EWD1036 -0

On }he cruelb op reo.lb +eaclr\in3 Comr.\u\"ln science

The second |’Jur¥ o? tis talk pursues some C’P
the scienhﬁc ond educotional consequences o‘?nqe
O.SSumPhOn that computers represenl o radical
novel}J_ ln order '}o 3‘.\:& this assumphorﬁ clear
conlents | we have lo be wmuch wmore precise os to
whal we wean in this contex} b{j +the adJec.}ive
“radical”. We shall do so in the {irst port of his
talkk, in which we shall —rur}%ermore S“T’P}j evidence

ir SuPPor%- og) our QSSuMPhon.

The wusual wey in which we P\an +oclo~:j 'Por }o-
morrow is in :jes‘rerc\a:j's vocabu\c‘rb. We do so, be-
cauwse we }ry to Se} ooy with the CaneP}s we
are -()amilio‘r with and ‘H'\o} have c\cqu\ired ‘Hﬂeir meanings*

in our “Dc\smL experience. O{) course, the words ond
the concepts dun't quile Vi} because our future
diﬁ%rs {’rom ous Pash but then we stretch them
o e bik Lir\juish are o,uui’re Pamihar with the
Fhenomenon Yhot the meanings o’? words evolve
over \ime) bt also wnow Yhot this is o slow

ond Sro\dua} process.

T is the most common woy oP }Bir}ﬁ to cope
with hovenb: b:j means op me*-a)ohors ond ana]osies
we g o link the new Yo the old, the novel to
the tomiliar Under Su.f)ﬁcien\'b slow and araduu)
change, i+ works reasOhabb well: in the case ©
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a sho.rr: discontinuily, however, the method brecks
clown: 'H'\Ou.‘gh we moay 5\:»1% i+ with the name

“common sense”, our Pas+ experience is no lonﬁer
relevant  the analogies hecome Yoo shallow, and

the metaphors hecome wmore mis\ead'mj +hon

i\\u\mino\hn‘s, This is the sil"mo-\*'lor\ “’\c.l- s char-
acterishic ?or the rodicel ” novelb.

Co]o‘ms wi'“f) rc\dica\ novenb r‘equ.ires an or’rho-
Sono.\ method. One must consider one's own pash
the experiences collecled | and the habits -g)ormeo\ n ik
6s an um-f)or¥unoc}e accident oP his*orb, and one
has ‘\0 CAPPFOO«C}\ 'n\e radic::nl nOVeuft_, wiH\ o b\c.n\c
mim:i7 (onsdouslb reﬁ\sing Yo jer :FO link i+ with
whot is dlread {Damilic.r, because the —Fo‘m‘.lio.r is
hoFe]eesl\xj ir\adec,ua)re. One has, with initiclly a
kind OP sP\i} Fersono\ib, do come 1o Srilos wn th
Y rad'uco] nove“- as & dissociated h;s]'.:ic: ini}.s
own rish}, Cominﬂ ‘o grips with < radica\-_-hovel)ﬁ
cmounts -lo crea\ir}oj and learnin a hew {)orelrjn
10‘"3“0‘38 that can _@ ‘be 7471"‘70\;510 ed in'\'o one's
mother tongue. (Any one who has learned guontum
mechanics knows whet T am ~‘ro~n«tirlj about.)
Needless 1o say, ad'us}inj o radical novelkes
is not o ver:j Po]mﬂc.r achvib, ?or‘ ik requires
hard work. For the soame reasun, the radical
novelties themselves are Lnwelcome.

'B:j now, Yo ma:j we\l ask wln:j T have ]oo.id SO
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much altrention o and have spen}‘ 80 much e\oquence
on such o SimP\e and obvious noltion os the rodicol
nove\b_ M.:j reason is very simple: radical novellies
are so dis\‘urb’ms thet H’\eb lend }o be Su)opr‘essed

or ignored, Yo the extent Yhed even the Foss}bs\}b

o? Yheir existence in Senerc.\ s more oﬁem

denied Yhon c\clm'rned.

On 3}he histonceal evidence 1 s]'\cx“ be s}\or\‘. Corl
Friedrich Gowuss, the Prince o? Mothematicians bul
also somewhal o()o\ coward, was cer\szb cware
o{? Yhe ()o.)re o{) Bo\\i\eo —ond could Pmbo\ob have
J:redic.\‘e.c] the Cczlumn'\a\‘\qn o? Eins’reinn when he
decided }o supp ress his discovery of non-Euclidean
3eome}r , thus leo\v}:\j i+ o Bo\ja} ond Loba-
Ychewsky Jo receive the @olrﬂ; ¢ s Frobc.lob
more il umino}irlﬁ lo go o 1ithe i} ﬁ.;r}her‘ bac\«,
lo the Midde ﬂges. Qne o{) 7i_\:f_-. chorocteristics was
that ¢Fe<180n'u3j b:) ﬁc;majo " was ram cm)r; another
characteristic Was cimost —-}o+a~\ intell ec}u.o.\ s}-aj-
nation, and we now see why the two go -)OSe’r\ner.
A reason —For menhon‘mj this is do Poin} owt thal,
by deve\o]oin% o keen ear ()or‘ unwarrc_:fiﬂ-eo\ o.na]od‘.es,
one con detect o lot o{) medieva) +\\'mkir5 *00\&5.

The other thing 1 can not shress enowgh s that
the ?r‘ac}'\on o7 the Po]:u\o.)r'lon -Vor- which 9r‘c.\duo-‘\
c)nomse seems 10 be all but the onJ ):-oroueligm
og) Hs\o:j s very large, Froboa\ab much lc.rgef‘
than Yyou would exPecﬁ. Cer"r&‘mb when 1 srorted
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o cbserve i\-, Yheir number turned our o be much

\ar‘ﬁer Yon T hed e.x‘)ec}ec\.

For ins)-amce, the vast maJori\'J o? the mothema-
becal community has never c\'\o\nenﬁed +s tacit as-

Sum\o\‘io"\ that do'mj mothematics will remain very

mucl'\ ” the same ‘:j})e o-P men‘l'a\ ac}ivib o has "
Q\wa‘és been: newo %opics will come, ﬁcmr‘ls)w, ond
go s H‘ne:j have done in the [:oas}, but, the hu-
mon brain \oe]n& w]noc} A 18, our Waﬂjs o() '\'ec\c.lnin&
learnin3, and understandin mQ)hemo}ics’ op
\orob}em so)v)na,and o? ma}\ﬁemo\}ica] discove
w:“ remoan )orel-):j much the some. Herber} Rob-
bins c]ec.rln stales w\:j he rules out o gquankum
\QQF in mathematical “abilily:

"Nobody, s 9ong o run 100 melers in ]Gve
.5econ<1js, Nno mov}}er how wmuch is invested in
Yraining and wmoachines., The same con be said
about usirzﬁ “Hne oroin. The human mind is no
di?ﬁeren} now {?rom whal it waos ?\ve Hhousand

tjears ng. And h.l\ﬂen i}‘ comes to hr'\o\)r}'lema}'ics,
aou mus\‘ I‘EQ"aze 'nncd- 'H’\is is H"e human mind

ot on exYreme \imit o? s Cr:a)';c‘_ca\:jﬂ‘H

I"lb comment in the MGrgin wos “50 reduce the use

of Yhe brain ond caleulate! ”. Us.‘zﬁ ;Rgilins'siomn_
cma\ogi, one could remark thal, ‘Por going ﬁ"om

A :BWJE)c.s}, there could now exist alternalives

10 running that are orders o? rno‘jni"uc‘e ore

=3 eche. /l?obb‘ms ?\QHJ re@gses )o honouf‘ omj
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C‘Herno\\'ive +O -}iméi'-honoured brain usage wihﬂ the

s

nome o-P "c\o‘ma maothemaltics , thus ex ofcizing the
c\aﬁger oP radical nove\\-:j b:j the simp)e device
O{) adJus\‘inj his de]@niHons Yo his needs: sim}:;l:2
B deﬁnﬂion, modhemotics  will continue Yo be

w{a}' i+ used Yo be. So much -Por the moathema-

Yicians.

