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Description

FIELD

[0001] The present invention relates to a storage con-
troller, a storage system, and a control program.

BACKGROUND

[0002] A data transfer process in a storage apparatus
is performed by a server reading transfer data from a
transfer source volume (storage area) and writing the
read transfer data into a transfer destination volume (stor-
age area).
[0003] Recently, in order to suppress the load of a serv-
er or the congestion of a communication line, information
processing apparatuses such as servers having an of-
floaded data transfer function for causing a storage ap-
paratus to perform a transfer process of data stored in
the storage apparatus are known. As the offloaded data
transfer function, for example, there is an Offloaded Data
Transfer (ODX) mounted in Windows (registered trade-
mark) Server 2012 of Microsoft (registered trademark)
Corp. According to the ODX, an ODX command issued
from a server is received, and a storage apparatus per-
forms a data transfer process as a main body.
[0004] In the data transfer process according to the
ODX, logically, the storage apparatus completes the
transfer at a moment and returns a response to an ODX
command to the server, and, physically, the storage ap-
paratus transfers transfer data in the background. In ad-
dition, when a data access to an area of the transfer
source/transfer destination of the ODX is made, the stor-
age apparatus performs a so-called copy-on write/copy-
on read operation in which, before a data access is made,
transfer data of an update area relating to the data access
is transferred. In this way, according to the ODX, a snap-
shot is generated by the storage apparatus, and the
transfer (copy) is viewed to be completed at a moment
from the server.
[0005] FIG. 29 is a diagram that illustrates an example
of a data transfer process performed in a storage appa-
ratus according to the ODX. As illustrated in FIG. 29,
when a file (data) stored in the storage apparatus is cop-
ied, a server as a host apparatus issues a populate token
that represents the range (area) of a transfer source and
a write using token that represents the range (area) of a
transfer destination. The storage apparatus performs a
transfer process based on the above-described com-
mand received from the host apparatus.
[0006] Hereinafter, a transfer process that is started
(initiated) inside the storage apparatus will be referred to
as an ODX session, and two commands including the
populate token and the write using token issued from the
host apparatus will be collectively referred to as ODX
commands (transfer commands).
[0007] Meanwhile, in a storage system including a plu-
rality of storage apparatuses, as a technique for making

a data backup, a remote equivalent copy (REC) is known.
The REC is a function for mirroring data between storage
apparatuses (between casings).
[0008] FIG. 30 is a diagram that illustrates an example
of a data copy process between storage apparatuses
according to the REC. According to the REC, an REC
session is started (initiated) in accordance with a start
(initiation) command from a host apparatus. In the REC
session, a copy source volume (storage area) of the stor-
age apparatus is in a copy processing state, and an
equivalent process is performed in which the data of the
copy source volume is copied to a copy destination vol-
ume (storage area) of another storage apparatus. During
the copy process, since the copy destination volume has
incomplete data, the storage apparatuses of the copy
destination/copy source do not perform a suspending
process accompanied with a suspend command.
[0009] In the copy processing state and the equivalent
state, information changed in the copy source is reflected
on the copy destination. In addition, in the equivalent
state, when a suspend command is issued from the host
apparatus, the copy source and the copy destination are
in a suspended state, and a snapshot (copy destination
volume) is generated. In the suspended state, an update
to the copy source is not reflected on the copy destination,
and the host apparatus can access the copy destination
volume.
[0010] In addition, in the REC, in a case where a copy
source storage apparatus is damaged (broken down) in
the equivalent state, the host apparatus can continue the
operation (failover) from the copy destination volume by
issuing a suspend command to a copy destination stor-
age device.
[0011] In copy modes supported by the REC, a syn-
chronous mode and a consistency mode are included.
Depending on such a copy mode, handling of write data
relating to a write command at the time of receiving a
write input/output (I/O) (write command) for a copy
source volume from the host apparatus to the copy
source storage apparatus differs.
[0012] The synchronous mode is an operation mode
in which, in a case where the copy source storage appa-
ratus receives a write command, write data relating to
the write command is copied to the copy destination vol-
ume using the function of the REC, and then, a response
to the write command is returned.
[0013] In the consistency mode, the copy source stor-
age apparatus returns a response to the write command
and then, stores the write data in a dedicated buffer (REC
buffer). The write data stored in the REC buffer is gath-
ered at the interval of several seconds and is transferred
to the REC buffer of the copy destination storage appa-
ratus, and the transferred write data is expanded in the
copy destination volume from the REC buffer. In the con-
sistency mode, since the copy source storage apparatus
stores the write data in the REC buffer with the order of
write commands being maintained, it is assured that all
the write data up to a certain time point is reflected on
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the copy destination volume (protection of the order).
[0014] In addition, an EC in which mirroring such as
the REC is performed inside the storage apparatus (in-
side the casing) is known. In the copy modes supported
by the EC, a synchronous mode is included.
[0015] Furthermore, as another technology, there is a
technology called transparent failover in storage appa-
ratuses. According to this technology, mirroring is per-
formed between storage apparatuses, and, in a case
where one storage apparatus is damaged, automatic
failover to the other storage apparatus is dynamically per-
formed, and an access from the server is continued. Ac-
cording to the transparent failover, by maintaining a copy
session in the same state in the storage apparatuses, a
copy session after the failover is not manually reset, and,
the copy session can be continued by a differential copy
without re-performing an initial copy.
[0016] As a related technology, a technology for opti-
mizing a backup process in a case where copy data ac-
quired from a copy source is dually backed up in a copy
destination is known (for example, see Japanese Laid-
open patent publication No. 2010-160764).
[0017] FIG. 31 is a diagram that illustrates an example
of a case where a copy source storage apparatus is bro-
ken down after a response to an ODX command in the
copy source storage apparatus performing an REC. As
illustrated in FIG. 31, when an ODX command is received
from a host apparatus (see arrow (1)), the copy source
(storage apparatus) of the REC starts an ODX session
(see arrow (2)). Then, when logical transfer relating to
the ODX command is completed, the copy source returns
a response to the ODX command (see arrow (3)). At a
time point when the copy source returns the response to
the host apparatus, physical transfer of transfer data re-
lating to the ODX command has not been completed in
the ODX session, and the copy source and the copy des-
tination are in a non-equivalent state as physical data.
[0018] At this time, a case will be considered in which
a breakdown occurs in the copy source storage appara-
tus (see arrow (4)). In such a case, the host apparatus
issues a suspend command to the copy destination (stor-
age apparatus) of the REC. When the suspend command
is received (see arrow (5-1)), the copy destination sus-
pends an equivalent state being equivalent to the copy
source (see arrow (5-2)) and returns a response to the
host apparatus (arrow (5-3)).
[0019] In order to restore the copy source, the host
apparatus issues a read I/O (read command) to the copy
destination to which data of the copy source has been
copied according to the REC. At this time, in the read
command, a read instruction of the copy destination
transfer data of the copy destination that corresponds to
the transfer data of the copy source is also included.
When the read command is received (see arrow (6)), the
copy destination reads the copy transfer data designated
in the read command and responses to the host appa-
ratus (see arrow (7)).
[0020] However, since the transfer process according

to the ODX is incomplete in the copy source, the copy of
the transfer data to the copy destination according to the
REC is also incomplete. Accordingly, even when an area
designated in the read command of the copy destination
is accessed, no copy destination transfer data is present,
and accordingly, the reading operation fails or other data
is read, and it is difficult to read the copy destination trans-
fer data and to respond to the host apparatus.
[0021] In this way, in the copy source storage appara-
tus that performs the REC, in a case where the copy
source storage apparatus is broken down after respond-
ing to the ODX command, it is difficult to acquire copy
transfer data from the copy destination storage apparatus
by host apparatus. Accordingly, there is a problem in that
it is difficult to restore the copy destination storage ap-
paratus based on the latest data by the host apparatus.
[0022] Until now, while both the volumes (storage ar-
eas) of the transfer source and the transfer destination
of the transfer process (for example, the ODX) performed
in the copy source storage apparatus have been de-
scribed to be volumes of the copy source according to
the copy between casings (for example, the REC), the
above-described problem is not limited thereto. For ex-
ample, the above-described problem may similarly occur
also in a case where at least the transfer destination of
the transfer process is the volume of the copy source
according to the inter-casing copy. In addition, the above-
described problem may similarly occur in a case where
the volume of the copy source is broken down also in the
storage apparatus that makes a copy between casings
(for example, the EC). Furthermore, the above-described
problem may similarly occur also in a case where the
storage area of the transfer source and the storage area
of the transfer destination of the transfer process are ar-
eas of the same volume (in a case where data transfer
is performed within the volume).
[0023] US 2010/0180094 A relates to storage system
including a first storage apparatus and a second storage
apparatus including a second controller for sequentially
transferring a copy of the part of the segments of data
from a second buffer into a second storage device seg-
ment by segment in the same sequence as the second
buffer have received a copy of the part of segments of
data from a first buffer of the first storage apparatus. The
second controller producing a backup copy in a backup
data storage portion by copying a copy of one of the seg-
ments of the data stored in the second storage device
that has been transferred from the second buffer into the
second storage device while transferring a copy of the
subsequent segment of the data next to said one of the
segments of the data in the sequence from the second
buffer to the second storage device.
[0024] US 2006/0212668 A relates to a remote copy
method for copying data within a first storage apparatus
to a second storage apparatus via a network, includes
transmitting data from the first storage apparatus in units
of first buffer sets each formed by a plurality of first re-
cording exclusive buffers within the first storage appara-
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tus, and receiving the data by the second storage appa-
ratus in units of second buffer sets each formed by a
plurality of second recording exclusive buffers within the
second storage apparatus, so as to maintain a sequence
guarantee with respect to the data that is copied.

SUMMARY

[0025] An object of an aspect of the present invention
is to enable restoration of a copy source based on data
stored in a copy destination even in a case where the
copy source is broken down after reception of a transfer
command for giving an instruction to perform a transfer
process of data within a copy source storage area in a
storage apparatus that performs a copy process for cop-
ying data from the copy source to a storage area of the
copy destination.
[0026] In addition, the object of the present invention
is not limited thereto, but another object thereof is to ac-
quire actions and advantages led by each configuration
represented in the embodiments of the present invention
to be described later that are difficult to be acquired ac-
cording to a conventional technology.
[0027] These objects are accomplished by the inven-
tion, which is defined in detail in the appended independ-
ent claims 1 and 11, whereas the appended dependent
claims 2-10 define preferred embodiments of the inven-
tion.
[0028] According to an aspect of the embodiments, a
storage controller performing a copy process in which
data stored in a copy source storage area including one
or more storage volumes is copied to a copy destination
storage area including one or more storage volumes cor-
responding to the copy source storage area. The storage
controller includes: a command controller that receives
a transfer command for giving an instruction for transfer-
ring data stored in a first area of the copy source storage
area to a second area of the copy source storage area
from an information processing apparatus; a transfer
processing unit that starts a transfer process in which
transfer data from the first area is read and is written into
the second area in accordance with reception of the
transfer command; and a copy processing unit that starts
copying the transfer data into a corresponding area of
the copy destination storage area that corresponds to
the second area in the copy process together with the
starting of the transfer process.
[0029] According to the embodiments, a copy source
can be restored based on data stored in a copy destina-
tion even in a case where the copy source is broken down
after reception of a transfer command for giving an in-
struction to perform a transfer process of data within a
copy source storage area in a storage apparatus that
performs a copy process for copying data from the copy
source to a storage area of the copy destination.

BRIEF DESCRIPTION OF DRAWINGS

[0030]

FIG. 1 is a diagram that illustrates an example of the
configuration of a storage system as an example of
a first embodiment;
FIG. 2 is a diagram that illustrates an example of the
appearance of a backup according to the storage
system illustrated in FIG. 1;
FIG. 3 is a diagram that illustrates an example of the
hardware configuration of a storage apparatus illus-
trated in FIG. 1;
FIG. 4 is a diagram that illustrates an example of the
functional configuration of the storage system illus-
trated in FIG. 1;
FIG. 5 is a flowchart that illustrates an example of
the process in a case where a copy source storage
apparatus illustrated in FIG. 4 receives an ODX com-
mand;
FIG. 6 is a flowchart that illustrates an example of a
synchronous transfer process illustrated in FIG. 5;
FIG. 7 is a diagram that illustrates a synchronous
transfer process in the case of a synchronous mode;
FIG. 8 is a diagram that illustrates a synchronous
transfer process in the case of a consistency mode;
FIG. 9 is a flowchart that illustrates an example of
an asynchronous transfer process illustrated in FIG.
5;
FIG. 10 is a flowchart that illustrates an example of
a physical transfer process illustrated in FIG. 9;
FIG. 11 is a diagram that illustrates an asynchronous
transfer process in the case of the synchronous
mode;
FIG. 12 is a diagram that illustrates an asynchronous
transfer mode in the case of the consistency mode;
FIG. 13 is a diagram that illustrates an example of
the functional configuration of a copy source storage
apparatus as an example of a second embodiment;
FIG. 14 is a diagram that illustrates an example of
the configuration of a copy destination storage ap-
paratus as an example of the second embodiment;
FIG. 15 is a diagram that illustrates an example of
the process of an REC buffer management unit il-
lustrated in FIG. 13;
FIG. 16 is a flowchart that illustrates an example of
the process in a case where the copy source storage
apparatus illustrated in FIG. 13 receives an ODX
command;
FIG. 17 is a flowchart that illustrates an example of
a copy destination asynchronous transfer process
illustrated in FIG. 16;
FIG. 18 is a flowchart that illustrates an example of
a buffer transfer process illustrated in FIG. 17;
FIG. 19 is a diagram that illustrates an asynchronous
transfer process in the case of the synchronous
mode;
FIG. 20 is a diagram that illustrates an asynchronous
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transfer process in the case of the consistency mode;
FIG. 21 is a flowchart that illustrates an example of
the process in a case where the copy destination
storage apparatus illustrated in FIG. 14 receives a
read command;
FIG. 22 is a diagram that illustrates a copy destina-
tion reading process in the case of the synchronous
mode;
FIG. 23 is a diagram that illustrates a copy destina-
tion reading process in the case of the consistency
mode;
FIG. 24 is a flowchart that illustrates an example of
the process in a case where the copy source storage
apparatus illustrated in FIG. 13 receives a write com-
mand;
FIG. 25 is a diagram that illustrates a copy source
writing process in the case of the synchronous mode;
FIG. 26 is a diagram that illustrates a copy source
writing process in the case of the consistency mode;
FIG. 27 is a diagram that illustrates an example of
the form of a backup according to the storage system
illustrated in FIG. 1;
FIG. 28 is a diagram that illustrates an example of
the forms of a backup according to the storage sys-
tem illustrated in FIG. 1;
FIG. 29 is a diagram that illustrates an example of a
data transfer process performed in a storage appa-
ratus according to the ODX;
FIG. 30 is a diagram that illustrates an example of a
data copy process according to the REC between
storage apparatuses; and
FIG. 31 is a diagram that illustrates an example of a
case where a copy source storage apparatus is bro-
ken down after responding to an ODX command in
a copy source storage apparatus performing the
REC.

