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Qbow} -}-}re Fres&n%;ian o? programs.

T\ne Pur)oose oP'Hn‘.s no-}c 53 )ro ex]o\or-e a s-b\e o?
ngrom )or‘esem)a'}iw. \nno%ev&r' we are owore o?hmﬁna
aaloI:)ec] o c.omven;'irm, we s\na“ deScrilpe Omc\ mo‘}"l\fa)‘e
I]" \Je s\na“ Carrd c:u.“‘ owr QXPIOf‘O)"lcm k& )ores%};nﬁ
a *modes;' ‘omarc\m. I+ S Uvnc)ers)'eoci fH)a')- -H'\':s anm)o)e
wi“ no“ Com from? LS w#h q" hox‘asricma‘ c}wices ‘o be
made —e.q. the example we have in mind doesn} call
Fir the mtroduckion of om abshract date }:‘j]—:e— :
We 's\ma" ive,eac\\ "‘nme, o descri licm, ﬁanuweo( b

9 P 9
ovn exp\ana\ﬂan o? the convendions wsed , %\]owed \o«:)

a discussion ol +those comvenm?ioms.

Ounr EXCmnp\e is o rogrom +hat we <all }Jinsrc\m
@vnboolvin the idea. o +he b‘mag search. He»re is
'}\12 S}Qec??ca}‘rcm o? ‘Dinsrc\n
\[ N,X‘. int
; M: array (0..N) c_,?'m}

» )’erﬁ! boo!

{Qo: M) s X< MON-1)3

{Qu1: (R c‘,j-.Osc'sj< N: N(c‘)x‘M()))}
> binsrch
Jl{rres such that R: pres= (Et':OS('(N: M(¢)=X>}

-T}ae ex}o\oha\'icm of 'Hne aLove [} 'Hw g"owins_ _n';e
O'TD%'mS \:Jrac)ie‘!‘ ”“: ” O‘Pons o ScoPe, w\'oic‘n 'Hna C\oSinﬂ
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bracket "1 closes. “The first dhree lines declare
more or less m the s}j\e o?’PQSCQL —w\\:j not? ~

the enviramment m which the more c\el'ai\ec\ Speci-
Eca}icm o? binsrch  is }o be unc)ers)‘oxl. In the
ex} ,  binsrch s Prececlec! by +he Fre.condi)ion(s)
ancl Fo\lowed )93 Yhe Posl-Ccmc\i wr(s), Condi hioms Be;na
surrounded )DU broces. This arrwnaemgn} s deemed
Yo PreSc-r'uBe g-r }he F"’S"“""”‘ b‘msrc\-. -Hm} inikial
‘Sahsgmc\-icm OP Hle ]Dreccmcli)icm(s) Suaran)‘ees that _
ackivation o? binsrch eshoblishes +he Fos\'Ccmdi)son(s) in
a Pini}c number oP s}ePs; the ”Pres such that * in Jhe
Posi‘c:mdihon inclicw"cs 'nm'} R shwld be in)-e»r)ore*ed as
Oom equa-‘ion with pres as the unRnown. Since Par}'
Of—i%e expeﬁme.m‘} s }rdina C.:u‘l ‘H'Ie CO‘nVe/n‘]icfn oFin-
dica-}inﬁ ranges o haiura] num bers with lower
bownd \'mduclec{ bu.+ per \ooumé eXCLuc\eo\, Jhe
su)oscrip}' UP M %a}'is es OS Su\oscrip'}( N O\Once
Yhe “wmore or less in our re]cjwonce 4o “PASCAL).
So wmuch (er the exp\onahm\; now +the discussion.

