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On Programmming and Mathewmatical Reasoning

(Lalk to be qiven Ffor Compul:er Sciences freshimen
of the Uﬂ;\f€r’5”:_lj of Texas abt Austin on
132 Oclober 1967, 5:00 - 6:00 PM.)

Ladies and Genﬁlemen,

leb ime I:Dejim w'\d’l éLaLinﬁ {‘.Lw.k it s a 51‘90&.
P[easure ko me oc Hauc‘ng dhe onorEumiéﬂ ko 3:\;:
o tallk to you . The Weasure consists <n the
combima{-{'on oc l'l';e balecl:eol dﬂeme, 'Pr-ojrqmmc'ng
and Mathematical ’R’easonimg , and you beu'hg
freshmen . This mi_cj‘nt becorme clear as EL}E Jto,”q
proceeds . Pefore 1 start, I wank to apologfae
to thooe amorg you who are eager to bhear any -
t\fving usc—:le about raar(:ic;u‘ar:: of the uﬁo‘et_'ﬂr‘mm
duake /.;Lucl__g here ab UT. Me locirw_cj a
Deportiment s Sblab(: w\—:o JM&‘: orrived , | amn rot
oble to \orov%cle. any ih-farmal:ion of that sort .
_nﬂer'erore. I Cav do w‘nalz I iilqe muclo Fmore

and discuss 5ome!:(n£m3 ymore 3enem].

Most of you are al the bejtmn(h of a
Professional career and 1 dﬂou_g‘nl. Ehis were
a Sood reasor to Qive Uow an overview of my
QWi prafzsaional life [ﬂfaﬂeﬂ:o‘ Some awmorlg You
miﬂ\n!-. \m’clﬂ up .Someunin_c, u.s:e(ul Lrom 4L, Tk
Aerves the An f:.\r;a(: Jtl-. Jf)roviolas Qa »sl:epoiwg bLone
for whal 1 Tea”g wank ko Ekall abouL Hamesg
the wh‘areceienLeol c.‘na”ehje Mathemakics s
faced wil-.L) bﬂ doe emergevice op Com‘ou‘::'n_g Science
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I wa s l::)orrl, Br'ew up, o.nd Tece}ved 124
hi_g‘ﬂ-sc.\’:oo‘ educakion In whal was called aﬂe

dark south of The Netherlands . That part of

the country was alimost exclusively Roman
le:t'mlic_, ard %0 was L . During wmy young
the Vatican had kil a con&idt’.raue

of every - day life

or Takher:

530\1"5
influerce o the orﬂam'zal:ion

and on tie way ‘aeopse would  Ehink,
nok think . At pPrimary school, wmore time was
spent on leamin_g ko behave like a 3000[ oman
Cathol ic tharn on ‘eqmin_g arithimekic . 1
menkion this becanse , as 1 realized much
[QLEr", it ‘flaf_: bad an iﬂﬂueﬂce o My

Mat‘nemal:ica’ [i{e .

™M Mai‘.l'lema[:ical i(fe rea,”g skarted at dve
age o::& 12 when L entered ‘m_gln school . The
‘m’g‘n achool in my bown was Tun by, and under
Fimrm conf:ro[ or, the Order of the Friars Minor.
Foy the inLeHec‘: ok zbc‘rlool, that Order had o
resorkt Lo ‘C\.;Ll_,j. And indeed, oll beackers
of mathemakics were Lagmen. Hig\q school
offered me a comsiderable amount of mathewmalkics
five consecukive years. it included

skereomebry, aﬂalghical ﬁeome\:rg,
chanics,

during

\ofané geomefz@,
Erigonomelzry, daebra, calculus, and e

And T loved {{-.! And I olso loved wr. Pasmans,
my Yesu,la:r teacher for wmathematics. He
was a gentle man  who Eau_g\'ﬂ: mathemakics wikh

d with auskerity . 1 qlwa_lj:: Pelt 1

lu ala_t_,; with sudh a teacher.

