Lecture 35. Leost squares problems

m

D_e{i Given on e%uaﬁovw P\YZU for an mxn motrix A ond a vector @e\R,

its least soouares solution is a vector Qe\Rn with

“F\Q—?” é”F\Y—U“ for any XelR

Note (1) If +he e%uaﬁon F\?:U is solvable, X is an actual solution

of the e%uaﬁon.
(2) If the e%uaﬁom F\YZF is not solvable, X is an approximate
solution of +the e%ucxﬁon with winimum error 1AR-b .
Thwm  Given an e%uaﬁom F\Y:U for o watrix A and a vector U, its

least squares solution X is given by the eoouaﬁovx AAR=Ab.
ot Col(A) is the set of all vectors of fhe form AX.

R is o least squares solution

S [6x-Pl<IAR-Tl for any
& AR is the closest vector to

s <l

n Col(A)

& AR s the orﬂxogom\ projection of T onto Col (A)
& AR-T lies in CAlA) = Nul(A') L
< N(AR-D)=T 1// zﬁ%}i

& NAR=Ab




Ex Find the least squares solution of the linear system
Xit Xo=|
Xi— Xo=2
Xit3X =6

Sol  The linear system can be written os AX=D with

{31

The least squares solution X is given by the eaouaﬁovx AAR=AD
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Note Alternatively, we may compute

~_ I ATANVIATT | =309 1 (48|12
3= (ATAY'A b—m{—a a}[n}ﬂ[zdr}['}



Ex Find the equation of fhe leost squares line that best fits the

dato given in the table

X
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Sol  We write Y= Ot X for the least squares line .

We wont on e%uaﬂon F\Y:? for Y:[

3= @(XZ%,gZS)

2=a

| = o2 (x=2,y=1]

(XZD,ng]

= n=

0=0o+3p (x=3, y=0|

The least squares solution X is given by the eaouaﬁovw AAR=ATb
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Ex Find the least squares %uaclmﬁc function T that best fits the

dato given in the table Iopes
X|=-11O0[1]2 (-1.3) -
41310215
— oo X
Sol  We wrife \C(X):o(+(5><+ﬁx2.
_ K
We wont on eobuaﬁovw AX=b for X=| P |.
A
3 =0d- (ZHr Y (X:-I,g:?ﬂ _ B L
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L i L°

5=0+2p+47 [x=2,y=5]

The least squares solution X is given by the eaouaﬁon AAR=A b
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