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1. A &

A A B A Uojur We YEo] EF(Classification) EE S (prediction)2|
gixe} DA gty F A Fo o= AL 7 AU, IR 9l FFH AL
Ure 7 yE AozRg AAHA W FAez ¥Hs wddud & HF
ve=s og Ropd] A dojutm Yt EAS EokolME R. A. Fisher7l 1930
2o) et AeS BEAE go #EEA JIPE Moz ALIdH =2E VAT
% (Machine Learning)%°Fol A= Thornquist®t Morgane A5 322 #5xES F
o}z urale] AID(Automatic Interaction Detection) 71H& A <t3t% 3, Friedmane
AID7|Ee BESH BER o wEHe 2F AR FHoR wAAZOH,
BreimanS < oln] & d#A 2HF9 37 E(Classification And Regression Trees,
CART)Z @Astgtt 7A@ durd oz =g dolAY ox Al 7|22 3
& AEoz AN F= FAL vt ¥FIY EF EAE AAsy] A7 PP
By EAe u2sto, 7]A <5 (Machine Learning)®] #obollAde o8 7kA 7148w
g e} Fol *7H-‘=421~tﬂ o] =X C45 CAL5 FACT, QUESTY 7IAldts &

AH °]%(Informat10n Theory)S 7]%& 39 Friedman©] Breimans3 %7
CART(1984) Al4®ld g H@Wy& /Mg C45= Quinlan(1992)°] Ao
CAL5U a2 CARTAZ2HAA ==t T A¥ YFolxe dHE Bolksto THE
o] g o1 Loh$ Vanichsettaki(1988), Loh$} Shih(1997)& EAH dEENS 7|AT
& gugZd HEF FACTS o2 7/iME QUEST 71Ass dndEs s
o B =R 2o AR AL @ 98 74X 27 wel deix detri, Is

#(402-751) QAFGA 7 §EF 2634A, At FASHA, AF
(12270 HEA LHF = % 5¥x), FYPRAY, dhAlE A5 A
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2. W8 54 ( Discriminant Analysis )

=7l 9L vIAE Ao AN kN BEEF X, X,, o, X2 o]2eR
#EHNEE X'=[X,..,. X, ]2 83 DAEL NEEF AW (o) LS5 A
(0) &2 o] F0lA gled, 53 AAAe #2gE xa¥ o] AHAI}L o0 &3}
A oM E wy ol F3EAE BPsdol Frt olu), o9 HELE F5E £(x),
w9 BEUEYSTE fo(x)T EV8AL #2 g x7t olF:= FTEEAL QF o
W olAE F Y ME iuiel RR2AY R LR 2 Uro xeR Y W xE 0o
E, xeRY "ol w2 734 "o FolX BEXNE /A3 BRI} AL

28 & 3AUY w;gy FE ERY g5
P(jli)=PHXeR;| w;) = Rf(x)dx (2.1)

ol (i#s, 7,7=1,2). & 2¥21L k=19 A$9 22 F FEL Yetd Aok

P(l|2)=j‘Rl\‘,(x)dx

0 2 o= ' ©, 225

"2l A=1Y de R2FGYGel O 22 F g8

1& BEA X7 ol £ Al W, Fold BBX X7 0,2 S
EE % ERY $8L 9L 2o

1

P( w-i E'a] ] T HXER, I wj)P(Wj):P(il])ﬂj
Plw, 2 2HA & PXeR;| w;))w;)=P(i| d)nx;
o 2R uge W e &4 vEAL2 49 A & Yo

i
b=l

:1m
1
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25 2%
! )
w 0 C(2|1)
AA 2R
) c(1i2) 0

9o FollAH o 2 EF Hojokst: BAAY 0,2 BF FHoloksts #AEAIL w),
w2 T BERHUL A0 HEL 0, 0,02 EFH oL e AT 0,2 F

