




















































































Last time BinarySearch

Given two sorted arrays A 1 in and B 1 n

find the median nthsmallestelement of AUB

67 small largeA 5 91
small medianA n kkN2 3 4 8B
large medianB

n k

what is k
k

Case2 knicefrac17Case knicefracn2

r
AleftmidrightBleftminrightAleftmidrightBleftmidright

Median A t.in Bleft1ldotsnright
if n 100
bruteforce

else mleftarrowleftlceilnicefrac12rightrceil
if AleftmrightBleftnright
return Median leftAleft1mrightBleftnm1nrightright

else
return Median leftAleftnm1nrightAleft1mrightright

TleftnrightOleft1rightTleftleftn2rightrightOleftlognright
m

n even

Suppose AleftmrightBleftmrightA
V

B
Aleftmright is biggerthan 2m 1 elements

AleftnrightAleft1m1right and Bleft1ldotsmright
ofAUB

Aleftm1right is biggerthan 2mmathbbZleftlceilfracn2rightrceilgeqn elements
of AUBAleftm1right is large























































































Sorting Given A1ldotsn permute so that AileftAlefti1rightright
Olulogn time Mergesort vonNeumann1945

fo all i

A
o tsort

moge

A
L m

B

K

Loopinvariant

Bleft1kright KsmallestelementsofA in sortedorder

mergeof Aleft1i1right
and Aleftm1ldotsj1right

Oleftnright time

Time ForMergeSort

TleftnrightTleftfracn2rightTleftfrac12rightOleftnright
ignoring LJ and 57























































































Tleftnright2Tleftfrac12rightOleftnrightRecursion tree

nTleftnrightn

depth
Oleftlognright

Tleftfrac12right1ZTleftnicefrac12rightwedge2r

n 14 n4n 14 n 4cap

Tleft1right i All levels equal
Totaltime levels total time ateach level

OleftlognrightcdotnO alogn
Two other interesting common cases

Letel sums are decreasinggeometric series
nn3n4ldotsOleftnright

0 largest term Oleftrootright
level sums are increasinggeom series

n2n4nldots2ln
0 largestterm 0 totalworkat bottomlevel

0 leaves





















Quicksort Hoare 1963

A P

partition 0ln time

PPp
sortsort

Cp pP
n rr 10

TleftnrightOleftnrightTleftr1rightTleftnrrightOleftnrightmax_1leqrleqnleftTleftr1rightTleftnrrightright
Ideal pivots r12

RightarrowTleftnrightOleftnright2Tleftfrac12right O nlogn

Worstpivots r1 or rn

RightarrowTleftnrightOleftnrightTleftn1rightRightarrowOleftn2right
Decentpivot frac14leqrleqfrac3a4

RightarrowTleftnrightleqOleftnrightTleftfracn4rightTleftfrac3n4right
n n

n3nicefrac44

log4nThetaleftlognright n
log 3

3n16 nicefrac9n10710 3 0

theta legalO n logn time




