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(1) HEAP
Ange tva eventuella implementationer (datastrukjuite en heap. 1p)

(a) Tillampa algoritmen Keapify” (se bilaga A) pa sekvens@& 6, 7, 76, 36, 16, 2,
86, 96, 66(anta atidet storsta vardetska finnas i rotpositionen) for att skapa en
heap.

Forklara vad hander vid varje steg

Varfor borjar man medfor i = [A.size / 2] downto I i Build?

(2p)

(b) Anvand algoritmenremove’ (se bilaga A) for att ta bort vard86 fran heapen
som konstruerats ovan. Ange alla antagande.

Visa resultatet och varje steg i algoritmen. Hurgerar algoritmen?

(1p)

(c) Anvand algoritmenddd” (se bilaga A) for att lagga till vard@0 till heapen som
konstruerats ovan. Ange alla antagande.

Visa resultatet och varje steg i algoritmen. Hurgerar algoritmen?

(1p)
Total 5p

3 6 7 76 | 36 | 16| 2 86| 96| 66

3
/ >_
6 7
76 36 16 2

86 96 | | 66
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Start array and the corresponding tree

Heapify 3, 6, 7, 76, 36, 16, 2, 86, 96, 66

Array size = 10 hence we do for i = 5 downto 1 HiB@A, i)

i=5, A=3,6,7,7636 16, 2, 86, 9666

i =5; (value 36); | = 10 (value 66), r = 11 (doex exist); largest = 10 (value 36)

largest !=i (10 !'=5) hence swap to give 876, 7, 7656, 16, 2, 86, 9636
Heapify(A, 10) has no effect on A (A[10] is a leadde)

3
N
6 7
/ v \
6 66 16 2

7
o) [

i=4,A=3,6,7,76, 36, 16, 286, 96 66

i = 4; (value 76); | = 8 (value 86); r = 9 (valu&)9largest = 9 (value 96)
largest =i (9 = 4) hence swap to give AB=6, 7,96, 66, 16, 2, 8676, 36
Heapify(A, 9) has no effect on A (A[9] is a leafde)
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Ii:l 66 16 2
=] [

i=3,A=3,6,7,96, 66,16, 2 86, 76, 36

i = 3; (value 7); 1 = 6 (value 16); r = 7 (value Bjrgest = 6 (value 16)
largest =i (6 '= 3) hence swap to give 876,16, 96, 66,7, 2, 86, 76, 36
Heapify(A, 6) has no effect on A (A[6] is a leafde)

3
_/
6
/v

6 66

9
W
86 | |76 | |36

i=2,A=3,6,16,96, 667, 2, 86, 76, 36

i = 2; (value 6); | = 4 (value 96); r = 5 (value)pkargest = 4 (value 96)
largest =i (4 '= 2) hence swap to give AB:96, 16,6, 66, 7, 2, 86, 76, 36
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96

66

86 76 36

Heapify(A, 4) now has an effect since 4 is NOT &f leode

i=4, A= 3,96, 166, 66, 7, 286, 76 36
i = 4; (value 6); | = 8 (value 86); r = 5 (value)7&rgest = 8 (value 86)
largest =i (8 '=4) hence swap to give 8796, 1636, 66, 7, 26, 76, 36

Heapify(A, 8) has no effect on A (A[8] is a leafde)

_/E._

96

3

G

C1 [ F

16
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Now we come back to the first level of recursion wh “i” set to 1
i=1,A=3 96,1686, 66, 7, 2, 6, 76, 36

i =1; (value 3); | = 2 (value 96); r = 3 (value)lBrgest = 2 (value 96)
largest I=i (2 '= 1) hence swap to give A9$, 3, 16, 86, 66, 7, 2, 6, 76, 36

6 76 36

Heapify(A, 2) now starts a (second) recursive seqa

i=2,A=96,3,16,86,66 7, 2, 6, 76, 36

i =2; (value 3); | = 4 (value 86); r = 5 (value)pkargest = 4 (value 86)
largest =i (2 '=4) hence swap to give 26,86, 16,3, 66, 7, 2, 6, 76, 36

96
N,
86 16
\ 4
66 7 2
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Heapify(A,4) now starts another recursive call
i=4,A =96, 86,163, 66, 7,26, 76 36

i = 4; (value 3); | = 8 (value 6); r =9 (value 78rgest = 9 (value 76)
largest =i (9 '=4) hence swap to give A6, 86, 16,/6, 66, 7, 2, 63, 36

96

_/\_A_

86 16

Heapify(A, 9) has no effect on A (A[9] is a leafde)

Now the sequence has been heapified!
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Remove 86 from the heap constructed above A = 96,816,76, 66, 7, 2, 63, 36

76

86

96

A

66

/

36

Remove(H, 2) A.size = 10 hence A[2] = A[18} A[2] = 36 and then A.size =9

Then perform heapify on A 86,36, 16,76, 66 7, 2, 6, 3withr=2

36

96

76

66

A

16
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i=2A=96,36 16,76,66 7, 2, 6, 3

i =2; (value 36); | = 4 (value 76); r = 5 (valué)6largest = 4 (value 76)
largest !=i ( 4 '=2) hence swap to give A€, 76, 16,36, 66, 7, 2, 63

96

I

Now we have a recursive call on 4 i.e. heapify(A) 4
i=2A=96, 76, 1636, 66, 7, 26, 3
i = 4; (value 36); | = 8 (value 6); r = 9 (value Bjrgest = 4 (value 66)

and in this case i == largest so there is no swapdthe sequence has been heapified!
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Now add 90 to the heap constructed above

/ A

36

76

96

66

A.size isnow 10 and i = A.size i.e. iis 10 and 90

/\_A_

16
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Add (H, v)
let A = H.array
A.size++
I = A.size

while i > 1 and A[Parent(i)] < v do
A[i] = A[Parent(i)]

i = Parent(i)
end while
Alil=v
endAdd

i = 10; while i > 1 and A[Parent(i)] < v do {A[i] A[Parent(i)] i = Parent(i)}
s0 10 > 1 (true) Parent(10) is 5; A[5] < W66 < 90=>» A[10] = 66; i =5;

76

96

/L

16
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i =5; while i > 1 and A[Parent(i)] < v do {A[i] A[Parent(i)] i = Parent(i)}
so 5 > 1 (true) Parent(5) is 3; A[3] < 9 66 < 90=>» A[5] =76;i=3;

96
/ A
76 16
36 76 7 2

2ol

i = 3; while i > 1 and A[Parent(i)] < v do {A[i] A[Parent(i)] i = Parent(i)}
so 3> 1 (true) Parent(3) is 1; A[1] < 9 NO ACTION (96 is NOT less than 90)

end the while loop with ther value of i at 3

A[3] =90 ---i.e.the value is now inserted in ttwrect place in the heap, giving
96
90 16
A\ 4
36 76 7 2

The addition is now finished.
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