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The fru‘-]-s oP m‘n.sum:\ers\-omcl‘mq
| | 1 L )

Some n\'mas R 'l)' seems, can On\\\j hOPPQn n the
world o? comPu\-'mS. The design o{?q newd Pr‘oduc} S
announced ond the world s ﬁa“ oF \1}3\1 exped-o}\onS,
but , when the Produ.c)' \S r‘eacl:j and oP\e. stort Yo
U3e ‘.}-, + ?ai\s Yo mee} n o mos} \a\o}o.n monner its
main olz)ec}‘we. _D- s a {)o\ilure and one would ekPec} A}
-}-o be T'GCQan‘Qed cs suc\'\. No\‘\'f-n\a o() -H\e. sor}': 'Hle,
or\ﬁma] main ok\))ec}ive 1S \('mcl\:j €°”3°’\‘\e“ and the
VQs} mriu)'orib \oelie.ves ‘n're. \orocluc} 4—0 \De. =8 Srea\‘ sSuc-
Cess.

You mo\d hove anon‘uer‘ exo‘m?\e wn m'mcl., ’1 wos re@rrina
Yo CQBOL , whose wain ob\‘)ec\-'we was }o make the Pm-ﬁes-
Sienal ):aroﬁrammer S‘u?erﬁuous and w‘\ic\w 1% how 'H'\e main

Vehic\e. g:r 3 oul uF4 ‘Prb%ssiona\ .?msrqmmers.-lh ')-he

hame or ease 0? Proaraumm'mﬁ", ”reoda\\:.‘.\ib”, “under shond-
' o.\oilibh s verkos'rb was congidered ouvtrxue; m Pracxice.
'H':o} Same Ver'bos':b \‘urn&:l ou\' }o\:‘e one QF ',)»5 s;ri\ﬁrﬁ
de?ecls.

CoBOL wes not an ‘\So\o}ee\ case. When 'n the 6o's
+he promise O‘F salvakion \DO rmeans o-r "kisher-\eve\"
\or03ro.mmin3 \Q"S“Q.ﬁes dicl not ma)teria\\ze 5 -}he :s\c:ua
response n bolch processing was 'nden\"vﬁec\ as +he
Cu.\)f.»ri‘ thal made e%ecien'} de\oufﬁ‘ms 'lmPossiHe.,
and in the nome oF he ?O\S)l response ‘nee}clec\ {?c:r
de.‘ou in ,"m)rero.c}-‘we rogroammin 'was wnroduced on
& \aaz gcg\e. “Irs sPre\:ci E)sewa:ms «}2 have been ¥0H\3
uno. ecjfed k\j ‘H&Q @:\c" 'ku}, m -}\we mean }ime., Coﬂ}ro\\ecl
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e_x)oerimen¥s hod demonsirared +hat the \Dene@cio.\ e%?ec\-
o? 'm)ferqex‘nve de\ouaj‘m oci\i\'res on ) rogr‘qmme-r' Pm-
ducx-ivi\:)” wos oF \oes*jhnfrsma\. P

Tn 1968 we had the adverkisement with a h“?]’;\\‘j
5milir:3 Susie “a:jer, bo\\o \'\Qci So\vec\ a\\ »\er ‘?ro&ram-.
ming )—am\o\ems by switching o YL/T. But when o
{)e»o Years laher, ﬁo‘r\om D. Ails and Ted Boker did
Yaeir “model deue\oPmen}" o{) the s&s¥em gqr Yhe
New Yorlcﬂr'\me's, *\“Q'ir ‘\eam \'\ac\ ;o \oe s}fen‘a'}-}uene&

)33 )rhe che\ihon n-?cx rPL/I ex)’.‘ﬁf‘".
But Q“ 'pnis was \U‘nj &30 omc\ bocm'}' \’na?Pen Qﬁa‘m,

because k1ol -l-\\e_ meoan ;-\me we )'IONQ cl‘\s.coverecl

) -W-OA 'mo}erac}ive. roqrommin oui\e.ci ol becquse.
Yhe C.ommunic.o)"ucm c\'\o.Pnna\ be}w?eqf ”Q.r\d-us\l:ir” ond
“work srakian” was o? }oo narrew o bandwidbh: h}3\1_
Tesotu.\ﬁon CQ\Ou.r screens cmc\ voice Qommunicq}sm
wll avercome Yhat \'lmiX‘Q}iﬁ'ﬁ.‘.

