[Mitchell, 1997] & 7
—AEH XL R
#A P RIRET AR
EFELHSET by,
FAREFBIANA LS
EET VHESLERTH
BEEE, M AMHAHLXT
T #= P, A2 F 3t B #A4T
T#3.

#l4e[Hand et al., 2001].
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5 W /N B THD 90 A TR 5 IRV, R LA 40 R, 363 B B RIA IR
B, W, RN E—MFRR. ERUKRMS, ST MRFELE. iR B
Me (7 4R P I, — 3 L B R T R B (0 3R R, — it As A, X%
PR TR, EMMSHFERERE, B2 FEFHR, XITRIS—
EEANTI ‘

AEENEEAE RN G XN, BT, BATERKT B — T
2R “HLE8%¥3]” (machine learning).

[3LE B —BOE, BN KMX B KR ZET 2R MBA. Fli, h
HAFRMEHTE . REFR. FRGE, BIAAHRZEFRE? XRKEAE
BAIWAEFELE S OB IR 2 REER, k—RUEE LRGSR, £
RRFBEERRE. A2 BFEFS. WHFHBYE. oS, 5eeH 5 HE F
AR FARMGE ., BB ETN, FroldTaeE, f1¥E ., B4
FRIEIRATHURT LA AR 4 57 0 0. SRR, AT MERI I E R A1E, T2
TIR, FHETHS. M TEL, BRASIEEHRS. FTLCEH, BATRRMH
BRTA, REABRMNEBELR R THZELR, MEEXELR R, meexH
B I A R P

X 2R A AR FERIIAE B S 5B, THENRERTE?

PLER ) ERXE %R, BERA TR aAREHEN TR, AHZ
RRBERG A S WER. EHENRSES, “2R” @FU “HuB” BRF
7e, Bk, MBI R EENE, BRTAETEN ENBERF 4 M
E1” (model) BI&E, Bl “Z 38 ¥L” (learning algorithm). F T2 HE, &

AELBHIRR UGS E, ERtaeE T X EE ™ AR R B K 1E DL (61

0 B AN T ROPER), B R ATTH B0 I (B ). Rt
UHHURM S RPIIORT “S0k” M, TARU, oL BALA % AT
KT AL W

AT B ISR TR AR, AR B R RS
(B BRYSER), TIHT “BE SRR AL R (A HU).



A A B R AR—
A~ CBAR”  BACTA
ﬁﬁ*%lk\:_lﬂéﬁ——/‘%ﬁ—
Bt EFXT RIS M

R RIEENTHERE

#E.

W GGHERTFA D 4w
#”  (training instance) 3
“DIhH” .

FHERBEALIHE
RE, RARF S
Fa(R)V thE®, KA
TR LR

¥ “label” #FH “HF
iaw I'FJQF “*7]‘:;}” ';QE%.
JEF|E P “label” BT
AL, AT A,

1.2 BAEARIE
EHATHLES Y, EEHRYE. BERIMEET MR TR EE, F

(B E=T5; WH=4E; BE=im), (AE=5%; R¥= T, mHE=01
i), (=& H; WHE=RELE; A= E), - , BXES AR IR,

“=" mER “BUER”

XALFRIEAHRA A “HIEE” (data set), HFFFUERKERLT—

AN EAEN F X EE AR BH#R, BRA—A “7~1” (instance) B “FF
A7 (sample). BRI ELN A ST TH BRI A E I, Al B
“IRFE” “BEE” RN “BH” (attribute) B “HFHE” (feature); JEME _LAIEL
1B, #ln “He” “SB” KA “BHE” (attribute value). BRI T
EFRA “BYEZE” (attribute space). “AFEAZE[E” (sample space)dl, “HIA
2”7 . BRI “EEE” RFET R MR EABARH, BT
— AN TR T N = 42518, AN RER AT 7R XN 2= (A R 2l B © 3 AR AL
B HTZMAPREN SN — MR AR, BRITBE—NRERR—4
“URfEME” (feature vector). '

—f&Hh, 4 D = {x1,22,..., T} RTEE m MRFIKEESE 81
ABIHE d AN BRI EEREREEMERT 3 ANB ), WEA7RBF)
x; = (T3 Tig; - - -1 Tig) & d ERFEAZE X FR—AMHE, ©; € X, Kbz 2
x; 58§ B LENBE®W W ERE 3SATERES 2B LHER “6#
B ), d AL @; 1 “4EH” (dimensionality).

MEE 2B HEB R RER KN “% 37 (learning)Bl “IIZR” (training),
MBS PATEAFIHERTR. SRR P AHREIRRA “II%k
HAE” (training data), FHPEMERTRA —A “YNZHEA” (training sample),
WWHHEAHRPIEESTRN “NE” (training set). FERBEEGT N T R FH
FI M ZE AL, BRI BEIRFR “MBit” (hypothesis); IXFH¥EZEMA B &, WFK
i “EAM” B “ESL” (ground-truth), 2R RN THRHEETEA. &
PR EIIFRA “% 337 (learner), TE1’E%jﬁ{£EQA%ﬁ%$H%§Qi
i) b By el 4k

WMRFHFEB—NERTEBRMNAMEE TFREAR “FN7 FBE, X
HElH M RIEEERENEH. BEEIXFERRT “Till” (prediction) H)

MR RAOTVERBINGEREAREN “GR”7 (ZR, Bl “(BE=F5; RE=1g,
B A=), FR)” . X EETF R REER, Bl IR KA IR
— fcdh, P

id” (label); #E T #nicfs SRR, WARA “FHI” (example).
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EHIFCAETERY
B —a, B CHH A
B AR A HEAR

AR«
YNTN

™ AR WK T B
(testing instance) & “#l
wp”

TR ARICAE & HBH R
THEx 5 2K wsh g
A, A 136 .

WAk KGR A
REIED

EHRAH, 2 RR

)" (unseen instance).

AEESFHATE L
MALE F AR K (H1 40 20 A~
Bk, A BWA 10 AT
HRBUE, AR M
HEik 1020).

(@i, yi) R« DG, Kby € Y Bl x; iR, Y RIFFEREHNES,
TRFR “FricZ[8]” (label space)dX, “HariZ= (| ” .

FRATARTI )2 B HUE, Bl “EIR” “PRIR7 ) R SIMELSRHA
“5r28” (classification); AR T F R % SR 1H, Bl 40 79 I B4 E 0.95. 0.37,
WREIJFEEHKN “BEIH” (regression). X K5 K ARH M “ =4
2X” (binary classification)f£4s, HMEFRHEH KA “IER” (positive class),
F—NEA “RE” (negative class); W K L ANKFNK, WKHA “ %4
28” (multi-class classification) f£4%. — Mt Hh, FUM LS 2 A B & o x4
& {(z1,11), (@2,92), - - -, (T, ym) } FATH Y, B —PMIRAZTN X Bl
Y BB f X = Y. X TaRES, BES Y = {-1,+1} B {0,1}; X
LRRAES, V] > 2, WEEAES, Y =R, R ALHE.

AR, AT IRIR SRR R “TR” (testing), 4% T FIRE A
FRA “PAFEAR” (testing sample). BlAITEZR £ f5, MIRB] 2, 775 2|
MR y = f(z).

AT 1R AT DA 74 JRAR “ B8 287 (clustering), BUEFIZRE A KO VE R B T
Y, HARA—A “BE” (cluster); XL HFHTE HL R A] BEXT B — LB 7R A&
RI43, Bl “HRER7 CRENY ) ER CARRUT MR L XFER S
T BT BATT AR AR RO, B0 IR AN HT SR e ST . UL
B2, ERRE Y, “WERN” “ARu)R” XEMMESERATH LA MIEDR,
T B2 ) L B A F VI R Al B A A g E B

WEFEINFEIE R EGHERCER, FIEETRERIGAPIRE: “BE
% 2>]” (supervised learning) 1 “JCMiE % >)” (unsupervised learning), 433§
AR AT AR, TSR R 5 H rIAE.

TERER, Va0 BAR R AR R R BRI G T “Frkek” |
MARAULIEN R A b TR, BMEX BRI E % ES, &
MW A B2 BB EH TRENSE P HRNEE. 2EEMERT
FREARMIRE S, KA “UZ4L” (generalization)fE 1. FLAHRIZ L AE S FOBLAL B8
RS TEAMERZN. T2, RENGHEET A REAZ ) — MR
IR, ATV B REAR A M S et e A ] O 41, 5 U AR A ST B ZE DI
G FERNRA RN AT LA TAEB R, B BT A4
PR —DRED “434i” (distribution) D, BRATIRE AN FEAE &SR
oM IXAS G A B RAEIRIG 1, BY “PS7[H 4345 ” (independent and identically
distributed, 88K i.i.d.). —RME, WHEEBEZ, BINEIKRT DHER



22, XA AT R 2 SR R A IRz AL RE T (OB,

1.3 {Rig== 18

JA4 (induction) 5 #H%E (deduction) & FHFHEH M R EAFE. AN
FRER B — I “ZAL” (generalization)id#2, B M BRI — R
B EE RN —REIFIRE “Ril” (specialization)id 2, BN LA R HEE
HEACRAL. Flw, EHEABERGE T, BT AL HNEEANES I EZ
FHVE R E B, X RS T “IWEEHIh2>)” BARR— MM, KRR
“RgE>]” (inductive learning).

BFPEIFHRX G X250, T~ XWEg% 5 KA S T A P E S,
TR SR U 2995 53 W EE Sk WA ZR B8 T 2218 W8 (concept), BRIBLIRFR A “HE&
237 HOMESTER” . MREIBRBRHR. MR D, RAEESF
ZAGHE AT BB UM S SAE KA T, IEEHRBEARREZ L4 “B
7 ORRBL R, WS IETT AR, AR T ERARNLAS A 5 B — SRRl AR,

DEIPRERWEAARMSEY, BIXF “&” “AR” XFERTIERR
1 0/1 A /REM BAMBES R FE . 2R T, BRERIIKE TiXHE—
MG EIEE:
£ 11 BRKELE
wme BE WRE A L
. B %
5B g4 v

1
2
3 HH HE Bk
4 BR OME Ui

pany

K

D} T fn g

XEELSMERR R . HABE R T CBE R

‘g XEAERRATR, B2, REENUNR =B E T,

RATRAEAT e BRI, TR, RINLENEL I REEHERE, 5

FRARH . SR IOL SRR, AR FA S R K o (6

JETRENLRRT o) \ (A=) A (RE=?)" KB 7 SRR IRAL TRATNE
Py SRR 11 BRI, I “0 P Tk,

EETRD ERIL, F 11 BT “(BE—T ) A (RS A (M

P R ARG 0, (R DR, B8 T RA123

IR “BA” , BRI L% 5 LIS L AT U
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5

“GRE” WHEHKR, #%
RFFIBE HARF T
[Cohen and Feigenbaum,
1983], A “FLITAEF X
#3” , A N15%.

X2 RARE W KA
AXERE, FBLRHEE
“EHFL” XM AR
M. d Tl % g aEEH,
Bk o Bk AR

AU BTG LE, o
ARBEATRATS B A
) LA AT, AR L
R B ) R— B 1R
"F

Be 7. WRAULUEINGEF IR “eE” | & EB LB —B RS AT AH
W, (R, P MR, Bln “ (BE=1RA) A (IRF=E40) A (RiF5= i)~
BAIIE?

BATAT LU S FE AR — AN E AT B 1% (hypothesis) 41 R ¥ 2% 8] A 04T
BRI, HERERLRASIISGSE “ILie” (fit) IR, BRSRIIgET
BTG T IR R . BRI RS — B E, B [ RN E T .
XEBAIBRER BEW “(BE=?) A (IRB=1) A (BE=2)" BTEEBE
BT B R AR PlntaEs “F8&7 “S2B” “RAY X=FrfIE;
BREEBR], M AR DRI AERHEE, RINHBER “«” XER,
Bl “H#F)R ¢ (= «) A (RF=248) A (FE=1m)” , B “LFICRIR 5 i
5. RS MMER, A GEET” . A, BFEHERRER: B “6
TR REABERABA AL, 5 BB U7 XMARE; BATH o RrK
ME®. X, AV RE” YBFE” 4A1E3. 2. 2 FTRREUE, NI
AT R B 2 AR/ 4 x 3 x 3+1 =37, B 1.1 EWMERE TiXA
76 TR ) R AR A = ).

[ (= /=~ fE=2)|

[l =T A = s W =)

N

(v =%, = U =) || (BE—H 4 B =T BB — 1)) oo

S

| (BB =T % =% 5 =) || (BB =8 % =84 W =00 | ...

[Ctab=t 2 3= BB =

1.1 &NERRABER =]

A A 2 SRR X AR S R A TR, Hlan BT R A — AR Bk,
BB B AERER B — M, R IR AT DU WO B 5 IE A —BUN R
W F(ER)E RO —BRIRK. &L B5INEGE (X FEIGREER
REE AT IEAR AT ) R, KRR BRA TR SR

TE R M2, PLSE ) & AT E m GRS R, EE)dRRET
HIRFEARINGEHRITH, B, WRAEZ MR SIIGE 2, WFEEE 15
WWEE—HH “BEES” , BRIITKRZ A “HAZE” (version space). B,
7EFE R B, 5% 1.1 YIZEFT N R hR A2 [ 1.2 Fis.



RT Rl ok B 60t
BETHRY” ; KT He—
BB <3 AT 8
EA

AR ERA 3
B EEM, ARERFE
Wik, R AR
#” (feature selection) A
X, EEEENR EF
MREEL Y2 PR
Y| A A ST AT 89,
T AL A R AN AR T4
JEEBME T BT 8
A, XIS RFT M
15 T AL A KT AR AR R
iR = A 64 )3 AR T
X THRIELZET B AR
A& 11 %,

(B =+ BE=04 =0 | (BE=« BB = BE =R |

| (= B =04 B5 =150 |

1.2 &NFA AT R

1.4 VAR EF

WA BRI ML N T REEE PR — M. T, B 1.2 ;7R
FR A7 ] 25 AT SR — DN BRBG: REFEANS5ISGE —BHRE, BE5E1]
of B HRE R 7E T I B R A IR, Al P2 AR AR RS . i, S (BE=F%,;
RF= Be4H; BiE= VU)X NFBRKR, RBATRABR “BR & (&
FE= ) A (RFB=UEG0) A (ME= )" , MABICFRAIBT ALK, TinRx
T A5PAMRB, W85 R AR, A, PR A — MR R (5R
) me?

EER 1.1 TG, NN e LR =AMER I —A < .
R, ST —ANBRAEREIEEN S, ERMEE— MR XN, EIH
EARGH IR SR BCBMIER. Pl, HRMNKEETR “ Rl fekr
R RRRE, MIESERE “FR o (BF=*) A (RFHF=UB45) A(FE=1001)" ;
EERMKEEER “Rage—K” WA, JFHE TEMNREEE “MfE"
B, MESERE “FIN  (BF=«) A (RF=UEL) ARE=x)" . PEEE
BAE R ) R X R AR A, FRA R EF” (inductive bias),
EUREIRRA “ImEF” . '

FEAT— AN ARS8 2 ST Bk I L R AR, 75 T e e I 2 ) T
PAAENZRE B “SE507 KRBT, MIEEPEMERFEIGR. WTUESR,
W SRBH w4, BATTH T N &2 > 3 A A Y B IR AE BEAT TR I BE AL A
ML ERFREE, WAXENFIR “(BEFE= Fat; WH=48 A=
i), FARALN T S URBAT R A M I T & R AT E R I0, LA
AGRERBAREX.

ARV RTER 1.3 XA BRI BT e B, X B
HHARBEPR R (z,y), B¥EE D EHIIHRE—BREL, L TRE—
FHEEAMAENERER SN ML B8R, WHRMEARSARKNAE, FEE
RE &M% S H 2 RO FEIFRLITAEM IR, AR~ HENR “I1E

7 BRI, N AL R A ST AR LU e (0, e R



1.4 VARmEF

1.3 BEZEFMASARBERINGE—K

TRABRETTGR, JRAR B 2% bL B ), IS I ) 2 3] SR P Re w4 B 1.3 o
PLER “OF1E 7 BIHHER A TOAR AL “IRIRK” 2k B.

VG 4 R B 1F 5 3 S0k B B 7R — AN W] REAR B K A M e 2 ] oo R it
ITHEFRH R KB “OrHEN” . A, BBHE — Bk 8 R R 5| 3 B IE# L
“CIERAR” fmEFYE? “B-RIHIT]” (Occam’s razor) & —FH . BHARI
B R B AR RN, B “35 SAME B SR B, Wkt £ A .
RRAEA RN, HEBBEERAAN D 7 BRE “HERA” (50 2k
AEGTHIE, HABEXRE y = —2? + 62+ 1, ML B MERRE L), WE
Bl 1.3 PRI BRMRLT “ R KL A.

SR, BEARGAN ) HF AR ME— AT R R . IR — P, EME R E AR R4
FITIBATE, hFRERE, REEHTIAGFENF @R, /R R85
TR FFEAS R Flanxt BATE LM AT 70N AU, “Bik 1: FR -
(= x) A (IR = BE4H) A (RE=U0)” AR 2: “BFR & (=) A
(RRFF=UELH) A (FFE= +)” XPAMBRE, WB— N RS D87 XA IR
] B, 75 i B AL A REME B

HEL B, HGRETF XN T S S B G B R T A AR R
w mfRB. FERARKBLE BT, XMRBRE MROL, BIEER AR 2B
5 REA S L, KB REEIE T HIAR SRR HERE.

URNEELEFE 1.3, BRFEIEE £, T M AGRLT =E T X5
TR A KRR, %550k ¢, BT 5 —FIE4RITF 4 T XN T ik B Kk
A FETF RIS T d R R R | ARG D E
VE £, W8, FTH. H5E, B 14(a) BN, 5 B, A SIGEIREAE—
B BE, A MEZEE L B .



KEARE—kdFi
e F s, RS
F1FHE “HELE
84 B T A SR AR S
MALHRER, REH
1Z, L@aEAFRR “E
RATE” Wb kR R
EX N

& fHAXA, WA —
F44 f otz 69T 5 ()
.

(a) A#F B | (b) B#&F A
B 1.4 BARFOFE (B4 WNEHELR; .4 REHER)

B2, H8! BARABRNAEIMGE £, b L, Fif, BLASHIE 1.4(b)#
B 5 A M, B SIS AE —3?

R, XMBERESTREI. $i52, T —M¥IEE L, HEER
S b LA ST B L B, AMRAFAE S — L, R & L £, IF. Bl
2, NGRS BB RO, BAEEAS ETREN SR — LA
BAEN L, TN “FENLERSE” EHEMEHBEIEER & WFB? LRINEET
THI XA ] S 1T i

RN, BikEAZ R X fRET R 1 HBE2EHEN. 4 P(hX,L,)
REBEIE &, BTFVSHEIE X F=HBE » X, B4 FRERMFEEIN
HSEARERE. L, I “UIGEINEE” | Bl &, EIGEZIFTERA LK

Eoe(8aX, )= > P@ I(h(z)#f(@)P(h|X L), (1)
h zeX-X R
K1) Brksl, & - D ENEVE 1, EEUE 0.
Fpe — A, B ERR BT DR AT R X {0,1), R
{0, 11X, BT ATRREN £ B4 AR kA, B

> Eote(LalX, f) = ZZ Y P(e)L(h(z) # f(x)) P(h| X, £)
f

h xeX-X

Z ZPh|XS Z]I

reX-X

= Y P ZPh|XS) Lo

reEX-X

=§2Ié‘<l > P(m)zh:P(MX,Sa)

reEX—-X
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9

JEA&4 NFL 2 32E8 b0
B RN Iy o i

=21 N P(x)-1. (1.2)

reX —-X

K(1.2) B, BIRERARGFIFETLR! N THEERNEIEE £, f
Ly, BATEAE
ZEote(SalXa f) = ZEote(£b|X7 f) 5 (13)
f f .

WELR Y, TRFIAEIE L, Y. FEAHEEK & ZHM, BNMRHHERER
AR XA “BERENTE” EH (No Free Lunch Theorem, f&jfk NFL
EH) [Wolpert, 1996; Wolpert and Macready, 1995].

RTT, EENILESE S E TRER AR KIRIE T R E IS
HERHEM ARSI E AL, IEH AT AL EHI?

BAFERE, NFL @ HE —ADEERR: if “WE” BRI
Rl S A RS ERE EXBFHERIFAREIME. REME, BIRKER
CIEFETR IR PRI i) B (B A BAR N FESS), B ERE - MRITE,
ETRMERTT RN FE. R RELREHEF TR, BRIEA
Kb, Blan, A THGEM A HEE B #, I RBATIEFES B A HUR B RE -
. BHMEREH#E O, Ba “WATE” RIRFNMBHRTTE, ENTEM A
HRF R B HURILEHE O KB BARRIERE, BRI IR0,

Hye b, LA NFL #BORERAERRERT £ HISS8H, TR
Fe3tAEnst. Bk, R ARBRPETIE, %58 (B 1 1 o (= )
A (RAE=BE4E) A (R =T0)} B (BB 2 47K o (8= x) A (IR =TEHE)
A (EE=iE)). M NFL B4, XHAME R FRELT. RIS
BEAEMPIT, WHF (=4 B =I84, Bos=hm) 2% 1 B4,
IR (=12 B MR = R, RS =i ) MR R 2 0. B EEMmA
TP RTIRIERE, “ORS= B4 Ms= M) W TRS R, 1 “UR
=T, BUS=TEHE)” I RE L, R,

FriA, NFL EHEEENER, ZIERMERHOARE], REEARE, &
EHWRIE a2 BREE” 2R, BAESEIIAEAERRE, T
B2 . BRI EERAXLS, DI BRI X R, 72
R B RUF IS S Bk, £ — SR EAA RAR AR, £IHIE
H & KA RS 18U B, SRR wRE e,
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w1Es 2 @®

FriR “4eifRAE” .

1965 4, Feigenbaum %
BAH TR L A%
K % % DENDRAL.

AR p.22.

IWML & & % & 3 B If
MFE 2L ICML.

