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XII gl 

Whenever I see anyone reading a copy of Science Fiction , I gloat silently 
over the .fact that I get my thrills nat v icarious ly but through actual 
exper ience. Hardly a week passes by withou t "something new being addedlY 
to our ele ctronic oomput ers s and every impr ovenen t fills me with the same 
deligh t, amazement, and gratitude ltlich I felt ltlen I first had the joy of 
using this brainchild of ele ct roni c engineers , - two years ago . I oome 
before you in t he role of the well-satisfied user , ready and willing to 
give unsolicited testimo ny to the fact tha t your i nvention far exc eeds my 
fondest hopes of the past . 

Most present 00 day inventions , it seems to me, do not di.ff e r much from the 
way humanity has been picturing them in imagination for cou nt less geM r a-
tions . The submarine and aeroplane must have been for es een by many of our 
species from the time they firs t observed the ways of the fish and th e bird. 
All tale-ins t ruments are probably 'What men alway-B hoped t hey might be i m.d 
t he destru cti ve power of our hydrogen bombs is no more terrif ying than the 
Biblical predi ction of their impact. But I doubt \ohether even t he most 
fe rt ile imaginatio n possessed by a mathematician a shor t ce ntury ago cou l d 
have foreseen t he wondrous fea t ures of our high-speed ele ctronic oornputer = 
with the magic appearan c es and dis appear~ces of mmhers in its s,:,or age 
r egisters; with the gra tifying complian ce of its cont ro l in dispatching 
our c ommands, wit h the inc r edible speed of' execution in its arithme tic unit . 
Such refle cti ons lead us t o conclude that the future developnents in thi s 
f i eld will be stupendous , and I envy all the engineer s pre sm t her e who 
have the opport uni t y of t aking an act ive p art in than. 

Sin ce many organizations seek the help of the NBS in eomection with t heir 
computing t asks , I am able to observe the directions in -mich these develop-
ments might li e. There are at least t-wo sooh directions: on the ora hand 
you will have to satisfy the demands for a small , inexpensive c alcula tor 
whic h can almost dupli c at e tre fea t s of the pre sent gian t machines in c arry-
ing out S)lution s of mathe matical problems; on the othe r hand » th ere is a 
crying need fo r an ultra-modern bookkeeping engin e c apable of pro e essing 
immense masse s of data o 

With regard to the f i rs t t ype 3 I have had so many i nquiries as to what -woul d 
be considered desirable features for such a machine , that I wish to take 
t his opportunity to rende r a co llective reply o It seems tD me thaj. p ro:,p ec -
tive cus t omers for such machines are misguided ., if they t ake in t o consider a= 
tion merely the initial cost of the machine. A 50»000 dol l ar machine may 
easily turn ou t to be far more e2epensive than a 250 3 000 dol lar om ~ if the 
latte r has established a r ecord of reliability 3 speed , economy 9 and e as e. of 
appli cation. Unfortunately our eJ!Perience is still too limited, am the 
numbers of fact ors invo lved is too large , for anyone to risk unequivo c al 
recommendations o The st atemen t s ., ·then 3 which I am aoou.t to make may well 
hav e to be c omple tel y revised in the li.gh t of :mwer expe r-ience. 

lo In ternal acce s s time . Having had the pleasure of operating machines 
displaying an acc ess """'tinie of 12 micr ose conds per 50 -bit word, I believ e we 
may look forward to a period of inexpensive machine s lD asti.ng of an intern al 
access t ime not exce eding 50 t imes t he above f igure, without an appreci able 
de crease i n the word -l ength . 
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2 o Ratio or external to internal access ti.me . It seems to me that the re 
should be afairly small ratio between theaocess time of a word in the 
external storage medium and th at in the internal high-speed memory. Med em 
mathema ti cal assignments involve more and more often the handling of large 
matrices; and machines which are constructed , at immense expense , to insur e 
great internal speed will not be able to deal with s.ich pro bl.ems more 
advantageously than their much slower contemporaries , if care has not been 
t aken to strike a nice balance between inner aid outer speeds . The Univa c 
with an aver age acc ess time of 200 microseconds in its internal nemory , and 
of about a millisecond per its 90-bit word in the external nemory serves as 
an example of superb balance of speeds . However, the Census Bureau has 
suffered so many difficulties in the maintenaice of this extraordinary input 
~ed that it seems prudent not to try to emulate fo r some time t his ratio 
of 5 t o 1 in access times., but aim perhaps at a 25 to · 1 ra t io . 

