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Inplace Partitioning

Can we get all blue balls to the left of all red balls?

Solution: keep two indices LEFT and RIGHT.
Invariant: all balls to left to LEFT index are certainly blue.
                   all balls to right of RIGHT index are certainly red.
Keep advancing the two indices till they cross.
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Now, neither index can advance on its own. 

indices, and make progress again.
However, we can swap the read and blue balls under the 

swap

swap

swap
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Once indices cross over, partitioning is done.

What is analog of red/blue for quicksort? 

All numbers less than pivot are blue.

All numbers greater than or equal to pivot are red. 

Using this algorithm, we can partition in place!

Remaining question: what number do we choose for pivot?

Ideally, we would choose median value since that partitions

array into two pieces of equal size.

However, median is expensive to compute exactly.

Heuristic: use first array value as pivot.

others use median of first, middle and last element

some people use middle element as pivot.
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Sentinels

1419 4 531 45 65 72 9924 5620

pivot

Integer.MIN_VALUE Integer.MAX_VALUE

while ((i<A.length) && (A[i]<pivot))

can be replaced with

while(A[i]<pivot)

- Pad initial array with Integer.MIN_VALUE (-2147483648)
    and Integer.MAX_VALUE (2147483647)

- When advancing LEFT and RIGHT indices, Partition does not
    have to check that indices "fall off" the ends of the array.

5 14 19 20 31 45 56 65 72 994 24

- Recursive calls to Quicksort: sentinels are automatically there!
    (See picture below)
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