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(57) Abstract: A file server manages the file system in-
formation that includes information that indicates a logic-
al region and data of a file that has been stored into the
logical region for a logical storage device that is con-
figured by a plurality of logical regions. The file server
identifies m files (m is equal to or larger than 2) that is
provided with the duplicated data that is duplicated to
each other among a plurality of files that have been stored
into the logical storage device as a file group based on the
file system information. The file server deletes duplicated
data other than the shared data that is one duplicated data
among duplicated data that is included in the m files from
the logical storage device. The file server makes a file
other than a shared file of the file group refer to the
shared file that is a file configured by the shared data. The
file server creates a group link that associates the m files
that belong to the file group with each other.
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Description

Title of Invention: FILE SERVER AND FILE MANAGEMENT
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[0002]
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METHOD
Technical Field

The present invention relates to a file management.

Background Art

A file server system has been publicly known in which a duplication of a file is
cleared out by replacing at least one file that overlaps with one file in such a manner
that the one file (a common file) is referred to. By this configuration, a utilization ef-
ficiency of a storage region of a storage apparatus can be improved for a file server
system.

As a file management method for a file server system, Patent Literature 1 discloses a
file management method in which a file that is provided with data that is common to a
file that has been specified by a user is identified and an operation that is executed to a

file that has been specified is reflected to other similar file.

Citation List

Patent Literature

PTL 1: Japanese Patent Application Laid-Open Publication No. 2011-210167
Summary of Invention

Technical Problem

For a technique that is disclosed in Patent Literature 1, although an operation that is
executed to a file that has been specified by a user can be reflected to other file, a mod-
ification of a file other than a file that has been specified by a user cannot be reflected
to other file. In other words, for a technique that is disclosed in Patent Literature 1,
although an association of a file that has been specified by a user with a file that is
provided with data that is common to a file that has been specified by a user can be
executed, an association of all files that are provided with common data cannot be
executed. Consequently, a processing is cumbersome in some cases.

Solution of Problem

A file server manages the file system information that includes information that
indicates a logical region and data of a file that has been stored into the logical region
for a logical storage device that is configured by a plurality of logical regions. The file
server identifies m files (m is equal to or larger than 2) that is provided with the du-
plicated data that is duplicated to each other among a plurality of files that have been

stored into the logical storage device as a file group based on the file system in-
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formation. The file server deletes duplicated data other than the shared data that is one
duplicated data among duplicated data that is included in the m files from the logical
storage device. The file server makes a file other than a shared file of the file group
refer to the shared file that is a file configured by the shared data. The file server
creates a group link that associates the m files that belong to the file group with each
other. The logical storage device is based on a physical storage device. The physical
storage device can be inside or outside the file server.
Advantageous Effects of Invention

All files that are provided with duplicated data can be managed as a whole.
Brief Description of Drawings
[fig.1]Fig. 1 is a view showing a hardware configuration of a computer system in ac-
cordance with an embodiment 1.
[fig.2]Fig. 2 is a view showing a hardware configuration of a computer system in ac-
cordance with an embodiment 1.
[fig.3]Fig. 3 is a view showing the details of a file system of a file management
apparatus.
[fig.4]Fig. 4 is a view showing an example of an inode management table.
[fig.5]Fig. 5 is a view showing an example of a data configuration of a data block.
[fig.6]Fig. 6 is a view showing an example of metadata of a new type that is added to
an inode management table.
[fig.7]Fig. 7 is a view showing a flow of a group link creation processing.
[fig.8]Fig. 8 is a view showing a part of an explanatory drawing of a group link
creation processing.
[fig.9]Fig. 9 is a view showing a part of an explanatory drawing of a group link
creation processing.
[fig.10]Fig. 10 is a view showing a part of an explanatory drawing of a group link
creation processing.
[fig.11]Fig. 11 is a view showing a part of an explanatory drawing of a group link
creation processing.
[fig.12]Fig. 12 is a view showing a part of an explanatory drawing of a group link
creation processing.
[fig.13]Fig. 13 is a view showing a flow of a file group display processing.
[fig.14]Fig. 14 is a view showing an example of a file group list.
[fig.15]Fig. 15 is a view showing a flow of a file group deletion processing.
[fig.16]Fig. 16 is a view showing a part of an explanatory drawing of a file group
deletion processing.

[fig.17]Fig. 17 is a view showing a part of an explanatory drawing of a file group
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deletion processing.

[fig.18]Fig. 18 is a view showing a part of an explanatory drawing of a file group
deletion processing.

[fig.19]Fig. 19 is a view showing a flow of a first processing of a file group processing
in accordance with an embodiment 2.

[fig.20]Fig. 20 is a view showing an example of a clone source file list.

[fig.21]Fig. 21 is a view showing a flow of a second processing of a file group display
processing in accordance with an embodiment 2.

[fig.22]Fig. 22 is a view showing an example of a file group list.

[fig.23]Fig. 23 is a view showing a flow of a first processing of a file group display
processing in accordance with an embodiment 3.

[fig.24]Fig. 24 is a view showing an example of a file group list.

[fig.25]Fig. 25 is a view showing a flow of a second processing of a file group
processing in accordance with an embodiment 3.

[fig.26]Fig. 26 is a view showing an example of a file group list.

[fig.27]Fig. 27 is an explanatory drawing of a problem that is a premise of a file update
processing.

[fig.28]Fig. 28 is a view showing a flow of a file update processing in accordance with
an embodiment 4.

[fig.29]Fig. 29 is an explanatory drawing of a file update processing.

[fig.30]Fig. 30 is an explanatory drawing of a problem that is a premise of a shared
data deletion processing.

[fig.31]Fig. 31 is a view showing a flow of a shared data deletion processing.
[fig.32]Fig. 32 is a view showing a part of an explanatory drawing of a shared data
deletion processing.

[fig.33]Fig. 33 is a view showing a part of an explanatory drawing of a shared data
deletion processing.

[fig.34]Fig. 34 is a view showing a part of an explanatory drawing of a shared data
deletion processing.

Description of Embodiments

Some embodiments of the present invention will be described below in detail.

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

In the following descriptions, the processing will be described while a "program" is
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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)), the processor executes the
predetermined processing by using a storage resource (such as a memory) and/or a
communication interface device (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 (for instance, a file storage apparatus described later or an
archive apparatus). Moreover, the processor can include a hardware circuit that
executes a part or a whole of a processing that is executed by a processor. A computer
program can be installed from a program source to each of the computers. The
program source can be a program distribution server or a storage medium for instance.
Embodiment 1

An embodiment 1 of the present invention will be described below in detail with
reference to the drawings. The present invention is not restricted to the embodiments
that will be described below in detail.

Fig. 1 is a view showing a hardware configuration of a computer system in ac-
cordance with an embodiment 1 of the present invention.

A computer system is provided with a client computer (hereafter referred to as a
client) 20, a RAID (Redundant Arrays of Inexpensive Disks) system 30, and a file
storage apparatus 10.

The file storage apparatus 10 and the client 20 are coupled to each other via a com-
munication network (such as a LAN (Local Area Network)) 1. It is not necessary that
the communication network 1 is a LAN.

The file storage apparatus 10 and the RAID system 30 are coupled to each other via a
communication network (such as a SAN (Storage Area Network)) 2. It is not necessary
that the communication network 2 is a SAN. The communication network 2 can be a
LAN for instance.

