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Constructing the Binary Search once more
St [

There are several Feosons «F?:r wr.':]-m -Hm’s no*}'e:
T?l"snj 1 {éuncl o Woy op beina more ex]olfci} then
Be-@re about the desbﬂ Consic!‘er'c:.)ions) ond this 1
wont Yo hove ret:orc'hec\, secondly i1 is an experi-

WTen" in Presenjnng ‘Hﬁe evo}u-}mn O() G desf&n.

Tor ive X nositive N and ascerndin arra
given > | € g arcay
A 5 the progrem should establish

Ko: ]'Jresen]“ = <9¢': 05(<N: ﬂ[l}=x>

When "H"!E value >< does occur in Oxrro& B
ond the program '\r%erqure should see ‘o i+ +hat
Pr‘eseﬂ} is set Yo drue , P} s hard do see how
1his con be 'usliﬁed without o the same
-}ime es%;kﬂs irﬁ where in the Grr"oj A value
X occurs, ie., lor Sowme variable the

progror will  esteblish
(0) Ale] = X

?

but as intermediate "I‘c‘r:ge*} this 1s oo
s}ronS) —{c);.r no sStuch { exists when X
cdoes nob occur in array 0. 1n the latter
case Le m;jH have 4o be content with

eshbliskirg
(1) Ali) < X < ATi+]

k4
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le. ‘ld&n}igiﬂj -Hﬂe -}'wo nec‘res} ﬂeiﬁkbour‘s o]pX
Since Yhe Glﬁor}”\m must be oble 4o Cope with

BOH'\ Er‘esence and &bsence o]() X , We Suﬁ-

365}' ‘Yhe combination O-P CO) and (1)
K1 Al) < X< Qlin]

as & more reclishc “tar et. (No-}a that we

have Ka = (O)‘v(‘i) i)() 9[£]< Q[—f—h’] >

Smmmor‘iz'mj, e are c.or‘cs‘:clerir:j c. Fr‘?ﬁr—am

o() ’Hﬂe 'garrn

(2) {C§ [ var i:in}
5 "establish ®1”
5 1T )Ofeserﬂ’ = Al)= X
1 {Rof

We infroduced the as yet unknown ]'Jr‘ec.onclihon
C o coter _(ér the Fossibil;b that we won't
be G]DJQ -lo ES-}*QEl}S)') /}\71 under q” circam ~
sl-qnces; a C diﬁiren}- {y?om Yrue rneans +hot

——

ours is Sl'i“ o ’Par’}'ic\[ desbn-

T stands 4o reason do exFec:L that Icrjer-
values of N wmight reguire larger compukation
9 i 9 f
'limes ancl H'm%‘, -H'lere{z)re, Qur Fro(ar‘am Con"’a;ns
G re]:)e—lr}jrive ConSqlr-uc:J-. /B-o(jram 2) —;leus us thak
“‘no} reJ')e-}‘:J-IOn QCCULrIrs  in 0@-‘54‘0\513511 /1814_ \v\]e makc
-}he 5}m]9!es} stumjokoﬂ, a3 -Hm% K1 s @s}alafished
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‘33 the comF}e+EOﬁ o() Yhat rePe'l-iHon, w hich means
thal we wmust choose on invariant +‘hot is o
Senerc.li'za'}'ioﬂ O() W1 . Q a'n we choose (‘m
T)rmci»f;le> the sirn)o]es'} cdevice , viz. that cf
rer:lgcinj a constant b\(j Ca {r)‘?s)ﬁ VGr:'Q]D}e_)

J Sc{;:?. /]?eflc\cmj the COn§4ani- 1 ]?j J

wo ul :jfe]d 'ﬁ)f‘ 'l'l've invariant  dhe CoﬁJuhc}‘

Aldds X< Q[L‘U?
- and @)r the juard og) +he r‘e)oel‘}}‘ioq Hhe expﬁ?ssion
J*
Becouse WA s rea]}j the cofUunc}iorx o]()

two condi']'ions, i+ 15 Pr‘e{?arab]e o re]oldce
-qu wlﬂo'le SubexPression ¢+ \09 J "ﬂnis

