Binary Search PRE: AL) e ADd e -- €A [_len(ﬁ) -l] (A is sorted)

binarySearch (A, key) posT: rehvns T of k‘)’ 5 n A, = 0""‘""‘".9(“
start ¢« 0 sdac b
end <« len(A) - 1; 3
while (start <= end and A[(start + end) / 2] !'= key) {
mid = (start + end) / 2;

if (key < A[mid]) {
end ¢ mid - 1; INVARL ANT ¢
}

else {
start <« mid + 1;
}
}
if (start > end) return false;
else return true;
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Binary Search

PrE: ALY € ALD £ - € Afleat) 1)
binarySearch (A, key)

(A i sorted)
posT: rebvins T i ey s
start « O

im A, E oturuwice

endd st
end ¢« len(d) - 1; {
while (start <= end and A[(start + end) / 2] !'= key) {
mid = (start + end) / 2;

if (key < A[mid]) {

} end ¢ mid - 1; INVARIANT: &) D
else { '°> -l
start ¢« mid + 1;

< $"Af+ £ len (A)

av\l- 3 'CV\ (A’> = \
}
}

if (start > end) return false;
else return true;
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while (start <= end and A[(start + end) / 2]
mid = (start + end) / 2;
if (key < A[mid]) {

end ¢« mid - 1; INVMUANT'c
}

else {
start ¢« mid + 1;
}
}
if (start > end) return false;
else return true;

Binary Search Page 3

Binary Search PRE: Af0) ¢ Al e - €A [le.\lﬁ) -'] (A s sorted)

binarySearch (A, key) PosT . retvins T a“ k<7 % A, = ol'lu/M'KM
start <« O Sdart 1
end < len(d) - 1; y

'= key) {

&) D & sharts len(AD

b) - £ end & [en(A)d-)

¢) stark=D or lay> Alstart-1])

A end =z enlAd=| or ky< Alend +1]
&) end-ghwt sl & n(A)-n



Binary Search PrRELA[0) & AD) ¢ --- ’:A[Jen(ﬁ) -l] (A is sorted)
binarySearch (A, key) posT: rebvins T 6 |‘¢7 S M A, E otk

/M‘K
start <« 0 st ‘E.(
end ¢« len(d) - 1; 4
while (start <= end and A[(start + end) / 2] !'= key) { 4k¢y > k"7
mid = (start + end) / 2;
if (key < AFmid]) {
} end ¢ mid - 1; INVAMANT . ) O & start £ Ten(AD
else { b) - < &V\IL £ 'ln (A’> = \
start ¢« mid + 1; ) hy> A[s"«r+—‘3

} } :() ky( A[tv\l*lj

if (start > end) return false;
else return true;
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Binary Search PRE: AL0) € ALD & - € Aflealn) -l] (A i sorted)

binarySearch (A, key) pPosT: retuins T key i in A, F oHerwise
start < 0 Sdart
end < len(d) - 1; $

while (start <= end and A[(start + end) / 2]
mid = (start + end) / 2;
if (key < A[mid]) {

end ¢« mid - 1; INVMUANT?
}

else {
start ¢« mid + 1;
}
}
if (start > end) return false;
else return true;
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'= key) {

&) D & starts len(A)

b) - £ end £ len(Ad-

¢) stark =D or lay> Afstart-1])

A end = lenlAd-| o key < A end *l]

e)



Binary Search PRE: AL0) € ALD € -+ £ Aflen(A) -l] (A 1 sorted)

binarySearch (A, key) pPosT: rebvins T o ‘Q7 S n A, c ol"l_mfw';g
start <« O $dar
end < len(d) - 1; $
while (start <= end and A[(start + end) / 2] '= key) {
mid = (start + end) / 2;
if (key < A[mid]) {
end ¢ mid - 1; INVVARIANT: o) D £ start £ Len(A)
alse | b) £ end £ len(AD -\
start ¢ mid + 1; C.) S"O\f" =D or kl.y> A ts"ul‘*-‘J
} A) end z (ealAd-| or ey < Al end +1)

