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Abstract: In a grid computing environment, heterogeneous resources are distributed in multiple VOs
which may have different local policies. Hence, scheduling and resource management are challenging
tasks in this context. Since a meta-scheduler is able to provide a virtualized resource access interface
to end users, and enforce global policies for both resource providers and consumers as well, it plays
more and more important roles in computational grids. In this paper, the design and implementation of
Community Scheduler Framework 4.0(CSF4) will be discussed. CSF4 is a WSRF compliant community
meta-scheduler, and released as an execution management service of GT4. Using CSF4, the users can
work with different local job schedulers, which may belong to different domains. Moreover, the
Pre-WS-GRAM protocol is also supported by CSF4, although it is based on WSRF specifications.
Therefore, CSF4 can be deployed in a GT4 and GT2 mixed grid environment, which is very convenient
for the users who have legacy applications.
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1. Introduction

The resources in grids are located in multiple sites and owned by different VOs. Each site
may have its local policies which are enforced by local job schedulers. And the protocols used
by these local schedulers, such as LSFM, PBS®, SGEP!, Condor™ etc, are also different.
Therefore, scheduling and resource management in grids are much more challenging than in
traditional clusters. A meta-scheduler is able to provide a virtualized resource access interface
so that the end users can make use of heterogeneous grid resources via standard protocols
such as GRAM. Further more, as global policies for both resource providers and consumers
can be enforced, the performance of the system and the quality of services provided are
improved. Hence, meta-schedulers increasingly play key roles in grid resource management.
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Figure 1 CSF4 in Globus Toolkit
CSF4, Community Scheduler Framework 4.0, is an OGSA based open source



meta-scheduler, which is built on top of GT4 Java WS Core. It is the first WSRF®™ compliant
meta-scheduler, and released as an execution management service component of Globus
Toolkit 4°! see figure 1. A number of web services are provided, like job service, queue
service, reservation service and resource management service and so on. Using CSF4, the grid
users can work with different local job schedulers, for instance, LSF, Condor, SGE, and PBS
etc via standard GRAM protocols. Since both WS-GRAM and Pre-WS-GRAM protocols are
supported, CSF4 can be used in GT4 and GT2 mixed environments. Moreover, the users are
also able to reserve resources in advance through CSF4 in a LSF cluster, which is not
supported by GRAM yet.

In this paper, we will discuss the design and implementation of CSF4. The rest of the
paper is organized as follows: Section 2 describes the architecture of CSF4. In section 3, the
services of CSF4 are presented. In section 4, we introduce how to deploy CSF4 in a grid
community briefly. The related works are discussed in section 5. At last, we draw the
conclusion and recount future plan.

2. CSF4 Architecture

According to "', a grid system can be divided into five layers. From bottom up, they are
fabric layer, connectivity layer, resource layer, collective layer and application layer. CSF4 is
located in collective layer and takes charge of global resource management and job
scheduling. It acts as an intermediary between a user community and local resources by
providing a single point of task management and global policy enforcement.

Grid Environment CSE4 Service

s

Resource Manager
Factory Service

Meta Information

WS-MDS =" ——————"= Resource Manager Reservation

Gram Service

Srevice

Resource Manager Job
LSF Service Service

/ Queuing Service

%

Pre-WS Environment
GateKeeper :
Grames | | GramsGE

I:l : Adapter - : Local Scheduler

Figure 2 CSF4 Architecture
CSF4 consists of a bunch of web services, which are Job Service, Reservation Service,
Queuing Service, and Resource Manager Factory Service etc. See Figure 2. Job Service and
Reservation Service provide the virtualized interface for end users to submit jobs and reserve
resources. In concept, Queuing Service is the container holding the jobs, reservation requests
and the scheduling policies to be applied. Multiple queues can be configured in CSF, and
different queues may have different scheduling polices. At submission time, the user should




specify a queue for the job. Otherwise, it will be put into the default queue.

