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(57) ABSTRACT

A storage system has a plurality of flash packages, and a
storage controller for receiving a write request from a host
and sending a write-data write request based on data con-
forming to this write request to a write-destination flash pack-
age. A virtual capacity, which is larger than the physical
capacity of the flash package, is defined in the storage con-
troller. The storage system compresses the write data, and
writes the compressed write data to the write-destination flash
chip.
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STORAGE SYSTEM AND METHOD FOR
COMPRESSING STORED DATA

TECHNICAL FIELD

The present invention relates to a technology for reducing
the capacity of data stored in a flash memory.

BACKGROUND ART

The bit cost of a flash memory is more expensive than that
of a magnetic disk, and as such, there is a strong need to
reduce the capacity of stored data and to increase apparent
capacity.

Furthermore, when rewriting data, the memory character-
istics of a flash memory (for example, a NAND flash
memory) make it impossible to directly overwrite this data to
the physical area in which this data was originally stored. In
order to write new data to a physical area in which data is
already being stored, it is necessary to execute a delete pro-
cess in a unit called a “block”, which is the flash memory
delete unit, and to write the data thereafter. For this reason, in
a case where data is to be rewritten, ordinarily the new data is
not written to the physical area in which this data was origi-
nally stored, but rather, the data is written to a different
physical area. When data having the same write-destination
logical address is written to a plurality of physical areas and a
block becomes full, the latest data (valid data) inside this
block is written to a different block, and a process is carried
out to make this block usable (to make this block an empty
block) by performing a delete process (a process for deleting
the data stored in the block) with respect to a block that is full
of invalid data. This process will be called a “reclamation
process” hereinbelow. For this reason, in a package equipped
with one or more flash memories (hereinafter, a flash pack-
age), a logical address layer that is separate from a physical
address layer is provided as an address layer that appears to be
outside of the flash package. A logical address, which is
allocated to a physical address, is changed as needed. Fur-
thermore, the logical address does not change when the physi-
cal address changes. For this reason, data access using the
same logical address is possible from outside the flash pack-
age. Consequently, usability can be maintained.

Next, technology for reducing the capacity of stored data
will be described. Generally speaking, compression technol-
ogy is a typical technology for reducing the capacity of stored
data. In recent years, a technology called capacity virtualiza-
tion technology has become known as a technology for reduc-
ing the capacity of stored data. Capacity virtualization tech-
nology is for showing an apparatus outside the storage system
(forexample, the host) a virtual capacity that is larger than the
physical capacity of a storage device comprising the storage
system, and is realized by the storage system controller (here-
inafter, the storage controller). This technology makes use of
the characteristic by which the amount of data actually stored
with respect to the capacity of a user-defined user volume (a
logical volume as seen from the standpoint of the user) when
the user is actually using the storage system seldom reaches
the storage capacity (the user-defined capacity) of this user
volume. That is, in a storage system that does not employ
capacity virtualization technology, a defined physical capac-
ity is allocated when a volume is defined, and in a storage
system in which capacity virtualization technology is being
employed, the physical capacity is first allocated when data is
actually stored in the storage system. In accordance with this,
the storage capacity being consumed in the storage system
(the allocated storage capacity) can be reduced, and, in addi-
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tion, usability can be enhanced since the user does not need to
strictly define the capacity of the user volume (for example,
since sufficient capacity may simply be defined).

Patent Literature 1 discloses a system in which, in a storage
system comprising a storage controller coupled to a large
number of flash packages, both the storage controller and the
flash packages are equipped with the capacity virtualization
technology. In Patent Literature 1, the capacity virtualization
technology possessed by the storage controller is called the
“higher-level capacity virtualization technology” and the
capacity virtualization technology possessed by the flash
package is called the “lower-level capacity virtualization
technology” to distinguish between the two.

For this reason, the flash package can appear to the storage
controller to have a larger capacity than the actual physical
capacity of the flash memory. In the capacity virtualization
technology, a physical storage area, which is allocated when
data has been written, is called a page. In Patent Literature 1,
the physical storage area allocated when data has been written
is called a ““page” in the higher-level capacity virtualization
technology realized in accordance with the storage controller.
However, the physical storage area allocated when data has
been written in the lower-level capacity virtualization tech-
nology realized in accordance with the flash package is called
a “block”, which is the delete unit of the flash memory. In
general, the size of a page is highly diverse, but in Patent
Literature 1, the size of the page is larger than the size of the
block.

When it comes of a flash memory, the delete unit is gener-
ally called a “block™ as mentioned above, and the read/write
unit inside the block is called a “page”. Naturally, the size of
the block is larger than the size of the page in a flash memory.
However, in Patent Literature 1, the word “page” is not the
flash memory read/write unit, but rather signifies the physical
storage area allocated in accordance with the higher-level
capacity virtualization technology. Furthermore, in the
present specification, the word “page” also signifies the
physical storage area allocated in accordance with the higher-
level capacity virtualization technology rather than the flash
memory read/write unit. The flash memory read/write unit
will be called a “segment” in this specification.

However, a storage system according to this present inven-
tion does not necessarily have to have the higher-level capac-
ity virtualization technology. In addition, formatting is ordi-
narily performed using a specific pattern (for example, al1 0’s)
prior to storing user data in a storage device. In Patent Litera-
ture 2, the page into which the specific pattern is written at
formatting time is open. In Patent Literature 1, the storage
system notifies the flash memory storage device of the all 0’s
write destination, and the flash memory storage device exer-
cises control such that a block is not allocated to this write
destination.

CITATION LIST
Patent Literature
PTL 1: WO 2011/010344
PTL 2: Japanese Patent Application Laid-open No. 2007-
199922
SUMMARY OF INVENTION
Technical Problem

In a large-capacity storage system that uses flash memory
as a storage medium, the number of flash memory chips will
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reach tens of thousands. For this reason, a typical configura-
tionis one in which hundreds of flash packages equipped with
hundreds of chips are coupled to the storage controller.

The problem that the present invention is to solve is to
lessen the impact on the performance of the storage system as
a whole, reduce the capacity of data stored in a flash memory,
and store an apparently larger amount of data in a large-scale
storage system comprising a large number of flash packages.
Specifically, for example, this includes the following first and
second problems.

The first problem is to lessen the impact on performance
and reduce the capacity of stored data. Patent Literature 1
discloses (1) a capacity virtualization technology (a lower-
level capacity virtualization technology), and (2) that a physi-
cal area is not allocated in a case where write-target data is a
specific pattern. However, it is possible to further reduce the
capacity of the stored data in a flash memory. Compression is
a typical method for reducing the capacity of stored data.
However, compression technology that makes the most of the
characteristics of the flash memory to make it appear that a
larger amount of data is being stored is not known.

The second problem will be explained. Generally speak-
ing, the reduction ratio of data, like the compression ratio,
will differ in accordance with the content of the data, and is
difficult to predict. In Patent Literature 1, the flash package
shows the storage controller a capacity that appears to be
larger than the physical capacity (hereinafter, will be called
the virtual capacity). However, there is no known technology
for solving the problem that occurs in an event in which the
compression ratio changes in accordance with data that has
actually been stored, for example, the problem that occurs
when the compression ratio is lower than expected.

Solution to Problem

The storage system comprises a plurality of flash packages,
and a storage controller, which receives a write request from
ahost and sends write data conforming to this write request to
a write-destination flash package. Each flash package com-
prises a plurality of flash chips. Each flash chip is formed from
a plurality of blocks. The block is the data delete unit.

One characteristic feature of the present invention for solv-
ing the first problem is as follows. That is, the flash packages
shows the controller inside the storage system a virtual capac-
ity that is larger than the physical capacity, and, in addition,
uses compression technology to compress the write data
received from the storage controller so that the flash package
is able to store a capacity that is larger than the physical
capacity. The impact on performance can be held in check by
making the most of the characteristics of flash memory.

As was already explained, when rewriting data in a flash
memory, most often this data is not written to the area (for
example, the area inside a block) where this data was origi-
nally stored, but rather, is written to a different area (for
example, a different area inside the same block). When the
same data is written to a plurality of areas and the block
becomes full, a reclamation process is executed. For this
reason, reducing this stored data capacity (the capacity of the
data in the block) by compressing the data is not a problem
since the data is written to a different area at data update.
Furthermore, the stored update data capacity can also be
reduced by compressing and writing the update data (the
post-rewrite data). When the block gets full, the flash package
may carry out a reclamation process. In the reclamation pro-
cess, the flash package may extend the data one time, and after
sorting the extended data, compress the sorted data, or may
move the compressed data as-is.
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As described above, according to the present invention, a
compression process can be incorporated into the basic
operations generally executed by a flash memory (for
example, a write-once process (a process for writing the post-
rewrite data of data stored in a certain area inside a block to a
different empty area inside the same block (or an empty area
inside a different block)) and a reclamation process). In accor-
dance with this, a drop in performance caused by the com-
pression process can be suppressed. Furthermore, since the
frequency of reclamation processing will decrease when the
compression ratio is high, in certain cases, compression may
even enhance performance.

The second problem, that is, the specific problem of the
occurrence of an event wherein the compression ratio
changes in accordance with the data that has actually been
stored, will be described. For example, when the compression
ratio is lower than expected, an event occurs in which no more
data can be stored in a flash package even though data is only
being written to the flash package in a capacity that is smaller
than the virtual capacity, which this flash package is showing
to the storage controller. Alternatively, when the compression
ratio is higher than expected, more empty capacity remains
even though data of around the same capacity as the virtual
capacity, which the flash package is showing to the storage
controller, has been written to this flash package. Another
characteristic feature of the present invention is a function
which allows a flash package to use the compression ratio to
dynamically change the virtual capacity shown to the control-
ler. This function makes it possible to more efficiently reduce
the capacity of the stored data.

The storage controller must have a function for dealing
with a case in which the flash package sends a notification of
a change in the virtual capacity. When realizing this function,
it is preferable that the storage controller also have a capacity
virtualization function (a higher-level capacity virtualization
function). This is because the storage controller does not
make the host aware of this virtual capacity change even
though the flash package sends a notification of the virtual
capacity change. The capacity virtualization function is a
technique for showing the host the virtual storage capacity
instead of the actual physical storage capacity possessed by
the storage system. Therefore, the storage controller can keep
the host in the dark about this change in the virtual capacity
even though the flash package has notified the storage con-
troller of this virtual capacity change. The storage controller,
rather than the flash package, may also recognize the com-
pression ratio and adjust the virtual capacity of the flash
package.

Advantageous Effects of Invention

In alarge-capacity storage system comprising a plurality of
flash packages according to the present invention, it is pos-
sible to suppress performance degradation, reduce stored data
capacity, and store data of a capacity that is larger than the
physical storage capacity.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram showing the configuration of an infor-
mation system in an example of the present invention.

FIG. 2 is a diagram showing the configuration of a storage
system in the example of the present invention.

FIG. 3 is a diagram showing the configuration of a flash
package in the example of the present invention.
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FIG. 4 is a diagram showing higher-level control-related
information that is stored in a common memory of the storage
system in the example of the present invention.

FIG. 5 is a diagram showing the format of logical volume
information in the example of the present invention.

FIG. 6 is a diagram showing the format of real page infor-
mation in the example of the present invention.

FIG. 7 is a diagram depicting the relationship of a virtual
page, a real page, a virtual block, and a real block in the
example of the present invention.

FIG. 8 shows the format of flash package information in the
example of the present invention.

FIG. 9 is a diagram showing the format of flash package
group information in the example of the present invention.

FIG. 10 is a diagram denoting a collection of empty real
page information pointed to by an empty page information
management pointer in the example of the present invention.

FIG. 11 is a diagram denoting a collection of unavailable
real page information pointed to by an unavailable page infor-
mation management pointer in the example of the present
invention.

FIG. 12 is a diagram showing information for a lower-level
tier inside a package memory of a flash package in the
example of the present invention.

FIG. 13 is a diagram showing a configuration in which
information for controlling the lower-level tier is disposed in
the common memory of the storage system.

FIG. 14 is a diagram showing the format of package infor-
mation in the example of the present invention.

FIG. 15 is a diagram showing the format of chip informa-
tion in the example of the present invention.

FIG. 16 is a diagram showing the format of virtual block
information in the example of the present invention.

FIG. 17 is a diagram showing the format of real block
information in the example of the present invention.

FIG. 18 is a diagram depicting a collection of empty real
blocks pointed to by an empty block information pointer in
the example of the present invention.

FIG. 19 is a diagram showing higher-level control pro-
grams inside a memory of the storage controller in the
example of the present invention.

FIG. 20 is a diagram showing the flow of processing of a
read process execution part in the example of the present
invention.

FIG. 21 is a diagram showing the flow of processing of a
write request receive part in the example of the present inven-
tion.

FIG. 22 is a diagram showing the flow of processing of a
write after process execution part in the example of the
present invention.

FIG. 23 is a diagram showing the flow of processing of a
write same command process execution part in the example
of the present invention.

FIG. 24 is a diagram showing the flow of processing of a
page transfer process execution part in the example of the
present invention.

FIG. 25 is a diagram showing programs stored in the pack-
age memory of the flash package in the example of the present
invention.

FIG. 26 is a diagram showing a configuration in which
lower-level control programs have been stored in the memory
of the storage controller.

FIG. 27 is a diagram showing the flow of processing for a
data read process execution part in the example of the present
invention.
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FIG. 28 is a diagram showing a portion of the flow of
processing for a data write process execution part in the
example of the present invention.

FIG. 29 is a diagram showing the remainder of the flow of
processing for the data write process execution part in the
example of the present invention.

FIG. 30 is a diagram showing the flow of processing fora
real block release process execution part in the example of the
present invention.

FIG. 31 is a diagram showing the flow of processing for a
virtual block transfer process execution part in the example of
the present invention.

FIG. 32 is a diagram showing the flow of processing for a
virtual block store process execution part in the example of
the present invention.

FIG. 33 is a diagram showing the flow of processing fora
virtual capacity determination process part in the example of
the present invention.

DESCRIPTION OF EMBODIMENTS

An example of the present invention will be explained
below by referring to the drawings.

FIG. 1 shows the configuration of an information system in
one embodiment of the present invention.

The information system comprises a storage system 100, a
host 110, and a SAN (Storage Area Network) 120 coupling
these components. The host 110 is a computer for executing
an application program (a user application), and reads and
writes required data back and forth to the storage system 100
viathe SAN 120. The SAN 120 uses a protocol that is able to
transfer an SCSI command. For example, a Fibre Channel or
other such protocol can be used as this protocol. Besides the
SCSI command, a mainframe I/O protocol can also be used.

In this example, technology for reducing the capacity of
data stored in a flash memory (flash memory stored data
capacity reduction technology) is realized in the storage sys-
tem 100, which comprises a large number of flash memories.
In this example, the storage system 100 has hierarchical
capacity virtualization technology. The control unit of a
higher-level capacity virtualization technology is called a
page. A page in this example is used in the capacity virtual-
ization technology realized in accordance with a storage con-
troller 200. Furthermore, the present invention will be valid
even when a higher-level control unit in the hierarchical
capacity virtualization technology is not a page. In this
example, the size of'a page is larger than a block, which is the
delete unit in the flash memory. For example, the size of the
page is X-times the block size (where X is a whole number
equal to or larger than 2). Since the read/write unit in a flash
memory is normally called a page, the page is smaller than the
block. However, as already explained, in this example, a page
signifies the control unit with respect to the higher-level
capacity virtualization technology (a storage area allocated to
a virtual logical volume in accordance with thin provision-
ing), and the size thereof is larger than the block. Further-
more, in this example, the read/write unit in the flash memory
will be called a “segment” to make a distinction with the page,
which is the higher-level capacity virtualization control unit.
Furthermore, the control unit of the lower-level capacity vir-
tualization technology in this example will be explained as
the N (where N is a whole number equal to or larger than 1)
unit of the block, which is the delete unit of the flash memory.
The present invention will still be valid even when a capacity
virtualization function, which makes a flash memory the stor-
age medium, makes the virtual capacity larger than the real
capacity, and makes a block, which is the delete unit, the
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allocation unit, is provided to the host 110 without a conven-
tional higher-level capacity virtualization function.

