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Matrix Multiplication problem:

Input: M, M, two n by n square matrices
Output: M =M1 M;
Examples:
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Thus, T, (1) =0(n%).
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Naive matrix multiplication algorithm:
T2 ()= 0(°)
Tr\\IN—CMuIt (2) =12

Strassen discovered that in multiplying 2 by 2 matrices

[CH CIEJ[AH AIEJ[BH BIE}
cEl CEE AEI AEE BEl BEE
One can compute the entries by computing

11)1:(‘412‘“4*22)(321"'312) 011234'}21—}354'3;
B =(Ay +A4;)8, C12 _ P3 _|_P5

P =A4,(B, - By) C. —P 4P
Py =4y (Bm _Bu) 1 : ’

P, = (Ay — 4,) By Cp=R+H-H+E
Rﬁ = (AEI _Azz )(Bu +BIE)
P? = (Au _Azz )(Bm +Bzz)



Thus Strassen’s algorithm requires 18 additions / subtractions and 7 multiplications for a
total of 25 operations. It can also, recursively, multiply larger matrices using divide and
conquer.
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TSVKcMult (n) < 7T'\\leMu|t (gj 18(2j = O(n g7 ) ~ O(n 2.81)



Strassen also can multiply n-bit numbers using ®(n lgnliglg n) steps (the naive approach
takes ©(n? ) steps.




Order Statistics:

Given a list of number ay, ... an.
min: 1% order statistic
2" smallest: 2" order statistic
i" smallest: ™ order statistic

. n .
lower median: bJ order statistic

upper median: B] order statistic

Minimum problem:
Input: a, ... a
Output: 1% order statistic

There are similar problems for other order statistics.
Tl\\lN—cMIN (n) = ®(n)

Tl\\leMAX (n) = ®(n)

T ong (n) = ®(n)

T aarg (n) = ®(n)

Median problem:
Input: ai, ... an
Output: lower median

Tl\\lNacive—Med (n) ®(n ’ )
TSV(\SCRT—Med (n) = ®(n g n)



