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COMPLETION BACKGROUND OF THE INVENTION 1. Technical Field: The present
invention relates in general to improved storage devices and in particular
to an improved method and system for writing data to a storage device.
Still more particularly, the present invention relates to an improved
method and system for completing the data transfer portion of write
commands queued for the storage device. 2. Description of the Related Art:
As the performance of microprocessor and semiconductor memory technology
increases, there is a need for improved data storage devices with
comparable performance enhancements. The typical data storage device
comprises an interface to a host computer system, through which it receives
commands and through which data is transferred between the host computer
system and the storage device. It further comprises physical storage media,
such as magnetic or optical platters (disks), on which data is stored. In
enhancing the performance of data storage devices, there is a need for
improved interaction with system processors and memory devices. The
performance of data storage devices is critical in present computer
systems, as programs and data are stored on these devices, and must be
loaded before the computer    . 3 0 JAN ~uu~ -2 performs any operations. In
addition, data storage devices are often used as the lowest level of
storage in a memory hierarchy consisting of cache memories, main Random
Access Memory (RAM) and finally data storage devices (drives). "Page swaps"
are made to the storage devices, allowing more efficient use of RAM by
writing pages of RAM that have not been recently used to the storage
device, freeing the physical memory page for use by the system until it is
needed again. When the page is needed again, the.system will retrieve it
from the storage device, placing it back in physical RAM. While this
improves overall system performance, it places a heavy load on data storage
devices that are used for swap 



area. Data storage devices currently in use in personal computer products
and network arrays today are intelligent drives, in that they have
integrated controllers and cache memory within the drive electronics. The
interfaces in use today include Small Computer System Interface (SCSI),
Integrated Drive Electronics (IDE), Enhanced Small Device Interface (ESDI)
and "Firewire" (IEEE 1394). Each of these interface types includes a
command protocol, wherein read, write and positioning commands can be
issued to the drive in order to obtain data from, or write data to the
physical storage media. There are different methods for transferring data
between the drive controller and a computer system. Direct Memory Access
(DMA) is a method wherein a controller on a bus, typically one dedicated to
performing DMA transfers, is supplied. A transfer is   , , 3 0 JAN Z00 -3
programmed into the DMA controller, and the controller moves data between a
device and memory. This technique has the advantage of offloading the task
of moving data from the processor, at a cost of having a DMA controller
contending for the bus with the main processor, as well as the additional
cost of having the controller in the system. Another widely used transfer
technique is programmed input/output (PIO,). PIO simply means that a main
processor in the computer performs the data transfer via memory and or port
manipulation instructions. The advantage to this technique is that there is
no bus contention, the disadvantage that the processor is occupied with
transferring the data and therefore cannot perform other tasks while the
transfer is completing. Thus, a data storage device can be a bottleneck in
computer system performance. A computer, for example, can issue a series of
commands via a SCSI interface to a disk drive, but the disk drive can only
process one data transfer to a physical disk at a time. The transfer
controller within the drive is typically busy performing these transfers
from the host computer system to the disk drive write electronics, while a
write command is being completed. Usually, when a write command is received
from the host, a seek operation is performed to move the head to the proper
position to write the next data block. But, at times the seek operation
completes before the host has started the transfer of data to the drive,
causing the write to miss. The write must then be retried, at a cost of
system performance, This happens   3 0 JAN 2Q03 -4frequently when large
amounts of data are being written in contiguous clusters. A disadvantage of
present storage devices is that while write commands are being processed,
other operations are suspended. So, if a write miss occurs, a11 of the
operations are delayed. In general, all commands issued after a write
command are delayed, pending completion of the write transfer to the
physical storage media. , It would therefore be desirable to devise a
method that will improve the performance of a storage device by reducing or
eliminating missed writes. In addition, it would be desirable to devise a
storage device with improved performance by decreasing the probability that
host data is not ready when the write seek has completed. It would further
be desirable to devise a method and data storage device that will allow
further processing of commands while writes to the physical storage media
are still pending.  



3 0 ~Nw ~,", _ -5 SUMMARY OF THE INVENTION It is therefore one object of
the present invention to provide an improved data storage device for a
computer system. It is another one object of the present invention to
provide a method to improve the throughput of a direct access storage
device (DASD). The foregoing objects are achieved in a method for improving
performance of a direct access storage device and a direct access storage
device wherein the data transfer portion of write commands is completed
before the transfer to the storage media is commenced. A process in the
idle loop of the device's controller examines the command queue and sets up
a DMA controller to perform the data transfer portion of write commands
from an interface to a dual-port cache, while transfer of data to the
physical disk is still pending or occurring from a prior command. Upon
completion of the prior command, an interrupt is generated and in response
to the interrupt, the interrupt is serviced, and if any data is ready for
transfer from the cache to the storage media, a second DMA controller is
set up to complete the transfer. The above as well as additional
objectives, features, and advantages of the present invention will become
apparent in the following detailed written description.   3 p JAN 2003 -6
BRIEF DESCRIPTION OF THE DRAWINGS The novel features believed
characteristic of the invention are set forth in the appended claims. The
invention itself, however, as well as a preferred mode of use, further
objectives, and advantages thereof, will best be understood by reference to
the following detailed description of an illustrative embodiment when read
in conjunction with the accompanying drawings, wherein like reference
numerals indicate like parts throughout, and: Figure 1 is a block diagram
of a data storage device in which the present invention may be practiced;
Figure 2 is a state diagram which illustrates an 



embodiment of a method of the present invention; Figure 3 is a flow diagram
showing the an embodiment of the methods of the present Invention; and
Figure 4 is a flow diagram which illustrates an embodiment of a part of one
method of the present invention.   S ~ ~A N 2003  DESCRIPTION OF THE
ILLUSTRATIVE EMBODIMENTS With reference now to the figures and in
particular  with reference to Figure 1, a data storage device 20 is
illustrated. Host SCSI interface controller 10, connects the data storage
device to the host computer system and SCSI interface controller 12
provides the data storage device side of the SCSI interface. The data
storage devices of the present invention are not limited to those with SCSI
interfaces. The use of a SCSI interface is exemplary and the invention may
be practiced with IDE, ESDI IEEE 1394 or other data storage device
interface. Dual-port cache 14 provides temporary storage for data, such as
read data that has been cached from recent reads of physical media 26. The
present invention uses this cache additionally to store data for writes,
until the data has been written to the disk. The present invention has the
advantage of being able to transfer data from interface controller 12 to
dual-port cache 14 while data for a previous command is being transferred
from dual-port cache 14 to disk read/write electronics 16. This provides an
increase of performance for certain write operations of up to sixty
percent. A background process, the queue governor, provides management of a
command queue in the disk. It improves performance through early completion
of commands and thereby increases the disk's queue depth in a random write
environment. Not only does this allow the disk to complete data and status
phases for multiple commands before it finishes writing data for the first
command to 



3 0 JAN ~p~~ _8_ disk read/write electronics 16, but the drive has more
commands to choose from when it decides which command within the command
queue to perform next. The command sequence can be altered to improve seek
and latency times. The data transfers in storage device 20 are carried out
by DMA controllers 22 and 24. Interface DMA controller transfers data from
interface controller 12 to dual-port cache 14. Media DMA controller 24,
transfers data from dual-port cache 14 to physical media 26. DMA transfers
are programmed by disk_ controller 18 and occur asynchronously once disk
controller 18 has set them up by programming the appropriate transfer
address and block size. Disk read/write electronics 16 comprises the data
heads that write to and read from the physical storage media, such as a
magnetic platter, and also the electronics which provide the signals to
accept transfers of data between dual-port cache 14 and the physical
storage media 26. Disk controller 18 can be a dedicated logic design, but
is preferably a general-purpose microcontroller or microprocessor with a
program supplied to make it perform the dedicated task of managing the
physical media and the interface to the host. Controller Read-only memory
(ROM) 28, provides storage for such a program that disk controller 18
executes. The present invention can be contained as a program in controller
ROM 28 and may also be provided in media form, for use with data storage
devices in which controller ROM 28 is an    -9 electrically alterable ROM
and provision is made for reprogramming or "upgrading" controller ROM 28
through commands issued to SCSI interface controller 12. 



