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NETWORK STORAGE SYSTEM WITH A 
CLUSTERED CONFIGURATION SHARING A 
NAMESPACE, AND CONTROL METHOD 

THEREFOR 

CLAIM OF PRIORITY 

[0001] The present application claims priority from Japa 
nese application JP2004-358499 ?led on Dec. 10, 2004, the 
content of which is hereby incorporated by reference into 
this application. 

BACKGROUND 

[0002] This invention relates to a network attached storage 
(NAS) having a clustered con?guration. 

[0003] There has been proposed a network attached stor 
age (NAS) that is a storage system connected to a network 
and used as a shared disk for computers connected to the 
network. The NAS is composed of a server including a 
network interface and disk drives storing data. Further, there 
is disclosed a NAS that includes a plurality of servers and 
has a clustered con?guration in which each of the servers is 
connected to a network (see, for example, US. Pat. No. 

6,671,773). 
[0004] In US. Pat. No. 6,671,773, network elements, a 
switching fabric, and disk elements correspond to the serv 
ers of the NAS. The plurality of network elements provided 
can share a ?le system. In addition, the plurality of disk 
elements provided allow migration of the ?le system on a 
disk basis. 

[0005] On the other hand, a network ?le system (NFS) has 
been proposed as one of ?le systems that allow an access to 
?les distributed on a network. According to NFSv4 (RFC 
3530), which is the most updated version of the NFS 
protocol speci?cation as of now, when a ?le system is 
migrated between servers, the migration source server 
responds to an access requested from a client to the ?le 
system to notify the client of information on a location of the 
?le system at a migration destination (see the IETF home 
page at the Internet URL: http://www.ietf.org/home.html, (a 
search was made online for this speci?cation on Nov. 11, 
2004)). Therefore, the client can access the ?le system at the 
migration destination based on the noti?ed location infor 
mation. In addition, a ?le handle, which is an identi?er used 
for an access, consists of two types, a volatile ?le handle and 
a persistent ?le handle. When the ?le system is migrated, the 
volatile ?le handle thereof can be set to invalid. 

SUMMARY 

[0006] In the case where access loads are concentrated on 
a particular portion in a NAS having a clustered con?gura 
tion, a possible solution is to distribute the loads by migrat 
ing a ?le system. However, according to US. Pat. No. 
6,671,773, it depends on a client which a network element 
is connected to. As a result, even migration of the ?le system 
cannot distribute the access loads on the network element. 

[0007] Also, according to the IETF home page at the 
Internet URL: http://www.ietf.org/home.html, for an access 
to the ?le system at the migration destination, it is necessary 
to perform name resolution again and obtain another ?le 
handle. 
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[0008] This invention has been made in view of the 
above-mentioned problem. In one embodiment of the inven 
tion, a storage system, including: a plurality of servers; and 
a disk subsystem that is coupled to the plurality of servers, 
the disk subsystem including: at least one logical device; and 
at least one ?le system that is stored in the at least one logical 
device, wherein: the servers each hold a management table 
that serves to manage a mount point of the ?le system; the 
management table stores a ?le system identi?er that 
uniquely identi?es the ?le system within the storage system, 
mount point information that indicates the mount point of 
the ?le system, and a management server identi?er that 
indicates an identi?er of the server that manages the ?le 
system, while sharing the same contents among the servers; 
and upon reception of a request to obtain a ?le handle that 
indicates a storage area on the disk subsystem in which data 
on a ?le within the ?le system is stored, the servers each 
return the ?le handle that indicates, uniquely within the 
storage system, the storage area on the disk subsystem in 
which the data on the ?le relating to the request is stored. 

[0009] According to this invention, by migrating a ?le 
system, it is possible to distribute access loads on a server. 

[0010] Further, according to this invention, for an access 
to a ?le system at a migration destination, it is possible to use 
a ?le handle that was obtained before migration of the ?le 
system. Consequently, it is unnecessary to perform name 
resolution again and obtain another ?le handle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a block diagram showing a structure of a 
storage system according to an embodiment of this inven 
tion. 

[0012] FIG. 2 is a block diagram showing a logical 
structure of a disk subsystem according to the embodiment 
of this invention. 

[0013] FIG. 3 is an explanatory diagram of a con?gura 
tion of server software according to the embodiment of this 
invention. 

[0014] FIG. 4 is an explanatory diagram of a mount point 
control table according to the embodiment of this invention. 

