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#l42[Hand et al., 2001].
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35 W /BT B T 30 R R, AR A XUROR, 3B B R
B, W, RN —MFRAR. GEBKRMS, ST MR mol kA
WA YT 4 G I, R SR 5 B T A JE R P B B, — R A, X%
PR T T IR, #EMSFEHEERE, FEELBRETFHR, XITRES—
EEANT! ’

FEBTEF G R B IR, BN, BAOVERBT M — T
25 “HLER%3]” (machine learning).

B —BOE, BRINSRAXEY RRLSETLRRMHBBA. Fl, K
2B BB BB, FIRE, NN HRRGFRE? XRFE AT
BMWEFLKR T CLBILIRL RGN, k—RUER ERFIEE, B
RR[BFH M. AT 2T, W, @05 mm, sesr kb2 E
REEF? BEARNZE . BAMREE, FrRlETEE. R mEXLA
FRIEFRAT TR AT DAL AR 2 0 BRI, SRR, AT I LR E0E, TE
TIR. FETHS. BFTEL BRSBBERS. TLUEH, BATRMH
BRI, REARMNOCERETHESELR, MBI 2K KR A, BeexH
B OB A R YLK,

LR KA R ERMAR B & BN, vEN R TG?

PLERE S IER XM —T1%8], BEO) TR T E i+ E R TB, MAHZ
RkERG A S PR EHENRED, “@R7 @EL “HuR” BRE
76, Bk, HLassE ST FTRR S0 BN A, Bk TYE N L W BER h =t <
#1” (model) B, Bl “H & ¥L” (learning algorithm). H T2 H %k, &

NHELREIR RS T, TR AE T X S = AR 78 T X BT IR 1% DU (1]

W B — AN EHIITHIPER), B S oy FA TR AL DL A 1 i (B an g R). dnn SR
THENBIERBTIRT “BR” KR, BAKE, W ARSI BFT A
KT “EARIE” FEN.

AR R ZIRAEIRTEBNGER. XA HE” BeRMs
R(BIan—RGSER), TOH “BER " 38R B R (B1an—4&HN).



AR R T AR—
A CBR  BACTA
ARSI AR Z ) o — A RAE;
Bt EFXTHIBT S M

A RIBIANATHERREK

#&.

WGHATAH D %T
4]” (training instance) 3
YA .

FIEEBEALSKE
RE, AR 6 S
Fa(R)V 4k 2, KA
ENCLEE 2

& “label” #FH “IF
W7 WA ARET, RE
B EF “label” BLT
RAEL . AT A4EshE.

1.2 EEXRE

BEHATHLRS ], RERLEE. BERIMEBE T —H#KTPERKEEE, )
W(EFE=T4; IRF=U64; moE=rhm), (AE=5%; W= T mE=00
i), (=¥ H; WF=AEE; mA=FM), - , BNESAR—FILR,
“=" BEBR “BER” .

XARFKHIEERA— “HIBE” (data set), HPFLEIEFRART—
ANHEAENF X B NN BF#R, KA —A “=~HF1” (instance) B “F
7 (sample). BRI SRS T TR I ERE B I, Glin “ EmE”
“RRFE” “BEFE” L FRA “BHE” (attribute) 5L “UFME” (feature); JBME L AIEL
&, flin “F&” “SR” KA “BHMAE" (attribute value). BEETKRBM
EFRA “RIEZE” (attribute space). “FFAZE[A]” (sample space)EL “HIA
7. FImBRATEE “EE” RFE” R AR =AAARE, BT
—/ANHETREE TN =425 0], 8478 NER AT 7R XA 25 A P $k 2 A 2 A AR FR A2
B BT ER PRSNGSR R, B BRITEE—AmEIRR s —4
“YFfEME” (feature vector). »

— &, & D = {z1,Z2,...,Tn} BRABE m DRI HELE, 4
AP H AN BHERFERGI W EEKEREEERT 3 ANB ), WEA7RBF
T; = (Ti1; Ti2; - - -3 Tig) 7& d ERERTE X FR—ANHE, z; € X, Kz 2
x; 758§ ABHE EMBE®@ W LR E 3ARKES 2B LERER “6H#
B” ), d RABER z; B9 “4E%0” (dimensionality).

MEHE F 2 BE A R R “% 37 (learning)8L “YIIZR” (training),
XA TR PATEA 2 I HE R G R R A B “ ISk
HAE” (training data), HHPEMERTRA—A “YNZHEA” (training sample),
WHHERARPEEHRHA “NEE” (training set). FHBEIXT N T K THRE
HISEFP I AE AR, BRILIRFR “MBi%” (hypothesis); XFVEZERE B &, WIFK
A “EAH” B “ESZ” (ground-truth), ZE AR EN THRHBUELEAM. &
PHEDEHEAFR N “223088” (learner), FIEEF I HIEES CHEMNSHT
] L SE Ak

WMRAEFLE—NREH P RITAW R ITFHERR “@FM” fEal Y
B RPIEIE BRRABN. BESLIXFERXT “Wl” (prediction) )
A BANTIRBINGHERR “GR”7 FR, Bl “(BE=F%; WH=1%,
R, $FR)” . XEXTRAGROEE, fln CHR R DR
id” (label); 7 T i BRG], WFRA “FEH]” (example). — M, A



12 EARE

3

FHATRELEAY
o —3R g, R “HEH” K
RS CHR

7 AR q K w7
(testing instance) & “M|
A

T M AFAE LB AR
T H x4 2 s
A, I 136 F.

T A RIRED A
ERFIET

FAH, £ AL

=#]” (unseen instance).

TFAE S b AT T
MALE F AR K (Bl 4w 20 A
Bk, HABWA 10 AT
FRERAE, MAEARE M A
H ek 1020).

(x4, 9:) B o MBI, Kby € Y BRB o KIFRE, Y ZEFERICHES,
TRFR “RrICZ 1”7 (label space)Tk “HiHi a5 .

FRATARTN )2 BEHUE, fln “HFR” “RIR7 ) R IELSTRA
“I33K” (classification); F AR TN B9 2 1 S {H, B0 P NS BE 0.95. 0.37,
LR FEJEFIRA “ B T” (regression). X RW RKHARAM “ Z 4
2” (binary classification)f£4%, #H IR FH—NEA “IEE” (positive class),
FH—AEN “ KK (negative class); W K ZANKAE, MAHEHN “ 24
2” (multi-class classification) 4£45. — i, I L4 2 A @ o %l 4k

£ {(@1,11), (@2,52), - - - (Tony Yr)} BEATEES], BESL— A ABIAZE ] X Bl

ZE Y KBS £ X o Y. M ZAREE, BES Y = {-1,+1} & {0,1}; Xt
LRRMES, V] > 2; WEEFES, Y =R, R ALHE.

AR, AT IR A S FERR R “TR” (testing), # TR AIREA
FRA “WRFEAR” (testing sample). FlIANTERE f )5, WWRB] =, vl 152 HIRT
WHsit y = f(z).

BATIE AT LIXT TGN “2 2K (clustering), RUKREIIZREE F i 78 K4 5l T
H, MHRA—A “BE” (cluster); IXLE B BT BRI R REXT B — Ly 72 A&
gy, Bltn “HREJL” REN7 , HEE RN MR L XFERET
E BT RATT MEE WAE AR, 880 R A W 8B B SL A, T UL
WA, IERERZE S, “BRER” KM XS RMNFLERTMIER,
T B3 2 i F2 o A F YIS A8 B AR D5 R

R|INGEERERERILGE R, FAESTRBRISFHHRE: “BE
%37 (supervised learning) 1 “ T E %] ” (unsupervised learning), 7338
FENE R AT AR, TRENE 5 #H AR,

TVERMNE, NBR%EIM BR R AR R BRIR PG T “WiFEAR” |
MARIUAE NG R T AEGREF; BIEX BRI % IE5, &
M A EZ/ER S REA TRENSGE T HIMEER. 2HEEEHT
BIRERMBE ST, FRA “I21b” (generalization) Rt J1. BARIZ (AR FIAR T BE
IRIFHE TR FEAT R, TR, RENGEEE A RFEARZERK— MR/
(ISR, FRATIU75 B8 S A AR I b 2 e YRR A 25 (] O 1, 75 IR S 3 2 2 V)
SRR B INE R BR AR A S ] B T AR L. EE B AT A 42
FEAR RN —AKED “434i” (distribution) D, BRATIRE KN FEACER R AT
N IEA A B RFESRAFI, B “MSZ[F4) A5 ” (independent and identically
distributed, %R i.c.d.). —&KME, WHHEARBRZ, BANBEKXT D KER



ML, XA T RN 2 S IR R RIZ AL RE ) (R RL.

1.3 {Rig==1g

JH 44 (induction) 5{#2f (deduction) &R FHEE KB REAF B, A2 M
PR B — M E) “ZAL” (generalization)idFE, BB AR ESZIHE H — R EM
8 BN RN —BBRRIRE “HRitk” (specialization)iT#2, BI MEEA R B HE
HEAACRG. B, FEEABRGT, BT A HNEEHNESESZ
FHYE R B B, X R WA, T “ BB 25”7 BRR—NMEINERE, FEIRR
“JAgh%>]” (inductive learning). '

BFEIGHRI G X245, |- XHBG % S KA S T AR+ %3,
TR SCRR) U 4995 53 T sk M ZRB08E T 22 18 B (concept), BRIBLIRFR A “HE&
257 BB . MEEIBEARBATHA. MARLED, RAEES
ZACHEREGF BB AR S SEE KRS T, RS HAMEARKR S &4 “ B
a7 R AT, W EFIFETT AR, BB T RIS ) B — L SEA R

MSFEIFBRERANEM/RMSEY, BIX “&7 “Ag” XFEMTERR
h0/1 Ai/RMER BRSNS, 28— MRS T, RERMNREB T XHE—
MINGHIEE:

* 11 BAKEE

me AE ORE WE GR
Hix W4 MWW
L wRgE vho

1
2
3 H&E B R
4 BE O YR

) D fn o

XETEEAMEIRR “GN . B L T G AR

“WERE X EAMHRTARIE, REFZ, RERA X =R B T,

RAVRAEANT T RA RN, TR, RIVEGIKL I TURIFEE, 5

FRE . SEABE L RERRES, AA/RRISAE BRI B o (2

S o =) A (=) A (RF=7)” KR 0 FORMRHE I, TTRATH0(E
S | SRR 11 BIIAHEAT S, 48«77 B Tk

BEHETMHD BRI, R LLH AT (BE=HE) A =) A (&

PR BRI IR? R, EE R — B R, B TR

FR A7, BB ARt T 3 5T USRI 0 B T B T AT U



1.3 Eg=ia

5

“GofE” WHHER, #®
ARG ARE T
[Cohen and Feigenbaum,
1983], H Ak “FiTERF X
%37, ARL15%.

X2 RAVE I A

ARERE, FEREE

“UEFH ZHH AR
. m TR asEs,
Rk o BX A RS,

kS TiekIE, &
EXRZELATME TS AK
¥ LR af#t4T, A4 E
RBIR S E4 R —H 1B
#F.

B 1. WERAUGENGETRIR “BE” | & FHF R —B KSR 0 2
W, (ER, XS L RR, Bl “ (BE=1RE) A (IR#&=1848) A (RiE= M)~
BAIE?-

BATAT AR S I FE B VE —ANE AT A B 1% (hypothesis) 41 5 [ 25 8] 1 34T
HROERE, HERBERERBSIIZGE ‘Ui (6t) MK, BB HIIGES
R TCAI T IR R & RO R S — BAfiE, B B LB KD sisE T .
ZXEBIMOBEEEBEEG “(BE=?) A (RB=2) A (@BFE=?)" FTRIE
AR BRI, BlneaEs “Ha” “SR” “RA7 X=FaEE;
BHFEHZRBE, iF “BF” LRI 24EHEE, RIMTABER “«” RER,
Bl “HF)R o (= x) A (RF=048) A (RE=vm)” | B “LFIGRIR % i
g5, WiE RN, A BEEAT” . A, ERE BB FEE 6
JR” EAERRAFA KL, 5 EBA 47 ZMR; BATH o RniX
MER. BB, B BB CRB” B ARIES. 20 2 FETASEVE, WK
ATE GBI M R 4 x 3 x 3+1=37. B 1.1 EWME/RH TiXA
I ] AR 5 2 .

[ (= WB=x; fE=)]

Il

| (=t B = W =) | (BB=0 B F = A=)

[k =5% BB=0% m =) |[(EE=15 RE=TE BF=0)] ...

o

| (BB =% 0% =%, BU5 =10 || (BB =%% 0% =% BF =00 | ......

1.1 HKEALAGER =16

LAV 2 SR IX MR B R TH R, Flan BT T W —RRERFEE,
B BRE b AFRERE]— R, 8RR AT DU W R 5 B A — B R
w. M) 5RO B ERKR. BRERSIRES5IIGE -SRI rE IgEA
RESHEAT IERAAINT) KRR, X R IATERHS R

TERERZE, AP RATE AR RN BT SR, HEIIERET
BIRFEANGERATH, i, vTReA 2 MR EINS4E 2, BFEEE 1S
WWHE B “BERES” , BRAKZ A “RRAZXE” (version space). FilUl,
EFE RS, 53R 1.1 YIZRE P SR R A 2= Al B 1.2 Frs.



BT #eak 2R B “E R
BRTRY” | ATH—
B “EARHRTR
E2

st ARHT ERAT B
E? EEM, AREFE
Mk E R HHiER
#” (feature selection) A
X, 2FEENR NEF
3 bR IER R AT
st ARG S ATRATEY,
A p L HZANFFAE A T4
JEARFM BT REF 4
M XEAF BT M
A5 BT A AT AP AR
S iR 0 = A 89 V3 4R ST,
X THIELEZETBGAR
ARE 11 %,

=+ RE =G =) | | (B =+ %=+, WA =N |

|l = B =% ; B =310 |

1.2 H/NFE R RARE R

1.4 VAMREF

W BB KRN T REZ R — MRS T2, B 1.2 B
FA 2 ) 2 BATT A R — BRI BLER = 5VIgGE 2B, H5EA]
X R U 7E T e T A A O A, SN PR AR R 0, X (=5 4%;
R = BE4H; FF= UUR)XASHBRCRER, RBINRAKZ “HR < (B
FE= ) A (IRFB=180) A (BiF=*)" , BAKSHH AR LK, TanR%
AT S5 PAMR S, MW RIS RGN, A, NAZR AW — MR (5K
i) We?

FEER 11 PO, NEENE LR =MREHH—A “EF” .
R, T —MERARREIEEM S, ERRE~E—MER. Xi, 235
EARHE Wi MaRBIRRKEN. i, HRIMEEER “Rfek
B IR, MERIER “HR o (BF= ) A (RF=841) ABE=111)" ;
EERMNEEER “RARE— K" KB, FFEHTEMEREE “HE"
R, WESIEFE UK © (BF= ) A (FRF=4) ABFE= )" . PLE¥
SRR SRR AP X AR BB B R AF, #0 “JAGRLF” (inductive bias),
EfRRA “AREF”

AEAT—ME AL S S A FR AR T, 75 B BB A T
BIFEVNZREE & “307 MBRBTER, TLESEMErF 4R, TUESR,
W R EA LT, AT TR > H 7= A p AL A IR AE HEAT TR I BE ALk ik
ks ERERE B, MAXEANHIN “(BEFE= T RE=0, HE=01
i), AL T S VR BRATE R AT H . BT S R RATE R, XM

RGOV FIZE I 1.3 AN A2 ST I R AT R B X ARSI
GHARBTH IR (2,y), ZER D SIIEE-BHRE, H5THE—
FENFANGHEAR L. B8, XERMERSHARNIIAE, FEF
RE &ML 5 H—2 RAVNEIEERIE LMWL, Z R~ HElAh “E

7 HVREL B, N AR BL A R AR LU i (0, 2% AR v



1.4 AT

13 AESHBESABMAN4E—R

RAMBRIOTR, BREE BE R HBE), IS I B 3] S0k T R 4 B 1.3
PLER “OFHE 7 BIBHER A TR AL “IRIR” Lk B.

VAGA e BF W] B AR 2 S Bk B 5 A — N AT R AR B R I 152 2 (] o R et
ITERBHRE RN “MER” . B, BEE—RERRUKS S EEHL
“IEWR” fRiFie? “B-EWH1T]” (Occam’s razor) & —FH K. HRBIE
B EREARR RN, B “FH S MEREE B, WiEH 2R .
RRAZXARN, 3 BRERIVANA “BEFE” BWE “HERER” (Fwhk
ABEGTH#R, HFBERNR y= -2+ 62+ 1, MLk B MERREL), NE
B 1.3 h A< BARMRET “PIE” KL A.

IR, BERGAI ) HF AR ME— AT R RN, 1B — P, EMERE R R R
FITTRBATHRE, B REBE], RFEHTIA S AR KRR, 68/ = -RR%)
TR FFASF R Blanxt BATE LR BB RTINS, “Bik 1 R -
(= x) A (IR = B84H) A (RE=000)” AR 2: “BFR & (=) A
(IR =UE45) N (W= +)” XPWMRE, B—NE “HE” 087 XA EEIHFA
] B, T B AL A REAR v

HELE, FGRE XN T S S EEA S P R T AR RE
a” WfRB. FERARKBLE BT, XMRBRE MROL, BMEEN AR 2B
5 REA S LR, R HIHREERE T HIAR SRR TR,

EBNIFELERR 1.3. BFEIHE Lo BT EMIFGRME £ T XN
TFHiLk A BB, %5800 ¢ BT 5 —FIaMREF=4E T RN T % B i
B RETF R T MR RRA “HRW RN RATHME LIRS
% Lo WS EHF. HSK, B 14() B, 5§ B, A SUIGEIREAE —
B ]EZ, AEZALRETIE B 3R,



(a) AT B (b) B#F A
1.4 EHLFHFE (LA NEHELR .5 ARHER)

(B, BB BARINAFLIG 2, I £, T, BLRLHIE 14(b)H
Wt: 5 AR, B SYI%EES A SE 507
R, ST 32, WF— LI 8, HUER
B L ST £, 0, MARTETE S — e, 770 £, b £, 1F. BB
HIZ, AR TR BB, TR R IR B EA R — R I
SN S0 TN “BRNLEVIE” SREMBMEIEIEY & G LRNEE T
A LA 8
b e EL WEBER, ERAARNE X AEREE HHREREN. 4 P(RX, L)
BIERA WA (R £, TGN X B h O, Y f R
Arbyami, Ram JCEERREML S, 00 VIAEIRE" | 0 2, VKL PR REA E1

15, EBEAERE “E oo
NSy~

34, .
Eote(Lal X, f) =) > P@) I(h(x)# f(@)P(h|X, L), (L1)
h zeX-X
Horp I() e, & - A ENEUE 1, 75 NUEUE 0.
FR R, HESEHRRE AT L REMEE X — {0,1}, ¥ [H
Hy {0, 1Y¥. SEFTE R RER) £ SRR R, &
> Bote(£alX, f) = ZZ Y. P(@) I(h(z) # f(z)) P(h| X, £a)
f h meX-X
Z P(x ZP h|X,La Z]I
. rzeX-X
£ fHANH, MA—
*%;ﬁwéﬁ%ﬁm—%h(m) = Z ZPh|X£) 2|X|
—E. . rzeX-X

:—2'*' Y Pz ZPh|XS)

zEX-X



14 AR

A4 NFL 2 Z2SER bb
K2R R YRS

=2¥=1 N P(z)-1. (1.2)

zeX—-X

R (1.2) B, RIREFR G ¥ HIELR A FAERH ¥ DL £, A
Ly, RATEH
> Eote(Lal X, F) = Y Bote(S] X, f) 5 (1.3)
f f .

WELR Y, TRFEIEE L, W LA L D5, BINRHENRR
RHFE! X2 “BAH RFTHIFE” £ (No Free Lunch Theorem, f&j#k NFL
7E ) [Wolpert, 1996; Wolpert and Macready, 1995].

RTF, EENILESE I RE TR — R KRIE T R E¥EIE
ERE RN EA S, ML A EH?

BRITERE], NFL € #AE —ANEEMR: frd “WE” SN
[l BT B RS EE. ELFHRIHFAARZE. REME, RMNMAKES
CUEFETR B PR A LR (B A BAR R FAESS), A ERE—MRERTE,
ETREAMERTT R HE, B2 R ERENT TR, BAFA
K. Fildm, AT HREN A HEE B #, WIRBATIEES B A R R RE -
. BHEREHE D, B2 “WATE” RIRGFHMBHRTTE, ZNTEM A
MR RS B HRILRUHE O RS BARMRAERE, BRI IR,

By b, L NFL @ BORERAERRERT £ 555840, TR
FeFtdetmit. Bitn, [EBIFATRBR D, %8 (B L R o (B%=x)
A (R =IE4) A (RA=1)} A1 (B 20 47K o (%= x) A (IR =HEH)
A (BAE=TEM)}. M NFL B 40, X MR R RIS
EEAFHPITF, SR (EBFE=T 5%, RS, BS =) 2% 1 B, i
IR (F P=12 B, W= BT, RS =) MR 2 BF. B LEMmA
XRE RTIBERE, “(R%= %5 MUs= Wm)” (IR %I, T “ (i
=T, WS =IEHE)” I NE R, BB,

FriA, NFL @ B R EZNEE, 2iERNEEHOARE], REEERE, =
TS M aEIFRER” 2ERY, RAEHEIAEAR R, AT
A HEA L. BRREVERANLS, BAEE X BAR R X HE;
FLLin B BRI M B, £ — SR B LA RAR AR, FIHE
H 5 BRI 5 10 AR A AR, SRR YGEERIER.
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E1E % it

Frif ‘il AAE .

1965 %, Feigenbaum %
BHAHN TR L A%
% A% DENDRAL.

B p.22.

