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Ed 7IRE e EF7IE o8 AR A5 AaHelA Ef VNt PE EFVIE o1& AR A5 Uyl

St5S 9t diolHE #HstE oy £ 9,
A7) dolHE REXAE MZ2 (Bootstrap sampling)dte] T oo el MEH XA & 7F dolH=E F&
S FFEXES AZY oA,

Ait delHE 9 dolH® sa 47 Ee Jlw GAR $RAE o geke] 47] A dlelge] Fex 2
) 8 1 )=

(class label)& oZ3}= TR7IE ol&e AH oS Y.

AT 2

A1Eel Ao A,

FEXEY HEY @A, KA A8 9, HA Ad geve 35 9, 9 9AEA Ef A4 dAE ke
sted L Ao oA EA EF(Dy, Do, ..., DDE A= DAE o X EFY VN HE EFRVIE ol &

3 AR oq] H-

O

2T% 3
A1l ghejA,

A7 3 ES YA majority voting)Ql EE] 7IRF GAAE E{HVE ol &S AR oS WY

g5g fgk diolHE 3k, A7) vlelElE FEXEF] AME¥ (Bootstrap sampling)dte] F& dlo]g e} Al
P2 ke A5 dolEE TR doly g BE

né

=HHA &2 371 A dol

shebulee] we oxaA
o], =2 Fur aks

A7] &4 dlo]g el KFDA(Kernel Fisher Discriminant Analysis)E Z-83s}ar,
HE o] &3ste] AFS Fd3ta HAHo Ad FHvEHE FE3He], 47] A Ak
Eg (Decisoon Tree, D)E A3, &3 TS ol&3te] 47 JAEA EFE
=
=

e AYHE 4% wE, 9

u
=
k.

A7 Eg] 7)HE ks B{H7IE o] &3l AlgF dolE e a2~ @h¥(class label) S dFslE A= RES X

ot B 7 G EFRVIE o1& AR o5 A=H.

u

7] shE e L9 A E Dy, Dy, .., DDE A,



[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

[0007]
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47 dole] A mEE 2ol oAy EdE B4 doid AEA
@ odolE W 4] A3 dolHE A4sE Eul AW 3R BRIE o18% Au o5 A
37% 6

Aagrel glolA,

A7 3 AL YA majority voting) ¢l EE] 7IRE GAE EH/HVE o] & AR oS Al2H.

I B
B oago AE#o)Ad 2@ Ax oA wAEE dHolE(AR)e BF 7o #I Aow vhUgdt Al
(instance)®} 54 (feature)S 2zt dlolg 9 2 ¥ (class label) S AEsHA oS3t 71l

o

A dolEEe B He o Mi(variable)st AFe] dolE TEE 2t A9 B wEe] AE
o dFFORE FRE GS/8BF AWNE 5T & AT, 2o} 0T % AA (sensor) 71%e] W 9l
sho] AzFACIL FAFE Hopol A s 230 el WS A4 dolEEe] AR AHser).

t}o¥slk Abdl(instance) 9t &4 (feature)S 2zt dHlolEH 9] Z#2 ¥ (class label)S AEeA oA Fstal &7
)

she D Ed(tree) 71Wel FmeFE]l AW, W} 31845 oS Rus} WojAe 971 vk,
ot WAt FBES A9 SR A% BAS delEe] wol= F oy B ofelge] WAHy, ¥
- ]7 %

#Z3k dolg & wjio ¥ F7F(input data space)ollA 7]EY LagEHE HEst=t ool uj
of, tlo]E Atdl(instance)d] Z#2~ @@ (Class label) S AEaA o =3l7] o]Hl. wld] WY 2 Fo)
A koM E AFEsA dolE Atdl(instance)] F#l2 ¥l(class label)E o 5sl= &ag]Fol o}

gige] g
S dst = HA

wowo] ol2ig she lEHe Bl We fo) Mg bl 2gd el delgd] YelA 7t dole Al
#(instance)?] Zei2 2P (class label)S AZsA d&stE= Ao)

