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AdaBoost [10] £ &7 ¥ ¥ > 7NV EED—DTH H, RUSBoost
¥ AdaBoost D7 L —L 7 =27 Y R—=Y TV VT EED
AN=FETH 5.

WINOFEET VX —=H > 7Y VI HW B RIE—ET
Ho, MBI 1 ETBEAENL V. LAL, T—XEy D
AT Y Y T VT HRIZ R D720, TOHRE HFNZ
DB LIFRG TRV, AT, #@ksy 7)) v 7R
H=DDMETH D LIFES V. Tt l, LT 1l] s
SOREFETIE, EHROY VT VTR ERFIZFHT S
DTV —LT— 0 BRELUT.

3 JL—L9—7

RETIE, BITMHETRELASEI L —LT7—212D0T

o |

ﬂﬂ - L MD?U;: (mamE| — {ﬁ%ﬁ%ﬁ \
Al )—— E25E) )

a8/ }ﬁﬁil

Eny L))

| —mens | (sams)
[momn) /

X 1: 7V — L7 — 27 DK

1 IR
teE

X 2: DEIROBE V>V T VT LR

BN

ZDI7V—LT7—20TlE, BROUKREAWTT VX =%
TV VTR, ZORKRI LICHMEREEZFHEL, Tho %
TV Y ITNTEI L TRERINGEDHEGE2EET L. 287
V=AU —20&EMERM 1IZRT. 207V —LT7—2T
B r & fIZ&koT, TV rHRke, R (%Y
TEHENEBEORERIMET . 2 sk, F—xoltE
WIS U8R HRICEEITE 5. 2O 7L -7 =2 Tk
r& fOETNTNIZONWT, F1—THRERERELTWS.

3.1 LEEFIHEEBE

BANZ, FET— 25 HERHMER r 2k > THWS YV
TV VTR EREST D, WELIZH VTV Vv ITHKRENEN
IR UTEREIOY Y 7)) v 727\, oS E2EET 5.
B r %, Yo7 VI TERBERT c LHVWET VY TY v
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—fRiz, BTV TR L DSELSRBIFY, FHIh
DA HMIBEIRE D BIRIZF S, TD72D, LEIRP
DEIRICHFE - HABEBREERTI20E I DL VS BELS,
T EROBE G S 208 f 235195, oL OB f
EUFOR (2)~RK (4) TR T.

Cns: f(e,m) = bs, (2)
Cnv : f(c,m) = Lav(c —m)® + va ; (3)
Cnc: f(e,m) = L—ac(c —m)® + ch , (4)
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Gauss : f(¢,m) = {ag - exp < (c = M)Q) + ng (5)
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ZZT, ag, by WEHTHY, ay TIHTHHEHEBHEDOL D S B4
F %, by TN 2280 ERET 5. 72, {0
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2 RENTFN, BEHTLIY YTV UK, BRI 0y
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FEFUBEBITIE, ZDoDNF A =& u, o BIFEL, Rl
IZMEZ RO DZBEDR DL, UL, T—Xty MIk->Ti#EY)
MNTA—RDEIT R B, 50k, NIA =& pu, 0% 2%

4.2



/8 1/2 1 2 5 10 20 30 50
2 |.402 314 284 276 .297 .321 .391 .422 .490
4 |.550 .532 525 .472 436 .428 .459 .487 .532
6
8

.613 .620 .614 .603 .581 .548 .541 .564 .585
.653 .651 .660 .654 .658 .646 .635 .636 .635
U | 10 |.676 .679 .695 .694 .695 .694 .694 .689 .673
12 |.684 670 .668 .668 .660 .688 .699 .701 .695
14 |.680 .638 .607 .572 .562 .585 .637 .669 .698
16 |.678 .644 576 .544 519 517 .564 .616 .683
18 |.671 .586 .544 .530 .503 .496 .514 .559 .645

