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3; �� �D:

ty :  ���%�� ��k�� ,�)11×(<tZ : �����%k×1     �N��X�# $��-��k�� 2�   <tε :�     ���@�
� ���k�)  �O��
6fS�(<tβ :  ����%k ×1     .�-���� H%�"��� $�-��k�� 2� <F :   7����X y��#���k k×  <μ :  �����%
1×k  ����� 2� }��
<tv :  �����%k ×1 �O��� 2� $ 6f�S� <Q :  y������� y��#���J  y��������D tv
)kk ×(� R :6fS� �O� y������tε8
�.

  ����!�)YY ( ����!� �� .2���� r) ME (��   �D �4���3��%   �k�� ��% U��#�� �+  .�-��� H%�"��� $�-��  � 
  8
� .�-��� H%�" .    ���%�� ��k�� <����!� ��� ��

t
y    .2���� � .�-��� H%�"   8�
� $��+ .   �����!�)Y:(  �� 

 6�/��� ����!��)(TE   ����!� �� �  8�!X� � ��    8/�/� �� �D �4���<   2� �4�;�(  ��#�� xD���   8�!�# 6��
.���3��% �  8�!X� ��k�� K����k# �+tβ 3��2 6�> �� 8
� .6�� �BD ��> �%�9( $�-$ $��% 8��� 
F�G                 ��D �% 3��2 6�> �� ��k�� $�-������G ���;�% �� � .�-��� H%�"��� $�-��k�� ����/� ����# � �4�%

������ .���/� ��� ��< �=��� 6�� ��%��D 8
�.

G,�,! .�@	O���0
 P
 6�
 �� ��B�( �C��DYi[��C��D q
�# ��' ���� $��)�"� ����� �� 3; 2� yG � �
�41� 3��� ��  .

F�G $��% ���+2�% I�� ,� <��B�( �C��D�4�% $�-���;�% � .�-��� H%�" ��� $�-��k�� 2� �4�1% $�-
6�� $�-������G 2� ���D8
� 8��� $�9( $�- .8(��-� �����
��% <�' ����  �>8
� .�+��� 2�$�-

�>�' �����D 8
� ��� F�G ����1% �� �4�% �nS K�!%�� ������� H"��� �%( )MSE�� �-��( �4D� .

1. Ricardo 2. Hofman 3. Shinji Yashioka (2002)
4. Measurement Equation 5. Unobservable 6. Transition Equation
7. State Equation 8. Kalman (1960)

i .F�% Wf>� $��% H)( �% �#_H�BN# &��D C- ����2 $�
 $�-���' �!���� 3��B.
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�c�<6�� �� �9( $�-$8��� <F�G �4�%3��2 $��% �-t �� ����� K�
f>� ���C# 2� .��A�
� �% U���� 
3��2( )t −1�� *�P�� ��' .����%�4%< ���+2�% 8(��-� ,� ��B�( �C��D 8
��� �  �% �� 3; H���� 3��#

 6��� K��V)Y ( �VfS���g:

 ����� ."���/ 01��2 3/��4� 56�"�
x�� (�B���F�G $�4�%

)Y�(11 −− += ttt Fβμβ
)Y[(QFFPP ttt +′= −− 11
)Y\(11 −− −= ttttt yyα
)Y^(RZpZf tttttt +′= −− 11

& (�B����% $-$2�
 *��4�

)Yi(11 −− += ttttttt K αββ
):�(11 −− −= tttttttt PZKPP
):Y(1

11
−
−− ′= ttttt fZPK

   6��� ��)Y(<1−tβ   � 1−tP    3��2 �� t −1        }���A� � .��' .���  8�
�     �G ����/� � F�  ��4�%

t tβ −1 �%  ����!� �B�
�) Y� (   F�G $�nS y��#�� �   3; �4�%)( 1−ttP  ����!� q
�# ) Y[ (  ���
�N�

�����' .    ���/� ��'�� �%1−ttβ��  3��#  ���/�1−tty  F�G ��   �4�%��      .��� 3����G �� 3�s � �t <

