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(57) Abstract: An example is a method for determining at least one mi-
gration destination for resources of one migration source physical stor-
age system, with physical storage systems, which provide resources to a
virtual storage system recognized by a host as one storage system, as mi-
gration destination candidates. The method defines at least one migration
group from the resources included in the migration source physical stor-
age system so that resources for which the predetermined management
permissions are assigned to the same administrator are included in the
same migration group, and determines at least one migration destination
of the at least one migration group, on a condition that resources in the
same migration group are migrated to the same physical storage system



WO 2014/054070 PCT/JP2012/006338

Description
Title of Invention: MANAGEMENT SYSTEM FOR MANAGING
A PHYSICAL STORAGE SYSTEM, METHOD OF DE-
TERMINING A RESOURCE MIGRATION DESTINATION OF A

PHYSICAL STORAGE SYSTEM, AND STORAGE MEDIUM
Technical Field

[0001]  This invention relates to a management system for managing a physical storage
system, a method of determining a resource migration destination of a physical storage

system, and a storage medium.

Background Art

[0002] A storage system coupled to a host computer via a network includes, for example, a
plurality of magnetic disks as storage devices for storing data. The storage system uses
the technology of redundant arrays of independent disks (RAID) to give redundancy to
a storage area of the plurality of storage devices, and thereby build RAID groups (also
called parity groups).

[0003]  The storage system also provides the host computer with, in the form of logical
volumes, a storage area having a capacity that is requested by the host computer from a
part of the RAID groups. As logical volumes of storage systems in general, there are
ones constituted of the storage area of a high-performance, expensive storage device,
ones constituted of the storage area of a low-performance, inexpensive storage device,
and a set of logical volumes different from one another in the degree of RAID con-
figuration redundancy, from which a selection is made depending on the use.

[0004]  Inrecent years, a storage system management method that is in demand for large-
scale storage integration environments, where one storage system is shared by a
plurality of companies, a plurality of departments, or the like, is multi-tenancy-type
management method which places an administrator for each company or each de-
partment so that the storage system is managed by the respective administrators. This
lessens the burden on an administrator of a storage system.

[0005]  There is also a technology for bundling a plurality of physical storage systems
together to provide as one virtual storage system to a host computer (for example, see
PTL 1). This technology enables a plurality of companies, a plurality of departments,

or the like to share a plurality of physical storage systems.
Citation List

Patent Literature
[0006] PTL 1: US 2010/0180078
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[0007]

[0008]

[0009]

Summary of Invention

Technical Problem

To migrate resources (ports, volumes, RAID groups, and the like) of one physical
storage system (migration source physical storage system) to a virtual storage en-
vironment that includes a plurality of migration destination physical storage systems,
the placement of migrated resources varies depending on the free-resource states of the
respective migration destination physical storage systems. The migrated resources are
migrated to one migration destination physical storage system in some cases and are
distributed among different physical storage systems in other cases.

In the case where resources (for example, a port and a volume) allocated to one host
computer in the virtual storage environment are in different physical storage systems,
in order to enable the host computer to access one of the resources (for example, a
volume) after the resource migration, the resource (for example, a volume) needs to be
mapped between the physical storage systems. When the host computer accesses the
volume in this case, causing communication between the physical storage systems, the
host I/0 performance in the virtual storage environment may deteriorate from the per-
formance prior to the resource migration, depending on the performance of the com-

munication.

Solution to Problem

An aspect of the invention is a management system for managing a first physical
storage system and a plurality of physical storage systems which provide a plurality of
resources to a virtual storage system recognized by a host as one storage system. The
management system includes: storage for holding management permission in-
formation, which associates a plurality of resources that are included in the first
physical storage system with permissions of a plurality of administrators; and a
processor for determining migration destinations of the plurality of resources that are
included in the first physical storage system, with the plurality of physical storage
systems as migration destination candidates. The processor refers to the management
permission information to identify resources for which predetermined management
permissions are assigned respectively to the plurality of administrators in the first
physical storage system. The processor defines at least one migration group from the
plurality of resources that are included in the first physical storage system so that
resources for which the predetermined management permissions are assigned to the
same administrator are included in the same migration group. The processor de-
termines at least one migration destination of the at least one migration group, on a
condition that resources in the same migration group are migrated to the same physical

storage system among the plurality of physical storage systems.
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[0010]

[0011]

Advantageous Effects of Invention

According to the exemplary embodiment of this invention, the possibility of dete-
rioration in host I/O performance is reduced in resource migration from a migration
source physical storage system to a plurality of physical storage systems which provide
resources to a virtual storage system.
Brief Description of Drawings
[fig.1]Fig. 1 is a diagram illustrating a configuration example of a computer system in
a first embodiment of this invention.
[fig.2]Fig. 2 is a diagram illustrating a configuration example of a host computer in the
first embodiment.
[fig.3]Fig. 3 is a diagram illustrating a configuration example of a physical storage
system in the first embodiment.
[fig.4]Fig. 4 is a diagram illustrating an example of the software configuration in a
memory of the physical storage system in the first embodiment.
[fig.5]Fig. 5 is a diagram illustrating a configuration example of a user management
table in a migration source physical storage system in the first embodiment.
[fig.6]Fig. 6 is a diagram illustrating a configuration example of a role management
table in the migration source physical storage system in the first embodiment.
[fig.7]Fig. 7 is a diagram illustrating a configuration example of a resource
management table in the migration source physical storage system in the first em-
bodiment.
[fig.8]Fig. 8 is a diagram illustrating a configuration example of a resource group
management table in the migration source physical storage system in the first em-
bodiment.
[fig.9]Fig. 9 is a diagram illustrating a configuration example of an associated resource
group management table in the migration source physical storage system in the first
embodiment.
[fig. 10A]Fig. 10A is a diagram illustrating a configuration example of a host group
management table in the migration source physical storage system in the first em-
bodiment.
[fig. 10B]Fig. 10B is a diagram illustrating a configuration example of a volume
management table in the migration source physical storage system in the first em-
bodiment.
[fig.10C]Fig. 10C is a diagram illustrating a configuration example of a parity group
management table in the migration source physical storage system in the first em-
bodiment.

[fig.10D]Fig. 10D is a diagram illustrating a configuration example of a virtual storage
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table in the migration source physical storage system in the first embodiment.

[fig. 11A]Fig. 11A is a diagram illustrating a configuration example of a host group
management table in a migration destination candidate physical storage system B in
the first embodiment.

[fig.11B]Fig. 11B is a diagram illustrating a configuration example of a volume
management table in the migration destination candidate physical storage system B in
the first embodiment.

[fig.11C]Fig. 11C is a diagram illustrating a configuration example of a parity group
management table in the migration destination candidate physical storage system B in
the first embodiment.

[fig. 12A]Fig. 12A is a diagram illustrating a configuration example of a host group
management table in a migration destination candidate physical storage system C in
the first embodiment.

[fig.12B]Fig. 12B is a diagram illustrating a configuration example of a volume
management table in the migration destination candidate physical storage system C in
the first embodiment.

[fig.12C]Fig. 12C is a diagram illustrating a configuration example of a parity group
management table in the migration destination candidate physical storage system C in
the first embodiment.

[fig.13]Fig. 13 is a diagram illustrating an example of resource configuration in the
migration source physical storage system in the first embodiment.

[fig.14]Fig. 14 is a diagram illustrating an example of resource configuration in a
migration destination virtual storage system prior to resource migration in the first em-
bodiment.

[fig.15]Fig. 15 is a diagram illustrating a configuration example of a management
computer in the first embodiment.

[fig.16]Fig. 16 is a diagram illustrating a software configuration in a memory of the
management computer in the first embodiment.

[fig.17A]Fig. 17A is a diagram illustrating a configuration example of a migration
group management table A after a migration group is defined in the first embodiment.
[fig.17B]Fig. 17B is a diagram illustrating a configuration example of a migration
group management table B after a migration group is defined in the first embodiment.
[fig. 18A]Fig. 18A is a diagram illustrating a configuration example of the migration
group management table A after a migration group is redefined in the first em-
bodiment.

[fig. 18B]Fig. 18B is a diagram illustrating a configuration example of the migration
group management table B after a migration group is redefined in the first em-

bodiment.
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[0012]

[0013]

[0014]

[fig. 19A]Fig. 19A is a flowchart illustrating an example of processing of a resource
migration program in the first embodiment.

[fig. 19B]Fig. 19B is a flowchart illustrating an example of migration group defining
processing in the first embodiment.

[fig. 19C]Fig. 19C is a flowchart illustrating an example of migration group migration
destination determining processing in the first embodiment.

[fig. 19D]Fig. 19D is a flowchart illustrating an example of migration group redefining
processing in the first embodiment.

[fig.20]Fig. 20 is a diagram illustrating a configuration example of the migration des-
tination virtual storage system after the completion of resource migration in the first
embodiment.

[fig.21]Fig. 21 is a diagram illustrating a configuration example of a migration des-
tination virtual storage environment prior to resource migration in a second em-
bodiment of this invention.

[fig.22]Fig. 22 is a diagram illustrating a configuration example of a virtual storage
table of the migration source physical storage system in the second embodiment.
[fig.23]Fig. 23 is a diagram illustrating a configuration example of the migration des-
tination virtual storage environment after the completion of resource migration in the
second embodiment.

Description of Embodiments

Modes for carrying out this invention are described below through embodiments. The
embodiments are provided for describing features of this invention, and are not to limit
this invention. In the embodiments of this invention, the description thereof is made in
detail enough for a person skilled in the art to carry out this invention, but it is
necessary to understand that other implementations and modes are possible and that
changes in configurations and structures and substitutions of diverse components can
be made without departing from the scope and spirit of the technical idea of this
invention.

Therefore, the following description should not be interpreted to be limited thereto. A
component of one embodiment can be added to another embodiment or substituted by
a component of another embodiment without departing from the scope of the technical
idea of this invention. As described later, the embodiments of this invention may be
implemented by software running on a general purpose computer, by dedicated
hardware, or by a combination of software and hardware.