DESCRIPTION OF EMBODIMENTS

[0031] Hereinafter, embodiments will be described
with reference to the drawings.

[1] First Embodiment

[1-1] Example of Configuration of Storage System

[0032] FIG. 1 is a diagram that illustrates an example
of the configuration of a storage system 10 as an example
of a first embodiment, and FIG. 2 is a diagram that illus-
trates an example of the appearance of a backup accord-
ing to the storage system 10 illustrated in FIG. 1.
[0033] As illustrated in FIG. 1, the storage system 10
is connected to a host apparatus 2, receives various re-
quests from the host apparatus 2, and performs various
processes according to the requests.
[0034] The host apparatus 2 is a host computer (high-
level apparatus) connected to the storage system 10 and,
for example, executes an operating system (OS) that

supports an offloaded data transfer function (ODX) of
Windows Server 2012 or the like. Examples of the host
apparatus 2 include various information processing ap-
paratuses such as a personal computer (PC), a server,
and a mainframe.
[0035] The host apparatus 2 issues an ODX command
(transfer command) and an EC/REC command (copy
command) to the storage system 10 and issues a write
(update)/read command and the like for volumes 5a to
5d. As examples of the EC/REC command, there are a
start (initiation) command, a suspend command, a
resume command used for a transition from a suspended
state to an equivalent state, and the like.
[0036] The storage system 10 includes one or more
(two in the case illustrated in FIG. 1) storage apparatuses
1A and 1B (in a case where the storage apparatuses 1A
and 1B do not need to be discriminated from each other,
one thereof will be simply referred to as a storage appa-
ratus 1).
[0037] The storage apparatus 1A includes one or more
(two in the case of FIG. 1) controller modules (CM) 3A
and a disk enclosure (hereinafter, referred to as a DE)
4A. The storage apparatus 1B includes one or more (two
in the example illustrated in FIG. 1) CMs 3B and a DE
4B. Hereinafter, in a case where the CMs 3A and 3B do
not need to be discriminated from each other, one thereof
will be simply referred to as a CM 3. In addition, in a case
where the DEs 4A and 4B do not need to be discriminated
from each other, one thereof will be simply referred to as
a DE 4.
[0038] The DE 4 houses (manages) one or more (two
in the case of FIG. 1) volumes 5a and 5b or 5c and 5d.
Hereinafter, in a case where the volumes 5a to 5d do not
need to be discriminated from one another, one thereof
will be simply referred to as a volume 5. The volume (a
storage area or a storage volume) 5 is a unit in which a
storage area is managed physically or logically as one
continuous storage area by the host apparatus 2 or the
CM 3.
[0039] Hereinafter, in an REC session, a volume (stor-
age area) of a copy source will be referred to as a copy
source storage area 5A, and a volume (storage area) of
a copy destination will be referred to as a copy destination
storage area 5B. In the example illustrated in FIG. 2, vol-
umes 5a and 5b (at least a volume 5b) of the storage
apparatus 1A represent the copy source storage area
5A, and volumes 5c and 5d (at least a volume 5d) of the
storage apparatus 1B represent the copy destination
storage area 5B.
[0040] Here, the copy source storage area 5A (the vol-
umes 5a and 5b) and the copy destination storage area
5B (the volumes 5c and 5d) may be physical volumes or
logical (virtual) volumes.
[0041] For example, the copy source storage area 5A
represents one or more physical or logical (virtual) vol-
umes (first volume) out of a plurality of volumes realized
by a storage apparatus 41 (see FIG. 3) included in the
DE 4A. Similarly, the copy destination storage area 5B
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represents one or more physical or logical (virtual) vol-
umes (second volume) out of a plurality of volumes re-
alized by the storage apparatus 41 included in the DE 4B.
[0042] The CM (storage controller) 3 is a computer (in-
formation processing apparatus) that is connected to the
host apparatus 2, the DE 4, and the other CM 3 and
manages resources of the storage apparatus 1. The CM
3 performs various processes (a data transfer process,
a data copy process, a data write/read process, and the
like) for the DE 4 in accordance with requests from the
host apparatus 2 and the other CM 3.
[0043] In the following description, the CM 3 will be
described to receive an ODX command, an REC com-
mand (copy command), and a read/write command from
the host apparatus 2 and perform processes according
to the received commands.
[0044] As illustrated in FIG. 2, in an ODX session
(transfer process) started (initiated) in accordance with
the ODX command, the CM 3 performs offloaded transfer
in which data stored in the volume 5a (first area) within
the copy source storage area 5A is read and is written
into the volume 5b (second area). In addition, as illus-
trated in FIG. 2, in the REC session (copy process) start-
ed (initiated) in accordance with the REC command, the
CM 3 (storage apparatus 1) makes a copy (between cas-
ings) between devices in which data stored in the copy
source storage area 5A is copied into the corresponding
copy destination storage area 5B.

[1-2] Hardware Configuration

[0045] Next, the hardware configuration of the storage
apparatus 1 will be described with reference to FIG. 1
and 3. FIG. 3 is a diagram that illustrates an example of
the hardware configuration of the storage apparatus 1
illustrated in FIG. 1.
[0046] The CM 3, as illustrated in FIGS. 1 and 3, is
equipped with a central processing unit (CPU) 31, a mem-
ory 32, a channel adapter (CA) 33, a remote adaptor (RA)
34, and one or more (two in the case illustrated in FIG.
1) disk interfaces (DI) 35. In addition, as illustrated in FIG.
3, the CM 3 may be equipped with a storage unit 36, an
input/output unit 37, a reading unit 38, and a recording
medium 39a.
[0047] The CPU 31 is an arithmetic processing unit
(processor) that is connected to blocks 31 to 39a dis-
posed inside the CM 3 and performs various control proc-
esses and arithmetic operations. The CPU 31 realizes
various functions of the CM 3 by executing programs
(firmware) stored in the memory 32, the storage unit 36,
the storage (recording) medium 39a, the DE 4, a read
only memory (ROM) not illustrated in the figure, and the
like. Here, the processor is not limited to the CPU 31 but,
an electronic circuit such as a micro processing unit
(MPU) may be used as the processor.
[0048] The memory 32 is a storage apparatus such as
a cache memory that stores various kinds of data and
programs. When a program is to be executed, the CPU

31 stores and expands data or a program in the memory
32. For example, the memory 32 temporarily stores a
program used by the CPU 31 for serving as a storage
controller, data to be written into the DE 4 from the host
apparatus 2, data read from the DE 4 to the host appa-
ratus 2 or the other CM 3, and the like. As the memory
32, for example, there is a volatile memory such as a
random access memory (RAM).
[0049] The CA 33 is an adapter that is connected to
the host apparatus 2 and controls interface with the host
apparatus 2 and performs data communication with the
host apparatus 2. The RA 34 is a port that is connected
to the RA 34 disposed inside the other storage apparatus
1 (CM 3) and controls interface with the other storage
apparatus 1 and, for example, performs data communi-
cation with the other storage apparatus 1. The DI 35 con-
trols interface with the DE 4 housed in the storage system
10 and performs data communication with the DE 4. In
the example illustrated in FIG. 3, the CA 33, the RA 34,
and the DI 35 are collectively represented as an interface
unit.
[0050] The storage unit 36 is hardware that stores var-
ious kinds of data, programs, and the like. As examples
of the storage unit 36, there are various devices including
a magnetic disk device such as a hard disk drive (HDD),
a semiconductor drive device such as a solid state drive
(SSD), and a non-volatile memory such as a flash mem-
ory.
[0051] The input/output unit 37 includes at least one
of an input device such as a mouse or a keyboard and
an output device such as a display or a printer. The in-
put/output unit 37 receives an operation instruction ac-
cording to an operation of a supervisor or the like of the
storage apparatus 1 through the input device and dis-
plays (outputs) a processing result acquired by the stor-
age apparatus 1, an alert, or the like to the output device.
[0052] The storage medium 39a is a storage apparatus
such as a flash memory or a ROM and records various
kinds of data and programs. The reading unit 38 is a
device that reads out data or a program stored (recorded)
in a computer-readable storage (recording) medium 39b
such as an optical disc or a universal serial bus (USB)
memory.
[0053] In at least one of the storage media 39a and
39b, a control program realizing the function of the stor-
age system 10 (CM 3) according to this embodiment may
be stored. For example, the CPU 31 expands the control
program input from the storage medium 39a or input from
the storage medium 39b through the reading unit 38 in
a memory device such as the memory 32 and executes
the control program. In this way, the computer as the CM
3 realizes the function of the storage controller according
to this embodiment by using the CPU 31.
[0054] The DE 4, as illustrated in FIG. 3, includes one
or more (two in the case illustrated in FIG. 3) storage
apparatuses 41.
[0055] The storage apparatus 41 is any one of various
devices including a magnetic disk device such as an HDD
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and a semiconductor drive device such as an SSD and
is hardware storing various kinds of data, programs, and
the like.
[0056] The storage apparatus 41 realizes physical/log-
ical volumes used as the copy source storage area 5A
and the copy destination storage area 5B, as described
above, through the management performed by the CM 3.
[0057] The above-described blocks 31 to 39a are con-
nected to a bus so as to be communicable with one an-
other. In addition, the storage apparatuses 1 (RAs 34),
the host apparatus 2 and the CA 33, and the DI 35 and
the DE 4 (storage apparatuses 41) are respectively con-
nected so as to be communicable with each other through
a LAN, a small computer system interface (SCSI), an
InfiniBand (registered trademark), a fiber channel, or the
like.
[0058] Here, the above-described hardware configu-
ration of the storage apparatus 1 is merely an example.
Accordingly, an increase/decrease in the hardware, di-
vision thereof, integration employing an arbitrary combi-
nation, or the like within the individual storage apparatus
1, the CM 3, or the DE 4 may be appropriately performed.
In addition, the hardware of the CM 3 may be commonly
used by a plurality of the CMs 3 in the storage apparatus
1.

[1-3] Storage System

[0059] Here, the storage system 10 according to the
first embodiment will be simply described.
[0060] As described above, in the copy source storage
apparatus performing the REC, in a case where the copy
source storage apparatus is broken down after a re-
sponse to an ODX command, it is difficult to acquire copy
transfer data from the copy destination storage apparatus
by the host apparatus.
[0061] In contrast to this, in the storage system 10 ac-
cording to the first embodiment, in a case where an ODX
command is received in the equivalent state according
to the REC, the CM 3 of the copy source performs a
physical data transfer process according to the ODX and
a data copy process according to the REC before a re-
sponse to the ODX command. In other words, the CM 3
of the copy source protects the equivalency of the copy
source/copy destination according to the REC by per-
forming an REC copy process in synchronization with a
transfer process relating to the ODX command.
[0062] Accordingly, also in a case where the storage
apparatus 1A or the copy source storage area 5A is bro-
ken down after the reception of the ODX command, the
host apparatus 2 can restore the storage apparatus 1A
or the copy source storage area 5A from the latest data
stored in the copy destination storage area 5B.
[0063] In addition, in the storage system 10 according
to the first embodiment, of the transfer source and the
transfer destination (volumes 5a and 5b) of the ODX ses-
sion in the copy source storage area 5A of the storage
apparatus 1A, at least the transfer destination (volume

5b) may be the copy source of the REC session. In such
a case, the volume 5d included in the copy destination
storage area 5B of the storage apparatus 1B serves as
the copy destination of the REC session.

[1-4] Configuration of Storage System

[0064] Next, the functional configuration of the storage
system 10 illustrated in FIG. 1 will be described with ref-
erence to FIG. 4. FIG. 4 is a diagram that illustrates an
example of the functional configuration of the storage
system 10 illustrated in FIG. 1.
[0065] As illustrated in FIG. 4, the CM 3 has a config-
uration illustrated in the storage apparatus 1A for the
function of the storage apparatus 1 of the copy source
of the REC session and has a configuration as illustrated
in the storage apparatus 1B for the function of the storage
apparatus 1 of the copy destination of the REC session.
[0066] In the following description, the function of the
storage system 10 relating to the ODX and the REC will
be focused, and a case where the storage system 10
uses the synchronous mode out of copy modes of the
REC and a case where the storage system 10 uses the
consistency mode will be separately described.

