DATA PROCESSING SYSTEM, DEVICE, SECONDARY STORAGE DEVICE,
AND RECORDING MEDIUM

BACKGROUND OF THE INVENTION

Field of the Iﬁvention

The present invention relates to a data processing system, a device, a secondary
storage device, and a recording medium storing a program, and in particular, relates to the
scheduling of input and output commands issued in a secondary storage device from the data
processing device. | | *

This application is based on Japanese Patent Application No. Hei 10-165542, the

contents of which are incorporated herein by reference.

Background Art

Data exchange from an initiator oompr_iSiﬁg a host computer to a target comprisinga *
secondary storage device is conducted by means of /O (Input/Output) commands. There
are [/O command execution methods in the initiator in which, after one /O command has
ended, the nest J/O command is issued; however, for example, in the standard called SCSI
(Small Computer System Interface)-2, prior to the completion of one I/O command, the next
I/0 command may be issued. |

Figure 9 shows the format of I/O commands in a first conventional example in the
case in which a plurality of I/O commands are made simultaneously issuable. As shown in
the figure, each of the I/O commands 801-808 incorporate a target number (T _ID), an
initiator number (I_ID), a command code, an adﬁress, a transmission léﬁgth, and in addition,

tags 809 - 816, which serve to distinguish the I/O commands.
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The tags 809 - 816 within the /O commands 801 - 808 are attached in the initiator
which issues the I/O commands by means of the method shown in the flowchart in Figure
10.

When read/write requests are made by application programs on the initiator, then a
determinﬁtion is made in the initiator as to whether there are I/O commands which are to be
simultaneously issued with respect to the same target (this indicates that the I/O commands
are issued and the execution thereof 1s not yet completed) (step S701).

Here, when a determination has been made that there are I/O commands which are to
be simultaneously issued, then the initiator éttaches, to an I/O command §vh1’ch is to be
. issued in response to a read/write request, a tag having a number obtaiﬂed by adding “1”‘to

. the value of the tag of the I/O command which was immediately previously issued with
| respect to the saﬁle target (step S702). On the other hand, when a determination has been
made that there are no I/O commands which are td be simultaneously i_ssucd, a value of “0”
is attached to the I/O command to be issued as a tag (step S703).

Then, when a tag is attached in this manner, the processing of the flowchart shown ine -
Figure 10 is.ended, and the initiator creates and issues the J/O commands having- the format
shown in Figure 9 in accordance with the tags attached. Here, when the reading and writing
unit of the data in the target is 16 KB, when a 64 KB read request is made by the application
program on the initiator, as shbwn in Figure 11, in the device driver which issues the I/O
commands, four 16 KB read /O commands having the tags “00” - “03” attached thereto are
issued.

Further, Japanese Patent Application, First Publication No. Hei 8-272688 discloses a
cash memory device which simply stores hierarchical items and cash tags in a single cash
array structure.

Furthermore, as a second conventional example, in the case in which a plurality of

I/O commands are made simultaneously, issuable, the technology disclosed in Japanese



Patent Application, First Publication No. Hei 9-190293 is known. In this technology,
attention is drawn to the fact that, among the /O commands issued by the initi-ator, there are
commands having a high degree of urgency and those having a low degree of urgency, and
the initiator attaches to each J/O command a “surplus time” which functions as a time gap
until the exgcution of the I/O command which is issued.

Next, in the target in which these I/O commands have been received, a “deadline
surplus time (point in time)” obtained by adding the “surplus time” in the I/O command to
thé present poins in time calculated by a timer within the target is calculated, and the I/O
commands are issued in order from thosé having the earliest deadline surplus time.

However, in recent years, structures have been adopted in whicH the disk devices'
which serve as the targets of a number of initiators are held in common using interfaces such
as Fibre Channels or the like. When such a structure is employed, in the first conventional
example described above, even if a series of I/O commands (hereinbellow referred to as an ;
1I/O command group) are issued by a single initiator in order to read o;lt a continuous region
of a disk, thf; I/O commands which ar_riVe from a plurality of initiators become confused in = -.
the target, ana this creates a problem in that wasteful seek operations are generated.

In other words, as shown in Figure 12, when three I/O commands (indicated in the
figure by the cross-hatched rectangles, the white rectangles, and the black rectangles) arrive
essentially simultaneously at a disk device 1004 which serves as a target from three hosts
1001 - 1003 which serve as initiators via interface 1005, the 1/O commaﬁds which arrive are
stored in a queue in a form in which the IO commands arriving from hosts 1001 - 1003 are
mixed up, as shown in the lower right of Figure 12. In such a case, even if the /O
commands for accessing a continuous region of a disk are issued by hosts 1001 - 1003, the
order of processing thereof in disk device 1004 becomes confused. For this reason,

- problems are present in that wasteful seek operations are generated, and the execution

'efficiency of the I/O commands becomes extremely poor.