G that PL/T (iled because ¢ did not coter for
the meeds o *]-\'leﬂe.m)oeéo\eo\ pProgrommer " and because
njr WGS insw 1u:‘ne'rﬂ-l:j "Por)rc\o\e" -\o be acce-fﬂo.\r;le as o
world-wide shandard; these Pro\:\ems are now solved
\D':j qu;

Giit) that the now ae,nera\b o;o\m‘u'}\'ecl d‘uﬁ?iw\b o?
riﬁomus Programminﬁ VS not S0 ‘|mPor}‘an\‘ a@ﬂ‘. G“,
since it o—nb aﬂ)\]es Yo "Pro&rammirb—in-'Jj-He-SMG\\ l3 v
the ”reol-wor\c\” -Hne. ‘:ro\o\ems o? ”Fro ro\mm‘mé-‘.n-. )i-3ne..

\erae " are much more Presains oand ) }anse uso@wore.

"

enaineerin s de\Ie\oPin
ments * wah enauj\n "’tr:?e“iﬁence and

d rogra A 5 or\- ENnViTUn -~
P 3 ,,mm":j , wpp

e;: \oer \cnow\ ecbe' .
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The ‘mven)ion o() 'n'te S\oso.ns -qu.} w'.“ ex‘:\oin wn 1990
“"‘}'3 dreams (i),(ii), and (iii) urned into nigwtmores s
le} as on exercise {or the reader.

-n'\e brutal -Po.c\- s 'n'm} e} ‘c.rae Por}' DP Hﬁe \'\]S\‘Ol;j o?
Compu\-in coan be written n ‘)erm.s o rnu\l-i-m‘-“ion-clo\ or
Prﬂ?c\s -H')a} 'rd'\ed-- -'nm\' maj \'\b\cl E’or o)'}mer disc\}:\mes
as we\\, but what seems Unigue 1o comPu)r\na \S '}\qa\'
in most cases the Fu]—u:‘e Fai\ure wWas O\\T'e.cxdj obvious
ot the momen} the Pro'ec} was cemceived., 1} is e lun
his‘os oF coslr\es wn the air o}'he one a@er Hne c»ler,
and the Phenomenon 'S So Pers‘ssiten‘r Yhat it needs an
exPlano.‘rion. How do we exp\ofm H’)e Pefsis}en): miﬂudje-

meln} oF 31—\12 \'ec\nn'uca\ 1sSswes 'mvx‘:\ved?

“The )\'13}1 g’qi\ure rale could be exp\a‘med by the as-
Stam &-icm H\q -\-\n, wor\a o-? Com u\r‘m s \o.r ‘e? [ u\O.H
P 9 99 Por
b:j CcmSCious'quoclcs and deliberate ?ro»uc\s,bu; Yhot is

—

an exp\anq‘h‘on 1 reject because the underb‘m& as-
sum]o}ion is ,g;‘;rs\#'!j, +oo }o';ucr' lo be \neca\“:j , Qnd,

Secondly, wrong: b and larqge, the \nop?-s ore ead
'}}me. enuine. we ivimsb oeserve Q buiok- sprmd ™mis-
unders\?nnc;\ﬁ')a N\'lose. Fers‘ns}once. s so remo.r\(c\me

hat we cannc ‘Bnore 3.

