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Abstract

In our daily lives, we always have to face a great amount of large datasets. Most of

them are combined with categorical variables and continuous variables. Regarding this

type of data, we proposed a method for model construction and prediction.

The proposed method is applied to the data of bank credit card default payments as

the main research object. The response variable is the payment situation in the following

months. �1� means the user with breach of contract and�0� means without breach

of contract. Using the model, we can understand the association between the basic

information of credit card users and their default behavior, which can be used to measure

the probabilities that credit card users will default in the future, so as to help banks

monitor customers and reduce the risk of bank losses.

[Keywords] B-spline, nonparametric method, piecewise polynomial, variable selection,

knot selection, WOE of binning, binning method.
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,,, 1ààà ÒÒÒÖÖÖ(ÌÌÌoooËËË999)

�^(_hxÒ-�ôn�uºÍ��Òr�8(��^åw	�������^

9Õ�¨_î�Õ�/��Ï_(SVM)ÊboostÕI...�v-	�¹ÕÐ��x�x�

¹�����(¨_î�Õ(random forest)-��åMean Decrease Gini<º�x��

Í�'�(P���xÍ�'�Ç
��¨_î�Õ��å��xÍ�'\º�Ú��

t��^!���^P�ô}�

ã©Ú'!�(generalized linear model)_/�.8(��^åw��ø�¼¨_

î�Õ�(dÐú�Wê6�xxÖ�ý�$·úê��x¼�^º100%	(��

!�ïåÍÉ�x	Wo}�ãËý�Ê�,ý��&)(�!�Zúo}��^�

,Ö�;��¢{(¼Ýã©Ú'!�Ðú��xÖ�x�¹Õ�Ç�-�ê�

x-�8ï�º#���âc�i^�x�¼#���x�Håspline¹��x2

LIÛ��Z�x��x�ó¼âc��x�G¡ÖWOE(weight of Evidence)¹Õ2

L�±�&åv¼âc��x�±����Ç�,«�âc��x9�x����

�x�D��d¹Õ_�Ï0IV(information value),P�vÀõâc��x�xÖô

 ¾º��1
ð@Ð��xxÖ¹ÕU���ï9�ã©Ú'!��ãËý�Ê�,

ý��(Ö�-�
ðã©Ú'xÖ¹Õã©Ú'!���^P��)(¨_î�Õ

�0��^P�2LÔ��åU0di.¹Õ�H��
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,,, 2ààà ���{{{¢¢¢���

(_hxÒ��ß-�ãc�xÒ��^Õ/¡Ö1�ôÆÇ�-�ê�xXÊÍ

É�xY@Ë����xÒ!��&)(d!�å¨,�É(¼°�Ç��!��8ú

�º#���P��¦�/âc���^� dÇÖ�-�;�Ý8úP�º�^�

Ç�2L!��MiÊ�,�(þæ-�B8_�G0�^OL�@å��¹Õýàd

�"��¥���Ý���^OL��vZúÞg�

� Ö�¹Õ!�ã�

(d�µ��ñe�Ë9Ö�-@Ð0��.¹Õ��Ö�-@Z��¿/É

(��¹Õ� 9o�2L¿tMiú���,�/�ã©Ú'!��

�H�(dÇÖ�-�;�/ú¼ã©Ú'!��Ìo�2L¨ã��ã©

Ú'!� (generalized linear model)¹��)(#Pýx�link function	úË�

.�:¦�ÍÉ�x�ãË�x��ôx�(dÇÖ�-�)(#Pýx

�logit�IÛåU�ÍÉ�xYº���H�Ç��

,�e�)(spline!��xÖ#����x�ÀÞ�åËúô���!

��Splineýx/�.�µºIÑK¹���)(�µ��µN!¹(Ö�--�

�ýxº3!¹)����åÝ�(�µUwX(��IÑ'�ýxÒ<�s0�

�¹�ïåÃ�[2]�v-�µ�£~�ÜuÞ�1/dÇÖ�@Ð0�ÀÞ�o

}�ÀÞxÖ�ÐG!��ãËý�Ê�,ý��&-M�(Ç�B@�e��

L�öåË�t�splineÒ<!��vø¼Ø!���Ò<ïýúþ�/êþ

a�)(spline!�@Ë��ýxX(W�}�x<6�'�i�'�

,	e�¿/-MWOE�±(woe of binning)!���âc��x)(�±��

�2L^%��9Ú[10]�é(1994ts	WOE��{úþ��[3][7].WOE�W

b��sºIÚ
Í(weight of Evidence)v�±��ÏD2L����/�.
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ãc�xÒ�¹Õ�WOE�'B�ãhr�±w��Ø��,ý�»�,ÍÉ�

xºU��B�d�±¹Õ�8�-MIV<(information value)\ºéx�Ï��

�������'BG�sWrê�x��,ý��7�^<¼áo�Ê���

�õ�	Ü¼áo�ÊïÃ�[9]��s0�g¹(Ö�-��v¹Õý	ôñ�

e�¢��

� ¨_î�Õ

d�Ö�-;��(�ã©Ú'!���(U��^OLB�B8_��(¨

_î�!��¨_î�!�/�.ãc�xÒ!���é1Ho[5]Ðú�v;�/

�zV9!�@M8��

�zV9(decision tree)/�.Hþ9À��^h�ïÃ�[1]�v'ôº	�e

_�yµxÇ�zV9��åÊj�zV9�(yµxÇ��µ��z�r(ê

�yµZ$·�(�ôÆ�Ç�-X(1��x����x�\('���E

yµxÇ�\(¿/éxú��^P�w	�ØøÜ'�yµ�&(xÇ}yµ

���9èÀÞ�Ëø|�&ÀÞ2L��@	yµ�áo�Ê(information

gain)��xw	áo�Ê�'�yµv\ÀÞyµ�&9Úryµ��Ö<�

�úËPÀÞ�&(�#���"�°�PÀÞ�ô0áo�Ê�����	y

µïåxÇ2b���¿/;Õ»�è����åMN!�Nì��¨ª�

�¨_î�Õ�ú,��/)(Bagging (Bootstrap Aggregation)�¹�½Öz

V9�Bagging1/¡Ö½Ö�>Þ�¹Õ�nFÇ���ôÆ-½ún�#,"

��õzV9�&Í�re_��!å"�1�õCART9��(GINI�Õ�z

V9	���zVP�//=@	�zV9�q��h¡�xz@Ë����

Nd¹�ï'E¦��2�B�K�P���.¹Õ_«1ºÆ�¹Õ(Ensemble

Method)�dÕ�*Þ;�/ïåU�'Ï�8e�xÊU0��x�Í�'�

&��,�ª¼Ç���,ý	��4���º¦�
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,,, 3ààà ���vvv¹¹¹ÕÕÕ

,�v-¡(�logistic model�����:

log

(
P (Y = 1|X)

P (Y = 0|X)

)
= f(X)

�P-Yº�C�ÍÉ�x�Xºê�x�ÏåÊf(X)ºX�ýx�

(d��n0�x�ÏX-ï�º#��xXcon,1,. . .,Xcon,p�âc�xXdis,1,. . .,Xdis,ki

.�@åH�n�!��ï '!����:

log

(
P (Y = 1|X)

P (Y = 0|X)

