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FIGURE 14.21. The best rank-two linear approzimation to the half-sphere data.
The right panel shows the projected points with coordinates given by B2 the
first two principal components of the data.

TH&S{("QI Trbe llt‘mm‘/ g Ferodman




n

> H”%‘/AFAQJ//Z

w-r-t M A, 76:%

g‘é‘ep 4 R E,&‘m.‘um’-ﬂ { &; ?

Suﬂoow_ A- )/u are Q\(%Q TA@V\ 7Lo i mize
Ha, e\;,loressfcm e ta ke

i

S (6P 2 . E,@w. fnate /\A

Ho,pdpf'uj,- A ,Kl‘\(@(ﬂ; wt WM %b w28

"

> //“!;'—/A - AATML—W)//Z

= 3 (T ) s g I

= 3 (n-m) (T-4A7) (T-4 A7) (s —p)
—
B




o
= h e Bl

:"-_RB-ZZ ('\‘.;-‘/v\) - O
TAAA S Saf’s %I@i Q)LM\

o=

S'ée.‘: 3 Op Hmize A

T4 remas T Wiz

Zh fx,—% - AA (x.-%)°

C=

-t A

er Convem riene, ass ume x =0. (OH»MM‘S& we. c%ﬁﬂf

Swbs Lfute %J(; = K.” 7)(___)




Observe
%Z fre= A4 T )7 = 2 (%—MT'H)T(’X;- MT’K;)

T T T T
= D ww - 2¥AN N W AR AT

h

&

W om At miZm
Thoefore  we AN foc F

Tntroduce
lD = (MT‘(a a -
j i C/L\‘-“éL gg 64—513'
Mo = U |

® <AY=< Uy Wy & lo%‘ —




= 2 2 (%)
{ :rl
= zh: Z (“‘J Mu—rx)
¢ =t ‘jm
n k T >
=22 (b oy
B Z% L33)(j}r53)

Exerese [ Swplfy T T




i
§ My

I
i M~
>
o
Ja
=




Maxi'myze



Mas‘llm“m \/O.Y{an ce FVOJCC'(leS

FCA con be Aen’v&ﬂ rFVaw\ & Second FersPec-A‘ve.

S‘-\»ﬂpase '{’&JL | 014.{'&- 'Kdd.. Zerp  weéan .

n .
?C"— -VZ‘_ZI.X; =O'

What s the mormed vector  ay ({1 a, || = 1) |

n[;\f which

(v
9 =
[/\M max{maﬂ .Va,m‘ance?
5 defjined b be

: (W
Tle variance ag o) s

VBV (903 =

jjneovem‘l /4'55&;144&- /l-, > ,{2 ‘

/Aa‘& ma?.fhtw? variancl awwvtz a,ég a, w”l-f\ H‘*:H:"]

o = 1st Fffha\%ﬁ @flylu\/eﬁ%w = Mg

@d_"'"

6t - 45t prive Pa@ oou\omwll'




'S

I = 11 1

wce of

vari
Vav (8°)

The

®

o
[aY]

-15

-20

04r

0.35¢

0.3}

0257

0.2

015}

CAr

0.05¢

0.41

0.36}

0.3t

025}

0.2¢

0.157

011

0.05¢




The o Hom '[)Yt‘uq‘twe ﬂ%veﬁﬁks’/wwﬁ
gm‘n\s #vd/ & «;f‘m(,far FFOP%\LZ N
| TWJ Assume )[k 7/\k+1
Tf

(k) T
b = a x

«ﬁa,j, /‘ruaw.(maf Varian @ amon? a, such ‘(’194&

® (' QP_”::— /
& - q](-]— U,),../'L{k_'

e

e(k) - ]("l’ﬁ Pri r\u‘P&O W(\W\L

a = ](4"( Pr(‘m“)a.@ W"\V&J‘W = Uy



Geovetric Tudoprebehin| Tg Ho duaity of @

random vaniddly X 08

?{(7"}/“;2) = (QTC/F?g /Z/ —21’27‘{’ f/’i/‘(’ijrf(/x'/“’ f xe /R
Mow we say K o wilbivariate. (o o,
ol variable  with ?amwm /uéﬁ‘{/ s e R 10,
wl wile X Mp )

I{ /“)Z 2 tmleuworon, W€ o efimate e

i

b date Xy %y e Mg T,

) )

s ()M'("I(/-LQO’L} "{’f\b Mo mrmnn L.'[L@Q{M Eslé'nuq[e

L

(ML.E) 06 /M/Z rs OL%W( L?/ /prQ'mf%mj/

W, filebitood

1
\ ,_..[:

/QC/A,'Z) = ff!(?(; ; /‘\/Z)

—

2




The  morimum hlee kb 2stimete of

a2 Gaudd om W\L?( s give n 63

?
|
1]
>~
v ’\’I:
-2

$-S = E (W)

A contour “« f”//X ; K, S ) comsish oof

/4 &)m‘n/‘ré x  suk '/'fa-f

= C
Lﬁf‘ /ﬂ: 'UT?(- ) /ge.-:. ‘@(T&" Wwe e write
—“PQ Con-}zur - oﬁﬁt’nfwy e‘bua%by\ a.

