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One of the widespread impressions about auto- 
matic computing machinery is that it is expen- 
elves and that anybody who wants to do research 
and developmont in this field must first of all 
get a hundred thousand dollars from somewhere, 
probably the government. 

This is an easy impression to get. For 
the first ten years that I was interested in 
automatic computing machinery (1939 to 1949), 
I believed it, and thought that with few excep- 
tions automatic computing machinery was an ex- 
pensive thing to be interested in. 

But what are the facts? How much money is 
actually needed in order to ~o research and de- 
velopment in the field of automatic computing 
machinery? Is it possible to accomplish some- 
thing worthwhile with far less than a hundred 
thou~and dollars? 

Actually, it is possible to do i~portant 
and interesting research and development in the 
field of automatic computing machinery for less 
than a tenth of that sum. Also, in some cases, 
it is possible to do the research and develop- 
ment, and in addition make a practical working 
installation, for less than half that hundred 
thousand dollars. 

What is the evidence for this thesis? Let 
us take a quick look at a number of projects in 
the field of automatic computing machinery costing 
far less than $100,0OO. 

Projects with Immediate Applications 
First: The project at the University of Man- 

chester, Hhgland, resulting in the construction 
of the first model of their computer, that uses 
Williams cathode ray storage tubes. Cost: I 
would estimate under $20,000. 

Let me say a word here about the cost figures 
which I shall give. They are in most cases Just 
rough estimates of ceiling costs. For, most 
organizations of course keep their cost figures 
to themselves. 

Second: The Joint project of Potter Instrument 
Co., Kimball Co., and Sears Roebuck, resulting 
the electronic stock tag reader. This is a ma- 
chine which reads small punched tags for garments 
or other stock items and from them punches or- 
dinary-size punch cards for the purpose of stock 
accounting. Cost: I would estimate under $40,000. 

Third: the Joint project of Ernst and Ernst, 
auditors, and Doubleday and Oo., book publishers, 
resulting in electronic synchronizing of an E~liott 
addressing machine and a Remington Rand sorter. 
This machine greatly speeds up the accounting 
for two million members of eight book clubs. 
Cost: I would estimate under $40,000. 

Fourth: the project of Ray Pepinsky started 
at Alabama Polytechnic Ynstitute and con- 
tinued at State College, Pennsylvania which re- 
sulted in an electronic analyzer for crystal 
structure. Cost: I would estimate the first 
stage at under $30,000. 

F~fth: the project begun at New York Uni- 
versity by two faculty members, Goertzel and 
Grleg, called the Circle Computer, which aimed 
to be a copy at low speed of the Institute for 
Advanced Studies' computer. Cost: the materials 
cost for the firqt model was probably under 
$3ooo. 

Sixth: the project -- now a business~ of 
G.A. Philhrick Researches, Inc., in Boston, re- 

suiting in a low-cost general-purpose electronic 
analogue computer, able to be assembled from com- 
ponents. At the present time, $6000 would probab- 
ly buy quite a useful assembly of components 
for automatic computation. I wou]d estimate all 
the research and development cost at under 
$15,OOO. 

Seventh: the project of Intelligent Machines 
Research Corporation, Arlington, Vs., ~nd David 
Shepard, resulting in the first prototype of a 
machine which "looks" at patterns and ~recognizes ~ 
them. Cost of materials for the first model: 
I would estimate under $2000. 

There are doubtless more projects like these. 
They are all projects belonging to small-scale 
research and development, ~nd they have resulted 
or are resulting in very practical applications. 

Projects with Applications that are Less. 
Immediate 

~ut if we give up the requirement of immediate 
practical applications, we can move down at least 
one order of magnitude in costs. We reach what 
may be called ultra-small scale research. 

First of these projects to be mentioned is I 
think the Kalin-Barkhart Logical Truth Calcula- 
tor. In 1947, I heard of a small automatic com- 
puter constructed by two Harvard undergraduates 
for only $150 of materials. True, it did not 
handle numbers. But it did handle logical truth 
values; it did calculate fast and automatically; 
and it did work. This was the Kalin-Burkhart 
Logical Truth Calculator. 

Seconds  t h e  r o b o t s  and o t h e r  mach i nes  o f  
Claude 3hanuon,  B e l l  Te l ephone  L a b o r a t o r i e s  
e n g i n e e r .  ~ n e  o f  h i s  work has  been e n t i r e l y  
suppor ted  by h imsel f~  same more has  been s u p p o r t -  
ed by B e l l  L a b o r a t o r i e s .  The p r o j e c t s  i no lude l  
a maze s o l v i n g  mouse,  d e s c r i b e d  i n  P opu l ar  Science 
f o r  March; a machine f o r  p l a y i n g  e n d i n g s  i n  a 
g ~ e  o f  c h e s s ;  o the r  t ypes  o f  puzzle  and game 
machines. I would estimate the materials cost 
for all of them as under $I~00 -- a real 1~rgalm 
in exchange for the exploration of the principles 
of robots. 

