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(57) ABSTRACT 

Asystem provides referencing from one ?le system server to 
another through the use of a ?le system location database 
improving movement and replication of ?le systems. When 
a ?le system is moved from a ?rst ?le system server a data 
object that references the ?le system remains in the ?rst 
server and contains information used to ?nd the current 
location of the ?le system. The actual location of the ?le 
system is stored in the separate ?le system location database 
Which contains the locations of ?le systems on a number of 
?le system servers. This alloWs the data in a ?le system to 
be replicated or moved Without requiring updates to the data 
in any redirecting or referencing servers. 
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METHOD, APPARATUS, AND PROGRAM FOR 
SEPARATE REPRESENTATIONS OF FILE SYSTEM 
LOCATIONS FROM REFERRING FILE SYSTEMS 

RELATED APPLICATIONS 

[0001] This application is related to commonly assigned 
and co-pending US. patent application Ser. No. 09/969,294 
(Attorney Docket No. RSW920010139US1) entitled “Appa 
ratus and Method for Of?oading Application Components to 
Edge Servers”, ?led on Sep. 28, 2001; US. patent applica 
tion Ser. No. 09/960,451 (Attorney Docket No. 
RSW920010141US1) entitled “Method and Apparatus for 
Minimizing Inconsistency BetWeen Data Sources in a Web 
Content Distribution System”, ?led on Sep. 21, 2001; and 
US. patent application Ser. No. 09/960,448 (Attorney 
Docket No. RSW920010142US1) entitled “Method and 
Apparatus for Caching Subscribed and Non-Subscribed 
Content in a NetWork Data Processing System”, ?led on 
Sep. 21, 2001, Which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field 

[0003] The present invention relates to netWork ?le sys 
tems and, in particular, to supporting a uniform name space 
and transparent migration and replication of individual ?le 
systems. Still more particularly, the present invention pro 
vides a method, apparatus, and program for separate repre 
sentations of ?le system locations from the data in referring 
?le systems. 

[0004] 2. Description of Related Art 

[0005] A netWork ?le system is a mechanism, an archi 
tecture, that alloWs a computer to use ?les on a separate 
machine as if they Were local to the ?rst machine. NetWork 
?le systems include a high-level netWork protocol that 
provides the structure and language for ?le requests betWeen 
clients and servers. The protocol provides the commands for 
opening, reading, Writing and closing ?les across the net 
Work and may also provide access to directory services. In 
netWork ?le systems that support referrals, a client may ask 
a server for information about a name that appears in a ?rst 

?le system, as seen from the client, but is a reference to a 
second ?le system. As such, the response from the ?rst ?le 
system must include information about the second ?le 
system, such as its location in the netWork. The client Will 
then “mount” the second ?le system. Mounting simply 
means setting up the client’s operating system to do input/ 
output (I/O) operations on a ?le system. 

[0006] FIGS. 1A-1C depict example netWork ?le sys 
tems. Particularly, With reference to FIG. 1A, ?le system 
106 includes a directory “usr.” The “usr” directory includes 
a reference to ?le system “foo.” The reference redirects a 
client to ?le system 116. 

[0007] It is assumed that objects are arranged in a treelike 
structure, Where ?les are arranged in directories and direc 
tories can contain other directories. Access to objects is 
achieved using path names, Where a component of the path 
name designates the next sub-directory in the tree. The path 
starts at the top of the tree. A common convention uses 
forWard slashes or back slashes to separate sub directories, 
and a single slash or backslash at the beginning of the path 
refers to the top of the hierarchy. For example, the path 
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/a/b/C refers to an object “C” that is in directory “b.” 
Directory “b” is in directory “a,” Which belongs at the top 
level of the hierarchy. 

[0008] A ?le system may be moved from one location to 
another, such as to a neW server. The referenced location 
must then redirect the client to the neW location of the ?le 
system, and the source of the reference must be changed to 
indicate the neW location of the ?le system as Well. With 
reference to FIG. 1B, ?le system 106 includes a directory 
“usr.” The “usr” directory includes a reference to ?le system 
“foo.” The reference redirects a client to ?le system 116. 
HoWever, “foo” has moved to ?le system 126. Therefore, ?le 
system 116 must include information to redirect the client to 
?le system 126. At the same time, the information in ?le 
system 106 that had directed clients to ?le system 116 must 
be changed to direct them to ?le system 126. 

[0009] A ?le system may also be replicated for increased 
reliability. Multiple ?le systems can thus reference a 
mounted ?le system. For example, in FIG. 1C, ?le system 
106 includes a reference to ?le system “foo” in ?le system 
116, ?le system 136 includes a reference to ?le system “foo” 
in ?le system 146, and ?le system 156 includes a reference 
to ?le system “foo” in ?le system 166. The ?le system “foo” 
moved to ?le system 126. Therefore, ?le systems 116, 146, 
166 must be updated to include information to redirect the 
client to ?le system 126. HoWever, too many updates results 
in inef?ciency and a higher likelihood for error. For 
example, in FIG. 1C, ?le system 166 is not updated and the 
client is not redirected to the correct ?le system. 