\oaf:ai cr?7 Qn
bhave been
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Tn those days, in the late [ifties, it also
dawned upon the dark 5ou[:1r7, l:L'ra.Jc miraculous
machines , called com‘ouLer:a, had been invented
and. that kLreﬂ were Eo c\’mnge e Ca.ce, of 60(:;'&':5.
( For instance would l:"'le_g cause O WIRssive
wn em ploy ment, because ore Ain le com puter could
evenl:ua”i do the wor‘q o? a” c.?er‘@ﬁ i dfie c.oun‘:\y.
As a young boy 1 was inkrigued by the
henomenor and by all bre Tumours and faimy-
attericling £ However, molcod_q in my

ta’e.s
enivironment kirew abomel:‘m'n_g Cuwo’tamen&ai oT
sulssl;o.nl:{al about compu&er.s. There was even

no place in the country where you could study
them . Gre year before 1 Bro\duakec[ Crom

\qisin :>c.l'mo| I veceived a Boiden Ei\o Crom

dr- ’Bj'bma. He was an old man, gray. tall,
5EaLe|5, t’laviﬂg a Qr“oac!dimg voice, and Ceared b_l.j
oll \oupi‘s. He was T‘eﬁarcleol as the ernbodiment

of wisdem . His advice ko ime was short,
clear, and witlout any best bakion :

" Then, study mal:lnema,Jcn‘c:s,.-“
Whal an insiﬂ\% ir E\'mse da&:‘:! How mucL; rrioTe

obviows would have been o Banis&qm::nl; Lowards

Elecl:r'icql Engineering. Many ears wenk Eg
before 1 ﬂrear?zeol thal this man iaa[. his

inl:e“ec&ual Toots 4An l:.\-;e muc:lo yrioye secular wester)

\Oar(; of our counl:rgd

So, there 1 went, mathemakics be:‘n_g Yy
cup of tea anghow. I weabt to the
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’.Dca\oarl:mem{: oF Mathermakics at E‘ne Téc‘ano\osica{
Uniuerfnlk:5 of Eiridhoven (. o? u\qic\q I laker

becaime an employee and skill am ). When 1
arrived there, L %uicl&]g became o\ee‘a\ﬁ impre&sec{
by what I saw and heard , and I Temained oo

ch owugun_(j many  Years. 1n ar!:(c.u.lar h‘ne
Cull Propessors would Ll e with o \ﬂoLg resipect ;
Qa.ch oC \:‘ﬂem kkrew muc‘a vnore Q’mm I would

ever be able to reusie - 'ﬁ’-eg TE‘or‘cscanceoL
Mathemakics . gnc{ mal:\oemal:ic:s bein_aj the

Queen of the Sciences, l—_\ﬂég were the Kings -

(In fre'crospec(:-, some of them  behaved like o ke g
indeed - ) AL Formal occasions L-.Lxeﬂ would show
M‘o couecl:':ve[ s wzari\mj gowns. For me as

a novice, aﬁ the devolion, d(ﬂnikg, and decorum
was in Perf}ec{ \oarmong with my Roman Catholic
heart . So much for this.

The ’De‘aarfzmenk wou‘ol opper a cuwicu‘um
w\nic‘ﬂ woulo\ 'reasonalo‘_g wa” covey w\'m{; wat s
geherm”_\j Fel{: to b Ptma\ieoﬂ. Mal;\nema(:ics. There
was a Mmalyt &m asis on f"ma'.‘ﬂ:;is_, ‘arobaUg
for the -Laenep{l: of Numerical Mathemakics,
MatkemaLica‘ ’P‘ﬂ_gsfcs, and _ﬂ’leorel:{ca] Mec‘ﬂan(cs.

There was a wminor rdle Loy Discrete Mathematics,
ond  there was Staliskics and OPerml:l'oha.‘ Research .
There was on‘_q one chair Ffor Corn\outinj Selence
occupied by prof. dr. E.W. Dijkstra, and it was
o bit of a dt'_sar.v\f)oinl:mem‘. o me Ehat CO\'V‘)PM‘:I'hf
Geoiermce was 3enera”t_.j 'r&‘jarclecl as vok T’E‘a”ﬁ be-
\onging to g-enm'ne rnagne.\ma[:fcsn Lﬂm‘s o\fcl viot
agiee with  the Golden Tip 1 received al lﬂi\gl") school )
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’PT"ef:bU’l’)ﬂL)‘g t\’?e Cl"lﬂ;'r LTRO{ L.')EEVI CD%!"‘IA?CI b‘ecﬁllb(&?

o with the advent of com‘oul:ers—» nuimerico
ana.‘ﬂsi:;, oFeraLfona‘ 're:aem'ch, stabisties, discrete

