applied to an internal storage element to be
maintained even after the FUNCTION signals them-
selves terminate. Specifically, a local register transfer
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produces FUNCTION signals at the input to the func-
tion decoding circuit 350. If the control information
being transferred is a data transfer command, the cir-
cuit 350 produces a corresponding command signal
internally and an output FUNC signal indicating that
the FUNCTION bits define a data transfer command.
The coincidence of the FUNC signal, a CSlin signal
from the register selection decoder 152 (FIG. 6) and a
GO signal, produced when the GO bit position in the
data transfer command is asserted, energizes an AND
gate 351. When address timing circuit 155 (FIG. 6)
produces the DEV SEL signal, an inverter 352 removes
an overriding resetting signal to a clocked flip-flop 353.
As this occurs before the GO signal appears, the output
signal from the AND gate 351 sets a clocked flip-flop
353 to produce a FUNC LOAD signal indicating the
decoding circuit 350 might be decoding a data transfer
command. The trailing edge of the signal from the
AND gate 351 corresponds to the termination of the
REG STR signal from the timing circuit 156 (FIG. 6).
The trailing edge of the signal from the AND gate 351
loads the internal command signal into its appropriate
internal storage element, whereupon the function de-
coding circuit 350 produces a READ, WRITE or
WRITE-CHECK command depending upon the state
of the FUNCTION bits.

The FUNC LOAD signal, which appears while the
flip-flop 353 is set, enables an AND gate 354. If a non-
existant drive has been addressed, the following NED
signal from the control and status register 134 (FIG.
12) in the controller passes through the AND gate 354
and an OR gate 356 as an overriding resetting signal to
RUN flip-flop 355 which, when set, produces the RUN
signal. As described above, the NED signal is generated
if a TRA signal is not received a predetermined time
interval after a DEM signal.

While the FUNC LOAD flip-flop 353 is set, an AND
gate 357 is disabled so a WRITE signal can not be
asserted until the controller has checked for a non-
existant drive. After the DEV SEL signal terminates,
the inverter 352 again produces the overriding reset-
ting signal for the FUNC LOAD flip-flop 353 to
thereby disable the AND gate 354 and enable the AND
gate 357.

1 Reading and Write-Checking Operations

Circuit responses to reading and write-checking op-
erations are analogous as both READ and WRITE-
CHECK signals are combined in an OR gate 361 to
produce a RWRC signal and are not otherwise used
separately in FIGS. 20A and 20B.

During a reading operation, data is routed into the
input buffer 122 in FIGS. 5 and 6 in response to SCLK
signals on the wire 105 from the device bus. Assuming
that both a system inhibiting (INH) signal and DRWC
OFLO signal are inactive, inverters 363 and 365 (FIG.
20A) enable an AND gate 364. The INH signal is active
if a transfer error is detected (i.e., the TRE bit position
in the control and status register 133 is set) or the DLT
bit position in the control and status register 134 is set.
The DRWC OFLO signal is active when the drive word
counter register 174 in FIG. 6 overflows indicating that
all the transfers between the controller and drive have
been completed.

Thus, each SCLK pulse on the wire 105 passes
through the AND gate 364 to trigger a monostable
multivibrator 366. The OR gate 361 and output pulses
from the multivibrator 366 provide the inputs of an
AND gate 367. During a reading operation, each pulse
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from the multivibrator 366 passes through the AND
gate 367 and an OR gate 368 to become a CLK IBUF
pulse which loads data into the input buffer 122. The
leading edge of the CLK IBUF pulse also sets an IBUF
FULL flip-flop 370 thereby making an IBUF FULL
signal active and removing an overriding resetting sig-
nal to a BUB/IN flip-flop 371. When the CLK IBUF
pulse terminates, an inverter 372 sets the BUB IN flip-
flop 371 to cnable an AND gate 373. The other input to
the AND gate 373 is an IR signal from the storage
facility 123 in FIGS. 5§ and 6. The IR signal indicates
that the storage facility 123 has a vacant storage loca-
tion (i.e., is not full). When this IR signal is asserted
and the BUB IN flip-flop 371 is set, the AND gate 373
produces SHIFT IN pulse which loads data from the
input buffer 122 into the storage facility 123. As soon
as the storage facility receives the data, the IR signal
terminates, so the SHIFT IN pulse also terminates. This
trailing edge of the IR signal passes through an inverter
374 to reset the IBUF FULL flip-flop 370 and thereby
reset the BUB IN flip-flop 371 and disable the AND
gate 373. Even if the storage facility is not now full, the
IR signal terminates momentarily so as to initiate this
resetting operation.

