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¹כ ���

�����|¾Ó��«Ñì�r$3�\�"fþj��H_�ÆÒ[j��H�'a8£¤>h�̂_�Ãº ns�&�t���Hü@\����Ãº_�Ãº p��	�H

��YV[þts� ú́§��t��¦e������H�.���s	כ n>h>h�̂y��y��\�"fS\�1pq�)a p>h���Ãº[þt X1, X2, . . . , Xp

��î�rX<��H s�2£§s��� >h¥Æ�&h�Ü¼�Ð��H ½̈ì�rs� ��0px
�t�ëß� z�́]j�Ð ��_� ×�æ4�¤s� ÷&��H ���Ãº[þts�

e���̀¦ Ãº e����HX<, s�[þt ���Ãº[þts� �̧¿º ì�r$3�\� �í�<Ê÷&��� #��Q ë�H]j�� Ä»µ1Ï|̈c Ãº e����. \V�	�

@/ ÅÒ$í
ì�r ì�r$3�s��� ����� ì�r$3�\�"f��H ×�æ4�¤ ���Ãº[þts� ÅÒ»¡¤(�s, principal axis) ���&ñ
\�,

�'a8£¤>h�̂ ç�H|9��o\�"f��H >h�̂çß� ��o� íß�Ø�¦\� �=/BG�)a %ò
�¾Ó�̀¦ ×�¦ Ãº e����. ¢̧ô�Ç 3lq&h����Ãº

�� t�&ñ
�)a t��̧�<Æ_þv(supervised learning)\�"f [O�"î
���Ãº[þt_� ×�æ4�¤$í
�Ér ÆÒ&ñ
�̧+þA_� îß�&ñ


$í
�̀¦ K�u���H ���õ�\�¦ �íA�ô�Ç��. z�́]j ��«Ñ ì�r$3�\�"f��H ô�Ç ��«Ñ [jàÔ�� #��Q l�ZO�Ü¼�Ð �ÃÐ

Ò�o÷&�¦��Ãº_� �̧+þAs�ÆÒØ�¦÷&Ù¼�Ð���Ãº[jàÔ\�¦þj@/ô�Ç]X����&h�(parsimonious)Ü¼�Ð ½̈$í
½+É

��¹כ��9 e����.

�:r ���½̈_� 3lq&h��Ér X1, X2, . . . , Xp ×�æ\�"f ¹ô�Çכ��9 ���Ãº[þt�Ér ���×þ�
��¦ Ô�¦�9¹כ�ô�Ç ���Ãº[þt

�Ér ]j���<ÊÜ¼�Ð+� ÅÒ#Q��� ���Ãº[jàÔ\�¦ �Ð�� &h��Ér ß¼l�_� ���Ãº[jàÔ�Ð @/u�
���H ~½ÓZO��̀¦ ]j

r�
���H X< e����. ]jîß� ~½ÓZO��̀¦ Y>� >h_� Ãºu�&h� ��YV\� &h�6 xK� 4�§Ü¼�Ð+� ���×þ� ���Ãºü< ]j��

���Ãºçß� �'a>�_� r�y���o, �r)
�̧+þA\�"f_� Ä»6 x$í
, #3�ÅÒ+þA ��«Ñì�r$3�\�"f_� �Ö̧6 x 1px\� @/K�

�7H_�
��¦�� ô�Ç��.

ÅÒ¹6כ x#Q: ÅÒ���Ãº(principal variables), ���Ãº���×þ�, #3�ÅÒ+þA ��«Ñ.

