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(57) Abstract: In accordance with a first aspect of the present invention, an edge node is provided with the storage destination man -
agement information that is corresponded to the edge node. The storage destination management information includes the informa-
tion that indicates a storage destination for a core node of a file that has been written to a file storage region (an edge storage region)
for an edge node that is corresponded to the information and includes the information that indicates a recall date that is a date that
has been read by the edge node. The edge node judges whether or not there is an old file (a file before an update) in an edge storage
region for the edge node based on the storage destination management information that is corresponded to the edge node and the
storage destination information that is corresponded to another edge node, and create a stub for only an old file without creating a
stub for a file after an update (a latest file).
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Description

Title of Invention: FILE SERVER SYSTEM AND STORAGE
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[0002]

[0003]

[0004]

[0005]

[0006]

CONTROL METHOD
Technical Field

The present invention relates to a storage control for a file server system that is
provided with a plurality of file servers.
Background Art

A hierarchical file server system that is configured by a plurality of file servers that
are coupled to a communication network is publicly known for instance. As a hier-
archical file server system of such a type, there can be mentioned for instance a system
that is provided with an edge node that is a file server that receives a request from a
client (a local file server) and a core node that is a file server that receives a request
from an edge node (a remote file server).

As a hierarchical file server system, there can also be mentioned for instance a
system in which an edge node and a core node are disposed on a one-to-one basis (see
Patent Literature 1) and a system in which an edge node and a core node (for instance,
a cloud storage) are disposed on an N-to-one basis (N is an integer number equal to or
larger than 2) (in other words, a system in which a plurality of edge nodes shares one
core node).

The following problem may occur unfortunately for the system in which an edge
node and a core node are disposed on an N-to-one basis.

For instance, a plurality of edge nodes has already read a file that is included in a
core node, a file of an edge node is updated, and a file after the update is stored from
the edge node into the core node. However, other edge nodes do not recognize that a
file that has already been read has been updated. Consequently, in the case in which
other edge nodes receive a read request that specifies a file that has already been read
(a file before an update), the edge nodes transmit the file before an update to a client
unfortunately.

As a method for solving the problem, it is thought that each of the edge nodes is
provided with a stub of a file that is included in a core node for instance. The stub is an
object (for instance, metadata) that is associated with the storage destination in-
formation of the file (the information that indicates a link destination). According to
this method, in the case in which an edge node receives a read request that specifies a
stub, the edge node reads a file of a link destination of the stub (that is, a file in a core
node). Consequently, the edge node does not transmit the file before an update to a

client.
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In this case however, in each case in which each of the edge nodes receive a read
request that specifies a stub, the edge nodes access a core node. Consequently, accesses

are concentrated to one core node, whereby a load to the core node is increased.
As a method for solving the problem, it is thought that a plurality of core nodes and

an intermediate apparatus that is coupled to the plurality of core nodes and a plurality
of edge nodes are prepared for instance. As a literature that is associated with the
method of this type, Patent Literature 1 and Patent Literature 2 can be mentioned for
instance.

In accordance with Patent Literature 2 for instance, a virtual server is configured by a
plurality of servers, and a load distribution apparatus is adopted as an intermediate
apparatus. The load distribution apparatus distributes a plurality of accesses executed
to the virtual server from a plurality of clients to a plurality of servers that configure
the virtual server.

Moreover in accordance with Patent Literature 3 for instance, a file that is included in
a first server is made to be a stub, and the file is migrated to a second server. In the
case in which an intermediate apparatus receives an access request that specifies a stub
from a client, the intermediate apparatus responds to the client by the file that is

included in the second server.
Citation List

Patent Literature

PTL 1: Japanese Patent Application Laid-Open Publication No. 2009-289252
PTL 2: Japanese Patent Application Laid-Open Publication No. 2009-265778
PTL 3: Japanese Patent Application Laid-Open Publication No. 2006-164211

Summary of Invention
Technical Problem

However, in accordance with the above method, a plurality of core nodes is required
for a plurality of edge nodes and an intermediate apparatus (such as a load distribution
apparatus) is also required, thereby increasing a cost unfortunately.

Moreover, even in the case in which a migration of a file from a core server to
another core server is necessary, if a vendor of a core server is different from a vendor
of another core server, a migration of a file from a core server to another core server
cannot be executed.

An object of the present invention is to suppress the number of times of accesses for
a core node without transmitting a file before an update to a client even in the case in
which a plurality of core nodes and an intermediate apparatus are not disposed.
Solution of Problem

In accordance with a first aspect of the present invention, an edge node is provided
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[0016]

[0017]

[0018]

with the storage destination management information that is corresponded to the edge
node. The storage destination management information includes the information that
indicates a storage destination for a core node of a file that has been written to a file
storage region (an edge storage region) for an edge node that is corresponded to the in-
formation and includes the information that indicates a recall date that is a date that has
been read by the edge node. The edge node judges whether or not there is an old file (a
file before an update) in an edge storage region for the edge node based on the storage
destination management information that is corresponded to the edge node and the
storage destination information that is corresponded to another edge node, and create a

stub for only an old file without creating a stub for a file after an update (a latest file).
In accordance with a second aspect of the present invention, a plurality of edge nodes

is divided into at least two groups. In the case in which an edge node receives a read
request of a read target file that is a file that is corresponded to a stub from a client, the
edge node executes the following processing:

(D) judging whether or not the read target file has been stored into a file storage
region for any other second edge node that is included in a target group that is a group
that includes the edge node;

(E) executing a recall of the read target file in the case in which the result of a
judgment of the above (D) is negative; and

(F) transmitting a read request of the read target file to other edge node that is cor-
responded to a file storage region that has stored the read target file and transmitting
the read target file that has been read by a response to the read request to a client in the
case in which the result of a judgment of the above (D) is positive.

The at least two groups can be configured in such a manner that a duplicated file is
not preferably included in a plurality of files that has been stored into at least two edge
storage regions for at least two second edge nodes that are included in one group.
Moreover, the storage destination management information described above can also
be used in the judgment of the above (D). In the second aspect of the present invention,
it is also possible that the storage destination management information does not include
the information that indicates a recall date. Moreover, a storage destination for a core
node of a read target file that has been stored into a file storage region for other edge
node can also be equivalent to a storage destination that is indicated by a stub.

The file storage region described above can be disposed inside or outside an edge
node. Moreover, although the file storage region is a file system in a representative

pattern, the file storage region can also be a storage region of other type.
Brief Description of Drawings

[fig.1]Fig. 1 is a view showing a general outline in accordance with an embodiment 1
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of the present invention.

[fig.2]Fig. 2 is a view showing a hardware configuration of an entire system in ac-
cordance with an embodiment 1 of the present invention.

[fig.3]Fig. 3 is a view showing a hardware configuration of an entire system in ac-
cordance with an embodiment 1 of the present invention.

[fig.4]Fig. 4 is a view showing a computer program and information that are included
in an edge node 120.

[fig.5]Fig. 5 is a view showing a configuration of a file system.

[fig.6]Fig. 6 is a view showing a part related to a directory in an inode management
table.

[fig.7]Fig. 7 is a view showing a part related to a file in an inode management table.
[fig.8]Fig. 8 is a view showing a relationship between a file "a.txt" and a location of
data that configures the file.

[fig.9]Fig. 9A is a view showing a configuration of a storage destination management
table 1216. Fig. 9B is a view showing a group management table 1217.

[fig.10]Fig. 10 is a view showing a flow of a processing in which a plurality of RO
edge nodes 120B share the storage destination management table 1216.

[fig.11]Fig. 11 is a view showing a storage destination management table 1216B1 that
is corresponded to an RO edge node 120B1 and a storage destination management
table 1216B2 that is corresponded to an RO edge node 120B2.

[fig.12]Fig. 12A is a view showing an example of an edge table creation processing
based on a file that has already been cached for each RO edge node. Fig. 12B is a view
showing a result of the edge table creation processing shown in Fig. 12A. Fig. 12Cis a
view showing a file that has already been cached for each of the groups shown in Fig.
12B.

[fig.13]Fig. 13A is a view showing an example of a configuration of another edge
group. Fig. 13B is a view showing an example of a problem for another edge group.
[fig.14]Fig. 14 is a view showing an example of a processing that is executed in the
case in which an RO edge node 120B receives a read request that specifies a stub.
[fig.15]Fig. 15 is a part of a flowchart showing a flow of a processing of an RW mover
1210.

[fig.16]Fig. 16 is a remaining part of the flowchart of Fig. 15.

[fig.17]Fig. 17 is a part of a flowchart showing a flow of a processing of an RO mover
1210.

[fig.18]Fig. 18 is a flowchart showing a flow of a processing that is executed by a
reception program 22110 of an RW edge node 120A.

[fig.19]Fig. 19 is a part of a flowchart showing a flow of a processing that is executed
by a reception program 12110 of an RO edge node 120B.
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[fig.20]Fig. 20 is a remaining part of the flowchart of Fig. 19.

[fig.21]Fig. 21 is a flowchart showing a flow of a processing that is executed by a
storage destination information sharing program 1215.

[fig.22]Fig. 22 is a flowchart showing a flow of a processing that is executed by a load
relaxation control program 1214.

[fig.23]Fig. 23 is a view showing a hardware configuration of an entire system in ac-
cordance with an embodiment 2 of the present invention.

[fig.24]Fig. 24 is a view showing that a storage destination management table 1216
that is included in a management server 300 is shared by a plurality of RO edge nodes
120B.

[fig.25]Fig. 25 is a flowchart showing a flow of a processing that is executed by a
storage destination information sharing program 1215 in accordance with an em-
bodiment 2 of the present invention.

[fig.26]Fig. 26 is a flowchart showing a flow of a processing that is executed by a
storage destination information sharing program 310 in a management server 300.
Description of Embodiments

Some embodiments (examples) of the present invention will be described below in
detail with reference to the drawings.

In the following descriptions, while a wide variety of information will be described
in the expression of "xxx table" in some cases, a wide variety of information can be
represented by a data structure other than a table. In order to indicate that a data
structure is not depended on, "xxx table" can also be referred to as "xxx information".

In the following descriptions, while an ID (identifier) is used for specifying an
element, a name or a number can also be used as an ID.

