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COMPUTER 
RECREATIONS 

Exploring the field of genetic algorithms 
in a primordial computer sea full of Ribs 

by A. K. Dewdney 

I
magine an abstract sea inhabited by 

abstract organisms called finite 
living blobs, or flibs. Each flib is 

equipped with the simplest decision
making apparatus possible. This is the 
biological equivalent of what comput
er scientists call a finite automaton. 
Each flib also contains a single chro
mosome consisting of a string of sym
bols that encodes the automaton. The 
flibs inhabit a primordial, digital soup 
in constant flux. These changes must 
be predicted accurately by the flib if it 
is to survive. 

In the primordial soup J recently set 
simmering in my computer, flibs that 
predicted poorly died out. The best 
predictors left progeny that sometimes 
improved on ancestral performance. 
Eventually a line of perfect predictors 
evolved. 

Flibs and their evolutionary tenden
cies illustrate nicely a form of pro
gramming known as the genetic algo
rithm. Pioneered by John H. Holland 
of the University of Michigan in the 
1960's, the technique is sometimes 
able to solve difficult problems by 
evolving a sequence of approximate 
solutions. New solutions are produced 
by mating the best of the old solu
tions with one another. Before long a 
new solution that is superior to its par
ents appears and joins the list of pre
ferred breeders. Genetic algorithms 
have been applied with some success 
to pattern recognition, classifier sys
tems, pipeline operation, symbolic lay
out and a small number of other prob
lems. In my computer soup the tech
nique yielded superior flibs. Was this 
success due to the general efficacy of 
the genetic-algorithm method or to 
the simplicity of the predictive task 
facing the flibs? The question is hard 
to answer. It can be pondered and the 
underlying phenomenon can be repro
duced by any interested reader who 
has a computer within reach. 

it to change automatically from one 
state to another. The kind of automa
ton used in a flib also generates signals. 
Incoming and outgoing signals are rep
resented within the automaton by sym
bols. When a signal is received, the au
tomaton changes state and emits a sec
ond signal. 

A state-transition table is useful for 
representing the process. For exam
ple, a finite automaton that is capable 
of assuming three states, A, Band C. 
and that can handle afferent and ef
ferent O's and 1 's fits nicely into a 
3-by-4 table. For each state the au
tomaton might find itself in, and for 
each symbol it might receive, there 
are two entries. The first entry gives 
the corresponding output symbol; the 
second entry gives the state that the 
automaton next assumes: 

A 

B 

C 

o 1 
�r-"--, 

1 B 1 C 

0 C 0 B 

1 A 0 A 

The automaton represented by this ta
ble might well find itself in state C at 
some time. If the automaton receives 
a 1, the table tells us the automaton 
will generate a 0 and enter state A. 

Another representation, easier for 

humans to read, is the state-transition 
diagram, in which circles represent 
states and arrows represent transi
tions. If an automaton goes from one 
state to another when it receives a 
specific symbol, an arrow should be 
drawn from one state circle to another. 
The arrow should be labeled both with 
the input symbol that caused the tran
sition and with the resulting output 
symbol [see illustration below]. 

A finite automaton always begins its 
operations in a specific state, called the 
initial state. At each tick of an imagi
nary clock a new symbol arrives, a new 
symbol leaves, and a new state is en
tered. The automata used in my flibs 
all send and receive the same two sym
bols, 0 and 1. 

How is one to interpret the behavior 
of a flib if so little is known about the 
creature's biology? Therein lies the joy 
of abstraction. The symbols received 
by the automaton are merely senso
ry messages from the environment. In 
corresponding fashion, an output sym
bol can be viewed as a response by the 
organism to the environment's most 
recent condition. 

The concept of a flib is so flexible 
that input and output can represent a 
great variety of specific biological phe
nomena. For example, an input signal 
could represent a chemical or temper
ature gradient. The corresponding out
put symbol could be a command to an 
effector that controls cilia, or a spore
forming mechanism. A task of great 
importance to a creature wishing to 
evolve to some minimally acceptable 
level (say that of a university profes
sor) is to predict the environment. To a 
flib the environment is a seemingly un
ending sequence of O's and 1 'So Insofar 
as symbols received indicate signifi
cant events, there is clearly some ad
vantage in the ability of a flib to pre
dict the next symbol, particularly if 
under some more specific interpreta
tion of flib functioning the flib's sur
vival were enhanced. 

Most flibs are rather poor at pre
dicting their environment in this sense. 
For example, the flib described by the 

A finite automaton has a finite num
ber of states; an input signal causes A state·trallsition diagram (left) alld a correspolldillg jlib with its chromosome (right) 
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state-transItIOn table given above re
sponds to the environmental sequence 

0111000010110 ... 

with the outputs 

1000011001000 ... 

At each stage of its operation the flib's 
output is its prediction of the next sym
bol to arrive from the environment. To 
find the number of correct predictions 
shift the output sequence one symbol 
to the right and compare it bit by 
bit with the input sequence. Count 
the number of matching symbols. In 
this case the ftib predicted correctly 
only six of the 12 incoming symbols, 
a score that is no better than might re
sult from random guessing. 

One can easily demand too much 
from a finite automaton. Indeed, it is 
unfair to ask a fEb to predict any non
periodic environment. Readers might 
like to ponder this point for a moment. 
Why must a perfectly predicted se
quence of input symbols consist of the 
same basic string endlessly repeated? 

(19 
&IP 

For example, the 3-state ftib that failed 
the prediction test just set for it suc
ceeds brilliantly on the following envi
ronmental sequence: 

0100 II 0 I 00 II 0 I 00 II . . .  

Here the environment marches to the 
beat of a simple repetition, 010011. 

There are several dozen 3-state ftibs, 
but only a few of them can predict this 
sequence perfectly. Among ftibs that 
have more than three states perfect 
predictors for a given environmental 
sequence are rare and become more so 
as the number of states increases. Pre
dictability depends heavily on the peri
od of the sequence: no n-state ftib will 
ever be able to predict the sequence 
that results from continued repetition 
if the basic string of symbols is too 
long. There is evidently a relation be
tween the number of states a ftib can 
have and the largest period in a se
quence that it predicts perfectly. Read
ers might enjoy discovering the rela
tion for themselves. What is the long
est period an n-state ftib can predict? 

A ftib is more than a finite automa-

, 
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HIGHEST SCORES 

/ LOWEST SCORES 

A soup of 10 jlihs (top) e,'olves a perfect predictor (bottom) 

ton trying to predict its environment; it 
has a chromosome. Flibs periodically 
breed (by some unknown method). An 
examination of the chromosome in its 
relation to a flib's finite automaton 
shows how the inherited genes deter
mine the behavior of the offspring. 
Start with the state-transition table and 
strip away the rows, one at a time, 
from top to bottom. Join the rows to
gether end to end and then join the 
beginning of the string to its end. The 
result is a circular chromosome. 

