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$EVWUDFW
7KH�PRWLRQ�RI�IOXLGV�ZLWKLQ�SDUWLDOO\�ILOOHG�FRQWDLQHUV�KDV�EHHQ�WKH�VXEMHFW�RI�PXFK�VWXG\�E\�VFLHQWLVWV�

DQG� HQJLQHHUV� GXH�� LQ� ODUJH� SDUW�� WR� LWV� LPSRUWDQFH� LQ� PDQ\� SUDFWLFDO� DSSOLFDWLRQV�� )RU� H[DPSOH�� FLYLO�
HQJLQHHUV�DQG�VHLVPRORJLVWV�KDYH�DFWLYHO\�VWXGLHG�WKH�HIIHFWV�RI�HDUWKTXDNH�LQGXFHG�IOXLG�PRWLRQV�RQ�RLO�
WDQNV�DQG ZDWHU�WRZHUV��,Q�UHFHQW�\HDUV��DHURVSDFH�HQJLQHHUV�KDYH�EHHQ�FRQFHUQHG�ZLWK�WKH�HIIHFW�RI�IOXLG�
VORVKLQJ� ZLWKLQ� SURSHOODQW� WDQNV� RQ� WKH� VWDELOLW\� RI� DLUFUDIW�� URFNHWV�� DQG� VDWHOOLWHV�� $OO� RI� WKHVH�
DSSOLFDWLRQV� VHHN� FRQWDLQHU� GHVLJQV�ZKLFK�PLQLPL]H� WKH� DPSOLWXGH� RI� IOXLG� IRUFHV� RYHU� D� JDLQ� UDQJH� RI�
RSHUDWLQJ�FRQGLWLRQV��,Q�WKLV�SDSHU��DQ�LQFRPSUHVVLEOH�VPRRWKHG�SDUWLFOH�K\GURG\QDPLFV��63+��PHWKRG�LV�
GHYHORSHG� WR� QXPHULFDOO\� VLPXODWH� YLVFRXV� IUHH� VXUIDFH� IORZV� LQ� SDUWLDOO\� ILOOHG� FRQWDLQHUV�� 7KH� PDVV�
FRQVHUYDWLRQ�DQG�1DYLHU�6WRNHV�HTXDWLRQV�DUH�VROYHG�DV�EDVLF�HTXDWLRQV��7KH�PHWKRG�XVHV�D�SUHGLFWLRQ±
FRUUHFWLRQ�IUDFWLRQDO�VWHS�WHFKQLTXH��,Q�WKH�SUHGLFWLRQ�VWHS��WKH�WHPSRUDO�YHORFLW\�ILHOG�LV�LQWHJUDWHG�LQ�WLPH�
ZLWKRXW�HQIRUFLQJ�LQFRPSUHVVLELOLW\�DQG�LQ�WKH�FRUUHFWLRQ�VWHS�WKH�UHVXOWLQJ�GHYLDWLRQ�RI�SDUWLFOH�GHQVLW\�LV�
LPSOLFLWO\�SURMHFWHG�RQWR�D�GLYHUJHQFH�IUHH�VSDFH�WR�VDWLVI\�LQFRPSUHVVLELOLW\�WKURXJK�D�SUHVVXUH�3RLVVRQ�
HTXDWLRQ�GHULYHG�IU DQ�DSSUR[LPDWH�SUHVVXUH�SURMHFWLRQ��7KH�SURSRVHG�63+�PHWKRG�LV�XVHG�WR�VLPXODWH�WKH�
VORVKLQJ� RI� D� RPOLTXLG� ZDYH� ZLWK� ORZ� DPSOLWXGH� XQGHU� WKH� LQIOXHQFH� RI� JUDYLW\�� ,QLWLDO� VKDSH� RI� IUHH�
VXUIDFH�LV�GHILQHG�E\�RQH�KDOI�RI�D�FRVLQH�ZDYH�ZLWK�ORZ�DPSOLWXGH��7KH�UHVXOWV�RI�VLPXODWLRQ�DUH�LQ�JRRG�
DJUHHPHQW�ZLWK�H[SHULPHQWDO�DQG�RWKHU�PRGHOLQJ�GDWD�

.H\ZRUGV�� 6PRRWKHG� 3DUWLFOH� +\GURG\QDPLFV� �63+�� PHWKRG�� VORVKLQJ�� IUHH� VXUIDFH��
LQFRPSUHVVLEOHIORZ
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¸«Z�� yu� Z¯Y� �b�z-� 0¯/uv�� /Z¸�¹y� �zÀsY� /Z
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v³Y� µv�� µuZ d�Y� uY{M�µv�� z)w� �¹y� ¹u� z·� yu
z¿º³�aÇuZ�¯�g /Z·�¶*^��/¹y�z]�~)ºd�Y/z¬¿¹Y�b]Z

v³º�� 0¯� ªo�/uv���t�� ª*�¯�QXPHULFDO�
GLIIXVLRQ�z¿º³�¶«uZ�¯�yu�0WZl]Zk�/Z·�­zc�b¬��¶]�

yu� �º�t]� ¶¬X�¯� ²¿Y� �v³º�� 0¯� uZl¿Y� ~)ºd�Y
Yv¿v�� v�Z]� uZ¿{� uY{M� n��� ª*�� zÀÀ�c� ¶*¿uyYº¯

v��v·Yºs�{Z��ª*�¯@é>�
�¹y63+/{Z�«v¯� /Yz]� /&³Yz-Ç� �¹y� (¿

Y ¹ ©ZÀ��±Z¿zkv�Z]�0¯�ayYzo�©Z¤d³�/Zl]�²¿Y� yu
Z]�©ZÀ���Àp¯� ��/z¬¿¹Y�b]Zg�/Z·� ¶*^�� {Y� µuZ d�Y

0cYyw�SDUWLFOHV�0doYz]� ¶)� v³º��0¯� µu{�\¿z¤c
v´�Z]�0¯�b)zo� ¶]� yuZ£��µv�� ¶d -�aYyw� �£Y¹� yu

�Yºs� ¶)� v´�Z]�0¯�0)zpd¯�0]Z¿�±ZÀ¯��Z¤³� >Z�z�
¹ 0«Z.#� �0�«Zd³Y� �Z¯u�zÀ�³�©ZÀ��0*¿|À����uºs� Z]� Yy

��´c� v´³Yºc� 0¯� 0do��Yºs� ²¿Y� �v´´)� 0¯� ª°o
v´�Z]�aYyw�0*¿%º«ºWy��Yºs�¹ �³z)��¹y63+yu�

yº�]� �¶À«¹Y�©º�Y�²¿¹vc�{Y�~�� �¶d�x-�¶·u�¹u�©º�
(¿|À�� ¶]� �º]z¯� ªWZ�¯� /{Z�� ¶À^�� /Yz]� µuzd�-
¶]�b^�³�0³Z°�M�­YzkY�b)zo�/{Z�«v¯�¹ 0�Z´�zdsY

Y µv��µuZ d�Y�z.¿v*¿b���­{Ç�aZoÈ�Y�­Zl³Y�{Y�~�
yu�z¿x�Z³�®)Yzc�/Z·�±Z¿zk�/{Z�«v¯�/Yz]��¹y�²¿Y�{Y

v��µuZ d�Y�|À³�¶d�]�/Z·�¶� p¯��¹y�µv°��/Z¿Y|¯
63+yu� ­zk� ¹ ayYzo� ©Z¤d³Y� /{Z�«v¯� /Yz]�

{Y�v´cyZ^��0d�´��/Z·uz]yZ)@ê>�
xyZd�y� ¹ µvÀ$À�� yZÀ�]� ©Z*�Y� Z]� uY{M� n��

º�]� �uYº¯�'zd�¯�n��0doYz]� ¹ 0�À^�� y
v³º��0¯�/{Z�«v¯�

x�xo�0´�¯�¶]�/&³Yz-Ç�[º#yZ#�{Y�µuZ d�Y
�b�Y�­ºd´¯º¯�¶«uZ�¯�yu�0�s�zÀ��/Z·�­zc
µv¿v�� ¶)� uz)�0´À]��À��±Yºc�0¯�²¿Yz]Z´]
\«Z��­ºd´¯º¯�ªWZ�¯�/v´]�¶¤^��yu�¶)�/Z·
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µv�³� µuZ d�Y�0cZ^�Zp¯� yY|]Y�(¿�±Yº´�� ¶]� Z·� ¶´À¯{
b^g�0d�yu�¶]�±M�j¿Zd³�b£u�¹ uz*¬°��µºp³� Zc�b�Y

uuz-�/{Z�«v¯� ¶]� ±Yºc� 0¯� Z·� ¶´À¯{� ²¿Y� ¶¬°k� {Y
µyZ�Y�¾¿ZÀ°À��/Z·��´)Y¹�/{Z�«v¯� ¹ ±ºÀ�Zd¿¹Z)

