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STORAGE SYSTEM AND STORAGE
CONTROL METHOD FOR USING STORAGE
AREA BASED ON SECONDARY STORAGE AS
CACHE AREA

TECHNICAL FIELD

[0001] The present invention relates to technology for
using a storage area based on a secondary storage as a cache
area.

BACKGROUND ART

[0002] Recent storage systems comprise a myriad of stor-
age functions. There are also storage vendors who provide
these storage functions for a fee, and in this regard, increasing
the performance of storage functions is considered valuable
for storage vendor customers. In addition, the performance of
a flash memory device is superior to that of a magnetic disk
device or other such disk storage device, and with flash
memory prices becoming less expensive recently, flash
memory devices are increasingly being mounted in storage
systems in place of disk storage devices. A storage system
generally comprises a cache memory (for example, a DRAM
(Dynamic Random Access Memory)), and frequently
accessed data stored in a secondary storage, such as either a
flash memory apparatus or a disk storage, is stored in the
cache memory.

[0003] Due to the characteristics of the flash memory, when
attempting to rewrite data, the flash memory device cannot
directly overwrite this data on the physical area in which this
data was originally stored. When carrying out a data write to
an area for which a write has already been performed, the
flash memory device must write the data after executing a
deletion process in a unit called a block, which is the deletion
unit of the flash memory. For this reason, when rewriting data,
the flash memory device most often writes the data to a
different area inside the same block rather than writing the
data to the area in which it was originally stored. When the
same data has been written to multiple areas and a block is full
of data (when there are no longer any empty areas in the
block), the flash memory device creates an empty block by
migrating the valid data in the block to another block and
subjecting the migration-source block to a deletion process.

[0004] When adopting a system, which fixedly allocates an
address for storing data, the rewrite frequency normally dif-
fers for each address, resulting in the occurrence of variations
in the number of deletions for each block. There is a limit on
the number of times that the respective blocks of a flash
memory can be deleted, and it is ordinarily not possible to
store data in a block, which has exceeded the limit on the
number of deletions. To solve for the above problem, a tech-
nique called wear leveling has been disclosed (for example,
Patent Literature 1) as a technique for lessening these varia-
tions. The basic concept behind wear leveling is to reduce a
bias in the number of deletions of a physical block in accor-
dance with providing a logical address layer, which is sepa-
rate from a physical address, as the address layer shown
outwardly, and changing as needed a logical address, which is
allocated to the physical address (for example, allocating an
address with a small number of deletions to a frequently
accessed logical address). Since the logical address remains
the same even when the physical address changes, outwardly,
data can be accessed using the same address. Usability can
thus be maintained.
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[0005] Next, storage capacity reduction technology will be
described. In recent years, attention has been focused on
technology for reducing storage capacity in a storage system.
One typical such technology is capacity virtualization tech-
nology. Capacity virtualization technology is technology for
showing a host a virtual capacity, which is larger than the
physical capacity possessed by the storage system. This
makes use of the characteristic that, relative to the capacity of
a user volume, which is a user-defined logical volume (the
storage seen by the user), the amount of data actually stored
seldom reaches this defined capacity (the capacity of the user
volume). That is, whereas, when there is no capacity virtual-
ization technology, the defined capacity is reserved from a
storage space (hereinafter, physical space) provided by a sec-
ondary storage device group of the storage system at volume
definition time, when capacity virtualization technology is
applied, the capacity is reserved when data is actually stored.
This makes it possible to reduce the storage capacity (the
capacity reserved from the physical space), and, in addition,
makes it possible to enhance usability since a user may simply
define a value, which provides plenty of leeway, rather than
having to exactly define the user volume capacity. In this
technology, the physical storage area reserved when data has
been written is called, for example, a “page”. Generally
speaking, the size of a page is highly diverse, but in the
present invention, it is supposed that the size of the page is
larger than the size of the block, which is the flash memory
deletion unit. However, in a flash memory, the unit for read-
ing/writing data from/to a block is generally called a page in
relation to the deletion unit, which is called a block as was
explained hereinabove. Naturally, in the flash memory, the
size of the block is larger than the size of the page. However,
in the present invention, it is supposed that the term “page”
refers to a page in capacity virtualization, and does not refer
to the read/write unit of the flash memory. In this regard, in the
present invention, it is supposed that the above-mentioned
capacity virtualization technology is being applied in a stor-
age system.

[0006] A technology for migrating data in a page in page
units between storages (typically, HDDs (Hard Disk Drives))
and realizing enhanced performance in a storage system in
which capacity virtualization technology is applied has been
disclosed (for example, Patent Literature 2). In addition, tech-
nology for migrating data between pages based on storages
having different price-performance ratios and enhancing the
price-performance ratio has also been disclosed.

[0007] Meanwhile, technology for balancing the number of
flash memory rewrites among the respective storages in a
storage system, which couples together multiple flash
memory devices and has capacity virtualization technology
(local wear leveling), and, in addition, balances the number of
rewrites between multiple storages comprising a flash
memory device in accordance with migrating data between
pages (global wear leveling) has been disclosed (for example,
Patent Literature 3).

[0008] Alternatively, in a storage system comprising a disk
device and a flash memory device, technology for using a
portion of an area of a flash memory device as a caching
memory for data, which is stored in a disk device, and for
using another area in this flash memory device as an area for
permanently storing data has been disclosed (for example,
Patent Literature 4).

[0009] In a file-level file storage system, technology for
caching core-side file storage system data in an edge-side file
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storage system close to a server using a hierarchy configura-
tion provided via a network has also been disclosed (for
example, Patent Literature 5).

[0010] Furthermore, in an environment in which multiple
data centers have storage systems respectively coupled to a
wide-area network and the storage systems at a number of
data centers possess replications of logical volumes, technol-
ogy by which the data center to which a user logs in is decided
based on the location of the user terminal and the access-
destination logical volume, and the data center storage system
with the replicate of the access-destination logical volume
remote copies data between the logical volume and this rep-
licate has also been disclosed (for example, Patent Literature
6).

[0011] Technology by which multiple storage systems are
provided as a single virtual storage system in accordance with
multiple storage systems comprising the same virtual storage
identifier has also been disclosed (for example, Patent Litera-
ture 7).

CITATION LIST

Patent Literature

[0012] PTL 1: Japanese Patent Publication No. 3507132

[0013] PTL 2: Japanese Patent Application Publication No.
2005-301627

[0014] PTL 3: WO 2011/010344

[0015] PTL 4: Japanese Patent Application Publication No.
2009-043030

[0016] PTL 5: Japanese Patent Application Publication No.
2010-097359

[0017] PTL 6: Japanese Patent Publication No. 04208506
[0018] PTL 7: Japanese Patent Application Publication No.
2008-040571
SUMMARY OF INVENTION
Technical Problem

[0019] A first problem is to efficiently use an area based on
one part of a secondary storage (for example, at least one of a
flash memory device or a disk device) as a cache area in a
single storage system. A second problem is to efficiently use
an area based on one part of the secondary storage (for
example, at least one of a flash memory device or a disk
device) as a cache area in multiple storage systems for storing
data stored in another storage system.

[0020] The first problem will be described first. (1) Firstly,
caching has no effect unless a hit ratio (the probability that the
data being accessed exists in the cache) is equal to or larger
than a fixed value, and as such, this hit ratio must be main-
tained at equal to or larger than a certain value. (2) Next, in a
case where an area based on one part of a secondary storage
(for example, at least one of a flash memory device or a disk
device) is used as a cache area, the load on the cache area and
an area other than this cache area (for example, an area, which
permanently stores data) must be well controlled. (3) Addi-
tionally, in a case where an area based on a flash memory
device is used as the cache memory, the number of rewrites to
the cache area and the number of rewrites to an area other than
this cache area (for example, an area, which permanently
stores data) must be balanced. (4) Generally speaking, the
rule is that a storage having a cache area features higher
performance than a storage comprising a storage area in
which permanent data is stored. Therefore, using a flash
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memory device as a cache area for caching data, which is
permanently stored in a disk device, is effective. Also, disk
devices include high-speed disk devices (a disk device with a
fast access speed) and low-speed disk devices (a disk device
with a slow access speed), and using a high-speed disk device
as the cache area for caching data stored permanently in a
low-speed disk device has a certain effect.

[0021] The second problem will be explained. The second
problem shares (1), (2), and (3) explained in relation to the
first problem in common with the first problem. The above (4)
differs. In the second problem, caching is performed for data
stored in a storage of another storage system. (5) In general, a
host or a server issues either a read request or a write request
to a storage system in which data is being permanently stored.
However, to perform caching in a certain storage system, this
storage system must be configured to receive a read request/
write request from a server. (6) When caching the data on
another storage system, the time required to transfer the data
from the storage system where the data is being permanently
stored to the caching storage system (the cache transfer time)
is linked to shortening the response time for the server from
when the read request was issued until a response is received.
For this reason, this cache transfer time must be taken into
account when carrying out caching.

Solution to Problem

[0022] Means for solving the first problem will be
explained.
[0023] To ensure a sufficient hit ratio in the (1) above, the

storage system allocates a page, which is utilized in a capacity
virtualization function, to a cache area based on a secondary
storage. In general, a DRAM is used as a cache memory, and
when attempting to expand the capacity of the cache memory
to increase the hit ratio, the DRAM must be physically aug-
mented, which is not a simple task.

[0024] Alternatively, when the storage system possesses a
capacity virtualization function for allocating a page based on
a secondary storage for permanently storing data to a logical
volume (a virtual logical volume), the page can only be allo-
cated to a data write-destination logical area (an area in the
logical volume). For this reason, a relatively large number of
empty pages may exist in the storage system.

[0025] Consequently, an empty page is used as the cache
area. Specifically, for example, a logical volume, which is
provided in accordance with the capacity virtualization func-
tion, is used as a cache volume to which a cache area (page) is
to be allocated. Each time the cache capacity (the actual
capacity ofthe cache volume) is expanded, a page is allocated
to the cache volume. In accordance with this, the cache capac-
ity (the total capacity of the cache areas (pages) allocated to
the cache volume) can be easily expanded, thereby enabling
the hit ratio to be improved.

[0026] In a case where the hit ratio does not improve that
much even though the cache capacity has been increased, the
storage system can relatively easily reduce the cache capacity
by releasing a page from the cache volume.

[0027] In (2) above, in a case where an area based on one
part of a secondary storage (for example, at least one of a flash
memory device or a disk device) is used as the cache area, the
storage system, in order to suitably balance the load on anarea
other than the cache area (for example, an area, which per-
manently stores data), monitors the load between pages and
balances the load between the storages. In a case where the
storage system comprises a storage hierarchy configuration
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comprising multiple storages having different performances,
the storage system transfers data, which is in a page, between
storage tiers, but restricts the transfer destination of data in a
cache page, which is the page used as the cache area, solely to
a page based on a secondary storage with better performance
than the secondary storage for permanently storing data.

[0028] Generally speaking, there is cache management
information for each area in a cache memory such as a
DRAM, and in a case where the storage system transfers data
from an area, the storage system must rewrite the cache man-
agement information corresponding to this area. This results
in a large overhead.

[0029] Consequently, the cache management information
denotes the area in the cache volume to which a page has been
allocated. In accordance with this, the storage system does
not have to rewrite the cache management information even
when transferring data between pages.

[0030] In(3)above,inacasewhere thecache area is anarea
based on a flash memory device, the flash memory device
executes wear leveling locally, and the storage system bal-
ances the number of rewrites among multiple flash memory
devices by transferring data in a page between different flash
memory devices.

[0031] In(4) above, the storage system selects a secondary
storage, which is faster than the secondary storage storing
data permanently, as the secondary storage to serve as the
basis of the cache area.

[0032] Means for solving the second problem will be
explained.
[0033] In(5)above,the virtual storage system is configured

to possess all of the ports possessed by the individual storage
systems for making multiple storage systems appear to be a
single virtual storage system, and, in addition, for receiving
either a read request or a write request. The caching storage
system can receive either a read request or a write request for
the storage system, which permanently stores data, by noti-
fying the host (for example, a server) to change the virtual
storage system port for receiving either the read request or the
write request.

[0034] In (6) above, first, in a case where caching is per-
formed for data in the storage system, which permanently
stores data, a decision is made as to which secondary storage
of which storage system comprising the virtual storage sys-
tem is to serve as the basis for the area for which caching is to
be performed. This decision is made based on the effect to be
obtained by the host in accordance with carrying out caching.
This effect can reduce the time for transferring data to a
storage system in a case where the access-source host of this
data is located far away from the storage system in which the
data is being stored by carrying out caching in a storage
system, which is close to the host. Caching has a big effect in
a case where the distance between storage systems is long and
the storage systems are connected via a network with a long
latency time. For this reason, caching is effective even when
performed in a secondary storage having the same perfor-
mance as the secondary storage in which data is stored per-
manently. In some cases, the caching effect can be expected
even when caching data in a secondary storage with perfor-
mance somewhat lower than the secondary storage in which
data is stored permanently. For this reason, caching must be
performed by taking into account the data transfer time
between storage systems.
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Advantageous Effects of Invention

[0035] Caching data in a cache area, which is an area based
on one part of a secondary storage (for example, at least one
of'a flash memory device or a disk device) can be carried out
effectively inside a single storage system or between different
storage systems, thereby making it possible to realize higher
performance.

BRIEF DESCRIPTION OF DRAWINGS

[0036] FIG. 1 is a diagram showing the configuration of an
information system in Example 1.

[0037] FIG. 2 is a diagram showing the configuration of a
storage system in Example 1.

[0038] FIG. 3 is a diagram showing information stored in a
common memory of the storage system in Example 1.
[0039] FIG. 4 is a diagram showing the format of logical
volume information in Example 1.

[0040] FIG. 5 is a diagram showing the format of schedule
information in Example 1.

[0041] FIG. 6 is a diagram showing the format of real page
information in Example 1.

[0042] FIG. 7 is a diagram denoting the relationships
among virtual pages, real pages, virtual blocks, and real
blocks in Example 1.

[0043] FIG. 8 is a diagram denoting a set of real page
information, which is in an empty state, pointed to by an
empty page management information pointer in Example 1.
[0044] FIG. 9 is a diagram showing the format of storage
group information in Example 1.

[0045] FIG. 10 is a diagram showing the format of storage
information in Example 1.

[0046] FIG. 11 is a diagram showing the format of cache
management information in Example 1.

[0047] FIG. 12 is a diagram denoting the structures of a
LRU slot queue and a LRU segment queue in Example 1.
[0048] FIG. 13 is a diagram showing the configurations of
an empty slot queue, an empty segment queue, and an inef-
fective segment queue in Example 1.

[0049] FIG. 14 is a diagram denoting the format of slot
management information in Example 1.

[0050] FIG. 151s a diagram denoting the format of segment
management information in Example 1.

[0051] FIG. 16 is a diagram denoting the format of hit ratio
information in Example 1.

[0052] FIG.17is a diagram showing programs stored in the
memory of a storage controller in Example 1.

[0053] FIG. 18 is a diagram showing the flow of processing
of a read process execution part in Example 1.

[0054] FIG. 19 is a diagram showing the flow of processing
of a write request receive part in Example 1.

[0055] FIG. 20 is a diagram showing the flow of processing
of a slot obtaining part in Example 1.

[0056] FIG. 21 is a diagram showing the flow of processing
of'a segment obtaining part in Example 1.

[0057] FIG. 22 is a diagram denoting the configuration of
another information system of Example 1.

[0058] FIG. 23 is a diagram showing the configuration of a
DRAM cache in Example 1.

[0059] FIG. 24 is a diagram showing the flow of processing
of a transfer page schedule part in Example 1.

[0060] FIG. 25 is a diagram showing the flow of processing
of a real page transfer process execution part in Example 1.
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[0061] FIG. 26 is a diagram showing the flow of processing
of a storage selection part in Example 1.

[0062] FIG.27 is adiagram showing the flow of processing
of a cache capacity control part in Example 1.

[0063] FIG. 28 is a diagram denoting the configuration of
an information system of Example 2.

[0064] FIG. 29 is a diagram denoting the configuration of
another information system of Example 2.

[0065] FIG. 30 is a diagram showing information stored in
the common memory of a storage system in Example 2.
[0066] FIG. 31 is adiagram showing virtual storage system
information in Example 2.

[0067] FIG. 32 is a diagram showing external logical vol-
ume information in Example 2.

[0068] FIG. 33 is a diagram showing logical volume infor-
mation in Example 2.

[0069] FIG. 34 is a diagram showing the flow of processing
of a caching judge processing part in Example 2.

[0070] FIG. 35 is a diagram showing the flow of processing
of a read process execution part in Example 2.

[0071] FIG. 36 is a diagram showing the flow of processing
of a write request receive part in Example 2.

[0072] FIG. 37 is a diagram showing the flow of processing
of a storage selection part in Example 2.

[0073] FIG. 38 is a diagram showing the flow of processing
of a segment obtaining part in Example 2.

[0074] FIG. 39 is a diagram showing the format of port
information in Example 2.

[0075] FIG. 40 is a diagram showing the format of host
information in Example 2.

[0076] FIG.41 is a diagram showing the programs stored in
the memory of the storage controller in Example 2.

