Supercomputer for rugged environments

Some mainframe computers are so
fragile that they leave the factory packed
in a carton with devices to record whether
the contents have ever been turned over
or tipped during transit; if it turns out they
have been, the warranty is void. But not
the little number-cruncher developed at
Sandia National Laboratories in Al-
buquerque, N.M. It's been designed to
“shake, rattle and roll,” explains Edwin
Barsis, manager of Sandia’s Electronic
Subsystem Department. If it weren't ex-
tremely rugged, this computer would
never survive the send-off it is to get as
part of the on-board navigator of a cruise
missile or “smart” (maneuverable) muni-
tion.

It also handles rugged computations.
The no-frills version of model IV — with
three central processing unit boards—has
the computing power of the well-known
super-minicomputer VAX 11/780. But
model IV is capable of taking up to 16 such
boards, boosting computing speeds to 8
million instructions per second (mips).
And the 16-processor prototypes of model
V have demonstrated computational rates
of between 24 and 40 mips — roughly the
equivalent of a CRAY-1 supercomputer. Yet
unlike the towering CRAY-1, these Sandia
Airborne Computers (SANDACs) are about
the size of a shoe box and weigh between 4
and 20 pounds.

Parallel processing is the key to the
computer’s speed. Most computers use
“serial processing,” breaking down a large
computational problem into a series of
small steps — like additions, multiplica-
tions or subtractions — and tackling each
sequentially. Another way to handle the
series of small steps is to assign each to a
different microprocessor so that they can
be computed simultaneously; this is paral-
lel processing. “The big mainframes have
very little parallel processing,” Barsis
says. “They have parallel access to
memories and things like that, but none
has the capability [as SANDAC does] to
have 16 processors clunking away at
once.

“For the problems it is optimized to
solve,” Barsis says, “SANDAC operates as
fast as some of our best mainframes.” But

Six-processor (13.5-pound) version of
SANDAC IV forms cube less than 7 inches
on a side.
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SANDAC is not a mainframe or a general-
purpose computer. It's an embedded com-
puter, meaning that it’s designed to be part
of something that is not primarily a com-
puter. (One example of an embedded
computer is the device that controls the
timer and channel selector on a pro-
grammable videocassette recorder.)

A special-purpose computer, SANDAC
was specifically designed to handle navi-
gation and guidance problems as an em-
bedded part of a warhead-carrying reentry
vehicle (such as a missile), attack helicop-
ter or other such weapon. Not only can it
survive the vibration and acceleration as-
sociated with such weapons, but it also
will operate at temperatures as high as
190°F (nearly the boiling point of water).

Although SANDAC was originally ex-
pected to handle airborne navigation, Bar-

sis notes that it appears to be equally ap-
plicable to ground navigation. And work is
currently under way to make it capable of
“expert vision identification,” Barsis says.
One such application might be used in the
identification, targeting and destruction of
a specific class of enemy aircraft. Alterna-
tively, it might help industrial robots find
and discard defective products from an
assembly line, or permit automated
analysis of blood products.

All of the components used in the com-
puters are commercially available. Be-
cause existing SANDACs may have a num-
ber of civilian applications, Sandia has
begun releasing drawings for the system
to interested companies for commercial
development. Part of SANDAC's appeal,
Barsis acknowledges, is its small size. As
computer chips get faster, the distance a
signal has to travel becomes more signifi-
cant. SANDAC’s compact packaging keeps
signal distances short. —J. Raloff

Microscope maps minuscule magnetism

Electron microscopes are a practical
application of the principle that the waves
associated with matter really do matter.
Electron waves are very much shorter
than light waves, so using electrons as
probes instead of light reveals finer de-
tails, usually about the atomic and
molecular structure of objects, than light
can expose. Scanning electron mi-
croscopes (SEM) delineate the structure
of a specimen’s surface; transverse elec-
tron microscopes send electrons through
the sample to find out about its interior.
Now a group working at the National
Bureau of Standards (NBS) in Gaith-
ersburg, Md., has combined a polarization
sensor and a SEM to produce an instru-
ment that both delineates the surface
structure of a sample and maps out its
magnetic domains.

