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Abstract In this paper, we study the index tracking problem which plays core role in index fund manage-

ment. According to minimizing structure risk, a loss function based on tracking error is constructed firstly,

then time is considered in history tracking error, and exponential weighted method is used to handle it,

so the structure risk is proposed on the basis of SVM, a model is generated to deal with index tracking

problem by minimizing structure risk constrained some real market conditions, lastly, some empirical tests

are conducted using five index historical data from OR-Library. The numerical results show that our

model can improve the out-of-sample performance, at the same time, the robust of the tracking portfolio

is improved evidently, thus it has good theoretical and applied value.
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ë`ì`ü`ý
,
6�À�!�Á`ü`ý�Â í�Y þ`ë`ì�Z\[]û�g��`ë`ì`ü`ý , ÃÅÄ ��Æ�O`å`æ`ç`è�Ç���È ��É ��Q ; Ê ��Q�L=`ë`ì`ü`ý`û Y þ�����Ë�Ì�Í J�K , Î`í�Ï�Ð`
ÑÃ &`å`æ +�,�Ò�Ó�Ô`� û���	`üný , Õ�Ò�Ó`�`	 û�Ö / 8�9ë`ì`ü`ý 
ÑÃ &`å`æ�× Y þ`ë`ì�Z\[]û���� 
 ]�^���_�`�a`û�����Ø�N�7���Ù . Õ ç`è`å`æ�Ú B û���	`æ�ÛÖ / ,

å`æ`ç`è��� V�B O�!�Ü�Ý`ç`è���L�Ü�Ý`ç`è�P�Q .
Ü�Ý`ç`è í å�Þ�ß Ã &`å`æ � O�9�à�× Ã &`å`æá�â�ã A þ�ä�å á ,�� O�9�à ,

c�æ`ë`ì`ü`ý�=`å`æ�ç�è`ë`ì
. É�é F�G 
���� ñ - ,

� � ç�ê , �`	 ô í Lë�ì`û
, �`�\í ×`å`æ����`ø�î�ï`û�ð�Z�ñ�ònï�] , ó�ô�õ ñ�L�Ü�Ý`ç`è�G�ö�÷ .

L�Ü�Ý`ç`è í å���]`î`ïá ,�� O�9�à`û�ø�ù í�ú�û û�9�à�Þ�ß���üþý���c � ûnü`ý`þnë`ìnå`æ , ú�ÿ ���`ç`è���O������`ç`è .
�

�`ç`è í���� ï�����F�G���ü�ç��`ë`ì`ü`ý\[]û � O�9�à�	�
��`ð ã A , Î O������`ç`è�� í� Þ�è�� 03:�`ò�C 0�������� å�&���!���ü�ç��`ë`ì`ü`ý`û�9�à , � ��]�����F�G`þ���ü�� � O�9�à`û ã A . ��� ,
H�I

��� û�O���������ü`û`ë`ì`ü`ý�×��`ñþ[��në`ì�� ��� G Õ�� � ô !�"�8�9 , '�( ,
���`ç`è����!�"�# )

*�$ ��%�&�'� $ û�(�) .

Ô � å æ ç è û+*+,+-+.�/+0 , 1+2 *+,+3+4+5+6+7+8+9+:�;+<�*+,�=+#�>+?�@�:+A�B , C+D+E+F 3 2003G�H�I�JLK���<�M�4�5�N�O�:�*�,�P�Q�#�?�R�S�T
[1]. U�V G�H�W�X�Y�Z�:�[�\�]�^�_�`�P�a , Kyong b�cd�e�f�g :�S�h�i�j�6�7�Y�k

, l Y�k�m�n�o�p�q�: β r 5 ,
o�s�t�u�v�w�x�y�z�{�W�|�}�N O�~ �

, �������=�������:�������k�W�|�}�N O�~ ��: ���
[2]. Lobo ��� dL� }�s�������:�4�5�N�O�8 9 , b�c d��� l 8�9�:�������������k [3], Beasley � 4�5�N�O�����:�����5�n�� OR-Library � 5

f 5�n��� �¡�¢
8f

, £�b�c d�e�f�¤ ��¥�5�¦�§�¨�© , £���� d s�������3�N�O�ª�«�:�¬  [4]. Ruiz-Torrubian
��� d�e�f

g : ® ¯ Y k
, ° M ± b c d g : � � � k ,

� W ² ³ ´ µ : N O ~ �
, � � ¶ � · ¸ ¦ § | } N O ~ � :���

, ¹�º 3 OR-Library » :�5�n���:���� , ¼L½ ��k�:�ª�{L¾�>�¿ [5]. Barro b�c d�e�f�À�Á 4�5�N�O�89�:�Â�Ã�Ä�z���Å�Y�Æ
, Ç ¨�© »���� d s�������u�È À É : ¬� , £ 3 MSCI Euro index

P�Q d ���
, Ê« ¼L½ À�Á ¨�©�Ä�M�Ë Á ¨�© [6]. Wang � 3�M�N�O�~���:�Ì�Í�4�Î CVaR

:�Ï�7�Ð�Ñ�N�O�~���:�Ò�Ó » ,Ô c d�e�f ° M CVaR
Ì�Í�Õ�7�:�4�5�6�7�¨�©

[7]. Guastaroba
Ô c d�e�f�Ö ²�³�������W � ��×�Ø�©�45�6�7�8�9

[8]. Scozzari ��� d UCITS
s���¦�Ù�Ò�Ó�Ú�4�5�6�7�8�9

, b�c d�e�f�¤ ��·�¸�¦�§�¨�©�W�|}�Û�Ä�N�O�~��
[9].
X�Ü�¨�©�Ý�Þ�M�ß�� à�á ´ H�� â :�4 5 6�7 Y k�ã

