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�̂�t��&³1) &ñ
7áx���2)

¹כ ���

¿º >�/åL_� ì�rÀÓë�H]j\�"f ¿º >�/åL_� �'a8£¤ >h�̂Ãº�� d���>� Ô�¦ç�H+þA�̀¦ s�ê�r ��«Ñ\�¦ ì�r

$3�½+É M:, ��¥y� ���0A&h�Ü¼�Ð ¿º >�/åL_� ß¼l�\�¦ q�5pw�>� K�ï�r ��6£§ ì�r$3�ô�Ç��. �:r ���½̈\�"f

��H s���� ô ¥º��³ð�:r ½̈$í
~½ÓZO�_� ��{©�$í
\� @/K� ·ú����Ð��¤��. ¢̧ô�Ç ô ¥º��³ð�:r_� ½̈$í
~½ÓZO�s�

ÂÒÛ¼h�A\� p�u���H ò́õ�\� @/K�"f�̧ ·ú����Ð��¤��. 12>h_� z�́]j ��«Ñ\� @/ô�Ç z�́+«> ���õ� ��

Áº�̧+þAÜ¼�Ð ÂÒÛ¼h�A l�ZO��̀¦ &h�6 x½+É M:��H ô ¥º��³ð�:r�̀¦ Õª@/�Ð é�H G� ì�r$3����H ��s	כ a%~����H

����:r�̀¦ %3�%3���.

ÅÒ¹6כ x#Q: ��Áº�̧+þA, ÂÒÛ¼h�A(boosting), &ñ
½©�ol�@/q�6 x

1. "V*́0

¿º >�/åL_� ì�rÀÓë�H]j\�"f ô�Ç >�/åL_� �'a8£¤ >h�̂Ãº�� ���Ér >�/åL\� q�K� �&³$��>� &h��̀¦ M:

�� ��¥y� e����. �FKÖ6x�'aº�� ��«Ñ\�"f @/Ø�¦��\�¦ ����̂��ü< q�����̂���Ð ì�rÀÓ½+É M:�� 8̈��â
�'aº�� ��
«Ñ\�"f �'a8£¤t�%i��̀¦ �̧%i�t�%i�õ� q��̧%i�t�%i�Ü¼�Ð ì�rÀÓ½+É M:, Õªo��¦ _�«Ñ�'aº�� ��«Ñ\�"f ���
�����\�¦ :£¤&ñ
|9�#î
8̈���ü< &ñ
�©����Ü¼�Ð ½̈ì�r½+É M: ô�Ç >�/åL_� �'a8£¤ >h�̂Ãº��H �� Qt� >�/åL_� �'a

8£¤ >h�̂Ãº\� q�K� &h��Ér �â
Äº�� �Ð:�xs���. ¿º >�/åL_� �'a8£¤ >h�̂Ãº�� d���>� Ô�¦ç�H+þA�̀¦ s�ê�r
��«Ñ(s�� î>�/åLÔ�¦ç�H+þA��«Ñï�Ð g�A�<Ê)\�¦ ì�r$3�½+É M:, ��¥y� �&³�©�\�"f��H ���0A&h�Ü¼�Ð ¿º >�/åL_�
ß¼l�\�¦q�5pw�>�K�ï�r��6£§ì�r$3����HX<,�:r���½̈\�"f��Hs�XO�>�����"é¶A�ß¼l�\�¦Ä»t�ô�ÇG�
�Ð ì�r$3�Ùþ¡�̀¦ M:ü< #Q�"� 	�s��� e����H��\� @/K� ·ú����Ð�¦ @/îß��̀¦ ]jr���¦�� ô�Ç��.
��Áº�̧+þA(tree model, Breiman et al. (1984))�Ér >�/åLÔ�¦ç�H+þA��«Ñ�� ÅÒ#Q&���̀¦ M: �èÃº>�

/åL(minority class)�̀¦ ��Ãº>�/åL(majority class)Ü¼�Ð �̧ì�rÀÓ���H q�Ö�¦s� Z�}��t���H �â
�¾Ós� e��
��. �=������, ô ¥º��³ð�:r(training sample)\� ��Ãº>�/åL_� ��«Ñ�� ú́§Ü¼��� ����̂ �̧ì�rÀÓÖ�¦�̀¦ ±ú�
ÆÒl� 0AK� ��Ãº>�/åL�̀¦ �̧×¼(node)_� @/³ð°úכÜ¼�Ð ì�rÀÓ\�¦ ú́§s� �>� ÷&�¦, ����"f s�[þt �̧×¼
\� 5Åq���H �èÃº>�/åL�Ér ��Ãº>�/åLÜ¼�Ð �̧ì�rÀÓ�� ÷&#Q �èÃº>�/åL_� �̧ì�rÀÓÖ�¦s� Z�}��t�>� ÷&l�

M:ë�Hs���(Weiss & Provost (2001) 6.1]X� �ÃÐ�̧). s� M: ���0A&h�Ü¼�Ð �èÃº>�/åL_� q�Ö�¦õ� ��Ãº
>�/åL_� q�Ö�¦�̀¦ ú́�ÆÒ#Q ô ¥º��³ð�:r�̀¦ ½̈$í
���� ����̂&h���� �̧ì�rÀÓÖ�¦�Ér Z�}��t��� �èÃº>�/åL_� �̧

ì�rÀÓÖ�¦�Ér �Ð:�x ±ú��������. ëß���� �èÃº>�/åL_� �̧ì�rÀÓ q�6 xs� ��Ãº>�/åL_� �̧ì�rÀÓ q�6 x�Ð�� �Z4
1pxy� ß¼�����, ����̂&h���� �̧ì�rÀÓÖ�¦s� ±ú�t�ëß� �èÃº>�/åL_� �̧ì�rÀÓÖ�¦s� Z�}�Ér ~½ÓZO�s�, ����̂&h����

∗ �:r ���½̈��H Õüæz�́@/�<Æ�§ �§?/���½̈q� t�"é¶Ü¼�Ð s�ÀÒ#Q&��6£§
1) (156-743) "fÖ�¦r� 1lx���½̈ �©��̧1lx 1-1 Õüæz�́@/�<Æ�§ �����õ��<Æ@/�<Æ &ñ
�Ð:�x>��<Æõ� �§Ãº
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�̧ì�rÀÓÖ�¦s� ���è Z�}t�ëß� �èÃº>�/åL_� �̧ì�rÀÓÖ�¦s� ±ú��Ér ~½ÓZO�\� q�K� l�@/q�6 xs� 9þt Ãº e����.
z�́]j�Ð ����̂��\�¦ q�����̂���Ð ú̧�3lw ì�rÀÓÙþ¡�̀¦ M: µ1ÏÒqt���H q�6 xs���, :£¤&ñ
|9�#î
�̀¦ ����� 8̈���
\�¦ &ñ
�©����Ü¼�Ð ú̧�3lw ì�rÀÓ½+É M:_� q�6 xs� �©�@/&h�Ü¼�Ð �s̀��� 	�H �â
Äº�� ú́§��. s���� �â
Äº ì�rÀÓ
l�(classifier)_� $í
0pxî̈
��l�ï�r�̀¦ �̧ì�rÀÓÖ�¦�Ð ���H ��Ér	כ ½+Ëo�&h�s�t� 3lw���.
>�/åLÔ�¦ç�H+þA��«Ñ_�ë�H]j&h�\�@/ô�ÇK����~½ÓZO�\�@/K�"f��Hs�p� ú́§�Ér���½̈��e��%3��¦�&³F��̧

���'��÷&�¦ e���� (Boz, 2001). s� ���½̈[þt\�"f îq�6 x\� ���y��ô�Ç ì�rÀÓl�(cost-sensitive classifier)ï
êøÍv�0>×¼\�¦æ¼��HX<, �̧ì�rÀÓ_�7áxÀÓ\�����q�6 xs���ØÔ�����q�6 x\����y��ô�Çì�rÀÓl����9¹כ��
��. %3����y� E�l����� >�/åLÔ�¦ç�H+þA(class imbalance) ë�H]jü< q�6 x���y��$í
(cost-sensitiveness)_�
ë�H]j�� °ú t���H ·ú§��. �=������ >�/åLÔ�¦ç�H+þA�Ér \O�#Q�̧ ¿º >�/åL ��s�_� �̧ì�rÀÓ q�6 x\� 	�H 	�
s��� e��#Q q�6 x�̀¦ þj�è�o���H, 7£¤ q�6 x\� ���y��ô�Ç �̧+þA�̀¦ ¹1Ô�̀¦ ��¹כ��9 e��l� M:ë�Hs���. �t�
ëß� >�/åLÔ�¦ç�H+þAs� e���̀¦ M: �èÃº>�/åL_� �̧ì�rÀÓ q�6 xs� �8 Z�}�Ér �â
Äº�� @/ÂÒì�rs� 9 �̧ì�rÀÓÖ�¦

s� ����� 8úxq�6 x�̀¦ î̈
��l�ï�rÜ¼�Ð ���×þ�ô�Ç�����, ���²DG q�6 x�̀¦ þj�è�o���H ì�rÀÓ~½ÓZO��̀¦ ¹1Ô��H �	כ
s� K����~½ÓZO�s�Ù¼�Ð, K����~½ÓZO�_� �'a&h�\�"f��H ¿º ë�H]j\�¦ ½̈ì�r�t� ·ú§���̧ |̈c �.���s	כ K����~½Ó
ZO�Ü¼�Ð"f q�6 x�̀¦ þj�è�o���H ÂÒÛ¼h�A(cost-sensitive boosting)�̀¦ s�6 x���H ~½ÓZO��̀¦ �í�<Ê�#�
���ª�ô�Ç ~½ÓZO�[þts� e���¦ s�[þt ~½ÓZO�[þt\� @/ô�Ç q��§���½̈�̧ s�ÀÒ#Q&����(Ting, 2000). �t�ëß� õ�
�è³ð|9�s��� õ�@/³ð|9� 1px�̀¦ :�xô�Ç ô ¥º��³ð�:r_� ½̈$í
~½ÓZO�\� ���Ér ò́õ�\�¦ q�6 x_� �'a&h�\�"f ¶ú�

(R�:r ���½̈��H ��f�� \O���. ¢̧ô�Ç ô ¥º��³ð�:r_� ½̈$í
~½ÓZO�\� ���� ÂÒÛ¼h�A_� ò́õ��� #Qb�G>� ²ú���t�
��Ht�\� @/ô�Ç ���½̈�̧ ��f�� '��K�t�t� ·ú§��¤��.
�:r ���½̈\�"f��H ��Áº�̧+þA�̀¦ &h�6 x½+É M: ¿º ��t� ô ¥º��³ð�:r ½̈$í
~½ÓZO�, 7£¤, >�/åL q�Ö�¦�̀¦ Õª@/

�Ð ¿º��H ��õ	כ ���0A&h�Ü¼�Ð ç�H+þA�̀¦ s�ÀÒ�̧2�¤ ���H �	כ ×�æ #QÖ¼ ��s	כ �8 a%~�Ér��\� �í&h��̀¦ ú́�ÆÒ

%3���. ]j2]X�\�"f #��Q ��t� ��0pxô�Ç ô ¥º��³ð�:r ½̈$í
~½ÓZO�[þt�̀¦ [O�"î
�%i��¦, ½̈$í
~½ÓZO�[þt�̀¦ q��§
�l� 0Aô�Ç î̈
��l�ï�r�̧ ]jr��%i���. ]j3]X�\�"f ���_� ��Áº�̧+þA(single classifier)�̀¦ &h�6 x½+É
M:_����õ�[þt�̀¦q��§�%i��¦,]j4]X�\�"f��H#��Q>h_���Áº�̧+þA�̀¦���½+Ë(composite classifier)�
��H ÂÒÛ¼h�A l�ZO��̀¦ &h�6 xÙþ¡�̀¦ M:_� ���õ�\�¦ q��§�%i���.

2. ;�ê~¶�A�ê��\�R_ýÑä Wªc�Ýä�¶*0 ��;�ê�î|q@è

>�/åLÔ�¦ç�H+þA��«Ñ\�"f �̧ì�rÀÓÖ�¦�Ér a%~�Ér $í
0pxî̈
��l�ï�rs� ÷&t� 3lw���HX<, s� M: �¦�9½+É Ãº
e����H ���Ér l�ï�r[þt�̀¦ &ñ
_���¦, >�/åLÔ�¦ç�H+þA ë�H]j\� @/%��l� 0Aô�Ç #��Q ��t� ô ¥º��³ð�:r ½̈$í

~½ÓZO�[þt\� @/K� [O�"î
ô�Ç��.
��¥y�ì�rÀÓ½©gË: ¢̧��Hì�rÀÓ�̧+þA_�&ñ
SX��̧\�¦ î̈
��½+ÉM: [³ð 2.1]°ú �Ér �̧ì�rÀÓ³ð\�¦���$í
ô�Ç��.

