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(57) ABSTRACT 

The object of the present invention is to prevent distribution 
of a storage range to a volume from an inappropriate disk 
drive comparing With use of the volume as a result of an 
automatic extension of a volume capacity. A computer 
system has a storage system including a physical storage 
device, a host computer, and a management computer. The 
storage system includes a plurality of kinds of physical 
storage devices physically dividing into tWo segments or 
more the volume and records as constitution information the 
correspondence between each segment and the volume using 
the segment. And the storage system records the kind of 
physical storage device to be allocated to the volume and 
selects the physical storage device according to the kind of 
stored physical storage device for allocation of the segment 
When the host computer performs an I/O access to the 
volume. 
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COMPUTER SYSTEM, STORAGE SYSTEM AND 
METHOD FOR EXTENDING VOLUME CAPACITY 

[0001] The present application is based on and claims 
priority of Japanese patent applications No. 2005-255106 
?led on Sep. 2, 2005, the entire contents of Which are hereby 
incorporated by reference. 

BACKGROUND 

[0002] The present invention relates to a method for 
extending a volume capacity When monitoring a storage 
system used for a computer system, in particular, When 
Writing into the storage system from a host computer. 

[0003] Generally speaking, a computer system comprises 
a host computer for executing jobs and a storage system for 
reading/Writing data in response to directives of the host 
computer. The storage system has a plurality of disk drives 
for storing and reading data. The storage system provides a 
storage region to the host computer as a volume. The 
capacity of the volume can be extended at any time if 
necessary. For example, When the host computer uses up the 
volume provided by the storage system, the volume capacity 
can be extended by creating a storage region from an unused 
disk capacity in the storage system and by the host computer 
combining the storage region With the volume being used. 
Such a technique is called on-line volume extension. 

[0004] Japanese Unexamined Patent Application Publica 
tion No. 2003-15915 describes a method in Which a storage 
system creates a storage region from an unused region in a 
disk drive While the host computer is being on-line and 
dynamically adds the storage region to a storage region of a 
volume When the capacity of the volume in the storage 
system is running short due to Writing from the host com 
puter. Such a technique is called volume capacity automatic 
extension. By the volume capacity automatic extension, an 
on-line volume can be extended automatically Without inter 
vention of a storage manager. 

[0005] According to the present invention, prior to creat 
ing a volume, a storage manager determines a characteristic 
corresponding to the Way of use. When automatically 
extending a volume capacity, the storage system adds to the 
volume a storage capacity in a disk drive corresponding to 
the characteristic of the volume. 

[0006] Thus, the present invention relates to a computer 
system having a storage system including a physical storage 
device, a host computer being connected to the storage 
system via a netWork and reading/Writing data in a volume, 
and a management computer With an interface for connect 
ing to the storage system and to the host computer via the 
netWork and for receiving a constitution change directive 
from a user, the storage system including a plurality of kinds 
of physical storage devices physically dividing into tWo 
segments or more the volume as a storage region used by the 
host computer, recording as constitution information the 
correspondence betWeen each segment and the volume using 
the segment, recording the kind of physical storage device to 
be allocated to the volume, and selecting the physical 
storage device according to the kind of stored physical 
storage device for allocation of the segment When the host 
computer performs an I/O access to the volume. 

SUMMARY 

[0007] Generally speaking, a storage system comprises a 
plurality of kinds of disk drives therein and uses a high 
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performance, reliable, expensive disk drive or a loW-perfor 
mance, unreliable, loW-cost disk drive according to the Way 
of use. To be more speci?c, data Which are frequently used 
are allocated to a storage region in the expensive disk drive 
While data Which are not frequently used such as data 
archives are allocated to a storage region in the loW-cost disk 
drive. 

[0008] When extending an on-line volume, a storage man 
ager grasps the Way of use of the volume in the host 
computer, creates a storage region from an appropriate disk 
drive according to the Way of use, and allocates the storage 
region to the volume for capacity extension, and thereby, the 
volume can use the disk drive corresponding to the Way of 
use as a storage region. 

