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Abstract - Grid computing is a term referring to the
combination of computer resources from multiple
administrative domains to reach a common goal. The grid
can be thought of as a distributed system with non-
interactive workloads that involve a large number of files.
What distinguishes grid computing from conventional high
perfor mance computing systems such as cluster computing is
that grids tend to be more loosely coupled, heterogeneous,
and geographically dispersed. Although a grid can be
dedicated to a specialized application, it is more common that
a single grid will be used for a variety of different purposes.
Grids are often constructed with the aid of general-purpose
grid software libraries known as middleware. Grid
computing is a promising technology for utilizing distributed
computing resources seamlessly. However, it is still difficult
for end-users to deploy and manage their own computing
environments into large number of distributed locations
easily and rapidly. Recent grid technologies do not address
the problems involved in distributed deployment and
management of grid-enabled system programs; they do not
allow end-users to obtain computing resources dynamically
from different locations and or ganizations, and to build their
computing systems with them easily and scalably. Therefore,
we propose a user-oriented, distributed deployment and
management mechanism for grid computing systems, based
on multi-site virtual clusters. It enables end-users to easily
configure grid computing environments on distributed
computing resources through their own large-scale clusters
of virtual machines. It is composed of inter-domain resource
control protocols, resource virtualization technologies
including virtual machines and virtual private networks, and
scalable virtual node management mechanisms.
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|. Introduction

In grid computing environments, users want to access
distributed computing resources located in geographically
separated locations, and administrated by different
organizations, seamlessly, recent grid technologies enable
users to utilize remote resources through service interfaces
provided by grid-enabled middleware and application
programs. These middleware suites and application
programs for computing resource collaboration need to be
installed and configured appropriately in advance of being
accessed by users. Only privileged users can perform
system-wide deployment and configurations of such

software programs.
For massively distributed resources of different
organizations, however, this “manpower intensive”

deployment task becomes a bottleneck hindering rapid and
dynamic collaboration over diverse computing resources

by end-users. It is difficult to deploy software programs
with their appropriate settings in ever changing
heterogeneous resource environments, in an efficient
manner for all kinds of computing resource usage. This
problem is caused by administrator oriented management
approaches to resource allocation and software
deployments, which means that end-users cannot decide
how to combine distributed resources on demand and how
to fully configure them for their purposes. In this paper,
we propose a user-oriented, distributed deployment and
management mechanism for grid computing systems,
which is based on multi site virtual clusters; allowing users
to incorporate distributed computing resources into their
own single virtual clusters over WAN. Our mechanism is
composed of inter-domain resource control protocols,
resource virtualization technologies including virtual
machines (VMs) and virtual private networks (VPNs), and
scalable virtual node management mechanisms. It allows
greater autonomy for End-users in obtaining and utilizing
distributed computing resources from differ- ENT
organizations.

A multi-site virtual cluster is composed of distributed
VMsin different locations, which are created by end-users
via the inter domain resource control protocols. The
virtualization mechanisms available from resource
providers create VMs at the request of end-users, and the
alocated VMs are interconnected via VPNs for single
cluster views. Its virtual node management mechanisms
allow users to deploy operating systems and grid
applications in their distributed VMs rapidly, and to
customize each virtual node flexibly, with the minimum
management cost. The contribution of this paper is to
address system deployment and management problems in
large-scale distributed computing environments, which
have not yet been tackled by both grid and virtualization
technologies. It presents novel system deployment and
management mechanisms that enable end-users to build
their own distributed computing environments easily and
rapidly. It aso shows the validity of the proposed
mechanisms in WAN environments through verification
by our experiments.

1. Related Work

Although existing grid technologies provide remote access
mechanisms for distributed resources, they do not address
the distributed deployment and management of grid-
enabled programs by end-users. Virtualization is the key to
creating isolated computing environments for users.
Recent virtualization research and technologies, however,
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have not addressed distributed deployment and

management problems.

