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H Abstract =

In this paper, credit card delinquency means the possibility of occurring bad debt within the certain near future
from the normal accounts that have no debt and the problem is to predict, on the monthly basis, the occurrence
of delinguency 3 months in advance. This prediction is typical binary classification problem but suffers from the issue
of data imbalance that means the instances of target class is very few.

For the effective prediction of bad debt occurrence, Support Vector Machine (SVM) with kernel trick is adopted
using credit card usage and payment patterns as its inputs. SVM is widely accepted in the data mining society because
of its prediction accuracy and no fear of overfitting. However, it is known that SVM has the limitation in its ability
to processing the large-scale data. To resolve the difficulties in applying SVM to bad debt occurrence prediction, two
stage clustering is suggested as an effective data reduction method and ensembles of SYM models are also adopted
to mitigate the difficulty due to data imbalance intrinsic to the target problem of this paper.

In the experiments with the real world data from one of the major domestic credit card companies, the suggested
approach reveals the superior prediction accuracy to the traditional data mining approaches that use neural networks,
decision trees or logistics regressions. SVM ensemble model learned from T2 training set shows the best prediction
results among the alternatives considered and it is noteworthy that the performance of neural networks with T2 is
better than that of SVM with T1. These results prove that the suggested approach is very effective for both SVM
training and the classification problem of data imbalance.

Keyword : Credit Card Delinquency, Bad Debt, SVYM(Support Vector Machine), Data
Imbalance, Ensemble Model, Data Mining
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5 s FAAA AY/UEs Y gy Hd 5>9F 22 11709 MFES FEEHd A 76k
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T A MR Fas 57} 6102097, 29833471,
5. A% B1789A 07 HaHAded 27 2R F7t
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¢} RBF A4 d&rE2d 45 Xg a17] 98k
5-Fold Cross ValidationS #-&3F Grid SearchZ 5.3 A& Ant
AHE-3FATE Grid SearchE ®o A 7to] 2857

wEo] HlwA Holg =77} Ae stEAlE T2 2eHA sl o7k dloly F47F SVMe| 8
2 A eslga, J%E ﬁxng_] ZHe U %) SVM % of mAl= dEFe vetetr] flske] <& 7>l
4 Ao W3 SVMe| g5 232 Aes

o, SVMe] S ATE T 7K A%E EH0)

5
& AN E5A] A 3}@;} HA wapng e kas
ARl 9lof S22l A et=(Total Accuracy) 2 2

]

T glo|E B#Eo cﬂ sto] Harek WS o H W3 H T2 Ensemble, T2, T1, S2, S1 &
7 d=2 True Positive9} False Positive2] H| Mz Yehstth 53, ‘TIS 49 FE8ke] ozl
8-S Target Accuracy® A2|ate] AREEIAT) <¥ S2E ¥ ARE o83 RFo] TS o] &3
>N 7 Ao FAEL True Positive, False ERPHT sy Aisol Hojxrhe A 29
Positive %+ 9] &S YERH Zlolth Cost gk 7Hol FEISS dsete se®, SVM

Gol 9o} SV 9 bsel e Yesiuel

Factore 2', RBF 7149 sebve= 27 497} A =

True Positive ™H] False Positive H]&-0] 2.44% A Fe4e Hole Aot dHolH Ewds

74 drobd SVMe] mtebwels AAsH Fhershd ol g2 ‘T2 Ensemble, & T2 Sh5At
SVM A2 w8 ssza T2 0 483 o] SVM ¢4ES 483 459 5 43t

At} AE mao| dlolE] BiFd T ok b Fokal shsAtn A7) fAR st gy

HAM o AHEEHE Ho|nE 2uA] FAB 9 o 28% CPU Time® 714 A%t 45 28

(E 7) Grid Searcholl 2/gt SVM m}2tole Z3&

N\ 25 24 22 ) 2 2 4 2 5

) 2,068 2,156 2,326 2,062 2,985 3,004
2° 7,094 7129 7,241 7,345 7,945 7,959
3.43 3.31 311 2.87 2.66 2.61