The RAID system 30 is classified broadly into a controller part and a storage part.
The controller part is provided with a controller 32 and a CHA (Channel Adaptor) 33.
The storage part is provided with a DISK 31. The CHA 33 and the DISK 31 are
coupled to the controller 32. The CHA 33 is an interface apparatus that is coupled to
the file storage apparatus 10. Although there are two controllers 32 and two CHAs 33
in an example shown in the figure, only one controller 32 and one CHA 33 can also be
disposed, or at least three controllers 32 and at least three CHAs 33 can also be
disposed. The DISK 31 is a physical storage device of a disk type (such as an HDD
(Hard Disk Drive). A physical storage device of other type (such as a flash memory
device) can also be adopted as a physical storage device. Although there is a plurality

of DISKSs 31 in an example shown in the figure, only one DISK 31 can also be
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disposed, or a plurality of DISKs 31 can also configure at least one RAID group.

The RAID system 30 receives an /0O request of a block level that has been
transmitted from the file storage apparatus 10 by the CHA 33 and executes an I/O to
the appropriate DISK 31 based on a control of the controller 32.

The file storage apparatus 10 is an example of a file server, and is provided with a
communication interface device and a controller that is coupled to the communication
interface device. The controller is provided with a memory 11 and a CPU 12 for
instance, and the communication interface device is provided with a NIC (Network
Interface Card) 13 and an HBA (Host Bus Adaptor) 14. The CPU 12 is coupled to the
memory 11, the NIC 13, and the HBA 14.

The NIC 13 is a communication interface device that is configured to communicate
with the client 20.

The HBA 14 is a communication interface device that is configured to communicate
with the RAID system 30. Although there are two HBAs 14 in an example shown in
the figure, only one HBA 14 can also be disposed, or at least three HBAs 14 can also
be disposed.

The memory 11 is a storage region that can be read or written directly by the CPU 22
(for instance, a RAM (Random Access Memory) and a ROM (Read Only Memory)).
For the file storage apparatus 10, the CPU 12 reads a program (such as an OS
(Operating System)) that is configured to control the file storage apparatus 10 onto the
memory 11 and executes the program. The file storage apparatus 10 can also be
provided with a storage resource of other type in addition to or as substitute for the
memory 11.

The file storage apparatus 10 receives an I/O request of a file level from the client 20
via the NIC 13. The file storage apparatus 10 transmits an 1/O request (an I/O request
of a block level) for an I/O to a data block that stores data that configures a file that is
specified by the I/O request to the RAID system 30 via the HBA 14.

The client 20 is provided with a memory 21, a CPU 22, a NIC 23, and a DISK 24.
Moreover, an input/output apparatus can also be coupled to the client 20. The client 20
can also be provided with a storage resource of other type in addition to or as substitute
for the memory 21 and/or the DISK 24.

For the client 20, the CPU 22 reads a program (a program that is configured to
control the client, such as an OS) that has been stored into the DISK 24 onto the
memory 21 and executes the program. For instance, in the case in which the CPU 22
executes the program, the client 20 transmits an I/O request of a file level to the file
storage apparatus 10 via the NIC 23.

Fig. 2 is a view showing a hardware configuration of a computer system in ac-

cordance with an embodiment 1 of the present invention.
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The RAID system 30 is provided with a plurality of LUs (Logical Units) 310. The
LU 310 is a logical storage device. In the present embodiment, the LU 310 is a sub-
stantive LU 310 based on at least one DISK. However, an LU can also be a virtual LU
that conforms to Thin Provisioning. The LU 310 is configured by a plurality of data
blocks (storage regions). A file is stored into the LU 310. Moreover, the file system in-
formation described later can also be stored into the LU 310.

The memory 11 of the file storage apparatus 10 stores a file shared program 110, a
file system 120, a logical path management program 130, and a Kernel/driver 140.

The file shared program 110 is a program that is configured to provide a file supply
service to the client 20 by using a communication protocol such as a CIFS (Common
Internet File System) and an NFS (Network File System).

The logical path management program 130 is a program that is configured to manage
a logical path between the client 20 and the LU 310.

The Kernel/driver 140 is configured to execute a total control and a hardware
peculiar control such as a schedule control of a plurality of programs (processes) that
are operated on the file storage apparatus 10 and a handling of an interrupt from
hardware.

The file system 120 will be described later.

The memory 21 of the client 20 stores an application 210, a file shared program 220,
a file system 230, and a Kernel/driver 240.

The application 210 is software (an application program) that is configured to be
used in accordance with a purpose of a work by the client 20. The file system 230 is
provided with a file system program 231 that is configured to manage the file system
information. The file shared program 220 and the Kernel/driver 240 are nearly
equivalent to the file shared program 110 and the Kernel/driver 140 described above.

Fig. 3 is a view showing the details of a file system 120 of a file management
apparatus 10.

The file system 120 is provided with a file system program 121, a group link creation
program 122, a file group display program 123, a file group deletion program 124, a
file capacity management program 125, a file update program 127, and a shared data
deletion program 129.

The file system program 121 is a program that is configured to manage the file
system information. The file system information can be stored into the memory 11 and
can be stored into the LU 310. The file system information includes the information
that is related to each of the directories or files (for instance, the information that
indicates a capacity and a location of a file). More specifically, the file system in-
formation includes the inode management table 400 shown in Fig. 4 for instance. The

inode management table 400 is configured by a plurality of inodes (one line is cor-
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responded to one inode). Each of the inode is configured by a plurality of attribute in-
formation (metadata). As a type of metadata, there can be mentioned for instance an
owner of a file, an access right of a file, a file capacity, a file name, and a storage
location of a file (data block addresses 1, 2, 3, ...). For a line that includes an inode
number 100 for instance, it is found that a file is configured by data that is stored into
the following data blocks (the data block in an LU as shown in Fig. 5:

(*) data in a data block of an address 100 (a data block that is identified by a data block
address 1);

(*) data in a data block of an address 200 (a data block that is identified by a data block
address 2); and

(*) data in a data block of an address 300 (a data block that is identified by a data block
address 3).

The description is returned to Fig. 3. The group link creation program 122 is a
program that is configured to delete the duplicated data and to manage a plurality of
files that are provided with the duplicated data as a file group in the case in which data
that is stored into a plurality of files is duplicated. More specifically for instance, the
group link creation program sets data of one file to be shared data and deletes data that
is duplicated to the shared data for other files among data that is duplicated to a
plurality of files that configure a file group. The files are made to refer to the shared
data. In the following descriptions, a file that is provided with the shared data is
referred to as a clone source file and a file that refers to the shared data is referred to as
a clone target file for a file group. Moreover in the following descriptions, a file that
does not configure a file group, that is, a file that is not provided with data that is du-
plicated to other file is referred to as a normal file.

The file group display program 123 is a program that is configured to display the
detailed information of a file group.

The file group deletion program 124 is a program that is configured to delete the file
system information of a file group.

The file capacity management program 125 is a program that is configured to
manage a data capacity of a file of a file group.

The file update program 127 is a program that is configured to execute a data update
processing of the clone target file.

The shared data deletion program 129 is a program that is configured to delete a part
or a whole of the shared data of the clone source file.

In the present embodiment, metadata of a new type is added to the inode
management table.

