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$VVRFLDWLRQ�RI�VHFRQGDU\�K\SHUSDUDWK\URLGLVP�ZLWK�PDOQXWULWLRQ�DQG�LQIODPPDWLRQ�LQ�PDLQWHQDQFH�KHPRGLDO\VLV�SDWLHQWV��
5XQQLQJ�WLWOH��VHFRQGDU\�K\SHUSDUDWK\URLGLVP�DQG�PDOQXWULWLRQ�LQ�KHPRGLDO\VLV�

5DILHDQ�.RSDHL��0��3K'��� %DUDGDUDQ��$�0'�3K'�� DQG�1DVUL�+�0'�ð
�
ï�0HGLFDO��3ODQWV�5HVHDUFK�&HQWHU��6KDKUHNRUG�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��6KDKUHNRUG��,UDQ��

ð'HSDUWPHQW�RI�1HSKURORJ\��6KDKUHNRUG�8QLYHUVLW\�RI�0HGLFDO�6FLHQFHV��6KDKUHNRUG��,UDQ��

&RUUHVSRQGLQJ�DXWKRU��3URIHVVRU�+DPLG�1DVUL��'HSDUWPHQW�RI�1HSKURORJ\��6KDKUHNRUG�8QLYHUVLW\�RI�0HGLFDO���6FLHQFHV��6KDKUHNRUG��,UDQ��(PDLO�KDPLGQDVUL#\DKRR�FRP�
�$%675$&7�7KLV�VWXG\�FRQGXFWHG�WR�IRXQG�RXW�WKH�DVVRFLDWLRQ�RI�KLJK�37+�OHYHOV�ZLWK�YDULRXV�LQGLFHV�RI�PDOQXWULWLRQ�DQG�LQIODPPDWLRQ�LQ�KHPRGLDO\VLV��+'��SDWLHQWV��,QWDFW�VHUXUP�37+��L37+��DQG�VHUXP�&�UHDFWLYH� SURWHLQ� �&53��� VHUXP� FDOFLXP� �&D��� SKRVSKRUXV� �3��� $ONDOLQH� 3KRVSKDWDVH� �$/3��� VHUXP�FKROHVWHURO��FKRO��DQG�VHUXP�WULJO\FHULGH��7*��ZHUH�PHDVXUHG��7RWDO�SDWLHQWV�ZHUH�����I ���P �����7KH�PHDQ�SDWLHQW
V�DJH�ZDV���������\HDUV��7KH�YDOXH�RI�VHUXP�L37+�RI�DOO�+'�SDWLHQWV�ZDV���������SJ�P/��WKH� YDOXH� RI� VHUXP� L37+� RI� GLDEHWLF� DQG� QRQ�GLDEFWLF� GLDO\VLV� SDWLHQWV� ZHUH� �������� DQG� ��������SJ�P/��UHVSHFWLYHO\��,Q�WKLV�VWXG\�ZH�IRXQG�D�VLJQLILFDQW�SRVLWLYH�FRUUHODWLRQ�RI�VHUXP�L37+�ZLWK�VHUXP�&53��D�VLJQLILFDQW�LQYHUVH�FRUUHODWLRQ�RI�VHUXP�L37+�ZLWK�%0,�DQG�D�VLJQLILFDQW�SRVLWLYH�FRUUHODWLRQ�RI�VHUXP�$/3� ZLWK� /RJDULWKP� RI� &53�� $OVR� D� VLJQLILFDQW� SRVLWLYH� FRUUHODWLRQ� RI� VHUXP� SKRVSKRUXV� ZLWK�VHUXP� &53� DQG� D� VLJQLILFDQW� LQYHUVH� FRUUHODWLRQ� RI� VHUXP� SKRVSKRUXV� ZLWK� %0,� ZHUH� IRXQG�� :KHQ�SDWLHQWV� ZLWK� L37+� EHORZ� WKDQ� ���� SJ�P/� ZHUH� GHOHWHG�� WKH� FRUUHODWLRQ� RI� L37+� ZLWK� &53� � EHFDPH��SRVLWLYH� �U ������ S�  ������� DQG� ZKHQ� SDWLHQWV� ZLWK� L37+� PRUH� WKDQ� ���SJ�P/� ZHUH� GHOHWHG�� WKLV�FRUUHODWLRQ�ZDV�IRXQG�WR�EH�QHJDWLYH��U �������S���������ZKLFK�PHDQV�WKDW�D�ORZ�L37+�YDOXH�LV�DQ�LQGH[�RI�PDOQXWULWLRQ�ZKLOH�KLJKHU�YDOXH�LV�DVVRFLDWHG�ZLWK�LQIODPPDWLRQ��)XUWKHU�DWWHQWLRQ�QHHGV�WR�EHWWHU�FRQWURO�RI�K\SHUSKRVSKDWHPLD�DQG�PDLQWDLQLQJ� WKH� L37+�OHYHOV� O��� WLPHV�RI�QRUPDO� WR�DYRLG� WKH�VLGHV�HIIHFWV�RI�VHFRQGDU\�K\SHUSDUDWK\URLGLVP��
>5DILHDQ�.RSDHL��0��%DUDGDUDQ��$DQG�1DVUL�+��$VVRFLDWLRQ�RI� VHFRQGDU\�K\SHUSDUDWK\URLGLVP�ZLWK�PDOQXWULWLRQ� DQG� LQIODPPDWLRQ� LQ� PDLQWHQDQFH� KHPRGLDO\VLV� SDWLHQWV� /LIH� 6FL� -� �������������������@��,661�������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP������.H\ZRUGV��VHFRQGDU\�K\SHUSDUDWK\UFGLVLP��(QG�VWDJH��UHQDO�IDLOXUH��QXWULWLRQDO�VWDWXV��

,QWURGXFWLRQ�$PRQJ� SRWHQWLDO� FDQGLGDWHV� IRU� WKH� KLJK� UDWH� RI�KRVSLWDOL]DWLRQ� DQG� PRUWDOLW\� LQ� PDLQWHQDQFH�KHPRGLDO\VLV� �+'�� SDWLHQWV�� ERWK� SURWHLQ�HQHUJ\�PDOQXWULWLRQ� �3(0�� DQG� LQIODPPDWLRQ� FRQWLQXH� WR� EH�DW� WKH� WRS� RI� WKH� OLVW� ������� (SLGHPLRORJLFDO� VWXGLHV�UHSHDWHGO\� DQG� FRQVLVWHQWO\� KDYH� VKRZQ� D� VWURQJ�DVVRFLDWLRQ�EHWZHHQ�FOLQLFDO�RXWFRPH�DQG�PHDVXUHV�RI�ERWK�PDOQXWULWLRQ���������DQG�LQIODPPDWLRQ�LQ�GLDO\VLV�SDWLHQWV� �������� 0RUHRYHU�� PDQ\� LQYHVWLJDWRUV� KDYH�REVHUYHG� WKDW� WKHVH� WZR� FRQGLWLRQV� WHQG� WR� RFFXU�FRQFXUUHQWO\�DQG�FRH[LVW�LQ�LQGLYLGXDOV�ZLWK�HQG�VWDJH�UHQDO�GLVHDVH��(65'���DQG�PDQ\�IDFWRUV�WKDW�HQJHQGHU�RQH�RI�WKHVH�FRQGLWLRQV�DOVR�OHDG�WR�WKH�RWKHU����������7KHUHIRUH�� WKH� WHUPV� PDOQXWULWLRQ�LQIODPPDWLRQ�FRPSOH[� V\QGURPH� �0,&6��� RU� PDOQXWULWLRQ��LQIODPPDWLRQ�� DQG� DWKHURVFOHURVLV� V\QGURPH� KDYH�EHHQ� SURSRVHG� WR� LQGLFDWH� WKH� FRPELQDWLRQ� RI� WKHVH�

WZR� FRQGLWLRQV� LQ� WKHVH� SDWLHQWV� ��������� 7KH� 0,&6�LQFUHDVLQJO\�KDV�EHFRPH�WKH�PDLQ�IRFXV�RI�DWWHQWLRQ�RI�RXWFRPH� UHVHDUFK� FRQFHUQLQJ� PDLQWHQDQFH� GLDO\VLV�SDWLHQWV� ��������� ,QGHHG� PDOQXWULWLRQ� LV� SUHVHQW� WR�VRPH� H[WHQW� LQ� DSSUR[LPDWHO\� ���� RI� FKURQLF� UHQDO�IDLOXUH� �&5)�� SDWLHQWV� RQ� PDLQWHQDQFH� +'� ���������6HYHUDO� PDUNHUV� RI� PDOQXWULWLRQ� VXFK� DV� ORZ� ERG\�PDVV� LQGH[� DQG� ORZ� VHUXP� DOEXPLQ� KDYH� EHHQ�DVVRFLDWHG�ZLWK� KLJK�PRUELGLW\� DQG�PRUWDOLW\� UDWHV� LQ�WKLV� JURXS� RI� SDWLHQWV� ��������� 0DOQXWULWLRQ� LQ� WKHVH�SDWLHQWV� LV�FRQVLGHUHG� WR�EH�GXH� WR� DQRUH[LD�ZLWK� ORZ�IRRG� LQWDNH� ��������� WR� WKH� ORVV� RI� QXWULHQWV� DQG�FDWDEROLVP�GXULQJ� WKH� GLDO\VLV� SURFHGXUH�� LQWHUFXUUHQW�LOOQHVVHV� ���������PHWDEROLF� DFLGRVLV� ��������� JOXFRVH�LQWROHUDQFH�� LQFUHDVHG� F\WRNLQH� OHYHOV�� DQG� RWKHU�KRUPRQDO� GHUDQJHPHQWV� ��������� $PRQJ� WKHVH� ODVW�GLVWXUEDQFHV�� KLJK� SDUDWK\URLG� KRUPRQH� �37+�� OHYHO��IUHTXHQWO\� REVHUYHG� LQ� &5)� SDWLHQWV� PD\� EH�
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LPSOLFDWHG� LQ� WKH� QXWULWLRQDO� DEQRUPDOLWLHV� IRXQG� LQ�WKHVH� SDWLHQWV� ��������� ,Q� IDFW�� LW� KDV� EHHQ� REVHUYHG�WKDW� SDWLHQWV� ZLWK� SULPDU\� K\SHUSDUDWK\URLGLVP� PD\�VKRZ� HYLGHQFH� RI� ZHLJKW� ORVV�� ZHDNQHVV� DQG� PXVFOH�DWURSK\�DQG�QHJDWLYH�QLWURJHQ�EDODQFH����������,Q�WKLV�UHJDUG� IHZ� VWXGLHV� KDYH� DQDO\]HG� WKH� DVVRFLDWLRQ� RI�KLJK�37+�OHYHOV�ZLWK�ERG\�PDVV�LQGH[�DV�D�PDUNHU�RI�QXWULWLRQDO� VWDWXV� DQG� VHUXP� &� UHDFWLYH� SURWHLQ� DV� D�PDUNHU�RI�LQIODPPDWLRQ�WR�EHWWHU�IRXQG�WKH�DVVRFLDWLRQ�RI� KLJK� 37+� OHYHOV� ZLWK� PDOQXWULWLRQ�LQIODPPDWLRQ�FRPSOH[� V\QGURPH� �0,&6�� ��������� :H� WKHUHIRUH�VRXJKW� WR� VWXG\� WKLV� DGYHUVH� HIIHFW� RI� VHFRQGDU\�K\SHUSDUDWK\URLGLVP� �V+37+�� LQ� D� JURXS� RI�PDLQWHQDQFH�KHPRGLDO\VLV�SDWLHQWV��0+3V��FRQVLVWLQJ�RI�QRQ�GLDEHWLF�DQG�GLDEHWLF�SDWLHQWV���
�3DWLHQWV�DQG�PHWKRGV�3DWLHQWV�7KLV� FURVV�VHFWLRQDO� VWXG\�ZDV� FRQGXFWHG� RQ� SDWLHQWV�ZLWK� HQG�VWDJH� UHQDO� GLVHDVH� �(65'��� ZKR� ZHUH�XQGHUJRLQJ�PDLQWHQDQFH�+'�WUHDWPHQW��7KH�HWLRORJLHV�RI� UHQDO� IDLOXUH� ZHUH� GLIIHUHQW�� FRQWDLQLQJ� PDLQO\�GLDEHWLF� QHSKURSDWK\�� K\SHUWHQVLRQ�� YDULRXV�JORPHUXODU� GLVHDVHV�� DXWRVRPDO� GRPLQDQW� SRO\� F\VWLF�NLGQH\� GLVHDVH� �$'3.'�� DQG� DOVR� XULQDU\� WUDFW�LQIHFWLRQV� ��������� $FFRUGLQJ� WR� WKH� VHYHULW\� RI�K\SHUSDUDWK\URLGLVP�� HDFK� SDWLHQW� EHLQJ� WUHDWHG� IRU�V+37+�ZDV�JLYHQ�RUDO�DFWLYH�YLWDPLQ�'���5RFDOWURO���FDOFLXP� FDUERQDWH�� DQG� 5HQD�*HO� FDSVXOHV� DW� YDULRXV�GRVHV�� $FFRUGLQJ� WR� WKH� VHYHULW\� RI� DQHPLD�� SDWLHQWV�ZHUH� XQGHU� ,9� LURQ� WKHUDS\� ZLWK� ,URQ� VXFURVH��YHQRIHU�� DW� YDULRXV�GRVHV� DIWHU� HDFK�GLDO\VLV� VHVVLRQ��DOO� SDWLHQWV� ZHUH� XQGHU� WUHDWPHQWV� RI� �PJ� IROLF� DFLG�GDLO\�� ���PJ� /�&DUQLW� K\SHUSDUDWK\URLGLVP� LQ� GDLO\��RUDO�9LWDPLQ�%� FRPSOH[� WDEOHW� GDLO\� DQG� DOVR� ����8�: (SUH[� �UHFRPELQDQW� KXPDQ� HU\WKURSRLHWLQ��U+X(32�� XQLTXH� IRU� HDFK� SDWLHQW� DIWHU� HDFK� GLDO\VLV�VHVVLRQ� URXWLQHO\� ��������� ([FOXVLRQ� FULWHULD� ZHUH�DFWLYH�RU�FKURQLF�LQIHFWLRQ��7KH�VWXG\�ZDV�GRQH�LQ�WKH�KHPRGLDO\VLV� VHFWLRQ� RI� 6KDKUHNRUG� 8QLYHUVLW\� RI�0HGLFDO�6FLHQFHV�LQ�6KDKUHNRUG�RI�,UDQ���/DERUDWRU\�PHWKRGV��$IWHU�DQ�RYHUQLJKW�IDVW��EORRG�VDPSOHV�ZHUH�REWDLQHG��,QWDFW� VHUXP� 37+� �L37+�� ZDV� PHDVXUHG� E\� WKH�UDGLRLPPXQRDVVD\� �5,$��PHWKRG� XVLQJ�'6/������ RI�86$� �QRUPDO� UDQJH� RI� YDOXHV� LV� ������ SJ�P/��� $OVR�SHULSKHUDO� YHQRXV� EORRG� VDPSOHV� ZHUH� FROOHFWHG� IRU�ELRFKHPLFDO� DQDO\VLV� LQFOXGLQJ� VHUXP� SUHGLDO\VLV�FUHDWLQLQH� �&UHDW��� SRVW� DQG� SUHGLDO\VLV� EORRG� XUHD�QLWURJHQ� �%81��� DOEXPLQ� �$OE�� DV� ZHOO� DV� VHUXP� &�UHDFWLYH� SURWHLQ� �&53��� VHUXP� FDOFLXP� �&D���SKRVSKRUXV� �3��� $ONDOLQH� 3KRVSKDWDVH� �$/3��� VHUXP�FKROHVWHURO� �&KRO�� DQG� VHUXP� WULJO\FHULGH� �7*�� ZHUH�PHDVXUHG�XVLQJ�VWDQGDUG�NLWV��%RG\�PDVV�LQGH[��%0,��

FDOFXODWHG� XVLQJ� WKH� VWDQGDUG� IRUPXOD� �SRVW� GLDO\]HG�ZHLJKW� LQ�NLORJUDPV�KHLJKW� LQ� VTXDUH�PHWHUV� �� NJ�Pð���)RU� WKH� HIILFDF\� RI� KHPRGLDO\VLV� WKH� XUHD� UHGXFWLRQ�UDWH� �855�� ZDV� FDOFXODWHG� IURP� SUH�� DQG� SRVW�EORRG�XUHD� QLWURJHQ� �%81�� GDWD� ������ 'XUDWLRQ� DQG� WKH�DPRXQW� RI� VHVVLRQV� RI� +'� ZHUH� FDOFXODWHG� IURP� WKH�SDWLHQWV
� UHFRUGV�� 7KH� GXUDWLRQ� RI� HDFK� KHPRGLDO\VLV�VHVVLRQ� ZDV� �� KRXUV�� 6WDWLVWLFDO� DQDO\VLV�� 5HVXOWV� DUH�H[SUHVVHG� DV� WKH� PHDQ�6'� DQG� PHGLDQ� YDOXHV��&RPSDULVRQ� EHWZHHQ� WKH� JURXSV� ZDV� GRQH� XVLQJ�6WXGHQW
V� W�WHVW�� 6WDWLVWLFDO� FRUUHODWLRQV� ZHUH� DVVHVVHG�XVLQJ� SDUWLDO� FRUUHODWLRQ� WHVW�� 6WDWLVWLFDO� DQDO\VLV� ZDV�SHUIRUPHG� RQ� WRWDO� KHPRGLDO\VLV�� IHPDOHV�� PDOHV��GLDEHWLFV�DQG�QRQ�GLDEHWLF�SRSXODWLRQV�VHSDUDWHO\��)RU�VRPH� FRUUHODWLRQV� WKH� ORJDULWKP� RI� VRPH� GDWD� ZHUH�XVHG�WRR��$OO�VWDWLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�ULVLQJ�6366� �YHUVLRQ� �� ��������� 6WDWLVWLFDO� VLJQLILFDQFH� ZDV�GHWHUPLQHG�DW�D�S�������
�5HVXOWV��7RWDO�SDWLHQWV�ZHUH�����)������0�������FRQVLVWLQJ�RI�����)���O� ��0�����QRQ�GLDEHWLF�+'�SDWLHQWV� DQG���� �)����0����GLDEHWLF�+'�SDWLHQWV��7DEOH������DQG���VKRZ�WKH�0HDQ� �6'�� PLQLPXP� DQG� PD[LPXP� DQG� PHGLDQ� RI�DJH��GXUDWLRQ�DQG�VHVVLRQV�RI�+'�DQG�DOVR� ODERUDWRU\�UHVXOWV� RI� DOO� SDWLHQWV�� 7KH� YDOXH� RI� VHUXP� L37+� RI�WRWDO�+'�SDWLHQWV�ZDV��-�������PHGLDQ�������SJ�P/��WKH�YDOXH�RI�VHUXP�L37+�RI�GLDEHWLF�DQG�QRQ�GLDEHWLF�+'� SDWLHQWV� ZHUH� �������� �PHGLDQ����� DQG���������PHGLDQ�����SJ�P/�UHVSHFWLYHO\��,Q�WRWDO�+'�SDWLHQWV� D� QHDU� VLJQLILFDQW� SRVLWLYH� FRUUHODWLRQ� RI�VHUXP� L37+� ZLWK� VHUXP� &53� �U ������ S ��������DGMXVWHG� IRU� &D�� 3�� 855�� '0�� DJH�� GXUDWLRQ� DQG�VHVVLRQV� RI� GLDO\VLV�� ZDV� VHHQ�� D� VLJQLILFDQW� LQYHUVH�FRUUHODWLRQ� RI� VHUXP� L37+� ZLWK� %0,� �U �������S ��������DGMXVWHG�IRU�GLDO\VLV�VHVVLRQV��ZHUH�VHHQ��,Q�WRWDO�SDWLHQWV�D�QHDU�VLJQLILFDQW�SRVLWLYH�FRUUHODWLRQ�RI�VHUXP�$/3�ZLWK�/RJDULWKP�RI�&53��U ������S ��������DGMXVWHG� IRU� DJH�� GXUDWLRQ� DQG� VHVVLRQV� RI� GLDO\VLV��ZDV� IRXQG�� ,Q� WKLV� JURXS� DOVR� D� VLJQLILFDQW� SRVLWLYH�FRUUHODWLRQ� RI� VHUXP� SKRVSKRUXV� ZLWK� VHUXP� &53��U ������ S ������� �DGMXVWHG� IRU� DJH� GXUDWLRQ� 	�VHVVLRQV� RI� GLDO\VLV�� DQG� D� VLJQLILFDQW� LQYHUVH�FRUUHODWLRQ� RI� VHUXP� SKRVSKRUXV� ZLWK� %0,� �U �������S ������� �DGMXVWHG� IRU� GLDO\VLV� VHVVLRQV�� ZHUH� IRXQG�WRR�� 0RUHRYHU� LQ� DOO� SDWLHQWV� D� VLJQLILFDQW� SRVLWLYH�FRUUHODWLRQ� RI� VHUXP�7*�ZLWK�%0,� �U ����� S ��������DGMXVWHG�IRU�DJH��GXUDWLRQ�DQG�VHVVLRQV�RI�GLDO\VLV�IRU�FRUUHODWLRQV�� ZDV� H[LVWHG� WRR�� ,Q� DOO� SDWLHQWV� D�VLJQLILFDQW� LQYHUVH� FRUUHODWLRQ� RI� VHUXP� DOEXPLQ�ZLWK�ORJDULWKP� RI� &53� �U ������� S ������� �DGMXVWHG� IRU�DJH�� GLDO\VLV� VHVVLRQV� DQG� GXUDWLRQ�� VHUXP�&D� DQG� 3��ZDV� VHHQ�� ,Q� PDOH� +'� SDWLHQWV� WKHUH� ZDV� D� QHDU�VLJQLILFDQW�SRVLWLYH�FRUUHODWLRQ�RI�VHUXP�DOEXPLQ�ZLWK�%0,��U ������S ���������
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7DEOH�����'DWD��RI�DOO�+'��SDWLHQWV�
1 ��� 0LQLPXP� 0D[LPXP� 0HDQ�6'� 0HGLDQ�
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7DEOH����'DWD�RI�QRQ�GLDEHWLF�SDWLHQWV��
Q ��� 0LQLPXP� 0D[LPXP� 0HDQ�6'� 0HGLDQ�
$JH���\HDUV��'+
 �PRQWKV��'LDO\VLV�GRVH�FHVVLRQV�855��&D��PJ�G/��3 �PJ�G/��$/3��,8�/��$OE��J�G/��&53��PJ�G/��L3+7�SJ�PO�&KRO��PJ�G/��7*��PJ�G/��%0,��NJ�P��
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 'XUDWLRQ�RI�KHPRGLDO\VLV��
�7DEOH����'DWD��RI�GLDEHWLF�+'��SDWLHQWV��
Q ��� 0LQLPXP� 0D[LPXP� 0HDQ�6'� 0HGLDQ�
$JH��\HDUV��'+��PRQWKV��'LDO\VLV��GRVH�FHVVLRQV��855��&D��PJ�G/��3 �PJ�G/��$/3��,8�/��$OE��J�G/��&53��PJ�/��L3+7��SJ�P/��&KRO��PJ�G/��7*��PJ�G/��%0,��NJ�P��
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'LVFXVVLRQ�,Q� WKLV� VWXG\� ZH� IRXQG� D� QHDU� VLJQLILFDQW� SRVLWLYH�FRUUHODWLRQ�RI� VHUXP� L37+� ZLWK� VHUXP� &53�� D�VLJQLILFDQW� LQYHUVH� FRUUHODWLRQ� RI� VHUXP� L37+� ZLWK�%0,� DQG� D� QHDU� VLJQLILFDQW� SRVLWLYH� FRUUHODWLRQ� RI�

VHUXP�$/3�ZLWK�/RJDULWKP�RI�&53��$OVR�D�VLJQLILFDQW�SRVLWLYH� FRUUHODWLRQ� RI� VHUXP� SKRVSKRUXV� ZLWK� VHUXP�&53� DQG� DOVR� D� VLJQLILFDQW� LQYHUVH� FRUUHODWLRQ� RI�VHUXP�SKRVSKRUXV�ZLWK�%0,�ZHUH�IRXQG��$�VLJQLILFDQW�LQYHUVH� FRUUHODWLRQ� RI� VHUXP� FKROHVWHURO� ZLWK� VHUXP�
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SKRVSKRUXV� ZDV� VHHQ�� :H� DOVR� IRXQG� D� VLJQLILFDQW�LQYHUVH� FRUUHODWLRQ� RI� VHUXP� DOEXPLQ� ZLWK� ORJDULWKP�RI�&53��0RUHRYHU�D�VLJQLILFDQW�SRVLWLYH�FRUUHODWLRQ�RI�VHUXP� DOEXPLQ� ZLWK� %0,� ZDV� REVHUYHG�� WRR�� 6HUXP�DOEXPLQ�� FKROHVWHURO� DQG� DOVR� %0,� DUH� LQGH[HV� RI�QXWULWLRQDO� VWDWXV� LQ� +'� SDWLHQWV� ZKLOH� VHUXP� &53�FRXOG� VKRZ� WKH� LQIODPPDWLRQ� VWDWXV� ������ ����������37+� KDV� ORQJ� EHHQ� FRQVLGHUHG� D� XUHPLF� WR[LQ�� ZLWK�PDQ\� GHOHWHULRXV� FHOOXODU� DQG� PHWDEROLF� HIIHFWV� ��������� ,W� LQFUHDVHV� ERQH� WXUQ� RYHU� DQG� LQGXFHV�QHXURSDWK\�� P\RSDWK\�� FDUGLDF� K\SHUWURSK\��K\SHUOLSLGHPLD��FDUERK\GUDWH�LQWROHUDQFH��DQG�LPPXQH�G\VIXQFWLRQ� ��������� $OWKRXJK� VSHFLILF� VWXGLHV� DUH�ODFNLQJ�� VXFK� FRQGLWLRQV� FRXOG� LQIOXHQFH� WKH�QXWULWLRQDO�VWDWXV�RI�XUHPLF�SDWLHQWV�ZLWK� V+37+����������*DUEHU�GHPRQVWUDWHG�LQ�YLWUR�WKDW�KLJK�37+�OHYHOV�HQKDQFHG�PXVFOH�SURWHRO\VLV�DQG�LQFUHDVHG�WKH�UHOHDVH�RI� DODQLQH� DQG� JOXWDPLQH�� 