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Computing Science: Rchievements and C}\allen&es

When, ot the close OF the 204k Cenjmrj, T am Sup-
]oo.sec[ te otk aboul Com)ouwlin? Ocience, T am im-
media)rel:g ‘cmec;{ wi'“\ Hne gues 1on ﬁ\,\)}ﬂcln Comj)ul}nj
Science 7", 1 m\j Fersona) case | com narrow.
i+ down o ”Europecm CS or American CS?;
bul  with 32 years of Euro})eqn and 26 years op
R merican em}ﬁlo&mem\ as o Compuhixj Scientist,
T cannot elimino\)‘e Hhe dilernma. (Qs an a,s;de,
don't add the Ywo numbers Igav@ '\\jow,\%r‘
there  wos Some overla 5 To summoarize wm
‘[]J'Oﬁijrion wi Hh resloeci- lo thet Aransatllantic dfg?rence
1 coannod }ﬁnore '111., but am alse callowed tho ad -~
dress dhe isswe oPenb Cthat is, if not qaa?i{?’ed,
ol least Gn]LiHecl)

The waior dig%rences between Euro]:\eom and
Bmerican  CS are  Yhol Americon CS is more
mac)n}ne.-orien¢e.c[, less mo&}]emo\#ico)’ maore
c]oseb linked Yo opp\ico\ﬂhon areas, more quan-
‘H#o\-}-ive ond wmore wi”]ﬂ3 to QbSorb 'lndusf}f'ao\l
roducts in its curriculumn.  For most O—F
}7@58 di?ﬁerencesggere T;e,r' ect }‘\}s]'or'iCc..} eX-
P]O\r\c}]ons? man o? w Nic r’&@ec}‘ the
enera| Cu\"'ut’“‘o.? c{i\@ferenccs between +he dwo
Conhner\l‘s, but -@r’ CS we have dlso do take

'm)ro o\CC‘OLAﬂ'}' ’Hne SPec}oJ c:‘rcums}‘o\ﬂce -Hmo.)‘
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due 4o the os‘}'-war si)rugc\}-ic;n , Americon CcS
emergeol o decede equiar, %r‘ instance &}
& +me when design, Fr“ocbuuc.)-ion, maintenance
and )’elio\]oi[i} OP -)r)'ye hard Waore were S}‘i”
) h
CaLLsSes —Fc)or‘ MO\)JD!" concern. /ﬂve Liomes o()%' e

mrb Fro@ssiona socie-}';es are  in )rl‘\TS TES‘IDec)'

re\/eq]inj . the ”stocio\lfaon -@r ComTJb\’)’r':rzﬁ H&c]ﬂmev&
and  the " “Brilish Comf)u«)-e,r“ 50c‘:eb . Bnd so

are +he mames o? Yhe Scien}iﬁc disci ];ne and
the Qcademic de)Dc\f‘}‘men}s: in +he us, s

is short {ér Comfujrer Science  In Eu,ro])e

i'} 1S shork —@:ar Comfu}i:;j Science,

The other C'lrcumsq‘omce res onsi]ole @)r e
dransatantic diﬁ@rence. in how CS evclved
T consider o “rue accident OP hfﬁ}ora, viz. ‘hat
rBF some reason [ BM was ve slows un e,H-ir:?
\‘f\\'e"eb"}‘ed N Europe as « o q}’ic\] warkek
for 1}5 CZOW\)’.)LA)rer"S, and }zj qu fme it +orje}e.oi
Eu\r‘o?e? this was no fonjer* vir(siq —}-err}}ozj.
Consealu\enjrl‘jj 3™ become. N EMPO)De Nneaver
as T:r‘eclominamL os it has heen in Northern
Americe.. Now, several decades later, i+ is hard
}O visue\\‘:ze and )—o ]Delie,ure )WDbo SJrof\j and
how CrvasiIve I’Bﬁ’s ir\ﬁuenc_e }10‘5 bcer\)
bub leb me relate l—ozjou\ an incident that
\wok 'IPleCe in \975) o\%- G Con@reﬂCe ‘}'}lc.;’
I'B™M  hed organizec\ at Monlebello ‘for

‘.

CS PFO\()essof‘S F’Om all over Canadeo. “”-Hmi
MOYiern
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even IBM  knew that OS/Séo WQAS & disgrc\ce@‘
mess and  realized dhat b would become in-
Ci‘easiﬂﬁb diﬁ?cu” Yo @sell i} *O‘ }fﬂow’edgea)o’e
custo mers. Fnd so. with all ‘H')e slicks and carrofs
the compony could muster, 1he Canadian
Unjversities were uraed 4o exclude +he topic
”OPeralinj SJS*'emS ’ rom -\'h??r c_u.rr']cu\c\1 the
reason  givea be'mj thet wor\tm% on the \
Ol)ercs)riﬁj S:jﬂ-e,m WGS not an  en B-\euef\)ob .
Havinﬁ Seen -S:BM kg &c-l-'non , I lﬂaue mixed
eclinas about loday's {éskaon o? s¥ren3¥\nemqj

the in\vs;, {I)nc\nciq and oH'nerwiSe,

)ﬁigher‘ education and 5ﬁc\us)—r€j_

belween

T s - Jb that -“)ej were called /Progr'o\m-
m:‘na L&nguaﬁes, but c\]::ao\r‘\‘ ‘Qom Yhat un-ﬁ:r‘l»unc_l-e.
name , FTORTRAN  aad LISV hove been the
3rea-\- c0n+ri\ouq~ion OP the 50s .

—ﬂﬂa"‘ Y1Gme wWas uﬂ{%r')-uno.l'e bec:a.u.s‘e. ver:j
Soon qu, aﬂa\o?b w’:M\ r\o:]-u.r‘q\ \anﬁuajas \'Je_-
come vnore wisleodin Yhan inumina}rinﬁ. I)r
Ssn’ef\j}]ﬂenecl ~Hne SC\\OO\? of ')'L\Ouﬁ]’\'}‘ “']ﬂ&‘l" J'rie_cl
% view rOSf‘o\mmina r{ma\r{{ as & Communi-
CQJrEOq PrE};lem, 1'\‘ ir\\f'l}tfd -“’1e Jjasjchotogisl's in,
\NHO \’\Q.c{ ﬂO‘H’ﬁﬂ }o COV}'}T‘!BM}'Q, and it Serna
ousl:j del&:jed he rec:o’fjﬂ'n\'ioru OP the beneﬁ—\-s

of View N I?rosrams oS r{érmu}&c }'O be der-i\fed..
1 We.s 48 “"lme o? Ec]mu.nd C.Bef‘\’(e]e 's
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”9.‘0\«1)- PBrains or Machines +1‘\Q+ Think ”, i+ waes

