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COMPUTER 
RECREATIONS 

Braitenberg memoirs: vehicles for probing 
behavior roam a dark plain marked by lights 

by A. K. Dewdney 

Avast plain hums with the activi
ty of hundreds of toy vehicles. 
Some cluster worshipfully at 

the base of giant light bulbs. Others 
seek darker places or hover uncertain
ly between light and shade. What land 
is this? What madness? 

It could be called the land of syn
thetic psychology, a gedanken ground 
invented by Valentino Braitenberg of 
the Max Planck Institute for Biologi
cal Cybernetics in Ttibingen. Braiten
berg's thesis that biological behavior is 
easier to synthesize than to analyze is 
aptly illustrated by the vehicles that in
habit the great plain. Employing only 
elementary mechanical and electrical 
devices, even the simplest control cir
cuits give rise to behavior that Brai
ten berg calls love, aggression, fear 
and foresight. A complete description 
of Braitenberg's thought experiment 
can be found in his handy little book ti-

tled Vehicles: Experiments in Synthetic 
Psychology. 

Before exploring the world of Brai
ten berg's vehicles, there is a story of 
my own that illustrates his thesis. A 
certain professor of computer science 
once brought a curious object into 
his artificial-intelligence classroom. 
He displayed a golden sphere that he 
claimed (tongue in cheek) had fallen 
from a UFO that very morning as he 
was on his way to the campus. Turning 
his back to the class, he made a few 
adjustments and the sphere began to 
buzz. When he placed the sphere on 
the smooth classroom floor, it abrupt
ly began to roll by itself. Whenever 
it bumped into an obstacle such as a 
chair leg, it would pause for a moment 
and then roll around it. At one point 
the sphere even rolled behind the door 
that stood open against one wall. The 
sphere buzzed and bumped mysteri-

The standard vehicle 

16 

ously for a minute and suddenly re
emerged from the cul-de-sac as though 
satisfied with its explorations. Read
ers might enjoy pondering what secret 
force controls the sphere. How does 
the sphere avoid obstacles in the way I 
have described? The answer will be re
vealed next month. 

Braitenberg's vehicles share with the 
golden ball the characteristic that only 
the initiated know how they work; oth
ers can only shake their heads in puz
zlement. In what follows I have taken 
some liberties in simplifying and for
malizing Braitenberg's game so that 
readers can join the initiated and en
gage in the adventure. 

A vehicle can be visualized as a toy
size schematic automobile with two in
dependent driving wheels at the back 
and two slave wheels (like casters) at 
the front [see illustration on this page]. 
The difference in turning rates of the 
back wheels determines where the ve
hicle will go. 

The wheels are attached to the sim
plest body possible, namely a rectan
gular slab of material. The vehicle 
designer can fasten various sensors 
around the edge of the slab. A circuit 
that connects the sensors to the rear 
wheels completes the vehicle. The wir
ing is mounted on the top of the slab 
somewhat in the manner of a print
ed circuit. Only one piece of option
al equipment is available for the ve
hicles, a rectangular cover that can 
be placed over the circuit. The cover 
is not meant to protect the vehicular 
brain from the rain (the land of syn
thetic psychology has no weather) but 
to shield it from the prying eyes of out
siders; we have no wish to reveal how 
simple the little circuits actually are. 
Outsiders are therefore free to draw 
the most fantastic conclusions about 
what the vehicles are up to and just 
how they work. We do not want to 
spoil their fun. 

The standard vehicle has two wide
angle "eyes," or photoreceptors, at
tached to the front of the slab. Each 
receptor is aimed slightly to the out
side of the medial line. A light source 
ahead and to the left of the vehicle will 
therefore register more strongly in the 
left receptor than in the right receptor. 

The two receptors are connected by 
wires to motors that operate the rear 
wheels. Signals in the wires consist of 
trains of discrete electric pulses: the 
more light a given receptor receives, 
the more pulses it sends along its out
put wire. At low levels of illumination 
only a few pulses are sent per second. 
At high levels many are sent. In both 
cases we imagine the pulses to be even
ly spaced in time. At the other end of 
the wires the pulse trains are translat
ed into motor commands. The more 
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pulses that arrive per second at a given 
wheel, the faster its motor will drive it. 

