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C’DY‘GP)I‘ Ccmlri}»u\-ian ):o ”Han’)emalics ’TOH'\orrouol)

’“'\e Teac\')a\aih}:\ O&Ha\)‘heVno\)ﬂca\ —r]n'm\!in_:)_.

”—Il- 5 a}wags dif‘?cul} Yo }}ﬂnk oncl reascr
n & New ‘Ovnsuase., Omdh Yhis o(;ﬂ);cu\b

d'lscTouro.f)eoL ca“ bu\' men emoroe)-ic_ m;no\s."
Charles \:Ba.z)e

Whenever & next area a-P human  endeavour is
observed. Yo be omenohle Yo yn atheyma Fica ) ;rea}men)‘,
yothema bes Chanses as a result U‘P hat dis covery .
Havin3 obswved Frm c]ose, quar}m hewo T)roaramm'.na
coulol be de;ve\cqoeo'u ?ro*m o Cra]p-\- (;? not a\o\qck
Cuf'")) ‘m\ro o mo.)-)-\emalica) d}sciF]ihe > T (‘.ou\o\n'}- )ne}r_,
‘Wo-nde/r'uﬂa w}m\’ ‘;mpoc} })\35 devv.\c;\omem} hﬁ':e)l'l)' have
o~ Yhe rest UP ma)-)mma\ics. Bnd the more T 'N"-ough}
obou} i“, the mere 1 1:aecm-me: convinced thal Hhe in-
?‘u&nce o? ComPu)-'mg Science ©n mo}\wemq\ﬁcs O\]' \o.rse,
mau,y become very ProPounoL ndeed.

On ;'}w_ W}':o\e S]Oec}rum Hﬂa}' ron ges Pro-m “-e. Cra?}s
}o the sciences » man‘lemo)ics —)"’;oug\n \)usn:j co\“ed
”"n\e ®u.eem ()P Sc'aences"_ OCCu‘oies ,Omazméb e«noug)‘w,
a \mio\d\e )903':}-5071.

g\‘ “'\6 ome  end O‘P ’}‘he ‘BFeQ\'rum we \’la\\le Hne Crap}s,
EmT)\ic';ch )rrmnsm'.neo( Pro"rn one 9%61"‘0\1307\ }o )-)w. hex}
N )-\ne. re\o}iom )oe\weem lrnos)'e,r ook ovﬂ:ren\ice: i)-

s &l’lrnos)‘ a. -}rc}msmisswh \93 OSMOSiS. gw‘\o‘ mwbezrs
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}3@(0«“3 hee)o Hve'-r‘ Common Cr‘a@ as o wen—guafdeol

Secre}' QMO'I'IS }'}“leﬂfn SQ)VQS.

A} the other end aP e S]Jec}rum we have Yhe
sciences , e)c?\ic‘r\-tv }ro\ns}ni}}eol Fr‘crm one E)%erq}icn
bo the mext i the relation helwee~ }eacher and
shudent. T} s the hodikion :,—P He Univer-s;lg Yo )-rvj
o ?c:rrnu\a}e know\edse as e.x?\ica)-\j as FoSsi L\e,
Hnerrekb \)rihf)ing its }reasures mlo the )ou}:\ic domain.

ﬂ\(ms Jhis seale, however, mathemolics today oc-
Cupies o Curious, 'm-\;e\Weem Posi)-icm. Mo\}%emo\\-ica\\
resulbs —ie. Yheoremns, \ProoPs., omol. Yheories — are \-aug)‘}
ool \Pu}:\is%eol c'u,:}e. O’F’%l& 5 how Yo do ma)-)-ema)-:cs,
hgweuer, s Scnnenﬂns 'H\a]' H’:e mem\oers UPH';Q gm'\ol
\Qe@P Qmon 0 —n'\emse\vee. Qnol 3) 15 e)mc“:j here +hat
Ccrm)ou\}-ing Science mioht howe i}s 9reo\\res) '}mpac)- on
w\o\\-}’lema\-ics as o b&m‘e : ’mo\“\ema)‘-cs mis)-.) move
a}- las)— ?mm ﬂs midcne ‘Posi}icm }o w\nere ix Lbelangs’
Le. Yo the 363%\i¥)ic enol OP Yhe s)aec\rrum./Predic)aans
ore hozardous —n porkcular, When +h concern the
?ulwre——- andl., )-%ereprre, T SLOM abshain g)rcnm Yhom.
(.B(A\- 1 s\'\o\“ ive Uyorn Some O-Pm3 Olaserva\-ions e
&CCoun}‘ UP w?\icL I reg.farol Suc\n O c\nan\c_f)e O-P mo.lh-
Qﬂnoj:ics aAs a Wery renl Possi)oi)i)*v.