3. Com1ter - sequenced commands versus "next - command irxlic ation" . I have 
done a great deal of coding for a1.l types of control, ra1ging from one - address 
to five =address command systems . Recently I co ded several identical problem s 
using th e four - address system (which indicates explicitly where the mxt 
address is to be found), as well as the three-address system (whi ch allow s 
a contr ol counter to govern the sequence) . I an in favor of the former . I t 
s aves much time for the coder , who is usually forced to make many revisions ; 
it saves memory spa ce -- al::x:>ut 17%, my exanples revealed - when it era tive 
cycles of high order of complexity are :involved . 

4. A list of desirable commands. The inexpensive computing machine or the 
nea r -futureehould be equipped to execute t he foll ow.i.~ commands: (a) addi -
ti on and sub traction with overflow indic at.ion . By this I do not mean a red 
llgnt or . a stop but a branching of command. In fact, such imic at ion may 
be used for the i ndispe nsable (b) dis c rimination command, allowing the cont ,rol 
to pursue either of two indicated paths. Of course there must be (c) commands 
for high - md l ow- order multiplication , a1d it would be well to have ( d) 
division t oo , - - unrounded please . Then we must ha.ve at least one ·ce) extract 
command, pre ferably logical trmsfer 3 winch I have found pra ctically indis -
pensable . (f) A shif t command which effe cti vely multiplies a given number by 
eit her a positive o r negative power of the bas e seems to me very importan t, 
and I am constantly bemoaning i ts absence on our SE.AC. (g) The input...outpat 
commands compl ete the set of desirable commands, unle ss the machine is 
se quen ce d by a control count er , in whic h case i t must possess a command f or 
t he uncondi t ional t rans fe r-o f -contro l , and one for storing th e contents or 
1.ts accumulator . Reasonable provision must be made for breakpoint , as well 
as absolute , stops. 

If one c an afford a touch of luxury in th e oonstruction of the control , I 
lik e to off er the f olloWin g addition al suggestions : 
a) Di scrimination of an absolute -value co mparison . 
b) A shift to normal position (for floating radix point operations) 'Wit h 

the simultaneous storin g of t he exponent . 
c ) A command allowin g a base counter to be set , whose contents would be 

added to all indicated ad:::lresses in subsequent commands. 
d) On bin ary machines ., tl\t> commands for converting one systan i ntc the 

other . 
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5 o Portabili t y. I expect that the superb advances made by the ele ctr oni c 
~ngineers in miniaturizing the components , as exhibited for example by the 
Jacobs Instrument Company machine and that of the Hugms Airc raft Company, 
is bound t o result in truly portable and easily serviced computing machine s o 

I like to think of t he day when one of those precious toys would be si tti ng 
on my desk , so that I "Wt>uld not have to go down on my lmees begging for a 
few minutes 9 use of the computer. However9 all 3Inall ine:xpensive machines 
should contain provis ion s for considerable growth, in the nwnber of its 
storage registers , as well as in t he number of its input and outpu t units o 

A computing laboratory can thus be se t up at a modest financial otrl;lay 9 and 
if it knows how to make the best use of its equ i pment., it will soon save 
enough money to secure additional units to be gr afted to the original 
machineo 

6. Decimal versui, binary sptem. Alth ough I an fully cogn iz ant of the 
advantages of the binary sys t emD I am also fully aware that the de cim al 
system is too in delibly entre nched in the records and ment ali ty of mankind 
to hope for a universal acceptan ce of t re , eay » octal system in the fore-
seeable future. The use of tre binary system poses no problems wb:ln 
relatively small i nput and output information is involved. But lolhen I get, 
t hose huge matrices , with all elements expressed i n nor-mal fonn 8 md 
re member how much time would be co nsumed by the inevitable t wo=way conver = 
sio ns , I c annot ~uppress my re gret that the Good Lord had ~een fit :in His 
wisdo m to endow us with 10 r athe r tha n 8 fingers. Or -= I w.i sh I had free 
acce ss to a good decim al machin e. 