Before the final joining operation, 
the chromosome of our 3-state exem
plar appears as a string of 12 genes: 

IBICOCOBIAOA 

Strictly speaking, the symbols in this 
string are alleles. An allele is a specific 
form of a gene that appears at a given 
locus. As such, a gene can be specified 
either by its name or by its locus. Thus 
the seventh symbol from the left con
trols a ftib's output symbol when it is in 
state B and a I is received from the 
environment. The locus here is 7. 

I recently set up a primordial soup 
containing 10 4-state ftibs in my per
sonal computer. Before 1,000 of the 
time units I call chronons had passed 
none of the original ftibs was alive. 
All had been replaced by superior pre
dictors. The display screen showed 
the highest and lowest scores attained 
in the current popUlation. The lowest 
score ftuctuated a good deal; the high
est score crept slowly upward [see illus
tration at leftl. Just when I was begin
ning to give up hope that a perfect 
predictor would evolve, one suddenly 
appeared, whereupon the highest score 
jumped to 100. 

All of this raises the question of just 
how ftibs evolve in my computer soup. 
Periodically a cosmic ray zips through 
the broth and strikes a random chro
mosome at a random locus; the result 
is that a specific gene is changed from 
one allele to another. For example, in 
the following 4-state ftib chromosome 
the gene at locus 3 controls the output 
symbol for the transition from state A, 
when the creature receives a I: 

ODICODOBIAOCIBIA 

A cosmic ray striking this gene chang
es the chromosome slightly: 

ODOCODOBIAOCIBIA 

Mating is the other source of varia
tion in the ftib gene pool. During the 
mating season the highest-scdring ftib 
shuffles genes with a randomly select
ed ftib. The offspring bears a compos
ite chromosome. One part comes from 
the superior parent, the other from 
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Silent 
• 

partnerSln 
world health 
Schistosomiasis affects as many as 200 million people in 
Mrica, Asia, the Middle East, Puerto Rico and Latin 
America. It is often called "snail fever" because at one 
stage of their life cycle, Schistosoma worms infect snails 
that live on the bottom of rivers and streams. These para
sites invade the skin of humans who drink, wash or swim 
in contaminated waters. They can cause severe itching, 
fever, diarrhea, and eventually irreversible damage to the 
liver. For 16 years, researchers visiting the island of St. 
Lucia in the Caribbean have been testing the practicality 
of various methods of control. Three approaches have 
proven to be most effective. 

First, a public health team sprayed the rivers and streams 
of St. Lucia to get rid of infested snails. New plumbing 
facilities were constructed to assure a supply of uncon
taminated water. Finally, treatment of people carrying the 
parasite was greatly facilitated by a drug developed and 
supplied by Pfizer. While previous treatments had to be 
given by injection, this drug was given orally only once, 
making it much simpler to reach a large number of peo
ple. The total control and elimination of the parasite is 
not yet a reality, but this combined medical and environ
mental program has done much to make life better for the 
people of the island. 

Developing a drug such as this is a significant task that 
takes a decade or more and tens of millions of dollars. It 
generally involves the synthesis of hundreds of com
pounds in the organic chemistry laboratory. These com
pounds are then screened for antiparasitic activity. If one 
or more of them shows promise, the next step is to do 
toxicity studies and learn all about how the potential new 
drugs behave in laboratory animals. Only after comple
tion of extensive, time-consuming animal studies can the 
drug be tested for safety and effectiveness in humans. And 
clinical trials in human patients can last for several years. 
If the clinical trials indicate that the drug should be made 

available, new technology must be developed to produce 
it on a mass basis, and in cases like this, with little if any 
profitability for the developer. 

Drug research and development isn't always "good the
ater?' And it's largely a team endeavor generally without 
charismatic heroes. The days of Paul Ehrlich and his 
"magic bullet" are long past. The work of the pharma
ceutical industry isn't usually the stuff of TV documenta
ries. More often, the industry has been the silent parmer 
of government agencies, physicians, nurses and their asso
ciates working together to improve public health in St. 
Lucia and other developing countries. 

In the Third World, pharmaceuticals are perhaps even 
more important than in advanced industrial countries. 
Often they are the only form of advanced medical tech
nology which is practicable. Other forms of care, such as 
surgery, are often too cumbersome and too demanding of 
scarce resources. Drugs, by comparison, are portable, rel
atively inexpensive and comparatively simple to use. 

The vast majority of drugs for the Third World and also 
for developed countries originate in the pharmaceutical 
industry. The government agencies do not have the broad 
expertise or resources for drug development, and medical 
schools and universities have different missions. Only the 
major research/pharmaceutical companies have the nec
essary skills and resources. Most manufacturers of generic 
drugs lack the research capabilities to create new drugs 
and test them for safety and efficacy. And that's only one 
reason an economically viable research-based pharma
ceutical industry is important to all of us. 

Pfizer is pleased to have been a parmer in helping to 
reduce the hazards of one of the world's more widespread 
health problems. Pfizer is also pleased to be working on 
other solutions to similar health problems around the 
world. 

PHARMACEUTICALS' A PARTNER IN HEALTHCARE 
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Crossover of two flib chromosomes, and the resulting chromosome of the offsprillg (right) 

the winner of the mating lottery. The 
composition resembles a phenomenon 
called crossover that takes place in real 
chromosomes. In flib chromosomes 
crossover can be illustrated by com
bining the first (unaltered) chromo
some listed above with another: 

1A1BOD1AOC1D1BOC 
T T 

Arrows indicate randomly selected 
crossover points. The offspring's chro
mosome is identical with that of the 
second parent as far as the first cross
over point. Between points it is identi
cal with the first parent's chromosome. 
After the second point it is again iden
tical with the chromosome of the sec
ond parent [see illustration above]: 

1AICODOBOCID1BOC 

Before actually writing and testing 
the primordial program, I was some
what skeptical of the value of cross
over breeding. I was surprised to find, 
however, that if the first parent is a 
reasonably good predictor, the off
spring tends to be as well. 

Readers may judge the issue them
selves by writing a program called AU
TOSOUP. Listed, the program does not 
extend much beyond a single page. It 
consists of four modules embedded 
in a loop. A limit that defines the top 
score should be set. As long as the top 
score is less than the limit the pro
gram should continue to run through 
the four modules. 