[0010] Similarly in FIG. 1C, the references to ?le system 
“foo” in ?le systems 106, 136, and 156 need to be updated 
so as to direct clients straight to ?le system 126 rather than 
any of 116, 146, or 166. 

[0011] FIGS. 2A and 2B illustrate examples of ?le sys 
tems that alloW mounting on remote machines. FIG. 2A 
depicts an example operation using NetWork File System 
(NFS), version 4 (NFSv4), Which is an example of a netWork 
?le system that alloWs mounting on remote machines. Client 
208 requests an object “X” from ?le system (FS) server 
#1206 (step 1). HoWever, X is a mounted ?le system existing 
on FS server #2216 and FS server #1206 sends a redirection 

message identifying FS server #2 and the path, “/a/b/c/X,” 
used to ?nd X (step 2). Next, client 208 uses the information 
in the redirection message to access /a/b/c/X on server #2 

(step 3). 
[0012] NFSv4 requires that each referencing server 
include knoWledge of the location and path for each 
mounted ?le system in the references returned to its clients. 
A server can send a redirection message that redirects the 
client to the server itself. This may be useful, for example, 
When a ?le system object is moved Within a server. In 
addition, a chain of redirection messages may be used, for 
example, When an object is moved more than once. Thus, 
using NFSv4 or similar netWork ?le systems, particularly 
With multiple referencing servers, the likelihood for error 
exists. 

[0013] As another example, FIG. 2B depicts an example 
operation of using the DCE’s Distributed File System (DCE/ 
DFS), Which is another example of a netWork ?le system 
that alloWs referrals to remote machines. Using DCE/DFS, 
client 208 requests an object “X” from FS server #1206 (step 
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1). However, X is a mounted ?le system existing on FS 
server #2216 and FS server #1206 sends an indirection 
response including ?le system identi?er “Y” used to ?nd the 
?le system (step 2). Next, client 208 requests the location of 
“Y” from ?le system (FS) location database 220 (step 3). 
The FS location database returns the location of Y, “FS 
server #2,” to client 208 (step 4). Thereafter, client 208 uses 
the location of FS server #2 to request the object from FS 
server #2216 (step 5). 

[0014] NFSv4 and similar netWork ?le systems require 
that a referring server knoW the correct locations Where to 
direct clients. The obvious implementation of referrals in 
NFSv4 and similar netWork ?le systems is to embed the 
locations of the referenced ?le systems directly in the data 
stored in the referencing ?le system. The combination of the 
movability of the referenced ?le systems and the replicabil 
ity of the referencing ?le systems makes this a cumbersome 
solution: if a referencing ?le system is replicated to many 
read-only locations and a referenced ?le system is subse 
quently moved, all the instances of the referencing ?le 
systems must be updated even though they are read-only. 
DCE/DFS avoids this complication by storing only an 
identi?er for the target ?le system in the referencing ?le 
system, so that the client looks up the current location for the 
?le system given the ?le system identi?er from the refer 
encing server. It Would be much less cumbersome for the 
client, not to mention conformant With NFSv4 and similar 
netWork ?le systems, if the server could handle the changing 
of ?le system locations Without explicit updating of all 
references. 

SUMMARY OF THE INVENTION 

[0015] The present invention provides a ?le system that 
alloWs referencing betWeen ?le systems Which interacts Well 
With motion and replication of ?le systems. A ?rst ?le 
system includes a data object that references a second ?le 
system. The data object acts as a place holder for the second 
?le system, but does not contain changeable data such as the 
name of the server containing system. The data object can be 
a neW or existing ?le type With data identifying the second 
?le system or some of its properties. The data required to 
locate the second ?le system, such as the name of a ?le 
server, is stored in a ?le system location data structure that 
is located outside the ?rst ?le system. The data object then 
contains a key value, such as a name or a number, identi 
fying the second ?le system, that can be used to look up the 
?le system location. This alloWs the data in the second ?le 
system to be replicated or moved Without requiring updates 
to the data in any redirecting or referencing servers. 

