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DESCRIPTION

STORAGE SYSTEM AND DATA MANAGEMENT METHOD

Technical Field
This invention relates to a storage system for storing data according

to an instruction from a computer, in particular, a technology of managing

data stored in a cache memory.

Background Art

In a storage system according to a conventional technology, data
written from a host computer is written into a cache memory before being
written onto a disk drive. The moment that the data is written into the

cache memory, the storage system notifies the host computer that a write

computer.

A DRAM is generally used as the cache memory in terms of the
number of times that a read/write is performed and an access speed.
Therefore, the data stored in the cache memory volatilizes (disappears) when
power to the storage system is shut down, which necessitates backup of data
(dirty data) before being written onto the disk drive by supplying power from
a battery in case of service interruption.

Further, JP 2004-21811 A discloses a storage system in which a
non-volatile memory is used as a cache memory to thereby prevent data

from volatilizing (disappearing) even when power is shut down.

Disclosure of the Invention
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According to the above-mentioned conventional technology, data
stored in a cache memory can be read by detaching the cache memory or a
non-volatile memory (cache memory package) which is subjected to backup
by a battery, leading to leakage of the data stored in the cache memory,
which raises a problem in terms of security.

Further, if dirty data stored in a DRAM is backed up by supplying
power from a battery, a capacity of the battery needs to be increased
depending on the period of time necessary for backup in case of service
interruption, which raises a problem of an increase in cost of the battery.

Further, in a case where a flash memory is used as the cache
memory, the flash memory is slower in access speed than the DRAM, which
raises a problem of a decrease in response (response to host computer of
storage system) of the cache memory.

Therefore, there is desired a storage system capable of backing up
dirty data even in case of long-term service interruption without decreasing
the response to the host computer of the storage system.

A representative example of this invention will be described as follows.
Specifically, a storage system, which is coupled to a computer, includes: a
storage device for storing data for which write is requested by the computer;
a controller for controlling transfer of data in the storage system; a plurality
of cache memory units for temporarily storing data to be stored into the
storage device; and a connecting unit for connecting at least the plurality of
cache memory units. Each of the plurality of cache memory units includes:
a cache memory for storing data; an auxiliary storage device for holding data
even after shutdown of power; and a cache controller for controlling an
input/output of data to/from the cache memory and the auxiliary storage

device. The cache controller stores data stored in the cache memory, which
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is divided into a plurality of parts, into a plurality of the auxiliary storage
devices included in the plurality of cache memory units.

Further, according to another example of this invention, the storage
system further includes a watch unit for watching power supplied to the
plurality of cache memory packages. The cache controller stores at least
one of configuration information and control information stored in the cache
memory, which is divided into a plurality of parts, into the plurality of the
auxiliary storage devices before the watch unit detects an abnormality in the
power supplied to the plurality of cache memory units.

According to an embodiment of this invention, data stored in the
original cache memory cannot be restored only with data stored in one of the
auxiliary storage devices, which can ensure secrecy of data.

Further, during a normal operation, the configuration information
and control information that are stored in the cache memory are stored in
the auxiliary storage device, and hence it is possible to reduce an amount of
data to be backed up to the auxiliary storage device when power is shut
down, and to redﬁce a period of time required to store data in the auxiliary
storage device. Accordingly, it is possible to reduce the capacity of the

battery for backup of data.

Brief Description of the Drawings

Fig. 1 is a block diagram showing a configuration of a storage system
in accordance with a first embodiment of this invention.

Fig. 2 is a block diagram showing a configuration of a cache memory
package in accordance with the first embodiment of this invention.

Fig. 3 is an explanatory diagram of a storage area provided to a

backup memory in accordance with the first embodiment of this invention.
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Fig. 4 is a block diagram showing a configuration of the storage
system around a switch unit in accordance with the first embodiment of this
invention.

Fig. 5 is a block diagram showing a configuration of the storage
system around a power supply line in accordance with the first embodiment
of this invention. .

Fig. 6 is an explanatory diagram of SSD memory address allocation
information in accordance with the first embodiment of this invention.

Fig. 7 is an explanatory diagram of destination address information
in accordance with the first embodiment of this invention.

Fig. 8 is an explanatory diagram of source address information in
accordance with the first embodiment of this invention.

Fig. 9 is a flowchart showing a saving process of writing data into the
backup memory in accordance with the first embodiment of this invention.

Fig. 10 is a flowchart showing a recovery process of writing data
stored in the backup memories into a cache memory in accordance with the
first embodiment of this invention.

Fig. 11 is a flowchart showing the recovery process of writing data
stored in the backup memories into the cache memory in accordance with
the first embodiment of this invention.

Fig. 12 is a block diagram showing a configuration of a storage
system around a switch unit in accordance with a modified example of the
first embodiment of this invention.

Fig. 13 is an explanatory diagram of an operation of a backup
memory during a normal operation in accordance with a second embodiment

of this invention.

