





































































































































































































































































































readily adapted to computer programs.

The program is called rHOP because
the sequence of numbers that eventu-
ally repeats itself resembles a piece
of rope with a loop at one end. It
also resembles the Greek letter rho
(p). There are two variables in the pro-
gram called slow and fasr. Initially both
variables are assigned the value of
the starting number. The iterative cy-
cle of the program includes just three
instructions:

Jast < fast X fast (mod 100)
fast< fast X fast (mod 100)
slow < slow X slow (mod 100)

The operation mod 100 extracts the
last two digits of the products. Note
that the squaring is done twice on the
number fast but only once on the num-
ber slow. Fast makes its way from the
tail to the head of the rho twice as fast
as slow does. Within the head fast
catches up with slow by the time slow
has gone partway around. The pro-
gram exits from its iterative cycle
when fast is equal to slow.

The attractor is identified by reiter-
ating the squaring process for the num-
ber currently assigned to slow. When
that number recurs, halt the program
and print the intervening sequence of
numbers.

I should be delighted to see readers’
diagrams that explore the effects of it-
erative squaring on finite realms of
varying size. The diagrams can be done
on a computer or by hand. Discrete
iteration is a newly developing mathe-
matical field with applications in com-
puter science, biomathematics, physics
and sociology. Theorists might watch
for a book on the subject by Frangois
Robert of the University of Grenoble,

he two-dimensional beings who in-
habit the planet Arde are deeply
grateful to the many readers who tried
to improve the crossover circuit I de-
scribed in May. That circuit is made up
of 12 two-input nand-gates. 1 asked
readers to find the minimum number
of nand-gates—and nand-gates only—
from which a crossover circuit can be
built. Most of the circuits submitted
have 10 gates, a mild improvement,
but three readers found an eight-gate
crossover [see illustration on this page).
In the eight-gate circuit there is one
three-input nand-gate and two single-
input nand-gates. The latter act as in-
verters, converting a 0 signal into a |
signal and vice versa. The three read-
ers who discovered the eight-gate solu-
tion are Eric D. Carlson of Cambridge,
Mass., Dale C. Koepp of San Jose,
Calif., and Steve Sullivan of Beaver-
ton, Ore. I have passed their names
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along with the improved crossover cir-
cuit to my Ardean friends. Believe it
or not, the same crossover circuit ap-
pears under U.S. Patent 3,248,573
(April 26, 1966). Robert L. Frank,
who is a systems consultant in Bir-
mingham, Mich., wrote that the pat-
ent was awarded to Lester M. Span-
dorfer of Cheltenham, Pa., Albert B.
Tonik of Dresher, Pa., and Shimon
Even of Cambridge, Mass.

It seems natural to wonder wheth-
er the circuit actually appears in any
present-day device. It is also natural to
wonder whether there is an even small-
er nand crossover. One supposes not.

C. Walter Johnson of Long Beach,
Calif., wrote to me describing a wide
variety of planar circuits that incorpo-
rate several types of gate. Apparently
it is possible to build not only cross-
over circuits in two dimensions but
also planar flip-flops. The flip-flops
provide memory for a two-dimension-
al computer.

One-dimensional computers in the
form of cellular automata have been
investigated by Stephen Wolfram of
the Institute for Advanced Study in
Princeton. It is too early to say what
contributions readers may have made
to this field after reading Wolfram’s
“Glider Gun Guidelines,” but I can
pass along some initial reactions. A sin
of commission sent a few readers off
chasing gliders in the line automaton
code-numbered 792. Wolfram and 1
meant to specify code 357. A sin of
omission was my decision not to men-
tion the line automata known to be
capable of universal computation. I
thought of describing such a line au-
tomaton, first constructed by Alvy Ray
Smith in 1970. At the time Smith was
a graduate student at Stanford Univer-
sity. I was afraid that the description
of Smith's universal line automaton
would unduly complicate the article:
the automaton has 18 states (k = 18)
and three-cell neighborhoods (r = 1).

Arthur L. Rubin of Los Angeles has
made a sensible suggestion for defining
the speed of light in an arbitrary line
automaton. Rubin’s suggestion cor-
rects a defect in an earlier definition
that sets the speed of light equal to one
cell per unit of time. The old definition
ignores the possibility that not all au-
tomata can attain such speeds. The re-
vised speed of light is “the maximum
speed of propagation of any impulse
(say to the right).” The leading edge of
the impulse is defined by the condition
that only 0’s can lie to its right. Rubin
goes on to prove that the speed of light
is 1/3 for the line automaton code-
numbered 792.

In my May column I also asked
whether the line automaton called
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A crossover circuit with eight nand-gates

Ripple has a one-way glider gun. Glid-
ers fired from such a gun would spew
out unendingly to the right but never to
the left. William B. Lipp of Milford,
Conn., has made a simple and charm-
ing argument against the existence of
such a gun. “Consider a pattern,” he
writes, “that never has nonzero values
to the left of some block labeled 0.
Observe that the leftmost nonzero val-
ue in the pattern must always be a 1. If
it were a 2, the 2 would ripple to the
left forever, thus contradicting the as-
sumption that no nonzero entries lie to
the left of block 0. But the leftmost 1
must become 0 on the next cycle, mov-
ing the left boundary of the pattern at
least one block to the right.” Thus ei-
ther a glider ripples to the left or its
gun is eaten away by 0’s.

Other readers sought to show that
Ripple is not capable of universal com-
putation. For some automata one can
prove a sufficient condition, namely
that the halting problem is decidable.
Ripple halts when all its cells contain
(0’s, but the halting conditions for any
universal computing machine it might
contain could be quite different.

Several readers attempted construc-
tions of line automata capable of
universal computation, among them
Frank Adams of East Hartford, Conn.,
Jonathan Amsterdam of Cambridge,
Mass., Kiyoshi Igusa of Brandeis Uni-
versity and Carl Kadie of East Peoria,
Ill. The constructions are all straight-
forward and believable, but Kadie, not
content with his one-dimensional au-
tomaton, went on to suggest a zero-di-
mensional one. It would consist of a
single cell, and it seems reasonable to
call it a point automaton. Readers with
a theoretical bent might enjoy ponder-
ing the universality of a point automa-
ton. Is it possible?

Alvy Ray Smith published his proof
for the existence of a computation-uni-
versal line automaton in 1971, in Jour-
nal of the Association for Computing Ma-
chinery. One might have thought a
career with such an auspicious start
would today be blossoming in some
well-known academic institution. In-
stead it has blossomed in a quite dif-
ferent setting: Smith is director of
computer-graphics research for Lu-
casfilm, Ltd., in San Rafael, Calif. In
a future column I hope to report on
some of the amazing cinematic effects
produced at the Lucasfilm laboratory.
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