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Introduction

Grid Computing [IFCKSTO01] has emerged in re-
cent years providing a way to perform parallel com-
puting in distributed computational resources. Fur-
thermore, the Grid allows executing jobs in different
administrative domains and sharing their existent
HPC (High Performance Computing) resources. In
order to perform job scheduling, job management
and resource management at Grid level, usually it
is used a metascheduler or a Resource Broker. Typ-
ically, the Resource Broker is on top of the Grid
infrastructure and it tries to respect the local com-
putational resources policies of each administrative
domain and its autonomy.

In this paper we propose an architecture that al-
lows that the resource broker schedules in coor-
dination with the Local Resource Manager and
its local schedulers. In particular, we are inter-
ested in enabling the broker to obtain information
about the dynamic behavior of applications that
are running on the local computational resources.
Since the Grid technology area is very wide, this
project is targeted to High Performance Applica-
tions (OpenMP, MPI and MPI+OpenMP) executed
on a Grid composed of parallel machines, shared-
memory architectures (SMP and CC-NUMA) with
a medium to high number of processors.

The proposed architecture is composed for sev-
eral coordinated components; their characteristics
and design goals are exposed on the further sections.
The main objective of our system is to perform co-
ordinated scheduling between different levels.

Related Work

To the best of our knowledge, any developed sys-
tems have yet been developed implementing coor-
dinated scheduling between Grid level and other
lower levels managing MPI+OpenMP applications
as we propose in this paper. An emerging research
group at GGF is working in the Grid scheduling
architecture[GSAQ5] and it is introducing some con-
cepts of coordinated scheduling but it is only a pre-
liminary work.

Currently, there are available some different
projects that are working on external schedulers for
queuing systems, such as MAUI [MAUIO05]. In fact,
our first option was to extend MAUI to accomplish
our requirements, however there is a lack of techni-
cal information about MAUI and we had some prob-
lems with managing the multiprogramming level of
applications. Due to this, and since we have to coor-
dinate the scheduler with different components, we
decided to implement our own scheduler (eNANOS
scheduler).

There are other projects that are currently im-
plementing systems that include both queuing sys-
tem and scheduler, and that also advanced reser-
vation mechanisms, for instance, the OAR sched-
uler [OARO5], but they are difficult to extend for
achieve our requirements: incorporate mechanisms
to interact between the CPU and Grid Scheduling
in HPC-Environment.

System Architecture

Our system is composed by: a Grid level Resource
Broker, a Local Job Scheduler, a Processor Sched-
uler, a Performance Monitor, a Predictor System
and an Information System as is shown in 1.

The eNANOS Broker is an OGSA-Compliant Re-
source Broker developed as a Grid Service. It is
based on the Globus Toolkit and it is compatible
with both Globus Toolkit 2 and Globus Toolkit 3
services. It implements flexible mechanisms that
allow it to become compatible with next Globus
versions. The main services of this broker are:
Resource Discovery, Resource Selection, Resource
Monitoring, Job Submission and Job Monitoring.
It implements different scheduling and resource se-
lection policies, and provides interfaces that allow to
the end user to have control over them. For submit-
ting a job the user must provide a job description
and a user multi-criteria files (requirements, recom-
mendations and so on). More information about
eNANOS Broker can be found in [IRJCRM+05].

The scheduling of the local system jobs is done
by the eNANOS Scheduler. It is the responsible
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Figure 1: System Architecture

of managing jobs that there are queued in the lo-
cal queuing system. To carry out the scheduling
it obtains information about the local system state
and the parallel running applications, it also asks
for predictions of possible job executions. This last
issue will allow to the eNANOS Scheduler to imple-
ment advanced policies. Another important issue
of this local scheduler is that it is feed backing in-
formation to the Grid Broker about the jobs behav-
ior, allowing it to achieve better performance and
throughput thanks to this coordinated scheduling.

The Processor Scheduling is done through the
NANOS-CPUManager. It is the responsible of
processor scheduling, controling the jobs multi-
programming level and provide information about
those jobs to the eNANOS Scheduler. The NANOS-
CPUManager is currently implemented for several
architectures and SOs, including IBM with AIX 5.

We support that in a HPC execution environ-
ment applications should be dynamically monitored
to detect its real performance to be able to adjust
their scheduling. In our system this monitoring is
done by the Performance Monitor.

The Predictor System is the responsible of carry
out prediction about the requirements and perfor-
mance of the jobs. It helps to the eNANOS bro-
ker and to the eNANOS scheduler taking decisions
when brokering and scheduling.

The Information System provides information
about the different kind of entities that are involved
on a given host: Jobs, machines, queues and so on.
This system collects information from: The Grid
environment, the local system (CPU-Manager and

eNANOS Scheduler) and the local queuing system
(Load Leveler). It is intended to be a central point
of access to information of the overall Grid System.
The main goal of it is allow flowing information ver-
tically and bidirectional among all the scheduling
entities that are working in our system for achieve
better scheduling decisions.

Discussion

In the final version of this paper we will present
the explained architecture in more detail. Also we
will show results that demonstrate that there is a
performance improvement of MPI4+OpenMP appli-
cations with the current system, and that a coordi-
nated scheduling between all the components of the
system allows to achieve a better throughput and
to take better scheduling decisions.

We believe that an important issue is that the
information should be shared with all the compo-
nents of the system. If the the Grid borker has more
dynamic information about the lower layers of the
system it will be able to do a more suitable schedule.
By the other hand the local scheduler will be able to
get more troughput of the system if it knows more
information about the jobs that are coming from
the upper layers.

Currently we are working in the information sys-
tem and predictor system implementation. Thus,
the local scheduler has to be finished using the ser-
vices offered by these components. Also we are
working in the coordination between the broker and
the local environment. In consequence, we can im-
plement new Grid scheduling policies helped by the
information extracted from the local system. More-
over, we plan to implement job migration and QoS
mechanisms.
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