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Abstract

A scientific collaboratory for supporting research in the
field of environmental science is presented in this paper. The
purpose for building this Web-based research support sys-
tem is to promote collaboration among a geographically
separated group of NSF sponsored scientists from different
research areas and allow them to share their data and in-
formation across distributed sites. An XML-based Markup
Language, NOML, is provided to build the XML-based Web
components and facilitate Web services development in the
future. This collaboratory also consists of a set of on-line
simulators with an intelligent interface for guiding simu-
lation configuration and various electronic communication
tools. The development of this collaboratory takes advan-
tage of the J2EE and RDBMS technologies to provide sci-
entists a robust and flexible environment to do science on
the Web.

1. Introduction

Prior research into Web-based research support systems
has had two orientations: 1) system that support the indi-
vidual researcher [25], and 2) collaboratories that support
group of researchers.

A collaboratory is defined as “an open meta-laboratory
that spans multiple geographical areas with collaborators
interacting via electronic means” [11]. It is a merger of the
words “collaboration” and “laboratory” first coined by Wulf
(1996) [12] who was elected as President of the National
Academy of Engineering in 1997. Collaboratories are in-
tended to promote collaborations among scientists in vari-
ous research areas across geographic boundaries. They al-
low scientists to share expensive research instruments as
well as data and information stored at distributed sites, to
exchange personal experiences, and to accelerate the devel-
opment and dissemination of knowledge. Several collabora-
tories have been developed for various scientific purposes,

including the Diesel Collaboratory [20] in Combustion Sci-
ence, BioCoRE [2] in Biology Science, and the EMSL Col-
laboratory [9][16] in Environmental Science. Sonnenwald
et al. (2003) [22] did an evaluation of scientific collabora-
tories and investigated their capabilities and disadvantages.
They concluded that “there is positive potential for the de-
velopment of scientific collaboratory systems.”

Creating a collaboratory involves integrating existing
software and hardware tools to build a seamless environ-
ment where scientists can work together virtually. A num-
ber of commercial and research tools have been devel-
oped to allow Web-based collaboration. These tools can
be separated into two categories, synchronous tools and
asynchronous tools. Electronic mail, discussion boards, and
electronic notebooks are typical asynchronous tools, while
audio/video conferencing, chat boxes, and white boards
are synchronous tools. However, some collaboration tools,
such as audio/video conferencing, rely on high performance
hardware support. Audio/video conferencing allows scien-
tists to see and hear each other and to communicate with
each other, as if face-to-face. Although audio/video confer-
encing greatly supports scientific interaction, it is adopted
in very few collaboratories due to the cost, hardware restric-
tions, low network bandwidth, and poor quality. Therefore,
determining which tools are suitable for building into a col-
laboratory depends on whether the tools add value to the
scientific interaction process or not. It also heavily depends
on the requirements of end-users, the collaborators.

Besides these generic communication tools that can be
integrated into the collaboratory, the software packages that
scientists use to do science should be developed separately
and integrated in such a way that they correspond to dif-
ferent scientific topics. The design and implementation of
collaboratories are important to create a flexible collabora-
tory.

The NOM project involves a group of NSF sponsored re-
searchers from different research areas, including chemists,
ecologists, biologists, and computer scientists. As is often
the case, these researchers are also geographically sepa-



rated. In order to enable scientists from different geograph-
ical areas and research areas to work together virtually, a
Web-based collaboratory for supporting scientific collab-
orations in the NOM (Natural Organic Matter) research
community is built based on the Java 2 Enterprise Edition
(J2EE) [8] platform from Sun Microsystem. The NOM col-
laboratory provides capabilities for scientists to share com-
putational resources (including large-scale databases and a
high performance simulation cluster), analysis tools, simu-
lation results, and data and information. It also allows scien-
tists to communicate with each other through a wide range
of tools. The NOM collaboratory also provides a XML-
based Markup Language, NOML, which is used to man-
age molecule information and simulation configurations.
Additionally, NOML is used to build the XML-based Web
components to support the collaboration. Using the univer-
sal XML-based data representations enhances component
reuse, enables data sharing, and facilitates Web services de-
velopment. The NOM collaboratory provides several on-
line simulation models to allow scientists to do various ex-
periments via the Web. This collaboratory has been built,
evaluated, and used by several environment research groups
[1][24][4][14][13].

In this paper, an overview of the NOM collaboratory is
introduced in section 2. NOML, a XML-based format for
describing the molecule structure and the simulation con-
figuration, is presented in section 3. The implementation of
several collaboration components is described in section 4,
and conclusions are drawn and future work are described in
section 5.