It should be noted that, in the following description, information used in the em-
bodiments of this invention is described by mainly using the "table" form, but the in-

formation does not necessarily have to be expressed by the data structure based on the
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[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

[0021]

table, and may be expressed by data structures such as a list, a DB, and a queue, or in
other such form. For that reason, "table", "list", "DB", and the like are sometimes
referred to simply as "information" in order to indicate independence of the data
structure. Further, the expressions "identification information", "identifier", "name",
and "ID" can be used, and be substituted with one another.

The following description is made of each processing according to the embodiments
of this invention by using a "program" as a subject (operation subject), but may be
made by using a processor as the subject because the program performs predetermined
processing by being executed by the processor while using a memory and a network
port (communication control device).

Further, the processing disclosed by using the program as the subject may also be the
processing performed by a computer, such as a management computer, or a computer
system. A part or an entirety of the program may be realized by dedicated hardware or
may be modularized.

A program, a table, a file, and other forms of information for implementing re-
spective functions can be stored in a storage device such as a non-volatile semi-
conductor memory, a hard disk drive, or a solid state drive (SSD), or in a computer-
readable, non-transient, data storage medium such as an IC card, an SD card, or a
DVD, to be installed in the computer or the computer system from a program dis-
tributing server or the non-transient storage medium.

The processor operates as functional units that realize predetermined functions by
operating in accordance with programs. For example, the processor functions as a
control unit by operating in accordance with a control program, and functions as a
management unit by operating in accordance with a management program. An
apparatus or a system that includes the processor is an apparatus or a system that
includes those functional units.

In the embodiments of this invention, resources of one migration source physical
storage system are migrated to one virtual storage system. The migration destination
virtual storage system is allocated resources of a plurality of physical storage systems,
and resources of the migration source physical storage system are migrated to one of
the plurality of physical storage systems.

The embodiments of this invention involve defining a migration group from among
resources of the migration source physical storage system based on management per-
missions, and determining a migration destination physical storage system on a
migration group-by-migration group basis. In short, all resources of a migration group
are migrated to the same physical storage system.

Resources for which a specific management permission is assigned to the same ad-

ministrator are likely to be allocated to one host computer. Therefore, by determining
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[0022]

[0023]

[0024]

[0025]

[0026]

[0027]

the unit of resource migration based on management permissions of administrators,
resources that are likely to be allocated to a host computer are allocated to a single
migration destination physical storage system, which reduces resource mapping (for
example, volume mapping) between physical storage systems at the migration des-
tination, and accordingly reduces the occurrence of host input/output (I/O) per-
formance deterioration due to resource mapping.

First Embodiment

Fig. 1 is a configuration example of a computer system to which this invention is
applied. The computer system of Fig. 1 includes a host computer 1000, physical
storage systems 2000A, 2000B, and 2000C, and a management computer 3000. The
physical storage system 2000A is a physical storage system that is a source of resource
migration, whereas the physical storage systems 2000B and 2000C are each a physical
storage system that is a candidate for the destination of the migration (also called a
migration destination physical storage system).

The counts of the various apparatus (systems) included in the computer system
depend on the design. The migration destination candidate physical storage systems
2000B and 2000C form one virtual storage system. While two physical storage
systems form one virtual storage system in a virtual storage environment of this
example, the count of constituent storage systems depends on the design.

The host computer 1000, the management computer 3000, and the physical storage
systems 2000A to 2000C are coupled via a management network, which is constituted
of a LAN 5000, in a manner that allows communication with one another. The
management network 5000 is, for example, an IP network. The management network
5000 can be any type of network as long as the network is designed for management
data communication.

The host computer 1000 and the physical storage systems 2000A to 2000C are
coupled to one another via a data network which is constituted of a storage area
network (SAN) 4000. The host computer 1000 accesses resources of the physical
storage systems 2000A to 2000C. The data network 4000 can be any type of network
as long as the network is designed for data communication. The data network 4000 and
the management network 5000 may be the same network.

The two physical storage systems, 2000B and 2000C, are coupled in a manner that
allows communication with each other, and are virtualized so that one virtual storage
system 6000A is recognized by the host computer 1000.

The physical storage systems 2000B and 2000C can each receive from the host
computer 1000 a request for I/0 to and from its own volume (real volume) and a
volume of the other physical storage system. The physical storage systems 2000B and

2000C each transfer a request for I/0 to and from a volume of the other physical
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[0028]

[0029]

[0030]

[0031]

[0032]

[0033]

[0034]

storage system to the other physical storage system.

For example, a volume (real volume) A of the physical storage system 2000C is
mapped onto the physical storage system 2000B. When receiving a write request for
the volume A and write data from the host computer 1000, the physical storage system
2000B transfers the write request and the write data to the physical storage system
2000C. The physical storage system 2000C writes the transferred write data in the
volume A in accordance with the transferred write request.

When receiving a read request for the volume A from the host computer 1000, the
physical storage system 2000B transfers the read request to the physical storage system
2000C. The physical storage system 2000C transfers read data of the volume A to the
physical storage system 2000B in accordance with the transferred read request. The
physical storage system 2000B transfers to the host computer 1000 the read data
received from the physical storage system 2000C.

The physical storage systems 2000B and 2000C each have management information
of its own volumes and volumes mapped from the other physical storage system, and
refer to the management information to control access to the volumes. For example,
one physical storage system defines a virtual volume corresponding to a real volume of
the other, and an I/O request is transferred via the virtual volume.

The host computer 1000 can thus transmit an I/O request for I/O to and from the
volume A to a port of whichever of the physical storage systems 2000B and 2000C.

For instance, a path switching program which runs on the host computer 1000
follows given rules to switch a path used to access the volume A. When, for example, a
failure occurs in the currently used path to and from a port of one physical storage
system, the current path is switched to a path to and from a port of the other physical
storage system. The path switching program may switch paths to suit the commu-
nication state.

Fig. 2 is a diagram schematically illustrating a configuration example of the host
computer 1000. The host computer 1000 includes a central processing unit (CPU)
1100, which is a processor, a non-volatile secondary storage device 1200, a memory
1300, which is the main storage device, an input/output device 1400, initiator ports
1600, which are I/0O request issuing side interfaces, and a management interface 1700.
The components are connected by a bus 1500 in a manner that allows communication
with one another.

The CPU 1100 operates as programmed by a program that is stored in the memory
1300. Typically, a program and data that are stored in the secondary storage device
1200 are loaded onto the memory 1300. The memory 1300 in this example holds an
operating system (OS) 1310 and an application program 1320. The application

program 1320 can read/write data in volumes provided by the physical storage systems
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[0035]  The initiator ports 1600 are network interfaces that are coupled to the SAN 4000.

[0036]

[0037]

[0038]

[0039]

[0040]

[0041]

[0042]

The initiator ports 1600 exchanges data and requests with the physical storage systems
2000A to 2000C over the SAN 4000.

The management interface 1700 is a network interface that couples to the LAN 5000.
The management interface 1700 exchanges management data and control commands
with the physical storage systems 2000A to 2000C over the LAN 5000. The
management interface 1700 also exchanges management data and control commands
with the management computer 3000 over the LAN 5000.

Fig. 3 is a diagram schematically illustrating a hardware configuration example of the
physical storage systems 2000A to 2000C. The term "physical storage system 2000" is
hereinafter used to collectively refer to the physical storage systems 2000A to 2000C.
The physical storage systems 2000A to 2000C in this example have the same basic
configuration, but the count of components, storage capacity, and the like depend on
the respective physical storage systems. The basic configuration may vary in these
regards.

A storage system 2000 includes a plurality of storage devices (for example, hard disk
drives or solid state drives (SSDs)) 2200 and a storage controller, which controls the
physical storage system 2000 and performs volume management, data communication
with the host computer 1000 or other physical storage systems, and the like.

The storage controller includes a CPU 2100, which is a processor, a program
memory 2300, initiator ports 2600, which are I/0 request issuing side interfaces, target
ports 2700, which are 1/0 request receiving side interfaces, a management interface
2800, and a cache memory 2400 for data transfer. The components of the storage
system 2000 are connected by a bus 2500 in a manner that allows communication with
one another.

The storage system 2000 is coupled to external (other) physical storage systems via
the initiator ports 2600, which allows the storage system 2000 to transmit I/O requests
and write data (user data) to the external physical storage systems, and to receive read
data (user data) from the external physical storage systems. The initiator ports 2006
couple to the SAN 4000.

The initiator ports 2600 have a function of converting a protocol that is used for com-
munication with the external physical storage systems, such as FC, Fibre Channel over
Ethernet (FCoE), or iSCSI, into a protocol that is used within the storage controller, for
example, PCle.

The storage system 2000 is coupled at the target ports 2700 to the host computer
1000 or external physical storage systems. The storage system 2000 receives I/0

requests and writes data from the host computer 1000 or the external physical storage
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[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

systems via the target ports 2700, and transmits read data to the host computer 1000 or
the external physical storage systems via the target ports 2700. The target ports 2700
couple to the SAN 4000.

The target ports 2700 have a function of converting a protocol that is used for com-
munication with the host computer 1000 or the external physical storage systems, such
as FC, Fibre Channel over Ethernet (FCoE), or iSCSI, into a protocol that is used
within the storage controller, for example, PCle.

The management interface 2800 is a device for coupling to the LAN 5000. The
management interface 2800 has a function of converting a protocol that is used in the
LAN 5000 into a protocol that is used within the storage controller, for example, PCle.

The CPU 2100 executes a program for storage system control, to thereby implement
given functions including the control of I/O to and from the host computer 1000, and
the management and control of volumes of the physical storage system 2000. At least
some of functions that are described in this embodiment as functions realized by the
CPU 2100 may be realized by a logic circuit that is not the CPU 2100.

The program memory 2300 stores data and a program that are handled by the CPU
2100. The data of the program memory 2300 is loaded in the program memory 2300
from, for example, one of the storage devices 2200, or a flash memory (not shown),
within the physical storage system 2000, or from other apparatus coupled via the LAN
5000.

