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What we seemn o have learned..

The pur pose oF Hhis nole is o record our main experiences
O‘urinb the Frsl three months we addressed ourselves Jo the
ques}io-n ”\’\ouo Yo ’}‘Gmi ‘nwe com*,p\ex’-lj o?ar}e()acls such Qs
Proog and programs . M Freson; we Comn W\t’ give an um-
Sor}eo\ lis}': '.l is }OD earb 'lo assess 'n'teir siﬁniﬁcance.

\Je \nawe dome rnos} o{) ouwr €x rirnemls wath Yno.H‘-emo.)ricq\
o.r'aumem}s; ini}ia\lj ‘Hne resem}a}ion o 'nne o\r'sumon)-s was
Cur main eemcern )'.m} qMcHJ we < r“'eé '}o Covre aLou)‘

bhe wsumemk proper as well.

We sharted with Jhe Prejudice +hat bmvi‘b s a hall-
)‘nark OF mo.”l-ema]‘ica\ e\e nee 5 our recen} exFerim-
ces \nowe Ohlﬁ S)‘r&n 'nwe«necl '1}. —Ln Jhe ]oesinmn we Com-
mitted i the name o ‘oreui’b what we '\-)'wn iden iﬁed as
& Sih , viz, brevi b}j omissicm.(—h- 'S an eas? '}M]o F}o @'!\

mto. Once Qler d, we SFO’H@[ \manj "s‘m ul omissions

n ‘he l‘eﬂs o? o‘naers Oma even N owr Own ﬁrs" dmﬁs.)

]} xoo\q us some -\'rme -}o discover —\'\no} 9'|v‘m3 'H—;e )’)euris—-
}ics or bufper‘ms ‘}-)12 s\noc\e o(?'mvem'\icm Ovncl 3‘1\“03 4\19,
"c:\e.aresv rcsemlo\}-icm ore no* heces.’:arilfj -]-\13 Some }L-.n-.
the l-moe GE ”c\oriB" we seem -}o l:e \10min in on does ho?
eXC\uAQ Sur‘oriSes for ‘H’le reader. (Tor +he ﬁrs]' ousthor

—n\e ru}-}\\ess S aration oF Hn_ese ]rWO comngcerns CAwme OGS

SUm«eHﬁns o?o. SLoc"@..)
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I} might be illuminoding 4o boink ouk hot the } o
"Q\Qri}‘j':awe are loo}ci'n (v of 'IS?:TI‘HﬂDLGL]C (CN‘ Ungz\eievoﬁ)es
@r Someome that ]c]enl-i €5 Ccmvefniam} with c:mvon)';cma].
Our whole search ‘@r ”c\ari}-:j” 15 based on +he comviction
'Hw.}' Some Pa—)}erns oP reascnin3 Oore obechveln "Sim]o]er
+than others n the same sense as " which doina arith-

¥
mekic in Arobic numerals i3 o)i)ec)":ve Yy 'S‘am)’\er" Hhon
in “Koman humam\s.

To oive a s)oec-.ﬁc ?xam]—;\e, we Rnow {i“ well that Jhe
halura? num)aefrs Qare mucL, muc\n o‘c\&r -n-aon é')'le nejo\;ive
]n-lesers, We are nclined do reare* tho} 4hat as}oec)r o
%bs}mj has been (&;H\ﬁ“‘j cv)o}ec] m the education all

oF us (’I{) we are very ]oursshc, we should evem ob-

\ h

Jec)‘ +o -)-\ne name ”hal-ura) hu\mloers Since 'r} Sugaesl's
L] !
thet e negal':ve numbers owe m Sume sense Mnnaluml.,>

I‘} q]rmcu.res 'Hme Fﬁcl ’»10\') ‘H"le uhres)ric}'eci ;n)“eﬂers

500we \oep,.-. 'mv&n‘}eal do SimE)i% hna’H'ers. I+ seems

'”'la}' n OT‘(:]W "Jo loaccrme mn%ema)ica“ﬁj adu”’ We \na»ve.

)o }Qarn ‘}‘n diSSoCiG¥'B ourselves va oy Pas}s: we

]’)GVG 40 rid ourselvgg OF Q“ 301‘)5 OF coOmmoaon lbul‘ Con -

ﬁsm '}'Llin)@inj )\aLil‘S. '30.} we hawe -lo idem)-:% -J-};e.m

ﬁrsx |

We knew — see EWD<4<47? ”On the rale oP scienh?c ”\ou‘g}.}?