(a) F—&%t vk D9 DHA

0.2

1/8 1/2 1 2 5 10 20 30 50

2 |.598 .532 .485 .516 .530 .569 .636 .657 .699
4 |.698 .690 .668 .659 .631 .653 .672 .703 .714
6 |.706 .722 713 696 .709 .695 .699 .710 .710
8 |.735 .717 .708 .707 .707 .700 .706 .708 .689
K | 10 |.708 .676 .674 .674 .658 .684 .669 .671 .682
12 |.593 .560 .547 .553 562 .577 .586 .624 .627
14 | 538 .486 .421 .450 .408 .421 .514 572 .614
16 |.566 .467 .440 .428 .366 .409 .442 464 534
18 |.488 .424 416 .404 .386 .389 .399 .426 .489

(b) F—XZ%v b D10 OH4

5: NI RA—REEXE-L ED G-mean

bXE7 & EDLHIRD EMER & DR O IE R O BT F Y
G-mean 2t — b v S TCRUEZKMTHD. BEVEVZITHR
DIEEEWVE, FIXRDIEEENMEEZRLTWS. K5 (a) X
FERTHWAZF =&ty b D9 OFEHE%EZ, X 5 (b) I D10 D
MiRzRLTWS., Zhkb, DI Tl pu=107T, DI0 Tl
p=6TE\WMEEZ LB LANh5. FAKZ, HEEWHEEZE
500, T—REy NITLITHERD. £, INS5OfEEHE
YNZHD 2121k, F—RIZ DOV TOREWEMEARIE L X3 A
RN H 57z UTHMYIRFEIIHRETH S, 207D, &
WMliE 2B EDRINTA=Z u, o O FRICHRD B Z 21k
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4.3 R A—Y7R#EL

F—=Rey N LIZHYBRAT AR DOEERETES &S
12, 7w RY—F2HWTNI A—-XOR#ELZEITS. 77Uy
RY—F 2k, TRTONT A= XOMETITH U TERZT
W, REMEORVHEE2BMETITFHETHD. FHT—X
DHRERAWTT Y Y RY—F 27\, k DEIRAERGEIC L > T
BOHR N T A =X D ET 2 HET 5.

5 = 5%

REFHEOAENMEZMERTI22OICAMEINTVETFT—X
EHWEERET 72, REBRTIE, IROZFIZDOWTHL 2
295, £9, Uy R —FI &k ami bic & b RN S
A= RDEINTETWEDNE DD, R, BEFIEIXRGM
T =R U TEMRFENPE DN THS. ATTIE, £
T, EBICHWEZT— Xty b IO WTEHT 5.
ZO®BIZ, ERZACHBT2EROANRS LTRERIZDOWT
JE BB 5.

5.1 7—4%+tvh

T—XEy b UTH LIIRT 19FEEEH W, £F0D D1
~D10 1% UCI = ) R MY [12] A5 EE L2 D TH
D, D11~D19 i¥ Kaggle' "o lifF L2 DTH 5. 1B, 5

1: https://www.kaggle.com/datasets

£ 1. 72ty bOFEM

ID F—Xv b4 /ST ToAH IR
ZHOR | DBUR

D1 | Abalone (9, 18) 8 689 42| 16.4
D2 | Anuran Calls (Le., Bu.) 22 4,420 68| 65.0
D3 | Covertype (2, 5) 54 | 283,301 | 9,493 | 29.8
D4 | default of credit card 23| 23,364 | 6,636 3.5
D5 | HTRU2 8| 16,259 | 1,639 9.9
D6 | Online Shopper 18 | 10,422 | 1,908 5.5
D7 | Polish bankruptcy 64 5,500 410 | 134
D8 | Spambase 56 2,788 | 1,813 1.5
D9 | Wine Red ((3,4), others) 11 1,536 63| 24.4
D10 | Wine White (7, 3) 11 880 20 | 44.0
D11 | Churn Modelling 9 7,963 | 2,037 3.9
D12 | Credit Card Fraud 30 | 284,315 492 | 577.9
D13 | ECG HB - Arr. (N, F) 187 | 90,589 803 | 112.8
D14 | Financial Distress 85 3,536 136 | 26.0
D15 | LoanDefault LTFS AV 39 | 182,543 | 50,611 3.6
D16 | Mafalda Opel - DS 14 9,630 | 2,190 4.4
D17 | Mafalda Peugeot - DS 14| 12,559 678 | 18.5
D18 | Rain in Australia 20 | 110,316 | 31,877 3.5
D19 | Surgical 24 | 10,945 | 3,690 3.0