Cloud computing with virtualization, such as Amazon
EC2 [1], is a web service through which users create VMs
and customize them for their applications. However,
because its target customers are web service providers and
not grid application users, it does not have the
functionality to manage large-scale distributed VMs from
different organizations. Virtua Workspace [2] is a
virtualized execution environment based on the Globus
Toolkit framework. It allows clients to create VMs on
remote resource providers through the WSRF protocols.
However, it lacks an integration mechanism for VMs
alocated in different locations. Our research aims to allow
users to manage large-scale distributed VMs in an easy
and flexible manner, as if they were in a single physical
cluster; providing the distributed computing infrastructure
through which end-users and different organizations can
collaborate easily by using easy-to-use multi-site virtual
clusters. Planet Lab [3] is a distributed computing test bed
for large-scale network applications. Users can run their
network programs on VMs distributed at many sites over
the Internet. Since it focuses only on academic network
research communities, it does not address deployment and
management of grid computing systems for end-users.

I11. Multi-site Virtual Clusters

A multi-site virtual cluster is an advanced cluster
virtualization concept for greater scalability and flexibility,
as well as sufficient usability. Beyond physical hardware
limitations at one site, it aims to integrate distributed
computational resources into a single cluster form by
exploiting recent broad bandwidth backbone advances in
WAN environments. A conceptual overview is illustrated
in Figure 1, and its advantages are summarized as follows.

Scalability: A virtual cluster overlaying multiple sites can
be composed of a greater number of computational hodes
than can single-site hardware resources. This breaks
hardware resource limitations at a single site, and
integrates distributed computer resources as virtua
clusters.

Virtual Cluster

Physical Clusters
at Site A

at Site B

Fig.1. multi-site virtual clusters
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In recent years, broadband networks over 1Gbps have
been widely deployed between large-scal e data centers and
computer centers, and end-to-end reservations of network
resources are becoming possible in academic and
commercial backbone networks. These networks enable
virtual clusters to be extended to other remote sites in a
scalable manner.

Flexibility: A virtual cluster can be dynamically expanded
according to user requests, by adding more and more
virtual machines from remote sites. It is also possible to
shrink it by releasing virtual machines. The virtual nodes
belonging to a virtual cluster can be substitutable with
other virtual machines of remote sites in a fairly
transparent manner; for instance, some virtual nodes can
be moved to other sites for hardware maintenance or
power saving of physical clusters.

Usability: Even though a virtual cluster consists of
distributed virtual machines located at remote sites, it can
be seen as a single system image "cluster" for users and
applications. Its underlying networking topology is
appropriately hidden from the inside of the virtual cluster.
Remote computer resources are integrated into a uniform
computing environment over its underlying heterogeneity,
so that existing cluster applications can be applied to
distributed environments with smaller efforts. A user
basically operates avirtua cluster in the same manner as a
physical one, using unmodified programs designed for
physical clusters.

V. The Concept of Multi-site Virtual
Clusters

We propose the concept of a multi-site virtual cluster,
which is a single cluster of distributed VMs allocated in
different locations. It is an easy-to-use computing
environment, through which users can rapidly deploy their
customized software programs to a large number of virtua
nodes, and easily manage them as a single cluster.

The requirements of multi-site support are summarized as
follows: First, the multi-site extension needs to have
compatibility with existing components and transparency
for the inside of a hosting virtual cluster. Our single-site
virtual clusters are basicaly designed to be scalable,
flexible, and usable as much as possible for available
hardware resources. We consider this basic design
architecture is also applicable to multi-site virtual clusters.
Its multi-site support should be achieved by a
dtraightforward extension of the existing design;
scalability, flexibility, and usability are improved in a
transparent manner for users, applications, and cluster
management systems. Users should be able to utilize
multi-site virtual clusters seamlessy by using existing
programs for physica clusters.

Second, multi-site virtual clusters should be allocated
rapidly, and their internal operating systems and
applications should be also installed and configured
quickly,
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VM VM VM VI. Experiments

We performed experiments to show the validity of the
proposed system. A primary issue is the deployment and
management cost of widely distributed, multi-site virtual
clusters. The proposed system has to enable users to
quickly configure their customized systems into
= = distributed VMs through the view of a single cluster. The
VM VM VM — experiments emulate a multi-site virtual cluster composed
e = of VMs at two different locations. Its internal network is
built with an Open VPN session linking them. It was
captured during a demonstration creating multi-site virtual
clusters from distributed computing resources at 5 remote
sites. A user-created multi-site virtual cluster composed of
26 VMs is connected to the same network segment via
VPNs. Six VMs were hosted on UCSD’s cluster and
others were at different locations in Japan. Four VPN
connections were established for a private network over
the Internet. Ethernet via a network emulator [8]. This
adds network latencies to all traffic between the clusters to
emulate a WAN environment.
The 134 VMs on Cluster B are reconfigured for the new
settings of grid system programs from a frontend node on
Cluster A. The VMs are reinstalled with a set of software
packages with their new settings. All software packages
are retrieved from the frontend node over the VPN
session. A transparent package caching server, however,
intercepts package requests and merges them to reduce
network traffic over the VPN session.

