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Abdgract

This paper discusses an innovative use of
XML as a cogt-efficient aternative for acquiring,
goring, querying, and publishing heterogeneous
and digributed enterprise information. The web-
based Collaborative Management Environment
(CME) is presented in the context of a pilot system
designed to automate and enhance the management
of research proposa information from multiple
independent research organizations within the
Department of Energy (DOE).

The initia results of the system usage are
very podtive.  To date, information may be
successfully acquired, integrated, searched, and
displayed using the pilot sysem. While the XML-
based system has obvious limitations, such as
limited scalability and the rapid evolution of XML
technologies, the system fulfills an important role
as a cod-efficient enterprise information system
aternative.

Two key chalenges presented themselves
in the development of the pilot system. Firg, due
to the distributed, heterogeneous, and sendtive
nature of the proposal data, it is preferred that
control of the data remain with the originating
|aboratories. Second, due to the lack of motivation
for the laboratories to invest in the congtruction and
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maintenance of traditiona enterprise information
systems, it is necessary to investigae a low-cog,
distributed information management system.

Didributed databases, object request
brokers, and various middleware packages ded
very nicey with digtributed, heterogeneous data,
however, at quite a large cost to the owners of the
data Our gpproach is to use XML as an
information repository that can be used to search
for and present information. The produced XML
files can be seen as a “daabas? of proposa
information. We developed converters to generate
raw database reportsinto XML files, various means
of querying this information, and various ways of
presenting this information, for example XSL style
sheets. This gpproach provides a successful low-
cost means of representing distributed and
structured informeation.

I ntroduction

The Collaborative Technologies Research
Center within the Oak Ridge National Laboratory
has completed the development of a pilot system
caled the Collaborative Management Environment
(CME). CME is aresearch project funded by the
Department of Energy (DOE) to invedigate
advanced information technologies for improved
management of research information across the
DOE complex of nationad laboratories. As DOE
funds a vast amount of energy-related researchin a
very broad range of aress, it is not surprisng that
each laboratory follows independent research
management processes tailored to the expertise of
that laboratory. Information resulting from these
management processes, however, is in different
formats and at different levels of granularity that, in



turn, makes the overall management of DOE-
funded research adifficult challenge.

The process for requesting research
funding from DOE involves the submisson of a
ressarch proposal, often cdled a Fedd Work
Proposa (FWP). This proposal describes, among
other things, why the research is sgnificant, how
the scientist(s) will use research funds, and who
would benefit from the technology advance. Once a
year, researchers submit proposdals to DOE in a
paper format requesting research funds. It is the
trangtion from this paper-based proposa
management process to an  eectronic-based
management system that poses a dggnificant
challengeto CME.

This paper is organized as follows. Firg,
we provide a brief account of the system
requirements and related work in managing
distributed data. Next, we describe our approach
and the system functionality to achieve a low-cost
distributed data management solution using XML
as the foundational enabling technology. Then, we
present our findings that follow from an application
of our approach. Further, we discuss the relative
merits and key issues of our approach in the light of
these findings. Finally, we summarize the principa

points of our paper.
Requirements

In order for the CME system to be
successful, it must meet the user requirements,
while also being cost efficient to the participating
laboratories. The CME pilot system must have the
capability to store proposa information in such a
way that it can be queried based on genera
keywords, and by field-gpecific information. For
example, a program manager may want to perform
a genera keyword search on “ Neutron Physics’ to
investigate the research contribution proposed in
thisarea. Or, he or she may want to find al of the
proposds that have “ Neutron Physcs’ in the title,
were submitted by a principa investigator with the
last name of “Smith,” all within the years 1994-
1997. Likewise, the program manager may require
reports and graphs derived from this information,
i.e., how much money was spent by “Smith” on
proposds that include the phrase “Neutron
Physcs’ in the title  Ladlly, the proposd

information must be easily viewable from a variety
of platforms. Since each lab has a different
presentation form for the proposa information, the
program manager needs to be able to view the
information in a form that closdly represents the
original.

Two key chalenges presented themselves
in the development of the pilot system. Firg, due
to the distributed, heterogeneous, and sendtive
nature of the proposa data, it is preferred that
control of the data remain with the originating
|aboratories. Second, due to the lack of motivation
for the |aboratories to invest in the congtruction and
maintenance of traditiona enterprise information
systems, it is necessary to investigate a low-cot,
distributed information management system.