Dields gor* Hhe iavarion + ¥ the Corl)'unc}'<5>

(3) Q[EJQX N X<QUJ
anag «(ér' Jl}-]e r‘e'joe-}ion Hﬁe (juaf‘c]

4 ) J‘#éﬂ

’Remc.rk Trom +the ]’)Qiﬂ]" o? view o? '}ﬂ{%r"r‘r‘fo'i'ior]
ﬂ%eor 5 the choice ust mode s iMMa-}-erigl;
0 P,q)r‘ So\lr?sf\) F—I—q =r the values o
ang ' It of thor? delermines Hhe valee of be
Jﬂwird. Trom Yhe Poini' O]P view) o dISen‘l‘Gnglirﬁ

'H’TE. Gf‘ﬁumeﬂ‘l', "}he C[ﬂO]Ce is 55"1;](}CG"\}‘3 e LD

each Var;‘glo]e 'S o.ssochleol wi}lq i?-s Own <Ton-
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Ju.nc}- bo be maintained. CEna of?&maf‘k )

We os'}‘JDone the discussion o? how to maintain
(3) durfna +he re]')e)r})rior\ and ask ourselves Gr‘s}
how we can esteblish i+ of the nikialize tion op cd
Looking ot RO - the On]j P\ch w here s)'Jec:r'ﬁc, sub -

? volues have been menloned — T coan think

o? or\b one an]r‘-chzo.}t‘lor‘:, VIzZ,

SCri

(i 0, N

which only és+oblis}nes (3) Provic\ec\. we hove
(5) Blo]js X A X<RIN]

We meet this condition by deffning G o be

equal do (5D . Summo.rizingt we are in the mean

%lme Consider}ﬂ3 O Froarom o? -H'\e. —C::rm

(6) 1CH AL var it ink

H 1[_\_;’_0__:"\): ink
oG 4= 0,N {7}
; do JFECH D

{PAT#e413 “adijust 677 {7}
od {PA \‘): c'\-g! R hence}J /

ARG

s {R1} Presenl*:z Aldd=X

1 {Rof

We nouw ‘]rurn JfO -qu Clesfgm o‘? such Gn

”acUusF r_‘,J‘ " Jhot we can assure dermine tion of +he
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r’e)oeal'rhon, .8 We afe |oo\<in3 {Sr o variant ﬁmchon f
Yot s decreased bfj ”&dJusl- % " and is bounded
-From below. The -Po.c} thet wpon termination J—'i

equols 1 while inilr',ollj i+ equols N which is of

least 1 but is allowed Y0 be much lGn’:rjer', Su_cisesJ-s
+0 'l‘(‘j

( a‘zj—i

2

and +o include in P the cOnJMnclr
(8) [<\j

SO as ‘1’0 ensure ‘H’)o)r 't = }:)Ounc\ed -@om belouo.

Now we toke o se.en-u:'n(jij bold step: we Pro-
pose -(c)ar "acﬂus]’ ¢j" an inner block OJF the {r:))rnq

(9 {ir1<) 5 M var h: int

Remark L1 wrote ﬂseemirg)j bold | and T think
r;j}w}\ So, -@r the onb constraint im]’ﬂiec) by, (9)
s ~hat @ sinj\e execution of 0&%')u5+ c;_j" modi-
@65 either ¢ orJ , and sSince (3) Presenks

indePenc\er\‘} Cons}r‘aih}‘s on ¢  and \J , e <can
live wi-}'\’) 'H‘}a#‘- iNvariance OF (3) win not re-
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quire G sina\e execLtion of %d\jus* C'U'” 1o modx'-@

both ¢ and J (End o(?emar\()

We now caleulate Qi and Q,_) Prom the

rectuiremen+5 -n'lo\q‘ t c\er;rease ang Temain
TJoSil-ive

O

{ de{?ni"]OﬂS of + and stolement in quesi;on}
[d::k](J-i) <JoA [c::h](kﬁ

{Subs}ﬂu}‘zon oPer‘o.]-or %w}ces
J“"}" <J—(' A h(J

{alﬁebrq}

ish A \’MJ

<)
{de{%ni)ﬂcms o}(){' Ouﬂcl 5+a‘1‘€men1l' ¥a c]u.Esvlion}

ELAIGRD <J‘-i N [J-:h](c‘ﬂ)

