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1

DATA REPLICATION AMONG STORAGE
SYSTEMS

CROSS-REFERENCES TO RELATED
APPLICATIONS

The present application claims priority to Japanese Patent
Application No. 2003 183734, filed on Jun. 27, 2003.

BACKGROUND OF THE INVENTION

The present invention relates to a storage system, and
more particularly to data replication among a plurality of
storage systems.

A technology relating to data replication among storage
systems becomes important for providing uninterrupted ser-
vice to customers even when failure occurs in a first storage
system. The following patent specifications have disclosed a
technology for replicating the information stored in a first
storage system to a second and third storage system.

U.S. Pat. No. 5,170,480 discloses a technology by which
a first computer connected to a first storage system transfers
data stored in a first storage system to a second computer via
a communication link between a first computer and the
second computer, and the second computer transfers the data
to a second storage system connected to the second com-
puter.

U.S. Pat. No. 6,209,002 discloses a technology by which
a first storage system transfers data stored in a first storage
system to a second storage system and the second storage
system transfers the data to a third storage system. A
computer is connected to the first storage system by a
communication link, the first storage system is connected to
the second storage system by a communication link, and the
second storage system is connected to the third storage
system by a communication link. The first storage system
holds a first logical volume which is the replication object.
The second storage system holds a second logical volume
which is a duplicate of the first logical volume and a third
logical volume which is a duplicate of the second logical
volume. The third storage system holds a fourth logical
volume which is a duplicate of the third logical volume. As
described in the patent specification, the second storage
system executes the process for data replication exclusively
from the second logical volume to the third logical volume
and the process for data replication from the third logical
volume to the fourth logical volume.

With the technology disclosed in U.S. Pat. No. 5,170,480,
the first and second computers are used all the time. The first
computer conducts the usual operations and the load of the
data replication process on the first computer cannot be
ignored. Another problem is extending the time for data
reference and data update necessary for normal operation.
Because the data for replication use a communication link
between the first computer and the first storage system, this
data transfer collides with the data transfer necessary for
normal operation.

With the technology disclosed in U.S. Pat. No. 6,209,002,
a storage capacity twice as large as the quantity of the
replicated data is required for the second and third storage
systems. Furthermore, because a large quantity of the data is
the object of replication, a long time is spent on the data
replication process and the data of the third storage system
becomes obsolete. As a result, a problem arises when the
operation is restarted using the data of the third storage
system: a long time is required to update the data of the third
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storage system and the time to restart the operation is
extended. Furthermore, as described in this specification,
after the first storage system has performed process of data
updating in the first storage system and process of data
advancement between the first storage system and the sec-
ond storage system, the first storage system sends a data
update completion report to the host computer. Therefore, a
long time is spent on updating data from the computer, and
the time spent on updating data increases with the distance
between the first storage system and the second storage
system. As a result, another problem associated with the
technology disclosed in the *002 patent is that the distance
between the storage systems cannot be increased signifi-
cantly.

BRIEF SUMMARY OF THE INVENTION

It is an object of the present invention to transfer or
replicate data between a plurality of storage systems, with-
out affecting the host computer of the storage systems and
also without affecting communication between the storage
systems and the host computer.

Another object of the present invention is to enable the
reduction of data storage areas provided in a plurality of
storage systems. Yet another object is to transfer or replicate
data among a plurality of storage systems effectively, at high
speed and in a seamless manner, so that the operation of the
host computer of the plurality of storage systems is not
affected.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a logical configu-
ration of the first embodiment of the present invention;

FIG. 2 is a block diagram of the storage system of the first
embodiment of the present invention;

FIG. 3 illustrates the relationship between the update
information and the write data of the first embodiment of the
present invention,

FIG. 4 illustrates an example of volume information of the
first embodiment of the present invention;

FIG. 5 illustrates an example of pair information of the
first embodiment of the present invention;

FIG. 6 illustrates an example of group information of the
first embodiment of the present invention;

FIG. 7 illustrates an example of pointer information of the
first embodiment of the present invention;

FIG. 8 illustrates a structure of the journal logical volume
of the first embodiment of the present invention;

FIG. 9 is a flow chart illustrating a procedure for initiating
data replication of the first embodiment of the present
invention;

FIG. 10 is a flow chart illustrating an initial copying
process of the first embodiment of the present invention;

FIG. 11 illustrates a command reception process of the
first embodiment of the present invention;

FIG. 12 is a flow chart of the command reception process
of the first embodiment of the present invention;

FIG. 13 is a flow chart of a journal creation process of the
first embodiment of the present invention;

FIG. 14 illustrates a journal read reception process of the
first embodiment of the present invention;

FIG. 15 is a flow chart of the journal read reception
process of the first embodiment of the present invention;

FIG. 16 illustrates a journal read command process of the
first embodiment of the present invention;
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FIG. 17 is a flow chart of the journal read command
process of the first embodiment of the present invention;

FIG. 18 is a flow chart of a journal store process of the first
embodiment of the present invention;

FIG. 19 illustrates a restore process of the first embodi-
ment of the present invention;

FIG. 20 is a flow chart of the restore process of the first
embodiment of the present invention,

FIG. 21 illustrates an example of update information of
the first embodiment of the present invention;

FIG. 22 illustrates an example of update information
during the journal creation process of the second embodi-
ment of the present invention; and

FIG. 24 illustrates the third embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

The embodiments of the data processing system in accor-
dance with the present invention are described below in
greater detail with reference to the appended drawings.

FIG. 1 is a block diagram illustrating a logical configu-
ration of the first embodiment of the present invention.

In the configuration of the first embodiment of the present
invention, a host computer 180 and a first storage system
100A are connected by a connection path 190, and the
storage system 100A is connected to a second storage
system 100B holding a duplicate of the data retained in the
storage system 100A with a connection path 200. In the
explanation below, in order to distinguish between the first
storage system 100 holding the data which is the object of
replication and the second storage system 100 holding the
replicated data, we call the storage system 100 holding the
data, which is the object of replication, the original storage
system 100A, and the storage system 100 holding the
replicated data the secondary storage system 1001B. The
storage area of the storage system is managed by partition-
ing and we call the partitioned storage areas logical volumes
230. As shown in FIG. 1, the logical volumes include
DATA1 230-1, DATA2 230-2, JNL1 230-3, and DATA3
203-4 in the original storage system A 100A; and COPY1
230-5, COPY2 230-6, INL2 230-7, and DATA1 230-8 in the
secondary storage system B 100B.

The capacity of each logical volume 230 and the physical
storage location (physical address) in storage system 100
can be specified using host computer 180 or a maintenance
terminal of a computer connected to storage system 100. The
physical address of each logical volume 230 is retained in
the volume information 400 described below with reference
to FIG. 4. The physical address is, for example, a number
(storage device number) identifying a storage device 150
(see, FIG. 2) in storage system 100 and a numeric value
uniquely indicating a storage area in the storage device, for
example, a position from the head of a storage area of the
storage device. In the explanation below, the physical
address is storage device number and a position from the
head of a storage area of the storage device. The logical
volume in the explanation below is a storage area of a single
storage device, but a single logical volume can be also be
associated with storage areas of a plurality of storage
devices by converting the logical addresses and physical
addresses.

Reference and updating of the data retained by storage
system 100 can be uniquely specified by a number identi-
fying the logical volume and a numeric value uniquely
indicating the storage area, for example, a position from the
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head of the storage area of the logical volume. A set of
numbers comprising a logical volume number and a position
from the head of the storage area of the logical volume
(position in a logical address) are called a logical address.

In the explanation below, in order to distinguish between
the data which is the object of replication and the replicated
data, a logical volume 230, which is the object of replication,
is called an original logical volume, and a logical volume
230, which is the replicated data, is called a secondary
logical volume. The set of logical volumes comprising an
original volume and a secondary volume is called a pair. The
relationship and status of an original logical volume and a
secondary logical volume is retained in the pair information
500 described below with reference to FIG. 5.

A management unit referred to as a group is defined. The
management unit is configured to protect the update
sequence of data between the logical volumes. For example,
assume that host computer 180 will update data 1 of original
logical volume 1 230-1, then read the data 1 and update data
2 of original logical volume 2 230-2 using a numeric value
of data 1. When replicating data from original logical
volume 1 230-1 to secondary logical volume 1 230-5
(COPY1) and replicating data from original logical volume
2 230-2 to secondary logical volume 2 230-6 (COPY2) are
carried out independently, the process of replicating data 2
to secondary logical volume 2 230-6 (COPY?2) is sometimes
conducted prior to the process of replicating data 1 to
secondary logical volume 1 230-5 (COPY1). When a pro-
cess of replicating data 1 of volume 230-1 to secondary
logical volume 1 230-5 (COPY1) is stopped, e.g., due to an
accident, in the process of replicating data 2 of volume
230-2 to secondary logical volume 2 230-6 (COPY2) and
replicating data 1 to secondary logical volume 1 230-5
(COPY1), the consistency of the data of secondary logical
volume 1 230-5 (COPY1) and secondary logical volume 2
230-6 (COPY?2) 1s lost. In this case, too, in order to maintain
the consistency of data of secondary logical volume 1 230-5
(COPY1) and secondary logical volume 2 230-6 (COPY2),
a logical volume 230-4 (JNL1), which is required to protect
the update sequence of data, is recorded in the same group
and replicated in the secondary logical volume in the order
of update numbers by allocating the update numbers of
group information 600 (described below with reference to
FIG. 6) for each data update. For example, as shown in FIG.
1, original logical volume 1 230-1 (DATA1) and original
logical volume 2 230-2 (DATA?2) of original storage system
100A constitute group 1. Secondary logical volume 1 230-5
(COPY1), which is the duplicate of original logical volume
1 230-1(DATAL1), and secondary logical volume 2 230-6
(COPY2), which is the duplicate of original logical volume
2 230-2 (DATA2), constitute group 1 in the secondary
storage system 100B.