This to pi c now brings me to a consid er atio n of t h e other type of machine 
which so many Government agencies 3 insurance f':i.rms2 banks 3 departnen t ait.ore5; 
li braries » and numerous other educational and irdu st rial organ izations could 
pu t t o excellent use. Such machines should be pri marily coooerned wit -h 
r apid classific ati on, int er f iling, st atistic al anal ysis 3 aid rea !onab~e 
access to a vas t accumul ati on of rec orded inf'ormatio n . On a pretv-..1.ous occ a-
sion I pointed out t he cr itical need for r api d and irexpensive sorters cmd 
coll ators which would process informat io n stored on t he sane in put-outp ut 
medium which is handled by t he computer. I t is extremely impract ic al to 
use t he hig h-speed electronic computer of to day for sorting. I have used 
the machine for sorting in m important Air Fo ree problem , and coold acllieve 
no better speed than about four times t.hat of the ordi nary ele ct romechanical 
sorters. We need a far less sophis ticated con traption for oorting 9 lihi cll 
knows how to do one thing only and does i t speedil y and ~~onomic ally. If 
we eould achie ve sorting at, say 25 ti me s the rate of the IBM sorter' but. at 
no gre ater expe nse ,s I coul d begin to hope that the tasks involve d in keepir.g 
the record of the Social Securit y Administration might be handled ele ctron -
i c ally. 

As regards random aeces s 9 you all probably lmow that th e RCA ie now cons t.ruct-
ing a versio n of the discrete s t orage device - invented by our Jacob Rabinow -
which I had occasion t o des cribe in a previous t alk:. However 3 th i!!! machi ne 
offers but a partial solution to the proble m of ~ial Security j for fn5tance .9 
which will soon struggle under a load of sone 10 bi ts of recorded inf'orma -
tiono 
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My past experience with the achievements of electronic engineers leads me to 
believe that all of these needs, as well as those still unfelt, will be met 
handsomely by them . In fact, I .feel that the pie ture I am about to pre sent 
is bound to materialize within tre next score of years . 

My crystal ball reveals Mrs. Mary Jones in the living room of her home, most 
of the walls doubling as screens for projected art or imonnation. She has 
just dialed her visiophone. On the wall pc11el facing her, the full colored 
:1:mage of a rare orchid f adei, to be repl~ed by the figure of Mr. Brown seated 
at his desk. Mrs. Jones i,tates her rusiress: she wishes · her valuable collec-
tion of orchid plants insured. Mr. Brown consults a small code book and dials 
a string of figures. A green light appears on his wall. He asks Mrs. Jones 
a few pertinent questions and types out her npliei,. He then pushes the 
start button. Mr. Bro"wn fades from view. Instead, Mrs. Jones has now in 
front of her a set of figures rel1lting to the policy in which she is interes ted. 
The premium rate am benefits are acceptable and sh:3 agrees to take out the 
policy. Here is Brown again. From a pocket in his wall ~rges a sealed ., 
addressed, md postage-metered envelope li'lich dropi, into the mailing chute . 
It contains, says Brown, an application £onn completely filled out by th e 
automatic computer and ready for her signature. Also Enclosed are t ~e facts 
which she ha:i perused a moment before . Mr. Brown thanks her for the favor, 
and asks her l.hether !he ha:i ever been taken on a tour of their organization. 
No, answers Mrs. Jones, when would it be convenient to take her round. Right 
now if you can spare the time, Brown offers. Fine, Mary agrees. All a:t:. once 
a bea ut iful young lady emerges into view. She rattles off her explanations 
as she takes Mary - via the screen - from one room to 1he next. 

