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Description
Title of Invention: FILE SHARING SYSTEM AND FILE

SHARING METHOD
Technical Field

This invention relates to a file sharing system and a file sharing method, and more
particularly, to a caching technology used for sharing a file on a master server.
Background Art

In software development, source code files or computer aided design (CAD) data
files are sometimes placed on file servers and shared to perform distributed de-
velopment at locations around the world. Most of such file servers include a version
management system.

Therefore, in a general flow of development, a developer at each of the locations
checks out a snapshot at one given point in time (for example, a given version of a
shipped product) of a repository on the file server, modifies only a file that needs a bug
fix, and after compilation/ verification of modification, checks in the modified file to
the repository in a data center to newly create a snapshot (raise the version). Such dis-
tributed development raises a problem of a network delay because it is necessary to
check out a large number of files from the file server placed in a remote site.

As a technology for solving the above-mentioned problem of the network delay,
there is an on-demand copy technology. In the technology, instead of checking out all
the files from the file server, a directory or file to which access has been made is first
checked out as a directory or file that retains only meta-data called "stub".

Further, in on-demand copy, when the developer actually opens the directory or reads
or writes the file, the directory or file is copied on demand from the file server
(materialization of a stub). The on-demand copy technology can reduce commu-
nications performed between a terminal of the developer and the file server in the
remote site to a minimum, which can reduce an influence of the network delay.

In addition, as a technology for realizing high-speed access, there is known a proxy
server that connects an internal network and an external network. The proxy server, for
example, exists between a client in the internal network and a server in the external
network and relays communications between the client and the server.

The proxy server caches the file requested by the client from the server to thereby
return the cached file in place of the server when another client requests the same file
afterward. For example, by locating the proxy server in a local area network (LAN),
once a file is cached, a client within the LAN can acquire the file with high speed

without directly making a query to a server outside the LAN.
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In addition, as one of caching technologies for the proxy server, there is a distributed
caching technology. In the distributed caching technology, a plurality of proxy servers
are provided, and if the proxy server that has received a request does not have the file
cached therein, the proxy server queries another proxy server as to whether or not the

another proxy server retains a cache file thereof.
If the cache file exists on a given proxy server, by acquiring the file from the given

proxy server, it is possible to reduce the number of times to communicate to an original
server exhibiting a large network delay. A protocol for verifying a presence/absence of
the cache between the proxy servers is standardized as an Internet cache protocol
(ICP).

With regard to the proxy server using the ICP, as the number of cooperative proxy
servers increases, it is possible to improve a cache hit rate, however network traffic
increases because each of the proxy servers queries the presence/absence of the cache
file from all the other proxy servers. Therefore, a technology for reducing the number
of times to make a query about the cache file between the proxy servers is being under
development.

For example, Patent Literature 1 cited below discloses a method for suppressing the
number of times to make a query about the cache file between the proxy servers to at
most one by using a deterministic algorithm to uniquely derive the proxy server having
a given file cached therein from a proxy server name and a uniform resource locator
(URL) indicating a place that stores the file.

Citation List

Patent Literature
PTL 1: United States Patent No. 6341311 B1

Summary of Invention
Technical Problem

However, specific studies have not been performed so far regarding simultaneous ap-
plication, to a given system, of the on-demand copy technology used for a system such
as a version management system and the proxy server technology for mediating
between networks. Further, a repository in a data center, which is a file system
including directories and files, needs specific studies to be performed regarding dis-
tributed caching of data including directories and files, in the case of the system such
as a version management system.

In addition, the distributed caching technology disclosed in Patent Literature 1 raises
a problem. In the distributed caching technology of Patent Literature 1, a server that
stores a cache file is uniquely decided from a proxy server name and a URL, and hence

a storage destination of the cache file is necessarily one proxy server. Accordingly, it is
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highly probable that the proxy server that has received a query from a client does not
retain the cache file, and in many cases, the presence/absence of the cache file needs to

be queried of another proxy server. Therefore, a response to the client is delayed.
This invention has been made in view of the above-mentioned circumstances, and an

object thereof is to reduce a network delay in a processing for sharing a file of a file

system which is master data.

Solution to Problem

A file sharing system according to an aspect of the present invention comprises a
master server configured to provide one or more master file systems each including a
directory and a file each being an object, and one or more slave servers each
configured to acquire a copy file system of a part or whole of a master file system
provided by the master server. A first slave server in the one or more slave servers
includes copy management information associating a master file system identifier with
an identifier of a slave server including a copy file system of a part or whole of a
master file system identified by the master file system identifier. The first slave server
acquires a first copy file system of a part of a first master file system in the one or
more master file systems, the first copy file system including a stub-state object. The
first slave server, using an identifier of the first master file system, searches the copy
management information for a slave server to be queried regarding cached information
for materializing the stub-state object. On condition that the search result indicates a
slave server to be queried in the one or more slave servers, the first slave server queries
the slave server to be queried regarding the cached information for materialization. On
condition that the slave server to be queried includes the information for materi-
alization, the first slave server materializes the stub-state object using the information

for materialization acquired from the queried slave server.
Advantageous Effects of Invention

According to an aspect of the present invention, it is possible to reduce the network
delay in the processing for sharing a file of the file system which is master data.
Brief Description of Drawings
[fig. 1]FIG. 1 is a diagram illustrating an example configuration of a file sharing system
in an embodiment of the present invention.
[fig.2]FIG. 2 is a diagram illustrating an internal configuration of a server in an em-
bodiment of the present invention.
[fig.3]FIG. 3 is a diagram illustrating an internal configuration of a master server in an
embodiment of the present invention.
[fig.4]FIG. 4 is a diagram schematically illustrating materialization of a stub file in an

embodiment of the present invention.
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[fig.5]FIG. 5 is a diagram illustrating an internal configuration of a file system
program in an embodiment of the present invention.
[fig.6]FIG. 6 is a diagram illustrating an internal configuration of a version
management client program in an embodiment of the present invention.
[fig.7]FIG. 7 is a block diagram illustrating an internal configuration of a version
management server program in an embodiment of the present invention.
[fig.8]FIG. 8 is a diagram illustrating an internal configuration of a version
management table in an embodiment of the present invention.
[fig.9]FIG. 9 is a diagram illustrating an internal configuration of a working copy
management table in an embodiment of the present invention.
[fig. 10]FIG. 10 is a diagram illustrating an internal configuration of directory structure
information in an embodiment of the present invention.
[fig. 11]FIG. 11 is a diagram illustrating an internal configuration of a file in an em-
bodiment of the present invention.
[fig.12]FIG. 12 is a diagram illustrating an example of a working copy list screen in an
embodiment of the present invention.
[fig.13]FIG. 13 is a diagram illustrating an example of a working copy search policy
setting screen in an embodiment of the present invention.
[fig.14]FIG. 14 is an example of a processing executed by an OPEN processing
module in an embodiment of the present invention.
[fig.15]FIG. 15 is an example of a processing executed by a READ processing module
in an embodiment of the present invention.
[fig.16]FIG. 16 is an example of a processing executed by a WRITE processing
module in an embodiment of the present invention.
[fig.17]FIG. 17 is an example of a processing executed by a stub materialization
module in an embodiment of the present invention.
[fig. 18]FIG. 18 is an example of a processing executed by a check-out module in an
embodiment of the present invention.
[fig. 19]FIG. 19 is an example of a processing executed by a check-in processing
module in an embodiment of the present invention.
Description of Embodiments

Hereinafter, an embodiment for carrying out this invention is described. To make the
description clearer, the following descriptions and drawings are omitted and simplified
as appropriate. Further, in the respective drawings, the same components are denoted
by the same reference symbol, and to make the description clearer, duplicate de-
scriptions are omitted as necessary.

A configuration example to be described in this embodiment is a file sharing system
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having a version management function. This system is mainly used for software de-
velopment. A server (slave server) acquires a copy (working copy) of a part of a
repository (file system) stored on a master server in response to a request received
from a client.