)
= f1(Xcon,1) + · · ·+ fp(Xcon,p) + g1(Xdis,1) + · · ·+ gk(Xdis,k), (3.1)

v-�f1,. . .,fpº[0,1]@�
�splineýx�å�x=ed@�g��v2L��

���g1,. . .,gk�b���:

gj(Xdis,j) =

nj∑
`=1

βj,`I(Xdis,j ∈ (aj,`, bj,`]), j = 1, . . . , k,

v-I(Xdis,j ∈ (aj,`, bj,`])º��ýx�sXdis,j=¼@�(aj,`, bj,`]gº1�ÍKº0�βj,`º

��ýx�Âx�@���Laj,`�
Lbj,`�njG1�±P�Zz��vSplineýx�

ú�z����3.1@�+�Ãxï1�'�<0�Õ(Maximum Likelihood Estima-

tion)å2L0��

¥����v¹Õ;�å4À��Ë9g¹��%º:,3.1À�Ë9SplineýxÝ

#���x�U���+ÀÞ�xÖåÊlogistic!��Ëú�,3.2À�Ë9âc��

x�U���+�±¹ÕÊâc��xÍ�'���,3.3À�Ë9v!�-�#��

xÊâc�x��NU�K���U�vP�t�º�B!��,3.4ÀG/Ë9��

Ö�¹ÕøÔ��¨_î�ÕK!ìA��1¼�à�Ë9��v¹ÕK0À���(

9
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dHjý�v¹Õ�;�A����3.1:

� 3.1: A��

,,, 3.1ÀÀÀ ###���������xxxKKKUUU���

Ç�-�ê�xï�ºâc��xXdis,1,. . .,Xdis,kÊ#���xXcon,1,. . .,Xcon,pi

'^�º¿¼ª��G-Ç�-#���x�%ºX1�X2,&X(âc��x

ºX3óX7åM�!ìæW�-��

,À-Ý#��x�U��ºm�e_�(e_�0e_ÛU�#���xB�/

Ý®���xh:2L�%�U��àdåX1ZºÄ�ª��(xÖÀÞ�A�Ãg

ÃP�Y��Ö�)

� e_�:"��xÖÀÞ�É�¢�q�Ï

10
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de_;�(u ú@	�xÖÀÞ&��¢�q�Ï�(e_�B���)

(d¢�q�Ï�xwqÿ��ÀÞ�9Ú[6]-@Xð�¹Õ2Lý��èë�

s0��Ë�D�,3À�

Ý®��#���x�Zå��U��

1. �Hëúspline-xÖÀÞ�ýx knot selection()�v-dý�	i8e<

ºnew demo1�j.new demo1º�+®��#���x�Ç�Æ�v-�+�

xX1åÊÉ0�ÍÉ�xy��j/�ÀÞ@���!(scale)�å0.5�j!

¹\º���/êñ@-���(K��¢��(0dÃx�

2. ê�xX1�<1�0'2L���¥W~ú��<�¹�ºÏ�X1�<

��v-���<K���dåhÝ�ï��������X1�=¼[0,1]�

@��

3. �������X12L/���sÖúv-øp<å\ºïýxÖ�ÀÞ

�Ï�h:ºX1,i,v-i = 1,. . . , q.��qÿ0¥��xÖÀÞ����

4. ��/�������X1�<��6eô�åBúÉ�¢�q�Ï�

2L,i!ô��e_���

Häú,i�/����X1É�c��Æx.posåÊ ��Æx.neg.

c��Æx.pos�©º{i∗:X1�,i
∗FÀß<=¼�@�Si}�

Si = (,i�/����X1, ,i�/����X1 + (0.5)j)

11
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 ��Æx.neg�©º{i∗:X1�,i
∗FÀß<=¼�@�Si}�

Si = (,i�/����X1 − (0.5)j , ,i�/����X1)

¥Wô�-2L�b�e_�

a) ��å,i�/����X1@Ë��c��Æ�� ��Æ@�+��x

�¼20FB�G�n�rX1\ºÀÞ�����2Lô�,f�

b) �%��� ��Æ@É�X1-�ÞúËÚ'ôxmodule neg�Ê

c��Æ@É�X1-�ÞúËÚ'ôxmodule pos.

;è��åÍÉ�xy�º0��º1B�G!ÕúËÚ'ýx»Mi��

É2L���ô��,f��B_��$·�!�module neg�module pos-

åÂx0�P�ºna�Åb�Gå2L���ô��,f�

c) ��%�ú ��ÆåÊc��ÆÚ'ôx�G¹¤îMSE�Mean-

Square Error	.dMSE(R��-ïå�Nsummary(!�)�cov.unscaledé

c»Xå¤î�px�0���úi�pxéc�0���àºc��

Æ-É�Ç�� ��Æ-É�Ç��ºhË�E¥���Zc�

�Æ� ��Æ�ôxÂx/&	îp�¢�B�ïô¥�di�px

éc0�ø ��0P�ävºBV .

d) d�BVK������ôx!�module neg�module pos����Â

xåÊ*Ý��%2Lø���02×1écP�ävºa�)(a�BV2

L¢�q�Ï�¨��¢�q�Ïº�

aT (BV )−1 a

12
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�d¢�q�Ï<ÊÉ0�º�xÖ�ÀÞ 0�Ç�Æ�v@	/

����xX1G�
ðô�U���¥�Wå��e_�

� e_�:�ú&��ö�ÅÁ��oW�ÀÞ

�e_��0��xÖÀÞ��gv¢�q�Ï<1'0�2L����&\

å�Í\�

1. *d¢�q�Ï<-�NèL<��xÀÞ�dU�èL<ºa¹�M(ê

1¦º2)�,95~�Mx�5.991465�q�Ï<'¼èL<�ÀÞË��Ë

��xÖÀÞ�®S.

(R��ë\
���è�å�ÀÁ:

a) å�x�®Sê	�LB�rÇ��ô¥��numericb��GÉ�vI

Û�Lxº2�écM	¦Õ2LK��xÞe_�

b) å�x�®Sºz�®B�ÉÞ³NULLåãh*x0ûUÀÞ�¹¿2

LK�	Üsplineýx�úË�

2. 6��x�®S�Lx'¼1�ÅÁ��Gï�S-�ÀÞMnÊÉ�q

�Ï<�åÊó-�ÀÞ�!(scale)k6echoose knot()ýx�å��w��

�b�KÀÞ�¥����¢�choose knotýx/�UË���s0��Ë

�D�,3À�

a) �Ë��xÖÀÞ�®�S

b) ��xÖÀÞ�®-��úq�Ï<º�'�ÀÞ�ävºg∗�

c) �g∗±(0.5)kÄg�ÀÞ1�xÖÀÞ�®-2Lûd�

d) Í�b�cô0�®ý«Ö�ºb�

v-�è��/�

13
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å�Í�ûd���x�®Åi1�ÀÞ�G�ô¥��numericb����v