Le} me give you Jus\- one more exa\mr)\e o?\-)’\e
wiclespread' cls‘sbe\ief in the existence o? radical
hovelg-eisn __(ﬁt;\c\, hence, i -]-]ﬂe___neéd O'P learﬂiﬂj
how *o cope with ‘Hnemi ;Il- is the T:revo.‘u\ing
educational pPrackice, rror which 8f‘aduo\\, almost
imPercePHl:ﬂE,w c\wange seems +o be the exclusive
Par“c\d‘;gm. How wan educalional }exts are not
recommended {701‘ their a)a)oeo\\ {0 the student's
'ml-uﬂ-'nof-\? _n'\ej Corws‘\“on}b ey Yo Pr‘@sen} every-
-”‘\‘\ns et could be an eXCiLE

Somen’tinj as -Vami\iar- as )oossib\e. The con-

irB novel)\«j &S

s<iousb 'hb Yo link Yhe new molerial Yo what
s suPPosec\ }o be +the studenl's '?am‘;l;‘om world.
T a\r‘eadj starts  with the )reac\f\‘nnj o? arithm ekic,
Tnstead of 'I‘(’O«c\'\iné Q+3 =5 . the hideous
arith metic oPero‘ror "Plus" is careﬁ«\b disguised
\o:j cellin i+ "o-no\", and +he WilMe kids o.feé'wa'\
\c}s o() Qm3‘iar exam]a\es ?irs*} winw C\earb visno\e
obJecB such as o.]oples and pears, which are in,
n contrast o equ.a“J countable obJeC.\-s Wsuc)'\ as per

cerd-ases ond eleckrims, which are out . The same

Si“:j '\‘raa?vf6'5_'7_s*'r‘e@ec}ed ot universi\y level in
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ditterent ‘m\-rodu.n.c\-ou;j calclus courses -Fg;r the
Fu‘mf‘e P}\Jsicis\', architect, or business wmajor,
each adorned with examla\es {}om the res?ec\-ive
ﬁe\ds. “The edwucational d03MQ seems ‘o be that
e.ver:)%\nins is .P'me os \ij as Yre shident does no¥r
notice That he is |ear‘n'm3 50me}}ﬂr?3 rea\b new;
more oﬁen -})'\om no}", Yhe shuclent's '|m~Pr‘ess‘|on
is indeed cOrrec_)-. T_ Consider -”1@ ‘?Oni\ur‘e O'F)Oﬂ'\
educatonal Pr‘ac\-ice Yo prepere the next genera-
}oon ?or the }p\nenomenon o{? radical novelties
o Serious S}'nor‘}'Comins. [When Ki"j Ferdinand
visited the conservalive um‘\vef’sib o? Cervera,
the Rechror Frou.clb reassured the monarch
with the words: “"Tar be ?rom ws, Sire, Yhe
dangerous nove)b oP -)-)'\'m\c'm?,", Slooin‘s
Probiems in +he Cen}ur\‘j that oilowed Jus)‘iﬁj
m:j c:\\otr‘m:ﬂerizQ}'ion o? Jr‘he S))or\‘c.om'snj as
*seriows ~.1 So much 'fépr education's odorﬂion

oi? the Paro.diﬁm o? Sro\duo.\ C\'\omge.

The Conce]—ﬂ' OP radical novellies is OFD— con-
-\-em?oro\rj siﬁni@car\ce because, while we are
i“-\ore):o.red Yo cope wibhn '}\'\em, science and
techn O]Oﬁj have now shown them selves expert
ot ‘\n?\ic)’ina them Wpon us. Earlier Scienhﬁc
G'Ko\mr)\es are Yhe '\-)'\Em::j o? re\a}‘\vib and  Guantum
mechanics; later ‘}echno\oglca\ exo«m]o\es are rhe otom
bomb and the ]Oa" . FYor decades, the ?or‘mer‘ | )
5o~e rise +o a+orren+ O-P f‘e‘igious, Phi\oso?h‘nca.\,
or ohherwise o,u.asi-.sc‘uenhﬁc. ‘racks. We con clo;il:j
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observe the )oro-F)ouncl l‘nadequ.o.cJ with which the
\atter bwo are QFProached , be i "{j our Sratesmen
and re\ignws leaders or b,j the Pub\ic ot larﬁe.
So much —Por the damage  done Jo our peace of”

mind bfj rodical novellies.

T raised all this because oP mey contention thet
auwtomalic COmPu\}er‘s r‘e)oresen\' G rad'lca\ hove\h’
ond thet onb bcj ic\en\'i%}nﬁ them as such f??_tje;,
}den}i% all the nonsense, the W\i-SCOY‘!CGP'}"IOﬂS and
Yhe mj¥ho\ogj thot surround them. Closer in-
spection will reveal that it is even worse, wiz.

'H’\od‘ au’toma}ic ComPu)E‘r's embodj no} on\:.j one

(‘&diCQ\EOVE“‘J botr e o[? Yhem. - -

The P’rrs\‘ radical hovenj is o direct conseguence

o? the raw \Powci.‘:ﬁ OP *}odlo.‘:,'s COmPu}‘m‘j ec‘uipmen\‘.

[/

- e, -G S ad @ W LW B 5 W T A S W e ——_— i Wt W M~ e B 85 i —r—

CoT:e tsith some\-]r\irla bij and Com]')\ex: divide and
rule, j.e. we view the whole as a COmPOSi“um QP
Pc\r}s and deal with }he Pc.r'}‘s Se.P?r'c}e\J, And a?
o ]'Dor}' is too Wig, we FePeo\}' Hoe Proced_ure.
The town is wmode wP ﬁ‘om neig\r\chur-hoods,
which are structured by skreers, which contain
buildings, which are wmade ﬁw-nw walls and ﬁcors)
Yot are built G‘orn bricks, etc., even}uo\b down

lo the elementar Pc\r}‘ic\es. And we have all
our 5]'>ecialis¥s along the line | f)rm-n the town