In the first module the 10 flibs are 
scored on a sequence of 100 environ
mental symbols. The second module 
identifies the flibs with the highest 
and lowest scores that result. In the 

24 

third module the top-scoring flib is 
bred with a randomly selected mate. 
The offspring of this union replaces 
the bottom-scoring flib. In the fourth 
and last module a cosmic ray arrives, 
strikes a random flib and causes a 
mutation. Just before the program in
vokes the third (breeding) module a 
random number is selected. If the num
ber falls below a certain threshold, the 
program will skip around the breed
ing module and execute the mutation 
module immediately. The threshold 
can be set to any level. Certain set
tings, however, are better than others; 
if the breeding module is executed too 
often, the small population quickly be
comes dominated by the genes of the 
top-scoring flib. The gene pool los
es diversity and evolution slows to a 
painful crawl if not to a downright 
standstill. Evolution slows down, in 
any event, as the scores get higher. 
The top-scoring flib remains on the 
scene for a lengthening period because 
it becomes increasingly unlikely that 
flibs superior to it will evolve. 

Four arrays are useful in AUTOSOUP. 
They are called chrom, state, score and 
e. Chrom is a two-dimensional array of 
10 flibs and 16 genes. Chrom(i,j) refers 
to the jth gene of the ith flib. State and 
score contain the current state and 
score of the 10 flibs. The fourth array, 
e, contains the basic string used to gen
erate environmental symbols. This ar
ray is received from the keyboard at 
the beginning of the program. 

Flibs are evaluated by means of a 
double loop. The outer loop generates 
100 environmental symbols and the in
ner loop increases the score of each flib 
if it correctly predicts the next symbol. 
One can test 4-state flibs adequately 
on environments of period 6, a chal-

lenge of intermediate difficulty. Perfect 
predictors may require a day's run 
to evolve in a period-8 environment, 
whereas period-4 environments are al
most no challenge at all. Two tricks are 
useful in this module. The first trick 
retrieves the next environmental sym
bol from the outer-loop index i by 
computing i modulo 6; the result is the 
remainder of i on division by 6. The 
number can be used to index the array 
e. As i runs from 1 to 100 the comput
ed index runs through the array repeat
edly, producing the proper sequence 
of environmental symbols. Given the 
index of the current symbol, the next 
symbol is easy to compute and look 
up. This symbol is compared with the 
prediction made by each flib in turn. 

The second trick enables the pro
gram to find the flib's next state quick
ly and determine its output merely by 
scanning the chromosome. Instead of 
representing the four states by A, B, C 
and D, the numbers 0, 1, 2 and 3 are 
used as entries in the array state. If the 
environmental symbol is called symb, 
the output of the ith flib can be found 
by first using a simple formula: 

I = 4 X state (i) + 2 X symb . 

Then chrom(i,l) should be identified. 
The locus I on the ith flib's chromo
some yields its output when the crea
ture is in state i and is receiving in
put symb. The next state occupies the 
locus 1+ 1. 

The module that determines the 
top and bottom flibs uses an exercise 
common in elementary programming 
courses: given an array of n numbers, 
write a program that finds the largest 
number. The solution involves setting 
a variable called top to 0 and then scan-
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TAKE VAN NOSlRAND'S 

SCIENDFIC ENCYCLOPEDIA 
for on� 812.95! 

When you join The Library of Science-the oldest and most respected science book club in the world. You si mply agree to buy 3 more books-at 
handsome discounts-in the next 12 months. 

fur over 40 years, this unique sin
gle-volume sourcebook has been 
acclaimed for the breadth and 
depth of its knowledge, accuracy, 
clarity and practicality. Now its 
coverage has been dramatical ly 
expanded to bring you compre
hensive information on 7,300 en
tries, including (he latest discover
ies in science and tech nology. 

i""What'snew about the new edition of the " 
SCIENTIFIC ENCYCLOPEDIA? 

About The Ubrary of Science ... 
The Library of Science is the na
tion's oldest and most respected 
science book club. Dedicated to 
ser ving both professionals and ser
ious amateurs, it sur veys the entire 
field of published sources on scien
tific subjects to m ake the very finest 
works available to club members at 
substantial savings. 

• 500 additional pages, for a total count 
of3�OO 

• Comprehensive coverage of 7,300 topics 

A nd to give you "instant access" to 
this vital data, the format of the 
SCIENTIFIC ENCYCLOPEDIA 

• 2,550 photographs, diagrams and 
charts, plus 600 tables to give you vital 
details ata glance 

• Contributions by over 200 international 
experts 

• Over 2.3 million words 
• Extra-sturdy binding for durability 

has been revised so it's easier than 
ever before to read and cross reference. 
You'l l learn ter ms and def initions; 
theories and their practical applica
tions-on a vast range of topics such as: 

• energy sou rces 

• mathematics 

• medicine and anatomy 

• physics • animal life 
• astronomy 

• biosciences 

• chemistry 
• computer science 
• earth science 

• plant sciences 

This entire 3,100 page ENCYCLOPE
DIA-a $107.50 value-can be yours for 
only $12.95. 

MEMBERSHIP BENEFITS· In addition to 
getting VAN NOSTRAND'SSCIENTIFICEN
CY CLOPEDIA for only $12.95 when you join, 
you keep saving substantially on the books you 

buy-up to 30% and occasionally even more . • Also. 
you will immediately become eligible to participate in 
our Bonus Book Plan, with savings up to 70% off pub
Iishers' prices . • At 3-4 week intervals (I6 times per 
year), you will receive The Library of Science News, 
describing the coming Main Selection and Alternate 
Selections together with a dated reply card . • If you 
want the Main Selection, do nothingand it will be sent 
to you automatically. ·If you prefer another selection, 
or no book at all, simply indicate your choice on the 
card. and return it by the date specified.· You will have 
at least 10 days to decide. If. because of late mail deliv
ery of the News, you should receive a book you donot 
want, we guarantee return postage. 

Reply card removed? Please write: The Library of 

Science, Dept. 2-BD6-85755, Riverside, N.J. 08075 for 

membership information and an appitcatIOn . 
Scientific American 11/85 
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The critical thing to know 
. about a comButer . 

any is how 
theykno 

about you. 
It goes without saying that computer 

companies know computers. T he question is 
how much do they know about your busine 

Consider Burroughs, the computer 
company committed to the simple ........ "......,. 

that in order to help your business, we 
first have to understand it. 

To that end, Burroughs has spent 
years analyzing specific industries 

finance, manufacturing and distribution, 
health care, government, education 

and others. 
Many of our people have spent 

years as professionals in these 
industries. So it's not surprising 

that their expertise combined 
with Burroughs' innovative 

technology has resulted in 
total systems that solve 
the problems of the busi

nesses they' re designed for. 
And, in the true spirit of all 

businesses, every system is designed to 
raise productivity while reducing 

operating costs. 
So why go with a company that knows 

computers but not your business, when you 
can go with Burroughs and have both. 

