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Learning Objectives

Introduce the heap data structure

Discuss heap ADT implementations




Thinking conceptually: Sorting a queue

How might we build a‘queue’in which our front element is the min?
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Priority Queue Implementation
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Priority Queue Implementation




A different priority queue implementation...
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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:, Te}
and {T,, T.} are min-heaps.
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Thinking conceptually: A tree without pointers

What class of (non-trivial) trees can we describe without pointers? |
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What is the relationship between nodes and height for these trees?
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(min)Heap
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growArray L
New tree leyel == dlfoy ] G
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growArray

Array doubling adds a new level to tree G




(min)Heap
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(min)Heap

parent (1) :
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(min)Heap i fet @

By storing as a complete tree, can avoid using pointers at all!

Can index from 0 or[ﬂ(we will index fromj_in slides)

leftChild(i): 2i o)
Porren?

rightChild (i) : 2i+1 .,

parent (i) : floor (i/2)
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Insert * Insert (8)
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insert Insert (2)

1) Insert at end of array

2) Check if minHeap still vali

3) Swap with parent if need
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incart [After] Insert(2)

1) Insert at end of array a

2) Check if minHeap still valid
3) Swap with parent if needed e e G 0 ° °

Steps 2 and 3 are recursive!
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insert . ( | o 7 /)‘) [After] Insert(2)
What is my height? ; — G é\u
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Number of swaps? 5

h= O(lo ¢ 4
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l| template <class T>

2 | void Heap<T>:: insert(const T & key) ({

3 // Check to ensure there’s space to insert an element

4 // ...if not, grow the array ,_/

5 if ( size == capacity ) { _growArray(), }

6 = ———— 0
7 // Insert the new element at the end of the array

8 item [size ++] = key; ©—  ilem[[S'zec Uey!

9

Cee ¢t/
10 // Restore the heap property /

11 _heapifyUp(size - 1);
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Insert - heapifyUp
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template <class T>

void Heap<T>:.: insert(const T & key) ({
// Check to ensure there’s space to insert an element
// ...if not, grow the array
if ( size_ capacity ) { _growArray(); }

// Insert the new element at the end of the array
item [size ++] = key;

// Restore the heap property
heapifyUp(size - 1);
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}

template <class T>
void Heap<T>:: heapifyUp (

Sz _&

if ( index > fl—

if ( item [index] < item [ parent(index) ] ) {

std: :swap( item [index], item [ parent (index) ] );</

_heapifyUp (

Z/é‘ ) ;
}
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