The copied file system (working copy) includes a stub-state file or directory. The
stub-state file or directory includes meta-information but does not include entity in-
formation thereon. To materialize the stub-state file or directory, the server queries the
own server or another server as to a presence/absence of a cache of necessary in-
formation.

The server references a working copy management table in the query for the materi-
alization. The working copy management table manages the working copy being the
copied file system checked out from the repository on the master server. The working
copy management table is shared among the servers. The server searches the working
copy management table for a server to be queried regarding the presence/absence of
the cached file or directory for the materialization of the stub-state file or directory.

According to this configuration, it is possible to retain the cache data on the file and
directory of the repository on a plurality of servers and share the cache data among the
servers, and to reduce the number of times to make a query about the cache data
between the servers.

In a working copy management table, only one entry is assigned to one working
copy. The cache data is thus managed per working copy to thereby reduce the work
management table in size and reduce amounts of processing and data transfer for
managing and sharing (synchronizing) the work management table.

This embodiment is described below by mainly taking an example in which a
working copy is checked out from the master server that provides a file service based
on the version management function to read/write the file in the working copy.
However, this embodiment is merely an example for realizing this invention, and does
not limit the technical scope of this invention.

FIG. 1 is a block diagram illustrating a schematic configuration of the file sharing
system according to this embodiment. The file sharing system includes terminals 100A
and 100B, servers 200A and 200B that are coupled to the terminals 100A and 100B via
a network 110, and a master server 300 that is coupled to the servers 200A and 200B
via a network 120.

The number of terminals, the number of servers, and the number of master servers
that are illustrated in FIG. 1 are examples, and the respective numbers are set to ap-
propriate values according to the design of the system. For example, the system can
include a plurality of master servers. The terminals 100A and 100B have the same con-

figuration, and a terminal 100 means an arbitrary one of the terminals 100A and 100B
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hereinbelow. The servers 200A and 200B have the same configuration, and a server
200 means an arbitrary one of the servers 200A and 200B hereinbelow.

The terminal 100 is a computer that is used by a user (developer) who logs in to the
server 200 to use a version management service provided by the master server 300 and
the server 200. The server 200 is a computer that cooperates with the master server 300
to provide the user with the version management service.

The master server 300 is a computer that provides a file sharing service, a check-in
service, and a check-out service that are necessary for the server 200 to provide the
user with the version management service.

The network 110 is a network that couples the terminal 100 and the server 200 to
each other. The network 110 is, for example, a local area network (LAN). The network
120 is a network that couples the server 200 and the master server 300 to each other.
The network 120 is, for example, a wide area network (WAN) or the Internet.

FIG. 2 is a block diagram illustrating a schematic configuration of the server 200. As
illustrated in FIG. 2, the server 200 includes a memory 220 being a primary storage
device that stores a program and data and a CPU 210 being a processor that executes
the program stored in the memory 220. The processor may include one or a plurality of
cores, and may be formed of a plurality of packages. In this respect, the same applies
to other computers.

The server 200 is a computer further including a network interface 230 used for com-
municating to the terminal 100 and another server 200, a network interface 240 used
for communicating to the master server 300, a disk drive 260 being a secondary
storage device including a nonvolatile storage medium, and a disk controller 250 that
controls an input/output to/from the disk drive 260, which are coupled to one another
via an internal communication channel (for example, bus).

The disk drive used by the server 200 may be directly coupled to the server 200 in
the same manner as the disk drive 260, or the server 200 may be coupled to the disk
drive on a disk array apparatus, which is coupled to a storage area network (SAN), via
a disk interface.

Programs and data are stored in the memory 220 of the server 200. The programs and
data include, for example, an application program 285, a version management client
program 600, a version management interface program 290, and a file system program
500. Typically, the program is loaded from the disk drive 260 into the memory 220,
and a set of the disk drive 260 and the memory 220 also constitute one storage device.
In those respects, the same applies to other computers.

The application program 285 is, for example, an editor used by the user who has
logged in to the server 200 to read/write the file. The version management client

program 600 is a program that allows the user who has logged in to the server 200 to



WO 2012/140701 PCT/JP2011/002228

[0036]

[0037]

[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

check out the working copy from the master server 300 and check in the working copy.

The version management interface program 290 is a program for providing an
interface that allows the user to check out and check in the working copy. The version
management interface program 290 also provides an interface that allows the user who
has a management authority for a repository 380 on the master server 300 to reference
a list of working copies that have been currently checked out and set a policy for
searching for the working copy to retrieve the cache data on a given file.

The file system program 500 is a program for managing a file system 270 stored on
the disk drive 260. The disk controller 250 inputs/outputs the data stored on the disk
drive 260, for example, per block based on the input/output request for each of various
programs stored in the memory 220.

The disk drive 260 stores data to be read/written by each of the various programs
stored in the memory 220 in addition to the above-mentioned programs. A working
copy 280 is stored on the disk drive 260. The working copy 280 is processed after
being loaded from the disk drive 260 into the memory 220.

Each of the above-mentioned programs is executed by the processor to thereby
perform a predetermined processing by using the memory 220 and a port. The
following description with the program being used as the subject of a sentence may be
replaced by the description with the processor being used as the subject of the
sentence. Further, the processing executed by the program is a processing performed
by the computer and computer system on which the program operates. In this respect,
the same applies to program execution on another computer.

FIG. 3 is a block diagram illustrating a schematic configuration of the master server
300. As illustrated in FIG. 3, the master server 300 is a computer including a memory
320 that stores a program and data, a CPU 310 being a processor that executes the
program stored in the memory 320, a network interface 330 used for communicating to
the server 200, a disk drive 360, and a disk controller 350 that controls an input/output
to/from the disk drive 360, which are coupled to one another via an internal commu-
nication channel (for example, bus).

The program and data are stored in the memory 320 of the master server 300. The
program and data include, for example, a version management server program 700 and
a file system program 390.

The version management server program 700 is a program that provides the server
200 with the file sharing service, the check-in service, and the check-out service. The
file system program 390 is a program for managing a file system 370 stored on the disk
drive 360.

The disk controller 350 inputs/outputs the data stored on the disk drive 360, for

example, per block based on an input/output request for each of various programs
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stored in the memory 320. The disk drive 360 stores data to be read/written by each of
the various programs stored in the memory 320. The repository 380 is stored on the
disk drive 360.

It should be noted that the disk drive used by the master server 300 may be directly
coupled to the master server 300 in the same manner as the disk drive 360, or the
master server 300 may be coupled to the disk drive on the disk array apparatus, which
is coupled to the SAN, via the disk interface.

The terminal 100 has a basic configuration as a computer, and includes input/output
devices, a memory, and a processor that operates according to a program stored in the
memory. Typically, the input device is a mouse and a keyboard, and the output device
is a display. The terminal 100 may include a nonvolatile secondary storage device, but
does not necessarily include the nonvolatile secondary storage device. The typical
secondary storage device is a magnetic disk drive. The user logs in to the server 200
through the terminal 100, and uses the application program 285 stored on the server to
process the working copy 280 through the terminal 100.

In this configuration, the user uses a client terminal 100 to access the server 200. Al-
ternatively, the server 200 may include an input device and a display device like the
terminal 100, which may be used by the user to operate the server 200.

FIG. 4 is a diagram schematically illustrating a flow of data in the materialization of
the stub-state file (stub of the file) according to this embodiment. This system uses the
stub of the directory and the stub of the file. In the present description, an "object" is
used as a word including both the directory and the file.

The stub includes positional information (reference information) on the object and
the meta-information (attribute information) thereon, but does not include entity in-
formation thereon. For example, the stub of the directory not only includes the po-
sitional information (pointer) but also includes, as the attribute information
(meta-information), information such as a directory name, a directory size, a time
stamp, and an access authority. The stub of the file not only includes the positional in-
formation (pointer) but also includes, as the attribute information (meta-information),
information such as a file name, a file size, and an access authority. A specific
structure of the stub is described later with reference to FIG. 11.

