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Abstract As a hot topic in data mining society, rare class analysis (RCA) has been widely used in

various application domains including financial fraud detection, network intrusion detection, facility failure

diagnosis, etc. However, it is not until recently that researchers have realized the impact of complex data

structures to the RCA problem. We propose a local support vector data description algorithm LSVDD for

RCA based on SVDD, which has the ability to handle class imbalance problem with the presence of class

overlaps. Specifically, LSVDD firstly uses SVDD to get one-class classification model for each class and

finds the concept overlapping regions between different classes. Then, the regions are locally trained using

SVDD again after attribute selections. Finally, the models for non-overlapping and overlapping regions are

combined to form a complete RCA model. Experimental results on artificial and real-world UCI data sets

demonstrate that LSVDD can improve the performances of RCA stably and effectively.
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[1]. ëZì ÎZÃZÄZÅZÆZíZîZïZðZñZòôóöõa÷ZøZùôóûúZüZýZþZÿ���� [2−3]. ��������� ÎZÃZÄ�	�
�����
ZÉ��� ÃZÄZÅZÆ����ZÎ��ZÄ�� ��� [2]. ������� ,
ÓZÃZÄ�	�
�� � ,

ÃZÄ�	ZÎ���� ��� 
�� ú�	��� �!�" ,
ÃZÄ

	ZÎ�����#�$ZÈ è Ô � ú�	 . è�%�&�'�(�)�*�+ Ú�,�-�.�/�0�1�2 , 3�4�5 �ôó76���8�9�:�;ôó7<�=�>�?�@A �
[4−5]. B�C ,

/�D�E ' ÎZÚ ã ÐZúZÖZÉ�F�G�H�	���� , I Ä�J�K ����L Ä�M�NZÎfé ê , O�P�Q ÃZÄ�	�
� 
�����L Ä�M�N�R�SZÎ�T�U�V � , (�)�W�X�'�Y Õ�-�.�1�2 .Z�	�:�;�[aÔ�\�]�^ ����_ S�
�` , a�b�c�d�e�Q�f�g :�;�h�iZÎ�j�k 4�l . m Ô ��n :�; �Z	 Î�o�pq %�f (support vector machines, SVMs)[6]
É á�r�sut 6�vZÎ f�g :�;�E ' , w�* Þ�x�:�y�z�{ZÔ�Z�	�:�;

� . |�} [7]
Ó

SVMs �Z	�m�~���+ Ú Q Z�	�o�p�q %�f�&�' , ��� o�p�q %���������&�' (support vector
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data description, SVDD). Ý�&�' ú�Þ n�& í�ß�à�á����fÎ�â�ã _ S�äfß�å�æ�çfÎ�è�é c�ê���� � � ��� .ú�Þ�ë�{ Ñ�ì 	Zü�í , SVDD W�*�î�ï�c -�.�x�
�	�1�2 , ðZ
ZÑ�ì E ' ��M�ñ + â�
�	�ò�ó [8−9]. |�} [8]å SVDD &�' z�{ZÔ�x�
�	�1�2 , ô Ú QZá�r x�	�o�p�q %���������&�' Î�õ�ñ�E ' , ö Ë � R � õ�ñ�o�pq %���������&�' (combined-SVDD, CSVDD). Ý E ' 
�÷�ø ê�ù 	 ��� � � :�; , B�ú ú�Þ�û�ü�ý�õ�ñ�E
'�ê x�0�Z�	�þ ì � � õ�ñ , d�e ä�ÿ�
�	�þ ì . |�} [9] � Ó SVDD ��� ø���	 &�' , ��ê���� � � ��	 ,� d���� 
 ��� ßZÎ���
 , B�ú�	 � � 
�	 . 
 ç C�� ,

[aÔ�Z�	�þ ì�� ,�
�÷�é�
�H�	 ��� Î�è�é , ��C Óá 
���$ ��������� Ó�
�` _ SZÎ L Ä�M�N , (�)�ê ÔZÃZÄ�	�
��ZÉZÄ��ZÎ .

B�C�����m Ô SVDD
Î�
�	 &�'�� É���Z���ë�{ Q H�0�	�÷ZÎfü�í c � � :�; , I ÄZÞ�����ë�{�H�0	�÷�� d Î�Z�	�þ ì , � \�J�K�H�	 ����� Ó�	 4�� ÎZ×�� . C 	 4�� 1�2ZÕZÉZÃZÄ�	�
������ f�g :�;�hiZÎ�����1�2�R á [10]. |�} [11]

ú�Þ� �! WZã Û ,
ÃZÄ�	�
���ò�ó ��"�# 	 � F�GfÄZÌ , ��# 	 4�� Î��$ZÄZÌ

.
Å� � , è�%�Y  ������� Ó�$�	 4�� ×%� [12]. 3 UCI ����&�� Î Ionosphere ����' , 3 ó�(�{

SVDD &�'�n�& H�	�����è�é , )�*�+�,�-�.���/�0�1�2�3�4�5 192 6 , 7�8�9�2�3�1 54.7%. :�; UCI 1
Breast-w <�=�' , >�?�@�A�?�B�-�1�2�3�C 9 6�D�EGF�9 3 6�H�I�.�� , .���J ��K�L�M�N . . O�P�C�Q�9
-�R�SGF�9�T�U�V�-�.%W�X%Y%Z�[%\%] . 3�^�C SVDD 1�_�`�a , b�c�d�e�_�f�g�h�i�jGkml%<�=%n%o�1
Q�9�-�R�S�p�q (local support vector data description, LSVDD). p�q�r�V�s�6�-�t�2�3�Z�[�u�-�v�w�x�y
u�-�z�{ , |�}�~���u�-�z�{�����-�.�W�/�0 , ��r�V�-�.�W�/�0�Z�[�g�h�u�-�v�w , ��������R�-�z�{ , �� x�y�V�<�=�����n�o���������1�z�{ , b���Q�9�-�R�S���� .

