
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

73
6 

86
1

B
1

��&������������
(11) EP 1 736 861 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
11.05.2011 Bulletin 2011/19

(21) Application number: 06251234.8

(22) Date of filing: 08.03.2006

(51) Int Cl.:
G06F 3/06 (2006.01)

(54) A storage system for a storage pool and virtual volumes

Speichersystem für einen Speicherpool und virtuelle Volumen

Système de stockage pour une réserve de stockage et volumes virtuels

(84) Designated Contracting States: 
DE FR GB IE

(30) Priority: 02.06.2005 JP 2005162448

(43) Date of publication of application: 
27.12.2006 Bulletin 2006/52

(73) Proprietor: Hitachi, Ltd.
Tokyo (JP)

(72) Inventor: Eguchi, Yoshiaki,
Hitachi Ltd. Int. Prop. Group
Chiyoda-ku 
Tokyo 100-8220 (JP)

(74) Representative: Moore, Graeme Patrick et al
Mewburn Ellis LLP 
33 Gutter Lane
London
EC2V 8AS (GB)

(56) References cited:  
EP-A- 1 357 465 EP-A2- 1 357 476
US-A1- 2004 044 827 US-A1- 2004 230 766

• GEOFFREY HOUGH: "3PAR thin provisioning, 
Eliminating Allocated But Unused Storage" 
INTERNET CITATION XP002387038 Retrieved 
from the Internet: URL:http://www.3par.com/
documents/3PAR-tp- wp-01.2.pdf [retrieved on 
2006-06-26]



EP 1 736 861 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] This invention relates to a storage system to
store data used by computers and, and more specifically
but not exclusively to a storage system that allows the
capacity of storage accessed by computers to be
changed.
[0002] The storage capacity of a conventional storage
system depends on the capacity of disk drives or other
similar physical devices installed in the system. There-
fore, when required to have a large storage capacity, a
storage system has to be equipped with an accordingly
large number of physical devices. While there is a de-
mand for a large storage capacity, users also make a
conflicting demand for reduction in cost and size.
[0003] Here comes an urgent need to develop a mech-
anism that enables a storage system to change its stor-
age capacity dynamically. One of methods known to be
useful in building such a storage system is automatic
storage device capacity expansion (see JP 2003-15915
A, for example). In this method, a logical block address
in a read or write I/O request at which a host computer
accesses a logical volume of a storage device is moni-
tored. Then, with the obtained logical block address as
the key, the storage area of the logical volume is dynam-
ically expanded. This method also allows a command
unit of a host computer to send a logical volume capacity
reduction/expansion instruction to a volume server,
which then reduces/expands the storage area of the log-
ical volume.
[0004] US 2004/230766 discloses a method which al-
lows a system administrator of a utility storage server to
provision virtual volumes several times larger than the
amount of physical storage within the storage server. A
virtual volume is a virtual representation of multiple disks
as a single large volume to a host or an application. In
one embodiment, a virtual volume comprises an excep-
tion list containing the set of differences from dummy
base volume consisting of all zeros. This exception list
can be made up of address tables that map virtual volume
pages to logical disk pages. As storage demand grows,
additional storage is allocated for the address tables and
the data pages from separate pools of storage. If any of
the pools runs low, more logical disk regions are allocated
to that pool.
[0005] US 2004/044827 discloses a method, system,
and article of manufacture for pooling of storage. Volume
attributes are assigned to a plurality of physical volumes.
Pool attributes are assigned to a plurality of storage
pools, wherein the pool attributes include policies for bor-
rowing and returning the plurality of physical volumes to
and from the plurality of storage pools. One of the plurality
of physical volumes is allocated to one of the plurality of
storage pools based on the volume attributes of the one
of the plurality of physical volumes and the pool attributes
of the one of the plurality of storage pools.
[0006] EP 1,357,476A discloses method for controlling
a storage system including a host computer, and a first

and a second storage control apparatuses each receiving
a data input/output request from the host computer and
executing a data input/output process for a storage de-
vice in response to the request, comprises connecting a
first communication path between the host computer and
the first apparatus; connecting a second communication
path between the first apparatus and the second appa-
ratus; receiving by the first apparatus a first data input/
output request from the host computer through the first
path; when the first apparatus has judged that the first
request is not for the first apparatus, transmitting by the
first apparatus a second data input/output request cor-
responding to the first request, to the second apparatus
through the second path; and by the second apparatus,
receiving the second request and executing a data input/
output process corresponding to the second request re-
ceived:
[0007] The prior art publication discloses that the ca-
pacity of a device accessed by a host computer can be
changed dynamically, but not how the technique is ap-
plied. In particular, the prior art publication does not dis-
close how logical volumes are set in virtual volumes and
how the set volumes are to be utilized in the case where
virtual volumes are utilized for a storage system.
[0008] This invention has been made in view of the
above problems, and it is therefore an object of this in-
vention to provide a computer system capable of chang-
ing the storage capacity of a storage system that utilizes
virtual volumes.
[0009] According to an aspect of this invention, there
is provided a storage system as set forth in claim 1.
[0010] According to aspects of this invention, the stor-
age areas of virtual volumes accessed by computers can
be changed dynamically by changing allocation of logical
volumes to the virtual volumes and thus giving the virtual
volumes different storage areas. This makes it possible
to set virtual volumes whose capacity exceeds the total
storage capacity of physical devices provided in a stor-
age system, and enhances the degree of freedom to ac-
cess data in a computer system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is a configuration block diagram of a computer
system according to a first construction.
FIG. 2 is an explanatory diagram of a storage area
in the computer system according to the first con-
struction.
FIG. 3 is a block diagram of a memory according to
the first construction.
FIG. 4 is a configuration block diagram of a storage
system management apparatus according to the first
construction.
FIG. 5 is an explanatory diagram of volumes and
LDEVs according to the first construction.
FIG. 6 is a flow chart for setting a VDEV according
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to the first construction.
FIG. 7 is a flow chart for setting an LDEV according
to the first construction.
FIG. 8 is an explanatory diagram of VDEV manage-
ment information according to the first construction.
FIG. 9 is an explanatory diagram of LDEV manage-
ment information according to the first construction.
FIG. 10 is an explanatory diagram of an address
management table according to the first construc-
tion.
FIG. 11A is a flow chart for a modification example
of setting a VDEV and an LDEV according to the first
construction.
FIG. 11B is a flow chart for the modification example
of setting a VDEV and an LDEV according to the first
construction.
FIG. 12A is a flow chart for setting a storage pool
according to the first construction.
FIG. 12B is a flow chart for setting a storage pool
according to the first construction.
FIG. 13 is an explanatory diagram of POOL man-
agement information according to the first construc-
tion.
FIG. 14 is an explanatory diagram of VVOL-DIR and
PSCB according to the first construction.
FIG. 15 is an explanatory diagram of an example of
how PSCBs are linked according to the first construc-
tion.
FIG. 16 is an explanatory diagram of another exam-
ple of how PSCBs are linked according to the first
construction.
FIG. 17 is a flow chart for setting a virtual volume
according to the first construction.
FIG. 18 is a flow chart for defining a path according
to the first construction.
FIG. 19 is an explanatory diagram of target device
information according to the first construction.
FIG. 20 is a flow chart for expansion of a storage
pool according to the first construction.
FIG. 21 is a flow chart for scale down of a storage
pool according to the first construction.
FIG. 22 is a flow chart for elimination of a storage
pool according to the first construction.
FIG. 23A is a flow chart for a read request according
to the first construction.
FIG. 23B is a flow chart for a read request according
to the first construction.
FIG. 24A is a flow chart for a write request according
to the first construction.
FIG. 24B is a flow chart for a write request according
to the first construction.
FIG. 24C is a flow chart for a write request according
to the first construction.
FIG. 25 is a flow chart of disk failure processing ac-
cording to the first construction.
FIG. 26 is a flow chart of disk recovery processing
according to the first construction.
FIG. 27 is an explanatory diagram of a storage pool

and a system area according to an embodiment of
this invention.

[0012] This invention will be described below with ref-
erence to the accompanying drawings.

First construction

[0013] FIG. 1 is a configuration block diagram of a com-
puter system according to a first construction helpful in
the understanding of this invention.
[0014] The computer system of this construction has
a host computer 10 and a storage system management
apparatus 20 which are connected to a storage system
30.
[0015] The host computer 10 accesses data in the stor-
age area of the storage system 30. The storage system
management apparatus 20 manages the configuration
of the storage area of the storage system 30. The storage
system 30 has physical devices 34, 34, 34 ..., and stores
data in storage areas set in the physical devices 34, 34,
34 ....
[0016] The host computer 10 has an input unit 110, an
output unit 120, a CPU 130, a memory 140, a disk adapter
150, a network adapter 160 and a disk drive 170.
[0017] The input unit 110 accepts an input made by an
administrator or the like who operates the host computer
10. The input unit 110 is, for example, a keyboard. The
output unit 120 is a unit that displays the state and setting
items of the host computer 10. The output unit 120 is, for
example, a display device.
[0018] The CPU 130 reads a program stored in the
disk drive 170 and loads the program into the memory
140 to execute processing prescribed in the program.
The memory 140 is, for example, a RAM, and stores a
program, data, and the like.
[0019] The disk adapter 150 is connected to the stor-
age system 30 via a storage network 50 to exchange
data with the storage system 30. A protocol suitable for
data transfer (Fibre Channel, for example) is employed
for the storage network 50.
[0020] The network adapter 160 exchanges data with
the storage system management apparatus 20 or with
the storage system 30 via a management network 40.
The management network 40 is, for example, Ethernet.
[0021] The disk drive 170 is, for example, a hard disk,
and stores data and a program.
[0022] The storage system management apparatus 20
has an input unit 210, an output unit 220, a CPU 230, a
memory 240, a network adapter 250 and a disk drive 260.
[0023] The input unit 210 accepts an input made by an
administrator or the like who operates the storage system
management apparatus 20. The input unit 210 is, for ex-
ample, a keyboard. The output unit 220 is a unit that
displays the state and setting items of the storage system
management apparatus 20. The output unit 220 is, for
example, a display device.
[0024] The CPU 230 reads a program stored in the
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disk drive 260 and loads the program into the memory
240 to execute processing prescribed in the program.
The memory 240 is, for example, a RAM, and stores a
program, data, and the like.
[0025] The network adapter 250 exchanges data with
the host computer 10 or with the storage system 30 via
the management network 40.
[0026] The disk drive 260 is, for example, a hard disk,
and stores data and a program.
[0027] The storage system 30 has a control unit 31, a
storage cache memory 32, a shared memory 33, the
physical devices (PDEVs) 34, 34, 34 ..., a power supply
switch 35 and a power supply 36.
[0028] The control unit 31 controls which data is to be
stored in which storage area set in the PDEVs 34, 34,
34 ....
[0029] The storage cache memory 32 temporarily
stores data to be read out or written in the PDEVs 34,
34, 34 .... The shared memory 33 stores configuration
information of the control unit 31 and the PDEVs 34, 34,
34 ....
[0030] The PDEVs 34, 34, 34 ... includes plural disk
devices.
[0031] The power supply 36 supplies electric power to
each component of the storage system 30. The power
supply switch 35 is a switch to turn on/off a supply of
electric power from the power supply 36.
[0032] The control unit 31 has a host adapter 310, a
network adapter 320, a non-volatile memory 330, a pow-
er supply control unit 340, a memory 350, a processor
360, a storage adapter 370 and a shared memory adapter
380.
[0033] The host adapter 310 exchanges data with the
host computer 10 via the storage network 50. The net-
work adapter 320 exchanges data with the host computer
10 or with the storage system management apparatus
20 via the management network 40.
[0034] The non-volatile memory 330 is, for example,
a hard disk or a flash memory, and stores a program run
on the control unit 31, configuration information, and the
like.
[0035] The power supply control unit 340 controls elec-
tric power supplied from the power supply 36.
[0036] The memory 350 is, for example, a RAM, and
stores a program, data, and the like.
[0037] The processor 360 reads a program stored in
the non-volatile memory 330 and loads the program into
the memory 350 to execute processing prescribed in the
program.
[0038] The storage adapter 370 exchanges data with
the PDEVs 34, 34, 34 ... and with the storage cache mem-
ory 32.
[0039] The shared memory adapter 380 exchanges
data with the shared memory 33.
[0040] A storage pool according to this construction is
described next.
[0041] FIG. 2 is an explanatory diagram of a storage
area in the computer system according to this construc-

tion.
[0042] The host computer 10 accesses a storage area
through a volume of the storage system 30, One of
LDEVs is set to the volume.
[0043] In the storage system 30, the PDEVs 34, 34,
34 ... take a RAID configuration to constitute a RAID
group. The RAID group constitutes a virtual device
(VDEV) 400 (S101). The VDEV 400 is divided into plural
logical devices (LDEVs) 500, 500, 500 ..., which are stor-
age areas.
[0044] The VDEV constituted of the PDEVs 34, 34,
34 ... will hereinafter be called as a "first type VDEV".
LDEVs contained in the first type VDEV will hereinafter
be called as "first type LDEVs".
[0045] Access from the host computer 10 is directed
at a volume of the storage system 30. A volume recog-
nized by the host computer 10 is called a "target device".
A target device, which is denoted by 700, is set as a
volume containing one of the first type LDEVs 500 by
defining a path to the host computer IO (S102).
[0046] An external device 600 connected to the stor-
age system 30 from the outside may be treated like the
PDEV 34. In this case, plural external devices (EDEVs)
600, 600, 600 ... take a RAID configuration to constitute
plural first type VDEVs 400, 400, 400 ... (S103). The first
type VDEVs 400, 400, 400 ... are divided into one or more
first type LDEVs 500, 500, 500 ..., which are storage ar-
eas. A path to the host computer 10 is set to the first type
LDEV 500, thereby setting the target device 700 (S104).
[0047] A second type VDEV 401 may be set in the
storage system 30. The second type VDEV is, unlike the
first type VDEV constituted of the PDEVs 34, 34, 34 ...,
a virtual device that has an address and an area but not
areas corresponding to the PDEVs 34, 34, 34 .... Instead,
the second type VDEV can have a corresponding cache
memory area. The second type VDEV 401 is broken into
one or more LDEVs, which are called as second type
LDEVs and denoted by 501.
[0048] A target device 701 is set by setting a path be-
tween the host computer 10 and the second type LDEV
501 (S110). This target device is called as a virtual vol-
ume.
[0049] The second type VDEV and the second type
LDEVs are not physical entities. In order for the host com-
puter 10 to be able to use the second type VDEV and
LDEVs, the second type LDEVs have to be associated
with a storage pool.
[0050] A storage pool is built by setting the above-de-
scribed first type LDEV 500 as an attribute of the storage
pool (S112). The first type LDEV 500 set to the storage
pool is associated with the second type LDEV 501 and
the address is mapped (S111). This enables the host
computer 10 to use second type LDEVs, which are stor-
age areas of a virtual volume. Mapping first type LDEVs
and second type LDEVs differently makes a change in
storage area of a virtual volume.
[0051] Hereinafter, a reference to "VDEV" without a
mention of a type includes first type VDEV and second
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type VDEV both. Similarly, a reference to "LDEV" without
a mention of a type includes first type LDEV and second
type LDEV both.
[0052] FIG. 3 is a block diagram of the memory 350 in
the control unit 31 of the storage system 30.
[0053] The memory 350 stores various programs read
and executed by the processor 360, configuration infor-
mation 351 related to settings of LDEVs, and pool infor-
mation 352 related to settings of a storage pool.
[0054] A command control program 3501 interprets a
command from the host computer 10 or the storage sys-
tem management apparatus 20, and executes process-
ing prescribed in the command.
[0055] A path control program 3502 sets a path to the
host computer 10.
[0056] A configuration control program 3503 controls
the configuration of the storage system 30.
[0057] A host adapter control program 3504 controls
data inputted and outputted by the host adapter 310.
[0058] A disk I/O program 3505 controls access to the
PDEVs 34, 34, 34 ....
[0059] A network control program 3506 controls data
sent and received via the storage network 50 or the man-
agement network 40.
[0060] A pool control program 3507 sets a storage
pool.
[0061] A power supply control program 3508 controls
turn on/off of electric power supplied by the power supply
36.
[0062] A cache control program 3509 controls the area
and data of the storage cache memory 32.
[0063] A drive diagnostic program 3510 diagnoses the
state of each disk device listed as the PDEVs 34, 34,
34 ....
[0064] The configuration information 351 holds set-
tings related to VDEVs and LDEVs of the storage system
30.
[0065] The pool information 352 holds settings related
to a storage pool.
[0066] The configuration information 351 contains an
address management table 3511, LDEV management
information 3512, target device information 3513 and
VDEV management information 3514.
[0067] The address management table 3511 holds
mapping information in which addresses of target devic-
es, LDEVs, VDEVs, and physical devices are mapped
out. The address management table 3511 includes target
device-LDEV mapping information 35111, LDEV-VDEV
mapping information 35112 and VDEV-PDEV mapping
information 35113.
[0068] The LDEV management information 3512
holds information related to LDEVs.
[0069] The target device management information
3513 holds information of LDEVs in a volume to which a
path to the host computer 10 is set.
[0070] The VDEV management information 3514
holds information related to virtual logical volumes.
[0071] The pool information 352 contains POOL man-

