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The Bounded Linear Search

The \oroHem ol the Bounded Linear
Search can be s-..‘oecil:iec{ as follows. Given

o boolean array  (or function)

b(t 0$¢ A (< N) , 0< N, ?.‘si:al::‘is
l[ var x : int .

I {@} Bounded Linear Search {‘R}

n which Q and R are given lo_nj

h

OF brue

R: RO ~ Rt ~ K2
whiere

RO: 0¢ x A xg N

Ri: (At: 0s¢C A <X -b.0)
Ra: x=N « b.x

The al:»ove (s Q rarrrmlizal:éon or !:‘oe

‘or"o’:)\em's "Colla - 'b\oecipfco.l;ion'; which may
run as " sel x to e

of Va‘ue Erue in array )
and el it to N ol:‘ﬂErwise.

Cirst occurrence
s #W any,

» »
”*

The altentive reader may very well Ceel
uneasy at our »s\aeciCicaEicm Alnce l-_\ne.
secope disjumck of ML is wnot defimed

for x=N". This uneasiness

(s Fuu
Ju.s{:friec{.: b s !-.Lle gecuUrrevice o? l-ie.
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"undelived” b.N  which turns the \oroUem
of the Boundeec Linear Search inlo ome
that is a litle wastier tham the reju\ar

Lincar SEGLF’C"'I : T‘ﬂere-ror-e, wWe exarnine

the 5\oec§fical:iom a bit vnore Ca.re-ru“_lj .

The specilicakion 3rank5 us a gu.mcl:ion
b W"liC‘ﬂ is ’aecinec{“ o a lirmikecdd domain .
We view this “definmedress” as "com‘omlable"
inside the domain and as "non- COmFuEaHe

outside the domair. As a corl&ecpuence_,
we lhave to oee to b that a prograr at
work will never evaluate o funckion outside

the s‘oec{C(ed domarir - Put oulside the
realm of com'ouEaLLich, ﬂoLLn'nj pPrevents us
Cromm (:Linkihj of b as a Lotal ?u.ncl:ion,
havin a value «n any ‘aoinl: we l(‘ke,

viz. the prescr’«'l:ecl value inside Ehe 5‘aeciﬂ"ecl
domain and an irrelevant (or beaevolent

value oulsicle that domarr . Tlﬂus, E\ne
trouble sorme exPre.-ss.ion R1I is no lonjer
f:us\oec{, as lem as we see bto 4E thal <t
is never evaluaéecl Cor x oukside

the domair 0<X A x < N

The latter remar’z discards an
immediakte solubtion , el'ﬂerjf'h_cj from a
rather direct a‘ap!ical:iun of “the \"‘Ejl-&[ar'
Linear Search :

=0 {inv. R0~ Rt}
4 (x=N ~ b.x) {ie. 2 R}

Xi1w X +1

3

R
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T‘m’s is one op l-_\ne. mostk WEI'~‘QHDW§’J Program.s

or earth 2 it derives (ts rey:u‘:ql:{on
From the associatleel error -~ Messmge
? index — out - of - rarige " (We wish to

add. lowever, that Ehe program does return
o correctk result whem run on a wmachine
that in ore way or anrother -—Jusbi?iql:\ﬂ
or riok— can Proc\uce the irrelevant wvalue

BN )

* E
o

Now., let us ew.‘::ark on a derivakior
for the TBounded Linear Sea rebs . First
we carry out « very emall  cosmetic c\rmhje

'pain exPressioﬂ Ra . We

towards sirmn P)r
introduce l:\"aou L e.‘ew:en{ L. N W!":LJ Va\‘ue

true s0 that we ther have
x=N = b.x . This enables us to
rewri ke QA and Ra froem the orfj'ma‘

Spec{r{cakion into

Q: b.N
'Rl: ID-X

Next, we try Eto Proceec\ as wiLL) Qqe
derivation of &Lie Linear S’Jearc‘ﬂ‘ divioh'nj
l-.\r)e various COhJuncl:s of Poshcona‘"l:iorv <
over the invariant anedl the quard . As
belore, R0 and R1  will ave ko be
part of the invariant. The require
initialization X 1= 0 Bgul: cbm'.s time
exPreﬁsiow 2 is not a”oweal to occur



WFi1g - 3

in l:\qe {uard, because b.x is  not
[~

cornrm& le  for x= N ~a value for x
that we cannol e.x.c.‘ucle'l - - Therelore,
Po.s!:c.onaliLfcm Ra has te follow from
the invariank os we“. (‘\olclinj K2 to
the dinvariant Etoo, however. wi\l rec},uire

x:= N as  an inELia\{zaHon, whic rarses
Qa Ccnﬂﬂ:'cl: wil:‘q the e.sLauisL;ecl
ini(:ia“%al—.iow Xtz . | ﬂna di\emma we
now rur inte 4«3 a standard one, ardl

so is  Hhe way out .

