Pulleg Mountains, the group foung yere not encoded so much by “out”

With these components one can

pulled would the output rope move '
Jint traces of buried jute fibers ang nd “in” as they were by the direc- into the 1 position. In this case the en- L Ve B o o NGMERR
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R E A T I O N S h_ardwart: an ideal opportunity i piece of rope enters a single hole in  equally far from the exit pulleys. The | N OUT | ouT B
R E C ?r‘[:rtorélulzlé readers to the principles the front of the box and leaves by a name AND gate is derived from the gﬁ% :N % ‘; |
b ino without resort. ingle hole in the back. If one pulls fact that the output of this deviceis 1 | OUT | IN il £:18
An ancient rope—and—pulley COmPuter ?r: d:g'i?é;g?g?:{ﬁgﬂoug electron. the rope from the 0 position to the 1  if and only if one input rope and the _OUTL ouT IN 8 B
i th un le oprl"aPhUl , g~omponent5- Here are gates, flip. position at the front of the box, the other are in position 1. out out our 7
Is unearthed n €J g ]f.]:o([')'s and circuits made entirely of fope moves from “in” to “out.” The

by A. K. Dewdney

n the island of Apraphul off
the northwest coast of New
Guinea archaeologists have
discovered the rotting remnants of
an ingenious arrangement of ropes
and pulleys thought to be the first
working digital computer ever con-
structed. Chief investigator quert [
Ripley of Charles Fort Collgge in New
vYork dates the construction to ap-
proximately A.D. 850. oy
The Apraphulians were excellent
sailors. Their ships were wonderful-

a B

ly built and equipped wfith the n}ost
elaborate rigging imaginable. ‘y\gre
the Apraphulians led to the digital
computer by their mastery of rope or
was it the other way arour_n:l? Experts
continue to debate the topic hotly.
The ancient rope-and—pulle_y com-
puter has recently been partl_ally re-
constructed by Ripley and hL:‘s team
at the Tropical Museum of Marine An-
tiquities in nearby Sumatra. Scouring
a site that extends through several
kilometers of dense jungle east of the

INVERTER

An Apraphulian multiplexer: rope C determines wheth
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er signals froma orb reach d

rope and pulleys. It is all visible and
perfectly easy to understand. _

The Apraphulians used a binary
system just as we do, but the num-
bers 0 and 1 were representqd by the
positions of ropes instead of by elec-
tric voltages. Imagine a bla_\ck .bf_ X
with a hole drilled in one side. The
reader holds a taut rope thqt_ pas-
ses through the hole. 'l"his_ p_osumm. if
the rope represents the digit 0. If the
reader now pulls on the rope, a creak
and squeal inside the box is heard as
a foot or so of rope comes out. The
new position of the rope represents

igit 1.
thgglegcan represent numbers wi h
such boxes. Any number from 0
through 7, for instance, can be rep-
resented by three boxes [see top il
lustration on opposite pagel. By u.J?j
ploying more boxes, larger numbe rs
can be represented. Ten boxes suf-

fice to represent all numbers from 0

1,023. j
th;;);gl;cample of the blacl_< box is rurt
arbitrary. The Apraphullaps app‘g-
ently loved to enclose their mecha-
nisms in black wood boxes, sr_nall
and large. It may be that the cr"n—
struction of computers was the 1qu-
rogative of a special tcchnolog} al

priesthood. The sight of great asse m-

blages of black boxes may have kept

the masses trembling in awe.
One of the key devices used by he

Apraphulians converted a 0 into d

1 and a 1 into a 0. (It is occasimg
an

* and “out.”) Akin
to what modern computer enginecr

ally convenient to speak of 0
1 instead of “in

call an inverter, this .
mechanism consisted of a box wi

a hole drilled in its front and anothel

in its back [see bottom illustration 0!
opposite page]. When ;omeune {ﬂl
something) pulled the input ropc
the front of the box, an equal amoun

of output rope would be played ot ol

the hole in the back. On peering lnli'
the box, the reason is ob‘\:u,)us: th
ropes entering the box__ from $
and back pass over two fixed pul L.r
toward one side of the l_j()x, whe
they attach to a single spring. :

As some readers may have st
mised already, the digits O and

interesting

fron!