IÛ�Lxº2�écM	¦Õ2LxÞ�6�v�x�®Lxºz�®B�s

ºxÖ�b�

� e_	

de_;�ºúËBICýxå��BIC����&�AIC��Ô�*£��Ne

_��e_��	¦Õxú#���x9Ú��:¦@xÇ0�ÀÞ�¥W��

Ne_	xÇvß/U.:¦�¼!��ãË�	�}�hþ�(d¡(�/

�I¯Ç
�G�Bayesian Information Criterion�BIC	�G2LxÖ�

BIC/9ÚAIC�Akaike Information Criterion	@9�����

�n0(�ô!�B�8�� #,xÏ���<ýx(likelihood)�'�Fd	

{��ôNì��þa�ÝdOL�AICÊBICG�(��!�#,�xøÜ�

òp��v-ÈåBIC�òp�ÔAIC�'����bè#,xÏN��ÅÁ��

ï	H2b!�¾¦NØ@ ��Nì�Åb�

BIC��/1!��log likelihood�#,xnåÊÃx�xk@Ë���v�P�

��

BIC = −2log-Likelihood + k log(n)

úË}BICýxK��¥���2Le_Û�ô�,f�

� e_Û:9ÚBICxú�s�!scale

(ÀÞ�xÇB��,��ÀÞ�xÏN��ôNì��ÀÁ|��¼/(

�!(scale)�xÇ
�Ä��(3˜8K��¢�(U.�!�@"��!�X(

W��BIC,�NÔ��åxÇúv�!(scale)�

14
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(ú��Scale����BIC�e_��(s0��ïÃgD�,3À)�

1. Ý#���xX12LÀÞ����å|þxÖÀÞK��P�/Þ

³NULL������ÀÞ_1ºNULL�6�,���1¼xú�À

Þ�º�����P��@å���x0�P�Xå*����X1Kh

Ý(range)& 
r�x-���<å2L���år�X1�ÀÞ�

2. deºf��ö��úB-splineú��B-splineú�/)(R��-splines�

Wö�-�bs()ýx���dýx8e�-����Ö<Þ-º�Ç��#

��xX1�Àß<�spline�degree-º3�ú��ÀÞ-ºx0�ÀÞåÊ

ÀÞÄ�LP-º#��x-���<ó#��x-��'<�v-�Ã

xdegree=3/�-�µ����!xº	!�

3. )(@�ú�B-splineú��\ºã©Ú'!��ãË�x��ÍÉ�xº

Ç�-�y�&�*Ý�»d(d	/º��dqÚ'�OL)�åMi!��

�%�Scale=3˜8K��!�ÊÇ�FxWee_	-�}�BICýx�vP��

&�vXw����xÇúw��BIC��!ºU�

� e_�

de_;�º =�#��x�B-splineú�IÛ��P��É1e_ÛÔ

�BIC�@�0�P��ÝÏ���x�9ÚBIC»�Öw��BIC��!�&

Í°9Úr�!2LÀÞxÖåÊ���x2LB-splineú�IÛå�0°��

x�

¥�������IÛ��°�x2L =�v-�è��/�d�,��#�

�x@IÛ�°�xK��v���x@Ë��°�x��hÄ���x�å�

MÚ'ø�|�Âx!Õ0��ÅÁ�

���B-splineú�IÛ�°�x�\ºã©Ú'!��ãË�x�ÍÉ�xºÇ

15
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�-�y�&�»d*Ý��å"�!��

� e_m

de_�)(backward selection Z�B#��ÃxxÖ�(e_�B�ÍÉ�

x�#���x@Ë�!�'ô
ò�����de_/º���!�*�@-

n��s0��Ë�D�,3À�

å�º*��N��

1. H�Ç�-�ÍÉ�xy�#��xX1�X2�B-splineú�IÛ��°�x

2L�u�å�0°�Ç�Æw2�

2. �)(Ç�Æw22Lã©Ú'!��Mi�¥W)(statsWö�-�step�

�ý�2Lbackward selection���Td��oW'Ø��x�år�Í

É�x�#���x@Ë�!��

�(R��*��N�-�å�	2Lcbind()"�°�Ç�Æ»Z�xxÖ�

q��àº�%�x�B-splineú�IÛ��°�x�«�º�Ô���ô(Td

ÃxB��ô¥�X1�X2�IÛú�°�xtD*d��!Õ2L®�°�x�

Td�

,,, 3.2ÀÀÀ âââccc������xxxKKKUUU���

U��Ç�-�#���x���de_�Ë�2L¼âc�x�U���H�

H�Ç�-�âc�xX3�X4�X5�X6�X7åÊÍÉ�xy2L�u�æXº�Ç�

Ædata.discrete�2�)(dÇ�Æ2L¹Õ2L�±�å�/d�±¹Õ�Ë9(�

,3.2.1À)Ê�U�(R2L�±(�,3.2.2À)�

16
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,,, 3.2.1ÀÀÀ ���±±±¹¹¹ÕÕÕ���ËËË999

Ã�[11]�(d�±¹Õ-�/åa¹�M�a¹<º�Öú��ÉdÀßÐ�à 

/&ÍÉ�x	@qÿ�vÉ0�a¹¢�K[!G-H0ºrâc�x�ÍÉ�

x!Ü�ú¼dG-�@�úa¹<ãhWÀ,<��Ö<K��Oâ�¦�åOâ�

'�q�ãhWrâc�x�ÍÉ�x	Ü�da¹¢�_	W�.aÏ�,<�Àß

!xK��îp0�	����/1¨_à �w��åd��(<p-value�õ)��

B�sºrâc�x(�ÀKK��ÍÉ�x��Máø��

)(
ð@Ð0�a¹�MÊa¹¢W�)(KerberÐú�ChiMergeÕ[8]\º8Ã

���d��¡Öê��
·�u�¹Õå���±Í\��(2LÏ�e��uN

�-��g���a¹<~��*��u��v;5º�åÐi@�ïå«�u�Gr

i�@��a¹</����EChiMerge�e_��(å��Pº��:¦Ç�)�

1. �âc�xA������@����årD�

2. �0ÑiD�u�����uD��a¹<�

3. ~ú
�e�a¹<-������G-º,i− 1D�,iD@Ë��D���v

�u�°��D�

4. Í�2�3�ô0T�å�ÅbK�G���u�

� �u����a¹<�N�-a¹èL<ºb

� �u��@�xT0���xî���5�10�15	

�@��u��P�WOE�weight of evidence	åÊIV�information value	�Àõ2

L�±U0�

WOEºIÚ
Í�sê�x��.ãc��è¼b��,iD�WOEl����
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IV< �,ý�

[0,0.02) !�,ý�

[0.02,0.1) 1

[0.1,0.3) -I

[0.3,+∞) 7

h 3.1: �,ý���h

WOEi = ln (pyi/pni) = ln

(
yi/yes

ni/no

)
= ln

(
yi/ni
yes/no

)

v-�pyiº,iD-ÍÉ�xº1�T@	#,-ÍÉ�º1�Ô��pni/,iD-Í

É�xº0T@	#,-ÍÉ�xº0�Ô��v�µº,iD-ÍÉ�xº1�ÍÉ�x

º0Öx��Ô<��@	#,-Ô<Öx��îp�

�IV/P�WOE�Àõ@¨M�"i�¼,iD�IV��l����

IVi = (pyi − pni)WOEi

&�râc�x�Ï��D�IV<2Lø �sïr�t��x�IV<����

IV =

n∑
i

IVi

���ú�IV<ïåoþr�x��,ý�ºU�,�¡Ö�,IV<�$·��(�

h3.1)\º$·� (d�åIV<\ºaÏ�,ý����/àº�	Wå�y'�

� IV</^ ��i�aÏ���x��,ý��

� IV<ïhþúvM�D�ÅÁ���Ô�xÏTtÔxÏ�Ô��Í ú¼�

x�,ý��qÿ�

N(�(WOEåÊIVÀõB��è�å�Åb�
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WOE Table for data.x4
Final.Bin T.Count T.Distr. 1.Count 0.Count 1.Distr. 0.Distr. 0.Rate WOE IV