The CLK IBUF pulse may also be produced in re-
sponse to a local register transfer command which
identifies the input buffer 122 as the source of data for
the control bus as previously described. Other circuitry
(not shown) may monitor the IBUF FUL.L flip-flop 370
to produce the DLT signal to set the corresponding
stage in the control and status register 134 if an attempt
is made to load data into the input buffer 122 while the
IBUF FULL flip-flop 370 is set. Successive SCLK
pulses continue to pass through the AND gate 364 until
the drive word counter register 174 in FIG. 6 overflows
and activates the DRWC OFLO signal. Then the in-
verter 365 inhibits the AND gate 364. If the INH signal
becomes active, further operations are also stopped.

Still referring to a reading operation, the storage
facility 123 generates an OR signal when it is ready to
shift data to the output buffer 124, The OR signal
passes through an AND gate 375 in FIG. 20B when a
BUB OUT flip-flop 378 is set. The BUB OUT flip-flop
sets each time an OBUF FULL flip-flop 376 resets
indicating the output buffer 124 is empty. The coinci-
dence of a set BUB OUT flip-flop 378 and OR signal
energizes the AND gate 375 to produce a SHIFT OUT
pulse which loads data from the storage facility 123
into the output buffer 124. This pulse also triggers a
monostable multivibrator 377, which in turn triggers
another monostable multivibrator 380. The output
pulse from the monostable multivibrator 380 sets the
OBUF FULL flip-flop 376. This removes an overriding
setting signal from the BUB OUT flip-flop 378 so the
termination of the OR signal after the transfer to the
output buffer 124 passes through an inverter 388 to
reset the BUB OUT flip-flop 378 and terminate the
SHIFT OUT pulse. When the next word appears at the
output of the storage facility, the resulting OR signal
enables the AND gate 375. However, no transfer can
occur until the OBUF FULL flip-flop resets.

When the OBUF FULL flip-flop 376 sets, it energizes
an AND gate 382 which is also enabled by an inverter
381 when a TRE signal from the control and status
register 133 is not active (i.e., no transfer errors exist)
and by a RWRC signal from the OR gate 361 (FIG.
20A). Thus, during a reading operation, AND gate 382
and an OR gate 383 transmit an INTERRUPT signal.
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The INTERRUPT signal passes onto the system bus.
During a subsequent system interruption operation, the
system retrieves the data from the output buffer 124
and transfers it to the system location identified by the
contents of the bus address register 137 (FIG. 5). Usu-
ally this is accomplished without actually interrupting
the operation of the central processor unit. Such trans-
fers are known as direct memory access transfers. Once
the data has been received in the system, a CLK DATA
signal appears. An AND gate 384 receives the CLK
DATA signal during a reading or write-checking opera-
tion indicated by the RWRC signal from the OR gate
361, and the resulting signal passes through an OR gate
385 to clock the OBUF FULL flip-flop 376 to a reset
condition. This immediately sets the BUB OUT flip-
flop 378 so another word can thep be moved to the
output buffer 124 as soon as the OR signal is asserted,
if it has not already been asserted.

