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�$EVWUDFW�

�,W� �LV� �HVWLPDWHG� �WKDW� �WKHUH� �DUH� �QHDUO\� �WKUHH� �PLOOLRQ� �FDVHV� �RI� �WUDXPDWLF� �EUDLQ� �LQMXU\� ��7%,�� �LQ��WKH�
�8QLWHG��6WDWHV��HDFK��\HDU���ZLWK��PLOG��7%,���P7%,��FRQFXVVLRQ��DFFRXQWLQJ��IRU��DSSUR[LPDWHO\�������RI�
�WKHVH� �FDVHV�� �'HPHQWLD� �LV��DQ��H[WUHPHO\��GHELOLWDWLQJ��FRQGLWLRQ���DQG��ZKLOH��D��QXPEHU��RI��V\VWHPDWLF�
�UHYLHZV� �KDYH� �HVWDEOLVKHG� �DQ� �DVVRFLDWLRQ� �EHWZHHQ� �7%,� �DQG� �LQFUHDVHG��ULVN��RI��GHPHQWLD���IXUWKHU�
�FODULILFDWLRQ� �UHJDUGLQJ� �WKH� �DVVRFLDWLRQ� �EHWZHHQ� �GHPHQWLD� �DQG� �P7%,� �LV� �QHHGHG�� �:H� �WKHUHIRUH�
�FRQGXFWHG� �DQ� �XPEUHOOD� �UHYLHZ� �WR� �LGHQWLI\� �DQG� �VXPPDUL]H� �DYDLODEOH� �V\VWHPDWLF� �UHYLHZV� �RQ�
�GHPHQWLD� �IROORZLQJ� �P7%,� �WR� �GHWHUPLQH� �DQG� �PDS� �WKH� �FXUUHQW� �HYLGHQFH� �EDVH� �H[SORULQJ� �WKH�
�DVVRFLDWLRQ�EHWZHHQ�P7%,�DQG�GHPHQWLD��

�:H��VHDUFKHG��WKH��0('/,1(���(PEDVH���:HE��RI��6FLHQFH���(SLVWLPRQLNRV���DQG��WKH��&RFKUDQH��/LEUDU\�
�RI� �6\VWHPDWLF� �5HYLHZV� �GDWDEDVHV� �DXJPHQWHG� �ZLWK� �ZHE�FUDZOHU� �VHDUFK�� �YHFWRU� �VFRUH� �VHDUFK��
�ELEOLRJUDSKLF��FRXSOLQJ���FLWDWLRQ��KDUYHVWLQJ���DQG��FRQWHQW��H[SHUW��GLVFXVVLRQ���2XU��VHDUFKHV��UDQ��IURP�
�GDWDEDVH� �LQFHSWLRQ� �XQWLO� �'HFHPEHU� �����±)HEUXDU\� ������� �GHSHQGLQJ� �RQ� �WKH� �GDWDEDVH�� �DQG�
�LGHQWLILHG��������FLWDWLRQV��DIWHU��GHGXSOLFDWLRQ���:H��XVHG��PDFKLQH��OHDUQLQJ��WRROV��WR��DLG��LQ��V\VWHPDWLF�
�UHYLHZ� �LGHQWLILFDWLRQ�� �$IWHU� �VFUHHQLQJ�� ���� �FLWDWLRQV� �ZHUH� �VHOHFWHG� �IRU� �IXOO�WH[W� �UHYLHZ�� �ZLWK� ����
�PHHWLQJ� �WKH� �LQFOXVLRQ� �FULWHULD�� �2I� �WKH� �����UHYLHZV���ILYH��SRROHG��VWXGLHV��LQ��D��PHWD�DQDO\VLV���7KHVH�
�SRROHG� �HVWLPDWHV� �UDQJHG� �IURP� �D� �ULVN� �UDWLR��RI��������������LQFUHDVHG��ULVN���WR��DQ��RGGV��UDWLR��RI�������
��DOPRVW� �WZLFH� �DV� �OLNHO\��� �IRU� �WKRVH� �ZLWK� �DQ� �P7%,� �KLVWRU\� �WR� �GHYHORS� �GHPHQWLD�� �$OO� �ILYH�
�PHWD�DQDO\VHV�UHSRUWHG�VWDWLVWLFDOO\�VLJQLILFDQW�DVVRFLDWLRQV��

�:KLOH��HDUO\��V\VWHPDWLF��UHYLHZV��RIWHQ��UHSRUWHG��LQFRQFOXVLYH��HYLGHQFH��IRU��DQ��DVVRFLDWLRQ��EHWZHHQ�
�P7%,��DQG��GHPHQWLD���PRUH��UHFHQW��OLWHUDWXUH� �FRQVLVWHQWO\��UHSRUWV��DQ��LQFUHDVHG��ULVN��RI��GHPHQWLD��LQ�
�WKRVH�ZLWK�D�KLVWRU\�RI�P7%,�RI�DURXQG�WZLFH�WKDW�RI�QRQ�7%,�SRSXODWLRQV��
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�,QWURGXFWLRQ�

�,W� �LV� �HVWLPDWHG� �WKDW� �WKHUH� �DUH� �FORVH� �WR� ���
�PLOOLRQ��FDVHV��RI��WUDXPDWLF��EUDLQ��LQMXU\���7%,��
�LQ� �WKH� �8QLWHG� �6WDWHV� �HDFK� �\HDU����� �7KLV� �LV� �D�
�TXLWH� �FRPPRQ� �FRQGLWLRQ�� �DQG� �PLOG� �7%,�
��P7%,��� �DOVR� �NQRZQ� �DV� �FRQFXVVLRQ�
�FRQVWLWXWHV� �DSSUR[LPDWHO\� ����� �RI� �WKHVH�
�FDVHV����� �:KLOH��DQ��,QVWLWXWH��RI��0HGLFLQH��UHSRUW�
�SUHYLRXVO\� �OLQNHG��GHPHQWLD��WR��PRGHUDWH��DQG�
�VHYHUH��7%,��DV��HDUO\��DV����������� �WKH��FRQQHFWLRQ�
�WR��P7%,��ZDV��PRUH��FRQWURYHUVLDO��DW��WKDW��WLPH��
�$� �QXPEHU� �RI� �V\VWHPDWLF� �UHYLHZV� �KDYH� �EHHQ�
�FRQGXFWHG� �RQ� �WKH� �DVVRFLDWLRQ� �EHWZHHQ� �7%,�
�DQG� �GHPHQWLD�� �+RZHYHU� �IXUWKHU�
�FODULILFDWLRQ� �UHJDUGLQJ� �WKH� �DVVRFLDWLRQ� �ZLWK�
�P7%,� �LV� �QHHGHG�� �$� �SUHOLPLQDU\� �VHDUFK� �RI�
�0('/,1(�� �(PEDVH�� �DQG� �:HE� �RI� �6FLHQFH�
�LGHQWLILHG� �D� �QXPEHU� �RI� �V\VWHPDWLF� �UHYLHZV�
�EXW� �QR� �RYHUYLHZ� �RI� �UHYLHZV� ��XPEUHOOD�
�UHYLHZV�� �PDSSLQJ� �WKH� �HYLGHQFH� �RQ� �WKH�
�DVVRFLDWLRQ� �EHWZHHQ� �P7%,� �DQG� �GHPHQWLD��
�8PEUHOOD� �UHYLHZV� �SURYLGH� �D� �XQLTXH� �DQG�
�DSSURSULDWH� �PHWKRGRORJ\� �LQ� �FDVHV� �VXFK� �DV�
�WKHVH�� �ZKHUH� �GLVSDUDWH� �UHYLHZV� �ZLWK� �YDULHG�
�UHVXOWV� �DQG� �FOLQLFDO� �VFHQDULRV� �PDNH� �D� �FOHDU�
�SLFWXUH��RI��WKH��HYLGHQFH��XQGHUO\LQJ��D��UHVHDUFK�
�TXHVWLRQ�FKDOOHQJLQJ��

�2XU� �REMHFWLYH� �ZDV� �WR� �FRQGXFW� �DQ� �XPEUHOOD�
�UHYLHZ� �WR� �LGHQWLI\� �DQG� �VXPPDUL]H� �WKH�
�HYLGHQFH� �V\QWKHVLV� �OLWHUDWXUH� �RQ� �GHPHQWLD�
�IROORZLQJ� �P7%,� �LQ� �RUGHU� �WR� �GHWHUPLQH� �DQG�
�PDS� �WKH� �HYLGHQFH� �EDVH� �H[SORULQJ� �WKH�
�DVVRFLDWLRQ�EHWZHHQ�P7%,�DQG�GHPHQWLD��

�0HWKRGV�

�(OLJLELOLW\� �FULWHULD�� �:H� �LQFOXGHG� �DOO�
�V\VWHPDWLF� �UHYLHZV� �UHJDUGOHVV� �RI� �ZKHWKHU�

�WKH\� �H[SOLFLWO\� �LGHQWLILHG� �WKHPVHOYHV� �DV�
�V\VWHPDWLF� �UHYLHZV�� �:H� �GHILQHG� �V\VWHPDWLF�
�UHYLHZV� �DV� �VWXGLHV� �ZLWK� �D� �FOHDUO\� �UHSRUWHG�
�UHVHDUFK� �TXHVWLRQ�� �D� �V\VWHPDWLF� �VHDUFK� �RI� �DW�
�OHDVW� �WZR� �GDWDEDVHV�� �DQG� �D� �V\VWHPDWLF� �GDWD�
�V\QWKHVLV�� �3RSXODWLRQ�� �DGXOW� �KXPDQV��ZLWK��RU�
�ZLWKRXW� �SUH�H[LVWLQJ� �LOOQHVV�� �³$GXOW´� �ZDV�
�GHILQHG� �E\� �WKH��SULPDU\��VWXG\��DXWKRUV���EXW��LI�
������RI��WKH��FRKRUW��ZHUH�������\HDUV��RI��DJH���ZH�
�SODQQHG� �WR� �QRWH� �WKLV�� �$QLPDO� �VWXGLHV�� �DQG�
�VWXGLHV� �RI� �WKRVH� ����� �\HDUV� �RI� �DJH� �ZHUH�
�H[FOXGHG�� �([SRVXUH�� �P7%,�FRQFXVVLRQ��
�6WXGLHV� �ZLWK� �HLWKHU� �VHOI�UHSRUWHG� �P7%,� �RU�
�XVLQJ� �GLDJQRVWLF� �FULWHULD� �IRU� �GHWHUPLQDWLRQ�
�ZHUH� �LQFOXGHG�� �6WXGLHV� �RI� �FRQFXVVLRQV� �ZLWK�
�RU� �ZLWKRXW� �ORVV� �RI� �FRQVFLRXVQHVV� �ZHUH�
�LQFOXGHG�� �&RPSDUDWRU�� �VWXGLHV��XVLQJ��DQ\���RU�
�QR�� �FRPSDUDWRU� �ZHUH� �LQFOXGHG�� �2XWFRPH��
�GHPHQWLD���6WXGLHV��RI��ERWK��GHPHQWLD��UHSRUWHG�
�EURDGO\� �RU� �UHSRUWHG� �VSHFLILFDOO\� ��H�J���
�$O]KHLPHU¶V�GLVHDVH��ZHUH�LQFOXGHG��

�1R� �ODQJXDJH� �RU� �GDWH� �UHVWULFWLRQV� �ZHUH��XVHG��
�,I� �ZH� �LGHQWLILHG� �VWXGLHV� �RI� �LQWHUHVW� �LQ�
�ODQJXDJHV��RWKHU��WKDQ��(QJOLVK���ZH��SODQQHG��WR�
�WUDQVODWH� �WKHP� �XVLQJ� �*RRJOH��7UDQVODWH���ZLWK�
�HVVHQWLDO� �NH\� �GHWDLOV� �FRQILUPHG�� �ZKHQ�
�SRVVLEOH�� �ZLWK� �IOXHQW� �VSHDNHUV� �RI� �WKDW�
�ODQJXDJH�� �1R� �UHVWULFWLRQV� �RQ� �SHHU� �UHYLHZ��RU�
�SXEOLFDWLRQ� �VWDWXV� �ZHUH� �SODFHG� ��H�J���
�SRVWHUV�DEVWUDFWV� �ZRXOG� �EH� �LQFOXGHG���
�DOWKRXJK� �ZH� �SODQQHG� �WR� �GLIIHUHQWLDWH� �WKHVH�
�HYLGHQFH�VRXUFHV�LQ�WKH�HYLGHQFH�VXPPDU\��

�%DVHG� �RQ� �WKH� �DERYH� �DLP� �DQG� �HOLJLELOLW\�
�FULWHULD�� �ZH� �GHVLJQHG�� �WHVWHG�� �DQG��UHILQHG��DQ�
�H[WHQVLYH� �VHDUFK� �RI��WKH��3XEPHG��LQWHUIDFH��RI�
�WKH� �0('/,1(� �PHGLFDO� �OLWHUDWXUH� �GDWDEDVH�
��UXQ� �'HFHPEHU� ����� �������� �7KLV� �VHDUFK� �ZDV�
�WKHQ� �WUDQVODWHG� �IRU� �WKH� �2YLG��LQWHUIDFH��RI��WKH�
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�(PEDVH� �GDWDEDVH� ��UXQ� �'HFHPEHU��������������
�WKH� �:HE� �RI� �6FLHQFH� ��&RUH� �&ROOHFWLRQ��
�GDWDEDVH� ��UXQ� �'HFHPEHU� ����� ��������
�(SLVWLPRQLNRV� ��UXQ��)HEUXDU\���������������DQG�
�7KH� �&RFKUDQH� �/LEUDU\� �RI� �6\VWHPDWLF�
�5HYLHZV� ��UXQ� �)HEUXDU\� ����� �������� �6HDUFK�
�VWUDWHJLHV� �IRU� �DOO� �WKHVH� �GDWDEDVHV� �FDQ� �EH�
�IRXQG� �LQ� �$SSHQGL[� �$�� �2WKHU� �LQIRUPDWLRQ�
�VRXUFHV�� �LQFOXGLQJ� �IRU� �WKH� �JUD\� �OLWHUDWXUH��
�FRQVLVWHG� �RI� �D� �ZHE�FUDZOHU� �VHDUFK� ��*RRJOH�
�6FKRODU��� �UHJLVWU\� �VHDUFK� ��35263(52���
�FLWDWLRQ��KDUYHVW���DQG��GLVFXVVLRQ��ZLWK��FRQWHQW�
�H[SHUWV�� �7KH� �ZHEFUDZOHU�EDVHG� �VHDUFK� �ZDV�
�FRQGXFWHG� �DFFRUGLQJ� �WR� �SXEOLVKHG�
�JXLGDQFH��������

�7R� �HQVXUH� �DGHTXDWH� �FRYHUDJH� �RI� �WKH� �WRSLF��
�ZH� �DXJPHQWHG� �RXU� �VHDUFK� �E\� �FRQGXFWLQJ�
�YHFWRU� �VFRUH� �VHDUFK� �DQG� �FR�FLWDWLRQ� �DQG�
�ELEOLRJUDSKLF� �FRXSOLQJ� �IRU� �DOO� �LQFOXGHG�
�VWXGLHV� �LGHQWLILHG�� �9HFWRU� �VFRUH� �VHDUFKLQJ�
�XQGHUOLHV� �3XEPHG¶V� �µ6LPLODU� �$UWLFOHV� �7RRO¶�
�DQG� �LV� �EDVHG� �RQ� �WH[W� �ZHLJKWLQJ� �DFURVV� �WKH�
�!��� �PLOOLRQ� �0('/,1(� �FLWDWLRQV����� �:H� �XVHG�
�FR�FLWDWLRQ� �DQG� �ELEOLRJUDSKLF� �FRXSOLQJ� �WR�
�EXLOG��DQG��YLVXDOL]H��D��IRUFH�GLUHFWHG��JUDSK��RI�
�DUWLFOHV� �UHODWHG� �WR� �LQFOXGHG� �VWXGLHV��
�&R�FLWDWLRQ��DQG��ELEOLRJUDSKLF��FRXSOLQJ��ZHUH�
�GRQH� �XVLQJ� �WKH� �&RQQHFWHG� �3DSHUV� �7RRO�
�ZKLFK� �LV� �EDVHG� �RQ� �WKH� �6HPDQWLF� �6FKRODU�
�3DSHU� �&RUSXV� ��!��� �PLOOLRQ� �VFLHQWLILF�
�DUWLFOHV���

�$OO� �FLWDWLRQV� �IURP� �DOO� �GDWDEDVHV� �DQG� �HDFK�
�YHFWRU� �VFRUH� �VHDUFK� �DQG� �ELEOLRJUDSK\�
�FRXSOLQJ� �QHWZRUN� �ZHUH��VFUHHQHG���8S��WR������
�FLWDWLRQV� �IURP� �:HEFUDZOHU� �VHDUFKLQJ� �ZHUH�
�VFUHHQHG��SHU��SXEOLVKHG��JXLGDQFH����� �&LWDWLRQV�
�LQ� �D� �IRUPDW� �WKDW� �FRXOG� �EH� �XSORDGHG� �WR� �D�
�FLWDWLRQ� �PDQDJHU� ��H�J��� ��ULV�� ��QELE�� �ZHUH�

�VFUHHQHG� �XVLQJ� �(SSL� �5HYLHZHU�� �)RU�
�H[SHGLHQF\�� �ZH� �XWLOL]HG� �D� �PDFKLQH�OHDUQLQJ�
�FODVVLILHU� �IURP� �WKH� �8QLYHUVLW\� �RI� �<RUN� �IRU�
�6\VWHPDWLF� �5HYLHZV�� �WUDLQHG� �RQ� �WKH� �'$5(�
�V\VWHPDWLF� �UHYLHZ� �GDWDEDVH����� �$OO� �FLWDWLRQV�
�VFRULQJ� ����� �XVLQJ� �WKLV� �WRRO� �ZHUH�
�DXWRPDWLFDOO\� �H[FOXGHG�� �$OO� �UHPDLQLQJ�
�VWXGLHV� �ZHUH� �VFUHHQHG� �E\� �KDQG�� �6FUHHQLQJ�
�ZDV� �ILUVW� �FRQGXFWHG� �RQ� �D� �WLWOH�DEVWUDFW� �OHYHO�
�ZLWK� �VWXGLHV� �WKDW� �ZHUH� �VHOHFWHG�� �WKHQ�
�UHYLHZHG�� �RQ� �D� �IXOO�WH[W� �OHYHO�� �,QFOXGHG�
�VWXGLHV� �ZHUH� �UHYLHZHG�� �VXPPDUL]HG�� �DQG�
�UHOHYDQW� �QRWHV� �DQG� �TXRWDWLRQV� �ZHUH�
�H[WUDFWHG��

�$��QDUUDWLYH��V\QWKHVLV��RI��WKH��LQFOXGHG��VWXGLHV�
�ZDV� �FRQGXFWHG�� �:H� �UHSRUWHG� �DOO� �V\VWHPDWLF�
�UHYLHZV��WKDW��PHW��LQFOXVLRQ��FULWHULD��UHJDUGOHVV�
�RI�RYHUODS��

�5HVXOWV�

�2XU� �VHDUFK� �LGHQWLILHG� ������ �FLWDWLRQV� �DIWHU�
�GHGXSOLFDWLRQ�� �$IWHU� �VFUHHQLQJ�� ���� �FLWDWLRQV�
�ZHUH� �VHOHFWHG� �IRU� �IXOO�WH[W� �UHYLHZ�� �ZLWK� ����
�PHHWLQJ� �WKH� �LQFOXVLRQ� �FULWHULD�� �2I� �WKH� ����
�UHYLHZV�� �ILYH� �SRROHG� �VWXGLHV� �LQ� �D�
�PHWD�DQDO\VLV� ����7DEOH� ������� �7KHVH� �SRROHG�
�HVWLPDWHV� �UDQJHG� �IURP� �D� �ULVN� �UDWLR� �RI� ������
�������LQFUHDVHG��ULVN���WR��DQ��RGGV��UDWLR��RI�������
��DOPRVW� �WZLFH� �DV� �OLNHO\��� �7KHVH�
�PHWD�DQDO\VHV� �LQFOXGHG� �UHVXOWV� �IURP� ����
�SULPDU\� �VWXGLHV� ����7DEOH� ������� �$OO� �ILYH�
�PHWD�DQDO\VHV� �UHSRUWHG� �VWDWLVWLFDOO\�
�VLJQLILFDQW� �DVVRFLDWLRQV�� �$GGLWLRQDOO\�� �IRXU�
�SULPDU\� �QHXURLPDJLQJ� �VWXGLHV� �ZHUH�
�LGHQWLILHG� �LQ� �WKHVH� �UHYLHZV� �ZKLFK� �UHSRUWHG�
�RQ� �D� �QXPEHU� �RI� �QHXURUDGLRORJLF� �ILQGLQJV�
�DVVRFLDWHG� �ZLWK� �P7%,� �DQG� �GHPHQWLD� ����7DEOH�
�������
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������3UHVHQW�

�,Q� ������� �*UDKDP� �HW� �DO� �SXEOLVKHG� �D�
�V\VWHPDWLF��UHYLHZ��ZLWK��PHWD�DQDO\VLV��RQ��WKH�
�DVVRFLDWLRQ� �EHWZHHQ� �P7%,� �DQG��$O]KHLPHU¶V�
�GLVHDVH����� �7KH� �UHVHDUFKHUV� �LGHQWLILHG� �ILYH�
�VWXGLHV� �WKDW� �PHW� �LQFOXVLRQ� �FULWHULD�� �WKUHH�
�FRKRUW� �VWXGLHV� ��������� �DQG� �WZR� �FDVH�FRQWURO�
�VWXGLHV��������� �5LVN� �RI� �ELDV� �DVVHVVPHQW� �IRXQG�
�WKUHH��RI��WKH��ILYH��VWXGLHV��WR��EH��RI��KLJK��TXDOLW\�
�DQG��WKH��RWKHU��WZR��WR��EH��RI��PRGHUDWH��TXDOLW\��
�4XDQWLWDWLYH� �V\QWKHVLV� �XVLQJ� �PHWD�DQDO\VLV�
�RI��DOO��ILYH��VWXGLHV���Q ������������LGHQWLILHG��D�
�VWDWLVWLFDOO\� �VLJQLILFDQW� ����� �LQFUHDVHG� �ULVN�
��55� ������� ����� �&,� ������ �WR� �������� �$�
�VHQVLWLYLW\� �DQDO\VLV� �RI� �RQO\� �WKH� �WKUHH�
�KLJK�TXDOLW\� �VWXGLHV� �GLG� �QRW� �FKDQJH� �WKH��ULVN�
�HVWLPDWH�� �LPSURYHG� �SUHFLVLRQ�� �DQG� �ORZHUHG�
�KHWHURJHQHLW\� ��55� ������� ������&,������±������
�Q �����������,���� ������

�,Q���������*X��HW��DO��DOVR��SXEOLVKHG��D��V\VWHPDWLF�
�UHYLHZ� �ZLWK� �D� �PHWD�DQDO\VLV� �RQ� �WKH�
�DVVRFLDWLRQ� �EHWZHHQ� �7%,��ZLWK��GHPHQWLD��DQG�
�$O]KHLPHU¶V� �GLVHDVH������ �7KH\� �LGHQWLILHG��HLJKW�
�VWXGLHV� �WKDW� �UHSRUWHG� �RQ� �P7%,� �VSHFLILFDOO\�
��6WRSD� ����������� �<DQJ� ����������� �%DUQHV� �����������

�)DQQ����������� �&DWLRQV������������ �*DUGQHU������������

�1RUGVWURP� ����������� �DQG� �/HH� �������������� �:KHQ�
�PHWD�DQDO\]HG� �WRJHWKHU�� �WKHVH� �VWXGLHV�
�VXJJHVWHG� �D� �VWDWLVWLFDOO\� �VLJQLILFDQW� �LQFUHDVH�
�LQ� �GHPHQWLD� �LQ� �WKRVH� �ZLWK� �P7%,� ��25� ������
����� �&,� ������ �WR� ������� �FRPSDUHG� �WR� �WKRVH�
�ZLWKRXW� �KHDG� �LQMXU\�� �7KLV� �HVWLPDWH� �ZDV�
�UHPDUNDEO\� �VLPLODU� �WR��WKHLU��PHWD�DQDO\VLV��RI�
�PRGHUDWH� �DQG� �VHYHUH��7%,���25�������������&,�
�������WR���������DQG��LQGHHG���D��WHVW��RI��LQWHUDFWLRQ�
�EHWZHHQ� �WKH� �WZR� ��P7%,� �YHUVXV�

�PRGHUDWH�VHYHUH��7%,���VKRZHG��QR��VLJQLILFDQW�
�GLIIHUHQFH��S �������

�,Q� ������� �/HXQJ��HW��DO��SXEOLVKHG��D��V\VWHPDWLF�
�UHYLHZ� �ZLWK� �PHWD�DQDO\VLV� �WR� �H[DPLQH� �WKH�
�HSLGHPLRORJLFDO� �ULVN� �RI� �LQFLGHQW� �DOO�FDXVH�
�GHPHQWLD� �DPRQJ� �YHWHUDQV� �ZLWK� �7%,������ �7KH\�
�UHSRUWHG� �MXVW� �XQGHU� �D� �GRXEOLQJ� �RI� �WKH� �ULVN�
��KD]DUG���RI��DOO�FDXVH��GHPHQWLD��IRU��WKRVH��ZLWK�
�DQ� �P7%,� �KLVWRU\� ��+5� �������������&,��������WR�
������� �ZLWK� �D� �KLJKHU� �ULVN� �ZKHQ� �P7%,� �ZDV�
�UHFXUUHQW� ��+5� ������� ����� �&,� ������ �WR� ��������
�7KH� �UHSRUWLQJ� �ZDV� �VSDUVH� �DQG� �LW� �LV� �XQFOHDU�
�ZKLFK�SULPDU\�VWXGLHV�ZHUH�LQFOXGHG��

�,Q� ������� �&ODUN� �HW� �DO��FRQGXFWHG��D��V\VWHPDWLF�
�UHYLHZ� �WKDW� �V\QWKHVL]HG� �OLWHUDWXUH� �SXEOLVKHG�
�DIWHU� ����������� �7KHLU� �UHYLHZ� �LGHQWLILHG� �HLJKW�
�VWXGLHV� ��'LGHKEDQL� ����������� �0HQGH]� �����������

�+D\HV� ����������� �5RVWRZVN\� ����������� �%DUQHV�
����������� �-XQH� ����������� �3HWHUVHQ� ����������� �DQG�
�<DQJ� �������������� �IRXU� �RI� �ZKLFK� �LGHQWLILHG� �D�
�VLJQLILFDQW� �OLQN� �EHWZHHQ� �P7%,� �DQG�
�$O]KHLPHU
V� �GLVHDVH� �DQG� �UHODWHG� �GHPHQWLDV��
�DOWKRXJK� �QRW� �DOO� �UHSRUWHG� �ULVN� �HVWLPDWHV��
�7KHVH� �VWXGLHV� �UHYHDOHG��WKDW��LQGLYLGXDOV��ZLWK�
�D� �KLVWRU\� �RI� �P7%,� �H[SHULHQFHG� �DQ� �HDUOLHU�
�RQVHW� �RI� �$O]KHLPHU
V� �GLVHDVH� �DQG� �UHODWHG�
�GHPHQWLDV�� �2QH� �RI� �WKH��VWXGLHV��GHPRQVWUDWHG�
�WKDW� �WKRVH� �ZLWK� �P7%,� �KLVWRU\� �KDG� �D� �KLJKHU�
�SRO\JHQLF��ULVN��VFRUH��IRU��$O]KHLPHU
V��GLVHDVH�
��S ������ �FRPSDUHG� �WR� �WKRVH� �ZLWKRXW� �VXFK� �D�
�KLVWRU\�� �$GGLWLRQDOO\�� �WKHVH� �LQGLYLGXDOV�
�GLVSOD\HG� �UHGXFHG� �FRUWLFDO� �WKLFNQHVV� �DQG�
�HQFRXQWHUHG� �GLIILFXOWLHV� �ZLWK� �HSLVRGLF�
�PHPRU\� �UHFDOO� �LQ� �FRQWUDVW� �WR� �SDUWLFLSDQWV�
�ZLWKRXW��P7%,��KLVWRU\������ �)RXU��VWXGLHV��GLG��QRW�
�SURYLGH� �GLUHFW� �QHXURSV\FKRORJLFDO� �HYLGHQFH�
�FRQQHFWLQJ� �P7%,� �WR� �$O]KHLPHU
V� �GLVHDVH��
�7KH� �UHVHDUFKHUV� �RSLQH� �WKDW� �WKLV� �GLVFUHSDQF\�
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�FRXOG� �EH� �DWWULEXWHG��WR��WKH��OLPLWHG��VHQVLWLYLW\�
�RI� �QHXURSV\FKRORJLFDO� �WHVWV� �LQ� �FDSWXULQJ�
�VXEWOH� �FRJQLWLYH� �FKDQJHV� �UHVXOWLQJ� �IURP�
�P7%,��

�,Q� ������� �*DOOR� �HW� �DO� �SXEOLVKHG� �D� �V\VWHPDWLF�
�UHYLHZ� �RI� ���� �VWXGLHV� �RQ� �FRQFXVVLRQ� �DQG�
�ORQJ�WHUP��FRJQLWLYH��LPSDLUPHQW��DPRQJ��HOLWH�
�DWKOHWHV������ �7KH\� �ORRNHG� �DW� �LQWHUQDO�
��FRQFXVVHG� �YHUVXV� �QRQ�FRQFXVVHG�
�LQGLYLGXDOV� �ZLWKLQ� �D� �VSRUW����H[WHUQDO���DWKOHWH�
�YHUVXV� �QRQ�DWKOHWH� �FRQWUROV��� �DQG�
�EHWZHHQ�VSRUW� �FRPSDULVRQV�� �2I� �WKHVH�� �RQO\�
�LQWHUQDO� �FRPSDULVRQV� �DUH� �EHVW� �SRVLWLRQHG� �WR�
�LGHQWLI\� �WKH� �ULVN��RI��FRQFXVVLRQ���DQG��WKH��YDVW�
�PDMRULW\� �RI� �VWXGLHV� �GLG� �QRW� �UHSRUW� �RQ�
�GHPHQWLD� �SHU� �VH�� �,Q� �D� �ODUJH� �FURVV�VHFWLRQDO�
�VWXG\� �RI� �UHWLUHG� �SURIHVVLRQDO� �$PHULFDQ�
�IRRWEDOO� �SOD\HUV�� �UHVHDUFKHUV� �FRPSDUHG�
�VHOI�UHSRUWHG� �RU� �VSRXVH�UHSRUWHG� �GLDJQRVHV�
�RI� �GHPHQWLD� �RU� �FRJQLWLYH� �LPSDLUPHQW�� �7KH�
�VWXG\� �H[DPLQHG� �ERWK� �FRQFXVVHG� �DQG�
�QRQ�FRQFXVVHG��LQGLYLGXDOV��ZLWKLQ��WKH��VDPSOH�
�DQG� �FRPSDUHG� �WKHLU� �SUHYDOHQFH� �UDWHV� �ZLWK�
�HVWLPDWHV� �IURP� �WKH� �JHQHUDO� �SRSXODWLRQ�� �7KH�
�LQWHUQDO� �FRPSDULVRQ� �UHYHDOHG� �WKDW� �UHFXUUHQW�
�FRQFXVVLRQV� �ZHUH� �DVVRFLDWHG� �ZLWK� �D� �KLJKHU�
�OLNHOLKRRG� �RI� �VHOI�UHSRUWHG��GRFWRU�GLDJQRVHG�
�FRJQLWLYH� �LPSDLUPHQW� ��S ��������
�VHOI�UHSRUWHG� �PHPRU\� �LPSDLUPHQW�
��S �������� �DQG� �VSRXVH�UHSRUWHG� �PHPRU\�
�LPSDLUPHQW��S �����������

�,Q� ��������3HWHUVRQ��HW��DO��SXEOLVKHG��WKH��UHVXOWV�
�RI��WKHLU��V\VWHPDWLF��UHYLHZ��DQG��PHWD�DQDO\VLV�
�ORRNLQJ� �DW� �WKH� �FRPSDUDWLYH� �SUHYDOHQFH� �RI�
�GHPHQWLD� �EHWZHHQ� �9HWHUDQV� �DQG� �FLYLOLDQV������

�7KH\� �UHSRUWHG� �RQ� �WZR� �VWXGLHV� �RQ��P7%,��DQG�
�GHPHQWLD��������� �ERWK� �RI� �ZKLFK� �IRXQG� �DQ�

�LQFUHDVHG� �ULVN� �RI� �GHPHQWLD� �DVVRFLDWHG� �ZLWK�
�P7%,��VHH��7DEOH�������

�,Q� ������� �6QRZGHQ� �HW� �DO� �FRQGXFWHG� �D�
�V\VWHPDWLF� �UHYLHZ� �DQG� �PHWD�DQDO\VLV� �RI�
�P7%,� �DQG� �GHPHQWLD������ �7KH\� �LGHQWLILHG� ����
�VWXGLHV� ��%DUQHV� ����������� �+HOPHV� ����������� �/HH�
����������� �/L� ����������� �/LDR� ����������� �0F0LOODQ�
����������� �1RUGVWURP� ����������� �3ODVVPDQ������������

�5HGHOPHLHUHW� ����������� �6HUF\� �����������

�6XQGVWURP� ����������� �DQG� �<DQJ����������������VL[��RI�
�ZKLFK� �KDG� �HQRXJK� �GDWD� �IRU� �SRROLQJ� �LQ� �D�
�PHWD�DQDO\VLV�� �7KH� �DXWKRUV� �IRXQG� �WKDW� �WKH�
�RYHUDOO� �SRROHG� �RGGV� �RI� �GHPHQWLD� �IROORZLQJ�
�DQ� �P7%,� �ZHUH� �FORVH� �WR� �WZLFH� �WKDW� �RI� �WKRVH�
�ZLWKRXW� �DQ� �P7%,� �KLVWRU\� ��25� ������������&,�
������WR��������

�����±�����

�,Q� �D� ������ �V\VWHPDWLF� �UHYLHZ�� �-XOLHQ� �HW� �DO�����

�LGHQWLILHG� �WKUHH� �VWXGLHV� �WKDW� �UHSRUWHG� �RQ�
�P7%,��DQG��GHPHQWLD������������ �2I��WKH��WKUHH���RQO\�
�/HH� ���������� �VKRZHG��D��VWDWLVWLFDOO\��VLJQLILFDQW�
�LQFUHDVH� �LQ� �GHPHQWLD� �ZLWK� �P7%,� ��25� �������
�����&,�������WR��������

�7KH� �:+2� �FRQYHQHG� �DQ� �LQWHUQDWLRQDO� �WDVN�
�IRUFH� ��7KH� �:RUOG� �+HDOWK� �2UJDQL]DWLRQ�
�&ROODERUDWLQJ� �&HQWUH� �7DVN� �)RUFH� �RQ� �0LOG�
�7UDXPDWLF��%UDLQ��,QMXU\��DQG��WKH��,QWHUQDWLRQDO�
�&ROODERUDWLRQ� �RQ� �0LOG� �7UDXPDWLF� �%UDLQ�
�,QMXU\� �3URJQRVLV�� �WR��H[SORUH��WKH��VHTXHODH��RI�
�P7%,���,Q��D��������V\VWHPDWLF��UHYLHZ��IURP��WKH�
�WDVN� �IRUFH�� �WKH� �DXWKRUV� �QRWH� �D� �VLQJOH� �VWXG\�
�ZKLFK� �UHSRUWHG� �RQ��GHPHQWLD��DIWHU��P7%,�����������

�7KLV� �ZDV� �D� �SURVSHFWLYH� �SRSXODWLRQ�EDVHG�
�VWXG\� �LQ� �WKH� �1HWKHUODQGV� �WKDW� �ORRNHG� �DW� �WKH�
�LQFLGHQFH��RI��GHPHQWLD��LQ��!�������SDUWLFLSDQWV�
�DJHG������RU��ROGHU��ZKR��GLG��QRW��KDYH��GHPHQWLD�
�DW� �EDVHOLQH�� �7KH� �DXWKRUV� �FRQFOXGHG� �WKDW�
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�³P7%,��LV��QRW��D��PDMRU��ULVN��IDFWRU��IRU��LQFLGHQW�
�GHPHQWLD�´�

�,Q� ������� �*RGEROW� �HW� �DO� �UHSRUWHG� �RQ� �D�
�V\VWHPDWLF� �UHYLHZ� �RI� �VWXGLHV� �ZLWK� �D�
�PLQLPXP� �RI� ���� �P7%,� �FDVHV������ �7KH\� �IRXQG�
�RQO\� �RQH� �³PHWKRGRORJLFDOO\� �DFFHSWDEOH�
�VWXG\´� �RQ� �P7%,� �DQG� �GHPHQWLD� ��+HOPHV�
������������ �7KH� �DXWKRUV� �FRQFOXGHG� �WKDW� �WKH�
�UHVXOWV� �RI� �WKLV� �VWXG\� �WDNHQ� �WRJHWKHU� �ZLWK�
�SUHYLRXV� �V\VWHPDWLF� �UHYLHZV� �RQ� �WKH� �VXEMHFW�
�VXJJHVW��WKDW��³WKHUH��LV��LQVXIILFLHQW��HYLGHQFH��WR�
�GUDZ� �DQ\� �FRQFOXVLRQ� �DERXW� �D� �SRWHQWLDO� �ULVN�
�RI� �GHPHQWLD� �DIWHU� �P7%,� ��HLWKHU� �VLQJOH� �RU�
�UHSHWLWLYH�LQMXU\��´�

�(DUOLHU�WKDQ������

�,Q� ������� �%D]DULDQ� �HW� �DO����� �FRQGXFWHG� �D�
�V\VWHPDWLF��UHYLHZ��ZLWK��D��QDUUDWLYH��VXPPDU\�
�RI� �VWXGLHV� �H[DPLQLQJ� �WKH� �DVVRFLDWLRQ�
�EHWZHHQ� �ORQJ�WHUP� �QHXURORJLFDO� �RXWFRPHV�
�DQG� �7%,�� �1LQH� �VWXGLHV� �PHW� �WKHLU� �LQFOXVLRQ�
�FULWHULD�� �EXW� �RQO\� �WZR� �VWXGLHV� �UHSRUWHG� �RQ�
�FRQFXVVLRQ� �DQG� �GHPHQWLD��������� �7KH� �DXWKRUV�
�UHSRUWHG� �WKDW� �WKHUH� �ZDV� �HYLGHQFH� �IRU� �DQ�
�DVVRFLDWLRQ� �EHWZHHQ� �$O]KHLPHU
V� �W\SH�
�GHPHQWLD� �DQG� �P7%,� �ZLWK� �ORVV� �RI�
�FRQVFLRXVQHVV�EXW�QRW�ZLWKRXW��

�,Q� ������� �&DUUROO� �HW� �DO�� �SXEOLVKHG� �WKH�
�HYLGHQFH� �V\QWKHVLV� �RI� �WKH� �:+2�
�&ROODERUDWLQJ� �&HQWUH� �7DVN� �)RUFH� �RQ� �0LOG�
�7UDXPDWLF� �%UDLQ� �,QMXU\������ �7KH\� �LGHQWLILHG�
�WKUHH� �VWXGLHV� �RQ� �WKH� �DVVRFLDWLRQ� �EHWZHHQ�
�GHPHQWLD� �DQG��P7%,���WZR��FRKRUW��VWXGLHV��DQG�

�RQH��FDVH�FRQWURO��VWXG\���0HKWD���������*UDYHV�
������� �6FKRILHOG� ������������������ �7KH� �VWXGLHV�
�ZHUH� �VPDOO�� �DQG� �WKH� �DXWKRUV� �RI� �WKH� �:+2�
�UHSRUW� �QRWH� �PHWKRGRORJLF� �LVVXHV�� �QDPHO\�
�ODFN� �RI� �SUHFLVLRQ�� �DQG� �WKDW� �WKLV� �OLPLWHG� �DQ\�
�FRQYLQFLQJ� �FRQFOXVLRQV�� �7ZR� �RI� �WKH� �WKUHH�
�VWXGLHV� �LGHQWLILHG� �WKDW� �P7%,� �LV� �D��ULVN��IDFWRU�
�IRU�GHPHQWLD�DQG�WKH�WKLUG�GLG�QRW��

�&RQFOXVLRQ�

�,Q� �FRQFOXVLRQ�� �ZH� �FRQGXFWHG� �DQ� �H[WHQVLYH�
�VHDUFK��RI��WKH��PHGLFDO��DQG��JUD\��OLWHUDWXUH��DQG�
�LGHQWLILHG� �DQG� �VFUHHQHG� �RYHU��������FLWDWLRQV��
�7ZHOYH� �RI� �ZKLFK� �PHW� �LQFOXVLRQ� �FULWHULD�� �2I�
�WKH� ���� �UHYLHZV�� �ILYH� �SRROHG� �VWXGLHV� �LQ� �D�
�PHWD�DQDO\VLV� �ZLWK� �HVWLPDWHV� �IRU� �WKH�
�DVVRFLDWLRQ� �EHWZHHQ� �GHPHQWLD� �DQG� �P7%,�
�UDQJLQJ� �IURP� �D� �ULVN� �UDWLR� �RI� ������ ������
�LQFUHDVHG� �ULVN�� �WR� �DQ� �RGGV� �UDWLR� �RI� ������
��DOPRVW� �WZLFH� �DV� �OLNHO\��� �$OO� �ILYH�
�PHWD�DQDO\VHV� �UHSRUWHG� �VWDWLVWLFDOO\�
�VLJQLILFDQW� �DVVRFLDWLRQV�� �$GGLWLRQDOO\�� �IRXU�
�SULPDU\� �QHXURLPDJLQJ� �VWXGLHV� �ZHUH�
�LGHQWLILHG� �ZKLFK� �UHSRUWHG� �RQ� �D� �QXPEHU� �RI�
�QHXURUDGLRORJLF� �ILQGLQJV� �DVVRFLDWHG� �ZLWK�
�P7%,��DQG��GHPHQWLD���:KLOH��HDUO\��V\VWHPDWLF�
�UHYLHZV� �RIWHQ� �UHSRUWHG� �LQFRQFOXVLYH�
�HYLGHQFH� �IRU� �DQ� �DVVRFLDWLRQ� �EHWZHHQ� �P7%,�
�DQG� �GHPHQWLD�� �PRUH� �UHFHQWO\� �WKHUH��KDV��EHHQ�
�D��VLJQLILFDQW��LQFUHDVH��LQ��SULPDU\��VWXGLHV��ZLWK�
�WKH� �UHVXOWDQW� �SRROHG� �HVWLPDWHV� �PRUH�
�FRQYLQFLQJ� �DQG� �FRQVLVWHQWO\� �UHSRUWLQJ� �ULVNV�
�RI� �GHPHQWLD� �LQ� �WKRVH� �ZLWK� �DQ� �P7%,� �RI�
�DURXQG�WZLFH�WKDW�RI�D�QRQ�7%,�SRSXODWLRQ��
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�7DEOH���0HWD�DQDO\VLV�RI�P7%,�DQG�'HPHQWLD�ZLWK�3RROHG�5HVXOWV�

�0HWD�$QDO\VLV� �3RROHG�(IIHFW�6L]H�IRU�P7%,�

�*UDKDP������ �55�����������&,������WR�������

�*X������ �25�����������&,������WR�������

�/HXQJ������ �+5�����������&,������WR�������

�/HXQJ������UHFXUUHQW�P7%,� �+5�����������&,������WR�������

�6QRZGHQ������ �25�����������&,������WR�������

�55 ULVN�UDWLR�UDWH�UDWLR��25 RGGV�UDWLR��+5 KD]DUG�UDWLR��&, FRQILGHQFH�LQWHUYDO�

�7DEOH���3ULPDU\�6WXGLHV�&LWHG�LQ�,QFOXGHG�6\VWHPDWLF�5HYLHZV�

�3ULPDU\�6WXG\�ZLWK�5LVN�(VWLPDWHV� �(IIHFW�6L]H�DQG�����&,�

�%DUQHV������Z�R�/R&� �55�����������&,������WR�������

�%DUQHV������Z��/2&� �55�����������&,�������WR�������

�&DWLRQV������ �&RQGLWLRQDO�25�����������&,������WR�������

�'LGHKEDQL������ ��

�)DQQ������ �+5�����������&,������WR�������

�*DUGQHU������DJHG������� �+5������������WR�������

�*DUGQHU������DJHG������� �+5������������WR�������

�*DUGQHU������DJHG������� �+5������������WR�������

�*DUGQHU������DJHG����� �+5������������WR�������

�*UDYHV������ �55�����������&,������WR��������

�+HOPHV������ �25�����������&,������WR�������

�/HH������ �25�����������&,�������WR�������

�0F0LOODQ������ ��

�0HKWD������ �'HPHQWLD�55����������&,�����WR������

���
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�$O]KHLPHU¶V� �GLVHDVH� �55� ����� ������ �&,� ����� �WR�
������

�0HQGH]������ ��

�1RUGVWURP��������P7%,�	�$O]KHLPHU¶V� �+5����������&,����±�����

�1RUGVWURP���������P7%,�	�$O]KHLPHU¶V� �+5����������&,����±�����

�1RUGVWURP��������P7%,�	�2WKHU�GHPHQWLD� �+5����������&,����±�����

�1RUGVWURP���������P7%,�	�2WKHU�GHPHQWLD� �+5�������������&,�������WR�������

�1RUGVWURP������ �25�����������&,������WR�������

�1RUGVWURP���P7%,� �55����������&,�����WR������

�1RUVWURP�!��P7%,� �55����������&,������WR������

�3HWHUVRQ������ ��

�3ODVVPDQ������ �25�����������&,�����±������

�5HGHOPHLHU������ �25�����������&,������WR�������

�6FKQHLGHU������ �+5�����������&,������WR�������

�6FKRILHOG������ �55�����������&,������WR�������

�6XQGVWURP������ZLWK�$32(�H�� �25����������&,�����WR�������

�6XQGVWURP������ZLWKRXW�$32(�H�� �25����������&,�����WR������

�6WRSD������ �25����������&,�����WR������

�7ROSSDQHQ������ �55�����������&,������WR�������

�<DQJ������ �25�����������&,������WR�������

�55 ULVN� �UDWLR�UDWH��UDWLR���25 RGGV��UDWLR���+5 KD]DUG��UDWLR���&, FRQILGHQFH��LQWHUYDO���/R& ORVV��RI�
�FRQVFLRXVQHVV�
�,GHQWLILHG�LQ�LQGHSHQGHQW�VHDUFK��1RW�LQ�D�V\VWHPDWLF�UHYLHZ��
�:KLOH��UHYLHZ��DXWKRUV��LQFOXGH��WKLV��VWXG\��LQ��D��V\VWHPDWLF��UHYLHZ��RI��P7%,��DQG��GHPHQWLD���ZH��GR�
�QRW� �EHOLHYH� �WKH� �VWXG\� �DFWXDOO\� �PHHWV� �WKHVH� �VWULFW� �FULWHULD� ��H�J��� �PLOG� �FRJQLWLYH� �LPSDLUPHQW� �YV�
�GHPHQWLD��XQFOHDU�P7%,�SRSXODWLRQ��

���
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�7DEOH����1HXURLPDJLQJ�)LQGLQJV�

�6WXG\� �)LQGLQJV�6XPPDU\�

�+D\HV������ �Ɣ� �P7%,��DQG��KLJK��JHQHWLF��ULVN��VKRZHG��UHGXFHG��FRUWLFDO��WKLFNQHVV��LQ�
�$O]KHLPHU¶V�GLVHDVH�YXOQHUDEOH�UHJLRQV��

�Ɣ� �0DOHV� �ZLWK� �P7%,� �DQG��KLJK��JHQHWLF��ULVN��IRU��$O]KHLPHU¶V��GLVHDVH�
�ZHUH��DVVRFLDWHG��ZLWK��FRUWLFDO��WKLQQLQJ��DV��D��IXQFWLRQ��RI��WLPH��VLQFH�
�LQMXU\��

�Ɣ� �$� �PRGHUDWHG� �PHGLDWLRQ� �DQDO\VLV� �VKRZHG� �WKDW� �P7%,� �DQG� �KLJK�
�JHQHWLF� �ULVN� �LQGLUHFWO\� �LQIOXHQFHG��HSLVRGLF��PHPRU\��SHUIRUPDQFH�
�WKURXJK� �FRUWLFDO� �WKLFNQHVV�� �VXJJHVWLQJ� �WKDW� �FRUWLFDO� �WKLQQLQJ� �LQ�
�$O]KHLPHU¶V��GLVHDVH�YXOQHUDEOH��EUDLQ��UHJLRQV��LV��D��PHFKDQLVP��IRU�
�UHGXFHG�PHPRU\�SHUIRUPDQFH��

�-XQH������ �Ɣ� �*UHDWHU� �EUDLQ� �DWURSK\� �LQ� �WHPSRUDO� �OREH� �ZKLWH� �PDWWHU� �DQG�
�KLSSRFDPSXV�LQ�FRQFXVVLRQ�SDWLHQWV��

�Ɣ� �'LIIHUHQFHV� �LQ� �ZKLWH��PDWWHU��PLFURVWUXFWXUH��XVLQJ��'7,���LQFOXGLQJ�
�LQFUHDVHG� �UDGLDO� �DQG� �D[LDO� �GLIIXVLYLW\� �LQ� �WKH� �IRUQL[�VWULD�
�WHUPLQDOLV�� �DQWHULRU� �FRURQD� �UDGLDWD�� �DQG� �VXSHULRU� �ORQJLWXGLQDO�
�IDVFLFXOXV��

�Ɣ� �,Q� �����2�ZDWHU��3(7���KLJKHU��UHVWLQJ��FHUHEUDO��EORRG��IORZ��ZDV��VHHQ��DW�
�ILUVW� �LPDJLQJ� �YLVLW� �LQ� �RUELWRIURQWDO� �DQG� �ODWHUDO� �WHPSRUDO� �UHJLRQV��
�DQG� �ERWK� �LQFUHDVHV� �DQG� �GHFUHDVHV� �ZHUH� �VHHQ� �LQ� �SUHIURQWDO��
�FLQJXODWH�� �LQVXODU�� �KLSSRFDPSDO�� �DQG� �YHQWUDO� �WHPSRUDO� �UHJLRQV�
�ZLWK�ORQJLWXGLQDO�IROORZ�XS��

�5RVWRZVN\�
������

�Ɣ� �7KH��VSDWLDO��SDWWHUQ��RI��FHUHEUDO��ZKLWH��PDWWHU��GHJUDGDWLRQ��REVHUYHG�
�LQ��$O]KHLPHU¶V��GLVHDVH��LV��EURDGO\��VLPLODU��WR��WKH��SDWWHUQ��RI��GLIIXVH�
�D[RQDO�LQMXU\�REVHUYHG�LQ�7%,��

�Ɣ� �8VLQJ� �PDFKLQH� �OHDUQLQJ�� �ZH� �ILQG� �WKDW� �WKH� �VHYHULW\� �RI� �$'�OLNH�
�EUDLQ��FKDQJHV��REVHUYHG��GXULQJ��WKH��FKURQLF��VWDJH��RI��P7%,��FDQ��EH�
�DFFXUDWHO\� �SURJQRVWLFDWHG� �EDVHG� �RQ� �DFXWH� �DVVHVVPHQWV� �RI�
�SRVW�WUDXPDWLF�PLOG�FRJQLWLYH�LPSDLUPHQW��

�Ɣ� �7KHVH� �ILQGLQJV� �VXJJHVW� �WKDW� �DFXWH� �SRVW�WUDXPDWLF� �FRJQLWLYH�
�LPSDLUPHQW� �SUHGLFWV� �WKH� �PDJQLWXGH� �RI� �$'�OLNH� �EUDLQ� �DWURSK\��
�ZKLFK�LV�LWVHOI�DVVRFLDWHG�ZLWK�$'�ULVN��

�<DQJ������ �Ɣ� �$P\ORLG�3(7� �VWXG\� �VKRZHG� �DQ� �LQFUHDVH� �RI� �DP\ORLG�
�DFFXPXODWLRQ� �DQG� �DOOHOH� �IUHTXHQF\� �RI� �$32(�� �LQ� �WKH� �P7%,�
�SDWLHQWV�ZLWK�FRJQLWLYH�LPSDLUPHQW��

���
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�&LWDWLRQV�

���� �7D\ORU�&$��%HOO�-0��%UHLGLQJ�0-��HW�DO��7UDXPDWLF��%UDLQ�,QMXU\�5HODWHG�(PHUJHQF\�
�'HSDUWPHQW�9LVLWV��+RVSLWDOL]DWLRQV��DQG�'HDWKV���8QLWHG�6WDWHV�������DQG��������00:5�
�6XUYHLOO�6XPP�������������±����

���� �)DXO�0��&RURQDGR�9��(SLGHPLRORJ\�RI�WUDXPDWLF��EUDLQ�LQMXU\���+DQGE�&OLQ�1HXURO��������
�������±����

���� �1DWLRQDO�$FDGHPLHV�RI�6FLHQFHV��(QJLQHHULQJ��DQG��0HGLFLQH��,QVWLWXWH�RI�0HGLFLQH��%RDUG�
�RQ�WKH�+HDOWK�RI�6HOHFW�3RSXODWLRQV��HW�DO���*XOI�:DU��DQG�+HDOWK��9ROXPH�����8SGDWH�RI�
�+HDOWK�(IIHFWV�RI�6HUYLQJ�LQ�WKH�*XOI�:DU����������1DWLRQDO��$FDGHPLHV�3UHVV��������

���� �*XVHQEDXHU�0��+DGGDZD\�15��:KLFK�DFDGHPLF�VHDUFK��V\VWHPV�DUH�VXLWDEOH�IRU�V\VWHPDWLF�
�UHYLHZV�RU�PHWD�DQDO\VHV"�(YDOXDWLQJ�UHWULHYDO�TXDOLWLHV�RI�*RRJOH�6FKRODU��3XE0HG��DQG����
�RWKHU�UHVRXUFHV���5HV�6\QWK�0HWKRGV���������������±�����

���� �+DGGDZD\�15��&ROOLQV�$0��&RXJKOLQ�'��HW�DO��7KH��5ROH�RI�*RRJOH�6FKRODU�LQ�(YLGHQFH�
�5HYLHZV�DQG�,WV�$SSOLFDELOLW\�WR�*UH\�/LWHUDWXUH�6HDUFKLQJ���3/R6�2QH������������H���������

���� �/LQ�-��:LOEXU�:-��3XE0HG�UHODWHG�DUWLFOHV��D�SUREDELOLVWLF��WRSLF�EDVHG�PRGHO�IRU�FRQWHQW�
�VLPLODULW\���%0&�%LRLQIRUPDWLFV����������������

���� �7KRPDV�-��%UXQWRQ�-��*UD]LRVL�6��(33,�5HYLHZHU�����VRIWZDUH�IRU�UHVHDUFK�V\QWKHVLV��
�KWWSV���HSSL�LRH�DF�XN�FPV�HU��)HDWXUHV�WDELG������'HIDXOW�DVS[����������

���� �*UDKDP�$��/LYLQJVWRQ�*��3XUQHOO�/��HW�DO��0LOG��7UDXPDWLF�%UDLQ�,QMXULHV�DQG�)XWXUH�5LVN�RI�
�'HYHORSLQJ�$O]KHLPHU¶V�'LVHDVH��6\VWHPDWLF�5HYLHZ�DQG�0HWD�$QDO\VLV���-�$O]KHLPHU¶V�'LV�
��������������±�����

���� �)DQQ�-5��5LEH�$5��3HGHUVHQ�+6��HW�DO��/RQJ�WHUP��ULVN�RI�GHPHQWLD�DPRQJ�SHRSOH�ZLWK�
�WUDXPDWLF�EUDLQ�LQMXU\�LQ�'HQPDUN��D�SRSXODWLRQ�EDVHG�REVHUYDWLRQDO�FRKRUW�VWXG\���/DQFHW�
�3V\FKLDWU\��������������±�����

����� �3ODVVPDQ�%/��+DYOLN�5-��6WHIIHQV�'&��HW�DO��'RFXPHQWHG��KHDG�LQMXU\�LQ�HDUO\�DGXOWKRRG�
�DQG�ULVN�RI�$O]KHLPHU¶V�GLVHDVH�DQG�RWKHU�GHPHQWLDV���1HXURORJ\����������������±������

����� �6FKRILHOG�3:��7DQJ�0��0DUGHU�.��HW�DO��$O]KHLPHU¶V��GLVHDVH�DIWHU�UHPRWH�KHDG�LQMXU\��DQ�
�LQFLGHQFH�VWXG\���-�1HXURO�1HXURVXUJ�3V\FKLDWU\����������������±�����

����� �*UDYHV�$%��:KLWH�(��.RHSVHOO�7'��HW�DO��7KH�DVVRFLDWLRQ��EHWZHHQ�KHDG�WUDXPD�DQG�
�$O]KHLPHU¶V�GLVHDVH���$P�-�(SLGHPLRO����������������±�����

����� �7ROSSDQHQ�$�0��7DLSDOH�+��+DUWLNDLQHQ�6��+HDG��RU�EUDLQ�LQMXULHV�DQG�$O]KHLPHU¶V�GLVHDVH��
�$�QHVWHG�FDVH�FRQWURO�UHJLVWHU�VWXG\���$O]KHLPHU¶V��'HPHQW����������������±������

����� �*X�'��2X�6��/LX�*��7UDXPDWLF�%UDLQ�,QMXU\�DQG��5LVN�RI�'HPHQWLD�DQG�$O]KHLPHU¶V�'LVHDVH��
�$�6\VWHPDWLF�5HYLHZ�DQG�0HWD�$QDO\VLV���1HXURHSLGHPLRORJ\�������������±����

����
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����� �6WRSD�%0��7DKLU�=��0H]]DOLUD�(��HW�DO��7KH�,PSDFW�RI�$JH�DQG�6HYHULW\�RQ�'HPHQWLD�$IWHU�
�7UDXPDWLF�%UDLQ�,QMXU\��$�&RPSDULVRQ�6WXG\���1HXURVXUJHU\���������������±�����

����� �<DQJ�-�5��.XR�&�)��&KXQJ�7�7��HW�DO��,QFUHDVHG��5LVN�RI�'HPHQWLD�LQ�3DWLHQWV�ZLWK�
�&UDQLRIDFLDO�7UDXPD��$�1DWLRQZLGH�3RSXODWLRQ�%DVHG�&RKRUW�6WXG\���:RUOG�1HXURVXUJ�
������������H���±H�����

����� �%DUQHV�'(��%\HUV�$/��*DUGQHU�5&��HW�DO��$VVRFLDWLRQ��RI�0LOG�7UDXPDWLF�%UDLQ�,QMXU\�:LWK�
�DQG�:LWKRXW�/RVV�RI�&RQVFLRXVQHVV�:LWK�'HPHQWLD�LQ�86�0LOLWDU\�9HWHUDQV���-$0$�1HXURO�
���������������±������

����� �&DWLRQV�0��'UDSHU�%��/RZ�/�)��HW�DO��1RQ�*HQHWLF��5LVN�)DFWRUV�IRU�'HJHQHUDWLYH�DQG�
�9DVFXODU�<RXQJ�2QVHW�'HPHQWLD��5HVXOWV�IURP�WKH�,163,5('�DQG�.*2:�6WXGLHV���-�
�$O]KHLPHU¶V�'LV����������������±������

����� �*DUGQHU�5&��%XUNH�-)��1HWWLNVLPPRQV�-��HW�DO���'HPHQWLD�ULVN�DIWHU�WUDXPDWLF�EUDLQ�LQMXU\�YV�
�QRQEUDLQ�WUDXPD��WKH�UROH�RI�DJH�DQG�VHYHULW\���-$0$��1HXURO����������������±������

����� �1RUGVWU|P�3��0LFKDsOVVRQ�.��*XVWDIVRQ�<��HW�DO���7UDXPDWLF�EUDLQ�LQMXU\�DQG�\RXQJ�RQVHW�
�GHPHQWLD��D�QDWLRQZLGH�FRKRUW�VWXG\���$QQ�1HXURO����������������±�����

����� �/HH�<�.��+RX�6�:��/HH�&�&��HW�DO��,QFUHDVHG�ULVN��RI�GHPHQWLD�LQ�SDWLHQWV�ZLWK�PLOG�
�WUDXPDWLF�EUDLQ�LQMXU\��D�QDWLRQZLGH�FRKRUW�VWXG\���3/R6�2QH�����������H�������

����� �/HXQJ�..��&DUU�)0��5XVVHOO�0-��HW�DO��7UDXPDWLF��EUDLQ�LQMXULHV�DPRQJ�YHWHUDQV�DQG�WKH�ULVN�
�RI�LQFLGHQW�GHPHQWLD��$�V\VWHPDWLF�UHYLHZ�	�PHWD�DQDO\VLV���$JH�$JHLQJ��������(SXE�DKHDG�RI�
�SULQW���-DQXDU\�������'2,�����������DJHLQJ�DIDE�������

����� �&ODUN�(��)DUXTXH�6��0XWHEL�&��HW�DO��,QYHVWLJDWLQJ��WKH�UHODWLRQVKLS�EHWZHHQ�PLOG�WUDXPDWLF�
�EUDLQ�LQMXU\�DQG�$O]KHLPHU¶V�GLVHDVH�DQG�UHODWHG�GHPHQWLDV��D�V\VWHPDWLF�UHYLHZ���-�1HXURO�
����������������±������

����� �'LGHKEDQL�1��)LHOGV�/0��:LOPRWK�.��HW�DO��0LOG��&RJQLWLYH�,PSDLUPHQW�LQ�5HWLUHG�
�3URIHVVLRQDO�)RRWEDOO�3OD\HUV�:LWK�D�+LVWRU\�RI�0LOG�7UDXPDWLF�%UDLQ�,QMXU\��$�3LORW�
�,QYHVWLJDWLRQ���&RJQ�%HKDY�1HXURO���������������±�����

����� �0HQGH]�0)��3DKROSDN�3��/LQ�$��HW�DO��3UHYDOHQFH��RI�7UDXPDWLF�%UDLQ�,QMXU\�LQ�(DUO\�9HUVXV�
�/DWH�2QVHW�$O]KHLPHU¶V�'LVHDVH���-�$O]KHLPHU¶V�'LV���������������±�����

����� �+D\HV�-3��/RJXH�0:��6DGHK�1��HW�DO��0LOG�WUDXPDWLF��EUDLQ�LQMXU\�LV�DVVRFLDWHG�ZLWK�UHGXFHG�
�FRUWLFDO�WKLFNQHVV�LQ�WKRVH�DW�ULVN�IRU�$O]KHLPHU¶V�GLVHDVH���%UDLQ����������������±�����

����� �5RVWRZVN\�.$��,ULPLD�$��$O]KHLPHU¶V�'LVHDVH�1HXURLPDJLQJ��,QLWLDWLYH��$FXWH�FRJQLWLYH�
�LPSDLUPHQW�DIWHU�WUDXPDWLF�EUDLQ�LQMXU\�SUHGLFWV�WKH�RFFXUUHQFH�RI�EUDLQ�DWURSK\�SDWWHUQV�
�VLPLODU�WR�WKRVH�REVHUYHG�LQ�$O]KHLPHU¶V�GLVHDVH���*HURVFLHQFH����������������±������

����� �-XQH�'��:LOOLDPV�2$��+XDQJ�&�:��HW�DO��/DVWLQJ��FRQVHTXHQFHV�RI�FRQFXVVLRQ�RQ�WKH�DJLQJ�
�EUDLQ��)LQGLQJV�IURP�WKH�%DOWLPRUH�/RQJLWXGLQDO�6WXG\�RI�$JLQJ���1HXURLPDJH�������������

����
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���������

����� �3HWHUVHQ�5&��5REHUWV�52��.QRSPDQ�'6��HW�DO��3UHYDOHQFH��RI�PLOG�FRJQLWLYH�LPSDLUPHQW�LV�
�KLJKHU�LQ�PHQ��7KH�0D\R�&OLQLF�6WXG\�RI�$JLQJ���1HXURORJ\���������������±�����

����� �<DQJ�6�7��+VLDR�,�7��+VLHK�&�-��HW�DO��$FFXPXODWLRQ��RI�DP\ORLG�LQ�FRJQLWLYH�LPSDLUPHQW�
�DIWHU�PLOG�WUDXPDWLF�EUDLQ�LQMXU\���-�1HXURO�6FL����������������±�����

����� �*DOOR�9��0RWOH\�.��.HPS�637��HW�DO��&RQFXVVLRQ��DQG�ORQJ�WHUP�FRJQLWLYH�LPSDLUPHQW�
�DPRQJ�SURIHVVLRQDO�RU�HOLWH�VSRUW�SHUVRQV��D�V\VWHPDWLF�UHYLHZ���-�1HXURO�1HXURVXUJ�
�3V\FKLDWU\���������������±�����

����� �*XVNLHZLF]�.0��0DUVKDOO�6:��%DLOHV�-��HW�DO���$VVRFLDWLRQ�EHWZHHQ�UHFXUUHQW�FRQFXVVLRQ�
�DQG�ODWH�OLIH�FRJQLWLYH�LPSDLUPHQW�LQ�UHWLUHG�SURIHVVLRQDO�IRRWEDOO�SOD\HUV���1HXURVXUJHU\�
��������������±����GLVFXVVLRQ����±����

����� �3HWHUVRQ�.��9HD]LH�6��%RXUQH�'��HW�DO��$VVRFLDWLRQ��%HWZHHQ�7UDXPDWLF�%UDLQ�,QMXU\�DQG�
�'HPHQWLD�LQ�9HWHUDQV��$�5DSLG�6\VWHPDWLF�5HYLHZ���-��+HDG�7UDXPD�5HKDELO������������
����±�����
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