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The Yhreoks Yo compuling Science
1 <

Let e descrive Yo You \oa Woy g? mtroduchian
the observolion +hal induced we Yo choase “The '\-\hrecz}s
Yo cc:m?uhna Science #0\3 my \‘oPic ?csr Yhis kebno)re
oddress. TJhe observation 1S S‘um)o\b e}, When brows-
‘ms Pnroua\—w G Com‘)u}inﬁ Science Journa] or COh@T‘GhCQ
?roceec\inas,one USuo.\\:j sees oF o ?irs} S\Omce Yhe

8&08rc.p\nico.\ Or'ns'm o? Yhe work dc3cr}\oecl,

Nows, \n any ofco. We have c.\wabs hod naotienol
di?&rences,\ou\ Yhesr o\;v‘nousness in com?u\;in
becomes surT;r':s'mg QS Soon Qs We rYemember 3\
-\-\fle, \f\omogen‘n'zins ?c:rces q\- work C\uriﬂED the %uo
decades n w)\ic\n Jf‘ne, 31'0\0'1& erner ed,o.nc\ aow
me '\-0 men\-‘on Q. fRw o '\'\’lem, wst Yo un&er\‘me

Yhe S}Ten\cD*\ﬁ 0? Mﬂ'ls O.r‘gume'n\‘.
T’lrs‘:\:j, Ti&\f}r @'om e s\‘o.r*, Ehg\"os\\ has boeen

Yhe L'mawx Tronce o? com]:u}‘msz as earla cs
1956, vhen as o Homn ’:D\_,.\-c\qmqﬁ BY gove ey
S)irs\‘ \ec\-ure. G\Oroo.c\_, C\)d k=Y —»’\oua\\ c:.\~ <.
6erm0m Cermpu Hin conterence — In EY\S\'IS\\. And
Q9 Soum Gs, Q eiYher side o 'Hwe Q\'\Gm\"\c. Oceomn,
Yhe ACM  and Ahe RCS started their \')ourna\s,
these Journo.\s became he \euo\ing ones n the

f‘,e\a.

Secwnc“ O\} Gn ec\r\ S}a A '“r\e Com u.\"
2 » P 12
SC';en\-is\ys 30 Hhe wor\g\J \oecéma a ;ro.\fe\\'m 2 lo}-
Yhe ijeou" of the UNESCO Cong)ere-nce 'mf\é

Gris,
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1qsq, [ a\oou\- '\'\ne \‘}me w\nen -“ne Je“ o\ir\‘mer \oe-

Came Wmore ComMmrnon.

_ﬂ'\irci\b —ond Yhis process hod c\\'fecsd'j S}Of)mcl
mn -n'te ‘30‘5- -\-\'\e compu}'ma Cgmmun'\}:j be&ﬂﬁ )i‘o
ks€ wmore ?nC\ more 4‘\'\2 Some g)em m&c\nihes Omc:\
Jr\'\e SGAme tew \Proaramm'm \om umuaces . EVQV\

S N JNS)
behind Yhe Tromn Curtoin *\\ne.:j could )f\'\'m\(
nothing better than (@ithRNy copyine the 1BVIAG
9 n o AL
33n’3ﬁjﬁ?& oF Yhe

and cre nows \Ousl\d 'n'nP\eme

rvzo‘ue'ﬂ- o? '“\e (Red Qrm:j

And Finally, Yo deprive you o? Yhe last visuol
Y prve Y

c\ues, Peo‘p\e are ‘De'f)ivmin ')C) Use M\e. sSoame \aser
Pﬂ-n)rers and the same ?ex\- edibin SOQWo.re.
Sme are ;—he. dowus w\'\en Ni\(\c\us Wirkh unwmis-
)FO;\(O\\D\U ideﬂ\i?‘;eg \'\imse\g) \03 \'\is }Dpewr'»}er
and ’30«.& Cou\& \’ecoah’nze \f\'as Wr'))"l‘ngs even N\wen
'“"le:j were held u)os}de down.

1n s\'\or\', in Yhe young discipline of compudm
Science , 4\1e homo e-r:\j‘nzin 3 crce‘; \'\O.VQ,F\DQ%? ss‘rcESer'
Fhan in Om:j other disv:i?\'me 1 can %‘\'\Hn\( o And
:je\', -Hne Seoq'o\\a\\ico.l Orif_:)"h o? MOS\‘ O?i\s Yu\a\'\-
CQ}"IQHS 1S FO\ enﬂb c:.\oviou's.

» )
*

T can -H'\in\« o? o«n\‘j une exTJ\o\ho}]ov\ o? “\‘us
Curiows T,\nenomencm, and }\\o.‘r 1S \-\f\e com\oino.}ioh
o? s‘rmna \oco.\ \OFESSure and W\Q“eo\\:\e CUmFu}i‘ns

grouwps Yo} Uie\c\ec\ cm\b Yoo QO\Si]b Yo Yhose
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Pressures. Le\‘ ws c\ec:\ with -“ne ‘mo.“eo.\ra':\i\b grs\' ond
with }‘ne \OI‘eSSu‘reS loter.

The Yna“eo.‘:»‘.\i\b 1S unders\nnct_o\:]e w\v\en we rea\sze
'“\O«\‘ o} e \oea'mnina the COmPuhnS Communi\b WGs
vera umcer\'o.;h Qs Yo w\na\' We }'ol’)ic WS r‘eo\} o\\soux‘
Omc\ 50" n *Hr\'as 1es c\' Vert:) \'\W\e Suiclomce reTm 'H'\e.

Es‘ms world \"tj whidh i} was

Cem ?used oand con
swrr oundecl.