QL%(FJL 6o uses the bracket pair #ln_ga:_n ‘ ”gg_g\*
ﬁr di

&r%'} Pur}ooSes :"\'0 Form (o C(‘m'lpounc\ s]-c.)e-
ment ond Yo delimit the Scope o? o Nomenclature.
We \Ofe‘FM +o use diﬂ?eran;‘ Pairs ﬂFcrr' o\i-ﬁ?wen‘}'

uryposes. Some mgrammins lown maoes indicate
r\'.'.s G\iﬁ?er%ce \9:}9 Cmbinin% di?erem* se«;ihs

bracke}s with one Se/n@m\ closing bracket. Since
readin ngrc\m '}ek}s bo.ckwar‘ds 3110(4]0[ be ]oer_
missi\Se, we are not attracted by Jhal asamme%:j.
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Dedicated c\osms brackels are well-known, such as
n ”C_lg... c_)_é_h and ”i_P... Ec‘ ’: Trom a lexical Po'm* oP
view , Moweve-r, these “word c\e\im‘.}ersh are uan}uncA'e:
one has 4o know them as brocket vairs and ome has
}O know bo\'\ic\n one OFE‘MS Omd bo\"lic% one C\oses. Since
we never k’now \"\ouo Ynomj })ro\c]'?el‘ airs we
mig}r) heecl, we ho.ve c\nosam a wo:j o Senerasing
them : o pre ived “L” as openin brackel and o
Simi\arl )’DOS')" i xecl a]” as -}he m3
brac)?e?. _T]'\}s 15 @ Fer?ec;'l\j 3%9/‘(2] ’x‘ec)mique_ )Dr'o-
vided dhe Square brackets are used for no other
ur)oose. (\Je \'mve Ccmsicl@r‘ed -})ve. olDVious G\”'erna}l\'e
o? the Pos}ﬁ)ted ”[” omd +he ]’Jregx‘ed ”:]*. Since
'H)e C)‘Ioice Se@me_cl ‘\‘e::\fmicanj irr‘elEVQn']‘, we PeH‘
ﬁ'ee 40 @”ouo the "}radi}lcm '}}ml- sxar—}ed w;}), —Hw_
K\eé’me S)‘o.r.)

c)ams C\Osiha

Note. We conclude +hat the somelimes adop}ed Com-
-'ven}ion o? de‘iMEJ‘ins C.(';mmen'}s )Db /4‘ omd 1"‘/
s deploqule. (End o]p No‘]‘e.)

Owr convenlion o-P 'mdica.‘hna o range orp na}ura\
Numbers 'ﬁ"’"’ and fhclud}n& & lower boundl to and
exc\uding an per bound has been mo}‘w:}:cl else-
where (see EWD768) omd will no} be discussed
}'We..

—Ih na\ming) -Hoe declqred uaria):}es we \ﬂowe
aonnerecl -}o our \na)oﬂ- OF u.sinj C‘Q)’.ﬁl‘a] ‘e-ners
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-Fcrr comstants amd lower.case leMers Por- variables.
Since a varia\o\e o«fa Hoc)e C O ):e. G Co-ns}om} pr
ome OF i}-s inner \o\oc\es,ho aHeA‘.cm s\ﬂou\c\ be
}Dcnicl "lo ")')')e. diS}ihc'}'icn. Whe}‘n&r CQ)OE}‘G\ \e#e-rs m“
be given o S)oecia] rdle — =such as, for inskance ,
+he 'tClen}‘afi)er “Tirst ElevmentTnThe Quene is skl an
OTJ&n \AeSJiO’n. ’T\MO r&mazr\ts » \'zc:weuer,, o)aou‘}' the
identifler res | Which is , off course, short @r
”)oresem}f’ e tradilienal name Qf such a booleom
Vorio.‘a\e [} ”g:uncl ! - en 'ahi)-ia\i?.ecl Wi”« f)-}re. VO.Lug
@lse ,— ’ ):u‘]' Fcrr' ':;‘S o] Er—a;icha\ chhho}'a}icms '”\i.s
I’Ana)‘c. Ne }\Me O‘B})revia']‘ed
/’)oresen}& Yo ‘H'Ie. hcmex'nsxin wcrr“c\ Fr’es > 'H\us
avoiohng ofm):iau'-%j w}w% re Ferrin +O ~Hne, Vc\rto.Ue.
n En‘ghsh )omse.. We —omd not omly we ~ have o
Sjrronj SusPicicm -”-.a‘}- H’e. use oP mnemonic Noavnes
15 resPcmsi]o]e. —Fcrr momb errors In Pr‘osra-mmn‘hs
—-——-Hre emp)‘:) queue })as no ]Qrs} e)e/men'l‘ !-— . —T}be.
reasom 'Fmr' no'} r‘qclicqll.j a‘oo\]s)»ms G“ mnemonic
names s +hat 1n o s« ;ciew”aj )“iﬁorous oroproac\-.