Fig. 14 is a flowchart showing a process of writing secondary cache
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data into the backup memory in accordance with the second embodiment of

this invention.

Best Mode for carrying out the Invention

(First Embodiment)

Fig. 1 is a block diagram showing a configuration of a storage system
in accordance with a first embodiment of this invention.

The storage system according to this embodiment comprises a
plurality of channel adapters (CHAs) 100, a plurality of disk adapters (DKAs)
200, a plurality of cache memory packages (CACHESs) 300, and a processor
package (MP) 400. The channel adapters 100, the disk adapters 200, the
cache memory packages 300, and the processor package 400 are coupled to
one another via a switch package (SW) 500. As shown in Fig. 1, the storage
system generally includes the plurality of channel adapters 100, the plurality
of disk adapters 200, and the plurality of cache memory packages 300, but
may be provided with only one channel adapter 100, one disk adapter 200,
and one cache memory package 300.

The channel adapter 100 comprises a protocol controller 110 for
controlling a protocol for communication with a host computer 10 and a
transfer controller 120 for controlling an address of data transferred from
the channel adapter 100 to the cache memory package 300. The channel
adapter 100 is coupled to the host computer 10 via, for example, a storage
area network (SAN) that communicate by using a fibre channel protocol. It
should be noted that the channel adapter 100 and the host computer 10
may be coupled to each other via Ethernet. In this case, the channel
adapter 100 and the host computer 10 communicate with each other via an

I-SCSI protocol.
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The disk adapter 200 comprises a protocol controller 210 for
controlling a protocol for communication with a disk drive 20 and a transfer
controller 220 for controlling an address of data transferred from the disk
adapter 200. The disk adapter 200 is coupled to the disk drive 20.

The disk drive 20 may be any one of a magnetic disk, an optical disk,
a semiconductor storage device, and a magnetic tape. An interface of the
disk drive 20 may be one of a fibre channel and an SATA. It should be
noted that, though the disk drive 20 is shown in Fig. 1, it does not matter
whether the storage system includes the disk drive 20 or the storage system
includes no disk drive 20 (so-called NAS).

The cache memory package 300 temporarily stores data for which
write has been requested, and temporarily stores data read from the disk
drive 20. Fig. 2 will be used to later describe a detailed configuration of the
cache memory package 300.

The processor package 400 comprises a microprocessor 410. The
microprocessor 410 controls an operation of the storage system (for example,
transfer of data from channel adapter 100 to cache memory package 300),
and manages configuration information on the storage system.

The switch package 500 comprises a switch for coupling among the
channel adapter 100, the disk adapter 200, the cache memory package 300,
and the processor package 400. Examples of the switch can be configured
by a crossbar switch. The switch package 500 constitutes an internal
network for coupling the channel adapter 100, the disk adapter 200, the
cache memory package 300, and the processor package 400 with one
another. The internal network is used to transfer data among those

components.

The storage system may comprise an interface (SVP) to which a
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maintenance terminal is coupled.

When the channel adapter 100 receives a write request for data from
the host computer 10, the protocol controller 110 converts the received write
request into a protocol within the storage system, and transmits the write
request with the protocol having been converted, to the transfer controller
120. The transfer controller 120 analyzes an address of the received write
request, and transmits results of the analysis to the processor package 400.
The processor package 400 determines a transfer destination of the write
request (data)l on the basis of the results of analyzing ﬁle address, and
instructs the transfer destination to the switch package 500. The switch
package 500 changes over the switch so that the data is transferred to the
transfer destination specified by the processor package 400.

The write request (data) transmitted from the host computer 10 is
transferred from the channel adapter 100 to the cache memory package 300,
and the transferred data is temporarily stored into a cache memory 320 by a
cache memory adapter 310. When the data is stored into the cache memory
320, a notification of write completion is responded to the host computer 10,
which can improve performance of response to the host computer 10.

The data stored in the cache memory 320 is transferred to the disk
adapter 200 by the cache memory adapter 310. The protocol controller 210
converts the transferred data into a protocol (for example, fibre channel
protocol) used for transfer to the disk drive 20. The data with the protocol
having been converted is written onto the disk drive 20.

Fig. 2 is a block diagram showing a configuration of the cache
memory package 300 in accordance with the first embodiment of this

invention.

The cache memory package 300 comprises the cache memory adapter
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310, the cache memory 320, a backup memory 330, a backup memory
controller 340, a power controller 350, and a battery 360.

The cache memory adapter 310 controls an input/output of data
to/from the cache memory 320.

The cache memory 320 is a memory for temporarily storing data
input to/output from the disk drive 20, and is generally configured by a
DRAM whose access speed is high. Therefore, when power is shut down,
data stored in the cache memory 320 is erased unless the cache memory
320 is backed up by supplying power from the battery 360 to the cache
memory 320.