The server 200A includes a working copy 280A and a working copy management
table 400A. The working copy 280A includes a directory and two files 410A and 420A
in the directory. In the same manner, the server 200B includes a working copy 280B
and a working copy management table 400B. The working copy 280B includes a
directory and two files 410B and 420B in the directory.

The servers 200A and 200B are each a slave server including the working copy. The

working copy management tables 400A and 400B store the same information as that of
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a working copy management table 400C on the master server 300. The working copy
management table is described later in detail.

The working copy 280A on the server 200A has been checked out from the
repository 380 on the master server 300. Further, the directory, the file 410A, and the
file 420A within the working copy 280A have already been materialized from the stub,
and a change has been made to the file 420A. No change has been made to the file
410A.

In the same manner, the working copy 280B on the server 200B has been checked
out from a repository 380 on a master server 300. However, the directory has been ma-
terialized, but the file 410B and the file 420B within the working copy 280B are both
stub-state files.

For example, when the user who has logged in to the server 200B reads the stub-state
file 410B or the file 420B by the application program 285 such as an editor, the server
200B references the working copy management table 400B, recognizes that the server
200A retains the working copy 280A checked out from the same repository 380 and
verifies whether or not there is a cache on the server 200A by.

The file 410A on the server 200A has been materialized from the stub with no
change having been made thereto, and therefore can be used as a cache file. Therefore,
the server 200B copies the file 410A from the server 200A. On the other hand, the file
420A on the server 200A has been materialized with a change having been made
thereto, and therefore cannot be used as the cache file. Therefore, the server 200B
copies a file 420C from the master server 300.

Hereinafter, the program operating in the file sharing system is described with
reference to FIGS. 5 to 7. FIG. 5 is a block diagram illustrating a functional con-
figuration of the file system program 500 of the server 200. As illustrated in FIG. 5, the
file system program 500 includes an OPEN processing module 510, a READ
processing module 520, and a WRITE processing module 530.

When the user who has logged in to the server 200 by operating the terminal 100
uses the application program 285 such as an editor to open the directory or file stored
in the file system 270, the application program 285 issues an OPEN request to the file
system program 500. The OPEN processing module 510 is executed by the CPU 210
of the server 200 with the OPEN request as a trigger.

When given a path name to the directory or file, the OPEN processing module 510
prepares for reading the directory or reading/writing the file, and returns a descriptor
for identifying the directory or file that has been opened to the application program 285
that has issued the OPEN request. Further, the OPEN processing module 510 performs
a materialization processing for the stub if the directory to be opened within the file

system 270 is in a stub state.
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In the stub materialization processing, the entity information on the file or directory
(contents of the file or structure information on the directory) is acquired from the
position indicated by the positional information in the stub and written to the stub
(stub-state file or directory) to generate the materialized file or directory. The stub ma-
terialization processing is described later in detail with reference to FIG. 17.

When the user reads the file stored in the file system 270 through the application
program 285, the application program 285 issues a READ request to the file system
program 500. The READ processing module 520 is executed by the CPU 210 of the
server 200 with the READ request as a trigger.

The READ processing module 520 uses the descriptor obtained as a result of
executing the OPEN processing module 510 to access the directory or file and read the
data, and returns the data to the application program 285 that has issued the READ
request. Further, if the file to be read within the file system 270 is in the stub state, the
READ processing module 520 performs the stub materialization processing therefore.

When the user performs writing to the file stored in the file system 270 through the
application program 285, the application program 285 issues a WRITE request to the
file system program 500. The WRITE processing module 530 is executed by the CPU
210 of the server 200 with the WRITE request as a trigger.

The WRITE processing module 530 uses the descriptor obtained as a result of
executing the OPEN processing module 510 to access the file and write the data, and
returns the result to the application program 285 that has issued the WRITE request.
Further, if the file to be written is in the stub state, WRITE processing module 530
performs the stub materialization processing for the file within the file system 270.

FIG. 6 is a block diagram illustrating a functional configuration of the version
management client program 600 of the server 200. As illustrated in FIG. 6, the version
management client program 600 includes a stub materialization module 610, a check-
out module 620, a check-in module 630, a working copy management module 640, a
file sharing service module 650, a working copy management table 900, a working
copy search policy 680, and master server information 690.

The stub materialization module 610 is executed by the CPU 210 of the server 200 in
response to the request from the file system program 500 on the own server 200 or
another server 200. Based on the working copy search policy 680, the stub materi-
alization module 610 searches the working copy management table 900, and if there is
a matched entry, queries the presence/absence of the cached object from the own
server 200 or another server 200.

If the materialized file or directory that can be used has been cached, the stub materi-
alization module 610 acquires the materialized file or directory from the server 200. If

no materialized file or directory has been cached, the stub materialization module 610
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acquires (entity information on) the file or directory from the master server 300, and
materializes the stub-state file or directory.

The check-out module 620 is executed by the CPU 210 of the server 200 with a
check-out request transmitted by the user via the version management interface
program 290 as a trigger. The check-out module 620 transmits the check-out request,
which indicates which version of which repository is to be checked out as the working
copy, to the master server 300. The check-out module 620 may further specify a
specific directory within the repository.

In response to the check-out request that specifies the repository and the version, the
check-out module 620 acquires structure information on a root directory of the
repository 380 from the master server 300, and based on the structure information,
creates the stub-state file and directory in the root directory of the working copy 280.

In this embodiment, the top directory of a working copy (in this embodiment, the
root directory of the repository) is materialized by being checked out. However, in the
checking out, only the stub of the top directory may be created, and according to the
subsequent user operation, the file system program 500 may materialize the stub-state
directory.

The check-out module 620 adds a new entry to a working copy management table
770 (see FIG. 7) on the master server 300 concomitantly with the checking out of the
working copy. In addition, the check-out module 620 acquires the working copy
management table 770, and updates the working copy management table 900 on the
server 200.

The check-in module 630 is executed by the CPU 210 of the server 200 with a check-
in request transmitted by the user via the version management interface program 290
as a trigger. The check-in module 630 creates a list of files and directories that have
been updated within the working copy 280. Then, the check-in module 630 transmits
the list to the master server 300 as the check-in request, and verifies whether or not the
same file has been updated by another user.

When such a conflict occurs, the check-in module 630 displays an alert on the
terminal 100 via the version management interface program 290, and waits. When the
user who has received the alert manually resolves the conflict by, for example,
merging files or selecting a file to be kept in the repository, the check-in module 630
copies the updated file and directory to the master server 300.

The working copy management module 640 is executed by the CPU 210 of the
server 200 with a request received from the check-out module 620 as a trigger. Further,
on other occasions, the working copy management module 640 is periodically
executed by the CPU 210 of the server 200.

The working copy management module 640 issues a working copy management
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table synchronization request to the master server 300 in response to a preset event (for
example, a predetermined lapse of time), and synchronizes the working copy
management table 770 on the master server 300 and the working copy management
table 900 on the server 200.

In other words, the working copy management module 640 updates the working copy
management table 900 so as to agree with the working copy management table 770 on
the master server 300. Further, the working copy management module 640 acquires
performance information on each working copy and records it in the working copy
management table 900. The performance information on the working copy indicates
access performance with respect to the working copy. The performance information is
described later in detail with reference to FIG. 9.

The file sharing service module 650 is executed by the CPU 210 of the server 200
with a cached object (cached file or directory) presence/absence verifying request or an
object acquisition request received from the stub materialization module 610 as a
trigger. The stub materialization module 610 queries information for the materi-
alization according to the working copy search policy 680. The working copy search
policy 680 is described later in detail.

The file sharing service module 650 receives the cached object presence/absence
verifying request and the object acquisition request not only from the stub materi-
alization module 610 of the own server 200 but also from the stub materialization
module 610 of another server 200 via the network interface 230.