agement information 3521, POOL-VOL management in-
formation 3522, VVOL-DIR 3523, PSCB 3524, and sys-
tem area information 3525.
[0072] The POOL management information 3521
holds settings of a storage pool. The POOL-VOL man-
agement information 3522 holds information on volumes
of a storage pool. The VVOL-DIR 3523 holds allocation
of addresses of LDEVs of a storage pool. The PSCB
3524 holds information on addresses of LDEVs of a stor-
age pool. The system area information 3525 holds infor-
mation of LDEVs where configuration information of the
storage system 30 is stored.
[0073] FIG. 4 is a more detailed block diagram showing
the configuration of the storage system management ap-
paratus 20.
[0074] The storage system management apparatus 20
has, as described above, the input unit 210, the output
unit 220, the CPU 230, the memory 240, the network
adapter 250 and the disk drive 260.
[0075] The input unit 210 has an input device 211. The
output unit 220 has an output device 221.
[0076] The memory 240 has a semiconductor memory
241. The disk drive 260 has an optical disk drive 242 and
a magnetic disk drive 243.
[0077] The CPU 230 reads a program or configuration
information from the optical disk drive 242 or from the
magnetic disk drive 243, and loads the program or the
configuration information into the semiconductor memo-
ry 241 to execute processing prescribed in the program.
[0078] The input unit 210, the output unit 220, the CPU
230, the memory 240, the network adapter 250 and the
disk drive 260 are connected to one another by a bus 270.
[0079] Programs and data loaded into and run on the
memory 240 include storage system configuration infor-
mation 2401, a storage system management program
2402, a storage system management server program
2403, a storage configuration management program
2404, a POOL management program 2405, a storage
system maintenance program 2406 and an OS 2407.
[0080] The OS 2407 is the basic program of the storage
system management apparatus 20. The rest of the pro-
grams are run on the OS 2407.
[0081] The storage system configuration information
2401 holds information on the configuration of the stor-
age system 30.
[0082] The storage system management program
2402 manages the configuration of a storage constituted
of logical volumes set in the storage system 30.
[0083] The storage system management server pro-
gram 2403 receives a command to manage the config-
uration of a storing unit constituted of logical volumes set
in the storage system 30.
[0084] The storage configuration management pro-
gram 2404 manages the configuration of the storage sys-
tem 30. Configuration information created through the
operation of the storage configuration management pro-
gram 2404 is stored as the storage system configuration
information 2401.
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[0085] The POOL management program 2405 man-
ages the configuration of a storage pool of the storage
system 30.
[0086] The storage system maintenance program
2406 maintains the storage system 30.
[0087] With those programs, the storage system man-
agement apparatus 20 sets and changes the configura-
tion of the storage system 30 and maintains the storage
system 30.
[0088] The programs and information stored in the
memory 240 may instead be stored in the memory 140
of the host computer 10. In other words, programs stored
in the host computer 10 may execute processing of set-
ting or changing the configuration of the storage system
30.
[0089] In this case, the host computer 10 sends a com-
mand to a command device of the storage system 30.
The command device is one of target devices of the stor-
age system 30 that is chosen in advance. Receiving an
I/O request directed to the command device from the host
computer 10, the storage system 30 interprets the I/O
request as an instruction command.
[0090] FIG. 5 is an explanatory diagram of target de-
vices, LDEVs, and PDEVs.
[0091] The host computer 10 accesses the target de-
vice 700 set in the storage system 30. The storage area
of the target device 700 is the first type LDEV 500 set as
the target device 700.
[0092] The first type LDEV 500 is an area of the first
type VDEV 400, which is constituted of physical volumes
assuming a RAID configuration. The first type VDEV 400
is divided into one or more first type LDEVs 500, 500,
500 ....
[0093] The host computer 10 accesses, as the target
device 701, a virtual volume set in the storage system
30. The storage area of the target device 701 is the sec-
ond type LDEV 501.
[0094] The second type LDEV 501 is associated with
the first type LDEV 500 set as a storage pool.
[0095] The host computer 10 accesses the target de-
vice 701, which is a virtual volume. The storage area of
the virtual volume is the second type LDEV 501. When
a request to access the second type LDEV 501 is re-
ceived, the storage system 30 consults the address man-
agement table 3511 and changes the device to be ac-
cessed to the first type LDEV 500 that is associated with
the second type LDEV 501.
[0096] FIG. 6 is a flow chart for setting a VDEV.
[0097] First, the storage configuration management
program 2404 searches the storage system configura-
tion information 2401 for the number of an undefined
VDEV (VDEV #) (a step S1001).
[0098] The administrator operates the input unit 210
to set information of the VDEV. The administrator sets
information necessary to set a first type VDEV or a sec-
ond type VDEV. To set a first type VDEV, information on
a RAID group of the PDEVs 34, 34, 34 ... to be set to the
first type VDEV and its emulation type are designated.

To set a second type VDEV, an emulation type and a
size are designated (a step S1002).
[0099] The storage configuration management pro-
gram 2404 creates an instruction command containing
the information set by the administrator to create a VDEV.
The created instruction command is sent to the storage
system 30 via the network adapter 250 (a step S1003).
[0100] In the storage system 30, an instruction com-
mand sent from the storage system management appa-
ratus 20 is received by the command control program
3501 via the network adapter 320 (a step S1004). The
command control program 3501 checks what is instruct-
ed by the received instruction command. In the case
where the instruction is not valid, the instruction com-
mand is rejected (a step S1005).
[0101] When a received instruction command is about
setting a VDEV, the command control program 3501 for-
wards the received instruction command to the configu-
ration control program 3503. The configuration control
program 3503 receives the instruction command and ex-
ecutes VDEV creating processing (a step S1006).
[0102] The configuration control program 3503 checks
whether or not the VDEV number to which the instruction
command is addressed is already in use (a step S1007).
In the case where the VDEV number to which the instruc-
tion command is addressed is already in use, the instruc-
tion command is rejected.
[0103] Next, the configuration control program 3503
newly creates VDEV-specific information to be contained
in the VDEV management information 3514. Information
of the VDEV to be created as instructed by the instruction
command is set to this VDEV-specific information. Spe-
cifically, when the VDEV to be created as instructed by
the instruction command is a first type VDEV, the total
size, the remaining size, and an emulation type are set
to the VDEV-specific information based on the capacity
of the designated RAID group. When the VDEV to be
created as instructed by the instruction command is a
second type VDEV, the designated size and emulation
type are set to the VDEV-specific information and "virtual
volume" is set as a device attribute (a step S1008). In
this way, the VDEV to be created as instructed by the
instruction command is set. To set this VDEV in a virtual
volume, "virtual volume" is set as a device attribute.
[0104] Upon completion of the VDEV creating
processing, the command control program 3501 notifies
the storage system management apparatus 20 of the
success of the command (a step S1009).
[0105] Received response from the storage system 30
(a step S1010), the storage configuration management
program 2404 of the storage system management ap-
paratus 20 ends the processing.
[0106] A VDEV is set through this processing.
[0107] FIG. 7 is a flow chart for setting an LDEV.
[0108] This processing is to set an LDEV, which is a
storage area, in a VDEV. The VDEV in this processing
may be the one set by the processing of FIG. 6, or may
be an existing VDEV. The LDEV to be set may be a first
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type LDEV or a second type LDEV.
[0109] First, the storage configuration management
program 2404 obtains the number of the VDEV (VDEV
#) in which the LDEV is to be set (a step S1101). The
VDEV number is the one set in the processing of FIG. 6
and is automatically set by the storage configuration
management program 2404. Alternatively, the adminis-
trator designates a VDEV number that has already been
set.
[0110] Next, the administrator operates the input unit
210 to designate information of the LDEV to be set. Spe-
cifically, information including the number of the LDEV
to be set, the VDEV number, the head slot number of the
VDEV, and the end slot number of the VDEV is set (a
step S1102).
[0111] The storage configuration management pro-
gram 2404 creates an instruction command containing
the information set by the administrator to set the LDEV.
The created instruction command is sent to the storage
system 30 via the network adapter 250 (a step S1103).
[0112] In the storage system 30, an instruction com-
mand sent from the storage system management appa-
ratus 20 is received by the command control program
3501 via the network adapter 320 (a step S1104). The
command control program 3501 checks what is instruct-
ed by the received instruction command. In the case
where the instruction is not valid, the instruction com-
mand is rejected (a step S1105).
[0113] When a received instruction command is about
setting an LDEV, the command control program 3501
forwards the received instruction command to the con-
figuration control program 3503. The configuration con-
trol program 3503 receives the instruction command and
executes LDEV setting processing (a step S1106).
[0114] The configuration control program 3503 checks
whether or not the VDEV number designated in the in-
struction command is already in use (a step S1107). In
the case where the VDEV number designated in the in-
struction command is already in use, the instruction com-
mand is rejected.
[0115] Next, the configuration control program 3503
obtains, from the VDEV management information 3514,
the total size of the VDEV designated in the instruction
command. The configuration control program 3503
checks whether or not the size of the LDEV to be set as
instructed by the instruction command can be defined in
the VDEV (a step S1108). The size of the LDEV is cal-
culated from the head slot number and the end slot
number that are contained in the instruction command.
In the case where the size of the LDEV cannot be defined,
the instruction command is rejected.
[0116] The configuration control program 3503 then
obtains, from the VDEV-specific information, the emula-
tion type of the VDEV designated in the instruction com-
mand. The obtained emulation type is set as the emula-
tion type of the LDEV to be set as instructed by the in-
struction command (a step S1109).
[0117] Next, the configuration control program 3503

sets LDEV-specific information for the LDEV number
designated in the instruction command, and also sets
VDEV-specific information for the VDEV number desig-
nated in the instruction command (a step S1110).
[0118] Specifically, the configuration control program
3503 newly creates LDEV-specific information for the
LDEV number designated in the instruction command.
The LDEV number, a head slot number, an end slot
number, and a device attribute are defined and set to the
LDEV-specific information. In the case where the LDEV
to be set through this processing is a second type LDEV,
"second type LDEV" is set as a device attribute. After the
LDEV-specific information is set, VDEV-specific informa-
tion is set for the VDEV number designated in the instruc-
tion command. Specifically, the count of set LDEVs is
added up, and the LDEV number designated in the in-
struction command, the remaining size, a head LDEV
slot, and an end LDEV slot are set. In this way, the LDEV
to be set as instructed by the instruction command is set
in the VDEV.
[0119] Upon completion of the LDEV setting process-
ing, the command control program 3501 notifies the stor-
age system management apparatus 20 of the success
of the command (a step S1111).
[0120] Received response from the command by the
storage system 30 (a step S1112), the storage configu-
ration management program 2404 of the storage system
management apparatus 20 ends the processing.
[0121] An LDEV is set in a VDEV through this process-
ing.
[0122] FIG. 8 is an explanatory diagram of VDEV man-
agement information.
[0123] VDEV management information includes
VDEV-specific information 35141.
[0124] The VDEV-specific information 35141 contains
a VDEV number (VDEV #) 35142, an emulation type
35143, a total size 35144, a remaining size 35145, a de-
vice attribute 35146, a device state 35147, a set LDEV
count 35148, an LDEV number 35149, a head VDEV-
SLOT # 35150 and an end VDEV-SLOT # 35151.
[0125] Stored as the VDEV # 35142 is the identifier of
a VDEV. Stored as the emulation type 35143 is the em-
ulation type identifier of the VDEV. The total size 35144
indicates a total size set to the VDEV. The remaining size
35145 indicates the size of an unused area of the VDEV.
[0126] Stored as the device attribute 35146 is the iden-
tifier of an attribute set to the VDEV. In the case where
the VDEV is a first type VDEV, an identifier showing that
it is a first type VDEV and not a second type VDEV is
stored as the device attribute 35146. In the case where
the VDEV is a second type VDEV and is set in a virtual
volume, an identifier showing that it is a second type
VDEV and not a first type VDEV is stored as the device
attribute 35146.
[0127] Stored as the device state 35147 is an identifier
representing the state of the VDEV. A VDEV can be in a
normal state, a blocked state, a failure-induced blocked
state, and the like. The term "block" refers to blockage
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due to other factors than an occurrence of a failure such
as a puncture block. The term "failure-induced block" re-
fers to blockage due to a failure in one of the devices.
[0128] The set LDEV count 35148 indicates the total
count of LDEVs set in the VDEV. Stored as the LDEV
number 35149 is a number assigned to the LDEV that is
set in the VDEV. Stored as the head VDEV-SLOT #
35150 is the identifier of a physical head slot number of
an LDEV that is set in the VDEV. Stored as the end VDEV-
SLOT # 35151 is the identifier of a physical end slot
number of an LDEV that is set in the VDEV. The LDEV
number 35149, the head VDEV-SLOT # 35150 and the
end VDEV-SLOT # 35151 are set for each of the LEDV
numbers of the set LDEVs which are as many as indi-
cated by the set LDEV count 35148.
[0129] FIG. 9 is an explanatory diagram of LDEV man-
agement information.
[0130] LDEV management information includes
LDEV-specific information 35121.
[0131] The LDEV-specific information 35121 contains
an LDEV number (LDEV #) 35122, an emulation type
35123, a size 35124, a head slot number 35125, an end
slot number 35126, path definition information 35127, a
device attribute 35128, a device state 35129, a program
use state 351300 and a POL-ID 351301.
[0132] Stored as the LDEV # 35122 is the identifier of
an LDEV. Stored as the emulation type 35123 is the em-
ulation type identifier of the LDEV. The size 35124 indi-
cates a total size set to the LDEV.
[0133] Stored as the head slot number 35125 is the
identifier of a head slot number of the set LDEV. Stored
as the end slot number 35126 is the identifier of a final
slot number of the set LDEV. Stored as the path definition
information 35127 is the identifier of a path defined in the
host computer 10.
[0134] Stored as the device attribute 35128 is the iden-
tifier of an attribute of the LDEV. When the LDEV is a
first type LDEV, an identifier showing that it is a first type
LDEV and not a second type LDEV is stored as the device
attribute 35128. When the LDEV is a second type LDEV,
an identifier showing that it is a second type LDEV and
not a first type LDEV is stored as the device attribute
35128. In the case where the LDEV is set in a storage
pool, an identifier indicating a pool attribute is stored as
the device attribute 35128.
[0135] Stored as the device state 35129 is an identifier
representing the state of the VDEV to which the LDEV
identified by the LDEV number 35122 belongs. A VDEV
can be in a normal state, a blocked state, a failure-in-
duced blocked state, and the like. The term "block" refers
to blockage due to other factors than an occurrence of a
failure such as a puncture block. The term "failure-in-
duced block" refers to blockage due to a failure in one of
the devices.
[0136] While the LDEV is being processed by one of
the programs, the identifier of this program is stored as
the program use state 351300. In the case where the
LDEV is set in a storage pool, the identifier of the storage