HA 9] djd T
2ol A AA] de) mE Eg 7| HAE ERF7IE o8 AR 45 S sas 99 doldE A
st deoly 3 A, 7] dolHE FEAER AME® (Bootstrap sampling)ste] & dlolH e} A& X
Ze AT HoHE FEse FE2ER AMEY A, 7] FH deleo| KFDA(Kernel Fisher Discriminant
Analysis)& A 83l KFDA A& WA, MEHHA &S 7] 5 volgE ol &3ste HS5S FdstL HA 9
Ad I EE FEete HA Ad I FEF A, A7 A9 Ad gdeprgHe wE i pAA Ef
(Decisoon Tree, D& AAsI= AHAA El A4 oA, §3F 13E o] &3te] Aok & o] Ara7R
= A A, H Al HolHE 1Y dlel
Mt dlolee] @l g (class label) & 453t
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[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

KPCA+= Kernel 7]1¥te] PCA(Principal Component Analysis)E F3sls dugEor, vUd AdS ]'%5}04
H| A8 dlo]e FZ(non-linear data structure)= O]EHO}ﬂEﬂ % A
A BEeh= wako s Aw 529 AZe 7] A (basis) S F= ojth. ol& FaA HelH AdE F
2371% tal, MZE 7)1 A(basis)E 5FE A& = ?ﬂ'ﬂr. KPCA—; WA Al dlolele] Ad w3 (kernel
mapping) $1°] #AY EZ(kernel trick)E o]&3do] 48 dolE(input data)E AY =54 FZHkernel
feature space) % V[ (mapping) 3c}. o]l 4=& FZF(input space)ol = B A E A (non-linear)o]il, H|¥
2] (non-separable)¢l F+x7}, #AY EA F7r(kernel feature space)™} 7o) 12} (high-dimensional)d 7
Foll= F28E 7beAdol 25 9 =

LDA(Linear Discriminant Analysis): ZF Z#l2=(Class)ol &3l HolHE 7Fe] EAH(within-class scatter)
2 HxsglshAA 7 F=3ke] BAak(between—class scatter)< W38l ZZ A M (projection)S e &l
glFolth. LDAYE Edold dlo]E(Training data)E %B3te] A9 T2 A M (projection)S 2tal, HAE o]
El(Test data)oll A-&3le] B]2E dolE{(Test data)e] Z#=(Class)E dZ3HA o).

2 ago A dlole e 5 FEsta ZF vlo]E Al#l(instance)2] E@l& #¥(Class label)S AEsHA o5
371 913ted, KFDA(Kernel Fisher Discriminant Analysis) 7]¥Mika, S. (2003). Kernel fisher
discriminants. PhD thesis, University of Technology, Berlin.)< o]€3tt}. KFDAE KPCAS} mizix 2 AYd
(kernel) 7]¥ke] LDAS S3)s}l= darg]lEolt). oju] KFDAE KPCAS} LDAS] X33} A g elAl dx3ttl. =, KFDA
glole o] Z#~(Class) RS o]&38lo, HY 54 FIt(kernel feature space) “FolAl & 7bsd 3%
Zt= X2 A M (projection) S 2= 7|Holt}.

ﬂJlﬂJ s

HA, =18 FEste], £ wyel A AAde w2 Eg] Juk s RH71E o83 AR o F Al2Ed O
3 Aeditt, & 12 ¥ b o AA e wE Eg 7y e EFHVIE ol &3 AE oF A=Ee] U)E
Bemoltt. & 18 Fxsd, E 7N FE BRVIE o€ AR oF AA5(10)2 dHolHE Fsta
AMEFsHE dolg Ael EE100), FHE dolgHE g5t Ed 7Nk s BR71(Rd)S A gy
EE(200), Al dolge tisle] s EFH7IE A83ste] Hole Aldl(instance)?] F#2~ 2 (Class
label) & <lZdtes oS EE(300), 2 dolEHo]~(800)E E33ch

B g AlEEE -R

R

o

Seglo] Pase] A WeE one 4 glon,
91u1 S @ %—%4 sEdlolE oulshs e ok,

Eg 7ik e £R771E ol8d AR A5 A="(10)9] HeolE Ad RE(100)2 FEAES BEYER(11

REXEf AMIYPR(110)E= Yddlo]E(original data)E HFE2EZW MEZ(Bootstrap sampling)dle] & d]
o]E](training data, TD)&} M=% (sampling)H A &S 715 dlo]El(validation data, VD)= &3k}, uvlsbzl
sHAlE= Qo8 (original data)dl] whstel & do]E(ID)E 75%%2 FEAEWN MEZZ (hootstrap sampling)<

RE2E MIHYR(110)= KFDAZS A g3tal oA Z2A Ed (Decision Tree)E AT unlt} Aj2o] REAE
HAELES st A dole] 2 AF o] 13 Ay, RE~E]] AMEH (bootstrap sampling) &, W
TES WYEA 2o Ko A BEAl(subset) 02 THE

