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Abstract—Grid computing enables the access of heteroge-
neous computational resources across a dynamic set of physical
organisations seamlessly. A campus grid is an example of the
grid solution which is located within a single administrative do-
main. In the majority of installations these enable connection of
all institutionally owned computational resources, making them
transparently available to appropriately registered members of
staff.

In this paper we introduce the design and implementation
of a lightweight campus grid framework. It manages a set of
heterogeneous computational resources, using virtual organisa-
tion based policies for each individual grid resource and enables
user’s to transparently access resources through a unified user-
friendly interface.

The proposed framework can discover, aggregate and broker
all of these heterogeneous resources with low management
costs that matches users requirements. With this framework,
a campus grid enables university-wide, regional-wide, national
and international grid resources become transparently avail-
able to university members through their university account
without knowing how to access each individual resource.
Such a framework allows scalable grid resource sharing,
virtual organisation based resource management, dynamical
and autonomous resource brokering with improved usability
and manageability in a campus grid environment.

Keywords: Grid Computing, Campus Grid, Resource Bro-
ker, Condor, GLUE Schema, BDII, Virtual Organisations,
Windows HPCS.

I. INTRODUCTION

Grid computing has been widely adopted within the
research community to support distributed computational
tasks and conduct scientific experiments. Generally, grid
computing is a method by which access is given seamlessly
to a set of heterogeneous computational resources across a
dynamic set of physical organizations, supplying massive
computing and storage capability.

In a university-wide environment, a campus grid aims
to aggregate available computational resources with easy
access to both staffs and students. Within a university
there are a large number of desktop systems available in
addition to a number of university or departmentally owned
dedicated clusters for high performance computing. All of
these resources are unlikely to be fully utilised and as
such methods to improve return on investment need to be

pursued. In addition, there are also national and international
grid networks being constructed, such as the UK National
Grid Service (NGS) [1] and the European Grid Initiative
(EGD [?], which aggregate resources from many different
academic institutions using defined open standard grid in-
terfaces.

Many universities wish to aggregate and fully utilise
university-wide resources as well as ensure that researchers
within their organisation are able to optimally access na-
tional resources. This will allow the institution to improve
the resource utilisation as well as reduce the perceived
overhead of buying expensive high performance computers
(HPCs) for limited numbers of researchers. Many university
researchers without dedicated computing budget also need
such low-cost or even free computing facilities for their
research. Thus a number of research and development efforts
have been carried out for services grid, desktop grid and
volunteer computing systems, such as [2]-[5]. However,
there are still several challenges for building such a campus-
wide grid system from the perspective of computational re-
source management, discovery, brokering and user-friendly
resource access with trustful security.

First, unlike volunteer computing paradigms, in which
computers can be fully available when they are idle.
Within many campuses departments are responsible for their
own energy costs. Therefore many computational resource
providers might only want to share a proportion of their
computing resources with others (e.g. between two de-
partments). Also, these providers are unlikely to provide
significant systems management effort to external users of
such services.

Second, the majority of researchers are not experts in
distributed computing and hence will not be familiar with
grid technology, including not only accessing remote sys-
tems but also knowing how to find out what researchers
are available to them. The process of applying and using
the X.509 [6] based certificate, and the complexity of using
digital certificates to access grid resources also raise possible
barriers to usage.the learning curve for users.

Third, many of these computational resources are het-
erogeneous, and need to be discovered and managed in a
campus environment. Thus a resource discovery mechanism



is needed for harvesting these computational resources. The
user community also does not present a homogeneous set
of requirements for their computational and the status and
availability of most grid resources are changing from time
to time. Thus an effective and scalable campus grid resource
broker (RB) is needed to match and dispatch jobs according
to user’s requirements.

In this paper, we address these issues, and provide a
lightweight campus grid framework. The framework pro-
vides resource discovery and harvesting mechanisms for
these heterogeneous resources. To improve the usability as
well as balance the security concerns, a user-friendly unified
access interface is adopted to based on the university user
account system. Overall, the proposed framework improves
the utilisation, manageability and usability of these com-
puting resources and lower the overall computational cost
for universities. It also accelerates the research process for
researchers.