. ° M�ä�¥�å�æ�:�4�5�6 7 : U
V G�:�ç�,�è�é�^ Thomas

P�Q�:�<�M�Ä�z�6�7�Y�k�ê�ä�¥�Y�k�:�3L¾
, Ê « ¼L½�Ç�ë :�N�O�ì�ÏLK ,

Ä�z
6�7�Y�k�:�ª�«�Ä�M ° M�ä�¥�å�æ�:�4 5�6 7�Y�k , í�Ç e�f >�î�:�N�O�ìLK , � ��:�N�O�ª�«�ï�ð�ñ�ò eÜ

[10].

�ôó ^+ç+,+´+H+õ c ,
3+4+5+N+O+8+9+:+[+\+o+«�@�ö+/�0

, í [+\+÷+ø+è+é+ù ° M+j�wôK�N�O+ú�û ( üý+þ+ÿ+Ì+Í
)
Û��

, �+� ß+�+x+y+ù+^+ª+: , � ±����+m+n+j+wôK þ+ÿ�Ì�Í+Û�������:�N+O�~�� Ç j+w���:+NO�ú�û ü ù�Û���: . ó ^�:�[�\ Ê æ ¼L½
	 J�����x�y Ç 1994
G�H�I�ù�-�^�ª�:

,
± � ���^�ª�: [11−14].

í������ ^�ª�x�y�å�æ U G�W���¢ d Q���������:���� ,
x�y�ù���^�ª��������

. � ± Ç�� 3�x�y�^�ª É���� �ß���:�I Ô Ú
,
[�\ C  ���� ° M�j�w���! ÷�: 4�5 N O�¨ ©�ù e�f - .�^�"�# :�$�9 . % � ,

����5
n�&�^�'�©�:�(�) É

, *�+�U�,�Ç :�5�n�3�M�-�W�:�=���; 3�M�ñ�.�/ :�à�á 5�n ñ�` , � ± Ç 4�5�6�7�89 »�� (�0 ��1���� P�2�ù�-�.�^�3�é : . ° M�± ,
w�ç Ô c d ° M�(�0�4���:�5�687�t Ã ( 9 ý SVM)

:
4�5�N�O�¨�©

, £�¶ � OR-Library » : 5
f 4�5�����5�n���3 Ô c :�¨ ©�P Q d�: ÿ , Ê « ¼L½�l ¨�©�&^8;�ò�:�<�z�µ�=

,
_�`�>�ø ��?�@ d j�w���N�O�ú�û , A ( Ô ¿ d ¨�©�:�B�C É .w�ç�D

2 E ��F d ° M�4���5�687�t�Ã�:�4�5�Ä�z�6�7�¨�© ,
D

3 E�¶ � OR-Library » :�5�n���3 Ô
c :�¨�©�P�Q d � � : ÿ ,

D
4 E�G�Ê d w�ç�è�é�[�\ Ê æ .

2 HJIJKJLJMJNPORQRSPTRURVPWRXRYPZR[R\
2.1 ]�^�_�`�a�b�c�dq�e�x�y�4�5�Ä�z�6�7�8�9�ù 4 � q�e x�y � : N f q�e (

e�g ùih Î�4�5�:�o�p�q�ekj ü ´�µ�l�mn�S�^�o ¼ É :�-�o�S�q ) »
p�c k f q�e���� e�f�q v�~�� (k < N), £�r � l ~���;�3�Î�:�4�5 Ç -�We�s (�0LK�: ¼�, @�´�µ +�U .
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��� 4 5 N O ~ ����� ù p�� h Î 4 5 u�� p q�e : à á 5 n , £ ��� S�� j w K u j w�� , � t =

0, 1, · · · , T
: 5 n�� j w K 5 n

, t = T + 1, · · · , T + L
: 5 n�� j w�� 5 n

,
� Ã������ :���� S�� ý

��������u������
. ����¹�º j�wLK�:�5�n ,

m�n�� e &���:�4�5�6�7�¨ ©�W | }�N O�~ �
.
Û ��¶ ��j�w��5�n�����N�O�~���:�N�O�ª�«

.� d Y� 
,
Ú�Z�3�ç » ��¢�:�¡�t b�c�¢L½ .£ ^

pit:
D

i f q�e Ç t
(�¤�:���¥

;

It:
q�e�4�5 Ç t

(�¤�:��
;

ηi: C «�D i f q�e�P�Ñ�N�O�~�� , ¦�Ç N�O�~�� » :�Û�� q vL¾
§ ;

δi: C «�D i f q�e�P�Ñ�N�O�~�� , ¦�Ç N�O�~�� » :�Û�` q vL¾
§ ;¨�©�ª�«
cit: Ç D t

f�¬ ìLK C «�D i f q�e�P�Ñ�N�O�~�� ,
6�^�q�e

i
:�5�t

;

zi: �® D i f q�e�ù�� Ç N�O�~�� » :�¡�t , � 1 ¼�¯�Ç N�O�~�� » , � 0 ¼�¯���Ç N�O�~�� » .