Resource manager adapter are responsible for aggregating information of distributed
resources from local resource managers. Such information will be put into Global Index
Service for scheduling jobs and reserving resources. The GRAM protocol is used in the
communications between CSF4 and local job schedulers. Since LSF, PBS, and Condor use
different protocols for local job submission and resource management, the GRAM adapters
for specific local schedulers are included in GT4 packages, such as Gram-Fork, Gram-PBS
and Gram-Condor etc. However, there is no such an adapter for SGE shipped with GT4. The
one we used for testing is developed by London e-Science Centre, Gridwise Technologies and
MCNC.

However, it is not good enough to support WS-GRAM protocol only. For example, some
users still need GT2 environments to run their legacy applications. Hence, the Resource
Manager Factory Service and its several instance services are designed to make CSF4 more
extensible. Currently, two instance services are available for Resource Manager Factory
Service. One is Resource Manager Gram Service which is designed to support
Pre-WS-GRAM protocol. The other one, Resource Manager Lsf service, is used to support
resource reservation that is not supported by GRAM yet. More details will be discussed in the
next section.

3. CSF4 Services

CSF4 consists of a number of web services hosted in GT4 container such as, Job Service,
Reservation Service, Queuing Service, and Resource Manger Services etc. See Figure 3.
Among them, Job Service, Reservation Service and Queuing Service provide the interface for
end users to submit job, reserve resource and enforce scheduling policies. Resource Manger
Services are designed to support the alternative protocols other than WS GRAM.
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e Job Service

Job Service provides the interfaces for end users to fully control a job. The users are able
to create job instances, submit jobs to a queue, modify a job’s description and monitor job
status etc. Once created, the job’s EPR will be returned to the user for further operations. A
new created job does not belong to any queue until a submission operation is issued. CSF
jobs are described in RSL®!. And a number of new tags are introduced by CSF, for example,
<ReservationID>, <ClusterName>, <QueueName> and so on. With using new tags, the users
can specify a job’s queue name, reserved resource ID, or execution cluster name. However, as
the new tags are not recognized by GRAM, such jobs have to be dispatched via Resource
Manger Services.

e Reservation Service

Reservation Service allows the users to reserve the resources for their jobs in advance so
that the availability of the resources can be guaranteed. It is a very useful feature for
large-scale and critical jobs. The user’s reservation requests will be put into a queue first, and
then be scheduled to the local scheduler by Queue Service. However, since GRAM does not
support resource reservation functionality, the reservation requests are forwarded to local
schedulers via specific Resource Manager Service instance, for example, Resource Manager
Lsf Service.

Both the jobs and reservation requests are hosted in GT4 container as RPs (Resource
Property), and their EPRs will be returned to the user for future operations. In the mean time,
those EPRs are also saved in WS-MDS as well. It will provide the below advantages. First,
the recovery mechanism of GT4 Index Service will make the jobs and reservations
persistence after reboot. Second, according to customized conditions and RPs status, Trigger
Service is able to notify the clients once their jobs or reservations status changed.

e Queuing Service

In CSF, a queue represents a set of specified scheduling policies and the associated jobs
and reservation requests. The queue’s scheduling policies are specified by the admin through
configuration. After a queue service instance created, the user can submit jobs and
reservations to the queue. Then the queue will start to schedule the jobs and reservations
periodically. Currently, only FCFS and Throttle polices are provided by CSF4. CSF4’s design
philosophy is to provide an extensible framework and enable the end users to develop tailored
scheduling polices themselves. So CSF4 implements a scheduler plugin prototype to dynamic
load scheduling modules, however, it is not quite matured.

e Resource Manager Services

Resource Manger Services are not used by end users directly. They are designed to
support alternative protocols other than WS GRAM. Resource Manager Services consist of
one factory service, Resource Manager Factory Service, and two instance services, Resource
Manager Lsf Service and Resource Manager Gram Service.