The rest of the paper is organized as follows: Section II
introduces previous and related work; Section III introduces
the architecture overview of the frame work; Section IV
introduces technical details of implementations; Section V
introduces the evaluation results based on initial implemen-
tations; Finally, in Section VI, we draw some conclusions
and discuss possible future work.

II. RELATED WORK

The Campus Grid is a popular research and development
area for universities, since most universities own a large
number of different types of computer and have significant
demands for provision of computational resources to support
different types of research. Thus many universities have
developed infrastructures to achieve such computational
resource management goals, such as the Imperial College
e-Science Networked Infrastructure (ICENI) [7], the Cardiff
Condor Pool [8], University of Bristol campus grid [?],
and Clemson University Condor system [9] etc. However,
compared to systems such as [7], [8], our framework aims
to support VO-based individual resource management with
policies, BDII and UDDI resource index services based
resource discovery and harvesting, especially for Microsoft
HPC Server. Furthermore, our framework also aims to take
additional resource information into consideration, such as
application software availability, geographical location of
the resource, the current resource usage and the network
performance etc. Work done in [?] went some way to support
this though had not constructed all the appropriate services.

At the resource brokering level, GridWay [10] is designed
as a grid-level meta-scheduler, which relies on the Globus
Toolkit [?] to dispatch jobs to other cluster-level resources
management systems, such as PBS, glite, Condor etc.
However, adopting GridWay was not an ideal solution for
us with the following incompatibilities. First, GridWay does
not support all existing resource index services directly

(e.g., MDS, BDII, UDDI) and relies on the underlying
resource management systems to provide resource discovery
capability.

Second, we aim to have one unified resource broker,
job scheduling and matchmaking capability building on the
functionaility provided by the Condor system. Such a solu-
tion on its own is sufficient for many campus grid systems
and is fully compatible with many existing departmental
Condor pools. However, within the Condor system there are
no automated methods by which resource information from
larger clustered systems may be added into the system. As
such this is essential for those institutions that are wishing to
aggregate existing production HPC systems into their grid.
Within the University of Oxford campus network system
there is also considerable network complexity that makes a
single Condor solution unfeasible.

Third, GridWay must rely on the Globus Toolkit to submit
jobs and stage the results back. However, our future aim is to
build the whole campus grid framework on open standards,
with which Globus is curently incompatible. We aim to use
the GridSAM software as the front-end of our RB and its
distributed resource manager (DRM) connectors to provide
the job submitting and data staging work, which also provide
the capability of accepting Job Submission Description Lan-
guage (JSDL) described [11] job submission, and Open Grid
Services Architecture - Basic Execution Service (OGSA-
BES) [12] based job execution [13].

For these reasons, we argue that our framework is an
alternative choice for campus grid systems, which can in-
tegrate heterogeneous grid resources and natively support
most existing grid resource index services using Condor
matchmaking capability directly, without deploying another
level of grid meta-scheduler.

III. FRAMEWORK DESIGN

For a campus grid framework, several key requirements
are identified, which can be briefly summarised as follows:

First, the framework should be scalable to a large number
of connected resources, able to automatically limit the
resources consumed to an acceptable level and control their
intrusiveness on the server they are running on including
the performance of application services, servers or networks
[14].

Second, the framework should be able to adapt to the
diversity of published resource information. As each site
may adopt different mechanisms of advertising its resources
and publish them to a particular type of information host-
ing/indexing server. All of these diversities should be tol-
erated and not affect the success of resource information
discovery.

Third, the framework should be reliable and tolerate the
instability of connected grid resources. Since the framework
will gather resource information from multiple information



sources that are published in a distributed manner, it is
likely that querying information for an individual site/cluster
might fail due to the network delay or host failure etc. In
such circumstances, the framework should be reliable and
tolerate these failures, minimize the dependencies between
the information retrieval and translation for each site/cluster.