2,420 2,358 2,508 2,489 2,390 2,993

2 7.621 7,803 7,903 7,729 7,920 8,003
3.15 3.31 3.15 31 2.714 2.67

, 2.576 2,491 2,451 2,942 2972 2,801
27 7.689 7,830 7513 8,024 8,120 8940
2.98 3.14 3.07 2.73 2.73 3.09

2,9% 2,943 3,018 3,094 3,241 3,480

% 8.342 8,103 8,120 7,843 8,234 8,620
2.719 2.75 2.69 2.53 254 2.48

3.208 3,054 3,189 3,099 3,481 3,109

2! 8125 8,120 8,106 7931 8510 8,421
2.53 2.66 2.54 2.56 2.44 2.11

) 3,157 3,304 3,208 3,089 3,309 3,209
2 8,29 8,690 8,105 7918 8,096 8,390
2.63 2.63 2.53 2.56 245 2.61
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Training Data Set

T2
T T2 Sl S2 Ensemble
Actual True Positive 2,048 2,096 2,045 2,041 2,088
Positive False Negative 431 383 434 438 391
Actual True Negative 1,579,459 1,835,917 1,528 841 1,535,891 1,910,904
Negative False Positive 487,466 231,008 538,084 531,034 156,021
Sensitivity 0.8261 0.8455 0.8249 0.8233 0.8423
Specificity 0.7613 0.8869 0.7397 0.7431 0.9139
Target Accuracy 0.0042 0.0090 0.0038 0.0038 0.0132
Total Accuracy 0.7614 0.8868 0.7398 0.7432 0.9244
Training CPU Times o0 - . A Lo - o Gy o
(HH - MM : SS) 23:29:11 10:45:03 24 :01:32 10:23:49 05:31:53
olof| = Sholl 2% CPU Alzte] 7H4 Adth= LT), 9AFEA4(Decision Tree, TR) 2 A7

= U
AL SVMe| HAste] 2 F= Aol dHolH
T Aol <3 8>
g diks B Hee] sby] 918 [1E 4]l A
o] ROC Curved 23t dddl= ‘T2
Ensemble' 7 “T27} 71 25 gkl $1x]ek3ith

Sensitivity

0.4 0.6 08 1
1-Specificity

— SVM with Training Data “T1”

— SVM with Training Data “T2”

— SVM with Training Data “S1”

— SVM with Training Data “S2”

— SVM with Training Data “T2”-Ensemble

(O3 4] =3 & WZ ROC Curves
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5 M50 B}

(E 9> SYM ol F

SVM-T1 SVM-T2| LT-T1 LT-T2 | DT-T1 DT-T2 | ANN-T1 ANN-T2
Actual True Positive 2,048 2,09 2,037 2,041 2,021 2,039 2,014 2,056
Positive  False Negative 431 383 442 438 458 440 465 423
Actual ~ True Negative | 1,579,459 1835917 | 1,561,456 1,751,464 | 1452412 1,632,346 | 1,568,174 1,772,079
Negative  False Positive | 487466 = 231,008 | 505469 315461 | 614513 434579 | 498751 294,846
Sensitivity 0.8261 0.8455 0.8217 0.8233 0.8152 0.8225 0.8124 0.8294
Specificity 0.7613 0.8869 0.754 0.8474 0.7027 0.7897 0.7587 0.8574
Target Accuracy 0.0042 0.0090 0.0040 0.0065 0.0033 0.0047 0.0040 0.0070
Total Accuracy 0.7614 0.8868 0.7555 0.8473 0.7028 0.7898 0.75838 0.8573