[0009] HoWever, for the volume capacity automatic exten 
sion, a selection standard of the disk drive for creation of the 
volume is not taken into consideration, and addition of 
capacity to the volume is performed by creation of a storage 
region from any disk drive by the storage system. Accord 
ingly, it might occur that a storage region of a loW-cost disk 
is allocated to a volume Which requires high performance 
and high reliability, resulting in decrease of performance and 
reliability of the volume. In contrast, it might also occur that 
a storage region of an expensive disk is allocated to a 
volume Which requires provision of a loW-cost storage 
region, resulting in increase of operation costs of the storage 
system. As described above, it is a challenge to prevent 
distribution of a storage range to a volume from an inap 
propriate disk drive comparing With use of the volume as a 
result of an automatic extension of a volume capacity. 

[0010] According to the present invention, a storage man 
ager can distribute a storage capacity to a volume from a 
disk drive conforming to characteristic of the volume prior 
to performing volume capacity automatic extension by pre 
viously providing characteristic corresponding to the Way of 
use to the volume, thus preventing decrease of performance 
and reliability of the volume and increase of operation costs 
of a storage system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 shoWs an example of constitution diagram 
of a computer system according to the present invention. 

[0012] FIG. 2 shoWs an example of detailed constitution 
diagram of a storage device according to the present inven 
tion. 

[0013] FIG. 3 shoWs an example of detailed constitution 
diagram of a management computer according to the present 
invention. 

[0014] FIG. 4 shoWs an example of constitution diagram 
of a volume address list included in a storage device 
according to the present invention. 

[0015] FIG. 5 shoWs an example of constitution diagram 
of a volume list included in a storage device according to the 
present invention. 

[0016] FIG. 6 shoWs a ?owchart indicating an entire ?oW 
example of volume capacity automatic extending function 
executed by a storage device according to the present 
invention. 

[0017] FIG. 7 shoWs an example of detailed constitution 
diagram of a storage device of a ?rst embodiment. 
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[0018] FIG. 8 shows an example of constitution diagram 
of a management table disk included in a storage device of 
the ?rst embodiment. 

[0019] FIG. 9 shows an example of constitution diagram 
of a volume characteristic list included in a storage device of 
the ?rst embodiment. 

[0020] FIG. 10 shows an example of image displayed by 
a management computer of the ?rst embodiment. 

[0021] FIG. 11 shows a ?owchart indicating an entire ?ow 
example of volume capacity automatic extending function 
executed by a storage device of the ?rst embodiment. 

[0022] FIG. 12 shows an example of detailed constitution 
diagram of a management computer of a second embodi 
ment. 

[0023] FIG. 13 shows an example of constitution diagram 
of an I/O frequency record included in a management 
computer of the second embodiment. 

[0024] FIG. 14 shows an example of constitution diagram 
of a permissible range of I/O frequency list included in a 
management computer of the second embodiment. 

[0025] FIG. 15 shows a ?owchart indicating an entire ?ow 
example of segment constitution revising process executed 
by a management computer of the second embodiment. 

[0026] FIG. 16 shows an example of detailed constitution 
diagram of a management computer of the second embodi 
ment. 

[0027] FIG. 17 shows an example of constitution diagram 
of a computer system of a third embodiment. 

[0028] FIG. 18 shows an example of detailed constitution 
diagram of a host computer of the third embodiment. 

[0029] FIG. 19 shows an example of a constitution dia 
gram of volume list included in a host computer of the third 
embodiment. 

[0030] FIG. 20 shows an example of constitution diagram 
of a virtual volume list included in a host computer of the 
third embodiment. 

[0031] FIG. 21 shows a ?owchart indicating an entire ?ow 
example of virtual volume capacity automatic extending 
function executed by a management computer of the third 
embodiment. 

[0032] FIG. 22 shows an example of constitution diagram 
of a computer system of the third embodiment. 

[0033] FIG. 23 shows an example of detailed constitution 
diagram of a switch of the third embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] Hereinafter, preferred embodiments for realiZing 
the present invention are described. In the following, the 
embodiments of the present invention are described with 
reference to the accompanying drawings. 

First Embodiment 

[0035] In the ?rst embodiment, a method is described in 
which a storage manager gives a characteristic to a volume 
and adds a storage region from a disk drive conforming to 
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the characteristic of the volume prior to performing volume 
capacity automatic extension. 

[0036] A system constitution and a program constitution 
as previously done are described. First, the nature of a 
conventional computer system before application of the ?rst 
embodiment is described. FIGS. 1 to 3 show constitution of 
a computer system and those of devices connected to the 
computer system, and FIGS. 4 to 7 show management 
information included in each device. 