‘Hwe Hme OF r‘amFon‘} &n‘H‘nroFOmof‘I)]ﬂSrn '“10\’}
WOuld lEQCl h) Jr}\e —ﬁxlse %ope o{) Solv}nj H‘ne
Frogmmming Proble.m BJ ‘he \fe-f“}DOSiﬁj 0{7 COBol
and would Seduce race M. Ho er ‘o write
s FQPer‘ Yitled “The Education of a Comfui@,r’i
?egr‘e“‘qlﬂa ond omazinﬁl:j, the habit ]'msjers on:
it is shill qu.i-}e eo.sJ +o inpu.r‘io.)re. COW‘\PUHHS
scientishs }3\‘j ?oin-)-iﬂj out ‘Hm'}‘ an-”'\ro'r.vomorr:kiz{n
nanimate O}ijec}‘s 18 In  Science ¢ ‘S:Jm]’.)—)-o.m 0(2

Frofessiona\ imma*urily,

Hs said, TORTAN ana LISP were +he two Sr‘ec}

achievements OP the 50s . ComFarec\ with FTORTRAN,
LISP embodied o wmuch 3F€c\+€.r" )ea]g of’ }magi—

netion. Conce)g‘]‘b\a“éj FORTRAN Yemained on
-Pcumi,iar rOuﬂdS in -Hwe Sense ”H’]c\}“ 'r“.S Uwrpose
3 Purp
wos +o aid Ythe mechanization OF comfu)fo honal
Process es We used —}o co Wi‘“'\ ]'::en ond ]’DQ)DGF‘

(C\l’)d mec"\cxnical des]»( COLICMIOJ'OF‘S Ff Ol c:oufc;l_
qfforcl them ). This wos in stron corﬁro\s} o

L1ST whose }'J\Ar‘I)OSe was Yo enaoble the exe-

cution o() Processes that no one  would dream

0? Fer‘-ﬁ)rminﬁ with Pen and Joa)oer.

Al Yhe time LIST's radica]l nowvellies were

@r ins+anca recoanized b:j ‘,%-5 Cl’\aa“ac)!‘EFEZO\*}ion
as I/.).he_ mos)r ]r}?@.“ﬁ@"\%‘ W?._j OF m}f‘)u_s[r]ﬁ Ca

comr)u"ler‘”, IRa! r‘e—}r«c:rs]aec:iL we See its fadica)
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ﬂove”b because iﬁ wos what 15 now kn?,bm o
o \omjucﬁe %r -Punc}-iono\] PFOSFQmmiﬁj , while
now , 40 years 1a¥er, -@nclrior\al Frogrcammma

is stll considered n man CS de]')ar"}‘men’)'s
as Some-l']'\}nﬁ much Jroo ﬁxan, '}-oo So?}\fs-})ca‘]'ed
Yo he +o~u3H' to uncler‘af“o\d uotes LISP had its

Seriowus Sl‘xor}COmiq S wlm# ]Oecqme. known
I3

as "shallow }’D]r\diﬂj Cand crected o  hacker's
Jgoracl'ISe) was an or"dmomj desion miS‘]‘o\)(e}
ol so Vs J’)romo%ion o? —Hwe iclea hat o }oro..
31"Qmmif}3 lamauq?e s}\o(,‘)d be ab]& )l‘O @r‘"’\%"
erPra+er‘ (w]'\iclw then could
be used asg 4he lo\n\cﬂu«c« e's de’p;ni—l-iord) has
Cousea o Lot of com{%sion becawse +he in-

cest wous ideao o{) Se\f—deﬁni—l}on WGQS ﬁmda-
men)(‘a]\b -?lcwoed.. But in Sri-}-e OF }hese

\ate 13r5 SN N

Slvor‘lrcominas, LISP wos a F&njras}ic and in

‘”76 101’3 ran ]qi H}j %) ()'Mefﬂ-io«) QC]’\](—_’,\/Q men+
Jfl'\cﬂ "\o‘s E’na]::le;? some 0? -Hne mos)r SQPJMS-
Yicoted C;o'm\ou\#er Q})}’Jlica’HOﬂS.

T musth con{)ess that T s very slow in
c.Joprec'lc\l}nﬁ LISP's meribs. M {?rs* introduc-
tion wos wvia o ])c.I:er thet  delinect —the seman -
lics o LISP in Yerms of LIST, T dia not
see how thal could make Sense, | reilected
')r]'le TJQPer' and LISV wi‘“’\ i‘)‘. MJ seconc elfort
Wwas o stad OP the LISP 1.8 Man ual {)mm "IT
which T cobﬁcl not read becounse i+ wWas an
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1ncom)9\e)-e ]onguaje degni)n'on SLA)’JT)}GM&J’\’)‘QOI
};9 an equo.lb 'mcomp]e}-e descri)o}ion o? e
?ossib)e imP)emer\'fo\'}*ior"-} that wanual wos
SO Poor"\b Wr}4+80 ‘}')'Jou}* T COuld no+ ‘)’O\ke

'45 Qu—”")ofS‘ SeriOusb,Ondf‘e‘ec}ecl ‘Hﬂ@ ‘rnanuo\}

ond  LIST  with it (T Gm O\ga\.id thal dolerance
o() inoc\ec]uq)re texts was not my ]eadirlﬁ
CJﬂof‘QC }eri s l-}c.)

