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Abstract

With the rapid development of consumer finance in recent years, per-
sonal credit business has also developed rapidly, not only with the increase
of various online lending platforms, but also with the gradual enrichment
of loan varieties, covering almost all aspects of personal production and
life. However, the challenge from credit risk is getting more and more se-
rious, and risk assessment through credit score of applicants is especially
important.

Currently, there are many credit scoring models, but different models
have their own advantages and disadvantages. Previous studies have found
that a single model is faster to train but has poor prediction accuracy and
stability; if a suitable base classifier can be selected for integration, the
prediction error can be reduced to a certain extent and the accuracy can be
improved; moreover, in practice, due to the limitations of the credit score
dataset itself, the positive and negative sample categories are extremely
different, and the handling of the imbalance problem also has an important
impact on the model performance. Based on the above issues, the following
research is conducted in this paper.

In this paper, we use random forest method for feature selection,
which is able to measure the importance of all feature attributes after fitting
the data, compared with the feature selection method of information value

commonly used in financial risk control, which avoids the operation of
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binning each feature and can directly obtain the ranking of feature im-
portance, which is simpler to implement and more efficient in selecting
features; according to the ranking of feature importance and business logic,
we finally select According to the importance ranking of features and busi-
ness logic, the features with importance greater than 0.1 are finally selected,
and a total of 27 features are selected as entry variables. To test the appli-
cation of different types of models in practice, four single models of lo-
gistic regression (LR), decision tree (DT), simple Bayesian (NB) and sup-
port vector machine (SVM) with better performance and higher recogni-
tion in credit score classification prediction were selected for experiments;
after that, four single models of LR, NB, DT and SVM were used as base
classifiers for Bagging integration respectively In order to test the actual
classification effect, four classification algorithms with better performance,
LR, NB, DT and SVM, were used as base classifiers, and the base classifier
with the highest AUC was selected by bootstrap sampling to build a subset
of data for adaptive voting. The classifier with the highest AUC is selected
by bootstrap sampling to construct a new heterogeneous integration model
for experiments.

For the problem of imbalance between positive and negative samples
in the credit score dataset, an improved BalanceCascade method is pro-
posed, which trains the Adaboost classifier by extracting positive and neg-

ative samples to form a balanced dataset to control the classification error



)2y N 2T = 2 AT FF 033k BalanceCascade 5 ¥2: 145 FH 2 82 AR R A 7T

rate within a certain range and ensure the accuracy of removing positive
samples; after that, according to the imbalance ratio of positive and nega-
tive samples, an adjustable parameter is set to ensure the accuracy of re-
moving positive samples. After that, an adjustable parameter is set accord-
ing to the imbalance ratio of positive and negative samples, and by contin-
uously removing a certain proportion of positive samples, the remaining
proportion of positive and negative samples is made close to this parameter,
and experiments are conducted on data sets with different proportions of
positive and negative samples, combined with the new hierarchical model
for training to find the optimal proportion parameter. Because of the greater
advantage of RF and XGBoost in accuracy in credit scoring, RF and
XGBoost are chosen as the base classifier of the first layer, while the sec-
ond layer model should not be too complex, too complex may lead to prob-
lems such as overfitting and poor generalization of the model on the train-
ing set, so the layer model is chosen as a more stable single model logistic
regression as the base classifier, through the The experimental results of
the credit dataset on the Ali Tianchi competition show that when the ratio
of positive and negative samples is set to 2, the accuracy of the credit score
integration model based on the improved BalanceCascade method reaches
0.80, the accuracy 0.90, the recall 0.84, the F1 value 0.88, and the AUC
value 0.74, compared with the single classification model, the Bagging in-

tegration model, the Heterogeneous integration model for adaptive
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selection of AUC, the integration model based on the improved Bal-

anceCascade method is better and more stable than other models.

Keywords: Credit scoring; Single model; Ensemble model; Imbalance

processing
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AR R . STRFIAEHL, SASR RIHL AR 7 3] 70 Je8% 2 18] BLSRAN[R] (R RF ke %
BORZ AT 7L, I HERE . F-EER . RBA PSRRI ZRIN [a)3E4T oy, i
PRI VA 5 0 KRR IAT A & . Krishna S5 NP 7 — MR H]
H 18 N 22 BEACAE D9 B 3 IO AFAE TR TVE, 2B ARER A 1 AR DU
WHREIA . SCRFFENL. MR MR PRI 170 R8s, SR BB R 5
(MCCO A3t 5 bR BB PP FE b, 38 AE =R 8 Bt AT, 45 SRR,
S HH 87 925 b SRR o A FL AR AR D ik RA R 22 HEAR 5 i B A S A RO

X KR FE bR £ 00 f BEHEAT ORI TR UL, s A 55 A POI2 2% il 4R
AR RN BEAT (5 P OB VPl 5 P 8, S8 I 3R dR 537 & B0 BE A
FAAEA 2 o2t (B AR AL BE AT 5 FH ARG 0 A, 3 I X e A 9R b b AT 191,
-2 PN Y Y At E S-SR SR DR YN G b B 2 E NS /7N S
W DTG AL DR IR bR R AT P2P M CE A RN R R, i R
73 3 Wi D iR AR BN M T Z R R AR el 3 BAR [ RIA S, BRE 1 TR
HUEAE A . KCA SEPSTRI IV 55 AR S e bn R e 3L T 52 A5 VP 0B, R 1248 vl
HEE S INBGIESE 45 & #2245 YRR, Sl A7 AL T Prid sl T i 5¢ &0 FE
JEBUE P AR SR IR A AR MR RN A GRS R 2R, SRR R (v ms e . A
GNP T — A =GR M B fabn ik &, TEAR R R RS =A—Zd6hr,
AR RS, TR =R, SR ikt ia H 2 oo v B A B D7 ot
50 XML 6 AR SCHOE 73 A S8 E KOS L AN TR AR R R AR A e, JEE
SEEG I T R DU AR 7 S A AL R K E T RENS 32 i KU PP K
1, BAIREI R HELIRE s A OEAREL AN EE. R Bkt
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Al WO FEFHIE AL WAL 5 @HEE 11 A EE bR R0 P2P (M)
DY 3 KU FZ PP (R LR 3R

1.2.2 EMERMAR

TENLES 5 I R 2, Bbm I Zh— A FesE B 07 T e R I AT LA 1)
B, (HPE RS h R I, R BA R SRR LNEEm. TREZWAEIF
GRIEAT LR 2] IR T, AR RS > I AR IR 1 A AN ST I A 4 R AR AT
M, TR A9 2] A% o S SR PRI 3, 58— [R5 1) (GG 7 2R AR 1R 5
BRI GRS ARD,

P TR AR B Y (B KA ED k2 Bagging £ RO LA AL
Ghodselahi %5 AP T —FifE VR R AR, 88 I H RIS, IR
AN G A TN Gy FEAALE FH AN SRR 1) S AL 43 SRR g B R A ) i 43 25
#, RIEEAS FVE 2 ORI it 2 5 PR O, TR AE VR B MR o 7 FH A AT
DAt KB GF 1 5) KR RE . Yao S5 ABUTE SVM R A& T — Mo iR &
RFSVM HE AR, 125 R {5 FH AL A5k e 5 2 B 8, A P A A7 V& (bagging
H boosting) A B (SVM) 1ENERE 7LD, LIRLE LK, RFSVM £
15 FIPE A AU LA T il I R T 5% - Luo S8 AB2VE N 7 —FR-A {5 IR 5%
SHLA % 2 B DU RR o B AT B, A —A 10 AR R Y45 HE 4 B
R ARk A o B IR HME fe, BFTU4E R WA, Bagging SR IETT LR
R S HAR VB, RS L 2 2 RN ES A k- A o SR S R

St A RO AL A 5T, Xu S NS — AT OB EE (GFSS)
AR RS B R 12 Y , 12 A5 A A B T i IV R X 4 ) AR I i 28 B ORI
BRAHH OGBS AE AR B, B4 A I ) B J5 4 I FH 38 BT 4t P S AR B o
FIF] GFSS B i % 4 B L rp A AN A AR HL 258 ST B A0 LA o
T4 NP (E VP T 2 A B ) SRR, L 7 — PR TR RE AR 1
ENAS A SRR AL, AR ALK T RTRE SR A7 A D RFAE A FE I SR A A
SRS U R AN B AS UL PRAE 7 B =N T 45 B ok, SR M 2 A A 1 R
TEbRE AN MR, SRS R, TR N S T B L AR B e

AE

AT RAFHITRINERE . Tripathi & AP UG i fs F PP BERS RO TP RE 45 5k
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MLIEFETNERIE T — P 2 JZ B SETAHELR IR G AR Y, i ok 7y SR8 A TR EL X
e BB R TR PE BE RS2, Wit 25T Choquet A7ME B 7 4R THCE S0

Zhang %5 APOILLE R, SCRFAIEAL. PhEEMZs . 6 BT AN BEHLAR AR g 2
filt, RO T —FRB I RAERE TR, FOTVER MR BIE IR B A, RIS
JESE G IHERPERN Z RV, BUANN T SEaF st R P A 5, 2 AR T B SRS
JHESHA ) Bl R AT 45 A 3R M AR OO . XL S NPTIE R 22 ] £ S
EHVEAE T3 AL T NE S P2P MIZR A DA BTN B A i SR i Y, i
B A& —E W 4E8E 73 A RE /0, 7T LASE BN TUAR IR AL B 1 9 a8, ) I 2 o
B RS F) 5 BN A TG 5 A5 1Y) SRS BE 0% ST I b A 2R S R Py PO SR T, AT 2 1
BT TERE . Xiao S8 APSEF XSGR T —FiahS 7 K et L B,