[0016] The present invention also uses a basic noti?cation 
mechanism to enable clients to access a uniform name space 

that can include all ?le system objects available on partici 
pating ?le servers. When a referencing server sends a 
redirection message to a client, the redirection typically 
includes a server location and a path. In the present inven 
tion, the referencing server encodes the ?le system identi 
?cation and includes the encoded ?le system identi?cation 
rather than the path. When a server receives a request With 
a path that is encoded, the server decodes the ?le system 
identi?cation. Then, the server may locate the root of the ?le 
system identi?ed by the ?le system identi?cation and return 
the root object to the client. Location of the root can be done 
either by accessing the ?le system location data structure or 
by using another data structure. 
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[0017] To guarantee that clients Will enter the name space 
at the same point, and thus vieW the same name space 
regardless of the initial participating server contacted, the 
present invention includes a special referral object, called 
the root referral object, and a special root ?le system. The 
root referral object is the top level object in all participating 
?le servers. It contains a referral to a special designated ?le 
system identi?cation, Which is the special root ?le system. 
Whenever a client contacts a participating server and asks 
for the root object, the server Will send a redirection message 
to the client containing the ?le system identi?cation of the 
root ?le system. Since all participating ?le systems contain 
the same root ?le system identi?cation, all clients Will vieW 
the same name space regardless of Which ?le server is 
initially contacted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself, hoWever, as Well as a preferred mode of use, further 
objectives and advantages thereof, Will best be understood 
by reference to the folloWing detailed description of an 
illustrative embodiment When read in conjunction With the 
accompanying draWings, Wherein: 

[0019] FIGS. 1A-1C depict example netWork ?le sys 
tems; 

[0020] FIGS. 2A and 2B illustrate examples of ?le sys 
tems that alloW mounting on remote machines; 

[0021] FIG. 3 depicts a pictorial representation of a net 
Work of data processing systems in Which the present 
invention may be implemented; 

[0022] FIG. 4 is a block diagram of a data processing 
system that may be implemented as a server in accordance 
With a preferred embodiment of the present invention; 

[0023] FIG. 5 is a block diagram illustrating a data 
processing system in Which the present invention may be 
implemented; 
[0024] FIGS. 6A-6D illustrate example ?le systems that 
alloW mounting on remote machines in accordance With a 
preferred embodiment of the present invention; and 

[0025] FIG. 7 is a ?oWchart illustrating the operation of a 
?le system server in accordance With a preferred embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0026] With reference again to the ?gures, FIG. 3 depicts 
a pictorial representation of a netWork of data processing 
systems in Which the present invention may be imple 
mented, NetWork data processing system 300 is a netWork of 
computers in Which the present invention may be imple 
mented. NetWork data processing system 300 contains a 
netWork 302, Which is the medium used to provide commu 
nications links betWeen various devices and computers 
connected together Within netWork data processing system 
300. NetWork 302 may include connections, such as Wire, 
Wireless communication links, or ?ber optic cables. 

[0027] In the depicted example, servers 304, 314, 324 are 
connected to netWork 302. Servers 304, 314, 324 serve 
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requests for storage units 306, 316, 326, respectively. In 
addition, clients 308, 310, 312 are connected to netWork 
302. These clients 308, 310, 312 may be, for example, 
personal computers or netWork computers. In the depicted 
example, servers 304, 314, 316 provide data stored in 
storage units 306, 316, 326 to clients 308-312. Clients 308, 
310, 312 are clients to server 304, for example. Network 
data processing system 300 may include additional servers, 
clients, and other devices not shoWn. 

[0028] In the depicted example, netWork data processing 
system 300 is the Internet With netWork 302 representing a 
WorldWide collection of netWorks and gateWays that use the 
TCP/IP suite of protocols to communicate With one another. 
At the heart of the Internet is a backbone of high-speed data 
communication lines betWeen major nodes or host comput 
ers, consisting of thousands of commercial, government, 
educational and other computer systems that route data and 
messages. Of course, netWork data processing system 300 
also may be implemented as a number of different types of 
netWorks, such as for example, an intranet, a local area 
netWork (LAN), or a Wide area netWork FIG. 3 is 
intended as an example, and not as an architectural limita 
tion for the present invention. 

[0029] Referring to FIG. 4, a block diagram of a data 
processing system that may be implemented as a server, such 
as one of servers 304, 314, 324 in FIG. 3, is depicted in 
accordance With a preferred embodiment of the present 
invention. Data processing system 400 may be a symmetric 
multiprocessor (SMP) system including a plurality of pro 
cessors 402 and 404 connected to system bus 406. Alterna 
tively, a single processor system may be employed. Also 
connected to system bus 406 is memory controller/cache 
408, Which provides an interface to local memory 409. 1/0 
bus bridge 410 is connected to system bus 406 and provides 
an interface to I/O bus 412. Memory controller/cache 408 
and I/O bus bridge 410 may be integrated as depicted. 

[0030] Peripheral component interconnect (PCI) bus 
bridge 414 connected to I/ O bus 412 provides an interface to 
PCI local bus 416. A number of modems may be connected 
to PCI local bus 416. Typical PCI bus implementations Will 
support four PCI expansion slots or add-in connectors. 
Communications links to netWork computers 308-312 in 
FIG. 3 may be provided through modem 418 and netWork 
adapter 420 connected to PCI local bus 416 through add-in 
boards. 

[0031] Additional PCI bus bridges 422 and 424 provide 
interfaces for additional PCI local buses 426 and 428, from 
Which additional modems or netWork adapters may be 
supported. In this manner, data processing system 400 
alloWs connections to multiple netWork computers. A 
memory-mapped graphics adapter 430 and hard disk 432 
may also be connected to I/O bus 412 as depicted, either 
directly or indirectly. 