The cache memory adapter 310 stores data to be written onto the
disk drive 20, into the cache memory 320. Among the data stored in the
cache memory 320, data that is not written on the disk drive 20 is managed
as dirty data. Accordingly, for each item of data stored in the cache memory
320, the cache memory adapter 310 manages cache memory management
information in which an attribute of data (dirty data or clean data), an
address thereof on the disk drive, and an address thereof in the cache
n;emory are associated with one another.

The dirty data is stored only in the cache memory 320 within the
storage system, and therefore needs to be prevented from being lost when
power is shut down.

The backup memory 330 is a backup-purpose memory for preventing
data stored in the cache memory 320 from being lost even when power is
shut down, and is generally configured by a non-volatile memory (for
example, flash memory). It should be noted that, instead of the non-volatile
memory, a volatile memory (such as DRAM) to which backup power is

supplied may be used as the backup memory 330. In addition, as shown in
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Fig. 2, a packaged solid-state disk (SSD) is preferably used as the backup
memory 330.

It is preferable that a single cache memory package 300 be provided
with a plurality of backup memories 330. This is because resistance to a
fault is improved by making the backup memory 330 redundant, and data is
transferred in parallel at high speed by defining a backup memory in which
a data is to be saved for each cache memory 320.

The backup memory controller 340 controls an input/output of data
to/from the backup memory 330. It should be noted that, in this
embodiment, when power is shut down, the backup memory controller 340
is supplied with the power from the battery 360, and transfers data stored in
the cache memory 320 for backup.

The power controller 350 watches a power supply voltage supplied to
the cache memory package 300 to thereby detect shutdown of power. The
battery 360 supplies power necessary for an operation of the cache memory
package 300 upon the shutdown of power. It should be noted that, though
the battery 360 is provided outside the cache memory package 300 in Fig. 2,
the battery 360 may be provided inside the cache memory package 300.

Upon detection of the shutdown of power, the power controller 350
switches over the power so that the power from the battery 360 is supplied
to each component of the cache memory package 300. It should be noted
that, even if the power controller 350 does not switch over the power to the
one supplied from the battery 360 when power is shut down, the power from
the battery 360 may be automatically supplied to a power supply line when
power is shut down with the battery 360 having such a floating
configuration as to be coupled to the power supply line.

Fig. 3 is an explanatory diagram of a storage area provided to the
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backup memory 330 in accordance with the first embodiment of this
invention.

The storage area of the backup memory 330 is divided into a backup
address information storage area 331, a configuration information storage
area 332, a data storage area 333, and a CRC area 334.

The backup address information storage area 331 stores information
indicating a correlation between an address in the cache memory 320 and
an address in the backup memory 330, in other words, a pair of destination
address information 1100 shown in Fig. 7 and source address information
1200 shown in Fig. 8. The configuration information storage area 332
stores configuration information on the storage system. The configuration
information on the storage system includes the number of respective
packages implemented in the storage system, an identifier thereof,
performance information thereon, and a layout of data.

The data storage area 333 stores, for the purpose of backup, user
data and control information that are stored in the cache memory 320. The
CRC area 334 stores an error-checking code. It should be noted that the
error-checking code may be another type than a CRC type, and an
error-correcting code may be stored instead of the error-checking code.

Fig. 4 is a block diagram showing a configuration of the storage
system around the switch package 500 in accordance with the first
embodiment of this invention.

The storage system according to this embodiment comprises the
plurality of cache memory packages 300 (300A, 300B, and 300C). The
cache memory packages 300A, 300B, and 300C each comprise a plurality of
ports, and each of the ports is coupled to the switch package 500.

Further, in the storage system according to this embodiment, as
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described later, the data stored in the cache memory 320 is written into the
backup memory 330 when power is shut down, which means that the switch
package 500 needs to operate for a predetermined period of time after the
shutdown of power. Therefore, a battery 510 is coupled to the switch
package 500, and even after the power to the storage system has been shut
down, power is supplied from the battery 510 to the switch package 500. It
should be noted that, though the battery 510 is provided outside the switch
package 500 in Fig. 4, the battery 510 may be provided inside the switch
package 500.

It should be noted that, as described above, each component of the
cache memory package 300 is supplied with the power from the battery 360
when power is shut down.

Those backup power supplies 360 and 510 allow the cache memory
package 300 and the switch package 500, respectively, to operate for a
predetermined period of time after the shutdown of power to the storage
system. Accordingly, the data stored in the cache memory 320 can be
transferred to another cache memory package 300 via the switch package
500, and stored into the backup memory 330 of the another cache memory
package 300.

Next, description will be made of redundancy of a cache memory
package.

The cache memory packages 300A and 300B form a pair. In other
words, the same data is stored in the cache memory 320 of the cache
memory package 300A (CMPKOO) and the cache memory 320 of the cache
memory package 300B (CMPKO1). The cache memory package 300 is thus
made redundant to thereby achieve safety against data loss. In addition,

loads on access are balanced to thereby improve performance of response to
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the host computer 10.

In this case, as described later, the data stored in the cache memory
320 of any one of the cache memory packages 300A and 300B is the only
data to be stored into the backup memory 330 for backup when power is
shut down.