pool is stored as the POOL-ID 351301.
[0137] FIG. 10 is an explanatory diagram of the ad-
dress management table.
[0138] The address management table 3511 holds
mapping information in which addresses of target devic-
es, LDEVs, VDEVs, and physical devices are mapped
out.
[0139] The address management table 3511 includes
the target device-LDEV mapping information 35111, the
LDEV-VDEV mapping information 35112 and the VDEV-
PDEV mapping information 35113.
[0140] The target device-LDEV mapping information
35111 holds the association between a target device ad-
dress and an LDEV address.
[0141] The LDEV-VDEV mapping information 35112
holds LDEV addresses and VDEV addresses.
[0142] The VDEV-PDEV mapping information 35113
holds VDEV addresses, the number of a RAID group of
a VDEV (or a parity group), and PDEV addresses.
[0143] The storage system 30 consults the address
management table to know which address of which LDEV
a target device address is associated with. Which ad-
dress of which VDEV an LDEV address is associated
with can also be known by consulting the address man-
agement table. Furthermore, consultation with the ad-
dress management table informs to which RAID group a
VDEV address belongs as well as which address of which
PDEV the VDEV address is associated with.
[0144] FIGS. 11A and 11B are flow charts for another
example of setting a VDEV and an LDEV.
[0145] The flow charts show processing of setting a
VDEV and an LDEV whose device attribute is "virtual
volume" by executing the above-described processing
of FIGS. 6 and 7 at once.
[0146] First, the administrator operates the input unit
210 to set a number assigned to a VDEV that is to be set
by this processing, a number assigned to an LDEV that
is to be set by this processing, an emulation type to be
set to the VDEV, the size of the LDEV, a head slot
number, an end slot number, and a type (the first type or
the second type) (a step S1201).
[0147] The storage configuration management pro-
gram 2404 creates an instruction command containing
the information set by the administrator to set the LDEV.
The created instruction command is sent to the storage
system 30 via the network adapter 250 (a step S1202).
[0148] In the storage system 30, an instruction com-
mand sent from the storage system management appa-
ratus 20 is received by the command control program
3501 via the network adapter 320 (a step S1203). The
command control program 3501 checks what is instruct-
ed by the received instruction command. In the case
where the instruction is not valid, the instruction com-
mand is rejected (a step S1204).
[0149] When a received instruction command is about
setting a VDEV, the command control program 3501 for-
wards the received instruction command to the configu-
ration control program 3503. The configuration control
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program 3503 receives the instruction command and ex-
ecutes VDEV setting processing (a step S1205).
[0150] Referring now to FIG. 11B, the configuration
control program 3503 checks the VDEV number desig-
nated in the instruction command. In the case where the
VDEV number designated in the instruction command is
invalid, the instruction command is rejected (a step
S1206).
[0151] The configuration control program 3503 then
checks the LDEV number designated in the instruction
command. In the case where the LDEV number desig-
nated in the instruction command is invalid, the instruc-
tion command is rejected (a step S1207).
[0152] Next, the configuration control program 3503
consults the LDEV management information 3512 to
check whether LDEV-specific information has been de-
fined for the LDEV number designated in the instruction
command. In the case where the LDEV-specific informa-
tion has already been defined, the instruction command
is rejected (a step S1208).
[0153] The configuration control program 3503 next
consults the VDEV management information 3514 to ob-
tain the remaining size from the VDEV-specific informa-
tion for the VDEV number designated in the instruction
command, and to check whether the remaining size is
enough to define the LDEV as instructed by the instruc-
tion command. In the case where the remaining capacity
is not enough, the instruction command is rejected (a
step S1209).
[0154] The configuration control program 3503 next
checks the head slot number and the end slot number
that are designated in the instruction command in order
to determine whether the LDEV can be defined within
the address range of the VDEV to be set as instructed
by the instruction command. In the case where the LDEV
cannot be defined in the range, the instruction command
is rejected (a step S1210).
[0155] The configuration control program 3503 next
sets LDEV-specific information for the LDEV number
designated in the instruction command (a step S1211).
Specifically, the configuration control program 3503 new-
ly creates LDEV-specific information for the LDEV
number designated in the instruction command. The
LDEV number, a head slot number, an end slot number,
and a device attribute are defined and set to the LDEV-
specific information. In the case where the LDEV to be
set through this processing is a second type LDEV, "sec-
ond type LDEV" is set as a device attribute.
[0156] After the LDEV-specific information is set,
VDEV-specific information is set for the VDEV number
designated in the instruction command (a step S1212).
Specifically, the count of set LDEVs is added up, and the
LDEV number designated in the instruction command,
the remaining size, a head LDEV slot, and an end LDEV
slot are set.
[0157] In this way, the LDEV to be set as instructed by
the instruction command is set in the VDEV.
[0158] Returning to FIG. 11A, the command control

program 3501 notifies, upon completion of the LDEV set-
ting processing, the storage system management appa-
ratus 20 of the success of the command (a step S1215).
[0159] Notified of the success of the command from
the storage system 30 (a step S1216), the storage con-
figuration management program 2404 of the storage sys-
tem management apparatus 20 ends the processing.
[0160] A VDEV and an LDEV whose device attribute
is "virtual volume" are set through this processing.
[0161] The description given next is how a storage pool
is set.
[0162] As described above, the storage system 30 sets
an LDEV in a storage pool and sets the LDEV as the
storage area of a virtual volume.
[0163] FIGS. 12A and 12B are flow charts for setting
a storage pool.
[0164] Processing of setting a storage pool is executed
by the storage configuration management program 2404
of the storage system management apparatus 20.
[0165] First, the administrator inputs information on a
first type LDEV to be set in a storage pool. The adminis-
trator operates the input unit 210 to set a POOL-ID, which
is the identifier of a storage pool, a threshold, an LDEV
count, and an LDEV number (a step S2001). An LDEV
set in a storage pool has to be a first type LDEV, which
is a physical device.
[0166] The storage configuration management pro-
gram 2404 creates an instruction command containing
the information set by the administrator to set a storage
pool. The created instruction command is sent to the stor-
age system 30 via the network adapter 250 (a step
S2002).
[0167] In the storage system 30, an instruction com-
mand sent from the storage system management appa-
ratus 20 is received by the command control program
3501 via the network adapter 320 (a step S2003).
[0168] The command control program 3501 checks
what is instructed by the received instruction command.
In the case where the instruction is not valid, the instruc-
tion command is rejected (a step S2004).
[0169] When a received instruction command is about
setting a storage pool, the command control program
3501 forwards the received instruction command to the
pool control program 3507. The pool control program
3507 receives the instruction command and executes
storage pool setting processing (a step S2005).
[0170] Referring now to FIG. 12B, the pool control pro-
gram 3507 first checks whether the POOL-ID designated
in the instruction command is valid or not, and whether
or not the POOL-ID has yet been defined (a step S2006).
[0171] Next, the pool control program 3507 obtains,
from the POOL management information 3521, POOL-
specific information for the POOL-ID designated in the
instruction command, and changes the state from "POOL
undefined" to "POOL being defined" (a step S2007).
[0172] The pool control program 3507 next checks
whether the LDEV number designated in the instruction
command can be put into use or not (a step S2008).
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Specifically, in the case where the LDEV that is identified
by the LDEV number designated in the instruction com-
mand is blocked or being formatted, the LDEV cannot be
put into use and accordingly the instruction command is
rejected (a step S2009). The LDEV is not available and
the instruction command is rejected also when the LDEV
that is identified by the LDEV number designated in the
instruction command is already in use (for example, when
a path has already been defined for the LDEV, when the
copy function or the like is using the LDEV, or when the
LDEV is reserved to be copied a data next) (a step
S2010).
[0173] The pool control program 3507 next sets, to the
POOL-specific information, the capacity, the free capac-
ity, a threshold, a POOL-VOL count, and a POOL-VOL
device list (a step S2011). Then the PSCB 3524 is allo-
cated to the first type LDEV that is set in the storage pool
(a step S2012). The PSCB 3524 will be described with
reference to FIG. 14.
[0174] A first type LDEV is set in a storage pool through
this processing of the pool control program 3507.
[0175] After the storage pool is set, the configuration
control program 3503 sets the LDEV management infor-
mation 3512 (a step S2013). Specifically, the configura-
tion control program 3503 consults the LDEV manage-
ment information 3512 to obtain LDEV-specific informa-
tion of the LDEV that is set in the storage pool. An iden-
tifier indicative of a storage pool (POOL-VOL attribute)
is set as the device attribute 35128 of the obtained LDEV-
specific information. The POOL-ID designated in the in-
struction command is set as the POOL-ID 351301 of the
obtained LDEV-specific information.
[0176] Next, the configuration control program 3503
sets the state of the POOL-ID as "POOL valid" in the
POOL management information 3521 (a step S2014).
Then the storage system management apparatus 20 is
notified of the success of the command (a step S2015).
[0177] Received response from the command by the
storage system 30 (a step S2016), the storage configu-
ration management program 2404 of the storage system
management apparatus 20 ends the processing.
[0178] A first type LDEV is set in a storage pool through
this processing.
[0179] FIG. 13 is an explanatory diagram of POOL
management information.
[0180] The POOL management information 3521 in-
cludes POOL-specific information 35211.
[0181] The POOL-specific information 35211 contains
a POOL-ID 35212, an attribute/use 35213, an emulation
type 35214, a capacity 35215, a free capacity 35216, a
threshold 35217, a state 35218, a POOL-VOL count
35219, a POOL-VOL device number list 35220, a POOL
utilizing device count 35221, and a POOL utilizing device
number 35222.
[0182] A POOL identifier is stored as the POOL-ID
35212. Stored as the attribute/use 35213 is an identifier
indicating the attribute and use of the storage pool in
question. The attribute of a storage pool refers to the form

of linking of the PSCB 3524 (which will be described later
with reference to FIGS. 15 and 16). The use of a storage
pool refers to in what form the storage pool is run, for
example, as a snapshot or as a system area.
[0183] Stored as the emulation type 35214 is an iden-
tifier indicating the emulation type of the storage pool.
The capacity 35215 indicates the total capacity of the
storage pool. The free capacity 35216 indicates the size
of an unused area in the storage pool.
[0184] The threshold 35217 indicates the maximum
data storing capacity of the storage pool. The state 35218
indicates the current state of the storage pool, such as
"being defined", "being expanded" and "valid". The
POOL-VOL count 35219 indicates the total count of
LDEVs that are set as the storage pool. The POOL-VOL
device number list 35220 is a list of LDEV numbers as-
signed to the LDEVs that are set as the storage pool.
The POOL utilizing device count 35221 indicates the
count of second type LDEVs that are associated with the
LDEVs of the storage pool. Stored as the POOL utilizing
device number 35222 is a list of LDEV numbers assigned
to the second type LDEVs that are associated with the
LDEVs of the storage pool.
[0185] FIG. 14 is an explanatory diagram of the VVOL-
DIR 3523 and the PSCB 3524.
[0186] Stored as the VVOL-DIR 3523 is configuration
information of a second type LDEV, which is a storage
area of a virtual volume. Stored as the PSCB (POOL Slot
Control Block) 3524 is configuration information of a first
type LDEV set in a storage pool.
[0187] As described, the storage system 30 arranges
the PDEVs 34, 34, 34 ... into a RAID configuration to build
a first type VDEV. The first type VDEV is divided into first
type LDEVs, which are storage areas. A first type LDEV
is set in a storage pool through the processing described
above with reference to FIGS. 11A and 11B. A volume
that is constituted of a first type LDEV set in a storage
pool is referred to as POOL-VOL and denoted by 900.
[0188] The storage system 30 also has a second type
VDEV, which is set as a virtual volume (VVOL). The sec-
ond type VDEV is divided into second type LDEVs, which
are storage areas.
[0189] The storage system 30 allocates a second type
LDEV of a VVOL 800 to a first type LDEV of the POOL-
VOL 900. In this way, a storage area of a virtual volume
accessed by the host computer 10 is set in a first type
LDEV constituted of the PDEVs 34, 34, 34 ..., which are
physical devices.
[0190] The configuration of a VVOL is stored as the
VVOL-DIR 3523.
[0191] The VVOL-DIR 3523 contains an LDEV number
(LDEV #) 35231 and an entry 35232.
[0192] Stored as the LDEV number (LDEV #) 35231
is the identifier of a second type LDEV. The entry 35232
holds configuration information of a second type LDEV.
The entry 35232 has a second type LDEV address 35233
and a PSCB pointer 35234.
[0193] Stored as the second type LDEV address
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35233 is the address of a second type LDEV of a VVOL.
[0194] In the case where the second type LDEV whose
address is indicated by the second type LDEV address
35233 is allocated to a first type LDEV of the POOL-VOL
900, a pointer to the area of this first type LDEV is stored
as the PSCB pointer 35234. By default, none of second
type LDEVs are set to first type LDEVs, and accordingly
"NULL" is stored as the PSCB pointer 35234.
[0195] The PSCB (POOL Slot Control Block) 3524 in-
dicates information of a first type LDEV set in a storage
pool. The PSCB 3524 is set for each slot of a first type
LDEV that is set in a storage pool.
[0196] The PSCB 3524 contains an LDEV number
(LDEV #) 35241, a POOL-VOL address 35242, a PSCB
forward pointer 35243 and a PSCB backward pointer
35244.
[0197] Stored as the LDEV number (LDEV #) 35241
is the identifier of a first type LDEV in the POOL-VOL
900. The POOL-VOL address 35242 indicates the ad-
dress of the first type LDEV in the POOL-VOL 900.
[0198] Stored as the PSCB forward pointers 35243
and the PSCB backward pointers 35244 are the identifi-
ers of the front and back slots of the first type LDEV in
the POOL-VOL 900, respectively.
[0199] A free PSCB queue 35240 indicates the begin-
ning of an unused area of the POOL-VOL 900. The free
PSCB queue 35240 contains a pointer to the PSCB 3524
which indicates the next slot.
[0200] The storage system 30 consults a pointer con-
tained in the free PSCB queue 35240 to obtain the next
PSCB 3524. Then the storage system 30 consults the
PSCB backward pointer 35245 of the next PSCB 3524
to obtain the subsequent PSCB 3524. The PSCBs 3524,
3524, 3524 ... are thus traced down one at a time until
the PSCB 3524 that corresponds to the final slot of the
unused area is obtained. The PSCB backward pointer
35244 of the final PSCB 3524 is the free PSCB queue
35240. The storage system 30 finds out the location of
an unused area of the POOL-VOL 900 in a storage pool
from a group linked by pointers of the PSCBs 3524, 3524,
3524 ... which is obtained by following the free PSCB
queue 35240.
[0201] The PSCB 3524 for a first type LDEV set in a
storage pool is set in the step S2012 of FIG. 12B. Spe-
cifically, the PSCB 3524 is set for each slot of a first type
LDEV set in a storage pool, and then the free PSCB
queue 35240 is set. By default, every part of a storage
pool is unused and a group linked by the free PSCB
queue 35240 covers all areas of first type LDEVs set in
the storage pool.
[0202] The storage system 30 makes an area of a stor-
age pool available by allocating as many PSCBs 3524,
3524, 3524 ... as the number of necessary slots to the
VVOL-DIR 3523, which represents configuration infor-
mation of a second type LDEV. Specifically, the storage
system 30 consults the free PSCB queue 35240 and ob-
tains the PSCBs 3524, 3524, 3524 ... for necessary areas
to be allocated to a second type LDEV. Each obtained

