
Sorting algorithm 1
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Heap sort

• Like merge sort, but unlike insertion sort.

• Heap sort’s running time is O(n lg n).

• Like insertion sort, but unlike merge sort, heap

sort sorts in place: only a constant number ofsort sorts in place: only a constant number of

array elements are stored outside the input

array at any time.
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Heap - 1 

• The (binary) heap data structure is an array object

that can be viewed as a nearly complete binary tree.

• Each node of the tree corresponds to an element of

the array that stores the value in the node.

• A heap is an almost-complete binary tree• A heap is an almost-complete binary tree

• A complete binary tree is a binary tree in which

every level, except possibly the last, is completely

filled, and all nodes are as far left as possible.
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Heap - 2

• An array A that represents a heap is an object
with two attributes: length[A], which is the
number of elements in the array, and heap-
size[A], the number of elements in the heap
stored within array A.stored within array A.

• That is, although A[1 . . length[A]] may
contain valid numbers, no element past
A[heap-size[A]], where heap-size[A] ≤
length[A], is an element of the heap
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Kinds of binary heaps 

• There are two kinds of binary heaps:

– max-heaps and

– min-heaps

• In both kinds, the values in the nodes satisfy a• In both kinds, the values in the nodes satisfy a
heap property, the specifics of which depend on

• the kind of heap.

• In a max-heap, the max-heap property is that
for every node i other than the root
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max-heap 

• In a max-heap, the max-heap property is that for
every node i other than the root

• the value of a node is at most the value of its
parent.

• the largest element in a max-heap is stored at the
root, and the sub-tree rooted at a node contains
values no larger than that contained at the node
itself.
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min-heap

• A min-heap is organized in the opposite way;

the min-heap property is that for every node i

other than the root,

• The smallest element in a min-heap is at the

root.
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The height of a node in a heap

• the height of a node in a heap to be the number
of edges on the longest simple downward path
from the node to a leaf, and

• the height of the heap to be the height of its
root.root.

• Since a heap of n elements is based on a
complete binary tree, its height is (lg n).

• the basic operations on heaps run in time at most
proportional to the height of the tree and thus
take O(lg n) time.
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Minimum Number Of Nodes

• Minimum number of nodes in a binary tree 

whose height is h.

• At least one node at each level
B-tree
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Maximum Number Of Nodes
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Maintaining the heap property
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The children’s sub-trees
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The children’s sub-trees

each have size at most 2n/3.

The solution to this recurrence, by 

case 2 of the master theorem 

(Theorem 4.1), is T (n) = O(lg n).



Building a heap (a bottom-up manner)
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The heap-sort algorithm
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• Priority queues  (self study) 
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