Based on these requirements, we introduce the design
of a scalable and policy-aware distributed grid resource
management framework as shown in Figure 1. From this we
can see that the framework contains an RB, a virtual organ-
isation management server (VOMS), a resource information
harvesting and integration engine, a number of resource
information index servers for Linux, Unix and Windows
based resources, and finally a single sign-on authentication
service.

Together with these components, the framework provides
brokered access for users, attribute based resource and user
management, heterogeneous resource publishing, discovery,
aggregation and user’s jobs matchmaking with the RB. In
the following sections, we will introduce the design of each
of these components in detail.

A. Virtual Organisation-Based Resources and Users Man-
agement

For improving the usability of the grid security system we
have integrated university single sign-on (SSO) to provide
the users with credentials for accessing grid resources. The
framework automatically generates a short lived X.509-
based credential for the user. Thus all of the currently de-
veloped grid access mechanisms are transparently available
to users, such as Web-portals, workflow engines and SSH-
based access methods. This methodology allows all users to
gain access to the system using their university account and
not forcing them to go through complex externally managed
procedures.

We have locally built a VOMS system, which stores
resource information, resource usage polices and user in-
formation. The resource information includes the grid re-
source’s address and the name of its underlying DRM
system. The user’s information includes user’s name, role
and department. This information is from the university SSO
service and is used for controlling access to grid resources.
The resource usage policies include whether a grid resource
is enabled within the campus grid and what fraction of its
resources are accessible to the grid. Valid users, verified
by the VOMS, can submit their jobs to the RB, which
then matches the job specification with the most appropriate
resource and dispatches the job to the allocated resource.

To increase fault tolerance, the VOMS also stores the
correct DRM system installed on the grid resource. This
is due to experience of a number of systems incorrectly
configured and publishing false grid resource information
and hence causing job submission failure. Harvesting such
inaccurate resource information will result in inconsistent

resource states and job submission failures. However, within
large-scale distributed systems, manually checking the cor-
rectness of the published resource information is not fea-
sible. Thus, before the information of a grid resource is
advertised as available, the critical resource information will
be automatically validated and verified against the pre-stored
information in the VOMS server according the previous
success history. In the case of a failure of verification, the
resource will not be advertised. In such a way, we ensure that
all of the advertised resource descriptions are valid hence
improving the success rate of job execution.

B. Grid Resource Integration and Brokering

For most heterogeneous grid resources (such as Desktops,
Windows HPCs and Linux HPCs), resource information,
such as the number of CPUs, the size of memory, op-
erating systems and installed software stacks etc. will be
published into various resource indexing services, such as
Berkley Database Information Index (BDII) [15] and Uni-
versal Description Discovery and Integration (UDDI) [16]
using the widely adopted Grid Laboratory for a Uniform
Environment (GLUE) schema format [17]. The resource in-
tegration component can discover and harvest the up-to-date
resource information published into these index services.
The collected resource information is then translated and
advertised into the RB, which enables matchmaking for
submitted jobs. Due to the diverse methods of publishing
the resource information, it is not easy to gather these
various resource information published at different locations
in different formats and on different types of servers.

Within the proposed framework, we design a key-value
pair-based mapping rule pre-stored in XML-format, which
specifies the translation rule for both BDII-based GLUE
format as well as UDDI-based GLUE format whilst also
supporting various different GLUE versions. The key defines
the needed resource information for the RB and the value
is the actual format of such information stored in either
BDII-based or UDDI-based registries. In such a way, the
grid resource information published into either a BDII-based
directory service or UDDI-based registry, e.g. number of
CPU and memory size, can then be retrieved and advertised
into the RB according to the predefined rules.

