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K-nearest neighbor

K-=7d 0] 2 (K-nearest neighbor, KNN) €11 2| &
U=, Aah)7 U= H[O|HZ0| O &2 M, =2 =0 CHet
Z2E e
A1tE Of= Z[2 e k7i 2| H|o|E{of Clot A8 E E 0| &5=

- Linear regression, logistic regression
- Support vector machine

- Model-based Learning Xnew = f(X) = Yoow
@ @ ®
- K-nearest neighbor, Locally weighted regression
- Instance-based learning Xnew = Xs = Yoew
@ @ ©)
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UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U '_'_E"_'



K-nearest neighbor

1-nearest vs 3-nearest

® o ®
New
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K-nearest neighbor

ENEEEE 5
3 3.5 1 1.5

15t nearest

2 4.5 1 2.69 3rd nearest
1 1 2 2.24 2nd nearest
6 5.5 2 4.61 5th nearest
4 5 1 3.16 4t nearest
3 2 ???
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K-nearest neighbor

- Instance-based Learning
> ZtZX]| (instance)E O| &2t 0| =

- Memory-based Learning
> B =S5 H0[HE M 22| XZE

- Lazy Learning
St EAGIM 22X =b5 BlO| OOl HEF M E
St OOl 7t EE Al HZ2 24
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K-nearest neighbor : classification

o ¢ © ¢
®
o
o [
o
o [
o o ®
Linear boundary KNN (k=4) boundary
ol Xk
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K-nearest neighbor : classification
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K-nearest neighbor : classification

KU YL
‘ - Y 2R 2o paae

Mz | gz | g | g3aC | RaxD | | 28Re o 72
A 2.54 4.33 3.99 2.57 At 1.54
B 212 3.87 3.84 3.04 At 0.76
C 2.76 417 5.63 3.28 At 2.00
D 3.87 3.56 4.25 3.65 2l 0.78
E 3.55 3.91 2.68 4.22 2 1.28
2 4.12 2.86 3.30 3.71 2 1.31
G 3.24 3.68 3.82 3.77 ? :: i ;

ol X okl
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K-nearest neighbor : classification

@ xot QIS M2 K7he] BIOJEf EFA
® HME ot& O|O|H K= £ E majority class Y °3 2|

@Y= X2 =&/ w2 = Bret

OI|XA| CHOH 1
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K-nearest neighbor : prediction

B
»

k = number of nearest neighbors

o)

OolX Lol ;1
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K-nearest neighbor : prediction

JIE 2T Mz
_ e e e
Craft Rider Ground
A 7.5 7.5 7 9.5 8.5 5.0 3.28
B 7.5 7.0 7.5 8.0 8.0 6.0 2.40
C 8.0 7.0 8.0 8.0 8.5 8.5 2.12
D 8.5 8.0 9.5 7.5 6.0 7.0 2.65
E 10.0 9.5 9.0 7.5 7.5 10.0 1.87
F 9.0 9.0 8.0 8.0 8.0 9.0 1.12
G 9.0 8.5 8.0 7.0 8.0
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K-nearest neighbor : prediction

KNN Of| = &1 2|&

@ 0| Z 6t DX} = BHS K| x M EH
@ X2t C1T™st = MO 2 k71 2| §|O|E EhAH

3 EfMIE| ot= H|O|H k/HE B H A2 X2 0=

OI|XA| CHOH 1
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K-nearest neighbor : parameters

-K
> QI8 o= HIOIHE R 707K neg A RIKX|?

-

- Distance
> 0|y 7t A2|= O{E A Holotn =™ A2 X|?
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I-nearest neighbor

J
J

e > KJ/'
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-0 oX

K-nearest neighbor : parameters

5-nearest neighbor

50-nearest neighbor

2 : overfitting
: underfitting
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K-nearest neighbor : parameters

How to choose K?

- Classification

k
1
MisclassError, = EZI(C" *+¢;) for k=12,..,k"
i=1

I(+): Indicator Function

- Prediction

k
SSE, = Z(y,;—}’l})z for k=12,..,k"
-

L

L

Ol CHot
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K-nearest neighbor : parameters

Classification result
40%

35%
30%
25%
20%
15%

10%

Misclassification Error

—e—Train error

5%
—e—Test error

0%

15 14 13 12 11 10 9 8 7 6 S 4 3 2 1

(underfitting) (overfitting)

k (the number of nearest neighbors)

JN'U 280
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K-nearest neighbor : parameters

-HE| SE 3

—> Euclidean Distance

- Manhattan Distance
- Mahalanobis Distance
—> Correlation Distance

- ™At or EES}

> S8 Ha=0| A2 & 28ots A= X

L

UNICON LAB, Unmanned & Intelligent systems Control Laboratory



K-nearest neighbor : Euclidean distance

X,
s 33
n
d(X Y) = Z(xi _yi)z dap) = J(3 -1)24+(3 - 1)%= NG
' A
i=1
V (1,1)
X.
X3
A=(aay...,a)
B - (b|’ b2’ ey bp) d(A,B) = \/(0 - 2)2+(3 — 0)Z+(2 — 0)2= V17
4 0,3,2)
P v
B 2 2 /
d(A,B) - (al_bl) + -4 (ap—bp) = (ai_bi) Y /
i=1
X,
A
(2,0,0)

ol X okl
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K-nearest neighbor : Manhattan distance

n y y
dManhattan xy) = lei - yil
i=1
X X
Manhattan Euclidean
, 05D R
NAEHsR3A if’
R A T A,
H;‘b‘ol;rn \:“ “',. G .
=S
\\7 / o
UNICON LAB,

o1k i
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K-nearest neighbor : Mahalanobis distance

dMahalanobis LYy = \/(X - Y)Tz—l(X - Y);