2.2 °�±�²�³D
i f q�e�uih Î�4�5 Ç D t

f�¬ ìLK�:�����´�µ�{�S����
rit =

pi,t+1 − pit

pit
, Rt =

Ii,t+1 − Iit

Iit
, t = 1, 2, · · · , T, i = 1, 2, · · · , N.

t
(�¤�D

i f q�e�¶�N�O�~���: G ����:L¾
§��
wit =

citpit
∑N

j=1 cjtpjt

, t = 1, 2, · · · , T, i = 1, 2, · · · , N.

� ±�N�O�~�� Ç D t
f�¬ ìLK�:�����´�µ�{��

Rpt =

∑N
j=1 cj,t+1pj,t+1 −

∑N
j=1 cjtpjt

∑N
j=1 cjtpjt

=

N
∑

j=1

wjtrjt = w
T
t rt, t = 1, 2, · · · , T.

�ô» wt = (w1t, w2t, · · · , wNt)
T ¼�¯ N

f � p q�e t
(�¤ Ç N+O+~+� » :ô¾·§¸7 t , rt = (r1t, r2t, · · · , rNt)

T

¼�¯ N
f � p q�e�D t

f�¬ ìLK�:�´�µ87�t
.��¢�´�µ�{�: ¼�¯�¹ ��º � ,

4�5�6�7�´�H ¼�¯ � C Ú�:�» É8¼
½ 8�9 (Rudolf[15])

Rt = Rpt + εt =

N
∑

i=1

witrit + εt, t = 1, 2, · · · , T (1)

�L» εt ¼�¯ N�O�~���:�´�µ�êih Î�4�5�:�´�µ Ç D t
f�¬ ìLK�:�¾�û

.

C «�N�O�~�� » D i f q�e�:���� wit

ê�(�0�^�<
, ¿�À�Ç�Á�Â Ò�Ó�Ú�:�» É8¼
½ 8�9�:�Ã�å�ù�Ä�.�ÅÆ�:

. � ± e�g ^�Ç Â�9 z�Y�k ,
e Â ù�È ��É�Ê 6�^�Ë�Ì , ��Í cit = ci, t = 0, 1, · · · , T − 1, � ð�j�wLK

��Î ¥�N�O�~�� ; % e Â ù�È � � }L¾
§�Ë�Ì , ��Í wit = wi, t = 0, 1, · · · , T − 1, � ð Ç�Ï f (�¤ t Î ¥~��
, r � Ï e f q�e Ç N�O�~�� »
Ð ¶L¾
§�Ñ�6 � ¡ .

È � � }L¾
§�Ë�Ì�:�Ä�Ò e ù Ç x�y8Ó
Ô�x�Õ���Öx�I ��Î ¥�N�O�~���( , ×�Ø�* `�:�q�e�3 ��Ù�º 4�5�: ×�Ø , � ± ��� 6�^�:L¾
§�Ú�� ;
ï�º

, Ç x�y8Ó
Öx�Õ���Ô x I ��Î ¥ N O ~ ��( , Û�Ø�* ` : q�e ,
6 ^ : ¾Ü§ * ` ,

X j Ç x y�ÕÝ7Üº � N O ~ ��Þ�ß @´�µ�ê�q�4�Ñ�6 e�à
;
·�ù8Ó�M � }L¾
§�Ë�Ì�ù e Â N Û�á�× :�Ë�Ì , � ±�µ�â�Ñ���N�O�~���&�^�>�ò�:�ÈÀ�É

; ã ù�´�H � w�ç�:�4�5�N�O�¨�© 9 z�� e�f ·�¸�¦�§�¨�© ,
µ�â�^�ª � �

, � ±�.�È � X Â Y�k . ° M±
,
w�ç Ç ����N�O�~���( ü È�� � } ¾
§�Ë�Ì , � wt = w = (w1, w2, · · · , wN )T, C ±�4�5�6�7�8�9�´�Hõ�= Ç ����� {(r1, R1), (r2, R2), · · · , (rT , RT )} � 3�Ú�Z�: (2)

��P�Q 2�ä » É8¼
½ :

Rt = Rpt + εt =

N
∑

i=1

wirit + εt, t = 1, 2, · · · , T (2)

3�M�» É8¼
½ 8�9�:�Ã�å�^ 2�Â Y�k ,
e�f þ�'�:�» É8¼
½ Y�k�ù�å ¹ Û���·�æ ¼Ü½ , � Ã�å�Y���ù ¼½ :�Ý�Y�ú�û�Û���z

,
X�ç�4�5�6�7�8�9�:�Ý�Y�ú�û��

(Torrubiano
}�#�:�N�O�ú�û

)

MSE =
1

T

T
∑

t=1

(Rpt − Rt)
2 =

1

T

T
∑

t=1

( N
∑

i=1

wirit − Rt

)2

(3)
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m�n�ð�������å�æ
, (3)

� ¼�¯ d ����8�9�:�þ ÿ Ì Í , �L»
ñ�ò�ó 5���j�w K
D t
f�¬ ìLK�N�O�~��

´�µ�êih Î�4�5�´�µ�:�¾�û�:�ô�Y
L(Rt, Rpt) = (Rpt − Rt)

2 (4)

��ð�:�ð���Y�k���� f é�õ�¢�µ�_�ò�ö � ó
÷ 5�n (
�����

)
: ó 5 , ��Í “

þ�ÿ�Ì�Í
”
Û��

,
Þ�µ�Ñ��

Ð ��:�5���¨�©�ø�ù�µ�=�Û�Ø . í X e ß�� £�ú�û ¥�:�å�æ�m�n .
ð�������å�æ ó � ½ : “

þ�ÿ�Ì�Í
”
Û�� �ü�M�5���¨�©�: ��ý ø�ù�Ì�Í Û�� , � ð�ß�þ à “ º ö�� ”(overfitting) ,�ÿ ��� ,