Fig. 5 is a block diagram showing a configuration of the storage
system around the power supply line in accordance with the first
embodiment of this invention.

During a normal operation, power is supplied from a power supply
600 to the cache memory package 300 and the switch package 500. The
power supply 600 converts utility power supply of alternating current to the
storage system into DC power having a voltage necessary for each
component of the storage system, and outputs the DC power obtained after
conversion to a power supply line 620.

If a power switch 610 of the power supply 600 is shut down, if the
supply of AC power to the power supply 600 is interrupted, or if the power
supply 600 breaks down, a voltage applied to the power supply line 620 is
decreased. The power controller 350 of the cache memory package 300
watches a power supply voltage supplied to the cache memory package 300
to thereby detect lowering of the power supply voltage.

It should be noted that, instead of the power controller 350 watching
a power supply voltage, in such a configuration that the power supply 600
outputs a signal indicating a power supply abnormality, the power controller
350 may detect the decreasing of the power supply voltage by receiving the
signal indicating a power supply abnormality output from the power supply
600.

Fig. 6 is an explanatory diagram of SSD address allocation
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information 1000 in accordance with the first embodiment of this invention.

The SSD address allocation information 1000 is one item of the
configuration information on the storage system, and is defined for each
cache memory package 300. The SSD address allocation information 1000
is managed by the processor package 400.

The SSD address allocation information 1000 is information
indicating an area of the backup memory 330 provided to each cache
memory package 300, which is allocated to the cache memory package 300,
and includes an identifier 1001 of a backup memory and an allocation
address area 1002 thereof.

The identifier 1001 of a backup memory is an identifier of the backup
memory 330 which is unique across the entire storage system. The
allocation address area 1002 indicates an address range of the backup
memory 330, which is allocated to the cache memory package 300 that uses
the SSD address allocation information 1000.

In other words, each cache memory package 300 can use an address
in the backup memory 330 within a range defined by the SSD address
allocation information 1000 to save data stored 'in its own cache memory
320.

Fig. 7 is an explanatory diagram of the destination address
information 1100 in accordance with the first embodiment of this invention.

The destination address information 1100 is generated along with the
source address information 1200 shown in Fig. 8 in Step S104 of a saving
process shown in Fig. 9. In addition, a pair of the destination address
information 1100 and the source address information 1200 constitute
backup address information.

The destination address information 1100 is information indicating
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an address of the transfer destination of the data stored in the cache
memory 320, and includes an identifier 1101 of a cache memory package, an
identifier 1102 of a backup memory, and an address 1103 in the backup
memory.

The identifier 1101 of a cache memory package is a unique identifier
of the cache memory package 300 at the transfer destination of the data.
The identifier 1102 of a backup memory is a unique identifier of the backup
memory 330 at the transfer destination of the data. The address 1103 in
the backup memory is an address of the transfer destination of the data in
the backup memory 330.

Fig. 8 is an explanatory diagram of the source address information
1200 in accordance with the first embodiment of this invention.

The source address information 1200 is information indicating an
address at which data to be transferred is stored in the cache memory 320,
and includes an identifier 1201 of a cache memory package, an identifier
1202 of a cache memory, and an address 1203 in the cache memory.

The identifier 1201 of a cache memory package is a unique identifier
of the cache memory package 300 in which data to be transferred to the
backup memory 330 is stored. The identifier 1202 of a cache memory is a
unique identifier of the cache memory 320 in which the data to be
transferred is stored. The address 1203 in the cache memory is an address
at which the data to be transferred is stored in the cache memory 320.

Fig. 9 is a flowchart showing the saving process of writing data into
the backup memory 330 in accordance with the first embodiment of this
invention.

First, at startup of the storage system, the microprocessor 410 stores

the backup memory address allocation information 1000 into a configuration
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information storage register within the cache memory adapter 310. It
should be noted that, also when the storage system has its configuration
changed, the microprocessor 410 generates the SSD address allocation
information 1000, and stores the generated SSD address allocation
information 1000 into the configuration information storage register (S101).
It should be noted that the configuration information storage register is a
storage area provided to the cache memory adapter 310.

After that, when the power controller 350 detects shutdown of power
(S102), the power is switched over so that the power from the battery 360 is
supplied to each component of the cache memory package 300 (S103).

Then, the backup memory controller 340 reads the SSD address
allocation information 1000 from the configuration information storage
register, and generates backup address information for storing the data
stored in the cache memory 320 into the backup memory 330 (S104). The
data stored in the cache memory 320 is divided into a predetermined
number of blocks (for example, write blocks) to be stored into different
backup memories 330, and hence the backup address information (pair of
destination address information 1100 and source address information 1200)
is generated for each block of the divided data. It should be noted that the
data can be divided into not only blocks but also bits, sectors, or other
various units.

