Lecture 25

Friday, March 6, 2020

Last time, we dicussed au exawple whve  tnner product cau be wed %

solve aw optimization prolom. Ths & possille becamte inberent in the
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LC'IJwe,e,L\ fL,_ L'\'pr oF du_ Ue.o{‘od (&Cwmfnj 'd«ga are La:ea( at f‘[o_éfiﬁzn).

let ws cowgeder wore ex.a,u«.ﬂcg o Using ker Praa{ud' to solve an
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This o not the fnlg way # 10@4,(1% the ﬁo&lkg{; £ canded <t .
Howeve, Thic method i has a nice connechim 4o mner fra)ad‘ . Tte

aquam(w»f o an duitive geomfn“c ihfupfd‘ai'fm as foﬂows, [ We ol see
wlag fl»e.a we equualedt to eack sther in the neut ewm/é.]
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AR

]L . .

b 5

Whan L vares o R, the vector [’i/,(
4

Vaield o ﬂu_ ﬁu Cm-(-qz’m‘u.ﬂ vu{)/ L 43]

The wost veamalle choz o % Seems B

be the one sech that [3]k s closest

o Lg] Thg ,Aﬁfplug L"LOM [ Jk i Q‘f“d o ﬂe_/)(vetl‘m«bf ['fj
by the bne spaned by []].

. [8],0%]
ey L) = & /f))[i] [J]

/IAM, w = 92/2%.

E r o let A be am mixn mabve and b be an max |l colubn vecbs.

Pwl the bk solution XEF t the makin equation AN =4,
[hece F cam be R o C.]

I§ the Cf‘f»“ﬁm AX=b has a soldon then X showuld be an eract
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then  naabvin e,t(mi‘(m AX=b i ezfulvdwd' to 4 linear Syslem ,,;F m qwdzw

wX = h
‘41,)( = }’1/
@ X = 5,\,\

7‘«\;3 Qadew\ h«aa !'e. {ncmsd‘fe,w{-' ((. e. L\&w’k‘j wo .(‘o[ u:h“w) ’ fw ex&uvole
whor M7, We can ask what i the best candidate fof alutom . The
{ta«s’t‘ fquare me,'HmoA proposes '61\&{' '(’L:. 46;5 candidate i3 f‘zc e ﬂua‘

mihin et 't’lu, 6L,a/cx6¢7m

(g X =5 CuX=b) "+ o+ (0, X *6M§L. (%)
Flom, owm amla{u_, I)mc} o( view, ome can rewnte th Lxplesape 4s a
mulfrvariable fumclion ,F(aq,x,_,-..,u) where X and e
X=| =
Ly
Tr(tj t .fo[m ('LL 57914%4 _3,[ — i{ _ z{' - 0.
.  On I,
Howerer, Hhus a(,roaok s not of owr inderest hete. We wotrce that
— r l b [u X = b
AX““!? - U, — X — -‘TL - q,_‘)( — bl
T Um LI b | wX = N

711%, f'Le, onpresgon (*) V\OH\.L'P\:? but [(AX -M)z:
T other words, we are z‘rjmj o grxA X EF" that minmizes ble

orm  WAX=LU Tg X varres greely n Y thae vedor AX wll
foam in the Column spac of A. Th olumn gz of A5 the same
as He ange of Hhe nmap ’F(/n:—A“)é
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TACFC_[JM, wWe are Sea-rolmcuj fw a Ve,ol'p-r Z in Coé(A) ﬁﬂl 3 olowﬂl &
b. Then X ol be _P)MM[ b‘j Qo{w‘hj the_ efamfl‘ch« AX= Z Tn s‘/uﬁl/
b fod XEF" that & th bt colutin to AX= b, we follno two chope:

| Fnd proj b. Gl it b

) Sl gor (rad) solutme X fone the equabm AX= 1.
There ¢ o frick that belps m‘f’{‘i[j thy  procedure. Th tick Comes ffom
the follnoony observatins : wate
N

A‘: W Yy ool Wy

SR

/ﬂuew Coé(/\') = fpan {1’1, Ve, ..., vu:( Lj e Je'a'uz'fwu :-f CDZmuu pace).
We want 1o pnd X6E" such bhat IAX = bl s mimmived. That s fo
god X such that  AX-b Ll ®). Thet s & fued X suck thel
A -t L vy, v, 0, .
That o b pod X sucde Hhat

(A‘X"é , '-’1) = O
(AK"Z’/ w)= 0 (-)4*)
(AX=4, v.) = O .

Recall that the naturd mner produu.‘ aw R s €7 i given ag
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Cogl=[fu ], [ | = 2Bt mger g
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Here 3* derde ? C’(‘ménn Hhe Nanspose 4 Y4 Hen take the conugale
of etk oudry ). One can now feunte the sgetom (i) a

Q)ik (AX -U =0 "er'X _ l),}é
vf AX-4 =0 o efhzlmé»\ﬂj WAX = ¥4
V,T AL~ = 0. vk AN = w4

(A/(J_ Can cow.lr(ne. DLAUa ey«af(b‘u i‘db @ Quﬁ{o_ neabri Qf'ueh‘m ag

[ v (“07_—
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L e
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whech @ A*AX = A%,
In conclusmn, the teck ® pod X thd mmimme 1AX-6( s 5 solve
for e owact solufom X of the, eyuaf‘rw AAX = £,
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¥ Operatvy on  twer product spacs |
&.‘ﬂfe,w. /S V‘cd]/‘ pace \/; ﬂue_ are o; loulse ma.n:? mqf; d\.d' ﬁo
ffl’"‘* Vo V. (inesr naaps

\/ /g: 4 are o spectd Type of ~sps
that s Cmpoqﬁlé with fl

stvcture of Ve chyy spaces.

Fofemrqu,, s‘twm:'kj in V aw( ﬂ\w '("41&:5 {» V '(‘Lmuﬂj( (s 'ﬂ\e Sanre_
4 —éa,kz»ﬂ 1‘1@0%1« ,f cud  thou (lonmeing O V. The Sme i frue fol

scaling,
(Voo fd’ V éa an  ckues /)mJud Sfaco, . O »«% ask ! de Kind

6f Maps  are cmpaﬁi/a with the cmer product o\ 2 Thre & 4
gpw'ﬂj f‘gp_ of Maps 1hat [rresene the Inner /J/oo(acz‘.

[73@24.' LtV Le an mer /)mJud Space . A rap [ Vo V ix caid © be

um“\tary g & 6 ihmer- produd preserving rxamdy
Cf(u), ﬂ»‘)) = (40) ¥uwv €V,
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