Fig. 4 illustrates an example of software configuration in the program memory 2300
of the physical storage system 2000. The program memory 2300 holds a data input/
output processing program 2360 and a resource management program 2370. The
program memory 2300 also holds a user management table 2310, a role management
table 2320, a resource management table 2330, a resource group management table
2340, an associated resource group management table 2350, and a storage con-
figuration management table 2380.

The data input/output processing program 2360 reads and writes user data in ac-
cordance with I/0 requests from the host computer 1000, and performs necessary data
communication with the host computer 1000 and other storage systems.

The resource management program 2370 manages resources of the physical storage
system 2000. The resource management program 2370 creates and removes a volume
and, in addition, creates and updates tables (information) described below. The
resource management program 2370 exchanges information necessary for resource
management with the management computer 3000.

The tables (information) held in the physical storage system 2000 are described
below. Described below is a configuration example of tables referred to in the de-

scription of this embodiment. Tables of the same name have the same configuration
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[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

(columns) in each physical storage system 2000.

Fig. 5 illustrates a configuration example of the user management table 2310 that is
held, prior to resource migration, in the program memory 2300 included in the
migration source physical storage system 2000A. The user management table 2310 is a
table for managing users (administrators) of the migration source physical storage
system 2000A.

The user management table 2310 includes a user ID column 2311 for storing an ad-
ministrator account (user identifier) of the physical storage system 2000A, a password
column 2312 for storing a password that is used to determine for each user whether to
grant access to the user, and a UGID column 2313 for storing, for each user, the ID of
a user group to which the user belongs.

In the computer system of this example, each user belongs to one of user groups. One
or more user groups are defined for the physical storage system 2000A. One user
group is constituted of one user or a plurality of users. Users may be managed on a
user-by-user basis without defining user groups.

Fig. 6 illustrates a configuration example of the role management table 2320 that is
held, prior to resource migration, in the program memory 2300 included in the
migration source physical storage system 2000A. The role management table 2320 is a
table for managing management permissions that are allocated to users in the migration
source physical storage system 2000A.

The role management table 2320 is used to manage (defines) permissions of roles
allocated to users. The role management table 2320 includes a role ID column 2321 for
storing the identifier of a role that is assigned to a user (administrator) of the computer
system, and a permission column 2322 indicating, for each role, a permission that is
allocated to the role.

In the example of Fig. 6, a permission "view" is assigned to Rolel and a permission
"view/modify" is assigned to Role2. A user who is Rolel is only allowed to view
resource information, user information and the like in the storage system, and a user
who is Role2 is allowed to perform a resource setting operation, a user management
operation and the like in addition to viewing the resource information, user information
and the like. For instance, the user who is Role2 can create a volume, allocate a parity
group (RAID group) to a volume, set a path between a volume and a port, remove a
volume, create a copy pair, create a user account, define a user group, allocate a role to
a user group and the like.

For the migration source physical storage system 2000A, two types of permissions
are defined in this example but three or more permissions may be defined. For
instance, a permission regarding user management, such as defining a user account,

defining a user group and allocating a role to a user group, may be defined aside from
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the permissions "view" and "view/modify". A plurality of permissions "view" and a
plurality of permissions "view/modify" may be defined depending on which target can
be viewed and which target can be modified.

Fig. 7 illustrates a configuration example of the resource management table 2330 that
is held, prior to resource migration, in the program memory 2300 included in the
migration source physical storage system 2000A. The resource management table 2330
is a table for managing resources in the physical storage system 2000A.

The resource management table 2330 includes a resource type column 2331, a
resource ID column 2332, and an RSGID column 2333 indicating a resource group to
which a resource belongs. The resource ID column 2332 stores the identifier of each
resource. The resource type column 2331 stores, for each resource ID, an identifier for
identifying the type of a resource that is identified by the resource ID. The RSGID
column 2333 stores, for each resource ID, the identifier of a resource group to which a
resource identified by the resource ID belongs.

In this example, resources of the migration source storage system 2000A are divided
into one resource group or a plurality of resource groups. A resource group is con-
stituted of one resource or a plurality of resources. Defining resource groups helps to
manage resources efficiently. For example, one resource belongs to one resource group
and does not belong to any other resource groups.

In the example of Fig. 7, four types of resources, ports (physical ports), host groups,
volumes, and parity groups (RAID groups), are defined. As described later with
reference to Fig. 10A, a host group is a group defined in a physical storage system, and
is a group of host computers that are coupled to the same physical port and run on the
same platform. A host computer registered to a host group accesses a volume that is
allocated to the host group.

For each host group, one resource or a plurality of resources (ports or volumes) are
defined in the physical storage system 2000A to be allocated to the host group. The
one resource or plurality of resources allocated are identified by resource IDs of the
host group. Host computers and resources allocated to the host computers may be
managed without defining host groups.

The types of resources defined in the resource management table 2330 depend on the
design, and only some of the types of resources given above may be defined.
Resources of different types from the types given above, for example, cache memories,
may be managed in the resource management table 2330.

Fig. 8 illustrates a configuration example of the resource group management table
2340 that is held, prior to resource migration, in the program memory 2300 of the
migration source physical storage system 2000A. The resource group management

table 2340 is a table for managing resource groups in the physical storage system
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storing a user group ID, a role ID column 2342 for storing the ID of a role that is
assigned to a user group, and an RSGID column 2343 for storing a resource group that
is allocated to a user group. One resource group or a plurality of resource groups are
allocated to one user group, and a role of a user group is defined for each allocated
resource group.

A user can manage (view or modify) each resource of a resource group allocated to a
user group to which the user belongs, within the permission of a role defined for the
resource group. For example, each user in a user group UG02 can view and modify
(Role2) each of resource groups RSGO1, RSGO02, RSG04, RSGOS5, and RSGO7. By
defining permissions on a resource group-by-resource group basis in this manner,
efficient management is accomplished.

Fig. 9 illustrates a configuration example of the associated resource group
management table 2350 that is held, prior to resource migration, in the program
memory 2300 of the migration source physical storage system 2000A. The associated
resource group management table 2350 defines migration target resource groups that
are associated with each other.

The associated resource group management table 2350 includes an RSGID column
2351 indicating a migration target resource group and an associated RSGID column
2352 indicating, for each migration target resource group, the identifier of a resource
group that is associated with the migration target resource group in terms of storage
configuration (resource configuration).

Resources that are associated with each other in terms of configuration are, for
example, a physical port (RSGO1) and a volume (RSG04) between which a path is set,
or a volume (RSGO06) and a host group (RSGO03) to which the volume is allocated.
Relations that are defined as associated depend on the design. For instance, a volume
and a parity group that provides a storage area to the volume may be defined as as-
sociated resources in the associated resource group management table 2350.

When one of resources included in one resource group and one of resources included
in another resource group are associated with each other, these resource groups are
defined as associated. As described later, migration target resource groups that are as-
sociated with each other are migrated to the same physical storage system.

Figs. 10A to 10D illustrate a configuration example of the storage configuration
management table 2380 that is held, prior to resource migration, in the program
memory 2300 included in the migration source physical storage system 2000A. The
storage configuration management table 2380 includes a host group management table

2381A, a volume management table 2382A, a parity group management table 2383A,
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and a virtual storage table 2384.

Fig. 10A illustrates a configuration example of the host group management table
2381A. The host group management table 2381A is a table for managing resources that
are allocated to host groups.

The host group management table 2381A includes a host group ID column 2381Aa, a
port ID column 2381Ab, a host WWN column 2381Ac, and a volume ID column
2381Ad. The host group management table 2381 A defines, for each host computer, a
host group to which the host computer belongs and a physical port and a volume that
are allocated to the host computer.

The host WWN column 2381Ac stores the World Wide Name (WWN) of a host
computer (interface). In this example, the WWN of one host computer is registered in
conformity to the system configuration of Fig. 1. The host group ID column 2381Aa
stores, for each host computer, the identifier of a host group to which the host
computer belongs.

The port ID column 23381Ab and the volume ID column 2381Ad respectively store
a physical port identifier and a volume identifier of a physical port and a volume that
are allocated to a host group. A path is set between a physical port and a volume that
are in the same entry.

Fig. 10B illustrates a configuration example of the volume management table 2382A.
The volume management table 2382A is a table for managing volumes that are
provided by the physical storage system 2000A.

The volume management table 2382A includes a volume ID column 2382Aa for
storing the identifier of a volume, a PGID column 2382Ab for storing the identifier of
a parity group, and a capacity column 2382Ac. The PGID column 2382Ab indicates,
for each volume, a parity group that provides a storage area to the volume. The
capacity column 2382Ac indicates the capacity of each volume.

Fig. 10C illustrates a configuration example of the parity group management table
2383A. The parity group management table 2383A is a table for managing parity
groups of the physical storage system 2000A. In this example, only one parity group is
defined but the physical storage system 2000A can include a plurality of parity groups.

The parity group management table 2383A in the example of Fig. 10C includes a
PGID column 2383 Aa for storing the identifier of a parity group, a total capacity
column 2383Ab, and a free capacity column 2383Ac. As illustrated in Fig. 10B, the
total capacity of volumes VOLO1 to VOLO7 is 650 GB, and 350 GB out of the total
capacity of a parity group PGO1, 1000 GB, is free capacity.

Fig. 10D illustrates a configuration example of the virtual storage table 2384. The
virtual storage table 2384 stores configuration information of a migration destination

virtual storage system 6000. The virtual storage table 2384 includes a virtual storage
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system ID column 2384a and a physical storage system ID column 2384b. The
physical storage system ID column 2384b stores the identifier of a physical storage
system included in a virtual storage system.

In this example, the migration destination is one virtual storage system VST1, which
is constituted of two physical storage systems PSTB and PSTC. The management
computer 3000 and the migration source physical storage system 2000A can identify
virtual storage systems and physical storage systems that are included as migration
destinations by referring to the virtual storage table 2384.