.ma‘:"r?ma[:ic:}.\, CH’?O{. F{‘r"\"}arys number (‘.L)eorg were
1 Q”Cnl’* E\”'O-% in those da_vjs

expected &o boom .
OF = ec{:acular ad vancerm ents in e‘ecgronics,

Compuf;ing Geienee == Comiou’:g._rj Science, T 5‘noujo[
50y ~=  was 'remng be‘ievecl to ‘oetom_g ko

Electrical Enjc'heer!'w_gﬁ At vy university, EE
indeed lad more projessors of cOmsouLer science
than the 'DeParEmewﬁ of Mathematics - T musl
admit that I was koo Young then Lo be a.‘g‘e to

Juo\_qe.
T acce‘o(:eol the EL:ihjs as t‘ng_xd came, entered
Qf:e H‘lﬂ{:"_{e}ﬂahca.i \«Ior[ol, and erl_jo:\eol b‘:uc{ﬂc'\qj very
muctrn 1 also starked ko /&L7are - \:)5 0SVNOSIS ~ -

e vnathemalicians's view of ComPuLinj Seience .

It took e many years before I atarted Eo
understand how big o misconception this was.

The mi_sconc:eFLion has vol olleviakted Eill this
Tt ds kil vellected in the name oF

0’; MO\[“flemaLics and

Very dag,
abt least in the Old \nfor’c{,

imany a "fDetaa.rEment

ComPul-ima Secience
There were kwo \fmrar;_g

lorevenkecl me From Aﬂcm‘hg

view oc Com\cul“inﬂ Seience
ovie circumstance was thal one swummer 1

volunteered at e Cowqou(:iwq Cenltre of The Dateh
Slate Mimes. There I wiknessed dozens of

Peop‘e f»ighl-ih_g a Univac IT (. a malin?r'ame
i those Aaﬂs)' There [ was Pface- in- face with
the inaioil”:_y of so0 many PeoFle ko \oroc{uce

ciTeumsakances that
doe mathemalicians's

comp‘e(:elg . —me
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sofbware in o bjjéLemch manmer. Later I [earned
Elﬂa{ E‘n":a was Eﬂpica[ of Hear-‘ﬂ a“ Com\oukt‘ng

-

Cenbtres oand that what I saw was the
Software Crsis -

The obher \na‘?r:g cirecum stance was thal on the
uwi\fers}l:g we had ko program q,m'lﬂ.e o lot, mainlt_,,
Por the courses on pumerical analﬂsi_ﬁ.u There
[ expeﬂ'enced_ Hie rvecurring inconvenience of
being unable ko come ko grips with an
Ev}dc‘huﬂ exi:;lrl‘ng C-orreb\oond.ence beltween E\oe
Proﬁ\mmg T made and Ehe mauklnema.i:icm\ Qormu[ae
Lrom which Hhese pregrams emer:e_:jec{. No teacher
oF humer(cal ana|5565 and. 1o Profeasor at EE
for that makker had given wme the 6‘!3“[:2.5‘-‘ indicak

whatsoever Eowards Tejo‘vfng that inconvenience .

Tt got Tesolved uh:(make!g:, by that ore
\or‘ofes:sor oF Com‘oul-t‘n_g Science w{l:\nin our
depqumenb, in his course “ R short introduckion
into Ehe art of programmin T Bud Pr"op. :D\f)"as{ra
would show and argue much more in that course .
He 5‘40W90\ how programs COu[ci be corskrucked in
o lﬂtj\q‘s 6&5{ema“c marnmner (wiu’louﬁ 're::or‘:inj ko
“x ba”el: op 55\~1L=o‘s“) . And he . W'ou‘o\ argue
wtf)_g com\auker‘ prdgr‘amming was in\:r{nsieaﬁg
difficult and w‘flg -~ by its very pature-- had ko
be considered as o comlo‘e{:e\g new branch  of
OLPIOlieo\ mabhemalkics. The ideas abbracked wme
very mudh and were in accordance with what I
lhad ax\perienc:eoln When 1 Srac{bta(:eok from the
uhiversil:_g_. in 1910, I had l-.\ne exkreme
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‘arivi‘la_qe. op becemin an assistant op Prop. 'Djjk:;kra
For e, this was lfae. L)efjinnfnj of a Peru’od of
marly Years 0(3 O.\Opr“enl:iee_shf’o, Co\lal.:vor‘al:ior?,
ard ?riehds‘ﬂipﬂ And that Periocl secems wnok ko
bave ended 3&6., ( Here ia the f\ace Lo say that

to him 1 owe mmost of my mnders amdin_g of

ComPuLinﬁ Qcience . )

