
article By DAVID RORVIK "so:m-: o f my best 
friends as-e robo ts," a physicisl lold a g;tthering of aulOm
atim enthusiasts in Europe several years ago. " And I'll 
e\."Cll let my da ughter marry one, as soon as you fellows 
come up with a model that can speak well enough to 

llG say 'J <lo ' a t Lhe appm pria te momcnL, sec well enough 

w pul the r ing on the r i)!;ht finget·, emolc well eno ugh lo 
kiss he r properly and work h;1nl enough to suppor t her 
in the m,Hlllcr to which she has become acn1stomcd." 

The physicist was sure he was n o t about to lose a fle:.h
:tnd-b loocl daughter or gain a stainles.\-stec l son. Today
only a few years late r- he wou ld be more war y. In 
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sl~ves o~ ~~ste~sf 
the budding science of robotics is producing a legion 
of sapient cybemauts bearing a bag of mixed blessings 
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October 1967, Bruce Lacey, a Briti~h actor and invemor, 
designed and operaLefl ;1 robot that was best man at his 
wedding. The robot handed over 1he ring, thi-ew corife tti 
and C\'Cn kissed 1h e bride, ac:1rc1,s Jill Bruce, with foam
rubber lips. Fartories across the country are alread y using 
robots Lhat work 16 hours a day without c:omplaim and 

-- -with only occasional "ill ness" and earn as much as 
$20,000 per year each. Though there are about 200 of 
these ,llllOmalons in the United States today and though I _ 
they are a ll l>Jind, dea[-mutes of decidedl y limited in1el- r 
ligence, Lhey have alread y clocked at least 500.000 hours 
of nearly Hawlcss work in jobs (continu<ftl on page JJ4) 117 
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(ro11tim1ed frnm p11ge 117) 

that- for humans, al least-are either 
dangerous or unspeakably dreary. 

And outside the factorics--in univer
sity labora tories acroS-\ the land-a gen
er,llion of robots is rapidly evolving. a 
breed that G ill sec, read, talk. learn 
and even feel. At the Weizmann Inst illlte 
of Science in lsr.1cl, robots have been cle
,·eloped tha I embody manlike muscles. A1 
t11e Univcrsi1y of Tex;1s, compmer pro
grams arc Lcing tlcvd op<."'cl for the puqJOsc 
of eventuall y providing robo ts with sexual 
identities, personalities. hates. fears. lm•es 
;md hopes. At Stanford. intelligent ma
chines with hands and eyes are Lcing con
structed that can sec well enough to mow 
;iround obstacles, plan ahead rationally 
;md e.trry out missions that h;l\•e been 
only partially outlined by human con
trollers. At 1\lullard Research Laboratories 
in England, other machines are being 
tauglu to read so well 1.ha1. some scient.ists 
believe robots will evemually be capable 
of mmprchending handwriting. 

Dr_ Marvin Minsky. professor of e lectri
cal engineei-ing al the i\fassachusc11s ln
stilll te o f Technology and a pioneer in 
the field o[ a rtificial intelligence, says 
tha t "our pious skeptics told us that 
machines would never sense things. Now 
1.ha1. the mad1ines c.111 see complex 
shapes, our skeptics tell us that they can 
never know that they sense things." But, 
he advises. "'do not be bullied hy authori
tative pronouncemems ahout what ma
chines will never do_ Such statements ;ire 
based on pride. not fact . Thc1-e has 
emerged no hint, in any sciemilic theory 
or machines, of limitations 1101 sha red by 
man. The rntc of evolution of machines 
is millions of times faster, because we 
can combine sepa1·;11e i1upron:ments di-
1-ectly, where nawre depends upon for-
111iwus events of recombination." 

Similarly optimistic about the future 
of robots, N. S. Sutherland, professor of 
experimental psyd1ology at the Unfrer
sity of Sussex and a computer expen. 
s1.1t<.-s flatly 1h;1t " there is a real possibil
ity 1ha1 we may one day he able to design 
a machine that is more i111elligent than 
ourselves." Dr. Sutherland has made a 
comparative study of the basic compo
nents of the human brain and the 1·oh0t 
b1~1in (a di~ital computer) and finds the 
I.Iller in several respects the more prom
ising. "There arc ,ill sorL~ of hiolc~ic,I 
limita tions 0 11 our own intellectual c;1-
paci1y," he says, "ranging hvm the limit
ed number of <.·omputing clements we 
have available in o ur craniums to the 
limited span of human life and the slow 
rate at which incoming data cm be ac
ccp1etl." Dr. Sutherland secs no such 
limi1a1.i<>r1s in store for the computers of 
the fuw1-e_ No one is certain how many 
bits of permanently retrievable i11forrna
tio 11 the couscious ponion of the human 
mind c:111 ac:co111moda1e in a lifc1ime. hut 
many sl·ie1nis1s think one billion is a 

reasonable estim;tte. Existing computers 
can transfer that amount of data-from 
one magnetk memory to another- in a 

scant 20 minutes. Therefore, Dr_ Suther
land points out, " it will he much easier 
for computers to bootstrap themselves on 
1he expcricnle of previous comp111ers 
1han it is for man to bcnefi1 from the 
knowledge aop1ired by his pretleces.-.o,·s. 
i\ loreO\·er. if we can design a m.ichine 
more intclligem than oursel,•es, then, 11 

fortiori, that m;1d1ine will be able LO 

design one more intelligent th;111 itself." 