When the file sharing service module 650 receives the cached object presence/
absence verifying request, if the object (file or directory) to be verified is a mate-
rialized object and is not updated, the file sharing service module 650 returns "cached
object present".

If the object to be verified is a stub-state object or is updated, the file sharing service
module 650 returns "cached object absent". When receiving the object acquisition
request, the file sharing service module 650 returns the cached object.

The working copy management table 900 is a table for managing the working copy
280 checked out to the server 200. The working copy search policy 680 defines the
policy used when the stub materialization module 610 searches the working copy
management table 900. By setting the working copy search policy 680, the user
(developer or administrator) can set a search range for the cached object. In this con-
figuration, the user can change the version of the working copy 280 and the server 200
as factors that define the search range.

For example, by setting the search range regarding the version so that the working
copies of all the versions in the same repository are included in the search range irre-

spective of the version of the working copy, the search range for the cached object
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becomes wide. However, the search range includes the working copies of different
versions, and hence data that cannot be used as the cached object increases. This
increases the queries required until a search target is acquired, which causes a
reduction in search processing efficiency and a network delay.

By setting the search range regarding the server so that all the servers are included in
the search range, it is possible to increase a cache hit rate. However, it becomes
necessary to query the presence/absence of the cached object from the server 200
located in a remote site as far as the master server 300 from a network point of view,
and it becomes more probable that the reduction in search processing efficiency and
the network delay are caused.

Further, in this configuration, the working copy search policy 680 also retains in-
formation that defines (an upper limit value of) the number of queries about the
presence/absence of the cached object. For example, if the defined number is two, the
stub materialization module 610 queries the presence/absence of the cached object
from the two servers 200. As the number becomes larger, the cache hit rate increases,
while network traffic increases.

If the number of entries that match another condition of the working copy search
policy 680 is larger than the above-mentioned number, the stub materialization module
610 preferably uses performance information 970 to select an entry having the highest
performance. Accordingly, necessary information can be acquired in the shortest time
(with the highest speed). The performance information 970 is described later in detail
with reference to FIG. 9.

Appropriate conditions in terms of design are selected as conditions that can be set in
the working copy search policy 680. In a preferred configuration, all the above-
mentioned conditions can be set, but one part of those or conditions different from
those may be able to be set.

The user (developer or administrator) can set the working copy search policy 680 by
using a working copy search policy setting screen provided by the version management
interface program 290. The setting of a search policy performed by the user through
the working copy search policy setting screen is described later in detail with reference
to FIG. 13.

The master server information 690 included in the version management client
program 600 includes information such as a host name which is necessary for the
server 200 to communicate to the master server 300.

FIG. 7 is a block diagram illustrating a functional configuration of the version
management server program 700 of the master server 300. As illustrated in FIG. 7, the
version management server program 700 includes a file sharing service module 710, a

check-out service module 720, a check-in service module 730, a working copy
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management module 740, a version management module 750, a version management
table 800, and the working copy management table 770.

The file sharing service module 710 is executed by the CPU 310 of the master server
300 with the object acquisition request received from the stub materialization module
610 on the server 200 as a trigger. When receiving the object acquisition request, the
file sharing service module 710 returns the object to the stub materialization module
610.

The check-out service module 720 is executed by the CPU 310 of the master server
300 with the check-out request received from the check-out module 620 on the server
200 as a trigger. The check-out service module 720 creates an entry by combining a
present date/time with a site ID, a server ID, a repository ID, a version ID, and a
working copy ID that are included in the request, and adds the entry to the working
copy management table 770. Then, the check-out service module 720 returns the root
directory structure information on the requested repository.

The check-in service module 730 is executed by the CPU 310 of the master server
300 with the check-in request received from the check-in module 630 on the server 200
as a trigger. The check-in service module 730 verifies whether or not a conflict occurs
based on the list of the objects to be updated which is included in the request. With
regard to the verification of the conflict, the working copy management table 770 is
referenced to examine whether or not the object is updated at or after the time at which
the working copy is checked out. The check-in service module 730 creates a list of the
objects causing a conflict and returns the list.

The working copy management module 740 is executed by the CPU 310 of the
master server 300 with the working copy management table synchronization request
transmitted from the working copy management module 640 or the check-out module
620 on the server 200 as a trigger. The working copy management module 740 syn-
chronizes the working copy management table 770 on the master server 300 and the
working copy management table 900 on the server 200.

The working copy management tables 770 and 900 are each a table for managing the
working copy 280 checked out to the server 200. The working copy management
module 740 transmits the working copy management table 770 on the server 300 to the
server 200 of a request source in the synchronization of the working copy management
tables.

The version management module 750 is executed by the CPU 310 of the master
server 300 with a version creation request received from the version management
interface program 290 as a trigger.

The version management module 750 creates a snapshot image as a "version", the

snapshot image being obtained by fixing a state of the repository at a point in time of
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reception of the version creation request. Further, the entry including the repository ID,
the version ID, and the present time is created and added to the version management
table 800. The version management table 800 is a table for managing the repository on
the master server 300 and the version thereof.

Hereinafter, information used by the file system is described with reference to FIGS.
8 to 10. FIG. 8 is a diagram illustrating an example of a structure of the version
management table 800. The version management table 800 includes columns of a
repository ID 810, a version ID 820, and a creation date/time 830. Those fields form
one entry (record).

The repository ID 810 is an identifier of the repository, the version ID 820 is in-
formation for identifying the version of the repository, and the creation date/time 830
indicates the date/time at which the version is created. As the identifier, any data such
as a name or a numeral may be used for identifying the subject. In this respect, the
same applies to other identifiers.

The version management table 800 is, for example, displayed on the terminal 100
through the version management interface program 290. The user selects the version to
be checked out from the version management table 800, and checks out the version
through the version management interface program 290.

FIG. 9 is a diagram illustrating an example of a structure of the working copy
management table 900. The working copy management table 900 includes columns of
a site ID 910, a server ID 920, a repository ID 930, a version ID 940, a working copy
ID 950, a check-out date/time 960, and the performance information 970. Those fields
form one entry (record).

The site ID 910 is information for identifying a site from which the working copy
280 has been checked out, serving as an identifier indicating a location of the server
200. It depends on the design which range is used to identify the location of the server
200. The server ID 920 is information for identifying the server from which the
working copy 280 has been checked out. The repository ID 930 is information for
identifying the repository being a check-out source of the working copy 280.

The version ID 940 is information for identifying the version of the repository being
the check-out source of the working copy 280. The working copy ID 950 is in-
formation for identifying the working copy 280 that has been checked out. The check-
out date/time 960 indicates a date/time at which the working copy 280 is checked out.
The performance information 970 is information indicating the access performance
with respect to the working copy 290 that has been checked out.

Any ID may be used as long as each of the IDs is a unique identifier. For example, a
country name is used as the site ID, and a host name or an [P address is used as the

server ID. Further, a repository name and a version name specified by the user when
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creating a repository and a version are used as the repository ID and the version ID, re-
spectively. In addition, a path to a check-out destination is used as the working copy
ID.

Used as the performance information 970 is, for example, a network response time
obtained by executing a ping command on the server 200. This is common among the
working copies stored on the same server 200.

The performance information 970 may further include the performance and load
situation of the disk drive 260 on which the working copy 290 is stored as detailed in-
formation per working copy 290. The access performance represented thereby can
indicate different values regarding the working copies on the same server 200. The
server 200 can select the working copy 290 whose cache can be acquired with the
highest speed based on the performance information 970 per working copy 290.

As described above, the working copy management table 900 gives one entry to each
of the working copies. In the working copy management table 900, the entries have
working copy IDs different from one another, and each of the entries is uniquely
identified by the working copy ID. The entry of the working copy management table
900 includes the repository ID and the version ID but does not include information on
the directory and file within the repository. In the working copy management table
900, an entry may be identified uniquely by the pair of the server ID and the working
copy ID. In this example, it is enough if the working copy ID is unique in the server
200.