A RUAE N ZRAT AN TR ZX SRR HEAT FUAL R, FAIK 1 ol SR AR X A 2 1 e
s, B e R I BE TP B A RIS B . Kiziloz 58 NPISEH T —/NETH
Z HARE A, MRS SR LA R i A G, DSl AR
AT HAEAT T o Hui 55 ANFO S 3 73 SR B o, ST 1 — e T
RGP SRR Y, AR TR e Y SRR SRR o B R 3 S0 Z IR IR 2 AR,
IR M AL HER TR R M A 7 SRR IR P AT S & TR IR, S0 R LA
U] DR 25 4 v 2k 70 38 B IR B R A AL BE 77, NI 5 FH XU 8 2 AR e e fit
2%, Chen 5 NI T —Fh3E T 3 Shapley {61 Choquet 7> (AR 51
SRR, AT 1 S A P ASOR] B SRR K B it > 2B A R Ik B 2 ] A LR
ik, F TR R A A o B ST P ) 2 PRI s Oy 1 FE IR B
SRR OR B IR AG M5 S, SR IE SR RO R R 24 21 3 R AR TR, e LT
J”" X Shapley-Choquet #17) (GSCD R&H 7, LGSR NLRE HIERE T
E VR E T MANEARA, $EH 7 — M TS -HPF2 I GSCIL 7,
AR 2 MRS AT S, U T kT GSCTAR B A (138 ML AR R P fE
Parvin 5 NPHERA AN 70 K8 BEATERIVE I, @I FEbR P B AR 1 PR RE
AT TR P VF 20 B B (200 2, SEREE R, BEHLARMOAN Extratree 7338
ST AE B P 7 AR T BAT AT HORE L, 10 S ) AL AR i 3 S8 P BT T 4y
RS . Koutanaei 55 NIPIEFXS 2 MRHIEE FEENE 50 R E%E, B3 7 N2
BB S B2 A, B — i B E AT B O S R TR B DGR 5
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T B R A T A {5 R 25 LR M B R A A BR B VU R R A
PRV, P SCHE ) BRI 43 SN B2 D9 A PRI 8 48 77 Ve 9655 36 11 R A 2
55 =i BB DUFRFAE 19645 7 125 07708 HH PRV RFAE AE I A B b 23 Sl AT S s R 28 4%
SRR, AT W B R AR S5 N TR 2% 1 3 AR T A 5 R o 2k
J&. Lahmiri 55 NIPPAG A ¥ S0 3 10 88 B3 o3 7173 28 2R G e A LA T A4
FVE J7 AR R, 2 R& AR R G145 AdaBoost. LoditBoost. USBoost.
Subspace il Bagging; L4 = N4 — M HERBHAR. — MY
TEHEE, H—AEE T EEAEEME, W RAE VAR, 4RR
] AdaBoost 7E7; RERFAC. BB Kot A7 18]} 77 H 2 A R
B R R G MERER T EdE P R38R B AL . Li 25 A140%} Rf. AdaBoost.
XGBoost. LightGBM F1 Stacking £ LI REREAT VPAL,  PEAGHEAR BB BE
(ACC). ROC Hizk FifiAd (AUC). Kolmogorov—Smirnov 4iit (KS). Brier ¥
5y (BS) FIRLALZATIN (], BEAMS TAMRAT AL S 2R3 (ML, Yok,
BRI AN DU A SRR A L) #EAT 0 LSRG, KB AdaBoost PEARAR TN
&% 2135, Random forest 7£ FLANEFR E AR A LT, XGBoost 1 LightGBM
R o Tran 55 NFOHR W1 A AT P 8O S 10 07 1%, SR G IR R 2 ML o) Sy (1 ik
e B Ja i A F =), 2 1 XGBoost. RandomForest #1 Logistic Regression H
PREENEERERN 2. 1 1, E-ANGEEIRE DITRIE, SRR, £
E S AR A T & . Abellan 55 N R T DAHTOG Tk 8645 FH B g &
P R R AR R A BRI A, S5 AR, B T ARG MR A0 AN 8 M P R
BB 808, EMERAREA AUC f8br HEUE THRUF IR, EXMHEHT,
GRS RIS AL R B A F AR BUS SR . AUC FE & RT DA R B8 43 11
= T s AR (B S0 RN B 0 s P W N SR Y Bitb v et
KB A o Feng 55 NS 7 — Bl i 56 T MR 2R 1015 VT 2 A S i 2805,
BT ARG > AR -2 BE I LA IGAESE R T B R RN TT S B R PR A Rl
ARRIE PP I, MHE 7 45 RN AR A I RE AR G AN R 1 3 28 3%, A8 R
HAFPNERA X (B2, i 10 N ESLBURERM 7 MER RIS, 1ZIES —
S AR R B REE L 10 CUFE 5 NGB RD T, Xia %5
NEOUR T — Pl () A B 1A FH B, iR 4E 1 | Bagging 5L Stacking
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Bk, SR = AT ANE T IA SRR, ISR S Al 2 SR AR £ AN
IR RS 4% B PN RAT RIPPE T HERITE. AUC. AUC-Hmeasure Al
Breier_score M EAA AIIERE, Dy 1 IRIUEPTHE A Bstacking 5% HIA R, HH
ANorRAR RS HERAR R AN R P R R A AT T A0 AT

1.2. 3 AR ERESRRARBITR

B AT ) R 4 B A I R A B AR AN AT, AT 3 B I
T AT ffy 22 22 MR A RE AR AR D BRI, (A3 B ) 73 2R 1 1 %
FESEBRI R AR, B o 20 b ] SR A 2 B WUAFAE Y, A0AE < b XA S
T« SR P BAREAR S LA 3 A — e 22 S RO, AP I R A T o AR 14 o
ERORFZm, KA mBAVERE, A FWE 0 AP 0 8 AT 1A E A
JERIRETE o N2 Ze 5 NP AP AT 70 38, $R i 1 3 TR Buisos
PRELH) XGBoost $i%, i 51 NN BRI BR SR REAAE AN [/ THE 45 5
TR BRI BE FEAR A, R R R 2R IR 2D BOSRAE A DRL B B2 AR AR /N T T R AE
XGBoost &I FE A R /r 210 /. Zhang 25 N SVER G BdE 23 8 A7 1) 3, 42
TR A S VR A, 124 A Pl LSVM, KNN. MDA, DT. LR
TR E I AR RN, AR B AR R 1 AUC B3R K8, e
Y BT 2L 3 J B8 A, A5 BN TINS5 . Wang 25 N2V 36 268 51l AN P-4 i) U 35 2
BEAER R 22 bR v 43 S48 14 23 S M R 0 L, 55 2% R s 5 1 2R 22 1) £~ 241 K
JUBRLASEE RS, FIFH SO FIERIhRE, $H T —M EENER L, HA-F
PRE R kAR, IR IR, HIE N AR RO LI A
FFEBA IR BRE A E ANBEGHE VR i R R AR 2 AP A 5 AR
s /1, Mg T —FhIET Ext-GBDT S8 10 28 BIA T 415 B P58, @it
JRRFETT X BE AT AP AT AL B, ) F KA B AN R 257 R 45 5 R AR AE
MBI TNERAT NG, NGB 2 A2 740K Ext-GBDT F#4, 285l
FH 7 B~ S50 M TSR ) UM ABE 5, AR R OO A e T Al Sy 73 2R 25 R
Engelmann %5 AP T —Fh LT 25 /F Wasserstein-GAN [t R 757k, il id 1
BB 23 AR I R IR I 3 R AE55, AT DA ROt & A BUE A7) AL B 3R
R R AT A, K125 % B AR ERL R A B e Bda 5 LA Ak PR
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SERVEATXSH, 1EW] T GAN-based I KAETTVE R AT AT o Junior 55 NPYIPEAl 1 5)
DILBEFAXE HVE & 1, S th 1 — g b D8 k- 48 (RMKNND
T, BT — PR T SO PEE FIVE 23 B0 2 2 A BERR S 3 X 3
A G BARA A% EAEAT75 F VP o Bt 58 10 B0 v R A — e (R
A, T BLAZ T VEAN T EAT AR AL B BCR A TV R AR i sh A s FR A AR o 1 i SE
NSV S U B AR AN P A AR U i R, 32 —Fh kT DESMID-AD 3]
A IEFEIE FVPAL AR AR Y, RR A A — AN DAAE A 1R s B A b 2 B 1) 2 43
KA, ARSI ZI% S UMD TRIEE ST, A T RAE 720 I 5
AR AT A, R J0 % 7 BT 2 A Fabn AT 3 4 S8 I PERE VT A
FE BT Be v LA E AL G 5/ N RE . Adolfo 55 ANPTRIFIT 7 AT fhi i im 4R 1l
AE PN RIS KRR VERE I RE I, S EAEH I 13 DAPEEUELE, T 6
Tl R CRAE SEVLAN 4 BRI, ARG 0T DU R OCER 73 2838 (R 50 s 1F 98 R I ~F
B IR A I 2285 7 TR AN B DRI 3 838 R0 R B O I 73 R 2848 A PSP 487 (R
MBI RIS M RE, R L RAEANR & B /N — L E R AECZ 70 28
NPT T AL . Petrides % ANBSIPPAL T MABURS: ) J70E, G EHR BURBE 7
H—FET KA DT, IERHE RS FVE 2 8 R 8 sk e A 37 VR AT T VRAG,
WHFE R I, 2RI I () BRAS SRR RS A R 1 i — il 25 SR TE I R 28, e
ANIRTE 2B 2 B R M AUCA B SR i, 53— SR R BRI RE R iSO A . He
5 NS FI VP43 B AP 0] /&, $7J& T BalanceCascade J57%, A4 I 2544
I8 B AT 14 A T YRR B AR, D B AN P R R R R, A e TR Y
MR G PERE . 2 TR S NSOV it e R A LU A8 Rt i) R, 388 3k R A Ty Y
ZAHI T HIREA TS, PRGBS R I @ MRS, FI BN 225
IR 3 S AR B AT TN, G0 I AE R HA OF b ) B S DR AR SRR ATL 25 2 ST B
BRSSP P B U2 = Fh S Y (R R HEAT X LU SEEBR, BRI T AN A AL B S
SRR R . B S N B = S HiR  Bagging #E U R AH 45
G RN MAFEIAE T, WE T T Bagging - I E 5 R
(SSEBD A7 bR AR5 TR RE AL A kAR R B B [ VR, AR AL S N = A
BB SE—B B S N TC R AR B il A Ik B AR 1 —F AR A, IR AN
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IrRARs B W BRI R AR R E s 28 =i BORR X 0 R 45 R AT SR
R mAL R,

MELESCERRA X T4 A& PR AT 7T, MR — BRI 7T A4k
JRAB T S o S A A RO T FC AR AT 1 2 R (BRI 1S A PR B R
B H RS AT BT I, ESRS ANTi I —E g, BRI, 3
P Bt FH KI5 AR RBILSIEAS I VE Mk 55 TR AR Sl AN P 1) e, i v o S
B, AT GRS P BRI A2 1R 5 XU