�èÃº>�/åL�̀¦�ª�_�>�/åLs����¦��¦��Ãº>�/åL�̀¦6£§_�>�/åLs����¦½+ÉM:, �̧ì�rÀÓÖ�¦(misclassification
rate)�Ér \V8£¤s� ú̧�3lw|̈c SX�Ò�¦�Ð"f ’��f±	−’ü< ’��f±	+’_� Ãº\�¦ 8úx ��«Ñ_� Ãº�Ð ��è�H °úכs���. �̧
ì�rÀÓÖ�¦�̀¦ �̧+þA_�$í
0pxî̈
��l�ï�rÜ¼�Ðs�6 x½+ÉM:\���H¿º>�/åL_� �̧ì�rÀÓq�6 xs�°ú ����H����¦̀�	כ

]j�Ðô�Ç��.�t�ëß�,>�/åLÔ�¦ç�H+þA��«Ñ_��â
Äº�èÃº>�/åL\�@/ô�Ç �̧ì�rÀÓq�6 xs��8	�H�â
Äº�� ú́§
Ü¼ 9, s� M: �̧ì�rÀÓÖ�¦�Ér &h�]X�ô�Ç l�ï�rs� ÷&t� 3lwô�Ç��.
�¦q�6 x�̧ì�rÀÓÖ�¦(high-cost error rate)�Ér �̧ì�rÀÓq�6 xs� 	�H �èÃº>�/åL_� �̧ì�rÀÓ\�ëß� �'ad��

�̀¦ é�H l�ï�rÜ¼�Ð"f ’��f±	−’_� Ãº\�¦ 8úx ��«Ñ_� Ãº�Ð ��è�H °úכs���. �èÃº>�/åL_� �̧ì�rÀÓ\�ëß� �'a
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³ð 2.1: �̧ì�rÀÓ³ð
z�́]j− z�́]j+

−�Ð \V8£¤ �ÃÐ− (True Positive) ��f±	− (False Negative)
+�Ð \V8£¤ ��f±	+ (False Positive) �ÃÐ+ (True Positive)

d���̀¦ ¿º��H ����H\	כ ë�H]j�� e��t�ëß� @/%�~½ÓZO�[þt_� :£¤$í
�̀¦ q��§½+É M: �̧¹¡§s� �)a��.
l�@/�̧ì�rÀÓq�6 x(expected cost of misclassification)�Ér ¿º >�/åL_� �̧ì�rÀÓÖ�¦õ� �̧ì�rÀÓq�6 x

�̀¦�<Êa��¦�9ô�Çl�ï�rÜ¼�Ð"f, p(+)õ� p(−)\�¦¿º>�/åL_�SX�Ò�¦s����¦��¦, FNõ� FP\�¦y��y��ÅÒ

#Q���>�/åL\�"f6£§õ��ª�Ü¼�Ð �̧ì�rÀÓ|̈c �̧|	�ÂÒSX�Ò�¦s����¦� 9, C(+ | −)ü< C(− | +)\�¦y��y��
��Ãº>�/åLõ��èÃº>�/åL\�@/ô�Ç �̧ì�rÀÓq�6 xs����¦½+ÉM:, FNp(+)C(− | +)+FPp(−)C(+ | −)
Ü¼�Ð &ñ
_��)a��. �̧+þA_� $í
0px�̀¦ î̈
�����H l�ï�rÜ¼�Ð"f l�@/�̧ì�rÀÓq�6 xs� �̧ì�rÀÓÖ�¦�Ð�� 7á§�8
½+Ëo�&h�s�t�ëß�z�́]j�Ð&h�6 x½+ÉM: �̧ì�rÀÓq�6 x��� C(+ | −)õ� C(− | +)_�°úכs��� ¢̧��H¿º°úכ_�
q�\�¦&ñ
SX��>�·ú�Ãº\O�����Hë�H]j&h�s�e����.�:r���½̈\�"f��Hl�@/�̧ì�rÀÓq�6 x�̀¦ 0õ� 1��s�_�
°ú̀�כ¦°ú��̧2�¤³ðï�r�oô�Ç&ñ
½©�ol�@/q�6 x(normalized expected cost)�̀¦s�6 x���HX<(Drummond
& Holte, 2000), ¿º �̧ì�rÀÓq�6 x_� q�(C(− | +)/C(+ | −))\�¦ rs����¦ ½+É M:, &ñ
½©�ol�@/q�6 x
�Ér

FNp(+)r + FPp(−)
p(+)r + p(−)

Ü¼�Ð &ñ
_��)a��.
�̧+þA_� î̈
��l�ï�r\�"f �̧+þA_� çß����$í
 ¢̧ô�Ç ×�æ¹כô�Ç ��¹�èכ |̈c Ãº e����. ��Áº�̧+þA\�"f ��

�Ér î̈
��l�ï�r[þts� q�5pwô�Ç °ú̀�כ¦ °ú���H����� 7á§�8 çß����ô�Ç �̧+þAs� a%~�Ér �̧+þAs����¦ ½+É Ãº e���̀¦

�.���s	כ ��Áº�̧+þA\�"f �̧+þA_� ß¼l�(tree size)\�¦ ����èq M: �̧��H �̧×¼(node)_� Ãº�� þj7áx�̧
×¼(leaf)_� Ãº\�¦ jþt Ãº e����HX<, þj7áx�̧×¼_� Ãº��H (�̧��H �̧×¼_� Ãº + 1)/2 ü< °ú Ü¼Ù¼�Ð #Q�"�
�¦̀�	כ æ¼��H ��ðøÍ��t���. �:r �7Hë�H\�"f��H þj7áx�̧×¼_� ß¼l�\�¦ s�6 x�#� �̧+þA_� ß¼l�\�¦ ����?/
l��Ð ô�Ç��.
>�/åLÔ�¦ç�H+þAÜ¼�Ð ���K� �èÃº>�/åL_� �̧ì�rÀÓÖ�¦s� Z�}��t���H ë�H]j\�¦ K�����l� 0AK� �:r �7Hë�H

\�"f �¦�9ô�Ç Y>� ��t� ô ¥º��³ð�:r ½̈$í
~½ÓZO�\� @/K� ���$� [O�"î
��¦, ·ú¡\�"f [O�"î
ô�Ç 4��t� $í
0px
î̈
��l�ï�r�̀¦ s�6 x�#� ~½ÓZO�Z>��Ð q��§ô�Ç ���õ�\�¦ ��6£§ ]X�\�"f �Ð�¦�l��Ð ô�Ç��.
~½ÓZO�1: ���0A&h�Ü¼�Ð ¿º >�/åL_� ß¼l��� ç�H+þA�̀¦ s�ÀÒ�̧2�¤ ô ¥º��³ð�:r_� >�/åL q�Ö�¦�̀¦ �̧&ñ
�

��H ~½ÓZO�s���. �èÃº>�/åL\�"f 4�¤"é¶Ü¼�Ð õ�@/ÆÒØ�¦(over-sampling)�#� ¿º >�/åL_� q�Ö�¦s� °ú ��
t��̧2�¤ ô�Ç��. ô ¥º��³ð�:r_� ß¼l��� �-Áº &�t���H ë�H]j�� µ1ÏÒqt���� ��Ãº>�/åL\�"f õ��èÆÒØ�¦�̧
#î
'��ô�Ç��.
~½ÓZO�2: ô ¥º��³ð�:r_� >�/åL q�Ö�¦�̀¦ �̧&ñ
�t� ·ú§�¦ Õª@/�Ð é�H��. s� ~½ÓZO��Ér >�/åLÔ�¦ç�H+þA ë�H

]j\� @/%����H ~½ÓZO��Ér ��m�t�ëß� ���Ér ~½ÓZO�õ�_� q��§\�¦ 0AK� �¦�9�%i���.
~½ÓZO�3: ô ¥º��³ð�:r_� �èÃº>�/åL\�"f ¿º �̧ì�rÀÓq�6 x_� q� rC�ëß��pu 4�¤"é¶Ü¼�Ð õ�@/ÆÒØ�¦���H

~½ÓZO�s���. ~½ÓZO�1�Ér ~½ÓZO�3_� :£¤Ãºô�Ç �â
Äºs���.
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~½ÓZO�4: õ�@/³ð|9�s��� õ��è³ð|9��̀¦ :�x�#� q�Ö�¦�̀¦ �̧&ñ
���H @/��� �èÃº>�/åL_� �'a8£¤°úכ\�
rC�ëß��pu ��×�æ°ú̀�כ¦ ÂÒ#����H ~½ÓZO�s���. ÅÒ#Q��� ô ¥º��³ð�:r\���H ����<Ês� \O��¦ ��Áº�̧+þA�̀¦ &h�6 x
½+É M: ô ¥º��³ð�:r\� ÂÒ#����H ��×�æ°ú̀�כ¦ >�/åL\� ���� ��ØÔ>� ���H ~½ÓZO�s���.
�:r ���½̈\�"f��H 0A 4��t� ~½ÓZO��̀¦ &h�6 xô�Ç ô ¥º��³ð�:rÜ¼�ÐÂÒ'� ëß�[þt#Qt���H ��Áº�̧+þA, 7£¤ ì�r

ÀÓl�(classifier)[þt�̀¦ ·ú¡\�"f [O�"î
ô�Ç #��Q ��t� $í
0pxî̈
��l�ï�rÜ¼�Ð q��§��¦�� ô�Ç��. s�[þt ~½Ó
ZO�[þt\� _�K� ëß�[þt#Qt���H ì�rÀÓl���H y��y�� ���_� ��Áº�̧+þAÜ¼�Ð ³ð�&³÷&��HX<, �:r ���½̈\�"f��H
ú́§�Ér��Áº[þt_����+þA���½+ËÜ¼�Ð³ð�&³÷&��H �̧+þA�̀¦Òqt$í
���HÂÒÛ¼h�A(boosting)l�ZO��̧&h�6 xr�&�
�Ð��¤��. ���$� ���_� ��Áº�̧+þA\� @/ô�Ç z�́+«>���õ�\� @/K� ·ú����Ð��.

3. ���®�¬B�!�Ùÿ =.ãëà�f£ ÍPæB��

ì�rÀÓë�H]j���½̈\���ÅÒæ¼s���H��«Ñ[þt×�æ\�"fÔ�¦ç�H+þA&ñ
�̧��d��ô�Ç 12>h_���«Ñ[þt�̀¦s�6 x
�#� ·ú¡ ]X�\�"f [O�"î
ô�Ç 4��t� ô ¥º��³ð�:r ½̈$í
~½ÓZO�\� @/ô�Ç q��§ì�r$3��̀¦ z�́r��%i���([³ð 3.1]).
²DG?/ A-�Ð+«>�� ��«Ñü< Mammography ��«Ñ(Woods et al. 1993)\�¦ ]jü@ô�Ç ��«Ñ��H Ö�qo��ím�
��ÅÒwn�@/�<Æ��«Ñ$��©��è(UCI Repository, Blake and Merz (1998))\�e����H�s�6 x¦̀�	כ�%i���.
��«Ñ_� s�2£§\� *³ðr��� e����H �þt�Ér]	כ �:rA� ���½Ó+þA ��«Ñs��� �:r z�́+«>�̀¦ 0AK� ���0A&h�Ü¼�Ð s�
�½Ó+þAÜ¼�Ð ëß���H �.���þts]	כ

³ð 3.1: z�́+«>\� æ¼��� z�́]j��«Ñ

ë�H��+þA ���5Åq+þA 8úx���Ãº_� �èÃº>�/åL_� ����̂ ��«Ñ_� CVS��Ãº
���Ãº ���Ãº ß¼l� ß¼l� (q�Ö�¦) Ãº

Discordant 15 7 22 45 (1.6%) 2800 5
Mammography 0 6 6 260 (2.32%) 11183 10
²DG?/A-�Ð+«>�� 1 10 11 778 (3.89%) 20000 10

Letter-A * 0 16 16 789 (3.94%) 20000 10
Hyper-Thyroid 18 6 24 151 (4.80%) 3163 10
Forest cover * 17 10 27 2747 (7.13%) 38501 5

Balance-scale * 0 4 4 49 (7.84%) 625 5
Satimage * 0 36 36 626 (9.73%) 6435 10

Page-Block * 0 10 10 560 (10.23%) 5473 10
Image-Cement * 0 19 19 330 (14.28%) 2310 10

Solar-flare 8 2 10 218 (15.7%) 1389 10
German 17 3 20 300 (30.0%) 1000 10

/BN>h�)a:�x>�ì�r$3�6 xáÔ�ÐÕªA�bç
���#Q��� R_� rpart package(Therneau & Atkinson, 1997)\�¦
s�6 x�#� z�́+«>�%i���. ÅÒ#Q��� z�́+«>��«Ñ\� @/K� rpart�Ð ��Áº�̧+þA�̀¦ Òqt$í
�%i�Ü¼ 9 ì�ro�
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l�ï�r(splitting criteria)õ� &ñ
t�½©gË:(stopping rule) 1px�Ér ��1lx[O�&ñ
°ú̀�כ¦ s�6 x�%i��¦ ��t�u�
l�(pruning)��H �t� ·ú§��¤��.
�§	���{©�$í
(cross-validation)�̀¦ :�x�#� ½̈ô�Ç �̧ì�rÀÓ³ð\�¦ s�6 x�#� ~½ÓZO�Z>��Ð �̧ì�rÀÓÖ�¦