=$: Burroughs 
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ning the array within a simple loop. 
Each entry is then compared with 

. top. If it is larger than top, top should 
be replaced by that entry. The index 
should be saved as well. The same pro
ced ure can be inverted and used to find 
the bottom score. This time a variable, 
bot, should be set at 100 and replaced 
by entries that are smaller. 

The third module breeds the top
scoring flib with a randomly selected 
member of the population. The only 
difficulty in writing this segment arises 
in the selection of the two crossover 
points. I think it is easiest to select two 
random integers Cl and C2 from the 
range 1 through 16. If Cl is greater than 
C2, their values should be exchanged. 
With just a little finesse readers will 
discover how three loops that range 
from 1 to Cb Cl to C2 and C2 to 16 sup
ply the machinery to move elements 
of chrom on the breeding rows into the 
destination row, which is occupied by 
the doomed flib with the lowest score. 

In the fourth module a random flib 
index and a random locus should be 
selected. The parity of locus deter
mines whether a state gene or an out
put gene is to mutate. If the value is 0, 
then 1 modulo 2 should be added to 
the number already stored there. This 
flips the bit, so to speak. If the locus 
value modulo 2 is 1, then 1 modulo 4 
should be added to the array entry. 
This changes the state stored there. 

Have I cheated? Surely a systematic 
change of state from 0 to 1 to 2 to 3 and 
back again is hardly a random effect. 
My answer is that it is random enough: 
the number of states is small enough so 
that one cannot expect the final out
come of the program to be much dif
ferent from the outcome when more 
randomly selected states prevail. In
deed, I also cheated in a mild way by 
choosing Cl and C2 so carelessly: the 
method guarantees an advantage for 
certain substrings in relation to oth
ers. Again, I think differences between 
AUTOSOUP and a statistically corrected 
crossover selection procedure would 
be slight. Either way there is so much 
juggling of genes and cracking of chro
mosomes that the top flib is hard put 
to recognize its own grandchildren. 

The only parts of AUTOSOUP as yet 
unspecified are its beginning and its 
end. The flibs initially occupying the 
soup should be selected randomly. 
For each gene in each flib an integer 
should be selected from the appropri
ate range and assigned to that gene. 
Finally, when a flib first exceeds the 
limit set in the outer loop, AUTOSOUP 
should print it. 

Readers embarking on this genet
ic adventure are warned that there is 
much exploring to do. Perhaps some 
explorers will become addicted. Ques-

tions to be answered concern the pres
ence of evolution and its speed. When 
an environment period is too long for 
a 4-state perfect predictor to evolve, 
how fit do the flibs get? How do 
changes in the length of the period af
fect the amount of time it takes a per
fect predictor to evolve? Nothing in 
the AUTOSOUP description prevents ex
tending the program to 5- and 6-state 
flibs. One can even· alter the program 
to .explore nonperiodic environments 
or ones that occasionally change their 
basic string. 

Automaton soup was inspired by a 
book that appeared in the early 1960's. 
Titled Artificial Intelligence through Sim
ulated Evolution, the book describes 
a series of experiments in the evolu
tion of automata by Lawrence J. Fogel, 
Alvin J. Owens and Michael J. Walsh. 
Automata were asked to predict peri
odic seq uences and were allowed to 
evolve much the same way as our flibs. 
No breeding or crossover was allowed 
in this austere study, however. 

It was Holland who suggested that I 
add the crossover facility to the au
tomaton soup. As noted above, Hol
land is the acknowledged father of the 
genetic algorithm. Practitioners of the 
discipline, growing steadily in number, 
met at their first large-scale, funded 
conference, held at Carnegie-Mellon 
University. They discussed a wide 
range of theory and applications. A 
problem explored in several papers 
serves as an interesting introduction to 
the subject of genetic programming. 

c 

a _--"----++---"" 
d 

Called the traveling salesman prob
lem; it poses the following challenge: 
Given a map of n cities connected by a 
network of roads, find the shortest tour 
of the n cities. Such a tour can then be 
used by a salesman or saleswoman to 
minimize travel expenses. In spite of 
my inclusion of salespeople of both 
sexes, the foregoing description has a 
1940's ring to it. But more modern 
methods of travel and actual costs are 
easily incorporated without changing 
the mathematical skeleton implicit in 
the statement. 

It is entirely possible that a tour 
of minimum length can be made to 
evolve just as perfect flib predictors 
evolved from lesser flibs. Each tour 
should be encoded in a chromosome. 
The shortest tours should be bred in 
the hope of obtaining yet shorter off
spring. Crossover yields the chromo
somes of the progeny. 

It is a beguiling task to choose a 
good representation for a tour. For ex
ample, if one simply uses a list of the 
cities in the order visited, the offspring 
may not even be a tour. To get around 
this difficulty the authors of one paper, 
John Grefenstette, Rajeev Gopal, Bri
an Rosmaita and Dirk Van Gucht of 
Vanderbilt University, propose an in
genious chromosome. The representa
tion for a five-city tour such as a, c, e, d, 
b turns out to be 12321. To obtain such 
a numerical string reference is made to 
some standard order for the cities, say 
a, b, c, d, e. Given a tour such as a, c, e, 
d, b, systematically remove cities from 

c 

a_--'---E--+-+---� 

b 12
X

/321 

11 / 121 

b 

c 

d 

b 
Two parent salesmall tours (top), alld all offsprillg (bottom) resultillg from genetic crossover 
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A THOROUGH EXPLAN ATION OF THE 
16-VALVE SAAB 900 ENGINE. 

This is for all those 
people who were not far
sighted enough to take 
Auto Shop as an elective in 
high school. 

W here do we start? 
Well, let's begin with the 
familiar: the car you're 
presently driving. 

The overwhehning odds 
are that for each cylinder 
your car has, it has two 
valves. One to let the fuel 
in and run the engine; the 
other to let the gases out 
after they've been burned. 

Hence the rule: Make 
the valves bigger and you 
increase what's called the 
volumetric efficiency. (In 
plainer English, the larger 
the valve, the easier it is 
for gas to come in and 
exhaust to go out.) 

Unfortunately, the big
ger you make the valves, 
the farther away you move 
the spark plugs from the 
center of the combustion 
chamber. And that starts to 
wreck what's called the 
thennal efficiency. 

The problem: How to 
increase one efficiency (the 
volumetric) without de
creasing the other (the 
thermal). 

