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Sorting an array
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Step 1. Think of the array as a binary tree
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Step 2. This node has no children, so leave it
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Step 3. This node has no children, so leave it
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Step 4. This node has no children, so leave it
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Step 5. This node has no children, so leave it
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Step 6. This node has no children, so leave it
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Step 7. This node has no children, so leave it
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Step 8. This node has no children, so leave it
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Step 9. This node has no children, so leave it
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Step 10. This node has no children, so leave it
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Step 11. This node has no children, so leave it
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Step 12. This node has no children, so leave it
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Step 13. This node has no children, so leave it
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Step 14. This node has no children, so leave it
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Step 15. This node has no children, so leave it
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Step 16. This node has children
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Step 17. Compare the node with its child
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Step 17. Its child is larger than it
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Step 17. Swap it with its child
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Step 17. It has no children
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Step 17. So we are done



O s
o .w...”
x e 1
O
st |E
()
a o
Y I
o > [
Ol -
) To
& :
()
E &
() I3
& H
Q
m A
=) [
Q -
@G 0
=) o
OCrdan -0k
G.. - 0 ...._h_ﬂ..HR
SN WO

Step 18. This node has children
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Step 19. Compare the node with its two children
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Step 19. One of its children is larger



+™ m
(X [
O
a--- &
@) a :
st |E
()
a o
Y I
Q D [
Owgy -
) To
& :
()
E &
() I3
9 =
Q
m A
(=) =
& -
....uﬂ 0
=) o
Ordn 2k
G.. - 0 ...._h_ﬂ..HR
SN WO

Step 19. Swap it with its largest child
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Step 19. It has no children
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Step 19. So we are done
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Step 20. This node has children



(<) ﬁﬂm
o P
Q
[0 ) e
OB
£k :
(12)
(=) -
=) |-
2 Z
@ﬂ o
&) |G
OCrdn .ok
G.. - 0 ...._h_ﬂ..ﬂ_un_
SN WO

Step 21. Compare the node with its two children
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Step 21. One of its children is larger
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Step 21. Swap it with its largest child
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Step 21. It has no children
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Step 21. So we are done
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Step 22. This node has children
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Step 23. Compare the node with its two children
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Step 23. One of its children is larger
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Step 23. Swap it with its largest child
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Step 23. It has no children
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Step 23. So we are done
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Step 24. This node has children
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Step 25. Compare the node with its two children
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Step 25. The elements are in the correct order
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Step 25. So we are done
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Step 26. This node has children
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Step 27. Compare the node with its two children
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Step 27. The elements are in the correct order
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Step 27. So we are done



O
Yo L
(o) ;
=)
) ™
ONE
i -
(o)
) ....
(&) |-
O =
Q
e_ e
O
&) 2
(z)
E &
H O
= B
m =
o ) |=
O
ORE
Orda o+
G.. - 0 ...._h_ﬂ..HR
SN WO

Step 28. This node has children
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Step 29. Compare the node with its two children
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Step 29. The elements are in the correct order
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Step 29. So we are done
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Step 30. This node has children
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Step 31. Compare the node with its two children
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Step 31. The elements are in the correct order
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Step 31. So we are done
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Step 32. This node has children
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Step 33. Compare the node with its two children
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Step 33. One of its children is larger
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Step 33. Swap it with its largest child
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Step 34. Compare the node with its two children
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Step 34. One of its children is larger
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Step 34. Swap it with its largest child
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Step 34. It has no children
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Step 34. So we are done
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Step 35. This node has children
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Step 36. Compare the node with its two children
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Step 36. One of its children is larger
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Step 36. Swap it with its largest child
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Step 37. Compare the node with its two children
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Step 37. The elements are in the correct order



O shai £
ﬁ —..-“ *
alll -
(2) |z
(o) :
(<)
ﬂ w
o) |-
Q -
()
ﬂ o
-) T
O =
(<)
(1w ) e
B m
Q %
(=)
3 e
ORr
E =
Q
(=) .
=) [»
& -
@ﬂ o
(=) o
Crown -0 F
G.. - 0 ...._h_ﬂ..HR
J——N= WO

Step 37. So we are done
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Step 38. This node has children



DOWEOOOWOOOEO®M:

3]

Q

g)

: (SRR RE LT R 'ﬂ' ﬁ

3 -

L]
---------

0

E

P

T =

.1

= H =

Step 39. Compare the node with its two children
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Step 39. The elements are in the correct order




O shai £
ﬁ —..-“ *
alll -
(2) |z
(o) :
(<)
ﬂ w
o) |-
Q -
()
ﬂ o
-) T
O =
(<)
(1w ) e
B m
Q %
(=)
3 e
ORr
E =
Q
(=) .
=) [»
& -
@ﬂ o
(=) o
Crown -0 F
G.. - 0 ...._h_ﬂ..HR
J——N= WO

Step 39. So we are done
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Step 40. This node has children
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Step 41. Compare the node with its two children
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Step 41. One of its children is larger
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Step 41. Swap it with its largest child
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Step 42. Compare the node with its two children
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Step 42. One of its children is larger
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Step 42. Swap it with its largest child
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Step 43. Compare the node with its child
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Step 43. Its child is larger than it
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Step 43. Swap it with its child
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Step 43. It has no children
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Step 43. So we are done
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Step 44. This node has children
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Step 45. Compare the node with its two children
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Step 45. One of its children is larger
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Step 45. Swap it with its largest child



Gl
&b

o

Q

L

T

Q

R dGhs iR e

OOOOOOOO®OOEOM®WE: i}

.1

= H =

A

c

o

Step 46. Compare the node with its two children
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Step 46. One of its children is larger
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Step 46. Swap it with its largest child
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Step 47. Compare the node with its two children
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Step 47. The elements are in the correct order
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Step 47. So we are done
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Step 48. This node has children
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Step 49. Compare the node with its two children
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Step 49. One of its children is larger
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Step 49. Swap it with its largest child
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Step 50. Compare the node with its two children
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Step 50. One of its children is larger
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Step 50. Swap it with its largest child
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Step 51. Compare the node with its two children
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Step 51. One of its children is larger
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Step 51. Swap it with its largest child
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Step 52. Compare the node with its child
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Step 52. Its child is larger than it
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Step 52. Swap it with its child
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Step 52. It has no children
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Step 52. So we are done
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Step 53. The tree is now a max-heap
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Step 54. We now keep taking the root element
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Removing the root
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Step 1. Find the root of the heap
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Step 3. Find the last node
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Step 4. Move the last node to the root
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Step 5. Compare the node with its two children
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Step 6. One of its children is larger
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Step 6. Swap it with its largest child
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Step 6. Compare the node with its two children
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Step 7. One of its children is larger
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Step 7. Swap it with its largest child
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Step 7. Compare the node with its two children
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Step 8. One of its children is larger
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Step 8. Swap it with its largest child
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Step 8. Compare the node with its two children
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Step 9. One of its children is larger
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Step 9. Swap it with its largest child
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Step 9. It has no children
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Step 9. So we are done
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Removing the root
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Step 1. Find the root of the heap
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Step 2. Output the value of the root
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Step 3. Find the last node
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Step 4. Move the last node to the root
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Step 5. Compare the node with its two children
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Step 6. One of its children is larger
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Step 6. Swap it with its largest child
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Step 6. Compare the node with its two children

1T
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Step 7. One of its children is larger
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Step 7. Swap it with its largest child
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Step 7. Compare the node with its two children
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Step 8. One of its children is larger
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Step 8. Swap it with its largest child



1T

o

i -
£ ofiee

G, i -

Ao

o =
o)

ﬂ .

=) I

Q =
)

e B

M

(=) » A

() D [

m e

=) |

Q =

z) < o

=) [z

Step 8. Compare the node with its two children
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Step 9. One of its children is larger
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Step 9. Swap it with its largest child
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Step 9. It has no children
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Step 9. So we are done
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Removing the root
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Step 1. Find the root of the heap
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Step 2. Output the value of the root



210111686

RIS|OJLIRIM|HIMJH]JE|PJO|G] -

L.L.&,.M..L:._.Q

Step 3. Find the last node
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Step 4. Move the last node to the root
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Step 5. Compare the node with its two children
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Step 6. One of its children is larger



0 (W)

i
B

0
OBRONNOERGCENGERONNO O

ololololololololooetatetatate

- BEEDDODEEDEE

- | A

2lof1]s

Step 6. Swap it with its largest child
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Step 6. Compare the node with its two children
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Step 7. One of its children is larger
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Step 7. Swap it with its largest child
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Step 7. Compare the node with its two children
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Step 8. One of its children is larger
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Step 8. Swap it with its largest child



i
B

Gl
RN R
DOWOOOLWOE

EHHELPHHHHEHHE-

A

N .