FIG. 2 shows the configuration of the storage system 100.

The storage system 100 comprises one or more storage
controllers 200, a cache memory 210, a common memory
220, a flash package 230, and one or more connecting units
250 for coupling these components. Furthermore, in this
example, the plurality of storage mediums inside the storage
system 100 are all flash memories, but the storage system 100
may also comprise another type of storage medium, like a
HDD, in addition to the flash memories. Also, the physical
capacities (physical storage capacities) of all of the flash
packages 230 are identical in this example. However, the
physical capacities of at least two or more lash packages 230
of the plurality of flash packages 230 in the present invention
may differ. The storage controller 200 comprises a processor
260 for processing either a read request or a write request
issued from the host 110, and a storage resource (for example,
a memory 270) for storing a program and/or information.

The connecting unit 250 is a mechanism for coupling the
respective components inside the storage system 100. In this
example, it is supposed that one flash package 230 is coupled
to a plurality of storage controllers 200 in accordance with a
plurality of connecting units 250 to increase reliability. How-
ever, the present invention will still be valid in a case where
one flash package 230 is coupled to only one connecting unit
250.

At least one of the cache memory 210 and common
memory 220 normally comprises a DRAM or other such
volatile memory, buta battery or the like may be used to make
this memory nonvolatile. However, the present invention will
still be valid even when at least one of the cache memory 210
and common memory 220 is made nonvolatile.

The data among the data stored in the flash package 230,
which is frequently accessed by the storage controller 200, is
stored in the cache memory 210. The storage controller 200
receives a write request from the host 110, writes the data
conforming to this write request (the data to be written to the
flash package 230) to the cache memory 210, and completes
this write request (for example, sends the host 110 a comple-
tion report with respect to the write request). However, the
present invention will still be valid in a system which com-
pletes the write request at the stage when the write data has
been stored in the flash package 230.

The common memory 220 stores cache memory 210 con-
trol information, important management information that is
inside the storage system 100, information with respect to
communications between the storage controllers 200, and at
least one type of synchronized information.

Furthermore, in this example, it is supposed that the flash
package 230 appears to be a single unit of the storage device
from the standpoint of the storage controller 200. Therefore,
it is supposed that the storage controller 200 is equipped with
a RAID (Redundant Array of Independent (or Inexpensive)
Disks) function that enables data to be recovered from a flash
package 230 even when this flash package 230 fails. In a case
where the storage controller 200 is equipped with a RAID
function, a single RAID configuration can be adopted using a
plurality of flash packages 230. This will be called a flash
package group 280. However, the present invention will still
be valid even when the storage controller 200 is not equipped
with a RAID function like this.

FIG. 3 shows the configuration of the flash package 230.

The flash package 230 comprises a plurality of flash chips
300, a package processor 310, a package memory 320, a
buffer 330, a package bus 340, a bus transfer device 350, and
acompression extension circuit 360. In this example, the flash
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package 230 has a block-unit capacity virtualization function.
Furthermore, the present invention will still be valid evenina
case where the flash package 230 has a function for virtual-
izing capacity in units other than blocks. For this reason, a
capacity that is larger than the physical capacity of the flash
package 230 (a value reflecting the total physical capacity of
all the flash chips 300 of the flash package 230) is defined as
the virtual capacity. Upon receiving a write request from the
storage controller 200, the flash package 230 determines
whether or not a block to which the data should be written has
been allocated to the write-destination address (the virtual
area to which this address belongs) conforming to this write
request, and in a case where the result of this determination is
negative, allocates a block to the write-destination address.
This makes it possible to delay the time at which the block is
actually allocated, thereby having the effect of reducing
capacity.

Furthermore, two compression extension circuits 360A
and 360B are provided. The first compression extension cir-
cuit 360A either compresses or extends the data to be trans-
ferred between the storage controller 200 and the buffer 330.
The second compression extension circuit 360B either com-
presses or extends data to be transferred between the bus
transfer device 350 and the buffer 330, and data that is to be
read from a certain area of the buffer 330 and written to a
different area of the buffer 330. In accordance with the above,
it is possible to compress data stored in a flash chip 300,
thereby having the effect of further reducing capacity. Also, in
this example, in a case where there is no particular instruction
(for example, a case in which there is no instruction from the
package processor 310), the compression extension circuits
360A and 360B transfer the inputted data as-is without either
compressing or extending this data.

The package processor 310 receives either a read request or
a write request from the storage controller 200, and executes
processing in accordance with the received request.

The buffer 330 stores the data that is to either be read or
written between the storage controller 200 and the flash chip
300. In this example, the buffer 330 is a volatile memory. The
package processor 310 receives a write request from the stor-
age controller 200, and this write request is completed at the
stage when the data conforming to this write request has been
written to the flash chip 300 (write-request-complete is
reported to the storage controller 200). However, the buffer
330 may be a nonvolatile memory, and the package processor
310 may send this write request completion report to the
storage controller 200 at the stage when the data conforming
to the write request from the storage controller 200 has been
written to the buffer 330.

A program executed by the package processor 310 and
flash chip 300 management information are stored in the
package memory 320. Because the flash package 230 man-
agement information is important, it is preferable that the
management information be able to be saved to a specific
flash chip 300 during a planned stoppage. It is also preferable
to have abattery in preparation for a sudden failure, and to use
this battery so as to be able to save the management informa-
tion to a specific flash chip 300 even when a failure or the like
occurs.

The package bus 340 is for carrying data transferred
between the buffer 330 and the flash chip 300, and one or
more of these package buses 340 exist. A flash package 230
generally has a plurality of package buses 340 to improve
performance, but the present invention will still be valid with
just one package bus 340.

The bus transfer device 350 exists corresponding to the
package bus 340, and executes a data transfer between the
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buffer 330 and the flash chip 300 in accordance with an
instruction from the package processor 310.

The compression extension circuits 360A and 3608 either
compress or extend data to be read from the buffer 330 and/or
data to be written to the buffer 330 in accordance with an
instruction from the package processor 310. Of course, it is
also possible for the compression extension circuits 360A and
360B to transfer data without either compressing or extend-
ing this data.

FIG. 4 shows information stored in the common memory
220 of the storage system 100.

Logical volume information 2000, real page information
2100, an empty page information management pointer 2200,
flash package group information 2300, flash package infor-
mation 2500, a virtual page capacity 2600, and an unavailable
page information management pointer 2700 are stored in the
common memory 220. At least one type of information
among this information is used for realizing the higher-level
capacity virtualization technology.

In this example, it is supposed that the storage controller
200 comprises a higher-level capacity virtualization function.
However, the present invention will still be valid even in a
case where the storage controller 200 does not have a higher-
level capacity virtualization function. Normally, the storage
area allocation unit in the higher-level capacity virtualization
function is called a page. Furthermore, in this example, it is
supposed that a logical volume (for example, a virtual logical
volume in accordance with thin provisioning) is partitioned
into a plurality of virtual pages (virtual storage areas), and a
storage space (hereinafter may be called a “pool”), which is
based on one or more flash package groups 280, is partitioned
into a plurality of real pages (substantial storage areas). In
capacity virtualization, the storage capacity of the logical
volume can appear to be larger than the actual capacity. For
this reason, the number of virtual pages is generally larger
than the number of real pages. In a case where the capacity
virtualization function has been realized, the storage control-
ler 200 allocates an empty real page from the pool to the
virtual page belonging to the write-destination address con-
forming to the write request from the host 110, and writes the
data conforming to the write request to this real page.

The virtual page capacity 2600 is information denoting the
capacity of the virtual page. However, in this example, the
capacity of the virtual page and the capacity of the real page
are not identical. This is because redundancy data that differs
in accordance with the RAID type may be stored in the real
page. Therefore, the capacity of the real page is decided by the
RAID type of the flash package group 280 to which this real
page has been allocated. For example, in a case where data is
written in duplicate as in RAID 1, the capacity of the real page
is two times the virtual page capacity. In a case where redun-
dancy data with a capacity of one storage device is stored with
respect to the capacity of N storage devices as in RAID 5, the
real page capacity is a capacity of (N+1)/N of the virtual page
capacity. One piece of redundancy data and the N pieces of
data that make up this redundancy data will be called a “stripe
group”. In addition, the length of the individual pieces of data
comprising the stripe group will be called a “stripe size”.
Naturally, when there is no redundancy as in RAID 0, a
capacity equivalent to the virtual page capacity constitutes the
capacity of the real page. Furthermore, in this example, the
capacity of the virtual page is shared in common with respect
to either one or a plurality of logical volumes (a virtual logical
volume in accordance with thin provisioning) provided by the
storage system 100, but the present invention will still be valid
even when a different capacity virtual page is included in the
one or plurality of virtual volumes.
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FIG. 5 shows the format of logical volume information
2000.

The logical volumeis a logical storage device in which data
either read or written by the host 110 is stored. Generally
speaking, the host 110 issues a read request or a write request
by specifying a logical volume ID, an address inside the
logical volume, and the length ofthe data to beread or written.
The logical volume information 2000 exists for each logical
volume. This information comprises a logical volume ID
2001, a logical capacity 2002, a logical volume RAID type
2003, a real page pointer 2004, and format information 2005.

The logical volume 1D 2001 denotes the ID of the corre-
sponding logical volume.

The logical capacity 2002 denotes the capacity of the cor-
responding logical volume as seen from the host 110.

The logical volume RAID type 2003 denotes the RAID
type of the corresponding logical volume (for example, RAID
0,RAID 1, and so forth). It is supposed that a specific numeric
value N is specified in a case where redundancy data is stored
in one flash package 230 with respect to N flash packages 230
as in RAID 5. However, it is not possible to specify an arbi-
trary RAID type, and at least one flash package group 280
must have the RAID type.

The real page pointer 2004 is the pointer to management
information 2100 of a page that has been allocated to a virtual
page of the corresponding logical volume. The number ofreal
page pointers 2004 is the number of virtual pages of the
logical volume (a number obtained by dividing a value denot-
ing the logical capacity 2002 by a value denoting the virtual
page capacity 2600, and in the case of a remainder, 1 is added
to the quotient). The page corresponding to the initial real
page pointer 2004 is the real page that has been allocated to
the first virtual page of the logical volume, and thereafter, a
pointer corresponding to the real page to be allocated to the
next virtual page is stored in the next real page pointer 2004.
Furthermore, since the present invention supports a virtual
capacity function, the allocation of the real page is not defined
by the logical volume, but rather is triggered by a data write
actually being carried out to the corresponding virtual page.
Therefore, in the case of a virtual page for which a write has
yet to be carried out, the corresponding real page pointer 2004
will be NULL.

The format information 2005 also exists corresponding to
the virtual page of the corresponding logical volume. The host
110 most often initializes a storage medium using specific
information prior to storing data to be used by an application
program. In a case where the storage system 100 has recog-
nized the fact that cyclic information (for example, the rep-
etition of short format information) has been written to the
virtual page in accordance with a write request, the storage
system 100 may release the real page allocated to this virtual
page by recording information denoting that format data has
been written in the format information 2005 corresponding to
this virtual page. Or, in a case where the host 110 issues a
write same command to write cyclic information (a repetitive
pattern) to an explicitly specified area and the storage system
100 receives the write same command, storing the cyclic
information in the format information 2005 makes it possible
to recognize that this cyclic information is being stored in this
virtual page, thereby enabling the real page allocated to this
virtual page to be released. The storage system 100, upon
receiving the write same command, may also transfer this
request to the lower-level capacity virtualization function and
have the flash package 230 perform the release in block units.
The capacity reduction effect can be expected in accordance
with this. Or, more specifically, in a case where the host 110
issues a request to release this area, the storage system 100
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may execute the same processing. Similarly, in a case where
a format pattern such as all 0’s has been written in accordance
with a normal write command, the storage system 100 rec-
ognizes this format pattern and may have the lower-level
capacity virtualization function release the corresponding
block. Since there is no need to allocate a real page to this
virtual page in a case where the format information 2005 has
been configured, the real page pointer 2004 will constitute a
NULL value. When data other than the information stored in
the format information 2005 is written to the corresponding
virtual page, a real page is allocated and the format informa-
tion 2004 becomes NULL.

FIG. 6 is the format of the real page information 2100.

The real page information 2100 is real page management
information, which exists for each real page. The real page
information 2100 comprises a package group 2101, a real
page address 2102, an empty page pointer 2103, an amount of
stored page data 2104, an amount of compressed and stored
page data 2105, a moving state flag 2109, a transfer to real
page pointer 2110, and a waiting state for transferring 2111.

The package group 2101 shows the flash package group
280 to which the corresponding real page is allocated.

The real page address 2102 is information showing the
relative address inside the flash package group 280 constitut-
ing the basis for the corresponding real page to which the
corresponding real page is allocated.

The empty page pointer 2103 constitutes a valid value in a
case where a virtual page is not allocated to the corresponding
real page. In this case, this value points to the next empty page
information 2100 for which the virtual page is not allocated.
In a case where the virtual page is allocated, the empty page
pointer 2103 becomes a NULL value.

In this example, each flash package 230 is equipped with a
capacity virtualization function, and provides the storage
controller 200 with capacity that appears to be larger than the
actual physical capacity. The unit for capacity virtualization
in the flash package 230 in this example is the block, which is
the delete unit of the flash memory. Below, the block seen
from the storage controller 200 may be called a “virtual
block™ and the block actually allocated by the flash package
230 may be called a “real block”. Therefore, in this example,
the real page is configured from either one or a plurality of
virtual blocks. Furthermore, in this example, the capacity
space configured by the virtual block is larger than the capac-
ity space configured by the real block.

FIG. 7 shows the relationships between the virtual page,
the real page, the virtual block and the real block.

As already explained, redundancy data not found in the
virtual page is stored in the real page. Meanwhile, data stored
in the virtual block is compressed, and the compressed data is
stored in the real block. In this example, the data of m (where
m is a whole number equal to or larger than 1) virtual blocks
is stored in between 1 and (m+1) real blocks in accordance
with the compression ratio. However, the present invention is
still valid even in a case where the above storage system is not
adopted. Below, these m virtual blocks may be called a “vir-
tual block group”, and the one or more real blocks allocated to
a single virtual block group may be called a “real block
group”. The reason for making (m+1) the maximum number
of allocated real blocks in this example will be explained
below. Hypothetically, it is supposed that most of the data
stored in the virtual block group could not be compressed. In
this case, the number of real blocks required will be m, but
there will be practically no empty capacity in the real block.
It is supposed that the flash package 230 has received a
request (a normal write request) to rewrite a portion of the
data inside the block from the storage controller 200 at this
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time. Since the flash memory block cannot be rewritten, the
flash package 230 must read all of the data in this block to the
buffer 330, update the rewrite part only, delete the pertinent
block one time, and thereafter store the data in the entire
block. Executing the above operation each time the flash
package 230 receives a write request results in excessively
long processing times and cannot be called practical. To solve
for this, in this example, one more real block is allocated, an
empty area is secured, and an additional write is carried out to
the empty area. In a case where the empty area is too small to
accommodate the rewrite data, a delete process (a process for
deleting the block data) is carried out. This makes it possible
to improve performance since the delete process may be
executed one time for every n write requests. Furthermore,
reducing the number of delete processes also increases the
life of the flash memeory. In this example, the flash package
230 makes itappear to the storage controller 200 that there are
more virtual blocks than real blocks. However, in the present
invention the storage controller 200 is aware of how many
empty real blocks the flash package 230 actually has, and
reallocates a real page. In this example, in a case where the
flash package 230 has received from the storage controller
200 a write request specifying an address that belongs to a
virtual block to which a real block is not allocated, areal block
can be allocated to this virtual block.