2 ���������������������������� �¡�¢
£�¤ 1�R�-�p�q , ; C4.5 ¥ SVMs ¦ , C�§�u�<�=�a�9�¨�©�1�ª�« , ¬�C�­�®�¯�<�=�a�°�9�±G²�¨G³�´�1µ%¶
.
£%¤%·%¸%¹%º%»%¼%½ -%2%3%1%­%¾%¯%E%V%R%-%p%q%¿%À%Á%Â%Ã [11], ¬ » �%­ ¼%Ä%Å Q%9%-%R%S%;%PÆ�Ç 1�È�3�É�O . V�f�Ê�Ë�R�-�Ì�; SVMs, C�Í�Î�2�3�A�Q�9�2�3�´�Ï%Ð%E�Ñ%R�1%J%Ò�Ó , 2�3�1�­�¾�¯

E���­�Ô�V�R�-�Ì�v�w�Õ�Ö%×�Ø%E�1%Â%Ã , Ù�Ú�R�-�Ì�1�Ð�E�R���Û�Ñ%Ü�Ô%Ý�C%d��%Þ��%1%ß�à [13]. á�×
a , Q�9�-�R�SGF�d�6�­�â�ã�ä%1�X%Y ¼ <�=æåm9�ç%è�1%Â�Ã .

»�é <�=�1 “ å�9�ç�è ” ê�1 ¼ <�=�C�D�Eë�ì 1�R�í�J�Ò , î�<�=�1�ï�ð�z�{ . ñ�ò�1�<�=Gå�9�ç�è , ó�ô�õ º <�=GF�1�ñ�ò�ï�ð (complex concept),ö�÷ º Q�9�-�R�SGF�ø�ù�1�ú�û�ü�ý�þ�1 Ç ¸ X�Y .ÿ
1 ����Á���-G²�¨���{�1�<�=Gå�9�ç�è , ����ñ�ò�- ì ç�è ¥ ñ�ò�-���ç�è�A�-�.�W�ç�è . (a) F�Q�9

-�A�Í�Î�-�	 ì � L Ð�E�Ñ�R , O�P�­�Ú�2�3�<�l�9�
�y�5�¾�¯ , ����§�u�1�Ð�E�R�-�Ì���z ¼ 
%ª�1 ; (b)

F�Q�9�-�2�3�
�Í�Î�-�2�3�R ÷ Á��%h�R ,
»�� y�R�-�Ì�1�R���Û�v�w���y���� Æ�Ç , ¬�����g�h���-���Ü

9�ª�ý�þ�X�Y ; (c) F ¼ ? º Æ�Ç 1�J�Ò , î���-�	 ì c���Á�-�.�W�/�0 ,
»�Ä�Å Q�9�-�A�Í�Î�-�	 ì È�3�


q�������R ,
� D�E�1 µ�� ó�ô�����D%E�1%Ý�C ¼�� ÷ a�o%-%.�W%1�.%U%É�O . O�P , T�����������2�3�1

­�¾�¯�E�����<�=�ç�è�1�ñ�ò�E ,  �Ü�!���ý�þ�×�"�#�0�1�Q�9�-�R�S�X�Y .

-%.%W%X%Y (class overlapping problem) Ñ%R º ï%ð%.%W (concept overlapping) A%2%3%.%W (sample

overlapping) ��6�$�% [14−16]. ï�ð�.�W ¼ ê�­�&�-�t�1%/�0 ( d�6�/�0�'�(�Á�d�6�-%1�ï%ð ) C�R�í ë�ì
F�.�W�1�J�Ò , D�f�) · $�Û�1�ï�ð . 2�3�.�W ¼ ê�­�&�-�t�1�2�3 ¸ C�R�í ë�ì F+*�,�¨ º�-�.�/�0 .�W
1�J�Ò , D�f�1 · $�Û�1�ï�ð . 2���-�<�=�¨ º�-�.�3 ï�ð�.�W�4�â�5�6�À ,

� 2�3�.�W�­�d���Ô�¿�À ;
� 2

2�3�.�W�¿�À�7�8�9�±�ï�ð%.�W ö;: 6%À . ×�"�<G³ , R�-�Ì���R�=�>�?�?�@GFmC�<%=%1��%��/%0 ,
� » �¼ ï�ð�.�W : M Ý�C�1�/�0 . O�P , V�ï�ð�.�W�/�0�Z�[�u�A�v�w�Ü�B�9�ª�C�D�>�E�ï�ð L .�W�/%0�1�F�GH�I

