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H
eapifying after rem

oving root elem
ent

19

16

22
43

"D
on Pingali"

laFam
ilia

 "D
on Juan"

"D
on of the living dead"

"D
on D
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88
"D

on Perignon"

2

12
"D

on G
iovanni"

"Joe Schm
oe"

19

22
43

"D
on Pingali"

 "D
on Juan"

"D
on D

eL
ouise""D

on of the living dead"

16

24
"R

ed D
on"

- stick new
 elem

ent into a new
 leaf node anyw

here in tree
- result is not necessarily a heap
- com

pare parent of new
 leaf and new

 leaf and exchange if necessary

(in our exam
ple, w

e w
ould exchange "R

ed D
on" and "D

on of the living dead"
  since "R

ed D
on" is m

ore ruthless)

- if no exchange w
as needed, w

e are done : w
e have a heap

- otherw
ise, let p be the parent of the leaf node. W

e now
 have to com

pare 
   p and parent(p) to see if heap condition is violated.

- if so, exchange, etc.
- this process has to term

inate at the root of the tree at the w
orst.
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1

2
3

4
5

6
7

9
8

10
11

12
13

14
15

- "com
plete binary tree": if node n is occupied, all nodes num

bered 
      less than n are also occupied

- if w
e can m

aintain a heap as a com
plete binary tree, tree w

ill be 
    short and bushy. C

an w
e design put and get to "com

plete binary tree"
    property is m

aintained after operation?

- Put: insert new
 elem

ent into "first" em
pty node (in exam

ple, node 13), rather
    than into any random

 new
 leaf node as before, and heapify up the path from

    this new
 node to root.

U
riah

Problem
: how

 do w
e know

 w
here in tree to create the new

 node (node 13 
in exam

ple)? E
asy: keep track of size of heap (in exam

ple, size is 12). 
Put w

ill m
ake size =

 13, and 13 is 1101, so path to new
 leaf is R

L
R

.

em
pty node

filled node
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4
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7
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11

12
13

14
15

U
riah

em
pty node

filled node

- get algorithm
 that ensures com

plete tree-ness:

- extract elem
ent from

 root of tree and return it
- in old algorithm

 for get, w
e w

ould prom
ote m

ax of nodes 2 and 3
    to root, and keep going recursively dow

n the tree. H
ow

ever, this
    m

ay create a "hole" in som
e position like 8 or 9 ultim

ately, and w
e

     lose com
plete tree-ness

- clever w
ay to fill root: prom

ote elem
ent from

 "last" filled node 
    (in our exam

ple, node 12) to root
- this m

ay violate heap property, so heapify by com
paring new

 root elem
ent

   w
ith elem

ents in 2 and 3, and exchanging root w
ith largest of its children etc.

(intuitively, if new
 root elem

ent is a loser, he sinks dow
n the tree till 

  he needs to sink no m
ore)
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22
7

12

11
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7
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(3)

(4)
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7

12

11
4

3
4

7
2

(2)

(1)

14

22

8

(1)   extract root
(2)    prom

ote "last" elem
ent into root

(3)  exchange 8 and 22

(4) exchange 8 and 14

final heap: com
plete tree once again
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