[0015] FIG. 5 is an explanatory diagram of a namespace 
provided to a client according to the embodiment of this 
invention. 

[0016] FIG. 6 is an explanatory diagram of a ?le handle 
according to the embodiment of this invention. 

[0017] FIG. 7 is an explanatory diagram of an outline of 
a processing executed according to the embodiment of this 
invention. 

[0018] FIG. 8 is a ?owchart of a ?le system creating 
processing executed according to the embodiment of this 
invention. 

[0019] FIG. 9 is a sequential diagram of a ?le access 
processing executed according to the embodiment of this 
invention. 

[0020] FIG. 10 is a ?owchart of a migration processing 
executed according to the embodiment of this invention. 

[0021] FIG. 11A is the ?owchart of the processing 
executed by the client that accesses the conventional storage 
system. 
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[0022] FIG. 11B is the ?owchart of the processing 
executed by the client that accesses the storage system 
according to this embodiment of this invention. 

[0023] FIG. 12 is an explanatory diagram of a ?le system 
list display screen that is displayed on a management screen 
of a management terminal according to the embodiment of 
this invention. 

[0024] FIG. 13 is an explanatory diagram of a migration 
setting screen that is displayed on the management screen of 
the management terminal according to the embodiment of 
this invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0025] FIG. 1 is a block diagram showing a structure of a 
storage system according to an embodiment of this inven 
tion. 

[0026] A storage system 100 of this embodiment is con 
nected to a management terminal 140 and clients 150 
through a LAN 160. 

[0027] The management terminal 140 is a computer that 
instructs the storage system 100 to create, mount, and 
migrate a ?le system within the storage system 100. The 
management terminal 140 includes at least an input/output 
device (not shown) that has, for example, a management 
screen and a pointing device. Description will be made later 
in FIGS. 12 and 13 of contents displayed on the manage 
ment screen and an operation using the pointing device. 

[0028] The client 150 is a computer that accesses a ?le in 
the storage system 100. To be speci?c, the client 150 writes 
a ?le to the storage system 100 or reads a ?le from the 
storage system 100. At this time, the ?le system of the 
storage system 100 is used. 

[0029] FIG. 1 shows only two clients (150A and 150B), 
but an arbitrary number of clients may be connected to the 
LAN 160 and access the storage system 100. 

[0030] The LAN 160 is a network that performs commu 
nications via a protocol such as TCP/IP. 

[0031] The storage system 100 is a so-called network 
attached storage (NAS). The storage system 100 is com 
posed of a plurality of servers 110, a disk subsystem 120, 
and a storage area network (SAN) 130 that connects those 
elements to each other. 

[0032] The servers 110 each access the disk subsystem 
120 in response to an access request from the client 150. 

[0033] FIG. 1 shows two servers (110A and 110B). The 
storage system 100 may include more servers 110. The 
server 110 is also called a NAS head or a NAS node. 

[0034] The server 110A is composed of a network inter 
face 111A, a CPU 112A, a local memory 113A, and an 
adapter 116A. 

[0035] The network interface 111A is an interface that is 
connected to the LAN 160 and communicates with the 
management terminal 140 and the client 150. 

[0036] The CPU 112A is a processor that controls an 
operation of the server 110A. To be speci?c, the CPU 112A 
executes a program stored in the local memory 113A. 
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[0037] The local memory 113A is, for example, a semi 
conductor memory, and stores a program executed by the 
CPU 112A and data referenced by the CPU 112A. To be 
speci?c, the local memory 113A stores server software 114A 
and a mount point control table 115A. 

[0038] The server software 114A consists of a plurality of 
programs executed by the CPU 112A. FIG. 3 will be 
referenced to describe the server software 114A later in 
detail. 

[0039] The mount point control table 115A is a table for 
managing the mount point of a ?le system included in the 
disk subsystem 120. The mount point control table 115A is 
referenced when the server 110A receives an access request 
from the client 150, and updated when a ?le system is added, 
deleted, or migrated. 

[0040] The adapter 116A is an interface that is connected 
to the SAN 130 and communicates with the disk subsystem 
120. 

[0041] Similarly to the server 110A, the server 110B is 
composed of a network interface 111B, a CPU 112B, a local 
memory 113B, and an adapter 116B. Those elements are the 
same as the network interface 111A, the CPU 112A, the local 
memory 113A, and the adapter 116A, respectively, so 
description thereof will be omitted. 