, 9�J�f�b�����-�/�0�1�R�-���� . K�y�d�b�1 ¼ , L L c�� N .�1�<�=�.�ñ���@�X�Y ,
N�M 8�N�a�1�2

3�.�W ¼�O�P 6�À�1 . !�×�<�=�Î M <�� º�Q�R Ý�C�1�ï�ð�.�W , ú�g�h�Ñ�Ü���ù P l�2�3�.�W . 9�S�f�P ,

3%^ Å�T f%ý%þ%Q%9%-%R%SæF;�%ù P l%2%3%.%W%1�ï%ð%.�W%X%Y . 3%^%b%c%1 LSVDD p%q%Ü�B�6��%2%3
<�=�ï�ð�.�W�/�0 , ��Î�U�Z�d�V�r�V�ï�ð�.�W�/�0�1�g�h�v�w , ?�W�b���Q�9�-�R�S�1���� .

3 XZYZ[Z\����^]`_� ^a`b`c����
SVMs R�-�d�q�e�f�g�5�d�h�]�i�1%R��%Û � y%R�- ì�j 4�5%?�@ ,

� ã�k�Á�V�<�=�3�l�1�n�o , C�\
]�ñ�ò�<�=�ç�è�;�- ì .�W 3 ?�?�Ý�C�X�Y .

.�m Ö ,
O�n v�ô�o SVMs p���f�u�-�v�wGF , SVDD p�q ¼
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(a) |~}~�~�~�~� (b) |~}~�~�~�~�

(c) �~�~�~�~��
1 ���������������

>GF�d�6���< . SVDD r�V�u�-�Z�[�v�w , ��g�d�6���� ë�ì 1�������Ö�����Ù�Ñ�Ü n 1�<�=�C���D�E ë�ì
1���� , � � x�y�<�=�������� . ����d�6���ù n 6�<�=�V���1�@�� X={xi, i = 1, 2, · · · , n}, SVDD Î�U L
Ð�E����� �< Φ o�¡�, ë�ì ����5���� ë�ì , ��g�d�6�¢�£ º R ¥¤��¥ º a 1�������Ö�����Ù�Ñ�Ü n 1 xi.

SVDD ��¦�;�Ó�1�����X�Y [7]:

min R2

s.t. ||Φ(xi) − a||2 ≤ R2, i = 1, 2, · · · , n
(1)

C�§ (1) F+¨�,�©�ª���lGk�l ξ = (ξ1, ξ2, · · · , ξn),
� y�������Ü�B�o�d�h�R�2�3�« º�¬�­�® L�C�¯�h ,

����X�Y���° º :

min
R,ξ

q(R, ξ) = R2 + C

n
∑

i=1

ξi

s.t. ||Φ(xi) − a||2 ≤ R2 + ξi, ξi ≥ 0, i = 1, 2, · · · , n

(2)

>GF , C
º�¬�­�±�²�³ < . ¨�,�´ M�µ·¶  �<�Ñ�y :

L(R, a, ξ, α, β) = R2 + C

n
∑

i=1

ξi −

n
∑

i=1

αi(R
2 + ξi − ||Φ(xi) − a||2) −

n
∑

i=1

βiξi (3)

¸
C = 1

nν
, § (3) Ñ���° º :

L(R, a, ξ, α, β) = R2 +
1

nν

n
∑

i=1

ξi −

n
∑

i=1

αi(R
2 + ξi − ||Φ(xi) − a||2) −

n
∑

i=1

βiξi (4)

>GF , αi A βi

º ´ M�µ·¶º¹�» , ν
º V·¼º½�-�t�2�3�1�¾�¿�� , 0 < ν ≤ 1, nν 7 º ¯ ¸ <�l�1�a�À�A�i�j

k�l�1�Ó�À .
¸

L R�t�V R, a A ξ Á�ß Ä , � ¸ > º 0, Ñ�y :
n

∑

i=1

αi = 1, a =

n
∑

i=1

αiΦ(xi), αi =
1

nν
− βi (5)

o�§ (5) ��,�§ (4), ��o��+Â Φ(xi)Φ(xj) � Mercer Ã� �< K(xi, xj) ��Ä , Ñ�y�É�?���X�Y�1 Wolfe

V�Å�X�Y º :

max α L =

n
∑

i

αiK(xi, xi) −

n
∑

i,j=1

αiαjK(xi, xj)

s.t.
n

∑

i=1

αi = 1, 0 ≤ αi ≤
1

nν

(6)
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È�= KKT h�á , 2�3�<�=�Ñ�â�ã αi A βi 1�ä�K�­�&�R º ��- : � ¸ , *�f���������h , > ||Φ(xi) −

a||2 < R, î αi = 0, βi = 1
nν

; i�jGk�l , *�f���������� , > ||Φ(xi) − a||2 = R, î 0 < αi < 1
nν

, βi > 0; ¯¸
, *�f�������¯�h , > ||Φ(xi)− a||2 > R, î αi = 1

nν
, βi = 0.