The Fathers o? Yhe —fie\cl Viad been ?re“b CcmFus-
no: onn von Neurmnoanm s ec:..(\q)!ecl o)oou“ corn whers

d ;5 P g
ond +h

e \'\uman bro\‘m n Cma\ 1es St.;%cien}b wi\c\

*0 be woﬂ’n\j o? N ‘med‘levol &h‘m\«er and Q\o\w ™ .Turinj
-}kou \n‘f O‘\oou} Crl\'eﬁc.x Ao se)'\'\e. Yhe O]ues‘r‘lcm 0?
\d\'ie er Mac\f\'lnes Can '_n’\'m\(, a ques\icrn of w\'\ic\n

We nNow \r\'nouo -“na\‘ 1\- Ve o\oou¥ oS re\eucm as %e
question o() whether Submarines Con Swim.

Q ?ur\-\wer Ccm?us'\cn e ?rcnm )r\'\e circums\-omce
%q\- Y\umericq\ Vno\-\rwema)tics wos o} Yhe \";me c.\';c)u}
3rhe. Crn\:j SQ‘:Qn\'&?Hc d'\sciv\’me. yhwore or \ess T‘eo«:\la
40 wse %e news equz‘;meﬂ\-. Qs (X r’e'.%u\}, in “neir
Con o\ci‘- as ‘num\oer Cmr\c\'\ers, com u}efs were

P’y |1
‘Pr’lmari\‘j viewed as )roo\s {)or }\1& Y\umericc\\ mo.%e._

th\)r'\ciqn, ond we needed o Yon wi)—\n Yhe vision

0(> S\'G-n\e 93“ Yo enunma)te lrlno.‘ Y\umeric:::x\ G\no-\t:)s‘\s
Was E)Of }‘?e chYu\inb scien}\s\- \\\te. )roi\e\' \oa‘:er
g)or “ne Scm'a)to.rb eﬂ&ineer': indis ‘)e’nSO\\o\Q w\neh \'ue,

rneeds i\
fBu}‘ ’Hne Sr‘eo}es\' can?usion came ?rc:m -¥ne circum-
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S\'Omce )r\nos\‘, q\- “ne )ﬂme, e\ec}ronic @n&ineer‘m Was
no}‘ reo.\\ u‘;. )rc; %-\\e C\\a\\ense a Ccms}rucgmg)

“ne. Vnace-}herb W':\“\n G occep}-o\oe deﬁree o?
re_\'sa\oi\ﬂ-:j and )‘\r\o}, c:cmsequ%}'\b, Pre Nordwore
became -Hne octas o? concern. "ﬂr\;s dis\-or\'lon is
?o\'-}\w ?u“b ye ec\ec\ ‘N )r\ﬂe. nowes coined in )r"\ose
dO-:js: QC\V\ S}cmc\s Fc:rr 9$$ocio\\ﬁo\n Po'r' Com)')u}ing
Mo.c\n'mera, PBCS stands gc:r (Bri\‘is\n Com?u\ef‘ So-
c\exb, and Un'uVErs‘s\"les ?Ounded n 'H‘\ose clc»bs
’De?o‘dmen}s {Com‘au}er Science. (The British
Un’uversl\rﬁes, a i“\e \o‘,\ slower Yo rec.xc\-, were \oa
%em Ch litHe bit wiser and ereckred (DQ'FQr\"h"\Q-nS
o? C’om?u“'hg Science. )

T colled ¥huis @cus on hordware o dishor¥ion becouse
we Wnow bj now Yhat electronic engineering  Com Can-
fribute ng more Yhoan the maéhaner:j, and tha} the
Sencro.] urpose Compu)ﬂer is ne more Yhon o }'\omd_:j
device 'é;r .\mp\@ﬂ?\&ﬂ%.lhﬁ O\n& :}'\f\}n\io\\a\e MQc\r\anism
\Ni‘n\ocﬂ‘ C\'\an ‘s'nj (s} Sins‘e wire, F““G‘ ‘De.‘nj S0,
e e o\ues%‘lcn 15 What mec\\o\msms we Qo Yhink
0? withou? 3e}\ﬁn3 \os\ ' Yhe ccm‘;\ex'.}ies oPour
own ma\ﬂing. No\‘ 8e\'\-\r\3 \os\' in 3ﬁ')'te c::.m?\tx'u}ies
of our SN Ynaking and Pfe?er‘a\\o\b Teac\-ﬁnﬁ Fhor
30&\ b}j \earnin %om %o avoid Yhe ‘ln\mduq\rion
o? '“’tose- c:om?\e%ies in Yhe ?ﬁrs\ ?\ch, }_‘\_’\_G_‘}_ s

‘H'\a \423 c\'\q\\ense Com?u}’s‘ng ScCigncee Yos Yo m@a\‘.