In the simplest vehicles two wires 
connect the eyes directly to the wheels. 
Two possibilities arise: the wires may 
be crossed or uncrossed. In the latter 
case each wire connects directly to the 
motor behind it. What happens when 
such a vehicle is placed in the middle 
of an infinite, darkling plain punctuat
ed here and there by brightly shining 
light bulbs? If the vehicle is near one 
of the bulbs, more or less facing it, the 
vehicle will rush forward but immedi
ately begin to turn away from the light 

as though frightened by its brightness. 
The fearful vehicle will run out into 
the night, slowing as it goes. In gener
al it will creep slowly about the plain, 
avoiding bright places. Occasionally it 
may be forced to run through a gap be
tween two relatively close bulbs. It will 
speed up like a frightened rabbit, hop
ing to get over the uncomfortable ex
perience as quickly as possible. 

An outside observer might be baf
fled by the vehicle's behavior, but the 
explanation is quite simple. If there is a 
light source ahead of the vehicle and to 
its left, for example, the left eye will re-

ceive more illumination than the right 
one. Consequently the left motor will 
run at a higher speed than the one 
on the right; the vehicle will therefore 
turn to the right, away from the source 
of light. The mirror image of this 
behavior is exhibited when the light 
source is to the right. The vehicle turns 
to the left, away from the source. Once 
the light is out of sight the vehicle im
mediately slows down, its speed gov
erned only by the average illumination 
of distant sources in its visual field. 

What about the vehicle with crossed 
connections? Its behavior could hard-

Vehicles roam the plain in the land of synthetic psychology 
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Direct (left) or crossed (right) connections make for different behaviors 

Iy be more different. Placed on the 
plain at a great distance from any 
light bulb, it swings slowly in the direc
tion of the one dominating its visual 
field. As it draws near, it goes faster 
and faster. Finally, at top speed, it 
runs straight into the bulb, smashing 
it. Would an outside observer not 
conclude that the vehicle with crossed 
connections behaves aggressively? 

In the absence of any electronic 
intermediaries between receptors and 
motors, the two vehicles I have de
scribed virtually exhaust the availa
ble behavioral repertory. To produce 
more complicated behavior one can 
introduce a kind of abstract neuron. I 
call it a neurode to distinguish it from 
the real thing. 

A neurode is actually a formal com
puting element that receives pulses 
from other neurodes or from recep
tors. The pulses are conducted by 
wires. A neurode will generate pulses 
of its own under certain conditions. 
Somewhere a clock ticks at the arbi
trary rate of 100 cycles per second. A 
neurode will fire at the end of a cycle
and only at the end of the cycle-if the 
number of pulses it receives from oth
er neurodes during the cycle equals 
or exceeds a preset number. (A pulse 
takes somewhat less than a complete 
cycle to travel between any two neu
rodes that are directly connected.) The 
preset number is called the neurode's 
threshold. 

In the most general form of vehicle, 
pulses are delivered to neurodes by 
means of two kinds of wire, excitato
ry wire and inhibitory wire. A neurode 
will fire if it receives enough pulses 
along its excitatory wires so that its 
threshold is met. The neurode will be 
stopped from firing during a cycle if it 
receives a pulse along an inhibitory 
wire during the cycle. 

The clock also governs receptors 
and motors. A receptor may send a 
pulse only at the end of a cycle. If 
it fires every cycle, it will send 100 
pulses per second, the maximum level 
of activity a receptor is capable of sus
taining. The motors may also receive 
a maximum of 100 pulses per second 
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from the neurodes that control them. 
We assume, moreover, that each pulse 
delivered to a motor turns its wheel 
by a small angle. Such devices actual
ly exist. They are called, appropriately 
enough, stepping motors. 