By managing cache information per working copy by the working copy management
table, the amount of information for synchronizing the working copy management
tables between the servers 200 and 300 is proportionate to the number of working
copies that have been checked out. Therefore, even if the number of files to be cached
increases, it is possible to reduce the information synchronized between the servers
200 and suppress the network traffic therefor.

Next, FIG. 10 is referenced to describe directory structure information 1000. FIG. 10
is a diagram illustrating an example of a structure of the directory structure information
1000. The directory structure information 1000 is obtained by listing information on
files and the directories existing under a given directory in a predetermined format.

The directory structure information 1000 is not only used as a format of the root
directory structure information acquired by the check-out module 620 from the master
server 300 but also used as a format for the stub materialization module 610 to acquire
the directory from the server 200 or the master server 300.

The directory structure information 1000 includes columns of an object ID 1010 for
identifying the object, an object name 1020, and an object type 1030. Those fields

form one entry (record). The object type 1030 is, for example, "file" or "directory".
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FIGS. 8 to 10 have been referenced to specifically describe an example of a part of
the information used by this system, but in this embodiment, the information (such as
version management table 800, working copy management table 900, directory
structure information 1000, and working copy search policy 680) stored in data storage
devices (for example, memories 220 and 320 and disk drives 260 and 360) and used by
the respective programs may have any kind of data structure. For example, the data
structure appropriate for storing the information is selected from a database, a table, a
list, or a queue.

FIG. 11 is a diagram illustrating an example of a structure of a file 1100. As il-
lustrated in FIG. 11, the file 1100 includes a data area 1110, an attribute area 1120, and
an extended attribute area 1130. The data area 1110 is also referred to as real data, and
information (data) within the attribute area 1120 and the extended attribute area 1130
are also referred to collectively as the meta-information (meta-data). The directory also
has the same structure as the structure illustrated in FIG. 11.

Store in the data area 1110 is a data main body of the file or directory. It should be
noted that the data main body of the file is arbitrary data that is read/written by the user
through the application program 285. Further, the data main body of the directory is,
for example, the directory structure information 1000. The stub includes only the meta-
information (information within areas 1120 and 1130) and the reference information
(not shown), and does not include the data main body stored in the data area 1110.

The attribute area 1120 includes the attribute information, such as access authority
information 1121 and an update date/time 1122, which is used by the file system
program 500. Although not shown, other information may be included therein.

The extended attribute area 1130 includes a hash value 1132, a stub flag 1133, and an
update flag 1134. The hash value 1132 is a hash value calculated from the file by using
a hash function, and is used by the file sharing service module 650 when processing
the cached object presence/absence verifying request in order to facilitate the judgment
as to whether or not the files or directories are in agreement with each other. The hash
value 1132 is updated by the WRITE processing module 530.

The stub flag 1133 is used by the OPEN processing module 510, the READ
processing module 520, and the WRITE processing module 530 in order to determine
whether or not the object (file or directory) is in a stub state or a materialized state. If
the stub flag 1133 is ON, the object is in the stub state, and if being OFF, the object is
the materialized state.

The update flag 1134 is used by the file sharing service module 650 when processing
the cached object presence/absence verifying request in order to determine whether or
not an update has been made to the object. To update the file, the WRITE processing
module 530 changes the update flag 1134 from OFF to ON.
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FIG. 12 is a diagram illustrating an example of a working copy list screen 1200
displayed on the terminal 100 by the version management interface program 290 in
order to allow the user having the management authority for the repository 380 of the
master server 300 to verify the working copy that has been checked out or select the
working copy for which the working copy search policy 680 is to be set.

The working copy list screen 1200 includes radio buttons 1210 for exclusively
selecting the working copy and a button 1220 for effecting a transition to a working
copy search policy setting screen 1300 being a screen for setting the working copy
search policy 680.

FIG. 13 is a diagram illustrating an example of the working copy search policy
setting screen 1300 displayed on the terminal 100 by the version management interface
program 290 in order to allow the user having the management authority for the
repository 380 of the master server 300 to set the working copy search policy 680.

The working copy search policy setting screen 1300 includes radio buttons 1310 for
exclusively selecting the version as the search range in the searching of the working
copy management table performed by the stub materialization module 610, radio
buttons 1320 for exclusively selecting the server as the search range, and a pull-down
list 1330 for selecting a number as the search range (number of servers to be searched).

Hereinafter, FIGS. 14 to 19 are referenced to describe processings performed by the
system (server 200) according to this embodiment to check out the working copy from
the master server 300 that provides a file service, read/write a file, and perform the
checking in.

First described is an outline of the processings. The server 200 checks out a specified
snapshot (version) of the specified repository according to the user's specification. The
server 200 adds the entry including the site ID, the server ID, the repository ID, a
snapshot ID, and the working copy ID to the working copy management table 770, and
updates the working copy management table 900 of its own by the working copy
management table 770. After that, the server 200 creates the stub in the root directory
of the working copy.

After that, when receiving the READ request, the server 200 performs a READ
processing as it is if a target file exists in the working copy stored on the own server as
the materialized file. If the target file exists in the working copy stored on the own
server as the stub file, the server 200 references the working copy management table
900 to, for example, make a search as to whether or not there is a cache of the file on
another server including the working copy that has been checked out from the same
repository.

The server 200 uses the working copy management table 900 to manage as to which

server 200 at which location retains the working copy (set of files and directories that



19

WO 2012/140701 PCT/JP2011/002228

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

have been checked out) of which snapshot (version) of which repository. The server
200 decides a destination to be queried regarding the presence/absence of the cache
based on the information of the working copy management table 900.

If the cache exists, the server 200 uses the cache to perform on-demand copy. If the
cache does not exist, the server 200 performs the on-demand copy from the snapshot
on the master server 300. To verify whether or not the cache exists, the server 200 of
the destination from which the query is to be made verifies whether or not the file is
updated.

A WRITE processing performed on the WRITE request is the same as the READ
processing in terms of searching the cache and performing the on-demand copy. The
file is updated unlike the READ processing, and hence the server 200 updates the
update flag and the hash value.

In a check-in processing, the server 200 lists only the changed files and copies the
file to the master server 300. The server 200 sends the changed file list to the master
server 300. The master server 300 performs a comparison with the changed file list
sent from another working copy and displays an alert when a conflict occurs, and the
user manually merges the files.

Hereinafter, flowcharts of FIGS. 14 to 19 are referenced to describe the specific pro-
cessings of the respective programs. FIG. 14 is an example of the flowchart for de-
scribing details of an OPEN processing executed by the OPEN processing module 510
(in cooperation with the CPU 210). The OPEN processing module 510 is executed by
the file system program 500 when an OPEN processing request is received from the
application program 285. The OPEN processing request is, for example, an OPEN
system call in a UNIX-based operating system. The OPEN processing request includes
a path to the object to be opened.

First, the OPEN processing module 510 examines whether or not a path to a
processing target still exists (S1410). If the path to an analysis target still exists (if YES
in S1410), the object name at the top is cut out of the path (S1420).

For example, if the object having a path of "/MNT/FSO0/DIR/FILE" is the processing
target, the object names are "/" (root directory), "MNT/", "FS00/", "DIR/", and "FILE"
in order from the top. The object name to be cut out is "/" (root directory), and the
remaining path is "MNT/FSO0/DIR/FILE".

Then, the OPEN processing module 510 verifies whether or not the object cut out in
Step S1420 is a directory (S1430). If the object is a directory (if YES in S1430), the
OPEN processing module 510 further verifies whether or not the object is in the stub
state (S1440). The OPEN processing module 510 examines the stub flag 1133 within
the extended attribute area 1130 of the file 1100 in order to verify whether or not the

object is in the stub state.
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If the object is in the stub state (if YES in S1440), the OPEN processing module 510
specifies the path to the object to perform the stub materialization processing (S1450),
and materializes the stub-state object. The stub materialization processing is described
later in detail.