When the data of the original logical volume, which is the
object of data replication, is updated, the journal described
below is created and retained in the logical volume 4 230-4
(JNL1) in original storage system 100A for updating the data
of the secondary logical volume. In the explanation of the
present embodiment, a logical volume (referred to here as a
journal logical volume 230-4), retaining only a journal
(JNL), is allocated to each group. In the configuration shown
in FIG. 1, a logical volume 4 230-4 (JNL1) is allocated to
group 1 of storage system 100A.

A journal logical volume 230-8 (JNL2) is also allocated to
group 1 of secondary storage system 100B. The journal
logical volume 230-8 is used to retain a journal (JNL2)
transferred from original storage system 100A to secondary
storage system 100B. Retaining a journal in a journal logical
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volume makes it possible not to update data of the secondary
logical volume during journal reception, for example, when
the load on the secondary storage system 100B is high, and
1o wait to update the data of the secondary logical volume
until the load on the secondary storage system 100B is low.
Furthermore, in the case of a plurality of connection lines
200, multiple transfers of the journal from original storage
system 100A to secondary storage system 100B can be made
and the transfer capacity of the connection lines 200 can be
used effectively. It is possible that many journals will remain
in secondary storage system 100B due to the update
sequence, but writing the journals that cannot be used
directly for data update of the secondary logical volume in
the journal logical volume makes it possible to free the cache
memory. In the configuration shown in FIG. 1, a logical
volume 230-8 (JNL2) is allocated to group 1 in the second-
ary storage system 100B.

A journal is composed of write data and update informa-
tion. The update information is used to manage the write
data and is composed of the time at which a write command
was received, a group number, an update number of the
group information 600 described below, the logical address
of the write command, the data size of the write data, the
logical address of the journal logical volume storing the
write data, and the like. The update information may hold
only one of either the time at which a write command was
received or the update number. When the creation time of the
write data is present in the write command from host
computer 180, the creation time may be used instead of the
time at which a write command was received. An example
of the journal update information is described below with
reference to FIG. 3 and FIG. 21. A write command received
at 22 hours, 20 minutes and 10 seconds on Mar. 17, 1999, is
stored as update information 310. This write command
stores the write data 320 in position 701 from the head of the
storage area of logical volume number 1 230-1, the data size
being 300. The write data 330 of the journal is stored at
position 1500 from the head of the storage area of logical
volume number 4 230-4 (journal logical volume JNL1). The
logical volume of logical volume number 1 230-1 belongs to
group 1. As illustrated in FIG. 21, this journal indicates that
is associated with the fourth data update since the data
replication initiation of group 1.

The journal logical volume 4 230-4, for example, as
shown in FIG. 3, is used by dividing the volume into a
storage area containing update information and a storage
area containing write data. In the update information area,
the information is stored from the head of the update
information area in the order of update numbers, and if the
end of the update information area is reached, the informa-
tion is stored from the head of the update information area.
In the write data area, the write data is stored from the head
of the write data area, and if the end of the write data area
is reached, the data is stored from the head of the write data
area. The ratio of the update information area and the write
data area may be a fixed value or may be set from the
maintenance terminal or host computer 180. The aforesaid
information is held in the pointer information 701 described
below with reference to FIG. 7. The journal logical volume,
according to the explanation below, is used by dividing the
volume into update information and write data areas, but a
system for continuously storing the journal, that is, the
update information and write data, from the head of the
logical volume may be also used.

The operation for copying the data update of the primary
or original logical volume stored in storage system 100A to
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the secondary logical volume of storage system 100B is
outlined below with reference to FIG. 1.

(1) If the original storage system 100A receives a write
command from the host computer 180 relating to data in the
original logical volume, the data update in the original
logical volume 230-1 (DATA1) and journal retention in the
journal logical volume 230-4 (JNL1) are controlled by the
command reception process 210 and read-write process 220,
as illustrated by the arrow 270 in FIG. 1.

(2) The secondary storage system 100B reads the journal
from the original or primary storage system 100A by the
journal read process 240 and retains the journal in the
journal logical volume (JNL2 230-7) by the read-write
process 220 in FIG. 1.

(3) If original storage system 100A receives a command
for reading the journal from secondary storage system 10083,
the journal is read from journal logical volume 230-4 (JNL1)
and transmitted to secondary storage system 100B by the
command reception process 210 and read-write process 220,
as illustrated by the arrow 280 in FIG. 1.

(4) Secondary storage system 100B reads the journal from
journal logical volume (JNL2) in ascending order of update
numbers using pointer information 700 and updates the date
of secondary logical volume (COPY1) by the restore process
250 read-write process 290 in FIG. 1.

The internal structure of storage system 100 is shown in
FIG. 2. Storage system 100 comprises one or more host
adapters 110, one or more disk adapters 120, one or more
cache memory units 130, one or more shared memory units
140, one or more storage devices 150, one or more common
paths 160, and one or more connection lines 170. Host
adapters 110, disk adapters 120, cache memory units 130,
and shared memory units 140 are connected with each other
by common paths 160. Common paths 160 may be duplexed
to prevent a failure of a common path 160. Disk adapters 120
and storage devices 150 are connected by connection lines
170. Maintenance terminals configured to perform the set-
ting, monitoring, and maintenance of storage system 100 are
connected by special lines to all the host adapters 110 and
disk adapters 120 (this connection is not shown in the
figure).

Host adapters 110 control data transfer between host
computer 180 and cache memory 130. Host adapters 110 are
connected to the host computer 180 or to the other storage
systems 100 by the respective connection lines 190 and 200.
Disk adapters 120 control data transfers between cache
memory 130 and storage devices 150. Cache memory 130 is
a memory for temporarily storing data received from host
computer 180 or data read from storage device 150. Shared
memory 140 is a memory shared by all the host adapters 110
and disk adapters 120 in storage system 100.

The volume information 400 manages the logical volume
and holds a volume state, a format, a capacity, a pair number,
and a physical address. FIG. 4 shows an example of volume
information 400. Volume information 400 is retained in a
memory referable from host adapter 110 and disk adapter
120, for example, in shared memory 140, for management
purposes. Any of “normal”, “original”, “secondary”, “abnor-
mal”, and “blank” is held as a volume state. The logical
volume 230 with a “normal” or an “original” volume state
represents the logical volume which is normally accessible
from host computer 180. Access from host computer 180
may also be permitted to the logical volume with a “sec-
ondary” volume state. Logical volume 230 with an “origi-
nal” volume state represents the logical volume for which
replication of data is conducted. Logical volume 230 with a
“secondary” volume state represents the logical volume that
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1s used for replication. Logical volume 230 with an “abnor-
mal” volume state represents the logical volume which is
normally inaccessible due to failure. The failure is, for
example, a breakdown of storage device 150 holding logical
volume 230. Logical volume 230 with a “blank” volume
state represents the logical volume that has not been used.
The pair number is effective when the volume state is
“original” or “secondary” and holds a pair number for
specifying pair information 500. In the example shown in
FIG. 4, logical volume 1 shows that the format is OPEN3,
the capacity is 3 GB, and the data has been stored from the
head of the storage area of storage device 150 of the storage
device number 1, can be accessed and is the data replication
object.

Pair information 500 is the information for managing the
pair and contains a pair state, an original storage system
number, an original logical volume number, a secondary
storage system number, a secondary logical volume number,
a group number, and a copy complete address. FIG. 5 shows
an example of pair information 500. Pair information 500 is
retained in a memory referable from host adapter 110 and
disk adapter 120, for example, a shared memory 140. Any of
“normal”, “abnormal”, “blank”, “not copying”, and “copy-
ing” is retained as a pair state. The “normal” pair state shows
that data replication of original logical volume 230 has been
carried out normally. The “abnormal” pair state shows that
replication of original logical volume 230 was not carried
out due to a failure. The failure was, for example, discon-
nection of connection path 200. The “blank” pair state shows
that the information of the pair number was not effective.
The “copying” pair state shows that the initial copy process
was undertaken. The “not copying” pair state shows that the
initial copy process has not yet been conducted. The original
storage system number contains the number specifying
original storage system 100A holding original logical vol-
ume 230. The secondary storage system number contains the
number specifying secondary storage system 100B holding
secondary logical volume 230. In the case of the original
storage system, a group number is retained to which the
original logical volume belongs, and in the case of the
secondary storage system, the group number is retained to
which the secondary logical volume belongs. The copy
complete address is explained in the description of the initial
copy process below. Pair information 1 in FIG. 5 shows that
the data replication object is original logical volume 1 of
original storage system 1; the data replication destination is
secondary logical volume 1 of secondary storage system 2;
and the data replication process was conducted normally.

