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The S}'reqm\inin& o? the moathemalicel O«t&umen}

1 P\Gn Yo extend the work done so @;r in  collcbora-
bHon wath drs. AT M. van Sas}eren at the Eindhoven
Universib o?’rec\fmo\o&j. This boor\« wWoS Hne ?irs\
Pkase o? & moare gemercl Pm'ec‘-, viz. the s}reqm\inirﬁ
o? Yhe hnal-\ﬂemo}ic;? argumen‘e) which was inslo'nrec\ bj
our observalion Yhal mon ‘.{) not most-  morhema-
bical o-rsumen\'s we %coun;erec\ n 'Hﬁe \is-era}ure

fced Yo
Convince WS *'\'\0" HWe ?Q}en}\a\ F)Qr '\YY\TJV'OVQMQV\* WOS

drama\-ic 'mc!eec\) ond we \nqd ’ro ccmc\ude 'an.Jr ‘Hﬂe
s\'andard Curricu\um in mo.H'\e.mo\\-ics }f\ardl \Oot)s

were uvmecessc.ri\ ComF\ex omcl \Qc\dn m ?cur‘

b3 beina incomplele. A few exP\QrcA'lo-ns Swu

on O.‘Ht.n}ion Yo the comscious Tpursu.i\‘ of mo the.
mo\-?it‘a\ e\e\gance Cin Yhe sense o? He Comcise Ox-
g.rrc\ ’.—_Dic\'?CMGrD " e\edo-n\“- S'lm\o\e and SurPrESinsb
eﬁ?ec\'iven).

S'wploor} g—om Yhe BP Venture Hesearch Unit was
most we\come_ ~and, we ?e.“-, o/‘oFroPriu\e-_ QRS soon
s We discovered ‘}’\Y\Q}','m Hr\e mo\‘\'\ema\‘iCo.‘ Ccrmmur\‘r\:j,
me‘-hocioloaico\ Comncerns were mar\ceclb unPOPu\Qr‘
[Ma\"\ema\'ECQ\ resu“'s arte \‘Qu. \\} qw‘l‘e oPen\:j ond quil'e
ex]o\'ncinﬂ, as in the \oesl‘ }radi on o? H«e Unwers'\xb. How
‘o C_Jl_c_) MO.‘"L\ema‘-ic.s R \-\owe.ver-, s Slaug\n“ lefj iwr\?\ic;}'\:j3
)D:j OSMOSIS | 5o *o s\oec‘«, as in the l‘raéi)ricm o? Yhe
Sui\c\s, which 3word Yhe secre} o? Yheir cmﬁ- bJ
amidinj "n'le QX‘P\ECE)-ness ‘H’m\' wou\d lor'ma ';\- Uu" 'm“o
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‘m‘ro %e ‘DU\J\QC 0\0mo.‘m. The 4romsi"10n ?rum cm?* );Q science

O.\WGJS QUU\KQS op\oosi\‘hh ?ru-m \'lne. au.'nlc\ mem\ner's ond
-Hne No.n-uema\'ico.\ Su}\e\ is No exce\o}ion.]

Our ex\o\or‘c\'icms in the F\'rs\' \9\10.5»2 have \argelj
Yoecen con@nec\ o whal hod do be done %rs‘; viz.
ﬁndins oul' W\'\OA- we WGY\}QA (= P8 o S\reo-m\'mec\ omaumen\:
)10 \oole \i\(e, P{nc\inﬁ pne re\e,van): crikria %r e.lesomce
Cas "'ec\nr\'ucc.\ Ccmcep‘-), .e\-c., Consic\erq\'lcms o? hWris-
bics ~ie. how Yo desbn Yhe egﬁec}'we. orsumen\‘
Se\'}'\in o8 S'I\K?V\ o‘ues\iem-. has ‘ocen Cmsciousb \eﬂ
"O 1N o.\‘er T:Jﬂ&se: “nere is no Tao‘m\' in \’r&tj'm ‘}0
deVQ,\oTo o design Yhew\oc\.c)\o&j wi\‘\f\ou‘ G S cien“\j
C:\'ao.r F’nc\'ure. o } e ‘*o.r e\'s aimed o\‘. Simi\arl )
w\r\en we lmrned 'W\a\ ormo.\ Ga\Cu\i o o\\ 30:2
would hove on \mpor‘mnx rdle Yo \P\otj, we os\"xmeci
Yhe Pm\o\em o? axiomalic ?c:uﬂdo. o o? wct col-

culi: the intellectual nvestment nvalved would be

S

Prema}u.re. \.ui’Hnou\' +he "morc-\ Q@r\‘m‘-n\s ! -\r\r\o.\‘ one
[§3 g:u'nc\'ma the Qc.\c'u\i one needs. T_’“nese. T)os\}xmw
men¥s direcH r«e?‘&:\' the seporation 0? comncerns
bot enobled the dev'elorzmevx of programming me-
W\odo\ogb ot Yook ‘o\o\ce dorine Yhe sevenhes. )

