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Abstract 
 

The “CyberBridges” pilot project is an innovative 
model for creating a new generation of scientists and 
engineers who are capable of fully integrating 
cyberinfrastructure into the whole educational, 
professional, and creative process of their respective 
disciplines. CyberBridges augments graduate student 
education to include a foundation of understanding in 
Advanced Networking and Grid Infrastructure for 
High Performance Computing, and bridges the divide 
between the information technology community and 
diverse science and engineering disciplines. We 
demonstrate the effectiveness of CyberBridges by 
providing four case studies. Groundwork has begun to 
extend the outreach of CyberBridges for international 
research and education collaborations. 
 
1. Introduction 
 

A significant challenge exists in expanding the 
impact of cyberinfrastructure (CI), i.e. infrastructure of 
Grid and high-speed networks. We conducted a pilot 
project within the Center for Internet Augmented 
Research and Assessment (CIARA) at Florida 
International University (FIU). CyberBridges mission 
is to create a new generation of scientists and 
engineers who are capable of fully integrating CI into 
the whole educational, professional, and creative 
process of diverse disciplines. 

The concept of e-Science [32] has been proposed 
to develop and sustain global networks of scientists 
conducting collaborative research. The ambition of e- 
Science is to help increase the rate of discovery by 
empowering scientists with CI that will help them 
leverage resources on a global scale. The underlying 
premise is that the endeavor of science and discovery 

is too large for individual scientists and laboratories. 
In order to address fundamental research issues in 
phenomenon such as Astronomy, Bio-Diversity, 
Epidemiology, and High-Energy Physics collaboration 
is necessary. Moreover, the “collision of ideas”, 
envisaged by Bruce Alberts, and the resulting creative 
tension inherent in diversity, needs to be harnessed to 
increase the rate of innovation and discovery [3]. From 
a US perspective, traditionally, colleges of science and 
engineering in the US have relied on international 
graduate students, from countries such as China, India, 
and Brazil, to provide a pool of research labor and 
potential recruits for future academic and industrial 
R&D positions. However, with the recent decline in 
applications from qualified candidates from these 
traditional countries, it becomes imperative that 
investigators in US universities reach out and 
collaborate with researchers and graduate students in 
their home countries. This further underscores the 
need for underlying CI that can help national 
researchers cooperate seamlessly with their 
counterparts in other countries [29]. 

 However, the normative state is that CI research 
scientists (institutional information technology 
professionals with academic backgrounds) have 
worked hard to ensure that CI is in place to maintain 
low barriers for use of these technologies, but lack 
topical expertise to explain how CI may be of benefit 
to other disciplines. Early adopter faculty members are 
excited to see potential benefits in their research 
domains, but they are the exception. The majority of 
faculty members do not see the applicability of CI for 
their own domains. Scanning other domains for 
possible benefit and collaborations is often a desired 
activity, but too much of a time burden and often the 
technical material is difficult to apply [14]. Previous 
efforts have tried to work with these early adopters to 



 

become promoters for CI in entire domains of science. 
That work did not have a long or broad impact, as it 
depended on enthusiasm without a system for 
substantive rejuvenation [5, 28].  

The current initiatives in developing CI have 
focused primarily on building technologies such as 
computational grids connected to multi-gigabit optical 
networks, or access grids that allow remote 
conferencing. For successful adoption and use of these 
technologies, these efforts need to be complemented 
with the development of appropriate coordination 
mechanisms and socio-organization protocols and 
their dissemination to the scientific community 
through tailored educational programs and training. 

 The CyberBridges project is a model 
collaboration infrastructure for e-Science, designed to 
complement the technical infrastructure with a socio-
organizational service-oriented infrastructure. It offers 
the potential of creating a community of scientists and 
researchers capable of collaborating with their 
counterparts across the network by fully integrating CI 
into their educational, professional, and creative 
processes. The “collisions of ideas”, which Bruce 
Alberts identified as requisite to faculty and student 
success, is the core tenant of CyberBridges [3]. Thus, 
the project includes the development, deployment, and 
testing of the technical infrastructure as well as the 
coordination, workflow, and social protocols needed 
for cross-cultural/cross-national collaboration. 

To summarize, CyberBridges has three objectives: 
(a) To develop and test a model socio-technical 

cyberinfrastructure for enabling and sustaining 
research collaborations among networks of 
distributed science and engineering researchers. 

(b) To develop a prototype community of distributed 
science and engineering researchers. 