™ s mu\c)-} l')ar“cler‘ ']'C) ‘Se}' lkj rica] ebout
FTORTRAN | which as o Progrommin laﬂju\aje
was cdenied 4he epithek '%n‘ her - Pevel " alrea
in 1962 Cin Wome), but 1 ;?)Oulcl be grade {)u
ﬂﬁ:r F_[ \@O\r‘necl C {)w '\']ﬂiﬁjs FOW‘\ i, :Durmj

an oral exomination T hod o student develoF
a J:r03ram w\'\ic}w we W’Ol—ald NQWo F@COgnize cs
imP]emen%rB Poirﬂrer‘ mo\ni)';ulo\-hons usin3 o
one-dimens}onol ‘”"“J' The candidate did very
weH Vm)(i) o\';' —Hwe \/ev end }'ne 304- rn(jshariovnsb
s}u.c}-t, neither OP us
Y urned out thot he should howe wr':-“-er\ down
“ala[d]]:=...." bub that o mental block

ﬁre\;en'}ed him Qcm conce}vir‘)j that because
FORTKAN <¥o which he hod  been ex)oosec[
ex%-ensiveb) did not a\low index ex:j)ressions

uﬂcler‘S'J‘c\r\din wh(cj

as com]olica+6d &S ”Q[c‘]" . 14‘ WGes o re-

vea\in Warnin 0)0 -Hne devious InPlu\eoce }he
J I

-}OO]‘S We woe me?j ho\ve o Ownr Jr]nin]-ciﬂj

]'}o\b i)rs.
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T learned o second lesson m  the 603, when
T lYouwught a course on rog T mming to 501’)}70‘
mores, and discovered o m sur-j)rise -qu}
10 7 of my oudience had cz'}ne rectest clf{)_
ﬁcu]}‘j n &Z}omg with  the Concep o? yecwrs ve
rocedures. 1 was sur‘]or‘;sed because 1 knew
Yhal  the concept O? fecursion wos voft dr‘@
icall. Welkin with m ﬁve‘j%r old son
%L\rouﬁk Efndl')oven, he Sudclenb Saidl ”:Dc;c(,
not e very boot has o \ife—bo:ﬂ.} has it 7
(('How Come? ! T scid. }'\/J*E”, the li?e-—)oogj'

eould hove o swmoller l{?e—]oo:::}, Ybut then

that would be withouw! one. Tl harned ouf
Yhat  dhe sl—uden]'s wi“‘. )—;rob}ems wWere.
those  Wwho hed hod rior exposwure o
’FOKRT(RQN, andl 'H’)e- SOwrce o H":efr‘ di?{)._
cul bies WGS no{- H‘\a-l- "'}—:O’}?T’RQN dicl not
Eet’m”' Mrecursion | )DQJ- Yhat —Hne& had not
een ‘l‘&ujhl' +o disl—ihjuisk belween H-;e
de 4 nikon or & ogrammin lancua e and
ﬂsgimrblemeﬁqhoﬁjond Mii J)ffir LZ”‘J
Iqomcl]e on  +he Serno\n}ics WGS ’}wiﬂj to
visualize  whot %a]openeol cliurin roGeam
execu hon., Thejr onl{j wc:j OF) undersq‘ond;@k
VeCursion wWaos 40 implement iJ—\ SOme«Hwirlﬁ
oF course —H‘n(’ij could net do. Their Woy

o? -H\m\'tinﬁ WNos So }-)norouﬁ}]b opero\}iono\l
thet !be_cause %e& did not see how o

im)o]emenl‘ r‘ecursior\) +hij Couxlol noJr under-
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Sl'omcl il*. The inabili} —}O Hﬁir\]« c\bOqu rogmms
| Y P
in_an implemen atliorn -~ independent o still
Q?flici—s lome Sec]-ior\s O Hﬂe -C.Orn]':malmﬁ
communil , oand FORTRAN Pla\vec\ oN mi)or
ro\e gl QS*'D\O“SL\iﬂﬁ '“uﬂ T“egre-]—J‘QBIE +red -

J—iOn.

But clespi*e ks S}wor‘)'cominjs) TFTOWTRA N
Was Sr‘erﬂ COﬂ‘]f']bLAJ’iOr‘\ w\nose Sijn)(?conce
T reclized durin O\()oremenjrionecl Projr-om—

3’1& fos. T thotl course T
develo eck b wia O exomyple -Hﬂe rograrm
*“’)o\l‘ P—\'I‘ons o:‘msjqpi:jermu)iqhon +Ec«9 s
not the C\lp)'\o\belrfcc.\lfj IQS+ one into l"}'S
oi)o]no\}'ae-Hco\f successor. L still viv}olb e~
membef’ mﬂ eXQ}‘}emen)- -H]oJ' T C.OLA[O[ olo
S0 o +the ]Deginninj C]F) lthe 54h lec kure
F)Or* on awdicnce of QbouJ 250 Nowvices,
anal bheb it }‘ook no more 'H\o.n 2o minuies.
T wos so thrilled becouse ,less than 10 Yeors
ID@FOF@, T hod tockled Yhat Problem and
though kg then on experienced ro oo m mer,

9" I P eI
I hod been wnable to desicn +hat PrOﬁrom
ancl a@-er < ()euo hours  ha heen (Hrced
do Sive uuY:' Tor me il‘ was o MOS}' vivicd

min cCourse M

i“us#mhon o{) dro\mo\lic Progr-ess wia‘]ﬂq
Q decode) ancl T lried to  conve Some

OF thal  excitement to my oudience. but
in H’\o} Qﬁ’)or‘)' T WGs hg

en J-i reij Success-
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@J, @)r w}\}le lecw%r:j the  leckure hall O\Ger-
wards , 1 overheard one student remarkin
to another g IF/D kstra couldn't solve that
roblemm im  his shadent olods » he cannot

ave been o very bright one. . The reason

T )ﬂad ]:)een unqloe Jrc> c}es(ijn ‘“';c.]r ]’Jr‘O&r‘om W GS
—H'lajr a-]- })we time —I WGS Y)rOSr“c«mm;n in o MG -
chine code 2 w)wickj due to the o sence OP

hcex T‘Ci%fs'}-ef‘s, Frogroms hed 1o mod[@ their
own instructions in store, ancl,as & conse-
quence, mJ LOOF) uneducoted heod did not
know houw mo.ke the dishnction be}ween
-H';e Pro ram on -qu one )ﬁom.c.\ angl H\e VG-
O.lo)es 1[2 OPer‘c\“}‘QC\ L/\.)}Oﬂ on —}-‘ne O'H’ter-* )IO.V\C\.
Tr\ imPer‘o\)-ive )’)rij"ams, We now 4-c:ke ‘Hﬂis
diS?LiﬂC Fon POf‘ 3r‘qr\}ec\, bur T would like

1o r‘e[)or‘)f ‘o Pos*er‘:? that {c);r me i+ wos

o} reve\o\lrion w)nen Saw H1e dis]r'mc: ')';On

macde. Hnd TORTRAN had eue\r“j'“’\in(ﬁ o do
with  that.

