


MODULAR PROGRAMS
FOR PHYSICAL RESEARCH

“Available computers
can generate
AMAZINgG 7Movies;

the bottleneck is in
writing appropriate
software.”
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eady-to-use computer software has

revolutionized bookkeeping and pub-

lishing, but has had much less impact
on scientific research.

The available options for graphics—pack-
ages to visually display the results of compu-
tadon—simply do not satisfy the needs of
people working at the leading edge of research
in the physical sciences. One can find pack-
ages to make two-dimensional x-y plots,
packages for image analysis that will make a
Fourier transform from a picture of an oran-
gutan, and ray-tracing packages that are good
for drawing teapots. Such software can be used
in the presentation of final results, but it has
little value as an aid to research. Physicists
need visual feedback that is more sophisti-
cated than the bar charts and graphs used in
business. They do not need realistic images;
cartoons of their results are quite adequate.
But they do want to animate their results—
adding the extra dimension of time.

Akey deficiency of currently available soft-
ware packages is their lack of flexibility.
Research is, by nature, exploratory. When sci-
entists enter unknown territory, unforeseen
numerical and graphical problems arise
constantly, and researchers must have broad
control of their working environment. Also,
performance standards are continually advanc-
ing, and it is often necessary to tinker with
algorithms and graphics hardware.

In addition to being flexible, software
should be efficient to work with. Researchers
in the physical sciences have spent years indi-
vidually writing routines in PostScript®, cap-
turing interrupts and mouse input, and con-
trolling the screen on a pixel level. The
edit-compile-run-edit cycle that is needed to
explore complex simulations and physical phe-
nomeria without interactive control is ardu-
ous and time-consuming. Software modules
with interactive control, which is the hall-
mark of commercial packages, could greatly
facilitate this work. Available computers can

generate amazing movies; the bottleneck is in
writing appropriate software.

"To meet this need, my students and I have
been attempting to write a series of modular
programs for graphics and numerical analysis
that can be used to expedite research in the
physical sciences. Our programs are run di-
recty from the Unix shell, and are intended as
graphical extensions of Unix. They are writ-
ten using X-windows, a user interface
analogous to Microsoft Windows®, that has
become, in the last few years, the official stan-
dard of the workstation market. This software
development is Cornell’s part of an exchange
agreement with IBM. Cornell has received, as
IBM’s contributon to the work, thirty-four
RS-6000 workstations with a retail value of
over three million dollars, as well as software
and staff support.

During the first year of development, our
software modules have had a remarkable im-
pact on the research carried out by the theory
group in the Laboratory of Atomic and Solid-
State Physics. Some have been ported to the
Cornell National Supercomputer Facility.
Many are now available by anonymous FTP
(a File Transfer Program used by Unix) to
users elsewhere in the country (see the box on
the opposite page).

The examples presented in this article sug-
gest the capabilides of this new software, al-
though the printed page can only suggest the
dynamic potential of animated sequences.

PlotAtoms: A Useful Software Package
Developed at Cornell
One of the most useful modules is PlotAtoms,
which was written by graduate student Bruce
Roberts. PlotAtoms has been of considerable
help to researchers studying everything from
the structure of quasicrystals to the molecular
dynamics of buckminsterfullerene.

The “unit cell” in a quasicrystal is infinite
in extent: all attempts to deduce the atomic
configurations directly have failed so far. The
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