IWML & % 4 B B &
B 3 4 ICML.

15 XEHE

HlaR2E 5 R A T4 8 (artificial intelligence)FF4Y R B Bl — & B BLI AR 7=
Y. L A ERBLHEARY, AT “HE” | AL
PAH RE R TSR R AR ), AR ae R A a. X— B RREL
YEEEH A. Newell Al H. Simon f] “BEB K" (Logic Theorist)FEFF LA K
WA “BANEKM” (General Problem Solving)fERF4%, X £ | /F7E 4/t ‘
BUETAANREMLER. Flan, “BHEIRKR” FBFAE 1952 FFiFH T & L4
RERMWREINAE (BERE) T 38 4&EH, 1E 1963 4Rk T 43 52
M, FHERFS—RNE, € 2.8 REWT EMIMFIFIEHEETY. A
Newell # H. Simon B yIX 75 T B TAEFRAG T 1975 EE R, Rifi, FEEHHR
o) B R, AMITEEAIRE, NEFEEMEERE ) RTTERA T AT EGRH.
E. A. Feigenbaum A\, ZHENLESEHFE B, sLMBEAENLES A 51R.
EARMTRES T, ALt HERT TS, ATEREFAFEANT “HiR
7 e, RETHRRG A, ZRENHASEEE T KEHR. E. A
Feigenbaum 1E4 “41RTRE" 2R 1994 FRBER %K. HE, AMTZHIA
B, TXRGHE M “AR TR | B8, SR E AR IREE HkK
BESENRMEAWAR. TR, —S2EH3, RHEE B4R
EE2

Hk b, BIRTE 1950 ER TR RMRISCE S, HE =2 THLARE KA
A8 L B ERA DA LA E I BRI, B0 A. Samuel 2 4 KBk
MR AHERFEH, BETFHEMNKH “EBEEX” (connectionism)% ]
Frig B, RER M TYEA F. Rosenblatt (M8 A1#HL(Perceptron). B. Widrow [
Adaline 5. 7ZENGTFEA, ERTEEERRK “FF5FEX” (symbolism) s > H
REHRRE, RFHETEH P. Winston i1 “GiH2% RS« R. S. Michalski
FAR “ETEENANEIRE” . E.B. Hunt FAK “MEFEIRE”
55, DARSRHIL A HERN N 2 S BR M RSB 2 I AR S WAR R R, REFHT
fE%H N. J. Nilson ffj “3IHL8%” %&; =+ BERLM—IT ML %I BRH
—EBBEEME 2 R A R TR XA N SR AR Y.

1980 &, 705k H R MG R 22847 T 5 — JabLas % It 2 (IWML);

R, R SERRS) i =4I ) %, 1983 4F, Tioga i

H/R T R.S. Michalski. J. G. Carbonell 1 T. Mitchell E4a1 (HL2§%>: —
T\ T ReigE) [Michalski et al., 1983], Xf 4 fIHLAT 2 SIHF L AR AT T
R4 1986 F, B —ANLEF TN HIT] Machine Learning il T; 1989 4F, A



1.5 ZRHE

11

ARG 4FE.

XA FERR ILP 49374
BN 15%.

T Re ATk BB EE T Artificial Intelligence HRRVLES% S E4, Tk T 46t

Lo LV BV BR AT LA, R ARG RBILZE J. G. Carbonell £4%. MIT H
At 1990 4R (HLAR% 3] AL 5 41%) [Carbonell, 1990] —HH. BHIXKE,
A N\ TR T B — AL R, SRS IR
B A ZE I .

R. S. Michalski Z£ A\ [Michalski et al., 1983] {EHL8$ 2 SIFFGTRIS A “ EE
Bl ” “FERBSKBAMARI P E]” “BEIMEMRAFES]” “NES
)7 EMI; E. A Feigenbaum EAEZE LK (ATEHBEFM E=%H)
[Cohen and Feigenbaum, 1983] H, NFBHLEE2ZEI RIS A “HET”  “TE
237 “RWEI” M CEAMFEXT . HIMEIDR HieEEES” ) B
A FRARE B2 R TR, AFTENRF A HEUHREH, X3%Ehr b
BREBATEIERNS, (CREHITRE BFESMER; AmEF I MK
F R. S. Michalski  AFrif) “MigE4H%E3]” M “BEWEMERINES]”
HAZIEBT “IEEIT]” ) BIAVIGRREB h I 2 S) 45 8. — it
ZN\TFERLK, A EE . MHAR K2 “AFEFT2S” (W X
RIHGN%]), Bl T B Y. TWE% %, KBXES NEL BT,
I T FRAT I 3K 77 T FE B A B9 S — A 18T [ .

L NTEL, AT B—RERBHFTENE,
HARRAIE RN (decision tree) I TRE M FE ], MAKREREILUE
Bt A, CME BB E /Ml B, BEEM T AKX &7 H 21
WIEGIE. 2T EERFE I NELZRRLIEHE BRI (Inductive Logic
Programming, f&#5 ILP), AT E/ENL A% I 5@ BEREF RN, eFH—
B2 (RE RS 4 ) REEAT SRS R, BB sy 78 8ERIE X (B Prolog
Rk ) RIE BT AR HG. F55 £ NS 1 F R 5B N TE R
MR BEFERSAFN. siEdE, ATHgEZ ML R+ +EREH
TOCHEEER” R “HmREAY 7R MR AMETH/SMIRRR. BIEE
HEEBARRAE TR, T “AiRE” AMIETRFSIRER. BRI
A A SURIRR BRI ERREIE T RERR, B, 78 “%38” s,
iR E R ERMZEIFR. FE b PESEIE - HHLZN\TERER
B “ARURER TSR B ocse” i E AT EEEREEK. RENZ
AEARETHEESH, BSRMEEE AR IRARZ — ILP EHR®E
MIETIRR B ), WLV 5 MRk B 22 B R R, 10 AT S TR 8 ¥ 7] 7
F HE T B RIA AT HIR, ik, TLP AN AT F) H Ak sn iR Bh =2 39, i /]
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B1E &

A% 6%,

%

&

AL 6.5.

AL ST SR IAT R AT, AT, ST, WA, o TRt
SR, BB B SO RGBS A AR AR, Ft, A
ROCHAE LA MER 33, A HERPMER B A .

SRR ERT AT, RIS R E R B AT
o4 MR S MR S). M U I HEREE T KR,
o BB R S A T RIS E M4 S R BB, bl E R e H
Simon 8 Wi A T/ BT “X/EAEAT M ORFSLEBE” | B L i i B
SHIFFRB AN LA T BB F0IE0E. JoER B L X H BB S TR A
FIRERS, IE4 B R X8 E M. Minsky F S. Papert 7£1969 E58 H, (KR ME
F% R BRI TRLEIE 25, HEX “Ra” XA R B EALIEART. 1983 4,
J. J. Hopfield IS MEasKAR “TRahifesy 2B XA 4 i NP HBEE
BERHERE, &R EXEFRZRAMNIRE. 1986 4, D. E. Rumelhart %5 AN E
BRI T E4 0 BP HE, P T RN, SRS 3 X3 5T 7 A IR (A
SRTAR, HEEE N PENR < B SR R SIRIER 0 f B R
B, X UE ARG BT A A, BT BP X EMMEE, S8
A DLZEAR S B S2 R4, 35 b, BP — B R BN AERSE MNLE
BSVEEY — BRI MBRK R AR WAL ; R, 2T
BWRKESY, MERNRERS BRI, TEHTT “B” ; %K

B, SHOEY LR 2E, EIGRATRE LT .

—HHE R HERFR, ¢ G2 ” (statistical learning) A 7= & % 3

W HEERES, RBEBAL ZF I EHL(Support Vector Machine, fE#{

Nt TERBREISE, 4it% I HE [Vapnik, 1998] AR L ST T
T2, B30 V. N. Vapnik 7£ 1963 82 H T “SCRFAME” Bi&, A A, J.
Chervonenkis 7F 1968 FE#R H VO 4, 7F 1974 F3H T 451 K6 F /ML R %

BEBA ARG I A TR LB S R, — R BT

ISR A BNLEIRTE L TR A R i, AR g SRR IS
ALFRNAF AR/ UEI; 55—, EREERERE L JHEARMRREMN 2
25, NIAIEE a8k T UG 23 S B b B ST I SE T TR,
b, GRS 5EEE I EFEVINEBER. XA BN RESE, S
15 (kernel trick) #ANTHEI T HL2822 E‘]ﬂﬂzﬁy/l\ﬁ%, W7 B A
Bl I ERAN R —.

HBEE, -+ —tHay), EBY N Ve L ER, Wi T U <R
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AR 56,

“tie FRE2F.

37 RARPGE. FrBREES], RGN RE “RERE” WHMEME. £
TRRAMERE L, THEYREE. BESFERNZKNAY, WEF IR
AR T ALERE. AENLES 2 ST BORTE N A T S S P B, XA & R K
Bim; MREEITARY LORAERREEER, UE2TRETLX “H5”,
LSHORTEF, MReIEERLr. Rk, RS S Bz % (B 2L, (HE R
FHVER T HLE % 2 DA B TTRE, D882 S BORE M LRESE BT Rk T (2R
WA, Rt AR A RGERE? AR EARR: BREKT . HERERT.
REZAEMMERESH, HEERAD, WRES “Se”; mtRRm
BEL, KRR, BB THRA, AR BT ARE
AT “REFERAA” , BIREREHHREHE T RER, T ERERENE
ABARBEN —F. HBHE, HEMBE L/ HERFIEL, 5240
Intel x86 RIMAL B &S 5 WA FECR BT Z NPT SN v RE T $dl
FRELETERE BEREATLRER. %S B BRI, 510 5 p# 2
P2 AT FLAR L.

UL K, HLEs 52 S BUE @ R RS — M 25 K2 RHIOE, A {X
RETHY, REEEZAMBEARE, WOLKREEREABERAELN
T .

1.6 K FAIK

R EAER, AREE. FE. S, CEEIENRE I RA T R
Th, ARMSKENAEMRER T REHEE, RFREHE XS BIRET R
BT RN, AL SRR T R ARRIXASETI TR, Bz R
IR AEARMBBERNKRE. 22 2R

SR, EIHENRZIEL LR, TRRZEHEE. BR%, R
WEGESE . LR, IBEARGH. SRk, MEERANBREIHARN S
%, LAREFENUE. BRESTLESE TTHIMARR” JUK, Pl
HERABRERENEARBSIERLZ —.

LB %R XERRE T EEZMBE AR flm, “EWER
27 BEF S BBORRBF I A Ay ISR U, 110 5 B8 41 T R ) S R R 2
YR IF IERAE AT Z DI, YR R ER R RN “Eaillg” 2
CUEAIL” WA, KADREEEEIRE. SEEE. faRat.
FUSEI IR, T “BARAN 7 B ENBEIHARNEES, SR FIHA
ELERXMES EXBRE.
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NASA-JPL #§ & %2 %
B AL E MR At 5
BE FLw ‘FR 5
Fo “PIB” FTRKEMBA
HREZN R E A4

DARPA #9 &% % £ B
- BB AR AR R A,
EBM, 2RILEXLAR
%% #5 K T DARPA & 3)
KA RE .

LB 3] BB B AT
ey, &t RS
BT, R ORBBIEAT
TELS.

“HIBRB EXAER
FRERFR BRI %
PR, XA FHGL
AR ERS TR
Bk £ B RO
2R LE AT, A
RME WG F R X
EIREFA, HANE F
) Fo B BATIRARIK

B b, EEMFHANERFERMMESEN “HB-+ER” ERIRER
“ERHSRI IR IR CBEERIE” XM, MBS EINEER
YHBEEE, FX “UFE” 1 ENEEREBIES T, TEIERENZ ORISR
WA R SRR B M. FEIH H it BRI EER P RIEK. B2
H W52, Iabe 0N EH A, 2001 4, £ [E NASA-JPL AR FK
£ Science 247 LE11#3C [Mjolsness and DeCoste, 2001] 5 Hi, Hl 352 I %}
REERF NS RE ER BRI SGEER, it R RELEX.
2003 %, DARPA JE 3} PAL 18], ¥ #3555 I EE M BT 2R HER 22K
BEERFE IR, AFT AN, 3 EBRmBH AT SUE & H NASA Rl DARPA #
R, TP RHLA AL T F R A AL as 2 ST E 2, R SCR ST

2006 £, R EEEREE SRR LE A “DBEEIR” , VBE
AR EEE AN Z — T. Mitchell B HAEERE(. 2012F 3 A, REFREE
BURE3) “REB|HAREREWR” |, ZEERREEESSTERFEMM K0
SRR R B IR R, B E R AR A KSR R = kR A
MR BmiFE. AB(crowdsourcing). B4R, HL28% 7 KL AR
AR DRI OBIR, EERFE R R, 7. F8. EEREENERN, &4
T OCRA” REEE, TR YISEZE I ARSI EEE, W “RAE” TARE.

RET BT WA, RE AR “BIRIZMR” (data mining), X
B BRI — TR S LIS X R, BOR I i = T 4
R, ERERZFRIIUREI W, AP HERE. YA, k%5
Wq B K [Zhou, 2003]. FAEIZHE MG EHHE R MAIR, KBRSt “i
B ME BT, AR, B 2 SUS R 50 B T2 B A
HHOR, THLAS S ST R GET 22 B0 5 BOR 2 SR JEBaR Aok, T4t
2 TR TR T B L AL BT TR B 32 Ik, 2 J5 it
ANEHEAE IR, B AR B, St o 1 BRI LA 4 20 R R
PR AR, T HLAS 5 > U S P TN 2 s 47 988 X P K ST 4.

AR, ¥ Be 5B ARNAEFFIMR. PIINERSIR. RRIHEE
B IR PISE 7 T, AR PR 2 ST EAR O TR A AR e 2 (o] B e
AT, RR R TR P O B4 ZERLE R b, AR R AL
SFABAR BRI Z 6 BT, AOUATH B AL A AR,
WA BT R P BB R PR B SN e 2L

ARFTRISN, B AESELRMNERTIECITHBRARNAEFTT X, #i
WRZANEIRTAERTIEL LRMEZRRTHEREL. FRAER
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Hldn 3 4 HLE 5 3 A
# [Mitchell, 1997] 4.2 ¥ 4~
B7 =t EELTERE
AR E ML F 3 kix
# B BB E 6 ALVINN

HIE. RIESE. XE (HEAT) EXBHE —0EFL: “EfEMARE
MR AN ERAKEERFAAT LS FRAZ2Z.” BR, EERMEREZ
WA % ERBRERKEHSRIER, ERNEES, B Ehtn
A~ BRERERE, MEEVHMA SR Z ANKR, AZBRTESEE
ABAR. HELE, ERMBREARES, NSEIEARNZEEDERS. 2174
R, BREXEG . AFHBER, NSEIEARKRWELHE, FIUERHT
“BWHRER” N, TREHERE EHMEMH SR NLSEIEAR. B,
HE. . BREARDL ML TENREI AN A R, E2EEL
HLas A PR 2 BT SR, RAFIHNLEE I BRI KRN, £24E
—EREE LR T E BN R RE A |

BEf. ERMEARENKRIRFZ—, SHASEE EETARESE
%, NREGERTATHAETER. A EIREABIEBE LA
HARTTR, BANE EERENTUHENEFFEY. FoRTEY, EAE
WEEY, AR EENEERR. REE LN\ HFERBITHRHET
JTERSL. K EBARKRERTEIRIE RS RFARE LRGN &BRINT
HIEGAE SR Wit A BRI LAGAR LI, T H REARSE LB i B B0
LRI AR, EAR A B BB O 1 BN, JET7 A RI%E L
FIFEARIAT 9 AR, TS B A S e AR W ik 5 0 — L3R 2 SJ4E 55 2004
% 3 A, 73X E DARPA AL BZHBRF LR T, IR KR EI LR
S. Thrunf/MABHHIIS R LM 6 /DT 53 SBRRIIERE T 132 REHKERE
L. LR BORZE PN ARIA N F R AR LU RV SE R, B UUAR B T, PRI
BB EATZE B 200 B M AR R MR B R — PR, S. Thrun JEREIH
AT ASBHETE . ER—REOE, BBREAELFERET WR
RER, BEYS, BH. Bl KA EEHERRELFAYEAERHT
Wk, BRCHBRA=REATE. 2011 4 6 A, EEALEMNUESELER,
BRI EE NN BB BN, S5, FERFMAG P EA M o) E

O HRBIER. BBERETEEAA KRR LIEEEAREFET, LS

2HARUEST “FTH” /A

PLEFE I BAE R CRWEIARM K BUA AT, 2012 FREKEHE, &
EDETH LB, MATx & FEE BT T, AREDHERR
TP IEATE). Bl LA 5 ST R AT AR ST R A% i diE, AT A
BFENE — RFHRZ JE WL R EIX, HRE TG R R MELE
fRRu, BENALE RIH — B U AR 0 I B 2 oy AT TR T LR SR
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1T & #

WEKA 2% % & % %
MEEIEEBEE &
# % £ Waikato X % #F
RARETF JAVA FF &
http://www.cs.waikato.
‘ac.nz/ml/weka/.

Fé%ﬁ*ﬁéﬁ%ﬁ%ﬂ?ﬁlﬁ%ﬁzfﬁﬁﬁﬁ?ﬁ%ﬁ@, AL il SR
WK1, T RRMIER LT KANIR. BRERFERRER, V&

EABARER T RAE T A B, Ml IR, AR EN R

X FFR B E ARMRE RS, MM RERH SN 5 ZHERR
BB - AR, X — IR B B B L Th #4R B 1500 1R TT; B4, 16
BOHLAR S SRR, MBS EE] T RIZRN 10 (RTREL T, MLSEIBAN
WHEBTRIELR 7, BAIHE) W7, Fl L >IN A
IR RBEAT 04, BUUBSE T — &R T BRI S B, TRA R B
BB S BUWEE AR G Ak, RS e AR T 2008 FRER =
T 14%; ---BEE)E, (WR) AHEIHRET X MR EDHRA “FTEER
&7 . HFREFEIFFEER R. Ghani ST HIHR.

ER—RME, SN EZEE LAR G T EER N EREE TR
FEUFER, BHLSEITMRER D — DA ZANEX, W g —8x
TR ERRDRE S RATEME “ANRMATE” . B0, P. Kanerva £ —
T8 N+ FEAA P 3R tH SDM (Sparse Distributed Memory)##! [Kanerva,
1988] B & H ZI B MBS, ([B)5RMARHZE R AI, SDM K
BRAmAGALEIZERLE . Widt. MRS DO RE M B B o T I AEAE, AT B £ 5
SRR E T B K. E?iiﬂ%@?%ﬂ‘]@ﬁ@ﬁﬁ%ﬁ%%%%)@ﬁﬁ?ﬁ
AP TOAR. LdrAtk. BRAROEE, W “ARNTHES” LEERE—
A B BRARIKE K L WX TS 3, HLE8%E SRR SRt &
HEEMA, ERE —ERARBERREE.

1.7 RiEM#

[Mitchell, 1997] & %8 — A8 2% J L 1B M, [Duda et al., 2001; Al-
paydin, 2004; Flach, 2012] #5/2 H & A [ TiE4). [Hastie et al., 2009] 2R &
(I 3EM 524, [Bishop, 2006]) tHRA SHME, RHESE T W% X (hif#.
[Shalev-Shwartz and Ben-David, 2014] W& & THGMITE. [Witten et al,,
2011] 2ET WEKA #5RATTERY), FUTH¥EEL WEKA LR E
BHEANSE I

AH 1.5 1.6 W EERMT A&, 2007, (HLAS%¥%S: —FATER
#®42) [Michalski et al., 1983] JLAE T 20 M2 EBRE K 16 ML E, ZHLAE%
BHIEEENCER. ZPHBREE TR KR, Morgan Kaufmann H AL /5
FR4rHIT 1986 M 1990 FHR T HBWLER, MAE _EME=%. (AL
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ANFEITERE 15%.

RRFEILLE 8%

BEETMY RIRERREABEE. A. Feigenbaum 5K F%E AER BT, %
=4 [Cohen and Feigenbaum, 1983] X HLES2E 34T Ti4ie, VLSS ¥Y
AR EZE CHR. [Dietterich, 1997) X HLE8F > SR R R AT T PHRRI R EE.
BHARR 2 U S RUVER B, — SRR B R BRI P 5 W] R M
RBFHTE S, GIIERFATH) “EB %37 (transfer learning) [Pan and Yang,
2010], 41 “Z&H%%3]” (learning by analogy) FEZL % I B AR KK B /5 HIF
BhR; AW —FH “BRE2S]” (deep learning) 75 BAE LR B3 M — it
4 )\ ERE AR S TR

PLER T h R TR ST TR E, Wb 7= 2R A > BAR X A
PR HZ M. FIER ERE TR —HIREM 2, siRE TR
T #ES T B BB 45 #8152 [Hunt and Hovland, 1963]. [Winston, 1970] 763
ARy BRI B, B SEI SETZ AR B RTERRE
K. [Simon and Lea, 1974] B R4&H T “%>5)” RIERBEZH PRI .
[Mitchell, 1977) REJE 32 tH T AA 28 0 O ME . MEA% SR A RS TN
HKIAE.

