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Projecting onto a single vector

e Let 2 and v be two vectors in R™.
e The span of Z is the set of all
vectors of the form:
wT
where w € R is a scalar.

e Question: What vector in span(z)
is closest to /?

e The vector in span(z) that is
closest to 7 is the
projection of 1 onto span(z).

X\


Mobile User


Projection error

e Let € = 1y — wZ be the projection
error: that is, the vector that connects
to span(z).

e Goal: Find the w that makes € as short

as possible.
o Thatis, minimize:

le]l

o Equivalently, minimize:

|y — wz|

o |ldea: To make € has short as possible, it
should be orthogonal to wz.
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Minimizing projection error
e Goal: Find the w that makes € = 1, — w<x as short as possible.

o Idea: To make € as short as possible, it should be orthogonal to wz.

« Can we prove that making € orthogonal to wa minimizes ||€||?
Gmi-‘ ffé“ ot E” is Hhe Shwhs‘t'

fofs ‘bl eyvor vecthur.
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Minimizing projection error

e Goal: Find the w that makes € = 7 — wz as short as possible.

« Now we know that to minimize ||€||, € must be orthogonal to wz

e Given this fact, how can we solve for w?

b

eor'ﬂ\ojmaﬂ‘bld?(——Pﬁi 2=O7

r

> (’/\ "- " )

W% (g-wx)=0 K- Zulx

- -~ > “ K

7('( - W ):O 2w ’5.;“;%"
j‘-*_). -~ =

_,§ X (w%)=0 The w that wakes fie
Y- w(xx)=0
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Orthogonal projection
e Question: What vector in span(z) is closest to 7/?

e Answer: It is the vector w*z, where: ”"
> ts 0’*,"3

T -
w* =

i ’“’“’”, e
' aldd
e Note that w* is the solution to a minimization problem, specifically, this o&me: ‘/ (\‘ \\

error(w) = ]| = || — wé|

 We call w*z the orthogonal projection of 1 onto span(z).

o Think of w*x as the "shadow" of

10
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Exercise

et [ rab— [ ] e

—

What is the orthogonal projection of @ onto span(b)?

Your answer should be of the form w*b, where w* is a scalar.

A /1«// RS, r(M) | 3
L-b  )F e @7 €2

OV‘HMjMaQ F/DJIUHW JF a rfo ?dn() i
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