Flanner‘ _via +he architect 4o the solid shrore
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Phbsicis}' and @m)r’ner. Because, 'n o sense, the
whole s ”bi‘gﬁer” '\\'\onn irs POA"]’S, the delon’\ OP
o hierorchical decompoesibion i1s some sort o})
ogorithm of the raho of the ‘sizes” of bhe
whole and the ullimote smallest Pcﬂ-s. From o
bt to « ?eoo hundred me\gaby*'es, Pr—ovn & Micro-
second ‘o \no‘\fpan hour OF) c:om?u\-'mrzﬁ C‘on?f‘On\*s
LAS L».riH-\ -qu Comp\e}e\:j \O&Wir{j r‘ca\io o? 10q.'
The Programmer is in the unigue )OOSi‘\'ion Yhat
his is the on\\\j dism]o]ine and ]’)rof)ession in which
such o gigoantic rato , which %ohzl\a bc\{ﬁes our
imoﬁmahon, has 1o be bridged b:j 3_:siigle +ech-
Y)OlOﬁj- He has to be oble Jo think in Yerms

o? eOnceP}uo\} hierarchies that are much c\ee]oer
han o S%ng\e mind ever needed Yo JE:’c:«ce be?ore.
Compared ‘]-Q 'H'\c.\- nuwm ber oP Semc.n}'tc leve\s,
the average yathemakical -}h@ow is almost ﬁo&.
By evokin& the need -For“ deep conceplual hiefﬁ‘_‘fk\_l&f”
the auromahic computer conﬁ—onhs ws with .
r“adiCc.\b new intelleckual c\r\a\]enﬁe +thatl has
no Precedenl‘ N our hi5¥or:3.

Qaain, T have 4o stress this radical novell
because the true believer in grao\ucx\ c:\nange and
incremental Em})rovemen)—s is unoble }o see it
Tor him, on aulowmalic computer is something
like dhe -Pam‘alio‘r‘ cosh r‘ejis}-er, only somewhal
bigger‘, foshr, ond more @exib\e. Buyr the c.no.losj
1S ric\icu\ousb shallow: it is orders o{) magm’}ude



EwWwD1036-8

worse +han com]oo\rinﬁ, as o mMmeans op JrroﬂSpor}-a-

'\'\on, -l-he SLA.IDGPSOMC \)e|~ P\ane wﬂ-\'\ Ca Cr'o\uo\inﬁ

ba\o‘j, -g)or Yhat sPeed ratio s onb o thousand.

The second radical nove\l-'j is thot +he auto-
matic Compu}er IS our ?‘H‘S*‘ lar‘se-Sco\\e d(iﬁﬂ-c.)
device. We had & tew with o noliceable cliscrete
COmPonen\': T \ust mentioned the cash r'ejis)-er
arnd can add the Bpewri’rer with its v chiviclual
ke:js: with & §in3\e stroke you can \u:jpe either
a @ ora W but, though their keys are nexy
o each OH'\GP, no+ (o mix¥ure o€ }\qosc—: Yvwro
letrers. Butl such mechanisms are +the excePHon,
and the vast mo:')or'u\:j oJ? our mechanisms are
wviewed as oma\c:jue devices whose behaviour
IS owver & larﬁe range a conlinuous ﬁanc)‘ion
O‘P ol parameters involved: '.JIO we press the
Po'm¥ o? the Penc}) a \itHe b} haorder, we get
Q s\iﬁ}'\}b Yhicker \ine._, '1-‘? ‘he violinisk S\ijh}b
mis]o\ac.es his ﬁnser, he Plabs s\;tij owur 01'?
tune. To this T should add -H'\o-t +o the extent
thel we view ourselves as mechanisms, we view
ovxr’se\ves Pr'amari\ s Gﬂ&\ojue cdevices: i]Q we
ush o litHe horder we exPed‘ }o do o litHe
be‘n-_er. Verj oPrG‘n -H'\e behaviour is not only a
continuous but even a monotonic {)unc}ion: to
Yest whether o hommer sui*s us over o cectain
roange QP necils | we )flb + oul on the smallest
and |o.r8es} nails OP Yhe range, and i? ‘he oulcomes
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of those thwo experiments are ]’)osihve, we ore
Fer{?ec)r\ wi“inj to oelieve thed }he hanmmer

will suit us @:r‘ oYl mails in Ibebween,

T s Possilo\e, and even ‘\'emphng, Yo view o
program os on abstract mechanism , &5 o device

’ some sort. To do so, however, is highly dan-
gerous: the Gno“’ﬁ_‘j is too shallow because o
progrom is, as a mecho.ni.sm, '\O\‘O«“J diflerent
ﬁ-orn all the —Vo\mi\im" ana\ogue devices we 3rew
wp with, Like all djghtal!j encodecl 1n€9rma)non,
it has unc\voic\ab\‘j the uncom{?or\“a\ole Froper‘h.j
tYhat the smallest ossible perturbations —ie.
changes of o single bil—~ can have the most
drasltic conseguences. [Tor the soke ot? com-
P}éeness T oadd that the pickure is not es-
senha\l:j c\ncmﬁec\ b:j Jhe introduction aP
redundancy or error correction.] Tn dhe
discrete world o? computing, there is no
meo\nina?u} medric in which “small” c.\nom‘ses

and “small” eﬁ%c\s g0 hand in hand, and
there never will he

This second radical nove\b shares the uswal
?o.}-e. O-P ol radical nowvellies: i is denjed,
bhecouse i+s Feuth wouwld be Joo cl%s:am-?or\--
ing. T hove no iclea what this speciﬁc denial
and clis)'ae\ie{? costs Yhe United Stoles, but

a million dollars c do.‘j ceems o modesh guess.
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Havinj described -~ admitredly in the broadesh
ossible ‘erms—- the nalure opjcompuh'ns's novel-
Yes, T shall now provide Yhe evidence thet these
novelties are, indeed, radical. T shall do so by
exP]ainin:j o Nnumber o{) ojr)\ef‘w"!se S'\'r‘ar\ﬁe ]o}'neno.-
mena. o0s itantic —bul as we now hknow, doomed —
edlorts o." \’\ic.\inﬁ or dending the Pris]n*eninjb

un?o\mi\ic\r.

A number o? }hese phenomena have been bundled
under the nome "Sollware Enj‘.neer'mﬁh, Rs
economics s known as “TThe Miserable Science ",
5oﬁware engineering should be known as "The
Doomed ’3>'asciI>]‘me", doomed because it cannot
even oFProach its 300[ Since its 3oa) 'S se\?.
Cor\{'ro.clic\'orcj. Soprw'care enﬁ'meerins, o-F course,
resents i)-sel{) os another wor}hj cause , but
thet s efjewas\-\: if):jo-.ax care@lb read its
literature and anolyse what ks devolees acltual
l:j clo, DOM w’tn discover thot 509\«:&{?” engi-
neerirgﬁ has acce;:-\-ed as its charter “How Yo

Program ‘;P :jou.. co\nncﬁ.”.