≤ 1 3288 32.9% 1852 1436 29.1% 39.5% 43.7% -30.5 0.032
≤ 2 1713 17.1% 1712 1 26.9% 0.0% 0.1% 688.6 1.851
≤ ∞ 4999 50.0% 2799 2200 44.0% 60.5% 44.0% -31.9 0.053
Total 10000 100.0% 6363 3637 100.0% 100.0% 36.4% NA 1.935

h 3.2: �xX4�±@�KÉq�Ï

1. å�'±ábxÚ�xÏT=xÚ90%å
�GÄ(r�x�

2. åG0i�xøÜ'Ø�ê�ÝY���ÅÁ��GxÇIV<�Ø���±�G

a��x�

3. åG0r�x�D@É0�ÍÉ�x�º1��º0B�G��d�D�º��

�G�\º!��Mn�ö�ÜE�ö�&Í°�x2L�D�

,,, 3.2.2ÀÀÀ ���(((R222LLL���±±±

)(R-woeBinningWö�2L�±�v-ï¡Öwoe.binning()ýx2LêÕ�±�

áb�keâc�x�Ç�Ædata.discreteåÊÇ�-�ÍÉ�xy(�åì_�+h

:)����

binning <- woe.binning(data.discrete, ’y’, data.discrete)

(2LêÕ�±��)(woe.binning.table()ýx(áb�ke
�e�±�P

�binning)�ï��±��ãz¹H9Ú��x2Lh<2X��h3.2:

)(woe.binning.deploy()ýxï��±ãz¹HbinningèrÊÉ(0°�xÚÆ�

FdU�P��(�xÚÆdata.discrete����

df.with.binned.vars.added <- woe.binning.deploy(data.discrete,binning,

19
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add.woe.or.dum.var = ’woe’,min.iv.total = 0.00001)

dU-�-�add.woe.or.dum.var = ’woe’/�(°��xB6	WOE�x�-

�min.iv.total = 0.00001/���oþ�±P��IVº0.00001�èr��P�ï�

0��x��±åÊÉ0��x��B)(woe.binning.plot(binning)�ï��±�

P�ï����0�3.2��3.3�

� 3.2: �±P�1

�á�2X�3.3��±@�åÊ�3.2��xIV<�¥���9Ú��P���âc

�xû (HM,3.1Àò���!�K
��!�ô ���

,,, 3.3ÀÀÀ PPP���@@@			���xxxååårrrÖÖÖ���BBB!!!���

�á�#��x�å�Nbackward selection ��!�\ºú��å���¼/��

,�Ç�Æw2-Öúbackward selection x}�è�(2X¼back result2)����

a = colnames(w2)

b = rownames(summary(back_result2)$coefficients)

p = w2[a %in% b]

20
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� 3.3: �±P�2(x4��µP�)

V1 = w2$V1

w2 = data.frame(cbind(V1,p))


¹��¼-�H��äaº�w2�L�bº�Nbackward selection��!�Í«

ÝY����x��)(ph:£��Ç�Æw2-�ê�x�
(báb�
X(��

xvß	ê��(dÍÉ�xyåV1h:�àºHM2Lcbind()B�ÍÉ�x1«

êÕ9�V1�àºp&*�+ÍÉ�x�E���Ç�Æw2-�ÍÉ�xV1M�Öú

�p2L�u�\ºK�«v\ú��!�Ç��&�!}ºw2�

��e��)(0R��-fastDummies�recipesWö���(HMe_@2L�±

���x9Ú@É�@�IÛºàP(factor)b��&�vXÖ\ºK�ãeô�*

��Ç�para sim(ò	gIV1'ó���)��h3.3���

¥���)(dummy cols()ýx����x9ÚÉ�@�IÛ���ýx�¦

s¼Ð�xB�å&�r@�<º1�&Gº0�de_ï��p$·úâcÇ
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name x4 x3 x6 x7 x5

1 (2, Inf] (1, Inf] (3, Inf] (-Inf,3] (0,2]
2 (-Inf,1] (1, Inf] (-Inf,2] (-Inf,3] (-Inf,0]
3 (2, Inf] (1, Inf] (-Inf,2] (3, Inf] (4, Inf]
4 (2, Inf] (1, Inf] (2,3] (-Inf,3] (2,3]
5 (2, Inf] (1, Inf] (-Inf,2] (-Inf,3] (0,2]
6 (-Inf,1] (1, Inf] (-Inf,2] (-Inf,3] (0,2]

h 3.3: �±���xÉ�@�(àP�)-å!ìÇ�-M6Fº�

�M¼Ðy�@�	W�oW�yµ��B_�è��()(dýxB���Ã

xremove selected columns-ºTRUEåË��H�x�¹¿2Lô��ddK��å

HM�±èr�Ç��0�àP	:1<���ËÇ��	B�G��ràPTd�

�âc��xIÛ�àP��¥������àP e!�-��! e��âc�

x�É��ýx&\¿t���ýx e���/�gIV<'��1'ó��� 

e����g!�BIC'�2L�x!��

!�Ô��e_���

1. ämodel okº)(Ç�Æw2@Mi�ã©Ú'!��

2. (�*«�n e!��âc��x-�xúIV<�'�âc��x��vÉ

���ýx emodel ok-�¥WMiã©Ú'!��&���*d�oW�

��ýx�ô0@	��ýx�ºoW(p-value < 0.05)ºb��@�0�!�1

ºmodel challenge�

3. �model challengeÊmodel ok@É0�BIC<2LÔ��åmodel challenge�BIC<

�¼model ok�BIC<B�G�model okô°ºmodel challenge�&G�Gô

°model ok�

4. Í�2.�3.ô0�	*�nN�âc��x�

5. ��åmodel okº@x��B!��
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�x1 MeanDecreaseGini

x6 296.5868
x7 302.0160
x5 306.3227
x3 702.3061
x4 748.1868
x2 943.1708
x1 1160.6990

h 3.4: �xÍ�'���

,,, 3.4ÀÀÀ ¨̈̈___îîî���ÕÕÕ

º�Hþ,Ö�@¡Öq�¹Õ�Hý�xÇ�¨_î�(random forest)ÕZÔ��

)(�FÇ��-M
R��-randomForestWö�2Lå�Í\�

1. H-�!�m1º�(randomForest()ýx@���!��ábHkeÍÉ�xÊ

ê�x�@�(�Ç��

2. )(!�m1�,úf��Ç��ê�xÅÁ��ÍÉ�xº0Êº1�_��êº

U�&)(varImpPlot()ýx�Àß!�-�ê�x�Mean Decrease Gini<�&

ï�Nd<åaÏ�x�Í�'�v�©º Gini Âx���sG<���/�(

¨_î�-�aÏ�x�Í�'¹ÕC¡ÖTdr�x�&�Td�x��!�

��!�Ô����K�îp�'Gh:r�x�Í��

3. �Mean Decrease Gini<1�0'��@É0��x2L����h3.4� �

B���£�âc�xX3�X4�X5�X6�X7Öú�\ºK�xÖ�x����

4. �m1!�-���x��x�Í�'1N0Ø��Td�&�%Ë��!��

5. )(getTree()ýx��ú�!�-ÀÞ�xºU�v-��split varºNA�2L

Nþ�Gï�0!��Ãx�x��B�_��)(m1�,ú��ö_�2L
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å��øX�å�æy=1��ÖÉ0�,y=1�_��å�æy=0��GÖÉ