Quﬁus} 1974 — Hnal- ”Se)oara ion o? Concerns 1S essen}-‘ml.
‘I¥ Now Seevns 4‘\'@} Suc\'\ SePo.ra.')ia-n Con omd S‘ﬂculc‘ Ee

aPP'iecl -\o (o} rlnuc\'\ 8!’@316{ e)c'}en‘)- 'H"uan we o;nlic'-,aa.lcc\
H\r‘ee mcmn'ns 0«50.
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AR e e e e owe e om

wg \?neuo -Hml «”ne mq'n'ne,ma)ical Cmmunib 5\-:“ \nesi}a)'es

uo)'xe']-)nw 2€rd S & 'ﬂql‘ur‘a\ num\aer. %e Secgncl c\.u;'l'nor
discovexecl '}]'Iis w"n&n ke o):servec\ \wva —nwe. ma\)ori):vj uF
the mathematicians he had csked. T.arweal.

S(YH-‘\) =S(n)+1 - (F-*\)-m(nn)
whece  S(a) = the sum of dne digls of dhe p-any

e T'GS%)‘Q;"IVH o() n , om

m(n);-}he Muui}ahc;b o? Fhe F.\c)w P o? n,

Le. 'Hne. maxiTvnum volwe m Suc\n -nnc.‘}

]om divioles n .

_nle -“nec;rem g“ows rewn SM):‘\racLinS 1 F-Qm n+1
CarrJ‘.n o«.ﬂ ‘)‘)1'15 S‘t’mPC Cwn‘:ula!‘ion in ]sase
’Wle Seco-nc\ O\u.n'nm'.s O\Dsevva}rio-n was ;‘\'\a‘}' mos} Ma}]'ne..
mokicions introduced a case OmaL:)sis G\@}O%A'ln o
whether N+t was C\ivi$i\.')]e b or no“, Mn?awm
of Ihe ?& Yhat the. argum end Lot e length of the

‘l’rain o ‘}mi\ins 2eros OF-“"Q P-cn:j r‘e}:res%k\ﬁan
OP Nn+1 s q\so ofr\icc\\o\e wken —“10.-\ ‘)ro\in S efmlob

We Omcoun)re-real Sewm\ Yiew ims)mmcgs. Qﬁeﬂr kau'n?j

derecl ’-P(h) as ‘)'\ne num\oear o unorc‘ereol r:o.r}'\“ims
of N, One QJ)W Se?ara)e[ deffned ?(0):1 .__[h

Omo“wef '\oa-r_:w he derivecl he Sequence C(,C,,C,,...

gvn e Segquence \91,\99_,\33,... Qccorc\in5 Jo +he
or

mula
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C‘J = )DJ - (Jm)»m

Had he demoted he Sequences \93 \:)0,\91,]%,... omnd

Co 3 C1 > C2 PR 2 %e PC:rrhu]a L!JO(A\Cl »\GVB Be'en

G=rymdm
Another mathemoticiom — who knew Peﬁ@c}b well Hhat
the @rnpl’v ]omcl».cx‘ should equal 1~ had severe Pmk‘ems

rn acce.]:;'ms Mat (Bc‘: o0gc<n: ’.BG)) sheuld eqm\
Yrue @r n=0 . Rlso the nter relu)ﬁan o-?*}']he commoand
“direct Grrows towards owr *ai\ed h?ésmoours g C‘o«.u.secl

)prololemms ™ ‘}}ie cdosence OF")'G}:Jecl ne.aﬁ\-;k:ours.

