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Fig. 12. CyberShake resource usage for the period between April 28, 2009 and June 11, 2009.

to provision resources and Condor was used to sched-
ule the workflow tasks.

In the period between April 28, 2009 and June 11,
2009 the CyberShake team computed the seismic haz-
ard for 220 sites located in Southern California. This
work involved the execution of over 197 million work-
flow tasks. Corral was used to provision resources from
the Ranger cluster at TACC. A timeline showing the
resource usage for that period is shown in Fig. 12. The
application made 64 provisioning requests for a total of
1.19 million CPU hours. The times where no resources
were provisioned (white spaces in Fig. 12) correspond
to the times when Ranger was down for maintenance
or no new workflows were being scheduled and thus
no provisioning requests were made. The figure also
shows that for some time up to 4500 resources were
provisioned. For most of the time 2400 cores were be-
ing provisioned for the workflow tasks.

Although in this case the provisioned resources tar-
geted a single cluster, Corral is able to provision re-
sources across a number of computational sites. In ad-
dition, a single Corral server can provision resources
for multiple applications and multiple resource pools.

An open issue is how to optimize the resource uti-
lization while running workflows on provisioned re-
sources. It is possible for some fraction of the resources
to sit idle while waiting for new workflow tasks. For
large-scale workflows, such as SCEC, resource utiliza-
tion can be improved by tuning the task scheduling
system to release a sufficient number of tasks to the
resources. For small workflows or workflows with a
small number parallel tasks, a solution could be to run
multiple, independent workflows or tune the number of
resources provisioned over time.

After the execution of the 220 sites in the Spring of
2009, SCEC scientists are now analyzing the results of
the computations and are preparing for an even larger
set of runs in 2010.

6. Related work

Pilot-based resource provisioning systems have
been used to acquire resources on Grid-based systems
in order to overcome the job startup overheads and un-
certainties. Here we mention the ones most related to
our work and describe the differences between these
systems and Corral.

Condor_glidein [7] is a command-line tool that can
be used to add grid resources to an existing Condor
pool using the glidein technique. Condor_glidein is
simple to use, but unlike Corral it does not support ad-
vanced features such as an API, automatic resubmis-
sions or the ability to provision multiple resources at
once.

GlideinWMS [29] is a workload management sys-
tem that is also based on Condor. It supports dynamic
provisioning by polling Condor for queued application
jobs and automatically provisioning grid resources to
service them. Unlike Corral, which provides a direct
interface for provisioning an exact number of resources
for a definite period of time, glideinWMS automati-
cally requests and releases resources for a group of
users based on the current group workload.

MyCluster [38] creates personal clusters using sev-
eral different resource managers including Condor. It
can automatically maintain fixed-size pools by resub-
mitting resource requests as they expire, and it allows
users to control the granularity of resource requests. It
uses a virtual network overlay and user space network
file system to avoid pre-staging executables. Unlike
Corral, MyCluster does not have any programmatic in-
terfaces that can be used to develop provisioning tools.

Falkon [27] is a multi-level scheduling system de-
signed for applications requiring very high task
throughput. It consists of a web service that accepts job
requests, a provisioner that allocates resources from re-
mote sites, and a custom node manager that executes
application jobs on provisioned resources. Although
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A comparison of multi-level scheduling systems

System Resource managers User interfaces Provisioning policies Firewall negotiation Resource provider
interfaces

Condor_glidein Condor Command-line Static None Globus

GlideinWMS Condor None (automatic) Dynamic GCB Globus

MyCluster Condor, Command-line Static Manager on head Globus, PBS,
SGE, node, virtual SGE, LoadLeveler,
OpenPBS networking LSF, Condor, EC2

Falkon Custom API Static, dynamic Manager on head node Globus

VGES Torque API Static Manager on head node Globus, EC2

DIANE Custom API, command-line Static, dynamic Outbound only Ganga

Corral Condor API, command-line Static GCB, CCB Globus

Falkon achieves very high throughput, it does so by
omitting many of the features provided by off-the-shelf
resource managers such as resource matching and job
prioritization.

The VGES system includes a Java API that creates
personal clusters on the grid [19]. The system uses a
custom version of the Torque resource manager [37]
that has been modified to run in user-mode. It creates
personal clusters by starting Torque daemons on host
clusters using grid protocols. Access to these personal
clusters is provided through a user-level Globus gate-
keeper that is started on the host cluster’s head node.
The system assumes that both Torque and Globus are
installed and configured on the remote site and, unlike
Corral, does not pre-stage executables.

DIANE [23] is a master-worker framework based on
multi-level scheduling. It consists of a master process
and several agent processes. The agents are started on
grid worker nodes and contact the master to request
tasks. The master distributes the tasks and merges
the results. Like Falkon, DIANE relies on a cus-
tom scheduling system and does not support generic,
off-the-shelf resource managers. And unlike Corral,
DIANE requires applications to be developed using a
custom API that ties the application strongly to the
DIANE framework.

Table 5 summarizes the differences between the var-
ious systems. Clearly there is no system that has all
the features, so there is a potential of developing more
comprehensive solutions.

7. Conclusions
Scientists in many fields are developing large-scale,

workflow applications for complex, data-intensive sci-
entific analyses [34]. These applications require the

use of large numbers of low-latency computational re-
sources in order to produce results in a reasonable
amount of time. Although the grid provides access to
ample resources, the traditional approach to accessing
these resources introduces many overheads and delays
that make the grid an inefficient platform for executing
workflows.

In this paper we presented the design and implemen-
tation of a resource provisioning system called Corral.
Although Corral is a general-purpose resource provi-
sioning system, it can greatly benefit the performance
of workflow applications executing on clusters and the
grid. The system is based on the concept of multi-level
scheduling. This approach eliminates queuing delays
by reserving resources, reduces overheads by stream-
lining resource management, and improves parallelism
by allowing the user to specify application-specific
scheduling policies.

We have shown how the use of Corral can improve
the runtime of three real workflow applications. The
system was shown to reduce the runtime of an astron-
omy application by 45% on average without cluster-
ing and 11% on average with clustering. Our results
indicated that a combination of provisioning to reduce
queue delays and clustering to amortize scheduling de-
lays provided the best improvement in runtime. In ad-
dition, we showed how the system can be used to by-
pass restrictive site scheduling policies that, e.g. limit
the number of processors that can be used concurrently.
This enabled an order of magnitude reduction in the
runtime of a genome mapping application.

Finally, we have shown that the system is being used
today to enable the execution of scientifically meaning-
ful workflows, such as those being run by earthquake
scientists.

In the future we plan to expand the capabilities of the
Corral system by adding support for parallel applica-
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tion jobs, GSI security and dynamic provisioning. We
are currently working to expand the backend capabili-
ties of Corral to target other grid and cloud platforms,
and we are working with the glideinWMS team [29]
to use this expanded capability to provide a service-
oriented front-end to glideinWMS.
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