[0032] Those of ordinary skill in the art Will appreciate 
that the hardWare depicted in FIG. 4 may vary. For example, 
other peripheral devices, such as optical disk drives and the 
like, also may be used in addition to or in place of the 
hardWare depicted. The depicted example is not meant to 
imply architectural limitations With respect to the present 
invention. 

[0033] The data processing system depicted in FIG. 4 may 
be, for example, an IBM e-Server pSeries system, a product 
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of International Business Machines Corporation in Armonk, 

NY, running the Advanced Interactive Executive operating system or LINUX operating system. 

[0034] With reference noW to FIG. 5, a block diagram 
illustrating a data processing system is depicted in Which the 
present invention may be implemented. Data processing 
system 500 is an example of a client computer. Data 
processing system 500 employs a peripheral component 
interconnect (PCI) local bus architecture. Although the 
depicted example employs a PCI bus, other bus architectures 
such as Accelerated Graphics Port (AGP) and Industry 
Standard Architecture (ISA) may be used. Processor 502 and 
main memory 504 are connected to PCI local bus 506 
through PCI bridge 508. PCI bridge 508 also may include an 
integrated memory controller and cache memory for pro 
cessor 502. Additional connections to PCI local bus 506 may 
be made through direct component interconnection or 
through add-in boards. In the depicted example, local area 
netWork (LAN) adapter 510, SCSI host bus adapter 512, and 
expansion bus interface 514 are connected to PCI local bus 
506 by direct component connection. In contrast, audio 
adapter 516, graphics adapter 518, and audio/video adapter 
519 are connected to PCI local bus 506 by add-in boards 
inserted into expansion slots. Expansion bus interface 514 
provides a connection for a keyboard and mouse adapter 
520, modem 522, and additional memory 524. Small com 
puter system interface (SCSI) host bus adapter 512 provides 
a connection for hard disk drive 526, tape drive 528, and 
CD-ROM drive 530. Typical PCI local bus implementations 
Will support three or four PCI expansion slots or add-in 
connectors. 

[0035] An operating system runs on processor 502 and is 
used to coordinate and provide control of various compo 
nents Within data processing system 400 in FIG. 4. The 
operating system may be a commercially available operating 
system, such as WindoWs 2000, Which is available from 
Microsoft Corporation. An object oriented programming 
system such as Java may run in conjunction With the 
operating system and provide calls to the operating system 
from Java programs or applications executing on data pro 
cessing system 500. Java” is a trademark of Sun Microsys 
tems, Inc. Instructions for the operating system, the object 
oriented operating system, and applications or programs are 
located on storage devices, such as hard disk drive 526, and 
may be loaded into main memory 504 for execution by 
processor 502. 

[0036] Those of ordinary skill in the art Will appreciate 
that the hardWare in FIG. 5 may vary depending on the 
implementation. Other internal hardWare or peripheral 
devices, such as ?ash ROM (or equivalent nonvolatile 
memory) or optical disk drives and the like, may be used in 
addition to or in place of the hardWare depicted in FIG. 5. 
Also, the processes of the present invention may be applied 
to a multiprocessor data processing system. 

[0037] As another example, data processing system 500 
may be a stand-alone system con?gured to be bootable 
Without relying on some type of netWork communication 
interface, Whether or not data processing system 500 com 
prises some type of netWork communication interface. As a 
further example, data processing system 500 may be a 
Personal Digital Assistant (PDA) device, Which is con?g 
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ured With ROM and/or ?ash ROM in order to provide 
non-volatile memory for storing operating system ?les and/ 
or user-generated data. 

[0038] The depicted example in FIG. 5 and above-de 
scribed examples are not meant to imply architectural limi 
tations. For example, data processing system 500 also may 
be a notebook computer or hand held computer in addition 
to taking the form of a PDA. Data processing system 500 
also may be a kiosk or a Web appliance. 

[0039] Returning to FIG. 3, server 304 provides access to 
storage 306. Similarly, server 314 provides access to storage 
316 and server 324 provides access to storage 325. Storage 
306 may store a ?rst ?le system that includes a reference to 
a second ?le system stored in storage 316. In accordance 
With a preferred embodiment of the present invention, a 
reference object is placed in the ?rst ?le system to serve as 
a place holder for the second ?le system. The reference 
object may be a neW or existing ?le type With data indicating 
the second ?le system or some of its properties. This alloWs 
the normal directory enumeration procedures of the ?rst ?le 
system to include a special name in a natural fashion. 

[0040] With reference to FIGS. 6A-6D, example ?le sys 
tems are shoWn that alloW mounting on remote machines in 
accordance With a preferred embodiment of the present 
invention. Particularly, With respect to FIG. 6A, an example 
is shoWn in Which a referencing server requests location 
information for a referenced ?le system from a ?le system 
(FS) location database. Client 608 requests object “X” from 
F5 server #1606 (step 1). HoWever, X is a mounted ?le 
system existing on PS server #2616. 