In the following descriptions, the processing will be described while a "program" is
handled as a subject in some cases. In the case in which the program is executed by a
processor (for instance, a CPU (Central Processing Unit)) that is included in a
controller, the processor executes the predetermined processing by using a storage
resource (such as a memory) and/or a communication interface apparatus (such as a
communication port) as it decides proper. Consequently, a subject of a processing can
also be a processor. The processing that is described while a program is handled as a
subject can also be a processing that is executed by a file server (such as an RO (Read
Only) edge node, an RW (Read Write) edge node, and a core node that are described
later) or a management server. Moreover, the controller can include a hardware circuit
that executes a part or a whole of a processing. A computer program can be installed
from a program source to each of the computers (such as a file server and a

management server). The program source can be a program distribution server or a
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[0023]

[0024]

[0025]

[0026]

[0027]

[0028]

storage medium that can be read by a computer for instance.

A management server can also be at least one computer. For instance, in the case in
which a management server indicates the information or a management server
transmits the information for an indication to a remote computer, one computer is a
management server. Moreover, in the case in which a function equivalent to a
management server is implemented by using a plurality of computers for instance, the
plurality of computers is a management server (the plurality of computers can include
a computer for an indication in the case in which a computer for an indication executes
an indication).

In the following descriptions moreover, in the case in which elements of the same
type (for instance, a client, an edge node, and an RO edge node) are not distinguished
for a description, only common signs among referential signs are used. On the other
hand, in the case in which elements of the same type are distinguished for a de-
scription, referential signs (a combination of a common sign and an individual sign)
are used, or the identification information that is added to an element is used as
substitute for a referential sign.

Moreover, while a term of a "date" will be used in the following descriptions, the
"date" includes at least any one of a year, a month, a day, an hour, a minute, and a
second (that can include a second after the decimal point). For instance, the "date" can
include a year, a month, and a day, and the "date" can also include an hour, a minute,
and a second in addition to them.

Embodiment 1

Fig. 1 is a view showing a general outline in accordance with an embodiment 1 of the
present invention.

A server system in accordance with the present embodiment is provided with a
plurality of edge nodes 120 that are coupled to a plurality of clients (for instance, a
computer such as a personal computer) 130 and a core node 220 that is coupled to a
plurality of edge nodes 120. In the present embodiment, the server system is provided
with one core node 220, and the core node 220 is shared by the plurality of edge nodes
120.

The edge node 120 is a local file server (that is, a file server that receives a request
from a client 130), and the core node 220 is a remote file server (that is, a file server
that receives a request from the edge node 120). The client 130 and the edge node 120
can be coupled to a first communication network (such as a LAN (Local Area
Network)), and the edge node 120 and the core node 220 can be coupled to a second
communication network (for instance, a communication network that is independent
from the first communication network (such as the Internet)). In the example shown in
Fig. 1, the clients 130A, 130B1, 130B2, and 130B3 are coupled to the edge nodes



WO 2012/127526 PCT/JP2011/001675

[0029]

[0030]

[0031]

[0032]

120A, 120B1, 120B2, and 120B3, respectively.

Each of the edge nodes 120 is provided with a file storage region (hereafter referred
to as an edge storage region). The core node 220 is also provided with a file storage
region (hereafter referred to as a core storage region). The edge storage region and the
core storage region are a file system representatively. The edge storage region (the core
storage region) that is included in a node 120 (130) can be disposed inside or outside
the node 120 (130). Moreover, each of the edge nodes 120 can write a file to an edge
storage region that is included in the node 120 and can read a file from the edge
storage region. However, each of the edge nodes 120 cannot write a file to an edge
storage region that is not included in the node 120 and cannot read a file from the edge
storage region.

A plurality of edge nodes 120 is configured by at least one RW edge node 120A and
RO edge nodes 120B that are more than the RW edge node 120A. Although one RW
edge node 120A and three RO edge nodes 120B are disposed in the example shown in
Fig. 1, the number of the RO edge nodes 120B can be less or larger than 3 while one
RW edge node 120A is disposed.

The RW edge node 120A is an edge node that receives both of a write request and a
read request of a file, in other words, an edge node that can not only read a file from a
core storage region but also write a file to a core storage region. More specifically, in
the case in which the RW edge node 120A receives a write request of a file from a
client 130A for instance, the RW edge node 120A writes the file to an edge storage
region of the node 120A and writes the file to the core storage region. Moreover in the
case in which the RW edge node 120A receives a read request of a file from a client
130A for instance, the RW edge node 120A returns the file in an edge storage region to
the client 130A if the file is already in the edge storage region of the node 120A (that
is, if the file has already been cached). On the other hand, in the case in which the file
has not been cached, the RW edge node 120A reads the file from the core storage
region (caches the file), and returns the file to the client 130A.

The RO edge node 120B is an edge node that receives a read request of a file and that
does not receive a write request of a file, in other words, an edge node that reads a file
from a core storage region and that does not write a file to a core storage region. More
specifically, in the case in which the RO edge node 120B1 receives a read request of a
file from a client 130B1 for instance, the RO edge node 120B1 returns the file in an
edge storage region to the client 130B1 if the file is already in the edge storage region
of the node 120B1 (that is, if the file has already been cached). On the other hand, in
the case in which the file has not been cached, the RO edge node 120B1 reads the file
from the core storage region and returns the file to the client 130B1 (the file that has

been read can be cached). Moreover in the case in which a file that is specified by a
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read request is a stub of the file, the RO edge node 120B1 reads the file from a storage
destination that is specified by the stub (that is, a region in the core storage region) and
returns the file to the client 130B1. In the processing in which the RO edge node 120B
reads a file from the core storage region, the RO edge node 120B transmits a read
request of a file to a core node 220, and the core node 220 responds to the read request
and returns the file that is specified by the read request to the RO edge node 120B.

[0033]  Each of the RO edge nodes 120B is provided with a table (hereafter referred to as a
storage destination management table) 1216 configured to manage a storage des-
tination (a region in the core storage region) of a file that has been cached by the RO
edge node 120B. The storage destination management table 1216 can be managed
inside or outside the RO edge node 120B. The storage destination management table
1216 is managed inside the RO edge node 120B in the present embodiment, and the
storage destination management table 1216 is managed outside the RO edge node
120B in an embodiment 2 describer later.

[0034]  The following processing is executed by the above configuration in the present em-
bodiment for instance.

[0035] The RO edge node 120B executes a recall of a file (that is, reads a file from a core
storage region and caches the file) in a repetitive manner (on a regular basis or on an
irregular basis). At this time, the RO edge node 120B updates the storage destination
management table 1216 that is included in the node 120B.

[0036]  For instance, a file that has been cached by the RW edge node 120A is updated, and
a file after the update is stored into a core storage region from the RW edge node
120A. After that, the RO edge node 120B1 executes a recall of the file after the update
from the core storage region, and updates the storage destination management table
1216 that is included in the node 120B1.

[0037]  Consequently, although the file after the update is cached to the RO edge node
120B1, a file before the update is cached to the RO edge nodes 120B2 and 120B3 and
a file after the update is not cached to the RO edge nodes 120B2 and 120B3. Con-
sequently, the RO edge node 120B2 (or 120B3) receives a read request that specifies a
file before the update from the client 130B2 (or 130B3), and the RO edge node 120B2
(or 120B3) responds to the read request and returns the cached file before the update to
the client 130B2 (or 130B3).

[0038]  To solve the above problem, it is thought that a stub is created for all files that have
been cached by the RO edge nodes 120B2 and 120B3. However in this case, in each
case in which the RO edge nodes 120B2 and 120B3 receive a read request, the RO
edge nodes 120B2 and 120B3 access a core node 220 (transmit a read request to the
core node 220). Consequently, a load of the core node 220 is increased unfortunately.

[0039] In the present embodiment, a stub is created for only a file before an update and a
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stub is not created for a file that have not been updated among all files that have been
cached by the RO edge nodes 120B1 to 120B3 by the following processing. In other
words, the number of files for which a stub is created can be reduced.

More specifically, the RO edge node 120B2 compares the storage destination
management table 1216 that is managed by the node 120B2 with the storage des-
tination management table 1216 that is included in each of the other RO edge nodes
120B1 and 120B3 for instance. The RO edge node 120B2 specifies a file before an
update (a file for which a stub is to be created) among at least one file that has been
cached for the node 120B2 based on the result of the comparison. The RO edge node
120B2 then creates a stub for only the specified file before an update (a stub in which a
link destination is a file after an update in a core storage region).

By the above configuration, in the case in which the RO edge node 120B2 receives a
read request that specifies a stub from a client 130B2, the RO edge node 120B2 can
read a file after an update that is specified by the stub from a core storage region and
can return the file after the update to the client 130B2. In other words, in the present
embodiment, a file before an update can be prevented from being transmitted to a
client 130B. In the present embodiment moreover, since the number of files for which
a stub is created can be reduced as described above, the number of accesses to a core
node 220 can be reduced.

Fig. 2 is a view showing a hardware configuration of an entire system in accordance
with the present embodiment.

The system is provided with an edge system 100 and a core system 200. The edge
system 100 is a stronghold that includes a local computer system, for instance a
stronghold such as a branch office or a sales office in which a user executes a business
as a practical matter. The core system 200 is a stronghold that includes a remote
computer system, for instance a stronghold for managing a server or a storage
apparatus in a lump or a stronghold for providing a cloud service.

Although a plurality of edge systems 100 are shown in the example of Fig. 2, only
one edge system 100 can also be disposed. Moreover, although a plurality of clients
130 that are coupled to an edge node 120 is shown in the example of Fig. 2, only one
client can also be disposed.

The edge systems 100 is provided with a RAID (Redundant Array of Independent (or
Inexpensive) Disks) system 110, an edge node 120, and a client 130.

The edge node 120 is coupled to the client 130 via a communication network (such
as a LAN) 10 for instance. Moreover, the edge node 120 is coupled to the RAID
system 110 via a communication network (such as a SAN (Storage Area Network))
that is equivalent to or separate from the communication network 10 for instance.