(c) To integrate the researchers, graduate students 
and faculty from the minority communities in the 
United States with the research community. 

In this paper, we demonstrate the effectiveness of 
CyberBridges by providing four case studies with 
graduate students of Physics, Bioinformatics, 
Chemistry, and Biomedical Engineering.  
 
2. Existing work at FIU 
2.1. AMPATH 
 

CIARA1
 houses the AMPATH2

 research and 
education networking international exchange point in 
Miami, serving South and Central America, the 
Caribbean and Mexico, as well as a variety of US 
research programs in the region. AMPATH is aided by 
the presence of one of only five Tier-1 Network 
Access Points (NAP) in the US. In addition, CIARA 
leverages FIU’s networking expertise and its 

membership in the Open Science Grid (OSG) through 
its AMPATH research network activities. 
 
2.2. CHEPREO 
 

FIU, together with partners at Florida State 
University, the University of Florida, the California 
Institute of Technology, international partners in 
Brazil, in cooperation with the National Science 
Foundation, operates an interregional Grid-enabled 
Center for High-Energy Physics Research and 
Educational Outreach (CHEPREO3) at FIU. The 
CHEPREO team continues to make outstanding 
contributions in the development of the Compact 
Muon Solenoid experiment at CERN while equally 
engaged in educational outreach efforts at the high 
school, undergraduate and graduate level. 
 
2.3. WHREN-LILA 
 

The NSF Office of Cyberinfrastructure 
International Research Network Connections program 
funds the Western Hemisphere Research and 
Education Network (WHREN4) Links Interconnecting 
Latin America (LILA) which addresses the existing 
and future needs for improved North American 
(especially U.S.)-South American connectivity and 
specifically focuses on the need for connectivity 
through new links. The WHREN-LILA team has 
brought international domain science and CI breadth 
of knowledge as well as their collaborations to bear on 
the CyberBridges model. 
 
3. Methodologies 
3.1. Approaches to e-Learning Sciences 
 

CyberBridges uses “modeling” in instruction and 
learning. Mathematical modeling is a form of 
mathematical problem solving that produces solutions 
to complex and real, applied problems by creating 
theoretical representations of the real situation. It is 
frequently a systems approach to solve a problem that 
requires the confluence of varied linked strategies. The 
inquiries that the CyberBridges fellows construct with 
their faculty advisors model these connections through 
computer simulations. Technology permits teams of 
individuals, possibly in different locations and with 
different skills to the work toward solution of the real 
problem. The NCTM “Mathematics as Problem 
Solving” Standard conceptualizes mathematical 
modeling (see Figure 1). 

Research clearly indicates the high potential of 
the modeling approach for improving learning. 
Students learn best when the dynamic and 
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developmental process of learning is guided by 
generalized principles applied to real-world problems 
or situations [4]. Key themes relevant to teaching and 
learning found in cognitive psychology, including the 
idea that learning is a constructive process and that 
meaningful learning is contextual [21], indicates that 
activities must encourage students to become 
personally and actively involved in their own learning. 
The modeling approach provides just such an 
atmosphere in which students solve problems, make 
decisions, work with their peers, and pursue new 
learning as ideas evolve. 

We believe that graduate students constructing the 
models with faculty advisors and IT research scientists 
has provided the context, and the exploration of the 
inquiry is engaged personal learning. 
 

 
Figure 1: Mathematical modeling 

 
3.2. Project structure 
 

CIARA was responsible for the outreach 
programs (department meeting presentations, brown 
bag lunches, and conferences), soliciting fellowship 
proposals, administering the graduate certification 
program, and providing the IT tools and expertise for 
the structured inquiry projects.  

The project offered four, two semester long, 
fellowships. Each fellowship started with a normative 
analysis, then an inquiry project, followed with a case 
study package. In addition, each fellow was required 
to successfully complete the certification program, 
which includes two courses taught by professors and 
research scientists from FIU School of Computing and 
Information Sciences. The inquiry-based project does 
not have to meet any prerequisite of success, rather 
thoroughness is required. The project was structured 
so that each graduate fellow has a faculty advisor 
(typically their thesis advisor in his/her major and one 
research scientist advisor of CI.) 

There was one advisory committee of solicitation 
review, and one external assessment and reporting 
committee who were engaged to annually review the 

progress of CyberBridges and further ensure academic 
integrity. The CyberBridges advisory committee 
consisted of three sciences, engineering and sponsored 
research members. Both committees insured that the 
IT research proposed by CIARA research scientists 
was applicable and current. The operational milestones 
of CyberBridges come from the execution of the 
fellowship activities, and the annual assessment of the 
delta from the past normative states. 
 