º Á�å�æ�2�3�<�=�1�-�{ , Ñ�Î�U�ç�è�é�ê
2�3 ¼�ë C���������Ö���N�R�-� �< , þ�ì� �<�;�Ó :

f(x) = sgn[R2 − ||Φ(xi) − a||2] (7)í § (5) F�1 a =
∑n

i=1 αiΦ(xi) A Mercer Ã� �<���N K(xi, xj) = Φ(xi)Φ(xj) Ñ�y :

||Φ(xi) − a||2 =

n
∑

i,j=1

αiαjK(xi, xj) − 2

n
∑

i

αiK(xi, x) + K(x, x) (8)

o�§ (8) ��,�§ (7), þ�ì� �<�Ñ�î�� º :

f(x) = sgn

[

R2 −

n
∑

i,j=1

αiαjK(xi, xj) + 2

n
∑

i

αiK(xi, x) − K(x, x)

]

(9)

í P�Ñ�y�i�jGk�l�1�þ�ì� �<�K º 0, � ¸ 1�þ�ì� �<�K�@�f 0, ¯ ¸ 1�þ�ì� �<�K�B�f 0. ��ï�Ã� �<í f�>�Ü�B�ð ÷�ñ 8�ð�ò�1�ó���1�ô+� ,
: M 
�õ�ö�« º SVDD F�1�Ã� �< .

4 ÷ZøZùZúZXZY^[`\����`]`_� ��������������
3%^%C SVDD 1%_%`%a%b%c%Á%d%e%_%f%g%h%i%jækml%<%=%n%o%1%Q%9%-%R%S%p%q LSVDD. �%��û�ü

2%3 , LSVDD ( Ã� %<�õ�ö%��ï�Ã� %< K(x, y)=exp(−||x − y||2/σ2)) ý�þ%~%� SVDD V%2%3æFms%6%-%t
R�t�Z�[�u�-�v�w , |�}�_�f�y�5�1 n 6�u�-�z�{%1%þ�ì� �<%Z�[�ÿ%p , ��g�ï�ð�.�W�/�0 . ;�«�d�6�2�3
C 0�n d�6�u�-�z�{�a�1�þ�ì� %<�K%@�f 0, ������*�f�ï�ð L .�W�/�0 , ä�½�����}�1�þ�ì� �<�?�@�K�î
Ñ�x�y�2�3�1�-�t . ¬�;�«�d�6�2�3�C 0�P ��6�u�-�z�{%a�1�þ�ì� %<�K��%@�f 0, 7 ¹�º >�+�,�Á�ï�ð�.
W�/�0 , ��U�Z�d�V�Z�[�ï�ð�.�W�/%0�v%w . .�W�/�0�¿�À�1�É�O�?�? ¼ D�E µ�� ó����%D%E�1%Ý�C . D�Eµ�� Î M�� O�f�<�=���@���	�1�
�� µ�� , C�<�=�R�S���	 O Ç 9�r�V�E�1�ý�þ�d%q . O�P , V�f�D�E µ�� ,

��U�.���
�@ µ�� 1�D�E�
�� ,
� y�.�W�1�<�=�y���/�R ; V�f�����D�E , ��U�����<�=�8���ù�1 ½ D�E , �� E�-�t�
���ó�� ³ ­�@�1�D�E ,
����� E�-�t���������1�D�E . 3�^�_�f ö 9�����<�=�@�V�p�q�Z�[G²�¨ ,��� ����1�����<�=�@�­�Ý�C�D%E µ�� X�Y ,

��� r�V�D�E�����Z�[�Á�\�] . LSVDD r�V�ï�ð�.�W�/�0�2
3 , Î�U�D�E�õ�ö�d�q���L�����D�E , � P ����D�E�V��� �!�W�Õ�Ö�"�Â�Ã , |�}�#�V�$�Z�[ SVDD v�w�x
y�ï�ð�!�W�%�&�"�u�'�z�{ . (�}�ç���ï�ð�)�!�W�%�&�*�ï�ð�!�W�%�&�"�u�'�z�{�y�+�����R�'�z�{���V�,- '�Z�[�.�é . LSVDD p�q�/ º ��0���	 , $�1+��2�3 ÿ 2 4�� .5 d���	 , 6�7��� �89"�:�0�'�; i(i = 1, 2, · · · , c), /�;�<�U SVDD =�>�?�@ , A�B�:�0�'�;�"�C�'�DE

Mi, F�G�H�4 - �� �I�J�K�L�M�N�O�"�P , Q 5�R�S�T "�U�V�!�W�%�&�X�Y�Z�[ .5\R\S\T
, ]\[ 5\^\S\T\_ K\L\M\N\P\A\B\U\V\`\W\a\b\c\d . 3\e ^ 0\c\d\I\f\g ^ 0\C\h\D E O_ K�L�M�N�P�i�7 0, j�k�l�m�7�U�V�n�`�W�a�b ; 3�e ^�o c�d�I�f�p�q o C\h�D E O _ K\L�M\N�P\r�i

7 0, j�k�l�m�7�U�V�`�W�a�b . s�t�<�u�F�v�B�w�x�y\U\V�`\W\a�b , F�6�U�V�`�W�a�b�8 _\z�{ c\d�N| Z\[\}\~\�\�\�\�\�\�\�\�\}\~ . d\�\�\�\�\�\�\C _ F -socre }\~\�\�\�\�\�\� F -socre P\i\�\�\�
F -socre P _ }�~ . F -socre

_ G�H�������� [17]:

F -socre(p) =

∑c

i=1 (x̄
(i)
p − x̄p)

2

∑c

i=1
1

ni−1

∑ni

k=1 (x
(i)
k,p − x̄

(i)
p )2

(10)

� 8 , p ����}�~ , c ����U�V�`�W�a�b�h�; _ N�� , ni ����h�;�� i
_ U�V�`�W�a�b�c�d _ N�� , x

(i)
k,p ���

h�;�� i
_ U�V�`�W�a�b�c�d xk

_ }�~ p
_ P , x̄p ��� z�{ U�V�`�W�a�b�c�d _ }�~ p

_ ��P , x̄
(i)
p ����h

;�� i
_ U�V�`�W�a�b�c�d _ }�~ p

_ ��P . ��t�����u�}�~���������t _ U\V�`\W�a\b��\���\[ SVDD

��: o h�; i =�>�����?�@ , A�B�U�V�`�W�a�b _ C�h�D E Moi. �¡�S�T
, ]�[�C�h�D E M ¢�U�V�`�W�a�b�C�h�D E Mo ��£�¤�c�d _ h�;�=�>�¥�£ . ����: ^�o £

¤�c�d�<�u  �^�S�T ?�@�B�w _ C�h�D E M =�>�G�H , ��e � I�f�g ^�o C�h�D E O _ K�L�M�N�P�i�� 0,

j�k�l�m���U�V�n�`�W�a�b , ��¦�§�¨�t _ K�L�M�N���i�P�©�ª�A�B�c\d _ h\; ; ��e � I�f�p�q o C�h�DE O _ K�L�M�N�P�r�i�� 0, j�k�l�m���U�V�`�W�a�b , <�u  �R�S�T ?�@�B�w _ U�V�`�W�a�b�C�h�D E Mo

=�>�G�H , ��¦�§�¨�t _ U�V�`�W�a�b _ K�L�M�N���i�P�©�ª�A�B�c�d _ h\; .
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LSVDD (Local Support Vector Data Description)¸º¹
: »º¼º½ D, ¾º¿ºÀ c, ÁºÂº½ T , ÃºÄº«ºÀ ν, ÅºÆºÇºÈºÀºÉºÀ σ, SVDD ÊºË¸ºÌ
: Íº¾ºÎºÏ L

1. begin

Phase 1: SVDD ÐºÑ , ÒºÓºÔºÕ
2. for class i = 1 to c //c Öº»º¼º×ºØºÙºÚº¾ºÚºÀÜÛ
3. Mi = train(SVDD(ν,σ),D(i));

4. end for

Phase 2: ÝºÞºßºàºáºâºÐºÑ
5. for class i = 1 to c

6. for class j = i to c

7. Doij = findOverlapRegion(D, Mi, Mj);// ÝºÞºßºàºáºâº×ºØºãºä
8. end for

9. end for

10. Do =
⋃

1≤i<j≤c

Doij ;// ÝºÞºßºàºáºâº×ºØºåºæ
11. As= attributeSelection(Do); // çºèºéºê
12. for class i = 1 to c

13. Moi = train(SVDD(ν,σ),Do(i),As); // ÝºÞºßºàºáºâºÐºÑ , Do(i) ë Do Ù i ¾º×ºØ
14. end for

Phase 3: ìºÁ
15. L= predictLabel(T , M , Mo); //íºîºïºåºðºñºìºÁ
16. end

ò
2 LSVDD óºôºõºöº÷

LSVDD ø9I�<�u�C�h�D E�ù�ú U\V�`\W\a�b , û���U�V�`�W�a�b�=�>\���\?\@ , ü�ý�U�V�`�W�a�b�þÿ _����
, ���\A\B\�\N | þ ÿ�������� � X _ D E . 	�
 LSVDD �\[\���\�\L�
 : �\e\C\h\D E M

_
U�V�`�W�a�b���u�}�~��\��t , ����=�>�����C�h�?�@�A\B _ C\h�D E Mo ��s���I���g _ U�V�`�W\a�b ,� ª���U�V�`�W�a�b�c\d Do ����Z�[ LSVDD H�� . 
�� , ª�����������N k ����U�V�a�b�`�W������
P r ����������� _��� , !�"�u�������N k ����U�V�`�W�a�b���#�$���� P r ��������� . ��t������
��%�&�t�U�V�`�W�a�b�A�B _ C�h�D E ��s���I�`�W�a�b�� ,

��'
CSVDD H�� _ ��������(�) , <�u�G�H

��u�¦�§�¨�t _ U�V�`�W�a�b _ J�C�h�D E _ K�L�M�N�P�* _ ��i�����c�d�=�>�+�, . d���-�.���,�-�/ _
LSVDD H���0���U�V�`�W�a�b�=�>�������� .

5 1323435363798
-�.�,���q o ��, , ,�;�I�:�;�N | ¢ UCI N | v�O

=\> ,
z\{ H\�\�\Z\[ Tax ü\Q _ I MATLAB ��< _ -

/ Data description =�>�? [18]. -�.�<�u 10 @�A�B�.�C
����.�C�,�h�H�� _ ,�h�D�e .