Y

)M

)

n

= {Subs}ﬂu ion oloerc\'}'or‘ ericc}
}1—£<J-J ~ (<h

= { Q\Seb‘f‘ﬁ}
}1<J A (<h ,

le, we gnd ‘g:;r Q3 and ®J the same Prec\.‘cc.)*e
(10) c<h A h-cJ 7

In reSFonse -]o '”"is observajr}on we choose. C1o)

f()or' @, the Pf&CoﬁdF‘l’ion %r -H-;e C:\”ernca}']ve
Cor\s}r‘ud‘. We orn}‘ OLJJ‘ ’H’]o\“ Since Here ¢ and
J ore of least "2 opark, an h sQHs@,-nj (10)
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exis)-s. We ]ecwe Jro ‘H".e reader ’Hne. veri fco\'}'ic}r}

that, without any need ‘o s#rer‘»ijen Suorcls op

‘Hne o”er‘nc\)ﬁve corﬁs}(r‘uch -H-,e cgrv'unc}* 0L /\‘)'SN
con be added 1o dhe jnvoriant T .

As _-?c\f‘ as c.',J are considered . lue }"nave
T‘é’acinec\ -‘r)ﬂe ]')ro rom

() §0< N}H_-\_/g_r ¢ ink
; Lvar jrink
; )= N {P}
; do cr1 & I PA (‘+1.~<J‘}
][y_&:k: ink
; h:= ava.c'u' {’P/\ !.'<}1<J'}
5 _if’}‘r‘ue - (= h {'P}
i true — J”.:H {’P}
e
1 {P}
_t‘isi {7 A d?’\:\)}
1 5 PreSen'\‘:: Q[c}:X
il

with ¥ equal to O0xi /\('<J' AJSN , ond as
onl requirement 'Hﬂo\]- avg. rL) c\jfelds a velue
S)rr:c‘]'lj between ¢ ondJ . No metter whaolt
ovg we choose, nor how +he nondeterminge
O the o\]‘}er‘no‘}'ive

construct s resolved  lhe

re]jeqtﬂ-ion %rmmc‘)fes, creo')inj dhe shode c'+1=J .
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Bnd now 'Hﬂe J’ime has come {;r‘ Yhe FOS'J'-POY\@&

discussion o() how to  maintain ()  thal s
Al s X A X< B[l ,

as Pori- o]() jhe invariant . The ﬁrs} cag',unal-
c‘:an on\J be fa\si{?ec\ bj the onl okssiﬁlrmnemL Lo
¢, V2, {=h , bt ‘H’\c Axiom o Hssignmen'}-
tells  ws  that its preassection {B[h] X3} )mplfes
its FOS}'C«SSG(‘\"IOP& fﬁ[¢3$X3’ S)rr‘enﬁHﬁer\inj Hhe
Precec\ing 3uorcl to  the Fr*eConoLth‘on does the
1ob . Sxmf'ar}j the GSSighmeﬂ;‘ J‘::\'\ is ]or"evenjrec}
%"om r()a\s}%iﬂj V¥ bj guor‘cl;rlj i \33 ><<9D1] ,
Tn okher words ik Su\mces {ér‘ the invariance
o{) CB) 1o Fequce in -qu above I)roaram
the olrernative conshuck lriy

i Alh]l s X ==h
I X< R[] - j=h
EC s

and ‘o our \)Oj we o\oser“ve *}L\o\} 'Hﬂe dFsJunc-
%ion o? the sFrerg-eranecl werds is  shil equal
-\(Q ‘];_I‘L-:ﬁg , so we did ne fnr}rod,uce the
c\cmjer‘ o? abortion.