Fig. 6 is a view showing an example of metadata of a new type that is added to an

inode management table 400.
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There are metadata of a new type for every file (every inode) such as a clone source
inode number 601, an inode number (clone prev) 602, and an inode number (clone
next) 603. The following describes the metadata while using one file (referred to as a
target file in the description of Fig. 6) as an example.

The clone source inode number 601 is an inode number of a clone source file. More
specifically for instance, the clone source inode number 601 of a target file (an inode
number is 100) is 200. The clone source inode number 601 of a clone source file (an
inode number is 200) is set as "-".

The inode number (clone prev) 602 is an inode number of a link source file of a
target file (inode) among a plurality of files that configure a file group.

The inode number (clone next) 603 is an inode number of a link destination file of a
target file (inode) among a plurality of files of a file group.

The processing that is executed in the present embodiments will be described in the
following.

Fig. 7 is a view showing a flow of a group link creation processing. The group link
creation processing is implemented in the case in which the group link creation
program 122 is executed by the CPU 122.

In the step S701, the program 122 compares data of a plurality of files. More
specifically for instance, the program 122 acquires a plurality of file system in-
formation and compares data in a data block that is identified from a data block
address.

In the step S703, the program 122 judges whether or not there is a file in which data
is corresponded (duplicated) to each other. Here, a file in which data is corresponded to
each other is a file in which data of one data block or a plurality of continuous data
blocks that are identified by the file system information that is included in a plurality
of files is corresponded to each other for instance. In the case in which there is a file in
which data is corresponded to each other (Yes for the step S703), the program 122
defines the plurality of files as one file group and proceeds to the processing of the step
S705. On the other hand, in the case in which there is not a file in which data is cor-
responded to each other (No for the step S703), the program 122 terminates the
processing. An example shown in Fig. 8 will be described more specifically. Since data
(A, B, C, and D) in a data block that is identified from a data block address of a file 1
(inode number: 1024) and data (A, B, C, and D) in a data block that is identified from a
data block address of a file 2 (inode number: 1025) are corresponded to each other, the
program 122 sets the file 1 and file 2 to be one file group.

The description is returned to Fig. 7. In the step S705, the program 122 creates a
clone source file. The program 122 can create a clone source file in a clone source

directory. The clone source directory can also be a directory that is managed by a
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manager, that is, a directory that cannot be accessed by a user who does not have a
manager authority. An example shown in Fig. 9 will be described more specifically.
The program 122 creates the file system information in the clone source directory and
adds an inode number 2000 to the inode management table 400. Moreover, the
program 122 copies data that has been corresponded in the step S703 (hereafter
referred to as duplicated data in the descriptions) (A, B, C, and D) to a data block (the
copied data becomes shared data).

The description is returned to Fig. 7. In the step S707, the program 122 deletes the
duplicated data of the clone target file. An example shown in Fig. 10 will be described
more specifically. The program 122 deletes the duplicated data (A, B, C, and D) of the
file 1 and the duplicated data (A, B, C, and D) of the file 2 that are the clone target files
from the file system.

The description is returned to Fig. 7. In the step S709, the program 122 sets that a
clone target file refers to a data block of a clone source file. More specifically, the
program 122 sets an inode number of a clone source file to a clone source inode
number 601 of the inode management table 400 of a target file for instance. An
example shown in Fig. 11 will be described more specifically. A clone source inode
number 2000 is set to a target file of "file 1". Moreover, a clone source inode number
2000 is also set to a target file of "file 2". The program 122 can also copy an address
that has been stored into a data block address of a clone source file to a data block
address of a clone target file.

In the next place, a group link creation processing will be described. A group link
creation processing is a processing for creating a group link in which a plurality of files
in a file group are associated with each other for a plurality of files that belong to a file
group. More specifically, a group link is a bidirectional circular link in which the n-th
file is associated with the (n-1)-th file and the (n+1)-th file for a file group that is
configured by m files for instance (m=1 in the case in which n+1 = m). In other words,
a group link includes a group link of one direction and a group link of the other
direction.

The description is returned to Fig. 7 more specifically. In the step S711, the program
122 creates a group link of one direction (hereafter referred to as a first group link) for
a file group. An example shown in Fig. 12 will be described more specifically. The
program 122 executes the following processing:

(*) sets an inode number (2000) of a clone source to an inode number (clone next)
603 of the inode management table 400 of a file 1 (inode number: 1024);

(*) sets an inode number (1025) of a file 2 to an inode number (clone next) 603 of the
inode management table 400 of a clone source (inode number: 2000); and

(*) sets an inode number (1024) of a file 1 to an inode number (clone next) 603 of the
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inode management table 400 of a file 2 (inode number: 1025).

In the step S713, the program 122 creates a group link of the other direction
(hereafter referred to as a second group link) that is other from a direction of a group
link that has been created in the step S711 for a file group.

More specifically, the file management program executes the following processing
for instance:

(*) sets an inode number (1025) of a file 2 to an inode number (clone prev) 602 of
the inode management table 400 of a file 1 (inode number: 1024);

(*) sets an inode number (2000) of a clone source file to an inode number (clone
prev) 602 of the inode management table 400 of a file 2 (inode number: 1025); and

(*) sets an inode number (1024) of a file 1 to an inode number (clone prev) 602 of
the inode management table 400 of a clone source file (inode number: 2000).

By the above group link creation processing, for a plurality of files that are provided
with the duplicated data, one duplicated data is made to be the shared data and the
other data is deleted (duplicated deletion) whereby a storage region can be used in an
effective manner and can be managed in a lump as a file group. In the case in which a
file group is managed in a lump, a plurality of files that configure a file group can be
displayed and a plurality of files that configure a file group can be deleted in a lump as
described in the following for instance. Moreover, in the case in which a group link is
disposed not in one direction but bi-directionally, a desired file can be searched from
the specified file in an effective manner.

Fig. 13 is a view showing a flow of a file group display processing. The file group
display processing is implemented in the case in which the file group display program
123 is executed by the CPU 12. The file group display processing is a processing for
identify and display a file group of a file that has been specified by a user or a manager
(hereafter referred to as a user) via the client 10. In the descriptions of the figure, a file
that has been specified by a user is referred to as a specified file.

In the step S1301, a program 123 acquires an inode management table 400 of a
specified file.

In the step S1303, the program 123 judges whether or not a specified file is a clone
target file. More specifically, the program 123 judges whether or not a number is set to
a clone source inode number 601 of an inode management table 400 that has been
acquired for instance. In the case in which a specified file is a clone target file as a
result of the judgment (Yes for the step S1303), the program 123 proceeds to the
processing of the step S1305. On the other hand, in the case in which a specified file is
not a clone target file as a result of the judgment (No for the step S1303), the program
123 proceeds to the processing of the step S1307.

In the step S1305, the program 123 adds a specified file to a list. More specifically,
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the program 123 stores a file name and an inode number of the specified file into the
memory 11 in order to display the file name and the inode number on the file group list
for instance.

In the step S1307, the program 123 acquires an inode number of a link destination
file of the specified file. More specifically, the program 123 refers to the inode
management table 400 and acquires an inode number (clone next) 603 of the specified
file.