The whole \aerfooL in rinciple has  been
mquea[ 1:35 JM.SL one theme : ”]'-cee‘: ik zsimr:’e,
‘olease: " —rec‘ﬂnica“_g, thoe Fer—foal Calls a‘oar-L
\vp Ewo halves. In LL"E’ firsk half we were
main’:j concerned with the mathematization
oC the art o'r Projrammin_cj_, 1.e. loene{t'n_g the
arkt (nto o Fiyvm mal:‘oemal:{cal oli:cilo‘ine. L
the second hall e em‘alrmsiﬁ rmoved ~-as an
ﬁnevil:.a’o,e Consecyuance, oc our ‘oreviou.s ZXFeriencef, -
towards * Skreamlfning E\"le mal:LeMaLica] argument“.
And Einm{ > w‘aere we are rnow. { The Eransikion
From the First to the second period Coivicides
more or less -- and not by accident so-- with

Nel'.[:_g varn Qasteren _}ofnin_g nus . )

et me [or'iqu dzscriizze wLm[: %alopenec[. When
I _joinecl. the iDetoqu:\men(: of Mathemalies in 1970
o few vemarkable results had been achieved own
the internakbional batte Field of Comyau&er
’Proﬁramminj. Firsk, prop. N. Wirth had deafjned
the programming ‘Qﬂﬁmage Pascal . Second,
Pr'oc. D_Ijl’%ﬁl:r’a had writtern his “ Notes on
Structured ‘fl:’r"oﬁrammins " Third,
PI"OF« C.AR. Hoare bhad Ju.sl‘. Pub'is\qeo{
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Al {:\';ree, \oeo‘ole qud l:\ne sonme Soa‘: Covnivig to
grips with Programmih : Their contribukions
spread over dhe world lile wildfire \:\qaﬂ had

an Lfrnormous imPnaE and bEu‘H have

Aside T am kere inn Austin Cor seven weeks
ow, and [ have seen all these three Paop|<.
oh your CS Department, [on't that a wice
indicabion for how irﬂ;a”ect:ua“g vivid a
department You are on 9

(End og Aside.)

The contribubions set the sCenely for the years
Lo corme and in Eirmdhoven l:‘deg sterved us as

Qa Qm.rlzinj Poinf‘. Loward s malclﬂevna‘:i&:‘hj L‘ne art
of Pro\qrammin_g . Dur‘ing at least seven years

we wmade raPid. progress ,- T ':L'H'h"-l- We learned
to derive programs Cram EL‘:e'sr‘ Qunc‘:ionql fa\oec:i(?{ccv.w
tLiorms: Simple ones first and then imore com‘aii—-

cated ones. We axPlaineci about programming,
about our experimenkn, and about our ax\aer—c'ences

to all sorts of eolola. There was alwas,:s
exciterment w‘nen a nexk bEQM{:{‘Qul |i’l:l:‘e ‘or*asmm
emerﬁed. We bad a reqular course on program -
ming which was attended by Qnirc{.-gear skudents
of ma.lzl'mmal-('c5. T‘ﬂa{«" course was «K deCt‘nfLe souice