Dreams of 1he perfect robot. , one capa
ble of surpas.~ing 1m111's most brilliant 
feats without succumbing to any of his 
erratic weaknesses. have oco.1picd philos
o phers and scientists since the time of 
Homer. It was that poet, still read and 
1·cread foi· his mastery in probing the 
mythic desires of man's cullec1ive uncon
scious. who lirsl envisioned automatons 
- the mechanical golden girls who were 
at the beck and call of the smith god 
Hephat-sius in the Iii/IC/. 11,e girls caught 
the au emion of sud1 scien tific: vision
aries as Roger Bacon and Rabbi Low; 
.ind by the 18th and 19th Cemu1·ies. 
mechanical men and women were the 
life of .t\'ant-garde parties from Berlin 
to Boston. George Moore created a gas
tJOwered med1anical man who could walk 
along at a bt;sk pace while smoking a 
cigar, .1nd Gaston Dcsclumps titilla1ed 
his audiences wi1h a mcd1,111ic.1l snake 
cham1cr of the female sex. Perhaps the 
most fondly remembered o! the ca1·Iy 
robots, however, was \\'olfgang ,·o n Kem
pelen's chess playe,·, a dark-visaged au
tomaton garbed in the flowing robes of a 
Turk. He took on all comers, defeating 
each 0£ them, including the Emperor 
Napoleon. It took the macalne detecti,,e 
talents of Edgar Allan Poe to reveal the 
sco-et: a mitlgc1 d1<.'Ss expert lu(kcd und\'r 
the robes. 

T he word "robot" ilself dates from the 
1920s, when C1.cch pl.iywright Karel 
Capek introduced his now-famous play. 
U . U . U. (Rossum·s Unive rsal Roho1s). in 
this country. /lobotn is the Czech word 
for worke1· and is genernlly as.'i0Ci,11ed 
with compulsory labor. The play, per
haps hecause it was such a s11c.x:ess, set an 
unfonunate pattern. Science-fiction writ
ers from tlrnt year on portrayed robots in 
the /l_ U. U. mold: mali~n:1111. um1,1111r;1l 
o-eatures who ineviLably turn 011 and 
destroy their creators. Implicit in this 
hidebouud characterization is 1he notion 
tl1.11 man, in crc.11i11g artilicial tire , o,·er
s1cps the hound;iries a llowed 10 monals 
ancl therefore must be p11nisl1cd for his 
/111/,riJ. Abow 1he only sc.ien(e-lic1io11 
writer (as he modestly acknowledge.~) 
with sullicient imagination to portray 
robots as benign 0 1· al least indifferent 
hL•ings is l..:1ac Asimo,·. In more th:111 
a SC"orc of short swrics and no,·cls, he h;1s 

d1arncterized robots as machines "cre:ucd 
hy human bei111-,.-s to fulfill human pm 
poses." He rcjcns 1hc idea 1hat the 
creation of robOls places man in Cod
fo1·bidtlcn territory and insists insl<'atl 
that au1oma1ons., like other mcd1anical 
dcvio .. -s, are simply the product of man's 
engineering inge11ui1y. In place of mysti
lism. Asimov posits science-the applic..-d 
science of .. rohoti<:s," a 1cn11 he coined 
and now in general use to tlcso-ibe the 
suuly. design and m.mufauure of robo1s. 

Although the very existence of the 
te rm roll()tics seems to suggest a tle
fini1 ive sdence, there is s1ill considerable 
confusion about jus1 what constitutes a 

robot. Science fiuion has persuadetl 
many people th,11 a robot is .1 cast -iron 
,tummy who walks like a ho peles.5 ar
Llu-i1ic and talks like Tonio. nut jus1 
how man like does a mad1ine ha\'e to he 
in order to qualify as a robot? Is a rolJ01 
really , ,cry much difkrent from a com
puter? \\!hat dislinguishes a robot from 
o rdinary .1111oma1cd e,1uipmcn1i Are 
remote-controlled machines roho1s? 

First of all, a machine needn't look 
anything like a man to qualify as a 
.-obot. Its anthropomorphic nature must 
manifest ilself in performance- not in 
appearance. .-\s for computers, '"hen 
thinking in terms of robotics. it is best 10 
reg.ml them as the hrnins ol the robot
single, although very vita l, organs in the 
encomp,issing whole. Rcmote-comrolled 
mad1ines belong in a class apan from 
robots whenever their operation depends 
not on bnill-in pro1:,>Tarns or artificial 
intelligence but 011 intima1e mechaniG1I 
or elet.uonic liuks \\'ith their human 
"doubles." 