¶)�uz)µv¿v��²¿Y�/{Z�«v¯�uyº¯�yu�/Y�¶«Z¤¯�±º´)Zc�
�¹y�Z]�Z·63+b�Y�µv�³�z�d´¯��

z¿x�Z³� ®)Yzc� ±ºÀ�Çº¯z�� {Y� ¶«Z¤¯� ²¿Y� yu63+
/{Z�� ¶À^��/Yz][M�0³{� ¶]z�� µv¿v��6ORVKLQJ�

yu�¿Z¯�z��¶°À³�±|t¯�(¿�b�Y� µv�� µuZ d�Y��n��
¶´¯Yu�Z]�0�º´À��¶À«¹Y�ª*��/YyYu��z��yu��¿Z¯�uY{M

)v�Z]� 0¯� (#º���¹y� ²¿Y� yu� ¶)� b�Y� 0¸¿v]
¹ ­zk�/Z¤]�¶«uZ�¯�ªÀ^£� {Y� ¶¬X�¯� z]�®)Zo�aÇuZ�¯
aÇuZ�¯� {Y��Zs� /zÀ^�c� ayº�� ¶]� ­ºd´¯º¯� /Z¤]
µv�� µuy¹M�ªÀ� c� ¶]� ¶)� v³Y� µv�� µuZ d�Y�/&³Yz-Ç

b�Y�ª¯Z��¶)�µuº]�/Y�¶¬oz¯�¹u�µv��µuZ d�Y��¹y
¿º³Zg�nÀp�c� ¹ ¶À«¹Y�0´À]��À��¶¬oz¯v�Z]�0¯�¶�yu

/Z·¹zÀ³�¶�º°l¯�zgY�yu�µyw�z·�¶À«¹Y�0´À]��À��¶¬oz¯
¹ v´)�0¯�b)zo�0«Z.#�aYzÀÀ�c�¶]�¶kºc�±¹v]��µuyY¹
±v³Yuz-{Z]�/Yz]�­{Ç��¹z��¶¿º³Zg�nÀp�c� ¶¬oz¯� yu
©ZÀ��b¿Z¸³�yu�Zc��uº��0¯�©Z°�Y�¶À«¹Y�yYv¤¯�¶]�0«Z.#

uuz-�©v¯�z¿x�Z³�®)Yzc�ayº��¶]�¬X�¯�ªo�j¿Zd³�yu�¶
uº¯©¹Y±M�¹y�(°)�¶]�92)¹63+z.¿v*¿� Z]�

v³Y�µv��¶�¿Z¤¯�j¿Zd³¶¬�Zo{Y�0)ZoyZÀ�]�/yZ-{Z��
j¿Zd³� Z]�±Z�*¿�/Z¸³Z¯{� yu� µv¯M�b�v]�©Z*�Y�[ºs

¶]Z�¯92)�Z]�0¯v

0�Z¿y�©v¯
uY{M�n��� Z]� zÀ-yu�ªWZ�¯�0cYw�0-vÀ$À��b¬�]

�z-�yZ*]�/{Z��µuZ��aZÀ�z��{Y�0sz]� �©ZÀ�v³v��¶d
{Y�v´cyZ^��¶)�/z¿x�Z³�®)Yzc��b]Zg�¶d¿{º*�¿¹�¹ 0«Z.#

0p�����)�{Y�z�´�z���©ZÀ��±YvÀ¯�±uº]�Z¯v°·�¹
0p���­zk�©Z¤d³Y�¹�

uY{M�n���±Z¿zk�/{Z��¶À^��/Yz]�®)Zo�aÇuZ�¯
0¯� ­ºd´¯º¯� ¹ ­zk� LZ¤]�aÇuZ�¯� �v�]� ¹u� yu� ©ZÀ�
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