O_L4

Fl

A=l
=
o

2] KR a%/\]é Lq] A],Q.E]lz _HrE/\EEu /\u%%
o] kA (diversity)S A FHAZA 5 A

j=1 g %E—]O}ﬂ] §7H01 U]'EL‘ Ailj/j\EE 8H}‘1 oo]'}\o]—
=], =) B o= A 2E(10)9] 5 FE(200)S KFDA #-83-(210), #HE%5-(220),

JAAAFER] AAFE(230), ¥ HHE EFV] AHF(240)E L F3

E3 AMZF(bootstrap sampling) A¥ HAE TH do]E(training data)ol] KFDA

“=(Radial Basis Function, RBF) #HYEE A}-83lo] KFDAZS 2838 4 glt}. KFDAS

¥ (projection pattern)< M&FA €oJZ LDs(linear discriminants)®} 3 3l35}7]

F718 AREsH7]e o A 3sltt.

AFTHF(220)= MEHEHA &S 75 dolH(validation data)E o|&3te] HAFS Gt HA 9 #Ad o]

KFDA &3 (210)= HEX
£ Hgah. WAL 714 g
A&kl dojxl Z2AM

ol E](Tree) 7]uke] it

e
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i

i

HE FE34.
AAFEY ABGHF(230)E HA Ad g & A4 EF(Decisoon Tree, D)E L(LE 2 o]49
2AA5) NE A

e LR AAEE(240)= L e AHEA EFD, D, ..., D)E EEE] Ef 7Nt FFE ERVE

s, oAtAdAR EFE Wglel=d AMgstE §3 7E (fusion rule)e A (majority voting)d &
ATt

E 7|dk FE EFRVIE o]83 AR odF A2H(10)9 oS EEG00)2 ASF(310)E EF3.

Eg 74k s BRI)E o] 83 AR o A 2E(10)9] dF RE300)S e~ 2 (class label) ¢ Zo0]
ST E At dolHE gwto} sk BEAA AdE Eg bt GAAE BRVIE o]&3ste] 7} dHolH )
2 2P (class label)S o|F3t}. o F ZA3E dolE{Ho]2(800)0] AAst &3 4= Ur}),

dlo]E o] 2~(800) = 5 Hste] e deolgE Agstt. 3k, FHE dHolEE FEXER AMEH) E
gold dely 9 AF deolgE A 4 vk, E3, EFeold dlo]H] KFDAE &3t 23, AF HolHE
o] g3t F=d Ad Y, € FE EFVE AZE 7 Jdu. TS, At dlolg & oo Uid o= A
#E AFE # o). B Ao delEHo] e}t -2, ZHZhe dlolguo] e UlSH = HARE AAst=
AT E S B sl=gole VFE T2 AFS 9uEd = ).

Al E'—“‘EF(U]E’\] & Eg 7)Hb GAE BERVIE o83 AW odF AAE(10) A¥EQl F22 Aot F,
tlelE A E(100), 35 EE(200), o HEE(300), ¥ dle]gMo]2~(800)2 54 AT 4 . o]
o= 2, gﬂ 716F HFE BERVIE ol&% AR oS A2E(10)9 7} RES HEY AR FAHE T
ATk, ojul, Z4Ze] AAEE AREE 77 Fu|E 4= Atk

olgl, & 2 WA & 6% FFdte], B uye] o AAde wE Ef ]y dFE BEFVES o83 HH 4=
A|2ES o] 83 Bl 7|ak S BERVIE o] &3 AR oF HHo| tiste] 2] AHEES 3o

&
dolel @ @A(S100), =P HeolgHE st&slel Ed 7|k b 5
(S200), = Aol dolEe] sl GAE BEyE HLde] dolE Ald(instance) a2~ 2 (Class
label)S <l53h= o5 @AI(S300)E EE3lc).