Referring additionally to Figure 2, the state sequences of the present
invention are shown. Disk Controller 18 is in an idle state (state 60) when
it has no outstanding tasks to perform. The present invention places an
additional task in the idle program loop, which may be executed constantly
during idle, or at intervals determined by a timer, or by some other
suitable means for periodically scheduling a task. A queue governor is
executed (state 62) every time the task_ is scheduled. The queue governor
manages the command queue of the present invention and provides the
advantages of the present invention. After executing the queue governor,
disk controller 18 returns to idle (state 60). At the end of commands such
as seeks or writes to the physical media, either disk read/write
electronics 16 or media DMA controller 24 may generate a hardware
interrupt. In response to this interrupt, disk controller 18 executes an
interrupt service routine (state 64); when the routine is completed, disk
controller 18 returns to idle state 60 (state 60). Operation of the queue
governor is illustrated in Figure 3. When the queue governor is scheduled
(state 62) the governor routine is entered (step 40) and examines a command
queue to determine that a write request has been queued (step 42). If there
is a write   .8 0 JA~~ ~,;,", -io request queued, and if dual-port cache 14
has space available to receive data from SCSI interface controller 12
(decision 44), then a DMA transfer is set up in interface DMA controller 22
to transfer data to dual-port cache 14 from host SCSI interface controller
10 (step 46). After the DMA transfer is complete, a write completed status
is returned to host SCSI interface controller 10 by SCSI interface
controller 12 (step 48). This frees the host computer from further delay
associated with the write command. Completion of the write command is
performed by the interrupt service routine that is entered in state 64.
Referring now to Figure 4, the interrupt service routine is entered (step
70), the Interrupt hardware is serviced (step 72), including any interrupt
specific tasks that are outside the operation of this invention. For
example, if the command queue contains a write command (test 74) and
dual-port cache 14 contains data for the write command (test 76) then the
data contained in dual-port cache 14 for the write is written to the
physical media 26 (step 78). The command queue will contain data for the
write command if the queue governor has executed (state 62) and caused the
host data to be loaded into dual-port cache 14 by SCSI interface controller
12. Thus, the present invention separates the transfer portions of the
write commands into a transfer from the host SCSI interface to the storage
device performed by one DMA controller, and a second transfer from cache 14
3 0 JA N 2003 _11 within the storage device to the physical media performed
by a second DMA controller. This further improves performance by allowing
disk controller 18 to set up a DMA transfer for a first write command from
dual-port cache 14 to disk read write electronics 16, and that transfer can
occur concurrently with a DMA data transfer for a second write command from
SCSI interface controller 12 to dual-port cache 14, since dual-port cache
14 can be simultaneously accessed by both DMA controllers. Although the
invention has been described with reference to specific embodiments, this
description should not be construed in a limiting sense. Various
modifications of the disclosed embodiments, as well as alternative
embodiments of the invention, will become apparent to persons skilled in
the art upon reference to the description of the invention. For example,
although the invention has been described with respect to a data storage
system executing software that directs the method of the present invention,
it should be understood that the present invention may be embodied in an
image file to upgrade existing device firmware within a data storage
device. It is therefore contemplated that such modifications can be made
without departing from the spirit or scope of the present invention as
defined in the appended claims.  



3 0 JA N 2003 -12 c~zMS What is claimed is: 1. A method for performing
write commands in a storage device having storage media, while a first
command is pending, comprising the steps of: first determining that a
command queue of said storage device contains a write command; second
determining that a cache space within a dual-port cache is available to
contain data for said write command; responsive to said first and second
determining step, first setting up a first DMA transfer for transferring
said data for said write command from an interface to said cache space; and
responsive to completion of said first command, second setting up a second
DMA transfer for writing data to said storage media from said cache space.
3 0 ,lA N 2003 -13 2. The method of Claim 1, further comprising the steps
of: servicing an interrupt indicating said completion of said first command
in an interrupt service routine; within said interrupt service routing,
examining a directory to determine that said data is present in said cache
space; and 