Resource Manager Lsf Service is an instance service designed to support non-GRAM
protocol between CSF4 and LSF. Some advanced features, such as resource reservation and
extended RSL tags, are supported via this service. However, a special component, gabd, need



be deployed as an adapter between the CSF4 and LSF clusters. Although Resource Manager
Lsf Service is for LSF only, similar instance services can be designed for SGE, and PBS as
well by following the same idea.

Although Globus Toolkit 4 has been released for a while, however, it is not reasonable to
expect that all users can switch to GT4 platform immediately, especially for those who have
legacy applications. Hence, CSF4 provides the Resource Manager Gram Service to support
GRAM?2 protocol via Java Commodity Grid Kit® library. The service recognizes the job
descriptions in both RSL format and non-RSL format, and is able to work with both
WS-GRAM and Pre-WS GRAM protocols. Therefore, CSF4 can be deployed in a GT4 and
GT2 mixed grid environment.

4. Deploy CSF4 In A Grid Community
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Figure 4 Resource Sharing in A Grid Community

CSF4 also supports resource sharing in a grid community environment. For example, in
Figure 4, there are four independent grid systems. Each sub-grid system has CSF4 and local
resource managers installed. These sites can be deployed as a community via configuration. And
one of the sites will be deployed as the community center.

After that, all the sites in the community will upload their resource information from
local MDS to the community center’s MDS. And the center MDS will also publish the
aggregated resource information to the sites in the community. Hence, each site’s MDS will
have the global resource information. As long as the users in the community are mutual trust
at each site, the jobs can be dispatched to anywhere in the community. For instance, the jobs
submitted from site A can be forwarded by to Site B or Site C’s clusters to run. Therefore,
CSF4 can be used as a grid community scheduler.

5. Related Works

CSF4’s previous version, CSF3% is a OGSI™ compliant meta-scheduler contributed by
Platform. CSF4 re-implements all the functionalities of CSF3 based on WSRF specification
with some enhancements. For example, CSF4 provides the backward compatibility to GT2.
Gridway™ is another meta-scheduler that can work with both Pre-WS and WS GRAM
services simultaneously. GridWay is a light-weight meta-scheduler that performs job
execution management and resource brokering. However, GridWay works on top of GT4,



while CSF4 is part of GT4 and deployed as a bunch of web services inside GT4 container.
MARS™ is an open-source meta-scheduling framework that can be integrated into

existing campus infrastructure to provide task scheduling and resource management
capabilities. MARS supports both Globus Pre-WS GRAM and PBS protocols.

Condor-G™ is a grid-level task manager to integrate Condor with the Globus middleware.
It allows the jobs to be executed on remote GRAM-enabled computers, and provides a
number of features including job monitoring, logging, notification, policy enforcement, fault
tolerance, job migration and credential management. But it only supports Pre-WS GRAM.

Silver™ s an advance reservation based meta-scheduler. It provides single point access to
multiple independently managed local clusters, like PBS, Torque and SGE. Users or systems
can submit workload to Silver and have Silver determine where and when to run the job.
Silver can inter-operate with GT2 services, like gatekeeper and GridFTP services, to do job
migration, data staging, and credential management.

6. Conclusion

This paper describes CSF4, a WSRF compliant community meta-scheduler framework
meta-scheduler. It provides job submission, job management, resource advance reservation,
and policy enforcement. Moreover, CSF4 supports both WS-GRAM and Pre-WS-GRAM so
that it can be used in a GT4 and GT2 mixed grid environment. We have deployed CSF4 on
PRAGMA's™ grid test bed and successfully integrate it with Gfarm™”!, SGE and LSF to
support data-intensive bioinformatics applications.

In the future, we are going to introduce more advance scheduling policies to CSF4, such
as data aware scheduling, and co-scheduling etc. However, in the real world, each user has a
different requirement. No matter how many scheduling polices are provided, no scheduler can
meet all users’ needs. Therefore, it is also a priority to us to enhance CSF’s scheduler plugin
prototype so that the end users can develop tailored scheduling policies in convenient.
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