In general, \\'h :11 sc1s rnho1s apart from 
most automated e1p1ipmcnt and imbues 
them with their manlike natu1-e is a 
flexible memory and a more dynamic 
feedback mcchauism. In ordinary ,11uo
m.11ic m.wufac111rc, a mad1ine can, for 
the duration of i1s life, perform only one 
task with one specific product or mate ri
a l. A robot, 011 the otl1<.•r hand, can be 
programed to tlo a great. number of 
tasks. II can paint cars one wt>ck, load 
con\'eyor hehs the second aud po ur co
gnac the third. Old memorie~ are easil}' 
erased and new knowledge just as e,1sily 
ins,,ned. Fcc..>clh;u.:k. prt>sent only in pi im
i1in'. form in most ,mtomatcd dc" i1·es. 
permits the rol.>-01 10 moni1or i1s own 
auions and co1..-cct its own crrori;. 11 is 
the same trait th,n 1clls man how hard to 

push agai11s1 a door in order 10 op<·n ii 
01· how mud, leverage 10 appl)' in o rder 
10 lih a box off the g-round. A widely 
adjus~1hle son or feetlhatk , then, help, 
free roho1s from the l1Kk-step ,0111 roh of 
onlina1·y a111oma1etl c11uipmc111. the fced
ba(:k or whidi is as sta1ic as i1s task, 
wi1 hout pcrmiuing 1hcm IO mc t.amor
phosc in10 dcs1runive monsters crushing 
(ff flinging :t\\'ay cvery1hing 1hey touch . 

Wh;l!C\ 'CI' the i11crt•dihlc pi•Omi>C or 
(amtimu:d 011 p11gr J.17) 
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robo1s m the ru1111c, it is the harcl
wo1 l.ing a11d intriguing. c ,cn ii not par
ticularly gbmo1ous, iml11s1r i:il robot who 

define~ the curre n t ~ta re o f the an . " ' ith• 
out hi, clearly d cmo n~1ra1cd success in 
the working wo11d, his more ci..01ic 
brothers (and siste r\) might not he in 
the lahmatory right now. It wa~ Geo1ge 
C. De,·o l, an eng ineer ing genius, who 
IJCcame the Roger 13acon, the Rahbi Low 
and the \\'o lfp;ang , o n J.:.cmpclen o f the 
20th Ce ntury. But unlike h i~ in1:1ginati,c 
predccc,,ors, De,·ol had at his d i~posal 

the !ethno logy n ece,~ary to re :1lize his 
dream~. Demi, in the early 1930\, was 

disturbed by two ug ly realit ies o f the 
indmtri.il wmld: the prevalence of drcaq•. 
cldnunani,.ing "put-;rnd-takc" jobs in fac
tm ics and plants and I he dis:1s11 ous obso
lescence rate of automated e<juipment. 
De,o l re:ilized that these two fads o f 
industrial lik were i nextric 1bly bound 
together. H e s.1w tha t automated e<Juip
mem was too inflei..ible to accommodate 
consrantly changing consumer ta,te.; a 

machine that tunu:d o ut S<1uare objects 
one year ,,·ould h:l\'C to be d isc:ndecl for 
one that turned out round ~h:1pes the 
next. It w;1s more economical to keep the 
ad:1p1ahlc human manning the aSSt'mbly 

l inc--110 matter how tedious and 1cpcti
tive the labor. 

Devol thought he could de, ign a gen
<.Tal-purpo-"C machine- a robo t tha t could 
IJC p robrramc:d to do a numbe r o r jobs, 
thus c,ading obsolescence while rclie, ing 
humans o r their inhuman tasks. He q uit 
his jo b as an eng ineering exccuti\'e, ap

plied for paten ts o n his concepts and 
wem looking for an indust ria l mooul 10 

back him. The m oguls, as it turned out , 
were less than receptive, and it was a long 
5C;ird1- 111ore than four years--bcfore De
,·ol fo1111d the man he needed. J oseph F. 
En:;ellx:1gcr left his job as d1ie f or the 
instrument aml co n trols di,·isio n of i\lan

ning. i\ l axwell &: i\ loo1e in Ilr id~epon, 
Connecticut, and, wi th backing f1 0111 Con

dee COi 1>oratio11, founded Consolidated 
Cont rob. Ultimatcl)', Pullman I ncorporat· 
cd en tered the p ictm c with e,·cn he:l\icr 
financi.11 backing and the company tk11 
resuh c-<l w:1s named Unima tion (lrom uni· 
\'Crs;1I a111oma tio11) l ncnrpor;i ted, with 
hcad11u:11ters in Danbury, G:innectirnt. 

Devol and his colleagues still faced an 
uph ill battle. The ir early rol}()t~, ca lled 
Unimat~, were lrail, unpredictable u-ea
wres th at cost staggc1ing sums to p11x luce 
and m aintain. Some of the mad1incs cost 

nea rly S100,UOO to build but brought on ly 
~20,000 on the market, and customers 
were few. T he p rototype robot, sold 10 
Ge neral l\Jmors in l !JG2, took th ree 
1110111hs to inst:ill and broke down on 
the a, eragc of every 30 hours. I 11 19fi6, 
a fl er cxu:nsi,·e engineering impro,·ements, 

things staned to pick up. Old customers 
began to reorder, a ncl an independent 

CD 

marke t sutTe)' a w ·.,ct«I new ones. TI1e 
sun cy re,·c,111.'<-I a \'astly imp1 on:d m arket 

for i-obots and predicted a robot popula
t ion o l 5000 as caily as 1972. T oday. 
Unima tio11 p1 o<luccs 20 robo ts a month 
a nd soon will be producing •JO. TI1cy can 
be in st;dlcd in two days and ope ra te lo r 
an average of 500 hours hefore re11uir ing 
maintenance. E,-cn though robots work 
muc.h harder tk m me n, tl1e>• arc "sick" 
only two percent of the time, compa1cd 
with a human a bsentee rate of 2.8 per
cent, ,1ccurd ing 10 the Burea u of L 1bor 