Group information 600 contains a group state, a pair set,
a journal logical volume numbetr, and an update number.
FIG. 6 shows an example of group information 600. Group
information 600 is retained in a memory referable from host
adapter 110 and disk adapter 120, for example, a shared
memory 140. Any of “normal”, “abnormal”, and “blank™ is
held as a group state. The “normal” group state shows that
at least one pair state of a pair set is “normal”. The
“abnormal” group state shows that all the pair states of a pair
set are “abnormal”. The “blank” group state shows that the
information of the aforesaid group number is not effective.
In the case of the original storage system, the pair set holds
the pair numbers of all the original logical volumes which
belong to the group indicated by the group number. In the
case of a secondary storage system, the pair numbers of all
the secondary logical volumes belonging to the group indi-
cated by the group number are held. The journal logical
volume number shows the journal logical volume number
belonging to the group with the aforesaid group number. For
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the update number, the initial value is 1, and 1 is added if
data writing is performed with respect to the original logical
volume in the group. The update number is stored in the
journal update information and used for protecting the data
update order in the secondary storage system 100B. For
example, the group information 1 in FIG. 6 is composed of
pair information 1, 2, original logical volumes 1, 2, and
journal logical volume 4 and shows that data replication is
being performed normally

Pointer information 700 is held for each group, to manage
the journal logical volume of the group, and contains an
update information area head address, a write data area head
address, an update information newest address, an update
information oldest address, a write data newest address, a
write data oldest address, a read initiation address, and a
retry initiation address. FIG. 7 and F1G. 8 show examples of
pointer information 701. The update information area head
address holds the logical address of the head of the infor-
mation area storing the update information of the journal
logical volume. The write data area head address holds the
logical address of the head of the information area storing
the write data of the journal logical volume. The update
information newest address holds the logical address of the
head address of the area in which the next update informa-
tion will be stored. The update information oldest address
holds the logical address of the head retaining the update
information of the oldest journal (the update number is
small). The write data newest address holds the logical
address of the head used for holding the write data when a
journal is stored next. The write data oldest address holds the
logical address of the head retaining the write data of the
oldest journal (the update number is small). The read ini-
tiation address and retry initiation address are used only in
the original storage system 100A for the journal read recep-
tion process. In the example of pointer information 701 in
FIG. 7 and FIG. 8, the area retaining the journal manage-
ment information is from the head of the information area of
logical volume 4 to position 699, and the area retaining the
write data of the journal is from position 700 to position
2699 in the information area of logical volume 4. The
management information of the journal is retained from
position of 200 to position of 499 in the information area of
logical volume 4, and the management information of the
next journal is retained from position 500 in the information
area of logical volume 4. The write data of the journal is
retained from position 1300 to position 2199 in the infor-
mation area of logical volume 4, and the write data of the
next journal is retained from position 2200 in the informa-
tion area of logical volume 4.

The explanation below is provided with respect to a mode
in which one journal logical volume is allocated to one
group, but a plurality of journal logical volumes may also be
allocated to one group. For example, two journal logical
volumes are allocated to one group; the pointer information
701 1is provided for each journal logical volume, and the
journals are stored alternately. As a result, writing into
storage device 150 of the journal can be dispersed and
performance is expected to be improved. In addition, read
performance of the journals is also improved. In another
example, two journal logical volumes are allocated to one
group and usually only one journal logical volume is used.
The other journal logical volume is used when the perfor-
mance of the journal logical volume that has been used is
degraded. Performance degradation occurs, for example,
when a journal logical volume is composed of a plurality of
storage devices 150, data is held in a RAIDS system, and
one of the storage devices 150 has failed.
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The above-described volume information 400, pair infor-
mation 500, group information 600, and pointer information
701 are preferably stored in shared memory 140. However,
the present embodiment is not limited to this case, and the
information of those types may be also stored in a central-
ized or decentralized form in the cache memory 130, host
adapter 110, disk adapter 120, and other storage devices 150.

The procedure for initiating data replication from the
original storage system 100A to the secondary storage
system 100B is described below with reference to FIG. 9 and
FIG. 10.

(1) Explanation of group creation (step 900). A user refers
to group information 600 of original storage system 100A by
using the maintenance terminal or host computer 180 and
acquires the group number A for which the group state is
“blank”. The user specifies the group number A by using the
maintenance terminal or host computer 180 and conducts the
group creation specification in original storage system
100A.

Having received the group creation specification, original
storage system 100A changes the group state with the
specified group number A to “normal”.

Similarly, the user refers to group information 600 of
secondary storage system 100B and acquires the group
number B for which the group state is “blank”. The user
specifies secondary storage system 100B and the group
number B and conducts the group creation specification in
original storage system 100A using the maintenance termi-
nal or host computer 180. Original storage system 100A
transfers the received group creation specification to sec-
ondary storage system 100B. Secondary storage system
100B changes the group state with the specified group
number B to “normal”.

The user may also specify the group number B and
conduct the group creation specification in secondary stor-
age system 100B by using the maintenance terminal of
secondary storage system 100B or host computer 180 con-
nected to secondary storage system 100B.

(2) Explanation of pair recording (step 910). The user
specifies the information indicating the data replication
object and the information indicating the data replication
address and conducts the pair record specification in original
storage system 100A by using the maintenance terminal or
host computer 180. The information indicating the data
replication object is the original logical value number and
the group number A of the data replication object. The
information indicating the data replication address is the
secondary storage system 100B retaining the replicated data,
the group number B, and the secondary logical volume
number.

Having received the above-mentioned pair recording
specification, original storage system 100A acquires the pair
number for which the pair information is “blank” from pair
information 500 and sets the pair state to “not copying”, the
original storage system number indicating original storage
system 100A to the original storage system number, the
specified original logical volume number to the original
logical volume number, the specified secondary storage
system number to the secondary storage system number, the
specified secondary logical volume number to the secondary
logical volume number, and the specified group number A to
the group number. Original storage system 100A adds the
acquired pair number to the pair set of group information
600 of the specified group number A and changes the volume
state of the original logical volume number to “original”.

Original storage system 100A specifies the original stor-
age system number indicating original storage system 100A,
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group number B specified by the user, the original logical
volume number and the secondary logical volume number to
secondary storage system 100B. Secondary storage system
100B acquires the blank pair number from pair information
500 and sets the pair state to “not copying”, the original
storage system number indicating original storage system
100A to the original storage system number, the specified
original logical volume number to the original logical vol-
ume number, the secondary storage system number indicat-
ing the secondary storage system B to the secondary storage
system number, the specified secondary logical volume
number to the secondary logical volume number, and the
specified group number B to the group number.

Secondary storage system 100B adds the acquired pair
number to the pair set of group information 600 of the
specified group number B and changes the volume state of
the secondary logical volume number to “secondary”.

The above-described operation is performed for the pairs
of all the data replication objects.

The explanation above was provided with respect to the
process in which the recording of logical volumes into a
group and setting of logical volume pairs was performed
simultaneously, but the volume pairs may be individually
recorded.

(3) Explanation of journal logical volume recording (step
920) is provided with reference to FIG. 9. The user provides
the specification (journal logical volume recording specifi-
cation) for recording the logical volume used for journal
retention in original storage system 100A using the main-
tenance terminal or host computer 180. The journal logical
volume recording specification is composed of a group
number and a logical volume number.

Original storage system 100A records the specified logical
volume number in the journal logical volume number of
group information 600 with the specified group number. The
volume state of volume information 400 of this logical
volume is set to “normal”.

Similarly, the user refers to volume information 400 of
secondary storage system 100B, specifies the logical volume
numbers used as secondary storage system 100B, group
number B, and the journal logical volume, and performs the
journal logical volume recording in original storage system
100A by using the maintenance terminal or host computer
180. Original storage system 100A transfers the journal
logical volume recording specification to secondary storage
system 100B. Secondary storage system 100B records the
specified logical volume number in the journal logical
volume number of group information 600 of the specified
group number B. The volume state of volume information
400 of the aforesaid logical volume is set to “normal”.

The user may also specify the logical volume number
used as the journal logical volume and the group number and
provide the journal logical volume recording specification in
secondary storage system 100B using the maintenance ter-
minal of secondary storage system 100B or the host com-
puter 180 connected to secondary storage system 100B.

The above-described operations are carried out with
respect to all the logical volumes used as the journal logical
volumes. The order of steps 910 and 920 can change.

(4) Explanation of data replication process initiation (step
930) follows. The user specifies the group number for
initiating the data replication process and specifies the
initiation of the data replication process to original storage
system 100A by using the maintenance terminal or host
computer 180. Original storage system 100A sets to 0 all the
copy complete addresses of pair information 400 belonging
to the specified group.
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Original storage system 100A specifies the initiation of
the journal read process and the restore process to the
secondary storage system 100B.