The amount of stored page data 2104 and the amount of
compressed and stored page data 2105 are each in proportion
to the number of flash packages 230 configuring the flash
package group 280 that form the basis for the relevant real
page (that is, each real page may be a storage area based a
plurality of flash packages 230 configuring a flash package
group 280). However, this information is not attribute infor-
mation of the virtual block(s) included in this real page, but
rather is attribute information related to the data of the virtual
page corresponding to this real page. Therefore, in a case
where this virtual page is allocated to a different real page and
the data ofthe current real page is copied to the new real page,
the amount of stored page data 2104 and the amount of
compressed and stored page data 2105 are inherited as the
management information ofthe new real page. The amount of
stored page data 2014 is the amount of data stored in the
relevant real page. The amount of compressed and stored
page data 2105 is the amount of compressed data stored in the
relevant real page. The above two values (amounts of data) are
computed based on information received from the flash pack-
age 230.

The moving state flag 2109, the transfer to real page pointer
2110 and the waiting state for transferring 2111 are informa-
tion used when the data of the relevant real page is transferred
to another real page. The moving state flag 2109 is ON when
the data of this real page is being transferred to the other real
page. The transfer to real page pointer 2110 is information
denoting the address of the transfer-destination real page to
which the data of this real page is being transferred. The
waiting state for transferring 2111 is a flag that is ON when
the decision to transfer the data inside the target real page has
been made.

FIG. 8 is the format of the flash package information 2500.

The flash package information 2500 exists for each flash
package 230. The flash package information 2500 comprises
a flash package ID 2501, a flash package virtual capacity
2502, and a virtual block capacity 2503.

The flash package ID 2501 is the identifier of the relevant
flash package 230.

The flash package virtual capacity 2502 denotes the virtual
capacity of the relevant flash package 230.
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The virtual block capacity 2503 is the capacity of the
virtual block. A value obtained by dividing the value denoting
the flash package virtual volume 2502 by the value denoting
the virtual block capacity 2503 constitutes the number of
virtual blocks based on this flash package 230. In this
example, the value denoting this flash package virtual capac-
ity 2502 is adjusted in accordance with the compression ratio
of the flash package 230. As already explained, in this
example, the flash package 230 determines the virtual capac-
ity of this package 230, but this virtual capacity may be
determined by the storage controller 200. When a notification
to the extent that the virtual capacity has changed is received
from the flash package 230, the storage controller 200 sets
this value in the flash package virtual capacity 2502.

FIG. 9 shows the format of the flash package group infor-
mation 2300.

The flash package group information 2300 exists for each
flash package group 280. The flash package group informa-
tion 2300 comprises a flash package group ID 2301, a pack-
age group RAID type 2302, a number of real pages 2303, a
number of empty real pages 2304, a flash package pointer
2305, and a number of unavailable real pages 2306.

The flash package group 1D 2301 is the identifier of the
relevant flash package group 280.

The package group RAID type 2302 is the RAID type of
the relevant flash package group 280. The RAID types in this
example are the same as those described when explaining the
logical volume RAID type 2003.

The number of real pages 2303 denotes the number of real
pages based on the flash package group 280. The number of
empty real pages 2304 denotes the number of empty real
pages (empty real pages) among the plurality of real pages
based on the flash package group 280. The number of unavail-
able real pages 2306 denotes the number of unavailable real
pages among the plurality of real pages based on the flash
package group 280. As already explained, one characteristic
features of this example is the fact that the flash package 230
virtual capacity changes in accordance with the compression
ratio. When the virtual capacity of the flash package 230
changes, the number of real pages 2303 and the number of
empty real pages 2304 also change. This will be explained
below. First, when the virtual capacity of the relevant flash
package 230 changes, the number of real pages of the relevant
flash package group 280 also changes. This will be described
in concrete terms. First, based on the thinking behind RAID,
the premise is that the available capacity is identical in the
flash packages 230 inside the same flash package group 280.
Consequently, the equation becomes:

Number of real pages 2303=(smallest flash package
virtual capacity 2502 of flash packages 230 in
flash package group 280)* (number of flash pack-
ages 230 in flash package group 280)/(real page
size)

Therefore, in a case where the smallest flash package vir-
tual capacity 2502 of the flash packages 230 in the relevant
flash package group 280 has changed, the number of real
pages 2303 also changes. Similarly, the number of empty real
pages 2304 will also change. Since this also results in the
number of real pages that are unavailable being changed, the
number of unavailable real pages 2306 also changes. For
example, in a case where the number of real pages 2303
increases by 10, the number of empty real pages 2304 also
increases by 10 and the number of unavailable real pages
2305 decreases by 10. Furthermore, as already explained, in
this example, the flash package 230 determines this capacity,
but the storage controller 200 may make this determination.
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The flash package pointer 2305 is the pointer to the flash
package information 2500 of the flash package(s) 230
belonging to the relevant flash package group 280. The num-
ber of package pointers 2305 is the number of flash packages
230 that belong to the relevant flash package group 280, but
this value is one that is decided in accordance with the pack-
age group RAID type 2302.

The empty page information management pointer 2200
shown in FIG. 4 is information provided for each flash pack-
age group 280.

FIG. 10 denotes a collection of empty pages managed by
the empty page information management pointer 2200.

The structure of this pointer 2200 is called the empty real
page information queue 2201. Empty real page signifies areal
page (an empty real page in a virtual page) that has not been
allocated to a virtual page. Furthermore, the real page infor-
mation 2100 corresponding to the empty real page is called
the empty real page information 2100. The empty real page
information management pointer 2200 is the pointer to the
address at the head of the empty real page information 2100.
Next, the empty page pointer 2103 inside the first real page
information 2100 points to the next empty real page informa-
tion 2100. In FIG. 9, the empty page pointer 2103 of the final
empty real page information 2100 shows the empty page
information management pointer 2200, but this may be a
NULL value. The storage controller 200, upon receiving a
write request with respect to a virtual page to which a real
page has not been allocated, uses the empty page information
management pointer 2200 to search for an empty real page
within any flash package group 280 having the same RAID
type as the logical volume RAID type 2003, for example, the
flash package group 280 having the largest number of empty
real pages, and allocates the detected empty real page to the
virtual page.

The unavailable real page information management
pointer 2700 shown in FIG. 4 is information provided for each
flash package group 280.

FIG. 11 denotes a collection of unavailable real pages
managed by the unavailable real page information manage-
ment pointer 2700.

The structure of this pointer 2700 is called the unavailable
real page information management queue 2701. This struc-
ture is the same as the empty real page information manage-
ment queue 2201. In a case where the virtual capacity of the
flash package 230 has lessened and the number of the number
of real pages 2303 has decreased, real page information 2100
managed by the empty real page information management
queue 2201 is transferred to the unavailable real page infor-
mation management queue 2701 in proportion to this number.
By contrast, in a case where the virtual capacity of the flash
package 230 has grown and the number of the number of real
pages 2303 has increased, real page information 2100 man-
aged by the unavailable real page information management
queue 2701 is transferred to the empty real page information
management queue 2201 in proportion to this number. In this
example, the storage controller 200 is equipped with a higher-
level capacity virtualization function, and the flash package
230 is equipped with a lower-level capacity virtualization
function. For this reason, even when the virtual capacity of the
flash package 230 changes, the storage controller 110 may
simply use the already explained method to transfer the real
page information 2100. In a case where the real page infor-
mation 2100 has been associated with the unavailable real
page information management queue 2701, the real page
corresponding to this information 2100 is unable to be allo-
cated to a virtual page and the virtual block(s) comprising this
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real page become inaccessible. For this reason, a real block
can be allocated to another virtual block. That is, the real
block can be used effectively.

Next, the management information of the flash package
230 will be explained. The flash package 230 holds the man-
agement information inside the package memory 320.

FIG. 12 shows the management information stored in the
package memory 320.

Package information 3000, chip information 3100, virtual
block information 3200, real block information 3300, and an
empty real block information pointer 3400 are stored in the
package memory 320. At least one type of information from
among this information is used for realizing the lower-level
capacity virtualization technology and/or the compression
technology. In this example, the flash package 230 realizes
the lower-level capacity virtualization technology and the
compression technology. However, in the present invention,
the storage controller 200 may realize the lower-level capac-
ity virtualization technology and the compression technol-
ogy. In accordance with this, as shown in FIG. 13, substan-
tially the same information as the information shown in FIG.
12 is stored in the common memory 220. In the configuration
shown in FIG. 13, since the information shown in FIG. 13 is
referenced and updated by the storage controller 200, this
information will differ slightly from the respective informa-
tion shown in FIG. 12. Therefore, in this example, it is sup-
posed that the flash package 230 realizes the lower-level
capacity virtualization technology and the compression tech-
nology.

FIG. 14 is the format of the package information 3000.

The package information 3000 comprises a package 1D
3001, a virtual package capacity 3002, a real package capac-
ity 3003, a flash block capacity 3004, a package block capac-
ity 3005, an amount of stored package data 3006, an amount
of compressed and stored package data 3007, a number of
blocks for storing internal information 3009, and a block
address for storing internal information 3010.

The package ID 3001 is the identifier of the relevant flash
package 230.

The virtual package capacity 3002 denotes the virtual
capacity of the relevant flash package 230 as seen from the
storage controller 200. One characteristic feature of this
example is the fact that the flash package 230 adjusts this
virtual capacity in accordance with a change in the compres-
sion ratio. As explained already, this adjustment may be car-
ried out by the storage controller 200.

The real package capacity 3003 denotes the physical
capacity of the relevant flash package group 280, specifically,
the capacity that enables the storage controller 200 to actually
physically store data inside the relevant flash package group
280.

The flash block capacity 3004 denotes the physical capac-
ity of the block, which is the delete unit of the flash memory.

The package block capacity 3005 denotes the capacity of a
real block in the flash package 230.

The amount of stored package data 3006 denotes the total
pre-compression value of write data received from the storage
controller 200.

The amount of compressed and stored package data 3007
denotes the total post-compression value of write data
received from the storage controller 200.

The number of blocks for storing internal information 3009
is the number of blocks constituting the save-destination of
the internal information (for example, the information com-
prising the package information 3000, the chip information
3100, the virtual block information 3200, the real block infor-
mation 3300, and the empty real block information pointer
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3400 stored in the package memory 320). The internal infor-
mation, for example, is stored either when the power is turned
OFF or when a failure occurs.

The block address for storing internal information 3010
denotes the address of the storage area in which the internal
information is stored (the address of the storage area in the
package memory 320). Important information (for example,
the package information 3000, the chip information 3100, the
virtual block information 3200, the real block information
3300, and the empty real block information pointer 3400)
may be stored n times. Also, since save operations are not that
numerous, the number of times a block is deleted may cease
to be a problem.

Information denoting the total number of real blocks pos-
sessed by the relevant flash package 230 may be included in
the package information 3000. For example, in addition to the
number of blocks for storing internal information 3009, infor-
mation denoting the number of blocks capable of being allo-
cated from the flash package 230 and the number of failed
block based on the flash package 230 may also be included in
the package information 3000.

FIG. 15 is the format of the chip information 3100.

The chip information 3100 exists for each flash chip 300.
The chip information 3100 comprises a chip 1D 3101, a
number of real blocks in chip 3102, a number of empty blocks
in chip 3103, and a connected bus 1D 3104.

The chip ID 3101 is the identifier of the relevant flash chip
300.

The number ofreal blocks in chip 3102 denotes the number
of real blocks possessed by the relevant flash chip 300.

The number of empty blocks in chip 3103 shows the num-
ber of empty real blocks inside the relevant flash chip 300.
The empty real block is a real block that has not been allo-
cated to a virtual block (a real block capable of being allo-
cated to a virtual block).

The connected bus ID 3104 is the identifier of the package
bus 340 to which the relevant flash chip 300 is coupled.

FIG. 16 is the format of the virtual block information 3200.

The virtual block information 3200 exists for each virtual
block group. It is supposed that the virtual block information
3200 is in virtual block address order. The initial virtual block
information 3200 corresponds to m virtual blocks from the
first virtual block. The virtual block information 3200 com-
prises a virtual block group identifier 3201, a real block
information pointer 3202, an amount of stored data 3203, an
amount of compressed and stored data 3204, a virtual seg-
ment address pointer 3205, and an amount of compressed
virtual segment data 3206. In this example, the flash memory
read/write unit is called a “segment”. The flash memory read/
write unit is normally called a page, but in this example, the
page is the unit for capacity virtualization, which is per-
formed by the storage controller 200, and as such, the flash
memory read/write unit is called the “segment™ to avoid con-
fusion. In this example, data written to the flash memory is
compressed, and the compressed data is stored in the flash
memory. The flash memory segment in which the compressed
data is stored may be called the “‘real segment”. A pre-com-
pression virtual segment may be called a “virtual segment”.
In this example, one or more virtual segments are stored in a
compressed real segment.

The virtual block identifier 3201 is the identifier of the
corresponding virtual block group.

The real block information pointer 3202 is the pointer to
the real block information 3300 of the real block allocated to
a virtual block in the corresponding virtual block group.
There are (m+1) real block information pointers 3202. The
real block information pointer 3201 is a NULL value when
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the real block has not been allocated. In a case where there are
k (where k is equal to or less than (m+1) real blocks allocated
to the relevant virtual block group, k real block information
pointers 3202 from the start are valid.

The amount of stored data 3203 denotes the amount of
pre-compression data stored in the relevant virtual block
group. The maximum capacity is the capacity of the virtual
block group. The amount of compressed and stored data 3204
is the amount of compressed data stored in the relevant virtual
block group. Furthermore, in the case of a flash memory,
when the content of a virtual segment is rewritten, the same
virtual segment data resides in a plurality of locations since
the rewritten content is stored in a different real block. The
amount of stored data 3203 and the amount of compressed
and stored data 3204 are both values computed based on the
most recent amount of data stored in the virtual segment.

The virtual segment address pointer 3205 denotes an iden-
tifier showing the location of the information within the real
block information 3300 corresponding to the real block,
which the corresponding virtual segment allocated to the
relevant virtual block group, and a pointer showing the
address inside this real block in which the information is
stored. The amount of compressed virtual segment data 3206
denotes the amount of compressed data of the corresponding
virtual segment. Furthermore, in this example, the virtual
segment address pointer 3205 and the amount of compressed
virtual segment data 3206 exist for each virtual segment, but
the present invention will still be valid even in a case where at
least one of the information 3205 and 3206 exists for each of
two or more virtual segments.

FIG. 17 is the format of the real block information 3300.

The real block information 3300 exists for each real block.
The real block information 3300 comprises a real block iden-
tifier 3301, an empty real block pointer 3302, and an empty
capacity in real block 3304.

The real block identifier 3301 is the identifier of the corre-
sponding real block, and, for example, shows the address of
the flash chip 300 to which this real block corresponds.

The empty real block pointer 3302, in a case where the
corresponding real block is not allocated to a virtual block (is
in an empty state), points to the real block management infor-
mation 3300 of the next empty real block.