Thirds the project of W.R. Ashby of Barm~c~ 
House, G l o u c e s t e r ,  England,  r e s u l t i n g  ID t h e  
meohime he has called the homeostat, It is a 
l i t t l e  machine  a b l e  t o  s e l e c t  between many 
possible circuits, in such a way as to make itself 
what may be called "camfortable". Cost: I would 
e s t i m a t e  under $100. 

Fourths t h e  machine c a l l e d  t h e  Nimotron,  c o n -  
s t r u c t e d  by  W e s t i n g h o u s e  E l e c t r i c ,  and e x h i b i t e d  
f o r  e n t e r t a i ~ n e n t  a t  t h e  New York World* s F a i r  
in 19~9, This was my first experience with a 
machine  t h a t  would  p l a y  a game wi th  me, the  game 
of  NiM. Cost  o f  m a t e r i a l s :  I would e s t i m a t e  under  
$2000° 

F i f t h :  t h e  l i t t l e  r o b o t  c a l l e d  the  ~Aeehani- 
oa l  T u r t l e  w, c o n s t r u c t e d  by W. Grey W a l t e r  o f  t h e  
Burden N e u r o l o g i c a l  I n s t . ,  B r i s t o l ,  Eng land .  
This machine  w a s  a l s o  b u i l t  f o r  the  purpose  o f  
s t u d y i n g  haman be ha v io r  i n  terms  o f  a s i m p l e r  
model.  Cost  o f  m a t e r i a l s :  I would e s t i m a t e  under  
#3OO. 

Many more projects might be mentioned, bu t  l 
will bring the list to a close by mentioning the 
two  smal l  r o b o t s  c o n s t r u c t e d  by our o r g ~ u i s a t i o n .  
These are  Simon, a ~ a l l  m e c h ~ u i c s l  b r a i n ,  c o s t  
of  materials about $270 , and Squee, a kind of 
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robot squirrel, cost of materials about ~190~ It 
se~ns to me that this second group of a half-dozen 
ex~ples of projects sho~ - that it is possible to 
do interesting and important work, in the field 
of automatic computing machinery~ on~u ultra 
small scale. 

Our 0vcl E~erience in Ultra-ball 
Research 

Now, from our ~n experience with ultra ~uall 
scale research in the field of automatic compu~ 
ting machinery, what infor~ation can be drawn? 

Well, how did we starty 

Simon 
We started with Simon~ and the story of h~' 

we began and continued has some polnt~ of interests 
and may be worth telling. 

In September 19~9, I talked with an old 
friend of mine, W.A. Porter, then finishing up his 
~ork in the Harvard Computation Laboratory, and 
told his I wanted to build a baby automatic com- 
puting machine for practically no money. He 
was keenly interested, premised to help, end we 
decided to start. In other words~ at this point 
we had already consulted our five levels of po- 
licy~aaklng executives, h~d come to a deci- 
sion, and had saved six months of thoughtful 
deliberation, committee meetings, and efforts 
to convince people. 

In a few ~eeks we ~ot started, workir~ a 
little in spare time, either in Medford near 
Boston where he lived or in Newtonville ~here I 
lived. In other words, our plant facilities were 
either his living room or my basement; so our ex- 
pense for plant was nil, and the cost of labor 
was being contributed by partners in the enter- 
prise. Porter was builder, and I ~as designer. 

The first major purchase of materials for 
our machine occurred in October. Among war sur- 
plus stock on Canal St. in New York, I bought 
all the relays for our machine in one gulp. 
They cost us a great deal of money; the 150 of 
them cost all of $60. 

~or~ proceeded smoothly for about four months, 
and then as with every computer project, came alone 
a crisis. Porter moved forty miles away to Brockton, 
~iass., yet the machine was only three-quarters finished. 
So, in March, 1950, I took it to New York, to 
colmnbla University, to a laboratory course ih 
the Electrical En~ineerlng Dept., where the l~- 
~ishing of the machine became the project of two 
fine students, Robert A, Jonson and Andrew Vall. 

Jonson and Vall straightened out some electri- 
cal engineering aspects of the machine, which I 
had never understood. They finished the machine, 
put it through its tests, and it ran success- 
fully in May. The total cost of materials was 
~270; and the total cost of labor, which hod been 
paid for here and there to get the ~iring done, 
was another ~70. 

We decided to hold a press conference, the 
some as all big cc~nputer projects do, and Co- 
lum~bia University willingly helped. And to my 
astonishment, a picture of our machine appeared 
on the first page of one of the New York papers, 
end several stories o~ne out in other newspapers. 
Simon had been born. 

Now every computer grows, and Simon is no 
exception. Simon originally could only handle 
numbers up to ~, but now handles numbers up to 
2~. He started with four mathematical and logi- 
cal operations, and now he can perform nine. 
He e~ grew furthers for exemple, if we could 
attach more m~nory to him, he could really do use- 
f~l work. 