Original storage system 100A initiates the initial copying
process.

(5) Explanation of initial copying process end (step 940).

Ifthe initial copying process ends, original storage system
100A posts the end of the initial copying process to second-
ary storage system 100B. Secondary storage system 100B
changes the pair states of all the secondary logical volumes
belonging to the specified group to “normal”.

FIG. 10 is a flowchart of the initial copying process. In the
initial copying process, the copy complete address of pair
information 500 is used with respect to the entire storage
area of the original logical volume of the data replication
object and a journal is created for each unit size in the order
starting from the head of the storage area. The initial value
of the copy complete address is 0, and the created data
quantity is added up for each journal creation. A journal
creation is completed in the initial copying process from the
head of the storage area of the logical volume to the address
which is one prior to the copy complete address. Conducting
the initial copying process makes it possible to transfer the
data of the original logical volume that has not been updated
into the secondary logical volume. In the explanation below,
processing conducted by one of host adapters 110 in original
storage system 100A is described, but processing may also
be conducted by one of disk adapters 120.

(1) Host adapter 110 of original storage system 100A
obtains original logical volume 230-1 for which the pair
state is “not copying” in the pair belonging to the group that
is the object of processing, changes the pair state to “copy-
ing”, and repeats the process (steps 1010, 1020). When no
original logical volume 230-1 is present, the process ends
(step 1030).

(2) In step 1020, when logical volume 230-1 is present,
the host adapter 110 creates a journal with the unit size (for
example, 1 MB) data. The journal creation process is
described below (step 1040).

(3) The host adapter 110 adds the data size of the created
journal to the copy complete address (step 1050).

(4) The above-described processing is repeated until the
copy complete address reaches the capacity of original
logical volume 230-1 (step 1060). When the copy complete
address becomes equal to the capacity of original logical
volume 230-1, the journal is created with respect to the
entire storage area of original logical volume 230-1. Thus,
the pair state is updated to “normal” and processing of the
other original logical volumes is initiated (step 1070).

In the above-described flow chart, the explanation was
conducted with respect to processing logical volumes one by
one. However, a plurality of logical volumes may be pro-
cessed simultaneously.

FIG. 11 illustrates the command reception process 210;
FIG. 12 is a flow chart of the command reception process
210, and FIG. 13 is a flowchart of the journal creation
process. The operation relating to a case in which original
storage system 100A receives a write command for logical
volume 230 of the data replication object from host com-
puter 180 is explained below with reference to these figures.

(1) The host adapter 110 in original storage system 100A
receives an access command from the host computer. The
access command includes commands such as read, write,
and journal read, the logical address which is the object of
the command, the quantity of data, and the like. In this
example, the logical address in the access command is
denoted by the logical address “A”; the logical volume
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number is denoted by logical volume number of volume
230-1; the location in the logical volume is denoted by a
location “A” in the logical volume 230-1; and the quantity
of data is denoted by data quantity “A” of the volume 230-1
(step 1200 of FIG. 12).

(2) Host adapter 110 examines the access command (steps
1210, 1215 of FIG. 12). When the access command is a
journal read command in step 1215 of FIG. 12, the journal
read reception process is implemented (step 1220 of FIG.
12). When the access command is other than the journal read
command and write command, for example, when the access
command is a read command, a read process is implemented
in accordance with conventional technology (step 1230 of
FIG. 12).

(3) When the access command is a write command in step
1210 of FIG. 12, volume information 400 of logical volume
230-1 is referred to and the volume state is examined (step
1240 of FIG. 12). When the volume state of logical volume
230-1 is other than “normal” or “original” in step 1240,
access to logical volume 230-1 is impossible. As a result, an
abnormal end is reported to host computer 180 (step 1245 in
FIG. 12).

(4) When the volume state of logical volume 230-1 is
either “normal” or “original” in step 1240, host adapter 110
reserves cache memory 130 and notifies host computer 180
that the preparation for data reception has been made. Host
computer 180 receives this notification and transmits the
write data to original storage system 100A. Host adapter 110
receives the write data and retains it in cache memory 130
(steps 1250, 1100 in FIG. 11).

(5) Host adapter 110 refers to the volume state of logical
volume 230-1 and determines whether logical volume 230-1
is the data replication object (step 1260 of FIG. 12). When
the volume state is “original” in step 1260, logical volume
230-1 is the data replication object. Accordingly, the journal
creation process is conducted (step 1265 of FIG. 12).

(6) When the volume state is “normal” in step 1240, or
after completing the journal creation process of step 1265,
host adapter 110 instructs disk adapter 120 to write the write
data into storage device 150 (1140 in FIG. 11) and reports
the process end to host computer 180 (steps 1270, 1280 of
FIG. 12). Thus disk adapter 120 retains the write data in
storage device 150 by read-write process (1110 in FIG. 11).

The journal creation process is explained below.

(1) Host adapter 110 examines the volume state of the
journal logical volume 230-4 (step 1310 in FIG. 13). When
the volume state of the journal logical volume 230-4 is
“abnormal” in step 1310, storing a journal in the journal
logical volume 230-4 is impossible. Accordingly, the group
state is changed to “abnormal” and the process ends (step
1315 in FIG. 13). In this case, the journal logical volume
230-4 is changed to the normal logical volume.

(2) When the journal logical volume 230-4 is determined
to be “normal” in step 1310, the journal creation process
continues. The journal creation process differs depending on
whether it is conducted within the initial copying process or
within the command reception process (step 1320 in FIG.
13). When the journal creation process is executed within
the command reception process, the process is conducted
from step 1330 in FIG. 13. When the journal creation
process is executed within the initial copying process, the
process is conducted from step 1370 in FIG. 13.

(3) When the journal creation process is conducted within
the command reception process, host adapter 110 determines
whether the logical address “A” of the write object has
become the processing object of the initial copying process
(step 1330). When the pair state of logical volume 230-1 is
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“not copying”, the journal creation process is executed
thereafter in the initial copying process. As a result, the
process ends without creating a journal (step 1335 in FIG.
13). When the pair state of logical volume 230-1 is “copy-
ing,” if the copy complete address is equal to or less than
position “A” in the logical address, the journal creation
process 1s carried out thereafter in the initial copying pro-
cess. Accordingly, the process ends without creating a
journal (step 1335). In other cases, that is, when the pair state
of logical volume 230-1 is “copying” and the copy complete
address is no less than position “A” in the logical address,
or when the pair state of logical volume 230-1 is “normal,”
the initial copying process has already been completed.
Therefore, the journal creation process continues.

(4) Host adapter 110 then determines whether the journal
can be stored in the journal logical volume. The presence or
absence of a blank area in the update information area is
ascertained using pointer information 701 (step 1340 in FIG.
13). When the update information newest address and the
update information oldest address of pointer information
701 are equal to each other, no blank area exists in the update
information area. For this reason, the process ends as a
journal creation failure (step 1390 in FIG. 13).

When a blank area is present in the update information
area in step 1340, pointer information 701 is used to
determine whether the write data can be stored in the write
data area (step 1345 in FIG. 13). When the sum of the write
data newest address and a quantity “A” of the data is equal
to or larger than the write data oldest address, storage is not
possible in the write data area. For this reason, the process
ends as a journal creation failure (step 1390).

(5) When the journal can be stored, host adapter 110
acquires the logical address storing the update number and
update information and the logical address storing the write
data, and creates the update information in cache memory
130. The update number, a numeric value acquired from
group information 600 of the object group and having 1
added thereto, is set to the update number of group infor-
mation 600. The logical address storing the update infor-
mation is the update information newest address of pointer
information 701, and the numeric value having the size of
the update information added thereto is set to the update
information newest address of pointer information 701. The
logical address storing the write data is the write data newest
address of pointer information 701, and the numeric value
obtained by adding the quantity “A” of the data to the write
data newest address is set to the write data newest address
of pointer information 701.

Host adapter 110 sets the above-described numeric val-
ues, group number, the time at which the write command
was received, the logical address “A” in the write command,
and quantity “A” of the data, to the update information (step
1350 in FIG. 13; 1120 in FIG. 11). For example, when a
write command of data with a size of 100 has been received
in position 800 from the head of the storage area of the
original logical volume 1 230-1 of group 1 in a state of group
information 600 shown in FIG. 6 and pointer information
701 shown in FIG. 7, the update information shown in FIG.
22 is created. The update number of the group information
becomes 5, the update information newest address of the
pointer information becomes 600 (the size of the update
information is 100), and the write data newest address
becomes 2300.

(6) Host adapter 110 instructs disk adapter 120 to write the
update information and the write data into storage device
150 and normally ends processing (step 1360 in FIG. 13;
1130, 1140, 1150 in FIG. 11).
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(7) When the journal creation process is within the initial
copying process, the process of step 1370 in FIG. 13 is
conducted. Host adapter 110 determines whether the journal
can be created. The presence or absence of a blank area of
update information is examined using pointer information
701 (step 1370). When the update information newest
address and the update information oldest address of pointer
information 701 are equal to each other, no blank area is
present in the update information area. For this reason, the
process ends as a journal creation failure (step 1390). In the
case of the initial copying process shown in the present
embodiment, the write data of the journal is read from the
original logical volume, and because the write data area is
not used, confirms the blank area of the write data area is not
necessary.