Stat istics. 
T oday, imlu~tr ial robou, sell for :1ho11t 

~'.!~.000. Oo uln ers can le.isc them for 
~iiOII a yc;,r or rem them at a rate 

o f S~-20 per hour for up to 500 ho 111s a nti 
at a rate o f S I.SO per hour for a n)'thing 
he}oml that. In meta lwork, where rohots 
:i re find ing the ir mo,t CMensh·c appl ica
tio n . human blue-collar wo rke rs o fte n 
earn r. , ·c and six do llars per hour. llc uce , 

a robot, panicularl) one working t\\'0 
shifts a day, usually pays £or it5Clf in a 
little m·er a year. And afier that, it still 

has a n o pcmting life o f J!) one-shift }Cars 
o r !I two-~hift years. 

ll nimation is no t witho ut competi tion. 
.\ n umber of de,clopmcm .11 effon s have 
follo wed in its wake, bu t only one othe r 
company is de,·e loping commercial ro
bo ts o n the sall\c scale: the \lenatran 

Division 0£ the American ;\l:ich i11e &: 
Found ry Company. The Versatran is a 

horimm al arm threaded through a ,·eni
cal column mounted on a squ:irc ba~c. 
T he Unimate is more than twice a,,; heavy 

as 1he \/ersat ran, weighing in ;i t 3500 

po u nds; but it, too, is a one-armed a fla ir 

and. in :ippea ra nce, 1·eminds one of a 

modern ta nk, complete with tun-c t a nd 

gun . T hey arc comparable in pc rform

:111cc: able to lift up 10 100 pound~ and 

Q 

mo, c o b jeers from on e point 10 a nothc1 
with amazing repctiti,·e accu1 ,1cy- up to 

.050 o f an inch. The hydraulically pow
ered arm o( the U nimate rcache~ o u t to 
7.5 feet and swings through ;i 220-d egrec 
a rc. Bo th the Uni1n.1tc a nd the \'ersatr:111 
can be filled with a , ·ariety o f inter 
changeable hand~. fingers, suct ion cup,. 
drills, pain t sprayers-, ,,·cld ing torches. 
magne tic pickups and the like. In order 

to p rogr.1111 these blue-collar robots for 
the de~ired task, one has on ly to take 
them by the ir mech anical ha nds and 

lc:id them tl11011gh all the mo tions th;1t 
they mmt later as~u me on their own. 
T heir magnetic memories fa ithfully re
co rd each mo, ·emcnt, no matter how 
minute o r pallcrned . 

O rg:1ni1cd la bor•~ response to the ad
\'ent o f the inclmtr ia l robot has been 
surpri5ingly sa nguine and , in some case~, 
.ilmost brotherly. I n on e Cleveland meta l
stamping plant, :i robot p rogramed 10 

handle unwield y auto mobile dash boarcls 
began falling behind the ~tiff p roduct ion 
r;11e clen~anded l>y the forema n. R acing 
from po111t to poin t, the han-ic:d robot 
began dripping o il and d ropping parts. 
Clearly, it was o n the \'Crgc o f a 11e1-vou;, 
breakdown. Slowly, u nde r tl1e ercs o f a 
fascinated w01-k force, the robot was 

nursed back to health wit lL a few circuit 

changes :ind a new klyout pa ttern. Two 

months :i l"ter its co llapse, the robot met 

and then exceeded the line p roduction 

rate, winning from its co-workers a stand
ing ova lion. 

C lyde the C law was an even more 

in1crcst ing case. Clyde, an industria l ro

bot progr:nncd for die-cast ing work in a 
Ch icago automotive plant, executed his 

d ull , re pe titious job 16 hours a day 

without complaint. Then, suddenly, he 
blanked out, pulled in his arm :ind 147 
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refused to mo\'e ar all-acting like a 
schi,ophrenic in withdrawal. Routine 
trc.iuncm hy plant pe,sonncl foik d to 
get any respome; fi na lly. a spcci:ilis1 had 
10 be called. \\lhilc he was ministering to 
Clyde's needs, the men of production 
department J.I organized a get-well par
ty, heapin1,; cards am! flowers on Clyde's 
pedestal. To record their c.onccrn, they 
d1·apcd thci1· arms around C lyde\ mo
t io nless frame a ml posed for a company 
picture. Clyde made a fu ll reton:ry. 