It should be noted that, in this embodiment, cache data is desirably
stored into the backup memories 330 provided to different cache memory
packages 300, but instead, the cache data may be divided to be stored into a
plurality of backup memories 330 provided to one cache memory package

300.

Further, as described above, in a case where two or more cache
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memory packages 300 form a pair, the same data is stored in the cache
memories 320 of the cache memory packages 300 that form the pair, and
hence the data stored in the cache memory 320 of one of the cache memory
packages 300 that form the pair may be stored into the backup memory 330.

After that, the backup memory controller 340 reads the configuration
information on the storage system from the configuration information
storage register, and stores the read configuration information into the
configuration information storage area 332 of the backup memory 330.
Furthér, the backup memory controller 340 stores the generated destination
address information 1100 and source address information 1200 into the
backup address information storage area 331 of the backup memory 330
(S105).

In addition, the backup memory controller 340 reads data from the
cache memory 320 on an address basis, and on the basis of the destination
address information 1100 corresponding to an address at which the data
has been read, specifies an address at which the read data is written into the
backup memory 330, and writes the read data into the data storage area 333
of the backup memory 330 at the specified address (S106).

After Step S106 has been executed on all of storage areas (at all of
addresses) of the cache memory 320, the saving of the data stored in the
cache memory 320 completes normally, which is a completion of the saving
process (S107). On the other hand, if Step S106 cannot be executed on a
part of storage areas (at part of addresses) of the cache memory 320, the
saving of the data stored in the cache memory 320 stops abnormally, which
is a failure of the saving process (S108).

After that, the backup memory controller 340 stores a saving process

execution status regarding the data stored in the cache memory 320 into the
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configuration information storage area 332 of the backup memory 330
(S109). The saving process execution status has values such as "normal
end", "abnormal end", and "unprocessed". In other words, if the saving of
data ends with regard to all of storage areas of the cache memory 320, the
saving process execution status becomes "normal end". On the other hand,
if the saving of data cannot be executed on a part of storage areas of the
cache memory 320, the saving process execution status becomes "abnormal
end".

After that, the backup memory controller 340 instructs the power
controller 350 to shut down the supply of power from the battery 360. The
power controller 350 shuts down the supply of power from the battery 360 to
each component of the cache memory package 300 (S110). Then, the
storage system stops its operation (S111).

As described above, when the power is abnormal, the data stored in
the cache memory 320 is stored into the backup memory 330, which holds
stored data even when the power is shut down. Accordingly, it is not
necessary to provide a large-capacity battery in order to back up data during
long-term shutdown of power, which can reduce the cost of the battery.

Further, the data stored in the cache memory 320 of one of the cache
memory packages 300 is divided to be stored into the backup memory 330 of
a plurality of cache mémory packages 300. Accordingly, the data stored in
the original cache memory 320 cannot be restored only with the data stored
in one of the backup memories 330, which can ensure the secrecy of data.

For example, according to the conventional technology, in a state in
which data is stored in the backup memory 330 (for example, in case of
service interruption), the cache memory package 300 (or only backup

memory 330) is removed from the storage device, and then the data stored in



10

15

20

25

WO 2010/041345 PCT/JP2008/068690

18

the removed backup memory 330 is read, thereby allowing data that was
stored in the cache memory 320 to be known. However, by dividing, as in
this embodiment, the data stored in the cache memory 320 of one of the
cache memory packages 300 so as to be stored into the backup memory 330
of a plurality of cache memory packages 300, it is impossible to know the
data that was stored in the cache memory 320 even if the data stored in one
of the backup memories 330 can be read.

In addition, only the data stored in the cache memory 320 of a part of
the cache memory packages 300 (one of cache memory packages 300 that
form pair) is stored into the backup memory 330, thereby reducing the
amount of cache data to be saved upon the shutdown of power, which can
reduce the period of time necessary for the saving process. Accordingly, it
is possible to reduce the capacity of the battery used for supplying power
after the shutdown of power. Further, it is possible to reduce the period of
time necessary for a recovery process of recovering the data stored in the
backup memory 330 into the cache memory 320. In addition, a general
flash memory has a limited number of rewrites, and hence, in a case where
the flash memory is used as the backup memory 330, it is possible to reduce
the number of rewrites of the backup memory 330, suppress dgterioration of
the flash memory, and decrease an exchange cycle of the backup memory
330.

Figs. 10 and 11 are flowcharts showing the recovery process of
writing the data stored in the backup memories 330 into the cache memory
320 in accordance with the first embodiment of this invention. It should be
noted that Fig. 10 shows a process executed by the processor package 400,
while Fig. 11 shows a process executed by the cache memory package 300.

First, description will be made of the process shown in Fig. 10 which
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is executed by the microprocessor 410 of the processor package 400.

When the power switch 610 of the power supply 600 of the store{ge
system is operated, power starts to be supplied to the storage system (S201).
After that, the microprocessor 410 reads the configuration information from
the configuration information storage area 332 of the backup memory 330,
and initializes each component of the storage system (S202).