T’ne Coﬂcepl- o? -”‘ne_ Selipmmoclipﬁfnj Proarqm
hos been viﬁor‘ous}j Prom::i-e_o( h chn von

Newmonn wlﬂo aFPQr&n]’b {é” + G\)' ‘JL wic.s
an G‘SSQnJ"IG.l in&;"edier\* OJ{) +}1€ COm)ou\')'e;"S
F]exilail}b} in r'e)rros)oec)r i WOoS G Fu'ﬂ +hat
}10\5 \Oeen r'es)oonsi}:]e -@r‘ O. decacl@_ O{)

<on ]OusiOn_
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Ana thena the 60s 6’&'o.r"l*ed with G chsalute
miro.c\e, viz. ALGOL 60 . "This was o« mirocle be-
caunse on the one hand this TarOjrammm lan-
Su.a e \nc\d been desijned b:j o cammit ee ,
while on the other hond iks O\LA.Q\i}'TeS were so
ou)rslrc‘r\ciinj that in r‘e}rosloed- i+ has been

c\v\oro\c-]'EFEZQd &S . Ma\or im J‘D\/‘e‘mer\} on
"

”’Y‘OS;‘ o? f}' SULCC‘Q‘SSOFKS) (C.Q?.Hoare). I‘}
WGS Cre&"'ed IO (o \ﬁalf)— gmeriCan, L]OL]F— E-U.FDTJQQ*\
commitlee o](;)o\ dozen )oeor)le, (s 1 wos not
a. member, L don't know who con tributed
wlr\c.}) bul T know that we owe %Jo"\n
W, /\Bo\c\—(us ’H’)QJF ~he Sjn*”‘&x 0? [DrL%OL 60 jo)-
N ()orrﬂa\ grommar arnd to "Rler Naur
Hmc# —Qmonﬁ Probcx]ob cu W)WOle [o%‘ mMore —
the q?elaor}' was wrten so @XC@&diﬂjl well
Seuera} G‘fer\ds ot” Mmine wl’len C\.S\’ted bsuﬁn
Sesl- o date OP birih {ér COM)’JM)'iflj Sc‘.ence)
Come u]o Lt Hh O«nuo\r;j 1960 , ]’)f‘ecf::“e

be cause }l’ WGS QLg@L 6o that showed the
%r‘s]- wozjs (g whlc\n Qu\mtomat]—ic Comr)u}inj
could and s]ﬁo“lcl and clid become a Jro}m‘c

OP acaclemic concern.

The introduction and wse o? BNF (: ’Bockus/
I\)aur To=—m> -]'o %rmalize -qu Sgn}‘ax WGes «K \feij
QOUrcogeous nOv’e“‘ 5 becquse ™maon {)eo\r‘ec:f Yhat

v, I
}J‘ wOuld com]olele\z J’:u}" OF)F -”ne COMIDMJan
he

COmmunib, ID\A]L gr‘ecﬂ- sur‘}orise was thot
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EXQc}b the O)OI)OS\“'GL Ho.ryr:enecl: i+ was loved
BU Programmens and imp?emena‘ers alike. TH
lurned out Yo have oll the Pr‘o]Oer")n‘es ofo
}\e\)oﬁ\ ,@rmc\\ism, ViZ . COmFQc}‘, LN om]oijuous
and oamenable to mechonical mMani uwledion:
be@)re the end o]p the decade lhe construc-
}jon o arsers quc{ been meclf}aniZe.cl, ari cachieve-
ment that 10 ears earlier would have
bo\?F)ed the imaj‘mc}fow Tn the case o¢ PH.BOL
60 , Yhe wse OF BNF has had one re.gr‘e-Hc\He
eﬁ%ck Tis power should hove been used ex-
Clusiveb -lo S\noﬂ‘er\ ‘H’le ]ar\3 uage cledin: }ion,
but it Tmede the introduction o N ew Sanhzc-
bie Ccu}eﬁorie.s so eas:j Yhat Yhe Qr\a] 527{“}0)‘
became wmore elaborate and more complfa

cote o ‘Hﬁ&.h desir‘qb\e.

A -?or-n’m) Yool @r— the deﬁm)ion 0? the
Semaﬂl-ics was not auai’al:}e at Yhe Jrime,
and so the Semanitics were 3iven verbally |
<'ﬂ/115 WGS de]pim'}etj one o? the Iaces Where
TFeter Naur's scrufulou:;s use o Erﬁl:s)n Pa}d
o{)().) -ﬂ‘ WGz, {c)Dr‘ ]&ck o() an O\H“ernai'ive_) Sl-j”
an o]ger'c\}ionc\l cle mi}ion, bt much more
abstract and @r)— er owa Fom the woachine
Yhan we were used lo. I+ was c\e()\'m'}-eé
_}19_*‘ < c\epin]}-iOr) in terms O]O an imralemen ~

hon, because 'wl'\em M’?e (\QQPor} WGsS Pub“s]f\ed,
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H‘S cuthors did not know \(jeﬂ* ]’)Oud ko imrlemen')‘
Yhe lanau\Q3e, and  in -Hmc:\q‘ sense OL[SO the dE‘SSﬂ

of Yhe semantics was Vew courageous.

O]O the lanﬁuage ]}self T would like Yo mention
3 \'uiahli\g]n}s) in order: recursion the }-JFE bool-
€an, and -“')e b\Ock Slruc'}ur‘c.

B maijor miles‘)‘one OF P\LSOL 60 wos irs
)njrrocluclrion o]() recursion in'}-o imTJequrive

)or\‘iaro\mm}nj'

Aside Ths inclosion was almost on accident
oand c:er‘Jram\j A Coup. When the QLSDL 60
/)?e}oorl* WaGs  nearin COmT)\eHon and circulated
{%r‘ ?fﬂa] comments, rl~ wosS c:[isc:ovefecl ‘”7071
recwuision WOS nowhere ex ll'Ci“ eKC[L.LdGC‘l/
QﬂO‘,JuSl‘ “'O be sure 'Hla}‘ 't]' would be in,
one innocent sentence was added ot +he
end of  Sechion 5.4.4 ., viz. "Oac other oc-
curyence OO Yhe Procgolur‘e iden iﬁer‘ w}-}-lwin

the )oroceokufc ﬂ\OOC}j denotes onc}ivo\)rion of

‘he PrOce’c(uf‘e. \ Some committee  mem bers
only * noticed Hhis sentence when i} was Yoo
IO\ e )rO OP)’JOSG, ‘90}' ve:j Cross ancl regsed
:\'0 [Has ]emen r'}-. 8 more Hﬂan one sSeénse

-Hne:j were +the losers. C Bngqg OF Aside.)