}
if (start > end) return false;
else return true;

Basss (n =O\) . skart =0 and en“.f"ev\(A\-l

e)
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Binary Search

binarySearch (A, key)
start <« 0
end <« len(A) - 1;
while (start <= end and A[(start + end) / 2]
mid = (start + end) / 2;
if (key < A[mid]) {
end ¢« mid - 1;

y INVARIANT &

else {
start ¢« mid + 1;
}
}
if (start > end) return false;
else return true;

B'\S\‘S (n"—OB p S"a/'l’ =0 'w\.(

O (;'en(A'B
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PRE: Af0) ¢ ALD & -
pPosT: rebvins T o key i in A, E o"‘l_arwn'k

cAfleatdy-1) (A is sorted)

S¥ar

3

'= key) {

a) 0 & start £ 1en (A

b) - £ end & [en(Ad-)

¢ stark=D or ey > A [:s{'uf{'-‘J

a(g end z alAd=| or ey < Alend +1])
[

end zlen(AD -1
0 i'enlA’§



Binary Search

binarySearch (A, key)
start « 0
end <« len(A) - 1;
while (start <= end and A[(start + end) / 2]
mid = (start + end) / 2;
if (key < A[mid]) {
end ¢« mid - 1;

) INVARI ANT &

else {
start ¢« mid + 1;
}
}
if (start > end) return false;
else return true;

Bascs (n=0): skart 20 and
0=tz 0 ‘-‘lev\(A'B
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PRE: AL0) € AD] & -
PosT : rebvins T f key s

€ Aflenla) -l] (A 1 sorted)
m A, F oHurwogg

sdart

)

'= key) {

&) 0 & start s len(A)

b) - £ end £ len(A>-

) s!-uf\' 0 or Wuy> Alstart-1])

A; end = [enlAd-  or kky< A (end *l]
[

end zlen(AD) -1

0 (;'ev\(A'B

€ lenl A =1 zend = lenl(Ad-]



Binary Search PRE: ALY c ADD & - cAfleatd)-1) (At sorted)

binarySearch (A, key) PosT : retvins T f‘ l‘tl s m A ) I oHurwice
start < 0 sdart
end « len(A) - 1; $
while (start <= end and A[(start + end) / 2] '= key) {
mid = (start + end) / 2;

if (key < A[mid]) {
[ endemid -1 INVARMANT: ) O & starts len(A)
LMoo ¢ b) < £ end £ len(A) -\

start ¢« mid + 1; C)

} } o() or ky< Alend #1)

if (start > end) return false;
else return true;

Basis (a=0): and  Gadzleal AT

0 = shrt= O LlenlAD 0 &lenlAD
<1 € lenl A -1 zend = lenlAd-]
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Binary Search Pre: Af0) & Al e - A f_lenlh) -I) (A is sw{'ec()

binarySearch (A, key) PoST : retvins T f‘ k(y S I A) 'c OHM/'M'K
start < 0 sdor b
end ¢ len(A) - 1; 3
while (start <= end and A[(start + end) / 2] != key) {
mid = (start + end) / 2;

if (key < A[mid]) {

end ¢ mid - 1; INVVARIANT: &) D & shart £ 1en(AD
alse { L) £ end £ len(A>-\
start ¢ mid + 1; ¢ stk =0 or key > A [s"ar*-‘J
) } a‘) end = (M(l\)'l o ky( A[cni *l]
if (start > end) return false; &

else return true;