In order to avoid such problems, the method shown in Figure 13, termed “elevator
seeking”, is known. Here, when a head 1105 moving in the direction indicated-by the arrow
is above a region 1102 of disk 1101, and a series of /O commands for accessing the
continuous regions 1102, 1103, and 1104 arrive in response to a single read/write request in
an application program, then the regions 1103, 1104, and 1102 on disk 1101 are dccessed.
Here, when regjons 1103 or 1104 are accessed, if a command for accessing a region to the
‘inside of region 1104 arrives, then this region is accessed first, and this is undesirable.
Accordingly, a considerable amount of time is required until region 1102 is accessed, and
the transmission of the completion of the read/write to the application program becomes
- significantly delayed. '

Furthermore, in the second conventional exampie described above, even if the same
“surplus time” is attached to each I/O command within an I/O command group in the
. initiator, “deadline surplus times™ are attached in the target in accordance with the time at
which each I/O command was actually received. For example, even if I/O command groups
- for accessing respective continuous rcgidns are issued from initiators having the same
initiator number, and these are received by the target in the order shown in the upper table of
Figure 14, when the “deadline surplus times” are attached as shown in the figure, the target
executes the I/O commands in the order shown in the lower table of Figure 14. For this *
reason, the order of access of the regions on the disk becomes confused, wasteful seek
operations are generated, and the execution efficiency of the I/O commaﬂds becomes

extremely poor.

SUMMARY OF THE INVENTION

The present invention was created in order to solve the problems present in the

conventional technology described above, and has as an object thereof to provide a data



s
processing syétem, a device, a secondary storage device, and a recording medium for
recording programs which are capable of efficiently executing a plurality of ini)ut and outpu.t"
commands.

In order to attain the above object, a data processing system in accordance with a
first view of the present invention is provided .with a data processing device which issues
input and output commahds, and a secondary storage device which is connected to the data
processing device via signal lines and which conducts data exchange with the data
processing device in accordance with the input and output commands.

The data processing device is provided with: a first tag attachment device for
attaching a first tag which is identical with respect to a series of input aﬁd output commazlds
for accessing a continuous region of the secondary storage device, among the input and
output commands to be issued in response to input and output requests from a host, and
which differs from input and other output commands simultaneously executed, a second tag
attachment device for attaching a second tag for identifying respective input and output
commands to which the same first tag is attached by means of the first tag attachment
device, an inﬁut and output command generating device for generating input and output
commands having first and second tags attached thereto by the first and second tag
attachment device, and an input and output command transmitting device for transmitting
input and output commands generated by the input and output command generating device
to the secondary storage device via the signal lines. '

The secondary storage device is provided with: an input and output command
receiving device for receiving input and output commands transmitted by the input and
output command transmitting device, via the signal lines, an input and output command
storage device for storing input and output commands received by the input and output
command receiving device, an input and output mﬁmand arrangement device for arranging

input and output commands in accordance with the first and second tags attached to the



input and output commands and storing these in the input and output command storage
device, and an input and output command executing device for executing, in oi:der, input
and output commands arranged by the input and output cornmand arrangement device and
stored in the input and output command storage device.

In accordance with the data processing system described above, the tags added to the

| input and output commands are separated into first tags and second tags, and moreover, the
same first tag is attached to a series of input and output commands corresponding to a single
input and output request. Accordingly, in the secondary storage device, the input and output
commands are arranged so that the commands having the same first tag are continuous, and
furthermore, the series of input and output commands are arranged in order by means of %he
second tags, and thereby, it is possible for the input and output command execution device
to efficiently execute the input and output commands.

In the data processing system described above, what is meant by input and output
commands is not necessarily commands in which both input and output are present, so that
for cxample,_‘.an input command from a fead-only memory device would be included.

In order to attain the above object, in the data processing system described above, the

“data processing device may bé further provided with a surplus time appending device for
appending surplus time until the execution of the input and output command to each input - .
and output command generated by the iniput and output command generating device. In
such a case, the secondary storage device may be further provided Witfl a timing device
for timing points in time, and a deadline surplus time generating device for generating,
based on surplus time appended to each input and output command received by the input
and output command receiving device and points in time measured by the timing device, a
deadline surplus time which serves as the execution deadline for each -i.nput and output
command, by means of the input and output command executing device, and the input and

output command arrangement device may furthermore be set to arrange the input and output



commands in accordance with the deadline surplus time generated by the deadline surplus
time generating device and to store these in the input and output command stdi'age device. )

By means of this, a series of input and output commands corresponding to a single
input and output request can be efficiently executed in a continuous manner, and it is also
possible to exercise deadline control in units of series of input and output commaids.