irection of movement is toward the
uller. The rope simultaneously
noves from “out” to “in” at the back
if the box, but since the direction of
novement is still toward the puller,
he rope at the back of the box also
1oves from Oto 1.
‘Two additional mechanisms al-
10t complete the ancient Apraphul-
an repertoire of computing compo-
ents. The first mechanism had two
aput ropes entering a box. If either
ppe was in the 1 position, the single
utput rope would also be in the 1
psition. The Apraphulians managed
is trick by absurdly simple means
ge top of illustration on next page).
ach rope entering the front of the
0x passed over a pair of pulleys that
rought it close to the other rope.
the two ropes, passing toward the
ear of the box, were then tied to a
ingle ring linked to the output rope.
‘either or both of the input ropes
vere pulled, the ring would be pulled
irectly. Because the output of the
)0X was 1 if one input or the other
was 1, today’s engineers would call
this an or gate.
' The ancient Apraphulians fabri-
ated what we would call an AND
ate from three pulleys and a curved
0d [see bottom of illustration on next
age]. One of the pulleys was free to
Oll along the rod, its axle being con-
cted directly to an output rope.
Ihe other two pulleys were paired,
seérving chiefly to position the output
Tope at the exit hole. With both input
f0pes in the 0 position, the rod coin-
Cided with the arc of a circle centered
On the paired exit pulleys. If one of
e input ropes was pulled into the
L position, one end of the rod was
illed away from the center of its
[ ¥sting circle. The pulley attached
\ Wthe output rope would then roll
{} “@ownhill” toward the end of the rod
dt had not been pulled; the position
he output rope would be substan-
¥ the same as before since that
d of the rod still coincided with the
SSting circle. (A peg in the middle of
| the roq kept it from swinging to ei-
I€r side of the box when just one of
f Input ropes was pulled.)
' Only when both input ropes were

)

1
|

¢
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build all the control circuits of a digi-
tal computer. These include circuits
that compute arithmetic functions,
interpret program code and direct
the flow of information among the
parts of the computer.

Did the Apraphulians construct
their computer along such lines? The
evidence is too fragmentary to reach
a definitive conclusion, but archaeo-
computologists working with Ripley
maintain they have discovered a sim-
ple multiplexer within the half-bur-
ied complex. In electronic computers
a multiplexer is essentially an electri-
cal switch that directs the passage of
many signals through a single wire.
For example, the simplest multiplex-
er would have two input wires we
might label @ and b. At any given mo-
ment each wire could carry a 0 or 1
signal. Which of the two signals, a or
b, will be allowed to pass through the
device and out a single output wire
d?The answer to that question is the
business of a control wire, ¢ if it car-

ries a 1 signal, the signal from wire a
will be transmitted along the output
wire. If the control wire carries a 0, on
the other hand, the signal in wire b
will be transmitted [see illustration on
opposite page).

This reconstructed double-input
Apraphulian multiplexer consists of
two AND gates, an OR gate and an in-

The Apraphulian inverter

How Apraphulians represented numbers

verter. The whole thing is so simple
that one dares to believe computer
recreationists might build their own
Apraphulian multiplexer at home.
Hardware stores might suffer a puz-
zling run on rope and pulleys. In any
event, one can follow operations of
the multiplexer by referring to the il-
lustration. Ropes a and b enter the
multiplexer from the top left, each
going to its own AND gate. Rope ¢
is split. One branch runs directly to
the other input port of the AND gate
to which rope a goes. The second
branch of rope ¢ passes through an
inverter and then runs to the AND
gate to which rope b goes. If rope cis
pulled to a value of 1 and held, any
sequence of 0’s and 1's sent along
rope a will be faithfully transmitted
through the upper AND gate and on to
the OR gate. At the same time any sig-
nal sent along rope b will be stopped
at the lower AND gate. If rope cis re-
laxed to its 0 position, the inverter
creates a 1 at the lower AND gate. In
this case any signal sent along rope b
will now be transmitted through the
lower AND gate and signals on rope a
will be ignored.
The OR gate merely ties the two




output signals together, SO t‘o speﬂc}
If the signal from rope ais cu‘r{cn!‘;
being transmitted, one can ea.sl_ y‘ \tll :
ualize exactly what happeqs dljii’&cezi
from the diagram: if rope ais ’FL- d}ihe
to the 0 position, the pullqy in w
AND box rolls to the end of ﬂl:le r m:
A 0 is thus transmitt%d a(l)(:{ngbéxe '(I)‘he
ope and into the (
g'tJ}ier ?npul rope to this bot 1531‘}(:12
ready in the O position (slack). A
natural tension 0?1 [htLI(thuotpt'fl]tg rng:)W
i sdiately pulls it 1
g(:ct?t?;;d nan‘lyely 0. If one pulls 01[1
rope a again, the pull is _transrm
ted along the path that has just be)ex;
described, with the result that rope
is retracted.
4 ?i‘(l‘fgd;‘latter of slack ropes comp_cls
me to take up the question oftepsmn_
in the Apraphulian computer. bonl"ne_
times, as in the OR gate of [l:lC e};,a‘me
ple, a rope will become slack. 1 qu
is naturally a danger that such ropet