BRI TR ERikE 5 AR NE B R H BB K, B BRRE
WHE., RICFFHIRDR—AT AW HKNERERN, Flind e B R “H
DU EBZ —E T HFLHER “HuO ¥l BEEBE/AERIONN. 8
RUH TITENARF IR FIRLEREHE [Blumer et al., 1996]. HHLIF5]
AR “ERRRT XA RS- ERREFITEAN, Bk, X E-REHTIE
WLa$ 2% S TR VR H — B A A2 % 4+ [Webb, 1996; Domingos, 1999]. FHEE
MR, BRI FFERIEA 5T M — A AT IR B ER R, Bl n ok & %
KA BENG & (A TUAT34L4E—FI2704E )3 H ) “ 2B RN (principle of multiple
explanations), ETK{R B 15 20 WA — B T4 Bt [Asmis, 1984), 3% 54k
23] (ensemble learning) 77 THi [IFH 55 B INW &

LA 2 ) SR EE N E R 2 AR S U E R % I S (ICML). HFR
AR BLERASW(NIPS) M E R I H R4 (COLT), ERMXEM &
WEEH RIS S U(ECML)F W #1281 (ACML); BREEK
E bRz AR BATI 2 Journal of Machine Learning Research 1 Machine Learning.
ATERESE M EE LA IJCAL. AAATL LR EEHTI Artificial Intelli-
gence Journal of Artificial Intelligence Research, I MR P EE S W
1 KDD. ICDM AR EZETI1 ACM Transactions on Knowledge Discovery
from Data. Data Mining and Knowledge Discovery, v+ E LR 515
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18 & it

W EE SV CVPR LR EZE YT 4 IEEE Transactions on Pattern
Analysis and Machine Intelligence, #2248 SUS K EZ M TIW Neural Com-
putation~ IEEE Transactions on Neural Networks and Learning Systems %
WEHRRIBRFIFHRL. I, S0 EZHT W Annals of
Statistics FEWMEHRTHIWF I FHMERBRLERKE.

AR BECEHERZEI AR, Gl [Fhiks, 1996]. [Z=41, 2012]
USRI EI A EFKEY. EANSEISEEEERNENZRPIFE R
(K E M2 % 3 K4 (CCML) LA R B FEZATH) “HlLEg% ] RERH” Bt
£ (MLA); REZ%ARTIVHEZH TIBH RHLEEF I MRS
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ALK 3 AR
HHTIR.

®7: 2 ETRER,
fm(A=a)V(A=%)
5 (A=) FH

PP RA Y h4EIRA 0
BRI

8
1.1

1.2

1.3

1.4*

1.5

% 11PERAEGHEN 1R 4 PR, R HA R FR A 2 ).
5 PR B S BGRRBEAT B R E, B BT & AR
WA ) A EIRMRRE S Bl
B o ((Ea= ) A (A= B640) A (iP= )
v ((@5%1%%) A (B8E= %) A (%&%:ﬁm)),
S8 “(BBE=HE) A RE=IL) A RFE=ER)” IR “(A%=
5 A (RB=TEE) A (BE=U00)” HAKE R . EERR

LR ENEBEMT S EARERER 1.1 PR 5 K0 E KRR
6], WAEE I 2 /DP T RERI Bk

EHRIEAERS, MBS A P A RS T VI A A5 — 2
ffse. EXAEET, Wit —M g A TR

AE 14 FERRE “BERBANTFRE” THEN, BAEHT “2R4E
WRR” MR MR B R 4 BT IRMY. FB A HMRER ¢ W
RO HEH

EuellX, 1) =Y. 3 P@e(h(@),f(2)P(h] X, L) |

h xzeX-X

WIER “BB RBMITRER” JIRROL.

TRIRHLAS 3 X HEFE BB P R IR LR IR A A R A
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BABRAAR A £ B4R
ATRALFIER 2L
%16 %.

AEE: YBFI” LFHEX

1952 4, B & « P4 /R (Arthur Samuel, 1901—1990)
EIBM AHEBFHT —NEERERF, INMNEFAAH
FAMRN, TERNAERRNATEHHRELARE
T FH” fo <M, ATAB RS FHAT, FR
BRTHRIFESRAED. 1956 &£, FERRN A% -5 F45%
(John McCarthy, “ATHE#2ZR” , 1971 FER LB E) 2%, EHFTEA
THEFREENBRFH WA FXATM. FEREKET NB¥D”
B, HERX N “FERAGRHB T HEIEI AR . X
# “Some studies in machine learning using the game of checkers” 1959 4F 7
IBM Journal ERXR KR J&, B4 « R # %% (Edward Feigenbaum, “MiRT
B2ZR” 1994 FEREEBE) AT HEF Computers and Thought, £ 1961
FHFEFEERRE-NZBFRFEORFLA. TE, FERENRERE
MOREEE. IeXHLFEERFLETHE, ERFERBFRE,
L5 REK.

FXLE FERRMBFAREATE RGHT LT EARH, LY W2
EMTENRFERE BRI ENRFETRAA, HENL TR ERELE
FERAGRENES, MFESRMEFTIET X MER. B, INMEFE&R
BEWNEN L PATEREHHESFHBFZ —, REFHA YT BBR AP
g T IBM it EALE I AR, SRRt it EALR St R A




HEFBAFTHIREX
(1- ) x 100%.

XA “RE” 3
RREHA.

ERGHED T HAB
KRR 8% 3 Foik g T Bl
B E .

s AR “ithe” .

RIpETAR “REC” .

FIRIRE LT
X”, ReF I Fikfg
A B R,

FoEm BT SEE

21 ZWRESINUE

BHBRMNESREROFEEB SRR BB ELBIFRA “HRE” (error
rate), BIIIRTE m MEEPEH o MEASFREIR, W IRE E = a/m; HNK,
1—a/mHHA “KEE” (accuracy), Bl “FEE=1-8RE" . E—fH, RATE
FARPEFTMNAHESHANEERHZ WKEREA “RE” (error),
ZIBEINGE LR RERA “NEIRE" (training error)&, “ LK iR
#” (empirical error), ZEF A LHRZERHA “ZAIRE" (generalization
error). B4R, RAMVTFERIZHREPRFE R, R, ROTFLIFASER
HARRM AR, EREBIES HFLRRER /ML TEREBBEHT, RATATL
FHRALRRREMRD . HEINGHE ELRIBREGF R FE R, FlmEEX A%
BRI RIER, BIDRERERNE, HRBEAH100%, HEXRNREINEE
2 ]88 0e 7 BIREI R, XHEZE I BEZ BB FEAL.

BRAVEGAEN, REFHE LREENBREFNZEIE I TERXA
HE, MZzMAGEADRATREHERTHRAEBERERR “TENR” , X
B TR BRI AR IEF R, AT, S BBIEVSEFEERER “X
F” THIEHME, RATREDEIEVIGIEER B 50— S5 e T TE SR AR
SERAR—BMER, SNSRI TR XM ENERE T FRA

“TEE” (overfitting). & “FHE” HXTHIR “KIME” (underfitting), X
RIS EARR — BRI AR ZLT. B 21 5T RTEMESRKUEH—
MET EREFRIKLL. |

BEMEETRSSEHE, EHRELNELERTEIRALTTREK,
UZETIEIGHERFTESHAR—RIFHEEER T, mMAUENEEZH
THIRNETERN. RIUESHRES R, BlIERENZEI DT RS
X TEME M S S p NI R B, Tl RlE AR BRI 755 T B % >
BATVKE R, EE RIS FE I H G R R EER, &REZIFEHMDBARTHE —
eetxhd LA BT IE; R LAUA RS, E-& =TT R i, AP R
MRE “GF” , E VDK, RTIX— K, ATABUXFEER: Hl3%]
T I ) ) LT 2 NP SRR BE X, TR K% I R LR B AE 2 T A) Y
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g5 BAFHERERE

BERFAESF 12T A
& e nt ) 4K . A
4. THRERFFTHGE
£, X2 ARHE Kz

RE.

SRS EKLER:
o —> R EMfet
ot ) (R Aot s A 484 )
Ll E
%
## * .
A RAEAER 5 R 4ER:
N — A#fet
TR A G E AR RT)

B 2.1 idbs. A EREk

BATTERL, # AT AR S i 0, WIE I 2250 1R 72 B MU R BESR BAR AR, X B
TREBRATMIEHEIIE T “P=NP” ; Bk, {EHE “P £ NP7, d#l&H
AR

EISEAL S, BAVEER SR S Skt £, EExtFE- A8
%, BEAARMSHEERN, B ENE PB4, BANZIEHBE- 1
REVE GHAM—FSHAECEY? X RN P “BIIIERE” (model
selection) [a] . FRAR AR R TT 2 AR R AHEE T )z R Z T VAL, KR
R R ZE B/ NARAELEY. SR b AT e B, AR AR AL
w7, MlZiRZEX HTE GRS FEETNAEEVERE, T4, IS
e FEAT R BV ke ?

2.2 {HEFH*

T, BRI SR WA 2 57 52 (032 442 2 HEAT VP4 FEAE T B 2t
BB, T — A “TUBREE” (testing set) AT 2L 3T B 0H 5 R A 0 1B At
5, RIEATRAE EH “IRIRE” (testing error)fE T ALIREHIELL. B
AV RO SR 7t A RE A BS99 7 O S R 4 A SRR 78 BBV R
R, RSP R B8 5 4T, BN AR B ATV AR L.
e AR e

SRR A A2 B8 BT RE R BV RS TR Y S BRI — 4, KU 18
SR — M ZITH T 10 3T BAERIZEN 1460, %020 SR R 10
AR I, IR SR A AR W R 2 A T SRS
SR, FTREAT A2 HLA 0K 10 AN AR/ 2. [EIBUT AT R E 3R, Befl]
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AIL3IAE 2.1

) B T AR5 4 R 49 4R
BE.

FEBINZAHERET, IFHRFER NN REZERE . RE T
IR B—R=7 WEES; WISREARM DS TH R M4 E, IR
WAL THR. R, HUEEAEAHENET, WERRERTT “S0” 1K
fhvh &R,

AR, BRMNAE-TEE m MREAREIESE D= {(z1,1), (2,%2), ...,
(Tm, ym)}, BREINGR, XEWR, B EMETE? HRE: B D #TEXY
IACE, AP VIZREE S MRS T . TR AR LR R LA A,

221 B
“BEM¥E” (hold-out) EEEMEIEE D RS AFENEFHNES, HP—4

EREEANGES, B AMMEABRET, MD=SuT,SNT=w2. %S £l

SGHBES, A T RWHEHIRRZE, /BN AR ZER T
PAZ 43 AR5 A6, € D AE 1000 MEA, KHRIHH S &5 700 M
K, T &E 300 MEA, i S BTG, SRR T B 90 MEASKEE
R, IAHAIRZEN (90/300) x 100% = 30%, MK, FEHX 1 - 30% = 70%.
TERRE, WZR/MRE R R 7 BT Re AR EFBHE 70 A0 (1 — 300k, #k
B B R 43 i F2 5 I N BN ) 22 T X B 46 5 SR = AR A, ) AR 4 R AE &
ZOBERFEFEAR A LA a0 R KA (sampling) B A BE KB Fr S48
SRR it e, MR B R B RRETXBERA “BEFRE” (stratified
sampling). FlAEE X D #1754 ERETIRE & 70% HEAMIIGE S e
30% HEARINIRLE T, & D A% 500 N EF. 500 A=A, W42 REFRIH
S RALA 350 ANIEF]. 350 AN B, T T WIES 150 A~ IEFIF 150 Bl #F
S\ T PREAEFILEIZRIRA, MIRZMS T BTN/ MR EE S A 2R
[lihage=t b= ;
FH—AFERN AR, BMEES ENG/NRENREARILE G, FES
il 475 R VIEA RS D #HATHE]. FlingE L gsl 7, 7S D ke
KHEF, SRIEHERET 350 N EFB BV G&E P, A LLER S 350 N EFIR I
GREE, oo XL E R 54 R BOR R 25 /MR, AR, BEBLTEAE Y
SR MSFZR. Hik, B EHERBNMA TS REEIERE TSR, £
fEF B HvER, —RRERAE TIRBENLRI S . EE AT SER VPG F BT EE
h B VRS E R BanHEAT 100 RBEHLRI S, BIRF=E— NS /MR A
TSEB VAL, 100 KRG #AE 2] 100 A~45 R, T B H¥EIR B ZX 100 45 R
st BATABIFEM A D VISR KRR, EE HERRI
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L /TR, SRARE A BAVGE S BAHKLYREE, IYI%H
e A e, WA REE BT T D IS OB, (e T T B, VPSR AR
MK FEARA R T T S SRR, WIS S 5 D EHILAT, iR
Barmngsk | WHEELSA D YIG RIAR LT R AR R, TS T VA% R AR

—mmr mkgsy SrE(fdelity). XARBBA TERIMRITE, W ILBIERK KL 2/3 ~ 4/5 1)

AL 30 AR [Mitchell, AT S5, RIARFEAH TR

1997].
2.2.2 XX

“RENIGUEYE” (cross validation) e BHEE D K45 HK k SRR

HFTF4%, B0 D=DiUDyU...UDy, D;ND;j =& (i # j). §NF5H D; #6

R BROREEEE A i — Bk, BN D i@ 5 EXRFEEE. R, BXH

k— 1 NFERFEERINGE, KRB TEEDMERE; XHEH RS £

YNGR/ MRREE, AT ATEAT b XN RN, B 2k BB 20X kAR 45 R

PIBME. B, A XBAUEETEAL 45 R AR @ E R R E PR IR AR B Bk T &

AIERAE, AR — L, WE A RUEERA “ k 738 XHAE” (k-fold cross

A SR BRI yalidation). k R FIROBUER 10, JERTFRA 10 750 XHAT; B H AR k &
5. 205, B 2245 HT 10 I XRAER 7SR,

| D |
o

(02D [ Ds | D [ Ds | D3 [ D1 [ D5 [ Do [ D,

5% RS
[D:[D: ] Ds | Di | s | Ds [ D7 [ Ds [ D | | D1 | —> misxss g1

[D.[D: [Ds Dy [Ds [Ds [D: [Ds D] | Dy | —> MEER2 |23 5w
. ; . E S

(B2 [0 e [0 e [or e [ [o] [21] —> miskes o

2.2 10 FRABIETE

58 B, KEIESE D X8 kA TRASFES M T 4
N EREA RN ARSI KIZER, ke 3728 ORI E 5 22 R AN F %1 73
BEE p Ik, REAKVHESRER p IR k T3 NKAEL RIVSE, GIanF LEA

“10 R 10 R LB «qn W 25 Y IATE Y
s kw10 W0 FANBIE”

A RREAT 10K RS D R m MR, B b= m, AT SOURIEE)
o Al B — ¥ (Leave-One-Out, Fi#k LOO). B4R, B —: R HNEEARIS
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ARAF2.2.
NFL ZEZ 45N 1.4 %,

XTHAILAEEZL
MEZAH AR, A0
12%. .

Bootstrap A& 2 “fEH
L RXRERAERAKE
18 # &L FH & (R4
XEFHIR) F R A
ey, ARAHFH

“HBhE” . BBIRAF
FCTEALRE & “K
AE R .

e RARFH.

“\" AT RAHA,

RRFILNE 8 F.

TR, BA m MEAERBEE-RTARID A m M TFE—BNTEES

C TVEERE; BRI GE SR BEREMEL R D T —MER, Xt fER

FEARZHIEOUT, B LTRSS I ETEAE KA D IR
RURACL Bk, B VARV S R AR R, R, B — Rt R
BeRE: FERHRR BRI, YISk m AMEBYF VB8 7T e 2 3 DL 232 i (] 3
BEAE 1 BAMER, WRIE 1 BAMER), MXERERTEBEERS
KBS T, 535k, B—IERh T4 R R U AGE AR PP T VA ER; “BR %
TR EN LRI TR RS

223 BEiE

BANAEWERZEA D 4 H SR B H HEMZ X RIEES, HT
RE T — AR TR, B SEpr Pl R E TR I ZRE&E L D /b, X
PBREFIN—ERNSGHEAMEAR T SBH A RE. B IEZISFEERMR
BRI, B EERENKET. BERE M4 IMER LIRS I g
A FE R, [FE e LR S R AT SE Rk T ?

“HBhE” (bootstrapping) & — MU HIMER TR, ©HE L HBIRAE
£ (bootstrap sampling) AZfili [Efron and Tibshirani, 1993]. 4 & m ME
KEFIEE D, RATTEHATREESIEE D': FREHL D HkiE—14
BEA, M HEEIRA D', RIG R EZHERBEWIGEIES D |, FR/EFEERLE
TR IE A R R R, XNMIRESRIT m KRG, RITABETEE m
MERBIEE D, X2 BBRFENGER. BR, D P E —MAHRLE D
HE R, 15— RN HI. v DA — /N E SR AT, FEARTE m IR
PERIREARPCRBIMMERZ (1 - L)™, BRI

. 1\™ 1
lim (1-—) — P 0.368 , (2.1)

m—oo m

BUIEE B BRAE, MIEaHAEE D F4H 36.8% KIHEAR HIERIFHIEE D/
. TREMNTHR D' AEIIZE, D\ D' AFEINAS; Xk, SERriPi Rl 5

SHETHAERBREIERAE A m MIGAEER, MBIMTESIEEEL 1/3 1. BAEI

SR B RO RE AR T TR, SRR ROTRSE B, JRFR “AMEH” (out-of-bag
estimate).

A BEE IR RN M LU RIS VI R R i AN, 1 B
B TR B B T o 2 S AR R V| SR, BN R ST ST WA TR K I AP
SR, BB A B T I BORE M 475, XA 5 AR,
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F2F HAFHE5RE

Bl kB “REFI

BRLEH FHERARK.

b, VG EAR B RS, B IR A XRHE R A —

224ﬂ£55%ﬁi

REFZEEEH AL Z‘%ﬁ(parameter)ﬁﬁgﬁ% SHECEANE, FHEHE
B MR R B 250, Fih, e TEETh SR, BT EXNER%EY
HET RS, ERENEESHEATRGE, XHEEHETHN “SHFET” %
fEj#% “IWZ” (parameter tuning).

EEMRD EER], WSMEEERRMA AR RX G G735 E
IR HAERY, R I N B IFEE M S HAE NG R, XFEREEEA R EHR,
B — SEER: ¥ IEENRESEOR A LS E WIE, Fik, dHEFHSH
B EH A HEBRRATATH. WL EHRME, BXYENS80ke—1
Ja ARG, FlIn7E [0,0.2] FEE A L 0.05 KB, NISERREERIRES
BER 5, REARNX 5 MEEMEF=EEEE B, XFEENSHERE
AR “BfE” H, BEXEATEFFHEMERMETZRBETIHPRER, &
XA, R4 BB IT. FLE, EEHITXENTTTE, BSEE
TR A, AT AR BAAE S —F: BEBER 3 A%, 8NS5 ER 5 Mk
8, XEEX A%/ NRERE 53 = 125 MERFEE, REBANEIHE
EERESHFRE, XEFBHRRPHSTEE, UETEADNAEST,
SHRBF AR R AR M R R MR .

SEAE m MEARBIESE D, ARG SEBEEBETH THRERH
— ¥ BARBATIPAE IR, S ERATRAER T — 8 Sa I g, ®i, 76
MRS R, ¥ EENSHIE Bk e, N ZAEIEE D EFI%G
AL EXAMEREN GRS R P TR m MER, A RBITERERTEH
yalin]: %k

T, FEBRRR, BATE H 2B BA 7 2 A a8 2 i B AR ol
WA, AT MCAX S, APl S T EER R ERA “K
iF4E” (validation set). I3, ZERFFIN AR RISEE I ALPERERT, FRATAIIR
£ _E A R R A VR AE SE O I BRVZ AL BB g, TSR I SR8 S Al 23
RNGEMBAESE, ETRIFSE R RRETHIEENFS.

2.3 HREEE

Xt 3 E AL P REHEAT VRA, MUBERROTAT R SERAL V74, BF
BEREERAZ AR VPN AR, X5t 2 1§88 (performance measure).
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FEGMEE
9%,

Fﬂr
[

Nid
=

R R R TS K, FEXT A RRE B w, (AR R MR B
HEXIBARKPALR, XEWRERMEK G387 RAEXEK, farpEi
R, AU R T HEMEE, EgE THESFR.

AT S, BERBIE D = {(z1,11), (@2, 92), - - -, (Tm), Ym)}, HF yi
ETWaa%E%hflEﬁﬁ%?%fﬁ&&»ﬁ%ﬂ??%ﬁﬂ%%f@)
BSESHRE y BT

BEES BH PR E R “7RE" (mean squared error)

B(f5D) = — 3" (f (@)~ w)” 2.2

i=1
B, W TR D MBREE R p(), WHRENHRA

B(rD) = [ (@ -y ple)de 23)

A THEEN AP RESPEAKMERER.

231 $BIRESEE

AT RBRE T HRE R, 3R A% 45 o B BT FO P BB R,
BT T = ARAES, EATEHRES. HRERASREROHAY
AR, R TR 5 KT OREA 5 R A R L. A REBISE D, 4
FHREE XN

m

B(f;D) = — S 1(f (@) £ 31) @
i=1
FEEEME XA
acc(f;D) = — ZI[ = i) (2.5)
~ 1B,

B, ST HIES A D MR E LR E p(), HIRRESHEE TR
BA
B(D) = [ 1) #wae)de, @)
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B2E BERESEE

acc(f;D) = / 107 (@) =) pla)de @)
= 1-E(f;D).

232 BHEE, BEeEXHFR

FIRRANE R B E M, B ARG ES TR, iR REE R E, B
JRRBLR—ZETER, AT NSRRI R X L7 NBEAT A A, B, SRR

- BTHZOLAIRTHAER. ERERMNLERE “BH KT ha2D

EREFH A
EoEi A BEE

LB RN, B “PIAEFRPHEZOHABRT HR” | BAFRERER
RABHT, XNFEMHIMNEREER.

KUK T RERBME . WebBRENATLHE B, HlWERBRER
B, RITEESRL “RERBNERTHEEZLOWHRA BB “H
FRERXBHIERTELZLERRHURT” . “EHZE” (precision)5 “EE
R (recall) RENEHTHATRMEEEER.

X T4y R AR, AR AR AR R SRR 5 5 5 S AR TR A 9 4 & R
43 N EIE Bl (true positive). 1B IE #l(false positive). E & fi(true negative).
{85 (false negative) UFHETY, & TPy FP. TN. FN 453 3R iy
BBI%, WERE TP+ FP+ TN + FN =B EE. RE RN “IBEE
FE” (confusion matrix)WFE 2.1 Fi7R.

