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(57) A storage device is provided with a memory device for
storing data which is read and written by a host computer,
and provides the host computer with a memory area of
the memory device as one or more volumes. A storage
management computer is provided with a first memory
which stores task information including operating and
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FIG. 19

(START FLOW 1 -D
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FIG. 20

(START FLOW 1 -2)
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FIG. 23
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FIG. 26

( STARTFLOW6-1 )
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FIG. 27

(START FLOW 6-2 ’
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FIG. 28

( START FLOW 6-3 D
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FIG. 29
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FIG. 30

(START FLOW 7 ’
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FIG. 31

(START FLOW 8 ’
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FIG. 32
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FIG. 33
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FIG. 37

(START FLOW 11)
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[DESCRIPTION]

[Title of Invention]

COMPUTER SYSTEM, STORAGE MANAGEMENT COMPUTER, AND STORAGE
MANAGEMENT METHOD

[Technical Field]

[0001]

The present invention relates to a computer system including
a storage system, and particularly to task management
technology for executing storage operations asynchronously.
[Background Art]

[0002]

The background art related to this technical field includes U.S.
Patent Application Publication No. 2008/0201542 (Patent
Literature 1). This publication describes that “when one or
more migration processes of data stored in a volume of a storage
system is scheduled, data migration is executed by a specified
date” (see the abstract).

[Citation List]

[Patent Literature]

[0003]

[PTL 1]

U.S. Patent Application Publication No. 2008/0201542
[Summary of Invention]

[Technical Problem]

[0004]



In recent years, the amount of information that is held in the
computer systems used 1in companies, local governments,
government offices, and financial institutions has been
increasing dramatically, as well as the number of computers or
storage systems incorporated in the computer systems.

[0005]

The number of objects of management that should be monitored
or the number of objects to be configured increases as the number
of computers or storage systems grows significantly, requiring
many management operations to be performed. An administrator
normally registers the management operations and the
starting/termination times thereof as plans or tasks, instead
of executing such many management operations accordingly.
[The administrator] carries out the management on the objects
of management by executing the registered task operations at
the starting time. When registering a plurality of tasks, task
execution times or the objects of management compete with one
another. Therefore, in order to execute the tasks
appropriately, task management needs to Dbe performed in
consideration of the impact of each of the tasks.

[0006]

In the datamigration technology described in Patent Literature
1, when the execution times conflict with one another or
resources compete with one another, the time for starting

competing data migration processes is changed regardless of



whether the migration processes are completed by the
termination time planned by the administrator. Thus, the time
is likely to be changed, although each of the migration
processes is, originally, supposed to be finished by the time
planned by the administrator even when the processes are
executed while they are competing with one another. As a result
of placing a high priority on a higher-priority plan and
changing the starting time so that the plans do not conflict
with one another, the other plans might not be finished by the
termination time, although these plans are, originally,
supposed to be finished by the termination time.

[0007]

The present invention was contrived in view of the problems
described above, and an object thereof is to increase the
precision of estimating task execution times when
asynchronously executing a plurality of tasks having storage
operations registered therein, and to improve the efficiency
of an administrator’s storage management work.

[Solution to Problem]

[0008]

In order to solve the problems described above, for example,
the configurations described in the scope of patent claims are
adopted. The present application includes aplurality of means
for solving these problems. An example thereof is a computer

system, having: a storage apparatus coupled to a host computer



via a network; and a storage management computer capable of
accessing the storage apparatus and the host computer, wherein
the storage apparatus has a storage unit for storing data
read/written by the host computer and provides the host computer
with a storage area of the storage unit as one or more volumes,
and the storage management computer has a first memory for
storing task information including contents of an operation
process performed on the storage apparatus, as well as a
scheduled starting time and scheduled termination time of a
process, and, in the case where first task information is stored
in the first memory, when resources used in the process of second
task information stored in the first memory are the same as
resources used in the process of the first task information,
the storage management computer computes times required for
executing the first task information and the second task
information, based on a time during which the processes of the
first and second task information conflict with each other.
[Advantageous Effects of Invention]

[0009]

According to the computer system provided by the present
invention, when a plurality of tasks having storage operations
registered therein are executed asynchronously, the execution
times can be estimated in consideration of the competition among
the tasks, and the efficiency of a management work by a storage

administrator can be improved.



[0010]

Furthermore, according to the management computer provided by
the present invention, the precision of estimating the
execution times of the tasks of the storage operations can be
increased, and thereby the efficiency of the management work
by the storage administrator can be improved.

[Brief Description of Drawings]

[0011]

[Fig. 1]

Fig. 1 is an entire configuration diagram of a computer system
according to a first embodiment.

[Fig. 2]

Fig. 2 is a configuration diagram of a storage system according
to the first embodiment.

[Fig. 3]

Fig. 3 is a diagram illustrating a type of a logical volume
according to the first embodiment.

[Fig. 4]

Fig. 4 is a configuration diagram of a host computer according
to the first embodiment.

[Fig. 5]

Fig. 5 is a configuration diagram of a management computer
according to the first embodiment.

[Fig. 6]

Fig. 6 1s a storage-side physical/logical storage area



correspondence table according to the first embodiment.
[Fig. 7]

Fig. 7 is adiagram illustrating allocation of volumes to which
segments according to the first embodiment are allocated.
[Fig. 8]

Fig. 8 is a storage-side performance information management
table according to the first embodiment.

[Fig. 9]

Fig. 9 1s an external connection volume management table
according to the first embodiment.

[Fig. 10]

Fig. 10 is a unit process required time table according to the
first embodiment.

[Fig. 11]

Fig. 11 is a task time estimation coefficient holding table
according to the first embodiment.

[Fig. 12]

Fig. 12 shows a volume management table (partial) according to
the first embodiment.

[Fig. 13]

Fig. 13 shows the volume management table (partial) according
to the first embodiment.

[Fig. 14]

Fig. 14 is a management-side physical/logical storage area

correspondence table according to the first embodiment.



[Fig. 15]

Fig. 15 is a disk-type performance information table according
to the first embodiment.

[Fig. 16]

Fig. 16 is a management-side performance information management
table according to the first embodiment.

[Fig. 17]

Fig. 17 shows a task management table (partial) according to
the first embodiment.

[Fig. 18]

Fig. 18 shows the task management table (partial) according to
the first embodiment.

[Fig. 19]

Fig. 19 is a diagram showing one prerequisite process of a flow
of the entire process according to the first embodiment.
[Fig. 20]

Fig. 20 is a diagram showing one prerequisite process of the
flow of the entire process according to the first embodiment.
[Fig. 21]

Fig. 21 is a diagram showing a process performed when
registering a task, the process being a part of the flow of the
entire process according to the first embodiment.

[Fig. 22]

Fig. 22 1is a diagram showing a process for changing the

configuration of the storage system in the flow of the entire



process according to the first embodiment.

[Fig. 23]

Fig. 23 is a diagram showing a process performed after a task
execution, the process being a part of the flow of the entire
process according to the first embodiment.

[Fig. 24]

Fig. 24 is a diagram showing a process for confirming whether
the task registered in the flow shown in Fig. 21 or Fig. 22 of
the first embodiment has an impact on the other tasks.

[Fig. 25]

Fig. 25 is a diagram showing a process for estimating a
processing time required when resources do not compete with one
another in each task according to the first embodiment.
[Fig. 26]

Fig. 26 is a diagram showing a process for estimating a time
required for a volume creation process according to the first
embodiment.

[Fig. 27]

Fig. 27 is a diagram showing a process for estimating a time
required for an external connection setting process according
to the first embodiment.

[Fig. 28]

Fig. 28 is a diagram showing a process for estimating a time
required for a data migration process according to the first

embodiment.



[Fig. 29]

Fig. 29 is a diagram showing a process for estimating a time
required for a copy processing according to a first embodiment.
[Fig. 30]

Fig. 30 is a diagram showing a process for estimating a
processing time required when the resources compete with one
another in each task according to the first embodiment.
[Fig. 31]

Fig. 31 is a diagram showing a process for virtually switching
the order of the tasks according to the first embodiment.
[Fig. 32]

Fig. 32 is a diagram showing a process for actually switching
the order of the tasks according to the first embodiment.
[Fig. 33]

Fig. 33 is a diagram showing a process for registering a process
within the storage system of the first embodiment, as an
internal task.

[Fig. 34]

Fig. 34 is a diagram showing an example in which each task
according to the first embodiment conflicts with an I/0 from
the host.

[Fig. 35]

Fig. 35 is a diagram showing an example of an input screen used
for setting a task to be subjected to the migration process in

the first embodiment.



[Fig. 36]

Fig. 36 is a diagram showing an example of the input screen used
for setting a task to be subjected to the external connection
setting process according to the first embodiment.

[Fig. 37]

Fig. 37 is a diagram showing a process performed when storage
system configuration change information 1is acquired, the
process being a part of a flow of the entire process according
to a second embodiment.

[Description of Embodiments]

[0012]

Embodiments of the present invention are described hereinafter
with reference to thedrawings. Note that the present invention
is not 1limited thereto. In the following descriptions,
information described in the embodiments are expressed by “aaa
table.” However, these information may be expressed by
anything other than such a data structure as a table. Thus,
these information are sometimes called “aaa information” with
respect to the "aaa table” in order to describe that the
information are not dependent on the data construct. Also, the
term “identifiers” described hereinbelow are replaceable by
“jdentification information,” “ID,"” and the 1ike. Furthermore,
even when these information to be identified are expressed by
numbers, the method of identification is not limited to the use

of numbers, and therefore the information may be expressed by
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character strings or anything other than numbers. The term
“program” is used as the subject of a sentence in the following
descriptions. However, since the program is executed by a
controller to use a memory and communication I/F for carrying
out a certain process, the controller may be used as the subject.
In addition, processes described with “program” as the subject
may be the processes that are carried out by a computer such
as a management computer. Also, a part or whole of the program
may be realized by special software.