After that, the microprocessor 410 reads the saving process execution
status from the configuration information storage area 332 of the backup
memory 330 (S203). Then, if the read saving process execution status is
"normal end" (YES in Step S204), the procedure advances to Step S205 to
recover the cache data into the cache memory 320. On the other hand, if
the read saving process execution status is not "normal end" (NO in Step
S204), the procedure advances to Step S207 to end a device startup process
without the need to recover the cache data into the cache memory 320.

In other words, if the read saving process execution status is not
"normal end", the data stored in the backup memory 330 is not the one that
has been obtained by normally backing up the cache data that was stored in
the cache memory 320, and hence the cache memory 320 is judged to be in
a volatile state, which leads to the startup of the storage system.

In Step S205, the microprocessor 410 issues an instruction to
recover the cache data. To be specific, the microprocessor 410 writes a
recovery command into a predetermined area (register) of the cache memory
adapter 310. The written recovery command is read by the cache memory
package 300 (Step S301 of Fig. 11).

After that, the microprocessor 410 watches the end of the recovery
process. To be specific, the microprocessor 410 uses a polling method to

watch recovery completion status information stored in the predetermined



10

15

20

25

WO 2010/041345 PCT/JP2008/068690

20

area (internal register) of the cache memory adapter 310 (S206).

When the microprocessor 410 detects that the recovery process has
come to an end on the basis of a value (recovery process execution status) of
an inner register written in Step S305 of Fig. 11, the device startup process
comes to an end (S207).

Next, description will be made of the process shown in Fig. 11 which
is executed by the backup memory controller 340 of the cache memory
package 300.

When the backup memory controller 340 is started and initialized,
the backup memory controller 340 waits for the instruction to recover the
cache data (issued in Step S205 of Fig. 10) from the microprocessor 410
(S301). Then, if the backup memory controller 340 receives the instruction
to recover the cache data (if the recovery command is written into the
predetermined area (internal register of the backup memory controller 340)),
the backup memory controller 340 generates recovery-purpose address
information for storing the data stored in the backup memory 330 into the
cache memory 320 (S302). To be specific, the destination address
information 1100 as shown in Fig. 7 and the source address information
1200 as shown in Fig. 8, which have been stored in Step S105, are read from
the backup address information storage area 331 of the backup memory 330.
In other words, in the recovery-purpose address information, the destination
address information 1100 is set as a read source address, and the source
address information 1200 is set as a write destination address.

Subsequently, the backup memory controller 340 read the saved data
from the backup memory 330 according to the generated recovery-purpose
address information (destination address information 1100), and store the

read data into the cache memory 320 according to the generated
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recovery-purpose address information (source address information 1200)
(S303).

Then, after data has been written for all of the storage areas of the
cache memory 320, the backup memory controller 340 completes the data
recovery into the cache memory 320 (S304).

Subsequently, the backup memory controller 340 stores the recovery
process execution status for the data recovery into the cache memory 320,
into the configuration information storage area 332 of the backup memory
330 (S305). The recovery process execution status has values such as
"normal end" and "abnormal end". For example, if the data recovery has
been completed for all of the storage areas of the cache memory 320, the
recovery process execution status becomes "normal end".

After that, the backup memory controller 340 deletes the saving
process execution status regarding the data written in Step S109 of Fig. 9
(S306). This is because, if the saving process execution status regarding
the data cannot be stored next time power is shut down, the storage system
is prevented from starting with erroneous information at the subsequent
startup.

Fig. 12 is a block diagram showing a configuration of a storage
system around the switch package 500 in accordance with a modified
example of the first embodiment of this invention.

As described above, in the storage system according to this
embodiment, the data stored in the cache memory 320 is written into the
backup memory 330 upon the shutdown of power. Therefore, even after the
power supplied to the storage system has been shut down, data needs to be
transferred between the cache memory packages 300.

In the modified example shown in Fig. 12, in addition to the switch
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package 500 (not shown), there is provided a communication line 700 for
transferring data between the cache memory packages 300 during the
shutdown of power. For example, a PCI Express can be used as the
communication line 700.

Accordingly, in the same manner as the case shown in Fig. 4 where
the switch package 500 is operated by the power supplied from the battery
510, data can be transferred between the cache memory packages 300 for a
predetermined period after the power supplied to the storage system has
been shut down. Therefore, this modified example eliminates the need to
provide the switch package 500 with the battery 510.

(Second Embodiment)

In the first embodiment described above, the backup memory 330 is
used only when the power is shut down, but is not used during the normal
operation. However, in the second embodiment, in addition to the operation
upon the shutdown of power according to the first embodiment described
above, the backup memory 330 is used as a secondary cache during the
normal operation.

Fig. 13 is an explanatory diagram of the operation of the backup
memory 330 during the normal operation in accordance with the second
embodiment of this invention.

When the configuration information and control information on the
device are received from the processor package 400, the cache memory
package 300 stores the received configuration information and control
information into the cache memory 320 as well as user data written from the
host computer 10.