The empty capacity in real block 3304 shows the current
empty capacity of the corresponding real block. The package
processor 310 can store write data of equal to or less than the
empty capacity in the corresponding real block. After storing
the write data, the package processor 310 reduces the empty
capacity in real block 3304 in proportion to the amount of
write data that was stored.

The empty real block information pointer 3400 exists cor-
responding to the flash chip 300. FIG. 18 denotes a collection
of empty real blocks managed by the empty real block infor-
mation pointer 3400. The empty real block information
pointer 3400 points to the real block information 3300
address of the first empty block. Next, the empty block
pointer 3302 inside the real block information 3300 of'the first
empty real block shows the real block information 3300 of the
next empty real block. In FIG. 18, the empty real block
pointer 2103 of the real block information 3300 of the last
empty real block shows the empty real block information
pointer 3400, but this may be a NULL value. The package
processor 310, upon receiving from the storage controller 200
a write request specifying an address belonging to a virtual
block to which a real block has not been allocated, searches
for an empty real block among the real blocks inside the flash
chip 300 (based, for example, on the empty real block infor-
mation pointer 3400 corresponding to the flash chip 300
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having the largest number of empty real blocks), and allocates
the empty real block that has been found to the virtual block.
The package processor 310 writes the data conforming to the
above-mentioned received write request to the allocated
empty real block.

Next, the operations executed by the storage controller 200
and the flash package 230 using the management information
explained hereinabove will be explained.

First, the operation of the storage controller 200 will be
explained. Storage controller 200 operations are executed by
the processor 260 inside the storage controller 200, and the
programs for these operations are stored inside the memory
270.

FIG. 19 shows the programs stored in the memory 270.

The programs related to this example include, for example,
a read process execution part 4000, a write request receive
part 4100, a write after process execution part 4200, a write
same command process execution part 4300, and a page
transfer process execution part 4500. At least one of these
programs is a program for realizing the higher-level capacity
virtualization technology. Furthermore, as already explained,
in this example, the flash package 230 realizes the lower-level
capacity virtualization technology, but the storage controller
200 may execute the lower-level capacity virtualization tech-
nology. In this case, the lower-level capacity virtualization
technology is executed by the storage controller 200. There-
fore, since the higher-level program and the lower-level pro-
gram are both executed by the storage controller 200, the
interface between the programs will differ, but fundamentally
there are no major differences. The flows of processing of the
read process execution part 4000, the write request receive
part 4100, the write after process execution part 4200, the
write same command process execution part 4300, and the
page transfer process execution part 4500 will be explained in
detail on the premise that the lower-level capacity virtualiza-
tion technology is realized by the flash package 230 in this
example. Furthermore, in this example, it is supposed that a
read request, a write request and a write same command from
the host 110 are issued for one segment (a page in ordinary
flash memory terminology) or more segments, the segment
being the read/write unit of the flash memory. Of course, the
present invention will still be valid even in a case where a read
request, a write request and a write same command from the
host 110 specify only a portion of the segment.

Furthermore, in the following explanation, there may be
cases where processing is explained having a program as the
doer of the action, but since the stipulated processing may be
performed in accordance with a program being executed by a
processor (for example, a CPU (Central Processing Unit))
while using a storage resource (for example, a memory) as
needed, the processor may also be used as the subject of the
processing. Processing that is explained using the program as
the doer of the action may be processing carried out by a
storage controller, a flash package, or a storage system.

FIG. 20 is the flow of processing of the read process execu-
tion part 4000. The read process execution part 4000 is
executed when the storage controller 200 has received a read
request from the host 110.

Step 5000: The read process execution part 4000 computes
a relative address with respect to the read-source virtual page
(the virtual page to which the read-targeted address specified
in the read request from the host 110 belongs).

Step 5001: The read process execution part 4000 checks
whether there was a hit in the cache memory 210 with respect
to the read-targeted data. This is widely known technology. In
the case of a cache hit, the read process execution part 4000
jumps to Step 5010.
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Step 5002: In the case of a cache miss, the read process
execution part 4000 first checks whether the format informa-
tion 2005 is valid. In the case of an invalid value, the read
process execution part 4000 jumps to Step 5004.

Step 5003: A case in which the format information 2005 is
valid signifies that cyclic information is stored in the read-
source area (the storage area conforming to the identified
relative address). For this reason, the read process execution
part 4000 stores this cyclic information in the cache memory
210, and jumps to Step 5010.

Step 5004: The read-targeted data must be loaded into the
cache memory 210 at this point. In this step, the read process
execution part 4000 first acquires the real page information
2100 corresponding to the real page allocated to the read-
source virtual page from the real page pointer 2004 of the
logical block management information 2000.

Step 5005: The read process execution part 4000, based on
the package group 2101 and the real page address 2102 of the
acquired real page information 2100, identifies the flash pack-
age group (read source package group in FIG. 20) 280 on
which is based the real page allocated to the read-source
virtual page (the read-source real page in FIG. 20) and the first
address in the read-source package group 280.

Step 5006: The read process execution part 4000 computes
the relative address inside the read-source real page based on
the relative address in the virtual page obtained in Step 5001
and the package group RAID type 2302 corresponding to the
read-source package group 280. The read process execution
part 4000 identifies the address of the flash package 230 to be
accessed based on the computed relative address inside the
real page and the package group RAID type 2302 and flash
package pointer 2305 corresponding to the read-source pack-
age group.

Step 5007: The read process execution part 4000 sends the
read request specitying the address identified in Step 5006 to
the flash package 230 identified in Step 5006.

Step 5008: The read process execution part 4000 waits for
the data to be sent from the send-destination flash package
230 of the read request of Step 5007.

Step 5009: The read process execution part 4000 stores the
data sent from the flash package 230 corresponding to the
read request of Step 5007 in the cache memory 210.

Step 5010: The read process execution part 4000 sends the
data (the read data) stored in the cache memory 210 in Step
5009 to the host 110, and ends the processing.

FIG. 21 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 receives a write
request from the host 110.

Step 6000: The write request receive part 4100 computes
the relative address inside the write-destination virtual page
with respect to the write-destination virtual page (the virtual
page to which the write-targeted address specified by the
write request from the host 110 belongs).

Step 6001: The write request receive part 4100 checks
whether a real page has been allocated to the write-destina-
tion virtual page based on the real page pointer 2004 in the
logical volume information 2000 corresponding to the write-
destination volume (the logical volume specified by the write
request). In a case where a real page has been allocated, the
write request receive part 4100 jumps to Step 6005.

Step 6002: In this step, the write request receive part 4100
allocates a real page to the write-destination virtual page. The
write request receive part 4100 decides the flash package
group 280-based real page to be allocated based on the RAID
type 2002 in the logical volume information 2000 corre-
sponding to the write-destination volume and the package

10

15

20

30

35

40

45

50

55

60

65

20

group RAID type 2302 and the number of empty real pages
2304 in the flash package group information 2300. Thereaf-
ter, the write request receive part 4100 sets this real page
pointer 2004 to show the first empty page information 2100
on the basis of the empty page management information
pointer 2200 corresponding to the determined flash package
group (the write-destination package group) 280. A real page
is allocated to the write-destination virtual page in accor-
dance with this. Furthermore, the write request receive part
4100 sets the empty page management information pointer
2200 to show the next real page information 2100 (the real
page information 2100 shown by the empty page pointer 2103
in the real page information 2100 of'the real page allocated to
the virtual page), and, in addition, sets the empty page pointer
2103 in the real page information 2100 of the real page
allocated to the virtual page to NULL. Furthermore, the write
request receive part 4100 decreases 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 allocation of a virtual page to a real page is
carried out when a write request is received, but in the present
invention, this allocation process may be executed until the
data is stored in the flash package 230.

Step 6003: The write request receive part 4100 checks
whether the format information 2005 is valid. In a case where
the format information 2005 is not valid, the write request
receive part 4100 jumps to Step 6005.

Step 6004: The write request receive part 4100 invalidates
the format information 2005.

Step 6005: The write request receive part 4100 stores the
write data conforming to the write request from the host 110
in the cache memory 210.

Since the flash package group 280 has a RAID configura-
tion, redundancy data must be generated with respect to the
write data stored in the cache memory 210. However, this is a
known method, and as such will not be explained in detail.
Also, since an area for storing redundancy data is included in
the real page, the virtual address inside the real page of the
redundancy data corresponding to the write data is also
uniquely determined. The redundancy data is also stored once
in the cache memory 210. Furthermore, information showing
to the address of the flash package 230 to which writing
should be carried out is also attached to the redundancy data
in the cache memory 210 the same as the write data. The write
data and the redundancy data are written to the flash package
160 by the write after process execution part 4200, but since
these data are both written to the flash package 230 as seen
from the write after process execution part 4200, there is no
need to distinguish between the two. Similarly, there is also
no need for the flash package 230 to distinguish between the
two.

FIG. 22 is the flow of processing of the write after process
execution part 4200. The write after process execution part
4200 is executed arbitrarily by the processor 260. The write
after process execution part 4200 writes the write data (and
redundancy data) from the host 110 to the flash package 230.
The write after process execution part 4200 processes both
the write data and the redundancy data as data to be written to
the flash package 230 without distinguishing between the
two.

Step 7000: The write after process execution part 4200
searches the cache memory 210 and determines the data to be
written to the flash package 230. The write after process
execution part 4200 identifies the information associated with
the data that was found (for example, the ID of the flash
package 230 and information related to the write-destination
address in this package 230), and issues a write request speci-
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fying the identified write destination (for example, the flash
package 230 ID and the write-destination address) to the
write-destination flash package 230. Furthermore, the write
after process execution part 4200 checks the moving state flag
2109 of'the real block information 2500 corresponding to the
real block allocated to the virtual block that belongs to the
write destination at this time, and in a case where this flag
2109 is ON, cancels the execution of the write request speci-
fying the relevant write destination since this real page is in
the process of being transferred, and searches for different
data in the cache memory 210.

Step 7001: The write after process execution part 4200
sends the write data to the flash package 230.

Step 7002: The write after process execution part 4200
waits for a write request completion report from the flash
package 230.

Step 7003: The write after process execution part 4200
checks the completion report related to the relevant write
request from the flash package 230. The completion report,
for example, comprises information denoting the amount of
stored data (the amount of write data sent in Step 7001) and
the amount of compressed and stored data (the amount of
compressed write data sent in Step 7001). This information
may be sent from the flash package 230 to the storage con-
troller 200 at a different time than the completion report. The
write after process execution part 4200 identifies the amount
of stored data and the amount of compressed and stored data
denoted in the information included in the completion report
with respect to the relevant write request, adds the identified
amount of stored data to the amount of stored page data 2104
corresponding to the write-destination real page, and, in addi-
tion, adds the amount of identified compressed and stored
data to the amount of compressed and stored page data 2105
corresponding to the write-destination real page.

Step 7004: The write after process execution part 4200 at
this point checks whether or not there is a flash package 230
for which the virtual capacity has changed. In a case where no
such flash package 230 exists, the processing ends.

Step 7005: In a case where a flash package 230 for which
the virtual capacity has changed does exist, the write after
process execution part 4200 configures the post-change vir-
tual capacity in the flash package virtual capacity 2502 cor-
responding to the flash package 230 for which the virtual
capacity has changed. Next, the write after process execution
part 4200 checks whether the smallest value of the plurality of
flash package virtual capacities 2502 corresponding to the
plurality of flash packages 230 configuring the flash package
group 280, which comprises the flash package 230 for which
the virtual capacity changed, has changed. In the case of a
change, the write after process execution part 4200 updates
the number of real pages 2303 and the number of empty real
pages 2304 corresponding to this flash package group 280 in
accordance with this changed value. Furthermore, the write
after process execution part 4200 transfers the real page infor-
mation 2100 between the empty page information manage-
ment queue and the unavailable page information manage-
ment queue in accordance with this number. Thereafter, the
write after process execution part 4200 calls a page transfer
process (the page transfer process execution part 4500). After
that, the write after process execution part 4200 ends the
processing.

FIG. 23 is the flow of processing of the write same com-
mand process execution part 4300. The write same command
process execution part 4300 is executed when the storage
controller 200 receives a write same command from the host
110. The write same command is a function, which is pro-
vided corresponding to the capacity virtualization function of
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the storage system 100. The write same command instructs
that a short data pattern be repetitively written to a certain
storage area. The storage system 100 does not write this data
pattern to the flash memory, but rather stores the fact that this
data pattern has been repeatedly stored in the virtual page
comprising the specified storage area, and in a case where a
real page has been allocated to this virtual page, releases this
real page. This makes it possible to reduce the number of real
pages being used. Generally speaking, in a capacity virtual-
ization function in a system in which a HDD (Hard Disk
Drive) is being used as the storage medium, no physical
processing occurs in the HDD when a real page is released.
However, in this example, in which a flash memory is used as
the storage medium, a real block delete process must be
executed since the real block will be allocated to another
virtual block. Therefore, a delete process is executed to the
real block to release the same. In this example, the storage
controller 200, upon receiving a write same command,
requests that the flash package 230 perform a real block delete
process. Furthermore, the present invention is still valid even
when a write same command is sent to the flash package 230,
and the flash package 230 executes the above processing. Or,
the present invention will be valid even in a case where the
host 110 issues a more direct command to release a certain
storage area, and the storage controller 200 or the flash pack-
age 230 executes the same processing as when a write same
command has been received. Furthermore, the present inven-
tion is still valid even in a case where cyclic information such
as all 0’s is written in accordance with a normal write com-
mand, the storage controller 200 or the flash package 230
recognizes the cyclic information, and releases the real block
allocated to the write-destination virtual block.

Step 8000: The write same command process execution
part 4300, based on write-destination information (for
example, the address) specified in the received write same
command, determines a collection of virtual pages, which
will be the process target of the relevant command. Further-
more, these virtual pages are sorted into those for which the
entire virtual page is the process target of the relevant com-
mand, and those for which a portion of the virtual page
constitutes the process target. In a case where an entire virtual
page is specified, the write same command process execution
part 4300 sets the data pattern in the format information 2005
corresponding to this virtual page.

Step 8001: Next, the information sent to the flash package
230 will be described. Since the flash package 230 address
space is a virtual address space of a virtual segment base, in
this example, a request to convert the area specified in the
write same command to a flash package address space is sent
(This conversion is a well-known technique, and as such will
not be explained in detail). However, in a case where one
piece of redundancy data is created from N pieces of data as
in RAID 3, the area where the redundancy data is stored can
be released when the area in which all of the N pieces of data
of the stripe group are stored has been specified by the rel-
evant command. In a case where only the area of a portion of
the N pieces of data has been specified, on the contrary, this
cyclic information must be reflected in the redundancy data,
thereby making it necessary to update the area(s) storing this
redundancy data. In this step, the area(s) is/are sorted into an
area(s) that require updating and an area(s) capable of being
released in accordance with the relevant command specifica-
tion.

Step 8002: In a case where there are no segments for which
data updating is required, the processing jumps to Step 8004.

Step 8003: The write same command process execution
part 4300 creates the redundancy data to be written to the flash
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package 230 and stores this redundancy data in the cache
memory 210. Information as to the area of the flash package
230 to which the redundancy data is to be written is associated
with this redundancy data at this time. Thereafter, the speci-
fied cyclic information is written to the flash package 230 by
the write after process execution part 4200 shown in FIG. 22.
Thereafter, the processing ends when there is no area to be
released.

