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Abstract

Credit cards are a bank business in which high income and heavy risk coexist. Along with the de-
velopment of the credit card business, banks are using the Internet and mobile data to establish
customer credit rating system. How to evaluate customer credit from the information that cus-
tomers fill in, and how to identify the information true or false, and what type of information that
customers are asked to fill are crucial for banks. Based on the credit card customer data of 2005 in
Taiwan, this article established Lasso-Logistic model and random forest model to explore the key
factors which effect customer credit, including individual characteristics and some objective cha-
racteristics. Through comparing the prediction accuracy of the model and F score index, we se-
lected the model of better prediction effect to forecast the bank credit card defaults. The estab-
lishment of the credit card default prediction model and the exploration of the key factors in-
fluencing the customer credit not only have a important guidance value for banks to choose cus-
tomers and design data, but also can provide certain theoretical support for the credit decisions.
In addition, it has a strong theoretical and practical significance.
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RIBLEHIH 33.70 /Z e % 110.31 1270, N 76.61 1270, MK F N 227.4%. HT{EH RIELEHZR
HG R, RIS R KOS B R 2 B, i XURS R AR A B ST AE PP A A AE R R itk 2
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HRZREEATI, — BRI AGRIERR . BIES). TEMON)IER . 2 R8T, FaE RE i hE
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FE A
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CARb S T % PO R ABURE SR 2. B O TE IR Ew e LR AT FU R 22, 4 19(2013) [2]A i S0 %
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Figure 1. China credit card default amount of 2008-2011
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133 25 Pt T AT S P ARAT A ROSHCR P2 AR . = 55 E(2014) [3175 5% T 22 AU LA AN 2
M EHEFIA Logistic BB HEATATE, KILPE X TIHEAZRIA LM . 712 UG R R EME T
A TEHRATIAEE IR R, FRITE— e T LR EREARREZME NS, HlEEE
(A5 FH Rl 25 1 2 Jee s

FEWOR AT R TS R B ZIMBT 7T d, SkBE2E(2012) [4]%: T 4ot i bi-probit 17, [FImt% &
15 RS PP IR A5 I AR LA R B (5 R Th 2 G e beid A2, s i s i 5 0 8dlE, kR AR
AR NFER NG ATt g, TRER(2003) [S]7EA AfEH RIS 2 T Logistic 15
A, STUERE, DA R oo i 08 5 75 AR BT . A R #%(2005) [6]3E4T 1 [ P 2 Fh 5 i 1 B B
Fo TR ARG N 28 G AR TE RS AL 2 T Logistic [FIUH . SAMERIRIGELMVE T (A2
TESE EEIETRE EVEEN, XL MEIE o SR R BRI X 4 “4F” “Z” B MR, Bk
DA TS 0P Uk, 17 X He 2 PEABE AR () Ao (il i 2 0 T 4 8 P 28 S AR 2R 1 7 2

ARICHEFET 3 T IFE AR BAE % MRRFE (A, SRR IS AR DL 55 ) L A A R BIEE - 5K
LS B, Wk X} Lasso-Logistic [V Bl ALAR AR PR bR 224 (17 g 7 ARG P 280 SR 0 5% BT 9 SR AT 1 . A5
FH AR RS PP B TS 2 2 57 BR A% A DR TR SR it — e I B SCH, X THESHRAT B H R T R IR &
REFERAFFERERBEE T EENE L.