However, only a few computers travel, Simon 
is probably the most travelled of all. Simon 
has been exhibited in New York, Seattle, Phila- 
delphia, Boston, Washington, Detroit, Minneapo- 
lis, three or four smaller places, and now in 
Pittsbur&h. 

Simon has led to a number of results~ On 
some of his travels he has earned substantial 

income. He has hel~ed make the principl~s of 
automatic computer~ clear to a number of different 
audiences. He has been used for instruction in a 
course ~Digital Computers ~u~d Tco~iques '~ given in 
City College of Ne~ York last fall. A~d he has 
led to the construction of other robots, Squee, 
which has been finished, a third one w~ call 
Fr~uken which is under v~ay, and plc~ for other~. 
And I would esti~ate that the out-of-pocket cost 
for the whole Simon project has been less than 
the cost of sending t~vo men from californi~ to 
Pittsburgh to attend this meeting. It is ultra 
small research~ 

P r o c e d u r e  
What are the procedures we have follo~ed in 

our ultra small scale research? 
First, as to selection of projects~ We have 

chosen only those that v~re interesting, drama~ 
tic, and could be accomplished on an ultra s~cll 
scale. We h~ve not tried to bite off more than 
we can chela. At the present time, we have a list 
of fifteen or twenty projects of a type suitable 
for ultra small scale research~that we would like 
to tackle. 

Second, as to the purchase of materials~ 
We have bought from the cheapest sources we could 
find. Ordinarily we have bought war surplus ma- 
terial , sometimes regular manufactured material. 

Third, as to capitai~ The capital required 
to purchase materials, and pay running expenses, 
~s for a number of months budgeted at ~C a 
month. But every now and then our robots have 
brought in income which have further enabled a 
budget of this order of magnitude to be success- 
ful. 

Fourth, as to labor. There have been two 
kinds, labor of the usual kind, from those who 
are not partners, and labor of an unusual kind, 
frown those who are members or partners in what 
we call our robot enterprise. Labor of the usual 
klnd~when required~has been paid for at standard 
rates, 

As to labor of the unusual kind: Most of the 
men who have worked on any project have been ~me~- 
bers of the robot enterprise". They work part- 
time only. They work only time that they can 
conveniently spare from their main occupation, 
usually studying. They come and go at times they 
choose for themselves, according to a flexible 
schedule aiming at an agreed-on number of hours 
a week. These hours are in most eases paid for 
currently at a token rate, and such payments are 
subtracted from the memberfs balance in his 
Contingent Account. If and when any project 
brings in substantial income, additional pay- 
merits are made to all members according to a for- 
mula. In addition, in the first few months of 
each year, a percentage dividend is paid on the 
balances in the Contingent Accounts. The arrange- 
ment in fact is something llke "promissory stock" 
instead of "promissory notes". 

There is a dividend that comes to some mem- 
bers of the robot enterprise. It arises from 
their experience in work on automatic computing 
machinery. For exe~nple, one member of the enter- 
prise after he ~as finished with his studying 
and working with us was hired at an annual sa- 
lary that was $1100 a year more than he would 
have received without his experience with us. 

Reasons  f o r  U l t r a  ~ n a l l  S c a l e  t~.eeearch 
There a r e  at least f i v e  good r e a s o n s  f o r  u l t r a  

Smal l  s c a l e  r e s e a r c h  i n  p r e f e r e n c e  t o  r e s e a r c h  on 
any  l a r g e r  s c a l e .  

The f i r s t  r e a s o n  i s  t h a t  you may n o t  have  
~100 ,000  nor  e v e n  ~10,000~ and p e r h a p s  n o t  e v e n  
$1000 t o  spend f o r  t h i s  p u r p o s e .  

Second, in ultra small ~ale research the funds 
are expendable. It is like playing chess for the 
fun of it instead of Seriously -- you can take 
risks, your moves are experJdable, you can try an 
attack that looks excitln~ even if' risky. 

Third, because the funds are m~all, you are 
compelled to do a fair amount of original think- 
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ing, you must take a great many shortcuts, and 
you thereby will gain a great deal of efficiency. 

Fourths it gives you first-hand contact with 
automatic computing equi~nent in the flesh, I 
suppose I should says in the hardware. 

Fifth, it gives you experience and training 
which pay dividends to you in all the rest of 
the ~ork that you do~ 

Awards. 
Now~ as you may suppose# we have cone to the 

conclusion that a great deal can be done to ad- 
vance the understanding of aut~natic computers 
and related subjects through the practice of ultra 
small scale resear~h~ We are in favor of it, and 
we should like to see the practice spread. In or- 

der to help it along, we are going to give small 
awards from time to time to qualified people, to 
help them carry it out. There are no "strings " 
on these awards. They are not eontingemt on our 
organization acquiring any rights. 

Part of the first award has gone to a stu- 
dent in one of our courses in Wyoming, who is 
working on a miniature electronic digital com- 
puter. 

If you or if any one you know wants to 
do ultra small scale research in the field of 
automatic computing machinery, perhaps we can 
help him, and we would like to have him get in 
touch with us. 
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