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Divide-and-Conquer Techninque

Divide-and-Conquer

Divide) Divide the problem into several
‘self-similar’ but smaller sub-problems,

Conquer) Solve these sub-problems recursively,

Combine) Recombine the sub-problems into a
solution for the whole problem.
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The Towers of Hanoi
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The Towers of Hanoi
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The Towers of Hanoi

Constraint 1)  You can only move one block
at a time.

Constraint 2) You cannot place any block on
top of a smailler block.
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The Towers of Hanoi

MOVETOWER(n, 1, 3):

- _ _
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The Towers of Hanoi

MOVETOWER(n, 1, 3):

1.If n =1 then Move(1,3)

2. Else
3. MOVETOWER(n — 1, 1, 2)
4. Move(1, 3)

5. MOVETOWER(n — 1, 2, 3)
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The Towers of Hanoi
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The Towers of Hanoi

Theorem The number of steps required for the MOVETOWER algorithm
satisfies the following recurrence relation:

T() = 1, T(n) = 2T(n — 1) + 1

forn > 1.
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The Towers of Hanoi

MOVETOWER(n, 1, 3):

1.If n =1 then Move(1,3)

2. Else
3. MOVETOWER(n — 1, 1, 2)
4. MovEe(1,3)

5. MOVETOWER(n — 1, 2, 3)

Tn) = T(n—1) + 1 +T(n—1)
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The Towers of Hanoi

n‘123456 Vs 8

T(n) | 1 3 / 15 31 63 127 255
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The Merge-Sort Algorithm
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The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):
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The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):

a0 o o o] [ & LK) e
v At * )
A 4 6 7 [ voe [
: A I ARG I :.: v v v v vy 6 e *
' TR Y ..+
S
¥ A A LR & L L AR 4
o =y = = 14/21

5CCS2FC2 Foundations of Computing Il C.Hampson, King's College London



The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):
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The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):
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The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):
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The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):
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The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):

‘v v Se o Z.s*.s '.“o‘o * 0 o ‘-’v'v a o
2 oo (8T8 30 a v vovl | 848
S 'y
Y ¢ o | ® e o * v v A ay v oy
A
v
= = - = 14/21

5CCS2FC2 Foundations of Computing Il C.Hampson, King's College London



The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):

2K Se o Z.s*.s '.“o‘o & 0 o ‘-’v'v a o
0 PRy MRS * v v $ad
S 'y
Y ¢ o | ® e o * v v YK AZ
A
v
= = - = 14/21

5CCS2FC2 Foundations of Computing Il C.Hampson, King's College London



The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):
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The Merge-Sort Algorithm
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The Merge-Sort Algorithm
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The Merge-Sort Algorithm
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The Merge-Sort Algorithm
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The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):
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The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):
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The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):
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The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):
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The Merge-Sort Algorithm
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The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):

4, ‘v v
+%e v
V4 MRS vy
S [
L4 vll LAY
! ‘e e v | e e e Z.s*.&
[ * v ¢ ol |aTa
1 LA ¥ : LI T v v LR £ v ¥
S5CCS2FC2 Foundations of Computing Il C.Hampson, King's College London = = = = 14/21



The Merge-Sort Algorithm
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The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):
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The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):
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The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):
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The Merge-Sort Algorithm

MERGESORT ([a1, - - - s an]):
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The Merge-Sort Algorithm

MERGESORT ([a1, - - - yap]):

1.If n =1 then Return [a]

2. Else
3. L + MERGESORT ([a1,...,a|n/2)])
4. R < MERGESORT ([@|n/2j4+1s+-+1an])
5. A + MERGE(L, R)
6. Return A
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The Merge-Sort Algorithm

Theorem The number of steps required for the MERGESORT algorithm
satisfies the following recurrence relation:

== a((3])er((3])

forn > 1.
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The Merge-Sort Algorithm

Theorem The number of steps required for the MERGESORT algorithm
satisfies the following recurrence relation:

T() = 1, T(n) ~ 2T<[g-‘)+n

forn > 1.
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The Merge-Sort Algorithm

MERGESORT ([a@1,...,an]):

1.1f n =1 then Return [a]

2. Else
3. L <+ MERGESORT ([a1,...,a n/2)])
4. R <+ MERGESORT ([@|n/2)+1s++>Cn])
5. A < MERGE(L, R)
6. Return A

o= 2([2]) + ([2])
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The Merge-Sort Algorithm

n‘12345678

T(n) | 1 4 11 12 27 28 31 32
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The Merge-Sort Algorithm

B3 - =2xVLOOKUP (ceiling(A2/2),A:B,2)+ 2000
A B c D
1 n T(n)
2 1 1 1500
3 2 4
o
4 3 11 ~
1000
5 4 12 £
. =
6 5 27
7 6 28 a0
8 7 31
Ll 8 32
10 9 63 0
n 10 64 50 100 150 200
12 1 67
13 12 68 "
4 13 75
15 14 76
16 15 79
17 16 80
18 17 143
19 10 1A

Disclaimer: Spreadsheets should not be used for recording and/or storing

critical or important business or government data. Use with caution.
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