1. ��ä��:�5}êÑä èÐü=.ã

ÅÒ$í
ì�rì�r$3��̀¦ :�x
�#� �'a8£¤ ��«Ñ\� ?/F�
���H Y>� >h_� ÅÒ¹כ $í
ì�r�̀¦ ÆÒØ�¦½+É Ãº e��6£§�Ér ú̧�

·ú��94R e����. Õª�Q�� y�� ÅÒ$í
ì�rs� �̧��H ì�r$3����Ãº\�¦ �í�<Ê
��¦ e��#Q {9�ÂÒ ÅÒ$í
ì�rëß� ���×þ�ô�Ç��
�¦ 
��8���̧ ���Ãº[jàÔ ���̂�� ×�¦#Q[þtt���H ·ú§��H��. ����"f ÅÒ$í
ì�r�̀¦ ���&ñ

���H ÅÒ¹כ ���Ãº[þt
�̀¦ ���×þ�
���H ~½ÓZO�[þts� ]jîß��)a �� e���� (Jolliffe, 1972, 1973; Krzanowski, 1996). Õª�Q�� ÅÒ
$í
ì�rì�r$3��̀¦ :�xK� p>h ���Ãº[þt X1, X2, . . . , Xp ��î�rX< :�x>�&h�Ü¼�Ð ×�æ4�¤s� \O���H ���Ãº[þtëß� ¹1Ô
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��?/��Hs��Qô�Ç~½ÓZO�[þt\���H���è_�ë�H]j��e����.ÅÒ$í
ì�r���̂��eç
#����Ãº[þt\�_�K�ß¼>�%ò

�¾Ó�̀¦ ~ÃÎ�̀¦ Ãº e��l� M:ë�Hs���.

McCabe (1984)��H s���� ë�H]j\�¦ _�d��
��¦ ÅÒ$í
ì�r(principal components)�̀¦ @/���½+É ‘ÅÒ���
Ãº(principal variables)’ >h¥Æ��̀¦ ]jr�
��¦ q>h(≤ p)_� ÅÒ���Ãº ���×þ�õ� �� Qt� ���Ãº_� �̀l�\�
@/ô�Ç s��:r&h� $í
|9�[þt�̀¦ �����K�ÍÇx��. Õª�Q�� z�́]j&h�Ü¼�Ð��H p>h ���Ãº ×�æ\�"f &ñ
K���� >hÃº_�

���Ãº\�¦ ¹1Ô��?/��H ��Ér	כ �̧½+Ë ë�H]j(combinatoric problem)�� ÷&Ù¼�Ð þj&h��o�� ~1�t� ·ú§�¦ ���
×þ����Ãº Ãº q_� þj&h� °ú̀�כ¦ &ñ

���H �̧�	כ ~1�t� ·ú§�Ér ë�H]js���. s� ���½̈\�"f Äºo���H McCabe
(1984)\�¦ ����©�
�÷& �Ð�� z�́6 x&h���� éß�>�&h� ���Ãº ���×þ�/]j�� ~½ÓZO��̀¦ ]jîß�
��¦�� ô�Ç��.

McCabe (1984)��H p���|¾Ó SX�Ò�¦ 7�'� X\�¦ ÅÒ�Ð ì�r$3�s� ÷&#Q�� ½+É q(≤ p)���|¾Ó X[1]õ� �� Q

t� p− q���|¾Ó X[2]�Ð ��¾ºl� 0AK�"f��H X = (X[1], X[2])_� /BNì�ríß� '��§>=

Σ =

(
Σ11 Σ12

Σ21 Σ22

)

\� @/
�#�

i) min |Σ22.1| (or max |Σ11|),
ii) min tr(Σ22.1),

iii) min ||Σ22.1||2,
iv) minΣkρ2

k (#�l�"f ρk��H ���×þ� ���Ãºç�Hõ� q����×þ� ���Ãºç�H ��s�_� &ñ
ï�r�©��'a)

1px_� l�ï�rÜ¼�Ð q>h ÅÒ���Ãº\�¦ ¹1Ô�̀¦ �¦̀�	כ ]jîß�ô�Ç �� e����. s� ×�æ\�"f l�ï�r ii)\�¦ s� ���½̈\�"f
	�6 x½+É �.���s	כ

2]X�\�"f ÅÒ���Ãº ���×þ� ·ú��¦o�7£§�̀¦ ]jr�
��¦ 3]X�\�"f��H ]jîß� ·ú��¦o�7£§�̀¦ Y>� >h_� Ãºu�&h�
��YV\�&h�6 xK��̂¦��s���.Ãºu�&h���YV\�"f���×þ����Ãºü<]j	כ����Ãºçß��'a>�_�r�y���o,�r)
�̧
+þA\�"f_� Ä»6 x$í
, #3�ÅÒ+þA ��«Ñì�r$3�\�"f_� �Ö̧6 x 1px�̀¦ �7H_�
�l��Ð ô�Ç��.