The Popularib OP its nome s enOuﬁk lo moke
it susped& Tn whal we denote cs "I:rimihve_
socielies ’; the Su[;ers)-i}ion that knowinj someome's
frue nome S‘nves You magic power over him
S no)r unusp\a‘. We are hor‘d\ \eSS rimi)‘we:

© horaly less p

W «j cdo we persis} here in onswerin Jrhe —}e\ep)none
with the wmost unhelp @\) “hello” instead o? our name?
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Nor are we cbove the e.o,ualb Prim;}we super-
stition Yhatl we can 3a'm some’ (,cnn}r‘o\ over Sume
unknown , malicious demon b,fj c.o\nir:ﬁ i} b,:j a
50\%, jF’c)mni\i&r‘, and innocent name, such cs
"engineer’mﬁ". But i+ is 'I-o)ro‘]b sgwmbolic, as

one oP Yhe US ComPu)rer' manutfacturers I)rovéd
Ca {gm Yeors Ggo when 1t hired_oune nijh}’ hun.
dreds OF N ew "5oﬁwo.r‘e engineers ) \25 the simple
device o? eleva\*inj el i*‘s rogrammers ‘o *o&
exoun‘mﬁ ronk. So much or thet term,

The Pr-achce. is Fer\fo\o\ecl h& the r‘eassur'\nj
Nusion thel programs cre Jus* devices like any
oYhers, the onb d%-ﬂ?er‘ence admitted beinj Yhat
'\'\ne.‘tr' W\Qnt—v()clc}'ure rn'{j}\]‘ rec,u'.re Ch VIO }JFe c?
crqﬁ-s men, viz. Programmers. Trom there i+ s
only o small sl-eP ‘o measuring ”Prosr‘ammer
Proclvxc’r'&vib “ in terms oP "‘number oP lines o?
code Produced' per month . This is a ver cos})j
measurir}j unit because it encourages the wrﬂ-inﬁ
OP insipid code, but %aolo:; T am less interesied
in how -g)c)olis% o unit i} s @‘om even o pure
business Poin\‘ o? VIeWS ., MJ Poin’r -l-odov is
Yhel i()’we wish to count lines oP code, we
should not regard Yhem as “lines Produced“
but as “lines sPerd-”; the current convenlional

wisdom s so Poo\islu as Yo book thal count on
the wrong side o? Yhe ledger
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Besides the notion o)? Froduc\‘tvib, olso thet o{)
c;\uolil':j control continues 1o be distorted \:b the
rec;.ssur'mj Nusion thet whel works with other
devices works with programs as well, TF is now
dwo decodes since + wos Poiﬂ"eci ouwt that
program +e5hn3 may conv‘mcinjb clemonstrate
the presence of’ bugs, but con wnever demonstrate
their absence. After quohnj +his wel\-)oublicizecl
remark devoutly, the soff ware engineer returns
‘e the order of the day and continues }o re-
P\ne his 4€S¥'l733 s]rra']-e_gies, Jus’r like the clchemish
OP yore, who continued 1o re{{me. his chrysocos-

Mmic )Our‘i?i CQ%'ons.

Uﬂ()a%ome.d misunders\'andinﬁ V'S @r)fher-
revealed ey the term “solfware mointenance ’
as & resul oP w\nick r-no.r:_tj \OQOP]E continue ~}-o
believe Yhalt PrOSers —ond even Proﬁro‘mmi’:ﬂ
lo\n(auages Yhemselves — are 5ub;)ec+ do wear and
tear. Nour cor needs mantenance Yoo , does'n"- 3*?
Tomous s the s}oij op '“‘1@. Oil Coml’)ang ‘H\q}' be -
lieved -“no«}- ts TPRSCAL 'Progro\ms did not last
as \onS as its TORTRAN pPrograms "hecause
“PASCAL was not maintained ”.

Tn the same vein T mas} draw ctlention 1o the
Gstonishin readiness with which the SuagesHon has
been occepted thet the pesins of’ SO@‘W“Q Frocluc:ho-n
ore \arje\j due 4o o lack o? A QFFroPria+e
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//Proaro\mmir:ﬁ lools”. (The *ellin ﬂijro.mmer's
workbench” was soon ‘o -?o“ouo.) ‘an]n, the shallow-
ness o?%e under) ing Omo.‘ogj is worl-kj oP Yhe
Middle ﬂaes. Con?r‘on“&hons with insipicl “Yools”
OP the ”Otlgor'd'\'mﬁnanlmo&'\on
lowed ™y Judgemenh on dhe con\-r‘ar;j, i+ has con-
grmed m initia) SuS\Picion thaot we are Pr}marib
dea\inj wnth \Lje)r another dimension oP the snoke

"

variely has not mel-

ol business.

Tinall , Yo correct the Possi]o\e imTJf‘ession Yhet
the ino.\oiib Yo {)&ce B radical novelly is cunﬁned
lo Yhe industricl world, let me o{?e?“ Hou an
exfu\anc‘)ﬁon QP Jr\'\e —of \e&s\- -ﬁmericom—- Po})u\ari\-
o? Hr\—if‘.cicﬂ _In}"e“igence.. One would exFec]* FeoFﬁ
to -Fee.) Prreatened \9:3 the "sian-} brains or machines
thot think” 1In "\Oc«c\', the Fr'@h'\'cn‘mj Compu}er be -
comes less G}g)\)ren‘m\(j i\? s used on\3 to
simulate o -()D\m'l\iar' nonComPu’i‘é;‘. 7:7[ é_\n;\__Su.re
-H’\cﬂ 'PMS exrlano:}'lcn ﬁwin femain Con}‘rover‘s’ec.\ Pc;r
qui}'e some hme, ](Qr ﬂrh@cioj _In)re“'njence. &S
m?mic:](in -’(he Numan mind }ore—}?ers }o View i\”self &S
ot the Gont line, whereas m ex]o]anahon re\e&&es
it Jo the rearauo.rd. (The eﬁ'ori- oP wsing machines
o mimic the humon mind has aclweus shuck me
as rother ‘5”{3: T'd rother use them 1o mimic

er.)

SOme%ir)j be

So much -?or the evidence +thal the C.Omrgu\er‘s
novellies are, indeed, roadical,
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And now comes the second -ond hardest- Pc-r}
oP my talk: the sc‘aen‘ri?fc. and educational cemse-
gwences o{) the cbove. The educational censeguences
ore o? course, the hcairier ones, so let's Pos’rpone
their discussion and s’raj {)or‘ o while with COMPU\HFB
Science ilrse\g What is comPuhnﬁ 7 And whal is @
science o? Corn)ou\-inj obout ?

Well, when oll is said and done, the onb '\'\n'ms
ccmPulrers can do g)of‘ us is o maniPu\c\l"e sambo\s
and Produce resulks o? sSuch mqniru]c‘}ions_ From
our previous observalions we shouwld recall that
Yis i1s a discrete world and , moreover, that
both the number of s&mbo\s involved and the
amount o-‘) mom‘s]ou\o;%on Perﬁ:rmed are mang
orders o? magnilude larjcr Yhan we can en-
visage : ’r\ﬂej ”}cﬁ-a\\& ba-ﬂ;‘e our imos'_gino.%m and
we mus) -}-\'1ere—?ore ner )":j ‘o ima gine Yhem.

But be?ore a ccmpu}er VS readb to PerPorm N
class o‘i? meaninjﬁ..\ maniPu\a‘}ions - f CO\Cu\aw
tions, i{) you Fre?er-— we wust wrile a progrom.
W\\Gl‘ is G PF‘OSFC\M? SEVerc.) answers are Poss'.b)e_
We can wview +he program as what turns the 9e-
ner‘oﬂ-\our]oose COmPu}er into o sPecio\— purpose
Séjmbo\ mani]au\aﬂ-or) and does so without the
need 4o change & sins\e wiire. (This was an
enormows im]:orovemen}- over wachines with
‘:rob\em-c\ePenden}' Luirlnj Pome\s.) T Pr‘e\?er' to
describe ) }Yhe other wesy round: ‘he progrem
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s an c\b.s)rr“a.c\' Séjmbo\ maniPu\o\}'or" w\qick can
be lurned into a concrete .one \o:j SMPP\Jir\j o
cc:m?u\'er‘ to ik, ﬂ@er‘ all, # is no \On‘ger“ Yhe purpose
Q-F Prosrams o ‘ms}f‘uc“ Al mac\'\'mes; -Hnese. c\%js,
i+ is Yhe Pur)':ose. o? machines 1o execwte our

Pro\cjro»ms.

