Heap Sort



Sorting Algorithm

Algorithm Running Time | In-Place Sorting | Data structure
Insertion Sort O (n?) yes array
Merge Sort O (nlg n) no array

Heap Sort O (nlg n) yes heap




Heaps

« Max-heap
(1) nearly complete binary tree
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Heaps

Array £ 721 El Max-heap

— node 9| index 244 HIH
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— node )Ll I:EH 'c':I;II-_JF I index of node
A[i]; value of node i

» root: A[1]

« PARENT() .
return [lJ

« LEFT(i)
return 2i

o RIGHT(i)
return 2i+1




Heaps

(Q) n-element heap 2| height =?

(Q) A= <23,17,14,6,13,10,1,5,7,12> = max-heap 2!7}?



Maintaining the Heap Property

« MAX-HEAPI FY(A 1)

- BH: index i & root 2 Sl array A 2| subtree 7} max-heap 0| FX|
ElEE =13

- Input: A; array, i; index
« LEFT[i] 2} RIGHT[i] £ root £ St= tree = max-heap
* A[i] = children #f 2Lt &-Z; Max heap Ot &

- Output: A (i & root £ St= subtree 7} max-heap)




Maintaining the Heap Property

« MAX-HEAPIFY(A, 1)

- ldea
parent 2t child 2| 4= H|w5t0, child 2| 4X0| parent 2| ¢{EL} 3 H
i}

— Operation

MAX-HEAPIFY(A,2)




Maintaining the Heap Property

MAX-HEAPIFY(A, 1)

- Algorithm
S1. index i, LEFT[i], RIGHT[i] & value 7t 7}& & index £ largest O X%
S2. Ali] 2 Aflargest] 4t w2t
S3. MAX_HEAPIFY (A, largest) 23 = recursive &%t

MAX-HEAPIFY (A, i)
| < LEFT(i)
r < RIGHT(i)
if | < heap-size[A] and A[l] > A[i]
then largest < |
else largest < i

— Running Time 1
2
3
4
5
6 ifr < heap-size[A] and A[r] > Allargest]
.
8
9
10

« Subtree 2| height Of H|z{
« O (lgn)

then largest < r
if largest # i
then exchange A[i] <> A[largest]
MAX-HEAPIFY (A, largest)

(Q A =<27,17,3,16,13,10, 1, 5,7, 12,4, 8,9, 0>
MAX-HEAPIFY(A, 3), A 2| Hztapd ?




Maintaining the Heap Property

(Q) A =<27,17,3,16,13,10, 1, 5,7, 12, 4, 8, 9, 0>
MAX-HEAPIFY(A, 3), A 2| Bi3}atH 2

27 |17 | 3 |16 [ 13 |10 | 1 5 (7 (1214 1]18] 9]0




Building a Heap

BUILD-MAX-HEAP(A)

- =4 2ol HlE¥ A E max-heap 22 Tt&

- Input: A
- Output : A (max heap)
- Idea:

« bottom — up 22 MAX-HEAPIFY I

« non-leaf node 2| OtX|Et index £ H index £ St ZHASHH MAX-HEAPIFY(A,) &

A  AAGEEEEEMEER]
- Operation
& e w
S, e
(Q) n-element heap 0| A B PE @
non-leaf node 2| @O0E€
OFX| 2} index = ? e
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Building a Heap

 BUILD-MAX-HEAP(A)

- Algorithm
BUILD-MAX-HEAP(A)

1 heap-size[A] < length[A]

2 fori < |length[A]/2| downto 1
3 do MAX-HEAPIFY (A, i)

- Running Time
O (n Ig n); MAX-HEAPFY (O(Ig n)) & n/2 & =3
O(n); asymptotically tight bound => See text P135
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Building a Heap

(Q) A =<5, 3,17, 10, 84, 19, 6, 22, 9> => BUILD-MAX-HEAP(A)

513 [17]10]84[19]| 6 |22] 9

Quiz.



HEAPSORT(A)

SX: Yol Y A E 22Kz

Input : A

Output: A, <aj,ay, 0,

Idea
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Heapsort

HEAPSORT(A)
- Algorithm
S1. array A & max-heap 22 #2 — BUILD-MAX-HEAP(A)
S2. A[1] 1t Alheap size] &t HEAPSORT(A)
S3. heap size < heap size -1 I BUILD-MAX-HEAP(A)
S4. MAX-HEAPIFY(A 1) *e'%” Go to S? 2 fori < length[A] downto 2
: ! ! 3 do exchange A[1] « A[/]
4 heap-size[A] < heap-size[ A] — 1
. . 5 MAX-HEAPIFY (A, 1)
- Running time

* Build-MAX-HEAP; O(n) (or O (n Ig n))
« MAX-HEAPFY (O(lg n)) € n & =2&; O (n Ig n)
= 0(n) + O(nlg n) = O(n Ig n)

» In-place sort
» Incremental approach
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Heapsort

(Q A=<5,3, 17,10, 84, 19, 6, 22, 9 > — HEAPSORT(A)

513 [17]10]84[19]| 6 |22] 9

Quiz.