In the data processing system above; a plurality of the data processing devices may
exist. In such a case, the first tag attachment device of each data processing device attaches
a first tag containing identification data for identifying the plurality of data processing
devices. | |

In order to attain the above object, a data processing device in a&:ordance with a *
second view of the present invention comprises a data processing device constructed so as to
be connectable via signal lines with a secondary sforage device and executing input and
output commands in order in accordance with tags attached thereto, wherein are provided: a
first tag attachment device for attaching a first tag which is identical with respect to a series
of input and output commands for acceésing a continuous region of the secondal:'y storage =
device, among the input and output commands to be issued in response to input and output
requests from a host, and which differs from input and other output commands
simultaneously executed, a second tag attachment device for attaching a second tag for ’
identifying respective input and output commands to which the same first tag is attached by
means of the first tag attachment device, an input and output command éenerating device for
generating input and output commands having first and second tags attached thereto by the
first and second tag attachment device, and an input and output command transmitting
device for transmitting input and output commands generated by the input and oufput
command generating device to the secondary s;torage device via the signal lines.

In accordance with the data processing device described above, the tags attached to

the input and output commands are separated into first tags and second tags, and moreover,



the same first tag is attached to a series of input and output commands corfesponding toa
single input and output request. Accordingly, in the secondary storage device which is
connected with the data processing device described above, by managing the input and
output commands in accordance with the first and second tags attached by the data
processing device described above, it is possible to efficiently execute the input and output
commands.

In the data processing device described above, the first tag attachment device may be
such as to attach a first tag containing identification data for identification with respect to
other data processing devices.

In the data processing device described above, the second tag a&achmcnt device ;Ilay
be such as to attach a second tag having a value corresponding to the order of issue of the
input and output commands by means of an input and output command issue device.

In order to attain the above object, a secondary storage device in accordance with a
third view of the present invention is provided with: an input and output command receiving
device for receiving input and output commands having attached thereto a first tag which is = -
identical witﬁ respect to a series of input and output commands accessing a continuous
region and which differ from other input and output commands simultaneously executed,
and second tags for identification of input and output commands having identical first tdgs, .
an input and output command storage device for respective input and output commands
received by the input and output command receiving device, an input and output command
arrangement device for arranging the input and output commands in accordance with the
first and second tags attached to the input and output commands, and storing these in the
input and output command storage device, and an input and output command execution
device for executing, in order, input and output commands arranged by the input and output

command arrangement device and stored in the input and output command storage device.



In the secondary storage device described above, for example, by arranging the input
and output commands so that the commands having the same first tag are continuous, and
then by further arranging a series of input and output commands in order of the second tags,
the input and outpﬁt command execution device can efficiently execute the input and output
commands.

In the secondary storage device described above, the input and output command
arrangement device may be provided with a device for determining whether an input and
output command having the same first tag as an input and output command received by the
input and output command receiving device is stored in the input and output command
storage device, and a device for storing the inplit and output command received by the in‘put
and output command receiving device together with input and output commands having the
same first tag previously stored in the input and output command storage device, when a
determination has been made that an input and output command having the same first tag is
stored.

In the secondary storage device described abovc; for example, the second tags
appended to fhe input and output commands may have values corresponding to an order of
issue of thé input and output commands by means of an input and output command issue
device. In such a case, the i1-1put and output command arrangement device may be proviﬂed
with: a device for determining whether the input and output command is the first among a
series of input and output commands to which the same first input and oﬁtput command is
appended, in accordance with the second tags, and a device for, when the device described
above determines that this is a first input and output command, storing the input and output
command received by the input and output command receiving device at the final end of the
input and output commands stored in the input and output command storage device.

In the secondary storage device described above, surplus time until input and output

commands received by the input and output command receiving device are executed may be

N -
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added to the input and output commands. In such a case, the secondary storage device may
be further provided with a timing device for timing points in time, and a deadline surplus
time genemﬁng device for generating, based on surplus time appended to each input and
output command received by the input and output command receiving device and points in
time measured by the timing device, a dcad_line surplus time which serves as the execution
deadline for each input and output command; by means of the input and output command
executing device, and the input and output co_h_':mand arrangement device furthermore may
be such as to arrange the input and oufput commands in accordance with the deadline
surplus time generated by the deadline surplus time generating device and to store these in
the input and output:command storage device. | '

In the case o_l_f such a structure, the deadline surplus time generating device may be
provided with a device for determining whether an input and output command having the
same first tag as each input and output command received by the input and output command
receiving device is stored in the input and output command storage device, and a device for,
when the device described above determines that an input and output command having the < -
same tag is stored, generating a deadline surplus time having the same tag stored in the input
and output Qommand storage ﬂevice, as the.deadline surplus time of each input and output
command.

By ﬁeaﬂs of this, it is possible to efficiently and continuously execute a series of
input and output commands corresponding to a single input and output réquest, and it is
possible to conduct deadline control using as units series of input and output commands.

In order to attain the above object, a computer-readable recording medium in
accordance with a fourth view of the present invention records a program which realizes: a
first tag attachment step for attaching a first tag. which differs from other simultaneously
executed input and output commands and which is identical with respect to a series of input -~

and output commands which access a continuous region of a secondary storage device and
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are input and output commands which are to be issued in response to input and output
requests from a host, and a second tag attachment step for attaching a second tag for
identifying respective Input and output commands to which the same first tag is attached in

the first tag attachment step.
BRIEF DESCRIPTION OF THE DIAGRAMS

Figure 1 is a block diagram showing the structure of a data processing system to

which a first embodiment of the present invention has been applied.
- Figure 2 shows the format of the I/O commands generated by tﬁé J/O command N

" generation control unit in a first embodiment of the present invention. i

Figure 3 is a flowchart showing the tag generation processing in the first
embodiment of the present invention. o ' _

Figure 4 is a flowchart showing the storage .processing of the /O commands in the
1/O command queue in the first cmbodixﬁent of the:present invention.