’ro jive UOUL sS5ome io(eq OF —lfne Si&nf’ﬁcanoe
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op this m‘-]e.sjrone, i+ wes crucial in ena}aln‘nj
’ron:j HOGre —Jro comP]e’]-e ‘H’)e Cleﬁijﬂ o(" one op
Z

Corni?u\)rr'ngls most GMOWUS alﬁor%”‘;ms, Viz,

Quicksorr. Prior o kﬂowiﬂg QLSOL 50,
he had the ideo. butr i+ remained an elusive
vision, dream that defﬁed FDFMMIC\‘J’)OH,
bul as sSoon as he saw QLS oL 60 o]p—fersrg
him  tust  what he needed, Quicksork
moteriolized  iIn ol i+s 3{or3.

But i+ wus nof onl’j the invention o()
individual a‘&oﬁ%ms that benegjreo[‘ also
Frosmm Comj’)os‘mljon as « wlno\e became
Much c}earwer. Tor Iﬂs}ance, once the imj:)Je-
menta Hon con cope wi th nested ochivations
o‘p the same Procedure, the Fur)c)rion Su]o}olieo\
as Famme}rer +o an inl‘ejro\'}ion r‘Ou)ﬁnc—: Maj
I')’SE‘.}? be _oleenecl in terms of o ole]Qni}e
in»leﬁrql, ancl b\t.) abO\isL\inj the combinotorial
constraints that other wise would be im-
!’JOSed,} QLQOL 60  introduced o new stanclard
op C]eanliness. Iq I:»o.ssmg 1'4‘ c}o.r-i—ﬁed ‘H"!e
struchare o? ComFller‘S, For-, the 55“}-0:& bemj
clegnec\ 1’ecw’swe\j, o bunch o Mul-uxcxlb
recurs;ve rocedures Provides he simplest
S}'rucl'ur'e Qr o Farser (So mu«e,l') SO L\o}
”s:jnl-ox»clired-ec\ ComPi]ir\j " became o recog-
nized *ec\ﬂn',que). Tor +he S(Absequeni‘ Mmoo
ngr&mmirg 535¥em59 Ba! wlr\iclq nested acliva-
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Hon WS Smerati’&c—:d —}o }hi-erleo.veol exec,uv}ion
op ciiﬁ%r’enl- ocJ—iuaJrions OF Possi]ob “qe same
Froceoturep 'lmP\eme.n)rmﬁ recursion has been

a Va]uable s}'ezjv)oinﬁ S+one.

The next milestone o() QLSOL 60 that T wmust
men tion 1S QLEOL 60's introduction of

/i
”boo\ean as o

wll-blown -}\uj]oe, i.e. nok onb
with  boolean expressions but clse with boolean
Corws+0m4's, varialo\es, olr‘r"o:js, PrOceclures anc )'Dor‘a-
meters. From « ngr‘ammimj Foml’ OP view iF
wes not 50 SL'\OCL('JﬁS: bes;c[es /’irﬂ-e ers ! whose
values <an be V@PreSen}'@c\ bj some ﬁn#& A ber
of bits, one con inkoduce o lype Br which
& 5)#‘\3)@ br)‘ Sta ices) bm,— in ¢ wider Cu”urre

it s makinﬁ o modor— clip()er‘ence-

/Remark EV@"I Fm— )orOSrammers, Nl’lo Saw -Hm}-
-H/)ere was no v lemer\)rall-;‘or\ roloiem o.}‘ O\”,
the introduchon OF Vhe hoolean variable
WGS  —and bohly skl js— a big lea a
)’be l 'P S
1S conwvincingl 'Inyu5+ro\}-eol b —H:Z F&c}- ‘Hﬁ&l‘
J Y,
fOr Ueqr‘s one  wouwld skl {?r\d even 1in Pu"
blis\qecl Pregrams clauses like

l‘f CE true Mﬂeq .....

W\’\ere oP course

i{) c then ..
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would a:.gace. C End DF) ’Remark.)

Evolukons clo ‘\‘le -}}me. Mo.“’)emo\JricicmS 'ﬂave
used beoolean ex]'m“es-sions ot leaslr since |557)

when TNRobert Wecorde introduced he equa\ib

/it L

‘ijrﬂbo\ = O3 1‘hﬁ'x o]oe»“a)for . but e @r«
mula like =5 wWGs vnot recognized as an
expression not syntackicall and not semonitic-
C«“\j) bec:ause COI" lack o() 'H’IE. }‘:)I’Je lOOOIE.on »
"= 5” was not 5ome+}'nnj that could have o

Value.

This Clﬂan ed 1n  [854 when Seor:ge “Boole
i Fro cl u ced he bFe we now name oafter him,
on ir‘:ver\%om, ]’)owevgr—, ‘“’\OJ~ Jrhe mo\+hemo\)rfca]
Commu\nib hod not et absorbed o centur
\ater: for” the average mo\H-we,mo\Jrician; and
even \Oor- e not so averoge one, n 1954, a
booleo.n ex]’)ress}On was not some#ﬂrg Wi th
& \/'C\lU\.e, bhut . as in O0<ngt0 , a condi hon
or o stalement OP {)Oxc?’, ond | SO&?' 2+3 =7
WGS nol o com]g\)ao\-ec( wo:j of Wri}mﬁ +he

Coms¥on+ £G|Se it was Jus)' wr‘onjj oan

J

Q-I'Jr}}-uole H’WG.} Preclucles —Hme, mqn))oulo\l-fom o]p

ur\in)rerpr'ek-*d ]{c)Dr'mulae containin \::c:roleaq
Su]:)t‘,‘xraressions. T how See more and more
PQOPIQ do’mﬁ Co\lCulo\)’ioan ma',-l'\emo\)rics such

w5 {%rmo\lthlj a lfL‘leor—em as G 5001901'1 ex -
FJ"@SS]On and CO{JCM\C«\Liﬂj H‘lo\"' ”‘5 Vo\[ue is }'_;14_@__
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This  rnew Sjrjle OF domj mo\”we,mo\lics embodies
& Mojor Sim[:liﬁcajrion op "'Hne Ync\H'}emo\J-ical
a'gumen*. Comjouj—:‘rij Science deueio]’:ed iF he-
Coase i?‘ needec! | andc \NQO\ Hne J’Jo{-er\}—ial
o do 50 QLQDL 60's PromowLion o? Yhe }ar;e
boolearn hos ]Dlafjed c lf\'ls)roﬂcclb sijn;(,)'c_ahfl-

role im 'H":a]- c\e\feloPmenF.