 ��k�� ���/�ty �� po�� ��'<F�G $�nS �c�  �4�%1−ttα ����!� q
�# )Y\ (  ���
�N� .��' � 

����!�) Y^ (    F�G $�nS y������ ���/� O��  .2���� �� �4�% �� $��+�4D .     �B��� K��
�N� <�B��� ��� �#
F�G  �� H��D �4�%��' . �B��� ��  *��4- �%      �% K�
f>� 2� .��A�
� �% <$2�
8
�   ��B��� �� .��;  <H��" 

  7��X ���/��C��DM ����!� 2� ):Y (  ��� ���
�N� ���' .3; 2�       $��nS ��% U��%�� K��
f>� ��D �����
.2����  $��+t tα −1      �B��� �� �c� <8
� ���
� ��  �% *��4-       .�-���� H�%�"��� $�-��k�� <���/� $2�


N� ���� ��%�� ��
��C- 2� .��A�
� �% �B��� ��� K��
�N� �D K��A# ��� �% w���' ���
� �� K�
f>� 
 �� *�P�����+ .   �n%�� ��)Yi(  <tK F�G $�nS ~�N)# 7��X 3��4
 �% �� .��A�
� �4�% ���' . ��n%��

)Yi(         �% U�%�� K�
f>� 2� �nS 7�D�# ,� <1−ttβ  >� �  �% K�
f8
�     F��G $��nS 2� .��;  ��4�%

Y . q%��� K��Q� 2� �-�+; $��% .�'��� H)( �%M��' �!���� 3��B�C- &��D .
2. Updating 3. Kalman Gain
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   �B��� �� .�' ��
�N�   8
� H�" )t tα −1(3�C-  ��> �n%�� 2� �D):Y ( ���/� <8
���GK y��#�� �% 

y������J   y������D 1−ttβ<   y��#�� �4!�1−ttP �n%�� �4% <���� 8�`�  ���4�C>��� F��O(� �% <����%

  F�G ���� ��  �4�%1−ttβ ���/� 1−ttP�P��� �� ��(�� F��O(� <���/� K   8�(�� ��-��S F��O�(�  .

    �n%�� ��
��% <�c�)Yi (   ���/� F��O(�K     F�% 32� �D 8
�4!� ���%     >� ��% $��#      .��' ��v��� K��
f
  F�G $�nS q
�#  �4�%1−ttα �B��� �� �%*��4-�� .��� $2�
��' . �% 3���% ����� <    3���% |��% ��% 

    ���� �� ���4�C>���1−ttβ  �� ��=��� <     K�
f>� 8�C-� �D ����%   .���; 8�
�     �����!� �� 3; 2� ) g� (

 �D ���% ��' �#.�n%��) :� (�� �� 3�    F�G $�nS y��#�� �D �-�  �4�%ttP �B��� �� �% *��4- $2�


$��> �% 8
� ��(�� F-�D��2 ?f�S� �D :
01 〉−− tttt PP

��� ��!� 8�`� y��#�� ,�'�%<�B��� �� ���4�C>��� �c� �% -*��4F�G ���� �� $2�
�4�% F-�D �-
���%�� .F�G <����%�4%%�4��B��� $�-�% *��4-F�G �% 8��� $2�
�4�% �#��C�
� H%�" 6�� �B��� $�-

��% �-��Sg.
8�O� 2� �@� 8(��-� $�-KF I�� �� �% 8��� BK � HP�� ��  ���!# �� I�� ��� K��" 3��#

��'����� �(�!� <.�' ���;�% $�-��k�� �% U�%�� 3�4�C>� *�
 $�-� . I�� ���� 8�O�KF <
?�n!��6�� �� 3; $��cG8
� �
��% ���� ��)�"� ���S�
 $2�
 . <���� I�� �� ?fS�% <���� 3��% �%

,� 2� �14#�C� 8�!�# �X��� �14# q%��� $�
�� O�� �� $��)�"� ���S�
 K�=�f� �@B% <�4D �� 3��#
 I��KF8(�+ ���" �=� ��  ..��A�
� <��4mC-�- ��� I�� �
 2� 3��2�� .�'����# $��c+�Q� .�N� 

�-� ���" H�BN# � ��OP# ���� �� .�-��� H%�" ��� $�-��k�� ���;�% $�� �% xB�o� }��(.