2. =�l̀v �î|q@è*́0

ì�r$3� ���Ãº[þt X1, X2, . . . , Xp ×�æ\�"f ô�Ç >h_� ���Ãº Xj\�¦ ���×þ�
���� s� ���Ãº�Ð q����×þ� ���

Ãº[þt_� {9�&ñ
 ÂÒì�rs� [O�"î
�)a��. ���Ãº Xl_� ��«Ñ°úכ  7�'�\�¦ xl�Ð ³ðl�½+É M: (l = 1, 2, . . . , p), ���
+þA&h���� �'a>��Ð �Ð��H �â
Äº ���Ãº Xl_� 8úx ���1lx ||xl||2 ��î�rX<

∣∣∣
∣∣∣xl −

xt
jxl

xt
jxj

xj

∣∣∣
∣∣∣
2

, l = 1, 2, . . . , p (2.1)

�� z����H��. ����"f s��¦þt�̀]	כ þj�è�o 
���H ���Ãº\�¦ ¹1Ô���� ô�Ç��. ô�Ç¼#�Ü¼�Ð ¹1Ô����� ���Ãº Xj\�

_�
�#� (2.1)_� °úכs� {9�&ñ
 °úכ�Ð�� ����Ér ���Ãº Xl�Ér �8 s��©� �Ð�>r½+É ��¹כ��9 \O���. Äºo���H ���Ãº
_� ���×þ�õ� �̀l�\�¦ éß�>�Z>��Ð Ãº'��
���H ��6£§ ·ú��¦o�7£§�̀¦ ]jîß�ô�Ç��.

0) �̧��H ���Ãº[þt�̀¦ ��t��¦ r����ô�Ç��. ¹ô�Çכ��9 �â
Äº ���Ãº[þt�̀¦ ����� ³ðï�r�oô�Ç��. ���Ãº[jàÔ_�

ß¼l�\�¦ p���¦ 
���.
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1) ß¼l� p_� ���Ãº[jàÔ\�"f
p∑

l=1

∣∣∣
∣∣∣xl −

xt
jxl

xt
jxj

xj

∣∣∣
∣∣∣
2

�̀¦ þj�è�o
���H ���Ãº Xj\�¦ ¹1Ô��H��. Õª ���Ãº\�¦ Xj1s����¦ 
���.

2) ���Ãº Xl�̀¦ Xj1Ü¼�Ð [O�"î
÷&t� ·ú§�Ér ïß�	���� Xl·j1Ü¼�Ð @/u�ô�Ç��. 7£¤ ��«Ñ  7�'� xl�̀¦

xl·j1 = xl −
xt

j1
xl

xt
j1

xj1

xj1 , l = 1, 2, . . . , p

�Ð @/u�ô�Ç��.

3) ]jY�Lß¼l� ||xlj1 ||2s�{9�&ñ
°úכ c\�p�²ú�÷&��� Xl�̀¦]j��
�#����Ãº[jàÔ\�¦\O�X<s�àÔô�Ç��.���
Ãº

[jàÔ_� ß¼l�\�¦ Dh�Ð ½̈
�#� p�Ð Z�~��H��.

4) p ≥ 1s���� éß�>� 1�Ð [�t��çß���.