o? insFiraLion« Them we c_oulo(. kesl i d.e.l:m'l

the exp,ainmbi\[k_g of our Ftnch‘nﬁs. 1 36nem‘,
l:!nircl—gear- students oc mal:LvevnaL-ir:.:a formed o
suw-icien(:‘_uj cribical and en\fg\nkam‘ng audievce . For
me , \k was the Dirst tlme in my i fe that I
whnderskood e rel evance Oc the irbivmalbe inker-
weaving of academic research and academic educaki
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NOW’, ‘E—E me dwel( ovi k‘neae courses Ln sowme vnore
d.e(:ail. Tle skudenks l-.\naL wrou‘aL visid it had been
exPosecL to ‘OrOSramming courses before. There
(::&oaﬂ ‘ﬂao{ ‘Eanei (zlf}al: Qa, Prosr'al’ﬂ \ﬂac{ l:o loe
execubed on a machine, and there {:\qe_bj bad learneo
Eo think about a forogram by Eying ko Bhink of
what haPPewo during execukion . ( The jargon
refers ko this habit as "oPeral:fcma.l l—.\rrin‘a.in_c}'.)
'T{')e oukbcowne op our T'E&GQFCL’T WA s l:lqad: o Prosmm is
best wunderskosd as a mo..l:jnemq‘:ical Cormulae to
be derived Frowm the /pr'asram's o priort given
Func‘:ional b\oecific.aéion. ﬁ{f;o, it 0 \'m.r.r\aeﬂeck h\na&
the ma.l—meaLic.s op program clesiﬁn u\'Bec‘. ws ko
design, conceive, and tead a progmm Eext
bacéwo\rds. Now ima.ji'ne f:‘ne sbudenks Vl'si(:('\fij
oUr course. They bhad to make a W= kurn 4in
!;lqeiq— l;\qimk.‘nj. \J\ni’c ‘zar“ninﬂ od:)oud: ar)
OIOJECLEUQ‘S suPer{or method o{ program dgg,[gn‘
l:l'7e5 bad to wunlearp abk the same kime wha b (:%eg
bad wmade E‘nemsalves tnore or less pami‘iar' wiun
before. And we discovered that the Process of
unleqrmins, por;gcl:%n‘w_g aboul a ieast, was bheir
mqjor .‘.’7‘:%&’*\&3“1’1_5 block . (Here I bave to add
that this ‘oasl: was inﬂfd—cd wiror these okudents .
Whenn I come Eo think of il this way , decioL:‘n3
on what bto teach and how Eo &eqc.‘q becomes a
ingh‘_g delicate and T’fskg rmakker. )  For me, th is
2Xx ‘o-erience was my Firet Eirm conpr—onﬁa(:iorﬁ with
the corrsequences of bhavirm acarui'reol &'nao\e%mqte
tlﬂfnl’ain_g habils . Tt WOMFG\ riok kalkee lon3 before
the second confromtabion came, which was 30
im[ﬂre_s;:'ve thhak ik WOu‘cl c‘fmnge my sc'cenl:ipu'c. li’;e.
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As T said carlier, we made Tapid pregress in
maslering a \’nnUﬂemaLi’cal d:’bci\o\fne 0(-’ program -
ming, but after seven years or 4o bHrie progress
skarted to e.‘ow down C,OHE:;Aeras‘o‘gn The 6omev~JL7aE
ynore Ainkricate de:ijns we axpeﬂmenl:eci with did
No |0ﬂ5er' 5al~ispg ouy cau‘ciou.si_q buil!—. wp standard
of beauty and matbematical fsimp\icit_g. in
skudying the P\oehomenon we Q\fenl:uaﬂg arrived al
the i\nevi{:aUe ~~ and for me u,wl:Lmuﬂinf of --
conclusion: the standard mathermatical reassming
patterns -~ of which T had been s0 \or"ouo‘ - were
the source of the l:.r-ou.lole. This was the
beq(nning of a new Pe.r'ioclﬁ We stacrked ko tnvesk
gate wvery elementary mathematbics and the way
mathemmaticians would Eﬂpfca‘lﬂ deal with k. (1
remember thal Hee wuse of the mathematical
impiical:ioh was the First to inveah‘jate.) The
outcoeme was beﬂomd doubt: wmathematicians
hmwdiﬁ mqnfr;ulake their pormulqe, _ﬂqeb inkerpret
them inskead. _nﬂe‘j in&erPTeE them i terms o(v
a model, which in ome way or anobher s loekker
than the mathematical formulae . As a result
f:\"le_tj are as operal:iona.i in their Teasoning Qs
the oldfashioned programwmer was in programming .
Durinj ouy invesl:fgal:ionﬁ we a.‘so Pou.nol i:LmL on
many an occasi ov mathematics ‘fmrd‘g can
manipuial:e. its formulae because the viotakion in
which L—.\oeﬂ fhave been rendered is fmeicienUg
clumsy to prevenk any manf\ou‘nl:ion whatsoe ver .

(Here we have bhe a’ue:,(:ion w‘ﬁ;c of the evils

comes firat.)
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These observalions evelked o drastic Q"vahge
(v my mal:\ﬂen?a{:ica} ‘ipe, Aided ‘:3_\4 ar

ever labl.—in_g {grorance of the mathermatics of

covmr;uker Pr—o_gr-ammins b_g l:lne V‘had’)ema‘cical
communiky as a whole , and aided by a Aumber
of unforturakte and exnokional confronkations with
':9€nuihe“ mathemalicians I broke with my
unconditional cx“eﬁl'anr:e Pav the Ku’njs, Now
I am ‘earninﬂ ko J'udﬂe them on their meriks.