2. The NOM collaboratory overview

The NOM collaboratory provides the following func-
tions:

• Distributed computational resource utilization: Users
can configure and invoke their simulations through a
Web interface, and computational resources on remote
sites are allocated transparently by a job manager.

• Data analysis: Users can view their simulation data,
generated by the NOM simulator, from a Web-based
interface. These data and information are represented
in various types of graphs (bar charts, pie charts, line
charts) and statistical reports by employing data query
and data mining technologies.

• Information sharing: Users can share the results of
their simulation, the molecule definitions, and the sim-
ulation configurations through web interfaces and a
search engine.

• Data repository: Oracle databases are used to store the
internal data that are generated from the NOM sim-
ulator. Additionally, external data, including publica-

Client

Fire
wall

router

Http
server

Application
servers

Database 
servers

NOM Collaboratory
System

Data warehouse
Data mining 

sever

Reports 
serverClient

Internet

Figure 1. The architecture of NOM collabora-
tory

tions, technical reports, and other forms of dissemina-
tion, which are uploaded by scientists, are also stored
in the database.

• Secure access: Users do not have the same level of ac-
cess privileges to all the tools in the NOM collabo-
ratory. Some particular tools, such as the “Molecule
validator” and the “NOM simulator”, can only be ac-
cessed by authorized persons. Users have access to
their own simulations, and other users can not access
data which have not been authorized for public usage.

• Communication tools integration: A discussion board
and a chat room are integrated into the collaboratory in
order to facilitate communications between users.

The NOM collaboratory is built upon the J2EE archi-
tecture running on a distributed cluster. This cluster has
multiple dual processor PCs running Redhat Linux 8.0 and
Windows 2000 operating systems. These machines in the
cluster include a HTTP server, application servers, database
servers, a reports server, and a data mining server. The ar-
chitecture is showed as Figure 1.

The number of servers can be scaled to meet our require-
ments for better performance and reliability.

The implementation of the NOM collaboratory is sup-
ported by the J2EE architecture and a relational database
management system (RDBMS). The Oracle RDBMS [18]
was chosen for this purpose. OC4J (Oracle9iAS container
for J2EE) was selected for the application servers. In or-
der to overcome the disadvantages of traditional alterna-
tives, such as Common Gateway Interface (CGI), for the
dynamice creation of Web pages, Java Server Pages (JSPs),
Servlets, JavaBeans, and Java Database Connection (JDBC)
technology are applied. In order to easily maintain the pro-
grams, add new components, and reuse existing compo-
nents, the design of the collaboratory follows the Model-
View-Controller (MVC) design diagram [10]. Figure 2 il-
lustrates the Web-based interfaces and components in the
NOM collaboratory. Users can access these tools and ser-
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Figure 2. Components of the NOM collaboratory environment 
for supporting cooperation among remotely located scientists.

vices in the collaboratory environment through multiple
Web-based interfaces from a standard Web browser.

The NOM collaboratory includes the following compo-
nents:

• Web-based NOM simulators: NOM simulators are
core parts of this collaboratory. Users can access
these on-line NOM simulators through an intelli-
gent Web interface using a standard Web browser.
Several simulation models can be chosen to do
their experiments. They can configure their simula-
tions with multiple HTML and JSP pages and in-
voke their simulations on the remote computer cluster.
The intelligent web interface provides a set of in-
telligent agents to find similar simulations, stop and
resume simulations, predict running time of simula-
tions, and send email to users after simulations are
finished. These agents guide users to use the compu-
tational resources more efficiently. A user can sub-

mit one or more simulations and several users can
submit their simulations simultaneously. A sim-
ple job manager assigns tasks on several simulation
servers to achieve load balancing.

• Search engine: An ad-hoc query-based search engine
provides users maximum flexibilities to search any in-
formation in the data repositories.

• NOML data format and file uploader: This Web ser-
vice is built to support uploading of NOML format
files. These files are parsed on the fly and the parsed
data pieces are stored in the database.

• Molecule editor: Users can access the Molecule edi-
tor to define new molecule structures through a Web-
based interface or upload a NOML format file.

• Molecule validator: Authorized users can access this
tool from the Web interface to validate the newly cre-



ated molecule types or add new molecule types for
public usage.

• Chat room and discussion board: These two collabora-
tion tools are integrated into the collaboratory in order
to facilitate the communication between users.

• Document management: This tool is integrated to ex-
change and disseminate information.

3. XML-based NOM Markup Language
(NOML)

The XML-based model ensures uniformity across com-
ponents and helps to abstract the component structure and
implementation from the component interface. McLaughlin
(2001)[15] and Ray (2001) [21] provide more details about
XML.