·ú��¦o�7£§ ?/ í�H8̈� ÂÒì�rs� q��� ìøÍ4�¤÷&��� (q ≤ p) Õª ���õ��Ð q>h_� ���Ãº[þts� ���×þ��)a��. Õª
���Ãº[þt�̀¦ Xj1 , Xj2 , . . . , Xjq���¦
���.#�l�\��í�<Ê÷&t�·ú§��H p−q>h_����Ãº[þt�Ér���×þ��)a q>h

_� ���Ãº[þt�Ð �©�{©� ÂÒì�rs� [O�"î
÷&Ù¼�Ð eç
#����Ãº(redundant variables)�Ð �̂¦ Ãº e����.
0A ·ú��¦o�7£§�Ér cut-off °úכ c\� ���� ���Ér ���õ�\�¦ ?/Ù¼�Ð c °ú̀�כ¦ &ñ
K��� 
���HX< ð�©�d��&h�ñ

��� Ãºï�r\�"f ú̧���H ��s	כ a%~��x��. c��H 8úx ]jY�L���1lx ×�æ ���×þ����Ãº[þt�Ð [O�"î
÷&t� ·ú§�Ér ]jY�L���1lx

_� q�Ö�¦s�Ù¼�Ð, �̧��H ���Ãº[þts� ����� '���̧�o÷&#Q ||xl||2=1\�"f r����ô�Ç�����, c = 0.2 ∼ 0.1�Ð
Ñüt Ãº e���̀¦ �Ü¼�Ð	כ �:r��. c\�¦ ß¼>� ½+ÉÃº2�¤ ���×þ����Ãº [jàÔ_� ß¼l��� ����������.
���Ér~½Ód���Ér c = 0Ü¼�Ð
�#����Ãº 1>hm�����×þ�
���Héß�>�\�¦=åQ��t�=åJ�¦��÷&y��éß�>�\�"f

maxl=1,...,p

∣∣∣∣∣

∣∣∣∣∣xl −
xt

j1
xl

xt
j1

xj1

xj1

∣∣∣∣∣

∣∣∣∣∣

2

(2.2)

�̀¦ Ø�¦§4�·�'a¹1Ï
�#� ���×þ����Ãº [jàÔ_� ß¼l�\�¦ ��Êê&h�Ü¼�Ð &ñ

���H �.���s	כ

3. �®e�=.ã ��NM

s� ]X�\�"f��H 3>h_� Ãºu�&h� ��YV\�¦ :�xK� ���×þ� ���Ãºü< ]j�� ���Ãºçß� �'a>�, �r)
�̧+þA\�"f_�
Ä»6 x$í
, #3�ÅÒ+þA ��«Ñì�r$3�\�"f_� �Ö̧6 x 1px�̀¦ ¶ú�(R�Ðl��Ð ô�Ç��.

é�>W�ÉÙ�D Øכ�� (R_� gclus ��s�ÚÔ�Qo�_� body ��«Ñ)

s� ��«Ñ��H 507"î
\� @/ô�Ç 21>h ����̂ÂÒ0A 8£¤&ñ
°úכÜ¼�Ð ½̈$í
÷&#Q e����HX<, ����� �̧��H ���Ãº\�¦
'���̧�o
��¦ c = 0.2�Ð Z�~�¦ ]jîß� ·ú��¦o�7£§�̀¦ &h�6 xô�Ç ���õ� ��6£§ 15>h ���Ãº�� ���×þ�÷&%3���. ���
×þ��)a ���Ãº[þt�Ér í�H"f@/�Ð



144 )�"î
�r, e��6 x���, s�6 x½̈

ÕªaË> 3.1: 2–$í
ì�r �����ì�r$3� >h�̂ e�¦2�©

“ForearmG” “HipG” “Biiliac” “AnkleD” “CalfG” “ChestDp”
“Biacrom” “KneeD” “AnkleG” “Bitro” “ChestD” “WristD”
“AbdG” “KneeG” “ThighG”

s��¦ q����×þ� ���Ãº o�Û¼àÔ��H ��6£§õ� °ú ��.

“BicepG” “WaistG” “ShoulderG” “ChestG” “ElbowD” “WristG”

s�[þt 6>h q����×þ� ���Ãº[þt\� @/ô�Ç ¼#�/BNì�ríß� '��§>=�Ér ��6£§õ� °ú s� ����z�¤��.