Engineers had been solv
ing that problem for years 
in their competition and 
rally cars. Instead of just 
making the valves bigger, 

they simply doubled the 
number of valves. 

Each cylinder, then, 
gets two valves to ingest 
the fuel and two valves to 
throw off the exhaust. 

Getting back to your 

1986 SAAB 900S 
PlJWeToutput: ..... 125HP192 kw@5500rpm 

Max. torque: .. 123jt.lbs.ll66NM@3()(]()rpm 

ComjJressUm ratio: ..... . .. . .. ... . .. . 10.1:1 

Fuelinjectian: ........... BoschUl ei£ctronic 

IgnitUm: ... Bosch ei£ctronic with knock dei£ctor 

1986 SAAB 900 TURBO 

PlJWeToutpui: . ... 160 HP 1118 kw @5500rpm 

Max. torque: .188jt.lbs.1255NM@3()(]()rpm 

Compressil:m ratio: . .......... .. .. . ... 9.0:1 

Fuel injectian: ........... BoschUl ei£ctronic 

IgnitUm: ......... Boschei£ctronic, Halleffect 

car. If it has a four-cylinder 
engine, it probably has 
eight valves. 

Whereas a Saab 900S 
or Turbo (the descendants 
of rally and competition 
cars) has sixteen. 

Back in the days of 
cheap gas and free glass
ware, none of this engineer
ing cleverness was needed. 
(Well, it was needed; it just 
wasn't called for.) 

All you had to do then 
was worry about perfor
mance (V-8 engines and 
the like) and throw effi
ciency to the wind. 

Today, Saab throws 
nothing to the wind. 

Engine weight: On a 
football field, 180-pound 
cornerbacks are faster than 
290-pound defensive tack-

les. They have less weight 
to carry around. So, too, 
the four-cylinder, two-liter 
Saab engine block. Every
thing is attuned to keeping 
that weight down: The cyl
inder head, camshaft 
cover, and intake manifold 
are built from lightweight 
aluminum alloys instead of 
clunkier materials. 

Fuel injection: The fuel 
is not burried mindlessly; 
the computer-like Bosch 
fuel injection always main
tains the most efficient mix
ture of gas and air. 

Even the stroke the 
piston makes is only this 
long: 

3.07 inches. So hours 
and hours and hours and 
hours of high cruising 
speed don't create lUIDec
essary wear and tear on 
the engine. 

Saab offers both turbo
charged and 16-valve natu
rally aspirated engines. 

In the legendary Saab 
Turbo. And the not-yet
legendary new Saab 900S. 

They prove that there 
are more ways ilian one to 
achieve what is more 
appropriate to poets than 
to engineers: the picture of 
driving exhilaration you see 
on the right. 

' 
. . .  SAAR· 

The most intelligent cars ever built. _ 
5aobs range in price from $12,285 for the900 3-door 5·speed IiJ$lB,695 for the900 3-dbor5-speed. 16-valve Turbo. Manufacturer's suggested refllil prices. Not including taxes, license./reight, dealer charges 
oropiUms. TIrer< Il1l a limited number of Turbo models available with 5aab's ExclusiveAppointments group, which includes: IMIher upholstery, fog lights, and electric sunroof at addiliimal cost. 
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A MORE THOROUGH EXPLANATION. 
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Expected. 
It's come up before. 
It will come up again. 
And that's what's wonderful 

about it. Some of the best things in life 
are predictable, repetitive, expected. 
Thank heaven they are. 

Even in business, it's nice to 
have some things you can count on. 
Things that work so dependably, so ex
pectedly, they're completely forgettable. 

Well, let's hope not completely 
forgettable. 

When it comes to "expected" 
performance in printers for personal 
computers, the name is Okidata. Our 
record for reliability-for dependable, 
day-in, day-out performance-has set 
the industry standard. 

Or, to put � more expectedly, 
we think it's the best. 

Okidata printers work ex
pectedly with IBM'", Apple'", and all 
other personal computers. 

OIQ��I� 
We put business on paper. 

Okidata is a registered trademark of OKI AMERICA, Inc. IBM is a registered trademark of International Business Machines Corp. Apple is a registered trademark of Apple Computer, Inc. 
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the standard list in the order of the 
given tour: remove a, then c, e and so 

·on. As each city is removed from the 
special list, note its position just be
fore removal: a is first, c is second, e is 
third, d is second and, finally, b is first. 
Hence the chromosome 12321 emerg
es. Interestingly, when two such chro
mosomes are crossed over, the result 
is always a tour [see illustration on 
page 27]. With such a representation 
tours can now be bred, so to speak, 
for fitness. 

Most practitioners of the art of ge
netic algorithms readily admit that the 
traveling salesman problem is one of 
their greatest challenges. Although ex
periments with the representation just 
described were not very encouraging, 
there are other genetic algorithms that 
perform better on the problem. 

Still, no genetic algorithm has ever 
been able to conquer the traveling 
salesman problem in any well-accept
ed sense. This is undoubtedly owing 
to the difficulty of the problem itself. 
Because it is what theorists call NP
complete, it may be doomed to eternal 
insolubility in the practical sense. 

Since its appearance in this column 
last August the MANDELZOOM pro

gram has been incarnated in hundreds 
of homes, schools and workplaces. Al
though the program has apparently 
awed adults, intrigued teenagers and 
frightened a few small children, to 
my surprise the mail on iteration dia
grams, the secondary topic, nearly 
equals that on the Mandelbrot set. 

Many readers have lost themselves 
in the colored intricacies of the Man
delbrot set by zooming ever deeper. 
Some readers who are determined to 
have their own color images but who 
lack color-display equipment have 
been ordering pictures from John H. 
Hubbard of Cornell University. I have 
been told by Heinz-Otto Peitgen, the 
Mandelbrot explorer whose images 
graced the August pages, that those 
images too are for sale; they are in
cluded with dozens of others in a col
or catalogue from Design-BUro-Weis
ser, Lothringer Strasse 23, 0-2800 
Bremen 1, West Germany. Hubbard 
and Peitgen together learned the art of 
image generation from Mandelbrot. 

For readers whose equipment is lim
ited to black and white, I should have 
ttiought of shades of gray. Such pic
tures can be nearly as inspiring as their 
colored counterparts. The best gray 
images were produced by David W. 
Brooks, who works with equipment 
at Prime Computer, Inc., in Framing
ham, Mass., to compute and plot his 
pictures. In his fabulous and delicate 
riots of halftones each shade of gray is 
rendered by tiny black squares of a 

certain size; the sq uares are made by a 
laser printer. Brooks has been search
ing for the tiny filaments that are 
thought to connect miniature Mandel
brots to the main set. So far they have 
not appeared at any magnification 
used by Brooks. Mandelbrot has ad
vised him that they are probably in
finitesimal. 