2. IREE N
2.1. Lasso-Logistic 84743

Logistic #72 1938 F42 19 T N TP A AL, B An4 5 S AR Tl o Ak R A & 5 — 2R e A
B A B AR . FEARSCHR R 10 A% 5 R IE L LI A8 % T logistic 18 :

_ exp(a + BX + BoXo +++-+ BiX,)
1+exp(a+ BX + BoX, +++-+ X))

ER, HTE p RELARENME, X, %, X, ZETE, B,B, B, e &% L
HEAT logit 284, 1332 JT logixtic [FIHBAL G

m=[ﬂﬂﬁ—ﬁﬂ=a+éﬁﬁm @)

M

X, p= P(yi =1 Xy, X0 Xin)%Eﬁﬁi%‘%ﬁﬂ‘ﬁé@ﬁﬁi%ﬁ%$, o HHLEE

Lasso (The Least Absolute Shrinkage and Selectionator operator)5.y% & Tibshirani (1996) [7]#2 H #)—F
BRRAE TV, A 0T A2 0 A 11 R H5CHE T DRI AR B A s i B M /N B AR B ) A R R4 R 0, WTRLE
R0 ok 2 B AL ZRPE ) 52
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N TIBBREAR A0, fEAE Lasso AR, 25X Aa it AT hraE AL AL 2E, B3 A2 - Zn:xij =0,
i=1

Y=L, b =12, p . Lasso fiil i LA

=1

2
ﬁ:argminZ[yi—ﬂo—ixijﬁj] s.t. i|ﬂj|st (3)
i=1 j=1 =l

CRIAIZHL, 4t 7/ SECE L R YA T Ty 0, BORERLR SEBL T AR .

Lasso-Logistic A&7 7l [ Logistic 174 |, fin_E Lasso 2B ik £, K[l sElik # S B2 &Akit-.
2 T A SRR 7 VR A AR S 28 AN AR AE R IR, i Lasso 75 SKBLAS B i 6 10 R T LA ok
LRGN, S A BT, R AR R T IOIR A, T LA A B S £

TR A AR (X, ;). i =120 0n s B = (X Xigueee s Xy ) T yi 53 B BETRY O AFRR A0 B o
BAR, 3 Hy R CEEBEIRERE, Wy, {01, W

Logistic &M [a] 15 A1 ) 25 A2 A«

log{—ggiiikﬁj}=nﬂ(&) @)

1- p(yi :1|Xi

HEf, 1B (%) = By + 3. %, B, - Lasso-Logistic [V i) SBCAH HHEL 7, B R T 24 20 B B e M40
j=1

s, (8)=-1(8)+13|5)| ©)
j=1
S () AR B, IR R 1 () LU it F ks

1(8) =3 {ymB (%) ~log {L+exp[n(x,) ]} ©

i=1

Lasso-Logistic [l JFHLR ) S ¥l 41 B 75 X (6) T
B =arg mini{yiryﬂ(xi)—log {1+ exp| 7B (% )}}} +/1i|ﬁj| @)

FLeP AN A T LA A8 SCRIE B T 1K A 5 -
2.2. BEHLARRE Y

BEHUARM O 0@ i UF, A FHREALA )T sCE L — AR, AR R AR 2 A DA AR, BENLARAR
(RIRE— RIS 2 IR A AT RIR I . R BRGNP AREARZE B, Bkt
B BRIR W 2 AT — T HIWr, BE X MEARZ R TR0 T K50E), RIeEBEW—40E
B, B FEA NI —2K[8].

FERAL A PR I RE P A R B R, RIE S e

1) AR BEAURAF I A A AN T T B (1 B AL I 3RS L i 12 9]

H AR BENIRFERIRLAE, random forest X A IS 2EATAT . FURIREE. X TATREE, RAATR
BTG bR AERFER RIS A, WREA EEIREA . BBMAFEAN N A, B ARFERIREA
NS IXFEEGAE I ZRIIIT %, B AR U ARE A A S B HIREAS, (AR AV 5 B over-fitting o
SRIFHEATHIRFE, BENUARMIEEANF T R, BEHLARM R, M M A feature 1, I m HM(M< M),
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—fokul, m BUEARS M EEE . BT RICEIRETER, i, fEr AR s i,
UOEEL —ANRHE, SRIGAVHR], BE e BOARARAE, A3 & IE B N RRAIE o 11 FH R B B AR ) R SRR

2) SEAST R LR M[9]

ZJE RN KA 2 S R A 56 4 43 3R J7 s L tH SR, X SR () — AN T A
S TCIEAR S R0, B B B A REAR R 2 4R M B[R — A0 2K e — R 2 M ek kg — AN
BHPP R — IR, HRIXEAXMM, T AP BEHLRAE KRR ORAE 7 RENLYE, BT AASET A,
AL H B over-fitting.