0�,y=0�_���0likelihood�åBÖBIC�æ��(2L!ìæWB��

(R��randomforest()!��ú�Y = 1K�ö_�P ∗�&�P ∗�æ�Y = 1�

�ö_�P0ø��BÖMSE, v-

P0 = P (Y = 1|�æ!�-@	�Xi).

dUMSE��©º!ì-@	P ∗�P0ø��G¹�»då!ì!x���¡Öv

���BICÊvÉ0�MSE\º�Ö�-q�¹ÕÔ��!��
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,,, 4ààà !!!ìììæææWWW���PPP���

Ý,3à@Ðú��v¹Õ�2L���!ìå2LæW�åÔ�Ö�¹Õ�¨

_î�ÕKhþ�

�H(ê�x��
�!ìxÚ�ì#���âc�ê�x�#���x

ºX1�X2���ºuniform(0,1)�âc��xºX3�X4�X5�X6�X7�/�0�1�2�3�4�5-

I_�½#���(dÏ��x��10000FÀß<�å�0@��ê�xÇ��

9Ú
¹@���ê�xÇ����ÍÉ�xY�Ç�����¹�/9Ú�	¯

!�(logistic regression)�s

L = ln

(
P (Y = 1|X1, X2, X3, X4)

1− P (Y = 1|X1, X2, X3, X4)

)
, (4.1)

v-

L = 3X1 − 2X2
2 + 5 ∗ I(X3 = 1) + 9 ∗ I(X4 = 2)− 1.


�-�I(Xi = j) º��ýx<�vXi = jBº1,&Gsº0.dUi ∈ {3, 4}, j ∈ {1, 2}

º�¹¿��0�1�.^%�x����ãP (Y = 1|X1,X2,X3,X4)º���)

((4.1)Í¨ïå�åP (Y = 1|X1,X2,X3,X4) = eL/(1 + eL)�)(d_�2L���M

½Ö10000!�x���É�0�1�ÍÉ�x�&�d�x2LàP�(factor)��0

ÍÉ�xY�10000FÀß<�

å
º���!Ç��A��"�}Ç�å���(,	à�v¹ÕúË!��&

�r�Y = 1��ö_�0��¥W��Í�å
A�500!�år�500!�MSE�Ý

¨_î��¹Õ�_�(�#�500FÇ�2L_��0��

(åMSE\ºaÏ!�¹Õhþ�ÅÁ��500!�!ì-�Ö�-�q�¹Õ�

�¼¨_î�Õ�ãhÖ�-�q�¹Õ�s�h4.1º�¹Õ500!MSE�sGÊ��
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MSEÔ�h
q�¹Õ sG ��î

Ö�¹Õ 0.006412 0.0097389
¨_î� 0.046042 0.0018357

h 4.1: !ìP�KMSEÔ�h

î�

(�xxÖ
�q, Ö�¹Õ-��cÍ��âc�xX3�X4�	«xÖ0�dd

K���xÖvÖâc�x�¨_î�Õ-�«x�ZÔ��!�B8êxÖ0��Í

��âc��x�æ��Í��âc�x�!Õ«xÖ0� @å(!ì��µ-�!

Ö/åMSE�/�xxÖZ����ºÖ�¹Õ�s�

�(!ì-�º��XÖ!��hþºU��XÖ�âc�xÐ�!���

���x�åÊXÖ)(model ok@Miú��ö_��HM��xÚ��ö_

�P (Y = 1|X1,X2,X3,X4)�MSE��dÍ\s���!dq�¹Õ�!ì�àÇ�

º10000F�2�#�ê�x�5�âcê�xåÊ1�âcÍÉ�x��!!ì�±»

�8���B��,�(d�F�º2L!ì�)(sLK�ýxparLapply()�áb�

�
b@Xð��v¹Õë�ýx6esLK�ýx�d	ïÀ�'ÏB��
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,,, 5ààà æææ���ÇÇÇ���ÉÉÉ(((

� Ç�ºKAGGLE-@Ð��Ç�Æ�/ðc2005t4�09��30000F	Üá(

a3®/ØÊÌoÇ�

� Ç�PËº30000FÇ��25��x

å�/�xË9��h5.1

� Ç�U�

1. �Ç�-�^%��xKx<2LàP(factor)��

2. Ç�-�^%��xPAY 0�PAY 2�PAY 3�PAY 4�PAY 5�PAY 6�+

�-1�-2II� x<�(d�� x<��-�0\º!ÖöØ>�&�å


��xàP��

3. 1¼BILL AMT1˜BILL AMT6º2005t9�ó4��3®ÑM�àv|d

�w	Ø¦cøÜ'(��5.1)�º�M|d�w	�ÍqÚ'å°�

xBILL AMTãh�m��xtÔ�hþ�vºBILL AMT1˜BILL AMT6�

sG�

� �rÇ�Æ

º�aÏ¹Õ��,H���NR��-�¨_�x30000FÇ�¨

_½Ö21000FZº�ôÆÇ�(credit.train)�i��9000FZº,fÆÇ

�(credit.test)�¥W��ôÆ�Ç�úË!�å,fÆ�Ç��,�

� Ý�ôÆÇ��Hx<���x2LU�

– H�HM¼�v¹Õ-@(åHþ�ïýÀÞ�)(rÀÞ@É0�

a¹q�ÏKýxknot selection (j,new demo1)��v	a¹q�Ï1'
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�x1 ^� ãË

ID x<� Ï�¢6�ID
LIMIT BAL x<� å°ðcº®M�á(M¦�+�º�¶/ÜEá(M	
SEX ^%� '%�1 =7'�2 =s'	
EDUCATION ^%� 1 =©Zë�2 ='x�3 =Ø-�4 =vÖ�5 �6=*å
MARRIAGE ^%� ZûÀÁ�1 =òZ�2 =®«�3 =vÖ	
AGE x<� rx

PAY 0 ^%� 2005t9���>ÀK
�-1 =!Öö�1 =ör���&�9 =ör]�å
	

PAY 2 ^%� 2005t8���>ÀK��$·���PAT 0ø�	
PAY 3 ^%� 2005t7���>ÀK��$·���PAT 0ø�	
PAY 4 ^%� 2005t6���>ÀK��$·���PAT 0ø�	
PAY 5 ^%� 2005t5���>ÀK��$·���PAT 0ø�	
PAY 6 ^%� 2005t4���>ÀK��$·���PAT 0ø�	

BILL AMT1 x<� 2005t9��3®ÑM�°ðc	
BILL AMT2 x<� 2005t8��3®ÑM�°ðc	
BILL AMT3 x<� 2005t7��3®ÑM�°ðc	
BILL AMT4 x<� 2005t6��3®ÑM�°ðc	
BILL AMT5 x<� 2005t5��3®ÑM�°ðc	
BILL AMT6 x<� 2005t4��3®ÑM�°ðc	