—Hw.& should be harmless.

howme 1S mos’} tn

\rJe \')cwe *‘Q\?ﬁn -H'ne samew)m“ o\d:ﬁlshimeol view
that a block Primarilj Cansis}s_ o-F declarations omd
s}a)rememh, SQPara"-ed \"3 Semicolcms, omd that
_”COVnme-n)-sﬂ Mm:j Be 1h$er')'ecl bo\‘:ere clesirecl.-ﬂnis
view exr.)\oins '\'\')e occurrence of +he Sezma'Co]ons;
in P\QCIn 'H!em—. a‘} ‘Hae ]Deaihninas OP \ihes we
have ﬁ:”c?wecl o ‘Sumes}‘l‘% o? S.Doailse Swierstr's.
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'T]'Ius +he ?irs)‘ Co\um'n C\ec\r re@ec\-s 'Hne. Sfjn)rac}ic
5’)'rucl-ure OF "Hﬂe b\ock. lﬁ

We have chosen Yo surround assertions be, he
}radilional braces . Resides F)o-r‘rnu\a\‘ins the as-
ser}ions Wwe \nave hame.cl "H’l@vn fw uxure Y‘eper—
ence ; G Pur”)&r‘ «Func}-icrn o]()"”\e. c\os‘ma }Drouce
is Yo mark the end OF Fhe ?CIY‘MM\G. hamed.Jux-
}arosi;icm OP asser}‘icms demo}es Ccm\'junc}io'h.

No}e_.’nne reacier 1S 'mvix'eol 40 r‘evnem\:w 'H'-a.\'
'Hn‘as Ylo"e discwsses ‘H’ne T’GS%'}'C\“]W Q mgrams
Y“Gn\&r 'H'la'n "H’te.ir‘ c‘eve\c};m em¥ 'The hEmFes Qo
and 1 are indrodluced S@]oaml-e[:) because
(we c.\read.:) Rnow thal) -Hnefj are heeded Sepa-
ra}elg in +the Seque]. (Enc\ 0? No}e.)

W})% on asser}icm heed no}' ]De re?erred ';c
e s)'mn leqve i\- anongyvnous., Occasicmal -‘mos}'

ll'k’e(ﬁ %-r reasons oE \Ov:jou.}— the Pcrrmu\a. hom o?
the assertion Gy ke given cuwiside +he block.

The mh«h&m U‘P “‘Suc\n 'H-m}-" in 'nne )oos)'c‘undij-im

mos Gmaze the reader. There were two reasons ior

nok ln}'roducina a s eciol c\narac:)'er. ’Firs”b, +he
most \i\?eln condida > the C‘.o\o-n, S)’lou\c‘ nol be
over loaded oo much ; Seccrncllaj ~but Hme will
show — we e;;}oe& Yo need +he "Such thak ) So

I"Qf‘eltj +that a S)oecia\ character would be inarrmrr:ak.
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We ore le—ﬂ Wi-nﬂ ’H‘)e Nome lo‘m:'arc)-\ 3 i‘}' e}ancls
‘Fa-r +he Program 1o be )oresenkd m mare delasl in
Fhe Sequel. That ﬁu—}-})-&' )‘J'f'es%'}allc'n 15 Jo be Uun-
ders)‘oool ern*lire lm'”w'm 'H'ie Ccm)re)s'\‘ OP Hhe la'oc]e
we \'wwe 3‘.\;%. Since. '“r\is Hock \s '”)e Universe o?
drlSCou.(’se Fo-r 'H')e réemainder O? -}»}')e Fresen'}ahcm,
'H\is \alock as o w})o}e, Coulc\ eémain O\momjmaus.>

Ounr {i)rs-\' Hoc]t aive-o -in owr Curren'}' 1o —
Freciselt) bo)na.)' S)\ould )oe SW% Fm}‘ ]‘l $]~a}-e5 '}']ne
rele\mml' thdi}‘iuns, 'Hmz variaues im w\mc]n *Hﬂese
::’*3 \?KPFY‘QSSQOI fof’e Emumera‘}ed in +he clec\am}icms,

e roo oRliowtims recordin }Jihsrc\q o“ouo o
the Ps\'ruc\mregop the J‘gr}" a:?cl +he hamesF in\-roFi
duced give us the handles e heed .