Multi-Site Virtual Cluster | VM
for Virtual Organization. X

. Site A . _ Site B
Fig. 2. User’s view of multi-site virtual clusters

with the minimum manual configurations. These
installations and configurations need to be performed
dynamically over networks for additional virtua
machines, so that users can fully customize their virtual
clusters anytime. Both efficient deployment and full
customization must be supported in this mechanism, even
for remote nodes over network latencies.

Third, flexible relocation of virtual machines is required
for management flexibility. Some virtual machines of a
virtual cluster should be able to be moved to other host
machines at remote sites; however the virtual cluster must
continue to work properly during the move. Without this
feature, it is difficult to maintain a large-scale virtual
cluster distributed, across many sites consistently.

V. Design and I mplementation

A multi-site virtual cluster is composed of virtual clusters
at its master site and worker sites, and these virtua
clusters at the sites are interconnected by Ethernet VPNs
to be a single cluster. The cluster manager is modified to
send/receive allocation requests of virtual clusters and also
reserve network resources if possible. A virtual front end
node of the local virtual cluster in the master site also
works as the Rocks front end node of the multi-site virtual

Bridged Private \RPM Cache - Squid

cluster; other virtua nodes at its worker sites are also Bittorrent Tracker Network (transparent Proxy)
installed and managed from the remote virtual front-end. Cluster A Cluster B
Ethernet VPN services and transparent cache servers are Fig.3. Experiment Setting

incorporated into the virtual cluster management system as

independent components for multi-site support.

We have developed a prototype implementation of the Installation Time (10 nodes)
proposed multi-site virtual cluster system, which supports =300
resource allocations and controls via the REST API. It has 2000
a portal Web sdite through which users can make
reservations of multi-site virtual clusters and monitor their
status. Through the portal Web site, users can
automatically install an internal operating system
optimized for system customization and deployment inside
multi-site virtual clusters. These implementations are
designed to be add-on packages of the NPACI Rocks
cluster toolkit. They will be available under an open S 20 40 &0 80 100
source license on our project page. ATT (ms)
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Figure 4: Installation time for 134 nodes under emulated
network latencies

Copyright © 2011 IJECCE, All right reserved
93



IJECCE

The reconfiguration was completed 800-1000 seconds
faster by enabling a cache server. VPN traffic becomes
much smaller than download traffic from the cache server.
The total transferred data over the VPN is considered as a
unique set of downloaded packages. In comparison with
VPN traffic was far less than the case without caching. In
the case where all packages are precached before
reconfiguration, it repeatedly took 1300 seconds under
various network latencies. VPN traffic was dramatically
reduced due to the fact that there was no package transfer.
It is reasonable to share common packagesin alocal cache
repository at each location.
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Figure 5: VPN throughput with package caching

These results clarify that our cluster configuration
framework designed for multi-site virtual clusters resolves
the major issues of distributed deployment and
management of large-scale VMs. Distributed VMSs in
remote locations are rapidly configured by our efficient
package caching mechanism, and also easily.

VI1Il. Conclusions

We proposed a user-oriented, distributed deployment and
management mechanism for grid computing systems,
based on multi-site virtual clusters. It enables end-users to
create large-scale clusters composed of VMs at different
locations, through which they can easily and rapidly
configure their grid system programs distributed over
different locations. Our mechanism is composed of inter-
domain resource control protocols, resource virtualization
technologies including Vmsa and VPNs, and scalable
virtual node management mechanisms. Our prototype
implementation enables users to rapidly build multi-site
virtual clusters over the Internet, and to easily configure
their internal systems through the view of a single cluster.
The experiments showed that our cluster management
framework allowed rapid configuration of large-scale
VMs under WAN latencies.
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