(8) When creation of the journal is ascertained as possible
at step 1370, host adapter 110 acquires the numeric value
that will be set in the update information and creates the
update information in cache memory 130. The update num-
ber, a numeric value acquired from the group information
600 of the object group and having 1 added thereto is set to
the update number of the group information 600. The logical
address storing the update information is the position of the
update information newest address of pointer information
701, and the numeric value having the size of the update
information added thereto is set to the update information
newest address of pointer information 701.

Host adapter 110 sets the above-described acquired
numeric values, the group number, the initiation time for this
process, the logical address of the initial copying process
object, a processing quantity of one initial copy, and the
logical address of the initial copying process object to the
logical address of the journal logical volume storing the
write data (step 1380 in FIG. 13; 1120 in FIG. 11).

(9) Host adapter 110 instructs disk adapter 120 to write the
update information into storage device 150 and normally
ends the process (step 1385 in FIG. 13; 1140, 1160 in FIG.
11).

In the explanation above, a case was described in which
the update information was present in cache memory 130,
but the update information also may be stored in shared
memory 140.

Writing the write data into storage device 150 may be
conducted asynchronously, that is, not directly after steps
1360 and 1385. However, if host computer 180 again issues
awrite command to logical address “A”, the write data of the
journal is overwritten. Therefore, the write data of the
journal has to be written into a storage device 150 corre-
sponding to the logical address of the journal logical volume
of update information before write data from host computer
180 is received. Alternatively, writing into a storage device
150 corresponding to the logical address of the journal
logical volume of update information may be conducted
after the write data is moved in another cache memory.

In the above-described journal creation process, the jour-
nal was assumed to be retained in storage device 150, but it
is also possible to prepare a constant-capacity cache memory
130 for the journal in advance and to retain the journal in
storage device 150 after this cache memory has been entirely
used. The cache memory capacity for the journal is speci-
fied, for example, from the maintenance terminal.

Read-write process 220 is implemented by disk adapter
120 upon reception of a command from host adapter 110 or
disk adapter 120. The process to be implemented includes a
process of writing the data of the specified cache memory
130 into a storage area in storage device 150 corresponding
to the specified logical address and a process of writing the
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data into the specified cache memory 130 from the storage
area in storage device 150 corresponding to the specified
logical address.

FIG. 14 explains the operation (journal read reception
process) of host adapter 110 of original storage system 100A
that has received a journal read command. FIG. 15 is a flow
chart of this operation. An operation relating to a case in
which original storage system 100A has received a journal
read command from secondary storage system 100B is
explained below with reference to these figures.

(1) Host adapter 110 in original storage system 100A
receives an access command from secondary storage system
100B. The access command comprises an identifier indicat-
ing that this is a journal read command, a group number of
the command object, and the presence or absence of retry
specification. The group number in the access command is
denoted below as group number “A” (step 1220 in F1G. 15,
1410 in FIG. 14).

(2) Host adapter 110 determines whether the group state
with group number “A” is. “normal” (step 1510). When the
group state is found to be other than “normal”, for example,
a “failure” in the examination conducted in step 1510, the
group state is posted to secondary storage system 100B and
the process ends. Secondary storage system 100B conducts
the process according to the received group state. For
example, when the group state is “failure,” the journal read
process ends (step 1515).

(3) When the group state of group number “A” is “nor-
mal” at step 1510, host adapter 110 examines the volume
state of the journal logical volume 230-4 (step 1520). When
the volume state of the journal logical volume is found to be,
for example, “failure”, rather than “normal”, in the exami-
nation conducted at step 1520, the group state is changed to
“failure;” the group state is posted to secondary storage
system 100B, and the process ends. Secondary storage
system 100B conducts processing according to the received
group state. For example, when the group state is “failure,”
the journal read process ends (step 1525),

(4) When the volume state of the journal logical volume
is “normal” at step 1520, a determination is made whether
the journal read command is a retry specification (step
1530).

(5) When the journal read command is found to be a retry
at step 1530, host adapter 110 again transmits the previously
transmitted journal to secondary storage system 100B. Host
adapter 110 reserves cache memory 130 and instructs the
disk adapter to read the information on the size of the update
information from the retry initiation address of pointer
information 701 to the cache memory (1420 in FIG. 14).

In the read-write process of the disk adapter, the update
information is read from storage device 150 and retained in
cache memory 130, and host adapter 110 is notified to this
effect (1430 in FIG. 14).

Host adapter 110 receives the notification of the read end
of update information, acquires the logical address of write
data and the size of the write data from the update infor-
mation, reserves cache memory 130, and instructs the disk
adapter to read the write data in the cache memory (step
1540 in FIG. 15; 1440 in FIG. 14).

In the read-write process of the disk adapter, the write data
is read from storage device 150 and retained in cache
memory 130, and host adapter 110 is notified to this effect
(1450 in FIG. 14).

Host adapter 110 receives notification of the read end of
write data, transmits the update information and write data
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to secondary storage system 100B, frees cache memory 130
holding the journal, and ends the process (step 1545 in FIG.
15; 1460 in FIG. 14).

(6) When the journal read command is found not to be a
retry specification in the examination conducted at step
1530, host adapter 110 examines the presence of a journal
that has not been transmitted. If such a journal is present, it
is transmitted to secondary storage system 100B. Host
adapter 110 compares the read initiation address of pointer
information 701 with the update information newest address
(step 1550).

When the read initiation address is equal to the update
information newest address, the transmission of the entire
journal to secondary storage system 100B is complete.
Therefore, “no journal” is transmitted to secondary storage
system 100B (step 1560) and the storage area of the journal
that was transmitted to the secondary storage system 100B
during the previous journal read command is freed (step
1590).

The process for freeing the journal storage area sets the
retry initiation address to the update information oldest
address of pointer information 701. When the update infor-
mation oldest address becomes the write data area head
address, the update information oldest address is set at “0.”
The write data oldest address of pointer information 701
changes to a numeric value obtained by adding the size of
the write data transmitted according to the previous read
journal command. When the write data oldest address
becomes the logical address above the capacity of the
journal logical volume 230-4, the write data area head
address is decreased and corrected.

(7) When the presence of a non-transmitted journal is
found in the examination conducted in step 1550, host
adapter 110 reserves cache memory 130 and instructs the
disk adapter to read the information on the size of update
information from the read initiation address of pointer
information 701 to the cache memory (1420 in FI1G. 14).

In the read-write process of disk adapter 110, the update
information is read from storage device 150 and retained in
cache memory 130, and the host adapter is notified to this
effect (1430 in FIG. 14).

The host adapter 110 receives the notification of the read
end of update information, acquires the logical address of
the write data and the size of the write data from the update
information, reserves the cache memory 130, and instructs
the disk adapter 110 to read the write data in the cache
memory (step 1570; 1440 in FIG. 14).

In the read-write process of disk adapter 110, the write
data is read from the storage device 150 and retained in the
cache memory 130, and the host adapter is notified to this
effect (1450 in FIG. 14).

Host adapter 110 receives notification of the read end of
the write data, transmits the update information and the write
data to the secondary storage system 100B (step 1580) and
frees cache memory 130 holding the journal (1460 in FIG.
14). Then, it sets the read initiation address to the retry
initiation address of pointer information 701 and sets a
numerical value obtained by adding the update information
size of the transmitted journal to the read initiation address.

(8) Host adapter 110 frees the storage area of the journal
that was transmitted to secondary storage system 100B
during the previous journal read command (step 1590).

In the above-described journal read reception process,
original storage system 100A transmitted journals one by
one to secondary storage system 100B. However, a plurality
of journals may simultaneously be transmitted to 1 second-
ary storage system 100B. The number of journals transmit-
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ted in response to one journal read command may be
specified in the journal read command by secondary storage
system 100B and may be specified in original storage system
100A or secondary storage system 100B by the user, e.g.,
during the group creation. Furthermore, the number of
journals transmitted in response to one journal read com-
mand may be changed dynamically according to the transfer
capacity, load, and the like, of connection path 200 of
original storage system 100A and secondary storage system
100B. Further, the journal transfer quantity may also be
specified by considering the size of the write data of jour-
nals, rather than the number of journals.

In the above-described journal read reception process, the
journals were written into cache memory 130 from storage
device 150, but if the journals are present in cache memory
130, this process is unnecessary.

The above-described process for freeing the storage area
of the journal in the journal read reception process was
conducted during subsequent journal read command pro-
cessing, but the freeing of storage area may be also con-
ducted immediately after the journal has been transmitted to
secondary storage system 100B. Further, secondary storage
system 100B may set the update number whose storage area
can be freed in the journal read command, and original
storage system 100A may free the journal storage area
according to this specification.