Figs. 11A to 11C illustrate a configuration example of the storage configuration
management table 2380 that is held, prior to resource migration, in the program
memory 2300 included in the physical storage system 2000B in the migration des-
tination virtual environment. The storage configuration management table 2380
includes a host group management table 2381B, a volume management table 2382B,
and a parity group management table 2383B.

The host group management table 2381B of Fig. 11A includes a host group ID
column 2381Ba, a port ID column 2381Bb, a host WWN column 2381Bc, and a
volume ID column 2381Bd. This table configuration is the same as that of the host
group management table 2381A described above.

The volume management table 2382B of Fig. 11B includes a volume ID column
2382Ba, a PGID column 2382Bb, and a capacity column 2382Bc. This table con-
figuration is the same as that of the volume management table 2382A described above.
The parity group management table 2383B of Fig. 11C includes a PGID column
2383Ba, a total capacity column 2383Bb, and a free capacity column 2383Bc. This
table configuration is the same as that of the parity group management table 2383A
described above.

Figs. 12A to 12C illustrate a configuration example of the storage configuration
management table 2380 that is held, prior to resource migration, in the program
memory 2300 included in the physical storage system 2000C in the migration des-
tination virtual environment. The storage configuration management table 2380
includes a host group management table 2381C, a volume management table 2382C,
and a parity group management table 2383C.

The host group management table 2381C of Fig. 12A includes a host group ID
column 2381Ca, a port ID column 2381Cb, a host WWN column 2381Cc, and a
volume ID column 2381Cd. This table configuration is the same as that of the host
group management table 2381A described above.

The volume management table 2382C of Fig. 12B includes a volume ID column
2382Ca, a PGID column 2382Cb, and a capacity column 2382Cc. This table con-

figuration is the same as that of the volume management table 2382A described above.
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The parity group management table 2383C of Fig. 12C includes a PGID column
2383Ca, a total capacity column 2383Cb, and a free capacity column 2383Cc. This
table configuration is the same as that of the parity group management table 2383A
described above.

Fig. 13 is a diagram schematically illustrating a configuration example of the
migration source physical storage system 2000A prior to the resource migration. The
configuration example of Fig. 13 corresponds to the configuration examples that have
been described with reference to Figs. 5 to 10C. The migration source physical storage
system 2000A includes six physical ports, PTO1 to PT06, which are allocated to host
groups HGO1 to HGO6, respectively.

The physical ports PTO1 and PTO2 and the host groups HGO1 and HGO2 form a
resource group RSGO1. The physical ports PTO3 and PT04 and the host groups HGO3
and HG04 form a resource group RSGO2. The physical ports PTO5 and PT06 and the
host groups HGO5 and HGO6 form a resource group RSGO3.

A resource group RSG04 is constituted of volumes VOLO1 to VOLO3. The volume
VOLO1 is allocated to the host group HGO1, and a path is set between the volume
VOLO1 and the physical port PTO1, which are associated with each other. As a result,
the resource group RSG04 and the resource group RSGO1 are associated with each
other.

A resource group RSGOS is constituted of volumes VOL04 and VOLOS. A resource
group RSGO6 is constituted of volumes VOL06 and VOLO7. The volume VOLO6 is
allocated to the host group HGOS, and a path is set between the volume VOLO6 and the
physical port PT05, which are associated with each other. As a result, the resource
group RSGO6 and the resource group RSGO3 are associated with each other.

The volumes VOLO1 to VOLO7 are constituted of storage areas provided by a parity
group PGO1. The parity group PGO1 forms a resource group RSGO7.

A user User(1 is allowed to view information of all resource groups (resources). The
user User01 does not have a permission for modifying resources, and therefore cannot
create, change, and remove any resources. A user User(2 has permissions for viewing
and modifying the resource groups RSG01, RSG02, RSG04, RSGOS5, and RSGO7. A
user User03 has permissions for viewing and modifying the resource groups RSGO03,
RSGO06, and RSGO7.

Fig. 14 illustrates a configuration example of the migration destination candidate
physical storage systems 2000B and 2000C included in the migration destination
virtual storage system 6000 prior to resource migration. The configuration example of
Fig. 14 corresponds to the configurations described with reference to Figs. 11A to 12C.

The physical storage system 2000B includes physical ports PTO1 to PT06, host
groups HGO1 to HGO6 to which the physical ports PTO1 to PT06 are allocated,



17

WO 2014/054070 PCT/JP2012/006338

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

volumes VOLOI and VOL02, and a parity group PGO1.

The volumes VOLO1 and VOLO?2 are allocated to the host groups HGO1 and HGO?2,
respectively. A path is set between the volume VOLOI1 and the physical port PTO1, and
a path is set between the volume VOLO2 and the physical port PT02. The parity group
PGO1 provides storage areas to the volumes VOLOI and VOLO2.

The physical storage system 2000C includes physical ports PTO1 to PT06, host
groups HGO1 to HGO6 to which the physical ports PTO1 to PT06 are allocated,
volumes VOLOI and VOLO02, and a parity group PGO1. The volumes VOLOI and
VOLO2 are allocated to the host groups HG05 and HGO6, respectively. A path is set
between the volume VOLOI and the physical port PTO0S, and a path is set between the
volume VOLO2 and the physical port PT06. The parity group PGO1 provides storage
areas to the volumes VOLOI and VOLO2.

Fig. 15 is a diagram illustrating a configuration example of the management
computer 3000. The management computer 3000 includes a CPU 3100, which is a
processor, a memory 3300, which is the main storage device, a secondary storage
device 3200, an input/output device 3400, and a management interface (I/F) 3600. The
devices of the management computer 3000 are connected by a bus 3500 in a manner
that allows communication with one another.

The management computer 3000 executes a management program and operates as
programmed by the management program. The management I/F 3600 couples to the
LAN 5000 and performs conversion between a protocol within the computer and a
protocol of the LAN 5000. The management computer 3000 can communicate with the
physical storage systems 2000A to 2000C and the host computer 1000 via the
management I/F 3600 and the LAN 5000.

The input/output device 3400 includes one device or a plurality of devices which are
selected from a display, a pointer, a keyboard, and the like. With the input/output
device 3400, users (the users User01 to User03 in the above example) can operate the
management computer 3000 and may also access the management computer 3000
from a client computer that is coupled via a network. The client computer is included
in a management system along with the management computer 3000. A user inputs
necessary information with the input device (for example, a mouse and a keyboard)
and views necessary information with the output device.

The CPU 3100 executes a program stored in the memory 3300 to implement given
functions of the management computer 3000. The memory 3300 stores a program
executed by the CPU 3100, and data necessary for the execution of the program.
Programs running on the management computer 3000 are described later. At least
some of functions that are described in this embodiment as functions realized by the
CPU 3100 may be realized by a logic circuit that is not the CPU 3100.
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For example, a program is loaded onto the memory 3300 from the secondary storage
device 3200. The secondary storage device 3200 is storage that includes a non-volatile,
non-transient storage medium for storing a program and data that are necessary to
implement given functions of the management computer 3000. The secondary storage
device 3200 may be external storage coupled via a network.

The management system of this configuration example is constituted of a
management computer. Alternatively, the management system may be constituted of a
plurality of computers. One of the plurality of computers may be a display-use
computer, and the plurality of computers may implement processing equivalent to that
of a management computer in order to enhance the speed and reliability of
management processing.

For instance, an administrator may access, from a management console of the
management computer, the management computer of this management system to
instruct the management computer to execute processing, and to have the management
console obtain and display results of the processing of the management computer. The
management system may be built inside a physical storage system. Some of functions
of the management system may be implemented in a physical storage system.

Fig. 16 illustrates an example of software configuration in the memory 3300 of the
management computer 3000. The memory 3300 holds an OS 3310, a resource
migration group management table 3320, a resource migration program 3330, physical
storage system information 3340, and migration target resource information 3350. The
resource migration program 3330 is included in the management program.

The resource migration program 3330 determines a migration destination physical
storage system for a migration target resource in the migration source physical storage
system 2000A, and creates the resource migration group management table 3320.
Migration destination candidate physical storage systems in the configuration example
of Fig. 1 are the physical storage systems 2000B and 2000C. The resource migration
program 3330 selects any one of these candidates as the migration destination of the
resource, or determines that the resource can be migrated to neither of these
candidates.

The physical storage system information 3340 includes information about the
physical storage systems 2000A to 2000C that is necessary to determine the migration
destination of a migration target resource, specifically, the configuration information of
resources and management permission information. The management computer 3000
can obtain the information from the physical storage systems 2000A to 2000C. The
management computer 3000 may create the physical storage system information 3340
from information that is input from the input/output device 3400 or another

management computer.
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The migration target resource information 3350 indicates a resource selected as a
migration target resource in the migration source physical storage system 2000A. For
example, the management computer 3000 obtains the migration target resource in-
formation 3350 from the input/output device 3400 or the migration source physical
storage system 2000A. The migration target resource information 3350 includes, for
example, the identifier of a migration target resource group.

Figs. 17A and 17B and Figs. 18A and 18B illustrate configuration examples of the
resource migration group management table 3320. A migration group is a group of
resources in the migration source physical storage system 2000A to be migrated to a
single physical storage system. In this example, the resource migration program 3330
determines a migration group based on users' management permissions with respect to
resources.

This reduces the occurrence of communication between storage systems at the
migration destination when a resource is migrated from the migration source physical
storage system 2000A to a virtual storage environment that includes a plurality of
physical storage systems, 2000B and 2000C, and thereby reduces the possibility of de-
terioration in host I/O performance.

The resource migration group management table 3320 is used to manage the con-
figuration of each migration group and a physical storage system that is the migration
destination of the migration group. Resource migration from the migration source
physical storage system 2000A to the virtual storage system 6000 is executed in ac-
cordance with the resource migration group management table 3320.

In this example, migration target resources selected in the migration source physical
storage system 2000A are resources included in the resource groups RSGO1 to RSGO6.
Migration target resources, in this example, migration target resource groups, are
specified by users in advance and stored in the migration target resource management
information 3350.