PSCB 3524 is allocated to an entry of the VVOL-DIR
3523. In other words, in each entry of the VVOL-DIR
3523, a pointer indicating the corresponding PSCB 3524
is stored as the PSCB pointer 35234. Once allocated,
the PSCB 3524 is removed from the link of the free PSCB
queue 35240.
[0203] In this way, each slot of a second type LDEV is
allocated to the PSCB 3524 indicated by the PSCB point-
er 35234 in each entry of the VVOL-DIR 3523. Since
each PSCB 3524 corresponds to a slot of a first type
LDEV, this ultimately allocates the second type LDEV to
the first type LDEV and makes a virtual volume accessed
by the host computer 10 usable as a physical device.
[0204] FIG. 15 is an explanatory diagram of an exam-
ple of how the PSCBs 3524, 3524, 3524 ... are linked.
[0205] There are several ways to link the PSCBs 3524,
3524, 3524 ... of a first type LDEV in the POOL-VOL 900.
[0206] In the example of FIG. 15, slots of first LDEVs
in the same POOL-VOL are linked sequentially. This
method is called sequential linking. Set in this way, a
POOL-VOL obtains a continuous area stretching over
first type LDEVs. Accordingly, in the case where the host
computer 10 stores large-sized data that spreads over
plural LDEVs in the storage system 30, the data can be
accessed by accessing only one POOL-VOL and it im-
proves the access speed.
[0207] FIG. 16 is an explanatory diagram of another
example of how the PSCBs 3524, 3524, 3524 ... are
linked.
[0208] In the example of FIG. 16, slots of first type
LDEVs scattered over different POOL-VOLs 900, 900,
900 ... are linked. This method is called random linking.
With random linking, in the case where the host computer
10 stores many, relatively small pieces of data each of
which does not exceed the total capacity of an LDEV in
the storage system 30, different first type LDEVs are ac-
cessed in parallel and it improves the access speed.
[0209] Thus the storage system 30 can employ a meth-
od of linking PSCB 3524 that is suited to the type of data
to be accessed.
[0210] FIG. 17 is a flow chart for setting a second type
LDEV.
[0211] This processing is to associate a second type
LDEV, which is set in a virtual volume, with a storage pool.
[0212] This processing is executed by the storage con-
figuration management program 2404 of the storage sys-
tem management apparatus 20. A second type LDEV
associated with a storage pool through this processing
is allocated to a first type LDEV that is set in a storage
pool through the processing of FIGS. 11A and 11B, to
thereby enable the host computer 10 to use a virtual vol-
ume as a storage area.
[0213] First, the administrator operates the input unit
210 to set a POOL-ID, which is the identifier of a POOL-
VOL of a storage pool, and an LDEV number of a second
type LDEV that is to be associated with the storage pool
(a step S3001).
[0214] The storage configuration management pro-
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gram 2404 creates an instruction command containing
the information set by the administrator to associate a
storage pool. The created instruction command is sent
to the storage system 30 via the network adapter 250 (a
step S3002).
[0215] In the storage system 30, an instruction com-
mand sent from the storage system management appa-
ratus 20 is received by the command control program
3501 via the network adapter 320 (a step S3003). The
command control program 3501 checks what is instruct-
ed by the received instruction command. In the case
where the instruction is not valid, the instruction com-
mand is rejected (a step S3004).
[0216] When a received instruction command is about
associating a storage pool, the command control pro-
gram 3501 forwards the received instruction command
to the pool control program 3507. The pool control pro-
gram 3507 receives the instruction command and exe-
cutes second type LDEV setting processing (a step
S3005).
[0217] The pool control program 3507 first creates the
WOL-DIR 3523 of the second type LDEV that has the
LDEV number designated in the instruction command (a
step S3006). Specifically, the LDEV number is stored as
the LDEV # 35231 of the VVOL-DIR 3523. Then the entry
35232 of the VVOL-DIR 3523 is created for each slot of
the second type LDEV having the LDEV number.
[0218] Next, the pool control program 3507 consults
the LDEV management information 3512 to obtain
LDEV-specific information of the second type LDEV
whose LDEV number is designated in the instruction
command. The POOL-ID designated in the instruction
command is set as the POOL-ID 351301 of the obtained
LDEV-specific information (a step S3007).
[0219] The pool control program 3507 next consults
the POOL management information 3521 to obtain
POOL-specific information for the POOL-ID designated
in the instruction command (a step S3008). Specifically,
information on second type LDEVs contained in a virtual
volume that is indicated by the instruction command is
set as the POOL utilizing device count 35221 and POOL
utilizing device number 35222 of the POOL-specific in-
formation.
[0220] After the storage pool is associated, the config-
uration control program 3503 notifies the storage system
management apparatus 20 of the success of the com-
mand (a step S3009). Received response from the com-
mand by the storage system 30 (a step S3010), the stor-
age configuration management program 2404 of the stor-
age system management apparatus 20 ends the
processing.
[0221] A second type LDEV, which constitutes a virtual
volume, is set in a storage pool through this processing.
[0222] FIG. 18 is a flow chart for defining a path.
[0223] This processing is to set an LDEV (first type or
second type) as a target device of the host computer 10.
In the case where a second type LDEV is set as a target
device, the target device is a virtual volume.

[0224] This processing is executed by the storage con-
figuration management program 2404 of the storage sys-
tem management apparatus 20.
[0225] First, the administrator operates the input unit
210 to set information of a target device. Specifically, the
administrator sets the port number of the host adapter
310 connected to the host computer 10, which uses the
target device, a target device number, and one or more
LDEV numbers (a step S4001).
[0226] The storage configuration management pro-
gram 2404 creates an instruction command containing
the information set by the administrator to define a path.
The created instruction command is sent to the storage
system 30 via the network adapter 250 (a step S4002).
[0227] In the storage system 30, an instruction com-
mand sent from the storage system management appa-
ratus 20 is received by the command control program
3501 via the network adapter 320 (a step S4003). The
command control program 3501 checks what is instruct-
ed by the received instruction command. In the case
where the instruction is not valid, the instruction com-
mand is rejected (a step S4004).
[0228] When a received instruction command is about
defining a path, the command control program 3501 for-
wards the received instruction command to the path con-
trol program 3502. The path control program 3502 re-
ceives the instruction command and executes path de-
fining processing (a step S4005).
[0229] The path control program 3502 first checks the
state of the LDEV that has the LDEV number designated
in the instruction command (a step S4006). In the case
where the LDEV that has the LDEV number designated
in the instruction command is blocked or being formatted,
this LDEV cannot be put into use and therefore the in-
struction command is rejected.
[0230] Next, the path control program 3502 checks the
device attribute of the LDEV that has the LDEV number
designated in the instruction command (a step S4007).
When the device attribute is "POOL-VOL", this LDEV is
set in a storage pool and cannot be accessed from the
host computer 10. Accordingly, the instruction command
is rejected.
[0231] In the case where the instruction command is
to be accepted, the path control program 3502 edits a
target device table in the target device information 3513
for a device number that is assemble from the port
number designated in the instruction command (a step
S4008).
[0232] Specifically, the LDEV number designated in
the instruction command is stored in the target device
table (a step S4009). The capacity of the LDEV that is
identified by the LDEV number designated in the instruc-
tion command is also stored in the target device table (a
step S4010). Then the state of the target device table is
changed to "path defined" (a step S4011), and accepted
host information is set (a step S4012).
[0233] A path between the host computer 10 and a
target device is defined through the processing of the
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path control program 3502.
[0234] After the path is defined, the storage system
management apparatus 20 is notified of the success of
the command (a step S4013).
[0235] Received response from the command by the
storage system 30 (a step S4014), the storage configu-
ration management program 2404 of the storage system
management apparatus 20 ends the processing.
[0236] A virtual volume is set as a target device through
this processing.
[0237] FIG. 19 is an explanatory diagram of the target
device information 3513.
[0238] The target device information 3513 has a target
device table 35131, which is set for each port number
(port #).
[0239] The target device table 35131 contains a port
number 35132, a target device number 35133, an LDEV
count 35134, an LDEV number 35135, an attribute
35136, a state 35137, a capacity 35138 and an accepted
host information 35139.
[0240] The port number 35132 indicates the port
number of the host adapter 310 connected to the host
computer 10. Stored as the target device number 35133
is the identifier of a target device to be accessed by the
host computer 10. The LDEV count 35134 indicates the
total count of LDEVs set as target devices. Stored as the
LDEV number 35135 is a list of LDEV numbers that are
assigned to LDEVs set as target devices.
[0241] Stored as the attribute 35136 is an identifier in-
dicating an attribute of the target device. In the case
where an LDEV set as the target device is a first type
LDEV, an identifier showing that it is a first type LDEV
and not a second type LDEV is stored as the attribute
35136. In the case where the LDEV is a second type
LDEV, an identifier showing that it is a second type LDEV
and not a first type LDEV is stored as the attribute 35136.
In the case where the target device is the command de-
vice, an identifier showing that it is the command device
is stored as the attribute 35136.
[0242] The state 35137 indicates the state of the target
device, and an identifier representing the state of a VDEV
that is related to the target device is stored as the state
35137. A VDEV can be in a normal state, a blocked state,
a failure-induced blocked state, and the like. The capacity
35138 indicates the total capacity of the volume of the
target device. Stored as the accepted host information
35139 is the identifier of the host computer 10 that is
allowed to access the target device.
[0243] The description given next is about changes
made to a storage pool.
[0244] A first type LDEV is set in a storage pool through
the processing described above with reference to FIGS.
12A and 12B. The storage system management appa-
ratus 20 can make changes to the first type LDEV set in
the storage pool. Changes the first type LDEV receives
are, for example, expansion, scale down, and elimina-
tion.
[0245] FIG. 20 is a flow chart for expansion of a storage

pool.
[0246] Storage pool expansion is processing to ex-
pand the capacity of a storage pool by adding first type
LDEVs to the storage pool and thus increasing the first
type LDEV count of the storage pool.
[0247] The storage system management apparatus 20
and the command control program of the storage system
30 execute their respective processing described above
with reference to FIG. 12A. In the first step of the process-
ing, the administrator inputs information on a first type
LDEV to be set in a storage pool for expansion of the
storage pool (the step S2001). The storage configuration
management program 2404 sends, to the storage system
30, an instruction command containing the information
set by the administrator to set a storage pool (the step
S2002). In the storage system 30, the command control
program 3501 receives this command (the step S2003).
The command control program 3501 rejects the received
instruction command in the case where what is instructed
by the command is not valid (the step S2004).
[0248] When the received instruction command is
about expanding a storage pool, the command control
program 3501 forwards the received instruction com-
mand to the pool control program 3507. The pool control
program 3507 receives the instruction command and ex-
ecutes storage pool expanding processing (the step
S2005).
[0249] Referring now to FIG. 20, the pool control pro-
gram 3507 first checks whether the POOL-ID designated
in the instruction command is valid or not. The pool con-
trol program 3507 then obtains POOL-specific informa-
tion for the POOL-ID designated in the instruction com-
mand from the POOL management information 3521 to
check whether or not the POOL state field in the obtained
POOL-specific information says "valid" (a step S2106).
In the case where the POOL-ID is invalid, or the POOL
is not in a valid state (for example, when the POOL is
invalid, being expanded, or being scaled down), the in-
struction command is rejected.
[0250] Next, the pool control program 3507 sets
"POOL being expanded" to the state field of the obtained
POOL-specific information (a step S2107).
[0251] The pool control program 3507 next checks
whether the LDEV number designated in the instruction
command can be put into use or not (a step S2108).
[0252] Specifically, in the case where the first type
LDEV that is identified by the LDEV number designated
in the instruction command is blocked or being formatted,
the first type LDEV cannot be put into use and accordingly
the instruction command is rejected (a step S2109).
[0253] The first type LDEV that is identified by the
LDEV number designated in the instruction command is
not available, so the instruction command is rejected also
when the first type LDEV is already in use (for example,
when a path has already been defined for the first type
LDEV, when the copy function or the like is using the first
type LDEV, or when the first type LDEV is reserved for
to be copied a data next) (a step S2110).
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[0254] When the instruction command is accepted, the
pool control program 3507 sets, to the POOL-specific
information for the POOL-ID designated in the instruction
command, the capacity, the free capacity, a threshold, a
POOL-VOL count, and a POOL-VOL device list (a step
S2111). As the POOL-VOL count, the total count of first
type LDEVs after expansion is set to the POOL-specific
information. As the POOL-VOL device list, information
of first type LDEVs that are added for expansion is added
to the POOL-specific information. Next, the PSCB 3524
is allocated to a first type LDEV set in the storage pool
(a step S2112).
[0255] Through this processing of the pool control pro-
gram 3507, a first type LDEV designated in an instruction
command is added to a storage pool and the storage
pool is thus expanded.
[0256] After the storage pool is expanded, the config-
uration control program 3503 sets the LDEV manage-
ment information 3512 (a step S2113). LDEV-specific
information of a first type LDEV that is set in the storage
pool is obtained from the LDEV management information
3512. An identifier indicative of a storage pool (POOL-
VOL attribute) is set as the device attribute 35128 of the
obtained LDEV-specific information. The POOL-ID des-
ignated in the instruction command is set as the POOL-
ID 351301 of the obtained LDEV-specific information.
[0257] Next, the configuration control program 3503
changes the state of the POOL-ID from "POOL being
expanded" to "POOL valid" in the POOL management
information 3521 (a step S2114).
[0258] Returning to FIG. 12A, upon completion of the
above processing, the command control program 3501
notifies the storage system management apparatus 20
of the success of the command (the step S2015).
[0259] Received response from the command by the
storage system 30 (the step S2016), the storage config-
uration management program 2404 of the storage sys-
tem management apparatus 20 ends the processing.
[0260] A storage pool is expanded through this
processing.
[0261] FIG. 21 is a flow chart for scale down of a stor-
age pool.
[0262] Storage pool scale down is processing to shrink
the capacity of a storage pool by removing, from the stor-
age pool, first type LDEVs that have been set in the stor-
age pool and thus reducing the first type LDEV count of
the storage pool.
[0263] Storage pool scale down is executed by the
storage configuration management program 2404 of the
storage system management apparatus 20.
[0264] The storage system management apparatus 20
and the command control program of the storage system
30 execute their respective processing described above
with reference to FIG. 12A. That is, in the first step of the
processing, the administrator inputs information on a first
type LDEV to be removed from a storage pool (the step
S2001). The storage configuration management pro-
gram 2404 sends, to the storage system 30, an instruc-

tion command containing the information set by the ad-
ministrator to scale down a storage pool (the step S2002).
In the storage system 30, the command control program
3501 receives this command (the step S2003). The com-
mand control program 3501 rejects the received instruc-
tion command in the case where what is instructed by
the command is not valid (the step S2004).
[0265] When the received instruction command is
about scaling down a storage pool, the command control
program 3501 forwards the received instruction com-
mand to the pool control program 3507. The pool control
program 3507 receives the instruction command and ex-
ecutes storage pool scale down processing (the step
S2005).
[0266] Referring now to FIG. 21, the pool control pro-
gram 3507 first checks whether the POOL-ID designated
in the instruction command is valid or not. The pool con-
trol program 3507 then obtains, from the POOL manage-
ment information 3521, POOL-specific information for
the POOL-ID designated in the instruction command to
check whether or not the POOL state field in the obtained
POOL-specific information says "valid" (a step S2206).
In the case where the POOL-ID is invalid, or the POOL
is not in a valid state (for example, when the POOL is
invalid, being expanded, or being scaled down), the in-
struction command is rejected.
[0267] The instruction command is rejected also when
data is in the first type LDEV that is to be removed from
the storage pool and there is no space to evacuate the
data to in other storage areas of the storage system 30.
[0268] Next, the pool control program 3507 sets
"POOL being scaled down" to the state field of the ob-
tained POOL-specific information (a step S2207).
[0269] The pool control program 3507 next obtains
LDEV-specific information of the first type LDEV desig-
nated in the instruction command, that is, LDEV-specific
information of the first type LDEV to be removed from
the storage pool as instructed by the instruction com-
mand, and deletes the POOL-ID from this LDEV-specific
information (a step S2208). The pool control program
3507 next sets the capacity, the free capacity, a thresh-
old, a POOL-VOL count, and a POOL-VOL device list to
the POOL-specific information for the POOL-ID desig-
nated in the instruction command (a step S2209). As the
POOL-VOL count, the total count of first type LDEVs after
scale down is set to the POOL-specific information. As
the POOL-VOL device list, information of first type LDEVs
that remain after scale down is set to the POOL-specific
information.
[0270] Next, in the case where data is stored in a first
type LDEV that is to be removed from the storage pool,
the pool control program 3507 copies the data to a free
area of another first type LDEV (a step S2210). The free
area to which the data is to be copied may be in a first
type LDEV that is set in the same storage pool, or may
be in a first type LDEV that is set in a different storage
pool or in no storage pool. Next, the PSCB 3524 of a first
type LDEV that is to be removed from the storage pool
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is deleted from the VVOL-DIR 3523 (a step S2211). "Un-
used" is set to the deleted PSCB 3524.
[0271] Through this processing of the pool control pro-
gram 3507, an LDEV is removed from a storage pool and
the storage pool is thus scaled down.
[0272] After the storage pool is scaled down, the con-
figuration control program 3503 sets the LDEV manage-
ment information 3512 (a step S2212). LDEV-specific
information of the first type LDEV that has been removed
from the storage pool is obtained from the LDEV man-
agement information 3512. An identifier (POOL-VOL at-
tribute) stored as the device attribute 35128 is deleted
from the obtained LDEV-specific information. A POOL-
ID stored as the POOL-ID 351301 is also deleted from
the obtained LDEV-specific information.
[0273] Next, the configuration control program 3503
changes the state of the POOL-ID from "POOL being
scaled down" to "POOL valid" in the POOL management
information 3521 (a step S2213).
[0274] Returning to FIG. 12A, upon completion of the
above processing, the command control program 3501
notifies the storage system management apparatus 20
of the success of the command (the step S2015).
[0275] Received response from the command by the
storage system 30 (the step S2016), the storage config-
uration management program 2404 of the storage sys-
tem management apparatus 20 ends the processing.
[0276] A storage pool is scaled down through this
processing.
[0277] FIG. 22 is a flow chart for elimination of a stor-
age pool.
[0278] Storage pool elimination is processing to elim-
inate a storage pool by removing from the storage pool
every first type LDEV that is set in the storage pool.
[0279] Storage pool elimination is executed by the stor-
age configuration management program 2404 of the stor-
age system management apparatus 20.
[0280] The storage system management apparatus 20
and the command control program of the storage system
30 execute their respective processing described above
with reference to FIG. 12A. In the first step of the process-
ing, the administrator inputs information on a storage pool
to be eliminated (the step S2001). The storage configu-
ration management program 2404 sends, to the storage
system 30, an instruction command containing the infor-
mation set by the administrator to eliminate a storage
pool (the step S2002). In the storage system 30, the com-
mand control program 3501 receives this command (the
step S2003). The command control program 3501 rejects
the received instruction command in the case where what
is instructed by the command is not valid (the step
S2004).
[0281] When the received instruction command is
about eliminating a storage pool, the command control
program 3501 forwards the received instruction com-
mand to the pool control program 3507. The pool control
program 3507 receives the instruction command and ex-
ecutes storage pool eliminating processing (the step