3.3. Hypothesis and assessment 
 

The CIARA CyberBridges proposed that graduate 
students engaged in inquiry-based learning activities 
can affect transfer of CI research and that this transfer 
will increase scientists’ rates of discovery and create a 
CI empowered workforce. 

 Measuring CyberBridges’ project successes falls 
under a number of rubrics. When a project is begun 
with a faculty member, a graduate student, and a CI 
research scientist, the first course of action is to 
document the normative state. As the metrics for 
progress vary significantly by domain, this process is a 
highly customized activity. Different faculty members 
may choose to judge their progress in different ways 
even inside of domains. CyberBridges documents this, 
and then uses it as a baseline. The success of 
CyberBridges implementation is then an assessment of 
the defined metrics. 

 CyberBridges calls for an external assessment 
committee comprised of educational assessment and 
subject matter experts to perform a Baseline Study 
when the fellows are selected. The external assessment 
committee was contracted to measure the pedagogy 
against known best practices, and the technology 
against the current work of the CI research 
community, as well as auditing the operations of the 
CyberBridges implementation. 

 
4. Project implementation 
 

The CyberBridges fellowship program has three 
requirements: (a) an inquiry-based project that 
involves a faculty sponsor and CI research scientist, 
(b) a course aof study leading to a certificate in 
scientific networking and computing, and (c) a case 
study package. 

CyberBridges projects stem from one-page 
proposals collaboratively authored by Ph.D. 
fellowship candidates and their faculty advisors. The 
proposals describe the nature of a particular discipline-
specific problem and offer a potential CI application to 
be explored as a solution. A faculty advisory 
committee evaluates the proposals based on the 



 

scholastic suitability of the proposed inquiry and the 
project’s potential to advance CI. The committee then 
ranks the proposals and provides written critiques. The 
CI Scholastic Certification Program requires two 
three-credit courses. Based on the existing Grid 
Computing lectures developed at the School of 
Computing and Information Sciences at FIU, CIARA 
has developed a new graduate-level Grid Computing 
course. The course includes lectures, seminars, and a 
project. The lectures cover topics such as High-Speed 
Networks, Design and Implementation of Clusters, 
Globus Toolkit, Virtual Data Systems, Resource 
Scheduling, MPICH-G2, Grid Services, and Job 
Workflow Processes. The course project requires 
students to “gridify” a scientific application. Students 
must conduct experiments on the CyberBridges 
cluster, and leverage extramural resources, such as 
TeraGrid and Open Science Grid. 

The second course is an independent-study course 
to conduct interdisciplinary research. The course 
provides a solid foundation of understanding about CI 
research and offers tips on how students can take 
advantage of CI. Permanent equipment for the 
certification program includes high-performance 
networking and grid computing training components. 
The equipment purchased for the CyberBridges 
demonstration program (2005-2006) will be reused for 
further extension of CyberBridges into a Global 
CyberBridges program (see Future Work). Figure 2 
provides a detailed schematic of laboratory equipment 
available to CyberBridges fellows. The graduate 
fellows are required to work with their faculty 
advisors, external assessment committee, and CIARA 
research scientists to author a case study package. The 
package contains the assessment data, a description of 
the discipline-specific challenge and history of the 
inquiry, and the technologies employed. The case 
study package is detailed so that others may replicate 
the inquiry. 

“Best Practices” white papers have been useful in 
conveying to large communities how to employ 
applications of CI research [2]. Therefore, 
CyberBridges case studies are available online as 
references to others interested in pursuing CI-based 
research. In addition, others will benefit from the work 
of CyberBridges fellows by attending presentations 
given at national/international conferences, such as 
Super Computing. Such environments are fertile 
spaces for the initiation of multi-disciplinary research. 
The open exchange will be a model for institutions 
who wish to replicate CIARA’s CyberBridges. 
Furthermore, CyberBridges fellows are required to 
present their work to their peers. Having graduate 
students that are knowledgeable about a topic and act 

as role models for undergraduate students has proven 
to be effective in minority serving institutions [4]. 
 

 
 

Figure 2. CyberBridges laboratory 
Equipment 

 
5. Case Studies 
 

We demonstrate the effectiveness of 
CyberBridges by providing four case studies with 
graduate students of Physics, Bioinformatics, 
Chemistry, and Biomedical Engineering. Each 
graduate student worked with CIARA CyberBridges 
research scientists and the respective faculty advisors 
to author a case study package. Under the supervision 
of the CIARA research scientists, the students built a 
high-end CyberBridges cluster, and conducted e-
science experiments of High-Performance Grid 
Computing (see Figure 2). The four on-going projects 
are described as follows. 
 