å ¹ Û���·�æ�Y�k (OLS)=�����ð�» É8¼
½ :�è�é�Y�k ü���Ç X f 8�9 .3 M 2�ä » ÉÝ¼Ü½ 8 9 , � d þ�' :�å ¹ Û�� ·�æ Y k ,
h I�ð ����� å æ ü Ô�� d e Ü Y k ,

e f '
©�:�Y�k�Þ�ù ° M�5�687�t�Ã (SVM)

:�» É8¼
½ Y�k
. SVM

:�è�é�Ä���ù�µ�â r ¼
½ Y�>�:�<�z�µ�= ( �¨�©�:�ø���µ�=
)
��¢ Ô ¿

, � ±�w�ç�È ��Ê ��Ì�Í�Û���z���Ù ,
��F ° M�5�687�t�Ã�:�4�5���O�¨�© .

��±
����}�# ñ�ò�ó 5���Ú�Z�: ε ��	�
�ó 5

Lε(Rt, Rpt) =

{

|Rpt − Rt| − ε, if |Rpt − Rt| > ε

0, else
(5)

�L» ε
� e�f ¾�>���:���5

, ¶ � ¦ W�Õ�7�5�687�t�:�5ih .

(5)
� ¼�¯�Ç D t

f�¬ ìLK
, C «�N�O�~���:�´�µ�êih Î�4�5�:�´�µ�¾�û ��Ù�º ø���4�}�:���5 ε, ¿�À

� ����N�O�~���¾�� d h Î�4�5 , � ú�û��Ì � � , f ^�X Â ¾�û Ù�º ε
(

, ����Ù�º ε
:�n�S�����N�O�~

��:�¾�û
.Ó�M�����5�n�)���: ��� }�u�¿�����ü�� É , � � ,�Ç�*�U :�5�n�3�-�W�:�¬� * Ø�� ,

µ�â Ô�� :��
��t ü�* ` , � ± , Ç ø�t�þ�ÿ�Ì�Í�(8Ó
/�� U�b�Ï f (�0 s�� û���������� ×�4 � ��� ù e�f ^�ª � (�0)���Ã�å�Y�k

, °� ±�w�ç���F d °� �� ü�����5�687�t Ã ��!�" ��#�¨ © .
��±�����$ ��A (�0 � ñ�ò�ó"�%�& (�0�4��

, ����Ç�' ��þ�ÿ�Ì�Í�u�ø���µ�= � °�(�� , b�c Ú�Z � ð�������)�* � Ê ��Ì�Í ¼�+ �
1

2
‖w‖2 + C

T
∑

t=1

λtLε(Rt, Rpt) (6)

Ç (6)
� » ,

D e�, ø�t Ê ��Ì�Í ó "�� ô�-�ø ,
$ ¦ � Û���z�ü  Û�.�z " n�� ��/�0�1 0 , ü Þ�ù�2.�3 ¼
½�4�5�� ø�6�7�8

. 9�: ,�;�<>= ε ?�@�A�B "�C�D���E�F�G�H�I�J , K�L� (4) M>N ��O�P�Q�4�R .S "
C(C > 0) T Q�U�E�F�G�H�R�V 6�7�8�W�X�Y�Z " , λt T $ 9 t [�\�]>^ W I�J B�_ W�`�a�b�c�Z _ .d�e�f�g _�h `�a�b�c�W�i�j�k�l�m�n Morgan o�p f�g G�H�q�r�s�t RiskMetrics Nvu�w EWMA xy

[16], p>Nvz�{�|�}�_�h W�b�c�~���� 4�P , ��� Tay ��o�� f�g `�a�����W����>� r���� x ` u�w����� b�c R�� _ b�c [17].
= e���� k�l��������>� r�� Nv_�h `�a�b�c�W���� , ��� Tay � � w�� � b�c�W��� ?�� � _ b�c 4�� , �������� �¡�w�¢�£�u�w W � _ b�c 4�� . o Tay ��u�w W � _ b�c 4�� N ,

`�a
c�¤

λt =
2

1 + eα−2αt/T
, t = 1, 2, · · · , T (7)

p>N α ≥ 0 ¥�¦ X�Y�Z _�§�¨�©�ª . « 1 T T = 200
`

, ?�¬ W α �� W�c�¤ λt ® `�a t
W�¯�3 « .° « 1 ±���²�³ , o α = 0

`
,
c�¤

λt ¦ S _ 1, ´ `�a � c�¤�µ�¶�· ; ¸ α > 0
`

, ¹�º�»�o�¼�½ c�¤
¼�¾ , ��� α

W�¿�À ¼�¾ `�a � c�¤�W�¶�· ¼>ÁvÂ . α
W�Ã�¿ ±�Ä�{�Å�Æ F�Ç�4�� , Tay � ��È o�z�{ SVMÉ f�g _�h�Ê�Ë ` , α

¿
1 ÌvÍ�Î�Ï , ��� ����Ð D α = 1.

o � _�Ñ�Ò ��� N , Ó S�Ô�l�Õ�Ö ��� W�× [�Ø�Ù (Ruiz-Torrubiano):
Ú T�Û � V�Ü Ø�Ù :

N
∑

i=1

wi = 1 (8)