[0042] Even when the storage system 100 includes more 
servers 110, the servers 110 each have the same con?gura 
tion as the server 11A. 

[0043] The SAN 130 is a network that performs commu 
nications via a protocol such as Fibre Channel (PC) or SCSI, 
for example. 

[0044] When the storage system 100 includes a plurality 
of servers 110, the servers 110 are connected to each other 
through an inter-server communication path 135. The serv 
ers 110 can communicate with each other through the 
inter-server communication path 135. To be speci?c, when 
the contents of the mount point control table 115 of one 
server 110 is updated, the updated contents are sent to 
another server 110 through the inter-server communication 
path 135. Upon reception, the server 110 re?ects the updated 
contents that have been received on the mount point control 
table 115 within the server 110. 

[0045] In this embodiment, as shown in FIG. 1, the 
storage system 100 includes the inter-server communication 
path 135 independently of the SAN 130 and the LAN 160. 
However, the servers 110 may communicate with each other 
through the SAN 130 or the LAN 160. Alternatively, the 
servers 110 may communicate with each other by using a 
disk cache 122 of the disk subsystem 120. In other words, 
after the mount point control table 115 of one server 110 is 
updated, the server 110 writes the updated contents to the 
disk cache 122. Another server 110 reads out the updated 
contents written in the disk cache 122, and updates each 
mount point control table 115. This invention can be imple 
mented regardless of which path the servers 110 may 
communicate through. 

[0046] The disk subsystem 120 is composed of a disk 
controller 121, the disk cache 122, and disk drives 123. 

[0047] The disk controller 121, which includes at least one 
port (not shown) connected to the SAN 130, communicates 
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With the servers 110 and controls the disk subsystem 120. To 
be speci?c, the disk controller 121 communicates With the 
servers 110 through the SAN 130, and Writes or reads out 
data to/from the disk drives 123 in response to a request 
from the server 110. 

[0048] The disk cache 122 is, for example, a semiconduc 
tor memory, and temporarily stores the data Written to or 
read out from the disk drive 123. 

[0049] The disk drives 123 are hard disk drives that store 
data. The disk subsystem 120 includes an arbitrary number 
of disk drives 123. The disk drives 123 may con?gure a 
RAID array. FIG. 1 shoWs four disk drives (123A to 123D). 

[0050] A storage areas of the disk drives 123 are divided 
into an arbitrary number of logical devices (LDEVs) 124. An 
LDEV 124 is an area that is used as a logical disk drive by 
the disk controller 121. When the disk drives 123 con?gure 
a RAID array, as shoWn in FIG. 1, an LDEV 124 may be 
de?ned by the storage areas of a plurality of disk drives. The 
siZe of each LDEV 124 is arbitrarily set. 

[0051] FIG. 1 shoWs an example of the four LDEVs 
(124A to 124D). Each LDEV 124 is assigned With an LDEV 
identi?er (ID). In the example of FIG. 1, IDs of the LDEVs 
121A to 124D are LDEVO to LDEV3, respectively. Here 
inafter, the respective LDEVs are represented by the LDEV 
IDs (LDEVO to LDEV3). 

[0052] FIG. 2 Will be referenced to describe the contents 
of the respective LDEVs later in detail. 

[0053] The storage system 100 may include a plurality of 
disk subsystems 120. In that case, the disk subsystems 120 
are each connected to the SAN 130. The servers 110 can 
access any of the disk subsystems 120 through the SAN 130. 

[0054] FIG. 2 is a block diagram shoWing a logical 
structure of the disk subsystem 120 according to the embodi 
ment of this invention. 

[0055] As shoWn in FIG. 1, the disk subsystem 120 
includes an arbitrary number of LDEVs 124. The LDEVs 
124 each have a corresponding logical unit (LU) 201. 

[0056] The LU 201 is an area used as a logical disk drive 
by the servers 110. In general, one LDEV 124 may corre 
spond to one LU 201, or include a plurality of LUs 201. In 
this embodiment, the LDEV 124 corresponds to the LU 201 
in a one-to-one manner. The LDEVs 124A to 124D corre 

spond to the LUs 201A to 201D, respectively. 

[0057] The LUs 201 are each assigned With an LU iden 
ti?er (ID). 

[0058] In general, the disk controller 121, Which includes 
a plurality of ports, may have a plurality of paths through 
Which the servers 110 access one LU 201. The LU ID is 
assigned to each LU based on each path by the disk 
subsystem 120. For example, “0” and “1” may be assigned 
as LU ID of the same LU 201 Within an LDEVO based on 

a path A (not shoWn) and a path B (not shoWn), respectively. 