will slip right off their pulk{*ys. R[l}i
ley tells me that in such"cas_es .
Apraphulians used a specially .mruak
fied inverter with an cxtremcly\\csep
spring to remedy rhe_prol?lem. .
ever a rope was likely lo ”e =
op slack, a “weak invert_el_' was i :
stalled to maintain the minimum ten
Sion associated with the signal ().‘ o
No general-purpose compl{'[t_rrh\E
complete without a memory. o
memory of the Apraphulian ‘C(~)mp~ial
er consisted of hundreds of S]ljlefL]‘ _
storage elements we would ce; 1:]1:])
flops. Here again the remgrkab e ?1 A
plicity of the Apraphuhan_mm e
immediately evident. In ln’m w :
modern terminology: the two rc;p?e
entering the mechanical ﬂlp-f_lop‘aa_
labeled set and reset [see toplletr :
tion on opposite pagel. The_ n\mfr(l:oll;)gé
were connected over a serlesvg t {he
pulleys in such a way that va en ihe
set rope was pulled away from
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The Apraphulian oR gate (top) and AND gate (bottom)

box into the 1 position, the reselyr_(,nf_,
would be pulled toward the box iiqg
the 0 position. The cemmon r L-‘Q
was connected to a sliding bar at the
back of the flip-flop qu. The output
rope, physically a contmuatu’)plnf (he
set rope, had a large bez}d attac I(; 0
it that engaged a slot in the ?1( ing
bar. As the set rope was pl:lu(.c},}.l,e
bead rode over the end of [h;;. r,
popping into the slot _v_vhen l’ ? et
rope reached the end of its trave ._

As a consequence the Qutput ‘1.“4\
was held in position until the ; I-
mous rope computer changed t lings
by pulling on the res_;e[ rope. ,':"‘”
had the effect of pulling the 5]_1(_. ng
bar away from the bead, rele.asu it
and playing the output rope into the
0 position. In this case the “l‘p‘-.l.up
would henceforth “remember : 0.
How were such mc_m(}ry eicmn_:ts
used in the Apraphulian computer:

Ripley and his team were pu‘n‘.“;(i
to discover in the midst of Ih(l \ d‘-;»{
Apraphulian Computer comp € | a
large overgrown ﬁclq nearl} a ki 0—.
meter wide. Buried just b&.l(rl]\\] \‘u
surface of the field were several t! ‘u
sand rotting flip-flop _boxes a{_rTwm %d
in rows of eight. Ripley, with 1 L
aid of the archaeocomputolf)gt :.‘Ll:i
eventually surmised that .t’h( i
represented the Apraphul}an C m:l

puter’s main memory. [aLh .T(]\\‘lll
eight boxes would havg‘c_ons}llltut‘ ‘131;
single, eight-bit “word” in tf( i
sense that the three boxes o T}]} |(ul
lier example would have (f‘on-su,{“‘tlé

a three-bit word. In that vein, erid}iq‘}l‘n

arow of three flip-flops that hac ‘,(‘\

set to the values 1, 0 and 1::7\ he

would have stored the nu_mbel 3

The content of this particular : .
ory word would have been acc : -TLas

by the rope-and-pulley C'Ompu’n .

follows. Each flip-flop in 1h<. o

would send an output rope to u[tm

sociated AND box. The other mp .