Magnetic domains are small sections of
ametal, for example, in which the inherent
magnetism all lines up the same way. Each
atom has an inherent magnetism, pro-
duced mostly by the spins of its outer, or
valence, electrons. In a given domain the
magnetic fields produced by the atoms all
line up the same way. In a nonmagnetized
sample the magnetic fields of the different
domains point in random directions, yield-
ing generally no field overall. In a
ferromagnetic sample the domains all
point the same way and yield a net overall
magnetism. (In an antiferromagnetic
sample the domains alternate pointing in
opposite directions, making an orderly
pattern but producing no net magnetism.)
A knowledge of the locations, sizes and
orientations of magnetic domains is im-
portant for the production and under-
standing of all manner of magnetic de-

" vices, particularly magnetic recorders and

magnetic memories.
A SEM works by shooting a beam of elec-
trons at the surface of the sample. Striking
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the surface, these electrons knock out
“secondary” electrons, and the informa-
tion gained from the secondary electrons
is used to draw a picture of the surface
structure. If the surface is magnetized, the
secondary electrons carry information
about the magnetization in their polariza-
tion. If one regards electrons as particles,
polarization means that their spins are all
oriented in the same direction; if one re-
gards electrons as waves, polarization
means that the waves all vibrate in the
same direction. Whatever picture one
uses, the polarization is related to the di-
rection of magnetization in the part of the
surface the given secondary electrons
come from.

The new instrument, developed by John
Unguris, Daniel Pierce and Robert Celotta
of the NBS Center for Radiation Research
and Gary Hembree of the NBS Center for
Manufacturing Engineering, combines a
SEM with a spin polarimeter to get the
usual picture of the surface topography
and at the same time a map of the mag-
netic domains. It is not the first attempt to
do this, but it claims to be more practical.
The work will be described in the Septem-
ber JOURNAL OF MICROSCOPY.

The first attempt to combine a SEM with
a spin detector used a device called a Mott
spin analyzer and an electron beam 10 mi-
crons in diameter. The Mott analyzer takes
up about a cubic meter of space and oper-
ates at 100,000 volts, requiring special
high-voltage protection. Unguris and col-
leagues developed an analyzer about the
size of a human fist that operates at about
150 volts. It analyzes the electron spins by
observing how the electrons scatter from
a polycrystalline gold film. The way they
scatter depends on their spin. This group
also uses a narrower electron beam, one
10 nanometers in diameter.

With the device, they have mapped the
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surfaces of single crystals of iron mixed
with 3 percent silicon. The illustration
above shows magnetic domains in a sec-
tion of the crystal surface 50 by 50 mi-
crons. The difference in polarization be-
tween light and dark domains is approxi-
mately 60 percent. The best resolution of
detail so far achieved with the device is 50
nanometers, a limit imposed not by elec-
tron characteristics but by vibration of the
stage on which the sample rested.

— D.E. Thomsen

Ruling on nuclear waste

Pushed by a court order, the Environ-
mental Protection Agency (EPA) last
week issued rules strictly limiting the
radiation that may be allowed to leak
into the human environment as the re-
sult of the burial of high-level radioactive
waste. The new rules apply both to mili-
tary nuclear waste and to depleted nu-
clear fuel from commercial reactors.

The EPA rules, more than nine years in
the making (SN: 1/8/83. p. 24), establish
the general environmental standards for
radioactivity that any storage or disposal
facility must meet. This means that the
Department of Energy (DOE), supervised
by the Nuclear Regulatory Commission,
must design and construct underground
repositories that isolate nuclear waste
for at least 10,000 years. If these con-
tainment requirements are met, EPA ex-
pects that no more than one cancer
death per decade should result from any
radiation leaks over a repository's
lifetime.

“The small residual risks allowed by
the disposal standards are comparable
to those faced by future generations.,”
says EPA Administrator Lee M. Thomas,
“if the uranium ore used to produce the
waste had not been mined to begin with.”

EPA missed its deadline for issuing en-
vironmental standards, as specified by
the Nuclear Waste Policy Act, by more
than a year. Delays also plague DOE’s
search for a repository site. Late last
year, DOE narrowed its search to three
locations (SN: 1/5/85, p. 6), but lawsuits
disputing the choices now blanket all
three. ]
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HTLV-III virus: Themes and variations

HTLV-1II, the virus that causes AIDS,
consists of a whole spectrum of closely re-
lated but genetically distinct viruses, re-
ports a team of researchers from the Na-
tional Cancer Institute in Bethesda, Md.,
Litton Bionetics Inc. in Kensington, Md.,
and the Walter Reed Army Institute of Re-
search in Washington, D.C., in the Aug. 23
SCIENCE.