Figs. 17A and 17B illustrate an example of the contents of the resource migration
group management table 3320 immediately after the completion of migration group
migration destination determining processing S107 in processing of the resource
migration program 3330 which is described later with reference to Figs. 19A to 19D.
On the other hand, Figs. 18A and 18B illustrate an example of the contents of the
resource migration group management table 3320 immediately after the completion of
migration group migration destination redefining processing S109 in processing of the
resource migration program 3330 which is described later with reference to Figs. 19A
to 19D.

The resource migration group management table 3320 includes a resource migration

group management table A 3321, which is illustrated in Figs. 17A and 18A, and a



20

WO 2014/054070 PCT/JP2012/006338

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

resource migration group management table B 3322, which is illustrated in Figs. 17B
and 18B.

In Figs. 17A and 18A, the resource migration group management table A 3321
includes a migration group ID column 3321a for storing the identifier of a migration
group, an RSGID column 3321b for storing the identifier of a resource group that
belongs to a migration group, and a migration destination storage ID column 3321c¢ for
storing the identifier of migration destination storage of a migration group. The
resource migration group management table A 3321 thus defines, for each migration
group, a resource group belonging to the migration group and a migration destination
(candidate) physical storage system of the migration group.

In Figs. 17B and 18B, the resource migration group management table B 3322 is
used to manage the total port count and total volume capacity of each migration group.
The resource migration group management table B 3322 includes a migration group ID
column 3322a for storing the identifier of a migration group, a port count column
3322b indicating, for each migration group, the total count of ports within all resource
groups that belong to the migration group, and a volume capacity 3322¢ indicating, for
each migration group, the total capacity of volumes within all resource groups that
belong to the migration group.

Figs. 19A to 19D are flowcharts illustrating an example of processing that is
executed by the resource migration program 3330 in the management computer 3000.
As described above, the resource migration program 3330 determines a migration des-
tination for a migration target resource in the migration source physical storage system
2000A. This processing is described with reference to the flowcharts of Figs. 19A to
19D.

In Step S101, the resource migration program 3330 first obtains configuration in-
formation of all physical storage systems including the migration source physical
storage system 2000A and the migration destination candidate physical storage
systems 2000B and 2000C, and users' management permission information. The
obtained information is stored in the memory 3300 as the physical storage system in-
formation 3340.

Specifically, the resource migration program 3330 obtains, from each physical
storage system 2000, information of the user management table 2310, the role
management table 2320, the resource management table 2330, the resource group
management table 2340, the associated resource group management table 2350, and
the storage configuration management table 2380.

The resource migration program 3330 may obtain the entire information of each
table, or may obtain only necessary information of each table. For example, the

resource migration program 3330 may not obtain from the migration source physical
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storage system 2000A the parity group management table 2383B and parity group-
related information of the resource management table 2330.

Next, in Steps S102 to S104, the resource migration program 3330 executes
processing of Step S103 for each of the migration destination physical storage systems
2000B and 2000C.

In Step S103, the resource migration program 3330 compares the resource count and
capacity of each resource type of a migration target in the migration source physical
storage system 2000A against the count of unused resources and free capacity of each
resource type of the migration destination candidate physical storage systems 2000B
and 2000C. The resource migration program 3330 thus determines whether or not all
migration target resources can be migrated to a single migration destination candidate
physical storage system.

For instance, from information of the resource management table 2330 of the
migration source physical storage system 2000A, the resource migration program 3330
can identify resources that are included in a migration target resource group, and can
find out the count of migration target resources, for example, the count of physical
ports or volumes. The resource migration program 3330 can also find out the capacity
of volumes to be migrated by referring to the volume management table 2382A.

The resource migration program 3330 refers to host group management tables 2381B
and 2381C to find out the free physical port counts of the respective migration des-
tination candidate physical storage systems 2000B and 2000C, and refers to the parity
group management tables 2383B and 2383C to find out the free capacities of the re-
spective migration destination candidate physical storage systems 2000B and 2000C.

The order in which the resource migration program 3330 selects migration des-
tination candidate physical storage systems as targets for comparison of the count of
unused resources and free capacity of each resource type between the migration source
physical storage system 2000A and the migration destination candidate physical
storage systems 2000B and 2000C, in other word, the migration destination candidate
physical storage system selected first from the migration destination candidate physical
storage systems 2000B and 2000C for Step S103 may be determined based on the in-
formation regarding the count of unused resources and free capacity of each resource
type of the migration destination candidate physical storage systems 2000B and
2000C. For instance, when considering the capacity balancing in the whole migration
destination environment, Step S103 is performed in order of free capacity from the
migration destination candidate physical storage system with the largest free capacity.
Alternatively, the migration destination candidate physical storage system with the
greatest number of free physical ports may be selected first, or the migration des-

tination candidate physical storage system with the largest free capacity and the
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greatest number of free physical ports.

When the result of the determination in Step S103 is positive (S103: yes), in other
words, when all migration target resources of the migration source physical storage
system 2000A can be migrated to one physical storage system selected from the
migration destination candidate physical storage systems 2000B and 2000C, the
resource migration program 3330 determines to migrate all the migration target
resources to the one selected physical storage system, and outputs an image indicating
the determination to the input/output device 3400. The input/output device 3400
presents, to the user, information indicating the migration target resources and a
physical storage system that is the migration destination of the migration target
resources. Migrating all migration target resources to a single physical storage system
ensures even more that the deterioration of host I/O performance at the migration des-
tination is prevented.

When the result of the determination in Step S103 is negative (S103: no), in other
words, when all migration target resources of the migration source physical storage
system 2000A cannot be migrated to a single physical storage system, the resource
migration program 3330 proceeds to Step S106.

In Step S106, the resource migration program 3330 executes processing of de-
termining a migration group (migration group defining processing). A migration group
is the unit of resource migration to a plurality of migration destination candidate
physical storage systems, 2000B and 2000C. A migration group is a group of resources
to be migrated to a single physical storage system.

The resource migration program 3330 creates the migration group management table
A 3321 and the migration group management table B 3322 in Step S106. The
migration destination storage ID column 3321c¢ in the migration group management
table A 3321 stores only a value null. Details of the migration group defining
processing S106 are described later.

In Step S107, the resource migration program 3330 determines, for each migration
group determined in Step S106, to which migration destination candidate physical
storage system the migration group is to be migrated. When a migration destination is
determined for the migration group, the ID of this migration destination physical
storage system is stored in the migration group management table A 3321.

In the case where one of the migration groups can be migrated to neither of the
migration destination candidate physical storage systems 2000B and 2000C, the
resource migration program 3330 returns a value indicating this fact. In the case where
every migration group can be migrated to either of the migration destination candidate
physical storage systems 2000B and 2000C, the resource migration program 3330

returns a value indicating this fact.
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In Step S108, the resource migration program 3330 refers to the return value of Step
S107 to determine whether or not every migration group can be migrated to either of
the migration destination candidate physical storage systems 2000B and 2000C.
Details of Step S107 are described later.

When the result of the determination in Step S108 is positive (S108: yes), in other
words, when every migration group can be migrated to either of the migration des-
tination candidate physical storage systems 2000B and 2000C, the resource migration
program 3330 establishes, for each resource group (resource), the relation between the
resource group and a migration destination physical storage system that has been de-
termined in Step S107, and outputs an image indicating this fact to the input/output
device 3400. For example, the input/output device 3400 presents to the user the
migration group management table 3320 which is the results of Step S107.

When the result of the determination in Step S108 is negative (S108: no), in other
words, when one of the migration groups can be migrated to neither of the migration
destination candidate physical storage systems 2000B and 2000C, the resource
migration program 3330 executes migration group redefining processing (S109).

The resource migration program 3330 redefines migration groups for resources of a
migration group for which a migration destination physical storage system has not
been determined. This reduces the possibility of abnormal end that is caused by a
failure to determine a migration destination for a migration group. Details of Step S109
are described later. This redefining processing may be omitted.

In Step S110, the resource migration program 3330 performs the same processing as
Step S107 on the migration group for which a migration destination has not been de-
termined, and proceeds to Step S111. In the case where every migration group can be
migrated to either of the migration destination candidate physical storage systems
2000B and 2000C (S111: yes), the resource migration program 3330 outputs this result
to the input/output device 3400. For example, the resource migration program 3330
outputs image data containing the tables of Figs. 18A and 18B to the input/output
device 3400, which presents the image data to the user.

In the case where one of the migration groups can be migrated to neither of the
migration destination candidate physical storage systems 2000B and 2000C (S111:
no), the resource migration program 3330 brings this flow to an abnormal end, and
notifies the user via the input/output device 3400 of the failure to determine an ap-
propriate migration destination. For example, the resource migration program 3330
presents to the user the migration group management table 3320 that contains a value
null as the results of Step S110.

Fig. 19B is a flowchart illustrating an example of the migration group defining

processing in Step S106 of Fig. 19A. The resource migration program 3330 determines
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migration groups based on users' management permissions.

In an example described below, the resource migration program 3330 selects, from
resource groups managed by the respective users, resource groups allocated a role that
includes "modify" (Role 2), and puts the selected resource groups in the same
migration group. In the case where different migration groups include a common
resource group, the resource migration program 3330 integrates these different
migration groups into one migration group.

While migration groups in this example are defined based on a permission that
includes "modify" (Role 2), which one of set management permissions is used in
defining migration groups depends on the designs of the migration source physical
storage system and the resource migration program 3330.

The resource migration program 3330 creates the migration group management table
A 3321 and the migration group management table B 3322, stores an initial value (for
example, a value null) in the created tables, and starts the flow of Fig. 19B. The
resource migration program 3330 updates the migration group management table A
3321 and the migration group management table B 3322 appropriately in the flow of
Fig. 19B.

In the flowchart of Fig. 19B, the resource migration program 3330 repeats Steps
S201 to S206 for each of the user groups UG01 to UGO3 of the migration source
physical storage system 2000A.