[0077] FIG. 42 is the flow of processing of latency send part
in Example 2.

DESCRIPTION OF EMBODIMENTS

[0078] A number of examples will be explained hereinbe-
low by referring to the drawings.

Example 1

[0079] FIG. 1 shows the configuration of an information
system in Example 1.

[0080] The information system comprises a storage system
100 and a host 110, and these are connected, for example, via
a communication network such as a SAN (Storage Area Net-
work) 120. The host 110 uses a system for running a user
application to read/write required data from/to the storage
system 100 via the SAN 120. In the SAN 120, for example, a
protocol such as Fibre Channel is used as a protocol enabling
the transfer of a SCSI command.

[0081] This example relates to a storage system, which uses
a storage area based on a portion of a flash memory device and
aportion of a disk device as a cache area, and a control device
and a control method for this storage system. In Example 1,
the storage system uses a storage area based on a portion of a
flash memory device and a portion of a disk device as a cache
area for permanently stored data. High performance is
achieved in accordance with this. The storage area, which is
capable of being used as a cache area, is a storage area based
on a secondary storage with higher performance than the
secondary storage, which constitutes the basis of the storage
area in which data is being stored permanently. Since caching
is not effective unless the hit ratio (the probability that the data
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to be accessed exists in the cache area) is equal to or larger
than a fixed value, the hit ratio must be maintained at equal to
or larger than a certain value. In this example, to ensure a
sufficient hit ratio, a capacity virtualization function is used in
relation to data caching. Specifically, a logical volume (typi-
cally, a virtual logical volume, which conforms to Thin Pro-
visioning) is provided as the area in which data is to be
cached, and a page is allocated to this logical volume (here-
inafter, cache volume) as the cache area.

[0082] Generally speaking, a DRAM or other such volatile
memory is used as the cache area, but expanding the capacity
of the cache area to increase the hit ratio is not that simple,
requiring physical augmentation in order to increase the
DRAM. Alternatively, in the case of a storage, which stores
data permanently, ordinarily a page is only allocated to a data
write-destination area when there is a capacity virtualization
function, and as such, a relatively large number of empty
pages can exist in the storage system.

[0083] In this example, an empty page is used as the cache
area. For this reason, the cache capacity can be expanded
relatively easily by dynamically allocating pages to the cache
volume for the purpose of enhancing the hit ratio. Alterna-
tively, in a case where the hit ratio is not improved much even
though the cache capacity has been increased, the cache
capacity can be decreased relatively easily by releasing a page
from the cache volume.

[0084] Next, in a case where a storage area based on a
portion of a flash memory device and a portion of a disk
device is used as the cache area, the load on the storage in
which data is being stored permanently must be suitably
controlled. In this example, a mechanism for monitoring the
load between pages and balancing the load between storages
is used for this load control. In a case where the storage
system comprises a storage hierarchy configuration compris-
ing multiple storages of different performances, this mecha-
nism transfers data from a page in a certain tier to a page in a
different tier, but the transfer destination of data in a page
being used as the cache area is restricted solely to a page
based on a secondary storage with higher performance than
the secondary storage for storing data permanently. One or
more secondary storages having the same performance (sub-
stantially the same access performance) belong to one storage
tier.

[0085] Generally speaking, there is cache management
information for each area in DRAM cache memory, and the
storage system, in a case where data has been transferred from
an area, must rewrite the cache management information
corresponding to this area. This results in a large overhead.
[0086] Consequently, the cache management information
denotes the area in the cache volume to which a page has been
allocated. In accordance with this, the storage system does
not have to rewrite the cache management information even
when transferring data between pages.

[0087] Inaddition, in a case where an area based on a flash
memory device is used as the cache area, the number of
rewrites to the cache area and the number of rewrites to an
area other than this cache area (for example, an area in which
permanent data has been stored) must be balanced.

[0088] Consequently, in a case where the cache area is an
areabased on a flash memory device, the flash memory device
executes wear leveling locally in its own device, and the
storage system transfers data, which is in a page, between
different flash memory devices. In accordance with this, the
number of rewrites is balanced between multiple flash
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memory devices. In addition, the storage system can also
balance the number of empty blocks in multiple flash memory
devices by transferring data, which is in a page, between the
flash memory devices.

[0089] Generally speaking, as a rule, a storage having a
cache area has higher performance than a storage comprising
a storage area in which permanent data is stored. Therefore,
using a flash memory device as a cache area for caching data,
which is permanently stored in a disk device, is effective.
Also, disk devices include high-speed disk devices (a disk
device with a fast access speed) and low-speed disk devices (a
disk device with a slow access speed), and using a high-speed
disk device as the cache area for caching data stored perma-
nently in a low-speed disk device has a certain effect.

[0090] Consequently, in this example, the storage system
selects a secondary storage, which is faster than the secondary
storage in which data is stored permanently, as the secondary
storage on which to base the cache area.

[0091] FIG. 2 shows the configuration of the storage system
100.
[0092] The storage system 100 comprises one or more stor-

age controllers 200, a cache memory 210, a common memory
220, a timer 240, multiple types (for example, three types) of
secondary storages having different performances (for
example, one or more flash packages 230, one or more high-
speed disks (disk devices with high access speed) 265, and
one or more low-speed disks (disk devices with low access
speed) 290), and one or more connection units 250 for con-
necting these components. The timer 240 does not necessarily
have to denote the actual time, and may be a counter or the
like. The high-speed disk 265, for example, may be a SAS
(Serial Attached SCSI (Small Computer System Interface))
HDD (Hard Disk Drive). The low-speed disk 290, for
example, may be a SATA (Serial ATA (Advanced Technology
Attachment)) HDD.

[0093] The flash memory of'the flash package 230 includes
anumber of types. For example, flash memories include SLC
(Single Level Cell), which features a high price, high perfor-
mance and a large number of deletions, and MLLC (Multiple
Level Cell), which features a low price, low performance, and
a small number of deletions. However, both types can be
expected to offer faster access speeds that a disk device. The
present invention is eftective for both the SL.C and the ML.C.
Also, new nonvolatile memories, such as phase-change
memory, are likely to make their appearance in the future. The
present invention is effective even when a storage comprising
such nonvolatile storage media is used as the secondary stor-
age. Hereinbelow, in a case where no distinction is made, a
flash package 230, a high-speed disk 265 and a low-speed
disk 290 will be called a “storage” (or a secondary storage).
[0094] In this example, the present invention is effective
even when the storage system comprises storages having
different performances (for example, access speeds) either
instead of or in addition to at least one flash package 230,
high-speed disk 265, or low-speed disk 290. Furthermore, it is
supposed that the capacities of the flash package 230, high-
speed disk 265, and low-speed disk 290 in this example are all
identical for storages having the same performance. How-
ever, the present invention is effective even when a storage
having a different capacity is mixed in with the multiple
storages having identical performance.

[0095] The storage controller 200 comprises a memory 270
for storing a program and information, a buffer 275 for tem-
porarily storing data to be inputted/outputted to/from the
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storage controller 200, and a processor 260, which is con-
nected thereto and processes a read request and a write
request issued from the host 110. The buffer 275, for example,
is used (1) when creating parity data, as an area for storing
information needed to create the parity data and the created
parity data, and (2) as a temporary storage area when writing
data, which has been stored in a cache area based on a storage,
to a storage for storing data permanently.

[0096] The connection unit 250 is a mechanism for con-
necting the respective components inside the storage system
100. Also, in this example, it is supposed that one flash pack-
age 230, high-speed disk 265, and low-speed disk 290 are
connected to multiple storage controllers 200 using multiple
connection units 250 to heighten reliability. However, the
present invention is also effective in a case in which one flash
package 230, high-speed disk 265, and low-speed disk 290
are only connected to one connection unit 250.

[0097] At least one of the cache memory 210 and the com-
mon memory 220 are configured from a volatile memory such
as DRAM, but may be made nonvolatile by using a battery or
the like. These memories 210 and 220 may also be duplexed
to heighten reliability. However, the present invention is
effective even when the cache memory 210 and the common
memory 220 are not made nonvolatile. Data, which is fre-
quently accessed from the storage controller 200 from among
the data stored in the flash package 230, the high-speed disk
265, and the low-speed disk 290, may be stored in the cache
memory 210. In a case where the storage controller 200 has
received a write request from the host 110, the write-target
data may be stored in the cache memory 210 and the relevant
write request may be completed (write-completion may be
notified to the host 110). However, the present invention is
effective even for a system in which the write request is
completed at the stage where the write-target data has been
stored in the storage (the flash package 230, the high-speed
disk 265, or the low-speed disk 290). One characteristic fea-
ture of this example is the fact that a storage area based on a
portion of the flash package 230 (or the high-speed disk 265)
is used as the cache area for data stored in the high-speed disk
265 (or low-speed disk 290). The common memory 220
stores control information for the cache memory 210, man-
agement information for the storage system 100, inter-storage
controller 200 contact information, and synchronization
information. In this example, the common memory 220 also
stores management information for the flash package 230 and
the high-speed disk 265, which constitute the basis of the
cache area. Furthermore, the present invention is effective
even when these types of management information are stored
in the flash package 230 and the high-speed disk 265.

[0098] FIG. 23 denotes the configuration of the cache
memory 210.
[0099] The cache memory 210 is partitioned into fixed-

length slots 21100. A slot 21100 constitutes a data storage
unit. Inthis example, it is supposed that the flash package 230,
the high-speed disk 265, and the low-speed disk 290 are
respectively seen as individual storages from the storage con-
troller 200. Therefore, it is supposed that for higher reliability
the storage controller 200 possesses a RAID (Redundant
Array of Independent (or Inexpensive) Disks) function,
which makes it possible to restore the data of a single storage
when this storage fails. In a case where the storage controller
200 has a RAID function, multiple storages of the same type
make up one RAID. This will be called a storage group in this
example. That is, multiple flash packages 230, multiple high-
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speed disks 265, and multiple low-speed disks 290 respec-
tively make up RAIDs, and can respectively be called a flash
package group 280, a high-speed disk group 285, and a low-
speed disk group 295. These groups can collectively be called
a storage group. However, the present invention is effective
even when the storage controller 200 does not possess such a
RAID function.

[0100] FIG. 3 shows information stored in the common
memory 220.
[0101] The common memory 220 stores storage system

information 2050, logical volume information 2000, real
page information 2100, an empty page management informa-
tion pointer 2200, storage group information 2300, storage
information 2500, a virtual page capacity 2600, schedule
information 2700, an empty cache information pointer 2650,
cache management information 2750, slot management
information 2760, a LRU (Least Recently Used) slot forward
pointer 2770, a LRU slot backward pointer 2780, an empty
slot pointer 2800, the number of empty slots 2820, segment
management information 2850, a LRU segment forward
pointer 2870, a LRU segment backward pointer 2880, an
empty segment pointer 2910, the number of empty segments
2920, an ineffective segment pointer 2950, and hit ratio infor-
mation 2980. Of these, the storage system information 2050
is information related to the storage system 100, and in
Example 1, comprises a storage system identifier. The storage
system identifier is the identifier of a relevant storage system
100.

[0102] As was explained hereinabove, the storage system
100 comprises a capacity virtualization function. Ordinarily,
the storage allocation unit in the capacity virtualization func-
tion is called a page. Furthermore, a logical volume is ordi-
narily a logical storage with respect to which the host 110
performs writing and reading. However, in the present inven-
tion, the allocation destination of an area (a page) based on a
storage, which is used for caching, is defined as a logical
volume (a cache volume). The cache capacity (real capacity)
is increased in this cache volume by allocating a page in
accordance with the capacity virtualization function. In this
example, it is supposed that the logical volume (cache vol-
ume) space is partitioned into units called virtual pages, and
that an actual storage group is partitioned into units called real
pages. The capacity virtualization function can generally
make it appear as though the storage capacity of the logical
volume is larger than the capacity of the total number of real
pages. Generally speaking, one real page is allocated to one
virtual page. For this reason, as a rule, the number of virtual
pages is larger than the number of real pages. When a real
page has not been allocated to the virtual page to which the
write-destination address specified in a write request from the
host 110 belongs, the storage controller 200 allocates a real
page to this virtual page.

[0103] The virtual page capacity 2600 is the capacity of a
virtual page. However, in this example, the virtual page
capacity 2600 is not equivalent to the capacity of a real page.
This is because the real page capacity comprises parity data,
which differs in accordance with the RAID type. Therefore,
the real page capacity is decided in accordance with the RAID
type of the storage group to which the real page is allocated.
For example, in a case where the data is written in duplicate as
in RAID 1, the real page capacity is two times that of the
virtual page capacity 2600. In a case where the parity data of
the capacity of a single storage is stored in the capacity of N
storages as in RAID 5, a capacity of (N+1)/N for the virtual
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page capacity is ensured. Naturally, in a case where there is no
parity data as in RAID 0, the real page capacity is equivalent
to the virtual page capacity 2600. Furthermore, in this
example, the virtual page capacity 2600 is common through-
out the storage system 100, but the present invention is effec-
tive even when there is a different virtual page capacity 2600
in the storage system 100. In this example, it is supposed that
each storage group is configured using RAID 5. Of course, the
present invention is effective even when a storage group is
configured using an arbitrary RAID group.

[0104] FIG. 4 shows the format of the logical volume infor-
mation 2000.
[0105] A logical volume is a logical storage to/from which

data is either written or read by the host 110. Generally
speaking, the identifier of a logical volume is unique infor-
mation inside the storage system 100. Either a read request or
a write request issued from the host 110 will comprise a
logical volume ID (for example, a LUN (Logical Unit Num-
ber)), an address within the logical volume, and the length of
either a read-target or a write-target data.

[0106] Thelogical volume information 2000 exists for each
logical volume. This information 2000 comprises a logical
volume identifier 2001, a logical capacity 2002, a logical
volume RAID group type 2003, an initial allocation storage
2010, a logical volume type 2005, an allocation restriction
2006, a caching flag 2009, a real page pointer 2004, the
number of using segments 2007, and a page returning flag
2008.

[0107] The logical volume identifier 2001 shows the ID of
the corresponding logical volume.

[0108] The logical capacity 2002 denotes the capacity of
this virtual volume.

[0109] The logical volume type 2005 denotes the type of
the logical volume. In this example, the logical volume type
2005 shows whether the relevant logical volume is a logical
volume to/from which the host 110 writes/reads, or a cache
volume being used as a cache area.

[0110] Thelogical volume RAID group type 2003 specifies
the RAID type of the relevant logical volume, such as RAID
0, RAID 1, and so forth. In a case where the parity data of the
capacity of one storage unit is stored in the capacities of N
storage units as in RAID 5, it is supposed that the specific
numeric value of N will be specified. However, an arbitrary
RAID type cannot be specified; the RAID type must be the
RAID type of at least one storage group.

[0111] The allocation restriction 2006 shows a limit put on
storages allocated to the relevant logical volume (for
example, information denoting which storage constitutes the
basis of the page allocated to the relevant logical volume).
Generally speaking, the area (cache volume) used for caching
should be an area based on a storage with better performance
than the area for storing data (the logical volume from/to
which the host reads/writes). Therefore, a real page based on
a flash package group 280 may be fixedly allocated to the
cache volume, a real page based on either a flash package
group 280 or a high-speed disk group 285 may be fixedly
allocated to the cache volume, or a real page based on a
high-speed disk group 285 may be fixedly allocated to the
cache volume. However, the present invention is effective
even when a real page based on a low-speed disk group 295 is
allocated to the cache volume. In the example that follows, it
is supposed that a real page based on a flash package 230 is
fixedly allocated to the cache volume. Naturally, the present
invention is effective even when a real page based on either a
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flash package group 280 or a high-speed disk group 285 is
fixedly allocated to the cache volume, and when a real page
based on a high-speed disk group 285 is fixedly allocated to
the cache volume. Alternatively, the allocation restriction
2006 of the logical volume for storing data, which is read/
written by the host 110 (hereinafter, host volume), may also
be restricted. In this example, it is supposed that an allocation
restriction 2006 is specified such that a real page, which is
allocated to a cache volume from among multiple real pages
based on a flash package group 280, not be allocated to a host
volume.

