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1 Introduction
Component-based software engineering (CBSE) [1, 2] is
now a widely accepted software paradigm for developing
large, complex enterprise applications. CBSE promotes
software reuse and simplifies building and maintaining these
large applications by separating different aspects of software
development, e.g. component interaction models, compo-
nent implementations, and component composition, into in-
dividual entities that can easily be maintained [3]. There
exist many popular enterprise component standards and im-
plementations for different application domains. Examples
include Java Beans [4] and ActiveX [5] for building single
executables , and CORBA Component Model (CCM) [6],
Enterprise Javabeans (EJB) [7] and Distributed Component
Object Model (DCOM) [8] for building large-scale dis-
tributed applications.

Existing component standards and frameworks, however,
are designed with enterprise applications in mind and do
not address the needs for High-Performance Computing sci-
entific applications such as combustion modeling, global
climate modeling, and fusion plasma simulation. As a
result, these existing frameworks do not support features
that are important for HPC scientific applications, such as
the interoperability with scientific programming languages
(FORTRAN) and parallel computing infrastructure (mes-
sage passing standards, such as MPI). The DOE-sponsored
Common Component Architecture (CCA) [9] was devel-
oped as a grass-roots effort to address these needs of the
HPC communities before they may be adequately served
by the commodity off-the-shelf software frameworks and
tools [10].

In this paper, we demonstrate the needs for distributed

components in building large-scale, distributed and parallel
HPC applications. We also present our ongoing work in de-
veloping distributed CCA components. Our work is built on
top of Babel/Ccaffeine parallel CCA tools and existing re-
moting technologies. We then review related work. Finally,
we present our concluding remarks and sketch the future di-
rection for our research.

2 The Case for Distributed HPC
Components

Many existing CCA implementations, such as Ccaf-
feine [11, 12] and Dune [13], are research frameworks aim-
ing to bring CBSE into the high-performance parallel com-
puting world by composing local components developed
with different languages in the same address space. The
basic language interoperability needs (specifically, mod-
ern FORTRAN languages) are often handled by tools like
the Babel [14] Scientific Interface Description Language
(SIDL) compiler and Chasm [15] Language Interoperability
Tools. These frameworks, however, do not currently support
distributed components.

Large-scale scientific computing projects, such as the Fu-
sion Simulation Project (FSP), can benefit from connecting
and utilizing remote computing resources. The following
use cases exemplify possible use cases of integrated dis-
tributed and parallel applications.

� Due to restrictions on resources at supercomputing
centers, it is not uncommon for users to perform only
the computationally intensive work at those machines
and transport the resulting data back to local clusters
or desktop machines for post processing, data analy-
sis, and visualization. Resource restrictions can also be
caused by a lack of software tools on supercomputers
commonly used by scientists. Likewise, data visual-
ization is often not done remotely at a supercomputer
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due to a lack of hardware supports at supercomputing
center and the inefficiency incurred by running remote
visualization over the X protocol. Connecting numeri-
cal computation jobs with remote data analysis and vi-
sualization applications allows users to streamline the
workflow of scientific explorations.

� Another approach commonly adopted by computa-
tional scientists is to handle the data generation, anal-
ysis, and visualization in batch mode. Using this ap-
proach, users need to buffer the generated data files lo-
cally in the storage available at the supercomputing fa-
cility. However, most users often have a limited disk
quota for storing generated data. As a result, users
are forced to decide what data is interesting for later
analysis and discard the remaining data before running
the next computational job. To avoid wasting precious
computational cycles, it is sometimes suitable to col-
lect as much data as possible to explore new scien-
tific discoveries by streaming all the interesting data
out of the supercomputer to a remote data storage in
real time [16].

� Parallel physics components are not necessarily opti-
mized for the same parallel architecture. For example,
one physics component might be internally tightly cou-
pled and require a shared-memory machine to run well.
Another physics components might be able to take ad-
vantage of multi-level parallelism and run best on a
parallel vector machine. A third physics component
might not benefit at all by running on anything but a
standard Beowulf cluster. In cases like these, a loosely
coupled integrated physics application composed us-
ing distributed components would allow optimal use of
computational resources.

3 Exploring Diverse Distributed
Technologies

Figure 1 presents an achitectural overview of how dis-
tributed components can be used to build distributed appli-
cations. Distributed components are CCA components that
utilize exiting distributed technologies under the hood to
bring distributed aspects to conventional HPC applications.
Several existing CCA framework implementations, such as
XCAT [17] and SciRUN [18], do provide distributed com-
ponent capability. However, they do not currently interoper-
ate with each other or other CCA frameworks that target run-
ning high-performance parallel components. For example,
the XCAT project focuses on providing a distributed com-
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Figure 1: Supporting Distributed Application with Dis-
tributed Components.

ponent framework and uses Web Services as its underlying
distributed technology. SciRUN, however, uses CORBA as
its distributed backbone.

To support the kind of distributed and parallel
component-based applications outlined in the previous sec-
tion, we are working on implementing distributed CCA
components using a variety of existing distributed technolo-
gies which cover the distributed connecting aspects that ex-
isting HPC CCA frameworks do not address. This approach
will accommodate all the existing CCA implementations
and to provide connecting mechanisms for existing CCA
frameworks to talk to each other. To implement such dis-
tributed components, the two connecting components will
implement the matching port for the target components to
which the distributed component is connecting. Existing
distributed middleware standards can then be adopted to
provide the connectivity between distributed components.
This approach utilizes the easy composability of component
framework and allow us to connect applications of the same
or different CCA implementations.