T EIEAR B BEN AR 1) B — BRER ARSI, ERAKAGERMRGE T, T KaHEER
ZUAFENR ZARRSEN, WEREEARKZMARK D . KOG, AR M THI, KZe
Bt . A AT DX AL LU BN LR PR R — BRI SE a2 —MR il T2 — AN S = K (B
FATI M A feature Hrik$E m ibfE—BRCER BT 2]), XPEAERBNIARMR P lA 1R 2 AN FE A [F] SR
LR, X AFR G A EGE), TUHARKMEEENRE, RAHENTR, REBIGER.

3) OOB %1 P [10]

TERAERS,  FRAVEE R MG B B LUR R BN AR E S SRR T, 28 M FEARREART,
iR T HRE bag . A EF LS out of bag. T E . FEUUREEREEH, 37% (BIKME=02—)
PIBAR APk o BT ATRATT AT DL 35 b B 0 2500 A SR I R e S 1) 40 SR vz A e )t st A2 1
WHRE, BUAT DA AR R AT Al i — A48 AR ED OOB, 1 H. OOB iR At v 4 1iE B /& e A i«

3. BiEEMN
3.1. #IAIR

A SCR I 2ok B UCH Wl & W XS R % 2 B, B 9T B 2 s R % P 2 B2 i
—ANTRI, DR N AR A R AR, EANEN 1, RIEBAEN 00 FEHASEA 23 MEEEN
fil R

X1: BATH T8 HRE 1015 R AU B3 AN NS F AR R I R (S A

X2: EHEES M. BrEidh 1, LN 2.

X3: BHRESEE KT BFFRERLLEIEN L, K¥EERN 2, &Hidh 3, Heidh 4.

X4: FEHRE S BUSWIRGL. CsIdh 1, RIGidh 2, Heidh 3.

X5: fEHRE T IFE .

X6~X11: X ANAMALEZE 2005 4F 4 H 2] 9 H&HRIEHKIEFR. Q. X6 4 2005 4 9 H HIib K IE it

X7 24 2005 4 8 H BIEZEHL; ...; X115 2005 4 4 H BN, SR RMEERN: 0= &I
W 1= BEEEE—NH; 2= BRIERHEANA; 3= BHWEE=NH; .5 9= BRIERANAKLLE.

X12~X17: XN E S 2005 4F 4 29 A4 H MK AIds, B H G RERICs. W X12
o 2005 4F 9 H K 4 40; X13 Jy 2005 4F 8 H KR4 ... X17 Jy 2005 4 4 H K B850,

X18~X23: IX A& S 2005 4F 4 H 3| 9 H 4 H I3RS, B4HIE K S HUFITE NG H R840,
FLAr iR I B AU R T ARAT WU I B AL R A . W R ST R T B IR BB AU A0 A i, el
SHUFNE R T OE s R SATEEN T B A RSN R IE 3K . Wi X18 24 2005 4 9
A AT &4 X19 4 2005 4F 8 H IS A& 4i; ...; X23 4 2005 4F 4 ARS8 AT EEAA
BEARPER, FRATTRE AR SCHE AT T SRR G i

M 1 R R PR FTLAE B, EERTAFEARE AR, LR Sy 60.37%, &5
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Table 1. Descriptive statistics of data
= 1. BUREAR MG

\4 Y=1
FEA AL EL 5 (%) FEARE EL H (%)