[0013]

(1) System configuration according to a first embodiment
Fig. 1 shows the entire configuration of a computer system
according to a first embodiment. In the computer system of the
present embodiment, a plurality of storage apparatuses 1000
configure a storage system 1050, and the plurality of storage
apparatuses 1000 are connected to a plurality of host computers
2000 by data networks 3000. Whenexplicitly distinguishing one
of the storage apparatuses to e connected, from a connection
destination storage apparatus, the former storage apparatus is
called “external connection source storage apparatus,” and the
latter storage apparatus 1s called “external connection
destination storage apparatus.”

[0014]

Also, the data networks 3000 connecting the storage apparatuses

1000 and the host computers 2000 are illustrated as different
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data networks than the data networks 3000 connecting storage
apparatuses 1000A and external connection destination storage
apparatuses 1000B. However, these data networks may be the
same.

[0015]

Although the data networks 3000 according to the present
embodiment are SANs (Storage Area Networks), the data networks
may be IP (Internet Protocol) networks or other data
communication networks.

[0016]

The host computers 2000 and storage apparatuses 1000 are
connected to a management computer 5000 via a management network
4000. Although the management network 4000 according to the
present embodiment is an IP network, it may be a SAN or other
data communication network. The data networks 3000 and the
management network 4000 may be the same, and the host computers
2000 and the management computer 5000 may be the same computers.
[0017]

An input/output device 6000 is a terminal device that 1is
connected to the management computer 5000 via, for example, a
network, receives an input froma user such as an administrator,
transmits the input to the management computer 5000, receives
a process result from the management computer 5000, and outputs
the process result. The input/output device 6000 is configured

by, for example, a keyboard and display. Note that the
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management computer 5000 may be configured by the input/output
device 6000.

[0018]

For the convenience of explanation, Fig. 1 shows two of the
storage apparatuses 1000, one storage system 1050, two of the
host computers 2000, and one management computer 5000. The
number of each of these components is not limited thereto in
the present embodiment.

[0019]

Fig. 2 shows a detailed configuration of each the storage
apparatuses 1000. The storage apparatus 1000 is configured by
a disk device 1100 for storing data, and a disk controller 1200
for controlling the inside of the storage apparatus.

[0020]

The disk device 1100 has one or more of logical volumes 1110
and pools 1120. The logical volume here means a logical storage
area, which is aunit of data storage. 1In the present embodiment,
a logical device on RAID (Redundant Array of Independent Disks)
configured by a plurality of hard disks is defined as a physical
resource. A logical device that is created within the external
connection source storage system by external connection
technology is defined as a wvirtual resource.

[0021]

Fach of the logical volumes 1110 is generated from one or more

of physical resources 1121 or virtual resources 1122 and stores
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the data used by the host computer 2000. For the convenience
of explanation, only one pool 1120 is shown in Fig. 2, but the
number of the pools is not limited in the present embodiment.
A plurality of types of logical volumes exist in the logical
volume 1110, which are be described with reference to Fig. 3.
[0022]

The pool 1120 has one or more of the physical resources 1121
and one or more of the virtual resources. The pool 1120 is a
logical group for collectively managing the physical resources
1121 or virtual resources 1122 from a management perspective.
There are RAID types as an example of a management perspective.
Examples of the RAID type include a RAID 0 that brings together
a plurality of hard disks into one group and provides it as a
massive storage area in order to provide a large capacity, and
a RAID 1 that performs mirroring between hard disks in order
to increase the redundancy of the hard disks. For the
convenience of explanation, one of the physical resources 1121
and one of the virtual resources 1122 coexist within one pool
1120 as shown in Fig. 2, but the pool may include only the
physical resource 1121 or only the virtual resource 1122.
[0023]

The disk controller 1200 has amain memory 1210, controller 1220,
host I/F 1230, management I/F 1240, disk I/F 1250, and external
connection I/F. The external connection I/F may not be

necessary in a storage apparatus used as the external connection
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destination storage apparatus 1000B.

[0024]

The main memory 1210 stores therein a configuration management
program 1211, storage-side physical/logical storage area
correspondence table 1212, storage-side performance
information management table 1213, and external connection
volume management table 1214,

[0025]

The configuration management program 1211 is a program for
referring to or updating the storage-side physical/logical
storage area correspondence table 1212, storage-side
performance information management table 1213, and external
connection volume management table 1214, and further
communicating configuration information and performance
information on the storage apparatus with a system management
program 5110 of the management computer, which is described
hereinafter. Note that the external connection volume
management table 1214 may not be stored in the storage apparatus
used as the external storage apparatus 1000. Moreover, when
the storage apparatus 1000 does not correspond to a thin
provisioning function described hereinafter, the storage-side
physical/logical storage area correspondence table 1212 may not
be stored in the storage apparatus 1000. Each of the tables
is described hereinafter in detail with reference to Fig. 6 and

the subsequent drawings.

15



[0026]

The controller 1220 reads and executes the configuration
management program 1211 stored in the main memory 1210.
[0027]

The host I/F 1230 is an interface for connection with any of
the data networks 3000 and transmits/receives data and control
commands to/from the host computers 2000. The management I/F
1240 is an interface for communication with the management
network 4000 and transmits/receives data and control commands
to/fromthe host computers 2000 and the management computer 5000.
The disk I/F 1250 is an interface for the disk device 1100 and
transmits/receives data and control commands
thereto/therefrom. The external connection I/F 1260 is an
interface for connection with any of the data networks 3000 and
transmits/receives data and control commands to/from the
external storage apparatus 1000.

[0028]

As described above, the storage apparatus 1000 includes the disk
controller 1200 and one or more hard disks configuring the
physical resource 1121. ©Note that the pool 1120, wvirtual
resource 1122, logical volume 1110, and physical resource 1121
that are mentioned above are not actually necessarily included
in the disk device 1100 shown inFig. 2, because these components
are logical or virtual presences that exist due to the processes

performed by the disk controller 1200. The disk controller
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generates one or more logical volumes from storage areas of the
hard disks and provides the logical volumes to the host computer.
As the hard disks, for example, a FC (Fibre Channel) disk, SCSI
(Small Computer System Interface) disk, SATA disk, ATA (AT
Attachment) disk, SAS (Serial Attached SCSI) disk and the like
can be used. In addition, for example, a flash memory, FeRAM
(Ferroelectric Random Access Memory), MRAM (Magnetoresistive
Random Access Memory), phase-change memory (Ovonic Unified
Memory), RRAM (Resistance RAM), and various other storage units
can be used.

[0029]

In Fig. 2, the line connecting the logical volume 1110 and the
pool 1120 to each other within the disk device 1100 illustrates
a logical connection therebetween.

[0030]

Fig. 3 shows the type of the logical volume 1110 configured by
the storage apparatus 1000 based on the internal hard disks and
the storage units of the other storage apparatuses. There are
four types of logical volumes 1110: a normal logical volume 1111,
external connectionvolume 1112, thinprovisioning volume 1113,
and dynamic thin provisioning volume 1114.

[0031]

Thin provisioning here is technology capable of allocating a
partial area (“segment” hereinafter) of a physical storage area

to a logical volume and thereby dynamically expanding the
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storage area in order to effectively utilize the storage area.
The physical resource or virtual resource provides the segment
to be allocated to the thin provisioning logical volume.
[0032]

The normal logical wvolume 1111 1is a logical storage area
configured by the physical resource 1121 (corresponding to a
parity group) configured by the hard disks. The external
connection volume 1112 is a logical storage area that has the
entity thereof existing in the external connection destination
storage 1000B and is configured by the virtual resource 1122.
[0033]

The thin provisioning volume 1113 is a logical volume that can
be expanded dynamically, as described above. The thin
provisioning volume 1113 can dynamically expand the capacity
thereof by allocating the segment from a physical resource 1123
or virtual resource 1124 included in the pool 1120, upon
reception of an I/0 from the host computer. The dynamic thin
provisioning volume 1114 1is also capable of dynamically
expanding the capacity thereof as with the thin provisioning
volume 1113. However, the dynamic thin provisioning volume
1114 can dynamically change the allocation by changing the
segment that i1s already allocated once, to another segment
having different responsiveness and reliability, in response
to the status of an access to the logical volume. For the

convenience of explanation, as shown in Fig. 3, the thin
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provisioning volume 1113 and the dynamic thin provisioning
volume 1114 are allocated the segments from both the physical
resource 1123 and the virtual resource 1124 but may be allocated
the segment from only either one of the resources.

[0034]

Fig. 4 shows a detailed configuration of the host computer 2000.
The host computer 2000 is configured by a main memory 2100,
controller 2200, host I/F, and management I/F. Note that the
host computer 2000 may have an input/output device (keyboard,
display device, etc.) that is not shown. The host I/F 2300 is
an interface for connection with any of the data networks 3000
and transmits/receives data and control commands to/from the
storage apparatus 1000. The management I/F 2400 is an interface
for connection with the management network 4000 and
transmits/receives data and control commands to/from the
storage apparatus 1000 and the management computer 5000.
[0035]

Fig. 5 shows a detailed configuration of the management computer
5000. The management computer 5000 is configured by a main
memory 5100, controller 5200, and management I/F 5300. Note
that the management computer 5000 may have a device
corresponding to an input/output device 6000 that is not shown
(such as a keyboard, display device, and the like).