The moain resulks so ?xr howve Veen — with due
Cl“ec\i\' o NHSTQ-SW; C.S.Sc\f\c\kﬂ, onal Yhe o\-\'\er
members o? Yre (E'mc“\ovehy —Tuesdaa ﬁ@ernccm
Club —
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() We iclen\'i{)iec\ Skor"corn‘mss such as the Sins OP
Omission, o? ’Rere}i'\-io'n, ond o? Need|ess ':D]s)r'mc\\’on, and
desisned no*‘a‘riond -‘echnia.u.es co\)rerins F)or Meir
avoido«nc.e Oﬂc‘ Hnus ac\miu-in -l-\'\e Comcise ]')resen}a\ioh
0-? QFFQC"'NC o\rauvnen\‘s. The re.su“inj s‘a\e \nas Nnowa
bee.n Oxdolo"ec\ in o boc:k, ™M *WO Com\o]el-ecl ’Ph’D ‘H’IE’SQS,
n severo.\ ar\'iC\e_s and N Numerous "‘ec\'\nic.o\\ no'\es,

anc‘ ‘nas \Deen L= )’Jf'ecor\cli\‘ion @;r Otar o“ﬂer reSu”‘s.

Gi) We deve\oFed o -Hneorb c? Preciicc.lre '\roma'ﬁ:wmer-
Semcm\-ics, usSing an eﬂ‘ended, Preéico}e colculus deo\ub
W‘IH'\ boo\eon "(?nc\"lcrn.s on Some clomcxin. [’n\e re\o}ionn\
caleulus is o ar\’icu\qri?.c}ion For the sPecic.\ cose

Yol Mhe underlaiﬁj domain s o C&r}-eseon Scluo.re.]

The crispness o-? 'h'\e -‘-heovb 1s & Convmcmf) demons'}rc\\‘ion
o? how W\uu:\ﬁ con be c.c\n':eued with o cn\cu\us Yhalt
is no\'o.hcmo.\lj Seorecl Yo the mani]au\c.\»iuns et hand.

(5“3 \Je recen\'\b c\-‘scove.red \'\oua___c»qr mel'\ﬂoclo\o Y Por
the PD\"MG\ desion oP progroms could be }ransterred
']-o \-\ne desian °ﬁ

o? %reo} Promise., ond \0)"0\90.\3}) QP Pro?our\a ‘%Fani-
(‘)?cance, (Seem),below)_

roots, This discovery is n onu cose
P 3 9

(iv) We Powna\ several mstonces o? how (more or
less) S]DQC‘iG‘ }ourpose CO.\Culi Con Sreo\}\J %c’.\}"tﬂe
desiﬁn ond correctness Proo? oP Programs Yhat would
otheriise have been hard Yo comceive and Yo ‘ws\-'.?n.
Tn Prosram design, Yhe wse o? Yhe Prec\icc\\e Cc.\-
culus 15 now we“-es\’o\o\is\wecl. Las} year ~]»‘ne (‘a\cu\us
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d? reﬁu\o.r exr)ressiohs WwWoas Success@a\\b a\op\ied in

G Nnew Ccrn}exsf -wviz. }\ﬂo} o? dis\r‘:\ou)rec\ ccrn)ou:\'&}'lmsﬁ

and wmore recenﬂb 9.3.1‘1. von qu}eren deve\o)aec\

with  WH) tegen o special “rin AP @ur Fhe
Y P 9

c{esian o? Ca C\GSS OP PGFMLAC\\‘SOY\ G\goﬂ}-\'\ms. We

sense a trend (see (I), below).