Ttk 11,888 0.396767 2873 0.241672

* M 18,112 0.603733 3763 0.207763
WAL 10,585 0.352833 2036 0.192348

R 14,030 0.467667 3330 0.237349

X i 4917 0.163900 1237 0.251576
e 468 0.015600 33 0.070513

[ 13,659 0.455300 3206 0.234717

X4 ERE 15,964 0.532133 3341 0.209283
He 377 0.012567 89 0.236074

PSERpS 23,182 0.772733 3207 0.138340

X FEIRIE 6818 0.227267 3429 0.502933
PAinps 25,562 0.852067 4160 0.162742

X IRIE 4438 0.147933 2476 0.557909
PSLEpS 25,787 0.859567 4434 0.171947

e FEIRIE 4213 0.140433 2202 0.522668
PSLapas 26,490 0.883000 4757 0.179577

X FEIRIE 3510 0.117000 1879 0.535328
it iE 27,032 0.901067 4987 0.184485

X0 IRIE 2968 0.098933 1649 0.555593
i iR 26,921 0.897367 5025 0.186657

X FEIRIE 3079 0.102633 1611 0.523222

BHRZIH 1524 £ WBEKTMEERE, KA G HERK, WHRAERe: WSWRMAEKRE,
CUSPT & LR T RIS S LEE; A 4 A~9 ARBEFHIEIRE, RIEFASE K2 8. HYT 10 A
B AFEANC R, BUEHRZEELN L] G BRI E DY 24.17%, L EEZ By 20.78%,
VI B P M 52 WER P TR, s S 2 bk, KA, BHES
=, KRR B HECE ACHBARE S R A A DL WIS IRT TR U, S % T B RIS 7 B by i
29; WIS S IEFTT IR, B SE R i 2, TN R R R AR 2T B EL R
Ny BIIEIRIE R TR A TS A I A

3.2. Smote ##EFEE R FMIERR F 15

BT ASCREARSARE “07 CRIEL)) M “17 (EL) MRS, HREHR 7 8L T 4 S ar Ay,
FAME ] Synthetic Minority Oversampling Technique (Smote) 5 4 B & Bl /b $i3s it RAEFOR . Smote J& —Fh
BT RERFERAR A MR FERE, RENMA FA (DB AT IR . SR B A AR X D B R A
BEAT S i AR DR A N L& B A I 2 B R A i [11] . A U SRBS 2 R AN R A a, A
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BB BELE — DA b, SRIETE a. b Z AL B REALIE — sSAE A& B D B AR [12]

Smote ik B EESHCA prec.over: IRFFRTAEBDEERIIREARN G ke 1 RAEH S K AR5
D BCERFEARRT ) K E, BRIAN 55 precunder: ZRORFERT, X NAREANAE RGO ERBEAR, S8R IG5
I 2 HBEA N . G perc.over = 500 SRR JE IR B AR AN D HORE A, AR B 5 AN HT I HoRE
A% perc.under = 80 o M 4R HiHE B AR B 1) 2 B I RE AR B AR I HoHE B R D BORE AR [ 80% [8]. AR
SCIEAERH T Smote S35 P I SR A8 R MR R A 20 2R 1 AS P il

1ES2 BT (0™ BN, DR (R AR 2 A TN 2 MR ) 2 HCK RN €07 (AiEZ)ix—id, XEK
ATTET R it S A AR A R TIN5 280 “ 17 (REAE R, i S0 47 AR A Al 7 Lk SRR bt Tty
“17, REDHERFEAR “17 M RUEmER . X BLEARMH IIEFR 02K “17 BT E B R L5515
S AT 4 F scores, K HAR R —AMERITIIN ORI TS E 48 h5 . F scores R RR LW 2 pr
TNo

4. REISH
4.1. BEHLARMNRBIS A

T A AR EANCE p = 234, BULBENLARMBIRESE m = [p DEENIE S, FItk s
T AHCN 5 4. MF 3 A H ntree 4~%k 500~1000 P OOB iR Z LUK F 1543 3B IX 5, {EBEHLAAM
BT ch e SR R A B — B B B I EL A3, WA BB S S BN AR 754y, B2 18] i
KM BRI/, 2 R R I B T H S, BRI ERA T3 % ntree = 500 RIHT .