15 RRHE -

B35 2 5] & N\ T4 §8 (artificial intelligence) B 77 & & 2 — & M B 688 7=
Y. — e DR EAY, AT RBTTLT “HEEE” |, AN
DOb RE IR T LA BHERAE ), MR ElRe R A E R X—MBaRRtT
YEEEH A. Newell Al H. Simon i) “ZBEHBFK” (Logic Theorist) TP LA K
R “iB A R BKfE” (General Problem Solving) 2555, iX 48 T /E7E H i
R TAANRENLER. flln, “BHRIERER” FEFAE 1952 FIEHH T E45%
KPP RNWFEIAE (BERE) 1) 38 &, 7£ 1963 LW T &7 52
FZEHE, BAERS—RME, X 2.85 ER WP ENRFBIEHBELL. A
Newell fl H. Simon R 53X J5 T B TAERE T 1975 FE R K. W1, FEEFIA
m AT R, AMITZBEIARR], N EFEEEHERE ) RTTERA T AL REH.
E. A. Feigenbaum % AN\ b, ZAEHLARE ARG, BLLAUREMHLRAA SR,
EAAIRES T, A LB HERP TG, ATERHAIEANT “HiR
B X, REETXRG M, 2152 NHASUSEE T KERRE. E. A
Feigenbaum 1E28 “41iRTHR” ZTE 1994 FHRBER %K. HE, AMIZEH A
WA, EXRGHEIG “RTRES” , fEmyl, e s AREMIREE LR
BEAITEN M YEAER. T8, —S2EME] mENEE CRBEFE IR
ZE L

e b, ERTE 1950 SER T E R MR CES, g1 7 HLEE 0]
fe; L HEHFERP DB VIBFE IR, BN A. Samuel 2 4 KI5k
HER. AHERPEH, ZETWHEMSN “%HE X" (connectionism)% 3]
FiGHIL, RFEM TAEH F. Rosenblatt (/& &IHL(Perceptron). B. Widrow [¥]
Adaline %. ZEANLTER, BT EBRFN “F5EX” (symbolism) ¥ > £
REHERRE, RERELIER P. Winston 1) “LiH% RS « R. S. Michalski
SN “ETEEMNBENFEIRESE” - E.B. Hunt AN “MESEIRE”
&, DAYRSKIRIR N BRI 2 ST BOR UGB 22 ) EARFMA B R R, AR
64 N. J. Nilson 1 “33I413%” %; ~+2EELR %2 HitH
— LB BSR4 SRAN R AR XA I HAE AR .

1980 4E &, 7E5k B RN AR R F2T T 5 — milas ¥ I Bt & (IWML);

4, CGERMTSEERS) i =485 L, 1983 4F, Tioga HifA:

HAR T R. S. Michalski. J. G. Carbonell #1 T. Mitchell E40H1 (Bl —
M TE ) Michalski et al., 1983], % A FIHLA2E ST TAERAT T
R4 1986 F, F—ANLEE% I T WHET] Machine Learning £17]; 1989 4, A



1.5 ZRHE

11

PN 2% S

A ERR ILP #9374 .
HNE 15%.

T4 Be SURIAUBHA T Artificial Intelligence HRMLEE 2 S H48, TR T 40
— LB VR BRI T LAE, ARG R HILTE J. G. Carbonell E£4%. MIT H
FRAt 1990 £E Y (HLER2E 5] JuALE 7YY [Carbonell, 1990] —FHH. & HIXRE,
AL AR 2 ST B — AN HOL I RO S LA ST AR
BRIl

R. S. Michalski £ A\ [Michalski et al., 1983] {EHL8$ 2 SIWFFTRIS H “ EE
Bl >]” “FERBRMBMMKRI S “BEMBMEAES” “NES
H2E3]” &I E. A. Feigenbaum FAHEZE LK (A TEREFMY B=%)
[Cohen and Feigenbaum, 1983] H, NFBHLER2EI RIS A “HURET”  “TRE
37 CRWENT M CAGENT L HIBREFEIIMR T RES 7,
AN ARG B AL R TR, EFENRHE A RMEH, XEhr b
BREATRIERNZ, URTERATE B SRR, REFE I MRS HK L
T R. S. Michalski Z AFTULH) “ \Fa4&E3]” F “BEWEMENES]” ;
EMEIEAT ARG 23] | BVAVIGRREBI R IA g 2 S 65 8% — it
)\ TR, HHFREE . MR R “IBEFIFR2” (Bt X
MR, Bl T WE¥%Y . TWB¥EI%, AP AL 8 huEE.
T FRATTX X 75 T = A A PRV B A — A 1R .

L NHEL, CAREF T2 H—RERBHFTEE,
AR R AL HE YK (decision tree) M1 T B 22 3. HA PRI 22 LI
BOg AR, CME BB E/AMEh B AR, BB T AKX & #1T A 2 1
WM. T EH/INY S NE 2 RERIEPNEHEREF R (Inductive Logic
Programming, f&j#% ILP), Al B {ENL 385 3] 5B RE P Rt X, BFEH—
BB % (BN R RE ) SREEAT AR R R, BB Sy 7 B RE K (B 40 Prolog
ik 30) R IEBT BRI H . FF5 £ &S I F R S5 A N TR RS
IR RS AT, BiEdid, ATEHgE - +HEa - +2N\+EREH
TOCHEEER” R AR 7R MR AMBETRSMIRER . EidEE
HEHEBARE TR KRR, T “AiRE” AMIETFRFSHRER. EidIRE
MRS R ELER RG] T KERRE, Bk, 78 “%38” K,
SRR RAREAZRIFRR. FxL b, MBS IE LN\ TERER
BALA “ARRER TSR R ocse” ik E AT EREN. BN
JEARETHEESH, BSRIIREEHRISEE IR —. ILP AHR®E
HIETRR R BE S, WLV 5 M R0k B 2R B R R, T HL AT S R ¥ v 7
G 2 B RIA AT HIR, Bk, TLP AN AT F) H Ak an i Bh = 33, i /]
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18 & it

ARE 6F.

IR S X FUR A RBEAT R LRI 5 ARTT, AR AT BTN AT, BT Ron e
TR, BESBE N RMIRER B RAKR, RA R, Bk, B
TR AE AT BCEEAT 5 31, Ju-H AR 153X 7 T IR FUAR SO B A

ZHHERTERPIAZE, CABEBIRE " 15— EREARRE T
ST Y. BRI E AR HERIB T RRE, #
FARBMRE N THEHAENFERNEGRIME, FlinEREME T H
Simon HWiE A THEEEIF “SHEBIT N SER” | frilUrhEsE
NMHIRFR A AN ETA T GERFsTiosE. N REREE L E S HBS TR
fIFERS, E4 B R %45 M. Minsky #1 S. Papert Z£1969 SE35 H, (AT MHZ
Mg N BEAb M 2E, BHEST “REl” X AR AR RBALEART. 1983 4,
J. J. Hopfield FIFMHE M4 KAFE “ FLahHER A R XA 4 1 NP MRS
BERBE, 5 NEFRZRAMKE. 1986 4, D. E. Rumelhart % AE
FRIIT B4 BP B, P TREEW. 575 X X2 6854 U1 H
RN, EEE I ENR B AL, B WA RIREU M Bk
E, EBEFNEIBAREHERS; AW, BTH BP XBEAERME, FEE
AR 2O SL M A - R 4E/E . Ese bk, BP —HEWRN A/ Z RN
$NEEZ — BRI EINERXRBEIL R ; wamil, g
B RAKESH, MBHNRERZERES TERETT “B8” ;%4
Vi, SEAT LR ZE, IR U T .

g ERPH, “Givh% 37 (statistical learning) N 7% F 3 3

IR SR F RS, RBEUEEAL SRR R ENL(Support Vector Machine, fAiFR

SVM) LK BE—RE K “#H71E” (kernel methods). iX 77 T KB 5T B 76 — -1
AL TERB I, 42T HE R [Vapnik, 1998] MM BB EH T
THEA, Fa1 V. N. Vapnik 76 1963 R M T “ZLHRFAE” B, A A J.
Chervonenkis 7F 1968 FE#H VO %4, 7£ 1974 i%ﬁT%mm@%d%%ﬁﬁm”%.
EEETFERPPALE W E I T TR HANSRFAINER, —TEEHTER
HISZ$F [0 BHLVEIEE LTI A B 3R 1, JLptEitk g 2 4R AP TR
KRN ADABUEI; H—07H, EREERE X I BRN RS 8
ZJg, MIAE N ER T USRI 2 ER A EESCHERNRIT IR, F5L
E, G 5EEREENEIFAFVNRR. R EVETRES G, %
Tj(kernel trick) # AT B T Hla852 X M)LPE— DA%, RITAHEEHRA
P I REENELZ—.

AN, ), ERECFE CELER, i T “RES
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AN 5.6 %

“Uib” SRE 2%

37 AP, FHBRESE, POGhURRE “RERE” WML ME. £
TRRAMFERE L, THRERYPRET . BESERNZKNA T, WEEIBAR
e TR RE. DAAENLES 27 ST BoRAE N Al A B IR 4 PR e, XA H & I ESR
Bim; MREEIBFARY ROBRMRREERER, UETRETIX “@H#2”,
ESHETGF, REEAERL. Fit, WES S BRZ R ER M, HEE
AR T HLER S S N H 3 B TTAE, LA ST EORE M) TRE SRR T (A
A, EAT AR A BGERE? ARANERRE: BIRKT . HERENET.
REFIBBFERESH, HREHED, WA S e ; mibE R
R, M KEEIREEAR, HOZ AR %, RATERE. BlETAKE
AT “REERAAR” , BIRFEES I R&HET T RER, AR ERE ¥
HEARBE N —F. FBIE, HEMBE L/ HERTFHEL, 5250
Intel x86 I AL EAS 5 WAF AR SR K Z NPT IE M T B RE T . EdR i
FRERLETFERFRZFRE ALK, WEY LN KPR, SHEEKMHE
P28 AT SLAR L.

& UL 2, HLES 5 I BUFE TR R RSN —IMH 24 KK 22 RHIUER, A 54X
REPHN, REEERARIEARE, WONEEERTEABESAELE
1T . :

1.6 AR

R EZ R, ARWE. FE. FH. CEBRENREHRE T CERE
Tt, AR RENMABERRER T KELEE, R& A Moton a7 05 A
TSN, TOLES 2 SRR T KRB E T 7 R, B2 R
AR B RIIE E N RE. ZEITZRE.

AR, I ENAEIES O LERIET, TRELZHE. BRE, &2
RGBT, HERREH. 4B, HaRBpSE IR NS
#, LEREFEHAE. BRESLESE “HTENINARR” JUR, Pl
HERAREBENEARBPIERE —.

MBI A F LT NERRME T EEREARIE. i, “E9FE
%7 BEF S BBOR KB I dr LR U, 1T 5 5 201 4R S i R 2
YR F RN ZOEBE. EVRE B EFRE RN “Eailly” 2
ORIV BT, KRS REFEEEERE. SoREE. SR 0
FOSRBSEIRN, M BT HRENBEIHARNES, SHLEEIEA
BAERNMES LA
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B1E &

NASA-JPL #) &4 2 £
B AE MR B R AR
BE, FL4H ‘BRF
Fo “HiB” FREMEA
R AN R T HH .

DARPA #5442 £ B
- B B AR R A,
ABRM., 2REEZX A
%% 4R T DARPA 2 %)
AR E .

B F 3 RS
ey, Fit R A
LA, KRERHEEER
Tk

“HIFIRIB ZAER
FREANFR BRI %
FRL, XA TGS
HERL AR ST RS
BREF AL E KW, A
kAL WG FRFHX
EREFA, EAMEF
3 Fr BB I BAT K.

BHEL b, EMNFHRARERAFRAESER “HEiR+E8” EHMNREN
CHERHERRHIERE” ) IR BI BRI XFERRE, MISEINEER
HHBEZE, FA “UHE” 1B REEREIES T, EERZRZOBEZ
WS TR RRENE. HEEFH BTSN R EEAR P RER. BZR
BB > 3, MablasE B faEd. 2001 4, & E NASA-JPL HiAtE K
7E Science %% L& [ T#3L [Mjolsness and DeCoste, 2001] ¥& i, M2 2E X
REERF TS R ER BB M SR, Hit R R R R EX.
2003 48, DARPA /&3 PAL o3, Kol a5 > B2 BT BISeH F X 24 )
FEERFE . AT AN, % ERRMAH KTFE & B NASA #l DARPA #
BER, TOIX P8 KAV A LT E R LA 5 ) W E BN, R RS M.

2006 4, RifEMEREEER T BB “DBEIR” , Pl
SRR N2 — T. Mitchell B EEHEREM. 2012F 3 A, REREL
BURE3) “ REFEARSRETR” , REEFRREESSTRIEMMKZEA
RRS BB EINEIR, BMAEREAT AR S KEERR =S K LR A
WA ZiFE. A (crowdsourcing). AR, HL8%% 78 REHE AR
AT DM OEOR, EEBE R WL, 7. 8. BEREENEN, 24
T ORI KEdE, T RBEA NS I BAR TR, W “FH” TARE.

REIX BT TR, 1R 2 ASEF “B4E359” (data mining), X
R I — TR S ML S R R BRI e = e
RIEEL, EZEE £ HRTURI BN, HhBURRE. PUS%S . KU ¥ Ty
W& K [Zhou, 2003]. FIEIZHE 2 N EE P RIEIR, XHLLRI KX “H
B OB ERAHT. KA, SR TR BT 500 SR S R MR
HHOR, TINLE SIS 2 BT S0 SRR G BaR TR, e F et
2 BRI R B E S LR S I IR Y B B2 I, 2 R
NSRS, B MOXANEE B, e v 2% SR R AL 88 2 > o
L RAT L, L2823 ) AT R B e AT 2 B 5 90 1 RS .

AR, ¥ I B2 5% EANERE AR GHIIERSTHR. (EEE
B PRI SET5 T, A AR P ALAS 2 5 SR TR AR R 2 0] 1) o
AT, PR PURAR T AR M O B4R, AERNLE ST, R0t F LS
AR BRI Z G RBAT T, AUATH B KA PR B AR AR,
A B TR0 L BB PR B SN oo T IHIE2E LB

ABTRG, B ARESERNERTIECITHERBARKEFTT X, 6
WRZANEIRTAERTIELELRMERRTHRERELS. IREER
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Bl e 2 LB F T HA
4 [Mitchell, 1997] 4.2 ¥/~
BT Zt+E#LitFKT
A R AR 2 W &5 3] ki
# A BRS¢ ALVINN
4.

WE. BESE XE CREAT EXEHE—0EFSE: “EEEmARE
WS ERANEERERRAA AT — FTRAZAE.” BR, ERNERZE
A M4 ERBERKEA S IRNER, ARALET, HrEh2hn
A BRERERY, MER WA SR Z FKBKR, ARLRFEISF
AR, FELE, FRMEBRERES, ISEIBRARKZEEDES. 2IT4
R, MRING. WEHBER, ISEIEARKZRENHE, FlnEHT
“BWRER” N, TRAHERE T KA S KALSE I EAR. B,
BHE. B, BREATRGD WL ELZNEE I EARKPRLIB, EEEEU
PLES 2 ST R i 44 T 98B, F8 7 AR B U HL88 2 ST B R R AN A, B2 78
— R B T BB L E A

HE G FREANRBNRKRAFZ—, 2AREF LA AAEEE
®, NREFEREL+ AT ER. Bt EHREI B3R EEHEA
HEMTR, BAVS LB URRNEHFEY. FRFEY, EAE
BiEEY, mMELEEENERENR. KEE L/ HFEARITHH#ET
TR, KR BRK R ERAERE) REEERE LBE B2
HIHEOLEEIBE] Bevl HACEEN 3 hn LAZR A2 SN, T0 R REAR U LB i B 21
WEOLEN I AR, FIEERABBEREIOERERRA, TR %, W]
B RAT AV 0 d, DU 2 g S 8 ) R T ik B — M HLAR 2 S14E 4. 2004
3 H, #£XE DARPA AR BEh BB T, B REHBEI TR
S. Thrunf/MNABTHIKIZ T 6 N 53 2PHETIESE T 132 REFRERE

TR, LR BURAE A HRIE M T R R ET L XAV R, BEUUA Rk, AR
BB AT R 2200 - B KR A NLR BB 2 — ki, S. Thrun JEREIA
BT A B E . EERNE, B BEFEELLERE T KK
XRRE, BRA S, B Bil. Kk, ELEERRELAFRHRAERHT
WER, HEFCHHAEFMEATE. 20114 6 A, XRENELEMNSBLTEE,
HAREE—MAT B BHERM, B, RECRMMNEEZ Bix M EEE

- WRBEE. BIHBIRETEEAA KRR HNIEEEARAEET, L8

FIBRMERT “FH” FEA.

PLEs I BARE R OB AR S BUAATE. 2012 FREKEHE, ©
I T A —ScHLas 2 I BB, AT & 2R R Bam AT A, W R E SRR
TP RIEAT ). Bl AT LS ST EOR AT AL AT R dR, AU H 7E
BARENF —IRFIL S WL RS EIX, IREITE R R MR
NG, BEARANER IR — B F BRI KR B 2 i b1 AL I
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B1E &

WEKA & % % ) % %
WEBFIFEERE &
# & 2 Waikato X % 5F
RARETF JAVA 4.
http://www.cs.waikato.
‘ac.nz/ml/weka/.

R SIHT 5 SRR B B B B ] A FF FRhy SR vE B, e W B kB L SR
7] K —1%, T4 RR Y XL T RFBOR. BAEXFFTERESEK, &
FNEREXTHRET 7R B, Jlas I EB o, FaEHENE
M X IE RS B AR ARG ), MR RER S 5 ZHE LR
B DL A - SRR, X — IR B B B R D B4R B 1500 JT 3R TT; W&, 1
BOpLER 2 IR M D E S| T RIZRM 10 ZETHEE . HLEEFEIEARR
NEBFRELT “FI” , AR “R” , Blanplas s AR XA
IR B i B BEAT 20 A, BEWUWE T — L8 T B ) S B, TiRA KA
SR SN BIGL ERARME, H8 & ReMEMLL 2008 FRERS
T 14%; M5, (R BFIEITHE T XMERE DR “TiEkR
/7 . HFWEEIFRELK R. Ghani SR HIHIRA.

ERRIE, HS¥I SRR ELAREHTEORAEREEI TR
MRIFIR R, EHSREIMRAEE R AR RBRNEX, E @ —85%
TNV ERRORAEBERAVEEAR “ NRIFTEZ” . Fla0, P. Kanerva £
Fitt gt )\ +EARF HHIR tH SDM (Sparse Distributed Memory)#E %! [Kanerva,
1988 Bf H A ZI BBV i A B G54, EERMERIERHT A LI, SDM K
GO HLRIZERLE . WrBt . MRS Th BRI B2 B P VAR AE, AT hy 3 AR i ) B
ThRRRA T —EHE K. E?ﬁﬂ%ﬁ?ﬁﬁ‘]%%ﬁﬁﬁ%ﬁ%%%%/\%ﬁ?ﬁ
AU AR EaAtt. BRARMER, T “ABWMAE]” ok —
AR ARAIRE R T E. AT B, HLEs% I RIER BRI &
BEEML, TRAE—ZKERBERROR.

1.7 BiEsrs

Mitchell, 1997] % — A HL 5% 51 % [ 1# 80, [Duda et al., 2001; Al-
paydin, 2004; Flach, 2012] #& H M A [7i4). [Hastie et al., 2009] &1RLF
B 24, [Bishop, 2006] IR HSEM{E, LHE S T WM& S MiFE.
[Shalev-Shwartz and Ben-David, 2014] Ni& & T Ei8{REF#. [Witten et al.,
2011) &% T WEKA BRI TTEY), A THI%EE L WEKA SEERE
BHEANSEIEE

A4S 1.5 Fl 1.6 7 RERM T [A&KELE, 2007). (W% —FALERE
#42) [Michalski et al., 1983] LA T 20 fr2¢H#E K 16 B30, BHLAE%Y
BREEM R, ZBHREFE TR KR, Morgan Kaufmann H At f5
K450 T 1986 1 1990 FHAR T X PHER, MAE _HBHNFE=4% (AL
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REFIHLN56F.

AN E T HELE 15 %,

ERFASLE 8 F.

HEFMY RIEEREBEE. A. Feigenbaum 5 AR ZHE1ERE MK, 1%
H % =% [Cohen and Feigenbaum, 1983] X #2852 J#AT T idie, ZHLE¥
FHIREZCHR. [Dietterich, 1997) XHLAR I SR AR RHEAT T PPIRFI R E.
B HARR L SCRTE A RAGEREN, —LLRO6H BARTEA K ER B 5 7 Bk
RFENE ST, BIAERIATH) “3T# % >]” (transfer learning) [Pan and Yang,
2010], tAfL “28Hh223]” (learning by analogy) FEZ V2 I H AKX K BEHIF
HhR; AR —BTH) “YRBEZ3]” (deep learning) 76 BAE b IR B2 M — it
)\ TR 5 A N S KR

PLES % 3T o R FRES S ST R IR IR T, A 7= A i A 2D SR AR 0 A
SRE A GOm . Bl FRFEIERZ — R ER %Y, s dEF X
TS T R I 45 /B 5% [Hunt and Hovland, 1963]. [Winston, 1970] 7£ 3
£ “BARMF” BT, BBSEI 5ETEAMFLHEREERRR
K. [Simon and Lea, 1974] BFRE T “2%35” RERBZ PRI A.
[Mitchell, 1977) R4/ 3R TRRASS [ IS, ME& 25T P B R 5 TN S
I 2.

BRI T] IR F iR S L R — BN F AR, B BARED
WH, RICFEFHE SR —AN ¥ A ER RN, faE e B RE “H
D MEBZ —RET FEHHER “HL it BERHEEAFERONN. 8-
R TIFENERZE I FIB B ERLIEMEHE [Blumer et al., 1996]. {HFL#F]
2R “HERBK7 XA E—ERREFTEN, Fi, X R—-REHIIE
ML 28 2 3T 45U RV F — BELA##E % 4+ [Webb, 1996; Domingos, 1999]. TR
A2, BRI T H RO 5T e — AT R SR B R I, B dn o A S 2
FAPBENS & (A JTCRT34LF-RT2704E )& i) “ZBJRN” (principle of multiple
explanations), R 52 RME— BT B’ [Asmis, 1984], iX 54 &
2] (ensemble learning) J7 TH FIFF R MY &

Pl ) SRR EZ N E i Z RS W Z BREHLAR% 2 W(ICML). Hir
ME2fE BALE R G2 (NIPS)HIE fr 2 > B iR i (COLT), EE KX Etk &
WEEH RRMALES 2% & (ECML) I MALES % 3] & (ACML); HEEM
H Fr 2 AREATFI 2 Journal of Machine Learning Research 1 Machine Learning.
AT SR EE S WM IICAL. AAAT AR EEHTI Artificial Intelli-
gence~ Journal of Artificial Intelligence Research, $IHE35 B4k I EE 4
1 KDD. ICDM PA K EZEHHT|I ACM Transactions on Knowledge Discovery
from Data Data Mining and Knowledge Discovery, v+HE LA 515
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F1E &% £

T M EE S CVPR LR EEH T IEEE Transactions on Pattern
Analysis .and Machine Intelligence, 1924 W 454038 i E E J T 01 Neural Com-
putation+ IEEE Transactions on Neural Networks and Learning Systems %&
WA ERRIBZEIFERIL. M, St 2B EZHATIW Annals of
Statistics FWMEH R TR FE I T HKERILFRE.