:�T�Ý�Û>ÌvÞ�ß���à�Ø�Ù :

ziηi ≤ wi ≤ ziδi, i = 1, 2, · · · , N (9)
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ü
1 α ýåþåÿ λt ����� t �����������

p>Nv��à ηi 	�
 �������������Î W�����W ÌvÞ W�����l�� , Ó S�¿ Ú [>ÌvÍ�� W�� _ , ����»�� � Å����� W�l��
. ß�à δi 	�
 �������������Î W�����W ÌvÞ W�� ¾���Ò , Ó S�¿ � e 1

W�� _ .� T������������Î W������ _ r W ��Ò (  �! � _ r k T�"�� e�#�$ ß�%�&�± 7 { ~ ��� � _ W��� _ r N),
k�l(' W T�� � ������Î W�) x , *���+�,�� � R�-�q , .�¥�/�Ø�Ù :

N
∑

i=1

zi = k (10)

0 T�� ¯ r zi

W Ø�Ù :

zi = 0 or 1, i = 1, 2, · · · , N (11)

¸ zi = 1
`

,
<�1 9 i   ��� ���������Î , 2�3�4�5�6�o�7 , 8 ¯ r W�¿�À ��»�� Ã���W�9 5 .

o�� ¯ r�: b (8)∼(11) M W Ø�Ù�� ,
� � 3�;�< G�H (6) M , ±�= ��� u�w W�> e b�c����>� r�� W �

_�? 3 Ñ�Ò�@�x y
min

1

2
‖w‖2 + C

T
∑

t=1

λtLε(Rt, Rpt)

s.t.

N
∑

i=1

wi = 1

ziηi ≤ wi ≤ ziδi, i = 1, 2, · · · , N

N
∑

i=1

zi = k

zi = 0 or 1, i = 1, 2, · · · , N

(12)

3 ACBCDCE
3.1 F�G�H�I�J�K�L�M� Y z�{�N�O�Ó�{ W � _�P�� ��� f�g _�h�Q OR-Library N W _�h�� ��� u�w W � _�? 3 Ñ�Ò�x y �R�S Ç Ê�Ë , Ó 9�T Ruiz-Torrubiano u�w W � _�Ñ�Ò�x y , ����? Õ�Ö�`�a�b�c�W�> e ���>� r�� W � _
Ñ�Ò�x y W S Ç ; � W �>Ì , ±���²�w ��� u�w W�> e `�a�b�c�W SVM

W � _�?�U�Ñ�Ò�x y µ�� T�V � 7W ��� ��� , W�T�V � ^X7 W Ú�Y ��Z ? e�[�\ [�x y .S Ç Ê�Ë W _�h�] m�n OR-Library N W Hang Seng
� _ (̂�_ ), DAX

� _ ( `�N ), FTSE
� _ ( a

N ), S&P
� _ ( b�N ) ��� Nikkei

� _ ( c � ) ��p���d ��� 1992 e�f 1997 e W 291 [�\�g�h�i < � W 5

[�_�h�] .

o S Ç Ê�Ë 9 5 N , j�k�z�{� 5 [ � _ R p���d ����W 291 [�g�h�i�=�³ 290 [ ×�l g�m�ª , n�p>N
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W [
145 [�x�¦�y�z�] ( V � ^ ), { e�{ D P�����Î , n�| 145 [�x�¦�V � 7 , }�Ê�~ � Ü % { D W P����

Î�o�V � ^ R V � 7�� � _ W P�� ��� .

o�V � ^ R V � 7 , { Ruiz-Torrubiano x y N W���� O�P�D�� P�� O�P ~ q�r P�� ��� , n�9 i [ �
_�Ñ�Ò�x y %�=�P�����Î�o�V � ^ R V � 7 W P�� O�P Ê�~�¦ InErri

T
OutErri.

¦>ÌvÍ�?�¬�x y W P�� ��� ,
��� D�� ����� W ��� :���

1: x y W���� �
Robusti = |InErri − OutErri| (13)

> f +�,�������o�V � ^XP�� O�P � W P�����Î�o�V � 7 W P�� O�P .�� , .���T�P�����Î�o�V � ^X7 W P
� ����� ± 7�W Ú�Y . 8 ��� 	�
 � Ú [�x y %�=�P�����Î�o�V � ^ R V � 7�P�� ��� W Ú�Y � , Â���¼��
¼�� .���

2: V � 7�?�¼ �
OutSup =

OutErrj − OutErri

OutErri
(14)

o � _�Ñ�Ò>N , P�����Î�o�V � 7 W P�� ��� T���£ � d�� W .  �[ ��� { e ÌvÍ \ [�x y o�V � 7 W V 6���
, ¾ e�� ` <�1 x y j

{ D W P�����Î�o�V � 7 W P�� O�P ÌvÍ�¾ , � e�� ` <�1 x y i
{ D W P����

Î�o�V � 7 W P�� O�P ÌvÍ�� , � e�� ` <�1 \ [�x y { D W P�����Î�o�V � 7 W P�� ��� Ú V .���
3: � ��� �

ExRobust =
Robusti − Robustj

Robusti
(15)

8 ��� { e ÌvÍ \ [�x y W���� � W ?�� , ¾ e�� ` <�1 x y j
{ D W P�����Î W���� � ? e x y i, � e� ` <�1 x y j

{ D W P�����Î W���� � � e x y i, � e�� ` <�1 \ [�x y { D W P�����Î W���� ��� ¬ .