NOwo.c\,ozjs mac\'\ines are so @s} Gr\c\ S"ores are
350 hu(je Hﬂna\' in o ver:) +rue sense )r“ne. Cc:mpu}a}icms
Wwe can eu-o\(e de% oty Esz'ma)ﬂon. Mac\nihe Ca]aa-
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cities now aive us room aolore lor moking o mess
0? i)'. O‘)Poﬁr‘-um}}es Mnlimé?}ed Fcf ﬁ;u\ing 3"}'\\%1\35 u}p\
’.-Develo]a‘mﬁ 'H'\e c\us}-ef_'e. ]Y\’\e“ec\‘u&] c\?SCi):]'me oF
\(Ge]o'mj hin Suﬁ%ci%n)“b Sim?\e TSI Yhis envi-

%rmi&a\o\e c\qg\\erﬁe, \Don 'Srec\nnic-c.“j
and Qduca}'\o“a“‘b.

ronmm En'} o

'95 Com‘;u}'mﬁ Sc'le:f\\-'ns)'s we s\ﬁou\o\ ﬂo} \De
g"s htened b i} on Yhe con}ro‘rD, W ois q\wo»:js hice
o know \,..J\\Sv “ou have Yo do, in Far}-icu\o.f when
Yhat Yosk s as <clear ond ‘sr\sa’-)ir‘mg as ours. We
know Per?ec)»\:) well what we have o do, bl Ve burn-
in uestion 18, Lhether e world we are wf;c.r)- o{}
kra :\\ow us Yo do ':)‘- —'ﬂne. answer 1S ho\‘ €v3d£n} o}
al. “The odds OLSOtihS}' Com,)u)r}ns science mia)ﬂ-
vetfj well '}urn ¢:;c...)b o Le ouerw}»e\m'mfj.

Sinca -“ne, @omo\ns )\ave. ~\ro.u N- S ”S3m)o‘ex
Veri Siaillum - -nwa)' 7S 'SimP\'ac'.% s Yhe hob\mar\(
og) %’uﬁw- we s\nw\c\ kenowd ]oe})-er,\:n..; ccnm}:\ex‘:\'5
c.cm})nue.s Jo \'wwe & ynorbid o\)ﬁ'rc\c}iow N\nem
UL eyve »Sjcr an ocademic aAudience o ‘ec‘ure
i{\a}' S Cre s}o\ clear ?r'crrn o)}a\\o. Yo omean, HOLr
avdience reels cheated and leaves Ahe \Sec)rure.
holl COMMEﬂ"}nS %o each a)r\ner: ”'ﬂna) WGes ro.)-ker
;'f"\vio\) , WGsh') '\)t?“ “The <gore -‘m}‘w is Yhal com-
)-;\ex':\- se\\s Be)rsfer*. (T\- s no\' cm\:j Yhe cmpu\‘ef
'\hdugrb —\\f\c.\- \qc.s O\FScover"ed 4'\40&\») Qr\d '.}- s even
more Jickolica)l in they we evem wuse the CCrmP\ex-
'1\3 o? our own construcks Yo ]m?ress ourse\Wes.

T have o@eh been '|m?ressecl \;5 e cleuerness o?
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muy own frsh so\u}'ians_‘, invariably the jou of Jbe
Sisequeg discoverb %ouo #o s}reim\aned-)?ne Ergumen}
wos ‘\-emj:)ered \ob ¥ ?ee\ihﬁ ofD resnﬂ -ch\‘ m:j
c]everness \vas Lannec:e.SSo\rD a@er Q“ —l\- s o Senu‘me,
Socriﬁte —yo \?o\r)f ?rcfm cme‘s ]ngenu.'.}'-es,ho mo.)r)'er-
}Iouo Con)fOT‘}ec\. g\so, 'mané o ')Dros)rc.mmexr' derives
a ma'\or Y:car} o? \ﬂ‘ms Fq)?essiona\ €xci\rezmefn} @‘mn
no} qw}e underf}c\naiha ‘w\c.\- he is doin ,6‘01“
Yhe doring Tisks he Yakes and @Om Yhe = ru%\e

‘Ee \ouﬁs he S\ﬂou\c\ nor have inYroduced

Yo Ena ¥
32 he ?‘n‘s} ‘P\ace.

“These were ih}erna\ comp\ica\rions.%r o \Deﬂ—er
b\fnders}c«ndmﬁ o? “Hﬂe, eX}erha\ Pr‘essures we \wacl
better view our ¥o)oic -()or e momeny in the wider
context o? sScience oand SocieB n enef‘os\. Recause
Com}oc.ﬁers a?};eored in o decade when {aiﬂw in the
)or‘ogress and loholesomeness o? science ond tech-
‘no\ogb wos V‘ar\'uo.\\‘j un\‘lmﬂ'ec;, i} \mlg\w\‘ be wrise
'}-0 reco\” -)-hc.)r, in View o? ibs oriﬁ.no\ o\og‘)ec\-ives,
| mah\'(inc\'s 5C'ren\"|6"c endeavours over S&'j, Yhe \o\s}

ane Ce’h\'U\’iES lf\cwe been O SPec\-o‘cu\o‘r‘ {éx'.\ufe.

Qs o ol remember, Yhe 6&*5}' and @remos}
o\ojec\-'uve was +the cleve\o*}ymen} o? Yhe Elixir Yhakr
WOu\c\ 83\/3 4\1e aone M‘\a} c\r‘om\< ';\- E'}erﬁa) Nouth.
Bur since there is 'no)' much Po‘m} n ekrna‘ T)over\-_t.j,
the wor\c\ o? science o‘u.{ck\:) em‘oar\«e_cl on ;\5 secend

‘Dro:sec},\ri?—- Yhe /Ph]\osoyx‘ver‘s Shkme Hhot would en-
able Uou o moke as wmuch go\c\ as you needed.
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Need\ess }o Say, -}\we arm'ms o? %ese’ }wo 5mncl'\ose
researc\n T)ro“)ec*s wen‘r G ‘oe‘_(jonc\ ‘Hﬁe Predic}‘we ]oowers
Yhe secers o? Hhe c\ab and , {?c;-r' Sound reasons

o} mana\cjemen}, "}\ne accurc}e ?redic)'ion o? Hne

?u\-ure ‘Decame ‘Hﬁe “\ird ho‘- scie\n}':ﬁc issue,

Well, we ol Ynow Loha} ]no\T))oened as H’)e. cen\-ur'wes
wen} \‘93: medicine , chemis)r
divorced Fhem selves f-cm-. quqc\(era, a\c\-\emb and
as)rro\og)\j New goals were set and the orissna\
o\o\')ec\r'uves Were \dn&\b ?0"30}’)'6"“