In Step S202, the resource migration program 3330 determines whether or not a
resource group associated with the selected user group has been registered. The
resource migration program 3330 searches the resource group management table 2340
for the identifier of the selected user group, to thereby find a registered resource group
that is associated (resource group for which the users have some management
permission).

When there is a resource group associated with the selected user group (S202: yes),
the resource migration program 3330 proceeds to Step S203. When there is no resource
group associated with the selected resources (S202: no), the resource migration
program 3330 proceeds to Step S206.

In Step S203, the resource migration program 3330 determines, for each resource
group checked in Step S202, whether or not a role that includes "modify" (Role2) is
allocated to the resource group. The resource migration program 3330 can find out for
each resource group what role is allocated to the resource group in the resource group
management table 2340.

The resource migration program 3330 further determines that resource groups
allocated a role that includes "modify" are included in the same migration group, and

temporarily defines a migration group constituted of these resource groups. In-
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formation of the temporarily defined migration group is stored in the memory 3300.
The resource migration program 3330 then proceeds to Step S204.

In Step S204, the resource migration program 3330 determines whether or not a
migration group has been defined temporarily in the preceding Step S203, and further
determines whether or not a resource group belonging to the temporarily defined
migration groups is included in another migration group which has been determined in
a previous loop (loop for another user group). Information of migration groups de-
termined in previous loops is stored in the migration group management table A 3321
and the migration group management table B 3322, which the resource migration
program 3330 refers to.

In the case where none of resource groups of the migration group temporarily
defined in the preceding Step S203 of this loop belongs to another migration group that
has already been defined (S204: no), the resource migration program 3330 gives this
migration group a new migration group ID, and registers information of this migration
group in the migration group management table A 3321 and the migration group
management table B 3322 (table update).

The resource migration program 3330 adds an entry holding the new migration group
ID and one resource group ID or a plurality of resource group IDs that are associated
with the migration group ID to the migration group management table A 3321. To the
migration group management table B 3322, the resource migration program 3330 adds
an entry holding the new migration group ID. The resource migration program 3330
can obtain information about the port count and volume capacity of the migration
group from the configuration information (for example, the resource management table
2330) of the migration source physical storage system 2000A. Thereafter, the resource
migration program 3330 proceeds to Step S206.

In the case where one of resource groups of the migration group temporarily defined
in the preceding Step S203 of this loop is already defined for another migration group
that is stored in the migration group management table A 3321 (S204: yes), the
resource migration program 3330 proceeds to Step S205.

In Step S205, the resource migration program 3330 adds all resource groups that
belong to the migration group temporarily defined in Step S203 of this loop to the
migration group already defined in a loop for another user group (migration group
defined in the migration group management table A 3321), and updates the migration
group management table A 3321 and the migration group management table B 3322.

The resource migration program 3330 adds entries to the migration group
management table A 3321 for resource groups belonging to the existing migration
group. The resource migration program 3330 can obtain the port counts and volume

capacities of the resource groups from the configuration information (for example, the
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resource management table 2330) of the migration source physical storage system
2000A, and adds up these values of the entries for the existing migration group.

The resource migration program 3330 deletes information of the migration group
temporarily defined in Step S203 of this loop from the memory 3300, and proceeds to
Step S206.

In Step S206, the resource migration program 3330 returns to Step S201 unless a
repeated-processing ending condition of Step S201 is satisfied. When the repeated-
processing ending condition of Step S201 is satisfied, the resource migration program
3330 proceeds to Step S207.

In Step S207, the resource migration program 3330 defines, as one migration group,
each resource group for which a migration group to belong to has not been defined in
Steps S201 to S206, updates (adds entries to) the migration group management table A
3321 and the migration group management table B 3322, and ends the processing. A
migration group may be created from a plurality of resource groups for which no
migration group has been defined.

Details of Step S107 are described next with reference to Fig. 19C. Fig. 19C is a
flowchart illustrating an example of the migration group migration destination de-
termining processing of Step S107. In Step S301, the resource migration program 3330
first substitutes a value indicating that all the migration groups can be migrated to the
virtual storage system 6000 in a return value X of Step S107. The resource migration
program 3330 then proceeds to Step S302.

The resource migration program 3330 repeats Steps S302 to S308 for each migration
group for which a migration destination has not been determined. The resource
migration program 3330 further repeats Steps S304 and S305 for each of the migration
destination candidate physical storage systems 2000B and 2000C.

In Step S304, the resource migration program 3330 determines whether or not the
port count and volume capacity of the selected migration group can be secured in the
selected migration destination candidate physical storage system.

The resource migration program 3330 refers to the already obtained configuration in-
formation of the migration source physical storage system 2000A and the migration
destination candidate physical storage systems 2000B and 2000C to find out resources
of the selected migration group and free resources of the selected migration destination
candidate physical storage system 2000B or 2000C.

In the case where, in the determination of Step S304, there is already one migration
group or a plurality of migration groups for which the selected migration destination
candidate physical storage system has been determined as the migration destination,
free resources in the selected migration destination candidate physical storage system

that are compared against resources of the selected migration group do not include free
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resources that are allocated to the one migration group or the plurality of migration
groups that have been determined.

The resource migration program 3330 refers to the migration group management
table A 3321 to find out a migration group that is allocated to the selected migration
destination candidate physical storage system, and further refers to the migration group
management table B 3322 to find out the port count and volume capacity of the
migration group.

In the case where the port count and volume capacity of the migration group can be
secured in the selected migration destination candidate physical storage system (S304:
yes), the resource migration program 3330 determines the selected physical storage
system as the migration destination of this migration group (S305). The resource
migration program 3330 stores the ID of the determined physical storage system in the
migration destination storage ID field in an entry of the migration group management
table A 3321 for the selected migration group.

In the case where the port count and volume capacity of the migration group cannot
be secured in the selected migration destination candidate physical storage system
(S304: no), the resource migration program 3330 proceeds to S306. In Step S306, the
resource migration program 3330 determines whether or not a repeated-processing
ending condition of Step S303 is satisfied. When the repeated-processing ending
condition is not satisfied, the resource migration program 3330 proceeds to Step S303,
and the resource migration program 3330 proceeds to Step S307 when the repeated-
processing ending condition is satisfied.

The order in which the resource migration program 3330 selects migration des-
tination candidate physical storage systems as targets for comparison of the count of
unused resources and free capacity of each resource type between the migration source
physical storage system 2000A and the migration destination candidate physical
storage systems 2000B and 2000C, in other word, the migration destination candidate
physical storage system selected first from the migration destination candidate physical
storage systems 2000B and 2000C for Step S304 may be determined based on the in-
formation regarding the count of unused resources and free capacity of each resource
type of the migration destination candidate physical storage systems 2000B and
2000C. For example, when considering the capacity balancing in the whole migration
destination environment, Step S304 is performed in order of free capacity from the
migration destination candidate physical storage system with the largest free capacity.
Alternatively, the migration destination candidate physical storage system with the
greatest number of free physical ports may be selected first, or the migration des-
tination candidate physical storage system with the largest free capacity and the

greatest number of free physical ports.
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In Step S307, the resource migration program 3330 substitutes in the return value X a
value indicating that there is a migration group that cannot be migrated to either of the
migration destination candidate physical storage systems 2000B and 2000C, and
proceeds to Step S308.

In Step S308, the resource migration program 3330 determines whether or not a
repeated-processing ending condition of Step S302 is satisfied. The resource migration
program 3330 proceeds to Step S302 when the repeated-processing ending condition is
not satisfied, and proceeds to Step S309 when the repeated-processing ending
condition is satisfied. In Step S309, the resource migration program 3330 returns the
return value X of Step S107, and ends the processing.

As illustrated in Figs. 17A and 17B, a migration group MGO?2 in this example can be
migrated to the physical storage system 2000B (PSTB). A migration group MGO1
cannot be migrated to either of the migration destination candidate physical storage
systems 2000B and 2000C, and has no migration destination determined.

Specifically, as indicated by the migration group management table 3322B of Fig.
17B, the port count and volume capacity of the migration group MGO1 are 4 and 550
GB, respectively. As indicated by the parity group management tables 2383B and
2383C of Figs. 11C and 12C, the physical storage systems 2000B and 2000C each
have a free capacity of 500 GB. Free resources of the physical storage system 2000B
and free resources of the physical storage system 2000C are both not enough for the
resource requirement of the migration group MGO1.

The port count and volume capacity of the migration group MGO2, on the other hand,
are 2 and 100 GB, respectively, as indicated by the migration group management table
3322B of Fig. 17B. As indicated by the parity group management table 2383B (Fig.
11C) and host group management table 2381B (Fig. 11A) of the migration destination
candidate physical storage system 2000B, the free capacity and free port count of the
physical storage system 2000B are 500 GB and 4, respectively.

The migration group MGO2 can accordingly be migrated to the migration destination
candidate physical storage system 2000B, and the migration destination candidate
physical storage system 2000B is selected as the migration destination of the migration
group MGO2.

In this example, when one of migration groups cannot be migrated (S108: no), the
resource migration program 3330 checks the possibility of redefining migration
groups. In the case where redefining migration groups is possible, the resource
migration program 3330 redefines migration groups (S109). The resource migration
program 3330 redefines migration groups in a manner that breaks up a migration group
for which a migration destination has not been determined. This raises the chance of a

migration group being successfully migrated.
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Details of the migration group redefining processing in Step S109 are described with
reference to Fig. 19D. Fig. 19D is a flowchart illustrating an example of the migration
group redefining processing of Step S109. The resource migration program 3330 first
repeats Steps S401 to S406 for each migration group for which a migration destination
physical storage system has not been determined. The resource migration program
3330 further repeats Steps S402 to S405 for each resource group in the migration
group.

In Step S403, the resource migration program 3330 determines whether or not there
is a resource group that is associated with the selected resource group. The resource
migration program 3330 refers to the associated resource group management table
2350 of the migration source physical storage system 2000A to identify an associated
resource group of the selected resource group.