each AND box would come m”on-

special rope used to retrieve th:‘ o

tents of the word in question. b

the ropes were pulled, the Ul}lifl -

the AND boxes would bc 1dL.m| ¥
with the outputs of the ﬂipvﬂqp -

AND box ropes would lead to a! ‘.”f(-

assemblage of OR boxes and the

Sisdy < wel
into a special array of flip-flop:

o on

would call a register. A _bmg]uj‘ e
the rope associated with lh’( -
under examination wpuld plu‘t
same binary pattern of rope pos
‘ rgister.
m‘}]:*lecrc((inpuler‘s main lugic Vm“‘
doubtedly would have dlrgtl}t
flow of information not Jur-)n\i
memory to registers but_ -bL} )
registers as well. In particulah

| the
frof

e the

|tions !
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plexers (which perform the opposite
function of multiplexers), the com-
puter would have sent patterns from
register to register. At a specific reg-
jster that we would call the arithmet-
je register, patterns would have been
combined according to the rules of
addition and multiplication.
The Apraphulian computer is be-
ieved to have been programmable.
f it was, part of its vast memo.
¥ would have been used to store
he program. Program instructions
yould also have been merely pat-
erns of 0’'s and 1's retrieved by
ie same mechanism outlined above.
i10se patterns would in due course
ave been sent to an instruction reg-
er for interpretation by the com-
uter’s logic unit,
It is a pity I can do little more in
ese pages than to hint at the mar-
lous complexity of the Apraphul-
i machine. It must have been an
azing sight when in operation.
icause of the enormous lengths
‘rope involved, no human being
yuld have had the strength to pull
g input levers into the appropriate
sitions. The presence of elephant
hes in the Apraphulian complex
kes the source of input power
mediately clear. At the output end
g€ springs maintained appropriate
i8ions in the system. Perhaps flags
e ultimate output ropes enahled
mbers of the technological priest-
0d to read the outcome of whatev-
Omputation was in progress.
he Apraphulian rope-and-pulley
nputer makes for an interesting
itrast with the nanocomputer in-
duced in the January column. The
i€ machine, of course, inhabits a
ant past whereas the nanometer-
€ machine dwells in a hazy fu-
t. The Apraphulian computer is
ively massive in scale, covering
Isands of acres: the nanocomput-
§ incredibly tiny, occupying an
one-thousandth the size of a
an cell nucleus. The mere con-
it of either machine serves as a
Ingboard into a speculative realm
Te recreation blends with sci-
€. Think, for example, of the on-
g dream of artificially intelligent
Ehines. We find it easier to accept
Possibility of an electronic com-
€F that thinks since our own
Ights are to a great extent elec-
lically mediated. Because any
€rn computer (and its program)
tonceptually translatable into
@phulian form, any artificially in-
Bent device ever realized now or
WMe future will have its rope-and-
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the use of multiplexers and demulti-

holes. The rope
pulley thatis linked with another pul-
ley by an axial connector. One end
of the second rope is attached to
the back of the box. The rope pas-
ses over the second pulley and then
through a hole in the back of the box.
Readers might find some diversion in
discovering for themselves how the

machine adds two numbers; if the

two input ropes are pulled a distance
a and brespectively, the output rope
travels a distance g+ b,

Apraphulians manage analog multi-
blication? I shall try to publish the

context, I must ask all those who
have written to me and received no

RESET

The Apraphulian flip-flop served as a memory element

pulley counterpart. Can we imagine
HAL 9000, the paranoid computer in
the movie 2001: A Space Odyssey, be-
ing so constructed? Are we willing to
admit that an enormous building full
of ropes and pulleys could be just as
smart as we are?

We leave the island of Apraphul
with just one backward glance at its
misty past: how might the vast digital
computer have evolved? From ana-
log ones, of course. The illustration
below shows an analog adding ma-
chine made from two ropes and two
pulleys. The two ends of one rope en-
ter the front of a box through two
passes over a single

reply to be patient. [ am still able to
read mail but the large volume pre-
vents me from sending replies to all
correspondence.

Most programmers (tyros or oth-
erwise) attempting the special
effects described in the December
column settled on worms as the ef-
fect of choice. Sydney N. Afriat of
Ottawa, who was last heard from in
connection with the Tower of Hanoi
problem in the November 1984 col-
umn, notes that the worms are partic-
ularly exciting to watch when the
Program is run in compiled form.
Warner Clements of Beverly Hills,
Calif.,, disliked the wraparound dis-
memberment of his worms. Rather
than allowing the creatures to crawl
off one edge and to reappear at the
opposite edge, Clements’ program
alters the direction of motion by
+.25 or —.25. The choice depends on
whether or not the variable called
changeis greater than 155
Robert D. Scott, Jr., of Madison, Va.,
may be typical of a certain unfortu-
nate class of readers running a ver-
sion of the BasiC language that has
enough differences from the version
[ described to make WORMS uncrawl-
able. Such differences, although fa-
tal, are usually quite slight and easily
fixed—once they are detected.

So much is clear. But how did the

mplest design sent to me. In this
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An Apraphulian adding machine