Were f‘r\w_&? No, not reo.“:j. Evicien)'\v, Yhe ace.-

demlc Cow'-muni“b con‘ﬁnues Yo su??er ?{‘Cfnﬂ ol \lnsering
sense o? 8“"“ Mot the oriaina\ o\o;)ec\ﬁves have no}
been ’me}, Or as 3ocon As A Naw Prom‘using \'Dmnclx
o? science ond —;-ec\'molo:j:j 5?;-0(.;}3, all Yhe un Fulﬁ)led
\’lo]:es ond Ex?ec}'a}ions Ure )}romsﬁerr‘ed Yo . Such

s the we\\—-es\-o\o\is\we& )rrach}"lon and, as we are all

well Qware, Now <om w¥in gcience S}mo\s 'n)‘se]?

Sadd_led with the Yhankless Yask o? Curing all Yhe
ills of Yhe world and more, and Yhe nelr resulb s
Hﬁc} we \ocwe )ro o em}e T an wun us}} jed eu})\wor':cx
O? 4&(:]" QSSumPEEUﬂS, jt'\ﬂe dOu\o 'm5 o? w\nic\\ ik:)

viewed as SQCr’n)%e ]Drecise\:j because +he Jus\ﬁ%-
Cc.}iCJh o? Me e,u‘:\n:ﬁ& is so S\nc.\<5, Letl me

Cc:xs)' O F&.o c\ou\o\-s, e i\ o} our own Peri\.
The ?unclamen}a} dosmc- 0»? ’H‘\e eu’:\noria s, o?

course, Phot whotever we con do, mochines can do 3

better and c\neo.,?e,r, ond, as o cor‘o“o.rb, 'l'\'\o} Yhe use

9 and as}mhomb C‘uieHS
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o? machines leads 3o o beller ‘)roduc}‘ ond sSowves Yime
and money. “The closma continues Yo he o\ccep)reci
Y\O"W‘l)‘\s}c&ndins Yhe ?o.c\' Hhat we Observe almoskh
C\ai\a that in mony T‘esr)ec}s Pe ‘Produc} has de-
Yeriarated.

In June, during my \QS)’ r@)oarq%étb Viﬁ_?}}O})‘le '
USH, T }red Yo orderc 46\12\‘3 ome Yo be instaled
Uper muy orr’i\rq} in Ser'-em\:er. “The \adb recccxe.c\
as tf’l‘ had made her on indecent T)ro?oso.\'. didrt
T know that aﬁer 20 c\ajs T “wodld be drcs??ec\
ou¥ 0? Yhe c,c:.mPu}er/'? This was nor '\nciden\'a‘, his

was c\narc\c)eris}ic_; \')us}' Prink how o@r% e bonk

has denied oW & rmsgna\o]e Service on Yhe Srounc\

‘H‘na)' g'Hne Com)')u}-er WGﬂ‘x \e¥ '}»\em do T} ”.

“These are Bi\cj installations, bu} Yhe smol ames
qre.n‘} an \oe;')-er. QS (=¥ re—?eree I \—\ave qo ‘uclge
J J
Yhom:j manuscri?)fs and ~\-\ne anes *Pre?orec\ on
wcrc\-?roceSSOrs are invgr\o\\o\b Yhe Nors\', Qe
Prin)—ina quo\-.\:j, or awua \o»bcuﬂ', or Qqua s\-j\e,
noration, and contenkrs. The Pro-]:osec\ s}a\e of
Com]oosins -_Wr'u'\ré '_Jﬁrs}, impProve \q}-er—- rarel
le&.ds ‘}'O G }ex} g)f'c.n'n w)'ﬁc 0\“ i“-Cons}cierea
Jurns have Yeen wWeeded ou}. ’F‘ma\\j, +he Sug-
es\-’:on ),-\«m}- )‘he P\“o‘]')osec\ S\'U\e_ o? ComPos'mS)
%erallve\ wouwd save A'nme is an o\ov\ous ond
\o\c}qn)' Ve, Qnd 3e}~ ’H\e Qquipme'n} 1S Sc\c} \ob

Jhe m‘:“‘l ones ...

,DOQS ‘H"ﬁs OV’E}"QS)"IM&)ﬁOh 0? -“'\e wse fu\ness o?
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Yhe Sadﬁc\' ‘f\ur}' Com)’)u)‘ins Science 7 3 E)e.c\r ) does |
m" Yhe one end o? ﬂ'ae ‘spec}rum i)‘ diSCc:ur'cxses the
Compu‘in% SC'IEh}'IS)f g’um éronc\uo\‘rne O.n SOT’\'S o?

no‘\‘c.}rionc.