The cbove results are neol indepe’ncle& ond
clearly Yelong do e same “schoo) of” Hnought
" '!'}ﬂifﬁ grew wEi\e 1T was ot the Einc\\noven Univers\b
Of ‘Tec‘n*no\osb, ﬂ‘ f\'\'\e Uh'\\fef‘s'l\b o‘e'rexc\s c\\' ﬂus}in
1 Founc\ o very o\i%Peren)f culture | o? which s\mnﬁ
‘\rao\i)r'\on in Ynec\'\omic-o.] eﬂf\eorem T:rovinD -.es\a\s\is\neé
bU “Wobhert S.IBo\nje.r‘ and ) Strother Moore ~ Wwas
one o? e main a\-rc«c;\r'tcms. 1 in‘encl Yo exp\oﬁ

‘o the u\“es‘- My © or‘uv\'.hes o oc}'m s \icison
o%‘.‘cer ?loe\wee«n \?woFI:n}e“ed‘uc“ ii(‘?erek?\-\ cultures

and Yo searc<h F:;r [N ﬁwx-*ﬁ-\ }o\e‘nc} o? Qus)ﬂn‘s

‘mc\.ino}ion '}owards Vhec\'\om'rlo.}‘loﬁ onc ?ormo\u:j
Fi gorous %Un&a\iw end  Eindhoven's slress on
MQ\-)nemc‘\-‘uco.\ e\e\_c)omce. T see 'Hﬂe ?o“owinﬁ o]’:-
For)‘b\n'a“'les.

(T-) 'The Cl’\lslw\5> Qﬂ%c\'ive wse o? e\ejo\n} Cu\Cu\i

Seems & vetj }Ofow\isir\b areo., Yhe exp\orc\\'icrn 0?
bu\v\ic\'\ }las ml\j lt)e.ﬁu.n. Tai\orins (= CQ\ Cu.\u.s }Q cne‘s

\momi‘r;-u\c\-ive neecls 18 Cleas"\b wne 0? Hne maoin
rules o? Yhe ame, & game which Eindhoven,
]30135 “in Eu\er‘s S\B\e", e w'\“ﬂou)‘

however, shll
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muc\w F:c')rmc.\ ﬁ")undc\}’iov\ omc] \N'ix‘\ﬂou\‘ muc\'\ \OOLSEC

‘msijh} n -H\e \im‘.}s OP such CQ\Cu\i. CUnic‘ueneSS_

Proo?s, ?or ins\‘cmce, hove '}rc.ol"}icmm“d )ooH';erecl us)

“The roPGSSiOYm‘ desion o]Pe\e an'} co\cu\i wou\d maLe_
P 9 9

7\ we“-es\-o.\a\is\wc\ '}ro\c\ﬂion o? r;mre lo%ic \ec___::ol

*o "ve\nic\es o? ﬁsrn-\c.\ reo.so.n'maa o? Srea )oro\c)'ica\

VQ\(AQ.

(]I) 'The \in\ts Connec.}‘mj Pmo? c.\es'u n and Prosrom
Clesign are 32'“":1'\3 s}rcmaer and s ronger‘, both
ﬁ-m T;rcac‘-’:c.a\ ex]:verience Csee Ciii) o\\oove) oncl
rm & ’Hﬂeore\'lC‘.&\ oih" o] Vview --Hne \0 } T
' P S
/?er' Mer}in-\_éf Sees anrm EXO\C}‘ th\ogj \oe\\»/een
Fr‘ooPs ond Progro.ms—- . Cmsequen}\J, F’or corm -
r)uhhﬁ Science/}'.)rosmmm‘ma menﬁodo\ogb , ”Prooﬁ
dr':ven rOGremmin ’ Sems on o ro ria\‘e CQ%L-
Programming PProp
P‘wrase g;r O Now Pr‘om}:&‘mj researck Sreo.,

Aushin's %reo}er‘ recdiness Yo mechanize s:jm\oo\ mMonij-

Pu\a\"ion will almest cerkinl:) give such o \oro:)ec\'

G Gvour i;' never cels as lcm &S }l is T;ursuecl
in +the Eincnﬂoven St)]e; a} Ye same )rime i} will
a)oen “p < New Greo o Q.P)o\ico.\']on ?or -‘-\'\e Qus)in
;rao\i}'icm. [No‘-e )r\'\c." G ormc.“ derived Prﬁav”ﬁm
1S an g\o)ec} ?uno\amen)‘o.“:j di%eren“ {;am Yhe
'm‘u‘-\dvveb Co'ns}ruc.\-ec\ cnes ‘Hﬂa Fe:’vao\e Currer\}
‘mckus)rrio.\ ra.c,\-ice: the r‘e\a\ﬁcm is as \oe\'wwn

o Froven theorermm ond an unJus}igecl cm(')ec\‘w’e--}

(]ID Qmericom W'IEC\'\O.ni'zeo\ sbmbo\ mani\ou\\c‘;'}oﬁ is
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'ImPress'ave-, bied as it is Yo LIST "'\0.3 now 25 Yeors
old- i} is also Uﬂbe\ieva\;b ug\ . Decodes oP

s»cﬁnc\}im —$he hO\"'YY\GJ resu“‘ O

remclure shin-
dar dizadion -

hqve \aeen C.overe.o\ uP \ob \Ou.'.) clinj
{-‘c’mslrem c\-uearaer hardware. Mechanized Sumbal man
ni]vu\\a}']c:h ,lou}' nor in LISPs S}T"cx'njh}-'&c\«e}, 'S on

