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Priority

O Priority :- treated as more important than others. "the safety of
the country takes priority over any other matter.

o Inthe expression 2 + 3 x 4, the answer is 14 (not 20).
O The highest priority will reside with the lowest array index.

O Because it i1s complete, a binary heap can be stored compactly
as an array of entries.

O A complete binary tree is a binary tree in which every row Is
full, except possibly the bottom row, which is filled from left to
right.



Definition

A priority queue Is a data structure that
supports two basic operations: insert a new
item and remove the minimum item.

deleteMin insert
Priority Queue |[¢——

The heap Is the classic method used to
Implement priority queues.
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What is a Heaps

A complete binary tree:

* The value Iin the root is the smallest in the tree
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* The value In the root is the smallest in the tree
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Heaps
A complete binary tree:

* The value In the root is the smallest in the tree

* Every subtree is a heap
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Inserting into a Heap

Insert the new item In the next position
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Inserting into a Heap

Insert the new item in the next position at the
bottom of the heap

While new item isn’t root and new item is smaller
than parent

Swap new item and parent
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Inserting into a Heap

Insert the new item in the next position at the
bottom of the heap

While new item isn’t root and new item is smaller
than parent

Swap new item and parent
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Removing an Item from a Heap

Remove the root by replacing it with
(LIH)
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Removing an Item from a Heap

Remove the root by replacing it with last item In
heap (LIH)
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Removing an Item from a Heap

Remove the root by replacing it with last item In
heap (LIH)

While item LIH has children and item is larger

than either child
Swap item with its smaller child
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Removing an Item from a Heap

Remove the root by replacing it with last item In
heap (LIH)

While item LIH has children and item is larger

than either child
Swap item with its smaller child

/\
18
PN N
20 28 39 29
/N /\ I\

37 26 76 32 74 89



Removing an Item from a Heap

Remove the root by replacing it with last item In
heap (LIH)

While item LIH has children and item is larger

than either child
Swap item with its smaller child
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Implementing a Heap

Use an array or ArrayList to hold the data
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Implementing a Heap

Use an array or ArrayList to hold the data

* Node at p,
- left child is at 2p + 1
- right child is at 2p + 2

1 2 3 4 5 6 7 8 9 10 11 12
18[29[20[28]39[66[37[26[76[32]74[89 8
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Left Child=2*2+1=5



Implementing a Heap

Use an array or ArrayList to hold the data

* Node at p,
- left child is at 2p + 1
- right child is at 2p + 2

1 2 3 4 5 6 7 8 9 10 11 12
18129120128 |39]166]|37]126]176]|32]|74| 89 8
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Right Child =2 * 2+ 2 =6



Implementing a Heap

Use an array or ArrayList to hold the data

* Node at c,
- parentisat (c—-1)/2

3 4 5 6 7 8 9 10 11 12
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Insert new item at end

Insertion

table
O 1 2 3 4 5 6 7 8 9 10 11 12
8 |18]29]20|28|39]|66|37126|76]|32]|74]89
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Insert new item at end

Insertion

table
O 1 2 3 4 5 6 7 8 9 10 11 12 13
8 |18|29]20|28|39]|66|37]|26]|76]|32]|74]89
8
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Insertion

Insert new item at end,
set child to table.size() -1

o 1 2 3 4 5 6 7 8 9 10 11 12 13

8 |18]129]20|28|39]|66|37)126]|76]|32|74]|89]10

8
/\
child = table.size() - 1; 18 29
N N

20 28 39
/N /N I\ /

37 26 76 32

66

74 89 10



Insertion

Insert new item at end,
set child to table.size() -1
set parent to (child -1) /2

table
O 1 2 3 4 5 6 7 8 9 10 11 12 13

8 |18]129]20|28|39]|66|37)126]|76]|32|74]|89]10

8
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child = table.size() - 1; 18 29
parent = (child -1) / 2; N N
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Insertion

while (parent >= 0 and table[parent] > table[child])
Swap table[parent] and table[child]

table
0 1 2 3 4 5 6 7 8 9 10 11 12 13
8 118129120128 | 39 3712617613274 89
8
child = table.size() - 1; 18 29
parent = (child -1) / 2; N N
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Insertion

while (parent >= 0 and table[parent] > table[child])
Swap table[parent] and table[child]
Set child equal to parent

table
O 1 2 3 4 5 6 7 8 9 10 11 12 13
8 |18|29| 20| 28|39 37|26 |76 | 32|74 |89 | 66
8
child = parent; 18 29
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Insertion

while (parent >= 0 and table[parent] > table[child])
Swap table[parent] and table[child]
Set child equal to parent
Set parent equal to (child - 1) /2

table
O 1 2 3 4 5 6 7 8 9 10 11 12 13
8 [18|29]| 20|28 39 37|26 |76 | 32|74 | 89| 66
8
child = parent; 18 29
parent = (child -1) / 2; N N
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37 26 76 32 74 89 66



Insertion

while (parent >= 0 and table[parent] > table[child])
Swap table[parent] and table[child]

table
o 1 2 3 4 b5 6 7 8 9 10 11 12 13
8 | 18 20|28 | 39 37| 26|76 |1 32|74 ]| 89| 66
8
child = parent; 18
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Insertion

while (parent >= 0 and table[parent] > table[child])
Swap table[parent] and table[child]
Set child equal to parent

table
o 1 2 3 4 b5 6 7 8 9 10 11 12 13
8 | 18 20128139129 37]|126]176]32]|74]|89 | 66
8
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Insertion

while (parent >= 0 and table[parent] > table[child])
Swap table[parent] and table[child]
Set child equal to parent
Set parent equal to (child -1) / 2

table
0) 1 2 3 4 b5 6 7 8 9 10 11 12 13
8 | 18 20128139129 37]|126]176]32]|74]|89 | 66
8
child = parent; 18
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Insertion

while (parent >= 0 and table[parent] > table[child])

table
0o 1 2 3 4 b5 6 7 8 9 10 11 12 13
8 | 18 20128139129 37]|126]176]32]|74]|89 | 66
8
child = parent; 18
parent = (child -1) / 2: N N