How do mos} \aeo—};\e tmr\éfers\rvmnc\?J What mean mosh
‘Peo]o\e ]o:j ”unders}ano\mg something  © We seem Jo
order our impressicms "'o Owur sa\'is c:-.c‘-'.cnn. ’Todu }\'\e
"'ree.s noour Saro\en ofe V&D res\'\ess; Q\So 'H'\e. CE‘:mnej
\s Very wolsy. Bu} Yhese observakions are neither

OLiSquie}“:r‘uj nor c\?s\"UfBSn&. '1 }\cwe mj sax'ns?o.c\vn;j NOLD
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oP Ccrpmj ww)'k -nwem-. }gj boo\(m '}hem, s usua\, under
Yhe \"-eaelans .”w""d&" 1 con o.‘?nos\ ignore Frem. BOnd
the next %me. T am *oken on Q Sai\‘m xﬁ’: and the
CCeon woves are very res“ess, W+ s ﬁne with me:
c\@er o), whal s the dﬁeﬂmca belween waves of woder
and Wwaves o{) ()o\'nqﬁe?- ere S ho dlﬁérence. ig)'. Su'n\'s
our purpase not Yo indroduce }. B we grow up we
acquire owur ha):i"s og) '»louﬂm‘ cmd dQve\cr’: Owr me}o-
]—;]nors ~did wow nokice the) 1 described the Yrees as
”res}\ess"? A o.)' wWos un'sh)lcn\‘-ono.\“__ ;o}\m:j_ are c\r\amc;ver-
ishe ?vr how we order our impressions and Fc;r how we

Use \Gﬂgu&ﬁe.

The above *riec\ ;o cap‘ure -n')e. hnes}" cCommon w?:j
in which wWe sSeem 4}0 cope with nove\\-j . When ?o-eec\
L-n"}-h 5me¥hm3 new ond un?o.m\\ior we sl'-:J }o re\o\-c
W o what we are fomiliar wi‘-\'a.’ln Yhe Course o? the
Process we  inven) ')'e oma\\ojnes )-}'\o} ena\:ie us Xo deo

Su.

T is clear thak the obove wo.y o? \-rd'mj lo under
stond does nol wark Yoo well when we are 'F:\cecl vith
S(J-me“\'ma S0 rac:\ice\\ new , seg w\“’nm}' Preccc\evn}‘,
Yot ol Qna\osies We con come up with are Yoo weok
ond Yoo shallow 4o oe oP 57'@:;)- L\e\F B radicoly, new
}ec\'\'nolo‘jj can create Such circumstances and the
wide-sFreac\ misunders\vndm c\bou} \orosmmmin:.)
syrom \3 suﬁaes\s -)-\no} nﬁs :?qs hq‘a)?enec\. with +he
o.c\tlei a? Yhe auwromakic cmn\ou\-er.-’/ (Nuclear weapons
could ver we“ provic\c Gno\-\wer exo.mp\e o? o disconB-
nui\':j with u\r\ic\n %m\am& N oma\ogies CO\V\ﬂO\‘ cope
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adeq worel Y- ) J

_ﬂ\ere, s omo!r\'\er w'o:j O? Q?Proac\'\'m nove\\b, ))u\‘ 1\'
s Proc\ised rnu.c\n more ro.r‘u\b. @PForem \J '.\- does ho\'
come ”no}uro\“ “ sSince ‘»\s =N \icc\x'ucm seems 5'0 ra;‘uire
o lot o? broinino. Ln Yhe other woe one does nor }
S > i)
Yo relate SQmQ}\m'm‘j new Jo one's Fas\' experience
—~RwICaT e o? 'H'ie ?oc\ H’\m\- )Pno} evaerience ,\ogel3 co\—
lected \03 accident, could very well be ‘maéequa\e—-.
Tnstead, one a\opmnc\nes he noue\b with o mind
os \'D\Om\( as Fossi\o\e and iries Yo come do }erms with
W+ on e ount o? '.\‘s QuoNn 'm\‘ernq\ cmnsis}enc‘b.(—ﬂ s
Mcc \e.ormnj o ?csreian \Gnauaae kr‘-)r\nou“ \‘U'mﬁ }o
&romS\a}e beock ond E)cr\-k 1o one's na\"we. }mﬁﬁue."ﬂcis
is clearly one's owl hope | i? the Ywo lomawoges are onl
Y Y 39 3
o.deo,uo}e «?or e"xpres;'S‘mﬁ ver\nj d?%f‘en;‘ -H)Ouj\m\'.s: one
}\os )—o \Qarn xo )t'kin\&’ n ‘\)ne. new \omsuqae, ) ﬁ:j Suess
1S 'H'\Q“ co*m\ou‘l'ms 1S5 Suc"\ O ho\le\\:j ‘}r}'\c\‘\' crnj “\is
second Q-P\‘:mc.c\n S vio-\fé\é, oand *ho.\',Conseo‘uen“-j,
we \rm\s\' h:_‘j }o ?ree ourse\ves in %:s case S “\e