Sebibin. S W0 1 e o o i ond shorbbcd el AR b

0 ¢ S('hfl',u elen(ADS -1
0 & end,, ¢ len (A —I

Binary Search Page 10



Binary Search Pre: Af0) & Al e --- €A f_lenlﬁ) -I] (A is sorted)

binarySearch (A, key) PoST : rebvins T kt)’ S A, L oturwice
start <« 0
end ¢« len(A) - 1; $
while (start <= end and A[(start + end) / 2] !'= key) {
mid = (start + end) / 2;

if (key < A[mid]) {
end ¢« mid - 1;

; INVVARIANT: o) D £ st £ len(A)
c}alse { 'o) "l - GV\A - 'lv\ (A'>"\
start ¢ mid + 1; ¢) stark =0 or h > A[sl’ur'l’ ‘J
) } A) end = lcv\(l‘>- o hy <A [cvuL *l]
if (start > end) return false; &>

else return true;

Twdvckon: 5"”’“‘ WV is deve "H'r n thabons and sl-a/"écnol- ond A(_SM‘ZMtﬂ¢ |¢¢7

0 < s('afl',“ .‘.len‘A'S"‘
0 ¢ em(“ ¢ len . %d

0 & ¢huta tendy € Zo(lenlA) 1)
0 [’:M“-:CMJ ¢ lew(A)-|

e
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Binary Search PRE: AL) € ALY E - €A [le-\(ﬁ)-l] (A s sorted)

binarySearch (A, key) POST: rebvins T o kty 5 A) E oHurwice
start < O sﬁ;‘
end « len(A) - 1;
while (start <= end and A[(start + end) / 2] !'= key) { I I , A_J

mid = (start + end) / 2;
if (key < A[mid]) {

end ¢ mid - 1; INVARIANT: ) 0¢ start £ len(AD
tise | b - £ end £ len (A=)
start ¢ mid + 1; ¢) stark =D or lay> Alstart-1]
} A end = (alad-| or ky< Alend 1]

}
if (start > end) return false;
else return true;

Boddsaboe: “'ﬂ”“ NV i brve wber n thabons and skt tead ond A((:M{“tﬂ# key
S"‘\f"’," '3 Cnl“‘

2 shorkag eotrbpiend, Eend 4y

L’*aa ﬂln
O & $tv"’d“.t\_;¢_'—‘:.| ﬁe"l.u é ltv\l.A)'l

e)
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Binary Search PRE: ALY € ALD & - £ Afleatd)-1) (A 15 sorted)

binarySearch (&, key) PosT: redvins T |‘¢7 s in A, c o"%m’wfk
start <« 0 Sl
end ¢« len(A) - 1; 3
while (start <= end and A[ (start + end) / 2] !'= key) {
mid = (start + end) / 2;
if (key < A[mid]) {
} end ¢ mid - 1; INVAR\ANT & ,\) O f sl'a/'{'.f ‘b«(A)
else { 'o) | < GV\L £ 'Cv\ (A')"\
start ¢ mid + 1; ¢ start =D or hy> A [sfur"’-‘_]
} A end = lenlAd-| or ky< A (end *l]
}
if (start > end) return false; &

else return true;
Todsckon: Suporie WV s bive e n thebons and shtecad ond {2 # key
$"ur"’.‘ .‘. Cnl“‘
Z‘ 5‘"‘""0\& (39“-’}“"!*‘“!—'1-90\1 ad

O ¢ ‘7"&"',“&,-?‘,}“‘ ‘e*l.“_] .‘,ed.u £ l&nl.AS"l

ﬂﬂwL

Binary Search Page 13



Binary Search Pre: Af0) & Ald e - A LICv\‘A') -l] (A is sorted)

binarySearch (A, key) POST: rehvins T l‘tr S m A, = 0"%»1/\4-0;“
start <« 0 S “?
end ¢ len(d) - 1; )
while (start <= end and A[ (start + end) / 2] != key) {
mid = (start + end) / 2;
if (key < A[mid]) {
[ erdomd- INVARMANT: &) D & shart 2 lea(A)
else { 'o) | < GV\OL £ 'lv\ (A‘>"‘
start ¢ mid + 1; ¢ stark =0 or hy> A[S"M"*"J
} A end = lenldd-| or key< Alend +1)
}
if (start > end) return false; &