1.3 RAR K LE

1.3.1 fIXRAR

AR E P PP A 2 R BRI AR A R 5 A e I, AR S T AT BRI S A
LU
(1) B — AR 5T
Xof - L AR R SO BT 24 A1) (LR #MZE DU (NBD | 3 (DT,
SCHEFEANL (SVMD) DURRAEAS FIPF 5343 8 Tl 14 e A OS2 o {3 F B2 — A5 1Y
BEAT T2 BT, 1 0 SO AR AT AR B, T MRBE AR 0 KNS R IR R IE 4R
BEATIRE AL, 5 XA i R RAE AT AL FE, SRR I [ A URFAE
BEAT I, 0 S H A AT MRS — R YA S , R BENLRARBEATRFAE TR 1%, F
VEAR B i — X 1020 DN, MR SRR MAHCHEE, HWr A2
[ R GAEAE 2 EILENME, Rl et s AL &, EHURHESS, @i LR, NB.
DT. SVM #4718 ], LA Accurary. Precision. Fl-score. Recall. AUC Z£#5#5K
PR e
() U YT 5T
GE U B LA RO AT S8 0T b, — a2 [ TSR A, it Bagging 4 .
3% LRy NB. DT. SVM PUff s — IR 4T Bagging FERL, X HU ] o £8
JEII R B it s . 25 X LA LR, NB. DT. SVM DURh /K5 %N
B AR, MR — PR ST R Y, AT bootstrap HEATHIFE, F4%E
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B4R, WA AT UINER, 5 BE NSRS AUC s R4 28
W ANEN TR R R, RRITUAS IR

(3)%: Tt BalanceCascade J7VE 1115 F VP73 82 USRI 7

15 FIVF 53 BT P B0 56 KT I T A B AN, T AN 4887 i e i 4 P F0M A
—E MM, Tk, ASCHR TR 2ud BalanceCascade 777212 215 HIVF
I HE AR Y, U3 1) BalanceCascade J7 383 4l B IFE 2 FE A 5 47 0 A 4H BT i
B EUIZE Adaboost 433888, Koy A RFISHIE — € E N, TiRFERIE
FAEARMMERYE: 25 EAFEARRA-PE LS, B8 RS (25
WEANL, 2, 3, 4, 5), WEAWER—E LB IEREA, {E43R) R IEAEEAR
el e 280, AN AR SRR AR LU T ISR 4R, TR i Lo il 2 8
B W53 SRR HEAT IIZR

1.3.2 BIET S

(DA SR FBEALAR AR BEAT R AR IR B, 5 it Rz vh i H A5 BB R AE e
BTG, B T AR AR, T BRI T, SEI
SE 9T B G AR PR T B B DN v s A VA 2 S TN R L 1 DY A
— R, 535 HEAT Bagging BER. LU YA A — RN R 2R, HIE NIk TR
AUC Bmior264%, MR R B U Y, AN R SR AU i PR RE HEAT Bk
T

MAFHT IR R A A, 3R T —Fheic# ) BalanceCascade 4bF 751,
B R EUE RS 5 R AR T SR 4211 25 Adaboost 432558, i
IRAZ R IR SRR A B AEf 1t s 2 S5 AR TR SRR A (AN LA, 38— NPT 24
IS AW B — T e A IEREAS, (739 AR IE SRR A Ll i i S 4, WA IE
FREA L] B A5 A8 0 oy A LA T I 25, FHR AR 25, Jdid
A FR L SRR R AT L, E R T AR AL AT
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FF 033k BalanceCascade 5 ¥2: 145 FH 2 82 AR R A 7T

1.3.3 BXHREwE

MR EREEX

SRR TN

&

A

15 FHVE 7 F1iR

L IR

BRI
T fi

B R A

BaggingZE ik
T ) gt

A

WA S 45

s TiAb P

e A
R A%

Tt

FFEIE %

—

Satcking®E
AR ) ek

1.3.4 &M

B B, AEFEENH T WY
RIBF R 7EBT T 4558, RIG1iR T
B F A5 IS S IA

55206
N

ISEARS)

K11 wxgdmA

Cascade J7 7% 115 A
Py gt § VP73 5 RS Y )

=< db =,
JUH =K

T MHBalance-

R DAl 1 A
SR 45 R

LR S TR A AE HIPE AR

WEFLAR, FEXTHE T g Lt AT 1 i
o ANE T EHE P i A i L BB ER

BARHET 1A, 8T SCRISEIRAT U SR LB ST
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W= HURTUACE . SRR AR BT, S ITRMESRA, e
HAE P AR RIS . o (AT A, AP RHE AT 504, R BEALAR AR EAT
FAERE ST &, e EEMEEE IRME . H e N LiksE, MERTCERZ% R
SCHRFE, S8 5 R FH BEHLAR O Jol R RFAEBEAT 070G, JEATARDCIE 20 #r, XA SG
KT 0.8 PIFFERATIE RS, THEGANRHER EEN, T HT, SR EE
VAR T 0. 01 VR NRHIEREAT UIER, B2k $E 27 MRV AL &

HIE: EHPP B E SX . LLLR. NB. DT, SVM DU Ff R
HBEATSRG, X DU B — 900 S HEAT Bagging SRR I UIX U it 81— AL Ry 3L 4y
AR, MR R R Y, XA [F) SR RS (R PR R AT B A T T
% L& BIASTAT 1] 015 F PP BRI S, SRR iR oy R A, St T — bkt
[¥] BalanceCascade 77 7% 1) 2 )45 F 72 8 s 2, i i efeidk 1) BalanceCascade i
AP AL BE, 1% ] RF 5 XGBoost 1F 8% — Z k70345, Z J5 K RF 5 XGBoost
Ryt 45 SRAE T ROARFAE, BN N — BB, @ e H T, MEE R
BERVEAL, 5L ESEIe gt AT b, SRR A R

BhE: RESREYE, KRBT 7RG, T 7R AR A A
FAFAE R, IR AR AT BERIBIE 7807 A1 3047 TR K
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2 fERIPH XIS B
2.1 SRS AR

2.1.1 EESNMAER

EH—HBAS . TEEER NZEE, S AR, G408, By
NIEEE, NG ARKNMEAE SRR E, NEERERE, 15
M EZRAL AR B AR, AR GHE AL T T IS S 7 Q4709 IR
WA R, 2RI S 53 Z ARG UL € 3 1 B I BUR 5 S35 Z TRl
HRA, JFHABEN L BAT, AR5 EH R, 25 ERE TR =1
NA A FAGENR G MEAT A b, 85 25T 3L [ R RO B K B U
I HR EORFEAEIRAT — € W ad A BEAli_E A AR <5 1 BE % BT

AN NAG P Fi i e 2 D, Bl R 2 TR AR S Al A1 B AR ARG AL
ZIAT BUAE w] ASRAS T a B 7 it B 5% ANOCRT U RN A S g 5 22 5
WAl A 2 G E s, A AR B AR E S DNEH R EA P RIE
X —RDANHBRGEH, 2N AEEGH; MEESRPUERE, W5 n] Lk
re MBS AT AL DM ANERE MIKEE AR, EragE2 rmea
BAHR, WpshE. BT, e, AT, E S, EHA IR —DMAR “2
Tr A RE”, MR N T IREE

2.1.2 T AERIES

A NAG VP o3 A T A LA 7 STAH SGBOR M GE T 70 A 7 ik, A A
15 FAT B 34T 70 M A rP SRS BB s R Hh 2R oK — BUAR 18] A S A A5 AR GL Y
FHIRAT NRHE , BRI AR SR HH SRR AR B AL BEAS AR SRATRA A A5E FI XU
(I A o 2 BN AR AR P R A0 % DY I B S5 A5 A0URE /N« A i Y Ak
A DL S S NAS T RIR DL o SR S332 BRI RIS R] 70 o = Fb: A5 MRS VP
o ATMIREVE L ERIVE s LI AT 0 KESVEr . R PR AR
PPy FRIMKMBUAVE > JEIME DT BIA PP VRIS
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BB 0] 7 A A R CRIEESRD, REE% 7 RigHl
BRI R IR AT RS B R (T RVER) MRAEGT 554 Wi1H]
XA B P AT RS B, T AR R — B 18] % P AT REH B A B 5L C A+ (ffE
Wit G TIERMIE E,; F~ RIRVEM R BENH T —LEhst
b 5 AT BEAFAE R IRVEAT A o Hh T <l iR A JE, NATTXS B ) 7 K ik
Ktk , TR NG VPR AT VAL, BEZR 9 DU BN AT AT VAl 42
BEE B S HUSE, X RIEE AR 7>, EBUTE , BRI IK A L,
i 3 2 A B R PR RS, SEBILVY B A5 Db 55 (4 e R o

2.2 B—5FRBIN R

2.2.1 iZ8[E13

45 [A] )5 (Logistic Regression, LR)/& 15 FHVE/r Hh i A E BB R, B
T RZ P EBAMR, 5HAMEETEAISEML, LR BAF H —SRp 55 38 SA M A
[ T H A2t [ A [, LR BEAY 2 — NIRRT 5]\ 43 ] £ ik HOR
LR AR AR B LR A AT LSRAS S BROAME 3 A0S 75 22 IE 25 0 A i A\ B3
PRI o SR 5 HR RS TS 15 5 (AT s RIE 3 SR T S8l PR 2 3 Bl > T o
WEN 0.5 B, WRMARKT 0.5, SRR =, & B8R N
“UFR 7

T4 S0, BATIE A e R VA 4t 5 0 AT S5 (R LS hR A y R Rt
K, BRBRSTeRE. AR A sigmoid pREL (L IYXTHT5)

1
f@)_1+e4 (2. 1)
ANIFIE, WA sigmoid PR #RE — AR A
1
PR H AR AT 232 48 (R 55— P W
p(y =1/ x) =wW'x+b (2.3)

1-p(y=1|x)
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AR L ME DA, AN SN TR A A, BIF R AR AR
TAREBRLAE . AT PG 2 IE SRR R R 5

W' x+b
My=1ho=1+ewﬂb (2.4)
Py =010 = 2.5

R E A AR R 5 T3, SeBUBONEDE, 5 S T A AR,
111y H AT DA R AR EAT B UL, AR BT AR R B AR 25 1 5 AR E, 4k
BARLR LR, HA EAFRIMRTE, R KRR KA.

