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(57) ABSTRACT 

A ?le system (i) permits storage capacity to be added easily, 
(ii) can be expanded beyond a given unit, (iii) is easy to 
administer and manage, (iv) permits data sharing, and (v) is 
able to perform effectively With very large storage capacity 
and client loads. State information from a neWly added unit is 
communicated (e.g., automatically and transparently) to cen 
tral administration and management operations. Con?gura 
tion and control information from such operations is commu 
nicated (e.g., automatically) back doWn to the neWly added 
units, as Well as existing units. In this Way, a ?le system can 
span both local storage devices (like disk drives) and net 
Worked computational devices transparently to clients. Such 
state and con?guration and control information can include 
globally managed segments as the building blocks of the ?le 
system, and a ?xed mapping of globally unique ?le identi?ers 
(e.g., lnode numbers) and/or ranges thereof, to such seg 
ments. 
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STORAGE ALLOCATION IN A DISTRIBUTED 
SEGMENTED FILE SYSTEM 

I. CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This is a continuation patent application Which 
claims priority from US. patent application Ser. No. 10/425, 
550 (the ’550 application) ?led on Apr. 29, 2003 Which is a 
continuation-in-part of and claims the bene?t of US. appli 
cation Ser. No. 09/950,555 ?led Sep. 11, 2001 , that claims the 
bene?t of US. Provisional Application No. 60/232,l02 ?led 
Sep. 12, 2000. The ’550 application also claims the bene?t of 
US. Provisional Application No. 60/395,839 ?led Jul. 15, 
2002. The ’550 application also claims the bene?t of US. 
Provisional Application No. 60/447,720 ?led Feb. 19, 2003. 
The ’550 application also claims the bene?t of US. Provi 
sional Application No. 60/447,722 ?led Feb. 19, 2003. The 
’550 application also claims the bene?t of US. Provisional 
Application No. 60/447,723 ?led Feb. 19, 2003. These appli 
cations are incorporated by reference in their entirety. 

II. BACKGROUND OF THE INVENTION 

[0002] A. Field of the Invention 
[0003] The present invention concerns computer storage 
and ?le systems. More speci?cally, the present invention 
concerns techniques for managing and using a distributed 
storage system. 
[0004] B. RelatedArt 
[0005] Data generated by, and for use by, computers is 
stored in ?le systems. The design of ?le systems has evolved 
in the last tWo decades, basically from a server-centric model 
(Which can be thought of as a local ?le system), to a storage 
centric model (Which can be thought of as a networked ?le 
system). 
[0006] Stand alone personal computers exemplify a server 
centric modelistorage has resided on the personal computer 
itself, initially using hard disk storage, and more recently, 
optical storage. As local area networks (“LANs”) became 
popular, netWorked computers could store and share data on 
a so-called ?le server on the LAN. Storage associated With a 
given ?le server is commonly referred to as server attached 
storage (“SAS”). Storage could be increased by adding disk 
space to a ?le server. Unfortunately, hoWever, SASs are only 
expandable intemallyithere is no transparent data sharing 
betWeen ?le servers. Further, With SASs, throughput is lim 
ited by the speed of the ?xed number of busses internal to the 
?le server. Accordingly, SASs also exemplify a server-centric 
model. 
[0007] As netWorks became more common, and as netWork 
speed and reliability increased, netWork attached storage 
(“NAS”) has become popular. NASs are easy to install and 
each NAS, individually, is relatively easy to maintain. In a 
NAS, a ?le system on the server is accessible from a client via 
a netWork ?le system protocol like NFS or CIFS. 
[0008] NetWork ?le systems like NFS and CIFS are layered 
protocols that alloW a client to request a particular ?le from a 
pre-designated server. The client’s operating system trans 
lates a ?le access request to the NFS or DFS format and 
forWards it to the server. The server processes the request and 
in turn translates it to a local ?le system call that accesses the 
information on magnetic disks or other storage media. The 
disadvantage of this technology is that a ?le system cannot 
expand beyond the limits of single NAS machine. Conse 
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quently, administering and maintaining more than a feW NAS 
units, and consequently more than a feW ?le systems, 
becomes dif?cult. Thus, in this regard, NASs can be thought 
of as a server-centric ?le system model. 
[0009] Storage area netWorks (SANs) (and clustered ?le 
systems) exemplify a storage-centric ?le system model. 
SANs provide a simple technology for managing a cluster or 
group of disk-storage units, effectively pooling such units. 
SANs use a front-end system, Which can be a NAS or a 