£21 SALERRAES

s R

JEA) B
EA TP (AEH) | FN (fREH)
E#l | FP (BiEfl) | TN (FLEAMH)

AR

BWE P 5SEEE RNHELH

TP

P=7prFp- (28)
TP
B=rprrnN (2:9)

BHENE SRR -NPENER. —BokH, BRESH, BaRER
fWf%; MESRREN, EWRELMIC. G0, ZH BT TURTTRES HE H Sk,
U Y 3 3o 8 i T B BB SR SN, A SRKe T T AT B, A BT IS A
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A B & R A b
BAEE R PR T R
A Z E, BT A
ok, ik

AR PR @ K7 K
“PR @” .

H B TR A AN, T
BB R T B LR,
{2ILFEAE S 6§ P-R wh
FRAERLE. REF,
FERS ByaA LT .

WARHRPEE 17, (B AR gl BUE; 2 A B P A B RV AT i
=, AT R Pk oA 4R AR, B R ST A DTN, EREERE
%, BH AFE L RS, 4 R B SR M EERAR .

FEARZAETE T, TA 1T M5 2 ST 2% B T 45 R0 BEGUEAT £ 7, HEFE AT
FRS SN “RARE” BRIEGIRREAR, HERERMIEZ SN “&
ANUTRE” R IEBIRIFEA. S5 P2 A B AR O I ZEAT I, T4 n] A
EHAINESR., AR UEERNNME. S 0mmER, ez
TEER-EERML, FK “P-RMLZL” , BnixMLr By “P-RE” .
2358 T I rEA.

1.0

0.8} %

4 O6[
B
®loat

0.2}

0 02 04 06 08 10
Bk

E 2.3 P-ROWALSPHEFE

P-R B EWME R 1A SRR S LR Ee R, ElER E#THER
i, = AR ) P-R & S — M SR doe e “aE” WS
JEERMERM TR, flnk 2.3 H2>) 8% A MR T¥8% C; wiEHEA
IR P-R MR R TR, HInE 23 1A 5 B, WML — RS
P BRI, R BRI B R B E SR L0 THATILE. A, £R 21
T, MIEEDNA ISR A 5 B LB RER. X —A R A 2 H 5 7
R P-R & T HARIRD, BA—ERE BRI T2 SEEERME 4
RSN “WE” Mgl BRMERKRESMME, ik, Mt T —
GEEBEME, SLRMEER.
“SPT 7 (Break-Event Point, ##8 BEP)Si R XHE— N ERE, B “&
HER=T K" INHHE, FIIE 2.3 7524 C i BEP & 0.64, & T BEP
RILEE:, FHAR 223 AT B
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{8 BEP M THA T 2, EHANE F1 R
‘ 2x PxR 2x TP
MI="PYR ~WHER+TP-TN (2.10)
7E— S o, X EEHE R R A R IR BT . B Un7ETS S
I RO, T RTINS P A R P R, S A
mean) SL#: REEY; MEBE BRERG, BA R AOREBE, kNSRS
Lob(Leh) EEFUSES SV Fp SURAREE SR/ ST

Fg I & A A i o - 3.
11 1 B2
Fs 1+62'(F+E>
5ERFH(BLE
HT$3( /P x R A%, A
Fo 34 AR DA

i, BN
P (1+B)xPxR
T (B xP)+R
L Ht B> 0 R T ELRMEWR AN EE M [Van Rijsbergen, 1979]. f =1
RHEAIFRAER FL; B> 1 RESRAEREN; § < 1 HERREFEREMN.

(2.11)

RERERBRATE BN RIBEFHERE, FlEETE RGN, FREE
—MREFEFE; RSN EIEE LTI/ R, BEMGTEEN “2R”
Phe; EERIITE 0 RIES, BRSNS N —AMRE R -
BZ, BNHEE n AN O RREES LESERERFNELE

—HEENMERAESBEER LA EHERENELE,
8K (P, R1),(Po, Ra), ..., (Po,Ry), B EFHE, XEMRBE “REH
K” (macro-P). “EBELZE” (macro-R), LEANK “ZF1” (macro-F1):

1 n
macro-P =~ P, (2.12)
i
: L
macro-R = — Z R;, (2.13)
' s
P -
macroF1 — 2 x macro-P X macro-R © (2.14)

macro-P + macro-R

BT SR A TR VR A R BN N T R #EAT Y, 88| TP FP. TN. FN i
SEHME, 518k TPy FP. TN. FN, BETXEPHETE R “MEn
Z” (micro-P)s “BEAER” (micro-R)F “MF1” (micro-F1):

TP

micro-P = ————— s
TP+ FP

(2.15)
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micro-R = :TP: , (2.16)
TP+ FN
2 X micro-P X micro-
microF1 — 2 X Wicro-P X micro-R (2.17)

micro-P + micro-R
2.3.3 ROC 5 AUC

MRZ 22 SRR A PR A — A SLE BRI, RN TME S
— 50 KB A (threshold ) BEAT HLER, KT BIEN 24 1ER, 0 RK. F

i, WML BT T R AN IR AT — A (0.0, 1.0] ZRIHSEE,

RERXMES 0.5 BATHE, KT 0.5 WFAIES], & N4 RE]. XA EIHER
BRI E RIIFA, BREPUE T % IR MZACRE ). EF b, BRI LER
BTG R, BATT RS ABATHR, “&TRE” IS HAE AT,
“RATTAE” RIEBIRHERJEE. X, 2 d AR S T AR
FA “EWT R (cut point)BHEA ST APIERSY, BT —EFAUWEIES], &N
HE B

FEAF IR S, BATRRRYEAE 5 SRR AR K8 T R, s
BATEEN “EER” | WATEFEH P SRR A B TR, HEEN ‘&
SR WSRO ERTERE. Fik, $iFAS KRB, AHT %
EHBEIBENFAMES TR “HIEZMER” KFE, /&R, “—HER
T ZALPERERIST IR, ROC BIZR R AIXA A1 i RORBIT 9T X 28z AL P R
fHH IR,

ROC &% & “ZRE T/ERFTE” (Receiver Operating Characteristic) ]
&, BT T8 PR TEYSIKNEFEES S TEAR, ekttt
ERFRBH T - HOES., EARNNAS, EHTIAPLE Y ) S
[Spackman, 1989]. 5 2.3.2 T A-A K P-R Lkl HRATVBIEZE T[T
W25 et BB AT HE P, $ U B A FEAE A AE 4 IE B BEAT TR, |kt &
HEANEEENE, 25 VBT, QAR ER, RE T “ROC HLL” .
5 PR M&MAHEREE. ELEIN. BHAFE, ROC iKMW ARE “EIE
#1227 (True Positive Rate, fii#% TPR), ®#i & “fRIEHxR” (False Positive
Rate, f#% FPR), 2T % 2.1 RS, BEHE Y

TP

TPR = ———
TP+FN’

(2.18)

FP

FPR= ——— .
PR TN+ FP

(2.19)
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B7R ROC M MERA “ROC E” . B 244l T —MrEE, 84,
SRR T “BEHUISI” BIE TG  (0, 1) NN R F BT ERIHETE R
B2 BT “FRARAERL”

. e 0 ey
0.2 0.4 0.6

mESE ' BEHSE
(a) ROC ®4.5 AUC (b) £FH Fﬁ*iﬁl%%léé ROC # £,
AUC

" HE 24 ROC#®Z5AUC ~&HE

LS AL o R B ANURBEBIR 5] ROC B, ME I B3R
BN (RETEBI, BIEBIZ)ALHRRE, Tovkr=E I 2.4(a) (K63 ROC HiZk, Rk

o e el il 2.4(b) FURHIE R ROC HLL. SERRAIH: A5 mt MEGIA
REsl e i mo ARG, RSB G R OIATHIT, R4 KB RO BK,
e A T T BT RTINS 51, B EL I (ISR IE IS4 0, ZEABER (0,0) &b
- FRIE A R, BRI ARG B, BKYCS M
RIS HTED. BRT—HRIC SRR (2,y), HR0E D ELE, MK RIAFIE

BARI (2,y + k) SRTE B BES], WA RARIE SBIAARN (2 + -,0), A

JE S BOEHAEAR RUBNAS.

HATH RN, 5 P-R BARL, H—NEJ8HBE ROC Mgy 5n—
MEH/IMETE S “AE” , NS EERERIL TS, HEWAN%IH
) ROC M KA X, NI A— RS PiE L. R S — e B
ATERR, T 4 B B 9 2 L ROC 4R R ITE A, Bl AUC (Area Under
ROC Curve), a1 2.4 7R,

MFE AT 4, AUC AI5@EE % ROC 4k F & A MERRkAmHE ®
5E ROC HiZ 2 HASRA {(21,v1), (@2,92), - - -, (Tm, ym) } B IEFIERLTTE
Bi(z1 =0, T, = 1), Z WK 2.4(b), W AUC FI{EHE K



03 MEEE %
1 m—1
2 =1

AR HE, AUC B H AT R HE 7 &R, Et%"—?ﬁﬂ?ﬁ%ﬁ’%
FEERR. A8 mtT ANEHIFI m~ AN, 4 DY D™ SHIRRE. REIES,
WHEF “BiR” (loss)E XA

1
mtm—

Zrank =

1
> ¥ (10Eh < @)+ e = 1),
zteD+t z—€D~
(2.21)
BB —xIE. &6, # EFRTNEDT =60, ME— “§i47 , FH
& W2 054 “T1ar” . BEFEH, Lrank X NKE ROC ik LR &
—ANEBIE ROC 1k bX AR E s AR A (z,y), W = B RHFERZ AT
KRBT & B, B IEGI 2. Rtk f

AUC =1 — bronss - (2.22)

234 RINBRBERESK ML

FEREAL P HERBRXEM B R AR R TIERNERANF.
BlanZEE T, AR B SR SRR S B,
FERREIR/ILT “—UER” , BEERRWREN T —BRE WS, §
BRI RATRER R T IRBAE M BN YL, B, TR R E
TN BFELETISN, B F P R AN, (RS R BE AR A RO T, &3k
TEE M2 EEY. WA FZRE R TG IR R K, A RE T “JE
WM (unequal cost).

PL =43 B AE % B, BATA R 4B 55 SRR E — A <RI 5E
FE” (cost matrix), 158 2.2 Fi7n, HH costyj RanKEEE o REEARTI A 5 K
BRI, —BORUL, costys = 0; BHEE 0 KB N | KPTEROBKRE

AT, ERUE g G costyy > costio; THRTEEAIERK, costo; 5 costio HMIZBIBA.

AR AR 7 E 3148, 4
4o costgy : costip = 5: 1

550 10 FrAL AR Y.

FT 2.2 —HENRMERE

- T %4 5
FESS | a— :
FOX | HF1 X
AV 0 costor

%1% cost1g 0
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H2E HATEHERE

ARAH 2.7

“HLIEAL”  (normaliza-
tion) R RF] ALK B 89
A8 At AR R 49 Bl 258 B
F,FILHR [0, 1], SLIF T
R a—” . ARIH
2.8.

[B A A 2 K — et R R WA L, B AR R R T AT,
Bl (2.4) friE LR ER BRI “HRRE | FHFERAEZEBAFES RS
BRI JE R, EAEERMT, BA1HrA B B2 4 B i MU B R I
%, MR ERNME CBIERM” (total cost). BHHREFE 2.2 PHIZE 0 K/ERIE
K. B1IEIEARSK, & DT 5 D™ 4 HARRHGIE D BIERF 75N &P T
£, W “LRUTBUER” (cost-sensitive)FiiRE N

E(f; D;cost) ( Z IL(f (=) # yi) X costor

x; €Dt

+ )0 L(f (@) £ w) xcostm) . (2.23)

x, €D~

RALEG, AIEy HET 910 € XA BURSEIRE, DA h— MR EE
WA RN BURRR A, 4 costyy HHI iv j BUEARRTO. 1, WA EXHE
DREFHRNBREREEE.

A FERM T, ROC A REE B & B 2 5 35 B 28 R e, T
“HRUTEHER” (cost curve) MITTIABZ B 1. A4 #h < B B2 EE R [0, 1]
B IE B ZR AR A

p X costoy

P(+)cost = X costor + (1 — p) X costrg (2.24)
Horbp RGN IEBI RIRESR; HABZEUE N [0, 1] BIH—4LAAH0
COStpom = FNR x p x costp1 + FPR x (1 — p) X costyg ’ (2.25) ’

p X costor + (1 — p) X costig

Hr FPR £30(2.19) % X HFMEEHIZ, FNR = 1 — TPR £ ERBIE. {4 sk
(IR B ROC Hi L4 — SR T AR P i —44 8, % ROC i
% LA KR (TPR, FPR), MR AR5 FNR, R Ja BRI B4z
—% M (0,FPR) #| (1,FNR) 4B, &B T HIARBIRR T x50 TR
B Ttk ROC MiZ: IS s ORI FIE B — & 2B, R)5
WUFTE LR BN T AL, BRI AR R 7E T A 44 T 22 S BRI B BN,
K 2.5 FoR.
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£ % X FHRBEABGN
28T £ JL[Wellek, 2010].

37
1.0
§ FNR
Q‘E 0.5F
m ARt 2%,
FPR e
0 0.5 1.0

ESRERS
2.5 KMrih %5 BB BARKA

2.4 BEBAELE

AT ERIHE TR RE R, B Rt REx 2% 51 43 #0 P REREAT VRAd EL R
T SAEREM LRI T ENRE I BHEMERERE R, RENIXLL
REATHE. EEARMIZA “HER” R? REEREHREENERE “tb
RA” 5?7 sERR b, FlasE PG EFELRZBRNERES. X
BEEPENAEERNR: G55, RIOBELBKREZAMRE, RTET LR
TEBAIREHRIALE ERIERE, P BIXTEL S R AT RER AR, 3=, WA
K LR SUREA S REFAERARR, EARMERARRRPIRES
BEIARRER, EAMARKDIRE, HOEKURERIAR, W5 R
WEEANR; B=, RENFJLIEELGE —EHREIE, BERHERKNSH
BWEAER MK L2 BT, RERBSAAR. B4, FEREELRTE
X2 3] A PR REHEAT LAY

et R B (hypothesis test) hy BATHEAT 22 S 8 E RE LLELIROE T K
P&, ETHRERRERBATTHERH, FENRE EMEEEI 8 A B 5,
WA FZA R EELR RN EMT B, UEARANGRHMITEEFTL K. TH
BATVEN AP BER R BT, KRG ILAE YL ) MRt Ty
% AETIE, ATEABRF MR E, A « £

2.4.1 RIgHRLE

BRI AP R X SR IS W BUE AR, i
e = eo”. PUSEAESPRAVEAFIE R BHZ A RE, RAERMEANREE
R & ZUHBEREEIRERERLME, BEWN L, —FHEE T RN
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F2E HAMESRE

a 8 F A RMEA
0.05. 0.1, B 26 ¥ a &
REATHEFR.

st. & “subject to” #)
BB, EAXTFELR
S R AR L.

R, ABZEART O TT AR LB . BRI, P AR Uk 8 2 92 AL R R
A ‘

EALES IR € ()2 ST 80— AMREAR L JUAS IO R 2 ¢ DINREERE ¢ Bk
BAE m NIRRT & x m MR, B MIARE AR WREA S AR 415
ST SRR, B A A RN e (M2 T80 b m/ MREARIR K. K
SRR KIEFIMER ™ (1 — )™ ; gt {555 HAHE & x m A
PEAR SRR I T RFTR, XWFRETEAS m MERKNRE L, 24k
HERER ¢ I3 ST SO AR R R N ¢ M.

m

P(¢) = ( >e€><m(1 _ gietRm (2.26)

EXm
A sEMRENRE, AR OP(& ¢)/8c = 0 ATHI, P(&¢) 7E e = & WK, [e — ¢
KEF P& €) . X4 =T (binomial) 534, & 2.6 Fi7R, & e = 0.3, M 10
MR 3 MRS KT BK.

0.25-
0.20- T
0.15-
o+
® ;
0.10-
. (8%
0.05 ‘ —
053

[\
=
" (=]
o
=
[em)

2.6 —FHATEE(m=10,e=0.3)

BAVATFER “ TR ” (binomial test)>X “e < 0.3” (B} “Z M REE
BAKRT 0.37 ) XM BRRFTRE. F—KHK, BRBER “c <e”, WE
1 — o FIREZ A BT BE LI B B REE R B W T oH . IXHE 1 — o RBET 25181

“EIFEE” (confidence), HMHIKE, HHNTHE 2.6 TR/ KL HE.

m

e=maxe st. Y (T) dl-em™ i <a. (2.27)

t=egXm—+1
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il BRUER  JCREETIARAE ¢ NI €, UIRE— TR TR 4i0: 15 o M BHE
&3 ¥ Tl it gbinom(1 — . s . - .

A e T e < e ML, BIRELL 1 — o OB SN, 2 5 B0 MR

& soarCotnontal! 1= FORKT eo; NGB R AT, B o H0 BB TN 22 BHOZ A
T BRERT .

%3 A @ G5 A R A . B, TRET £ R
PRl mnt FEAR S IR BAII AR — B A4S, TIRE I 2R E R B ke’

www.r-project.org. X WAUEEFEHAT 2 RN G/, FHESBE SN RE, LR
“tRK” (t-test). REBRMNBET k£ MIRERE, &,8,.. ., &, WFHRRA
BARE u F%E o H '
1A,
2 1 &, 2
ot =7 2:(62 —p)e. (2.29)
i=1

FREX b MURERF B EZUERE ¢ KHSIREE, NZE

L)) (2.30)

RMNBHERE— 1Kt 04, e 2.7 B,

10

B 2.7 toA=&EBE k= 10)

FHBB u = eo” FBEE o, RATATTHELH SRS REIE N ¢ T, 70
1 — o MR RENLIU B BB R, RIS SR, 3 % R 00 (bwo-tailed) 1B
%, W 2.7 PR, FAP RS EA o/2 MIER; R EE 54
[~00, /o] il [ta/2,00]. EFHIHIRE 1 55 e 23 | — eo| T IAETHE
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H2E BEITMHEEE

16 to,, £ RIBF
P qt(l — o/2,k —
1 #HH, £ Matlab ¥ &
icdf ('T',1 — a/2,k—1).

[t_a/2:tasel W, MIARBIELRE ‘u = eo”, BIFINAHZWEREN ¢, BEEN
1—a; ﬁﬁ!ﬂﬂ?ﬁéﬁiﬁ@*&, MEZEEE FTAAANZHERES ¢ FEERN
M. o % FBUER 0.05 F1 0.1. & 2.3 ill T L% H g FHE.

+ 2.3 Rt BB F RAERME

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

«

LTHA B IR 7 VAR R R T BN 22 ) 2R AL M RE BRI T I G, T
EISEATEZF, BELRBAIFTXNAFE 2 20T R, THBNHE
T S B R 56 7 v :

2.4.2 TN t I

XMEANESHE AMB, HRMNFEA b I XBIRER B F MRS R R4
A el ef, . ef T eP, €8, ... €8, K e 1 P RAMBRILE « 7Y% /M
RELBRNLER, NWeTH kA XEIE “ Xt ¢ %7 (paired t-tests)RiHAT
PR R, X B R EARERE WA IR AR, N EII6EHAAR I

/RIS BIROIREE R, B e = B

ELARSR, Xk A XRAEE A b XIR AR JE AR G R 22,
A; = e — B, EFAE BN, WEMEHENHE. B, TREZE
Ar,Ag,..., Ay XL S5 A L5 B HERRHIR B ¢ B3, T2
WM o R o2, TERERE o F, B8
Vi
ag

Tt = (231)

INTUGTE to)o, k-1, WRBABERAELE, RPN 2] SRR ARG BF =
Al BB 8RR BE 25, B P8R EE DB
FYERERAMN. KBty p 1 REHEN k-1t 340 LRMBRIAA /2
il SAE.

AT AR BB R, — N EEATRE AR RE L A Z A R
SERFE. AR, TEHEBLT BT REAE R, 550 R AR S L RAG TH 7R,
ARBRONGELSE —ERENESR, ZREEIREIRR IR LI AROL,
S FBOEE TR BCRSLRIBER. hERIX— A, fIRA “5 x 2 A XEIE”
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FAAMA FFHA

& F18 x2 £ R #E
F ¥ T it qchisq(l —
o, k—1)3 &, £ Matlab ¥
& icdf(’Chisquare’,1 —
ak—1). REM k=2
ABAT AR 0 FE AN

¥ [Dietterich, 1998].

5 x 2 3 HAE R 5 1K 2 H7A8 XURTE, 7ERRIK 2 748 U E 2 RTBEALA A
SEATHL, 643 5 YOS AT EOBR R A R E R, XA I8 AR B, 850 K
2 HFAS XA AP R IR R, RATREAI B, BRI 14 L
i A} FIEE 237 LI A2 HEMINRM R RGBS, R 1
W 2 73T BAE A G R PRI o = 0.5(A1 + A2), (EXHE K 2 4755
BRASEIIOE of = (L - AHA1) 1 (a2 818D a4

O S ) (2.32)

[ s
02 o?
i=1

A B ERBED 5 B ¢ A, HRULARIR KIS FE to/0, 5 23 o = 0.05 I 24 2.5706,
a = 0.1 B4 2.0150.
2.4.3 McNemar #&I&

XF 42K 0A R, B ATl v A 38 A RN B BOBlAAE R 2R, B
AR P B RERNER, PIERER. HEIR, —DEFA—ME
RIEEASL, W “ZIBkR” (contingency table) 2.4 Fi7m.

