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¶«uZ�¯�ÎÑ�v·u�¾°³�±Z�³�Yy�bÀ�Z�o�²¿Y�
®¸¯�¶dº¨³²¿YYyZÀ�¯�¹ µuº^³�®·�{Y�ª¤d�¯�Z·zd¯YyZ��¶§�b�

º�cºº¶]Z/��L�_�<�½Yz]�LÀ¯Y�º¯ ²º· ¶]�©vº°º� µYzº§ ½zº¯Zºª
½Z·zºd¯YyZ��LºÀ�d¯�¶º] �¹zº�¯�µv·Zº�¯�z½Y<¶d�z-�z�³�yu�

¾º¯v³ºº��½Z·zd¯YyZ��bÀ�Z�o�¾]Z¿{yY�±Zº¨¯Y�\Àczºc ²¿vº]
z�³�yu�Z]�ª¤d�¯²d�Yuu¹uz¯�¹ ©º^£�ª]Z£�½Z¸«v¯�¶]Z�c��¿{ºc

uyYu�uººk¹�¶]Zº�c�½Zº¸³{¹�¢¿zº� {Y�Z]�²À´$°·�¾]Z¿{yY�²º¿Y
¶À�Zo��º¿{ºc©º��yu�½zÀ-�©Yz.d³Y�Z]�zd¯YyZ��z·�½Yz]�¶]Z�c�½Y

½Z��b�Y�z¿x�³Z¨¯Y�½zd¯YyZ���

Ô�µu¹vp¯Z¸À´À]��À�
�zº� Zº]¶³Zd�M�yYv¤¯\¬�Y�¶§��Z¸«v¯�uy�½Yz]�¶]Z�c�yZÀ�¯�

¦º¿yYv¤¯¶d�z-�z�³�yu�©v¯�uy�½Yz]�¶]Z�c�yZÀ�¯�yu��t�¯
v³v��²ÀÀ�c�u¹uz¯�½Z¸«v¯��uº��¾º¯�z¿uZ¤¯½Z¸³{¹�aZ¸]Z�c�
¾·uyYv¤¯�>Yuvºl¯�µv³Z°Àº£Z]�½Z¸«vº¯�¯ Zc�v³vz]Yz]�Z¸³M��º°l

¦º¿ºº�u�¾cÇZ°doY��¿{ºcZ·�¾]u½{Z��¶À^��j¿Zd³�¶]�¶kºc�Z]
¥yÈ§uZ¯�©v¯�{Y�ª�Zo¶³º°³�¶§�v��²ÀÀ�c½Yz]�±M�{Y�½Y¾]u

i¹Y[ÈÀº�ywMÒÔzgY�©Z°�Y�Z]�¹ ±Z�¨¿�zgY�²d�z-�z�³�yu�Zº]
�Yz-¹yvÀ·�i¹Y�¾º]u�½Yzº] ¾º³{¹�z��Z]Î 1yYv¤¯�¹Ò�Í

�c�yZÀ�¯�¶³Zdº�Mª¨��yu�©v¯�uy�¶]Z�ÎÎ�¶WYyYb�Y�µv��µuYu�
¾]u�¾cÇZ°doY��¿{ºc�Yvd]Y��¿{ºc�²¿Y�¶^º�Zp¯�½Yzº]yu­Z-�z·

¾³ÇZ°doY��¿{ºc�~���¹ v��²ÀÀ�c�½{Z��¶À^��{Y�ª�Zo�¾³Z¯{
[zº� zº�Z´d¯�¶]Zº�c�yu�¶�º]zº¯�v�¾«Z.#��]Zc�{Y�µuZ d�Y�Z]

¾ºcÇZ°doYÎÎ¶¬º�Zo��¾�°lc��º¿{ºc��º]Zc�ÎÏ�Zp¯º^{Y�¹ v��¶
µu¹vp¯�±M�¢¿zº�ÖÍ�´À°�Yºº±ZZ¸À´À]��À�v³v��²ÀÀ�c�²¿v]

\ÀczºcÀ´À]��À��¾º�°lc��º¿{ºcZ¸Z¸³{¹�}Z�Yz]©v¯�½z·�yu
²ÀÀ�c�¾³Z¯{�­Z-�v��Yz-¹yvÀ·�¾]u�¾³{¹�zgY�©Z°�Y�Z]��¿{ºc�

�Yz-¹yvÀ·�i¹Y�¾]u�¾cÇZ°doY�¾º«Z.#yuµv·Z�¯�i¹Y�¾]u½Y
uºº�¾º¯ |º§z°d¯�¾«Zo�yu�Yz-¹yvÀ·�½Z·�¾]u�z¿Z��½Yz]�¶§�

~¨��z]��º�º¯�²¿Yb�Y�¶]�i¹Y�¾]u�¾«Z.#��]Zc�ª¨��zÀÀ�c
z¿Z��¶]�b^�³��Yz-¹yvÀ·�i¹Y��ºt]�¶º] ±uYu�bÀº°·Y�zº�Zs

b�Y�µuº]�¾³{¹�zgY�Z]�¶]Zº�c��º]Zc�yu�Zº·¾º]u�±Z´À°�Y�µu¹vp¯
¾]u�¾³{¹�zgY�©Z°�Y�Z]�º«yZ§�b³º¯�yYz¨c�¶��½Yzº] Z¸Àº´À]��Àº�

i¹Y±¹vº] ¹Y±M�©Zº°�ª¨º� yu�ÎÏ�µuYu�±Zº�³b�Y�µvº��
¾³{¹�zgY�©Z°�Y�Z]��Yz-¹yvÀ·�i¹Y��t]�¾º´À]��Àº� µu¹vºp¯

b�Y�µv��zdº¨¿yZ]�¾°§�Zº·¾]u�¾º]u�¾«Z.º# �º¿{ºc�¶º�¿Z¤¯
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ÎÎÍ©Z���©È¤d�YÏÐ_yZ°���Ï�v´ �YÎÐÕÐ

zººÀÀ�c�v¿ººº¯ zdºº�À]��¬dººt¯�¾ºº³Z¯{�½Zºº¸¯Z-�yu��Yzºº-¹yvÀ·
b�Y��Yz-¹yvÀ·��¬dt¯�½Z¸�t]�yu�¾´À]��À��µu¹vp¯�

Õ�¶lÀd³�¹ ¶�Ès½zÀ-
½Yz]�ºº«yZ§�b³ºº¯ �¹y�uzº]yZººº§ zº�Zo�¢ºººÀº¤pc�yu

£ ­vº� ²ÀºÀ�c�¹y�¶]�[Z³Y¹y�º��yZ]�©v¯�½Z·zd¯YyZ��bÀº��
¥yÈ§uZ¯¶«Z¤¯�²¿Y�yu�±M�j¿Zd³�¹ v��¾�yz]�º��µz£�µ{ºo�yu�
vº� ¶ºWYyY�¾cÇZ°doY��¿{ºc�¹ Z¸À´À]��À��bÀ��£�­v��µu¹vp¯

¾]Ztd³Y��v·��]Zc�{Y�zgZd¯�Z¸À´À]��À��¶]Z�c��]Zc�¶³Zd�M�¹ µuº]
À³�©v¯�©º^º£ ¹ uy|²¿Y��¿Y|�Y�¹ �·Z§�yu�ª]Z£��¤³�µu¹vp¯�

uyYu�¾¸kºc��Yz-¹yvÀ·�i¹Y�¾]u�¾´À]��À��bÀ°·Y�¶]�¶kºc�Z]
i¹Y�¾]u�¶]�¶º§ ¾¸]Zº�c��º]Zc�{Y�µuZ dº�Y��ªÀº� ¾º´À]��Àº� yu
½Z¸ºº�t]�z¿Zºº� ¶ºº] b^ºº�³�½zdºº�À]�bÀºº°·Y��Yzºº-¹yvÀ·
i¹Y�¾]u�zc�²X°�¯�¾´À]��À��yu�v³Yººc ¾º¯ vº·u��Yzº-¹yvÀ·

v�Z]�zgº¯��Zo�j¿Zd³�z�Zo�¢À¤pc�yu�¤³�²d�z-�±Z�¨¿�{Y�ª
Z·Z�s�²¿Y�¶]�±uYu�b¿º«¹Y�¹ ªÀ���Yz-¹yvÀ·�½Z·�¾]u�½Zº�s

b�z-�yYz£�¾�yz]�uyºº¯ �Yzº-¹yvÀ·�i¹Y�µu¹vºp¯�yu�j¿Zd³
uºº] ±M�{Y�¾º§Zoµu¹vp¯��Z·Z�s��¤³�²d�z-�±Zº�¨¿�Zº] ¶º§