2 Beg A9 HLLE ¢(2]1), wE BEFH} 3 HHXI} 002 FER E
FE A9 vLe (1122 YeEdAY. et ofd EFHA digteq & &
F o7 u]&(expected cost of misclassification, ECM)< th& 3} o] A ejgiry,

ECM=c2 | DPQ2 | 1D)m+c(112)PA|2)m (2.2)
el Aol BFFR L ECM#tol 7H53 3 ¢ e e 7hAof 3

22. 7t x v ¥H¥

f(x), H(x)& 7 AFHEE 4, ppolD, TR PP 3, 5,9 ohaF

AFEE dedra A oo 2D o, F wd Uty X' =[X;,, X194
PEE Be3t 2o| Fojnth
()= )k,z} AR exp(—'%—(x—/li)'zi_l(x—ui)), i=1,2. (23)
old, RG] BE yy, py, AT X =T o] gl JE <A dv1 A

A O
Ri={ (u~u)s"

—%(#1 _llz)'z_l(/ll“i'/lz)zh’l( gg 1 %g )( Zf )]
R2={ (o) — )" 27 'x

—%(ul =) 27y + )< ln( EE% I %g )( 77;12 )}

(2.4)
3. CART ( Classification And Regression Tree )

H&2Z x,eX7F £33 Ad
(learning data, L)& Lo|g &3 3

inefcy, ..., toldtn & w, N9 FEAE
IR EE L= {(x1,7),....(xn, 70} © B0

o tlo
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o EFAE ZAWE X ANORVEH AN X A $EAFoz i)
pests 42 WBPoRH P & Itk CARTY =dE F2ae o oA 3
MA EAE Fo3 dEARE T Y bse @ A A2 el A2 oY

A AHgstE7E ot o2 ZBHRl ALL EE TH5 A8E By RENY
(parent subset)2t} U ‘¢33 ZHzbe] ¢ REFFo T BRFIHEE HE>stE Ao
=29 BEE e WL 2 Hd gates =28 957 98 teF e %
Ho2 Ay
L 2 ==(pel &8 A87F G ol £ &&, p(c | 1),7=1,2,...,J& A
ot old A7 p(c; | )9 L plel ) +...+p(c; | £) =10t}
2. 71U A< (Gini Index) i(t)=§p(ci|t)p(cjlt)% =2t M9 EE(impurity)

HEE Ytk 2 gl gkl AUAS ge Adete] A% Re e 2

T AFE dYste] 289 27 58 FoW == (v FAY == 4, 42 4
T =2 ol £F AAE o ped HERZ 43 52 2TET 499 )

A7k =2 ¢ & &S pH L Y, pr,pre BT pr=p(tL) /00,
pr=0(tg) /() 22 AT F+ Jdo EE AR #ZA2T AE s, HE
Ai(s, ) =iWt) —ppi(t,) — pri(tp) 22 AE F Yo}

3 4 xE(p)A EFAEE HF Bol ZaAIIE  oBIT ¥
Ai(s, ) = max sdi(s, )0 93 a1 A& ‘o' AAE BF 2 ‘oY
'Y MAE #h2 RHE WioE Ede YA vAY wzo] AFS &
o] & ZdA AAHE g4 Fplurality rule)ol] oA AA AT matA,
plc;, | )= max; p(c; | )o19, vlA T w2 19 AFE ¢, & AR} T}
oA Ao &3t F B2 BAAI AF oA v =5} HAuoE

4. C45
41. 44 Ed9 =

Age HE PYL DolBm s Tl &%= Z AASse AF
{Cl,Cz,---,C]}oﬂ 9’]3]'04 T?’l,TT’z.-- T,,ng]. z2 *‘T"‘"E" I:]l:}oi L]-_r]o-]zé 75“(1)‘
Hunt(1966)= A B &l &3l Eglg FFse WHS ‘2}6‘}21‘4.