õ� �¦q�6 x�̧ì�rÀÓÖ�¦, &ñ
½©�ol�@/q�6 x 1px�̀¦ >�íß��%i��¦, �̧+þA_� ß¼l��̧ Ø�¦§4��%i���. î̈
��~½Ó
ZO��Ér 10×�æ �§	���{©�$í
(10-fold cross validation)�̀¦ l��:rÜ¼�Ð �÷&, �èÃº>�/åL_� �'a8£¤ >h�̂Ãº
�� 100�Ð�� &h��Ér �â
Äº��H 5×�æ �§	���{©�$í
�̀¦ &h�6 x�%i��¦, °ú �Ér z�́+«>�̀¦ 10��� ìøÍ4�¤ô�Ç ���õ�_�
î̈
ç�H�̀¦ ½̈�%i���. s� M: ô ¥º��³ð�:r�Ér ~½ÓZO�Z>��Ð >�/åL q�Ö�¦s� ���½+É Ãº e��t�ëß�, ���7£x³ð�:r(test
sample)�Ér "é¶A� q�Ö�¦�̀¦ Õª@/�Ð Ä»t�ô�Ç��. ��r� ú́�K�, ~½ÓZO�Z>��Ð ô ¥º��³ð�:r_� >�/åL q�Ö�¦�̀¦ ���
�or�&� �̧+þA�̀¦ %3�÷&, %3�#Q��� �̧+þA_� $í
0px�̀¦ ÆÒ&ñ
�l� 0AK� ���7£x³ð�:r�̀¦ &h�6 x½+É M:\���H "é¶A�
q�Ö�¦�̀¦ Õª@/�Ð Ä»t�ô�Ç��.
�:r z�́+«>\�"f��H �̧ì�rÀÓq�6 x_� q�(r)�� ·ú��94R e�����¦ ��&ñ
�%i���. �èÃº>�/åL\� @/ô�Ç �̧ì�r

ÀÓq�6 xs� ��Ãº>�/åL\� @/ô�Ç �̧ì�rÀÓq�6 x�Ð�� ß¼����H ��&ñ
 �\� r�̀¦ ��6£§õ� °ú s� 10>h_� °úכÜ¼
�Ð ����or�&��� 9 z�́+«>�%i���.

r =
p(+) + 0.1t(p(−)− p(+))

p(+)
, t = 1, 2, ..., 10

[ÕªaË> 3.1]�Ér ~½ÓZO�1õ� ~½ÓZO�2\�¦ q��§ô�Ç �,Ü¼�Ð"f	כ ·ú¡ ]X�\�"f [O�"î
ô�Ç 4��t� î̈
��l�ï�r y��y��
\� @/K� ¿º ~½ÓZO��̀¦ &h�6 xô�Ç ���õ�_� �ÐÕªq�(log(~½ÓZO�1_� °úכ/~½ÓZO�2_� °úכ))\�¦ �����·p ÕªA�áÔs�
��. ���Ð»¡¤_� y�� t_� °úכ\�"f 12>h_� ��«Ñ\� @/6£x÷&��H &h�s� ����èß���. [j�Ð»¡¤�Ér �ÐÕªq�_� °úכ
���X< 0�̀¦ l�ï�rÜ¼�Ð &h�6 x~½ÓZO�çß�_� Äº0A\�¦ ~1�>� �����½+É Ãº e����. \V\�¦ [þt#Q �̧ì�rÀÓÖ�¦_� �Ð
Õªq���H �̧¿º �ª�Ãº�Ð"f, \V�©�@/�Ð ~½ÓZO�1_� �̧ì�rÀÓÖ�¦s� ~½ÓZO�2�Ð�� Z�}6£§�̀¦ ·ú� Ãº e����. ìøÍ���
�¦q�6 x�̧ì�rÀÓÖ�¦\� e��#Q"f��H �̧¿º 6£§Ãº�Ð"f ~½ÓZO�1s� ~½ÓZO�2�Ð�� �èÃº>�/åL�̀¦ ú̧� ì�rÀÓ�<Ê�̀¦ _�
p�ô�Ç��. (~½ÓZO�1õ� ~½ÓZO�2_� �̧ì�rÀÓÖ�¦õ� �¦q�6 x�̧ì�rÀÓÖ�¦, Õªo��¦ �̧+þA_� ß¼l���H t\� %ò
�¾Ó�̀¦

~ÃÎt� ·ú§��H��. ÕªA�áÔ\�"f ��«Ñ_� s�2£§�̀¦ ³ðr��t���H ·ú§��¤t�ëß� 12>h ��«Ñ\� @/6£x÷&��H &h�[þt
_� í�H0A��H t°úכs� �����8���̧ ��7t� ·ú§��¤�¦, t°úכs� ²ú���f��\� ���� Òqtl���H ���1lx�Ér �½� ü����

1lx(random fluctuation)Ü¼�Ð �̂¦ Ãº e����.) ·ú¡_� ¿º ÕªA�áÔ\�"f �Ð��¤1pws� ~½ÓZO�1�Ér ~½ÓZO�2\� q�
K� �̧ì�rÀÓÖ�¦�Ér Z�}t�ëß� �¦q�6 x�̧ì�rÀÓÖ�¦�Ér ±ú���. ����"f ¿º �̧ì�rÀÓq�6 x_� q� rs� ß¼>� ÷&���

�èÃº>�/åL_� �̧ì�rÀÓÖ�¦s� ±ú��Ér ~½ÓZO�1s� l�@/q�6 x_� �'a&h�\�"f Äº�Z4K�|9� Ãº e����HX<, &ñ
½©�ol�
@/q�6 x_� ÕªA�áÔ��H Õª�Qô�Ç �&³�©�s� {9�#Q���¦ e��6£§�̀¦ �Ð#�ï�r��. ô�Ç¼#�, �èÃº>�/åL_� �'a8£¤°ú̀�כ¦
õ�@/³ð|9����H ~½ÓZO�1�̀¦ &h�6 x���� �̧+þA_� ß¼l��� �8 &�t���H �â
�¾Ós� e��6£§�̀¦ ·ú� Ãº e����. s��	כ
�Ér, ~½ÓZO�2ü< °ú s� �èÃº>�/åL �'a8£¤°úכs� ú́§t� ·ú§Ü¼��� �èÃº>�/åL�̀¦ ��Ãº>�/åLÜ¼�Ð ú̧�3lw ì�rÀÓ��¦
��Áº Òqt$í
õ�&ñ
�̀¦ {9�n�� &ñ
t��>� ÷&#Q ß¼l��� �����t���, ~½ÓZO�1õ� °ú s� ���0A&h�Ü¼�Ð �èÃº>�/åL
�'a8£¤°ú̀�כ¦ ú́§>� ���� ¿º >�/åL�̀¦ �̧¿º ú̧� ì�rÀÓ�>� |̈c M:��t� ��Áº\�¦ Òqt$í
�Ù¼�Ð ß¼l��� &�

t���H �¦����s	כ [O�"î
½+É Ãº e����.
[ÕªaË> 3.2]��H~½ÓZO�1õ�~½ÓZO�3�̀¦q��§ô�Ç�̀�
s���.z�́+«>\�"fq��§_�/BN&ñ	כ¦l��l�0A�#�ÅÒ

#Q��� ��«Ñ_� ß¼l�\�¦ {9�&ñ
�>� Ä»t��%i�Ü¼Ù¼�Ð, �èÃº>�/åL\�"f õ�@/³ð|9��̀¦ ���� Õª ß¼l�ëß�
�pu ��Ãº>�/åL\�"f õ��è³ð|9��̀¦ �%i���. ����"f t�� 5�� ÷&��� ~½ÓZO�1õ� ~½ÓZO�3�Ér °ú �Ér ~½ÓZO�s� �)a
��.l�@/q�6 x_�l�ï�rÜ¼�Ð�Ð��� 5�Ð������Ér t\�@/K�"f~½ÓZO�3s��8Äº�Z4ô�Ç ~½ÓZO�e���̀¦·ú�Ãºe��
��. t�� 5�Ð�� ß¼>� ÷&��� õ�@/³ð|9�Ü¼�Ð ���K� �èÃº>�/åLs� �̧y��9 ��Ãº>�/åLs� H�d�̀¦ _�p����H
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X<, z�́]j �&³�©�\�"f s�XO�>���t� õ�@/³ð|9��̀¦ �t���H ·ú§�̀¦ ����s	כ õ�@/³ð|9�_� ò́õ�\�¦ �Ðl� 0A
�#� z�́+«>\�"f &h�6 xK� �Ð��¤��. s� M: ~½ÓZO�3�Ér t����2; õ�@/³ð|9�Ü¼�Ð ���K� �èÃº>�/åL\� @/ô�Ç
õ�&h�½+Ë(over-fitting)s� {9�#Q��>� ÷&#Q l�@/q�6 x_� �'a&h�\�"f ~½ÓZO�1\� q�K� \P�1px�>� H�d�̀¦ ·ú�
Ãº e����.
ÂÒ2�¤\� Ãº2�¤ô�Ç ~½ÓZO�1õ� ~½ÓZO�4\�¦ q��§ô�Ç ÕªA�áÔ\�¦ ¶ú�(R�Ð��� t�� 5�Ð�� ����̀¦ M:, ~½ÓZO�4�̧

~½ÓZO�3õ� q�5pwô�Ç ���õ�\�¦ �Ðs�t�ëß�, t�� 5�Ð�� &�t��8���̧ ~½ÓZO� 3\�"f µ1ÏÒqtÙþ¡~�� õ�&h�½+Ë_� &ñ

�̧�� ß¼t� ·ú§6£§�̀¦ ·ú� Ãº e����. (~½ÓZO�4\�¦ &h�6 x½+É M:, ~½ÓZO�3õ� /BN&ñ
ô�Ç q��§�� ÷&>� �l� 0A�
#� �èÃº>�/åL_� ��×�æ°ú̀�כ¦ 1\�"f r�Ð Z�}#�ÅÒ�¦ ��Ãº>�/åL_� ��×�æ°úכ�Ér ����̂ ��×�æ°úכ_� ½+Ës� ô ¥

º��³ð�:r_� ß¼l�ü< °ú ��t��̧2�¤ ±ú�2XÅÒ%3���.)
s��©�_� ���õ�\�¦ ���¹כ����, �¦q�6 x�̧ì�rÀÓÖ�¦s��� l�@/q�6 x�̀¦ ±ú�ÆÒ�¦�� ô�Ç�����, ���0A&h�Ü¼

�Ð¿º>�/åL_�ß¼l�\�¦°ú >�K�ÅÒ��H~½ÓZO�1s���Áº��� �̧u�\�¦2[�t�·ú§��H~½ÓZO�2�Ð�����Ér~½ÓZO�
s����¦ ½+É Ãº e����. Õªo��¦ ¿º �̧ì�rÀÓq�6 x_� q� r�̀¦ ����H �â
Äº\���H s�\�¦ �Ö̧6 x���H ~½ÓZO�3õ�
~½ÓZO�4\�¦ �Ý¶�©�½+É Ãº e��Ü¼ 9, ���0A&h�Ü¼�Ð õ�@/³ð|9��̀¦ ���H @/��� ��×�æ°úכëß� �̧&ñ
���H ~½ÓZO�4��
�èÃº>�/åL\� @/ô�Ç õ�&h�½+Ë�̀¦ ×�¦{9� Ãº e������H �©�&h�s� e��#Q 7á§�8 ���Ér ~½ÓZO�s���.

4. �Å¶��öê \�q@è�Ùÿ =.ãëà�f£ ÍPæB��

l�>��<Æ_þv(machine learning)s��:r��[þts�>hµ1Ïô�ÇÂÒÛ¼h�Al�ZO��Ér���ô�Çì�rÀÓl�(weak classi-
fiers)[þt�̀¦���½+Ë�#�y©�ô�Çì�rÀÓl�\�¦ëß�[þt#Q?/��Hl�ZO�s��� (Shapire (1990), Freund & Schapire
(1997)). AdaBoost ¢̧��H s�íß�+þA AdaBoost (Discrete AdaBoost)���¦�̧ Ô�¦o���H s� ·ú��¦o�7£§
�Ér, ÅÒ#Q��� ��«Ñ_� y�� �'a8£¤°úכ\� ���Ér ��×�æ°ú̀�כ¦ ÂÒ#��#� ���ô�Ç ì�rÀÓl�\�¦ »¡¤	�&h�Ü¼�Ð &h�½+Ër�
v���HX<,s����ì�rÀÓl��� ú̧�3lwì�rÀÓô�Ç�'a8£¤°úכ\��Ð��	�H��×�æ°ú̀�כ¦ÂÒ#��#���6£§ì�rÀÓl�\�¦&h�
½+Ër������. s�XO�>� »¡¤	�&h�Ü¼�Ð ëß�[þt#Q��� ���ô�Ç ì�rÀÓl�[þt_� ���+þA���½+ËÜ¼�Ð þj7áxì�rÀÓl�\�¦ Òqt$í