Tivme has come ko show some olides. On
hl_gh -sc‘nOOI yrost o’: you bhave becorme ‘:qmi]im— wi!:\q
\ﬂ’ial:‘ﬂe.ma.l:ica\.‘ objec.l-s C'a\,“ed g,el-,_s . Here AS One

"""""" @

An arbi Erary set

usua.‘hd‘, the eqq - s\vayeol -Cn'_gure (w‘qic\’) ou\g"zl: Eo

be o circle) is embedded within a recl;an_gu‘ar"

Crame, w‘nich T'et::rescnh the universe. Here we
take the slide as our universe: ol elerments are
inside G—:e 6|Ede. Likewiﬁe, a.” el.emenl-.s op tl'le,

sekt we comsider are (nside E":e egq - It was

Venn, who invented this T"epresanl:o«.tiohn ( wWho
was Venn 7 I even don't krnow his Birst inikials. )
In set ‘c‘ﬂeorg there are two Imjl'alg im portant

seks tre nost lm"ﬁor‘;an{: ones in fack. One oC

therm is  the emp(:g set .
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————————

The empby set.

The ol:'r-aer one s e universe .

i —

The wniverse .

'ﬂqe&l are e vmjl_ So, bhere somelbhing wmust be
wrong [sic]l. The wext (nvention Venn <=
that the Ewo sides o(-' the eqg should have different
C.olours, In P'ra.c’cice, this is realized b_5 E'L)Gldt'n_cj
the egg s inkerior.

______ 2)(

Venn diagram for the arb}irarg sek X .

With !:\ni:s convenkior, the uwniverse is (:L;e Cu,Hg Qnaded
5lide. and the &m‘okg oot is the Qmpl:g slide . Now
we are 'reaalg ko consider diasrm"nfa with wmore l:"wm
one seb on at.

“““““ X P

AN

\{

Two sets X and Y
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We were very careful in drawing it . Had we shaded
the bwo oeks into the same divection, we woul d
have missed the opporlmm'bg ko Tecognize the imppor-
tant area whidh is row shaded in  two diskinet
directions. Thal area is the inktersection of the
kwo seks. Here we arrive abl whatl Posﬁiuﬂ is
Verns bhird invention. The conbours of the et
beih\g depic&eol ahﬂ")ow, evern il t:\neg are aksent
{n cases like the emFLH seb or the universe, we Jutsl:
dhade the poart of the d{aﬂram which we are
inkzresked in . Becquse, af‘cer a”, all those
different é\ﬂadihgf: maiqe.s the Pormqhs\-w heavy going
and thal deCea(-‘b OUr purposes : 'T‘eae.onfhg q\pou(;
sels, With this pew convenkion Eloe in‘:érsec‘:(on

of two seks can be rendered as

_______ x V

The interseckion of two sebs

Lila.»zwise we can inkroduce E\ﬂe uviiowr of two sebks .

““““ K2 ™~
7

The wurion of bwo sebs.

By row we have introduced our Cormal isim
avrid we have shown it worlked by trying kwo
rather familiar examples. Nexk, lebk  wus
introduce a brandrew o‘oera‘:fon, name‘y the
query of Etwo sebs. it 4s delived ‘og
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A Venn -definction of X?¥Y

Now we can ask to prove the pcnowfn_g theorem .

: x%j( ] "Y

Z

Venn's Forma.l:':m ab work .

Here T wmust a.pologize for bavin chosen a

somewhal bﬂlpr‘id nokation. I the pure Venr -
the Haeorem would have looked like

Fcrma‘ism s

Slide 9 _ e
oo @ &0 &L &) -

Courtesy, bthe Handbeok on the
Foundakions of Illustrative Mothematics™

And whal about the go”owihg t‘neorems?

(9‘) U d(:,l:n"ou‘:es over ?
(b) The Golden Rule .
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L beg your pardon . Are you out of the \os’c.l:ure
a\ﬁ?adg? I EL\oL{S\')E [:Lpa.{ also (i En&l(ﬁ\ﬂ Q. \oicl:uu“e
was WOrl:‘q more than o thousand wowdsz

\fJeu,leL me Lell you this. In mathemalkics,
PEcLures are not wartl'r a penny. 1 couwld ea.s:'[xj
tell you what the query of two sets \af’fcise[ Ls
and with this  off- Picture information you could
di Bourbaw a voad l:lf;rou_g‘f) Picl—.orial demonsktrations
o‘jk")e stated theorems. DBut the point is that 1
don't want you ko do thal: it is amost criminal .
The criminalu'lrg has at least Hharee Srouwds,

First, and minor, the man{‘oulak{ons on the

[Oic.l:uve:; are pr’esuma‘:tlg nok we”-clepfned. Tt-:e.g

ave mechanically tedious and error- prome  Moreover,

the \oossibil{&l’e: For using them are very fivnited .