T irst eS)‘ﬂb\iS}seo(. Hm\-, Yo Q]arge e.th), Pm,
‘P@SSU{‘S ()P mo\\}\emas-ics reoord. '}'})ennse\ves as CmP}S—
men. L did 20 %3 Sub\')egﬁn@ Yhew Yo the ?ouow'ms
HnouSL) exPer‘.men)-. T azkeot Yhem . ” Swr;)oase_ Yhat we



Ewo732 -2

khew how )ro 3%\:6 a ‘.Solid )wo-semes\‘er CoOUrse n
’T"ﬁn\?ing , would Yo be Pawaur U‘P 'JhclAAdins 3
m the Firsh Yeor u-P the mathemalics curricalum ?
One would exyec} thot such a Sim];\e Olues)";(m could
\oe Omswered qu{c\?\a \3-3 O, Sim)a\e h\fes ¥ or ,'No“.
—Ihs)-eao\, 4‘\'\2‘5 0\“ %»ar)ea(- }o ATHNR — Some o-P H’\em
2N em ve\neﬂnenna— Yhat Such @& course m —ﬂ’lin\‘?ins
Wwos ”oP course ! im]oossime ‘ ("Thn\rzing B umxeac\n-
adle ; Pyr ,iF 1} were, We would o\rea.d.:j have discoverect
how Yo do i\.”, omdl ‘ MQ)“‘TemO)‘iCEQ‘nS ore not made,
o ¥ born.”, ond Si‘mi\ow' Crar;.) Whenever o Cr‘a{-)‘)'
s ih 4)12 Process o-P \:)ein\c_v) Supusedeo’x bb o, Scién~
hgc dasci)o\;ne, the 9ui\0l ¥ &m bers a\wans fee} }hem-
selves  threstened (anot rig\n}]ﬁ So>. The h@igh} a'P the
emo Homal borrier that T haot lo overcome )De?vre ™

Coneagyes \Were 'winin -}o comsider ™my QU\es.}icm was

O u\\ Canﬁrma)-ion 'H'so.)- _:\- Was deo\ing) Ime Cra%s-

men .

h

The above exPerim&-.)- Wos PromP]'eol ))U onoMher obser
vahion , Which exp\o.'.ns how ccm\ou}ins Science enlters the
)-;ic)ure. Tn he FroCess OP}mProveman} tfPow programming
ab;\s}b dhe Freda'ca}e CoJCu\us }mo( Becmne an indis-
Peznsoﬂo)e too) Por owr do\s\n ressoning , abmos} Unnohced.,
we became as amiliar i bh i+ as the Cir‘Cums}‘oﬂwces
r‘equireo(. TF wos Somewhat c*P o Surprise Yo discover
n\a\‘, )'\f\oua\w kﬂoum Yo Q“ Yho\n'\e,mo\‘-icians, ’)')12 \Pre-
dicate calculus is hordly, usesl ™ most other areas
a-P Yno\”'lem-so}iCS. (\,J})em \-rbinczj )ro exF\o\in w))a.)‘ we
Were doing) }0 o)—)\e/rs, e OP)&-\ Poumd H’\eﬁr‘ un -
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Po«m\\':ari“ l/mn-. the Predica\e Cc\\cu\us o S\‘urn\)]ing)
)oloc\z) Q‘Frorm the Pac\- Yhal, i combrast Yo the
compu}sng scienbisks, the other mathemalicions com
e)‘ O\Wag bu-inwc)u.)r us'ma f)-}m} e%ec)-sve )roo\ 'Por

o Mo reosoning Y con draw only cme conclusion:

in Some wac:) or O\monaer, ;'}te ‘m}'enec}uo«} c}wo-n%se.
-H'\a)' the Co-m)ou)'ma SC'I%}]S}‘ aces 1S knnwux'
‘Preceo\%} in our MO})w-ema)ﬁca\ Cunure. The