Even \ .Valter R euther , one of the most 
powerful men in the h i,1ory o l ur~ani1.ed 
labor, has gi,·en his blessing~ to the in
dustri;il robot, noting that the jobs they 
are ;1s~umi11g aren't fit for men, ;111yway. 
Apart from that, it is 1101 pa rticula rly 
dillicult to understand why labor has 
received the imlus1rial roho t with open 
arms. As Engelbergcr pu•~ it, " Robots 
e nter the "\\"Ork force a lmost impcne pti
bly. l'\o man or woman has )'Ct lo,t :1 job 
because o[ a robot. ... Normal a 111·itio11. 
due to retirement. marriage, pregnancy. 
wanderlust aml promotion. provides the 
job openin~s. Since .-obo ts have no indus
try or geog1·aph ic- preferences. there is 
no tendcncv 10 :1 conccn1ratio11 that 
might cause 'a major d isplacement in 1he 
human work force. A robot ghetto is 
unimaginable." But, of course, unobtru
sivencs.\ is no t the o n ly ;1111~1aive u-:,it o [ 
the contemporary robot. lronic:dly, its 
"inferim·ity" is another selling poillt , and 
one that Engelberger pushes hard: "The 
self-c,·ident inferiority o r a minority 
group has often been the ethical justi
lica1io11 o[ slavery. Master race~ h:l\·e 
been deeply embarrassed by the intellec
tual p .. owes.~ o [ their sl.n·cs, when they 
inconsider:11cly display a ll the au1·ib11tes 
of a peer group. A robot sl:l\·C would 
ncve,· be guilty of such ;111 aff1·on t. ... A 
robot is patent ly a racial inferior, a nd no 
o ne need hide h is feel ing of superior it y. 
Clyde the Claw will take the place o[ 
Stepi11 Fctchit, Kingfish, A ulll Jemim:1, 
Rod1c~1cr and th<: mins1rele11d man. \ Vhite 
man and black can share a fccliug of 
benevolent d c:,potism toward the rohot." 

\Vhether this s;1me bene,·olence will he 
ex,cnded to the second generation o[ 
robots, not to mcmion 1he third and 
fomth, is a matter of cont.cm . The p.-ob• 
lems of i111egr:11io11 with rohm, e,p1al 10 

<ff stll"pas.,ing man in i111elligence and 
~cnsory pcncp1io11 are on the minds o[ 
m:iny leading scicntis1s who are con
,·inced that just such machines are on 
the w:1y. Dr. Sutherland p redicts th.ii 
wi thin the " next few dec:1dcs," we will 
have con s11·ucted mad1incs ·•wit h whom 
we can < 011,·e1-:;<: on a fairl y wide 1·:1nge 
o f topics. As programs ol more a nd more 
generality are wriuen, compute rs will 
,·ome to mak" dt."t.isiuns that we regard 
as more ;111tl more their own. There will 
be nwny interest ing steppinbrslones a long 
the road 10 a m:1d1inc 1h:1t is our in1cl
ltt 111al superior." l11 50 yca1-s· time, he 
condudcs, we uuy cease to won y about 

0111' r;1cial problems and commence to 
argue over whether in1cll ige111. robots 
should be gin:n the rn1e. 

D1· . .J. I'. Ec·kcrt, a , ·ice-president and 
tct.hnical ad\'isor to the presidem of 
lJ 1' l V. \ C, a division of Sperry R:111d Cor
pora tion. shares the same hopes and fears. 
He belie,·es that within the next haH 
century, robots will he able 10 , r;rnhlate 
la nguages cflicicntly, operate 1~•pcwriters, 
file information from ,·oice comm:111ds, 
teach school, monito1· p.1tic111s in hospi
tals 01· at home (O\·cr te lephone wires, if 
need be) and opera1e nearly all pha~s 
of factory work. ••\femory. ryes. cars. 
hands :md logic," he says, .. ha,·e alrc:1dy 
,ln·elopcd 10 a point where they arc 
about as good or bet ter tha11 rnan·s. 
Recognition a bil ity, lCrtain types o ( in
formation retrieval a nd the a bility 10 
taste a nd smell are still things in which 
humans excel. The electron ic industries 
and the food iml11s1rics are spending 
millions to solve 1he,e problems, how
c,·cr, :rnd probably will i n the next 50 
year,. At this poinr, man will build real
l y general-purpose m:1chincs, universal 
rohots. Following his experience with 
large cakularnrs anti teaching machines, 
man will know how to carry on two-way 
comm unication with them. I hope we 
have soh-ed the integration problems be
tween 1he h um:111 races befo re we f:ice 
the problems of in1e:,•-ratio11 wi1h robots. 
O m· real test proha hly lies beyoml the 
next 50 years, howe,·er, when mankind 
has developed a self-reproduc ing auwma• 
ton that can im1ffm·e itself." 

l\luch of 1he impetus for :i mme i111el
ligcnt and independent hrccd of robots 
has bee n prodded hy the ~pace program. 
The .-\th·ancetl Research Projects Agency 
is seeking to promote the develo pmem 
of a sp:1cc robot that could precede man 
to the surface of l\ l ars. The requirements 
for a l\lartian robot (which, o[ course, 
would also be adaptable 10 ocher planets, 
as well as to a number of hosti le earth 
e nvironments) are these: It must have 
eyesight, be able to distinguish shapes 
ant.I avoid o bstacles and pitfalls as it 
moves auou t; it 11111st he able 10 gather 
samples, perform experimen ts, 1·econl 
and 1r:mm1it data. :'\lost impona111, be
cause continuous command from Earth 
will nm be feasible because o l communi
cation time lags, it mm,1 be able to 
exercise intlepenclent judgment witho11t 
calling home for instrnctions. 