Figure 5 is a block diagram showing the structure of a data processing system to
which a second embodiment 6f the present invention has been applied.

Figure 6 shows the format of the I/O commands generated by the I/O command =~ - -
generation control unit in a second embodiment of the present invention.

Figure 7 is a flowchart showing the storage processing of the I/O commands in the
I/O command queue in the second embodiment of the present invention.

Figure 8 serves to explain the reordering operation of the I/O commands in the
second embodiment of the present invention.

Figure 9 shows the format of the I/O wﬁmmds in a first conve;ntional example.

Figure 10 is a flowchart showing the tag generation processing in the first

conventional example.
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Figure 11 shows the state of the issuance of I/O commands from the data processing
device to the secondary storage device in the first conventional example. B
Figure 12 serves to explain the seek operation when a plurality of data processing
devices are connected to a single secondary storage device in the first conventional example.
Figure 13 serves to explain the elevator seek method.

Figure 14 serves to explain the reordering operation of the I/O commands in a

second conventional example.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinbelow, preferred embodiments of the present invention will be explained with
referenced to the attached figures.
(First Preferred Embodiment)

Figure 1 .is a block diagram showing the structure of a data processing system to
which this embodiment is applied. As shown in fh_c figure, this data processing system = .
comprises an. initiator 61, comprising a host computer connected by means of signal lines
604 such as SCSI bus or the iik(:, and a target 62 comprising a magnetic disk device; these
exchange I/O commands with tags attached. In the figure, only one of each of initiator 61
and target 62 are depicted; however, a plurality thereof may exist.

Initiator 61 incorporates I/O command generation control unit ﬁdl, tag generation
and management unit 602, and initiator-side interface 603. Target 62 contains target-side
interface 605, J/O command execution generating unit 606, /O command queue 607, and
execution device 608.

/O command generation control unit 601 comprises program-controlled processors,
and this receives the read/write requests from an operating system or an application program

on initiator 61, and generates I/O commands corresponding to these read/write requests. 1/O
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command generation control unit 601 conducts an inquiry of tag generation and
management unit 602 in order to attach tags when I/O commands are generate:d, and
employs the tags attached in response to this inquiry as the tags of the /O commands
generated. The I/O command generation control unit 601 sends the I/O commands
generated to the initiator-side interface 603.

The tag generation and management unit 602 comprises pro_gram-controlled
processors, and in response to inquiries ﬁom I/O command generation control unit 601,
attaches tags comprising é tag A part and a tag B part fq the I/O commands to be issued.

Initiator-side interface 603 converts the I/O commands received from the /O
command generation control unit 601 to sighals in conformance with SCSI or FC (Fibre )
Chénnel) or the lik?, and sends these to target 62 via signal line 604.

Target-side interface 605 converts the signals received from initiator 61 via siénal
line 604, extracts the /O commands, and sends these to‘ the I/0 command execution
generating unit 606. |

I/O command execution generating unit 606 coﬁ:Lprises processor-controlled
_processors, ahd this stores the I/O command received from the target-side interface 605
temporarily in I/O command queune 607, and extracts the I/O commands stored in the I/O
command queue 607 in order from the first command, and sends these to execution device
608.

I/O command queue 607 is a storage device which stores the I/O.commands received
by I/O command execﬁtion generating unit 606. The readout of the I/O commands from I/O
command queue 607 is conducted in order from those first stored; however, the readout of
the I/O commands to the I/O command queue 607 may be done by insertion into the middle
thereof, as well as by addition to the final end of the /O commands stored.

Execution device 608 is a device which executes the /O commands received from

I/O command execution generating unit 606, and this conducts readout (read) of data from
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magnetic disks in accordance with the contents of the I/O commands received, or conducts
writing (write) of data to the magnetic disk. --

Figure 2 shows the format of the I/O commands generated by the I/O command
generation control unit 601 of Figure 1. As shown in the figure, each I/O command 101 -
108 includes, in addiﬁon to tags 109 - 116, a target number (T _ID), an initiator nimber
(1_ID), a command code, an address, and a transmission length.

Tags 109 - 116 comprise a tag A part and a tag B part, respectively. In the tag A
part, the same value is attached in a continuous J/O command group, which is to be executed
in a continuous fashion. In the example shown in Figure 2, I/O commands 101 - 104, I/O
commands 105 - 106, and YO commands 107 - 108 are I/O command gfoups,which are t:>
be continuously executéd, respectively, and in these I/O command groups, the value of the
tag A parts are, respectively, “00007, “0001”, and “0010”.