For example, a developer can stream the data generated
by a simulation job running on a supercomputer to an in-
house cluster for data analysis or visualization using dis-
tributed components. Multiple distributed component pairs
can be used along with MxN components to establish mul-
tiple data streams between the supercomputer and the local
cluster. These multiple data streams effectively expand the
TCP window size and allow scientist to take advantage of
high-bandwidth, high-latency networks that are increasingly
common among major research institutes [19].

Since our approach utilizes existing and mature dis-
tributed technologies, implementing distributed components
also enables scientists access to abundant, existing dis-
tributed services available on the network. For example, a
Fusion Data Grid Service is being developed to allow fusion
plasma scientists access to experimental and simulation data
via a set of unified user interfaces. This service will enable
scientists easy access to these data and to reconcile exper-
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Table 1: Comparing Local Functions Calls with Ccaf-
feine Calls

Type Direct Calls Virtual Calls CCA Calls
calls/sec 103M 82.6M 36.5M

imental and simulation data. We will be able to make ser-
vices like this available to CCA applications as a distributed
component.

We have implemented a prototype distributed compo-
nent using widely accepted distributed middleware, such
as CORBA [20] and Web Services. To help us better
evaluate and select the proper distributed technologies, we
are conducting a series of benchmarking experiments un-
der different usage scenarios. We have thus far mea-
sured a basic component interaction model. A function
double cube double (in double x), which re-
turns the cube of input number x, is used to show how fast
components can exchange frequent and short messages.

The benchmark experiments use Ccaffeine 0.5.6 as the
CCA framework on a single 2.8 GHz Intel Pentium-4 CPU
running Red Hat Linux with kernel version 2.4.20-8. All
components are compiled with gcc 3.4.2 compilers using
full optimization (-O3). Table 1 summarizes our first set of
measurements comparing the baseline performance of call-
ing cube double between local Ccaffeine components to
simple, non-inline C++ function calls and virtual function
calls. This experiment magnifies the cost of function calls
by reducing the time spent in the actual function. Although
these experiments have been performed previously by other
CCA researchers, we beiieve it is important to conduct the
same tests again to keep track of the performance of cur-
rent Babel/Ccaffeine implementations and to establish a ba-
sic performance index of the machines used for subsequent
experiments.

We have also implemented a set of distributed compo-
nents using TAO [21], a high performance CORBA imple-
mentation developed by Washington University in St. Louis
and Vanderbilt University and gSoap, a popular C-based
Web Services development framework by Dr. Robert A.
van Engelen of Florida State University. To magnify the
time spent on processing remote invocation, the experiments
were conducted on the same machine, over the local loop-
back interface. This reduces the time spent on shipping data
over the network and thus signifies the time for marshaling
and demarshaling data for remote invocations.

As we can see from Table 2 and Table 1, implement-
ing distributed components as Babel/Ccaffeine components
imposes only minimal overhead to the component interac-

Table 2: Comparing the Performance of Operation Calls
Between Simple Client/Server Pair and Distributed
Components Using Different Distributed Technologies
(in calls/sec)

Type Client/Server Distributed
Component

CORBA (TAO) 8674 8386
Web Services (gSOAP) 6162 6030

tion. For coarser-grained components that often perform
more complex computations, these overheads are negligi-
ble. Based on our previous work on sending large datasets
over the network using CORBA and gSOAP [22], we know
that when sending large amont of data over the wire, the
overhead incurred by the HPC CCA framework will be even
more insignificant. We do plan to conduct more investiga-
tion into the issue of exchanging distributed large datasets
with our distributed component approach.

4 Related Work

There are several ongoing efforts in the CCA community to
support distributed CCA applications. As we already men-
tioned, the XCAT project developed by the Indiana Univer-
sity concentrates on exploring a CCA infrastructure over a
distributed model. It currently does not interact with other
CCA implementations.

There is also ongoing effort in the Babel group to support
Remote Method Invocation [23] for parallel data redistribu-
tion. The effort does not specifically depend on any specific
distributed middleware technologies. Therefore, our work
will be complementary to their effort in selecting a proper
distributed technology under different usage scenarios. Un-
like Babel RMI work, where all interactions are modeled be-
tween components, distributed components allow scientists
to abstract existing distributed services not implemented in
CCA as local CCA components.

The SciRUN team is developing the meta-component
model in SciRUN-2 project. It will provide interoperabil-
ity between Ccaffeine/Babel components inside a SciRUN-
2 runtime. Like our distributed components, this interop-
erability will enable scientists to take advantage of Babel
RMI work and connect numeric computation with remote
SciRUN data processing and analysis process. The Portable
Parallel CORBA Object (Paco++) [24] in the Paris Project
developed by la Institut de Recherche en Informatique et
Systèmes Aléatoires (IRISA), France, takes a different ap-
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proach to facilitate deploying parallel objects over a dis-
tributed network.

5 Conclusions and Future Work
The DOE sponsored CCA efforts address the lack of support
for the HPC community from commercial component based
frameworks. Existing CCA implementations, however, do
not interoperate well with each other. The distributed com-
ponents that we are developing enable scientists to integrate
and connect components from different CCA frameworks,
to utilize distributed network resources for data storage or
post processing, to connect to existing distributed services,
and to compose loosely coupled applications where each
component is running on its optimal parallel architecture.

We have implemented a prototype distributed component
using CORBA and performed preliminary benchmarking.
We plan to continue the prototyping and benchmarking ef-
fort in the near future to explore other distributed tech-
nologies, such as Web Services, and their performance un-
der other interaction scenarios, such as exchange of large
datasets. These prototyping and benchmarking efforts will
be beneficial for both our subsequent research and to the
broader CCA community.

In our Phase II research, our focus will shift toward ap-
plying the distributed components to provide transparent
connections between remote high performance applications,
e.g. connecting supercomputers running numerical compu-
tations with local clusters running data analysis and visual-
ization, or connecting physics components running across
different types of parallel machines.
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