5.1 E�F�G�H�I�J

�-�.�� _ I���K�L�M�N LSVDD H�� _�O�P ¢�Q�R ,

C�S LSVDD H�� ' SVDD H���(���T�U { D�V�W�K�U�V
`�W�a�b _ ,�h�X�Y , ����ü�ý���Z _ ,�h�D�e . -�.�[�\
[�w _�] N�^�_�`�a � ν ¢ z ��[ _ ý�b�c�M�N

1

2

ò
3 dfefgfhfifjfkflfmfn ò

K(x, y)=exp(−||x − y||2/σ2)
] N σ, ��P�a�o�,�p�� [0.01,0.1] ¢ [1,10], q�r�,�p�� 0.01 ¢ 1. s | 0�)] N�P _ -�.�%�e�����t Data description =�>�? _�u�v P 0.05 ¢ 5 ��� ] N _ P . Z�[ _� �^�o :�;�N|�w q o banana x _ N | v�y�z , h�p�,�p�� 1 ¢ 2. l�{�|���I�U�V�`�W _�R�}�P v , ~ { 100

o N | ,

50
o ��h 1, 50

o ��h 2. N | v�,������ 3
z N .
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��U�V�`�W�:�;�N | ,�p�Z�[ SVDD ¢ LSVDD H�� . � 4(a) |���� o h�,�p�=�> SVDD ?�@�t�A
B _ C�h�D E þ ÿ ; � 4(b) | LSVDD ��p���U�V�`�W�a�b�t , ��U�V�`�W�a�b�J�h�c�d�= ^ q�=�> SVDD

C�h�?�@�t�A�B _ U�V�`�W\a�b\C\h�D E þ ÿ . ��� 4(a) *9ª������ , SVDD =�>�����t�B�w _ N | a�b��� ��I�`�W���� . 	�
� �¡�����¢ o h������ ¦�h , £�u SVDD A�B _ þ ÿ�¤ =�>�+�, , r�¥ w ��þ ÿ 0� X�����/�¦�§ ; � LSVDD
{ D�V ú w�t�U�V�`�W�a\b , F�û���U�V�`�W�a�b�=�>\���\?\@ , A�B�t�U�V

`�W�a�b _ N | þ ÿ , ¨�©�ª�«�þ ÿ B�w�t ��� � X _ N | þ ÿ���� .

1

2

(a) SVDD ¬�­�®�¯�°�±�²

1

2

(b) LSVDD ¬�­�®�³�´�µ�¶�·�¸�¯�°�±�²ò
4 SVDD ¹ LSVDD kflfºf»f¼f½

 \R\o :�;\N | |\c\d\`\W�:�;\N | . l�| w^ Y\a\b¿¾ÁÀ���0�)�Â �\_ ��Ã�,�� _ N | v�y�z ,

h�p�,�p�� 1 ¢ 2, ~ { 1100
o N | .

� * , 100
o �

h 1, 1000
o ��h 2. N | v�,������ 5

z N , *�o��
c�d�`�W�a�b , q�Ä���J�h _ c�d�n�`�W\a�b . h 1

I\c\d\`\W\a\b\O�Å\��, _ Â � '�Æ Ä _ Â � (�) ,

I\c\d\`\W\a\b\��Å\��, _ Â � |\O�Å\��, _ 1/3.

h 2 I\c\d\`\W\a\b\��Å\��, _ Â � '�Ç Ä _ Â �
(�) , I�c�d�`�W�a�b�O�Å���, _ Â � |���Å���, _
1/3. -�.�È�[�É�Ê�� (recall),

���
(precision), F P

(F-measure) ¢ AUC ����H���Ë�D�Ì�Í�Î�¦ , Ï�h 1

¢�h 2 ,�p������ ¦�h�=�>�Ì�Í .
� * , F P =(2×

É�Ê�� ×
���

)/( É�Ê�� +
���

); AUC | ROC (re-

ceiver operating characteristic) Ð�Ñ�� _�Ò�Ó [2],
�

0 0.5 1 1.5 2 2.5 3

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

1

2

ò
5 ÔfÕfgfhfifjfkflfmfn ò

P ^�Ö i���×�� 0.5. ��� AUC Ø�� 0.5
_

, £�u�Ï ROC Ð�Ñ�Ù�Ú�t���G�H AUC. AUC Û�i , ,�h�Ü��Ý h _ ,�h ��� Û�ý , x�y _ ,�h�~�T�Þ�Û�ß [19].
w � SVDD A�B _ K�L�M�N�P�Û�i � � Ý h _ U���Û�i ,à

AUC ��I�Ø�� 0.5
_ ��� , 
�����S�,�h�D�e���á�â�ã�£ _ D�e�§ [20].

� 1 ä���t SVDD ¢ LSVDD H���I�c�d�`�W�:�;�N | v�O _ Ì�Í�Î�¦\P ,
� * “h�p ” å�æ�t _ _

æ�¾9��� ¦�h�ç�è�é�����c�d o N , ê�y���N _ |���ë�Ì�Í�Î�¦�P�*9��Q�� . ��* _ R, P, F ¢ A ,�p����
É�Ê�� ,

���
, F P�¢ AUC. ��� 1

_ -�.�%�e�� , I�����c�d�`�W�:�;�N | � ,  �¡�|���ì�£�h 2, í�|�î{ h 1, LSVDD r�> { � SVDD
� ß _ ,�h�D�e .

