Example: Orthogonal Decomposition Theorem
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Let W = Span{ (1) , (1) | ? } C R%. (These vectors form an orthogonal basis
0 1 1

for W: check!)

and lety = . Find the point in W closest to ¢ and find the distance from y to W.
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We can also think of || y — /|| as being the error committed when 7 is used as an
approximation fory. Ifv € Wandv # ¥, then ||y — v|| > @



Example (continuation from first side)

An orthonormal basis for the same subspace W of R* can be obtained by normalizing the
original basis to get

0] |26 0
1 0 0
o1”[1/v6 7| —1/V2
01 [1/v6 1/V2
0 2//6 0 0 1 0 0
LetU = (1) 1/\/80 _1/\/29 and UT = [2//6 0 1/v/6 1//6
00 —1/v/2 1/V2
0 1/\/6 1/y/2
50 5 3
ThenUUT = 8 (1) g _S
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UUT is 4 x 4and defines amapping T : R* — R*, T(y) = UUTy

UUT is the matrix from the orthogonal projection mapping of R* onto W :

UUTy=79y
1 5
. |1 1
For example, from the other side, UU =1z
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The range ( = column space) for UU is the subspace W of R*.