Step 8004: The write same command process execution
part 4300 communicates the flash package 230 and the stor-
age area thereof determined in Step 8001 to this flash package
230, and requests the release of the corresponding segments.
Furthermore, it is supposed here that the area regarding which
the request was issued to the flash package 230 is partitioned
into real page units. Naturally, there will be cases in which all
of the areas included in the real page are specified, and cases
in which a portion of a virtual area is specified. This request is
issued to an arbitrary number of the one or more flash pack-
ages 230 configuring the flash package group 280.

Step 8005: The write same command process execution
part 4300 waits for a process report from the flash package
230 that was the write destination of the request in Step 8004.

Step 8006: The write same command process execution
part 4300 checks for a completion report related to this
request from the flash package 230. First, the write same
command process execution part 4300 processes information
denoting the amount of stored data and the amount of com-
pressed and stored data from the information included in the
completion report received from the flash package 230 with
respect to the relevant request. Specifically, the write same
command process execution part 4300 adds the changed val-
ues of the amount of stored data and the amount of com-
pressed and stored data corresponding to the virtual block
group included in a single real page to the amount of stored
page data 2104 and the amount of compressed and stored
page data 2105 corresponding to this real page.

Step 8007: At this point, the write same command process
execution part 4300 checks each flash package 230 as to
whether or not there has been a change in virtual capacity. In
a case where none of the flash packages 230 has experience a
change in virtual capacity, the processing is brought to Step
8009.

Step 8008: The write same command process execution
part 4300 sets the post-change virtual capacity in the flash
package virtual capacity 2502 corresponding to the flash
package(s) 230 for which there was a change in virtual capac-
ity. Next, the write same command process execution part
4300 checks whether the smallest value of the plurality of
flash package virtual capacities 2502 corresponding to the
plurality of flash packages 230 configuring the flash package
group 280, which comprises the flash package(s) 230 for
which there was a change in virtual capacity, has changed. In
the case of a change, the write same command process execu-
tion part 4300 updates the number of real pages 2303 and the
number of empty real pages 2304 corresponding to this flash
package group 280 in accordance with this changed value.
Furthermore, the write same command process execution part
4300 transfers the real page information 2100 between the
empty page information management queue and the unavail-
able page information management queue in accordance with
this number. Thereafter, the write same command process
execution part 4300 calls a page transfer process (the page
transfer process execution part 4500). After that, the write
after process execution part 4300 ends the processing.

Step 8009: Furthermore, in a case where a real page for
which a request has not been issued to the flash package 230
exists among the real pages comprising the releasable area(s),
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the write same command process execution part 4300 jumps
to Step 8004. In a case where such a real page does not exist,
the write same command process execution part 4300 ends
the processing.

FIG. 24 is the flow of processing of the page transfer
process execution part 4500.

The page transfer process execution part 4500 is called
from the write after process execution part 4200 and the write
same command process execution part 4300. The flash pack-
age group 280 comprising the flash package 230 in which
there has been a change in the virtual capacity is specified at
this time.

Step 11000: The page transfer process execution part 4500
determines whether the number of empty real pages 2304
corresponding to the specified flash package group 280 (will
be called the “target group” in the explanation of FIG. 24) is
not equal to or less than a prescribed threshold (that is,
whether or not there is a lot of empty capacity based on the
target group 280). In a case where the result of this determi-
nation is negative, the processing ends.

Step 11001: The page transfer process execution part 4500
searches the real page information 2100 corresponding to the
plurality of flash packages 230 configuring the target group to
find the real page information 2100 in which the value
denoted by the amount of compressed and stored page data
2105 is large. A real page for which the value denoted by the
amount of compressed and stored page data 2105 is large may
be one or more of all the real pages based on the target group
in which the value denoted by the amount of compressed and
stored page data 2105 is in the top X % (where X is a value
larger than 0), or may be a real page in which the value
denoted by the amount of compressed and stored page data
2105 is equal to or larger than a prescribe threshold Z (where
Z isavaluelarger than 0). The page transfer process execution
part 4500 makes the real page corresponding to the discov-
ered real page information 2100 the transfer target candidate,
and turns ON the waiting state for transferring 2111 corre-
sponding to this real page.

Step 11002: At this point, the page transfer process execu-
tion part 4500 selects the flash package group 280 that will be
the transfer destination. In this example, one flash package
group 280 is selected, but, it goes without saying that a plu-
rality of flash package groups 280 may be selected as transfer
destinations. In this example, for example, the page transfer
process execution part 4500 selects as the transfer destination
a flash package group 280 with a relatively small number of
empty real pages 2104 (for example, the flash package group
280 for which the number of empty real pages 2104 is either
the smallest or is less than the prescribed threshold). Next, the
page transfer process execution part 4500 decides which of
the real pages inside the selected transfer-destination flash
package group (the “transfer-destination group” in the expla-
nation of FIG. 24) 280 will be the transfer destination. Upon
deciding the transfer-destination real page, the page transfer
process execution part 4500 sets the real page information
2100 pointed to by the empty page information management
pointer 2200 corresponding to the transfer-destination group
280 in the copy-destination transfer to real page pointer 2110
of the real page information 2100 of the transfer-source real
page. The page transfer process execution part 4500 updates
the empty page information management pointer 2200 in the
page management information 2100 corresponding to the
next empty real page. The above processing is executed with
respect to all the real pages for which a transfer decision was
made in Step 11001. A transfer-destination page is deter-
mined for each transfer-source real page in accordance with
the above.
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Step 11003: At this point, the page transfer process execu-
tion part 4500 decides the real page information 2100 of the
real page that is to be the transfer source. Specifically, the
page transfer process execution part 4500 finds the real page
information 2100 for which the waiting state for transferring
2111 is ON. When the information is not found, the process-
ing ends and the page transfer process execution part 4500
returns to the call source.

Step 11004: At this point, the page transfer process execu-
tion part 4500 computes the flash package 230 making up the
real page corresponding to the discovered real page informa-
tion 2100. The flash package group information 2300 show-
ing the package group 2101 of the discovered real page infor-
mation 2100 is the relevant flash package group information
2300. The flash package(s) 230 corresponding to the flash
package information 2500 shown by the flash package pointer
2305 stored in this flash package group information 2300
is/are the flash package(s) 230 constituting the basis of the
copy-source real page. Next, the page transfer process execu-
tion part 4500, based on the real page address 2102 inside the
real page information 2100 and the block capacity 2503 of the
flash package information 2500, identifies the area constitut-
ing the transfer target in each flash package 230 with respect
to all of the flash packages 230.

Step 11005: The page transfer process execution part 4500
requests that each flash package 230 configuring the flash
package group 280 constituting the basis of the transfer-
source real page(s) transfer the data of the data-storing area of
the identified areas to the cache memory 210.

Step 11006: The page transfer process execution part 4500
waits for a completion report from the flash package 230,
which was the destination of'the request issued in Step 11005.

Step 11007: Information as to whether or not data has been
stored for each region (for each virtual segment in this
embodiment) in each virtual segment is sent from the flash
package 230. In a case where such data has been stored, the
amount of this compressed and stored data are also sent from
the flash package 230. The page transfer process execution
part 4500 stores this information in the cache memory 210.

Step 11008: The page transfer process execution part 4500
at this point computes the collection of flash packages 230
configuring the flash package group 280 constituting the basis
of the transfer-source real page thereof, and the collection of
virtual segments in each flash package 230 to which the
transfer-destination real page corresponds. In this case, the
real page information 2100 shown by the transfer-destination
real page address of the real page information 2100 corre-
sponding to the transfer-source real page is the real page
information 2100 corresponding to the transfer-destination
real page. The process for computing, based on the real page
information 2100, the collection of flash packages 230 con-
figuring the flash package group 280, and the area of each
flash package 230 constituting the transfer-destination real
page has been explained in Step 11004, and as such an expla-
nation of this process will be omitted.

Step 11009: The page transfer process execution part 4500
requests that each flash package 230 configuring the flash
package group 280 to which the transfer-destination real page
is allocated store the data in the specified area. The informa-
tion stored in the cache memory 210 in Step 1107 (the infor-
mation that was sent from the migration-source flash package
230) and data about the data-storing area(s) in the migration-
source real page are sent to each flash package 230 at this
time.

Step 11010: The page transfer process execution part 4500
waits for a completion report from the flash package 230,
which is the destination of the request issued in Step 11009.
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Step 11011: The page transfer process execution part 4500
manages the transfer-source real page as an empty real page,
and, in addition, allocates the transfer-destination real page to
the virtual page to which the transfer-source real page is
allocated in place of this transfer-source real page. Specifi-
cally, for example, the page transfer process execution part
4500 links the real page information 2100 corresponding to
the transfer-source real page to the empty page information
management pointer 2200, and sets the real page pointer
2004, which had been showing the real page information
2100 corresponding to the transfer-source real page, to show
the transfer-destination real page information 2100. Further-
more, the page transfer process execution part 4500 copies
the amount of stored page data 2104 and the amount of
compressed and stored page data 2105 in the real page infor-
mation 2100 corresponding to the transfer-source real page to
the real page information 2100 corresponding to the transfer-
destination real page. Thereafter, the page transfer process
execution part 4500 clears the moving state flag 2109, the
transfer to real page pointer 2110, and the waiting state for
transferring 2111 in the real page information 2100 corre-
sponding to both the transfer-source real page and the trans-
fer-destination real page.

Step 11012: The page transfer process execution part 4500
updates the flash package group information (hereinafter, the
transfer-source group information) 2300 corresponding to the
transfer-source flash package group 280, and the flash pack-
age group information (hereinafter, the transfer-destination
group information) 2300 corresponding to the transfer-desti-
nation flash package group 280. Specifically, 1 is taken away
from the value denoted by the number of empty real pages
2304 in the transfer-source group information 2300, and 1 is
added to the value denoted by the number of empty real pages
2304 in the transfer-destination group information 2300.
After this, the page transfer process execution part 4500
jumps to Step 11003 to search for the next transfer-target real
page.

Next, the operations executed by the flash package 230 will
be explained. Most of the operations of the flash package 230
are carried out in accordance with the package processor 310
executing a computer program, and this program is stored in
the package memory 320.

FIG. 25 shows the programs stored in the package memory
320.

The package memory 320 stores a data read process execu-
tion part 12000, a data write process execution part 12100, a
virtual block release process execution part 12200, a virtual
block transfer process execution part 12300, a virtual block
store process execution part 12400, and a virtual capacity
judging execution part 12500. At least one of these programs
is for realizing the lower-level capacity virtualization tech-
nology. In this example, the flash package 230 realizes the
lower-level capacity virtualization technology. However, the
present invention may be such that the storage controller 200
realizes the lower-level capacity virtualization technology. In
this case, as shown in FIG. 26, substantially the same pro-
grams as the programs shown in FIG. 25 are stored in the
common memory 220. Because the programs in the configu-
ration shown in FIG. 26 are executed by the storage controller
200, these program differ slightly from the programs shown
in FIG. 25. Therefore, in this example, it is supposed that the
flash package 230 realizes the lower-level capacity virtual-
ization technology, and as such, the flow of processing of the
data read process execution part 12000, the data write process
execution part 12100, the virtual block release process execu-
tion part 12200, the virtual block transfer process execution
part 12300, the virtual block store process execution part
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12400, and the virtual capacity judging execution part 12500
shown in FIG. 25 will be explained in detail.

FIG. 27 is the flow of processing of the data read process
execution part 12000. The data read process execution part
12000 is executed when the flash package 230 receives a read
request from the storage controller 200. Furthermore, the flow
of processing of FI1G. 27 is that for reading data stored in one
virtual block group. However, the present invention will still
be valid even in a case where data stored in a plurality of
virtual block groups is read in accordance with a read request.
Furthermore, the flow of processing of FIG. 28 is the process-
ing flow when data is read in virtual segment units. However,
the present invention will be valid even in a case where the
read request is such that data from a portion of the virtual
segment is to be read.

Step 13000: The data read process execution part 12000,
based on the read-target address specified in the received read
request and the package block capacity 3005, computes the
corresponding virtual block group (the read-source virtual
block group) and the relative address in the read-source vir-
tual block group. In accordance with this, it becomes possible
to identify the virtual block information 3200 corresponding
to the read-source virtual block group. Furthermore, the cor-
responding virtual segment is identified from the relative
address in the virtual block group. The address in the real
block in which this virtual segment is stored (allocated) is
identified based on the virtual segment address pointer 3205
corresponding to this virtual segment.

Step 13001: Provided that the information identified in
Step 13000 (the information showing the address inside the
real block in which the virtual segment is stored) does not
signify that cyclic information is being stored, the data read
process execution part 12000 jumps to Step 13003.

Step 13002: The data read process execution part 12000
stores the cyclic information stored in the amount of com-
pressed virtual segment data 3206 in the buffer 330 in pro-
portion to the length of the corresponding virtual segment.
Thereafter, the data read process execution part 12000 jumps
to Step 13008.

Step 13003: The data read process execution part 12000
identifies the real block information 3300 corresponding to
the real block allocated to each read-source virtual block
based on the real block information pointer 3202 of'the virtual
block information 3200 corresponding to each read-source
virtual block.

Step 13004: The data read process execution part 12000
identifies the first address in the flash chip 300 from which a
real block, which is identified from the real block identifier
3301 of each identified real block management information
3300, is stored. Next, the data read process execution part
12000 computes the relevant address of the relevant flash chip
300 in which each virtual segment, which has been identified
on the basis of the relevant read request from the relevant
virtual segment address pointer 3205, is stored. Furthermore,
in a case where the virtual segment is stored in a portion of the
real segment, the entire real segment, which includes the
virtual segment, becomes the read target.

Step 13005: The data read process execution part 12000
accesses the chip information 3100 corresponding to the flash
chip 300 identified in Step 13004, identifies the package bus
340 to which the relevant flash chip 300 is coupled, and
identifies the corresponding bus transfer device 350.

Step 13006: The data read process execution part 12000
instructs the bus transfer device 350 identified in Step 13005
to transfer data from the Step 13004-identified address of the
flash chip 300 identified in Step 13004 to the buffer 330.
Furthermore, the data read process execution part 12000
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instructs the compression extension circuit 360B to extend
the data in synch with the data transfer.

Step 13007: Thereafter, the data read process execution
part 12000 waits for the transfer to be complete.

Step 13008: The data read process execution part 12000
sends the data of the requested virtual segment from among
the data stored in the buffer 330 (the data stored in the buffer
in Step 13001 or the data extended in Step 13007 in accor-
dance with the instruction of Step 13006) to the storage con-
troller 200. After this, the data read process execution part
12000 ends the processing.

FIGS. 28 and 29 are the flows of processing of the data
write process execution part 12100. The data write process
execution part 12100 is executed when the flash package 230
receives a write request from the storage controller 200. Fur-
thermore, the flows of processing of FIGS. 28 and 29 shown
in this example are for writing data stored in one virtual block
group. However, the present invention will still be valid even
in a case where the data of a plurality of virtual block groups
is written in accordance with a write request. Furthermore,
the flow of processing of F1G. 28 is the processing flow when
data is written in virtual segment units. However, the present
invention will be valid even in a case where the write request
is such that data from a portion of the virtual segment is to be
written.

Step 14000: The data write process execution part 12100
computes the corresponding virtual block group and the rela-
tive address of the virtual block group to be accessed based on
the write-target address specified in the received write request
and the package block capacity 3005. This makes it possible
to identify the virtual block information 3200 corresponding
to the write-destination virtual block group. Furthermore, the
corresponding virtual segment is identified from the relative
address inside the virtual block group. The address in the real
block in which this virtual segment is stored (allocated) is
identified based on the virtual segment address pointer 3205
corresponding to this virtual segment.