Thus, successive SCLK pulses transfer data through
the input buffer 122 into the storage facility 123 during
a reading or write-checking operation. When the stor-
age facility 123 stores a word, then another word can
be loaded into it until the facility is filled. When the
storage facility 123 is filled, each word that is moved
into the output buffer 124 and transferred to the data
processing system enables additional words to pass in
sequence into the output buffer. Furthermore, as the
storage facility now has more space made available, a
subsequent word can be transferred into the storage
facility 123 from the input buffer 122. These opera-
tions continue until all the words to be retrieved have
been transferred from the drive, whereupon the drive
word counter register 174 (FIG. 6) generates the
DRWC OFLO signal to disable the AND gate 364
through the inverter 365 and reset the RUN flip-flop
355 through the OR gate 356. This effectively discon-
nects the drive and the controller.

When the word counter register 136 in FIG. 6 asserts
a WCOFLO signal, the trailing edge of the INTER-
RUPT signal, coupled to the flip-flop 386 shown in
FIG. 20B through an inverter 387, sets the flip-flop 386
to produce a DONE signal at the output of an OR gate
393. The WCOFLO signal indicates that all transfers
between the controller and system bus are finished.
Referring to FIG. 20A, with the RUN flip-flop 355
reset, the trailing edge of a subsequent EBL signal,
received from the wire 110 through an inverter 391,
sets an EOS flip-flop 390 to generate an EOS signal.
The coincidence of the EOS signal and DONE signal
from the OR gate 393 energizes an AND gate 392 in
FIG. 20B. The signal from the AND gate 392 passes
through an OR gate 395 to reset a BSY flip-flop 394.
The operation of the controller in response to the BSY
flip-flop 394 is discussed later.

2 Writing Operations

In a writing operation, data is supplied from the sys-
tem bus 120 to the input buffer 122. Each time data
appears on the system bus, a CLK DATA pulse in re-
sponse to transfer control signals on the system bus 120
passes through an AND gate 396 enabled by the AND
gate 357 (FIG. 20A) and through the OR gate 368 to
produce the CLK IBUF signal. Successive CLK DATA
pulses in response to successive transfer signals from
the system bus 120 move successive words through the
input buffer 122 and into the storage facility 123.

Assuming the output buffer 124 is empty, the flip-
flop 376 in FIG. 20B is reset and the BUB OUT flip-
flop 378 is set. When the OR signal appears, indicating
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data at the output of the storage facility 123, the en-
abled AND gate 375 produces the SHIFT OUT pulse as
previously discussed, and data moves to the drive. If the
storage facility is filled, each transfer to the drive pro-
duces a vacant location and frees the input buffer 122.

With respect to transfers from the system, the func-
tion decoding circuit 350 produces a WRITE signal
which is one enabling input to an AND gate 400. A
second cnabling signal is from an inverter 402 which
receives the WCOFLO signal indicating that more
words are to be transferred from the system. The out-
put of inverter 381 also enables the AND gate 400 if no
transfer errors have been detected as indicated by the
absence of the TRE signal. If thus enabled, the Shift In
signal from the AND gate 373 in FIG. 20A or the ab-
sence of an IBUF FULL signal from the flip-flop 370
coupled through an inverter 399 causes an OR gate 401
to cnergize the AND gate 400 thereby to produce an
INTERRUPT signal so another word can be transferred
from the system bus 120 to the input buffer 122. In
operation, the first word is transferred in response to
the absence of an IBUF FULL signal. Subsequent
words are transferred in response to the SHIFT IN
pulse which precede the termination of the IBUF
FULL signals.