SO, we have 1o desiﬁn abs}ract sgmbo] moanipu-
\edors. We el know what «HA%D look like: —}\ne:j look
like programs or ~Yo wuse somewhat more genera)
—}ermino\o‘ab._ uSuo\\\U rather eloaborcte g»;frmulae
g‘om some —e)rma\ s‘js¥em. -.H‘ FEGJB he},as to view
o ]or‘oafam GS & {)or-rnu\c\.. TFirsH 5 it Pu\'a the

rogrammer's task in dhe proper Perspec}ive: _he
has Yo derive Jhat For‘m-.-.\ca. SQCOI’IC{b, it exF\c\ms
w(j the world o() mathemalics all but iﬁnor‘ed the
programming c%a\\enge: programs were so much
\cmsef‘ -ﬁ:rm wlae than i+ was used to thot
it did not even recoSn';;é Yhem as such. Now
back lo the )orogrammer‘s J'c\o: he heas to derive
that €0fmu}c~, he has 1o derive +that program.
We know o}?m\j ane relichle way QP C“Oi”,j Yhat,
viz. b means GF Stdmbo\ mo\niPu\a}‘ion. And
how Yhe circle s closed: we conskruct our
mechanical SSmbo] mo\nifnu\a)rors \'b means o]?

humion Sjmbol mghi)?u\a}io"\.

Hence,com]ou)r'mﬁ science 15 —and will a\wacjs
be — concerned with the in¥erp\o:j hetween

mechanized and humo‘r\ SJm\::o] MQn]Pu\cc}ion,
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usua\b re-’?err‘eol o as ”Compu\‘mg " and " Program-
mins “ r‘es)oechwa\:j. An immediote beneﬁ’r o? is
insigh\- is that i+ reveols "auwtomalic Progroam -
mins” as o contradiction in Yerms. A ?ur}}wer
beneﬁ# is thot i+ gives us o clear indication
where Yo locaYe COmPuhnﬁ science on +the world
map of) intellectual d‘nsci]o\‘mes: in the direction
OP VOFMG\ mathemalics and « P]ied ioaic, but
ulhmd-eb -F)ar bejcmc] where ldhose are now,
Por cOmPu}‘mﬁ science is nterested in e;g%ec)‘ive.
wse o? {Dormal methods and on much, much
\cxrBer‘ scale _—!\nc‘n we have witnessed so ?c.r-.
PRecause no endeavour is r‘esr)ec¥alo\e these dajs
withouwt o TLR (= Three-Leber ﬂcr0ﬂ3m§, T
propose Yhel we o.clo]ﬁ F)or‘ Com\ou)rinj Science
TMT (= Tormal Methods Tnitichve), and, to be
on the sa?c s1de, we hcad bebter —Fo\\ow the sh}nirlﬁ
examrg\es o? our leaders and meake a Trade

Mark o? i

Tn the lonﬁ ran 1 expeck C‘om]ou\\-'m‘ﬂ Science
Yo transcend its parent disciF\inGS, rmothematics
andl \ogic, bf_j eg%chvelj reo.liz'.nj G signiﬁc_an)r
Parl‘ o? Leibniz's Dreom of) Providinj sbm\oolic
calewlation as an olternakive % humon recasoning.
(Please note the di@f‘érence belween "mimlckin‘g"

[
and “providing on alternative Yo': alternclives are

ollowed ‘o be beHer)
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Needless 1o Sowy, this vision OP what C‘Ompu\‘ir’\g
science is ohoul is not u\niver‘so\\l:j cumo]auc\ed.
On the conlrary, it has met Wwides preod —and
sometimes even violenk— oPPosi—}-io;\;Jﬁc;?n—mo.n

sorts of direchions. T mention as examples

(o) the V’T\C&')‘LGW’IGA')CG.] uild, \.»J}nch WOu]cl T‘O']'Lef‘
continue 1o believe theld the Dream "](7 Leibniz
is an unrealistic illusion

(1) +the Yusiness c0mmumi¥:j,w\\ic\n, ho\vinj been
sold 1o the idea 1ha} Cc:m)ou+ers would moke

li?e easier, s men)rall\j u.w]oreparecl 1o occep}-
that -\\'we.j on\\uj solve +the easier Pro\o]ems ot

the price o]p c,reo.’r'm3 much harder ones

(2) dhe subculture o? the comPu\s‘-ve programmer,
whose ethics prescribe thal one si\}j ideo. ond
& month O_? rantic coding should su‘ﬂ?:ce Yo
moke him a \ife-\on‘j millionaire

(3) computer engineerinj,guhig}\ would rather
continue to act as i? it is ol onb a moatrer

o—? hijher bit rotes oand more @ops ]oer seconcl
(4) the mili%ar'j, who are now +°)r°lb absorhed

in the business o]() usmﬁ comPu‘)‘ers Yo mutate

bilion-dollar budge}s i\n\‘o the i“usion oPaubma\ric
S&()e"n

(5) a\\ soﬁ sciences {)or w\'\ic]n cOmPu\-inﬁ now ac}s
as some sort oP inierd:sciplinort) hoven
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(6) the educctional business Yhot {)ee\s P}, 1‘?
it has Yo Yeach '()or‘mol mothemcatics Yo CS

skudents, it moay Gs well close its schools.

And with Hhis sixth QXQmP\e T have f‘eac\'\ecl,
im]:)er"ce]o'\‘i b\:j buc]" o\as an &uoidc\al‘j, 'H"ne W\OS)‘
ho.ir:j Por}- OP -Hﬂ'as ‘\‘Q\ki ec\uco\)r'\ono.) Comseguen-

ces.

The Problem with educational POliC:j is thot it
1S hor‘db inﬁuenced \o:j sded—iﬁc considerations
derived —?ro»rn the '\‘0]’.25(;5 '\'O\ug\'ﬂ', and oalmost
enhreb determined b:j exh-a-scien}iﬁc. ciccume-
sFtances such as the combined exPec¥-o.¥iuns oP
‘he shudents, their Parenh and their ?u}ure em-
P\oaers, and the Prevc.i\‘mj view on the role of
Yhe universﬂ‘j: is the stress on )l'!‘ainirzﬁ its
Src\duo&es ?or -‘rodaj's en}-r—l_.l—leve) \obs or on
Pro\ridinj its  alumni with the inge”ec\-uo\\ beo-
guoe and oMtiludes that will last them another
S50 bear‘s? Do we 8rucl3‘mjlj 91‘0«\‘\ the obshradr
sSciences @nl_-j (Y ?c.ﬁqwaj corner on coampuws, or
do we recognize them as the indispensable
. motor o][) Yhe \f\ij)\-‘)‘ECkﬂo\OﬁD indus+rd? Even
3P we do the lotter, do we recognize o hisk-
’}Gc‘ﬂr\o\ogj indus\'rj as such i-? its +ec\r\no\o‘33
Pr'\mo‘ri\b be}oﬁgs to formcﬂ macPhematics 7 Do
Yhe wniversities provide {or socie}:j }he intellectual

\QQC‘GFS)“P + needs or or\\j the 4r‘air\‘mj i+ Gsks %r?
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Tradilional academic rheloric is Per%db
wi“inﬁ to give Yo these o\ues}ions Yhe recssurin
onswers, bt T dont believe them. ’155 way o
i\\us}\"a\-icn OP my dou\o\'s, in o recent article on
“\ho Rules Conada?”’, David H.Tlaher\y b\un\'\j
stedes “Moreover, the business elite dismisses
Yrodilional academics and intellectuals os

\o\rgeb irrelevant  and ‘)ower‘\ess.”.