Com puting scientist has Yo learn how Yo cope with
vask, subHy inter twinedk , discrete universes , tohich,
‘moleed, Provide o xo)o\lt) new environ meént Pcnf‘ o th-
emakical thoughl. The onviromment Seems So  hew
omok ih o Yeculior W so dewnoandine, +hat i}
envokes Y)ovf\ Yhinkein aﬁ%\o‘):ai\‘s ook noSe\ modes ch
exposi)‘icm, Eo”\ oP /%) ‘cL ore more eﬁjec\-we. )r\-;o,.,.,
bhe Yroditional aves. T+ should be noteol thak nmet)
oMre  mnere eﬂ)ec]-ive in o Uer:j o]o\')echve Sénse
Hhal 15, Th a Sénse as oB\)ec)-ive as m wL\ic)r\ we

Con 3\‘0“-e Mno}- deCimo.\ O\YJ}LMe)ﬁc 15 'muc\-. Simpler
'H'IOW\ C’crrnyaux'ma n (}-\)omo\n humem\s.

There s omother Circum&)’%ce wh Pcrr‘ mothe-
Yr\o}ics H'e }'ﬂme \'O &io\ve g-mm cr b dCiemnce
oy hove come , Omol bu\'uj +he domﬁ c\Pma\n\e-
Yho\}ﬂcs — €. -H'\in\!ina eﬁ)ec}ive — )mo.:j be(_‘(‘jme_
\'eac\na\g\e, omol ';'Loa}' 1S our Néw o;lopreCi&}iOn
ho\*olicma] )‘ec\wniques. T’l&)—\nema)-ic'.ans) \'\cwe OJ-
Waun s beem Aware the Vi}o“ Y Por tance
a:'jequa}e ho}‘a)‘im\3 ()'SPo\me_ "n'\-&m)o-- ho‘-o\))[,:)p

Le/i\om'z nel ?)a\:.lmge (no\- \0 M%)iw Oug)\!n-eol —
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have even Pa“d reat alention to the jssue. "But the
VOS\' rhaJor-i)-a v/ H‘iem does ho\' make. C. Conscions
e?FmF bo dishinguish belween "cemvenient " Cin an
objec}ive sénse , 1.€. ‘mc!e/r:emden\- opour' ]oerrsrma\ hobiks
as ?cn—meo( in owr eo(uca)-icno\ Fas\s) Gnol. ”meom-
l—‘\onalf omd Conknues Yo Preper “iha H-.et) ore  used
\'0”, ew en E]P "“ie.;r crr'mu\o\e ore am\oig_)mous\. 'n'mcao
howe never ojven very conscious thouaht Yo the
l—(r]:nc ok, tohem chel wseol, s)mrug their s]ﬂw\ders,
Saying) - " \/Jen,t:)ou un derstoanmoll what T meom,
olom ' F \Oou?”. (Qs lono, as PQrSUna\ hobits  omot
f‘egu“‘ing Ms\es sk )3@;5 such o \Prealominom}-
rale in the o:lglnrecio\im-, OP norational o\\)rema\%ves, i+

(3 Ylo\‘ OMO\ZEnS 'n\c\} 'lh\-ermhana\ G Of}s a} 'H\e
s)'amdaro(;za\-ioh Yna“«&ma«)ﬁm\ ho\‘oxicma Yemain