_F;ngllj T must mention QLSOL 60's con -
’}‘f‘i)’)u)’)or\ ')'0 J’Dr‘ogr*am s*ru\c}-u\-r‘iﬂs. On ‘“’76
5’\‘&+emer\l~ scale i]r introduced COﬂdiJ’ional and
T‘epe,i-i}}ve c]c\uses, Yo which T shall return
leter. On o more mc\cr"osco]oic scale o?
structurin W inkrodacee )orocec\ur‘es as
]’Jr‘O&F‘am modu]es) bu*- IEa *Hr\is \"ESj’Jech j]—-s
3r“ec\4-e57L contributon was undoubteda the
block struclure, an invention OF) -Hoek?
weeks o? 1959,

ast

H'zo} {959 I othen ded o Fre\i minozij
YhEehn c.} wl’)ic)—\ -Hne no}ion OF) USCO)’D@
wiG S sﬂhﬂ NVer ’}Eh}*o\%‘ive. COmT)uJ’inﬁ Science

Ul

WG.S r‘ealb shIl in iFs In ancy, —E)r- there
wWas COﬂs-]—arﬂ- COnﬁsion be}ween —H"we
A—ime\eSs Comc_e]'al' o -)'}‘;e_ FOQ +e><)r andl
the +em7>or‘o\1 Concep o? the compu}‘o\)-fon,
Qa Cof\{as‘;on that Frovoked Someone Yo ask
"Do T understand thal we are considerin

5copes €x4*endin3 F\Om here Hll then?” 1 re-
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member | when 1 received +he Qﬂa] document,

Yre cwe WI"H") w]’\ic]'\ N ob served %cw N -H'ae

block srructure the Yextual cor\ce]o)' o?scoyae

had teen celoted to the nested ]J@ times
o\? ]ncarm:hons ™ wes o \r:ec..u)riﬁ\] S:jrw
-Hﬁesis 5 l”e]al-iog comPu+a )rior\ Sl'ru\cLu»f'e
Yo Pr03r~am Sq'r‘u.cl—ure; Qas Sucl\ i+ r‘épreserﬁ-
ed o quon\‘um ]eoP N our coming ‘o
8""?5 with  the Fr@ﬁfammin ’}nsk. T was
clee]o\j imFr‘essec{ B(j the hlock structure
‘but have never heen able }o F.?qcl out who

1) P&Fl-ic;ular \mas heen r‘eS]'Jor}s'\He For i}'s

]r\ven-i-ion.

Qﬁ'er 1960, academic com ulin\cj science b%ﬁon
bo (—DIOur—isJ—H it did so with momJ clfﬁ%rerﬂ‘
flowers, SO Mman la -?ac}-, ‘H)C.J- here we can
%uc‘n on on\a C Ve(rj sma” —G‘c\c-\'iom OP -}-L-.em.
The now obvious Sijn‘l-ﬁcaﬂca of ‘(c))r“rr\o\] gram-
™mars ‘r‘aisecl in}rer'e.s}- N Parsing, recoani]-ion}
?‘mm}‘e QAJ\‘I‘OMC\}-O\, /T—urirb maechines &r}d_) )Oar_
wl]c:u]c\rb in +he United States, in kofjic,
dec}clc*\bi\i[-‘j and Ccmplex\'-‘- -Hﬁeoy\ No+
SMFP”S“’{BB; jr|r\c>5e eo\r\J cwers could
bloom because lr}'\ejj could be Gerhl;zecl bj
ma¥\'\emq¥icql —Hﬁeorﬁes ‘H’)c:\']" ci'uc\ O\Ilf-eC\OLLj em‘sF
TFurthermore ik Sl’\oulcl be notea that
"—"Sul’PriSinj\\j or no}‘, TJrDbo\bb no}‘—-—- YVlo_s)-
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of the eorb treoretical work was closel\j Yiec
to Yhe notion of o discrete machine and

'a)rs Secluenl-}o\.\ O)'De.roﬂ—i O,

But at H’re sScme e ]’Deople be&ar\ }-O
realize ‘H‘\Ox‘\', -g:r makin‘ﬁ asser tions abowt
COmPu'}a)rions as -Hf\e'j could evolve in ‘}ime,
i+ wus desirable t learn how to recson

e ?ecl';veb ahbouwtr +the Hmeless concep}- o?

Cn Pro ram. In the 60s one could observe

. shilt in em]))’lc\.si.s: as 1 hove C]’\QFQC-—

lerized ik be@t‘e, gr*s)r i} was the task OFD
lhe Pro\ﬁrqms +o instruct our ch)f\}ne_s)

o decade later i+ was +he tosk o? the

rmochines +6 execute our )’)mjr'ams.

Tere- Nowr Torom Copenlﬂo\;en WGS oround
e

1965  +he F;{rs}- to contribau +o the ort of
reasonin ohout I)r-ogr‘o\ms in -Hne 11‘”)6 c‘r)'ic)e
in which he launched his beneroﬂ sSnap-

shols “ (wl'\icim later would be called "asser
lions 7). Due o the limited cIr‘cu\lo\)-Ion o)

*”r)e Jour“hO\] BLT T which it wWo s )’DMbiSl"neol
i+ did nmob jd- the odtention it deserved. He
WNGS Fonowed Lij Kobert W ?)ijc{ @om Sten-
{%r’cl with  the paper on assi m‘ﬂj meanings
Yo ]’Dro roomn S. ””nis was G éﬁdamer)l’a] J.mper‘

N -Hf\a i)— ']*O\C\Tlecl bojrh corf"eclrness an
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termination: Hhe r\@lc} that e Phrasecl the
*]’JPO}’:)\Gm .for‘ r)roﬁr‘ams O s U\.ns‘}ruc}ured a3 an
C\F“]:J'v}'rc‘,—:j ?low chort made This paper ot
the same dime ﬁenera] and unattrack ve.
HQ[F"_W% 4he decade the 80¥o~s¥a}emem}-
had been [o\en)rigecl as o com{?]exib Jenero\——
bor  ond by ignoring it Teny Hoare ot the
A Y R

end OF the decmde, nlCE}j iecl -Hwe. Froo{)
obl:’go\}ions o swccessions ” Conc\i}iono\ls,
ond e e.]-i]ricms, three concepts +hat ore
ex})\‘;chr\ r‘egled—eo\ in +the S‘Jh)'ochc struc-
)rure (o} -qu ]OJ'“O(S)"GM. ﬂ WTGS a} —an “ime,
]aoweuef, unc]eor wlﬂeH\ef ’TONJ Hocre's GX)O -
MOLI"IC \'Dc\s'ns {)OF‘ c;omrgu)‘er ]QFO r‘o\.mmjng
Was based on o roaramm‘m'j \%anguxo\&e