EE Tl EEIT D720, T—2ty "H% T T ADEAIZIE
TJIAE2LBEIIILZ. TRy NEADH Y AN,
TNETNLEIR, DRIR AL U2 A%4%KL, IR I
A2 R T, EBRICHWEZT—X2y ML, R, 57—
A, FEERONTEH,TH S, TDD, REFIEOT —
BRI T 2/F - AMEFEBMTE D I eV frahsd. 78
TRETAMT—ROE&F L1 2L, 2HIRE DEIROE
EW—EL B LT EILT.
5.2 FF @ 15 2

R T — R U T, 28R, DBURILICHERER < 2 4HT
LNENBH L. FD7=8, True Negative Rate (ZHIRY 7 A

DIEf#E#R) & True Positive Rate (DEURS 7 ADIEMRHE) O
HMSEYS G-mean [13] % FEAMIFEE S U 7.



# 2: HER 1 DR

D10 D11 D12 D13 D14 D15 D16 D17 D18 D19

1D D1 D2 D3 D4 D5 D6 D7 D8
s LRGSR | 732 958 .807 .701 .934 .848 .908 .917 .694
BEAER 772971 .809 .701 .935 .849 .910 .919 .701

735 762 .938 900 .860 .593 .7T13 .791 .765 .798
735 762 .939 .900 .865 .593 .713 .791 .765 .803

# .040 .013 .002 .000 .001 .001

.002 .002 .007 .000 .000 .001 .000 .005 .000 .000 .000 .000 .005

5.3 £} 1: RBELOBETE

VY RY—=FIZ L BT A =R ER#EIVEYTH B0 E S
MEMREFT 5728, HIRERZIT- 7.
BETERIA-ROMETTRTUICH L TEET—X 2
WT 3 D EIREMRGEZ 1T\, 10 BOBED < 7 o EERRE
BOWRIA—-2OMMAaERRERLDL Uiz, BET K85
A—=RIFZTNEFRD 9 BHOMHEE LB & LTz,

1€ {2,4,6,8,10,12,14, 16,18},
11
82’
U7z oT, D22 F7A-ZDMEEIL81BYTHS. &
BBIZ X DIREINFZNRT A =R EHNTEE, FHIZITWV,
10 M OEBRD < 7 02 Rl Uz, £z, HEKRST A —
REBINTEGE O IRT 572012, 81@H DT
A—ZDMAERETRTIIN U TEE, FHIZITWV, 10 BIOFEER
D2 7 WP DED @ISR & BB OR R & i U 7.

SREIOERTIE, HEGIEBEE r (X (1)) BT m =10,
9o ARG f (X (5) TBWTay =19, b, =1L
7-. 7V —L7—2HdD AdaBoost i% Scikit-learn (v.0.20.3)>
ZHWTHEIEL, nestimator = 10 & U7=.

o? e 1,2,5,10,20, 30,50}

5.4 EER2: ERFEEOHR

AU f I XA EMEERRGET 2720, fERFIE, &
THtgE & D IR R % 17 - 7=.