In the step S1309, the program 123 judges whether or not an inode number of a link
destination file of the specified file has been acquired. In the case in which an inode
number of a link destination file of the specified file has not been acquired as a result
of the judgment or the acquired inode number is an inode number that has already been
acquired (No for the step S1309), the program 123 proceeds to the processing of the
step S1311. On the other hand, in the case in which an inode number of a link des-
tination file of the specified file has been acquired as a result of the judgment (Yes for
the step S1309), the program 123 proceeds to the processing of the step S1313.

In the step S1313, the program 123 sets a link destination file to be a specified file,
acquires an inode management table 400 of the specified file, and proceeds to the
processing of the step S1303.

In the step S1311, the program 123 displays the file group list. An example of the file
group list is shown in Fig. 14. Although only file name is displayed in the example
shown in the figure, other information such as an inode number can also be displayed.

By the file group display processing described above, a user can know all files that
belong to a file group.

Fig. 15 is a view showing a flow of a file group deletion processing. The file group
deletion processing is implemented in the case in which the file group deletion
program 124 is executed by the CPU 12. The file group deletion processing is a
processing for deleting all files that belong to a file group of a file that has been
specified by a user via the client 10. In the descriptions of the figure, a file that has
been specified by a user is referred to as a specified file.

In the step S1501, a program 124 acquires a link destination file of the specified file
and deletes the specified file.

In the step S1503, the program 124 judges whether or not a link destination file of
the specified file has been acquired. In the case in which a link destination file of the
specified file has been acquired as a result of the judgment (Yes for the step S1503),
the program 124 proceeds to the processing of the step S1505. On the other hand, in
the case in which a link destination file of the specified file has not been acquired as a
result of the judgment (No for the step S1503), the program 124 terminates the

processing.
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In the step S1505, the program 124 sets the acquired link destination file to be a
specified file and proceeds to the processing of the step S1501.

The following describes a concrete example of a file group deletion processing with
reference to Fig. 16 to Fig. 18.

Fig. 16 is referred to. In the first step S1501, the program 124 refers to the inode
management table 400 of a specified file (an inode number: 2000) and acquires an
inode number of a link destination file (an inode number (clone next) 603 (an inode
number: 1024)). Moreover, the program 124 deletes the file system information of the
specified file. In the example shown in the figure, since the specified file is a clone
source file, the shared data (data block) that is identified by the file system information
is also deleted. Since a link destination file has been acquired (step S1503), the
program 124 sets the link destination file to be a specified file (step S1505).

Fig. 17 is referred to. In the next step S1501, the program 124 refers to the inode
management table 400 of a specified file (an inode number: 1024) and acquires an
inode number of a link destination file (an inode number (clone next) 603 (an inode
number: 1025)). Moreover, the program 124 deletes the file system information of the
specified file. Since a link destination file has been acquired (step S1503), the program
124 sets the link destination file to be a specified file (step S1505).

Fig. 18 is referred to. In the further next step S1501, the program 124 refers to the
inode management table 400 of a specified file (an inode number: 1025) and acquires
an inode number of a link destination file (an inode number (clone next) 603 (an inode
number: none)). Moreover, the program 124 deletes the file system information of the
specified file (a super block, an inode management table, and a data block). Since a
link destination file has not been acquired (step S1503), the program 124 terminates
the processing.

By the above file group deletion processing, it is possible that all file groups to which
a file that has been specified by a user belongs are deleted. Although the clone source
file is specified in the above description, it is also possible that a clone target file is
specified.

Although a file that is a target that is deleted in the next to the specified file is a link
destination file in the present embodiment, it is also possible that the file is a link
source file.

Embodiment 2

An embodiment 2 of the present invention will be described in detail in the next
place with reference to the drawings. In this case, the points that are different from the
embodiment 1 will be described in large part, and the descriptions of the points that are
common to the embodiment 1 will be omitted or simplified.

The file group display processing in accordance with the embodiment 2 is composed
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of the following two processes:

(*) a first processing in which a user specifies a range of a capacity of a clone source
file via the client 10 and the clone source file that is provided with a capacity in the
specified range is displayed; and

(*) a second processing in which a user specifies one clone source file from the clone
source files that have been displayed and the total capacity of a file group to which the
specified clone source file belongs is displayed.

Fig. 19 is a view showing a flow of a first processing of a file group processing in ac-
cordance with an embodiment 2 of the present invention.

In the step S1901, a program 123 searches a clone source file that has been specified
via the client 10. More specifically, the program 123 displays a display screen that is
configured to specify a capacity range of a clone source file for a user on an input/
output apparatus of the client 10. For a capacity range for instance, a lower limit
capacity and an upper limit capacity of a clone source file can be specified. Moreover,
the program 123 searches a clone source file in a capacity range that has been specified
by a user.

In the step S1903, a program 123 displays a clone source file list in a capacity range
that has been specified and terminates the processing. In the clone source file list, a file
name of a clone source file in a capacity range that has been specified and a file
capacity are displayed as shown in Fig. 20 for instance.

Fig. 21 is a view showing a flow of a second processing of a file group display
processing in accordance with an embodiment 2 of the present invention.

In the step S2101, the program 123 adds a file that has been specified from the clone
source file list by a user (hereafter referred to as a specified file in the description) to a
file group list and acquires a link destination file. More specifically, the program 123
refers to the inode management table 400 of the specified file and adds an inode
number, a file name, and a file capacity of the specified file to the clone source file list
to store the inode number, the file name, and the file capacity. The program 123 then
acquires an inode number (an inode number (clone next) 603) of the link destination
file.

In the step S2103, the program 123 deletes the file system information of the
specified file.

In the step S2105, the program 123 judges whether or not an inode number of a link
destination file of the specified file has been acquired. In the case in which an inode
number of a link destination file of the specified file has been acquired as a result of
the judgment (Yes for the step S2105), the program 123 proceeds to the processing of
the step S2107. On the other hand, in the case in which an inode number of a link des-

tination file of the specified file has not been acquired or the acquired inode number is
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an inode number that has already been acquired as a result of the judgment (No for the
step S2105), the program 123 proceeds to the processing of the step S2109.

In the step S2107, the program 123 sets the link destination file to be the next
specified file and proceeds to the processing of the step S2101.

In the step S2109, a program 123 displays a file group list on an input/output
apparatus of the client 10. An example of a file group list is shown in Fig. 22 for
instance. In the example shown in the figure, a file name, a file capacity, a type that
indicates a clone target file or a clone source file, the total sum of the file capacity of
the entire file group are displayed. In addition, other information such as an inode
number can also be displayed.

For the file group display processing in accordance with the present embodiment, in
the case in which a user specifies a clone source file of a data capacity in a certain
range, the user can know a capacity of each file of a file group to which the clone
source file belongs and the total capacity of the file group. By this configuration, a file
of a capacity in accordance with a necessity can be identified for ensure a free
capacity.

Embodiment 3

An embodiment 3 of the present invention will be described in detail in the next
place with reference to the drawings. In this case, the points that are different from the
embodiment 1 (and 2) will be described in large part, and the descriptions of the points
that are common to the embodiment 1 (and 2) will be omitted or simplified.

The file group display processing in accordance with the embodiment 3 is composed
of the following two processes:

(*) a first processing in which a user specifies an arbitrary file via the client 10 and a
type of the specified file is displayed; and

(*) a second processing in which a user specifies an arbitrary clone source file based
on the display, and a capacity of each file that belongs to a file group of the specified
clone target file and the total capacity of the file group are displayed.

