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Matrix Multiplication

A\ D - +
e WA L= lee

(all n X n matrices )

Where <ij = (it row of X). (jt column of Y)
= ;X“‘"Y“ Note : input size
— f?‘(h’,j)
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TL
Zig = ) Xik * Yij

-

B(n)

What is the asymptotic running time of the straightforward
iterative algorithm for matrix multiplication?

O B(nlogn)
O 6(n?)

> O 8(n?)
O 6(nhH
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THE DIVIDE AND CONQUER PARADIGM

1. DIVIDE into smaller subproblems

2. CONQUER subproblems recursively.

3. COMBINE solutions of subproblems into one
for the original problem.
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APPLYING DIVIDE AND CONQUER

Idea : R%\ _QE?\
Write "= \ ¢ © and\< - NG W

[where A through H are all n/2 by n/2 matrices]

Then : (you check)

Ne ~SG e .
e AF ~QW
Ce + 96  (F +YW
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RECURSIVE ALGORITHM #1

Step 1 : recursively compute the 8 necessary products.
2 ;
Step 2 : do the necessary additions (6(n?) time)

Fact : runtime is 9(n3) [follows from the master method]
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Strassen’s Algorithm (1969)

Step 1 : recursively compute only 7 (cleverly chosen)
products

Step 2: ng the necessary (clever) additions + subtractions
(still #(n") time)
Fact : better than cubic time!

| see Master Method lecture |
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The Seven Products: R = AF-1D) (1, = (x|
Uy = E Uy = DG-8D  Re =0+ (E 4w
QQ_,, - Li)-bﬁuﬁm Qa =& - O (€=~ %)

P ae 3\ _ [Fe*Ra=f22Rg  Cuy
Claim : \<\< ~N\Ce €6 &+ 0a+fy @, + Q%3

Q.E.D

<
— kib “

~

Proof: &t «IN& 4DE «DE . Do ~DE — i ~ ¥
#NG W D06 VA = Qe QG _(remains

\ /(j Question : where did this come from ? ©pen!)