Step 14001: The data write process execution part 12100
stores write data conforming to the write request in the buffer
330. Furthermore, the data write process execution part
12100 instructs the compression extension circuit 360A to
carry out compression at this time. The compressed write data
is stored in the buffer 330.

Step 14002: The data write process execution part 12100
identifies the initial real block information pointer 3202 of the
virtual block information 3200 corresponding to the write-
destination virtual block group. A check is performed to
determine whether or not this value is NULL, that is, whether
a real page has been allocated. In a case where a real page has
been allocated, the data write process execution part 12100
jumps to Step 14005.

Step 14003: The data write process execution part 12100
allocates an empty real block to the write-destination virtual
block group. The real block allocated at this time is one which
has undergone a delete process and is not storing any data.
The data write process execution part 12100 refers to the
number of empty real blocks in chip 3103 of each of the chip
information 3100, and decides the flash chip 300 real block to
be allocated. Thereafter, the data write process execution part
12100 refers to the empty real block information pointer 3400
of the flash chip 300 that has been decided, and sets the initial
empty real block pointer 3302 of the virtual block informa-
tion 3200 corresponding to the relevant virtual block group to
show the first real block information 3300. In accordance
with this, the initial real block is allocated to the virtual block
group. Furthermore, the data write process execution part
12100 updates the empty real block information pointer 3400
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to show the next real block information 3300 (the real block
information 3300 denoted by the empty real block pointer
3302 in the real block information 3300 of the real block
allocated to the virtual block). Furthermore, the data write
process execution part 12100 sets the empty real block
pointer 3302 in the real block information 3300 of the real
block allocated to the virtual block to NULL. Further, the data
write process execution part 12100 decreases the value
denoted by the number of empty blocks in chip 3103 of the
chip information 3100 corresponding to the relevant real
block.

Step 14004: In addition, the data write process execution
part 12100 sets the identifier of the real block allocated to the
write-destination virtual block and the first address of this real
block in the virtual segment address pointer 3205 correspond-
ing to the write-destination virtual segment. The data write
process execution part 12100 sets the value shown by the
value identified from the compression extension circuit 360A
(the amount of compressed write data) in the amount of
compressed virtual segment data 3206 corresponding to the
write-destination virtual block group. Furthermore, the data
write process execution part 12100 sets the same value in the
amount of compressed and stored data 3204. In addition, the
data write process execution part 12100 adds the same value
to the value denoted by the amount of compressed and stored
package data 3007. Additionally, the data write process
execution part 12100 sets the virtual segment capacity that
will be the target for the amount of write data in the amount of
stored data 3203. The data write process execution part 12100
also adds the same value to the amount of stored package data
3006 corresponding to the write-destination flash package.
Furthermore, the data write process execution part 12100
stores information denoting the amount of write data received
from the storage controller 200 and the amount of com-
pressed data of this write data in a storage resource (for
example, a register inside the processor 310, or the memory
320) as the value to be returned to the storage controller 200.

Step 14005: The data write process execution part 12100
instructs the bus transfer device 350 to write data from the
buffer 330 to the write-destination address of the write-des-
tination flash chip 300. Thereafter, the data write process
execution part 12100 jumps to Step 14014.

Step 14006: The data write process execution part 12100
refers to the real block identifier 3301 of the real block infor-
mation 3300 shown by the last real block information pointer
3202 of the virtual block information 3200 corresponding to
the write-destination virtual block group, and identifies the
first address of the flash chip 300 from which the correspond-
ing real block is stored.

Step 14007: The data write process execution part 12100,
based on the empty capacity in real block 3304 of the real
block information 3300 corresponding to write-destination
real block (the real block allocated to the write-destination
virtual block) and the amount of write data stored in the buffer
330, checks whether the received data can be written to an
empty area of the write-destination real block. In a case where
such a write is not possible, the data write process execution
part 12100 jumps to Step 14016.

Step 14008: The data write process execution part 12100
determines whether the virtual segment address pointer 3205
of the write-destination virtual segment is NULL, and
whether cyclic information is stored. When neither exists, the
data write process execution part 12100 jumps to Step 14010.

Step 14009: When neither the NULL wvalue nor cyclic
information exist, the data write process execution part 12100
adds a value K, which is obtained by subtracting the value
denoted by the amount of compressed virtual segment data
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3206 from the value denoted by the relevant compression
extension circuit 360A, to the value denoted by the amount of
compressed and stored data 3204. In addition, the data write
process execution part 12100 adds the same value K to the
value denoted by the amount of compressed and stored pack-
age data 3007. Thereafter, the data write process execution
part 12100 sets the value denoted by the compression exten-
sion circuit 360A in the value denoted by the amount of
compressed virtual segment data 3206. Furthermore, the data
write process execution part 12100 stores 0 as the amount of
write data that was written this time, and the value, which was
added to the value denoted by the amount of compressed
virtual segment data 3206 as the amount of compressed data,
in a storage resource (for example, a register inside the pro-
cessor 310, or the memory 320) as values to be returned to the
storage controller 200. Thereafter, the data write process
execution part 12100 jumps to Step 14012.

Step 14010: When the NULL value and cyclic information
exist, the data write process execution part 12100 adds the
value denoted by the relevant compression extension circuit
360 to the amount of compressed and stored data 3204. In
addition, the data write process execution part 12100 adds the
same value to the amount of compressed and stored package
data 3007. Thereafter, the data write process execution part
12100 sets the value denoted by the compression extension
circuit 360 in the amount of compressed virtual segment data
3206. Furthermore, the data write process execution part
12100 stores the amount of pre-compression data received
from the storage controller 200 with respect to the amount of
write data written this time and the value denoted by the
relevant compression extension circuit 360 with respect to the
compressed data in a storage resource (for example, a register
inside the processor 310, or the memory 320) as values to be
returned to the storage controller 200.

Step 14011: The data write process execution part 12100
subtracts the amount of write data received this time (the
post-compression value) from the value denoted by the empty
capacity in real block 3304 corresponding to the write-desti-
nation real block. The data write process execution part 12100
sets the last real block information pointer 3202 of the virtual
block information 3200 corresponding to the write-destina-
tion virtual block group and the identified relative address in
the virtual segment address pointer 3205 corresponding to the
write-destination virtual segment.

Step 14012: The data write process execution part 12100
identifies the package bus 340 to which the relevant flash chip
300 is coupled on the basis of the chip information 3100
corresponding to the flash chip 300, which is to store the write
data, and identifies the bus transfer device 350 coupled to this
bus 340.

Step 14013: The data write process execution part 12100
instructs the bus transfer device 350 identified in Step 14012
to write the write data from the buffer 330 to the write-
destination address of the write-destination flash chip 300.

Step 14014: Thereafter, the data write process execution
part 12100 waits for the write to be completed.

Step 14015: The data write process execution part 12100
sends a completion report to the effect that the write request is
complete to the storage controller 200, and ends the process-
ing. This completion report may comprise information denot-
ing the amount of pre-compression write data and the amount
of compressed write data.

Step 14016: This step is executed in a case where the
amount of write data is larger than the empty capacity of the
write-destination real block. In this step, the data write pro-
cess execution part 12100 does not allocate a real block in a
case where (m+1) real blocks are allocated to the write-
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destination virtual block group. In this case, the data write
process execution part 12100 jumps to Step 14019, which is
shown in FIG. 29.

Step 14017: In this step, an empty real block is allocated to
the write-destination virtual block group. Furthermore, it is
supposed that the real block allocated here is a real block that
has undergone a delete process (a real block in which valid
data is not stored). The data write process execution part
12100 refers to the number of empty real blocks in chip 3103
of the respective chip information 3100, and decides the flash
chip 300 real block to be allocated. Thereafter, the data write
process execution part 12100 refers to the empty real block
information pointer 3400 of the corresponding flash chip 300,
and has the first NULL empty real block pointer 3302 of the
relevant virtual block group management information denote
the first real block information 3300. A new real block is
allocated to the virtual block group in accordance with this.
Furthermore, the data write process execution part 12100 has
the empty real block information pointer 3400 denote the next
real block information 3300 (the real block information 3300
denoted by the empty real block pointer 3302 inside the real
block information 3300 of the real block allocated to the
virtual block), and, in addition, sets the empty real block
pointer 3302 inside the real block information 3300 of the real
block allocated to the virtual block to NULL. Furthermore,
the data write process execution part 12100 decreases the
value of the number of empty blocks in chip 3103 of the chip
information 3100 corresponding to the relevant block.

Step 14018: The data write process execution part 12100
decides the address of the flash chip 300 in which to store the
data based on the real block information 3300 denoted by the
real block information pointer 3202 newly allocated to the
relevant virtual block information 3200, and the real block
identifier 3301 of the real block information 3300 denoted by
the immediately previous real block information pointer
3202. Thereafter, the data write process execution part 12100
jumps to Step 14008.

Step 14019: In this step, a different real block is allocated
to the relevant virtual block group. The reason for allocating
a different real block is to reduce the bias of the number of real
block deletions. This process is called the wear leveling pro-
cess. The number of real blocks to be allocated at this time, for
example, is determined based on a value obtained by adding
the value shown by the compression extension circuit 360A to
the value denoted by the amount of compressed and stored
data 3206 corresponding to the write-destination virtual
block group. In this step, the data write process execution part
12100 calls a wear leveling process execution part (for
example, a not-shown program, which is executed by the
processor 310 inside the flash package 230) and determines
the real block by using the number of real blocks required as
the input value. The data write process execution part 12100
receives real block information 3300 address(es) of real
block(s) for storing write data proportional to a number
equivalent to the input value from the wear leveling process
execution part. It is supposed that this real block has been
deleted and is in a state in which data can be written directly.
Furthermore, in this example, since it is supposed that the
wear leveling process execution part, for example, is pre-
mised on known technology like that of Patent Literature 1,
this execution part will not be explained in particular detail
here.

Step 14020: The data write process execution part 12100
extends all the compressed data in the relevant virtual block
group one time at this point, and reads this data to the buffer
330. For this reason, the data write process execution part
12100 refers to all of the virtual segment addresses 3205 and
corresponding amounts of compressed virtual segment data
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3206, which are neither NULL values nor cyclic information.
Based on these values and the real block information 3300,
the data write process execution part 12100 creates an address
list in virtual segment address order showing what amount is
to be transferred to the buffer 330 from which address in
which flash chip 300. However, a real segment, which
includes a portion of the required virtual segment, also
becomes the read target.

Step 14021: The data write process execution part 12100
identifies the package bus 340 to which the relevant flash chip
300 is coupled and identifies the corresponding bus transfer
device 350 based on the chip information 3100 corresponding
to the flash chip 300 recognized in Step 14020.

Step 14022: The data write process execution part 12100
instructs the bus transfer device 350 identified in Step 14021
to read data from locations conforming to the address list
created in Step 14020 (flash chip 300 addresses) to the buffer
330. Furthermore, the data write process execution part
12100 instructs the compression extension circuit 360B to
extend the data at this time.

Step 14023: Thereafter, the data write process execution
part 12100 waits for the read to the buffer 330 to be com-
pleted.

Step 14024: The data write process execution part 12100
updates in the virtual block information 3200 all virtual seg-
ment address pointers 3205 other than the virtual segment
address pointers 3205, which are storing either NULL values
or cyclic information (hereinafter will be called valid virtual
segment address pointers 3205). The data write process
execution part 12100 sets the address of the initially allocated
real block as the block address and sets the first address of this
real block as the relative address in the initial valid virtual
segment address pointer 3205. With respect to the next valid
virtual segment address pointer 3205, as a rule, the data write
process execution part 12100 sets the block address denoted
by the previous valid virtual segment address pointer 3205 as
the block address and sets a value (a cumulative value)
obtained by adding the value (relative address) denoted by the
previous valid compressed virtual segment address pointer
3206 as the relative address. In a case where the relative
address exceeds the range of the real page, a value obtained by
subtracting a value equivalent to the real page range from this
value (the value that exceeds the real page range) is set as the
relative address, and the address of the real page allocated
next is set as the page address. After setting the value of the
last valid virtual segment address pointer 3205, the data write
process execution part 12100 adds the value denoted by the
corresponding amount of compressed virtual segment data
3206 to the value of the relative address related to the last
valid virtual segment address pointer 3205. In a case where
the value H computed in this way does not exceed the real
page capacity, a value obtained by subtracting this computed
value from the real page capacity is set in the empty capacity
in real block 3304 of the real block information 3300 corre-
sponding to the block address of the last valid virtual segment
address pointer 3205, and, in addition, the address of the
relevant real block is set as the block address in the virtual
segment address pointer 3205 corresponding to the relevant
write request. In addition, in a case where the computed value
H exceeds the real page capacity, a value obtained by sub-
tracting this computed value H from a value two times that of
the real page capacity is set in the empty capacity in real block
3304 ofthe real block information 3300 shown by the last real
page address pointer.
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Step 14025: The data write process execution part 12100
extends and writes the write data received from the storage
controller 200 to the area subsequent to the data transferred in
Step 14023.

Step 14026: The data write process execution part 12100
determines whether the virtual segment address pointer 3205
of the relevant virtual segment is storing either a NULL value
or cyclic information. In a case where either of these exists,
the data write process execution part 12100 jumps to Step
14028.

Step 14027: In a case where neither exists, the data write
process execution part 12100 adds a value I obtained by
subtracting the amount of compressed virtual segment data
3206 from the value shown by the compression extension
circuit 360 A, which was used when the write data was trans-
ferred from the storage controller 200, to the amount of com-
pressed and stored data 3204. In addition, the data write
process execution part 12100 adds the same value J to the
value denoted by the amount of compressed and stored pack-
age data 3007. Thereafter, the data write process execution
part 12100 sets the value shown by the compression extension
circuit 360A in the amount of compressed virtual segment
data 3206. Furthermore, the data write process execution part
12100 stores O as the amount of write data that was written
this time, and the value, which was obtained by adding the
amount of compressed data to the amount of compressed
virtual segment data 3206 as the amount of compressed data
in a storage resource (for example, a register or the memory
320) as values to be returned to the storage controller 200.
Thereafter, the data write process execution part 12100 jumps
to Step 14029.

Step 14028: In a case where either the NULL value or
cyclic information exist, the data write process execution part
12100 adds a value L, which is shown by the compression
extension circuit 360A used when the write data was trans-
ferred from the storage controller 200, to the value denoted by
the amount of compressed and stored data 3204 correspond-
ing to the write-destination virtual block group. In addition,
the data write process execution part 12100 adds the same
value L to the amount of compressed and stored package data
3007. Thereafter, the data write process execution part 12100
sets the same value L in the amount of compressed virtual
segment data 3206. Furthermore, the data write process
execution part 12100 stores a value denoting the amount of
pre-compression data received from the storage controller
200 as the amount of write data written this time and the value
L shown by the relevant compression extension circuit 360A
as the amount of compressed data in a storage resource (for
example, a register or memory) as values to be returned to the
storage controller 200.

Step 14029: The data write process execution part 12100
adds the value of the corresponding amount of compressed
virtual segment data 3206 to the relative address among the
values of the last valid virtual segment address pointer 3205.
The value computed in this way is M. In a case where this
computed value M does not exceed the real block capacity,
the data write process execution part 12100 sets the real block
address shown by the last valid virtual segment address
pointer 3205 in the virtual segment address pointer 3205
corresponding to the relevant write requests as the block
address, and sets this computed value M as the relative
address. In addition, in a case where this computed value M
exceed the real block capacity, the data write process execu-
tion part 12100 sets a value obtained by subtracting this
computed value M from the real block capacity in the empty
capacity in real block 3304 of the last real block information
3300. In addition, in a case where this computed value M
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exceeds the real block capacity, the data write process execu-
tion part 12100 sets a value obtained by subtracting this
computed value M from a value two times that of the real
block capacity in the empty capacity in real block 3304 of the
last real block management information 3300.