In the following descriptions, a clone source file is not included in a file that is
specified by a user in the first processing. By this configuration, this processing is
effective in the case in which a person who does not have a manager authority tries to
display a file group. However, this processing is not restricted to an example that will
be described in the following.

An example of a file group display processing in accordance with the present em-
bodiment will be described in the following.

Fig. 23 is a view showing a flow of a first processing of a file group display
processing in accordance with an embodiment 3 of the present invention.

In the step S2301, the program 123 acquires an inode management table 400 of an
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arbitrary file that has been specified by a user (hereafter referred to as a specified file
in the description of this figure).

In the step S2303, the program 123 judges whether or not a specified file is a clone
target file. More specifically, the program 123 judges whether a number of a clone
source file has been set to a clone source inode number 601 of an inode management
table 400 that has been acquired or a number of a clone source file has not been set to a
clone source inode number 601 of an inode management table 400 that has been
acquired (that is, the specified file is a normal file) for instance. In the case in which a
specified file is a clone target file as a result of the judgment (Yes for the step S2303),
the program 123 proceeds to the processing of the step S2305. On the other hand, in
the case in which the specified file is a normal file as a result of the judgment (No for
the step S2303), the program 123 proceeds to the processing of the step S2307.

In the step S2305, the program 123 adds a specified file and the capacity to a
specified file list. More specifically, the program 123 stores a file name, a file capacity,
a file type (a directory or a file) of the specified file, whether a duplicated deletion has
been executed to the file (that is, the specified file is a clone target file or a normal file)
into the memory 11 on a temporary basis in order to display them on the specified file
list for instance.

In the step S2307, the program 123 displays the specified file list and terminates the
processing. An example of the specified file list is shown in Fig. 24.

Fig. 25 is a view showing a flow of a second processing of a file group processing in
accordance with an embodiment 3 of the present invention. In the following de-
scription, a clone target file is specified by a user from a file group list that has been
displayed in the first processing.

In the step S2501, the program 123 acquires an inode management table 400 of an
arbitrary clone target file that has been specified by a user (hereafter referred to as a
specified file in the description of this figure) from a file group list that has been
displayed (see Fig. 24).

In the step S2503, the program 123 judges whether a specified file is a clone target
file or a clone source file. More specifically, the program 123 judges whether or not a
number has been set to a clone source inode number 601 of an inode management table
400 that has been acquired for instance. In the case in which a specified file is a clone
target file as a result of the judgment (Yes for the step S2503), the program 123
proceeds to the processing of the step S2505. On the other hand, in the case in which
the specified file is a clone source file as a result of the judgment (No for the step
S$2503), the program 123 proceeds to the processing of the step S2507.

In the step S2505, the program 123 adds a specified file and the capacity to a list.

More specifically, the program 123 stores a file name, an inode number, and a file
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capacity of the specified file into the memory 11 on a temporary basis in order to
display them on the file group list for instance.

In the step S2507, the program 123 adds a specified file and the capacity to a list.
More specifically, the program 123 stores a file name, an inode number, and a capacity
of the shared data that is held by the file into the memory 11 on a temporary basis in
order to display them on the file group list for instance.

In the step S2509, the program 123 acquires an inode number (an inode number
(clone next) 603) of the link destination file of the specified file.

In the step S2511, the program 123 judges whether or not an inode number of a link
destination file of the specified file has been acquired. In the case in which an inode
number of a link destination file of the specified file has been acquired as a result of
the judgment (Yes for the step S2511), the program 123 proceeds to the processing of
the step S2515. On the other hand, in the case in which an inode number of a link des-
tination file of the specified file has not been acquired (No for the step S2511), the
program 123 proceeds to the processing of the step S2513.

In the step S2515, the program 123 sets the link destination file to be a specified file
and proceeds to the processing of the step S2501.

In the step S2513, the program 123 displays the file group list. An example of the file
group list is shown in Fig. 26. In the example shown in the figure, a file name of a
plurality of clone target files that configure the file group, a file capacity, a capacity of
the shared data of the file group, the total sum of the capacity of the file group are
displayed.

For the above file group display processing in accordance with the present em-
bodiment, a user can know whether or not the file that has been specified by a user is a
clone target file. In the case in which a user wants to delete a file group to which the
specified clone target file belongs, the user can know a capacity that can be ensured in
the case in which the file group is deleted. By this configuration, the user can delete a
file of a desired capacity in an appropriate manner.

Embodiment 4

An embodiment 4 of the present invention will be described in detail in the next
place with reference to the drawings. In this case, the points that are different from the
embodiment 1 (to 3) will be described in large part, and the descriptions of the points
that are common to the embodiment 1 (to 3) will be omitted or simplified.

A file update processing in accordance with the embodiment 4 is implemented in the
case in which the file update program 127 is executed by the CPU 12.

Fig. 27 is an explanatory drawing of a problem that is a premise of a file update
processing.

In the case in which data is updated to a clone target file, the clone target file does
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not refer to the shared data for the data that has been updated and manages the data as
differential data. Consequently, in the case in which data is updated, the clone target
file does not refer to the shared data of a clone source file, or the number of data blocks
that are referred to is equal to or less than a predetermined number in some cases. In
the example shown in the figure, the file group is configured by a clone source file, a
file 1, a file 2, and a file 3. The file 1, the file 2, and the file 3 have referred to a data
block of a clone source file (shared data: A, B, C, and D). However, the file 1 becomes
data that is entirely different from the shared data of the clone source file (differential
data: 1, 2, 3, and 4) by the data update. In the case in which the file group deletion
processing described above is executed in this case, a clone target file that does not
refer to the shared data (file 1) is also deleted. Based on such a problem, in the case in
which the number of references of the shared data of an update target file is equal to or
less than a predetermined number after a data update for the file update processing, the
update target file is deleted from the file group.

Fig. 28 is a view showing a flow of a file update processing in accordance with the
present invention.

In the step S2801, the program 127 receives a file update request, a file name and the
update data of an update target file from the client 10.

In the step S2803, the program 127 judges whether an update target file is a clone
target file or not. In the case in which an update target file is a clone target file as a
result of the judgment (Yes for the step S2803), the program 127 proceeds to the
processing of the step S2805. On the other hand, in the case in which an update target
file is not a clone target file (No for the step S2803), that is, an update target file is a
normal file as a result of the judgment, the program 127 proceeds to the processing of
the step S2815.

In the step S2815, the program 127 updates data of the update target file by the
update data that has been received in the step S2801 and terminates the processing.

In the step S2805, the program 127 updates data of the update target file by the
update data that has been received in the step S2801. More specifically for instance, in
the example shown in Fig. 29, data of the file 1 (data has referred to the shared data (A,
B, C, and D) of the clone source file) is updated by the update data (1, 2, 3, and 4). In
this case, the file 1 stores the update data as differential data into a data block that is
managed by the file 1.

In the step S2807, the program 127 updates a reference block number 604 of an
inode management table 400. More specifically for instance, in the example shown in
Fig. 29, since the file 1 updates all of the four data (A, B, C, and D) that has referred to
the clone source file, the reference block number 604 is modified from 4 to 0.