The RAID system 110 is classified broadly into a controller part and a storage part.
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The controller part is provided with a CHA (Channel Adaptor) 111 and a DKC (DisK
Controller) 112. The storage part is provided with a DISK 113. The CHA 111 and the
DISK 113 are coupled to the DKC 112. The CHA 111 is a communication interface
apparatus that is coupled to the edge node 120. The DKC 112 is a controller. The
DISK 113 is a physical storage device of a disk type (such as an HDD (Hard Disk
Drive)). As a physical storage device, a physical storage device of other type (such as a
flash memory device) can also be adopted. Although one DISK 113 is disposed in the
example shown in Fig. 2, a plurality of DISKs 113 can also be disposed. A plurality of
DISKSs 113 can configure at least one RAID group. In the present embodiment, the
RAID system 110 is shared by a plurality of edge nodes 120. A plurality of edge
storage regions (such as an LU (Logical Unit) that is used as a file system) that are cor-
responded to a plurality of edge nodes 120 are disposed based on the DISK 113.

The RAID system 110 receives an I/0 (Input/Output) request of a block level that
has been transmitted from the edge node 120 by using the CHA 111, and executes an 1/
O to the appropriate DISK 113 based on a control of the DKC 112.

The edge node 120 is provided with a memory 121, a CPU (Central Processing Unit)
122, and a NIC (Network Interface Card) 123, and an HBA (Host Bus Adaptor) 124.
The CPU 122 is coupled to the memory 121, the NIC 123, and the HBA124.

The NIC 123 is a communication interface apparatus that is configured to com-
municate with the core node 220 and the client 130.

The HBA124 is a communication interface apparatus that is configured to com-
municate with the RAID system 110.

The memory 121 is a storage region (such as a RAM (Random Access Memory) and
a ROM (Read Only Memory)) that can be read and written by the CPU 122. The CPU
122 executes a computer program that has been stored into the memory 121, whereby a
wide variety of functions can be implemented for the edge node 120. The edge node
120 can also be provided with storage resources of other kinds in addition to or as
substitute for the memory 121.

The edge node 120 receives an I/O request of a file level from the client 130 via the
NIC 123. The edge node 120 creates an I/0 request (an I/O request of a block level) for
an I/0 of a data block that configures a file that is specified by the I/O request. The
edge node 120 transmits an I/O request of a block level to the RAID system 110 via
the HBA 124.

The client 130 is provided with a memory 131, a CPU 132, a NIC 133, and a DISK
134. The client 130 can also be provided with storage resources of other kinds in
addition to or as substitute for the memory 131 and/or the DISK 134.

The CPU 132 executes a computer program that has been stored into the memory

131, whereby a wide variety of functions can be implemented for the client 130. The
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client 130 transmits an 1/0O request of a file level to the file storage apparatus 120 via
the NIC 133. The DISK 134 is a physical storage device of a disk type (such as an
HDD (Hard Disk Drive)).

The core system 200 is provided with a RAID system 210 and a core node 220. The
RAID system 210 is coupled to the core node 220.

The RAID system 210 is provided with a CHA 211, a DKC 212, and a DISK 213. In
the example shown in Fig. 2, the configuration of the RAID system 210 in the core
system 200 is equivalent to that of the RAID system 110 in the edge system 100. Con-
sequently, for the RAID system 210, the CHA 211 receives an I/0 request of a block
level that has been transmitted from the core node 220, and an appropriate 1/0 to the
DISK 213 is executed based on a control of the DKC 212. It is also possible that the
configuration of the RAID system 210 is different from that of the RAID system 110.

The core node 220 is provided with a memory 221, a CPU 222, a NIC 223, and an
HBA 224. The core node 220 can also be provided with storage resources of other
kinds in addition to or as substitute for the memory 221. The CPU 222 executes a
computer program that has been stored into the memory 221, whereby a wide variety
of functions can be implemented for the core node 220. Moreover, the core node 220
communicates with the edge node 120 via the NIC 223 and a communication network
1 (such as the Internet). The core node 220 transmits an 1/O request of a block level to
the RAID system 210 via the HBA 224.

Fig. 3 is a view showing a hardware configuration of an entire system in accordance
with an embodiment 1 of the present invention.

The RAID system 110 (210) is provided with an LU 1101 (2101) in which an OS of
the edge node 120 is not stored and an LU (OS LU) 1100 (2100) in which an OS of the
edge node 120 is stored as an LU. The LU is a logical storage device. The LU can be a
substantive LU based on at least one DISK 113 (213) and can be a virtual LU that
conforms to Thin Provisioning. The LU is configured by a plurality of blocks (storage
regions), and a file is stored into the LU.

The memory 221 of the edge node 120 stores at least one computer program. The
computer program will be described later in detail.

The memory 231 of the client 130 stores an application 1310, a file system program
1311, and a kernel/driver 1312.

The application 1310 is software (an application program) that is used according to a
purpose of a work by the client 130. The descriptions of the file system program 1311
and the kernel/driver 1312 are omitted. This is because the file system program 1311 is
almost equivalent to a file system program 1211 that is included in the edge node 120
and that is described later (see Fig. 4), and the kernel/driver 1312 is almost equivalent
to a kernel/driver 1212 that is included in the edge node 120 and that is described later
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system program 2211, and a kernel/driver 2212. The descriptions of the data mover
program 2210, the file system program 2211, and the kernel/driver 2212 are omitted.
This is because the data mover program 2210 is almost equivalent to a data mover
program 1210 that is included in the edge node 120 and that is described later (see Fig.
4), the file system program 2211 is almost equivalent to the file system program 1211
described above, and the kernel/driver 2212 is almost equivalent to the kernel/driver
1212 described above.

In the following descriptions, the data mover program 1210 in the edge node 120 is
referred to as an edge mover 1210, and the data mover program 2210 in the core node
220 described later is referred to as a core mover 2210. In the case in which the edge
mover 1210 and the core mover 2210 are not distinguished in particular, the edge
mover 1210 and the core mover 2210 are referred to as a data mover program. A file is
transmitted and received between the edge node 120 and the core node 220 via the
edge mover 1210 and the core mover 2210.

The computer program and information that are included in the edge node 120 will
be described in the following with reference to Fig. 4.

The memory 121 of the edge node 120 stores an edge mover 1210, a file system
program 1211, a kernel/driver 1212, a file sharing program 1213, a load relaxation
control program 1214, a storage destination information sharing program 1215, a
storage destination management table 1216, and a group management table 1217.

The edge mover 1210 reads a file of a replication target from the edge storage region,
transfers the file to the core node 220, and creates a stub in which the file is a link des-
tination. The core mover 2210 receives the file of a replication target from the edge
node 120, and writes the file to the core storage region.

In the case in which the edge mover 1210 receives a read request from the client 130
to the stub (metadata), the edge mover 1210 transmits a read request that specifies a
file of a link destination of the stub to the core mover 2210. By this configuration, the
file in the core storage region is read from the core mover 2210 to the edge mover
1210.

The file system program 1211 manages a file system. The file system program 1211
is provided with a reception program 12110. The reception program 12110 reads a file
or writes a file in accordance with an I/O request (a write request or a read request)
from the client 130.

The kernel/driver 1212 executes the general control and a control unique to hardware
such as a schedule control of a plurality of programs (processes) that are operated on

the edge node 120 and a handling of an interrupt from hardware.
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The file sharing program 1213 provides a file sharing service to the client 130 by
using a predetermined communication protocol (such as a CIFS (Common Internet File
System) and an NFS (Network File System)).

The load relaxation control program 1214 executes a processing for relaxing a load
of the core node 220 (more specifically, an edge group creation processing described
later).

The storage destination information sharing program 1215 shares a storage des-
tination management table between the RO edge nodes 120B.

The storage destination management table 1216 is provided with the information that
indicates a storage destination of a file that has been cached in the edge storage region
(a location in the core storage region).

The group management table 1217 is provided with the information related to an
edge group that has been created by the load relaxation control program 1214. The
"edge group" is an aggregate of at least one RO edge node 120B.

An example of a file system will be described in the following with reference to Figs.
5to8.

The file system 500 is provided with a super block 501, an inode management table
502, and a plurality of data blocks 503 as shown in Fig. 5.

The super block 501 holds the information related to a file system. The information
includes information related to each of files in the file system (such as the information
that indicates a size and a location of a file) for instance.

The inode management table 502 is provided with information related to an inode
that is corresponded to each individual directory or file. Fig. 6 is a view showing an
example of a part that is provided with information related to an inode that is cor-
responded to a directory in an inode management table. Fig. 7 is a view showing an
example of a part that is provided with information related to an inode that is cor-
responded to a file in an inode management table.

The data blocks 503 stores data that configures a file.

In accordance with an example shown in Figs. 6 to 8, a file "a.txt" is read as
described in the following. In other words, a path of /home/user-01/a.txt is gone
through based on the information shown in Fig. 6. More specifically, the data block
100 is accessed according to the flow of "/" (inode number 2) -> "home" (inode
number "10") -> "user-01" (inode number "15") -> "a.txt" (inode number 100 ). The
following data (8-1) to (8-3) are obtained as shown in Fig. 8 based on the information
shown in Fig. 7.

(8-1) data in three consecutive blocks in which a block of an address 100 is
beginning;

(8-2) data in two consecutive blocks in which a block of an address 200 is beginning;
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and
(8-3) data in five consecutive blocks in which a block of an address 100 is beginning.
A file that includes data (8-1) to (8-3) is a file "a.txt".

Fig. 9A is a view showing a configuration of a storage destination management table
1216.

The storage destination management table 1216 associates and stores a file storage
destination hash value 12161, a file entity hash value 12162, and the time and date of
recall 12163 for every file that has been cached in the edge storage region that is
included in the RO edge node 120B that is provided with the table 1216.

The file storage destination hash value 12161 is a hash value of the information that
indicates a storage destination in the core storage region (a location of the core storage
region for a file that has been cached). The storage destination of a file is indicated by
the URL for instance.

The file entity hash value 12162 is a hash value of a file that has been cached.

The time and date of recall 12163 is the information that indicates the latest date
when a recall request of a file was transmitted to the core node 220 (the latest date
when a recall of a file has been executed). The recall request is a read request that
specifies a file of a link destination of a stub.

Fig. 9B is a view showing a group management table 1217.

The group management table 1217 is provided with a group ID 12171, a group con-
figuration 12172, and a representative flag 12173 for every edge group.