BicepG WaistG ShoulderG ChestG ElbowD WristG

BicepG 0.09 0.02 0.03 0.03 0.00 0.01

WaistG 0.02 0.14 0.02 0.03 -0.02 0.00

ShoulderG 0.03 0.02 0.11 0.04 0.01 0.00

ChestG 0.03 0.03 0.04 0.09 0.01 0.00

ElbowD 0.00 -0.02 0.01 0.01 0.15 0.00

WristG 0.01 0.00 0.00 0.00 0.00 0.11

@/y����� �©�\���H 0.2 s�
�_� °úכ[þtëß� z����¤�¦ Õª ü@ q�@/y�� ¹�è[þt�̧כ @/ÂÒì�r B�Äº �����&��6£§�̀¦
SX����½+É Ãº e����.
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ÕªaË> 3.2: 2–$í
ì�r �����ì�r$3� ���Ãº e�¦2�©: (ýa) ���×þ����Ãº, (Äº) ]j�����Ãº

���×þ��)a 15>h ���Ãº[jàÔ\� @/ô�Ç ÅÒ$í
ì�r_� �¦Ä»°úכ�Ér %�6£§ 2>hëß� 1.0 s��©�s�%3��¦ (8.94ü<
1.98) ¾º&h� (�G'pàÔ��H 72.8%%i���. s�\� ���� 2-$í
ì�r �����ì�r$3��̀¦ 
�%i��¦ >h�̂ e�¦2�©Ü¼�Ð ÕªaË>
3.1�̀¦, ���Ãº e�¦2�©Ü¼�Ð ÕªaË> 3.2_� ¢,aAá¤ �¦̀�	כ %3�%3���. ÕªaË> 3.2_� �̧�ÉrAá¤ ��Ér	כ ���×þ�÷&t� ·ú§�Ér
6>h ���Ãº\�¦ ÆÒ�����Ãº(supplementary variables) l�ZO�Ü¼�Ð r�y���oô�Ç ����s	כ ()�"î
�r, 1999).
:£¤s�
�>��̧,q����×þ� 6>h���Ãº��]j2�����_�:£¤&ñ
ÂÒ ñ�Ðj"t�9e����.s�[þt���Ãº[þt�Ér 2>h_�	�H
 é
#Qo��Ð �)a ÕªaË> 3.1\�"f  é
#Qo� ½̈ì�rõ� �'aº�� e��t�ëß� ÕªaË> 3.2_� ¢,aAá¤ ÕªaË>\�"f �����ì�r$3�
\� ÈÒ{9��)a 15>h ���Ãº ×�æ\� Õª 0Au�\� �©�{©�Ãº_� ���Ãº�� e��6£§�̀¦ �̂¦ Ãº e����.

NIR Øכ�� ��Qd (R_� pls ��s�ÚÔ�Qo� !Q��� 1_� NIR ��«Ñ)

"é¶��«Ñ��H 28>h PET��(ø)@/�©� 268>h���©�\�@/ô�Ç��H&h�ü@���Û¼&7�àÔ!3�°úכÜ¼�Ð ½̈$í
÷&#Q
e����. ���%�o��Ð"f 268>h ���Ãº y��y��\� @/
�#� ×�æd���o\�¦ 
�%i��¦ '���̧�o��H 
�t� ·ú§��¤��. Õªo�
�¦þj@/³ðï�r¼#�	�\�¦ 1s����¦½+ÉM: 0.1s��©�_�³ðï�r¼#�	�\�¦°ú���H���Ãº_�Ãº��H 107>hs�%3�t�ëß�
c = 0.1�Ð 
�#� 2]X�_� ·ú��¦o�7£§�̀¦ &h�6 xô�Ç ���õ� x.11, x.112 1px 2>h ���Ãºëß� ���×þ�÷&%3��¦ PET
��_� x9��̧ y\�¦ x.11õ� x.112\� �r)
r���� ���õ� 96.4%_� ���&ñ
>�Ãº\�¦ ����� ��×�æ���+þA�r)
 �̧+þA
s� �̧Ø�¦÷&%3���. ÕªaË> 3.3\�"f yü< x.11, x.112 çß� íß�&h��̧ '��§>=�̀¦ �Ð��.
s� ��YV\�"f��H p�� n�Ð�� ß¼Ù¼�Ð �̧��H [O�"î
���Ãº\� _�ô�Ç ��×�æ���+þA�r)
��H &h�½+Ës� ��0px
�

t� ·ú§��. @/îß�&h�Ü¼�Ð PCR �r)
(principal component regression)ü< PLS �r)
(partial least
squares regression)\�¦ ½+É Ãº e����HX< s� ~½ÓZO�[þt�Ér 2>h $í
ì�r�̀¦ �¦�9ô�Ç���¦ 
��8���̧ y \V8£¤\�
�̧��H ���Ãº[þt�̀¦ ¹�Ðכ��9 ô�Ç��. �ÃÐ�¦�Ð 2>h $í
ì�r_� PCR �̧+þAõ� PLSR �̧+þA_� ���&ñ
>�Ãº��H y��
y�� 4.6%ü< 96.4%%i���. ����"f yü< �'aº��f±	t� ·ú§�¦ ���×þ��)a 2>hëß�_� ���Ãº\�¦ �Ö̧6 x
����"f�̧ Äº
o��� ]jîß�
���H �r)
�̧+þA_� [O�"î
§4�s� �̧��H ���Ãº\� _��>r
���H ���Ér ¿º �r)
�̧+þA\� q�
�#� �s̀
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ÕªaË> 3.3: NIR ��«Ñ\�"f yü< 2>h_� ���×þ����Ãº çß� íß�&h��̧ '��§>=

��� zf����� þj�èô�Ç 3lwt�·ú§��. þj��H )�"î
�r 1px (2007)�Ér s� ��«Ñ\� @/ô�Ç r�y���o ���õ�\�¦ ]jr�
ô�Ç �� e����.

German Credit Øכ�� ��Qd

s� ��YV_� ��«Ñ��H ���6 x@/Ø�¦�� 1,000"î
\� @/ô�Ç 20>h �FKÖ6x x9� ���½̈���r&h� ���Ãº X1, . . .,
X20õ� ���õ����Ãº��� ���6 x½̈ì�r �ï×¼�Ð ½̈$í
÷&#Q e���� ()�"î
�r (2003, p. 30–32) ¢̧��H http://
mlearn.ics.uci.edu/MLSummary.html �ÃÐ�̧). X1ÂÒ'� X20_� 20>h ���Ãº ×�æ 7>h��H ���5Åq+þAs�t�
ëß� 13>h��H#3�ÅÒ+þAs��� (#3�ÅÒÃº�� 2>hÂÒ'� 11>h��t�).s���YVì�r$3�\�"f��H#3�ÅÒ+þA���ÃºÃº\�¦
×�¦s��¦�8���������×þ��)a���Ãº\�@/
�#���H��0pxô�Çô�Ç#3�ÅÒ[þt�̀¦:�x½+Ë
���H�.��3lq³ð�Ðô�Ç¦̀�	כ
���%�o��Ð"f#3�ÅÒ+þA���Ãº��"î
3lq+þA����â
Äº��H�8p����Ãº�Ð��Ë̈%3���.\V�	�@/ X20�Ér foreign

worker�Ð ‘yes’ ¢̧��H ‘no’_� ¿º °ú̀�כ¦ °ú���H s��½Ó+þA ���Ãº���X< s� ���Ãº\�¦

A201 = 1 if ’yes’, = 0 otherwise,
A202 = 1 if ’no’, = 0 otherwise

�Ð³ð�&³
�%i���.����"f¿º���Ãº×�æ
�����H redundant
�Ù¼�Ð
��������×þ�÷&�����1lx&h�Ü¼�Ð��
�Ér
�����H �̀l��)a��.s�XO�>�%�o��)a���Ãº��H X20 (foreign worker, 2>h#3�ÅÒ)ü@\� X4 (purpose,
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11>h #3�ÅÒ), X9 (personal status and sex), X14 (other installment plans, 3>h #3�ÅÒ), X15
(housing, 3>h #3�ÅÒ), X19 (telephone, 2>h #3�ÅÒ) 1pxs���. s� M: k>h_� #3�ÅÒ\�¦ °ú���H ���Ãº\�¦ °ú 

