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$EVWUDFW
$QDO\WLFDO� DQDO\VLV� RI� D� WZR�GLPHQVLRQDO� VXEPHUJHG� ERG\� PRYLQJ� ZLWK� D� FRQVWDQW�

YHORFLW\�LQ�DQ�LQYLVFLG�LQFRPSUHVVLEOH�IOXLG�XQGHU�JUDYLW\�QHDU�D�IUHH�VXUIDFH�LV�VWXGLHG�LQ�WKLV�
SDSHU��7KLV�QRWLRQ�LV�RQH�RI�WKH�IXQGDPHQWDO�FRQFHSWV�LQ�DSSOLHG�K\GURG\QDPLFV��([SHULPHQWDO�
REVHUYDWLRQV� RI� ZDWHU� ZDYHV� LQ� ODUJH� VFDOH� RU� ODERUDWRU\� REVHUYDWLRQ� LQ� RSHQ� FKDQQHOV� LV�
LQGLFDWLYH�RI�FRPSOH[�SKHQRPHQRQV�WDNLQJ�SODFH�LQ�WKH�GRZQVWUHDP�RI�DQ�REMHFW�SODFHG�XQGHU�D�
IUHH�VXUIDFH��$OVR��LQ�WKH GRZQVWUHDP�RI�IORDWLQJ�RU�VXEPHUJHG�ERGLHV��VXUIDFH�ZDYH�JHQHUDWH��
7KLV� LV�GXH� WR� WKH�IDFW� WKDW�HQHUJ\� WUDQVIHUULQJ� WDNHV�SODFH�IURP�WKH�PRYLQJ�ERG\�WR� WKH�IOXLG�
ZKLFK�LV�NQRZQ�DV�³ZDYH�GUDJ´��&RQVLGHULQJ�WKH�PHFKDQLVP�RI�VXUIDFH�ZDYH�IRUPDWLRQ�DQG�LWV�
PRWLRQ�� GHVFULELQJ� WKH�ZDYH�GUDJ� SKHQRPHQRQ� LQ� VXEPHUJHG� DQG� IORDWHG� ERGLHV� KDV� EHFRPH�
RQH�RI�PRUH�FRPSOH[�WRSLFV�LQ�K\GURG\QDPLF�WKHRU\��,Q�WKLV�SUHVHQW�ZRUN��LW�KDV�EHHQ�DWWHPSWHG�
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±Yz¿Y�¾¿Z¿yu�¾�v´¸¯�²°l³Y
WR�WDNH�D�VWHS�LQ�PRUH�SUHFLVH�FRPSUHKHQVLRQ�RI�K\GURG\QDPLF�SKHQRPHQRQV�DGMDFHQW�WR�IUHH�
VXUIDFH�� 7KLV� KDV� EHHQ� GRZQ� E\� WKH� VWXG\� RI� IXQGDPHQWDO� ODZV�JRYHUQLQJ� WKH� IOXLG�PRWLRQV��
$QDO\WLFDO�UHVXOWV�REWDLQHG�SURYLGH�LQVLJKW�LQ�DELOLW\�WR�LQWHUSUHW�WKH�IRUPDWLRQ�RI�VXUIDFH�ZDYHV�
DQG�ZDYH�GUDJ�SKHQRPHQRQ��$�VXEPHUJHG�F\OLQGHU�DQG�VXUURXQGLQJ�VWUHDP�KDV�EHHQ�FRQVLGHUHG�
DV� D� VWXG\� PRGHO� XSRQ� ZKLFK� WKH� REWDLQHG� UHVXOWV� DQG� WKH� XWLOL]HG� SURFHGXUH� ZRXOG� EH�
H[WHQGDEOH� WR� DOO� RWKHU� WZR� GLPHQVLRQDO� SUREOHPV��0RUHRYHU�� EDVHG� RQ� WKLV� SURFHGXUH�� LW� LV�
FRQFHLYDEOH� WR� H[WHQG� WKH� FRQYHQWLRQDO� PHWKRGV� RI� SUREOHP� VROYLQJ� IRU� LQILQLWH� GRPDLQ� WR�
SUREOHPV�ERXQGHG�E\�D�IUHH�VXUIDFH�

.H\ZRUGV� VXUIDFH�ZDYHV�± SRWHQWLDO�IORZ�± ZDYH�GUDJ

¶¯v¤¯�

yu� ©ZÀ�� ±Z¿zk� ½uv�� ¹ ¾¬À¬pc� ¶�«Z�¯
¶«º¤¯� yu�½uZÀ´]�foZ^¯� {Y�¾*¿� uY{M�n���ay¹Zl¯
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Yy� uºs��Zs� ½Z·� ¾-&¿¹� Z¸³M� {Y�(¿z·� ¶)� b�Y

b�YyYu�¶«Z¤¯�yu� Z¸�¹y�²¿Y�z]�½y¹z¯7VDL������¹
<XH@�Î>b�Y�µv¯M�½Z¸«v¯�½Z´^¯z]��zÀsY�½Z¸«Z��yu

½Z·�bÀ«Z��� uY{M� n��� Z]� µYz°·� i|«� zÀ��¾cZ^�Zp¯
- ayº��½uZ¿{b�Y�¶d�z��®�Èd¯�½Z¸]M�½{Z��¶À^�

­Z�kY��Yz�Y�±Z¿zk� ¹ µv³¹y��À��iYº¯Y� �uzl¯�iº¯
y¹�¶�º���¶³º°³�½Yz]:X�HW� DO�������@�Ï>�¹y�{Y

i|«�zÀ��©ZÀ��®�Èc�½{Z��¶À^��½Yz]�u¹vp¯�½Y|kY
¹ v³uz)� µuZ d�Y� ¾¬À�d�¯� ��¤¯� Z]� (³Zc� (¿� yu

&KHUQ�HW�DO�������@�Ð>iYº¯Y�ªÀ¬pc�½Yz]¾�s�zÀ��
¾ À��¶^��¾�¿zcZ¯�½Y|kY��¹y�{Y�Î�v³uº°³�µuZ d�Y��

/uv��½{Z��¶À^�� �½zcºÀ�¯Z)�½Z¸¿v´°³Yºc� ¶��ºc� Z]
yu�¶)�b�Y�µv��z�À¯�|À³�uY{M�n���y¹Zl¯�i|«�±Z¿zk

½Z·� bÀ«Z��� ¶]� ±YºdÀ¯� Zd�Yy� ²¿Y)ORU\DQ� DQG�
5DVPXVVHQ������@�Ñ>�<HXQJ�DQG�<X������@�Ò>�

*HQW]� HW� DO�������@�Ó>�8VKLMLPD������@�Ô>
uº°³� µyZ�Y�aYzgY� ¹ y¹� ¶�º�� ­Z�kY� �Yz�Y� ±Z¿zk

uyº¯�foZ^¯� {Y� |À³�b�u�²À¿Z�� uY{M�n��� z]� ®�k
b�Y�µuº]�²À¤¤p¯�¶kºc�/Z·�bÀ«Z���¶]�Zd�Yy�²¿Y�yu

*DQJ� =KX� HW� DO�������@�Õ>¹%UXPPHOHQ� HW�
DO�������@�Ö>b�Y� µyZ�Y�ª]Z£�· bÀ«Z��� y¹z¯� Z]/Z

¶)� uº�� ¾¯� µv·Z�¯� ©Zo� ¹ ¶d�x-� 0cZ¤À¤pc

�
� 3VHXGR�VSHFWUDOPDWUL[�HOHPHQW�PHWKRG

n���Z]�µYz°·�±Z¿zk�¶�«Z�¯�yu�²À¤¤p¯�/zÀ-�b°�
©Z^³u� ¾]zlc� ¹ ½uv�� �0¬À¬pc� ½Z¸�¹y� ¶]� uY{M

uº�� 0¯�aYv·Z�¯¾]zlc}ZÀ¤¯� yu� ¾¿Z¿yu� iYº¯Y
0·Z.�¿Z¯{M� aYv·Z�¯� Z¿� ¹ +y|]�¹y� ¦°§� ¶]

v¯Zk�aYyw�Z¿�¹ ¾°À�¹zd¨«Y« Z¿�¹/Z¸«Z³Z)�yu�z¬�¹u�y|À
{Z]½zÀ-�ª¨��z.³ZÀ]�/Y�µvÀ$À��/Z·�µv¿v�²À¿Z��yu

v�Z]�¾¯�±Z¿zk�b�u�±Z¿zk�b�u�²À¿Z��yu�²À´$°·
ayº�]�uY{M�n���aZ³Z�º³��y¹�¶�º��Z¿�¹ y¹Z´��­Z�kY
{Y�¾d°�£�©Z¤d³Y�z.³ZÀ]�¶§�uº��¾¯�z·Z��¾p���iYº¯Y
¶]�¶§�b�Y�©ZÀ��¶]�®�k�b§zo�b¸k�¾�z�¯�½%z³Y