hobi} o? Qpprooc\mnﬁ -\-\'\e )rcra'nc in '\'erms o c‘no;\oa'\es.
’ro case -“\qx Process o? \"1bera¥i‘0n \\ ‘m‘\ﬁ\n\' )Dc i]\w-

m‘mo.}\nﬁ to ‘tden\\% '“'Ie. mos} common me\-a‘o\wors
andl omo.\o'ﬂies and -\-osee, L\A\D 'n\ej are So mis\eod‘ns'

‘—i )'»'ﬁh\ﬂ Gﬂ“"\FOFDmc}I‘F}ﬁSWl 33 ‘}%Q LJC)f'S)' 0? Q\\I}"m
Now seen programs ”}Umfj do do Prings " ”wo.n\~snj Yo
do %'mss ”, "\De\‘ue\rmb '\'\ninss 3‘0 \be ]"ru.e ”, ” \:nouo‘ang
'H\?nss ! eke. ’_Dcn‘)' \oe So noive as *cs \oe\iev:.-. }ho\- s
Wse o? \Gﬂa\aﬁ is \nm‘m\ess. -“' \hvi\'es he ‘Omamm-
mer Yo ident Yy \Mmse\? with the execuwliom of Fhe pro-



EWDRs4 -5

grom amd o mos) Fcrce.s wpom him Jhe use of opero.\-'\onc\

semon}ics.

\r\le S\'iou\A never }T‘b x-o cCoMme. \'o SriF.s w.\r\w Gku&e
Se)‘ ‘:‘3 \oo\:‘ma OA' ”erlcwla\n“r o ’n\'S ‘rnem\:ers, because
Yot s =0 \\ore\ess\:) "me%c e . —[deo\\\t’, ¥re ndividual
members disappear ?rcmn e ccma‘.éero\*’acm ond one
dedls with the de@m\‘icn o? the set '\\'se\?. In the case
o? unders\-omclina =N ‘Pmaer , W€ s\'lou\ci not loo\< at
individumal CcrmPu\‘Q}")O'ns, ideo\b ~\.e. /For Yhe soke

o? Mtﬂ‘&\ eﬁ;\'cignc:j_. we should deal with Mﬁe_ Prcﬁmm

permits the In EZTPY‘E\'O}'IQT\ of executchlie code. AN

Pus s well-known  —} is colled The Bxiomakric WMehhod-.
The Poarﬂ- Yo Be mode here is that the use o? onthro-

Pomorp\‘\ic 4er‘m‘mo\oa:j efecx's o barrier ?Qr s QPP\ECQ-
“-‘;cm- One o?'n'ue_ F:'uis o{; Qn}\r\myomor\o\ﬂ&n ™m Cu‘mru\'mﬁ
is that the mos‘ e%echve wo.:j 0? deue\q-?ms \orojmms

wn i}s. own ri‘?\rﬁ, -\Emporo.ri\f iﬁnor‘m ha} i" alse

and T"ZQSOniﬂS c\\oou)‘ ‘\'»'nem S reJeQ\ed o 2uch
~ & . <\ 4 ” h
gmunds as coum\-er- \'n\'vnx\ve , U }‘QQ o.b s\me)

ond +hal s Veg Serious.