ô�Ç��. ���ô�Ç ì�rÀÓl��Ð"f ��Áº�̧+þA�̀¦ s�6 x����, ÂÒÛ¼h�A l�ZO�\� _�K� Òqt$í
÷&��H þj7áxì�rÀÓl���H
ú́§�Ér ��Áº�̧+þA[þt_� ���+þA���½+ËÜ¼�Ð ³ð�&³�)a��. s� þj7áxì�rÀÓl���H ���_� ��Áº�̧+þA\� q�K� �̧
ì�rÀÓÖ�¦�̀¦ ò́õ�&h�Ü¼�Ð ±ú�2X ÅÒ��H �Ü¼�Ð	כ ·ú��94R e����(Bauer & Kohabi, 1999).
ÂÒÛ¼h�A l�ZO��̀¦ >�/åLÔ�¦ç�H+þA ë�H]j K����\� s�6 x��¦�� ���H ���½̈�̧ e��%3���. @/³ð&h� ���½̈�Ð

Ting & Zheng (1998), Ting (2000) 1px�̀¦ [þt Ãº e����. �t�ëß� s�[þt ���½̈��H ÂÒÛ¼h�A l�ZO�\� _�
K� ëß�[þt#Q��� ì�rÀÓl�ü< ��Áº�̧+þA\� _�ô�Ç ì�rÀÓl�_� $í
0px�̀¦ q��§����� ÅÒ#Q��� ��«Ñ\�¦ ���½Ó

Ü¼�Ð #��Q ��0pxô�Ç ÂÒÛ¼h�A l�ZO�[þt�̀¦ "f�Ð q��§��¦ e����HX<, �èÃº>�/åL_� �'a8£¤°ú̀�כ¦ õ�@/ÆÒØ�¦
���H ~½ÓZO��̀¦ q�2�©�#� ·ú¡ ]X�\�"f ¶ú�(R�:r #��Q ~½ÓZO�[þt\� ÂÒÛ¼h�A�̀¦ &h�6 xr���� ���½̈��H ��f�� \O�

��. �:r ]X�\�"f��H >�/åLÔ�¦ç�H+þA��«Ñ_� �â
Äº ô ¥º��³ð�:r ½̈$í
~½ÓZO�\� ���� ÂÒÛ¼h�A l�ZO�_� ò́õ�\�
#Q�"� 	�s��� e����Ht� ·ú����:r��.
z�́+«>�̀¦ 0Aô�Ç s�íß�+þA AdaBoost ·ú��¦o�7£§(Friedman et al. (2000))�̀¦ R�Ð ���$í
�%i���. ���

ô�Ç ì�rÀÓl��Ð rpart\� _�ô�Ç ��Áº�̧+þA�̀¦ /ú���HX< ��Áº_� U�·s�(depth)��H 5�Ð, þj7áx�̧+þA�̀¦ ½̈$í

���H ��Áº_� Ãº��H 100>h�Ð &ñ
�%i���. �̧+þA_� $í
0pxî̈
��\�¦ 0AK� ·ú¡ ]X�\�"fü< °ú s� �§	���{©�
$í
�̀¦ s�6 x�%i�Ü¼ 9, îß�&ñ
�)a ���õ�\�¦ %3�l� 0AK� y�� ��«Ñ\� @/K� z�́+«>�̀¦ 5��� ìøÍ4�¤�%i���. ÂÒÛ¼
h�A l�ZO�\�"f��H ��Áº_� U�·s�ü< ��Áº_� Ãº\�¦ p�o� &ñ
K�ÅÒÙ¼�Ð �̧+þA_� ß¼l��� Z>� _�p��� \O�#Q
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$í
0pxî̈
��l�ï�r\�"f ]jü@�%i���.
~½ÓZO�Z>� q��§\�¦ �l� ���\� ÂÒÛ¼h�A_� ò́õ�\�¦ ���$� ¶ú�(R�Ð��¤��. [ÕªaË> 4.1]�Ér ~½ÓZO�2\�¦ &h�6 x

Ùþ¡�̀¦ M:_� ÕªaË>s���. �̧ì�rÀÓÖ�¦, �¦q�6 x�̧ì�rÀÓÖ�¦, &ñ
½©�ol�@/q�6 x 1px�̀¦ ¶ú�(R�Ð��� ÂÒÛ¼h�A Êê
\� ����̂&h�Ü¼�Ð ß¼>� ±ú���4R, ÂÒÛ¼h�A_� ò́õ��� ì�r"î
�<Ê�̀¦ ·ú� Ãº e����. ìøÍ���\� ~½ÓZO�1(ÂÒ2�¤ [Õª
aË> A.3]�̀¦ q�2�©�#� ~½ÓZO�3õ� ~½ÓZO�4 1px�Ér ÂÒÛ¼h�A Êê\� �èÃº>�/åL_� �̧ì�rÀÓÖ�¦s� �̧y��9 Z�}��
t���H �â
�¾Ós� e��6£§�̀¦ ·ú� Ãº e����.
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ÕªaË> 4.1: ~½ÓZO�2\� @/ô�Ç ÂÒÛ¼h�A_� ò́õ� (log(ÂÒÛ¼h�A ���/ÂÒÛ¼h�A Êê))
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ÕªaË> 4.2: ÂÒÛ¼h�A &h�6 xr� ~½ÓZO�1õ� ~½ÓZO�2_� q��§ (log(~½ÓZO�1/~½ÓZO�2))

~½ÓZO�1õ� ~½ÓZO�2\�¦ q��§K��:r ���õ�([ÕªaË> 4.2]), ÂÒÛ¼h�A�̀¦ �l� ���\���H ~½ÓZO�1s� ~½ÓZO�2\� q�
K�����̂&h���� �̧ì�rÀÓÖ�¦�ÉrZ�}t�ëß��¦q�6 x�̧ì�rÀÓÖ�¦�Ér±ú���¤��HX<,ÂÒÛ¼h�A�̀¦&h�6 x����"é¶A���«Ñ
\�¦ e����H Õª@/�Ð s�6 x���H ~½ÓZO�2�� �̧��H $í
0pxî̈
��l�ï�r\�"f Äº�Z4ô�Ç ���õ�\�¦ �Ð%i���. s���H B�
Äº <Éªp�e����H ���õ��Ð"f, ÂÒÛ¼h�A�̀¦ ���� �èÃº>�/åL_� �̧ì�rÀÓ�)a �'a8£¤°úכ\� >�5Åq Z�}�Ér ��×�æ°ú̀�כ¦
���̂&h�Ü¼�Ð ÂÒ#�����"f �èÃº>�/åL_� �̧ì�rÀÓÖ�¦�̀¦ ò́õ�&h�Ü¼�Ð ±ú�2Xï�r����H �¦̀�	כ ·ú� Ãº e����.