EAARD>BECEVBEIFEIAR, Bl [FGis, 1996]. 2, 2012]
UG EI A EEREZY. EANSEISSEEZNEIRERFE IR
b E HLE8 % 5 K& (COML) A BB E 28T I “Hlas I RHNA” HHid
£:(MLA); BB % ATIME L HE T GH B FE I MBI
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AL 3 ALK
HHIR.

Ry EETAHER,
(A=a)V(A=x)
5 (A=) 4.

LES: ¥ AE T o]
B BIR.

3R
1.1

1.2

1.3

1.4*

1.5

# L1 B RAEHEN 1A 4 KPR, R AR IR A2 .
5 R A IR RBAT BRI, B T ATER” B
WA A ER TS B
B o ((E= ) A (A= RE4H) A (W= +))
v (=13 ) A (3= +) A (BE=ViR)),
LT “(FE=TFG) A (A=) A A=) LR “(B5%=
1558 A (A =BEHE) A (REA=UTI)” o020 “HR” . HEAR

ZAE kN EBRINT G EARFIER 1.1 78R4 2 ) BB B
6], IRAE S % DR RERBL .

ARIEAEWRS, NSRRI A S BT VI R A8 — 2
M. FEBAEE T, Wt M Ia g T A TR BE .

KE1LAFERR “BERBNTE” SHN, BRNEAT “08K48
WRR” AEA MR B RN 4 BT VRA. EHH H kR E ¢, M
RO H

BaellX, /)= 3. P@e(h(@),f(@)P(h] X, L) ,

h zeX-X

RIEW “EHRBHTFREHE” JIMAL.

TRIRHLAS 5 X REFE TR P I R I MR L3R ke AT A 4R .
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A SAAR S ER LR
AT RALEIHEK AL
%16 %.

MNEE: VBFI” LFHEX

1952 45, P& « FF4 /R (Arthur Samuel, 1901—1990)
EIBM AEFFHT —MEFERRERF, XN ETFRAAH
FARA, TEARINAERE N BHHRE L WHE
TH “HEE” fo RE7 AT RBTR B FHRAE, HFR
BHRTHRTFSRET. 1956 &£, FEARE A% . X +5 :
(John McCarthy, “ATZ 2 R” , 1971 FE A LB T) 2%, ERREFA
THEFHELNBRF LW ENFRA TN FERENT “NBF I
BN, FREXA “ARAGRBBFIUHENR W FRIL” . HX
# “Some studies in machine learning using the game of checkers” 1959 457
IBM Journal ER KRG, Z1EE « BAR MM (Edward Feigenbaum, “fiRT
BZR” 1994 B R¥BF) T £ EF Computers and Thought, £ 1961
FREFFRRE-NMZBRFREFONELA. T, FEREIHREKE
MM EE, LeXHLFUNHFLETHE, ERFERBFRE,
L E RES.

B FERKHERTREALS RABT 4T EAYH, YW
BAEHA LN LR BRIENAEFENY, HENT TR E L%
AERARBHENES, WFESREMBTF EET X MRE. 74, INMEFRR
RETEN LHATERE N EESFNEF 2 —, REHERAS R ERR AP
wg § IBM tHE AL A &, FFRRBE T A R E R A




WEFBAFTHREX
(1-2) x 100%.

XN “RE” 3
FREME.

EREROES TR
ECCE RE SR TN
WERRE.

s AR “ithe” .

RpE TR “REL” .

FAMARE “H TR
I LEEES
B K FRTM,

F28 REHESIREF

21 ZWRESINE

BHBAE T REROFEELE R BB EEBIFRA “HRE” (error
rate), BNAISRZE m MERPE o MERFRE IR, NEIRE E = o/m; HHNH,
1—a/m KA “KEBE” (accuracy), B “MgfE= 1-5RE" . FH—kH, AL
FABKEFRAME SEHEANEEMHZAKERRA “RE” (error),
ZABRENEE LW RERA “UIZIRE" (training error) “ 2K R
#” (empirical error), ZEFTHEA LM RERNA “ZAIRE" (generalization
error). B, RMNFBEB/BIZNRENNFEE. R, RATFLIAMEH
BEARRMH 2¥E, LMK RS LR RER /M. ERBHEHT, BRATATL
FHR—ARWREMR/D. EWNHE LRIVRIF R, BlmEEN A IS
BRI RIER, BIRERERNE, HRIFEAH100%, HXRARERINEE
%S BRIRT BRI, X3 S8R AE 2 BB T AL

BAVEGAER, REFFER LRRABBREFNER. HTEIXA
HE, MiZAGEAT RS HERTHARBERAR “HREAR” , X
B BeTEB R H AR A IER 205, SRT, M BIEVGFEERER “X
7 T RIRHER, R BECEEVIGREAR B 5 0 — L5 R4 E T BT EER A
SEAR R, RSB TR XMIZRENS ¥ T FRA
“IEHE” (overfitting). 5 “IHE” MR “KIUE” (underfitting), X
RN ISR — R R WAL, B 21 41T X TEMESREEN—
METFEREB R '

HEMERT R FEERE, PR MBS TEI AL TR,
BAZE TR I Zh R A BTAD & (0 R K — AR A PR 22 B T, T K B4 U3 % 2 e
TEIRIETIERM. KEUE HRE S TR, B I07Ed S w2 h i s
X FEME M S S R NI R B 5, T BLE AR BRI 7R S TH B 3]
BATVKEE R, D& RV FE G R REER, & REJFIEHDLRTH —
LeEthd LA IR IE; AT LAUA RS, E-E 2 TR i, FATFTaRA
MRE “GR” , BE VDR, RTIX— K, ATRBUXFEEE: Hl3%]
T 1 1 1) RO 5 2 NP MR R S5, TG 0 5 S Sk AR R 78 2 T I () 1)
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BoE BAHH5IEE

B EAES T 12ET L
H# BT 4. A4k
4. THREREFEHE
£, XBH AR FEzA
RE.

AR KR

ar = RAAt

of . CRVA Sy et 5o A 45 )

Y| jg

%

# » :

ES RANAHR 5 th R

— A ket

COTY TR ST

B 2.1 iEhs. e aanE

IBATTERL, A ARG Sl 005, IE I 2 1R 2 B MU R BE SR B AR, IX
TRE AT IE R “P=NP” ; [ltt, AZAHGE “P #£ NP” | il L5t
ANl BES.

TEPSEARSS o, FAMERER P S5k ik ss, BaXFE e E
%, BEAARBSHICEN, =R AN FE B 84, FA1ZEHE -
FIEVE ATAM—FSEHECEYR? X2 i “BEAIEEE” (model
selection) [AJH. FRAR A TR T 2 BN NHMRE AR B K2 R Z BT P4, RS
ERRIZ AR Z= B/ N RN SR TG T i e Y, RAE 3 BER Rz A
e, MlgiRE N E TERE IR AR AESIE N RE, B4, FEBLSEF
WA BEAT Y VAl L5 1 R 7

2.2 e A&

T, BT T S50 MB350 85 FNZ AR ZE BEAT VAl R 2t T A Y 0
M, A “UHEREE” (testing set) SRR 2 > S5 5 B A AR 14 24 51 A
73, SRJE LA AR L6 “IIRIR 2 (testing error)VE NIz R ZE IR 0L, 8 H
F AT B IR A th 2 AR FLSE 20 A R ST [ A KA T A, (HREEK
72, WAL N IZR T RE S AR T, BIANSHEARBEAEISGSEFT LI, K
FEVN R A2 A

MARFEA N 2 BR AT R A HITE VI R R ? GBI — i, A% &
A ER: ZIH T 10 TSR 5241195, 2 22 A R 1K 10
TERAE IR, XA SR T A M 1 R A T2 AR L A R? B R
SE M, T HER B A2 R fioX 10 TEBANBEAT =0 [RIRIFATH IR B3, 3l



2.2 A

25

ANIH 2.1

) B T 445 3t 45 R 6947
BE.

FEBRZAHRRIEE, iF R EF NI RREESRIF. KRB THH
FHIR B R=7 HEES; VISR S TR R FAMNASTNE, IREE
WAL TER. B8R, BIREREHENST, WESIRELET “F0” M
fhivhEER.

A&, BNRE—MEE m MEBIKMEIESE D = {(z1, 1), (x2,%2), ---»
(Tm, ym)}, BREINZR, XENR, B RRMEIE? BFRE: BN D #1TEX
HISEEE, A=A VIR S RIRSR T . IS4 UMH L.

221 BH*%

“B L (hold-out) B HIEE D XIS AW EFHES, Hb—14
EEENNGES, B—MEAURET, B D =SUT,SNT =2. £S5 LI
GHEEE, A T RPEEIRRE, EANZARZERS T

A= 4 2RE45 460, B5E D BE 1000 MEAR, BHRIS 0 S B8 700 M
&, T A& 300 MEAR, B S #ATIISE, RHEAE T EF 90 MEAR4 K4
iR, BAHEREN (90/300) x 100% = 30%, MIRLH, KEHR 1 — 30% = 70%.

TEREME, /MR R R4 BT ReOR KR 4038 70 1 B — B, @ 4
BRI B4 R 43 3 72 5 ) NS B i 22 T o) 3 2 &5 SR = AR R i, 91 T 7 43 R AR 45
ZDOBERFFREARNZRFI LB, 0 R M RAE (sampling) (177 FE R B FF 53R
MR SRR, WREEFLEBIRRBE T RBERRA “ X" (stratified
sampling). #lIEE X D #HAT 45 ERBEMIREB S 70% HAMIIZGE S MY
30% FEARIWIRE T, # D B8 500 MEFI. 500 R FI, W5 ERFEREIR
S RMALE 350 NMERI. 350 MR, T T WIS 150 N IEFIA 150 R FI; &
S, T HRERRF B ZEFBRK, WERZEME B F IS/ MRS A ER
M= AR . ;

FHANFRERR R EE, MERS 2%/ NRENFEARLSE, 17 ES
Tl 7 RS VIEE AR SE D #ATHE. HlingE L FIEF, ATLAE D FRIRE
AHP?, SRJEHET 350 N IEFIABIVIZRE S, 1A ARG 350 A EF R EI
G, oeee XA E R 55 FBOR RN SR /TR, AH SR, BB VEAE 1)
SR BSEFER. Fit, BRMEHE HEAR M A TSR EEA SR E S, &
B AR, —REXAE TRENRIS . EE AT LR VFG 5 B EE
h B R P £ . B anikAT 100 WKFENLRI 2, BIRF=E— Mg /R E A
TSE5 VA, 100 (KGR E] 100 N5 R, T B H%R Bl 23X 100 44558 1)

Bk, BATFEHERA D VIZ4 M MR MR, B8 HEFRIS



26 ¥ 2E BREATHEEE

o 2 /UG, ERA FEAEE: BOUIGE S BAgKEHREE, NG
e A b, WA REE BIT T D IS ROBUR, (e T T BN, VPSR AR
MK TR s A UM T S A K, UG S 55 D ZBIEAT, i
e Efmit IS D VI AR T AR 2B, TR T VA SR 1R

mmr mkgsy SrE(fdelity). AN BBA FERMIIMIRITR, WILBIERK KL 2/3 ~ 4/5 )

fi % 30 AR [Mitchell, AT 25, RIARFEAH TR

1997].
2.2.2 R XUIEE

“AZ UHGAIEYE” (cross validation) 5B ¥ AR D R4 K k A K/ANAEALE

HFF4%, 80 D=DiUDyU...UDy, D;ND; =& (i # j). §NFH D; #6

AT RE AR R R 4> A i — B0, BRI D il 7 ERAEB R K5, BIH

k — 1 ANTFERRIFHFEIE D VIGE, & IAFRAIEDMRE; XHEH IR &

YNGR/ MREE, W FTHEAT ke CUIERAIIAR, B 2R B )X kAR 45 R

MIEME. AR, 28 IIEVEVE A 45 SR A v AR TR AR AR KRR BB T &

FUEE, AR — R, B EAS IR ¢ k7 A8 XIIE” (k-fold cross

A CRERIEE - yalidation). k B FIEVEVER 10, BORTFRA 10 3748 IR TE; EAbH F K &
A 5. 2055, B 2.2 45H T 10 $rA8 XHRHIER) 7R B K.

| D |
O

|Dy [ Dy | Ds | Ds | D5 | Ds | Dy | Ds | Dy | D

LT A
[D.[D:[Ds [ D4 [Ds [ D [ Dr [ Ds [ D] | Do | —> izt 1

[D, [P, [Ds [Dy [Ds [Ds [Dr [De [Dg] | Do | —> MEER2 | #3 5m
. . . “R

[0, [Ds [Da [Ds [Ds [Dr [Ds [ [Da [ D1 | —> mixs#10

2.2 10 FRXXIIEFE B

5 A, BEESE D RSN kAN TEREFESHRS T A
PN RUAE AR 73 AN S LN B ZE 1, K 3738 SCHAIE T8 ZEREATLAE AN R &) 23
HE p IR, RAKVFESREX p K k P38 NKAESE RIVISE, HIans Wea

“10 P& 10 f:ﬁ'ﬁ’il%j “ Yhr 25 A N1 9

g QLIS AE 10 K10 FTEXRIE

i;ﬁf AT 100 53 BN D b a m MR, 24 k= m, AR T A X iE v i —
Zi [N 1.

AMFp: B —¥%(Leave-One-Out, %K LOO). B4R, B —IE AL AR 7



2.2 FEHE

27

AR 2.2,

NFL ZEZ 40 1.4 %,

XTHAIRAELZ L
MEZAGAXR, A0
12%. :

Bootstrap A& & “fif$t
W XERAERAEE
18 2L FHh® (RF
PEY 1S AR S %
Bheg sk, B KBEH

“HEhk” . BEBIRMR
HFCTEALRE & “K
KE R .

e RARFH.

RAFILNE 8 F.

T, BA m MEER BRI RIS A m AN TFE—ENTEEE

C TR, BB ER R GE SR EREEMLLRAD T —MER, KHER

FELRSHENT, B AP RSEbR Pl KRR 5 P E B D VIR g
RURARL. Bk, B — IRVl 45 RN LOBHERS. ST, B —ikth i 3L
BB FESIRARLLBORRT, VISR m AMERLK THE TR 7T RE R X LUESZ I (51 an 3k
FHERAE 1 BAMER, WFEIIZ 1 5AMER), MIXEREREBHILRS
KIS T, 535k, B—IERME &5 R R UG U EAD PP A5 T VA MER; “BR %
WEIFR” EEN LRI RIS

223 BEE

BAVAEERZA D 2R R B8 8 HE MR X Rk, B+
RE T — B REA TR, [ SE R PPl BB RY B3 B I ZRER EE D /D, 31X
DRETIN—EEYIGRERMEAR T F B RE. B —EZ ISR
BARNKIEWED, B EEREXKET. HRA M AINET DI
AFBAS R B M, [R] I8 R EL A R R b AT S B8 A T ?

“HBhik” (bootstrapping) & —AN LB ITF KR K, & E B UL B B RAE
% (bootstrap sampling) A Z Al [Efron and Tibshirani, 1993]. 4 &R & m M
KIBIEE D, BRATS CHAT R~ EHIRE D': BREHLA D HHkiE—4
FEAR, M HEE TR D', RIGHRZFEARBEAIGEAESE D &, R %R E
TR A REE R 2], XMIRESRAT m KRG, RITRABETEE m
MERBIEE D, Xt 2 ARG R. B4R, D FH —MAHRLE D
HE R, M5 —8A RN HIL. 7] DU — /NS BAd, BEARTE m R
FERIREA R PR BIMMER R (1 — L)™, BRRAE R

. 1\™ 1
lim [1-=)] — o 0.368 , (2.1)

m—o0 m

BUIEE B BRAE, MIEaHAEE D FLH 36.8% KIHEAR HIAERIFEHIEE D/
. FRBEANTAHR D' FAENZE, D\ D' FENRAEE; XA, SLhritb sl 5

SHEHA R EIERAE A m NIGAEA, MBRAIMTE SRS EL 1/3 1. BAEI

SR L RO RE AR T TR, SR IR LSS B, JRFR “EAMEH” (out-of-bag
estimate).

B EE IR M DA R4 VI R R F; AN, 1 B
B AT SR e 2 AN R O I R, BORH R R 5] S T A TRK (AP
T, EBHEER 4 SR SR O T WA SR M A0, X232,
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B2F HAFMS5IEE

Bl XA REE D
BRLEH EHRARK.

b, VI ER BRI, B IR AR SRR 58— L8,

224 E55REER

KL H % ) BB ARE S (parameter) | E & €, SHAECE AR, HEHE
R MR B =0, Bk, FETBAEM SR, RT EXHER%ES
HEAT RS, EFNEESHATRE, XPRE R TN “SHIFET” 5%
fEj#% “IWZ” (parameter tuning).

EEED LR, WS MERIEERAA 2 ARRX A XS H E A
WERHBETY SR FIEN N B IF R K S B A G R, X% B R A IERA ),
B — SEER: ¥ IEENRESHOR AL E W EUE, Fik, dHEF S5
BB R BRR AT, IE 8 HRME, RYENSH0kE —1
E AR, FIAnTE [0,0.2] VEREIA L 0.05 A K, MISERRE AR RiES
BER 5, REARNX 5 MEEEP=EEEE B, XFEENSHERE
AR “BfE” H, BXEREEFHMERMATT ZRBHTIHPHSER, BT
XA, 23R4 R/IT. BL L, EEHTXENTRE, Aeats
VREE. AT REE—T: BeEEE 3 NS, §MSHER 5 Miik
1, XA A%/ MRERF 53 = 125 MERFER, REBANEIH
FEERESHFRE, REFBHRRWHSTEER, UETEADNAES T,
SHRBIF AN FAEEX R AR M e A R M .

SEBE m MEANEIESE D, EHEAHE S EFEIETH TRERH
— ¥ BARBATIPAE IR, BSE ERATRAEH T — 3 SR I il R, 76
MRS RUR, F I EENS R E Bk e, SN % AEEE D EFRI%G
AL ARG R P AR T A m MER, XA RBITBRLRTAH
yaling; %R

TAh, TR, BATEE AR LR S Fr A F o8 B I SR AR A
AR, A T MCAX 5, BAPPAl S8 TR I BR R E R “&
JE4E” (validation set). B3, ZERFFIN B AR FIEVE IOV AL MERE RS, AT WUSR
R _EBRIAI 50 B3R SRAS TH AR BUAE SE B A A N V2 AL RE Ty, T TR VI ZRE0HR 57 Sl 2
RN GEMBATE, HTRIFE MRS TREE B MRS,

23 HEEEE

X} 2 3 BRI AT BRHEAT VP, AT/ ER R TATH L RAS T 7, ©F
ERHERRNZ AL RE 1 P AR U, 1X B2 1 B8 FE & (performance measure).
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9%,

YRR B TS F K, 7EXT LEARIBERL I BT i, AR AN R P REBE B AE
HERIPEARKIPHAGS R, ZEREBRIE “HR” ZAX ), aRER
R, NIRRT HEMEE, EgE TESFR.

L% FEFIHES+, B ERBIE D = {(z1,11), (@2,42), - - -, (@m), Ym)}, FF v
BRG] @ WESEARD. B8R £ i, RERE ) BTNER f(2)
5B SARD v HATHE.

B )FE 55 R R R “ B T7iRE” (mean squared error)

_%E: fx:)—w)? . (2.2)

=1

REMME

oo
]
[

R, X TEIR S D MR BEERE p(), BTTIREM RN

E(fD) = [ (f@) -v)ple)de 23)

AW TEHEENBIREFTEANEREER. -

231%&%5%&

AETFRIER THRENEE, EPRESFEREMNAMEREER,
EMT o 2RES, WEHTZHRES. HIRF RS I IROERL S
A BB, KRR R IER IR A S A B BRI L. X HEBI4R D, 2

HHRAE XD )
| B(fD) = 3 T(f (@) # ) - ey
i=1
FEERISE X
aMﬂm::—Zl CORSD) (2:5)
— 1w

S, T RUR A D AR (), R R4 S
&%
Mﬁm=/ 1(f (z) # v) pla)dz , (2.6)
x~D
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F2E BATEHERE

ERBRER RHR
BeEFHK “BEE” |

acc(f; D) / 1@ = y)pa)e (2.7)

= 1-E(f;D).

232 EHER, E2E5F1

HRRENNEREA, B3R EE SRR, LUK E S A6, BRE
JRRBPLR—ZEVG K, BATH NG AR R X L 78 BT A, BAR, SR EM
BTHZDHHIRMBH AR, AEERMNKOKZ “BkHTERPH LD
B RFM” |, S “HAEFRPF L OHARTHER” , BAERERR
MAGHAT, XNFEEHLMKEREE.

KT KREFBRE. WebBRENHATELEHI, HlnERFEERE
B, BRINEESRL “REUNEEFFEZOUAIRZH BB “H
FPRYXEBUGRPEZLOERERHERT” . “EHZR” (precision)s “&E&
E” (recall) REANEHTHAFTRIWEREER.

YT T4 K R, TR R AR 4 L R SR 2R 5 b A ) S T K A i A & Xl
43 EIEBl(true positive). 1R IE#I(false positive). E & #l(true negative).
16 % 1 (false negative)lUFi 15T, & TP. FP. TN FN 43733 R
BBI%, WZRHE TP+ FP+ TN + FN =685 HRERN BEE
FE” (confusion matrix)E 2.1 Fi7w.