WOn'} alow 'H'\em ’; a\- H‘le o%'ier end o? %e S‘Pec}rum

the oart-ond-science o? rogrom des‘:gn has been

ex er’nmen\-s ]oe,c.o..use ‘“his worcl-)')roce%sor

over shadowed bjj Yhe ?ro\o"ems o? meo\quizing progyom
VeriS)iCo‘}ion. “The desijn o? new ormq\isms, more QP-
?ec)-'nve. \oe.couuse. belter aeo«r‘ed 90 our manipu\a\"we_
héeds, 1S Yleg\ecgea \oecowa.se —}\qe, c\umsiness o}

the current ones s the Yna.Jor' MO)'!VO\\"IOT\ g?cr‘ Yhe
me*‘-\’\&ml’.a\i on o? '}\‘\eir wuse, 'J} 15 no\r cm\:j the
Per?orm'm ar\-'ns} w\no 1S, ' o Ver reo.\ Sense,
S\ﬁoipec\ by Fhe inshrumen} he P\o:js; this holds as
wel Cor the “Reasonino, Man, and T leave i} Yo you
Yo derermine how dis?urhed Yyou are going Jo he

L.)g '}rl’ﬁ&‘ C)\D Servc\}] O,
’_Bac\n Yo Yhe \r\"s\orb o? OWnT Su\:\'}ec}. ’:Dw-in‘rj }he

eo.r\n c\abs the concern Yo 53)— Me hordwaore more
or less in Working condiYior overshadowed o) others
and Wwe hc\';ve\(j -)%oufj\-x\' ha} , once Yhe hordware
‘was Ye\io.\o\e, our Pro\o\ems would be over, \iYHe
rec»\'.zmg) Hﬂo} oty \Pro\o]ems N \As'ms %e Qquivm‘?n}
wau\a req“ 5\‘01’)’ G‘Y\\a )r\'\en. “The com ron)ra}iOn
wi)r\n “\e ai ic:u\\:j o? ro rammmg a\mos\' coused
a  severe dewn} in the %m)r n how wonder@»\
com?u}ers were So‘mg ')ro e. The so\u}‘ao'n 30 %is
morel dilemma woas as 'Sirh?\e as e%ec\-‘.ve: Yhe in-

)r'\nssc di%cd\v of) Frogmmminﬁ was &‘)us\‘ demec\ Gnd;
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i? ?ro\:]ems hod Yo e admitred the so-colled ”T:r:m'n}‘we.

nature oF Yhe machimes was Ylamed oand i+ was Pro-
mised +hal with “Fhe hex)f genem}-'ncm" Yhe \oro\o\e;ms

Wc:u\cl no \cmger occuLr,

Now here i1s a very reod Yhreal Yo compu\ﬁﬂg
science. ~the ntrinsic diﬁ)i cult o? ‘\%e Fr—osro.mminf)
Yask has never Yoeen regﬂec\j, Wt has cm\:j o een
denied Yecouse admi}}in(b }owos SoCio.“b unacce?‘}.
a\o\e. No\' Sur‘:r'ssinslb, reseorch in Progronmmins
‘me}-\’\odolo hos ho} ‘?\Ourisked n socie}-}es unc\\o\e

“;O QdMl}' ;‘hG} ‘}»\6 P)’OST"C»MW\'H'\S Ff‘ob\em AWOS Serious.

1 v}vid\:) remember ?rom e lote 60's the Mdenca

\o blame Yhe Prosrammina \ansuqszs in use ond to
believe in all haive\b Yhal, once Yhe proper wou o{)
communicc.}'mj walf\'\ he hnac\wines "\acj ‘Dee.n ?Qu.nc\,
all programming s would have been cured. To give
/eou. onlj one &xamw’;\e, +he QACM C_cm{-)e,r'enc.t on the
rinciP\es or Opera)-ins SUS)‘EM ’.Desi3n W Sa‘r\in\:ug,
“Tennessee , 1947, needed c'n\:j one do»:j Yo come Yo the
rash conclusion that we did not know how Yo de-
Siein © erc.\-'m s .S)fems \oeaxuse we did no} \'\avc o
I °F %«esgn Yhem n! _1(9 we cm\:j had the right
Prosro\mmins ‘Qn&ua\se‘ The ()o-.c} )r}\c.)' o)oerc\}in St\js em
deSi@h T.’osecl Some G} \-\'\e. \-’wme }Ou‘ﬂ}\ concep wua) end
\oaico.] Pro\o)ems was })ar‘c\\j o«“oweci x'c: sur?oce.
Consequen}‘b, Yhose ro\o\ems dnd no" Se¥ H'\e Q“‘Qn}‘aon
Hnb deserved, and Yhis had @.\r-reo.c\'\infj Con sequences:
1 recen)r\c:) réod o Series o? orticles an Yhe ShuiHe

on-~board 3oprwo;re and , Hnou.a\-) “President /]?e(lécnn

\Qnauaje. ‘\‘0
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]nas Senerousl:j oﬁ?erecl G '}eac\ner C ?ree r?de_,T "en
bov— _I Gm r\o\' ava]\o\\o\e.

The ues" or 'n\e, )c\ec.\ roorammin ‘,Gn moge
and 'H'\e.q 'lc\eq\ Qman-mo.c»\'me]‘a ‘m?er-?aee E?\\no} %vo:?o\
m«u\&e ‘\'\'\e s<>ﬁware. Crisis hne“' \i‘ce Snow) in *%e
surn hod -ond sHil has'- c\“ Phe c\r\o\mc\eris}ics
o‘? Yhe search —?or Yhe Elixir and +the Stome. This
seo.rc\\’ receives stron support From }wvo s.‘c\es,"
Pirshy from Yhe Pact dhal Fhe working of miracles
\s “ne Ve"b \eaﬂ tjou CGn Ex]c)ec)r Frcn-n Ccm?u}erS,
and 5e.con<il:) ?rtrm Yhe F‘mancia\ qfr}ck PO\i}‘im\ bock -
‘ms ?"‘C"’“ a Sxic\—b e} had q\wo:js.as\ced ?cr Me
Elixir and Yhe Srome in dhe @rs\- \P\ace.

Two moor s\rreo\ms TG \De dis\'fr\fbu'ls\’\ed, )'\ma
o'ues;' ?or I{- Skme and Yhe. O\ues} fﬁ?cr Yhe Elixir.