By incorporating two neurodes into 
the hitherto ultrasimple circuits, the 
behavior of the two vehicles is radical
ly altered: the fearful vehicle becomes 
a light-bulb lover and the formerly 
aggressive vehicle becomes shy. Their 
behavior is not simply reversed, how
ever; the change is subtler. In both 
cases a single neurode of threshold 0 
is inserted in the middle of each wire 
connecting a receptor to a motor. The 
section of ordinary wire between the 
receptors and the neurodes is then 
replaced with inhibitory wire. As 
a consequence, when the neurode re
ceives a pulse from the receptor, it will 
send nothing to the motor attached to 
it. Conversely, when the neurode re
ceives nothing from the receptor, it 
will fire a pulse to the motor. In other 
words, the higher the pulse rate from 
the eye is, the slower the motor runs; 
the lower the pulse rate from the eye is, 
the faster the motor runs. 

Now form a mental image of the 
first vehicle, the one with uncrossed 
connections. As it approaches a light 
source, it steers directly toward it, 
slowing as it goes. Finally it comes to a 
stop, facing the light bulb in quiet ado
ration. The second vehicle's crossed 
connections, on the other hand, now 
cause it to turn slowly away from a 
nearby source, then to speed off into 
the darkest area it can see. 

The reasons for the two behaviors 
should be clear to anyone who knows 
the circuits. In both cases the greater 
the illumination of the eye receptors 
is, the slower the motors run. But in 
the first case the more fully illumined 
eye drives a slower motor on the same 
side. This tends to correct deviations 
from dead center. In the second case, 
however, the more fully illumined eye 
drives a slower motor on the opposite 
side. This tends to increase deviations. 

So far the response of the motors to 
receptor signals has been either direct-

ly proportional or inversely propor
tional to the pulse rate. By means of 
a simple little circuit of four neurodes, 
a nonlinear response can be arranged. 
The behavior of the four-neurode cir
cuit is quite ordinary as long as the 
receptor sends fewer than 50 pulses 
every second to its motor: the more 
pulses per second from the receptor 
there are, the faster the motor goes. 
Beyond 50 pulses per second, howev
er, matters become interesting. The 
motor begins to slow down: the more 
pulses per second from the receptor 
there are, the slower the motor goes. 

To explain how the four-neurode 
circuit works, I must introduce a term 
called a pulse rate, which is the aver
age number of pulses per cycle. A re
ceptor that fires 50 pulses per second, 
for instance, has a pulse rate of 1/2, 
because 50 pulses per second divided 
by 100 cycles per second equals 1/2 
pulse per cycle. (Remember that the 
clock ticks at 100 cycles per second.) 
Because a receptor or a neurode can 
fire a pulse only at the end of a cycle, 
the pulse rate can never exceed 1. In 
brief, the four-neurode circuit is con
structed so that if an eye sends pulses 
at a rate less than 1/2, all the pulses get 
through to the motor. If the pulse rate 
is greater than 1/2, however, the cir
cuit acts as a net: the more pulses that 
are sent, the fewer that get through to 
the motor. 

The four-neurode circuit consists of 
a chain of three neurodes of threshold 
1 and an additional neurode of thresh
old 2 [see top illustration on page 22]. 
The first two threshold-1 neurodes 
send pulses to the threshold-2 neurode, 
which in turn sends an inhibitory pulse 
to the third threshold-1 neurode in the 
chain. The net effect, so to speak, is to 
kill off all but the first pulse in any 
train of consecutive pulses that travel 
through the miniature plexus. Readers 
are encouraged to confirm this oper
ation for themselves. The assumption 
is that for pulse rates less than 1/2 
no two pulses are consecutive. At rates 
greater than 1/2, however, clusters of 
pulses appear. 