R RN T AL — TSR AF B LARMASE S, FRATTH Smote 777 S RENLARMR G, Gt k. & 4 R
4 smote AN[FRAE LU N AR G TR bR, FAT1FZEHEE OOB R ZE# LUK F 1550 Kk % smote Z4. 45
BV X BN ERR, 188 Pr. Over = 600, Pr. Under = 120, It OOB &y 3.88%, F 34> 49.95%. #HEL%:
T2 3 PR PR BT H K OOB (18.42%), BEALAR MR 7Y it F 00 26k S5 Y T 45 1

Bl HLAR ARERE R AE A B B ] 2, T A STk Bk K 2 A8 H Mean Decrease Accuracy 18745,
AL H B Mean Decrease Accuracy FEAx. € 2 /2RI N Mean Decrease Accuracy Fabx, A6 -F Ik
FEMIBEAR, stRxtfg— AR Tk X1 BEYLRE, Wik X1 BEE, FKRESER, FrLORERE
gt 4 [5) T-AERA VL R Rl 2D, ARSI B Rk N gl 2 S B T X AR B B AR R IRATTE B TR LR )
BVEHEFRE, LA BB AR BARVGRE X5 (FEKE) . X6 (2005 4E 9 L FHCIRAR)  X12~X17 (9 H~4 H K 5.
X1 ({5 F-R IS FAUE) . IRASEM, 5L A0 PE 3R A A5 B T 10 AW i) 5 56 4 i
IEEzAI AR

AR TT LAGR 2L 7 B R 8 AN B BEALAR M B 2, & 3 R 4, BEALFRROR B RHUE,
NALFR A Z AR B (RS R B, IX LA s X1 (5 R B 005 FAUE) . X5 (SRE8) W A2 (1) i
L. A5 REELE 40 J3 IRHEX R 2 AR B B R, FLUURAE 40 IR EAP B OL N, 1
JE ARAERE BRI L T s e/ N RTE 20 aT Bt e/ o IX AT DABRAR R — IR M s . BEARZ 1D BN
A2 E G 40 JTUL BRI, IO IR HE N BEAR ZHE K, IF B s R A AR AR, XA
ST AR S ERIEA . X5 (FFERY)AEAETE 35 % 7 A7 XA AL ma R 25 f K R TI i 2 R e ok,
2 20 2 5 W B, Ba NBFRE . XA LMER AR 35 B i A IR RFE IV B, A5 R 18
FHBAL T FLAGE 2 A B b s v, BRI Rt LUK o T 20 22 2 i — MW R AR el ik N AE 2z, BEAR
Rz, REHFWHIERELD, STEHREAARE XS, HXT 35 5 7 4 1% R KIS
RMIE, WG BAHELA R EFR T, XA B EH .
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Table 2. Confusion matrix
2. REEE

True class
Yes No
Yes TP FP p
Predicted class
No FN TN n
P N
L TP TP
precision = recall =
TP+FP TP+FN
2
F-score=—————
1/precision +1/recall
Table 3. Selection of trees number
= 3. WAL
ntree 500 600 700 800
00B 18.42% 18.48% 18.32% 18.30%
F Scores 48.30% 48.13% 48.80% 48.61%

Table 4. Correlation prediction index of smote under different sampling proportions
= 4. Smote 7~ [E]SKA¥ EL I TS HOAE X FURIHE AR

Prec.over Prec.under 00B F scores precise recall
300 100 8.74% 49.50% 42.08% 60.08%
400 100 5.16% 50.36% 45.31% 56.68%
500 100 5.16% 50.49% 45.41% 56.83%
600 100 4.19% 49.78% 45.33% 55.21%
300 100 8.74% 49.50% 42.08% 60.08%
500 120 4.53% 49.63% 47.28% 52.45%
600 120 3.88% 49.95% 47.51% 52.66%
700 120 3.78% 49.61% 47.25% 52.21%
500 80 5.85% 49.87% 47.25% 52.21%