“The ques\r Por }he Shrene is based on the aSSump-
Yion that our 7 rogrammin Yools” are Yoo weok. One
example (% -H'\e be\iee Rc)‘ cu:r'r'Eh]‘ ‘Dr‘oaro.mmins
\omauases lack Yhe ?ec\\uresf we need. (PL/I wWas
One o? )r\ne more spec}acu\ar wou]&-\be s\ones
T:roc\.uced. T s}i“ Yemem\ber -Hwem OO\VCT‘}'lSEmQr\)‘ N
Doremation, 1968, n which o Smi\ing Susie \"loljer
announces In Fu“ C‘O\Our -\-\qo.\' 5\4& )\as So\veé c.\\
her Programming Pro\a\ems \9‘_‘) Sbu;"c\'\'unﬁ Yo VPL/T.
Fl’l‘ WwWaos O“\D 300 {)creseeo\:\e ’\'\nc}, < ()euo :jeo.rs
\o}er, vor Susie Mc.’je:- would smile no \cmser‘.
Neeci\ess Yo say, Yhe ciues\r weﬂ\' on ond in due }ime.
o next would-be shome wos Pmducec\ in Yhe ?orm
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o? Ado (behind the Yron Curloin Perce,:\-‘we\b re%t)er—
red Yo as ’PL/]I) Evern the mos}t e\emen‘-or:) as}ro-

\033 ?or' )Deﬁmners Suj‘:Pices Yo predict thotl RAda
wAll ho\' e Yhe \cs\' s\*cme o? E‘ﬁs ):jpe.

Ade w’\“ 'no)r mee\' i\‘s major o\bdec}'lve,v‘n?.. H‘:c}' OP
reducin‘s So@ ware cosls \o:j s‘randc.rcl':zo.)r‘-en, and it will
not he the vehide ?or ngrdms we con T‘e\b Upen,
?or W} is so com',:»}ic:a}e.c! Hack i} de@es the ur\o.m\aiguous
degn;}aoh Yho} 13 essentiol (2r these purposes. Lomay
be fore 'H'\é desian Wwas rozen, Ccnm]ou}in SCEQn)'}:s}S
%3 o?wommﬂ
bu‘r )-he, T:oli\‘icc.\ \oodj n o\ues\ricm T)re?errec\ o 18-
nore these worninas and Yo decide on a design
that canmo} be sé,?vased. From o sc‘uen)r}ﬁc. Poin}
oP view all Eurbher a—}}ev\}ion Peﬁo\ Yo Pde i3
wos)-e o?e ot} “But Yhe s\neer Bua‘mb— power o?
the DD mokes Bdo an undenioble rec.\‘n\b, which
n combinor\ion With 'Dﬁ'R’Pﬂls po\ic’res ()or Yhe et.uﬂA'mﬁ
o? sogwore research can cml‘«j increase ﬁ\r\ne, Pres&ure

‘o spend research eﬁ%r} on the Wrong Pro\o]ems.

tom all over the world have given T.)\Qm

Another series o? stemes in Yhe €crm o? ”\om—

are €n 'meer'm3 ", w\m‘c\\, as ‘nme wen}

rammina JYools . is produced under the lsanmer
2? ”Soﬁtﬁw P
\93, heas SOuﬁ\w) reP\oce 'm)'e“ec\-uo\\ c\fsciF\'me
bf.j rno.no\semenq dfsciF\'nne f}o *\ﬁe. eXXQn} -\\na“ 3\
has Mow O\CCQP}ec\ os ﬂ's Chour\‘er ”HOLO ‘\‘0 Pro-

I
%Fam i? 3ou CC\‘Y’\Y\O)',

Tn Pam“e\ we hove Yhe search Por- Yhe Elixr.
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Here Hhe Prosramm}n'j ‘:‘Prob\e:-f\ 1] $‘|m\9\:j SO\VCA \'JU
c\o‘mj oy with +he pmgraimmer. Wouldnt i+ e
nice | ?or‘ 'ms\'o.nce, Yo hove progroms n a\mos}
Ts\o\“m Ehﬁ\'ss\'\,So )—\‘\c} orc\hnc.r ‘?eoP\e Cﬂu\a
write and read Yhem? /Peu};?e Yend Yo ?orge\-
‘“ﬂ&\‘ ”doina O\wo»:j \mH\ }\‘53 Proarammer 4 WOoSs
COBOUS maior or'.&'ma\ c)&)\']ec}'we. dﬁ@@@nﬂ t)ears
\oﬁrer, 30 Y% og) the worldls programmin ?or‘ce was
absorbed \DE) the wuse oF COBOL, a ?%ure which
8‘1\/&3 us socme ;jdec o? hows ea?ec’ﬁve Hf\\a\ e\ix.‘r
has \oeen. Elixirs are }:)T;icc.“a '1m1>\emefn}ecl ~}o
quo“e %race Ho?Fer’s oLon Wards— \0'3 ”edu.c.c}iah
o? H'we COmPuxer ”.

Since -H'\en we have )aao\ e\ixtrs in G coun*\ess
Varie\:j o? }os\-es and colours. 1 have ?cmo\ memories
o?c\ PFOJQC\' 06 Yhe eo;r\:j 70‘5 Aho¥ Pos\u\c\\-ec\
Phay we did not need prooyrams ot oVl Pl we
heeded wros ”\n)re“igehce Qm]-)\i%ccA'\on ’ 'IP )-\ne:j
have been olde Xo desiﬁn SOmQ)I'\'\ihg Pre} cou\d
'fO\m?\i?:j" Q 0“, }]netj have 'Pm\rao\bly discovered
} would o\mp\iﬁj s\-u?ic\i\J GS we\\; n dny case
T have nol heard Prcm\ i} since.