The group ID is an ID of an edge group.

The group configuration 12172 includes an ID of each of the RO edge nodes 120B
that configure an edge group.

The representative flag 12173 is a flag that indicates whether each of the RO edge
nodes 120B that configure an edge group is a representative node or not. The RO edge
node 120B that is corresponded to the representative flag 12173 of "1" is a repre-
sentative node of an edge group that includes the node 120B. The RO edge node 120B
that is corresponded to the representative flag 12173 of "0" is a non-representative
node of an edge group that includes the node 120B.

Fig. 9B indicates the following matters for instance:

(*) a group in which the group ID 12171 is "01" is configured by the RO edge nodes
120B1, 120B2, and 120B3; and

(*) the representative node of the group is the RO edge node 120B1, and other RO
edge nodes 120B2 and 120B3 are non-representative nodes.

The flow of a processing that is executed in the present embodiment will be
described in the following.

Fig. 10 is a view showing a flow of a processing in which a plurality of RO edge
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nodes 120B share the storage destination management table 1216.

For instance, one RW edge node 120A and three RO edge nodes 120B1 to 120B3 are
coupled to one core node 220. The clients 130A and 130B1 to 130B3 are coupled to
the RW edge node 120A and the RO edge nodes 120B1 to 120B3, respectively.

Each of the storage destination management tables 1216 is shared by a plurality of
RO edge nodes 120B according to the storage destination information sharing program
1215 that is included in each of the RO edge nodes 120B (see Fig. 4). For instance, the
information that is included in the storage destination management table 1216 in the
RO edge node 120B1 is copied to all of other the RO edge nodes 120B2 and 120B3.
By this configuration, the RO edge nodes 120B2 and 120B3 are provided with the
storage destination management table 1216B1 (substantially, a duplicate of the storage
destination management table 1216B1 in the RO edge node 120B1).

The similar processing is also executed for the storage destination management table
1216B2 (1216B3) in the RO edge node 120B2 (120B3). By this configuration, each of
the RO edge nodes 120B can be provided with not only the storage destination
management table 1216 for a file that has been stored into an edge storage region (a
file system) that is included in the node 120B but also the storage destination
management table 1216 for a file that has been stored into an edge storage region that
is included in other node 120B.

It is assumed that all storage destination management tables 1216 are shared by all
RO edge nodes 120B. Moreover, it is assumed that a file in a core storage region
(hereafter referred to as a file X1) is cached in all edge storage regions.

In this state, it is assumed that a write request is transmitted from the client 130A to
the RW edge node 120A, the file X1 that has been stored into an edge storage region of
the RW edge node 120A is updated, and the file after the update (hereafter referred to
as a file X2) is stored into a core storage region for instance. Moreover, the RO edge
node 120B1 executes a recall of the file X2 after the update from the core storage
region, caches the file X2 after the update to an edge storage region that is included in
the node 120B1, and updates the storage destination management table 1216B1 that is
included in the node 120B1.

In this stage, although the file X2 after the update has been cached in the edge
storage region that is included in the RO edge node 120B1, the file X1 before an
update has been cached in the edge storage region that is included in the RO edge
nodes 120B2 and 120B3 and the file X2 after the update has not been cached. In other
words, the storage destination management tables 1216B2 and 1216B3 have not been
updated.

The RO edge node 120B transmits the information that is included in the storage des-
tination management table 1216 that is corresponded to the node 120B to other RO
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edge node 120B. The information to be transmitted can be all information that is
included in the storage destination management table 1216, or can be only information
on the line that has been updated by an execution of a recall of a file.

The RO edge node 120B receives the information that is included in the storage des-
tination management table 1216 that is corresponded to other edge node 120B from the
other RO edge node 120B. The RO edge node 120B updates the storage destination
management table 1216 that is corresponded to the other edge node 120B.

The RO edge node 120B compares the storage destination management table 1216
that is corresponded to the node 120B with the storage destination management table
1216 that is corresponded to other node 120B. Based on the result of the comparison,
the RO edge node 120B can specify whether a file that has been cached is a file after
an update or a file before an update.

As described with reference to Fig. 11 for instance, the RO edge node 120B2 can
specify a file in which a file entity hash value 12162 is xxxyyy123 is a file before an
update among three files that have been cached by the RO edge node 120B2 by
comparing tables 1216B1 and 1216B2 that are included in the RO edge node 120B2.
More specifically, the RO edge node 120B2 executes the following processing for
instance:

(a) selecting at least two files that are provided with the same file storage destination
hash value 12161;

(b) comparing the file entity hash values 12162 with each other for the at least two
files that have been selected in (a);

(c) comparing the time and date of recall 12163 for the at least two files that have
been selected in (a) in the case in which the file entity hash values 12162 are different
from each other; and

(d) specifying a file in which the time and date of recall 12163 are older as a file
before an update.

Consequently, in accordance with the example shown in Fig. 11, it is specified that a
file in which a file entity hash value 12162 is xxxyyy123 is a file before an update.

The RO edge node 120B2 creates a stub for only a file before an update and does not
create a stub for a file after an update. A file in which a stub is created is limited to a
file before an update among a plurality of files that have been cached. Consequently,
the number of accesses to the core node 220 can be suppressed. In other words, in the
case in which the RO edge node 120B2 receives a read request that specifies a stub, the
RO edge node 120B2 transmits a recall request (a read request) of a file of a link des-
tination of the stub to the core node 220. However, since a file in which a stub is
created is limited to a file before an update, the number of transmissions of a recall

request to the core node 220 can be suppressed.
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Moreover, in the case in which the RO edge node 120B receives a read request that
specifies a file that has been cached from the client 130B2, the RO edge node 120B
transmits the file that has been cached to the client 130B2. However, since it is
expected that the file that has been cached is only a file after an update, it can be
expected that a file before an update is not returned to the client 130B2.

In accordance with one ingenuity for suppressing the number of accesses to the core
node 220 (hereafter referred to as an ingenuity 1), a file before an update is specified
among at least one file that has been cached, and a stub is created for only a file after
the update.

The present embodiment is also provided with another ingenuity 2 for suppressing
the number of accesses to the core node 220. In accordance with the ingenuity 2, at
least one edge group that is configured by at least one RO edge node 120B is created.
Even in the case in which the RO edge node 120B receives a read request that specifies
a stub, it is expected that the RO edge node 120B does not transmit a recall request (a
read request) to the core node 220, obtains a file after an update (a latest file) that is
corresponded to the stub, and returns the file after an update. More specifically, the RO
edge node 120B can judge whether or not a file after an update that is corresponded to
the stub that has been specified by a read request has already been cached to an edge
storage region that is included in other node 120 in an edge group that includes the
node 120B based on the storage destination management table 1216 thatis cor-
responded to other node 120B. In the case in which a core storage destination (a
storage destination in a core storage region) that is corresponded to the stub is
equivalent to a core storage destination of a file that has been cached in an edge storage
region that is included in other node 120B, it is decided that a file after an update that
is corresponded to the stub has been cached in an edge storage region that is included
in other node 120B in an edge group. In the case in which the result of the judgment is
positive, the RO edge node 120B can obtain the file from other node 120B and return
the file to the client 130B.

In other words, in the case in which a file that has been received from the client 130B
by the RO edge node 120B and that has been specified by a read request has been
cached in an edge group that includes the node 120B, a recall request is not issued
from the node 120B, and the file has been cached is transmitted to the client 130B.

Consequently, in the case in which many files have been cached in one edge group as
much as possible and duplicated files are included in the files as less as possible, it is
thought that a probability of an issuance of a recall request is low.

An edge group is created according to such an aspect. The creation processing of an
edge group will be described in the following.

In the creation processing of an edge group, the following processing is executed:
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(a) a selection of a representative node; and

(b) an allocation for every non-representative node.

By the above configuration, at least one edge group is created. The edge group is
configured by one representative node and at least zero non-representative node.

The selection of a representative node is executed as described in the following.

The RO edge node 120B (the load relaxation control program 1214) refers to all the
storage destination management tables 1216 in the node 120B, and specifies an RO
edge node 120B that satisfies both (or one) of the following two conditions:

(Condition 1) an amount of cache is equal to or larger than a certain value; and

(Condition 2) an amount of duplicated files is equal to or larger than a certain value.

The specified node 120B is selected as a representative node.

The amount of cache described above can be the total amount of at least one file that
has already been cached (for instance, a total size, a total number, or a rate (a total size
of at least one file that has already been cached to a capacity of a whole or a prede-
termined part of an edge storage region (a file system))).

The amount of duplicated files described above is a file that is corresponded to the
following (A) and (B) among at least one file that has been cached in an edge storage
region that is included in the node 120B (it can be specified whether a storage des-
tination is equivalent to each other or not based on the storage destination management
table 1216 of each of the RO edge nodes 120B).

(A) a core storage destination is equivalent to a core storage destination of a file that
has been cached in an edge storage region that is included in other RO edge node
120B; and

(B) duplicated by a file that has been cached in an edge storage region that is
included in other RO edge node 120B (the content is the same).

Consequently, in the case in which a file that has been cached for a node 120B1 and
a file that has been cached for a node 120B2 are duplicated by each other for instance,
it is said that a duplicated file exists for the node 120B1 and the node 120B2.

The amount of duplicated files described above can be the total amount of at least
one duplicated file (for instance, a total size, a total number, or a rate to an amount of
cache (a total number of at least one duplicated file to a total number of at least one file
that has already been cached)).

The Condition 1 and Condition 2 described above conform to the above described
aspect.

More specifically, as described above, it is preferable that many files have already
been cached in an edge group as much as possible. However, there is a possibility that
an RO edge node 120B other than a representative node does not exist in the edge

group. Consequently, it is preferable that an RO edge node 120B that is provided with
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a larger amount of cache is selected as a representative node. Therefore, the Condition
1 is adopted as one condition of a representative node.

Moreover, as described above, it is preferable that there are many files that are
provided with different contents (duplicated files are included as less as possible). An
edge group exists for every representative node. Consequently, it is preferable that at
least two RO edge nodes 120B that are provided with many duplicated files exist in
separate edge groups. Therefore, the Condition 2 is adopted as one condition of a rep-
resentative node.