=

Hunt(1966)¢} Quinlan(1992)¢ 2]3ted A¢td C45 LneEHL 2R EHJE T3}
£ e o= MEE ogstel EelE FHAE Zo| Ay ANE F e AN
sl E2lg T8 Uitk Trol FoAE W AR awm(THE LT Bol Felsh
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AT
(4.1)

info( Tr) = — | T | Try| )

BT <o T
ANA | Tr & Tro &8 289 AFoln, i Tre 7 AL Folmz |7y
T 4 A5 &3t AFolth. Trol oW W Xo| s Tr, Try,.., Tr,02
oA Tre WS xo| we g ue Z REYY Trol diste og 4
nfox(Tr) & A9 & 9o},

. Tr;
infox ( Tr) = z:l || T:|I

A A& ol&dd gy 2 AR 2 = XE MYl EEgozi dg &
Je ARY o5 gan(X)T gan(X) = info( Tr) — infox( Tr)olth. W4 & AH 9
°o]5(43)& HUE 3= R 93] EFE ASsA "ok ¥F X9 &4 A9 7
zste] ABH/YT Trs EFT A TrilM £4 AS =8 HLL FE 39 A
Ro| ol5%L gain ratio(X) = gain(X) [ split info( X TR & F glon o AL
nfox(Tr)E split info(X)E E7)3t}

X info( Tr;). (4.2)

42. o] 5& 7]

HN

oH Y ERWHE AR Felol W ARso] W] Eae] Welst A
o S Welsk 4% sy Mgt ArolSe AW 1 WS WX 2L s =9
g 9457 WEolth B¢ BE Hde sty 39ue REES AGH] GE, o
£459 e ARE Y2 BYAE AL 7 U A9wne TR 2B QY
o)

N
-

He7b ol A €

ae, o] F JEel oste] o7l WelE Ao §FE oL F o 7}
] $4ES Avs FozA FAHY A & Qo 4z 28st Sate AFRD o}
Het sgats, HEE A2 wdeg Age JRE F AHs F= 28 AR g
i ZHA s B At

am 22 82 AAYE B HAHE AR gstd  split info(X) E
nfox(Trel AE ol&std AidstA =3, TrE #/le RE JFoz YroEo
BxA dwtzlEe FAH FRolth TF gain ratio(X) = gain(X) | split info(X)= A
B H7E /8% &, 2/ £go] He 2o 9ste dutsges wdsn o

N

5. CALS
0% ERHE Arse #A AYelm kAY WEst EAVTD shx. CALSE
nAUoRRY REIAY 0,€0(=1,2,..., B s AL Fdoz e
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e

44 Wsre E9 759 4o g Bel FA HEs R WA %
e BEYAL AT Y AFE HYRA Hn 2FHE FY] A5 WiE HA
& FHoE rolF: GuIFE W TSt RE AREE ol F7Ml
% 29 &4 Aol wek €43 Hof Yokn su, T FHE FHIZ HrofA 9
B s 72 [A B4 A5 8 A2 THRE 298 Fe 9FeA o
ezoz ARE AL AAAY AL 44 ¢ 4 4T BV dAA A
[e)

2 Ao, AF AL 73 44 EAx==E 3 & W 2UAR FE
e | o FRFE ARSI FF JoA o3 7HHEE 2R
Hi: # I9AM plc; | ) =& 3= AF ¢,;7F EAL
Hy: 72 1A AAYE ZE Al o dstd 254 plc; | £) <7 A
ki
Z+ AF ool diste] A Fzto] vlE AAE BEU|FEYG AXE JHE Hig AY
ti, A F3re] E71HRT 2oy Ho.8 A"stA dvhe FHojo weld, ¢ 714
st AAsHA A
1. gteF 99 AlF ¢;7F EASE F, Hy 7Fdol 7 I9A ¢;7F A%
Aol god, 73 IdA #AL FUA "ot wgA EFe dHZA A
¥ o2 ZAsHA "
2. WoF 7 IdA EE AF didt Hpd 7Hdel 2o 3 A= A
2 AT F Utk o] Afoe T DAAA AR E AYstoq 2T
< AS3sHA Ao
39 12 E 9 A5 HFo=E i A28 YA YW 73
Ao HpoM tF BARNE Ao 2 A FIke] FF=ozi, o
Hi3% H:E AA37] 98 =7 F718tA ok wef 9 o] #3t
g5t 91 A5 v AF AR 4 AgY 8ol g2 2
AdE 2A43A A