TS0, IF/ T look info my foggy crystal ball ot the
?u\'uf‘e o]() Compu&‘mﬁ science @ducakrion, T over-
whe\minﬁ\J see the de‘fer‘SSinj T:ic}ure o? "Business
as wusual . The universities will continue 1o lack
the courage to teach hard science, '\‘\'u?:j will
C0n¥'lﬂue “\o misguide H\e S]‘Mden}s, and each
next s)rage o? infan}i\izaho'n op the curricalum

will be hailed as educalional progress.

‘II!QN hove had '";2’()03_9‘&.1 Cr:js*al ball €or qui'}e
G \OfB 4'&"\2. —_D-s redic*ions are ir\vc\ria\:\:j aloom‘y
and usuo.\\J correct, but T om c{;i-}e used +c+)w-}_‘”

and H\e‘j wonr't keep me f[rom Sivinj Yo & foeuo
5u39e53t':ons, even if it is merelj an exercise in

Pu}i\i":j whose On‘:j et ect s -l—o ma\(e UOU. -Fee\
u.i“
Yy

We could, (c))r instance, begin with cleo.ninj
wp our \ansuo.se b\‘j no \onaer‘ ca“ing o buj
ot bu3 but bj co.l]ing it an error. T} is much
more honest becoause it Squc.r‘e\(j Pu\‘s the blame

20
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where it belongs, viz. with Yhe programmer who
made the error. The animishc metaphor o]? Yhe
bug et ma\icious\\j gnecked in while {he program-
mer WGS not \Oo\(ing VS in)re“ec:}'uob dishones}
as it dissuises Yhed the error is the Pro9ram-
mers own CI’GOA"{On. The nice -\»h‘\nj o{? —}}ﬁs s{mTa’e
c"\o‘nse OP voca\ou\ar:j i3 ’H’IO} u'} has Suc.)'\ Ca
Prof%und E-?—Fed't wki\e,bepor?, (0N ]vrogr‘am wrﬂ'\
Onl:j one ]ouj used 1o be “almost C.orr'iac)r”,
a@erwar‘ds o program with an error is \)“5"

"wr‘On&” (becouse in error).

Mo next \inguishco\\ 5u59es¥\on IS more rigorous,
I’r s 4o ﬁﬁ}ﬂ' 4\‘13 ”i?-—'n'tis-guj-wan}‘s—\'o-+c\l\<—-*‘o—
.].hql-_gu'j" stjndr*ome: newver re?er 1o Far\'s oPr)ro-
grams or pieces oP equi)omen¥ N an cm)r\'\ro’oo-

morp}nc —}erm'mo]og:), nor allow fjo“‘"_ students
lo do so. This \inguis‘ricq] imrr‘o\remen‘)‘ i5  vnuch
harder 1o imFlemen)r than yow mi‘a‘rﬂ' Yhink |
and bouf“Ade ar*‘men}‘ migh\' consider Yhe intro-
duckion O-P T’ines -For vio\c\\'ions) Sctj G qu\o\r\-er
Qor undergrc\c\uca¥es, Hwo quc«r‘}-ers fﬁ)r— Sf‘aduc\‘\'e
siudents, and Yive dollars {70“ inc‘cu\ members ;
bﬁ the end oP the (?ir& semester og;’%e new
regime, youw will have collected enou’ﬁ\m money

for two schol arsh Ps.

The reason ?or this last susges\w‘on is +hat the
on}hropomorphic_ me}c\Fhon‘ .-.Pcr whose introduction

we can \o\o\me Jo\nn von Neuwmann- s an enoarmowus

21
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\’\o\no\ico.]o ?or_efe_(j_ Com)ouhnﬂ Co mmunib that hos
adop}ed . T hove now encountered pregroms
wo«nhn& -H'\ings, knowinﬁ ~”‘nnjs, e.x‘oecl-irgﬁ ﬂw‘mj,s,
be\ievins H\ings, ete., and each time that gave
rise Yo avoidable cemflisions. TThe o«na\a&j that
underlies this Persom ication is so shallow thet

it 158 not CM‘J mis]ec\dins but also \Dar‘a\sz‘m‘g.

It is m'ls]eac\inj in the sense Yhol it Suggesh
ol we can oc\eqm}e\ cope with }he u.nPO\rni\iar‘
discrete in 'lrt‘é‘f‘msc.q;j '\1@ f’am]\iar" c.cm}-ir\uouas,

l.e. ourselves, quod non. Tt is Po‘m\JZMj in

the sense thal, hecouse persons exist and ackh
in Yime . il-s ac\oF\-ion eﬁ?ec\'wdj ]‘Jr‘ev\?n}s a de-
arture gom oPerahono\ semantics and Yhus

Forces PEOP\E Jro 'H’\‘mk QbOu} PrOSrams N ‘}er‘ms
o? compu’ralriona\ behaviours , based on an under
\‘3“"3 Com‘ou'}a}"ionc.\ model. This ig bad, because

oPer‘a'}iona] r‘ea5c:m'm3 i5 & tremendous waste op

menital eﬂ%r\*.

Letl me ex\a\c.m Yo Gou the nalure op thet
Yremendous weasie, and allow me o h:j lo con-
vince you Yhot the term “tremendous wasle
o? menta) eP{)orl‘" s _Y_‘t__c_}_}_' o @xa er‘a'}-'lon. For
a short wkile, T shall 3&*}- \'\igm‘j +echnical,
but  don? Se} @igh%ened: it s the lr:j]oe oP
mathemalics thal one con do with one's honds

in one's Pocke%s. The Poin)‘ Yo Sel' across is thatr

22
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i we hove Yo demonsirale some}hin‘s about ol
the "e._\_faTeE\:s o—? ch \arﬁa seb, i} 1s hof)e\essi‘j
ineﬁ-’jic':en]' o deal with all the elements o{) Yhe
se) individu&}b: the e]p?icien} argumen)r does
no%‘ reger' lo indiv';dua\ elements GA‘ o.“ and
is carned Ou')‘ in -}er‘ms op —}he Se’l'is c\e?‘mi‘!—idn.

Consider the plane ﬁ&“‘”"—’- R , deflned as the
5’ b:.j S sSquare QEOM whic\-\, ot -}wo oPPosi}e
corners, ‘fw071 bj‘\ squares _\nave beern removed.
The area-irrép_ @R is 62, which egquals the com-
bined area of) 31 cdominos o? A \oJ 2. The
theorem is thal the @\9““3 Q connol be

covered \O:j 231 QF such Adominos.