If the object is not in the stub state (if NO in S1440), the processing again shifts to
Step S1410, in which it is checked whether or not the path to the processing target
exists. For example, in a stage in which "/" (root directory) has been cut out of the path
of "/MNT/FSO0/DIR" in Step S1420, the path of "MNT/FSO0/DIR" remains, and
hence Step S1410 results in YES again, thereby continuing the processing. On the
other hand, in a stage in which all the elements of "/" (root directory), "MNT/",
"FS00/", and "DIR" have been cut out, the path to the processing target no longer
exists, and hence Step S1410 results in NO.

If the path to the processing target does not exist (if NO in S1410), and if the cut-out
object is not a directory (if NO in S1430), the OPEN processing module 510 acquires a
free descriptor (S1460). The descriptor is an identifier that allows the file system
program 500 to manage the file or directory that has been opened.

The application program 285 specifies the descriptor to perform the READ
processing and the WRITE processing. The descriptor is, for example, a finite integer.
Further, the free descriptor is the identifier that is not assigned to any other file or
directory that has been opened.

Then, after associating the free descriptor acquired in Step S1460 and the last object
cut out in Step S1420 (S1470), the OPEN processing module 510 returns the descriptor
to the application program 285 that has requested the OPEN processing (S1480). In a
case of, for example, the path of "/MNT/FSO0/DIR", the last object cut out in Step
S1420 is a "DIR" directory. Further, in a case of the path of "/MNT/FSO0/DIR/FILE",
the last object is a "FILE" file.

FIG. 15 is an example of the flowchart for describing details of the READ processing
executed by the READ processing module 520 (in cooperation with the CPU 210). The
READ processing module 520 is executed by the file system program 500 when a
READ processing request is received from the application program 285. The READ
processing request is, for example, a READ system call in a UNIX-based operating
system. The READ processing request includes the descriptor acquired in advance by
the OPEN processing request and a data size to be read.

First, the READ processing module 520 acquires the object corresponding to the de-
scriptor included in the READ processing request (S1510). Then, it is checked whether
or not the acquired object is in the stub state (S1520).

If the object is in the stub state (if YES in S1520), the READ processing module 520

specifies the path to the object to perform the stub materialization processing (S1530),
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and materializes the stub-state object. The stub materialization processing is described
later in detail.

If the object is not in the stub state (if NO in S1520), or after the stub materialization
processing is finished (after S1530), the READ processing module 520 reads data
having a size specified by the READ processing request from the data area 1110 of the
file 1100, and updates offset information to the read position (S1540). The offset in-
formation is positional information for managing as to which extent the file has been
read/written to, and is information internally managed by the file system program 500.

Then, the READ processing module 520 returns the data read in Step S1540 to the
application program 285 that has requested the READ processing (S1550).

FIG. 16 is an example of the flowchart for describing details of the WRITE
processing executed by the WRITE processing module 530 (in cooperation with the
CPU 210). The WRITE processing module 530 is executed by the file system program
500 when a WRITE processing request is received from the application program 285.
The WRITE processing request is, for example, a WRITE system call ina UNIX-
based operating system. The WRITE processing request includes the descriptor
acquired in advance by the OPEN processing request, data to be written, and a data
size.

First, the WRITE processing module 530 acquires the object corresponding to the de-
scriptor included in the WRITE processing request (S1610). Then, the WRITE
processing module 530 verifies whether or not the acquired object is in the stub state
(S1620).

If the object is in the stub state (if YES in S1620), the WRITE processing module
530 specifies the path to the object to perform the stub materialization processing
(S1630), and materializes the stub-state object. The stub materialization processing is
described later in detail.

If the object is not in the stub state (if NO in S1620), or after the stub materialization
processing is finished (after S1630), the WRITE processing module 530 writes the data
specified by the WRITE processing request to the data area 1110 of the file 1100 by
the specified size, and updates the offset information to the written position (S1640). In
addition, the WRITE processing module 530 also updates the hash value 1132 and the
update flag 1134 when writing the data.

FIG. 17 is a flowchart for describing details of the stub materialization processing
(S1450, S1530, and S1630) of FIGS. 14 to 16. First, each of the OPEN processing
module 510, the READ processing module 520, and the WRITE processing module
530 (hereinafter, each of the file system modules) searches the working copy
management table 900 based on the working copy search policy 680 (S1710).

The working copy search policy 680 stores, for example, a search policy instructing
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to "search for the working copy within the same repository, of the same version, and in
the same site as the working copy to which the object to be materialized belongs".

Description is made of an example of materializing the file of "/
MNT/COPYO0/DIR/FILE" on the server SERVEROO in a case where such a working
copy search policy is set. "/MNT/COPYOO/DIR/FILE" is found to be a file present in
the working copy whose working copy ID is "/MNT/COPY00" according to its path.

In the working copy management table 900, the working copy within the same
repository (REPOS00), of the same version (VERSIONO3), and in the same site
(JAPAN) as the working copy "/MNT/COPYO00" is the working copy which is stored
on the server SERVERO1 and whose working copy ID 950 is "/MNT/COPYO01".

Subsequently, each of the file system modules verifies whether or not there is a
matched entry as a result of performing the search in Step S1710 (S1720). If there is a
matched entry (if YES in S1720), each of the file system modules issues a cache
presence/absence verifying request including a path derived from the path to the object
and the working copy ID 950 to the file sharing service module 650 on the server 200
indicated by the server ID 920 of the entry, and verifies whether or not there is an
object which has been materialized but is yet to be updated and which can be used as
the cache of the object (S1730).

For example, if the working copy ID 950 is "/MNT/COPYO1" and if the path to the
object to be materialized is "/MNT/COPYOO0/DIR/FILE", each of the file system
modules specifies "/MNT/COPYO1/DIR/FILE" as the path in which the cache can
exist, and makes a query to the file sharing service module 650. The file sharing
service module 650 references the stub flag 1133 and the update flag 1134 of the
object present in a specified object path to verify whether or not the object has been
materialized but is yet to be updated.

It should be noted that in the case of verifying the presence/absence of the cache,
each of the file system modules may include the hash value 1132 of the object to be
materialized in the cache presence/absence verifying request, and the file sharing
service module 650 may compare the hash value and the hash value 1132 of the object
present in the specified object path to thereby verify whether or not the object is yet to
be updated. Alternatively, the file sharing service module 650 may compare the check-
out date/time 960 of the entry within the working copy management table 900 and the
update date/time 1122 to thereby verify whether or not the object is yet to be updated.

If there is an object that has been materialized but is yet to be updated as a result of
the verification of the presence/absence of the cache performed in Step S1730, in other
words, if a response of "cache present” is received from the file sharing service module
650 (if YES in S1740), each of the file system modules issues the object acquisition

request with the path in which the cache exists being specified to the file sharing
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service module 650 on the server that retains the caches to thereby acquire the object
(S1750).

If there is no object that has been materialized but is yet to be updated as a result of
the verification of the presence/absence of the cache performed in Step S1730, in other
words, if a response of "cache absent" is received from the file sharing service module
650 (if NO in S1740), the processing again shifts to S1720, in which each of the file
system modules examines whether or not there is an entry for which the presence/
absence of the cache has not been verified among the entries found in Step S1710. If
there is such an entry, each of the file system modules again verifies the presence/
absence of the cache based on the entry.

In other words, each of the file system modules successively selects the entry
matched in Step S1710 and keeps verifying the presence/absence of the cache until the
cache is found. It should be noted that each of the file system modules may simul-
taneously verify the presence/absence of the cache for all the entries instead of suc-
cessively checking the presence/absence of the cache for the matched entries as
described above. In that case, each of the file system modules issues the object ac-
quisition request to the server 200 being the first to return "cache present”.

If there is no matched entry as a result of the search performed in Step S1710, or if
there is no cache found after checking the presence/absence of the cache for all the
matched entries (if NO in S1720), each of the file system modules issues the object ac-
quisition request to the file sharing service module 710 on the master server 300 based
on the master server information 690 to thereby acquire the object (S1790).

