Pythagorean Theorem in R™

Suppose x, y are in R" and that z | y.
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Orthogonal Decomposition Theorem

W a subspace of R". Each y € R" can be written in a unique way as

Yy=y+=z where{y }S}nWl
z isin W

If W = {us, ..., up} is an orthogonal basis for W, then formulas are
7 = Ehurt et Zu
and z = y—y

y is called the orthogonal projection of yon W : g = proj, y

z 1s called the component of ¢y orthogonal to W

Best Approximation Theorem

7 is the point in W closest to y meaning that:
if v e W and v # 7, then
| ly—ll < lly — vl

(therefore 7 is the vector in W that “best
approximates” y
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Example

Find the point in ¥ closest to y and find the distance from y to W.
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= point in W closest to y.

Distance fromy to W = ||z|| = ||y — ¥ ||
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|| ¥ — ¥ || is the size of error when ¥ is used as an approximation for y. If v € W and

v£g, then |ly —v|| > ||y —F|| = %2.