* 24 AFIBHEERFNBRL

Hix A
AxB *
A AR
iﬁf?] €00 €01
iR €10 €11

BRI R R EIBEGEMEE, WNH e = e, WAL E

|€01 - 610| &é’lﬂl?‘x}}\IE%}ﬁﬁﬁ, Hﬁjfﬁi’ 1, 75%7’3 eg1 + €10. lﬂff)tE%
_ _ 2

T = —(|e°1601 j:”!m 2 (2.33)
M E BN 1K X2 o, B EESSAEER TS, AEEEE o, 4L
FARENTIRIE X2 B, RREL MR, BAABEI BN EREE BEE
Al TNIEAMR L, BIAA P H P GEE B3 25, BT HEHR R BN I 2
R BEEN 1M 2 REMIEFMES o = 0.05 K4 3.8415, a = 0.1
I 4 2.7055.
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2.4.4 Friedman #2898 5 Nemenyi [F4EH058

AT XA ¢ A3 A McNemar #5#8 278 — M5 £ LB PIA LK
PERE, TIFETR £ IR, &1f]%ﬁ~éﬁi&%$"tﬁ§/‘l\ﬁ&i&ﬁI:Bﬁ. HHELZA
HES SN, —MHiERES NSRS L RIFI AR ERNER, TE
PP BN AT AR A BT 7 vk S — R OTIEE OV EEE, AR T REHEF K
Friedman &5,

BERMA Div Doy D3 1 Dy UAMEHREXNHIE AL By C HEATHE.
SR, B B R IR A B B H RS MRS EIAS R, R
BERABRE LRENAERE i 2R, FRTEL 2, .. HEIER
MR LA, WS4 F1E. Bitn, £ D, #1 D3 b, A B&#F. B HikK. C &E,
M# Dy b, A B4, B5 CHREAHH, - , WAF| R 2.5, &5 —1T#
xRS FERTY, BEFAFE.

F 2.5 FkEAMEAR

¥EH kA £E%B Bk C
D, 1 2 3
D, 1 2.5 2.5
Ds 1 2 3
Dy 1 2 3

F ¥R 1 2.125 2.875

RJG, M Friedman K%k HIWrix S B BB MR A R, A AHE], e
TIHPFE P ER AR, B BATE N NMIEE FHE kE NEE, & r RAE
i NMEERPFE, AR, BAEE A FENIEI, U r; RIAESS
i, HEMFES AR (K +1)/2 80 (B2 - 1)/12. TE

Ty2 =

X R "

12N (& k(k +1)2
T kk+1) (;”2_ ( I )> (2.34)

76 kAN EBORE, R BIRE K — 1 10 X2 AV
R, LIRIXEER “JR4G Friedman M50 ” TR, BB EHFHEE

k-1 12N & ( k+1>2
Y2

(N — 1)7‘X2

FENE-1) -7’

(2.35)
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Hr 7 BIR(2.34)8E. 7p BMEBENR k- 18 (k- )V — 1) i F 5,
K26 4H T —LHAHIRAAE.

+ 2.6 FRBWGERERME

a=0.05 .
% HIEAH
F#35e s RME £ R % NN 2 3 4 5 6 7 8 9 10

TP T#iE gf(l —a,k—
1,(k—1)(N—1)) i, £ 4 10.128 5.143 3.863 3.259 2.901 2.661 2.488 2.355 2.250
Matlab ¥ & icdf ('F/,1 — 5 7.709 4459 3.490 3.007 2.711 2.508 2.359 2.244 2.153
a,k—1,(k—1)*(N—1)). 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 2.422 2272 2.159 2.070 1.998

15 4.600 3.340 2.827 2.537 2.346 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

BiEse ' HENM K

MLN 2 3 4 5 6 7 8 9 10
4 5.538 3.463 2.813 2480 2.273 2.130 2.023 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 2299 2108 1980 1.886 1.814 1.757 1.710
15 3.102 2503 2219 2048 1.931 1.845 1.779 1.726 1.682
20 2990 2448 2182 2020 1.909 1.826 1.762 1.711 1.668

F AR R” XM R ETE 4, mﬂﬁifﬁﬁﬁﬂﬁﬁﬁéﬁ%m
M. XA FFHEAT “JFERL” (post-hoc test) Rt — X4 &HE. HHKE
Nemenyi [5G 424156,

Nemenyi for 56 v+ H P35 778 2 51 16 s FE 38

k(k + 1)

CD =q, 6N »

(2.36)

ﬁE’%ET;k%Z:f?g R2THHT a=0.05f0.1 BHEHK g, H. HERMERKFYPEZEBL

Jiqtukey‘ﬁlﬁ—a,k, we/  TIGFES OD, MR MBS RS “H MR X—E&.
sqrt (2) it F-.

F 2.7 Nemenyi B3 ¥ A4 g, 14
HEM K
2 3 4 5 6 7 8 9 10

0.05 1.960 2344 2569 2728 2.850 2949 3.031 3.102 3.164
0.1 1.645 2.052 2291 2459 2.589 2.693 2.780 2.855 2.920
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HoBE BEAELSEE

AT et TRk AR AR

© YD #Y.

PAF 2.5 H BB W, SeARYE R (2.34)F1(2.35) L H 77 = 24.429, I
2.6 AN, ERT a = 0.05 B FRRIGFE 5.143, FibiE4 “raHEhk
BEAA” XAMB . AR5 H Nemenyi [FER K, 7% 2.7 v E &k = 3 1
go.05 = 2.344, IRAE(2.36)tF HHIFFEEL CD = 1.657, HEK 2.5 THEHYF
4N, Bk A5 B WEE, UAKE B S C WEBEREIE G ES, mE
®AL CHERBSEAMES, HERRERIIEE AL CHEREER
R, Mk AL B, UREEB S CHikREE BEEH.

ORI LB AT LA WM A Friedman K50 2R, BIU0ARIER 2.5 7
EERTLEIHE 2.8, BFYQHE RSN, Bl PP E eI EE,
A=A R B3R E, DR A8 O R BUR 7 Il FE R/, 2%
JER T B LR, ERAEIEOREBAERE, WX HAEEEE B
Z, ENER A BZEER. WE 2.8 FrIAGMER, HZAEBRAEE
Z5, RAEMKBREBEAETEXR, MEE A BERTHEE C, BAENH
BEBRAREBXE.

R
kA |- 1 -
H£B FH ], e
1.0 2.0 3.0

2.8 Friedman #% B

25 RESHE

XFaE ) HRRR TR ki i v N A R, AMITEEERE T HE “ it
A7 BAXBERTERE. “WE-JTZEMR” (bias-variance decomposition) & fif
BN ERZ AR — M EE T A

{27 22 3R BRI 2 5] S (K A B2 AL B R SR AT AR . A0, &
FEARIGE E2BRERRATREAR, BEXLYIGERKE F—210.
MARAEER ¢, & yp A o EHITETHIRIL, y b o KESERL, f(e; D) Rl

| Y5 D RRAER f 7E « LTSS ARNRAESS A, 5 2 SRR E B



2.5 RESHE 45

Bk |
f(@) =Eplf(a; D)) , (2.37)
i BRI 2 0 720
var(@) = Ep [(f (@ D) - [ (2))°] (2.38)
Yl
e =Ep [(yD -y)? } - (2.39)
SR 5 SUSAR E K2 BIRR 4 2 (bias), B
bias*(z) = (f (z) — y)2 . (2.40)
RET I, BAREWENE, W Eplyp — o] = 0. BEF LY STRET 4
I, PTASELUR A S L AT AR
E(f; D) = Ep (f (%; D) — y)’|
=Ep [(f(2:D) - f (@) + F (=) —yp)’]

=Ep [(f (@ D) - F (®))°] +Ep [(F (=) - un)’]
e Reme +Ep [ << D)~ F (@) (F(@) ~vo)]
-ED[ ))2]+1Ep[f(w) p)’|
=Ep [(f (@;D) -~ £ (2))°] +Ep [(F (= y+y~yp)2]
~Ep [( F@)*] +Ep [(f @) - v)°] +Ep |(w—yp)*]
ﬁ]igﬁigﬁ +2Ep [(f () —y) (v — vp)]
—Ep [(f (% D) - @))°] + (f @) - 4)* +Ep [0 - v)7]
(2.41)
TR,
E(f; D) = bias® (x) + var (x) + €2 , (2.42)

BN, ZHRETIEARE. TEEGEZM.
FlEURZE. T2 BFERE X WMEQ40)EE T % IHENHERN S
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F2E HEMMESERE

B % 5 3 FHAVT de 4|
WA, Hlde e F AT
R B ATERSETE
# hibd, ERFIF
B ARRAE D B

B AE R RS, BIZE T ¥ EEAS WA/, FE(2.38)ERTH
BER/INHO VI 58 1 28 30 7S B0 10 3 T M AR 62 Ak, BNV T BB 3h 7 e A
B, W7 (2.39) FRIX T 76 MRS EATAT 23 3 SV BT REIA B 1 1 2892 1033
ZMT A, BN T % 3] ) A B (A . ey 2= o MR, Akt Re R
FHENRETT . BER RS R E A SR G AT e . 4
SRS, N T BARIF R A RE, MIFB MR, WA 74 BIa SR, I
HAETEBUD, BMESEEERSI ™ L K.

—RRUL, REH T ERE MRE), XA ZE—T7 % E % (bias-variance
dilemma). & 2.9 & T — M rEE. SEFEIES, RERMBERIFEIEE
WV GRAERE, MIZEVIZRAR 20T, B HR4 8 AR, ISR MMITE
DAE2 5] B3 F= A BB AR, SRHMRE X G TR IR %, FEE VISR E RN,
S BRMA R R ETE R, VI AEE R LIS Re 2 S B R, mE
BW ST ZUERE; ENSBEERRERE, FIRNPERIDIERRE, V4
Bl RAEREMIRS S FBF B RERERML, FISAEHEEFH. 2
SRR I SRR R T, W R AT RLE.

—_ 5%4&‘%2‘5_

R4

Y hA2 L

Bl 2.9 ZhiEE5GE. FENLAEZTER

2.6 [RiEiR

H B RAREENL 8 2 S P EE R, [Efron and Tibshirani, 1993 % i

AT T VR4 B8,

ROC 2 — 4 )\ A5 B 51 AVLAS 3] [Spackman, 1989],

- AUC R M AR TR AENL A 5 S S A [Bradley, 1997), EAIA
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234 WS T A TA
AR ERM.

ROC Bk FHE AR F M B A B B8 M AR MBS E E T A I B B 2 [Hanley
and McNeil, 1983]. [Hand and Till, 2001] % ROC #1£ \ — 43 RAES5HE 3%
43RAT4. [Fawcett, 2006] Z58 T ROC kI 2.

[Drummond and Holte, 2006] /& B 7 A4t f£k. FUiBIn2, Ml
R RV RBMANY, B T RO KA, BEARKA . fRiclor. BEA
5g, BIEALE R AR, U5 mrdt— 25 R 43 B 385 R 23 A A K
HETHEERRDBRM. MUK ] (cost-sensitive learning) [Elkan, 2001;
Zhou and Liu, 2006] & [THAIEERM TR,

[Dietterich, 1998] #& 1 T H# k P XBIEIAAF RIS, FRHT 5 x 2
R XHE¥E. [Demsar, 2006] W18 T %t 2 NEHAT LU B L6 7 5. .

[Geman et al., 1992] &5 [EF4E45 45 T i 77 Z-Wh 77 2 53 ## (bias-
variance-covariance decomposition), J& K4 R AME—TT E 4. BRIWE
MT7ERRERR T BRZIMEFWERRERERR, HR(2.42)XHEMNEM
BHNARETHTRENEIFES DA UETE. WNORMES, BT 0/1 K
RN, B ERSHREITESRBRME CH S M EELE
55 X 22 0 7 Z 74T 51T [Kong and Dietterich, 1995; Kohavi and Wolpert,
1996; Breiman, 1996; Friedman, 1997; Domingos, 2000].
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2.2

2.3

24

2.5
2.6
2.7

2.8

2.9

H2E HETHEIERE

RS 1000 MEA, Frh 500 MEBIL 500 AR, KIS H
BE 70% FAKIVIZEM 30% FEA KRN T 8 HIEPA, Wb
BIHZ DML TR

BEREEE 100 MEA, HPIE. REIE—F, BEFEIFER4
IR 2L R K S A A T D VN R A B0 2 (9 2R 3 (VI R A A )
BEATRENLIE D), W4t A 10 3738 CRAE A B — 323 Sl 0 8 R R i
ITPFfE TR SR '

FHEABRAWFLEREIBB S, AT AKX BEP HAEHIE B A.

RARIEHZF(TPR). RIEFIE(FPR)SEHE(P). ALE(R)ZIH
HIBCR.

RUEAR(2.22).
RIRHRES ROC HILLHELR.
WIEPER—% ROC MEHA — KR ML 5N, RZIFA.

Min-max BB z-score MBI R FEFHE HIMIELTEE. £ 2 M
o' 4y R BTG ET S RBUE, HNE, 2 Zmin B Tnee BN
FUEACHT B/ ME R B KA, 2!, T 2., RARMTEAJE B B/ ME A
B, z M oy 43 HIRAITERT R IEAARHEZE, W min-max TG
k. z-score MVEAL BN (2.43) T (2.44) Fizs. AT =3 FIDLBR A

T — Tmin

g = w;'mn + X (x;naa: - m;mn) s (2'43)
Tmazx — Tmin
,;, T—T - X
= . 2.44
T P (2.44)
RiR x? M.

2.10* AARTE Friedman K% {8 2K (2.34) 5 (2.35) KX .
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MEE: BB, B, ¥4 5 RE-RER

1899 4, I FTERZAMMNFERHEE RETH

ot ST T RS R A, S R e R - X

F 4% (William Gosset, 1876—1937) 2%/ st R, F 24t
WAENMFR R THRELF IR AREEEREREE
WA, XREHRLAT t Bk, 1908 4% Biometrika X
FOABLEMEELIE, REFARXERATEL “¥4£ , TRUATEH
A “¥£K BB (Student’s t-test).

EREEBE) R XRAERAASL, FRFERAR G EAE, &
FRER—HEFHRAR “¥RM|> , 1906—1907 £ X B E U3 “4%
HH¥2ZR” KR« fR#F (Karl Pearson, 1857—1936) HIX AR K AF ¥ K
(University College London, & # UCL) By L% ZE 7 B % 3. Bk, RAEMN ¢
BRHRFERXFIFERE AREUCLT¥HEREMN, B “¥4” 5%
FRZFANKREEY UCL WA FXNEAAN, AHEIERBEZERER
Biometrika W £ 4.







AR TR (un-
derstandability).

3T LMHER

3.1 EEXEKX

4l d N BHERERMRE © = (v1;22;. . 57q), KPP o R EFE i NE
P _ERHUE, SRR (linear model) IR B2 15 — MBI B I &M A & REHT
T e £, BP

f(@) =wizi +waze + ...+ wgzg + b, (3.1)

—R A RS
f@)=wTz+b, (3.2)

Hotw = (wi;we;...;wg). w M b HFH/ZE, HABRBLIFE.

LA R E, 5 T8, EHNERENEF] P - EEENELR
. FZIhEEE N 53R K IEL MR (nonlinear model) I 7E 2 HEARAY () Z At b
BEEFINBRE MBS LN TS, WA, BT w EMRET EBHEETN S
FIEEM, K& R H R I 1 0] R (comprehensibility). 113 7E 78K
W ER “fan(®) = 0.2  Tgm + 0.5 Tgs + 0.3 - oy + 17, WEBRE ]
B ZEEBORE. R KA WAL, HPRERER, TS
BEEEE.

KENF] MR BEHEET. RATSEMNEIEES TS, REIHE 438
M2 5rRAES.

3.2 #EEYT
%%ﬁﬁ% D = {(mlﬁy1)7(w2ay2)a“'7(mm7ym)}a ﬁl:':l T; = (m’tla

Tio;---3Tid), ¥i € R “Z8HE[EIJF” (linear regression)if Bl 215 — /N

7Y DUR AT RE VRS h T SEE B i AR

BAVEE B MR EKEE: MARMENEERE - AETIL, i
I BRATRIE R T B TR, B D = {(2s, 4:)}2y, HHF 2; € R W E BB,
EHRMEEFE “FF” (order) KR, ALET AR AN ELMHE, Flan—
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F3E fEm

EWERAE B W&,
MARBHMIINELE,
MBS B IS EE
FEARRF, AL 93T,

WFREFREFRE

(square loss).

w*, b* R w F= b 4.

Bk ARAS,
AT £ ke )2,

XE E(w,b) RATwh
by, HEXTwi
b SR A TR, 55 w
#a b W R

st B [a,b] £ & L
MR f, FEENR
PAEERE 1,00 BH
f(ah;zz) < f(wl);“f(wz)’
AR f HRE [a,b] L&G 0

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

K R T
B R FHRFA:
FNFHARA LEAR,
MARA SR FoRE
#ERF EEBXT 0, WA
ok 2Lt S

EHREME “Bm” WBUVE “&” “B” il {1.0,00}, =ZEHRBEH “HE”
MEE “B” “F” “IR” ATEE4LA {1.0,0.5,0.0}; & B HEBAREEFX
&, BEE kAN B, MEEELY L fEaE, flaEet < Rk” MEE “7
JR” “mR” “FJR” AT (0,0,1),(0,1,0),(1,0,0).

gt TR B %5
fz) = wz; + b, F13 f(z) 2y - (3.3)
UAHESE w R b WE? BAR, REBAETWMAER f(z) 5 y ZHFER. 2.3

NG, BHRE 22)REFESPRERAKMLEER, HBRITT ALY

TRER/ME, Bl
(w*,b*) = ar(g ril)inz (f (z:) — w)?
wo) =1

= argmin Z(yq, —waz; — b)2 . (3.4)

wh) =1

B REFEFHFRIVEREX, BXNT R E AR AR B
[KBEE” (Euclidean distance). 33577 1R 2 B/ My AT BB R 8 (K 07 VAR
% “B/h =" (least square method). 7EZHEMIAT, B~ Ferkit RRA
RE—&HL, FHAFERBIEL LRI Z f8 .

SKIE w R b AE Elyp) = Doim (v — w; — b)? BMERIERR, FREAEEIA
KRB /N 9 “B " (parameter estimation).  FRATTAI¥F By 3y 735
5w R b RS, 83 |

OE(w b _ ( Zx _ Z (y; — b) wz) , (3.5)
=1 =1
0E,
WIFAR(3.5)F1(3.6) B B BE] w A b BALARE IR (closed-form) i
i Yi (371 - *T)
w = i=1 (37)
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A “3RELME

yar

(3.8)

Fobz =13 % o WHIE
=1
& TG RAA T K EORRAE D, B d RIS, HRRAT
R

flx:) =wTa; + b, 8 f(z:) >y,
XA “Z kM JH” (multivariate linear regression).

K, SR BN IR w A b HATE . HET I, RATE w
Ao BN FBEFEK @ = (w;b), HPLKT, FBHHEE D Ro-A—Pm x (d+1)
KPR X, P ITN T — AN, ZATH d N mEXN N TREIH 4 4
BHAE, BE— N TEEEN 1, B

11 12 ZT1d 1 :I:ir 1
21 22 ... X24 1 .’Bg 1
X = . . . . N . A
1 T
Iml Tm2 .- Typd T,

BB ERTEER ¥ = (350 s ym), WELTR(34), &

W* = argmin (y — X)" (y — Xb) . (3.9)
4 By = (y — Xw)T (y — Xa), X @ KB
3E,,1, . T ~

L EXAFAE w RN AR, B T8 RAEEERTHE, HREEREE
BRI TEIAM— MG RETL. '

2 XTX Ay 3% Bk 58 B (full-rank matrix) 8% IE & %E B (positive definite ma-
trix) B, 43(3.10) 4 F 0]
W = (XTX) ' XTy, (3.11)

Hep (XTX) ™ RIERE (XTX) KIBMERE. 4 & = (2:,1), UBRLEBHET
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HI3E KMEER

Hlde, A M1E B F ek
B %A #EFFAHARTFE
A Btk, 124542 RA L
+. EEAAEL

Bile—TF: MEtire
aer, FREELE, M4
1Bk % .

VAR AL 149, E
MALAET 6.4, 11.4 .

5 AeACIVEL ZRichy
fla) = af (X"X)

XTy . (3.12)

AT, BRSEAESS h XTX AR ARSI M. I anfEF 2425 RAT&E R
KRR, B E LSBT R, S8 X K582 T8, XTX 2RAWH
R WA 2 w, EATER R T IR E R Mb. SRR —MRAE AR,
W 27 S BEI AR T TRE, F LRSS R FINIENML (regularization) Tt

LRI BRI, A E R, Bl TR (2,y), v € R, BRAIA
B MR (3.2) KITRIMEEIE B SEARD y I, HiAG 38 T LB a&E8. AET
B, BA LN BB 55 %

y=w'z+b. (3.13)

A SRR TMEELT y MIATAEYIVR? B an i, B 3A 1A A 7 i 5t . i
AR IS RAETR RO AR, AR AT e AR g R B o8 e MR RYE IR 1 H
Fx, Bl

Iny =w 2z +b. (3.14)

XEE R “XTERIEEA” (log-linear regression), B 32k5_ b 7ER KL ew @t
&I y. AN (3.14) R B REME A, (H52)5 b C R A KB 25 8 24
23 [B) R AR S R B S, AnE 3.1 Biros. X B AN 0 R B0 B TR A [ AR
IR TRIE 5 K SEAR LB R R I VEH.

3.1 M#HL&HEEAFTER



3.3 XEJLEEYI

57

g(-) 5 B AN,

I KA 0 B g s
AR D =Rk
RAL KA i HAT

TR AR Heaviside 4.

B —fth, 5B AT RS g(), 4
y=g '(w'z+b), (3.15)

XFETFBIMBERIRR Y T L PEHEAL” (generalized linear model), 71 5%
g(") A “BRRBE” (link function). B4R, WHLMEREIERT XL MR
g(:) = In(-) B HIERFH.

3.3 WEJLEK[ET

TR T A AR R AT R )25 3T, (B B R RAE ST
BAT? BEREWAEEXB15)KT LA h: AHH— R MRk
SIRAEF IR ERRIC y 5 S BRI T (B B R

HRE RS, HHARID y € {0, 1}, T2kt Bl AR Y 7= A= f Tl 4
z=wle+bREM, T/, BRITTHHIE 2 Hih 0/1 6. BIREHZ “ 8L
MrEReRi %L ” (unit-step function)

0, z2<0;
y=4 05, z=0; (3.16)
1, 2>0,

B FMIME 2 KFZR o IEH, /N2 A s, FOE e (8 2 ) a]
EEHF, anpE 3.2 Fros.

3.2 Bk RS s HOUE R
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EINE 3.2 AT E M, BALHRRECAELE, Fitk g E#EHER(3.15)F
B g () TRRMAEXRINGE —EEE LEMUNRCHRREK “ &
R $” (surrogate function), & B 'E B A . 5T HJL K & $(logistic
Lt function) IE & IXFE—ANE A IR E L
2 A LR S S 1
“3t$0F % In(-) RE. y= Tre (3.17)

Sigmoid & # BF % L S
& B R HHA Sig-
moid H R EZH KK,
EH S TREIHECEMNSE
WP ey EEHM.

AXBREH “BHET
27 fad X “iEHE” 5
logistic #= logit # & X 48
> it BAPEEH
“stELEEE” | BK
e '

ME 3.2 TTEH, MEILRRERZE—F “Sigmoid B |, B¥ 2 HELLI—
BT 011y {8, FEHEBEBERE 2z = 0 WITBILIREE. B3 EBLREREIER
g~ () RARK(3.15), B ZI

1

y= 14 o—@Tarb) - (3.18)
EKLFH(3.14), K (3.18) [ ZE4L A
y _,T
lnl_y—'w z+b. (3.19)

Ry ARER o N IEFIRIATREYE, U 1 — y RERBITREN:, W K EE

Y (3.20)

I-y
FRA “JLE” (odds), RELT o /BN IEGI BRI TR, X JLZRECHT OB 2
“X#JLE” (log odds, 7MFK logit) '
Y

1 .
nl—y

(3.21)

BT H, 5(3.18) 52 B b 2 7 FE 2 U B TN 45 R 2 33

- ESEFRE R BOILR, F, HX MR RER A X HUILEEH” (logistic

regression, JF#K logit regression). 5T F R, BAREBWLFE “FIF” 2
LFRER—M A RETE. XM ATEFIREMR A, Hline REEN 5 EKA 6
HHATEE, TRBFABRKEIE S, XS T BRI SmAERTHR R
R BRI 2507, T2 A48 BT MRE R T, 0V 2 757 AR
FRB RS RA H; B, ERBRERN TSR N RE, FIRGHIH
MR, IE B2 BUER AR ET rT B A TSR EUR LR,
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THENKREE WTHEN(3.18)F K w Ml b. FHHX(3.18) ) y MAK
JERMEEME T p(y =1 z), WX(B.19)TES R ‘

ply=112) _ 1 .,
In——~=w'z+5b. 3.22
ply=0]|=z) (3:22)
BRE
eme+b
ply=1|z)= 11 cotait (3.23)
1

TR, BRATTET “MAP4ARTE” (maximum likelihood method )3 i ++
BABBERLTZT . o f0 b S EBABRE (i, 90}y, M EENEEB B A “HHBA” (log-
likelihood) '
: i=1
SN ERE T HESHFIEHBERRNBE. HETITE, & 8 = (w;bd),
&= (z;1), WMwlz+ b AREH T2 BL p(&0) =y =1 #0),
po(#8) =p(y =0 & 8) =1—p1(&;B), MK (3.25) HHLARTATESH

p(ys | Ts;w,b) = yip1 (&5 B8) + (1 — wi)po (&5 8) - (3.26)

¥ (3.26)1N(3.25), HARHE(3.23)F1(3.24) AT 40, B A4L R (3.25) %M T
B/ -
4B) =Y (~yiB di+1n (1+e77%)) . (3.27)
K (3.27)RXT B HIBH AT S E LN B 4, A48 AR AL I8 [Boyd and
Vandenberghe, 2004], Z S BE RSB T % % (gradient descent
ALH R B4 method). 4:i5ij% (Newton method)&# 7 KB HHENME, TRMEZ

B* = argmin4(8) . (3.28)
8

CAARR A B, FA ¢+ 1 AR E R A h

2 -1
gt =p - ( ;;gg)T) agl(eﬂ) : (3.29)
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HAPRT g H—Fr. ZBrS&ahlh

m;'?—(ﬂm T4 Zi(yi — (@53 8)) (3.30)
2 m
gﬁea(gg - ; &7 p1 (&5 B)(1 - p1(&:; ) - (3.31)

3.4 ZIEFIH oA

Z2 14 # 5 4 #1 (Linear Discriminant Analysis, f&#K LDA) 2 —Fh £ #1112
SR DA S Feher W SI TR, A 4P SR K R e (Fisher, 1936] 321, VK “Fisher )
BRT B RBAGHTE BT .
FE A8 B) ELihAK.
LDA AR AEE AN e WAREBIE, R RO — & HE& L,
15 FIZEFEG] B UL AT BRI . 52 RE) B R ARURUPT BB B 7R A
AHAT /0, B L EE B RIRERX & H 42 L, PR s A 3 SR s
FEARIR. B 334HT M _4drei.

) “ T

BT he "

y

0 I

3.3 LDA#—4F&H. “+7 . “7 SARKEHFFRY], #HERTFHERY
IR, BARTHEY, LERCEAFRRSZ ARSI AR TAES AR B O A,

BEHBIEE D = {(z,v:) ™y, vi € {0,1}, & Xiv pin Z; FHRERE
i€ (0,1} KRBIES . WEAE. HoTEmiE SEEREIES v,
U2 B ) R FE B E IR 5 Bk wT o A wT puy; 4 T REA A 0
RS L, WHEREARN T 2580 0T Sew M w Siw. HFELER
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— 42N, R wTpos wlpys wTSow M wT S w #4528

BRAE R ARG BB U AT RERA, 7T DAL RIS 80 i b o7 2R T
e, Bl wTSow + wTSw RITE/D; ARG R ARG BB AR TR,
A LR L2 B R BB R AT AR, B lwT o — wTp |3 RATREK. FIR % &
=%, AR BAE KAL) B AR

e — w3
wTTgw + wTSw
_ wh(po — 1) (o — p)"w (3.32)
wT(Xp + I1)w ' '

SEX “HRABERFE” (within-class scatter matrix)

Sw=%+3%1
=Y (@—po)(@—p)"+ D (@—p)(@—p)" (3.33)
x€Xo ) zEX]

PLE “KEEUEFERE” (between-class scatter matrix)

Sp = (o — p1) (o — p1)™ (3.34)
WX (3.32)TES N .
_ w Spw
J = wTS,w (3.35)

Xt /2 LDA kI R EFR, B Sy 5 Sy, B “T XEFIF ” (generalized
Rayleigh quotient).
TR RE w WB? VEREI(3.35) 2> TR AR R T w MR, Bt
Euw koMM REI0)IRE w KRB, RERITRER. RA—BHE, 4 0w S,w =1,

FHEEFK a, ow LE
X(3.35) 4 4. =R (3.35) &M T

min —wTSyw (3.36)

st. wiSu,w=1.

i;};ﬁ%ﬁ}] ARTESLE el AT, ERENT

Syw = AS,w , (3.37)
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R A BRWSERT. EEE Sow K5 FER puo — p1, i
Spw = A(po — p1) , (3.38)

RN (3.37) 8118

w=S (o — p1) . (3.39)

(FRASMARMR B ER RN, EERTENEN S, BT HRASE, B S, =
USVT, KB % B AEN, KMA% ENTRLE S, NERE, RF
Bl St =veTluT B3 s
BRI, LDA T JUH- B S B0 1A BE SR MR, JETTAE I, 47
SRAMTS.  RHERGR. VRN BT EASR, LDA TABIBM 3.
T LDA 7 BB HREE . BERE N K, BE i KRHIEH
mi. BATETE S “A RS

S: =Sy + S
=D (@) -pw)T, (3.40)
=1
e RFTE T IR M2 BB S,y B SO AR
KR R, B . '
Sw=_ Su ' (3.41)
=1
He
Su.= 3 (@—pa) (@ — )" . (3.42)
zeX;
3 (3.40)~(3.42) [ &
Sy =S¢ — Su
N
=" mi(pi — ) (i — )T (3.43)
=1

BR, 20 LDA \TUHF L HMEITT%: MR Sy, Sw, S¢ =& P HEMH
ANENT. F LA —Fh SR SR AL B AR



3.5 BHEES

63

MHhSNE 10 F.

Bl L—FRENBY
LDA 3.

“HREB” (classifier).

AFEAEBHER,
2RE 8%

OvR 7 #% OvA (One vs.
All), 4120vA EAHLikE R =
#, BARTHIE Pk
£ HAHRE.

FTHREBESEBGTR
B BAZEHAE LHATEA,
AR 8.4%.

tr (WTS,W)
W (WTS, W)’
HP W e RN-D ) tr(.) RRFE MR (trace). T (3.44) AT 0 R~ HHE
1B 1) KA

(3.44)

SyW = AS, W . (3.45)

W K AR R S,1Sp I N — 1 ANRKS SURHEE T3 Y MIRFAE 1) 8 28 1R

- HEFE.

R W A — N ERHE, WL 5K LDA BHEAREE N — 1 g5,
N — LBEHZ/DTHREFRREER. T2, Wil XA BUE R/ EE RN
4%, BB T IS, FILLDA Ay —Fh 2 S I %

3.5 gﬁa\éé:-‘r-‘il

ML FIBRN L HREIES. FEROAREIFETN BRI B2 03K,
BEELERT, RAVZET —LEARNE, FIH - 5REIB/RMEREHE
i) .

AR —ftE, BB N ANEH C,Co,...,Cn, BHREINERTEZ
“HRE”, B 2 REFHTAE TN 0 REE KA. Bk, 5Ex i #
BT, BB AR EREAN Z 0 RES IG5 K8, AR, xixesy
KBTI RBATRRURB R AW L R4 R, XERRER ML 5
RAEFZBATIRG, LARIAIXS A 2R #ATEM. AT EBNHFHKE.

B MMIR S REH =f: “—Xt—” (One vs. One, f&FK OvO). “—%f
HA” (One vs. Rest, H# OVR)F “£X£” (Many vs. Many, ## MvM).

HRPIEE D = {(z1,11), (€2, 92), - - -, (®m, ym) }, vi € {C1,Cs, ..., On}-
OvO ¥iX N MRFNPIRECK, W=tk N(N — 1)/2 N Z43 8414, Flim OvO
¥ HR 4 KP C; 1 C; WG —A4r K88, %8RI D P C; FREGIERIE
B, C; RFEBIER B, TERAB B, AR RIS AR 4K, TERR
IIREI NN —-1)/2 M RER, BAE TR RE=4: HEgENE &
ZHRIMEARA D RGER. B34 A HT —IMrER.

OvR M 2= IR — N RBIEEBIE R IES] . B HARKE R REFIAE A Rk
W&k N Ao 2Ka%. EMRRE 2 CE — A 288 T B8, WX B 2 BlkRid
VEA ARG R, WE 3.4 Fin. HAZASRIBMHIER, MEEZEE



BIEFE LRy

BT EC, HHRES

——
wex (G ] o] ]o]

7 \’V
AT AT 580

ﬂfv 4@#4}1

Cym o «_m HRB ﬁfé i‘ﬁﬂ@l
(e ) =+~ :
(Ce] ) = 5
(G ER)=r-a| i G

(Lo ] (&) = 72~ 0
(L] ) = 5~

:’)ﬁfs—*ca_

"B 3.4 OvO5OvRF&HE

RBIOTMERE, SREEFERRRINIFEIER I RER.

BHEH, OR RFING N AN4rK3%, T OvOo Fillgk N(NV —1)/2 M5
282, BRIk, OvORITE A FF44 R PR A 18] FF44 38 % bk OVR T K. {B7E VI ZRH,
OVR. ({4543 2 223 1 F AR VISR RE I, TG OvO I/ 4 28 B BIT A35
FIREG, BRI, ZEKBIRZ I, OvO MVIZm AFFR4E %t OVR B/, ETFH
PR, ME BT BARRBAR M, 2B FREERE.

MvM REUCRETNRIERIER, HHMHAMBEA KK BA, OvO
- OvR 2 MvM I4#46]. MvM [1E. RBHE LT R R T, D EeRERE
B X EBAINA TS HE MvM £0R: “4I48%H5” (Error Correcting
Output Codes, fEi#x ECOC).

ECOC [Dietterich and Bakiri, 1995] & ¥ 4mfE i BT AR RITFS, HR
A REFEMRR I R LA A4 . ECOC TIEN R EE S NP

o ZifG: X N NG M KRNy, BRRIDHF— B IARINIEE, —#8
DRIKRE, NITERR—A =0 RINGREE; XA —37 4 M AR, 7T
IR M M523,

o SRR M AN53RAE 5 HIRT P RBEA ST I, X LLTIAR A B —

. OREXA BN GRS 5 B0 % B R EEAT LU, SR R BB e
EFUNSE 2 S THIE 2
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HKHRFEIT “HIEBHERE” (coding matrix)tR E. FIDEMEZHER,
# MW EFEH 05 [Dietterich and Bakiri, 1995] f1 = L5 [Allwein et al.,
2000]. FUERKEENRHDHITEENERMRER, FEEIE. REZS, BT
E CUERHER” . E35 AT M rRE, £E 3.5()F, 4KE L CL KR
Cs KIEIBBIERIED], Co K Cy KREIFEBIE R R, ZEH 3.5(b)H, K8
fa ¥ C1 50 Cy BIIREBIVENEG], Cs RIFEBINER B TEMRDMER, &5
KA TR 25 R AR BT MR B 1) Gl ZGRhS 55 5 S Bt Y. (K 4w A
AT HOBR, 5 8 B /IS GBS BT ot L BRI 28 0 4k T 45 1. BlEn#E B 3.5(a)
FETRRICEEES, T4 R0 2 Cs.

hh b h b f F 22
14 L4

2

(a) = TLECOC # (b) =5t ECOC #&

3.5 ECOC4%4AFEHE. “+17 . “-1” 3MNATEIE i Wi EHLEH
E. BB SR Y07 AT f; RMEAEEAK

A AFRA “AERBTE” Y7 XREE DEN R B, ECOC %ibhxisrR
SR RE A ZABIER . H1anE 3.5(a) xR 4] K I TR 4
R (=1,41,41, -1, +1), MEATRN AN D REWE T, G0 f BT
FETH RS (-1, -1,+1, -1, +1), BET XGRS EERARL S
RER C3. —BERY, WFR—NEIES, ECOC Hifdalic, 214588, &
1, SISEK, BREMRIGR O RBRL, 1. FHRIFHBLER 55—
JiiH, A RERE, TRAASHERERK, Bl -EREERRET
B

X Pl B S, B LR, AR RPN 2 1R) A g B B Bz, T2
BERE MR, Bk, 7EREU R TR RN R T B IR e w. AR T,
PR R — e ol DA St il B g fl, S5k BIXR NP XS, A, BH
BAVFA TR BB, B A AR HmALAE LR P AR R R R B 4
Wior2RE%. — T, FEAR gD B BT, o Rk Re i, B pLaR
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FIE fumn

2t OvR. MvM &%, &
Fotr A LHRATT AR
W, AHFMEg 5K
£ 50 K A KPR F R
A BN, BREFR
FEIIRE.

AR EAR G £ 3] bbb 9 %
£ FFIRRE. ‘

A REY EREER, GlIBEANRFBIFN “RATFE”  RRFEY
BT I PN 1 4R A DX X BEARAE AN ], B 3 B30 — 20 288 10 A ) e 32
AR TR, ~ANERUEMFRE . ESBW —0KHEEEN%E, 55—
ANER A R, B RBUN o KRR R RTY, B RRA
PEREBRBA IS IRAE VL.

3.6 FA AT 5] R

R R 70 % 2 TT R8T — A LR E AR, B RZA K ZE
I E A, WRARER ISR EMEER, BEEZRAK, BEE7
WK, MaxrEdERmER. Flns 998 MR, HIEFRE 21, Ba%
ST ERFIRE—ANKTH FRE AT A R #5188, BLAEIAE] 99.8% KM
JE; SRTIIXAE 22 S SRR IME, B ENRETRIN AR IEH].

AN AT 4 (class-imbalance) 5t 2 8 2 34 55 7 A 7 28 55 0 Y1 S5 510 2
HEMRKHEOS. A%tk AW EREEREHED, REFEOEL.
LB LIS 2% RS, BAMTL % 2B BIK BN L4, 410078 Bt 475 4
TEAR P oy SR e B, B S A6 ) R P S [ S VI SR B B A 2, AR 68
FOVR. MvMSRRE B =41 — A RAEL W AR LA AP S, HtE
BT MR ATE A A TT .

NG R BRI TR 5 B, ERATH y = wlo + b X FFEA
HAT RN, HE ERFEMI WK y H5 — DN EEATHRE, FlE 1
y > 0.5 BB ER, TA R yLhF LRk T EFIR TR, JLE e
Wl e T IE AT REAE 5 R AT R 2 LUAE, BIMEBED 0.5 R KA A
ESLIE. ROITTAEYEAIR, B2 ey

% 1%, > 1 U Bk E. (3.46)

SR, MYNGEPIE. REINE BRI, & mt RREFEKE, m™ xR
RGIECE, MBI LR MO o B T30 3 ) e 2 B SR AR A I T O
FRE, FEIRLER AR TEILE. TR, RESRE TN ILE S T
JUERBR LA E I, B

e Y mt . ‘
FH o—— > — W TP IEH. (3.47)
l—-y m
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3.7 FiEME

FAk “H-PHE” (rebal-

ance).

RAFETA T RA
(downsampling), i R #
AR “ERAE (upsam-
pling).

KM B FE T AL
BERKTHED. 2L
234%,

A% 11%.

B, TATH 3 REERET N (346)BAT YK, B, FTxt HMRMEHRAT A
B, FHARET A (3.46) KR, SEFFREPITA(3.47). EHBIX—HIRES,
O=A

NI
!

ﬂy,:ﬁx%. (3.48)
KR RAATPHTFE SII— N IEA TG — “HEE4ER” (rescaling).

YRR EAR B 5, (HSEPRERAERIF AL, FEEhY “UIGERRE
FEA R AR RERE” XMRREEHF AL, W, RATAR D 6EE K
MR T VISR JL 2R HEWT B B SE LR, A BAR KRk L =Rk 5
—RRBEENIIGE R K REFEFHIT “ XK (undersampling), Bl 2Bk
—BREMERIE. O EEERL REBHATFE ], B KRB IAERER
ERFEBIHEAT “IERFE” (oversampling), BII N — B EFIFBE. REIZKH
BiE, REHHEITES, B=RKNEEEETRBISGERIT ], BEH
Y ZRIF I 4> B BEAT TR I, #5348 A B e st R b, A “BIER
3))” (threshold-moving).

RKAEVE BV R TP B T /D TRl R A, BATE 27 TIRE R4, 4
B RBBINGER /D THRINGE, TS RAEGNTIRZ IER, HII%GE
RFWHIGE. FHEERE, SREEFRE LTV EARERHEITE
EXE, BUNSHBOERNLHE; ERFEENARREAE SMOTE [Chawla
et al., 2002] /28 1 XF Y ZrR B 1 IE B AT 1 (B K 7= AL BN IEH). 35— 05,
RREZEERIEF RG], TRRER -SEEFR; RREENRRERE
EasyEnsemble [Liu et al., 2009] 2% FH 5 52 AL, 3 =51 %193 4 EFA
FEEMANRE /A, XX A2 S BB RB AT T KM, (HERRR
BNAEREZEGEL.

ER-ROE, “HEB e “ARNBEFES” (cost-sensitive learn-
ing) MIZER. ZEARMEURS S (3. 48)'13[34] m~/m* F cost™ [cost™ FREEE]
"], Fo cost™ RKFIEBIIR 5 A RBIFIARMY, cost™ ZHKf RBITR I A IEFIERIALHT.

3.7 FER R

“Frtn N (sparse representation)iTERIRSZ I, (HEIMEXT £ ng M
(] IR TR SRR, RGBT R “HRBitE” (sparsity) I HIFAR 5. #
BPE ) A R _EXHRE T Lo SR AL, SXAEE H 44 T & NP #ii . LASSO
[Tibshirani, 1996] i L; EHCRIELL Lo 4L, RRKEBBRM I EZEA.



68

ERE IRk

A BAIEBEA, OvO 1 OvR # & ECOC KR [Allwein et al., 2000]. AfIEA
A BT E 4515, [Crammer and Singer, 2002] 3% H 2% 18 ) @l 4 &
R R, BT “ KR IIgRASE, JHEH FRER I E B REEER—
NP 524 R, WG, B ZF i BKE K ECOC MiBvEpiR N, WHE 2ETHR
HAFREMERN =R R EBRFEIT4S [Pujol et al., 2006, 2008]. [Escalera et
al., 2010] JF & T —AFFiK ECOC JE. :

MvM f& T ECOC i& 7l H At L3 77 =, 14 DAG (Directed Acyclic

Graph) #7475 [Platt et al., 2000] ¥ 27 Xl 4 RiE BT 41, BAE R0
AR RE. CE-STERB A TEEKRME KA, FlnEEX
- EEHLTTE LR 5 [Crammer and Singer, 2001; Lee et al., 2004].