5.1. Unsupervised pattern discovery in protein 
structures 
 

This is a partnership among Dr. Giri Narasimhan, 
Computer Science & Bioinformatics, graduate student 
Tom Milledge, and the CyberBridges team. Pattern 
Discovery refers to the task of identifying relevant and 
significant commonalities or essential differences in 
related data. In bioinformatics applications, patterns 
come in different flavors ��in sequences, structures, 
shapes, images, and in quantitative and temporal data. 
Since nature tends to reuse these patterns, pattern 
discovery is an important task in understanding the 
nature around us. The aim is to implement 
unsupervised pattern discovery tools for protein 
structure data. There are two computational tasks. 
First, a database of proteins and sequence information 



 

is searched to look for protein structures that appear to 
share potentially useful functions. 3-D visualization 
best reveals these functions. Then the results are 
placed in an output "metadatabase" (with geometric 
hashing allowing fast search/retrieval of 3-D 
structure). Second, the output database will be 
searched to locate useful structures. The output 
database is very large, but it has been indexed to 
enable efficient searches. An effective job done by the 
algorithms in the first task will produce a relatively 
smaller and manageable output database. A prototype 
version of the application was written in a mixture of 
C and C++ code. Most of management code was 
written in C++, with Matrix utility routines 
implemented in C for performance reasons. For the 
search component, Milledge has conducted a number 
of experiments using MPI-based message passing 
search strategies, as well as another method using the 
global shared memory GA Toolkit 
(http://www.emsl.pnl.gov/ docs/global/). He has used 
the implementation of Global Arrays on the Blue Gene 
development machines in IBM Rochester, where he 
was an intern over the summer 2006. 
 
5.2. Modeling biological tissue scaffolds in 
three dimensions 
 

This is a partnership among Dr. Eric Crumpler, 
Biomedical Engineering, graduate student Ronald 
Gutierrez, and the CyberBridges team. Bioreactors are 
used as cell culture systems for temporary growth and 
maintenance of tissue-engineered constructs that serve 
as three-dimensional templates for initial cell 
attachment and subsequent tissue formation. The 
bioreactors’ dynamic environment is known to play a 
crucial role on the cellular components synthesis like 
glycosaminoglycans (GAG). Systematic research of 
the Wall Shear Stress (WSS) effects on the scaffold’s 
shape has been limited. Results of this research will 
allow for a detailed understanding of the effect of 
hydrodynamic forces and nutrient mass transfer on the 
surface of scaffolds (as well as within) that affect the 
cell growth and further tissue formation. Hence, 
cyberinfrastructure advantages are invaluable in the 
applicability of the new and composite simulations: 
first, to enrich the knowledge on bioreactor complex 
fluid flow; and second, to design more efficient and 
hydrodynamic scaffolds for enhanced tissue growth 
understanding. The objective is to develop 
computational models for scaffolds’ geometries and 
compare WSS values to evaluate performance using 
the results as aid for design selection. 

 
 

5.3. Interplay between random matrix theory 
and quantum field 
 

This is a partnership among Dr. Rajamani S.  
Narayanan, Physics, graduate student Alejandro de la 
Puente, and the CyberBridges team. The goal for 
physicists is to determine the fundamental parameters 
that describe each particle in the current standard 
model and the physics required exceed traditional 
Quantum Field Theory. Quantum Chromodynamics 
(QCD) is a theory that has proven to be very accurate 
in the determination of these parameters. Lattice 
Quantum Chromodynamics (LQCD), which is a 
discretized version of QCD, replaces the continuum 
with a four-dimensional grid for its calculations. 
LQCD is a challenging computational field that 
employs large scale numerical calculations, and will 
be used to verify the current standard model. The aim 
of this project is to develop the required computational 
capability and precision using random matrix theory. 
This is a more complete, accurate (as well as more 
computationally intensive) approach to identify 
particles in data that will be generated by the CERN 
Large Hadron Collider (LHC) experiments beginning 
in 2007. The task is to organize and divide up the 
matrices/computational tasks so that Grid computing 
can be applied. Results will be compared to the 
currently well accepted LQCD simulation. 