[0059] The disk controller 121 includes a table (not 
shoWn), Which associates the LU IDs With the LDEVs 124, 
for each path. When a request to access an LU “0” is 
received from the server 110 through the path A, the disk 
controller 121 references the table and accesses the LU 201 
Within the LDEVO. Similarly, When a request to access an 
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LU “1” is received from the server 110 through the path B, 
the disk controller 121 references the table and accesses the 
LU 201 Within the LDEVO. 

[0060] In this embodiment, the correspondences betWeen 
LDEV IDs and LU IDs are shared Within the storage system 
100 regardless of the paths. In other Words, the server 110 
identi?es an identical LU 201 based on an identical LU ID. 
In the example of FIG. 2, the IDs of the LUs 201A to 201D 
are LUO to LU3, respectively. Hereinafter, the respective 
LUs 201 are represented by the LU IDs (LUO to LU3). 

[0061] HoWever, this invention can be applied to the case 
Where the correspondences betWeen LDEV IDs and LU IDs 
are not shared Within the storage system 100 (in other Words, 
the case Where the correspondences differ among the paths). 

[0062] The LUs 201 each include a ?le system (FS) 202. 
In general, one LU 201 may have a plurality of ?le systems 
202. In this embodiment, one LU 201 has one ?le system 
202. The ?le systems 202A to 202D are included in the LUO 
to the LU3, respectively. 

[0063] The ?le systems 202 are each assigned With a ?le 
system identi?er (ID). In the example of FIG. 2, the IDs of 
the ?le systems 202A to 202D are PS0 to PS3, respectively. 
Hereinafter, the ?le systems 202 are represented by the ?le 
system IDs (PS0 to PS3). 

[0064] FIG. 3 shoWs an explanatory diagram of a con 
?guration of the server softWare 114 according to the 
embodiment of this invention. 

[0065] The server softWare 114 includes programs that are 
executed by the CPU 112 and consist of a netWork process 
ing module 301, a ?le system processing module 302, a disk 
access module 303, a device number control module 304, a 
server management processing module 305, an inter-server 
communication processing module 306, and a migration 
processing module 307. 

[0066] The netWork processing module 301 is a program 
for controlling communications through the LAN 160 With 
respect to the management terminal 140 and the clients 150. 

[0067] The ?le system processing module 302 is a pro 
gram for processing a request to access from the client 150 
to a ?le Within the ?le system 202. To be speci?c, for 
example, according to an instruction from the management 
terminal 140, the ?le system processing module 302 creates 
a neW ?le system. In addition, for example, When a request 
to obtain a ?le handle, as shoWn in FIG. 6, Which designates 
a directory name or a ?le name, is received from the client 
150, the ?le system processing module 302 performs name 
resolution and returns the ?le handle. FIG. 9 Will be 
referenced to describe a processing executed by the ?le 
system processing module 302 later in detail. 

[0068] The disk access module 303 is a program for 
executing an access to data Within the ?le system 202 in 
response to the access request from the client 150. 

[0069] The device number control module 304 is a pro 
gram for obtaining the LDEV ID from the disk subsystem 
120. The LDEV ID is an identi?er assigned to the LDEV 124 
to be managed by the disk subsystem 120. Thus, generally, 
the servers 110 have no need to knoW the LDEV ID. 
HoWever, the LDEV ID is uniquely determined Within the 
disk subsystem 120 regardless of Which server 110 accesses 
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the disk subsystem 120. Therefore, by using the LDEV ID 
as a ?le system ID, as shown in FIG. 6, Within a ?le handle 
or a portion of the ?le system ID, it is possible that the ?le 
system 202 is uniquely identi?ed by all the servers 110. The 
device number control module 304 makes an inquiry to the 
disk subsystem 120 and obtains the LDEV ID. 

[0070] The server management processing module 305 is 
a program for communicating With the management termi 
nal 140 to set a NAS. For example, upon reception of an 
instruction to create a neW ?le system from the management 
terminal 140, the server management processing module 
305 passes the instruction to the ?le system processing 
module 302 and causes the creation of a neW ?le system to 
be executed. In addition, upon reception of an instruction of 
migration from the management terminal 140, the server 
management processing module 305 passes the instruction 
to the migration processing module 307 and causes the 
migration to be executed. 

