4-2 Find the missing integer from 0 to n using O(n)
“is bit[j] in A[i]” queries.

Note - there are a total of nlgn bits, so we are not
allowed to read the entire input!

Also note, the problem is asking us to minimize the
number of bits we read. We can spend as much time
as we want doing other things provided we don’t look
at extra bits.

How can we find the last bit of the missing integer?

Ask all the n integers what their last bit is and see
whether O or 1 is the bit which occurs less often than
it is supposed to. That is the last bit of the missing
integer!

How can we determine the second-to-last bit?

Ask the =~ n/2 numbers which ended with the correct
last bit! By analyzing the bit patterns of the numbers
from O to n which end with this bit.

By recurring on the remaining candidate numbers, we
get the answer in T(n) = T(n/2) + n = O(n), by the
Master T heorem.



Quicksort

Although mergesort is O(nlgn), it is quite inconvenient
for implementation with arrays, since we need space to
merge.

In practice, the fastest sorting algorithm is Quicksort,
which uses partitioning as its main idea.

Example: Pivot about 10.

17 12 6 19 23 8 5 10 -—- Dbefore
6 8 5 10 23 19 12 17 -—- after

Partitioning places all the elements less than the pivot
in the left part of the array, and all elements greater
than the pivot in the right part of the array. The pivot
fits in the slot between them.

Note that the pivot element ends up in the correct
place in the total order!



Partitioning the elements

Once we have selected a pivot element, we can parti-
tion the array in one linear scan, by maintaining three
sections of the array: < pivot, > pivot, and unexplored.

Example: pivot about 10

| 17 12 6 19 23 8 5 | 10
| 5 12 6 19 23 8 | 17

5| 12 6 19 23 8 | 17

5| 8 6 19 23 | 12 17

5 8 | 6 19 23| 12 17

5 8 6 | 19 23 | 12 17

5 8 6 1 23| 19 12 17

5 8 6 123 19 12 17

5 8 6 10 19 12 17 23

As we scan from left to right, we move the left bound
to the right when the element is less than the pivot,
otherwise we swap it with the rightmost unexplored
element and move the right bound one step closer to
the left.



Since the partitioning step consists of at most n swaps,
takes time linear in the number of keys. But what does
it buy us?

1. The pivot element ends up in the position it retains
in the final sorted order.

2. fter a partitioning, no element ops to the other
side of the pivot in the final sorted order.

T his gives us a recursive sorting algorithm, since we can
use the partitioning approach to sort each subproblem.
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