1 s\ﬁp e numerous ccmfus‘ac-ns created \:J QQ\\MS
pregromming %rmo.\'xsms ”\anaua es’ except a ?uo
exc.mF\es. We have had the genera who wrore Obvious\b,
NRTO s no} 'm*eres\-ec\ n o.r\-i?icia\b S'\mF\'.@ec\ PrO-
31‘O~mmin3 \o.-n&u.c\jes such os ’?QSCQ\_." 1\‘ olso Spve
‘otr}\\ "b 'H'ie. ideq -Pnc.\- C. /'\'w'm'j “ Pro&mmm'.né \oﬂ&uqe
is beler Yhon o “dead’ ene. Not so lone ane o branch
0(-) a \avge mc\us\vb hod received Frm the cen}rol &Doc.\.}j
o? Yhe company @ jrogram i} had csked ?or‘, bu) the
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Pmaro\m hod \o}een mﬁ“en T rRSChL. “The bronch had
on ZX}'erno.\ So@'wo.re \’)ouse Aroms\o.):e ‘a\‘ Yo TORTRAN
”\Deco.use. WSCQL waos nc\' ma‘m\o.'med ".

And now we hove the %c‘ o? mokina ol sorts o?
sbs}ems and thesr chrn\Ponen\'s 70 a\iﬁen} " or
”SMQr\'"_ TL} o@en \Do‘.\s down o dts‘naninﬁ o wao“'j
man-machine ‘m\-er%ce Yhel nckes the moadiine as
un\i\(e. o, Cowm uler as poss‘l)o\e: —}-\ne, ccrm‘au}er's am}es}'
s\-renaﬂn ~ the e%%c:m} embodiment o? e Kormol ssslem-.
has Jo be dissu‘useA at Srea} cesr. Do much —@rf an-
'Hmropomor\o\\'.sm. (MThis mor ning 1 declined do write «
oPu\or article chout the clues}‘mm " Can machines
Mink?" 1 to\d Hhe editor that Y 'pnnaug\n;‘ the o‘ues)“ncrn
S \\\-Posad and un'm\'efeskn as «Hwe ques}'l on L Can
submarines sw‘:m?”. Buk e edi}of, ‘oe.ing (=Y socia\
Scien\-u’S\-, WGs unwaved: he H’\ouj\n\' }-‘ne \o}\-ﬁr a ven-:j
in}emshn& C.(L.\than "rcu)
Qnother analeg Mal did nok work was Pus\nec\
bo\xeh }-}ne \~erm ”So ware. eng'meer'wb v wWo s ‘mvenkci.
“the c.crmFe}e.n} progroammer's ou\-})u\- com be viewed as
M’no‘ o? e enjin-eer: o non-brivial re\‘no.\o\e_ mechanism

but there dhe ona\o&j s‘-oFs.

In controst Yo the )rde\-'nOnn\ ergxneer's rne.c\-\an'nsm,
mode oF \o\-\bsica\ Ccrm]ocrnen\'S. o program s an ob -
shract wmechanism . so Yo speak made Bram 2evoes

onel omes clome. Bnd s c{;%)erence has )om?oancl

Cons equenc.es.

To b%m w—i—)—\n, (-3 Fm&mm 1S ﬂo]‘ Su‘b‘jec}' )I‘Q wear
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ond }eor ond requires nho mointenance. Yet Fhe Yerm

’Pmsromn mo\'m}cnomce g es"o\o\'\s\neo\ 1\rse\‘?, cml:j o»éciinj
Yo the Ccrn@-ﬁi““-

Szcon:ll_xj, the mec\'\qnism be'ms o«bs}rac\\l s Produ.c.\-'uon

[ Su‘osumec\ ™ ks design. In Yhis resPec\ o Proﬁmm
(s \';L:e c Foem: You C.O.nno*’ wﬁ\‘e [oX Poem wirhout N".\hl:t:)
i}. Ye} PeoF\e '}0\1« o\oou} ijrammir:j as ‘:r W were o
roduckion JProcess ond measure rogrammer pro-
duc)‘av‘b" M terms o? " number of lines o? code
roduced ” “In so doin ’H’n%j book Fhol number on
E}ue wrang side o{) the ?ed er. We should Q\wotjs regr
4o “the number of\ines o\?Con S)Den} ﬂ.

