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Tasting the Clavour of \'or-oqr‘amm(ng

( On the occasion of o talk Lo be given ko
Firvrislh students visELEnﬁ the THE on

W?.ol.neadmj 13 'ma«rc\q 19&5-)

1L 45 « P\easure ko me ko lhave the ov\oor\:uni‘:g}
to address young students Sfrom abroad, e.specia\lg
when Hhose students are from Finland . Partially
due to thwe circumnstance that our cownbries are
boths very small  and \omr’kiauj due ko the circum -
clapce that Finland 4s locaked in such a far
corner of \estern Europe, Etndhoven Universiky
base a muc.\ﬂ mere inkivmale eontact with the
Helaimbky Universities than with  =For tnstance -
k‘qe CO\W?DM.:; Sor"oonne. 1 rec)‘olr-ak your vist b
to Eindloovea as a conkinuakiorn of that
Te\ati;ions\ﬂi\o and I bid you welcomne .

>

Over the last decade programm in bhas Pr—esenéeol
ﬂ:::ew as o new mai:\ﬂemm‘:fCa\ discy E‘

I do not expeck you ko be Camiliar with thal
OU:;C.{F‘I'WP_ ond  strce iz i a very short kalk,

T shall veskrict \mgsem ko skal:c.\ntmﬁ you Hre
Claveur of the olt'sciphne (ak least of sowme part
of it). For that purpose 1 ghall chow you

bwo axa\mples of prograw o\eve\opm-eni, one

very s{mP\e examF\e (l:o W aryn u.p) and one

less 5tmt7\e example (ko make a @oivit ).

vie . C.'.D(Y'IC-E

4+~
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The 5tm‘o\e exercise ckeo.\:_, wlh\r) the derivakion
of a program that -when execulbed- Behercxies
o table m?: the first 100 cubes of natural
Numbers . Mg guess s Hoal Ho\ooolj will
obj ect to Lhe prograwm

=0
;,CLQ v # 100 - C:(h):.-n?’_-, itz it g__q_[.
This brogram is correct becaunse (b wmainkains
(L\ne l;ruaq OCB the condition
Po: 0<nsi1o0 A (Rizogi<as FGY=12),

0 that wpon Lermipnakion, Whea wn=1to0, PO
P\"QC.&.%%\B sLatE.s W\na.j«. We wmnl:eo[,

If we would leave ik al this , ke exmmple
would be a litkle bit koo poor. For the sake
of the m-jumew{ wWe im\Oose the reskrickion thak
the program be exPr'ebs€A in terms of 1o other
arithmetbic opes’aLiona thavy additive O\oeralrions :
For the pregram we a.\vea\olﬂ bhave this means
that we have to elivninake the vow iviad missible

expression n>. We propose bo do 40 \::»5
insisking - In adodition to Po- on (the krukh
of)

(PQ : X o= i’?z.

This 3(\/e5 Us 65 o next ~verstowv o? the

program | for instance,

Vit=0, X:=0
sdo m#E0 5 [i(n)ax 5 xe= (n31)% niznet od



WHG6 - 1

New it seems that we have made \:\nf\nﬂs WoTse!

E\ne inadmissible expression n? bas been

for the rmore complicated, ec?uq\[:d
However, we

-Q)(,C.")QHﬁEd.
Anadmissi ble, ax‘oression (\ﬂ+1)3,
achieved that the asﬁégnmeni ke § became
adwiissi ble . And. we \oroceeaL, with the promise
thakt with 'res\(;ecE to  thars qss(gnv—nenh the
pr‘o_%:am has its _evenl:uc«[ skdaper

the e»kro\t:ejtj for dealing with the inadwmrs-
sible (‘n*ﬂ)z’ is otamdard : if Hoe machine
con ot per%rm the ca.\c,u\a.l:ion, we bhave to do
it ourselves . Hewce, we start cal cu‘o‘Lfng ,

(h+1j$
-&Oﬂkjebrm&
t"13+ a.nt + 3.n t+4

- f\cmr account of @1}
X + 3nltad v,

il

O\ncL, bhence., we may e lace the inadmissible
x:= (M+1)? 1::5 the skill tnadmissible

