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Note there are technically rounding errors

we should write a a'T f a a T
eg can't splitodd sized lists exactly in half

Okto ignore in this course seelecture notes
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In this class f n almost always of the form
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Quick tip just draw one layer ingeneral

You can see geometric sequence already
even if MasterThm
doesn't apply
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Themost famous recurrence in algos

Tcn 2T E Ocn
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e g Mergesort 18 1 7 6 45 3,9

Sort two halves recursively

16 7 18 0 3 9 45

first half T Second hilt TCE

Stitch two halves together

1 6 7 18 0 3 9 45
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We can implement in O n time

Invariant Smallest element remaining is either
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i Cs inversion

Examplem 3,5 6,214 1

inversions i j 1,4 2,4 3,4

1 6 215 3.5

416 216 3,6

516

Application Metric between rankings Kendall

e.g Comparing preferences

sort lists together so one is sorted

Howmany inversions in the otherlist

Observation m the algo compare all pairs

Can we dobetter
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Inversions recurrence
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Improved runtime

Tleftnright2Tleftfracn2rightOleftnrightOleftnright ogleftnright

Takeaway 1 Can enforce stronger recursive guarantees

eg Sorted sublists inversion counts

Takeaway 2 For arrays pointer queuetricks savetime

eg Oleftlosleftnrightright 0left1right per index

e g Sliding window techniques will

revisit inPart III Section 2

Selection Part II Section5.3

Input L is a list of n elements in
mathbbR

i is an index 1leqileqn

Output ith largest element in L



Examplef Selection 10,7 16,3 2 80,1 4

7
Selection 500 30 7,2 50 70,100 4

2 easier because sorted

Observation 1 O nlog n time algo

Proof Sort take ith largest element

Observation 2 O n if i is small 1 0111

Proof
Compute minimum in O n time

just store it repeat i times

Observation 3 O n i logins

Proof heap Oln
ExtractMinC x O ilos a



Main claim We can solve selection in

O n time for all if n

Application Median in lineartime

Application Deterministic QuickSort

Asided Quicksort is a simple sorthyalso
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Unlucky pivot
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Ifwe'relucky is in themiddle recursion depth O log n

Ifwe'reunlucky is nearthe edges recursiondeath O n



How to use pivoting to solve Selection

loed avoid unlucky pivots using recursion
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CK
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Key clam there is FindPivot implementation w
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Finish runthe analysis
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selection problem on elements
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