£ 2.1 SALERRAEE

SitIP

EH) B
E4) TP (AEH) | FN (BEH)
E#l | FP (BE4)) | TN (REMH)

HHER P EEER RIHEXN

TP

P=TprFp’ (2:8)
TP
R=7prFnN (29)

BRFMELFRE-NTFENEE —BCRY, SHhEEH, E2REE
fRf%; TMASRREN, EHEREERE. Flin, 58250 TR EEE Hik ik,
U T 3 3o 8 i T B BB R SEE, A SR BT AT B, A BT 4
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A Bk LR A,
BAEE P BT R A
XA 1ZE, BT A
Eok, K

7~ AR ‘PR #h &7 &K
“PREA” .

A BFEF EN, T
EB R T 2R A,
1230 RIS F 49 P-R th £
FAAEEE. REEY,
FEAR % B LTk E.

WMREBE £ T, (B E R R g AR A A S T A 4 IR R T
=, AT R PRk A 4R AR, ERXFERLAE 2 TR A DR, R E S RE
1. 8 H AL AR P, A r] R A R AR AR .

TEARZAETE N, TATAT MR 2% 53 38 A TR0 45 SR REIEAT HE PP, HEZE AT T
MR B/INA “BATRE” RIEVIMREA, HEEE NGRS IR/ “&
AETRE” R EGRIFEA. H IR B A SRR AR Ay IR EAT 00U, JU4F 2 A
T MET AR, B ARG, B NmER, mE2)
THEBER-ELEIMEL, @R “P-RIMLE” , BrizhE&ERY “P-RE” .
2345 T — MR EE.

1.0

0.8

06 :”"' T : ;
- B
ol 04 L

02}

0 L=

02 04 06 08 10
EYS

E 2.3 PROWALPHEFE

P-R B B R 7R 22 ST B AR B R BB 2R BHER TEIHT R
B, FH— I HRE P-R W — A2 B M& e A, Wk s
JEE IR TROE, BNk 2.3 3] 2% A MMERRIL T 3088 C; WARH A
PR M RAE TN, BlnE 2.3 1 A 5 B, WML — MR HEHETF
P B3, BB AR By SR s A R A P AT L. AR, 7EIR 1%
R, MUEFEMAEEEN S A5 B A ER. X —AN & F - 5
R P-R gk FHIFRIRD, BAE—ERE L RIET F IR EEHEENE S
_ERUSHRT “XE”7 B EXAMERNKRAE S, B, AT T —2
GAEEEHR, BERNMEEE.
“PH5 57 (Break-Event Point, & #% BEP)f B XFE—NEE, B “&
HER=TR” RAHUE, #linE 2.3 42313 C i BEP & 0.64, [li#:T BEP
MILLEL, FIAAE R AT B.



32

F2E HEETFH5EE

F1RATHEREES
4% 89A%=-F 3 (harmonic
mean) & 3L #:

1.1
(+3)
Fg | R A i - 3

11 1 B2
Fg 1+ﬁ2'(5+§)
5 R H( ELR L
TR (VP x R)AAk, A
Fo 3 R EAAL M

11
F1 2

(B BEP 3£ 25t TRIfL T, SFME F1 R

F1_2><P><R_ 2xTP
~ P+R  HHIEHR+TP-TN '

(2.10)

TE— B R ) R A AR B BTN, BIn7E R S
R, h T RAAEDITIE | AR 1 25002 P RO, MR 2
EEEE; AL ERRALD, EAERTRORERI, N EA%E
BE. F1 EEN—RHR— F, Bk RATFRIA M AR /BRI FR
17, B XK |
I (1+8)xPxR
A (xP)+R '
Mt 8> 0 ERTESEXMEWENMAN EE N [Van Rijsbergen, 1979]. 8 =1
RHEA AR F1; B > 1 RESEEEREMN; § < 1 HEREEERLN.

REIRRATE B0 FRIREFERE, Fla#AT 2K I% /R, SREBE
—MREFFE; BREBES N HEE LTS/ R, HEMTEIEN “2/”
PhE; EERIT 0 RIES, BRRIRA KA SN N —ANRE R -
BZ, BIHEE n M0 RBHEREME LG EFRERINELE.

(2.11)

—MHEENMEREESRBEEE LS HEH BRI E L X,
_I’ayg (PlaRl)a(P2aR2)7"'7(P'n7Rn)7 ﬁ:'ﬂ‘ﬁ%zf}]ﬁ, ﬁﬁ?ﬂt@@] “fﬁyﬁ
R” (macro-P). “ZEHAFE” (macro-R), LEAHNE “ZZF1” (macro-F1):

1 n
macro-P = — ZB , (2.12)
=t
, L
macro-R = — Z R;, (2.13)
n =1
macro.F1 — 2 x macro-P x macro-R © (2.14)

macro-P + macro-R

AT SE R SR E R X N TR AT, B2 TP. FP. TN. FN I
P, 4 ReA TP, FP. TN, FN, BETREFHEITEDR “MEAR
#” (micro-P)s “MHELZE” (micro-R)M “WF1” (micro-F1):

TP

micro-P = ————— s
TP+ FP

(2.15)
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TP
miCro-R ===, (216)
TP+ FN
icro. P I
micro.Fl — 2 x micro-P X micro-R . (2.17)

HERERIE 5%,

micro-P + micro-R
2.3.3 ROC 5 AUC

1R % % 3] 83 B A A P A — AN S(H B 2 T, AR5 XA T 55
— AN 432K B (threshold) AT L 4R, 5 KT BMENI 4 HIERK, FMH &K, #1
n, MWLM EIE—RIBETE T &0 MR AT H —A [0.0, 1.0] 2 [HIFISE(E,
RIGHXAME S 0.5 BATHE, KT 0.5 WA ERF], 750K kbl XA L
REZRTM S5 R IR, BEYE T IRz Re 1. b b, i~ H R
REZE T &5 5, TATo G MR AHATHE Y, “B AT Re” & IE B (K HE7E B /i T,
“BATIRL” RIEFHERSE. X, 2200 B NS TAERX AN EEF LU
FA “EW R (cut point) K FEASN A BEERSr, BT —&BarAIEER], J5—HB5 1
HIE .

FEAF NS, BATAT YR AE 5 T SRR AN R B2 BT L, 4
BATEEN “EHER” , NAEFHEF R f A ERTEN, FEEW ‘&
e WIERRERAESTRE. Fit, SRS KREFR, AT 45
EHEBEABANFMES T “HBZAMERR” KEFH, 8EH, “—BER
T ZALHERERIEFIR. ROC M2 JUI R KA A B2 Y R SR 9T 3 282 Ak P
TR,

ROC &% 2 “ZiAH TIEFFME” (Receiver Operating Characteristic) Hfi
&, BIET “2i%”7 PRATHEIENKEFEESHITER, gttt
FERFFEHA T OB E, BVl NP, 851N 51 8UR
[Spackman, 1989]. 5 2.3.2 FWHNHK P-R ML, HATEHE 2= 3K
PG5 FX B HEAT HEFR, $2 P BAMERE AR 4 IE B BEAT T, Bt
HRANEZEERE, 25 BT, JALIRER, A2 T “ROC Hhek” .
5 PR A HERE. ELERHH. BHAR, ROC R “HIE
% ” (True Positive Rate, #i#k TPR), B2 “fRIEME” (False Positive
Rate, %% FPR), T3 2.1 TS, &40 E XA

TP

TPR= ———
R=Tp+ 7N

(2.18)

FP

FPR= ———— .
PR TN+ FP

(2.19)
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E2E BRENTEGIERE

BT A BAR BB
#| P-R B B A F)AE ) AL
AFBXE A ANLBEE
RAEH, RATETT
A4 AUC 3t .

B8R ROC & MEM A “ROC E” . E 24()BH T —AREE, B4,
X RT “BEAUEI” AL T (0, 1) WIS ST H B8 EVIHEE TS &
12 BiThY “IRARAGEL”

1.0 1.0
ROC# %, Sl
0.8 . G 7 0.8
Vi
# 0.6 7 % %% 0.6F
5 5
wk 0.4 s W 0.4 AUC
0.2 5 0.2
2 ‘
0 ' ' ' — 0.2 04 06 08 10
. 04 06 08 0
o2 LR IES ! 1BE) %
(a) ROC #14%5 AUC (b) ATH BRAHILH 4 ROC W4
5 AUC )

" B 2.4 ROC##%L5 AUC 7%

BLSEAE 45 3 % R BRI BIR 25 ROC B, ILRHX AE 3RS
AN (BLIEBIZE, (BE B2 AARR, TEHEr= £ 2.4(a) P IYEIE ROC M2k, Rk
SxHIH A 2.4(b) FiHIER, ROC #1%R. LEERRE R L% m™ NMEFIF
m~ AN, MRIE S AR TG R R BUEAT HE e, RIS RBIE B B K,
BN A A R 3 T 2 S 5, ki B IE T R ARIE B 2354 0, 7EAE4F (0,0) 4k
PR —AN L RIT, B BE AR KB AR FRIE, IR UK R
RIS HIEG]. BRT—MRIESABIRA (2, y), AETE A EIES], WX AR A
MRRA (z,y + —=); LETE ABIES], WX NS SR (2 + =,y), R
JE B A 4B S A4S :

BEAT 2 ) SR LN, 55 P-R EIMEAL, & — AN EH ROC M&st 5 —
M RRERTE B, WA kS EENERIL T, HPA%I8E
1 ROC Hi % R AAT X, MIHE A — R P S W5 P B AR BH . LI o SR — e
AT AR, WA A 2 1) A48 2 LU ROC #i 4 T THI AR, Bl AUC (Area Under
ROC Curve), 1 2.4 fi7R.

M SCA 4, AUC AT 3t %t ROC M4k T & o mmBkmme. ®
& ROC Mgk 2 AR A {(z1,91), (B2, 92); - -, (@m, Ym) } )RR F LT B
Bi(z1 =0, T = 1), ZILE 2.4(b), W) AUC "I {58 R
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m—1
AUC = 5 > " (@ir1 — 2i) - (i + yir) - (2.20)
i=1

N | =

FEAMUHE, AUC B EHREATHFRE, Bk ’—31%)‘%%%7@ £
R, 4 mT NEFIM m™ MBI, & DY M D HHIRRIE. REIES,
THEF “BIR” (loss)E XA

1 1

bk = e 3 % (106D < fe) + 517D = ) )
zteDt z—e€D—

(2.21)

BN B —xt e KB, & EF R INE DT kE], Mg—A “3a” , HH

%, MAE 0.5 A “T39r7 . BEF M, Lrank XM HIRE ROC iz EHHR:

—AMERIE ROC %% R RARIE A AR (2,), W & e REAEFFER 2 T

KA AT B, BIBR IEGI 2. Rtk
AUC =1 — byqn - (2.22)

234 RIMBUBBIRE 5K Mihsk

TEIEES T HE BB FEREN: AREBERHERTERRERANR.
BIMFEESTSHT T, SHRHIE R Z WO R R SRR RN SR B3,
FRRERLT “—KER” , HEERZEEMM T # PRERRRER, &
F WG RATRER TR T HERBUAE M BRAENYL Fa, MNERGEHE IR AE
T AR5, BAERA P AR A E, EARIEREANBEE T, WG R
PPERZEFY. AREARRIERITERNARSR, TAHRRT “4F
BWERM” (unequal cost).

PA =4y BAE 55 A, AT AR AE & AU AR ke — A “RMNAE
FE” (cost matrix), W15% 2.2 Bz, HA costy; SRANREER ¢ REEATI A S 5 R
BERBIRAY. — Bk, costs; = 0; W 0 KA BIHE | KFERIMBRE

—RHAT, TRHR K, W] costor > costiy; MEFEEAIZEBK, costor 55 costig {ERIZEFIFRK,

AR T AR 218, 4
4o costgy : costip = 5: 1

5 50: 10 FrAEHCRAN L.

F 2.2 ZHERWEE

. EiDUE ¥
PESTN
FOR | F1 A
0% 0 costor

%1% costyg 0
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H2E HANTEEEE

HAIFA27.

“HIEA”  (normaliza-
tion) AW RE ZALTE B 4y
e At 2] AR Fl 49 B 2T B
F,ERAAR[0, 1), BT
#op—” . ARIH
2.8.

[ JB A T A 4R ) — S MR AR B TR Y, BT TR B B T 3 AR,
Bl (2.4) fr e X RER BT “HBRII , HREZERFAH RS
ERAE KGR, EIEERMT, TATETA B A PR 14 B B MG IR IR
W, TRFERME “BARRM” (total cost). E¥FE 2.2 THIE 0 RKIERE
k. B1RIEARE, 4 DY 5 D~ 5alRRFEBIE D K IEGFHERM RG] T
£, W] “ARMNBUR” (cost-sensitive) FHRF R

E(f; D;cost) ( Z I(f (x5) # ys) cost(ﬁ

z; €Dt

+ Z (S (x) # ys) xcostm) . (2.23)

x;€D—

FABLRY, ATEE BT A0 AN B R R, U R — SR
RS AR BUBRRA. &4 costy; PRI 4 j BUEARRTO. 1, MWE X%
BREF U BRI R R

EIEBFRMN T, ROC HLEA fe B £ R B H 22 3] 88 1 B8 SRR AN, T
“RUBHLR” (cost curve) MR R Z H K. A #l £& E FB 2 BUE R [0, 1]
HIIEBI RN

B P X costoy .
P(+)cost = p X costor + (1 — p) X costyg ’ (2.24)
Hrb p RGN IEFIIAER,; HAREUER [0,1] BIH—LAbr
oSty g = FNR X p x costgr + FPR x (1 — p) x costig ’ (2.25) ’

p X costor + (1 — p) X costig

H FPR £:(2.19)E LR IEFIZ, FNR = 1 — TPR 2B KB, (AU ik
HIZZ BRI ROC ik Bfg— OB T AP _EK— 42k B, B ROC i
£k LA AGR S (TPR,FPR), AT MM HE H FNR, S5 MRl 24
—% M (0,FPR) % (1,FNR) F& B, B FTHIHARBIRR T4 TR
B itk ROC 4 EEA s RPN — &R & B, R)5
BT RSB T R, BRI TA &4 T EIBMHELERM, W
& 2.5 iR, '
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£ % X FHRBEABGN
28T £ JL[Wellek, 2010].
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1.0
$
S sk FNR
> Rt 2%
FPR
0o 05 10

EBIBERM
2.5 KMt &5 BB SRR

2.4 EEBAELE

A TSER VP EAME R R, BRI RN 24 51 48 MO YR REHEAT VR4S ELAR
T SEMEREMSERIPATTENRE I SRRENMERRERLS R, RE XKLL
REATHE. BEARMIZA “HBR” B? REERGHREENERE “Lb
KA 87 b, HLasE PRI B A ERE L RFESR N EREL. X
BHEWERIANEERER: §5, RIOVBELRLZ MR, RS LRI
THEBAIRABHRIALE_ERIERE, P BIXT LG R AT RER AR, 5=, A
KRR SUREA S EFAERARR, EARMERAARRKDMIIRES
BEINFRGR, BEAMRKDIRE, FEE&RINREGAR, filRg R
WEEANFE; =, RENFJLIEELGE 2RI, BERHERKNSH
WEAER—MIAL L2 KIET, HERMLEARF. B4, AREELHRITE
X2 3] A% P REHEAT LAY

Giit BBk (hypothesis test) by BATHEAT 22 > 8% 1 RE LU IR L T EBAK
¥a. ETRERRE RBATATHENH, HANRE EUEB|% 8 A LB 4,
A Kz R EELRT R EMT B, UEARANERHMIEEFTLZ K. Tl
BATVEN AP B EA R BAE, K5 ILAE VL2 ) M ReLL BTy
. ETITR, ATBAUBERENEREER, A « &5

2.4.1 RiRHRLE

BRI P R BRI SHZ AR TR0 IS I W 85 AR, il
e = eo”. PSEAESHRAVEAFIE I RHZ U RE, RAERMEINREE
R & ZUHERREIRERERLME, BEWN L, —FHHERTT RN
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E2E HRTFHEEE

a W ¥ A RAAEA
0.05. 0.1, A 26 ¥ a %
RAHTHRAFTE.

st. & “subject to” #J
ME, AAXTELZA
E G L

BK, AHERTHI T REME LA/, Rk, ATARYE A5 R A HE R 2 AR R )
oA, ‘

EABRER e K B/E— DA LIRERBERR ¢ MRERE ¢ Bk
HE m AR FIEE & x m MORDEK. BUE IR AZ WA B E 71
FRSRAETIAR, AR REN e FEIT/HIEF m/ MERRDE, H
KRS R EFIER €™ (1 — o™ Bk EEHIHER ¢ x m A
FEASRARIR I T RFUR, KERE TEEAS m MEAKTIRE E, 24k
HHREN e % SMPAUBNNREHRE Ty ¢ FIMER:

m

P(&e) = ( )éxm(l — g)mTéxm (2.26)

EXm
éﬁ%?ﬁlﬂiﬁ%ﬁ%, Mfi# OP(é;€)/0e = 0 AT 4l1, P(&¢) FE e = e ITEEK, |e — & 1
KB P(& €) W/, KB A T (binomial) 53 A, 41 2.6 FiR, 3 e = 0.3, N 10
AR PTG 3 MEIRFBIMERE K.

0.254
0.20 B
0.151
.
|
0.10
(87
0.05_ A
05 2 7) 6 3 10

R EAE RS
2.6 —HAH5A+EE(m=10e=0.3)

TATAIEA “ —HUK” (binomial test) X “e < 0.3” (Bl “ZALEHiRAR
BEARKT 0.37 XM B AT, F—KEK, HEBE “c <e” , MWE
1 — o FIMEZE A BT REVLIN 2 0 B R R I T 3. X 1 — o R T 451810
“EfSE” (confidence), EWMIKRE, AN T E 2.6 HAERAR T/ VL.

£=maxe st. f: (T)é(1_e)m—i<a. (2.27)

1=eg Xm—+1
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~gi$ﬁf§~? "W‘iﬁﬁ R SERENNAEERE ¢ DN TG FE e, NARE —TRK AT HER: £ o NEFE
CERE binom(1l —

ot 5 wratan T BB e < eo? FRERAR A, BIRELL 1 — o MR, %51 MR
¥ & icdf (‘Binomial’,1— iTj({F‘ €0; J\Uﬁ{ﬁwﬁ_ﬁgﬁﬁéﬁ, EDE o B@E%ETﬁfﬂ\%iﬁéﬁmﬁk%

a,m,€). .
ﬁ%ﬁ? €Q.

R &2 2@ & %itit , 2B L NP E 4 .
Praiadainie f’f‘é% IR 2 BHERATHF AU — Uk B kAl oF, TTREE 2 RER H HEEE

www.r-project.org. A X RAEEFHAT 2 RN/ MR, ZHESFE 2K IRE, M
“t R (t-test). BERMBET k MIRERE, 1,6, ..., &, WFHPR
HARE p M E o2 R

1 k

p=z Z; & (2.28)
2 1 o o 2

ot == 2:(6z — ). (2.29)

=1

FREX b MR RF B EZ U RE o KHALREE, NAE

T = V(= e0) | (2.30)

BRMNBEEENE— 11t 94, Wk 2.7 fizs.

-10 10

B 2.7 t oA =&EEK=10)

MR “p = eo” MBEE o, BATATHHEH LPIREREZENR ¢ W, 7E
1 — o MR R I B B B KSR R, B SHE. X B 2% J8 XU (two-tailed ) i
W, W 2.7 fion, PRI EE T &F o/2 KIER; RE B2 TG 53 0
[—00,t_q o] M [ta/2,00]. FFIJEHIRE u 55 e ZE |u — eof AL T Ila FETEH
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H2E BMETHSRE

|91 ta/Z /T-"E R#&EZ
P qt (1 — a/2,k —
1) # X, £ Matlab ¥ 2
icdf ('T',1 — a/2,k—1).

[t /2s oo PO, MITREEHE AR = o7, BT IZ ALARER N co, BAEIE N
1— o; AWAHEA R, NE RS EF T lhE RS o FRER
7. o % FIEUEAT 0.05 F10.1. % 2.3 211 T —26% R L.

2.3 Rt RIWFE A ETE

k
2 5 10 20 30

0.05 12.706 2.776 2.262 2.093 2.045
0.10 6.314 2132 1.833 1.729 1.699

0%

LT BRI AR SR X O T B 22 3 B2 A RE R BEREA TS, 1T
AT H, BLRMRRINFTXIAF 2L M REET L, TN HE
H T S U R A 56 T v :

2.4.2 T XIE t 105

XA EI R AR B, HEBRAVER b TR XEIEEREIRNRE RE S
el ed,. .. e M B el, ... B, H e M 8 RIEAFMILE « H7VIZ/ 0
REBRNLER, WA £ #H38 XEAE Xt ¢ %7 (paired t-tests) KT
LR R, X B EARERERA RN HERRAER, e AT HAHR I

/PR BT RERE AR, B el = P

BARRYL, Xk Fr38 XBAE~ LW kX IR A IR R SEXT x4 R K E,
A; = € — B HWAFE I BRIERARR, WEESEN D Z. FHik, AR EE
Ap,Ag, ..o, A RIS A 5 B HREARR XMER M ¢ 5, THINEE
HIEME p T E o, EREE o T, HXE '

NTFMETE ta/2, k-1, MIRBARBIEL, BIUCHPIA ISR IIMRRE BEE
A; BMAAAPIANE SRR BEZ0, H PR RER/ NI
AR, XE by 1 REHEN k- 18t 0 LEHMBRIAN /2
I FEL.

FOREAT AR BB, — N EEATR AN R R L A AR R
SERFE. XTI, EEBLT B THRAGR, 8T RS SERAG T T AR,
AR RN GELSE —ERENER, X EANRER R AL,
S FE R TR BB ARR. B — R, AR “5 x 2 XKL
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R e S T

W R1E x2 £ R iE
% ¥ Tl it qchisq(l —
o, k—1)# &, /£ Matlab ¥
A& icdf(’Chisquare’,1 —
ak—1). B k=2
R AT 0 Fi AN

¥ [Dietterich, 1998].