In the step S2809, the program 127 judges whether or not a rate of the differential
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data to the shared data is less than a threshold value. More specifically, the program
127 judges whether or not a reference block number 604 of an inode management table
400 is less than a threshold value. The threshold value can be set by a user at the
discretion of the user. In the case in which a reference block number 604 of an inode
management table 400 is less than a threshold value as a result of the judgment (Yes
for the step S2809), the program 127 proceeds to the processing of the step S2811. On
the other hand, in the case in which a reference block number 604 of an inode
management table 400 is equal to or larger than a threshold value as a result of the
judgment (No for the step S2309), the program 123 terminates the processing.

In the step S2811, in the case in which there is data of a data block of a file source
that is referred to by the update target file (data that is the shared data after an update),
the program 127 copies the shared data to the data block of the update target file.

In the step S2813, the program 127 deletes the update target file from a group link
and terminates the processing. More specifically for instance, in the example shown in
Fig. 29, the program 127 deletes a clone source inode number 601 of the inode
management table 400, an inode number (clone prev) 602, and an inode (clone next)
603 for the file 1.

In the above file update processing, the clone target file that is not so associated with
the shared data of the clone source file is deleted from the file group by an update of
data, thereby preventing the clone target file from being deleted in the file group
deletion processing.

In the above example, in the case in which a reference block number of the clone
source file is less than a threshold value, the update target file is deleted from the group
link. However, it is not necessary that a target to be compared is a reference block
number. For instance, a target to be compared can also be a rate of "a value that is
obtained by adding the number of data blocks of the shared data to the number of data
blocks that become differential data by an update” to "a data block number that
becomes differential data by an update". Moreover for instance, a target to be
compared can also be a rate of a capacity of differential data to a capacity of the shard
data.

Embodiment 5

An embodiment 5 of the present invention will be described in detail in the next
place with reference to the drawings. In this case, the points that are different from the
embodiment 1 (to 4) will be described in large part, and the descriptions of the points
that are common to the embodiment 1 (to 4) will be omitted or simplified.

A shared data deletion processing in accordance with the embodiment 5 is im-
plemented in the case in which the shared data deletion program 129 is executed by the
CPU 12.
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Fig. 30 is an explanatory drawing of a problem that is a premise of a shared data
deletion processing.

In the above file update processing, a data block that is not referred to by any clone
target file is generated in a clone source file in some cases. In the example shown in
the figure, as a result of the update, the clone target files (the file 1, the file 2, and the
file 3) refer to only data (data: C and D) that is a part of the clone source file and the
data (A and B) is not referred to. In this case, although the data (A and B) is not
referred to by any file, the data (A and B) exists until the data is deleted by the file
group deletion processing, whereby a data region is consumed more than is necessary.
The shared data deletion processing is executed to solve such a problem. The
processing can also be executed on a regular basis.

Fig. 31 is a view showing a flow of a shared data deletion processing.

In the step S3101, the program 129 receives a file update request, a file name and the
update data of an update target file from the client 10.

In the step S3103, the program 129 judges whether an update target file is a clone
target file or not. In the case in which an update target file is a clone target file as a
result of the judgment (Yes for the step S3103), the program 129 proceeds to the
processing of the step S3105. On the other hand, in the case in which an update target
file is not a clone target file (No for the step S3103), that is, an update target file is a
normal file as a result of the judgment, the program 129 proceeds to the processing of
the step S3113.

In the step S3113, the program 129 updates a data block in the update target file by
the update data that has been received in the step S3101 and terminates the processing.

In the step S3105, the program 129 updates the data block of the update target file by
the update data that has been received in the step S3101. More specifically, the step
will be described while using the example shown in Fig. 31 and Fig. 32. Fig. 31 is a
view showing a file group before the data update. The file 1 has not been updated and
refers to four data blocks (data: A, B, C, and D) of the clone source file. For the file 2,
the data block that is second from a left (data: 3) has been updated and refers to the
remaining three data blocks (shared data: A, C, and D). For the file 3, the data block
that is second from a left (data: 4) has been updated and refers to the remaining three
shared data blocks (shared data: A, C, and D). Fig. 33 is a view showing a file group
after the data update. The program 129 updates the data that is first from a left of the
file 1 and the data that is second from a left of the file 1 to be the data 1 and the data 2,
respectively.

In the step S3107, the program 129 updates a bitmap that is corresponded to the data
that has been updated. Each data block of the clone target file is corresponded to the

bitmap. In the case in which each data block refers to a data block of the shared data,
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the bitmap is set to be 1. In the case in which data is updated, the bitmap that is cor-
responded to the data block is set to be 0. An example shown in Fig. 34 will be
described more specifically. The program 129 modifies the bitmap that is corresponded
to the data block that is provided with data that has been updated in the step S3105 (the
data block that is first from a left and the data block that is second from a left) from 1
to 0.

In the step S3109, the program 129 detects a data block that is not referred to. More
specifically for instance, the program 129 executes OR of each data block of a clone
target file in a file group. An example shown in Fig. 34 will be described more
specifically. An OR operation of the data block that is first from a left, the data block
that is second from a left, the data block that is third from a left, and the data block that
is fourth from a left is executed. An operation result of the data block that is second
from a left is 0, and an operation result of other blocks is 1.

In the step S3111, the program 129 deletes data in a data block that is corresponded
to a location in which an operation result is O for a bitmap in the step S3109 for a data
block of the clone source file. An example shown in Fig. 34 will be described more
specifically. The data of the clone source file (data: B) that is corresponded to the data
block that is second from a left in which an operation result is O is deleted.

The shared data that is not referred to can be detected and deleted for every data
block by a data update for the above shared data deletion processing. By this con-
figuration, the unnecessary data that is not referred to from the clone target file can be
less, and a storage region can be used in an effective manner.

While the some preferred embodiments in accordance with the present invention
have been described above, the embodiments are examples for describing the present
invention and the range of the present invention is not restricted to the embodiments.
The present invention can also be implemented in various modes of other types.

Although data is stored into a data block in the above embodiments for instance, the
present invention is not restricted to the embodiments.

Moreover, although the clone source file is provided with the shared data and the
clone target file refers to the shared data in the above embodiments for instance, the
clone target file can also be provided with the shared data. Moreover, although the du-
plicated data is copied to a data block of the clone source file in the case in which the
shared data is created for instance, only one data can also be referred to without
executing a copy processing.

Moreover, although a bitmap is used to manage whether or not data is updated in the
above embodiments for instance, the present invention is not restricted to the em-

bodiments and the update can also be managed by other methods.
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Claims

A file server comprising:

a communication interface device that is coupled to a physical storage
device that is a basis of a logical storage device that is configured by a
plurality of logical regions; and

a controller that is coupled to the communication interface device and
that manages the file system information that includes information that
indicates a logical region and data of a file that has been stored into the
logical region,

wherein the controller:

identifies m files (m is equal to or larger than 2) that is provided with
the duplicated data that is duplicated to each other among a plurality of
files that have been stored into the logical storage device as a file group
based on the file system information;

deletes duplicated data other than the shared data that is one duplicated
data among duplicated data that is included in the m files from the
logical storage device;

makes a file other than a shared file of the file group refer to the shared
file that is a file configured by the shared data; and

creates a group link that associates the m files that belong to the file
group with each other.

A file server according to claim 1, wherein the group link is a circular
link in which the m files are nodes.

A file server according to claim 2, wherein a link between files for the
group link is a bidirectional link.

