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Abstract

Initial work in the Grid ENabled Integrated Earth system model (GENIE) project involved a series of
parameter sweep experiments using a Grid infrastructure consisting of a �ocked Condor pool, a web
service oriented data management system and a web portal. In this paper we introduce the Imperial
College E-Science Networked Infrastructure (ICENI) Grid middleware, and describe how it can be used
to increase the ef�ciency of GENIE parameter sweep experiments. We perform several experiments using
a combination of different computational resources and different job deployment mechanisms. Our results
suggest that ICENI does not produce any signi�cant overhead in the sojourn time of a GENIE parameter
sweep experiment and can promote the sharing of computational resources between institutions.

1 Introduction

Earth System Models (ESM) are used by environ-
mental scientists to simulate the long term evolution
of the Earth’s climate by coupling together individ-
ual models of the climate system. The constituents
of an ESM can include models for the Earth’s at-
mosphere, ocean, sea-ice, marine sediments, land
surface, vegetation and soil, hydrology, ice sheets
and the biogeochemical cycling within and between
components. Due to the large number of compo-
nents involved, current ESMs tend to be highly ide-
alised with reduced dimensionality and/or low spa-
tial resolution (e.g. see Petoukhov et al., [18]), or
else tend to be too computationally demanding for
long-term or ensemble simulations (e.g. see Cox et
al., [2]).

The Grid ENabled Integrated Earth system
model (GENIE) project [8] intends to overcome the
limitations described above by leveraging the ad-
vantages of Grid based computing (e.g. see Berman
and Hey, [1]). The project aims to provide the envi-
ronmental sciences community with a Grid-based,
modular, distributed and scalable ESM for long-
term and paleo-climate studies, with the focus on
simulating the (geologically) recent ice-age cycles
and the future response of the Earth system to hu-
man activities, including global warming.

Initial work in GENIE was carried out using
a prototype ESM (aka c-GOLDSTEIN, [4]) com-
prised of a 3-dimensional (frictional geostrophic)
ocean model coupled to a (dynamic and thermody-
namic) sea-ice model and a 2-dimensional (energy-

moisture balance) atmosphere model. This was
used to test hypotheses concerning the in�uence of
freshwater transport upon the global ocean circula-
tion and consisted of several parameter sweep ex-
periments. Each experiment consisted of approx-
imately 103 individual runs of the prototype ESM
and consequently the entire investigation would
have taken several years to complete in the absence
of any e-Science support.

A Grid computing infrastructure was developed
for these experiments and consisted of a �ocked
Condor pool [21] composed of approximately 200
compute nodes, housed at the London e-Science
Centre [12], the Department of Computing at Impe-
rial College London [3], and the Southampton Re-
gional e-Science Centre [19]. The presence of insti-
tutional �rewalls required the designation and util-
isation of port ranges speci�ed by the Condor and
�rewall administrators at these institutions.

The creation, deployment and management of
each experiment upon Condor was facilitated by a
web-based portal, while a data management system
based on the Geodise Database Toolkit [9] was used
to manage the large volume of data produced by the
experiments. A technical account of this infrastruc-
ture is given by Gulamali et al., [10], while Marsh et
al., [13], discuss the results of the parameter sweep
experiments in a scienti�c context.

One of the constraints that were identi�ed in the
initial work with GENIE was the lack of any type of
resource brokering. In particular, while members of
the GENIE project were able to carry out their pa-
rameter sweep experiments on the available Condor
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resources, they were unable to commit their own, lo-
cally administered, computing resources to the ex-
periments. In this paper we discuss one possible so-
lution to this using the Imperial College e-Science
Networked Infrastructure (ICENI) Grid middleware
[11], and demonstrate how it may be used to ef�-
ciently run experiments across multiple resources,
providing the capability of true resource brokering.