[0112] The real page pointer 2004 is a pointer to the real
page information 2100 of a real page allocated to a virtual
page of the relevant logical volume. The number of real page
pointers 2004 is the number of virtual pages in the relevant
logical volume (constitutes a number, which is obtained by
dividing the logical volume capacity 2002 by the virtual page
capacity 2600, +1 in the case of a remainder). The real page
corresponding to an initial real page pointer 2004 is the real
page allocated to the virtual page at the top of the logical
volume, and thereafter, a pointer corresponding to the real
page allocated to the next virtual page is stored in the next real
page pointer 2004. According to the capacity virtualization
function, the allocation of a real page is not triggered by a
logical volume being defined, but rather, is triggered by a data
write being performed to the relevant virtual page. Therefore,
in the case of a virtual page to which a write has yet to be
performed, the corresponding real page pointer 2004 is
NULL. The respective virtual pages comprising the cache
volume are partitioned into segments, which are cache allo-
cation units. The size of a segment is the same as the size of a
slot. The number of virtual page segments constitutes a num-
ber obtained by dividing the capacity of the virtual page by
the capacity of the segment. The number of using segments
2007 and the page returning flag 2008 are information corre-
sponding to a virtual page, but this information is used when
the relevant logical volume is utilized as the cache volume.
The number of using segments 2007 is the number of data-
storing segments among the segments included in the relevant
virtual page. The page returning flag 2008 exists in virtual
page units. This flag 2008 is only valid in a case where the
corresponding virtual page is a virtual page in the cache
volume. The page returning flag 2008 is turned ON in a case
where it is desirable to end the allocation of a real page to the
relevant virtual page when a determination has been made
that an adequate hit ratio is obtainable even with a reduced
cache capacity. However, since data is stored in the corre-
sponding real page, the corresponding real page cannot be
released immediately unless the number of using segments
2007 is 0. In this example, immediately after turning ON the
page returning flag 2008, the storage controller 200 may
release the relevant virtual page by moving the segment being
used by the virtual page corresponding to this flag 2008 to
another virtual page (that is, moving the data in the real page
allocated to the virtual page corresponding to this flag 2008 to
another real page, and, in addition, allocating this other real
page to another virtual page). However, in this example, the
storage controller 200 refrains from allocating a new segment
included in this virtual page, waits for the previously allo-
cated segment to be released, and releases the relevant virtual
page.

[0113] The caching flag 2009 shows whether data in the
relevant logical volume is to be cached to the storage (cache
volume).
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[0114] The initial allocation storage 2010 shows the stor-
age, i.e., the flash package 230, the high-speed disk 265, or the
low-speed disk 290, to which caching is to be performed
when caching to a storage. As will be explained further below,
Example 1 supposes that caching is performed to the flash
package 230, and as such, the initial allocation storage 2010
shows the flash package 230.

[0115] FIG. 5 is the format of the schedule information
2700.
[0116] Inthis example, in a case where the storage control-

ler 200 calculates the utilization rate of a storage group (also
the empty capacity and the average life in the case of flash
package group 280) and the calculated value does not satisfy
a criterion value, which is compared to this value, the storage
controller 200 transfers data between real pages, and allocates
the transfer-destination virtual page instead of the transfer-
source real page to the allocation-destination virtual page of
the transfer-source real page. In this example, this processing
is started at a specified schedule time. However, the present
invention is effective even when the allocation of a real page
is changed (when data is transferred between pages) at an
arbitrary time.

[0117] The schedule information 2700 comprises a recent
schedule time 2701 and a next schedule time 2702. The recent
schedule time 2701 is the schedule time (past) at which an
inter-real page data transfer was most recently executed, and
the next schedule time 2702 is the time (future) for scheduling
a change in the next inter-real page data transfer. The inter-
real page data transfer referred to here, for example, may
comprise the carrying out of the following (1) through (3) for
each virtual page:

[0118] (1) Determining whether or not the access status (for
example, the access frequency or the last access time) of a
virtual page (in other words, a real page allocated to a virtual
page) belongs in an allowable access status range, which
corresponds to the storage tier comprising the real page allo-
cated to this virtual page;

[0119] (2)in a case where the result of the determination of
this (1) is negative, transferring the data in the real page
allocated to this virtual page to an unallocated real page in the
storage tier corresponding to the allowable access status
range to which this virtual page access status belongs; and
[0120] (3) allocating the transfer-destination real page to
this virtual page instead of the transfer-source real page.

[0121] FIG. 6 is the format of the real page information
2100.
[0122] The real page information 2100 is management

information for a relevant real page, which exists for each real
page. The real page information 2100 comprises a storage
group 2101, a real page address 2102, an empty page pointer
2103, the number of allocated real blocks 2104, the number of
additional allocated real blocks 2105, a cumulative real block
allocation time 2106, a cumulative number of real block
deletions 2107, an additional real block allocation time 2108,
amoving state flag 2109, a transfer to real page pointer 2110,
a waiting state for transferring flag 2111, a cumulative page
active time 2113, a cumulative page R/W times 2114, an
additional page active time 2115, and an additional page R/'W
times 2116. Furthermore, the number of allocated real blocks
2104, the number of additional allocated real blocks 2105, the
cumulative real block allocation time 2106, the cumulative
number of real block deletions 2107, and the additional real
block allocation time 2108 are information, which become
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valid (information in which a valid value is set) in a case
where the relevant real page is a real page defined in a flash
package group 280.

[0123] The storage group 2101 shows which storage group
the relevant real page is based on. The real page address 2102
is information showing which relative address the relevant
real page belongs to within the storage group, which consti-
tutes the basis of the relevant real page. The empty page
pointer 2103 becomes a valid value in a case where a real page
is not allocated to a virtual page. In accordance with this, this
value points to the real page information 2100 corresponding
to the next real page, which has not been allocated to a virtual
page, within the corresponding storage group. In a case where
avirtual page has been allocated, the empty page pointer 2103
becomes a NULL value. The number of allocated real blocks
2104 and the number of additional allocated real blocks 2105
exist in proportion to the number of storages comprising the
relevant storage group.

[0124] Inthis example, each flash package 230 has a capac-
ity virtualization function, and appears to the storage control-
ler 200 to be providing capacity in excess of the actual physi-
cal capacity. In this example, it is supposed that the unit for
capacity virtualization in the flash package 230 is a block,
which is the deletion unit of the flash memory. Hereinbelow,
a block as seen from the storage controller 200 will be called
a virtual block, and a block capable of being allocated to a
virtual block will be called a real block. Therefore, in this
example, a real page is comprised of virtual blocks. In addi-
tion, in this example, a capacity space configured from a
virtual block is larger than a capacity space configured from a
real block. FIG. 7 shows the relationships among a virtual
page, a real page, a virtual block, and a real block. As was
already explained, a real page comprises parity data not found
in a virtual page. Meanwhile, the data included in a virtual
block and a real block is the same. In this example, the flash
package 230 appears to the storage controller 200 to have
more virtual blocks than the number of real blocks. However,
in this example, the storage controller 200 is aware of how
many real blocks the flash package 230 actually has, and
carries out the reallocation of real pages. In this example, the
flash package 230 allocates a real block to a virtual block,
which has yet to be allocated with areal block, upon receiving
a write request. In a case where a real block has been newly
allocated, the flash package 230 notifies the storage controller
200 to this effect. The number of allocated real blocks 2104 is
the number of real blocks allocated prior to the recent sched-
ule time 2701 from among the number of real blocks, which
has actually been allocated to the relevant real page. Also, the
number of additional allocated real blocks 2105 is the number
of real blocks allocated subsequent to the recent schedule
time 2701 from among the number of real blocks, which has
actually been allocated to the relevant real page.

[0125] The cumulative real block allocation time 2106, the
cumulative number of real block deletions 2107, and the
additional real block allocation time 2108 respectively exist
in proportion to the number of flash packages 230, which
comprise the flash package group 280 constituting the basis
of the relevant real page. However, this information is not
attribute information of the virtual block included in this real
page, but rather is attribute information related to data in this
real page. Therefore, in a case where this virtual page is
allocated to another real page and data is transferred from the
current real page to this other real page, the cumulative real
block allocation time 2106, the information of the cumulative
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number of real block deletions 2107, and the additional real
block allocation time 2108 must also be copied from the real
page information 2100 of the transfer-source real page to the
real page information 2100 of the transfer-destination real
page.

[0126] The cumulative real block allocation time 2106
totals the elapsed time from the trigger by which the real
block was allocated to the respective virtual blocks corre-
sponding to this real block (this allocation trigger is likely to
have occurred in a past real page rather than the current real
page) until the recent schedule time 2701 for all the virtual
blocks. The cumulative number of real block deletions 2107
totals the number of deletions of a virtual block-allocated real
block from the trigger by which the real block was allocated
to the respective virtual blocks corresponding to this real
block for all the virtual blocks. The additional real block
allocation time 2108 is the allocation time of a real block
allocated to a virtual block subsequent to the recent schedule
time 2701. When one real block is newly allocated to the
relevant real block, a value obtained by subtracting the time at
which the allocation occurred from the next schedule time
2702 is added to the additional real block allocation time
2108. The reason for adding this value will be explained
further below.

[0127] The moving state flag 2109, the transfer to real page
pointer 2110, and the waiting state for transferring flag 2111
are information used when transferring the data of the rel-
evant real page to another real page. The moving state flag
2109 is ON when the data of this real page is in the process of
being transferred to the other real page. The transfer to real
page pointer 2110 is address information of the transfer-
destination real page to which the data of this real page is
being transferred. The waiting state for transferring flag 2111
is ON when the decision to transfer the relevant real block has
been made.

[0128] The cumulative page active time 2113, the cumula-
tive page R/W times 2114, the additional page active time
2115, and the additional page R/W times 2116 are informa-
tion related to the operation of the corresponding real page.
R/W is the abbreviation for read/write (read and write). The
cumulative page active time 2113 and the cumulative page
R/W times 2114 show the cumulative time of the times when
this real page was subjected to R/Ws, and the cumulative
number of R/Ws for this real page up until the present. The
additional page active time 2115 and the additional page R/'W
times 2116 of the corresponding real page show the total time
of the times when this real page was subjected to R/Ws, and
the number of R/Ws for this real page subsequent to the recent
schedule time 2701. Using this real page-related information,
the storage controller 200 evaluates the degree of congestion
of'the relevant real page, and when necessary, either transfers
the data in the corresponding real page to another real page,
which is based on a storage group of the same type, or trans-
fers the data in the corresponding real page to a real page,
which is based on a storage group of a different type within
the limits of the allocation restriction 2006 (for example, a
data transfer from a flash package 230 to a high-speed disk
265).

[0129] FIG. 8 denotes a set of empty real pages managed in
accordance with the empty page management information
pointer 2200.

[0130] The empty page management information pointer
2200 is information, which is provided for each storage
group. Empty page (empty real page) signifies a real page that
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is not allocated to a virtual page. Also, real page information
2100 corresponding to an empty real page may be called
empty real page information 2100. The empty page manage-
ment information pointer 2200 refers to an address at the top
of the empty real page information 2100. Next, the empty
page pointer 2103 at the top ofthe real page information 2100
points to the next empty real page information 2100. In FIG.
8, the empty real page pointer 2103 at the end of the empty
real page information 2100 is showing the empty page man-
agement information pointer 2200, but may be a NULL value.
The storage controller 200, upon receiving a write request
having as the write destination a virtual page to which a real
page is not allocated, searches for an empty real page based on
the empty page management information pointer 2200 cor-
responding to any storage group, which corresponds to the
logical volume RAID group type 2003 and the allocation
restriction 2006, for example, the storage group with the
highest number of empty real pages among the relevant stor-
age groups, and allocates the empty real page, which was
found, to a virtual page.

[0131] FIG. 9 shows the format of the storage group infor-
mation 2300.
[0132] The storage group information 2300 comprises a

storage group ID 2301, a storage group RAID type 2302, the
number of real pages 2303, the number of empty real pages
2304, and a storage pointer 2305.

[0133] The storage group ID 2301 is an identifier for a
relevant storage group. The storage group RAID type 2302 is
the RAID type of the relevant storage group. In this example,
the RAID type is the same as was described when explaining
the logical volume RAID type 2003. The number of real
pages 2303 and the number of empty real pages 2304 respec-
tively show the number of real pages and the number of empty
real pages in an entire flash package group 280. The storage
pointer 2305 is a pointer to the storage information 2500 of a
storage 230, which belongs to the relevant storage group. The
number of storage pointers 2305 is the number of storages
belonging to the relevant storage group, but this value is
determined in accordance with the storage group RAID type
2302.

[0134] FIG. 10 is the format of the storage information
2500.
[0135] The storage information 2500 comprises a storage

1D 2501, a storage type 2510, a storage virtual capacity 2502,
a virtual block capacity 2503, the number of allocated real
blocks in storage 2505, the number of additional allocated
real blocks 2506, a cumulative real block allocation time in
storage 2507, a cumulative real block deletion times in stor-
age 2508, an additional real block allocation time in storage
2509, a cumulative active time of storage 2511, a cumulative
page R/W times of storage 2512, an additional page active
time of storage 2513, and an additional page R/W times of
storage 2514.

[0136] The storage virtual capacity 2502, the virtual block
capacity 2503, the number of allocated real blocks in storage
2505, the number of additional allocated real blocks in stor-
age 2506, the cumulative real block allocation time in storage
2507, the cumulative real block deletion times in storage
2508, and the additional real block allocation time in storage
2509 are valid information when the storage is a flash package
230. The cumulative active time of storage 2511 and the
cumulative page R/W times of storage 2512 are cumulative
values of the operating time and number of R/Ws of the
relevant storage. Alternatively, the additional page active time
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of'storage 2513 and the additional page R/W times of storage
2514 are total values of the storage operating time and num-
ber of R/Ws subsequent to the recent schedule time of the
relevant storage.

[0137] The storage ID 2501 is the identifier of the relevant
storage. The storage type 2510 shows the type of the relevant
storage, for example, a flash package 230, a high-speed disk
265, or a low-speed disk 290. The storage virtual capacity
2502 is the virtual capacity of the relevant storage. The virtual
block capacity 2503 is the capacity of the data included in the
virtual block and the real block (the data, which is stored in
the virtual block, is actually stored in the real block). There-
fore, a value obtained by dividing the storage virtual capacity
2502 by the virtual block capacity 2503 constitutes the num-
ber of virtual blocks in this storage. The number of allocated
real blocks in storage 2505, the number of additional allo-
cated real blocks in storage 2506, the cumulative real block
allocation time in storage 2507, the cumulative real block
deletion times in storage 2508, and the additional real block
allocation time in storage 2509 are the respective totals of the
number of allocated real blocks 2104, the number of addi-
tional allocated real blocks 2105, the cumulative real block
allocation time 2106, the cumulative number of real block
deletions 2107, and the additional real block allocation time
2108 in the real page information 2100 related to the relevant
storage corresponding to all the real page information 2100
based on the corresponding storage group.

[0138] The cache management information 2750 is man-
agement information for data stored in a slot 21100 (or a
segment), and exists in association with the slot 2100 (or
segment).

[0139] FIG. 11 shows the format of the cache management
information 2750.

[0140] The cache management information 2750 com-
prises a forward pointer 2751, a backward pointer 2752, a
pointer to area after parity generation 2753, a pointer to area
before parity generation 2754, a dirty bitmap 2755, a dirty
bitmap before parity generation 2756, and a cached address
2757.

[0141] The forward pointer 2751 shows the cache manage-
ment information 2750 in the forward direction of a LRU slot
queue 1200 and a LRU segment queue 1210 shown in FIG.
12. The backward pointer 2752 shows the cache management
information 2750 in the backward direction of the LRU slot
queue 1200 and LRU segment queue 1210. The pointer to
area after parity generation 2753 shows the pointer to a slot
21100 (or segment) in which is stored clean data (data stored
in a secondary storage). The pointer to area before parity
generation 2754 shows the pointer to a slot 21100 (or seg-
ment) in which is stored dirty data for which parity has not
been generated. The dirty bitmap before parity generation
2756 shows the dirty data in the slot 21100 (or segment)
pointed to by the pointer to area before parity generation
2754. The cached address 2757 shows the logical volume and
a relative address thereof for data, which is stored in the slot
21100 (or segment) corresponding to the relevant cache man-
agement information 2750.

[0142] FIG. 12 denotes the LRU slot queue 1200 and the
LRU segment queue 1210.

[0143] The LRU slot queue 1200 manages in LRU
sequence the cache management information 2750 via which
data is stored in a slot. A LRU slot forward pointer 2770
shows recently accessed cache management information
2750. A LRU slot backward pointer 2780 shows the most
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previously accessed cache management information 2750. In
this example, when empty slots 21100 become scarce, data
corresponding to the cache management information 2750
indicated by the LRU slot backward pointer 2780 is moved to
a segment. The LRU segment queue 1210 manages in LRU
sequence the cache management information 2750 via which
data is stored in a segment. A LRU forward segment pointer
2870 points to the relevant cache management information
2750 at the time when data, which had been stored in a slot
21100, is moved to a segment. A LRU backward segment
pointer 2880 points to the most previously accessed cache
management information 2750 in a segment.

[0144] FIG. 13 denotes an empty slot queue 1300, an empty
segment queue 1301, and an ineffective segment queue 1302.

[0145] The empty slot queue 1300 is a queue for the slot
management information 2760 corresponding to a slot 21100
in an empty state.

[0146] The empty slot pointer 2800 shows the slot manage-
ment information 2760 at the top of the empty slot queue
1300. The number of empty slots 2820 is the number of pieces
of slot management information 2760 in the empty state.

[0147] The empty segment queue 1301 is a queue for the
segment management information 2850 corresponding to a
segment in the empty state. An empty segment queue 1301 is
provided for each type of storage. The type of storage, for
example, differs in accordance with the access function of the
storage. For example, three empty segment queues 1301 may
be respectively provided for the three types of storages, i.e.,
the flash package 230, the high-speed disk 265, and the low-
speed disk 290. However, in this example, since caching is
performed for the flash package 230, information associated
with the flash package 230 may be valid. However, in a case
where a high-speed disk 265 is used for caching, an empty
segment queue 1301 corresponding to the high-speed disk
265 is provided. The empty segment pointer 2910 is a pointer
to the segment management information 2850 at the top of the
empty segment queue 1301. The number of empty segments
2920 is the number of pieces of segment management infor-
mation 2850 in the empty state.