The researchers isolated the AIDS-
related virus from the blood of one healthy
homosexual and nine patients who had
either AIDS or the AIDS-related complex
(ARC) — which has some but not all AIDS
characteristics — and from lymph and
brain tissue from eight deceased AIDS or
ARC patients. Although all of the virus iso-
lates had the same basic structure, no two
were identical, and some varied consid-
erably from the others. “The way we see
the virus now is that there aren’t strains —
A, B and C — but rather a continuum of
virus isolates,” National Cancer Institute
researcher Robert Gallo told SCIENCE
NEws.

None of the different types of virus
could be associated with whether the pa-
tient had AIDS or ARC or was healthy.
However, Gallo suggests that genetic dif-
ferences in the virus may explain why dif-
ferent AIDS patients have such different
sets of symptoms.

Two of the 18 patients were infected with
more than one form of the virus, leading
researchers to wonder whether the virus

had infected the two patients more than
once, or whether the virus changes while
in the body.

Because none of the other patients in
the group had such multiple infections, in
spite of presumed ample exposure to
other forms of the virus, the researchers
suggest that one form of the virus tends to
become dominant and somehow inter-
feres with infections by other forms. How-
ever, the rarity of multiple infections might
be only an artifact of in vitro culturing, the
researchers say.

In culture, the HTLV-III virus doesn’t
change much, so many of the genetic
changes in the virus probably occur when
the viral DNA is transcribed into DNA in
the body, says Gallo.

Whether the virus’s genetic diversity
will affect the difficulty of developing an
AIDS vaccine is unknown.

Meanwhile, the virus has been discov-
ered in the tears of an AIDS patient. “I don't
think that tears are a major mode of
transmission,” says Gallo. “But this tells us
that the virus is in places where we didn't
know it could exist.” The virus, which has
been found in blood, lymph nodes, semen,
saliva and now tears, is generally thought
to replicate almost exclusively in the T4
white blood cells. Now Gallo says he
thinks the virus is replicating somewhere
else — exactly where, he says, will be re-
vealed in aresearchreport to be published
in LANCET. —J. Dusheck

‘Off switch’ for cell division found

Certain cells in the body carry an “on
switch” that enables them to begin divid-
ing after a period of lying quiet. Re-
searchers from the University of Connect-
icut in Farmington have new identified a
corresponding “off switch.” While their
work is preliminary and does not at the
moment present a way to turn off cancer
cells, it does offer insight into the basic
biology of cell reproduction.

Some cells constantly divide; others
don’t have the capability to divide at all. A
third class, which includes liver cells,
neurons and lymphocytes, can remain
dormant for months or years, but when
needed switch into a dividing state. Previ-
ous experiments have shown that dividing
cells contain a “wake-up” factor, or ac-
tivator, that promotes cell division by in-
ducing DNA synthesis. The presence of an
inhibitor has been suggested by other ex-
periments showing that when resting and
dividing cells are fused together, DNA pro-
duction is somehow halted.

Janice K. Gutowski, Ann West and Stan-
ley Cohen of UConn were able to extract a
protein from resting white blood cells
that inhibits DNA replication in cell nuclei
stimulated by the activator. They describe
the action of the protein in the August

PROCEEDINGS OF THE NATIONAL ACAGEMY
of SciENCES (No. 15). The researchers
have since found that the inhibitor can not
only prevent activation but also turn off al-
ready activated nuclei.

“The picture that's emerging is that DNA
synthesis in dividing cells represents a
balance between positive and negative
factors,” Gutowski says. “It may be that the
balance controls a normal cell’s growth.”

What needs to be determined, she says,
is just how the inhibition works—or, in the
case of tumor cells, doesn't work. “The
[tumor] nuclei may not be responsive to
the inhibitor or the cells don’t make it,”
she says. “Either way you'd get a loss of
growth control.” If the problem is in the
manufacture, there may be ways to ma-
nipulate the system. “If we have a way of
getting an inhibitor into the cell,” she says,
“it may be able to slow tumor growth.”

Manjusri Das of the University of Penn-
sylvania in Philadelphia, who did early
work on cell activation, comments, “The
research attacks an important issue.” The
question now, she says, is whether the pro-
tein is the key inhibitor, or whether its ef-
fect is a by-product of the experimental
setup and does not play a role in the in
vivo cell. —J. Silberner
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