[1-4-1] Configuration of Copy Source Storage apparatus

[0067] First, the configuration of the copy source stor-
age apparatus 1A (CM 3A) will be described.
[0068] The CM 3A of the copy source storage appara-
tus 1A is equipped with: a host interface (I/F) controller
11; a session management unit 12; an REC buffer man-
agement unit 13; an REC buffer 13a; and an inter-device
I/F controller 14.
[0069] The host I/F controller (command controller) 11
controls interface with the host apparatus 2 through the
CA 33 and performs reception of various commands from
the host apparatus 2, transmission of responses to var-
ious commands to the host apparatus 2, and the like. In
addition, the host I/F controller 11 performs control ac-
cording to a received command. Thus, the host I/F con-
troller 11 is equipped with: a write/read command con-
troller 11a; an ODX command controller 11b; and a copy
command controller 11c.
[0070] The write/read command controller 11a per-
forms control relating to the write/read commands re-
ceived from the host apparatus 2.
[0071] For example, in a case where the REC is in the
equivalent state, when a write command for the volume
5b is received, the write/read command controller 11a
instructs the DE 4 to write write data into the volume 5b
through the DI 35. In addition, the write/read command
controller 11a instructs the session management unit 12
to copy the write data according to the REC into the copy
destination (volume 5d).
[0072] The ODX command controller 11b performs
control relating to the ODX command received from the
host apparatus 2.
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[0073] For example, when an ODX command used for
giving an instruction for the transfer of data (transfer data)
stored in the volume 5a to the volume 5b is received, the
ODX command controller 11b instructs the session man-
agement unit 12 to start an ODX session.
[0074] In addition, in the ODX session (transfer proc-
ess) according to the ODX session management unit
12a, the ODX command controller 11b transmits a re-
sponse including information relating to transfer data
(transferable data) transferred within a response time for
the ODX command to the host apparatus 2. The trans-
ferable data will be described later.
[0075] In addition, at least after physical transfer of the
transferable data to the transfer destination is completed
by the ODX session management unit 12a, the ODX com-
mand controller 11b transmits a response to the host
apparatus 2.
[0076] The copy command controller 11c performs
control relating to the REC command received from the
host apparatus 2.
[0077] For example, when a start command of the REC
is received, the copy command controller 11c instructs
the copy session management unit 12b to start an REC
session.
[0078] The REC buffer management unit (buffer man-
agement unit) 13 manages the REC buffer 13a used by
the CM 3A in the consistency mode of the REC. For ex-
ample, the REC buffer 13a is realized by at least some
areas of the storage area of the memory 32.
[0079] For example, in a case where the REC is in the
equivalent state, the REC buffer management unit 13
stores the transferable data in the REC buffer 13a within
the response time in accordance with start of the copy
that is made by the copy session management unit 12b.
In addition, the REC buffer management unit 13 transmits
(buffer transfer) the transferable data stored in the REC
buffer 13a to the storage apparatus 1B at predetermined
timing.
[0080] More specifically, when the transferable data to
the copy destination (volume 5d) of the REC session is
transferred from the copy session management unit 12b,
the REC buffer management unit 13 stores the transfer-
able data in the REC buffer 13a in the transferred order.
Then, the REC buffer management unit 13 transmits the
data stored in the REC buffer 13a to the storage appa-
ratus 1B at predetermined timing such as timing when
the data stored in the REC buffer 13a exceeds a prede-
termined size or at regular intervals.
[0081] In this way, in a case where the REC is in the
equivalent state, the REC buffer management unit 13
transmits the transferable data to the copy destination
(volume 5d) not in synchronization with writing of the
transferable data to the transfer destination (volume 5b)
according to the ODX session.
[0082] In addition, in a case where the REC is in the
copy processing state, the REC buffer management unit
13 stores the transfer data written into the transfer des-
tination (volume 5b) in accordance with the ODX session

operating in the background in the REC buffer 13a. Fur-
thermore, in a case where the REC is in the equivalent
state or in the copy processing state, the REC buffer man-
agement unit 13 stores update data updated in the copy
source storage area 5A in the REC buffer 13a.
[0083] The session management unit 12 manages
sessions such as the ODX session and the REC session.
In addition, the session management unit 12 stores man-
agement information used for managing the sessions in
the memory 32 or the like and refers to or updates the
management information. The session management unit
12 includes an ODX session management unit 12a and
a copy session management unit 12b.
[0084] In a case where the REC is in the equivalent
state, the ODX session management unit (transfer
processing unit) 12a starts (initiates) an ODX session in
which transfer data is read from the volume 5a that is the
transfer source and is written into the volume 5b that is
the transfer destination in accordance with reception of
the ODX command.
[0085] More specifically, in the started ODX session,
the ODX session management unit 12a reads transfer-
able data that is at least a part of transfer data that is
transferable within a response time for a transfer com-
mand from the volume 5a and writes the read data into
the volume 5b. As information relating to the transferable
data, there is information of the size of a transferred block,
an area (for example, an address) in which the transfer-
able data is stored, and the like. Here, the response time
is a time that is predetermined in the specification of the
ODX or by a supervisor of the host apparatus 2 or the
storage system 10 or somebody else and, for example,
is about several seconds.
[0086] Here, the ODX session management unit 12a
transfers transfer data in units of blocks in the ODX ses-
sion that is in the equivalent state. Here, the block is data
(for example, a part of the transfer data) of a unitary size
(for example, several Mbytes) out of the transfer data.
When data of one block or several blocks is transferred,
the ODX session management unit 12a determines
whether or not the current time has arrived at a time limit
of the response time. In a case where the current time
has not arrived at the time limit, the ODX session man-
agement unit 12a transfers the next block. On the other
hand, in a case where the current time has arrived at the
time limit (time out), the ODX session management unit
12a stops the transfer of the block and notifies the ODX
command controller 11b of the information of the total
size of blocks (transferable data) transferred in the ODX
session or the like.
[0087] In addition, in the ODX session illustrated in
FIG. 31, the transfer data is executed in the background
after the transmission of the response to the host appa-
ratus 2. However, in a case where the REC is in the equiv-
alent state, the ODX session management unit 12a trans-
fers the transferable data out of the transfer data within
the response time. Accordingly, the host I/F controller 11
can notify the host apparatus 2 of the transferable data
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of which the physical transfer according to the ODX has
been assuredly completed.
[0088] When the ODX command controller 11b returns
the response to the host apparatus 2, the host apparatus
2 issues a new ODX command. The new ODX command
is used for giving an instruction for transferring the data
stored in the area of the volume 5a that has not been
transferred by the ODX session management unit 12a
to the volume 5b. The host apparatus 2 determines the
areas (transfer ranges) of the transfer source and the
transfer destination after update, which are included in
the new ODX command, based on the information of the
number of blocks and the like notified from the storage
apparatus 1A.
[0089] Until the transfer process relating to all the areas
designated in the ODX command is completed, the ODX
session management unit 12a repeats the transfer proc-
ess for each transferable data described above based
on the new ODX command that is issued from the host
apparatus 2 every time when a response is returned.
[0090] In addition, in a case where the REC is not in
the equivalent state (for example, in the copy processing
state), a case where the transfer destination of the ODX
is not the copy source of the REC, or the like, the ODX
session management unit 12a performs the process as
illustrated in FIG. 31. In other words, the ODX session
management unit 12a starts an ODX session in accord-
ance with reception of an ODX command and transfers
the transfer data in the background, and the ODX com-
mand controller 11b returns a response indicating the
start of the ODX session.
[0091] The copy session management unit (copy
processing unit) 12b manages an REC session.
[0092] For example, in a case where the REC is not in
the equivalent state (for example, in the case of the copy
processing state), the copy session management unit
12b copies data of the copy source storage area 5A into
the corresponding copy destination storage area 5B in
the REC session (copy process).
[0093] On the other hand, in a case where the REC is
in the equivalent state, the copy session management
unit 12b starts copying the transfer data into the volume
5d (corresponding area) of the copy destination storage
area 5B corresponding to the transfer destination (the
volume 5b of the copy source) of the ODX in the REC
session (copy process) together with the start of the ODX
session. In other words, the copy session management
unit 12b starts copying the transfer data in the REC ses-
sion by being triggered upon the start of the ODX session
(reception of an ODX command).
[0094] More specifically, in a case where the REC is
in the equivalent state, the copy session management
unit 12b starts copying the transferable data into the vol-
ume 5d in the start process of the copy. Here, the copy
started by the copy session management unit 12b is per-
formed as below depending on the copy mode of the
REC in the equivalent state which is the synchronous
mode or the consistency mode.

1Case of Synchronous Mode

[0095] In the case of the synchronous mode, the copy
session management unit 12b copies data that is trans-
ferable within the response time into the volume 5d by
using the function of the REC in the started copy.
[0096] In addition, in the case of the synchronous
mode, after the ODX session of the transferable data to
the transfer destination that is performed by the ODX
session management unit 12a and the copying of the
transferable data to the REC copy destination that is per-
formed by the copy session management unit 12b are
completed, the ODX command controller 11b transmits
a response to the host apparatus 2.

1Case of Consistency Mode

[0097] In the case of the consistency mode, the copy
session management unit 12b transfers the transferable
data that is transferable to the volume 5d to the REC
buffer management unit 13 by using the function of the
REC in the started copy and instructs the REC buffer
management unit 13 to store the transferable data into
the REC buffer 13a. The transferable data stored in the
REC buffer 13a, as described above, is transmitted to
the volume 5d at predetermined timing by the REC buffer
management unit 13.
[0098] In addition, in the case of the consistency mode,
the ODX command controller 11b transmits a response
to the host apparatus 2 after completion of the ODX ses-
sion of the transferable data for the transfer destination
that is performed by the ODX session management unit
12a and the storage of the transferable data into the REC
buffer 13a that is performed by the REC buffer manage-
ment unit 13.
[0099] Furthermore, in a case where a suspend com-
mand is received before buffer transfer performed by the
REC buffer management unit 13, the copy session man-
agement unit 12b waits (blocking control) for the process
of changing the state to the suspended state until the
buffer transfer of all the data stored in the REC buffer
13a is performed.
[0100] The inter-device I/F controller 14 controls inter-
face with the storage apparatus 1B through the RA 34.
For example, the inter-device I/F controller 14 transmits
information of data, a command, and the like relating to
the REC session or the like transmitted from the copy
session management unit 12b or the REC buffer man-
agement unit 13 to the storage apparatus 1B. In addition,
the inter-device I/F controller 14 receives information of
the response and the like relating to the REC session or
the like from the storage apparatus 1B and transfers the
received information to the copy session management
unit 12b or the REC buffer management unit 13.
[0101] As above, in the synchronous mode, after the
physical transfer of the transferable data according to the
ODX and the copy of the transferable data according to
the REC are completed, the ODX command controller
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11b returns a response to the host apparatus 2. Accord-
ingly, in the response to the host apparatus 2, the syn-
chronization (equivalent state) between the copy source
storage area 5A and the copy destination storage area
5B can be reliably protected.
[0102] In addition, in the consistency mode, after the
physical transfer of the transferable data according to the
ODX and the storing of the transferable data in the REC
buffer 13a according to the REC are completed, the ODX
command controller 11b returns a response to the host
apparatus 2. Accordingly, in the response to the host
apparatus 2, the synchronization between the copy
source storage area 5A and the copy destination storage
area 5B can be protected at a level that is allowed in the
consistency mode that is an asynchronous copy mode.

[1-4-2] Configuration of Copy Destination Storage appa-
ratus

[0103] Next, the configuration of the copy destination
storage apparatus 1B (CM 3B) will be described.
[0104] The CM 3B of the copy destination storage ap-
paratus 1B is equipped with: a host I/F controller 21; a
session management unit 22; an REC buffer manage-
ment unit 23; an REC buffer 23a; and an inter-device I/F
controller 24.
[0105] The host I/F controller 21 controls interface with
the host apparatus 2 through the CA 33 and has the same
function as that of the host I/F controller 11 of the CM 3A.
[0106] For example, when a suspend command of the
REC is received from the host apparatus 2, the host I/F
controller 21 instructs the session management unit 22
to stop the REC session.
[0107] The REC buffer management unit 23 manages
the REC buffer 23a used by the CM 3B in the consistency
mode of the REC. For example, the REC buffer 23a is
realized by at least some areas of the storage area of
the memory 32.
[0108] For example, in the consistency mode, the REC
buffer management unit 23 stores data (transferable da-
ta) transmitted (buffer transfer) from the storage appara-
tus 1A in the REC buffer 23a. In addition, the REC buffer
management unit 23, at predetermined timing that is the
same as that of the REC buffer management unit 13,
reads the data stored in the REC buffer 23a in units of
blocks in the order of storage and transfers the read data
to the session management unit 22.
[0109] The session management unit 22 manages a
session such as the REC session. In addition, the session
management unit 22 stores management information
used for managing the session in the memory 32 or the
like and refers to or updates the management informa-
tion.
[0110] For example, in a case where the REC is in the
copy processing state or the equivalent state, the session
management unit 22 instructs the DE 4 to write the data
of the copy source storage area 5A of the REC that is
transmitted from the storage apparatus 1B into the cor-

responding copy destination storage area 5B. At this
time, in the consistency mode, the session management
unit 22 receives the data (transferable data) stored in the
REC buffer 23a from the REC buffer management unit
23 and instructs the DE 4 to write the received data into
the copy destination storage area 5B.
[0111] The inter-device I/F controller 24 controls inter-
face with the storage apparatus 1A through the RA 34.
For example, the inter-device I/F controller 24 trans-
mits/receives information of data, a command, and the
like relating to the REC session or the like to/from the
storage apparatus 1A.

[1-5] Example of Operation of Storage System

[0112] Next, an example of the operation of the storage
system 10 as an example of the first embodiment con-
figured as described above will be described with refer-
ence to FIGS. 5 to 12.
[0113] FIG. 5 is a flowchart that illustrates an example
of the process in a case where the copy source storage
apparatus 1A illustrated in FIG. 4 receives an ODX com-
mand, and FIG. 6 is a flowchart that illustrates an example
of a synchronous transfer process illustrated in FIG. 5.
FIG. 7 is a diagram that illustrates a synchronous transfer
process in the case of the synchronous mode, and FIG.
8 is a diagram that illustrates a synchronous transfer
process in the case of the consistency mode. FIG. 9 is a
flowchart that illustrates an example of the asynchronous
transfer process illustrated in FIG. 5, and FIG. 10 is a
flowchart that illustrates an example of a physical transfer
process illustrated in FIG. 9. FIG. 11 is a diagram that
illustrates an asynchronous transfer process in the case
of the synchronous mode, and FIG. 12 is a diagram that
illustrates an asynchronous transfer process in the case
of the consistency mode.
[0114] As illustrated in FIG. 5, when an ODX command
is issued to the copy source storage apparatus 1A by the
host apparatus 2, the ODX command is received by the
ODX command controller 11b in Step S1 (see arrow (1)
represented in FIGS. 7, 8, 11, and 12).
[0115] The ODX command controller 11b instructs the
session management unit 12 to start an ODX session.
The session management unit 12 determines whether or
not the volume 5b of the transfer destination according
to the ODX is the copy source of the REC in Step S2 and
determines whether or not the REC is in the equivalent
state in a case where the volume 5b is the copy source
in Step S3.
[0116] In a case where the transfer destination is the
copy source (Yes route of Step S2) and the REC is in
the equivalent state (Yes route of Step S3), the ODX
session management unit 12a performs a synchronous
transfer process in Step S4 (Steps S11 to S15 illustrated
in FIG. 6). When the synchronous transfer process is
completed, the process proceeds to Step S6 to be de-
scribed later.
[0117] On the other hand, in a case where the transfer
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destination is not the copy source (No route of Step S2)
or the REC is not in the equivalent state (No route of Step
S3), the ODX session management unit 12a starts an
asynchronous transfer process in Step S5 (Steps S21 to
S23 represented in FIG. 9). In addition, in Step S5, when
an ODX session is started in the background in accord-
ance with the start of the asynchronous transfer process,
the ODX session management unit 12a returns a re-
sponse to the ODX command to the host apparatus 2
through the ODX command controller 11b in Step S6.
[0118] As above, the process performed in a case
where the copy source storage apparatus 1A receives
an ODX command is completed.
[0119] Next, the synchronous transfer process per-
formed in Step S4 will be described.
[0120] As illustrated in FIG. 6, in the synchronous
transfer process, physical transfer according to the ODX
is performed for at least some blocks (a part of the transfer
data) of the transfer data by the ODX session manage-
ment unit 12a in Step S11 (see arrow (2-1) represented
in FIGS. 7 and 8). In addition, at the same time, the ses-
sion management unit 12 determines whether or not the
copy mode is the synchronous mode in Step S12.
[0121] In a case where the copy mode is the synchro-
nous mode (Yes route of Step S12), the copy session
management unit 12b copies the part of the transfer data
read from the transfer source or written into the transfer
destination to the copy destination of the REC in Step
S13 (see arrow (2-2) represented in FIG. 7).
[0122] On the other hand, in a case where the copy
mode is not the synchronous mode (No route of Step
S12), in other words, in the case of the consistency mode,
the part of the transfer data read from the transfer source
or written into the transfer destination is transferred to
the REC buffer management unit 13 by the copy session
management unit 12b. The REC buffer management unit
13 stores the transferred part of the transfer data in the
REC buffer 13a in Step S14 (see arrow (2-2) represented
in FIG. 8).
[0123] When the process of Step S13 or S14 is com-
pleted, the ODX session management unit 12a deter-
mines whether the transfer process has been completed
for the transfer range instructed in the ODX command or
time-out occurs in Step S15. In a case where the transfer
process has not been completed, and time-out does not
occur (No route of Step S15), the process proceeds to
Step S11.
[0124] On the other hand, in a case where the transfer
process has been completed or time-out occurs (Yes
route of Step S15), the synchronous transfer process is
completed, and the process of Step S6 represented in
FIG. 5 is performed. In other words, in Step S6 repre-
sented in FIG. 5, the ODX command controller 11b trans-
mits a response to the ODX command to the host appa-
ratus 2 (see arrow (3) represented in FIGS. 7 and 8). At
this time, in the response, information relating to the
number of blocks (transferable data) transferred until the
completion of the transfer process or the time-out is in-