20 28 39 29
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Removal

Remove root, replace it with last element

table
O 1 2 3 4 5 6 7 8 9 10 11 12 13
8 |18|10|20]|28|39|29|37|26|76]|32]|74]|89] 66
8
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Removal

Remove root, replace it with last element

table
O 1 2 3 4 5 6 7 8 9 10 11 12
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Removal

Remove root, replace it with last element
Set parentto O

table
O 1 2 3 4 5 6 7 8 9 10 11 12

66118|10]20128|39]|29|37]|26]76]|32|74]89
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Removal

while (true)
Set leftChild to (2 * parent) + 1 and
rightChild to leftChild + 1

table
O 1 2 3 4 5 6 7 8 9 10 11 12

66118|10]20128|39]|29|37]|26]76]|32|74]89
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Removal

while (true)
Set leftChild to (2 * parent) + 1 and
rightChild to leftChild + 1
If leftChild >=table.size() break out of loop

table
O 1 2 3 4 5 6 7 8 9 10 11 12

66118|10]20128|39]|29|37]|26]76]|32|74]89

66
parent = 0O; 18/\10
leftChild = 2 * parent + 1, /\ /\
rightChild = leftChild + 1; 20 28 29
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Removal

while (true)

é.et minChild to index of smaller child

table
o 1 3 4 5 6 7 8 9 10 11 12

66118|10]20128|39]|29|37]|26]76]|32|74]89
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Removal

while (true)

if table[parent] > table[minChild]
Swap table[parent] and table[minChild]

table
o 1 3 4 5 6 7 8 9 10 11 12
18 20|28 [39]|29|37]|26|76|32]|74]|89
parent:O; 18/\
leftChild = 2 * parent + 1, P /\
rightChild = leftChild + 1; 20 28 29
=2; /N N\ /\

37 26 76 32 74 89



Removal

while (true)

if table[parent] > table[minChild]
Swap table[parent] and table[minChild]
Set parent to minChild

table
o 1 3 4 5 6 7 8 9 10 11 12
10| 18 20|28 |39]|29|37]26]|76]|32]|74]89
10
arent = minChild; — —
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Removal

while (true)

If table[parent] > table[minChild]
Swap table[parent] and table[minChild]
Set parent to minChild

else

break out of loop
table
o 1 2 3 4 5 6 7 8 9 10 11 12

10| 18 20128 |39|29|37|26]|76)|32]|74]89

10

——”””’5\\\“-

18

N /\

20 28 29

/\/\/\

37 26 76 32 74 89

parent = minChild;



Removal

while (true)

Set leftChild to (2 * parent) + 1 and
rightChild to leftChild + 1
If leftChild >= table.size() break out of loop

table
O 1 2 3 4 5 6 7 8 9 10 11 12
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Removal

while (true)

é.et minChild to index of smaller child

table
O 1 2 3 4 5 7 8 9 10 11 12
10| 18 20|28 |39]|29|37|26]|76]|32]|74]89
10
parent = minChild; 18
eftChild = 2 * parent + 1, P /\
rightChild = leftChild + 1; 20 28 29
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Removal

while (true)

if table[parent] > table[minChild]
Swap table[parent] and table[minChild]

table
O 1 2 3 4 5 7 8 9 10 11 12

10| 18 20|28 | 39 37126763274 | 89
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Removal

while (true)

if table[parent] > table[minChild]
Swap table[parent] and table[minChild]
Set parent to minChild

table
O 1 2 3 4 5 6 7 8 9 10 11 12
10|18| 29|20 28] 39 37|26|76| 32|74 ] 89
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Removal

while (true)

If table[parent] > table[minChild]
Swap table[parent] and table[minChild]
Set parent to minChild

else
break out of loop

table
O 1 2 3 4 5 6 7 8 9 10 11 12
1018|2920 28] 39 37|26|76| 32|74 ] 89
10
parent = minChild; 18 29
20 28
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Removal

while (true)
Set leftChild to (2 * parent) + 1 and
rightChild to leftChild + 1
If leftChild >=table.size() break out of loop

table
O 1 2 3 4 5 6 7 8 9 10 11 12

10118292028 | 39 37126763274 | 89
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leftChild = 2 * parent + 1, P /\

rightChild = leftChild + 1; 20 28
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parent = minChild;



Priority Queue

Queues are FIFO
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Priority Queue

Queues are FIFO

Priority Queues the position in the queue Is
determined by a priority
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Priority Queue

Queues are FIFO

Priority Queues the position in the queue Is
determined by a priority

* Each insertion can reorder the queue
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Priority Queue

Queues are FIFO

Priority Queues the position in the queue Is
determined by a priority

* Each insertion can reorder the queue
* The highest/lowest priority item is at the front
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Priority Queue

Queues are FIFO

Priority Queues the position in the queue Is
determined by a priority

* Each insertion can reorder the queue
* The highest/lowest priority item is at the front
* Are not FIFO queues

(52)



Summary

Heaps are an efficient way of sorting values

Provide a way of implementing Priority Queues

(53)