210116

Step 8. Compare the node with its two children
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Step 9. One of its children is larger



ol
af e
(e -
Q g C
ﬂ.w.. -
Lo F
(0] s m
a) .

0
E T
<) |3
& =

g8
A.H_ =
@ It
2) r

=)
ﬂ o
....u.u =
© E
OCrdn .ok
G.. - 0 ...._h_ﬂ..ﬂ_un_

Step 9. Swap it with its largest child
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Step 9. It has no children
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Step 9. So we are done
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Removing the root
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Step 1. Find the root of the heap
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Step 2. Output the value of the root
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Step 3. Find the last node
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Step 4. Move the last node to the root
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Step 5. Compare the node with its two children
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Step 6. One of its children is larger
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Step 6. Swap it with its largest child
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Step 6. Compare the node with its two children
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Step 7. One of its children is larger



o -
i
DR

ol |

&) =
Ol

i e
A Yo E
D -

e m

() [z

4 :
m._ﬂ =
ON

o L
O
G = 4
Yo @

OCrdn .ok

R

-—=NF U0

Step 7. Swap it with its largest child
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Step 7. Compare the node with its two children
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Step 8. One of its children is larger
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Step 8. Swap it with its largest child
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Step 8. Compare the node with its two children
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Step 9. The elements are in the correct order
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Step 9. So we are done
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Removing the root
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Step 1. Find the root of the heap
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Step 2. Output the value of the root
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Step 3. Find the last node
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Step 4. Move the last node to the root
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Step 5. Compare the node with its two children
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Step 6. One of its children is larger
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Step 6. Swap it with its largest child
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Step 6. Compare the node with its two children
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Step 7. One of its children is larger
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Step 7. Swap it with its largest child
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Step 7. Compare the node with its two children
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Step 8. One of its children is larger
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Step 8. Swap it with its largest child
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Step 8. It has no children
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Step 8. So we are done
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Removing the root
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Step 1. Find the root of the heap
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Step 2. Output the value of the root
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Step 3. Find the last node
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Step 4. Move the last node to the root
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Step 5. Compare the node with its two children
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Step 6. One of its children is larger
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Step 6. Swap it with its largest child
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Step 6. Compare the node with its two children
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Step 7. One of its children is larger
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Step 7. Swap it with its largest child
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Step 7. Compare the node with its two children
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Step 8. One of its children is larger
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Step 8. Swap it with its largest child
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Step 8. It has no children
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Step 8. So we are done
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Removing the root
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Step 1. Find the root of the heap
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Step 2. Output the value of the root
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Step 3. Find the last node
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Step 4. Move the last node to the root
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Step 5. Compare the node with its two children
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Step 6. One of its children is larger
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Step 6. Swap it with its largest child
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Step 6. Compare the node with its two children
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Step 7. One of its children is larger
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Step 7. Swap it with its largest child
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Step 7. Compare the node with its two children
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Step 8. One of its children is larger
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Step 8. Swap it with its largest child
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Step 8. Compare the node with its two children
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Step 9. One of its children is larger
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Step 9. Swap it with its largest child
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Step 9. It has no children
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Step 9. So we are done
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Removing the root