cluded.
[0125] As above, in the case of the synchronous mode,
the synchronous transfer process of a case where the
copy source storage apparatus 1A receives an ODX
command is completed.
[0126] In addition, in the case of the consistency mode,
buffer transfer of the data (the part of the transfer data
or the transferable data) stored in the REC buffer 13a is
performed at predetermined timing by the REC buffer
management unit 13 (see arrow (4-1) represented in FIG.
8). In addition, in the copy destination storage apparatus
1B, the data that is buffer-transferred and is stored in the
REC buffer 23a is read by the session management unit
22 through the REC buffer management unit 23. Then,
the session management unit 22 copies the data stored
in the REC buffer 23a using the function of the REC into
the copy destination volume 5d (see arrow (4-2) repre-
sented in FIG. 8).
[0127] As above, in the consistency mode, the syn-
chronous transfer process in a case where the copy
source storage apparatus 1A receives an ODX command
is completed.
[0128] Based on the number of blocks included in the
response, the host apparatus 2 issues a new ODX com-
mand to the copy source storage apparatus 1A for a
transfer area for which transfer has not been performed
in accordance with the previous ODX command. In other
words, when the number of blocks that have been trans-
ferred is received, the host apparatus 2 issues an ODX
command designating the next transfer range starting
from the following block address. In the storage system
10, in this way, the above-described process is repeated
until all the transfer data in the transfer range designated
in the first ODX command is transferred (or is stored in
the REC buffer 13a).
[0129] Next, the asynchronous transfer process start-
ed in Step S5 represented in FIG. 5 will be described.
[0130] As illustrated in FIG. 9, in the asynchronous
transfer process, the ODX session management unit 12a
generates an ODX session in Step S21 (see arrow (2)
represented in FIGS. 11 and 12). Then, the ODX session
management unit 12a starts physical transfer according
to the ODX in the background in Step S22. In addition,
the response to the ODX command in Step S6 repre-
sented in FIG. 5 is transmitted by the ODX command
controller 11b to the host apparatus 2 when the process
of Step S22 is completed (see arrow (3) represented in
FIGS. 11 and 12).
[0131] Thereafter, the physical transfer process per-
formed by the ODX session management unit 12a is per-
formed in Step S23 (Steps S31 to S36 represented in
FIG. 10).
[0132] As illustrated in FIG. 10, in the physical transfer
process, the physical transfer according to the ODX is
performed by the ODX session management unit 12a in
Step S31. At this time, the session management unit 12
determines whether or not the copy mode is the synchro-
nous mode in Step S32.
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[0133] In a case where the copy mode is the synchro-
nous mode (Yes route of Step S32), the copy session
management unit 12b copies the transfer data read from
the transfer source or written into the transfer destination
to the copy destination of the REC in Step S33.
[0134] On the other hand, in a case where the copy
mode is not the synchronous mode (No route of Step
S32), in other words, in the case of the consistency mode,
the transfer data read from the transfer source or written
into the transfer destination by the copy session man-
agement unit 12b is transferred to the REC buffer man-
agement unit 13. The REC buffer management unit 13
stores the transferred transfer data in the REC buffer 13a
in Step S34 (see arrow (4) represented in FIG. 12).
[0135] When the process of Step S33 or S34 is com-
pleted, the ODX session management unit 12a deter-
mines whether or not the transfer process has been com-
pleted for the transfer range instructed in the ODX com-
mand in Step S35. In a case where the transfer process
has not been completed (No route of Step S35), the proc-
ess proceeds to Step S31.
[0136] On the other hand, in a case where the transfer
process has been completed (Yes route of Step S35),
the ODX session management unit 12a removes the
ODX session in Step S36.
[0137] In addition, in the case of the consistency mode,
the data (transfer data) stored in the REC buffer 13a is
transferred at predetermined timing by the REC buffer
management unit 13 (see arrow (5-1) represented in FIG.
12). In addition, in the copy destination storage apparatus
1B, the data that is buffer-transferred and is stored in the
REC buffer 23a is copied by the session management
unit 22 to the volume 5d using the function of the REC
(see arrow (5-2) represented in FIG. 12).
[0138] In any one copy mode of the synchronous mode
and the consistency mode, the copy session manage-
ment unit 12b causes the REC to transit to the equivalent
state when copy of both the ODX session and the REC
session is completed (see arrow (4) represented in FIG.
11 and arrow (6) represented in FIG. 12).
[0139] As above, the asynchronous transfer process
in a case where the copy source storage apparatus 1A
receives an ODX command is completed.

[2] Second Embodiment

[0140] Next, a storage system 10 according to a sec-
ond embodiment will be described.
[0141] An example of the configuration of the storage
system 10 according to the second embodiment, the ap-
pearance of backup, and an example of hardware con-
figuration of the storage apparatus 1 are basically the
same as those illustrated in FIGS. 1 to 3, and thus, du-
plicate description thereof will not be presented.

[2-1] Storage System

[0142] Here, the storage system 10 according to the

second embodiment will be simply described.
[0143] As an operating form of the storage system 10,
there are many cases where both the transfer source and
the transfer destination of the ODX are copy targets (copy
sources) according to the REC. Since the ODX is used
by a work volume capable of recognizing the host appa-
ratus 2, it is difficult to consider that only one of the trans-
fer source and the transfer destination of the ODX is the
REC target. Thus, such a requisite can be regarded to
be satisfied in the operating environment of a general
storage system 10.
[0144] In the above-described requisite, data of the
transfer source (volume 5a) of the ODX is present in the
copy destination storage apparatus 1B (volume 5c) of
the REC. Accordingly, in the storage apparatus 1A, the
copy of the transfer data transferred to the transfer des-
tination (volume 5b) of the ODX to the storage apparatus
1B according to the REC can be omitted.
[0145] For example, in a case where the REC is in the
equivalent state, when an ODX command is received
from the host apparatus 2, the storage system 10 accord-
ing to the second embodiment starts an ODX session,
starts an ODX session also in the copy destination stor-
age apparatus 1B, and then, returns a response to the
host apparatus 2. In other words, the CM 3A of the copy
source starts an ODX session also in the copy destination
of the REC in synchronization with the start of the ODX
session, and thereby operating the same ODX session
in both the copy source and the copy destination accord-
ing to the REC, whereby the equivalency between the
copy source and the copy destination is protected.
[0146] Accordingly, similar to the first embodiment, al-
so in a case where the storage apparatus 1A or the copy
source storage area 5A is broken down after the recep-
tion of the ODX command, the host apparatus 2 can re-
store the storage apparatus 1A or the copy source stor-
age area 5A from data stored in the copy destination
storage area 5B.
[0147] In addition, since communication of the transfer
data between the storage apparatuses 1 according to
the REC can be omitted, the amount of data transfer be-
tween the storage apparatuses 1 can be reduced.
[0148] Furthermore, since the ODX session is operat-
ed in the background in the copy source and the copy
destination, the copy source storage apparatus 1A can
return the response to the host apparatus 2 after the start
of the ODX session. Accordingly, a delay in the response
can be shortened than that of a case where the physical
transfer according to the ODX and the physical copy ac-
cording to the REC are performed to be synchronized
with each other.
[0149] The storage system 10 according to the second
embodiment, as described above, is premised on that
both the transfer source and the transfer destination (vol-
umes 5a and 5b) of the ODX session in the copy source
storage area 5A of the storage apparatus 1A are copy
sources of the REC session. In such a case, volumes 5c
and 5d included in the copy destination storage area 5B
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of the storage apparatus 1B are copy destinations of the
REC session. In addition, the volumes 5c and 5d are the
transfer source and the transfer destination of the copy
destination ODX session that is started in the copy des-
tination.
[0150] Hereinafter, the storage system 10 according
to the second embodiment will be described in detail.

[2-2] Configuration of Storage System

[0151] Next, the functional configuration of the storage
system 10 illustrated in FIG. 1 will be described with ref-
erence to FIGS. 13 and 14. FIGS. 13 and 14 are diagrams
that illustrate examples of the functional configuration of
a copy source storage apparatus 1A and a copy desti-
nation storage apparatus 1B as examples of the second
embodiment.
[0152] As illustrated in FIG. 13, the CM 3 has a con-
figuration illustrated in the storage apparatus 1A for the
function of the storage apparatus 1 of the copy source
of the REC session and, as illustrated in FIG. 14, has a
configuration as illustrated in the storage apparatus 1B
for the function of the storage apparatus 1 of the copy
destination of the REC session.
[0153] In the following description, the function of the
storage system 10 relating to the ODX and the REC will
be focused, and a case where the storage system 10
uses the synchronous mode out of copy modes of the
REC and a case where the storage system 10 uses the
consistency mode will be separately described.
[0154] In FIGS. 13 and 14, blocks to which the same
reference signs as those illustrated in FIG. 4 are assigned
have the same functions as those of the blocks illustrated
in FIG. 4, and thus, duplicate description thereof will not
be presented.

[2-2-1] Configuration of Copy Source Storage apparatus

[0155] First, the configuration of the copy source stor-
age apparatus 1A (CM 3A) will be described.
[0156] The CM 3A of the copy source storage appara-
tus 1A is equipped with: a host I/F controller 11; a session
management unit 12; an REC buffer management unit
13’; an REC buffer 13a; and an inter-device I/F controller
14. Here, the REC buffer 13a and the inter-device I/F
controller 14 are the same as those of the first embodi-
ment.
[0157] The host I/F controller (command controller) 11
is equipped with: a write/read command controller 11a’
and an ODX command controller 11b’, which are different
from those of the first embodiment; and a copy command
controller 11c, which is the same as that of the first em-
bodiment.
[0158] The write/read command controller 11a’ per-
forms control relating to the write/read commands re-
ceived from the host apparatus 2.
[0159] For example, in a case where the REC is in the
equivalent state, when a write command for the volume

5b is received, the write/read command controller 11a’
instructs the DE 4 to write write data into the write desti-
nation (writing area) of the volume 5b through the DI 35.
In addition, the write/read command controller 11a’ in-
structs the session management unit 12 to copy (start an
ODX session in the copy destination CM 3B) the write
data according to the REC into the copy destination (vol-
ume 5d).
[0160] In addition, in a case where the REC is in the
equivalent state, the write/read command controller 11a’
may receive a write command for the transfer destination
(volume 5b) for which writing of the transfer data is in-
complete according to the ODX in the background from
the host apparatus 2.
[0161] In such a case, the write/read command con-
troller 11a’ causes the ODX session management unit
12a’ to start physical transfer according to the ODX for
the write destination before the writing of the write data
and then writes the write data for the write destination
(instructs the DE 4 to write the write data). Thereafter,
the write/read command controller 11a’ causes the copy
session management unit 12b’ to start copying the trans-
fer data according to the ODX to the volume 5d. In addi-
tion, the write/read command controller 11a’ causes the
copy session management unit 12b’ to transmit the write
data to the copy destination using the function of the REC
and write the write data into the volume 5b. Then, the
write/read command controller 11a’ returns a response
to the host apparatus 2. Accordingly, for the write desti-
nation, the order between the transfer data of the ODX
and the write data can be protected, and the synchroni-
zation (equivalent state) between the copy source stor-
age area 5A and the copy destination storage area 5B
can be reliably protected.
[0162] The ODX command controller 11b’ performs
control relating to the ODX command received from the
host apparatus 2.
[0163] For example, when an ODX command used for
giving an instruction for the transfer of data (transfer data)
stored in the volume 5a to the volume 5b is received, the
ODX command controller 11b’ instructs the session man-
agement unit 12 to start an ODX session.
[0164] In addition, after the ODX session (transfer
process) of the transfer data that is performed by the
ODX session management unit 12a’ and the issuance of
a copy destination transfer command, which will be de-
scribed later, performed by the copy session manage-
ment unit 12b’ are completed, the ODX command con-
troller 11b’ transmits a response to the ODX command
to the host apparatus 2.
[0165] The REC buffer management unit (buffer man-
agement unit) 13’ manages the REC buffer (buffer) 13a
that is used by the CM 3A in the consistency mode of the
REC.
[0166] For example, in a case where the REC is in the
equivalent state, the REC buffer management unit 13’
stores a copy destination transfer command in the REC
buffer 13a in accordance with start of the copy that is
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made by the copy session management unit 12b’. In ad-
dition, the REC buffer management unit 13’ transmits
(buffer transfer) the copy destination transfer command
stored in the REC buffer 13a to the storage apparatus
1B at predetermined timing that is the same as that of
the REC buffer management unit 13 according to the first
embodiment.
[0167] More specifically, when the copy destination
transfer command for the copy destination (volume 5d)
of the REC session is transferred from the copy session
management unit 12b’, the REC buffer management unit
13’ stores the copy destination transfer commands in the
REC buffer 13a in the order of the transfer.
[0168] In this way, the REC buffer management unit
13’ transmits the copy destination transfer command to
the copy destination (volume 5d) not in synchronization
with writing of the transfer data to the transfer destination
(volume 5b) according to the ODX session.
[0169] In addition, in a case where the REC is in the
copy processing state, the REC buffer management unit
13’ stores the transfer data written into the transfer des-
tination (volume 5b) in accordance with the ODX session
operating in the background in the REC buffer 13a. Fur-
thermore, in a case where the REC is in the equivalent
state or in the copy processing state, the REC buffer man-
agement unit 13’ stores update data updated in the copy
source storage area 5A in the REC buffer 13a.
[0170] FIG. 15 is a diagram that illustrates an example
of the process of the REC buffer management unit 13’
illustrated in FIG. 13. As illustrated in FIG. 15, the REC
buffer management unit 13’ stores update data or copy
destination transfer commands in a block of a predeter-
mined size that is included in the REC buffer 13a in order
of the writing of update data or the issuance of the copy
destination transfer commands. When the block of the
REC buffer 13a is full, the REC buffer management unit
13’ switches to the next block and stores update data
and copy destination transfer commands.
[0171] Here, the data stored inside the REC buffer 13a
that is transmitted to the copy destination through the
buffer transfer according to the REC is copied to the vol-
ume 5 of copy destination for each block. In this way, in
the consistency mode, since data is copied into the vol-
ume 5 of the copy destination in units of blocks, the order
of blocks is protected.
[0172] For example, as illustrated in FIG. 15, a case
will be considered in which transfer data relating to the
ODX is written into an area A in a state in which update
data of the area A is stored in a block of the REC buffer
13a in the volume 5 of the transfer destination of the ODX.
In this case, the REC buffer management unit 13’ stores
a copy destination transfer command relating to the area
A in the block.
[0173] However, in the area A of the block, update data
and the copy destination transfer commands are mixed.
In this case, in the copy destination, since the order within
the same block is not protected, there is a case where
the transfer data is overwritten by update data.

