
 

Orthogonal Projections
Questions If V is a subspace x is a rector
what's the closest rector to in V

Closest the vector Xuell minimizing Nx XvH

Observe Xv is the closest rector x

Xu IV x XvC Vt Xr closest

Def the orthogonal projection of onto V is the
closest rector Xu to in V It's characterized
by Xu x Xv C Vt
The orthogonal decomposition of relative to Vrs

a.senue

NB Xia is the projection of onto Vt
X Xvi Xue VEH

Nau to compute
Step 0 suppose V GI A aof III EIKO
want Xue f Col A Xu AI fer te R
Ut Nul At want x Xo C Vt

At Ix xu O Atx ATXv ATAR



Solve ATA Atx vs Xv AI

Eg Project I onto Col

ATAet I 3

Atx l E i
solve ATA Atx

I3 El is to E
xv Axel f Kal YI
x xv to YE FYI

orthogonal
decomposition to YI
Distance of
lbs from Callas Hxvttt HFYIH ffff.fr
Def The normal equation of Ax b is AtAx Ab

Procedure To find the orthogonal decomposition of
relative to Colla V
c Solve the normal equation ATAE Atx for 5
2 xr AE Xue x Xx



l

Q How to project onto NutLAB

Eg Project E onto Nall o

rt Raul Call
YE Xv x Xue HI

Moral Decide first if it's easier to projectonto
V or Vt then compute the easier one

whatif V spans 3 or a line Veal A A v

ATA I Atx vtr I v Tx v v I v x

E 4 Xv Ah Y V

Projection onto a Line If f Span43 v to then
Xv 1 v

Eg Project b onto speak
Xr

Hollis lil If it



Properties of Projections orthogonal decomposition

l Xr X XEV X Xv to
2 Xv 0 XC Vt X O Xue

Project Matrices Hw 6.17
Fact A has full column rank ATA is invertible

Suppose A has fabled rank V Colla
To compute Xv tools of A are

ATAR Atx x ATA At a basis for

Xu AE ALATA Atx
If F ALATA AT then Xv Px

Eg f Coil I IATA 433 FATAH's133
P HATH AE f f If 33 i

HE E Missionaries
check n pl HYE E I HEY

Def Let V be a subspace The projection matrix
onto V is the matrix Pr such that

Rx Xv for all x

p



Procedure To compute Pv
l Find a basis for V
4 Let A the matrix with those vectors
A has full cot rank Ved IA

3 Pr ACATA AT

Eos f call 3g 9 A f
Whatif Vespan fr is a line Vtol A A v

ATA vtr v.v

D v rt wut outerproduct

Eg f Spank B v i
PE is like is If

Check Rx a d

Prx Eli t Ili
Projection Matrix for a Line
If f Spanfu for v 1 0 then

Pr tr u v t



Properties of Projection Matrices Hw 6.8
i p P 2 PE P z In PvtPvt

Moral Decide first if it's easier to compute
Pv or Put then compute the easier one