The tag B part serves to differentiate each 1/O command in an I/O command group in

which the value of the tag A part is identical; in I/O command groups, in which the value of
| the tag A part is identical, this provideé a. unique value for each I/O command. In the
ex@ple shown in Figure 2, in the /O commands 101 - 104, the value of the tag A part is
identical, at “0000”, while the values of the tag B parts differ within a range of “0000” -
“0011”, respectively.

Furthe@ore, the target number indicates the number of the target 62 which is to
execute the I/O comma_nd. The initiator number indicates the number of ie initiator 61
which issued the I/O command. The commaﬁd code is a code which indicates what type of
operation is to be carried out in the execution device 608 of target 62; these are codes such
as read, write, and the like. The address indicates the first of the data which are to be read or

written, and the transmission length indicates the length of the data which are to be read or

written.

Hereinbelow, the processing of this embodiment will be explained.

&= -
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When I/O command generation control unit 601 receives a read or write request
from the host application program, it generates one or more /O commands seqi;entially. At
this time, the I/O command generation control unit 601 generates one or more I/O
commands sequentially. At this time, the /O command generation control unit 601 makes
an ihquiry of the tag geﬁeration and management unit 602 with respect to each of the
respective I/O commands to be generates, and ggnerates tags therefor.

Figure 3 is a flowchart showing the tag generation processing executed by the tag
generation and management unit 602. |

When processing is initiated, the tag generation and management unit 602 makes a
determination as to whether the I/O command to be generated is the first I/O command '
within an /O command group, in accordance with the inquiry from the I/O command
generation control unit 601 (step S201).

When a determination has been madej that the I/O command is not the first /O

command, the tag generation and management unit 602 attaches, as the tag A part value, a

value equal to that immediately previously attached to the I/O command which is to be “ .

issued (step S202). Furthermore, tag generation and management unit 602 attaches to the
I/O command which is to be issued, as the value of the tag B part, a value obtained by
adding “1” to the value which was immediately previously attached (step S203). Then, the -
processing of the flowchart is terminated.

On the other hand, when a determination has been made that this-is the first I/O
command in step S201, then tag generation and management unit 602 makes a
determination as to whefher there are I/O commands which are to be simultaneously issued
(step S204).

When a determination has been made that there are not already' I/0 commands which
are simultaneously issued, the tag generation and management unit 602 attaches, to the I/O

command which is to be issued, a value of “0” as the value of the tag A part (step S205),
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and proceeds to step S207. On the other hand, when a determination has been made that
there are I/O commands which are to be simultaneously issued in step S204, then the tag
generation and management unit 602 attaches to the I/O command which is to be issued, as
the value of the tag A part, a value obtained by adding “1” to the value which was
immediately previously attache& (step S206), and proceeds to step S207. In step S207, the
tag generation and fnanagemcnt unit 602 attaches to the I/O command which is to be issued
a value of “0” as the value of the tag B part, and the processing of the flowchart is then
terminated. | | '

Then, when as a result of inquiries the tag generation and management unit 602 has
attached the tag A part and the:tag B part, /O command generation control unit 601
successively generates the I/O !_commands containing these tags, and successively sends
these to the I/O command execution generating unit 606 of target 62, via initiator-side
interface 603, signal line 604, and target-side interface 605.

When I/O command execution generating unit 606 receives I/O commands sent from

the I/O command generation control umt 601 of initiator 61, it first stores these }/O = -

commands received in the I/O command queue 607.

Figure4isa flowchart showing the storage processing of the /O commands in the
I/O command queue 607 which is executed by the I/O command execution generating uhit
606 of Figure 1.

When the processing is initiated, the I/O command execution genérating unit 606
investigates whether the value of the tag B pi\rt of the I/O command received is “0”, and
thus determines whether this I/O command is the first /O command of an I/O command
group (step S301). When a determination has been made by the I/O command execution
generating unit 606 that this is the first I/O conimand, the processing pi'oceeds to the step

$302 described hereinbelow. -
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On the other hand, when a determination has been made in step S301 that the I/O
command is not the first I/O command, then J/O command execution generatir;g unit 606
makes a determination as to whether an J/O command having a value of the tag A part
which is identical to the value of the tag A part of this }/O command is already stored in the
1/0 command queue 607 (step S303). When a determination has been made that no I/O
command having the same tag A.part is_storcd, then processing proceeds to step S302. On
the other hand, when a determination has been made that an I/O command having the same
* tag A part is stored, the processing proceeds to step S304.

In step S302, I/O command execution generating unit 606 appends the /O command
received to the final end of the I/O command queue 607. On the other hand, in step S302‘1,
the I/O command execution generating unit 606 inserts the I/O command received after the
I/0 command group having the same tag A part within the I/O command queue 607. Then,
when the appending of the I/O command to the /O command queue 607 in step S302 or
S304 is endeél, the processing of the flowchart is ended.