S2005).
[0282] Referring now to FIG. 22, the pool control pro-
gram 3507 first checks whether the POOL-ID designated
in the instruction command is valid or not. The pool con-
trol program 3507 then obtains, from the POOL manage-
ment information 3521, POOL-specific information for
the POOL-ID designated in the instruction command to
check whether or not the POOL state field in the obtained
POOL-specific information says "valid" (a step S2306).
In the case where the POOL-ID is invalid, or the POOL
is not in a valid state (for example, when the POOL is
invalid, being expanded, or being scaled down), the in-
struction command is rejected.
[0283] The instruction command is rejected also when
data is stored in a first type LDEV that is set in the storage
pool of the POOL-ID designated in the instruction com-
mand. This is because once a storage pool is eliminated,
data of a first type LDEV set in the storage pool is lost.
[0284] Next, the pool control program 3507 sets
"POOL being eliminated" to the state field of the obtained
POOL-specific information (a step S2307).
[0285] The pool control program 3507 next checks
whether the LDEV number designated in the instruction
command can be put into use or not (a step S2308).
[0286] Specifically, in the case where the first type
LDEV that is identified by the LDEV number designated
in the instruction command is blocked or being formatted,
the first type LDEV cannot be put into use and accordingly
the instruction command is rejected (a step S2309).
[0287] The first type LDEV that is identified by the
LDEV number designated in the instruction command is
not available, so the instruction command is rejected also
when the first type LDEV is already in use (for example,
when a path has already been defined for the first type
LDEV, when the copy function or the like is using the first
type LDEV, or when the first type LDEV is put aside as
where data is to be copied next) (a step S2310).
[0288] When the instruction command is accepted, the
pool control program 3507 initializes all of the capacity,
free capacity, threshold, POOL-VOL count, and POOL-
VOL device list of the POOL-specific information for the
POOL-ID designated in the instruction command (a step
S2311).
[0289] Through this processing of the pool control pro-
gram 3507, a storage pool is eliminated.
[0290] After the storage pool is eliminated, the config-
uration control program 3503 sets the LDEV manage-
ment information 3512 (a step S2312). LDEV-specific
information of a first type LDEV that has belonged to the
eliminated storage pool is obtained from the LDEV man-
agement information 3512. An identifier (POOL-VOL at-
tribute) stored as the device attribute 35128 is deleted
from the obtained LDEV-specific information. A POOL-
ID stored as the POOL-ID 351301 is also deleted from
the obtained LDEV-specific information.
[0291] Next, the configuration control program 3503
changes the state of the POOL-ID from "POOL being
eliminated" to "POOL undefined" in the POOL manage-
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ment information 3521 (a step S2313).
[0292] Returning to FIG. 12A, upon completion of the
above processing, the command control program 3501
notifies the storage system management apparatus 20
of the success of the command (the step S2015).
[0293] Received response from the command by the
storage system 30 (the step S2016), the storage config-
uration management program 2404 of the storage sys-
tem management apparatus 20 ends the processing.
[0294] A storage pool is eliminated through this
processing.
[0295] Access to a virtual volume from the host com-
puter 10 will be described next.
[0296] FIGS. 23A and 23B are flow charts of process-
ing executed when the host computer 10 makes a data
read request to a target device in the storage system 30.
[0297] The host computer 10 sends an I/O request with
a target device address designated. This I/O request is
a data read request.
[0298] In the storage system 30, the command control
program 3501 receives an I/O request from the host com-
puter 10. In the case where what is requested by the
received I/O request is invalid, the request is rejected.
Otherwise, the I/O request is analyzed (a step S3401).
As a result of the analysis, the command control program
3501 knows that the I/O request is a data read request.
[0299] Next, the command control program 3501 ob-
tains, from the received request, the address of a target
device from which data is to be read (a step S3402).
[0300] The command control program 3501 next exe-
cutes cache hit/miss judging processing (a step S3403).
Specifically, the command control program 3501 con-
sults the storage cache memory 32 to determine whether
or not the requested data is in an area corresponding to
the obtained address.
[0301] When it is judged as a cache hit, the command
control program 3501 reads data out of the correspond-
ing area of the storage cache memory 32, and sends the
read data to the host computer 10 (a step S3409). Then
the command control program 3501 sends a read request
completion report to the host computer 10 (a step 53410)
and ends the processing.
[0302] On the other hand, when it is judged as a cache
miss, the command control program 3501 first allocates
an area of the storage cache memory 32 to a slot of a
VDEV that corresponds to the address designated in the
request (a step S3404).
[0303] The command control program 3501 next judg-
es whether the VDEV that corresponds to the address
designated in the request is a first type VDEV or a second
type VDEV (a step S3405).
[0304] When the VDEV is judged as a first type VDEV,
the processing moves to a step S3413 of FIG. 23B.
[0305] When the VDEV is judged as a second type
VDEV, the command control program 3501 obtains, via
the pool control program 3507, the address of the second
type VDEV in a POOL-VOL (a step 53406).
[0306] Next, the command control program 3501 judg-

es whether data stored at the obtained address is read-
able or not (a step S3407). Specifically, the command
control program 3501 judges whether the state of a
POOL-VOL corresponding to the obtained address is
normal or not. In the case where the POOL-VOL is in a
failure-induced blocked state and data cannot be read
out, the command control program 3501 sends an I/O
error message to the host computer 10 (a step S3408).
[0307] In the case where the POOL-VOL is in a normal
state or a puncture blocked state and data can be read
out, cache hit/miss in the POOL-VOL is judged (a step
S3411). Specifically, the command control program 3501
consults the storage cache memory 32 to determine
whether or not the requested data is in an area corre-
sponding to the POOL-VOL.
[0308] When it is judged as a cache hit, the command
control program 3501 first notifies the cache control pro-
gram 3509 of an address at which the requested data is
stored in the storage cache memory 32 (a step S3415).
[0309] The cache control program 3509 allocates the
area of the storage cache memory 32 to a slot of a second
type VDEV that corresponds to the virtual volume ad-
dress designated in the request (a step S3416).
[0310] The cache control program 3509 then copies
the requested data to the allocated area of the storage
cache memory 32 from the address in the storage cache
memory 32 that corresponds to the address in the POOL-
VOL at which the requested data is stored (a step S3417).
As the data copying is completed, the cache control pro-
gram 3509 notifies the command control program 3501
of the data copy completion (a step S3418).
[0311] Notified of the data copy completion, the com-
mand control program 3501 reads data out of the corre-
sponding cache memory area and sends the read data
to the host computer 10 (a step S3409). Then the com-
mand control program 3501 sends a read request com-
pletion report to the host computer 10 (a step S3410) and
ends the processing.
[0312] On the other hand, when it is judged in the step
S3411 as a cache miss, the command control program
3501 first consults the address management table 3511
to obtain an address in the PDEV 34 that corresponds
to the address in the POOL-VOL at which the requested
data is stored. The command control program 3501 then
notifies the disk I/O program 3505 of the obtained ad-
dress, the length of the requested data, and the address
in the virtual volume that is designated in the request (a
step S3412).
[0313] Notified of the addresses and the data length,
the disk I/O program 3505 reads the requested data at
the address in the PDEV 34, and copies the read data
to the area of the storage cache memory 32 that is allo-
cated in the step S3404 (the step S3413). As the data
copying is completed, the disk I/O program 3505 notifies
the command control program 3501 of the data copy
completion (a step S3418).
[0314] Notified of the data copy completion, the com-
mand control program 3501 reads data out of the corre-
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sponding cache memory area and sends the read data
to the host computer 10 (the step S3409). Then the com-
mand control program 3501 sends a read request com-
pletion report to the host computer 10 (the step S3410)
and ends the processing.
[0315] Through the above processing, a data read re-
quest made by the host computer 10 is completed.
[0316] Described next is how a data write request is
processed.
[0317] FIGS. 24A to 24C are flow charts of processing
executed when the host computer 10 makes a data write
request to a target device in the storage system 30.
[0318] The host computer 10 sends an I/O request with
a target device address designated. This I/O request is
a data write request.
[0319] In the storage system 30, the command control
program 3501 receives an I/O request from the host com-
puter 10. In the case where what is requested by the
received I/O request is invalid, the request is rejected.
Otherwise, the I/O request is analyzed (a step S3101).
As a result of the analysis, the command control program
3501 knows that the I/O request is a data write request.
[0320] Next, the command control program 3501 ob-
tains, from the received write request, the address of a
target device in which data is to be written (a step S3102).
[0321] The command control program 3501 next judg-
es whether the VDEV that corresponds to the obtained
address is a first type VDEV or a second type VDEV (a
step S3103).
[0322] When the VDEV is judged as a first type VDEV,
the processing moves to a step S3107.
[0323] When the VDEV is judged as a second type
VDEV, the state of a POOL-VOL used as the second
type VDEV is obtained (a step S3204). The command
control program 3501 judges whether the second type
VDEV corresponding to the POOL-VOL is in a blocked
state or not (a step S3205). When the second type VDEV
is in a blocked state, the VDEV cannot be accessed and
accordingly the command control program 3501 sends
an I/O error message to the host computer 10 (a step
S3206).
[0324] When it is judged that the second type VDEV
is not blocked, the command control program 3501 as-
signs an area of the storage cache memory 32 to the
address designated in the request (the step S3107).
[0325] Next, the command control program 3501
sends, to the host computer 10 that has made the re-
quest, a message saying that write data can be trans-
ferred (a step S3108). Receiving the message, the host
computer 10 sends write data to the storage system 30.
[0326] The command control program 3501 receives
the write data sent by the host computer 10 (a step
S3109), and writes the write data in the area in the storage
cache memory 32 that is assigned in the step S3107 (a
step S3110).
[0327] Upon finishing writing the write data in the stor-
age cache memory 32, the command control program
3501 sends a write request completion report to the host

computer 10 (a step S3111) and ends the processing.
[0328] Meanwhile, the cache control program 3509 is
monitoring whether the storage cache memory 32 has
write data that is unwritten in a disk device (PDEV 34) (a
step S3201 of FIG. 24B).
[0329] In the case where unwritten write data is detect-
ed, the cache control program 3509 judges whether the
volume in which the write data is to be written is a virtual
volume or not (a step S3202). Specifically, the cache
control program 3509 judges whether a slot number of a
VDEV that corresponds to the storage cache memory 32
is of a first type VDEV or a second type VDEV.
[0330] When it is judged that the volume in which the
write data is to be written is not a virtual volume, in other
words, when it is judged that the write data is to be written
in a first type VDEV, the cache control program 3509
instructs the disk I/O program 3505 to write the data in
the PDEVs 34, 34, 34 .... Receiving the instruction, the
disk I/O program 3505 writes the data in the disks (a step
S3203).
[0331] On the other hand, when it is judged that the
volume in which the write data is to be written is a virtual
volume, in other words, when it is judged that the write
data is to be written in a second type VDEV, the cache
control program 3509 sends, to the pool control program
3507, an allocation request for allocating a slot of the
second type VDEV in which the write data is to be written
to a POOL-VOL (a step S3204).
[0332] Receiving the allocation request, the pool con-
trol program 3507 first judges whether or not any POOL-
VOL has been allocated to the second type VDEV which
is a virtual volume (a step S3205).
[0333] When it is judged that a POOL-VOL has already
been allocated to the second type VDEV, the PSCB 3524
of this POOL-VOL is consulted to obtain a corresponding
first type VDEV slot. The obtained VDEV slot is notified
to the command control program 3501 (a step S3206).
[0334] The command control program 3501 judges
whether or not the first type VDEV slot has been allocated
to an area of the storage cache memory 32 (a step
S3207).
[0335] When it is judged that the slot has been allocat-
ed to an area of the storage cache memory 32, the com-
mand control program 3501 copies the write data to the
allocated area of the storage cache memory 32 (a step
S3208).
[0336] When it is judged that the slot has not been
allocated to an area of the storage cache memory 32,
the command control program 3501 allocates an area
corresponding to the first type VDEV slot to the storage
cache memory 32. The command control program 3501
then copies the write data to the allocated area (a step
S3209).
[0337] On the other hand, when it is judged in the step
S3205 that no POOL-VOL has been allocated to the sec-
ond type VDEV, the pool control program 3507 first con-
sults the POOL management information 3521 to check
the remaining size of a POOL-VOL and determine wheth-
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er the POOL-VOL has enough capacity left to store the
write data (a step S3210).
[0338] When it is judged that the remaining size of the
POOL-VOL is enough, the pool control program 3507
allocates the PSCB 3524 of the POOL-VOL to the VVOL-
DIR 3523 of the virtual volume. In this way, an area of
the virtual volume is newly allocated to the POOL-VOL
(a step S3211). Then the remaining size in the POOL
management information 3521 is changed accordingly
(a step S3212), and the processing moves to the step
S3207.
[0339] On the other hand, when it is judged that the
remaining size of the POOL-VOL is not enough, the pool
control program 3507 changes what the state field in the
POOL management information 3521 says to "puncture
blocked" (a step S3213). Then the pool control program
3507 notifies the storage system management apparatus
20, as well as the host computer 10 that has made the
I/O request, of the puncture blockage (a step S3214) and
ends the processing.
[0340] Through the above processing, a data write re-
quest made by the host computer 10 is completed.
[0341] When detecting in the step S3213 of FIG. 24B
that the POOL-VOL is in a puncture blocked state (a step
S3301 of FIG. 24C), the pool control program 3507 first
judges whether or not there is a first type LDEV that can
be added to this POOL-VOL (a step S3302). Specifically,
the pool control program 3507 judges whether or not
there is an unused first type LDEV among first type
LDEVs set in other POOL-VOLs (POOL-IDs) than the
POOL-VOL that is in a puncture blocked state.
[0342] When it is judged that there is a first type LDEV
that can be added, the pool control program 3507 adds
this first type LDEV to the POOL-VOL and executes ex-
pansion of the storage pool (a step S3306). The pool
control program 3507 then checks the new free area of
the POOL-VOL (a step S3307). Once it is confirmed that
a sufficient area is secured, the puncture blockage of the
POOL-VOL is canceled and the POOL-VOL is recovered
(a step S3308).
[0343] When it is judged that there is no first type LDEV
that can be added to the POOL-VOL, the pool control
program 3507 judges whether or not data in the POOL-
VOL that is in a puncture blocked state can be moved to
another POOL-VOL that has a free area (a step S3303).
[0344] When it is judged that the data cannot be moved
out, the pool control program 3507 newly sets a first type
LDEV in the storage pool (a step S3304), and the
processing returns to the step S3302.
[0345] When it is judged that the data can be moved
out, the pool control program 3507 moves the data to a
POOL-VOL that has a free area (a step S3305). Then
the puncture blockage of the POOL-VOL is lifted and the
POOL-VOL is recovered (the step S3308).
[0346] Through the above processing, a necessary ca-
pacity is secured for a POOL-VOL of a storage pool when
the POOL-VOL does not have enough storage area.
[0347] Described next is how a failure in a disk drive