The NOM collaboratory provides a set of standardized
XML DTD definitions that form an ontology for the simu-
lation configuration and the molecular structure definition.
This standard format can reduce efforts of information inter-
change between users. Users can create XML documents,
conforming to the standardized NOML DTD definitions,
to describe simulation configurations and molecular struc-
tures. Once users have stored the information in NOML for-
mat files, they can attach these files into email or documents
and share the data with others. Users can also upload files
using the NOML uploader service that is embedded in the
NOM collaboratory. Without using the Web-based config-
uration interface, a simulation can also be invoked after a
NOML-based configuration file is uploaded. Three DTDs
are defined in NOML to describe various data information.

(1) environment.dtddescribes the format of the environ-
ment information. Users can define a set of environment pa-
rameters using tags that are defined in the DTD and used to
indicate the owner as well as the accessing privilege.

(2) molecules.dtddescribes the format of the molecular
information. Within a XML file, users can define more than
one new molecule structure and specify the accessing priv-
ilege.

(3) setup.dtddescribes the format of the simulation con-
figuration. Users can define one set of parameters, including
environment parameters, molecule types, and molecule dis-
tributions, to configure a simulation.

Users can view the DTDs and download the NOML ex-
amples from the Web. The simple tree structure of the sam-
ple documents in NOML format are shown in Figure 3.

NOML is used to accomplish data exchange between
users and applications. It can be extended by defining more
DTDs to support various Web services.
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4. Collaboratory components

All components of the NOM collaboratory are imple-
mented within a thin-client, three-tier architecture by fol-
lowing the MVC design pattern. Components can be easily
added, removed, and modified without changing any other
features.

A client tier interacts with end users and displays infor-
mation from the server to end users. In general, HTML and
Java applets in a client container implement this tier. For
the design of our Web interface, we use standard HTML,
XML/XSL style sheets, and JSPs instead of Java applets for
the performance concern.

A Web tier accepts users’ responses from the client tier
and generates the presentation logic. We used JSP pages for
presentation logic and Servlets for session management.

An application tier handles the core scientific logic of the
application. EJB components in an EJB container and Jav-



aBeans are used for implementing the application tier. In the
NOM system, we used JavaBeans.

An Oracle database has been designed as the backend to
store all the data input and output.

4.1. Web-based NOM Simulators

Natural organic matter (NOM) is a mixture of molecu-
lar compounds with different types of structures, composi-
tions, functional group concentrations, molecular weights,
and different degree of reactivity. NOM comes from ani-
mal and plant material in the natural environment. It ex-
ists everywhere in the world, from terrestrial ecosystems to
aquatic environments. NOM plays a crucial role in ecologi-
cal and bio-geochemical processes such as the evolution of
soils, the transport of pollutants, and the global biochemi-
cal and geochemical cycling of elements [3]. The evolution
of NOM over time from precursor molecules to mineraliza-
tion is an important research area in a wide range of dis-
ciplines, including biology, geochemistry, ecology, soil sci-
ence, and water resources. NOM, a prevalent constituent of
natural waters, is highly reactive with mineral surfaces [3].
While NOM is transported through soil pores by water, it
can be adsorbed onto or desorbed from mineral surfaces.
Sorption of NOM is an important consideration in the treat-
ment of drinking water.

NOM is present in all surface and soil waters. The
amount and composition of NOM differ with climate and
physical location, as well as a number of other environmen-
tal factors. NOM represents a significant fraction of the so-
lute present in fresh water and influences all chemical and
biological processes in the aquatic environment [17].

NOM, micro-organisms, and their environment form a
complex system. The global phenomenon of a complex sys-
tem can often be observed by simulating the dynamic be-
havior of individual components and their interactions in
the system. Currently, in order to meet different requirments
from different users, two different NOM simulators have
been built into the collaboratory. Each of these NOM sim-
ulators is an agent-based stochastic model with an intelli-
gent Web interface that can model NOM, mineral surfaces,
and microbial interactions near the surface of the soil. More
details on the modeling and the implementation of core
simulation engines are described in Xiang(2003) [23] and
Huang(2003) [7]. By simulating the behaviors of individ-
ual molecules in the system, the distributions of physical,
chemical, and biological properties of NOM can be pre-
dicted. Additionally, such simulations can provide scientists
in biology, geochemistry, and ecology valuable information
for their studies.