S\‘ri\?inﬁ\ﬂ WUn success R] 3

QS \cmf) a8 )‘hanlemo)-icicmws Ccm}inw?_ 3-0 Wm“)?.
with o w2y agore }e o-P ho\-o\)im] Ccm\!@n)icms,
never explicitly, s}a%)roed anok o4%en MM)MG\B Com -
A?)ic:hncz), no wonder Hhak H’)eﬂ T‘ee]ow‘o(. Yhe do'mg)

ma)*hﬂma\i'cs as Lm\'eac}nox)ole. ‘Theb ‘moﬂ S\wug)
Vreir shoulders and Sy I/\/\/e“,(:)ou umd ers ranol
Whotr T meon, don't bou?n, bul Yhen Iwo Comm enks
are in order. Firstly, such o lack u? sy shem is
Yound }o l‘:e O no\‘icea\o\e )bo\rri(’/r' Po'f' Yhe movice.
Seccmd{ , @ Si2eo»He )7(21"\' 0'? 'H\e Cc;m]oe\'t?mce o-P
Hve ro?essio'na\ MO\)!‘\Temal"iCian Ynaao wen comsist
in  the a}m‘\i}b mﬁ bo g)e}' Con {?USQCL B‘O his owm
Fu\lhn}j \’;a‘:i&'s_
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The scene has chanaged d'f‘o\ma\‘-ica“cj , however,
with  the 'lh}rocwc\":cm Uﬁ

Cnol H)eir W\'IO\QSOJQ Qdo-P)ion " Ccfmpu)%ne) SCience
Since lQéo. This was the Yyeor olo Yhe QLQOL ?epor)-
Lhich useol BNF (" Backus— Nawr Form ") ﬁf
e ri(borous‘degmx-lm o)ov\'})e S‘jn}'om a-P Pcnrmal
}e)r}*S. (chma Compu\nnc:) $ciemhs}s,-)-]nis \ec)m.'o‘u\e_
1S nows  So much  Cormmon khm‘eotse ‘)'Ha) M‘)e‘a
meoL themselves shoacked — omol ohmost unable Yo
Comb nue Y‘eaoling)-- whem | Par imS)’Omce, }}n&:) read
Cu lre_:vr\r Wi e \').3 O, Corh)fm?c'r‘ofg) log)icio.h -}-\no.)‘
shill dries do oo witheu} b)) “The exbremely
rapiol Pm]oo\ga;')mw and w'\de-s]mr‘eaol QCCQP\‘GnCQ
andl  Usooye o-P what was 3%&%&“3 regoroleol —~3F
o} %oooneo( Lu):lmnl—-— n IC[60 Qs o do\rins ’nove\}b
is o ‘mos} T‘@mcur}?o\\ole ]ﬁ%om%cm; T think it
would be S}U-Pid Yo Uholer‘es}imo}e ik Sisnigcance.

yeciursive Pm"mo.\ %Y‘Ommow‘s

““ne ho\a)‘ncmo\“t) un awore oﬁem express n':e
exPec\roJ}own ‘pno.\ O\dher&nce ‘o S}ric\ﬂr nobhcma\\
Comven Hons Would not 'mguemce }')'Ieir ‘)')'\ih\?'m
obili bes. Th% S]oea\e Pm'm | acke O-PQKFQT)%CQ,
onck they are wrong.

The habit OP an wri}ing rmulae  Hhalt So\)'ispxa
—}-\-»e. mles UFCL rigorouslg cle ineck Sbn)-ax 6‘1\16& Fhe

mothematician o heo OJP}ore.cia)-sch U‘F one O)D his
nain tools , omd emables him }o exP\oﬁ Hhis Yoo

maore CcmSCiouslaa ondl ,})emce., more eP?ec\weL:).

\]— g)ives laou. a. Meoms Pc;r' id%\‘] ?fjmf) Your more
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C\umsb '“\'uhklnc\)) })O\\:»]\'S; obvious\s Su.c:"\ an id%)'\ ?i-—
Coton i o Prerequis;)re Pcrf‘ Hhe e%pm‘}- bo ‘SLA/IOP\M]‘
J)’)@m bto — Now: o\obec\-Wel:/)L— more e%c\-ive cnes.