When the configuration information and the control information are

stored into the cache memory 320, the backup memory controller 340
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divides the configuration information and the control information that are
stored in the cache memory 320, and stores the divided data into the backup
memories 330 of a plurality of cache memory packages 300.

The configuration information and the control information that are
stored in the backup memories 330 are held even during the shutdown of
power, and therefore do not need to be stored onto the disk drive 20. In this |
case, after having been stored into the backup memories 330, the
configuration information and the control information become clean data,
and can be deleted from the cache memory 320.

In a case where the backup memory 330 and the disk drive 20 are
configured by a non-volatile semiconductor storage device (such as flash
memory) and a magnetic disk, respectively, the backup memory 330 can
have data input to/output from the disk drive 20 at high speed, which can
improve accessibility to the configuration information and the control
information.

It should be noted that the configuration information and the control
information that are stored in the backup memories 330 may be stored onto
the disk drive 20. In this case, after having been stored onto the disk drive
20, the configuration information and the control information become clean
data, and can be deleted from the cache memory 320.

The configuration information and the control information that are
stored in the cache memory 320 do not need to be processed at high speed
in the cache memory package 300 unlike the user data written from the host
computer 10. Therefore, even if the configuration information and the
control information that are stored in the cache memory 320 are stored into
the backup memory 330 during the normal operation, little influence is

exerted upon the response to the host computer 10.
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The configuration information and the control information may be
divided into a predetermined number of units (for example, bits, sectors, or
blocks) as in the manner described above in the first embodiment that the
data stored in the cache memory 320 is divided upon the shutdown of
power.

Fig. 14 is a flowchart showing a process of writing secondary cache
data into the backup memory 330 in accordance with the second
embodiment of this invention.

First, the microprocessor 410 stores the SSD address allocation
information 1000 into the configuration information storage register of the
cache memory adapter 310. In the second embodiment, for each of the
backup memories 330, an address at which the configuration information is
stored into the configuration information storage area 332 is set, and an
address at which the control information is stored into the data storage area
333 is set (S401).

After that, the microprocessor 410 writes data into a predetermined
area of the backup memory controller 340 (for example, enables store bit of
backup memory controller 340). When the store bit is enabled, the backup
memory controller 340 stores the configuration information and the control
information into the backup memory 330 (S402).

Subsequently, if the backup memory controller 340 confirms that the
store bit has been enabled, the backup memory controller 340 reads the
configuration information from the configuration information storage register,
generates the backup address information that stores the read configuration
information, and further generates the backup address information that
stores the read control information (S403). The configuration information

and the control information that are stored in the cache memory 320 are
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divided into a predetermined number of blocks (for example, write blocks) to
be stored into different backup memories 330, and hence the backup
address information (pair of destination address information 1100 and
source address information 1200) is generated for each item of the divided
data. It should be noted that, also in the second embodiment, the data can
be divided into not only blocks but also bits, sectors, or other various units.

After that, the backup memory controller 340 stores the configuration
information read from the configuration information storage register into the
configuration information storage area 332 of the backup memory 330.
Further, the backup memory controller 340 stores the destination address
information 1100 and the source address information 1200 that are
included in the generated configuration information into the backup address
information storage area 331 of the backup memory 330 (S404).

Further, the backup memory controller 340 stores the control
information into the data storage area 333 of the backup memory 330. In
addition, the backup memory controller 340 stores the destination address
information 1100 and the source address information 1200 that are
included in the generated control information into the backup address
information storage area 331 of the backup memory 330 (S405).

After Step S404 has been executed on all of the configuration
information storage registers (all of configuration information) and control
information of the cache memories 320, the storing of the configuration
information and the control information that are stored in the cache memory
320 into the backup memory 330 is completed (S406).

After that, the backup memory controller 340 stores the saving
process execution status regarding the configuration information and the

control information that are stored in the cache memory 320 into a
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predetermined area (inner register of backup memory controller 340) (S407),
and the backup memory controller 340 ends the saving process for the
control information.

On the other hand, the microprocessor 410 watches the end of the
recovery process at such intervals as to exert no influence on the response.
To be specific, the microprocessor 410 uses the polling method to watch
information on the saving process execution status stored in the
predetermined area (inner register of backup memory controller 340). Then,
upon detection of the end of the recovery process based on the value
(information on saving process execution status) of the inner register, the
microprocessor 410 ends the saving process for the control information
(S408).

As has been described above, according to the second embodiment of
this invention, the configuration information and the control information
that are stored in the cache memory 320 are stored into the backup memory
330 during the normal operation, and hence it is possible to reduce the
amount of data to be saved upon the shutdown of power, which can reduce
the period of time necessary for the saving process. It should be noted that
the second enﬁbodiment has been described by taking the example case
where both the configuration information and the control information are
stored into the backup memory 330, but only one of the configuration
information and the control information may be stored into the backup
memory 330.