2.2.2 FpEDIMHET
122 DU 7452 (Naive Bayesian,NB)YFN 2 U1 174525 385 SR AE 1) 5 104 5
Z ARSI, A EREA A B X, ZREA R TR — R IR Ny

p(y=c)p(x|y=c) (2.6)
p(X)

p(y=¢/|x)=
B E SN ' B, A

Myzqqﬁmm|y=q>
Z

ply=¢|x)= 2.7

WERRAEI R ESRIRBONGRAEAR, 25X B MEASE B R BE R BEAT 1T
B PLRAEREANINFAE TR B E R B, RARitEe8NEEAS R
TR IR AR, A F B R IBERAE AT ot i 25

ST FE R HAE, AR I IR R AN, A AE I ZRad R Hoxt
T T 5 EER B, T4 e I IINGRER , ) AFEAR 2R DUM-ri e (0 25 Pl 4l
ETSETH L IF DRAF SR, LUAEAE AR S0 I ] DABE I 30 - 1EAT I s 5 U1 25k
PEARMANEE, MR A g 22 20 5 3, FSEAN AT RT3, S5 2RI B A K
I B 24 A S SR AT MR A
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2.2. 3 Rk

RAEM (Decision Tree, DT) & Hlas 2 > FHH 0 SREBE . APIRISEAL. —Fb
FETPRIE, AR BIAR, FEIRATHIAT T A (2 70 S o 73 M — b J
TUNGREE AR R R, T T SE AORR RS o 70 WS 4 s AT A (]
LA, 8 R R R AR RT3 I
MR RITG, PRJE RIS PTG AR AR R s A I ZREE R 7 B A TR . R
S SRAL R PTAT Al BERRFIE 20 &, DL AR R Oy B bndk 2 S e iR AE o
HAR R AT AR, 5y TS0 B o ST LR FEW A 59247 : ID3 . C4.5 FT CART

ID3:ARGEAE B A 5 S =M, RIS B s R AT AR AR R 7, T
SRR S b B AR RS B 2, B RRME B 2 ORI VE W AOAR TS A, a8 )
(K5 AR 7, HrPig . 2. ERME mH R AR

H(D) = —Z p, log, p, (2.8)
H(D|A):ipiH(D|A:ai) (2.9)
gain(D,A)=H(D)-H(D|A) (2.10)

HeH(D)AEER: H(D|A) NEMER, ARMEEM, afF4E A ATE
fH: gain(D|A) Mfs B,

C4.5 {£ ID3 WAL EHEAT 1 oodt, B T8RP EEUs 200, T2
ELL R VEEAT R L, AIE 3 2 R A BT R AObRTE, @4 1 ID3 Sk
I BB 22 ) PE I, HLEAT 1 AR SLA GRS BT A AT, 478 i LR SRR I 20
FE5 o et .

CART #f: SCRROPZRIBIAMY, BEAESRE 73 A B Al LG [BVAR, AR 4 H ARtESS
KIE, 70 RN R A GINI A e 47 A0k, — BOR UL e R0, 154%
FIRF by, HBUECGRINS C4.5 thAFE, @A E I EBATEIR, LR
o
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2.2.4 XFEEH

Y FE M & HL(Support Vector Machine, SVM) A& —Ff 43 55 AP, H Hbr 2 T
FRBE A8 X i A B T4 43 S 00 T LART T B B DK P 4 ISP T, R s I At 432
T— MR, I B B T T s PR A (0 BE B RO AT ez . AR A w T +
b=0, ERBELRIUFRG MR EFHHIE, XN TIEFEAwW x +b =0, X THAEAR
wTx + b < 0, B SRV B W AR A IR d R T g

d=—— 2.11)
A FLARATT I, A AR C(% C I3 R, FEAT T L 45
% C RN ERAT A LA R ) «

2.3 SERREINTA

2.3.1 BEALFRH

BEBLAR PR FH 22 PR R SRR 2H R PRI B o 2] B0k o T 2 AR DR SRR BB 15 0L 2 1
R RS o fi] SR Ul it /2 1 Bootstrap BEAT 22 KRR, FIFH 22 BRUVER I 25,
XA o RERATIES, AR E RS RN A T 45 e th
HANGRRAEL T

R 2.1 FENLARM SRR AL

AL AR MRS

BIAEARED ={(x,, y,), (X,, ¥,)-(X,, ¥,)}» 5570 REERKELT
i 2588 £ (X)
(1) XFTt=1, 2------ T
XPNGREERAT ¢ IRBEALRFE, HRE m IR, HEEE n MERTIRFESE D,
FHRFELE D INZREE t MRS G (X)

(2) M FrREREII, W T A 5557 ) SR m A
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2. 3.2 Xgboost

X gboost! 2 3 T bf 5 S0 1 — R 2 e B , A FEE BP0 J2 L 7 1 B4
SO0 T AT 4SS ) {22 M I8 ) i 22 6 . XGBoost [/ AR T GBDT 46
7, R BT 1 40 ST 5], (HA 2 X 5, XGBoost HRINTE N i3k
PR S AR, PP 2R I 32 B MR 195 B 4

XGBoost 2 = 13 5 X FAR s SR AL BRGS0, FRR 0 45k 205
EMA R, S 1 AR, 50 1 MREARSS ¢ I 9,9, ALY i T
R g0 =S fx) =90+ f(x) HE—2F, T E R A F A R
Obj = S I(y,, 9+ S O(f,)» ZIRFM AR FARBEEOELUEIF, H bRt $UR I

ARXNWTF: ommNEIKMyfﬂy+gnag+%nn%mn+gﬁg+co

i XGBoost MR A eIt H An? B AURIE L f(x) , BARURAL I RESKE
b SR AF S JUNE AR, P OB I R S H R AT A . RIS Hte
WAL SR S0 (0 % FE SR P Tl RS 1) 52 23% 88 110 2 S8 1A 25 2 i B AR 11
71 R N ECS Y R AL R P . IR R, )
PR 36 5 HHY AR AT R I 0 5 5 T Y R A I 95 9% F B AR R S5 1 25
PR BRSSP B S ] Ul AP AN VK AN Y R DA G S

2.3.3 Bagging £EpRiERY

Bagging S REE AT T, A RS A e g, K
T EAR R T [ BB (bootstrap sampling)BEAT AT U EIHEE, 205 n YRBEHL
KAEERAE, AVERE 0 MERNRIESE, ZEREARERITHIN, 7FEM R 2
I, AR AFRATAT CAKT AT TS 2 1) n AR F S 5 3048 B4 i 46
B XTI BE, FRATTAT LR SRR BRI K 75 V2 KA g e 4 Tt 14 45
R

TEARSCH R bagging /7i5H 5% LRy NB. DT. SVM TLff B —fH AR,
Wi boostrap HATHIFE UL, Xof LLAE R 40 SRR & 5 FTde i
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2.3.4 Stacking EERIERY

Stacking X HRHEZ L, SLhr b —Rh o ERIAAE KA . LA E B HEAT A
ZE P Sy S s ATl ]| e SR S P ST E A S S A R S Py i
RIFIN 25 SR A O S £, VR AR R A\ B0 — R 34T I 2k 26 R
R G U & — AR B %, el Wz A — Rk BOZ s T 1 9 IR 4k
PR,

Stacking £ 1 ARSI, 7870 A FHAS RN S AN IR PR Bl 2 18] L AN 5
YE SR A LR B W, SRICKAME, DA ai R i USSR REMBIE £ 53 ) 2
PR, IR A] e (AR A R IR, SR o

2. 4 NEHIBHFENR

— R TR RO R AR SRR R 46 Bt AN R
FONMIFEALE, B P REASA T R H TR E B KRR S I
Kb o KRFEINERMZIAFEA N K, ERIIGEN—EHENZEFEAR, (£
BPEREIE R A B RS, IRE BT, 2R e RRE, AR
FEAVHRAT T, WERRKEZHCRIEAR, HaZRRKEAMMELE, a8t
ZACRET T ERFETHE RN BIAEA M R, X INZREE N I D BREAEA T 78,
A N B (D HCR A RE A SO B 2, SRR AT 225, %Ok
iy B REL 2Rt R A D BOREAS, BUARSIN T BN 2R it (H S SR gl B R i
AL DBRBEARBIHE S, BAHERSIEHR.

o AR ST o AR RBURRSE S SR AR AN R S B AS B TR o
HEAS RN A, M LEATL A 7 ST R BEAT 22 5 1) — B ik o A28 5 1) 2 SR S5
FIATFEAS B — PBCAT A AR S 1) (B T VP i R v, B A A6 7™ AN T4
RS AV DR T (SRS & AV VRN IIP 95 ' E A5 /S i i N o e W S < RS VR sy
BN AM R IE BRI, PRI AR P R AR e B B e ) 22 ST B
ML SR TN T8 P 1) 0 A D0 » (E VB A A2 1R 0 R BRAS AN 75 278 2
igets, M HAREARN S BRI E F 2R R (8] 2% >, [R]I Hicds A AERFE R
NAZITIER I L 7 R Bk AL
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= BalanceCascade /772 . BalanceCascade 513 T Adaboost 4325 #8ik4T

Wk, FAE—R0IZRrh 8 R A M R ZRER I 25, AR5 A8 P o 28 0

SR Z BTN, E I R o R (R i 2 /b e B SR

il FP (False Positive) %, ¥iFTH HIBER MR, SR T ik gkst
PR 2 B s
CSUR YR

(1D Wt BARRE: 1 BB T H B — IR 526

H s N H I RBECE, R GE— N2 EERMREA S Kb

LIE) f:T-é?WLO

maj

(2) MZHCEES PRGN THE, E=S .
(3) fFHTEEEMS,, » NI/ H,, HX)= sgn(Za,Jh,J(x) 6) .

o NII T REBUE, 6 NBIE

(4)  EFHERIRE, HERE
(5) S, HF Ml ER T BAG IR 20 SR A

(6) BEHELHE2-6, HFi=T

(1) #J5, %ﬁ*A%m%i%HU)wMZZﬁH”M 29)

i=1 j=1

2.5 XE/NG

A FET BT A ) R, S R4k A2 R R B A e FRAR SR 3R AT A 4R
FEHEHIE MR 52K, Bagging £ Stacking HE . T
T AL BR 715, N R A TR A EE e A
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3 BUETRALIE

