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Announcements

Reminder; Exam 3 October 16-18

Drop deadline: October 13
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CS Social Fvent Today' Probably canceled due to rain :(
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Hang out, Meet up, Play Games .' ,
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Instructloinal Faculty Area '

Undergrad & Faculty Student Social
Frlday, Oct 13 at 3 p m.
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Learning Objectives

S‘l
Review heap ADT -7 ~ 7"
ke Ll

Analyze efficiency of minHeap implementations
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(min)Heap

A complete binary tree T is a

min-heap if:

eT={} or

e T={r, T, Tg}, whereris less
than the roots of {T, T;}
and {T,, T} are min-heaps
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(min)Heap
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removeMin

1| template <class T> S"WL "}Lt mc""’“\ /h.'/\
2 | T Heap<T>:: removeMin() {
3 // Swap with the last valu
4 T minValue = item [1];
5 item [1l] = item [size ];
6 size--;
7
8 // Restore the heap property
9 heapifyDown () ;
10
11 // Return the minimum value
12 return minValue;
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removeMin - heapifyDown

l| template <class T> T l
2 | T Heap<T>:: removeMin() { C-

3 // Swap with the last value - _ ;\
4 T minValue = item [1];

5 item [1] = item [size ]; —_—
6 size--;

7

8 // Restore the heap property

9 _heapifyDown () ; — d_
10 <
11 // Return the minimum value
12 return minValue;
13|}

l| template <class T>

2 | void Heap<T>:: heapifyDown (int index) ({

3 if ( ! isLeaf(index) ) {

4 int minChildIndex = minChild (index) ;

5 7

6 if ( item [index] item [minChildIndex] ) {
7 std::swap( item [index], item [minChildIndex] )
8 —

9 _heapifyDown ( M. (‘\‘U J”\db‘ ) ;

10 }

11| ) N




buildHeap (minHeap£93§tructor)

If you give me an array of data, how to build?
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buiIdHeap\— sorted array x@(o)
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buildHeap - heapifyUp
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buildHeap - heapifyDown
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buildHeap
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template <class T>

1. Sort the array — its a heap! N /(7
71
2. heapifyUp() - L@ 77ﬁT
. heapifyUp ﬂ‘ 20 oo
S o O
e i ® o« oy n & o W)
3 for (unsigned i = 2; i <= size ; i++) {
4 heapifyUp (i) ;
b (
| d nler 7
3. heapifyDown() ) 7N / o} b
% 5‘36 et

void Heap<T>: :buildHeap ()

heapifyDown (i) ;
}
}

OO ddWN =

{

for (unsigned i = parent(size); i > 0; i--) {




buildHeap - heapifyDown

Lets break down the total ‘amount’ of work:
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buildHeap - heapifyDown

Lets break down the total ‘amount’ of work:




buildHeap - heapifyDown




Proving buildHeap Running Time

Theorem: The running time of buildHeap on array of size n is: 9 ("‘)
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Proving buildHeap Running Time / ihiad
S(h): Sum of the heights of all nodes in a perfect tree of heighy
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Proving buildHeap Running Time pj..; (e
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Claim: Sum of heights of all nodes in a perfect tree: S(h) =%"t1 -2 — h
Base Case: L
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Proving buildHeap Running Time

=
Claim: Sum of heights of all nodes in a perfect tree: S(h) =#"t' =2 —

Induction Step: < (l/)) - >§(L’V)> 41’ bﬂ%m\/ ‘:f/‘/; L-)

v, (e frav 27{h-1+1}-2-(h-1)
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Proving buildHeap Running Time @

Theorem: The running time of buildHeap on array of size n is O(n)
Sthy=s"t' -2 —h
How can we relate h and n?

How can we estimate running time?




Heap Sort  (# 1 O
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Running time?

minHeap is a good example of tradeoffs:



