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A BST has pre-order traversal: 3, 1, 2, 6, 4, 5,/?
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Today's Learning Outcomes

75. Describe the invariants of a heap and determine whether they are
satisfied by a given binary tree.

76. Translate between the tree and array representations of a heap.

77. Implement operations on a heap and determine their time/space
complexities.

78. Use a heap toimplement a priority queue and analyze its
performance.
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Motivation: Emergency Room Triage
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The PriorityQueue<T> ADT

Like oll  "Ordeced  collections”, supports U operations.
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Approach 1: Compose with List
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As an alternate approach, we can compose with a List that
stores its elements sorted by priority.

DAL =DynamicArraylList

What will be the runtime of add () if we do this? SLL=Si”g1yLinkedL;st
: CH 2
DAL Asce/u‘?nj Sort SLL. Descenétnj Sort m€M0r7 s

i ‘O(N)

isEmply C)/ PeeK()J cemove () are all O(y)

DAL: O(logN) SLL:0(logN) (A) DAL: O(N)

DAL: 0(logN) SLL: O(N) (B)  DAL:0(N) SLL:O(N) @



Toward a Better Approach

}o remove element
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Max Heaps

A mox heap 1§ o binaty tree witw Comparable elements
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Which of the following is a valid Max Heap?

N 3((0{'6(‘ {49
higher wode




Array Representation
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2 Coding Demo: MaxHeap State

Ke7/ Tde as,
- Generic \--/Pe, bound
— Arcay List  backing Storage
— pafeat(), leM() , rigut() static helpers
-~ invariant Satisfied ()
~ si7e() and peelk 0)
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add()ing to a Max Heap
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The bubbleUp() Method

Exercise: Work with a partner to write the bubbleUp () method iteratively.
é )

private void swap(inti, intj) {... }

private static int parent(inti) { ... }

private void bubbleUp(int i) {
while (] >0 £2 heap. 33*(:) compace To ( heap. j&*‘ (pqren'f(:))) 7O)§

swap(i, Pt\feni'(i))/'
i — que-’l{' (l);

}

\_ ,
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What is the loop guard of your bubbleUp () method?

( )

private void swap(inti, intj) {... }

private static int parent(inti) { ... }

private void bubbleUp(int i) {




Max Heap remove()
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(% Coding Demo: remove() and bubbleDown () (%
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Max Heap Complexity Analysis
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2 Coding Demo: MaxHeapPriorityQueue &
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