[0041] A referencing object may be a special ?le in a ?le 
system that contains an identi?cation of a speci?c ?le 
system, also knoWn as a ?le system identi?cation (FSID). 
The FSID may be the key used to query the FS location 
database. The PS location database may contain, for each ?le 
system, the location of the server on Which the ?le system 
resides. It may also contain the path name of the root of the 
?le system on each server. 

[0042] In the present invention, the purpose of the refer 
encing object is to serve as a link to the root of another ?le 
system. From the client’s perspective, the root of the ?le 
system that is referenced replaces the referencing object in 
the directory containing the referencing object. The mounted 
?le system is thus accessed using the name of the referenc 
ing object. The client cannot itself access the referencing 
object using conventional ?le system operations. The access 
is manipulated by the referencing server. 

[0043] PS server #1606 sends a request for the location of 
X to F5 location database 620 (step 2). It is convenient for 
the object that is in the ?le system on PS server #1 not to 
contain, itself, the information needed to the redirect the 
client. For example, a referencing object “X” on PS server 
#1 may contain a key value, such as a name or number, 
identifying the referenced ?le system. FS server #1606 may 
then use the key value to query FS location database 620 for 
the location of the ?le system. 

[0044] PS location database 620 then returns the location 
of FS server #2 and the path “/a/b/c/X” to server 606 (step 
3). Then, FS server 606 returns the location of FS server #2 
and the path “/a/b/c/X” to client 608 (step 4). Client 608 then 
may send a request for “/a/b/c/X” to F5 server #2616 (step 
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5). FS server #2 may then access the ?le system and return 
the ?le system root to client 608. Alternatively, the location 
information may be found in some other data structure, such 
as a table in memory, rather than a database. 

[0045] The key value associated With the ?le system may 
be static. Thus, the mounted ?le system may be moved, put 
off-line, replicated, copied, or cloned, and the referencing 
object need not be changed. Yet, the database or table in 
Which the attributes for the referenced ?le system are 
maintained may be updated and changed, corresponding to 
the updates and changes of the referenced ?le system itself, 
Without invalidating the data in the referencing ?le system. 

[0046] In accordance With a preferred embodiment of the 
present invention, a basic noti?cation mechanism is used to 
enable clients to access a uniform name space, Which can 

include all ?le system objects available on all participating 
?le servers. Thus, if a client uses a certain path name to reach 
a ?le system object using any of the ?le servers, any other 
client can use the same path name to reach the same object. 

[0047] Turning to FIG. 6B, client 608 requests object “X” 
from F5 server #1606 (step 1). HoWever, X is a mounted ?le 
system existing on PS server #2616. PS server #1606 sends 
a request for the location of X to F5 location database 620 
(step 2). FS location database 620 then returns the location 
of FS server #2 to server 606 (step 3). 

[0048] In accordance With a preferred embodiment of the 
present invention, FS server #1 does not send a real path 
name to the client. Rather, FS server #1606 encodes the 
FSID, in this case “X,” using a predetermined, system Wide 
encoding algorithm. The encoded FSID resembles a path 
name and can easily be decoded back to the FSID. For 
example, if the FSID is a text string, such as “user.bob,” a 
simple encoding might be to add the string “###” at the 
beginning and at the end of the FSID, so the path Would be 
“###user.bob###.” As such, in the example shoWn in FIG. 
6B, the encoded FSID Would be “###X###.” A requirement 
that disalloWs real path names from resembling encoded 
FSIDs must be enforced. Aperson of ordinary skill in the art 
Will recogniZe that other encoding methods may also be 
used. 

[0049] In FIG. 6B, FS server 606 returns the location of 
FS server #2 and the path “###X###” to client 608 (step 4). 
The encoded FSID is transparent to the client. The client, 
upon receiving the name of the neW server and the encoded 
FSID, contacts the neW server and retries to access the object 
by passing the neW server the path name given by the old 
server, Which is the encoded FSID. Thus, client 608 then 
sends a request for “###X###” to F5 server #2616 (step 5). 
FS server #2 recogniZes the path name as an encoded FSID 
and requests the location of X from F5 location database 620 
(step 6). In return, FS location database 620 returns the path 
“/a/b/c/X” to F5 server #2616 (step 7). FS server #2 may 
then access the ?le system and return the ?le system root to 
client 608. 

[0050] In an alternative and preferred embodiment, the 
location of the root of each ?le system can be stored in a 
local table that maps the FSID of each ?le system to a local 
path name. With reference to FIG. 6C, client 608 requests 
object “X” from F5 server #1606 (step 1). HoWever, X is a 
mounted ?le system existing on PS server #2616. PS server 
#1606 sends a request for the location of X to F5 location 
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database 620 (step 2). FS location database 620 then returns 
the location of FS server #2 to server 606 (step 3). 