else return true;
Twdickons Sopoose WV i drve afler o thoboas and shotéead ond l_"“”——-{'“‘__[];! ey
5"hf+.|‘ £ enl“‘

l slw".u !ssl-rl'“&ul“‘:l.en‘l ad

‘“’*ﬂ‘ l.\
O ¢ j""ﬂ"’ou ét ;'e‘ = éed.uié ltn“AS'l
_— n

Nl&
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Binary Search Pre: Af0) & Ald e - A f_lenlﬁ) -l] (A is sorted)

binarySearch (A, key) PoST : retvins T f‘ l‘(7 % A) = OFLIIM.R
start < 0 St b
end ¢« len(d) - 1; 3
while (start <= end and A[(start + end) / 2] != key) {
mid = (start + end) / 2;

if (key < A[mid]) {

end ¢ mid - 1; INVVARIANT: &) D & shart £ Ten(AD
c}alse { 'o) - < GV\L = ‘ln (A'>"\
start ¢ mid + 1; ¢ stark=D or hy> A [s"ur"’-‘]
) } o() end = ‘Cn(/\>-| o hy <A [cv\oL 'l'lj
if (start > end) return false; &

else return true;
Tadocken: Soppese WV 15 bt ablr n ihonbins mud shuktend ond {22524 # ke
L cases i)y & Alendy, v endniw = mid =1

Ot wmid € lenlA)-|
“leendy, ¢ lenlAd-T £len (AN

) ky SALmid)
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Binary Search Pre: Af0) & Al e --- €A f_lenlﬁ) -I) (A is sorted)

binarySearch (A, key) PosST . rebvins T :‘ 'Q7 S A, (= OHuIMGQ
start ¢« 0 sdar t
end ¢ len(d) - 1; d
while (start <= end and A[ (start + end) / 2] '= key) {
mid = (start + end) / 2;

if (key < A[mid]) {

end « mid - 1; INVVARIANT . ) D" eslart e ten (i)
ilse { b - < GV\A £ (f
start ¢ mid + 1; D) S“nf" O or

} A end = len(AD-| Ty end +
e)

')

}
if (start > end) return false;
else return true;

Twdvckon: svﬂ”“ WV iy drve "H'r n thalns  and sl-u/{'écno‘- ond Lsm‘z“l_n# kd
L cases i) lay > Aleid ) Shrtprs = mid | $o ky > Alstetuy, -1)
O£ wid € lenlA) -]

) e midel & 'tn(ﬂ’)
£ & shvbay & lealA)
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Binary Search Pre: Af0) e ADd e - A f_len(ﬁ) -l] (A i sorted)

binarySearch (A, key) posT: retvins T o k¢7 s in A, E oHerwise
start < 0 sder t
end <« len(A) =1y $
while (start <=-énd and A[(start + end) / 2] !'= key) {
mid = (start + end) / 2;

if (key < A[mid]) {

end ¢ mid - 1; INVARLANT: @) D & start £ Len(A)
alse { b) £ end £ len(AY-\
start ¢ mid + 1; ) skark=D or ly> Alstart-1])
} A) end = lenlad-] or ky< Alend +1]
:{f (start > end) return false; &> e“d'°5+“’+ rl € len(AdD-n

else return true;
Tefmim.'l\’u\ g whan nfv'ev\lA'» end,- s{w'*} | & |¢n(A'3 “-wnse |M (A)' ‘Cn (433 0

end =stard 1 =D
Satud + |

Cotart > e'\lx
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Binary Search PRE: ALY € ALY & - e Afleat®)-1) (A i sorted)
binarySearch (A, key) PosT: rebvins T i k‘, O S A (= Ol'lﬁf\ﬂlk

start « 0

end <« len(A) - 1;

while (start <= end and A[ (start + end) / 2]
mid = (start + end) / 2;
if (key < A[mid]) {