+ . �.� ���;�#)D@�(
 K|��!�)_J[ ( 6��)x�� (�� ��6�� 7��" �� 3��#��D �����2�% ��2 K��V �% 8��� $�9( $�-:
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�% E���� 6��� �� <6�� ��� ���;�% 2� .��; 8
�): (8
� .�' �v���:

�        ����7 . ��� ��4"�����8 9��'"	)<��(
"�����89��'"	 ,���'t
μ�Y/���[/Y:**

ϕ1�i/���/�**

ϕ2Y�/�Z:/Y

εσ 1���Y/���/�

εσ 2��:_/��Z[/:***

/SBC = −3 4/AIC = −3 57
** : ����N% ~n
Y%

*** : ����N% ~n
�%

�%.�1% ������G <|�% 6��� ��
� $��( )μ�4!� �V�� �� ����N% ~n
 �� 8
� 8�`� � ��� .
���� <��4mC- ����!� $�-λ ϕ λ ϕ− − =2

1 2 02� 8
� K���
 :
/ , /λ λ= = −1 20 78 0 19

�D �� �- aBn���" <�c�3��% � .��% ���� 2� �# H@�
 �O� ������ �+GDP� .�' ���;�% �!"�� 8
 .
 ����C�)Y(�� 3��� $�-���!� ��
� �% �D �-�ACF � PACF���C�G < $�-�%.��; 8
�)  $�-�nS

F�G6�� �4�% ( ~n
 ��i� %�(�� 3�4�C>���A
 g�� 8
� 6�� I2��% �%�S 2� 3��� �D �4'�%.

1.White noise
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��9%1���.ACF � PACF ��� �"�� ,&���� ��>? ��"	 )<��(

  ��  8C�"(b)   ����C�)Z(  .�/��% ����# <( )py      ���;��% .�/���% �����# �% |�% 6�� q
�# .�' ���;�% 
    I�� q
�# .�'HP  .�' ����/�  8
�  .   �� 3��� ����C� ���    ��
�N� .�/��% ����# �D �-�   q�
�# .�'
    8��� $�9( 6��(PGDP)         �%�� &��' �% �(��)# *�+ ���(� 8
� ������# ��1% <      �% �� .�/��% ����# �% U

����@% �����)# . 8C���"(C) ������C� )Z(H@���
 <  8��(��-� q��
�# .���'����# $���-HP 8��(��-� � 
���D�%J  L4�D(BK)     �� ����/� ����@� �% �� �4D .   �� 3��� ����C� ���3�
�� �D �-�   .��'����# $��-

         H@�
 <W�CP� �� ��� <����� �1%��� H@' <8(��-� �� q
�#     .��'����# $��-    8�(��-� q�
�#BK 2� 
 3�
�� �4��� �D $�-�������S�% $�# . 8C�"(d) ����C� )Z(����# H@�
 <( )cy��
�N�    q�
�# .��'

    8��� $�9( 8(��-�(KF1) 8(��-� ����# H@�
 �% �� BK�� ����/� �4D .�� 3��� ����C� ���  ��-�
     H@�
 <.��� $���%� �� �14# �D $�-KF1 � BK�- �B@' �=� 2�     2� .��� ������ �� ���� ������� ����S

  �����S�% ����@� H@'     3�
�� �4��� <W�CP� �� � .��%  $�-KF1 �D  8
� �# . 8C�"(e) ����C� )Z ( �%
����/� H@�
   $�-KF1   � HP �� �2���G .           <8
� 3��@� <W�CP� �� ����C� �� H@' O�� ����C� ��� ��

    H@�
 .��� HD �� ���  $�-KF1  3�
�� 2�  �D $�- �������S�% $�# .        *��P�� �����/� ��% ����# �%  <.��'
                  H@��
 ��D 8�
� .��' 7��� .�/��% ����# ���� �� 8��� $�9( 8(��-� �+�4-� ~�X�# K��"  $��-

�D y������ 2� 8(��-� ��� q
�# $����#�4'�% �����S�% $�#.