[0051] PS server 606 returns the location of FS server #2 
and the path “###X###” to client 608 (step 4). Client 608 
then sends a request for “###X###” to F5 server #2 (step 5). 
FS server #2 recognizes the path name as an encoded FSID 
and requests the location of X from FSID table 630 and 
returns the path “/a/b/c/X” to F5 server #2616. PS server #2 
may then access the ?le system and return the ?le system 
root to client 608. 

[0052] Alternatively, a ?le system may be mounted in a 
special directory using a special mount point. The mount 
point may be a string representation of the FSID. In the 
example of FIG. 6C, the ?le system identi?ed by “X” could 
be mounted in the “/exports/X.” Therefore, FS server #2616 
need not look the FSID up in a table or database, because the 
?le system is mounted in a predetermined directory Which 
serves as an appropriate table. 

[0053] To guarantee that clients Will enter the name space 
at the same point, and thus vieW the same name space 
regardless of the initial participating server contacted, the 
present invention includes a special referencing object, 
called a root referencing object, and a special root ?le 
system. The root referencing object is the top level object in 
all participating ?le servers. It contains a reference to a 
special designated FSID, Which is the identi?er for the 
special designated root ?le system. 

[0054] As an example, the FSID referred to by the root 
referencing object may be “rooffs.” Whenever a client 
contacts a server and requests the root object, the server Will 
access the root referencing object. Turning noW to FIG. 6D, 
client 608 requests the top level object from F5 server #1606 
(step 1). FS server #1606 accesses the root referencing 
object and sends a request to F5 location database 620 for 
the location of the ?le system With the FSID of “rooffs” (step 
2). The PS location database returns the location of rooffs, 
FS server #2, to F5 server #1606 (step 3). FS server #1 then 
encodes the FSID to form “###rooffs###” and sends a 
redirection message indicating that the ?le system is on PS 
server #2 and the path is “###rooffs###” to client 608 (step 
4) 
[0055] Next, client 608 sends a request for “###rooffs###” 
to F5 server #2616 (step 5). FS server #2 recogniZes the path 
name as an encoded FSID and sends a request for the 
location of the rooffs ?le system to F5 location database 620 
(step 6). The PS location database then returns the path, 
“/a/b/c/,” to F5 server #2616 (step 7). FS server #2 may then 
access the ?le system and return the ?le system root to client 
608. In an alternative and preferred embodiment, the loca 
tion of the root of the ?le system can be stored in a local 
table that maps the FSID of each ?le system to a local path 
name. 

[0056] The example in FIG. 6D shoWs only tWo ?le 
system servers. HoWever, feWer or more participating serv 
ers may be included. For example, the netWork ?le system 
may include only a single server, such as server 616. If a 
client requests the top level object of FS server #2616, the 
server may send a redirection message redirecting the client 
to itself With the encoded FSID, “###rootfs###.” The 
example of FIG. 6D may also include more participating ?le 
system servers, each of Which has the same referencing 
object as its top level object. 

Nov. 24, 2005 

[0057] With reference to FIG. 7, a ?oWchart is shoWn 
illustrating the operation of a ?le system server in accor 
dance With a preferred embodiment of the present invention. 
The process begins and receives a request for an object (step 
702). A determination is made as to Whether the object is a 
reference to another ?le system (step 704). If the object is a 
reference to a separate ?le system, the process looks up the 
location of the separate ?le system (step 706) and encodes 
the FSID of the ?le system (step 708). Next, the process 
returns a redirection message indicating the location and the 
encoded FSID as the path name to the client (step 710) and 
ends. 

[0058] If the object is not a referencing object in step 704, 
a determination is made as to Whether the object is a top 
level object (step 712). If the object is a top level object, the 
process accesses the root referencing object indicating an 
FSID of “rootfs” (step 714). Then, the process looks up the 
location of the ?le system (step 706) and encodes the FSID 
of the ?le system (step 708). Thereafter, the process returns 
a redirection message indicating the location and the 
encoded FSID as the path name to the client (step 710) and 
ends. 

[0059] If the object is not a top level object in step 712, a 
determination is made as to Whether the path is an encoded 
FSID (step 716). If the path is an encoded FSID, the process 
decodes the path to form the FSID (step 718), accesses and 
returns the root of the ?le system (step 720), and ends. If the 
path is not an encoded FSID in step 716, the process 
accesses and returns the real object (step 722) and ends. 

[0060] A referencing object may refer to a ?le system on 
an unmodi?ed server that does not incorporate the present 
invention. This may be achieved by having the referencing 
object itself include the location of the unmodi?ed server 
and the path name of the ?le system on that server. When a 
client accesses the referencing object, the server Will reply 
With the information included in the FS location database for 
the ?le system on the unmodi?ed server. 