PAY AMT1 x<� 2005t8��Ø>ÑM�°ðc	
PAY AMT2 x<� 2005t7��Ø>ÑM�°ðc	
PAY AMT3 x<� 2005t6��Ø>ÑM�°ðc	
PAY AMT4 x<� 2005t5��Ø>ÑM�°ðc	
PAY AMT5 x<� 2005t4��Ø>ÑM�°ðc	
PAY AMT6 x<� 2005t3��Ø>ÑM�°ðc	

default.payment .next.month ^%� 2005t10�Öö3>ÀÁ(1 =/�0 =&)

h 5.1: Ç���xË9
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� 5.1: x<��xKøÜ�

ó�2L���&�d���oW�ÀÞ(sva¹<N¼5.991465)�

&-MxÇivÀÞ�ýx�choose knot(data frame,k)�åË�°ý

xone.button select (data,k)�å�K�xÖÀÞB¹¿2L�

– ���£�x<��xPAY AMT1˜PAY AMT6ÊHMu ú�°�

xBILL AMT�%�ÍÉ�x(default.payment.next.month)Ë���°�

Ç�Æ�F�(däºA1˜A6�BI���:

response <- credit.train$default.payment.next.month

A1 <- data.frame(PAY_AMT1 = credit.train$PAY_AMT1,y = response)

A2 <- data.frame(PAY_AMT1 = credit.train$PAY_AMT2,y = response)

A3 <- data.frame(PAY_AMT1 = credit.train$PAY_AMT3,y = response)

A4 <- data.frame(PAY_AMT1 = credit.train$PAY_AMT4,y = response)

A5 <- data.frame(PAY_AMT1 = credit.train$PAY_AMT5,y = response)

A6 <- data.frame(PAY_AMT1 = credit.train$PAY_AMT6,y = response)
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�x1 �sÀÞ�!

PAY AMT1 5
PAY AMT2 7
PAY AMT3 5
PAY AMT4 5
PAY AMT5 4
PAY AMT6 6
BILL AMT 3

h 5.2: �x<��xK�sÀÞ

BI <- data.frame(PAY_AMT1 = credit.train$BILL_AMT,y = response)

¥W)(
b���Ç�ÆúË��'��h(list) conAMT list2L

xÖ�&��Ç�Æ��ãe3˜8��!(scale)�&-MsplineWö�

�bs()ZB-splineú�IÛ�åP�ã©Ú'!�ýxglm()úË!��&

åBIC\º���Àß¼x<��x-�U.�!@úËú�!�X(W�

��BIC�s0��Ë�D�,3À��

– xú��x<�x��sÀÞx�h5.2�

– �Nh5.2@xÖ�ÀÞx(�x<�x-~úÉ�ÀÞ�&������

��ÀÞ2L.>��(=x0�ÀÞ<×r�x�hß+r�x���<)�

– &�
b������ÀÞ�bs()ýx2Lspline�	!¹ýxMi�v-�

è��d�PAY AMT1K��º��MÚ'ø��OL¼!�Mi-úþ�

Å���vÖx<�x2Lbs()ýx��P�d»���L�åúËK��

2Lã©Ú'!�Mi@��Ç��

– �M�ä°�Ç�Æw�v/1�x<��x2LsplineMi�&P��Ë�

ÍÉ�x(default.payment.next.month)@D�����&�è��HMò¡

ÖàP��ÍÉ�x�å��°�Ç�ÆB��r<�1�Mï2LK�ã
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©Ú'!��Mi�

– (d|þ��Í°úË�Ç�Æw-�M12L(1PAY AMT1Ê PAY AMT22

Lspline�P�)X(�1Üo'���5.2�

� 5.2: �ZPCA��øÜ�

9Ú[4]�óÕ�E¡Ö;����å2L¦�.����xô ¾!�

ôwãh'�åÃ�!��0�ô¾º�

– �
�-X1˜X6 � X1.1˜X6.1�%åprincomp()ýx2L;�����P�

�h5.3 ˜ 5.6

ïå�0�i!�;����(�%äºpca.w1�pca.w2)-��(,4�;

��B1	95%å
ãË�p�ý���Eý¡Ö4�;��2LK�!��

Mi�)(;�����loadings�Ë�x�B-splineú��IÛP�ZÚ
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Importance of components
Indicator Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6
Standard deviation 1.44341 1.30579 1.13477 0.85101 0.446720 1.41365e-07
Proportion of Variance 0.34724 0.28418 0.21462 0.12070 0.033256 3.33067e-15
Cumulative Proportion 0.34724 0.63142 0.84603 0.96674 1.000000 1.00000e+00

h 5.3: X1˜X6�;����

Loadings
Variable Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6
X1 0.177 0.736 0.000 0.000 0.000 0.647
X2 0.262 -0.487 -0.561 0.246 0.123 0.551
X3 -0.363 -0.419 0.509 -0.338 -0.220 0.521
X4 -0.607 0.000 0.000 0.428 0.658 0.000
X5 -0.546 0.157 -0.375 0.305 -0.665 0.000
X6 -0.319 0.138 -0.519 -0.741 0.248 0.000

h 5.4: X1˜X6�;��Loadings

Importance of components
Indicator Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6
Standard deviation 1.40058 1.34147 1.12682 0.84745 0.50081 1.18541e-02
Proportion of Variance 0.32694 0.29992 0.21162 0.11970 0.04180 2.34199e-05
Cumulative Proportion 0.32694 0.62686 0.83848 0.95817 0.99998 1.00000e+00

h 5.5: X1.1˜X6.1�;����

Loadings
Variable Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6
X1.1 0.196 0.709 0.000 0.125 0.000 0.657
X2.1 -0.461 -0.293 -0.544 -0.268 0.000 0.574
X3.1 0.000 -0.524 0.486 0.499 0.273 0.402
X4.1 0.506 -0.287 0.308 -0.476 -0.514 0.276
X5.1 0.575 -0.192 -0.323 -0.214 0.694 0.000
X6.1 0.398 -0.133 -0.512 0.625 -0.412 0.000

h 5.6: X1.1˜X6.1�;��Loadings
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'D��å"�°�;���Í\���

AMT_1.PCAVAR <- as.matrix(w[,2:7])%*%pca.w1$loadings[,1:4]

AMT_2.PCAVAR <- as.matrix(w[,8:13])%*%pca.w2$loadings[,1:4]

"�°;����Öã�Ë�X1˜X6 � X1.1˜X6.1>n¼Ç�Æw-�

– ¥���2Lã©Ú'!��Mi�&¼Mi�¡ÖBIC\º���å*�

!��å�/9ÚBIC@¡Öbackward selection�A��

m.bsp.con3<- glm(V1 ~ .-1,family = "binomial",data = w)

back_result <- stats::step(m.bsp.con3,

scope = list(upper=m.bsp.con3),

direction="backward",k = log(21000))

� Ý�ôÆÇ�-�^%��x2LU� �H��H��ôÆ-�^%�

�xÐÖú��äº°�Ç�Æcredit discrete�&)(HM�v¹Õ-XðN

�woe.binning()ýxv2LêÕ�±��±�	v���ôÆÇ�2Lè

r��B�_ýÀß0Ý�ôÆÇ�-��xÍ�'(IV<)Ê�±��?