5 x 2 2 R RA 5 1K 2 BTAC R, ZERRUK 2 473 XU TEZ ATREALAS A
SEATHL, 48 5 YO X BRI R AL XA 2328 AR B, i
2 4730 R BT IR, RATX A1 B2, B8 1 47 L
6 AL FUE 2 47 LA A2, S BRIREHR B IO, RATOGHE 1
W2 475 XBAE R P G BB PHIE o = 0.5(AL + AZ), (ERAEH 2 135
BRI 0 = (a6 - 2HAD) 4 (a7 - 818N g

=t ‘ (2.32)

[ 5
02> o?
i=1

AR B N 5 B ¢ 53 A, FEXOHAR I IR FHE )0, 5 2 o = 0.05 By 2.5706,
a = 0.1 [ 2.0150.
2.4.3 McNemar #23&

XA RIAR, R HEAUT A A 538 A 1B iR IR 2, 1B
HERBPE IR RE RN ER], MPERER. MR, —DEFMS—MH
IRITEEASL, W “FIEER” (contingency table) 2.4 FT7R.

F 24 AFEIBHEEANFIBREA

. Lk A
A% B *
B AR
B €00 €o1
AR et el

HHRAMAOME RPN FEIBREREAR, WNE e = e, MAZE

leor — e1o| LR IEZ 370, BIYER 1, HEN eor + ero. FILEE
_ _ 2

Ty2 = —(|601601 1106110 D (2.33)
R E BN 1K) 2 o0, BIAREE S AT BT, AEEEE o, 3L
T EENFIEIE 2 i, NEEEAEE, BHIAAPZ BNt EEEE
Al TR, BIAABEE AR B 25, AR RE/MIIAN %Y
WUERERAL. BHEN 1M ¥ BEMIEFMEY o = 0.05 B h 3.8415, a = 0.1
24 2.7055.



42 ¥2F HEETHERE

2.4.4 Friedman #5385 Nemenyl BERE

A HAE ¢ A% F1 McNemar Ry 5 8827 — M & BB AN E K
PERE, TITEAR 2 Wi, @iff]%ﬁ—éﬂﬁﬁ%iﬁg/}\ﬁ%iﬁﬁf[:Eﬁ. e
B 5WRN, — ML 2SN EERE Lo A5 HRH LS KSR, mE
PR LR B T A R AR 7V S — R TR R, MR E T EEHTFR
Friedman 155,

BERMA D1+ Doy D3 F1 Dy WAMEHEEXSHIE AL B, C BEATHEL
B, A W IR AR RIS AN RSN R IR R, R
FERSABRE DRERARE T 2R, FRTFEL 2, .. HEIER
TR REAE R, WF2 F{E. B, 78 D, M1 D; b, A B&#F. BHK. C&E,
M7 Dy b, A BIF. B 5 CHEgeAER, - , WETF R 2.5, Kb & fE—1TH
X T —FIRFERTY, B2 FFE.

% 2.5 HxEAEMEE

L ik A A% B EkC
D, 1 2 3
D, 1 2.5 2.5
Ds 1 2 3
Dy 1 2 3

T3 510 1 2.125 2.875

SRJE, 18 A Friedman F%e Sk H| WX S50 R B M REECAE R, EAH R, e
Il]El’JiFi’JF%{EF“ LFEE. BERNTE N M EEEE B kAN, 2 r RRH

ANEERERRE, HEITE, BAE RS R ERELR, W r lRINESS
ﬁ , HBEM G ZD RN (k+1)/2 F1 (k2 —1)/12. &

k 2
k—1 12N k+1
Tx?ZT'mZ (”_T)

k

12N +1)2
=D (Z ) (2.34)

1

75 b RN ERBOCES, TR BER K — 1 19 2 4.
WRTT, _ESRICRERY “ [0 Friedman BI0” 1 F-F, SI7EEM MR

(N —=1)7y2

TENE-—1) -2’

(2.35)
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F #:306915 FMELE R %5
TFTHlE qf (1 — o,k —
1,(k—1)(N-1)) i &, £
Matlab ¥ & icdf ('F/,1 —
a,k—1,(k—1)x(N—1)).

qo & Tukey 27 84 16
M, EREFEZTFTE
it qtukey(l—a, k, Inf) /
sqre (2) #H.

Hrp o BI(2.30) B2 77 RIWEHEN k-1 (k- 1)(N - 1) K F 2343,
K26 4T —HBEHEAE.

£ 2.6 FRBWGEAERJM

a=0.05 ‘
BEE HEAE
NN 2 3 4 5 6 7 8 9 10
4 10.128 5.143 3.863 3.259 2.901 2.661 2.488 2.355 2.250
5 7.709 4.459 3.490 3.007 2.711 2508 2.359 2.244 2.153
8 5591 3.739 3.072 2.714 2485 2.324 2203 2.109 2.032
10 5.117 3.555 2.960 2.634 2422 2272 2159 2.070 1.998

15 4.600 3.340 2.827 2.537 2346 2.209 2.104 2.022 1.955
20 4381 3.245 2766 2492 2310 2.179 2.079 2.000 1.935

a=0.1

BiEE : BEANEE

NN 2 3 4 5 6 7 8 9 10
4 5538 3.463 2.813 2480 2.273 2130 2023 1.940 1.874
5 4545 3.113 2.606 2.333 2.158 2.035 1.943 1.870 1.811
8 3.580 2.726 2.365 2.157 2.019 1.919 1.843 1.782 1.733

10 3.360 2.624 2.299 2108 1980 1.886 1.814 1.757 1.710
15 3.102 2503 2.219 2.048 1931 1.845 1.779 1726 1.682
20 2.990 2448 2182 2.020 1.909 1.826 1.762 1.711 1.668

B CPMABEERNEGRMER” XMR IR EIE 4, U5 B 9 O e i R
. X AT “IBEERMR” (post-hoc test)SRit — X FHEHE EHKE
Nemenyi J& 45,

Nemenyi #5755 H V38 Fp (8.2 5 B s FAE 8

k(k+1)

CD:qu 6N »

(2.36)
FK2THHET a=0.05F10.1 Hﬁﬁﬁﬁ H g 1. EFRANEERFRFEZ E8H
TIEFESR CD, NN EEEIESE “HWANEEMERMARE X— R,
% 2.7 Nemenyi %R+ %A g, 14
BHEANH k
2 3 4. 5 6 7 8 9 10

0.05 1.960 2344 2569 2.728 2.850 2.949 3.031 3.102 3.164
0.1 1.645 2.052 2.291 2459 2.589 2.693 2.780 2.855 2.920

(¢




4 ) | HoE WENMESHE

PAF 2.5 H EIEE W, SeARIE R (2.34)F1(2.35) B H 7 = 24.429, I
2.6 AJ &N, 'BRT o = 0.05 AT F A% F(E 5.143, K4 “ fra Bkt
BEAA” XAMR . ARG Nemenyi 52K K, 7% 2.7 vk E £k = 3 1
go.05 = 2.344, RHE(2.36) T H H G FEL CD = 1.657, H3K 2.5 FHIFHF
A4, Bk A5 B ERE, UAFYE BS CHZER KRB FE, mE
%A L CMEEBSEAER, FIRBRSERAHEE AL CHEREEAR
Fl, A% AL B, UEAHELB S C HHRERE BE 2.

RIS LB AT A E WM A Friedman K %0 E 2oR. BIU0ARIER 2.5 5
AR H E 2.8, B Y BR&AN0E, B2 TP E. e,
=R R B HAF 3 R E, LR 8 O IR 2 BUR 7 i FHE ISR R/, 2%
SRR T B ISR, B EEOBEBAERE, WX R AR RE B
Z5, BRI A BE 2. NE 28 hrlASMEN, HiE A5 BRARE
Z5, BAEMKBREBAERE XK, MHE A BERTHE C, BERHENK

LR BB AR B X .
R
FikA |- 1 -
%48 R A —
1.0 2.0 3.0
2.8 Hiedﬁan b iox a2
25 RESERE

XFEE SRR T B KA v A B, AMIEEERE T e “Aft
27 BATIXPEITERE. “IRZE—JTZ4ME” (bias-variance decomposition) 2 fif
B I FIE AR — P EE T A,
(i 27 22 SRR BRI 2 5) S (K A B2 AL B R SR AT AR BRAT1S0E,
FAEA RIS ER RS RRATREAR, MEXLYIZERK B F—A 53106
ATRERRERE SRR @, 4 yp H @ EEXURETIIRIT, y 2 @ WESHRE, f(a; D) K

© YD # Y.

G5k D LA fAE = LRI . RS A, % I SR E T
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W4 |
f(x) =Eplf(=; D)), (2.37)
{5 R AR HOHE B A B VISR F= A T 28
var(z) = Ep [( f(@;D)—~F (m))z] , (2.38)
RS
e =Ep [(up - v)?] - (2.39)

B 5 B IARE M ZE BIRR A IR Z (bias), B
bias*(z) = (f(z) —v)” . (2.40)

AET S, BERFEMEHNZE, Bl Eplyp —y) = 0. BERBRNZHXET&
FF, AR IR AT O
E(f; D) =Ep |(f (@; D) — yo)’|
=Ep (f @ D)~ J (#) + F (@) —yp)’]
=Ep [(f @ D) - f @)°] +Ep (£ (@) - p)’]
+Ep [2(f (% D) - f (@) (f (=) -
—Ep [(f (@; D) - F(2))°] + E
=Ep [(f(2:D) - f (2))”
=Ep [(f i
S +2Ep [(F (@) ~1) (v~ w)]
~Ep [(f(@;D) - @)*] + (F @) ~v)" +Ep [wp - v)*] ,

w X(2.37), RERAHO.
vp)]

)
(
)
(z; D) — f (2))
(z; D) — f (x))”

TR,
E(f;D) = bias? (x) + var () + g2, (2.42)
WYL, BHIREA RN RE HESBREZH.
FlERE. HZE BERE X WEQR40)EE T %I HENIHETN 5



46

F2E REMEEER

% % FrkATaN
Y AR, Bl RERT
ERES AERETHE
Hyl e, FREFIF
HETEAEFE DB

ESEE R MR AERE, B2 T 2% B A S MG )); 772 (2.38) KR T IH
BER/NER VI R IS 30 T S 302 T M R I Ak, B0 T 0 DR s
R, B (2.39) WRIA T 7E MRS BARRT 5 ST BE BT B B TR AR
ZRNF, B T 5 3 ) A B . w227 E R UL, AL RER
FARERGET) . BT LU RS A G BT RRER. 45E
¥ MT4, h T EBIFIE RS, WEERERAD, WA TS IIABOR, I
BAETT ZBUD, BMER BRI LK.

— R UL, =5 T E R MR, XFRA R Z-J7 % 8 5 (bias-variance
dilemma). B 2.9 FH T —PMrBE. HREEIES, MERNBIZHIFEIHE
MIVISRAERE, MIZEVISRAS A, 2 5] 8 MBI A B A 3R, ISGER MR
DMESES BB E RN, W REE S TEAHERE; BEIISEZ A,
FR/AOE RN BB R, VIGREIE K LR e F I BEE, TE-
BHER T EMERE, EVISHEERLRE, F IS CIEHE, %
B RENENIHH S SREISKERERML, FINFEEBSK. &
FIREPERE S BB T, M R A AA.

— ZALRE

A

LE:3:4

2.9 ZHEEERE. FENAEZTER

2.6 [RIZHH

ﬁﬂﬁ%ﬁ%ﬁﬂ%ﬁ%ﬂ HH EEHI&, [Efron and Tibshirani, 1993] %} i

AT T PRI,

ROC i &7E =+t 42 )\ -+4E AR5 HI4 51 AB148 2% 3 [Spackman, 1989],

AUC RS RN 2 G0 A [Bradley, 1997], HFIA
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234 T4 TATR
B8RS ERM.

ROC %k T HA R PPN 2L B B B A A E BT Rl o B 2 Z [Hanley
and McNeil, 1983]. [Hand and Till, 2001] ¥ ROC HiZk\ =3I ATE ) 2] %
93RS [Fawcett, 2006] £548 T ROC HHERFI .

[Drummond and Holte, 2006] & B T4 th4k. FUi A2, Pl it
BY R RBRRY, BT IRSELRS, EFNERAN . gy, BHER
Wré&, BMEE IR B, VIl 3t — 5 RI5F HE T RA R G ERM UK
HEFFEAFRSERM. RN BUBKEE S (cost-sensitive learning) [Elkan, 2001;
Zhou and Liu, 2006] & [ THFAIEHZERM T2,

[Dietterich, 1998] #i& i T H# &k 73 XAMIRAGFERI NS, JFRIHT 5 x 2
X HAF¥%. [Demsar, 2006] W18 T X 2 NMEIEEAT LB I8 7 ik,

[Geman et al., 1992] £ X} B F4E 4545 tH T i =75 -1 J7 % 5 ## (bias-
variance-covariance decomposition), /&R # B A ME-FTESE. BARRE
MT7ERHE IR T BREIEFSHERRERERE, HR(2.42) XN EK
FBANEETHTRENEEES DA UESH. WHRMES, BT 0/1 K
BB, B LS R E R R TSROy AE s
50 5 22 0 7 Z HE 4T 571 [Kong and Dietterich, 1995; Kohavi and Wolpert,
1996; Breiman, 1996; Friedman, 1997; Domingos, 2000].
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3@

2.1

2.2

23

2.4

2.5
2.6
2.7

2.8

2.9

H2E HEIMMESEE

RS 1000 MEA, oAb 500 MEBIL 500 4R E, K&K
BE 70% FEAKIVIZEM 30% FEAKHINREA T 8 I PA, R4
BIHZ DRI T

BB 100 MEA, HAPIE. REIE—F, BEFEIFER4
A T B A T o VI G AR B0 25 1A K0 (VI R 2 S A I i
HEATREHLAEI), W A 10 9738 R AEVE R B — 3520 X 4R R i3
ITVRRE TR 4 2R '

B TIH A ) F1EGA2S]5 B 35, WAT A 1) BEP (2756 B 7.

RAREIEFR(TPR). BIEFIR(FPR)SEHERP). BELRR)ZA
B R.

RUEA R (2.22).
RiREIRE L ROC L MBLR.
RIEHERE—% ROC MEHA — KRN ML 520N, RZIFR.

Min-max BB z-score MG R BN H IMIEN TV, & 2 A
o' 4y R BEMIEAHT S BUE, FHNE, 2 Znin B Zmee BN
FUTEAGHT B B /IME R B KAE, !, T 2., RANMTEALJE B B/ ME A
B, z M oy 43 HIRAIIEAHT R IERARHEZ, W) min-max TE
k. z-score MVEALZ BN (2.43) F1(2.44) Fi 7. AT =3 FIDLER A

T — Tmin

t = w;'nm + X (x;naac - x;nm) 3 (2'43)
Tmax — Tmin
, T—T )
= . 2.44
o=t (244)
KRR x? REIT R

2.10* RARTE Friedman K% {8 2(2.34) 5 (2.35) KX .
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oo FE) FHER GG, FRNGFEL A, FFN SRR R R

(ERMERLRXLY .

AEE: cBR. BB, ¥4 5 RE-XER
1899 4, T RARZMMAMS FRATEE HETH

4% (William Gosset, 1876—1937) 2% ) BBk, & 2 ¥4t
AR R THREALAF IR ARERERE LS
B RA, XEHLWT t %1%, 1908 4% Biometrika X
FAGLEMEELIE, REFLXERXERHTE4L ‘Y& , TR ER
A “FHEKtRK” (Student’s t-test).

ERETHE R—KRATAGLY, FRFHRAR N E AR, Z
JBRER—BETHAAR “¥ARM|” , 1906—1907 £ X FHBFENE “4%
HH¥2ZR” KR« FAR# (Karl Pearson, 1857—1936) %% &% H A ¥ ¥ %
(University College London, & # UCL) #5236 % V7 B % 3. Bk, RAEH ¢
BRRERXFBEEE) TR A UCLITFHERES, £ “¥4£” 5X
FRZANKEZRY UCL WA FRNEAAN, ARLENARBHZFBE
Biometrika ¥ £ 45.







AR CTEMMA” (un-
derstandability).

EIE LMRE

3.1 EXER

W N BERMRIIRE € = (z1;22;...;7q), B = Rz EH i M
P EREE, ZetEEY (linear model) ik Bl 2218 — MR B M M4 & R HAT
ool i pf £, B

f(®) = w1zt +wama + ... +wgza + b, (3.1)

— A RS
f@)=wTz+b, (3.2)

Heh w = (wi;we;...;wq). w M bEB/ZE, BEMALIHE.

SRR A, 5 TEE, BHERENHEI D —BEHEPELR
. W ZIREFE AR KA IEL PEM A (nonlinear model) A 7 28 PEAR Y () Fe il b
WA FINE RGBS A, WA, BT w EURE T & BT
HIEEE M, BRlb e MEAR R R AT ) W] AR 1t (comprehensibility). 45 4 726 75 /R
R fan (@) = 0.2 2w + 0.5 Ty + 0.3 zym + 17, MIEBRE T
WL LREH B AR, R IR AW I AL, Hh R & E R, mos
BEEER.

KENALFR BRI, BATEMNEES TG, KRG8 03K
MZ 53 RAES.

3.2 #fEmET
é’%%ﬁﬁ%l} = {(wlay1)7($27y2)7“'7(mm7ym)}3 ﬁq: r; = (lea

Tig; ..} Tid), ¥i € R, “ZPE[EJ3” (linear regression)iR &% 4 — LMK

7Y DUR AT RE VRSt T SEE F i bR

TAVEZ B MR AKIEE: MARENEERE - AETIE, i
I BRATRIE R T B TR, B D = {(24s, y:) }2y, HHF 2 € RO E BB,
HRMERAAE “FF” (order) KR, FIEIT SR W HESE, fln—
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%33 LR

BN RSB AL,
MERBBIINFXR,
stEGER B ST EF
#RIRE, AN 93 W

BrREFAREFRE

(square loss).

w*, b* KT w = b AR,

B RERRET,
TR T £k y2.

32,1 E(w,b) )%9‘(’]" w %"’
bty R, BEXT wh
b 65 H A K, 158 w
Fa b 64 RALRE.

st R M [a,b] £ & 3L
CHERK f, ZEESRR
FAEE R E 2,00 BH
f(zr;—M) < f(Il)-;-f(M)’
MAR f A X8 [a,b] LG
A

U B &e) &R
flx) = 22, BF R HHK.

ME M LB, T
BRI F HOR A A
EoNFHAERE EESR,
MR LR, E_NF
AR E s X T o, MAk
AR FEK.

EREM “G%” WEE “&” “&” Wiih {1.0,00}, ZEEK “TE”
MEE “m” “HF7 “UR” ArEECh {1.0,0.5,0.0}; & B A BAFETF R
R, BEE kAN BMME, WEEEAN EERE, FlnEE “MRK” KMEE “7h
R “FEm” «E\:m» ﬂ%'ﬂzﬁg (0’ 0, 1), (O, 1, 0), (1,0’ 0)
gt [ET R 15 »
f(zi) = wz; + b, 18 f(z;) >~y - (3.3)
W E w A b WE? B, REBATWMAHR f(z) 5 y ZHMER. 2.3
N, WHRE 2QRFBIALEHEEHAMMEEER, HERINAE LY
FiRZER/ME, B '

(w*,b*) = a*rgminz (f (z) — yz)2
(w7b) =1
= argmin Z(yl — wa; — b)? (3.4)
(w,b) i=1

CWHREFEFEFRUTRS, BXN T 8 REL AR E AR “ R
[CFERS” (Euclidean distance). =T 377 R % &/ MURBEATBRL KA 1) 7 175
% “B/NZFet:” (least square method). ZEGYEMIA, Fi/b —Ferkit IR
RE—FKEL, FAAEREEL LRRRKER 2 &/,

K w M b By = Yoy (4 — wae — b)? BAMURIERE, ROy 2etk[E)T
BRI B/~ “BHEVH” (parameter estimation). FRATANKE Ey,5) 535
X w b KF, 52

BE(w D=9 (w Zaz — Z - )x,) , (3.5)
=1
OE(,
) =2 (mb - ; (i — wxi)> , (3.6)
RIE4A(3.5)F1(3.6) W FFAE] w M b HALAEH A3 (closed-form)
gj yi(xz - 53)
w= =1 (3.7)
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TR ERELRHED

yar

o -'=,;’z":1xzma@iﬁﬁ

B BERER AT I LB IESE D, A H d/\ﬁf’i%ﬁs SEB BAT
REEE

flas) = wTa; +b, 8 f(z:) ~ i,

XFRH “Zus 3" (multivariate linear regression).

AN, WTFIF B/ ZFERRT w A b AT HE T, BATHE w
A0 WHIN B I @ = (w;b), HHRLK), EHHEE D RomH—4mx (d+1)
KABIFERE X, FA AT T — B, ZATH d DR N TR d 4
B, BfE— 1 mRIEEN 1, B

T11  T12 g 1 zi 1
x=| 7o e ]
Tml Tm2 .- Tmd 1 w% 1
B L ERAERER ¥ = (yisy; .. ym), WRBTH(E4), H
w* = argmin (y — Xw)T (y — Xw) . (3.9
2 Eg = (y — Xab)" (y — Xab), 3 b K FEZ
OFEy
a—w—2XT(Xw y) - (3.10)

2 EXANFARE @ BN ARXE, Eh T8 LAEES T, t[ﬁi?{af
HERZe 8 TEERIM—ME LKL

24 XTX J 9% B 56 M (full-rank matrix) 5 IE 5 47 BE (positive definite ma-

trix) i, 4R (3.10) A FATHE
= (XTX) "' XTy, (3.11)

Hoh (XTX) ™" AR (XTX) BISAEE. 4 & = (z:,1), IBEEBHET
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EI3E KMEER

Hlde, A EFHE
B A#EFFARTLE
TA B, {24z R AL
+. EH A

Gle—TF: BAREFA
aer, FREELS, M4
ik % iR,

VBT AL 1479, E
MALAT, 6.4, 11.4 .