AN

o0

=

2 o W

X ot o

6. FACT¢ QUEST

Loh$} Vanichsettaki(1988)= FACT(A Fast Algorithm for Classification Trees)
A EFL AA3FAL. o] daxYgFAAME 4 oM BETEE dr] Y3 HFE A
g3l7] f3 FAH MAAAARE EYstd, 28 Fd HAFE JEG 3 BAdENS 4
gt weta, 4 =M e F /o)y AV A4E F o AAHEY AVE
ug] A3 AXFE 93] A2AHT. FACTE 8 E2 CART(Breiman et. al.,1984)3]
3 3t ML E o83 REE st AYEEE Jtsside o] it
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6.1. E3 +53A4

ke 257t EA5 o) A8 AFE ¢, j=1,-,] FoIA ARAA
AT c;jol AFste A8 F£& N;F ¥ A ZEY FE N= l;zv,-om. =g
AR2FEH g == oA A8t Fste AF e LU<) 2 E7S A
7 ¢ F& N()En Z713A kdA WEs X, BFA= x,F Ak o
AT ol A Abd 8 z;=N;/Nolgt & £ 499 A7 == toA A
H ool £ &8 plc;, )2 plc, ) =m;N;(H/N;ol 3L, == o] &3 AAT} A
7 Y 3% FE p(c,-lt)=p(cj,t)/21>(c,~,t) o] Ft} Tt EFAHE

VAT ()= z'(t)=1—2]1p2(c,- |t 443

62. g3 A9

dole} ==& B3] Adte] A &A% AFE XT3 34 FACTE £%
€ 787 Astd AF¥WE B4 L & F 7HA
=2 Ade 2R w7A] FEL Fx=E of Wth F HAAe AFHY &
Abo] YA FE FE AvhE Aol FAHAGE Aol

olE T 7kx EAE QUEST7F sidsided 1 A4S d4sud dga 2o
2w, o7 B£¥E& &3y s AA A T+ 7H8 = A (superclass) 2 & 4

il
tlo
4

FolzTh Bt 24 %2 FE Y& Tt F Y 2 AT o BEYF
g Ageh.
A WA T e AgRe AW AR AFAY ol BERHE TR

TAA AFS AEHEE 2R ojw), ATFEES] FFT BAL AR2RE 23
goh g2 P9 28 (i=1,2)AF9 HFY Biolgn x40 E
1

0= @n) Texp(—2)Q EF FEE YEPFAD 4 ol BERHE X
g 4 Y Froez UrEy I TS AHRW (—oo,d),(dy, dyidy, )0 T
old, d,d e ey | Ds ¢ ((x— x V) s))=plcy | Ds; ' d((x— 2P )]sy) BAA
o 2 ojt}. o]AETL 37 s, QUESTE BRHOZ T 749 2 oA st}
e AHgeth T oY 2 oA 7t AT BEHI e AL BgHoez A
g3k T e 2 AFoZ du Fustat FAME 2-HE I} duyEe
Hgstay At wek AT WFo] FAsH, R A 2 AF A
Y1 e gel= 2 AT B7 8o o] dng=g goksid gL g
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L 2-8% £33 22gEL Agstel AFE FAY 2 AF As B2 ek
2. x4 % 42 2 AF AY FFH EAolFdx A AF BY HEd EAS
xp % sholgta A EF MA |t 2 et O p(BIH=1—-pA] D

