Unsupervised Learning

XY 2L S
e i B A >




OUTLINE

mS

RS



THEFS)

AT HIATEFT 1 813 R 8T 59 2 ] et
X I AR T M) AR B e S EEIE S
N T NV AR ?

0 i N AR B ) P A - 2R
» JRATEE SQOMRFIE B B B i

/I3

[T
T
o




T TR Y T 2

AR IR A L S ) B 45 R !

Fn A A




Attt Rl S R P R AR Y
» VR EZ Manifold) % 5%.




RN EZBTY

 SERIRE AT, R B R

35

30

IR BPANTEEIE PO 2K, o
ZJE T ERBK

R T B B, B
2RI FE

25

20

15

Ad Spending

10

Population



RN EZ B

RS AR AR

Original Data Rotated Data




RN EZBTY




RN EZBTY

y 25

R oA, R e X
> P AIR BT My, (8GR aRE0

g J-I—/An\‘\) i+ﬁﬂ/5

7€ Y 21T ZIK{Xl}l 1°? H

=

Var(z) = =Y1" 1(x v)

Y

1S = —Zl LXix]

EAEZ T A

-z = xTv T ZE

novixxv=vISv,

=
HX




RN EZBTY

> BARIIRAL R R] 5

maxv!Sv s.t. ||[v||? = 1.
1%

L0,2) = 750+ A(1 01

|
\((
—rl‘r

dL(v, 1)
ov

DT, BRI, R RRORE AT 105

= 25v—2Av =0 = Sv = Av.

bbb

=
H) B,




RN EZBTY

AR —AE AR SRR EE N 2

J LD J U

» maxv!Sv s.t. ||[v||* =1,viv =0.
D

» A 2 A IEAS




B/NERIRE

' é/—‘\/—\él}” ?* zli{xl}l 17 /\ Xi Ejed

} /fg/%&xl:%x '[:ivf/ku EW%PEI‘[:Z?zlxl —

g %‘TB—‘Q:J_ZQ/_—I:}U'D ey Ug - Rdy
— \'ad — ., T
Xi = j=1 aijuj y X aij — u] Xi

P RS AL T2 R B0 |




B/NERIRE

» PCA =i Eme/Mb MR E M1k 2




B/NERIRE

> HARAL R R PUS

d
| 2
j=K+1

- EDSEYTFRIK MR RRHE R

juu




ERT A E

A 4
|||

ERCTr o A e i 1 20 AR 4E T LA
> (EARGEIT LA, AR T 2 AME R

 guit T 220 E B
d n K n d : d n K
— o — V:itr Xq: + — Zi1r U
/N . L] n ¢ . Jk*j n ¢ lkYJjk
Jj=1 1=1 k=1 1=1 \Jj=1 j=11=1 k=1
N— —
Var.of data Var.of first K PCs MSE of K—dimensional approximation

» Wi T Z /e (PVE) FEM I FF




ERT A E

A 4
|||

ERCTr o A e i 1 20 AR 4E T LA
> (EARGEIT LA, AR T 2 AME R

 guit T 220 E B
d n K n d : d n K
— o — V:itr Xq: + — Zi1r U
/N . L] n ¢ . Jk*j n ¢ lkYJjk
Jj=1 1=1 k=1 1=1 \Jj=1 j=11=1 k=1
N— —
Var.of data Var.of first K PCs MSE of K—dimensional approximation

» Wi T Z /e (PVE) FEM I FF




E R T

>4
3

N

—)

Prop. Variance Explained

1.0

0.6
I

0.4

0.2

I I I
1.0 1.5 2.0

I
2.5

3.0 3.5 4.0

Principal Component

= 47 HIPVE,

__/_A

/

X

~

7’3 E%i %/\PV:4

Cumulative Prop. Variance Explained

J

L

0.2 0.4 0.6 0.8 1.0

0.0

I
1.0

I
1.5

I I I
2.0 2.5 3.0

Principal Component

I
3.5

I
4.0




E R T

Scaled Unscaled
-0.5 0.0 0.5 -0.5 0.0 0.5 1.0
I | I I | I I
m - UrbanPop o UrbanPop - =
:= i A
E W™ ! ww E
E o i .'II B D E 15— T i
L o | !
CL IIII (5 L
E T =
3 ' 8 & - dane
2 L= — E 2 N s
-E -E o — " LN - 4 ‘ : : =
= = * . Méﬂﬁ'_._" ——3 Accol O
L L # .
2 0T =
i T o E —
e o 8 -
W oo W o L &
o | I
|
IIZ'I'.I —
[ [ | | [ [ [ [ [ | [ [ |
-3 -2 -1 0 1 2 3 =100 -50 0 20 100 150
First Principal Component First Principal Component

FIGURE 12.4. Two principal component biplots for the USArrests data. Left:

the same as Figure 12.1, with the variables scaled to have unit standard deviations.
Right: principal componenis using unscaled data. Assault has by far the largest

loading on the first principal component because it has the highest variance among
the four variables. In general, scaling the variables to have standard deviation one
is recommended.
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