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6HYHUDO�SUREOHPV�UHODWHG�ZLWK�WKH�QRQFRQWDFW�IULFWLRQ�IRUFHV�DQG�KHDW
WUDQVIHU�LQ�G\QDPLF�FRQWDFWV�EHWZHHQ�D�SUREH�RI�DWRPLF�IRUFH�PLFURVFRSH
DQG�WKH�VDPSOH�VXUIDFH�DUH�FRQVLGHUHG�WKHRUHWLFDOO\��ZKHQ�WKH�SUREH�LV�LQ
RVFLOODWLQJ�PRWLRQ�LQ�QRUPDO�WR�WKH�VXUIDFH�GLUHFWLRQ��,W�LV�VKRZQ�WKDW�DW
VXFK�PRWLRQ�WKH�YDQ�GHU�:DDOV�IULFWLRQ�IRUFHV�DUH�WZLFH�JUHDWHU�WKDQ�DW�ODWHUDO
PRWLRQ��ZKLOH� WKH�FRUUHVSRQGLQJ�KHDW� WUDQVIHU�PHGLDWHG�E\�HYDQHVFHQW
HOHFWURPDJQHWLF�ILHOGV�KDV�DQ�RVFLOODWLQJ��YHORFLW\�SURSRUWLRQDO��FRQWULEX�
WLRQ��EHLQJ�ZHDNO\�GHSHQGHQW�RQ�WHPSHUDWXUH��$OVR��ZH�DQDO\]H�UROH�RI�WKH
DGVRUELQJ�ILOPV�RQ�IULFWLRQ�DQG�KHDW�WUDQVIHU��,W�LV�VKRZQ�WKDW�WKH�ILOP�SUHV�
HQFH�PD\�LQFUHDVH�GHFUHDVH�WKH�IULFWLRQ�DQG�KHDW�IOX[�E\�VHYHUDO�RUGHUV�RI
PDJQLWXGH�DW�FHUWDLQ�FRQGLWLRQV��)LQDOO\��XVLQJ�D�PRGHO�RI�VHPLLQILQLWH�KR�
PRJHQLRXV�URG�ZH�KDYH�FDOFXODWHG�WKH�WHPSHUDWXUH�GLVWULEXWLRQ�DORQJ�WKH
KHLJKW�RI�WKH�URG�EHLQJ�LQ�G\QDPLF�FRQWDFW�ZLWK�WKH�KHDWHG�VDPSOH�VXUIDFH�
7KH�QHHGHG�WLPH�IRU�WKH�HTXLOLEULXP�WR�EH�VHWWOHG�LV�GHWHUPLQHG�
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RI�WKH�*URZWK�RI�6HOI�,QGXFHG�6L*H�,VODQGV�RQ�6L*H�%XIIHU ������������������� �

$�VWXG\�RI�VHOI�LQGXFHG�6L*H�QDQRLVODQGV��JURZQ�E\�PROHFXODU�EHDP
HSLWD[\�RQ�6L�DQG�6L���*H����EXIIHU�OD\HUV��LV�SHUIRUPHG�E\�XVLQJ�DWRPLF
IRUFH�PLFURVFRS\�DQG�5DPDQ�VSHFWURVFRS\��7KH�LQIOXHQFH�RI�6L���*H���
EXIIHU�OD\HU�RQ�WKH�PRUSKRORJ\�DQG�VWUXFWXUDO�SDUDPHWHUV�RI�WKH�LVODQGV�LV
VKRZQ��7KH�YDOXHV�RI�FRPSRVLWLRQ��VWUDLQ�DQG�GHJUHH�RI�UHOD[DWLRQ�RI�WKH
LVODQGV�GXH�WR�WKHLU�WKUHH�GLPHQVLRQDOLW\�DUH�GHWHUPLQHG�IRU�WKH�LVODQGV
JURZQ�RQ�ERWK�6L�DQG�6L���*H����EXIIHUV�
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7KH�DGYDQWDJHV�RI�WKH�FRPELQHG�XVDJH�RI�FRPSOHPHQWDU\�PHWKRGV
OLNH�;�UD\� DQG�QHXWURQ� VSHFWURVFRSHV� IRU� WKH�SK\VLFDO� VWXGLHV�RI� UDUH�
HDUWK�EDVHG�V\VWHPV�ZLWK�VWURQJ�HOHFWURQ�FRUUHODWLRQ�DUH�GLVFXVVHG��6RPH
UHFHQW�H[SHULPHQWDO�GDWD�DUH�SUHVHQWHG�DORQJ�ZLWK�SK\VLFDO�PRGHOV�IRU�D
W\SLFDO�UHSUHVHQWDWLYHV�RI�WKLV�FODVV�RI�PDWHULDO�
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&RSRO\PHU�36��3(2���6WXGLHG�E\�0HDQV�RI�$)0�DQG�;36 �������������� ��

,Q�WKH�SDSHU�SUHVHQWHG�JLYHQ�DUH�WKH�UHVXOWV�RI�WKH�LQYHVWLJDWLRQ�RI�WKH
ORFDO�FKHPLFDO�VXUIDFH�VWUXFWXUH�RI�WKH�EORFN�FRSRO\PHU�36��3(2����ERWK
LQLWLDO�DQG�WKHUPR�WUHDWHG�E\�;36�DQG�$)0��3����17�0'7�DSSDUDWXV��
7KH�VXUIDFH�PRUSKRORJ\�FKDQJHV�LQ�WKH�EORFN�FRSRO\PHU�DIWHU�WKH�DQQHDO�
LQJ�DUH�GHVFULEHG��&RPSXWDWLRQDO�VWUXFWXUDO�PRGHOV�IRU�WKH�SRO\PHUV�XQ�
GHU�LQYHVWLJDWLRQ�DUH�SUHVHQWHG��7KH�GLVWULEXWLRQDO�PDSV�GHOLPLWDWLQJ�WKH
DUHDV�ZLWK�GLIIHUHQW�FKHPLFDO�QDWXUH�VFDWWHUHG�DORQJ�WKH�VXUIDFHV�RI�WKH�LQ�
YHVWLJDWHG�PDWHULDOV�DUH�DOVR�EHHQ�JLYHQ�

.R]ORY�$� *��0RGHOOLQJ�RI�7HPSHUDWXUH�'LVWULEXWLRQ�LQ�D�7KHUPDO
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$Q�DQDO\WLFDO�PHWKRG�LV�SUHVHQWHG�WKDW�DOORZV�RQH�WR�GHWHUPLQH�WKH
VWHDG\�VWDWH� WHPSHUDWXUH� GLVWULEXWLRQ� LQ� D� WKHUPDO�PLFURDFFHOHURPHWHU
ZLWK�LQHUWLDO�PDVV��,Q�WKH�WKHUPDO�PLFURDFFHOHURPHWHU��WKH�DFWLYH�GRPDLQ
LQ�ZKLFK�EDVLF�WKHUPDO�SURFHVVHV�WDNH�SODFH�LV�PDUNHG�RXW��7KLV�GRPDLQ
LV�VXEVWLWXWHG�E\�WKH�HTXLYDOHQW�GRPDLQ�ZKLFK�LV�GLYLGHG�LQWR�VRPH�UHF�
WDQJXODU�UHJLRQV�ZLWK�KRPRJHQHRXV�SDUDPHWHUV��7KH�WHPSHUDWXUH�GLVWUL�
EXWLRQ�LQ�WKH�UHJLRQV�LV�REWDLQHG�ZLWK�WKH�)RXULHU�PHWKRG��7KH�SDUDPHWHUV
FKDUDFWHULVLQJ�WKHUPDO�FRQGXFWLRQ�SURFHVVHV�EHWZHHQ�DGMDFHQW�UHJLRQV�DUH
IRXQG�XVLQJ�DGMRLQW�ERXQGDU\�FRQGLWLRQV��%DVHG�RQ�WKH�SUHVHQWHG�PHWKRG
WKH�WHPSHUDWXUH�GLVWULEXWLRQ�LQ�WKH�FRQFUHWH�WKHUPDO�PLFURDFFHOHURPHWHU
DQG�WKH�GHSHQGHQFH�RI�WKH�WHPSHUDWXUH�LQ�WKH�VLWH�ZKHUH�WKH�KRW�MXQFWLRQV
RI�WKHUPRFRXSOHV�DUH�ORFDWHG�RQ�WKH�JDS�EHWZHHQ�WKH�PRYLQJ�HOHPHQW�DQG
WKH�WKHUPDOO\�LVRODWHG�VWUXFWXUH�DUH�GHWHUPLQHG�
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,Q�ZRUN�WKH�VSDWLDO�GLVWULEXWLRQ�RI�UDGLDWLRQ�PRGHV�RI�WZR�FRORU�VHPL�
FRQGXFWRU�ODVHU�LQ�QHDU�ILHOG�]RQH�LV�VWXGLHG��7KH�DWWUDFWLYH�SURSHUW\�RI
WKLV�ODVHU�LV�SRVVLELOLW\�RI�JHQHUDWLRQ�RI�WHUDKHUW]�RVFLOODWLRQ�ZLWK�KHOS�RI
PL[LQJ�RI�WZR�GLIIHUHQW�PRGHV�RI�ODVHU�UDGLDWLRQ��7KH�PDSSLQJ�RI�ODVHU�UD�
GLDWLRQ�XVLQJ�QHDU�ILHOG�RSWLFDO�PLFURVFRS\�LV�REWDLQHG��7KH�SUREH�WUDQVIHU
IXQFWLRQ�ZDV�XVHG�WR�LPSURYH�WKH�UHVROXWLRQ�RI�LPDJHV�IURP�WKH�VROXWLRQ
RI�FRUUHVSRQGLQJ��'�FRQYROXWLRQ�HTXDWLRQ�REWDLQHG�E\�HPSOR\LQJ� WKH
7LNKRQRY�V�PHWKRG�RI�JHQHUDOL]HG�GLVFUHSDQF\�

3RGXUHWV�.� 0���3RJRUHO\�'� .���0DQXVKNLQ�$� $���1HGRUH]RY�9� *���
6RPHQNRY�9� $���6FKHWLQNLQ�6� $��5HIUDFWLRQ�,PDJLQJ�IRU�0HGLFLQH�DQG�
0DWHULDOV�6FLHQFH�DW�WKH�.XUFKDWRY�6\QFKURWURQ�5DGLDWLRQ�6RXUFH �������� ��

([SHULPHQWV�RQ�WKH�UHIUDFWLRQ�LPDJLQJ�ZKLFK�ZHUH�FDUULHG�RXW�DW�WKH
.XUFKDWRY� 6\QFKURWURQ� 5DGLDWLRQ� 6RXUFH� DUH� GHVFULEHG�� 7KH� UHVXOWV
GHPRQVWUDWH�WKH�SRVVLELOLWLHV�RI�WKH�PHWKRG�IRU�QRQGHVWUXFWLYH�WHVWLQJ�DQG
PHGLFDO� GLDJQRVWLFV�� ([SHULPHQWV� RQ� WKH� UHIUDFWLRQ� LPDJLQJ� RI� WKH
DFFUHGLWDWLRQ�PDPPRJUDSKLF�SKDQWRP�ZHUH�FDUULHG�RXW��,W�LV�VKRZQ�WKDW
WKH�XVH�RI�WKH�UHIUDFWLRQ�LPDJLQJ�PHWKRG�ZLOO�HQKDQFH�VLJQLILFDQWO\�WKH
VHQVLWLYLW\�RI�PDPPRJUDSKLF�H[DPLQDWLRQ�

.DVKWDQNLQ�,� $���*XULQ�1� 7��3KRWRVHQVLWLYH�%LSRODU�6LOLFRQ�1�VKDSHG
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7KH�QHZ�SKRWRVHQVLWLYH�ELSRODU�VLOLFRQ�1�VKDSHG�GHYLFHV�ZLWK�JXLGHG
,�9�FKDUDFWHULVWLFV�DUH�GLVFXVVHG�LQ�WKLV�SDSHU��7KH�PRGXODWLRQ�RI�LQIUDUHG
UDGLDWLRQ�FDXVHV�WKH�LQFUHDVLQJ�RU�GHFUHDVLQJ�WR�QXOO�RI�WKH�PD[�FXUUHQW�LQ
WKH�RXWSXW�,�9�FKDUDFWHULVWLFV��7KH�UHVXOWV�RI�PRGHOLQJ�FRUUHVSRQG�WR�H[�
SHULPHQWDO�GDWD�
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