Outside observers are invited to 

, 1 

I 
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His camera? The Pentax 67, the one camera that combines the quality of a 2)41' x 2W' 
image and the operating simplicity of 35mm SLR. WeD-positioned controls. 
Superbly accurate electronic focal plane shutter. Interchangeable viewfinders, 
including pentaprism with TTL metering. Interchangeable focusing screens. And 
a fuD complement of fine Pentax lenses - from 35mm fish eye to 800mm telephoto -
that interchange with bayonet mounting ease. The Penff.lX 67, 645 and LX. Excellence, 
for those who demand it from everything they do. 
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DE� 
The Contempora� 

At Cadillac, we believe today's 
luxury cars should reflect today's 
values. The newly styled, longer 
De Ville is as contemporary as it is 
Cadillac. This six-passenger luxury 
car remembers why you chose 
Cadillac in the first place with 
renowned comfort and conve
nience enhanced by leading
edge technology: De Ville also 
delivers a smooth, comfortable 
ride while answering your need 
for precise driver control. There's 
even an Anti-Lock Braking System 
available. 

The new look of luxury: 

This year, America's most suc
cessful luxury car adds the 
further distinction of new 
Cadillac styling refinements. 
The restyled front end with a 
new bolder grille and com
posite headlamps takes on a 
clean, aerodynamic design. The 
profile assumes a longer 
silhouette. And a new taillamp 
treatment completes the ele

gant update. 

'See your dealer for the terms and conditions of this new powertrain limited warranty. 

The increasingly rare comfort of 
full-size room for six. 

How can a luxury car this 
effortless to maneuver in traffic 
still accommodate six adults in 
Cadillac comfort? The answer is 
a transverse-mounted V8 
engine with front-wheel drive. By 
putting the engine sideways, 
valuable room is passed along 
to the spacious Cadillac interior. 
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LLE 
Spirit of Cadillac, 

Cadillac touches that 
anticipate your every want. 

The Cadillac name is syn
onymous with comfort and 
convenience. In addition to its 
six-way power driver seat and 
Electronic Climate Control sys
tem with selected temperature 
display, De Ville also incorpo
rates innovations such as the 
ability to operate the stereo 
radio, the available Astroroof 
and other conveniences up to 
10 minutes after you turn off the 
ignition or until you open a door. 

A unique blend of smooth ride 
and responsive handling. 

With specifically tuned four
wheel independent suspension 
and Electronic Level Control, 
De Ville proves a silky ride and a 
firm feel-of-the-road are not 
mutually exclusive. This Cadillac 
is equally rewarding to driver 
and passenger. With its avail
able Anti-Lock Braking System, 
De Ville can help take the paniC 
out of panic stops. 

De Ville's new, longer warranty. 
Another confidence-inspiring 
facet of De Ville is its new 
6-year/60,000-mile warranty* 
as well as a 6-year/100,000-
mile rust-through perforation 
warranty. 

Your Cadillac dealer invites 
you to drive the car that defines 
lUXUry for today. De Ville, the 
contemporary spirit of Cadillac. 

LET'S GET ITTOGETHER ... BUCKLE UP. II 
© 1987 SCIENTIFIC AMERICAN, INC
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CONTROL CIRCUIT 

RECEPTOR 

DRIVE WHEEL 

A nonlinear motor control circuit 

ponder the behavior of the vehicles 
when each inhibitory receptor wire is 
replaced by an excitatory wire and 
each threshold-O neurode is replaced 
by a four-neurode nonlinear network. 
Near the light source, where receptor 
pulse rates are greater than 1/2, the 
vehicle with uncrossed eye-to-motor 
connections behaves like the light
bulb lover. Away from the light source 
it becomes fearful, shrinking from 
light of any kind. The vehicle with 
crossed connections, on the other 
hand, vacillates. Outside the pulse-rate 
boundary of 1/2 it is aggressive, head
ing toward the nearest visible bulb 
with increased velocity. Within the 
boundary it becomes hesitant and 
turns shyly away. 