The RB must be aware of the load on each remote
resource. To gather this information the RB will periodically
query the current job queue to retrieve the number of
queued jobs that have been submitted to a specified grid
resource. The RB then retrieves the policy information
from the VOMS, such as the maximum allowed jobs to
be submitted to a particular site/cluster and adds this as a
requirement in the resource description. This information
is used to provide load balancing and control between the
available grid resources as well as perform policy-aware job
submission (e.g. restricted CPUs usage).
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Figure 1. A Campus Grid Resource Management Framework

With our scheme for job allocation and resource selection,
the RB matches user job requirements and satisfies resource
providers’ policies on how they are willing to share their
resources. With such a schema, it is also easier to convince
resource owners not currently participating, to share their
computing resources without breaking the agreed resource
usage policies and hence generating extra management costs.
From users’ perspective, we also allow users to select
the appropriate resources for their jobs based on specific
requirements.

IV. IMPLEMENTATIONS

For implementing the proposed campus-wide grid re-
source management framework, we hope to reuse compo-
nents from available toolkits as much as possible and aim
to build a relatively lightweight software stack to deploy the
framework as easily as possible.

We have adopted Condor-G [18], a compute-intensive
workload management system, as the meta-schedular of
our campus grid broker. It performs Grid-like computing
and has the capability of aggregating a large number of
heterogeneous systems as one computing pool. The Condor
system also provides sophisticated job-resource matchmak-
ing mechanisms, allowing dynamic requirement based job
allocations to be performed.

However, Condor does not support VO-based policies.
It cannot recognise and submit jobs to Windows HPCs
and harvest grid resource information from BDII-based or
UDDI-based resource information publishing mechanisms.

In addition, we have found that high frequency concurrent
access of the job queue will result in a performance degrade
of Condor daemons. Thus, we also design a simple algorithm
within our framework for solving this problem.

Therefore on top of Condor-G we build an additional
software stack to fully enable the features needed for our
campus grid, such as supporting VO-based resource and
user management, grid resource harvesting from various
registries and providing customised submission scripts to
improve the usability for users.

A. Grid Resource Information Harvesting and Aggregation
into the Resource Broker

For resource discovery purposes, resource description
information must be made available in such a way that
the meta-scheduler can access the information. Currently,
GLUE is a widely adopted format for describing resource
information and such information is hosted by BDII systems
or Monitoring and Discovery Service 2 (MDS2) [19]. Re-
source information can also be published as metadata into
an XML-based UDDI registry, such as Grimoires [20] or
MDS4 [21], both of which are service registries designed to
be the central contact point where service/resource endpoints
are published. To provide an XML-based registry, we have
adopted Grimoires, which is able to expose registry entities,
such as businesses and services, together with their attached
metadata. By doing so, standard operations defined in the
Web Service Resource Framework (WSRF) [21] specifica-
tions can be used to operate on registry entities. Furthermore,
Grimoires 1.7 and above support the GLUE schema natively.



In order to let the RB adapt to these heterogeneous
resource information publishing mechanisms, we implement
the XML-based mapping schema, which contains details of
the mapping relationship, described in Section 3. It specifies
the requested attributes and its related GLUE schema for
BDII-based GLUE publishing or the XPath [22] query
expression for UDDI-based GLUE publishing. When the RB
starts, such mappings will be read into a hierarchical hash
table. When the resource information for a site is retrieved,
the RB will first try to discover its type (e.g., GLUE version),
then start matching the required information. In this way,
we improve the flexibility and adaptability of the resource
information harvesting and allow the GRB to work with
multiple types of index services. When additional resource
information is needed, we only need to update the mapping
rule file rather than redevelop and recompile the system
packages, which simplifies the implementation development.
Currently, we adopt the scheme of creating one resource
information query instance for each grid site/cluster to avoid
dependencies and reduce the query delay. In this way, a
failure or delay of querying a single grid resource will not
affect others and improve the reliability of the RB.