device (PDEV) is processed.
[0348] FIG. 25 is a flow chart for when a disk failure
occurs.
[0349] The disk I/O program 3505 reads data out of or
write data into the PDEV 34 as instructed. In the case
where data is unsuccessfully read out of the PDEV 34,
the disk I/O program 3505 retries the data reading. After
a given number of retries fails, the disk I/O program 3505
judges that the PDEV 34 is suffering from some kind of
failure, and notifies the drive diagnostic program 3510 of
the detection of a failure in the disk device of the PDEV
34 from which data is to be read as requested by the read
request.
[0350] Similarly, in the case where data write fails, the
disk I/O program 3505 retries the data writing. After a
given number of retries fails, the disk I/O program 3505
notifies the drive diagnostic program 3510 of the detec-
tion of a failure in the disk device of the PDEV 34 into
which data is to be written as requested by the write re-
quest.
[0351] Meanwhile, the drive diagnostic program 3510
regularly starts up diagnostic processing to make diag-
nosis of a failure occurring in the disk device of the PDEV
34.
[0352] When notified of detection of a failure in the disk
device by the disk I/O program 3505 or when detecting
a disk device failure through the diagnostic processing
(a step S4201), the drive diagnostic program 3510 con-
sults the address management table 3511 to obtain the
VDEV number of a first type VDEV to which the PDEV
34 containing the failed disk device belongs (a step
S4202).
[0353] The address management table is again con-
sulted to obtain disk devices of the PDEVs 34, 34, 34 ...
that constitute the first type VDEV having the obtained
VDEV number. For every disk device obtained, whether
there is a failure or not is checked. In the case where
there are more failures than allowed by the redundancy
set to this VDEV, the VDEV is blocked. For instance, in
the case where two disk devices belonging to the same
parity group suffer a failure in a RAID configuration that
has two data disks and one parity, it is unlikely that data
of this parity group is recovered. Therefore, a VDEV to
which the disk devices belong is blocked (a step S4203).
Next, the pool control program 3507 instructs the config-
uration control program 3503 to block the VDEV. The
configuration control program 3503 sets "blocked" to the
attribute field of VDEV-specific information for the VDEV
number of this first type VDEV. The VDEV is thus blocked
(a step S4204).
[0354] The pool control program 3507 next instructs
the configuration control program 3503 to block the
LDEV. The configuration control program 3503 sets
"blocked" to the attribute field of LDEV-specific informa-
tion for the LDEV number of the first type LDEV. The
LDEV is thus blocked (a step S4205).
[0355] Next, whether the blocked LDEV is set in a stor-
age pool or not is judged. The pool control program 3507
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first consults POOL-ID contained in the LDEV-specific
information for the LDEV number of the first type LDEV.
When it is judged that the LDEV is set in a POOL-VOL,
the pool control program 3507 instructs the configuration
control program 3503 to block the POOL-VOL. The con-
figuration control program 3503 sets the state of the
POOL-VOL of a storage pool that is identified by the
POOL-ID to "blocked". The POOL-VOL is thus blocked
(a step S4206).
[0356] The pool control program 3507 then notifies the
host computer 10 and the storage system management
apparatus 20 of the occurrence of a failure and blockage
of the POOL-VOL (a step S4207).
[0357] In the case where there is a failure in a disk
device, a storage pool is blocked through the above
processing.
[0358] Described next in fig. 26 is processing for re-
covery from a failure in a disk drive device (PDEV).
[0359] When notified of occurrence of a failure and
blockage of a POOL-VOL by the storage system 30, the
storage system management apparatus 20 notifies the
administrator of the failure and the blockage (a step
S4101).
[0360] Notified of the failure and the blockage, the ad-
ministrator replaces the failed disk drive device of the
storage system 30 (a step S4102).
[0361] The configuration control program 3503 of the
storage system 30 detects that the failure of the disk drive
device is eradicated by replacing the disk drive device.
Then a first type VDEV in a blocked state is recovered
(a step S4103) and a first type LDEV in a blocked state
is recovered (a step S4104). A POOL-VOL in a blocked
state is also recovered (a step S4105).
[0362] A POOL-VOL recovers from blockage through
the above processing.
[0363] As has been described, in a computer system
according to the first construction, a second type VDEV,
which is a virtual area, is set to set a second type LDEV.
The second type LDEV is associated with a first type
LDEV constituted of the PDEV 34, which is a physical
device, to thereby make the second type LDEV usable
as a physical device storage area. The host computer 10
accesses the second type LDEV as a virtual volume. The
association between the first type LDEV and the second
type LDEV is set by allocating the PSCB 3524 to the
VVOL-DIR 3523. By changing allocation between the
PSCB 3524 and the VVOL-DIR 3523, storage areas of
a virtual volume can dynamically be changed. Thus a
virtual volume can be set to have a capacity larger than
the total storage capacity of physical devices provided in
the storage system 30, and data in a computer system
is accessed with an enhanced degree of freedom.
[0364] The disk I/O program 3505 in the storage sys-
tem 30 receives an I/O request from the host computer
10 and, in the case where a device to be accessed as
requested by the I/O request is a first type LDEV set in
a storage pool, rejects the request. In other words, the
disk I/O program 3505 blocks access from the outside to

a first type LDEV that is allocated to a second type LDEV
as a virtual volume. Thus, unwary acceptance of access
to a first type LDEV that corresponds to a virtual volume
can be avoided and security of the storage system is
improved.
[0365] The use of a VDEV, which is a device of this
invention having a storage area, and an LDEV, which is
defined from the VDEV, makes it possible to expand/
scale down the capacity of a POOL on an LDEV basis
without being restrained by the capacity of physical
PDEVs.
[0366] The LDEV itself, which is defined from the
VDEV, can be defined as a logical storing unit having an
arbitrary capacity regardless of the capacity of PDEVs.
[0367] The VDEV and LDEV of this invention also fa-
cilitate introduction of storage system management soft-
ware that can manage, on a device basis, expansion/
scale down of a POOL and the individualities of a POOL
(for example, a POOL specialized for sequential access).

Second Embodiment

[0368] Now, a computer system according to an em-
bodiment of this invention is described.
[0369] In this embodiment, the computer system is
built as described in the first construction and, at the time
the power is turned off, the storage system 30 evacuates
management information to an area set in a storage pool.
This area is called a system area.
[0370] FIG. 27 is an explanatory diagram of a storage
pool and the system area according to this embodiment.
[0371] The configuration of the system area is stored
in the system area information 3525.
[0372] The system area information 3525 contains a
POOL usage amount counter 35251 and an entry 35252.
[0373] The POOL usage amount counter 35231 indi-
cates LDEV information associated with an LDEV of a
storage pool. The entry 35252 holds LDEV configuration
information of the PVOL 800.
[0374] The entry 35252 contains an LDEV number
(LDEV #) 35253, a PVOL address 35254, a POOL-VOL
address 35255, a PSCB forward pointer 35256 and a
PSCB backward pointer 35257.
[0375] Stored as the LDEV number (LDEV #) 35253
is the identifier of the LDEV. The PVOL address 35254
indicates the address of the LDEV in the PVOL.
[0376] Stored as the POOL-VOL address 35255 is, in
the case where the LDEV is allocated to an LDEV of the
POOL-VOL 900, the identifier of the POOL-VOL 900.
[0377] In the case where the LDEV is allocated to an
LDEV of the POOL-VOL 900, identifiers are stored as
the PSCB forward pointer 35256 and the PSCB back-
ward pointer 35257. In the case where the LDEV is not
allocated to any POOL-VOL, "NULL" is stored in the fields
of the pointers 35256 and 35257.
[0378] Management information to be evacuated to
the system area is information stored in the storage cache
memory 32 or in the shared memory 33. Specifically, the
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management information is cache data stored in the stor-
age cache memory 32 that is not destaged yet. The man-
agement information is also storage area configuration
information (e.g., VDEV, LDEV. volume, storage pool,
and path definition information) of the storage system 30.
[0379] As the power is turned off, the storage system
30 evacuates the management information to the system
area.
[0380] At the time the power is turned off, the storage
system 30 finds a free PSCB queue from among the
PSCBs 3524, 3524, 3524 ..., and obtains an unused area
in a storage pool. The unused area is assigned as the
system area. Specifically, the PSCB 3524 that is a free
PSCB queue is allocated to each entry 35252 of the sys-
tem area information 3525. Then the management infor-
mation is stored in the assigned system area. Information
(address and size) of the system area is stored in the
non-volatile memory 330 of the storage system 30.
[0381] Thereafter, when the power is turned on, the
storage system 30 first consults the non-volatile memory
330 to obtain information of the system area where the
management information is stored. The storage system
30 then reads the management information stored in the
system area and boots the system again. After the sys-
tem is booted anew, allocation of the PSCB 3524 to the
system area is cancelled to return the PSCB 3524 to a
free PSCB queue.
[0382] As has been described, in a computer system
according to this embodiment of this invention, out of
LDEVs that serve as storage areas of a PVOL, unused
ones are set as the system area. A special advantage of
this embodiment is that, in the case where the system
area is not set in advance as in emergencies where the
power is turned off unexpectedly, system information is
stored in an unused storage area that is obtained by
searching the VVOL-DIR 3524. The computer system is
thus improved in usability.
[0383] While the present invention has been described
in detail and pictorially in the accompanying drawings,
the present invention is not limited to such detail but cov-
ers various obvious modifications and equivalent ar-
rangements, which fall within the purview of the append-
ed claims.

Claims

1. A storage system (30) coupled to a host computer
(10) and a management apparatus (20), comprising:

storage devices (34) accessed by the host com-
puter (10); and
a control unit (31) to control the storage devices,
the control unit (31) being arranged to:

set a first-type virtual device (400) formed
of a plurality of first-type logical devices
(500), corresponding to the storage devices

(34), wherein the plurality of first-type logical
devices includes at least one first first-type
logical device and at least one second first-
type logical device, a first first-type logical
device being a volume (700) accessible by
the host computer (10);
set a second-type virtual device (401) in-
cluding a second-type logical device (501),
which is a virtual volume (701) accessible
by the host computer (10); and to
allocate each second first-type logical de-
vice (500), of the plurality of first-type logical
devices, to a storage pool (60);

wherein
when the control unit receives first write data for
a first first-type logical device included in the
first-type virtual device, the control unit is con-
figured to store the first write data in the first first-
type logical device,
and
when the control unit receives second write data
for the second-type logical device included in
the second-type virtual device, the control unit
is configured to associate at least one second
first-type logical device (500), of the first-type
logical devices allocated to said storage pool
(60), with the second-type logical device (501),
and to store the second write data in the second
first-type logical device;
the storage system further comprising:

a memory (32, 33) storing management in-
formation, which includes cache data to be
destaged and configuration information
about the configuration of the respective vir-
tual devices, logical devices and volumes;
and
a non-volatile memory (330);
wherein
the storage system is configured to respond
to its power being turned off by:

locating an unused area in the storage pool,
assigning it as a system area,
evacuating the management information stored
in the memory (32, 33) to the system area, and
storing in the non-volatile memory (330) the ad-
dress and size of the system area,
the storage system being configured to respond
to its power subsequently being turned back on
by
consulting the non-volatile memory (330) to ob-
tain information about the assigned system area
where the management information is stored,
reading the management information in the as-
signed system area,
booting the system, and
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cancelling the assignment of the unused area
as a system area.

2. The storage system according to Claim 1,
wherein the control unit (31) is arranged: to set "pool
volume attribute" as a device attribute of a second
first-type logical device (500); and to allocate an ad-
dress of the second first-type logical device whose
device attribute is "pool volume attribute" to an ad-
dress of the second-type logical device (501), to
thereby associate the second first-type logical de-
vice with the second-type logical device.

3. The storage system according to Claim 2, wherein
the control unit (31) is arranged to set an identifier
of the pool volume (60) to the second first-type logical
device (500), to thereby set a "pool volume attribute"
as a device attribute of the second first-type logical
device.

4. The storage system according to Claim 2 or Claim
3, wherein the control unit (31) is arranged to set
"pool volume attribute" as the device attribute of an-
other second first-type logical device (500), to there-
by increase the capacity of the pool volume (60).

5. The storage system according to any one of Claims
2 to 4, wherein the control unit (31) is arranged to be
capable of cancelling the device attributes of the sec-
ond first-type logical device (500) whose device at-
tribute has been set to "pool volume attribute", to
thereby reduce the capacity of the pool volume (60).

6. The storage system according to Claim, 5, wherein
the control unit (31) is arranged:

to check whether this second first-type logical
device (500) is storing data or not, when its at-
tribute, which is set to "pool volume attribute",
is to be cancelled; and
not to cancel the device attribute of this second
first-type logical device (500), in the case where
data is stored in this first-type logical device.

7. The storage system according to any one of Claims
2 to 6, wherein the control unit (31) is arranged to be
capable of cancelling the device attributes of every
second first-type logical device (500) whose device
attribute has been set to "pool volume attribute", to
thereby eliminate the pool volume (60).

8. The storage system according to any one of Claims
2 to 7,
wherein first configuration information including an
identifier of the first-type logical device (500) and
second configuration information including an iden-
tifier of the second-type logical device (501) are pro-
vided, and

wherein the control unit (31) is arranged to store the
identifier contained in the first configuration informa-
tion in the second configuration information, to there-
by associate the second-type logical device (501)
with the second first-type logical device (500).

9. The storage system according to Claim 8,
wherein the first configuration information contains
an identifier of the first-type logical device (500), an
address of the first-type logical device, and identifiers
of areas preceding and following the first-type logical
device, and
wherein the second configuration information con-
tains an identifier of the second-type logical device
(501) and an address of the second-type logical de-
vice (501).

10. The storage system according to any one of Claims
2 to 9, wherein the control unit (31) is arranged to
associate the virtual volume (701), a connection port
number of a connection port through which the com-
puter (10) accesses the virtual volume, and route
information with one another, to thereby set the vir-
tual volume accessible by the host computer.

11. The storage system according to any one of Claims
2 to 10, wherein the control unit (31) is arranged to:

specify the type of a logical device correspond-
ing to an address that is designated in the read
request, upon reception of a data read request
from the host computer (10);
specify which second first-type logical device
(500) is allocated to a second-type logical device
(501), in the case where the specified logical
device is a second-type logical device; and
read data that is designated in the read request
from the specified second first-type logical de-
vice (500).

12. The storage system according to any one of Claims
2 to 11 wherein the control unit (31) is arranged to:

specify the type of a logical device located at an
address that is designated in the write request,
upon reception of a data write request from the
computer (10);
specify which second first-type logical device
(500) is allocated to a second-type logical device
(501), in the case where the specified logical
device is a second-type logical device; and
write data that is designated in the write request
to the specified first-type logical device (500).

13. The storage system according to any one of Claims
2 to 12, wherein the control unit (31) is arranged to:

specify the type of a logical device located at an
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address that is designated in a write request,
upon reception of a data write request from the
computer (10); and
allocates a second first-type logical device (500)
that has "pool volume attribute" as its device at-
tribute to the second-type logical device (501),
in the case where the specified logical device is
a second-type logical device and no first-type
logical device is allocated to this second-type
logical device.

14. The storage system according to any one of Claims
2 to 13, wherein the control unit (31) is arranged to:

specify the type of a logical device associated
an address that is designated in the request, up-
on reception of a request from the computer
(10); and
reject the request, in the case where the speci-
fied logical device is a first-type logical device
(500) whose device attribute is set to "pool vol-
ume attribute".

15. The storage system according to any one of Claims
2 to 14, wherein the control unit (31) is arranged to:

upon detection of a failure in one of the storage
devices (34), block a first-type virtual device
(400) that contains the failed storage device;
block a first-type logical device (500) that is con-
tained in this first-type virtual device (400); and
block the first-type logical device, in the case
where this first-type logical device has "pool vol-
ume attribute" as its device attribute.

16. The storage system according to any one of Claims
2 to 15, wherein the control unit (31) is arranged to:

store storage system management information
in a second first-type logical device whose de-
vice attribute is set to "pool volume attribute", at
the time the power is turned off; and
read the stored management information to boot
the storage system, when the power is turned
on again after turned off.

17. The storage system according to any one of Claims
2 to 16, wherein the control unit (31) is arranged to:

find a second first-type logical device (500) other
than those storing data from among first-type
logical devices whose device attribute as been
set to "pool volume attribute", at the time the
power is turned off;
store storage system management information
in the second first-type logical device found; and
read the stored management information to boot
the storage system, when the power is turned

on again.

18. A method of changing configuration of a storage sys-
tem (30) connected to a host computer (10) and a
management apparatus (20), the storage system
comprising storage devices (34) accessed by the
host computer and a control unit (31) that controls
the storage system, the method comprising:

a first step of setting a first-type virtual device
(400) formed of a plurality of first-type logical
devices (500), corresponding to the storage de-
vices (34), wherein the plurality of first type log-
ical devices includes at least one first first-type
logical device and at least one second first-type
logical device, a first first-type logical device be-
ing a volume (700) accessible by the host com-
puter (10);
a second step of setting a second-type virtual
device (401) including a second-type logical de-
vice (501), which is a virtual volume (701) ac-
cessed by the computer (10); and
a third step of allocating each second first-type
logical device (500), of the plurality of first-type
logical devices, to a storage pool (60); wherein
when the control unit receives first write data for
the first first-type logical device included in the
first-type virtual device, the control unit stores
the first write data in the first first-type logical
device, and
when the control unit receives second write data
for the second-type logical device included in
the second-type virtual device, the control unit
associate at least one second first-type logical
device (500), of the first-type logical devices al-
located to said storage pool (60), with the sec-
ond-type logical device (501); and
a fifth step of storing the second write data in
the second first-type logical device; wherein
the storage system further comprises:

a memory (32, 33) storing management in-
formation, which includes cache data to be
destaged and configuration information
about the configuration of the respective vir-
tual devices, logical devices and volumes;
and
a non-volatile memory (330);

and wherein
in response to power to the storage system be-
ing turned off, the method includes the steps of:

locating an unused area in the storage pool,
assigning it as a system area,
evacuating the management information
stored in the memory to the system area,
and
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storing in the non-volatile memory (330) the
address and size of the system area, and
in response to power to the storage system
subsequently being turned back on, the
method includes the steps of
consulting the non-volatile memory (330) to
obtain information about the assigned sys-
tem area where the management informa-
tion is stored,
reading the management information in the
assigned system area,
booting the system, and
cancelling the assignment of the unused ar-
ea as a system area.