How Pr‘oPOund. H’)e ‘)hguemce c)Pour ho}O\iCrnS
1S on our H\'m\?'ma T \eorned the ohrher daa
- Ythe 4+ O-P Mowreh 1980 , }o be precise — When 1
Yook om exper‘.meﬂ\‘ with mou Shudends. :Depar}_
inoy g‘am Yhe oﬁ?cia\ )ro-)oic o?lg-he. course ) pre-
Sem)-eo(. }0 }Hem -\"’le “:'>o\u;ﬁo-n OPO\ Covnbina oriq\
problem. They all masteres the lite malhematics
Nneegledh , Gmol J-)'wo} Was essem}-io\\ ):ae_cw-«se neﬂ)war
Hhe \om\o\%, vor Phe solubion, bul m presen-
Yahion op the lcHer was the real Su‘:{)&l Yhe ex-
wiaeramem\~. T showed Phem cleonest )oresen)n}'.oh
DP H’.e 50\11.),::\0‘1'1, Q(M‘e‘?ﬁ“\b c\i\fésecL CJP a“ O‘\Sbmme}ﬁes
H’\o} e len —be i.“ )’T'Otd'\\i(:ho\-— Y\O\’O]‘ic}no\] o\r}e-
-Po(;\s. (The Pm\o\erm Was a very oood corrier
Pcrr ‘Yhe experimen‘r, because Hhose asgmme}ries)
a\r‘eaolﬂ Su%es\eol \93 Mhe Way h Which Jhe }om):)en-.
hock been S\-oxed, oare the moin cause o—P the
prob\@m's "ol‘wﬂjicun'&j ”) 1F was almost )DQir\Q\\
fo see mj shndenks — whose -\-raining) S 0}'}1-01w-\‘5e }ro-
di)-icma\— S\'\'ue)s\e. b\riH\ Proog. \/\”leh Y Wro\”e
Aloton OtSSQ/r‘\'\O‘ﬂS o-P Yhe Yorm v'B ; Phe Poor
bo:js could o"‘\ﬁj Umd&rsx‘cmd. Hhewn \OS }'Y‘Om:&\o}mg
H‘\e\m im\‘o either A 2B o TB=2R — omdl,
4,-\) couTse , never \Qmow-‘mg) how Yo moke Ythe ir-
re Q\I’On}‘ c\noice——. Q%-&r T_ \'mol care ?u“b removed.
Q“ 'mis\eodinc:) irre\evo\ﬂcies gm Yy Presem}o\}ioh,
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'H'\&:s Cou\d @l‘;l Ccrpe ws')-]’n i)‘ )Dc:’ re'm}roducin% })1%,
'W\e expe‘rimem)r wag Some»o\'m)‘ S%Q)}ering
Pc.nr me , becMSe, I ie“' H’)a)~ I was aole]ressmg
25 vielims OJD mathermak aal MiSQdMCO\}iOh. (I oMok

hok b\o«me ﬂ‘)e«n: Wha‘* CAn oOne expe& renmn bown?)ﬁ

sters thal hove beo. }Mﬁh\- Yo express o (un-
dam%k\ a. Comc

} as i} by the  comYorkeot
" e/)o equo\ ﬂ
”i? ool leﬂ '.]PI aus 3oon as J%Q Oloma,;n CCmsiS)'S oP

‘\'mn'!-\/a\/ues? Needless b Say , You boon } calech me
L«s:‘ng Fhe 33m):>o| l’<===>" ’)

I CQHQOL H;e_ experimem)— ﬁ\no.n‘erina 3 T did not
call i} depressing. On the COh'}Torfj, iF was ihSPirinS.l
1} convincedt me halt we are vauch neorer thowm L
'pnou@k}‘ to be,,'né oble lo teach Qr\cmg bo Hhink .
reo.“ edu co«)'m oun maH‘»ema iCioms  +o l
the ?ec%naolmes 3& scie?\ﬂ?rc %wa}\} se&m:"’t]z\i
poss)lo;\i}‘b, exd}ing)\b c:]ose}.

Rs Pow as the Quinea- pigs owre concerned, T
Gm }‘ICVPFS bo rq::crr}" that ° 'H'\cug‘w Bou'z'z)ed, Yoe -
wildreol,or dis}urbeol, -)41&\,) all made she imypression

'ne) H\ri“eo( (Hnoug)k )oer)')o\/}os ho)' “-‘3 under-

5¥0mofin w}nd). Ncme OP 5—\1@\-,-. }-ook e c)wea]o
exiy o ?ee‘in‘c_))‘ oﬁ?&ndeo(.

TPlataon shraat 5 5 Mowrch 1680
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