Owr next lask s +o give a more dekailed deswap’ﬁcm
o}? fH1e S\‘Gl'%&n“' bins:-cln . He/re i‘- 15,

binsrch: L ¢ intk
{Qo}
5 loct

{QQ: M(£)<X<M(e+1) N 0$('<N-1}

1G4}
; pres:= (MC)=X)
{'R,see Note 1}
1l

The Fur]?ose, O]P fn)e cdaove is -\o 'm-l'roduce (+% \ocq\
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integer variable ¢ together with the EA\ descriF}im
{ ids  réle, ie. Yo sabis Q2 . The Yirst line de-
clores i1, Yhe next +hree lines give most o? the Fzmc-
}-icma\ SPeciFic:o‘;icm OF -”-ne S“G'}emm-l' \oc‘\‘ -4o L‘:e.
detoiled later— . The next statement 15 not named
but is {)u“j ﬁivem ‘Tn situ. Qs \oeﬁn‘e, the conditiems
Surr‘oundinﬁ ﬂ' 3’:ve d‘s Rmc)icma\ SPeCiECG;‘IG‘n ; Since
the statement is ﬁ.\“ given, Yhis s the wmoment %o
Su.)orlb 'Hle orqumem *H'Ia" '1‘}',‘mcleecl, mee-\s i\rs “wnc-~
-}iona\ Srecl iICQ Tion. "For' 'Hﬁ.s ar um&n¥, -“'.e, \os}‘ ine
re-Fe«rs Yhe reader Yo Note 1. ’Tinallg, the reader
s Swmaosecl +0 convince himse\? -)-ha)- Yhe a)oove
Hoc\z mee)rs -Hne {i\nchcmq\ sr.»eciﬁcc}‘scms OF binsrch .
So much Po-r +he eXP\ana\'icfn‘, now +he discussion.

The above block is do be understood m e {3l
Context Frevious\ created {c)n’ binsrch . This context
mcludes the s ec*.ﬁca}io-n Yhat  within  binsrch  Yhe
]d@n\'i%&rs N, , ownd ™M reFefr Yo Ccms\-a.-n}s3 hence
we howe "'oko'n 'Hne. moer)'j o? no“ ‘mser)’ing "c' such -“m}"
m  tremb OF ”QQ”. (Yﬂ' we Fee\ Gee Jo nsert such
o ?)'mse » lhousk Parrna“'j Super]ﬂuous, w)we'n c\o«ri\:j
sSeérns ‘\'0 Csezvna-nd !\") 'T}fns Ca-n"e.x;‘ Q\So 'mc\u.cles
ana.}- {QO A Q‘I; \s +he T;-ret:anci}\wn o? binsrch N
hence Hnis pre cmA;lf.om” has wet been T‘eT:e.a\-ed
— Sauy, belween “binsreh t omd I — | Simi\ar(q,
{R} has not beon re]oea4ed aﬁ’e'f' "W . The p
o? Yhe asserlion {(313" has been chosenm Pcfr o

veasons. ’Firsuj, as Fime will show, Joct does not need

ace
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G"\ as o Er‘eccmaix‘iw or -H-\e. esx-o\o\'ns\men’} OE Q2.
Secondly, the secomd Slatement does need ©1 Yor
Since we ore descri\DSng,

| 3‘}72 QS\‘QL\iSLmem-}' o? (R .
Omc\ Yto‘ dev:loP‘mg, a })rosmm, ")'}\'ns 15 7_1_9_1‘ -ﬂ\e.
o? @’2 . in due

rove -H'fe 503‘:5?'- a\ai l i):)

‘momem)r +o
f _loc-\- w'.“ Provic\e o ccms)'ruchve

'\‘m\e. +he c\e imibien ©
proot

-I"‘ iS Now )I'moe )ro 3‘we 'n'-e s}\“ missing No\‘Q‘l.