We design and implement the VOMS using the Post-
greSQL database server with predesigned tables to store
all necessary information as introduced in Section III-A.
Thus together with the RB, the implemented system can
harvest heterogeneous published resource information, such
as free CPUs, CPU types, operation systems, memory size
and job manager etc. In addition, a function of estimating the
round trip network delay is implemented, which records the
network overhead for resource harvesting. Such information
can be used for network performance related measurements.
If the geographical coordinates of a site is published, such
information is used to calculate the distance between the RB
and the grid site. This information is used for location-aware
job submission. For example, restricting the submission of
jobs within a given specified distance. Furthermore, we
implement a function of monitoring the current RB’s queue,
which analyses how many jobs have been submitted to a
specific resource. Together with the retrieved resource usage
polices from the VOMS, this information allows the the RB
performing load balancing according to current resource load
and usage restrictions.

Figure 2 shows a sample resource description produced
by the RB. It adopts the ClassAd format used in the Condor
systems, with new additions/differencs between this and
standard ClassAds highlighted. This includes, the current
resource usage for estimating the current resource workload,
the network query delay, the geographical distance between
the resource and the RB, the maximum number of jobs
allowable on a resource and an exemplar of an installed piece
of software. These have been added to enable more accurate
resource description and hence adaptive job requirements
matchmaking.

Rank="0.000000"
Location="OXFORD, UK”
OpSys="LINUX
WantAdRevaluate=True
TargetType="Job”
Usage="0.031914893617021274”
NetworkDelay="503.0ms”
MajorVersionTag="1"
Longitude="-1.259823"
Arch="INTEL”
Name="condor-zeus.oerc.ox.ac.uk”
MyType="Machine”
DistanceToRB="0.0km”
Memory=2026

State=""Unclaimed”

Total CPUs=94
Latitude="51.759792”
JobManager="condor”
CurMatches=3
Requirements=(CurMatches < 96)
&&(TARGET.JobUniverse==9)
resource_name="condor-zeus.oerc.ox.ac.uk/jobmanager-condor”
UpdateSequenceNumber=100000218
CurrentRank="0.000000"
FreeCPUs=91

DLPOLY=TRUE

Figure 2. A Sample Customised Resource Description ClassAd

We also implement a concurrent RB query avoidance
algorithm (see Algorithm 1) to avoid CPU and system I/O
overhead, which affects the performance of the RB. We
implement a daemon, which takes the snapshot of the RB
queue information at a fixed interval (1 minutes in default),
this information is stored in a global buffer and valid for a
specified period. The additional RB queue query will only
be executed when it reads the global buffer and finds that the
information in the buffer is empty or invalid. In addition, in
order to avoid concurrent global buffer access before each
query instance starts, a random delay will be generated. This
will avoid triggering the concurrent RB queue query when
the global buffer is empty. In such a way, it ensures that
concurrency will be avoided.

Overall, the whole framework is implemented in a modu-
lar manner and has been made operating system independent
way using JAVA, so that additional functionality may be
easily added in the future and the implemented system can
be easily reused in different environments or be extended to
adapt to specific requirements.

B. Microsoft Windows HPCS0S8 Information Advertising

With the introduction of Windows HPC Server 2008
(HPCSO08) a number of institutions have installed these sys-
tems. Oxford is one such institution and as such our campus
grid must also provide access to these facilities. However,
the Windows HPC platform does not provide native GLUE
based resource information publishing. To enable this we
provide a solution to retrieve resource information from
the HPCSO08 scheduler, generate GLUE format resource
descriptions and publish such resource information into the
XML-based Grimoires registry.



Algorithm 1 A simple concurrent GRB queue query avoid-
ance algorithm

1: Let p; be the process for retrieving resource information
for resource 7;

2: Let ¢; be the resource information update interval for
resource 7;
INIT:

3: Start query GRB queue Info

4. Create an empty cache space (C) in the memory.

5. C' will be emptied for every ¢;.

6: for all p; do

7. Inject a random delay = € (0, 10) seconds for p;.

8:  if = not reached then

9

wait;
10: else
11: read C'
12: if C == @ then
13: copy C to the local process
14: else
15: take a snapshot of the current GRB queue and
store in C'
16: end if
17: Parsing the interested GRB queue info
18:  end if
19: end for

In addition, in order to enable the JSDL job to be executed
in HPCSO08, GridSAM [23] has been revised to consume an
OGF HPC Basic Profile [?] compliant web service.