REBEEITHABERSHRET RN “RIPER
#t” (misclassification cost), AT HEPEWR 2.2 Fix; B ER KA B
20, BRARHREE. BN, N ZaREFTEDL “HER REHER
BALME [Elkan, 2001], {EXF £ 73 RAE 5, (NAEFLAFIRIETE T #7478 M 2\ A# [Zhou
and Liu, 2006a). EIHERMFAINA TG RREATEE “FRER” BR,
{EFEARAFE [Zhou and Liu, 2006b]. FEENEZ, KN FEZEIPEE

RB/NRHAN T, B UL THATRRACEL.

L HRENFERAZANIGN, BRMERURT LA mRBEHR

AR R S A KR, B0 —IEE R T R ARE N “BR” |

“EZT” . (R . C“ARBERT  SRNESHRABEE SRS, L
“ZRid2% 3”7 (multi-label learning), X 21252 X FITFERAH LIE KK —A
WIHTOUR. X 2 5103 S BB 3% W 214 [Zhang and Zhou, 2014].



3 &R
3.1 EHEMAER TA(3.2) P AL BIREIR b.

3.2 WIEW, MTSH w, NREAK H AR S(3.18) 244, BHIH
IR B 5 (3.27) & .

%i’f;f_‘*% ®30ap8 33 EAESTHIR I, HA T NEELE 3.0 LI9SR,

WGBS, gy, 34 VEFEPU UCTHURAE, L 10 4730 X M — AT A6t RORT
SEIBI MR RR.

3.5  GEESEIRRMEHIA AT, Jhe i PMBHRER 3.00 LR

KT ORI ELM S g o | s 71 SR ;
GETORREAML 36 WYEMAIMHNEGIT AR LRGSR, Wit — gk

ENF. BAL63Y. Frik, AR B IFH A T IR g v 2 $R
8.7 AWKN 9, KA 4, KL HEHEEE T EBRMN ECOC
TS IIERH . '

3.8* ECOC gmiSfeiE 2| BB NEZ MR £ HRE Ll
HINMERAR = BB, AT £ 2 RES2 ECOC g ar= £ =K
ARSI T R K e P AR .

3.9 fEF OvR Fl MvM ¥4 2 0 RALS5 M 73 RAEF KRN, Rk 0 ]
T T 16 XA T AT Ab 2.

310 RIS HE AR BRI (U R ET X RS IR
“HEAT RRIRBE R AR &



®IE KipER

B30k

Allwein, E. L., R. E. Schapire, and Y. Singer. (2000). “Reducihg multiclass
to binary: A unifying approach for margin classifiers.” Journal of Machine
Learning Research, 1:113-141.

Boyd, S. and L. Vandenberghe. (2004). Convexr Optimization. Cambridge Uni-
versity Press, Cambridge, UK.

Chawla, N. V., K. W. Bowyer, L. O. Hall, and W. P. Kegelmeyer. (2002).
“SMOTE: Synthetic minority over-sampling technique.” Journal of Artiﬁcial'
Intelligence Research, 16:321-357.

Crammer, K. and Y. Singer. (2001). “On the algorithmic implementation of
multiclass kernel-based vector machines.” Journal of Machine Learning Re-
search, 2:265-292.

Crammer, K. and Y. Singer. (2002). “On the learnability and design of output
codes for multiclass problems.” Machine Learning, 47(2-3):201-233.

Dietterich, T. G. and G. Bakiri. (1995). “Solving multiclass learning problems
via error—cor_reétin‘g dutput codes.” Journal of Artificial Intelligence Re-
search, 2:263-286.

Elkan, C. (2001). “The foundations of cost-sensitive learning.” In Proceedings
of the 17th International Joint Conference on Artificial Intelligence (IJCAI),
973-978, Seattle, WA. '

Escalera, S., O. Pujol, and P. Radeva. (2010). “Error-correcting ouput codes
library.” Journal of Machine Learning Research, 11:661-664.

Fisher, R. A. (1936). “The use of multiple measurements in taxonomic prob-
lems.” Annals of Eugenics, 7(2):179-188.

Lee, Y., Y. Lin, and G. Wahba. (2004). “Multicategory support vector ma-
chines, theory, and application to the classification of microarray data and
satellite radiance data.” Journal of the American Statistical Association, 99
(465):67-81.

Liu, X.-Y., J. Wu, and Z.-H. Zhou. (2009). “Exploratory undersamping for
class-imbalance learning.” IEFE Transactions on Systems, Man, and Cyber-
netics - Part B: Cybernetics, 39(2):539-550.

Platt, J. C., N. Cristianini, and J. Shawe-Taylor. (2000). “Large margin DAGs



71

SE

for multiclass classification.” In Advances in Neural Information Processing
Systems 12 (NIPS) (S. A. Solla, T. K. Leen, and K.-R. Miiller, eds.), MIT
Press, Cambridge, MA.

Puyjol, O., S. Escalera, and P. Radeva. (2008). “An incremental node embedding
technique for error correcting output codes.” Pattern Recognition, 41(2):713—
725.

Pujol, O., P. Radeva, and J. Vitria. (2006). “Discriminant ECOC: A heuristic
method for application dependent design of error correcting output codes.”
IEEE Transactions on Pattern Analysis and Machine Intelligence, 28(6):
1007-1012.

Tibshirani, R. (1996). “Regression shrinkage and selection via the LASSO.”
Journal of the Royal Statistical Society: Series B, 58(1):267—288.

Zhang, M.-L. and Z.-H. Zhou. (2014). “A review on multi-label learning al-
gorithms.” IEEE Transactions on Knowledge and Data Engineering, 26(8):
1819-1837.

Zhou, Z.-H. and X.-Y. Liu. (2006a). “On multi-class cost-sensitive learning.” In
Proceeding of the 21st National Conference on Artificial Intelligence (AAAI),
567-572, Boston, WA.

Zhou, Z.-H. and X.-Y. Liu. (2006b). “Training cost-sensitive neural networks
with methods addressing the class imbalance problem.” IEEE Transactions
on Knowledge and Data Engineering, 18(1):63-77.



72

HIE BHER

5 WAL R BEAE B H A
S, ZAMKE T
ARE, AR “3L7 .

N E: KT BN TR

1801 4, BAA R XF KK TEF
RAT 1E5/MTE “BWE” , BER
BT 40 X5, BAME % EKME
TR, KEFAETAWENME.
WERXFFZREEFREEMHE, 2 (1993 58 E 10 B A& H L ag HIHE)
Mk H LK X ETHFANEE]K
F R B (1777—1855) Wik &, MK T — b7 ik, R E T 7+ o U B3 3t
MW T Ak B, B oRAE E R U R A B B TS A B B R AT,
FHRE T AME. 1809 F, BM MW EME (REZH®) FRKRTXMF
*, RN k.

1805 4, EME R 4~ Habfe /LA 7 WA E AT E B ARE R L
B (1752—1833) £k T CHEHEPEMH FiEY , A FRHR T RN ZFK
EOBUEREEE B MARFRN =B E — RORFEMNFERR
+. {EEH BB R A W R BN IR IR Z 04, BT 1809 £ EE TR A
EIXFENAE, ZRD A THEST. TESRONBFEIAR
HEEWEL. B TEHNX—FATM, WA FERE T 1799 F 31 0 4
FXAT %, BRE A RN TN L AR AR B, Y Ff
ARFREETELNRERZ S, WERAHF LRI LR ETTHTRE, £F
A EFEB R ERELW T R =Tk,

GDI6T4LITONG

st

“2iiagh, DEUTSCHE BUNDESBANK

?:F’; N .
S NGD9ET 417589

| VS R




AR “HEHA . R
LFX, ABPe <R
B AR RIFE T F ok,
A BRI PO,

Fa4E R K W

4.1 BERRE

R (decision tree) & —RFE MM E I T UZFRBELZ R, R
MFENG E W HHIEE LT —MER A U H R8T 02K, XM ERA
RS, FTBEXN “LuitEARETIERG?” XAHER “HRE” B “H
B AR B2 B, YRR TS HREAT RN, e R AR IR
K1) BRI — AR B ARBI AL EALE]. Bltn, RAVEXT “XRHFRG?” KR ) &
BAT R, BESHET—RIVMHWER “ FIRE” : RIVEFE “ERH A
B WRE “H&E” , WRINTEE “ERRFRMAARE?” , MR “i
487, RNBAN “EREEERMA4BEE?” , &E, RIIBHELIE: X1
FR. XARFLEWE 4.1 s

4.1 FENFIREH—AR kR

B, RETRBA LRI T RAVFTH UG HELER, Bl “B” R
“ARR” N RS TR W A A AR A B TR
Pl “EE=?" “WFE=0"; FMIRKNERRE T HELZS R, NEFH
H BRI RS, X EEHRE LRRRERNBEGE A, FlaEE
“BERE=FR" ZEBRAN “WFE=7" , WMEEEEFRENR.

— R, —RISEREE —MRE R BT DNREE S T4
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F4E R K #®

#yaia e, FH(1).

#yJ3EE, HH(2).

EMBAET—Fitid
TR RAMARI OB

R e, HH(3).

WA T £ a,.

M5 SN TR R, HAbBA 4 AU N T —NMa s 804888
MIREAREARE BRI S R B FE md; RSB eEAL2%E N
WSS B2 RN T — AN EIRFS. RER ST E RN
TRz AR 58, B ALIE R Lo 181 RE 77 55 I Y SRR, O R AN I FE A A
B HBEWE “rmiEL” (divide-and-conquer) i, 101 4.2 FiR.

ﬁ)\: i)”gg\% D= {(w17y1)7 (w2a y2)’ reey (mmay'm)}v
E‘E%Az{ahaz,...,ad}. -
& M TreeGenerate(D, A)
1: RS A node;
:if DHEARLERBTE 25 C then
# node Frich C M4 &; return
end if i
if A=2 OR D 47 A LBUEMF then
¥ node AFiC M, HBAFIEHN D PREEBR LK, return
end if
¢ A FIEEERRS B a.;
9: for a, ME—ME a¥ do
10: A node EF—AH; 4 D, R D P a. LEUEN o? MR TE,
11:  if D, A% then
12; W8 bRt g s, HRAIARIEN D hREERE LK, return

13: else

R ISR

14: PL TreeGenerate(D,, A\ {a.}) AFZLE R
15:  end if »
16: end for

¥iti: L node R4 p i — AR PSR

4.2 RFMFJEREE

B, BN ERE B, R AR, FEMERS
SEGHHRE: (1) 4% ABEHEASRE TR KL, BERS; (2) 4§
B %, R FTE R FTE B EEVEAR ], TR (3) MRIA AR
EHREARSE S N A, REERIS. ’

FEHQMIBERT, BATEHATE SR b &, JRR 25 85 b 1% 4
RETERARLZ RN, EEG)MBERT, FHICHES mbrid A g N,
R A B A H G R S AR D B0, R IXPAE T H A B A
[Fl: 167 (2) RN M HETE A R R0, BT (3)RIBA L mIIFEA 21
(SETEFVinp Lol
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7

tFREERN YR £
p=0, ¥ plog,p=0.

Ent(D) 84 & M EH 0,
RAMAA logy |V

ID3 & F 81D & It-
erative Dichotomiser (%X,
=58 H Ak

4.2 X9k

HIEE 4.2 WA, REM I REESE 8 17, BT EFRMAI DR
. — B E, BEES ST, BANIH BRI L TR R
AR AR TR —35A, B4R “SiRE” (purity) BRE.

421 52185

“f5HEJH” (information entropy) &8 B AN A 21 B F ) —FRBAx.
BEHMHEASES D HE k BERFTEREGN p (k=1,2,...,|Y]), W D

5 B E XA .

Ent(D) = - pilogy i - (4.1)
k=1

Ent(D) MR, T D RIS .

BEBERE o B V DUTRKEE {a',d?,...,d"}, B o RHHEARE
D #iTRIG, WS V Mg, HhE v 4‘%&?‘5%&@@7 D 1R
JBYE o EEUER o¥ MFEA, 84 DY BATRIREN(4.1) WHEH D HE B4,
BERBIIAF D ZE RS SHREAENRE, 40X 48R FHE |DY|/|D),
BIRE A 15 3045 S IR, TR ATVHE B M o SHREASE D BT
XI5 BTk “/5 B3825” (information gain) :

’U

|4
Gain(D, a) = Ent(D) Z (4.2)
=1

— RS, 5B, NERELFHBYE o KETRISAIREH “2
BERFA” MoK, Fi, AT G BRI T RN R0 B HEIER, BAER
4.2 HEHE S ITERERY a. = argn;‘ax Gain(D,a). E&MK ID3 EMFIH

ac
% [Quinlan, 1986] 2 A5 B 3G 21 9 SR IE #2120 B 1.

DL 4.1 PRI BEEE 2.0 A6, ZEI/BELS 17 MINGHEE], HLl%E

| ﬂﬁb?ﬁw&ﬁﬂﬁm;exieﬁmﬁﬁﬂ%%m‘ B, |V =2. ERENEIFF

B4R, HRLEEAA D R RES], JURERE py = &, BBl pp = &, F
£, m&:—m 1) Ao RS 01 B

2
8 8 9
Ent(D) = — g i logy pr, = — (1710g2 7 + 7log2 17) 0.998 .
k=1
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F 4.1 HREIEE 20

e (e s Wi g i fah 2% K
1 Ha B4 VR 5l 1B by =
2 1= A 5 b iz B =
3 el 2 S| TE W MR N &
4 Fg W Ui W MK TRE P
5 =] ] oL il MRE 3 S -
6 HFik ik b B M M L/ ¢t =
7 =R} pictic LI pict FHM L@ b
8 €N bicl e TE W M i =
9 =i bicl Uritd bichii FHIM wE o B
10 H& T B b P L2 @it =
11 ®A W R HOH iR T T
12 ®H S48 TRIR I el A e
13 HEt ik T bict 1 B e &
14 ®HE g vl i MR b &
15 =4 bicliz VA TE W T L7 i1 =
I = TR bt e g 5
17 HE O Ba N bt M g &

RIS, BAVEHHUuTREES (A%, W, 85, 403, B, AR}
A B NE R NE. UMK “@B” A, BF 3 RNIUE: (4%, 5
B ORE). EEREZBEN D 3BTRS, JUJT{%EIJ 3T, éa‘%lhaﬁ Dl (s
E=HF4%), D? (i¥%= 3¥), D3 (B%=1N).

FHE D' EEHSH {1, 4, 6, 10, 13, 17} £ 6 MBI, HAPER L py = &,
R po=3; D2 BERSH {2,3,7,8,9, 15} 1 6 MBI, HpE, REIS
B p =3, p2 =3 DX RAEARESH {5, 11, 12, 14, 16} ¥ 5 MG, Pk,
BB &G pr =1L, pp = & MERQLD)ATHEHA “EBF” RHZEHKE
(¥ 8 o34 MR %Jﬁ%

Ent(D!) = — (—— log,
4 4

Ent(D?) = — (— log, G + —log,
3 - 1

Ent(D®) = — | < log, 5 + —log,

TR, MER(L2) A H R “ 687 1 BME A
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. 3 v
Gain(D, t4%) = Ent(D) — ) %' Ent (D)
v=1

6 6 5
=0.998 — (1—7 % 1.000 + 17 x 0.918 + 17 X 0.722)

=0.109 .

FANR, BATAT v H HAR B PR f5 B I 2
Gain(D, #17%) = 0.143; Gain(D, =) = 0.141;
Gain(D, £(¥#) = 0.381; Gain(D, fif &) = 0.289;
Gain(D, filt/&) = 0.006.
B, B <4 R RMmEK, TRESENRS B, B 4345
TET “QUE” WRERHEITHANER, &34 R8I TEER
G R,

=7
Y i B

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

B 43 AT 202 BHsHRE RN

G, PRW % S RS XTEAN SU 4 Rt — R4y, DB 4.3 PEE—
NG R “CSE=EW AR, ZERBENERES D PRERSH {1,
2,3,4,5,6, 8,10, 15} (11 9 MEGI, o7 FHBHEEA N {BEF, B, /U=, B,
iy FHEARE gy, T D USRI B
' Gain(D?, f83%) = 0.043; Gain(D!, #%) = 0.458;
Gain(D?, #i#) = 0.331; Gain(D?, FF&8) = 0.458;
Gain(D?, fili/&k) = 0.458. ‘
CRRFE L OCBFE” . “AUR” 3ANBHNIE T BANE B, W
WH A2 —E ARG B KR, XA S AT LR Bk, BABRIN
YRR 4.4 Fios.
422 HIE

fE RN A, BRIAERBE TR 4.1 PR “GS7 X—F). &L “%
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4.4 AEHRNEFER 2.0 LRTE B R RFAH

T AR —AMRERI S R, NARSE R (4.2) B B E RIS BI85 5 0.998,
TERFHAMEER SR, XREFEM: “GS” B~k 11X, B9
EERMBE —MER, XES T RNAE EERK. R, XHKRENE
RARAZAEE )1, TorEnd BT A AT A TR

Sehr b, {5 608 25 A U FTER (2 H R R R BT R A, b X
R T Re R AR R I, 4 1) C4.5 BRsRE% [Quinlan, 1993) REEAF
FAfR BaS, TRMM “MABR” (gain ratio) REFRMK B RS
K (42)MFEFT SRR, Wi e LN

Gain_ratio(D, a) = %Lli—il[%))ﬁ)- s (4.3)
Hrr
IV(a) Z ||D| log, %' (4.4)

HMABH oW “BHFME” (mtrmsm value) [Qujnlan, 1993]. B o B AT RE
BEHHBZE VBX), WIV(e) MERESBX. Bl MR 41075
JRHESE 2.0, H VLK) = 0.874 (V = 2), IV(f25%) = 1.580 (V = 3),
IV(%5) = 4.088 (V = 17).

TR, R A N T BE 2 H B R B YR R, Bk, C4.5
HEFANREREFEN N REERNREEN B, MEEHT MR EK
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CART & Classification
and Regression Tree # 1
A, XA —FF LG RE
R ok, A EfE )
AESART A

*FEAS AR2.17F.

[Quinlan, 1993]: S A &IEX] ﬁz\)% e R AR B T PHACE R, A
oh L 2 R R .

423 %E#‘éé&

CART #EM [Breiman et al., 1984] ] “ZEHE%(” (Gini index)ki%E
Bl R, RA S5 (4.1) MRKFS, @k D R HEREREER:

d

Gini(D Z Z PrDk!

k=1k'#k
8%

=1-Y p}. (4.5)
k=1

HMRYL, Gini(D) KRBT NEHEE D HEEHLHBRAMEAR, HIFhRE
AR, Bk, Gini(D) B/, WEHRSE D KSR BE.
KAER(42) MR SRR, Bk o KERIREE Y
, ¢

Gini_index(D,a) = Z
1 .

G1n1 DY) (4.6)

T, RIVERGEREES A, EBERMERRISEEBIREE/ DR
Ve BALRI S B, Bl ar = arg min Gini_index(D, a).
acA

4.3 BIRIALIE

BYKL (pruning) 2 PLRM 2 S HPAT “d A WEETFBR. FERERE
A, AT RATRIEH A RINGHER, 4 m R d AW ER, B Sk
SOt %, XA R R IGHAER X7 T, UBTEIGERE S
) — SBE AR TR SR AR R A N — R B LA, Fit, WEd ES)
FEP— B ORI A R

VORM B R AR ERH “TBIA” (prepruning)fl “J5BIH” (post-

* pruning) [Quinlan, 1993]. TBIARIGTE KN LI R, XA G RAER]

IYHTSEREAT A VL, B 2 HT S R IR 2 A REHOR R AERNZ AL PR RESR T, WS R
I3 IR T HT G5 KR A 45 R TR BB R SE VI ZRERAE B — IR SEBE I RS,
5 B [ L AR AT B 5, FOR RS RO LR TR O 45 R RE
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TR PP ACTEREIR T, TR % TR 45

T A BT R SRR Z AR RE R B AR T WE? X AEA 2.2 B R VEAY
T AVEERAE L% BB B0 8ERAE “RIEE” DLETHE
REVPME. Bt R 4.1 B8N E IR 4 2.0, RAVEELFENLRI 2 H B4, W
F4.2 PR, SR {1,2,3,6,7,10,14,15,16, 17} KIFEBIARRIIAE, 5 H
{4,5,8,9,11,12,13} FIFEBIZH BRIGIEEE.

42 EREIEE 2.0 X9k 4991 4 & (L) 5 Bir & (UK T )

RS OB%E ORFE O mE 4 O M A
1 Hao W4 wm EMT MBs BRE
2 LR B Yl WM M R

3 LR B4 wm FEM B R

6

7

g M Mmoo WM M B
LR THEE MM BB MM B

10 FH O OEE  ER O OEW FE R
14 wBEH M Ul MM M ER
15 BRE O fHEE MM WM MM K
16 wE B Wm0 FE ER
17 g OB VI M MM R
w5 BF RE  OmFE O g®E B MR gX
Hakx o % Ul EMT MBS R
wH g wm EMT M B
LR fHEE MW WEMT MM BEE
LR e VUM MM MM B
] T EME B PR R
wH W4 - Mmoo B SFE B
ek Mg whm AW M BRE

Ol T T D f | u fo & Fo- g

5ol e -J IR TN
N
iy

o T T T | FT fT A

ﬁ%ﬁﬁ%ﬁMH%%%E%%@M%%ﬁﬂ%E@%%JM@MQm

GRS RN 4.5 PRI, R E T, AT E R 5

ZEMTRS.
4.3.1 FRETHL
BAVEIHE TR, TS5 BRI, RATSEDURBYE “Brap” Sl
GREEFATRISY, FFE 3, WK 4.6 Fis. R, 275N ZHATIX RIS
We? FRBI R EST R4 B JE Bz Ak BRI T A T
RSB, FrEREBIE P ER S M. BT, NRIEEE 428 6
1T, GG BAARIC A 45 5, S RIART R I R R 2 i3, RRRRAN
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B A L
AT 42.9%
= 71, 4%

£ X

T BiE AR R \ IR A
“EIF=DT XA T1. 4% CARF=2T RIpET: T 4%
X5 57.1% X5 T1.4%

FRWA R ZiExHy TR AH R 2R

B 4.6 £ TFF£ 4242 RGTRITHEER

SRR S METET A NGE SARIR N IR L IR 4.2 WRTER B 4 SR T Y
' i, WSS {4,5,8) HIBEBIB Y K B0, Boh 4 MREBI S K512, T2, BAF
EREER 2 x 100% = 42.9%.