No-‘re 1. _T\'\e. QXiom op st‘ugv\mem)r A'e“s wus % vae
Q1A Q2 = (N(ek)() =(Ej=°5j< N-.N(j):X)

In Yhe case M(c):X ) Hhis is o\ovllous\g Frue. In
Yhe case MCD)# X, we have , Phonks o Q2,
M) < X< M(c+1) , omd %ere%re,-nnan\es Yo @1,
(A 0s3<N-. M(')#XB, re. the Yruth OP e
Hg \-\’)Gncl side o Yre m \Fc_o.}icm. We draw the
+o Yhe ()ac %a& -Hns \S 'H'oe cmt:j

readers oftemtion
F\o\ce where we wse Qi , 1.2 Yhe ?acx 'Hwajr au"m:\:j M
s ordered . (End GF Note 1.)

Our nex'\ sras\e s Yo 5‘|ve a more ée\ro.i\eé
?S}G\'Q‘Ynfm)‘\' \oc'\‘ . Yere ‘n" 1S,

de sari ?}'umﬂ o}
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ck \[J:in‘-
: é,j .= 0, N-1
{Qs. M(c‘)sX<M(J) A osc'<J'<N}
. clos

{Qs A e+1=J',\mce3
1

The pur pose o? loct was 1o assign o ¢ o
alue SQhS%mS Q2 , given the inikial druh o\P Qo .
‘he pur pose oP Jhe obove s }o indroduce a local
n}ese,r variable ‘_) '}03ens&r with the ﬁ‘" c\escriy:-
on OF i}-s r?ﬂe. -n-s r%\e. is o s:ﬂ-is% Qa to
Yart with and do Sa)"\.‘-"-% evwl—uu“:j c'+1=J as well,
.0 Huajr sz s imp\iecl omd | Com again be eliminated
rom the oraum%+. The ir.;)f shatem ent | Beina gwen

Fu“, Y'e/PrES&n‘\‘S as )De ore Q. FrooF o\o\i a}ivn

‘oe ?Alﬁ"ﬂ:\ \’\e/r‘e Omd now 4)16 a‘oswce o?
‘e?exence Yo om ex)o\ana‘wr:j “Note ” meoms that this
}oroo? 1S ?m)-irel'j \eP‘}' '}o 'H'te reo.c\e,r-. The Flcl‘ 'Hm‘}'
s , the Frecondi}icm o/ clos , IS repea}ecl im iFs
FoS‘\‘Cmc\i}iorn stales GXF]iCiHU that Qs s a so-
:a”ed ”invarian}" or clos 3 i‘F clos xums w—l— ‘o
x a rePe)ri‘-ao-n , 41 =J will have do @Now o The
%\SiLD o’? i;s Su\qrclS. So Y\'\u-c\ﬂ E;r -H')e ex]o oma}icm_;

now> the discussion.

We have not mSer’l‘ecl ”{QOS” in chx' OFHEe
i-?rs} s‘-a‘\m&n‘}. One. Ynish" fee\ 'H‘m)‘ we s]nou\cl }\owe

nserted it M order to copture +he Ccrrres]:cmo\ing)

a
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Proo? o\oliaaxim , ]Du')' -H')e 'mSers-ic_m ww‘d no]" %ave
relieved the reader ?mm CdnSuHﬂnﬁ. the combext m
which loct is Yo be wnderstood (viz. bhe block
called  binsrch J): he would have had o Vevi%
Hhat +he inserlion was Jus}iﬁec‘.. For the same
reason we have not mserted “Q2” a-F-I-er- “hence "
_In -\%e S):@Ci?ic:o."iOn OP c\os we hove s\-uc\e }o ot
)‘u‘e —"-o UJ"I'IC)') we Cw\c:l adlnere So Par-- OP grmu-
)a}ins FOS‘\'Candi}'ioms as o sin‘s\e QSSe.r"'lc:n. Nole bhat
-Hr\is 1S -nIe ﬁrs)‘ case Wwe %Qoun;‘ﬁr n bo\'\ick a Pos}_
Conc\i)rion Cou‘d remain Gnonumous; -'Hns ]oossﬂaili)‘:j S
c\ose\.:j re\alred 1o the decisiom v_lc_ai' to rex:e:ﬂ— pre-
onel ]Dos}'ccmdi\‘icms oP statements i their re?ne-

ments.
Our next }rask is 4o regne clos .