LR RARREL
f@) =aF (X™X) ' XTy . (3.12)

ST, BLSEAESS o XX AR A R M. Gl anTEiF 2455 T RAT4 8
REMZE, R 288, S5 X K5EE T8 XTX 2R
R MR 2 w, BATERREAE R TR E R /MU, IEEETE— AR
W B2 I BRI BRI g, B IR OE 2 T I IENME (regularization) T,

LRI BRI, A R B, Bl TR (2, y), v € R, B3ATA
A MERAY(3.2) MTRINMEIRIE BLSEARic y I, 1G5 T St ol =y, AT
B, BeATHEEANE Rl BEILR 0

y=wlz+b. (3.13)

AL AR TIE IR T v IRTAEYINE? Bt Ud, BB BAT A A 2= 0 tof I )
ARG R AEFRHOUR B B2k, TR A W i AR A0 X B b R AR A IE I Y H
F%, B

Iny =w ax+0b. (3.14)

XEE R “XTERIERIA” (log-linear regression), B 325 bR 7EIR K ik e @+t
BIT y. N (3.14) TR B RN RT, (858 5L R AR KB A\ 7 7] 2 4 L
27 () P e 1tk R AR LS, W] 3.1 PR, 3 B RN R B B TR S 1 (B AR
B FONAE 5 ESEhRiC B R AR R AE .

B 3.1 stHLHEDEFER
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o) BREAZAR. ol R TR g(), 4
y=g H(wTz+b), (3.15)
XA BRI BIFR N “T LR MR (generalized linear model), H i £k
s SRB ORI g() Bk “BCREHC (link function). B4R, WHLLHEENA R XA AL
SAR KA E AT g(+) = In(-) BRI
3.3 XHJLEMEYT
R T e A SR AR Y BEAT [B] A% 5 (B B R A KA S 1%
BT BFRERIER(3.15) M L& MERA b RFR K — A B o] 3R B0
SIRAT BB ENRIC y L5 S [T A5 1Y Tl (B Rt .
H R T RATS, A ARID v € {0, 1}, 02kt Rl AR R e A= G T
z=wTz + b RIMH, TR, BATTR LM 2 ik 0/1 (4. BIEMR “BAL
T #R Heaviside 5% 4%.

MrkeR %" (unit-step function)

0, 2<0;
y=1¢ 05, 2=0; (3.16)
1, z>0,

BRI FIMME 2 KFZEHR B, N2 0 A, FAE ki 58 2 0 ]
R B, K 3.2 Bk,

3.2 MR R AE ST HOUER L
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EREIR

AR xR BHK .

E2EFHLRRHKE
“STHREK” () RE.

Sigmoid & # BP % M S
#E . R HHR Sig-
moid H K R EZHNRK,
EF s TRAICEMNE
Mé&F TR,

HXBREH “BHET
a7 fev s “iEH” 5
logistic #= logit # & X 48
> it, BAREEA
“stHLEEE” , B
“atFEa” '

{E N 3.2 AT H, BRr B BR R BN 2, IR AR B FAER(3.15)
B g () TRRIMNFEKRINBE —EBE LEMRM KRN “&
R $” (surrogate function), FF A B & 5 I AT . 5T £ JL % &R $ (logistic
function) 1IE XA —4NH H B RRE: :

(3.17)

ME 3.2 FFEH, W JLRREH R —F “Sigmoid BE” , B 2 HEHEMLI—
B0 1 1y {E, I BEEHERE 2z = 0 TR EE. BT BULREEEN
g~ (1) FRAF(3.15), BE|

1

Y= 1 o—@Tatb) ° (3.18)
FKLFH(3.14), K (3.18) [ 4L A
y _ T
lnl_y—w z+b. (3.19)

Ry ARER o MR IEGIRIATREYE, W 1 — y RRERBITTREM:, P& K LHE

= (3.20)

1-y

FRA “JLER” (odds), REET a VER IEHFIAEXS AT REHE. X LB HOUU 15 2
“XTEILE” (log odds, FMK logit) '

In

T (3.21)

B LT H, 5(3.18) 5 B 76 FE 2 U 0 B OO 45 R 2 3 3

- ESERR RO BOULER, Bk, o MEBERAR X BOLEE R (logistic

regression, ZNR logit regression). $FAFEFE R, BAREWLFERE “FHIF” , {H
LFRER— M REITTVE. X TERIRER A, e REBEN K0 6
HEHATEE, TRBFABRREIE S0, X5 T B Sm AER BT R
B B A RAT  “3H)” ﬂﬁ%ﬂﬁﬂﬁ@ﬁ%ﬁﬂﬂ, XX L A AR
FEBRRMAES A M, Beoh, MERBRERN TR N RE, BRI
MR, IA B2 BER A AT FT B A T SR EUR L.
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TFTERITKE B TR ER(3.18)F i w F b. FKR(3.18) i y WA
JERMEREMAT py =1 | z), WXB.19)TEEN

ply=1l2) _ o .
In—/—/——~=w"z+5b. 3.22
by =0]2) (3.22)
BRE
eme+b
ply=1|x)= [T (3.23)
1

T &, BT @E “MHARPSRE” (maximum likelihood method )R Al vt
MABBESRT2T. o F1 b, B EHIRE {(wi,40) 0y, MR EIHA B R “ X HAR” (log-
likelihood) '
C(w,b) = Inp(y; | Ts;w,b) , (3.25)
. =1

Bl &R B T HESHEMBERKBT. hETITE, 4 8 = (w;bd),
&= (z;1), WwTz+ b WHER BTe. HL p(#0) =py =1]| &0),

po(#;8) = p(y = 0| & 8) = 1 —p1(&; 8), WK(3.25) FHMURTAES K

p(Yi | i, w,b) = yip1 (245 8) + (1 — yi)po(E:; B) (3.26)

#3(3.26) /0N (3.25), HHRHER (3.23)F1(3.24) W41, AL (3.25) %4 T
B/ -
() =Y (B e +1n (147%)) . (3.27)
i=1
KEB2RXT B EM Al FESE DN RE, RIE LR [Boyd and
Vandenberghe, 2004], 2 # ) % {4 {46 3% 0 8% B T B 9% (gradient descent

5K F B4, method). 2Rl (Newton method) 28 F] KB BN, T RHE3
B* = argmin £(3) . (3.28)
B

PR A B, FO8E ¢+ 1 ISR ER AKX N

O] -1
g =0~ (gra) 252, © (329)
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HApRT g H—Fr ZBre&o sl

8!;)_(5) T4 i(yi —p1(2:: B)) » (3.30)
2 m
g;a(gi = ; &) p1(2:; B) (1 — p1(£5;8)) - (3.31)

3.4 LAEFIHI 4R

2 ¥E #0543 47 (Linear Discriminant Analysis, TI#% LDA)Z—M & #1K L
S DA D Feer W2 SI U, A 4P SR R (Fisher, 1936] 321, 5K “Fisher )
WK T SEMAG DT E BIHTT
FEIEAR ) Btk
LDA HEARAEFAR: @ NARBIE, RIEHHERRER —&HEZE L,
AT AR EFEH )P RE R T BRI . S JSHEA9] 5% USRI RE I B85 TR TR
ATEAT 43R0, K B B FIAE X4 H 4 L, P AR B AU A B SRk e B
FEARIZN]. B 3.3 4T — 4Rz K.

) “ Y= wTw
VSN -
-
0 x1:
3.3 LDA®=%mEE. “47 . 7 SAREEGIFEY], #EEREIRHK Y

SN, RAATHSY, LERSHARECZABS AR TRERRRYE O T A

GREBEE D = {(zou)}2y, vi € {0,1}, & Xov pis By BHIRIRE
i€ {0,1) KRB WERE. oy, BRAEEHES wl,
T2 RE AR P ZE B BRI A B0 w T o A wT s K BT REAR 40
B FIEL b, WFERERIT T E 30 0 Sew Ml wTSiw. HTFHEERE
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— 4208, B wTpos wlps wTSow M wTS w B4 L35,

BRAE FIZEAE G BB R RURS AT BRI, T DALk [RISRAE BB RO 1 07 2 R AT
e/, B wTSow + wT S w RATAE/D; AR R KB RIBE AR W RET B,
AT LAESR AL 2 R BE B R TR R, Bl (lwT o — wTp |13 RATREK. RIRS% &

=&, Wr A28 EKALH) B AR

7= lwlpo—wm |}
wTTgw + wTSw ‘
_ wT (po — p1) (po — p1)"w
'wT(zo + El)w ’

SEX “HNHEREME” (within-class scatter matrix)

Sw =X+ X1

=D @-po)@—p)" + D (@—m)(@—pm)"

x€Xy zeX1

UK “KIAEEEHRE” (between-class scatter matrix)

Y

St = (po — p1) (po — p1)"

Miz(3.32)WES K
_ wTSyw
T wTS,w

(3.32)

(3.33)

(3.34)

(3.35)

KBt R LDA k& KALH H AR, Bl Sy 5 Sy M1 “J NI FIF 7 (generalized

Rayleigh quotient).

W E w W7 TR BN (3.35) I T M BT RR T w BRI, Kk
Fow oMU (335 MRS w RKEEX, RS0 AHEX%. AR—BHE, 2 wTSyw =1,

FHEEFHK a, aw LZ
X(3.35) 4912 M=K (3.35) %M F

min —w'S,w
w

st. wiSy,w=1.

JERRARTESRN e R, ERSN T

Syw = AS,w ,

(3.36)

(3.37)



62 $3E RiER

H )\ BRI ART. RS Syw BHERN po — p1, Aid
Spw = A(po — p1) , (3.38)

RN (3.37)B17%

w =S8, (o — ) - (3.39)

(PRUABARNE i R, ARRERRY S, BTARUR, B S, =
USVT, K& 5 B EXER, KX LR S, WS, AR
Bl Sy =veluT B3 sl
(— 3192, LDA T T HR SR 40 BRI, JETTE N, 475
RN, KYGRRR . RRHA YA, LDA FAEIRA %
W LL% LDA I BIS A KA. BURAHE N A, EI8 ¢ RROI0N
i, BATEEX. “ 4 RMBEIERE”

St = Sb + Sw
=) (@i @i—-p)T, (3.40)
=1 .
b p RFTAERBIRE R &, KRN BUESERE S, B XA IR
KEREZ AN, B N '
Suw=>_ Su, (3.41)
=1
Hep
Sui= Y, (@—m)(@—p)" (3.42)
zeX;
H3(3.40)~(3.42)F[ 15
Sy =S; — Sy,
N
=) mi(pi — ) (i — )" . (3.43)
=1

BR, £5K LDA TLVE RSB Trik: M Sy, Su, S¢ ZF AP
MBI, LA — A SEELR SR A AL B AR
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Mg A NS 10%.

Bl L—F RENBY
LDA 3£/~

“HGRB” (classifier).

ATFENATEBHER,
LIE 8 F.

OvR 7+ #& OvA (One vs.
All), 120vA EA %R =
#, BH AT “FrA
£ AHRE.

TG E £ BT
B AE B FAE LT,
B 8.47%.

tr (WIS, W)
MaX ———= =
W tr (WTS, W)

H W e RXNV-D () RRFEFE M (trace). 3(3.44) FTE L0 T SRR
1E Rl R -

(3.44)

SyW = AS,W . (3.45)

W IR ARBRR S,'Sy B N — 1 MK SURHEE TN B FIRFAE 1) B 4 R

- FERE.

R W A — AR, W2 703K LDA B AR R N — 1 =,
N - 1 @B¥TNTHIREER RS, TR, WD XAMBGERBMEER R
4%, BT T XGE S, BULLDA M E AL —Fha S ME

35 ZHEEY

MEFFBI|ZHREIMES. AU HREITETEHER AZ 0K,
EEEZHELT, RITRET AR, FIH —0REIFRBREH
i) 7.

AR, BE N KR C,Cy...,On, ZHRFINELBHRE
“HRE”, B2 2 REFHNE TN 0 RES K. BRI, 5t 3
BTG, R AR RSN — 0 REF NG A0 KA, AR, XXy
RB|HTR G RFTEBURBREN L HRER. KEARERWFAIN L5
RAEFBATI D, LRI AR HATREM. ATTEEN R KK

BERMPTSHEHF =F: “—%F—” (One vs. One, fF OvO). “—XF
HA” (One vs. Rest, fE#K OVR)HI “£X£” (Many vs. Many, F# MvM).

BEPHEE D = {(z1,11), (@2,92)s - - -, (@myYm)}, ¥i € {C1,Ch, ..., Cn}.
OvO KX N NRBIBEHEST, MiFe4E N(N —1)/2 N0 44E%, #lin Ovo
BAXAHER C; 1 C; YNGR, EA LI D F i C KRBIUEHNE
B, C; FPEBIER B, FERRBT B, FreEAH RS TR 68, TR
TTBRE N(N —1)/2 MrRE R, BASGRIEEREE: NI TNA S
ZHRFMENBRENRER. B34 45HT M rEE.

OVR R B UM — MRMEEGIEN ER . B HASSIIREBIE R R 51k
W&k N Aor2K85%. FENRREE — AN 888 T4 IR, WX R F) 2K AFR 1
EABASRGR, WK 3.4 iR, HAZARBTN N EE, WEEZEE
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BT EC, HHRESE

—
wen (G [ G0 Gr]

7 \2’“
7T 5 84 .

# EAH ﬁ%ﬁm

@yn e SEE Egi AR
; ) = f1 —> 017 “__

%

) = fr—=Cs Z%

% Cs

3.4 OvO 5 OvR T&H

RBIOTMERE, EHEEFERRORIIFEIE R RER.

AHEH, OVR REVIL N MK, i Ov0 B N(N — 1)/2 44
52, B, OvORIFE A FFA% AT N 16 FF 4438 % . OvR K. B7EVIZA,
OVR. WA/ 43 K836 P 238 VI SRR, T OvO I KRB BIBIA %
(IREDI, Ik, 7ER IR LB, OvO FIYIZRRT A FF44IE % Lk OVR B, EF-Hi
Wrkge, WE R T BAREIR S, 2 EEH THEERE.

MvM BEREETFANEIERNIER, EHEFA AR MR, B, OvO Al

- OvR & MvM K6, MyvM HIE. RIEMIEBIERIRII T, RRERE R L

B X BERATNE—Fhm s N MvM £0R: “AUEHHE” (Brror Correcting
Output Codes, fEjfk ECOC). ‘

ECOC [Dietterich and Bakiri, 1995] & ¥ 4mtg i) BAESI AKHIFR 4, HR
] AEEARRD AR A A48T, ECOC TR B AFi5:

o Ga: X N A M KRG, BRI — o AR N IES, —
DRIAREE, WTFE—A 3 RINGREE; EFe—IL7 4 M AIZE, 7T
WGRH M A5rR48.

o f#RD: M A>5r3A5 50 BN PR A BEAT AU, 3K S TR 4R — A

B RN G 5 8 A2 B B SR AS AT Lo, IR IH B R
eSSBS TR N
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HKARI B “H@RIBIERE” (coding matrix)EE. AR L FER,
W EEH ZuH [Dietterich and Bakiri, 1995 #1 = .5 [Allwein et al.,
2000]. BUERHEARB D HTEE RN ERMRRK, FHEEIE. RIS, B
E YFRR” . E 35 G T MR E, 7EE 3.5(a)F, KA o K CL KM
Cs KRIBBIERIES], Co KM Oy REFEBIE R R BI; 7 3.5(b)H, K&
fa B C1 KM Cy REPEBINERES], Cs RIFEBIVER RBI. EMEBB, &5
RAFHI TR &5 RER BTGB T MR B R g, %5 5 S BT 0T B 1) B
BEAT LA, 45 R B B/ O G B 0T L R R A A T 25 2R Bl nAE ] 3.5(a) 1,
FHHETEKEER, 4 RER Cs.

i i 5 fo F -4 ?E; hhh s o s ki f ER ?:E;
I 141 4

C— -+ 32v/3 Ci—

Cy— +1 > 4 4 Cz—> -

Cs — - > 1 2 Cg—) 1

i 171—1 +22v2 C— |+

o BN %

(a) =L ECOC & (b) =L ECOC #

3.5 ECOC4ABFER. “+1”7 . “-1” 3MNATEIE i HEEHAES
E. BA); ZAMY 07 AT f, RMEAZEREKR

A AFR “AHERHAD” BT X2 BN B, ECOC 4uhxt s
B[EERE —ERRZAEIERS. BlINE 3.5(a)H 0 W4 ) IE#H T W
R (—1,+1,41, -1, +1), BBEAERME A FRBHE T, Sl f2 HHENT
FPETHERE (-1, 1,41, -1, +1), BET XML IER B & 5
RER C3. —BERY, WFR—MEIMES, ECOC b3, 214588 HE. R
T, i, BIRERTIIGH I RBERL, HH. FHETHBELR H—
JriH, XA KA, ATREA S ERARKN, BKEd —eHuEERAET
BX.

S K B R R D, RS R, AEREBIANA 2 6 (g B S o, 4
BERE MR, Rk, 7ERDKEUN R AR SR R T MBS BT, AR,
PR — Bt LA ROt A g fid, 5L EIXRE NP s A, E%
BAVEATIREBE R RAMGS, B4 ARG LA L B A T RE ™ A 2 B 4F
Hor2RE%. B—T5H, ARG R B SR, 2R ReRlEr, B pLER
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F3E HHRm

# OvR. MvM k3%, &
FHENALBITTHRAN
e, AHFBE 5%
1E5F £ 5 RFH YR
S LK, BEF R
EE4E

FApFAEEARE A EH
A B ARG £ R He b D
£ FARKE.

B KRB HEER, GIark 2 DIIFMATA “RAUTE” , REFET
T B HIPANR5TR O DX 7 e BEAEAE AN R, B S B — 20 2K 1R AL PR M 2
AR TR, —ANERYUEFRE . HSBR 0K REEARENSY, 55—
ANER AR RE L, ERBUK KRB BRI, B R
P REBIR AT IR AE UL

3.6 FHAFE DM

BRI 53 R ST EET — AN AR, BRI K260
BI% B M. RARRR MG EMEER, BEZEAK, BEEH
RK, MexESRERER. FlnF 998 M xfl, HIEFRE 21, WBak
ITTER TR B —AN KT F AT 0 BI85 51 3%, meekE] 99.8% HIXE
JE; SRTUIRAE M2 SRR NE, BB RET AT IER.

B AN -4 (class-imbalance) 5t 2 48 7 FAE 55 7 AN [7 50 19 Y 5 451 2
HEMNBRRKEBELR AR—BHE, RTEREERFEFRD, REFFBS.
FEIER > REIES T, RINEH BRI R A VM, Flndedd i
LR YR 43 K i) B, B SR 46 1) R rh R [R] SR R VI SR 45 A 2, R A
FOVR. MvMSEREJ5 7= 1) 5 RS T B LA A PR S, B
DBET RRRIATH AL TR FEATT .

Mtk 5y BRI F TR A B BB, ERAVA y = w'e + b WEHEA o
BEAT 7> 80T, ZHSE B RAE RPN Y B9y (85— BB AT BRAR, 5 4n i R e
y > 0.5 FEAEBAER, B4 KA. y 5Lh L& T EFIR A A, JLE g
Tl Fz e T IEBI AT RE A S R BT R B AE, BEBEEDY 0.5 R DK AH
HEIE. REITTREMEAR, BIS»RASHRAN

¥ ﬂ—y >1 0 FhES. (3.46)

W, HINHRFIE. RO EHAFR, & mt RRIEFIHHE, m™ For
REIBE, ML R 25 i T B 138 3 BB Y SRR B SR A AR T T (R
FAE, R LR GHAR T HELILE, TR, RENRSOTNILR S TN
JLERFRRA RE 4 IEB, B

Y™ wh (3.47)
LTy . .
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3.7 RiEME

FAk “H-FHE” (rebal-

ance).

RRAETRAR “TRAE
(downsampling), iL R #
FAR Lk RA

pling).

KA
HERNTHED. AL

2347%.

»

R, B4 2588 RET R (3.46) ATt 3K, Bk, Tt HBMEHEAT 1A
B, EHAERET R (3.46) Yook, TERRAEPITR(3.47). EMYBIX—ARAS,

RS , i
y Yy m
=—"— X —. 3.48
1—9 1—y><m+ (3.48)

X R KAAT B2 S — N EER R — “FHHEH” (rescaling).

BN BB R R, (ASERBRIEAIEATEN, FERN “YIGELEE
FEAR BB TWRAE” XA FEARAL, R U, BATAR D EEH K
Hi B T YNGR AR LI JL 238 R AT S L. BAE AR KR B =280 5
—RREEEXNINHE B REFPIRAT “RKFEH” (undersampling), B 25K
—BRGIMERIE. EBEEE REBFHATE; B RENINAERR
TERBEBHAT “3ERAE” (oversampling), BIIEIN—EEFFRE. REIFHE
ik, REHHITEN; BERNE2EEETRGIIGERITSY, BEH
YIGRIF 0 4 2 88 AT T B, e 3R(3.48) IR A B L iR SRS FE A, B A “BER
5)” (threshold-moving).

IRRFE I 18] B8 i /N T R, BRI 257 TIRE ), 48
B RBINGET /DN THEINGE, T REEE N TR IEH, HIlZ4E
RFVEGE. FHEERRE, T RAEES GE (8] 5 0 4] 46 1IE B R AR 34T
BREE, TUNSBI=ERLIHE,; TREERARERMEFE SMOTE [Chawla
et al., 2002] 21 1T X VI Zr 4R B 1) IE B AT H (B SR = A BN IEB]. 55— 51,
RRFEEEBENEF RG], TREER-LEERER,; JREENRRERE
EasyEnsembile [Liu et al., 2009] U2 F| 4 % I AL, % & BRI AEHEFA
AR B, XA B REBHBAT T KM, HELFR
FHASEREERFR.

HR—ENE, “HHEER B RN BURFE]” (cost-sensitive learn-
ing) FIEERE. ZEAMEBURZE ST KR (3.48) 1 I m— /mt F cost™ /cost™ FRAEEN
A, HH costt R IEBIR S A RGBT, cost™ =¥ RABIRSF h IEBIHARAN.

3.7 R R

“FiBiR " (sparse representation)iTHERIR 2 ik, (HEIEXT £ ukt
] X A faT A AR, IR EA R “WEitt” (sparsity) IR HFARS. W
B R REA T EXFRE T Lo AL, IXAEE 4 1F T 2 NP %R & LASSO
[Tibshirani, 1996] id L; JEHCRILEL Lo 6%, —KEAGAIEELA.
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EIE g

AT LMIERA, OvO 1 OvR & ECOC HI4##i [Allwein et al., 2000]. AfTEA
A THE 415, [Crammer and Singer, 2002] $## HH ZE% (8 17 8 4 &
FRE L, B “ BRI gRASVE, IHIEH S RBM M S BRI ERERE—
NP 5248, W5, HLH R EKBK ECOC SR i, B% 2lid K
HEHREMR =3RRI ERIEITHID [Pujol et al., 2006, 2008]. [Escalera et
al., 2010] FF& T — I ECOC FE. :

MvM B T ECOC & 7] H H At 523 )7 X, #1140 DAG (Directed Acyclic
Graph) #7437 [Platt et al., 2000] #2875 % 53 L& A TE G54, AGE XY
T—ANTRKGRBE. R -STERB N TEEKBZ KA, Hlin R
Fr 15 BHLJ5 18 A —2HF 5 [Crammer and Singer, 2001; Lee et al., 2004].