The GLUE information publishing system developed
for HPCSO08 is implemented in three packages: GLUE-
Generation (GLUE-G), GLUE-Translation (GLUE-T) and
GLUE-Publish (GLUE-P). The GLUE-G provides access
to HPCS08 and retrieves the resource information such as
the number of CPU, memory, running job numbers etc.
All of this information has been constructed in key-value
form, which is similar to the GLUE schema layout. The
GLUE-T package then reads the input stream of GLUE-
G and translates the retrieved information to XML ac-
cording to GLUE Schema 1.2 (which can be extended to
2.x). As the information retrieval and translation has been
separated, GLUE-G is developed in C# while GLUE-T is
in JAVA, information translation is generic and GLUE-
T can be applied to other computing platforms, exposing
a common programming style to the extensible API. The
GLUE-P is a JAVA Web service that addresses the aspects
of publishing HPCS08 GLUE information to an XML-based
UDDI registry using Grimoires.

V. EVALUATION

Following the implementation introduced in Section IV,
we are now able to test the performance of the framework.
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Figure 3. CPU and Memory Usage

We deploy specific components including; the VOMS and its
associated PostgreSQL database, the implemented GLUE-
G, GLUE-T and GLUE-P components on a Windows HPC
Server 2008 system and a UDDI registry using Grimoires
1.7. We also harvest resource information from BDII index
servers from the UK National Grid Service, the Oxford
Supercomputing Centre (OSC) and departmental clusters
and condor pools. We deployed the RB on a Dell Poweredge
2950 machine with dual Intel Xeon dual core 3GHz proces-
sors, 4GB RAM and 584GB data capacity. The kerberos-
based SSO service, Condor-G 6.8, and most of our imple-
mentations are deployed on this server for operating the VO-
policy aware grid resource harvesting, job matchmaking and
dispatching for resource brokering.

Overall, the RB pool aggregates between 40 and 50
clusters depending on availability, including departmental
resources, UK National Grid Service clusters, the OSC HPC
clusters and OeRC Microsoft HPC. These resources show a
reasonable diversity and enable us to show that our frame-
work enables easily configurable management and sharing of
these heterogeneous grid resources with satisfactory services
according users’ requirements. Within a month, the RB has
successfully dispatched around 13500 real users individual
jobs onto the dynamically discovered and connected het-
erogeneous grid resources, which contains more than 1500
CPUs' without breaking each resources usage policies as
well as involving significant manual management effort.

Another requirement we had was about the system over-
head of the RB software developed. Thus during the RB
test running period, we also monitored the CPU, memory
and network overhead generated by the implemented com-
ponents on the overall RB system hardware.

Figure 3 shows the CPU and memory usage of the RB
daemon. From Figure 3, we can see that the CPU usage
of our implementation is stable to less than 1%, which
satisfies the overall requirement of low system overhead.

IThe number of resources and CPUs varies and depends on the avail-
ability of each individual resource.
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Figure 4. Network Query Delays

We can also see that the CPU and memory usage do
not increase over time, thus the daemon can run stably
within the framework for significant periods of time without
operator intervention. Figure 4 shows the logged query delay
of discovering resources from various resource information
indexing services. It shows the query delay of BDII-based
departmental Condor resources and BDII-based National
Grid resources are around 170ms on average. The query
delay of the Grimoires registry for HPCSO0S8 is much longer
and less stable. These results indicate that the average query
delay of the BDII-based queries is much lower than for
the XML-based Grimories queries. Although, the Grimoires-
based service registry (UDDI) provides powerful capabil-
ities, such as Xpath-based queries and semantic-based re-
source discovery, in terms of performance, the BDII-based
resource registries are more efficient than the XML-based
resource information discovery at the current stage.

Overall, the evaluation results show that the designed
framework can broker these heterogeneous grid resources
smoothly with a reasonable system overhead. The frame-
work can also manage these resource autonomously ac-
cording to the given policy restrictions and dispatch user
submitted jobs according to their job specifications as well
as aware resource location, network condition and balance
the resource usage. All of these results match our design
goals.