The object acquisition request includes the repository ID 930, the version ID 940,
and the path to the object on the master server 300, which has been derived from the
path to the object to be materialized.

When the object is acquired by the processing of Step S1750 or S1790, each of the
file system modules verifies whether or not the object to be materialized is a directory
(S1760).

If the object is a directory (if YES in S1760), each of the file system modules mate-
rializes the directory by creating the stub-state object under the directory to be mate-
rialized based on the directory structure information 1000 on the acquired object
(S1770). For example, if the acquired structure information is the directory structure
information 1000 of FIG. 10, each of the file system modules creates two files re-
spectively named "obj00" and "objO1" and a directory named "objO2" in the stub state.

If the object is not a directory (if NO in S1760), each of the file system modules ma-
terializes the file by writing the data within the data area 1110 of the acquired object to
the data area 1110 of the stub-state object (S1780).

FIG. 18 is an example of the flowchart for describing details of a check-out



24

WO 2012/140701 PCT/JP2011/002228

[0161]

[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

processing executed by the check-out module 620 (in cooperation with the CPU 210).
The check-out module 620 is executed by the version management client program 600
when the check-out request is received from the version management interface
program 290. The check-out request includes the site ID of the server including the
check-out module 620, the server ID thereof, the repository ID of a check-out target,
the version ID thereof, and the working copy ID thereof.

First, the check-out module 620 issues the check-out request to the check-out service
module 720 on the master server 300 based on the master server information 690, and
acquires the directory structure information 1000 on the root directory of the desired
repository/version (S1810).

At this time, the check-out service module 720 creates an entry by combining the
present date/time with the site ID, the server ID, the repository ID, the version ID, and
the working copy ID that are included in the check-out request, and adds the entry to
the working copy management table 770 on the master server 300. Then, the check-out
service module 720 returns the root directory structure information on the requested
repository.

Subsequently, the check-out module 620 creates the root directory of the working
copy in the path specified by the working copy ID, and creates a stub-state object in
the root directory based on the directory structure information 1000 acquired in Step
S1810 (S1820).

The check-out module 620 issues the working copy management table synchro-
nization request to the working copy management module 740 on the master server
300, and synchronizes the working copy management table 770 on the master server
300 and the working copy management table 900 on the server 200 (S1830).

FIG. 19 is an example of the flowchart for describing details of the check-in
processing executed by the check-in processing module 630 (in cooperation with the
CPU 210). The check-in processing module 630 is executed by the version
management client program 600 when a check-in processing request is received from
the version management interface program 290. The check-in processing request
includes the working copy ID of a working copy to be checked in and the repository ID
of a check-in destination.

First, the check-in module 630 creates a list of updated objects from a directory tree
of the working copy indicated by the working copy ID (S1910). Subsequently, the
check-in module 630 issues the check-in request to the check-in service module 730 on
the master server 300 based on the master server information 690, and verifies whether
or not there is a conflict (S1920). The check-in request includes the list of updated
objects created in Step S1910.

As aresponse to the check-in request issued in Step S1920, if the list of conflicted
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objects is obtained (if YES in S1930), the check-in module 630 presents an alert to the
user via the version management interface program 290 (S1940).

Then, the user performs merging work for resolving the conflict, and the check-in
module 630 waits until completion of the merging work is notified of via the version
management interface program 290 (S1950). Finally, the check-in module 630 copies
the object to be updated which includes the objects merged by the user to the target
repository on the master server 300 (S1960).

As aresponse to the check-in request issued in Step S1920, if the list of conflicted
objects is not obtained (if NO in S1930), the check-in module 630 copies the object to
be updated to the target repository on the master server 300 (S1960).

According to this embodiment described above, in the working copy being the
copied file system, the object necessary in the working copy for the user can be
specified by the stub by using the stub that does not have the entity information and the
working copy management table 900, and the system can efficiently discover the cache
of the specified object by the working copy management table 900 with the small
number of times to make a query.

As described above, by distributed caching using the stub and the working copy
management table, the user can acquire data necessary in the working copy with higher
speed. In addition, the working copy management table manages cache data per
working copy, and hence it is possible to reduce the size of the working copy
management table for cache management and reduce the amount of transfer in-
formation for synchronizing the tables among the servers (including the master server).

The embodiment of this invention has been described above, but this invention is not
limited to the above-mentioned embodiment. Changes, addition, and conversion can be
easily made to the respective components of the above-mentioned embodiment by
those skilled in the art within the scope of this invention.

For example, the example where the user logs in to the server 200 from the terminal
100 and directly reads/writes the checked-out working copy has been described, but
the file sharing service module 650 on the server 200 may provide a file sharing
function conforming to a network file system (NFS) protocol or a common Internet file
system (CIFS) protocol to share a working copy among a plurality of terminals. In that
case, the check-in and check-out operations are carried out by the user who manages
the working copy.

As the stub materialization processing, the example of acquiring data per object from
the server 200 or the master server 300 has been described, but a necessary portion of
data may be acquired, for example, per block based on the offset information on the
file retained by the file system program 500 and the size of a reading/writing target

included in the READ processing request or the WRITE processing request.



26

WO 2012/140701 PCT/JP2011/002228

[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0181]

As described above, it is preferred that the entries within the working copy
management table correspond to working copies on a one-to-one basis, but the
working copy management table may include a plurality of entries corresponding to a
working copy. For example, by adding a field for identifying the directory or file, the
entries for the same working copy can store different values in the field. If such a field
exists, a field indicating whether or not an update has been made to the corresponding
object.

The repository ID and the server ID can be used to identify the destination from
which the cache of the object is to be queried. Therefore, the working copy
management table does not necessarily include the version ID, the working copy ID,
and other fields. As described above, it is preferred that the version ID be included in
order to reduce the number of times to make a query.

In the above-mentioned configuration, the master server 300 includes a master table
of the working copy management table, which is copied by the server 200. With the
master server 300 including the master table, it is possible to perform synchronization
management of the working copy management table more appropriately and to reduce
the amount of data transfer for synchronization which occurs between the respective
servers. Alternatively, a synchronization processing for the working copy management
table may be performed between the respective servers 200.

The above-mentioned configuration includes only one master server, but this
invention can be applied to a system including a plurality of master servers, and can be
further applied to a system including one server and one or a plurality of master
servers.

In the above-mentioned configuration, the working copy includes the root directory
of the repository, but the working copy may be the file system with the directory under
the root directory being set as the top directory. For example, the user specifies the
specific directory of the repository as the top directory in the checking out.

This invention is suitable for the file system having the version management function
as described above, but can be applied to a different file system. For example, this
invention may be applied to system in which the user can acquire only a copy of the
file system from the master server and the master server does not receive update data.

With regard to the above-mentioned respective components, functions, processings,
processing modules, and the like, a part thereof may be realized by hardware. The in-
formation including the program and data for realizing the respective functions can be
stored in a storage device such as a nonvolatile semiconductor memory, a hard disk, or
a solid state drive (SSD) or a computer-readable non-temporary storage medium such
as an IC card, an SD card, or a DVD.
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Reference Signs List