\Vhat all this re<1uires is anilicia l intel
ligence-and it is under d e ,·elopmcn t 
nm,·. Dr. i\ linsky and his colleagues at 
?.!IT a nd Dr. J oh n i\ lcCanhy at Stan
ford ha,·c co11s1rnc1cd imdlil\ent hand/ 
eye machines. The i\l IT robot is a star
tling sight. so humanlike (in IJ01h appear
ance and pcrfonnancc) is the hand tha t 
darts out 10 catch a ball thrown 10 it. 
Roth the Stan ford and the i\l IT robots 
;ire capable o f g1·asping an,I manipulating 
objects. 1711')' operate with the help of :1 
television •·eye" th:11 sc:111s 1he working 

area :md 1hen I r:msmits data to a digital 
compu1er. The computer. in tllrn. in
s1rmts the hand to grasp, transport or 
aN:ml,le blocks into s1run11rcs. ,-\II of this 
ouur~ almost instantlv, in the same nat
ur:,I way that the eye. nen·ous system. 
brain anti arm o f a human work togethe1· 
to ;1ccomplihh ;i desired task. 

The S1a11fonl Re,;earch lns1itu1e's mo
bile rnhot, another o f the new breed, was 
dndoped. in the words o f Dr. Charles 
r\. Rosen, m:1nagcr of the Applied Phys
ics Lab01·awry at S.R.I.. to ··act as ;1 re
search 1cs1 bed for explming, in one 
integrated system, a numhe1· of a111·ihutcs 
of i11tdlige11ce. It was made mobile so 
that its interauion with the cm·i1·0111nent 
could be rich and suggesti,·e of potential
ly u~lul :1pplica1ions." The robot. linked 
by c1ble to a d il-;ital-rnmputer " brain," 
has small electric molars tl1:1t drive its 
two wheels and co111rol the pan and tilt 
of its head. The head consists of ;1 range 
finder and a TV camera. Other sensory 
equipment includes dcfenshc " lmmp de
tellors."' An on-hoard logic unit stores 
anti m111cs c.ompurer commands. Soon the 
5.R.I. crew hopes to :idd e,·e11 more com
plex 5ensors and cllccwrs and re place the 
unnLcnome computer c.:rble with radio 
lOJlllllllllical ion. 

The robot is placecl in a rnom s1 rcwn 
with solid objects o [ \'arying shape ;ind 
size. ··111 this controlled laboratory -Cl· 

ting." Dr. Rosen s:1ys. ·· the mohilc robot 
is relp1ired to sense :111d recognize o bjects 
and room boundaries; make, swre and 
update representations or ahstr.ill models 
of the en\'ironment; plan st,nsible 1uu1cs 
through available passageways, navigate 
efliciently in canying o ut its ro111e plans 
and gather infonnation: ;111d, ultimately, 
i111erac1 physirnlly with the objects by 
~implc and m:mip11la1ive means.·· Almost 
cenainh·. the d,·eamed-of :'\ l anian mobile 
robot \\:ill be a dirt:ct descendant of this 
, ·ery 111ad1i11c. 

Artificial i111elligence, of course, will 
not he complete 11111il mad1i11es arc c n
tlowed with personality, imaginat ion and 
uea1i,c abilitv. Intellectual curiositv, Dr, 
Sutherland s: .. \"S, 111ml be instilled in ro
bot~ if they a;·e IO e,p,al 01· surp;1~s the 
"tlri\'e that has brougin our own race to 
the pinnacle of evolution." A few years 
ago. Dr. G. ,\ . • l\ lonon of RCA L1hora• 
torics predicted 1h:1t "the next half cc11-
111ry will sec the \ ta rt o f the de,·elopment 
of this , ·ery dangerous. hut ,•cry promis
ing. fonn of cre.11h ·e intelligence." As it 
tunis 0111 1 that Stan has already been 
untlenakcn. 100. Dr. John C. Lochlin. an 
as:,ocia1e profcs,or ~f psychology and 
comp111e1· science at the lJni,ersity 0£ 
Texas, is at the forefront o f this new 
field, constrncting computer models of 
pei·sonality. 

Dr. Loehlin has named his mode l 
Altlou,. in honor of the b1c Aldous 
1-1 uxley. alllhor of ilrni'C ,\1n,, ll"odcl. 
With slight ,1:1riation~. the mod(:) r:in he 
nm through a variety of conventional 
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computers. Aldous h as a sm all immcclia tc 
m emory ancl a larger perman e nt one. 
.. 111 o perat ion," Dr. Loehlin has wriuen, 
"Aldous reacts to inputs with fear, anger 
or auraction; he generates actions of 
withdrawal, a11ack, approach, conllict or 
indiff<'r·encc: and over a period of time, 
he develops specific a ll(! general attit udcs 
toward the o bjects wilh which he inter• 
ans. A learning s11bro11t inc de,·elops and 
modifies A ldous' att itudes, depending on 
the o utcome of his part icul;ir c11co11111ers 
w ith his en vironme n t. A11 it 11des toward 
gene,·a l classes of ohjerts arc de\'Cloped 
;is well: for cx,m1plc, if one of the 
idemifying dime nsions is sex, Aldous 
,,·ill ha\'e ;111 atl itu<le toward wome n in 
gcner,d, as well as auitudes toward the 
par1ic11lar wo ma n he has encountered. 
These g-encralilcd at1it111le, permi1 Al• 
dous 10 respond sc11sihly to objects o n 
hi, fir,1 e11co11111cr with them." 