_nne ma:‘)or o‘nrc\c\-‘mh o?-“\e moclern e\‘sxirs is
‘)r\'\o} \-\'w& re\ieve '\\neh— M sumers ?rcrm -H'\e C_\H]Sc\-
;"\Oh OF )‘Dein' yecise "J resenhn arm 'm)rergpac'e

3 F Y P 9
'\‘OO(JUZZ:) )—o 2. \Pfec‘-se N \'):j SLJ;PP)"QSSir\ M‘)e
S m‘p\-oms o? XmPo)reﬂce -H')eb Creo}e an fi-}\\usim-\

o Pouoer.
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'F'ma\lb T must menkion the now ?&S\wiona\o\e inter-
d\Scip\ihorS resec.rc\q aimed o} ma\»ﬂn S\‘One—ond-
Elixir ol in ore. 1 re?er o? course +o Yhe uSer-ﬁ‘nenc“j
Progroammer's workstation, Yhe inkerackve \earmnﬁ
'\‘oo\, -}\ne ]n\egra)rec\ ‘Pr%e:;\- Su?‘)or} env‘aronmen},
and '}'\we ?u“b Ok\x\'omc.\'ecl kig\w-r‘eso\u}-‘\on C-rr—:a}‘we,
dreom manuf)o\d-ur‘ms mono\semeﬂ)r 585}'@"‘\.

X~ X
*

So much ?or He unrealishic expectatiems  Lrom
amb novel Yoranch o€ SCience or }ec\nno\oab. In e
Case 0(\ au)‘Omc‘)‘ic ComT)u}'mﬁ, Yhe ‘S'l\‘U\o»\'?Crn S
f’urH‘uer c\&o)arava;ecl \o:) Ywo circumsYances.

TFirsH 'Hﬂe ublic a)r large has ver e  keelin
J x5 3
-For »\e CO'nCePK\a} cx\c“ezr\se }mF\‘edabb QnJan-
}ﬁvia\ CcrmT:-u\‘er‘ bxs'ac.je and )rends )ro C(‘mg)uﬂe- )

wse an qnalo - ‘Hﬂe COMPOSIN ofcx 53““]’%"“
:‘R. Hhe wﬁ\’mﬁ ng ]}s score.)?%sc?k result Fs e.g

Pec}‘c\\icms remoin Mnc\f\ec\«(ec\ \03 an Mndﬁr’s\'&nc\}nj
OF Hwe \'1W\'|"‘Q ions.

Seconc\\‘j,—[ oam sorry Yo soy, both the Compu¥er
indus} ancl the educeationa] business condriouled
Wore :\}'\Om )’\ﬂei‘r‘ v s\\qre OF’ mis\eqdina }\ng
rEM\O\;C. F.Y Mm‘n‘c g H\e, CUmPavl:j o\c\Ver\“’n'Zi‘rB ”Thoua\m)-

o ems Ah \l eternding thet \earnin

rocess Qr 2 Co ESQ )’)r j 3
BOASTIC Su()ﬁces or a} leas} ]'\e\):s, whereas Yhe
}eac\«mj o? BASIC should be rc}ec\ Os o crim‘mo\\
Oa%nce: ¥ W\u}'i\qx'es Yhe mind ‘oe.fjc'“d rQCovEr:j,
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an\ o~“ }\ms w}de-s?reac\ m'usapprec}c}‘:oh cy?
U\’\C‘\ o\u)‘omo}‘}c CUMYu\‘inS S 0\“ Q‘Ow}‘ is Q '}\ﬁreo.}
Yo (cmw\f)u)‘iﬂj Science bhecause 2 Yends }0 diver}
')I\"e reSearc\n ?@%r\- ‘m\'o C\'lreC)'icrhS in u\f\‘lc\q
SCience <an nor o | hence S%ou\d ho} }":j }o-
contribure. BF Yhe same Fme ex]o\ams Yhe
g)eosmp‘ni? diﬁ%rencves —X. o.“uded. }o N 'H‘le \Oesinninﬁ
o? Pis Yolk: each socieb has iYs own s eci?ic
rob) ems omd worries and hence asks For }s

sPemF?c Elixirs and Shones.

TYoke , ?c,rr' 'ms\‘Omce, u.Ser—-?ﬁemo“mess ,(. TgLen
\'A'erco“j 2 Mf\‘ls s \iLe nﬁe )rerm ”mo}%er\nooc] ﬂ: Y\olboclj
con \5e o\'ﬂmns} ',\-, SO ’.\- meons no}\nins. And \nence,
1? ‘he }erm ”user-Euenc“'messa (RS Siv% Q. meaning,
ix' mus} \oe o. Yerri \e eu‘:»\nem'asm ?c:f‘ Scm'\e“‘lin
dse. The cotalooue oP Yhe owerace Jextboook pub-
\isher rveveals Re secret :  the ?@x\\oook Yecom-
meno\a\’icn'\ f\'\f\c} i deemed }O be_ \rnos)r e??ec\-'nve
13 “rm)r Yhe \:)c:oL 1S a\'mas} }o\‘a“ unmo.“)ema}ica\.
\\’lo}\nema\ics, with i}s Po}%}'ya\ chrr‘ ond hence i¥s
rec}uiremen)' OF \’isouf‘ and Prec}sicm, 1S ?.V'ld?ﬂ\\:j
»ne P'mno.g?c\\e ?CDP u.s;r-un‘e‘i:ncniness.Converlse,\:j,
o er u\ of’ user-friend i<s VS Fimar;
res‘]f:]:)rc\\o\e N O~ or ven Jcm)c-?j mo\‘\wezn'}icq\‘j
c}rc\es,@emona\\ I ’3‘\‘\301( )A')e_ wc:rr\C\ COu\d \Dene(-):}
ﬁ’cn'r\ on 'In}erni{‘-ono\ Leo.su.e ?c.n“ Yhe “Derisiem
o? USer—Trienc\\'mess)