Xi= X + 23.0%+3.0+1. But we wmade progress:
we exc\fmn ed the QM‘O[Q ex‘\?r'e:a:a{on Fov OL
Cpbtﬂc{ralzl'c one . ’B_Lj insiskin -1 addikion
ke Po and Pt - on (the ':rul-:a ok

(S grg.nq+3.w1~i,

we Lend as a next version of the program

N:i=05 Xz=0; Yr=1

5 do n # 100

> F:r(ny=x; xi= x+y
5 Y= 3. (e}l + 2. (a+1) 414
s Nzt

od .

i
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In the meavikime | you wiu have 'rewcogn{"%eol
e \Oakl:ern: whal we J'uusL did to kransform the
assignment ko X into an odmissible ome will
be repeated for y. Becnuse

3.(h+1_)g‘+ 3, (n+1) +4
2ni+ 3+t + b.ns b

{on accoun b oc Pa }
y + 6.\ + 6,

H

we are rsu'bc)ga,.s\:eot ke insist on (E\qe truth of)
P2 . 2=6.1 + b

as WQ.H

T leave the last skep to you ancl give
you the uwulbimate program:

M= 03 xi1=05 Y3z z:=b
5 do ¥ #4100
- f[:m)=x
&X::X*‘B
5 Y= y+i
, Zi= z+6b
;5 M= 1 +4
od

The hec‘nnioyue used. i1 the derivakion of the
above \Fr05ram P abso\mke\ﬂ standard . /Pe.o‘a\e.
Camiliar with that EEC\OM(WHQ \oronde this
program, without hesitabiorn and without ‘:\’If\ﬂ‘iflﬂg’
in less than hall 4 minwke. T suggest that,
when you aye bo\c\q_ bhome aﬂo;in) you pose the
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\Oro\o\em ko one of Your c.o\iec:.g,u.eﬁs who s pro\:m\o‘l,j
not Lamiliar with the l:ea\fmiqyme. Then uou bave
o biﬁ c:\mnmce that You Comd him bhesita {hj or
l:\nfn\'u'nﬂ or procluce a wmore c.ovnp‘fca.\:ﬁol» program
(per\'m‘v.s &wcorr—eck), or combinakions at these |
This, of course, s nol amazing because the
o.voxila.\oil{l:_uj of a mWE\f:emo\Ltc-:x\ \:ec\rmic&ue en\nanceb
- the Eec\nwiqrue s well-chosen — one's mau’:cma\.\:(c:q\
abilikies (w\naLever this may be ). If Yyou ore ot
sbruck \oj the difference you could expose your
c.a“eague_ ko l:\ne COHOWfHS Pr-o\o\em, W\ﬂic\'n £ Q

Crivmme Lo man5 pro?essiona\ \o#ogrammer'sn
+

For a /beciuence c(t': 0$i<N) . N>o, Op
inkegers the # sejmen’csum“ %(\o,q() As

deCL'heo{ For a“ P, c:} Av) E\oe 'ra.ngve 0¢ FS Cir < N
by
S(pg) = (Si:psicg: F(D).

We wish to conskruck a program thak computes the
Minimum \Ja.\ue. OX‘ o E:EBMQV\{:sL&W}J l-e. E\ﬂa\.L

Com‘ou.ba.s the value x thal satisfies

X, ::(Mll\l P g U< pPsg < N : S(P,C})).

Agatn, my guess is hal ho\:odﬂ wi“ o\cajed:
Eo E.\’)e, Progr@m

(MiNpg: 0spsgsnvi: S(Pig))
+
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This program s correck because ik wainkains
Po: osns N A x= (MINpg:ocpsgen: S(pg)),

S0 E\na!: Wpon terminakion, w\ﬂen n= N, Po
grecise\j sbates what we wanted.
i

e\ﬁ"tarh ”!\Joboahj will objeck“ LS Fer‘\na‘zs a

too bold statement since Yyou don't know the
definikion of ™MIN . I Ekrust ‘nowev‘er‘) Yyou
made an finLeH(Sent guess.