3.1 HiERKIRE LT EEAR

ASCHERIE https:/tianchi.aliyun.com/. —3L4 538880 4£%¥E 45 ML &,
HA 70% IR, 30%AMEE. HA “isdefault” A Hbr AR, HABARHER
B, BELW, hCWBEDR:

® 3.1 REMR

Field Description
id BRI B3 O ME— {5 A IEAR IR
loanAmnt DI &0
term BEF IR
interestRate DRI
installment 73 AN e A
grade PEREN
subGrade TWHER L TR
employmentTitle L HRFR
employmentLength AR ()
homeOwnership R NAE BTN SR AL 5 2 T BUIR L
annuallncome FN
verificationStatus BuERAS
issueDate DY IR H A
purpose Fr NAE B R T I 1 B33k FH i 2001
postCode K NAE DR FRE A B AL S I RS R T 3 7 B0
regionCode Hi X 2 i
dti (el N4
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Field Description
delinquency 2years HA AT % 2 FERR R P 30 KU ERELFF4
ficoRangeLow AERNAESTHCAIIUN 4 fico FirJa& f) T BR v
ficoRangeHigh fER NAE STFHCAIUN 4 fico Fir e f) L BR 71 Bl
openAcc AR S PR SR R S5 15 A 1 o
pubRec WA AL R
pubRecBankruptcies ATHEFIF R R
revolBal (VL S Eeny
revolUtil ﬁ%ﬁﬁﬂ%$,ﬁ%ﬁk%&@ﬁﬁ?%ﬁﬂ%ﬁ%%ﬁ%%
el
totalAcc RN PR 5 4 A5 P BUEE 5 4
initialListStatus TORBIRIARFIFARES
applicationType RPN NHIFIE R 5L FE TS
earliesCreditLine RN B 4 5 (K435 P BUSE T 3L 1 A A7
title R NS REI BT AL B
policyCode NIT AT R SEms ACRS=1 357 A 2 JF AT A SR 40hg=2
n A5 A4 FFE AL n0-n14, —SEGTRR AT N THECRIE A b 2

H A E B FFAER : loanAmnt. term. interestRate . installment employmentTitle
homeOwnership. annuallncome. verificationStatus. isDefault. purpose. postCode-
regionCode. Dti. delinquency 2years. ficoRangeLow. ficoRangeHigh. openAcc.
pubRec. pubRecBankruptcies. revolBal. revolUtil. totalAcc. initialListStatus. ap-
plicationType. title. policyCode. nO. nl. n2. n3. n4. n5. n6. n7. n8. n9.
nl0. nll. nl2, nl3. nl4.

H.—{H: policyCode

FMNBIERFE : grade subGrade. employmentLength. issueDate- earliesCreditLine

BUERIHFAE: term. homeOwnership. verificationStatus. isDefuult

initialListStatus. applicationType. policyCode. nll. nl2
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3.2 FbEE

BB IA AT AL B AE TR B R, e U TR AR A E R AE
PR AT

0.08 A
0.06 A
0.04 A
0.02 A
0.00 T T T T T
V O 5 W= O NON~MOMMAN A O N S 0L A
= O - ©T W "5 - €A C C € €+ £ € € ©c «d C -‘c-'n —
= 8 s} S = c c c c s <
g B a S g
o 4 2 o
o [t b~
£ a ~ c
> c (4]
S 8 3
£ 2 3
[} o Q
a =
g_ (]

3.1 BRRAE BRI

KR IAE AT 7 LA F 402, employmentTitle. postCode. title #E A —/ Nk
JAH, MMHBRAEEE, dii (iU LD BR300 /N5 pubRecBankruptcies (‘A FFid
SIERRIIBCED) R 521 A revolUtil (TR RIFH ) Bk 658 4, X =A
JE AR B i S R AR i D, R ARBOHAT IS s employmentLength Gl
D WA AT ST IE TS n0 B nl4 BAFHESREMILEZ, HE S
AT RV, SRR 0 3Ah: X TS (AR, — BBt AT IR AL 2

HIRGATRAE 4, R BURFEAL B : K grade. subgrade S5 27 REFE i p%
#{8; employmentLength FEHEFHEME NEMERIHRFAE; issueDate (FEARLIEH &
FH) AT 00.00 #30FHH NEERK I earliesCreditLine #384F . R
¥evth, W (“Jan”, “017, “Feb”, “027).
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3.3 HHEEEE

REAEVE R RAE TAE A AT BRI — 28, TR T LBREIE T TUR R
fiE, SFHEMFHET S, W NIZRNTE, SRR, n—J0ih, EiH A
A FHHRRAE,  BES U BhEE AR A5 a0 7 A R A2

ARSI FH BENLARAAR AT RAESE £, RN BENL AR MRB R E L& B )5
SRR RS, AN REEMENE R, £ sklearn T RIYFENLARMAE YK
features_importances Z#, XNSHKIR A —A numpy EHXW R, B4 EK
TEE A N BEN AR B AE D S S5 N N T I ZRJ@ Ve ) B 2R, AR R E
VEFE SR b, BUE RO 10 J& 11 4100t T F 0 v pr P SE I =, i HLR B LAR
PRIEA T ARFALE 356 436 P 25 T Aty Ath 75495 S B g 7 B0 O AR A P )1 53 B v R

M BENUARMEBEAT R I 3, BRI TR ST &, BB R

R 3.1 BHLARMAF LIRS0 IR

HAA iR
(1) AEFIAHRL AR SN R SR — BRI AR MR R 22, 300N errord
(2)  SRJGHENLI SR AR HMEARARFAE, T T S — PR AR AN i iR 2%

1t~ error2

(3 fRVARMR SO N B, RFAE 24, = S(error2) — errorl/N, WAMA
BEALIES S, AEAMEU R IR EE R R (/D error2 BFH) MEHA
AMRFAERT T REAS Y 73 28485 REZMAR K, /2 Ui e i B A 2 R A

(4 HEEAHEREEE, T

(5)  ARHRRHE A o AR — s LU RRAE, 493 — MBI RHIE 4R

FRACGEFERT, AN THFIW S BARJCRIBRFAE id #EATMIER, BLA postCode.
regionCode FFAEXS FUM o S bn 225 T SCGHEATIMER 2 Jm X AR R ARt AT i idk, 2E
ATARAEI AT, KA KT 0.8 HIRFAEREAT AH IS ME AL BE .
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R 3.2 FASRVERF AL

feature x feature y Corr
loanAmnt installment 0.9534
interestRate grade 0. 9533
ficoRangeLow ficoRangeHigh 1
openAcc n7 0.8178
openAcc nl0 0. 9839
nl n2 0. 8083
nl n3 0. 8083
nl n4 0. 8268
nl n9 0.8012
n2 n3 1
n2 n9 0. 9816
n3 n9 0.9816
nb n8 0. 8378
n7 nl0 0. 8271

MEHTITLLEH, loanAmnt (5¥K&A0), installment (H AT EHD P
RFEIRAH DG RECH 0. 95; intersetRate (FIZ) 5 grade (540D H/MERAERIFH G
FH0H 0.95; ficoRangeLow (P& RN FRYEHD, ficoRangeHigh (FTJ&E 1) RIS
D PEAMERAE A 2 R EON 15 openAce CRES (S FAIE FIFUE) 5 n7. nl0 HHE
(IR % 2B A& 0.82. 0.98; nl 5 n2. n3. nd. n9 Z[aAHK RE 52
0.81. 0.81. 0.83. 0.80; n2 5 n3. n9 Z A HIHIERE /2 1. 0.98; n3 5
n9 HIAHK REON 0. 98:n5 55 n8 (UAHK R4 0. 84:n7 55 n10 HIAHK R 0. 83.
Xof A SRR T 79 2 B AH D1 KT 0. 8 (AR H FLARR1E 5 B0 KD, JE B (Y
KT, BRI, %M installment. grade. ficoRangeHigh. n7. n2
n3. n4. n8. nl0,
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A RPERFAE AL B S, AR AR SRR AT AN

0.8
loanAmnt -
term
interestRate
-0.6

subGrade
employmentTitle
homeOwnership
annualincome
verificationStatus
isdefault

purpose
postCode

dti
delinquency_2years
ficoRangeLow
openAcc

pubRec
pubRecBankruptcies
revolBal

revolUtil

totalAcc
initialListStatus
applicationType
title

no

nl

ns

né

n9

nll

nl2

nl3

nld

issueDateDT

earliesCreditLin

o v U 0 oo oW Y E W oL g @ U Y W E E Y oM oE 0 C Hd BB H N M - £
EguquEJ3mu%$§meg‘—"):g_ZCCCECHﬁ-—{:E:
EZSBEsER2g8 53358322553 @222
< 262§ 289 £E8 > 8§85 83¢8E gt T 2
a ¢ 8 ¢ £ £ c P 328 £ 2 & 5P p 8 g g 3 @
e 5 3 E 2T 82 * g > § © E R = 9 5
- L " 56 3% v = c 4 3 S 0
c o ¥ E B =] o R a0
- 2 £ & = ER] o = R~
5 ®8 E ES o T o @
51: @ g L] £ o @
s =
o
[T}
3
o a

K 3. 2 RAIEAR SR PEFA AT

HI&] 3. 2 WAL, BE R AR SRR, PR IR AP s, (EHEAT
FRHEREA B 2 J5, IEAIORIELE 0.7 Zida, SOMHSGHELE 0.4 7245, RRAEZIE] 1
IEGAHRAERT 0.8, TomiM RIS IE. 5 THEAE IR 2, JF %k
Feflfy, IEFRRFEEEMEE R T 0. 1 MR NRHIEEAT IS5, RHURFAEDN R -
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0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
% ||||||
0
= L QO £ o v v L L 5 Vv OV un _ = (L] n O
EESSeg2E2g8885282838822e2t
Ewgm.“:mﬁ ‘aooo 8S<CCUCOD<‘&':CC
12688583222 3385828 % 5
© | o
o 9v8g3gmES=532839 € 2223 2090%b
- L n C;m.g o oo > @© ~ - o5
£ Eeo 2% o s % < =
£ ngg.‘;’ = 08 g et
5 3 € & & = o b=
= 0 = (en (7] =
€ o c 9] < o
v £ > = o
[ g >
© =%