One can readily imagine the great 
plain populated by all six types of ve
hicles [see illustration on page 17]. Each 
light bulb would have a handful of 
quiet worshipers. Farther away vacil
lating vehicles would follow compli
cated orbits of indecision. In the outer 
darkness, meanwhile, the shy and fear
ful vehicles would creep quietly or 
whiz anxiously in complicated pat
terns. Occasionally the devotions of 
the quiet vehicles would be shattered 
by the arrival of a violent vehicle. If 
the process destroyed a bulb, all the 
vehicles would race off in search of 
another light source. The instigator of 
the destruction (assuming it survived 

the crash in perfect shape) would 
move off more slowly than the wor
shipful cars. 

For vehicles equipped with neu
rodes the sky is the limit, behavioral
ly speaking. Indeed, one can build a 
perfectly good computer from inter
connecting neurodes. But what good 
is a powerful brain with such limited 
sensory inputs? To add spice, vehi
cles could be equipped with enhanced 
vision, hearing and touch. The actu
al senses added are largely irrelevant; 
one would only like to construct a 
reasonably interesting and varied en
vironment. Enhanced vision involves 
not only the wide-angle receptors al
ready used but also narrow ones that 
can be assembled into compound ar
rays. Visual receptors could also have 
filters placed over them so that the ve
hicles could distinguish colors and de
tect heat (which is infrared radiation). 
Sound receptors might include prim
itive ears tuned to various frequen
cy ranges. For touch I visualize long, 
whiplash antennas extending well out 
in front of the vehicles. 

One could then add buzzers and 
heat sources to the plain. Vehicles 
themselves might give off heat. Some 
light bulbs might buzz. 

While I was reading Braitenberg's 
book an arresting passage caught my 
eye. In reference to the superior abili
ties of neurode-equipped vehicles he 

NARROW-ANGLE 
RECEPTOR 

RETINAL DECISION MOTION DRIVE 
WHEELS 

\ 
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LAYER LAYER LAYER 

A predatory vehicle 

writes: "You can already guess some 
of the things that a vehicle fitted with 
this sort of brain can do, but you will 
still be surprised when you see it in 
action. The vehicle may sit there for 
hours and then suddenly stir when it 
sights an olive green vehicle that buzz
es at a certain frequency and never 
moves faster than 5 cm/sec." 

The description set me to imagin
ing a species of predatory vehicle that 
would attack any and all vehicles that 
happened to cross its visual field [see 
bottom illustration on this page]. I have 
designed only the portion of the preda
tor's brain responsible for pursuit; I 
offer my design as a sample exercise. 
Readers might enjoy designing a brain 
for a behavior that intrigues them. 

The predatory brain is made up 
of three levels of interconnected neu
rodes. The first level amounts to a reti
na that sifts meaningful data from the 
possibilities presented by three nar
row-angle visual receptors. The sec
ond level decides whether prey is pres
ent ahead. The third level consists of 
two motor neurodes that command 
the drive wheels. 

In detail, there are four retinal neu
rodes, each of which watches for a spe
cific pattern of light and dark falling 
on the three photoreceptors. The two 
neurodes on the left side of the circuit 
will fire if a dark object (a vehicle by 
definition) falls within the range of the 
leftmost one or two receptors. Those 
two neurodes are connected by excita
tory wires to a single threshold-l neu
rode positioned at the second level of 
the vehicle's brain. 

The second-level neurode fires at 
the end of a given cycle if either of the 
two retinal neurodes fired in the pre
ceding cycle. It therefore fires if a vehi
cle was spotted on the left side of the 
visual field. The second-level neurode 
simultaneously transmits an excitato
ry pulse to the motor neurode com
manding the right drive wheel and an 
inhibitory pulse to the motor neurode 
commanding the left drive wheel. The 
vehicle begins turning to the left so 
that the target will tend to be centered 
on the retina. The neurodes on the 
right side of the predatory brain func
tion in a mirror-image fashion to those 
on the left. A central, threshold-O neu
rode at the second level is connected 
by a single inhibitory wire to the cen
tral retinal receptor and by an excit
atory wire to each of the two motor 
neurodes. The threshold-O neurode 
will drive the vehicle straight ahead 
provided neither of its companions 
at the second level is also firing, since 
each of them will inhibit one of the 
motor neurodes from responding. 