Furthermore, when the execution of the previous I/O command by the execution
device 608 is completed, the I/O command execution generating unit 606 reads the I/O
commands stored in /O command queue 607 from the first command thereof, and transmits
these to execution device 608. Then, execution device 608 executes the I/O commands
transmitted. |

As explained above, in the data processing system of this embodﬁnent, a series of
I/O commands which are issued in response to a read/write request in an application
program are stored in a continuous fashion in an I/O command queue 607, and are executed
in order. For this reason, for example, even in the case in which /O commands from a
plurality of initiators 61 reach the target 62, it is possible to efficiently execute the /O
commands without generating excessive search (seek) operations.

.(Second Preferred Embodiment)
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Figure 5 is a block diagram showing the structure of a data processing system to
which this embodiment has been applied. This data processing system differs from the data
processing system of the first embodiment (Figure 1); the /O command generation control
unit 601 generates the “surplus time™ until the execution of an I/O command in target 63,
and inserts this into the /O command as described hereinbelow.

Furthermore, target 63 has a timer 609 which keeps track of the current time.
Furthermore, when I/O command execution generating unit 606 receives an /O command
ﬁom the target-side interface 605, the current point in time as measured by the timer 609 is
added to the “surblus time” in the I/O command received, and this is con.verted toa
“deadline surplus time”, and in accordance with this “deadline surplus ﬁme”, the J/O
command is stored in the I/O command queue 607. _

Figure 6 shows the format of the J/O commands generated by the I/O command
generation control unit 601 of Figure 5. Each I/O command 201 - 208 includes a tag 209 -
216 com_prising a tag A part and a tag B part which are identical to those of the I/O
* commands of the first embodiment (Figﬁre 2), aﬁd additionally, contain “surplus time” after « --
“transmissi(_)ﬁ length”. This “surplus time;’ is indicated in millisecond units by /O
command generation control unit 60 1, and this indicates the time at which the execution
device 608 must execute the command from the reception of each I/O command by the ¥/O
command execution generating unit 606 of target 63.

Hereinbelow, the processing in this embodiment will be explained.

In initiator 61, fhe generation processing of the tags which is executed by the tag
generation and management unit 602 is identical to that in the first embodiment. However,
in this embodiment, the J/O command generation control unit 601 attaches to surplus time to
each I/O command. Additionally, the I/O commands to which the surp'lus time has been

attached are transmitted from the I/Ocommand generation control unit 601 to the /O
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command execution generating unit 606, and the storage processing of the I/O commands in
the I/O command queue 607 is conducted in the same way as in the first embo;iimcnt. "

Figure 7 is a flowchart showing the storage processing of the I/O commands in the
I/O command queue 607 whi;:h is executed by the /O command execution generating unit
606 of Figure 5. However, prior to the initiation of the processing of this flowchart, /O
command execution generating unit 606 compietes the conversion of the “surplus time” to
the “deadline surplus time”

When the processing is initiated, the /O command execution generating unit 606
investigates whether the value of the tag B part of the I/O command received has a value of
%0, and thus makes a determination as to whether this /O c_ommand is the first I/O
command of an I/O command group (step S501). Where a determination has been made
that this is the first I/O command by the I/O command execution generating unit 606,
processing proceeds to the step S502, which is discussed hereinbelow.

On the other hand, when a determination has been made that the I/O command is not
the first /O command in step S501, then J/O command execution generating unit 606 makes < -
a determination as to whether an I/O command having the same tag A part as the value of
the tag A part of this I/O corﬁmand is stored in the I/O command queue 607 (step S503).
When a determination has been made that no I/O command having the same tag A part is
stored, processing proceeds to step S502. On the other hand, when a determination has been
made that an I/O command having the same tag A part is stored, then prc;cessing proceeds to
step S504. |

In step S502, /O command execution generating unit 606 compares theldeadlinc
surplus time (QiDL) of the first I/O command in each I/O command group stored in the /O
command queue 607 with the deadline surplus.time (NDL) of the ncwiy received I/0
command, successively from the first one. Then, when an I/O comman& group has been

discovered in which QiDL>NDL initially, the newly received I/O command is inserted
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- immediately before the /O command group within I/O command queue 607 (step S502).
Then, the processing of the flowchart is ended. ‘-

In step S504, 1/0 command exécution generating unit 606 inserts the newly received
I/O command after the I/O command group having the same tag A part within the I/O
command queue 607. Then, the processing of the flowchart is ended.

Figure 8 shows the state in which the J/O command execution generating unit 606
has arranged the J/O commands received in the order received and stored them in the I/O
command queue 607 as a result of the processing of the flowchart above. Here, the table in
~ the upper part of the diagram indicates the order of arrival of the 1/0 commands, whﬂe the
lower table indicates the order of storage of the I/O commands. '

As can be seen from the figure, the I/O commands received by' the I/O command
execution generating unit 606 from the initiator 61 are first arranged by /O command group,
comprising I/O commands having the éamc value of the tag A part, and are next érraljlgcd by
the order of the deadline surplus time within the I/O command groups and stored in the I/O
command queue 607. | -

When the executioﬁ of the previous }/O command has been compleied by the
execution device 608, the /O .command execution generating unit 606 reads out the I/O
commands stored in the I/O command queue 607 from the first command, and transfers
these to the execution device 608. Next, the execution device 608 executes the I/O
commands transferred. |

As explained above, in accordance with the data processing system in accordance
with this embodiment, the I/O commands contained within an I/O command group are
executed consecutively, so that wasteful search (seek) operations are eliminated, and
moreover, it is possible to conduct deadline coﬁtrol for each I/O commémd group.