RMBREITHABBREHERET RN “RPER
#” (misclassification cost), R ERFEWMR 2.2 Fix; B ER LA B
230, BIAEHAER. DN, NoAREEEY “BHRR FEHER
BAUf# [Elkan, 2001], {EX} % 53 RAEF, (VAT LAEHRIETE T HEM XM [Zhou
and Liu, 2006a. FEHFRMFEHNAFEEBRIMATER “BEBR” A,
BREAFEARE [Zhou and Liu, 2006b]. FERKE, RN FEXEIPEE
RBPRRN B R, BN FE TR

ZHREITERE LR, BEMEENET DR mRFEN

AR R R S A KRR, BB E R T R AR N “BR”

“Bzn” . “FB” . “BRET7” , IRNESFHRABREZHERES], L
“ZFRic%¥ 3 ” (multi-label learning), XZHLES % X IR L35 KK —A

BEFGUR. X B ARInE S BB E TS [ [Zhang and Zhou, 2014].
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3]
3.1  WHEH AR TR (3.2)F AL EMEIR b.

3.2 iﬁiEfﬁ, X FSH w, XFEREEE H iR $(3.18) &3k M i, H X
BUAR PR £ (3.27) & T .

a@,‘?i?%% 30ap89 33 RFLSZHINEE I, FHLH T TEEELE 3.00 LINER.

IR, ey, 34 TP UCT RS, HOBE 10 473 SURIEHH B — WA BT o th (04
IR R, »

3.5 EESCILRYEHIRI T, H4h U MERLE 3.0 LRISER.

BT R4S A A Bt o | S L A
ETARRAEAL 56 AR PIAIAT LTS B L AT BB, VB it

ENF. AR 63 W, 7k, AR I T IR LRt T 0 B
3.7 AHKA9, KANEHN 4, RAEHEHEETRE X TEREMK ECOC
TGRSR . ' '

3.8 ECOC ZiGReit 2| BB ERFMR: EF MR Ll
HIBERAE 2 HSL. AT % RS54 ECOC HbdJE £ =K
SRA %A T RE M R = AR R .

3.9 M OvR Fl MyM K2 73 RAESF M I — 50 RAE S5 KA IS, Wl o 7
T L TR IR AT AT A 2.

3.10* AT H X5 AN BURE X (IUH LB E T RH KR RN A
“HAER” REIRGEIR R R,
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HI3E MHRE

B FALRFAS B E At
LB ZARKEFHE
AF, KR 3L .

ANRE: KT B FE”

1801 4, BAM X X ¥ KK T 5F
EAT 15/MTE “BwE” ,ErR
BAMT 40 X5, B A B E KM
WEE, REFhETAWENNE.
HERXFZREETREBGHE, (1993 £k 10 B 45T _Led HHE)
MG H LR KHRTHAGRENR
R B (1TTT1855) WiE B, th R T — M7 vk, ARG B T ey L AR
SO T A B, R R4S B R S R LB I & TS R R A B R A
EHRE T AWE. 1809 F, Bt FME (REKELY FRETRMT
i, BlE/D =A%

1805 47, ZEMEEI AR 2. Bk JLAT 7 VA0 AT B K TR o 7 TE R Bk R Bk
& (1752—1833) Kk T (ISR RMMHT T ) | AT H R T R -5
. BHEREE IO MARF R = E L FEx — RERFEMFRER
+. EEILEN B R RA YRR SRR Z T, G 1809 FHEEFE
TR EHWE, ZAARAD ZRERTHREGI 125 REHLEF AR
AEEWEN. B TEHHOX—EXTMR, UAMFRE T 1799 FREFHE
FXAT %, BRRE ARG RN ZRENZARERTZ N EGH. LR FR
ABFRRETELAHRERZ S, WEAHZBF X ETHTHE, B F
ERNCRLE VT3 &y SINE T 2




F4E R K M

4.1 BAXRE

M B (decision tree) R—KW MBI E I HIE. LIS RS NI, B

W AR E I R U IR — T DR BT R BIHAT 22, XANEREA

AHAMER o PRMAES, TR HATREAR T IERG?” XA BN “RE” R “H
7 AR, 4B, B RS T R RTINS e
S5 SR — AR AR B AL AL, B0, AT IR RIG?” SRERy
HAT RN, BELHAT — RN “TRE” . RIVEE “SRALH
w27 MRR “HRE | WRITEE “CHRERHAKEY | IRE ‘B
G RATEHN “CRERRIABEY | BE, RITELBLRE: KA,
1R, XA PRI 4.1 B,

4.1 HNFEA G —RRFEAR

BR, RELEMREGERINTRINFHFERHAESER, Flm “2” &
“ARRT N R TR W B A A RN A AR R
fla “EE=?" “RF=""; BMUAHERREFHERRLER, WEFH
PR RS, KB EEERE ERRRGRNBECEZA, flanExE
“BE=FR" LEHAR RE=" , WNAEELEFHERHIAR.

—BH, —RRERBE - MRE S, ETIABERNET 4
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H4E R K W

2k, ().

#J2EE, HH(2).

BEMBET—F ittt
THRF BRI B

2R S, HH(3).

M A FEHE a..

25 SN T HRELER, A4 RN T =R 80N RE8E
IR ARE AR BRI S R BRI B F 4 s RE B EEAL2E. N
WG5S B 25 IR AR B T — N AEBRFF. B2 S E R
THAE—BRIZACRETI5R, BIALE R 7R 1] 68 77 58 00 WR SRR, LR AC U AR I 1A
BHBEWE “4rmia” (divide-and-conquer) k%, 1 4.2 FiR.

m)\: .U”ég% D= {(w17y1)7 (w27 y2)7 (AR (wrruym)}:
E‘E%A={a1,a2,...,ad}. )

TFE: BE TreeGenerate(D, A)

1: A R4 R node;

2: if D PHEALB TR —2%7) C then

3: ¥ node #FidH C EM4 K; return

4: end if )

5 if A=2 OR D H#H#A7E A LEEMFE then

6: ¥4 node ¥RicH A4 s, HARRIFRIE R D PREEAEER LK return

7: end if

8 M A FIEERNL S B ay;

9: for a, K& —MH a? do

10: A node EFH—M3X; 4 D, B D BIEE a EEUEN of MHEETE,;

11: if D, 4% then

12: W38 PB4 R, HRAFRIEA D PREEAR LK, return

13: else

14: DL TreeGenerate(D,, A\ {a.}) A ZE R

15:  end if

16: end for

e Dl node MR & m M — AR PSR AR

B 42 REMFIERLE

BR, YRR AR —MBIHERE. ERRMEREES, FEMERS
FEGBRIRME: (1) LTS S u8& AR TR —FH, THRD; (2) A0
JRYESR N %, AT AR R EREMF, Tk (3) Hilsi e
BHRREEEESRHE, NERIZ.

QMBI T, RIMELETE mbnic A4 R, FR I v % s
RS HEARRZ NG, EHEG)MBERT, A SIS Rinic A4S, H
R ERH B AR R RTE AR Z KK, B XA BT LB SR
Fl: 167 (2) —RAER 804SR e B0 A0, 52 (3) W AR TEA 45 MBI A A
USRS o e
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HHEEERHH YR F
p=0, I plogyp=0.

Ent(D) #5k A4 0,
RAAAA logy |V

ID3 % F F & ID & It-
erative Dichotomiser (i£4X,
—5-28) g R AR

4.2 XIiEF

AV 4.2 WFEH, RER K2 E 8 1T, BB &Ll o E
M. — RS, EERSERREAWET, BRATE BRI E R T a R
ARTHEETR—25, BIg s “4ifE” (purity) Bk .

421 [5R18%

“f5 844" (information entropy) /& BFEALE A 4 E B H H B —F IR
B UETAEASES D T8 b BRERFTSHEGIA pr (k=1,2,...,]Y)), WD

R B E XL R .

Ent(D) = — ) _ py logy pi - (4.1)
k=1

Ent(D) KI{E#/N, W D LR .

BEBBEE o FH V MNTREMEUE {al,a?,...,a"}, HHH o RITFEARLE
D #ATRIY, WPV ARG R, HPE o MG REE T D WiE#&
B o LBUER o BIFEA, B4 DY, BATAIAREN(4.1) HEH DY 15 B4,
HHEIBBIARIR 238 RTE & FREABAR, 4934 AR TE |D°|/|D|,
BPRE A S0 %5 194y 3045 A B MR, TR AT T R B o o XEREAEE D $HAT
X153 Bk AR “f5 82”7 (information gain) :
\4 ’U

Gain(D, a) = Ent(D) Z
=1

(4.2)

— RIS, 7 EMAEK, NEWRE LB o REBITRIZFIREGH “2E
FERTL” BK. i, FATRT S B 28 R BEAT YL iR 3 B M e, RIZE K]
4.2 HIESE 8T IR a, = Brg A Gain(D,a). E4 K ID3 RFMFJHE

a€
¥ [Quinlan, 1986] & LAME B3 7 A4 I RIEHERI 7 B 2.

PAFR 4.1 PP REIEER 2.0 A6, ZBIRERE 17 MIGHES], H L%
S —ERBE TR B FI FF I A R L R SEA. BAR, (V| = 2. TEPRER %I FF
WHET, ARG RAE D FHRFTERE], KR EGE p = &, REIG pp =% F
72, RAER(4.1) AT THE ARG RS BN

8 8 9 9
Ent(D) = Zpk logy pr, = (17 logy, — 17 17 log, 17) =0.998 .
k=1
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F 41 BREEE20

=
N

®H W4
Hex o T wm
®E Mg U
5% M wBm

= e
S Ot W

B 1=
17 HE O OBH U

mT BE ORF RS g B MR

1 Fex o W v TEME Mg BN =

2 5RO B4 Ui M M BRE ]

3 LR B W JEW MK BRE e

4 Hex o WgE Ui WEMT MIRE BERE P

5 o= - U N 1 T L1 B U5 SR

6 e MR v WEMT OB B 2
7 55X e s RS MM B 2

8 LR M wm WEW AEM BRE =2

9 LR MR ViR M MM BEE &

10 & OB OWER EW FE BH &

11 wE  EE ER OB PE R &

&

=

&

&

=

=)

BR SFE B
TH Mk BRE
HH M BRE
W OB BB
B FE R
TR MM N

WE, RMNEFTHHATERES
FREANEAREREE. RS “BR”

B %A} BRI D #ATRIS,

{5, R, wos, SUH, B, e}
A, EF 3ATTRERIEE: {F%, &
NRTRE] 3 AN TR, Al D (B

FE=H%), D? (%= 5 %), D3 (AFE=3%1).
T4 D' BEMEN {1, 4,6, 10, 13, 17} 1 6 ARG, P IEBIL p = 2,
BB p =2 DX RERSH {2,3,7,8,9, 15} () 6 MEG], HpE. REI5

A& p =3 p2=3% D*BEREN {5,

11, 12, 14, 16} 19 5 MM, FAIE,

RO p1 = §, pp = 5. WER@AD)AVEHA “EBE%” #5452 505G

i 3 AN 3245 IR B A
3
Ent(D') = — (% log, 5
4 4
Ent(D?) = — (E log, 6
1
Ent(D3) = — (% log, R

T2, i e.2) iR “ AR

3

+ Elogz %) = 1.000 ,
+ -z—logz %) =0.918,
+ glogz %) =0.722,
5 R 2
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Gain(D, ta¥%) _ Fn Z ll D Ent(D?)

6 6 5
=0.998 — (ﬁ x 1.000 + 17 x 0.918 + 17 X 0.722)

=0.109 .

AL, FRATT AT v 55 AR O B A
Gain(D, ##%) = 0.143; Gain(D, &F) = 0.141;
Gain(D, 8(#) = 0.381; Gain(D, fF#) = 0.289;
Gain(D, fili/&) = 0.006.
BR, Bt ‘g MEBMEREK, TRESRE IR EME. B 4.3 41
THET “QE” WG RBITHIRER, EPXERTEBENREATEER
TSR,

gE=?
L A 3

(11,2,3,4,5,6,8,10,15}) ({7,9, 13, 14,17}] {11, 12, 16}

4.3 AT “G8” BHsRE LR

RIG, RN S FIERE AN S04 mdt— k4. DR 43—
NG R ( “BEE=IEM ) AR, ZERAENAEEIEE D P EES N {1,
2,3,4,5,6, 8,10, 15} 1 9 MEGI, THBHES N {5, R, &S, B,
i THEARE ). ST DR R R
' Gain(D', f43%) = 0.043; Gain(D', #R7%) = 0.458;
Gain(D', ff#) = 0.331; Gain(D?!, &) = 0.458;
Gain(D?, fifi/&) = 0.458.
ORI L OCBEER” . AR 3ANBHINEE TRKIE BIMA, FE
WHAZ —EA R B KR, XA 3L AT LR Bk, BAREIN
PSR & 4.4 Frow.
422 IR

fE LRI 4T, BRITERB TR 41 HH “@S5” X5 HIE “GH
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BaE R K W

4.4 EERHIEE 2.0 LA T LN HA KA RTH

57 WAEA—AMEE RIS B, NIARHE R (4.2) T HE H B #E B 0.998,
TR FHAMFEER Y B XBRESHEMR: “RS” BEE 1T M, 840
TG RANEE — R, X854 A BB K. R, XEEKIREN B
RAREAEZACRE S, TorEt TREAHEAT A TR

SERR b, A5 B 3G 25 v 6 AT BUE 2 H A 2 1K B R BT R GE, Ak D X R
i 3 VT BB SR B AR RS, 344 0 C4.5 YRV [Quinlan, 1993) R E B4F
FfE RM2E, MAMA “HEER” (gain ratio) KEFEBRMRU B, XS5
RA2DMRMFF SRR, WaRE Ll

Gain_ratio(D,a) = %«fﬁa) , (4.3)
S ,
|D* 107
Z T 1 8 o] (4.4)

MAEME a B “BEHE” (intrinsic value) [Quinlan, 1993]. J& 1 o H 7T B8
BREHEBEZEV EX), U IV(e) WAEREE B K. fl, XFFE 41 07
JREHEEE 2.0, FH V(i) = 0.874 (V = 2), IV(fa¥%) = 1.580 (V = 3),
IV(%i5) = 4.088 (V = 17).

TR, 3 28 e WX AT BRE B B> iR MR BT g, BRIk, C4.5
HPEIHFAREEEFN H R R RRER] 2B, MEREHT —Ma g
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CART & Classification
and Regression Tree # &
R, XR-FEFLGRE
WEIJE %k, £ AT
AESHRT R

#FiEhd A 2.1F.

[Quinlan, 1993]: 5EMBZER 2 & # 4R R B & & T-PRKPRB M, B

123 ERIEN

CART ¥ E# [Breiman et al., 1984] fff] “E/E#5%4(” (Gini index)R ik
Bl B, RA S5 (4.1) MRKRS, A% D BAEE T HERERER:

4

Glnl Z Z PkDr!

k=1k'#k
4

=1->"pi. (4.5)
k=1

HMK, Gini(D) kBT NEHELE D PRENLHEPIA A, HAKHIbRD
B, B, Gini(D) 8, MEHRSE D MSE-RE.
KAER(A2)HAKAF SRR, B o WEEIRERESCH
, , . ‘
Gini-index(D, a) Z GlIll DY) (4.6)

=1 .

T, RAVEREBIEES A T, BERMEBRRID EEBREE /DR
e A BALKI B, Bl a. = arg min Gini_index(D, a).
acA

4.3 BIRALEE

BYAY (pruning) R A 2 SJEVERAT A7 MEETFBL EREHE
1, BT RARIEFSRINGHAE, 48R0 BB ES, FrfEkk
gep st %, X E AT R R VIR ARFA X7 T, UBTEIISER 5
M — Lo R AR TR R E R A B — M pTT R BOL A, Bk, TEE )
Fp— L SOR BT LA R R

PR BT B ARG HE “WEIH:” (prepruning)f “J585H:” (post-

" pruning) [Quinlan, 1993]. TBYK R FE7E P sk A Rt B, X745 MR
rRTSEIEAT AN T, B AT S M BRI RE R R SR RNZ AL R BE AR S, S 1R

53 R AT 45 R A 45 R R BB R SE MV ZREEAE i — BRSEBE AT RS,
ST B R ) b AR g AT B 5E, FORE G RO K TR B0 45 e
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TR GEZ A RRIRT, W 1% F R4 i 46 5.

T ] ] T R SRV AL M BE R B AR FEWR? XA A 2.2 AT B RE VR4 -
Tk AT RERAE RS, NHE B8 AE “RIEE” U#HITH
REVRAE. Bt R 4.1 W78 )NEIE 4 2.0, WATR HEENLRI 2 28 Wi #8 4,
F42 Fin, W5HN {1,2,3,6,7,10,14,15,16, 17} KIREFIARINIZGE, 5N
{4,5,8,9,11,12,13} FIFEGIH REIFLE.

42 BRHIEE 2.0 X9 o9 55 K (RE L) 5 BiE 4 (WK T )

mE OBE O RE A g FE M 50N
g O ®%H wm W ME B

1 Z
2 2] W48 i TR ] e =3
3 -] e L] b ] fé T =
6 HE B L EMT A £/ ¢ =
7 i) e AU o LU ¢ 2
10 HEg WE EiE & BT 8 ¢t T
14 ®HE it Ui Gict i MpE R B
15 L2 Rk LI M fdmM L€t 5
16 ®A FB48 L - FE e T
17 HE o B vik % FHIMW wE s
HE B e RS o B fh =% R
4 HE B i TE b Lilv T b=
5 we e U] Y& ]3] e =
8 ey gicl L] TR FEm e =
9 ey pict el FER FHI T e
11 A EHE EiE b FiH B i
12 ®A WEAE - RERA FiH L@ &
13 B HE T Pt 1] e T w

BERATRA 4.2.1 %ﬁﬁfﬁlaﬁﬁﬁmﬂﬂéiﬁﬁﬂﬁﬁﬁﬁﬁ, A 4.2

G &t B RN 4.5 BRI, AT, RATH E R 04

T RS
4.3.1 B
BAVETHE TR, B T5 S EN, BATIEBURME “ B8 Rxf il |
GERATRIS, H7E 3 AN, W 4.6 s, R, BEMIZIHTXARIS
We? T3 BY A BT R4 115 BV AL M REHEAT A T
TERIGY A0, TR RERSS . EABTRIS, WIREHEE 42586
T, G RV 5 R, FESRTRRIE R VI AR B0 2 B2, [RRRRAN
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LR B 69k T —
i, TR — K.

Bl A L

“REER=27 RIHET: 42.9%
XoE: 71.4%
F FARE: Xp

%
| «
BoiE b R TRes

BiE A A
“CERIE=DT XIHET: T1.4% CHF=27 R HFT: 71 4%
X9 B 57.1% QDB T1. 4%

ATARF . BEXSH M HEF: By

Bl 4.6 J&TR 4.2 AR T A AR A

I A2 SARIE A TR . R 4.2 BT 0TI 45 5 ke S AT T
i, WI%R5 % {4,5,8} MIBEBIM 2 IEF, A4 4 DB 2R, T2, BiE
EREEN 2 x 100% = 42.9%.

EREBEME “BE” a2 E, B46 TR O O @ D il e %
S0 {1,2,3,14}. {6,7,15,17}. {10,16} HIYIZRAEH], FIHIX 3 45 M7
WARID M 2“7 “UFJR7 . “IRJR7 . BkE, BIFEFR RS A
{4,5,8,11, 12} KIFEGIHE 432K IEHE, WIEEREEER 2 x 100% = 71.4% > 42.9%.
T, R AT RIS 15 DA E
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F4E R K #

AR TR AR
BARG, 2RELFE
BTN, RS AR
Ho Aty TaEE
HATHA. RKBAHALAH
FAE, R T R AR
TR

SRJE, YRS SLIEI AZ 0 4 i @REAT R 23, 2 TR S0 2 v UK Bkt H el
SrIRE BT AR, M BB RIS, M5 {5} MRIERM A
SR HIEME VR, MAKIEEREE TR 57.1%. TR, T8I KR 4E
145 MBI

& RE), KNP BIUA AR, R BRI ETIA 71.4%. XA
A A RERFRAERNEE, T, PETHSRIREE LS R ORI 5

XH4E R @, P& NG OB TR —K, AEETRS.

TR, ZTIBIE RIS AR 4.2 Hopr A s g W 4.6 s, KR
EREBER 71.4%. ER—RVE—BERI7 BRI, IFFR “ YORME” (decision

stump).

X EC I 4.6 FE 4.5 WTE Y, B R F B R ER KR LS LHERE B
FF” XA RS T 3 BAA 0 KU, 3 SB35 /b T e S0 B 11 425 1] 4% 60
IR FFRY. (B35 —J7 T, F L840 I M RT RIS B REIRFZ ke, HE A
e SBOZ AL REET I T M, (E7E FAERE LT IS R 4 0 T R SRR B
ZHRE; TETREET “S00” ARBEIRXEES 7RI, LLTRBTRI RS 4 ok T
AU TR

432 [FEIR

E@&%leléﬁﬁéﬁi*ﬁﬁgmﬁm, BlInET % 4.2 IR RA1/5 3]
WK 4.5 FrsBIPRSEm. S350, SR S0 IRE NS Bl 42.9%.