The resource migration program 3330 may select resources from the selected
resource group one by one to search the configuration information of the migration
source physical storage system 2000A for an associated resource. When one resource
belonging to a resource group is associated with a resource of another resource group,
these resource groups are associated with each other.

Resources that are associated with each other in this example are a volume and a port
between which a path is set. The resource migration program 3330 can identify a port
or a volume that is associated with a volume or a port (identify a port or a volume that
forms a set path with a volume or a port) by referring to the host group management
table 2381A.

When it is found in Step S403 that the selected resource group is associated with
another resource group in the same migration group (S403: yes), the resource
migration program 3330 puts the associated resource group in a new migration group
that is the same as the selected resource group (S404).

When it is found in Step S403 that the selected resource group is not associated with
another resource group in the same migration group (S403: no), or after Step S404, the
resource migration program 3330 proceeds to Step S405.

In Step S405, the resource migration program 3330 checks whether a repeated-
processing ending condition of Step S402 is satisfied to move to Step S402 when the
condition is not satisfied, and to proceed to Step S406 when the condition is satisfied.
In Step S406, the resource migration program 3330 checks whether a repeated-
processing ending condition of Step S401 is satisfied to move to Step S401 when the
condition is not satisfied, and to end the processing when the condition is satisfied.

Through the flow described above, the resource migration program 3330 breaks up a
migration group for which a migration destination has not been determined into a

plurality of migration groups so that resource groups associated with each other are
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included in the same migration group. Every resource group that is not associated with
any resource group forms one migration group. A plurality of migration groups each
including one resource or a plurality of resources may be defined from a resource
group that is not associated with any resource group. By reducing the count of
migration groups that are generated by breaking up migration groups determined based
on management permissions, the possibility of I/O performance deterioration at the
migration destination is reduced.

A migration group constituted of resource groups that are not associated with each
other can be broken up further. In the case where a migration destination cannot be de-
termined for this migration group, the resource migration program 3330 may break up
this migration group further, to thereby reduce the possibility of abnormal end caused
by a failure to determine a migration destination. As long as resources associated with
each other are included in one migration group, this migration group may include
resources that are not associated with each other.

Each migration group generated by breaking up another migration group has fewer
resources than the migration group that has been broken up does, which increases the
possibility of the resource requirement of the migration group being fulfilled by free
resources of a single physical storage system. In the case where all resource groups are
associated resource groups, the resource migration program 3330 brings the processing
to an abnormal end without breaking up the migration group for which a migration
destination has not been determined.

As illustrated in Figs. 18A and 18B, the migration group MGO1 for which a
migration destination has not been determined in Step S107 is broken into two
migration groups, MGO1 and MGO3, in this example. The migration group MGO1
before a migration destination is determined is constituted of the resource groups
RSGO1, RSGO2, RSGO4, and RSGOS. The new migration group MGO1 generated by
breaking up the original migration group MGO1 is constituted of the resource groups
RSGO1 and RSGO4, and the migration group MGO3 is constituted of the resource
groups RSGO2 and RSGO5.

The redefined migration groups MGO1 and MGO03 are migrated to the physical
storage systems 2000B (PSTB) and 2000C (PSTC), respectively, as indicated by the
migration group management table A 3321 of Fig. 18A.

As indicated by the migration group management table B 3322 of Fig. 18B, the port
count and capacity of the migration group MGO1 are 2 and 350 GB, respectively. The
free port count and free capacity of the migration destination candidate physical
storage system 2000B are 4 and 500 GB, respectively, as indicated by the host group
management table 2381B (Fig. 11A) and the parity group management table 2383B
(Fig. 11C) of the migration destination candidate physical storage system 2000B
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allocated to the migration destination candidate physical storage system 2000B (PSTB)
are 2 and 100 GB, respectively. The migration group MGO1 can accordingly be
migrated to the migration destination candidate physical storage system 2000B
(PSTB).

The port count and capacity of the migration group MGO3 are 2 and 200 GB, re-
spectively, as indicated by the migration group management table B 3322 of Fig. 18B.
The free port count and free capacity of the migration destination candidate physical
storage system 2000C are 4 and 500 GB, respectively, as indicated by the host group
management table 2381C (Fig. 12A) and the parity group management table 2383C
(Fig. 12C) of the migration destination candidate physical storage system 2000C. The
migration group MGO3 can accordingly be migrated to the migration destination
candidate physical storage system 2000C (PSTC).

Fig. 20 is a diagram schematically illustrating the configuration of the virtual storage
system 6000 after resources are migrated by following the flowcharts of Figs. 19A to
19D. Fig. 20 corresponds to the configurations of Figs. 14, 18A, and 18B. The
migration group MGO1 is allocated two ports and two host groups (RSGO1), as well as
three volumes (RSGO04), of the physical storage system 2000B.

The migration group MGO?2 is allocated two ports and two host groups (RSGO03), as
well as two volumes (RSGO06), of the physical storage system 2000B. The migration
group MGO3 is allocated two ports and two host groups (RSG02), as well as two
volumes (RSGO5), of the physical storage system 2000C.

This embodiment reduces the possibility of host I/O performance deterioration that is
caused by resource mapping between migration destination physical storage systems
after resource migration from a migration source physical storage system to a
migration destination virtual storage system that includes a plurality of migration des-
tination physical storage systems.

In the example described above, resource groups are defined and a management
permission is defined for each resource group. The management system may instead
manage resources without defining resource groups, and manage permissions on a
resource-by-resource basis. Similarly, the management system may not define user
groups and host groups.

Second Embodiment

A second embodiment is described below. The description of the second embodiment
focuses on differences from the first embodiment. Fig. 21 schematically illustrates a
virtual storage environment which is a resource migration destination in a system of

the second embodiment. In this example, a plurality of migration destination physical
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storage systems provide a plurality of virtual storage systems. Two physical storage
systems, 2000B and 2000C, provide two virtual storage systems, 6100A and 6100B, in
the example of Fig. 21.

The resource migration program 3330 determines a migration destination so that all
migration target resources of the migration source physical storage system 2000A are
migrated to one virtual storage system. After the destination of resource migration
from the migration source physical storage system 2000A is determined, the
management computer 3000 in the second embodiment defines virtual storage systems
to map resources from the physical storage systems 2000B and 2000C onto the virtual
storage systems. As in the first embodiment, the resource migration program 3330
migrates resources to one or both of the two physical storage systems 2000B and
2000C.

The resource migration program 3330 identifies free resources of each of the
physical storage systems 2000B and 2000C and, when one of the physical storage
systems 2000B and 2000C can provide all of the migration target resources, de-
termines this physical storage system as the migration destination.

The resource migration program 3330 can identify free resources of the physical
storage systems 2000B and 2000C from information on resources held by the physical
storage systems 2000B and 2000C (for example, the storage configuration
management table in the first embodiment), and from management information of
resources that the physical storage systems 2000B and 2000C provide to the virtual
storage systems 6100A and 6100B (virtual storage table 2385 described below).

Fig. 22 illustrates a configuration example of the virtual storage table 2385 which is
included in the storage configuration management table 2380 of the migration source
physical storage system 2000A in the second embodiment. The virtual storage table
2385 is used to manage configuration information of the virtual storage systems 6100A
and 6100B in the migration destination virtual environment.

The virtual storage table 2385 in Fig. 22 includes a virtual storage ID column 2385a,
a physical storage ID column 2385b, a resource type column 2385¢, and a resource 1D
column 2385d.

The virtual storage ID column 2385a stores the identifier of a virtual storage system
included in the migration destination. The physical storage ID column 2385b stores,
for each virtual storage ID, the identifier of a physical storage system that provides
resources to the virtual storage system. The resource type column 2385¢ stores an
identifier that indicates the type of a resource mapped from a physical storage system
onto a virtual storage system. The resource ID column 2385d stores the identifier of a
resource mapped from a physical storage system to a virtual storage system.

The resource migration program 3330 executes processing of determining a resource
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migration destination the same way as in the first embodiment. In the case where one
of the physical storage systems 2000B and 2000C can provide all of migration target
resources, the resource migration program 3330 determines to migrate all resources to
this physical storage system. In the case where neither of the physical storage systems
2000B and 2000C can provide all of migration target resources, the resource migration
program 3330 determines a migration destination for each migration group that is de-
termined based on management permissions.

Fig. 23 illustrates the schematic configuration of the migration destination virtual
storage systems after resource migration. In this example, after the destination of
resource migration from the migration source physical storage system 2000A is de-
termined, a virtual storage system 6100C (VSTC) is newly defined to map resources
that have been migration targets onto the virtual storage system 6100C (VSTC).

This embodiment reduces the possibility of host I/O performance deterioration that is
caused by resource mapping between migration destination physical storage systems
after resource migration from a migration source physical storage system to a plurality
of physical storage systems of a migration destination virtual storage environment.
With this embodiment, a virtual storage system that contains all of migration target

resources can be configured appropriately.
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Claims

A management system for managing a first physical storage system and
a plurality of physical storage systems which provide a plurality of
resources to a virtual storage system recognized by a host as one
storage system, the management system comprising:

a memory for storing management permission information, which
associates a plurality of resources that are included in the first physical
storage system with permissions of a plurality of administrators; and

a processor for determining migration destinations of the plurality of
resources that are included in the first physical storage system, with the
plurality of physical storage systems as migration destination
candidates,

wherein the processor refers to the management permission information
to identify resources for which predetermined management permissions
are respectively assigned to the plurality of administrators in the first
physical storage system,

wherein the processor defines at least one migration group from the
plurality of resources that are included in the first physical storage
system so that resources for which the predetermined management per-
missions are assigned to the same administrator are included in the
same migration group, and

wherein the processor determines at least one migration destination of
the at least one migration group, on a condition that resources in the
same migration group are migrated to the same physical storage system
among the plurality of physical storage systems.