VI. FUTURE WORK AND CONCLUSION

At the moment, we are actively continuing to develop
a more stable and robust system and enrich system func-
tionality. For example, more sophisticated matchmaking and
economic models can be designed and adopted for the
resource selection according to the job requirements. This
will improve the job success rate and lower the users
costs. In addition, as the cloud-computing paradigm becomes
more and more widely used, the concept of our framework
can be transformed into a resource-brokering framework
for cloud-based resources. One of the major functionalities
provided by a cloud service is the ability to find suitable

resources to create or migrate virtual machine images to
satisfy user specified requirements. This will include future
"cloud bursting from private cloud resources within a single
institution to those within public clouds when the resource
utilisation is very high. Such functionality is similar to
the job submission matchmaking within our framework but
such a paradigm will have a different virtualised resource
management infrastructure. The design of this framework
would possible adapt to such cloud-based services with a
customised cloud resource broker and virtual machine pool
manager. We will look into such development for campus-
based cloud infrastructures in the future.

In this paper, we introduce a framework for enabling
heterogeneous grid resources transparently shared within
a campus grid environment with supporting VO-based re-
sources and users management. With the proposed frame-
work, heterogeneous grid resources, such as departmental
desktops, Linux-based and Windows-based HPCs can be
aggregated into a RB dynamically and autonomously. Such a
campus grid framework reduces the complexity of using and
managing grid resources. It allows those researchers who do
not familiar with grid technologies to avoid using X.509-
based digital certificate to access grid resources transparently
with their university SSO accounts. It also allows the grid
resource providers restrict the proportion of resources they
want to share.

We have implemented the proposed framework and the
RB, which is capable of discovering, harvesting and ag-
gregate a large number of computational resources into the
campus grid. The RB can discover the resource information
published in GLUE format from either BDII or UDDI
registries regardless the format of the published resource
information and the type of resource index server, then
match suitable resources according to users’ job specifi-
cations. At the moment, the RB’s matchmaking capblity
relies on customised Condor’s ClassAd mechanism. Within
in the framework we propose a solution of dynamical
ClassAd generation, customisation and advertising according
to the current job queue’ status, VOMS-based resource
usage restrictions, resource locations and the network con-
ditions between the RB and each individual resources. Then
these published resource information can be discovered,
translated, verified and advertised into the GRB for more
sophisticated matchmaking.

We also implement a mechanism to publish HPCS08
resources into the Grimoires registry using the widely
adopted GLUE format in a UDDI compatible way and allow
jobs to be submitted to HPCSOS8 resources from the RB.
This experimental solution allows Windows resources to be
aggregated within a grid environment.

The design of the framework improves the scalability,
usability and manageability of a campus grid system with
large-scale heterogeneous local, regional and national com-
putational resources. Users can then submit their computa-



tional jobs to the campus grid and allow the RB to dispatch
these jobs to each individual resources according to the job
description, resources usage policies specified within the
VOMS and current resource conditions without knowing
where are these resources.

In order to improve the performance of the RB, we also
implement a simple algorithm to avoid concurrent job queue
access, which will generate an unexpected CPU and system
I/O overhead and affects the performance of the RB. Our
evaluation results show that such a solution is effective and
the overall system overhead of the RB is reasonable.

The initial implementation was evaluated within a campus
environment to dispatch real-users jobs. It brokers jobs
to more than 40 heterogeneous national, institutional and
departmental computational resources, which include the
UK NGS partner and affiliate resources, OSC HPC sys-
tems, university departmental resources and an instititional
HPSCO08 resource. It processes in excess of 13500 individual
jobs successfully per month in accordance of users job
specifications without violating resource usage polices.

Overall, the proposed framework allows scalable grid
resource sharing, dynamically and autonomously resource
brokering with a reasonable usability and manageability in
a campus grid environment, which achieves our design goals
and can be reused easily for many other grid resource sharing
environments.
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