We begin in Section 2 by giving an overview
of the ICENI middleware. We then describe how
a GENIE parameter sweep experiment may be
represented as an ICENI application (Section 3),
and introduce a new ICENI component that al-
lows experiments to be submitted to Grid resources
hosting high-throughput Distributed Resource Man-
agers (DRMs). We use this component to per-
form several GENIE parameter sweep experiments
through ICENI and discuss the performance over-
head introduced by ICENI (Section 4). We conclude
in Section 5 with a summary of our �ndings and an
outline for future work.

2 The ICENI Grid middleware

2.1 A service oriented architecture
The ICENI Grid middleware provides a dynamic
service management framework to aid resource ad-
ministrators, application developers, and end-users
to manage and use Grid environments. ICENI rep-
resents compute, storage and software resources as
services that can inter-operate using standard proto-
cols (e.g. Jini, SOAP, JXTA), and moreover can be
used to encapsulate the capabilities, availability and
behaviour of a resource. Consequently, resources
may be shared using a service level agreement (de-
�ned by the respective resource administrators) to
create a federated service oriented computational
Grid. Readers are referred to Furmento et al., [7],
for the technical details of ICENI as an service ori-
ented middleware.

ICENI uses a component programming model
to describe Grid applications. This is clearly bene�-
cial because it promotes code reuse and reduces the
task of Grid application development to that of ap-
plication composition (e.g. see Mayer et al., [14]).
Each component in an application represents an ab-
stract or running software resource service that can
communicate to other components in the applica-
tion through the ICENI middleware.

ICENI is rich in metadata which is preserved at
all levels within the system. This includes: metadata
about how each component in a particular applica-
tion works, as provided by the component devel-
oper; performance characteristics, stored from pre-
vious runs of the component within the ICENI en-

vironment; and metadata (both static and dynamic)
provided by the Grid resources which are avail-
able for use by components in an application. Two
of the core services provided by the middleware,
which make use of this rich metadata environment,
as well as being important in the context of the dis-
cussion herein, are the Launching Framework and
the Scheduling Framework. The following subsec-
tions give an overview of these services, as well as a
brief description of the application development and
submission environment for ICENI, and the ICENI
solution for componentising binary executable ap-
plications.

2.2 The Scheduling Framework

By making use of the componentised nature of
ICENI applications, along with the rich metadata
held within the system and the work�ow of the
given application, the Scheduling Framework ser-
vice within ICENI is capable of �nding an ef�cient
deployment of the components of an application
over a subset of the available resources.

ICENI applications are described in terms of
a data�ow oriented work�ow document called the
Execution Plan (EP). The EP de�nes which com-
ponents an application will be constructed from,
along with how data will �ow between these com-
ponents. The Scheduling Framework takes an ab-
stract description of the work�ow, in which the type
of component (the �meaning� of the component �
see Mayer et al., [15]) is de�ned but not it’s imple-
mentation, and, as the �rst stage of the enactment
process, determines an ef�cient deployment of the
components in the work�ow over a subset of the
available resources using a speci�c set of implemen-
tations. The reader is referred to Mayer et al., [15]
for a more comprehensive account of this process.

Schedulers are pluggable into the ICENI mid-
dleware and provide the means to choose the set of
implementations and resources. A number of sched-
ulers have been studied within the framework, in-
cluding random, best of n random, simulated an-
nealing and game theory schedulers (see Young et
al., [22]). The schedulers can be aware of the work-
�ow of an application in which case they take ac-
count of all the components in the application rather
than deploying each one separately. Schedulers can
also make use of functionality within the Schedul-
ing Framework service in order to perform their
tasks. These features include: the application map-
per, which can locate implementations of the com-
ponents to be used; the identity manager, which
determines if a user is allowed to access speci�c
resources or code; and the performance repository
which provides estimates for the execution times for



applicationcomponentswithin agivenwork�o w.
Theorderingof schedulesis asubjectivematter.

ICENI usesmetricsde�ned by theuserandthe re-
sourceownersto de�ne thepolicy for selectingthe
orderingof schedulesi.e. optimisationover execu-
tion timeand/orresourcecost,etc.Furtherinforma-
tion canbefoundin YoungandDarlington,[23].