In this paper we present our pioneering
work for using the eXtenshle Markup Language
(XML) as a cog-efficient dternative for acquiring,
goring, querying, and publishing heterogeneous
and didributed enterprise information. We show
that XML can provide abasisfor a didtributed data
management system alternative with significant
presentation and query capabilities.

Rdated Work

There exits a vaiety of ways of
addressing the issue of managing heterogeneous
data, such as data warehousing, object-request
brokers, and middleware tools. Data warehouses
provide a means for publishing and accessng a
broad range of distributed, heterogeneous data
Object-request brokers (ORBs) provide a way of
accessing didributed objects, as if the objects were
local to the user's environment. Middleware tools
provide a layer above the data layer yidding easy
access to the digributed data However, these
approaches dl assume that the owner of the datais
motivated to develop and maintain a relatively
codtly information management system. If a user
has little interest in spending significant resources
to implement such a system, the above dternatives
are of little value. The issue remains, how to
digtributed data in an environment where the data
owners are not motivated to distribute their data.

Clearly, the amplest means of digtributing
data in today's environment is the Web. The
natura means of didributing information in this
manner would be to present proposals in HTML.



The main drawback of using this approach to
digributed data is the inability of HTML to
efficiently store data in a Sructured manner. A
proposal can be searched for and presented, but the
functionality of searching for proposals based on
key fidds is missng. The eXtended Markup
Language (XML) provides a way to structure
proposal information so that field level searches are
possble. XML was developed as a subset of the
Standard Generalized Markup Language (SGML)
and was recommended by World Wide Web
Consortium (W3C) as a gandard in February of
1998 [Bray et a. 1998]. Though XML itsdf has
been dandardized, many exterior features that
would improve the usefulness of XML are ill in
the relatively early stages of development.

For the most part, XML is viewed as an
enhancement to HTML. However, work is
currently being developed that suggests that XML
may provide a reasonable level of support for data
publishing, exchange, and integration. For
example, dectronic catalogs such as the ones
described in [Singh 1998] and [Lincke et a. 1998]
could be integrated and published using XML
technologies. Likewise, Bosak describes a modd
that uses XML as a 'hub language for
communication within the same industries [Bosak
1997].

We believe and have demondrated that
XML can be used as a dorage, retrievd, and
presentation vehicle beyond what has been
previoudy proposed. Significantly, this application
of XML can be achieved a very low cost to the
data owners, while providing a basic level of data

query capahility [Potok et a. (1998)].
Approach

In this section we describe the goad of the
CME project. Idedlly, we would like to be able to
capture dl data associated with aFeld Work
Proposal. In order to do so, every fidld withina
research proposal must be wrapped with the
appropriate XML tags. For example, thetitle of an
FWP would be surrounded by <TI TLE> and
</ Tl TLE> tags. Having the information in an
XML format would enable structured queriesto be
performed over the XML files. Furthermore, the

XML files could be located at the individua
laboratories. This could provide the basisfor truly a
distributed, low-cost information management
system.

CME isaso designed to dlow Principal
Investigators (PIs), the researchers proposing the
work, to contral the presentation of their FVP
information. An FWP can be thought of asa"sales
brochure” where a Pl explains why proposed
research in vauable and worthy of funding. The Pl
may wish to exert individua control over the
appearance of an FWP, and may wish to enhance
the appearance with web technologies, such as
graphs, linksto related papers, audio or video clips.

As XML isnot currently capable of
presenting this type of information, CME currently
relieson HTML to provide presentation capability.
An XML markup istagged according to its data
content and the structure of the information within
the tags, but provides no detail on how to present
thisinformation. The eXtended Style sheet
Language (XSL) has been defined to provide this
presentation capability for XML, however, this
technology is emerging and it will most likely be
severa years before these technologies gabilize
and come into wide spread us.

With limited presentation capability in
XML, we have developed toolsthat dlow CME to
offer arich information management system using
XML, relationa database technology, aswell as
HTML for presentation. In the future, we hope to
work towards a pure XML solution. However,
from the point of view of auser of CME, the
trangtion to the preferred technology will be
transparent.

Functionality

The architecture of this system will become smpler
as XML tools mature and stabilize. The key design
challengesin this system are to represent XML flat-
file information as highly formatted web pages, and
to provide keyword and field search capabilities
over this information. We chose to trandate from
XML to HTML presentation format, and to build a
relational database from the structure of the XML
filesto support field queries as shown in Figure 1.
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- Figure 1 presents an architectural representation of the CME system and it components.