Step 14030: Next, the data write process execution part
12100, based on the real block identifier 3301 of the real
block information 3300 corresponding to a newly allocated
real block, identifies the address of the flash chip 300 to which
this real block corresponds and creates a transfer-instruction
address list.

Step 14031: The data write process execution part 12100,
based on the chip information 3100 corresponding to the flash
chip 300, which is to store the write data identified in 14030,
identifies the package bus 340 to which the relevant flash chip
300 is coupled, and identifies the bus transfer device 350
coupled to this bus 340.

Step 14032: The data write process execution part 12100
instructs the bus transfer device 350 identified in Step 14031
to write data from the buffer 330 to the address(es) of the flash
chip 300 in accordance with the address list created in Step
14030. The data write process execution part 12100 instructs
the compression extension circuit 360B to perform compres-
sion at this time.

Step 14033: Thereafter, the data write process execution
part 12100 waits for the write from the buffer 330 to be
completed.

Step 14034: Thereafter, the data write process execution
part 12100 calls the virtual capacity judging execution part
12500 to check whether the virtual capacity of the write-
destination package in Step 14033 needs to be changed.

Step 14035: In this step, the allocated real block is emptied.
First, the data write process execution part 12100 carries out
a delete process with respect to the originally allocated real
block. When this is complete, the data write process execu-
tion part 12100 next sets the address of the real block infor-
mation 3300, which was shown by the empty real block
information pointer 3400, to the empty real block pointer
3302 of'the real block information 3300 corresponding to the
originally allocated real block, and sets the address of the real
block information 3300 corresponding to the originally allo-
cated real block in the empty real block information pointer
3400. In addition, information other than the empty real block
pointer 3302 of the real block information 3300 correspond-
ing to the originally allocated real block is set to the NULL
value. Furthermore, the data write process execution part
12100 sets the real block information pointer 3202 of the
corresponding virtual block information 3200 to the NULL
state. This Step 14035 is repeated in accordance with the
number of real blocks allocated to the relevant virtual block
group.

Step 14036: In this step, a real block is allocated anew to
the virtual block group. Specifically, for example, the data
write process execution part 12100 causes a number of real
block information pointers 3202 of the virtual block informa-
tion 3200 proportional to the number of virtual blocks con-
figuring the write-destination virtual block group to show the
real block information 3300 of the newly allocated real block.

Step 14037: The data write process execution part 12100
reports to the storage controller 200 that the write request has
ended. Furthermore, in a case where, based on the execution
results of the virtual capacity judging execution part 12500,
the data write process execution part 12100 has detected that
the virtual capacity of the relevant flash package 230 will be
changed, the data write process execution part 12100 reports
information denoting the new virtual capacity (either the
post-change virtual capacity or the difference with the current
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virtual capacity) to the storage controller 200. Furthermore,
the data write process execution part 12100 also reports infor-
mation denoting the pre-compression amount and the com-
pressed amount of the write data to the storage controller 200.

FIG. 30 is the flow of processing of the virtual block release
process execution part 12200. The virtual block release pro-
cess execution part 12200 is executed when the flash package
230 receives a release request (a request to release an allo-
cated real block) specitying a range of areas (a collection of
virtual segments) from the storage controller 200.

Step 15000: The virtual block release process execution
part 12200 identifies a range (a range in a virtual block group)
specified for release based on a range of areas specified in the
received release request and the package block capacity 3005.
The range identified at this time can be the entire virtual block
group or a portion of the virtual segments in the virtual block
group. Furthermore, sorting may be carried out for each vir-
tual block group comprising the specified range (virtual seg-
ments). The virtual block release process execution part
12200 also clears (sets to 0) a value showing the difference
(change) between the amount of stored data and the amount of
compressed and stored data, which is disposed corresponding
to the specified area range and is to be returned to the storage
controller 200.

Step 15001: The virtual block release process execution
part 12200 jumps to Step 15005 in a case where a virtual
block group, which is specified in its entirety, does not exist.

Step 15002: The virtual block release process execution
part 12200 totals the amount of stored data 3203 of all the
virtual block groups specified in the release request, and, in
addition, totals the amount of compressed and stored data
3204 of all the virtual block groups specified in the release
request. The virtual block release process execution part
12200 adds the value of each total to the respectively corre-
sponding value (the amount of stored data and the amount of
compressed and stored data) to be returned to the storage
controller 200. In addition, the virtual Nock release process
execution part 12200 subtracts the total value concerning the
amount of stored data 3203 from the amount of stored pack-
age data 3006 and subtracts the total value concerning the
amount of compressed and stored data 3204 from the amount
of compressed and stored package data 3007. Thereafter, the
virtual block release process execution part 12200 clears the
amount of stored data 3203 and the amount of compressed
and stored data 3204, sets a value signifying that cyclic infor-
mation is specified for all the virtual segment address pointers
3205, and, in addition sets this cyclic information in all of the
amounts of compressed virtual segment data 3206 with
respect to all of the virtual block groups specified in the
release request.

Step 15003: The virtual block release process execution
part 12200 carries out a release process for real blocks corre-
sponding to the real block information 3300 shown by the real
block information pointer 3202 of the virtual block informa-
tion 3200 corresponding to all the virtual block groups that
have been specified. For this reason, the virtual block release
process execution part 12200 analyzes the real block identi-
fiers 3301 of all the relevant real block information 3300, and
identifies the addresses of the flash chips 300 in which the real
blocks to be released are being stored.

Step 15004: In this step, all of the real blocks allocated to
all of the relevant virtual block groups are emptied. The
targeted real blocks are the real blocks that were identified in
Step 15003, but since the processing is the same as that of
Step 14035 of FIG. 29, an explanation will be omitted here.
However, the processing of Step 14035 is related to a single
virtual block group, but the processing of Step 14035 is
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executed here in proportion to the number of relevant virtual
block groups. Thereafter, the virtual block release process
execution part 12200 jumps to Step 15006 in a case where
there is no virtual segment group for which a partial virtual
segment release has been instructed.

Step 15005: This step is processing with respect to all
partially specified virtual block groups rather than entire vir-
tual block groups. The virtual block release process execution
part 12200 totals the amount of stored data 3203 of all the
virtual block groups specified in the release request, and, in
addition, totals the amount of compressed and stored data
3204 of all the virtual block groups specified in the release
request. The virtual block release process execution part
12200 adds the respective total values to the respective cor-
responding values (the amount of stored data and the amount
of compressed and stored data) to be returned to the storage
controller 200. In addition, the virtual block release process
execution part 12200 subtracts the total value related to the
amount of stored data 3203 from the amount of stored pack-
age data 3006, and in addition, subtracts the total value related
to the amount of compressed and stored data 3204 from the
amount of compressed and stored package data 3007. The
virtual block release process execution part 12200 computes
the total value of the number of all valid virtual segment
address pointers 3205 and corresponding amounts of com-
pressed virtual segment data 3206 among the specified virtual
segment address pointers 3205 for each corresponding real
page (each real page comprising the specified virtual block
groups) and each specified virtual block group with respect to
all of the virtual block groups. The virtual block release
process execution part 12200 adds both computed values to a
corresponding value provided for each real page to be
returned to the storage controller 200. In addition, the virtual
block release process execution part 12200, with respect to
the amount of stored data, subtracts the computer value (the
sum of the total value of the amounts of stored data 3203 and
the value (the amount of stored data) to be returned to the
storage controller 200) from the amount of stored package
data 3006, and with respect to the amount of compressed and
stored data, subtracts the computed value (the sum ofthe total
value of the amounts of compressed and stored data 3204 and
the value (the amount of compressed and stored data) to be
returned to the storage controller 200) from the amount of
compressed and stored package data 3007. In addition, the
virtual block release process execution part 12200 subtracts
the amount of stored data and the amount of compressed and
stored data, which were computed, from the amount of stored
data 3203 and the amount of compressed and stored data 3204
of the relevant virtual block groups for each virtual block
group. Lastly, the virtual block release process execution part
12200 changes the values of all the valid virtual segment
address pointers 3205 among the specified virtual segment
address pointers 3205 to a value showing that cyclic informa-
tion has been set, and, in addition, sets the cyclic information
in the corresponding amounts of compressed virtual segment
data 3206. Furthermore, simply storing the fact that the cyclic
information has been set in the release-instructed virtual seg-
ment here results in a real block release not being carried out.
However, when another real block is allocated to the relevant
virtual block group and valid data is written to the allocated
real block (the processing of Steps 14019 through 14033 of
the data write process execution part 12100), the information
stating that cyclic information is being stored results in data
not being written to the relevant virtual segment, thereby
enabling the capacity of the stored data to be reduced. Also, in
this example, this storing of the cyclic information does not
trigger the execution of the process for allocating another
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segment to the relevant virtual segment group, but the present
invention will be valid even in a case where this storing of
cyclic information does trigger the execution of the process
(the processing of Steps 14019 through 14033 of the data
write process execution part 12100) for allocating another
segment, and the capacity of the stored data is immediately
reduced.

Step 15006: The virtual block release process execution
part 12200 reports the amount of stored data and the amount
of compressed and stored data computed in Step 15002 and in
Step 15005 to the storage controller 200. The virtual block
release process execution part 12200 issues a release request
completion report to the storage controller 200. This comple-
tion report may comprise information denoting the amount of
stored data and the amount of compressed and stored data
computed in Step 15002 and Step 15005.

FIG. 31 is the flow of processing of the virtual block trans-
fer process execution part 12300. The virtual block transfer
process execution part 12300 is executed when the flash pack-
age 230 receives a request to transfer data stored in a collec-
tion of specified virtual segments (a virtual block transfer
request) from the storage controller 200. Furthermore, since
the request is in real page units, it is supposed here that the
request is not for the transfer of a portion of the segments of
the virtual block group. Furthermore, since the real block
which had stored the sent data is released, the processing will
differ from that of the virtual block release process execution
part 12200 of FIG. 30 in that the data that was stored in the real
block is sent to the storage controller 200. For this reason, an
explanation of FIG. 31 will be given while citing the respec-
tive steps of the flow of processing of FIG. 30.

Step 16000: The virtual block transfer process execution
part 12300 computes a collection of virtual block groups
specified by a virtual block transfer request.

Step 16001: The virtual block transfer process execution
part 12300 refers to the corresponding virtual segment
address pointer 3205 with respect to all the virtual segments
of each virtual block group for all the virtual block groups
specified, and sets status information (information showing
whether data is not stored (NULL), cyclic information is set,
or data is stored) and a value denoted by the amount of
compressed virtual segment data 3206 as the value to be
returned to the storage controller 200.

Step 16002: The virtual block transfer process execution
part 12300 sets the amount of stored data 3203 and the
amount of compressed and stored data 3204 of each virtual
block group for all the virtual block groups specified as the
values to be returned to the storage controller 200. Further-
more, the virtual block transfer process execution part 12300
finds the respective total values of the amount of stored data
3203 and the amount of compressed and stored data 3204 of
these virtual block groups, and sets the respective total values
as the values to be returned to the storage controller 200. In
addition, the virtual block transfer process execution part
12300 subtracts the respective total values from the amount of
stored package data 3006 and the amount of compressed and
stored package data 3007. Thereafter, the virtual block trans-
fer process execution part 12300 clears the amount of stored
data 3203, the amount of compressed and stored data 3204, all
the virtual segment address pointers 3205, and the amount of
compressed virtual segment data 3206.

Step 16003: The virtual block transfer process execution
part 12300, based on the virtual segment address pointers
3205 and corresponding amounts of compressed virtual seg-
ment data 3206, which show that the virtual segment address
pointers 3205 of all the virtual segments specified store data,
creates an information list showing the addresses in which are
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stored data, which is stored inside the relevant virtual block
groups and is to be sent to the storage controller 200, and the
transfer lengths thereof. However, the real segment, which
includes a portion of the required virtual segment, will also
become the read target.

Step 16004: The virtual block transfer process execution
part 12300 accesses the chip information 3100 corresponding
to the flash chip 300 in which the real block allocated to the
specified virtual segment is stored, identifies the package bus
340 to which the relevant flash chip 300 is coupled, and
identifies the corresponding bus transfer device 350.

Step 16005: The virtual block transfer process execution
part 12300 instructs the bus transfer device 350 identified in
Step 16004 to transfer the data to the buffer 330 from the
addresses in accordance with the information list created in
Step 16004. The virtual block transfer process execution part
12300 instructs the compression extension circuit 360B to
extend the data at this time.

Step 16006: The virtual block transfer process execution
part 12300 waits for the transfer to be completed.

Step 16007: Since the processing in this step is the same as
that of Step 15003, an explanation will be omitted.

Step 16008: Since the processing in this step is the same as
that of Step 15004, an explanation will be omitted.

Step 16009: The virtual block transfer process execution
part 12300 sends the data stored in the buffer 330 to the
storage controller 200. First, the virtual block transfer process
execution part 12300 sends status information (information
showing whether data is stored, cyclic information is set, or
data is not stored) and information denoting the amount of
compressed data for each virtual segment. Next, the virtual
block transfer process execution part 12300 sends to the
storage controller 200 the change values of the amount of
stored data and the amount of compressed and stored data
corresponding to the virtual block group, and, in addition,
change values of the amount of stored data and the amount of
compressed and stored data for all the data, and lastly, the data
of the effective virtual segment selected from among all the
data stored in the buffer 330. Processing ends with the above.

FIG. 32 is the flow of processing of the virtual block store
process execution part 12400. The virtual block store process
execution part 12400 is executed upon receiving a storage
request (a request to respectively allocate real blocks to speci-
fied virtual block groups and to store data sent from the
storage controller 200). The flow of data is the reverse of that
of the virtual block transfer process execution part 12300, but
since there are numerous points shared in common, an expla-
nation will be given while citing the respective steps of the
flow of processing of FIG. 31.

Step 17000: This step is the same as Step 16000. The
virtual block store process execution part 12400 identifies a
target virtual block group from a collection of virtual seg-
ments for which storage has been specified.

Step 17001: The virtual block store process execution part
12400 receives the following information from the storage
controller 200, and stores this information in the buffer 330:

(*) Values showing whether data is stored or not, or
whether cyclic information is set in each virtual segment in
the collection of specified virtual segments; and

(*) a value showing the amount of compressed data.

Next, the virtual block store process execution part 12400
receives change values for the amount of stored data and the
amount of compressed and stored data for each virtual block
group. In addition, the virtual block store process execution
part 12400 receives change values for all the amounts of
stored data and amounts of compressed and stored data.
Lastly, the virtual block store process execution part 12400
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receives the data to be stored in the virtual segments, and
instructs the compression extension circuit 360A to execute
data compressing processing and to store the compressed data
in the buffer 330 at this time. Furthermore, the virtual block
store process execution part 12400 adds the change values of
the amounts of stored data and the amounts of compressed
and stored data of all the data to the amount of stored package
data 3006 and the amount of compressed and stored package
data 3007. Next, the virtual block store process execution part
12400 sorts the specified virtual segments in each virtual
block group.

Step 17002: This step is the same as Step 16002. The
virtual block store process execution part 12400 searches for
a virtual block group, which has been instructed to store data.
In a case where no more exist, the virtual block store process
execution part 12400 jumps to Step 17010.