(Variation) -
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The present invention is not limited to the first and second embodiments described
above; a variety of modifications and applications are possible. Hereinbelow, I;mdifications i
of the embodiments described above which may be appliéd to the present invention will be
explained. |

In the first and second embodiments described above, the tag generation and
- management unit 602 increases the value of the tag A part and the tag B part by a value of 1.
(in steps S203 and S206); however, a d_eérease by a value of 1 is also possible.
Alternatively, with respect to the tags, the values einplb_yed may be simultaneously written
into a map, and reference may be made to this niap and values which are not used may be
found, and these may be attached to each J/O command as tags. .- '

In the first and second embédiment's described above, the YO command execution
generating unit 606 received an I/O command, and then initially investigated the tag thereof, |
and checked whether the /O command was a first I/O command (steps S301 and S501).

However, when the I/O command execution generating unit 606 receives an I/O command,

the processing of steps S303 or S503 may be initially carried out without going through the = -

processing of step S301 or S501.

In the second embodixﬁent described above, the /O command execution generating
unit 606 added to the “surplus time” the time value of the timer 609 for conversion to the -
“deadline surplus time” with respect to all of the I/O commands received. However, when
I/O-commands having the same value of the tag A part are stored in the I/O command queue
607, it is possible to assign a deadline surplus time which is the same as the deadline surplus
time of those I/O commands. By means of this, it becomes unnecessary for the I/O
command execution generating unit 606 to investigate the I/O command groups within the
I/O command queue 607, and a comparison of t.he “deadline surplus tirﬁes” in.the units of

the I/O commands stored in the I/O command queue 607 may be conducted.
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In the first and second embodiments described above, irrespective of the number of
initiators 61, the values of the tag A parts were added to each I/O command in ;)rder from 0. i
However, the lvalues of the tag A parts may be added by initiator number. For example, a
value of the tag A part of “020000” may be added to the initial I/O command when the
initiator number is “02”. | '

In the first and second embodiments-described above, a magnetic disk device was
used as an example of the target 62. However, it is also possible to use other secondary
storage devices as the target 62, and it is particularly effective to apply the present invention
to secondary storage devices which involve éeek operations. Furthermore, the secondary
storage device need not be one which is capable of both reading and wﬁting, as was the éase
with the magnetic disk device; a read-only secondary storage device may be employed.

. In the first and second embodiments described above, the generation of the tags
attached to the I/O commands to be issued is conducted l?y the tag generation and

management unit 602 comprising program-controlled processes. In contrast, the program

which serves to generate the tags attached to the /O commands to be issued may be stored = -

as a portion of the programming of, for example, the device driver, in computer-readable
recording media such as a CD-ROM or a floppy disk or the like.
As described above, in accordance with the present invention, it is possible to

efficiently execute a plurality of input and output commands.
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What is claimed is:

1. A data processing system which is provided with a data processing device which
issues input and output commands, and a secondary storage device which is connected to
said daéa processing device via signal lines and which conducts data exchange with the data
processing device in accordance with the input and output commands, wherein

said data processing device is provided with:

a first tag attachment device for attaching a first tag which is identical with respect to
a seri¢s of input and output commands for accessing a continuous region of said seconda;y
storage device, among the iﬂput and output commands to be issued in responsé to input and
output requests from a host, and which differs from input and other output commands
simultaneously executed,

a second tag attachment device for attaching a second tag for identifying respective
input and output commands to which the same first tag is attached by means of said first tag
attachment device,

an input and output command generating device for generating input and output
commands having first and second tags attached thereto by said first and second tag
attachment devices, and

an input and output command transmitter for transmitting input and output
commands generated by said input and output command generating device to said secondary
storage device via said signal lines; .and

. said secondary storage device is provided with:
an input and output command receiver fér receiving input and oﬁtput commands

transmitted by said input and output command transmitter, via said signal lines,
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an input and output command storage device for storing input and output commands
received by said input and output command receiver,

an input and output command arrangement device for arranging input and output -
commands in accordance with said first and second tags attached to said input and output
commands and storing these in said input and output command storage device, and

an input and output command executing device for executing, in order, input and
output commands arranged by said input and oﬁtput command arrangement device and

stored in said inpﬁt and output command storage device.

