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Outline

divide and conquer (recombine)

using the Master Theorem

Notes
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General case

revisit. ..

Class of algorithms: partition problem into b roughly equal
subproblems, solve, and recombine:
s

/
L ifn<B
a1 T([n/b]) + agT(Ln/bJ)—F]‘(_nl ifn>B

Whgre? B,k >0, a1, o 2 0, and a1 + a» > O.J7f(n) is the cost of
splitting and recombining. a=9

b &(x)
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Master Theorem 9 ¢

ok divide.and. a 7% i
(for divide-and-conquer recurrences) Z ? N %}J = (
o \ -
5> !
B
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If f from the previous slide has f € 6(n?), then

6(n?) if @ < b4
T(n) =14 6(ntlogn) if a = b?
B(n: %)  if a > b

o (') =0 (W)
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Proof sketch

Jmu W . 41443(740

1. Unwind the recurrence, and prove a result for n = b*

el ﬁl\’

2. Prove that T is non-decreasing [ A
C

3. Extend to all n, similar to MergeSort
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multiply lots of bits

what if they don’t fit into a machine instruction?
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divide and recombine = )00

recursively. . . 4 U\ X\‘_\/:;:-); - \\ ~73
N= N6 = (
) A, (Xb oo = 17
h-bt K 11 | 01
ond g x10 [ 11
g ¢°

Ty = 2n$1y1 +2"2(z1 90 + Y120) + ToYo ]
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compare costs '3 n< #%

o) -
(“\ +C< >
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m additions versus:
1. divide each factor (roughly) i If —
2. multiply the halves (recursively, if they’ r@

3. combine the products with shifts and adds (9(“

Q=Y o>l
b= 2

d=1 @(hbﬁqS
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Gauss’s trick
" "/
Y= g+ (g )
%o Yo

zy = 2"z 91 + Boyo + 22 (21 + 20) (1 + %) — T1¥1 — ToYo)
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Gauss’s payoff K N <8

lose one multiplication

2 —7
oty Tl f’@; ()
1, e AL FFT )
. divide each factor (roughly) in half] U /2&,, | g\ +1

(d+m) (440

1
2
3. multiply the sum and the halves Gauss-wise
4. combine the products with shifts and addsj 0 (n)

bt o > ¥ (JG
=3 g 6(n7 )

. sum the halves
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