ï
1 SVDD ¹ LSVDD ðfÔfÕfgfhfifjfkflfñfòfófôfõf¼f½

¾º¿ SVDD LSVDD

R P F A R P F A

1 (1: 100) 0.870 0.641 0.678 0.855 0.920 0.658 0.763 0.942

2 (2: 1000) 0.578 0.872 0.697 0.593 0.699 0.961 0.775 0.949

5.2 UCI G�H�I�J
d�-�. _ � _ |���t�.�C LSVDD H���I UCI -�ö�N | v�O _ ,�h�D�e , )�c�È�[�É�Ê�� ,

���
, F P

¢ AUC ����H���Ë�D�Ì�Í�Î�¦ , Ï�� o h������ ¦�h�÷�ø�Ì�Í . ��� UCI N |�ù [21] * 6
o N | v ,

��O
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ú ��� 2

z N .
� * , Breast-w N | v�û���t���I�}�~�ü�ý _ 9

o c�d , Glass N | v�û���t�c�d�N�p�� 20_ h�p . þ��9� _ H�������t SVDD ÿ CSVDD ¢ LSVDD, c�M�N�����ý�b�c�M�N .
] N ν ¢ σ ��P�a�o

,�p�� [0.01,0.1] ¢ [1,10], q�r�,�p�� 0.01 ¢ 1. s | 0�) ] N�P _ -�.�%�e�����t Data description =�>
? _�u�v P 0.05 ¢ 5 ������� ] N ν ¢ σ

_ P .

ï
2 ������� UCI kflfñ����

Àf�º½ ×ºØºÀ ¾º¿ºÀ çºèºÀ ��	º¾º×ºØºÀ ��
º¾º×ºØºÀ
Breast-w 683 2 9 444 239

Ionosphere 351 2 34 225 126

Sonar 208 2 60 111 97

Balance 625 3 4 288 49

Glass 175 3 9 76 29

Vehicle 946 4 18 226 240

� 3 ä���t�J�,�h�H���I R ,�h�N | v�O _ Ì�Í�Î�¦�P ,
� *9N | v�* “ h�p ” å�æ�t _ _�æ�¾9��� ¦

h�ç�è�é�����c�d o N , ê�y���N _ |���ë�Ì�Í�Î�¦�P�*9��Q�� . ��� 3
_ -�.�%�e�� , I���� R ,�h�X�Y

� , LSVDD I�a�i�g�N�������> { � SVDD ¢ CSVDD
� ß _ ,�h�D�e ,

O p�| ��� ÿ F P�¢ AUC Ì�Í
Î�¦ . ��I Ionosphere N | v _ h 2 O
�
��� SVDD ¢ CSVDD. û���î { h�ª��
��/ LSVDD

'
SVDD

¢ CSVDD (�� , I���� R ,�h�X�Y�� { ��ß�¢
��Y _ î { h�¥�£�D�e .

ï
3 óºôfð��fm��fkflfñfòfófôfõf¼f½

Àf�º½ SVDD CSVDD LSVDD

R P F A R P F A R P F A

Breast-w

1 (benign:444) 0.704 0.882 0.780 0.703 0.861 0.839 0.843 0.697 0.865 0.858 0.861 0.887

2 (malignant:239) 0.406 0.959 0.564 0.936 0.500 0.892 0.811 0.896 0.933 0.875 0.907 0.951

Ionosphere

1 (b:126) 0.694 0.278 0.396 0.315 1.000 0.359 0.523 0.877 0.937 0.412 0.569 0.908

2 (g:225) 0.795 0.816 0.807 0.791 0.304 0.933 0.529 0.828 0.412 0.941 0.656 0.808

Sonar

1 (mine:111) 0.691 0.470 0.553 0.501 0.607 0.544 0.561 0.578 0.609 0.562 0.566 0.589

2 (rock:97) 0.832 0.471 0.599 0.558 0.535 0.576 0.546 0.580 0.747 0.594 0.623 0.606

ï
4 óºôfð��fm��fkflfñfòfófôfõf¼f½ ï

Àf�º½ SVDD CSVDD LSVDD

R P F A R P F A R P F A

Balance

1 (L:288) 0.726 0.367 0.424 0.773 1.000 0.420 0.513 0.879 0.802 0.548 0.544 0.905

2 (B:49) 0.557 0.715 0.571 0.544 0.479 0.816 0.582 0.710 0.591 0.923 0.608 0.783

3 (R:288) 0.584 0.739 0.610 0.778 0.544 0.761 0.639 0.913 0.542 0.785 0.677 0.915

Glass

1 (float:70) 0.843 0.564 0.671 0.768 0.586 0.647 0.625 0.751 0.886 0.692 0.759 0.831

2 (non-float:76) 0.882 0.487 0.626 0.464 0.652 0.659 0.653 0.519 0.695 0.665 0.682 0.725

3 (headlamps:29) 0.733 0.341 0.429 0.477 0.900 0.698 0.744 0.881 0.900 0.739 0.776 0.905

Vehicle

1 (bus:240) 0.368 0.256 0.304 0.659 0.472 0.334 0.416 0.801 0.472 0.334 0.416 0.801