Those with less sophisticated equip
ment can still work with shades of gray 
on a black-and-white monitor. John B. 
Halleck of Salt Lake City varies the 
density of points per pixel to indicate 
different shades. 

Another approach depends on black 
and white contours. Yekta Gursel of 
Cambridge, Mass., has generated 
views of the Mandelbrot set that rival 
the ones Brooks generates. Gursel re
places a discrete spectrum of colors 
with alternating bands of black and 
white. Gary J. Shannon of Grants 
Pass, Ore., suggested the same tech
nique and Victor Andersen of Santa 
Clara, Calif., took it to an extreme. 
He suggested changing from black to 
white (or the converse) whenever the 
count variable changes from one pixel 
to its neighbor. 

Two other explorations are worth 
mentioning. James A. Thigpenn IV of 
Pearland, Tex., uses height instead of 
color. The Mandelbrot set becomes an 
immense plateau seen from an angle, 
with a complicated arrangement of 
spiky hills approaching the plateau in 
various places. Richard J. Palmaccio 
of Fort Lauderdale dispenses with the 
set altogether. His interest is in track
ing individual complex numbers in the 
course of iteration. Their choreogra
phy near the boundary can result in 
spiral ballets or circular jigs. 

The function z2 + c gives rise to the 
Mandelbrot set. Naturally other func
tions are possible, but they produce 
other sets. For example, Bruce Ikenaga 
of Case Western Reserve University 
has been exploring what appears to 
be a cubic cactus. The function z3 + 
(c - 1) z - c produces a prickly and 
uncomfortable-looking set (at least in 
stark black and white) surrounded by 
mysterious miniature spiral galaxies. 

There are mysteries in iteration di
agrams as well: when the integers 
modulo n are squared, each number 
migrates to another, in effect. The it
eration diagram appears when each 
number is replaced by a point and 
each migration is replaced by an ar
row. I raised several questions about 
such diagrams. How many compo
nents do they have? Readers sent dia
grams documenting their explorations 
for various values of n. 

The largest diagrams were complet
ed by Rosalind B. Marimont of Silver 
Spring, Md. She examined the integers 

Suddenly, a can opener is the most impor' 
tant gardening tool you can own. Inside Norm 
Thompson's new Wildflower Meadow you'll 
find enough seed to generously cover 1500 
sq. ft. with a continuous carpet of beautiful, 
fragrant blossoms. 

Don't be misled by meadow mixes offering 
mora ounces. Net weight really doesn't mat· 
ter. What's important is the species and ac· 
tual wildflower seed·count. Norm Thompson's 
new Wildflower Meadow contains over 2 mil· 
lion wildflower seeds (both annual and peren· 
niall to ensure you have a virtual explosion 
of color beginning in earty spring with Siberian 
Wall Flowers and lasting late into faH when 
Cosmos gives its autumn show. 

E •• y to pl.nt. ... nywh.re. •.• nytime. 
A great gift idea, Norm Thompson's Wild· 

flower Meadow can be planted any time of 
the year by following the easy, step·by·step 
instructions. Use a little or the whole cen. Net 
wt. 8 oz. $14.95 ppd. 

�Nonn 
Dept. 06·04, P.O. Box 3999, Portland, OR 97208 
� ORDER TOLL FREE 1·800·547·1160 
M 0 Send FREE "ESCAPE 

from the ordinary"® catalog. 
Wildflower Meadow No. 9717F 
Oty ______ _ 

Total $ ____ _ 

DCheck DVISA DM.Card DAm. Ex. o Diners/C.B. 

Card # ___________ _ 

Exp. __ Phone _______ _ 

Name 

Address ___________ _ 

City 

State _____ Zip 

L _____________ _ 
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Jogging, Swimming, or Cycling ... 

ordlcjrack 
Jarless Total Body 

Cardiovascular Exerciser 
Duplicates X-C Skiing for the 

Best way to Fitness 

Cross-country skiing is often cited by physiologists 
as the most perfect form of cardiovascular exercise 
for both men and women. Its smooth, fluid, total 
body motion uniformly exercises more muscles so 
higher heart rates seem easier to attain than when 
jogging or cycling. NordiCfrack closely simulates the 
pleasant X-C skiing motion and provides the same 
cardiovascular endurance-building benefits-right 
in the convenience of your home, year 'round. 
Eliminates the usual barriers of time, weather, 
chance of injury, etc. Also highly effective for weight 
control. 
More Complete Than Running 
NordiCfrack gives you a more complete work out
conditions both upper body and lower body 
muscles at the same time. Fluid, jarless motion does 
nOl cause joint or back problems. 
More Effective Than Exercise Bikes 
NordiCfrack's stand-up skiing mOl ion more uni-

formiy exercises the large leg muscles and also adds 
important upper body exercise. Higher pulse rates, 
necessary for building fitness, seem easier to attain 
because the work is shared by more muscle mass. 

Even BetterThan Swimming 
NordiCfrack more effectively exercises the largest 
muscles in the body, those located in the legs and 
buttocks. When swimming, the body is supported 
by the water, thus preventing these muscles from 
being effectively exercised. The stand up exercising 
position on the NordiCfrack much more effectively 
exercises these muscles. 
A Proven, High Quality Durable Product 
NordicTracks have been in production since 1976. 
NordicTrack is quiet, motorless and has separately 
adjustable arm and leg resistances. We manu-
facture and sell direct. l\vo year warrantee, 
30 day trial period with return privilege. 

Folds and stands on end 
to require only 15" x 17" 
storage space_ 

Cl PSI NORDICTRACK 1984 PSI.141F Jonathan Blvd_. Chaska. MN 55318 

INVEST 

YOURSELF 

vIrA Putting Resources 
to Work for People 

1815 North Lynn Street. Arlington. Virginia 22209-2079. USA 

A windmill to pump water for "salt farm
ing" in India. More efficient wood burning 
stoves for the Sahel. Photovoltaic irrigation 
pumps for the Somali refugee camps. 

All these are solutions to technical prob
lems in developing countries. Devising 
such solutions is no simple task. To apply 
the most advanced results of modern sci
ence to the problems of developing areas 
in a form that can be adopted by the people 
requires the skills of the best scientists, 
engineers, farmers, businessmen-people 
whose jobs may involve creating solid state 
systems or farming 1000 acres, but who 
can also design a solar still appropriate to 
Mauritania or an acacia-fueled methane 
digester for Nicaragua. 