[0071] The inter-server communication processing mod 
ule 306 is a program for controlling communications 
betWeen the servers 110 through the inter-server communi 
cation path 135. For example, When the contents of the 
mount point control table 115 is updated, the inter-server 
communication processing module 306 sends the updated 
contents to another server 110. 

[0072] The migration processing module 307 is a program 
for executing migration. FIG. 10 is used for the speci?c 
description later in detail. 

[0073] FIG. 4 is an explanatory diagram of the mount 
point control table 115 according to the embodiment of this 
invention. 

[0074] The mount point control table 115 is a table used 
for managing a mount point of the ?le system 202 included 
in the disk subsystem 120, and includes a ?le system ID 401, 
a path 402, and a server ID 403. 

[0075] One entry (roW) of the mount point control table 
115 corresponds to one ?le system 202. 

[0076] The ?le system ID 401 is the ID of the mounted ?le 
system 202. In the example of FIG. 4, four ?le systems 202 
(PS0 to PS3) are mounted. In this invention, the ?le system 
ID 401 needs to be unique Within the storage system 100. 

[0077] As in this embodiment, When one LDEV 124 has 
only one ?le system 202 and has an LDEV ID unique Within 
the storage system 100, the LDEV ID may be used as the ?le 
system ID 401. In this case, the device number control 
module 304 obtains the LDEV ID from the disk subsystem 
120. The ?le system processing module 302 uses the LDEV 
ID, Which has been obtained by the device number control 
module 304, as the ?le system ID 401. 

[0078] In the above-mentioned case, When one LDEV 124 
corresponds to one LU 201 and When the correspondences 
betWeen the LDEVs and the LU IDs are shared on all the 
paths, the LU ID may be used as the ?le system ID 401. 

[0079] In contrast, When one LDEV 124 has a plurality of 
?le systems 202 and When the ?le systems 202 are each 
assigned With a ?le system number unique Within the LDEV 
124, the combination of an LDEV ID unique Within the 
storage system 100 and the above ?le system number may 
be used as the ?le system ID 401. 
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[0080] When the storage system 100 includes a plurality 
of disk subsystems 120, there may exist a plurality of 
LDEVs 124 having the same LDEV ID Within the storage 
system 100. In this case, the combination of an LDEV ID 
(and a ?le system number) and an identi?er of the disk 
subsystem 120 may be used as the ?le system ID 401. The 
identi?er of the disk subsystem 120 is used for uniquely 
identifying each of the disk subsystems 120 Within the 
storage system 100. 

[0081] It should be noted that the ?le system ID 401 may 
be created by any method other than the above-mentioned 
methods as long as the ?le system ID 401 uniquely identi?es 
the ?le system 202 Within the storage system 100. 

[0082] For example, the servers 110 hold the same 
numerical value, and When one of the servers 110 creates a 
neW ?le system 202, the numerical value is used as the ?le 
system ID 401. At this time, the numerical value is updated 
into a value incremented by “1”, all the other servers 110 are 
noti?ed of the updated numerical value. The server 110 to 
subsequently create another neW ?le system 202 uses the 
updated numerical value as the ?le system ID 401. As a 
result, the ?le system ID 401 becomes unique Within the 
storage system 100. 

[0083] The path 402 indicates a mount point of each ?le 
system 202. In the example of FIG. 4, an PS0 is mounted 
under “/dira”. Similarly, an PS1, an PS2, and an PS3 are 
mounted under “/dirb”, “/ dirc/ subdir1”, and “/dirc/subdir2”, 
respectively. FIG. 5 Will be referenced to describe a 
namespace, Which is provided When the ?le systems are 
mounted as shoWn in FIG. 4, later in detail. 

[0084] The server ID 403 is a unique identi?er of the 
server 110 that manages each ?le system 202. Each server 
110 can access only the ?le system 202 managed by the 
server 110 itself. In other Words, for accessing a ?le, the 
client 150 needs to issue an access request to the server 110 
that manages the ?le system 202 including the ?le. 

[0085] In the example of FIG. 4, “sid1” is an ID of the 
server 110A, and “sid2” is an ID of the server 110B. In other 
Words, the PS0 and PS1 are managed by the server 110A, 
and the PS2 and PS3 are managed by the server 110B. 