[0148] The ineffective segment queue 1302 is a queue for
segment management information 2850 corresponding to a
segment, which is not allocated. A page is allocated, the
segment management information 2850 at the top of the
ineffective segment queue 1302 is obtained for the segment
included in this page, and the ineffective segment pointer
2950, which is linked to the ineffective segment queue 1302,
is the pointer to the segment management information 2850 at
the top of the ineffective segment queue 1302. The ineffective
segment queue 1302 may be provided for each type of stor-
age. Therefore, an ineffective segment queue 1302 may be
provided for each of three types of storage, i.e., a flash pack-
age 230, a high-speed disk 265, and a low-speed disk 290.
However, in this example, since caching is performed by the
flash package 230, an ineffective segment queue 1302 corre-
sponding to the flash package 230 may be provided.

[0149] FIG. 14 is the format of the slot management infor-
mation 2760.
[0150] The slot management information 2760 exists for

each slot, and comprises a next slot pointer 1400 and a slot
address 1401.

[0151] The next slot pointer 1400 shows the next slot man-
agement information 2760 for a slot, which is in an empty
state, when the slot management information 2760 corre-
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sponds to an empty slot. The slot address 1401 shows the
address of the corresponding slot 21100.

[0152] FIG. 15 is the format of the segment management
information 2850.

[0153] The segment management information 2850 exists
for each segment, and comprises a next segment pointer 1500
and segment address 1501.

[0154] The next segment pointer 1500 shows the next seg-
ment management information 2850 corresponding to a seg-
ment, which is in an empty state, when the segment manage-
ment information 2850 corresponds to an empty segment.
The segment address 1501 shows the address of the corre-
sponding segment. This address comprises the ID of the
cache volume and the relative address of the relevant logical
volume. In accordance with this, the storage controller 200
can get by without changing the segment address 1501 even
when transferring the real page allocated to the virtual page
comprising this segment.

[0155] FIG. 16 is the format of the hit ratio information
2980.
[0156] The hit ratio information 2980 comprises an aiming

hit ratio 1600, a new pointer 1601, a cache capacity 1602, the
number of hits 1603, and the number of misses 1604. There is
one of each of the aiming hit ratio 1600 and the new pointer
1601, and there are each of the cache capacity 1602, the
number of hits 1603, and the number of misses 1604. Essen-
tially, there may be one aiming hit ratio 1600 and one new
pointer 1601, and a cache capacity 1602, the number of hits
1603, and the number of misses 1604 may exist for each
storage, for example, for a flash package 230, a high-speed
disk 265, and a low-speed disk 290. However, in Example 1,
because caching is performed in the flash package 230, the
information 1602 through 1604, which corresponds to the
flash package 230, is valid.

[0157] The aiming hit ratio 1600 is a hit ratio targeted at the
storage cache. In this example, in a case where the cache hit
ratio and the aiming hit ratio 1600 are identical, there is no
need to either increase or decrease the cache capacity. In a
case where the hit ratio does not reach the aiming hit ratio
1600, the cache capacity is increased. In a case where the hit
ratio is clearly higher than the aiming hit ratio 1600 (for
example, in a case where the hit ratio is larger than the aiming
hit ratio 1600 by equal to or more than a prescribed value), the
cache capacity may be decreased. A determination regarding
controlling the cache capacity may be made at a schedule time
(e.g. the schedule time is represented by the schedule infor-
mation 2700). The cache capacity required to achieve the
aiming hit ratio 1600 may be predicted based on the cache
capacities 1602 and hit ratios (number of hits 1603/(number
ot hits 1603 +number of misses 1604)) of the past m schedule
times. Real pages are either obtained or released to bring the
cache capacity closer (preferably identical) to the predicted
capacity.

[0158] Next, the operations executed by the storage con-
troller 200 will be explained using the management informa-
tion explained hereinabove. First, the operation of the storage
controller 200 will be explained. The operation of the storage
controller 200 is executed by a processor 260 inside the
storage controller 200, and the programs therefor are stored in
a memory 270.

[0159] FIG. 17 shows the programs inside the memory 270.
[0160] The programs related to this example are a read
process execution part 4000, a write request receive part
4100, a slot obtaining part 4200, a segment obtaining part
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4300, a transfer page schedule part 4400, a page transfer
process execution part 4500, a storage selection part 4700,
and a cache capacity control part 4600. These programs real-
ize higher-level (for example, for multiple flash packages
230) wear leveling technology and capacity virtualization
technology. These programs are executed by the processor
260. Either a program or the processor 260 may be given as
the doer of the processing, which is executed by the processor
260.

[0161] FIG. 18 is the flow of processing of the read process
execution part 4000. The read process execution part 4000 is
executed when the storage controller 200 has received a read
request from the host 110.

[0162] Step 5000: The processor 260 calculates the corre-
sponding virtual page (read-source virtual page) and a rela-
tive address in this virtual page based on the read-target
address specified in the received read request.

[0163] Step 5001: The processor 260 checks whether there
was a hit for the data (whether the data exists), which consti-
tutes the read target, in a slot 21100 or a segment. In the case
of a hit, the processor 260 jumps to Step 5010.

[0164] Step 5002: In the case of a miss, the processor 260
checks the number of empty slots 2820. In a case where the
number of empty slots 2820 is less than a fixed value, the
processor 260 calls the slot obtaining part 4200. In a case
where the number of empty slots 2820 is equal to or larger
than the fixed value, the processor 260 moves to Step 5003.

[0165] Step 5003: The processor 260 obtains the cache
management information 2750 from the empty cache man-
agement information queue for storing a slot’s worth of data
comprising the read-target data, and stores the relative
address and ID of' the read-target logical volume in the cached
address 2757 in this information 2750. The processor 260
also increments by one the number of misses 1640 corre-
sponding to this point in time (the schedule point in time). In
addition, the processor 260 operates the forward pointer 2751
and the backward pointer 2752 in the above-mentioned
obtained information 2750, and sets the relevant cache man-
agement information 2750 at the top of the LRU slot queue
1200. The processor 260 also obtains the slot management
information 2760 from the empty slot management informa-
tion queue 1300, and sets the address of the slot management
information 2760 in the cache management information
2750. Furthermore, the empty cache management queue is a
queue for the cache management information 2750 corre-
sponding to a slot 21100 (or a segment) in an empty state. The
empty cache management information pointer shows the
cache management information 2750 at the top of the empty
cache management information queue.

[0166] Step5004: Atthis point, the processor 260 must load
the slot’s worth of data comprising the read-target data into a
slot 21100. In the relevant step, the processor 260 first obtains
the real page information 2100 corresponding to the real page
allocated to the virtual page constituting the read target from
the real page pointer 2004 of the logical volume information
2000.

[0167] Step 5005: The processor 260 obtains the storage
group to which the relevant real page belongs and the top
address of the relevant real page storage group from the
storage group 2101 and the real page address 2102 of the
obtained real page information 2100.

[0168] Step 5006: The processor 260 calculates a relative
address in the real page constituting the access target of the
relevant request based on the relative address in the virtual
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page obtained in Step 5005 and the RAID type 2302 in the
storage group. The processor 260 obtains the storage address,
which will be the access target, based on the calculated real
page relative address, the storage group RAID type 2302, and
the storage pointer 2305.

[0169] Step 5007: The processor 260 issues the read
request specifying the obtained address to the storage
obtained in Step 5006.

[0170] Step5008: The processor 260 waits for the datato be
sent from the storage 230.

[0171] Step 5009: The processor 260 stores the data sent
from the storage in a slot 21100.

[0172] Thereafter, the processor 260 jumps to Step 5016.
[0173] Step 5010: At this point, the processor 260 checks
whether there was a hit for the requested data in a slot 21100.
In the case of a hit, the processor 260 jumps to Step 5016.
[0174] Step 5011: In a case where the requested data (the
read-target data) is stored in a segment rather than a slot, there
is a method whereby the data of the segment in the relevant
cache management information 2750 is moved one time to a
slot 21100 (the DRAM cache). Naturally, adopting such a
method is valid in the present invention. The processor 260
also increments the number of hits 1603 by one. However, in
this example, the processor 260 decides to move the cache
management information corresponding to the relevant seg-
ment to the top of the LRU segment queue 1210. In this step,
the processor 260 first checks whether the page returning flag
2008 of the virtual page comprising this segment is ON.
When this flag 2008 is ON, the processor 260 jumps to Step
5013 without performing a queue transfer.

[0175] Step 5012: The processor 260 transfers the relevant
cache management information 2750 to the top of the LRU
segment queue.

[0176] Step 5013: The processor 260 issues a read request
to the storage to read the requested data stored in the cache
area from the storage to the buffer 275.

[0177] Step5014: The processor 260 waits for the datato be
sent from the storage 230 to the buffer 275.

[0178] Step 5015: The processor 260 sends the data, which
was sent from the storage and stored in the buffer 275, to the
host 110.

[0179] Step 5016: The processor 260 sends the data speci-
fied in the relevant read request from the slot 21100 to the host
110.

[0180] FIG. 19 is the flow of processing of the write request
receive part 4100. The write request receive part 4100 is
executed when the storage controller 200 has received a write
request from the host 110.

[0181] Step 6000: The processor 260 calculates the corre-
sponding virtual page (the write target virtual page) and a
relative address in this virtual page based on the write-target
address of the received write request.

[0182] Step 6001: The processor 260 references the real
page pointer 2004 in the logical volume information 2000
corresponding to the logical volume ID specified in the write
request, and checks whether a real page is allocated to the
virtual page obtained in Step 6000. In a case where a real page
has been allocated, the processor 260 jumps to Step 6003.
[0183] Step 6002: In this step, the processor 260 allocates a
real page to the corresponding virtual page. The processor
260 references the RAID type 2002 and the allocation restric-
tion 2006 of'the logical volume information 2000, the storage
group RAID type 2303 and the number of empty real pages
2304, and decides which storage group real page to allocate.
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Thereafter, the processor 260 references the empty page man-
agement information pointer 2200 of the corresponding stor-
age group and sets the relevant real page pointer 2004 to
indicate the top empty page information 2100. The processor
260 thus allocates a real page to the virtual page. Furthermore,
the processor 260 sets the empty page management informa-
tion pointer 2200 to indicate the next real page information
2100 (the real page information 2100 indicated by the empty
page pointer 2103 in the real page information 2100 of the
real page allocated to the virtual page), and also sets the empty
page pointer 2103 in the real page information 2100 of the
real page allocated to the virtual page to NULL. The proces-
sor 260 reduces the number of the number of empty pages
2304 of the flash package group management information
corresponding to the relevant real page. In this example, the
processing for allocating a virtual page to a real page is
performed when the write request is received, but in the
present invention, this allocation process may be executed up
until the data is stored in the flash package 230.

[0184] Step 6003: The processor 260 checks whether cache
management information 2750 is allocated to the slot 21100
comprising the write-target data. In a case where the cache
management information 2750 has been allocated, the pro-
cessor 260 jumps to Step 6007.

[0185] Step 6004: In a case where the cache management
information 2750 has not been allocated, the processor 260
checks the number of empty slots 2820. In a case where the
number of empty slots 2820 is less than a prescribed value, the
processor 260 calls the slot obtaining part 4200. In a case
where the number of empty slots 2820 is equal to or larger
than the prescribed value, the processor 260 moves to Step
6005.

[0186] Step 6005: The processor 260 obtains the cache
management information 2750 from the empty cache man-
agement information queue for storing the slot’s worth of data
comprising the write-target data, and stores the logical vol-
ume and relative address regarded as the read target in a
cached address 2757 in this information 2750.

[0187] Step 6006: The processor 260 sets the obtained
cache management information 2750 in the top location of
the LRU slot queue 1200.

[0188] Step 6007: The processor 260 determines whether
the area obtained using the relevant cache management infor-
mation 2750 is a slot 21100 (cache memory 210) or a segment
(storage). In a case where this obtained area is a segment, the
processor 260 jumps to Step 6019.

[0189] Step 6008: This step is executed in a case where the
write data is cached in the storage. In this example, the pro-
cessor 260 writes the write data to the storage (a storage-
based real page allocated to the cache volume), and completes
the write request. The present invention is effective even
when the write request is completed at the stage when the
write data is written to the cache memory 210. The processor
260 stores the write data received from the host 110 in the
buffer 275 at this point.

[0190] Step 6009: At this point, the processor 260 checks
whether the pointer to area before parity generation 2754 of
the cache management information 2750 is valid (checks
whether the slot 21100 has been obtained). Thereafter, the
processor 260 jumps to Step 6011.

[0191] Step 6010: The processor 260 obtains slot manage-
ment information 2760 from the empty slot queue 1300 for
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storing the write data, and sets the address of this slot man-
agement information 2760 in the pointer to area before parity
generation 2754.

[0192] Step 6011: The processor 260, based on the pointer
to area before parity generation 2754, references the corre-
sponding segment management information 2850 and recog-
nizes the area of the parity data. The processor 260 issues a
read request to the storage for storing the information
required for generating the parity data in the buffer 275.
[0193] Step 6012: The processor 260 waits for the neces-
sary data to be read to the buffer 275.

[0194] Step 6013: The processor 260 generates new parity
data in the buffer 275.

[0195] Step 6014: The processor 260 issues a write request
to the storage for writing the generated parity data to the
storage.

[0196] Step 6015: The processor 260 waits for the write to
be completed.

[0197] Step 6016: The processor 260 issues a write request
to the storage for writing the segment management informa-
tion indicated by the pointer to area before parity generation
2754 to the corresponding segment.

[0198] Step 6017: The processor 260 waits for the write to
be completed.
[0199] Step 6018: At this point, the processor 260 operates

the forward pointer 2751 and the backward pointer 2752 and
sets the relevant cache management information 2750 at the
top of the LRU slot queue 1200. In addition, the processor 260
turns ON the corresponding dirty bit map before parity gen-
eration 2756. The processor 260 transfers the write data from
the buffer 275 to the slot 21100.

[0200] Step 6019: At this point, the processor 260 operates
the forward pointer 2751 and the backward pointer 2752 and
sets the relevant cache management information 2750 in the
LRU slot queue 1200. In addition, the processor 260 turns ON
the corresponding dirty bit map before parity generation
2756, receives the write data from the host 110, and stores this
write data in the slot 21100.

[0201] Since the storage group adopts a RAID configura-
tion, parity data must be generated with respect to the write
data stored on the cache memory 210. This is required when
data is written to both the cache volume and the host volume.
The area for storing the parity data is also included in the real
page, and as such, the storage address in the real page for the
parity data corresponding to the write data is uniquely stipu-
lated as well. In this example, the processor 260 stores data,
which is needed to generate the parity data but is not in the
cache memory 210, and the generated parity data in the buffer
275. The processor 260 attaches to the parity data on the
buffer 275 information showing which address in which stor-
age the parity data should be written the same as for the write
data. In this example, the processor 260 divides writes to
storage into two broad categories. That is, (A) a data write to
the cache volume, and (B) a data write to the host volume. (A)
is a portion of the processing of the slot obtaining part 4200,
which is executed when the number of empty slots 2820 has
decreased, and (B) is a portion of the processing of the seg-
ment obtaining part 4300 executed when the number of empty
segments 2920 has decreased.

[0202] FIG. 20 is the flow of processing of the slot obtain-
ing part 4200. The slot obtaining part 4200 is executed by the
processor 260 as needed. In a case where the number of empty
slots 2820 is equal to or smaller than a fixed value during
processing, which is carried out when either a read request or
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a write request has been received from the host 110, the slot
obtaining part 4200 is called to increase the number of empty
slots 2820.

[0203] Step 7000: The processor 260 removes the cache
management information 2750 indicated by the LRU slot
backward pointer 2780 of the LRU slot queue 1200 from the
LRU slot queue 1200. Since caching is performed to the
storage shown in the initial allocation storage 2010, the pro-
cessor 260 recognizes the empty segment queue 1301 corre-
sponding to this storage. However, in Example 1, since the
caching-destination storage is a flash package 230, the empty
segment queue 1301 corresponding thereto is recognized.
[0204] Step 7001: At this point, the processor 260 checks
the cached address 2757 of the fetched cache management
information 2750, and recognizes the logical volume corre-
sponding to the relevant slot. In addition, the processor 260
checks whether the caching flag 2009 of the relevant logical
volume is ON. Since storage caching is not performed in a
case where the flag 2009 is OFF, the processer 260 performs
a prescribed process. This process may be a known process.
For this reason, an explanation thereof will be omitted. The
processing in a case where the caching flag 2009 is ON will be
explained hereinbelow.

[0205] Step 7002: The processor 260 checks the number of
empty segments 2920. In a case where the number of empty
segments 2920 is equal to or smaller than a prescribed value,
the processor 260 calls the segment obtaining part 4300.
[0206] Step 7003: The processor 260 checks the pointer to
area after parity generation 2753. In a case where this pointer
2753 is invalid, the processor 260 jumps to Step 7013. In this
example, the slot 21100 indicated by the pointer to area after
parity generation 2753 is in a clean state, and is being cached
in the storage. However, the present invention is effective
even when clean data, which has not been updated, is not
cached in the storage.