Such are the professionals who volun
teer their spare time to Volunteers in Tech
nical Assistance (VITA), a 20 year old pri
vate, non-profit organization dedicated to 
helping solve development problems for 
people world-wide. 

Four thousand VITA \k)lunteers from 82 
countries donate their expertise and time 
to respond to the over 2500 inquiries re
ceived annually. Volunteers also review 
technical documents, assist in writing VIT.A:s 
publications and bulletins, serve on tech
nical panels, and undertake short-term 
consultancies. 

Past volunteer responses have resulted 
in new designs for solar hot water heaters 
and grain dryers, low-cost housing, the 
windmill shown above and many others. 
Join us in the challenge of developing even 
more innovative technologies for the future. 

modulo 1000 and reported four pairs 
of components in the resulting itera
tion diagram_ Each component sport
ed a single attractor, as usual, and the 
largest attractors had 20 numbers. 'As 
a mathematician Marimont is allowed 
to conjecture that the integers modulo 
10k will produce k + 1 pairs of com
ponents and that the largest attractors 
will have 4 X 5k-2 numbers. 

Stephen Eberhart of Reseda, Calif., 
investigated the case where n is a Fer
mat priIJle (a prime number of the 
form 22 + 1). Here the number 0 
forms an attractor by itself and the re
maining numbers all lie in one single, 
grand tree. A number-theorist friend 
affirms that this will always be the 
case for Fermat primes and that the 
tree is binary: each internal point has 
two incoming arrows_ 

Iteration diagrams, like numbers, 
can be multiplied. If n is the product of 
two relatively prime numbers, say p 
and q. the iteration diagram for the in
tegers modulo n is the product respec
tively of the diagrams for p and q. This 
interesting observation was made by 
Stephen C. Locke of Florida Atlantic 
University_ Locke has also described a 
fascinating relation between the nth it
eration diagram and a diagram of a 
seemingly different kind, one in which 
the numbers, instead of being squared, 
are merely doubled. When n is a prime, 
the latter diagram for the integers 
modulo n - 1 is the same as our nth 
iteration diagram, except for a single 
isolated number forming an attractor 
by itself_ Much the same observation 
was made in number-theory terms by 
Noam Elkies of New York City. 

A powerful tool for analyzing the 
(squared) iteration diagrams was de
veloped by Frank Palmer of Chicago. 
Apparently all the trees attached to a 
given attractor are isomorphic. This 
means essentially that they have pre
cisely the same form. 

Finally, Bruce R. Gilson of Silver 
Spring, Md_, and Molly W. Williams 
of Kalamazoo, Mich., examined a 
quite different generalization of the 
numbers from 0 through 99. These 
may be regarded as numbers to differ
ent bases. As numbers to the base 3, 
for example, one would count 00, 01, 
02, 10, 11, 12,20,21,22 before arriv
ing once more at 00. Such numbers 
also produce iteration diagrams that 
look like those arising for integers 
modulo n_ Gilson proved the diagrams 
always have paired components when 
n is even but not a mUltiple of 4. 

There was an error in the iteration 
diagram presented in the August col
umn for the integers from 0 through 
99. Two arrows were missing from 
two components and the direction of 
one attractor was reversed. 
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[-.!'GA" 
BERNOULLI BOX 

(Modula,) 

1 .  10 meg '/2 height Drive for 
IBM-PCIXT/AT & 
compatibles • • • • • • . • • • • 1675 

2. 20 meg V2 height Drive for 
IBM-PCIXT/AT & 
compatibles • • • • • • • • . • •  2335 

3. Non-Bootable Irterface Card . . .  104 
4. Bootable Interface Card • • •  234 
S. 10 meg cartridges for above 

(3 pak special) • • • • • • • • • •  125 

Save 300/0 to 430/0 
off Manufacturer Suggested Retail prices on 

EPSON • Okidata • Star 
TOSHIBA • COMREX • OLYMPIA 

IPSON® 

EPsoN 
FX 85  

1 5. LX 80 . . . . . . . . . . . . . . .  $ 215 
1 6. LX 90 . . . . . . . . • • . • . . . .  220 
1 7. AX 100+ . . . . . . . . . . . . . .  300 
18. FX 85 • • • • • . • • • . • • • • • •  340 
19. FX 185 • • • . • • • • • • • • • • • •  475 
20. L.O 1500 parallel . . . . . . .  CALL 
21 . DX10 Daisy Wheel lOCPS . . 230 
22. DX20 D� WI'eeI 20CPS . . .  CALL 

TOSHIBA 
45. lOshiba P341 • • • • • • • • • •  CALL 
46. lOshiba P351 • • • • • • • • •  CALL 
47. lOshiba P1340 • • • . . . . . . .  430 

� 
48. Oki 182 • • • • • • • . • • • • •  CALL 
49. Oki 1921193 • • • • • • • • • . •  CALL 
so. Oki 84 • • • • • • • • • • • • • •  CALL 

dew 
51. SG 10 . . . . . . . . . . . . . .  $ 235 
52. SO 10115 . . . . . . . . . . . . .  CALL 
53. SR 10115 . . . . . . . . . . . . . CALL 

HARD DR IVES  PRODUCTS FOR IBM-PC PRODUCTS FOR APPLE 

D Dj§DlJ-
Intem8I Hard DIIk Subeylll8ms 
6. 10 MEGABYTE . . . . . . . . .  500 
7. 20 MEGABYTE • • • • • • • • •  600 
Each aysIem Includes: 

• Micro Science Drive 
• Western DigiIaJ Controller 
• 2 cables 
• Documentation 
• Dysan lyr limited warranty 
• For use in IBM PC. XT or most 

compatibles 

PRINTER BUFFERS 
8. DOP-16 

64K Par./PaJ: . . . . . . . . . • • . •  70 
QUADRAM 

9. QRMPS 
8K ParalIellParalIel • • • • • • • •  125 

10. QRMPSB 
8K ParallellSeriaJ . • • • • • • • •  139 

11. QRMSP8 
8K SeriaIIParaIlei • • • • • • . • •  139 

12. QRMSS8 
8K SeriallSeriai • • • • • • • • • •  139 

POWER PROTECTORS 
13. PUwerMIte PQ6OO.S9 

6 outlet· Surge Suppressor • • •  30 
14. ISOBAR 8 

8 outlet Surge Suppressor • • •  50 

3Yl " SSDD 23.00 
DSDD 29.00 

5�." SSDD 17.00 
DSDD 21.00 

SSDD96TPI 24.00 
DSDD96TPI 30.00 

5Yc "  DSDDHD 38.00 (For IBM AT) 
8" SSDD" 22.00 
8" DSDD** 26.00 

··Unformatted 

23. AmcIek 31M 54. Toehibe HNO 04DT 
Amber Monitor . . . . . . . . . .  S 150 V2 Height DSDD Disk Drive . $ 70  24. GenerIc Multi 55. U-Prtnt 11<>161< 
Multifunction Board , 64K • • • .  129 Par Interface external • • . • • •  85 25. GenerIc Multi 384K 
Multifunction Board , 384K . _ _ _  189 56. Grappler PWS 

