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ABSTRACT

In this paper we present a novel cluster file system -
- TH-CIUFS -- in distributed service environment,
especially in Internet service area, and use the file system
to construct a scalable web server cluster. TH-CIUFS has
aconsistent file view across severa servers connected by
a high-speed local area network and out-performs the
traditiona distributed file systems. Due to the advantages
of high-speed LAN, the system provides stronger support
for the fast file access service than the previous
distributed systems, such as NFS, AFS and Coda. In this
paper we describe the key issues in cluster file systems
and focus on the improvement from traditional
distributed file system to current cluster file system —
TH-CIUFS.
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migration

1. INTRODUCTION

With the explosively increasing of Internet accesses,
the web servers are suffering from the heavy loads and
narrow 1/O throughput. Cluster-based web servers
provide a kind of feasible solution to many Internet
problems, such as server I/O congestion and service
faillure. Web server clusters provide higher availability,
higher scalability, more I/O throughput and more flexible
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configuration method than traditional web servers do. In
order to achieve the single system image of the cluster, a
cluster file system is been built to manage the basic file
operations and data management in cluster systems.

The main goal of web server clustersisto connect a
set of computers to form a scalable virtual web server. A
collection of computers connected by LAN does not
itself congtitute a cluster system. The collection becomes
a system only when the computers in cluster can co-
operate each other that the collection behaves as a
coherent entity. It should appear the same interface to the
users, to the administrators and to the programmers. In
addition, the reconfiguration capability of clusters is the
basis of scalability. Arbitrary amount of nodes may be
configured in clusters. Adding or removing the nodes of
a web server cluster to satisfy user variational
requirements is one of the most important features of the
clusters that insures the users’ investments.

We have investigated many different methods to
construct our web server cluster, including paralld file
systems and distributed file systems. Unfortunately, these
technologies are not met al our requirements. Parallel
file systems, such as SPIFFI for Intel Paragon[1l] and
Bridge[2], can provide paralld /O capability for file
accesses, even to an individual file. However, the
predefined striping groups restrict the flexibility of
system configuration and reconfiguration. Distributed
file systems, such as NFS[3], AFS4][5] and Coda[6],
have been widely used in networking world. But NFS
can not provide agloba file view between different users
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or programmers. AFS and Coda File System have the
similar goals to provide file services for machines around
the world, so they have done many works on weak
connection and mobile computing[7] that are not
required in our cluster system. We expect to build a
cluster file system on clusters, not a network file system
that provides an approach for clients to access files on
servers.

In the paper we present a novel cluster file system,
TH-CIUFS, that integrates the advantages from parallel
file systems and distributed file systems. In the next
section, the web server cluster is discussed. The design
considerations of our TH-CIUFS are presented in Section
3. In section 4 and 5, two key issues, distributed
metadata management and 1/O load balancing in TH-
CIUFS, are discussed in details. We have a conclusion in
section 6.

2. CLUSTER OF WEB SERVERS
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memory etc. Providing a single image of the web server
cluster is the key point of the architecture shown in
Figure 1. In traditional server clusters, there are two
ways to construct the file space on servers. One is
duplicating the file sets across all servers and the other is
constructing a distributed file system, such as AFS, Coda,
on the serverg[13].

TH-CIUFS overcomes the shortages of the former
two approaches and introduces a simple and effective
way to construct a scalable Web server cluster. TH-
CIUFS involves the files and directories stored on Web
serversin the cluster to form a consistent and transparent
file space. It can save the disk space tremendoudly. As
we know, in a mirror-based cluster only 1/N disk spaceis
used to store “red” data and the other is to store
replicated data.

Also, TH-CIUFS simplifies the design and
implementation of the Dispatcher. In general, Dispatcher
treats the back-end servers have the same file sets, so it
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Figure 1 The architecture of scalable Web sever cluster

Cluster of Web Serversis a popular architecture for
Interne services. The architecture of Web server cluster is
shown in Figure 1. The Internet requests arrive at the
Dispatcher. And the requests will be forwarded to the
back-end servers from Server 1 to Server N. A
substantial problem is how to reasonably utilize the
resources of the multiple servers, CPU, 1/O, disk space,

allocates the Internet requests to one of them as it likes.
However, TH-CIUFS does not maintain multiple copies
of a file in the cluster. The Dispatcher just forwards
requests with Round-robin algorithm. The 1/0O load
balancing will be achieved by TH-CIUFS itself by file
migration.

3. DESIGN CONSIDERATION



The dominant consideration in TH-CIUFS is a
global name space that supports real distributed storage
in file granularity. As we know, many distributed file
systems have a global name space for all users and
applications. In genera this name space consists of some
volumes. A volume is a sub-tree of the name space. Each
volume has to reside on a single server (or a set of
replicated server), although on server might implement
many volumes. In fact, these distributed file systems
treats the volume as the smallest unit that has an
autonomic manager. Although the structure is easy to
implement and fits for the distributed environment, there
are still some disadvantages when it was ported to cluster
file systems. Because a volume can not be dispersed
across different servers, we can not avoid the danger of
imbalance in storage and 1/0 serioudly. Therefore, in TH-
CIUFS the concept of volume is inherited. But the CIuFS
volumes have not to stay on a single server, it can be
spanned multiple servers that are specified by system
automatically. Of course, distributing data in file
granularity brings many problems, such as metadata
management, name cache, file migration etc. We will
cover these problems in section 3.

As shown in above figure, our cluster is based on a
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resolve the pathnames.

4. METADATA MANAGEMENT

As we mentioned in last section, the system ison a
peer-to-peer architecture that eliminates the boundary
between servers and clients. Each node in clusters takes
on the tasks of server and client concurrently. The file
service in cluster as a part of OS will be easily integrated
into distributed operating systems or cluster operating
systems. This architecture paradigm can lead to a more
efficient supercomputing or transaction processing in the
area of parale and distributed system.

CMM breaks the traditional volume mechanism in
distributed file systems. The data in a CIuFS volume can
be spanned on different servers. Itisa“red” distributed
and transparent file system. You do not care on which
server a volume stays. You just use the volume as a
shared disk space. However, in traditional distributed file
system a volume implicates a partition of certain server.
And the volume in cluster file system is not on a single
server or is replicated on multiple servers. It can be
automatically span the content of the volume to each
server in the cluster.

There are two basic structures in CMM: one is the

Node N

Legend:
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: File Data managed by Storage 1
M : FileData managed by Storage N

Figure 2 The storage architecture of TH-CIUFS

peer-to-peer architecture. On each node, a set of CIUFS
volumes is managed by CMM. The corresponding file
data are dispersed across multiple storage sites. We have
been implemented a distributed naming mechanism to

global replicated table that maps the pathname to a
specified CMM server, the other is the local information
database. The whole file system hierarchy is divided into
severa groups as shown in Figure 3. The globa



replicated table has relatively small size so that the
update operations to the table degrade the system dightly.
The local database stores the most information of those
managed CIUuFS volumes. Although CluFS volumes

systems is the volume replication which partially solves
the 1/O bottleneck caused by file access imbalance.
Because of the flexibility of CMM technique, we
introduce the file migration into our TH-CIUFS to

reside on several nodes, the metadata
of volumes have to reside on a single
node.

Moreover, we introduce a new
name cache agorithm into TH-CluFS.

The new name cache structure is based
on atree, not generic plain entry table.
It saves the most useful information in
the tree node to reduce the network
traffic of name resolution. In cluster
file system if the pathname is not in
cache, the system will start resolve the
path component-to-component. We
cache the useful information of each
component and use an optima method
to replace the useless node in the cache
tree. The method is very effective for Internet access
because the URL is normally quite long.

5. 1/0 LOAD BALANCING

With the availability of the high-speed local area
networks, it becomes feasible to achieve balancing
cluster file systems. The cluster file systems should have
the similar 1/O balance with the parallel file systems. It is
quite interested and challenging to research on file
granularity 1/O balancing in clusters.

Dynamic 1/0 balancing scheme is used to support
dispersing files in volume across multiple servers. Using
server clusters to provide Web service, data balancing is
a key factor to system performance. Due to the
unexpected Internet access bursts, it may form a hotspot
on certain server. The /O balancing scheme can
dynamicaly transfer the hotspot to a relatively free
server. However the dynamic data transferring technique
is little used in traditional distributed file systems
because they generally have a relatively fixed hierarchy.
The traditional concept of volumes also limits the data
migration. The adopted method in distributed file
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Figure 3 A sample of cluster file system hierarchy

achieve 1/0O load balancing in file level, not in volume
level.

There are two policy adopted to implement load
balancing. One is the static file assignment algorithm; the
other is the real-time dynamic file migration policy. The
gtatic policy is mainly for file or directory creating.
When a new object (file, directory or others) requests for
creating operation, the static policy will determine a
suitable site for the new object. Also a reassignment tool
is given to optimize the file storage. The dynamic file
migration policy is a kind of short-term file migration
policy. The current 1/O state information is collected and
a migration determination is made dependently on the
information.

6. CONCLUSION

In this paper we present the consideration and
design of a novel cluster file system, named TH-CIUFS
that provides a single and shared name space for users
and applications. A consistent file system view is built
on the basis of CMM without the central name server.
Furthermore, CMM supports file migration effectively.
Our cluster file system can easily achieve a high



available, scalable and balancing file system with CMM.
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