�Ér Ãº_� �8p� ���Ãº�Ð ³ð�&³
�%i���HX< Óüt�:r Õª ×�æ 
�����H redundant
���. Õª�Q�� �8p� ���Ãº[þt
_� #QÖ¼ �̧½+Ës����̧ ���×þ�|̈c Ãº e���̧2�¤ 
�l� 0A
�#� s���� ³ð�&³ ~½ÓZO�s� ��|ÃÐf��
���. Óüt�:r k>h

_� �8p� ���Ãº�� �̧¿º ���×þ�÷&t���H ·ú§��H��.
¿º ���P: Ä»+þA�Ér í�H"f #3�ÅÒ+þA ���Ãº_� �â
Äº���X< ¾º&h� #3�ÅÒ ~½Ód��Ü¼�Ð s��½Ó+þA ���Ãº\�¦ Òqt$í


r�(����. \V\�¦ [þt#Q X3��H credit history�Ð all credits paid back duly(= 0), all credits at this
bank paid back duly(= 1), existing credits paid back duly(= 2), delay in paying off in the
past(= 3), critical account(= 4)_� 5>h #3�ÅÒ\�¦ 2[
���HX< ��6£§õ� °ú s� 4>h s��½Ó+þA �ï×¼�Ð ���
8̈�
�%i���.

A31 = 1 if X3 ≥ 1, = 0 otherwise,
A32 = 1 if X3 ≥ 2, = 0 otherwise,
A33 = 1 if X3 ≥ 3, = 0 otherwise,
A34 = 1 if X3 ≥ 4, = 0 otherwise.

s�XO�>�%�o��)a���Ãº��H X3 (credit history, 5>h#3�ÅÒ)ü@\� X7 (present employment since, 5>h
#3�ÅÒ), X10 (other debtors, 3>h #3�ÅÒ), X12 (property, 4>h #3�ÅÒ), X17 (job, 4>h #3�ÅÒ) 1pxs�
��.
[j ���P: Ä»+þA�Ér í�H"f+þAõ� "î
3lq+þAs� �D¥½+Ë�)a #3�ÅÒ+þA ���Ãº���X< s� �â
Äº í�H"f+þA ÂÒì�r�Ér

¾º&h� #3�ÅÒ ~½Ód��Ü¼�Ð, "î
3lq+þA #3�ÅÒ��H ½̈ì�r÷&�̧2�¤ s��½Ó+þA ���Ãº\�¦ Òqt$í
r�(����. \V\�¦ [þt#Q

X1�Ér checking account���X< 0 or less(= 1), between 0 and 200(= 2), 200 or more(= 3),
no account(= 4)_� 4>h #3�ÅÒ\�¦ ��6£§õ� °ú s� �ïç̀

�%i���.

A11 = 1 if 1 ≤ X1 ≤ 3, = 0 otherwise,
A12 = 1 if 2 ≤ X1 ≤ 3, = 0 otherwise,
A13 = 1 if 3 ≤ X1 ≤ 3, = 0 otherwise,
A14 = 1 if X1 = 4, = 0 otherwise.

����"f s�[þt ×�æ 
�����H redundant
���.s�XO�>�%�o��)a ���Ãº��H X1 (checking account, 4>h #3�
ÅÒ) ü@\� X6 (savings account, 5>h #3�ÅÒ)�� e����.
s�ü< °ú s� �����%�o��Ð �̧¿º 1/0 �ï×¼�oô�Ç ��6£§ ×�æd���o
�%i�Ü¼�� '���̧�o��H 
�t� ·ú§��¤��.