[0207] Step 7004: The processor 260 fetches the segment
address 1501 of the segment management information 2850
from the empty segment queue 1301, and recognizes the
segment (the logical volume and relative address) corre-
sponding to this segment management information 2850. At
this time, the processor 260 decreases the number of empty
segments 2920. In addition, the processor 260 recognizes the
area in which the parity data of this segment is stored.
[0208] Step 7005: At this point, the processor 260 issues a
read request to the storage for storing the information
required for generating the parity data in the buffer 275.
[0209] Step 7006: The processor 260 waits for the needed
data to be read to the buffer 275.

[0210] Step 7007: The processor generates new parity data
in the buffer 275.

[0211] Step 7008: The processor 260 issues a write request
to the storage for writing the generated parity data to the
storage.

[0212] Step 7009: The processor 260 waits for the write to
be completed.
[0213] Step 7010: The processor 260 issues a write request

to the storage for writing the data stored in the slot 21100
indicated by the pointer to area after parity generation 2753 to
the segment recognized in Step 7003.

[0214] Step 7011: The processor 260 waits for the write to
be completed.
[0215] Step 7012: The processor 260 increases the number

of' empty slots 2820 by linking the slot management informa-
tion 2760 indicated by the pointer to area after parity genera-
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tion 2753 to the empty slot queue 1300. In addition, the
processor 260 sets the pointer to area after parity generation
2753 to indicate the segment management information 2850
recognized in Step 7003.

[0216] Step 7013: The processor 260 checks the pointer to
area before parity generation 2754. In a case where this
pointer 2754 is invalid, the processor 260 jumps to Step 7023.
[0217] Step 7014: The processor 260 fetches the segment
address 1501 of the segment management information 2850
from the empty segment queue 1301, and recognizes the
segment (the logical volume and relative address) corre-
sponding to this segment management information 2850. At
this time, the processor 260 decreases the number of empty
segments 2920. In addition, the processor 260 recognizes the
area in which the parity data of this segment is stored.
[0218] Step 7015: At this point, the processor 260 issues a
read request to the storage for storing the information
required for generating the parity data in the buffer 275.
[0219] Step 7016: The processor 260 waits for the needed
data to be read to the buffer 275.

[0220] Step 7017: The processor 260 generates new parity
data in the buffer 275.

[0221] Step 7018: The processor 260 issues a write request
to the storage for writing the generated parity data to the
storage.

[0222] Step 7019: The processor 260 waits for the write to
be completed.

[0223] Step 7020: The processor 260 issues a write request
to the storage for writing the data stored in the slot 21100
indicated by the pointer to area before parity generation 2754
to the segment recognized in Step 7003.

[0224] Step 7021: The processor 260 waits for the write to
be completed.
[0225] Step 7022: The processor 260 increases the number

of' empty slots 2820 by linking the slot management informa-
tion 2760 indicated by the pointer to area before parity gen-
eration 2754 to the empty slot queue 1300. In addition, the
processor 260 sets the pointer to area before parity generation
2754 to indicate the segment management information 2850
recognized in Step 7003.

[0226] Step 7023: The processor 260 checks the number of
empty slots 2820. In a case where this number 2820 is larger
than a prescribed value, the processor 260 ends the process-
ing. Otherwise, the processor 260 jumps to Step 7000.
[0227] FIG. 21 is the flow of processing of the segment
obtaining 4300. The segment obtaining part 4300 is executed
by the processor 260 as needed. In a case where the number of
empty segments 2920 is equal to or smaller than a fixed value
during processing, which is carried out when either a read
request or a write request has been received from the host 110,
the segment obtaining part 4300 is called to increase the
number of empty segments 2920.

[0228] Step 8000: The processor 260 removes the segment
management information 2850 indicated by the LRU seg-
ment backward pointer 2880 of the LRU segment queue 1210
from the LRU segment queue 1210.

[0229] Step 8001: The processor 260 checks the pointer to
area before parity generation 2754. In a case where this
pointer 2754 is invalid, the processor 260 jumps to Step 8011.
[0230] Step 8002: The processor 260 fetches the segment
address 1501 of the corresponding segment management
information 2850, and recognizes the segment (the logical
volume and relative address) corresponding to this segment
management information 2850. The processor 260 also rec-
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ognizes the area in which the parity data of this segment is
stored. The processor 260 recognizes the storage and the
address to which data is to be written for writing the data
indicated by the dirty bit map before parity generation 2756.
In addition, the processor 260 recognizes storage and address
of the corresponding parity.

[0231] Step 8003: At this point, the processor 260 issues a
read request to the storage for storing the information
required for generating the parity data in the buffer 275.
[0232] Step 8004: The processor 260 waits for the needed
data to be read to the buffer 275.

[0233] Step 8005: The processor 260 generates new parity
data in the buffer 275.

[0234] Step 8006: The processor 260 issues a write request
to the storage for writing the generated parity data to the
storage.

[0235] Step 8007: The processor 260 waits for the write to
be completed.

[0236] Step 8008: The processor 260 requests that the data
recognized in Step 8002 be written to the recognized address
in the storage recognized in the same step.

[0237] Step 8009: The processor 260 waits for the write to
be completed.
[0238] Step 8010: The processor 260 checks whether the

page returning flag 2008 corresponding to the virtual page
comprising the relevant segment is ON. In a case where this
flag 2008 is OFF, the processor 260 returns the segment
management information 2850 indicated by the pointer to
area before parity generation 2754 to the empty segment
queue 1301, and increases the number of empty segments
2920. In a case where this flag 2008 is ON, the processor 260
transfers the relevant segment management information 2850
to the ineffective segment queue 1302, subtracts one from the
number of using segments 2007, and when this number of
using segments 2007 reaches 0, the processor 260 releases the
real page allocated to the corresponding virtual page. The
processor 260 also sets the pointer to area before parity gen-
eration 2754 to NULL in every case.

[0239] Step 8011: At this point, the processor 260 checks
whether the pointer to area after parity generation 2753 is
valid. In a case where this pointer 2753 is invalid, the proces-
sor 260 jumps to Step 8014.

[0240] Step 8012: The processor 260 checks whether the
page returning flag corresponding to the virtual page com-
prising the relevant segment is ON. In a case where this flag is
OFF, the processor 260 returns the segment management
information 2850 indicated by the pointer to area after parity
generation 2702 to the empty segment queue 1320, and
increases the number of empty segments 2920. In a case
where this flag is ON, the processor 260 transfers the relevant
segment management information 2850 to the ineffective
segment queue 1302, subtracts one from the number of using
segments 2007, and when this number of using segments
2007 reaches 0, releases the real page allocated to the corre-
sponding virtual page. The processor 260 also sets the pointer
to area after parity generation 2753 to NULL in every case.
[0241] Step 8013: At this point, the processor 260 returns
the cache management information 2750 to the empty cache
management information queue.

[0242] Step 8014: At this point, the processor 260 checks
whether the number of empty segments 2920 is equal to or
larger than a prescribed value. In a case where the number
2920 is not equal to or larger than the prescribed value, the
processor 260 returns to Step 8000. In a case where the

Advanced Micro Devices, Inc., Pensando Systems, Inc. - Ex. 1030, Page 000051

Nov. 28,2013

number 2920 is equal to or larger than the prescribed value,
the processor 260 ends the processing.

[0243] FIG. 24 is the flow of processing of the transfer page
schedule part 4400. The transfer page schedule part 4400
starts execution when a timer 240 reaches the next schedule
time 2702. The transfer page schedule part 4400 transfers
data in a real page between storage groups in order to main-
tain balanced performance between storage groups. In this
example, the allocation of real pages for achieving tight per-
formance throughout the storage system 100 is made possible
in accordance with the storage controller 200 controlling both
areal page, which is allocated as a cache area, and a real page,
which is allocated to a host volume. Furthermore, it is pref-
erable that the real page allocated as a cache area feature
better access performance (a faster access speed) than the real
page allocated to the host volume. Therefore, in this example,
the real page allocated as the cache area may be a real page
based on a flash package group 280, and the real page allo-
cated to the host volume may be a real page based on either a
high-speed disk group 285 or a low-speed disk group 295.
Also, with regard to the flash package group 280, page allo-
cation can be performed by taking into account the number of
block deletions rather than performance alone. In this
example, the storage controller 200 has a capacity virtualiza-
tion function, and can also realize page allocation so as to
balance the number of empty blocks between flash packages.

[0244] Step 10000: The processor 260 calculates a virtual
availability factor by dividing the cumulative active time of
storage 2511 of all the storages by (the next schedule time
2702-the recent schedule time 2701). The processor 260
decides to transfer the data in the real page from the storage
group comprising a storage for which this value is equal to or
larger than a fixed value A, and to decrease the load. In
addition, the processor 260 calculates how much to decrease
the virtual availability factor. The processor 260 also decides
to use a storage group for which the maximum value of the
virtual availability factor is equal to or less than a fixed value
B as the group, which serves as the basis of the transfer-
destination real page, and how much the virtual availability
factor may be increased.

[0245] Step 10001: First, the processor 260 decides a pair
of storage groups, which will constitute the transfer source
and the transfer destination between the same type of storage
groups. In accordance with this, the processor 260 decides
how much virtual availability factor to respectively transfer
between the pair of storage groups constituting the transfer
source and the transfer destination. In accordance with this,
the virtual availability factors of the transfer source and the
transfer destination become one-to-one.

[0246] Step 10002: The processor 260, in a case where the
transfer destination falls within the allowable range even
when the entire virtual availability factor of the transfer
source is added to the transfer-destination storage group,
jumps to Step 10004.

[0247] Step 10003: The processor 260 decides on a pair of
storage groups as the transfer source and transfer destination
between different types of storage groups. In accordance with
this, since the virtual availability factor differs for the transfer
source and the transfer destination, normalization is per-
formed. The processor 260 decides on a pair of storage groups
as the transfer source and the transfer destination between
different storage groups, a normalized virtual availability fac-
tor, which will decrease for the transfer-source storage group,
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and a normalized availability factor, which will increase for
the transfer-destination storage group.

[0248] Step 10004: The processor 260 decides on a trans-
fer-source real page of the transfer-source storage group
established in Steps 10001 and 10003, and on a real page of
the transfer-destination storage group established in Steps
10001 and 10003. Specifically, the processor 260 references
the additional page active time 2113 of the real pages of the
relevant storage group, accumulates the values thereof until
these values become equivalent to a prior total value, finds the
real pages, and makes these real pages the transfer-destina-
tion real pages. Naturally, it is efficient to select a large addi-
tional page active time 2113. This processing is executed for
all storage groups to serve as transfer destinations. However,
in this example, the transfer-source page is decided in accor-
dance with the following restrictions:

[0249] (1) Datain areal page allocated to the cache volume
is not transferred to a real page based on a different type of
storage group; and

[0250] (2) data in a real page allocated to the host volume,
and, in addition, data cached in a real page allocated to the
cache volume is not transferred to a real page based on a flash
package group 280.

[0251] The processor 260 turns ON the waiting state for
transferring flag 2111 of the real page information 2100 cor-
responding to all the real pages to be transferred. The proces-
sor 260 also allocates a real page of the transfer-source stor-
age group to a virtual page, which is the allocation destination
of a transfer-source real page. Specifically, the processor 260
executes the following processing in proportion to the num-
ber of transfer-source real pages. That is, the processor 260
sets real page information 2100 pointed to by the empty page
management information pointer 2200 corresponding to the
transfer-destination storage group in the copy-destination
real page pointer 2110 of the real page information 2100 for
the transfer-source real page, and has the empty page man-
agement information pointer 2200 indicate the real page
information 2100 for the next empty state.

[0252] Step 10005: The processor 260 clears the cumula-
tive active time of storage 2511 of all the storages and the
additional page active time 2113 for all real pages to O (resets
to 0). Next, the processor 260 checks whether a flash package
group 280 exists. In a case where a flash package group 280
exists, the processor 260 checks whether it is necessary to
balance the number of block deletions by transferring data in
a real page between flash package groups 280. Thus, in a case
where a flash package group 280 does not exist, the processor
260 jumps to Step 10011.

[0253] Step 10006: The processor 260 adds a value to the
cumulative real block allocation time in storage 2507 of the
storage information 2500 corresponding to all the flash pack-
ages 230 obtained by multiplying (the next schedule time
2702-the recent schedule time 2701) by the number of allo-
cated real blocks in storage 2505. In addition, the processor
260 adds the additional real block allocation time in storage
2509 to the cumulative real block allocation time in storage
2507. Since (the next schedule time 2702-the real block
allocation time) has been added for each relevant flash pack-
age 230 real block allocated subsequent to the recent schedule
time 2701, this makes it possible to reflect the allocation time
of a real block allocated subsequent to the recent schedule
time 2701 in the additional real block allocation time in
storage 2509. In addition, the processor 260 sets the addi-
tional real block allocation time in storage 2509 to 0. The
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processor 260 also adds the number of additional allocated
real blocks 2506 to the number of allocated real blocks in
package 2505, and sets the number of additional allocated
real blocks 2506 to 0.

[0254] Step 10007: The processor 260 adds a value
obtained by multiplying (the next schedule time 2702-the
recent schedule time 2701) by the number of additional allo-
cated real blocks 2105 to the cumulative real block allocation
time 2106 of the real page information 2100 corresponding to
all the real pages. In addition, the processor 260 adds the
additional real block allocation time 2108 to the cumulative
real block allocation time 2106. Since (the next schedule time
2702-the allocation time) has been added for each real block
of a relevant real page allocated subsequent to the recent
schedule time 2701, this makes it possible to reflect the allo-
cation time of a real block allocated subsequent to the recent
schedule time 2701 in the additional real block allocation
time 2108. In addition, the processor 260 sets the additional
real block allocation time 2108 to 0. The processor 260 also
adds the number of additional allocated real blocks 2105 to
the number of allocated real blocks 2104, and sets the number
of additional allocated real blocks 2105 to O.

[0255] Step 10008: The processor 260 divides the cumula-
tive real block deletion times in storage 2508 of the storage
information 2500 corresponding to all flash packages 230 by
the cumulative real block allocation time in storage 2507.
This value becomes the average number of deletions per unit
of time for the real blocks of each flash package 230 in a case
where a real page allocation change has not been carried out.
In addition, the processor 260 divides the number of allocated
real blocks in storage 2505 of the storage information 2500
corresponding to all flash packages 230 by the number of
allocatable real blocks. This value constitutes the real block
occupancy of each flash package 230 in a case where a real
page allocation change has not been carried out. In this
example, in a case where this average number of deletions is
equal to or larger than a fixed value (the life expectancy of the
flash package 230 is short), is larger than equal to or larger
than a fixed percentage compared to another flash package
230 (the bias of the average number of deletions between
flash packages 230 is large), or has an occupancy of equal to
or larger than a fixed value (the flash package 230 is likely to
become full), the processor 260 transfers data in a real page
based on the flash package group 280 comprising this flash
package 230 to a real page of another flash package group
280. The processor 260 may also transfer the data in a real
page based on the flash package group 280 comprising this
flash package 230 to a real page of another flash package
group 280 when the number of allocatable real blocks 2504
has ceased to satisfy a certain criterion. At this point, the
processor 260 decides which flash package group 280 real
page data to transfer. In addition, the processor 260 references
the average number of deletions per unit of time for the real
blocks, the real block occupancy, and the number of allocat-
able real blocks of each of the above-mentioned flash pack-
ages 230, and decides the flash package group 280, which will
constitute the transfer destination.

[0256] Step 10009: The processor 260 decides which real
page data is to be transferred from among multiple real pages
based on the flash package group 280 decided as the real page
transfer source. At this point, the processor 260 decides the
transfer-source real page by referencing the cumulative real
block allocation time 2106, the cumulative number of real
block deletions 2107, and the number of allocated real blocks
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2104 of the respective real page information 2100 belonging
to all the flash package groups 280 constituting transfer
sources. The processor 260 also turns ON the waiting state for
transferring flag 2111 of the real page information 2100 cor-
responding to all the real pages to be transferred.

[0257] Step 10010: The processor 260 decides which real
page in the transfer-destination flash package group 280
decided in Step 10002 to make the transfer destination of the
real page for which transfer was decided in Step 10009 (the
real page corresponding to the real page information 2100 for
which the waiting state for transferring flag 2111 was turned
ON). The processor 260 decides the transfer-destination real
page by referencing the number of real pages 2303 and the
number of empty real pages 2304 of the storage group infor-
mation 2300 corresponding to the flash package group 280,
which was made the transfer destination, and the number of
allocatable real blocks 2504, the number of allocated real
blocks in storage 2505, the cumulative real block allocation
time in storage 2507, and the cumulative real block deletion
times in storage 2508 of the storage information 2500 corre-
sponding to the flash packages 230 belonging to the relevant
flash package group 280. The processor 260, upon deciding
the transfer-destination real page, sets the real page informa-
tion 2100 pointed to by the empty page management infor-
mation pointer 2200 corresponding to the transfer-destination
flash package group 280 in the copy-destination real page
pointer 2110 of the real page information 2100 for the trans-
fer-source real page. The processor 260 makes the empty
page management information pointer 2200 indicate the real
page information 2100 for the next empty state. The processor
260 executes the above processing for all the real pages for
which the decision to transfer was made in Step 10003. In
accordance with the above, a transfer-destination page is
decided for each transfer-source real page of the set of real
pages constituting transfer sources.

