Mathematics

Looking for a busy beaver

Last fall, George Uhing, an amateur mathematician in Bronx,
N.Y, built a special-purpose computer to try to solve a mathe-
matical puzzle that he had found in the August SCIENTIFIC
AMERICAN. Late in the year, he came up with an answer that has
startled mathematicians and computer scientists interested in
logic and the theory of computing.

Uhing'’s result implies that the behavior of even simple digital
“machines” can quickly get out of hand, much sooner than
mathematicians had expected. Translated into mathematical
terms, this means that the amount of computation or number of
steps needed to solve particular problems can easily surpass the
ultimate problem-solving capacity of a real computer.

The problem Uhing looked at involves a Turing machine,
named for the late British mathematician Alan M. Turing. A typi-
cal Turing machine can be represented as a device that reads
and writes symbols on an infinite tape and has a control unit that
can take on a finite number of states. The control unit essentially
consists of a table that tells the machine what to do. The first part
of the instruction specifies what the machine should write, de-
pending on whether it sees a one or a zero. The second part
determines whether the machine stays in the same state or shifts
to another state (usually, a different set of instructions). The
third part of the instruction specifies whether the printing head
is to shift one frame to the left or to the right along the tape.

These Turing machines embody a method of mathematical
reasoning. Given a large but finite amount of time, a Turing ma-
chine is capable of any computation that can be done by any
modern digital computer, no matter how powerful.

Uhing was looking for a particular Turing machine dubbed a
“busy beaver,” which satisfies the condition: If a Turing machine
has five possible states, what is the largest number of ones it can
print on a blank tape (all zeros to start with) before coming to a
stop? It is now known that a three-state busy beaver writes six
ones before it halts; a four-state busy beaver writes 13 ones. Until
Uhing’s work, the top candidate for a five-state busy beaver
printed 501 ones.

Using hardware worth less than $100, Uhing built a small com-
puter that automatically tested, one after another, a selection of
the 64,403,380,965,376 different possible five-state Turing ma-
chines. Many were easy to eliminate because it was obvious that
they would fall into infinite loops or run on forever. Others stop-
ped almost immediately.

After letting his computer run for about three weeks while it
sifted through several million possibilities, Uhing found one
five-state Turing machine that prints 1915 ones as it goes
through more than 2 million moves. However, Uhing doesn't
know yet whether his machine is the long-sought busy beaver
because other five-state machines may exist that print out even
more ones. “I'm now trying to think up ways to eliminate uncer-
tainties,” he says.

The fact that a five-state Turing machine can print at least 1,915
ones and must go through more than 2 million shifts before halt-
ing is itself significant, says mathematician Allen H. Brady of the
University of Nevada in Reno, who recently checked Uhing’s re-
sult. “We have no idea what the jump from four states is going to
be. It's already so large.” Because so many moves are involved
for just a five-state machine, Brady adds, “our ability to distin-
guish between the machines that halt and machines that don't
halt has diminished.” Whether a particular Turing machine stops
is tantamount to proving or disproving certain mathematical
conjectures.

Says Alexander K. Dewdney of the University of Western On-
tario in London and author of the “Computer Recreations” col-
umn in SCIENTIFIC AMERICAN, “To me, the interesting thing is
that basically you've got an amateur doing something which is of
great interest to professionals.” A description of Uhing’s ma-
chine will appear in a future SCIENTIFIC AMERICAN.
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Heavy oil: The steamy bandit

With a natural viscosity ranging from molasses to tar, the
world’s vast resources of heavy crude (SN: 7/21/79, p. 42) require
heating—generally with steam —before they can be coaxed out
of underground reservoirs. Now engineers at Sandia National
Laboratories in Albuquerque have identified an energy-robbing
phenomenon that’s costing heavy oil producers dearly: It’s
called wellbore refluxing.

Sandia

The outer casing of a steam-injection well is a large pipe into
which the narrower steam-conveying pipe is inserted. The space
inside the casing and outside the steam-injection pipe is the
wellbore. Though the long segments of inner steam pipe are
heavily insulated to limit energy loss, small metal couplings be-
tween segments are not. And tests last year at Sandia showed
that heat lost at couplings is unexpectedly high owing to the
presence of some moisture in most wellbores. When the injected
steam’s heat gets conveyed through a coupling’s wall, explains
Billy Marshall, geo-energy manager at Sandia, moisture in the
wellbore flashes to steam and begins rising up the bore. As it hits
the cooler surfaces of the casing or insulated pipe some distance
up, the steam cools, condensing to water, and begins trickling
back toward the hot coupling again (see diagram). The phase
change from water to steam at these couplings allows the
wellbore to steal six times more energy than would have been
intuitively expected for a dry wellbore, Sandia research shows.
But there’s a simple solution: line couplings with doughnut-
shaped plastic insulators.

Calculations by Sandia’s Dan Aeschliman indicate that if only
the injection wells already in use were insulated at these cou-
plings, U.S. heavy oil producers could save more than $1 billion
over the next 10 years (just based on current production rates
and no inflation). Moreover, the insulation should make possible
steam delivery to even greater depths.

New infrared-sensor chip

A miniature infrared (IR) sensor for military surveillance —
such as identifying distant aircraft by the heat they radiate—has
been developed by researchers at General Electric (GE) Co.’s
Research and Development Center in Schenectady, N.Y. Its
charge-injection device technology is based on the silicon sen-
sors that led to GE’s solid-state television cameras.

In the new device, indium antimonide replaces silicon, shifting
the chip’s spectral sensitivity into the 3 to 5 micron IR range.
Though 1,024 pairs of metal-insulated semiconductor capacitors
share a chip just 0.116 inch by 0.318 inch, placing a lens in front of
it enables the device to image a large area in detail, according to
Ching-Yeu Wei, its primary developer.

Two capacitors form each energy-gathering pixel. One picks
up the faint IR signal, storing it as an electric charge. For the chip
to report that signal, the charge must be transferred to a readout
capacitor. To double or more the charge-transfer efficiency of
this chip—and with that, its sensitivity—each capacitor duo has
been designed as a concentric ring instead of a side-by-side pair.
Also aiding efficiency is its planar topography; the usual deep
etched hills and valleys can sometimes trap a charge and pre-
vent it from transferring, Wei notes.

89

X2 o

www_jstor.org



