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Abstract

While relational databases have become critically important in business applications
and web services, they have played a relatively minor role in scientific computing,
which has generally been concerned with modeling and simulation activities.
However, massively parallel database architectures are beginning offer the ability to
quickly search through terabytes of data with hundred-fold or even thousand-fold
speedup over server-based architectures. These new machines may enable an entirely
new class of algorithms for scientific applications, especially when the fundamental
computation involves searching through abstract graphs. Three examples are
examined and results are reported for implementations on a novel, massively parallel
database computer, which enabled very high performance. Promising results from (1)
computation of bibliographic couplings, (2) graph searches for sub-circuit motifs
within integrated circuit netlists, and (3) a new approach to word sense
disambiguation in natural language processing, all suggest that the computational
science community might be able to make good use of these new database machines.
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1. Introduction

Imagine an interactive supercomputer; now, imagine it slicing through terabyte databases in
seconds, and that it is at least as easy to use as your PC, or workstation. Clearly, this mind
experiment evokes impressions of a very different kind of computing from that which many of
us have struggled with since the arrival of massively parallel machines. It suggests more than just
a computing capability; it suggests a change in our mental stance with respect to computing and
data analysis. However, there is something familiar about this feeling, too. We are reminded of
the heady days of Lisp machines (Bawden et al., 1977; Moon, 1985), when supercomputing
suddenly suggested more than just floating point computations.

The read-eval-print loop at the heart of Lisp programming (Abelson & Sussman, 1996) offers a
kind of analysis that is difficult to achieve with the current supercomputing paradigm, which
might be called compile-submit-wait. The power of immediate interactivity with a computer lies
at the heart of tools like Mathematica (Wolfram, 2003), MATLAB (Gilat, 2003), or even BASIC
interpreters (Kemeny & Kurtz, 1985), and it stems mostly from the agility of the human mind.
As long as one does not have to wait minutes to hours between computational gestures,
something amazing happens; one gets problem solving at the speed of human insight.

Think and query, and see the results; then follow that thought with another question as the
original problem develops into a cascade of other questions, which are either restated and
refined, or perhaps even definitively answered. This problem—question— better question cycle
is Michel Meyer’s problematology (Meyer, 1995) made fast by computing; the speed around this
loop is the feature that multiplies insight and enables progress. Unfortunately, these kinds of
interactive environments have not been particularly useful with massively parallel computers
despite a few interesting experiments (see, for example, the Parallel MATLAB work (Choy &
Edelman, 2005)).

One reason this scale of interactivity has not been productively developed for massively parallel
computing may have to do with the mismatch of problem sizes that we can think about in an
interactive manner vs. the scale of problem that can make good use of a parallel computer.
Alternately, it may be that interactive programming models are simply incompatible with large
message passing architectures, or maybe it is just hard and we have been too lazy. Whatever the
technical obstacles, the economics are particularly daunting when we consider the cost of having
a multimillion dollar supercomputer idly waiting on the slow typing and careful analytic thought
of a puzzled analyst. On the other hand, maybe this bizarre use of supercomputers is exactly
where they are most valuable. Maybe there are data-centric problems where discovery based
analysis and data mining fully justify such exorbitant uses of computing.

Here we will consider a massively parallel database machine originally designed for just such
analytic searches; a computer that is programmed with database scripts or used directly by means
of an interactive SQL read-eval-print loop. We will describe this Netezza architecture, the
computing problems we used to evaluate the architecture, and our results. We will also share our
impressions about the psychological differences we noticed while using this machine in contrast
to our experiences with large database servers and other parallel computing environments that
we regularly use.