[0258] Step 10011: The processor 260 drives the page
transfer process execution part 4500 corresponding to a stor-
age group, which has at least one real page constituting a
transfer source, from among the page transfer process execu-
tion parts 4500, which exists for each storage group.

[0259] Step 10012: The processor 260 calls the storage
selection part 4700.

[0260] Step 10013: The processor 260 copies the next
schedule time 2702 to the recent schedule time 2701. Next,
the processor 260 sets the next schedule time in the next
schedule time 2702.

[0261] FIG.251s the flow of processing of the page transfer
process execution part 4500. The page transfer process execu-
tion part 4500 exists for each flash package group 280. As was
described in Step 10011 of FIG. 24, the page transfer process
execution part 4500 corresponding to a flash package group
280, which has at least one real page constituting a transfer
source, is called from the transfer page schedule part 4400 in
the corresponding flash package group 280.

[0262] Step 11000: The processor 260 searches the real
page information 2100 for which the waiting state for trans-
ferring flag 2111 has been turned ON in the corresponding
flash package group 280. The real page corresponding to this
real page information 2100 will be the transfer source (copy
source). A case in which real page information 2100 for
which the waiting state for transferring flag 2111 has been
turned ON does not exist signifies that all the processing for
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real pages to be transferred in the relevant flash package group
280 has been completed, and the processor 260 ends the
processing.

[0263] Step 11001: The processor 260 turns OFF the wait-
ing state for transferring flag 2111 and turns ON the transfer-
ring flag 2109 of the relevant real page information 2100.

[0264] Step 11002: At this point, the processor 260 calcu-
lates a length involved in a real page corresponding to the
relevant real page information 2100 being read with respect to
astorage, which comprises the storage group to which the real
page is allocated, and a relative address in the storage. The
storage group information 2300 showing a storage group
2101 of the real page information 2100 is the relevant storage
group information 2300. The storage, which corresponds to
the storage information 2500 indicated by the storage pointer
2305 stored in this storage group information 2300, is the
storage to which the copy-source real page is allocated. Next,
the processor 260 determines the real page address 2102 of
the real page information 2100, and the transfer-target rela-
tive address and length in each storage from the storage infor-
mation 2500 for all the storages.

[0265] Step 11003: The processor 260 requests that the
storages, which comprise the storage group to which the
transfer-source real page is allocated, transfer data of the
specified length from the specified relative address.

[0266] Step 11004: The processor 260 waits for completion
reports from all the storages to which the request was issued.

[0267] Step 11005: The information, which is returned
from the storage, is stored in a storage other than a flash
package 230. In the case of a flash package 230, this example
supports a lower-level capacity virtualization function, and as
such, information such as that which follows is returned. In
other words, information denoting whether a real block has
been allocated to each virtual block is returned. In a case
where a real block has been allocated, this information may
comprise the stored data, the time at which a real block (not
necessarily the real block currently allocated) was first allo-
cated to this virtual block from a real block non-allocation
state, and the number of deletions of the real block, which was
allocated to this virtual block subsequent to this time. The
processor 260 stores this information on the cache memory
210.

[0268] Step 11006: At this point, the processor 260 calcu-
lates the set of storages, which comprise the storage group to
which the relevant real page is allocated, and the relative
address of each storage and length with respect to the transfer-
destination real page. In accordance with this, the real page
information 2100 shown by the transfer-destination real page
address of the transfer-source real page information 2100 is
the real page information 2100 corresponding to the transfer-
destination real page. The process for calculating the set of
storages, which comprise the storage group, and the relative
address of each storage and length with respect to the virtual
block based on the real page information 2100 was explained
in Step 11002, and as such, an explanation thereof will be
omitted here.

[0269] Step 11007: The processor 260 requests each stor-
age comprising the storage group to which the transfer-des-
tination real page is allocated to store data of the prescribed
length from the prescribed relative address. The information
sent to each storage at this time is sent from the storage, which
constitutes the transfer source stored in the cache in Step
11005.
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[0270] Step 11008: The processor 260 waits for completion
reports from all the storages to which the request was issued.

[0271] Step 11009: The processor 260 allocates the trans-
fer-source real page to an empty real page, and the virtual
page to which the transfer-source page had been allocated up
until now to the transfer-destination page. This may be real-
ized by linking the transfer-source real page to the empty page
management information pointer 2200, and having the real
page pointer 2004, which had indicated the transfer-source
real page information up until now, indicate the transfer-
destination real page information. The processor 260 also
copies the number of allocated real blocks 2104, the number
of additional allocated real blocks 2105, the cumulative real
block allocation time 2106, the cumulative number of real
block deletions 2107, and the additional real block allocation
time 2108 from among the transfer-source real page informa-
tion to the transfer-destination real page information 2100.
After the copy, the processor 260 clears the number of allo-
cated real blocks 2104, the number of additional allocated
real blocks 2105, the cumulative real block allocation time
2106, the cumulative number of real block deletions 2107,
and the additional real block allocation time 2108, the moving
state flag 2109, the transfer to real page pointer 2110, and the
waiting state for transferring flag 2111 of the transfer-source
real page information 2100 (resets these items to prescribed
values).

[0272] Step 11010: The processor 260 updates all the stor-
age group information 2300 constituting the transfer source,
and all of'the storage group information 2300 constituting the
transfer destination. At this point, the processor 260 decreases
by one the number of real pages 2303 of the storage group
information 2300 constituting the transfer source, and
increases by one the number of real pages 2303 of the storage
group information 2300 constituting the transfer destination
for each set of a transfer-source real page and a transfer-
destination real page.

[0273] Step 11011: The processor 260 updates all the stor-
age information 2500 constituting the transter source and all
the storage information 2500 constituting the transfer desti-
nation. At this point, the processor 260 decreases the values of
the number of allocated real blocks 2104, the cumulative real
block allocation time 2106, and the cumulative number of real
block deletions 2107 corresponding to the respective flash
packages 230 in the real page information 2100 of the trans-
fer-destination real page based on the values of the number of
allocated real blocks in storage 2505, the cumulative real
block allocation time in storage 2507, and the cumulative real
block deletion times in storage 2508 of the respective storage
information 2500 constituting the transter sources. The pro-
cessor 260 also adds the values of the number of allocated real
blocks 2104, the cumulative real block allocation time 2106,
and the cumulative number of real block deletions 2107 cor-
responding to the respective flash packages in the real page
information 2100 of the transfer-destination real page to the
values of the number of allocated real blocks in storage 2505,
the cumulative real block allocation time in storage 2507, and
the cumulative real block deletion times in storage 2508 of the
respective storage information 2500 constituting the transfer
destinations. Thereafter, the processor 260 returns to Step
11000.

[0274] FIG. 26 is the flow of processing of the storage
selection part 4700. The storage selection part 4700 is called
by the transfer page schedule part 4400.
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[0275] Step 12000: In Example 1, the caching destination is
aflash package 230. The processor 260 selects a flash package
230 and corresponding hit ratio information 2980. The pro-
cessor 260 also sets information such that the selected storage
is a flash package 230.

[0276] Step 12001: The processor 260 calls the cache
capacity control part 4600.

[0277] FIG. 27 is the flow of processing of the cache capac-
ity control part 4600. The cache capacity control part 4600 is
called by the transfer page schedule part 4400.

[0278] Step 13000: The processor 260 calculates the hit
ratio for this schedule period based on the number ofhits 1603
and the number of misses 1604 pointed to by the new pointer
1601 of the specified hit ratio information 2980.

[0279] Step 13001: The processor 260 calculates the difter-
ence between the hit ratio calculated in Step 13000 and the
aiming hit ratio 1600, and determines whether this difference
falls within a prescribed range. In a case where the difference
falls within the prescribed range, the processor 260 jumps to
Step 13006.

[0280] Step 13002: In a case where the difference does not
fall within the prescribed range, the processor 260 predicts
the cache capacity required to achieve the aiming hit ratio
1600 based on the past cache capacity 1602, the number of
hits 1603 and the number of misses 1604. Specifically, for
example, the processor 260 predicts the cache capacity for
achieving the aiming hit ratio 1600 based on a past hit ratio
calculated on the basis of a past cache capacity 1602 and the
number of misses 1604. More specifically, for example, the
processor 260 can approximately calculate a function, which
produces hit ratio=F (X)) (where X is the cache capacity) based
on the relationship between the a past cache capacity and a
past hit ratio, input the aiming hit ratio into this function, and
use the obtained value as a predictive value for the cache
capacity. Next, the processor 260 advances the new pointer
1601 by one. The processor 260 sets the predicted cache
capacity in the cache capacity 1602 indicated by the new
pointer 1601, and clears the number of hits 1603 and the
number of misses 1604 to O (resets these items to 0).

[0281] Step 13003: In a case where the set cache capacity
1602 is larger than the past (one prior to the new pointer 1601)
cache capacity 1602, the processor 260 jumps to Step 1305.
[0282] Step 13004: In accordance with this, the processor
260 must increase the cache area based on the storage. At this
point, the processor 260 obtains the required number of
empty real pages from the specified storage group. For
example, the processor 260 proportionally obtains real pages
from the storage groups via an empty page management
information queues 2201, and allocates a real page in the
cache volume 200 to an unallocated virtual page. Next, the
processor 260 calculates the number of effective segments
from the number of segments per virtual page and the number
of allocated virtual pages, fetches this number of segment
management information 2850 from the ineffective segment
queue 1302 of the corresponding storage, and links this infor-
mation 2850 to the empty segment queue 1301. At this time,
the processor 260 sets the relevant logical volume identifier
and the relative address in the segment address 1501 of each
piece of segment management information 2850.

[0283] Step 13005: In accordance with this, the processor
260 must decrease the cache capacity of the storage. At this
point, the processor 260 decides on a real page to be returned
(that is, decides on a real page, which changes from a real
page capable of being allocated to the cache volume to a real
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page capable of being allocated to the host volume), returns
the segment management information 2850, which is already
in the empty state, to the ineffective segment queue 1302,
adds the segment management information 2850, which is
storing data, to a LRU location, and when the segment man-
agement information 2850 has transitioned to the empty state,
returns this information 2850 to the ineffective segment
queue 1302. Therefore, the processor 260 calculates the num-
ber of real pages to be decreased based on the cache capacity
calculated in Step 13002, and decides on the real page(s) to be
released from the virtual page. Then, the processor 260 turns
ON the page returning flag 2008 corresponding to the relevant
virtual page in the logical volume information 2000. In addi-
tion, the processor 260 searches the empty segment queue
1301, and returns the segment management information 2850
of'the segments included in the corresponding real page to the
ineffective segment queue 1302. At this time, the processor
260 subtracts the number of segments, which were returned to
the ineffective segment queue 1302, from the number of
segments included per page. In a case where the post-subtrac-
tion value is 0, all the segments can be made ineffective, and
as such, the processing performed in a case where the post-
subtraction value is not 0 is not carried out. In a case where the
post-subtraction value is not 0, the processor 260 turns ON the
page returning flag 2008 corresponding to the relevant virtual
page in the logical volume information 2000, and sets the
subtracted value in the number of using segments 2007.
[0284] Step 13006: The processor 260 advances the new
pointer 1601 by one. The processor 260 sets the previous
cache capacity 1602 to the cache capacity 1602 indicated by
the new pointer 1601, and clears the number of hits 1603 and
the number of misses 1604 to 0.

[0285] FIG. 22 is an example of another configuration of
the information system in Example 1.

[0286] In the configuration of FIG. 1, the storage system
100 is connected to the host 110 via a SAN 120. Alternatively,
in FIG. 22, the host 110 and the storage system 100 are
mounted in a single IT unit (IT platform) 130, and are con-
nected by way of a communication unit 140. The communi-
cation unit 140 may be either a logical unit or a physical unit.
The present invention is effective in this configuration as well,
and similarly is effective in the storage system 100 configu-
ration and functions explained up to this point as well.

Example 2

[0287] Example 2 will be explained below. In so doing, the
points of difference with Example 1 will mainly be explained,
and explanations of the points in common with Example 1
will either be simplified or omitted.

[0288] FIG. 28 is ablock diagram of an information system
in Example 2.
[0289] In Example 2, a virtual storage system 150 config-

ured using multiple storage systems 100 exists. In this
example, there is one virtual storage system 150, but the
present invention is effective even when multiple virtual stor-
age systems 150 exist. It is supposed that the respective stor-
age systems 100 are connected via the SAN 120. In addition,
the storage system 100 may also comprise components,
which are connected viaa WAN 160. In accordance with this,
it is supposed that the distance between storage systems 100
becomes fairly long, but that these storage systems 100 are
included in a single virtual storage system 150. In this
example, it is supposed that all the storage systems 100 com-
prising the virtual storage system 150 are able to communi-
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cate with one another via the SAN 120 and the WAN 160.
However, the present invention is effective even when com-
munications are not possible among the storage systems 100
comprising the virtual storage system 150. The multiple stor-
age systems 100 in the virtual storage system 150 may be
connected in series. The host 110 theoretically recognizes the
virtual storage system 150 without recognizing the individual
storage systems 100. The host 110 is physically connected to
at least one storage system 100 comprising the virtual storage
system 150. The host 110 accesses a storage system to which
the host 110 is not directly connected by way of a storage
system 100 comprising the virtual storage system 150. The
individual storage systems 100 have two types of identifiers,
i.e., the identifier of the virtual storage system 150 to which
this storage system 100 belongs, and the identifier of this
storage system 100. A port 170 is a unit for receiving a request
(a read request and a write request) from the host 110, and the
host 110 issues a read request and a write request by speci-
fying the port 170 and the virtual logical volume. The virtual
logical volume is a logical volume defined inside the virtual
storage system 150, and the identifier of the virtual logical
volume is unique inside the virtual storage system 150. The
virtual logical volume is a logical volume in which one or
more logical volumes of one or more storage systems have
been virtualized. The storage controller 200 in a storage sys-
tem 100, in a case where an access request (either a read
request or a write request) specifying a virtual logical volume
access destination has been received and the storage system
100 comprises the logical volume corresponding to this
access destination, accesses this logical volume, and in a case
where another storage system 100 comprises the logical vol-
ume corresponding to this access destination, transfers the
above-mentioned access request to this other storage system
100 via 0 or more storage systems 100. A response from the
other storage system 100, which received the above-men-
tioned access request, may be received by the transfer-source
storage system 100 by way of 0 or more storage systems 100
via which the access request was transferred. The storage
controller 200 in the storage system 100, which receives the
response, may send this response to the host 110. A manage-
ment server is for managing the host 110 and the virtual
storage system 150. In the configuration of FIG. 28, the
management server 190 exists, but this example is effective
even in a case where a management server does not exist.

[0290] In Example 2, the storage system 100 caches data
inside another storage system 100 comprising the virtual
storage system 150 to a storage (cache volume) of the relevant
storage system 100.

[0291] Example 2 differs from Example 1 in that the data of
another storage system 100 is cached in a storage of the
relevant storage system 100. Hereinafter, a storage system,
which receives and caches a read request/write request, will
bereferred to as a “first storage system”, and a storage system,
which either stores read-target data or constitutes the storage
destination of write-target data, will be referred to as a “sec-
ond storage system”. Specifically, for example, the following
processing is carried out in Example 2. In order for the first
storage system 100 to cache data of the second storage system
100, the first storage system 100 must be able to receive a read
request/write request from the host 110. Therefore, in
Example 2, multiple storage systems define a single virtual
storage system 150, and it appears to the host 110 that the
virtual storage system 150 has all of the ports 170 possessed
by the individual storage systems 100 for receiving a read
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request/write request. The host 110 possesses port informa-
tion 180 of the virtual storage system 150, but the first storage
system 100, which performs caching, is able to receive a read
request/write request to the second storage system 100, which
stores data, and perform the caching by issuing a notification
for changing the port 170 for receiving the read request/write
request.

[0292] In Example 2, since the first storage system 100
caches the data of the second storage system 100, in a case
where the accessed data results in a hit (exists in the cache),
the time it takes to transfer the data from the second storage
system 100, which stores the data, to the first storage system
100 for caching can be shortened as seen from the accessing
host 110. Thus, caching should be performed by taking into
account the fact that this time is able to be shortened. As such,
each storage system 100 decides which storage in its own
storage system 100 to cache data from which storage system
100 comprising the virtual storage system 150. This is
decided in accordance with the effect to be obtained by the
accessing host 100 as a result of performing caching. The
effect, first of all, is that caching to a storage system 100 to
shorten host access time is efficient. That is, in a case where
the second storage system 100 in which the datais stored is far
away from the host 110 accessing the data, caching using the
first storage system 100, which is close to the host 110, makes
it possible to reduce the time for transferring the data to the
host 110. In a case where the storage systems 100 are con-
nected via a network with a long latency time in which the
distance between the storage systems 100 is long, the effect of
caching is great. Thus, the present invention is effective even
when data is cached to a storage with identical access perfor-
mance as that of a storage in which data is stored permanently.
In some cases, the present invention can be expected to be
effective even when this data is cached to a storage with
access performance somewhat lower than that of'a storage in
which data is stored permanently. Thus, caching should be
performed by taking into account the data transfer time
between storage systems 100.