2 (opel:240) 0.498 0.449 0.470 0.401 0.516 0.654 0.592 0.630 0.516 0.654 0.592 0.630

3 (saab:240) 0.785 0.256 0.411 0.438 0.564 0.383 0.513 0.652 0.564 0.383 0.513 0.652

4 (van:226) 0.300 0.233 0.277 0.488 0.316 0.509 0.381 0.905 0.316 0.509 0.381 0.905

� 4
� ä���t\J�,\h\H\�\I\g�,\h\N | v\O _ Ì�Í�Î\¦\P . �\� 4

_ -�.�%\e�� , I\�\�\g�,\h�X�Y
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� , CSVDD ¢ LSVDD r�Q����
�
��� SVDD
_ ,�h�D�e , ��S { D�]�[�g o h _
�
��{
� ��ü�ý�,�h�D

e . )�� LSVDD I�N | v Balance ¢ Glass O _���� ÿ F P�¢ AUC P�a�i���,�r�i�� CSVDD
_ P , �

S LSVDD ��U�V�`�W�a�b _ ����| { D _ . I�N | v Vehicle O , LSVDD > { ' CSVDD (
� _ ,�h�D
e , ��| w ��
���U�V�`�W�a�b���p . û���N | v�* _ î { h�ª��
��/ , LSVDD

_ Ì�Í�Î�¦�P
��d�r�Q����
×�� CSVDD, ��S LSVDD

{ D�ü�ý�t�î { h�¥�£�D�e , I�����g�,�h�X�Y�� { ��ß�¢
�\Y _ î { h�¥�£
D�e .

-
��* _ î { h�,
��X�Y ��� ��I �
� 0
�
����� , ��I
 
!
"�£�* , ª�T
#
$
%
& ^ h
 
!�D
' , �
(�
)  
!�D
' ' Ý
* D
'
+
, . ��t
"�. LSVDD I �
� 0
�
��N | O _ ,�h�D�e , d���]�[�g�,�h�N | v
D
- �
� 0
�
����� , ©����
#�Ï�g�,�h�N | v�* _�^ h��\�/.0$�� ¦�h ,

�
) h�r
1
 �n�� ¦�h . � 5 ä
��t�J�,�h�H���I �
� 0
�
��g�,�h�N | v�O _ J o Ì�Í�Î�¦�P . ��� 5

_ -�.�%�e�� , I �
� 0
�
�����
� , # { I Vehicle N | v _ h 1 O , CSVDD ¢ LSVDD

_ Ì�Í�Î�¦�P
2�Ø�� SVDD.
�
) ����� , CSVDD

¢ LSVDD r�Q����
�
��� SVDD
_ ,�h�D�e , ��S9I �
� 0
�
� �� � { D�]�[�n � ¦\h _3�
�\{
� �

,�h�D�e _ ü�ý . ÷ ^ q ,
w ��n�� ¦�h w g�h�c�d
+�©���z ,

� N | þ ÿ 0�U � X ,
���
4
5
6
7 `�W�a�b ,

	�
 LSVDD
_ J�Ì�Í�Î�¦�I�a�i���,�������r�Q�� CSVDD. �
��S LSVDD T�U { D�V���U�V�`�W�a�b

÷�ø���� , ü�ý �
� 0
�
������� _ x�y�,�h�D�e . û���N | v�* _ î { h�ª��
��/ , LSVDD #�I Glass N| v _ h 3 O _ AUC P
�
��� CSVDD, ��S LSVDD I �
� 0
�
��������Þ�T { D�ü�ý�î { h�¥�£�D�e .

ï
5 óºôfð�8�9�:�;�<��fm��fkflfñfòfófôfõf¼ ½

Àf�º½ SVDD CSVDD LSVDD

R P F A R P F A R P F A

Balance

1 (L:288) 0.726 0.367 0.424 0.773 0.822 0.415 0.458 0.834 0.787 0.481 0.516 0.890

2 (B:49) 0.557 0.715 0.571 0.544 0.456 0.799 0.517 0.536 0.533 0.813 0.592 0.546

3 (R:288) 0.584 0.739 0.610 0.778 0.525 0.706 0.596 0.794 0.502 0.771 0.638 0.803

Glass

1 (float:70) 0.843 0.564 0.671 0.768 0.577 0.610 0.589 0.755 0.700 0.684 0.695 0.769

2 (non-float:76) 0.882 0.487 0.626 0.464 0.630 0.652 0.643 0.485 0.681 0.657 0.669 0.608

3 (headlamps:29) 0.733 0.341 0.429 0.477 0.837 0.501 0.642 0.878 0.895 0.594 0.686 0.837

Vehicle

1 (bus:240) 0.368 0.256 0.304 0.659 0.269 0.227 0.238 0.391 0.335 0.232 0.273 0.442

2 (opel:240) 0.498 0.449 0.470 0.401 0.507 0.584 0.482 0.470 0.505 0.632 0.577 0.508

3 (saab:240) 0.785 0.256 0.411 0.438 0.526 0.312 0.423 0.478 0.541 0.378 0.494 0.517

4 (van:226) 0.300 0.233 0.277 0.488 0.291 0.415 0.246 0.586 0.304 0.456 0.319 0.661
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