I 11 one I ypical run-through, Aldous 
wa, ex posed repea1ed ly to ohjen .. I I I.'' 
The consequences of 1he exposure were 
<.011sis1entlv favorable and Aldou~ built 
up some thing ,1kin to alfcnion for o bject 
111. S11dde 11ly, however, o l>jeu I I~ was 
su hs1 ituted . Aldo u s knew that this was 
~me new entity, but, on 1hc h;1sis o{ 
h is e~perit:nct:s with ol,ject 11 1, he gen
eraliznl 1h:1t objen 112 would abo have 
f.t,·orable conse<prenccs for his system and 
he responded to it warmly. In foct, how
n t·r. ohjell 112 turned o ut 10 he clet.ideclly 
h;rnnr111 to him . Hurt, bm ,,·iscr. Aldo us 
dbpbyed Guuion, avoidante and other 
mixed emol ions in subset1ue 11l tria ls. 

Dr. Loeh lin wo nde rs where all this 
will lead ... Sup1){)sc," h e says, " we were 
10 n:;11 h 1hc point whe1·e we could freely 
1011,1 rntl replicas of ex isling personali-
1 ies. \\io111d we not soon wam to go 
hcyornl 1his and stan comtruni11g novel 
kinds of penonalities? \>\1ha1 would it be 
like to i111eract with one of these p ro
grams? I low much autonomy woul<l we 
wa111- or d.are--10 gh·e it?" 

Dr. ~li11sky says that these 1hinki11g 
machines, or at least the e;irl\' ones, will 
d en >' t it.II they are nonhuma n'. Only ··i11e 
really i111elligent robots" 1h.11 come along 
la1cr, he says, will realize that they a1·e 
dntronic creations a nd 1101 flesh and 
l,lood, ar1er all. \ Vith this sense of 
1111il(11e ide111ity, it is possible that they 
may beg in to pa1ro nizc :ind evcrllnally 
domi11a1e mank ind. 

Fort11na1 c ly, st,trgazing in this area h as 
its fcl iciwus as wt:11 as i1s forc hoding 
side. ~!an y prog nostic 1tors !>ee n1ho1s 
n,11ti1111i11g indc linitcly in the service o f 
man, surpassing him, perhaps, in d exter
it y and lorti1rnlc but never in wit. Rol){)tS 
of 1he future m;1y make 11ot o n ly willing 
factory wor kers and s1ree1 cle.111ers lmt 
also nn<·o mplaining cooks, hullers, maids, 
\'ale1s, hal,y , i11ers, onlerli<.-s. companions 
for 11te old, pla)111a1es for the young a11d 
manlike guinea pigs for medical re
sc.irchcr s. 

In fact, Aerojet·Gene,·al, working- with 

the Uni,·ersity of Southern Cililornia 
School of l\ letlicine, ha, ;d reatlv de· 
vcloped an amlroidlil-.e rohot ma~le of 
fibergla~s and steel for surgical p1~1c1ice 
session s. Sim One, as the lirst in a series 
of models is known, loo ks am! acts like 
a man. .Sim (for \ i111ul.i1or) stands six 
fee l, two indll'S .111<1 weighs l !l5 pounds. 
Apart fwm having all 1hc c:x ternal fea
tures o f a n o rdinarv 111:111. he ha\ a se1 
of comp11ter-p rogra1;1ed i111crnal organs 
that hirhlulfy ~in111la1e all 1he func
tio ns anti re,;<.:tions of the rea l thing. 
\Vhe the,· Sim lives or tl ies depends on 
how well the medical students h a ndle 
tlw. dozens o f crises their instructor s can 
induce in the biological robot with the 
push o f a hu11011 a t a comp1t1Cr ron'iOle. 

Roho ts o f an C<(Ually sm111ge ,ort have 
also ;,cted as g uine,1 pig-s for e ng inct:rs 
a ml other s1:ie nti\ts. The fact that you 
can put co.1st-to-coast 1cfephone calls 
through today in a ma11n of seconds is 
due, in pan, to the pioneering wo rk of a 
robot mouse namecf Theseus (afte1· the 
Greek mytho logkal hero who slew the 
l\ l i1101aur in a Cretan bhyrinth). Scien
tists at 1he Hell T elepho11e La[){)ratorics 
in l'\ew J er~ey lllrnecl theia· la tter-day 
Theseus Jome in :rn i111ric11e ma1e :inti 
watd1ed him seek out the .. d1eesc"-an 
electrical terminal that rang a bell as 
soo11 a.~ it was toud 1ed. On his first trip 
throu;;h the maze, Theseus blundcretl 
along hy trial and error, nrnking m.111y 
fabc 111rns hcfore re;1chi11g his reward. In 
the second heat, however, he improved, 
racing w uridemly to th e chec~e in less 
than 15 \econds. \-Vhi lc Theseus the 
G reek h ad to rely on a ball of string to 
gc1 around in 1he ];1by1·inth. Heirs T he• 
scus was cquippetl wiih a magnetic mem
ory-a memory that reconlcd o nly those 
lllO\'es that a,·o ided d ead ends. Hence, in 
a sense, The,cus lcarne<I h y experience. 
Aud 1he Hell scie n tis1s applied what t hey 
learnc-d lrom obscn·ing Theseus· behavior 
to their lahyrinthlike telephone swi1d1-
in;.: ~)'Stem s, 1hro ugh which e ach mo use
like c,11 S< urries toward the dwese (the 
1clepho11e be ing calkd) in the shortest 
1ime possihlc. 