The purpose of these NOM simulators is to provide sci-
entists a testbed for their theoretical analysis and experi-
mental results for NOM study. As the simulation system is
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refined, we expect that the system will help many scien-
tists better understand the NOM complex system by pro-
viding them with information for predicting the properties
of the NOM system over time.

4.1.1. NOM simulation model overviewThe NOM sim-
ulation model includes three parts: an intelligent Web inter-
face that assists users in configuring simulation parameters,
core simulation engines that do the computations and simu-
late the complex behavior of a large number molecules, and
a data analysis package that allows users to view their sim-
ulation results through a standard Web browser. Users can
configure a simulation by inputing the simulation param-
eters either from the Web interface or from a NOML file.
These inputs are stored in the backend Oracle database and
a unique identification number is assigned to this particu-
lar simulation. The output data is stored into the database
while the simulation is running. Figure 4 shows this pro-
cess.

4.1.2. Intelligent agent componentsThe Web interface
provides remote users with a configuration tool. Users can
specify the simulation parameters and invoke the simulation
from a standard Web browser using the HTTP protocol. The
intelligent configuration interface can also guide users in
setting up their simulations step-by-step. Intelligent agents
in the Web interface can not only provide a novice user with
guidance during the configuration process, but can also pro-
vide the experienced user more information on how to bet-
ter use the simulator. These intelligent agents are compo-
nents based on JavaBean technology, and every component
is a separate module. A summary of these intelligent agents
is described as follows:

• The sending email agent
The agent automatically sends an email to the user

after the simulation is done. This email message gives
the user information about the status of the simulation,
either it was successfully completed or it was termi-
nated due to any exception that was caused by hard-
ware malfunction or software problem.

• The running time prediction agent
A user can ask this agent to statically predict how

long it will take to run the simulation according to
the user’s configuration inputs before the user invokes
the simulation. According to the time returned by the



agent, the user can decide if the simulation configura-
tion should be adjusted.

This agent also provides the capability for dynami-
cally predicting the running time while the simulation
is running. Users can submit a request that asks how
much time remains before the finish of their simula-
tion by simply clicking a button.

• The similar simulation finder
Since executing a simulation is a time-consuming

task, especially when the problem size is large and the
running time is long, we provide users the option to
take advantage of simulation results that were gener-
ated earlier by the user or by other users. A similar-
simulation-finder-agent helps users find finished sim-
ulations that have some similarities with the current
setup in the database. Users can either retrieve the sim-
ulation results from the database without running their
simulations or submit the simulation for execution ac-
cording to their own preference.

By employing the “Euclidean distance,” the dis-
tance from the current input data set to other data sets
retrieved from the database can be computed. The data
sets that have the smallest distance have the highest de-
gree of similarity with the current setup.

• Automatic restarting agent
The agent helps users extend their simulations for

longer time steps by restarting their simulation from
the point where it stopped. While one simulation is
running, the data information about reactions is stored
in the database every time step for further data analy-
sis. In addition to this, the state of the simulation sys-
tem is stored in the database at different checkpoints.
The insertion and updating of the state at each check-
point are treated as a data transaction process to guar-
antee data integrity.

4.2. Data analysis and visualization

One of the primary goals of this collaboratory is to pro-
vide an explanation of the simulation results, to help users
better understand their data, and to predict the global prop-
erties of NOM over time. Large-scale scientific simulations
take days to run and produce massive amounts of data. A
user typically needs to run several variations and compare
many sets of results with their experimental data. It is very
difficult for users to do this with only raw data. Gray (2002)
[5] shows how important new data mining algorithms are in
helping scientists to access their on-line data more quickly.
The Oracle9i tools are used to build the data warehousing
and data mining and to incorporate them into the simula-
tion model in order to organize, visualize, and analyze mul-
titudinous data [6]. We enabled the display of simulation

Figure 5. Two screenshots of the configura-
tion and sample output of one simulation

results independently from the processing. Users can exam-
ine the results and download the data in XML format from
the Web site during and after the simulation completes run-
ning. Figure 5 shows example of both input information and
of sample output from a simulation executed by a scientist.

4.3. Search engine

Collaborative research demands sharing information and
experiments to reduce the time it takes to produce new re-
sults. Executing a large-scale scientific simulation is a time-
consuming task. The NOM collaboratory offers the capabil-
ity of allowing users to share the configurations and results
of their simulations by providing a search engine. Users can
take advantage of the simulation’s stored results from pre-
vious executions instead of doing the same simulation over
and over again. By achieving this capability, the instruments
and computational resources can be used more effectively.