The management system according to claim 1,

wherein the memory further stores first information about a con-
figuration of the plurality of resources that are included in the first
physical storage system, second information about free resources of
each of the plurality of physical storage systems, and third information
defining associations in terms of configuration among the plurality of
resources included in the first physical storage system,

wherein the processor refers to the first information and the second in-
formation to determine the at least one migration destination of the at
least one migration group,

wherein the at least one migration group includes a first migration

group and, in a case where resources of the first migration group cannot
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be migrated to the same physical storage system, the processor refers to
the third information to identify associated resources that are associated
with each other in terms of configuration in the first migration group,
wherein the processor redefines from the first migration group a
plurality of migration groups including a second migration group that
comprises the identified associated resources, and

wherein the processor refers to the first information and the second in-
formation to determine migration destinations for the plurality of
redefined migration groups.

The management system according to claim 2, wherein the processor
defines one migration group from a plurality of resources in the first
migration group that are not associated with other resources.

The management system according to claim 1,

wherein the memory further stores resource group information for
managing a plurality of resource groups to which the plurality of
resources included in the first physical storage system belong,

wherein the management permission information associates the
plurality of resource groups with management permissions that are
assigned to the plurality of administrators in regard to the plurality of
resource groups, and

wherein the processor defines the at least one migration group from the
plurality of resource groups.

The management system according to claim 1, wherein, in a case where
different migration groups defined based on the predetermined
management permissions of different administrators include a resource
common to one another, the processor integrates the different migration
groups to define one migration group.

The management system according to claim 1,

wherein the memory further stores first information about a con-
figuration of the plurality of resources that are included in the first
physical storage system, and second information about free resources
of each of the plurality of physical storage systems,

wherein the processor refers to the first information and the second in-
formation to determine whether or not the plurality of resources
included in the first physical storage system can be migrated to a single
physical storage system among the plurality of physical storage
systems, and

wherein, in a case where the determination is positive, the processor de-
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termines to migrate the plurality of resources of the first physical
storage system to the single physical storage system.

The management system according to claim 1, wherein, after de-
termining the at least one migration destination of the at least one
migration group, the processor defines the virtual storage system in the
plurality of physical storage systems.

A method by a management system for determining at least one
migration destination for a plurality of resources of one migration
source physical storage system, with a plurality of physical storage
systems, which provide a plurality of resources to a virtual storage
system recognized by a host as one storage system, as migration des-
tination candidates, the method comprising:

identifying, by the management system, resources for which prede-
termined management permissions are respectively assigned to a
plurality of administrators in the migration source physical storage
system;

defining, by the management system, at least one migration group from
the plurality of resources included in the migration source physical
storage system so that resources for which the predetermined
management permissions are assigned to the same administrator are
included in the same migration group; and

determining, by the management system, at least one migration des-
tination of the at least one migration group, on a condition that
resources in the same migration group are migrated to the same
physical storage system among the plurality of physical storage
systems.

The method according to claim 8,

wherein the at least one migration group includes a first migration
group, and

wherein the method further comprises:

in a case where resources of the first migration group cannot be
migrated to the same physical storage system, identifying, by the
management system, associated resources that are associated with each
other in terms of configuration in the first migration group;

redefining, by the management system, from the first migration group a
plurality of migration groups including a second migration group that
comprises the identified associated resources; and

determining, by the management system, migration destinations for the
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plurality of redefined migration groups.

The method according to claim 8,

wherein a plurality of resource groups to which the plurality of
resources included in the migration source physical storage system
belongs are defined,

wherein management permissions that are assigned to the plurality of
administrators in regard to the plurality of resource groups are defined
for the plurality of resource groups,

wherein the method further comprises:

identifying, by the management system, resource groups for which the
predetermined management permissions are respectively assigned to
the plurality of administrators; and

defining, by the management system, the at least one migration group
from the plurality of resource groups.

A computer-readable non-transitory storage medium for storing in-
structions which, in a case where executed on a management system,
cause the management system to execute processing of determining at
least one migration destination for a plurality of resources of one
migration source physical storage system, with a plurality of physical
storage systems, which provide a plurality of resources to a virtual
storage system recognized by a host as one storage system, as
migration destination candidates,

the processing comprising:

identifying resources for which predetermined management per-
missions are respectively assigned to a plurality of administrators in the
migration source physical storage system;

defining at least one migration group from the plurality of resources
included in the migration source physical storage system so that
resources for which the predetermined management permissions are
assigned to the same administrator are included in the same migration
group; and

determining at least one migration destination of the at least one
migration group, on a condition that resources in the same migration
group are migrated to the same physical storage system among the
plurality of physical storage systems.

The computer-readable non-transitory storage medium according to
claim 11, wherein the processing further comprises referring to in-

formation about a configuration of the plurality of resources included in
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the migration source physical storage system, and information about
free resources of each of the plurality of physical storage systems to
determine the at least one migration destination of the at least one
migration group.

The computer-readable non-transitory storage medium according to
claim 11, wherein the processing further comprises integrating different
migration groups to define one migration group in a case where the
different migration groups defined based on the predetermined
management permissions of different administrators include a resource

common to one another.
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[Fig. 118B]

/2381 B
HOST GROUP MANAGEMENT TABLE (PSTB)
ii’:?‘l Ba /2\3}81 Bb 2381Bc 2/331 Bd
HOST GROUP ID PORT ID HOST WWN VOLUME ID
HGO1 PTO1 WWN11 VOLO1
HGO2 PT02 WWN12 VOL02
HGO3 PT03 NULL NULL
HGO4 PT04 NULL NULL
HGO5 PT05 NULL NULL
HGO6 PT06 NULL NULL
/2\?}828
VOLUME MANAGEMENT TABLE (PSTB)
2382Ba /2\3/828b /2\353280
VOLUME ID PGID CAPACITY
VOLO1 PGO1 250GB
VOL02 PGO1 250GB




13/28

WO 2014/054070

PCT/JP2012/006338
[Fig. 11C]
/2&838
PARITY GROUP MANAGEMENT TABLE (PSTB)
/253383 /Z\C§S3Bb 2383Bc
PGID TOTAL CAPACITY FREE CAPACITY
PGO1 1000GB 500GB
[Fig. 12A]
/681 C
HOST GROUP MANAGEMENT TABLE (PSTC)
/2\3;31 Ca /%}81 Cb /%;81CC 2381Cd
HOST GROUP ID PORT ID HOST WWN VOLUME ID
HGO1 PTO1 NULL NULL
HG02 PT02 NULL NULL
HGO3 PT03 NULL NULL
HGO4 PTO4 NULL NULL
HGO5 PTO05 WWN21 VOLO1
HGO6 PT06 WWN22 VOL02




14/28

WO 2014/054070 PCT/JP2012/006338

[Fig. 12B]
2382C
N
VOLUME MANAGEMENT TABLE (PSTC)
2382Ca 2382Cb 2382Cc
VOLUME ID PGID CAPACITY
VOLO1 PGO1 300GB
VOL02 PGO1 200GB
[Fig. 12C]
2383C
N
PARITY GROUP MANAGEMENT TABLE (PSTC)
2383Ca 2383Cb 2383Bc
ya A ya%
PGID TOTAL CAPACITY FREE CAPACITY
PGO1 1000GB 500GB




15/28

WO 2014/054070 PCT/JP2012/006338
[Fig. 1]
USERO1
VIEW ALL_RSG
USER02 USER03
VIEW/MODIFY
Pl VEWMODIFY ~_ _ '3
2 ”’ ,- ananeh ----...._-..,__... "“__..------. ..\ s\E
- 2 e s Rtk SRS the
TR PTO3  PTO4\:” PTOS  PTOSY, |
AU A Sl K &K
i manmail
I :I |
I HGo3 | | Haos |1, | Heos | | Heo7 |
\ !
. RSGO2 & |RsGo3 !
——————— , “ el - s es -

vy
.....
»
.
.

pe}

w

1]

o

»
\___

2000A



16/28

PCT/JP2012/006338

WO 2014/054070

[Fig. 14]

%wom
T - v
0000¢ 80002
015d 41Sd
109d 109d
¢0T0A LO10A COTOA | | LOTIOA
-~ I <
909H GOOH #09OH €09H ¢09H {| |09H 909H GOOH $09H £09H ¢09H 109H
~ N Pt MW ooy W ~ A
90.1d G01d ¥01d €01d ¢01d 101d 901d G0ld ¥01d £01d ¢01d 101ld




WO 2014/054070

[Fig. 15]

17/28

PCT/JP2012/006338

3000
N
3500
3300
W 3100
a4 N
CPU
MEMORY
3200

MANAGEMENT COMPUTER

BUS SECONDARY

STORAGE
DEVICE

3400

W

INPUT/QUTPUT
DEVICE

3600
Yo%

MANAGEMENT I/F




WO 2014/054070

[Fig. 16]

18/28

PCT/JP2012/006338

3300
ya%
3310
0s Vv
3320
RESOURCE MIGRATIONGROUP |V
MANAGEMENT TABLE
3330
RESOURCE MIGRATION PROGRAM “
3340
PHYSICAL STORAGE N
SYSTEM INFORMATION
3350

MIGRATION TARGET RESOURCE
MANAGEMENT INFORMATION

MEMORY




19/28

WO 2014/054070 PCT/JP2012/006338

[Fig. 17A]
/?321
RESOURCE MIGRATION GROUP MANAGEMENT TABLE A
/3\3/213 /?321 b /53210
MIGRATION GROUP ID RSGID | MIGRATION DESTINATION STORAGE ID
MGO1 RSGO1 NULL
MGO1 RSG02 NULL
MGO1 RSGO3 NULL
MGO1 RSGO4 NULL
MG02 RSGO5 PSTB
MG02 RSGO6 PSTB
[Fig. 178]
/1‘3322
RESOURCE MIGRATION GROUP MANAGEMENT TABLE B
3322a /3\3/22b /3\3/220

MIGRATION GROUP ID | PORT COUNT VOLUME CAPACITY

MGO1 4 550GB

MGO02 2 100GB




20/28

WO 2014/054070 PCT/JP2012/006338

[Fig. 18A]
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