Kl 3.3 RHEEEMEH T A

3.4 FE/NG

A BT IO B R A BN R, KBENLAR MR e . B Se Xt 4
PEARPEAT . BRI AL BT RIE, D HTRHESRM, 2 5% Bl
FERBRRAL S R AEHATACEE, JFEXPRFIEREAT Fede . RRIEIFE, B e N Lik$s,
T B T 58 B 225 T SCHIHRFAE SR J5 A FH REALAR MO J R AL EAT e, JFREAT AR
RAUEZIHT, SRR T 0. 8 BRFIEREAT I, THER MR E N, JF b
FeAbRy, GEFRRFEE EMEE R T 0. 1 B NRFIEREAT YIS, Sk 27 AL
TENNRAL B
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4 (SRS EEMR SR 4

4.1 B—1REIE

X F B — AR R A SR I T 3B 4R [H1UH (LR AR DU (NBD BRSEH (DT).
SCHEEEAHL (SVM) DURRFEAS I VE S5 23 S T e B O . 32 4 [m] I 5 i fof
H sigmoid BRI, K UGS [0, 112 (M IRAFMEAAE, W0, AT AR ] A
Dy, AR AR SR N A AR P OR B, AR B Rl R 4 AR B s A
B DL SRV AE JB AR DGV /N I AR R e ELI T B ) T S RS
SORR R T 2O AR B HEAT T, ARGERDR 20 SRR RN — 2 Rk B SE 3R, S FHAE
15 PRI LR o 25 2 BRI s S m) AL o P2 B B SRR, AT
BEVERR, fRiAL TEHE 23, EAE PR R B G

K BENLARARIRAL H I RIEVE M NS B, A FH RIS L AR DL, TRk
W ZRFRIENUS RTINS, B DAEFR (Accurary). FE#fIR (Precision)
HH# (Recall %) Fl-score. AUC SE4RFRAK VPR RE . 1A S A2 b Kk
I class_weight (HThroR 70 A rh KRR B E ) X —S 8RB, X5
— AT [ TR 285 SRAT BRI, 24 class_weight={0:0. 2, 1:0. 8} IF}, Hat2
VURBERBAREARZT] (0 KIBE N 20%, THELIREALR] | FIAE AN 80%HT,
B AR ) IO £ SR T A3 B e o T DU HRE A I I R AN ST o A
(R PERE R .

4.2 Bagging ERIREGE

FEA S F1K H bagging J5i2:H 43 5% LRy NB. DT. SVM PO A s — AU 34748
i, i8It boostrap AVEHEATHIFEIIZR, EIRFEANSHE m (m=1000) AMFEA, i
B n vk, B3] n NEHESE, HEF] n (n=100) MERFNLE 8, FHABE R

o H e 25 4
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Trainging
Data
Boostrap
Y A\ 4
training training training
subset 1 subset 2 | " subset n

Clasifier 1 Clasifier 2 ) «eeee- @

K] 4. 1 Bagging 5 Al 2 &

4.3 RREMREE

1T AN [F) 73 A 3 SRBCRAT P AN [, DRt BEAN [R] 5 RSO AL 2 A5 FH 120 Y
5, AL IRIEFERIZ AT (LR). AMER T4y (NBD. R (DT,
SCRFFEHL (SVMD) PURh 7 SR 0 70 284, 3T bootstrap BEATHHIFE,
Hoe 145, WA HHHATIIS, 25 HENIER AUC e J64%, A
JE R TAT 2 03 FAR R B
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Original data

A 4

Training data Testing data
| Boostrap
| |
v v v v
Trainging Validation Trainging Validation
subset 1 subset 1 subset n subset n
LR NB DT SWM LR NB DT SWM
\ 4 \ 4
Max Auc classifier Max Auc classifier
\ 4 y
Classifier 1--+ classifier i -+ classifier n <

L /
Result

K 4.2 iR

R A1 FPUERBER RS

HANZRd F2 T

(D MINZERES ={(x, y;), i =12..n}, o, BEHLPELE n DEEAME NIIZE, 10
RSt ={0¢,y7),i=12,..n}, FIAMFEAMENIAESE, ICNSY ={(, y"),i=12..n"},
Horry NFGIbRE

(2) FIH S* 4 MUIZR LRy NB. DT+ SVM PU/MEAY, 8K Ji5 43 ) A3 Y 4 A 52 24 330
6 3 $ 4 5 S 1 A

T, =train(LR,x%,y*),yp", =validation(T , ,x")
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T, =train(NB,x*,y*),yp%s =validation(T,g,x")
Ty =train(DT,x* y*),ypp, =validation(Ty, ,x")
Toy =train(SVM,x* y*),yp2,, =Validation(Ty,,, x")
(3) HCBBAE SR M BT 5 FUOhRAE, HHEABIRAE S SRS b1 AUC {1
AUC,, =AUC(YP .y") AUC,;=AUC(Ypys.y")

AUC_.=AUC(Yp,:.Y°) AUC,,,, =AUC(Ypsy.Y")
(4) 3% AUC {H I K IR AL AT SR 0, R R 4T I

4.4 BT BalanceCascade 75315 AR SE IR B H5E

4.4.1 Zi#H BalanceCascade 75348

BalanceCascade 5 FELAR S 7645 —HE I 50, 072K U RE A S 0 06 O MO,
ST, SRR I020 58, XAtk 2 BOKHT BN, 49 3
B A ] FP 2, KA MU K N IR A RS b, 4520 2K R A )
B J5RE AR 2 I b, AR N T Bk ARk S R B Bk R ot
BalanceCascade 77 130 it i U IF 2K B A% 15 47 RE A Fg p0F 4 5500 511 4 Adia-
boost 43282, 40 KRB TN, HIRER IEREA B o
2R TE A AR PR ], W — TS, i R R R il
EREAR, JRIEGUREA ], e IR MR . Bt T
(1) HINEIREE D, HARSEH @S REL P, FELIREA N
(2)  WIEZREATBENLEI, BRIREAR, SRI5 557K AL — AN
¥ F4ES, = U N
(3) RIGFIFBIYR T4, 1%/ Adaboost S2KHC,, C, &1k
AL BG4 S Ity VT BRI 2K B P R B
*%ﬁﬁﬁ(ﬁdg,Tﬁmm¥%%ﬁﬁ)

(4 BE—Etpl HET P AEAMEAR (BERLEEIY 0. 1D
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(5) HINF P/N BEBHIRENATHLE CRPEREEN 1. 2. 3,
40 B), ERAHIE T, #EIEES 2 B HEIER

i NFEAEED, 5
AL FEAPA
HBLIFEARN

\4

MPHBENLE U AEAP;, ff

Pi=N, SNKIEGH FIFEAR T8
S;=P; UN (iiEU/RED

v

F FlAdabooos t YIIZ4S;

v

T lR)E T HIP AN 20k
AR

AP=P-R
v
HIBP/N, & Al

— AR R
(1, 2, 3, 4, 5)

2

i HH DR A7 il T 4RSs

K] 4.3 itk BalanceCascade J7i: A B FR

4. 4.2 ETi# BalanceCascade /535G IEN SR REE

AR B S AT (8 FH 5t 1) BalanceCascade 77 VA EAT AN b 22, b $idfs
IEFFEAR LR 8: 1, MIEGREABEHLIERE AP, SR 5 A SR
MR, 5 GREA AL BR84S, A Adaboost ZEAT YISk, 73 IR FN T,
MR REE R B — € LU ) 0 SRIER I IEREA RBERLEBIDY 0. 1), FIWHEER
FEAZ G MIESOREA LU B & R EGE BB AT LR (1, 2, 3, 4, 5), K,
W AR ELHEATIRA, A8, WIORAF B 74347 N —Br Bl g, izBrBebh RE
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55 XGBoost NFEIPRA:, B HKAE T &8 ISR 7 Bl b, DU a7 gk, —
PratATmidl, 2 J5¥% RF 5 XGBoost H I 45 5 predictl  predict2 & FF AHT AL
PN NF RSN T — BT SR, ZEBMA G KR, EiEaSE
BSR4 B la, M RUR 2, WYX — B 0, 1% E A
e AR R ORI e . 2 E kAT DI 2, RS 8)E, AR
BEAT IR

Train test
Improved Improved
BalanceCascade BalanceCascade
v v
predictl
I ] s
[ ] wirs
RF -

XGbhoost -

RE predictl
new
XGboost oredict2 features
A
LR
v
Result

Kl 4. 4 FFHult BalanceCascade J7 124 F V7358 piiise 284 1]
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4.5 RETEIERR

4.5.1 JREEM

PR bR R I IR IR S I E S %, AR FRIE RN A G, A rlfe
SAFHENRI S, D SR B AR EOE | B O B (VRN PR AR EAT 204

TRVEFERE R 4y SV s - ROVPAS Fa s, £E 028, AT DO RE AR
Sl REANREAL R TR0 45 R (R 45 7T 23 DU : Rl 3 B IEH (true positive, TP).
MW (true negative, TN). B 1EH (false positive, FP). {52/ (false negative,
FN),

RA1 RIBEFELE

T 2 5
HAE L
11 J
1EA5] TP (BIEHD FN (fB s 81
S FP (iR IEA) TN (B & f51))

Horp, MERAR LRI RIETREA (HIEGI S B 5 arEARE L
B, REXSPIAREARI ST . REUETHE I I S AR (R TN RE VTR AR B RE
SRR RGO, B R RRYE: £ IR TR A S B 2 2 BRI
ZHRHIBEAEE 2 BONHERR R I EZE R 3R Rz, R A E LR
A LR SRR T, SERGELFEA N 0 RUE L, HEMRITEtL R BES % Hil
CMNWAE

Accurary = TP+TN (4.1)
TP+FP+TN +FN

AR PR OB HER, SRR 45 R 1= 0 — PP SR bs, XTIV RIE
BIRIREARI Gt &, EAE DTN, SR AR T 45 RO A LI IR AS T 1
IERAEA AR S HatE AT ON:
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TP
TP+FP

1 SR AL SERR I IEFEA IR A B, AR IR 3 S IERE A
KPR IEREAR RS, H A N:

TP
TP+FN

F1_Score s&AFHEAR A A R FIRAMT-2IME, HitEAAN:

Precision = (4. 2)

Recall =

(4.3)

Precision*Recall
F,-Score = 2 ——— (4.4)
Precision+ Recall

4.5.2 ROC ph%%k

FEGPRAES MR AR e H— MR RO AT REA R T 1R R,
AR — N BE, KT AXBER YIRS, AN T2 BE R A T an R
B, RNERMFEAKMSIL, S5EEX IEEARRRAZ, (AR 7 28R
RETRBERE T EGHRR BRI XA, 5N ROC #IZkiFN
— AN RBEEIR, T O TARRHERTZR 7.