An amount of cache and an amount of duplicated files can be calculated based on the
storage destination management table 1216.

For instance, an amount of cache can be the number of files that have already been
cached, which is specified by the storage destination management table 1216. In the
example shown in Fig. 11, for the RO edge node 120B1, it is found that the number of
files that have already been cached is 3 from the storage destination management table
1216B1. Consequently, an amount of cache can be 3 for the RO edge node 120B1.

The duplicated file is one of at least two files in which a combination of a file storage
destination hash value 12161 and a file entity hash value 12162 conforms to each
other. In other words, in the example shown in Fig. 11, there is a file that is cor-
responded to a combination of a file storage destination hash value 12161 aaabbb123
and a file entity hash value 12162 xxxyyy456 (hereafter referred to as a file K1) as a
file that has already been cached for the node 120B1. It is also found that there is a file
that is corresponded to a combination of a file storage destination hash value 12161
aaabbb123 and a file entity hash value 12162 xxxyyy456 (hereafter referred to as a file
K?2) as a file that has already been cached for the node 120B2. In this case, the file K1
is a duplicated file for the node 120B1, and the file K2 is a duplicated file for the node
120B2.

After a representative node is selected as described above, a non-representative node
(that is, an RO edge node that has not been selected as a representative node) is
allocated to any of edge groups. An edge group that is an allocated destination is an
edge group in which there are least cached files that are duplicated with a file that has
already been cached for the non-representative node among at least two edge groups.

In the case in which an allocation for all non-representative nodes is completed, the
creation processing of an edge group is terminated.

A concrete example of the creation processing of an edge group will be described in
the following.

The example shown in Fig. 12A indicates the following statuses:

(*) the RO edge node 120B1 is provided with files A to H;

(*) the RO edge node 120B4 is provided with files A to D and J to M;
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(*) the RO edge node 120B2 is provided with files L and M;
(*) the RO edge node 120B3 is provided with files D and J; and
(*) the RO edge node 120B5 is provided with files G and H.

In accordance with the Condition 1 and Condition 2 described above, the nodes
120B1 and 120B4 of the nodes 120B1 to 120B5 are representative nodes. The nodes
120B1 and 120B4 of the nodes 120B1 to 120B5 are provided with the largest files that
have already been cached and the largest duplicated files A to D.

An edge group 01 that includes a representative node 120B1 and an edge group 04
that includes a representative node 120B4 are prepared. The RO edge nodes 120B2,
120B3, and 120B5 other than a representative node are non-representative nodes. Each
of the non-representative nodes is allocated to an edge group in which there are least
cached files that are duplicated with a file that has already been cached for the non-
representative node. As a result, as shown in Fig. 12A, the non-representative nodes
120B2 and 120B3 are allocated to the edge group 01, and the non-representative node
120BS5 is allocated to the edge group 02.

As aresult, as shown in Fig. 12B, the edge group 01 is configured by the repre-
sentative node 120B1 and the non-representative nodes 120B2 and 120B3. Moreover,
the edge group 02 is configured by the representative node 120B4 and the non-
representative node 120B5.

Consequently, as shown in Fig. 12C, files that have already been cached for the edge
group 01 are files A to H, L, M, and J, and files that have already been cached for the
edge group 02 are files A to D, J to K, L, G, and H.

In other words, since an edge group is created from an aspect described above, there
is a low possibility that a plurality of duplicated files is concentrated to one edge
group, and there is a high possibility that a plurality of duplicated files is distributed to
a plurality of edge groups. As shown in Fig. 12C, the duplicated files A to D, G, H, J,
L, and M exist in both of edge groups 01 and 02. Consequently, in the case in which a
node 120B that belongs to any of the edge groups 01 and 02 receives a read request
that specifies a stub of any one of the duplicated files, a file that has already been
cached that is corresponded to the stub can be obtained from other node 120B in the
edge group 01 or 02 that includes the node 120B. Therefore, a recall request is not
necessary.

However, in the case in which an edge group is created without conforming to the
above aspect, there is a high probability that a recall request is necessary unfortunately.

For instance, as shown in Fig. 13A, it is assumed that an edge group 03 that is
configured by nodes 120B2, 120B3, and 120B5 and an edge group 04 that is
configured by nodes 120B1 and 120B4 are prepared.

In this case, as shown in Fig. 13B, duplicated files A to D that have already been
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cached for the node 120B1 and duplicated files A to D that have already been cached
for the node 120B4 exist as a file that has already been cached for the same edge group
04, and files A to D do not exist as a file that has already been cached for other edge
group 03. In other words, a plurality of duplicated files is not distributed to a plurality
of edge groups in a uniform manner and is placed in a disproportionate manner.

Consequently, even in the case in which any node 120B in the edge group 03
receives a read request that specifies a stub of any duplicated file (such as a file A),
since there is not a file A as a file that has already been cached in the edge group 03, it
is necessary that a recall request is issued.

As described above, in the case in which an edge group is created without
conforming to the above aspect, there is a high probability that a recall request is
issued unfortunately.

As aresult, creating an edge group according to the above described aspect is the
ingenuity 2 in accordance with the present embodiment. By this configuration, it is
possible to reduce the number of times of an issuance of a recall request. Although
both of the ingenuity 1 and the ingenuity 2 is adopted in the present embodiment, it is
also possible to reduce the number of times of the accesses to a core node even in the
case in which any one of the ingenuity 1 and the ingenuity 2 is adopted.

Fig. 14 is a view showing an example of a processing that is executed in the case in
which an RO edge node 120B receives a read request that specifies a stub.

The edge group 01 is configured by the representative node 120B1 and the non-
representative nodes 120B2 and 120B3.

It is assumed that an RO edge node 120B3 receives a read request that specifies a
stub of a file A from a client 130B3 (S1401).

In this case, the RO edge node 120B3 judges whether or not the file A thatis cor-
responded to the stub has already been cached to an edge group 01 that includes the
node 120B3 based on all of the storage destination management tables 1216 that are
included in the node 120B3 (S1402).

In the case in which the result of a judgment of the S1402 is positive, the RO edge
node 120B3 obtains the file A that has already been cached from an edge storage
region of other node 120B (S1403), and transmits the file A to the client 130B3
(S1405).

In the case in which the RO edge node 120B3 specifies that a plurality of files A that
have already been cached that are corresponded to the stub that is specified by the read
request exist in the same edge group, the RO edge node 120B3 selects one file A that
has already been cached from the plurality of files A that have already been cached.
The file A that is selected can be a file that conforms to a predetermined policy. The

policy conforms to at least one aspect of (a) a distance from the node 120B3, (b) an
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access load of other node 120B, and (c) the latest date when other node 120B executes
a recall for other node 120B in the edge group 01 for instance. More specifically, the
file that is selected is a file that is corresponded to at least one of the following (A) to
(©):

(A) a file that has been stored into an edge storage region of other node 120B in which
a distance from the node 120B3 is shortest;

(B) a file that has been stored into an edge storage region of a node 120B in which an
access load is lowest among at least one other node 120B in the edge group 01; and
(C) a file in which the time and date of recall 12163 is latest (see Fig. 9).

The distance from the node 120B3 can be the number of hops, that is, relay ap-
paratuses that are disposed between the node 120B3 and the other node 120B (such as
a router and a switch device that is provided with a function similar to the router). Each
of the nodes 120B can be provided with the information that indicates a distance from
each of other nodes 120B in an edge group that includes the node 120B. The distance
from the node 120B3 can be specified by the information.

The access load of a node 120B can be the number of recalls that have been executed
by the node 120B (or a CPU usage rate of the node 120B) for instance.

In the case in which there are at least two files that are corresponded to at least one of
the above (A) to (C), a file that satisfies the above (A) to (C) as many as possible can
be selected. Moreover, in the case in which there are at least two files that satisfies
separate conditions of the above (A) to (C), a file can be selected based on each of the
priority levels of the above (A) to (C).

In the case in which the result of a judgment of the S1402 is negative, the RO edge
node 120B3 obtains the file A from the RW edge node 120A, and caches the file A in
an edge storage region of the node 120B3 (S1404). The node 120B3 then transmits the
file A to the client 130B3 (51405).

The reason why the node 120B3 accesses the RW edge node 120A in the case in
which a file that has already been cached and that is corresponded to a stub does not
exist in the edge group 01 is in the following. This is because there is a possibility that
a file after an update for the RW edge node 120A (a file after an update (the latest file)
that is corresponded to a stub and that exists in an edge storage region of the RW edge
node 120A) is not reflected to a core node 220 (is not migrated to a core node 220) in
the case in which a file that has already been cached and that is corresponded to a stub
does not exist in the edge group 01. In other words, it is thought that there is a high
possibility that a file after an update (the latest file) that is corresponded to a stub can
be obtained in the case in which the node 120B3 transmits a read request of a file that
is corresponded to a stub to not the core node 220 but the RW edge node 120A in this

case. Moreover in this case, since a read request is transmitted to not the core node 220
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but the RW edge node 120A, a load of the core node 220 can be reduced.

The processing that is executed by each of the programs will be described in the
following. In the following descriptions, an edge mover that is executed by the RW
edge node 120A is referred to as an RW mover, and an edge mover that is executed by
the RO edge node 120B is referred to as an RO mover.

Fig. 15 is a part of a flowchart showing a flow of a processing of an RW mover 1210.
Fig. 16 is a remaining part of the flowchart of Fig. 15. In the descriptions of Fig. 15
and Fig. 16, the RW edge node 120A that executes the RW mover 1210 is referred to
as a target node 120A, and an edge storage region that is included in the target node
120A is referred to as an RW edge storage region.

The RW mover 1210 checks whether or not an event has occurred (S1501). The
event means any one of an elapse of a certain period of time, a replication request, a
synchronization request, and a recall request.

The elapse of a certain period of time means an elapse of a certain period of time
after the S1501 is terminated.

The replication request means a request of a replication of a file from the RW edge
storage region to the core storage region.

The synchronization request means a request of a synchronization of a file to which a
replication from the RW edge storage region to the core storage region has been
executed (a file in the core storage region) and a file that has been updated by the RW
edge node 120A (that is, a request of writing a file after an update in the RW edge
storage region to a file in the core storage region).

The recall request means a request of reading a file from the core storage region as
described before.