g % AFY AAAFgEolgL dhA.
3. o)A BEEE ax’ + bx+ ¢ AT H(74)0 logE FHdd At

a =s4—sh

b =2( ;ASZB— 5_\’53834)

c =( xasp)?—( xps5a)’ +2s4shlog[{(A | Osp/ (B | Dsa}]
9} Zo] & & Qi

4. d7V &8 28 4 =T X =JdoA 23}
(A% a= @49,

(%a+ x5)/2-2( x4 — }B)SiIOgM, Xa¥F %p,
d= Bt

XA
(b) Dok =009,
(1) e b2 —4ac<0°1®, d=( x4 + x5)B 1 Ag}.
(i) ek »% —4dac=0°]9,
A T Y 2 Q22 H—btV I —dac)E x4 TS & 42 A@
o, olf ZEAE st E W=A A&7 L§EH] glojok Frt
B. 22 99 ASolE d=( x4+ x5)/22 RGBT

7.4 8
71. A8

7.11. <AJNH A

FTARNA L B HAANAY A7 AE 7Y £ 57 Eo] AX1 A
o] =% wgt BHIY. olAgre 1FZd ANEZEE o xgoltt zF 749
Ztglol] Bo] Eo] & &L 0lojth. £ AYsA Zexd, 2 A5 AY HEH
(xy, .o, x7, Y3 FEH ZAFola olwe] YE AFolx, £4 1,..,1& 55 F&

& Ztedx JHAREAL E=3 FoA4RH Yol tistd x, ..., a9 24 S-ola 099 &
€3 o8 &&o] 0.1EA Yo U&= goll 22 & ;e zEd AEe ULR
713 Zr}.
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712. }594 A=
deoz R5PUAES] AYEA AN Lolum @k A A BEFeQl
h(D), (D, (A 7122 8 7 AFL oS BE P 3o 5 Ao AY 2

29 239 APos negoAth 23 APE X ={(x, .., 1y 5, 21-ALolT}.
AR 19 W x8 YA A6 SYHoz YPUE Ua 18 A4dn T 205)

o] Hato] 0 BAte]l 1% BHEEY BT ¢, ...,e90F AT o=

Am=uhy (m)+ (1 —why(m)+e,, m=1,2,..,21 (7.1)
olgtx stat. Ed AF 2 WE x&

Xm=uhy (m)+(1—why(m)+e,, m=1,2,..,21 (7.2)
olgtx 7tA A Ed AF 3 HE x=

Xw=thy (m)+(1—whs(m)+e,, m=1,2,..,21 (7.3)

olgtil 7HA sk} ol g 59 HEE 35 ¥ el (Breiman et. al. 1984) A g 3tn
50007hE At o RFEE 7IAxn Z+ AN ES wmstzA ok =3 4 (2),
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7.2. #4483

risA 2, 2404 A, H5) ARE AAL OEF §¢ HEHE Bg
w729 2 ANE A& F ok

irisAH & FAY A AR dEFEHAS
sd&a | HaERR | g5 | H2EAE | dEFA8 | H2ERAES
(150) (30) (200) (48) (4500) (500)
dEEY 0.027 0.000 * * 0.027 0.000
C45 0.064 0.073 0.220 0.365 0.064 0.073
CAL5 0.027 0.033 0.350 0.313 0.027 0.033
QUEST 0.002 0.000 0.191 0.375 0.000 0.375

72 A5 ©E 2 EF& ¥ (8D

9lo] A#E AvrW, FIARN Ao ABV) irisAEY ALY FEFHE
Alg B5 v %3 —Er% &8 2o £XA A5 dEiME 7Y T H 3 AAFH
AL dFsgn. 71ASE dudFolde C459 CALSZE vl <8 irisA 89 35 d
He AgdHE @& 2EF &% HYoy, HFY HMFEZR o|Fo =AY
g A= C457F 0222 ¢ £
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