A file server according to claim 1, wherein:

a client terminal is coupled to the communication interface device,

the communication interface device receives a deletion request of a file
from the client terminal, and

the controller identifies the group link that includes a deletion target file
that is a file that is a target of the deletion request among a plurality of
files that have been stored into the logical storage device and executes a
deletion processing for deleting all files that belong to the identified
group link.

A file server according to claim 4, wherein the controller makes the
client terminal display a file name and a file capacity of a file that has

been deleted by the deletion processing based on the file system in-
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formation in the case in which the deletion processing is executed.

A file server according to claim 1, wherein:

the file system information includes information that indicates whether
or not the duplicated data of a file has been deleted,

a client terminal is coupled to the communication interface device,

the communication interface device receives an instruction of
displaying a file from the client terminal, and

the controller makes the client terminal display a file name of a file of a
target of the received instruction and the information that indicates
whether or not the duplicated data has been deleted based on the file
system information.

A file server according to claim 6, wherein:

the file system information further includes the information that
indicates a file capacity of a file,

the communication interface device receives a display request of a file
capacity from the client terminal, and

the controller makes the client terminal display a file name and a file
capacity of each of files that belong to a group link that includes a file
of a target of the display request based on the file system information.
A file server according to claim 1, wherein:

a client terminal is coupled to the communication interface device,

the communication interface device receives an update request of the
duplicated data to a file that is an update target from the client terminal,
and

the controller stores data that conforms to the received update request
into the logical storage device, associates the data as differential data
with the file system information of the file that is an update target, and
deletes a group link of the file that is an update target in the case in
which a rate of a capacity of the differential data to the shared data is
equal to or less than a threshold value.

A file server according to claim 1, wherein:

a client terminal is coupled to the communication interface device,

the communication interface device receives an update request of the
duplicated data to a file that is an update target from the client terminal,
and

the controller stores data that conforms to the received update request
into one or a plurality of logical regions, associates the data as dif-

ferential data with the file system information of the file that is an
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update target, and deletes the data in a logical region in the case in
which the logical region is not referred to for logical regions that store
the shared data.

A method comprising the steps of:

identifying m files (m is equal to or larger than 2) that is provided with
the duplicated data that is duplicated to each other among a plurality of
files that have been stored into a logical storage device as a file group
based on the file system information that includes information that
indicates a logical region and data of a file that has been stored into the
logical region for a logical storage device that is configured by a
plurality of logical regions;

deleting duplicated data other than the shared data that is one du-
plicated data among duplicated data that is included in the m files from
the logical storage device;

making a file other than a shared file of the file group refer to the
shared file that is a file configured by the shared data; and

creating a group link that associates the m files that belong to the file
group with each other.

A computer program that is configured to make a computer execute
steps comprising the steps of:

identifying m files (m is equal to or larger than 2) that is provided with
the duplicated data that is duplicated to each other among a plurality of
files that have been stored into a logical storage device as a file group
based on the file system information that includes information that
indicates a logical region and data of a file that has been stored into the
logical region for a logical storage device that is configured by a
plurality of logical regions;

deleting duplicated data other than the shared data that is one du-
plicated data among duplicated data that is included in the m files from
the logical storage device;

making a file other than a shared file of the file group refer to the
shared file that is a file configured by the shared data; and

creating a group link that associates the m files that belong to the file

group with each other.
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Fig. 14

File name:
/home/share/a/b/c/d.txt
/home/share/a/b/c/e.txt
/home/share/a/b.txt
/home/share/b/c.txt
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Fig. 20

Specification condition : 10 MB < Capacity < 50 MB
Clone source file name : Capacity
/index/10MB/ xxxxx.yyy 25600
/index/10MB/wwww.yyy 10000
/index/10MB/zzzzzz.yyy 20000

/home/10MB/vvvvv.yyy 30000
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Fig. 22

The following files were deleted.

File name : " Capacity Type
/home/share/a/b/c/d.txt 1024 clone
/home/share/a/b/c/e.txt 512 clone
/home/share/a/b.txt 2048 clone
/home/share/b/c.txt 128 clone
Jindex/10MB /50000tyyY 25600 Clone source

Total sum 30012
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Fig. 24

File name: Size Type Duplicated deletion
/home/share/a/a/ - Folder -
/home/share/a/b/ - Folder -
/home/share/a/a.txt 16384 Document No

/home/share/a/b.txt 14336 Document Yes
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[Fig. 26]

Fig. 26

File name: Size
/home/share/a/b/c/d.txt 1024
/home/share/a/b/c/e.txt 512
/home/share/a/b.txt 2048
/home/share/b/c.txt 128
*** Shared data*** 25600
Total sum 30012




ssaJppe 320|q eleq

27/34

PCT/JP2012/004443

WO 2014/009993

[Fig. 27]

(ouop)
€94

— 1224N0Ss auo|D

20T 4aquinu apoul

1
ol
921N0S 3UO|)

LT 'Sl

T00T :43qwinu apoul

(ENGTR)
T34

N T00T : A24d ——————
\\\\Hllllllll €007 13U % |l|lll|l||”lllllll
\\\-\Illl ','II’I,
- \\\ ~ ~ ~ ~
Rts #20T :Jawnu apoul S AR
N
s 7007 :4awnu apoul A
| \
(du0)2) w
¢ 9|4 1
I
I
|
N [¥lele]T] !
.. ssaappe yo0|q eleq » A|D]|d]V] __
“~ «
~Se o ln 200z na4d | \‘ Ssalppe 3}20|q eie( I
yZOT:IX3U | ~~ A ssaJappe v_uo_n.wwmm__ P PZOT :Aoad | \. ,
€00¢: _» 20072 13U |~ -~
20T :92Jn0s auo|) S———— ) 100z :1Xau |- -
€00¢ -1awnu spoul #20T :924n0S duUo|)

-
N e - -

oy



28/34

PCT/JP2012/004443

WO 2014/009993

[Fig. 28]

v pua Suissa0.d Y
N _

M jui| dnoJd e woly 9)14 19811 d1epdn ue $313[3Q
€18¢S

M 3|14 924n0S 3UO| e Jo ejep sa1do)

L18¢S

Fan|eA p|oYsaly}) > S300|q 90U JO JGqWINN

6082S °N

N $120]q 2URI3J4 JO JaqWINU By salepdn
£08¢S I

M elep paalgdas oyl Aq 9|1} e saiepdn
G08csS

elep PaAI9Ja4 9y} Aq 9)i4 e se1epdn

7

é9]1) 19811 auo|d e 198.4e) 9lepdn ue 5|
G18¢s d

ON
€08¢S

M B1EP PUE ‘BWEU 3[1} B “}sanbal a1epdn a1} B 9A1909Y
108¢S
_

m 1e1s Suissasold U

8¢ "SI




29/34

PCT/JP2012/004443

WO 2014/009993

[Fig. 29]

ssaJppe ¥20|q e1eq
- yZ0T€T00z:MId \ _ _ o —mz=z =
e _ €00z:»au |d - ="~
< .- ¥ :$00|q 92U JO JBQWINN
/7 7
¢, 20T :Jawnu apoui
’
o’ Z00Z :1awnu apoul
e |
_. (ouop)
I ¢ 9|4
|
1
/ ssaJppe }20|q e1eq
al
. 7007 :A2ad ~ o IJAH_O_\MH_4_
« - I
PROTRU fe "N~ SSIpPE 19017 5150
P :S¥20|q 92UBIBJBI JO JBGUINN o ~ ol €00z : roid
7¢OT -Iatinu apout "~ Zooz<Tooz peu
€00¢ -43wnu spoul ¥ 1$)20|q JO JoquinN