C =




Th 3"5{} H)J, CMW 1S an @éjf‘f)%r‘c{:
G WO ARG LY

— +

/\‘ /\Z /\ g

/\\ 7 /\2_ 7 A%
In %QI/L&V‘Q,Q’ PC A ,gE‘ILS :ﬁi M‘Zﬁcaﬁ o&?tfi:{wm i; ./{Q
dota ; omd FroJ‘eoH, ot ﬁ'lrs s X
or() -/’ﬁa rfiguﬂ%‘u% .e/”t'Psoa‘pe.




r Prachesl /Vlza#erg

Pre_ processing, .

ral |
<

T+ s Wfﬁmarg, YpLo Cen,'zler' mw( Scﬂ-zéé a
p[ml'k set <o Wt L %M— 0 mban wwp(

'MMA‘l’ variancl. ‘J‘my .eawg .{em[m

For j=/ 6 4

() ¢j) =) L
%3 e— ?CJJ — % p c= /, --y R

c
2) o) = ("’HZ@(?})Z)%

4 ¢ .

¢ (= -yh

4

End
Thes Pud‘s wa ,fea-fw.u on  an t’!&éuﬁ.@ F[QH,,‘,? K,M.”

The S-éezp_s Moy J}& 0W"M When

-ﬁ; .5-(_ 28ro MEan

1) The dek are know
2) The dafa are knoun o have comparesle

unids of me asure ment-




g(?/Q e(,-gx‘nﬂ {<

I‘f Can Le, S’bﬂvk '/’fa. ‘IL

n
Mr'wn Z ”)LL n - A ei “7_ = n{) + ..
/“/Ak, 5913 =t A « ( kst i /\4)

When k=0 +hve be Lomed

min i ”'X “2 (
P cmplo= oo A + ”_4_/\‘[):

w\u‘J\ we call Hce. -;LaM Var;‘ah‘on t’l{ 'f&,da,-[é,,

Tk—l»agore_, He 7o o{ botal variaton Captured

L% k - dimeagiom sl PCA s
9TV =
Ol‘»e, «Qeun?#‘c {or &ﬁoos‘r‘h} k 5 4 tLake,

iy smollest K suh Hhet

v TV 2 .95

7

or .94, o+ Some o{'gﬂ/l M ber .




When o use PCA

hen He data ,form a 3,‘,12,@ &?ﬂl‘n{’ 4 -gf/
Am s'[mca

W heen '!'Eo, 0{5@"& aré apprd'x:‘m& G:f,wupah} or
some. otben !%Pﬁw-? " _a(f?‘#‘?fﬁ/ufrm,
v e Loy ramde r"&M-W Subspeces Cépfere

o Ma-gfﬁrf#} , ,{ {-{L W"'%Y[c}m

Wloaw ot o v FCA




[Key ]

FCA:

m

Feafue xtractin.

Fewhwe selectinn

—‘Xm ] c(’ln(x)
{z)

o= | x 5= ¢
’)Lm) .

[”( - [‘l. Z [2) -7((5)
g, U0 = (K N g

Sum of 5‘g’uar€é€ Lot mSup &v.‘ge-zﬂj /ef'n.%tr) .f&zm «@C%/tgfquim—\

A avrgwn |l 2 Ayt T
o = ﬂ@ ”Y A@” (A A) A x

Tyx = A'AT%
- AT (% AINATA X

= o (AT~ ATA (KA ATx)
o (AT -AR) = O

Ta = T Th = A (WP A A (ATR7TAT

= AAR)TAT = T
Pra\jeOM M Mo -36%807[

(o ) K| Mo saple covanivase refex

=) second

S- Lz
/U\ A__: [Ml U , Q_: AT('P%';K’)

, .
H 6= KR, 07 = Wl (x-5)  w



He (0TAT K (x-p0 = K2 - p)

el

T T
S Z wix = 4l AA

K- L?] = [th+£ugr } o . .- O]T

kif e ol

/ r'{ ﬁ—ék
L. ’K’Q-z{o f.g £7/<

c Z ?(L'TA AT
’

"-T'
-.—i—-

. /A_ —_

X

] Loy - — _l_ - T %
| / Ver ( 6 ) = - (_Z:' (a,"%;)

A

Voo Va(6™) = L5 (4Tx)% =13 ("%t w)
- /MIT - -l_/,'l Z ’XCXCT : 4/([
- M,T . /[/{/\u( - Y,
I
TR
O

C = [x-&)TGd‘ (x-%) = (/L(j ’/Mj’fs—((uj ’Mj)
_ (’b'B)T /MT_ ’UL/\-"ULT-'I,( (3'5) = (43-5)"'/\"(5’5)

_ i («565)’;5(5))2
= &

x