[0293] FIG. 30 shows information stored in a common
memory 220 of the storage system 100 in Example 2.
[0294] In Example 2, virtual storage system information
4010, external logical volume information 4110, and host
information 4210 is also stored in the common memory 220.
[0295] FIG. 31 shows the configuration of the virtual stor-
age system information 4010.

[0296] The virtual storage system information 4010 com-
prises a virtual storage system identifier 4001, the number of
storage systems 4002, other storage system identifier 4003,
and a transfer latency time 4004.

[0297] The virtual storage system identifier 4001 is the
identifier for the virtual storage system 150 to which the
relevant storage system 100 belongs. The number of storage
systems 4002 is the number of storage systems 100 compris-
ing this virtual storage system 150. The other storage system
identifier 4003 and transfer latency time 4004 exist in propor-
tion to a number, which is one smaller than the number
comprising the number of storage systems 4002. These are
pieces of information related to another storage system 100
belonging to the virtual storage system 150 to which the
relevant storage system 100 belongs. The other storage sys-
tem identifier 4003 is the identifier for the other storage sys-
tem 100, and the transfer latency time 4004 is the latency time
when data is transferred between the relevant storage system
100 and the other storage system 100.
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[0298] FIG. 32 shows the configuration of the external logi-
cal volume information 4110.

[0299] The external logical volume information 4110 com-
prises a virtual logical volume ID 4101, an external storage
system 1D 4102, an external logical volume ID 4103, a stor-
age latency time 4104, a caching flag 2009, and an initial
allocation storage 2010. The external logical volume infor-
mation 4110 exists for each logical volume of the other stor-
age system 100 comprising the virtual storage system 150 to
which the relevant storage system belongs.

[0300] The virtual logical volume ID 4101 is the virtual
logical volume identifier of the relevant external logical vol-
ume. The external storage system ID 4102 and the external
logical volume ID 4103 are information for the relevant vir-
tual logical volume to identify which logical volume of which
storage system 100. In Example 2, the host 110 specifies the
identifier of the virtual storage system, the identifier of the
port 170, and the identifier of the virtual logical volume when
issuing a read request/write request. The storage system 100
receives the read request/write request from the specified port
170. The storage system 100 sees the virtual logical volume
specified in the request, references the external logical vol-
ume information 4110 and the logical volume information
2000, and determines which logical volume of which storage
system 100 the request is for. In a case where the specified
virtual logical volume is included in the virtual logical vol-
ume D 4101 in the information of the external logical volume
4110, the specified logical volume is a logical volume of an
external storage system 100. The storage latency time 4104 is
the latency time of a storage in the other storage system 100.
Therefore, the transfer latency time 4004 and the storage
latency time 4104 constitute the actual latency. In Example 2,
the initial allocation storage 2010 is any of a NULL state, an
ineffective, a flash package 230, a high-speed disk unit 265, or
a low-speed disk unit 290. The NULL state is when a deter-
mination has not been made as to whether or not the relevant
logical volume should be cached. In a case where this deter-
mination is made and caching is to be performed (the caching
flag is ON), the initial allocation storage 2010 shows any of
the flash package 230, the high-speed disk 265, or the low-
speed disk 290.

[0301] FIG. 33 is the configuration of the logical volume
information 2000 of Example 2.

[0302] In Example 2, the logical volume information 2000
exists for each logical volume inside the relevant storage
system 100. In Example 2, the host 110 specifies a virtual
logical volume. Therefore, the logical volume information
2000 of Example 2 comprises a virtual logical volume iden-
tifier 4301. In a case where the virtual logical volume speci-
fied by the host 110 is the volume shown by the virtual logical
volume identifier 4301 in the logical volume information
2000, the specified logical volume is a logical volume of the
relevant storage system 100. Otherwise, it is the same as
Example 1. In this example, a storage system performs cach-
ing for data of an external logical volume shown by the
external storage system 1D 4102 and the external logical
volume identifier 4103, and the caching-destination storage is
included in the relevant storage system 100. At this time, a
caching volume is defined the same as in Example 1, but since
this caching volume is an internal logical volume, this cach-
ing volume is defined in the logical volume information 2000
shown in FIG. 33. The caching volume does not constitute a
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specification target for a read request/write request from the
host, and as such, the virtual logical volume identifier 4301
may be a NULL state.

[0303] FIG. 40 is the configuration of the host information
4210.
[0304] The host information 4210 is information about a

host 110 connected to the relevant storage system 100, and
comprises the number of connected hosts 4201, a host ID
4202, a host latency time 4203, the number of connected ports
4204, and a connected port 1D 4205.

[0305] The number of connected hosts 4201 is the number
of hosts 110 connected to the relevant storage system 100.
The host ID 4202 and the host latency time 4203 are infor-
mation that exist for each connected host. The host ID 4202 is
the identifier of the corresponding host 110. The host latency
time 4203 is the latency time, which occurs pursuant to a data
transfer between the relevant storage system 100 and the
corresponding host 110. The number of connected ports 4204
is the number of ports 170 in the relevant storage system 100
accessible by the corresponding host 110. The connected port
1D 4205 is the identifier of the port 170 of the relevant storage
system 100 accessible by the corresponding host 110, and
exists in proportion to the number of connected ports 4204.
[0306] The configuration of the cache management infor-
mation 2750 of Example 2 is the same as in Example 1. The
cached address 2757 shows the logical volume and the rela-
tive address thereof of the data stored in a slot 21100 (or
segment) corresponding to the relevant cache management
information 2750, but in the case of Example 2, the logical
volume constitutes either the logical volume of the relevant
storage system 100 or the logical volume of the other storage
system 100. In the case of the other storage system 100, the
identifier of this storage system 100 is included in the cached
address 2757.

[0307] The empty segment queue 1301 and the ineffective
segment queue 1302 were valid for information correspond-
ing to a flash package 230 in Example 1, butin Example 2, the
empty segment queue 1301 and the ineffective segment queue
1302 are valid for any of the flash package 230, the high-
speed disk 265, and the low-speed disk 290. The hit ratio
information 2980 is also valid for the hit ratio information
2980 of any of the flash package 230, the high-speed disk 265,
and the low-speed disk 290.

[0308] Other than the points mentioned hereinabove, the
storage system 100-held information in Example 2 may be
the same as that for Example 1.

[0309] InExample?2,thehost 110 has portinformation 180.
[0310] FIG. 39 is the format of the port information 180.
[0311] The port information 180 comprises a virtual stor-

age system ID 181, the number of ports 182, aport ID 183, the
number of virtual logical volumes 184, and a virtual logical
volume ID 185. In this example, there is one virtual storage
system 150, but the present invention is effective even when
there are multiple virtual storage systems 150.

[0312] The virtual storage system ID 181 is the identifier
for the virtual storage system 150 connected to the relevant
host 110. The number of ports 182 is the number of ports 170
possessed by the virtual storage system 150. Although each
storage system 100 actually has ports 170, it is made to appear
to the host 110 like these ports 170 belong to the virtual
storage system 150. The port ID 183 is the identifier of a port
170 possessed by the virtual storage system 150. Therefore,
there are as many port IDs 183 as there are number of ports
182. The number of virtual logical volumes 184 is the number
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of'virtual logical volumes accessible from the respective ports
170. The virtual logical volume ID 185 is the identifier for a
virtual logical volume accessible from the corresponding port
170. Therefore, there are as many virtual logical volume IDs
185 as there are number of virtual logical volumes for the
corresponding port 170. Since one virtual logical volume may
be accessed from multiple ports 170, the identifier for the
same virtual logical volume may be defined in the virtual
logical volume ID 185 of different ports 170.

[0313] Next, the operations executed by the storage con-
troller 200 in Example 2 will be explained using the manage-
ment information explained hereinabove.

[0314] FIG. 41 shows the programs in the memory 270,
which are executed by the processor 260 in Example 2.
[0315] InExample 2,in addition to the respective programs
shown in FIG. 17, there exist a caching judge processing part
4800 and a latency send part 4900. However, the read process
execution part 4000, the write request receive part 4100, the
slot obtaining part 4200, the segment obtaining part 4300, and
the storage selection part 4700 differ from those of Example
1.

[0316] First, the caching judgeprocessing part 4800 and the
latency send part 4900 will be explained. Next, the functions
of the read process execution part 4000, the write request
receive part 4100, the slot obtaining part 4200, the segment
obtaining part 4300, and the storage selection part 4700,
which differ from those of Example 1, will be explained.
[0317] FIG. 34 is the flow of processing of the caching
judge processing part 4800. The caching judge processing
part 4800 is processed by the processor 260 on an appropriate
cycle.

[0318] Step 14000: At this point, the processor 260
searches among the logical volumes on the other storage
system 100 for external logical volume information 4110
with NULL in the initial allocation storage 2010. In a case
where this information 4110 cannot be found, the processor
260 ends the processing.

[0319] Step 14001: In order to determine whether caching
should be performed for the relevant storage system 100 at
this point, first the processor 260 fetches the identifier of the
virtual logical volume from the virtual logical volume ID
4101 of the discovered external logical volume information
4110.

[0320] Step 14002: The processor 260 sends the virtual
logical volume identifier to all the connected hosts 110 to
check whether the relevant virtual logical volume is being
accessed by the host 110 connected to the relevant storage
system 100. This transmission may be carried out by way of
the SAN 120 and the WAN 160, or via the management server
190.

[0321] Step 14003: The processor 260 waits for a reply
from the host 110.

[0322] Step 14004: The processor 260 checks whether
there is a host 110, which is accessing the corresponding
virtual logical volume, among the hosts 110 connected to the
relevant storage system 100. In a case where there is no
accessing host 110, the processor 260 jumps to Step 14018.
[0323] Step 14005: The processor 260 fetches the host ID
4202 and the host latency time 4203 of the host 110 accessing
the relevant virtual logical volume.

[0324] Step 14006: The processor 260 sends the identifier
of the virtual logical volume recognized in accordance with
these fetched values to the other storage systems 100 com-
prising the virtual storage system 150.
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[0325] Step 14007: The processor 260 waits for replies to
be returned.
[0326] Step 14008: At this point, the processor 260 deter-

mines whether caching would be effective for the relevant
storage system 100. First of all, the processor 260 compares
the host latency time 4203 of the relevant storage system 100
to the latency time with the host 110, which has been sent
from the storage system 100 comprising the logical volume
corresponding to this virtual logical volume, and in a case
where the host latency time 4203 of the relevant storage
system 100 is smaller than a certain range, allows for the
possibility of caching for the relevant storage system 100.
This is because it is considered to be better for the host 110 to
directly access the storage system 100 comprising this logical
volume when the latency time is rather short. Whether the
storage system 100 comprises this logical volume or not can
be determined using the external storage system 1D 4102
included in the external logical volume information 4110
recognized in Step 14000. Next, the processor 260 compares
the host latency time 4203 of the relevant storage system 100
to the latency times returned from the remaining storage
systems 100, and when the host latency time 4203 of the
relevant storage system 100 is the shortest, determines that
caching would be effective for the relevant storage system
100. When this is not the case, the processor 260 jumps to
Step 14017.

[0327] Step 14009: The processor 260 sends the corre-
sponding host the identifier of the port 170 connected to the
corresponding host 110 and the identifier of the virtual logical
volume for issuing the relevant storage system access to the
corresponding virtual logical volume. This transmission may
be carried out by way of the SAN 120 and the WAN 160, or
via the management server 190. The host 110 receiving this
request switches the port 170 via which access to the relevant
virtual logical volume had been performed up until this point
to the port 170 sent in the relevant step. In accordance with
this, because the host 110 is simply requested to change the
port 170 (inside the same virtual storage system 150) for
accessing the relevant virtual logical volume without chang-
ing the virtual storage system and the virtual logical volume,
there is no discrepancy from the host’s 110 perspective, and
as such, the switchover goes smoothly. When there is no
virtual storage system 150, the storage system 100 and logical
volume to be accessed change when the accessing port 170 is
transferred to a different storage system 100. Since this
change affects the application program of the host 110, in this
example, the introduction of the virtual storage system 150
makes it possible to adeptly change ports 170 and change the
storage system 100, which receives the read/write request.

[0328] Step 14010: The processor 260 waits for completion
reports.
[0329] Step 14011: The processor 260 totals the transfer

latency time 4004 and the storage latency time 4005.

[0330] Step 14012: The processor 260 determines whether
the total value of Step 14011 is sufficiently larger than the
access time of the low-speed disk 290 (for example, larger
than equal to or larger than a prescribed value). When this is
not the case, the processor 260 jumps to Step 14004.

[0331] Step 14013: The processor 260 sets the low-speed
disk 290 in the initial allocation storage 2010, turns ON the
caching flag 2009, and jumps to Step 14000.

[0332] Step 14014: The processor 260 determines whether
the total value of Step 14011 is sufficiently larger than the
access time of the high-speed disk 265 (for example, larger
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than equal to or larger than a prescribed value). When this is
not the case, the processor 260 jumps to Step 14006.

[0333] Step 14015: The processor 260 sets the high-speed
disk in the initial allocation storage 2010, turns ON the cach-
ing flag 2009, and jumps to Step 14000.

[0334] Step 14016: The processor 260 determines whether
the total value of Step 14011 is sufficiently larger than the
access time of the flash package (for example, larger than
equal to or larger than a prescribed value). When this is not the
case, the processor 260 jumps to Step 14008.

[0335] Step 14017: The processor 260 sets the flash pack-
age 230 in the initial allocation storage 2010, turns ON the
caching flag 2009, and jumps to Step 14000.

[0336] Step 14018: The processor 260 sets ineffective in
the initial allocation storage 2010 and turns OFF the caching
flag 2009. Thereafter, the processor 260 returns to Step
14000.

[0337] Thehost110, which receives a query (the query sent
in Step 14002) comprising the identifier of the virtual logical
volume sent from the storage system 100, references the
virtual logical volume ID 185 of the port information 180 of
the host 110, and in a case where even one of the received
virtual logical volume identifiers exists, notifies the query-
source storage system of Step 14002 to the effect that this
virtual logical volume is being accessed by the relevant host
110. This notification may be sentby way of the SAN 120 and
the WAN 160, or via the management server 190.

[0338] Upon receiving the information (the information
comprising the identifiers of the virtual logical volume and
the port 170) (the information sent in Step 14009) sent from
the storage system, the host 110 performs the following pro-
cessing:

(1) Recognizes the received virtual logical volume and the
port 170, which has been connected up to this point (there
may be multiple ports 170), subtracts one from the number of
virtual logical volumes 184 of the recognized ports 170, and
deletes the corresponding virtual logical volume ID 185; and
(2) recognizes the number of virtual logical volumes 184 of
the received port 170 identifier (there may be multiple iden-
tifiers), increases the corresponding number of virtual logical
volumes 184 by one, and adds a corresponding virtual logical
volume ID 185.

[0339] FIG. 42 is the flow of processing of the latency send
part 4900. The latency send part 4900 is executed when
information is sent from another storage system comprising
the virtual storage system 150.

[0340] Step 19000: The processor 260 sends the storage
system 100, which is the source of the request, the host
latency time 4203 of the specified host 110.

[0341] Step 19001: The processor 260 references the sent
information, and determines whether or not caching the
specified virtual logical volume would be good for the rel-
evant storage system 100. First, the processor 260 references
the logical volume information 2000 and determines whether
or not a logical volume corresponding to this virtual logical
volume is included in the relevant storage system 100. In a
case where this logical volume is included, the processor 260
compares the host latency time 4203 of the relevant storage
system 100 to the latency time with the host 110, which has
been sent from the request-source storage system 100, and in
a case where the host latency time 4203 of the request-source
storage system 100 is smaller than a certain range, determines
that caching should not be performed for the relevant storage
system 100. To avoid a discrepancy, this “certain range” has
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the same value as the “certain range” in Step 14008 of FIG.
34.In a case where this virtual logical volume is not included
in the relevant storage system, the processor 260 compares
the host latency time 4203 of the relevant storage system 100
to the sent latency time, and in a case where the host latency
time 4203 of the relevant storage system 100 is larger, deter-
mines that caching should not be performed for the relevant
storage system 100. In a case where the determination is not
that (caching should not be performed) for the relevant stor-
age system 100, the processor 260 ends the processing.
[0342] Step 19002: The processor 260 turns ON the cach-
ing flag 2009 corresponding to the identifier of the received
virtual logical volume, and sets the initial allocation storage
to ineffective.

[0343] FIG. 35 is the flow of processing of the read process
execution part 4000 in Example 2. The read process execution
part 4000 is executed when the storage controller 200 receives
a read request from the host 110. The differences with
Example 1 will be described hereinbelow.

[0344] Step 15000: First, the processor 260 recognizes a
logical volume on the basis of the virtual logical volume,
which is the read target specified in the received read request.
Thereafter, the processor 260 moves to Step 5000.

[0345] In the case of Example 2, the processing of Step
15001 and beyond starts subsequent to Step 5003.

[0346] Step 15001: At this point, the processor 260 identi-
fies whether the logical volume is a logical volume of the
relevant storage system 100 or a logical volume of another
storage system 100. In the case of a logical volume of the
relevant storage system 100, the processor 260 jumps to Step
5004.