[0036]

The main memory 5100 stores therein a system management program
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5110, task management program 5120, unit process reguired time
table 5130, task time estimation coefficient holding table 5140,
volume management table 5150, management-side
physical/logical storage area correspondence table 5160, disk
type performance information table 5170, management-side
performance information management table 5180, and task
management table 5190. The system management program 5110 is
a program for acguiring information on the storage apparatus
1000 from the configuration management program 1211 of the
storage apparatus 1000, to refer to and update the volume
management table 5150, management-side physical/logical
storage area correspondence table 5160, and management-side
performance information management table 5180. The task
management program 5120 is a program for referring to and
updating the unit process required time table 5130 and the disk
type performance information table 5170, to refer to and update
the task type estimation coefficient holding table 5140 and the
task management table 5190. Each of these tables is described
hereinafter in detail with reference to Fig. 10 and the
subsequent diagrams.

[0037]

The controller 5200 reads and executes the access control
setting program 5110 stored in the main memory 5100.

[0038]

The management I/F 5300 1is an interface for connection with the

20



management network 4000 and transmits/receives data and control
commands to/from the storage apparatus 1000 and the host
computer 2000.

[0039]

Although not shown, the storage apparatus 1000, the host
computer 2000 and the management computer 5000 can be provided
with a reader such as a portable storage medium.

[0040]

The abovementioned functional parts of the storage apparatus
1000, host computer 2000 and management computer 5000 are
realized by the programs that are read from, for example, the
corresponding main memories and executed by the corresponding
controllers. Each of the programs may be stored in the main
memory of the each apparatus or introduced from the other
apparatus to the main memory via an available medium, according
to need. Examples of the medium include a recording medium
detachable with respect to a reader, and a communication medium
such as a network and a carrier wave or digital signal propagated
through the network.

[0041]

Fig. 6 shows the details of the storage-side physical/logical
storage area correspondence table 1212. The storage-side
physical/logical storage area correspondence table 1212 is a
table showing a correspondence relationship between a logical

address of the logical volume 1110 and address of the physical
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resource 1121 or virtual resource 1122 in the thin provisioning
function. The storage-side physical/logical storage area
correspondence table 1212 includes, specifically, the
following information:

(12120) A volume identifier for identifying the volumes;
(12121) A 1logical starting address indicating a starting
address of a segment allocated to the logical volume 1110;
(12122) A logical ending address indicating an ending address
of the segment allocated to the logical volume 1110;

(12123) A pool number, which is an identifier of a pool having
a resource from which a segment is allocated;

(12124) A resource identifier, which is an identifier of the
physical resource 1121 or virtual resource 1122 within the pool;
(12125) A physical starting address indicating a starting
address of the physical resource 1121 or virtual resource 1122
within the pool; and

(12126) A physical ending address indicating an ending address
of the physical resource 1121 or virtual rescurce 1122 within
the pool.

[0042]

Fig. 7 shows how to view the information included in the
storage-side physical/logical storage area correspondence
table 1212. Fig. 7 illustrates an example of the storage-side
physical/logical storage area correspondence table 1212 shown

inFig. 6. As shown inFig. 7, the block between the block number
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1000 of a physical resource 0 of a pool 1 and the block number
1999 of the same corresponds to the block between the block
number 0 of a logical volume (identifier 0) and the block number
999 of the same. Similarly, the block between the block number
0 of a physical resource 1 and the block number 999 of the same
corresponds to the block between the block number 1000 of the
logical volume (identifier 0) and the block number 1999 of the
same. The block between the block number 0 of a physical
resource 2 and the block number 2999 of the same corresponds
to the block between the block number 2000 of the logical volume
(identifier 0) and the block number 3999. The block between
the block number 4000 of the logical volume and the block number
199999 of the same is not allocated any physical resource. Note
that this correspondence relationship is dynamically changed
in the dynamic thin provisioning volume 1114.

[0043]

Fig. 8 shows the details of the storage-side performance
information management table 1213. In the storage-side
performance management table 1213, the average value of IOPS
(Input Output Per Second) of a certain volume per unit time is
saved as a load, cor performance information, for each time. The
IOPS of a certain volume means the frequency of access to the
volume per unit time, the volume being designated by the host
computer. Note that the access here means at least either one

of data reading and data writing.
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[0044]

More specifically, the storage-side performance information
management table 1213 also includes the following information:
(12130) A resource identifier for identifying the physical
resource 1121 or virtual resource 1122;

(12131) A volume identifier for identifying a volume;
(12132) A time interval for calculating the average I0PS. Note
that Fig. 8 shows an hourly average IOPS, but the time interval
is not particularly limited to one hour. 1In addition, not only
the information corresponding to one day but also the
information corresponding to one week may be held. For example,
in the case of seven days where each day is divided into 24 hours,
an average I0OPS of 24 x 7 =168 entries may be held for one volume,
in which case the tendency of an hourly load of the week can
be held with respect to one volume;

(12133) The average IOPS per unit time; and

(12134) The maximum IOPS per unit time, which can be handled
by a volume. A catalog value is held as a reference to indicate
the amount of load of the average IOPS mentioned in 12133.
[0045]

Fig. 9 shows the details of the external connection volume
management table 1214, The external connection volume
management table 1214 is a table showing a relationship between
the virtual resource 1122 within the external connection source

storage apparatus and the logical wvolume 1110 within the
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external connection destination storage apparatus 1000B. More
specifically, the external connection volume management table
1214 includes the following information:

(12140) A resource identifier for identifying the virtual
resource 1122 within the external connection source storage
apparatus 1000A; and

(12141) External volume information for specifying the logical
volume 1110 within the external connection destination storage
apparatus 1000B that corresponds to the virtual resource 1122
within the external connection source storage apparatus 1000A.
The external volume information may be any form of information
as long as it can specify a storage apparatus, port and volume.
[0046]

Fig. 10 shows thedetails of the unit process required time table
5130. The unit process required time table 5130 is a table for
saving a required time (catalog value) as a reference used for
executing each operation 1in each storage apparatus.
Particularly a time required for an operation independent of
the volume size and transfer speed of a network is saved in this
table. More specifically, the table includes the following
information:

(51300) An apparatus identifier for specifying the storage
apparatus 1000;

(51301) The name of an operation used for executing a storage

operation;
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(51302) An operationunit used for executing a storage operation.
This is described when the required time is changed by the
operation unit; and

(51303) The catalog value of the time required for an operation
for each operation unit.

[0047]

Fig. 11 shows the details of the task time estimation
coefficient holding table 5140. The task time estimation
coefficient holding table 5140 is a table for holding an
indication wvalue (coefficient) that indicates how much the
processing time increases as compared to the processing time
required in a single process performed on competing resources
when the resources compete with one another in a plurality of
tasks. An initial value of this indication wvalue holds a
predetermined value, but the indication value is corrected as
needed, by obtaining a difference between the actual processing
time obtained as a result of executing each task and the
estimated time that wuses this indication wvalue. More
specifically, this table includes the following information:
(51400) An apparatus identifier for specifying the storage
apparatus 1000;

(51401) A resource name representing a resource held by the
storage apparatus 1000. The resource here is different from
the physical resource 1121 and held by the storage apparatus.

The resource also indicates a component that is likely to
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compete with another resource, and includes not only a physical
resource but also a port and so on;

(51402) An identifier for specifying the resource described in
51401; and

(51403) A coefficient indicating the ratio thereof to a
processing time compared to the processing time required in a
single process. For example, when one minute is required for
creating a volume of 1 TB in a certain parity group when there
is no competition and when two minutes are required for creating
a volume of 1 TB in the parity group during the execution of
competing tasks, the value of the coefficient is 2.0.

[0048]

Figs. 12 and 13 show the details of the volume management table
5150. For convenience of page space, the table is divided into
two, but both Figs. 12 and 13 illustrate one volume management
table 5150. The volume management table 5150 is a table for
showing information on the resources related to a certain
logical volume (physical resources, virtual resources, ports,
and other logical volumes). The table is used for checking the
presence of tasks that include the resources affecting the
operations executed in the respective tasks and the objects to
be operated. More specifically, the table includes the
following information:

(51500) An apparatus identifier for specifying the storage

apparatus 1000;
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(51501) A volume identifier for specifying the logical volume
1110;

(51502) A pool identifier indicating the pool 1100 to which the
logical volume 1110 belongs;

(51503) A resource identifier indicating the physical resource
1121 or virtual resource 1122 to which the logical volume 1110
belongs. The logical volume 1110 is the thin provisioning
volume 1113, dynamic thin provisioning volume 1114, or normal
volume, and when this is a logical volume extending to the
physical resource, a plurality of values might be described in
this column;

(51504) An identifier indicating whether the logical volume
1110 is an external connection volume or not. In Fig 12, a
numerical value 1 represents an external connection volume, and
0 a volume other than the external connection volume. However,
the identifier of the logical volume 1110 is not necessarily
expressed by the values 1 and 0;

(51505) Speed of a 1ine connecting the storage apparatuses when
the logical volume 1110 is the external connection volume;
(51506) A port identifier for indicating a port utilized by the
external connection source storage apparatus 10004;

(51507) An external <connection destination apparatus
identifier for specifying the external connection destination
storage apparatus 1000B;

(51508) An external connection destination physical resource
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identifier for specifying a physical resource within the
external connection destination storage apparatus 1000B;
(51509) An external connection destination volume identifier
for specifying a logical volume within the external connection
destination storage apparatus 1000B; and

(51510) An identifier of a logical volume, other than the one
described in 51509, of the volumes included in the physical
resource within the external connection destination storage
apparatus 1000B. This volume also is considered a target that
is likely to compete when being processed.