FIG. 16 explains journal read command process 240. FIG.
17 is a flow chart of this process. FIG. 18 is a flow chart of
a journal store process. The operation in which host adapter
110 of secondary storage system 100B reads the journals
from original storage system 100A and stores them in a
journal logical volume 230-8 is described below with ref-
erence to these figures.

(1) Host adapter 110 in secondary storage system 100B
reserves cache memory 130 storing the journal and transmits
to original storage system 100A an access command com-
prising an identifier indicating that this is a journal read
command, a group number of the command object in
original storage system 100A, and the presence or absence
of a retry specification. The group number in the access
command is denoted below as a group number “A” (step
1700; 1610 in FIG. 16).

(2) Host adapter 110 receives the journal and the response
of original storage system 100A (1620 in FIG. 16). Host
adapter 110 examines the response and, when the response
from original storage system 100A is “no journal,” transmits
a read journal command to original storage system 100A
after a certain interval, because the journal of the specified
group is not present in original storage system 100A (steps
1720, 1725).

(4) When the response of original storage system 100A is
“group state is failure” or “group state is blank,” the group
state of secondary storage system 100B is changed to the
received state, and the journal read process ends (steps 1730,
1735).

(5) When the response of original storage system 100A is
normal, that is, other than the above-described responses,
the volume state of journal logical volume 230-8 is exam-
ined (step 1740). When the volume state of journal logical
volume 230-8 is “abnormal”, the journal cannot be stored in
the journal logical volume 230-8. Therefore, the group state
is changed to “abnormal” and the process ends (step 1745).
In this case, the group state is returned to normal by
changing the journal logical volume 230-8 to the normal
logical volume.

(6) When the volume state of the journal logical volume
230-8 is normal in the examination conducted at step 1740,
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journal store process 1800 is conducted. When the journal
store process 1800 ends normally, the next journal read
command is transmitted. Alternatively the next journal read
command is transmitted after a certain interval (step 1760 in
FIG. 17). As for the timing for transmitting the next journal
command, transmission may be conducted periodically at
constant intervals or the timing may be determined by the
number of journals, the traffic on connection line 200, the
storage capacity of the journal held by secondary storage
system 100B, the load on secondary storage system 100B,
and the like. Furthermore, the information capacity of the
journal held by original storage system 100A or the pointer
information of original storage system 100A may be read
from secondary storage system 100B and the timing may be
determined by the numeric value thereof. Transfer of this
information may be conducted by a special command and
may be included in the response of the journal read com-
mand. In considering the timing for transmitting the next
journal command and changing a term for transmitting the
next journal command, if the information capacity of the
journal held by the original storage system 100A or the
information capacity of the journal held by the secondary
storage system 100B has greater quantity, the data process-
ing system can change the information capacity of the
journal for the storage system 100A or 100B. The subse-
quent process is identical to that following step 1710.

(7) When the journal storage process of step 1800 does
not end normally, the blank area of the journal logical
volume 230-8 is not presented. For this reason, the received
journal is canceled and a journal read command with a retry
specification is transmitted after a certain interval (step 1755
in FIG. 17). Alternatively, the journal is held in the cache
memory and the journal store process is conducted again
after a certain interval. This is because conducting restore
process 250 (described below) makes it possible to add the
blank area to the journal logical volume after a certain
interval. With such a method. the presence of a retry
specification in the journal read command is unnecessary.

Journal store process 1800 illustrated in FIG. 18 is
explained below.

(1) Host adapter 110 determines whether the journal can
be stored in the journal logical volume 230-8. The presence
of a blank area in the update information area is examined
using pointer information 701 (step 1810). When the update
information newest address and the update information
oldest address of pointer information 701 are equal to each
other, no blank area is present in the update information area.
For this reason, the process ends as a journal creation failure
(step 1820).

(2) When a blank area is present in the update information
area in step 1810, an examination is conducted about
whether the write data can be stored in the write data area by
use of pointer information 701 (step 1830). When the sum of
the write data newest address and the quantity of write data
of the received journal is equal to or larger than the write
data oldest address, the write data cannot be stored in the
write data area. For this reason, the process ends as a journal
creation failure (step 1820).

(3) When the journal can be stored, host adapter 110
changes the group number and the logical address of the
journal logical volume 230-8 in the received update infor-
mation. The group number is changed to the group number
“B” of secondary storage system 100B, and the logical
address of the journal logical volume is changed to the write
data newest address of pointer information 701. Host
adapter 110 changes the update information newest address
of pointer information 701 to a numeric value obtained by
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adding the size of update information to the update infor-
mation newest address. Host adapter 110 changes the write
data newest address of pointer information 701 to a numeric
value obtained by adding the size of write data to the write
data newest address (step 1840).

(4) Host adapter 110 instructs disk adapter 120 to write the
update information and the write data in storage device 150
and ends the process as a journal creation success (step 1850
in FIG. 18; 1630 in FIG. 16). Disk adapter 120 then writes
the update information and the write data into storage device
150 by the read-write process and frees cache memory 130
(1640 in FIG. 16).

In the above-described journal store process, the journal
was assumed to be retained in storage device 150, but it is
also possible to prepare a constant-capacity cache memory
130 for the journal in advance and to retain the journal in
storage device 150 after the entire cache memory has been
used. The cache memory capacity for the journal is speci-
fied, for example, from the maintenance terminal.

FIG. 19 explains restore process 250. FIG. 20 is a flow
chart of this process. The operation in which host adapter
110 of secondary storage system 100B uses the journal and
conducts data update is described below with reference to
these figures. Restore process 250 may be also conducted by
disk adapter 120 of secondary storage system 100B.

(1) Host adapter 100 determines whether the group state
of group number “B” is “normal” (step 2010). When the
group state is found to be other than “normal”, for example,
“failure,” at step 2010, the restore process ends (step 2015).

(2) When the group state is found to be “normal” at step
2010, the volume state of the journal logical volume 230-8
is examined (step 2020). When the volume state of journal
logical volume 230-8 is found to be “abnormal” at step
2020, access is impossible. As a result, the group state is
changed to “abnormal” and the process ends (step 2025).

(3) When the volume state of journal logical volume
230-8 is found to be “normal” at step 2020, examination is
made to of whether the journal of restore object is present.
Host adapter 110 acquires the update information oldest
address and the update information newest address of
pointer information 701. When the update information old-
est address and the update information newest address are
equal to each other, no journal is present. Accordingly, the
restore process is temporarily stopped and resumed after a
certain interval (step 2030).

(4) When the journal of restore object is present at step
2030, the following process is conducted with respect to the
journal having the oldest (minimum) update number. The
update information of that journal is retained from the
update information oldest address of pointer information
701. Host adapter 110 reserves cache memory 130 and
instructs the disk adapter to read the information on the size
of the update information in cache memory 130 (1910 in
FIG. 19).

In the read-write process of the disk adapter, the update
information is read from storage device 150 and retained in
cache memory 130, and host adapter 110 is notified to this
effect (1920 in FIG. 19).

Host adapter 110 receives the notification of the read end
of the update information, acquires the logical address of the
write data and the size of the write data from the update
information, reserves cache memory 130, and instructs the
disk adapter to read the write data in cache memory (1930
in FIG. 19).

In the read-write process of the disk adapter, the write data
is read from storage device 150 and retained in cache
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memory 130, and the host adapter is notified to this effect
(step 2040 of FIG. 20; 1940 in FIG. 19).

(5) Host adapter 110 finds the logical address of the
secondary logical volume that will be obtained from the
update information and instructs the disk adapter to write the
write data into the secondary logical volume 230-5 (step
2050 in FIG. 20; 1950 in FIG. 19). In the read-write process
of the disk adapter, the data is written into storage device
150 corresponding to the logical address of the secondary
logical volume 230-5; cache memory 130 is freed, and the
host adapter is notified to this effect (1960 in FIG. 19).

(6) Host adapter 110 receives the notification of the write
process end of the disk adapter and frees the journal storage
area. The process for freeing the journal storage area
changes the update information oldest address of the pointer
information 701 to a numeric value obtained by adding the
size of update information. When the update information
oldest address becomes the write data area head address, the
update information oldest address is set “0”. The write data
oldest address of pointer information 701 changes to a
numeric value obtained by adding the size of the write data.
When the write data oldest address becomes the logical
address above the capacity of the journal logical volume, the
write data area head address is decreased and corrected. Host
adapter 110 thereafter initiates the next restore process (step
2060 in FIG. 20).

In the above-described restore process 250, the journal
was read from storage device 150 into cache memory 130,
but when it is present in cache memory 130, this process is
unnecessary.

In the above-described journal read reception process and
journal read command process 240, a journal to be trans-
mitted by original storage system 100A was determined by
pointer information 701, but secondary storage system 100B
may also determine a journal to be transmitted. For example,
an update number is added to the journal read command. In
this case, a retrieval method or a table for finding the logical
address where the update information has been stored from
the update number is provided in shared memory 140 of
original storage system 100A in order to find the logical
address of update information with the update number
specified by secondary storage system 100B in the journal
read reception process.