±Yº´�uº��¾¯�¶dsZ´��iº¯�+yu�­|À³Z¨¯�¶]�¶kºc�Z]
�±M�©Z¤d³Y�¹ ¾p���iYº¯Y�½zÀ-�ª¨�� µvÀ$À�� yZÀ�]

y¹� ¶�º�� ­Z�kY� yu�iº¯�+yu� _v¿v��n¿z�cy¹Z´�� ¹
yu� µvÀ$À�� foZ^¯� {Y� ¾¨¿c½yºX¦À¯Z´¿u¹yvÀ·

uº�� ¾¯�[º�p¯�j¿Zd³¾cZ¤À¤pc[Z]� yu0.³º.#
|À¯�²À°tc�¹ ¾p���iYº¯Y�½zÀ-�ª¨�iº¯�+yu�±Y

±Y|À¯�z]�®�k�`�v´·�¹ b§zo�¾¨À¯Z´¿u�zÀgPc�z.³ZÀ]
v�Z]�¾¯�iº¯�+yu�-RUJH'¶(OLD�HW�DO�������@�ÎÍ>

yu� iº¯�+yu�\¿z�� ¶^�Zp¯� /Yz]� ¶¿yº�� ª¿v^c� {Y
u¹vp¯Z³� ¢°�� Z]� uY{M� n��� y¹Zl¯� ªÀ�³Zd�� ±Z¿zk

v³uz)� µuZ d�Y�Z¸³M(°)� ¶]� Yy�0kyZs� ®�k� uºk¹
�Z�d�Y�¾�z���¿{ºc/Y�¶�]Yy�¹ v³uº°³�©v¯�/yZ��

b�u� ²À¿Z�� iYº¯Y� ¶´¯Yu� \�o� z]� iº¯�+yu� /Yz]
v³uy¹M�b�v]�

/¹Zo��¬dt¯�/Z·��¹y�(°)� ¶]� µv¯M�b�v]�j¿Zd³
b¸k� yu� /zgº¯� ­Z-� ¹ v´d�·� /v´°�{yY� aZ�È�Y
y¹Zl¯� 0*À¯Z´¿u¹yvÀ·� /Z·� µv¿v�� zc� ¢À£u�bsZ´�

À�]�yu��j¿Zd³�²¿Y�Z¯Y�v³º��0¯�[º�p¯�uY{M�n��/yZ
Yº¯�0�Z�Y�ª*�¯�¹u�Z]�uyYº¯�{Ykv´d�·�¶�©¹Y�ª*�¯
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©¹Y�©Z��©¹Y�µyZ°��±Zd�]ZcÎÐÕÐÑÎ

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³

¹ b�Y�/uv��/Z¸�¹y� {Y� ¶¬�Zo�j¿Zd³� yZ^d�Y�0]Z¿{yY
®)Zo�/Z·�/v´°³º³Z£�/uZÀ´]�bsZ´��±Z*¯Y�¶*³M�z.¿u
Yz¿{�v�Z]�0°³�z�À¯�¾¿Z¸³�j¿Zd³�}Z�Y�z]�Z·�µv¿v��z]
¶]�Yy�Z·�µv¿v��z]�zgº¯�/Z·zd¯YyZ��²À]��Z^cyY�±Yºc�0°³

Yz�uz)�µv·Z�¯�bo�
¶]�¶§�b�Y�½uZÀ´]�¾�¹y�¶WYyY�z]�¾���z�Zo�`«Z¤¯�yu
_v¿v�� ¹ ¾p��� iYº¯Y� ½zÀ-� ª¨�� ±Yºd]� ±M�¦°§

uº°³� zÀ� c� Yy�iº¯�+yu�©ºo�±Z¿zk�}Z�Y�²¿Y� z]
µv��[Ztd³Y�©v¯�¶¬X�¯�¦¿�±Yº´�]�y¹�¶�º��`³Yºd�Y
¶]�®À°�c�ª]Z£�µv��¶WYyY��¹y�¹ ¶¬�Zo�j¿Zd³�¶§�b�Y