[0037] FIG. 1 shows the constitution of the computer 
system. A storage device 20000 and a host computer 10000 
are connected with each other by a storage network 40000. 
The storage device 20000 is connected to a network 45000 
for management and to a management computer 30060. It is 
possible that the storage network 40000 and the network 
45000 for management are the same network. 

[0038] FIG. 2 shows an example of a detailed constitution 
diagram of the storage device (storage device) 20000. The 
storage device 20000 includes a management port 21000 for 
connection to the network 45000 for management, an I/O 
port 22000 for connection to the host computer via the 
storage network 40000, a processor 23000 for controlling 
the storage device, a management memory 24000 used by 
the processor 23000, and a disk volume 26000 for storing 
data provided to the host computer, all of which are con 
nected to each other via a circuit such as an internal bus. 

[0039] A management program 25000 of the storage 
device is included in the management memory 24000. A 
volume creation function and a volume capacity automatic 
extension function can be provided following the manage 
ment program 25000. Though in the following, a program is 
described as the subject, a process part for executing the 
program (a processor 23000 for the storage device 20000, 
and similarly for the management computer 30000, the host 
computer 10000, and a switch 50000) actually performs the 
process. The volume creation function provides a volume 
27000 with a limitless capacity to the host computer when 
the storage manager directs creation of a volume. That is, 
when the host computer 10000 accesses the volume 27000, 
the start value of a logical block number (LBA) for deter 
mining the range of the volume is de?ned to be 0 while the 
LBA as an end value of the range should not be de?ned. 
When the LBA as the end value of the range is de?ned, the 
value is a maximum capacity for the volume. The volume 
capacity automatic extension function will be described later 
in detail. 

[0040] The management memory 24000 stores a volume 
address list 25100 as shown in FIG. 4 and a volume list 
25200 as shown in FIG. 5. 

[0041] A disk volume 26000 comprises one or more disk 
drives. When the disk volume 26000 comprises a plurality of 
disk drives, the disk drives might form redundant arrays of 
inexpensive disks (RAID) constitution. The disk volume 
26000 is physically divided into a plurality of regions, which 
are called segments. The disk volume 26000 is logically 
divided into a plurality of volumes 27000. 

[0042] FIG. 3 shows a detailed constitution of the man 
agement computer 30000. The management computer 
30000 has a management port 31000 for connection to a 
network 45000 for management, a processor 32000, and a 
memory 33000, all of which are connected to each other via 
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a circuit such as an internal bus. A con?guration manage 
ment program 33100 is stored in the memory 33000 to 
acquire constitution information from a storage device for 
displaying the constitution information to a storage manager 
and to execute a constitution information change directive 
received from the storage manager to the storage device. The 
con?guration management program 33100 has a function for 
acquiring device constitution information from the storage 
device 20000 and for storing the constitution information in 
a storage system con?guration list 33200 and a function for 
executing a volume creation directive received from the 
storage manager to the storage device. 

[0043] FIG. 4 shoWs a constitution of a volume address list 
25100 included in the storage device 20000. The volume 
address list 25100 comprises a ?eld 25110 for registering a 
disk drive ID as an identi?er of each disk volume in the 
storage device, a ?eld 25120 for registering a segment table 
held by each disk volume, a ?eld 25130 for registering a 
logical block address allocated to each segment, and a ?eld 
25140 for indicating Whether or not each segment is allo 
cated to the volume. The disk volume 26000 of the storage 
device is divided into ?xed blocks, and an LEA is provided 
to each block. 

[0044] FIG. 4 shoWs an example of speci?c values of a 
volume address list included in a storage device. That is, the 
storage device includes disk volumes indicated by disk drive 
IDs such as DISK1, DISK2. The disk volume DISK1 
includes segments indicated by disk segment IDs such as 
SEG1, SEG2, SEG3, the disk volume DISK2 includes 
segments indicated by segments IDs such as SEG4, SEG5, 
and the disk volume DISK3 includes segments indicated by 
segment IDs such as SEG6, SEG7. Each segment includes 
a storage region in proportion to the logical block address 
held by the segment. 

[0045] FIG. 5 shoWs the constitution of a volume list 
25200 included in the storage device 20000. The volume list 
25200 comprises a ?eld 25210 for registering a volume ID 
as an identi?er of each volume in the storage device, a ?eld 
25220 for registering a segment ID allocated to each vol 
ume, and a ?eld 25230 for indicating to Which LBA the 
allocated segment is positioned in the volume. 