ROC i £ (RS AL AR NI BHPE 3R (False Positive Rate, FPR), FsHI&FAkEA

FR TR A8 R L BT SRR EL ] . kSR A O
or__ FP
FP+TN

AP N EPHE®R (True Positive Rate, TPR), FR7n A& IEERAS 1R Pl 14

BT EREA R . S AR
TP
"~ TP+FN

(4.5)

TPR (4. 6)

4.5.3 AUC-ROC HIZ T RYEF

AUC 2y ROC M1 NI AR, XA TR RN — 4T 0 3 1 2
), FEAORPEAEAMERERI AR, AUC MEAROR, BRIV REBR AT o

AUC=1: 5EFEM e, RAZER, NEREH4 BEER A H 56 38 7
(AR ZHINHEAAAAED; 0. 5<AUCKT: AT RENUREN, 73 R4 4 B0 BIE
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16, B E; AUC=0.5: IRBENLGI-—FE, BB i E; AUCKO. 5:
FLREAUE ML 2, (H2aniR & T, et T BEALAE Il

4.6 SLIRGR D

4. 6.1 SCIGIFIR

VN e S
K42 IR E
S G B 1B ZH
CPU Intel(R) Core(TM) i9-10900X CPU @ 3.70GHz 3.70 GHz
W 32.0GB
HIERGR Windows 10 64 fif
EE Python3.8
THRF L Anaconda
FRIAE Spyder. Jupyter Noteboook

4.6.1 B—RBISLIHLHR

T e X8 AR A1 U (LR A ER DU (NBD « SRS (DT SRR AT AL (SVMD
DU B — AR AT SRS, FEAZSRER T, SCERAE A 2R B RIS TR AR,
i 70% NUITZREE, 30% MR EE . Jorh “isdefault” N HARAS &, At AR &
SIS S5 RN

R 4.3 PRI LR

To 25 R
=R )
AEZ (0 HZ (D
AiEZ 86214 43046
L4 11979 20425
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R A4 RFEPHREFER

TR &5 5
=R )
AiEZ) (0) E4 (1)
NiEZ (0) 95822 33438
E2 (D 19635 12769
R 4.5 AR I BREHFER
FH 25 SR
IR )
ALy (0 #HZ) (D
ALy (0 121046 8214
EZ) (1D 26078 6326
4. 6 SZFrR ENVRIEHER
SUMIESE S
=R M)
ALy (0 #HZ) (D
AEZ (0 94982 34278
EZ) (D 14752 17652

M 4.3 BEEIREHEME R A B, 129260 NMAELH P HdES, Ef
RIE 86214 ANH T, HHRDZREIA 43046 NH P AE 32404 NMELH R,
A 20425 AN REIER, 11979 AP0 2885%, BEEOS AREAR IR 2R
63%. K 4.4 RIEMERL, ANBLH P EEET, BRI 95822 M,
R RHIH 33438 NHI B B, IEWr R 12769 MR, BRI
KA 19635 ANH P, BRI AREA KRB 39%. K 4.5 FhE UL s al,
RBLH P, B EH0E 121046 AN, SRR K0E 8214 NI

B, BRI 6326 MR, B EINA 26078 ANF Y, AL
BRI 20%. £ 4. 6 SCREFENT, NELHPEIET, B0
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A 94982 NI, EAR B 34278 N B P BdE, BN E
17652 N, BRI 14752, FAITEL P RS2 54%.,

True Positive Rate

True Positive Rate

Receiver operating characteristic

1.0 - —
08 1 ”r"f
0.6-
0.41
0.2 1 L
’,z" —— Logistic Regression (area = 0.65)
0.0 : : : :
0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate
4.5 #H[FIH ROC K
Receiver operating characteristic
1.0
0.8 1
0.6
0.4
0.2
— DT(area = 0.57)
0.0 . ; : :
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

4.6 RFH ROC HZ K
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Receiver operating characteristic

1.0 1 _
Y 0.81
[0 -
o ,""
2 061 el
E ,’,.‘
o 0.4 L
w ’,J
= o
o021/
o — NB (area = 0.57)
0.0 - T T T
0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate
Kl 4.7 FhaR Ui ROC 25 ]
Receiver operating characteristic
1.0 7
O 0.8 R
= -,
] -
o e
g 0.6 . -7
= i
w - L4
S 041 U
o R
> -
= 0.2 - <
Rl —— SVM (area = 0.64)
0.04= T T T T
0.0 0.2 0.4 . 0.6 0.8 1.0
False Positive Rate
Kl 4.8 SCHFAIEANL ROC £k ]
T4 T BRERISLIGSE R R
Model Accurary Precision Recall F1-score AUC
LR 0. 66 0. 88 0.67 0.76 0. 65
DT 0. 67 0. 83 0.74 0. 78 0. 57
NB 0.78 0.82 0.94 0. 88 0.57
SVM 0.70 0. 87 0.74 0. 80 0. 64
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ML 4. TR LA, DU — R b, g DI AR A e d g 78%,
YO SRR LRI R Y T0%, RSRAHERGZN 67%, B4 AR 66%.
FEARRIBLI T, R A5 SR LR 2w, 20700 8 88% 55 87%,
VRS SN R DI RS B R O 83% 5 82%; 7E A IR Fgkr T, M ANEK UL
B 94%, R SCRF IR B L5 TR SRR A (Rl 232 0y 74%, 124 [R]IH A 5130 67%;
TE FL{EAF, AP DUy 88%, FLURSCHFEAL N 80%, 45 [m1 )45 e sk
FZEN 2%, T MNBLR R M A BEORUE, i ROC HIZR NI A& H, I EIAM
AUC 55 =5 0. 65, V2 S FER B AL AUC [ER 0. 64, YRR 5 AMZ DL AUC
EAHIE 0. 57, FHECEZ T DU B — A5 o i 4 [m] 9 AR B A E

4.6.2 ERIEBISLINER

Xt DU B — SR EAT Bagging 2, X EU R BTER BUR R AR T AE ISR ;s 2
Ja AU RNy 2Ras, LR R R Y, T boostrap BEATHIFE, i
B 745, BB EHAT UG, BIERGEFE AUC @ 202848, SRR
I RATEER, AT KRR UTT

#* 4.8 ZHE A Bagging & A RIE HFER

o 2 R
=M M)
AEEZ) (0) HB4 (D)
AiEZ (0) 112880 16380
H2 (D 21301 11103
# 4.9 IR Bagging £ UREHFER
To 2 R
=R )
AFEZ (0 HZ (D
AL (0 115205 14055
$2 (D 22667 9737
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% 4. 10 M U1 Bagging 5 BIRIE JE %

‘ TR &5 SR
=R )
AiEZ) (0) E4 (1)
AEZ (0 110041 19219
H2 (D 20904 11500
# 4. 11 SZFEH =N Bagging £ R IE M FE 3R
TH &5 5
FSLTEN
AiEZ) (0) E4 (1D
AEZ) (0 97968 31292
HE4 (D 14372 18032
R 412 AR RIE R
‘ T &4
IR )
AEZ (0 #HZ) (D
Az (0 113385 15875
EZ) (D 21807 10597

FESE AL g T, 1 S 2 DUl i —BE EAT Bagging 80, K 4.8 T
ATLAEH, LR Bagging HEFUNTEAE L H P&, 1IE#2KE0H 112880 4
FP, B 2500 16380 N, TEEL 8 b, IE# 2 2R00F 11103
F BRI 21301 MNP, BRI 20 P BRI 2 34%. MK 4.9,
DT_Bagging VIEH FEH AT LA tH, TEARBELH P HdlE b, B 2007E 115205
NP, HRESRINAE 14055 S, TEELH P EUES, B RINE 9737
AP, ARSI 22667 AN, ZAHRAH PRI 30%. MFE 4.10
1, NB_Bagging IRVEHFFAT LAIE H, AELH P EdE+, EFS KA 110041
AR, BRI 19219 AN, fEELA M  Bdladh, B0 2804 11500
AP R A 20904 AN P, ZAERLRE L H IR GIE Dy 36%. MK 4. 11

45



)2y N 2T = 2 AT FEF 243k BalanceCascade 757k HIME FIVE 7 5 AR B 70

1, SVM_Bagging JR¥E HFER 7T LAE HY, AL 808l b, IERA 23 510 97968
AP, #ER A 31292 S H P, EELH P B R, BRI 28 0F 18032,
RSP 14372 NP, A2 P IR ARy 56%. TESR 4. 12 H,
SR ANRVE R, ALY RS, IR RN 113385 AN,
R RIIH 16875 NHI, (EEA M B, 1E# KK 10597, HiRrE
A 21807 M, SRR AR SR 29 F P IR R R 33%.

Receiver operating characteristic

1.0 1
U 0.8+
[1+]
o
2 06-
k=
%]
€ 041
4]
=
~ 2]
L —— LR_bagging(area = 0.61)
0.0 + - - - -
0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate
4.9 @45 [A)T Bagging £ % ROC Hi£k &
Receiver operating characteristic

1.0
8 0.8
(15}
o
2 0.6
]
W
£ 041
w
=
=02

L —— DT _bagging(area = 0.60)
0.0 # . . ; :
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate
4.10 PRZEH Bagging 2% ROC HiZk
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Receiver operating characteristic

1.0 - —
L 0.8 g
[ -
ﬂ: "f
< 05
= o
£ 0.4 L
w ”J
= o
" 0.2 L
7 —— NB_bagging (area = 0.60)
0.0 ¥ . . ; .
0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate
Bl 4. 11 Abz DU Bagging 42/ ROC 12k &
Receiver operating characteristic
1.0
@ 0.8
)
[}
o
.g 0.6
—
‘@
& 04
@
S
= 0.2
L7 —— SVM Bagging(area = 0.66)
0.0 L~ t T T T
0.0 0.2 0.4 .. 06 0.8 1.0
False Positive Rate
4.12 FrHEAHL Bagging £ ROC 4k &l
10 Heterogeneou ROC Curve
08 - 7
f"’
] -
m #
T 0§ -
04 ’
= .’
!
024 /
/!
I == Heterogeneou_ROC {area = 0.71)
I}_l:] T T T T
0.0 0.2 0.4 0.6 0.8 10

