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Abstract

The advancement of modelling and simulation within complex scientific applications is currently
constrained by the rate at which knowledge can be extracted from the data produced. As Grid Computing
evolves, new means of increasing the efficiency of data analysis are being explored. RealityGrid aims
to enable more efficient use of scientific computing resources within the condensed matter, materials
and biological science communities. The Imperial College e-Science Networked Infrastructure (ICENI)
Grid Middleware provides an end-to-end pipeline that simplifies the stages of computation, simulation
and collaboration. Scientists can utilise advanced scheduling mechanisms to ensure efficient planning of
computations, visualise and interactively steer simulations and securely collaborate with colleagues via
the Access Grid through a single integrated middleware application.

1 Introduction

The advancement of modelling and simulation
within complex scientific applications is currently
constrained by the rate at which knowledge can be
extracted from the data produced. As Grid Com-
puting evolves, new means of increasing the effi-
ciency of data analysis are being explored. Reali-
tyGrid [12], an Engineering and Physical Sciences
Research Council (EPSRC) project that is explor-
ing the use of Grid technology to investigate the
structure of matter at the meso and nanoscale lev-
els, aims to enable more efficient use of scientific
computing resources within the condensed matter,
materials and biological science communities.

The Imperial College e-Science Networked In-
frastructure (ICENI) [9, 8] Grid Middleware pro-
vides an end-to-end pipeline that simplifies the
stages of computation, simulation and collabora-
tion. Scientists can utilise advanced scheduling
mechanisms to ensure efficient planning of com-
putations, visualise and interactively steer simula-
tions and securely collaborate with colleagues via
the Access Grid through a single integrated middle-
ware application. In this paper, we explore various
computer science issues raised by the RealityGrid
project and show how the ICENI Grid Middleware
has been developed as a solution to these problems.

The rest of the paper is organised as follows.
Section 2 introduces the stages of the application
pipeline. These stages are covered in detail in Sec-

tions 3, 4 and 5. Section 6 describes the deploy-
ment work that has been undertaken. We conclude
in Section 7 by looking at future work that can fur-
ther enhance ICENI’s contribution to the Reality-
Grid project.

2 The Application Pipeline

The application pipeline consists of a series of oper-
ations required during the lifetime of an application.
These operations can be grouped into three broad
areas:

Deployment. This stage involves the preparation of
the code for the execution environment. It
also involves the specification of the applica-
tion meta-data that will be used, for example,
during the scheduling phase, as well as the
possible componentisation of the code.

Execution. The application is executed within a
Grid environment. This stage of the pipeline
includes scheduling execution against avail-
able resources. In most of the cases, the
scheduling algorithm will try to minimise the
execution time of the overall application. Dif-
ferent criteria might also be used, such as the
location of the resources on which the dif-
ferent components will execute (this might
be specified by the end-user when composing
and submitting the application).



Figure 2: LB3D Component Composition within ICENI

When the ICENI scheduling system requires
performance characteristics, the appropriate infor-
mation is supplied by the repository. The option
is also available to use developer supplied compo-
nent performance models in the place of historical
data. The various scheduling mechanisms are de-
scribed in [13]. Support for advanced reservations
is also integrated into the ICENI scheduling frame-
work allowing execution capacity to be reserved as
required.

4.2 Execution

At run-time, the LB3D Input Editor component gen-
erates its output file and then passes control to the
binary component, the next component in the com-
position. It also passes information about the loca-
tion of any files that may be required by the next
component to execute. The binary component can
then obtain the required data before execution us-
ing local knowledge about how to transfer data from
the resource that was running the Input Editor com-
ponent. In a similar way, files can be transferred
from the resource running the binary component at
the end of the execution of the LB3D application.
As output is produced on the standard output and
error streams, this data is displayed within the out-
put components which may execute on different re-
sources to the binary component. This allows a re-
mote resource to execute the LB3D algorithm while
the output data is transmitted back to the user’s local
system in real-time.

5 Collaborative Visualisation
and Steering

ICENI supports collaborative e-Science by provid-
ing a number of mechanisms that enable an LB3D
simulation to be visualised and steered by multiple
remote partners (see Figure 3), and supports an in-
tegrated Access Grid “collaboratory”.

Visualisation. Much of the science enabled by

LB3D concerns features (such as the gyroid
phase) that are very difficult to discover au-
tomatically from the data; such features are
only discernible through visualisation. ICENI
enables easy remote visualisation of an ex-
isting LB3D simulation through the exposure
of running components as services. Collabo-
rators can discover an executing application,
and connect visualisation components at run-
time without interfering or linking with the
initial application.

Visualisation components are provided to al-
low both local rendering of the visualisation
data and to transmit the visualisation over the
Access Grid. Multiple display components
can be added to a visualisation composition
allowing some systems to visualise the output
data locally while others receive the visualisa-
tion via the Access Grid. Stereo visualisation
components are also available.

Steering. The RealityGrid “fast-track” steering li-
brary [5] has been wrapped into an ICENI
component. This library provides hooks and
instrumentation into LB3D (and many other
RealityGrid applications), and provides the
link from the infrastructure to the applica-
tion. As an ICENI component, the steering
library is published as a service, and may be
discovered and invoked by anyone with the
correct access privileges. By utilising the
ICENI framework, multiple clients can in-
voke the steering library, and their commands
are passed in a coherent way to the applica-
tion. This provides added value over using
the steering library alone.

Since ICENI is Java-based, the steering li-
brary methods have been exposed to ICENI
using JNI. An ICENI steering proxy compo-
nent wraps the code of the native library using
JNI. The ICENI steering client components,
which provide a graphical interface for a user
to easily steer the LB3D computation, interact