7KLV� HIIHFW�� KRZHYHU�� ZDV�REVHUYHG� RQO\� LQ� QRUPDO� UDWV� ������ ,Q� D� VWXG\�FRQGXFWHG� E\�<DVXQDJD� HW� DO�� RQ�7KLUW\�IRXU� SDWLHQWV�XQGHU� GLDO\VLV� WKHUDS\� UHFHLYHG� D� SDUDWK\URLGHFWRP\��37[�� IRU� VHFRQGDU\� K\SHUSDUDWK\URLGLVP� IRXQG� WKDW�37[�KDG�EHQHILFLDO�HIIHFWV�RQ�KXUPRUDO�LPPXQRORJLFDO�PDUNHUV� ������ 7KH\� FRQFOXGHG� WKDW� WKLV� HIIHFW� LV�SUREDEO\� GXH� WR� WKH� UHPDUNDEOH� 37+� UHGXFWLRQ� DQG�SDUWO\� LPSURYHU� QXWULWLRQDO� VWDWH� DIWHU� 37[� ������ 7KH�QXWULWLRQDO� DQG� ELRFKHPLFDO� SDUDPHWHUV� RI� ��� FKURQLF�+'� SDWLHQWV�ZLWK� VHYHUH� V+37+�ZKR� KDG� XQGHUJRQH�WRWDO� 37;� ZLWK� D� IRUHDUP� LPSODQW�� ZHUH�UHWURVSHFWLYHO\�VWXGLHG�E\�.KDMHKGHKL�HW�DO��DW����������DQG����PRQWKV�SUH��DQG�SRVW�37[��7KH\�IRXQG�WKDW� LQ����� RI� WKH� SDWLHQWV�� WKH� ZHLJKW� JDLQ� ZDV� PRUH� WKDQ���� DERYH� WKH� EDVHOLQH� ������ $YUDP� HW� DO�� VWXGLHG�SURVSHFWLYHO\� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� HQUROOPHQW�VHUXP� L37+� DQG� DOO� FDXVH� PRUWDOLW\� LQ� ���� +'� DQG�����SHULWRQHDO�GLDO\VLV�SDWLHQWV�IRU����\HDUV�DQG�IRXQG�WKDW� ORZHU� WKDQ� H[SHFWHG� OHYHOV� RI� 37+� LQ� XUHPLF�SDWLHQWV� DUH� DVVRFLDWHG�ZLWK� LQFUHDVHG�PRUWDOLW\� ������0RUHRYHU�� *XK� HW� D���� UHFHQWO\� UHSRUWHG� VLPLODU�ILQGLQJV� WKDW� ORZ� OHYHOV� RI� VHUXP� 37+� DW� HQWU\� DQG�ORZHU� WLPH�GHSHQGHQW�37+� OHYHOV�SUHGLFW�PRUWDOLW\� LQ��+'� � SDWLHQWV������ $YUDP� HW� D���� K\SRWKHVL]HG� WKDW�LQDGHTXDWH� SURWHLQ� LQWDNH�� SKRVSKRUXV� LQWDNH� RU� ERWK�UHVXOW� LQ� LPSDLUHG� GHYHORSPHQW� RI� WKH� H[SHFWHG�V+37+�DQG� LQ� WKH�H[FHVV�PRUWDOLW\�ULVN� LQKHUHQW�ZLWK�PDOQXWULWLRQ������ KRZHYHU�� WR� GDWH� HSLGHPLRORJLF�VWXGLHV� KDYH� VKRZQ� D� SRVLWLYH� DVVRFLDWLRQ� EHWZHHQ� D�KLJK� VHUXP� SKRVSKRUXV� DQG� SRRU� RXWFRPH� DPRQJ�(65'� SDWLHQWV� ������ ,Q� 0+'� SDWLHQWV�� DVVRFLDWLRQV�EHWZHHQ� GHPRJUDSKLF�� FOLQLFDO� DQG� ODERUDWRU\� YDOXHV�DQG� PRUWDOLW\�� LQFOXGLQJ� FDUGLRYDVFXODU� GHDWK�� DUH�VLJQLILFDQWO\� GLIIHUHQW� DQG�� LQ� VRPH� FDVHV�� LQ� WKH�RSSRVLWH� GLUHFWLRQ� RI� WKRVH� GHULYHG� IURP� WKH� JHQHUDO�SRSXODWLRQ�� D� SKHQRPHQRQ�� WHUPHG� UHYHUVH�HSLGHPLRORJ\�������������������+HQFH��WKH�DVVRFLDWLRQ�EHWZHHQ� VHUXP� 37+� DQG� QXWULWLRQDO� VWDWXV� PD\� EH�ELGLUHFWLRQDO�� 6LPLODU� UHYHUVH� HSLGHPLRORJLF�

REVHUYDWLRQV�KDYH�EHHQ�PDGH�IRU�VHUXP�FUHDWLQLQH�DQG�FKROHVWHURO� LQ� RXU� SUHYLRXV� VWXG\� WRR� ������ 7KHVH�VWXGLHV� VKRZ� WKDW�� LQ� 0+'� SDWLHQWV�� WKH� UHODWLRQ�EHWZHHQ� WKH�PHDVXUH�DQG�RXWFRPH�LV�FRXQWHULQWXLWLYH��7KH�FDXVH�RI�WKH�XQDQWLFLSDWHG�UHODWLRQ�EHWZHHQ�ORZHU�VHUXP� 37+� DQG� LQFUHDVHG� PRUWDOLW\� PLJKW� EH�H[SODLQHG�E\�WKH�PDOQXWULWLRQ�LQIODPPDWLRQ�V\QGURPH��/RZ� LQWDNHV�RI� FDOFLXP�SKRVSKRUXV��SURWHLQ� DQG��RZ�VHUXP�SKRVSKRUXV� �ZKLFK�PD\� DOO� EH� DVVRFLDWHG�ZLWK�PDOQXWULWLRQ� RU� DQ� LQIODPPDWRU\� VWDWH� RU� ERWK��� PD\�DFFRXQW� IRU� WKLV� UHODWLRQ�� 5HGXFHG� LQWDNHV� RI� WKHVH�VXEVWDQFHV� PLJKW� OHDG� WR� ORZHU� VHUXP� 37+�FRQFHQWUDWLRQV�DQG��GLUHFWO\�RU�DV�D�UHVXOW�RI�DVVRFLDWHG�GLVHDVHV�� PLJKW� LQGXFH� KLJKHU� PRUWDOLW\��:KLOH� D� ����WLPH� RI� 37+� OHYHO� LV� QHFHVVDU\� IRU� ERQH� DFWLYLW\� LQ�GLDO\VLV� SDWLHQWV�� WKH� YDOXHV� PRUH� WKDQ� WKLV� DPRXQW�KDYH� GHOHWHULRXV� HIIHFWV� DV� PHQWLRQHG�� :KLOH� VHUXP�&53�LV�D�PDUNHU�RI�LQIODPPDWLRQ����������ZH�VKRZHG�LWV�SRVLWLYH�FRUUHODWLRQV�ZLWK�VHUXP�L37+�DV�ZHOO�DV�LWV�QHJDWLYH� FRUUHODWLRQ�ZLWK�%0,��:KLOHVW� WKH�%0,� LV� D�PDUNHU�RI�QXWULWLRQDO�VWDWXV���������0RUH�RYHU�SRVLWLYH�DVVRFLDWLRQV�RI�KLJK�VHUXP�SKRVSKRUXV�DQG�$/3�DV�WKH�PDUNHUV� RI� XQFRQWUROOHG� VHFRQGDU\�K\SHUSDUDWK\URLGLVP� LQ� 0+3V� ZLWK� &53� DQG� DOVR�QHJDWLYH� FRUUHODWLRQ� RI� KLJK� VHUXP� SKRVSKRUXV� ZLWK�%0,� IXUWKHU� VXSSRUW� WKH� DVVRFLDWLRQ� RI� SRRUO\�FRQWUROOHG� 6+37+�ZLWK�0&6� LQ� GLDO\VLV� SDWLHQWV�� ,Q�WKLV�UHJDUG�ZKHQ�ZH�GHOHWHG�SDWLHQWV�ZLWK�L37+�EHORZ�WKDQ�����SJ�P/��ZH�IRXQG�WKDW�WKH�FRUUHODWLRQ�RI�L37+�ZLWK� &53� ZDV� SRVLWLYH� �U ������ S ������� DQG� ZKHQ�ZH� GHOHWHG� SDWLHQWV� ZLWK� L37+�PDUH� WKDQ� ���SJ�P/��ZH� IRXQG� WKDW� WKLV� FRUUHODWLRQ�ZDV� QHJDWLYH� �U �������S ������� PHDQV� WKDW� D� ORZ� L37+� LV� DQ� LQGH[� RI�PDOQXWULWLRQ� ZKLOH� KLJKHU� YDOXHV� LV� DVVRFLDWHG� ZLWK�LQIODPPDWLRQ��7KXV� IXUWKHU� DWWHQWLRQ� QHHGV� WR� FRQWURO�RI� K\SHUSKRVSKDWHPLD� DQG� PDLQWDLQLQJ� WKH� L37+�OHYHOV�����WLPHV�RI�QRUPDO�WR�DYRLG�WKH�VLGHV�HIIHFWV�RI�VHFRQGDU\�K\SHUSDUDWK\URLGLVP��
�&RQIOLFW�RI�LQWHUHVW�
7KH�DXWKRU�GHFODUHG�QR�FRPSHWLQJ�LQWHUHVWV��
$FNQRZOHGJPHQWV�
:H� ZRXOG� OLNH� WR� WKDQN� VWDIIV� RI� KHPRGLDO\VLV�VHFWLRQ�� 7KLV� ZRUN� ZDV� VXSSRUWHG� E\� 5HVHDUFK�GHSXW\� RI� 6KDKUHNRUG� 8QLYHUVLW\� RI� 0HGLFDO�6FLHQFHV��6KDKUHNRUG��,UDQ��
�
5HIHUHQFHV�
��&DOHJDUL� $�� %DUURV� (*�� 9HURQHVH� )9�� 7KRPp�)6�0DOQRXULVKHG�SDWLHQWV�RQ�KHPRGLDO\VLV� LPSURYH�DIWHU�UHFHLYLQJ�D�QXWULWLRQDO�LQWHUYHQWLRQ��-�%UDV�1HIURO�����������������������
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��6DKQL�1��*XSWD�./��'LHWDU\�DQWLR[LGHQWV�DQG�R[LGDWLYH�VWUHVV� LQ� SUHGLDO\VLV� FKURQLF� NLGQH\� SDWLHQWV�� -�1HSKURSDWKRORJ\�������������������������.DUL� -�� (SLGHPLRORJ\� RI� FKURQLF� NLGQH\� GLVHDVH� LQ�FKLOGUHQ��-�1HSKURSDWKRORJ\������������������������
��6DLWR�$��2KWD�<��6DWR�.��,FKLQRVH�0��$ULL�7��7R\DPD�.�&XUUHQW� LQWHUQDWLRQDO� VWDWXV� RI� KRPH� KHPRGLDO\VLV��&RQWULE�1HSKURO��������������������
��1DVUL�+��%DUDGDUDQ�$�&RUUHODWLRQ�RI�VHUXP�PDJQHVLXP�ZLWK�G\VOLSLGHPLD� LQ�PDLQWHQDQFH�KHPRGLDO\VLV�SDWLHQWV��$FWD�0HGLFD��+UDGHF�.UDORYH����������������������
��%DUDGDUDQ� $�� /LSRSURWHLQ�D��� W\SH� �� GLDEHWHV� DQG�QHSKURSDWK\�� WKH�P\VWHU\� FRQWLQXHV�� -�1HSKURSDWKRORJ\������������������������
��1DVUL�+��6XGGHQ�RQVHW�RI�DFXWH�UHQDO� IDLOXUH� UHTXLULQJ�GLDO\VLV�DVVRFLDWHG�ZLWK�ODUJH�%�FHOO�O\PSKRPD�RI�FRORQ��- 1HSKURSDWKRORJ\�����������������������
���1DVUL�+��+\SHUWHQVLRQ�DQG�UHQDO�IDLOXUH�ZLWK�ULJKW�DUP�SXOVH� ZHDNQHVV� LQ� D� ��� \HDUV� ROG� PDQ�� -�1HSKURSDWKRORJ\�����������������������
��%UDGUDQ��$��1DVUL�+�$VVRFLDWLRQ�EHWZHHQ�ZKLWH�EORRG�FHOO� FRXQW� DQG� OHYHOV� RI� VHUXP� KRPRF\VWHLQH� LQ� � HQG�VWDJH� UHQDO� IDLOXUH� SDWLHQWV� WUHDWLQJ�ZLWK� KHPRGLDO\VLV�� -�$\XE�0HG�&ROO�$EERWWDEDG��������������������
���6iQFKH]�1LxR� 0'�� 2UWL]� $�� ,V� LW� RU� LV� LW� QRW� D�SDWKRJHQLF� PXWDWLRQ"� ,V� LW� RU� LV� LW� QRW� WKH� SRGRF\WH"� -�1HSKURSDWKRORJ\����������������������������*XSWD� ./�� *XSWD� $�� 0XFRUP\FRVLV� DQG� $FXWH�.LGQH\�,QMXU\��-�1HSKURSDWKRORJ\������������������������
���1DVUL� +�6HUXP� OHSWLQ� FRQFHQWUDWLRQ� DQG� OHIW�YHQWULFXODU� K\SHUWURSK\� DQG� IXQFWLRQ� LQ� PDLQWHQDQFH�KHPRGLDO\VLV� SDWLHQWV�� 0LQHUYD� 8URO� 1HIURO�� ��������������������
���� 5DKLPL� =�$&(� LQVHUWLRQ�GHOHWLRQ� �,�'��SRO\PRUSKLVP� DQG� GLDEHWLF� QHSKURSDWK\�� -�1HSKURSDWKRORJ\�����������������������
���1DVUL� +�6HUXP� &�UHDFWLYH� SURWHLQ� �&53�� LQ�DVVRFLDWLRQ� ZLWK� YDULRXV� QXWULWLRQDO� SDUDPHWHUV� LQ�PDLQWHQDQFH� KHPRGLDO\VLV� SDWLHQWV�� %UDWLVO� /HN� /LVW\�����������������������
���7D\HEL� .KRVURVKDKL� � +�� 6KRUW� KLVWRU\� DERXW� UHQDO�WUDQVSODQWDWLRQ� SURJUDP� LQ� ,UDQ� DQG� WKH� ZRUOG�� 6SHFLDO�IRFXV� RQ� ZRUOG� NLGQH\� GD\� ������ -� 1HSKURSDWKRORJ\�������������������

���7RORX�*KDPDUL� =�� 1HSKUR� DQG� QHXURWR[LFLW\��PHFKDQLVPV� RI� UHMHFWLRQ�� $� UHYLHZ� RQ� 7DFUROLPXV� DQG�&\FORVSRULQ�LQ�RUJDQ�WUDQVSODQWDWLRQ��-�1HSKURSDWKRORJ\���������������������
���1DVUL� +�� 7KH� DVVRFLDWLRQ� EHWZHHQ� VHUXP� OHSWLQ� DQG�EORRG� O\PSKRF\WHV� LQ�KHPRGLDO\VLV�SDWLHQWV��%UDWLVO�/HN�/LVW\���������������������
���1DVUL� +�� /LQNDJH� RI� HOHYDWHG� &D[32�� SURGXFW� ZLWK�LQIODPPDWLRQ� LQ� PDLQWHQDQFH� KHPRGLDO\VLV� SDWLHQWV��0LQHUYD�8URO�1HIURO����������������������
���.KDMHKGHKL� 3�� 7XUPHULF�� 5HHPHUJLQJ� RI� D� QHJOHFWHG�$VLDQ� WUDGLWLRQDO� UHPHG\�� -� 1HSKURSDWKRORJ\�� ������������������
���1DVUL� +�� %DUDGDUDQ� $�7KH� LQIOXHQFH� RI� VHUXP� ���K\GUR[\� YLWDPLQ� '� OHYHOV� RQ� +HOLFREDFWHU� 3\ORUL�,QIHFWLRQV� LQ� SDWLHQWV� ZLWK� HQG�VWDJH� UHQDO� IDLOXUH� RQ�UHJXODU�KHPRGLDO\VLV�6DXGL� -�.LGQH\�'LV�7UDQVSO�� �������������������
���1DVUL� +�� %DUDGDUDQ� $�$VVRFLDWLRQ� RI� 6HUXP�+RPRF\VWHLQH� ZLWK� $QHPLD� LQ� 0DLQWHQDQFH�+HPRGLDO\VLV� 3DWLHQWV�� 3DNLVWDQ� -RXUQDO� RI� 1XWULWLRQ�������������������������
���1DVUL�+��%DUDGDUDQ�$��7KH�DVVRFLDWLRQ�RI�VHUXP�OHSWLQ�ZLWK� ELRFKHPLFDO� SDUDPHWHUV� RI� ERQH� WXUQRYHU� LQ�PDLQWHQDQFH� KHPRGLDO\VLV� SDWLHQWV�� $UFK� +HOOHQ� 0HG������������������������
���1DVUL� +�� %DUDGDUDQ� +5�� � /LSLGV� LQ� DVVRFLDWLRQ� ZLWK�VHUXP� PDJQHVLXP� LQ� GLDEHWHV� PHOOLWXV� SDWLHQWV�� %UDWLVO�/HN�/LVW\����������������������
���1DVUL� +�$VVRFLDWLRQ� RI� ZKLWH� EORRG� FHOO� FRXQW� ZLWK�OHIW�YHQWULFXODU�K\SHUWURSK\�DQG�HMHFWLRQ�IUDFWLRQ�LQ�VWDEOH�KHPRGLDO\VLV�SDWLHQWV��6DXGL�-�.LGQH\�'LV�7UDQVSO��������������������
���$OKDUEL� .�� (QULRQH� (%�� 0DOQXWULWLRQ� LV� SUHYDOHQW�DPRQJ� KHPRGLDO\VLV� SDWLHQWV� LQ� -HGGDK�� 6DXGL� $UDELD��6DXGL�-�.LGQH\�'LV�7UDQVSO�����������������������
���%DUDGDUDQ� � $�� $UGDODQ�05�� � 1DVUL� +�� 6HUXP� $QWL�+EV�$J� LQ� 6WDEOH� +HPRGLDO\VLV� 3DWLHQWV� DQG� LWV�5HODWLRQVKLS� ZLWK� 9DULRXV� 'HPRJUDSKLF� DQG�%LRFKHPLFDO�'DWD��$SSO�0HG�,QIRUP���������������������
���*XQH\�,��$WDOD\�+��6RODN�<��$OWLQWHSH�/��7RQEXO�+=��7XUN� 6�3RRU� TXDOLW\� RI� OLIH� LV� DVVRFLDWHG�ZLWK� LQFUHDVHG�PRUWDOLW\� LQ� PDLQWHQDQFH� KHPRGLDO\VLV� SDWLHQWV�� D�SURVSHFWLYH� FRKRUW� VWXG\�� 6DXGL� -� .LGQH\� 'LV� 7UDQVSO��������������������
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���0ROILQR�$�� &KLDSSLQL�0*�� /DYLDQR� $�� $PPDQQ� 7��%ROOHD� 05�� $OHJLDQL� )�� HW� DO�(IIHFW� RI� LQWHQVLYH�QXWULWLRQDO� FRXQVHOLQJ� DQG� VXSSRUW� RQ� FOLQLFDO� RXWFRPHV�RI�KHPRGLDO\VLV�SDWLHQWV��1XWULWLRQ�������0D\����
����*KHLVVDUL� $�� 0HKUDVD� 3�� 0HUULNKL� $�� 0DGLKL� <��$FXWH� NLGQH\� LQMXU\�� $� SHGLDWULF� H[SHULHQFH� RYHU� ���\HDUV� DW� D� WHUWLDU\� FDUH� FHQWHU�� -� � 1HSKURSDWKRORJ\����������������������
���2OLYD� -6��5RD�/0��/DUD�$��*DUULGR�6��6DOJXHLUD�0��3DOPD�$�� HW� DO�6XUYLYDO� DQG� IDFWRUV� SUHGLFWLQJ�PRUWDOLW\�LQ� KHPRGLDO\VLV� SDWLHQWV� RYHU� ��� \HDUV� ROG�� -� 1HSKURO�������0DU�������
���*KHLVVDUL� $�� +HPPDW]DGHK� 6�� 0HUULNKL� $�� )DGDHL�7HKUDQL� 6�� 0DGLKL� <�� &KURQLF� .LGQH\� 'LVHDVH� LQ�&KLOGUHQ�� $� UHSRUW� IURP� D� WHUWLDU\� FDUH� FHQWHU� RYHU� ���\HDUV��-�1HSKURSDWKRORJ\�����������������������
���1DVUL�+�� �0RUWD]DYL�0��*KRUEDQL�$��6KDKED]LDQ�+���.KHLUL�6��%DUDGDUDQ�$��HW�DO�2[IRUG�0(67�FODVVL¿FDWLRQ�LQ� ,J$� QHSKURSDWK\� SDWLHQWV�� $� UHSRUW� IURP� ,UDQ�� -�1HSKURSDWKRORJ\���������������������
���0XEDUDN� 0�� .D]L� -,�� .XOVRRP� 8�� ,VKDTXH� 0��'HWHFWLRQ� RI� � LPPXQRJOREXOLQV� DQG� FRPSOHPHQW�FRPSRQHQWV� LQ� IRUPDOLQ� ¿[HG� DQG� SDUDI¿Q� HPEHGGHG�UHQDO�ELRSV\�PDWHULDO�E\�LPPXQRÀRXUHVFHQFH��WHFKQLTXH��- 1HSKURSDWKRORJ\����������������������
���3DVWLFFL� )�� )DQWX]]L� $/�� 3HJRUDUR� 0�� 0F&DQQ� 0��%HGRJQL� *�1XWULWLRQDO� PDQDJHPHQW� RI� VWDJH� �� FKURQLF�NLGQH\�GLVHDVH��-�5HQ�&DUH���������������������
���(LQROODKL� %�� $UH� DFTXLUHG� F\VWLF� NLGQH\� GLVHDVH� DQG�DXWRVRPDO� � GRPLQDQW� SRO\F\VWLF� NLGQH\� GLVHDVH� ULVN�IDFWRUV� IRU� UHQDO� FHOO� FDUFLQRPD� LQ� NLGQH\� WUDQVSODQW�SDWLHQWV"�-��1HSKURSDWKRORJ\���������������������
���(LQROODKL� %�� 5RVWDPL� =�� 7HLPRRUL� 0�� +XPDQ�OHXNRF\WH� DQWLJHQ� GLVSDULWLHV� RI� ,UDQLDQ� UHQDO� WUDQVSODQW��UHFLSLHQWV��-�1HSKURSDWKRORJ\�����������������������
���7ULPDUFKL� +�� 0XU\DQ� $�� 'LFXJQR� 0�� <RXQJ� 3��)RUUHVWHU�0��/RPEL�)�3URWHLQXULD�� DQ� LJQRUHG�PDUNHU� RI�LQIODPPDWLRQ� DQG� FDUGLRYDVFXODU� GLVHDVH� LQ� FKURQLF�KHPRGLDO\VLV��,QW�-�1HSKURO�5HQRYDVF�'LV���������������
���1DVUL� +�� %DUDGDUDQ� $�$VVRFLDWLRQ� RI� (DUO\�$WKHURVFOHURWLF� 9DVFXODU� &KDQJHV� ZLWK� 6HUXP�/LSRSURWHLQ��D��LQ�3UHGLDO\VLV�&KURQLF�5HQDO�)DLOXUH�DQG�0DLQWHQDQFH�+HPRGLDO\VLV�3DWLHQWV��6DXGL�-�.LGQH\�'LV�7UDQVSO����������������������

���.DODQWDU� (�� 0LQLPL]LQJ� SRWHQWLDO� UHVLVWDQFH� DPRQJ�EDFWHULD� FDXVLQJ� XULQDU\� WUDFW� LQIHFWLRQ�� -�1HSKURSDWKRORJ\���������������������
���1DVUL� +�$VVRFLDWLRQ� RI� � VHUXP� OLSRSURWHLQ� �D�� ZLWK�K\SHUWHQVLRQ� LQ� GLDEHWLF� SDWLHQWV�� 6DXGL� -� .LGQH\� 'LV�7UDQVSO���������������������
���0RRUH� /:�,PSOLFDWLRQV� IRU� QXWULWLRQ� SUDFWLFH� LQ� WKH�PLQHUDO�ERQH� GLVRUGHU� RI� FKURQLF� NLGQH\� GLVHDVH�� 1XWU�&OLQ�3UDFW����������������������
���1DVUL�+��%DUDGDUDQ�$�� ,QYHUVH�$VVRFLDWLRQ�RI�6HUXP�/HSWLQ�ZLWK�6HUXP�&�UHDFWLYH� SURWHLQ� �&53�� LQ�5HJXODU�+HPRGLDO\VLV�3DWLHQWV��50-����������������������
���5HLQKDUGW� :�� 'ROII� 6�� -RKQ� 3�� .ULEEHQ� $�� :LW]NH�2�,PSDFW� RI� UHQDO� IDLOXUH� RQ�PHWDEROLF� ERQH� SDUDPHWHUV�LQ� D� YLWDPLQ� '�GHILFLHQW� SDWLHQW� FRKRUW�� &OLQ� 1HSKURO���������������������
���:ROIH� :$�0RYLQJ� WKH� ,VVXH� RI� 5HQDO� 'LHWLWLDQ�6WDIILQJ�)RUZDUG��-�5HQ�1XWU�������-XQ�����
���1DVUL�+�$ SRVLWLYH�FRUUHODWLRQ�RI�VHUXP�KRPRF\VWHLQH�ZLWK� OHSWLQ� LQ� PDLQWHQDQFH� KHPRGLDO\VLV� SDWLHQWV�� $UFK�0HG�6FL����������������������
���6DODPRQ�.��:RRGV� -�� 3DXO� (��+XJJLQV� &�3HULWRQHDO�'LDO\VLV� 3DWLHQWV� +DYH� +LJKHU� 3UHYDOHQFH� RI�*DVWURLQWHVWLQDO� 6\PSWRPV� 7KDQ�+HPRGLDO\VLV� 3DWLHQWV��- 5HQ�1XWU�������0D\�����
���1DVUL� +�� 6KLUDQL� 6�� %DUDGDUDQ� $�� /LSLGV� LQ�$VVRFLDWLRQ� ZLWK� /HSWLQ� LQ� 0DLQWHQDQFH� +HPRGLDO\VLV�3DWLHQWV��-RXUQDO�RI�0HGLFDO�6FLHQFHV��������������������
���%DUDGDUDQ� $�� 1DVUL� +� �,PSDFW� RI� 3DUDWKRUPRQH�+RUPRQH� RQ� 3ODWHOHW� &RXQW� DQG�0HDQ�9ROXPH� LQ� (QG�VWDJH� 5HQDO� )DLOXUH� 3DWLHQWV� RQ� 5HJXODU� +HPRGLDO\VLV��-RXUQDO�RI�0HGLFDO�6FLHQFHV��������������������±������
���%DUDGDUDQ�$��.KHLUL�6��.LDQPHKU�05��0RUWD]DYL�0��1DVUL�+��$VVRFLDWLRQ�RI�6HFRQGDU\�+\SHUSDUDWK\URLGLVP�ZLWK� &RURQDU\� $UWHU\� 'LVHDVH� LQ� 3DWLHQWV� RQ� 5HJXODU�+HPRGLDO\VLV��$SSO�0HG�,QIRUP���������������������
���1DVUL� +�� %DUDGDUDQ� $�� 7KH� DVVRFLDWLRQ� RI� ���K\GUR[\YLWDPLQ� '� OHYHOV� ZLWK� VHFRQGDU\�K\SHUSDUDWK\URLGLVP� LQ� HQG�VWDJH� UHQDO� IDLOXUH� SDWLHQWV�XQGHUJRLQJ� UHJXODU� KHPRGLDO\VLV�� $UFK� 0HG� 6FL� ��������������������
���1DVUL�+�� %DUDGDUDQ�$�6WURQJ� ,QYHUVH�$VVRFLDWLRQ� RI�6HUXP� 3DUDWKRUPRQH� ZLWK� 3ODVPD� +&2� �� LQ� )HPDOH�+HPRGLDO\VLV� 3DWLHQWV�� 3DNLVWDQ� -RXUQDO� RI� 1XWULWLRQ������������������������
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���1DVUL� +�� .KHLUL� 6�(IIHFWV� RI� GLDEHWHV� PHOOLWXV�� DJH��DQG� GXUDWLRQ� RI� GLDO\VLV� RQ� SDUDWKRUPRQH� LQ� FKURQLF�KHPRGLDO\VLV�SDWLHQWV��6DXGL�-�.LGQH\�'LV�7UDQVSO����������������������
���%DUDGDUDQ� $�� 1DVUL� +�&RUUHODWLRQ� RI� VHUXP�SDUDWKRUPRQH�ZLWK� K\SHUWHQVLRQ� LQ� FKURQLF� UHQDO� IDLOXUH�SDWLHQWV� WUHDWHG� ZLWK� KHPRGLDO\VLV�� 6DXGL� -� .LGQH\� 'LV�7UDQVSO����������������������
���$VVDGL�)��7KH� HSLGHPLF�RI� � SHGLDWULF� FKURQLF� NLGQH\�GLVHDVH�� WKH� GDQJHU� RI� � VNHSWLFLVP�� -� 1HSKURSDWKRORJ\����������������������
���%DUDGDUDQ� $�� 1DVUL� +�&RUUHODWLRQ� RI� VHUXP�PDJQHVLXP�ZLWK� VHUXP� SDUDWKRUPRQH� OHYHOV� LQ� SDWLHQWV�RQ� UHJXODU� KHPRGLDO\VLV�� 6DXGL� -� .LGQH\� 'LV� 7UDQVSO����������������������
���1DVUL�+��%DUDGDUDQ�$��1DGHUL�$6��&ORVH� DVVRFLDWLRQ�EHWZHHQ� SDUDWK\URLG� KRUPRQH� DQG� OHIW� YHQWULFXODU�IXQFWLRQ�DQG�VWUXFWXUH� LQ�HQG�VWDJH�UHQDO� IDLOXUH�SDWLHQWV�XQGHU� PDLQWHQDQFH� KHPRGLDO\VLV�� $FWD� 0HG� $XVWULDFD��������������������
���%DUDGDUDQ� $�� 1DVUL� +�� &RUUHODWLRQ� RI� VHUXP�PDJQHVLXP�ZLWK� VHUXP� SDUDWKRUPRQH� OHYHOV� LQ� SDWLHQWV�RQ� UHJXODU� KHPRGLDO\VLV�� 6DXGL� -� .LGQH\� 'LV� 7UDQVSO���������������������
���1DVUL�+��%DUDGDUDQ�$��/RQJ�ODVWLQJ�DGYDQFHG�SULPDU\�K\SHUSDUDWK\URLGLVP� DVVRFLDWHG� ZLWK� HQG�VWDJH� UHQDO�IDLOXUH� LQ� D� GLDEHWLF� SDWLHQWV�� $FWD� 0HG� ,UDQ� �������������������
���1DVUL� +�� %DUDGDUDQ� $�� 'RURXGJDU� )�� *DQML� )��5HODWLRQVKLS�RI�&RQMXQFWLYDO�DQG�&RUQHDO�&DOFLILFDFWLRQ�ZLWK� 6HFRQGDU\� +\SHUSDUDWK\URLGLVP� LQ� +HPRGLDO\VLV�SDWLHQWV��,UDQ�-�0HG�6FL������������������
���%DUDGDUDQ� $�� 1DVUL� +�� &RUUHODWLRQ� RI� 6HUXP�3DUDWKRUPRQH� ZLWK� +\SHUWHQWLRQ� LQ� &KURQLF� 5HQDO�)DLOXUH� 3DWLHQWV� 7UHDWLQJ� ZLWK� +HPRGLDO\VLV�� 6DXGL� -�.LGQH\�'LV�7UDQVSO������������������������
����0HPROL�%��*XLGD�%��6DUDYR�07��1DVWDVL�$��7ULR�5��/LEHUWL� 5�� HW� DO�� 3UHGLFWLYH� DQG� � GLDJQRVWLF� IDFWRUV� RI�PDOQXWULWLRQ� LQ� KHPRGLDO\VLV� SDWLHQWV�� *� ,WDO� 1HIURO����������������������
���1DVUL� +�� ,QWHQVLILFDWLRQ� RI� $QHPLD� E\� 6HFRQGDU\�+\SHUSDUDWK\URLGLVP�LQ�+HPRGLDO\VLV�3DWLHQWV�� ,UDQLDQ�-�0HG�6FL�����������������
���1DVUL� +�� 3XOPRQDU\� DUWHU\� SUHVVXUH� LQ� DVVRFLDWLRQ�ZLWK� VHUXP� SDUDWKRUPRQH� LQ� PDLQWHQDQFH� KHPRGLDO\VLV�SDWLHQWV��$UFK�0HG�6FL���������O��������

���0XEDUDN� 0�� 2[IRUG� FODVVLILFDWLRQ� RI� ,J$�QHSKURSDWK\��%URDGHQLQJ�WKH�VFRSH�RI� WKH�FODVVLILFDWLRQ��- 1HSKURSDWKRORJ\���������������������
���0RUWD]DYL� 0�� 1DVUL� +�� *UDQXORPDWRVLV� ZLWK�SRO\DQJLLWLV� �:HJHQHU
V�� SUHVHQWLQJ� DV� WKH� ULJKW�YHQWULFXODU� PDVVHV�� � $� FDVH� UHSRUW� DQG� UHYLHZ� RI� WKH�OLWHUDWXUH��-�1HSKURSDWKRORJ\���������������������
���*KRUEDQL�$��(KVDQSRXU�$��5RVKDQ]DPLU�1��2PLGYDU�%��$OWHUDWLRQV�LQ�DQWLELRWLF�VXVFHSWLELOLW\�RI�XULQDU\� WUDFW�LQIHFWLRQ�SDWKRJHQV�� -�1HSKURSDWKRORJ\�������������� �������
���.DULPLIDU� 0�� 'HHS� YHLQ� WKURPERVLV� LQ� FRPELQDWLRQ�ZLWK� JUDQXORPDWRVLV� ZLWK� SRO\DQJLLWLV� �:HJHQHU
V��� -�1HSKURSDWKRORJ\��������������������
���0XEDUDN� 0�� &ROODSVLQJ� IRFDO� VHJPHQWDO�JORPHUXORVFOHURVLV�� ,QFUHDVLQJ� WKH� DZDUHQHVV�� -�1HSKURSDWKRORJ\��������������������
���0RKDPPDGL� � 7RUEDWL� 3�� )RFDO� VHJPHQWDO�JORPHUXORVFOHURVLV�� FROODSVLQJ� YDULDQW�� -�1HSKURSDWKRORJ\��������������������
���$UGDODQ� 05�� 6DPDGLIDU� =�� 9DKHGL� $�� &UHDWLQH�PRQRK\GUDWH� VXSSOHPHQW� LQGXFHG� LQWHUVWLWLDO�QHSKULWLV�� -�1HSKURSDWKRORJ\�����������������������
���5DILHLDQ�.RSDHL� 0�� 1DVUL� +�� 1HPDWEDNKVK� 0��%DUDGDUDQ�$��*KHLVVDUL�$��5RXKL�+��HW�DO� (U\WKURSRLHWLQ�DPHOLRUDWHV� JHQHWDP\FLQ�LQGXFHG� UHQDO� WR[LFLW\�� $�ELRFKHPLFDO� DQG� KLVWRSDWKRORJLFDO� VWXG\�� -�1HSKURSDWKRORJ\����������������������
���7DYD¿�0���,QKLELWLRQ�RI��JHQWDPLFLQ�±��LQGXFHG��UHQDO��WXEXODU�FHOO�QHFURVLV���-�1HSKURSDWKRORJ\���������������������
���.DGNKRGDHH�0��(U\WKURSRLHWLQ��EULJKW�IXWXUH�DQG�QHZ�KRSHV� IRU� DQ� ROG� GUXJ�� -� 1HSKURSDWKRORJ\�� ������ ��������������
���%RDJ� � -7�� ������� �� %DVLF� 7UXWKV� LQ� 2SWLPDO�+HPRGLDO\VLV��'LDO\VLV�DQG�7UDQVSODQWDWLRQ��9ROXPH�����1XPEHU�����1RYHPEHU������3DJH������
���.RED\DVKL� ,�� 6KLGDUD� .�� 2NXQR� 6�� <DPDGD� 6��,PDQLVKL�<��0RUL�.�� HW� DO�� +LJKHU� VHUXP� ERQH� DONDOLQH�SKRVSKDWDVH� DV� D� SUHGLFWRU� RI� PRUWDOLW\� LQ� PDOH�KHPRGLDO\VLV� SDWLHQWV�� /LIH� 6FL�� ����� -DQ� ���� ����������������
���-HDQ�*��+RZ�WR�PDQDJH�PLQHUDO�PHWDEROLVP�GLVRUGHUV�LQ�UHQDO�IDLOXUH��3UHVVH�0HG�������1RY�����������������
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���� 3DVTXDOL� 0�� 7DUWDJOLRQH� /�� 5RWRQGL� 6�� 0XFL� 0/��3LUUR
�*��0D]]DIHUUR�6��8SGDWH�RQ� WKH�SDWKRJHQHVLV�DQG�SRVVLEOH�WKHUDSHXWLF�DSSURDFK�WR�YDVFXODU�FDOFLILFDWLRQV�LQ�SDWLHQWV�ZLWK� FKURQLF� UHQDO� IDLOXUH��*� ,WDO�1HIURO�� ��������������������
���0RRUWKL� 51�� 0RH� 60�&.'�PLQHUDO� DQG� ERQH�GLVRUGHU��FRUH�FXUULFXOXP�������$P�-�.LGQH\�'LV������������������������
���%UXQQHU�=LHJOHU�6��)U|VFKO�%��+LHELQJHU�&��=VLINRYLWV�-�(IIHFWLYHQHVV�DQG�FRVW�HIILFDF\�RI�SKRVSKDWH�ELQGHUV�LQ�KHPRGLDO\VLV��$QQ�1XWU�0HWDE���������������������
���5DPRV�5��$OFi]DU�5��2WHUR�$��GH�)UDQFLVFR�$/��GHO�3LQR� 0'�(FRQRPLF� LPSDFW� RI� YLWDPLQ� '� WUHDWPHQW� RQ�FKURQLF� NLGQH\� GLVHDVH� SDWLHQWV�� 1HIURORJLD����������������������
���8UHxD�7RUUHV�3��0HW]JHU�0��+D\PDQQ�-3��.DUUDV�$��%RIID� --�� )ODPDQW� 0�� HW� DO�$VVRFLDWLRQ� RI� NLGQH\�IXQFWLRQ�� YLWDPLQ�'� GHILFLHQF\�� DQG� FLUFXODWLQJ�PDUNHUV�RI� PLQHUDO� DQG� ERQH� GLVRUGHUV� LQ� &.'�� $P� -� .LGQH\�'LV����������������
����*DUEHU� $-�� (IIHFWV� RI� SDUDWK\URLG� KRUPRQH� RQ�VNHOHWDO�PXVFOH�SURWHLQ�DQG�DPLQR�DFLG�PHWDEROLVP�LQ�WKH�UDW��-�&OLQ�,QYHVW�����������������������
���<DVXQDJD�&��1DNDPRWR�0��0DWVXR�.��1LVKLKDUD�*��<RVKLGD�7��*R\D�7�(IIHFWV�RI�D�SDUDWK\URLGHFWRP\�RQ�WKH�LPPXQH� V\VWHP� DQG� QXWULWLRQDO� FRQGLWLRQ� LQ� FKURQLF�GLDO\VLV� SDWLHQWV� ZLWK� VHFRQGDU\� K\SHUSDUDWK\URLGLVP��$P�-�6XUJ����������������������

���.KDMHKGHKL�3��$OL�0��$O�*HERU\�)��+HQU\�*��%DVWDQL�%�7KH� HIIHFWV� � RI� SDUDWK\URLGHFWRP\� RQ� QXWULWLRQDO� DQG�ELRFKHPLFDO� VWDWXV� RI� KHPRGLDO\VLV� SDWLHQWV� ZLWK� VHYHUH�VHFRQGDU\� K\SHUSDUDWK\URLGLVP�� -� 5HQ� 1XWU�� �������������������
���$YUDP� 00�� 0LWWPDQ� 1�� 0\LQW� 00�� )HLQ�3�,PSRUWDQFH�RI�ORZ�VHUXP�LQWDFW�SDUDWK\URLG�KRUPRQH�DV�D SUHGLFWRU� RI� PRUWDOLW\� LQ� KHPRGLDO\VLV� DQG� SHULWRQHDO�GLDO\VLV� SDWLHQWV�� ��� \HDUV� RI� SURVSHFWLYH� REVHUYDWLRQ��$P�-�.LGQH\�'LV����������������������
���*XK� -<�� &KHQ� +&�� &KXDQJ� +<�� +XDQJ� 6&�� &KLHQ�/&��/DL�<+�5LVN� IDFWRUV� DQG� ULVN� IRU�PRUWDOLW\� RI�PLOG�K\SRSDUDWK\URLGLVP� LQ� KHPRGLDO\VLV� SDWLHQWV�� $P� -�.LGQH\�'LV����������������������
���%DUDGDUDQ�$��1DVUL�+��6HUXP�FKROHVWHURO�DV�D�PDUNHU�RI� QXWULWLRQ� LQ� HQG�VWDJH� UHQDO� IDLOXUH� SDWLHQWV� RQ� UHQDO�UHSODFHPHQW� WKHUDS\�� ,QWHUQDWLRQDO� -RXUQDO� RI�3KDUPDFRORJ\�������������������
���%DUDGDUDQ�$��%HKUDGPDQHVK�6��1DVUL�+���$VVRFLDWLRQ��RI�ERG\�PDVV�LQGH[�DQG�VHUXP�YLWDPLQ�'�OHYHO�LQ�KHDOWK\�,UDQLDQ�DGROHVFHQWV��(QGRNU\QRO�3RO���������������������
���0DJKVRXGL�$5� �� %DUDGDUDQ�*KDKIDURNKL�0�� *KDHG�$PLQL� )�� 1DVUL� +�� 'HKJKDQL� 0REDUDNHK� 0�� 5DILHLDQ�.RSDHL� 0�� 5HQDO� IDLOXUH� DQG� VXE� PHQWDO�O\PSKDGHQRSDWK\� LQ� D� ��� \HDUV� ROG� ZRPDQ�� -�1HSKURSDWKRORJ\���������������������������6RODWL� 0�� 0DKERREL� +5�� 3DUDR[RQDVH� HQ]\PH�DFWLYLW\� DQG� G\VOLSLGHPLD� LQ� FKURQLF� NLGQH\� GLVHDVH�SDWLHQWV��-�1HSKURSDWKRORJ\�����������������������
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