When the OBUF FULL flip-flop 376 is set during a
writing operation, the resulting OBUF FULL signal and
a START signal energize an AND gate 403 (FIG. 20A)
during a writing operation to energize the OR circuit
362 and clock the RUN flip-flop 355 to a set condition.
The START signal is generated by other circuits (not
shown) and is asserted after a predetermined number
of words are stored in the storage facility 123 and out-
put buffer 124, This assures a minimum number of
writing operations will occur before even producing the
RUN signal. If, however, all the transfers are completed
to the controller, as indicated by the presence of a
WCOFLO signal, the START signal is asserted immedi-
ately. While the RUN signal is on, subsequently re-
ceived SCLK pulses on the wire 105 pass through the
AND gate 360, cnabled by the AND gate 357 during a
WRITE operation. The output from the AND gate 360
is a string of WCLK pulses which are coupled to the
drive on the WCLK wire 106. Once set, the flip-flop
355 remains set for the transfer of successive words.
When the drive word counter register 174 indicates all
words have been transferred to the drive, the DRWC
OFLO signal resets the flip-flop 355 to terminate the
RUN signal. The WCOFL.O signal enables the flip-flop
386 to be set upon the trailing edge of the INTER-
RUPT signal to thereby reset the BSY flip-flop 394, as
previously discussed.

Each SCLK pulse on the wire 106 also energizes an
AND gate 404 in FIG. 20B during a writing operation
to reset the OBUF FULL flip-flop 376. Thus, as each
SCLK pulse indicates a transfer during a writing opera-
tion, it resets the OBUF FULL flip-flop 376 to indicate
that the output buffer 124 is vacant or about to be
vacated.

Referring to FIG. 20A, EBL signals on the wire 110
do not affect the controller while the RUN flip-flop 355
is set. If the RUN flip-flop 355 is reset, however, the
trailing edge of an EBL signal clocks the EOS flip-flop
390 to a set condition. The EOS signal enables the
AND gate 392 in FIG. 20B to pass the DONE signal
from the flip-flop 386.

If the controller receives an EXC signal over the
EXC wire 111 from the drive and an EBL signal, an
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AND gate 389 produces a signal which also passes
through the OR gate 356 in FIG. 20A to reset the RUN
flip-flop 355 so the following termination of the EBL
signal effectively disconnects the drive and controller.
The controller can also generate an EXC signal to
terminate any subsequent drive operations. An AND
gate 405 produces this signal if a transfer error occurs
(i.e., the TRE signal is active) during a WRITE opera-
tion before the RUN signal is activated. The AND gate
405 is thus enabled during the time the storage facility
123 is filling.

Referring to FIG. 20B, the OCC wire 112 carries an
OCC signal during the time the drive is involved in a
transfer. This signal passes through an OR gate 410 to
disable a monostable multivibrator 411 and provide an
overriding resetting signal to a flip-flop 412. During the
initial stage of any transfer operation, inverters 413 and
414 energize an AND gate 415 to produce the RDY
signal. This is the RDY signal which also is one of the
enabling inputs to the AND gate 351 (FIG. 20A).
When the function decoding circuit 350 is loaded, the
RDY signal terminates and an inverter 416 triggers the
multivibrator 411.

During the initial stages of a normal operation, a
drive is ready to begin a transfer before the multivibra-
tor 411 resets. If a designated drive is ready, the OCC
signal passes through the OR gate 410 to disable the
multivibrator 411 and to keep the flip-flop 412 reset.
At the end of a transfer, the OCC signal terminates and
the multivibrator 411 immediately sets. Normally, how-
ever, the BSy flip-flop 394 resets to again energize the
OR gate 410 before the multivibrator 411 can time out.

If the OCC signal does not appear before the multivi-
brator 411 resets at the beginning of a transfer opera-
tion, the flip-flops 412 and 417 both set and produce
the MXF signal. The MXF signal immediately resets
the RUN flip-flop 355 through the OR gate 356 and the
BSY flip-flop 394 through the OR gate 395. The BSY
flip-flop 394 is also reset by an active output from the
AND gate 354 in FIG. 20A so that a non-existant-drive
error does not also appear as a missed-transfer error. A
system clearing pulse (SCLR) also resets the flip-flop
394 while a clearing command, which produces a CLR
signal, resets the MXF flip-flop 417. Thus, the OCC
signal insures that the drive and controller are con-
nected and ready to transfer within a given time. The
OCC signal also insures that the controller completes
its operations after a transfer within a given time. In
both cases delay beyond these times produces an error
condition.