Admittedly it is much easier to syn
thesize one of Braitenberg's vehicles 
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Get more from your personal computer. • • 

Take the 4-volume 
Microcomputing Library 
for only $4.95 when you join the 

/!.� Small compUTeR BOOH CLUB 

HOW 10 
MAKE YOUR WAY 

tHROUGHlHE 
NEW lANGUAGE 

MAZE 

1m a-w= 
..=..x. 

• 

NAOMI S. BARON 

Bring your PC into the state of the art with the Microcomput
ing Library. And best of all, this $95.40 set is yours for only $4.95. 
You get four outstanding volumes: 
• COMPUTER L ANGUAGES: A Guide For The Perplexed. 

By Naomi S. Baron-A 432-page guide to 22 of today's most 
important computer languages. 
Publisher's price: $27.50. 

• DIRECT CONNECTIONS: Making Your Personal Computer 
Communicate. 
By Arielle Emmell and David Gabel-Use inexpensive technolo
gies to perform fast and accurate communication between dif
ferent computers. 
Publisher's price: $22.95. 

• A COMPREHEN SIVE GUIDE TO AI AND EXPERT 
SYSTEMS. 
By Robert I. Levine, Diane E. Drang, and Barry Edelson-The 
tools and techniques to apply basic artificial intelligence con-

4 Good Reasons to Join 
1. The Finest Books. Of the hundreds of books submitted to us each year, only 
the ver y finest are selected and offered. Moreover, our books are always of equal 
quality to publishers' editions, never economy editions. 

2. Big Savinlls. In addition to getting the Microcomputing Library for only $4.95 
when you jom, you keep saving substantially, up to 30% and occasionally even 
more. (For example, your total savings as a trial member-including this intro
ductory offer-can easily be over 50%. That's I ike getting every other book free!) 

3. Bonus Books. Also, you will immediately become eligible to participate in our 
Bonus Book Plan, with savings of up to 65% off the publIshers' prices. 

You simply agree to buy three more books-at handsome discounts
within the next 12 months. 

For only $4.95, you get all the information you 
need to: 
• select the right programming language 
• transfer data between unlike systems 
• use artificial intelligence on your PC 
• develop typeset-quality material at 

reduced costs 

, ....... ... 
\01l0I .... ... 

"........",""," 
•• !IlK """" 

r Desktop 
I 
Publis�ing 

, em 
I Fred Da�s, 
I Michael Wiesenberg, 
l John Barry 

cepts on your Pc. Includes real-life examples. 
Publisher's price: $19.95. 

• DESKTOP PUBLISHING . 
By Frederic E. David, John Barry, and Michael W iesenberg
"More than a how-to-book, Desktop Publishing gives you the 
perspective of a publishing pro. Good stuff."-lohn Dvorak, 
/nfoWorld 
Publisher's price: $25.00 . 

To get the Microcomputing Library, just complete and return the post
age-paid card. You'll get thousands of proven tips, short-cuts, and 
ideas and save over $90.00. 

Small Computer Book Club is a division of the Library of Computer 
and Information Sciences, the oldest, largest and most respected com
puter book club in the world. T he Small Computer Book Club will 
keep you up-to-date with the latest developments in software, im
provements in hardware, programming languages, and much more
all at handsome discounts. 
So start enjoying the club's benefits today. 

4. Convenient Service. At 3-4 week intervals (16 times per year), you will receive 
the Small Computer Book Club News, describing the Main Selection and Alter
nate Selections, together with a dated reply card. If you want the Main Selection, 
do nothing, and it will be sent to you automatically. If you prefer another selec
tion, or no book at all, simply indicate your choice on the card and return it by the 
date specified. You will have at least to days to decide. If, because of late mail 
delivery of the News, you should receive a book you do not want, we guarantee 
return postage. 