C
SEMoN kCS deﬁﬂec\ _]DTESLAM o\}al O)Qefc\l'ior\r

O\I\Lj—-— somewhere else |, or whether all b
i sel]g and on its ocwn, it could he taken
as the deﬁni}}on OF the lanﬁuqae 5eman+}cs.
A ()ur']’f']er‘ depar}—ure ﬁ“om o]o"ér“o\%ono\} con-
sidera tions  fook Piace in the 70s with
the ntroduchon o? ]')reo\‘lcque '}-f‘ansformer‘s.
’U’taﬁ allowed the C).Egﬂi‘l"lorﬂ OF T)rc:ﬁr-o\mmir‘aj
)om uuo\je seman tics wi—’-}’)oui an r‘ellérer\ce to
Com}')u\4‘er'3, their Comrjoﬂen}'s Or 5 m05')‘ 1M~
Porl-omH:j, their O\C:‘]‘I'Vf]’((j? and +thus ik be-
<ome TDOSSI]’JIQ % reason O\LJOLA.'}‘ rOSr“ams
while igﬂoriné that the Procar“o.m Fex} admits

~qu '1n4’err:re_+a}-10n O? eKeCU\J‘lee Code as wen.
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,Proﬁramminﬁ WS becomizﬁ OP a3e.

OF) cCourse '1;— 15 not Er'lou\g)') ’LD know %ow, in

TJr]nciF]e, one can reasom~ about o )’.71"0 rom _@r
i ]’Drc\chce. “’ve v ount O? reccsomqa f‘E’-C?uir'ed
wmusk be doa ble. The Pe.riocl T d95cri]ged e
duced +he amount o%? r‘e(lsom'n3 f'@ciuir'eci ]Dj
Yo devices, viz. struchurin and absiraction.
'ﬂfze ]&'Her‘ Q)D-s'}‘rc\c}'EGl qwa& fG-om —Phe com}:-ina—
lorial explosion jnherenk in ConSic(erinéj incli-
vidual c:@mJ')uJ-cm]r:'oﬁs1 ie. Sequences OF in-
dividual stakes, while s*ruuc:“w"iné con tri-

bulted +o the cliser\*o.mﬁlemeni- .o() argu.men)r‘s.

Life continued and program struckure be-
come more wideJ exP]oH‘ecL Dana S. Scott
showed +he relevan ce of lattice —Hne.o:-a ‘o
the PFOSY‘O\.W\M"QS world, wfr\ich, attracted
):)3 14—5 Sim)o]ici}—:j, "H"]E’fl used f{- FOT‘ I-]-s
O wor Tqmrfoses: T the re,lpfnemeh¥ colculi

the kind

f: —POumcL w?s o? unsirlcj S}r-uuc)-u.r'e to BKTJIOiJ‘
Hneo:«j SLA]':POF’}‘J.

monotonicl }'3 Gl:(ju&men ‘}‘S ]O\'H‘fce

Tn some Woy's Fr03rams are  among the
most comj;]{ca¥ecl or}—e?ac}-s Mankind ever
tried }I‘O 85'811, ond ]Der‘s'::nc\“, 1 ﬁnd s

- J
{)O«.S(‘rﬂoxl'lhs -}—o see “10]‘ r“ec\5omn8 aloou}F
-H'lem is S0 mu.cl’\ Otl'cleo{ ]?j SimPIE, elegan}

20
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devices such as Preolica}’e calcwlus and latice
Hieor;j. Q@er more “than 45 yeers in the (f"eld,
L om S]—m Cornr{hcec{ -}lw\} in com uhnjl e)e-
3cmc€ is not o disFensab]e '\uny but o
u\ali}a thatl decides between success and
é&f\ure; in +his connection T Sr"o\}—e,\[&\b
o,uo%e €Om “The Concise’ Ox?or‘c\ ’_Dic}-r'onc{j oy
de iniFion O? ”elegom)f ;, viz. ingemous}j
S‘am]‘sle and e{) ec tive ”. Bmen. (tor Jhose
who have wondered: 1 c[o»r'l'1L -Hﬂink o\jec}“-
oriented pro ro\mmin\?-s 15 @ s}ruc_}-umﬁg

]oo.r&olfﬁm thatl  mee mJ sx-qncﬂomd‘s O_j_f)

e\eﬁance >

On  the w)no]e., Yhe Farioc{ aprer‘ 19720 showed
o lob op progress. “Fascal | designed lzj Niklaus
Wirth {jr-om ?ﬂir‘ic\h? had o wholesome in{)'uence
worldwide on the ‘}‘EQc}wing of }ji’oﬁmmming, we
30-]- Jvlveol {a\ncliona] )’)r'o Frarimin lanjb\&jes,

103}6 Froar‘o.mm’;ns entered 'H‘le sCene and

disc;r)lmes or oma“e] rogrammin emer‘jed
ang were J-auxﬁ k. P 3

In r“e}rosrzec)- il looks like « ko\}e}doscopic
achvi}(jl. T woas., The +turnin IDOinl had been
the NRATO Conférenc:e on Software En(cameehrg
O\}‘ Sar‘mi561’\-—/?&r“']-er\kir‘c_}1€h Ra) 1958’ G Con{)er"-
ence thal had been ogo\nized b, Friedrich
L. Eau.er o m Munic\q. 14‘ Las ’H?

ere and
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then thot +he so-called 7 SOﬂw‘ofe Crisis wos
admitted and ‘he condilion was crected

under which PrOgr’ommin as such couwld
become C }o):)ic O-P QCO\C?em'lC ih+6fes}‘.

The latter, not Surprisimﬁlv, turned pro-
r‘amminﬁ A-F;-om an ih‘}ui]rive activi b into &
ormal  one in  which +he ]or“OSr"G\m is derived
}33 S rmbolic anI}Ou]c\‘]‘ioh —(r)'om i}-s QA”C“
lionc\ SPeci«ﬁco.Horw and -Hne C]"vOSer) -()orm
o? “H'\e Corr‘ec)'ness r'oo]p, In «[—}‘\is Cor\r‘:ec}—ior\
the nNames o]p fl‘?o\])o)—\-aohcn “PRack rom
’Turku, Wichard S.Bird and Carrol] Mogan
'F)rom Oxjpor"c( and  Wim /Feﬁen ﬁom Eind-
hoven must be rmentioned ( woith m& apo-
lOg}GS o oall others wWhose names have been
le@r out). Dauvid Sries )’)u\b]}s}w_c\ nis " The
Sc'lence Of /Pro f-oxmm}r\‘a”, oufnals Mkef
“The Science ;27 Com]’)u&er’ )rOLjro\mmin f
be(*jc.ﬂ b o Peor‘, and  in the meon Fime
the world 'has seen £ conftrences de-

voted +o “The Mothemadics of /Projr-om

Construchion , held in +he l\fe-”werlomols,
Enﬁland., Sermo.rlj and SDweden res])ec}-‘uve;lj.