There are two other ways to reset the OBUF FULL
flip-flop 376. First, an AND gate 421 receives an
OBout signal from the register decoder 152 and a CLK
OB pulse indicating that the data has been read from
the output buffer during a load register transfer. Se-
condly, any time a write checking error is sensed, a WR
CHK ERROR signal passes through the OR gate 385 to
reset the OBUF FULL flip-flop 376.

As apparent, this invention has been disclosed in
terms of a specific controller and drive circuit. The
discussion has been generalized and not been made in
terms of any particular data processing system. Thus,
the INTERRUPT signal in FIGS. 5 and 20B can consti-
tute an interruption signal in the system of FIG. 2 or a
NPR signal in the system of FIG. 3. Other system sig-
nals have also been generalized. From FIGS. 2 and 3 it
will also be apparent that the synchronous data path
may also be connected either to an input/output bus or
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memory bus in FIG. 2 or any of the common buses in
FIG. 3. Specifically disclosed operations and circuits in
the described controller and drive are for purposes of
facilitating an understanding of the invention. Thus, we
intend to cover all modifications and variations as
come within the true spirit and scope of our claims.

What we claim as new and desire to secure by Letters
Patent of the United States is:

1. A secondary storage facility for a data processing
system comprising:

A. a controller connected to the system including

i. control circuit means for generating address sig-
nals and for generating and receiving control
signals and control information signals, and

il. controller data transfer means for receiving or
transmitting data and control signals,

B. a drive for storing digital data including
i. data storage means,

ii. drive control circuit means for receiving address
signals and for receiving and generating control
signals and control information signals to effect
with said control circuit means in said controller
an asynchronous transfer of the control informa-
tion signals,

iti. drive data transfer means for storing data in or
retrieving from said data storage means synchro-
nously, said transfer means being coupled to said
drive control circuit means to select said drive
for a data transfer,

C. asynchronous bus means for interconnecting said
control circuit means in said controller and said
drive, said asynchronous bus means including ad-
dress, control and control information conductor
means, and

D. synchronous bus means for interconnecting said
controller and drive data transfer means, said syn-
chronous bus means including control and data
conductor means.

2. A facility as recited in claim 1 wherein:

A. said controller data transfer means includes:

i. means for transmitting a first synchronous trans-
fer control signal onto a corresponding control
conductor means in said synchronous bus means
to initiate a transfer over said data conductor
means, and

ii. means responsive to synchronizing signals on a
corresponding synchronous bus control conduc-
tor means for synchronizing the controller and
drive data transfer means, and

B. said drive data transfer means includes means
responsive to the first transfer control signal for
producing the successive synchronizing signals on
corresponding synchronous bus control conductor
means.

3. A facility as recited in claim 2 wherein each of said
control circuit means in said drive and controller can
indicate that data on said synchronous bus means is to
be stored in said drive and wherein:

A. said controller data transfer means includes means
for receiving the synchronizing signals during an
operation for storing data in said drive for transmit-
ting a storage synchronizing signal onto a corre-
sponding synchronous bus control conductor
means, and

B. said drive data transfer means includes means
receiving the storage synchronizing signal for trans-
ferring data in said synchronous bus means into
said data storage means.
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4. A facility as recited in claim 2 wherein said drive
storage means is adapted for transferring data in
blocks,
A. said drive including means for transmitting a
fourth transfer control signal onto a corresponding
synchronous bus control conductor means after
each block is transferred, and
B. said controller including
i. means coupled to said first synchronous transfer
signal transmitting means for terminating the
signal therefrom after all data is transferred, and

ii. means responsive to the termination of both the
first and fourth transfer control signals for termi-
nating the selection of said drive.