[0049]

Fig. 14 shows the details of the management-side
physical/logical storage area correspondence table 5160. The
management-side physical/logical storage area correspondence
table 5160 is created by allowing the system management program
5100 to appropriately acquire the information of in the
storage-side physical/logical storage area correspondence
table 1212. However, in consideration of the capacity of a
management server, instead o©of directly holding the
correspondences of all of the physical/logical storage areas,
the physical/logical storage areas are classified into the
types of the physical resources, and only the allocation size
of each physical/logical storage area 1s held. More
specifically, the table includes the following values:

(51600) An apparatus identifier for specifying the storage
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apparatus 1000;

(51601) A volume identifier for identifying a logical volume;
(51602) A pool number, which is an identifier of a pool having
a resource from which a segment is allocated;

(51603) A resource type representing the type of a resource and
indicating whether the type of the disk or a configuration
resource of the logical volume is a storage physical resource
or the virtual resource of the external connection destination
storage apparatus; and

(51604) The size of a resource allocated to the volume. A value
obtained by adding the same type o0of resource from the
information of the storage-side physical/logical storage area
correspondence table 1212 is set.

[0050]

Fig. 15 shows the details of the disk type performance
information table 5170. The disk type performance information
table 5170 is a table that describes read/write performance of
the physical resource 1121 or the virtual resource 1122, More
specifically, this table includes the following information:
(51700) An apparatus identifier for specifying the storage
apparatus 1000;

(51701) A resource type representing the type of a resource and
indicating whether the type of the disk or a configuration
resource of the logical volume is a storage physical resource

or the virtual resource of the external connection destination
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storage apparatus;

(51702) Read performance of a corresponding resource. This is
described as G/Sec in Fig. 15 but can be described in any form;
and

(51703) Write performance of the corresponding resource. This
is described as G/Sec in Fig. 15 but can be described in any
form.

[0051]

Fig. 16 shows the details of the management-side performance
information management table 5180. The information held in the
management-side performance information management table 5180
has an apparatus identifier in addition to the information held
in the storage-side performance information management table
1213. More specifically, the management-side performance
information management table 5180 includes the following
information:

(51800) An apparatus identifier for specifying the storage
apparatus 1000;

(51801) A resource identifier for identifying the physical
resource 1121 or virtual resource 1122;

(51802) A volume identifier for identifying a volume;
(51803) A time interval for calculating the average IOPS. Note
that Fig. 16 shows an hourly average IOPS, but the time interval
is not particularly limited to one hour. 1In addition, not only

the information corresponding to one day but also the
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information corresponding to one week may be held. For example,
in the case of seven days where eachday isdivided into 24 hours,
an average IOPS of 24 x 7 =168 entries may be held for one volume,
in which case the tendency of an hourly load of the week can
be held with respect to one volume;

(51804) The average IOPS per unit time; and

(51805) The maximum IOPS per unit time, which can be handled
by a volume. A catalog value is held as a reference to indicate
the amount of load of the average IOPS mentioned in 51804.
[0052]

Figs. 17 and 18 show the details of the task management table
5190. One task management table 5190 isdividedand illustrated
separately in Figs. 17 and 18. The task management table 5190
holds the detailed information of the tasks registered by the
administrator. More specifically, the table includes the
following information:

(51900) An identifier of each task;

(51901) An operation indicating the contents of an operation
executed in each task;

(51902) An identifier 1 of a storage apparatus to be operated
in each task. Note that when there exist two storage
apparatuses, an operation source and operationdestination, the
identifier of the operation source storage apparatus is shown;
(51903) An identifier 2 of a storage apparatus to be operated

in each task. Note that when there exist two storage
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apparatuses, an operation source and operationdestination, the
identifier of the operation destination storage apparatus is
shown. No values are set for an operation which is not executed
to the two storage apparatuses;

(51904) An identifier 1 of a logical volume to be operated in
each task. Note that when there exist two logical volumes, an
operation source and operation destination, the identifier of
the operation source logical volume is shown;

(51905) An identifier 2 of a logical volume to be operated in
each task. Note that when there exist two logical volumes, an
operation source and operation destination, the identifier of
the operation destination logical volume is shown. When this
logical volume is the thin provisioning volume or the dynamic
thin provisioning volume, no values are entered in the relevant
column;

(51906) An identifier of a port used in each task. Note that
when there exist two ports, an operation source and operation
destination, the identifier of the operation source port is
shown. No values are set when there is no port to be operated;
(51907) An identifier of a port used in each task. Note that
when there exist two ports, an operation source and operation
destination, the identifier of the operation destination port
is shown. No values are set when there is noport to be operated;
(51908) A starting time for executing a task designated by the

administrator upon registration of the tasks;
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(51909) A starting time for executing an actual task that is
computed by the present invention;

(51910) A termination time for terminating the execution of the
task designated by the administrator upon registration of the
tasks. Whether the task is terminated as scheduled by the
administrator is determined based on the task is completed by
this termination time; and

(51911) An estimated termination time for terminating the
execution of the task, which 1is computed by the present
invention.

[0053]

(2) Operations according to the first embodiment

Operations of the first embodiment are shown next. Fig. 34
shows an example to which the first embodiment is applied.
Registered in Fig. 34 are a task 1 in which a data migration
process for migrating data from a normal logical volume 1 to
an external connection volume 2 in the external connection
source storage apparatus 1000A, and a task 2 inwhich an external
connection is set so that a normal logical volume 4 of the
external connection destination storage apparatus 1000B can be
used in the external connection source storage apparatus. The
external connection volume 2 is associated with a normal logical
volume 3 of the external connection destination storage
apparatus via the external connection I/F and a host I/F 2. The

task 2 attempts to set an external connection for the normal
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logical volume 4 by using the external connection I/F and the
host I/F 2. Consequently, the task 1 and the task 2 compete
with each other over the external connection I/F and the host
I/F 2. Moreover, since it isestimated fromthe management-side
performance information management table that an I/0 tends to
be issued from the host computer to the normal logical volume
1 between 7:00 and 8:00, the process of the task 1 is affected.
Therefore, it is assumed that the time scheduled for executing
each task becomes longer than the time of a single task execution
process. In the description of the operations of the following
embodiment, the operations are applied not only to this example
but also to any storage operations. In addition, Fig. 34 is
made for simplifying the description, and therefore the names
of the columns and volumes included in each table do not
necessarily match the names described in the diagrams preceding
Fig. 18.

[0054]

First of all, the flow of the entire process is described with
reference to Figs. 19 and 20 (prerequisite process), Fig. 21
(the entire flow of registering the tasks), Fig. 22 (the entire
flow of changing the storage apparatus configuration), and Fig.
23 (the entire flow after executing the tasks). The detailed
processes are 1illustrated in Figs 24 to 33. The following
processes are realized by the programs that are read from the

main memories and executed by the controller of the apparatuses.
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These programs are configured by codes for performing various
operations described hereinafter.

[0055]

Fig. 19 shows a flow of a prerequisite process of the present
invention, which is one of the processes executed periodically.
A flow 1-1 is a process flow in which the system management
program of the storage management computer 5000 acqguires
performance information (I/0 load information) fromthe storage
apparatus 1000 and holds the performance information.
Specific steps of this process are as follows.

($51010) The system management program 5110 requests the
configuration management program 1211 for the I/0 1load
information of the logical volume.

(S1020) The configuration management program 1211 of the
storage apparatus 1000 acquires the I/0 load information from
the storage-side performance information management table 1213
and transmits the I/0 load information to the system management
program 5110.

(S1030) The system management program 5110 holds acquired the
I/0 load information in the management-side performance
information management table 5180.

[0056]

Fig. 20 shows a flow of the prerequisite process of the present
invention, which is one of the processes executed periodically.

A flow 1-2 is a flow in which the system management program of
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the storage management computer 5000 acquires physical/logical
storage area correspondence information of the logical volume
from the storage apparatus 1000. Specific steps of this flow
are as follows.

(52010) The system management program 5110 requests the storage
apparatus 1000 for the ©physical/logical storage area
correspondence information.

(S2020) The configuration management program 1211 of the
storage apparatus 1000 acquires the physical/logical storage
area correspondence information of the thinprovisioning volume
or the dynamic thin provisioning volume from the storage-side
physical/logical storage area correspondence table 1212, and
transmits the physical/logical storage area correspondence
information to the storage management computer 5000.

(52030) The system management program 5110 uses the received
physical/logical storage area correspondence information to
update the management-side physical/logical storage area
correspondence table 5160.

[0057]

Fig. 21 shows a flow of process performed by the storage
management computer 5000 when registering the tasks. Specific
steps of this process are as follows.

(S3010) The input/output device 6000, for example, receives
from the administrator the inputs of an operation for executing

each task, target volume, used port, task starting time, and
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task termination time.