In c\assico.l reece , Ong WaGS no* considered a numl:er.
Bs o result poor Euclid had do 9ive Jwo S@Pam)'e mo@
Ffr "133 a\gori'nn-n (grr ‘nne 9rea}'es;' Cormm om Jiv‘s_sm- o \wo
hum)::-ws, me ?o-r }}ve case "H‘u \'me\ & Comwmom Jiv'asw

Omcl one })12 case 'ni ‘nacl nol. "B:j Nnow QO’P‘Q
.‘qulc] }@nu% loe'Hefr, ]Dw}ﬁ-n—:e O’)’]’Ier Neek e sz.o Cn

(brig\n“) mathema Hciom Con gsecl becamse he Mﬂwb}u"
that Jhe \o.rf)es\- odd  dliviser OF 1§ was S . Evi-

donl-l‘j, one 1S sl-i“ a seccmch\qss ci-l'.zen_

—.U' Cown }rJe arSuec{ -Hnal‘ owr weslern \oh-,sum es w-nm J}ieir
S}ngu\ar and F‘ura] orms \Qee)o 'Hwese. o\iSEnc\-icms o.\'uve.
‘n'le cir‘CumsXQﬂcc oftérs o ﬁ,«r)‘]ﬂef ac}\'oﬁ-n)'ase, oP @rma\

ouver V&rga\ Or‘guman\&
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:E“._“renif;g _definibions omd_ :93%-
This sechon is rnainb aboud the orron\aerme-n} of'})re
mo.)erial 40 be )or‘esm-)ed.. 'ﬂm mes«saae s }}\o} Ynos')f o?
Owr ex}oeﬁences with 'Hne F)’CSM;'G}‘iW DF me)mms Se€ewns
'}o carr:j ouer ‘}o J-)ae Fres%;&li"ﬁ oP maj')’\eamq)ica\ a\gum%}s

“Fro rams are now usua“g Fr‘e:’.%}ee\ m the So-cq“ec\
l(&'olo- o - Bo}-}-om ,or qop-&ouun” FZSL;W' -mm owre Sooc\
reasons g‘ 'H\is. /Prosrama \'mve lo Lricbe —»;e 9op };e\we&.
‘H)e Pro)o]e«ms ond -n)e ']‘oo\s > w)uereczs -Hse T.vmarnmm}nﬁ
\Omguajes -”)a)' Provlde ‘)'}:e;r \bui\c]'mg ):»loc)!s )"bowe \39%
v s}‘ak\e, — Serwne wou\c:] eVen orogue: c\ ressingl SO v
J’;;U 3emerq}-}our)oose Y)o}ure OP M’)e ?oo\ ';se]o .}Xéﬁ) re-
ﬁec}-ed m the diversih o? the Pm\:\%s lo be solved..
To]::v~o\own resentation T)r‘eSOn}S ﬁrs} what s s ec:ﬁc
anol LAnFo;mi lar }))e/re‘:‘j ]omuic\iha the romework  m
wLic‘w —)-)m )o}&r de\oﬁ\s F\* (-Tki.s CllSo EXF‘O\ins uo)\v
hard ware desianers , who over Phe |ael decades had
the divo«rsi‘b o} +he side o? Yheir Bui\c\inﬁ ‘Dloc‘!s,
')H'mo\ -}0 \oreFer ’H':e So-ca“eé #)c-on‘om~w‘: rream\-n%w-)

S‘.nce Euc\icll.s Eleme-n}s were wri*]')'en, ma}%ema)ﬁciam
tend to ‘FreS%‘)‘ mathemaltical -“’)eoﬁEs n o botton-
“p @us\'ﬁcm: axioms F‘rsx‘\. ’Bu'}' Fresenlin'a a So\u;ir.'m
based on known @wnda)ﬁans is more akin to Przsen)ins
o progrom omd, accorclu'ngl , we Found -}cr‘o-down pre-
erh 3.

a]-io-ns move Ow]ar.oro}:r'.o s cwlcl ]oe. om ermP]e
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’cf kow ”Convenien} ’ ool "CanVeon)ima\ ! Con c\iverje)
or im.s‘amce 5 wl\e-n aemms}m}inﬁ H‘)a‘} }WO sek have

'H're same oo.rclino.\ib i]‘ S @ms bom'H\ a Seﬂn‘lemc.e. a‘)‘

‘}})e ‘Oes‘mninﬁ, thouncms w)\enner o coun)'}na Grsumen‘]'
or o cme-)-o-ome Ca-rres‘FonJenc-e kn" be cie/velo}oecl.

'ﬂ minor cansequemce. o

F—“ﬁs Fr'\hci‘o‘e s thal we
dcm']- ‘um):; o.u de?nilio'ns ‘roge“:er G')' J')‘ne. Leairm;

-}))e ex‘posi;"non ) \:m]' ]oos}che eocl'\ o\e ini]-ion mn\';p':)op

13
heeded. .

