1 I
[ [

NE-TCORE Al

Master Method

The Precise
Statement

P Design and Analysis

/3 of Algorithms |
\

I~




1 |
[ g [

NE-TCORE Al

(7~

The Master Method

Cool Feature : a “black box” for solving

recurrences.

Assumption : all subproblems have

equal size.
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Recurrence Format

1. Base Case : T(n) <= a constant for all sufficiently small n
2. Foralllargern:

T(n) < aT(n/b) + O(n%)

where
a = number of recursive calls (>= 1)
b = input size shrinkage factor ( > 1)
d = exponent in running time of “combine step” (>=0)
la,b,d independent of n |

(7~
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The Master Method

¢ mateer (N1

" iia;ts:g:geéédr,g_ constants)
- 0(n® log‘ﬁ) ifa = b% (Case1)
T(n) = 1 0(n%) ifa < b* (Case2)
_0(n'ogr @) ifa > b% (Case3)

Base matters
Nextcore Al -
\ Gopal Shangari
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If T(n) < aT (g) +0(n%)

then

T(n) = -

The Master Method

0 (nd log n)
0(n%)

0 (nlogb a)

ifa = b (Case1)
ifa < b (Case2)
ifa > b? (Case3)
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Merge Sort

b = a=> (Case 1

I
I—‘I\.JI\.J

a
b
d

T(n) = O(n%logn) = O(nlogn)

I~
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Where are the respective values of a, b, d for a binary search of a
sorted array, and which case of the Master Method does this

correspond to?

—> O 1,2,0 [Casel]
O1,2,1 [Case?2]
O 2,2,0 [Case3]
O 2,2,1 [Case1]

a=0b%=>T(n)=0(n%logn) =0 logn)
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Example #3
Integer Multiplication Algorithm # 1

b — 2 < ¢ (Case 3)

QO T
i n
= N B

Same as grade-school

/ algorithm
\
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Where are the respective values of a, b, d for Gauss’s recursive
integer multiplication algorithm, and which case of the Master
Method does this correspond to?

Better than
02,21 [Casel] the grade-
(03,2,1 [Case1l] Schogl

algorithm!!!

(03,2,1 [Case?]
03,21 [Case 3] a = 3, bt —92 g > b (Case 3)
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Example #5
Strassen’s Matrix Multiplication Algorithm

Q T QL
I
N N N

- b =4<a (Case 3)

o T(n) = O(nE T) = O(n2™)

=> beats the naive iterative algorithm !
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Example #6
Fictitious Recurrence
T(n) < 2T(n/2) + O(n?)
=a=2

b=2
zd -2 b =4 >a (Case 2)

=> T(n) = O(n?)

7,