traditional server. SANs are (i) easy to expand, (ii) permit 
centraliZed management and administration of the pool of 
disk storage units, and (iii) alloW the pool of disk storage units 
to be shared among a set of front-end server systems. More 
over, SANs enable various data protection/availability func 
tions such as multi-unit mirroring With failover for example. 
Unfortunately, hoWever, SANs are expensive. Although 
SANs permit space to be shared among front-end server 
systems, they do not permit multiple SANs environments to 
use the same ?le system. Thus, although SANs pool storage, 
they basically behave as a server-centric ?le system. That is, 
a SAN behaves like a fancy (e. g., With advanced data protec 
tion and availability functions) disk drive on a system. Also, 
various incompatible versions of SANs have emerged. 
[0010] The article, T. E. Anderson et al., “Serverless Net 
Work File Systems,” Proc. 15th ACM Symposium on Operat 
ing System Principles, pp. 109-126 (1995) (hereafter referred 
to as “the Berkeley paper”) discusses a data-centric distrib 
uted ?le system. In the system, manager maps, Which map a 
?le to a manager for controlling the ?le, are globally managed 
and maintained. Maintaining and storing a map having every 
?le could, hoWever, limit scalability of the system as the 
number of ?les become large. 

III. SUMMARY OF THE INVENTION 

[0011] The present invention may provide methods, appa 
ratus and data structures for providing a ?le system Which 
meets various needs. A distributed ?le system in Which ?les 
are distributed across more than one ?le server and in Which 

each ?le server has physical storage media may be provided. 
The present invention can determine a particular ?le server to 
Which a ?le system call pertains by (a) accepting a ?le system 
call including a ?le identi?er, (b) determining a contiguous 
unit of the physical storage media of the ?le servers of the 
distributed ?le system based on the ?le identi?er, (c) deter 
mining the ?le server having the physical storage media that 
contains the determined contiguous unit, and (d) forWarding 
a request, based on the ?le system call accepted, to the ?le 
server determined to have the physical storage media that 
contains the determined contiguous unit. 
[0012] The ?le identi?er may be an Inode number and the 
contiguous unit may be a segment. The ?le server having the 
physical storage media that contains the determined contigu 
ous unit may be determined by a table, administered globally 
across the ?le system, that maps the contiguous unit to (the 
(e.g., IP) address of) the ?le server. 
[0013] In general, in an aspect, the invention provides a 
method of associating data With a ?le server from among a 
plurality of ?le servers in a distributed-?le system, the method 
including receiving a communication at a ?rst ?le server 
among the plurality of ?le servers in the distributed-?le sys 
tem, the communication pertaining to data to be stored in the 
distributed-?le system, the data being associated With a ?le 
system portion of the distributed-?le system controlled by a 
second ?le server, and storing the data under control of a third 
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?le server such that the data are stored in the distributed-?le 
system non-hierarchically relative to the ?le-system portion. 
[0014] Implementations of the invention may include one 
or more of the following features. The second server is sepa 
rate from the ?rst server. The third ?le server is the ?rst ?le 
server. The method further includes notifying the second 
server of a storage location of the portion of data. The method 
further includes choosing the third ?le server from among the 
plurality of ?le servers depending upon Whether the data 
represents a ?le or a directory. The method further includes 
choosing a location for storing the data dependent upon 
amounts of free storage space and free data identi?ers. The 
method further includes choosing a location for storing the 
data dependent upon relative amounts of free storage space 
and free data identi?ers on a base ?le server and a possible 
controlling ?le server. The method further includes choosing 
a location for storing the data dependent upon at least one 
a?inity group associating a client With a preferred segment. 
The method further includes choosing the third ?le server at 
least one of randomly and folloWing a pre-determined pat 
tern, the choosing being from one of all the ?le servers and a 
subset of the ?le servers. 