The imr;ossfbililzﬂ to cnikialize Hhe
designated (nvariant {ndicates a lowe of
akt Teasl one degree of qu;Pu'mEiV?
Freedomn T‘ne Creeo‘.om A5 ol':.:lzm'ned \D__‘_-j
Pamme!:r{&al:u'on. w\m'c‘n is a technigue
Or eﬂer'ahzakion ofkten re-rerr-ecl ko as
"reaacih a conskant ‘::_5 a variable "
mhlnoujlq, in General, there are rumerows
\oossibii{kies or Pammel-.rizah'on, the
develowed 4cenario Cor our current FroUem
oppera on‘_tj very liLttle c.‘ﬂm'ce.

Irn order ke remove the irnibialization

conﬂr'cfz, we inktroduce a Creslv variakle Y .
and  the initialization will become
)(,3 e O,N

From Freconaln'tion Q we conclude thal
e N establishes relation

Py b_lj



WFHe - 4

W"Iic‘ﬂ wi“ be added to d‘we invariant (nstead
of Ra. Now, Po.s’cc.onc‘-'lzio‘n Ra Coll ows
{-’r‘om TPa i in additiorn we bhave
y=x ond l:Ln'fa l:e“.s M5 El’laL L%e

'Suar*cl. SLIOb(lOl. .be S#X
Sumnarizin an the od:)ove, we have
Tl

derived Eoe owinj program  os a

ske pring skorne Lkowards e TBounded

Linec\r Semrc

{o}
X,_lj i= 0, N

{{nv. RV ~ Kt A~ ’)’)-’2}
3 gl__D_ B%X - .. Od

{’ROA RiA T2 /\_‘Hzx‘ \nence 'R-G‘

W"Jere
Q: b.N
KO- lsx ~ X.{N
Ry (B_(::OSEAI',(X: ab.d)
P b.y
Ra: b.x
x *
%

In k\ne 5Ee\o oC k\ne repe Litive construct
the eleymerts o b musk ‘a‘aﬂ o role .
The Ewo ex‘:pressiow.s b.x  and \::._tj
\ares ent l—.l—;emse‘ve.s as carndidates ?or
beinj mentktioned . But whalever choice
we wake we lhave Eo ermsure thalt ¢ ey
do not refer to & ron- com‘ouka.ue element
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0‘: b . T view o{- Y s iﬂiLia‘ Vm\uE ,

o Teference to l‘.’)._tj 15 o\eacllﬂ darge rous,
sinice b.N A5 non - comPuEaHe : T‘:?ere-
fore we focus on b.x . By RO

we a.\'rea.dj bhave ¢x ~ xg¢N as  Q
Fr‘ECOHc{{E;‘on ar th e »,sl-.e\o_ Cawn sum—-a[

13#—“)( assist in QoncluA{nﬂ x + N
t does if we aclor;f: as  an addf‘:ional

invariant
’P_'?): X£y /\jSN \

w\nic\q ~ndeed - s Correcl:‘_g established by

the giver int'lzialfaai:fon.

Now we are !:\—n*oug‘q- Tt’:e remaininj
part of  the dasijh is driven bﬂ e
observakiorn thak — A5 in E‘—»e reju\qr
Linear Search — X:= X+ 1 is the only
El’n'nkaue. I'nodic;cai}on oc X . The
rest  [ollows . For the Bounded Linear
Search we derived ( the unanmnotated

text)

K,H:: O,N
s doy#Ex —
!'E ~,lo.>< — X1z X+
u b.x —— _LJ:-‘-'.X
£
od
The reader may veriCH that y-x s
o suitable variant funckion . Tts bounded -
ress Cr-om -L)e ow fo“ows Crom ’P;%
» *

*
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The Bounded) Linear Search be‘onjs to
the osk fundamenl:ai a‘aoril:\nms v
CO“"F""L“}_‘}‘ Also, & 42 one of the most
Wide,lﬂ R‘a‘a‘éect ories . Taym't il ama'&ihﬁ
&L;em, that af(—_er decades of e,xper{encc i
Qcm\oukin, Linear Searches still form
_’-_'3{,Lclq a 'érou._\:)\e 5\90‘:. in  tae e.ver'l,jc\aj Pracl:fce
or P ro ramminﬁ? No, it ism't. The On\:j
way l-.émL T kerow or to come Lo jr“ir.».s wilh
an alﬁorfé.\nm — evern t+ il is & bil‘h‘o\€ one —
1S l:)j means of ils formal bFeciC;'c.al:ioh
amd Tits  formal derivation, and ~as
everyone kipows — this i1s ot ‘:._!j‘a{ca‘ or
the “way in which Professiona. Programmers
!{aerpormn

With this sad conc.\u&ion, Hol-_\ﬂihj else
remains to e dome than ko recomrmewnd ko
the reader who cares, that bhe vow Sralo
a iece o[: paper ho \arﬁer E\fmn an enve\oy:e:
an use itk ko sumwmarize the (l‘;ec\ﬂh;ca’)
heark of the rorecjoinj deve\o\amen{: of the
TRounded Liviear earch .
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