9 mojor Consequence 15 our ’}emc\emcj -\c: use \em-ma%.
beﬁ'e we hove 9jven Fheir r-oors. ’T\’\o‘»ﬁ}n unusual
'H'\is S Rewmns em}ﬁrc Co—rrec‘)'. ’The s}a‘ﬁm%} u-Pcz )E'Ammo.
< a \oa:m\ ‘Firewa ]Oej:w?@n '.\s usage ond i\-s roof;
the use oFo. )eﬂmma s 'lhAe/P%c!tm'}‘ o-F how the ‘&m'mm
com be ]:)noved_ chl, Ol.u.rins S)'uclu Ofi}s Use, k'ﬂow\eclae
o?i}‘s Proo? is %eregre an unnecessa-:ﬁ \Dw’clem.

- v W e dey G vy T e e v wm e o W e

One oF '»':e )pro]o\ems OF Fresm}ina,anno"‘a}-lng, or sPeci_

mo 0 si2eable yrooram 1S Avoiding Such Noming Con-
v?m}\?oms thal the r}:\m er oF names hgeeclecl ex \oc\?s: not
]nl‘roducinﬂ auoiclaue nawmes becomes vi\'a\. S om exer-
cise e -lrlwaregra -}riecl -]o ]:Jresw'} o nwm‘oe,r- oF \mwnw-
MQ}icq) Qr um&nxs unl)« 3rea¥ recision and clel‘a\i] ‘Du‘}

usinﬁ aAsS 4€2 Naemes as ]‘Jossi 1e, Ne. lea.rneol ‘}'wo 4)1'.7:35.
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q'_‘:rs}l:j we c\iscovenecl ey Peuo 'no}alima\ )'m}:‘»}s '}}m'}

”
crea)re -Hwe heecl Err' new hames. ‘“\e. "... Cenven)icm

1S one OP '}'}iﬂm, e.9. Couront omd (Wobbins assume

M=PiPa P =% 92+-95 > \
Nhere ~)-)1e ]o‘s ond 'Hze q'.s ore Frimes. —I.h -nte Con-

')’mua}“ntm o? Yheir texy * r” ond ﬂc‘su both occur

HalPo.. dozem -)\mes, 'ku ]n 'H)e, aclua) \mlues OE v
and s are '\o"n)b 'll'lr-el9 .

evant Fhe Argum en
Qvg‘l/EW'D'?SO—- ()m'ces '}Le \n'}mduc)"mn o) hoh')%c\a\ure,

viz. in orc]er %‘0 re?w " 'H)e ‘\'ek“ +0 Ccrmraone«n)rs OF
'»le )Dic)-u.r'e.

“he '\n}roduc}'rcm of Fic‘ures ™ 8ecmne)'éj —~ See

Sewneﬂj we ]e.arnecl -n'\q} ”\e. \h)rocluc.)ﬁm o? names
con COmFlica'le +he arﬂume-n‘}- — see EN‘D?GS/?Gé
omd EW‘D?[?-t/??'z, HvSOlo—- viz. whe, the need [or
CTase Oma.l:jses 1S 'm}roduceal. because. '.n'te nam}rtj has
des“robec{ -Hne 53mme.)-rd. ’.‘Bo'“n examrles are Verr:j im~
]:vressm: bu} o cavea-\- IS in order : Q Q-COlowecl 3rie\
o‘f) Foin‘]s ond a Q-Co]ourec\ Ccmnple)re Sra\)o% Gre
rother Simi\ar o\o'ec}s ond Jhe €XF€r3%C€ m'rg)ﬁ‘}
ncA- be -}mns@aro\:e ou}sicle Cmnbinaxorics.

On overspecificalion.

- e .