[0061] The referencing object may also include an FSID, 
as if it referred to a modi?ed server. HoWever, the ?le system 
database may contain a special tag that marks the ?le system 
stored on an unmodi?ed server, together With the server 
location and path name. The server may then reply to the 
client With the information retrieved from the FS location 
database. HoWever, the path name cannot comprise an 
encoded FSID, and the unmodi?ed server may not be 
con?gured to contain referrals to other ?le systems. 

[0062] The present invention may also support ?le sys 
tems that are replicated on various modi?ed servers. If the 
netWork ?le system protocol supports a redirection message 
that includes more than one server, such as is the case With 
NFSv4, the present invention may be extended to include the 
locations of all the servers that host a particular ?le system. 
When a client attempts to access a referencing object, the 
modi?ed server may reply With a list of ?le system server 
locations. The client may then select a server to access. 

[0063] Alternatively, if the netWork ?le system protocol 
does not support a redirection message that includes more 
than one server location, the modi?ed server, after receiving 
the list of server locations from the FS location database, 
may choose Which server to include in the redirection 
message. The selection algorithm may be, for example, a 
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round robin algorithm, and may be based on various factors, 
such as server load and server response time. 

[0064] Thus, the present invention solves the disadvan 
tages of the prior art by providing a data object that 
references a second ?le system that is interpreted directly by 
the ?le server. The data required to locate the second ?le 
system is stored in a ?le system location data structure that 
may be located outside the ?rst ?le system. The data object 
may then contain a key value, such as a name or a number, 
identifying the second ?le system, that can be used to look 
up the ?le system location. Therefore, a ?le system may be 
referred to by another ?le system transparently to the client. 

[0065] A referencing server encodes the ?le system iden 
ti?cation and includes the encoded ?le system identi?cation 
rather than a path. When a server receives a request With a 
path that is encoded, the server decodes the ?le system 
identi?cation. Then, the server may locate the root of the ?le 
system identi?ed by the ?le system identi?cation and return 
the root object to the client. Location of the root can be done 
either by accessing the ?le system location database struc 
ture or by using another, local data structure. A root referral 
object is the top level object in all participating ?le servers. 
It contains a referral to a root ?le system identi?cation, 
Which is the root ?le system. Since all participating ?le 
servers contain the same root ?le system identi?cation, all 
clients Will vieW the same name space regardless of Which 
?le server is initially contacted. 

[0066] It is important to note that While the present inven 
tion has been described in the conteXt of a fully functioning 
data processing system, those of ordinary skill in the art Will 
appreciate that the processes of the present invention are 
capable of being distributed in the form of a computer 
readable medium of instructions and a variety of forms and 
that the present invention applies equally regardless of the 
particular type of signal bearing media actually used to carry 
out the distribution. Examples of computer readable media 
include recordable-type media, such as a ?oppy disk, a hard 
disk drive, a RAM, CD-ROMS, DVD-ROMs, and transmis 
sion-type media, such as digital and analog communications 
links, Wired or Wireless communications links using trans 
mission forms, such as, for eXample, radio frequency and 
light Wave transmissions. The computer readable media may 
take the form of coded formats that are decoded for actual 
use in a particular data processing system. 

[0067] The description of the present invention has been 
presented for purposes of illustration and description, and is 
not intended to be exhaustive or limited to the invention in 
the form disclosed. Many modi?cations and variations Will 
be apparent to those of ordinary skill in the art. The 
embodiment Was chosen and described in order to best 
eXplain the principles of the invention, the practical appli 
cation, and to enable others of ordinary skill in the art to 
understand the invention for various embodiments With 
various modi?cations as are suited to the particular use 
contemplated. 

1. A method, in a netWork including a requested ?le 
system server, for servicing a request, comprising: 

receiving a request for a referencing object from a client, 
Wherein the referencing object refers to a referenced 
?le system; 
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looking up a location of the referenced ?le system in a 
separate data structure at a remote location; and 

returning a redirection message indicating the location of 
the referenced ?le system to the client. 

2. The method of claim 1, Wherein the redirection mes 
sage includes an address of a referenced ?le system server. 

3. The method of claim 2, Wherein the redirection mes 
sage further includes a path. 

4. The method of claim 2, Wherein the referencing object 
has a ?le system identi?er. 

5. The method of claim 4, further comprising: 

encoding the ?le system identi?er, Wherein the redirection 
message further includes the encoded ?le system iden 
ti?er. 

6. The method of claim 5, Wherein the referencing object 
is a top level object for a uniform namespace including all 
?le systems on participating ?le system servers. 

7. The method of claim 2, Wherein the referenced ?le 
system server is the requested ?le system server. 

8. The method of claim 1, Wherein the separate data 
structure comprises a ?le system location database. 

9. The method of claim 1, further comprising: 

receiving a redirected request for a ?le system object; 

identifying an encoded ?le system identi?er in the redi 
rected request; 

decoding the encoded ?le system identi?er to form a ?le 
system identi?er corresponding to a requested ?le 
system; 

looking up a path for the requested ?le system in a ?le 
system identi?er data structure at a second remote 

location; and 

retrieving the root of the requested ?le system using the 
path for the requested ?le system. 