In the above-described journal read reception process and
journal read command process 240, a journal read command
was used, but the usual read command may be also used. For
example, the group information 600 and pointer information
701 of original storage system 100A are transferred in
advance into secondary storage system 100B, and secondary
storage system 100B reads the data (that is, the journal) of
the journal logical volume 230-4 of original storage system
100A.

In the above-described journal read reception process, the
explanation was conducted with respect to the case in which
the journals were transmitted from original storage system
100A to secondary storage system 100B in the order of
update numbers. However, they may be also transmitted not
in the order of update numbers. Furthermore, a plurality of
journal read commands may be transmitted from original
storage system 100A to secondary storage system 100B. In
this case, a retrieval method or a table for finding the logical
address where the update information has been stored from
the update number is provided in secondary storage system
100B in order to process the journals in the order of update
numbers in the restore process.

In the above-described data processing system in accor-
dance with the present invention, the original storage system
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acquires the journals and the secondary storage system
replicates the data. As a result, the host computer connected
1o the original storage system carries no load relating to data
replication. Furthermore, communication lines of the origi-
nal storage system and the host computer connected to the
original storage system are not used because the journals are
transferred between the original storage system and the
secondary storage system.

FIG. 23 shows a logical configuration of the second
embodiment.

In this configuration, host computer 180 and storage
system 100C are connected by connection path 190; storage
system 100C and original storage system 100A are con-
nected by connection path 200, and original storage system
100A and secondary storage system 100B are connected by
connection path 200. Storage system 100C includes logical
volumes 230-9 (ORG1) and 230-10 (ORG?2), and conducts
the data update of logical volume 230-9 (ORG1) and the
data update of logical volume 230-1 (DATA1) in original
storage system 100A during the data update into the logical
volume 230-9 (ORG1) of storage system 100C.

Original storage system, 100A, as was described in the
first embodiment, conducts the retention of journals in
journal logical volume 230-4 (JNL1) using command recep-
tion process 210 and read-write process 220 during the data
update into the original logical volume 230-1 (DATA1)
(2310 in FIG. 23).

Secondary storage system 100B reads the journal from
original storage system 100A using journal read process 240
described above, and retains the journal in the journal logical
volume 230-8 (JNL2) using read-write process 220 (2320 in
FIG. 23).

If original storage system 100A receives a command to
read a journal from secondary storage system 100B, it reads
the journal from the journal logical volume 230-4 (JNL1)
using command reception process 210 and read-write pro-
cess 220 and transmits the journal to secondary storage
system 100B (2320).

Secondary storage system 100B reads the journal from the
journal logical volume 230-8 (JNL2) according to the update
number using restore process 250 and read-write process
220 (both described above) and updates the data of the
secondary logical volume 230-5 (COPY1), which is the
duplicate of the original logical volume 230-1 (DATA1)
(2330). Consistency of data between the logical volumes can
thus be maintained by updating the data in the order of
update numbers.

In the above-described data processing system in accor-
dance with the present invention, the original storage system
acquires a journal and stores it in a storage area specially
designed for journals. Furthermore, the secondary storage
system stores the journal received from the original storage
system in a storage area specially designed for journals. The
storage area specially designed for journals can be smaller
than the storage area of the data replication object, and
replication of data of the original storage system into the
secondary storage system can be conducted with a smaller
storage capacity.

FIG. 24 shows a logical configuration of the third embodi-
ment.

In this configuration, host computer 180 and storage
system 100C are connected by connection path 190; storage
system 100C and original storage system 100A are con-
nected by connection path 200, and original storage system
100A and secondary storage system 100B are connected by
connection path 200. Storage system 100C conducts data
update of a logical volume 230-9 (ORG1) and data update
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of a logical volume (DATA1) in original storage system
100A during the data update into the logical volume (ORG1)
of storage system 100C, as described with reference to the
conventional technology.

Although original storage system 100A is indicated as
having the original logical volume (DATA1) to storage
system 100C, original storage system does not allocate
actual storage areas, that is, storage devices 150. That is, no
physical storage areas corresponding to the volume
(DATAL1) exists in the storage system 10A. For example, it
sets numerical values indicating that storage devices 150
have not been allocated to the physical addresses of volume
information 400. During the reception of the write command
to the data of the original logical volume (DATA1) from
storage system 100C, the original storage system 100A does
not conduct process step 1270 of command reception pro-
cess 210 (described above) and conducts only the retention
of journal in the journal logical volume 230-4 (JNL1) (2410
in FIG. 24).

Secondary storage system 100B reads a journal from
original storage system 100A using journal read process 240
as described above, and retains the journal in the journal
logical volume 230-8 (JNL2) using read-write process 220
(2420 in FIG. 24).

If original storage system 100A receives a command to
read a journal from secondary storage system 100B, it reads
the journal from the journal logical volume 230-4 (INL1)
using command reception process 210 and read-write pro-
cess 220 and transmits the journal to secondary storage
system 100B (2420).

Secondary storage system 100B reads the journal from the
journal logical volume 230-8 (JNL2) according to the update
number using restore process 250 described above and read
write process 220 and updates the data of the secondary
logical volume 230-5 (COPY1), which is the duplicate of the
logical volume (ORG1) (2430). The consistency of data
between the logical volumes can thus be maintained by
updating the data in the order of update numbers.

In the above-described data processing system in accor-
dance with the present invention, when a failure occurs in
storage system 100C or host computer 180 connected to
storage system 100C, a journal (JNL1) present in original
storage system 100A is reflected in the logical volume 230-5
(COPY1) of secondary storage system 100B, thereby mak-
ing it possible to refer to and to update the newest data with
the host computer connected to secondary storage system
100B. Furthermore, a storage capacity necessary for data
replication can be decreased by storing only the journals,
without holding data replication in original storage system
100A.

In the above-described data processing system in accor-
dance with the present invention, secondary storage system
100B reads (pulls) the journal from original storage system
100A. But, the present invention also works well when
original storage system 100A transfers the journal to sec-
ondary storage system 100B at a timing given for the next
journal command, as described above.

While the invention created by the inventors has been
described in terms of the preferred embodiments, those
embodiments have been disclosed for illustrative purposes
and those skilled in the art will appreciate that the invention
is not limited to the above-described embodiments and
various modifications, additions and substitutions are pos-
sible without departing from the scope and spirit of the
invention as disclosed in the accompanying claims. In
accordance with the present invention, a storage system can
be provided that is capable of performing data transmission
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or data replication among a plurality of storage systems
without affecting host computers in the storage systems.
Further, a storage system can be provided that does not affect
communication between the storage system and computers.

In accordance with the present invention, the data storage
areas held in a plurality of storage systems can be reduced.
Furthermore, data transfer or data replication between a
plurality of storage systems can be conducted effectively and
at a high speed producing no effect on the operation of the
host computer of the plurality of storage systems.

What is claimed is:

1. A system for storing data comprising:

a first storage system to be coupled to a host device
executing an operation using data stored in the first
storage system wherein the first storage system
includes a plurality of first disk drives, a first controller
coupled to the first disk drives, a first storage area
configured in the first disk drives. and a second storage
area configured in the first disk drives; and

a second storage system coupled to the first storage
system, wherein the second storage system includes a
plurality of second disk drives, a second controller
coupled to the second disk drives, a third storage area,
and a fourth storage area configured in the second disk
drives;

wherein the first controller is configured to receive data to
the first storage area from the host device, and write the
data received from the host device in the first storage
area,

wherein if the first storage area is defined as an original
storage area, whose data is replicated in the fourth
storage area, the first controller is configured to write
the data received from the host device and information
relating to a write order of the data in the second
storage area,

wherein when a request for transmission of the data and
the information relating to the write order of the data is
received from the second storage system, the first
controller is configured to transmit the data and the
information relating to the write order of the data from
the second storage area to the second storage system in
response to the request from the second storage system,
and

wherein the second controller is configured to transmit the
request for transmission of the data and the information
relating to the write order of the data, write the data and
the information relating to the write order of the data,
which are received from the first storage system in
response to the request, in the third storage area, and
write the data received from the first storage system in
the fourth storage area according to the information
related to the write order of the data, which is stored in
the third storage area.

2. A system according to claim 1,

wherein the second storage area includes a first region for
storing the information relating to the write order of the
data and a second region for storing the data received
from the host device.

3. A system according to claim 1,

wherein the second controller is configured to transmit the
request for transmission of the data and the information
relating to the write order of the data repeatedly, and
decide a timing of transmission of the request accord-
ing to data traffic between the first storage system and
the second storage system.
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4. A system according to claim 1,

wherein the second controller is configured to transmit the
request for transmission of the data and the information
relating to the write order of the data repeatedly, and
decide a timing of transmission of the request accord-
ing to a storage capacity of the third storage area.

5. A system according to claim 1,

wherein the second controller is configured to transmit the
request for transmission of the data and the information
relating to the write order of the data repeatedly, and
decide a timing of transmission of the request accord-
ing to a processing load of the second storage system.