(suold)
€3l

— I92JN0Ss auo))

20T :Jaquinu apoul

|
ol
324n0s dUO[)

6¢ "3Si4

-

[FIelelT]
SsaJppe 320|q eleq
2607 A21d
26T 1 1X3U

0<—F:$A20]g DIURIRSR 40 JoquInN

Y ZOF :921N0S 3U0o|)

TO0Z :Jaquinu apoul

Am:_o_uv

194




30/34

PCT/JP2012/004443

WO 2014/009993

[Fig. 30]

——-191¢
Z

ssaJppe 320|q e1eq

020z : Aaud

0T0C - Xau

0007 :924n0S 3uo|)

0£07 :Jownu apoul

—|d|H

AN

(suopd)
9l

ssaippe 3o0|q eleq |-

000z : raad

0£0T : 1xau

0007 :924Nn0S auo[)

0z0Z :Jawnu apoul

(suo}d)
€34

A Y
T

v

|

- L]
Alalofs

1

1

-
g — ""'
e
-
-~y

ssaJppe >20|q eleq

0107 : Adad

0¢20¢: xau

— :92N0sS 2UOo|D

0007 :43quinu apoul

]
9|l}
921N0S BUO|)

0¢€ "84

—|—13¢]T

/

SsaJppe 320|q ele(Q

0£0¢ : Aaxd

000¢ : xau

000 :321n0s auo|)

0TOT :42qwinu apoul

ch_o_uv

1 9]l4




31/34

PCT/JP2012/004443

WO 2014/009993

[Fig. 31]

v\ pus Suissadoid
g _

\,\ 0 Sl dewliq e ydo1ym ul UOI3eI0| B 1B X20[q BIep B $313|3Q

LLLES _
\( dnoud 9yl e jo dewiq e jo uoijesado YO ue saNIBXJ
60LES I
No_\m%\ (0¢T1) dewiiq e salepdn
morm%\ elep paAladal syl Ag 3|1y e sajepdn

B1EP POAI90RJ 9Y) AQ 3]y B salepdn

N _
eLLes

é9|1} 198421 2U0d € 19348} djEpdn UE 5]
ON
c0les

M Eeppue ‘weu |14 e 9sanbad ajepdn 3|1 e 3nI909Y
LOLES
_

Mels uissanold

1€ 'S4



PCT/JP2012/004443

32/34

WO 2014/009993

[Fig. 32]

000¢ -224n0s 2uo|D

00z :43wnu apoul

(auopd)
€94

ssalppe }20|q eileq
0707 : Aoud TJIT|O]|T dewyiq
otoz:woeu [ .| -| €| -] Polqeiep
000¢ :924n0S 3uo|)
0£0¢T :4ownu apoui
|
(auo|)
ol
A RTETAS M TIT|T|T dewnq
\4
-l v ﬂ 32019 ejep TN alolalv R E———— R T N B TR
ssaJppe 320|q ejed \ \
000¢ : A2ud SsaJppe }20[q e1eQ ssaJppe 320|q eleQ
0€0T : Xau 010¢ : Adud 0£0T : Aaud
020Z: weu 000 : 1xau
— 1924n0S 3uUo|) 0002 :924Nn0S dUo[)
010 :49qwnu apoul

000¢ Jequinu spoul

]
o)l}
924n0S aUo[)

¢g 814

(suo|d)
1 9Ji4




PCT/JP2012/004443

33/34

WO 2014/009993

[Fig. 33]

000 :924N0S 3U0|)

0Z0¢ :Jawnu apoul

(suopd)
€3l

0007 :Jaqwinu apoul

1
o1y
924Nn0s auo[)

€¢ 'S4

ssaippe 320|q eleq
0707 : Aoud TIT]O]|T dewniq
otoz:weu > -| - g -|APcigeiep
000¢ :924Nn0S 3Uo|)
Q€07 :J2wWwnu apoul
_
(suopd)
¢ 9|4
T]1]T]0]1 ewilq - H — a..mc:_n_
- _ | yoojgere 1 4 " ."
14 - A20|q Ejep ) adlolalv N I I I e
ssauppe o0|q eleq Wl Lo
0002 : A2ad ssauppe y20|q e1eq ssa4ppe 320[q Smm
0€0¢ - Xau 0107 : A2ad 0€0T : hed
020¢: XU 0007 - au
— :924N0S 3UO|) 000¢ :324n0s 3U0|)
010 :42qwnu apoul

ﬁmc_o_uv

T 3]l4




34/34

WO 2014/009993

[Fig. 34]

PCT/JP2012/004443

ssaJppe }o0|q e1e
020z : Asad 1|10 1| dewug
0TOZ : Mau 1 -] el -|>o1geiep
000 :924n0s 3Uo|)
0£0T :42wnu apou
_
(suod)
Z¢9Id
T|T|O0]|T]| dewnq
| -| %] -|>wolaeep | v
ﬂ RRALLEEPPN N alon v
ssaJppe 320|q eleQ 2
000T : ra4d ssaJppe »20j|q eled
0€0¢ - xvu 010C : Avud
0007 :921n0s auop) 020Z: X3u
020z :Jawnu apoul — 1324N0S 3UO|)
| 0007 :laqunu apoul
(dUop) I
€ 9|14 ol
924n0S 3Uo|)

¢ "3l

0002 :924n0S auop)

0TOZ :J2quinu apoui
|

T T 0 T
Tl1lo] 1| €914:dewng M0
T|T]0]T|zon:dewnq
T| 0|0 tom:dewnq
1|10 fo]| dewnq
e I I B v_u.m."_n_mumn
ssaJppe 320|q eieq
0€0z : raad
000Z : Xau

(auopd)

T 3l




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2012/004443

A. CLASSIFICATION OF SUBJECT MATTER

INV. GOD6FL7/30
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO6F

Minimum documentation searched {classification system followed by classification symbols)

Documentation searshed other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

AL) 14 May 2002 (2002-05-14)
page 1, column 1 - column 10

column 1 - column 10

page 1 - page 9

X US 6 389 433 Bl (BOLOSKY WILLIAM J [US] ET 1-11

A US 2010/250858 Al (CREMELIE NICK [BE] ET 1-11
AL) 30 September 2010 (2010-09-30)

A US 2008/243879 Al (GOKHALE PARAG [US] ET 1-11
AL) 2 October 2008 (2008-10-02)

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" documentwhich may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or sannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

'&" document member of the same patent family

Date of the actual completion of the international search

11 November 2013

Date of mailing of the international search report

18/11/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswilk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Korkuzas, Valdas

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent famlly members

International application No

PCT/JP2012/004443
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6389433 Bl 14-05-2002  NONE
US 2010250858 Al 30-09-2010  NONE
US 2008243879 Al 02-10-2008 US 2008243879 Al 02-10-2008
US 2008243914 Al 02-10-2008
US 2008243957 Al 02-10-2008
US 2008243958 Al 02-10-2008
Us 2012023070 Al 26-01-2012
US 2013006946 Al 03-01-2013

Form PCT/ISA210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - wo-search-report
	Page 61 - wo-search-report