The RW mover 1210 can receive at least one of a replication request, a synchro-
nization request, and a recall request from an apparatus other than the RW edge node
120A (for instance, a client), and can also receive that from other program in the RW
edge node 120A.

In the next place, in the case in which the RW mover 1210 decides that an event has
not occurred (S1502: No), S1501 is executed.

In the case in which the RW mover 1210 decides that an event has occurred (S1502:
Yes), the RW mover 1210 judges a type of the event that has occurred (S1503).

In the case in which a type of the event is an elapse of a certain period of time, the
RW mover 1210 checks the remaining capacity of an LU 1101 (an RW edge storage
region (file system)) (S1504). The remaining capacity of an LU 1101 is a free capacity
(a capacity that can be used) of an LU 1101 that has been provided to the target node
120A.

In the case in which the remaining capacity of an LU 1101 is larger than a threshold
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value (S1508: No), the RW mover 1210 terminates the processing.

In the case in which the remaining capacity of an LU 1101 is equal to or less than a
threshold value (S1508: Yes), the RW mover 1210 selects files of older final access
date in order until the remaining capacity of an LU 1101 (a file system) exceeds a
threshold value (S1509).

The RW mover 1210 deletes a file and creates the stub of the deleted file for all files
that have been selected in the S1509 (S1510).

In the case in which a type of the event is a replication request, the RW mover 1210
obtains the information that indicates a storage destination of a file of a replication
target from the core node 220 (S1505).

The RW mover 1210 sets the information of the storage destination that has been
obtained in the S1505 to the metadata of a file of a replication target (S1511).

The RW mover 1210 obtains an object (a file or a directory) that is specified by a
replication request and the metadata of the object from the LU 1101 (an RW edge
storage region) (S1512).

The RW mover 1210 transfers the object and the data that have been obtained in the
S1512 to the core node 220 (S1513). By this step, the object (a file or a directory) that
has been obtained in the S1512 is stored into the core storage region.

In the case in which a type of the event is a synchronization request or a recall
request, the RW mover 1210 checks whether the type of the event is a synchronization
request or a recall request (S15006).

In the case in which a type of the event is a synchronization request, the RW mover
1210 obtains an object that has been updated after the replication and its metadata from
the LU 1101 (an RW edge storage region) (S1514).

The RW mover 1210 transfers the object that has been obtained and its metadata to
the core node 220 (S1515). By this step, a file that has been updated by the RW edge
node 120A (a file in the RW edge storage region) is reflected to the core storage
region.

In the case in which a type of the event is a recall request, the RW mover 1210
checks reads a file that is linked to a stub from the core node 220 (the core storage
region) and caches the file to the RW edge storage region (S1507).

Fig. 17 is a flowchart showing a flow of a processing of an RO mover 1210. In the
descriptions of Fig. 17, the RO edge node 120B that executes the RO mover 1210 is
referred to as a target node 120B, and an edge storage region that is included in the
target node 120B is referred to as an RO storage region.

The RO mover 1210 checks whether or not an event has occurred (S1701). The event
means any one of a first elapse of a certain period of time, a second elapse of a certain

period of time, receiving the effect that an update has occurred from the core node, and
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a recall request.

The first elapse of a certain period of time means an elapse of a certain period of time
after the S1701 is terminated.

The second elapse of a certain period of time means an elapse of a certain period of
time after the S1708 is terminated.

Receiving the effect that an update has occurred from the core node means a
reception of the information that indicates that a file that has been stored into the core
storage region and that is corresponded to a stub that is included in the target node
120B has been updated.

In the case in which an event has not occurred (S1702: No), the RO mover 1210
executes the S1701.

In the case in which an event has occurred (S1702: Yes), the RO mover 1210 judges
a type of the event that has occurred (S1703).

In the case in which a type of the event is a first elapse of a certain period of time, the
RO mover 1210 checks the remaining capacity of an LU 1101 (an RO edge storage
region (file system)) (S1704).

In the case in which the remaining capacity of an LU 1101 is larger than a threshold
value (S1705: No), the RO mover 1210 terminates the processing.

In the case in which the remaining capacity of an LU 1101 is equal to or less than a
threshold value (S1705: Yes), the RO mover 1210 selects files of older final access
date in order until the remaining capacity of an LU 1101 exceeds a threshold value
(S1706).

The RO mover 1210 deletes a file and creates the stub of a file for all files that have
been selected in the S1706 (S1707).

In the case in which a type of the event is a first elapse of a certain period of time or
receiving the effect that an update has occurred from the core node, the RO mover
1210 executes the following processing (S1708):

(S1708-1) judging whether or not a file before an update exists in at least one file that
has already been cached in the RO edge storage region based on all of the storage des-
tination management tables 1216 that are included in the target node 120B; and

(S1708-2) deleting the file before an update and creating a stub that is corresponded
to a file after an update that has been stored into the core storage region in the case in
which the result of a judgment of the S1708-1 is positive.

In the case in which a type of the event is a recall request, the RO mover 1210 reads
a file that is linked to a stub from the core node 220 (the core storage region) and
caches the file to the RW edge storage region (S1709). After the file is cached, the RO
mover 1210 updates the file entity hash value 12162 and the time and date of recall

12163 that are corresponded to the file that has been cached for the storage destination
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management table 1216 that is corresponded to the target node 120B. The information
that includes the file entity hash value 12162 and the time and date of recall 12163
after the update is transmitted to all other RO edge nodes 120B.

Fig. 18 is a flowchart showing a flow of a processing that is executed by a reception
program 22110 of an RW edge node 120A. In the descriptions of Fig. 18, the reception
program is referred to as an RW reception program, the RW edge node 120A is
referred to as a target node 120A, and an edge storage region that is included in the
target node 120A is referred to as an RW storage region.

The RW reception program 22110 receives an 1/0 request from the client 130A and
judges a type of the I/0 request (S1801).

In the case in which an I/O request is a write request, the RW reception program
22110 executes the following processing (S1802):

(S1802-1) making the edge mover 1210 of the target node 120A to execute a recall
of a file that is corresponded to the file accompanying the write request from the core
storage region;

(S1802-2) storing the file that has been obtained in the S1802-1 into the RW edge
storage region; and

(S1802-3) writing the file accompanying the write request to the file that has been
stored into the RW edge storage region in the S1802-2 (updating the file).

At this point of time, the file after the update in the S1802 (the file that has been
written in accordance with the write request) has not been written to the core storage
region. Consequently at this point of time, the latest file exists in not the core storage
region but the RW edge storage region only. In this state, there is not a file that has
already been cached of a read target in an edge group as described above, the latest file
is read from the target node 120A by transmitting a read request of the file to the target
node 120A.

In the case in which an I/O request is a read request, the RW reception program
22110 judges whether or not a file that is specified by the read request has already been
recalled (cached) (S1803).

In the case in which the result of a judgment of the S1803 is positive (S1803: Yes),
the RW reception program 22110 returns a file that has been recalled (a file that has
already been cached) to the client 130A (S1805).

In the case in which the result of a judgment of the S1803 is negative (S1803: No),
the RW reception program 22110 executes the following processing (S1804):

(S1804-1) making the edge mover 1210 of the target node 120A to execute a recall
of a file that is specified by the read request (a file that is corresponded to the stub that
is specified by the read request) from the core storage region; and

(S1804-2) storing the file that has been obtained in the S1804-1 into the RW edge
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storage region.
The RW reception program 22110 returns a file that has been obtained in the S1804 to
the client 130A (S1805).

Fig. 19 is a part of a flowchart showing a flow of a processing that is executed by a
reception program 12110 of an RO edge node 120B. Fig. 20 is a remaining part of the
flowchart of Fig. 19. In the descriptions of Fig. 19 and Fig. 20, the reception program
is referred to as an RO reception program, the RO edge node 120B that executes the
reception program is referred to as a target node 120B, an edge storage region that is
included in the target node 120B is referred to as an RO edge storage region, and an
edge group that includes the target node 120B is referred to as a target group.

In the case in which the RO reception program 22110 receives a read request from
the client 130, the RO reception program 22110 judges whether or not a file that is
specified by the read request has already been recalled (cached) (S1901).

In the case in which the result of a judgment of the S1901 is positive (S1902: Yes),
the RO reception program 22110 returns a file that has already been recalled (a file that
has already been cached) to the client 130B (S1905).

In the case in which the result of a judgment of the S1901 is negative (S1902: No),
the RO reception program 22110 judges whether or not there is a target group based on
a group configuration table 1217 in the target node 120B (S1903).

In the case in which the result of a judgment of the S1903 is negative (S1904: No),
the RO reception program 22110 executes the following processing (S1905):

(S1905-1) making the edge mover 1210 of the target node 120B to execute a recall of
a file that is specified by the read request (a file that is corresponded to the stub that is
specified by the read request) from the core storage region;

(S1905-2) caching the file that has been obtained in the S1905-1 (storing the file that
has been obtained in the S1905-1 into the RO edge storage region); and

(S1905-3) registering the information related to the file that has been cached in the
S1905-2 to the storage destination management table 1216 that is corresponded to the
target node 120B.

In the case in which the result of a judgment of the S1903 is positive (S1904: Yes),
the RO reception program 22110 judges whether or not a file that is corresponded to
the stub that is specified by the read request has already been cached in the target
group (S1906). More specifically, the RO reception program 22110 executes the
following processing:

(S1906-1) specifying all other RO edge nodes 120B that are included in an edge
group that includes the target node 120B based on the group management table 1217;
and

(S1906-2) judging whether or not a file that is corresponded to the stub that is
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specified by the read request exists based on the storage destination management table
1216 that is corresponded to the all other RO edge nodes 120B that have been
specified in the S1906-1 among all the storage destination management tables 1216
that are included in the target node 120B.

In the case in which the result of a judgment of the S1906 is positive (S1907: Yes),
the RO reception program 22110 executes the following processing (S1908):

(S1908-1) obtaining a file that is corresponded to the stub from other RO edge node
120B in the target group;

(S1908-2) caching the file that has been obtained in the S1908-1 (storing the file that
has been obtained in the S1908-1 into the RO edge storage region); and

(S1908-3) updating the information that is corresponded to the file that has been
cached in the S1908-2 in the storage destination management table 1216 thatis cor-
responded to the target node 120B.