[0086] When the ?le system 202 is migrated, the contents 
of the server ID 403 are updated. For example, When the PS0 
is migrated from the server 110A to the server 110B, the 
server ID 403 ofthe PS0 is updated from “sid1” into “sid ”. 
In addition, a noti?cation of the updated contents is sent to 
all the servers 110 Within the storage system 100 through the 
inter-server communication path 135. The servers 110 that 
have received the noti?cation each update the mount point 
control table 115 according to the noti?cation. As a result, 
the mount point control tables 115 of all the servers 110 have 
the same contents. 

[0087] FIG. 5 is an explanatory diagram of the namespace 
provided to the client 150 according to the embodiment of 
this invention. 

[0088] FIG. 5 shoWs an example of the namespace pro 
vided When the ?le systems 202 are mounted as shoWn in 
FIG. 4. FIG. 5 shoWs only minimum directories and ?les 
that are necessary for explanation, but the ?le systems 202 
may include more directories and ?les. 
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[0089] In FIG. 5, the PS0 has a directory “df11” and a 
directory “df12” under the highest directory, and has a ?le 
“?le1” under the directory “df11”. 

[0090] According to FIG. 4, the PS0 is mounted under 
“/dira”. Therefore, the highest directory of the PS0 is a 
directory “dira” under a directory “/” (root directory). At this 
time, the path to the “?le1” is “/dira/df11/?le1”. 

[0091] Similarly, the PS1 has a directory “df21” and a 
directory “df22” under the highest directory, and has a ?le 
“?le2” under the directory “df21”. As shoWn in FIG. 4, the 
PS1 is mounted under “/dirb”. Therefore, the highest direc 
tory of the PS1 is a directory “dirb” under the root directory. 
At this time, the path to the “?le2” is “/dirb/df21/?le2”. 

[0092] The PS2 has a directory “df31” and a directory 
“df32” under the highest directory. As shoWn in FIG. 4, the 
PS2 is mounted under “/ dirc/ subdir1”. Therefore, the highest 
directory of the PS2 is a directory “subdir1” under a direc 
tory “dirc” further under the root directory. 

[0093] The PS3 has a directory “df41” under the highest 
directory. As shoWn in FIG. 4, the PS3 is mounted under 
“/dirc/subdir2”. Therefore, the highest directory of the PS3 
is a directory “subdir2” under the directory “dirc” further 
under the root directory. 

[0094] Since the mount point control tables 115 of the 
servers 110 have the same contents, the servers 110 provide 
the same namespace, as shoWn in FIG. 5, to the client 150. 

[0095] In FIG. 5, the root directory and the directory 
“dirc” are de?ned for providing a shared namespace in 
Which the PS0 to PS3 are mounted. Those directories do not 
correspond to a storage area on the disk subsystem 120, so 
?les (data) cannot be stored directly under those directories. 
Therefore, in the namespace of FIG. 5, an area including the 
root directory and the directory “dirc” is called “pseudo ?le 
system”. On the other hand, the PS0 to PS3 may be called 
“real ?le systems” in contrast to the pseudo ?le system. 

[0096] Each server 110 is capable of name resolution 
Within the pseudo ?le system and name resolution Within the 
corresponding real ?le system that is managed by the server 
110. 

[0097] For example, the server 110A manages the PS0, 
and the server 110B manages the PS1. When the server 110B 
receives a request to access “/ dira/df11/?le1”, the server 10B 
can perform name resolution for the root directory, but 
cannot perform name resolution for the directory “dira”. At 
this time, the server 110B references the mount point control 
table 115 to notify the client 150 that has issued the access 
request that the directory “dira” is under management of the 
server 11A. FIG. 9 Will be referenced to describe the above 
procedure later in detail. 

[0098] FIG. 6 is an explanatory diagram of a ?le handle 
according to the embodiment of this invention. 

[0099] The ?le handle is an identi?er having a ?xed 
length, Which is assigned to each ?le (or directory) in a 
netWork ?le system (NPS). The ?le handle indicates a 
storage area on the disk subsystem 120 that stores data on 
the ?le. 

[0100] A ?le handle 600 is composed of three ?elds 
consisting of a ?le system ID 601, i-node number 602, and 
a generation 603. Of those ?elds, the i-node number 602 and 
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the generation 603 are the same as in a ?le handle used in 
a conventional NPS, so detailed description thereof Will be 
omitted. 

[0101] The ?le system ID 601 uniquely identi?es the ?le 
system 202 to Which a ?le belongs Within the storage system 
100. The ?le system ID 601 is created by the ?le system 
processing module 302 upon name resolution. 