As you may have no*iced, with }he exceplion
9 Y P

OF I‘“ﬂo\co\, the” home +own O]Q “David (91*}95, Fhet
T \eﬁ Du‘]‘, el Qﬁﬁli&“oﬂs are EurO)’Jean. We

must come Yo +he conclusion Yhat, like Lowe,
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-H-:e_ mo”’:emo}izc\lﬁom o\p com{)u’)’?r" Pr‘ojro.mm}rlj
is o bod sailor Nt the RAmericon Sice +he
\,J\no}e ideo. O{} COFT‘eclﬂeSS \OJ Coﬂsi'ruc]-im,
OF de\/e,]orainj *Hﬁe ?rc:»jr'o\m and '1%5 Cor[’é’c)'ﬂess
)’)roo? hand in hond has keen 1"%')6‘_cjrecl7 and
we have ‘o understand why, {or {F we are
Flanhiﬂﬁ S (]u]‘ur-&, e QO\CL l‘.)eq"}ef' 65'}‘0\})“51’1
wkeﬂqer the icdea. haos beer 1’"3@@]-60{ here
because +dhe idex is no godd or whether
this Soc':e’b has r‘s)ec?-ecl i bhecause T s
not r"egdj J;gr- o S . o\ga}o{ thet all
sorks oflsfmph)ms Foir\{' into the O“FE’.CHOO
a

of Yhe ber.

o ~The Onﬁoing process op Becominj more
ond wmore an Qmo\}-%evﬂo\]—ico\l SocieJ is more
o¥a B mericon 6)’?80&”3 'anﬂ Q“fj”’\"”j else.
(T)F 5 o\LSo N Jrr‘ajic accident ofﬁ%,s}oUD

o “The idea opo\ (/?Dr'mal C\G@}(ﬁﬁ dfsci)’))ine
s c@‘eﬁ r“e'e.che.c\ on QCCOunJ' op \/o\gue

i

as “shtlin creo.]»‘:vib ;H\is IS more PromOMnced

Cu”urq)/do)ﬁosolvl’\kczl condem nadions Such
|

in  the g”j o-Saxen  world where 4 romoantc
Vision o() .-;_qu ]r\u\mom)]-}esﬂ ¥a (();C)- icleo\\'azes
fechnicel iNcompetrence . Another asJ')ec} o

that same —‘-r“o\i is +the culb OP ‘erotive

deﬁ‘ngn,

® Inotus‘rrj Suﬁ%rs ](,)»om Jr]'\e MQF\O\jeriO\J

23
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cloama. thot @r‘ the sc ke OP .S}o\]bi“l:j ond con-
)rinu&)r 5 Hhe Com]oomj s)ﬂou‘c\ he }ﬂde]?endenF
0{) Jrge COmPe‘}ence op individue) emP]m,ees.
Hence ‘mdus’r‘ra r‘fjec}a any mE‘H’\OC[O(Oj)C_Q]
}oroPoso.\ thot can bhe vicwed as mo\\tir‘:j
intellectua!l demands on its work (—(ér‘ce_
Since. N ’“’\e Uus 4%@ ]ngluence O Iﬁdus%_(j
s more rva sive H‘woﬂ e]sew%ere, —H’]e
above cgj)eamcx ]q wurts O meri caN cOm}')ulmj
science  ost  The moral OF) this sad TDOH‘
of Ythe s}oij is that s long as compu}mﬁ
science s not ollowed lo save the com})u}Er
inclu s Fr , We hog better see 1o i+ +het the
COmPqu—Z’ indusl:j cloes not  kil) Com)ﬁu\)-rfl(j

sScence.

But leb me end on o more JQJF)MI note.
One remark is thot we should  not let
ourselves be discouroaced )o:j +he )'HABE
amount op }W&c]«inﬁ thot s 3olnj o as
,-F CO?hPu\-]'inj s cience has been COmrplewLelJ
Sj]enl on How to realize o cleorw design.
an )oeoPle Have 'ear‘ﬁe.c\ w)’\al' Precaujjions
to teke what u\g)iness 1o oveid ancd how
to cliser\}'omale o olesgn, and all  sound
Sjrrqch»re Sjs}-ems HOw" qure ! Some)i‘.mes
dr’:jplaj\, s owed —]—o Com}ou)-:'n Science.
Jﬂ"lQ 6FF€QG\ Q-i-J COMPu}’iﬂﬁ Scfence's iﬂSij}j)‘.s
has Srowr\ most imp’)ress;\fe(a, but we
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somelimes —PQ':] l'o see this ):e_cqu.se Hve num-
ber o? FeO)Dle Involved 1n Com)ouvling has
grown  even Pc\shr. ( Ik has been said thot
ﬁ]k&s&cs olone has )oroduc_eo\ compmhnﬁ
E]?noramusses ?&5}»ef +than we could edacote
r

en )

“The oH-yer— remark s 'Hﬁoc]' we Ho\\/e S}rin
o lob Yo learn befire we con +ecch i+
For ?ns}'o\nce‘ we know thot {ér‘ the soke
of reliabilitly and intellectral control
we hove to keap Hhe o\esign 5\'mp]e. anch
c\isen}'ana\ed) and in individual cases
we h&ve beer\ VEMQrkab]H \successgul,,
hut we do not know how lo reach

sim]olic{b n & sjs%amo\*ic_ mannrner.

Another class o() N so ! vecd roblems
has }o do with jncreased soskem vl nere
abilitj. S‘(js}-ems 8&24— b"f_‘jﬁe‘" anc Gster
end s o resull there comes vuch wmore
Toom or SomeH\}n Yo o wrong. One
would ﬁke o COY?F?XIP\ r(r?isj’mfs,swh}ch
is nor & trivial task since L,:y reir
\fer\a s}r'u\c‘_lru\re -Hﬁese S 5‘}‘C—Lm,s car }Or0~
Faﬁo}e om:? bik 0? ContUusion Wi Hh Hhe
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