2 4 6 8 10 12 14 16 18 20
-1

0

1
A.C.F. of series # 1, LBQ =  33.49

2 4 6 8 10 12 14 16 18 20
-1

0

1
P.A.C.F. of series # 1
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& . �.�)W(
 ��� �#         !� �� ������ &��' �D ��% .�' }�( <�� �����   .�/���% �����# ) �����!�� (   8�
� 8�%�Q $����/� .
3�C-    <�' .��'� �D ��>μ�� .�1% 2� $���!� 3��4
 �% ����#��' ��(�+ �=� �� $��g,�w  ��% ���# �% ���

                  8��(�� 2� ���1% .��A��
� �c� <8
� ��O% 8��� �% 3���� ��)�"� �� ����� Fo% �D ���   ����# $��- $�
�����
 $�-|�D K����� � ��������� � $�   �����% � ���;�� ��% K�' �% ��C- <�����   ��V�)�S� $��-

  8
� ���%�� 8��� .   ����% <���� $�
 2�             <������ ���A� $�-���;�� ��% $���' ����%�� O�� 8��� $�-
   �� ��=��� <$�� ���%  .�1% �D ���               .����� 8�%�Q 3���2 6��> �� O�� ����# H���
 HD $��   ��QR�# 8�N# �

8
��
�4'�% $��)�"� q���' � 8��� $�- .�� �� W�X�� ��� 8��� $�9( 6�� �� 3��#)& ( ��2 �� �D
 �� �v���     8(�+ �=� �� �
�� �% <��' . .�1% <6�� ��� �� <���� 3��% �%  H�%�"��� ��k�� ,� K��V �% $��
.�-���     ,� 2� �D $��4�;�(    �� 8�!�# �(��)# *�+   �4D( )t t tμ μ ε−= +1 3     6��� �% ) x��� (  .��O�(�

����' .  &�o����4�;�(         �% ��;�� K����k# �D 8
�� ��� 2� �(��)# *�+       *��/� �����S� 2� H��� ��>  $��-
    �� � .��% ���S �BS��    ��' �/B# �(��)# �f��D ����# .        ,�� ���;��% 3��@�� .�'��� 6�� <����%�4%  $��


 ����2).��� $��% �B)( YZ[\:YJYZ^_:_ (.�1% $��% ���� �-��( $���4D.
 6��)& (�� ����� �VfS ��2 K��V �% 3��#:

)::                                        (tctpt yyy ,, +=

):Z                                 (tttptp yy 111 εμ ++= −−,,

):_                                         (ttt y 31 εμ += −
):�                                (ttctctc yyy 22211 εϕϕ ++= −− ,,,

3210 2 ,,;),((;~ =iNiid iit σε
jiE tsitit ≠∀= ,),( ,0εε

&,! . �.� ���;�#)W(
 �% E����8
�      6�� ���;�% 2� .��; )& ( 3��
 �� 6��� *�
 � *�� $�-)Z (.�' .���; 8�
�  .  ���
��%

  ��- <E���� ���    $�-������G 2� *��Dϕ1   � ϕ2 �4!�  �4���� ��� .    ������G ?c� �%ϕ1     <6�� ��P� ���;�% � 
 �% E����8
�   3��
 �� .��;       6��� �P4G � *��1s $�-)Z (  8
� .�' I��O+ . .���; ���/�  $�-AIC  � 
SBC  N� 2�        6�� ��P� ���;�% �� $��
 ��)& ( ��(�� F-�D          .��' ���;��% 6��� ���1% 2� 3��� �D ���

����M .               .��' ���;��% ����/� aBn����" ��D ���� ��% ���# �%ϕ1 ��D     8�
� ����� 2� ��#)   ������� U��'

1. Fethi & Dilara.(2003) 2. Kim & Nelson (1999)
3. Enderse (2005); ch2. 
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�4�;�()(1AR<     ����!� q
�# .�'����# H@�
 �c� ,c ty8
���� <  . ����C�): ( ��� 3��� O��   ��D ��-�
 ���C�G KfC�)F�G $�nS�4�%(�� 3��� �� 6�� I2��% �%�S �� 8
� ��A
 �(�� <�-�.