[Fi) Fof P B X A e R 42 B L KNI K BORT LA 3 D B LA T s SR —2H, X5 (FE#),
X6 (9 H LK IEN), X12~X17 (9 H~4 HBIIK 440, 25— 7 HFRHEX T 10 H 4 )i B i) 520 L
AR, M, X1, X2, X4, X3, XRFREH RS, 2EKFE SRR, XL
AR P NMRERAE, TEREEEREE R —Fp I R 3 58 —4H, X18~X23, N 4~9 H I3 FH&40;
FVULH, X7~X10, Ay 3~8 H (1 IH] A A7) b s e BT Il Forr, IR — LR A2, X6~X11, X12~X17,
X18~X23 fEKy 4~9 A =4 &, 9. 8. 7 AMAIEHKIGHAT 10 A FERIG L Em K. BxT 10
A ERREL R F, BEARSE fE =N A K 3 e ORI DL b FA A 4 g ma 22K

4.2. Lasso-Logistic &35
N KREFE Logistic BRI DA AR ALSE 341, 2 5 08 smote AS[RIRAFE LLE] T (AHRFEFR, W EA
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rf.smote
X5 o X6 o
X6 o X1 o
X12 o X5 o
X13 o X18 o
X14 o X19 o
X17 o X23 o
X16 o X12 o]
X15 [ X20 o
X1 o X21 o
X2 o] X13 o
X4 o X22 o
X20 e} X14 o
X19 o X17 o
X3 o X15 o
X18 o X16 o
X23 o) X7 o
X22 o X8 o
X21 o X9 o
X8 o X3 o
X11 ] o X10 o
X7 o X11 o
X9 |o X4 o
X10 |o X2 o
T T T T T T T T T
50 100 150 200 0 1000 2000 3000 4000
MeanDecreaseAccuracy MeanDecreaseGini

Figure 2. Variable feature importance evaluation
2. TEFEEENITME

o

0.0
|

Variable effect
-0.3
|

-0.4

-05
|

0e+00 2e+05 4e+05 6e+05 8e+05 1e+06

X1
Figure 3. Effects of X1 variables on the model
E 3. X1 T EXHRE R F2M0
F H TR F 154> B =i R /& Prec.over = 600, Prec.under = 120, F #5434 53.47%, % i ] precise 4 51.15%,
recall = 56.02%.
TATH I SOk 2 57 Lasso-Logistic #5484, @i 28 XIS E 7k AR M ETI 404 = 0.01541 HHATAS
EILFRE Logistic AR EIFE 6 REL, Hrh X1 (G REEIE), X2 (MEA), X3-3 (BB K - “mh”

)
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Figure 4. Effects of X5 variables on the model
B 4. X5 TEXREAIFZ

Table 5. Correlation prediction index of smote under different sampling proportions
= 5. Smote 7~ [E]SRA¥EL I TS HOAE X FURIHE AR

Prec.over Prec.under F scores precise recall
300 100 51.32% 41.25% 67.90%
400 100 52.62% 44.41% 64.55%
500 100 34.83% 32.84% 37.07%
600 100 52.48% 46.35% 60.49%
600 120 53.47% 51.15% 56.02%
500 120 53.31% 50.56% 56.38%
700 120 53.45% 51.66% 55.37%
500 80 48.65% 36.62% 72.44%
300 100 51.32% 41.25% 67.90%
400 100 52.62% 44.41% 64.55%

Table 6. Coefficient of Lasso-Logistic model
5% 6. Lasso-Logistic 8 &

Intercept X1 X2 X3-3 X4-1 X6 X7 X8 X9 X11 X18 X19 X20 X21 X22

-0.235 —-0.173 -0.225 0.133 0.012 0.834 0.089 0.109 0.059 0.048 -0.080 -0.101 -0.004 —0.039 —0.040
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Table 7. Comparison of model prediction effect
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Model Accuracy F scores Precise recall
Random Forest 78.25% 49.95% 47.51% 52.66%
Lasso-Logistic 75.60% 49.94% 45.95% 54.69%
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