@ o
0 & &

9)
L3

2
B

®
G & ® & ® G G

ODOOOO® i3 ie a3 li i

HHHHL|HEEHEAA,E_

Step 1. Find the root of the heap
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Step 2. Output the value of the root
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Step 3. Find the last node
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Step 4. Move the last node to the root
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Step 5. Compare the node with its two children
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Step 6. One of its children is larger
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Step 6. Swap it with its largest child
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Step 6. Compare the node with its two children
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Step 7. One of its children is larger
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Step 7. Swap it with its largest child
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Step 7. Compare the node with its two children
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Step 8. One of its children is larger
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Step 8. Swap it with its largest child
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Step 8. It has no children
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Step 8. So we are done
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Removing the root
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Step 1. Find the root of the heap
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Step 2. Output the value of the root
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Step 3. Find the last node
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Step 4. Move the last node to the root
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Step 5. Compare the node with its two children
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Step 6. One of its children is larger
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Step 6. Swap it with its largest child
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Step 6. Compare the node with its two children
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Step 7. One of its children is larger
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Step 7. Swap it with its largest child
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Step 7. Compare the node with its two children
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Step 8. One of its children is larger
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Step 8. Swap it with its largest child
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Step 8. It has no children
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Step 8. So we are done
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Removing the root
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Step 1. Find the root of the heap
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Step 2. Output the value of the root
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Step 3. Find the last node
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Step 4. Move the last node to the root
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Step 5. Compare the node with its two children
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Step 6. One of its children is larger
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Step 6. Swap it with its largest child
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Step 6. Compare the node with its two children
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Step 7. One of its children is larger
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Step 7. Swap it with its largest child
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Step 7. Compare the node with its two children
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Step 8. One of its children is larger
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Step 8. Swap it with its largest child
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Step 8. It has no children
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Step 8. So we are done
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Removing the root
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Step 1. Find the root of the heap
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Step 2. Output the value of the root
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Step 3. Find the last node



Step 4. Move the last node to the root
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Step 6. One of its children is larger
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Step 6. Swap it with its largest child
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Step 6. Compare the node with its two children
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Step 7. One of its children is larger
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Step 7. Swap it with its largest child
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Step 7. Compare the node with its two children
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Step 8. One of its children is larger
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Step 8. Swap it with its largest child
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Step 8. So we are done
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Removing the root
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Step 2. Output the value of the root
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Step 3. Find the last node



Step 4. Move the last node to the root




Step 5. Compare the node with its two children



Step 6. One of its children is larger




Step 6. Swap it with its largest child




Step 6. Compare the node with its two children
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Step 7. One of its children is larger
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Step 7. Swap it with its largest child



Step 7. Compare the node with its two children
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Step 8. Swap it with its largest child
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Step 8. It has no children
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Step 8. So we are done
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Removing the root



Step 1. Find the root of the heap
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Step 2. Output the value of the root
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Step 3. Find the last node



Step 4. Move the last node to the root
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Step 5. Compare the node with its two children
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Step 6. One of its children is larger
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Step 6. Swap it with its largest child
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Step 6. Compare the node with its two children
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Step 7. One of its children is larger
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Step 7. Swap it with its largest child



Step 7. Compare the node with its two children
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Step 8. It has no children
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Step 8. So we are done
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Removing the root



Step 1. Find the root of the heap
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Step 2. Output the value of the root
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Step 3. Find the last node



Step 4. Move the last node to the root



Step 5. Compare the node with its two children
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Step 6. One of its children is larger
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Step 6. Swap it with its largest child
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Step 6. Compare the node with its two children



Step 7. One of its children is larger



Step 7. Swap it with its largest child



Step 7. Compare the node with its two children



Step 8. The elements are in the correct order
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Step 8. So we are done
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Removing the root



Step 1. Find the root of the heap



Step 2. Output the value of the root
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Step 3. Find the last node
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Step 4. Move the last node to the root
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Step 5. Compare the node with its two children
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Step 6. One of its children is larger
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Step 6. Swap it with its largest child
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Step 6. Compare the node with its two children
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Step 7. One of its children is larger
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Step 7. Swap it with its largest child
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Step 7. Compare the node with its two children
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Step 8. One of its children is larger
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Step 8. Swap it with its largest child
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Step 8. It has no children
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Step 8. So we are done
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Removing the root
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Step 1. Find the root of the heap
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Step 2. Output the value of the root



Step 3. Find the last node



Step 4. Move the last node to the root



Step 5. Compare the node with its two children



Step 6. One of its children is larger
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Step 6. Compare the node with its two children
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Step 7. One of its children is larger
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Step 7. Swap it with its largest child



Step 7. Compare the node with its two children



Step 8. One of its children is larger



Step 8. Swap it with its largest child



Step 8. It has no children
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Step 8. So we are done