5. A facility as recited in claim 1 wherein said syn-
chronous bus control conductor means contains con-
ductor means corresponding to a fifth transfer control
signal, said controller and drive each having means for
generating the fifth transfer control signal and means in
said controller responsive to the fifth transfer control
signal for disabling said first synchronous transfer con-
trol signal transmitting means.

6. A facility as recited in claim 2 wherein:

A. said controller and drive each include means for
generating a parity signal during each transfer of
data signals over said synchronous bus data con-
ductor means, and

B. said synchronous bus means includes conductor
means for carrying the parity signal.

7. A facility as recited in claim 2 wherein:

A. said synchronous bus means includes a sixth trans-
fer control conductor means,

B. said drive includes means for generating a sixth
synchronous transfer control signal while it is in-
volved in a data transfer, and

C. said controller includes timing means for terminat-
ing the first synchronous transfer control signal,
said timing means being disabled in response to the
sixth synchronous transfer control signal.

8. A facility as recited in claim 1 wherein:

A. said control circuit means in said controller in-
cludes means for transmitting a first asynchronous
transfer control signal onto a corresponding con-
trol conductor means in said asynchronous bus
means, and

B. said drive includes
i. means connected to said first asynchronous

transfer control conductor means for transferring
information between said control information
conductor means and said drive, and

means responsive to the completion of informa-
tion transfer for transmitting a second asynchro-
nous control signal onto a corresponding asyn-
chronous control conductor means, said first
asynchronous transfer control signal transmitting
means being disabled in response to the receipt
of the second asynchronous transfer control sig-
nal, the first and second asynchronous transfer
control signals thereby controlling the transfer of
control information signals over said asynchro-
nous control information conductor means.

9. A facility as recited in claim 8 wherein:

A. said controller includes

i. means for transmitting a third transfer control
signal for indicating the direction of transfer over
said control information conductor means, and

ii. means responsive to a first value of the third
transfer control signal and the first asynchronous

ii.
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control signal for transferring the control infor-
mation signals to said drive, and

B. said drive including means responsive to a second
value of the third transfer control signal and the
second asynchronous control signal for transferring
the control information signals to said controller.

10. A facility as recited in claim 8 including a plural-
ity of drives connected to both said bus means, each
said drive having at least one corresponding register,
said asynchronous bus address conductor means in-
cluding drive selection wires and register selection
wires, each drive including a drive address decoder
responsive to the selection signal for enabling its con-
trol circuit means to respond to signals on said register
selection wires.

11. A facility as recited in claim 8 wherein said drive
and controller each include means for generating a
parity signal during a control information transfer, said
asynchronous bus control conductor means including a
wire for transferring the parity signal.

12. A facility as recited in claim 8 including a plural-
ity of drives, each of said drives including means for
monitoring error conditions in said drive and means
responsive to said monitoring means for generating a
fourth transfer control signal in response to the error
conditions, said asynchronous control conductor
means having a common wire for connection to all of
said fourth transfer control signal generating means in
each of said drives.

13. A drive for connection to a controller to form a
secondary storage facility for use in a data processing
system, said controller including means for transmitting
and receiving address, asynchronous control and con-
trol information signals over an asynchronous data path
and means for transmitting and receiving data and
synchronous control signals over a synchronous data
path, said drive comprising:

A. data storage means,

B. control information storage means,

C. drive control circuit means for receiving address
and asynchronous control signals from the asyn-
chronous control path for storing control informa-
tion in said control information storage means, said
drive control circuit means including means for
connection to the asynchronous control path, and

D. data transfer means coupled to said control infor-
mation storage means and said data storage means
for coupling synchronously data to or from se-
lected ones of said data storage means, said data
transfer means including:

i. means coupled to said drive control circuit means
for selecting said drive for a data transfer over
the synchronous data path,

ii. means responsive to a first synchronous control
signal from the controller over the synchronous
data path for initiating a transfer over the syn-
chronous data path, and

ili. means for transmitting second synchronizing
control signals in succession for synchronizing
successive data transfers over the synchronous
data path.