'ﬂ'\ir&lv, ' Yhe case o? * }\:jsico\\ mec\yan‘mm,
hioher que\il-:j, area}er re\io\olt}j, 3ma)rer Precisiom, e\c.
alwoys nduce \'\ij\aer cosk. In }he case o? progroms
the correlation s the other wau round since wunre-
\io\oilib and \13}\ Co.s} 5)'e-m o™ ’\‘\'\e sSame Source,
viz. wnmostered Cd'rn}o’ex':b. \l'ehunre\io\)oi\ib o? com-
mercicl so@warz is o?—‘en c\e?e-n ded by +the remark

thod Yna\cinj e SO@'WGTQ beHer would have )been
}00 e.xloenswe‘

"FINQ“J. }'l"'e. @na‘meer's -Sxﬂﬂclo.r‘el design Pomdi m
Cloes no“ wor\<. \-\e des‘aﬁns =N n'\'mﬁ '\-o > =] \oea\- o
his o}.ﬁ\i)-}es, mokes o E\ro\‘o\ Fe and }res W»\e}\'lQr‘
‘;\- wor\<5 sa)-is fac\mrib. no?, \\e '|m]3mvc$ -Hwe. de-
S‘:an , and ”\'epe}‘o\\ur ". “There are c%rcums\-amces “un-
der wkic]'\ Such 'l\'em}‘we c\es'njn s C\e%ns‘i\o\e; Q
hecessary Condition 1S, however, }Pha} the g?eecﬂoauc\«'

lcm\:: Coan , 'mc\eec.\,be c\oSecL ﬂnd we \<n0uo “w“ with
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Fmﬁ”ﬁl’_"s n\-.sJ s "m)ooss'n\b\e., excep\- wi}-\\ ud-\er\:j %\via\
,ones. Tor many o mana er , F:;r whom '1\Iera\“|on b

3J )
™eoms Q‘P Pro\‘ob]oes s '}he cm\‘_\j c\esish \oaro.cl'nﬁm,
is ‘nm)ooss'-\:'.\i\:j s so disconcerting thol he is
una‘ole Jo see i\-. 3-& is 'n\' C. miracie Yhod SQ-cc.“-ed
ﬂSO@NQfe en&\neerir\ﬁ" became C movemzn‘r de.ua\recl

P . )
;-0 )’wvo }0 Pmsmm |fjou C.O.f\‘ﬂO" .
The Pre-c,c.m,m.c\er ob\')ecl- that ofBrs the closesh

&nalo&j -}o =¥ we“-des'lﬂned P?ece ) sg@wore IS on
?olw:;ll\j we“-c\es':ﬁned mathemalical ‘\'lneorb. But clso
-‘H\is Qno\oﬁj has ‘i“S Pr"o‘olems. ’Il- has o 5o<:‘|q\ ?ro.-
b‘em: i) 'S 'no} Ve.rb \ooFulqr. Com‘o“hng 535¥%5
are sold }o eo-r;\e_ Hhal are exPec)recl o cemsider
Qn:%j-hina ma htmo\\‘ucq\ as H\e ‘:fmhqc,\e o wuser-

wun Friendiness. __U- %cs,}ﬁomeuer, G more Srec\nn'mo.\ Pm\o\em

'\-oo.
ﬂ“ne Bu“n o? }rc\c\i\‘iono\\‘ manne.mq\-ics 1 1’\\3%\:)