, Saemdn INVAR ANT

else {
start ¢« mid + 1;
}
}
if (start > end) return false;
else return true;

Poskond i hon & 2 cmts s i) shvlend

endgdar b
b

'= key) {

@) 0 ¢ s|w4 £ hn()\)
b) - £end ‘
L) $"nf|' O of
A end = enlAd-| or
&) ewd - S+uf+ vl &

n\) sl’u" ¢ e“ﬁjﬁ‘{- h\l
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Binary Search PrRE. Af0) & Al e .- €A [:Ie.\(ﬁ) I] (A is sorted)

binarySearch (A, key) pPosT: retvins T of |‘¢7 S in A c ol'l«uf\:nk
start <« O endgdar
end < len(d) - 1; V4
while (start <= end and A[(start + end) / 2] !'= key) {
mid = (start + end) / 2;
if (key < A[mid]) {
[ endemid- b INVVARLANT . &) O ¢ start £ len (A
else { 'o) < GV\L - 'lv\ (A'> - \
start ¢ mid + 1; ¢) stark=D or Wuy> Alstart-(]
: } A) end = lenlAd>-| or key< Alend 1]
if (start > end) return false; &> CVW‘- S"‘ul"l' +l & |¢n(A> n

else return true;

Poskondihon & 2 comest i shwb>ead AfJsssA(she=d]¢ ky < Aled )} gmmntAfleala))

n) l’d"‘e“ ““A
1) by
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Binary Search PRE: ALY € ALY & - e Aflealtd)-1) (A 15 sorted)

binarySearch (A, key) pPosT: rebvins T hy S N /-\, (= ol-lmrw.gg
start <« 0 ci\’o(s-ll'
end ¢ len(ad) - 1;
while (start <= end and A[(start + end) / 2] !'= key) {
mid = (start + end) / 2;
if (key < A[mid]) {
end « mid - 1; INVARLANT . &) 0 ¢ start £ len(A)
. 'o) emL < 'lv\ (A‘) - \
else {
start ¢« mid + 1; C) SLnf" O or h > A[S"MI'{' ‘3
} A end = lealAd-| or key< Al end *1)
}
if (start > end) return false; &> ewd - S+uf++l € ‘tn(A) n

else return true;

Pos*mi.‘-\\‘w\ v L st i) skl dend ACD]& tA(sL,} lJC k.,7 <A [ewd 9—)] ¢ --- €A {lm(ﬂ)-o
shlzend Alend) i

in here

key # ALY, ..., Alln (4)1)
shold v P

n) S"h’" ¢ e"ﬁj’i‘d; h\l
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Binary Search PrRE. Af0) & Al e - €A f_lcnlh) -l] (A is sorted)

binarySearch (A, key) pPosT: rebvins T o "t7 % n A, C oHurwice
start < 0 sdart
end ¢ len(a) - 1; $
while (start <= end and A[(start + end) / 2] !'= key) {
mid = (start + end) / 2;

if (key < A[mid]) {

end ¢ mid - 1; INVARN ANT © 0\) O 2 $"hf+ e ‘CW(A)
lse | b £ end £ len(A) -\
start ¢ mid + 1; ) skark =D or tuy> Alstart-1]
} A) end z enlAd-| or key< Al end +1)
;.f (start > end) return false; &) ewd - 5*“"'.“" len (A> n

else return  true;

Posteond iHon & 2 comes: i) shvb>ead A(0)e < A(sht- )]4 kay < Alead #1)% - €A (IalA))
s“v}-] >¢nd — RLGM(] i
in here

key 2 ALY, ..o Allen ()]
shold b F

n) s"d" ‘xev\‘ ow\J.
’ h‘l So ‘“‘I ‘o ok indiy pd - shoild I&LH\
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