In the case in which at least two files that are corresponded to the stub that is
specified by the read request have already been cached in the target group, the RO
reception program 22110 obtains a predetermined policy, for instance, a file that is cor-
responded to at least one of the following three files:

(*) a file in which the time and date of recall 12163 is latest;

(*) a file in which other node 120B in which a distance from the target node 120B is
shortest (for instance, an RO edge node in which the number of hops described above
is least) has already been cached; and

(*) a file in which an RO edge node 120B in which the number of times of recall is
least has already been cached.

In the case in which the result of a judgment of the S1906 is negative (S1907: No),
the RO reception program 22110 executes the following processing (S1909):

(S1909-1) transmitting a read request of a file of a read target to the RW edge node
120A (that is, obtaining a file of a read target from the RW edge node 120A);

(S1909-2) caching the file that has been obtained in the S1909-1 (storing the file that
has been obtained in the S1909-1 into the RO edge storage region); and

(S1909-3) updating the information that is corresponded to the file that has been
cached in the S1909-2 in the storage destination management table 1216 thatis cor-
responded to the target node 120B.

The RO reception program 22110 returns a file of a read target that has been cached
in the RO edge storage region to the client 130B (S1910).

Fig. 21 is a flowchart showing a flow of a processing that is executed by a storage
destination information sharing program 1215. In the descriptions of Fig. 21, the RO
edge node 120B that executes the program 1215 is referred to as a target node 120B.

The storage destination information sharing program 1215 waits till an event occurs
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(S2101). The event means any one of a "recall processing", an "advent of a
transmission time", and "receiving the storage destination information from other RO
edge node".

The program 1215 checks whether or not an event has occurred (S2102). In the case
in which an event has not occurred (S2102: No), the program 1215 executes the S2101.
In the case in which a recall processing by other program has not occurred (S2103:

Yes), the program 1215 updates a line of the storage destination management table
1216 that is corresponded to the file that has been recalled and that has been cached in
the edge storage region (S2106). In other words, although the program that has
executed a recall updates the storage destination management table 1216, the program
that has executed a recall can call the storage destination information sharing program
1215, and the program 1215 can update the storage destination management table
1216.

In the case in which the current time is a transmission time (S2103: No, S2104: Yes),
the program 1215 specifies the storage destination information to be transferred (the
information of the storage destination management table 1216) for every RO edge
node 120B (S2107). More specifically, the program 1215 compares the final
transmission date when the storage destination management information is transmitted
to other RO edge node 120B with the time and date of recall 12163 of the storage des-
tination management table 1216 for every file that has already been cached for
instance. The information that is included in a line (a line of the storage destination
management table 1216) that is corresponded to a file that has already been cached in
which the time and date of recall 12163 is later than the final transmission date is the
information that has not been transferred to other RO edge node 120B. The in-
formation that indicates the final transmission date for every file that has already been
cached can be managed by the storage destination management table 1216, or can also
be managed by a table other than the storage destination management table 1216.

The program 1215 transfers the information (the storage destination information) that
has been specified in the S2107 to all other RO edge nodes 120B (S2106). By this con-
figuration, the storage destination management table 1216 that is corresponded to the
target node 120B is updated for all other RO edge nodes 120B.

In the case in which the storage destination information is received from other RO
edge node 120B (S2103: No, S2104: No, S2105: Yes), the program 1215 writes the
storage destination information that has been received to the storage destination
management table 1216 that is corresponded to other RO edge node that has
transmitted the information (S2109).

Fig. 22 is a flowchart showing a flow of a processing that is executed by a load re-

laxation control program 1214. In the descriptions of Fig. 22, the RO edge node 120B
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that executes the program 1214 is referred to as a target node 120B, and an edge
storage region that is included in the target node 120B is referred to as an RO storage
region.

The load relaxation control program 1214 judges whether or not there is an RO edge
node 120B in which a recall frequency is high based on all of the storage destination
management tables 1216 that are included in the target node 120B (S2201). This can
be judged based on whether or not the number of lines of the storage destination
management table 1216 is equal to or larger than a predetermined value. In the case in
which the number of lines of the storage destination management table 1216 is equal to
or larger than a predetermined value, it is judged that a recall frequency is high. On the
other hand, in the case in which the number of lines of the storage destination
management table 1216 is less than a predetermined value, it is judged that a recall
frequency is low. A level of a recall frequency can also be judged as described in the
following as substitute for or in addition to the number of lines of the storage des-
tination management table 1216. That is, a count value that indicates the number of
times of recall (a count value that is reset to an initial value (such as zero) for every
certain period of time) is set, and a level of a recall frequency can be judged based on
whether or not the count value is equal to or larger than a predetermined value.

In the case in which the result of a judgment of the S2201 is negative (S2202: No),
the program 1214 judges whether or not an edge group has already been configured
based on the group management table 1217 (S2203). In the case in which an edge
group has not been configured (S2203: No), the program 1214 terminates the
processing. In the case in which an edge group has been configured (52203: Yes), the
program 1214 deletes all edge groups (or only an edge group that is configured by only
at least one RO edge node in which a recall frequency is less than a predetermined
value) (S2204). The deletion of an edge group means a deletion of the information that
is included in the group management table 1217 for instance.

In the case in which the result of a judgment of the S2201 is positive (S2202: Yes),
the program 1214 executes an edge group creation processing that is configured by the
52205 to S2208.

In other words, the program 1214 specifies at least two RO edge nodes 120B in
which an amount of cache is equal to or larger than a certain value and an amount of
duplicated files is equal to or larger than a certain value as a representative node based
on all of the storage destination management tables 1216 that are included in the target
node 120B (S2205).

The program 1214 creates a group for every representative node that has been
specified (52206). For instance, the program 1214 registers the information related to a

group for every representative node to the group management table 1217.
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The program 1214 allocates each of the non-representative nodes to the edge group
in which files that have already been cached are duplicated with a file that has already
been cached for the non-representative node as less as possible based on the storage
destination management table 1216 of each of the representative nodes and the storage
destination management table 1216 of at least one non-representative node (52207).

The program 1214 registers the result of the S2207 to the group management table
1217 (S2208).

In accordance with the example shown in Fig. 22, in the case in which it is specified
that there is an RO edge node 120B in which a recall frequency is high, an edge group
is created. However, a reorganization of an edge group (deleting all of the edge groups
and executing an edge group creation processing again) can also be executed for every
certain period of time.

Embodiment 2

An embodiment 2 in accordance with the present invention will be described in the
following. In the descriptions, points that are different from the embodiment 1 will be
described in large part, and the detailed descriptions of elements equivalent to those of
the embodiment 1 are omitted or simplified.

As shown in Fig. 23, in the embodiment 2, a management server 300 that are coupled
to all of edge nodes 120 is disposed. The management server 300 is provided with a
storage destination information sharing program 310.

As shown in Fig. 24, the program 310 can obtain the information that is included in
the storage destination management table 1216 that is included in each of the RO edge
nodes 120B via the communication network 1. By this configuration, the management
server 300 can be provided with all of the storage destination management tables 1216
(a duplicate of the table 1216). The table 1216 that has been obtained is stored into a
storage resource (such as a memory) that is included in the management server 300.

Each of the RO edge nodes 120B can access the management server 300, whereby
the RO edge node 120B can refer to all of the storage destination management tables
1216. In the case in which a storage destination management table that is corresponded
to the RO edge node 120B is updated for the node 120B, the RO edge node 120B
transmits the information that is included in the table 1216 after the update to the
management server 300 (in other words, the transmission destination of the storage
destination information after the update is not other RO edge node 120B but the
management server 300). By this configuration, the update of the table 1216 for the
RO edge node 120B is reflected to the table 1216 that is included in the management
server 300.

Fig. 25 is a flowchart showing a flow of a processing that is executed by a storage

destination information sharing program 1215 in accordance with an embodiment 2 of
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[0222]

[0223]

[0224]

[0225]

[0226]

[0227]

[0228]

[0229]

[0230]

[0231]

the present invention.

The storage destination information sharing program 1215 judges whether or not an
event has occurred (S2301).

In the case in which an event has occurred (S2302: Yes), the program 1215 judges
whether or not the event that has occurred is a recall processing (52303).

In the case in which the event that has occurred is a recall processing (S2303: Yes),
the program 1215 transmits the storage destination information related to a file that has
been recalled (a file that has been cached) (for instance, the information that includes a
file storage destination hash value 12161, a file entity hash value 12162, and the time
and date of recall 12163) to the management server 300 (S2304).

Fig. 26 is a flowchart showing a flow of a processing that is executed by a storage
destination information sharing program 310 in a management server 300.

The storage destination information sharing program 310 judges whether or not an
event has occurred (S2701).

In the case in which an event has occurred (S2702: Yes), the program 310 judges a
type of the event that has occurred (S2703). The event is a "reference request” or an
"update request"”. The requests are transmitted from the RO edge node 120B for
instance.

In the case in which the event is a "reference request”, the program 310 returns the
information that is included in at least one storage destination management table 1216
that conforms to the reference request to the RO edge node 120B of the reference
request source (52704). The program 310 manages the final transmission date when
the information that is included in the storage destination management table 1216 is
transmitted to each of the RO edge nodes 120B. The program 310 can compare the
final transmission date with the time and date of recall 12163, thereby deciding the in-
formation (the information in the storage destination management table 1216) to be
transmitted to the RO edge node 120B that has issued the reference request.

In the case in which the event is an "update request”, the program 310 registers the
storage destination information accompanying the update request to the storage des-
tination management table 1216 that is corresponded to the RO edge node 120B of the
update request source (S2705).

While the preferred embodiments in accordance with the present invention have been
described above, the present invention is not restricted to the embodiments.

For instance, an identifier of private or public can also be added to a file for at least
one of the embodiments 1 and 2. In the case in which an identifier of public is added to
a file that has been cached, the RO edge node 120B registers the information related to
the file to the storage destination management table 1216. In the case in which an

identifier of private is added to a file that has been cached, it is necessary that the RO
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[0233]

[0234]

[0235]

edge node 120B register the information related to the file to the storage destination
management table 1216.