[0174] Thus, when the copy destination transfer com-
mand is stored in the REC buffer 13a, the REC buffer
management unit 13’ refers to management information
(not illustrated in the figure) used for managing the ad-
dress of data stored in the block from the memory 32 or
the like. Then, when it is determined that update data is
stored in the same block based on the management in-
formation, the REC buffer management unit 13’ switches
the target block to the next block (performs buffer switch-
ing) even when the block is not full and stores the copy
destination transfer command in the block to which the
switching has been made.
[0175] In this way, even in a case where the copy des-
tination transfer command is transmitted to the copy des-
tination through the REC buffer 13a, the order within the
block can be protected.
[0176] In addition, in a case where the REC is in the
equivalent state, even though the write/read command
controller 11a’ receives a write command for the transfer
destination (volume 5b) in which transfer according to
the ODX is operated in the background, the REC buffer
management unit 13’ may perform the same process.
[0177] The session management unit 12 includes an
ODX session management unit 12a’ and a copy session
management unit 12b’, which are different from those of
the first embodiment.
[0178] In a case where the REC is in the equivalent
state, the ODX session management unit (transfer
processing unit) 12a’ starts (initiates) an ODX session in
which transfer data is read from the volume 5a that is the
transfer source and is written into the volume 5b that is
the transfer destination in accordance with reception of
the ODX command.
[0179] More specifically, the ODX session manage-
ment unit 12a’ starts an ODX session in accordance with
reception of an ODX command and transmits the transfer
data in the background.
[0180] In a case where the REC is in the equivalent
state, the copy session management unit (copy process-
ing unit) 12b’ starts copying transfer data into the volume
5d (corresponding area) of the copy destination storage
area 5B that corresponds to the transfer destination (the
volume 5b of the copy source) of the ODX in the REC
session (copy process) together with the start of the ODX
session. In other words, the copy session management
unit 12b’ starts copying the transfer data in the REC ses-
sion by being triggered upon the start (reception of an
ODX command) of the ODX session.
[0181] More specifically, in a case where the REC is
in the equivalent state, the copy session management
unit 12b’ issues a copy destination transfer command in
the start process of the copy.
[0182] Here, the copy destination transfer command
is control information (ODX control information) used for
starting an ODX session. For example, in the copy des-
tination transfer command, a volume number and a log-
ical block address (LBA) of the copy range are included.
The copy session management unit 12b’, for example,
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may generate a copy destination transfer command by
modifying an ODX command transmitted from the host
apparatus 2 or may generate a command similar to the
ODX command or an instruction used for communication
between the storage apparatuses 1 as the copy destina-
tion transfer command.
[0183] In this way, the ODX command controller 11b’
issues the copy destination transfer command used for
giving an instruction for transferring copy destination
transfer data corresponding to the transfer data to the
copy destination (volume 5d) that corresponds to the
transfer destination (volume 5b) of the ODX, which is
stored in the copy destination (volume 5c) corresponding
to the transfer source (volume 5a) of the ODX, to the
copy destination.
[0184] Here, the copy started by the copy session man-
agement unit 12b’ is performed as below depending on
the copy mode of the REC which is the synchronous
mode or the consistency mode.

1Case of Synchronous Mode

[0185] In the case of the synchronous mode, the copy
session management unit 12b’ transmits the issued copy
destination transfer command to the other storage appa-
ratus 1B in the started copy using the function of the REC.
[0186] In addition, in the case of the synchronous
mode, after the start process (initiation process) of the
ODX session that is performed by the ODX session man-
agement unit 12a’ and the transmission of the copy des-
tination transfer command that is performed by the copy
session management unit 12b’ are completed, the ODX
command controller 11b’ transmits a response to the host
apparatus 2.

1Case of Consistency Mode

[0187] In the case of the consistency mode, the copy
session management unit 12b’ transfers the generated
copy destination transfer command to the REC buffer
management unit 13’ in the started copy and instructs
the REC buffer management unit 13’ to store the copy
destination transfer command in the REC buffer 13a. The
copy destination transfer command stored in the REC
buffer 13a, as described above, is transmitted by the REC
buffer management unit 13’ to the storage apparatus 1B
at predetermined timing using the function of the REC.
[0188] In addition, in the case of the consistency mode,
after the start process of the ODX session that is per-
formed by the ODX session management unit 12a’ and
the storage of the copy destination transfer command
into the REC buffer 13a that is performed by the REC
buffer management unit 13’ are completed, the ODX
command controller 11b’ transmits a response to the host
apparatus 2.
[0189] As above, in the synchronous mode, after the
start of the ODX session according to the ODX and the
transmission of the copy destination transfer command

according to the REC are completed, the ODX command
controller 11b’ returns a response to the host apparatus
2. Accordingly, in the response to the host apparatus 2,
the synchronization (equivalent state) between the copy
source storage area 5A and the copy destination storage
area 5B can be reliably protected.
[0190] In addition, in the case of the consistency mode,
after the start of the ODX session according to the ODX
and the storage of the copy destination transfer com-
mand into the REC buffer 13a according to the REC are
completed, the ODX command controller 11b’ transmits
a response to the host apparatus 2. Accordingly, in the
response to the host apparatus 2, the synchronization
between the copy source storage area 5A and the copy
destination storage area 5B can be protected at a level
allowed in the consistency mode that is an asynchronous
copy mode.

[2-2-2] Configuration of Copy Destination Storage appa-
ratus

[0191] Next, the configuration of the copy destination
storage apparatus 1B (CM 3B) will be described.
[0192] As illustrated in FIG. 14, the CM 3B of the copy
destination storage apparatus 1B is equipped with: a host
I/F controller 21’; a session management unit 22; an REC
buffer management unit 23’; an REC buffer 23a; and an
inter-device I/F controller 24’. Here, the REC buffer 23a
is the same as that of the first embodiment.
[0193] The host I/F controller (copy destination com-
mand controller) 21’ basically has the same function as
that of the host I/F controller 21 according to the first
embodiment. For example, when a suspend command
of the REC is received from the host apparatus 2, the
host I/F controller 21’ instructs the session management
unit 22 to stop the REC session.
[0194] In addition, there is a case where the host I/F
controller 21’ receives a read command for the transfer
destination (volume 5d) of the copy destination for which
physical transfer of the ODX based on the copy destina-
tion transfer command is incomplete from the host ap-
paratus 2.
[0195] In such a case, the host I/F controller 21’ causes
the session management unit 22 to start physical transfer
according to the ODX to the reading source (reading ar-
ea). More specifically, the host I/F controller 21’ causes
the ODX session management unit 22a’ to write the copy
destination transfer data to the reading source of the vol-
ume 5d.
[0196] Then, after the physical transfer to the reading
source is completed, the host I/F controller 21’ responses
to the host apparatus 2 with read data relating to the read
command. More specifically, the host I/F controller 21’
responses to the host apparatus 2 with the copy desti-
nation transfer data read from the transfer source (vol-
ume 5c) or written into the transfer destination (the read-
ing source; the volume 5d).
[0197] In this way, even when a read command for the
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transfer destination (volume 5d) to which the physical
transfer according to the ODX is incomplete is issued,
physical transfer according to the ODX for the reading
source is started by the host I/F controller 21’ by being
triggered upon the read command. Then, the latest read
data is read by the host I/F controller 21’, and a response
thereof to the host apparatus 2 is made. In this way, while
the processing load is reduced by performing the copy
destination ODX session in the background, the CM 3B
can reliably protect the synchronization (equivalent state)
between the copy source storage area 5A and the copy
destination storage area 5B.
[0198] The REC buffer management unit 23’ manages
the REC buffer 23a used by the CM 3B in the consistency
mode of the REC.
[0199] For example, in a case where the REC is in the
equivalent state, the REC buffer management unit 23’
stores data (copy destination transfer command) trans-
mitted (buffer transfer) from the storage apparatus 1A in
the REC buffer 23a. In addition, the REC buffer manage-
ment unit 23’, at predetermined timing that is the same
as that of the REC buffer management unit 13’, reads
the data stored in the REC buffer 23a in units of blocks
in the order of storage and transfers the read data to the
session management unit 22.
[0200] The session management unit 22 is basically
the same as the session management unit 22 according
to the first embodiment. The session management unit
22 manages sessions such as the ODX session and the
REC session.
[0201] For example, in a case where the REC is in the
copy processing state or the equivalent state, the session
management unit 22 instructs the DE 4 to write the data
of the copy source storage area 5A relating to the REC
session that is transmitted from the storage apparatus
1B into the corresponding copy destination storage area
5B.
[0202] The session management unit 22 includes an
ODX session management unit 22a’.
[0203] In a case where the REC is in the equivalent
state, the ODX session management unit (copy destina-
tion transfer processing unit) 22a’ starts a copy destina-
tion ODX session (copy destination transfer process)
based on the copy destination transfer command re-
ceived from the storage apparatus 1A. More specifically,
the ODX session management unit 22a’ starts (initiates)
a copy destination ODX session in which copy destina-
tion transfer data is read from a transfer source (volume
5c) designated in the command and is written into a trans-
fer destination (volume 5d) in the background.
[0204] In addition, in the case of the synchronous
mode, the ODX session management unit 22a’ receives
a copy destination transfer command from the inter-de-
vice I/F controller 24’. Furthermore, in the case of the
consistency mode, the ODX session management unit
22a’ receives the copy destination transfer command
stored in the REC buffer 23a from the REC buffer man-
agement unit 23’.

[0205] The inter-device I/F controller 24’ is basically
the same as the inter-device I/F controller 24 according
to the first embodiment.
[0206] In addition, in a case where the REC is in the
equivalent state, there are cases where the inter-device
I/F controller 24’ receives write data for the transfer des-
tination (volume 5d) of the ODX operating in the back-
ground from the storage apparatus 1A.
[0207] In such cases, the inter-device I/F controller 24’,
similar to the above-described write/read command con-
troller 11a’, before writing the write data, causes the ODX
session management unit 22a’ to start physical transfer
according to the ODX for the write destination (writing
area). Then, the inter-device I/F controller 24’ instructs
the DE 4 to write the write data into the write destination.
In this way, for the write destination, the order between
the transfer data and the write data of the ODX can be
protected, whereby the storage apparatuses 1A and 1B
can be maintained in a correct equivalent state.

[2-3] Example of Operation of Storage System

[0208] Next, an example of the operation of the storage
system 10 as an example of the second embodiment
configured as described above will be described with ref-
erence to FIGS. 16 to 26.

[2-3-1] Example of Operation In Case Where Copy 
Source Storage apparatus Receives ODX Command

[0209] First, an example of the operation of a case
where the copy source storage apparatus 1A illustrated
in FIG. 13 receives an ODX command will be described
with reference to FIGS. 16 to 20.
[0210] FIG. 16 is a flowchart that illustrates an example
of the process in a case where the copy source storage
apparatus 1A illustrated in FIG. 13 receives an ODX com-
mand, and FIG. 17 is a flowchart that illustrates an ex-
ample of a copy destination asynchronous transfer proc-
ess illustrated in FIG. 16. FIG. 18 is a flowchart that illus-
trates an example of a buffer transfer process illustrated
in FIG. 17. FIG. 19 is a diagram that illustrates an asyn-
chronous transfer process in the case of the synchronous
mode, and FIG. 20 is a diagram that illustrates an asyn-
chronous transfer process in the case of the consistency
mode.
[0211] The asynchronous transfer process illustrated
in FIGS. 16 to 18 is the same as or approximately the
same as the process described with reference to FIGS.
9 and 10, and thus, duplicate description will not be pre-
sented in the following description.
[0212] As illustrated in FIG. 16, when an ODX com-
mand is issued to the copy source storage apparatus 1A
of the REC by the host apparatus 2, the ODX command
is received by the ODX command controller 11b’ in Step
S41 (see arrow (1) represented in FIGS. 19 and 20).
[0213] The ODX command controller 11b’ instructs the
session management unit 12 to start transfer process.
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The session management unit 12 determines whether or
not the volume 5b of the transfer destination according
to the ODX is the copy source of the REC in Step S42
and determines whether or not the REC is in the equiv-
alent state in a case where the volume 5b is the copy
source in Step S43.
[0214] In a case where the transfer destination is the
copy source (Yes route of Step S42) and the REC is in
the equivalent state (Yes route of Step S43), the ODX
session management unit 12a’ starts an asynchronous
transfer process in Step S44 (Steps S21 to S23 illustrated
in FIG. 9). In addition, in Step S44, when an ODX session
is started in the background in accordance with the start
of the asynchronous transfer process (see arrow (2-1)
represented in FIGS. 19 and 20), the ODX session man-
agement unit 12a’ performs the next process of Step S45.
[0215] In Step S45, the copy session management unit
12b’ starts an asynchronous transfer process of the copy
destination storage apparatus 1B (Steps S51 to S56 rep-
resented in FIG. 17). When the copy destination synchro-
nous transfer process of Step S45 is completed, a re-
sponse to the ODX command is returned to the host ap-
paratus 2 in Step S47 (see arrow (3) represented in FIGS.
19 and 20), and the process of the case where the copy
source storage apparatus 1A receives the ODX com-
mand is completed.
[0216] On the other hand, in a case where the transfer
destination is not the copy source (No route of Step S42)
or the REC is not in the equivalent state (No route of Step
S43), the ODX session management unit 12a’ starts an
asynchronous transfer process in Step S46. When the
asynchronous transfer process of Step S46 is started,
the process proceeds to Step S47.
[0217] Next, the copy destination asynchronous trans-
fer process performed in Step S45 will be described.
[0218] As illustrated in FIG. 17, in the copy destination
asynchronous transfer process, the session manage-
ment unit 12 determines whether or not the copy mode
is the synchronous mode in Step S51. In addition, before
or after Step S51, the copy session management unit
12b’ issues (generates) ODX control information (copy
destination transfer command) used for giving an instruc-
tion for transferring copy destination transfer data from
the copy destination volume 5c to the copy destination
volume 5d.
[0219] In a case where the copy mode is the synchro-
nous mode (Yes route of Step S51), the issued ODX
control information is transmitted to the storage appara-
tus 1B through the inter-device I/F controller 14 by the
copy session management unit 12b’ in Step S52.
[0220] In the storage apparatus 1B that has received
the ODX control information using the inter-device I/F
controller 24’, an asynchronous transfer process is start-
ed based on the ODX control information by the ODX
session management unit 22a’ in Step S53 (Steps S21
to S23 represented in FIG. 9). In addition, in Step S53,
when an ODX session is started in the background in
accordance with the start of the asynchronous transfer