Blrnother oy o? S}‘o}'mg the }heorem 1is that
iF you stort wrth Squared PaPer‘ and begin
covering this \m:, \D]C‘Cinﬁ each next domino
on two new adiacent squares, no placemen?

o? 31 dominos il fjielcl the ﬁsure xR .

So, o Fos-si\o}e Wi o? proving  the theorem
is by genero\}inﬁ ol Poss'ab\e ]o\aceme\q}s ‘-‘P
dominos und wveri m._c3 {%r each P]chmen)r
ot i+ does not Sie\d the ?igure & a ire-

mendous \3 | cborious Jcb.

—ﬂne Simple c\r:_cjumen}, houoe\Ier, IS as ﬁg“oms.
Co\ou'“ “ﬂe Squaies OP Hne Squo\r‘ed Po\f)er* “s On

23
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a chess board. Each doming, covering twio ad ja-
cent squares, covers 1 white and 1 black sguare,
ond , hence, eacdh T:laccmen\- covers Gs many
white Squares s it covers blocdk squares. Tn
the ?'ijure &  however, the number OP white
squares ond the number of black squares chfﬁer
ba 2 -—oﬂ?osi)re corners l:jirlﬁ on Yhe same
d.‘(c»jma\— and hence no Placemerﬂ- o? dominos

éj‘\e.( cAs ()331,“‘@ QL .

Not only is the above simple ar‘&umen’r mony

orders oP magni\ude shorter thon Yhe exhaws-
hve inves‘r}gc\hon of) the Possib\e P)acemenk oP
24 clominos, i} 1s also essenhal}j_ more power
Fu.\, -()or i\‘ covers w“ne Seﬁe\"'a\'IZO-hUY\ OP Q b:j

rejolc-cmg Yhe Ori\aiﬂal ] bj 8 sguare bb any
r‘ec¥o\n5|e with sides o{) even length. The num-
ber o{) such \*‘ec’ro\ns\e.s beinj intinite, the ?or_
menr me—)-hocl oP e.x\noms}ive ex)o\ora}‘non i5 es-
sen}io\b inudequa’re for- proving Our gene-

ralizecd theorem.

And this concludes my example. I} has
been Presen¥ec\ because ir Mustrales 1n o nuk-
shell Yhe power of down-to-earth mcthemalics;
needless to say, refusal to exploit fhis power of’

doumn-Yo-earth wmoathemaotics amounts o ’lr}}gnec‘rf_

uel and Jre.chvnolcrwgicc:.\ swicide, The momi_"o'?n,e
story is: deal with cll elemenls of o seb b
ignoring them and wor\(mj wirth Yhe sel's deeh'shon.

24
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Pack Yo ngramming. The stolement thot a
SiVG’Y\ Progro.m mee‘—s o cerroin sraec':{?ico‘hon

armounts o o stolement chout _‘?‘l\. computrahons

thetr could take ‘o\ace under control o? Yhot gven

progrom. And since Yhis set o? comr)w}-ohcms 1S
de()ineo\ \o:j %héff'_sfwen progroam,  owr recen}
moral Says: deal with all comr)w}ahcms )oossib\e
under confrol ofc\ Siven Fro\cjro.m b\‘j ignorinﬁ
them and workin with the program. We mush
,,\eo‘m lo work with progrom Yexts while C—}empo-

r:c;ri\fj) ignering Het Jrhe‘fj admilt the ‘m‘rerrare)ra-
Yion o? execuwtable code,

Brother way _of) soying the same *\-}x'mj is +he
@Hobums one. £ T;rosro\mvnirb lan wage, with its
-()orma) 53n’ﬁ'ax ond with the Proofg rules Phal de-
ﬁne s semandics , s a {ormal system {ur which
Progrmm ex-acu\)-]on ‘)or‘ov'ic\es onl a6 wmodel. It s
well-known that -Por*mq} s:jsl-ems should be dealt
w{Un Ka )r\ﬂeir‘ own riS\rﬂ‘, and not in terms o-? N
sr)ec'xﬁc MOde\. ﬂncl,cxﬁo\in, Hle coro\lar 18
Yhat we should reason choul Pregiams without

even m@n)rioninﬁ Hneir \oossib\e /'be)quiour's ".

And dhis concludes my Yechnical excursion inYo

the reason w\r\j o]:uera)rionq\ rec.sonin
”

3 C\}DOM\‘

Prosrammiﬂj IS a }r‘emer\dou.s was)'e, QP rnen}al
e()for} ) ancl w\\:j, ']*}‘;ere]@ore, N computin s cience

e cnnn’\roPomor]’ohic "E,‘g_"_cj’b?f should be banned.
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Not everjbodb understands this su iC‘len'\'\‘j
well. T was recenH:j exPosed Yo o demonstralion
o? whotl was Pre'}ended to be educotional 50@-

Ware ?or' an in}rodud—ot\j PYOSFO\mmin course,

o

With its /‘V.i_;\./l;;':iz-:}_‘loﬂs on 4he_ screen it was swuch
on obvious case OP curricaulum in?c.n}i\iza}'lon
Yhot ks aulthor should be cited Por "Con)rem):--}
o? he student bodynj but this was cm\:j &
minor offence compared with  whotl the visualiza-
Hons were used @;r: Jr\nej were wsed do clisP]aj
all sorks o{) {%m\'w"es 0{7 COmPu\-ahms evo\vinj
under conitrol o? the student's Pf‘ogr‘am! The
sbs}em high\igk\‘ed Fr*ecisel:j what the skudent
has Yo learn Yo ignore, it remforced ‘Precisel‘j
what Yhe student has Yo unlearn. Since breo.l«irb
our o? bad habits, robher than acquirinj new
ones, is the toughest Par\' oP \EQFning, we must

ex\oec\‘ ?r‘om “’10‘} S:js\‘em Permo.r\e\ﬂ‘ men\‘a\
doamage -(g.)r“ mosT srudents exposed Yo it

Needless +o say, thot sbs)rem COmP\el‘eb hid
the {Doxc}' that, all b;j ﬂ'seiﬁ o program is no more
than hc\__lP X Con\)ec¥ure. The other ha\? oP the
Ccmd'eo}-ur'e is the ?unc‘rionc.\ S eCiﬁCDA'iOf\ the
]’.)roar‘o\m is Su]o]oosecl o salislty. The Progro-m-
mers +ask 15 do Pr‘eserﬂ- such Com]o)e)re Condec-

Fares as proven Yheorems.

’Befé:re we paoart, T would like 4o invite Yyou
Yo consider the ‘Fol\owir:ﬁ Way o? domﬁ J'us\-ice

26
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40 cam]ﬁu\'ing‘s \"Qc\ica] Y\O\le\"b in an ih}roduc}or‘b

rJro gramm inS course.

On the one hand, we Yeach whatr looks like the
Pr'edico\‘)'e colewlus, vut we do it very diﬁ%ren\'\s_
?{‘(ﬁ"n Yhe Philo.so]olqer‘s. Tn order Yo +rain Yhe novice
}”rogrcammef in the rﬂ.o«n‘lpu\a-\ion oP unin*fr‘)ore’red
?orm'.a\lae, we teach i+ more as bodean Q\Bebfa,
-cami\iarizinﬁ the student with all Q\gebr‘aic pPre-
Perhes of) the logic:z\ connechives. To ]Ournner
sever the links 1o inluition, we renome the
v&\ues {)-rue,Pa\seg OP -H"le bOO\eOm domain S
{ block, white§.