[0102] The ?le system ID 601 may be created in the same 
manner as the ?le system ID 401, as shoWn in FIG. 4, of the 
mount point control table 115. HoWever, the ?le system ID 
601 does not need to be the same as the ?le system ID 401 
as long as the ?le system 202 is uniquely identi?ed Within 
the storage system 100. 

[0103] As described above, the ?le system ID 601 
uniquely identi?es each ?le system 202 Within the storage 
system 100. As a result, a storage area on the disk subsystem 
120, Which stores the data on each ?le, is uniquely indicated 
Within the storage system 100 by the ?le handle 600. 

[0104] FIG. 7 is an explanatory diagram of an outline of 
a processing executed according to the embodiment of this 
invention. 

[0105] The con?guration and logical structure shoWn in 
FIG. 7 is the same as the con?guration and logical structure 
shoWn in FIGS. 1 and 2. HoWever, unnecessary portions are 
omitted for explanation. 

[0106] In FIG. 7, ?rst, the PS0 and the PS1 are both under 
management of the server 110A (hereinafter, referred to as 
“server1”). Accordingly, before accessing a ?le (for 
example, the “?le2” of FIG. 5) Within the PS1, the client 150 
issues a request to obtain a ?le handle of the target ?le 
“?le2” to the server1. The server1 performs name resolution 
in response to the request to obtain a ?le handle, and returns 
the ?le handle 600 of the target ?le “?le2” to the client 150. 
Hereinafter, for accessing the target ?le, the client 150 issues 
the access request to the server1 using the obtained ?le 
handle 600. The server1 accesses the “?le2” according to the 
?le handle 600, and responds to the client 150. 

[0107] After that, the PS1 is migrated from the server 1 to 
the server 110B (hereinafter, referred to as “server2”) (701). 
The purpose of the migration is, for example, distribution of 
access loads. When the access loads on the server1 is high 
and When the access loads on the server2 is loW, the PS1, 
Which is one of the tWo ?le systems 202 managed by the 
server1, is placed under management of the server2, thereby 
distributing the access loads on the servers 110. 

[0108] As a result, the PS1 is released from under man 
agement of the server1 and placed under the management of 
the server2. At this time, in the mount point control table 
115, the server ID 403 corresponding to the PS1 is updated 
from “sid1” (the ID of the server1) into “sid2” (the ID of the 
server2). After that, the server1 cannot access ?les Within the 
PS1. 

[0109] Migration is executed according to an instruction 
from the management terminal 140, so the client 150 does 
not knoW that the migration has been executed. Therefore, 
for accessing the “?le2” again, the client 150 uses the ?le 
handle 600, Which has already been obtained, to issue an 
access request to the server1 (702). 

[0110] The server1 references the ?le system ID 601 of the 
?le handle 600 received from the client 150 and determines 
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that the access request has been made for the PS1. Further, 
the server1 references the server ID 403 corresponding to 
the PS1 in the mount point control table 115. Since the 
referenced server ID 403 has a value of “sid2”, the server1 
determines that the PS1 is under management of the server2. 
Then, the server1 sends to the client 150 a noti?cation that 
the PS1 including the target ?le “?le2” is under management 
of the server2 (703). 

[0111] Upon reception of the noti?cation from the server1, 
the client 150 issues a request to access the “?le2” to the 
server2 (704). 

[0112] At this time, in the conventional NPS, the client 
150 needs to issue the request to obtain a ?le handle of the 
target ?le “?le2”, and obtain a neW ?le handle 600 of the 
“?le2”. 

[0113] HoWever, according to this invention, as shoWn in 
FIG. 5, the server1 and the server2 share the namespace, and 
the ?le system ID 601 included in the ?le handle 600 
uniquely identi?es each ?le system 202 Within the storage 
system 100. Therefore, the client 150 can issue a request to 
access the “?le2” to the server2 by using the ?le handle 600 
obtained from the server1. The server2 accesses “?le2” 
according to the ?le handle 600 and responds to the client 
150. 

[0114] Hereinafter, detailed description Will be made of 
the processing executed according to the embodiment of this 
invention. 

[0115] FIG. 8 is a ?owchart of a ?le system creating 
processing executed according to the embodiment of this 
invention. 

[0116] The ?le system creating processing is executed by 
the ?le system processing module 302. As described later, 
the ?le system creating processing is composed of three 
stages consisting of a neW allocation processing (801 to 804) 
for an LDEV 124, a neW creation processing (805 to 807) for 
a ?le system 202, and a mount processing (808 to 810). 