HOWEFHEIFLLTFO 11 EEH<TH 5.

e ORG: #v7FYvrZiL

e RUS: Bfinyr&X—Hr7) v

e RSB : RUSBoost

e EE: EasyEnsemble

e SMT: SMOTE

e ADS: ADASYN

e SWM: SWIM

e Cns: ST (X (2)

e Cnv: i (X (3)

e Cnc: Zef7iftge (X (4))

o  Gauss: RREFE (X (5))
TNENOFEIZN LT 10 HOEKEETV, Thoov s
T ERH U,

SEOERTIE, WREEEL - (X (1) LBV Tm =10,
BATIRGE D T3 FHABERMEBIE f (KX (2)~4) itB VT
ay = ac = &, bs = 10, by = 20, b, = 3, REFIEDOFHH
HammEEK f (X (5) €BWwWTay =19, b, =1 & L7z,

2 : https://scikit-learn.org/

# 3: 7w RY—FTD G-mean D

ID | i kiR ERAER
D1 | .6914+.104 .686+.159
D2 | .9674.033 .956+.023
D3 | .8084.005 .808+.005
D4 | .6994.007 .699+.007
D5 | .9394.009 .937+.009
D6 | .8444.009 .843+.009
D7 | .913+.016 .912+.016
D8 | .9184.009 .916+.010
D9 | .6924+.069 .680+.091
D10 | .7014.094 .701+.094
D11 | .7594.011 .759+.012
D12 | .935+.016 .935+.016
D13 | .901+.014 .900+.014
D14 | .8494.032 .844+.032
D15 | .5934.003 .593+.003
D16 | .7094.010 .709+.010
D17 | .7844.015 .784+.015
D18 | .7664.003 .766+.003
D19 | .7924+.014 .791+.017

N—2R L2  pHFHITIZFREAR (CART &) A\, Scikit-
learn (v.0.20.3) ZfH\WTEE Lz, SWIM UADREEFEIZ
imbalanced-learn (v.0.4.3)* Z W T5# L, EasyEnsemble
DINT A —R % n estimator = 20 & L7=. SWIM DOETL,
EHZM GitHub ETRBEINTWVWE Y — R *%2FIcFEE L.
%72, EasyEnsemble, %1758, #REFIETHWS AdaBoost
DINT A —R% n_estimator = 10 & L 7=.

5.5 & e

FhR 1 OFERER 2 1TRT. BB LOR & mBRORFBRO
DOHFT, fEA0.006 AT THEEDERFTERLTWVWS., Zh
&0, 13EDT—Xty bTHREERLEDENITIENWI &3
Db, oT, VY N —=FIZ&kB 1T A=K FHELIZHE
MTHhBHENVZB.

UL, 7—Z+&» b D1, D2 D& SIZ#M0.01 P43
F—Rty  EEMELEZ. 22T, 7Yy R —FTOD G-mean
DY L fEHEfR A2 K 3ITRT. kD, DI, D2itBIF5
G-mean DFEMEFENKE NI ERDM5E. TDEDH, HOFE
NDKREL, BERNTA—RPEINTE R o2 WA 5.

