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> equal eigenvalues (i.e., A\; = Ajy1 == A;)
= population principal component
= sample principal component

»> selecting a subset of variables X, ..., X

» PCA does not quite reduce the data since PCs are linear comblnatlons of all
variables X, .. X so all variables are in some sense still needed. The
technique, how an_help us discard some varlables by keeping only those

with the highest i p.2-12.

» connection to the singular value decompositlo
= Let us apply a SVD to the matrix X — 1x’ . >g, ixe [ne Saer

Y o - (X = 1K )pxp = UnXPLPXPV;;Xp
K= where U'U = Im, V'V = Ip, and L is a diagonal matrix.

Y[IK] Then, .
0] (n-1)S=(X-1%)(X-1%) = VLU'ULV' = V(LL)V' = VL*V'%:3

3 (% .X2%3)
fyllvd 5= V( 1 L2> V=V ( ) VL2 N
' g /, 0 (e e e)
hich means [ n 0z
VK- | columns of V: eigenvectors of S . V/XVé?n !

. 1?1 eigenvalues of S, where [ : singular valueg

o Y=(X-1%)V =UL: PCscoresf-\n(el,g(,% T "\;" ]0 5,

the matrix B that minimize /UZJV/, e n—iTL'?':[&:)"%:P] p. 412
tr[(X — 1 —‘,,‘)('i — 1% — B)'|& sum of Sguorgd diffrone = z(%\_%)’

2/ \b | over all nxp matfices B having rarE( no greaterthan k (k<p)is ¢
" # o [ %, g] Som of-
C = ) = UéCV’ m/mrmm value /5» %umec{ 6/‘7%&
X:Nxp o r\.a <..____./ = Qer+ -+ 2’/’
(X‘_“z(/]xf,)f represents the first k£ PC sco/sw[YK‘d] ---X(8, e, es)
> geometry of PC line (plane) =¥ ;
= the PC line (plane) minimizes the sum of squared
orthogonal distances from each data point to the line —

(plane)
X; = (xj€))e; + (xjey)e, + -+ (xje,)e, lPC //712.5
+@ép

PC scores e] +éb2 +

_ A A n A
_ga\#e, +gj,e,,+--- +$ké\j+§ku i + "'*4]?%

= (c.f.) the least square line in regression minimizes the
sum of vertical distances from the data point to the line
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» drawbacks of PCA Note: PCA does not wuee the moﬁM/M p. 413
= PCA only utilizes information containedzn the second moment — e

= nonlinear structure may be missed @: <M¢:/W/m /57:.

= linear combination of variables ntay not be meaningful especially if the o )
variables do not represent comparable quantities

= outliers may distort the results ,
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“ Reading: Textbook, 8.1, 8.2, 8.3, 8.4, 8.5, Supplement 8A
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