“dxi, Eg 7t O*J—% %}%7]%— o] &3t Au oS AlAgle] oy A2l EE(100)2 StES A% dlolE

~~
o
-
0.,
=
Q
0.
oQ
=3
oQ
~—
mlru
EE
o
x
w
—
=
(e
~—

5 ERVIE o83 AR oF AxEl dolE AHg EE(100) YdolE(original
E® AMZY(Bootstrap sampling)dte]l Eold ©lo]El(training data, TD)2} AZ%(samplin
g) =R 2 AF dolEl(validation data, VD)2 F-E3ch(S120). vpEAstAl= Adlo]E (original data)ol
tjale] Eold dHlolE(training data, TD)E 75%% FEXE#W AMET(bootstrap sampling)S b, ojuf,
El9} A3 dolE &= KFDAS A &3lx Q’\Vﬂﬂ Eﬂ(Decmlon Tree)E s Uﬂ‘j]-‘i} A EA A

E
e HAY o AEEE FEAE DY WEEE UK Fl0] BEL ANAEE EdlX

iy T

J‘?"EZ—\—E% /“1}% (bootstrap sampling) A3 AAE FH dolE(training data)ol KFDAZ %|-83}(S210).

WAl 714 ¥F<=(Radial Basis Function, RBF) #¥-2 Alg3}o] KFDAS %83}, ?iﬂ_% KFDAZS
%3117\1 Oéoizd x2Ad " (projection pattern)> AMFA doIZ LDs(linear discriminants)e} asl7] o
woll EF(Tree) 719 GFE E/7IE AMESt7|ol ofF A3falm, 7|&e E/7IET ¥ U2 745 45
o

g5, MEHHA &2 HS delH(validation data)E o83t HE GAE st HA Ad vy
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A2 Sof, BAILL S} olde] Auh 2 W, BAIS J0S HUHe waARAW), =, Fos ) 2
e Husietua 2as U B Aases waddme 22ad. o, P um gz oua
o
T «®
w S,w
J(w) = — g
w- Spw

Sg) = (m}b — mg))(m? = m}D)T

)

S = Z Z (D(x) — mE )N D(x) — mE)T

i=1.2wex;

1 <l i

o, HAe AY Fetuee w2 oabdA Eg (Decisoon Tree, Dj)E AA3TH(S230). =, A 4A EF
(Decisoon Tree, DS Taf mdo] g<&dc).
REAEY BZHS Zd1o] A5 HAY Edlo]ld dolE(training data)ol KPCA2} LDAZ A3+ KFDAZF %

453, AS dolE(validation data)E 7]HFo 2 FZ o AY yuHE FEF8}aL, olo wE oAAA F
(Decisoon Tree, D;))E A= BAE WHEa0](S120-5230 H+& $210-5230), L(LS 2 o4t x4d4) e 9

AAA EFHDy, Doy ..., DDE ST

o2, 8% & (fusion rule)S E3to] L 719 JAZA E](Decisoon Tree, Dj)S ed}e](5240), Ed 7]
A 2ES AATR(S250). v AlE, oAMEA EF BHES f18te] AMEsteE % & (fusion
rule)S v (majority voting)¥d 4 t}.

S, Fd2 #H¥l(class label) oFo] @75+ Al HolEH S Y& =1}(S310).

At dlelge] tiste] gy TAI(S200) 04 A3 E Eg] 7IRE HFE BAS Jvte R 7} flojEH e S g
(class label)& oZ3Hc}H(S320).
%4 sto] AlE# eSS Fasty] g g dolHe dAlAQl EHoell, k

= 49 ()= F MY A3 (two spiral) TFFo AlE#olA dolEoelal, & 49 (bh)E circle in a square
TFx2e] AlEHeld dolHolth. &= 5 =49 AlEHAM HeolHE 5-FS wak ATH(5-fold cross
validation)& 7|9to 2 AE Alo]=Z 5002 3}o] Bagging, Adaboost, Random Forest, Rotation Forest
2 KFDA 71 & ol&3te] Al g AFxoltt. & 55 xstd, # dro wrpE KFDA 7|'HE A&3te 4

-, 719 7I¥E(Bagging, Adaboost, Random Forest, Rotation Forest)el HW]3}e] A& %:=(accuracy)”’} Fal,
¥+ 2AM(standard error)7}F W AL A& 4 v}, 53], YA (two spiral) FFolA M} HEa BF
oS Ades HA.