If the reply card has been removed, please write to the Small Computer Book 
Club, Dept. Y-BA8-00748, Riverside, N.J. 08075 to obtain membership infor
mation and an application. 
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EXPEDITION 
shirt $29 

A tough cotton canvas shirt built for 
comfort and endurance. Civilized 

touches include epaulets and button-
d $1- for flap pockets. 

sen 
cat"! 

Please send Check, Visa, Amex, MlC, DC to 224 Grant Ave. 
Dept. KOB, P.O. Box 7347, San Francisco, CA 94120 
Add CA, NY, TX, OK Sales Tax and $2 for Shipping 

Order 'l'o1l-rrH 800-&27-&200 

How to live 
with someone 

who's living 
with cancer. 

When one person gets 
cancer, everyone in the family 
suffers. 

Nobody knows better than 
we do how much help and 
understanding is needed. That's 
why our service and rehabili
tation programs emphasize 
the whole family, not just the 
cancer patient. 

Among our regular services 
we provide information and 
guidance to patients and families, 
transport patients to and from 
treatment , supply home care 
items and assist patients in their 
return to everyday life. 

Life is what concerns us. The 
life of cancer patients. The lives of 
their families. So you can see we 
are even more than the research 
organization we are so well 
known to be. 

I No one faces cancer alone. 

t AMERICAN CANCER SOCIETY 
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than it is to analyze the inner workings 
of a living nervous system, even the 
primitive one found in the large ma
rine snail Aplysia [see "Small Systems 
of Neurons," by Eric R. Kandel; SCI
ENTIFIC AMERICAN, September, 1979]. 
Undoubtedly observers familiar with 
the rules of the synthetic-psychology 
game could understand many of Brai
tenberg's vehicles simply by synthe
sizing ones of their own. At the same 
time Braitenberg's vehicles teach us 
that even the most primitive nervous 
systems may be capable of behavior 
that seems complicated or surprising. 
In any event, neurophysiologists have 
their hands full with creatures whose 
complexity is several orders of magni
tude greater than that of the vehicles 
described here. 

Michael A. Arbib is a computer sci
entist and brain theorist who recently 
moved to the University of Southern 
California to help develop a program 
of studies in neural, informational and 
behavioral science. Arbib's "vehicle" 
for brain research is a computer-sim
ulated frog called Rana computatrix. 
The frog brain is at present only par
tially implemented: there is a crude 
retina, an advanced tectum and as yet 
little else. Already, however, the frog 
hops around barriers and distinguish
es prey from inanimate objects. It dis
plays simple learning. 

According to Arbib, there is some
thing of a resurgence of interest in neu
ral models both as simulations of liv
ing creatures and as potential comput
ers. In the case of the former a number 
of workers have constructed computer 
simulations of isolated neural systems 
in simple animals such as locusts, frogs 
and sea slugs. The simulations are al
ready leading to testable predictions. 
In the case of the latter, a small num
ber of engineers are investigating for
mal neurons as elements in parallel 
computers. 

The gulf between synthesis and 
analysis does not imply that Braiten
berg's vehicles should be viewed mere
ly as frivolous playthings. Perhaps 
more germane than the current gulf 
between the two is the tendency of 
some observers to describe the actions 
of the vehicles in terms of human 
behavior, to say the vehicles love or 
hate based on behavior that appears 
complicated but really is not to those 
who understand it. Braitenberg seems 
to imply that the phenomena of love 
and hate are manifested by human sys
tems as definite in principle as vehicu
lar systems are; as one ascends a scale 
of complexity, passing from abstract 
to real creatures in the process, one 
might be forced to conclude that love 
and hate were present almost from the 
beginning. 

Braitenberg illuminates the topic 
in his Vehicles by carefully construct
ing a sequence of machines ranging 
from simple to complex. At the end 
of the book he explains how each as
sumption, behavioral or mechanical, 
is grounded in real observations. The 
ability of an array of narrow-angle vis
ual receptors to distinguish among ob
jects might ultimately account for how 
a fly can choose one's nose to land on 
in a crowded room. 