process (see arrow (2-2) represented in FIG. 19), the
ODX session management unit 22a’ returns a response
of the completion of the start of the ODX to the copy
source storage apparatus 1A in Step S54.
[0221] As above, in the case of the synchronous mode,
the copy destination asynchronous transfer process of a
case where the copy source storage apparatus 1A re-
ceives the ODX command is completed.
[0222] On the other hand, in a case where the copy
mode is not the synchronous mode (No route of Step
S51), in other words, in the case of the consistency mode,
the issued ODX control information is transferred to the
REC buffer management unit 13’ by the copy session
management unit 12b’. In the REC buffer management
unit 13’, the transferred ODX control information is stored
in the REC buffer 13a in Step S55 (see arrow (2-2) rep-
resented in FIG. 20).
[0223] Then, the buffer transfer process is started by
the REC buffer management unit 13’ in Step S56 (Steps
S61 to S69 represented in FIG. 18), and the copy desti-
nation asynchronous transfer process of a case where
the copy source storage apparatus 1A receives the ODX
command in the case of the consistency mode is com-
pleted.
[0224] Next, the buffer transfer process performed in
Step S56 will be described.
[0225] The buffer transfer process illustrated in FIG.
18 is regularly started in the background by the REC buff-
er management unit 13’.
[0226] As illustrated in FIG. 18, the data (ODX control
information) stored in the REC buffer 13a is read by the
REC buffer management unit 13’, and buffer transfer of
the read data to the copy destination is performed in Step
S61 (see arrow (4) represented in FIG. 20). In addition,
in the copy destination storage apparatus 1B, the data
stored in the REC buffer 23a through the buffer transfer
is read by the session management unit 22 through the
REC buffer management unit 23’ in Step S62 (see arrow
(5-1) represented in FIG. 20). Then, the session man-
agement unit 22 determines whether or not the read data
is the ODX control information in Step S63.
[0227] In a case where the read data is the ODX control
information (Yes route of Step S63), the ODX session
management unit 22a’ starts an asynchronous transfer
process at the copy destination based on the ODX control
information in Step S64. In addition, in Step S64, when
the ODX session is started in the background in accord-
ance with the start of the asynchronous transfer process
(see arrow (5-2) represented in FIG. 20), the ODX ses-
sion management unit 22a’ performs the next process of
Step S68.
[0228] On the other hand, in a case where the data
read from the REC buffer 23a is not the ODX control
information (No route of Step S63), in other words, in the
case of update data, the session management unit 22
determines whether or not the volume 5 of the copy des-
tination of the REC is the transfer destination according
to the ODX in Step S65.
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[0229] In a case where the volume 5 (for example, the
volume 5d) is the transfer destination according to the
ODX (Yes route of Step S65), the ODX session manage-
ment unit 22a’ performs physical transfer of the copy des-
tination transfer data from the transfer source (volume
5c) according to the existing ODX to the volume 5d in
Step S66. In a case where the transfer is completed or
a case where the volume 5 is not the transfer destination
according to the ODX (No route of Step S65), the inter-
device I/F controller 24’ reflects the update data read
from the REC buffer 13a on the copy destination of the
REC in Step S67, and the process proceeds to Step S68.
[0230] In Step S68, the REC buffer management unit
23’ determines whether or not reading of the data from
the REC buffer 23a has been completed. In a case where
the reading of the data has not been completed (No route
of Step S68), the process proceeds to Step S62. On the
other hand, in a case where the reading of all the data
stored in the REC buffer 23a has been completed (Yes
route of Step S68), the REC buffer management unit 23’
notifies the copy source of the REC of the completion of
the buffer transfer through the inter-device I/F controller
24’ in Step S69.
[0231] As above, the buffer transfer process performed
by the REC buffer management unit 13’ is completed.

[2-3-2] Example of Operation In Case Where Copy Des-
tination Storage apparatus Receive Read Command

[0232] Next, an example of the operation of a case
where the copy destination storage apparatus 1B illus-
trated in FIG. 14 receives a read command will be de-
scribed with reference to FIGS. 21 to 23.
[0233] FIG. 21 is a flowchart that illustrates an example
of the process in a case where the copy destination stor-
age apparatus 1B illustrated in FIG. 14 receives a read
command. FIG. 22 is a diagram that illustrates a copy
destination reading process in the case of the synchro-
nous mode, and FIG. 23 is a diagram that illustrates a
copy destination reading process in the case of the con-
sistency mode.
[0234] Hereinafter, a case will be considered in which
the copy source is broken down after an ODX session is
started in the storage apparatuses 1 of the copy source
and the copy destination illustrated in FIGS. 13 and 14.
At this time, as illustrated in FIGS. 22 and 23, the host
apparatus 2 issues a suspend command to the copy des-
tination, and the host I/F controller 21’ receives the sus-
pend command (see arrow (1-1) represented in FIGS.
22 and 23). The session management unit 22 suspends
the equivalent state with the copy source (see arrow (1-2)
represented in FIGS. 22 and 23) and returns a response
to the host apparatus 2 (see arrow (1-3) represented in
FIGS. 22 and 23). In addition, in order to restore the copy
source, the host apparatus 2 issues a read command to
the copy destination.
[0235] On the premise described above, as illustrated
in FIG. 21, when the host I/F controller 21’ receives the

read command in Step S71 (see arrow (2) represented
in FIGS. 22 and 23), the session management unit 22
determines whether or not the reading source is the trans-
fer destination of the ODX in Step S72.
[0236] In a case where the reading source is the trans-
fer destination of the ODX (Yes route of Step S72), the
ODX session management unit 22a’ performs physical
transfer of the copy destination transfer data from the
transfer source (volume 5c) according to the existing
ODX to the volume 5d in Step S73 (see arrow (3) repre-
sented in FIGS. 22 and 23). In a case where the transfer
has been completed or a case where the reading source
is not the transfer destination according to the ODX (No
route of Step S72), the host I/F controller 21’ transmits a
response including the copy destination transfer data re-
lating to the read command to the host apparatus 2 in
Step S74. The copy destination transfer data included in
the response is data read from the volume 5c in the trans-
fer process of the ODX or data read from the volume 5d
for which the transfer process has been performed.
[0237] As above, the process in the case where the
copy destination storage apparatus 1B receives the read
command is completed.
[0238] In Step S74, as the read data responding to the
host apparatus 2, the host I/F controller 21’ may use the
data read from the transfer source by the ODX session
management unit 22a’ for writing the data into the transfer
destination in Step S73.

[2-3-3] Example of Operation In Case Where Copy 
Source Storage apparatus Receives Write Command

[0239] Next, an example of the operation of a case
where the copy source storage apparatus 1A illustrated
in FIG. 13 receives a write command will be described
with reference to FIGS. 24 to 26.
[0240] FIG. 24 is a flowchart that illustrates an example
of the process in a case where the copy source storage
apparatus 1A illustrated in FIG. 13 receives a write com-
mand. FIG. 25 is a diagram that illustrates a copy source
writing process in the case of the synchronous mode,
and FIG. 26 is a diagram that illustrates a copy source
writing process in the case of the consistency mode.
[0241] As illustrated in FIG. 24, when the write/read
command controller 11a’ of the copy source receives a
write command from the host apparatus 2 in Step S81
(see arrow (1) represented in FIGS. 25 and 26), the ses-
sion management unit 12 determines whether the writing
area is the transfer destination of the ODX using the ODX
session management unit 12a’ in Step S82.
[0242] In a case where the writing destination (for ex-
ample, the volume 5b) is the transfer destination of the
ODX (Yes route of Step S82), the ODX session manage-
ment unit 12a’ performs physical transfer of the transfer
data from the transfer source (volume 5a) according to
the existing ODX to the volume 5b in Step S83 (see arrow
(2) represented in FIGS. 25 and 26). In a case where the
transmission has been completed or a case where the
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writing destination is not the transfer destination accord-
ing to the ODX (No route of Step S82), the write/read
command controller 11a’ writes the write (update) data
relating to the write command into the volume 5b in Step
S84 (see arrow (3) represented in FIGS. 25 and 26).
[0243] Subsequently, the copy session management
unit 12b’ determines whether or not the copy mode is the
synchronous mode in Step S85. In a case where the copy
mode is the synchronous mode (Yes route of Step S85),
the session management unit 12 transmits the write data
to the storage apparatus 1B through the inter-device I/F
controller 14 for transmitting the write data according to
the REC in Step S86 (see arrow (4) represented in FIG.
25).
[0244] In addition, in the storage apparatus 1B, the
ODX session management unit 22a’ determines whether
or not the volume 5 of the copy destination of the write
data according to the REC is the transfer destination of
the ODX in Step S87.
[0245] In a case where the copy destination (for exam-
ple, the volume 5d) is the transfer destination of the ODX
(Yes route of Step S87), the ODX session management
unit 22a’ performs physical transfer of the copy destina-
tion transfer data from the transfer source (volume 5c)
according to the existing ODX to the volume 5d in Step
S88 (see arrow (5) represented in FIG. 25). In a case
where the transfer has been completed or a case where
the copy destination is not the transfer destination ac-
cording to the ODX (No route of Step S87), the inter-
device I/F controller 24’ writes the write data received in
accordance with the REC into the volume 5d in Step S89
(see arrow (6) represented in FIG. 25).
[0246] In addition, the inter-device I/F controller 24’ re-
turns a response of the completion of the copy of the
write data to the copy source storage apparatus 1A of
the REC in Step S90. When the response of the comple-
tion of the copy is received from the copy destination, the
storage apparatus 1A transmits a response to the write
command to the host apparatus 2 using the write/read
command controller 11a’ in Step S91 (see arrow (7) rep-
resented in FIG. 25).
[0247] As above, the process in the case where the
copy source storage apparatus 1A receives the write
command in the case of the synchronous mode is com-
pleted.
[0248] On the other hand, in a case where the copy
mode is not the synchronous mode (No route of Step
S85), in other words, in the case of the consistency mode,
the write/read command controller 11a’ transmits a re-
sponse to the write command to the host apparatus 2 in
Step S92 (see arrow (4) in FIG. 26).
[0249] In addition, the copy session management unit
12b’ transfers the write data to the REC buffer manage-
ment unit 13’. The REC buffer management unit 13’
stores the transferred write data into the REC buffer 13a
in Step S93 (see arrow (5) represented in FIG. 26).
[0250] Then, the REC buffer management unit 13’
starts the buffer transfer process in Step S94 (Steps S61

to S69 represented in FIG. 18).
[0251] In addition, in the buffer transfer process, as
described above, the REC buffer management unit 13’
reads the data (write data) stored in the REC buffer 13a
at predetermined timing and is buffer-transferred to the
copy destination (see arrow (6) represented in FIG. 26).
Furthermore, the session management unit 22 of the
copy destination reads the write data that has been buff-
er-transferred through the REC buffer management unit
23’ from the REC buffer 23a (see arrow (7) represented
in FIG. 26). In addition, the physical transfer of the copy
destination transfer data from the transfer source (vol-
ume 5c) according to the existing ODX to the transfer
destination (volume 5d) of the ODX that is the copy des-
tination of the write data is performed (see arrow (8) rep-
resented in FIG. 26). Then, the inter-device I/F controller
24’ reflects the write data on the copy destination of the
REC (see arrow (9) represented in FIG. 26).
[0252] As above, the process performed in the case
where the copy source storage apparatus 1A receives
the write command in the case of the consistency mode
is completed.

[3] Others

[0253] As above, while the preferred embodiments of
the present invention have been described in detail, the
present invention is not limited to such specific embodi-
ments but may be variously modified or changed within
a range not departing from the concept of the present
invention.
[0254] For example, the functions of the copy source
CM 3A described above may be integrated or distributed
in accordance with an arbitrary combination. Similarly,
the functions of the copy destination CM 3B may be in-
tegrated or distributed in accordance with an arbitrary
combination.
[0255] In addition, regarding the above-described CMs
3, while the copy source has been described to include
the function of the CM 3A, and the copy source has been
described to include the function of the CM 3B, the CM
3 may include the functions of both the CMs 3A and 3B
such that CM 3 can respond to any one of the copy source
and the copy destination.
[0256] Furthermore, while the above-described stor-
age system 10 has been described to perform a backup
illustrated in FIG. 2, the present invention is not limited
thereto, and, for example, a backup employing the form
illustrated in FIG. 27 or 28 may be performed.
[0257] FIGS. 27 and 28 are diagrams that illustrate ex-
amples of the form of a backup according to the storage
system 10 illustrated in FIG. 1.
[0258] As illustrated in FIG. 27, the storage system 10
may perform intra-casing copy such as an EC. In such a
case, the copy source storage area 5A is one or more
physical or logical volumes realized by the storage ap-
paratus 41, and the copy destination storage area 5B is
another one or more physical or logical volumes realized

35 36 



EP 2 819 016 B1

20

5

10

15

20

25

30

35

40

45

50

55

by the storage apparatus 41. In the storage apparatus
1A, one CM 3A may manage the copy source storage
area 5A and the copy destination storage area 5B. Alter-
natively, two CMs 3A may respectively manage the copy
source storage area 5A and the copy destination storage
area 5B utilizing communication made through a direct
memory access (DMA) port or the like. In a case where
the backup illustrated in FIG. 27 is performed, in the stor-
age apparatus 1A according to the second embodiment,
the ODX session management unit 12a’ may start a copy
destination transfer process based on a copy destination
transfer command issued by the copy session manage-
ment unit 12b’.
[0259] Alternatively, as illustrated in FIG. 28, the stor-
age system 10 may perform the ODX within one volume.
Also in such a case, the first or second embodiment de-
scribed above may be applied to the storage system 10.
[0260] All or some of the various functions of the CM
3 (storage controller) according to the first and second
embodiments and modified examples thereof may be re-
alized by executing a predetermined program (control
program) using a computer (including a CPU, an infor-
mation processing apparatus, and various terminals).
[0261] The program is provided in a form being stored
(recorded) in a (non-transitory) computer-readable stor-
age (recording) medium (for example, the storage medi-
um 39b illustrated in FIG. 3) such as a flexible disk, a
CD, a DVD, or a Blue-ray disc. Examples of the CD in-
clude a CD-ROM, a CD-R, and a CD-RW. In addition,
examples of the DVD include a DVD-ROM, a DVD-RAM,
a DVD-R, a DVD-RW, a DVD+R, and a DVD+RW. In
addition, the program may be configured to be recoded
in a storage apparatus (storage medium) such as a mag-
netic disk, an optical disc, a magneto-optical disk and be
provided for a computer through a communication line
from the storage apparatus.