First comes the laboratory-, and the guide points to a deek-si1.ed computer which 
automatically writes insurance policies on the basis of the infomation con-
tained on the signed application forms resting in the machine feed unit. The 
guide exp lains that one of the problems which baffled the engine ers of the 
last generation has now been s:>lved, and tre machine can automatically read 
and trans la te tyPed infomation into coded syml::ols, from which it oomputes and 
prints the required items on the policy. Mary is impressed with the compact-
ness of the laboratory which resembles a beehive in 1.ts unceasing and method-
ical activity. She has just learned from the guide that she is actuall y 
viewin g the .1nside of a va.st subterranean chamber., thous ends of miles away 
.rrom the home office., where only the human st aff is housed. Her e in the 
cavern there are no human beings as a rule . Only men m alarm is ~m 1.:!ed., 
by remote control, that s:>me machine is ".l\alfunctioni.ng cbes a mainten . .r.~e r:ttr. 
arrive to investigate. 

The guide leaves the battery of policy-writing machines and val.Jr.,. +ow ffC the 
assemtl~ of sorters. Her speech becomes a bit more technical. The outputs 
of the 4°~ T"5t set of machines , she says , serve as the input Llnit for the first. 
tier of the sor ting machines . The outputs of the latter, in their t um serve 
as inputs for the next tier, until the last tier is reached, which prochlces 
a classified and sorted record of the new information bein g accrued to -the 
Company. The in.put reels are marked with a brilliant design., \.hich Mary ca., 
examine when the guide picks up an unused reel and brings it cl ose to .a.re 
screen . I r -notion the colors nerge so rapidly that Mary fi nds it ha rd to 

I • • 
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believe that those whirling reels wear the same desi.gno Yes , tm input 
speed of the future is some million bits per second, and almost matches 
the internal speed of a tenth of a microsecond access time per 20-decimal-
digit word o 

Mary ill now asked to view the storage units md the nergi.ng machines. The 
guide picks up a b i t of almos t invisible wire, perhaps an inch in length. 
For Mary 9 s benefit she uses two clamps to hold each end . She holds one 
cl8lllp in her left hand , and starts rot ating the other. The distance between 
the two clampl!l does not diminish, yet as the guide whirls the clanp 3 more 
and more wire is wound upon it. The physicists .9 chemists and er:gi.neer-8 of 
the future will have !ourrl a durable elastic :rredium which , in its normal 
state is so congested that it c an endure a large number of stretchings at 
any point in order to accommodate the insertion of new information be t ween 
two bits of previously -,t.ored data. The storage units seem to breathe , 
their bulk slowly expands while 1ihe mergers collate the outpu t of the 
sorters with the older records. We don 8 t allow this to f:P on indefinit ely , 
the guide assures Mary. Do you see these huge boxes atta ched to the ceiling? 
They are the trm!lcri bers. Day and nigh t without pause , they are tran~-
scribing the old information onto erased and freshly condensed storage wire 
of the type I just demonstrated . The job is so eJCPensive that we can afford 
only enough machines to make one trans c-ri ption a year. If at the end of 
that period we find that. some old information has not been tak&n care of, 
we add another of these boxes to the collection. These machines do not 
merely transcribe the record; tray incorporate, at the sane time, the various 
amendati ons , augment ations, and t'U.ppressions., for which the need hal!I been 
r ecorded during the year. We look forward to t he dsy , continued the ©Iide , 
when these transcribers Will be small enough and cheap enough to allow a 
c omplete revision every month. The information iroludes not only all 
necessary records pertinent to our business activities , but al.so a huge 
number of c oded programs far computing any problem iil:ioh arises in the 
conduct of our affairs. 

Let us switch now to the home off ice, 'Where you will see one of tm program ~ 
e:t<s 'Who developed these routines., Mary views a lovely l!lunny office., It. 
is l!lound-proo!ed 9 explallls the guide 9 and has the sane wall - screens with 
which so many of our homes are equipped . Our actuaries, statisticians 1 
programers , agents , - in fact , almost the entire st aff - are gi ven officee 
like these in which the y may relax ~ between periods of intense :rrental 
activity , by dialing for any sanple of the world ' s literature arrl. aX"t st.ored 
by our Government , in either submarine or subterranean caverns, for the 
edification and en joyment of all the citize ns . The Company has found that 
the savings effe ct ed by the use of electronic equip:rrent were suff im.ent to 
allow the m to inst.all their hum.JP staff in luxurious surroundings ., a,.d also 
to raise their stock dividends , .. 'mto the bargain. 