[0058]

Fig. 35 shows an example of an input screen of the task management
program used in the migration process. G1000 represents the
gscreen. G10001 shows how a migration source storage apparatus
is selected. G10002 shows a target to be operated. G10003 and
G10004 show target resources. Because this example shows the
migration process, a migration source volume and migration
destination volume exist as the target resources. G10005 shows
the starting time input by the administrator. G10006 shows the
time requested by the administrator to terminate the task
execution. G10007 represents a button used for determining
task setting. G10008 shows a screen for canceling the task
setting. The target resources vary depending on the contents
of an operation. Fig. 36 shows an example of the input screen
of the task management program used for carrying out an external
connection settingprocess. Inthiscase, G20003 shows the port
of the external connection destination storage used for setting
an external connection. G20004 shows the volume of the external
connection destination storage. G20005 shows the port used in
the external connection source storage. Note that G1000 and
G2000 are screens that are displayved on a display device such
as a display of the input/output device 6000.

(S3020) The task management program 5120 registers the

information input in $3010, as a task, into the task management
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table 5190.

(S3030) The task management program 5120 checks the impacts of
a newly registered task and the existing tasks. Checking the
impacts here means checking whether there are competing
resources in the new task and existing tasks. The detail of
this step is described in flow 5 shown in Fig. 24.

(S3040) In S3030 it is determined whether the newly registered
task affects the existing tasks. When the newly registered task
does not affect the existing tasks, the process proceeds to
S3050. When the newly registered task affects the existing
tasks, the process proceeds to S3060.

(S3050) When the new task does not affect the existing tasks,
the time required for executing the new task is estimated. The
detail of this step is described in flow 6 shown in Fig. 25.
(53060) When the new task affects the existing tasks in 53040,
the information on all of the affected tasks are acquired, and
the time required for executing each task is estimated. The
detail of this step is described in flow 7 shown in Fig. 30.
(S3070) Whether or not the task execution time estimated in
S3050 or S3060 satisfies the task termination time scheduled
by the administrator is checked. When the execution time
satisfies the task termination time, the process proceeds to
S3080. When the execution time does not satisfy the task
termination time, the process proceeds to S3090.

(S3080) Because the time for executing the newly registered task
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satisfies the task termination time scheduled by the
administrator, the task registration process is completed.
(S3090) The order of the tasks or the starting time of each task
is changed to achieve improvement so that the task termination
time scheduled by the administrator can be satisfied. The
detail of this step is described in flow 8 shown in Fig. 31.
(S3100) Whether the task termination time scheduled by the
administrator is satisfied or not is checked as a result of
changing the order of the tasks and the starting time of each
task. When the task termination time scheduled by the
administrator is satisfied, the process proceeds to S3110.
When the task termination time is not satisfied, the process
proceeds to $3130.

(S3110) In response to the result of flow 8 shown in Fig. 31,
a process for changing the task starting time by switching the
order of the tasks is executed. The detail of this step is
described in flow ¢ shown in Fig. 32.

($3120) As a result of changing the time for each task, each
task execution time satisfies the task termination time
scheduled by the administrator. Therefore, the task
registration process 1s completed.

(33130) The administrator is notified of the fact that each task
execution time does not satisfy the task termination time
scheduled by the administrator even when the time for each task

is changed. Note that examples of the method for notifying the
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administrator of this fact include a method for ocutputting such
notification to the display device of the management computer
5000 or the input/output device 6000, and a method for sending
such notification via electronic mail.

[0059]

Outputting to the display device or the like is performed not
only when each task execution time does not satisfy the task
termination time scheduled by the administrator but also when,
for example, outputting each task execution time estimated in
S3060 or S3070 to the display device. Accordingly, the
administrator can understand the estimated task execution times
and support the storage management work.

[0060]

Fig. 22 shows a flow of process performed by the storage
management device 5000 when changing the storage apparatus
configuration.

[0061]

When the configuration of the storage apparatus is changed for
reasons of replacing an apparatus having failures and
dynamically changing the allocation of the segments in response
to the status of an access to the logical volume, the changing
operation is treated as an internal process task in the same
format as a task set by the administrator. As a result, even
when the storage apparatus configuration is changed, the tasks

can be managed in consideration of a competition between the
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configuration changing process and the task designated by the
administrator.

[0062]

Other than the fact that the configuration changing process is
treated as the internal process task, the configuration
changing process can be realized by the same process as the
process shown in Fig. 21 that is carried out upon registration
of the tasks. Specific steps are as follows.

(S4010) The system management program 5110 receives contents
of the storage apparatus configuration changing process from
the configuration management program 1211. Note that, at this
point, the storage apparatus configuration changing process is
not yet executed.

(54020) The task management program 5120 defines and registers
the apparatus configuration changing process as an internal
task in the task management table 5190. The detail of this step
is described in flow 10 shown in Fig. 33.

(S4030) The task management program 5120 checks the impacts of
the internal task and the existing tasks. Checking the impacts
here means checking whether there are competing resources in
the internal task and existing tasks. The detail of this step
is described in flow 5 shown in Fig. 24.

(S4040) In S4030 it is determined whether the internal task
affects the existing tasks. When the internal task does not

affect the existing tasks, the process proceeds to S4050. When
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the internal task affects the existing tasks, the process
proceeds to $54060.

(S4050) When the internal task does not affect the existing
tasks, the time required for executing the internal task is
estimated. The detail of this step is described in flow 6 shown
in Fig. 25.

(54060) When the internal task affects the existing tasks in
S4040, the information on all of the affected tasks are acquired,
and the time required for executing each task is estimated. The
detail of this step is described in flow 7 shown in Fig. 30.
(S4070) Whether or not the task execution time estimated in
S4050 or S4060 satisfies the task termination time scheduled
by the administrator is checked. When the execution time
satisfies the task termination time, the process proceeds to
S4080. When the execution time does not satisfy the task
termination time, the process proceeds to S4090.

(S4080) Because the time for executing the internal task
satisfies the other tasks set by the administrator, the task
registration process is completed.

(S4090) The order of the tasks or the starting time of each task
is changed to achieve improvement so that the task termination
time scheduled by the administrator can be satisfied. The
detail of this step is described in flow 8 shown in Fig. 31.
(S4100) Whether the task termination time scheduled by the

administrator is satisfied or not 1s checked as a result of
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changing the order of the tasks and the starting time of each
task. When the task termination time scheduled by the
administrator is satisfied, the process proceeds to S4110.
When the task termination time is not satisfied, the process
proceeds to $4130.

(S4110) In response to the result of flow 8 shown in Fig. 31,
a process for changing the task starting time by switching the
order of the tasks is executed. The detail of this step is
described in flow 9 shown in Fig. 32.

(54120) As a result of changing the time for each task, each
task execution time satisfies the task termination time
scheduled by the administrator. Therefore, the task
registration process is completed.

(S4130) The administrator is notified of the fact that each task
execution time does not satisfy the task termination time
scheduled by the administrator even when the time for each task
is changed. ©Note that examples of the method for notifying the
administrator of this fact include a method for cutputting such
notification to the display device of the management computer
5000 or the input/output device 6000, and a method for sending
such notification via electronic mail.

[0063]

Fig. 23 shows a flow of process performed by the storage
management computer 5000 after the execution of the tasks.

Specific steps of this process are as follows.
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(55010) The task management program 5120 computes an actual time
required for executing each task.

(55020) The task management program 5120 checks the difference
between the actual time required for executing each task and
each estimated task execution time, to obtain the ratio
therebetween.

(55030) The task management program 5120 wupdates the
coefficient of the task time estimation coefficient holding
table 5140, to a number obtained by multiplying the ratio of
the difference by the ratio of a time during which the processes
conflict. 1In other words, in the case where the actual time
required for executing each task i1s four hours, where the
estimated time for executing each task as three hours, where
the processes conflict for two hours during the four-hour task
execution due to the load from another task or host, and where
the coefficient of the task estimation coefficient holding
table 5140 is 2.0, the estimated two hours during which the
processes conflict is actually three hours. In this case, the
coefficient 2.0 is multiplied by the actual time ratio 3/2 =
1.5, and updated as a value 3.0. This value 3.0 is used for
subsequently estimating the task time.

[0064]

Fig. 24 shows a process for checking whether the task registered
in the flow shown in Fig. 21 or Fig. 22 affects the other tasks.

Specific steps of this process are as follows.
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(56010) The task management program 5120 checks the volume
(51510) sharing the physical resource or virtual resource in
the volume management table, based on the information on the
volume identifiers (51904, 51905) described in the task
management table 5190.

(56020) The task management program 5120 checks conflicting
tasks in the volume identifiers (51904, 51905, as well as 51510
acquired in the previous step) to be operated and the port
identifiers (51906, 51907), from the contents of the task
management table 5190.

(56030) The task management program 5120 determines the
presence/absence of conflicting tasks in the resources to be
operated. When the conflicting tasks exist, the process
proceeds to $S6040. When the conflicting tasks do not exist,
the process proceeds to S6070.

(36040) The task management program 5120 checks the presence
of a task in which the resources and scheduled task execution
times conflict.

(S6050) When there is a task in which the task execution times
conflict, the process proceeds to S6060. When there is no such
tasks, the process proceeds to S6070.

(36060) It is determined that each task 1is affected, and
accordingly this flow is completed.

(86070) It is determined that each task is not affected, and

accordingly this flow is completed.
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[0065]

Fig. 25 shows a process in which the storage management computer
5000 estimates a processing time during which the resources do
not compete with one another in each task. Specific steps of
this process are as follows.

($7010) Whether the contents of an operation executed in each
task correspond to a volume creation process or not is checked.
When the contents correspond to the volume creation process,
the process proceeds to S7020. When the contents do not
correspond to the volume creation process, the process proceeds
to S7030.

(S7020) The task management program 5120 estimates a time
required for the volume creation. The detail of this step is
described in flow 6-1 shown in Fig. 26.