[0015] Implementations of the invention may also include 
one or more of the folloWing features. The storing is per 
formed in accordance With at least one of a plurality of avail 
able non-hierarchical storage policies. The method further 
includes selecting a policy for the storing from the plurality of 
available storage policies. The selecting is performed on at 
least one of a per ?le, per request, and a per directory basis. 
The method further includes altering the plurality of available 
storage policies. The plurality of available storage policies 
includes storing data dependent upon at least tWo of (l) 
amounts of free storage space and free data identi?ers, (2) 
relative amounts of free storage space and free data identi?ers 
on a base ?le server and a possible controlling server, (3) at 
least one af?cinity group associating an application With a 
preferred segment, and (4) a random selection. 
[0016] In general, in another aspect, the invention provides 
an apparatus for use in an association of devices that imple 
ments a distributed-?le system, the association of devices 
including a plurality of ?le servers that each are con?gured to 
control separate portions of the distributed-?le system, the 
apparatus being disposed in a ?rst ?le server of the plurality of 
?le servers and comprising a memory that stores computer 
readable, computer-executable instructions, and a processor 
coupled to the memory and con?gured to read and execute the 
instructions to: determine that a communication is received 
pertaining to data to be stored in the distributed-?le system, 
and that the data are associated With a ?le-system portion of 
the distributed-?le system controlled by a second ?le server; 
and cause the data to be stored under control of a third ?le 
server such that the data are stored in the distributed-?le 
system non-hierarchically relative to the ?le-system portion. 
[0017] Implementations of the invention may include one 
or more of the folloWing features. The second server is sepa 
rate from the ?rst server. The third ?le server is the ?rst ?le 
server. The processor is con?gured to notify the second server 
of a storage location of the portion of data. The processor is 
con?gured to choose the third ?le server from among the 
plurality of ?le servers depending upon Whether the data 
represents a ?le or a directory. The processor is con?gured to 
cause the data to be stored in a location that is at least one of 
(1) dependent upon amounts of free storage space and free 
data identi?ers, (2) dependent upon relative amounts of free 
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storage space and free data identi?ers on a base ?le server and 
a possible controlling ?le server, (3) dependent upon at least 
one a?inity group associating a client With a preferred seg 
ment, and (4) random. 
[0018] Implementations of the invention may also include 
one or more of the folloWing features. The processor is con 
?gured to cause the data to be stored in a location in accor 
dance With at least one of a plurality of available non-hierar 
chical storage policies. The processor is con?gured to select a 
storage policy from the plurality of available storage policies. 
The processor is con?gured to select the storage policy on at 
least one of a per ?le, per request, and a per directory basis. 
The processor is con?gured to alter the plurality of available 
storage policies. The processor is con?gured to cause the data 
to be stored hierarchically. 
[0019] In general, in another aspect, the invention provides 
a computer program product residing on a computer-readable 
medium, the computer program product for use in an asso 
ciation of devices that implements a distributed-?le system, 
the association of devices including a plurality of ?le servers 
that each are con?gured to control separate portions of the 
distributed-?le system, the computer program product for use 
in a ?rst ?le server of the plurality of ?le servers and including 
computer-readable, computer-executable instructions for 
causing a computer to: determine that a communication is 
received pertaining to data to be stored in the distributed-?le 
system, and that the data are associated With a ?le-system 
portion of the distributed-?le system controlled by a second 
?le server; and cause the data to be stored under control of a 
third ?le server such that the data are stored in the distributed 
?le system non-hierarchically relative to the ?le-system por 
tion. 

[0020] Implementations of the invention may include one 
or more of the folloWing features. The second server is sepa 
rate from the ?rst server. The third ?le server is the ?rst ?le 
server. The computer program product further includes 
instructions for causing the computer to notify the second 
server of a storage location of the portion of data. The com 
puter program product further includes instructions for caus 
ing the computer to choose the third ?le server from among 
the plurality of ?le servers depending upon Whether the data 
represents a ?le or a directory. The computer program product 
further includes instructions for causing the computer to 
cause the data to be stored in a location that is at least one of 
(1) dependent upon amounts of free storage space and free 
data identi?ers, (2) dependent upon relative amounts of free 
storage space and free data identi?ers on a base ?le server and 
a possible controlling ?le server, (3) dependent upon at least 
one a?inity group associating a client With a preferred seg 
ment, and (4) random. 
[0021] Implementations of the invention may also include 
one or more of the folloWing features. The computer program 
product further includes instructions for causing the com 
puter to cause the data to be stored in a location in accordance 
With at least one of a plurality of available non-hierarchical 
storage policies. The computer program product further 
includes instructions for causing the computer to select a 
storage policy from the plurality of available storage policies. 
The computer program product further includes instructions 
for causing the computer to select the storage policy on at 
least one of a per ?le, per request, and a per directory basis. 
The computer program product further includes instructions 
for causing the computer to alter the plurality of available 
storage policies. The computer program product further 
