W.H. "n‘:e 'm}rocluc)-‘:cm of

ﬁm:P,‘Pz...‘?r:q_.qz...qs 5
Cou.ro.n-\‘ and ’?o\o}:‘ms \nowe deme more }Iarm T om \‘)us;
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'm}roc\ucina \'wo Su.]oearFlle.us Su)DSCriH'S: '}Le{j }'\owe

Yepr’es&nled G lxﬁ OP ?rimes ]'>3 a 3Seguence o?
primes > g everyone kmaos Pak mulbipheabion of
'm)'eee/rs 1S ”c‘cwnmu')‘akve 'f ( Nu”ir\ica}iw s "C(rrn-
mutobive meoms thal uow con i tercham e ! the
gc\vrs M;'Llw'} a-?ec)-‘m the ]omd.u.c}: a-‘::b-a .
But “mlerchange” s onP rneaninjﬁ) with resFeJ }o
Qa hoLahOn ‘}))ax' )’\GS ajes Jeo\ ")'}'le, Samme'}r'j. 1‘"6

abmme‘? s the Fuwc\o\mbn)a' )oro]:ef-)b', Cu-mmux'uli\ﬁb

S & No o)ionq\ arte aJ.) “The C\umsiness r:u\hnina es

im Courant and /Ro)aloins's @F?Mu\ﬁ‘)‘icrn op})')e cemclu-

Siom

”H@nce )r]'te rime dec.crmoosi}‘nan o? m' ’mus\- }:e

[reod; 'z',s"' Av /EW‘D] linic'ue , aside gcmn the
Orcl@r o? 'n'ne ac\-vrs. ’

We had similar experiences wm v 4/EN‘D785 ond
n EN'D’,‘S? s which }oo}%\ c\ean nAth So-c.a“eol ﬂunorc\orec\
qr}-i;ims }', 1.e. \OO.SS o osi)-!-ve 'm)‘@&ems with given
]:um. “h were hnicel g:fn-\u\c.)fed " 4erms © boos

m comtrast Yo the vroott oP Post and ,Sb\ves}e«r res-
Fea}-ivetb; the quh s )Demé "unordwee\ | Yes) and
§b}ves)rer mm =i el:) Yook the liberb oF oréeﬁ-an&

‘“\e Qf‘}‘s _Sotj im c\escenol.‘n Orcie«r.._ O\hc; Qarr:jirB
ot e argument Yerra of o} orden

Tcn" KPOS)', ‘)’)\33 )'md J"Le Cwseqmmca '}'}‘\Q) }'12 G\SO
had '}0 ifh'}'roduce 'H‘ne ”reved'SQ ‘ ot O )oar)-i *‘icm, i.e.
‘H\e Ioame For)ﬁ\‘im wr‘.'”e»-. - aSCOnc\ins ov-rclw
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Tor Sg\ves;w + had Jhe maere dromakic consequence
o} he missed +he Semm\;zo.)-:cm -rmm 2 Yo k.

"Comsider @r omy natura) number W the }oass
OF ‘Dosixive ':n]'egers w\ﬂus.e. Sum 1S N } —n’.e Ruwmn -~
ber o{) M‘aose \oaﬂs he} C‘On"O'min o mun;)o)e OF
k (k?“} equa\s -er num\aer o J']'\ose )’3?\35

Con\-aining no 'm¥e39r k or more ;imes.

Usin3 "H'xe }e/rm ”uno-r'aWeal For)‘i}ioﬂs” }\as \'wo
clrcwo)oacks . 'T;rs“:j, s}ar}inj rom Sequences m tohich
the order does maé*e\r‘ — <3,2>7é <2,3> ~ dhe
Ccmce/)o} (B WQG]?erneol 5 Yhou g h Qd'ec}ivcs and Fre?ixes

should slrenjﬂwem o Cmcejo? ('m;)x&:uc\ 0?
”I'nuu-.‘sel‘s’,, we s)ﬂcm\c\ QG\) SE‘l'S /,l.uhil:)

rmc“:j, '}joe Yerm h)oar}i}‘:'cm ” }‘nc\& -)Be
Qbf'}‘ ofc.\ 15309 '1‘\’ 91‘00135
')'5?.(5 qw‘)'e arbi}mrilj )E'_'j

Qnin ):)
< S
ags ”), 3Seco_9
enecal com-
'Hwe \Daﬁs (5] Fos.')-ive -

4T S

2 MQJ 1681

drs.g.j,m.van gas}er&n rof . dr. Edsaer W. D5 ksra
BP Yenlure %Searc\-: ‘_‘Fe”o&o r P %

’Burr‘ouﬁ\hs esearch Fellow
%f" oP Ha}hma}ics “Plotaanstraad 5
Unive—rs.'b s"F—T}c\molo&tJ 5'671 BL NUENEN
56co0 MB EINDHOVEN The Nedherlands
The Nelhedoands