FERBY B XAZE, B 46 FHRE R O @ @ 5l
524 {1,2,3,14}. {6,7,15,17}. {10,16} MV ZEEH], FILIX 3 45 &5 51
PARID A IS S “IFR7 o “EFIRY . “IRJR7 . R, RIEET RS
{4,5,8,11,12} HIFEGIRE /TS IEHE, WAFERERER 2 x 100% = 71.4% > 42.9%.
T, B B #EATRIE A E.
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F4E R KB W

AT TR E AR
BARG 2RELTE
BTN, ARG AR
Hranm iy TaYE
HATHA. RKBAHALAH
FAE, R T R AR
F R

RJE, YRR BLIEIN IZ 0 4 i @REATRI 23, 2 T15 B 0 28 v UK Bk H el
TR BRI, A BB RIE, 50 {5} MKRIERR A
SRS HIEME VR, MAKRIEEREE TR 57.1%. TR, TSR R
1L RIS

X4 RE), BRI BEAD “RFE” , RS ERIEEREL A 71.4%. X4
R ARERTHRAE NG, T2, PIHSRIREE 45 S B

X5 R @, P& OB TR—K, AEETRS.

TR, BT HBIEKIR AR 4.2 B3PI RAEN K 4.6 Fizs, HRIE
EREA 71.4%. ER—IRNE — BRI BPFER, TR “RIERHE” (decision
stump).

XTECE 4.6 FE 4.5 AT E H, I BB REM IR 0 XHMEH “R&
TE7, BRI T A 8RR, 3 B3 5> T kS 8 VI SR 18] T 45 A0
W EIF. B3 —J5m, A5 SaRs BRIz ERE. BEEW
REFBOZALTEREE I T B, (BZEHEM BT R LR 2B RSB R
LR, FOTRET ‘300”7 AR XSS LRI, AT RERER T
RKIE IR

432 [FEIR

JEBIBSE NI GREEAE i —IRSE BRI, BN TR 4.2 MR BRA S 2]
W 4.5 FrosBIRsER. 550, SR RSN 42.9%.

JEEIR e R 4.5 RIS EG). FHEAAE RS R, AN T
O Bt m. BHRENTEREERS N {7,15} MIIGHEAR, T, %
25 REIRAINRIE N “BFR” | BEI SRS RIS RS R E 2 57.1%. T &,
JEBIA SRE v BY KL, i 4.7 s,

RIEFZERE RO, HRILTHHT RSN R, WERERTSRE
TR {6,7,15} FINGRRER], M-45 mRBIBRIC A “HFR” , BERT R IE
BRI 57.1%. TR, TUAHTIR. \

XNEERQ, FRLTH I TRBERAN LA, WBREIHERBERS
A {1,2,3,14} BIVIGRRED], M45 mARIE A I N7 . B PR SRS i 50 IF K B
RWE 71.4%. TR, 5B RS e B, ,
 XEHOMQD, EHIHE TR B G R, WETE R RS
KRN 11.4% 5 42.9%, WARBERE. TRENBIRE.
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2 “ 2 ok _ AT 4E b R
Bk “&iF=2" BurEHAE

WAAT: 57.1%
YHE: TL 4%

. o Bk “um@=2" iERAE A
B WA R WA

WALAT: 42. 9%
A HHE: 57.1%
BWARE: T

4.7 AT AR 42 AR E TR E R

B, FT SR SRRE AR 4.2 098 BT AR B e SR I ] 4.7 s, FLBE
BEREEE R 71.4%.

XFECEE 4.7 FIE 4.6 AT, S5 BY AL YRS I L TR e S R B T
ZMH. —RIET, J5 BB SR 0 K& KRR /S, V2 A Re AR A A T 9
BUR R SRAR. {85 BRI PR R A AR e AR 2 JE T, JE A AR L
i B A R BT AR G R AT B — 552 DRI EL VI R I ) 4 bU R B A ok SR
FNTHBG G o AR HRBERAF 2.

4.4 EFG5HEE

4.4.1 EE{ELE

B H R EFRAOE 7T B HUB R A R SN . TLSE 2 SR
SIBRIEL BV, BB WM 7E PR 22 3] h A RS R

BT ESL BT ATEES B ABAR, Fik, Aot BRI EsE T
BUE R &5 B AT R 4. dei, 8B BRI AR IR B Y. &E SRR
B R K H — 23 (bi-partition) X IELE B AT A HE, X IE R C4.5 thREEM ik
KA RIALE [Quinlan, 1993].

BIEFEASE D MIELEN o, B2 o 7E D EHILT n MAEBIEUE, HiX
S MNBIRIEATHERE, B8 {a),a?, ... a"}. TR S t T D T4
D; 1 D, He Dy BEALEERN o FBUEAKT ¢ B, 1 D NaE
LA B o REVERT ¢ BUREAR. B4R, WA EHIE ¢ 5 o Rk, ¢
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F4E R KB W

TR X SRR AZEH
ENGETHRGFKX
TR EMRKME AR
AT Rk R R 6 X
SEAMEVGEF BRAL
[Quinlan, 1993].

FEX 8] [af, o' t1) HEER AR A MR 445 AR, Bk, SEEL R o, B
WEREE n— 1 PURIOEERIS RES

7 i+1 .
Ta:{“+2a |1<z‘<n—1}, (4.7)

BRG] [af, af*1) MR AL A S Mg kA . ARG, RATHE AR B AL
JB YA —FER T BRIX R 53 a1 ﬁﬁxﬁﬁtmﬁwﬁﬁﬁﬁﬁﬁi&mtw B,
AL (4.2) F it :

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

teT,
=max Ent(D) — Ej-gﬁmmpw (4.8)
t€Ta |D| 8
Ae{—+}

Hef Gain(D, a,£) BRERE D ETFRA A ¢ —HENE RN TR, RIS
TR Gain(D, o, £) BALEIRIL A,

YER—AMF, BRATER 4.1 BT REHELE 2.0 L MmMELRME “%F
BE” O “EHEER” | BEIR 4.3 i REEESE 3.0 THRIMARX/NMEES
AR — R PRI
% 4.3 HRIIEE 30 |
BEORF O OBFE 43 W B BE O SEE O

w5
1 Hek W v EEF M R 0.697  0.460 pis
2 HE O pRgE. IR W MK EE 0774 0.376 £
3 LM ggE v VENT MR W 0634 0.264 £
4 B B4 Uyl YENWF M BRI 0608 0.318 2
5 WRH  wgE vhem JEMT [MPE ABEWE 0556 0.215 2
6 Hae  THEE v EMT RHIM WS 0403 0.237 =
7 LR fHEE v AR REM Bl 0481 0.149 =
8 LR R o VBB FERD BN 0437 0.211 2
9 LR MRE  UUW RM AN WER 0666 0.091 =
10 HH WHE  EREOBMT FE R 0243 0.267 5
1 wE WEE iR B PR BR o245 0057 0F
12 ®BA 4 wm B FIH KRR 0343 0.099 &
13 HE  MHEE vom AWM Mg B 0639 0.161 &
14 &A™ FEM Mg B 0657 0.198 &
15 LB fukE v VAWM FEM WA 0360 0.370 &
16 kB BBg v o MR P BEE 0593 0.042 T
17 HHZ W Ui R MM BEE 0719 0.103 &
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XNEM CEE”, ERENEIFHEN, RESEEH 17 NI
HAEZBHE LMEHARE BERAT, ZBENBREN > SEE
B4 16 MEEHE: Ty = {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}. H(4.8) W&
HEME “BEE” KE BN 0.262, X TXI4 A 0.381.

R “EHER” REERSAEGHEAE 16 MEEME: Topz =
{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}. KUKy, RIER (4.8) A T E HHAF BIG 254 0.349,
XTI RL0.126.

FHE 4.2.1 5] 40, R 4.3 FIEEE & BHERE BN

Gain(D, f55%) = 0.109; Gain(D, %) = 0.143;
Gain(D, #7) = 0.141; Gain(D,8(3) = 0.381;
Gain(D, &) = 0.289; Gain(D, fil/&) = 0.006;
Gain(D, ) = 0.262; Gain(D, GHEZ) = 0.349.

TR, “GUE” BOEERE RRIa B, WSS R R IEHAT, B

AP 4.8 FTs B SRR .

Ll

4.8 FEREESE 3.0 LATAE LB & R4 RFAH

SRb iR AT MR, SHEURHIRR, TS AR B SR, RS
kEFHELEERA <F AMENHERE SRR R
HE<0.204” .
4.4.2 FRE(ELLIE
MEAEEFHSBRIATEERAR, AR LB EESR K. Hlinh T2
WA, BRRFERR, BENETHIRAF LR M EAIE (G HIV JK

SRR THEEREHEERZS LT, A KERA NI AE.
IR R HIEFA TEAER, (U TRREREARRET S, BREXH
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5 BARRIIR R, Bltn, 3R 4.4 BR 4.1 7 TEIEE 2.0 HIVBCRERR
&, MPRFEAN TR, MRS {4, 7, 14, 16} I 4 MEARBMEH. B
R, B FE e R B 25 B M B R SR AT 225

F= 4.4 HREEE 200

e BE OWE S gE kR
1 - R4 PRI b1 Bl g =
2 Lm s Pl TR 17 - 2
3 = - TE ] e 2
4 'HEOBE W TE T ] B T 2
5 - i 475 LR TEMT MR e 2
6 H Mk ok T b - LY ¢ 2
7 LE Ak R pictei i1t ¢ 2
8 Lo Fict TR - M T =
9 =N} - UL bichvi M T 5
10 Hi i B - SEiR L@ =
11 =] TEE OBl E SE3H - &
12 ®Be TR - B FiH L€ %
13 - Tz L bich ] F S =
14 A bl vk Fict i ] T w5
15 e TR il V& i - WG =
16 ®HA BaE L] R EHE R &
17 EE - i b3e i M R B

BATHEMRHRPA B (1) Qe 7E B PEE SRR R 0L R BEAT R 70 J e 97
(2) SRR, ERAEZESE LR EGK, WA TR

Y| 44 D FURYE o, & D %% D P7ERME o EREBUREIRAT
. XER(L), BARBATCTHE D RHW RN o 0. BEml o VA
AEUE {al,02,...,a"}, & D¥ #F D EERH o EIUEE o REATE, Dy
ERDBBTELE (k=1,2,..., V) OHATE WaAHED = U, Dy,

FERF I FE S TR, n_ 11V 7 =) PR I AN N S
R ETEHAORER D =,—; D¥. BRBATATBNMER ¢ BT —MUE w,, FFEX

H4kh 1.
ZmeD Wa
ZwED W ( )
Zm‘eDk We
ZwED We
F e Ve gy (4.11)
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EWHE, XBYE o, p AT REREAFT G LG, pr RASTHRRERFAH

Bk RPT AR, 7, MR TSR RERE A PR o LEVE o¥ KRR FT S

sl B8, S =1, 3V 7 = 1.
T B X, BATKE B it EX(4.2)#Ah

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

Hem(41), H
4

Ent(D) = — _ flogy p -
k=1
XAE(2), FHEEA o 2RI B o ERBEC R, MK = RIS HEUEX
TSR, BAERBUETE T4 RN we. BREAR o FERI DB o EHER
EARS, W z FINRIAFTE 74 A, BAERREESBHE o MNFFEH R
HREEN 7y - we; BHE, KB LR —ANFEA DA [F] A2 R\ AN 6] 1)
TR E.

C4.5 BIEM M T LR Rt )7 & [Quinlan, 1993]. FHEEATUEK 4.4 HIEIE
M BIRAE L — IR SR

PRSI ERE, ARG HASREARSE D R & 17 MG, ARG RIBUE
Bh1 UBM BB Ak, ZEME L ERREMES TE D BEREN
{2,3,4,6,7,8,9,10,11,12, 14 15,16, 17} 9 14 MEEBL. B4R, D 115 BN

Ent(D) Zpk logs Bk
k=1

6 6 8 8
= (14 10g2 + m log, ﬂ) =0.985 .

4 D', D? 55 DY S RRAAIRE “ @9 LN TR 587 U
B “RE” WEETE A

~ 2. 2 2 2
Ent(D') = — (Z logy 7 + 7 logy Z) =1.000 ,

~ 4 4 2 2
EIlt(DQ) = — (g 10g2 6 + '6 10g2 -6-> = 0918 N



F4E R K #

0

Ent(D3) = — (Z log, g + ilogQ 4

— | =0.00
) =0,

Rk, #ATHE D LR MR M5 RMHEN
‘ : \
Gain(D, %) = Ent(D) — ) _ 7, Ent(D")

v=1

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

= 0.306 .
TR, B&E D LREM “AR” KfE RN

\ ~ . 14
Gain(D, t8%) = p x Gain(D, 4&) = T7 % 0.306 =0.252 .

KAV TR B D _ERfE B2
Gain(D, f83%) = 0.252; Gain(D, 1R%¥) = 0.171;
Gain(D, #iF) = 0.145; Gain(D, (3) = 0.424;
Gain(D, B &) = 0.289; Gain(D, fil/&) = 0.006.

“QE” TR B PEUR T SRS B, BT RRE AHATRIS
IR RMERE N {1,2,3,4,5,6,15} FIFEABEN “O3=EW" 5%, /5
i {7,9,13,14, 17} FIREAREN “SUE=FER” 43, 45 H {11,12, 16} KIFE
HEN CGHE=MM” 32, AFATES TS AT ERREN 1. FERN
B, 950 {8) MBEARZERE “gi” BB T Sk, Rt R RN =
AN, AREE=ATE AT SHEEN L. S L. HmS5H {10} K

CRERLRISER.

EREE AR IRRIAPAT, BB AERKI RN WA 4.9 FTR.

45 BEHERFER

HBATHEFA B A AL AR (8] 1 — AN A8 A5, T d AN B YRR R A
AT T o o= 1) o B — N 508 A, R A A 23 20 T A R R X N A A 2 [ T 7
AN FE SRR BB 43 RIA T, AW BT TE U 2 U 7 A — N B A
B4 AT (axis-parallel), BIE §14r 20 5T -5 80580 FAT 10 7 BL 4 AR
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4.9 AEBREER 200 AT LG E LR RER

LA 4.5 HBPEJREHE 3.00 A B, K ErEAVIZRER 15 B 4.10 PRy
M, SRR BT B R 7 A S 0 B 4.11 B,

HAHIEE 300 A F 45 HIRKIEL 300

434 0%
PP s mT  mE  AWE N

1 0.697 0.460

2 0.774 0.376

3 0.634 0.264

4 0.608 0.318

5 0.556 0.215

6 0.403 0.237

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
13 0.639 0.161
14 0.657 0.198
15 0.360 0.370
16 0.593 0.042
17 0.719 0.103

T Hf T T Tf T} I T T | fn # fin fo fo #o fo fo

BR, PRAFHTBMES BV TATH. XRMRLFERES]
S RA VIR, BV — BRI A E N N T A B EUE. B
SRS R SE RIA T BRI, W ZAE FIR £ BLXI 43 7 BERAG BT HIAE B,
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AR 4R FH (oblique

decision tree).

EHER <0.126?

&
Z 3
HID
3

B 4.10 AE&RKEE 300 LA R EFM

|

+ FA
0.6H — RN
0.4}
40
0.2F
1 _ 1 -I- L o
0 0.2 0 0.6 0.8

4.11 B 4.10 RS e5 KT

W 4.12 Fros; S PSRN S E 2, BT EZHTRER B IENL,
I E A SRR '

R HARHORI A 5, i 4.12 FAELEB TR, NIRRT KR
faitk. “ZBEWRFM” (multivariate decision tree) 2 FESLIIXFER “RLkl
437 BRERZRIF I RFM. DLSZIURIRI S 2 3 B Sm o ], 7e itk
FW R, JEMS AAE RIS EA B, TR BHERNEHEHEHTIN; 85
Z, A G SR —ANEW Y0 wia; = t MZMEN8E, Kb w; B a;
HIE, w; M ¢ ATIERG RT S A EMELE L2E. T2, 545K ‘8
ZRBRFM” (univariate decision tree) AN, 7L ZBREM AT EF,
ARAFANEMZ IR BB, TRREESL - MEER &S
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yi

o

4.12  REMIT B Fep FK AT 5 BEEAL

MEARBARE I om0 7 AR 3.00, BATATAE 413 SRR A RERSER, J00 26
AT 4.14 Fizs.

(-0.800 x B [ —0.044 x £ HEF <-03137 )
%

[ -0.365x % + 0366 x & B % <-0.158? ]

&

D G

B 4.13 AEHRIHEE 3.0 LAERN S T B RN

|
+ 4FN
0.6 — 3N
-
0.4
4n
0.2}
L \1 5T 1 -
0 0.2 0.4 0.6 0.8
B

B 4.14 B 413 2 T FRFHT RS EDLR
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H4E R B MW

Ak, EFr4F IRk
F5 i ¥ A F e e X
N EWiLEE HERESL
R 11 %,

£ F Bfotfnid 2 M 4,
ARE5E,

4.6 [RIEHRL

REEWS 2 3] BV B 3 4 140K £ ID3 [Quinlan, 1979, 1986]. C4.5 [Quin-
lan, 1993] A1 CART [Breiman et al., 1984]. [Murthy, 1998] &4t T —/ T ¥k
S SCERIK) B 324575, C4.5Rule 2 —/MKF C4.5 PRI FAL N RF 5 MU B Bk
[Quinlan, 1993], PFEK KN4 X AT IR ZHEE H— &M, {2 C4.5Rule
HiEfEHN B SHATRNET G5 MBS, FthaE LN EREZ 10
PEREEL 2 AT RBOL T SR LR SR '

EREBEME. WaE., BBIEHZIN, AMIBERIT ¥ 2 HoAth N A
FHRIBEM R ERE, RTE LR EKA [Mingers, 1989b], iX L7 M| B AR XF
PSR B RS FB AW, EXHZ AR N/R A M. [Raileanu and Stoffel,
2004] X5 B M AME BT THER Tt B, BAUAE 2% KB T
SEFAE. 4.3 FHA T REN BB IR RS, BIE 7 AR BN P sz
WHERERI AR 2 B3, B ERHFARY [Mingers, 1989a], LR A B E R
I BB H 2 W R R Z AP RE IR B 25%.

2B REREZEEESR OC1 [Murthy et al., 1994] 1 [Brodley and Ut-
goff, 1995] M —RFIFE. OCL £ LI RENBHENEMBUE, £F
AR I Bl PR 43 S8 AT BEALIR ) LI B R B FE 47 34 55 [Brodley
and Utgoff, 1995] M EEEGIAN T etk 53 K882 I Ml _5ik. BF —8&5%
RE YR 45 R BRI NS, LLE5E X B SIHLEI RS, B0

“RREIPLIRE” (Perceptron tree) [Utgoff, 1989b] 7E R SEH (4N &5 m il %k
—ANMEHIHL, T [Guo and Gelfand, 1992] W HBAEM 4 pi LR Z EHE M 4.

B —Le R 2 S B AEAT “HE )7 (incremental learning), BI7E
BWREFHEAR N CESRELET R MAHTEER%Y. FEN
Tl A 1 1o R 2 4y S B AR b IR 43 IR PR TR SR X B BEAT B > A, R EEEE
% ID4 [Schlimmer and Fisher, 1986]. ID5R [Utgoff, 1989a]. ITI [Utgoff et al.,
1997) 4. 3985 5 A B AR AR R B BIBTREA S5 B VIR R T4, (HZ 20
R FREN S 5ET 2B AMA KR E B ARED.
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4.2

4.3

4.4

4.5

UCIHERRL -
http:/ /archive.ics.uci.edu/ml/. . 4.6

G BFRLR AL
247%.

4.7

4.8*

4.9

4.10

EREIE % 3.0 L p.84
# £ 4.3.

WA B T AN 3 b S B8 (RIARAE 1) B 58 2 RE AR IS A [ K91 2k
&, BIFESIIZRE - B(RIIZRREN 0) IR

VTR “B/MIZRIRE" VR0 HR SR Rl 7 3 6 AE U 3R .

PR LI T5 BT R - S SR MR R Sk, JF R 4.3 3
PR A R — ARG ‘

GRS IR T 2 RIS H0d AT RI R H R B L, AR 4.2 75
VAR RTNBIRG. JE YRR, JF 5 RBTA pu s AT L.

TAGRRE SEHLE T35 2 [B] 9 AT R - R B R BE, AR 4.3 F
B £ AR R

RIEHE 4 A UCLERER, X ik 3 MhEERT ™= AR BB, TREIAL,
JE BB SR AT SER U, AT E ST BE R R

B 4.2 B—ABHEE, HEREERIE, WRENKESSRE, #
RBBIRTTES S M7 wll. WEH “A3” HEsiH, S5
MazxDepth #ZHIN B KERE, 5HEE 4.2 54, EAEHEEEE

UK B SRARE BRI B BRI R B ST BRI ER, USH
MazNode = I B B K48 RM, K 4.7 H 2T BAFI B RS HI%
HATHE. XA 4.7 RS, AT B S TRARENT -
FAEREAE A

WK 4.4.2 FXTBRARE R A BN HIE 21 B Ie B T 2.

MW ETFHEE B%ﬁ%ﬂﬁ% B—MZREREMEE, #M@ﬁﬁ:
FIREIEL 3.0 L=t mg;
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B4E R K W
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