Second, and worse, each pickure 're\ore.sen!:.ﬁ a
specffic inslance of the arbitrary case. After
having demonskrated cach of these theorerns, you
l’ni_glﬂt very we” Ceel ob\fjeol to consider the cases
that are not covered by the pictures you msed

There are piehL-g of thewn buc\') as kwo sels
being disjoint, one set bein_g contained in the

other, etc..
Third , and worst, the Picl:ur‘es are _ju.bE o

model - one chrl-.icular maole, even -~ for the

:‘;u.\p_j eck MaLl'EF, NL'N'CL: i our Qxample was opemkione
on seks . Dealin wil;\q & we Cu‘nd ourselves

travelin back and ForEL: between Ehe rmodel and

the maiemakical Cormulae . And we are in
Irnminent danjer of id.cnuc_ql'w_q them withs each
ol:‘mzr, oy mix?n_g L\nem up , OF --worse -- o[:
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regarding the ric.l:c.u-es as reality and the formulac
os theiv wnodel. ( Peano kried Eo "capture the
natural numbers by a number of axioms | )

Here you &ee in a rnutshell whal s at the order
of E:Lve day among many maLl’;eMaLicians: I:\ve_q
unneces.sari[_nj c.omxalic;a(:e E\neir Teasoning l:;_lj
inl:erpre.l:c‘n_g (:‘oei*r formu'ae ) This causes
mathematical reasoning to be less ecpl'cfen[:J less

precise, and more mgsl—.er"ious than it wou‘ol bhave

beern otherwise . How mmuch easier is ib to
mahiloulate in on Mniwl:er'r:rel:eo\ Cashion Formu\ac
from o we”- debi_cjneol Corma[ésm. The way we

lhave learned to wmaskter arithmetic on erimary

»Sclﬁool OFCers G exqmlo[e Pm" e.xce“ence.

Corm WL\'nj Science has starked to inve:':"nqu:c
Mathemakical Mel:\nodo(ogg. Lt bhad to, because
!:L:e di.sci‘oline OC Prvﬂrvummin_g T‘e?u;rec’. ik and
mau‘)em&:(ciqnﬁ didn't care. 'PVOﬂrami'nan Fr"om
o oFeraLiona\ viewpoint has a\remlﬁ been
'r'e.PIaceo[ wi&L; o p&‘rm Qm‘cm{u.‘) for the derivalbtion

OF Pr-ojmm:s, Predicate LOjic bas been bent
ko & well-oiled Predicate Caleulus. e
'redoing of l.atkice Theor_g has bequn . The

train Whas skarted moving, and f.‘:fncer-e(g
ope that some Kings on earth join the jourmey .
If not, their dethronement mig‘ﬂ: become

i escaPaHe .

Ahci W\’)a.‘: a‘oou& gou._, pre&)ﬂl’ne\n? Sl'lou‘o[

you avoid courses on mathemalics? fFor
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Heaver s Salke, don't ‘ T did ret want teo
saddle you with a dilemma. On bhe Conbtray, 1
peinted out a Clﬂa”&lﬂ32~ Therefore, do balqc
classes on mabhemaltics . Many, and (‘:OMB‘O ones -

™~

But forewarned is Forearmed . Pelore I leave
1 \Orovicle gou with three concrebe arms:

. if Your l:eaclﬂer' argues !:\nat bomal:\nfng (3

"easil‘gj seen s (—Jnen a.alﬂ. L)im HOW .

of your teacher arques bhat &ame.l:‘afnj (s

thviows™ or “Erivial’ then ask him WHY .

. if your Leacher refers Eo nokuralness or
to intuilition, then OBJECT .

Thank You Lor ")avihg listemed to me,

Austin. 12 October 1967

W.H-J. Fe_:'jen,

’De‘aarl:menl: of Compu(:er Sciences,
The University of Texas ab NRustin,
Auskin, TX 78312 - 118¢