in?ormql: —Formu\ae are ot manipu\o.)recl in Fhesr
own r\S‘h\-, «\-}19.:1 are oll the hme viewed as denc:}ir\sj
SO‘me.'Hﬂ'm , as S anc\irla ?or Smnen'\‘mﬁ e\se. ’W\e \ou.“v.
0() X‘I“GC}} iona\ MQ\'\\cmq\-'-cs 1S c\ﬂamc}ehlec\ \'J:] a
c:cms\'On}‘ Jum\f:a'm \Do«c\« and| of“\ be)-we«en Me
»(-’o—rmu\qe. ond "- eir ‘\h}erEre}c ion and nxe \a“-er

has Yo carry Yhe burden o

.us\—‘u? inen  the QOFu\Q_
hmns. “the mani\ou\o,)ncms o )_ eJ o )

Fc;r‘rnu\cae. are ho}‘ tus K~
rﬁed ):b an aPFeo\ Jo ex?\ici\'\j staled rules \Du}k{n
‘H\e OllOTJeg\ }o '\'\ne 'm}efpre}‘c\\-im R w\'\ic\r\ '\'\ne moni-
]ou.\c.hcms are ”o\ovious\bh OX. 3:) ond larae, the
ma}}\ema\ic§ons g)orm a muc\n more 'm?orma \ox' }\'\om
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"H"le.:) arée Qgwoare oe

Whether Hhis n rma\i\r s n aemeral oad ! or
“bod” s neither Beﬁjnor H"are.(’ﬂngﬂe e,xis\'s?\'jpe of)
mothemolicion with o Y.»ur'-}an S}'rea.\« halt &?ee\s 3u;\\:j
Q\Ocm} -\-) “The Po‘m“ is H‘ta){ n mos¥ o? c.crm]au)’m‘_cj
-H'\‘ss ln?orm:;\i\‘ Seems 'mo.‘oproprio\}e w\'\en Yyou wis\n
Yo Qlo}omosck +he }oPic ma}hema\-ica\\b.’ﬁr Yhis in ap-

propria}eness M’leng are *wo reosons.

Tir,sl-\:j, b:j 'I}'S ve,rJ ha\mre, each Com]ou\'i\:P Sb.sx-em
embodies o ?orma\ sustem o_? some sort. We can oP
Course O-'D 3‘0)“0\& Fhis @.c\ b.j 9iving + so mony
Ccrm};\i coted —and N-documented - ?r‘o]oer\-'nes Fhat
n its Co.)oac:b o? < (Jorma.\ s:)s\'em W ):aeccnmes an
'lm)aoss'u\ale ome Jo use. O@en this has hQFPech‘ ‘?_‘j
acr:ic\en\, some}imes 'Hnis s done on \Ourpose, Yhe
ho-Pe, \oc-:;na Yho! % \aeccmnes e Su:\-a\a\c )roo\ @n‘ in-~
?ormo«\ Use: Sucln 4 or}s Can )Oe c‘nmmcxer't‘led G }Uw‘ij
4o use o COTﬂ\Pu)‘(f‘ ?)r Yhe simulabion o? & non-
cmmlow}cr and can be '\Snorecl in this ccm)rex\a