[0046] FIG. 5 shoWs an example of speci?c values of a 
volume list included in a storage device. That is, in the 
storage device, a volume VOL1 uses the segments SEG1, 
SEG2 and SEG4 as storage regions, and a volume VOL2 
uses the segment SEG6 as a storage region. 

[0047] FIG. 6 shoWs a ?owchart of a volume capacity 
automatic extension function held by a management pro 
gram 25000. A host computer issues an I/O to the volumes 
in the storage devices (Step 61000). At that time, the 
management program 25000 refers to the volume list 25200 
after detecting an LBA to be accessed on the volume and 
checks Whether or not a secured region is larger than the 
LEA to be accessed (Step 61010). When the secured region 
is larger than the LEA, or a Written region is secured (Step 
61020), the I/O from the host computer is Written into the 
volume (Step 61060). 

[0048] On the other hand, When the secured region is 
smaller than the LEA, or a Written region is not secured 
(Step 61020), the management program 25000 refers to the 
volume address list 25100 and searches for an unallocated 
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segment for the volume (Step 61030). As a result of the 
search, When there is no unallocated segment (Step 61040), 
an error is returned to the host computer indicating that 
Writing to the volume failed (Step 61070). When there is an 
unallocated segment (Step 61040), the ?rst detected unal 
located segment is added to the end of the volume (Step 
61050). After that, the I/O from the host computer is Written 
into the volume (Step 61060). 
[0049] In the conventional system constitution and pro 
gram constitution as described above, When a segment is 
added to a volume, the kind of a disk volume is not taken 
into consideration and selection of an unused segment is 
performed. Accordingly, When there is a plurality of kinds of 
disk volumes in the storage device, the problem might be 
that an expensive disk volume and a loW-cost disk volume 
cannot be selectively used according to the Way of use. 

[0050] Next, a system constitution and a program consti 
tution of the ?rst embodiment are described. First, the nature 
of a computer system after applying the ?rst embodiment is 
described. FIG. 7 shoWs the constitution of a storage device, 
and FIGS. 8 and 9 shoW management information included 
in each device. The computer system and the management 
computer are constituted as in the manner of a conventional 
one shoWn in FIGS. 1 and 3, and the storage system is 
constituted by by one or more storage devices, and herein 
after, they are only called ‘storage device’ Without distin 
guishing them. A physical storage device is, for example, a 
disk drive, and corresponds to a RAID group or a single disk 
Which is not RAID-constituted. The RAID group is RAID 
constituted by a plurality of Fibre Channel (FC) disks or 
Serial Advanced Technology Attachment (S-ATA) disks. 
[0051] FIG. 7 shoWs an example of detailed constitution 
of the storage device 20000. The constitution of the storage 
device is the same as the conventional one except for the 
addition of a disk drive list 25300 shoWn in FIG. 8 and a 
volume characteristic list 25400 shoWn in FIG. 9 to a 
management memory 24000. 

[0052] FIG. 8 shoWs the constitution of the disk drive list 
25300 included in the storage device 20000. The disk drive 
list 25300 comprises a ?eld 25310 for registering a disk 
drive ID as an identi?er of a disk volume in the storage 
device, a ?eld 25320 for registering the kind of disk volume, 
a ?eld 25330 for registering a RAID level of the disk volume 
When the disk volume comprises a plurality of disk drives, 
and a ?eld 25340 for registering the I/O frequency from a 
host computer to the disk volume. In the present embodi 
ment, it is assumed that as for the kind of disk volumes, there 
are tWo kinds of disks such as an FC disk as a high 
performance expensive disk volume and an S-ATA disk as a 
loW-performance loW-cost disk volume. Actually, it is also 
possible that more kinds of disk volumes are in the storage 
device. 

[0053] FIG. 8 shoWs an example of speci?c values of a 
disk drive list included in the storage device. That is, the 
storage device includes therein disk volumes indicated by 
disk drive IDs such as DISK1, DISK2, DISK3. The disk 
volumes DISK1 and DISK2 are constituted by RAID5, and 
the disk volume DISK3 is constituted by RAID1. The 
numbers of accesses from the host computer to the disk 
volumes DISK1, DISK2, DISK3 are 100, 50, and 10 per unit 
time period, respectively. 
[0054] FIG. 9 shoWs the constitution of a volume charac 
teristic list 25400 included in the storage device 20000. The 
