(Ewd o-P Qemmr"z.)

The qsai‘gﬂmenl: ko X As S0 %orrl'\:\ﬂ irad -
missible thalt we r‘as\q\_lj skart to calewlake for
oume\ves:

(m_“l__ﬁ_\_lo,c?' 0$PSCI/S\‘!~H: S(\O,q/\)
- -{s‘a\ikttm_c) the c\omc@ih}
(M Pt 0&Psg< S(p.9))
m
(uLN\a:OSan+1: S(Y)mﬂ))
= {on account of Po}
x min (MINp:ogpsnts: Slprt))

Therefore, a next version of the program is

Nv=0; x:=90

s do n# N

- x:= x min (MINprocpsnti: S(p o))
s Nizer+

od

Asc\t’n W e yrnade proﬁres.s, because_ E\ﬁt \’701“1"&\:)\&
inadmissible e_xprﬂes.sfon bhas been exc\fmnjeal
for o s%iH \norr(\o\g {na.a\misac“\o\e, \jd: si‘m‘?ler‘,
.D-X\O‘F"QSS['OYTK e \D:‘:L o, O\Mmm_!ﬂ
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As v the FGirst exqmp\e we cou\ol. bry Lo
insist on Q—.\o?_ truth of)

y = (MiNp: 0spsntr: S(p n+t))

butb that is LMXOOssl\:; because S (pr+i) is
nok delived Ffor all 'va,\ues {n the range of n,
viz. not For n =N. Ivristeadl we <insist

on
Pri y= (MiNp:ospsn: S(p m)).

The rnext wversion l—.\nem becarmes

=03 X:i=0; Y =0

sde v N

5 yr= (MINp:ogpsnet e S(p n+1))
s Xi= X min Y
5 Ma= N+

od

Note Nokice that, thus (ar, the Sequence {
bhas nol yet entered kthe game.
(End of Note.)

ﬁﬂqm, we caleulake :

(MIN p: 0spsm+t: S(p.nti))
{sﬂf\ l:l:m_cj the G\Oanlj
(Mit\tp:{;os}: S (p, n+1)) min Slnvt,nn)

delinikion of S}

(MINp: 0spsn = D(pn)+ £ (n)) t_n_____
‘s
min

B

Ml

ahdibion o\f:-\:r-tbbt\:e;s over M™MIN

i 0<pgn: (\%W))Jr { )
CCDFOL&WE) ko P11
F(n)) min 0.

H
z7

0

H
-f"""i
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ARnd here 4is our ?E‘na\ Program:

n:=03 x:=03 Yy:=0
s do n 4+ N
- 3::(3-&?(\'1\)\91'_\10
3 X=X mn Y
I Ny = i
od .

Atn't it o ’Becxulza,
>

1 \noPa that T wade You baste bhe mavom“
of programming, and. T lope it tasted well.
Rut belore we lzave T wom\ao\ like Lo wnake

o€ vnore '}"emar'kv Mouw Aow me WUs imq non -
corvential notaktions for more or less conven-
bional notiens. What You saw was the ko

of on ic:&\-:-»erg. Machines derive Eheir wuseful-
ness from the fack that E\naﬂ do preaise\ﬂ what
we inskruct them to do. If we wanb to use
them well , we have ko learn Yow ko conduct
QAT ’re:xsominfj power mwc.‘q more preci:e\ﬂ, ond
bhence much more e.WecL—ive\HJ tan braditional
mathematics is able to SM.FPll:]- As such, T
am cenvinced thal Com\oukcnﬂ Science will have
o much dee\aer influence on mathematics Eran
the current Bﬁﬂer’qjﬂ:om of Vnak\rae,m:z»Lict'qns A wi“c‘na
to QCC&\P{L I \’70&9&: E\’)aL _i?__b_t_ C,\'lahje 3-&&1‘*5. )
A rice 6{:an and a. Sooo\. brep boack home.

W.H.J. Feije,r;,
26 March 1965