�5.3˜5.6�

¥W��eHMÇ�Æw-��X(¼
��µ�!�K�xÇ��v�ä�

��

w2 = w[ ,colnames(w) %in% rownames(summary(back_result)$coefficients)]


b��ä÷L�&*�+ÍÉ�x�@å�M��Ç�Æw-ÖúÍÉ�x

�(°Ç�Æw2á�å\ºK�^%��x��xú��

��e1/	g�xÍ�'(IV<)�����1'0���DDãe!��x

r^%��x-�oW�Ð~����x&�ú�!�Ô�BIC�Ô�K�å
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� 5.3: Ç�-�^%��x�IV<
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� 5.4: Ç�-^%��x�±P�1

� 5.5: Ç�-^%��x�±P�2
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� 5.6: Ç�-^%��x�±P�3

e°^%��x�!�BIC���G�r���x��e�ú�Ç�w2å\º�

�D�x6e@Ô��ú�!�Ç��	gd�/�Ç�-11�^%��x��

ãe�f�ïå�0��âc�x-�ú����x�x�h5.7�

�Nå
�e_sï��!��úË��B�M�����«�x�âc��

�x1�å�K�ý\,fÆÇ���x��ôÆÇ���xJ�

� �!��(�,fÆÇ�ý\

– x<��x

��,¼�ôÆ�µ�x<��x@xÖ�ÀÞ�-M,fÆÇ

�(credit.test)2Lbs()ýx�2Lspline�Mi@�úÇ��Mi���É

�ÍÉ�x�splineMi��P�2L�u�ävºw.test�

¥W)(HM;����@�0�Loadings,fÆÇ��øÉ�x2

LÚ'D��år�,fÆÇ��PAY AMT1�PAY AMT2��Û�;�

36



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

DOI:10.6814/NCCU202100841

�x1 �x

PAY 0 2
PAY 2 2
PAY 3 2
PAY 4 1
PAY 5 1
PAY 6 1

LIMIT BAL 2
AGE 1

h 5.7: �^%��x�ú����x�x

��&���;��Öãw.testg�Ë�PAY AMT1�PAY AMT2ºÇ�

Æw.test.pca�

– ^%��x

)(HM¼�ôÆ��±���(,fÆ
2Lèr�v�ä���

df.with.binned.vars.added <- woe.binning.deploy(credit_discrete,binning,

add.woe.or.dum.var = ’woe’,min.iv.total = 0.00001)

&����±��P�XÖ�&XÖ�±�wàP���xäv

ºpara sim�

��@	^%���x)(dummy cols()ýx2L��ýx��&êÝY

(�ôÆ��B!�@XÖ���£�����xsï��è��/�1¼

�ôÆ�Ç��N�IÛ��ô�x19�0!Õ�,fÊ�x1

J�@å��,fÆ-É0âc���x19ºHM@XÖ��x

1�Mïå2L!���,�

��x<��xÊ^%��x�U��P�2L�usï�ºK�6e!

��,�Ç���,ú�P��/ÍÉ�x�logit��v���ÍÉ�x

�<º1��ö_�MïåZ�º'�Ô���ä���
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� 5.7: ¨_î�Õ-��xÍ�'

para_sim_xi <- dummy_cols(data.frame(para_sim),remove_selected_columns = TRUE)

para_test_box_select = para_sim_xi[,c(2,3,6,7,10,11,15,18,22,25,26,35)]

colnames(para_test_box_select) = train_boxname_select

test_model_data = cbind(w2.test,para_test_box_select1)

exp_logit = exp(predict(model_ok,test_model_data))

test_predict_prob = exp_logit/(1+exp_logit)

<¨_î�Õ>

�¼��ôÆÇ�Ê,fÆÇ��_¡Ö�¨_î�Õ�Ö�-@Ðú�¹

ÕhþZÔ��e_���

– H�eÝ�ôÆÇ�2Lrandomforest!��úË�v!�1ºm1�

– 9Ú!�m1�)(varImpPlot()Àß!�-�ê�x�Mean Decrease

Gini<���5.7/�ê�x�Mean Decrease Gini<��(1'ó�)
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Variable Mean Decrease Gini
SEX 99.46373
PAY 6 106.51656
PAY 5 117.62635
MARRIAGE 119.60806
PAY 4 151.67893
PAY 3 185.82216
EDUCATION 192.45269
PAY 2 308.81025
PAY AMT4 481.78566
PAY AMT6 485.27533
PAY AMT5 493.01597
LIMIT BAL 505.05320
PAY AMT3 512.41122
PAY AMT2 535.40571
PAY AMT1 554.62582
AGE 575.81270
PAY 0 715.95375
BILL AMT 749.84988

h 5.8: MeanDecreaseGinih

¥W��Mean Decrease Gini<1�ó'2L���å�K�!�Ô

�BICBïå��Td����0h5.8�

– ¥W�ú
hgl¼^%�ê�x�£11��x(+ID)�&~ú£11�^

%��x(�Ë�ôÆÇ�(credit.train)á@(�Lx��ºU�d���

�(¼K�ûdÇ�LåËú°!�2LÔ���h5.9�

– ¥������ûdL&Ô�!��BIC��!��BICK�����0

Ãxk��xÊr!��likelihood�Ãxk1getTree()ýx��ú!�-À

Þ�xºU��!��likelihood/¡Öm1�,ú��ö_�2Lå��ø

X�å�æy=1��ÖÉ0�,y=1�_��å�æy=0��GÖÉ0�

,y=0�_��2LÔ����Ëhè^%��x�e�ÅÁÔ�ó^%

��x�e�Àß(�¼�µ�	��BIC�P��h5.10�

ï�0ûdM2��^%��x����0���BIC<�E�vv���

�¨_î�!��å��,,fÆÇ��
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Variable Mn

SEX 2
PAY 6 11
PAY 5 10
MARRIAGE 4
PAY 4 9
PAY 3 8
EDUCATION 3
PAY 2 7
LIMIT BAL 1
AGE 5
PAY 0 6

h 5.9: ^%��xÉLxh

�xûd�x BIC
0 34827.49
1 34396.10
2 33596.35
3 34915.59
4 34103.04
5 34448.47
6 34678.42
7 34506.61
8 34194.54
9 34265.98
10 ∞
11 ∞

h 5.10: ^%��xûdÊÉBIC
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�� �© ¹��ôr���N

ìÞ� �cº}'�#,- �cº}'�#,

(recall) «�,��}'#,�Ô� {«�,ºp'�u�

�º� @	�,º}'�#,- �,º}'�#,-

(precision) º�c�}'#,�Ô� �æ{ºp'�u�

h 5.11: ���©Ë9

ìÞ� �º� F1-score

0.3421567 0.6844618 0.4562419

h 5.12: �ôÆ¡Ö�¹ÕMiK	��

� �!��(�,fÆÇ�ý\

Ý¨_î�!��Å���,fÆÇ�-��HM�ôÆÇ�ûdM2��^

%��xsï)(predict()ýx�,�

� �ôÆÇ�MiÀÁÔ�

(Ô�!�MiKÀÁB��¡Ö8��F1-scoreZºaÏ!�Mi�¦��

��d��ºìÞ� (Recall) Ê�º� (Precision)�¿�sGx�di����

©�h5.11�

�Ý�ôÆÇ��)(Ö�¹ÕKmodel ok�Mi<(fitted.value)\º�Ú

$·ÍÉ�x(default.payment.next.month)º1��/0�(då0.5\ºU·�

���s�vmodel ok�Mi<'¼0.5B$º�����U�(ÍÉ�x=1)�

vmodel ok�Mi<'¼0.5B�G$º�����U�(ÍÉ�x=0)�

h5.12º�(d¹Õ�����

�(¨_î�Õ-�1¼Ï!2L¨_î�Õ�P�ý	0®���E(d

/åset.seed(100)ú��x�år��ô�P��h5.13º�(¨_î�Õ���

��(���ê¼r!��÷Æéc)
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ìÞ� �º� F1-score