3.2 �����������S Ç Ê�Ë ` x y N Ð D ��� i o�P�����Î>NX%�� c�¤�W ��à ηi = 0.01, ß�à δi = 0.5, o 5 [�_�h�]�ß��� Ê�~ Õ�� ��P�����Î ) x k = 5, 6, 7, 8, 9, 10 ��������� W P�� ��� .

o ��� ��� u�w W � _�Ñ�Ò�x y ` , j�k�z�{ Ruiz-Torrubiano
Ð ��W���  Ü�� ��p ��¡ W � _�Ñ�Ò�xy ���

,
{ D P�����Î ; ¢�| Ã�¿ ¬�V W���� , { ��� u�w W x y (12) ��% Ã�����¤ @�?�U c�¤���£ =�³�@W P�����Î . � e x y (12) N W�Z _ C, ε ��� `�a�b�c�Z _ α,

��� ��¤�&�¥�¦�Ä�{�Å�Æ F�Ç�� { D , §�TÕ�Ö ³ `�a�¨���W�¤�l � , Ä ¿ ����� W�¨�� F�Ç�� { D : n�y�z�]�Ê�� 5 ��d , z�{ [ 4 ��d�©�ª É y�z
] , { � | 1 ��d É�6�« ] ,

¿�6�« O�P � � W C
R

ε. ��� W < 1
� w���?�¬�¬��� C

R
ε
W�À

.®
1 ����¯ þ SVM °�±�²�³�´�µ�¶�·�± C ¸ ε ��¹

ïåð ºåð k = 5 6 7 8 9 10

Hang Seng(N = 31) C 20 15 20 16 18 18

ε 1.50E–3 1.50E–3 5.50E–4 1.00E–8 9.00E–4 3.00E–8

DAX(N = 85) C 10 10 10 10 3 10

ε 2.00E–3 5.00E–4 1.50E–5 8.00E–4 5.50E–4 1.50E–4

FTSE(N = 89) C 0.2 0.2 0.2 0.1 0.1 0.2

ε 7.00E–7 2.50E–3 1.00E–3 3.00E–3 1.50E–3 3.00E–3

S&P(N = 98) C 0.1 0.5 2 2 0.4 0.3

ε 1.50E–5 1.50E–5 1.50E–5 2.50E–3 2.50E–3 2.50E–3

Nikkei(N = 225) C 20 10 10 1.00E–3 1.00E–3 10

ε 2.50E–4 2.00E–3 2.50E–4 9.00E–5 2.50E–3 2.50E–4

o { D � Z _ C
R

ε ¢�| , »�h [ � D�� W � [ ��� (12), (13)
R

(14), � ��� x y (12)
R

Ruiz-

Torrubiano
W x y °���� �½¼ V � 7 W ��� ����\ � ��� R ��� Ì ,

; ��¾ <
2. ¦�� R�� ��¿ ,

<
2 NXÀ��� x y (12) Á�¦�x y 2, Ruiz-Torrubiano

W x y Á�¦�x y 1.° <
2 N W 9 3

� R 9 6
� ±���²�³ , � 5 [�?�¬ W � _ ,

µ�� T ��� x y W�T Ruiz-Torrubiano
W

x y , ®�Â P�����Î W�) x k
W�Ã�Ä�Å ¾�V � ^ W P�� O�P o Ã�Ä *�� .  ���»�Æ W w�»�T�Ç�� W , ��¦�P
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����Î ) x�¼�¾ ,
< � W P�����Î m�È�W � _���d � ¼�É ,

° §�Ê�Ë���Ì�Ñ�Ò � _ W < » , Í�=�P�� O�P ¯
� .
= ��Î>Á ��� ��¡ W � _�Ñ�Ò�x y T�Î�, W . Ï�7 , o�V � ^ ��� x y W P�� O�P � Ì Ruiz-TorrubianoW x y W ¾ ,  T |��� �Ð ¤ E�F�G�H � ��U , § ��� x y�Ñ�Ò�Ó Ú�Ô Ê�V � ^ W ��� ��� T Ú�Y W .

° <
2W

9, 10
\ � ±���²�w , o ��W 30 ��P�����Î>N ,

��� x y & 23 � W���� � , 20 � W V � 7�?�¼ � � 9 �
Ruiz-Torrubiano

W x y , .���T�Î ��� x y Ó 9�;�< G�H � ��U Ñ�Ò � Ú�Ô Ê�V � ^ W P�� ��� o�¾ Ô Ê
��Õ���Ö�=���x y ��� � R V � 7�P�� ��� W u�× . Ø�~�T�� e FTSE

� _ , o 6 ��?�¬ W P�����Î ) x��
x y W���� � R V � 7 W P�� ����Z Ì Ruiz-Torrubiano

W x y ÁvÂ�u�× . ��� ��� ��¡ W�`�a�b�c SVM

x y T Ruiz-Torrubiano
W x y � Ì , Ê�Ù�Ö�=�Ë�� W P�����Î , u�×���� � _ W P�� ��� .®

2 ����¯ þ SVM °�±�²�³�´�µ�Ú Ruiz-Torrubiano ´�µ��åý�Û�Ü�Ý
ïåð k InErr1 OutErr1 Robust1 InErr2 OutErr2 Robust2 ExRobust OutSup

Hang Seng 5 4.135E–5 7.218E–5 3.083E–5 4.295E–5 8.073E–5 3.778E–5 –22.54% –11.84%