clos: »| c'+1+“)
- ][ h:int {‘:)—63'2}
; aver { h such that c'<\n<")g {Qsi
s LMD s X — ¢:=h {Qs, inc ¢§
I X< M) — j:=h {Qs, dec i
1-
] Il {Qs, dec (5-33

The purpose o? clos was to eshablish c'+1=:) under
invarionce oF) Qs . \Je use +the \orac\?el- air ”*[” ownd

”]x” — inslead oF'H)e old “do...od"— to F:;rm o re)ce}i}we



AvG2/EwD781 - 10

comstruck. The re]oea)*a)a]e statement is o block Since
it s the SCo)oe OP J-}ae 1oca\ 'm}-eser- ccmslnn-l h.
The asserkion Jee? beinﬂ menliconed withou} re?er-
ence Jo an explonatery  “Noke” +the reader is Swp-
)oosed to veri% himselP Jhat i} ﬁ:”ows ?rcrm Yhe
invariant and Mne-guar-d. The réle oF constant h ,
bohich has \mainb j:ef.’m in'}roducecl g-r }'Jrevi\:."s sa\?c,
is to s:;hs% ¢<h <. We use the brackel vair
“[7 ond ”}" —inshead o{) the old E: o lorm
on allernalive censtruct. The absence qu reference
to an ex)olona¥0r3 “Nobe ” in +he {Dinq’ asserbiem leaves
the reader with 'Hne oblisa}-icm ) veri% +)m']' the
lo]ock main bains the Iruth o? @5, bhat Hoe ]D]oc.\a
decreases the value °P J—c' omd that the lotter
value is boumdec] Q-om elow . ('ﬂﬂe asser}icms
F?:"ow'm& ")‘}Ie Q”ernahves Com \De viewed as hinks

towards this Pm-pase.) So much f%n- the explanation;

now +he discussion.

We have kaken the \i}oer\b OP Placma asserkions
wlnene e liked ’”’ierm Similarl:j we }‘love "'Gk% '”')e m)e»'b

\m‘i}'ms =imP\e Suarc]ecl Cernmomds om Sina‘e \ines. We
ww'd like. "}'o Stress '})ia'l we have }a\?em $he FoSi}im
'}}m} }}76 reader shaulct \:e %Oroujhb -quiliar with
+he Proof ru\es; the mvariant relation ond the com-
Vergence criteriom — here dencted )oj ”d_es (J-c')”_
\nouve \oe@,,1 aivem e.x‘::hci} y Since Hneo ore SPeci-Pic
{?:n' -)-)n’:s re]oehhve, Cons mc)-. 'T\\e indica)‘to-n qd__gc (‘-c’)u
is Yo be understood o re_‘@r to the Ccrm,ole}‘e pre-



AvG2 /EwD7e1- 11

cedin 9uordacl ¢ cmmand o? +he ‘revi:e\-}\rive. Can ~
S]-ruc\?. j)e!-e/rmmmﬂ -Hw_ ”ranaes/, O]P ')r})e 'm}erna\

.h‘m}s "{‘_1’.5 (¢ omd l’ckg\') ”, however, s \e@ Jo 4he
el 6%4' reader.

rules

In G \Dook ]’:resem}'ms a]aorinmms, —H':e ]oroof
should be shated exrlic'.l-l:j —n the in rootume don —
chrr ')')'7e SQ\ve oP Se\?—- CcmSiS‘)'@nC:j o]P-H)e_ x—ex\n ’ﬂqoj

are <o +tew onmd so L«\oiqui'}ousl\.j used thet ex]o\xc.-‘}
reference do Yhevwn n the Fmgro.m Fr?S%}'Q)"ICIﬂS'

wmlcl be T'e)oe'}i}iaus. In re)-rosPec:" the exF\'.ci}‘

re?&rence Jo the Pxiom oP QSSisnme-n'} m Note 1
Wwas Pr—o)oa\c.b a miséa\ee_.