On the other hand, we teach « s‘tmp\e, clean,
\mI:.er'aHve Progro.mm'mﬁ \anjuaje, with o s\«i]o
and o mulhr:)e. assisnmen} as basic .s%‘o.}'emen\*s,
wtn\ o \c)\o:;'\& 5}ruc\-ure {)or‘ ‘OOOJ \fc.\riab\cm, -H'!e
semicolon as o)oero}or ()or- stotement Ccrm]:os;-hon,
G nice o“erno“ive cem steuch , & nice )"e)oe}i]'ion
and, iF so desired, « Froc.edur“e. call. To this we
add & minimum o'{) da}a'lbpes, S0y booleans,
in\'ejers, choaracters and shrings. The essenlial '“r\'mj

is H’\a“, )[Acr' w}‘ua}ever‘ we ‘\h}‘rc;c\uce, -Hne correspund-

inj iimrn)}cs (%] de-ﬁnec\ )ij ‘\rhe Proo? ru]e.s H’\o}
go Wi L

/R\S}ﬂ‘ Jtt.’om '“\e_ beg‘mninﬁ, and Gn 'H‘lf‘ou.j)\ H\e
course, we siress Yhal the programmec's Yask s
not \Jwﬁ' Yo write down o Pr08ro~m, but thal his

27



EWD 1036-27

main '}ask is Yo Sive G {érma) )oroo-P ank} -”'oe
Frosram he ?m})oses meets )rhe ?c\uc-lb ﬁ)r‘ma‘
.?unc\-iona\ S?eci&?ca\'\on. \While desi3n3n5 ]Oroo@
ancl programs hand in hand, the student 5@)‘5
c\mlgle oPPor}uni}J to Perfeal‘ his mo\ﬂi}ou)a}ivc
og;lib with he Predica}e calculus. ’Ftna\\b) n
order Yo dnve home the message —}}10}‘ Yis
inkrodwceror FOGramming couflse is primaril
o Course 'm:) {’frm%) mo\%?ma-}ics, we SEG Yo i?
}ha}‘ Yhe Pr03rammin3 lcsnju.age in que.s\-ion
hos _h_o___}‘ been imlb\emeﬂ'!ed on Ccompws so Hthat
studenks are Pro*e:’rec\ {;)-am the -}em]g}a)r‘:on
Yo test thewr progroms. And this concludes
he skekch OF my Pr'ocha.\ —?or' an in‘roc{uc}ol:j_

PrOSerming course or @es}'\men.

This is a serious ProPoso-), andl u*‘]‘ef‘b sensible.
ks on\J diSdean¥aje is thot ¥ is oo radica)
—ﬁ;r many, who, beinj wnable Jo accept i+, are
@rc.ed ‘o invent « quick reoson Por dismissin
}, no mater hoo invelid. T give you a F’e?-o

guick reasons.

You clont heed 1o toke MJ ropos::.l
seriou.sb bhecause ﬂ- is 50 ridicwlous that 1
arm obvicusly com le}e\b out o() Youch with the
real world. “But that kite went Py, for T
Wnow iHhe real world cmb oo well: the pro-
blem.s o? lr)ne r‘eoJ wor\d are ")rimarib )—hose

wou are \eg with  when you rc—‘:@use o aFPB their
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e%éche So\u}-'\ons. 50, \e} ws +':j aﬁo\m.

You den't need do toke mJ ProPosa] ser')‘oule
because i)" s uHef‘b uﬂr‘eolis)ric o }-r lo ‘\-Qcac\n
swch ma\‘(’,rial +a Co“e F‘es% men. Wow dn“‘ }hq}-

be an easy woy our? You jush Pos\‘u\a\-e thad

this would be .ﬁm boo difs%c“\\'. But that kite
weon't ﬁjj either ]@,r Yhe Posk\\a\-e hos been proven wrong:
since the ew‘b 305, such an Inkroductor
msromminﬁ Course hes Suc,ce.ssPu\\b \oeengwen
Jo hundreds of’ co”eﬁe ﬁ‘e‘shmen ecch yean
[33eco.u\5e, in my expenence, SQ'JMS this once

does nokt Su?ﬁge +the Frev'tous senYence
should hbe repecled ot least another jwo

4—‘1mes.] So, letr us }-r:j again.

?

?eluc\‘om}\j ad mi"}\"lnj that i could Ferha]gs
be -}-o;ush\" ‘Yo Suﬁ?’tcie:n}b docile .S]"Ade.n\'s,
you 3e+ r?)'ec\- my ProPQSc.\ because such a
course wouwld deviele so much Praw; what
18- year old shtudents are used }o and expect
that in ﬁic‘-in i+ wpon them would be an act
o? educa\'lonﬁ ir'respans‘sb'lh] i wondd oml
| ﬁ—us\-roJe bhe studenkts. Needless ‘o ey, thal
kite won'b F‘j eflli‘he"- I{" is true -H\c.,}- H\e S“u.-

dent Hno\'} ]’1&5 nevesr m&nipulal‘ed unin‘*er)ore«l-d
@rmulae c,lmc\-cb realizes tho} he is confronted
with somethin Yolally unlike an%iqa he has
ever seen betore. ’.BCZ @rl-una\-eb, the rules of)

moxni]’)ulo\)"ion are in H’\is CGSE SO oW and sim])]e
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fhak Vefj Soun Hnerec.@er he makes the exc}}‘mg
discover:j 'Hr\o.]‘ he 1S bej'mn'mj b m&s)rer' )r)’oe.
Uuse o-Fa tool an}, in all s simp\icib, wes
him a Power' Yhat far' Sur‘){)c«sses his W des}t

dl‘eam S.

Teqc)-\'mg Yo unsus}oec\-inﬁ :jﬂungs}ers the
eﬂ%cl-ive wse o? ﬁ;rma\] methods is one o
Hhe Jo'js o]p \i?e. because i+ is so ex\remelJ
rew ardi ng. Within < v?eo.) YhonH’\Sa Yhe Gnc]
Yheir WL in O 7ew wor\c\ m‘l-k a Jus)—iﬁecl
c(egree. gf? cmgclcnce Phaot s racl]ca\b
novel —Y)c;r )r\ﬂEIm3 within -Pe.w man}hs, Yheir
cgnce]o)- o? wtellectual cullure hos acouired
o rodically novel dimension. o my faste
andl S\j\e, el is whaotl educabon s cbout.
Universibies should not ke c-.?r‘c‘id OP)"eQC—L"”E
W _r;ésolico.) ncwen-\es', on the COﬂ)‘r&\“‘j, it s 'HIei‘r"
Co\nir:j Yo welcome the OPPor\—un'\b Yo do so.
Their wi“injne.s.s ‘o da So iS owr mo‘m‘ SQ%Su\gr‘d
against o\ic\-c.hsrslnifs, e -}-’ne_:j of the )Drole"o\rio.)‘, "
o? the scienH ﬁc 65\~o-]o\3slrwnen}-, or oP the CorPoPc.}'e
elife. |

Austin, 4 December 1433

rm?dr. E’c\s‘ﬁer W ’ngs‘-ra.
:_T)epo.r}'men)‘ QP COmPu}Gt‘ Sciences
“the Univer'sib o? Texos ok Bushin
N uskn, TX 78712-183
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