Claims

1. A storage controller performing a copy process in
which data stored in a copy source storage area (5A)
including one or more storage volumes is copied to
a copy destination storage area (5B) including one
or more storage volumes corresponding to the copy
source storage area (5A), the storage controller
characterized by:

a command controller (11) that receives a trans-
fer command for giving an instruction for trans-
ferring data stored in a first area (5a) of the copy
source storage area (5A) to a second area (5b)
of the copy source storage area (5A) from an
information processing apparatus (2);
a transfer processing unit (12a) that starts a
transfer process in which transfer data from the
first area (5a) is read and is written into the sec-
ond area (5b) in accordance with reception of

the transfer command; and
a copy processing unit (12b) that starts copying
the transfer data into a corresponding area (5d)
of the copy destination storage area (5B) that
corresponds to the second area (5b) in the copy
process together with the starting of the transfer
process.

2. The storage controller according to claim 1,
wherein the transfer processing unit (12a) reads
transferable data that is at least a part of the transfer
data that is transferable within a response time for
the transfer command from the first area (5a) and
writes the transferable data into the second area (5b)
in the started transfer process;
wherein the copy processing unit (12b) starts copy-
ing the transferable data into the corresponding area
(5d) in the starting process of the copying; and
wherein the command controller (11) transmits a re-
sponse including information relating to the transfer-
able data to the information processing apparatus
(2) and receives a new transfer command for giving
an instruction for transferring data stored in an area
for which transferring has not been performed in the
first area (5a) by the transfer processing unit (12a)
to the second area (5b) from the information process-
ing apparatus (2).

3. The storage controller according to claim 2,
wherein the copy processing unit (12b) copies the
transferable data to the corresponding area (5d)
within the response time in the started copying; and
wherein the command controller (11) transmits the
response to the information processing apparatus
(2) after completion of the transfer process of the
transferable data that is performed by the transfer
processing unit (12a) and the copying of the trans-
ferable data that is performed by the copy processing
unit (12b).

4. The storage controller according to claim 2,
wherein the storage controller is included in a stor-
age apparatus (1A) including the copy source stor-
age area (5A),
wherein the copy destination storage area (5B) is
included in another storage apparatus (1B) other
than the storage apparatus (1A),
wherein the storage controller further comprising:

a buffer (13a); and
a buffer management unit (13) that stores the
transferable data in the buffer (13a) within the
response time in accordance with the starting of
the copying that is performed by the copy
processing unit (12b) and transmits the trans-
ferable data stored in the buffer (13a) to the an-
other storage apparatus (1B) at predetermined
timing, and
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wherein the command controller (11) transmits the
response to the information processing apparatus
(2) after completion of the transfer process of the
transferable data that is performed by the transfer
processing unit (12a) and the storing of the transfer-
able data in the buffer (13a) that is performed by the
buffer management unit (13).

5. The storage controller according to claim 1,
wherein the storage controller performs the copy
process in which data stored in the first area (5a) is
copied to a third area (5c) of the copy destination
storage area (5B), and data stored in the second
area (5b) is copied to a fourth area (5d) that is the
corresponding area (5d) of the copy destination stor-
age area (5B),
wherein the copy processing unit (12b’) issues a
copy destination transfer command for giving an in-
struction for transferring copy destination transfer
data corresponding to the transfer data stored in the
third area (5c) to the fourth area (5d) in the starting
process of the copying, and
wherein the command controller (11’) transmits the
response for the transfer command to the informa-
tion processing apparatus (2) after completion of the
starting process of the transfer process that is per-
formed by the transfer processing unit (12a’) and the
issuing of the copy destination transfer command
that is performed by the copy processing unit (12b’).

6. The storage controller according to claim 5,
wherein the storage controller (1A) is included in a
storage apparatus including the copy source storage
area (5A),
wherein the copy destination storage area (5B) is
included in another storage apparatus (1B) other
than the storage apparatus (1A),
wherein the copy processing unit (12b’) transmits
the issued copy destination transfer command to the
another storage apparatus (1B) in the started copy-
ing, and
wherein the command controller (11’) transmits the
response to the information processing apparatus
(2) after the completion of the starting process of the
transfer process that is performed by the transfer
processing unit (12a’) and the transmission of the
copy destination transfer command that is performed
by the copy processing unit (12b’).

7. The storage controller according to claim 5,
wherein the storage controller is included in a stor-
age apparatus (1A) including the copy source stor-
age area (5A) and the copy destination storage area
(5B), and
wherein the transfer processing unit (12a’) starts a
copy destination transfer process in which the copy
destination transfer data is read from the third area
(5c) and is written into the fourth area (5d) based on

the copy destination transfer command issued by
the copy processing unit (12b’).

8. The storage controller according to claim 5,
wherein the storage controller is included in a stor-
age apparatus (1A) including the copy source stor-
age area (5A),
wherein the copy destination storage area (5B) is
included in another storage apparatus (1B) other
than the storage apparatus (1A),
wherein the storage controller further comprising:

a buffer (13a); and
a buffer management unit (13’) that stores the
copy destination transfer command in the buffer
(13a) in accordance with the starting of the cop-
ying that is performed by the copy processing
unit (12b’) and transmits the copy destination
transfer command stored in the buffer (13a) to
the another storage apparatus (1B) at predeter-
mined timing, and

wherein the command controller (11’) transmits the
response to the information processing apparatus
(2) after completion of the starting process of the
transfer process that is performed by the transfer
processing unit (12a’) and the storing of the copy
destination transfer command into the buffer (13a)
that is performed by the buffer management unit
(13’).

9. The storage controller according to any one of claims
5 to 8,
wherein, when a write command for the second area
(5b) in which the writing of the transfer data per-
formed by the transfer processing unit (12a’) is in-
complete is received from the information process-
ing apparatus (2), the command controller (11’)
writes write data relating to the write command into
the second area (5b) after causing the transfer
processing unit (12a’) to write the transfer data into
the second area (5b).

10. A storage system comprising a storage controller
(3A) according to one of claims 1-9.

11. A control program that comprises a plurality of exe-
cutable instructions, which, when executed on a
computer, causes the computer (3A) to perform a
copy process, in which data stored in a copy source
storage area (5A) including one or more storage vol-
umes is copied to a copy destination storage area
(5B) including one or more storage volumes corre-
sponding to the copy source storage area (5A), char-
acterized in that the copy process includes:

receiving a transfer command for giving an in-
struction for transferring data stored in a first ar-
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ea (5a) of the copy source storage area (5A) to
a second area (5b) of the copy source storage
area (5A) from an information processing appa-
ratus (2);
starting a transfer process in which transfer data
from the first area (5a) is read and is written into
the second area (5b) in accordance with recep-
tion of the transfer command; and
starting copying the transfer data into a corre-
sponding area (5d) of the copy destination stor-
age area (5B) that corresponds to the second
area (5b) in the copy process together with the
starting of the transfer process.

Patentansprüche

1. Speichersteuerung, die einen Kopierprozess durch-
führt, in dem Daten, die in einem eine oder mehrere
Speichervolumen enthaltenden Kopierquell-
Speicherbereich (5A) gespeichert sind, in einen Ko-
pierziel-Speicherbereich (5B) kopiert werden, der ei-
ne oder mehrere Speichervolumen entsprechend
dem Kopierquell-Speicherbereich (5A) enthält, wo-
bei die Speichersteuerung gekennzeichnet ist
durch:

eine Befehlssteuerung (11), die einen Übertra-
gungsbefehl empfängt zum Geben einer In-
struktion zum Übertragen von in einem ersten
Bereich (5a) des Kopierquell-Speicherbereichs
(5A) gespeicherten Daten in einen zweiten Be-
reich (5b) des Kopierquell-Speicherbereichs
(5A) von einer Informationsverarbeitungsvor-
richtung (2);
eine Übertragungsverarbeitungseinheit (12a),
die einen Übertragungsprozess startet, in dem
Übertragungsdaten aus dem ersten Bereich
(5a) gelesen werden und in den zweiten Bereich
(5b) geschrieben werden, in Übereinstimmung
mit einem Empfang des Übertragungsbefehls;
und
eine Kopierverarbeitungseinheit (12b), die ein
Kopieren der Übertragungsdaten in einen ent-
sprechenden Bereich (5d) des Kopierziel-
Speicherbereichs (5B), der dem zweiten Be-
reich (5b) in dem Kopierprozess entspricht, zu-
sammen mit dem Starten des Übertragungspro-
zesses startet.

2. Speichersteuerung nach Anspruch 1,
wobei die Übertragungsverarbeitungseinheit (12a)
übertragbare Daten liest, die ein Teil der Übertra-
gungsdaten sind, der innerhalb einer Antwortzeit für
den Übertragungsbefehl von dem ersten Bereich
(5a) übertragbar ist, und die übertragbaren Daten in
den zweiten Bereich (5b) in den gestarteten Über-
tragungsprozess schreibt;

wobei die Kopierverarbeitungseinheit (12b) ein Ko-
pieren der übertragbaren Daten in den entsprechen-
den Bereich (5d) in dem startenden Prozess des Ko-
pierens kopiert; und
wobei die Befehlssteuerung (11) eine Antwort, die
eine Information betreffend die übertragbaren Daten
enthält, an die Informationsverarbeitungsvorrich-
tung (2) sendet und einen neuen Übertragungsbe-
fehl zum Geben einer Instruktion zum Übertragen
von Daten, die in einem Bereich gespeichert sind,
für den ein Übertragen in den ersten Bereich (5a)
durch die Übertragungsverarbeitungseinheit (12a)
zu dem zweiten Bereich (5b) nicht durchgeführt wur-
de, von der Informationsverarbeitungsvorrichtung
(2) empfängt.

3. Speichersteuerung nach Anspruch 2,
wobei die Kopierverarbeitungseinheit (12b) die über-
tragbaren Daten in den entsprechenden Bereich
(5d) innerhalb der Antwortzeit in dem startenden Ko-
pieren kopiert; und
wobei die Befehlssteuerung (11) die Antwort an die
Informationsverarbeitungsvorrichtung (2) sendet
nach Beendigung des Übertragungsprozesses der
übertragbaren Daten, der durch die Übertragungs-
verarbeitungseinheit (12a) durchgeführt wird, und
dem Kopieren der übertragbaren Daten, das von der
Kopierverarbeitungseinheit (12b) durchgeführt wird.

4. Speichersteuerung nach Anspruch 2,
wobei die Speichersteuerung in einer Speichervor-
richtung (1A) enthalten ist, die den Kopierquell-
Speicherbereich (5A) enthält,
wobei der Kopierziel-Speicherbereich (5B) in einer
anderen Speichervorrichtung (1B) verschieden von
der Speichervorrichtung (1A) enthalten ist,
wobei die Speichersteuerung weiterhin umfasst:

einen Puffer (13a); und
eine Pufferverwaltungseinheit (13), die die über-
tragbaren Daten in dem Puffer (13a) innerhalb
der Antwortzeit in Übereinstimmung mit dem
Starten des Kopierens speichert, das durch die
Kopierverarbeitungseinheit (12b) durchgeführt
wird, und die in dem Puffer (13a) gespeicherten,
übertragbaren Daten an die andere Speicher-
vorrichtung (1B) in einer vorbestimmten Zeit-
steuerung sendet, und

wobei die Befehlssteuerung (11) die Antwort an die
Informationsverarbeitungsvorrichtung (2) sendet
nach Beendigung des Übertragungsprozesses der
übertragbaren Daten, der von der Übertragungsver-
arbeitungseinheit (12a) durchgeführt wird, und dem
Speichern der übertragbaren Daten in dem Puffer
(13a), das von der Pufferverwaltungseinheit (13)
durchgeführt wird.
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5. Speichersteuerung nach Anspruch 1,
wobei die Speichersteuerung den Kopierprozess
durchführt, in dem in den ersten Bereich (5a) gespei-
cherte Daten in einen dritten Bereich (5c) des Ko-
pierziel-Speicherbereichs (5B) gespeichert werden,
und in dem zweiten Bereich (5b) gespeicherte Daten
in einen vierten Bereich (5d) kopiert werden, der der
entsprechende Bereich (5b) des Kopierziel-
Speicherbereichs (5B) ist,
wobei die Kopierverarbeitungseinheit (12b’) einen
Kopierziel-Übertragungsbefehl ausgibt zum Geben
einer Instruktion zum Übertragen von Kopierziel-
Übertragungsdaten entsprechend den in den dritten
Bereich (5c) gespeicherten Übertragungsdaten zu
dem vierten Bereich (5d) in dem startenden Prozess
des Kopierens, und
wobei die Speichersteuerung (11’) die Antwort für
den Übertragungsbefehl an die Informationsverar-
beitungsvorrichtung (2) sendet nach Beendigung
des startenden Prozesses des Übertragungspro-
zesses, der von der Übertragungsverarbeitungsein-
heit (12a’) durchgeführt wird, und dem Ausgeben
des Kopierziel-Übertragungsbefehls, das von der
Kopierverarbeitungseinheit (12b’) durchgeführt
wird.

6. Speichersteuerung nach Anspruch 5,
wobei die Speichersteuerung (1A) in einer Speicher-
vorrichtung enthalten ist, die den Kopierquell-
Speicherbereich (5A) enthält,
wobei der Kopierziel-Speicherbereich (5B) in einer
anderen Speichervorrichtung (1B) verschieden von
der Speichervorrichtung (1A) enthalten ist,
wobei die Kopierverarbeitungseinheit (12b’) den
ausgegebenen Kopierziel-Übertragungsbefehl an
die andere Speichervorrichtung (1B) in dem starten-
den Kopieren sendet, und
wobei die Befehlssteuerung (11’) die Antwort an die
Informationsverarbeitungsvorrichtung (2) sendet
nach Beendigung des startenden Prozesses des
Übertragungsprozesses, der von der Übertragungs-
verarbeitungseinheit (12a’) durchgeführt wird, und
dem Senden des Kopierziel-Übertragungsbefehls,
das von der Kopierverarbeitungseinheit (12b’)
durchgeführt wird.