ª�Zo��Yz-¹yvÀ·�i¹Y��t]�¾´À]��Àº� ½Yzº] ¾�Àº�¹�>Zd^º�³
uº��¾º¯�©Z°�Y�Z]�¶§�¾«Zo�yu½Yz]�zcÇZ]�b¿º«¹Yi¹Y�µu¹vp¯

¶]Z�c�yZÀº�¯�yu��Yzº-¹yvÀ·�u¹voyu�¾´À]��À�µu¹vp¯�²¿Y
½Z¸d°�£�z¿Z��yu�¾´À]��À��½Zº�s�ªº]Z¤¯�yu�¹ ¶dº�Z¿��·Zº§

uº��¾¯�uZº¿{��Yzº-¹yvÀ·�¶³Zd�M�¶$³Z´#�·Z§�½Yz]�©v¯�uy�
µu¹vp¯�²¿Yv]Z¿��¿Y|�Y�µu¹vp¯�{Y�iyZs�½Y�µv·Z�¯�½Z·�¾]u

ÖÍ�´ºÀ°�YyYz£�Z¸À´À]��À��±Zv´·Yºsz-Z¸À´À]��À��j¿Zd³�¹ b�
v´·Yºs�Z�s��ºtd�u�Yyz§u�

] zÀgZc�Z¸À´À]��À��bº£u�yu�}Zº�o�½Z·zºd¯YyZ��aYzºÀÀ�c¶
uyYu�¾¿Y|º��Z·zd¯YyZ��{Y�¦¿�zº· bÀº�Z�o�zº�Zo�¶º«Z¤¯�yu

v��µvÀl´��¶]Z�c�yZÀº�¯�aYzºÀÀ�c�¶º] b^º�³�½Z·zd¯YyZ��zÀÀ�c
ÈÀ��yu��z]�[¹w�wºº ³¾�¤³�¶]Z�c�yZÀ�¯�zÀÀ�c�yu�µ|À¿Z��½Z¸]

µyZ¸]�¹ ¶³Zd�¯{�½Z¸]ÈÀ��yu�Z·zd¯YyZ��²¿Y�bÀº�Z�o�¹ ¶dº�Yv³
b�Y�zd°§�±YyZ]�wº ³�½Z·zd¯YyZ��¶]�b^�³�|À³�²d�z-�z�³�yu�Z]

½Zºº·Z�s�¹ Z·zººd¯YyZ��ªºº°�«Y�~ºº¨��n�ºº� µvÀºº$À��b�Àºº^�
�½{Zº�©vº¯¾dt��¶]Z·zd¯YyZ��bÀ��£�­v���·Z§�Z]�±Yºc�¾¯

vÀ�y�Z�s�±¹v]�½Z¸À´À]��À��¶º]��£Yº³�uºk¹�Z]�¶«Z¤¯�²¿Y�yu
µu¹vp¯�v��¾����º��µz£�µ{ºo�µv��b^g�aZº�È�Y�yu�yZÀº�]

uºº� ¾º°§�Z·zºd¯YyZ��½Z¸dºÀ��£�­vº� ¾º¤�´¯�z.¿u��zº� {Y
¶d�ºÀ���º£¹�¶]�½Z¸]ÈÀ��½Yz]�Z¸À´À]��À��bÀ��£�­v��µu¹vp¯

Y Z]�µuZ d�Y�uyºº¯ �¹y�¶º§ vº� ²ÀºÀ�c�½u¹vºp¯aZ�È�Y�²¿
©v¯�yZdsZ��¹ ½u¹y¹�®§�aZ�È�Y�½Z·Z�s�v³Yºc�¾°³�u¹vºp¯

v´º§ ±Yzº^k�Yy�µu¹vp¯�aYzÀÀ�c�¶§�uz§�±Z�³�zº�Zººººs vº¿Z]
Z]�Z¸dÀ��£�­vº��¿z�cb�Y�|À#Z³��¬dt¯�¶]Z�c�yZÀ�¯�¶§�Yz#