False Positive Rate

Kl 4. 13 FERER ROC 2R K
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R 413 AT S 2 BT Th R

Model Accurary Precision Recall F1-score AUC
LR_Bagging 0.76 0.84 0.87 0. 86 0. 61

DT Bagging 0. 77 0. 84 0. 89 0. 86 0. 60
NB_Bagging 0.75 0.84 0.85 0. 85 0. 60
SVM_Bagging 0.72 0. 87 0.76 0. 81 0. 66
heterogeneou ensemble 0. 767 0. 84 0. 88 0. 86 0.71

M 4,13 FafLUEH, EXHBEEE, RN AR DU SZHRE AL
PUFh B — AR k4T Bagging SERUE, MIERIZE (Accurary) oK%, DT Bagging
TR AETR R B =N T7%, Foik 2 LR Bagging #ERfZ N 76%, 2 J5 /& NB_Bagging
HEWR N 75%, SVM_Bagging #EHIF N 72%. EANBLIH KT, MIEHR

(Precision) f8§45K7%&, SVM_Bagging FE#i*R 87%, DT Bagging f5Hi% 84%,
DT Bagging 55 NB_Bagging FE#fiZ# N 84%. M EIZ (Recal) faIrKE,
DT Bagging 4 [F# )y 88%, LR Bagging #3[A1% Ny 87%, NB_Bagging 7 A% A
85%, SVM_Bagging A [l Z 5N 76%. M\ F1 {E K7, LR_Bagging 5 DT Bagging
) F1 {8 AHE A 86%, LR _Bagging 55 SVM_Bagging MMk, MBEAIEE 2K E,
¥ ROC M4 THAAEH, SVM Bagging ) AUC {lifkE N 0.66, H I
LR Bagging, AUC{E 4 0. 61, DT Bagging 5 NB_Bagging ) AUC {5 /&4 0. 60.

M5 AR R R SR i, FLHERR R 76, 7%, EANB LI 2850 R S0 84%,
HInl# )y 88%, F1{H A 86%, AL EMETEfLiTEFr AUC 18 0. 71, AH LB A Y
i Bagging SRS, DARZHREIA . FhE DU, Pesems . SCRR s LI M —
SRV R G S 3 1) e T B PR AR 3 S R AT

4. 6.3 T s BalanceCascade J53EHI{E A ES SRR BISCIREE R
ot 1Y) BalanceCascade 7 v2:38 i 3 B IE SR A 5 47 JEAE A Bl -~P 17 20 3E 4R

UIIZk Adaboost 733e4%, K RERRRIEHIE —ELE N, #hIRBER IEIFEAN
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HERA T SRS IE OREAR AP LU, W E — TS, s AW R —
5T LU IERE AR, (E A3 1E FUREA LU i e 2 80, AN [ I SRR AR LU A3 T 1
HR R 7y ZHAEEAT S50 . B IR RF 5 XGBoost 1E A — 2340 K538,
¥ RF 5 XGBoost 1% th 45 RAEABRHE, SN T — B4,
TN BRI R I, HIEAFEARLLHE N 2 BF, BERITRINGE R, Seiess

W

A 3% 4[] ) 2

£ 4. 14 FET 8k BalanceCascade J712:HME FH 4345 AR B VR v R K

SMIEEES
Rkt A () B (1)
A2y (0) 108593 20667
B4 (D 11665 20739

MFE 4.14 R DLEE, ANBEZLH PSS, EfSRME 108593 NH
o ABRN RN 20667 N, AR EEET, ERSRIA 20739 AN
KA 11665 DN, AZAEBHE L FH IR A RN 64%.

P, HER

True Positive Rate

e
oo

o
=)

e
i
|

e

e
=)

Receiver operating characteristic

IBca(area = 0.74)

0.4 . 0.6
False Positive Rate

T
0.8

K 4. 14 FF 23 BalanceCascade 771 HIEE KRR AL ROC k1A
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# 4.15 FT U BalanceCascade J7iA RIS FIVE /- S S 06 25 5
Model Accurary Precision Recall F1-score AUC
Improved Bal- 0. 80 0. 90 0. 84 0. 87 0.74

anceCascade

M 4. 15 B8] LUE H ok BalanceCascade FAE FH 0 22 AR Y 7 SR EAf %

80%, fEANE

APEEVRES

EVERRI RS, AR AUC {HiA5 0. 74,

4.6.4 SAKELE:

*4.16 LSARTERR LLEE

P REHAEA 90%, AR N 84%, F1{H N 88%. MAHETF:

Model Accurary Precision Recall F1-score AUC
LR 0. 66 0. 88 0.67 0.76 0. 65
DT 0. 67 0. 83 0.74 0. 78 0.57
NB 0.78 0.82 0.94 0. 88 0.57
SVM 0.70 0. 87 0.74 0. 80 0.64
LR_Bagging 0. 76 0. 84 0. 87 0. 86 0.61
DT_Bagging 0.77 0. 84 0.89 0. 86 0. 60
NB_Bagging 0.75 0. 84 0.85 0. 85 0. 60
SVM_Bag-
_ 0.72 0. 87 0.76 0. 81 0. 66
ging
heteroge-
neou_ensem- 0.77 0. 84 0. 88 0. 86 0.71
ble
Improved Bal-
0. 80 0.90 0. 84 0. 87 0.74
anceCascade
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11
0.9
I
=
0.7
0.5
Accurary Precision Recall F1-score AUC
— | R c— DT
NB — S\/M
e | R_Bagging DT_Bagging
e NB_Bagging e S\/M_Bagging
e heterogeneou_ensemble Improved BalanceCascade

K 4. 15 Eikdabrirse

M 4. 16 FEJLEH, LR, DT. NB. SVM JUfhea—#i%l, LR Bagging.
DT Bagging. NB Bagging. SVM Bagging /% heterogeneou_ensemble. Improved
BalanceCascade, 3t 10 P58, MiFfli FE AR 1R 28 (Accurary) A %8 ( Precision)
HEZ (recal). Fl-score. AUC %5 fiiMfabs DA, PURPS—HERY Bl 20 R fdf
B HERUR, E TN AER R SRR e MR I AN EAR, oAb R DL A
RN T8%, {H AUC {HEHAR N 0. 57; MiXtT Bagging £ miiHA, JUFh Bagging
R S 2k A AN FIFE s, Fob LR _Bagging. DT_Bagging HIHERf %
TN, $ETF 10%, BRI AR e 1 AUC (HIE8 B4R T, 1 B Fase 14
KA, [FIFERIEOER /N, W SVM_Bagging MR IET T 2%, AUC {H#ET
T 2%:; KT HIERERE AUC KIRBER, 7 it — o 7 4R R R i
ZHEE, VS TRR A G TR E, o AUC EARECT DY IR] 5 A Ak
FRITEAR; 1f 03t BalanceCascade J7VE AR UBEAY, 38 ik o) 54 35 AT AN P-4l Ak

, DL RF 5 XGBoost NE:5r 585, Z J544 P8 1% HAE R i RRAE 18 0 12 4 ]
IHREATIIZR, 2= T2 BalanceCascade 771 £ BB ZE 43 [R] SR A bR T HoAth—
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SeRERY, o fh AR T AR, i L LR A K R R A v AR,
HAEW RN 80%, FEHIZ N 90%, Fl-score {H N 87%, AUC A 0.74, %L,
HAR R — R 35 T M e, (H 2R EREFFANELAE, bagging SR HUEH FTHETH
RS R AL AR R L a4 11 A 4. 15 SRIRFRIFRIE, o LTS IE H 4%
BRI AR /0 A, £ T 0 BalanceCascade 7745 FH PR3 45 BAS T0Y 544 3 A
T AR, TAEAS VP AL B #E v, 23 Uk 2 5 MR AR 8 o 7E S B
MAEEFEAFEENS SR L. &b, oA SR BT S0
BalanceCascade 7572 14 BB AU AE S B B AT FE v A S E 1 XL

4.7 XEIE

A E N BRI VE B AR, T S ge 45 R3EAT 70 i o AR SCHE AN LR
NB. DT. SVM PUFfZe i () 73 AR A, 37— PP AR, o DU e o — 55035 73 )
4T Bagging £E5. JF DL DU F 81— A g3k 7p 2845, dHId boostrap BEATHIFE,
R T4, BRI RIREAT ISR, HIENIER AUC fm 22648, A
JE R AT 2 03 S48 R AR S — Pl ) 57 S B AR T, o AN [ SRR A R g ik e kAT
AT SRJE BT XHE VR AT 1R LRI, DI iR 73 A, $R Y
YERE, AFAE BalanceCascade J7 ik MIEEAl b BEAT Blidk, Mgy EHEMUEA, St
T2t BalanceCascade J5i% M5 VP SRR, JFU8AE 1AL 194 2%
M.
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5 BSGE5ERE

5.1 B4

It 5 R 9 S Rl R ROEUR R, AN NS SR S8 TG 5K, Bl 2 e oA F XU
G| T A & B2 R . ASCEE W AN E IR B, BIR T AE 5
N5 HEATAN NS FH VPR A 5T

FEARICH, R —F T, FEER 1A R R AR S R
P AME FE IR XS FHVE A BEALEEAT A48, F BEAHE B — S VR . B2 s
PP REAL AP A3 7 2 ) S RS B 7 o B R R OO VR AR A DG E IR
BAT T, FEAFREHVES AR, BB EE R (LR, AR I
Hr (NB). M (DT ZHFAENL (SVM), A (Bagging £ /%5 Stacking
BEHO AP TT 55

WEEH, FEREIETUCE, BARRIEN A, A R IE AR B AT
TR, SHRHERA, 2 JE R PR . W AT A B, IERTRE
BEAT I . RPAEEFEES 73, A SOR H BENLARARBEAT R (1 B SV B B, e o
PR HOARFE . BB NI FE, MIBRTCSLPRS 2 2 SURRHIE, S8 )5 H BEALAR AR
XoF ol AR RFAEREAT TRIGE , JEAT AH OGP 7007, XS PR AR OGHE R T 0. 8 HARFAEREAT 1B 4%
THEAE MR 2, JRZBE PR, PR R B ZEVE(E R T 0. 01 HIE Ny
MEREAT NG, Bk $ 27 MR AEAE M ANFEAR &

FPEA T, FEREHE B E, AGER LR, NB. DT. SVM
PUFP 20 B 53 A5, BT — VP AP, X DU P — 53553 5l AT Bagging %€
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