f

'ﬂf\ere oure,\nuwww, @ncouf'c«\_ }nﬂ S:jm‘o}‘ws ‘“‘)G)‘
Yhe T:,e,-;oc\ in w\r\tc\-\ chc\ﬁ hemb Coined Sloscm
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could overnig\n} Ye Yumed inte o resyec.\-c.\o\e. research
\'0}9:'(: 1S drawing Yo o c\ose, and Yhose 33"”]")"“”“5

3o ‘Da\ujcmc\ the {u‘}% Y received lash Yeor with
he ‘rex)- MS’; RASIC Yoekere 3} S}U]DS 30"“‘"; the
Pac}' e} fﬂne Ugi\oerian “Branch o? }\"\e UesRR %cademj
has lounched a serious eer}t Yo Tareven} BASIC
’)?rcm-\ beino, intreduced o Sovier \m&\-\ schools is

v maore 3\'m3 s&jm\o}om.

—Ff‘(fm }\r\is Coum}rj '“ne \Daot News ig f}\'\c} a} cne
o? s 9rea)~ Univers; fes o sPecia\\:) created Vice
“President} o? Eolucc\\ﬁc,ng\ Cc;m‘:.u\-;n has decided
ot o }\new under@mo\ua\es should have %ws‘n
Cmnr:u)ih:) ]om\;e/r a)r ‘n')e/i‘r‘ o\iS‘ooSa\ bu}' H‘\a)- '“'\;‘s
reqwired cml\a €qu; men} oonad no ?ur}-\'sefr educc.)-icm

”S?nce_ owr ids c\reo.ci:j \u\cm.:s \ncno }ﬂo Fro o
when +h leave \ﬂ@w school . “the ooed hews , however,

3 thar Hhis Vice “Presidentr rmade iw\se\? Mhe

\Ow« ]nin S)-UQL o? H\e Compon _\m}-\n -)-he osSible
7D Y

exCeP\“.cm o? %e ccrrn\oom_u) o? MTS Co-?‘\bs‘.ﬁs -

Ond  also ?c;r the Prmerican Umwers?)ﬁ'es ‘H“e }‘I‘Ae
mory be }urnin‘g. 'Tradi)ﬁono.\\b 'Hnev have been asked
Yo rain dhe work-force for the Pmerican indushy,
while e O\ues}ﬁcm d? QCLU\C‘.O\\"H’B the Thd;us}r So
as »o be ww}\ﬂj o? Yhesr 3mol.uo.)res wos le ¥} un-
}Ouc\—\ed. ’Bu}) Curren“ . Co-mT;omjes n S'-\iccm Vo.“e:j
€2 )-o \oe. %\C\ma “p et o "\b\wer rer }\f\an
5-‘123 are erec'}ecl.‘l cemsider H\c} SOOC\ Nnews because

1\ C_ou\\c\ drive \'\Or'me. Mne mass%je. -“no} he;}-\nex slczcjans

\i\«e ”Lnow\ecbe-\oased deoisacm cﬁés ;I, NnNIr o Cc:m‘)’:m\'loh
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o? ad\moccetj ond lorule @:rce will do the Jo\o (T} is
YeSTeH'Q\o\e ‘Hno} \01'52 Srou?s om\:j cUNne }-o '}\16&5"
Senses o.f-)'\er ¥\aeir da:j-dreoms have }ur‘hec\ 3)‘\]‘0
m\c)}v}mares, bul, this \oe,mf) so, we should occc.sicna“:j
welcome +he h‘»g\q} mores. ) ’Durfr:j Ye lost decades
e Pmerican “Departments oP C%Yukn:) S cience
have severe\b 5u§)ered ?r‘(mr\ o c\TSchPancb hehveen
whet  soctely asked ?owr ond whal socie heec\eol,
bur, be i+ Sowlbl Yhe Oop Seems Yo )De c,\c)SinS,

Qs ’I said ear\ier, }\'\e Progro«mma\o\e— ('.emsr)u‘fer
1S no more and no less Yhon o \wandj device Fcrr
’f}ne '\‘mp\emen)c\\"'\% OP on }\ﬂ‘n’\\(&\:}e— \mec\qamiSm.
Ds such W r:oses M us *Ee burden Yo demonshele
w\f\ic.\m W\ec\ﬂaniSmS_ WE Coiw ';\r'\ink o? su\??icien“:j
c\eor\:j.—l\' imF\ies %e_ c\nc.“enge, o? B\emdin
Eﬂgineerinz) with Yhe rechnigues UE Scieii e
-ﬂmushh his c\no.“eﬂée_ is QXC]%\'\\O-) oand We are

Y'eqa:) @ﬂ' i\-,

(Delivered o¥Phe AC™M 1494 Soubh Cenlra) ,Re.&}ona\ Con-
@rence, Nove.m)oe,,- 16-18, Rus}in ,Texas,)

Fmﬁdr. Edsﬁer W j)g\cs}ra.
'De)oar}men} ol? Com?u}-e.r Sciences
The Univﬁrﬁb OE‘TG-XGS o} F\US)-M
AUSTIN, Texas F8712- 1188
United S*-a)es o? PBmerica