Our tinal Jask s the reinemem'} o() over . We
Swe 'H':r‘ee oP)icms:

aver: h.=¢é+d

Qvex h ::\)—1

aver . hi= (c'+J)_cQ32 {See. Nole ‘23

Note 2. With div rounding to a nearest nteger,
aver es\-auis\wes

2-h= é-t") +sd wath  obs(d) 51
ﬂclc\'ms J; (+2 tjields 2-hy2.¢+2+d >2:¢

hence << h 5 h<) o“uws ‘.Simi\cwl o™ Qd&in‘g
¢ SJ—'Z . (End QPFNOE 9_.) J ?

>
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WG "mve 33\1% the oli erem" }icms ur  aver mn
order Jo show the extent Jo which }the linear omd
the B‘IHQY‘ Seo;rc\'- can \De mam:ec\ on eac)q o»)e,r.
No):e 2 Has ‘oe&n 3‘|v&n —10 s}re.ss -}-)ﬁs Glsorin'tm’s
ihda)oemcl-@nce o? lohether div  rounds up or down .
Ou,r' \QS}' re ihem-?m"‘f revea\s O\no”)e/r' reas on

'm)rrool,ucinfj QA hoame. ”aver# had ‘}o be in-
hoduced because we wished Jo Su};lalj diﬁ%—rem¥

o] i-‘cms.
P l * *
: ]

Ouar reson'}a'licm oc.\s 40 express 'Hml' le 'Hre
ﬁrs* N-‘\P e]e/men)'s f? ™ m};ner: the \G.SP!:‘J%%",

bu\'ﬁc]n ,\::) oleEni}‘icm, €XC‘.€eclS X , IS Nnever accessed
OVncl neeo\ no Le s]-o-recl.. dn'le Cc:clins “rick R bol'lic)'l we

reﬁr& ™ re'}ms]oec+ > WOulcln')' hoave heen he.CQSSOr:j
'»Ewe had Y‘@F]ocec\ w D3 the term X< M(J)
b
J
J::N-1 Car X< M(J)

’ﬂae Ccmsl‘a-n';‘ N S}mu.lcl )'\owe )oe-em CI'IOS-Cn Y SucL

o W —H'm'}' -Hme 1r3')‘ N elevnen\'s o N \ma‘n'er.
In :a-ms]oe& L.:e{)ee} that Hhe ih)'l'od»\i’}lah u-? Fhe

ﬂ?\u.s \n](?ni}bu at dhe {;r end oF the array was a
m‘;s%ke.
N »*

*

When Wim Tegen Sowo our R“} ra« es, he was
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1 s ‘mcleed *e.rri\ole: ”B‘ms” :wou.lc\ })owe \oeem \ess
o}ahoxious.(\ﬂe ence errcmecrus\ wro}e "):‘msearc\-. ”'h—a
?u“) We H’ler\ C\Jose. \oc}‘ Fzr \oca}e, clos Qn‘" close,
ond over Fcrr ave;raae. Each x‘ime ’H’)Q C\wo'lce OP
ide:nl-iﬁer Wos @ [oain m e neck ; Ccmx-ras},
Yhe choice a-F Yhe ‘ldefn\iﬁers ¢ . h, R,

@0, ®n 5 @‘2, omd Q3 Wras -a\:So\u“eb )oqin)ess.
\Je Nnow hawe. %e Pee.\‘:r‘\g Hna‘: hamins owr s"u)'e-

ments , Souy, 0, D1, ek. would have b een ‘:rePe-r-
able.

we anmk NHJT%% -F;r a hum‘oef o-? er}inen}

r'emnarks uo\nile -)-he o)pove. was )oesns wrizrén,

Qunr g?no.\ lack is to sclic} Hhe reader's com-

V‘n%}'s Onno\ ac\\rice.
16 Morch 1981

drs. H.J3.M. van gas)-eren roPo\r& Edsger \'J.’_Dg\:s\-m
BY Venhure Wesearch Fellow gurmub}\s “Keseorch Fellow
’.D?/\mr}-m&n\- Mathematics “Ploteon straa} S
Univezrsi)b 'Téc"mo‘ogj 56?’\ AL NUENEN
5600 MB EWWDHOVEN The Nen'me/r\o«nc\s
'The Ne%exlaﬂo\s