Figure 1 shows an architectural
representation of the CME system and it
components. The CME pilot sysemisaclient-
server system. The server, CME Server, provides
the ability to query and generate reports on FWP
information. The client, CME Client, isresponsble
for providing the user interface, presenting the
information to the user, and relaying user’ s requests
to the server.

The heart of the system, the CME Object
Modd, is not functional, but architectural. The
primary objective for the model isto capture all
relevant information that appearsin aresearch
proposa submitted by a DOE laboratory. This
model isthen used to define the XML Document
Type Definitions (DTDs) for an FWP documents

and to build ardational database for the FWP
information. An XML DTD defines the tags that
are used to mark up afile. Inthe FWP DTD file
tags such as<TITLE>, <PRINCIPAL
INVESTIGATOR>, <PROGRAM MANAGER>
are defined, (see Figure 2). Fromthe DTD, an
FWP form can be tagged with the appropriate tags.
As CME processes thousands of FWPs we have
built tools that automatically take FWP information
from the |aboratories, build the appropriate XML
filesfrom thisinformation, and populate the
relational database. The CME Server actsasafront
end to this data by providing the interface for
searching, and directing the Web Server to present
the desired web pagesto the user's Web Browser.



<! ELEMENT proposal-rec-item
(proposal |
staff-resources |
funds-resources |
equi pment -resources |
budget-attachment |
equi pment -attachment |
maj or-cost-attachment |
time |
m | estone-task |
doe- program |
doe-program manager |
oo-reviewer |
pi |
proposal - manager |
hqg-organi zation |
operations-office |
attachment |
contractor |
funds-actual |
cost-actual |
report-requirements
) +>

N

I ELEMENT proposal

(ben |
wor k- prop-no |
wor k-prop-title |
rev-no |

inst -plan-flag |
wor k- prop- desc |
fwp-rpt-rgm

) +>

<! ELEMENT ben (#PCDATA) >

<! ELEMENT wor k- prop-no (#PCDATA) >

<! ELEMENT wor k-prop-title (#PCDATA)>
<! ELEMENT rev-no (#PCDATA)>

<! ELEMENT i nst-plan-flag (#PCDATA) >
<! ELEMENT wor k- prop- desc (#PCDATA) >
<! ELEMENT fwp-rpt-rqgm (#PCDATA) >

<! ELEMENT cme-proposal (proposal-rec-item +>

- Figure 2 A section of the FWP DTD that was defined for the CME project.

The laboratory-specific DTDs dlow for
effective eectronic submisson of FWP forms by
each participating laboratory. Idedly, each
laboratory FWP submisson should dready be
properly tagged using the appropriate DTD tags.
However, this burden is quite large for the
participating laboratories, therefore the mgjority of
the data trandation work is done by the system
developers, not the participating labs. We have

developed a tool that converts general laboratory
FWP reports into the laboratory-specific XML
files The CME sysem desgn dlows for
digribution of the XML files across the
participating laboratory stes. For the current pilot,
the XML files reside at the Oak Ridge Nationa
Laboratory on a dedicated machine separate from
the CME system.
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Figure 3 Rendering of an HTML file generated from XML proposal submission

Reaults

Our preliminary evaluation of the system
was focused on the cogt efficiency of the approach
when adding a new laboratory participant to the
sysem. We chose a very large, multipurpose
national laboratory for our evaluation. It took
approximately 2 days of a skilled person's time to
retrieve and format the data we needed. Thisis a
fairly short amount of time, particularly when
compared with other aternatives, such as relational
databases or object request brokers. Preiminary
results with an additiona large defense |aboratory
show similar results.

The tools that we developed to trandate
the lab's raw FWP information into XML files
must be flexible enough to work with a variety of
potential report formats. We accomplished this by
building a genera-purpose trandator from a very
generd series of reports to a specific XML file.
This dlows the lab to develop a smple database
query to retrieve the desred data To summarize
the effort, it took two days for a lab expert to
generate the FWP information, three weeks to

develop trandation tools to convert generd
database reports into XML and HTML files, and
about a week to integration the new XML
information into the CME system. The CME Pilot
functioned as expected, requiring very little lab
expense, while maintaining strong functionality.

