
 1 E Pairofpointslcont.de

Input n points on a plane IXg Any AnYa
Goal findtwopoints that areclosest toeachother

Idea Divide points intotwo Y
halves solve the subproblem for offeachhalf Éi cross

border pairs

8 s 1 Sort the points nearthe borderby
theiry coordinate

2 Overlay a grid
3 Process thepoints accordingtotheir

1 y coordinate
Claims

1 At most 1 pointper
cell

2 Onlyneedto lookat

1 points at mosttwo rows

away at most 11 cells
withsomecarefulargument
this can be 6



Compute crossborder closest pair
1 Take pointswithin S of 1
2 Sort these pointsby y

coordinate pi.pe Pr
3 Checkthe distance betweeneachpointpi with the
11 points after it in the list

For i I to k
For j it to it 11

Checkdist PiPj andupdatemin if needed
4 Output theclosestpair found

Correctness

Runtime

T n 2T E align T n align

OFjf.fm
e repeatedsorteverytime

Sort once attheverybeginning
T n 2T E n T n nlog n

Html



2 Medianandorderstatist.ee

A IA IA I I Am IAzn2TAzny
min Indian tax

n telementstotheleft n t totheright

A T An Ant I I Azn
lower

midian Toppermedian

Depending on the scenario median apr1nd upper lower

Forthis course simply use lowermedian

Problem Given unsorted A a An forsimplicity assumedistinct

Find i th smallestelement

i l In min max

Easy n 1 comparisons n

Whatif wantbothmin max

Naive In 1 comparisons

Better Readtwoelements comparethem thencomparelarger
w max andsmaller w min In 1 comparisons



i 2 n 1 Keeptwovariables mini min2

Still n

i 3 n 3 Still n

i k n k

1 1 7 Median 1m align 2 9
3

n logn

Finding theMedian

Intuition Useideasimilarto Quickfort

RandomizedSelect A i
1 pick j randomlyfrom11.2 tn pirotAtj
2 k Partition A j 11pivot is nowat Atk

3 If k i
4 Return Atk
5 ElseIf Ksi

6 Return RandomizedSelect Atl KD i

7 Else 11k i

8 Return RandomizedSelectAtkti in i k

9 EndIf



Correctness perfectcorrectness

Runtimeanalysis rough Wecount on thepivotAg tobe approxmedian

i e not intopbottom309s here in themiddle40 Thishappens

with probability 40

Soexpectedruntime is roughly
T n T In In Tim n

Sameas findingminmax

Butit's randomized

What if we want deterministicalg
IdeaReplacestep1 with somedeterministic

algorithm to find approx median

First attempt
Compute recursively the

median of A I In Td Td
Howmanyelementssmallerthan X 30

HowmanyelementsgreaterthanX 330

Mustbe in the middle 40

Tin TÉn T a n

Tin R nlogn byrecursiontree
Moreprecisely T n n

616
byAkraBazzMethod

notrequiredforthiscourse



ActualAlgorithm to find approxmedian

S
O O O O O1 PartitionAinto setsof seah

ftp.dsfgtfg2 Computemedianofeachset in OU
3 Compute medianofthese medians 3 6
that'llbe our approxmedian t If
HowmanyelementssmallerthanX elementsingreenarea IX In

Howmany
elements greaterthanX elems in pinkarea tn

luggingthisintoRandomizedselect Runtimeis now
T n T F Ttion n

T n n

Sameas findingminmax

Also deterministic

Reduetheizefubproblems_