(S$7030) Whether the contents of the operation executed in each
task correspond to the external connection setting process or
not is checked. When the contents correspond to the external
connection setting process, the process proceeds to S57040.
When the contents do not correspond to the external connection
setting process, the process proceeds to S7050.

($7040) The task management program 5120 estimates a time
required for the external connection setting. The detail of
this step is described in flow 6-2 shown in Fig. 27,

(57050) Whether the contents of the operation executed in each

task corresponds to a volume migration process or not is checked.
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When the contents correspond to the volume migration process,
the process proceeds to S$57060. When the contents do not
correspond to the volume migration process, the process
proceeds to $S7070.

(S7060) The task management program 5120 estimates a time
required for the volume migration. The detail of this step is
described in flow 6-3 shown in Fig. 28.

(S7070) Whether the contents of the operation executed in each
task correspond to a copy process or not is checked. When the
contents correspond to the copy process, the process proceeds
to S7080. When the contents do not correspond to the copy
process, the process proceeds to S7130.

(37080) The task management program 5120 estimates a time
required for the copy process. The detail of this step is
described in flow 6-4 shown in Fig. 29.

($7090) The task management program 5120 checks, using the
management-side performance information management table 5180,
whether the load increases at the time conflicting with each
task execution time.

(S7100) When the times conflict, the process proceeds to $7110.
When the times conflict, the process proceeds to S57140.
($7110) The task management program 5120 acquires, from the task
time estimation coefficient holding table 5140, coefficient of
the conflicting resources and the values of the average IOPS

and maximum IOPS of the management-side performance information
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management table 5180, multiplies the coefficient by the ratio
between the average IOPS and the maximum IOPS to obtain the
estimated time, for the time of each operation element during
which the task execution time conflicts with the time during
which an increase of the load is expected.

[0066]

For example, as illustrated in Fig. 34, in the case where the
estimated time for executing an operation element of one task
(task 1) is between 5:00 to 8:00 (three hours), where the time
during which an increase of the load is estimated is from 7:00
to 8:00, where the coefficient of the task time estimation
coefficient holding table 5140 is 1.5, and where the average
IPOS is 100 and the maximum IPOS 200, 0.5 of the coefficient
1.5 ismultiplied by the ratio between the average IOPS and the
maximum IPOS. In other words, 1 + (0.5 x 100/200) = 1.25 is
obtained as a new coefficient. In addition, because the task
execution estimated time and the time during which the increase
of the load is estimated conflict for one hour, the time between
5:00 and 7:00 is left as it is, but the one hour between 7:00
and 8:00 is multiplied by 1.25, which means that the estimated
time is 1.25 hours. Consequently, it is estimated to take a
total of 3.25 hours for the execution. This time is obtained
as the estimated time in this flow.

(S7120) The estimated time for each operation element is taken

as the estimated time in this flow.
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(S7130) The task i1s determined as an immediately-terminated
task, based on the contents of the operation, and the estimated
time required for the task is 0.

[0067]

Fig. 26 shows a process in which the storage management computer
5000 estimates the time required for the volume creation process.
Specific steps of this process are as follows. Note that when
the storage apparatus supports neither the thin provisioning
function nor the dynamic thin provisioning function, the steps
S7021 and S7023 are not necessary.

(57021) Whether a volume to be created is the thin provisioning
volume or not is checked. When the volume to be created is the
thin provisioning volume, the process proceeds to $7022. When
the volume to be created is not the thin provisioning volume,
the process proceeds to S7023.

(S7022) Because this task does not actually require the process
for creating a volume, the task 1s determined as the
immediately-terminated task and the time required for the task
is determined as O.

(87023) Whether the volume to be created is the dynamic thin
provisioning volume or not is checked. When the volume to be
created is the dynamic thin provisioning volume, the process
proceeds to S7022. When the volume to be created is not the
dynamic thin provisioning wvolume, the process proceeds to

57024.
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(S7024) Whether the volume to be created is the normal logical
volume or not is checked. When the volume to be created is the
normal logical volume, the process proceeds to S7025. When the
volume to be created is not the normal logical volume, the
process proceeds to S7026.

(57025) The task management program 5120 acquires, fromthe unit
process required time table 5130, the time required for creating
the normal logical volume, multiplies the time by the size of
the volume to be created, to obtain the estimated time required
for creating the volume. For example, in the case where the
unit process required time table 5130 describes that it takes
10 seconds to create 1-GB volume, and the size of the volume
to be created is 2GR, the estimated time is determined as 20
seconds, and this flow is completed.

(57026) The task management program 5120 acquires, fromthe unit
process required time table 5130, the time required for creating
the external connection volume, multiples the time by the size
of this volume, to obtain the estimated time required for
creating this volume. Subsequently, this flow is completed.
[0068]

Fig. 27 shows a process in which the storage management computer
5000 estimates the time required for the external connection
setting process. The processes that are necessary in the
external connection setting are as follows. In other words,

there are four required processes: allocating the path of the
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logical volume of the external connection destination storage
apparatus to the external connection source storage apparatus,
port discovery for checking the information on a port in which
the path from the logical volume of the external connection
storage apparatus 1is set, creating a virtual resource in the
external connection source storage apparatus, and creating the
external connection volume in the created wvirtual resource.
The time required for carrying out these processes is obtained
as an estimated time required for this flow. Specific steps
are as follows.

(S7041) The task management program 5120 estimates, based on
path allocation times on the unit required time table 5130, a
time required for setting a path of the external connection
volume into the external connection source storage apparatus.
(S7042) The task management program 5120 estimates, based on
port discovery times on the unit required time table 5130, a
time required for carrying out the port discovery process, which
is required for recognizing the port obtained after the path
setting, as an external connection port.

(S7043) The task management program 5120 estimates, based on
virtual resource times on the unit required time table 5130,
a time required for setting a virtual resource in the external
connection source storage apparatus.

(S7044) The task management program 5120 estimates a time

required for the external connection volume creation process,
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based on external volume creation times on the unit required
time table 5130.

(S7045) The task management program 5120 takes the time obtained
by adding the estimated times obtained in S7041, S7042, S$7043
and S7044, as the estimated time of this flow.

[0069]

Fig. 28 shows a process in which the storage management computer
5000 estimates a time required for the data migration process.
Specific steps of this process are as follows. Note that when
the storage apparatus supports neither the thin provisioning
function nor the dynamic thin provisioning function, the step
S7061 is not necessary.

($7061) The task management program 5120 checks whether the
migration source volume is the thin provisioning volume or the
dynamic thin provisioning volume. When the migration source
volume is either one of the volumes, the process proceeds to
S7062. When the migration source volume is neither one of the
volumes, the process proceeds go S7063.

($7062) The task management program 5120 uses the disk type
performance information table 5170 and the management-side
physical/logical storage area correspondence table 5160 to
compute a migration time from the read/write performance and
volume size per unit time of the migration source volume or
migration destination wvolume, and obtains the computed

migrationtime as the estimated time. For example, suppose that
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an FC internal has 10GB, SATA internal has 10GB, and FC external
has 20GB. When the read/write performance of each storage is
10G/sec and 5G/sec, 8G/sec and 4G/sec, and 3G/sec and 1G/sec,
10 x 10 + 10 x 5 + 10 x 8 + 10 x 4 + 20 x 3 + 20 x 1 = 350 sec
is obtained as the task estimated time.

($7063) The task management program 5120 checks whether the
migration source volume and migration destination volume have
the same storage apparatus. When the migration source volume
and migration destination wvolume have the same storage
apparatus, the process proceeds to S7064. When the migration
source volume and migration destination volume do not have the
same storage apparatus, the process proceeds to S7065.
(37064) The task management program 5120 acquires a read/write
time per unit time of the migration source volume or migration
destination volume, from the disk type performance information
table 5170 and the volume management table 5150, and computes
the migration time from the volume size to obtain the estimated
time. For example, suppose that the volume size 10GB, the type
is FC internal, and the read/write performance is 10G/sec and
5G/sec. The result of 10 x 10 + 10 x 5 = 150 sec is obtained
as the task estimated time.

($7065) The task management program 5120 acquires the
read/write time per unit time of the migration source volume

or migration destination volume, from the disk type performance
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information table 5170 and the volume management table 5150,
and computes the migration time from the volume size and
transfer speed of the port, to obtain the estimated time. For
example, suppose that the migration source volume is of FC
internal and has 10GB and 10G/sec read performance, whereas the
migration destination volume is of SATA internal and has a port

transfer speed of 4Gbps and 4G/sec write performance. The
result of 10 x 10 + 10 x 4 = 140 is obtained the time required

for data writing, and 10 x 4/8 =5 (bit is converted to byte)
is obtained as the estimated time required for transferringdata.
A total of 145 seconds is obtained as the task estimated time.
[0070]

Fig. 29 shows a process in which the storage management computer
5000 estimates the time required for the copy process. Specific
steps of this process are as follows.

(57081) The task management program 5120 checks whether the copy
type is initial copy or not. When the copy type is not initial
copy, the process proceeds to S7082. When the copy type 1is
initial copy, the process proceeds to S7083.

(S7082) Because the difference amount is copied in this task,
it is determined that this task does not require a long time,
and consequently it is determined that the time required for
this task is 0.

(57083) The task management program 5120 checks whether a copy
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gsource volume is the thin provisioning volume or the dynamic
thinprovisioning volume. When the copy source volume iseither
one of the volumes, the process proceeds to S7084. When the
copy source volume is neither one of the volumes, the process
proceeds to S7085.