Further, in the second embodiment, the configuration information
and the control information are described as examples of such data as to
exert no influence on the response to the host computer 10, but the second

embodiment can be applied to other such data as to exert no influence on
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the response to the host computer 10.

Further, in the case where the backup memory 330, in which the
configuration information and the control information are stored, and the
disk drive 20 are configured by a non-volatile semiconductor storage device
(such as flash memory) and a magnetic disk, respectively, it is possible to
improve the access speed with respect to the configuration information and
the control information that are stored in the backup memories 330. In
addition, the configuration information and the control information are
divided to be stored in a plurality of backup memories 330, and hence it is
possible to further improve the accessibility than in the case where the
configuration information and the control information are stored in one

backup memory 330.

Industrial Applicability
This invention can be applied to a storage system including a cache
memory, in which data stored in the cache memory does not volatilize

(disappear) even when power is shut down.
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CLAIMS

1. A storage system, which is coupled to a computer, comprising:
a storage device for storing data for which write is requested by the
computer;
a controller for controlling transfer of data in the storage system;
a plurality of cache memory units for temporarily storing data to be
stored into the storage device; and
a connecting unit for connecting at least the plurality of cache
memory units,
each of the plurality of cache memory units comprising:
a cache memory for storing data;
an auxiliary storage device for holding data even after
shutdown of power; and
a cache controller for controlling an input/output of
data to/from the cache memory and the auxiliary storage device,
wherein the cache controller is configured to store data stored in the
cache memory, which is divided into a plurality of parts, into a plurality of

the auxiliary storage devices included in the plurality of cache memory units.

2. The storage system according to Claim 1, further comprising a
watching unit for watching power supplied to the plurality of cache memory
units,

wherein the cache controller is configured to store the data stored in
the cache memory into the plurality of the auxiliary storage devices in case
of which the watching unit detects an abnormality in the power supplied to

the plurality of cache memory units.
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3. The storage system according to Claim 1, wherein each of the
plurality of the auxiliary storage devices comprises a non-volatile memory for

holding data even after the shutdown of the power.

4. The storage system according to Claim 1, wherein:
the plurality of cache memory units comprise:
a first cache memory unit; and
a second cache memory unit for storing the same data as
stored in the first cache memory unit; and
the cache controller is configured to:
store data stored in the cache memory of the first cache memory unit
into the plurality of the auxiliary storage devices; and
prevent to store data stored in the cache memory of the second cache

memory unit into the plurality of the auxiliary storage devices.

5. The storage system according to Claim 1, further comprising an
auxiliary connecting unit for connecting the plurality of cache memory units,
wherein:

the connecting unit is configured to stop the transfer of data when
power supplied to the connecting unit stops; and

the auxiliary connecting unit is configured to enable the transfer of
data between the plurality of cache memory units when the power supplied

to the connecting unit stops.

6. The storage system according to Claim 1, further comprising a

watch unit for watching power supplied to the plurality of cache memory
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units,

wherein the cache controller is configured to stores at least one of
configuration information and control information stored in the cache
memory, which is divided into a plurality of parts, into the plurality of the
auxiliary storage devices before the watch unit detects an abnormality in the

power supplied to the plurality of cache memory units.

7. A data management method, which is used for a storage system,

the storage system including: a storage device for storing data for
which write is requested by a computer; a controller for controlling transfer
of data in the storage system; a plurality of cache memory units for
temporarily storing data to be stored into the storage device; and a
connecting unit for connecting at least the plurality of cache memory units,

each of the plurality of cache memory units including: a cache
memory for storing data; an auxiliary storage device for holding data even
after shutdown of power; and a cache controller for controlling an
input/output of data to/from the cache memory and the auxiliary storage
device,

the data management method including the steps of:

reading, by the cache controller, the data stored in the cache
memory;

dividing, by the cache controller, the read data into a plurality of
parts; and

controlling, by the cache controller, each of the parts of the divided
data to be stored into any one of a plurality of the auxiliary storage devices

included in the plurality of cache memory units.
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8. The data management method according to Claim 7, further
including the step of storing, by the cache controller, the data stored in the
cache memory into the plurality of the auxiliary storage devices in the case
of which an abnormality is detected in power supplied to the plurality of

cache memory units.

9. The data management method according to Claim 7, wherein:

the plurality of cache memory units include: a first cache memory
unit; and a second cache memory unit for storing the same data as stored in
the first cache memory unit; and

the data management method further including the steps of:

storing, by the cache controller, data stored in the cache memory of
the first cache memory unit into the plurality of the auxiliary storage
devices; and

preventing, by the cache controller, to store data stored in the cache
memory of the second cache memory unit from being stored into the

plurality of the auxiliary storage devices.

10. The data management method according to Claim 7, further
including the step of storing, by the cache controller, at least one of
configuration information and control information stored in the cache
memory, which is divided into a plurality of parts, into the plurality of the
auxiliary storage devices before an abnormality is detected in power supplied

to the plurality of cache memory units.
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