[0347] Step 15002: The processor 260 issues a request for
reading the requested data from the specified address of the
specified logical volume, to the storage system 100, which
has the specified logical volume.

[0348] Step 15003: The processor 260 waits for the data to
be sent from the specified storage system 100. Thereafter, the
processor 260 jumps to Step 5009.

[0349] These are the functions of the read process execu-
tion part of Example 2, which differ from Example 1.
[0350] FIG. 36 is the flow of processing of a write request
receive part 4100 of Example 2. The write request receive part
4100 is executed when the storage controller 200 receives a
write request from the host 110. The differences with
Example 1 will be described hereinbelow.

[0351] Step 16000: The processor 260 initially recognizes
the specified logical volume on the basis of the virtual logical
volume specified in the received write request.

[0352] Step 16001: The processor 260, in a case where the
specified logical volume is a logical volume of the relevant
storage system, jumps to Step 6000. In the case of a logical
volume of another storage system 100, the processor 260
jumps to Step 6003.

[0353] These are the functions of the write request receive
part 4100 of Example 2, which differ from Example 1.
[0354] FIG. 37 is the flow of processing of the storage
selection part 4700. The storage selection part 4700 is called
by the transfer page schedule part 4400. In Example 2, the
processing of Step 17000 and beyond is added subsequent to
Step 12001.

[0355] Step 17000: At this point, the processor 260 selects
ahigh-speed disk 265 and corresponding hit ratio information
2980. The processor 260 also sets information to the effect
that the selected storage is a high-speed disk 265.
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[0356] Step 17001: The processor 260 calls the cache
capacity control part 4600.

[0357] Step 17002: At this point, the processor 260 selects
a low-speed disk 290 and corresponding hit ratio information
2980. The processor 260 also sets information to the effect
that the selected storage is a low-speed disk 290.

[0358] Step 17003: The processor 260 calls the cache
capacity control part 4600.

[0359] FIG. 38 is the flow of processing of the segment
obtaining part 4300 of Example 2. The segment obtaining
part 4300 is processing, which is executed by the processor
260 as needed. The segment obtaining part 4300 is called
during processing, which is performed when a read request/
write request has been received from the host 110, for increas-
ing the number of empty segments 2920 in a case where the
number of empty segments 2920 is equal to or less that a fixed
value. The difference with Example 1 will be described here-
inbelow.

[0360] The difference with Example 1 is that the following
steps are executed subsequent to Step 8002.

[0361] Step 18000: At this point, the processor 260 identi-
fies whether the logical volume is a logical volume of the
relevant storage system 100 or a logical volume of another
storage system 100. In the case of a logical volume of the
relevant storage system 100, the processor 260 jumps to Step
8003.

[0362] Step 18001: The processor 260 issues, to the storage
system 100, which has the specified logical volume, a request
for writing the data shown in the dirty bitmap before parity
generation 2756 to the specified address of the specified logi-
cal volume.

[0363] Step 18002: The processor 260 waits for a comple-
tion report from the specified storage system 100. Thereafter,
the processor 260 jumps to Step 8008.

[0364] The transfer page schedule part 4400 shown in FIG.
24 is basically the same as that of Example 1.

[0365] However, the explanation of Step 10004 will be
supplemented here. In Step 10004, when the processor 260
transfers data in a real page between different types of storage
groups, the processor 260 decides the page of the transfer-
source storage group and the transfer-destination storage
group. In so doing, the transfer-destination storage group is
decided in accordance with the following restrictions:
[0366] (1) Datain areal page allocated to the cache volume
is not transferred to a real page based on a different type of
storage group; and

[0367] (2) data in a real page allocated to the host volume,
for which data caching is performed to a real page based on a
storage group, is not transferred to a real page based on a flash
package group 280.

[0368] In Example 2, caching is performed anew for a
logical volume of a storage system 100 other than the relevant
storage system 100. Therefore, the state in the above-men-
tioned (2) is the same as that of Example 1. Caching for a
logical volume of a storage system 100 other than the relevant
storage system 100 is done for any of a flash package 230, a
high-speed disk, and a low-speed disk, but in this example,
the configuration is such that data in a real page is not trans-
ferred between storage groups. Naturally, the present inven-
tion is effective in Example 2 even without the above-men-
tioned restrictions of (1) and (2).

[0369] FIG. 29 is another configuration of the information
system of Example 2.
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[0370] The host 110 and the storage system 100 are
mounted in a single IT unit (IT platform) 130, and are con-
nected by way of a communication unit 140. The communi-
cation unit 140 may be either a logical unit or a physical unit.
The present invention is effective in this configuration as well,
and similarly is effective for the storage system 100 configu-
ration and functions explained up to this point as well.
[0371] The following matters are derived in accordance
with at least one of Example 1 and Example 2.

[0372] The storage system may be one of multiple storage
systems constituting the basis of a virtual storage system, and
the storage system, which provides the virtual storage system,
may be a different storage system.

[0373] The storage system comprises two or more types of
storages having different access performance, and a control
apparatus, which is connected to these storages. The control
apparatus comprises a higher-level interface device for the
storage system to communicate with an external apparatus
(for example, either a host apparatus or another storage sys-
tem), a lower-level interface device for communicating with
the above-mentioned two or more types of storages, a storage
resource comprising a cache memory, and a controller, which
is connected to these components and comprises a processor.
Two or more of the same type of storages may be provided.
[0374] The control apparatus manages multiple storage
tiers, and storages having the same access performance
belong to one tier. The control apparatus manages a logical
volume (for example, a logical volume, which conforms to
Thin Provisioning) and multiple real pages. The logical vol-
ume may be a host volume or a cache volume, and both may
be logical volumes to which the real pages are allocatable.
The host volume is a logical volume specifiable in an access
request from an external apparatus (that is, a logical volume,
which is provided to an external apparatus). The cache vol-
ume is a logical volume in which data inside a host volume is
cached, and is a logical volume, which is not specifiable in an
access request from an external apparatus (that is, a logical
volume, which is not provided to an external apparatus). A
cache volume may be provided for each type of storage.
[0375] The real page may be based on a single storage, but
typically may be based on a storage group comprising mul-
tiple storages having the same access performance (typically,
a RAID (Redundant Array of Independent (or Inexpensive)
Disks) group). The real page may also be based on a storage
(for example, a logical volume based on one or more storages
in another storage system) of a different storage system (an
external storage system).

[0376] It is supposed that the storage having the highest
access performance of the two or more types of storages is a
memory package. The memory package may comprise a non-
volatile memory and a memory controller, which is connected
to the nonvolatile memory and controls access from a higher-
level apparatus (as used here, a control apparatus inside the
storage system). The nonvolatile memory, for example, is a
flash memory, and this flash memory is the type in which data
is deleted in block units and data is written in sub-block units,
for example, a NAND-type flash memory. A block is config-
ured from multiple sub-blocks (generally called pages, but
differ from the pages allocated to a logical volume).

[0377] Thehit ratio may be a memory hit ratio, which is the
hit ratio for the cache memory, or a volume hit ratio, which is
the hit ratio for the cache volume.

[0378] The cache capacity, that is, the upper limit for the
number of real pages used as a cache area, may be established.
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For example, when the control apparatus increases the cache
capacity, the volume hit ratio increases, and in a case where
the cache capacity reaches an upper limit value, the control
apparatus may not increase the cache capacity (that is, may
not increase the number of real pages used as the cache area).
[0379] Alternatively, the control apparatus may decide the
number of real pages used as the cache area in accordance
with the remaining number of empty real pages. The control
apparatus preferentially allocates empty real pages to the host
volume more than the cache volume. For example, in a case
where the host volume unused capacity (the total number of
virtual pages to which the real pages have not been allocated)
is equal to or larger than a prescribed percentage of the empty
capacity (the total number of empty real pages), the control
apparatus may designate the remaining empty real pages for
host volume use, and need not allocate remaining empty real
pages to the cache volume. Alternatively, usable real pages
from among multiple real pages may be predetermined as a
cache area, and empty real pages falling within this range may
be allocated to the cache volume.

[0380] The control apparatus also selects a real page, which
is based on a storage with a higher access performance than
the performance of the storage storing access-target data, as
the caching-destination real page of the access-target data
stored in the host volume (the data conforming to an access
request from the host). Therefore, for example, the control
apparatus, in a case where the access-target data is stored in a
memory package-based real page allocated to the host vol-
ume, does not select a memory package-based real page as the
caching destination of the access-target data. That is, for
example, in this case the control apparatus may use only the
cache memory rather than both the cache memory and the real
page as the caching destination of the access-target data.
[0381] However, in the case of a virtual storage system (a
combined storage system), the control apparatus may select a
real page based on a storage with either the same or lower
access performance than the performance of the storage (the
second storage system) storing the access-target data on the
basis of the latency time (length of transfer time) for commu-
nications between the host and the first storage system com-
prising this control apparatus, and the latency time (length of
transfer time) for communications between the first storage
system and the second storage system, which is storing the
access-target data.

[0382] The control apparatus, in a case where either a read
request or a write request has been received from the host
apparatus, determines whether or not there was a hit (whether
a cache area was able to be obtained) for the cache memory
earlier than for the cache volume, and in the case of a miss,
determines whether or not there was a hit for the cache vol-
ume.

[0383] For example, when multiple real pages used as the
cache area are based on the same storage, accesses focus on
this storage, resulting in this storage becoming a bottleneck.
Consequently, to avoid this, the control apparatus transfers
the data in the real pages between storages (between storage
groups). In so doing, in a case where the real pages are based
on flash package groups, the control apparatus receives the
number of deletions from each memory package, and trans-
fers the data in the real pages so that the number of deletions
of' the flash package groups becomes as uniform as possible.
For example, in a case where there is a first flash package
group with a large total number of deletions, and a second
flash package group with a small total number of deletions,
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the control apparatus transfers the data in the cache area (real
pages) based on the first flash package group to real pages
based on the second flash package group. This makes it pos-
sible to realize both load leveling and the equalization of the
number of deletions. That is, since the flash package group
constituting the basis of the real pages (cache area) for which
the rewrite frequency is considered to be higher than the
non-cache area real pages changes from the first flash pack-
age group to the second flash package group, the number of
deletions can be expected to be equalized. In so doing, it is
preferable that the transfer source be the real page with the
highest access frequency of the multiple real pages based on
the first flash package group, and the transfer destination be
the real page with the lowest access frequency of the multiple
real pages based on the second flash package group.

[0384] The control apparatus also exercises control so as
not to transfer the data in the real pages used as the cache area
to real pages based on a storage with access performance
identical to (or lower than) the access performance of the
storage forming the basis of these real pages.

[0385] In the case of the virtual storage system, the host
computer comprises port information, which is information
comprising access-destination information (for example, the
port number of the storage system) capable of being specified
in an access request issued by this host computer. A manage-
ment computer (for example, the management server 190 of
Example 2) restricts for each host the access destination infor-
mation described in the port information of this host to infor-
mation related to the port(s) of the storage system, from
among the multiple storage systems comprising the virtual
storage system, for which the distance from this host is less
than a prescribed distance (for example, the response time
falls within a prescribed time period). In other words, as the
storage system capable of being used by the host as an access
destination, the management computer does not select a stor-
age system, which is located at a distance equal to or larger
than a prescribed distance from this host (for example, the
management computer does not list a port ID which this host
must not select from the port information 180 of the host (or,
for example, lists the IDs of all the ports of the virtual storage
system, and invalidates only the port IDs, which will not be
valid)).

[0386] The control apparatus may suspend caching to the
cache volume in a case where the volume hit ratio is less than
a prescribed value. In so doing, the control apparatus may
transfer the data in the real page already allocated to the cache
volume to the cache memory and release this real page, or
may release this real page without transferring the data in this
real page already allocated to the cache volume to the cache
memory. The control apparatus may also reference the cache
management information in the common memory, and may
resume caching to the cache volume when the memory hit
ratio has increased.

[0387] The control apparatus, which receives an access
request from the host, may select a storage to be the basis of
the caching-destination real page based on a first latency time
(transfer time) from the first storage system, which is the
storage system comprising this control apparatus in the vir-
tual storage system, and the second storage system, which is
storing the access-target data.

[0388] The control apparatus in the first storage system
may also select a storage to be the basis of the caching-
destination real page based on a second latency time with the
host, which is connected to the respective storage systems of
the virtual storage system, in addition to the first latency time.
[0389] The control apparatus (or a virtual computer) may
change the access-destination storage system of the host (for
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example, may rewrite the access destination information in
the port information of this host).

[0390]

The control apparatus may adjust (either increase or

decrease) the number of real pages capable of being used as
the cache area in accordance with the volume hit ratio. The
volume hit ratio may be measured by type of storage.

[0391]

The control means may measure a degree of con-

gestion, such as the access status of the real page (or a virtual
page, which is the allocation destination of the real page),
decide a transfer-source and a transfer-destination real page
based on the degree of congestion of the real pages, and
transfer data from the transfer-source real page to the transfer-
destination real page between either same or different types of

storages.
[0392]

A number of examples have been explained herein-

above, but the present invention is not limited to the above-
described examples.
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1. A storage system connected to a host, comprising:

two or more types of storage systems having different
performances; and

a control apparatus, which is connected to the two or more
types of storages and the host,

wherein the control apparatus:

(A) partitions one or more storages of the same type into
multiple real pages, and provides the host with a host
volume, which is a logical volume comprising multiple
virtual pages to which the real pages are respectively
allocatable, and which is specified by an access request
from the host; and

(B) uses one or more real pages of the multiple real pages
as a cache area of the host volume.

2. A storage system according to claim 1, wherein the

control apparatus:

(C) measures a cache hit ratio of the storage; and

(D) adjusts the number of real pages used as the cache area
on the basis of the measured hit ratio.

3. A storage system according to claim 2, wherein the
control apparatus measures the hit ratio for each type of the
storages in the (C), and the control apparatus adjusts the
number of real pages used as the cache area for each type of
the storages in the (D).

4. A storage system according to claim 3, wherein the
control apparatus:

(E) measures an access status of the real page; and

(F) transfers data, which is in the real page, between stor-
ages of either the same type or different types on the
basis of the access status of the real page and the perfor-
mance of the storage, which is the basis of the real page.

5. A storage system according to claim 1, wherein the
control apparatus manages a cache volume, which is a logical
volume to be an allocation destination of the page used as the
cache area.

6. A storage system according to claim 5, wherein the
control apparatus:

(E) measures the access status of the real page; and

(F) transfers data, which is in the real page between stor-
ages of either the same type or different types on the
basis of the access status of the real page and the perfor-
mance of the storage, which is the basis of the real page.

7. A storage system according to claim 6, wherein the page
to be the target of the (F) is a page allocated to the host volume
and is not a page allocated to the cache volume.

8. A storage system according to claim 5, wherein the cache
volume exists for each type of the storages.

9. A storage system according to claim 1, wherein the page
used as the cache area is a page based on a storage having a
higher performance than the storage constituting the basis of
the page which is allocated to the host volume and is a data
storage destination.

10. A storage system according to claim 1, wherein the two
or more types of storages comprise two or more flash pack-
ages, each having a flash memory comprising multiple
blocks, which are data deletion units, and

(G) the control apparatus measures the number of deletions
of'each flash package, and
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the control apparatus transfers data, which is in the page,
between the flash packages based on the number of
deletions in the (F).

11. A storage system according to claim 1, wherein the
control apparatus shares an identifier of a virtual storage
system comprising multiple storage systems, with other stor-
age systems of the multiple storage systems which is a com-
bined storage system,

the host volume constitutes the basis of a virtual logical
volume, and the control apparatus:

(H) recognizes the storage system of which logical volume
is the virtual logical volume;

(D recognizes a latency pursuant to transferring data to
another storage system, which belongs to the combined
storage system; and

(J) caches the data of the other storage system belonging to
the combined storage system, in the page in accordance
with the recognized latency.

12. A storage system according to claim 11, wherein the
control apparatus selects a caching-destination storage from
among the two or more types of storages, in accordance with
the recognized latency.

13. A storage system according to claim 11, wherein in the
(D), the control apparatus recognizes a transfer latency time
with the host, which is connected to each storage system of
the combined storage system, and in the (J), the control appa-
ratus caches the data of the other storage system belonging to
the combined storage system in accordance with the recog-
nized latency.

14. A combined storage system, which comprises multiple
storage systems, wherein the multiple storage systems share
an identifier of a virtual storage system and provide a virtual
logical volume, and

each storage system:

(A) recognizes the storage system of which logical volume
is the virtual logical volume;

(B) recognizes a latency pursuant to transferring data to
another storage system, which belongs to the combined
storage system; and

(C) caches the data of the other storage system belonging to
the combined storage system, in accordance with the
recognized latency.

15. A combined storage system, which comprises multiple
storage systems, wherein the multiple storage systems share
an identifier of a virtual storage system, provide a virtual
logical volume, and include a first storage system,

each storage system comprises a storage, and

the first storage system:

(A) partitions one or more storages of the same type into
multiple real pages and provides the host with a host
volume, which is a logical volume comprising multiple
virtual pages to which the real pages are respectively
allocatable, and which is specified by an access request
from the host; and

(B) uses the page of the storage as a cache for storing data
of another storage system comprising the combined
storage system.