©º^£�ªº]Z£�½Z¸«vº¯ ¶º] �º]zº¯ ½Z¸¿{Zº�¶ºÀ^º� �¹y�²º¿Y�yu
Yz]�¶]Zº�c�yZÀº�¯��¿zº�c�{Y�ªº�Zou¹y�¾¯�yZ§�¶]�¾´À]��À��½�

½zºº� ½YyYu�>Zcy¹zºº� �¬dººt¯�¶]Zºº�c�½Z·yZÀºº�¯�²¿Yzºº]Z´]
½Z¸³{¹�¶§��ÈdsY�²¿Y�Z]�uº]�v´·Yºs�¾§zdº�¯�½Z¸¿{Zº�¶À^º�

dº¯ aZ¸]Zº�c�{Y�ªº�Zo vº³Y�a¹Z�¶]�aZ¸]Z�c�½Z¸³{¹�ª°��yu
­v��µu¹vp¯�yu�¾§v³Y�zÀgZc��©º^º£ ªº]Z£�½Z¸«vº¯ uvº�c�bº¬�

Yºs�¾´À]��À��½Z¸dÀ��£bºº�Yu�v·�zÀÀ�c�µvº°���¹y�²¿Y�yu
©v¯�©º^£�¹ uy�¶³Zd�M�¶]��º]z¯�Zº· ¾º´À]��Àº� bÀº��£�­vº�

b�Y�

¾³Yuyv£�¹ z¨�c
yZÀdsY�yu�z�Zs�¶]�[Zº¯Zk�y¹Zº�¯�²Àº�v´¸¯�{Y�¶¬Àº�¹�²¿vº]
}v´¸¯�½Z£M�²À´$°·�¹ ¶¿Z��½Zº·¶º�¤³�¹ aZº�È�Y�²dº�Yx-

aZ¯vºs yu�½yZº¨°·�zº�Zs�¶º] ¾¯Èº�Y�Zº�yvÀ°o*,6²¿Y�
uº��¾¯�¾³Yuyv£�¹ z¨�c�¢À¤pc�
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©Z���©È¤d�YÏÐ_yZ°���Ï�v´ �YÎÐÕÐÎÎÎ

¶¯Z³�µ%Y¹
��*RRGQHVV�RI�ILW
�� JHQHUDOL]HG�OLNHOLKRRG�XQFHUWDLQW\�HVWLPDWLRQ
��0DUNRY�FKDLQ�0RQWH�&DUOR
�� /XPSHG
�� GLJLWDO�HOHYDWLRQ�PRGHO��'(0�
�� )ORZ�$FFXPXODWLRQ

�� .ULJLQJ
�� OLNHOLKRRG
�� *HQHUDOL]HG�VHQVLWLYLW\�DQDO\VLV
��� QRQEHKDYLRUDO
��� SUREDELOLW\�GHQVLW\�IXQFWLRQ��3')�
��� FRPPXWDWLYH�GHQVLW\�IXQFWLRQ��&')�

�kYz¯
�� %DWHV� %�� &��� DQG� &DPSEHOO� (�� 3��� ³$�0RUNRY�&KDLQ�
0RQWH� &DUOR� 6FKHPH� IRU� 3DUDPHWHU� (VWLPDWLRQ� DQG�
,QIHUHQFH�LQ�&RQFHSWXDO�5DLQIDOO�± 5XQRII�0RGHOLQJ�´�
:DWHU�5HVRXUFH�5HVHDUFK��������������

�� %HYHQ� .�� -��� 5DLQIDOO± 5XQRII� 0RGHOLQJ� ����� -RKQ�
:LOH\�	�6RQV��/7'��������

�� %LQOH\�$��0���%HYHQ�.��-���&DOYHU�$���DQG�:DWWV�/��*���
³&KDQJLQJ� 5HVSRQVHV� LQ� +\GURORJ\�� $VVHVVLQJ� WKH�
8QFHUWDLQW\� LQ� 3K\VLFDOO\� %DVHG� 0RGHO� 3UHGLFWLRQV�´�
:DWHU�5HVRXUFHV�5HVHDUFK���������33������������������

�� %HYHQ� .�� -��� %LQOH\� $��� ³7KH� )XWXUH� RI� 'LVWULEXWHG�
0RGHOV�� 0RGHO� &DOLEUDWLRQ� DQG� 8QFHUWDLQW\� 3UHGLFWLRQ�´�
+\GURORJLFDO�3URFHVV �����33����������������

�� %HYHQ�.��-���(QYLURQPHQWDO�)RUHVLJKW�DQG�0RGHOV��������
�� %HYHQ�.��-���)UHHU�-���³(TXLILQDOLW\��'DWD�$VVLPLODWLRQ�
DQG�8QFHUWDLQW\�(VWLPDWLRQ� LQ�0HFKDQLVWLF�0RGHOLQJ�RI�
&RPSOH[� (QYLURQPHQWDO� 6\VWHPV� 8VLQJ� WKH� */8(�
0HWKRGRORJ\�´�-RXUQDO�RI�+\GURORJ\������������������

�� &DPSEHOO�(��3���&R[�'��5���%DWHV�%��&���³$�%D\HVLDQ�
DSSURDFK� WR� SDUDPHWHU� HVWLPDWLRQ� DQG� SRROLQJ� LQ�
QRQOLQHDU� IORRG� HYHQW� PRGHOV�´� :DWHU� 5HVRXUFH�
5HVHDUFK��������������

�� &KDXEH\�,���+DDQ�&��7���*UXQZDUG�6��DQG�6DOLVEXU\�-��
0��� ³8QFHUWDLQW\� LQ� WKH� PRGHO� SDUDPHWHUV� GXH� WR�
VSDWLDO� YDULDELOLW\� RI� UDLQIDOO�´� -�� RI� +\GURORJ\��
����������������

�� (QJLQHHULQJ� &RPSXWHU� *UDSKLFV� /DERUDWRU\�
:DWHUVKHG� 0RGHOLQJ� 6\VWHP �:06�� ± 5HIUHQFH�
0DQXDO��%ULJKDP�<RXQJ�8QLYHUVLW\�������

��� )UHHU� -��� %HYHQ� .�� -�� DQG� DPEURLVH� %��� ³%D\VLDQ�
HVWLPDWLRQ�RI�XQFHUWDLQW\� LQ� UXQRII�SUHGLFWLRQ�DQG� WKH�
YDOXH�RI�GDWD��$Q�DSSOLFDWLRQ�RI�WKH�*/8(�DSSURDFK�´�
:DWHU�5HVRXUFH�5HVHDUFK�����������������������

��� +\GURORJLF� (QJLQHHULQJ� &HQWHU�� +\GURORJLF�
0RGHOLQJ� 6\VWHP� +(&�+06�� 7HFKQLFDO� 5HIHUHQFH�
0DQXDO��86�$UP\�&URSV�RI�(QJLQHHUV��������

��� .XOO� '��� )HOGPDQ� $��� ³(YROXWLRQ� RI� &ODUN¶V� XQLW�
JUDSK�PHWKRG� WR�VSDWLDOO\�GLVWULEXWHG�UXQRII�´�-RXUQDO�
RI�+\GURORJLF�(QJLQHHULQJ��$6&(�������������������

��� .XF]DUD� *��� 3DUHQW� (��� ³0RQWH� &DUOR� DVVHVVPHQW� RI�
SDUDPHWHU� XQFHUWDLQW\� LQ� FRQFHSWXDO� FDWFKPHQW�
PRGHOV��7KH�0HWURSROLV� DOJRULWKP�´� -��RI�+\GURORJ\��
�����������������

��� 3HWHUV� -�� (DVWRQ� '��� ³5XQRII� VLPXODWLRQ� XVLQJ� UDGDU�
UDLQIDOO� GDWD�´� :DWHU� 5HVRXUFH� %XOOHWLQ�� $:5$��
��������������������

��� 6LQJK�.��3���&RPPHQW�RQ�³�$�%D\HVLDQ�VXUURJDWH�IRU�
UHJLRQDO�VNHZ�LQ�IORRG�IUHTXHQF\�DQDO\VLV�³�E\�*HRUJH�
.XF]HUD���:DWHU�5HVRXUFH�5HVHDUFK��9RO�����������

��� <DSR� 3��� *XSWD� +�� DQG� 6RURRVKLDQ� 6��� ³0XOWL� ±
REMHFWLYH� JOREDO� RSWLPL]DWLRQ� IRU� K\GURORJLFDO�
PRGHOV�´�-RXUQDO�RI�+\GURORJ\������������������
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