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Lecture 11 Sample Problem Solutions

Problem 11.1

1. The standard way to implement 2D convolution is

nl,ng Z Z ml, mg [n1 — MmMi,N2 — mg] (111—1)

mi1=00 Ma=—00

Eq. 11.1-1 requires a double-summation, with up to M; Ms non-zero terms in the summation, in order
to compute each output pixel. There are (N7 + M7 — 1) X (Na + My — 1) = O { N1 N3} output pixels.
So the total complexity is O { Ny NoM;Ms}.

More loosely, if N1 &~ Ny = M7 =~ M ~ N, then we can say that standard convolution has a complexity
of O {N*}.
2. The integral image is
nl; n2 Z Z ml , M2
m1=0ms=0

It can be computed in three operations per output pixel:
i[n1,na] = xny, na] +iny — 1,n] +i[ny,ne — 1] —i[ng — 1,9 — 1]

The feature we are trying to compute is
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Which can be computed in just eight operations per output pixel, as

flni,na =i[n1,na] — 2i [n1 — 2 ns] +i[ng — My, no
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So the total complexity is just 8+3=11 additions per output pixel, for a total of 11N; Ny = O { N1 N>}
additions.