 
5.4. Functionalities of a specific enzyme for 
certain reactions 
 

This is a partnership among Dr. David Chatfield, 
Chemistry/Biochemistry, graduate student Cassian 
D'Cunha and the CyberBridges team. Computer 
simulations of biological macromolecules are widely 
used in the pharmaceutical industry to accelerate drug 
discovery and in academic research for a host of 
problems from protein folding to enzyme mechanism. 
The sizes of the molecular systems and the time scales 
modeled are memory and computation intensive. 
Computer clusters have become popular for such 
applications, either for running many simultaneous 
simulations to obtain good sampling statistics or for 
distributing a single, expensive calculation over many 
computers. This research is focused on an enzyme, 
Chloroperoxidase (CPO) [31], which is of industrial 
interest, as a potential biological chiral catalyst. It is 
aimed at elucidating the reaction mechanism of CPO 
and at predicting useful site-specific mutations for 
fine-tuning the enzyme’s catalytic activity for 
particular substrates of interest. The calculations that 
we need to perform are of two types, both of which 
require substantial computer power: quantum 



 

mechanical (QM) calculations for the mechanism 
work, and molecular mechanical (MM) calculations 
for the mutation work. D’Cunha has set up a Linux 
cluster and implemented clustering operating system 
software on the basis of instruction received in the 
CyberBridges program. QM and MM software 
(CHARMM, Turbomole and Gaussian) have been 
installed. The parallel implementation of CHARMM 
has been benchmarked with a macromolecular 
simulation. Currently the parallel implementation of 
Turbomole and Gaussian is under investigation. 

 
6. Educational assessment 
 

The progress reports indicate that the students are 
all making significant headway toward having their 
research computation fully implemented on a cluster. 
In each case the application of cluster computing is a 
significant change in their research procedures, and 
takes considerable learning, programming, 
benchmarking/testing. The research problems tackled 
and approaches used are state-of-the-art in their 
respective fields. As the projects continue, normative 
metrics of research publications and presentation will 
be applied. A next step for the evaluators is to look at 
the publication norms for each of the teams’ fields and 
determine what level of publication would be evidence 
of the value added to their research by participation in 
the CyberBridges program. 

The reports on each of the specific research 
projects give evidence for the success of the two 
classes that taught the graduate students the computer 
science background to understand cluster computing 
and the hands-on work of building a cluster. In each 
case, they were able to participate in building a cluster 
in class, and two of the teams have versions of their 
models working on them. All teams are focused on the 
effort of parallelizing and programming their models 
to run on clusters of a size that will result in significant 
improvements in their research productivity. 
Furthermore, the success of the classes with the four 
teams here indicates the potential value of linking a 
more global application of CyberBridges with much of 
what is happening in the classes operating more 
widely through e-collaboration and virtual cluster 
computing labs. Another potential for e-collaboration 
is that graduate students often pave the way for 
increased faculty e-collaboration. 

The preliminary conclusion for this evaluation is 
participation in the CyberBridges program has been 
advantageous for the research of each team, and the 
program structure and classes worked well. In each 
case, there is an evident prospect for more rapid and 
computationally advanced research production. 

Significant benefits could be obtained by an 
expanded version of the program, particularly if it 
incorporates the e-science/e-collaboration facilities 
now available at FIU. 
 
7. Conclusions 
 

The smallest impact of CIARA’s CyberBridges is 
a change in the way that FIU, the largest Hispanic 
minority-serving institution in the continental U.S., 
views cyberinfrastructure. Where CI has raised the 
tide, not all vessels have been lifted. CIARA brings 
the benefits to domains and groups that have yet to 
realize the fantastic impact. This shift will result in 
scientists, engineers, and educators who are fully 
integrating CI into their professions. 

 
8. Future Work: Global CyberBridges 
 

The CIARA model will likely have a much larger 
impact: a Global CyberBridges project (GCB). The 
adoption and use of CI is further complicated by the 
fact that collaborations between globally distributed 
researchers are subject to a variety of global “Gaps” 
between the work-sites: distance and its associated 
attributes of culture, time zones, geography, language, 
and social protocol affect how humans interact with 
each other [8, 26]. Global CyberBridges will help in 
two ways – it will develop a body of experience, 
guidelines, and theory that will be useful in designing 
global research communities in the future. Second, it 
will also help build such collaboration between 
scientists from the US, China, and Brazil, nations with 
very different cultures, traditions, and infrastructures. 
Furthermore, we will be developing a community – as 
a proof of concept – and while building this 
community we will also create a body of knowledge 
that will be useful for building future e-Science 
communities. 
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