7. Speichersteuerung nach Anspruch 5,
wobei die Speichersteuerung in einer Speichervor-
richtung (1A) enthalten ist, die den Kopierquell-
Speicherbereich (5A) und den Kopierziel-Speicher-
bereich (5B) enthält,
und
wobei die Übertragungsverarbeitungseinheit (12a’)
einen Kopierziel-Übertragungsprozess startet, in
dem die Kopierziel-Übertragungsdaten aus dem drit-
ten Bereich (5c) gelesen werden und in den vierten
Bereich (5b) geschrieben werden, basierend auf
dem von der Kopierverarbeitungseinheit (12b’) aus-

gegebenen Kopierziel-Übertragungsbefehl.

8. Speichersteuerung nach Anspruch 5,
wobei die Speichersteuerung in einer Speichervor-
richtung (1A) enthalten ist, die den Kopierquell-
Speicherbereich (5A) enthält,
wobei der Kopierziel-Speicherbereich (5B) in einer
anderen Speichervorrichtung (1B) verschieden von
der Speichervorrichtung (1A) enthalten ist,
wobei die Speichersteuerung weiterhin umfasst:

einen Puffer (13a); und
eine Pufferverwaltungseinheit (13’), die den Ko-
pierziel-Übertragungsbefehl in dem Puffer (13a)
speichert in Übereinstimmung mit dem Starten
des Kopierens, das von der Kopierverarbei-
tungseinheit (12b’) durchgeführt wird, und den
in dem Puffer (13a) gespeicherten Kopierziel-
Übertragungsbefehl an die andere Speichervor-
richtung (1B) in einer vorbestimmten Zeitsteue-
rung sendet, und

wobei die Befehlssteuerung (11’) die Antwort an die
Informationsverarbeitungsvorrichtung (2) sendet
nach Beendigung des startenden Prozesses des
Übertragungsprozesses, der von der Übertragungs-
verarbeitungseinheit (12a’) durchgeführt wird, und
dem Speichern des Kopierziel-Übertragungsbefehls
in dem Puffer (13a), das von der Pufferverwaltungs-
einheit (13’) durchgeführt wird.

9. Speichersteuerung nach einem der Ansprüche 5-8,
wobei, wenn ein Schreibbefehl für den zweiten Be-
reich (5b), in dem das Schreiben der Übertragungs-
daten, das von der Übertragungsverarbeitungsein-
heit (12a’) durchgeführt wird, unvollständig ist, von
der Informationsbearbeitungsvorrichtung (2) emp-
fangen wird, die Befehlssteuerung (11’) Schreibda-
ten betreffend den Schreibbefehl in den zweiten Be-
reich (5b) schreibt,
nachdem die Übertragungsverarbeitungseinheit
(12a’) veranlasst wird, die Übertragungsdaten in den
zweiten Bereich (5b) zu schreiben.

10. Speichersystem, das eine Speichersteuerung (3A)
nach einem der Ansprüche 1-9 umfasst.

11. Steuerprogramm, das eine Vielzahl von ausführba-
ren Befehlen umfasst, die, wenn auf einem Compu-
ter ausgeführt, den Computer (3A) veranlassen, ei-
nen Kopierprozess durchzuführen, in dem Daten,
die in einem eine oder mehrere Speichervolumen
enthaltenden Kopierquell-Speicherbereich (5A) ge-
speichert sind, in einen Kopierziel-Speicherbereich
(5B) kopiert werden, der eine oder mehrere Spei-
chervolumen entsprechend dem Kopierquell-
Speicherbereich (5A) enthält, dadurch gekenn-
zeichnet, dass der Kopierprozess enthält:
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Empfangen eines Übertragungsbefehls zum
Geben einer Instruktion zum Übertragen von in
einem ersten Bereich (5a) des Kopierquell-
Speicherbereichs (5A) gespeicherten Daten in
einen zweiten Bereich (5b) des Kopierquell-
Speicherbereichs (5A) von einer Informations-
verarbeitungsvorrichtung (2);
Starten eines Übertragungsprozesses, in dem
Übertragungsdaten aus dem ersten Bereich
(5a) gelesen werden und in den zweiten Bereich
(5b) geschrieben werden, in Übereinstimmung
mit einem Empfang des Übertragungsbefehls;
und
Kopieren der Übertragungsdaten in einen ent-
sprechenden Bereich (5d) des Kopierziel-
Speicherbereichs (5B), der dem zweiten Be-
reich (5b) in dem Kopierprozess entspricht, zu-
sammen mit dem Starten des Übertragungspro-
zesses startet.

Revendications

1. Contrôleur de stockage effectuant un processus de
copie dans lequel des données stockées dans une
zone de stockage de source de copie (5A) compre-
nant un ou plusieurs volumes de stockage sont co-
piées vers une zone de stockage de destination de
copie (5B) comprenant un ou plusieurs volumes de
stockage correspondant à la zone de stockage de
source de copie (5A), le contrôleur de stockage étant
caractérisé par :

un contrôleur de commande (11) qui reçoit une
commande de transfert pour donner une instruc-
tion afin de transférer les données stockées
dans une première zone (5a) de la zone de stoc-
kage de source de copie (5A) vers une seconde
zone (5b) de la zone de stockage de source de
copie (5A) à partir d’un appareil de traitement
d’information (2);
une unité de traitement de transfert (12a) qui
démarre un processus de transfert dans lequel
des données de transfert à partir de la première
zone (5a) sont lues et sont écrites dans la se-
conde zone (5b) conformément à la réception
de la commande de transfert ; et
une unité de traitement de copie (12b) qui dé-
marre la copie des données de transfert dans
une zone correspondante (5d) de la zone de
stockage de destination de copie (5B) qui cor-
respond à la seconde zone (5b) lors du proces-
sus de copie conjointement avec le démarrage
du processus de transfert.

2. Contrôleur de stockage selon la revendication 1,
dans lequel l’unité de traitement de transfert (12a)
lit les données pouvant être transférées qui sont au

moins une partie des données de transfert qui peu-
vent être transférées pendant un temps de réponse
pour la commande de transfert depuis la première
zone (5a) et écrit les données pouvant être transfé-
rées dans la seconde zone (5b) lors du processus
de transfert démarré ;
dans lequel l’unité de traitement de copie (12b) dé-
marre la copie des données pouvant être transférées
dans la zone correspondante (5d) pendant le pro-
cessus de démarrage de la copie ; et
dans lequel le contrôleur de commande (11) trans-
met une réponse comprenant une information ayant
trait aux données pouvant être transférées à l’appa-
reil de traitement d’information (2) et reçoit une nou-
velle commande de transfert pour donner une ins-
truction afin de transférer les données stockées dans
une zone pour laquelle le transfert n’a pas été effec-
tué dans la première zone (5a) par l’unité de traite-
ment de transfert (12a) vers la seconde zone (5b) à
partir de l’appareil de traitement d’information (2).

3. Contrôleur de stockage selon la revendication 2,
dans lequel l’unité de traitement de copie (12b) copie
les données pouvant être transférées dans la zone
correspondante (5d) pendant le temps de réponse
lors de la copie démarrée ; et
dans lequel le contrôleur de commande (11) trans-
met la réponse à l’appareil de traitement d’informa-
tion (2) après achèvement du processus de transfert
de données pouvant être transférées qui est effectué
par l’unité de traitement de transfert (12a) et la copie
des données pouvant être transférées qui est effec-
tuée par l’unité de traitement de copie (12b).

4. Contrôleur de stockage selon la revendication 2,
dans lequel le contrôleur de stockage est compris
dans un appareil de stockage (1A) comprenant la
zone de stockage de source de copie (5A),
dans lequel la zone de stockage de destination de
copie (5B) est comprise dans un autre appareil de
stockage (1B) autre que l’appareil de stockage (1A),
dans lequel le contrôleur de stockage comporte en
outre :

un tampon (13a) ; et
une unité de gestion de tampon (13) qui stocke
les données pouvant être transférées dans le
tampon (13a) pendant le temps de réponse con-
formément au démarrage de la copie qui est ef-
fectuée par l’unité de traitement de copie (12b)
et transmet les données pouvant être transfé-
rées stockées dans le tampon (13a) à l’autre
appareil de stockage (1B) à un temps prédéter-
miné, et
dans lequel le contrôleur de commande (11)
transmet la réponse à l’appareil de traitement
d’information (2) après achèvement du proces-
sus de transfert des données pouvant être trans-
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férées qui est effectué par l’unité de traitement
de transfert (12a) et le stockage des données
pouvant être transférées dans le tampon (13a)
qui est effectué par l’unité de gestion de tampon
(13).

5. Contrôleur de stockage selon la revendication 1,
dans lequel le contrôleur de stockage effectue le pro-
cessus de copie dans lequel les données stockées
dans la première zone (5a) sont copiées dans une
troisième zone (5c) de la zone de stockage de des-
tination de copie (5B), et les données stockées dans
la seconde zone (5b) sont copiées dans une qua-
trième zone (5d) qui est la zone correspondante (5d)
de la zone de stockage de destination de copie (5B),
dans lequel l’unité de traitement de copie (12b’) émet
une commande de transfert de destination de copie
pour donner une instruction afin de transférer les
données de transfert de destination de copie corres-
pondant aux données de transfert stockées dans la
troisième zone (5c) vers la quatrième zone (5d) lors
du processus de démarrage de la copie, et
dans lequel le contrôleur de commande (11’) trans-
met la réponse pour la commande de transfert à l’ap-
pareil de traitement d’information (2) après achève-
ment du processus de démarrage du processus de
transfert qui est effectué par l’unité de traitement de
transfert (12a’) et l’émission de la commande de
transfert de destination de copie qui est effectuée
par l’unité de traitement de copie (12b’).

6. Contrôleur de stockage selon la revendication 5,
dans lequel le contrôleur de stockage (1A) est com-
pris dans un appareil de stockage comprenant la zo-
ne de stockage de source de copie (5A),
dans lequel la zone de stockage de destination de
copie (5B) est comprise dans un autre appareil de
stockage (1B) autre que l’appareil de stockage (1A),
dans lequel l’unité de traitement de copie (12b’)
transmet la commande de transfert de destination
de copie émise à l’autre appareil de stockage (1B)
lors de la copie démarrée, et
dans lequel le contrôleur de commande (11’) trans-
met la réponse à l’appareil de traitement d’informa-
tion (2) après achèvement du processus de démar-
rage du processus de transfert qui est effectué par
l’unité de traitement de transfert (12a’) et la trans-
mission de la commande de transfert de destination
de copie qui est effectuée par l’unité de traitement
de copie (12b’).

7. Contrôle de stockage selon la revendication 5,
dans lequel le contrôleur de stockage est compris
dans un appareil de stockage (1A) comprenant la
zone de stockage de source de copie (5A) et la zone
de stockage de destination de copie (5B), et
dans lequel l’unité de traitement de transfert (12a’)
démarre un processus de transfert de destination de

copie dans lequel les données de transfert de des-
tination de copie sont lues à partir de la troisième
zone (5c) et sont écrites dans la quatrième zone (5d)
en fonction de la commande de transfert de desti-
nation de copie émise par l’unité de traitement de
copie (12b’).

8. Contrôleur de stockage selon la revendication 5,
dans lequel le contrôleur de stockage est compris
dans un appareil de stockage (1A) comprenant la
zone de stockage de source de copie (5A),
dans lequel la zone de stockage de destination de
copie (5B) est comprise dans un autre appareil de
stockage (1B) autre que l’appareil de stockage (1A),
dans lequel le contrôleur de stockage comporte en
outre :

un tampon (13a) ; et
une unité de gestion de tampon (13’) qui stocke
la commande de transfert de destination de co-
pie dans le tampon (13a) conformément au dé-
marrage de la copie qui est effectué par l’unité
de traitement de copie (12b’) et transmet la com-
mande de transfert de destination de copie stoc-
kée dans le tampon (13a) vers l’autre appareil
de stockage (1B) à un temps prédéterminé, et
dans lequel le contrôleur de commande (11’)
transmet la réponse à l’appareil de traitement
d’information (2) après achèvement du proces-
sus de démarrage du processus de transfert qui
est effectué par l’unité de traitement de transfert
(12a’) et le stockage de la commande de trans-
fert de destination de copie dans le tampon (13a)
qui est effectué par l’unité de gestion de tampon
(13’).

9. Contrôleur de stockage selon l’une quelconque des
revendications 5 à 8,
dans lequel, lorsqu’une commande d’écriture pour
la seconde zone (5b) dans laquelle l’écriture des
données de transfert effectuée par l’unité de traite-
ment de transfert (12a’) est incomplète est reçue de-
puis l’appareil de traitement d’information (2), le con-
trôleur de commande (11’) écrit les données d’écri-
ture ayant trait à la commande d’écriture dans la se-
conde zone (5b) après avoir amené l’unité de traite-
ment de transfert (12a’) à écrire les données de
transfert dans la seconde zone (5b).

10. Système de stockage comportant un contrôleur de
stockage (3A) selon l’une quelconque des revendi-
cations 1-9.

11. Programme de contrôle qui comporte une pluralité
d’instructions exécutables, qui, lorsqu’elles sont
exécutées sur un ordinateur, amène l’ordinateur
(3A) à effectuer un processus de copie, dans lequel
les données stockées dans une zone de stockage
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de source de copie (5A) comprenant un ou plusieurs
volumes de stockage sont copiées vers une zone de
stockage de destination de copie (5B) comprenant
un ou plusieurs volumes de stockage correspondant
à la zone de stockage de source de copie (5A), ca-
ractérisé en ce que le processus de copie
comprend :

la réception d’une commande de transfert pour
donner une instruction pour le transfert des don-
nées stockées dans une première zone (5a) de
la zone de stockage de source de copie (5A)
vers une seconde zone (5b) de la zone de stoc-
kage de source de copie (5A) à partir d’un ap-
pareil de traitement d’information (2) ;
le démarrage d’un processus de transfert dans
lequel les données de transfert provenant de la
première zone (5a) sont lues et sont écrites dans
la seconde zone (5b) conformément à la récep-
tion de la commande de transfert; et
le démarrage de la copie des données de trans-
fert dans une zone correspondante (5d) de la
zone de stockage de destination de copie (5B)
qui correspond à la seconde zone (5b) lors du
processus de copie conjointement avec le dé-
marrage du processus de transfert.
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