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38.1 Principal Component Analysis (PCA) -
I We begin by considering the problem of representing all of the vectors in a set of nd- |
dimensional samples X;, ..., X, by a single vector Xy. To be more specific, suppose i*

that we want to find a vector xg such that the sum of the squared distances between
X and the various x; is as small as possible. We define the squared-error criterion *
function Jy(Xp) by 1 '
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and seek the value of X, that minimizes Jy. It is simple to show that the solution to F
n | this problem is given by Xo = m, where m is the sample mean, i]
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This can be easily verified by writing .
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g Since the second sum is independent of xg, this expression is obviously minimized ||'-
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by the choice xp = m. (l ] |!
The sample mean is a zero-dimensional representation of the data set. It is sim- | i
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sle, but it does not reveal any of the variability in the data. We can obtain a more F
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interesting, one-dimensional representation by projecting the data onto a line run- g
ning through the sample mean. Let e be a unit vector in the direction of the line. ol
Then the equation of the line can be written as
X =m+ ae, (81) i
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uce where the scalar ¢ (which takes on any real value) corresponds to the distance of any Al
at- point X from the mean m. If we represent X; by m + a;e, we can find an “optimal” )
ect, set of coefficients a; by minimizing the squared-error criterion function i
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