Ordw ok
G.. - 0 .:EAR
SN WO

Removing the root



Step 1. Find the root of the heap



Step 2. Output the value of the root



Step 3. Find the last node



Step 4. Move the last node to the root



Step 5. Compare the node with its two children
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Step 6. One of its children is larger
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Step 6. Swap it with its largest child
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Step 6. Compare the node with its two children
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Step 7. The elements are in the correct order
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Step 7. So we are done
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Removing the root



Step 1. Find the root of the heap
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Step 2. Output the value of the root



Step 3. Find the last node



Step 4. Move the last node to the root



Step 5. Compare the node with its two children



Step 6. One of its children is larger



Step 6. Swap it with its largest child



Step 6. Compare the node with its two children



Step 7. One of its children is larger



Step 7. Swap it with its largest child



Step 7. It has no children



AlBEIA]Z2] -

Step 7. So we are done
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Removing the root



Step 1. Find the root of the heap



Step 2. Output the value of the root



Step 3. Find the last node



Step 4. Move the last node to the root



Step 5. Compare the node with its two children



Step 6. One of its children is larger
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Step 6. Swap it with its largest child



Step 6. Compare the node with its two children



Step 7. One of its children is larger
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Step 7. Swap it with its largest child



Step 7. It has no children
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Step 7. So we are done
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Removing the root



Step 1. Find the root of the heap



Step 2. Output the value of the root



Step 3. Find the last node



Step 4. Move the last node to the root



Step 5. Compare the node with its two children



Step 6. One of its children is larger



Step 6. Swap it with its largest child



Step 6. Compare the node with its two children



Step 7. The elements are in the correct order
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Step 7. So we are done
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Removing the root



Step 1. Find the root of the heap



Step 2. Output the value of the root
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Step 3. Find the last node



AGGHJMGRETT

LaUT =Soarv

Step 4. Move the last node to the root



AGGHJMGRETT

LaUT =Soarv

CHEGE LG

Step 5. Compare the node with its two children
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Step 6. One of its children is larger
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Step 6. Swap it with its largest child
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Step 7. One of its children is larger
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Step 7. Swap it with its largest child



Step 7. It has no children
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Step 7. So we are done
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Removing the root
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Step 1. Find the root of the heap
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Step 2. Output the value of the root
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Step 3. Find the last node



Step 4. Move the last node to the root



<<uUur—soaocunhr

Lo T isodulr

BERN T T

Step 5. Compare the node with its two children
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Step 6. One of its children is larger
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Step 6. Swap it with its largest child
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Step 6. Compare the node with its two children
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Step 7. One of its children is larger
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Step 7. Swap it with its largest child
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Step 7. It has no children
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Step 7. So we are done
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Removing the root
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Step 1. Find the root of the heap
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Step 3. Find the last node
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Step 4. Move the last node to the root
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Step 5. Compare the node with its two children
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Step 6. One of its children is larger
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Step 6. Swap it with its largest child
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Step 6. It has no children
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Step 6. So we are done
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Removing the root
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Step 1. Find the root of the heap
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Step 3. Find the last node



Step 4. Move the last node to the root



Step 5. Compare the node with its two children



Step 6. One of its children is larger



Step 6. Swap it with its largest child



Step 6. Compare the node with its child



Step 7. The elements are in the correct order



Step 7. So we are done



Removing the root



Step 1. Find the root of the heap
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Step 3. Find the last node



Step 4. Move the last node to the root



Step 5. Compare the node with its two children



Step 6. The elements are in the correct order



Step 6. So we are done



Removing the root



Step 1. Find the root of the heap
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Step 2. Output the value of the root



Step 3. Find the last node



Step 4. Move the last node to the root



Step 5. Compare the node with its child



Step 6. The elements are in the correct order



Step 6. So we are done



Removing the root



Step 1. Find the root of the heap



Step 2. Output the value of the root



Step 3. Find the last node



Step 4. Move the last node to the root



Step 5. The heap has a single element



Step 6. So we are done



Removing the root



Step 1. Find the root of the heap



Step 2. Output the value of the root



Step 3. The heapy is now empty



Step 4. So we are done



Step 55. The array has now been sorted