(37084) The task management program 5120 uses the disk type
performance information table 5170 and the management-side
physical/logical storage area correspondence table 5160 to
compute a copy time from the read/write performance and volume
size per unit time of the copy source volume or copy destination
volume, and obtains the computed copy time as the estimated time.
The computation method is same as that described in S7062.
(S$7085) The task management program 5120 checks whether the copy
source volume or copy destination volume has the same storage
apparatus. When the copy source volume or copy destination
volume has the same storage apparatus, the process proceeds to
S7086. When the copy source volume or copy destination volume
does not have the same storage apparatus, the process proceeds
to S7087.

(S7086) The task management program 5120 acquires a read/write
time per unit time of the copy source volume or copy destination
volume, from the disk type performance information table 5170
and the volume management table 5150, and computes the copy time
from the volume size to obtain the estimated time. The

computation method is same as that described in S7064.
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(8§7087) The task management program 5120 acquires the
read/write time per unit time of the copy source volume or copy
destination volume, from the disk type performance information
table 5170 and the volume management table 5150, and computes
the copy time from the volume size and transfer speed of the
port, to obtain the estimated time. The computation method is
same as that described in S7065.

[0071]

Fig. 30 shows a process in which the storage management computer
5000 estimates a processing time obtained when each task has
the competing resources. Specific steps of this process are
as follows.

(S8010) The task management program 5120 selects all of the
affected tasks from the task management table 5190 to acquire
the information on these tasks.

(58020) The task management program 5120 estimates a task
fermination time with respect to each task. First, the task
termination time is estimated when the process is supposedly
a single process for each task. This process uses the same
process of flow 6 shown in Fig. 25.

($8030) The task management program 5120 checks whether the
estimation of the times for all of the affected tasks 1is
completed. When the estimation is completed, the process
proceeds to $8040. When the estimation is not completed, the

process returns to S8020.
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(58040) The task management program 5120 acquires the
coefficient from the task time estimation coefficient holding
table 5140, and obtains the estimated time by multiplying the
coefficient and the time conflicting with the task execution
time by an estimated execution time, and adding the obtained
result to a time that does not conflict with themultiplied time.
For example, as shown in Fig. 34, suppose that there is a process
where the execution estimated time of one task (task 1) is
between 5:00 and 8:00 (three hours), and where another task
(task 2), the external connection I/F and the host I/F 2 compete
with one another from 6:00 to 8:00. Also, suppose that the
execution estimated time of the task 2 is between 6:00 and 9:00
(three hours). In addition, suppose that the coefficient of
the external connection I/F is 1.5 and the coefficient of the
host I/F 2 is 1.3 in the task time estimation coefficient holding
table 5140. Since the time conflicts by two hours in actuality,
these two hours are estimated to be 2 x 1.5 x 1.3 = 3.9 hours.
In other words, it is estimated that the task 1 requires a total
of 4.9 hours to be processed and that the task 2 also requires
4.9 hours to be processed. Note that, as shown in $7130 in Fig.
25, the termination time of the task 1 is corrected prior to
this step, in consideration of the IOPS received from the host
computer. However, for the purpose of simplification of this
step, the estimated required time for the task 1 is three hours.

[0072]
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Fig. 31 shows a process in which the storage management computer
5000 supposedly switches the order of the tasks for changing
each task starting time, for example. Specific steps of this
process are as follows.

(59010) The task management program 5120 uses the termination
times and estimated times of the affected tasks to shift any
of the task starting times so as not to generate a conflict.
When a user input task conflicts with an internal task generated
by changing the configuration within the storage apparatus, the
user input task is determined as having a higher priority, and
the internal task generated by changing the configuration of
the storage apparatus is moved backward.

(39020) The task management program 5120 re—-estimates the task
termination time for each task. Here, the task termination time
is estimated when the process is supposedly a single process
for each task. This process uses the same process of flow 6
shown in Fig. 25.

(59030) The task management program 5120 checks whether the
estimation of the times for all of the affected tasks 1is
completed. When the estimation is completed, the process
proceeds to $9040. When the estimation is not completed, the
process returns to S9020.

(59040) The task management program 5120 checks whether the
estimated termination time for each task satisfies the user

designated termination time 51910 on the task management table
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5190.

[0073]

Fig. 32 shows a process for actually switching the order of the
tasks. A specific step of this process is as follows.
($510010) The task management program 5120 updates the actual
starting time 51909 and estimated termination time 51911 on the
task management table 5190, to change the order of the tasks.
[0074]

Fig. 33 shows a process for registering a process within the
storage apparatus as the internal task. A specific step of this
process 1is as follows.

(511010) The task management program 5120 registers, as the
internal task, the information on the resources subjected to
configuration change, as well as the operation of setting the
resources, 1into the task management table 5190. The user
designated starting time 51908 and user designated termination
time 51910 are not set, but the actual starting time 51909 is
taken as the registration time.

According to the first embodiment described above, when
asynchronously executing the plurality of tasks having
registered therein the wvolume creation, external connection
setting, data migration, copy process and other storage
operations requiring some time to be executed, future load from
the host computer is estimated, a dynamic configuration change

of the storage apparatus 1s received, times redquired for

60



executing the appropriate tasks are estimated, and the order
of executing the tasks and the starting time for each task are
changed. Because the data migration process and the process
for creating a large volume require a considerable amount of
time, and the physical resources or ports compete with one
another according to the configuration of the storage system,
asynchronous execution of these processes by using the tasks
can solve the problem of requiring excessive time for executing
the tasks, and improve the precision of estimating the task
execution times. Moreover, checking the presence/absence of
a conflict between plan execution times and a competition
between the resources prior to the execution of the tasks can
increase the possibility that the tasks are completed as
scheduled, as a result of the configuration change generated
upon execution of the tasks. In addition, even when the
configuration of the storage is changed, the tasks can be
managed appropriately in consideration of the configuration
change.

[0075]

(3) System configuration according to a second embodiment

A second embodiment is described next. The second embodiment
igsdifferent than the first embodiment only in a partial process
operation, and thus the explanation of the system setting of
the second embodiment is omitted.

[0076]
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(4) Operations according to the second embodiment

Operations of the second embodiment are described. Unlike the
first embodiment, in the second embodiment, instead of
receiving storage apparatus configuration change notification
from the storage apparatus, the management computer updates the
contents of the registered tasks accordingly by periodically
checking the contents of the configuration change. Since the
difference with the first embodiment is understanding the

configuration of the storage apparatus (same as flow 3 shown

in Fig. 22 of the first embodiment), only this difference is
described.
[0077]

Fig. 37 shows a flow of process performed by the storage
management computer 5000 when the storage apparatus
configuration change according to the second embodiment is made.
Specific steps of this process are as follows.

($S12010) The system management program 5110 regularly inguires
for the configuration information of the storage apparatus 1000
(the configuration information of the logical volume and the
information on the connection between the storage apparatuses)

from the configuration management program 1211.

(512020) The task management program 5120 updates the task
management table 5190 using the information acquired in $S12010.

($512030) The task management program 5120 checks the impacts

of the tasks with updated contents and the tasks that are not

62



updated. Checking the impacts here means checking whether
there competing resources in the updated tasks and the tasks
that are not updated. The detail of this step is described in
flow 5 shown in Fig. 24.

(812040) It is determined in S12030 whether the updated tasks
affect the tasks that are not updated. When the updated tasks
do not affect the tasks that are not updated, the process
proceeds to $12050. When the updated tasks affect the tasks
that are not updated, the process proceeds to S12060.
($512050) When the updated tasks do not affect the tasks that
are not updated, the time required for executing the updated
tasks 1s estimated. The detail of this step is described in
flow 6 shown in Fig. 25.

(512060) When the updated tasks affect the tasks that are not
updated in S12040, information on all of the affected tasks are
acquired, and the time required for executing each task is
estimated. The detail of this step is described in flow 7 shown
in Fig. 30.

(S12070) Whether the task execution time estimated in S12050
or 312060 satisfies the task termination time scheduled by the
administrator or not is checked. When the task execution time
satisfies the task termination time, the process proceeds to
S$12080. When the task execution time does not satisfy the task
termination time, the process proceeds to $512090.

(312080) Since each task i1s executed at the time in which the
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execution times for the updated tasks do not affect the other
tasks set by the administrator, the task registration process
is completed.

(512090) The order of the tasks or the starting time of each
task 1s changed to achieve improvement so that the task
termination time scheduled by the administrator can be
satisfied. The detail of this step is described in flow 8 shown
in Fig. 31.

(S12100) Whether the task termination time scheduled by the
administrator is satisfied or not is checked as a result of
changing the order of the tasks and the starting time of each
task. When the task termination time scheduled by the
administrator is satisfied, the process proceeds to S$12110.
When the task termination time is not satisfied, the process
proceeds to $12130.

(S12110) In response to the result of flow 8 shown in Fig. 31,
a process for changing the task starting time by switching the
order of the tasks is executed. The detail of this step is
described in flow 9 shown in Fig. 32.

(512120) As a result of changing the time for each task, each
task execution time satisfies the task termination time
scheduled by the administrator. Therefore, the task
registration process 1s completed.

($12130) The administrator is notified of the fact that each

task execution time does not satisfy the task termination time
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scheduled by the administrator even when the time for each task
is changed. ©Note that examples of the method for notifying the
administrator of this fact include a method for cutputting such
notification to the display device of the management computer
5000, and a method for sending such notification via electronic
mail.