(N = 31) 6 3.031E–5 4.755E–5 1.724E–5 3.149E–5 4.350E–5 1.201E–5 30.33% 8.52%

7 2.371E–5 3.810E–5 1.439E–5 2.522E–5 3.798E–5 1.276E–5 11.35% 0.32%

8 1.907E–5 2.899E–5 9.920E–6 2.058E–5 3.021E–5 9.623E–6 2.99% –4.19%

9 1.622E–5 2.581E–5 9.590E–6 1.734E–5 2.480E–5 7.466E–6 22.15% 3.91%

10 1.346E–5 2.057E–5 7.110E–6 1.455E–5 2.002E–5 5.471E–6 23.05% 2.65%

DAX 5 2.211E–5 1.018E–4 7.969E–5 2.283E–5 1.021E–4 7.927E–5 0.52% –0.29%

(N = 85) 6 1.764E–5 8.938E–5 7.174E–5 1.795E–5 8.785E–5 6.989E–5 2.57% 1.72%

7 1.371E–5 8.459E–5 7.088E–5 1.431E–5 8.416E–5 6.985E–5 1.45% 0.50%

8 1.110E–5 7.928E–5 6.818E–5 1.182E–5 7.894E–5 6.712E–5 1.55% 0.43%

9 9.216E–6 7.776E–5 6.854E–5 1.161E–5 8.093E–5 6.486E–5 –1.13% –4.07%

10 8.084E–6 7.482E–5 6.674E–5 9.713E–6 7.477E–5 6.506E–5 2.51% 0.07%

FTSE 5 6.417E–5 1.581E–4 9.393E–5 6.652E–5 1.526E–4 8.609E–5 8.35% 3.47%

(N = 89) 6 4.961E–5 1.119E–4 6.229E–5 5.573E–5 1.030E–4 4.727E–5 24.11% 7.95%

7 3.828E–5 9.069E–5 5.241E–5 4.120E–5 8.231E–5 4.111E–5 21.57% 9.24%

8 2.903E–5 9.662E–5 6.759E–5 3.507E–5 9.369E–5 5.862E–5 13.27% 3.03%

9 2.486E–5 8.592E–5 6.106E–5 2.709E–5 7.756E–5 5.047E–5 17.34% 9.73%

10 2.184E–5 8.009E–5 5.825E–5 2.438E–5 7.201E–5 4.764E–5 18.22% 10.08%

S&P 5 4.497E–5 1.142E–4 6.923E–5 4.725E–5 1.244E–4 7.713E–5 –11.41% –8.91%

(N = 98) 6 3.373E–5 1.007E–4 6.697E–5 3.451E–5 1.054E–4 7.084E–5 –5.78% –4.62%

7 2.761E–5 7.798E–5 5.037E–5 2.900E–5 7.696E–5 4.796E–5 4.79% 1.31%

8 2.274E–5 6.764E–5 4.490E–5 2.562E–5 6.243E–5 3.681E–5 18.02% 7.71%

9 1.939E–5 5.910E–5 3.971E–5 2.180E–5 5.333E–5 3.153E–5 20.61% 9.77%

10 1.657E–5 5.546E–5 3.889E–5 1.826E–5 5.271E–5 3.445E–5 11.43% 4.96%

Nikkei 5 5.456E–5 1.629E–4 1.083E–4 5.734E–5 1.720E–4 1.146E–4 –5.79% –5.56%

(N = 225) 6 4.008E–5 1.468E–4 1.067E–4 4.099E–5 1.527E–4 1.117E–4 –4.70% –4.04%

7 3.356E–5 1.324E–4 9.884E–5 3.718E–5 1.336E–4 9.645E–5 2.42% –0.93%

8 2.601E–5 1.100E–4 8.399E–5 2.940E–5 1.039E–4 7.452E–5 11.27% 5.53%

9 2.125E–5 9.803E–5 7.678E–5 2.749E–5 9.252E–5 6.503E–5 15.30% 5.62%

10 1.797E–5 6.471E–5 4.674E–5 2.122E–5 6.597E–5 4.475E–5 4.25% –1.95%

¦ � ÕÞ� ` a b c W ��� ,
� � o ` a b c SVM x y WÞ>Þß ßÞàÞU c ¤ s _ W { D , ØÞ~ÞÌ ¿ Z _ α =

0,  �V c�¤ λt = 1. ����%�= W�µ�`�a�b�c�W SVM
� _�Ñ�Ò�x y Á�¦�x y 1,

`�a�b�c
SVM

� _�Ñ�Ò�xy�á Á�¦�x y 2.
\ [�x y o 5 [�_�h�]�ß W S Ç Ê�Ë W�; ��¾ < 3.° <

3 ±���²�w ,
Õ�Ö�`�a�b�c�W x y =�³ W ������Î T�µ�`�a�b�c�W x y W�; ��� Ì , o 30 �����

��Î>N ,
� +� �& 15 [���Î W V � 7���� O�P &�%�*�� , â�T ° � ��� � W ��� ~ ² , & 21 [���Î W����� =�³>ÁvÂ�ã�ä , ����»�h�V � ^v_�h�%�=�������Î�� e�å ~�W ��� ����æ Ë b�ç D ,  �Î>Áv� `�a�b�c�W

SVM
� _�Ñ�Ò�x y T�? e µ�`�a�b�c�W x y .
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®
3 ����¯ þ SVM °�±�²�³�´�µ�Ú�è ����¯ þ���´�µ��åý�Û�ÜéÝ