Seconélj, 'The ]nxrinsica\b c\"scre}c ’na}ure o?
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There s o ?ur\-\'ner aspecsr n which ccrm]ou\--‘na science,
\u}'te-n reiao.rc\ecl as o brOu-nc\f\ QP ma-}-\wemo\-ics, di??ers
?ro'm wmost c{’ ‘)'\"e Pre-tcmpu}er mannema\'-cs.—_lrc\c\i-
hunc\] lmmn\ema\'ics }10»5 Subdivided ’;\'seU{) ‘m\'o 'manj
dit¥erent bmnc\nes, each w‘M\ \\-s owmn S‘oeci i \Docij
Y \cnow\edae. (‘Th;s do 4he ex}en\' '\'hc‘)‘;bjj now, the
C(‘ﬂﬂp\o\tn“ }ka} md—‘nema}icions Frum c\ig;ere-n\- anc\nes
<arm No \cmaer C(‘J‘nr\munico\}-t wi\-\n eac\ﬁ o\\ner 9 a
Vex(j comMmmaon cme.) ﬁs branch QP mo.nnemahcs, Cam-
Pu\-'mg science diflers ﬁ'crm Yhe others n thal the
Sike OF'}S bocl:j relevom‘l Yno.)r\nemo&iccx\ \tnmo\ecbe
is relobvely smoll. “There was o }ime when 1 bomed
dhe *or)ic‘s Ou\-\n %r H\o)t CIrCumsxance and {’e“‘
Hho} the buildin wp 0{3 such o \ooi\j o? \(now\eclje
would be C Wor hj 800\ . —I\ hever chu'\recl, \f\uweuer,
the shahus o? one oJ;) my ex?\ici\-\j stojed purposes in
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\oe&om -}o a\oscr\D ‘rnu«c\n monz o?“m o\“‘en)‘lcm }hom

de\ie\o‘o:nﬁ He ”quod”. (1 never {e\y oPracled \p;j Yhe

dese r; P\ﬂcm education as ”\Cnow\e&je Yrons ?cr B
houvo 1 )cno-oo w\'\:j a)‘ \(as)‘ N )—\nc cose o Cmpu}irjﬂ
science #Hnalt \'crm S even vera '\no«Aecluo. )

1? —-as 'I Gm )Deamnrnj '\o \De\ieve- Fhe rc\c}-ive\j
modest ra\t o? \Onouo\ccije is '1n¥rinslc: 1o the )ro?ic,
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H\]S wi“ bc. r‘eﬁccxed m our wOJ o? "CQC)MH& 'H\e
¥o]>ic.. Wha homa&obs is colled ”m:ﬂnoelo\oaj " waill
)o\a.a o} la'aer r’é\e n -)-Lte. }‘Cﬁc\ﬂihj o? c,cmnr)u%n
Science +than ﬂ- Hos dene So for in Hne, )fméi lcmc.\
.‘}eac\n'ms OP ma}%ema}]cs. S'mce , c>“ sver H’ne wor\ci,
Ihe pmc\-'\cz u? mo}\wemo\ics 'S So ]-'Lcj\w\-\ in}erwoven
With i\'s ')'EGC\!\{nﬁ, his \Gsl‘ asPec\‘ M Whic cqmpu}\r:j
science differs ?rcrm most oP e vest is {)e\\‘ very
much. 1k is o difference that connol be 3\ossed
over Qs O consequence c?ih ""’"lb C.Um]ou\"lh scien-}:s}s
are \ﬂes'l\'om} ‘}o s\'re.ss -Hne mc\\%ema}"ica\ ncRure OP
Yheir X-c‘:n'c; €or ?e.ar- Fhat Hhis will be misunderstood
as o )o\eo. r ”Ynore onal sis, more s\‘a\-is\-ic%,mam
qbebm ond group }\neo;:j in Fhe Curr'\m.\\o., while
what Hr\e‘j mean! wWos more r}aour, mare e\fiﬁance,
mare }\33'\&0&. and more Ccmv*inc;ra \ojic.

Qnd \‘lere we »\O\\e “‘ie ?u“ Sco?e o? Qur diFﬁcu\—
Yies. With yeslerdau's Wwords we hove Yo iolan Yod
gesterday plan dodoy
vﬁrr ;'omorr-ow, ond , +the c«m*fm\-‘.‘nﬁ c.\-m“efnac, \Dems
without Preeec\em)r, the words are no 300&. ]f we
CLcm}' Coin New *erms, we \\cwe ;-o we MNew me.o.ninjs
"o 0\.0\ words. /Re re‘H-o-\o\ , -n'\e woﬂc\ GF Cuvn')u"in
9 Y Pehn9
seems \oe}\-ef‘ OA‘ Co'm'mf) new }erms or o]a meamrss

(or without amy yneaning <r all).
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