19. The method for changing configuration according to
Claim 18, wherein the third step includes setting
"pool volume attribute" as the device attribute of a
second first-type logical device (500) and allocating
an address of the second first-type logical device
whose device attribute is "pool volume attribute" to
an address of the second-type logical device (501),
thereby allocating the second first-type logical de-
vice to the second-type logical device.

Patentansprüche

1. Speichersystem (30), das mit einem Hostcomputer
(10) und einer Verwaltungsvorrichtung (20) gekop-
pelt ist, mit:

Speichervorrichtungen (34), auf die durch den
Hostcomputer (10) zugegriffen wird; und
einer Steuereinheit (31) zum Steuern der Spei-
chervorrichtungen,
wobei die Steuereinheit (31) ausgelegt ist:

eine virtuelle Vorrichtung ersten Typs (400),
die aus einer Vielzahl von logischen Vor-
richtungen ersten Typs (500) gebildet ist,
entsprechend den Speichervorrichtungen
(34) einzurichten, wobei die Vielzahl der lo-
gischen Vorrichtungen ersten Typs minde-
stens eine erste logische Vorrichtung ersten
Typs und mindestens eine zweite logische
Vorrichtung ersten Typs umfasst, wobei ei-
ne erste logische Vorrichtung ersten Typs
ein durch den Hostcomputer (10) zugängli-
ches Volume (700) ist;
eine eine logische Vorrichtung zweiten
Typs (501) umfassende virtuelle Vorrich-
tung zweiten Typs (401) einzurichten, die
ein durch den Hostcomputer (10) zugängli-
ches virtuelles Volume (701) ist; und
jede zweite logische Vorrichtung ersten
Typs (500) der Vielzahl der logischen Vor-
richtungen ersten Typs einem Speicherpool

(60) zuzuweisen;
wobei
wenn die Steuereinheit erste Schreibdaten
für eine erste logische Vorrichtung ersten
Typs, die in der virtuellen Vorrichtung ersten
Typs enthalten ist, empfängt, die Steuerein-
heit so konfiguriert ist, dass sie die ersten
Schreibdaten in der ersten logischen Vor-
richtung ersten Typs speichert, und
wenn die Steuereinheit zweite Schreibda-
ten für die logische Vorrichtung zweiten
Typs, die in der virtuellen Vorrichtung zwei-
ten Typs enthalten ist, empfängt, die Steu-
ereinheit so konfiguriert ist, dass sie minde-
stens eine zweite logische Vorrichtung er-
sten Typs (500), der dem Speicherpool (60)
zugewiesenen logischen Vorrichtungen er-
sten Typs, mit der logischen Vorrichtung
zweiten Typs (501) verknüpft und die zwei-
ten Schreibdaten in der zweiten logischen
Vorrichtung ersten Typs speichert;
wobei das Speichersystem ferner enthält:

einen Speicher (32, 33) zum Speichern
von Verwaltungsinformationen, die
auszulagernde Cache-Daten und Kon-
figurationsinformationen über die Kon-
figuration der entsprechenden virtuel-
len Vorrichtungen, logischen Vorrich-
tungen und Volumes umfassen; und
einen nichtflüchtigen Speicher (330);

wobei
das Speichersystem so konfiguriert ist,
dass es auf ein Ausschalten seiner Strom-
versorgung reagiert mit:

dem Lokalisieren eines ungenutzten
Bereichs im Speicherpool,
dessen Zuweisung als ein Systembe-
reich,
dem Evakuieren der im Speicher (32,
33) gespeicherten Verwaltungsinfor-
mationen in den Systembereich, und
dem Speichern der Adresse und der
Größe des Systembereichs im nicht-
flüchtigen Speicher (330),
wobei das Speichersystem so konfigu-
riert ist, dass es auf ein nachfolgendes
Wiedereinschalten seiner Stromver-
sorgung reagiert mit
dem Konsultieren des nichtflüchtigen
Speichers (330), um Informationen
über den zugewiesenen Systembe-
reich zu erhalten, wo die Verwaltungs-
informationen gespeichert sind,
dem Lesen der Verwaltungsinformatio-
nen im zugewiesenen Systembereich,
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dem Booten des Systems, und
dem Löschen der Zuweisung des un-
genutzten Bereichs als Systembereich.

2. Speichersystem nach Anspruch 1, wobei die Steu-
ereinheit (31) dazu ausgelegt ist, ein "Poolvolume-
attribut" als Vorrichtungsattribut einer zweiten logi-
schen Vorrichtung ersten Typs (500) einzurichten
und eine Adresse der zweiten logischen Vorrichtung
ersten Typs, deren Vorrichtungsattribut "Poolvolu-
meattribut" ist, einer Adresse der logischen Vorrich-
tung zweiten Typs (501) zuzuweisen, um damit die
zweite logische Vorrichtung ersten Typs mit der lo-
gischen Vorrichtung zweiten Typs zu verknüpfen.

3. Speichersystem nach Anspruch 2, wobei die Steu-
ereinheit (31) dazu ausgelegt ist, eine Kennung des
Poolvolumes (60) der zweiten logischen Vorrichtung
ersten Typs (500) einzurichten, um damit ein "Pool-
volumeattribut" als ein Vorrichtungsattribut der zwei-
ten logischen Vorrichtung ersten Typs einzurichten.

4. Speichersystem nach Anspruch 2 oder 3, wobei die
Steuereinheit (31) dazu ausgelegt ist, ein "Poolvo-
lumeattribut" als das Vorrichtungsattribut einer an-
deren zweiten logischen Vorrichtung ersten Typs
(500) einzurichten, um damit die Kapazität des Pool-
volumes (60) zu steigern.

5. Speichersystem nach einem der Ansprüche 2 bis 4,
wobei die Steuereinheit (31) dazu ausgelegt ist, die
Vorrichtungsattribute der zweiten logischen Vorrich-
tung ersten Typs (500), deren Vorrichtungsattribut
auf "Poolvolumeattribut" gesetzt worden ist, löschen
zu können, um damit die Kapazität des Poolvolumes
(60) zu reduzieren.

6. Speichersystem nach Anspruch 5, wobei die Steu-
ereinheit (31) dazu ausgelegt ist:

zu überprüfen, ob diese zweite logische Vorrich-
tung ersten Typs (500) Daten speichert oder
nicht, wenn deren Attribut, das auf "Poolvolu-
meattribut" gesetzt ist, gelöscht werden soll; und
das Vorrichtungsattribut dieser zweiten logi-
schen Vorrichtung ersten Typs (500) nicht zu
löschen, falls Daten in dieser logischen Vorrich-
tung ersten Typs gespeichert sind.

7. Speichersystem nach einem der Ansprüche 2 bis 6,
wobei die Steuereinheit (31) dazu ausgelegt ist, die
Vorrichtungsattribute jeder zweiten logischen Vor-
richtung ersten Typs (500), deren Vorrichtungsattri-
but auf "Poolvolumeattribut" gesetzt worden ist, lö-
schen zu können, um damit das Poolvolume (60) zu
eliminieren.

8. Speichersystem nach einem der Ansprüche 2 bis 7,

wobei erste Konfigurationsinformationen, die eine
Kennung der logischen Vorrichtung ersten Typs
(500) umfassen, und zweite Konfigurationsinforma-
tionen, die eine Kennung der logischen Vorrichtung
zweiten Typs (501) umfassen, bereitgestellt werden,
und
wobei die Steuereinheit (31) dazu ausgelegt ist, die
in den ersten Konfigurationsinformationen enthalte-
ne Kennung in den zweiten Konfigurationsinforma-
tionen zu speichern, um damit die logische Vorrich-
tung zweiten Typs (501) mit der zweiten logischen
Vorrichtung ersten Typs (500) zu verknüpfen.

9. Speichersystem nach Anspruch 8,
wobei die ersten Konfigurationsinformationen eine
Kennung der logischen Vorrichtung ersten Typs
(500), eine Adresse der logischen Vorrichtung er-
sten Typs und Kennungen von vorstehenden und
nachfolgenden Bereichen der logischen Vorrichtung
ersten Typs enthalten, und
wobei die zweiten Konfigurationsinformationen eine
Kennung der logischen Vorrichtung zweiten Typs
(501) und eine Adresse der logischen Vorrichtung
zweiten Typs (501) enthalten.

10. Speichersystem nach einem der Ansprüche 2 bis 9,
wobei die Steuereinheit (31) dazu ausgelegt ist, das
virtuelle Volume (701), eine Verbindungsportnum-
mer eines Verbindungsports, durch den der Compu-
ter (10) auf das virtuelle Volume zugreift, und Rou-
teninformationen miteinander zu verknüpfen, um da-
mit das virtuelle Volume durch den Hostcomputer
zugreifbar einzustellen.

11. Speichersystem nach einem der Ansprüche 2 bis
10, wobei die Steuereinheit (31) dazu ausgelegt ist:

nach dem Empfang einer Datenleseanfrage
vom Hostcomputer (10) den Typ einer logischen
Vorrichtung zu spezifizieren, der mit einer in der
Leseanfrage bezeichneten Adresse überein-
stimmt;
zu spezifizieren, welche zweite logische Vor-
richtung ersten Typs (500) einer logischen Vor-
richtung zweiten Typs (501) zugewiesen ist, falls
die spezifizierte logische Vorrichtung eine logi-
sche Vorrichtung zweiten Typs ist; und
Daten zu lesen, die in der Leseanfrage von der
spezifizierten zweiten logischen Vorrichtung er-
sten Typs (500) bezeichnet sind.

12. Speichersystem nach einem der Ansprüche 2 bis
11, wobei die Steuereinheit (31) dazu ausgelegt ist:

nach dem Empfang einer Datenschreibanfrage
des Computers (10) den Typ einer logischen
Vorrichtung zu spezifizieren, die an einer in der
Schreibanfrage bezeichneten Adresse lokali-
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siert ist;
zu spezifizieren, welche zweite logische Vor-
richtung ersten Typs (500) einer logischen Vor-
richtung zweiten Typs (501) zugewiesen ist, falls
die spezifizierte logische Vorrichtung eine logi-
sche Vorrichtung zweiten Typs ist; und
Daten zu schreiben, die in der Schreibanfrage
an die spezifizierte logische Vorrichtung ersten
Typs (500) bezeichnet sind.

13. Speichersystem nach einem der Ansprüche 2 bis
12, wobei die Steuereinheit (31) dazu ausgelegt ist:

nach dem Empfang einer Datenschreibanfrage
vom Computer (10) den Typ einer logischen
Vorrichtung zu spezifizieren, die an einer in einer
Schreibanfrage bezeichneten Adresse lokali-
siert ist; und
eine zweite logische Vorrichtung ersten Typs
(500), die "Poolvolumeattribut" als ihr Vorrich-
tungsattribut aufweist, der logischen Vorrich-
tung zweiten Typs (501) zuzuweisen, falls die
spezifizierte logische Vorrichtung eine logische
Vorrichtung zweiten Typs ist und keine logische
Vorrichtung ersten Typs dieser logischen Vor-
richtung zweiten Typs zugewiesen ist.

14. Speichersystem nach einem der Ansprüche 2 bis
13, wobei die Steuereinheit (31) dazu ausgelegt ist:

nach dem Empfang einer Anfrage des Compu-
ters (10) den Typ einer logischen Vorrichtung,
die mit einer in der Anfrage verknüpften Adresse
verknüpft ist, zu spezifizieren; und
die Anfrage zurückzuweisen, falls die spezifi-
zierte logische Vorrichtung eine logische Vor-
richtung ersten Typs (500) ist, deren Vorrich-
tungsattribut auf "Poolvolumeattribut" gesetzt
ist.

15. Speichersystem nach einem der Ansprüche 2 bis
14, wobei die Steuereinheit (31) dazu ausgelegt ist:

nach dem Erkennen eines Fehlers in einer der
Speichervorrichtungen (34) eine virtuelle Vor-
richtung ersten Typs (400) zu blockieren, die die
fehlerhafte Speichervorrichtung enthält;
eine logische Vorrichtung ersten Typs (500) zu
blockieren, die in dieser virtuellen Vorrichtung
ersten Typs (400) enthalten ist; und
die logische Vorrichtung ersten Typs zu blockie-
ren, falls diese logische Vorrichtung ersten Typs
"Poolvolumeattribut" als ihr Vorrichtungsattribut
aufweist.

16. Speichersystem nach einem der Ansprüche 2 bis
15, wobei die Steuereinheit (31) dazu ausgelegt ist:

Speichersystemverwaltungsinformationen in
einer zweiten logischen Vorrichtung ersten Typs
zu speichern, deren Vorrichtungsattribut zum
Zeitpunkt des Ausschaltens der Stromversor-
gung auf "Poolvolumeattribut" gesetzt ist; und
die gespeicherten Verwaltungsinformationen zu
lesen, um das Speichersystem zu booten, wenn
die Stromversorgung nach dem Ausschalten
wieder eingeschaltet wird.

17. Speichersystem nach einem der Ansprüche 2 bis
16, wobei die Steuereinheit (31) dazu ausgelegt ist:

zum Zeitpunkt des Ausschaltens der Stromver-
sorgung aus logischen Vorrichtungen ersten
Typs, deren Vorrichtungsattribut auf "Poolvolu-
meattribut" gesetzt worden ist, eine zweite logi-
sche Vorrichtung ersten Typs (500) zu finden,
außer jenen, die Daten speichern;
Speichersystemverwaltungsinformationen in
der gefundenen zweiten logischen Vorrichtung
ersten Typs zu speichern; und
die gespeicherten Verwaltungsinformationen zu
lesen, um das Speichersystem zu booten, wenn
die Stromversorgung wieder eingeschaltet wird.

18. Verfahren zur Kanfigurationsänderung eines Spei-
chersystems (30), das mit einem Hostcomputer (10)
und einem Verwaltungsvorrichtung (20) verbunden
ist, wobei das Speichersystem Speichervorrichtun-
gen (34) enthält, auf die durch den Hostcomputer
und eine das Speichersystem steuernde Steuerein-
heit (31) zugegriffen wird, wobei das Verfahren ent-
hält:

einen ersten Schritt zum Einrichten einer virtu-
ellen Vorrichtung ersten Typs (400), die aus ei-
ner Vielzahl von logischen Vorrichtungen ersten
Typs (500) gebildet ist, entsprechend den Spei-
chervorrichtungen (34), wobei die Vielzahl der
logischen Vorrichtungen ersten Typs minde-
stens eine erste logische Vorrichtung ersten
Typs und mindestens eine zweite logische Vor-
richtung ersten Typs umfasst, wobei eine erste
logische Vorrichtung ersten Typs ein durch ei-
nen Hostcomputer (10) zugängliches Volume
(700) ist;
einen zweiten Schritt zum Einrichten einer vir-
tuellen Vorrichtung zweiten Typs (401), die eine
logische Vorrichtung zweiten Typs (501) um-
fasst, die ein durch einen Computer (10) zu-
gängliches virtuelles Volume (701) ist; und
einen dritten Schritt zum Zuweisen jeder zwei-
ten logischen Vorrichtung ersten Typs (500) der
Vielzahl der logischen Vorrichtungen ersten
Typs zu einem Speicherpool (60); wobei
wenn die Steuereinheit erste Schreibdaten für
die erste logische Vorrichtung ersten Typs emp-
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fängt, die in der virtuellen Vorrichtung ersten
Typs enthalten ist, die Steuereinheit die ersten
Schreibdaten in der ersten logischen Vorrich-
tung ersten Typs speichert, und
wenn die Steuereinheit zweite Schreibdaten für
die logische Vorrichtung zweiten Typs emp-
fängt, die in der virtuellen Vorrichtung zweiten
Typs enthalten ist, die Steuereinheit mindestens
eine zweite logische Vorrichtung ersten Typs
(500) der logischen Vorrichtungen ersten Typs,
die dem Speicherpool (60) zugewiesen sind, mit
der logischen Vorrichtung zweiten Typs (501)
verknüpft; und
einen fünften Schritt zum Speichern der zweiten
Schreibdaten in der zweiten logischen Vorrich-
tung ersten Typs; wobei
das Speichersystem ferner enthält:

einen Speicher (32, 33), der Verwaltungs-
informationen speichert, die auszulagernde
Cache-Daten und Konfigurationsinforma-
tionen über die Konfiguration der entspre-
chenden virtuellen Vorrichtungen, logi-
schen Vorrichtungen und Volumes umfas-
sen; und
einen nichtflüchtigen Speicher (330);

und wobei
in Erwiderung auf das Ausschalten der Strom-
versorgung des Speichersystems das Verfah-
ren die Schritte umfasst:

Lokalisieren eines ungenutzten Bereichs im
Speicherpool,
dessen Zuweisung als ein Systembereich,
Evakuieren der im Speicher gespeicherten
Verwaltungsinformationen in den System-
bereich, und
Speichern der Adresse und Größe des Sy-
stembereichs im nichtflüchtigen Speicher
(330), und

wobei in Erwiderung auf das nachfolgende Wie-
dereinschalten der Stromversorgung des Spei-
chersystems das Verfahren die Schritte
umfasst :

Konsultieren des nichtflüchtigen Speichers
(330), um Informationen über den zugewie-
senen Systembereich, in dem die Verwal-
tungsinformationen gespeichert sind, zu er-
halten,
Lesen der Verwaltungsinformationen im zu-
gewiesenen Systembereich,
Booten des Systems, und
Löschen der Zuweisung des ungenutzten
Bereichs als Systembereich.