Discusson

We are using XML as a dorage layer
definition  language  enabling  distributed
information management. This is clearly beyond
what XML was originaly designed to accomplish.
From a developer's sandpoint, it can be argued that
such an XML-based system has the potentia to
provide an important component of the
functiondlity of a distributed database for a fraction
of the cost. We bdieve that the key issue addressed
by our XML-based solution is meeting the user’'s
“qudity of service” needs. By qudity of service,
we mean providing a solution that meets the users
needs at a cost the user can afford. For example, a
user of the CME system does not need many of the
features that didtributed relational database
solutions offer. Nor are the providers of the data




willing to pay for the creation and maintenance of
such as system. The key question we addressed is
not what was the best technology, but rather what is
the most cost-effective technology to solve this
problem.

We have demongrated that XML has great
potential for managing structured, distributed data,
however, there are drawbacks to XML at this time
due to the immeaturity of the technology. We found
that books on XML are often out of step with the
tools they reference. The tools are immature,
tending to be error prone and limited in scope.
Consequently, we processed XML with a
combination of currently available XML tools and
Java applications. Certainly, as XML tools evolve
and mature thiswill become a mute point, however,
for the near term the immaturity of this technology
isanoteworthy limitation of XML.

Immeaturity aside, we bdieve that XML
has a great potential to become a key future
technology. It has the drengths of providing
sructured data in a distributed manor and is fairly
easy to use. A key future issue for XML is how to
balance functionality with ease of use. In our case,
the smplicity of XML made the technology viable
for our application. However, had XML been more
complicated then it might suffer the high cost of
implementation that many other technologies now
face.

FutureTrends

An extended pilot of the CME system is
currently underway. The plans include expanding
the system to include three new labs. It is expected
that with the addition of each new lab, lessons
learned will extend the flexibility of the system,
while continuing to minimize impact to the
laboratories. Additiondly, the CME system is
being evaluated for a broader role within DOE.

Our vison for CME is to capture data and
its content information in an XML format, then
capture the data presentation information in an
XSL format, which would alow the Principa
Invedtigator control over that presentation view.
Due to the relative newness of XML/XSL
approach, and that few browsers support XSL
natively we have developed tools that approximate
an XSL-basad converson to HTML. Rather than
saving an XML file and associated XSL style

sheet to an XSL enabled browser, this converter
generates static HTML representations of the XML
from XSL directives. Alternatively, the labs may
provide the URLs of lab bult HTML
representations, offering the Pls greater control
over an FWP presentation. These gtatic HTML
pages could then served to the currently available
HTML browser technology, see Figure 3.

The main issue that we face in expanding
this pilot to additional labs is that labs will not be
able to provide data in a format that we desre.
The current FWP system is paper-based. Each
laboratory has developed its own system for
generating the paper. Some gather full FWP data
into a database, and then use database report writers
to generate the paper. Others have an informal
system with each Principa Investigator generating
his FWPs in his or her own preferred manner, i.e,
usng a favorite word processor, or tagging
language. This implies that the only source of
electronic FWP information may lie with each PI.
Gathering this data from each Pl is quite a large
task that may have a smple solution. This solution
would require the PI to convert his or her FWP to
an HTML format when the FWP is submitted for
approva. This would alow the FWP information
to be displayable from the CME sysem, adso
allowing the PI to potentially have a great ded of
control over how the proposa looks to potentia
sponsors. Once an FWP isin HTML, the Pl would
be free to enhance the proposal with graphics,
audio, video, or avariety of other technologies. Our
long-term desire would be to have this FWP
information represented in XML.

Summary

Through the development of a pilot system
to strengthen the research proposal management
system at DOE, we have shown that XML provides
asmple, low-cost means of digributed information
management that istypicaly performed by alarge-
scae enterprise information systems. The system
requirements caled for the proposal information to
be digributed, and to incur a minimal cost to the
owness of the information. Therefore, the
development of a low-cog, distributed information
management system is required.

Didributed databases, object request
brokers, and various middleware packages ded



very nicey with digtributed, heterogeneous data,
however, a quite a large cost to the owners of the
daa Our approach is to use XML as an
information repository that can be used to search
for and present information. The produced XML
files can be seen as a “daabas?” of proposa
information. We developed converters to generate
raw database reportsinto XML files, various means
of querying this information, including a tag-based
search engine, and various ways of presenting this
information, for example XSL style sheets.

Applying this approach to a large,
multipurpose national laboratory with hundreds of
research proposas demondrates the very low cost
of integrating their information into our system,
while meeting the initia system requirements. Use
of XML as a low-cost means of representing
digtributed and structured data is certainly feasible,
and depending on condraints, may provide the only
viable solution. XML is an emerging technology,
and suffers from immature tools, and supporting
dandards. These shortcomings will no doubt be
addressed over time. XML appears to have avery
bright future.
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