Flipped Lecture
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February 19, 2014



Focus this week

* Mergesort
— algorithm
— implementation
— Analysis
— Applications
— Bottom-up mergesort
* Quicksort
— algorithm
— Average and Bad cases
— Analysis (worst and average cases)

— Special cases (equal elements)
* 3-way quicksort



Mergesort

if (hi <= To) return;
int mid = lo + Chi - o) / 2;
sort(a, aux, lo, mid);

snrt{a, aux, mid+1, h1},

Mergesort tree and recursion order



Merge does all the work

Merging: Java implementation

private static void merge (Comparable[] a, Comparable[] aux, int lo, int mid, int hi)
{

assert isSorvedia, To, mid); A pracandicion: allo. .mid] sorred
assert isSorcedia, nids<1, b)) 7 precamnditian: a[mid+l..hi] sorted

for (int & = To; k <= hi; k+=)
aux[k] = alk]; COpYy

int 1 = Ta, j = midel;

for (int k& = Tlo: k <= hi; k4ad mirge
{
if (i = mid) alk] = aux[j++]:
else iF (j » hi} alk] = aux[i++k
plse if (less{aux[j], awx[i]3) alk] = 1ux[ja+?!
plap alk] = aux[i++];:
}
assert i1sSortedda, lo, hi); S postcondition: a[le..hl] sorted

Challenge: prove merge code is correct




Mergesort Analysis

e Recurrence

C(V) = C(N/2]) + C(N/2)) + N for N =1, with €(1)=0.

left half right half merge

| } )
AWM = A(N/2]) + A(N/2]) + 6N for N =1, with 4(1)=0.

We solve the recurrence when Nis a power of 2. <— result holds forall N

D(N) =2D(N/2) + N, for N > 1, with D(1)=0.



Bottom-up mergesort

non-recursive

* Bottom-up mergesort is nign

int N = a.length;
Comparable[] aux = new Comparable[N];
for (int sz = 1; 5Z < N SZ = SZ+5Z)
for (int lo = 0; To < N-s5Z; 1o += SZ+5Z)
merge(a, aux, lo, lo+sz-1, Math.min(lo+sz+sz-1, N-1)):




Applications
Mergesort is a linearithtimic stable sorting
algorithm. Guaranteed nlgn performance
Stable means...

Java 6 system sort is implemented using
mergesort wit cutoff to insertion sort when
sub-array size becomes < 8

Optimizations

— is_sorted test to stop recursion



Comparison based sorting

* There exists no comparison based sorting
algorithm that is better than nlgn. Is this
true? How do you prove this?



Quicksort demo

* Distinct keys
—12 34 56 67 10 30 20 15 68 70



Quicksort demo

e All equal keys
—12 12 12 12 12 12 12



3-way Quicksort

* Some/all equal keys
—12 34 12 67 12 30 12 15 34 70

Dijkstra 3-way partitioning demo

+ Let v be partitioning item allol.

= Scam i from left to right.
— [afi] =« v3: exchange a[1t] with a[i]; increment both 1+ and 1

— fa[i] = v3: exchange a[gt] with a[i]; decrement gt

= {a[i] == w3 increment 4




comparators