26. AST SIx PIIk + Graphics Interface • • • • • • • •  80 
Multifunction Board, 64K • • • •  225 57. Butf8red Grappler V. AST SIx PIIk + = 16K Buffer (EJq:E1d to 64K) • •  150 Multifunction Board, 384 . . . .  279 

28. AST � II 58. KensIngton $y8tem S--
Multifu Board, 64K • . . . .  270 Fan and Surge Suppr: • . • • •  69 

29 . QuIIIhm Qu8dbowd 59. Super Cooling Fan 
Multifunction Board, OK • .  _ _  . 195 Fan and Surge Suppr. . . . . .  29 30. QuIIIhm Qu8dbowd 80. Gamma 
Mu�i. Board, 64K/364K • •  2101267 

Disk Controller Card • • • • • • •  46 31 . 0n:hIcI Tech. PC Turbo 188 . . . . _ _  . . . . . . .  57U 61 . Gamma II 
32. I'BnIdI.e SS Disk Drive for I I .  lie, IIplus . . •  125 Modular Graphics Card • • . . •  290 62. Gamma lie 33. ttercu_ SS Disk Drive for IIc • • • • •  125 Monochrome Card • • . • • • • •  329 

63. Rana ELITE 2 34. ttercu_ Color Color Graphic Card . . . . _ . . . 170 DSSD Disk Drive • • . • • • . •  335 
35. NovaIIon 490605-1 64. Rana ELITE 3 2400BPS inc. Mite Software • •  620 DSDD Disk Drive • • • • • • •  420 36. NovaIIon 490803 65. ERAM 80 V2 Card Modem 2400BPS 

80 col; 64K RAM for l ie • . .  115 No soltware . . . . . _ • •  _ _ _ _  . _ 425 
37. NovaIIon 490803-1 66. Novation Apple cat II 

M; abcNe inc. MS-DOS SoIIware . 490 300 Baud Modem • • • • • • •  200 
36. � 12008 67. Novation 212 Internal modem wl&l.tNare • . .  359 30011200 Baud Modem • .  390 39. AlloT 4000 

68. Nov 49059112 30011200 Ext Modem . . . . . . 335 
40. ttaww 1200 Mod. & Soft. for Macintosh • CALL 

External modem . . . . . . . . . . 399 69. Hayes Mleromodem lie 
41 . ttaww 2400 300 Baud Modem • • • • • • .  145 

External modem • • • • • • • • • •  599 70. Hayes Smartmodem lie 42. US RoboIIca Courier 2400 
Ext 2400B Smart Modem • • •  460 300 Baud Modem for I Ic • •  240 

43. US RoboIIca � 71 . Wleo 501030 
Telecpmm. Software . . .  _ • . • • •  75 Analog Joystick • • • • • • • • • •  36 44. TEAC FD55B 72. Amdek Monitors . . . • .  CALL V2 ht DSDD Disk Drive . . . . . .  90 73. Zenith Monitors . . . • • •  CALL 

25.00 25.00 25.00 20.00 
37.00 33.00 37.00 24.00 
14.00 14.00 1 1 .50 1 1 .50 1 1 .00 
18.00 18.00 12.50 14.00 12.00 
24.00 24.00 
29.00 29.00 
39.00 35.00 24.00 24.00 
29.00 25.00 19.00 
32.00 29.00 20.00 

Call for Quantity pricing for 10 boxes or more. 
CALL TOLL FREE 800-621· 

HEWLETT-PACKARD 
73. Hp·71 B COmputer . . . . $ 399 
74. HP-82400A 

Series 70 card reader • • • •  1 25 
75. HP-82401A 

HP-IL interface • • • • • • • . • •  95 
76. HP-82402A 

4K memory module • • • • • •  60 
n. HP-82700A 

8K memory module • • • • •  1 50 
78. HP-82441 A  

Assembly/Forth • • • • • . • • •  1 20 
79. HP·82480A 

HP-71 math pac • • • • • • • • •  75 
80. HP-82482A 

H P-71 finance pac • • • • • • •  60 
81 . HP-82463A 

Surveying Pac • • • • • • • • •  1 20 
82. HP-82484A 

Curve Fitting • • • • • • • • • • • •  75 
83. HP-82465A 

Text Editor • • • • . • • • • • • • .  60 
64. HP-82488A 

Data Com. Pac • • • • • • • • •  1 20 

HP.Thlnk".t 

Hp·2225 
8375 

85. HP-41 CV . . . . . . . . . . . . $ 1 68 
86. HP-41 CX • • • • • • • • • • • • •  245 
87. Optical Wand • • • • • • • • • • •  95 
68. Card Reader • • • • • . • • • • •  1 45 
89. Printer • • • • • • • • • • • • • • • •  283 
90. Quad RAM. (for HP41 C) • •  60 
91 . Ext. Memory Module • • • • •  60 
92. Ext. Function Module • • • • •  60 
93. Time Module • • • • • • • • • • •  60 
94. HP-IL Loop Module • • • • • •  95 
95. Digital Cassette Drive • • • •  400 
96. Printer/Plotter (HP- IL) • • . •  335 
97. Hp·91 1 4A 

Disk Drive . . . . . . . . . . . . . 600 

SLiMLINE Shlrtpocket Styled 
Power Packed Programmable 
LCD PROBLEM SOLVERS 
98. HP·l l C  

Scientific . . . . . . . . . . . . . . .  58 
99. HP·1 5C 

Scientific • • • • • • • • • • • . . • .  90 
1 00. HP·1 2C 

Financial • • • . • • • • • • . • • • •  90 
1 01 .  Hp·1 6C 

Programmer • • • • . • • • • • • •  90 

�il P E R S O N A L  
COMPUTATION 

........ D E A L E R --

142. DC100 . . . . . . . . . . . .  $ 14.00 
143. DC300A • • • . . . . . . . • . .  18.00 
144. DC300XL . . . . . . . • . . . .  21 .00 
145. DC300XUP • . . . . . . . • .  22.00 
146. DC600A . . . . . . . . . . . .  23.50 
147. DC1000 . . . . . . . . . . . . .  15.00 

Call for Quantity pricing 
for 10 cartridges or more 
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