ïåð k InErr1 OutErr1 Robust1 InErr2 OutErr2 Robust2 ExRobust OutSup

Hang Seng 5 4.25E–05 7.26E–05 3.01E–05 4.30E–05 8.07E–05 3.78E–05 –25.56% 11.21%

(N = 31) 6 3.06E–05 4.32E–05 1.26E–05 3.15E–05 4.35E–05 1.20E–05 4.76% 0.67%

7 2.46E–05 3.90E–05 1.45E–05 2.52E–05 3.80E–05 1.28E–05 12.00% –2.72%

8 1.96E–05 2.86E–05 9.05E–06 2.06E–05 3.02E–05 9.62E–06 –6.38% 5.63%

9 1.66E–05 2.48E–05 8.22E–06 1.73E–05 2.48E–05 7.47E–06 9.21% –0.08%

10 1.36E–05 2.03E–05 6.68E–06 1.46E–05 2.00E–05 5.47E–06 18.05% –1.33%

DAX 5 2.31E–05 1.03E–04 7.97E–05 2.28E–05 1.02E–04 7.93E–05 0.49% –0.68%

(N = 85) 6 1.80E–05 8.78E–05 6.98E–05 1.80E–05 8.79E–05 6.99E–05 –0.09% 0.06%

7 1.39E–05 8.41E–05 7.02E–05 1.43E–05 8.42E–05 6.99E–05 0.54% 0.02%

8 1.16E–05 7.84E–05 6.68E–05 1.18E–05 7.89E–05 6.71E–05 –0.52% 0.69%

9 9.67E–06 7.79E–05 6.82E–05 1.16E–05 8.09E–05 6.49E–05 4.95% 3.88%

10 8.17E–06 7.46E–05 6.64E–05 9.71E–06 7.48E–05 6.51E–05 2.06% 0.23%

FTSE 5 6.49E–05 1.51E–04 8.62E–05 6.65E–05 1.53E–04 8.61E–05 0.13% 0.99%

(N = 89) 6 5.02E–05 1.10E–04 5.98E–05 5.57E–05 1.03E–04 4.73E–05 20.95% –6.36%

7 3.94E–05 8.50E–05 4.57E–05 4.12E–05 8.23E–05 4.11E–05 9.96% –3.19%

8 3.03E–05 8.93E–05 5.90E–05 3.51E–05 9.37E–05 5.86E–05 0.66% 4.95%

9 2.59E–05 7.92E–05 5.33E–05 2.71E–05 7.76E–05 5.05E–05 5.36% –2.06%

10 2.26E–05 7.58E–05 5.32E–05 2.44E–05 7.20E–05 4.76E–05 10.37% –4.94%

S&P 5 4.63E–05 1.21E–04 7.50E–05 4.73E–05 1.24E–04 7.71E–05 –2.80% 2.56%

(N = 98) 6 3.42E–05 1.04E–04 6.94E–05 3.45E–05 1.05E–04 7.08E–05 –2.03% 1.74%

7 2.81E–05 7.90E–05 5.08E–05 2.90E–05 7.70E–05 4.80E–05 5.65% –2.55%

8 2.30E–05 6.70E–05 4.40E–05 2.56E–05 6.24E–05 3.68E–05 16.30% –6.75%

9 1.99E–05 5.74E–05 3.74E–05 2.18E–05 5.33E–05 3.15E–05 15.79% –7.06%

10 1.70E–05 5.30E–05 3.60E–05 1.83E–05 5.27E–05 3.45E–05 4.25% –0.51%

Nikkei 5 5.46E–05 1.63E–04 1.08E–04 5.73E–05 1.72E–04 1.15E–04 –6.21% 5.78%

(N = 225) 6 4.08E–05 1.52E–04 1.11E–04 4.10E–05 1.53E–04 1.12E–04 –0.81% 0.79%

7 3.50E–05 1.31E–04 9.56E–05 3.72E–05 1.34E–04 9.65E–05 –0.87% 2.30%

8 2.62E–05 1.09E–04 8.28E–05 2.94E–05 1.04E–04 7.45E–05 10.00% –4.68%

9 2.18E–05 9.88E–05 7.70E–05 2.75E–05 9.25E–05 6.50E–05 15.57% –6.36%

10 1.85E–05 6.66E–05 4.81E–05 2.12E–05 6.60E–05 4.48E–05 7.00% –0.89%

4 êCë
��� ° u�×�V � 7���� ��� R u�×�������Î ��� � W�ì q , í�î ��ï�ð�ñ , � N W SVM

� �
, Ó 9 

{ � _ b�c n `�a ��ò�ó� > e ��� � r�� W � _���� ��� N , Ó 9�� ��U ;�< G�H =�³�� `�a�b�c SVM� _�?�U�Ñ�Ò�x y . ��z�{�N�O�ß ��ô�õ « _�h�] OR-Library N W 5 [ � _�������d � |�}�_�h�� ��� xy � R � S Ç�ö�F , � R Ruiz-Torrubiano
W x y ��� µ�`�a�b�c�W SVM

� _�Ñ�Ò�x y � R ���>ÌvÊ�Ë .
S

Ç ; � < Á ��� u�w W x y�÷ & \ [>ÁvÂ W ?�ø : Ú T�Ê�Ù�u�×�V � 7 W ��� ��� ; :�T�Ê�Ù�u�×�������Î
o�V � ^X7 < » W Ú�Y � , ´�x y�÷ &úùX� W���� � ,  Ú Ø�ø�Î>Áv� ��� ¡�w W � _�����@�û�ü ÷ &�Í�×W , ��ý ��R S O��{�i À .
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