[0078]

According to the second embodiment described above, when
asynchronously executing the plurality of tasks having
registered therein the volume creation, external connection
setting, data migration, copy process and other storage
operations requiring some time to be executed, future load from
the host computer is estimated, the configuration information
of the storage apparatus 1is checked periodically, times
required for executing the appropriate tasks are estimated, and
the order of executing the tasks and the starting time for each
task are changed. Because the data migration process and the
process for creating a large volume regquire a considerable
amount of time, and the physical resources or ports compete with
one another according to the configuration of the storage system,
asynchronous execution of these processes by using the tasks
can solve the problem of requiring excessive time for executing
the tasks, and improve the precision of estimating the task
execution times. Moreover, checking the presence/absence of

a conflict between plan execution times and a competition
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between the resources prior to the execution of the tasks can
increase the possibility that the tasks are completed as
scheduled, as a result of the configuration change generated
upon execution of the tasks. In addition, even when the
configuration of the storage 1is changed, the tasks can be
managed appropriately in consideration of the configuration
change.

[0079]

The present invention 1s not limited to the embodiments
described above and therefore includes various modifications.
For example, the aforementioned embodiments are described in
detail in order to provide a simple explanation about the
present invention, and are not necessarily limited to all of
the configurations mentioned above. Some of the
configurations of a certain embodiment can be replaced with the
configurations of the other embodiments, or the configurations
of a certain embodiment can be added to the configurations of
the other embodiments. Inaddition, some of the configurations
of each embodiment can be added to, deleted, and/or replaced
with the other configurations.

[Reference Signs List]

[0080]

1000 Storage apparatus

1050 Storage system

1100 Disk device
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1110

1111

1112

1113

1114

1120

1200

1210

1211

1212

Logical volume

Normal logical volume

External connection volume

Thin provisioning volume

Dynamic thin provisioning volume

Pool
Disk controller

Main memory

Configuration management program

Storage-side

correspondence table

1213

1214

1220

1230

1240

1250

1260

2000

2100

2200

2300

2400

3000

4000

physical/logical

storage

area

Storage-side performance information management table

External connection volume management table

Controller
Host TI/F
Management I/F

Disk I/F

External connection I/F

Host computer
Main memory
Controller
Host I/F
Management I/F
Data network

Management network
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5000 Management computer

5100 Main memory

5110 System management program

5120 Task management program

5130 Unit process required time table

5140 Task time estimation coefficient holding table

5150 Volume management table

5160 Management-side physical/logical storage area
correspondence table

5170 Disk type performance information table

5180 Management-side performance 1information management
table

5190 Task management table

5200 Controller

5300 Management I/F

6000 Input/output device
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[CLAIMS]
[Claim 1]

A computer system, comprising:

a storage apparatus coupled to a host computer via a
network; and

a storage management computer capable of accessing the
storage apparatus and the host computer, wherein

the storage apparatus includes a storage unit for storing
data read/written by the host computer and provides the host
computer with a storage area of the storage unit as one or more
volumes, and

the storage management computer includes a first memory
for storing task information including contents of an operation
process performed on the storage apparatus, as well as a
scheduled starting time and scheduled termination time of a
process, and, in the case where first task information is stored
in the first memory, when resources used in the process of second
task information stored in the first memory are the same as
resources used in the process of the first task information,
the storage management computer computes times regquired for
executing the first task information and the second task
information, based on a time during which the processes of the
first and second task information conflict with each other.
[Claim 2]

The computer system according to claim 1, wherein
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the task information includes information on an object
to be subjected to the operation process,

the first memory further stores information on a resource
used for accessing the volumes, and

the storage management computer determines whether at
least part of the resources used in the processes of the first
and second task information is the same, on the basis of the
information on the object to be subjected to the operation
process and the information on the resource.
[Claim 3]

The computer system according to claim 2, wherein

the first memory further stores performance information
of the storage area, and

the storage management computer computes processing
times required for executing contents of the operation
processes of the first and second task information, based on
the contents of the operation process, the object to be
subjected to the operation process, and the performance
information of the storage area, and adds to the processing
times a time obtained by multiplying the time during which the
processes conflict with each other, by a predetermined
coefficient, thereby computing the times required for executing
the first and second task information.
[Claim 4]

The computer system according to claim 2, wherein
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the storage apparatus further includes a second memory
for storing an input/output data amount per unit time, which
is the amount of data transmitted from the host computer to the
volumes, and

the storage management computer acquires the
input/output data amount per unit time from the second memory,
predicts an amount of load on the object to be subjected to the
operation process, based on the acquired input/output data
amount, and computes the times required for executing the first
and second task information.
[Claim 5]

The computer system according to claim 1, wherein

when at least one of the processes of the first and second
task information is not completed by the scheduled termination
time as a result of the computation of the times required for
executing the first and second task information, the storage
management computer changes a starting time so that a time for
executing the process of the first task information does not
conflict with a time for executing the process of the second
task information.
[Claim 6]

The computer system according to claim 1, wherein

the storage apparatus is coupled to one or more second
storage apparatuses via a network, is capable of using volumes

of the second storage apparatuses as a storage area of the
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storage apparatus, and further includes a second memory that
stores a relationship between the storage area of the storage
apparatus and the volumes of the second storage apparatuses,
and

the contents of the operation process include a search
process for recognizing path setting and an interface coupled
to the network, as well as a process for creating a volume in
the storage apparatus so that the volumes of the second storage
apparatuses are capable of being used as the storage area of
the storage apparatus.
[Claim 7]

The computer system according to claim 1, wherein

the contents of the operation process include either a
process for migrating or copying data stored in the volume from
the volume to another volume, or a process for creating a volume
from the storage area.
[Claim 8]

The computer system according to claim 1, wherein

the storage management computer acquires contents of a
configuration change performed on the storage apparatus,

computes the times required for executing the first task
information and the second task information, by taking the
acquired contents of the configuration change as the first task
information, the scheduled starting time of which is started

immediately, and
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changes a starting time so that a time for executing the
process of the first task information does not conflict with
a time for executing the process of the second task information,
when at least one of the processes of the first and second task
information is not completed by the scheduled termination time
as a result of the computation of the times required for
executing the first and second task information.
[Claim 9]

The computer system according to claim 1, wherein

the storage management computer acquires contents of a
configuration change performed on the storage apparatus,

updates contents of task information stored in the first
memory and related to the configuration change,

computes the times required for executing the first task
information and the second task information by taking the
updated task information as the first task information, and

changes a starting time so that a time for executing the
process of the first task information does not conflict with
a time for executing the process of the second task information,
when at least one of the processes of the first and second task
information is not completed by the scheduled termination time
as a result of the computation of the times required for
executing the first and second task information.
[Claim 10]

A storage management computer, which is capable of
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accessing a storage apparatus that provides a host computer with
a storage area of a storage unit as one or more volumes, the
storage unit storing data read/written by the host computer,
and the host computer, wherein

the storage management computer includes a first memory
for storing task information including contents of an operation
process performed on the storage apparatus, as well as a
scheduled starting time and scheduled termination time of a
process, and, in the case where first task information is stored
in the first memory, when resources used in the process of second
task information stored in the first memory are the same as
resources used in the process of the first task information,
the storage management computer computes times required for
executing the first task information and the second task
information, based on a time during which the processes of the
first and second task information conflict with each other.
[Claim 117

The storage management computer according to claim 10,
wherein

the task information includes information on an object
to be subjected to the operation process, and

the first memory further stores information on a resource
used for accessing the volumes, and

determines whether at least part of the resources used

in the processes of the first and second task information is
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the same, on the basis of the information on the object to be
subjected to the operation process and the information on the
resource.
[Claim 12]

The storage management computer according to claim 11,
wherein

the first memory further stores performance information
of the storage area,

computes processing times required for executing
contents of the operation processes of the first and second task
information, based on the contents of the operation process,
the object to be subjected to the operation process, and the
performance information of the storage area, and

adds to the processing times a time obtained by
multiplying the time during which the processes performed on
the same operation object conflict with each other, by a
predetermined coefficient, thereby computing the times
required for executing the first and second task information.
[Claim 13]

A storage management method of a computer system
including a storage apparatus connected to a host computer via
a network, and a storage management computer capable of
accessing the storage apparatus and the host computer, wherein

the storage apparatus includes a storage unit for storing

data read/written by the host computer and provides the host
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computer with a storage area of the storage unit as one or more
volumes, and

the storage management computer includes a first memory
for storing task information including contents of an operation
process performed on the storage apparatus, as well as a
scheduled starting time and scheduled termination time of a
process, and, in the case where first task information is stored
in the first memory, when resources used in the process of second
task information stored in the first memory are the same as
resources used in the process of the first task information,
the storage management computer computes times required for
executing the first task information and the second task
information, based on a time during which the processes of the
first and second task information conflict with each other.
[Claim 14]

The storage management method according to claim 13,
wherein

the task information includes information on an object
to be subjected to the operation process,

the first memory further stores information on a resource
used for accessing the volumes, and

the storage management computer determines whether the
resources used in the processes of the first and second task
information are the same, on the basis of the information on

the object to be subjected to the operation process and the
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information on the resource.
[Claim 15]

The storage management method according to claim 14,
wherein

the first memory further stores performance information
of the storage area, and

the storage management computer computes processing
times required for executing contents of the operation
processes of the first and second task information, based on
the contents of the operation process, the object to be
subjected to the operation process, and the performance
information of the storage area, and adds to the processing
times a time obtained by multiplying the time during which the
processes performed on the same operation object conflict with
each other, by a predetermined coefficient, thereby computing
the times required for executing the first and second task

information.
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