within said interrupt service routine, and further responsive to said
examining step, performing said second setting up step. 3. The method of
Claim 1, further comprising the steps of: entering an idle state in a
program controlling said storage device operation; and from said idle
state, executing a queue governor program, said queue governor program then
performing said determining steps and responsive to said determining steps
performing said first setting up step. 4. The method of Claim 1, further
comprising the step of sending a status indicating completion of said write
command before said second DMA transfer is complete.   3 0 ,IAN 2003 -14 5.
The method of Claim 1, wherein said interface is a SCSI interface and said
first setting up step sets up a first DMA transfer for transferring said
data for said write command from said SCSI interface to said cache space.
6. The method of Claim 1, wherein said interface is an IDE interface and
said first setting up step sets up a first DMA transfer for transferring
said data for said write command from said IDE interface to said cache
space. 7. The method of Claim 1, wherein said interface is a serial
interface and said first setting up step sets up a first DMA transfer for
transferring said data for said write command from said serial interface to
said cache space. 8. The method of Claim 1, further comprising: 



sending a status indicating completion of said write command before said
writing step is performed; servicing an interrupt indicating said
completion of said first command; within said interrupt service routing,
examining a directory to determine that said data is present in said cache
space; and within said interrupt service routine, and further responsive to
said examining step, performing said second setting up step.   3 0 JAN ~uu~
-159. A storage device comprising: at least one storage media; interface
means for connection to a host system; a dual-port cache having memory for
temporarily storing data; a first DMA controller for transferring data
between said interface and said dual-port cache; a second DMA controller
for transferring data between said dual-port cache and said storage media;
and control means coupled to said first DMA controller and said second DMA
controller, said control means setting up said first DMA controller when
write commands are received when memory in said dual-port cache is
available for use, and returning status complete responses to said
interface for said write commands ' before said second DMA controller has
transferred said data to said storage media. 10. The direct access storage
device of Claim 9, wherein completion of transfers of data to said storage
media from said dual-port cache is signaled by an interrupt, and said
control means comprises a processor and memory for executing program
instructions and said program instructions executed in response to said
interrupt examine said cache to determine if data is present for writing to
said storage device, and write said data to said storage device if it is
present.   



3 0 JAN 2003 -16 11. The direct access storage device of Claim 9, wherein
said control means comprises a processor and memory for executing program
instructions and said program instructions enter an idle state, and from
said idle state said processor executes a queue governor program for
setting up said first DMA controller. , 12. The direct access storage
device of Claim 9, wherein said control means causes said interface means
to indicate that a write command has completed, before said data has been
transferred to said storage media. 13. The direct access storage device of
Claim 9, wherein said interface means implements a SCSI interface. 14. The
direct access storage device of Claim 9, wherein said interface means
implements an IDE interface.   3 0 JAN Q003  15. The direct access storage
device of Claim 9, wherein said interface means implements a serial
interface. 16. The storage device of Claim 9, wherein said control means
causes early completion of DMA transfers for write commands by setting up
said first DMA controller while said second DMA controller is performing a
transfer for a previous command, further comprising a processor and memory
for executing program instructions, said program instructions enter an idle
state, from said idle state said processor executes a queue governor
program for setting up said first DMA controller, wherein the completion of
data transfers between said dual-port cache and said storage media is
signaled by an interrupt, said control means further executes program
instructions in response to said interrupt to examine an indication that
said dual-port cache has data present for writing to said storage device,
and said control means sets up said second DMA controller for writing said
data to said storage device if said data is present.   Jl~ltrt cuuJ -18 



17. A computer program product usable in performing write commands, while a
First command is pending, comprising: a computer-readable storage medium
and program instructions stored on said storage medium for: first
determining that a command queue of said storage medium contains a write
command; second determining that a cache space is available to contain data
for said write command; responsive to said First and second determining
step, first setting up a first DMA transfer for transferring said data for
said write command from an interface to said cache space; and responsive to
completion of said First command, second setting up a second DMA transfer
for writing data to said storage media from said cache space. 18. The
computer program product of claim 17, wherein said computer-readable
storage medium is a Read Only Memory. 19. The computer program product of
claim 17, wherein said program instructions are further stored on said
storage medium for transfer to a non-volatile memory device located within
a storage device.    



3 0 JAN 2003 -19 20. The computer program product of Claim 17 wherein said
program instructions further perform the steps of: sending a status
indicating completion of said write command before said writing step is
performed; servicing an interrupt indicating said completion of said first
command; within said interrupt service routing, examining a directory to
determine that said data is present in said cache space; and within said
interrupt service routine, and further responsive to said examining step,
performing said second setting up step. .AhE.A%.AY .AS..Af[ .Ay.A&.AsY .AN
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