2. A data processing system in accordance with claim 1, wherein said data processi‘ng
device is further provided with a surplus time appending device for appending surplus time
until the execution of said input and output command to each input and output command
generated by said input and output command generating device, and

said secondary storag'e device is further provided with a timing device for timing
points in time, and a deadline surplus time generating device for generating, based on
surplus time appended to each input and output command received by said input and output
command receiver and points in time measured by said timing device, a deadline surplus
time which serves as the execution deadline for each input and output command, by means’
of said input and output command executing device, and

said input and output command arrangement device furthermore arranges said input
and output commands in accordance with the deadline surplus time generated by said
deadline surplus time generating device and stores these in said input and output command

storage device.

3. A data processing system in accordance with any one of claims 1 and 2, wherein a

plurality of said data processing devices exist, and
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said first tag attachment device of each data processing device attaches a first tag

containing identification data for identifying the plurality of data processing devices.

4, A data processing device constructed so as to be connectable via signal lines with a
secondary storage device and executing input and output commands in order in accordance
‘with tags attached thereto, wherein are provided:

a first tag attachment device for attaching a first tag which is identical with respect to
a series of input and output commands for accessing a continuous region of said secondary
storage device, among the input and output commands to be issued in response to input and
output requests from a host, and which differs from input and other output commands '
simultaneously executed,

a second tag attachment device for attaching a second tag for identifying respective
input and output commands to which the same first tag is attached by means of said first tag
attachment device, |

an input and output command géncrating device for generating input and output
commands having first and second tags aftached thereto by said first and second tag
attachment devices, and |

an input and output command transmitter for transmitting input and output
commands generated by said input and output command generating device to said secondary
storage device via said signal lines.

5. A data processing device in accordance with claim 4, wherein said first tag
attachment device attaches a first tag containing identification data for identification with

respect to other data processing devices.

& A
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6. A data processing device in accordance with any one of claims 4 and 5, wherein said
second tag attachment device attaches a second tag having a value corresponding to the
order of issue of said input and output commands by means of said input and output

command execution device.

7. A secondary storage device, wherein are provided:

an input and output command receiver for receiving input and-output commands
having attached thereto a first tag which is. identical with respect to a series of input and
output commands accessing a continuous region and which differ from other input and
output commands simultaneously executed, and second tags for idéntiﬁcation of input aﬁd
output commands having identical said first tags,

an input and output command stdrage device for respective input and output
commands received by said input and output command receiver,

an input and output command arrangement device for arranging- said input and
output commands in accordance with said first and second tags attached to said input and
output commands, and storing these in said input and output command storage device, and

an input and output command execution device for executing, in order, input and
output commands arranged by said input and output command arrangement device and

stored in said input and output command storage device.

8. A secondary storage device in accordance with claim 7, wherein said input and
output command arrangement device is provided with a device for determining whether an
input and output command having the same said first tag as an input and output command
received by said input and output command receiver is stored in said input and output
command storage device, and a device for storing the input and output command received

-

by said input and output command receiver together with input and output commands
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having the same first tag previously stored in said input and output command storage device,
when a determination has been made that an input and output command having the same

said first tag is stored.

-9, A secondary storage device in accordance with any one of claims 7 and 8, wherein
said second tags appended to said input and output commands have values corresponding to
an order of issue of said input and ouiput commands by means of an input and output
command issue device, and

said input and output command arrangement device is provided with: a device for
~ determining whether said input and output cpmménd is the first among a series of input ;nd
output commands to which the samé first inﬁut and output command is appended, in
accordance with said second tags; and a device for, when the device described above
determines that this is a first input and output command, storing the iiﬁput and output
command received by said input and output command receiver at the final end of tile input

and output commands stored in the input and output command storage device.

10. A secondary storage device in accordance with claim 7, wherein
surplus time until input and output commands received by said input and output
command receiver are executed is added to said input and output commands,
| said secondary storage device is further provided with a timing device for timing
points in time, and a deadline surplus time generating device for generating, based on
surplus time appended to each input and output command received by said input and output
command receiver and points in time measured by said timing device, a deadline surplus
time which serves as the execution deadline fo.r each input and output ;:ommand, by means

of said input and output command executing device, and
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said input and output command arrangement device furthermore arranges said input
and output commands in accordance with the deadline surplus time generated by said
deadline surplus time generating device and stores these in said input and output command

storage device.

11. A secondary storage device in accordance with claim 10, wherein said deadline
surplus time generating device is provided with a device for determining whether an input
and output command having the same first tag as each input and output command received
by said input and output command receiver is stored in said input and output command
storage device, and a device for, when the device described above determines that an inl;ut
and output command having the ‘same tag is stored, generating a deadline surplus timc;,

having the same tag stored in said input and output command storage device, as the deadline

surplus time of each input and output command.

12. A recording medium which is coinputer-r_eadable, wherein a program is recorded
which realizeé:

a first tag attachment Step for attaching a first tag which differs from other
simultaneously executed input and output commands and which is identical with respect;to a

series of input and output mmmaﬂds which access a continuous region of a secondary

storage device and are input and output commands which are to be issued in response to
input and output requests from a host; and

a second tag attachment step for attaching a second tag for identifying respective
input and output commands to which the same first tag is attached in the first tag attachment

step.
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