14. A drive as recited in claim 13 wherein data trans-
fers are made in blocks, said drive additionally includ-
ing means for transmitting third transfer control signals
after each block is transferred onto the synchronous
data path, and means responsive to the first synchro-
nous control signal and the third control signal for
terminating the selection of said drive.
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15. A drive as recited in claim 14 additionally includ-
ing

A. means for monitoring error conditions in said
drive,

B. means connected to said monitoring means for
transmitting a fourth transfer control signal onto
the synchronous data path in response to the error
conditions, and

C. means responsive to the receipt of the fourth
transfer control signal from said drive or from the
synchronous data path for terminating a data trans-
fer, the controller-being responsive to the appear-
ance of the fourth transfer control signal for termi-
nating the first transfer control signal.

16. A drive as recited in claim 14 including means for
storing data in said data storage means, the controller
being responsive to the second synchronizing signal for
generating fifth synchronizing signals in conjunction
with the data, said drive including means responsive to
the fifth synchronizing signals on the synchronous con-
trol path for storing data in said data storage means.

17. A drive as recited in claim 14 wherein said drive
includes means for generating a sixth transfer control
signal while it is involved in a data transfer onto the
synchronous data path, the controller sensing the pres-
ence of the sixth control data signal to disable timing
means therein which control the transmission of the
first transfer control signal.

18. A drive as recited in claim 14 wherein the syn-
chronous data path carries a data parity signal during
each data transfer, said drive including:

i. means for transmitting a parity signal onto said
synchronous data path during each data transfer
from said drive, and

ii. means for receiving and decoding the parity signal
from the synchronous data path during each data
transfer to said drive.

19. A drive as recited in claim 13 wherein said drive

control circuit means includes:

A. means for receiving a first asynchronous control
signal from the asynchronous data path indicating a
transfer of control information with said drive,

B. means for effecting the control information trans-
fer in response to the asynchronous control signal,

C. means for transmitting a second asynchronous
control signal onto the asynchronous control path
indicating the completion of a transfer, the control-
ler disabling the first asynchronous transfer control
signal in response to the second asynchronous con-
trol signal.

20. A drive as recited in claim 19 wherein said drive

control circuit means includes:

A. means for receiving a third asynchronous control
signal indicating the direction of transfer with re-
spect to said control information storage means,

B. means responsive to a first value of the third trans-
fer control signal and the generation of the first
asynchronous transfer control signal for storing
control information in said control information
storage means, and

C. means responsive to a second value of the third
transfer control signal and the second asynchro-
nous control signal for transferring control infor-
mation from said control information storage
means into the asynchronous data path.

21. A drive as recited in claim 19 wherein said con-

trol information storage means includes a plurality of
addressed locations and means responsive to address



3,999,163

37

signals on the asynchronous control path for selecting a
specific one of the registers.

22. A drive as recited in claim 19 including means for
monitoring error conditions in said drive and means

responsive to said monitoring means for generating a

fourth transfer control signal in response to the error
conditions onto the asynchronous control path,

23. A drive as recited in claim 19 additionally includ-
ing means for generating a parity signal during a con-
trol information transfer from said storage means and
means for decoding a parity signal on the asynchronous
control path during a transfer to said storage means.