Step 17003: The virtual block store process execution part
12400 stores the change values of the amount of stored data
and the amount of compressed and stored data with respect to
the relevant virtual block group in the amount of stored data
3203 and the amount of compressed and stored data 3204 of
the corresponding virtual block information 3200. Further-
more, the virtual block store process execution part 12400
sets in the virtual segmentaddress pointer 3205 a value show-
ing whether the data, which was received with respect to the
corresponding virtual segments, is stored or not, or whether
cyclic information is set. In a case where the value, which
shows that data is being stored, has been received, the virtual
block store process execution part 12400 sets the correspond-
ing amount of compressed and stored data in the amount of
compressed virtual segment data 3206.

Step 17004: The real blocks are allocated to the relevant
virtual block group here. The number of allocated real blocks
is determined on the basis of the amount of compressed and
stored data 3204 of the relevant virtual block information
3200. The required number of real blocks is allocated at this
point. Since this processing was shown in Step 14019 of FIG.
29, an explanation will be omitted.

Step 17005: The virtual block store process execution part
12400 updates the virtual segment address pointer(s) 3205
showing that data is stored in the relevant virtual block infor-
mation 3200. This is the same as Step 14024, and as such, an
explanation will be omitted.

Step 17006: The virtual block store process execution part
12400 identifies the package bus 340 to which the relevant
flash chip 300 is coupled, and identifies the corresponding bus
transfer device 350 based on the chip information 3100 cor-
responding to the flash chip 300 in which the data inside the
virtual segment is stored.

Step 17007: The virtual block store process execution part
12400 instructs the bus transfer device 350 identified in Step
17006 to store the data of the entire relevant virtual block
group from the addresses of the flash chip 300 to the buffer
330.

Step 17008: The virtual block store process execution part
12400 waits for the transfer to be completed.

Step 17009: The virtual block store process execution part
12400 returns to Step 17002.

Step 17010: The virtual block store process execution part
12400 reports the completion of the processing request to the
storage controller 200, and ends the above processing.

FIG. 33 is the flow of processing of the virtual capacity
judging execution part 12500. The virtual capacity judging
execution part 12500 discerns the compression ratio and
determines whether it is necessary to adjust the virtual capac-
ity of the relevant package 230. In a case where the determi-
nation is that adjustment is required, the virtual capacity

10

15

20

25

30

35

40

45

50

55

60

65

40

judging execution part 12500 decides and sets this capacity in
the virtual package capacity 3002. In addition, the virtual
capacity judging execution part 12500 returns this capacity
and the fact that the capacity has changed to the call source.

Step 18000: The virtual capacity judging execution part
12500 computes the ratio amount of stored package data
3006/virtual package capacity 3002. The computed ratio will
be called P. In a case where ratio P is equal to or less than Q (Q,
for example, is a much smaller value than P), the virtual
capacity is not adjusted, and the processing returns to the call
source. This is because when the ratio P is equal to or less than
Q, there is still not that much data being stored.

Step 18001: The virtual capacity judging execution part
12500 computes R=(virtual package capacity 3002/real
package capacity 3003). The virtual capacity judging execu-
tion part 12500 also computes T=(amount of stored package
data 3006/amount of compressed and stored package data
3007). The value T is the compression ratio.

Step 18002: The virtual capacity judging execution part
12500 compares R with T. In a case where these values are
substantially equivalent (for example, in a case where the
difference between R and T is less than a prescribed value),
the ideal virtual package capacity 3002 is set. For this reason,
the virtual capacity judging execution part 12500 decides not
to perform an adjustment, and returns processing to the call
source. In a case where R is larger than T (a case where the
virtual capacity is too large) or a case where R is smaller than
T (a case where the virtual capacity is too small), the virtual
capacity judging execution part 12500 adjusts the virtual
package capacity 3002.

Step 18003: The virtual capacity judging execution part
12500 adjusts the virtual capacity. The post-adjustment vir-
tual capacity value, for example, is real package capacity
3003*T. This is the ideal value provided the compression
ratio T does not change in the future. The post-adjustment
virtual capacity value may be (real package capacity 3003-
amount of compressed and stored package data 3007)*R+
amount of compressed and stored package data 3007*T. The
virtual capacity judging execution part 12500 sets the decided
value (the post-adjustment virtual capacity value) in the vir-
tual package capacity 3002, and, in addition, notifies the call
source of the virtual capacity adjustment and this decided
value, and ends the processing.

According to this example, it is possible to hold perfor-
mance degradation in check and to enable the storage of a
capacity that is larger than the physical capacity even when
using a compression function to reduce the stored data capac-
ity in a large-scale storage system to which large numbers of
flash packages mounted with large numbers of flash memo-
ries are respectively coupled.

An example of the present invention has been explained
hereinabove, but this is merely an example for explaining the
present invention and does not purport to limit the scope of the
present invention solely to this example. The present inven-
tion can also be put into practice using a variety of other
modes.

An overview of the present invention in accordance with
one or more aspects thereof will be described below based on
the above explanation.

A storage system comprises a plurality of flash packages
and a storage controller for sending a write request (herein-
after, a lower-level write request) for write data based on data
conforming to a write request from a host (hereinafter, a
higher-level write request). Each flash package comprises
one or more flash memories and a package controller, which
is coupled to the storage controller and to one or more flash
memories. Each flash memory comprises a plurality of real
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blocks. Each real block is configured from a plurality of real
segments. This flash memory is a type of flash memory, for
example, a NAND flash memory, in which data is deleted in
block units and data is written and read in segment units. The
package controller writes write data, which conforms to a
write request from the storage controller, to the real block.

Either the storage controller or the package controller
defines in the storage controller a virtual capacity that is larger
than the total value of the physical capacity of the plurality of
flash chips of the flash package.

Either the storage controller or the package controller com-
presses the write data conforming to the lower-level write
request. The package controller of the flash package, which is
the destination of the lower-level write request, writes com-
pressed data, which is the compressed write data, to the real
block allocated to the write-destination virtual block.

Either the storage controller or the package controller
changes the virtual capacity of a flash package in accordance
with the data storage status of this flash package. The data
storage status is typically the above-described compression
ratio. The flash package compression ratio is a value based on
the total capacity of the pre-compression write data with
respect to the valid compressed data stored in this flash pack-
age and the total capacity of the valid compressed data stored
in this flash package. Specifically, for example, either the
storage controller or the package controller manages the
amount of valid compressed data written to a virtual segment
and the amount of pre-compression data with respect to this
valid data. The total capacity of the pre-compression write
data with respect to the valid compressed data stored in the
flash package is a value computed on the basis of the amount
of pre-compression data with respect to the written valid data
for each virtual segment provided by this flash package. The
total capacity of the valid compressed data stored in the flash
package is a value computed on the basis of the amount of
valid compressed data stored in this flash package for each
virtual segment provided by this flash package. For example,
it is supposed that a real block #1 is allocated to a virtual block
#1, and that the virtual block #1 comprises virtual segments
#1 and #2. An explanation in which the length of the virtual
segment is 8 kilobytes will be given here. It is supposed that
one kilobyte of compressed data is stored in the virtual seg-
ment #1 as a result of compressing and storing the data, two
kilobytes of compressed data is stored in the virtual segment
#2 as a result of compressing and storing the data, and, in
addition, the data in virtual segment #1 is rewritten and com-
pressed, resulting in three kilobytes of data being stored. In
this case, the valid data (latest data) of virtual segment #1 is
three kilobytes of compressed data, and the valid data (latest
data) of virtual segment #2 is two kilobytes of compressed
data. For this reason, the total amount of the latest compressed
data in real block #1 is three kilobytes+two kilobytes=five
kilobytes. Furthermore, the total amount of the latest pre-
compression data in real block #1 is eight kilobytes+eight
kilobytes=16 kilobytes. In a case where compressed data is
stored in the virtual segment like this, the amount of stored
package data 3006 and the amount of compressed and stored
package data 3007 are updated with respect to the flash pack-
age providing this virtual segment. The package controller
sends to the storage controller compression status informa-
tion (for example, information denoting the amount of com-
pressed data written to this virtual segment and the amount of
pre-compression write data with respect to this compressed
data and/or information denoting the relevant write-time
compression ratio computed based on these amounts) with
respect to the virtual block comprising the write-destination
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virtual segment. The compression status information may be
included in the completion report with respect to the lower-
level write request.

Either the storage controller or the package controller
increases the virtual capacity of this flash package in a case
where the flash package compression ratio has increased.
This is because it is possible to further reduce the amount of
stored data, thereby raising the prospects of even more write
data being stored.

Either the storage controller or the package controller
decreases the virtual capacity of this flash package in a case
where the compression ratio of the flash package has been
decreased. This is because the amount of stored data is not
reduced very much, thereby increasing the prospects that not
much more write data can be stored.

Each real page comprises a plurality of virtual blocks. In a
case where the storage controller increases the virtual capac-
ity of a flash package, the number of empty real pages based
on this flash package increases, and in a case where the
storage controller decreases the virtual capacity of a flash
package, the number of empty real pages based on this flash
package decreases. In a case where there is a higher-level
capacity virtualization function in addition to the lower-level
capacity virtualization function like this, the virtual capacity
can be increased and decreased without changing the corre-
sponding relationship between the virtual block and the real
block.

The compression of the write data is carried out for at least
one of the following operations, i.e. when writing to a flash
chip, when performing a reclamation process, or when trans-
ferring data between pages. The reclamation process is one
that is inevitably carried out in a flash package, and since
compression is carried out at the time of this process, drops in
performance can be expected to be held in check.

The storage controller transfers data between flash pack-
ages from a transfer-source real page to a transfer-destination
real page based on the flash package compression ratio. The
storage controller makes use of management information
associated with the transfer-source real page and manage-
ment information associated with the transfer-destination real
page. The management information, for example, may
include whether data is being stored or whether cyclic infor-
mation is being stored. Furthermore, in a data transfer
between flash packages, the transfer-source flash package
may extend (or not extend) and transfer the valid compressed
data inside the real block allocated to the transfer-source real
page to the transfer-destination flash package, and the trans-
fer-destination flash package may compress (or not compress
because compression has already been completed) and store
the received data in the real block allocated to the transfer-
destination real page. The management information corre-
sponding to the transfer-source real page (for example, infor-
mation denoting the amount of stored data and the amount of
compressed and stored data) is reset, and the management
information corresponding to the transfer-destination real
page (for example, information denoting the amount of stored
data and the amount of compressed and stored data) may be
updated in accordance with the data transfer on the basis of
the amount of stored compressed data (and the amount of
pre-compression data with respect to this compressed data).

The package controller is able to carry out a reclamation
process in the flash package of this package controller. In the
reclamation process, the package controller makes a transfer-
source real block into an empty real block by transferring the
valid data inside the transfer-source real block, which is full,
to a transfer-destination real block, and performs a delete
process with respect to the transfer-source real block (a pro-
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cess for deleting the data stored in the transfer-source real
block). Data compression and extension may be carried outin
this reclamation process.
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The invention claimed is:

1. A storage system comprising:

a plurality of storage devices, and

a storage controller configured to control a set of storage
devices among the plurality of storage devices as a
RAID group, to manage a plurality of real pages in a
pool corresponding to storage space provided by the set
of storage devices in the RAID group, to provide a
virtual volume including a plurality of virtual pages to a

host, to receive a write request indicating an address of

the virtual volume for storing write data from the host, to
allocate areal page of the plurality of real pages from the
pool to a virtual page corresponding to the address of the
virtual volume, to manage a number of allocatable real
pages in the pool, and to transfer the write data to at least
one of the set of storage devices corresponding to the
allocated real page;

wherein each storage device compresses the write data sent

from the storage controller and stores the compressed

data in the storage device,
wherein each storage device generates compression infor-

mation based on an amount of compressed data stored in

the storage device,
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wherein each storage device sends the compression infor-
mation to the storage controller, and

wherein the storage controller changes the number of allo-
catable real pages in the pool based on the compression
information sent from the set of storage devices corre-
sponding to the RAID group.

2. The storage system according to claim 1,

wherein when the storage controller allocates one real page
of the plurality of real pages from the pool to the virtual
volume, the storage controller decreases one allocatable
real page from the number of allocatable real pages in
the pool.

3. The storage system according to claim 1,

wherein each storage device includes data storage areas,
and

wherein the compressed data is stored in the data storage
areas.

4. The storage system according to claim 3,

wherein the compression information is an available
amount of the data storage areas based on the amount of
compressed data stored in the data storage areas.

5. The storage system according to claim 4,

wherein the storage controller changes the number of allo-
catable real pages based on a smallest available amount
of the data storage areas among the set of the storage
devices in the RAID group, according to the compres-
sion information sent from each of the set of storage
devices corresponding to the RAID group.

6. The storage system according to claim 5,

wherein the storage controller decreases the number of
allocatable real pages in the pool, if the smallest avail-
able amount of the data storage areas of the set of the
storage devices decreases.

7. The storage system according to claim 5,

wherein the storage controller increases the number of
allocatable real pages in the pool, if the smallest avail-
able amount of the data storage areas of the set of the
storage devices increases.

8. The storage system according to claim 3,

wherein the compression information is a compression
ratio based on the amount of compressed data stored in
the data storage areas and total amount of the write data
sent from the storage controller.

9. The storage system according to claim 1,

wherein the storage controller allocates the real page from
the pool to the virtual page corresponding to the address
of the virtual volume, if the real page is not allocated to
the virtual page.

10. A storage system comprising:

a plurality of storage devices, and

a storage controller configured to control a set of storage
devices among the plurality of storage devices as a
RAID group, to manage a plurality of pages in a pool
corresponding to storage space provided by the set of
storage devices in the RAID group, to provide a virtual
volume to a host, to receive a write request for storing
write data from the host, to allocate a page of the plural-
ity of pages from the pool to a part of the virtual volume,
to manage a number of allocatable pages in the pool, and
to send the write data to at least one of the set of storage
devices corresponding to the allocated page;

wherein each storage device compresses the write data sent
from the storage controller and stores the compressed
data in the storage device,

wherein each storage device generates compression infor-
mation based on an amount of compressed data stored in
the storage device,
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wherein each storage device sends the compression infor-
mation to the storage controller, and

wherein the storage controller changes the number of allo-
catable pages in the pool based on the compression
information sent from the set of storage devices corre-
sponding to the RAID group.

11. The storage system according to claim 10,

wherein when the storage controller allocates one page of
the plurality of pages from the pool to the virtual volume,
the storage controller decreases one allocatable page
from the number of allocatable pages in the pool.

12. The storage system according to claim 10,

wherein each storage device includes data storage areas,
and

wherein the compressed data is stored in the data storage
areas.

13. The storage system according to claim 12,

wherein the compression information is an available
amount of the data storage areas based on the amount of
compressed data stored in the data storage areas.

14. The storage system according to claim 13,

wherein the storage controller changes the number of allo-
catable pages based on a smallest available amount of
the data storage areas among the set of the storage
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devices in the RAID group, according to the compres-
sion information sent from each of the set of storage
devices corresponding to the RAID group.

15. The storage system according to claim 14,

wherein the storage controller decreases the number of
allocatable pages in the pool, if the smallest available
amount of the data storage areas of the set of the storage
devices decreases.

16. The storage system according to claim 14,

wherein the storage controller increases the number of
allocatable pages in the pool, if the smallest available
amount of the data storage areas of the set of the storage
devices increases.

17. The storage system according to claim 12,

wherein the compression information is a compression
ratio based on the amount of compressed data stored in
the data storage areas and total amount of the write data
sent from the storage controller.

18. The storage system according to claim 10,

wherein the storage controller allocates the page from the
pool to the part of the virtual volume, if the page is not
allocated to the virtual volume.
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