‘mSQﬂ?cien}\J 27‘«‘?\0\"20\ avenwe , an

T Cvvn eager
"'o )‘Q\ce 'Hfle, ex\oerimenx. J

(V) '.[ndafzev\den\-lﬁ, we and (Bojer/l"\oore have ?Ouw‘\cl
Cases in wL\ic\n o .Sbn)'achc anqbﬁs o? qu_ @f‘.mo‘\
shatement o? the demonstrondum
u.ic\ance, occasirma“ Yo Hle. Poin“ OF o.\mos]' dic\‘c‘:ira
how }he roo? had 4o be conducked. The Yime seems

ripe Yo es 'nma\'e. w\ﬂe}\ner O™ \')Oih} ex\';erienc.es warran\‘
G More Ccomscioaws ex!o\oro\lion in Hﬁa

owve S}MS \’t%riﬁ}‘ic

direckion.

In viewd o? Hne Q\tmve ’i WW\G\ \i\«e 'ito ex}encl
I researc\n Co-v\)l'r'ﬁc} MH“. an ﬂushn \Ol"Gnc\'\.
'Besic\es }"le Gvoilc\lai‘il'j of -)-he necessw:j F?Ands, }he,
reclizobion o? course on the aum\a\oi\i\-n o? the ne-
cessary, telent. Twe PhD shudenls 4hol expec} o
earn Yheir kHe bb Ve end o? the Year hove shown
Heir 'm}eres} n \')oinin‘j e ?r o Number U’P fjears.
he one , Warren Hunb, is the first “Ph'D. shadent u?
rﬁober/l\'\oore; his or;":ainq\ \Quc\agroumel s in dechronic
€r\aineerin3, FOY' ]'lis esis \oe \’m»s Q?P\iec\ YnEe\'mnich
Yheorem proving Yo +the Jus\-ij[?.cg\im QP c.ircu.{\-r:j, Ar
m:j lc-ts\' :jeo\r‘s \ec‘ur*ea \ne wWGs A-‘ae \orig)-\)esl‘ S)’)o} in my
audience ond 1T would be \"O'PY"‘_') }o be oble 4o olfract
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him. ,%e Same “no\ds Par gqs ’.B\"aams& m his s}u&er\'}
Closbs he Su.ri\‘c\nec{ {)rom mo\')hemoAWCo.\ er\&'meeriﬂj Cin
Eindhoven ) fo theorekicol L:jsics Cin Ulrecht). '-Durmﬁ
the losh @vuf Yeers , PQHI\; o} the UXQER Culhom
quom}or‘j (UX) ond Por}}j o} the Max Plonck In.
shitul P&r fP\mMQijs‘aL in Saf‘C\ninj ("‘F‘RS) he has
]oecome c ‘ori“ian" P\c\smc\ )r;ln\:jsicisx w\}\-\ ex\enswe
Cc‘mm\ou)rc- 'u(mc-.\ ex?erience, ond Serious Cemsioders
bacomir\j a COmpu\ﬁn scientist as well. “Thew, have
nok :jd commithed %jem selves (cmd have |, oF course,
F‘%Ej o? o\'\'!er osr:or}uni\"aes, L:u& T am cbraid }-\'\a}
Yot would hold [2r whomever T wowd lke 3o
o:n'rc.c)rﬁ. 1 WOu\Ol re@r Yo o.)r\'rc\c\‘ Ywo ch} c\ocs"
o? su icienHD diklerent \oqc\cernas so as Yo sh-
mulade each other. In addibion would Propose
o be r.-cﬁd Po«r\‘ o? ma SUummer Sca\ar‘t_.j and
louclac} gr )rrove\ and COmmuv\ico.‘;iem.

“The drqpﬂnﬁ o?c\ more de\‘&i\ecl \ouo\ses- has Yo
boe Fos}}omec& un il T am back in ﬂus}'m, where

1 shol arcive next week .

MUQYIQV\ N 21 ﬂugus} lq&g Edsser LY'DSLSM