Moreover for instance, one of a plurality of programs that are executed by an edge
node (for instance, the load relaxation control program 1214) can also be executed by
the management server 300. More specifically, the management server 300 can
execute the edge group creation processing for instance.

Moreover for instance, one virtual server system can also be configured by at least
two edge nodes 120. That is, the edge nodes 120 can be handled as one server system
by a client.

Moreover for instance, it is possible that each of the RO edge nodes 120B does not
receive a write request from the client 130B. In the case in which an RO edge node
120B receives a write request, the write request can be transferred to the RW edge
node 120A.

Moreover for instance, an edge node that transmits a write request to the core node
220 and that does not transmit a read request to the core node 220 can also be adopted
as substitute for the RW edge node 120A.
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Claims

A file server system comprising a plurality of edge nodes that are
coupled to a core node that is one file server and that are a plurality of
file servers that receive a write request and/or a read request of a file
from at least one client, wherein:

there is an edge storage region that is a storage region that stores a file
for each of the edge nodes;

the plurality of edge nodes includes at least one first edge node and
second edge nodes that are more than the first edge node;

the first edge node is an edge node that transmits a write request of a
file to the core node;

each of the second edge nodes is an edge node that does not transmit a
write request of a file to the core node and that transmits a read request
of a file to the core node;

each of the edge nodes writes the file that has been obtained by a recall
of the file to the edge storage region of the edge node;

each of the second edge nodes is provided with the storage destination
management information that is corresponded to the second edge node;
the storage destination management information includes the in-
formation that indicates a storage destination for the core node of the
file that has been written to the edge storage region for the second edge
node that is corresponded to the information and includes the in-
formation that indicates a recall date that is a date that has been read by
the second edge node; and

each of the second edge nodes executes the following processing based
on the storage destination management information that is cor-
responded to each of the plurality of second edge nodes:

(A) judging whether or not a first file that has been written to a first
edge storage region that is an edge storage region for the second edge
node is different from a second file that has been written to an edge
storage region different from the first edge storage region in which a
storage destination for the core node is equal to that of the first file;

(B) judging whether or not the first file is older than the second file
based on a recall date of the first file and a recall date of the second file
in the case in which the result of a judgment of the (A) is positive; and
(C) not creating a stub for the first file in the case in which the result of

a judgment of the (A) or (B) is negative, and creating a stub for the first
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file in the case in which the result of a judgment of the (B) is positive.
A file server system according to claim 1, wherein:

the plurality of second edge nodes is divided into at least two groups;
in the case in which each of the second edge nodes receives a read
request of a read target file that is a file that is corresponded to a stub
from a client, the second edge node executes the following processing:
(D) judging whether or not the read target file has been stored into a
file storage region for any other second edge node that is included in a
target group based on the storage destination management information
of each of the other second edge nodes that is included in the target
group that is a group that includes the second edge node;

(E) executing a recall of the read target file in the case in which the
result of a judgment of the above (D) is negative; and

(F) transmitting a read request of the read target file to other second
edge node that is corresponded to an edge storage region that has stored
the read target file and transmitting the read target file that has been
read by a response to the read request to a client in the case in which
the result of a judgment of the above (D) is positive.

A file server system according to claim 2, wherein:

the at least two groups are configured in such a manner that a du-
plicated file is not preferably included in a plurality of files that has
been stored into at least two edge storage regions for at least two
second edge nodes that are included in one group.

A file server system according to claim 3, wherein:

each of the groups is configured by one representative node and at least
zero non-representative node;

at least two edge nodes in which an amount of caches is equal to or
larger than a certain value and an amount of duplicated files is equal to
or larger than a certain value for the plurality of second edge nodes are
at least two representative nodes that are corresponded to the at least
two groups;

the amount of caches for the second edge node is a total amount of at
least one file that has been stored into an edge storage region for the
second edge node;

the amount of duplicated files for the second edge node is a total
amount of at least one file that is duplicated with a file that has been
stored into an edge storage region for other second edge node among at

least one file that has been stored into an edge storage region for the
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second edge node; and

the non-representative node is a second edge node that is not a repre-
sentative node.

A file server system according to claim 2, wherein:

in the case in which the first edge node receives a write request of a
file, the first edge node stores the file into an edge storage region for
the first edge node and then transmits the write request of the file to the
core node; and

in the (E), a read request for a recall of the read target file is transmitted
to not the core node but the first edge node, and the first edge node
obtains a file that conforms to the read request from the edge storage
region for the first edge node by a response to the read request, and
transmits the file to a second edge node that is a transmission source of
the read request.

A file server system according to claim 2, wherein:

in the (F), in the case in which the at least two read target files have
been stored into at least one edge storage region for at least one other
second edge node that is included in the target group, one is selected
from the at least two read target files, and a read request is transmitted
to the second edge node that is corresponded to an edge storage region
that has stored the selected read target file; and

the selected read target file is a file that is corresponded to at least one
of the following (f1) to (f3):

(f1) a file that has been stored into an edge storage region of other
second edge node in which a distance to a second edge node that
executes the (F) is shortest among at least one other second edge node
that is included in the target group;

(f2) a file that has been stored into an edge storage region of the second
edge node in which an access load is lowest among at least one other
second edge node in the target group; and

(f3) a file in which a recall date is latest.

A file server system according to claim 2, wherein:

the plurality of groups is configured in the case in which a frequency of
a recall that is executed by the second edge node is equal to or larger
than a certain value.

A file server system according to claim 7, wherein:

in the case in which a frequency of a recall that is executed by the

second edge node is less than a certain value, a group that includes the



WO 2012/127526

[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]

37

PCT/JP2011/001675

second edge node is released.

A file server system according to claim 7, wherein:

in the case in which the first edge node receives a write request of a
file, the first edge node stores the file into an edge storage region for
the first edge node and then transmits the write request of the file to the
core node;

in the case in which there is a group that includes the second edge node
that executes the (E), a read request for a recall of the read target file is
transmitted to not the core node but the first edge node in the (E); and
in the case in which there is not a group that includes the second edge
node that executes the (E), a read request for a recall of the read target
file is transmitted to the core node in the (E).

A file server system according to claim 1, wherein:

the storage destination management information includes a hash value
of a file; and

in the (A), it is judged whether or not a hash value of the first file is
different from a hash value of the second file.

A file server system according to claim 1, wherein:

the storage destination management information includes the in-
formation related to a file to which the information that means a public
has been added and does not includes the information related to a file to
which the information that means a private has been added.

A storage control method wherein the first edge node that is a file
server that is coupled to a core node that is one file server and to a
client executes the following processing based on the storage des-
tination management information of the first edge node and the storage
destination management information of the second edge node:

(A) judging whether or not a first file that has been written to a first file
storage region that is a file storage region for the first edge node is
different from a second file that has been written to a file storage region
for the second edge node in which a storage destination for the core
node is equal to that of the first file;

(B) judging whether or not the first file is older than the second file
based on a recall date of the first file and a recall date of the second file
in the case in which the result of a judgment of the (A) is positive; and
(C) not creating a stub for the first file in the case in which the result of
a judgment of the (A) or (B) is negative, and creating a stub for the first

file in the case in which the result of a judgment of the (B) is positive,
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and

the storage destination management information includes the in-
formation that indicates a storage destination for the core node of the
file that has been written to the file storage region for the edge node
that is corresponded to the information and includes the information
that indicates a recall date that is a date that has been read by the edge
node.

An edge node that is a first edge node that is a file server that is
coupled to a core node that is one file server and to a client and that
stores a file into a first file storage region, comprising:

a communication interface apparatus;

a storage resource; and

a controller that is coupled to the communication interface apparatus
and the storage resource,

wherein the storage resource stores the storage destination management
information,

the storage destination management information includes the in-
formation that indicates a storage destination for the core node of the
file that has been written to the file storage region for the edge node
that is corresponded to the information and includes the information
that indicates a recall date that is a date that has been read by the edge
node, and

the controller executes the following processing based on storage des-
tination management information of an edge node that is separate from
the storage destination management information:

(A) judging whether or not a first file that has been written to the first
file storage region is different from a second file that has been written
to a file storage region for the separate edge node in which a storage
destination for the core node is equal to that of the first file;

(B) judging whether or not the first file is older than the second file
based on a recall date of the first file and a recall date of the second file
in the case in which the result of a judgment of the (A) is positive; and
(C) not creating a stub for the first file in the case in which the result of
a judgment of the (A) or (B) is negative, and creating a stub for the first

file in the case in which the result of a judgment of the (B) is positive.
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Fig. 4
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1216 12161 12162 12163
M ~ ~ AN
File storage destination File entity hash value Time and date of recall
hash value
aaabbbccc XXXyyyzzz 2010/10/22 12:00:10
aaabbb123 XXXyyy456 2010/10/22 11:00:10
aaabbb256 XXXyyy269 2010/10/22 11:00:10
1217 12171 12172 12173
Group ID Group configuration Representative flag
120B1 1
01 120B2 0
120B3 0
120B4 1
02
120B5 0
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because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
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As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
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3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
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4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.2

Claims Nos.: 1-13(partially)

The subject-matter of claim 1 which can be at least partly understood is:
(B) judging whether or not the first file is older than the second file
based on a recall date of the first file and a recall date of the second
file in the case in which the result of a judgment of the (A) is
positive; and (C) not creating a stub for the first file in the case in
which the result of a judgment of the (A) or (B) is negative, and
creating a stub for the first file in the case in which the result of a
judgment of the (B) is positive. This subject matter does not appear
inventive with respect to PCT Article 33(3). Document D1 discloses a
commonly known file server system as would be envisaged by the
application. Document D2 discloses the commonly known techniques for
reducing bandwidth by accessing server nodes only when necessary (for
example when a file has changed). See, for example D2, page 2, last three
paragraphs, "migration job defines a set of files and their migration
behavior .. replace the original files with stub files ... depending on
your configuration". It would be a mere implementation detail for the
skilled person to provide a configuration such as that claimed in claim 1
where the files are compared by way of the recall date and the old files
(i.e. files which do not have a new version) or stubbed. Such an
implementation detail is regarded common knowledge for the skilled person
and it would be an obvious step to implement such an option to the
network adminisrator.

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.2),
should the problems which led to the Article 17(2) declaration be
overcome.
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