100A, 100B: Terminal, 200: Server, 270: File system, 280: Working copy, 300:
Master server, 370: File system, 380: Repository, 390: File system program, 400A,
400B, 400C: Working copy management table, 500: File system program, 510: Open
processing module, 520: Read processing module, 530: Write processing module, 600:
Version management client program, 610: Stub materialization module, 620: Check-
out module, 630: Check-in module, 640: Working copy management module, 650: File
sharing service module, 680: Working copy search policy, 690: Master server in-
formation, 700: Version management server program, 710: File sharing service
module, 720: Check-out service module, 730: Check-in service module, 740: Working
copy management module, 750: Version management module, 770: Working copy
management table, 800: Version management table, 900: Working copy management
table
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Claims
A file sharing system comprising:
a master server configured to provide one or more master file systems
each including a directory and a file each being an object; and
one or more slave servers each configured to acquire a copy file system
of a part or whole of a master file system provided by the master server,
wherein:
a first slave server in the one or more slave servers includes copy
management information associating a master file system identifier
with an identifier of a slave server including a copy file system of a part
or whole of a master file system identified by the master file system
identifier;
the first slave server acquires a first copy file system of a part of a first
master file system in the one or more master file systems, the first copy
file system including a stub-state object;
the first slave server, using an identifier of the first master file system,
searches the copy management information for a slave server to be
queried regarding cached information for materializing the stub-state
object;
on condition that the search result indicates a slave server to be queried
in the one or more slave servers, the first slave server queries the slave
server to be queried regarding the cached information for materi-
alization; and
on condition that the slave server to be queried includes the information
for materialization, the first slave server materializes the stub-state
object using the information for materialization acquired from the slave
server to be queried.
A file sharing system according to claim 1, wherein, on condition that
the information for materialization is not acquired from any slave
server registered in the copy management information, the first slave
server acquires the information for materialization from the master file
server of the first master file system.
A file sharing system according to claim 2, wherein an entry of the
copy management information comprises the master file system
identifier, the slave server identifier and an identifier to identify a copy
file system; and

a single entry is assigned to one copy file system in the copy
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management information.

A file sharing system according to claim 3, wherein the first copy file
system of the first slave server is a working copy of the first master file
system; and

the first slave server copies an object updated in the working copy to
the first master server.

A file sharing system according to claim 4, wherein the copy
management information further includes an identifier to identify
version of a registered master file system; and

the slave server to be queried is associated with a master file system of
which version is the same as the version of the first master file system
in the copy management information

A file sharing system according to claim 5, wherein the slave server to
be queried returns a response indicating that the slave server to be
queried does not include the information for materialization on
condition that the queried object has been updated.

A file sharing system according to claim 6, wherein the master server
includes master copy management information;

each of the one or more slave servers includes copy management in-
formation as a copy of the master copy management information; and
each of the one or more slave servers adds an entry to the master copy
management information for an acquired copy file system of a part or
whole of a master file system.

A file sharing system according to claim 7, wherein the first slave
server includes a user-settable search policy defining range of the
searching; and

the first slave server searches the copy management information for the
slaver server to be queried within the search range defined by the
search policy.

A file sharing system according to claim 8, wherein the copy
management information further includes information indicating a
location of a registered slave server; and

the first slave server refers to the location information to determine the
slave server to be queried.

A file sharing system according to claim 9, wherein the copy
management information further includes performance information as-
sociated with the copy file system identifier and indicating access per-

formance to a copy file system identified by the copy file system
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identifier; and

the first slave server refers to the performance information to determine
the slave server to be queried.

A file sharing system according to claim 10, wherein the first slave
server makes the query to the first slave server on condition that the
search result indicates the first slave server as the slave server to be
queried,.

A file sharing method, in a computer system comprising a master
server configured to provide one or more master file systems each
including a directory and a file each being an object, and one or more
slave servers each configured to acquire a copy file system of a part or
whole of a master file system provided by the master server, for a first
slave server to acquire a copy file system of a part or whole of a master
file system in the one or more master file systems, the file sharing
method comprising:

acquiring, by the first slave server, a first copy file system of a part of a
first master file system, the first copy file system including a stub-state
object,

referring to, by the first slave server, copy management information as-
sociating a master file system identifier with an identifier of a slave
server including a copy file system of a part or whole of a master file
system identified by the master file system identifier,

using, by the first slave server, an identifier of the first master file
system, searches the copy management information for a slave server to
be queried regarding cached information for materializing the stub-state
object,

on condition that the search result indicates a slave server to be queried
in the one or more slave servers, querying, by the first slave server, the
slave server to be queried regarding the cached information for materi-
alization; and

on condition that the slave server to be queried includes the information
materialization, materializing, by the first slave server, the stub-state
object using the information for materialization acquired from the slave
server to be queried.

A file sharing method according to claim 12 further comprising:
referring to, by the first slave server, a user-settable search policy
defining range of the searching; and

searching, by the first slave server, the copy management information
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for the slaver server to be queried within the search range defined by
the search policy.

A file sharing method according to claim 12, wherein the copy
management information further includes information indicating a
location of a registered slave server; and

the location information is referred by the first slave server to
determine the slave server to be queried.

A file sharing method according to claim 12 further comprising:
receiving, by the first slave server, a query regarding information for
materializing a stub-state object; and

returning, by the first slave server, a response indicating that the first
slave server does not include the information for materialization on

condition that the queried object has been updated.
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( READ PROCESSING )

A 4

81510
ACQUIRE OBJECT N/

51520

YES

IS OBJECT STUB ?

NO $1530
4 /\/
STUB MATERIALIZATION
PROCESSING
+ 51540
READ DATA N
. 51550
RETURN DATA N
A 4

( END )




16/19

WO 2012/140701 PCT/JP2011/002228

[Fig. 16]

( WRITE PROCESSING )

Y $1610
ACQUIRE OBJECT N

51620

YES
NO 51630
v /\/
STUB MATERIALIZATION
PROCESSING
5 51640
WRITE DATA N
v

C END )




1719

WO 2012/140701

PCT/JP2011/002228
[Fig. 17]
STUB MATERIALIZATION
PROCESSING
, \/ S1710
SEARCH WORKING COPY
MANAGEMENT TABLE
$1720
IS THERE MATCHED NO
ENTRY ?
$1730

A
VERIFY WHETHER OR NOT THERE IS

OBJECT THAT HAS BEEN MATERIALIZED

S1740

IS THERE OBJECT
THAT HAS BEEN MATERIALIZED
BUT IS YET TO BE
UPDATED ?
$1750 $1790
v Vv
ACQUIRE OBJECT FROM SERVER Ac%uxg%%sgg%ggom
; |
1760
IS OBJECT DIRECTORY ?
$1770 1780
/\/ v /\/
CREATE STUB IN DIRECTORY WRITE FILE




18/19

WO 2012/140701 PCT/JP2011/002228

[Fig. 18]

( CHECK-OUT PROCESSING )

'

ACQUIRE ROOT DIRECTORY Y S$1810
STRUCTURE INFORMATION

A 4

./ $1820
CREATE STUB IN ROOT DIRECTORY

v

UPDATE WORKING COPY 51830
MANAGEMENT TABLE




19/19

WO 2012/140701 PCT/JP2011/002228

[Fig. 19]

( CHECK-IN PROCESSING )

A 4

51910
LIST UPDATED OBJECTS 4
A 4
VERIFY WHETHER OR A 51920
NOT UPDATES CONFLICT

S1930
YES

IS THERE CONFLICT ?

NO $1940
v ol

DISPLAY ALERT

S$1950
4 /\/

WAIT UNTIL MERGING IS COMPLETED

A

4
51960
COPY OBJECT TO BE UPDATED N




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2011/002228

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6F17/30
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 searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practical, 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.

page 1 - page 5

page 1 - page 15

A US 2006/129537 Al (TORII TAKASHI [JP] ET 1-15
AL) 15 June 2006 (2006-06-15)

X US 2009/150462 Al (MCCLANAHAN EDWARD D 1-15
[US] ET AL) 11 June 2009 (2009-06-11)

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 document but published on or after the international
filing date

"L" document which 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 cannot 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 docu-
merr:ts, such combination being obvious to a person skilled
inthe art.

"&" document member of the same patent family

Date of the actual completion of the international search

29 March 2012

Date of mailing of the international search report

05/04/2012

Name and mailing address of the ISA/

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

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 family members

International application No

PCT/JP2011/002228
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2009150462 Al 11-06-2009  NONE
US 2006129537 Al 15-06-2006  CN 1773510 A 17-05-2006
JP 4349301 B2 21-10-2009
JP 2006164211 A 22-06-2006
US 2006129537 Al 15-06-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	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 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	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 - wo-search-report
	Page 54 - wo-search-report