JEEIRE S R 4.5 RIS SG). FH AN TR, WAHMST
O Byt m. BHENSRaERS N {7,165} MIIGHEAR, T&, &%
25 REISRANRIE N “TFR” , BEI SRS R UESRRE R 2 57.1%. T &,
JE B SRS TR e BY KL, i 4.7 s,

RIGH R MG, £ TR B H&5 8, WBHRER T4 Ra
TonT R {6,7,15} BIINGFEGI, 45 SR AFRE R “IFR7 | R S I8 IE
RN 57.1%. TR, AT IARHHATET L. :

X5 RQ), BRI TR N4 R, WERENTE B ERS
K {1,2,3,14} KIVIGAEG], M85 SARE R “IF R . IHi gk SEAR 1 B0 S K B
REE 71.4%. T2, JEEIH: SRug v e Y. o
NG AR, R AR I T e k2, TS SR O BIE A
RESAHR 11.4% 5 42.9%, HRBER . T2ENBHEE.
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Bo% “eid=2" Bt
WALAT: 57.1%
WA E- 71 49 § .
WG T1.4% S E “rp =97 ’1’2115%7};3')*2

= yﬁ e Fo: 7’7’{‘_ g 5%
G WALk R T AL WA 42. 9%

WHE: 57. 1%
BHHRE: TR

B 4.7 EFE A2 5 R4 ETHEER

B, BT A BRSNS AR 4.2 R AR B PR SR ] 4.7 Frw, HCBRE
EEXG N 71.4%.

XFECEE 4.7 FOE 4.6 AT, S5 BY AL YRR I LSBT A e S R B T
ZIH. —RIEET, J5 BB SR B K& KRR /N, Y2 A0 M ReAE AT AT 9
BYRE YRR, (H )5 BRI AR R AR ST A YR 2 ST, JF B2 AR b
Hi B R T R S AT IR T 52 DRI L R I ) R BU R B AL pR SRR
FNTRBY R P AR HR B ARAF 2.

4.4 EFEEHEE

4.4.1 EE{ELIE

E HHA IEFAMTE T 5T B8R ok A R S, BLSE 2 ST P
SIBFNELLEYE, G0 BT IR WA 7 PR S 2 5 o AR

HFELBEENTTEES ERNEER, Bk, NREEEREEL BT
BB SR X 46 sl AT RISy, Seb, SEL B B B R AT YR R . B R
B2 K FH — 2 (bi-partition) X I 42 B AT A HE, X EJE C4.5 tREEM E L
SRA ML [Quinlan, 1993].

U EREARLE D FELSLEMY o, BE o £ D LHILT n MARRIEE, HiX
Lo WANEIRHATHERE, iE 0 {ab,a2,...,a"}. ETRID At T D T4
Dy F1 D, Hdh D S& RSB o FBUEAKT ¢ BIFEA, 11 D NaE
LM o FEUMERT ¢ BIREAR. B4R, WAL BHIUE o 5 o' K, ¢
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F4E R K MW

TR R o BRI R
ENHKEFHALH TR
TR R KA, KA
AT IR A R AR 8 R
L EAENGE T BRI
[Quinlan, 1993].

FEX[E [0, o"t) HBERERTF= 4 RIRI SRR, Bk, XELEE o, T
AEREE n - 1 D URIOEERIY RES

7 i+1 .
Ta:{“+2a |1<i<n—1}, (4.7)

R R —RESR B R 43 A, IR ORI S BT REASE A IR 5. i,
AP X (4.2) R ki

Gain(D, a) =max Gain(D, a,t)

teT,
—max Ent(D)— 3. @En‘u(D’\) (4.8)
t€Ta |D| v

Ae{—+}

HA Gain(D, o, t) BRHAE D BTHO At 2 ERFEBHEE. TR, RITH
A %EFEAF Gain(D, a, t) BKMHIRIS .

YEA—MBIF, BRATER 4.1 BT MEIEE 2.0 B IIHANELBESE “&
7 R CERER” ) BRIR 4.3 FiaRITNEHEE 3.0. THRMAXANHESE
R B —RR PR IR .

® 4.3 HANKIEL 30 ’
FRE . OSUE OB MR EE OSER GFN

Wy BFE REP
1 He B4R iR VEMT MIPE BERE 0.697  0.460
2 SE EB4s. Ui BW MBS R 0774 0.376
3 L wggE v VBB MR BEE 0.634 0.264
4 B 4% pie TEW M BB 0608 0.318
5 ®E EB4F Mmg BN M B 0556 0.215
6 Heg  THRE vhmm o vHMP RN Ry 0403 0.237
7 LB FEkE wmm FEME M s 0481 0.149
8 L2 fEkE whw FERMT RSN BEE 0437 0.211

9 LM FEEE U M MM BRI 0.666 0.091
10 F& HHE HE BW PHE R 0243 0.267
11 %\ WEE B M PR R 0245 0.057
12 HRA 4 wmg BDH SPIE BEF 0343 0.099
13 - #H? fhiE  whww REM MPE R 0639 0.161
14 ¥®E  FE® Ul FERE M BER O 0657 0.198
15 2 FHEE phma VEMT M Ry 0360 0.370
16 WA - is4s vhmg - B EE R 0593 0.042

o) ol T O mf Tf T} T} B | fir An fi @1 FD AL FD F

3
»
&
&
=

R FEM O MM #0719 0.103
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R “EE”, ERENEIFHER, BESEEK 17 NI
HAEZEBEE EREHAR RERLA7), ZBERREYN > SEE
4 16 MEEHE: Tye = {0.244, 0.204, 0.351, 0.381, 0.420, 0.459, 0.518,
0.574, 0.600, 0.621, 0.636, 0.648, 0.661, 0.681, 0.708, 0.746}. H3\(4.8) W15
HEN “HE” BfE BN 0.262, XM T4 54 0.381.

B CEREER”, HRERS AESHEE 16 MEIEE: Topx =
{0.049, 0.074, 0.095, 0.101, 0.126, 0.155, 0.179, 0.204, 0.213, 0.226, 0.250, 0.265,
0.292, 0.344, 0.373, 0.418}. KBURY, MHE (4.8) AT v H HAF B 24 0.349,
XFMTFRI43 A0.126.

FHH 4.2.1 A5, R 4.3 FEEE L& BHERE B EA

Gain(D, &%) = 0.109; Gain(D, 1R%) = 0.143;
Gain(D, fi ) = 0.141; Gain(D, 8(3) = 0.381;
Gain(D, &) = 0.289; Gain(D, i) = 0.006;
Gain(D, #&) = 0.262; Gain(D, S¥ER) = 0.349.

TR, “GUE” BOEERE RRI0 B, WS R R RREIHHAT, B

A RN 4.8 Fras BB .

LU=

HH \f‘h‘ # =B

4.8 EHENKEE 3.0 LA TIZ 83854 MR A

PREXSELOAT RN, SRR, £6N S R LR, HRIEE

“$EL0.381” , T4

kaFuEben g AERHENRES SRS R,

JE<0.294” .
4.4.2 TREETE

LS T H BRI A TEAES, MHEEAKIELREERKL. 06 T&
WA BRRPFERR, B RNETEHRAR LR ERE@ HIV JK
SRR THEEERBHEERZ BT, FESF KERAHIGRKE.
W R ] B FF A SEREREA, (U TSR RME R A RETEY, BREX L
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PEfs BRRIIRTR. Bltn, 3£ 4.4 B3R 4.1 FRVEREIEE 2.0 HILBL5AE IR
A, WRMFEATTEEAR, WNEHRS {4, 7, 14, 16} I 4 MERGRMEH. &
R, BB BRI A SRR E R SR FI SR T 2.

R 44 FBRIIEE 200

HmE  BE O WE O OmE O Og#E FW® Ml FX
1 - W 4 YR YEE LIl b =
2 LE R W T b L] - 2
3 LE Ry - ] MR TR 2
4 FE OBE TN ] MR TEE £
5 - WagE  whow VEMT MR e 7
6 FH O M v EW - okl 2
7 Lm o e om0 R /¢ 2
8 LE A M - M e 72
9 =N - Ui bich FEIM g 5
10 g HE Bl - S ok &
11 V=] TEHE B BB SE4H -~ T
12 =] i - R FiH /¢ i B
13 - fakE e RS MR R &
14 = EE N TR MK TEE &

15 LB R v MY - kG %
16 BH B4R - R FH O =
17 B - puE R MM wEYE &

BATVTE RPN (1) QAT FE & PR E SRR 11 DL T BEAT R 8 HEe 7
(2) SRRy B, FEAEARAE BN L ESR, TR A AT 57

eV D RBYE o, & D o8 D TR o FEHBURMERBEAT
5. WML, BRBAVLTARGE D IHWRYE o 0%, BEBEH VA
AHUE {a',a?,...,d"}, 4 D° ®oR D FERYE o FIEN o MREATE, Dy
FEDPBFHEEE (k=1,2,...,|V|) WHATFE WERED = U, Dy,

EREREIFBOE, 7 _ |V P [l A CPN S
(ERENEITRIL b Y, DY BRI S MR 2 BT MU w,, X

1A 1.
p = 2oweb Ve (4.9)
) ZweD Wy ’
Zzéﬁk Wa
=22 gy, (4.10)
Z:z:ef) W
7y mimwebr Y gy (4.11)

ZweD We
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EWHE, XBYE o, p RRTRREREAFTEKILLH], pr RARTHRREFFAR T

Sk RPTERIL, 7, WIFRR TSR R A P AR o LEE o¥ KIFEAPT &

sl B8, S mo=1, 2V F = 1.
HET Ede X, BATEE BRI HEX (4.2)H KR

Gain(D, a) = p x Gain(D, a)
.
= px (Ent (D) - ;rv Ent (D”)) , (4.12)

Hem(4),
R4

Ent(D) == fylogy . -
k=1
SRR (2), BHREAR o TR BY o LIEUE B, WK o RIA 5 EEER
RIR)F 46 R, BREARUETEF 4 A RN we. BHA = FERIS B o ERIE
R, W 2 FINRIAFA 74 8, BREAREASBYEE o MR F 45 5
FREEN 7y - we; BUHE, IXHURLE R —AMEAR DA /M 2RI\ B [/ Ay
FeEmpE

C4.5 BIEFH T _Lid ¥ 5 % [Quinlan, 1993]. FHEBEATLAE 4.4 K%
BB B — AR SR
TR, RE R ESHEARE D P A 17 NEER, &R AE
WHh 1 UUBH “tBE” A6, R LTS RERESTE D BEHS N
{2,3,4,6,7,8,9,10,11,12,14,15,16,17} # 14 AMREBI. B, D KIS ERA
2
Ent(D) = - " py log, i

k=1

6 6 8 8

4 D', D? 55 D AP BIFAEIRIE “ @7 EIUEY “HE <98 Y

KRBT MHEATE, H

2 2 2 2
Ent(D') = — <Z logy 1 + 2 log, Z) = 1.000 ,
4

Ent(D?) = — (6

4 2 2
10g2 ‘6 —+ 6 10g2 6) = 0918 s



88 F4E B K

L]

Ent(D3) = — (% logy % + %10g2 %) = 0.000 ,
B, #ATE D LR R 5 RIEN

3
Gain(D, t8¥%) = Ent(D) — Z Ent(D?)

4 6 4
= 0.985 — (ﬂ x 1.000 + 7 x 0.918 + 1 X 0.000)

=0.306 .
TR, #4% D LEHE “6F” MESHEREN

Gain(D, fa#%) = p x Gain(D, t83%) = 1—3 x 0.306 = 0.252 .

P ATVt BTE B ETE D LM B
 Gain(D, 4¥%) = 0.252; Gain(D, %) = 0.171;
Gain(D, #{F) = 0.145; Gain(D, 8(3) = 0.424;
Gain(D, &) = 0.289; Gain(D, /&) = 0.006.

“QrE” T R IE T BORIE B A, BOH TRRGS AT RIS

R ERREMERE R {1,2,3,4,5,6,15} FIFEARHEN “4U3= EW” 43X, w5
5 {7,9,18,14,17} MIEEARGEN “QUE=RM" 232, T4 5 Hh {11,12,16} KK
COARHEAN Q=B 33, BRREL T AP RRERREN 1. BERR
2, 5N {8} MBEAZERM “QHE” EHILT SR, ke BRMEA=
A3, AREE=ATE ST RREN L. S0 2. HmS5H {10} Mk

AT RIS ER.
REE [ RNy RERINPAT, RALRMI PSRN A 4.9 TR

45 ZLERER

FHRAEFA B A AR 23 (8] o (K — AR bR, W d AN B HERER A
BTN T d 423 8] A B — AN A, R AR 43 SR R 7R IX A AL A 2 ] v -
RAE SRR )43 KA T, YA P TE B 23 R 57 — N B A4 A
1747 (axis-parallel), BI'E 14 KIAF dE T4 5 BFRHFAT I 7 B AL L.
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4.9 AEHNEER 200 EATAE L E LRGN

PAZR 4.5 FEIPEREE 3.0 Jfl, KerEAVIGREER 45K 4.10 skt
SRR, SRR X B {73 A S0 B 4.11 .

BHNHKEE 300 AW FT 4.5 HREIEL 3.00

4.3 3.0%
P g WS mE  amE BN
1 0.697 0.460 =
2 0.774 0.376 =
3 0.634 0.264 p3
4 0.608 0.318 3
5 0.556 0.215 p 3
6 0.403 0.237 f3
7 0.481 0.149 =
8 0.437 0.211 =
9 0.666 0.091 &
10 0.243 0.267 &
11 0.245 0.057 =
12 0.343 0.099 5
13 0.639 0.161 5
14 0.657 0.198 5
15 0.360 0.370 =
16 0.593 0.042 &
17 0.719 0.103 5

BR, AT BARE S AR TATH. ZFER D RIG R ERES
SERABIFH IR, BN BRI EEN N T AN REEUE. BAEF
SEF I E LY IIA T LB R IR, I JUAE AR 22 Bell 50 4 RESRAS BUF HIIEALL,
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PR <0.126?

2 %
EHERL <0.2057
2 %

b

0.6

%o
40

0.2

4.11 B 4.10 EFBET a5 KA R

WA 4.12 Fion; B BRSNS B, b TEBATREREEIR, T
i TR P 1R

A AR PR RI I 5, i 4.12 PO BLBFZ, WPRSEREALR KA

fAiifh. “ZABPREM” (multivariate decision tree) mifEAESEHLXFER) “ Rk

G AERRARAT Gy RAEWERRS IS, UTIRRI B Z EERIRN, EI
decision tree). SR, et g SAER DO AN B, TN B IR S A ST, 85
2, WA H R L wia; = t IR, K w, B o

HIRLE, w; I ¢ ATTEIREE RAT & REA SR B AR LgR. TR, 5ASGK ‘&

ZBRFM” (univariate decision tree) AN [, 7EZ 2 BRFHHIFE T REF,
ARIEGANAEM G R IR BRI B, TR A& L
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Y

o

412 RFESIRT R Fe s F A T4 5 BER AL

BUNAESLEIF. oo (51056 76 UEHR 3.0, TRATET 24310 4.13 3XRE M 225 B e i, 24028

TN 4.14 FTR.
[ —0.800 B ~0.044 < ST HEF <0313 |
& 5
[ —0365% B + 0.366 < & hEF <—-0.158? | (I
£ T

G D

B 4.13 AEHRHEEL 300 LAERG S T B EER

A I
3 0.4
40

0.2

B 4.14 A 413 2 ZERERTE G ELRR



92

AR L, BHt AR LFE
F5 i ¥ 7T A F e KA e X
Bk HERER
R 11 %,

£ F BotAnit 2 M 4,
BRE5E,

4.6 RIEHE

YRR S BRI 2 4 40K £ ID3 [Quinlan, 1979, 1986]. C4.5 [Quin-
lan, 1993] A1 CART [Breiman et al., 1984]. [Murthy, 1998] $&4t 7 — A& F ¥k
SEAR SCER Y I B HR B . C4.5Rule & —/MHf C4.5 PRI AL b 755 0 B B0k
[Quinlan, 1993], YRER K733 AR G ES H— &N, /2 C4.5Rule
BVEAEREAS R tp AT UM AT B 9 IHUREE B4, DR de R IR 2 AL
PR EL R T BB T R GRS -

FEfE R . WAR, HRBIREZI, AMIEERHT W2 H Ak A A
FHRFEW RIS IEFE, RTFH LLAF TR [Mingers, 1989b)], 1X L84 | B AR %t
PSR B RS F B, EXHZ AR NI 1R A BL. [Raileanu and Stoffel,
2004] X} 5 B3 2 A R EOHT M EIR TR Bon i, EAMNAE 2% TR T
SHEFIARR. 4.3 AR T RN BT IEEAS SRS BYBT AR B g sz
WHERE AR AE 2 B2, A SERAF AR [Mingers, 1989a], 7EHHE H A W F i
T 1ot By 2 MR GRS AL RE SR T 25%.

LB REREEEESR OC1 [Murthy et al., 1994] 1 [Brodley and Ut-
goff, 1995] #H I—RFIF . OCL oL FHRENBHENBMBUE, £
AR R FE A b XY 4 2810 S AT BEALIR B DLR B R B AF AR [Brodley
and Utgoff, 1995] M E#FI N T &KL T BN Tk, 3EH — LBk
TR P 7E R SRR BRI s RN %, DA & X Bl STHLSRI R AR 3, il

“RRANMLI” (Perceptron tree) [Utgoff, 1989b] £ i SEA i &N it 45 i _E YN %5
—ANBKIHL, T [Guo and Gelfand, 1992) M B EEAEH 4 5 _ LR Z E ML,

B —Le RS 2 S BRI EAT “HE %) ” (incremental learning), BI7E
B BIHAEA S AT 0 BB MR B TR, MAHTEER %Y. BN
Bl R O YA 4 S B AR IR 43 B M RO SR X R REAT B A M, AR MR
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PARERF S, RORER B BAF L TENAFK
B #i « = (J. Ross Quinlan, 1943— ).

R REREERCEZRXFRIUTENB¥EX E. B.
Hunt 1962 FEH XA LW MO F I TR R H B CLS
(Concept Learning System), X M 3E 84 3L T WK “2-
Bz WEIKS TR BEE Hunt W3S T T 1968 FAEEE LB AY
RETENE 24, RERZRRFEHK. 1978 FHAEFARBE R HEE LA
F7E, #6 T ERX W EF D. Michie F R M — AR ARE. REA-AX
e, ERERFRFI B ELAEHNAN, LA EFEMARH T —FTRE
SEFRSHERRR. BEZF T —PNEMUTF CLS WRFRTERMEL, HFRE
EMAARIINTEREHAEN. BRI D TERE Y RE 1979 F L%,
REA ID3 ik

1986 4 Machine Learning 22 &A1 F|, B X M #EA|FI & LEH LK T ID3
Bk, WA T REMF RN, BEILF RS KM H ik F#, ID4. ID5
L FREPAMFARARE WA ELR, REZRGKE W ID3 FAH &
4K C4.0, LR b — SR THFA W C4.5. A/HE, BZHR CL5K
Bt CAOMT BN, Al Eash “F45ROKE”  MHEEHHE
WAL HRAFR A C5.0.
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iX ;& T. Kohonen 1988
£ Neural Networks )|
5 Eaheh s,

neuron R AR unit.

7 AR bias. EE A
SRR, BARAL AL
AT WY

FOHE HEMLE

5.1 L TIRE

122 ) 4% (neural networks) J7 [ BT 7UAR Bl ©HHEL, 4K “phigp4g”
SR MEG KK 2R XHFRAUS. SRR AR MK E X2
Fh b, ABRAE TGRS 2K, B “phe Mg 2 b B SRR
{7 SRR G L B V2 AT EIE I I 2%, B A4 2R B BERL AR ) 40 22 R Gk LK
{HFABTVE I AZ BN [Kohonen, 1988]. FRATIAENLAS 2 > iR i 1146 7
LERTIRI R “MEMERE] T | B UL, RV ) 5 A M 2 PRI
SR AT XS

Tl 20 ) 2% o B B R ) A 4 2 2 TG (neuron )RR ERL RV 3k g SCAR G “fef A
I . R E MG AT S AWM A TTARE, B OXE T I,
has AR A G G REAG D BT, I EOAR X Ee A 22 0 A 1 A 2 SR A
Z IR BRI T —A “BI{E” (threshold), A B R AWILIG, BI “M4”
sk, 1 A4 T R IR AL ) .

1943 4, [McCulloch and Pitts, 1943 ¥ I TR A B 5.1 Bros i 5
B X2 — B RS T “M-P WA JTHA” | fEXAMER b WA ok
W B n AH AL E AR RMAG T, XSRS Sl AR
% (connection) FEAT AL 18, 22 T B B A SNBSS 40 22 0 19 BUAE #EAT HL

B 5.1 M-P b2 R
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FH5E WEMLE

KRN E I HR L
-3k B 69 AR, AT 40U
& ) 2 Sigmoid % 4k
BRARE. AR 33T

A A A 2 R 47
RiNFoft S Kb 2 M 4%
PR — A~ K e A

4o 10 ANV 2T
3, WA 100 A543 90
ANE A A 10 ASBIE.

T YIRS, f
MERRE TR, B0y, =
Wéélﬁlé%%?ﬁ/iﬁ%u%ﬁ%ﬁ%ﬁfi}%

B, RGBSR (activation function) AbHELAF=AEMZE TCHIHH .
HEAR 0SB U B 5.2(a) BT BB BR BR B, R S N B B S Oh i HS

B “0” 8% “17 , BAR “17 XN THLITNA,

“O” XF BT A T AR

i, B ERBR B A A ESE . e A K B ER, B hsH M Sigmoid
BB R BOE R . #L AR Sigmoid B AN 5.2(b) Fian, BIEATBEAERLK
¥t Bl A 22 Ak B s AELHE IS 21 (0, 1) Fan BV B N, DRI AR “ B I B

#7” (squashing function).

sgn(x)

1, z>0;
8@ =10 L o

(a) Hrk &3k

5.2 A #AP 2 TUHE B

sigmoid(z)

Cl4e®

(b) Sigmoid 2k

R B IXAE AN TOIE— R MR IR G B R, m8 2l T #ia M 4.
HL b, NIHENRZ AR, BATH LSS B2 R 4% 2 5 H AR

5.2 RS Z R

Rk — A?‘EF%IW%&%@, THZSHH AR, X
0;) FE.(E)RATE. A

JB& SN Hl(Perceptron) t P )2 11 & JL 4 B&, W1 & 5.3 i, AN B B4

” (threshold logic unit).

5’%%)\ e fEfedsimt R, Wl E R M-P MZ T, AR “BIEZHE B

BATHLAE A S SIS . B, JEEH. Ay = £, wizs — 0), B

%€ f 2K 5.2 PRIFEREAE, 7

o “5” (331/\x2) Tw=wy=1,0=2, U"Jwa(l'x1+1-m2—2),11
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