T 62 2y o AHA de mE EF 7w GFE EFVIE S A orHQ % Z=(Pseudo
code)°]th. X&= &9 ©lo]H(training data), Y& 2 24, L& E7719 M5 (5, H3E /‘PO]Z , K& A
B Al(subset) ] Mgt s w] JAHE BF7](Ensemble Classifier) S WE7] i, 7592 F-EXEH WZ

¥ (bootstrap sampling)dte] F& o] E( “I)E st MFEES APeA 2o K9] A B A(subset) o

0(

= wrEh, olm, K jwia oAd 2eE sel AEUF jAA ABAe F9 delEE ou@th, ol
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A 5ol A A B Al(subset)el] KFDA(Kernel Fisher Discriminant Analysis)E A3l MEZHER S o
H(%va )2 o188 AZ(validation® FN H4e) AW sepe P e B, LAY oEg U
DNDE AAdstn Ad7ste] I8 /718 AT, oL, A9 dlol8 At (instance)dl thsle] dE &+
ol gste] 2 2l A5 S Gt

7]

il

=

T =

e = =AIE AA o E Far dhEHden o= oAAA Ao B, & 7lE Eoke] 49
AN AR Ak olzRE ke WY R @5 B A4 ok sbesithe 4g olsl@ etk uhehA, #
el AR VeA B Hele FARE s v1sH APl ofsl AaliAor & Aol

Foo Hy

100 + E] 7|9 e E771E ol &3 AE dS AxH

100 : dloJg Ha =g 200 © S EE
300 @ dF BZE 800 : Ho]E|H o] 2
=3
EH]
100 == GolH X2 28
200 —_| o o5 B 0] 0] = 50
120 KFDA H g5 |
130 /*\_,i H== | I
140 f\¥‘| Decision Tree 2415 |
PO qus per wus |
A = % 25
310 e |
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k1
:
[\

' 5 ]
Bootstrap [ KFDA
L] B S m— >((Dedision Tree 1 }—

7 R
Bootstrap _)[ KFDA H AR
sampling )___________. > | Decision Tree 2 |—

( Bootstrap | —>(_KFDA ] J W

i B— o((Decision Tree 3 )

A Prediction

Bootstrap _)[ KFDA l )
sampling J___________. > | Decision Tree N |_

HloIE

Cjojel f E~

KFDA X2 CHA| | ~— 5200
v
As @m0 sE A |
T i
Decision Tree(D;) 444 THA|
v

Decision Tree(D;) &

A dlolel g2l e | ~ ss00
v
HlolE o= 58 £ |

S8
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Ry
= var 1 ]
0 | =
° 2 e . %
o |88 Fex ).;g%°
. s et
B 5
w : o
D' = [ -
o | var3 re
f o4 La
0@ | a
! ) J | ’ 'lll‘ .0’,5 ﬂlﬂ ﬂl$ (la .
10 05 00 05 10
(a) Two spiral (b) Circle in a Square
EH5
: s s " Random Rotation KFDA
Dataset | Instances | Dimension Class Method Bagging | AdaBoost Foiist Foist Forict
Two 500 5 5 Accuracy 0.9676 0.9708 09712 0.9244 0.9984*
spiral : (Standard error) | (0.0068) | (0.0041) | (0.0074) | (0.1602) | (0.0008)
Ci‘;cale - . y Accuracy 0.8913 | 09167 | 08780 | 08287 | 0.9433%
Square : ? (Standard error) | (0.0112) | (0.0108) | (0.0117) | (0.0084) | (0.0058)

* with bold denote the highest accuracy

EH6

Training Phase

Given:

- X : Training Data

- Y : the labels of the Training Data

- L : the number of classifiers, i.e. ensemble size
- K : the number of subsets

Output: ensemble of decision tress Dy, Dy, ..., D,
-Fori=1,.1L

- In Train dataset X, data randomly split F (the feature training set) into K subsets : F;,; (forj = 1 .. K)

- Prepare the rotation matrix R§ :
-Forj=1,. Kdo

Make a bootstrap sample X;,; from in F,; (with sample size of 75% of the number of instances in X;j).

Remaining data is being automatically validation set X,
Validation phase
- For sigma = 1e-7 ..., 10 do

Apply KPCA plus LDA on the sample X;; to obtain a coefficient matrix C;;;
Fit the model of the coefficient matrix and compare the accuracy of each models by using Validatio

n set Xya
Get the best model and sigma by grid search.
Arrange the best coefficient matrix of C;,; into a single rotation matrix

Store information of features of each subset and construct the rotation matrix R} by rearranging by the ro

ws of best C;,; so that they match to the original order of feature set in F
- Build a tree-based classifier D; using (XRZ, Y)
Classification Phase
Given: data instance x, ensemble Dy, D, ..., Dy,
Output;
For a given data instance x, the predicted class label erom each classifier D is:

=2 DXRE)
i=1

_11_
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