The Collaboratory Opportunity

Wm. A. Wulf

Although computers have already had a
significant impact on the conduct of sci-
ence, there is now a special opportunity to
use them to further leverage the entire sci-
entific enterprise. A report from the Na-
tional Research Council (NRC) points the
way (1). Entitled “National Collaborator-
ies: Applying Information Technology for
Scientific Research,” the report was pro-
duced by the NRC’s Computer Science and
Telecommunications Board.

The word “collaboratory” is a blend of
the words collaboration and laboratory, and
the NRC report explores the ways in which
information technology can be used to sup-
port a much broader range of the activities
in scientific inquiry. The unprecedented re-
duction in the cost-performance ratio of
computing and communication, and the
melding of these technologies into an in-
formation infrastructure, enables applica-
tions beyond the traditional analysis and
modeling familiar to the scientific commu-
nity. Important as these applications are,
they are but one aspect of the process by
which science proceeds.

As I wrote in 1989, the collaboratory is
“a center without walls, in which the
nation’s researchers can perform their re-
search without regard to physical loca-
tion—interacting with colleagues, access-
ing instrumentation, sharing data and com-
putational resources, [and] accessing infor-
mation in digital libraries” (2). The physi-
cal infrastructure of the collaboratory is the
worldwide collection of networked comput-
ers augmented by instrumentation inter-
faced to the network (such as that at Son-
dre Stromfiord in Greenland). The essence
of the collaboratory, however, is not this
physical infrastructure. Rather, it is the
software that enables scholars to use remote
libraries, collaborate with remote col-
leagues, interact with remote instruments,
analyze data and test models—all with
nearly the facility they now enjoy locally.

As prior use of computing has demon-
strated, fuller exploitation of the power of
information technology can not only in-
crease the productivity of our researchers, it
can qualitatively change the kinds of ques-
tions we ask and, hence, what we know
about nature—indeed it has and it will. We
cannot predict precisely how the informa-
tion infrastructure will be used. However,
just as computer-based modeling and visu-
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alization now allow us to test hypotheses
about systems we could not otherwise con-
trol, such as galactic collisions, networked
instruments and shared data should allow
us to perform new kinds of interdisciplinary
experiments.

The bottleneck to the achievement of
such a vision is not hardware. A great deal
of research needs to be done by computer
scientists and engineers, working with
client researchers in other disciplines, to
build effective collaboratories. Some of this
research is being done in other contexts,
but it is neither coordinated nor, to my
mind, given the priority it deserves relative
to the immense payoff. Consider just a few
examples:

1) Scientific ~ databases. A  common
theme of many disciplines recently is huge
databases; examples include the genome
project, global seismic data, and
space-based Earth measurements.
The attributes of these data are
generally the antitheses of those
of the business data for which
contemporary databases have
been built: The content may be
neither text nor numeric, may repre-
sent a temporal rather than instan-
taneous state, and may be effectively
read-only, and individual records
may be enormous. But perhaps the
biggest difference is in the way
that the data are used.

It is a truism in comput-
ing that when the param-
eters of a problem change
by two orders of magnitude
in any dimension, it be-
comes a new problem. In
this case, there is change of many orders of
magnitude along several dimensions simul-
taneously. Despite this, disciplinary scien-
tists are mostly struggling with database
technology designed for employee records
and automated teller machines.

2) Remote instruments. Increasingly, in-
strumentation is remote from the investiga-
tor because the phenomenon to be mea-
sured is remote (as in deep space) or in a
hostile environment (as in the deep ocean)
or the instrument is simply too expensive
to replicate (as a large telescope).

The more remote in both space and
time, the greater the advantage in building
autonomy (intelligence) into the instru-
ment. The instruments not only must cope
with their local environment (as in a plan-
etary rover) but must be able to make smart
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decisions about the amount and kind of
data to collect, store, and transmit. A deep-
space probe, for example, will have limited
storage and bandwidth for information to
be beamed back to Earth, forcing long de-
lays between instructions from the investi-
gator; it will have to face possibly unfore-
seen observational opportunities (for ex-
ample, a supernova or an unpredicted dark
object flyby) and make real-time decisions
about how to use its resources.

3) Collaboration technology. Much of the
work on collaboration technology (“group-
ware”) has either been targeted to business
users or back to the computer science com-
munity. Yet, as most researchers will attest,
the single most critical resource for innova-
tion is access to stimulating colleagues, par-
ticularly those in different disciplines.

Especially in the case of interdiscipli-
nary efforts, the probability that exactly the
right collection of expertise will be collo-
cated is small. Saying it another way, if col-
laboration between noncollocated scien-
tists were made easy, the probability that
interdisciplinary problems would be suc-
cessfully attacked would increase. But we
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have a great deal to learn about how to sup-
port collaboration among researchers. Al-
though tools that support things like joint
authoring and brainstorming may apply to
all disciplines, the real and perceived needs
of disciplines will differ.

4) Data fusion. The mere existence of
large amounts of on-line data will encour-
age the analysis of phenomena observed by
multiple sensors in multiple locations—
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whether the use of the data in that way was
planned or not. This requires that the data
not only be accessible and manipulable, but
understood. Techniques need to be devel-
oped for data description that facilitates use
by disparate applications and enables inte-
gration from heterogeneous sources in a
form that leads to an understanding of the
overall problem.

5) The modeler’s workbench. Currently
there is a gap between the development of
a mathematical model and the creation of
the computer program to simulate it. That
discontinuity is a potential source of error
and an opportunity for a divergence be-
tween the simulation and the original
model. Languages and systems—a modeler’s
workbench if you will—to make this a
single, seamless process would greatly am-
plify the effectiveness of modelers.

Each of the above is just a sample of
the rich opportunities to better support
scientific investigation. In fact, they are
the rather obvious examples. The pace
of the improvement of information
technology makes it easier to see
where the technology will be
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rather than how it will be used. The ten-
dency is to assume that the applications
will be the same as the present ones, but
better. Although that is partially true, his-
tory suggests that new, unanticipated appli-
cations will also emerge—and somehow,
these are usually the important ones.
Consider, for example, that within a few
years, the typical personal computer will
have graphic capability comparable with
that of today’s highest priced graphic work-
station. Does that mean merely a crisper
desktop? Certainly that’s one implication,
but I doubt that will be the major benefit.
However, I cannot predict
what will be the biggest
benefit any more

than [ predicted the success of electronic
mail when the ARPAnet was installed in
the late 1960s.

Alas, although research served as the ra-
tionale for the initial development of infor-
mation technology, it is a minuscule mar-
ket. We should not expect the private sec-
tor alone to fully exploit the opportunity to
use the technology to leverage research.
The recommendations in the NRC report
point the way, and although tiny by “big
science” standards, [ believe they have the
potential for an immense positive impact
and should have the highest priority.
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