An e , ·e u more engaging n111abouL has 
been to nstnt<ted hy a team of sciem ists at 
the J ohns H opkins Applied Physics Labo
ra1ory in Baltimore. Thi~ I 00-pountl 
rnhot. which looks like a la1·g-e halhox 
0 11 wheel~. wi1h a lo ng neck .uni ;1 li11lc 
head , uses an clectric1l M:ns:t: o f to uch 
and a co111p111cr brain to wander 1hroug h 
n>nitlm, a nd ollices, surprising the mt• 

wary. \\'hcnever its ba tteries begin to 
g-el we ak, it S(·eks out wall o utle1s with 
i1s head a11d plugs in for "dinner." 
Pro:.,:ramt"tl to sur\'i,·e in a 11a1111·,d e11-
, ·iro111ne n1, ii is :,hie 10 tl<:1cct :md avoitl 
oh,tacles. dro p-offs and the like . If i t be
tom<:s e 111a ng led in some thing. it " panics" 
mome nl,ll'ily, but then gm•s 1hrough a 
rmmlJtr o f ration al sh :1king a nd twisting 
111m ·t 1111:1m 10 gel free. Wht11 t't111ippe1I 
with ;1 powe r pa,-k, :,ophis1i<;1ted ,ensoq, 

dt'.\·i,es aud a sdf•rontained ln~1i 11. ' 17,c 
Bca,1. as ii is alfcnion.1tcfy called, may 
en:ntually he able to perform explor;11ory 
d111ie, umlcr water or 011 other planets. as 
wdl as execme such clown-lO-eanh !.,hors 
as lawn mowing, sn0\\' sho ,'C'ling, pa in1i11~ 
a nd !4anle11ing-una11ended hy rnan. 

But perhaps long before 1here are ro
bots c1pal>le of dist i11gnishi11g c.nTot~ 
fi-0111 pea~. let a lone ripe 1o m.11oes from 
!,'TCe11 ones, we will be e njoying- the com• 
p letcly robo t icized home. If the vis11.1 li1.1-
1 ion\ of numerous scie11tis1,. engineers, 
ard1i1 en~ a wl b uilden come 1n1e, the 
hou,ehold robot will he a po\\'Crful and 
ubi<pritous 1nescnce, indeed. The rohot ·s 
computer b rain, tucked ;1way i11 ;1 do,-ct 
or- more approp1·i;11ely-d1e a11ic, will 
comrol its co1mtlcss .. limbs.. (\'acuum 
cle;uit·rs. lootl-pn:p:r r;1tio 11 f;1cililit:s, wa,h
ing mad1incs, etc.) either by direct wiring 
01· th rough radio signals. 

All 1he li11le wife, gid friend , conc11-
bi11c or mis1rcss need <lo at th e rir~t o f 
the week is write out her men us and 
schedule major cleaning jobs so that 1hey 
won·t interfere w ith social functions. 
Then, wi1h the help of her cnmputer
lang-11.1ge dictionary, she can feed the 
proper i11,;t ruGions into J ee, C'~ •. \Iouica, 
Lucv, l'e1er ot· wha1e ,·er the familv 
d10~,1•, 10 tall i ts ma,ter scn·a n l. T h e ,{, 
provided all the needed food ;11111 sup• 
plies are in their proper ,1oi age are:1s, 
t he 1·obot takes over. llle.ils arc prepared 
a nd cooked to order at the proper time 
a nd scn-ed to the prei1ulic.11ed 1111mher 
o r diners in the desired fa,hion. Af1er 
the meal, di,hes are picked u p ;,nd swep1 
;1way 011 cmn-eyor behs for wash ing, dry
ing and putting away. Tra~h is d isposed 
o f .1111om;11ically. H eat and ligh1i11g can 
.iho be <011trolled hy 1he t0lllp111cr. Vac:• 
1111111 dcaners :ind other appliances slide 
oul of tom:ealing w;1IJ compartments at 
n ight when e,·e1,·0 11c· is a,Ieep, silc111ly 
c rnying 0111 their dmies. The mobile, 
scC'in~•e\'C thnnh-wai1er or buffet tahk, the 
.. ;n1tomassn1sc·· capable o( gi,·in~ a profcs
,io11;1 I 111.rssage 01· nrbdown, the automated 
nursery, 1he fo ldout c.hess " partner," the 
phmotlcctric doonnan o r security guard 
equippt."t( with an elfeni,·e dctenc111 force 
arc all possible extensions of 1he house
hold robot; and, ob"iousl)', Lhat's onl y the 
hl'g'i1111i11g. 

\\'i1h rnlllp utcr t ime sharing- or l.irge, 
cemrally lot.:uetl comp ute,·s io ,;<.'r\'C en
tire communities (pcrhap, 011 a cahle
TV type o l su hsuiher b;1.~is), de,·clopers 
such as those at Information l111ern.11ion
al Inc.. in C:nnh,·idg-c. ~lassach11se11~. 
1hink the fully roho1 iciied home could 
ht: economically feasible lor mid<lle• 
income f.tmilics , ,·itl1in 15 years. Comen• 
ienl ,ts this mii,.-fit be for the housewife, 
think of what a boon it would he for th e 
hat.hcfor. The second ;.:reat te111p1;11ion 
of marriage (a wcll-n111 home) would ht: 
as no1hi11g compared with the u11laili11:; 
peifeuion o f a 1·ubotid.tetl pad. 
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