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Abstract. This paper summarizes a discussion on general technological
issues related to a national virtual observatory in a special session at the
2000 Workshop on Virtual Observatories of the Future, June 15, 2000.
The discussion leaders were Michael Goodrich, of Johns Hopkins Univer-
sity, Jim Gray, of Microsoft, Michael Kurtz, of the Harvard-Smithsonian
Center for Astrophysics, and Giuseppe Longo, of the Osservatorio Astro-
nomico di Capodimonte.

1. Five Key CS Technologies

The discussion was opened by a presentation of five key technologies that are
related to the needs of a National Virtual Observatory (NVO).

1.1. External-Memory Computations

When computations and data sets are too large to fit into the internal memory of
a computer, they must necessarily involve external-memory computation. More-
over, because of the huge orders of magnitudes differences in the time to access
storage in internal memory versus external memory, large-scale algorithms and
data structures must be designed from the start with external memory in mind
from the start. Thus, algorithm engineering technology developed for external-
memory computations should be ported to the NVO. Relevant references include
Agarwal et al. (1999), Arge (1995), Arge et al. (1998), Arge and Vitter (1996),
Chiang et al. 1995), Crauser et al. (1998), Goodrich et al. (1993), Nodine et al.
(1996), and Vengroff and Vitter (1996).

1.2. Geometric Indexing

NVO data is inherantly geometric, in that much of it can be modelled as points
in a multi-dimensional space. Decades of research in computer science has shown
that such data is best indexed geometrically using structures such as the hier-
archical triangular mesh (HTM), k-d tree, or BAR-tree. Relevant references
include Bentley (1990), Ding and Weiss (1993), Duncan et al. (1998), Duncan et
al. (1999), Eastman (1981), Overmars and van Leeuwen (1982), Samet (1990a,
1990b, 1990c, 1992, 1995), and Sproull (1988).
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1.3. Meta-Computing

An interesting concept for performing computations over the Internet involves
using a loosely-configured coalition of computers to perform that computation.
Such coalitions are known as meta-computers or computational grids, and they
offer the potential for the efficient exploitation of significant parallelism for per-
forming large computations. Relevant references include Hernandez et al. (2000),
Foster et al. (1998), Haupt et al. (1999), and Patten et al. (1999).

1.4. Information Security

Computations that are to be performed over the Internet and data resources
that are to be housed on Internet computers must unfortunately content with
computer security issues. Data must be kept so as to achieve certain security
properties, which including propriety rights, integrity, availability, and (in some
cases) confidentiality. Thus, modern cryptographic techniques may need to be
incorporated into the architecture for an NVO. Relevant references include Fos-
ter et al. (1998), Hughes and Hughes (1998), Knudsen (1998), and Schneier
(1996).

1.5. Information Visualization

Information that extracted from an NVO must be visualized. Several techniques
exist for visualizing multi-dimensional and even relational data. These should
be exploited. Relevant references include Alberts et al. (1997), Di Battistta et
al. (1994), Di Battistta et al. (1999), Dodson, (1996), and Johnson (1993).

2. Discussion

In addition to these topics, a discussion leader raised the point that the com-
munity will need to decide if the NVO should be used to perform science or to
facilitate science. Many in the audience commented that it should do both.

A discussion leader asked how computational resources will be performed,
namely, whether or not sophisticated computations should be performed at client
computers or at server computers. An audience member commented that he felt
that simple computations could be performed without fees for all users, but that
he felt that NVO time for complex computations should be requested in the same
manner that instrument time is requested for physical observatories. Likewise,
a small panel should allocated time for complex queries on the NVO in the same
manner as panels allocate time at physical observatories.
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