[0117] When an instruction to create a neW ?le system 202 
is received from the management terminal 140, the ?le 
system processing module 302 may execute the three stages 
in order. Alternatively, the ?le system processing module 
302 may execute the steps 801 to 804 upon reception of an 
instruction to allocate a neW LDEV 124 from the manage 
ment terminal 140, execute the steps 805 to 807 upon 
reception of an instruction to create a neW ?le system 202, 
and execute the steps 808 to 810 upon reception of a mount 
instruction. 

[0118] When the ?le system creating processing starts, the 
?le system processing module 302 ?rst judges Whether a 
neW LDEV 124 needs to be allocated (801). For example, 
When the management terminal 140 issues the instruction to 
allocate a neW LDEV 124, and When the LDEV 124 in 
Which a neW ?le system 202 is to be created is not allocated, 
it is judged that a neW LDEV 124 needs to be allocated. 

[0119] When it is judged that a neW LDEV 124 does not 
need to be allocated, the procedure advances to the step 805. 

[0120] On the other hand, When it is judged that a neW 
LDEV 124 needs to be allocated, the ?le system processing 
module 302 establishes connection to a LDEV 124 desig 
nated by the management terminal 140 (802). To be speci?c, 
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the ?le system processing module 302 causes the LDEV 124 
designated by the management terminal 140 to be recog 
niZed by an operating system (OS) on the server 110. 

[0121] Then, the LDEV ID of the neWly-allocated LDEV 
124 is obtained (803). To be speci?c, the device number 
control module 304, Which has received the instruction from 
the ?le system processing module 302, obtains the LDEV ID 
from the disk subsystem 120. The LDEV ID may be used for 
creating the ?le system ID 601 of the ?le handle 600 and the 
?le system ID 401 of the mount point control table 115. 

[0122] Then, the ?le system processing module 302 for 
mats the neWly-allocated LDEV 124 (804). 

[0123] Next, the ?le system processing module 302 judges 
Whether a neW ?le system 202 needs to be created (805). For 
example, it is judged that a neW ?le system 202 does not 
need to be created in the case Where a ?le system 202 has 
already been created in the LDEV 124 neWly allocated in the 
steps 801 to 804, and Where the ?le system 202 is to be used. 

[0124] When it is judged that a neW ?le system 202 does 
not need to be created, the procedure advances to the step 
808. 

[0125] On the other hand, When it is judged that a neW ?le 
system 202 needs to be created, the ?le system processing 
module 302 creates a neW ?le system 202 in the LDEV 124 
designated by the management terminal 140 (806). 

[0126] Then, the ?le system processing module 302 
assigns the ?le system ID 401 to the neWly-created ?le 
system 202 (807). As described later With reference to the 
step 810, the assigned ?le system ID 401 is stored in the 
mount point control table 115. In the step 807, the ?le system 
ID 401 is created as described With reference to FIG. 4. 

[0127] Next, the ?le system processing module 302 cre 
ates a mount point (808). To be speci?c, the ?le system 
processing module 302 creates a directory to Which the 
neWly-created ?le system 202 is mounted. For example, in 
FIG. 5, When the PS0 is neWly created, the directory “/dira” 
to Which the PS0 is mounted is created. It should be noted 
that a directory to Which the neWly-created ?le system 202 
is mounted is designated by the management terminal 140. 

[0128] Then, the ?le system processing module 302 
mounts the neWly-created ?le system 202 to the mount point 
created in the step 808 (809). To be speci?c, the ?le system 
processing module 302 reads out management information 
(not shoWn) on the ?le system 202 from the disk drive 123, 
and sets the access to the ?le system 202 to valid. 

[0129] Then, the ?le system processing module 302 
updates the mount point control table 115 (810). To be 
speci?c, the ?le system processing module 302 adds a neW 
entry to the mount point control table 115. The neW entry has 
the ?le system ID 401 set to the ?le system ID 401 created 
in the step 807, the path 402 set to the directory created in 
the step 808, and the server ID 403 set to the identi?er of the 
server 110 that manages the neWly-created ?le system 202. 

[0130] Further, in the step 810, the ?le system processing 
module 302 noti?es the other servers 110 of the updated 
contents of the mount point control table 115. The noti?ca 
tion is sent by the inter-server communication processing 
module 306 that has received the instruction from the ?le 
system processing module 302. Each server 110 that has 