10. The method of claim 9, Wherein the ?le system 
identi?er data structure comprises a ?le system identi?er 
table. 

11. The method of claim 9, Wherein the separate data 
structure and the ?le system identi?er data structure are 
stored in a ?le system location database. 

12. The method of claim 1, Wherein the referencing object 
is a top level object for a uniform namespace including all 
?le systems on participating ?le system servers. 

13. A method, in a netWork including a requested ?le 
system server, for servicing a request, comprising: 

receiving a request for a ?le system object, Wherein the 
request includes an encoded ?le system identi?er; 

decoding the encoded ?le system identi?er to form a ?le 
system identi?er corresponding to a requested ?le 
system; 

looking up a path for the requested ?le system in a ?le 
system identi?er data structure at a remote location; 
and 

retrieving the root of the requested ?le system using the 
path for the requested ?le system. 

14. The method of claim 13, Wherein the ?le system 
identi?er data structure is stored in a table. 

15. The method of claim 13, Wherein the ?le system 
identi?er data structure is stored in a ?le system location 
database at the remote location. 
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16-30. (canceled) 
31. A computer program product, comprising: 

a computer usable medium including computer usable 
program code for servicing a request, said computer 
program product including: 

computer usable program code for receiving a request for 
a referencing object from a client, Wherein the refer 
encing object refers to a referenced ?le system; 

computer usable program code for looking up a location 
of the referenced ?le system in a separate data struc 
ture; and 

computer usable program code for returning a redirection 
message indicating the location of the referenced ?le 
system to the client. 

32. A computer program product of claim 31 further 
comprises: 

computer usable program code for receiving a request for 
a ?le system object, Wherein the request includes an 
encoded ?le system identi?er; 

computer usable program code for decoding the encoded 
?le system identi?er to form a ?le system identi?er 
corresponding to a requested ?le system; 

computer usable program code for looking up a path for 
the requested ?le system in a ?le system identi?er data 
structure; and 

computer usable program code for retrieving the root of 
the requested ?le system using the path for the 
requested ?le system. 

33. The method of claim 1 further comprises: 

receiving relocate request for relocating the referenced 
?le system; 

relocating the referenced ?le system to a relocation ?le 
system server; 

replacing the referenced ?le system With the referencing 
object, Wherein the referencing object excludes an 
address for the relocation ?le system server; and 

updating an attribute for the referenced ?le system in the 
separate data structure With the address for the reloca 
tion ?le system server. 

34. The computer program product of claim 31 further 
comprises: 

computer usable program code for receiving relocate 
request for relocating the referenced ?le system; 

computer usable program code for relocating the refer 
enced ?le system to a relocation ?le system server; 

computer usable program code for replacing the refer 
enced ?le system With the referencing object, Wherein 
the referencing object eXcludes an address for the 
relocation ?le system server; and 
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computer usable program code for updating an attribute 
for the referenced ?le system in the separate data 
structure With the address for the relocation ?le system 
server. 

35. A system of servicing a request, the system compris 
mg: 

a ?le system server comprising: 

a memory to store addresses of remotely located data 

structures; 

a netWork adapter connected to a netWork to transmit 
and receive messages on the netWork; 

a processor to process a request for a referencing object 
from a client, to look up an address of a location for 
a separate data structure in the memory, to issue a 
request for a location of the referenced ?le system to 
the address of a location for the separate data struc 
ture, and to issue a redirection message indicating 
the location of the referenced ?le system to the 
client; and 

a bus to communicate betWeen the processor, memory 
and netWork adapter. 

36. The system of claim 35, Wherein the redirection 
message includes an address of a referenced ?le system 
server. 

37. The system of claim 36, Wherein the redirection 
message further includes a path. 

38. The system of claim 36, Wherein the referencing 
object has a ?le system identi?er. 

39. The system of claim 38, Wherein the processor 
encodes the ?le system identi?er, and the redirection mes 
sage further includes the encoded ?le system identi?er. 

40. The system of claim 35, further comprising: 

a second ?le system server comprising: 

a memory to store addresses of remotely located data 

structures; 

a netWork adapter to receive and transmit messages on 

a netWork; 

a processor to process a redirected request for a ?le 
system object, identify an encoded ?le system iden 
ti?er in the redirected request, decode the encoded 
?le system identi?er to form a ?le system identi?er 
corresponding to a requested ?le system, to look up 
an address of a location for a ?le system identi?er 
data structure in the memory, to issue a request for a 
path for the requested ?le system in the ?le system 
identi?er data structure, and retrieve the root of the 
requested ?le system using the path for the requested 
?le system, and a bus to communicate betWeen the 
processor, memory and netWork adapter. 