£ 41, ER2 OHRIZBWTAEHER IR IO WTHIEIIZ
WREEDTHB., HFF—ZLYy MIBWTHREEWMEE 2>

3 : https://imbalanced-learn.readthedocs.io/
4 : https://github.com/cbellinger27/SWIM_Mahalanobis
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ID | IR |ORG|RUS RSB EE |SMT ADS SWM | Cns Cnv Cnc | Gauss
D8 1.5| .900 | .896 .931 .916 | .900 .898 .896 | .917 .914 .919 | .917
D19 3.0| .803 | .78 .761 .760 | .787 .760 .803 | .767 .760 .770 .798
D18 | 3.5| .677 | .714 .641 .762 | .690 .689 .678 | .765 .766 .764 | .765
D4 3.5| .581 | .616 .528 .689 | .585 .584 .580 | .694 .700 .689 | .701
D15 | 3.6| .466 | .538 .463 .592 | 474 476 442 | 592 577 .591 | .593
DI11| 39| .642 | .678 .619 .761 | .652 .647 .642 | .761 .758 .762| .762
D16 | 44| 760 | 770 747 710 | .780 771 757 | 712 713 .708 | .713
D6 5.5 | .713 | .790 .731 .845 | .733 .739 .709 .844 .846 .843 | .848
D5 9.9| .896 | .907 .897 .930 | .910 .908 .906 | .931 .934 .930 | .934
D7 | 13.4| .810 | .854 .786 .908 | .829 .834 .760 | .907 .904 .906 | .908
D1 | 16.4| .580 | .670 .577 .741 | .675 .671 .642 | 732 674 .751| .732
D17 | 185/ .708 |.794 .702 .779 | 755 737 724 | 771 786 .746 | .791
D9 | 244| 420 | .624 .436 .680 | .467 .473 519 | .643 .549 .685 | .694
D14 26.0 | .b46 | .775 .606 .863 | .548 .576 .562 .859 .847 .858 .860
D3 | 29.8| .891 |.928 .852 .798 | .924 .916 .747 | .778 .779 .777 | .807
D10 44.0 | 475 | .616 412 .662 | .444 .574 .666 .664 .689 .665 | .735
D2 | 65.0| .915 | .925 .954 .963 | .931 .897 .909 | .956 .955 .956 | .958
D13 | 112.8 | .822 | .883 .831 .895 | .859 .853 .829 | .896 .897 .897 | .900
D12 | 577.9 | .876 | .905 .895 .937 | .877 .865 .917 |.939 .938 .938 | .938
Y9 | 509 | 710 | 772 704 .800 | .727 .730 .720 | .796 .789 .798 | .808

72EDEKRKFTERLTWS., IN&D, BEFIETHS Gauss Vy Ry —F2HWTHREMALZ. AN TWS 19HDTF—

TERbEWMER2 L 2MEAICH Y, £T -2y MOREE T
THLHREFETRLEWVVMEZ L2005, /-, HE
FETREEBVWHEZRT Tty MIFEfHROKE XIZ
HWAFET, REERPREVFERRTHEE DEFRE V. L
72D o T, AT — R OFBEIIN U TREFIEVLENITH D
ZENVWAB.

UL, 7—Z+Ev b D3%® D8, D16 D& 52, REFIED
FERVEKRFIEEZ TRZEDEFELEZ. ThH6DT—XEY
FTIX, TV TR LRV ORG EDENNI W, F/zi
ORG 2 TR L > TWD. HAMIZ, REFEIAY
WEIFENE ZIFERWVWHEREZRT. ZO/RIZBWT, D8 X
D16 HMEWAEMERTH b, FERFIETHHFINAAREE E R
515, LHL, D3IZDWTIE, FEMRA20.8 & E\Rh
5, ORG ¥ RUS & ETRDDRNFENHRE EIFTW5.
D3 DT — XDFEEORME L D FHMIZ T 2 HELNDH L. T
DFIZDWTI, BERAEFTHY, SBROPETH 5.

¥z, BITHETH S Cns, Cnv, Cnec LIRETIEZ KT S
2, BEITRTOTFT—ZLy MIBWTEAWEOMEZ Ll -
TWb. £/, F—Xtv b D12 % D18 D & 5 IZHATHED
HDEWMEE & 256 TH, BREFHELE DAL 0.001 LT W
BE#2. UkRoT, NEIV—L7—2 OB fIzHY
ZEBAEBATEZ LA THE LNV S.

6 b Y I

AT, REMT—X DIV =L T =218 135907
) U THRORHEEIRE L., 7V —LAT — 7D
BB DWW T 72 B R %EH L, TDNRTA—K%E T

Ry b EHWEERIZED, TOASENRENEZ. BEF
HETRANT A =R 2L UTHho TWAB A, ARG E
Thd7D, EEHERLTVWRVWASTA—ANELFETS.
ZDH, NI A—REELFEOMGF IS HOFETDH 5.
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