��9%1��7.ACF� PACF,&���� ��>? ��"	  ��� �"��)@(

�����A . ��� ��4"�����8 9��'"	)@(
"�����8��� 9��'"	 ,���'t��'"	B�9 9 ,���'t

ϕ1Y:[/���/�JJ

ϕ2:Z/�J:\/YJ:[/�J^�/YJ***

εσ 1
�Y�/�J** �r/��Y\/�Zi/Z*

εσ 2
�:�/�* ��/��:_/�YY/\*

εσ 3
��Y/�** �Z/:��:/�i:/Y***

203353 /;/ −=−= BSCAIC253383 /;/ −=−= BSCAIC
* : ����N% ~n
Y%** : ����N% ~n
�%*** : ����N% ~n
Y�%

 8C�" ��(f) � (g)��C�  ��)Z(H@�
 < 6�� q
�# .�'����# $�-)& ((KF2)H@�
 �%  $�-
8(��-� q
�# .�'����# $�-HP � BK8
� .�' ����/�  .�BD ��> �%<�C- H@�
  .�'����# $�-
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1
A.C.F. of series # 1, LBQ =  20.64
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P.A.C.F. of series # 1
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�v��� I�� ��1s q
�#H@�
 y������ ��� �������S�% ����@� He' 2� �����/# <F-��G ��� �� .�' $�-
6�� �% U�%�� � x�� $�-�D &�� �#�4'�% .�� 3��� H@�
 ��1s �-8
��
 $���� �D �4-� $�-