9

�̧y��9 ~½ÓZO�1õ� °ú s� ���0A&h�Ü¼�Ð õ�@/³ð|9��̀¦ ���� %i�ò́õ��� èß�����H �¦̀�	כ z�́+«>���õ��� �Ð#�
ï�r��. ~½ÓZO�2\�¦ ~½ÓZO�3õ� ~½ÓZO�4ü< y��y�� q��§ô�Ç ���õ�\�"f�̧ @/�̂&h�Ü¼�Ð q�5pwô�Ç �&³�©�s� �'a8£¤÷&
%3�Ü¼��, ���0A&h� ³ð|9� @/��� ��×�æ°úכëß� �̧&ñ
���H ~½ÓZO�4_� �â
Äº ~½ÓZO�2�Ð�� Äº�Z4ô�Ç ���õ�\�¦ �Ðs�
��H ��«Ñ�� ~½ÓZO�3\� q�K� Y>� >h �8 �'a8£¤÷&%3���. (ÂÒ2�¤ [ÕªaË> A.4] [ÕªaË> A.5] �ÃÐ�̧).

5. �Ã?ê Ë�ì l5æ*́0

¿º >�/åL_� ì�rÀÓ ë�H]j\�"f ¿º >�/åL_� ß¼l��� �&³$�y� Ô�¦ç�H+þA{9� M:, �'a'��&h�Ü¼�Ð ��Ãº>�/åL
\�"f õ��è³ð|9��̀¦ ����� �èÃº>�/åL\�"f õ�@/³ð|9��̀¦ �#� >�/åL ß¼l��� ç�H+þA�̀¦ s�ÀÒ�̧2�¤ ô�Ç

��6£§ ì�rÀÓ ½©gË:�̀¦ ¹1Ô��H��. �:r ���½̈\�"f��H s���� �'a'��_� ��{©�$í
�̀¦ ·ú����Ð�¦�� �%i���.
~½ÓZO�1õ� °ú s� ³ð|9��̀¦ :�x�#� ���0A&h�Ü¼�Ð ¿º >�/åLs� ç�H+þA�̀¦ s�ÀÒ�̧2�¤ ô�Ç ��6£§ ��Áº�̧+þA

�̀¦ &h�½+Ër�v���� �¦q�6 x�̧ì�rÀÓÖ�¦s� ±ú���t���H �â
�¾Ós� e����HX<, �èÃº>�/åL_� �̧ì�rÀÓq�6 xs� �©�@/
&h�Ü¼�Ð Z�}Ü¼��� s��Ð ���K� l�@/q�6 xs� ������������H ��z�́�̀¦ SX����½+É Ãº e��%3���. 7£¤ >�/åL ß¼l�
�� ç�H+þA�̀¦ s�ÀÒ�̧2�¤ ô�Ç ��6£§ ì�r$3����H �'a'���Ér ��2£§@/�Ð_� ��{©�$í
s� e��6£§�̀¦ SX����½+É Ãº e��%3�

��. �t�ëß� ¿º �̧ì�rÀÓq�6 x_� q�(r)\� @/ô�Ç &ñ
�Ð�� e�������, ³ð|9��̀¦ :�xK� Áº�̧|	� ç�H+þA�̀¦ s�ÀÒ
�̧2�¤ ���H ~½ÓZO�1�Ð����H s� &ñ
�Ð\�¦ s�6 x���H ~½ÓZO�3s��� ~½ÓZO�4�� l�@/q�6 x_� l�ï�r\�"f �8 ��
Ü¼ 9, s� ×�æ �èÃº>�/åL_� ��×�æ°ú̀�כ¦ �̧&ñ
K�ÅÒ��H ~½ÓZO�4�� õ�&h�½+Ë�̀¦ ×�¦{9� Ãº e��#Q �8 ��� ñ÷&#Q
�� ½+É �Ü¼�Ð	כ �:r��.
�̧ì�rÀÓÖ�¦�̀¦ ±ú�2XÅÒ��H ò́õ�&h� l�ZO���� ÂÒÛ¼h�A l�ZO��̀¦ >�/åLÔ�¦ç�H+þA ë�H]j\� &h�6 xK� �Ð��¤��.

ÂÒÛ¼h�A�̀¦ ���� ��Áº�̧+þAs� °ú���H a%~�Ér K�$3�§4��̀¦ {9�#Q!Qo�>� ÷&��H éß�&h�s� e��Ü¼��, K�$3��Ð��
��H \V8£¤s� 3lq&h�s������ {9�ìøÍ&h�Ü¼�Ð ÂÒÛ¼h�A l�ZO��̀¦ &h�6 x���H ��s	כ ��|ÃÐf�����. �:r ���½̈\�"f
>�/åLÔ�¦ç�H+þA��«Ñ\� ÂÒÛ¼h�A l�ZO��̀¦ &h�6 x½+É M: ÅÒ#Q��� ��«Ñ\�¦ Õª@/�Ð s�6 x���H ��s	כ a%~����H

Ä»6 xô�Ç ���õ�\�¦ %3�%3���.
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ÕªaË> A.4: ÂÒÛ¼h�A &h�6 xr� ~½ÓZO�2ü< ~½ÓZO�3_� q��§ (log(~½ÓZO�2/~½ÓZO�3))
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Classification of Class-Imbalanced Data:

Effect of Over-sampling and Under-sampling of Training

Data ∗

Ji-Hyun Kim 1) Jongbin Jeong 2)

Abstract

Given class-imbalanced data in two-class classification problem, we often do over-

sampling and/or under-sampling of training data to make it balanced. We investigate

the validity of such practice. Also we study the effect of such sampling practice on

boosting of classification trees. Through experiments on twelve real datasets it is

observed that keeping the natural distribution of training data is the best way if you

plan to apply boosting methods to class-imbalanced data.

Keywords: tree model, boosting, cost-sensitive learning
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