Y~ 1. inverse of covariance matrix

- HeS9 SE4s 1801 0] A2 S Aldhots 4

- Covariance matrix”} identity matrixO|  Euclidean distance
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K-nearest neighbor : Mahalanobis distance

JX =Y)TE"1(X —Y) = c (c is Mahalanobis distance)
= (X — Y)TE"1(X - Y) = ¢2
x S+ 85
Let X = ( 1) Y = (yl) e e M T
X2)’ 2]’ s21 Sa2)

=P (x; — y1)°s11 + 2(x; — 1) (%2 — ¥2)s15 + (x2 — ¥2)%s3; = ¢? (v sf7 = S37)

letY = (g).then

— A 3 D -
w25t + 2x, X587, + x%s5; = ¢?

which is a general equation of the ellipse.
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K-nearest neighbor : Mahalanobis distance

. 1 0 =(4 0) _1=(1/4 0)
>:=>:1=(0 1) 2={o 1)* 0 1
(identity matrix)

X2

y & 9
x4 =1
| |

X Same as Euclidean
distance 24

——

-2 -1

-2 ——

J N'U 2ECt
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K-nearest neighbor : Mahalanobis distance

G-y el Bee(
X2 %5

— 2__

1
_xl +x3=1 §x12 +2x2 —V2x,x, =1

L )

ol ke

IIN'U 250
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K-nearest neighbor : Mahalanobis distance

E : Euclidean distance
3. | M:Mahalanobis distance

21
1! -
3 Ly
0 = S
-1 FREE R
ey 47 H
+ " +
2! * '
-3 2 -1 0 1 2 3

J.N'( 2ot
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K-nearest neighbor : Correlation distance

dCorr(X,Y) =1-r

wherer = oyy

expression
\

—-1<r<1 ] i ]

samples

dSpearman(X,Y) =1-p,

expression

/\.

samples

- Pearson correlations HE2|S =2 AIE, |O|H T HO| FALE Ut 75

n 2 (L3 =2l = L_/I'_\_o

h —1_ 62i=1(rank(xi) — rank(yi)) ) A %‘?}'%4"‘ 712 . 7~|9!'é7*|I§7I2 2
waere p= n(nZ — 1) A9 | & |8 | 2 | AZ A9 | & |8 | 2 | AS

Mg [17.06 | 2843 | 19.07 | 3.50 ME 3 1 2 4

2 1632|2822 (1837 | 543 & 3 1. 2 4

= -9- o A AlEL]]22.23|17.03 | 21.90 | 25.63 AEL]| 2 4 3 1

- H[0|E{ 2| rank& O|&SH0{ A4t
(o] b c
UNICON LAB, Unmanned & Intelligent systems Control Laboratory ' N U .'NT-;...ETA-.I-.-:!.!. .




K-nearest neighbor : Weighted KNN

- Classification

~ {(=1 WiVi . 1
- X where w; = 5
i=1 Wi (new,x;)
- Prediction
k
Cnew = MaX, Z w;I(w; € ¢)
i=1
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K-means clustering

« ®&3H(clustering) ¥ 2|EF
« HOIHE |AtSt AE72| 2= A
« 8 ZHO| FALE (similarity)= 3 A|, 28 LS| A== 2HA|

’

k-means ¥ 12| &
1. 2 &o S §IX| 487
2. tdl S22 7o E ot M
3. mdEH "Ha K| 28
4, N Ho X2 2 SH =4
5. =g W7hK| 2-4 1Y "HE
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K-means clustering

2
.k1
Y
a9l
2 SR o 9
37HE M= ¢
2
2
2
2
oo
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K-means clustering

o
0k1
Y
2 Hg an o O
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K-means clustering

o
o .o’
Ki Kig o
Y
o
2% M NS o 9
2ue W2 HXE R ¢
WES o 4
‘ . kB‘
¢ K o
®
XS o ©
K, o
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K-means clustering

102
Y

ME2 3 TS o
2122 Zt H9| 4
A2EE M o

o

® Ko
o
L X2
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K-means clustering

o ’0’
/ ® "o
1 °
Y
O
2% A0 e
H3t A —O ¢
o ® @ ¢
¢ kB‘
k
0‘ 2 ® ¢
O
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X

UNICON LAB, Unmanned & Intelligent systems Control Laboratory



K-means clustering

2
Y
= " XA A
2
¢
2 \
¢ ©
® Ko
2
L X
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K-means clustering

4
Y
4
2

2y sus  |o O
27 B2gNz |

HE ¢

4
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K-means clustering

k-means ¥12|=
i BN S AES FHE , EHAHO 5t "ol He s 2 2t g
A 24

%5
1. M £7]9 1 & Qo2 4
[
2. Ct=2 F EHAIE 2 2H7t Hﬂ'oHI 5= [M{7h K] Bh=
. E2F 2% 24 "ol ofsh, 2 "ol 74E 7= E1AE1E ZLOL HY S otCt
. S22 SHMZEE: = 4 SS2H U= S B2 2 =0
_E M
=1 O
e 1) H-.-k“ oj2| x|’8
7| = X 2

OI|XA| CHOH 1
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