Users can access the search engine through a Web inter-
face by providing several search conditions. Users can ei-
ther leave all the fields blank or make reasonable combi-
nations and submit the request form to the server. The re-
mote server processes the request and returns a list of sim-
ulations associated with the simulation configurations that
meet with users’ requests.

Users can view data information corresponding to each
simulation in more depth by clicking on links. These infor-
mation include the simulation configuration and result for
a particular simulation. If the simulation results are valu-
able for users, they can extend the simulation by entering
extra simulation time and resuming the simulation from the
Web interface.
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4.4. NOML file uploader

NOML file uploader provides an interface for users to
upload a set of NOML format files. Users issue a Multi-
part Request by submitting a HTML form from the client
side. On the server side, instead of saving files in the disk
on the server, a Servlet reads incoming files and parame-
ters and parses the incoming file’s information to a XML
FileInputStream. The FileInputStream is fed into a corre-
sponding JavaBean according to the content of the incom-
ing files. JavaBeans are implemented to validate and parse
the NOML documents, establish a connection to the Oracle
database, and write the data in the database. The Servlet re-
turns corresponding ID to users for further reference. The
design model is shown in Figure 6.

Users can access the NOML file uploader by providing a
file name. The data validation is done by the server side Jav-
aBeans. No information is stored to the database if the data
is invalide and corresponding error messages are returned
to users.

4.5. Molecule editor

Several simple rules are encoded to automatically val-
idate the newly defined molecule in order to prevent the
specification of chemically impossible molecule structures.
Besides providing a Web interface for the molecule defini-
tion, users can also define new molecule types by upload-
ing a NOML format file to the server. The uploaded file
is parsed on the fly and the data is stored in the database
through the NOML file uploader.

Users can also search the corresponding molecules ac-
cording to the molecule name and owner of the molecules.

4.6. Molecule validator

Before one molecule type definition is ready to be shared
by the NOM community, this molecule definition must be
validated. However, the molecular validation is not only an
objective task that can be accomplished by a piece of soft-

ware, but also a subjective task that needs human involve-
ment.

General rules that can be encoded in software are not
sufficient for validating a newly created molecule. There-
fore, an administrator role is provided to an authorized per-
son who can validate newly defined molecules manually.
The authorized user, a chemist in the general case, can ac-
cess the validator. Only validated molecules can be shared
by every user who participates in the collaboratory. Non-
validated molecules can only be used by their owners.

An authorized user can also define the molecule type
from the separate molecule editor or upload a NOML for-
mat file to the server. This user can remove a particular
molecule from the NOM system.

4.7. Chat room and discussion board

In order to facilitate the communications between re-
searchers, a chat room (a synchronous collaboration tool)
and a threaded discussion board (an asynchronous tool) are
integrated into the collaboratory. Users can enter the chat
room through a Web interface by providing a user ID and
password. The threaded discussion board helps users to eas-
ily trace discussion contents about one topic.

4.8. Document management

Collaborative research often demands exchange of large
data files and documentation for faster dissemination of the
knowledge. Users can upload research papers and data sets
through a Web interface into a shared place residing on
the remote servers. These files are accessible to other re-
searchers after they are uploaded.

5. Conclusions and Future Work

In this paper, a description of a Web-based collaboratory
environment that supports new ways for conducting scien-
tific research on NOM is presented. The NOM collaboratory
deploys collaborative technologies to NOM researchers ge-
ographically separated or in different disciplines. This sys-
tem integrates a number of collaboration tools, including
NOM simulators, a molecular validator, a molecule editor,
search engine, document management, a discussion board,
and a chat room. The architectural design of the NOM col-
laboratory makes it easy to add, modify, and remove com-
ponents in the collaboratory according to the requirements
of scientists.

In the future, some powerful third-party tools (such as
video/audio conferencing) which rely on a fast and efficient
high bandwidth network technology and advanced hard-
ware (e.g., Internet2) may be integrated. Oracle Collabo-
ration Suite [19] offers integrated email, voice mail, phone,



fax, scheduling, calendaring, meeting management, and file
management. It could also be considered for integration into
the NOM collaboratory.

An XML-based NOM Markup Language, NOML,
which provides a standard definition for the molecule and
simulation configuration is described. The NOML not
only supports data communication between users but also
give us flexibility in extending the on-line NOM simula-
tion. It also supports building new XML-based Web ser-
vices in the near future. A set of new simulation models for
the NOM study will be built and integrated into the collab-
oratory. The communication between these models can be
achieved by the extension of the NOML. The NOM col-
laboratory allows users from different places to collabo-
rate by sharing their simulation data and configurations as
well as by hosting discussions among the NOM commu-
nity.
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