CE 10y & LIFTol olet 6|F dsel Bt

Cumulative Lift

Declle SVM-T1 = SVM-T2 LT-T1 LT-T2 DT-T1 DT-T2 ANN-T1  ANN-T2
1 51150 5.8314 5.0150 51953 3.4490 4.0031 5.0126 53731
2 3.6487 4.3687 4.0393 42194 3.3481 3.3249 34174 42959
3 29071 3.1532 3.1284 3.01%4 2.8546 2.8451 2.7623 2.9488
4 2.36%9 24355 24459 2.1546 2.3689 2.3246 2.2486 2.3760
5 1.9581 1.9758 1.9812 1.9632 1.9589 1.1954 1.9476 1.9589
6 16411 1.6559 1.6585 1.6497 1.6478 1.6324 1.6484 1.6492
7 14142 1.4234 14254 1.4281 1.4165 1.4246 1.498 14188
8 1.2414 1.2470 1.2483 1.2489 1.2450 1.2132 1.2345 1.2455
9 1.1071 1.1093 1.1106 1.1042 1.1089 1.1034 1.1241 1.1084
10 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

AAE destdozA A87E B o5

WS 88 PHAS mel F Aotk & <X

9>q =4 Lift CharMWE B 5 9lxe] 28

S
o] AAWS FAs=
712](Normalized Distance
SVMol A= 53 WE=

°
g S 7HA AL vhgle] A= 59 A s U
A A FEZE Min-Max Normalizationg
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Ir

CE 1D =8 7[&440l e SvMel olE 4s

Training Probability True False True False
DataSet Threshold Positive Negative Negative Positive

Sensitivity  Specificity ~ Accuracy

0.9993 4 2475 2,066,546 379 0.0016 0.9998 0.9986
0.9934 31 M8 206519 176 00125 0.9992 0.9980
09971 62 2417 2062329 459 0.0250 0.9978
0.9966
' 05775 194 535 16305855 436340 07842 0.7889 0.7889
T 05586 1,969 510 1618347 48578 07943 0.7830 0.7830
05418 1992 487 1607231 459694 08035 0.7776 0.7776
0.0408 2433 41 R®ELB 1080090 0983 0.4774 0.47%0
0.0133 2470 9 520988 1476937 09964 0.2854 0.2863
0 2479 0 0 2066925 1.0000 0.0000 0.0012
0.9998 9 2477 2,066,706 219 0.0008 0.9999 0.9987
0.9985 20 9439 2066828 1007 0.0161 0.9995 0.993
0.9981 ? 2407 2064438 2487 0.0290 0.9988 0.9976
05335 2006 474 1832410 234515 08088 0.8865 0.8864
T 05109 2035 444 1833334 233541 08209 0.8870 0.8869
05001 2,101 378 1835906 231019 08475 0.8882 0.8882
0.3257 2449 30 1121769 945156 09879 05427 05433
0.0259 2477 2 50304 1484621 09992 0.2817 0.2826
0 2479 0 0 2066925 1.0000 0.0000 0.0012
£ o] &sto] AlEIl= di& 39S dSs] Hs o} Al8IlEAle] e AEe A7) A7l
M= e dlolH e Z4 TA9 o By Foz WAL uR APdo| o]& o Sslo] tn|d
FAE FHaolof k. W wmPAAE 2 4 AW AETEALY S04 HE BE )
A3} 7|HE ALgske] SVME] Support Vector”} HAZ} == AHAA EgrbsAdo]l =2 3
g PsAel B QEAEe AuaA ol A5e] i 247 sads 2ol 3
5 FAhA7)E Weks AAER e, dojE B 2 =52 39S &gt o] o FAH
g TAE A4st7] st SVM s 2¥S oAl AAF YL titoz oURE 3L A
AHE-SA T AHE A9 FYS oA=37] "ol 443 b
T A8IEALe] 2R E o] &5te] ASg 4 ol BrE TAVF HAsc) wehA FA 4
oA sl ool AN AeARel B8 HAE 48} mangt SAYY 4w v
B 7|MS A8s SYM 23o] 7b4 953 o= o t] 7M1 o5 =¥ 9] False Positive Rateol
Aes Bon e 3L 23 3R, |- =4 Yebd 7FeAdol deS 9n|sith o]
VAR, AAY % vmSde WE g dE olelg FRIE e T v
5% o3 H5e N W SVME A2 & Ed fud QEuse AL 9 A% 3y
sk dlolE F4 7|HY A AFSE o i £ By A& wsE Ao E3], SVMe
dAo] o] B5F A H8E 4 deS Y Aoz EFslal dolg Etdo] 4k TAolA
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