Oncethe subsetof resourcesfor an application
to run over has beendetermined,the Scheduling
Framework in ICENI will generatea Job Descrip-
tion Markup Language (JDML) [16] documentfor
eachresourceused.Eachdocumentdescribeshow
ICENI may deploy an applicationcomponentonto
theparticularresourceit hasbeenallocatedto. The
following subsectionprovides a brief overview of
how thisentailsICENI to executeanentireapplica-
tion onasetof computationalresources.

2.3 The Launching Framework

In orderto deploy work ontoGrid resources,ICENI
usesaLaunchingFramework service.Thisprovides
two functions: that of advertising the resource(s)
availablethroughthe launcher;andthatof takinga
JDML document,convertingit into a locally under-
stoodformat,andexecutingit upontheappropriate
resource. Theremay be many LaunchingFrame-
work serviceswithin an ICENI basedGrid, with
eachservicerepresentingoneor moreresourceson
thatGrid. Pluggablelaunchersareattachedto each
of theseframeworksin orderto translatetheJDML
into anative formatthatcanbesubmittedto theap-
propriateresourcethrougheithera DRM or execu-
tion on the local resource.We have beenworking
with launchersfor fork (i.e. Shell script), and the
following DRMs: Condor, GlobusToolkit 2 [6] and
SunGrid Engine(SGE)[20].

The Launching Framework is responsiblefor
stagingany �les that may be requiredfor job ex-
ecutionto the resource,andstagingany appropri-
ate �les back afterwards. The framework is also
responsiblefor monitoringtherunningjobsandre-
portingbackif they terminateabnormally.

2.4 The Grid Container

The�nal stageof enactmentin theICENI modelis
theGrid Container, whichis responsiblefor starting
eachof thecomponentsthatareto bedeployedonto
that resourceand the communicationbetweenall
componentswithin theapplication.TheGrid Con-
tainersarerequiredto discover eachotherandpass
inter-componentcommunicationsbetweenthecom-
ponents.TheGrid Containeris alsoresponsiblefor
generatingtiming informationwhich is collectedby
the performancerepositoryto improve predictions
for futureuseof thecomponents.

2.5 Application developmentin ICENI

In orderto facilitatethedevelopmentof components
thatrepresentsoftwareresourcesin ICENI, a Com-
ponentBuilder applicationhasbeencreated.This
allowsanend-userto specifytheportsof theircom-
ponentaccordingto themeaning,behaviour andim-
plementationof the component(e.g. seeMayer et
al., [14]) in a systematicandgraphicalway. Hav-
ing donethis, theComponentBuilder cangenerate
thenecessarymetadata�les to allow thecomponent
to be expressedas a software resourceservicein
ICENI. Furthermore,a usermayalsoopt to gener-
ateasetof skeletonJavasourcecodeclasses,which
canbecompletedto producea workingJava imple-
mentationof their component.

As we have alreadymentioned,the component
programmingmodel employed by ICENI reduces
the taskof Grid applicationdevelopmentto thatof
componentcomposition.Oncea setof components
have been createdusing the ComponentBuilder
describedabove, andhave beencompiledandde-
ployedon ICENI asa setof softwareresourceser-
vices, they may be composedtogetherto form a
Gridapplication.To facilitatethis,aNetbeansbased
[17] clienthasbeendeveloped(Figure1). Theclient
allows end-usersto browse and monitor available
servicesuponICENI (theleft handpanelin the�g-
ure). It alsoprovidesan intuitive way for applica-
tions to becomposed,wherebycomponentscanbe
dragged-and-droppedontoa compositionpane(the
centralregion of Figure1), beforebeingconnected
togetherto visuallydescribethework�o w of theap-
plication. The composedapplicationcan then be
submittedand launchedonto ICENI throughNet-
beansin orderto executeit.

Figure1: A screenshotof theICENI NetbeansClient.

2.6 Binary Components

Most of the componentsusedin the GENIE appli-
cation were developedindependentlyfrom ICENI