HBecause O? 05 ¢< 1": <J <N , GQccess lo Hne.
orra B s in bhe r'ePe bon reskricted o
ﬁ[h\? rf?:.r 0<h<N 5 in the se”}rﬁ o() "Prvejen‘}”
H[Oj mo:'j be accessed. Thus access s restricled
Yo AL -Cor O<i<N | the r‘o.rwe OC ‘he quanl-yﬁ
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Qc_c}ion in Ko 5 our Pro\olem S%-c#emerﬂ_ QS G Ccon-
Sequence we need not bolher about X<Q[N]
the second c:o,».]-y_{.«,mL of (5) , the r;ro]:)osa:l pre-
comdition C -For' lhe whole Fr?jmm, since no-Hniria
Tareverﬁ's “s @om rhokin X< alN] Jr___m_g lo:j
degnihon , so:j bj de{a')nirlj AN =+ . With
that symbol | Ih ] ~+

[l :jm QU< yailue e J‘Jr‘o oo 1S cerrtein
1o es}'o\bhslw A )orovicle.d atso (5)'s gr-s}-
corl)'uunc} Q[O] < x holds. Bt wlﬂa} i() X< Q[OJ?
Well | ¢4 mc:j not be @S{‘G\blislﬂed, but dhe
repe-h hon Hérminales with 0K (<N -because
i+ does so inc\e]oenclen \’b o? X ond B — and
then ”Joresen}" s set o &ﬁg as i+ sheuld.

*
5 *

Well | thatts it. The ’/exPerimeml in presenting —he
‘ I J
evo|u})on of o} desiﬁ" , whic}'n was menhonecl in
the ﬁr‘s}’ )'Jc.rc\grc\)ak? WG S G)qu‘:dohed, I‘m o‘{r)—o\ic}.
1 w*o.mLed 40 develo)o —Hﬂe )omﬁram wi-}-}'\ou‘}‘ e -
corolinj oll the successive' versions as thet
invo\ves SO Muclq !’“ewrijrinsp and %'\'toUﬁH- I
could do +hat b wrihnﬁ e lor‘o' ram  Fexh
wf*“‘q, in the QSSer‘?}ons, names o© /Fmdico\’}t’s

\,d]nic)'\ woulci be deve\c:FDec\ o? hne‘ 1l rmore or
less did so  with ! bt Hc\lf)woj the text

1 ,()el\- +that  the quesflicww OF how o simulcle

C‘/‘l&“{ an\ b'cckbc:)at’"d i Fr{ﬁ}‘ I“S (N S@/I?Gfa}'e
1Sswe , and thed is how i} jg}' a]oanclonec[.
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T did like progrem (11) , in Iacrl‘icu]c\r ]De@re
T had inserted the assignment o ”I)resenV
ot dhe end —this mserﬁon was done loker — |
because it hiceb 81’\0»\35 hows +the &y~ monij-
Pu]o)ﬁon ~ond in o.rHc:ular —foe —l-ermiﬂo\-})on_.
is iﬁc:\e]oeqclen‘}’ QE X and - I s now
hard do believe thet T have seen

b\'ﬂarj
Searches whose Yermination dePenclecl on A
be:'rlj :5or‘¥eo\ of On houw r“OunG[l'nj Jrook }O]c.fe
n CQIC(A}O\}riF‘IS GV g ‘J | Besides H’\TS ver:j
clear SePara¥iam o? Concerns | liked -”ne
calewlotions  of Qi and @ which yield
+he Same T)f‘e_c\'rccﬂ-e1 bu.l" ij\ -l-He_ Con"unc)-s

‘1ﬁ§‘er‘clmn3ec\. T+ ,55 No accic\en‘}' that Fhe c\e_-

ve\OPmeM concen%rcﬂrec\ on J‘-E 5 r.e. aon EJrS

lo wer bound ond on its decrease , -@r‘ this s

—Hne onl;; PIQCe w]ﬂere ¢ andJ agccur 1 Coma-
binq]'ion, ol o”wer cof:juncl—s n P de}oenc:l{nj

either on ¢ or on \_)

guﬁﬁnl (3 November 1999

prof dr Edsger W.Dgkste.
'Depqr}men)r o-)? Computer Sciences
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