6. A system according to claim 1,

wherein the second controller is configured to transmit the
request for transmission of the data and the information
relating to the write order of the data repeatedly, and

wherein the second controller is configured to read from
the first storage system information relating to a storage
capacity of the second storage area in the first storage
system, and decide a timing of transmission of the
request according to the information relating to the
storage capacity of the second storage area.

7. A system according claim 1,

wherein the second controller is configured to transmit the
request for transmission of the data and the information
relating to the write order of the data repeatedly,

wherein the first storage system is configured to hold
management information relating to the second storage
area, and

wherein the second controller is configured to read the
management information relating to the second storage
area from the first storage system, and decide a timing
of transmission of the request according to the man-
agement information.

8. A system according to claim 1,

wherein a plurality of first storage areas are configured in
the first disk drives, and a plurality of fourth storage
areas are configured in the second disk drives,

wherein if the plurality of first storage areas are defined as
original storage areas corresponding to the plurality of
fourth storage areas, the first controller is configured to
write data to be stored in the plurality of first storage
areas and information relating to a write order of the
data to be stored in the plurality of first storage areas in
the second storage area, and

wherein the second controller is configured to write the
data received from the first storage system in the
plurality of fourth storage areas according to the infor-
mation related to the write order of the data, which is
stored in the third storage area.

9. A system according to claim 1,

wherein the second controller is configured to control the
timing of writing data in the fourth storage area accord-
ing to a processing load of the second storage system.

10. A system according to claim 1,

wherein the first controller includes a host adapter for
sending data to and receiving data from the host device,
a cache for temporarily storing data received by the
host adapter, and a disk adapter for transferring data
stored in the cache to the plurality of first disk drives,
and

wherein a plurality of logical volumes are configured in
the first disk drives, and both the first storage area and
the second storage area are selected from the plurality
of logical volumes.
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11. A system according to claim 1,

wherein the second controller includes a host adapter for
receiving data from the first storage system, a cache for
temporarily storing data received by the host adapter,
and a disk adapter for transferring data stored in the
cache to the plurality of second disk drives, and

wherein a plurality of logical volumes are configured in
the plurality of second disk drives, and both the third
storage area and the fourth storage area are selected
from the plurality of logical volumes.

12. A system according to claim 1,

wherein the third storage area in the second storage
system is configured in the second disk drives.

13. A system according to claim 1,

wherein the first storage system further comprises a cache
memory, and when the first controller receives data to
the first storage area from the host device, the first
controller is configured to store the data received from
the host device in the cache memory, write the data
stored in the cache memory in the first storage area, and
write the data stored in the cache memory and the
information relating to the write order of the data in the
second storage area if the first storage area is defined as
the original storage area.

14. A system according to claim 1,

wherein the second storage system is configured to
instruct the first storage system to release a part of
storage area in the second storage area by transmitting
information indicating the part of storage area to be
released.

15. A system according to claim 1,

wherein the information indicating the part of storage area
to be released is included in the request for transmis-
sion of the data and the information relating to the write
order of the data, and transmitted from the second
storage system to the first storage system.

16. A system according to claim 1, wherein

if the first storage area is defined as the original storage
area, whose data is replicated in the fourth storage area,
the first controller is configured to transmit a comple-
tion report of writing the data to the host device after
preparing to write the data and the information relating
to the write order of the data in the second storage area,
and

if the first storage area is not defined as the original
storage area, the first controller is configured to trans-
mit a completion report of writing the data to the host
device after preparing to write the data in the first
storage area.

17. A system for storing data comprising:

a first storage system coupled to a host device executing
an operation using data stored in the first storage
system, wherein the first storage system has a plurality
of first disk drives, a first controller coupled to the first
disk drives, and a first storage area configured in the
first disk drives;

a second storage system coupled to the first storage
system, wherein the second storage system has a plu-
rality of second disk drives, a second controller coupled
to the second disk drives, a second storage area con-
figured in the second disk drives, and a third storage
area configured in the second disk drives; and

a third storage system coupled to the second storage
system, wherein the third storage system has a plurality
of third disk drives, a third controller coupled to the
third disk drives, a fourth storage area, and a fifth
storage area configured in the third disk drives;
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wherein the first controller is configured to write data
received from the host device in the first storage area
and transmit the data received from the host devices to
the second storage system,

wherein the second controller is configured to write data
received from the first storage system in the second
storage area, and if the second storage area is defined
as an original storage area, data stored in which is
copied in the fifth storage area of the third storage
system, the second controller is configured to write the
data received from the first storage system and infor-
mation regarding to write order of the data in the third
storage area,

wherein when a command for requesting transmission of
the data and the information regarding to the write
order of the data, which are stored in the third storage
area, is received from the third storage system, the
second controller is configured to transmit the data and
the information regarding to the write order of the data
from the third storage area to the third storage system
in response to the command, and

wherein the third controller is configured to transmit the
command for requesting transmission of the data and
the information regarding to the write order of the data,
which are stored in the third storage area, to the second
storage system, write the data and the information
regarding to the write order of the data, which are
received from the second storage system in response to
the command, in the fourth storage area, and write the
data stored in the fourth storage area in the fifth storage
area by using information regarding to the write order
of the data, which is stored in the fourth storage area.

18. A system according to claim 17,

wherein the third controller is configured to transmit the
command to the second storage system repeatedly, and
the third controller is configured to decide a timing of
transmission of the command according to amount of
the data and the information regarding to the write
order of the data received from the second storage
system.

19. A system according to claim 17,

wherein the third controller is configured to transmit the
command to the second storage system repeatedly, and
decide a timing of transmission of the command
according to data traffic between the second storage
system and the third storage system.

20. A system according to claim 17,

wherein the third controller is configured to transmit the
command to the second storage system repeatedly, and
decide a timing of transmission of the command
according to a capacity of the fourth storage area.

21. A system according to claim 17,

wherein the third controller is configured to transmit the
command to the second storage system repeatedly, and
decide a timing of transmission of the command
according to processing load of the third storage sys-
tem.

22. A system according to claim 17,

wherein the third controller is configured to transmit the
command to the second storage system repeatedly, read
from the second storage system the information relating
to a storage capacity of the third storage area in the
second storage system, and decide a timing of trans-
mission of the command according to the information
relating to the storage capacity of the third storage area.
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23. A system according to claim 17,

wherein the third controller is configured to transmit the
command to the second storage system repeatedly, read
from the second storage system management informa-
tion relating to amount of the data and the information
regarding to the write order of the data, which are
stored in the third storage area, and decide a timing of
transmission of the command according to the man-
agement information read from the second storage
system.

24. A system according to claim 17,

wherein the third controller is configured to transmit the
command to the second storage system repeatedly.

25. A system according to claim 17,

wherein the third controller is configured to control a
timing of writing data stored in the fourth storage area
to the fifth storage area according to a processing load
of the third storage system.

26. A system according to claim 17,

wherein the fourth storage area in the third storage system
is configured in the third disk drives.

27. A system according to claim 17,

wherein the second storage system further comprises a
cache memory, and when the second controller receives
data from the first storage system, the second controller
is configured to store the data received from the first
storage system in the cache memory, write the data
stored in the cache memory in the second storage area,
and write the data stored in the cache memory and the
information relating to a write order of the data in the
third storage area if the second storage area is defined
as the original storage area.

28. A system according to claim 1,

wherein the first storage system includes a plurality of
first storage areas, the second storage system includes
a plurality of fourth storage areas, and wherein a
plurality of copy pairs are defined, each of which
includes one of the plurality of first storage areas and
one of the plurality of fourth storage areas,

wherein at least one group including at least one copy pair
is defined in order to maintain consistency of data in the
at least one group in case of stop operations for
replicating data of the first storage area in the fourth
storage area, and

wherein the first controller and the second controller are
configured to hold information relating to the group.
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29. A system according to claim 28,

wherein the second controller is configured to transmit the
request for transmission of the data and the information
relating to the write order of the data according to the
information relating to the at least one group.

30. A system according to claim 1,

wherein the second controller is configured to start to
transmit the request for transmission of the data and the
information relating to the write order of the data, when
the second controller receives an instruction to initiate
remote copy operations.

31. A system according to claim 30,

wherein the first controller is configured to transmit the
instruction to initiate remote copy operations to the
second storage system, when the first controller
receives an instruction to initiate remote copy opera-
tion, the instruction including identification related to
the fourth storage area, from the host device.

32. A system according to claim 1,

wherein the second controller is configured to determine
whether or not retransmission of the data and the
information relating to the write order of the data is
needed, and when the retransmission is needed, the
second controller is configured to transmit the request
for retransmission of the data and the information
relating to the write order of the data to the first storage
system.

33. A system according to claim 1,

wherein the second controller is configured to write the
data received from the first storage system in the fourth
storage area according to the information related to the
write order of the data, so that the write order of the
data in the fourth storage area is maintained after an
operation for replicating data of the first storage area in
the fourth storage area is stopped.

34. A system according to claim 17,

wherein the third controller is configured to write the data
stored in the fourth storage area in the fifth storage area
by using the information regarding the write order of
the data, so that write order of the data in the fifth
storage area is maintained after an operation for copy-
ing data of the second storage area in the fifth storage
area is stopped.
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