�-� H���� �� H��!#\�3�
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BK HP KF1 KF2 TFP Pgdp
1367Q1 0 -0.00165 -0.2576 -0.00135 0.039361 10.777
1367Q2 0 -0.04879 -0.10714 0.000712 0.03994 10.775
1367Q3 0 -0.00694 -0.0449 -0.00521 0.027315 10.777
1367Q4 0 0.018952 -0.00568 0.00565 0.01071 10.786
1368Q1 0 -0.06109 -0.04371 0.022355 0.019226 10.766
1368Q2 0 -0.03204 -0.0151 -0.02123 0.024239 10.788
1368Q3 0 -0.05484 -0.02756 0.007037 0.033128 10.8
1368Q4 0 -0.0134 -0.0014 -0.01433 0.032093 10.836
1369Q1 -0.00419 -0.0026 0.002253 0.005622 0.027543 10.865
1369Q2 -0.00245 -0.00033 5.01E-05 0.002014 0.02786 10.89
1369Q3 0.001482 -0.00845 -0.01 0.002339 0.030429 10.912
1369Q4 0.00821 0.042153 0.01882 -0.01127 0.023468 10.953
1370Q1 0.008893 -0.01337 -0.02398 0.018771 0.036366 10.959
1370Q2 0.017432 0.034066 -6.39E-05 -0.02184 0.039173 11
1370Q3 0.055376 0.09059 0.029555 -0.00329 0.025819 11.043
1370Q4 0.10274 0.079289 0.017483 0.01437 0.013648 11.06
1371Q1 0.10298 0.125201 0.049954 -0.00626 -0.01138 11.087
1371Q2 0.037408 0.05131 0.008832 0.027232 -0.01768 11.067
1371Q3 -0.02737 -0.00247 -0.01643 -0.00367 -0.00157 11.05
1371Q4 -0.0203 -0.05127 -0.04307 -0.00557 0.020898 11.039
1372Q1 0.03223 0.068787 0.039248 -0.03565 0.001881 11.087
1372Q2 0.04223 0.029617 0.017336 0.031968 -0.01283 11.079
1372Q3 -0.01418 -0.01391 -0.00368 0.004391 -0.0092 11.065
1372Q4 -0.06134 -0.06296 -0.02992 0.000571 0.008997 11.05
1373Q1 -0.03534 -0.04267 -0.01458 -0.01667 0.016339 11.063
1373Q2 0.016824 0.01687 0.024882 -0.00852 0.00188 11.09
1373Q3 0.013547 -0.01743 0.003575 0.020343 -0.0042 11.084
1373Q4 -0.03828 -0.03866 -0.00752 -0.00015 0.001826 11.082
1374Q1 -0.06226 -0.07889 -0.03413 0.002143 0.020307 11.075
1374Q2 -0.02732 -0.03118 -0.00665 -0.02023 0.025484 11.103
1374Q3 0.018831 0.00248 0.009096 0.001163 0.018135 11.128
1374Q4 0.027037 0.022095 0.017188 0.004153 0.008858 11.147
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1375Q1 0.00882 -0.00532 -0.00388 0.011089 0.010011 11.148
1375Q2 0.004324 0.009248 0.004077 -0.00734 0.009999 11.162
1375Q3 0.01614 0.004789 -0.0005 0.003487 0.00893 11.169
1375Q4 0.016828 0.026308 0.013385 -0.00457 0.002966 11.185
1376Q1 0.000698 -0.0062 -0.00788 0.010606 0.006648 11.181
1376Q2 -0.00593 -0.00176 -0.00472 -0.00771 0.011056 11.19
1376Q3 0.00592 0.006621 6.93E-05 -0.00164 0.009829 11.201
1376Q4 0.012481 0.027918 0.014172 -0.00233 0.00296 11.216
1377Q1 0.002085 -0.00589 -0.00738 0.011201 0.005738 11.211
1377Q2 -0.0061 0.00217 -0.00082 -0.00811 0.008398 11.221
1377Q3 0.00264 -0.00495 -0.00518 0.002032 0.01014 11.226
1377Q4 0.011862 0.022729 0.014127 -0.00628 0.001829 11.243
1378Q1 0.002973 0.007165 0.006349 0.009523 -0.00141 11.244
1378Q2 -0.01518 -0.03569 -0.01909 0.005768 0.007538 11.235
1378Q3 -0.02374 -0.00487 0.003439 -0.01464 0.007511 11.253
1378Q4 -0.01785 -0.02643 -0.01031 0.008849 0.011341 11.254
1379Q1 -0.00978 -0.01537 -0.00314 -0.00681 0.013594 11.268
1379Q2 -0.00853 -0.01372 -0.00321 0.001278 0.01506 11.28
1379Q3 -0.00498 -0.00646 0.000174 -0.0011 0.013776 11.295
1379Q4 0.005034 0.009403 0.010039 -0.00091 0.008923 11.312
1380Q1 0.005922 -0.01711 -0.00753 0.008742 0.011763 11.315
1380Q2 -0.00848 0.00101 0.005133 -0.00749 0.007692 11.332
1380Q3 -0.0194 0.000777 0.006251 0.003838 0.0068 11.343
1380Q4 -0.01562 -0.06479 -0.03748 0.011325 0.024421 11.333
1381Q1 -0.00953 0.021327 0.017763 -0.02996 0.016636 11.377
1381Q2 -0.01049 0.005183 0.004682 0.019211 0.012604 11.387
1381Q3 -0.00677 -0.02918 -0.02006 0.003327 0.02454 11.391
1381Q4 0.010521 0.008292 0.001491 -0.01431 0.02322 11.421
1382Q1 0.022795 0.053644 0.029142 -0.00111 0.007594 11.452
1382Q2 0.012783 0.001934 -0.00502 0.020369 0.008775 11.448
1382Q3 -0.00299 -0.00282 -0.00688 -0.00842 0.015531 11.459
1382Q4 0.00018 -0.00059 -0.00551 -0.00262 0.01745 11.474
1383Q1 0 0.035638 0.01874 -0.00699 0.008629 11.499
1383Q2 0 -0.00211 -0.00507 0.014824 0.009678 11.499
1383Q3 0 0.002153 -0.00016 -0.00794 0.013017 11.512
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1383Q4 0 -0.01356 -0.0096 0.002676 0.017478 11.52
1384Q1 0 0.026747 0.018522 -0.01122 0.009642 11.545
1384Q2 0 0.00208 0.004961 0.013005 0.007011 11.548
1384Q3 0 -0.00557 0.004832 -0.00243 0.007511 11.554
1384Q4 0 -0.01121 0.00738 -0.00031 0.007511 11.56