0.9648514 0.9982043 0.9812445

h 5.13: �ôÆ¡¨_î�ÕMiK	��

ìÞ� �º� F1-score

0.3507647 0.6516957 0.4560616

h 5.14: ,fÆ¡Ö�¹Õ�,K	��

� ,fÆÇ��,�ÀÁÔ�

�#åìÞ���º�ÊF1-Score\ºaÏ,fÆÇ��,�ý��

)(Ö�-�¹Õ@�,ú�<�/logit�b�����,ú�<H���_

��b���)(0.5\º�L�å$·ÍÉ�xº1��/0 �v�,ú�_�<

'¼0.5B$º�����U�(ÍÉ�x=1)�v�,ú�_�<'¼0.5B�

G$º�����U�(ÍÉ�x=0)�h5.14º�(d$�¹�@�,����

��

�)(¨_î�Õ@�,�P���Hoþú�,ÍÉ�xº1�0�_��º

����h5.15�

�)(d_�\º$·ÍÉ�xºU��s�v$1�_�'¼$0�_��1

test ID 0 1

1 0.476 0.524
3 0.746 0.254
5 0.792 0.208
14 0.558 0.442
16 0.530 0.470
20 0.526 0.474
25 0.788 0.212

h 5.15: ¨_î�Õ�,_�P�
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ìÞ� �º� F1-score

0.3621115 0.6594789 0.4675159
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DDD���

1.Knot selection

knot_selection <- function(j,new_demo1){

new_demo1 <- new_demo1[order(new_demo1$PAY_AMT1),]

tmp <- diff(range(new_demo1$PAY_AMT1))

new_demo1$PAY_AMT1 <- (new_demo1$PAY_AMT1-min(new_demo1$PAY_AMT1))/tmp

PAY_AMT1.uni <- unique(new_demo1$PAY_AMT1)

table_PAYAMT1 = NULL

for (i in 1:length(PAY_AMT1.uni)) {

cond1_pos <- PAY_AMT1.uni[i]< new_demo1$PAY_AMT1

cond2_pos <- new_demo1$PAY_AMT1 < (PAY_AMT1.uni[i]+0.5^j)

pos = which(cond1_pos & cond2_pos)

x.pos = new_demo1[pos,]

cond1_neg <- (PAY_AMT1.uni[i]-0.5^j) < new_demo1$PAY_AMT1

cond2_neg <- new_demo1$PAY_AMT1<PAY_AMT1.uni[i]

neg = which(cond1_neg & cond2_neg)

x.neg = new_demo1[neg,]

if (length(pos)<20|length(neg)<20){

next

}

else{

if(all(x.neg$y==0)|all(x.neg$y==1)|all(x.pos$y==0)|all(x.pos$y==1)){next}

module_neg <- lm(y~ PAY_AMT1,data = x.neg)

module_pos <- lm(y~ PAY_AMT1,data = x.pos)

ensure_na_neg <- any(is.na(module_neg$coefficients))

ensure_na_pos <- any(is.na(module_pos$coefficients))

if(ensure_na_neg|ensure_na_pos){next}

B_var.neg <- summary(module_neg)$cov.unscaled*(summary(module_neg)$sigma)^2

B_var.pos <- summary(module_pos)$cov.unscaled*(summary(module_pos)$sigma)^2

BV <- B_var.neg+B_var.pos
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a = module_neg$coefficients-module_pos$coefficients

test_stat <- (t(a)%*%solve(BV)%*%a)[1,1]

column_PAYAMT1 <- c(test_stat,PAY_AMT1.uni[i])

table_PAYAMT1 <- rbind(table_PAYAMT1,column_PAYAMT1)

}

}

return(table_PAYAMT1)

}

2.Choose knot

choose_knot <- function(data_frame,k){

s_pos <- data_frame[1,2]+(0.5)^k ;s_neg <- data_frame[1,2]-(0.5)^k

knot_want <- data_frame[1,2]

repeat{

cond = which(data_frame[,2]<s_neg|data_frame[,2]>s_pos)

data_frame = data_frame[cond,]

if(is.null(dim(data_frame))){

data_frame = matrix(data_frame,ncol = 2)

}

if(length(data_frame[,1])==0){break}else{

next_knot = data_frame[1,]

s_pos <- next_knot[2]+(0.5)^k;s_neg <-next_knot[2]-(0.5)^k

knot_want <- c(knot_want,next_knot[2])

}

}

return(unique(knot_want))

}
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3.BIC

BIC <- function(model,n){

k = length(model$coefficients)

t = logLik(model)*(-2)+(log(n)*k)

return(t)

}

4.999ÚÚÚBICxxxúúú���sssscale

for (i in 3:8) {

if (is.null(one.button_select(var1,i))){

knot_points.var1 <- NULL

}else{

dif <- diff(range(var1$PAY_AMT1))

knot_points.var1 <- one.button_select(var1,i)*dif + min(var1$PAY_AMT1)}

PAY_AMT1.bs <- bs(data.train$x1, degree = 3,knots = knot_points.var1,

Boundary.knots = c(min(var1$PAY_AMT1),max(var1$PAY_AMT1)),intercept = TRUE)

m.bsp.P1_3<- glm(data.train$y ~ PAY_AMT1.bs-1,family = "binomial")

Indicator <- BIC(m.bsp.P1_3,10000)[1]

Op <- cbind(i,Indicator)

X_1 <- rbind(X_1,Op)

}

5.Backward selection

w2 <- data.frame(cbind(data.train$y,x1.bs,x2.bs))

xspline_con2 <- glm(V1 ~ .-1,family = "binomial",data = w2)
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back_result2 <- stats::step(xspline_con2,

scope = list(upper=xspline_con2),

direction="backward")

base_bic = BIC(back_result2,10000)

6.ÇÇÇ���---xxxÇÇÇiiivvvÀÀÀÞÞÞ���!!!

variable_order = c(19:24,26)#�xLxMn

for (i in 1:7) {

AMT_1 = NULL

for (j in 3:8) {

diff_range = diff(range(conAMT_list[[i]]$PAY_AMT1))

mini = min(conAMT_list[[i]]$PAY_AMT1)

knot_points.A1 <- (one.button_select(conAMT_list[[i]],j)*diff_range)+ mini

PAY_AMT1.bs <- bs(credit.train[,variable_order[i]], degree = 3,knots = knot_points.A1,

Boundary.knots = c(min(conAMT_list[[i]]$PAY_AMT1),max(conAMT_list[[i]]$PAY_AMT1)),

intercept = TRUE)

m.bsp.P1_3<- glm(credit.train$default.payment.next.month ~ PAY_AMT1.bs-1,family = "binomial")

Indicator <- BIC(m.bsp.P1_3,21000)[1]

Op <- cbind(j,Indicator)

AMT_1 <- rbind(AMT_1,Op)

print(c(i,j))

}

spline_list[[i]]=AMT_1

}
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