Z�¯�¶À¬§v�Z]�¾¯�½v�]�¹u�ªW�²¿Y�}Z�Y�z]�²À´$°·
±Z¿zk� ªo� b¸k� ©¹Yvd¯� ½Z¸�¹y� ±Yºc� ¾¯� ��¹y
¶]�u¹vp¯�½Z·��Àp¯�¶]� Yy�±Yz¨À]��Àp¯�yu�ªÀ�³Zd�

uYu�®À°�c�uY{M�n���

y¹�¶�º��­Z�kY�©ºo�±Z¿zk�¾�Z¿y�©v¯
½v�]�¹u

yZd�y�zc�¢À°��bsZ´��z]�z�Zo�fp]�vÀ§Pc
iyZs�½Y� ¶ÀoZ³� yu� ©ZÀ�� ±Z¿zk®�k�¾.¿Z�°·� {Y�

b�Y�zÀgPc� _{ºo� {Y�iyZs�`ÀoZ³� yu�ªo� �}Z�Y�²¿Yz]
¾kyZs�ªo�¦¿�±Yº´�]� µyYº¿u�¾¨¿u|³� yu�bk|«�Ï��

yYz£�¾�yz]�uyº¯�ªÀ�³Zd��±Z¿zk�¹ uyYu�yYz£�¶kºc�uyº¯
uzÀ-�¾¯�aZ�dt¯� µZ.d�uR[\z�³� yu�½Y� ¶³º-� ¶]�

Y uY{M�n��� z]� Ov^¯�¶§� uº��¾¯�¶d�z-uyYu� yYz£�¶À«¹
�ª¨�Î��Z]�©ZÀ��±Z¿zk� �¶¬X�¯��¿Yz��¶]�¶kºc� Z]

(°)ªÀ�³Zd�b�z�M}È�Ç� `«uZ�¯� ªo� ¶§�
uuz-�¾¯�n¿z�c�b�Y�½v�]¹u�

�æ�� �� )  
®�k�½¹y�½{z¯��¿Yz��¦°§� ¶]�¡º�� `«uZ�¯/¹y� �

uY{M�n��uº��¾¯�ªo� y¹u�ª�Yº�� yu� ¹�� ½¹yn�
b�Y�z ��½uº°��b�z��\¬��®�k�

�ç��Q
Mw  w

¹ ¾«º³z]� `«uZ�¯�ª¯Z�� uY{M�n���½¹y�½{z¯��¿Yz�
v�Z]� ¾¯� uY{M� n���¦ÀcZ°´À��½¹y� ¾«º³z]� `«uZ�¯�

�
� RXWHU�VROXWLRQ

uY{M�n���

�è�� �
�

� �
� �3 8 3 8 J\U U Uf f�  � �

¶kºc�Z]n���½Z´p³Y��Z���z�Zo�aZ�«Z�¯�yu�¶¨´¿Y�¶]
¹ uº��¾¯� ¶d�z-� z�³� yu�+y|]� �Z¤³� ¶À¬§� yu� uY{M

¾.d�¨��Ð�aYzgY�{Y�±Yºc�¾¯�uyYv³�uºk¹�uY{M�n���yu�
uº°³�z�³��z��¾p�����§�uY{M�n���²¿Yz]Z´](¿�

¹ b�Y�b]Zg� yZ���n��yu� ¶ «R¯� ¹u�½YyYu b�z��
aZ¸k[¹\`«uZ�¯�}Z�Y� ²¿Y� z]� ¶§�b�Y���Ð�

v¯M�v·Yºs�b�v]�z¿{�ayº�]�
�é�> @ ��

�
�

���  ��� f J\8\[ MM
¦¿�z�Zo�`¬X�¯�yu�uY{M�n����Z¿Z��±Z¿zk�¶]�¶kºc�Z]

b�Y�±Z¿zk��s�(ÀcZ°´À��s�²¿YYy±Yºc�¾¯¶]
z¿y�ayº�b�º³�

�ê�[\ 8\8 �c 
¶§�\cv�Z]�¾¯�±Z¿zk��s�\À��z.³ZÀ]��[8¹\8

b�z��yYuz]�½Z·�¶ «R¯uY{M�n���/¹yv´d�·�
� ¢°�� ¹ ±Z¿zk�b�u� ÇZ]� yubsYº´¨¿� ±Z¿zk� ©ZÀ

b�Y�²¿Yz]Z´]�
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z·� ¹ uyYu� yZ�d³Y�bÀ·Z¯� z�Zo� `¬X�¯�Z�d�Y� ¶³º-

uº��¾¯�z�d´¯�b�u�²À¿Z��¶]�¾¨¿|À��½Z·�¶�t�¯
yu�b¿Z¸´À]�Zc�¶¬�Zo�iYº¯Y��¦¿yºXc�µZ-v¿u�{Y�²¿Yz]Z´]
b�u�²À¿Z��aZ�È�Y� ¹ v³º��¾¯� z�d´¯�b�u�²À¿Z�

b�Y�¶¬X�¯�ªo�{Y�¾d°�£�uºs�

v�]�±¹v]�aÇuZ�¯�®d�À�
�zgR¯� ½Z·zd¯YyZ�� zÀgPc� zd¸]� bsZ´�� ½Yz]

aÇuZ�¯�®d�À�½Z·zd¯YyZ��¦°§�¶]�½{z¯��¿Yz�� ¹
v³º�� ¾¯� v�]� ±¹v]� ¶�t�¯�z-YK©º�� ±Yº´�� ¶]�
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�kYz¯
�� 7VDL��:�� DQG�<XH��'���&RPSXWDWLRQV�RI�QRQOLQHDU� IUHH�VXUIDFH� IORZV� $QQX�5HY�)OXLG�� ����������±

����
�� :X�*�;��� 0D�4�:��� (DWRFN� 7D\ORU�5��� �����1XPHULFDO� VLPXODWLRQ� RI� VORVKLQJ� ZDYHV� EDVHG� RQ� D�

ILQLWH�HOHPHQW�PHWKRG��$SSOLHG�2FHDQ�5HVHDUFK�������±����
�� &KHUQ�0�-���%RUWKZLFN�$�*�/��� (DWRFN�7D\ORU�5��� ������$� SVHXGR� VSHFWUDO���WUDQVIRUPDWLRQ�PRGHO�

RI��'�QRQOLQHDU�ZDYHV��-RXUQDO�RI�)OXLGV�DQG�6WUXFWXUHV�������±����
�� )ORU\DQ�-�0��� 5DVPXVVHQ�+��� ������ 1XPHULFDO�PHWKRGV� IRU� YLVFRXV� IORZV�ZLWK�PRYLQJ� ERXQGDULHV��

$SSOLHG�0HFKDQLFV�5HYLHZ�������±����
�� <HXQJ�5�:��� <X�;��� ������ ,Q� :DYH�VWUXFWXUH� LQWHUDFWLRQ� LQ� D� YLVFRXV� IOXLG�� 3URFHHGLQJV� RI� WKH�

)RXUWHHQWK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 2IIVKRUH�0HFKDQLFV� DQG� $UFWLF� (QJLQHHULQJ�� &RSHQKDJHQ��
YRO��$��SS����±����

�� *HQW]�/���$OHVVDQGULQL�%���'HOKRPPHDX�*���������0RWLRQ�VLPXODWLRQ�RI�D�F\OLQGHU�DW�WKH�VXUIDFH�RI�D�
YLVFRXV�IOXLG��6KLS�7HFKQRORJ\�5HVHDUFK������±���

�� 8VKLMLPD�6��� ������ 7KUHH�GLPHQVLRQDO� DUELWUDU\� /DJUDQJLDQ±(XOHULDQ� QXPHULFDO� SUHGLFWLRQ� PHWKRG�
IRU�QRQ�OLQHDU�IUHH�VXUIDFH�RVFLOODWLRQ��,QWHUQDWLRQDO�-RXUQDO�IRU�1XPHULFDO�0HWKRGV�LQ�)OXLGV�������±
����

�� *DQJ� =KX� $OLVWDLU� *�/�� %RUWKZLFN� 5RGQH\� (DWRFN� 7D\ORU��� ������ $� ILQLWH� HOHPHQW� PRGHO� RI�
LQWHUDFWLRQ�EHWZHHQ�YLVFRXV�IUHH�VXUIDFH�ZDYHV�DQG�VXEPHUJHG�F\OLQGHUV��2FHDQ�(QJLQHHULQJ�������±
����

�� (�+�YDQ�%UXPPHOHQ��+�&�5DYHQ��\�DQG�%�.RUHQ��������(IILFLHQW�1XPHULFDO�6ROXWLRQ�RI�6WHDG\�)UHH�
6XUIDFH�1DYLHU±6WRNHV�)ORZ��-RXUQDO�RI�&RPSXWDWLRQDO�3K\VLFV��������±���

��� -RUJH� '¶(OLD�� 0DULR� $�6WRUWL�� 6HUJLR� 5�,GHOVRKQ�� ������$SSOLHG� K\GURG\QDPLF� ZDYH�UHVLVWDQFH�
FRPSXWDWLRQ�E\�)RXULHU�WUDQVIRUP��2FHDQ�(QJLQHHULQJ�������±���
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