I have been charged with incom
petence by William J. Slattery of 

Jamestown, R.1. Last December's col
umn on Pixar, the California-based 
graphics computer firm, featured a 
description of programs for drawing 
mountains and plants. What appears 
to be a fractal mountain drawn by 
the method of triangular subdivision is 
shown on page 16 of that issue. Ac
cording to Slattery, I did not have the 
wit to recognize Sherlock Holmes's 
hat when I saw it. For misleading read
ers I may even be apprehended by the 
great detective himself. 

John McCarthy, an eminent com
puter scientist at Stanford Univer
sity, has a more serious comment on 
the concept of fractal mountains. He 
notes that real mountains, which are 
formed by erosion, have many well
developed river valleys. Fractal moun
tains, on the other hand, do not share 
such features and would, in fact, be 
full of lakes. Is the resemblance of 
fractal mountains to real mountains 
merely an optical illusion? McCarthy 
warns against the acceptance of fractal 
objects as models for real ones without 
further investigation. 

The cross-sectional object I called 
Mount Mandelbrot might not be a 
single mountain but an entire range 
of mountains. Graphic output sent to 
me by Ken Wright of Grayling, Mich., 
bears out this conclusion. One way 
back to singular orogeny is to take 
some care with the random deflection 
in the line segments that make up 
Mount Mandelbrot's profile; if the 
deflection is biased in the upward di
rection, rather than being allowed to 
range up or down with equal probabil
ity, one may see a more impressive 
peak develop. 

The program outlined for Mount 
Mandelbrot wasted some memory by 
requiring two arrays to hold alter
nate generations of points constituting 
successive subdivisions of the moun
tain's profile. Richard E. Lang of Lin
coln Center, Mass., finds a single ar
ray is sufficient. Essentially the same 
algorithm I suggested can be easily 
converted to make use of the single
profile array as the basis for its own 
subdivision, so to speak. 
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The Tandy® 3000 HL makes 
286 technology affordable. 

We beat the competition ... 
If you're using MS-DOS® based 

computers and want to expand with 
more power for less, take a good 
look at the Tandy 3000 HL. It beats 
out the IBM® PC/XT-286 in price, 
performance and choice of options. 

on performance ... 
Operating at 8 MHz (vs. 6 MHz 

for IBM's 286), the 3000 HL's ad
vanced, 16-bit microprocessor de
livers up to seven times the speed 
of a standard PC's microprocessor. 
T his means you can run the busi
Bess software you've grown accus
tomed to faster than ever. 

on flexibility ... 
And you can choose your options. 

Expand with more memory, hard 
disk drives, communications and 
more. And you can connect the 
3000 HL with other MS-DOS based 
computers with the ViaNet'" Local 
Area Network. 

and on price! 
T he floppy-based Tandy 3000 HL 

starts at only $1699. T he IBM 
PC/XT-286 costs $3995*. And a 
comparably equipped Tandy 3000 
HL with a 20-megabyte hard disk 
and other options still costs less 
than IBM's 286. 

TANDY COMPUTERS: In Business ... for BusinessT• 

"Based on IBM price list as of Sept. 2, 1986. Tandy 3000 HL price applies at Radio Shack Computer Cen
ters and participating stores and dealers. Monitor sold separately. MS-DOS/Reg. TM Microsoft Corp. IBMI 
Reg. TM International Business Machines Corp. ViaNetfTM ViaNetix, Inc. 

Compare the Tandy 3000 HL. It 
delivers today's advanced computer 
technology ... for less. 

p--- -----Send me a Tandy • 
I 3000 HL brochure. I 

Mail To: Radio Shack, Dept. 87·A·502 

I 300 One Tandy Center, Fort Worth, TX 76102 I • Name I 
Company ________ _ I Address I 

I City State -- I • ZIP Phone .. - - - ----
Available at over 1200 

Radio Shack Computer Centers and at 
participating Radio Shack stores and dealers. 

ltadl8/haeK 
COMPUTER CENTERS 

A DIVISION OF TANDY CORPORATION 
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