Heap Sort Lecture

A tree can be stored in an array where the indices are as follows:
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In other words, the children of [0] are found at [1] and [2]. and the children of [1] are found at [3] and [4]. Where are the children of [i] found?  [2i+1] and [2i+2]

A heap is a special binary tree: 

all leaves are on two adjacent levels

all leaves at the deepest level are to the left

all levels (except possibly the deepest) are filled

the “value” in the root is at least as large as the “value” of its children (if it has any)

the left and right are valid heap subtrees 

Take a piece of paper and draw 3 different trees that are examples of heaps, according to this definition. (have some drawn on the board)

A heap can easily be represented by a set of locations at the beginning of an array.

Let us convert some heaps from the board into arrays:

Heaps form the basis of “heap sort”. The method:

1. 
Take the values in an array and form them into a heap (move them so that the root of each subtree is the largest element in the tree).

2.
Remove the elements from the heap, one by one.

Example:

take the array:  i  d  c  b  e  g  j  f  a  h

What would the tree look like associated by the array (as described earlier)? Draw it.

Are all the heap properties satisfied? no Which are not? lots of smaller items are parents

Are any subtrees valid heaps? yes Which subtrees must always be valid heaps? all  leaves

Let us call these nodes frontiers of the heap.

The first part of the heap algorithm adds the nodes to the heap above the ì

at the subtree with spot 3 as the root, what switches must be done to create a heap?

Let us continue up the tree, looking at the subtree with root at spot 2. Fix it.

Now look at the subtree with root at spot 1. Which child is larger? What is we swap that parent and child? We now have to make another switch because d is less than e. 

Continue with the root at spot 0. 

Now that our heap is built, where is the largest element? at the top

Switch it with the element at the end of the array, and think of the heap as the array without counting the last element (the size of the heap goes from 10 to 9). Push down the root again so that it becomes a heap once again. Again, switch element at the top of the heap with the element at the end of the heap array (of size 9). Continue to do so until the array is ordered.