����"fm>h_� 1õ� n−m>h_� 0Ü¼�Ð�ïç̀
�)a\P�_�×�æd���o�)a 7�'�\�¦ xj�Ð³ðl�½+ÉM: ||xj ||2/n�Ér

r · (1 − r)�� �)a�� (#�l�"f r = m/n). ·ú��¦o�7£§ &h�6 xr� cut-off °ú̀�כ¦ 0.09 (= 0.1 · 0.9)�Ð ô�Ç
���õ�, A11, A12, A33, A40, A42, A41, A61, A62, A73, A74, A75, A92, A93, A122, A123,
A143, A152, A173, A174, A191 1pxs� ���×þ�÷&%3��� (#�l�"f ��t�}�� Õüw����H #3�ÅÒ\�¦, Õª ·ú¡ Õüw
����H ���Ãº\�¦ �����·p��). 7£¤, X10 (other debtors, 3>h #3�ÅÒ)õ� X20 (foreign worker, 2>h #3�
ÅÒ)\� K�{©�
���H 1/0 �ï×¼ ���Ãº�� �̧¿º ���×þ�÷&t� ·ú§��¤��. ����"f ¿º ���Ãº X10õ� X20�Ér z�́]j
�Ð redundant
����¦ ½+É Ãº e����. ¢̧ô�Ç ��Ãº_� #3�ÅÒ½̈ì�rs� Ô�¦�9¹כ��<Ê�̀¦ ·ú� Ãº e����HX< \V�	�@/
X3\� @/ô�Ç �ï×¼ ×�æ\�"f A33ëß� ���×þ�÷&%3�Ü¼Ù¼�Ð X3 (credit history = 0, 1, 2, 3, 4)_� 5>h #3�ÅÒ
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×�æ 0,1,2\�¦ ô�Ç #3�ÅÒ�Ð Óü��¦ 3,4\�¦ ���Ér ô�Ç #3�ÅÒ�Ð #î
½+Ë½+É Ãº e����.

4. ßòY�¶�ËHx

s��©�Ü¼�Ð ÅÒ#Q��� p>h ���Ãº X1, X2, . . . , Xp ×�æ\�"f ¹ô�Çכ��9 ���Ãº[þt�Ér ���×þ�
���H éß�>�&h� ~½Ó

ZO�õ� ��YV\�¦ ]jr�
�%i���. cut-off °úכ c\�¦ 0Ü¼�Ð Z�~��H �â
Äº 2]X�_� ·ú��¦o�7£§�̀¦ Gram-Schmidt
f���§�o õ�&ñ
Ü¼�Ð�̧ �̂¦ Ãº e����x��HX< :�x�©�&h���� Gram-Schmidt õ�&ñ
õ���H \P�(���Ãº) ���×þ� l�0px
\�"f 	�s��� e����. s� ���½̈\�"f ]jîß�ô�Ç “���Ãº���×þ� Gram-Schmidt f���§�o ·ú��¦o�7£§”�Ér �����
|¾Ó ��«Ñ_� ��3lq&h� ì�r$3�\� Ä»6 xô�Ç »¡¤�è�)a ���Ãº[jàÔ\�¦ ]j/BNô�Ç��.
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Variable Selection for Multi-Purpose

Multivariate Data Analysis∗

Myung-Hoe Huh1) Yong Bin Lim2) Yonggoo Lee3)

Abstract

Recently we frequently analyze multivariate data with quite large number of vari-

ables. In such data sets, virtually duplicated variables may exist simultaneously even

though they are conceptually distinguishable. Duplicate variables may cause problems

such as the distortion of principal axes in principal component analysis and factor

analysis and the distortion of the distances between observations, i.e. the input for

cluster analysis. Also in supervised learning or regression analysis, duplicated explana-

tory variables often cause the instability of fitted models. Since real data analyses are

aimed often at multiple purposes, it is necessary to reduce the number of variables to

a parsimonious level.

The aim of this paper is to propose a practical algorithm for selection of a subset

of variables from a given set of p input variables, by the criterion of minimum trace

of partial variances of unselected variables unexplained by selected variables. The

usefulness of proposed method is demonstrated in visualizing the relationship between

selected and unselected variables, in building a predictive model with very large number

of independent variables, and in reducing the number of variables and purging/merging

categories in categorical data.

Keywords: Principal variables, variable selection, categorical data.
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