19. Verfahren zur Konfigurationsänderung nach An-
spruch 18,
wobei der dritte Schritt das Setzen von "Poolvolu-
meattribut" als Vorrichtungsattribut einer zweiten lo-
gischen Vorrichtung ersten Typs (500) und das Zu-
weisen einer Adresse der zweiten logischen Vorrich-
tung ersten Typs, deren Vorrichtungsattribut "Pool-
volumeattribut" ist, zu einer Adresse der logischen
Vorrichtung zweiten Typs (501) umfasst, um damit
die zweite logische Vorrichtung ersten Typs der lo-
gischen Vorrichtung zweiten Typs zuzuweisen.

Revendications

1. Système de stockage (30) couplé à un ordinateur
hôte (10) et un appareil de gestion (20), comprenant:

des dispositifs de stockage (34) auxquels accè-
de l’ordinateur hôte (10); et
une unité de commande (31) pour commander
les dispositifs de stockage,
l’unité de commande (31) étant agencée pour:

régler un dispositif virtuel d’un premier type
(400) formé par une pluralité de dispositifs
logiques d’un premier type (500), corres-
pondant aux dispositifs de stockage (34),
où la pluralité de dispositifs logiques du pre-
mier type comporte au moins un premier
dispositif logique du premier type et au
moins un deuxième dispositif logique du
premier type, un premier dispositif logique
du premier type étant un volume (700) ac-
cessible par l’ordinateur hôte (10);
régler un dispositif virtuel d’un deuxième ty-
pe (401) comportant un dispositif logique
d’un deuxième type (501) qui est un volume
virtuel (701) accessible par l’ordinateur hôte
(10); et pour
attribuer chaque deuxième dispositif logi-
que du premier type (500), parmi la pluralité
de dispositifs logiques du premier type, à
un pool de stockage (60);
où
lorsque l’unité de commande reçoit des pre-
mières données d’écriture pour un premier
dispositif logique du premier type inclus
dans le dispositif virtuel du premier type,
l’unité de commande est configurée pour
stocker les premières données d’écriture
dans le premier dispositif logique du pre-
mier type, et
lorsque l’unité de commande reçoit des
deuxièmes données d’écriture pour le dis-
positif logique du deuxième type inclus dans
le dispositif virtuel du deuxième type; l’unité
de commande est configurée pour associer
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au moins un deuxième dispositif logique du
premier type (500), parmi les dispositifs lo-
giques du premier type attribués audit pool
de stockage (60), avec le dispositif logique
du deuxième type (501) et pour stocker les
deuxièmes données d’écriture dans le
deuxième dispositif logique du premier ty-
pe;

le système de stockage comprenant en outre:

une mémoire (32, 33) stockant des informa-
tions de gestion, qui comprend des don-
nées cache à désactiver et des informations
de configuration se rapportant à la configu-
ration des dispositifs virtuels, dispositifs lo-
giques et volumes respectifs; et
une mémoire non-volatile (330);
où

le système de stockage est configuré pour ré-
pondre à sa coupure d’alimentation en:

localisant une zone non utilisée dans le pool
de stockage,
l’attribuant comme une zone de système,
évacuant les informations de gestion stoc-
kées dans la mémoire (32, 33) à la zone de
système, et
stockant dans la mémoire non volatile (330)
l’adresse et la taille de la zone de système,
le système de stockage étant configuré
pour répondre à sa réalimentation suivante
en
consultant la mémoire non volatile (330)
pour obtenir des informations sur la zone
de système attribué dans laquelle l’informa-
tion de gestion est stockée,
lisant l’information de gestion dans la zone
de système attribuée,
protégeant le système, et
annulant l’attribution de la zone non utilisée
comme une zone du système.

2. Système de stockage selon la revendication 1, dans
lequel l’unité de commande (31) est agencée: pour
établir un "attribut de volume de pool" comme un
attribut du dispositif d’un deuxième dispositif logique
du premier type (500); et pour attribuer une adresse
du deuxième dispositif logique du premier type dont
l’attribut du dispositif est le "attribut de volume de
pool" à une adresse du dispositif logique du deuxiè-
me type (501) pour associer ainsi le deuxième dis-
positif logique du premier type au dispositif logique
du deuxième type.

3. Système de stockage selon la revendication 2, dans
lequel l’unité de commande (31) est agencée pour

établir un identifiant du volume de pool (60) au
deuxième dispositif logique du premier type (500),
pour établir ainsi un "attribut de volume de pool" com-
me un attribut de dispositif du deuxième dispositif
logique du premier type.

4. Système de stockage selon la revendication 2 ou la
revendication 3, dans lequel l’unité de commande
(31) est agencée pour établir un "attribut de volume
de pool" comme attribut de dispositif d’un autre
deuxième dispositif logique du premier type (500)
pour augmenter ainsi la capacité du volume de pool
(60).

5. Système de stockage selon l’une quelconque des
revendications 2 à 4, dans lequel l’unité de comman-
de (31) est agencée pour pouvoir annuler les attri-
buts de dispositif du deuxième dispositif logique du
premier type (500) dont l’attribut de dispositif a été
établi à l’attribut de volume de pool", pour réduire
ainsi la capacité du volume de pool (60).

6. Système de stockage selon la revendication 5, dans
lequel l’unité de commande (31) est agencée:

pour vérifier si ce deuxième dispositif logique de
premier type (500) stocke des données ou non,
lorsque son attribut, qui est établi à "attribut de
volume de pool", doit être annulé; et
ne pas annuler l’attribut de dispositif de ce
deuxième dispositif logique de premier type
(500) dans le cas où les données sont stockées
dans ce dispositif logique de premier type.

7. Système de stockage selon l’une quelconque des
revendications 2 à 6, dans lequel l’unité de comman-
de (31) est agencée pour pouvoir annuler les attri-
buts de dispositif de chaque deuxième dispositif lo-
gique de premier type (500) dont l’attribut de dispo-
sitif a été établi à l’attribut de volume de pool", pour
éliminer ainsi le volume de pool (60).

8. Système de stockage selon l’une quelconque des
revendications 2 à 7, dans lequel la première infor-
mation de configuration incluant un identifiant du dis-
positif logique de premier type (500) et une deuxième
information de configuration incluant un identifiant
du dispositif logique de deuxième type (501) sont
réalisées, et
où l’unité de commande (31) est agencée pour stoc-
ker l’identifiant contenu dans la première information
de configuration dans la deuxième information de
configuration pour associer ainsi le dispositif logique
de deuxième type (501) au deuxième dispositif logi-
que de premier type (500).

9. Système de stockage selon la revendication 8, dans
lequel la première information de configuration con-
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tient un identifiant du dispositif logique de premier
type (500), une adresse du dispositif logique de pre-
mier type et des identifiants de zones précédant et
faisant suite au dispositif logique de premier type, et
où la deuxième information de configuration contient
un identifiant du dispositif logique de deuxième type
(501) et une adresse du dispositif logique de deuxiè-
me type (501).

10. Système de stockage selon l’une quelconque des
revendications 2 à 9, dans lequel l’unité de comman-
de (31) est agencée pour associer le volume virtuel
(701), un nombre de port de connection d’un port de
connection à travers lequel l’ordinateur (10) accède
au volume virtuel et une information de chemin les
uns aux autres pour établir ainsi le volume virtuel
accessible par l’ordinateur hôte.

11. Système de stockage selon l’une quelconque des
revendications 2 à 10, dans lequel l’unité de com-
mande (31) est agencée pour:

spécifier le type d’un dispositif logique corres-
pondant à une adresse qui est désignée dans
la requête de lecture, lors de la réception d’une
requête de lecture de données de l’ordinateur
hôte (10);
spécifier le deuxième dispositif logique de pre-
mier type (500) qui est attribué au dispositif lo-
gique de deuxième type (501) dans le cas où le
dispositif logique spécifié est un dispositif logi-
que de deuxième type; et
lire les données qui sont désignées dans la re-
quête de lecture du deuxième dispositif logique
de premier type spécifié (500).

12. Système de stockage selon l’une quelconque des
revendications 2 à 11, dans lequel l’unité de com-
mande (31) est agencée pour:

spécifier le type d’un dispositif logique situé à
une adresse qui est désignée dans la requête
d’écriture, lors de la réception d’une requête
d’écriture de données de l’ordinateur (10);
spécifier le deuxième dispositif logique de pre-
mier type (500) qui est attribué à un dispositif
logique de deuxième type (501) dans le cas où
le dispositif logique spécifié est un dispositif lo-
gique de deuxième type; et
écrire des données qui sont désignées dans la
requête d’écriture au dispositif logique de pre-
mier type spécifié (500).

13. Système de stockage selon l’une quelconque des
revendications 2 à 12, dans lequel l’unité de com-
mande (31) est agencée pour:

spécifier le type d’un dispositif logique situé à

une adresse qui est désignée dans une requête
d’écriture, lors de la réception d’une requête
d’écriture de données de l’ordinateur (10); et
attribuer un deuxième dispositif logique de pre-
mier type (500) qui possède un "attribut de vo-
lume de pool" comme son attribut de dispositif
au dispositif logique de deuxième type (501),
dans le cas où le dispositif logique spécifié est
un dispositif logique de deuxième type et aucun
dispositif logique de premier type n’est attribué
à ce dispositif logique de deuxième type.

14. Système de stockage selon l’une quelconque des
revendications 2 à 13, dans lequel l’unité de com-
mande (31) est agencée pour:

spécifier le type d’un dispositif logique associé
à une adresse qui est désignée dans la requête,
lors de la réception d’une requête de l’ordinateur
(10); et
rejeter la requête dans le cas où le dispositif lo-
gique spécifié est un dispositif logique de pre-
mier type (500) dont l’attribut de dispositif est
établi à l’attribut de volume de pool".

15. Système de stockage selon l’une quelconque des
revendications 2 à 14, dans lequel l’unité de com-
mande (31) est agencée pour:

lors de la détection d’une défaillance dans un
des dispositifs de stockage (34), bloquer un dis-
positif virtuel de premier type (400) qui contient
le dispositif de stockage défaillant;
bloquer un dispositif logique de premier type
(500) qui se trouve dans ce dispositif virtuel de
premier type (400); et
bloquer le dispositif logique de premier type
dans le cas où ce dispositif logique de premier
type possède un "attribut de volume de pool"
comme son attribut de dispositif.

16. Système de stockage selon l’une quelconque des
revendications 2 à 15, dans lequel l’unité de com-
mande (31) est agencée pour:

stocker des informations de gestion de système
de stockage dans un deuxième dispositif logi-
que de premier type dont l’attribut de dispositif
est établi à "attribut de volume de pool", au mo-
ment où l’alimentation est coupée; et
lire les informations de gestion stockées pour
protéger le système de stockage lorsque l’ali-
mentation est rétablie après avoir été coupée.

17. Système de stockage selon l’une quelconque des
revendications 2 à 16, dans lequel l’unité de com-
mande (31) est agencée pour:
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trouver un deuxième dispositif logique de pre-
mier type (500) autre que ceux stockant des
données parmi les dispositifs logiques de pre-
mier type dont l’attribut de dispositif a été établi
à l’attribut de volume de pool" au moment où
l’alimentation est coupée;
stocker des informations de gestion de système
de stockage dans le deuxième dispositif logique
de premier type trouvé; et
lire les informations de gestion stockées pour
protéger le système de stockage lorsque l’ali-
mentation est rétablie.

18. Procédé de changement de la configuration d’un
système de stockage (30) connecté à un ordinateur
hôte (10) et un appareil de gestion (20), le système
de stockage comprenant des dispositifs de stockage
(34) accessibles par l’ordinateur hôte et une unité
de commande (31) qui commande le système de
stockage, le procédé comprenant:

une première étape consistant à établir un dis-
positif virtuel de premier type (400) formé par
une pluralité de dispositifs logiques de premier
type (500), correspondant aux dispositifs de
stockage (34), où la pluralité de dispositifs logi-
ques de premier type comporte au moins un pre-
mier dispositif logique de premier type et au
moins un deuxième dispositif logique de premier
type, un premier dispositif logique de premier
type étant un volume (700) accessible par l’or-
dinateur hôte (10);
une deuxième étape consistant à établir un dis-
positif virtuel de deuxième type (401) incluant
un dispositif logique de deuxième type (501) qui
est un volume virtuel (701) accessible par l’or-
dinateur (10); et
une troisième étape consistant à attribuer cha-
que deuxième dispositif logique de premier type
(500), parmi la pluralité de dispositifs logiques
de premier type, à un pool de stockage (60); où
lorsque l’unité de commande reçoit des premiè-
res données d’écriture pour le premier dispositif
logique de premier type inclus dans le dispositif
virtuel de premier type, l’unité de commande
stocke les premières données d’écriture dans le
premier dispositif logique de premier type, et
lorsque l’unité de commande reçoit des deuxiè-
mes données d’écriture pour le dispositif logique
de deuxième type inclus dans le dispositif virtuel
de deuxième type, l’unité de commande associe
au moins un deuxième dispositif logique de pre-
mier type (500), parmi les dispositifs logiques
de premier type attribués audit pool de stockage
(60), au dispositif logique de deuxième type
(501); et
une cinquième étape consistant à stocker les
deuxièmes données d’écriture dans le deuxiè-

me dispositif logique de premier type; où
le système de stockage comprend en outre:

une mémoire (32, 33) stockant des informa-
tions de gestion, qui comprend des don-
nées cache à désactiver et des informations
de configuration se rapportant à la configu-
ration des dispositifs virtuels, dispositifs lo-
giques et volumes respectifs; et
une mémoire non volatile (330);
et où

en réponse à la coupure de l’alimentation du
système de stockage, le procédé comprend les
étapes de:

localiser une zone non utilisée dans le pool
de stockage,
l’attribuer comme une zone de système,
évacuer les informations de gestion stoc-
kées dans la mémoire dans la zone de sys-
tème, et
stocker dans la mémoire non volatile (330)
l’adresse et la taille de la zone de système,
et
en réponse au rétablissement de l’alimen-
tation du système de stockage, le procédé
comprend les étapes de
consulter la mémoire non volatile (330) pour
obtenir des informations se rapportant à la
zone de système attribuée où les informa-
tions de gestion sont stockées,
lire les informations de gestion dans la zone
de système attribuée,
protéger le système, et
annuler l’attribution de la zone non utilisée
comme une zone de système.

19. Procédé de changement de la configuration selon la
revendication 18,
dans lequel la troisième étape comprend l’établisse-
ment d’un "attribut de volume de pool" comme attri-
but de dispositif d’un deuxième dispositif logique de
premier type (500) et l’attribution d’une adresse du
deuxième dispositif logique de premier type dont l’at-
tribut de dispositif est un "attribut de volume de pool"
à une adresse du dispositif logique de deuxième type
(501) en attribuant ainsi le deuxième dispositif logi-
que de premier type au dispositif logique de deuxiè-
me type.
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