24. A controller for use with a drive in a secondary
storage facility, the drive including control information
storage means, means for effecting transfers between
the drive and said controller over synchronous and
asynchronous data paths in a device bus for connection
to said controller and to be connected to a data pro-
cessing system with means for transmitting data trans-
fer commands by means of a system bus, said controller
comprising:

A. an asynchronous data path for coupling the system
bus and asynchronous section of the device bus
including
i. storage means for contro! information including a

system bus address storage means,

ii. address means responsive to address signals on
the system bus for identifying a control informa-
tion storage means in said controller or in a drive,

iit. means for transferring control information be-
tween the system bus and a storage means desig-
nated by said address means, and

iv. control means responsive to the address means
and control signals from the system bus for trans-
mitting signals onto the asynchronous section of
the device bus to effect a transfer of control
information, and

B. a synchronous data path including:

i. data buffer means in seriatum between the sys-
tem bus and the synchronous section of the de-
vice bus,

ii. means for transferring data between the system
bus at a location identified by said address stor-
age means and said data buffer,

iii. control means responsive to a data transfer
command for transferring a first synchronizing
signal to the drive over the synchronous section
of the device bus, the drive initiating a data trans-
fer and transmitting a second synchronizing sig-
nal onto the device bus, and

iv. means responsive to the second control signals
on the device bus for effecting a transfer between
the device bus and the data buffer.

25. A controller as recited in claim 24 additionally
comprising:

A. first and second storage means in said asynchro-
nous data path for storing a number representing
the number of data words to be transferred in re-
sponse to a data transfer command,

B. means responsive to each transfer between the
system bus and said data buffer for altering the
contents of said first transfer length storage means,

C. means responsive to cach transfer between the
drive and said data buffer for altering the contents
of said second length storage means, and

D. means responsive to a signal from said second
length storage means for disabling the first syn-
chronizing control signal, the drive terminating
further transfers upon sensing the absence of the
first synchronizing control signal and a following
third transfer control signal identifying the comple-
tion of a block of data transfers.
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26. A controller as recited in claim 25 additionally
comprising

A. means for monitoring error conditions on said
drive,

B. means coupled to said monitoring means for trans-
mitting a fourth transfer control signal onto the
synchronous data path in response to the error
conditions, and

C. means responsive to the receipt of the fourth
transfer control signal from a drive or from said
transmitting means for disabling said first synchro-
nizing signal transmitting means.

27. A controller as recited in claim 25 wherein one
data transfer command identifies an operation for stor-
ing data in said drive, said controlier additionally in-
cluding means responsive to said data transfer means
and to the receipt of the second synchronizing signal
from a drive for generating a fifth synchronizing signal
indicating the presence of data and means for synchro-
nizing the transfer of data from said data buffer onto
the device bus with the fifth synchronizing signal.

28. A drive as recited in claim 25 wherein said con-
troller includes means for transmitting a sixth transfer
control signal while it is involved in a data transfer, said
controller additionally including:

A. timing means for disabling said first transfer con-

trol signal after a predetermined interval, and

B. means responsive to the sixth control signal for
disabling said timing means.

29. A controller as recited in claim 25 additionally

including

A. means for transmitting a parity signal onto said
synchronous data path during data transfers from
said controller,

B. means for decoding a data parity signal on said
device bus during the receipt of data from a drive,
and

C. means responsive to a parity error for causing a
system interruption.

30. A controller as recited in claim 24 wherein said

asynchronous data path control means includes

A. means responsive to said address means for trans-
mitting a first asynchronous control signal to a
drive to effect a transfer, and

B. means responsive to the receipt of a second asyn-
chronous control signal from the drive indicating
the completion of a transfer for terminating the
first transfer control signal.

31. A controller as recited in claim 30 additionally

including:

A. means for transmitting a third transfer control
signal indicating whether the transfer is to store
control information in the drive or retrieve control
information from the drive,

B. means responsive to a first value of the third trans-
fer control signal and the receipt of a second trans-
fer control signal for transferring data onto the
system bus, and

C. means responsive to a second value of the third
transfer control signal and transmission of the first
transfer control signal for transferring control in-
formation onto the device bus.

32. A controller as recited in claim 31 additionally

comprising:

A. means for generating a parity signal during each
control information transfer to the drive,

B. means for receiving parity signals during transfers
of control information from the drive, and

C. means for generating an error signal in response tc

a decoded parity error.
* * * * *



