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�$EVWUDFW�

�,Q� �ELRPHGLFLQH�� �WKH� �DGYHQW� �RI� �GLJLWDOL]DWLRQ� �DQG� �ELJ� �LPSURYHPHQWV� �LQ� �FRPSXWLQJ� �SRZHU� �DQG�

�KLJK��WKURXJKSXW��WHFKQRORJLHV��KDV��\LHOGHG��DQ��XQSUHFHGHQWHG��DPRXQW��RI��GDWD���7R��KDUQHVV��WKLV�

�GDWD¶V��IXOO��SRWHQWLDO���UHVHDUFK��KDV��EHFRPH��LQFUHDVLQJO\��FRPSXWDWLRQDO���ZLWK��FRUH��WRROV��RI��GDWD�

�VFLHQFH� �VXFK� �DV� �PDFKLQH� �OHDUQLQJ� �UHTXLUHG� �WR� �GHFLSKHU� �SDWWHUQV���KHOS��H[WUDFW��PHDQLQJ��DQG�

�XQFRYHU� �XQGHUO\LQJ� �FRQQHFWLRQV�� �,Q� �WKLV� �ZRUN�� �ZH� �KDYH� �H[SORUHG� �NH\� �OHDGLQJ� �DUHDV� �RI�

�FRPSXWDWLRQDO� �UHVHDUFK�� �IURP� �GLVFRYHU\� �VFLHQFH� �WR� �WUDQVODWLRQDO� �PHGLFLQH� �DQG� �FRPSOH[�

�V\VWHP� �VWXGLHV�� �)LUVW�� �D� �PDFKLQH� �OHDUQLQJ� �SLSHOLQH� �ZDV� �GHYHORSHG� �WR� �LQIRUP� �ELRLQIRUPDWLF�

�UHVHDUFK�� �$IWHU� �YDOLGDWLRQ�� �LW� �ZDV� �DSSOLHG� �RQ� �D� �QRYHO� �GDWDVHW� �JHQHUDWLQJ� �LQVLJKW� �RQWR� �WKH�

�SUHGLFWLYH��SRZHU��RI��LPPXQH��IHDWXUHV��LQ��XOWUD�HDUO\��WUDXPD��LQMXU\���JHQHUDWLQJ��OHDGV��RI��SRVVLEOH�

�ELRPDUNHUV� �DVVRFLDWHG� �ZLWK� �WKH� �GHYHORSPHQW� �RI� �0XOWL2UJDQ� �'\VIXQFWLRQ�� �7KHQ�� �LQ� �RUGHU� �WR�

�PDNH� �RXU� �SLSHOLQH� �DFFHVVLEOH�� �DQ� �LQWHUDFWLYH�� �VLPSOH�� �IUHH� �DQG� �RSHQ�VRXUFH� �VXSHUYLVHG�

�PDFKLQH� �OHDUQLQJ� �ZHEWRRO� �ZDV� �GHYHORSHG�� �$GDSWLQJ� �WKLV� �VDPH� �IUDPHZRUN� �WR� �WKH� �UHDOP� �RI�

�FOLQLFDO��WUDQVODWLRQ���ZH��WKHQ��GHSOR\HG��WZR��SURJQRVWLF��PRGHOV��IRU��GHFLVLRQ��VXSSRUW��LQ��VXUJHULHV�

�GXULQJ��WKH��&29,'�����SDQGHPLF���7KLV��ZDV��GRQH��LQ��FROODERUDWLRQ��ZLWK��WKH��1,+5��VXUJLFDO��WHDP��

�/DVWO\�� �ZH� �H[SORUHG� �V\VWHPV� �ELRORJ\� �DSSURDFKHV� �E\� �VWXG\LQJ� �WKH��FRPSOH[LW\��EHKLQG��DJHLQJ�

�DQG� �KHDOWK� �WR� �GLVHDVH� �WUDQVLWLRQV�� �)RU� �WKLV�� �ZH� �OHYHUDJHG� �WKH� �8.� �%LREDQN� �GDWD� �DV� �D� �ULFK�

�VRXUFH� �RI� �GHHSO\� �SKHQRW\SHG� �LQIRUPDWLRQ�� �%\� �FDOFXODWLQJ� �ELRORJLFDO� �DJH� ��3KHQR$JH��

�ORQJLWXGLQDOO\� �IRU� �QHDUO\� ��������� �SDUWLFLSDQWV�� �ZH� �LGHQWLILHG� �IRXU� �GLVWLQFW� �DJHLQJ� �FDWHJRULHV�

�UDQJLQJ��IURP��KHDOWK\��WR��XQKHDOWK\��DJHLQJ���7KHVH��GLIIHUHQW��WUDMHFWRULHV��ZHUH��FKDUDFWHULVHG��E\�

�WKHLU� �FKURQLF� �GLVHDVHV� �DQG� �JHQHWLF� �PDNHXS�� �UHYHDOLQJ� �D� �VWURQJ� �DVVRFLDWLRQ� �RI� �PHWDEROLF�

�G\VIXQFWLRQ��ZLWK��XQKHDOWKLHU��SKHQRW\SHV��DQG��LPPXQH�UHODWHG��VLJQDOV��IRU��KHDOWKLHU��RQHV���$OVR��

�VWURQJ� �RSSRVLWH�HIIHFW� �DVVRFLDWLRQV� �RI� �ORQJHYLW\�UHODWHG� �YDULDQWV� �ZHUH� �IRXQG�� �ZLWK� �QRYHO�

�UHJXODWRU\� �HOHPHQWV� �SRVWXODWHG� �DV� �SRVVLEOH� �GULYHUV� �RI� �XQKHDOWK\� �SKHQRW\SHV�� �RSHQLQJ� �QHZ�

�DYHQXHV� �IRU� �IXWXUH� �VWXG\�� �2YHUDOO�� �RXU� �ILQGLQJV� �KLJKOLJKW� �WKH� �FUXFLDO� �UROH� �RI� �FRPSXWDWLRQDO�

�PHWKRGV�LQ�ELRPHGLFLQH�DQG�WKHLU�SRWHQWLDO�WR�WUDQVIRUP�FOLQLFDO�SUDFWLFH��



�$FNQRZOHGJPHQWV�

�)LUVW�� �,� �ZRXOG� �OLNH� �WR� �H[SUHVV� �P\� �JUDWLWXGH� �WR� �P\� �VXSHUYLVRUV� �'U�� �$QLPHVK� �$FKDUMHH�� �3URI��

�-DQHW� �/RUG�� �DQG� �3URI�� �*HRUJLRV� �*NRXWRV�� �:LWKRXW� �WKHLU� �JXLGDQFH�� �VXSSRUW�� �DQG�

�HQFRXUDJHPHQW� �WKLV� �3K'� �ZRXOG� �QRW� �EH��SRVVLEOH���$QLPHVK���,��YDOXH��LQFUHGLEO\��\RXU��GULYH��DQG�

�³JXLGH� �E\� �H[DPSOH´� �SULQFLSOHV� �DQG� �,� �DP� �H[WUHPHO\� �JUDWHIXO� �IRU� �DOO� �\RXU� �PHQWRUVKLS� �DGYLFH��

�*HRUJH���\RXU��FRQVWDQW��VXSSRUW��DQG��JRRG�KXPRXU��LV��D��VRXUFH��RI��FDOP��WKDW��KDV��XSOLIWHG��PH��LQ�

�WKLV� �MRXUQH\� �PDQ\� �WLPHV�� �-DQHW�� �\RX� �DUH� �D� �KXJH� �LQVSLUDWLRQ� �DQG� �,� �KDYH� �UHDOO\� �YDOXHG� �WKH�

�RSSRUWXQLW\�RI�ZRUNLQJ�ZLWK�\RX��

�,��ZRXOG��DOVR��OLNH��WR��DFNQRZOHGJH��WKH��IXQGLQJ��SURYLGHG��E\��WKH��:HOOFRPH��7UXVW��)RXU�<HDU��3K'�

�6WXGHQWVKLS� �LQ� �%DVLF� �6FLHQFH�� �0HFKDQLVP� �RI� �,QIODPPDWRU\� �'LVHDVH� ��0,'$6�� �'RFWRUDO�

�SURJUDP� �XQGHU� �JUDQW� �QXPEHU� ��������=����=�� �7KURXJK� �WKLV� �SURJUDP�� �,� �KDYH� �KDG� �WKH�

�RSSRUWXQLW\��WR��HQJDJH��LQ��H[FLWLQJ��UHVHDUFK��H[SHULHQFHV��DQG��PHHW��WKH��PRVW��LQVLJKWIXO��FRKRUW��RI�

�VFLHQWLVWV�� �,� �ZRXOG� �HVSHFLDOO\� �OLNH� �WR� �FHOHEUDWH� �PHHWLQJ� �$LOEKH� �DQG� �&ODLUH���IULHQGV��ZKR��KDYH�

�PDGH�WKLV�MRXUQH\�DEURDG�IHHO�PRUH�OLNH�KRPH��

�$OVR�� �P\� �WLPH��LQ��%LUPLQJKDP��KDV��EHHQ��JUHDWO\��HQULFKHG��E\��DOO��WKH��IULHQGVKLS��DQG��VXSSRUW��RI�

�WKH� �6SDQLVK� �6RFLHW\� �LQ� �WKH� �8.� �WHDP�� �,� �DP� �JUDWHIXO� �IRU� �WKH� �MR\� �DQG� �ZRQGHUIXO� �H[SHULHQFHV�

�VKDUHG� �DQG� �ORRN� �IRUZDUG� �WR� �PDQ\� �PRUH�� �&ODXGLD�� �6LPRQ�� �-RUJH�� �0LJXHO�� �&\QWLD�� �$VLHU� �OHW
V�

�FRQWLQXH� �WKH� �IXQ�� �$OVR�� �WR� �DOO� �WKH� �QHZ� �VSHFLDO� �SHRSOH� �WKDW� �MRLQHG� �WKLV� �\HDU�� �WKH� �IXWXUH� �LV�

�H[FLWLQJ��

�,��DP��DOVR��WKDQNIXO��WR��P\��IHOORZ��3K'��VWXGHQWV��9LFWRU��DQG��'RP���DQG��WKH��HQWLUH��*NRXWRV��JURXS��

�IRU��PDNLQJ��PH��PLVV��RIILFH��GD\V��DQG��OXQFK��DW�������)URP��RXU��WULS��WR��1RWWLQJKDP��WR��ELNH��ULGHV��DQG�



�SLQWV�� �DQG� �HYHQ� �SDQGHPLF� �]RRPV�� �PHHWLQJ� �\RX� �DOO� �KDV� �GHILQLWHO\� �EHHQ� �RQH� �RI� �WKH� �NH\�

�KLJKOLJKWV� �RI� �P\� �WLPH��KHUH���,��ZRXOG��DOVR��OLNH��WR��DFNQRZOHGJH��-RKQ���/XNH���$QGUHDV���6DLVDNXO�

�DQG�DOO�RWKHU�ZRQGHUIXO�VHQLRU�OHDGHUV�LQ�WKH�JURXS��WKDQN�\RX�IRU�\RXU�VXSSRUW�DQG�IULHQGVKLS��

�1RZ�� �,� �ZDQW� �WR� �IRFXV� �RQ� �WKH� �VROLG� �VXSSRUW� �WHDP� �EDFN��KRPH���,��IHHO��H[WUHPHO\��OXFN\��WR��FRXQW�

�ZLWK��WKH��XQZDYHULQJ��VXSSRUW��RI��P\��VFKRRO��IULHQGV��(OLVD��DQG��,UHQH�� �6WRQH���ULJKW��KHUH��ZLWK��PH�

�QRZ���� �0DULD���&DUPHQ���$OPX��DQG��PDQ\��PRUH���<RX��DUH��VLPSO\��WKH��EHVW���$OVR��XQL��IULHQGV���\RX�

�LQVSLUH�PH�HYHU\GD\�DQG�KDYH�SXVKHG�PH�WR�GUHDP�ELJJHU�DQG�EULJKWHU��

�)LQDOO\�� �,� �ZDQW� �WR� �H[SUHVV� �P\� �KHDUWIHOW� �JUDWLWXGH� �WR� �P\� �IDPLO\� �DQG� �PRVW� �QRWDEO\��WR��&DUPHQ��

�-XDQ� �&DUORV�� �DQG� �$OH[�� �IRU� �EHLQJ��WKH��PDLQ��SLOODUV��LQ��P\��OLIH���<RXU��HQFRXUDJHPHQW���ORYH���DQG�

�EHOLHI�LQ�PH�LV�XQPDWFKHG�DQG�,�DP�WUXO\�EOHVVHG�WR�KDYH�\RX��



�/LVW�RI�3XEOLFDWLRQV�

�$FDGHPLF�-RXUQDO�3DSHUV�

���� �%UDYR�0HURGLR�� �/�� �$FKDUMHH�� �$�� �+D]HOGLQH�� �-�� �%HQWOH\�� �&�� �)RVWHU�� �0���*NRXWRV���*9���	�

�/RUG�� �-0�� ��������� �0DFKLQH� �OHDUQLQJ� �IRU� �WKH� �GHWHFWLRQ� �RI� �HDUO\� �LPPXQRORJLFDO��PDUNHUV��DV�

�SUHGLFWRUV�RI�PXOWL�RUJDQ�G\VIXQFWLRQ���6FLHQWLILF��'DWD��������������±����

�����%UDYR�0HURGLR���/���:LOOLDPV���-$���*NRXWRV���*9���	��$FKDUMHH���$�������������RPLFV��ELRPDUNHU�

�LGHQWLILFDWLRQ� �SLSHOLQH� �IRU� �WUDQVODWLRQDO� �PHGLFLQH���-RXUQDO��RI��7UDQVODWLRQDO��0HGLFLQH��������������

��±����

�����$]L]���)���$FKDUMHH���$���:LOOLDPV���-$���5XVV���'���%UDYR�0HURGLR���/�����	��*NRXWRV���*9�����������

�%LRPDUNHU� �SULRULWLVDWLRQ� �DQG� �SRZHU� �HVWLPDWLRQ� �XVLQJ� �HQVHPEOH� �JHQH� �UHJXODWRU\� �QHWZRUN�

�LQIHUHQFH���,QWHUQDWLRQDO�-RXUQDO�RI�0ROHFXODU�6FLHQFHV���������������������

���� �$]L]�� �)�� �&DUGRVR�� �95�� �%UDYR�0HURGLR�� �/���� �5XVV�� �'�� �3HQGOHWRQ�� �6&�� �:LOOLDPV�� �-$��

�$FKDUMHH�� �$�� �	� �*NRXWRV�� �*9�� ��������� �0XOWLPRUELGLW\� �SUHGLFWLRQ� �XVLQJ� �OLQN� �SUHGLFWLRQ��

�6FLHQWLILF�5HSRUWV���������������±����

���� �:LOOLDPV�� �-$�� �5XVV�� �'�� �%UDYR�0HURGLR�� �/�� �&DUGRVR�� �95�� �3HQGOHWRQ�� �6&�� �$]L]�� �)��

�$FKDUMHH�� �$�� �	� �*NRXWRV�� �*9�� ��������� �$� �FDXVDO� �ZHE� �EHWZHHQ� �FKURQRW\SH� �DQG� �PHWDEROLF�

�KHDOWK�WUDLWV���*HQHV��������������������

������ �%UDYR�0HURGLR�� �/�� �	� �&ROODERUDWLYH�� �&�� ��������� �0DFKLQH� �OHDUQLQJ� �ULVN� �SUHGLFWLRQ� �RI�

�PRUWDOLW\� �IRU� �SDWLHQWV� �XQGHUJRLQJ� �VXUJHU\� �ZLWK� �SHULRSHUDWLYH� �VDUV�FRY���� �7KH� �FRYLGVXUJ�

�PRUWDOLW\�VFRUH���7KH�%ULWLVK�-RXUQDO�RI�6XUJHU\�����������������������

���� �5XVV�� �'�� �:LOOLDPV�� �-$�� �&DUGRVR�� �95�� �%UDYR�0HURGLR�� �/���� �3HQGOHWRQ�� �6&�� �$]L]�� �)��

�$FKDUMHH���$���	��*NRXWRV���*9������������(YDOXDWLQJ��WKH��GHWHFWLRQ��DELOLW\��RI��D��UDQJH��RI��HSLVWDVLV�



�GHWHFWLRQ� �PHWKRGV� �RQ� �VLPXODWHG� �GDWD� �IRU� �SXUH� �DQG� �LPSXUH� �HSLVWDWLF� �PRGHOV�� �3ORV� �2QH����

����������H���������

���� �%HQWOH\� �&�� �+D]HOGLQH� �-�� �%UDYR�0HURGLR�� �/���� �7D\ORU� �$(�� �*LOOLJDQ� �/&�� �6KDKHHQ� �)��

�$FKDUMHH� �$�� �*NRXWRV� �*�� �)RVWHU� �0$�� �$UOW� �:�� �/RUG� �-0�� ��������7KH� �XOWUD�DFXWH� �VWHURLG�

�UHVSRQVH�WR�WUDXPDWLF�LQMXU\��D�FRKRUW�VWXG\���,Q��(XURSHDQ��-RXUQDO�RI�(QGRFULQRORJ\����

�%RRN�FKDSWHUV�

���� �%UDYR�0HURGLR�� �/�� �$FKDUMHH�� �$�� �5XVV�� �'�� �%LVKW�� �9�� �:LOOLDPV�� �-$�� �7VDSURXQL�� �/*�� �	�

�*NRXWRV�� �*9�� ��������� �7UDQVODWLRQDO� �ELRPDUNHUV� �LQ� �WKH� �HUD� �RI� �SUHFLVLRQ� �PHGLFLQH�� �,Q�

�$GYDQFHV�LQ�FOLQLFDO�FKHPLVWU\���9RO�������SS�����±�������(OVHYLHU��

�8QSXEOLVKHG�ZRUNLQJ�SDSHUV�

���� �%UDYR�0HURGLR�� �/���� �	� �&ROODERUDWLYH�� �&�� ��Q�G����� �5LVN� �RI� �SXOPRQDU\� �FRPSOLFDWLRQV� �LQ�

�DGXOWV� �XQGHUJRLQJ��HOHFWLYH��VXUJHU\���'HYHORSPHQW��DQG��YDOLGDWLRQ��RI��D��SURJQRVWLF��PRGHO��WR�

�VXSSRUW�VDIH�JOREDO�UHFRYHU\�RI�HOHFWLYH�VXUJHU\��,Q��/DQFHW�'LJLWDO�+HDOWK����

�����%UDYR�0HURGLR���/���$FKDUMHH���$���*NRXWRV���*9���	��/RUG���-0����Q�G������/RQJLWXGLQDO��DQDO\VLV�

�RI��ELRORJLFDO��DJH���3KHQR$JH���LQ��8.%LREDQN��SDUWLFLSDQWV��UHYHDOV��NH\��IDFWRUV��GULYLQJ��DJHLQJ�

�WUDMHFWRULHV��,Q��1DWXUH�$JHLQJ��

���� �%UDYR�0HURGLR�� �/�� �:LOOLDPV�� �-$� �*NRXWRV�� �*9� �	� �0DJGD�� �([SORULQJ� �WKH� �FRPELQDWRULDO�

�HIIHFWV�JHQHWLFV��IURQWR�SDULHWDO�QHWZRUNV��DQG�HGXFDWLRQ�RQ�FRJQLWLYH�RXWFRPHV��



�7DEOH�RI�&RQWHQWV�

���&KDSWHU����*HQHUDO�,QWURGXFWLRQ� ���
�����0DFKLQH�/HDUQLQJ� ���

�������0RGHO�W\SHV� ���
�������0RGHO�VHOHFWLRQ�DQG�DVVHVVPHQW� ���

���������,QWHUQDO�9DOLGDWLRQ��WUDLQ�WHVW�VSOLW�DQG�UHVDPSOLQJ�PHWKRGV� ���
���������([WHUQDO�9DOLGDWLRQ� ���
���������'LVFULPLQDWLRQ�DQG�FDOLEUDWLRQ� ���

�������6WDWH�RI�WKH�DUW�GHYHORSPHQWV� ����
���������0RGHO�H[SODLQDELOLW\� ����
���������(WKLFV�DQG�UHJXODWLRQV� ����

�����6\VWHPV�%LRORJ\� ����
�������'LVHDVH�DQG�PXOWLPRUELGLW\� ����
�������'HVFULELQJ�KHDOWK\�SKHQRW\SHV� ����
�������+HDOWK�WR�GLVHDVH�WUDQVLWLRQV� ����

�����7KHVLV�DLPV�DQG�REMHFWLYHV� ����
���&KDSWHU����%LRPDUNHU�GLVFRYHU\�DQG�SLSHOLQH�GHYHORSPHQW� ����

�����%DFNJURXQG�DQG�FKDSWHU�RYHUYLHZ� ����
�����3LSHOLQH�GHYHORSPHQW� ����
�����3LSHOLQH�YDOLGDWLRQ� ����

�������/LSLGRPLFV� ����
�������7UDQVFULSWRPLFV� ����

�����8VH�FDVH��*ROGHQ�+RXU�GDWDVHW� ����
�����:HE�DSS� ����

�������0RGXOH����9LVXDOLVDWLRQ� ����
�������0RGXOH����)HDWXUH�VHOHFWLRQ� ����
�������0RGXOH����)LQDO�PRGHO�EXLOGLQJ� ����
�������0RGXOH����$QDO\VLV�UHSRUW� ����

�����&RQFOXVLRQ�DQG�GLVFXVVLRQ� ����
���&KDSWHU����&OLQLFDO�WUDQVODWLRQ�DQG�&RYLG6XUJ� ����

�����%DFNJURXQG�DQG�FKDSWHU�RYHUYLHZ� ����
�����0DFKLQH�OHDUQLQJ�ULVN�SUHGLFWLRQ�RI�PRUWDOLW\�IRU�SDWLHQWV�XQGHUJRLQJ�VXUJHU\�ZLWK�
�SHULRSHUDWLYH�6$56�&29����7KH�&RYLG6XUJ�PRUWDOLW\�VFRUH� ����

�������6XPPDU\� ����
�������0HWKRGV�DQG�UHVXOWV� ����

���������'DWD��3DWLHQW�FKDUDFWHULVWLFV�DQG�RXWFRPHV� ����
���������)HDWXUH�VHOHFWLRQ� ����
���������0RGHO�EXLOGLQJ�DQG�YDOLGDWLRQ� ����

�����5LVN�RI�SXOPRQDU\�FRPSOLFDWLRQV�LQ�DGXOWV�XQGHUJRLQJ�HOHFWLYH�VXUJHU\��'HYHORSPHQW�
�DQG�YDOLGDWLRQ�RI�D�SURJQRVWLF�PRGHO�WR�VXSSRUW�VDIH�JOREDO�UHFRYHU\�RI�HOHFWLYH�VXUJHU\�
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�EHHQ� �GHVLJQHG� �WR� �VFDOH� �EH\RQG� �ELOOLRQV� �RI� �H[DPSOHV� �EXW� �XVLQJ� �IDU� �IHZHU� �UHVRXUFHV� �WKDQ�

�H[LVWLQJ��V\VWHPV�����GHPRQVWUDWLQJ��YHU\��JRRG��SHUIRUPDQFH��LQ��0/��SUREOHPV���)RU��D��PRUH��GHWDLOHG�

�DQDO\VLV�RQ�GHFLVLRQ�WUHH�DOJRULWKPV�SOHDVH�UHIHU�WR��+DVWLH��7LEVKLUDQL��DQG�)ULHGPDQ��������
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�2QH� �ODVW� �DOJRULWKP� �W\SH� �WR� �PHQWLRQ� �LV� �QHXUDO� �QHWZRUNV� ��11��� �D� �WHUP� �ZKLFK� �KDV� �HYROYHG� �WR�

�HQFRPSDVV� �D� �ODUJH� �FODVV� �RI� �PRGHOV� �DQG� �OHDUQLQJ� �PHWKRGV� �DOO� �XQGHU� �WKH� �XPEUHOOD� �RI� �'HHS�

�/HDUQLQJ� ��'/��� �,Q� �LWV� �VLPSOHVW� �IRUP� ��DOVR� �NQRZQ� �DV� �VLQJOH� �KLGGHQ� �OD\HU� �EDFN�SURSDJDWLRQ�

�QHWZRUN��� �LW� �UHIHUV� �WR� �D� �QRQ�OLQHDU� �PRGHO� �WKDW� �FRQVLVWV� �RI� �D� �WZR�VWDJH� �UHJUHVVLRQ� �RU�

�FODVVLILFDWLRQ� �PRGHO��DQG��LV��W\SLFDOO\��UHSUHVHQWHG��E\��D��QHWZRUN��GLDJUDP���$OWKRXJK��11V���ZHUH�

�ILUVW� �GHVFULEHG� �LQ� �WKH� �����V� �LQ��WKH��FRQWH[W��RI��WKH��5RVHQEODWW�V��SHUFHSWURQ���5DMNRPDU���'HDQ��

�DQG� �.RKDQH� ���������� �'/� �KDV� �EHFRPH� �YHU\� �SRSXODU� �LQ� �WKH� �ODVW� ���� �\HDUV�� �ZLWK� �IRU� �LQVWDQFH�

�FRQYROXWLRQDO� �QHXUDO� �QHWV� ��&11V�� �EHLQJ� �D� �NH\� �UHFHQW� �EUHDNWKURXJK� ��/H&XQ�� �%HQJLR�� �DQG�

�+LQWRQ� ������� �DQG� �OHDGLQJ� �NH\� �LPSURYHPHQWV� �LQ� �WKH��ILHOG��RI��FRPSXWHU��YLVLRQ���LPDJH��FDSWLRQ��

�VSHHFK�UHFRJQLWLRQ��QDWXUDO�ODQJXDJH�WUDQVODWLRQ��URERWLFV��RU�HYHQ�VHOI�GULYLQJ�FDUV��

������� �0RGHO�VHOHFWLRQ�DQG�DVVHVVPHQW�

�$V� �VHHQ� �DERYH�� �D� �YDULHW\� �RI� �DOJRULWKPV� �H[LVW�� �HDFK� �ZLWK� �GLIIHUHQW� �FKDUDFWHULVWLFV� �DQG�

�FDSDELOLWLHV���7R��VHOHFW��WKH��EHVW��IRU��RXU��GDWD��DQDO\VLV���DQ��XQGHUVWDQGLQJ��RI��ZKLFK��PRGHO��ZRXOG�

�RIIHU� �WKH� �EHVW� �SHUIRUPDQFH� �LV� �UHTXLUHG�� �7R� �PHDVXUH� �SHUIRUPDQFH�� �ZH� �ZLOO� �DVVHVV� �WKH�

�JHQHUDOL]DWLRQ� �HUURU�� �D� �PHDVXUH� �RI� �KRZ� �DFFXUDWHO\� �DQG� �UHOLDEO\� �WKH� �H[WUDFWHG� �SDWWHUQV�

�JHQHUDOL]H� �WR��QHZ��REVHUYDWLRQV���WKH��XOWLPDWH��JRDO��LQ��0/���,Q��WKH��FDVH��RI��VXSHUYLVHG��OHDUQLQJ��

�WKLV� �ZRXOG� �DPRXQW� �WR��HYDOXDWLQJ��WKH��FDSDELOLW\��RI��D��PRGHO��WR��DFFXUDWHO\��SUHGLFW��WKH��RXWFRPH�

�ODEHO� �LQ� �QHZ� �GDWD� �QRW� �XVHG� �IRU� �WUDLQLQJ���,Q��RUGHU��WR��DFFXUDWHO\��HYDOXDWH��PRGHO��SHUIRUPDQFH��

�WZR� �IXQGDPHQWDO� �SULQFLSOHV� �FDQ� �KHOS� �XV� �JXLGH� �RXU� �FKRLFH�� �WKH� �³1R� �)UHH� �/XQFK� �7KHRUHP´�

��:ROSHUW�DQG�0DFUHDG\�������DQG�WKH�ELDV�YDULDQFH�WUDGH�RII��)LJXUH�������

�2Q� �RQH� �KDQG�� �WKH� �³1R� �)UHH��/XQFK��7KHRUHP´���:ROSHUW��DQG��0DFUHDG\���������DFNQRZOHGJHV�

�WKDW��QR��DOJRULWKP��LV��LQKHUHQWO\��VXSHULRU��WR��DQ\��RWKHU���ZLWK��GLIIHUHQW��PRGHOV��SHUIRUPLQJ��EHVW��LQ�

�GLIIHUHQW� �FRQWH[WV���7KHUHIRUH���ZKHQ��FKRRVLQJ��PRGHOV���D��VRXQG��XQGHUVWDQGLQJ��RI��WKH��GDWD��RQ�

�ZKLFK��WKH��PRGHO��ZLOO��RSHUDWH��DQG��WKH��FLUFXPVWDQFH��RI��LWV��LQWHQGHG��XVH��DUH��UHTXLUHG���ZLWK��WKH�
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�W\SH� �RI� �SUREOHP� �DW� �KDQG�� �SULRU� �GDWD� �GLVWULEXWLRQ�� �DPRXQW� �RI� �WUDLQLQJ��GDWD��DQG��FRPSXWDWLRQDO�

�UHVRXUFHV� �EHLQJ� �WKH� �NH\� �GULYHUV��RI��DOJRULWKPLF��FKRLFH���2Q��WKH��RWKHU��KDQG���WKH��ELDV�YDULDQFH�

�WUDGH�RII���)LJXUH���������KHOSV��XV��FULWLFDOO\��DVVHVV��PRGHO��SHUIRUPDQFH��DQG��LV��D��JXLGLQJ��SULQFLSOH�

�IRU� �PDFKLQH� �OHDUQLQJ� �IUDPHZRUNV� �VXFK� �DV� �WKH� �WUDLQ�WHVW� �VSOLW�� �.�IROG� �FURVV� �YDOLGDWLRQ� �RU�

�ERRWVWUDSSLQJ�ZKLFK�ZH�KDYH�LQFOXGHG�WKURXJKRXW�RXU�ZRUN��

�)LJXUH������%LDV�YDULDQFH�WUDGH�RII�
�2XU� �REMHFWLYH� �ZKHQ� �EXLOGLQJ� �D� �0/� �PRGHO� �LV� �WR� �PLQLPL]H� �WKH� �JHQHUDOL]DWLRQ� �HUURU� ��� �ILQG� �WKH�
�PRGHO� �IRXQG� �LQ� �WKH� �RSWLPXP� �SRLQW� ��UHG��OLQH����,Q��RUGHU��WR��GR��VR���ZH��XVH��WKH��WUDLQLQJ��HUURU��DV�
�UHIHUHQFH� ��EODFN� �OLQH��� �EXW� �PRGHO� �FRPSOH[LW\� �KDV� �WR� �EH� �DFNQRZOHGJHG�� �%LDV� �DQG� �YDULDQFH�
�GHILQH� �PRGHO� �FRPSOH[LW\� �ZKHUH�� �KLJK� �ELDV� �PRGHOV� ��JUHHQ�� �\LHOG� �KLJK� �WUDLQLQJ� �DQG�
�JHQHUDOL]DWLRQ��HUURUV��LQ��D��SKHQRPHQRQ��NQRZQ��DV��XQGHUILWWLQJ���ZKHUHDV��KLJK��YDULDQFH��PRGHOV�
��EOXH���\LHOG��YHU\��ORZ��SUHGLFWLRQ��HUURUV��EXW��KLJK��JHQHUDOL]DWLRQ��RQHV���7KLV��LV��WHUPHG��RYHUILWWLQJ��
�ZKHUH� �WKH� �PRGHO� �LV� �DGDSWLQJ� �LWVHOI� �WRR� �FORVHO\� �WR� �WKH� �WUDLQLQJ� �GDWD� �DQG� �WKHUHIRUH� �QRW�
�JHQHUDOL]LQJ��ZHOO��WR��QHZ��XQVHHQ��RQH��DV���QRW��RQO\��KDV��LW��FDSWXUHG��WKH��XQGHUO\LQJ��SDWWHUQV��ZH�
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�DUH� �LQWHUHVWHG� �LQ� �EXW� �SUREDEO\� �WRR� �DOO� �XQGHUO\LQJ� �QRLVH�� �%HORZ�� �SRO\QRPLDO� �PRGHOV�
�H[HPSOLI\LQJ��D��ORZ��YDULDQFH�KLJK��ELDV��PRGHO���ORZ��SRO\QRPLDO��GHJUHH����DQ��RSWLPXP��PRGHO��DQG�
�D�KLJK�YDULDQFH�ORZ�ELDV�PRGHO��KLJK�SRO\QRPLDO�GHJUHH���

�7KH� �EHVW� �HVWLPDWH� �RI� �WKH� �JHQHUDOL]DWLRQ� �HUURU� �ZH� �FDQ� �KDYH� �LV� �WKH� �WUDLQLQJ� �HUURU�����SUHGLFWLYH�

�SHUIRUPDQFH��LQ��WKH��GDWDVHW��XVHG��WR��ILW��WKH��GDWD�� �EXW��WKLV��LV��QRW��D��SHUIHFW��SUR[\��JLYHQ��LW��GRHV�

�QRW� �IXOO\� �DFFRXQW� �IRU� �PRGHO� �FRPSOH[LW\���0RGHO��FRPSOH[LW\��LV��EXLOW��IURP��WZR��PHWULFV���ELDV��DQG�

�YDULDQFH�� �ZKHUH� �D� �KLJK� �YDULDQFH� �PRGHO� �ILWV� �WKH� �WUDLQLQJ� �GDWD� �YHU\� �VWURQJO\�� �OHDGLQJ� �WR�

�RYHUILWWLQJ� �DQG� �KLJK� �ELDV� �DSSUR[LPDWHV� �GDWD� �ZLWK� �D� �PRGHO� �WKDW� �LV� �WRR� �VLPSOH�� �OHDGLQJ� �WR�

�XQGHUILWWLQJ�� �,Q� �ERWK� �FDVHV�� �SRRU� �JHQHUDOL]DWLRQ� �SHUIRUPDQFH� �RQ� �WKH� �QHZ� �GDWD� �ZLOO� �UHVXOW��

�7KHUHIRUH�� �LQ� �RUGHU� �WR� �REWDLQ� �DQ� �RSWLPXP� �PRGHO�� �ZH� �KDYH� �WR� �QRW� �RQO\��FRQVLGHU��WKH��WUDLQLQJ�

�HUURU� �DV� �SUR[\� �RI� �WKH� �JHQHUDOL]DWLRQ� �HUURU�� �EXW� �DFNQRZOHGJH� �WKLV� �H[WUD� �PRGHO� �FRPSOH[LW\��E\�

�WHVWLQJ��PRGHOV��LQ��XQVHHQ��GDWD��DQG��FULWLFDOO\��DSSUDLVH��WKH��FKDQJH��LQ��SHUIRUPDQFH���7KLV��LV��WKH�

�UHDVRQ� �EHKLQG� �LQWHUQDO� �YDOLGDWLRQ� �PHWKRGV� �VXFK� �DV� �WUDLQ�WHVW� �VSOLWV� �RU� �UHVDPSOLQJ��ZKLFK��ZH�

�ZLOO�QRZ�H[SORUH�EHORZ��

��������� �,QWHUQDO�9DOLGDWLRQ��WUDLQ�WHVW�VSOLW�DQG�UHVDPSOLQJ�PHWKRGV�

�,GHDOO\�� �LI� �ZH��FRXQW��ZLWK��ORWV��RI��GDWD���ZH��ZLOO��VSOLW��RXU��GDWD��LQWR��FKXQNV��WKDW��WKH��WUDLQLQJ��GRHV�

�QRW��VHH��DQG��OHDYH��RQH��DV��WKLV��XQVHHQ��LQGHSHQGHQW��GDWDVHW��WR��PHDVXUH��SHUIRUPDQFH��LQ���'DWD�

�ZRXOG��EH��ILW��LQ��D��WUDLQLQJ��VHW���ZLWK��DQ\��H[WUD��PRGHO��VHOHFWLRQ��SKDVH��GRQH��XVLQJ��H[WUD��XQVHHQ�

�WHVWLQJ��GDWD���7KHQ���DIWHU��EXLOGLQJ��WKLV��ILQDO��PRGHO���WKH��JHQHUDOL]DWLRQ��HUURU��ZRXOG��EH��DVVHVVHG�

�LQ� �D� �WKLUG�� �XQVHHQ�� �LQGHSHQGHQW� �YDOLGDWLRQ� �VHW� �DOVR� �NQRZQ� �DV� �H[WHUQDO� �YDOLGDWLRQ� �VHW�� �%XW��

�JLYHQ� �GDWD� �LV� �D� �OX[XU\�� �DQG��LQ��WKHRU\��ZH��ZRXOG��ZDQW��WR��PD[LPLVH��LWV��XVH��IRU��PRGHO��EXLOGLQJ��

�UHVDPSOLQJ���RU��SDUWLWLRQLQJ��WKH��GDWD��WKURXJK��ERRWVWUDSSLQJ��DQG��FURVV��YDOLGDWLRQ��PHWKRGV���FDQ�

�EH��XVHG��LQVWHDG���,Q��.�IROG��FURVV��YDOLGDWLRQ��SDUW��RI��WKH��DYDLODEOH��GDWD��LV��XVHG��WR��ILW��WKH��PRGHO��

�DQG� �D� �GLIIHUHQW� �SDUW� �WR��WHVW��LW���0RUH��VSHFLILFDOO\���GDWD��LV��VSOLW��LQWR��.��URXJKO\��HTXDO�VL]HG��SDUWV�

�DQG� �WKH��PRGHO��LV��ILWWHG��WR��WKH��RWKHU��.��í���SDUWV��RI��WKH��GDWD���HYDOXDWLQJ��WKH��SUHGLFWLRQ��HUURU��RI�
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�WKH��ILWWHG��PRGHO��ZKHQ��SUHGLFWLQJ��WKH��NWK��SDUW��RI��WKH��GDWD���7KLV��LV��GRQH��IRU��N�� ��������������������.��DQG�

�WKH��.��HVWLPDWHV��RI��SUHGLFWLRQ��HUURU��DUH��FRPELQHG���5HJDUGLQJ��WKH��ERRWVWUDS���LW��LV��D��ZLGHO\��XVHG�

�WRRO� �IRU� �DVVHVVLQJ� �VWDWLVWLFDO� �DFFXUDF\� �DQG� �FRQVLVWV� �RQ� �UDQGRPO\� �VDPSOLQJ� �WKH� �GDWD� �ZLWK�

�UHSODFHPHQW��WR��FUHDWH��PXOWLSOH��GDWDVHWV��RI��WKH��VDPH��VL]H��DV��WKH��RULJLQDO��GDWD���(DFK��GDWDVHW��LV�

�XVHG��WR��WUDLQ��D��PRGHO���DQG��WKH��UHVXOWV��DUH��FRPELQHG��WR��REWDLQ��D��PRUH��DFFXUDWH��HVWLPDWH��RI��WKH�

�PRGHO
V� �SHUIRUPDQFH�2QFH� �DJDLQ�� �IRU� �D� �PRUH� �GHWDLOHG� �DQDO\VLV� �UHIHU� �WR� ��+DVWLH�� �7LEVKLUDQL��

�DQG�)ULHGPDQ��������

�6RPHWKLQJ��NH\��WR��FRQVLGHU��LQ��0/���LV��WKDW��WKLV��LV��D��TXLWH��QRYHO��DQG��YHU\��UDSLGO\��HYROYLQJ��ILHOG��

�ZKHUH��WKHRU\���ZLWK��D��VRXQG��PDWKHPDWLFDO��IRXQGDWLRQ���ODJV��EHKLQG��LWV��SUDFWLFDO��LPSOHPHQWDWLRQ�

��&�� �=KDQJ� �HW� �DO�� �������� �$V� �VXFK�� �WRROV� �WKDW� �DUH� �FRQVROLGDWHG� �LQ� �SUDFWLFH� �OLNH� �WKH� �DERYH�

�PHQWLRQHG� �FURVV�YDOLGDWLRQ� �KDYH� �EHHQ� �UHFHQWO\� �TXHVWLRQHG� ��%DWHV�� �+DVWLH�� �DQG� �7LEVKLUDQL�

��������ZLWK��FRQVWDQW��XSGDWHV��LQ��PHWKRGRORJ\��UHTXLUHG���$QRWKHU��KLJKO\��GHEDWHG��SUDFWLFH��LQ��0/�

�LV�WKDW�RI�KDYLQJ�SURSHU�H[WHUQDO��YDOLGDWLRQ�VWUDWHJLHV��DV�VXPPDUL]HG�LQ�WKH�QH[W�VHFWLRQ��

��������� �([WHUQDO�9DOLGDWLRQ�

�,Q��KLJK��VWDNHV��LQGXVWULHV��VXFK��DV��KHDOWKFDUH���ZKHUH��PRGHO��RXWFRPHV��PD\��LQIOXHQFH��GHFLVLRQV�

�DV� �LPSRUWDQW� �DV� �GLDJQRVLV� �RU� �WUHDWPHQW� �RSWLRQV�� �H[WUD� �FDXWLRQ� �IRU� �PRGHO� �EXLOGLQJ� �LV� �EHLQJ�

�GHPDQGHG���9DQ��&DOVWHU��HW��DO�����������7KHVH��H[WUD��HIIRUWV��LQFOXGH��DVVHVVLQJ��WKLV��JHQHUDOL]DWLRQ�

�HUURU��WKURXJK��LQWHUQDO��YDOLGDWLRQ��DQG��FDUHIXO��H[WHUQDO��YDOLGDWLRQ���H[WUD��H[WHQHUDO��GDWDVHW���WRR��

�7KLV��LV��NH\��LQ��RUGHU��WR��DFNQRZOHGJH��SRVVLEOH��³GDWD��VKLIW¶��LVVXHV��DQG��WUDQVSRUWDELOLW\��RI��D��PRGHO�

�EHIRUH��UHFRPPHQGHG��IRU��ZLGHVSUHDG��FOLQLFDO��LPSOHPHQWDWLRQ���7UDQVSRUWDELOLW\��LV��DVVHVVHG��E\�

�XQGHUVWDQGLQJ��ZK\��D��PDFKLQH�OHDUQLQJ��PRGHO��PLJKW��XQGHUSHUIRUP��ZKHQ��DVVHVVHG��LQ��H[WHUQDO�

�YDOLGDWLRQ��VHW���$V��VHHQ��EHIRUH���WKLV��PLJKW��EH��GXH��WR��LVVXHV��ZLWK��WKH��PRGHO��FRPSOH[LW\��LWVHOI����

�XQGHUILWWLQJ��DQG��RYHUILWWLQJ�����RU��EHFDXVH��RI��D��PLVPDWFK��EHWZHHQ��WKH��GDWD��VHW��ZLWK��ZKLFK��LW��ZDV�

�GHYHORSHG� �DQG� �WKH� �GDWD� �RQ� �ZKLFK� �LW� �LV� �GHSOR\HG�� �)RU� �WKLV�� �D� �SURSHU� �DVVHVVPHQW� �RQ� �WKH�
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�PRGHO¶V��VHQVLWLYLW\��WR��FKDQJHV��LQ��WKH��GLVWULEXWLRQ��RU��VWDWLVWLFDO��SURSHUWLHV��RI��WKH��GDWD���VXFK��DV�

�FKDQJHV��LQ��WKH��IHDWXUH��GLVWULEXWLRQV���WKH��VDPSOLQJ��SURFHVV���RU��WKH��FRQWH[W��LQ��ZKLFK��WKH��PRGHO�

�LV� �GHSOR\HG��LV��UHTXLUHG���6XFK��DQ��DQDO\VLV��ZLOO��KHOS��XV��XQGHUVWDQG��WRR��LI��WKH��PRGHO��KDV��EHHQ�

�WUDLQHG� �RQ� �ELDVHG� �RU� �XQUHSUHVHQWDWLYH� �GDWD�� �ZKLFK� �FDQ� �OLPLW� �LWV��JHQHUDOL]DWLRQ��DELOLW\��WR��QHZ�

�GDWD���5HJDUGOHVV���LW��LV��LPSRUWDQW��WR��DFNQRZOHGJH��WRR���WKDW��DQ��H[KDXVWLYH��H[WHUQDO��YDOLGDWLRQ��LV�

�QRW� �SRVVLEOH� �DV� �DOO� �GDWDVHWV� �ZLOO� �KDYH� �VSHFLILF� �LQWHUQDO� �ELDVHV� ��9DQ� �&DOVWHU� �HW� �DO�� ��������

�WKHUHIRUH� �D� �NH\� �IHDWXUH� �ZKHQ� �GHSOR\LQJ� �0/� �PRGHOV� �OLHV� �LQ� �FDUHIXOO\� �PRQLWRULQJ� �WKH�

�SHUIRUPDQFH� �RI� �WKH� �PRGHO� �LQ� �WKH� �UHDO�ZRUOG� �GHSOR\PHQW� �FRQWH[W� �DQG� �XSGDWH� �WKH� �PRGHO� �DV�

�QHFHVVDU\� �WR� �DFFRXQW� �IRU� �FKDQJHV� �LQ� �WKH� �GDWD� �GLVWULEXWLRQ� �RU� �FRQWH[W�� �,Q� �&KDSWHU� ���� �ZKHQ�

�H[SORULQJ� �FOLQLFDO� �YDOLGLW\� �RI� �RXU� �SURJQRVWLF� �PRGHOV�� �DGGUHVVLQJ� �WUDQVSRUWDELOLW\� �EHFRPHV� �D�

�FULWLFDO�SDUW�RI�RXU�DQDO\VLV��

��������� �'LVFULPLQDWLRQ�DQG�FDOLEUDWLRQ�

�&KDSWHUV� ��� �DQG� ��� �ZLOO� �PDLQO\� �IRFXV� �RQ� �VXSHUYLVHG� �FODVVLILFDWLRQ� �VWUDWHJLHV�� �ZKHUH� �ZH� �DUH�

�SUHGLFWLQJ� �D��FDWHJRULFDO��RXWFRPH���H�J��GLVHDVH��\HV��RU��QR����7R��PHDVXUH��SHUIRUPDQFH���ZH��XVH�

�$UHD��8QGHU��WKH��5HFHLYHU��2SHUDWLQJ��&KDUDFWHULVWLF��FXUYH���$852&���DV��WKH��PDLQ��VFRULQJ��UXOH��

�DOVR� �NQRZQ� �DV� �WKH� �FRQFRUGDQFH� �VWDWLVWLF� �RU� �F�VWDWLVWLF�� �$852&� �UHSRUWV� �RQ� �GLVFULPLQDWLRQ��

�ZKLFK� �GHVFULEHV� �WKH� �PRGHOV¶� �DELOLW\� �WR� �UDQN� �VDPSOHV� �EDVHG� �RQ� �WKH� �RXWSXWHG� �SUHGLFWLRQ�� �LQ�

�RWKHU��ZRUGV���PRGHOV��VKRXOG��JLYH��KLJKHU��SUHGLFWLRQ��HVWLPDWHV��IRU��VDPSOHV��ZLWK��WKH��HYHQW��WKDQ�

�IRU��VDPSOHV��ZLWKRXW��WKH��HYHQW���7KLV��FRUUHVSRQGV��WR��SORWWLQJ��VHQVLWLYLW\��YHUVXV������VSHFLILFLW\��IRU�

�GLIIHUHQW� �WKUHVKROGV� ��)LJXUH� ������� �$Q� �$852&� �RI� ����� �LQGLFDWHV� �D� �FRPSOHWHO\� �UDQGRP� �ELQDU\�

�FODVVLILHU�� �ZKLOH� �DQ� �$852&� �RI� ����� �GHQRWHV� �SHUIHFW� �FODVVLILHU� �SHUIRUPDQFH� ��)DZFHWW� ��������

�$GGLWLRQDOO\�� �LQ� �RXU� �VWXGLHV� ��&KDSWHU� ��� �DQG� �&KDSWHU� ����� �ZH� �DOVR� �LQFOXGH� �FODVVLILFDWLRQ�

�SHUIRUPDQFH� �DW� �RQH� �RU� �PRUH� �SUREDELOLW\� �WKUHVKROGV� �WKURXJK� �VHQVLWLYLW\�� �VSHFLILFLW\�� �DQG�

��VWUDWXP�VSHFLILF�� �OLNHOLKRRG� �UDWLRV� �ZKLFK� �FDQ� �EH� �H[WUDFWHG� �IURP� �D� �FRQIXVLRQ� �PDWUL[� ��)LJXUH�

����������0DQ\��RWKHU��VFRULQJ��UXOHV��H[LVW���H�J� �WKH��SRSXODU��ORJDULWKPLF��VFRULQJ��UXOH���EXW��WKHVH��KDYH�
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�QRW� �EHHQ� �H[SORUHG� �LQ� �WKLV� �ZRUN�� �)RU� �D� �IXOO� �UHYLHZ� �RQ� �SHUIRUPDQFH� �HYDOXDWLRQ��PHWULFV��FKHFN�

��3��+��&��&KHQ��/LX��DQG�3HQJ��������

�$QRWKHU� �NH\� �PHWULF� �WR� �DVVHVV� �SHUIRUPDQFH� �LV� �FDOLEUDWLRQ�� �&DOLEUDWLRQ� �PHDVXUHV� �WKH�

�DJUHHPHQW� �EHWZHHQ� �SUHGLFWHG� �DQG� �REVHUYHG� �SUREDELOLWLHV�ULVN�� �,W� �LV� �HVSHFLDOO\� �UHOHYDQW� �LQ�

�FOLQLFDO� �ULVN� �SUHGLFWLRQ� �PRGHOV� �DQG� �PHGLFDO� �SUHGLFWLYH� �DQDO\WLFV� �JLYHQ� �WKDW�� �DV� �WKH� �PRGHO� �LV�

�XVHG� �WR� �LQIRUP� �SDWLHQWV�� �SRRUO\� �FDOLEUDWHG� �ULVN��HVWLPDWHV��FDQ��OHDG��WR��IDOVH��H[SHFWDWLRQV��ZLWK�

�SDWLHQWV��DQG��KHDOWKFDUH��SURIHVVLRQDOV�����:KDW��ZH��ZDQW��WR��DVVHVV��LV��WKDW�� �DPRQJ��SDWLHQWV��ZLWK�

�DQ� �HVWLPDWHG� �ULVN� �RI� ������ ���� �LQ� ����� �KDYH��RU��GHYHORS��WKH��HYHQW���7R��HYDOXDWH��FDOLEUDWLRQ��WKH�

�NH\�PHWULFV�XVHG�DUH��FDOLEUDWLRQ�LQ�WKH�ODUJH��VORSH�DQG�LQWHUFHSW��DQG�WKH�%ULHU�6FRUH��

�7KH� �%ULHU� �6FRUH�� �PHDVXUHV� �DFFXUDF\� �RI� �SUREDELOLVWLF� �SUHGLFWLRQV��ZLWKRXW��WKUHVKROGLQJ��XQOLNH�

�$852&�� �DQG� �PHDVXUHV� �WKH� �PHDQ� �VTXDUHG� �GLIIHUHQFH� �EHWZHHQ� �WKH� �SUHGLFWLRQ� �SUREDELOLW\�

�DVVLJQHG� �WR� �WKH� �RXWFRPH� �DQG� �WKH� �DFWXDO� �RXWFRPH�� �7KH� �ORZHU� �WKH� �%ULHU��VFRUH��WKH��EHWWHU��WKH�

�SUHGLFWLRQV��DUH��FDOLEUDWHG���$OVR���FDOLEUDWLRQ��FDQ��EH��YLVXDOL]HG��WKURXJK��VPRRWK��QRQSDUDPHWULF�

�FDOLEUDWLRQ� �SORWV� �ZKHUH� �WKH� �UHODWLRQ� �EHWZHHQ� �WKH� �HVWLPDWHG� �ULVN� ��RQ� �WKH� �[�D[LV�� �DQG� �WKH�

�REVHUYHG��SURSRUWLRQ��RI��HYHQWV���\�D[LV���LV��SORWWHG���9DQ��&DOVWHU��HW��DO����������DQG��NH\��PHDVXUHV�

�VXFK� �DV��FDOLEUDWLRQ��VORSH��DQG��LQWHUFHSW��H[WUDFWHG�� �7KH��FDOLEUDWLRQ��FXUYH��LQWHUFHSW��PHDVXUHV�

�WKH��DYHUDJH��SUHGLFWHG��ULVN��FRPSDUHG��ZLWK��WKH��RYHUDOO��HYHQW��UDWH��DQG��KDV��D��WDUJHW��YDOXH��RI�����

�ZKHUH��QHJDWLYH��YDOXHV��VXJJHVW��RYHUHVWLPDWLRQ��DQG��SRVLWLYH��XQGHUHVWLPDWLRQ���7KH��FDOLEUDWLRQ�

�VORSH� �HYDOXDWHV� �WKH� �VSUHDG� �RI� �WKH� �HVWLPDWHG� �ULVNV��DQG��KDV��D��WDUJHW��YDOXH��RI������$��VORSHௗZLWK�

�YDOXHV� �OHVV� �WKDQ� ��� �VXJJHVWV� �WKDW� �HVWLPDWHG� �ULVNV��DUH��WRR��H[WUHPH���L�H����WRR��KLJK��IRU��SDWLHQWV�

�ZKR� �DUH� �DW� �KLJK� �ULVN� �DQG� �WRR� �ORZ� �IRU� �SDWLHQWV� �ZKR� �DUH� �DW� �ORZ� �ULVN�� �$� �VORSHௗ� �KLJKHU� �WKDQ� ���

�VXJJHVWV� �WKH� �RSSRVLWH�� �L�H��� �WKDW� �ULVN� �HVWLPDWHV� �DUH� �WRR� �PRGHUDWH�([WUD� �LQIRUPDWLRQ� �LQ�

�FDOLEUDWLRQ�FDQ�EH�IRXQG��+XDQJ�HW�DO���������
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�)LJXUH������&RQIXVLRQ�PDWUL[��JUH\��DQG�DVVRFLDWHG�VWDWLVWLFV�

������� �6WDWH�RI�WKH�DUW�GHYHORSPHQWV�

�7KH� �ILHOGV� �RI� �$,� �DQG� �0/� �DUH� �LQ� �FRQVWDQW� �GHYHORSPHQW�� �JLYHQ� �WKH� �KLJK� �VWDNHV�� �VFRSH�� �DQG�

�EUHDGWK� �RI� �DSSOLFDWLRQV�� �$V� �QRYHO� �ILHOGV� �RI� �UHVHDUFK� �HPHUJH�� �ZH��KDYH��DLPHG��WR��LQFRUSRUDWH�

�WKHP�LQWR�RXU�ZRUN��

��������� �0RGHO�H[SODLQDELOLW\�

�$V� �VHHQ� �EHIRUH�� �WKHUH� �LV� �D� �ZLGH� �UDQJH� �RI� �0/� �DOJRULWKPV� �GHYHORSHG�� �2QH� �WKLQJ� �WR� �FRQVLGHU�

�ZKHQ� �VHOHFWLQJ� �PRGHOV� �LV� �WKH� �WUDGHRII� �EHWZHHQ� �PRGHO� �LQWHUSUHWDWLRQ� �DQG� �DFFXUDF\�� �)RU�

�LQVWDQFH�� �LQWHUSUHWLQJ� �ODUJH� �GHHS� �QHXUDO� �QHWV�� �VXFK� �DV� �WKH� ���� �ELOOLRQ� �SDUDPHWHU� �QHWZRUN�

�UHFHQWO\� �UHOHDVHG� �E\� �0LFURVRIW� ��µ7XULQJ�1/*�� �$� ����%LOOLRQ�3DUDPHWHU� �/DQJXDJH� �0RGHO� �E\�

�0LFURVRIW¶����������KDV��EHHQ��LPSRVVLEOH��WR��GDWH���7KHVH��W\SHV��RI��PRGHOV��DUH��FRPPRQO\��NQRZQ�

�DV��³EODFN��ER[HV´���+RZHYHU���WKH��SHUIRUPDQFH��RI��VXFK��PRGHOV��LV��DW��WLPHV��IDU��VXSHULRU��WR��RWKHU�

�PRUH��H[SODLQDEOH��RQHV���JLYHQ��WKH��YDVW��DPRXQWV��RI��GDWD��WKH\��DUH��WUDLQHG��XSRQ���UHQGHULQJ��WKHP�

�H[WUHPHO\� �XVHIXO�� �7KHUHIRUH�� �WU\LQJ� �WR� �XQGHUVWDQG� �LWV� �EHKDYLRXU� �DQG� �H[SODLQ� �WKH� �UHDVRQLQJ�
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�EHKLQG��LWV��GHFLVLRQ�PDNLQJ��KDV��RSHQHG��XS��D��QHZ��ILHOG��RI��VWXG\��WHUPHG��³([SODLQDEOH��$,´���ZLWK�

�HYHQ� �TXDQWLILFDWLRQV� �RI� �LQWHUSUHWDELOLW\� �WR� �DVVHVV� �$,� �PRGHOV� �SURSRVHG� ��6FKPLGW� �DQG�

�%LHVVPDQQ� �������� �7KLV� �ILHOG� �KDV� �\LHOGHG� �IRU� �LQVWDQFH� �ZRUN� �VXFK� �DV� �*RRJOH� �'HHS0LQG�V�

�H\H�VFDQV� �GLDJQRVLV� �PRGHO� ��<LP� �HW� �DO�� ������� �ZKLFK� �FDQ� �DFFXUDWHO\� �GLDJQRVH� ����� �VLJKW�

�WKUHDWHQLQJ� �H\H� �GLVHDVHV� �ZKLOVW� �GHOLYHULQJ� �D� �PDS� �KLJKOLJKWLQJ� �IHDWXUHV��RI��GLVHDVH��LW��VHHV��LQ�

�WKH� �GLIIHUHQW� �H\H� �WLVVXHV�� �6XFK� �GHYHORSPHQW� �DUH� �QHHGHG� �WR� �IXHO� �DGRSWLRQ� �LQ� �KLJK�ULVN�

�VFHQDULRV� �VXFK� �DV� �KHDOWKFDUH�� �KHOSLQJ� �JXLGH� �WUDQVODWLRQ� �LQWR� �DFWLRQDEOH� �FOLQLFDO� �PRGHOV�� �$�

�FRPSOHWH� �UHYLHZ� �RQ� �WKH� �VWDWH� �RI� �WKH� �DUW��RI��H[SODLQDEOH��$,��FDQ��EH��IRXQG��LQ���'RVKL�9HOH]��DQG�

�.LP� ���������� �,Q� �RXU� �ZRUN�� �ZH� �KDYH� �PDGH� �D� �JUHDW� �HPSKDVLV� �RQ� �LQFOXGLQJ� �IHDWXUH� �LPSRUWDQFH�

�PHWULFV� �LQ� �RXU� �PRGHOOLQJ� �VWUDWHJLHV�� �DGDSWLQJ� �SRSXODU� �H[SODLQDEOH� �$,� �PHWKRGV� �VXFK� �DV�

�6KDSOH\�$GGLWLYH�H[3ODQDWLRQV��6+$3����5RGUtJXH]�3pUH]��DQG�%DMRUDWK����������

��������� �(WKLFV�DQG�UHJXODWLRQV�

�$QRWKHU��OHDGLQJ��WRSLF��LV��WKDW��RI��WKH��XQGHUO\LQJ��HWKLFV��RI��$,��V\VWHPV��DQG��JXLGDQFH��LQ��UHSRUWLQJ�

�DQG��UHJXODWLRQV���2YHU��UHFHQW��\HDUV���WUHPHQGRXV��SURJUHVV��KDV��EHHQ��PDGH��LQ��WKH��GHYHORSPHQW�

�RI� �0/� �DSSOLFDWLRQV� �IRU� �KHDOWKFDUH�� �5HJDUGOHVV�� �JLYHQ� �WKDW� �WKLV� �WHFKQRORJ\� �LV� �VR� �QHZ� �DQG�

�TXLFNO\� �HYROYLQJ�� �ULVNV� �DUH� �DVVHVVHG� �LQ� �UHWURVSHFWLYH�� �ZLWK� �WKH� �GHYHORSPHQW� �RI� �SURSHU�

�UHJXODWLRQ� �DQG� �DVVHVVPHQW� �ODJJLQJ� �EHKLQG�� �4XHVWLRQV� �VXFK� �DV� �SDWLHQW� �SULYDF\�� �DQRQ\PLW\�

�UHWHQWLRQ���GDWD��VHFXULW\��DV��ZHOO��DV��GHYHORSPHQW��RI��IDLU���QRQ�ELDVHG��DOJRULWKPV���1RUGOLQJ��������

�SUHVHQW� �D� �JUDQG� �FKDOOHQJH�� �ZLWK� �NH\� �TXHVWLRQV� �UHJDUGLQJ� �KRZ� �WR� �GLVWLQJXLVK� �EHWZHHQ� �GDWD�

�WKDW� �LV� �LQKHUHQWO\� �ELDVHG� �VWLOO� �XQUHVROYHG� ��$�� �=KDQJ� �HW� �DO�� �������� �7KLV� �LV��KLJKO\��SUREOHPDWLF��

�ZLWK� �SUHVVLQJ� �IHDUV� �WKDW� �$,� �FDQ� �HYHQ� �ZLGHQ� �WKH� �KHDOWK� �JDS��JOREDOO\���%ODVLPPH��DQG��9D\HQD�

������� �DV� �ELDVHG� �GDWDVHWV� �UHVXOW� �LQ� �DOJRULWKPV� �WKDW� �PLUURU� �WKLV� �ELDV�� �WKHUHE\� �SUHVHUYLQJ�

�LQHTXDOLWLHV��FXWWLQJ�GRZQ�GLYHUVLW\�DQG�SURGXFLQJ�IODZHG�UHVXOWV��/HVOLH�HW�DO���������
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�5HJDUGLQJ� �UHJXODWLRQ�� �DW� �WKH� �PRPHQW� �FOLQLFDO� �DOJRULWKPV� �DUH� �WUHDWHG� �E\� �WKH��PDLQ��UHJXODWRU\�

�DJHQFLHV��DV��PHGLFDO��GHYLFHV���VRIWZDUH��DV��D��PHGLFDO��GHYLFH���6D0'���DQG��KHQFH��QRW��VXEMHFW��WR�

�WKH��ULJRURXV��UHJXODWLRQ��WKDW��SKDUPDFHXWLFDO��FRPSDQLHV��RU��RWKHU��KHDOWKFDUH��LQFXPEHQWV��KDYH�

�WR� �JR� �WKURXJK�� �/XFNLO\� �WKRXJK�� �QHZ� �VWDQGDUGV� �DUH� �FRQVWDQWO\� �EHLQJ� �HQIRUFHG� ��&ROOLQV� �DQG�

�0RRQV����������$OVR���ZLWK��LQFUHDVLQJO\��ORZHU��EDUULHUV��IRU��DGRSWLRQ���PDQ\��ORZ��TXDOLW\��0/��PRGHOV�

�KDYH� �EHHQ� �JHQHUDWHG� �UHFHQWO\� ��:\QDQWV� �HW� �DO�� �������� �ZLWK� �KLJK� �ULVN� �RI� �ELDV� �WKURXJK� �ORZ�

�VDPSOH� �VL]HV�� �SRRU� �UHSRUWLQJ�� �DQG� �RYHU�HVWLPDWLRQ� �RI� �SUHGLFWLYH� �SHUIRUPDQFH���$GKHUHQFH��WR�

�EHWWHU��VWDQGDUGV��LV��XUJHQWO\��QHHGHG���'KLPDQ��HW��DO����������ZLWK��UHSRUWLQJ��JXLGHOLQHV��EHLQJ��NH\�

�WR� �DVFHUWDLQ� �WKH� �TXDOLW\� �RI� �PRGHOOLQJ��VWUDWHJLHV���([DPSOHV��LQFOXGH��63,5,7�$,���&216257�$,�

�FKHFNOLVWV� �IRU� �UHSRUWLQJ� �RI� �FOLQLFDO� �WULDOV� �WKDW� �LQYROYH� �$,� �PHWKRGV� ����%HQ�,VUDHO� �HW� �DO�� ������� �RU�

�75,32'��DQG�352%$67�JXLGHOLQHV�WR�PLWLJDWH�ELDVHG�DQDO\VLV���0DWHHQ�HW�DO���������

����� �6\VWHPV�%LRORJ\�

�,Q� �ELRORJ\�� �UHVHDUFK� �KDV� �EHFRPH��LQFUHDVLQJO\��FRPSXWDWLRQDO���ZLWK��WKH��ELUWK��RI��ELRLQIRUPDWLFV�

��2X]RXQLV� �DQG� �9DOHQFLD� ������� �HQDEOLQJ� �D� �EHWWHU� �XQGHUVWDQGLQJ� �RI� �WKH� �JHQHWLF� �PDNHXS� �RI�

�GLVHDVHV� ��+XPDQ� �*HQRPH� �3URMHFW�� ��*LEEV� �������� �IXHOOLQJ� �SUHFLVLRQ� �PHGLFLQH� �LQLWLDWLYHV�

��$VKOH\���������DQG��SURYLGLQJ��QHZ��LQVLJKWV��LQWR��WKH��PROHFXODU��ODQGVFDSH��RI��KHDOWK��DQG��GLVHDVH�

��6KHQ� �HW� �DO�� �������� �7KLV� �KDV� �EHHQ� �SRVVLEOH� �WKDQNV� �WR� �UHFHQW� �DGYDQFHV� �LQ� �KLJK�WKURXJKSXW�

�WHFKQRORJLHV��DQG��FRPSXWDWLRQDO��SRZHU��WKDW��KDYH��DOORZHG��XV��WR��REVHUYH��ELRORJLFDO��V\VWHPV��DW�

�PROHFXODU� �UHVROXWLRQ�� �JHQHUDWLQJ� �D� �ZHDOWK� �RI� �GLIIHUHQW� �µRPLFV¶� �GDWD�� �µ2PLFV¶� �DUH� �EHFRPLQJ�

�HVVHQWLDO� �IRU� �EDVLF� �UHVHDUFK�� �RIIHULQJ� �D� �JOLPSVH� �DORQJ� �WKH� �FHQWUDO� �GRJPD� �RI� �ELRORJ\�� �ZLWK�

�JHQRPLFV� �SURILOLQJ� �'1$�� �WUDQVFULSWRPLFV� �PHDVXULQJ� �WUDQVFULSWV� �RU� �SURWHRPLFV� �DQG�

�PHWDERORPLFV��TXDQWLI\LQJ��SURWHLQV��DQG��PHWDEROLWHV��UHVSHFWLY��HO\���+DYLQJ��OHDUQW��DERXW��PDFKLQH�

�OHDUQLQJ� �DV� �D� �FRPSXWDWLRQDO� �DQDO\VLV� �WRRO� �EHKLQG� �XQGHUVWDQGLQJ� �SDWWHUQV� �LQ� �GDWD�� �ZH� �WKHQ�

�ZDQW��WR��XQGHUVWDQG��KRZ��WR��EHVW��VWXG\��FRPSOH[��ELRPHGLFDO��SKHQRPHQRQ���7R��GR��VR���V\VWHPV�
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�ELRORJ\��SHUVSHFWLYHV��DUH��UHTXLUHG���ZKHUH��ELRORJLFDO��V\VWHPV��DUH��UHFRJQL]HG��DV��FRPSOH[��DQG�

�UHTXLULQJ� �RI� �WKH� �LQWHJUDWLRQ� �RI� �GLIIHUHQW� �GDWD� �OD\HUV� �DQG� �RUJDQL]DWLRQDO� �OHYHOV� �IRU� �LWV� �IXOO�

�XQGHUVWDQGLQJ� ��.LWDQR� �������� �)RU� �WKLV� �WKHVLV�� �ZH� �KDYH� �VSHFLILFDOO\� �IRFXVHG� �RQ� �KHDOWK� �WR�

�GLVHDVH��WUDQVLWLRQV��DV��D��FRPSOH[��V\VWHP���FRQVLGHULQJ��PXOWLPRUELGLW\��DQG��DJHLQJ��DV��H[WUHPH�

�SKHQRW\SLF��H[SUHVVLRQV���6FKXOW]H��DQG��5RVHQVWLHO���������'DYLV���7DWR���DQG��)XUPDQ���������$���$��

�&RKHQ�HW�DO���������

������� �'LVHDVH�DQG�PXOWLPRUELGLW\�

�'LVHDVHV� �UHSUHVHQW� �QRQ�UDQGRP� �PDOIXQFWLRQV� �LQ� �KXPDQ��ELRORJ\���ZKLFK��FDQ��SURYLGH��LQVLJKWV�

�LQWR� �SDUWLFXODUO\� �YXOQHUDEOH� �SDWKZD\V� ��0HL]OLVK� �HW� �DO�� �������� �7R� �VKHG� �OLJKW� �RQ� �WKHVH�

�PDOIXQFWLRQV����RPLFV��VWXGLHV��KDYH��SOD\HG��D��FUXFLDO��UROH���7KH��HPHUJHQFH��RI��1H[W��*HQHUDWLRQ�

�6HTXHQFLQJ���1*6���WHFKQRORJLHV��DQG��LQQRYDWLYH��ELRLQIRUPDWLF��DSSURDFKHV²VXFK��DV��*HQRPH�

�:LGH�$VVRFLDWLRQ� �6WXGLHV� ��*:$6�²� �SURSHOOHG� �E\� �WKH� �+XPDQ� �*HQRPH� �3URMHFW� �DQG� �WKH�

�,QWHUQDWLRQDO� �+DS0DS� �3URMHFW� ��*LEEV� �HW� �DO�� �������� �KDYH� �XQYHLOHG� �QHZ� �JHQHWLF� �DVVRFLDWLRQV�

�DQG� �JHQHUDWHG� �D� �ZHDOWK� �RI� �QRYHO� �GLVHDVH�JHQH� �FRQQHFWLRQV�� �,Q� �*:$6�� �PLOOLRQV� �RI� �JHQHWLF�

�YDULDQWV��DUH��WHVWHG��IRU��DQ��DVVRFLDWLRQ��ZLWK��D��VLQJOH��RU��D��VPDOO��QXPEHU��RI��UHODWHG��RXWFRPHV��RU�

�WUDLWV� ��$OWVKXOHU�� �'DO\�� �DQG� �/DQGHU� �������� �UHYHDOLQJ� �WKDW� �PRVW� �DVVRFLDWLRQV� �RI� �FRPPRQ�

�GLVHDVHV� �DUH� �ZLWK� �FRPPRQ� �YDULDQWV� ��SUHVHQW��LQ��PRUH��WKDQ���±����RI��WKH��SRSXODWLRQ��DQG��ZLWK�

�JHQHUDOO\� �VPDOO� �HIIHFW� �VL]HV��� �%XW�� �WKHVH� �GLVHDVH�DVVRFLDWHG� �YDULDQWV� �H[SODLQ� �RQO\� �D� �VPDOO�

�SURSRUWLRQ� �RI� �GLVHDVH� �KHULWDELOLW\� ��0DQROLR� �HW� �DO�� �������� �ZLWK� �WKHP� �EHLQJ� �IRXQG� �PDLQO\� �LQ�

�UHJXODWRU\��UHJLRQV���RXWVLGH��SURWHLQ�FRGLQJ��H[RQV���a�������$OEHUW��DQG��.UXJO\DN���������%���/L��DQG�

�5LWFKLH����������%HFDXVH��RI��WKLV���UHJXODWLRQ��RI��JHQH��H[SUHVVLRQ��OHYHOV��LV��QRZ��EHLQJ��VHHQ��DV��WKH�

�SULPDU\� �ELRORJLFDO� �PHFKDQLVP� �WKURXJK� �ZKLFK� �JHQHWLF� �YDULDQWV� �DIIHFW� �FRPSOH[� �WUDLWV�� �ZLWK�

�DVVRFLDWLRQ��VWXGLHV��RI��LQWHUPHGLDWH��SKHQRW\SHV��VXFK��DV��FKURPDWLQ��PDUNV���PHWK\ODWLRQ��VWDWXV�

�RU��WUDQVFULSW��DQG��SURWHLQ��DEXQGDQFH���/���&KHQ��HW��DO����������K\SRWKHVLVHG��DV��NH\��ZD\V��LQ��ZKLFK�
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�PHFKDQLVPV� ����&KHXQJ� �HW�DO�� ������� �/DSSDODLQHQ� �HW�DO�� ����������� �)URP� �WKHVH�� �H[SUHVVLRQ�

�TXDQWLWDWLYH��WUDLW��ORFL���H47/���VWXGLHV���ZKHUH��D��YDULDQW���L�H���WKH��PROHFXODU��TXDQWLWDWLYH��WUDLW��ORFL�

��47/����LQIOXHQFHV��P51$��OHYHOV��KDV��EHHQ��WKH��PRVW��VWXGLHG�����ZLWK���������RI��IXQFWLRQDO��YDULDQWV�

�IRXQG� �WR� �FRORFDOL]H� �ZLWK� �H47/V���&RQQDOO\��HW��DO������������7KH��,PP9DU��SURMHFW���RQH��RI��WKH��ILUVW�

�H[DPSOHV�� �PDSSHG� �WKH� �JHQHWLF� �DUFKLWHFWXUH� �RI� �WKH� �DGDSWLYH� �DQG� �LQQDWH� �LPPXQRORJLF�

�WUDQVFULSWRPHV�� ��'H� �-DJHU� �HW� �DO�� ������� �)DLUID[� �DQG� �.QLJKW� �������� �VKRZLQJ� �D� �ODUJH� �HIIHFW� �RI�

�JHQHWLF��YDULDQWV��RQ��JHQH��H[SUHVVLRQ��LQ��LPPXQH��FHOOV���0RVW��LPSRUWDQWO\��WKRXJK���LW��VKRZHG��WRR�

�WKH� �LPSRUWDQFH� �RI� �FHOO�W\SH� �VSHFLILF� �DQG� �FRQWH[W� �GHSHQGHQW� �DVVRFLDWLRQV� ��<DR� �HW� �DO�� ��������

�ZLWK��IRU��LQVWDQFH���D��ORFDO��H47/��IRU�12'����IRXQG��WR��LQYROYH��D��VLQJOH��QXFOHRWLGH��SRO\PRUSKLVP�

��613��SUHYLRXVO\�DVVRFLDWHG�ZLWK���OHSURV\���RQO\�DIWHU�,)1ȕ�H[SRVXUH��/HH�HW�DO���������

�,QWHJUDWLQJ� �DOO� �WKLV� �PROHFXODU� �47/V� �DQG� �LQWHUPHGLDWH� �UHJXODWRU\� �LQIRUPDWLRQ�� �LV� �WKHUHIRUH�

�HVVHQWLDO��WR��WU\��DQG��SURSHUO\��FRQQHFW��WKH��FDXVDO��FKDLQ��VSDQQLQJ��'1$��YDULDQW��WR��WUDLW��YDULDWLRQ�

��+RUPR]GLDUL� �HW� �DO�� ���������� �ZLWK� �HVVHQWLDO� �WRROV� �VXFK� �DV��ILQH��PDSSLQJ��DQG��JHQH�SULRULWL]DWLRQ�

�PHWKRGV���H�J��0HQGHOLDQ��5DQGRPL]DWLRQ���05����WUDQVFULSWLRQ�ZLGH��DVVRFLDWLRQ��VWXGLHV���7:$6��

�RU� �FRORFDOL]DWLRQ�� �QRZ� �SDUW� �RI� �HYHU\� �IXQFWLRQDO� �JHQRPLFV� �DQDO\VLV��DQG��H[WHQVLYHO\��UHYLHZHG�

�HOVHZKHUH� ��%�� �/L� �DQG� �5LWFKLH� �������� �7KHVH� �DQDO\VLV� �DUH� �RQO\� �PDGH� �SRVVLEOH� �WKDQNV� �WR� �NH\�

�LQLWLDWLYH� �VXFK� �DV� �*7([� ��*7([� �&RQVRUWLXP� ������� �RU� �%/8(35,17� �WKDW� �PDNH� �DYDLODEOH�

�UHSRVLWRULHV��RI��F��RPSUHKHQVLYH��47/��DQQRWDWLRQV��IRU��D��ODUJH��QXPEHU��RI��KXPDQ��WLVVXHV���2WKHUV��

�VXFK� �DV� �)80$� ��:DWDQDEH� �HW� �DO�� ������� �DQG� �4WLOL]HU� ��0XQ]� �HW� �DO�� ���������� �KDYH� �PDGH��XVH��RI�

�WKHP� �WR� �LQWHJUDWH� �DQG� �FRPSUHKHQVLYHO\� �DQQRWDWH� �*:$6� �UHVXOWV�� �DQG� �RWKHUV�� �VXFK� �DV�

��.HULPRY��HW��DO��������� �KDYH��IRFXVHG��RQ��LQFOXGLQJ��PRUH��VSHFLDOL]HG��GLVHDVH�UHOHYDQW��FHOO��W\SHV�

�DV� �ZHOO� �DV� �IXQFWLRQDO� �VWXGLHV�� �JLYHQ�� �DV� �SUHYLRXVO\� �PHQWLRQHG�� �WKDW� �WKH� �SUHFLVH� �DFWLRQV� �RI�

�JHQHV��DUH��GHSHQGHQW��RQ��WLPLQJ��DQG��IXQFWLRQDO��FRQWH[W���&RQQDOO\��HW��DO���������� �)RU��WKH��IXWXUH��

�WKH��LQFOXVLRQ��RI��VLQJOH�FHOO��51$��VHTXHQFLQJ���YDQ��GHU��:LMVW��HW��DO����������-DJDGHHVK��HW��DO���������
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�PRGHOOLQJ� �VXFK��DV��GHHS��OHDUQLQJ�� �DLGLQJ��LQ��WKH��TXHVW���1RYDNRYVN\��HW��DO�������������,Q��WKH��ZRUN�

�KLJKOLJKWHG� �LQ� �&KDSWHU� ��� �ZH� �ZLOO� �DSSO\� �*:$6� �WR� �EHWWHU� �XQGHUVWDQG� �WKH� �JHQHWLF� �PDNHXS� �RI�

�DJHLQJ��WUDMHFWRULHV��DV��ZHOO��DV��SHUIRUP��JHQH��DQQRWDWLRQ��ZLWK��H47/V��DQG��XVH��)80$��IRU��JHQH�

�HQULFKPHQW�DQDO\VLV��

�2QH� �ODVW� �WRRO� �ZKLFK� �ZH� �KDYH� �KDUQHVVHG� �LQ� �RXU� �UHVHDUFK��DQG��ZKLFK��LV��K\SRWKHVLVHG��WR��KHOS�

�LGHQWLI\��SDWKZD\V��HVSHFLDOO\��YXOQHUDEOH��WR��PDOIXQFWLRQ��LV��WKH��VWXG\��RI��PXOWLPRUELGLW\���'HILQHG�

�DV� �WKH� �FR�RFFXUUHQFH� �RI� �DW� �OHDVW� �WZR� �GLVHDVHV� �LQ� �DQ� �LQGLYLGXDO���� �LW� �KDV� �UHFHQWO\� �EHFRPH� �D�

�SULRULW\� �IRU� �JOREDO� �UHVHDUFK� ��µ0XOWLPRUELGLW\�� �$� �3ULRULW\� �IRU� �*OREDO� �+HDOWK� �5HVHDUFK� �_� �7KH�

�$FDGHP\� �RI� �0HGLFDO� �6FLHQFHV¶�� �ZLWK� �LW� �EHLQJ��DVVRFLDWHG��WR��D��KLJK��PRUWDOLW\��UDWH�� �LQFUHDVHG�

�KHDOWKFDUH� �XWLOL]DWLRQ� �ZLWK� �LQFUHDVHG� �KHDOWKFDUH� �H[SHQVHV� �DQG� �RYHUDOO� �DIIHFWLQJ� �IXQFWLRQLQJ�

�DQG� �TXDOLW\� �RI� �OLIH� ��&KRZGKXU\� �HW� �DO�� �������� �$OVR�� �UHFHQW� �VWXGLHV� �KDYH� �UHYHDOHG� �WKDW��VRPH�

�GLVHDVHV� �FR�RFFXU� �PRUH� �RIWHQ� �WKDQ� �H[SHFWHG� �E\� �FKDQFH� ��+LGDOJR� �HW� �DO�� �������� �SRLQWLQJ� �DW�

�SRVVLEOH� �VKDUHG� �PROHFXODU� �PHFKDQLVPV� �RU� �FRPPRQ� �ULVN� �IDFWRU� �WULJJHUV� �VXFK� �DV� �OLIHVW\OH� �RU�

�DJH�� �ZLWK� �V\VWHPLF� �FKURQLF� �LQIODPPDWLRQ� �SRVWXODWHG� �DV� �WKH� �HQDEOLQJ� �PROHFXODU� �PHGLDWRU�

��)XUPDQ��HW��DO�����������$OWKRXJK��D��JHQHWLF��EDVLV��IRU��PXOWLPRUELGLW\��ZDV��ILUVW��VWXGLHG��WKURXJK��WKH�

�+XPDQ� �'LVHDVH� �1HWZRUN� ��+'1�� �H[SORULQJ� �FRPPRQ� �JHQHWLF� �RULJLQV� �RI� �0HQGHOLDQ� �GLVHDVHV�

��*RK� �HW� �DO�� �������� �E\� �VWXG\LQJ� �GLVHDVHV� �WRJHWKHU� �XVLQJ� �*:$6�� �SOHLRWURSLF� �ULVN� �YDULDQWV� ���

�JHQHWLF� �ORFXV� �WKDW� �DIIHFW� �PRUH� �WKDQ��RQH��WUDLW���WKDW��DUH��QRW��RWKHUZLVH��IRXQG��LQ��VLQJOH�GLVHDVH�

�VWXGLHV��FDQ��EH��GHWHFWHG���(OOLQJKDXV��HW��DO�������������7KLV��PD\��EH��GXH��WR��WKHVH��YDULDQWV��JUDQWLQJ��D�

�JHQHUDO��GLVHDVH��ULVN��DQG��VR��RQO\��DSSDUHQW��LQ��PXOWL�GLVHDVH��VWXGLHV��LQVWHDG��RI��VLQJOH��GLVHDVH�

�RQHV� ��+X�� �7KRPDV���DQG��%UXQDN���������%ODLU��HW��DO�������������7KHUHIRUH���GLVHDVH��FR�RFFXUUHQFHV�

�FDQ��KHOS��HOXFLGDWH��WKH��XQGHUO\LQJ��QHWZRUN��ELRORJ\��WKURXJK��VKDUHG��DQG��PXOWLIXQFWLRQDO��JHQHV�

�DQG�SDWKZD\V��
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������� �'HVFULELQJ�KHDOWK\�SKHQRW\SHV�

�([SORULQJ� �KHDOWK� �WR� �GLVHDVH� �WUDQVLWLRQV� �UHTXLUHV� �RI� �D� �FOHDU� �VLJQDWXUH� �RI� �ZKDW� �D� �KHDOWK\�

�SKHQRW\SH��HQWDLOV���7KLV��KDV��EHHQ��SRVVLEOH��WKURXJK��WKH��DQDO\VLV��RI��PXOWL�RPLFV��GDWD��RI��KHDOWK\�

�FRKRUWV��WKURXJK��WLPH���ZLWK��H[DPSOHV��LQFOXGLQJ��WKH��IROORZLQJ��ORQJLWXGLQDO��VWXGLHV���3�����FRKRUW�

��3ULFH� �HW� �DO�� �������� �WKH� �6ZHGLVK� �&$UGLR3XOPRQDU\� �ELR,PDJH� �6WXG\���6&$3,6����7HEDQL��HW��DO��

������� �RU��WKH��LQWHJUDWHG��SHUVRQDO��RPLFV��SURILOLQJ���L323���SURMHFW���6FK�VVOHU�)LRUHQ]D��5RVH��HW�

�DO�� ����������$V��NH\��FRQFOXVLRQV���DOO��VWXGLHV��GHPRQVWUDWHG��WKDW��D��VWDEOH��DQG��XQLTXH��PROHFXODU�

�SURILOH��LV��IRXQG��LQ��KHDOWK\��LQGLYLGXDOV���ZLWK��³KLJK��YDULDWLRQ��EHWZHHQ��LQGLYLGXDOV��DFURVV��GLIIHUHQW�

�PROHFXODU��UHDGRXWV��EXW��D��ORZ��EDVHOLQH��YDULDWLRQ��LQWUD�LQGLYLGXDOO\´���7KLV��VDPH��FRQFOXVLRQ��KDV�

�EHHQ� �UHDFKHG� �ZKHQ� �SURILOLQJ� �WKH� �LPPXQH� �V\VWHP� �LQ� �GHSWK� ��$OSHUW� �HW� �DO�� �������� �ZLWK� �FODLPV�

�VXFK� �DV� �³��UHODWLYHO\� �FRQVHUYHG� �KRPHRVWDWLF� �VWDWHV´��DW��WKH��LQGLYLGXDO��OHYHO���6XFK��LQVLJKWV��KHOS�

�SDYH� �WKH� �ZD\� �WRZDUGV� �SUHFLVLRQ� �PHGLFLQH�� �ZKHUH� �PHDVXULQJ� �LQGLYLGXDO� �ORQJLWXGLQDO� �SURILOHV�

�SRVWXODWHV�DV�WKH�EHVW�ZD\�WR�PDNH�DFWLRQDEOH�GHFLVLRQV�LQ�KHDOWKFDUH��

������� �+HDOWK�WR�GLVHDVH�WUDQVLWLRQV�

�/RQJLWXGLQDO� �PXOWL�RPLFV� �LQWHJUDWLRQ� �LQ� �WKH� �SUHYLRXV� �VWXGLHV�� �DOVR� �DOORZHG� �IRU� �WKH� �VWXG\� �RI�

�KHDOWK��WR��GLVHDVH��WUDQVLWLRQ��SDWWHUQV���)RU��LQVWDQFH���WKH��L323��VWXG\���6FK�VVOHU�)LRUHQ]D��5RVH�

�HW��DO�����������LQWHJUDWHG��LQIRUPDWLRQ��RI�������³GHHS�SURILOHG´��LQGLYLGXDOV���LQFOXGLQJ��LQIRUPDWLRQ��RQ�

�PLFURELRPH� ��=KRX� �HW� �DO�� ������� �DQG� �DJHLQJ� ��$KDGL� �HW� �DO�� ������� �WRR�� �$� �IROORZ�XS� �RI� ��� �\HDUV�

�UHVXOWHG� �LQ� ���� �PDMRU� �KHDOWK� �GLVFRYHULHV�� �$PRQJVW� �WKHVH� �GLVFRYHULHV� �ZH� �FDQ� �KLJKOLJKW� �WZR��

�)LUVWO\�� �WKH\� �ZHUH� �DEOH� �WR� �GHWHFW� �D� �O\PSKRPD� �EHIRUH� �GLVHDVH� �V\PSWRP� �RQVHW�

��6FK�VVOHU�)LRUHQ]D��5RVH��HW��DO�����������6HFRQGO\���WKH\��ZHUH��DEOH��WR��WUDFN��WKH��WUDQVLWLRQ��IURP�

�KHDOWK� �WR��GLVHDVH��RI��D��SDUWLFLSDQW���IROORZLQJ��JHQRPLF��LQIRUPDWLRQ��UHYHDOLQJ��DQ��LQFUHDVHG��ULVN�

�IRU� �W\SH� �,,� �GLDEHWHV� �PHOOLWXV�� �7KLV� �SDUWLFLSDQW� �GHYHORSHG� �VDLG� �GLVHDVH� �IROORZLQJ� �D� �UKLQRYLUXV�
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�LQWHJUDWLRQ� �RI� �LQIRUPDWLRQ� �WKURXJK� �0XOWL�2PLFV� �)DFWRU� �$QDO\VLV� ��02)$�� �GHVFULEHG� �IRXU� �NH\�

�DUFKHW\SHV��RU��KHDOWK��VWDWHV��LQ��D��ZHOOQHVV��FRKRUW��GHILQHG��E\��WKUHH��PDMRU��D[LV��RI��YDULDWLRQ���DJH��

�JHQGHU��DQG��JHQHUDO��KHDOWK���$OVR���LQ���$KDGL��HW��DO���������������PLOOLRQ��GDWD��SRLQWV��IRU��SURWHRPLFV��

�PHWDERORPLFV�� �WUDQVFULSWRPLFV�� �PLFURELRPH�� �JHQRPLFV� �DQG� �FOLQLFDO� �PDUNHU� �GDWD� �ZHUH�

�DQDO\VHG� �WR� �FUHDWH� �D� �SDQHO� �RI������VLJQLILFDQW��PROHFXOHV��IRU��DJHLQJ��SDWWHUQV��GHILQLQJ��GLIIHUHQW�

�KHDOWK� �WUDMHFWRULHV�� �)RXU� �HQULFKHG� �DJHLQJ� �SDWWHUQV� �RU� �³DJHRW\SHV´� �ZHUH� �GHULYHG� �IURP� �NH\�

�PROHFXODU� �SDWKZD\V� �WKDW� �FKDQJHG� �RYHU� �WLPH� �LQ� �D� �JLYHQ� �LQGLYLGXDO�� �7KHVH� �ZHUH� �SDWKZD\V�

�DIIHFWLQJ���PHWDEROLF���LPPXQH���OLYHU��RU��NLGQH\��SDWKZD\V���/LYHU��DQG��NLGQH\��G\VUHJXODWLRQV��KDYH�

�DOVR� �EHHQ� �IRXQG� �LQ� �UHFHQW� �VWXGLHV� �DVVRFLDWLQJ� �PXOWLPRUELGLW\� �DQG� �PHWDEROLF� �VWXGLHV� �RI�

�KHDOWKVSDQ�� �ZLWK� �LPSDLUHG� �JOXFRVH� �KRPHRVWDVLV�� �ORZ�JUDGH� �LQIODPPDWLRQ�� �DQG� �OLSRSURWHLQ�

�PHWDEROLVP���3LHW]QHU�HW�DO���������DV�RWKHU�NH\�PDUNHUV��

����� �7KHVLV�DLPV�DQG�REMHFWLYHV�

�3��RZHUIXO� �DQDO\WLFDO� �PHWKRGRORJLHV� �KDYH� �EHHQ� �GHYHORSHG� �WR� �VWXG\� �WKHVH� �µELJ� �GDWDVHWV¶� �DQG�

�LGHQWLI\� �XQGHUO\LQJ� �SDWWHUQV�� �,Q� �WKLV� �ZRUN�� �ZH� �DUH� �JRLQJ� �WR� �IRFXV� �RQ� �WKH� �XVH� �RI� �WKHVH��QRYHO�

�PHWKRGRORJLHV�� �ORRNLQJ� �DW� �FRPSXWDWLRQDO� �DSSURDFKHV��IURP��WKH��V\VWHPV��ELRORJ\��SHUVSHFWLYH��

�ZKHUH� �ELRORJLFDO� �SKHQRPHQRQ� �LV� �UHFRJQL]HG� �DV� �D� �FRPSOH[� �V\VWHP� �WKDW� �UHTXLUHV� �RI� �WKH�

�LQWHJUDWLRQ� �RI� �WKHVH� �GLIIHUHQW� �GDWD� �OD\HUV� �DQG� �RUJDQL]DWLRQDO� �OHYHOV� �IRU� �LWV��IXOO��XQGHUVWDQGLQJ�

��.LWDQR� �������� �:LWK� �WKLV�� �ZH� �ZLOO� �H[SORUH� �WKH� �XVH��RI��PDFKLQH��OHDUQLQJ��DV��NH\��FRPSXWDWLRQDO�

�IUDPHZRUN��LQ��ELRORJLFDO��UHVHDUFK���&KDSWHU������DQG��PHGLFLQH���&KDSWHU�������GHYHORSLQJ��WRROV��IRU�

�LWV� �DGRSWLRQ�� �)LQDOO\�� �LQ� �&KDSWHU� ���� �ZH� �ZLOO� �H[SORUH� �WKH� �SRZHU� �RI� �FRPSXWDWLRQDO� �ELRORJ\� �WR�

�WDFNOH��FRPSOH[��ELRORJLFDO��TXHVWLRQV��VXFK��DV��KHDOWK��WR��GLVHDVH��WUDQVLWLRQV���IRFXVLQJ��RQ��DJHLQJ�

�DQG�PXOWLPRUELGLW\�DV�GULYLQJ�SKHQRW\SHV��7KLV�WKHVLV�WKHUHIRUH�DLPV�WR��
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�FRPPXQLW\�

�Ɣ� �8WLOL]H��ODUJH�VFDOH��GDWDVHWV���VXFK��DV��WKH��8.��%LREDQN���WR��VWXG\��DJHLQJ��WUDMHFWRULHV��DQG�

�KHDOWK�WR�GLVHDVH��WUDQVLWLRQV��DQG��LGHQWLI\��ULVN��IDFWRUV��DQG��NH\��ELRORJLFDO��PHFKDQLVPV�

�DVVRFLDWHG�ZLWK�KHDOWK\�DQG�XQKHDOWK\�DJHLQJ�
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�-0������������0DFKLQH��OHDUQLQJ��IRU��WKH��GHWHFWLRQ��RI��HDUO\��LPPXQRORJLFDO��PDUNHUV��DV��SUHGLFWRUV�

�RI�PXOWL�RUJDQ�G\VIXQFWLRQ���6FLHQWLILF�'DWD���������������±����
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����� �%DFNJURXQG�DQG�FKDSWHU�RYHUYLHZ�

�:LWK� �WKH� �GHYHORSPHQW� �RI� �KLJK� �WKURXJKSXW� �WHFKQRORJLHV�� �ZH� �FDQ� �QRZ� �REVHUYH� �ELRORJLFDO�

�V\VWHPV� �DW� �PROHFXODU� �UHVROXWLRQ���JHQHUDWLQJ��D��ZHDOWK��RI��GLIIHUHQW��µRPLFV¶��GDWD���7KH��SUREOHP�

�QRZ� �OLHV� �LQ� �WKH� �JURZLQJ� �JDS� �EHWZHHQ� �WKH� �DFFXPXODWLRQ� �RI� �ELJ� �GDWD� �²� �DQG� �UHVHDUFKHUV¶�

�NQRZOHGJH� �DERXW� �KRZ� �WR� �XVH� �LW� �HIIHFWLYHO\� ��%DURQH�� �:LOOLDPV�� �DQG� �0LFNORV� ���������� �7R�

�GHPRFUDWL]H� �DFFHVV� �DQG� �HQDEOH� �HIILFLHQW�� �UHSURGXFLEOH�� �DQG� �UHOLDEOH� �DQDO\VLV� �RI� �ELRPHGLFDO�

�ELJ� �GDWD�� �DQDO\WLFDO� �SLSHOLQHV� �ZLWK� �WKH� �FRPSXWDWLRQDO� �VWHSV� �UHTXLUHG� �WR� �WXUQ� �UDZ� �GDWD� �LQWR�

�VFLHQWLILF� �NQRZOHGJH� �KDYH� �EHHQ� �FUHDWHG� �ZLWK� �YDU\LQJ� �OHYHOV� �RI� �FRPSOH[LW\� �DQG� �UHVRXUFHV��

�([DPSOHV� �UDQJH� �IURP� �DFFHVVLEOH� �ELRLQIRUPDWLF� �VFULSWV� �VXFK� �DV���;LD��DQG��:LVKDUW���������DQG�

��$�� �$FKDUMHH� �HW� �DO�� ��������¶V� �PRGHOOLQJ� �RI� �TXDQWLWDWLYH� �PHWDERORPLFV� �GDWDVHWV�� �WR� �PRUH�

�FRQYROXWHG� �SURIHVVLRQDO� �IUDPHZRUNV� �VXLWDEOH� �WR� �VWUHDPOLQH� �ODUJH�VFDOH� �ELRORJLFDO� �DQDO\VLV��

�6XFK� �LQIUDVWUXFWXUHV� �LQFOXGH� �)LUPLDQD� �GHULYHG� �E\� ��)HQJ� �HW� �DO�� ������� �RU� ��6DWDJRSDP� �HW� �DO��

��������¶V� �ZRUN� �ZKLFK� �FRXQW� �ZLWK� �PRGXODU� �ZRUNIORZV� �DQG� �DFFRPPRGDWH� �SURGXFWLRQ� �SLSHOLQHV�

�ZLWK��DGYDQFHG��IHDWXUHV��IRU��GDWD��VWRUDJH��DQG��VKDULQJ���)RU��D��GHWDLOHG��UHYLHZ��RQ��ELRLQIRUPDWLF�

�ZRUNIORZV�SOHDVH�UHIHU�WR���/HLS]LJ�������&DQXHO�HW��DO�����������

�,Q� �WKLV� �ZRUN�� �ZH� �ZLOO� �H[SORUH� �WKH� �XVH� �RI� �FRPSXWDWLRQDO� �WRROV� �LQ� �ELRORJ\� �WKURXJK� �WKH�

�GHYHORSPHQW� �RI� �D� �PDFKLQH��OHDUQLQJ��SLSHOLQH��DGDSWHG��IRU��UHVHDUFK���$V��H[SODLQHG��SUHYLRXVO\��

�PDFKLQH� �OHDUQLQJ� �PRGHOV� �FDQ� �EH� �EURDGO\� �VXEGLYLGHG� �LQWR� �VXSHUYLVHG� �DQG� �XQVXSHUYLVHG�

�DOJRULWKPV� �GHSHQGLQJ� �RQ� �WKH� �W\SH� �RI� �SUHGLFWLRQ� �DGGUHVVHG�� �+HUH�� �ZH� �KDYH� �IRFXVHG� �RQ�

�VXSHUYLVHG� �OHDUQLQJ� �DQG� �DOWKRXJK� �$,� �DQG� �0/� �SODWIRUPV� �DOUHDG\� �H[LVW� ��L�H�� �$PD]RQ�

�6DJH0DNHUV� �RU� �$]XUH� �0DFKLQH� �/HDUQLQJ��� �PDNLQJ� �WKHVH� �DOJRULWKPV� �DFFHVVLEOH�� �PRVW�

�UHVRXUFHV��VWLOO��UHTXLUH��D��KLJK��H[SHUWLVH��IRU��DQ��DSSURSULDWH��XVH��DQG��DUH��QRW��VSHFLILFDOO\��WDLORUHG�

�WR�ELRORJLFDO�GDWD��

�7\SLFDOO\�� �ELRPHGLFDO� �GDWDVHWV� �FDQ� �FRQVLVW� �RI� �WKRXVDQGV� �RI� �GDWD� �SRLQWV� �DQG� �QXPHURXV�

�DVVRFLDWHG� �IHDWXUHV�� �ZLWK� �GDWDVHWV� �EHLQJ� �KLJKO\� �FROOLQHDU� �DQG� �QRLV\�� �2QH� �VWUDWHJ\� �WKDW� �ZH�
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�KDYH��IROORZHG��LQ��RXU��ZRUN��WR��GHDO��ZLWK��WKHVH��FKDOOHQJHV��LV��WR��DSSO\��UHJXODUL]HG��PRGHOV���WKDW�

�LV�� �PRGHOV� �ZKLFK� �KDYH� �VRPH� �DGGLWLRQDO� �FRQVWUDLQWV� �LPSRVHG� �RQ� �WKHP� �VR� �WKDW� �WKH\� �\LHOG�

�PRGHOV��ZLWK��GHVLUDEOH��SURSHUWLHV���2QH��VXFK��SURSHUW\��LV��VSDUVLW\���ZKHUH��WKH��PRGHO��XVHV��RQO\�

�D��IUDFWLRQ��RI��WKH��IHDWXUHV��DYDLODEOH��WR��LW��ZKHQ��PDNLQJ��SUHGLFWLRQV���,Q��RXU��ZRUN���ZH��KDYH��XVHG�

�7KH� �/HDVW� �$EVROXWH� �6KULQNDJH� �DQG� �6HOHFWLRQ� �2SHUDWRU� ��/$662�� ��7LEVKLUDQL� ������� �DQG� �LWV�

�VXFFHVVRU�� �WKH� �(ODVWLF� �1HW� ��(1�� ��=RX� �DQG��+DVWLH����������7KHVH��DOJRULWKPV��DUH��YHU\��SRSXODU�

��&XORV��HW��DO�����������JLYHQ��WKH\��PDNH��IHZ��DVVXPSWLRQV��RQ��WKH��GDWD��DW��KDQG���WKH��IHDWXUHV��MXVW�

�KDYH��WR��EH��UHDO�YDOXHG���DQG��DUH��WKHUHIRUH��DSSOLFDEOH��WR��D��ZLGH��YDULHW\��RI��GDWD��VHWWLQJV���$OVR��

�WKHLU� �SUHGLFWLRQV� �DUH� �VSDUVH� �OLQHDU��FRPELQDWLRQV��RI��WKH��LQSXW��IHDWXUHV���PDNLQJ��WKHP��HDV\��WR�

�LQWHUSUHW� �DQG� �WKHLU� �PRGHO� �FRHIILFLHQWV� �FDQ� �EH� �VROYHG� �LQ� �D� �FRPSXWDWLRQDOO\� �HIILFLHQW� �PDQQHU�

�JLYHQ� �WKH\� �UHVXOW� �IURP� �D� �FRQYH[� �PLQLPL]DWLRQ� �SUREOHP� ��µ([WHQGLQJ� �WKH� �5HDFK��RI��WKH��/DVVR�

�DQG��(ODVWLF��1HW��3HQDOWLHV���0HWKRGRORJ\��DQG��3UDFWLFH�����3UR4XHVW¶��Q�G�����$��EULHI��H[SODQDWLRQ��RI�

�UHJXODUL]DWLRQ�DOJRULWKPV�ZRXOG�EH�DV�IROORZV��

�0RGHO� �ILWWLQJ� �LQ� �OLQHDU� �UHJUHVVLRQ� ����(TXDWLRQ���������SURGXFHV��WKH��YHFWRU��RI��HVWLPDWHG��UHJUHVVLRQ�

�FRHIILFLHQWV� �WKURXJK� �RUGLQDU\� �OHDVW� �VTXDUHV� ��2/6��� �ZLWK� �WKH� �REMHFWLYH� �IXQFWLRQ� �DV� �WKH�

�PLQLPXP� �RI� �WKH� �UHVLGXDO� �VXP� �RI� �WKH� �VTXDUHV� ��566�� �HTXDWLRQ���(TXDWLRQ�������,Q��RWKHU��ZRUGV��

�WKH�YDOXHV�PLQLPL]LQJ�WKH�566�IXQFWLRQ�DUH�WKH�HVWLPDWHG�UHJUHVVLRQ�FRHIILFLHQWV��� ����Ɲ�ȳ�
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�,Q� �UHJXODUL]DWLRQ� �PHWKRGV�� �DQ� �H[WUD� �WHUP� �LV� �DGGHG� ��(TXDWLRQ� ����� �DQG� �VR� �WKH� �QHZ� �REMHFWLYH�

�IXQFWLRQ�WR�PLQLPL]H�EHFRPHV��
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�(TXDWLRQ���
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�+HUH� �LV� �D� �IXQFWLRQ� �WR� �SHQDOL]H� �DQG� �IRUPV� �WKH� �SHQDOW\�UHJXODUL]DWLRQ� �SDUDPHWHU�� �7KH��՘� Ʀ

�SHQDOW\��IXQFWLRQ� �FRQWUROV��WKH��WUDGH�RII��EHWZHHQ��OLNHOLKRRG��DQG��SHQDOW\��DQG��VR��LQIOXHQFHV��WKH�Ʀ

�YDULDEOHV� �WR� �EH� �VHOHFWHG�� �7KH� �KLJKHU� �WKH� �YDOXH� �RI� ��� �WKH� �IHZHU� �QXPEHU� �RI� �YDULDEOHV� �DUH�Ʀ

�VHOHFWHG��DQG��YLFH��YHUVD���7KH��GLIIHUHQFHV��EHWZHHQ��UHJXODUL]DWLRQ��PHWKRGV��OLH��LQ��WKH��GLIIHUHQW�

�IXQFWLRQV� �WKH\� �SHQDOL]H�� �,Q� �/$662�� �WKH� �SHQDOW\� �LV� �DSSOLHG� �WR� �WKH� �VXP� �RI� �WKH� �DEVROXWH��՘�

�YDOXHV�RI�WKH�UHJUHVVLRQ�FRHIILFLHQWV��/��QRUP���0DWKHPDWLFDOO\��ZH�FDQ�ZULWH�WKLV�DV��
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�7KH� �OHIW� �VLGH� �RI� �WKH� �HTXDWLRQ� �LV� �WKH� �QRUPDO� �OHDVW��VTXDUHV��FULWHULRQ���ZKHUHDV��WKH��ULJKW��LV��WKH�

�SHQDOL]HG�VXP�RI�WKH�DEVROXWH�YDOXHV�RI�WKH�UHJUHVVLRQ�FRHIILFLHQWV��

�(ODVWLF� �1HW� �FUHDWHV� �D� �VSDUVH� �PRGHO� �WRR�� �DV� �ZHOO� �DV� �WKHRUHWLFDOO\��LPSURYLQJ��LWV��SHUIRUPDQFH�

�ZLWK� �UHVSHFW� �WR� �/$662� �LQ� �GDWDVHWV� �ZLWK� �PRUH� �IHDWXUHV� �WKDQ� �VDPSOHV� ��� �SUREOHPV��� �E\��՘��з��Ֆ�

�DOORZLQJ� �KLJK� �FROOLQHDU� �JURXSV� �RI� �IHDWXUHV� �WKURXJK� �JURXSHG� �VHOHFWLRQ�� �(1� �LV� �FUHDWHG� �E\�

�LQFOXGLQJ�WKH�/��QRUP�RI�WKH�FRHIILFLHQWV��VXP�RI�WKH�VTXDUHV��WR�PLQLPL]H��
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�7KLV� �FRPELQDWLRQ� �RI� �/$662� ��(TXDWLRQ� ���� �DQG� �(1� ��(TXDWLRQ� ���� �PHWKRGV� �FRPSULVHV� �WKH�

�EDFNERQH� �RI� �WKH� �FRPSXWDWLRQDO� �SLSHOLQH� �SUHVHQWHG� �EHORZ�� �7R� �SURYH� �LWV� �XVH� �LQ� �WKH� �UHDOP� �RI�

�ELRORJLFDO� �UHVHDUFK�� �ZH� �KDYH� �YDOLGDWHG� �LW� �ZLWK� �WKUHH� �GLIIHUHQW� �SUHYLRXVO\� �SXEOLVKHG� ��RPLFV�

�GDWDVHWV� ��%UDYR�0HURGLR�� �:LOOLDPV�� �HW� �DO�� ������� �DQG� �WKHQ� �VKRZ�FDVHG� �LWV� �XVH� �ZLWK� �D��QRYHO�

�GDWDVHW� �LQYROYLQJ� �LPPXQH� �SUHGLFWRUV� ��%UDYR�0HURGLR�� �$FKDUMHH���HW��DO�����������:H��KDYH��WKHQ�
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�FRQWLQXHG� �RXU� �ZRUN� �E\� �SUHVHQWLQJ� �WKLV� �SLSHOLQH� �DV� �DQ� �RQOLQH� �VXSHUYLVHG� �PDFKLQH� �OHDUQLQJ�

�IUDPHZRUN� �WR� �IDFLOLWDWH� �LWV� �XSWDNH�� �7KLV� �WRRO� �KDV� �EHHQ� �EDVHG� �RQ� �SUHYLRXV� �RSHQ� �VRXUFH�

�LQLWLDWLYHV� �VXFK� �DV� �WKH� �VWLOO� �XQGHU� �GHYHORSPHQW� �0/6WXGLR� ��.ULVSLQ� �>����@� ��������

�GDWDBH[SORUDWLRQ��DSS���µ'DWDB([SORUDWLRQ¶��Q�G����RU��9LFHQW��1LMV¶��UDGLDQW���µ5DGLDQW�����$��6KLQ\��$SS�

�IRU� �6WDWLVWLFV� �DQG� �0DFKLQH� �/HDUQLQJ¶� �Q�G������ �7KHVH� �DSSV� �RIIHU� �LQWXLWLYH� �DQG� �JXLGHG� �PDFKLQH�

�OHDUQLQJ� �DQDO\VLV� �EXW� �DUH��QRW��VSHFLILFDOO\��WDLORUHG��WR��ELRORJLFDO��GDWD��DQG��DUH��OHVV��IRFXVHG��RQ�

�SURYLGLQJ� �LQWHUSUHWDEOH� �UHVXOWV�� �$OVR� �UHFHQWO\�� �PRUH� �FRPSOH[� �VRIWZDUH� �DOWHUQDWLYHV� �VXFK� �DV�

�6,021� ��$�� �7RPLF� �HW� �DO�� ������� �+73PRG� ��'�� �&KHQ� �HW� �DO�� ������� �RU� �DQ\� �RSHQ�VRXUFH� �WRROV�

�GHYHORSHG��E\��6DH]�5RGULJXH]��JURXS���H�J��)81.,���+HUQDQVDL]�%DOOHVWHURV��HW��DO�����������KDYH�

�EHHQ� �GHYHORSHG�� �H[HPSOLI\LQJ� �WKH� �QHHG� �IRU� �VXFK� �WRROV� �LQ� �WKH� �ELRLQIRUPDWLFV� �FRPPXQLW\��

�5HJDUGOHVV���VRPH��RI��WKHVH��SODWIRUPV��UHTXLUH��VHWXSV��VXFK��DV��'RFNHU��ZKLFK���IRU��QRQ�H[SHUWV��

�PLJKW� �DFW� �DV� �PDLQ� �OLPLWDWLRQ� �IRU� �DGRSWLRQ�� �HVSHFLDOO\� �LI��LQWHUHVWHG��LQ��MXVW��D��TXLFN��DQG��VLPSOH�

�DQDO\VLV��ZKLFK�ZH�DLP�WR�VXSSO\��

�$V� �D� �VXPPDU\�� �LQ� �WKLV� �FKDSWHU�� �ZH� �ZLOO� �H[SORUH� �WKH� �XVH� �RI� �FRPSXWDWLRQDO� �WRROV� �LQ� �ELRORJ\�

�WKURXJK��WKUHH��SLHFHV��RI��ZRUN���)LUVW���ZH��ZLOO��GHVFULEH��WKH��GHYHORSPHQW��RI��D��PDFKLQH��OHDUQLQJ�

�SLSHOLQH��DGDSWHG��IRU��UHVHDUFK��DQG��YDOLGDWHG��ZLWK��WKUHH��GLIIHUHQW��SUHYLRXVO\��SXEOLVKHG���RPLFV�

�GDWDVHWV� �DQG� �WKHQ� �VKRZ�FDVH� �LWV� �XVH� �ZLWK� �D� �QRYHO� �GDWDVHW�� �:H� �WKHQ�� �SUHVHQW� �LW� �WRR� �DV� �DQ�

�RQOLQH�VXSHUYLVHG�PDFKLQH�OHDUQLQJ�IUDPHZRUN��
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����� �3LSHOLQH�GHYHORSPHQW�

�)LJXUH������0DFKLQH�OHDUQLQJ�SLSHOLQH�VWUXFWXUH�
�6FKHPDWLF� �RI� �WKH� �ZRUNIORZ�SLSHOLQH� �GHYHORSHG� �LQ� ��%UDYR�0HURGLR�� �:LOOLDPV�� �HW� �DO�� ���������� �,W�
�FRQVLVWV� �RI� �WKUHH� �PDLQ� �PRGXOHV� �KLJKOLJKWHG� �LQ� �WKUHH� �GLIIHUHQW� �FRORXUV�� �3XUSOH�� �'DWD� �TXDOLW\�
�PRGXOH� �RIIHULQJ� �GLIIHUHQW� �RSWLRQV� �GHSHQGLQJ� �RQ� �WKH� �W\SH� �RI��GDWD��LQWURGXFHG��H�J���PLFURDUUD\�
�DQG� �JHQHULF�RWKHU� �GDWD�� �*UHHQ�� �&URVV� �YDOLGDWHG� �IHDWXUH� �VHOHFWLRQ� �WKURXJK� �UHJXODUL]DWLRQ�
�DOJRULWKPV� �/$662� �DQG� �(1� �DQG� �PRGHO� �EXLOGLQJ�� �%URZQ�� �3HUIRUPDQFH� �DVVHVVPHQW���VWDELOLW\�
�DQDO\VLV�DQG�UHVXOWV�YLVXDOL]DWLRQ��

�:H� �GHYHORSHG� �D� �SLSHOLQH� ��%UDYR�0HURGLR�� �:LOOLDPV�� �HW� �DO�� ������� �WKDW� �LQFOXGHV��WZR��GLIIHUHQW�

�VXSHUYLVHG��FODVVLILFDWLRQ��WHFKQLTXHV��EDVHG��RQ��UHJXODUL]DWLRQ��PHWKRGV��WR��LGHQWLI\��ELRPDUNHUV�

�IURP� ��RPLFV� �RU� �RWKHU� �KLJK� �GLPHQVLRQ� �FOLQLFDO� �GDWDVHWV�� �$��VXPPDU\��RI��WKH��GLIIHUHQW��PRGXOHV�

�FRQILJXULQJ� �LW� �FDQ� �EH� �VHHQ� �LQ� �)LJXUH� �������� �7KH� �SLSHOLQH� �LV� �SUHVHQWHG� �DV� �DQ� �HGLWDEOH�

�50DUNGRZQ� �VFULSW� �IRXQG� �LQ� �KWWSV���JLWKXE�FRP�MDZ�ELRLQI�%LRPDUNHUB,GHQWLILFDWLRQ����� �)LUVW���WKH�



�ÃÇ�

�LQSXW� �GDWD� �ZLWK� �RXWFRPH� �LQIRUPDWLRQ� �DQG� �IHDWXUHV� �WR� �PRGHO� �LV� �SUH�SURFHVVHG�� �ZLWK�

�VWDQGDUGL]DWLRQ� �DQG� �PLVVLQJ� �YDOXHV� �HYDOXDWHG� �DV� �ZHOO� �DV� �DQ\� �H[WUD� �FKDQJHV� �LPSOHPHQWHG�

�QHHGHG��E\��HQG��XVHUV���)RU��H[DPSOH���RSWLRQDO��ILOWHULQJ��VWHSV��WR��UHGXFH��GLPHQVLRQDOLW\��LQFOXGH�

�PDQ\�WR�RQH� �SUREH�WR�JHQH� �PDSSLQJ� �LQ� �WUDQVFULSWRPLFV� �GDWD� �RU��WKH��XVH��RI��H[WHUQDO��WRROV��RU�

�H[SHUW� �ELRORJLFDO� �LQVLJKW� �WR� �H[FOXGH� �FHUWDLQ� �IHDWXUHV�� �,Q� �DOO� �FDVHV�� �WKH� �LQSXW� �IRU� �WKH� �µIHDWXUH�

�VHOHFWLRQ¶��VHJPHQW��RI��WKH��SLSHOLQH��LV��D��PDWUL[���ILOH��RU��GDWD��IUDPH���RI��IHDWXUHV���NH\��SUHGLFWRUV��RI�

�RXWFRPH� �VWXGLHG� �L�H� �SRWHQWLDO� �ELRPDUNHUV�� �DQG� �VDPSOHV� �DORQJ� �ZLWK� �D� �WDUJHW� �RU� �RXWFRPH�

�YDULDEOH�� �$IWHU� �D� �UDQGRP� �GLYLVLRQ� �RI� �VDPSOHV� �LQWR� �WUDLQLQJ� �DQG� �WHVW� �VHWV�� �/$662� �DQG� �(1�

�DOJRULWKP� �DV� �IHDWXUH� �VHOHFWLRQ� �PHWKRGV� �DUH� �DSSOLHG� �WR� �LGHQWLI\� �WKH� �PRVW� �KLJKO\� �DVVRFLDWHG�

�IHDWXUHV� �ZLWK� �UHVSHFW��WR��WKH��RXWFRPH���UHSUHVHQWLQJ��SRWHQWLDO��ELRPDUNHU��FDQGLGDWHV���,Q��RUGHU�

�WR� �DSSO\� �WKH� �DOJRULWKPV� �IRU� �ELRORJLFDOO\� �UHOHYDQW� �IHDWXUH� �VHOHFWLRQ�� �ZH� �QHHG� �WR� �RSWLPL]H� �WKH�

�SHQDOW\��SDUDPHWHU��DVVRFLDWHG��ZLWK��HDFK��RI��WKH��PHWKRGV��LQ��DQ��XQELDVHG��ZD\���7R��DFKLHYH��WKLV��

�WKH� �SLSHOLQH� �GLYLGHV� �VDPSOHV� �UDQGRPO\� �LQWR� �D� �WUDLQLQJ� �VHW� �FRPSRVHG� �RI� ����� �RI� �WKH� �WRWDO�

�QXPEHU� �RI� �WKH��VDPSOHV��DQG��D��WHVW��VHW��FRQVLVWLQJ��RI��WKH��UHPDLQLQJ�������VDPSOHV���7R��HQVXUH�

�RSWLPDO� �WUDLQLQJ� �LQ� �UHDO�ZRUOG� �GDWDVHWV�� �DOO� �GDWD� �VSOLWV� �UHWDLQHG� �FODVV� �EDODQFHV� �RI� �WKH� �WDUJHW�
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�:H��QRWH��WKDW��FODVV��EDODQFLQJ��PHDVXUHV���VXFK��DV��ERRVWLQJ��RU��XQGHU��VDPSOLQJ���DUH��QRW��XVHG��WR�

�DUWLILFLDOO\��EDODQFH��WUDLQLQJ�WHVWLQJ��GDWD��LQ��HDFK��VSOLW���RXWHU��ORRS��VHW����7KHQ��ZH��DSSO\��D�����IROG�

�FURVV� �YDOLGDWLRQ� �RQ� �WKH� �WUDLQLQJ� �VHW� ��LQQHU� �ORRS� �VHW�� �DLPLQJ� �WR� �KDYH� �DQ� �RSWLPLVHG� �SHQDOW\�

�SDUDPHWHU� �WKDW� �FDQ� �EH� �SOXJJHG� �LQWR� �WKH��/$662��DQG��(1��PRGHOV���2XU��SLSHOLQH��WKHQ��LWHUDWHV�

�PRGHO� �FUHDWLRQ� ����� �WLPHV� ��ERRWVWUDSV�� �DQG� �VHOHFWV� �WKH� �IHDWXUHV� �WKDW� �DSSHDU� �PRUH� �WKDQ� ����
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�WKH��5($'0(��ILOH��ORFDWHG��LQ��WKH��UHSRVLWRU\���$OO��DQDO\VHV��FDQ��EH��SHUIRUPHG��RQ��D��VWDQGDUG��3&�

�HQYLURQPHQW� �ZLWK� �WKH� �UXQ� �WLPH� �LQFUHDVLQJ� �ZLWK� �ODUJHU� �GDWDVHWV�� �$IWHU� �UXQQLQJ�� �LW� �FRPSLOHV��D�

�3')� �UHSRUW� �FRQWDLQLQJ� �ERWK� �DOO� �FRGH� �JHQHUDWHG� �DQG� �ILJXUHV� �SURGXFHG�� �)LJXUHV� �JHQHUDWHG�
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�WR��EH��XVHG��DV��LQSXW��IRU��SDWKZD\��DQG��RQWRORJ\��HQULFKPHQW��DQDO\VHV���$Q��H[DPSOH��RI��WKH��UHSRUW�

�SURGXFHG� �KDV� �EHHQ� �LQFOXGHG� �LQ� �$SSHQGL[� ������ �)RU� �WKH� �SXUSRVHV� �RI� �RXU� �YDOLGDWLRQ� �VWXGLHV��

�SDWKZD\��DQDO\VLV��DQG��RQWRORJ\��HQULFKPHQW��ZHUH��SHUIRUPHG��ZLWK��WKH��(QULFK5��WRRO��ZLWK��GHIDXOW�

�VHWWLQJV��DQDO\VHG�RQ�6HSW������������(��<��&KHQ�HW��DO���������



�ÃÉ�

����� �3LSHOLQH�YDOLGDWLRQ�

������� �/LSLGRPLFV�

�7R��DVVHVV��WKH��SHUIRUPDQFH��RI��RXU��IUDPHZRUN���ZH��HPSOR\HG��SUHYLRXVO\��SXEOLVKHG��GDWD���)LUVW�

�ZH��DQDO\VHG��D��OLSLGRPLFV��GDWDVHW���DYDLODEOH��RQOLQH��DV��VXSSOHPHQWDU\��PDWHULDO��IURP���$QLPHVK�
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&ODVVLILFDWLRQ�%��)RUPXOD�PLON�YV��PL[HG��IRUPXOD�PLON�DQG�KXPDQ�PLON�FRPELQHG���
�IHHGLQJ��
&ODVVLILFDWLRQ�&��+XPDQ�PLON�YV��IRUPXOD�PLON�
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�LQ� �D� �ER[� �SORW�� �DOORZV� �IRU� �D� �FOHDU� �GLVSOD\� �RI� �WKH� �GLIIHULQJ� �YDOXHV� �RI� �WKLV� �IHDWXUH� �LQ� �GLIIHUHQW�

�IHHGLQJ�FKRLFHV�MXVWLI\LQJ�LWV�VHOHFWLRQ�DQG�LQFOXVLRQ�LQ�WKH�FODVVLILFDWLRQ�PRGHO��
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�7,03����)LJXUH�������$����ZKLFK��ZHUH��IRXQG��WR��EH��RIWHQ��GLVFXVVHG��LQ��SDQFUHDWLF��FDQFHU��OLWHUDWXUH�

��0D� �HW� �DO�� �������� �$OVR�� �RXU� �ELRORJLFDO� �SDWKZD\� �DQDO\VLV� �UHYHDOHG� �D� �FODVV� �RI� �ELRPDUNHUV�

�HQULFKHG� �LQ� �VHYHUDO� �NQRZQ� �FDQFHU� �SDWKZD\V�� �$IWHU� �VWULQJHQW� �PXOWLSOH��WHVWLQJ��FRUUHFWLRQ���WKH�

�IROORZLQJ�SDWKZD\V�ZHUH�LGHQWLILHG�DV�EHLQJ�HQULFKHG��

�Ɣ� �6HQHVFHQFH�DQG�$XWRSKDJ\�LQ�&DQFHU�

�Ɣ� �,QWHJUDWHG�3DQFUHDWLF�&DQFHU�3DWKZD\�

�Ɣ� �7*)�%HWD�6LJQDOOLQJ�3DWKZD\��PRXVH��

�Ɣ� �PL51$�WDUJHWV�LQ�(&0�DQG�PHPEUDQH�UHFHSWRUV�

�Ɣ� �7*)�%HWD�5HFHSWRU�6LJQDOOLQJ��KXPDQ��

�7KH� �IXOO� �UHVXOWV� �RI� �RXU� �SLSHOLQH�� �LQFOXGLQJ� �IHDWXUH� �UDQNLQJ� �JUDSKV� �DQG� �$852&�� �VHQVLWLYLW\��

�VSHFLILFLW\�� �DQG� �DFFXUDF\� �VFRUHV� �RI� �HDFK� �YDULDEOH�� �DV� �ZHOO� �DV� �DOO� �WKH� �H[HFXWHG� �FRGH� �DUH�

�LQFOXGHG�LQ�WKH�DERYH�PHQWLRQHG�JLWKXE�UHSRVLWRU\��
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�7KH� �SLSHOLQH� �ZDV� �DOVR� �HPSOR\HG� �DJDLQVW� �DQ� �DFXWH� �P\HORLG� �OHXNDHPLD� ��$0/�� �FRKRUW�

��*6(���������7KLV��DQDO\VLV��UHYHDOHG��VL[W\��JHQHV��FRQWULEXWLQJ��VLJQLILFDQWO\��WR��$0/���)LJXUH������

�%��� �7KLV� �JHQH� �VHW� �LQWHUDFWV� �ZLWK� �VHYHUDO� �$0/�DVVRFLDWHG� �WUDQVFULSWLRQ� �IDFWRUV�� �LQFOXGLQJ�

�1.;������+2;$����DQG��0<%���7KH��DQDO\VLV��RI��JHQHV��DFWLYH��LQ��FHOO��OLQHV��DYDLODEOH��LQ��WKH��&DQFHU�

�&HOO� �/LQH� �(QF\FORSHGLD� ��%DUUHWLQD� �HW� �DO�� ������� �UHYHDOHG� �WKDW� �RXU� �GHULYHG� �JHQH� �VHW� �LV�

�VLJQLILFDQWO\� �HQULFKHG� �LQ� �PXOWLSOH� �KDHPDWRSRLHWLF� �DQG� �O\PSKRLG� �WLVVXH� �OLQHV�� �$GGLWLRQDOO\��

�LQYHVWLJDWLRQ��RI��WKH��SUHVHQFH��RI��RXU��GHSLFWHG��JHQHV��LQ��ELRORJLFDO��SDWKZD\V���DQQRWDWHG��LQ��WKH�

�.(**� �GDWDEDVH� ��.DQHKLVD� �DQG� �*RWR���������FRQILUPHG��WKHLU��NQRZQ��$0/�JHQH��DVVRFLDWLRQV�

�PHGLDWHG� �E\� �WKH� �µ+HPDWRSRLHWLF� �VWHP� �FHOO� �OLQHDJH¶� �DQG� �µ7UDQVFULSWLRQDO� �PLVUHJXODWLRQ� �LQ�

�FDQFHU¶� �SDWKZD\V�� �)XUWKHU� �UHVXOWV� �IURP� �WKHVH� �DQDO\VHV� �DUH� �SUHVHQWHG� �LQ� ��%UDYR�0HURGLR��

�:LOOLDPV��HW�DO���������
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����� �8VH�FDVH��*ROGHQ�+RXU�GDWDVHW�

�)LJXUH������)ORZFKDUW�RI�WKH�*ROGHQ�+RXU�FDVH�VWXG\�
�7KH��LPPXQH��UHVSRQVH��WR��WUDXPD��ZDV��DQDO\VHG��LQ������DGXOW��WUDXPD��SDWLHQWV��DW��WKUHH��GLIIHUHQW�
�WLPH� �SRLQWV� ����ௗK�� ��±��ௗK�� ���±��ௗK��� �)URP� �WKHVH� ���� �SDWLHQWV�� ���� �ZHUH� �VHOHFWHG� �IRU� �D� �PRUH�
�WKRURXJK� �DQDO\VLV� �JLYHQ� �WKHLU� �FRPSOHWH� �GDWDVHWV� �DQG� �DYDLODELOLW\� �RI� �PDLQ� �RXWFRPH� �VFRULQJ��
�$QDO\VLV� �GHVFULSWLRQ� �DQG� �NH\� �UHVXOWV� �DUH� �KHUH� �KLJKOLJKWHG�� �ZLWK� �WKH� �IXOO� �SXEOLVKHG� �ZRUN�
�DFFHVVLEOH�DW���%UDYR�0HURGLR��$FKDUMHH��HW�DO��������
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�:H��WKHQ��DSSOLHG��RXU��SLSHOLQH��WR��D��QRYHO��GDWDVHW��IURP��WKH��*ROGHQ��+RXU��VWXG\���+D]HOGLQH��HW��DO��

������� �IRFXVHG� �RQ� �WKH� �HDUO\� �LPPXQH� �UHVSRQVH� �WR� �PDMRU� �WUDXPD�� �7KLV� �GDWDVHW� �LV� �XQLTXH� �LQ�

�FKDUDFWHULVLQJ� �WKH� �LPPXQH� �VLJQDWXUH� �RI� �SDWLHQWV� �GXULQJ� �WKH� �YHU\� �HDUO\� �UHVSRQVH� �WR� �WUDXPD�

�JLYHQ� �WKDW� �ORJLFDOO\�� �ZLWK� �WKH� �DEUXSW� �QDWXUH� �RI� �D� �WUDXPDWLF� �LQMXU\�� �NQRZOHGJH� �RI� �WKH�

�SK\VLRORJLFDO� �UHVSRQVH� �DIWHU� �WUDXPD� �KDV� �ODUJHO\� �EHHQ� �EDVHG� �RQ� �SRVW�DGPLVVLRQ��WR��KRVSLWDO�

�EORRG��VDPSOHV���+RZHYHU���VWXGLHV��VXFK��DV���+D]HOGLQH��HW��DO����������1DXPDQQ��HW��DO����������;LDR�

�HW��DO�����������KDYH��UHFHQWO\��VXJJHVWHG��WKDW��E\��WKHQ��WKH��ERG\¶V��LPPXQH��UHVSRQVH��PLJKW��DOUHDG\�

�EH��VHW��WRZDUGV��HLWKHU��D��KHOSIXO��RU��G\VUHJXODWHG��UHVSRQVH��LQIOXHQFLQJ��VXEVHTXHQW��SRVLWLYH��RU�

�QHJDWLYH� �SDWLHQW� �RXWFRPHV�� �7KHUHIRUH�� �WKH� �SUHGLFWLYH� �YDOXH� �RI� �LPPXQH� �LQIRUPDWLRQ�

�LPPHGLDWHO\��DIWHU��VHYHUH��LQMXU\���EHIRUH���ௗKRXUV���PLJKW��KHOS��SURYLGH��RSWLPDO��FDUH��IRU��SDWLHQWV��

�HQFRXUDJLQJ� �LQWHUYHQWLRQV� �VXFK� �DV� �HDUO\� �WRWDO� �FDUH�� �GDPDJH� �FRQWURO� �RUWKRSDHGLF� �VXUJHU\�

��'2&�� �RU� �JXLGLQJ� �LPPXQRPRGXODWRU\� �WKHUDSLHV� ��+XEHU�/DQJ�� �/DPEULV�� �DQG� �:DUG� �������

�6SUXLMW�� �9LVVHU�� �DQG� �/HHQHQ� �������� �0RUHRYHU�� �WKH� �LPPHGLDWH� �LPPXQH� �VLJQDWXUH� �KDV� �EHHQ�

�VKRZQ��WR��KROG��SUHGLFWLYH��LQIRUPDWLRQ��IRU��RXWFRPHV��VXFK��DV��0XOWL2UJDQ��'\VIXQFWLRQ���02'6��

�DQG�PRUWDOLW\�XQDFFRXQWHG�IRU�LQ�ODWHU�WLPH�SRLQWV���&DEUHUD�HW�DO���������

�$�VXPPDU\�RI�WKH�ZRUN���%UDYR�0HURGLR��$FKDUMHH��HW��DO���������FDQ�EH�VHHQ�LQ��)LJXUH��������

�+HUH�� �WKH� �SUHYLRXVO\� �GHYLVHG� �SLSHOLQH� ����)LJXUH� �������� �ZDV� �DSSOLHG� �RQ� �LPPXQH� �DQG� �FOLQLFDO�

�PDUNHUV� �GHVFULELQJ� �WKH� �LPPXQH� �UHVSRQVH� �WR� �WUDXPD� �LQ� ���� �SDWLHQWV� �DW� �WKUHH� �GLIIHUHQW�

�SRVW�LQMXU\� �WLPH� �SRLQWV� ��XOWUD�HDUO\� ��� �ௗK��� ��±��ௗK�� ���±��ௗK�� �WR� �FODVVLI\� �SDUWLFLSDQWV�

�GHYHORSLQJ� �02'6�� �02'6�� �D� �SURJUHVVLYH� �IDLOXUH� �RI� �VHYHUDO� �LQGHSHQGHQW� �RUJDQ� �V\VWHPV��

�RFFXUV��LQ�������WR�������RI��WUDXPD��SDWLHQWV���6KHSKHUG���&ROH���DQG��%URKL���������ZLWK��QHDUO\������

�RI� �WKRVH� �LQ� �WKH� �,QWHQVLYH� �&DUH� �8QLW� ��,&8�� �G\LQJ� �DV� �D� �UHVXOW� ��0D\U� �HW� �DO�� �������� �7KH�

�LPPXQRORJLFDO��YDULDEOHV��DVVHVVHG��EHORQJHG��WR��WKH��IROORZLQJ��FDWHJRULHV���QHXWURSKLO��IXQFWLRQDO�

�DQDO\VLV� ��UHVSRQVH��WR��IRUP\O�PHWKLRQLQH�OHXFLQH�SKHQ\ODODQLQH���I0/)�����PRQRF\WH��UHVSRQVH�

�WR� �OLSRSRO\VDFFKDULGHV� ��/36�� �VWLPXODWLRQ�� �KDHPDWRORJLFDO�� �FI'1$� �DQDO\VLV� �DQG� �VHUXP�
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�DQDO\VLV���F\WRNLQHV��DQG��FRUWLVRO����5HVXOWV��RI��WKH��NH\��LGHQWLILHG��IHDWXUHV��SHU��WLPH��SRLQW��DQG��LQ�

�FRPELQDWLRQ��FDQ��EH��VHHQ��LQ��)LJXUH����������$V��H[SHFWHG���FXUUHQW��FOLQLFDO��VFRULQJ��YDULDEOHV��VXFK�

�DV� �1HZ� �,QMXU\� �6HYHULW\� �6FRUH��1,66�� �DQG� �3UREDELOLW\� �RI� �6XUYLYDO��36���� �DUH� �SUHGRPLQDQWO\�

�VHOHFWHG��IHDWXUHV��DW��DOO��WLPH��SRLQWV��JLYHQ��WKH\��DJJUHJDWH��FRPSOH[��LQIRUPDWLRQ��VXFK��DV��JUDYLW\�

�RI�WKH�ZRXQG�WR�HVWLPDWH�WKH�H[WHQW�RI�WUDXPD�GDPDJH��
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�:H��WKHQ��UHSHDWHG��WKH��DQDO\VLV��XVLQJ��GDWD��LQWHJUDWHG��IURP��WKH��WKUHH��GLIIHUHQW��WLPH��SRLQWV��DQG�

�DSSOLHG� �D� �PRUH� �VWULQJHQW� �WKUHVKROG� �IRU� �IHDWXUH��VHOHFWLRQ���7KH��ILQDO��PRGHO�����)LJXUH��������/HIW���

�IROORZV� �IURP� �DQ� �XQGHUVWDQGLQJ� �WKDW� �02'6� �GHYHORSPHQW� �QHFHVVLWDWHV� �D� �PXOWLYDULDEOH�

�DSSURDFK� �WKDW� �LV� �DEOH� �WR� �UHSURGXFH��KHWHURJHQHRXV��DQG��FRPSOH[��LQWHUDFWLRQV��FKDUDFWHULVLQJ�

�WKH��FRPSOH[��QDWXUH��RI��WKH��DFXWH��LPPXQH��UHVSRQVH��WR��LQMXU\���7KH��ILQDO��VHOHFWHG��IHDWXUHV��ZHUH�

�QRW� �VLJQLILFDQWO\� �FRUUHODWHG� �DQG� �VKRZHG� �ERWK� �ELRORJLFDO� �VLJQLILFDQFH� �DQG� �FOLQLFDO� �UHOHYDQFH�

�JLYHQ� �WKH� �ORZ� �FRVW� �DQG��VKRUW��WLPH��WDNHQ��WR��SHUIRUP��WKHLU��DQDO\VLV���%\��VHOHFWLQJ��WKH��IHDWXUHV�

�LUUHVSHFWLYH� �RI� �WLPH� �SRLQWV�� �ZH� �DUH� �VHOHFWLQJ� �WKH� �RYHUDOO� �KLJKHVW� �DVVRFLDWHG� �FKDQJHV� �ZLWK�

�02'6� �GHYHORSPHQW�� �:LWK� �WKLV� �DSSURDFK�� �D� �IXUWKHU� �XQGHUVWDQGLQJ� �RI� �KRZ� �WKH� �UHVSRQVH�

�GHYHORSV� �PLJKW� �EH� �UHIOHFWHG� �LQ� �WKLV� �FRPELQDWLRQ� �RI� �WLPH� �SRLQWV�� �ZLWK� �PXOWLIDFHWHG� �UHODWLRQV�

�EHWZHHQ�FRPSRQHQWV�DQG�NLQHWLFV�UHYHDOHG��

�0RUH� �VSHFLILFDOO\�� �WKLV� �PXOWLYDULDEOH� �FRPELQDWLRQ� �FRQVLVWHG� �RI� �WKUHH� �IHDWXUHV� �UHODWHG� �WR�

�QHXWURSKLO� �IXQFWLRQ�� �WKH��WKLUG��WLPH��SRLQW��ERWK��QHXWURSKLO��GHFUHDVH��LQ��&'��/��H[SUHVVLRQ��DIWHU�

�I0/)� �WUHDWPHQW��DQG��&'����H[SUHVVLRQ��DQG��WKH��ILUVW��WLPH��SRLQW��PRQRF\WH��SHUFHQWDJH���)LJXUH�

�������5LJKW�������7KLV��LV��XQVXUSULVLQJ��DV��LW��LV��ZHOO��XQGHUVWRRG��WKDW��WUDXPDWLF��LQMXU\��OHDGV��WR��PDUNHG�

�DOWHUDWLRQV� �LQ��WKH��SKHQRW\SH���IXQFWLRQ��DQG��OLIH�VSDQ��RI��FLUFXODWLQJ��QHXWURSKLOV��ZLWK��VLJQLILFDQW�

�FKDQJHV� �LQ� �WKH� �FRPSRVLWLRQ� �RI� �WKH� �FLUFXODWLQJ� �QHXWURSKLO� �SRRO���0DQVRQ� �HW� �DO�� ���������� �0RUH�

�VSHFLILFDOO\�� �/�VHOHFWLQ� ��&'��/�� �D� �UHFHSWRU� �WKDW� �IDFLOLWDWHV� �WHWKHULQJ� �RI� �QHXWURSKLOV� �WR� �WKH�

�HQGRWKHOLXP��LQ��LQIODPPDWLRQ��LV��VKRZQ��WR��EH��OHVV��SURPLQHQWO\��VKHG��LQ��02'6��SDWLHQWV��WKDQ��LQ�

�QRQ�02'V� �DW� �DOO� �WLPH� �SRLQWV� �VXJJHVWLQJ� �D� �OHYHO� �RI� �LPPXQRSDUHVLV�� �6LPLODU� �SKHQRPHQRQV�

�KDYH��EHHQ��SUHYLRXVO\��UHSRUWHG��LQ��RWKHU��UHFHSWRUV��VXFK��DV��I0/)�LQGXFHG��H[SUHVVLRQ��RI��)FȖ5,,�

��&'���� ��+LHWEULQN� �HW� �DO�� ���������� �5HGXFHG� �H[SUHVVLRQ� �RI� �&'���� �D��PDUNHU��RI��SULPDU\��JUDQXOH�

�H[RF\WRVLV��RQ��WKH��VXUIDFH��RI��QHXWURSKLOV���LV��D��ZHOO��NQRZQ��PDUNHU��IRU��QHXWURSKLO��DFWLYDWLRQ���:H�

�K\SRWKHVL]H��WKDW��WKLV��DSSDUHQWO\��OHVV��DFWLYH��SHULSKHUDO��SRRO��RI��QHXWURSKLOV��DW��WLPH��SRLQW��WKUHH�

����� �WR� ���K�� �LQ� �SDWLHQWV� �ZKR� �GHYHORSHG� �02'6� �LV� �GXH� �WR� �WKRVH� �DFWLYDWHG� �&'��� �H[SUHVVLQJ�

�QHXWURSKLOV� �PLJUDWLQJ� �LQWR� �WLVVXHV�RUJDQV� �ZKHUH� �WKH\� �ZRXOG� �FDXVH� �GDPDJH� �DQG� �SRWHQWLDOO\�



�ÅÁ�

�FRQWULEXWH� �WR� �WKH� �SDWKRJHQHVLV� �RI� �02'6�� �)LQDOO\�� �LW� �LV� �OLNHO\� �WKDW� �WKH� �VLJQLILFDQWO\� �ORZHU�

�PRQRF\WH��SHUFHQWDJH��DVVRFLDWHG��ZLWK��WKH��GHYHORSPHQW��RI��02'6��LQ��WKH��ILUVW��WLPH��SRLQW�����ௗK��

�LV��VLPSO\��D��FRQVHTXHQFH��RI��WKH��KLJKHU��IUHTXHQF\��RI��QHXWURSKLOV��DQG��LPPDWXUH��JUDQXORF\WHV��

�%\� �MXVW� �XVLQJ� �LPPXQH� �SUHGLFWRUV�� �DQ� �$8&� �YDOXH� �RI� ������ௗ�ௗ������ �ZDV� �DFKLHYHG�� �7KH�

�SUHGLFWLRQ��DELOLW\��RI��WKH��PRGHO��ZDV��WKHQ��IXUWKHU��LPSURYHG��ZLWK��WKH��DGGLWLRQ��RI��1,66��DQG��36���

�FOLQLFDO� �VFRUHV�� �ZKHUH� �$8&� �YDOXHV� �RI� ������ௗ�ௗ������ �$8&� �DQG� ������ௗ�ௗ������ �ZHUH� �REWDLQHG�

�UHVSHFWLYHO\�� �$OO� �WKUHH� �PRGHOV�� �DV��VHHQ��LQ��)LJXUH��������/HIW���ZHUH��VWDWLVWLFDOO\��VLJQLILFDQW��ZLWK�

�UHVSHFW� �WR� �SXUH� �UDQGRPQHVV� �DV� �H[HPSOLILHG� �E\� �SHUPXWHG� �GDWD�� �%\� �FRPSDULQJ� �ZLWK� �WKHLU�

�XQLYDULDWH� �PRGHO� �SHUIRUPDQFH�� �ZH� �FDQ� �IXUWKHU� �HVWDEOLVK� �D� ���� �DQG� ���� �LQFUHDVH� �LQ� �WKH�

�SUHGLFWLYH� �FDSDELOLW\� �RI� �1,66� �DQG� �36��� �VFRUHV�� �$OVR�� �WKH� �GLVFRYHU\� �RI� �UHOHYDQW� �ELRORJLFDO�

�GHVFULSWRUV��RIIHUV��WKH��SRVVLELOLW\��RI��SRWHQWLDOO\��LGHQWLI\LQJ��FOLQLFDO��WDUJHWV��WKDW��PD\��EH��XVHG��IRU�

�LQWHUYHQWLRQ���$OO�FRGH�IRU�WKLV�ZRUN�FDQ�EH�IRXQG��DW��,Q)ODP82%���16'7UDXPD��
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����� �:HE�DSS�

�+DYLQJ� �GHYLVHG� �DQG� �YDOLGDWHG� �RXU� �SLSHOLQH� �RI� �ZRUN�� �ZH� �QRZ� �DLPHG� �WR� �PDNH� �LW� �PRUH� �XVHU�

�IULHQGO\� �DQG� �DFFHVVLEOH�� �7KHUHIRUH�� �ZH� �KDYH� �GHYHORSHG� �DQ� �LQWHUDFWLYH�� �VLPSOH�� �IUHH� �DQG�

�RSHQ�VRXUFH� �VXSHUYLVHG� �PDFKLQH� �OHDUQLQJ� �ZHEWRRO� �XVLQJ� �56KLQ\� ��&KDQJ� �HW� �DO�� ������� �WR�

�IDFLOLWDWH� �LWV� �XVH�� �2XU� �GHYHORSHG� �LQIUDVWUXFWXUH� ��)LJXUH� �������FRQVLVWV��RI��DQ��LQWXLWLYH��LQWHUIDFH�

�ZLWK� �IRXU� �PRGXOHV� �PDSSLQJ� �WR� �D� �JUHDW� �H[WHQW��WKRVH��GHVFULEHG��LQ��)LJXUH��������DQ��H[SORUDWRU\�

�GDWD��DQDO\VLV��YLVXDOL]DWLRQ��PRGXOH���D��PRGXOH��WKDW��SHUIRUPV��IHDWXUH��VHOHFWLRQ��XVLQJ��WKH��VDPH�

�UHJXODUL]DWLRQ��DOJRULWKPV��LQ���%UDYR�0HURGLR���:LOOLDPV���HW��DO����������%UDYR�0HURGLR���$FKDUMHH��

�HW� �DO�� ������� �DV� �ZHOO� �DV� �RWKHUV�� �D��WKLUG��PRGXOH��IRU��PRGHO��EXLOGLQJ��ZLWK��WKH��VHOHFWHG��IHDWXUHV�

�DQG� �WKHLU� �FRPELQDWLRQV� �DQG� �D� �VXPPDU\� �RI� �UHVXOWV� �PRGXOH�� �$V� �NH\� �GLIIHUHQFHV�� �IHDWXUH�

�LPSRUWDQFH� �DQG� �PRUH� �PDFKLQH� �OHDUQLQJ� �DOJRULWKPV� �KDYH� �EHHQ� �LQWURGXFHG� ��*/0�� �5)��

�'HFLVLRQ��7UHHV���'7����%RRVWHG��7UHHV���%7���RU��UHJXODUL]HG��ERRVWHG��WUHHV����XVLQJ��WKH��WLG\PRGHOV�

�IUDPHZRUN� ��.XKQ� �DQG� �:LFNKDP� �������� �3HUIRUPDQFH� �RI� �HDFK� �PRGHO� �ZLWK� �HDFK� �GLIIHUHQW�

�SUHGLFWRU� �FRPELQDWLRQ� �DQG� �DOJRULWKP� �FDQ� �EH� �YLVXDOL]HG� �DQG� �FRPSDUHG� �DQG� �D� �GHVFULSWLYH�

�50DUNGRZQ� �UHSRUW� �FDQ� �EH� �GRZQORDGHG� �VXPPDUL]LQJ� �DOO� �PDLQ��UHVXOWV��DQG��RIIHULQJ��D��JXLGHG�

�DQG�HDV\�LQWHUSUHWDWLRQ��$Q�H[DPSOH�FDQ�EH�IRXQG�LQ�$SSHQGL[����
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�7KH� �ODWHVW� �YHUVLRQ� �RI� �WKLV� �SLSHOLQH� �FDQ� �EH� �UHSURGXFHG� �WKURXJK� �WKH� �FRGH� �IRXQG� �LQ� �RXU�

�UHSRVLWRU\� ����,Q)ODP82%�����0DFK/HDUQ:HE$SS����� �$� �VWLOO� �LQ� �GHYHORSPHQW� �RQOLQH� �YHUVLRQ� �LV� �DOVR�

�DYDLODEOH��DW�����KWWSV���LQIODP�VKLQ\DSSV�LR�0DFK/HDUQ%LRPDUNHU�������)RU��D��SUHYLRXV��YHUVLRQ��RI��WKH�

�SLSHOLQH� �ZLWK� �GHWDLOHG� �VWHS�E\�VWHS� �LQVWUXFWLRQV� �SOHDVH� �UHIHU� �WR��

�KWWSV���\RXWX�EH�:V2Z=�N,)(4�����DOVR��IHDWXUHG��LQ��WKH��³+RZ��LW��ZRUNV´��ZLGJHW��RI��WKH��LQWHUIDFH���$�

�PRUH�GHWDLOHG�RYHUYLHZ�RI�WKH�ZHEWRRO�LV�DV�IROORZV��

������� �0RGXOH����9LVXDOLVDWLRQ�

�$��QXPEHUHG��ER[��LQGLFDWHV��WR��ILUVW��VHOHFW��D��GDWDVHW��WR��VWDUW��ZLWK��WKH��DQDO\VLV���7KH��GDWDVHW��FDQ�

�EH��HLWKHU��XSORDGHG����FVY��ILOH���RU��SXEOLFO\��DYDLODEOH��ELRPHGLFDO��H[DPSOH��GDWDVHWV���%DPED��HW��DO��

��������.RX��HW��DO����������6RX]D��HW��DO����������FDQ��EH��XVHG���7KH��QXPEHU��RI��FROXPQV�IHDWXUHV��RU�

�VDPSOHV� �LV� �QRW� �OLPLWHG�� �DOWKRXJK� �WKH� �ODUJHU� �WKH� �GDWDVHW� �WKH� �ORQJHU� �WKH� �DQDO\VLV� �WDNHV�� �7KH�

�VHOHFWHG��GDWDVHW��FDQ��WKHQ��EH��YLVXDOLVHG���ERWK��DV��D��WDEOH��RU��H[SORUHG��FROXPQ��E\��FROXPQ��ZLWK�

�DGGHG��VXPPDU\��GDWD��VXFK��DV��FRXQW��IRU��FDWHJRULFDO��YDULDEOHV���8SRQ��VHOHFWLRQ��RI��WKH��RXWFRPH�

�ODEHO���WKH��GDWD��ZLOO��FKDQJH��WKH��YDULDEOH¶V��QDPH��VHOHFWHG��WR��³/DEHO´��DQG��WKH��XVHU��ZLOO��REWDLQ��D�

�VXPPDU\� �RI� �WKH� �DXWRPDWLFDOO\� �JHQHUDWHG� �SUHSURFHVVLQJ� �VWHSV� �EDVHG� �RQ� �WKH� �GDWD�

�FKDUDFWHULVWLFV�� �6XSHUYLVHG� �PDFKLQH� �OHDUQLQJ� �FDQ� �EH� �SHUIRUPHG� �IRU� �ERWK� �FRQWLQXRXV�

��UHJUHVVLRQ�� �RU� �ELQDU\� �FDWHJRULFDO� �GDWD� ��FODVVLILFDWLRQ��� �*HQHUDO� �FKDUDFWHULVWLFV� �RI� �WKH� �GDWD�

�VHOHFWHG� �VXFK� �DV� �QDPHV�� �GLPHQVLRQV� �DQG� �RXWSXW� �YDULDEOHV� �DUH� �SULQWHG� �DORQJVLGH� �D� �VLPSOH�

�FRUUHODWLRQ� �SORW� ��FRUUU� �SDFNDJH�� �DQG� �D� �GHQVLW\� �SORW� �ZLWK� �YDULDEOHV� �VWUDWLILHG� �E\� �WKH� �RXWFRPH�

�VHOHFWHG��

������� �0RGXOH����)HDWXUH�VHOHFWLRQ�

�2XU� �DLP� �ZDV� �WR� �FUHDWH� �D� �WRRO� �WDUJHWHG� �WR� �WKH� �OLIH� �VFLHQFH��LQGXVWU\¶V��QHHGV���ZLWK��FRQFOXVLYH�

�YLVXDOLVDWLRQ��DQG��UHVXOWV��XSRQ��ZKLFK��DFWLRQDEOH��GHFLVLRQV��FDQ��EH��WDNHQ��DQG��XVHIXO��ELRORJLFDO�

�LQVLJKW��JHQHUDWHG���)RU��WKLV��ZH��KDYH��ZDQWHG��WR��DFNQRZOHGJH��WKH��FRPPRQ��QHHG��WR��UHGXFH��WKH�

�IHDWXUH��GLPHQVLRQ��VSDFH��SUHYLRXVO\��PHQWLRQHG��DQG��IRFXV��RQ��SRWHQWLDO��ELRPDUNHUV��RI��LQWHUHVW�



�ÅÆ�

�WKURXJK� �IHDWXUH� �VHOHFWLRQ�� �)LUVW���WKH��UHJXODUL]DWLRQ��DOJRULWKPV��XVHG��LQ��WKH��SUHYLRXV��ZRUN��DUH�

�DSSOLHG� �WKURXJK� �*/01(7� ��)ULHGPDQ�� �+DVWLH�� �DQG� �7LEVKLUDQL����������DV��ZHOO��DV��WKUHH��RWKHUV�

��*/0�� �5$1*(5� ��5DQGRP� �)RUHVW�� �DQG� �WKH� �ERRVWHG� �WUHH� �DOJRULWKP� �;*%RRVW�� �XVLQJ� �WKH�

�WLG\PRGHOV��SDFNDJH��LQ��5���.XKQ��DQG��:LFNKDP���������DQG��IROORZLQJ���(O+DEU�������¶V��ZRUN���7KH�

�IHDWXUHV��WKDW��DSSHDU��WR��EH��PRUH��LPSRUWDQW��IRU��HDFK��PRGHO��DUH��WKHQ��VHOHFWHG��WKURXJK��GLIIHUHQW�

�IHDWXUH��LPSRUWDQFH��PHWKRGV��LQFOXGLQJ��PRGHO�DJQRVWLF��DOJRULWKPV��VXFK��DV��WKH��H[SODLQDEOH��$,�

�SDFNDJH� �'$/(;� ��%LHFHN� �������� �6KDSOH\� �YDOXHV� ��6XQGDUDUDMDQ� �DQG� �1DMPL� ������� �DQG�

�SHUPXWDWLRQ��UHODWHG��YDULDEOH��LPSRUWDQFH��RU��PRGHO�VSHFLILF��DOJRULWKPV��VXFK��DV��PRGHO��UHODWHG�

�YDULDEOH� �LPSRUWDQFH�� �*LYHQ� �WKDW� �WKHUH� �LV��QR��DOJRULWKP��DEOH��WR��ILW��DOO��GDWD��SHUIHFWO\���³1R��)UHH�

�/XQFK� �7KHRUHP´�%HONLQ� �HW� �DO�� ��������� �WHVWLQJ� �PRUH� �WKDQ� �RQH� �DOJRULWKP� �DQG� �PRUH� �WKDQ��RQH�

�DSSURDFK� �WR� �LQWHUSUHW� �IHDWXUH� �LPSRUWDQFH� �SURYLGHV� �XV� �ZLWK� �WKH� �SRVVLELOLW\� �RI��DFNQRZOHGJLQJ�

�PDQ\� �PRUH� �SRVVLEOH� �XQGHUO\LQJ� �UHODWLRQVKLSV�� �)RU� �HDFK� �PRGHO�� �WKH� �GDWD� �LV� �UHVDPSOHG� �DQG�

�K\SHUSDUDPHWHUV� �RSWLPL]HG�� �7KH� �WRS� ��� �UDQNLQJ� �IHDWXUHV� �SHU� �PRGHO� �FDQ� �EH� �YLVXDOL]HG� �LQ� �D�

�KHDWPDS� �DQG� �WKRVH� �VFRULQJ� �KLJK� �LPSRUWDQFH� �LQ��WKH��PRVW��PRGHOV��DUH��VHOHFWHG��DQG��IROORZHG�

�WKURXJK�WR�ILQDO�PRGHO�EXLOGLQJ��

������� �0RGXOH����)LQDO�PRGHO�EXLOGLQJ�

�0RGHOV��DUH��EXLOW��EDVHG��RQ��D��FRPELQDWLRQ��RI��WKH��WRS��IHDWXUHV��VHOHFWHG���XVHU��FDQ��VHOHFW��IURP����

�WR��WKH�����WRS��UDQNHG��SUHGLFWRUV����7KHVH��IHDWXUHV��DUH��WKHQ��FRPELQHG��ZLWK��HDFK��RWKHU��LQ��SDLUV��

�WULRV� �DV� �ZHOO� �DV� �DOO� �WRJHWKHU�� �JHQHUDWLQJ� �IRU� �H[DPSOH� ���� �GLIIHUHQW� �PXOWLYDULDEOH� �PRGHOV� �LI� ���

�SUHGLFWRUV��DUH��VHOHFWHG���)LYH��GLIIHUHQW��DOJRULWKPV��DUH��WKHQ��RIIHUHG��DV��RSWLRQV���DOORZLQJ��IRU��WKH�

�FRPSDULVRQ��RI��UHVXOWV��IURP��GLIIHUHQW��0/��DOJRULWKPV��DQG��WDLORULQJ��WR��WKH��VSHFLILF��XVHUV��QHHGV��

�ZLWK� �RQHV� �EHLQJ� �VLPSOHU� �DQG� �LQWHUSUHWDEOH� ��L�H� �*/0�� �DQG� �RWKHUV� �RI� �KLJKHU� �FRPSOH[LW\� �DQG�

�UHTXLULQJ� �H[WUD� �PHPRU\� �UHVRXUFHV� ��L�H� �;*%RRVW��� �0RUHRYHU�� �GLIIHUHQW��QXPEHU��RI��ERRWVWUDSV�

��UDQGRP��VSOLWV��RI��WKH��GDWDVHW��LQWR�������WHVWLQJ��DQG�������WUDLQLQJ���FDQ��EH��VHOHFWHG���$OO��IHDWXUH�
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�FRPELQDWLRQV� �DUH� �WKHQ� �PRGHOOHG� �EDVHG� �RQ� �WKH� �VSHFLILHG� �DOJRULWKP� �DV� �ZHOO��DV��WKH��VSHFLILHG�

�QXPEHU� �RI� �ERRWVWUDSV�� �5HVXOWV��DUH��WKHQ��SUHVHQWHG��LQ��D��UDQNLQJ��WDEOH���D��GRW��SORW��VKRZLQJ��DOO�

�DFFXUDF\�� �VHQVLWLYLW\�� �VSHFLILFLW\� �DQG� �$852&� �UHVXOWV� �IRU� �ERWK� �WUDLQLQJ� �DQG� �WHVWLQJ� �VSOLWV�� �DV�

�ZHOO�DV�D�WLOH�SORW�VKRZLQJ�WKH�$852&�YDOXHV�E\�PRGHO�DQG�IHDWXUH��

������� �0RGXOH����$QDO\VLV�UHSRUW�

�7KH�UHVXOWV�FDQ�WKHQ�EH�GRZQORDGHG�WKURXJK�DQ�50DUNGRZQ�UHSRUW�IRU�DOO�PDLQ�UHVXOWV��SORWV�

�DQG�WDEOHV���$�UHSRUW�H[DPSOH�LV�GHWDLOHG�LQ�$SSHQGL[����

����� �&RQFOXVLRQ�DQG�GLVFXVVLRQ�

�%LRORJLFDO� �UHVHDUFK� �KDV� �EHFRPH� �LQFUHDVLQJO\� �FRPSXWDWLRQDO�� �,Q� �WKLV� �FKDSWHU� �ZH� �KDYH�

�SUHVHQWHG� �D� �PDFKLQH� �OHDUQLQJ� �SLSHOLQH� �IRU� �ELRPDUNHU� �LGHQWLILFDWLRQ� �WKURXJK� �WKUHH� �GLIIHUHQW�

�SLHFHV� �RI� �ZRUN�� �)LUVW�� �ZH��KDYH��GHYHORSHG��WKH��ZRUNIORZ��DQG��YDOLGDWHG��LW���WKHQ��DSSOLHG��LW��WR��D�

�QRYHO��FDVH��RI��VWXG\��DQG��ILQDOO\��ZRUNHG��RQ��LPSURYLQJ��LW���DGDSWLQJ��LW��WR��DOORZ��LWV��GLVVHPLQDWLRQ��

�7R��DFFRPSOLVK��WKLV���ZH��KDYH��KDUQHVVHG��WKH��SRZHU��RI��RSHQ��VRXUFH��VRIWZDUH��XVLQJ��5���5��&RUH�

�7HDP���������DQG��56WXGLR���56WXGLR��7HDP���������ZKLFK��GHYHORS��LQIUDVWUXFWXUH��VXFK��DV��56KLQ\�

��&KDQJ� �HW� �DO����������DQG��50DUNGRZQ��WR��DOORZ��IRU��WKH��VHDPOHVV��VKDULQJ��RI��ZRUNIORZV��IRU��WKH�

�ODUJHU� �ELRLQIRUPDWLFV� �FRPPXQLW\� �DQG� �HPSRZHULQJ� �UHVHDUFKHUV� �WR� �FRQGXFW� �UHSURGXFLEOH�

�DQDO\VHV� �DW� �VFDOH�� �2XU� �IUDPHZRUN� �KDUQHVVHV� �WKHVH� �GHYHORSPHQWV� �WR��FDWHU��WKH��SURYLVLRQ��RI�

�VXFK� �WRROV� �WR� �QRQ�H[SHUWV� �DOORZLQJ� �IRU� �DQ� �HDV\�� �LQWXLWLYH� �DQG� �VLPSOH��SUHOLPLQDU\��DQDO\VLV��RI�

�GDWD�WKDW�FDQ�DLG�LQ�IXWXUH�ELRPHGLFDO�FOLQLFDO�WUDQVODWLRQ��
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�PRGHO��EXLOGLQJ��ZHUH��DJH���SUHRSHUDWLYH��UHVSLUDWRU\��VXSSRUW���$6$��JUDGH���VSHFLDOW\��DQG��UHYLVHG�
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�)RU� �WKH� �ILQDO� �GHFLVLRQ� �RQ� �WKH� �EHVW� �PRGHO� �FRPELQDWLRQ�� �SHUIRUPDQFH� �ZDV� �HYDOXDWHG��WKURXJK�

�WKH� �PHDQ� �$852&� �YDOXH� �RI� �WKH� ����� �ERRWVWUDSV���� �7KH� �VWDQGDUG� �GHYLDWLRQ� �RI� �RXU� �UHVXOWV� �ZDV�

�DOVR��FRQVLGHUHG��LQ��RUGHU��WR��DVVHVV��WKH��VWDELOLW\��RI��RXU��PRGHOV���DV��ZHOO��DV��VHQVLWLYLW\���VSHFLILFLW\�

�DQG��DFFXUDF\���:H��GHFLGHG��D��SULRUL��WR��FKRRVH��WKH��VLPSOHVW��PRGHO���OHVV��QXPEHU��RI��LQGHSHQGHQW�

�IHDWXUHV�� �ZLWK� �WKH� �KLJKHVW� �DQG� �PRVW� �UREXVW� �SHUIRUPDQFH�� �$OVR�� �WR� �JXLGH� �PRGHO� �FKRLFH�� �ZH�

�SURYLGHG� �D� �YLVXDO� �RYHUYLHZ� �RI� �WKH� �SHUIRUPDQFH� �DVVRFLDWHG� �ZLWK� �SDUWLFXODU� �IHDWXUHV� �LQ� �DOO�

�ORJLVWLF� �UHJUHVVLRQ� �PRGHOV� �ZKHUH� �IRU� �LQVWDQFH�� �PRGHOV� �ZLWKRXW� �DJH� �FDQ��EH��VHHQ��WR��SHUIRUP�

�ZRUVH� ��� �H�J� �UXQV� ���� ������������&RPSOHWH��PRGHOOLQJ��UHVXOWV��FDQ��EH��IRXQG��LQ��WKH��VXSSOHPHQWDU\�

�GDWD� �RI� ��&29,'6XUJ� �&ROODERUDWLYH� ������� �ZLWK� �WKH� �WRS� ���� �SHUIRUPLQJ��PRGHOV��IRXQG��LQ��7DEOH�

������

�0RGHO� �5XQ� �0HDQ�
�$852&�

�6'�
�$852&� �9DULDEOH�QDPHV� �/HQJWK�

�/RJLVWLF�
�5HJUHVVLRQ� ���� ������� ������� �$JH��$6$�JUDGH��5&5,�VFRUH��3UHRSHUDWLYH�UHVSLUDWRU\�VXSSRUW� ���

�/RJLVWLF�
�5HJUHVVLRQ� ���� ������ ������� �$JH�� �$6$� �JUDGH�� �5&5,� �VFRUH�� �3UHRSHUDWLYH� �UHVSLUDWRU\� �VXSSRUW��

�6SHFLDOW\� ���

�/RJLVWLF�
�5HJUHVVLRQ� ���� ������� ������� �$JH��$6$�JUDGH��3UHRSHUDWLYH�UHVSLUDWRU\�VXSSRUW��6SHFLDOW\� ���

�/RJLVWLF�
�5HJUHVVLRQ� ���� ������� ������� �$JH��$6$�JUDGH��3UHRSHUDWLYH�UHVSLUDWRU\�VXSSRUW� ���

�/RJLVWLF�
�5HJUHVVLRQ� ���� ������� ������� �$JH��$6$�JUDGH��5&5,�VFRUH� ���

�/RJLVWLF�
�5HJUHVVLRQ� ���� ������� ������� �$JH��$6$�JUDGH��5&5,�VFRUH��6SHFLDOW\� ���

�/RJLVWLF�
�5HJUHVVLRQ� ���� ������� ������ �$JH��5&5,�VFRUH��3UHRSHUDWLYH�UHVSLUDWRU\�VXSSRUW� ���

�/RJLVWLF�
�5HJUHVVLRQ� ��� ������� ������� �$JH��$6$�JUDGH� ���

�/RJLVWLF�
�5HJUHVVLRQ� ���� ������ ������ �$JH��5&5,�VFRUH��3UHRSHUDWLYH�UHVSLUDWRU\�VXSSRUW��6SHFLDOW\� ���

�/RJLVWLF�
�5HJUHVVLRQ� ���� ������� ������� �$JH��$6$�JUDGH��6SHFLDOW\� ���

�'HFLVLRQ�
�7UHHV� ���� ������� ������� �$JH��$6$�JUDGH��5&5,�VFRUH��3UHRSHUDWLYH�UHVSLUDWRU\�VXSSRUW� ���

�/RJLVWLF�
�5HJUHVVLRQ� ���� ������� ������� �$JH��3UHRSHUDWLYH�UHVSLUDWRU\�VXSSRUW��6SHFLDOW\� ���

�'HFLVLRQ�
�7UHHV� ���� ������� ������� �$JH��$6$�JUDGH��5&5,�VFRUH��6SHFLDOW\� ���

�/RJLVWLF�
�5HJUHVVLRQ� ��� ������� ������� �$JH��3UHRSHUDWLYH�UHVSLUDWRU\�VXSSRUW� ���

�'HFLVLRQ�
�7UHHV� ���� ������� ������� �$JH��5&5,�VFRUH��3UHRSHUDWLYH�UHVSLUDWRU\�VXSSRUW��6SHFLDOW\� ���

�7DEOH������7RS�SHUIRUPLQJ�PRGHOV�
�7RS� ���� �PRGHOV� ��FRPELQDWLRQ� �RI� �IHDWXUHV� �DQG� �PDFKLQH� �OHDUQLQJ� �PHWKRG��� �UDQNHG� �E\� �PHDQ�
�$852&�� �HYDOXDWHG� �LQ� �WKH� �WHVW� �SDUWLWLRQ� �RI� �WKH� �GHULYDWLRQ�� �7KH� �EHVW� �SHUIRUPLQJ� �PRGHO� �DV�
�HYDOXDWHG��E\��WKH��KLJKHVW��$852&��ZDV��WKHQ��VHOHFWHG��DV��WKH��ILQDO��PRGHO���5XQ�������PDGH��XS��RI�
�ORJLVWLF� �UHJUHVVLRQ� �RI� �DJH� �$6$� �JUDGH�� �5&5,� �VFRUH� �DQG� �SUHRSHUDWLYH� �UHVSLUDWRU\� �VXSSRUW���
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�$852&�� �$UHD� �XQGHU� �WKH� �UHFHLYLQJ� �RSHUDWRU� �FKDUDFWHULVWLF� �FXUYH���$6$���$PHULFDQ��6RFLHW\��RI�
�$QDHVWKHVLRORJLVWV�

�$��ORJLVWLF��UHJUHVVLRQ��PRGHO��ZLWK��IRXU��IHDWXUHV���DJH���$6$��JUDGH���5&5,��VFRUH��DQG��SUHRSHUDWLYH�

�UHVSLUDWRU\��VXSSRUW���ZDV��ILQDOO\��VHOHFWHG��DV��RXU��PRGHO��RI��FKRLFH��DQG��RXU��ILQDO��PRGHO��ZDV��WKHQ�

�EXLOW��E\��DYHUDJLQJ��WKH��FRHIILFLHQWV��RI��WKH�������PRGHOV��SURGXFHG���7HVFKHQGRUII���������;���&KHQ�

�HW�DO���������7DEOH������DQG�DSSOLHG�WR�ERWK�WKH�ZKROH�GHULYDWLRQ�DQG�YDOLGDWLRQ�VHWV��

�9DULDEOHV� �0HDQ�
�6WDQGDUG�
�'HYLDWLRQ�

�2GGV�

�,QWHUFHSW� �������� ������� �������

�$JH��������\HDUV� ������� ������� �������

�$JH��������\HDUV� ������� ������� �������

�$JH��������\HDUV� ������� ������� �������

�$JH��������\HDUV� ������� ������� �������

�$JH��������\HDUV� ������� ������� �������

�$JH������\HDUV� ������� ������� �������

�$6$�JUDGH��*UDGH��� ������� ������� �������

�$6$�JUDGH��*UDGH��� ������� ������� �������

�$6$�JUDGH��*UDGHV����� ������� ������� �������

�5&5,�VFRUH���� ������� ������� �������

�5&5,�VFRUH���� ������� ������� ��������

�5&5,�VFRUH���� ������� ������� �������

�5&5,�VFRUH����� ������� ������� �������

�3UHRSHUDWLYH�UHVSLUDWRU\�VXSSRUW��R[\JHQ� ������� ������� �������

�3UHRSHUDWLYH� �UHVSLUDWRU\� �VXSSRUW��

�YHQWLODWHG�
������� ������� �������

�7DEOH������)LQDO�ORJLVWLF�PRGHO�FRHIILFLHQWV�
�2EWDLQHG� �E\� �DYHUDJLQJ� �WKH� �FRHIILFLHQWV� �JHQHUDWHG� �LQ� �HDFK� �ERRWVWUDS� ������� �IRU��WKH�
�WRS� �SHUIRUPLQJ��PRGHO���UXQ�������L�H����ORJLVWLF��UHJUHVVLRQ��RI��IHDWXUHV��DJH���$6$��JUDGH��
�5&5,� �VFRUH� �DQG� �SUHRSHUDWLYH� �UHVSLUDWRU\� �VXSSRUW� ��� �$6$�� �$PHULFDQ� �6RFLHW\� �RI�
�$QDHVWKHVLRORJLVWV��5&5,��5HYLVHG�&DUGLDF�5LVN�,QGH[�

�3HUIRUPDQFH� �ZDV� �DVVHVVHG� �WKURXJK� �ERWK� �GLVFULPLQDWLRQ� ��$852&�� �DQG� �FDOLEUDWLRQ� ��%ULHU�

�VFRUH���VORSH���DQG��FDOLEUDWLRQ�LQ�WKH�ODUJH���*XSWD��HW��DO����������+XDQJ��HW��DO����������YDQ��:DOUDYHQ�

��������6WH\HUEHUJ��DQG��9HUJRXZH�����������ZLWK��WKH��$852&��IRU��WKH��ILQDO��VFRUH��EHLQJ�������������
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�&,�� ������ �WR� ������� �LQ� �WKH� �GHULYDWLRQ� �VHW� �DQG� ������ ������ �&,������ �WR� ������� �LQ� �WKH� �YDOLGDWLRQ� �VHW�

��)LJXUH� ������� �&DOLEUDWLRQ� �LQ� �WKH� �YDOLGDWLRQ� �VHW� �LV� �VKRZQ� �LQ� �)LJXUH� ����� ��%ULHU� �VFRUH� ��������

�FDOLEUDWLRQ�LQ�WKH�ODUJH��������VORSH�����
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�)LJXUH������&DOLEUDWLRQ�HYDOXDWLRQ�UHVXOWV�
�$���&DOLEUDWLRQ��SORW��IRU��WKH��SUHGLFWHG��SUREDELOLWLHV��LQ��WKH��YDOLGDWLRQ��VHW���,Q��UHG��D��ORHVV��VPRRWKHG�
�OLQH� �OLQNLQJ� �FDOLEUDWLRQ� �DW� �ELQV� �RI� ���� �ZLWK� �FRQILGHQFH� �LQWHUYDOV� �FDOFXODWHG�� ���� �GHJUHH� �EODFN�
�DQJOH� �OLQH� �VKRZV� �WKH� �SHUIHFW� �FDOLEUDWLRQ� �SORW� ��VORSH� ��� ��� �LQWHUFHSW�� �FDOLEUDWLRQ�LQ�WKH�ODUJH� �����
�%HORZ� �ZH� �KDYH� �D� �KLVWRJUDP� �RI� �SUREDELOLW\� �HVWLPDWHV�� �%�� �%R[SORW� �DQG� �EHHVZDUP� �SORW� �RI�
�SUHGLFWHG��SUREDELOLWLHV��LQ��YDOLGDWLRQ��VHW���VWUDWLILHG��E\��RXWFRPH���&���$VVHVVPHQW��RI��FDOLEUDWLRQ��LQ�
�ERWK� �YDOLGDWLRQ� �DQG� �GHULYDWLRQ� �VHWV� ��%ULHU� �VFRUH�� �VORSH��DQG��LQWHUFHSW���FDOLEUDWLRQ�LQ�WKH�ODUJH�
�HYDOXDWHG�WKURXJK�YDO�SURE�IXQFWLRQ�IURP�UPV�SDFNDJH��

�)LQDOO\��LQ�RUGHU�WR�HVWDEOLVK�WKH�GLIIHUHQW�ULVN�FXW�RII�YDOXHV��FDVH�IDWDOLW\�UDWLRV�DW�GLIIHUHQW�

�PRGHO�SUREDELOLW\�RXWSXW¶V�WKUHVKROGV�ZHUH�DVVHVVHG�LQ�WKH�YDOLGDWLRQ�VHW�DQG�FKHFNHG�LQ�WKH�

�GHULYDWLRQ�VHW��.QLJKW�HW�DO���������7DEOH�������7KHVH�WKUHVKROGV���a�����a�����a�����DQG�

�a����PRUWDOLW\����ZHUH�LQIOXHQFHG�E\�GLVWULEXWLRQ�RI�WKH�GDWD�DQG�WKH�FOLQLFDO�LPSRUWDQFH�RI�

�YDULRXV�FXW�RIIV��7KH�ZKROH�GDWDVHW��PHUJLQJ�ERWK�YDOLGDWLRQ�DQG�GHULYDWLRQ�VHWV�ZDV�WKHQ�

�XVHG�WR�UHSRUW�WKH�ILQDO�FDVH�IDWDOLW\�SHUFHQWDJHV��
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�'HULYDWLRQ�

�&XW�RII�
�9DOXH�

�3DWLHQWV�
����� �73� �71� �)3� �)1� �6HQVLWLYLW\�

�����
�6SHFLILFLW\�

�����
�339�
�����

�139�
�����

�0RUWDOLW\�
�����

������� �������������� ������ ������ ������ ���� ������ ������ ������ ������ �����

������ �������������� ����� ������ ������ ����� ������ ������ ������ ������ �����

������ �������������� ����� ������ ������ ����� ������ ������ ������ ������ ������

������ ����������� ���� ������ ���� ������ ����� ������ ������ ������ ������

�9DOLGDWLRQ�

������� ������������� ����� ����� ����� ���� ������ ������ ������ ������ �����

������ �������������� ���� ������ ����� ���� ������ ������ ������ ������ �����

������ ������������� ���� ������ ����� ���� ������ ������ ������ ������ ������

������ ���������� ��� ������ ��� ����� ����� ������ ������ ������ ������

�7DEOH��������3HUIRUPDQFH��PHWULFV��RI��PRGHO��SUREDELOLW\��RXWSXW��DW��GLIIHUHQW��FXW�RII��YDOXHV��LQ�
�ERWK�GHULYDWLRQ�DQG�YDOLGDWLRQ�FRKRUWV��
�73�� �7UXH� �SRVLWLYH�� �71�� �7UXH� �QHJDWLYH�� �)3�� �)DOVH� �SRVLWLYH�� �)1�� �)DOVH� �QHJDWLYH�� �339��
�3RVLWLYH� �SUHGLFWLYH� �YDOXH�� �139�� �1HJDWLYH� �SUHGLFWLYH� �YDOXH�� �0RUWDOLW\� � � �HVWLPDWHG�
�DEVROXWH�PRUWDOLW\�ULVN�IRU�DOO�SDWLHQWV�LQ�JURXS��

�)URP��WKH��PRGHO��DQG��ULVN��FXW��RII��ZH��WKHQ��GHULYHG��WKLV��VLPSOH��YLVXDOL]DWLRQ���)LJXUH��������WR��DLG��LQ�

�FOLQLFDO� �GHFLVLRQ� �PDNLQJ�� �LQFOXGLQJ� �LW� �LQ� �WKH��&29,'6XUJ��0RUWDOLW\��6FRUH��LQWHUIDFH���ZKHUH��WKH�

�PRGHO� �KDV� �EHHQ� �GHSOR\HG� �RQOLQH� �WRR� ��DFFHVVLEOH� �WKURXJK� �HLWKHU� �KWWS���FRYLGVXUJULVN�DSS�� �RU�

�KWWSV���LQIODP�VKLQ\DSSV�LR�5LVN$SS/XNH$XJXVW��� ��� �DV� �D� �ULVN� �FDOFXODWRU�VWUDWLILFDWLRQ� �WRRO��

�*LYHQ��WKH� �REMHFWLYH��LV��WR��LQIRUP��VXUJHRQV���SDWLHQWV���DQG��KHDOWKFDUH��GHFLVLRQ��PDNHUV��WR��UHDFK�

�D��EHWWHU��XQGHUVWDQGLQJ��RI��ULVN��ZKHQ��WUHDWLQJ��VXUJLFDO��SDWLHQWV��GXULQJ��WKH��&29,'�����SDQGHPLF��

�D� �SXEOLF� �WXWRULDO� �WR� �SUHVHQW� �LW� �ZDV� �SHUIRUPHG� �WRR� �DQG� �LV� �DFFHVVLEOH� �YLD�

����KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y D�0FU.�1Q(����
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�7KLV� �SUHGLFWLRQ� �PRGHO� �LV� �UHSRUWHG� �LQ� �DOLJQPHQW� �ZLWK� �75,32'� ��0RRQV� �HW� �DO�� ������� �-DODOL��

�'L*HQQDUR���DQG��6ULGKDU���������DQG��352%$67���:ROII��HW��DO����������JXLGHOLQHV���VXSSOHPHQWDU\�

�GDWD� �RI� ��&29,'6XUJ� �&ROODERUDWLYH� ��������� �$OO� �DQDO\VLV� �ZDV� �SHUIRUPHG� �LQ� �5� �)RXQGDWLRQ� �IRU�

�6WDWLVWLFDO��&RPSXWLQJ��9������9LHQQD���$XVWULD���YHUVLRQ��������DQG��56WXGLR��WKURXJK��WKH��8QLYHUVLW\�

�RI��%LUPLQJKDP¶V��%OXH%($5��+LJK��3HUIRUPDQFH��&RPSXWLQJ��VHUYLFH��XVLQJ��UVOXUP���GUDNH��DQG��DOO�
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�WKH��GHULYDWLRQ��FRKRUW���$852&����������������&,�������������������)LJXUH�����$��7RS����ZLWK�

�%ULHU�VFRUH�RI��������FDOLEUDWLRQ�LQ�WKH�ODUJH�RI��������DQG�VORSH�RI�������)LJXUH����%���
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�)RU� �H[WHUQDO� �YDOLGDWLRQ�� �WZR� �ODUJH�� �LQWHUQDWLRQDO� �SURVSHFWLYH� �GDWDVHWV� �ZKHUH� �XVHG�

��&RYLG6XUJ�&DQFHU� �DQG� �5(&21��7KH� �GLVFULPLQDWLRQ� �RI� �WKH� �*OREDO6XUJ�3XOPRQDU\�

�VFRUH� �ZDV� �PRGHUDWH� �LQ� �ERWK� �WKH� �&RYLG6XUJ�&DQFHU� ��$852&�� �������� ����� �&,�

�������������������)LJXUH�����$��0LGGOH���DQG��5(&21���$852&����������������&,���������������

��)LJXUH�����$��%RWWRP���GDWDVHWV�����&DOLEUDWLRQ��DJDLQ��ZDV��DFFHSWDEOH��LQ��&RYLG6XUJ�&DQFHU�

��%ULHU��VFRUH�����������&,7/�����������VORSH�����������EXW��ZLWK��VRPH��PLVFDOLEUDWLRQ��LQ��5(&21�

�GDWD� ��%ULHU� �VFRUH�� �������� �&,7/�� �������� �VORSH�� �������� �GHPRQVWUDWLQJ� �V\VWHPDWLF�

�XQGHUHVWLPDWLRQ� �RI� �ULVN� ��)LJXUH� ����%��� �%HFDXVH� �RI� �WKLV� �ZH� �FRQWLQXHG� �H[SORULQJ�

�SHUIRUPDQFH� ��LQWHUSUHWLQJ� �H[WHUQDO� �YDOLGDWLRQ� �UHVXOWV��� �LQ� �VSHFLILF� �VXEJURXSV� �RI� �KLJK�

�FOLQLFDO� �LPSRUWDQFH�� ����� �PDMRU� �YHUVXV� �PLQRU� �RSHUDWLRQ� �JUDGH�� �ORZ� ��$6$� �JUDGH� ������

�YHUVXV��KLJK���$6$��JUDGH��!������ULVN���DQG��KLJK��YHUVXV��ORZ�PLGGOH��FRXQWU\��LQFRPH���LQFOXGLQJ�

�80,&�� �/0,&� �DQG� �/,&��� �8SRQ� �VXEJURXS� �DQDO\VLV�� �GLVFULPLQDWLRQ� �DQG� �FDOLEUDWLRQ�

�UHPDLQHG�DFFHSWDEOH�DFURVV�DOO�SUH�GHILQHG�JURXSV��!����$852&��)LJXUH��������
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�7R� �DLG� �LQ� �WKH� �LQWHUSUHWDWLRQ� �RI� �WKH� �H[WHUQDO� �YDOLGDWLRQ� �UHVXOWV�� �ZH� �H[SORUHG� �ZKHWKHU�

�UHSURGXFLELOLW\��RU��WUDQVSRUWDELOLW\��ZDV��EHLQJ��HYDOXDWHG���'HEUD\��HW��DO�����������:H��LGHQWLILHG��WKDW�

�&RYLG6XUJ�&DQFHU� �KDG� �VLPLODU� �PL[� �RI� �SDWLHQW� �DQG� �RSHUDWLRQV� �WR� �WKH� �GHYHORSPHQW� �VHW� �EXW�

�LQFOXGHG��RQO\��SDWLHQWV��ZLWK��D��PDOLJQDQW��LQGLFDWLRQ��IRU��VXUJHU\���5(&21��LQFOXGHG��RQO\��SDWLHQWV�

�XQGHUJRLQJ� �PDMRU� �DEGRPLQRSHOYLF� �VXUJHU\� �XQGHU� �JHQHUDO� �DQDHVWKHVLD� �LQ� �KLJK� �LQFRPH�

�FRXQWULHV� �ZLWK� �QR� ��LPSXWHG� �DV� �µORZ¶�� �FRPPXQLW\� �6$56�&R9����ULVN���7KHUHIRUH���WKH��VSUHDG��RI�

�WKH��OLQHDU��SUHGLFWRU���ORJ�RGGV��SUHGLFWRU���ZDV��QDUURZHU��LQ��5(&21���)LJXUH�����%���DQG��PRUH��OLNH�

�WKH� �GHULYDWLRQ� �VHW� �LQ� �&RYLG6XUJ�&DQFHU� ��)LJXUH� ����%��� �&RPSDULQJ� �WKH� �FDOLEUDWLRQ� �DQG�

�GLVFULPLQDWLRQ� �RI� �WKH� �GHULYDWLRQ� �DQG� �YDOLGDWLRQ� �PRGHOV� ��)LJXUH� ������� �ZH� �FRQFOXGHG� �WKDW�

�&RYLG6XUJ�&DQFHU� �DSSHDUHG� �WR� �HYDOXDWH� ��VWDWLVWLFDO�� �UHSURGXFLELOLW\� �RI� �WKH�

�*OREDO6XUJ�3XOPRQDU\�VFRUH�ZKHUHDV�5(&21��DSSHDUHG��WR�IDYRXU��FOLQLFDO��WUDQVSRUWDELOLW\��

�)LQDOO\���SURJQRVWLF��WHVW��DFFXUDF\��PHWULFV��DFURVV��D��UDQJH��RI��µFXW�RII¶��SRLQW��VFRUHV��WR��µUXOH�LQ¶��RU�

�µUXOH�RXW¶� �33&� �LQ� �WKH� �GHULYDWLRQ� �VHW� �DUH� �SUHVHQWHG� �LQ� �7DEOH� ������ �$� �FXW�SRLQW� �VFRUH� �RI� ������

��1 ������� ������� �RI� �SDWLHQWV�� �33&� �UDWH� ������� �UXOHG� �RXW� �33&� �ZLWK� �D� �VHQVLWLYLW\� �RI� ���������

�VSHFLILFLW\�RI���������SRVLWLYH�SUHGLFWLYH�YDOXH�RI������DQG�QHJDWLYH�SUHGLFWLYH�YDOXH�RI��������

���
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�8VLQJ� �7DEOH� ������ �IRXU� �ULVN� �VWUDWD� �)LJXUH� ������ �ZHUH� �GHILQHG� �FOLQLFDOO\� �DV� �ORZ� �ULVN� ������ �VFRUH��

�33&��UDWH��LQ��GHULYDWLRQ��VHW����������1 �������SDWLHQWV����LQWHUPHGLDWH��ULVN���������VFRUH���33&��UDWH��

������� ��1 ������ �SDWLHQWV��� �KLJK� �ULVN� �������� �VFRUH���33&��UDWH����������1 ������SDWLHQWV����DQG�

�YHU\� �KLJK��ULVN��������VFRUH���33&��UDWH����������1 �����SDWLHQWV����7KLV��YLVXDOL]DWLRQ��DQG��WKH��ILQDO�

�PRGHO� ��*OREDO6XUJ�3XOPRQDU\� �6FRUH� �FDOFXODWRU�� �ZDV� �GHSOR\HG� �RQOLQH� �DW��

�ZZZ�VXUJLFDOULVN�DSS����

�)LJXUH�������3UHGLFWHG�VFRUH�LQ�WKH�ZKROH�GHULYDWLRQ�GDWDVHW��6XUJ:HHN��
�7RS���%DU��SORW��RI��DOO��SDUWLFLSDQWV��JLYHQ��WKHLU��SUHGLFWHG��VFRUHV�����%RWWRP���&XPXODWLYH��SHUFHQWDJH�
�RI�SXOPRQDU\�FRPSOLFDWLRQV�ZLWK�LQFUHDVLQJ�VFRUHV��7DEOH��'HVFULSWLRQ�RI�WKH�IRXU�ULVN�JURXSV�
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�7KLV��VWXG\��ZDV��UHSRUWHG��ZLWK��UHIHUHQFH��WR��7UDQVSDUHQW��5HSRUWLQJ��RI��D��PXOWLYDULDEOH��SUHGLFWLRQ�

�PRGHO��IRU��,QGLYLGXDO��3URJQRVLV��RU��'LDJQRVLV���75,32'���JXLGHOLQHV���0RRQV��HW��DO����������-DODOL��

�'L*HQQDUR�� �DQG� �6ULGKDU� ������� ��7ZR� �LQGHSHQGHQW� �VWDWLVWLFLDQV� �DVVHVVHG� �ULVN� �RI� �ELDV� �LQ� �WKH�

�VWXG\� �XVLQJ� �WKH� �352%$67� �WRRO� ��:ROII� �HW� �DO�� ������� �ZLWK� �WKH� �LQGHSHQGHQW� �352%$67�

�DVVHVVPHQW� �LQGLFDWHG� �WKDW� �WKH� �VWXG\� �ZDV� �DW� �ORZ� �ULVN� �RI� �ELDV� �DQG� �WKHUH� �ZHUH� �ORZ� �FRQFHUQV�

�DERXW� �DSSOLFDELOLW\�� �$OO� �DQDO\VLV� �ZDV� �SHUIRUPHG� �LQ� �5� �)RXQGDWLRQ� �IRU� �6WDWLVWLFDO� �&RPSXWLQJ�

�9����� ��9LHQQD�� �$XVWULD�� �DQG� �56WXGLR� �XVLQJ� �WLG\YHUVH�� �FY$8&�� �WLG\PRGHOV�� �ZRUNIORZVHWV��

�ILQHWXQH�� �S52&�� �UPV�� �JOPQHW�� �GFXUYHV� �DQG� �VKLQ\� �SDFNDJHV�� �7R� �HQVXUH� �WUDQVSDUHQF\� �LQ�

�UHVHDUFK�� �DOO� �VFULSWV� �DQG� �FRGH� �XVHG� �KDYH� �EHHQ� �XSORDGHG� �WR� �JLWKXE�

��KWWSV���JLWKXE�FRP�JNRXWRV�JURXS�JOREDOVXUJ�SXOPRQDU\�VFRUH��� �'DWD� �VKDULQJ� �LV� �DYDLODEOH�

�XSRQ�UHTXHVW�DIWHU�VDWLVIDFWRU\�FRPSOHWLRQ�RI�D�GDWD�VKDULQJ�DJUHHPHQW��

����� �&RQFOXVLRQ�DQG�GLVFXVVLRQ�

�7KHVH� �VWXGLHV� �GHILQH� �WZR� �QRYHO� �ULVN� �VWUDWLILFDWLRQ� �WRROV� ��&RYLG6XUJ� �PRUWDOLW\� �VFRUH��

�KWWS���FRYLGVXUJULVN�DSS����� �DQG� ��*OREDO6XUJ�3XOPRQDU\� �VFRUH�� �KWWSV���VXUJLFDOULVN�DSS���� �WR�

�HVWLPDWH��ULVN��RI��PRUWDOLW\��DQG��RI��SXOPRQDU\��FRPSOLFDWLRQV��LQ��DGXOWV��XQGHUJRLQJ��VXUJHU\��GXULQJ�

�WKH� �6$56�&R9��� �SDQGHPLF�� �:LWK� �WKLV� �ZRUN� �ZH� �KDYH� �DLPHG� �WR� �FRQWULEXWH� �WR� �WKH� �JOREDO�

�UHVSRQVH� �DQG� �HIIRUWV� �GXULQJ� �WKH� �6$56�&R9��� �SDQGHPLF�� �ZLWK� �UHGHSOR\PHQW� �LQWR� �SUHVVLQJ�

�ZRUN� �H[SORULQJ� �WKHVH� �XQLTXH� �GDWDVHWV� �RI� �JOREDO� �VXUJHU\� �UHVSRQVH� �GDWD�� �%\� �VWXG\LQJ� �WKHVH�

�GDWDVHWV� �ZLWK� �WKH� �PDFKLQH� �OHDUQLQJ� �SLSHOLQH� �DQG� �WRROV� �GHYHORSHG� �LQ� �&KDSWHU� ���� �ZH� �KDYH�

�GHOYHG� �GHHSHU� �LQWR� �WKH� �XVH� �RI� �PDFKLQH� �OHDUQLQJ� �LQ� �KHDOWKFDUH� �DQG� �QDYLJDWHG� �WKH� �VSHFLILF�

�QHHGV�RI�WKH�LQGXVWU\��JDLQLQJ�D�EHWWHU�XQGHUVWDQGLQJ�RI�ZKDW�FOLQLFDO�WUDQVODWLRQ�HQWDLOV��

�%RWK� �VWXGLHV� �FRXQW� �ZLWK� �VLPLODU� �PHWKRGRORJ\� �DQG� �FULWHULD�� �IRFXVHG� �RQ� �VLPSOH� �DQG�

�UHVRXUFH�OLJKW� �SUHGLFWRU� �YDULDEOHV� �ZKLFK� �DUH��UHDGLO\��DYDLODEOH��WR��FOLQLFLDQV��DFURVV��DOO��VHWWLQJV�
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�DQG��UHVRXUFHV�� �$OVR���ERWK��VHWV��RI��IHDWXUHV��FDQ��EH��FDOFXODWHG��UHPRWHO\���H�J����IURP��HOHFWURQLF�

�KHDOWK� �UHFRUGV� �RU� �GXULQJ� �WHOHPHGLFLQH� �FRQVXOWDWLRQ��� �ZLWK� �QR� �DGGLWLRQDO� �WHVWV� �RU� �HTXLSPHQW�

�UHTXLUHG� ��LQ� �FRPSDULVRQ� �WR��SUHRSHUDWLYH��6S����DQG��VHUXP��KDHPRJORELQ��LQ��RWKHU��PRGHOV���H�J�

�$5,6&$7� �VFRUH� ��&DQHW� �HW� �DO�� �������� �DQG� �SUH�RSHUDWLYHO\� ��LQ� �FRPSDULVRQ� �WR� �GXUDWLRQ� �RI�

�VXUJHU\�DQG�HPHUJHQF\�SURFHGXUH�LQ�RWKHUV��&DQHW�HW�DO����������

�$V� �NH\� �VWUHQJWK�� �H[WUD� �HPSKDVLV� �KDV� �EHHQ� �PDGH� �RQ� �WKH� �PRGHO¶V� �YDOLGDWLRQ� �VWUDWHJLHV��

�FRPSO\LQJ� �ZLWK� �ERWK� �LQWHUQDO� �YDOLGDWLRQ� �VWDQGDUGV� �WKURXJK� �WUDLQ�WHVW� �VSOLW� �DQG� �ERRWVWUDSSLQJ�

��-DODOL�� �'L*HQQDUR�� �DQG� �6ULGKDU� ������� �DQG� �H[WHUQDO� �YDOLGDWLRQ�� �([WHUQDO� �YDOLGDWLRQ� �LV� �D�

�FRQWHVWHG��FODLP��LQ��FOLQLFDO��SUHGLFWLRQ��PRGHOV���9DQ��&DOVWHU��HW��DO�����������ZLWK��PRGHOV��DUJXHG��WR�

�QHYHU� �EHLQJ� �WUXO\� �YDOLGDWHG� �GXH� �WR� �H[SHFWHG� �KHWHURJHQHLW\� �LQ� �PRGHO� �SHUIRUPDQFH� �EHWZHHQ�

�ORFDWLRQV� �DQG� �VHWWLQJV�� �DQG��RYHU��WLPH���%HFDXVH��RI��WKLV���ZH��KDYH��IRFXVHG��RQ��TXDQWLI\LQJ��WKLV�

�KHWHURJHQHLW\� �WKURXJK� �VXEJURXS� �DQDO\VLV� �DQG� �WUDQVSRUWDELOLW\� �DVVD\V� �LQ� �ZHOO�SRZHUHG��
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�XQYHLOLQJ� �SRVVLEOH� �PHFKDQLVWLF� �LQVLJKWV� ��$OSHUW��HW��DO����������3��/���.XR��HW��DO����������;���/L��HW��DO��

��������

����� �6XPPDU\�

�,Q� �WKLV� �VWXG\���ZH��H[SORUHG��WKH��FRQFHSW��RI��ELRORJLFDO��DJH��DV��D��GHILQLWLRQ��RI��KHDOWK��VWDWXV���ZLWK�

�GHYLDWLRQV� �IURP� �FKURQRORJLFDO� �DJH� �UHSUHVHQWLQJ� �DJH�DFFHOHUDWHG� �RU� �DJH�GHFHOHUDWHG�

�SKHQRW\SHV� ��5XWOHGJH�� �2K�� �DQG� �:\VV�&RUD\� �������� �3UHYLRXV� �HVWLPDWHV� �RI� �ELRORJLFDO� �DJH�

��DOVR� �WHUPHG� �DJHLQJ� �FORFNV�� �KDYH� �EHHQ� �FUHDWHG� �WKURXJK� �PRGHOOLQJ� �RI� �ELRPDUNHU� �GDWD� �ZLWK�

�ORQJLWXGLQDO��PRUWDOLW\��RU��PRUELGLW\��RXWFRPHV���7KHVH��FORFNV��GHULYH��IURP��D��UDQJH��RI��ELRPDUNHUV��

�LQFOXGLQJ���URXWLQH��FOLQLFDO��EORRG��SDUDPHWHUV��DV��XVHG��LQ��WKH��3KHQR$JH���/HYLQH��HW��DO����������DQG�

�*ULP$JH� ��/X� �HW� �DO�� ������� �FORFNV�� �LPPXQH� �SDUDPHWHUV� �LQ� �L$JH� ��6D\HG� �HW� �DO�� ������� �DQG�

�,PP�$JH� ��$OSHUW� �HW� �DO�� �������� �'1$� �PHWK\ODWLRQ� �IRU� �WKH� �HSLJHQHWLF� �FORFNV� ��+RUYDWK� �������

�+DQQXP��HW��DO�����������DQG��YDULRXV��RPLFV��EDVHG��FORFNV��XVLQJ��PHWDEROLWH���YDQ��GHQ��$NNHU��HW��DO��

���������SURWHRPLF� ��7DQDND��HW��DO����������/HKDOOLHU��HW��DO����������RU��WUDQVFULSWRPLF���+RO]VFKHFN��HW�

�DO��������GDWD��

�,Q� �RXU� �VWXG\�� �ZH� �GHULYHG� �ELRORJLFDO� �DJH� �XVLQJ� �WKH� �3KHQR$JH� �DOJRULWKP� ��/HYLQH� �HW��DO���������

�IURP� �EORRG� �PDUNHU� �GDWD�� �7KLV� �ZDV� �GRQH� �E\� �XVLQJ� �8.%LREDQN�� �D� �ODUJH�VFDOH� �ELRPHGLFDO�

�GDWDEDVH� �ZLWK� �LQ�GHSWK� �JHQHWLF���OLIHVW\OH��DQG��KHDOWK��LQIRUPDWLRQ��IURP��DSSUR[LPDWHO\����������

�YROXQWHHUV��LQ��WKH��8.���,Q��WKLV��ZRUN���ZH��ZHUH��DEOH��WR��H[WUDFW��ORQJLWXGLQDO��LQIRUPDWLRQ��E\��PHUJLQJ�
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�SDUWLFLSDQW¶V� �FOLQLFDO� �KLVWRULHV� �GDWD� �WKURXJK� �*3��UHFRUGV���%\FURIW��HW��DO�������������,I��WKH��SUHGLFWHG�

�ELRORJLFDO� �DJH� ��3KHQR$JH�� �ZDV� �ORZHU� �WKDQ� �FKURQRORJLFDO� �DJH� �ZH��GHHPHG��WKHVH��LQGLYLGXDOV�

�KHDOWK\���DQG��LI��KLJKHU���XQKHDOWK\���0HDVXUHPHQWV��LQ��WLPH���DYHUDJH��IROORZ�XS��RI������\HDUV���ZHUH�

�WUDQVIRUPHG� �LQWR� �OLQHDU� �WUDMHFWRULHV� �DQG� �JURXSHG� �LQWR� ��� �VLPLODU� �FOXVWHUV�� �KHDOWK\� �UHPDLQLQJ�

�KHDOWK\� ��+5+��� �KHDOWK\��EHFRPLQJ��XQKHDOWK\���+%8����XQKHDOWK\��EHFRPLQJ��KHDOWK\���8%+���DQG�

�ILQDOO\� �XQKHDOWK\� �UHPDLQLQJ� �XQKHDOWK\� ��858��� �&RQVLGHULQJ� �WKHVH� �GLIIHUHQW� �WUDMHFWRULHV� �DV�

�UHSUHVHQWLQJ� �SDUWLFLSDQWV� �HQJDJLQJ� �ZLWK� �WKH� �DJHLQJ� �SURFHVV� �DW� �GLIIHUHQW� �UDWHV� ��.XEEHQ� �DQG�

�0LVWHOL�� ���������� �RU� �WKURXJK� �GLIIHUHQW� �PHFKDQLVP� ��&��/�� �.XR� �HW� �DO�� �������� �ZH� �SURFHHGHG� �WR�

�GHWHUPLQH� �LI� �WKH\� �FRXOG� �EH� �FKDUDFWHULVHG� �WKURXJK� �WKH� �VWXG\� �RI� �PXOWLPRUELGLW\� �SDWWHUQV� �DQG�

�JHQHWLF��PDNHXS��WKURXJK��*:$6���7R��WKH��EHVW��RI��RXU��NQRZOHGJH���QR��SUHYLRXV��UHVHDUFK��RQ��ERWK�

�JHQHWLF��EDFNJURXQG��DQG��ORQJLWXGLQDO��PHDVXUHPHQWV��KDV��EHHQ��GRQH��LQ��WKH��VWXG\��RI��ELRORJLFDO�

�DJHLQJ� �PHWULFV�� �ZLWK� �SUHYLRXV� �UHVHDUFK� �IRFXVLQJ� �RQ� �HLWKHU� �ORQJLWXGLQDO� �DVVHVVPHQW� �ZLWK� �QR�

�PHFKDQLVWLF� �LQSXW� ��3��/�� �.XR� �HW� �DO�� ������� �RU� �PROHFXODU� �DVVRFLDWLRQV� �EXW� �DW� �D� �VLQJOH� �SRLQW�

�PHDVXUHPHQW��&��/��.XR�HW�DO���������

�2XU��DQDO\VLV��UHYHDOHG��WKDW��PDOH��VH[���KLJK��%0,���FRPRUELGLWLHV���VPRNLQJ���DQG��VKRUWHU��SDUHQWDO�

�OLIHVSDQ� �GRPLQDWHG� �WKH� �XQKHDOWK\� �FDWHJRULHV� ��858��� �858� �ZDV� �DOVR� �HQULFKHG� �IRU�

�FDUGLRPHWDEROLF� �GLVHDVHV� �ZLWK� �GLDEHWHV�� �REHVLW\�� �RU� �KHDUW� �IDLOXUH� �EHLQJ� �KLJKO\� �SUHYDOHQW�� �,Q�

�FRQWUDVW�� �+5+� �KDG� �OHVV� �SUHYDOHQFH� �RI� �PRVW� �GLVHDVHV�� �ZDV� �IHPDOH� �GRPLQDWHG� �DQG� �KDG� �WKH�

�EHVW� �KHDOWK� �RXWFRPHV� �RYHUDOO�� �)LQDOO\�� �WKH� �JHQHWLF� �PDNHXS� �RI� �WKH� �GLIIHUHQW� �WUDMHFWRULHV�

�UHYHDOHG��D��PDUNHG��LPPXQH��VLJQDWXUH��IRU��+5+��SDUWLFLSDQWV��DQG��D��PHWDEROLF��VLJQDWXUH��GULYHQ�

�E\� �OLSLG� �ELRV\QWKHVLV� �IRU� �858�� �$IWHU��HQULFKPHQW��DQDO\VLV���VWURQJ��DVVRFLDWLRQV��WR��DJH�UHODWHG�

�JHQHV� �ZHUH� �IRXQG� �IRU� �ERWK� �+5+� �DQG� �858�� �ZLWK� �SUR�ORQJHYLW\� �DVVRFLDWHG� �YDULDQWV� ��H�J�

�UV���������UV����������UV����������GRPLQDWLQJ��+5+��DQG��65(%)���DQG��65(%)���WUDQVFULSWLRQ�

�IDFWRUV� �SRVWXODWHG� �DV� �NH\� �UHJXODWRU\� �HOHPHQW� �GULYLQJ� �WKH� �858� �DJHLQJ� �SKHQRW\SH�� �1R�

�VLJQLILFDQW��JHQHWLF��DVVRFLDWLRQV��ZHUH��IRXQG��IRU��8%+��DQG��+%8��ZKLFK��ZH��SRVWXODWH��WR��EH��PRUH�
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�KLJKO\� �LQIOXHQFHG� �E\� �OLIHVW\OH� �DVVRFLDWHG� �IDFWRUV���$Q��RYHUYLHZ��RI��WKH��VWXG\��PHWKRGRORJ\��FDQ�

�EH�IRXQG�LQ�)LJXUH������

�)LJXUH�����6WXG\�RYHUYLHZ�DQG�PHWKRGRORJ\�ZLWK�NH\�VWHSV�KLJKOLJKWHG��

����� �0HWKRGV�
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������� �8.�%LREDQN�GDWD�

�7KH��8.%%��LV��D��SURVSHFWLYH��FRKRUW��VWXG\��RI��DSSUR[LPDWHO\�����������YROXQWHHUV��RI����±����\HDUV�

�RI� �DJH� �DW� �UHFUXLWPHQW�� �3DUWLFLSDQWV� �ZHUH� �UHFUXLWHG� �LQ� �WKH� �8.� �EHWZHHQ� ������ �DQG� ������ �DQG�

�KDYH� �EHHQ� �IROORZHG� �XS� �WKURXJK� �WLPH�� �3DUWLFLSDQW� �GDWD� �LQFOXGH� �KHDOWK� �UHFRUGV� �WKDW� �DUH�

�SHULRGLFDOO\��XSGDWHG���VHOI�UHSRUWHG��VXUYH\��LQIRUPDWLRQ���OLQNDJH��WR��GHDWK��DQG��FDQFHU��UHJLVWULHV��

�FROOHFWLRQ��RI��XULQH��DQG��EORRG��ELRPDUNHUV���LPDJLQJ��GDWD���DFFHOHURPHWHU��GDWD��DQG��YDULRXV��RWKHU�

�SKHQRW\SLF� �HQG� �SRLQWV���� ��%\FURIW� �HW� �DO�� �������� �,Q� �RXU� �VWXG\� �ZH� �KDYH� �XVHG� �ERWK� �GLVHDVH�

�GLDJQRVLV� �LQIRUPDWLRQ� �DQG� �ELRPDUNHU� �GDWD�� �%LRPDUNHU� �GDWD� �ZDV� �FROOHFWHG� �WKURXJK� �WZR�

�GLIIHUHQW��DYHQXHV���WKH��RZQ��8.%%¶V��DVVHVVPHQWV��DQG��WKURXJK��*3��UHFRUGV��VXSSOLHG��DV��SDUW��RI�

�HDFK� �SDUWLFLSDQW�V� �FOLQLFDO� �KLVWRU\�� �0RUH� �VSHFLILFDOO\�� �ZH� �KDYH� �ELRPDUNHU� �LQIRUPDWLRQ� �RI�

����������SDUWLFLSDQWV��DW��WKHLU��LQLWLDO��YLVLW���EDVHOLQH��PHDVXUHPHQW���ZLWK��D��IHZ��JRLQJ��RQ��WR��IROORZ�

�XS� �PHDVXUHPHQWV���5HJDUGLQJ��*3��UHFRUGV���WKH\��ZHUH��GRZQORDGHG��IURP��8.%%��UHSRVLWRU\��RQ�

�$SULO� ������ �DQG� �DOO� �UHDG� �FRGHV� ��.XDQ� �3R� �$L� ������� �ZHUH� �PDSSHG� �IROORZLQJ� �8.%%� �����

�5HVRXUFH� ����KWWSV���ELREDQN�QGSK�R[�DF�XN�XNE�UHIHU�FJL"LG ���������5HDG��FRGHV��IRU��WKH�����FOLQLFDO�

�FKHPLVWU\� �ELRPDUNHUV� �IURP� �WKH� �3KHQR$JH� �OLQHDU� �PRGHO� ����DOEXPLQ�� �FUHDWLQLQH�� �JOXFRVH��

�F�UHDFWLYH��SURWHLQ���O\PSKRF\WH��SHUFHQW���PHDQ��FHOO��YROXPH���UHG��FHOO��GLVWULEXWLRQ��ZLGWK���DONDOLQH�

�SKRVSKDWDVH��DQG��ZKLWH��EORRG��FHOO��FRXQW���ZHUH��H[WUDFWHG���/HYLQH��HW��DO����������DQG��DUH��UHSRUWHG�

�LQ� �$SSHQGL[� ��� ����/LIHVW\OH� �IDFWRUV� �VXFK� �DV� �%0,� �RU� �VPRNLQJ� �DQG� �H[HUFLVH� �KDELWV� �ZHUH� �DOVR�

�H[WUDFWHG� �LQ� �WKH� �VDPH� �ZD\�� �5HJDUGLQJ� �GLVHDVH� �GLDJQRVLV�� ���� �FKURQLF� �FDWHJRULHV� �ZHUH�

�SURGXFHG� �IROORZLQJ� �&DOGHUyQ�/DUUDxDJD�V� �H[KDXVWLYH� �FODVVLILFDWLRQ� �RI� �WKH� �,QWHUQDWLRQDO�

�&ODVVLILFDWLRQ� �RI� �'LVHDVHV�� �WHQWK� �UHYLVLRQ� ��,&'���� �FRGHV� ��$SSHQGL[� ����� �,Q� �WKHLU� �UHVHDUFK� �D�

�GLVHDVH� �RU��FRQGLWLRQ��ZDV��FRQVLGHUHG��WR��EH��FKURQLF��LI��³LW��KDG��D��SURORQJHG��GXUDWLRQ��DQG��HLWKHU�

��D�� �OHIW� �UHVLGXDO� �GLVDELOLW\� �RU� �ZRUVHQLQJ� �TXDOLW\� �RI� �OLIH� �RU� ��E�� �UHTXLUHG� �D� �ORQJ� �SHULRG� �RI� �FDUH��

�WUHDWPHQW�� �RU� �UHKDELOLWDWLRQ´� ��&DOGHUyQ�/DUUDxDJD� �HW� �DO�� �������� �3DUWLFLSDQW�V� �,&'���� �FRGHV�

�ZHUH��REWDLQHG��IURP��WKH��+RVSLWDO��(SLVRGH��6WDWLVWLFV���+(6���UHFRUGHG��LQ��FDWHJRU\��������IRU��PDLQ�

�DQG�VHFRQGDU\�GLDJQRVLV��DORQJVLGH�GDWH�RI�GLDJQRVLV��
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�:H� �DOVR� �XVHG� �JHQRW\SH� �GDWDVHWV� �IURP� �WKH� �8.� �%LREDQN� ��UHOHDVH� �YHUVLRQ� ��� �IRU� �WKH� �GLUHFWO\�

�JHQRW\SHG� �YDULDQWV� �DQG� �WKH� �LPSXWHG� �+/$� �DOOHORW\SH� �GDWDVHWV� �DQG� �UHOHDVH� �YHUVLRQ�����IRU��WKH�

�LPSXWHG� �JHQRW\SH� �GDWDVHW�� �IRU� �DOO� �DQDO\VHV� �LQ� �WKH� �VWXG\���:H��DOVR��UHVWULFWHG��RXU��DQDO\VHV��WR�

�XQUHODWHG�LQGLYLGXDOV�DQG�IROORZHG�TXDOLW\�FRQWURO�FULWHULD�SURYLGHG�E\�8.�%LREDQN��

�7KH� �8.%%� �KDV� �REWDLQHG� �5HVHDUFK� �7LVVXH� �%DQN� �DSSURYDO� �IURP� �LWV� �HWKLFV� �FRPPLWWHH� �WKDW�

�FRYHUV� �WKH� �PDMRULW\� �RI� �SURSRVHG� �XVHV� �RI� �WKH� �UHVRXUFH� �ZLWK��WKH��5HVHDUFK��(WKLFV��&RPPLWWHH�

�UHIHUHQFH� �IRU� �8.%%� �EHLQJ� ����1:������� �$OO� �QHFHVVDU\� �SDWLHQW�SDUWLFLSDQW� �FRQVHQW� �ZDV�

�REWDLQHG��DQG��DSSURSULDWH��LQVWLWXWLRQDO��IRUPV��KDYH��EHHQ��DUFKLYHG���:H��DFFHVVHG��GDWD��WKURXJK�

�DSSOLFDWLRQ�QXPEHU��������

������� �3KHQR$JH�FDOFXODWLRQ�

�7KH� �HTXDWLRQ� �WR� �FDOFXODWH� �3KHQR$JH� �ZDV� �EDVHG� �RQ� �WKH� �SDUDPHWUL]DWLRQ� �RI� �WZR� �*RPSHUW]�

�SURSRUWLRQDO� �KD]DUG� �PRGHOV�� �RQH��ILW��XVLQJ��WKH������VHOHFWHG��YDULDEOHV��IURP��D��&R[��SURSRUWLRQDO�

�KD]DUG� �HODVWLF��QHW��PRGHO��IRU��PRUWDOLW\��DQG��WKH��RWKHU��ILW��XVLQJ��RQO\��FKURQRORJLFDO��DJH���:KDW��LW�

�VKRZV��LV��WKDW��DQ��LQGLYLGXDO��ZLWK������FKURQRORJLFDO��\HDUV���LI��SUHGLFWHG��D��3KHQR$JH��RI������\HDUV��

�KDV� �DQ� �DYHUDJH� �PRUELGLW\� �DQG�RU� �PRUWDOLW\� �ULVN� �RI� �VRPHRQH� �ZKR� �LV� ���� �\HDUV� �ROG�

�FKURQRORJLFDOO\�LQVWHDG�RI�����/HYLQH�HW�DO��������/LX�HW�DO���������7KH�HTXDWLRQ�LV��

�ԾՐՍՖ՗ԯՏՍ� ࡦ �ɘɛɘ�ş �ɜɗəəɜ� ࡟ ��� ���ՔՖ���� �ɗ�ş�ɗɗɜɜɚ�Ŷ���ՔՖ���� �ɘࡠ��ՠՊ�ഈ ഉ���ഈ ഉ���
�ɗ�ş�ɗɠɗɘɝɜ�

�ՠՊ� ࡠࡦ �ɘɠ�ş �ɠɗɞ� ࡠ �ɗ�ş �ɗɚɚɝ� Ŷ �ՉՔՊ՝ՕՑՖ� ࡟ �ɗ�ş �ɗɗɠɜ� Ŷ �Ջ՚ՍՉ՜ՑՖՑՖՍ� ࡟ �ɗ�ş �ɗɘɠɜ� Ŷ �ՏՔ՝Ջ՗՛Ս�
࡟ �ɗ�ş �ɗɠɜɛ� Ŷ �� �ՔՖ���� �Ա� ࡠ �՚ՍՉՋ՜Ց՞Ս�����՘՗՚՜ՍՑՖ�ഈ ഉ ࡠ �ɗ�ş �ɗɘəɗ� Ŷ �ՔաՕ՘Ր՗��Ջա՜Ս�����՘Ս՚ՋՍՖ՜� ࡟ �ɗ�ş �ɗəɝɟ�
Ŷ �ՕՍՉՖ�����ՋՍՔՔ�����՞՗Ք՝ՕՖՍ� ࡟ �ɗ�ş �ɚɚ��ɜɝ� Ŷ �՚ՍՌ�����ՊՔ՗՗Ռ�����ՋՍՔՔ�����ՌՑ՛��՜՚ՑՊ՝՜Ց՗Ֆ�����՟ՑՌ՜Ր� ࡟ �ɗ�ş �ɗɗɘɟɟ�

����Ŷ �ՉՔՓՉՔՑՖՍ�����՘Ր՗՛՘ՐՉ՜Չ՛Ս� ࡟ �ɗ�ş �ɗɜ��ɜɛ� Ŷ �՟ՐՑ՜Ս�����ՊՔ՗՗Ռ�����ՋՍՔՔ�����Ջ՗՝Ֆ՜࡟� �ɗ�ş �ɗɟɗɛ� Ŷ �Չ�

�(TXDWLRQ���
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�)URP��DOO��ELRPDUNHUV��REWDLQHG��WKURXJK��8.%%��DVVHVVPHQW���ILUVW��RU��VHFRQG��YLVLW����ZH��REWDLQHG��D�

�3KHQR$JH� �PHDVXUHPHQW� �JLYHQ� �DOO� �WKHVH� ��� �PDUNHUV� �DUH� �PHDVXUHG� �HDFK� �WLPH�� �%XW�� �LQ� �*3�

�UHFRUGV�� �ZH� �GR� �QRW� �DOZD\V� �JHW� �D� �UHDGLQJ� �RI� �DOO� ��� �PDUNHUV� �LQ� �WKH� �VDPH� �GDWH� �DQG� �VR� �D�

�3KHQR$JH��PHDVXUHPHQW��LV��FUHDWHG��HYHU\��WLPH��RQH��RI��WKH�����PDUNHUV��KDV��D��QHZ��UHDGLQJ���ZLWK�

�WKH� �PLVVLQJ� �YDOXHV� �IRU� �WKDW� �GDWH� �NHHSLQJ� �WKH� �FORVHVW� �UHFRUG� �IRU� �LW� �LQ� �WLPH� ��PRYLQJ� �ZLQGRZ�

�LPSXWDWLRQ� �VKRZQ� �LQ� �$SSHQGL[� ����� �3DUWLFLSDQWV� �ZLWK� �PLVVLQJ� �EORRG� �PDUNHU� �GDWD� �RU� �MXVW� �RQH�

�UHFRUGHG�GDWH�HQWU\�DUH�GHOHWHG��

�7R��HPXODWH��D��SDWLHQWV��SKHQRW\SLF��WUDMHFWRU\��LQ��WLPH���D��OLQHDU��UHJUHVVLRQ��PRGHO���SKHQRDJH�� ��P�

�
� �DJH� ��� �F� ��� �LV��ILWWHG��WKURXJK��DOO��FDOFXODWHG��3KHQR$JH��PHDVXUHPHQWV��DQG��WKHLU��FKURQRORJLFDO�

�DJH���7KLV��KDV��EHHQ��FRPSDUHG��WR��WKH��3KHQR$JH$FFHOO��PHDVXUH��GHULYHG��E\��/LX��HW��DO����������DV�

�D� �PHDQV� �WR� �H[WUDFW� �DQ� �DFWLRQDEOH� �SDUDPHWHU� �WKDW� �DOORZV� �IRU� �WKH� �SDUWLFLSDQWV� �KHDOWKVSDQ�

�FODVVLILFDWLRQ�� �,Q� �RXU� �FDVH�� �WKHVH� �OLQHDU� �WUDMHFWRULHV� �DUH� �WKHQ� �JURXSHG� �LQWR� ��� �FDWHJRULHV�

��+HDOWK\��UHPDLQLQJ��+HDOWK\���+5+����+HDOWK\��EHFRPLQJ��8QKHDOWK\���+%8����8QKHDOWK\��EHFRPLQJ�

�+HDOWK\� ��8%+��� �8QKHDOWK\��UHPDLQLQJ��8QKHDOWK\���858����GHSHQGLQJ��RQ��WKHLU��UHODWLRQVKLS��ZLWK�

�WKH��OLQH��FKURQRORJLFDO��DJH�� ��3KHQR$JH���0RUH��VSHFLILFDOO\���JLYHQ��D����GLPHQVLRQDO��HTXDWLRQ��RI��

�D� �OLQH� ��� �GHSHQGLQJ� �RQ� �WKHLU� �LQWHUFHSW� ��F�� �DQG� �VORSH� �FRHIILFLHQW� ��P��ഈ����ա���� ࡦ ����Օՠ���� ࡟ ����Ջ�

�FRPELQDWLRQV�ZH�KDYH��

����Ջ���� ࡪ ����ɗ�����ՉՖՌ��������Օ࡬�������������ɘ�������Ş ����ՃՀՃ�
�Ջ���� ࡪ ����ɗ�����ՉՖՌ��������Օ���� ࡩ ����ɘ����Ş ����Ճ԰Զ�
�Ջ���� ࡩ ����ɗ�����ՉՖՌ��������Օ���� ࡪ ����ɘ����Ş ����Զ԰Ճ�

�Ջ���� ࡩ ����ɗ�����ՉՖՌ��������Օ���� ࡦࡩ ����ɘ�����ՉՖՌ�����Օ���� ࡪ ����ɗ����Ş ����ԶՀԶ�
�(TXDWLRQ���
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������� �'LVHDVH�VWXGLHV��SUHYDOHQFH��FR�RFFXUUHQFH�FDOFXODWLRQV�DQG�FRUUHODWLRQ�

�$��IWHU� �H[WUDFWLQJ� �GLVHDVH� �LQIRUPDWLRQ� �DV� �GHWHUPLQHG� �E\� ��&DOGHUyQ�/DUUDxDJD� �HW� �DO�� ��������

�VKRZQ��LQ��$SSHQGL[������GLVHDVH��SUHYDOHQFH��ZDV��VWXGLHG��IRU��WKH��ZKROH��SRSXODWLRQ��DV��ZHOO��DV��IRU�

�HDFK� �VHSDUDWH� �FDWHJRU\� �XVLQJ�� �H[LVWLQJ� �FDVHV�ZKROH� �SRSXODWLRQ
���� �DQG� �LQFOXGLQJ� �WKH�

�%LQRP&,��IXQFWLRQ��DQG��FORSSHU�SHDUVRQ��SHUVRQ��PHWKRG��IRU��FRQILGHQFH��LQWHUYDO��FDOFXODWLRQ���:H�

�QH[W� �GHWHUPLQHG� �ZKHWKHU��WKHUH��ZHUH��GLVWLQFW��GLVHDVH��SDWWHUQV��RU��FRPRUELGLWLHV���WZR��RU��PRUH�

�GLVHDVHV� �LQ� �WKH� �VDPH� �LQGLYLGXDO��� �IRXQG� �LQ� �WKH� �GLIIHUHQW� �DJHLQJ� �WUDMHFWRULHV� �E\� �FDOFXODWLQJ�

�GLVHDVH� �FR�RFFXUUHQFH� ��UHODWLYH� �ULVN�� �LQ� �SDLUZLVH� �DVVRFLDWLRQV�� �5HODWLYH� �ULVN� ��55�� �ZDV�

�GHWHUPLQHG� �IROORZLQJ� ��'|QHUWDú� �HW� �DO�� �������� �DV� �DQ� �HVWLPDWH� �RI� �KDYLQJ� �GLVHDVH� �$� �ZKHQ�

�DOUHDG\� �DIIHFWHG� �E\� �GLVHDVH��%���,W��LV��FDOFXODWHG��DV��D��IUDFWLRQ��EHWZHHQ��WKH��QXPEHU��RI��SDWLHQWV�

�GLDJQRVHG� �ZLWK� �ERWK� �GLVHDVHV� �DQG� �D� �UDQGRP� �H[SHFWDWLRQ� �EDVHG� �RQ� �GLVHDVH� �SUHYDOHQFH��

�0DWKHPDWLFDOO\�LW�FDQ�EH�H[SUHVVHG�DV��

�ՀՀ� ࡦ ���
�Լ�����ՌՑ՛ՍՉ՛Ս�����Չ�����ՉՖՌ�����Պ����

�Լ�����ՌՑ՛ՍՉ՛Ս�����Չ�
�Լ�����՟Ց՜Ր՗՝՜�����ՌՑ՛ՍՉ՛Ս�����Չ�����Պ՝՜�����ՌՑ՛ՍՉ՛Ս�����Պ�

�Լ�����՟Ց՜Ր՗՝՜�����ՌՑ՛ՍՉ՛Ս�����Չ�

�(TXDWLRQ���

�7R�EHWWHU�XQGHUVWDQG�VXEJURXSV�EHWZHHQ�GLVHDVHV��PDLQ�,&'����FRGH�FDWHJRULHV�ZHUH�

�PDSSHG�WR�HDFK�RI�WKH����FDWHJRULHV�DV�VHHQ�LQ�$SSHQGL[���

������� �*HQRPH�:LGH�$VVRFLDWLRQ�6WXGLHV��*:$6��

�1H[W�� �WR� �EHWWHU� �XQGHUVWDQG� �WKH� �IRXU� �GLIIHUHQW� �DJHLQJ� �FDWHJRULHV� �DQG� �WKH� �DVVRFLDWHG��GLVHDVH�

�SUHYDOHQFH� �FRPELQDWLRQV�� �ZH� �VRXJKW� �WR� �LQWHJUDWH� �WKH� �JHQHWLF� �GDWD� �DYDLODEOH� �LQ� �8.%%��

�*HQRW\SH��GDWD��IURP��8.%%���*(&K�����KJ�����FRRUGLQDWHV���ZDV��H[WUDFWHG��RQ��WKH������������DQG�

�LQFOXGHG� ��������� �YDULDQWV� �RI� ��������� �SDUWLFLSDQWV�� �$IWHU� �ILOH� �SUH�SURFHVVLQJ�� �JHQRW\SH�

�LQIRUPDWLRQ��FDQ��EH��IRXQG��DV��PHUJHG��ILOHV��LQ��3/,1.�����EHG���ELP���IDP����4XDOLW\��FRQWURO���4&���ZDV�

�GRQH� �XVLQJ� �3/,1.� ��3XUFHOO� �HW� �DO�� ������� �ZLWK� �WKH� �IROORZLQJ� �ILOWHUV� ��VDPSOHV� �DQG� �YDULDQWV� �RI�
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�PLVVLQJ� �FDOO� �UDWHV� �H[FHHGLQJ� ������ �D� �+DUG\�:HLQEHUJ� �HTXLOLEULXP� �H[DFW� �WHVW� �S�YDOXH� �EHORZ�

��A��������DQG��D��PLQRU��DOOHOH��IUHTXHQF\��RI������������������YDULDQWV��UHPDLQHG��DQG�����SDUWLFLSDQWV�

�ZHUH� �UHPRYHG� ���������� �VDPSOHV��� �5(*(1,(� ��0EDWFKRX� �HW� �DO�� �������� �D� �FRPSXWDWLRQDO�

�HIILFLHQW��PDFKLQH��OHDUQLQJ��PHWKRG��WKDW��ILUVW��UHGXFHV��WKH��JHQRW\SH��VSDFH��LQWR��ORFDO��EORFNV�����RI�

������ �YDULDQWV�� �XVLQJ� �ULGJH� �UHJUHVVLRQ� �DQG� �WKHQ� �SHUIRUPV� �DVVRFLDWLRQ� �WHVWLQJ�� �ZDV� �XVHG� �WR�

�SHUIRUP� �*:$6�� �)RXU� �SDUDOOHO� �*:$6� �DQDO\VLV� �ZHUH� �SHUIRUPHG� �RQ� �SDUWLFLSDQWV��EHORQJLQJ��WR�

�HDFK��RI��WKH��IRXU��GHILQHG��FDWHJRULHV���$��FRYDULDWH��ILOH��XVHG��DV��DQ��LQSXW��IRU��3/,1.��LQFOXGHG��WKH�

�IROORZLQJ� �ILHOGV�� �VH[�� �DJH� ��� �PD[LPXP� �DJH� �RI� �UHFRUGHG� �GLVHDVH� ���� �EDWFK� �DQG� �ILUVW� ���� �3&V��

�)LQDOO\���WKH��SKHQRW\SH��ILOH��LQFOXGHG��GXPPLILHG��LQIRUPDWLRQ��RQ��ZKLFK��FDWHJRU\��HDFK��SDUWLFLSDQW�

�EHORQJHG�WR��858��+5+��8%+��+%8��

������� �*HQH�DQQRWDWLRQ�

�&RQVLGHULQJ� �WKH��OLWHUDWXUH�VWDQGDUG��3��YDOXH������î������í���DV��VLJQLILFDQW���3DQDJLRWRX���,RDQQLGLV��

�DQG��*HQRPH�:LGH��6LJQLILFDQFH��3URMHFW�����������VXPPDU\��VWDWLVWLFV��RI��VLJQLILFDQW��YDULDQWV��FDQ�

�EH� �IRXQG� �LQ� �$SSHQGL[� ������ �&RQWLQXLQJ� �WKH� �GRZQVWUHDP� �DQDO\VLV�� �ZH� �WKHQ� �SURFHHGHG� �WR�

�DQQRWDWH� �WKHP�� �/LQNDJH� �GLVHTXLOLEULXP� ��/'�� �ZDV� �QRW� �WDNHQ� �LQWR� �DFFRXQW� �WR� �H[SDQG� �613V�

��'RQJ� �HW� �DO�� ������� �RU� �DVVHVV� �KLJKO\� �FRUUHODWHG� �613V� ��ILQH�PDSSLQJ�� �IRU� �SULRULWL]DWLRQ�� �ZLWK�

�RQO\��SUR[LPLW\��DQG��FRORFDOL]DWLRQ��ZLWK��IXQFWLRQDO��HOHPHQWV����H[SUHVVLRQ��TXDQWLWDWLYH��WUDLW��ORFL��

�FLV�H47/��XVHG��

��������� �3UR[LPLW\�DQDO\VLV�

�%DVHG� �RQ� �WKH� �DQDO\VLV� �SHUIRUPHG� �LQ� ��'|QHUWDú� �HW� �DO�� �������� �ZH� �XVHG� �9DULDQW$QQRWDWLRQ�

��2EHQFKDLQ� �HW� �DO�� �������� �7['E�+VDSLHQV�8&6&�KJ���NQRZQ*HQH� �DQG� �*HQRPLF5DQJHV�

��/DZUHQFH� �HW� �DO�� ������� �SDFNDJHV� �LQ� �5�� �WR� �PDS� �WKH� �JHQRPLF� �FRRUGLQDWHV� �IRU� �HDFK� �613� �WR�
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�JHQHV���6SHFLILFDOO\���LI��D��JHQH��LV��ZLWKLQ��WKH��FRGLQJ��UHJLRQ���LQWURQ����¶��RU���¶��875���RU���NE��GRZQ���RU�

�XS�VWUHDP��RI��WKH��WUDQVFULSWLRQ��VWDUW��VLWH���ZH��DQQRWDWHG��WKDW��613��WR��WKH��JHQH���$V��D��UHVXOW���ZH�

�KDG� ������ �613�JHQH� �DVVRFLDWLRQV� �IRU� �WKH� ������ �VLJQLILFDQW� �YDULDQWV� �IRXQG� �LQ� �WKH� ��� �*:$6�

�DQDO\VLV�� �:H� �XVHG� �WKH� �(QVHPEO� �ELRPD5W� ��'XULQFN� �HW� �DO�� ������� �SDFNDJH� �LQ� �5� �WR� �UHWULHYH�

�+*1&��V\PEROV���(QVHPEO��*HQH��,'V��DQG��JHQH��GHVFULSWLRQV��IRU��WKH��(QWUH]��JHQH��,'V��REWDLQHG�

�IURP�7['E�+VDSLHQV�8&6&�KJ���NQRZQ*HQH�GDWDEDVH��

��������� �H47/V�

�%LRORJLFDO� �IXQFWLRQDO� �LQIHUHQFH� �OLQNLQJ� �SRVVLEOH� �UHJXODWRU\� �HOHPHQWV� �ZDV� �VWXGLHG� �XVLQJ�

�H[SUHVVLRQ� �TXDQWLWDWLYH� �WUDLW� �ORFL� �H47/� �LQIRUPDWLRQ� �IRU� �DOO� �WLVVXHV� �LQ� �*7([� �Y�� �H47/�

��&RQVRUWLXP� ������� �/RQVGDOH� �HW� �DO�� ������� �*DPD]RQ� �HW� �DO�� ��������WKURXJK��WKH��3KHQRVFDQQHU�

��.DPDW� �HW� �DO�� ������� �GDWDEDVH� �����DGMXVWHG���3���YDOXH������� �)'5� �FRUUHFWHG���� �H47/V�� �ZKHUH� �D�

�YDULDQW� �LQIOXHQFHV� �P51$� �OHYHOV�� �KDYH� �EHHQ� �VKRZQ� �WR� �EH� ������� �RI� �IXQFWLRQDO� �YDULDQWV�

��&RQQDOO\� �HW� �DO�� �������� �DQG� �L��QWHJUDWLQJ� �WKLV� �LQWHUPHGLDWH� �UHJXODWRU\� �LQIRUPDWLRQ� �LV� �NH\� �WR�

�FRQQHFW� �RYHUODSSLQJ� �JHQH� �PRGXOHV� �DVVRFLDWLQJ� �GLVHDVH��PHFKDQLVPV��WRJHWKHU���+RUPR]GLDUL�

�HW� �DO�� �������� �7KLV� �ILQDO� �*7([� �GDWD� �UHOHDVH� ��Y��� �LQFOXGHV������SULPDU\��KXPDQ��WLVVXHV���ZLWK�����

�LQFOXGLQJ� �DW� �OHDVW� ���� �VDPSOHV� �ZLWK� �ERWK� �ZKROH� �JHQRPH� �VHTXHQFLQJ� �DQG� �WLVVXH� �VSHFLILF�

�51$�VHT��

������� �)XQFWLRQDO�HQULFKPHQW�

�*LYHQ� �RXU� �PDMRU� �PRWLYDWLRQ� �ZDV� �WR� �XVH� �WKHVH� �LGHQWLILHG��JHQH��DVVRFLDWLRQV��WR��KHOS��LQIHU��DQ\�

�ELRORJLFDO� �XQGHUSLQQLQJ� �IRU� �WKH� �IRXU� �DJHLQJ� �SKHQRW\SHV�� �JHQHV� �ZHUH� �WKHQ� �IXQFWLRQDOO\�

�HQULFKHG��XVLQJ��WKH��JHQH�IXQF��WRRO��LQ��)80$���:DWDQDEH��HW��DO����������ZKHUH��DQQRWDWHG��JHQHV�

�DUH� �WHVWHG� �IRU� �RYHU�UHSUHVHQWDWLRQ� �LQ� �SXEOLFO\� �DYDLODEOH� �JHQH� �VHWV� ����0VLJ'%� �Y����� �ZLWK�
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�LQIRUPDWLRQ� �IURP�� �%LR&DUWD�� �.(**�� �3DWKZD\� �,QWHUDFWLRQ� �'DWDEDVH� ��3,'��� �5HDFWRPH��

�:LNL3DWKZD\V�DQG�*2�ELRORJLFDO�SURFHVVHV��6XEUDPDQLDQ�HW�DO�����������

������� �$VVRFLDWLRQ�ZLWK�DJHLQJ�

�*HQHV� �ZHUH� �DOVR� �FRPSDUHG� �WR� �OLWHUDWXUH�EDVHG� �DJHLQJ� �GDWDEDVHV� ��'|QHUWDú� �HW� �DO�� ��������

�7KHVH��GDWDEDVHV��DUH��*HQ$JH��+XPDQ���JHQHV��DVVRFLDWHG��ZLWK��OLIHVSDQ��LQ��KXPDQV��RU��FORVHO\�

�UHODWHG��VSHFLHV����KXPDQ��RUWKRORJV��LQ��*HQ$JH��0RGHO��2UJDQLVP���JHQHV��PRGXODWLQJ��OLIHVSDQ��LQ�

�PRGHO� �RUJDQLVPV�� �DQG� �&HOO$JH� ��JHQHV� �UHJXODWLQJ� �FHOOXODU� �VHQHVFHQFH�� ��7DFXWX� �HW��DO���������

�%DUDUGR� �HW� �DO�� �������� �/RQJHYLW\� �DVVRFLDWHG� �JHQHV� �ZHUH� �H[SORUHG� �WRR�� �EDVHG� �RQ� �ZRUN� �IURP�

��=HQLQ� �HW��DO�����������ZLWK��613V��SUHYLRXVO\��UHSRUWHG��WR��EH��DVVRFLDWHG��ZLWK��OLIHVSDQ����H[WUHPH��

�ORQJHYLW\� �DQG� �GLVHDVH�IUHH� �VXUYLYDO� �LQFOXGHG���:H��DOVR��LQFRUSRUDWHG��WKH��RYHUODSSLQJ��LPPXQH�

�DQG�DJH�DVVRFLDWHG�JHQHV�IRXQG�DV�FRQVHUYHG�RUWKRORJV�LQ��)DELDQ�HW�DO��������UHVHDUFK��

����� �5HVXOWV�

������� �8.%%�VWDWLVWLFV�DQG�3KHQR$JH�FDOFXODWLRQ��

�7R� �FDOFXODWH� �3KHQR$JH� �IURP� �8.%%� �SDUWLFLSDQWV� �ZH� �DFFHVVHG� �WKH� �GDWD� �IRU� �QLQH� �EORRG�

�PDUNHUV�� �DOEXPLQ�� �DONDOLQH� �SKRVSKDWDVH�� �FUHDWLQLQH�� �JOXFRVH�� �&� �UHDFWLYH� �SURWHLQ�� �PHDQ�

�FRUSXVFXODU� �YROXPH�� �SHUFHQWDJH� �O\PSKRF\WHV�� �UHG� �EORRG� �FHOO� �GLVWULEXWLRQ� �ZLGWK�� �ZKLWH��EORRG�

�FHOO��FRXQW���/HYLQH��HW��DO������������,Q��RUGHU��WR��REWDLQ��DV��PDQ\��ORQJLWXGLQDO��UHDGLQJV��RI��3KHQR$JH�

�DV� �SRVVLEOH�� �ZH� �H[SORLWHG� �WZR� �GLIIHUHQW� �UHVRXUFHV�� �*3� �UHFRUGV� �DQG� �WKH��8.%%��EDVHOLQH��DQG�

�IROORZ�XS� �YLVLW� �PHDVXUHPHQWV� ��%\FURIW� �HW� �DO�� �������� �,Q� �WRWDO�� �8.%%� �KROGV� �LQIRUPDWLRQ� �IURP�

��������� �SDUWLFLSDQWV� �ZLWK� �������� �RI� �WKHP� �KDYLQJ� �DW� �OHDVW� �D� �VHFRQG� �YLVLW� �GDWD�� �ULVLQJ� �WR�

��������� �FRXQWLQJ� �OLQNDJH� �WR� �*3� �UHFRUG� �GDWD�� �,Q� �WRWDO� ��������� �SDUWLFLSDQWV� �LQ� �8.%%� �DQG�

��������� �SDUWLFLSDQWV� �ZLWK� �*3� �UHFRUGV� �KDG� �DW� �OHDVW� �D� �GDWD� �HQWU\� �RQ� �RQH� �RI� �WKH� �PDUNHUV�

�VHOHFWHG��ZLWK��PRUH��GHWDLOV��GHVFULEHG��LQ��7DEOH��������7R��XQLI\��ERWK��GDWDVHWV���PLVVLQJ��YDOXHV��SHU�
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�LQ�PHWKRGV��
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�7RS�� �1XPEHU� �RI� �SDUWLFLSDQWV� �ZLWK� �DW� �OHDVW� �RQH� �PHDVXUHPHQW� �RQ� �HDFK� �RI� �WKH��EORRG��PDUNHUV�
�LQFOXGLQJ� �PD[LPXP�� �PHDQ� �DQG� �VWDQGDUG� �GHYLDWLRQ� ��VG�� �RI� �PHDVXUHPHQWV� �UHSRUWHG� �SHU�
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�,Q� �WKH� �HQG�� �WKH� �3KHQR$JH� �YDOXH� �ZDV� �FDOFXODWHG� �XVLQJ� �WKH� �HTXDWLRQ� �LQ� �/HYLQH� �HW� �DO��� ������

��(TXDWLRQ������IRU�������������GDWH��HQWULHV��RI�����������SDUWLFLSDQWV���)URP��WKHVH���D��PHDQ��RI��������

��PD[LPXP� �RI� ������ �GDWD� �SRLQWV� �LQ� �WLPH� �SHU� �SDWLHQW�� �FRYHULQJ� �DQ� �DYHUDJH� �RI� ����� �\HDUV�
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�VLPSOH��OLQHDU��PRGHO���0HWKRGV����$Q��H[DPSOH��RI��WKH��GLIIHUHQW��WUDMHFWRULHV��IRU��3KHQR$JH��VFRUHV�

�DJDLQVW� �FKURQRORJLFDO� �DJH� �IRU� ��� �SDUWLFLSDQWV� �LV� �VKRZQ� �LQ� �)LJXUH� ������ �$FFRUGLQJ� �WR� �WKHLU�

�LQWHUFHSW� �DQG� �VORSH� �FRHIILFLHQW�� ��� �GLIIHUHQW� �FDWHJRULHV� �ZHUH� �GHILQHG� ����(TXDWLRQ� ������� �+HDOWK\�

�UHPDLQLQJ� �+HDOWK\� ��+5+�� �Q � ���������� �+HDOWK\� �EHFRPLQJ� �8QKHDOWK\� ��+%8�� �Q� � � ����������

�8QKHDOWK\��EHFRPLQJ��+HDOWK\���8%+���Q�� ������������8QKHDOWK\��UHPDLQLQJ��8QKHDOWK\���858���Q�� �

�����������)LJXUH�����%��������SDUWLFLSDQWV�ZLWK�QR�ILWWHG��OLQH�ZHUH�H[FOXGHG��
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������� �&KDUDFWHULVDWLRQ�RI�DJHLQJ�WUDMHFWRU\�FDWHJRULHV�XVLQJ�OLIHVW\OH�IDFWRUV�
�DQG�KHDOWK�RXWFRPHV��

�:H� �QH[W� �DVVHVVHG� �NH\� �RXWFRPHV� �VXFK� �DV� �PRUWDOLW\� ��'DWD��)LHOG���')�������������WRJHWKHU��ZLWK�

�OLIHVW\OH� �LQGLFDWRUV� ��H�J� �WRZQVHQG� �GHSULYDWLRQ� �LQGH[� ��')�� ������� �RYHUDOO� �KHDOWK� �UDWLQJ� ��')��

�������� �%0,� ��')�� ��������� �DQG� �VPRNLQJ� �VWDWXV� ��')�� ��������� �SK\VLFDO� �DFWLYLW\� ��0HWDEROLF�

�(TXLYDOHQW� �7DVN� ��0(7�� �GDWD� �EDVHG� �RQ� �,3$4� ��,QWHUQDWLRQDO� �3K\VLFDO� �$FWLYLW\� �4XHVWLRQQDLUH�

��')�� ������� �DQG� ��������� �RU� �RWKHU� �SRWHQWLDO� �KHDOWKVSDQ� �PRGLILHUV� �VXFK� �DV��SDUHQWDO��ORQJHYLW\�

��')��������������������������������&DVVLG\��HW��DO���������� �'HPRJUDSKLF��GHVFULSWRUV��VXFK��DV��DJH��

�VH[��')���������RU�FRPRUELGLWLHV�ZHUH�DOVR�LQFOXGHG�ZLWK�UHVXOWV�VKRZQ�LQ�7DEOH������

�&RPSDULQJ� �WKH� �+5+� �ZLWK� �858� �WUDMHFWRULHV� �WKH� �IRUPHU� �DUH� �IHPDOH��GRPLQDWHG���KDYH��D��ORZHU�

�QXPEHU��RI��FRPRUELGLWLHV��������YV���������EHWWHU��RYHUDOO��KHDOWK��UDWLQJ���ORZHU��%0,�������YV��������PRUH�

�QHYHU�VPRNHUV����������YV����������DQG��ORZHU��GHSULYDWLRQ��VFRUH���DOO��IDFWRUV��ZH��ZRXOG��H[SHFW��WR�

�LQIOXHQFH� �WKH� �UDWH� �RI� �ELRORJLFDO��DJHLQJ���7KLV��ZDV��FRQILUPHG��E\��ORZHU��PRUWDOLW\��LQ��WKH��KHDOWK\�

�JURXS���������YV���������� �,QWHUHVWLQJO\��ERWK��WKH��PRWKHU¶V��DQG��IDWKHU¶V��OLIHVSDQ��ZHUH��DOVR��KLJKHU�

�LQ��WKRVH��ZLWK��D��ORZHU��3KHQR$JH���L�H���RQ��D��KHDOWK\��WUDMHFWRU\���&RPSDULQJ��WKRVH��ZLWK��DQ��DOWHUHG�

�WUDMHFWRU\��DFURVV��RXU��VWXG\���WKRVH��ZKR��FKDQJHG��IURP��D��ORZ��3KHQR$JH��WR��D��KLJKHU��3KHQR$JH�

��KHDOWK\� �EHFRPLQJ� �XQKHDOWK\�� �+%8�� �ZLWK� �WKRVH� �ZKR� �FKDQJHG� �IURP� �XQKHDOWK\� �WR� �D� �KHDOWK\�

�WUDMHFWRU\�� �ZH� �FDQ� �VHH� �KLJKHU� �QXPEHU� �RI� �FRPRUELGLWLHV�� �PRUH� �GHSULYDWLRQ�� �KLJKHU� �%0,� �DQG�

�VOLJKWO\� �VKRUWHU� �SDUHQWDO� �OLIHVSDQ�� �UHVXOWLQJ� �LQ� �KLJKHU� �PRUWDOLW\� ������� �YV� ������� �LQ� �WKH� �+%8�

�JURXS��
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�7R� �IXUWKHU� �GHILQH� �RXU� �IRXU��DJHLQJ��FDWHJRULHV�� �GLVHDVH��LQIRUPDWLRQ��ZDV��REWDLQHG��IURP��8.%%�

�IURP� �KRVSLWDO� �LQSDWLHQW� �UHFRUGV�� �'DWH� �RI� �GLDJQRVLV� �ZDV� �REWDLQHG�� �ZLWK� �GLDJQRVLV� �FODVVLILHG�

�WKURXJK� �,&'��� �FRGHV�� �:H� �IRFXVHG� �RQ� �FKURQLF� �FRQGLWLRQV� �PRVW� �IUHTXHQWO\� �RFFXUULQJ� �LQ�
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��&DOGHUyQ�/DUUDxDJD� �HW� �DO�� �������� �,Q� �WKHLU� �FDWHJRULVDWLRQ�� �IURP� �������� �,&'���� �FRGHV�� �����
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�SUHYDOHQFH� �LQIRUPDWLRQ� �LV� �VXPPDUL]HG� �LQ� �7DEOH� ������ �7KH� �ELJJHVW� �GLIIHUHQFHV� �LQ� �SUHYDOHQFH�

�EHWZHHQ��GLVHDVH��FDWHJRULHV��������WLPHV���LV��KLJKOLJKWHG���ZLWK��REHVLW\��DQG��GLDEHWHV��VKRZLQJ��WKH�

�KLJKHVW� �GLIIHUHQFHV� �ZLWK� �EDVHOLQH� �YDOXHV� ��������� �YHUVXV� ������� �DQG� ��������� �RU� ��� �������

�YHUVXV� ������� �DQG� ��������� �UHVSHFWLYHO\�� �+LJKOLJKWHG��GLVHDVHV���DQDHPLD���GLDEHWHV���REHVLW\��

�&23'�� �KHDUW� �IDLOXUH�� �FKURQLF� �NLGQH\� �GLVHDVH� ��&.'��� �FDUGLRYDVFXODU� �GLVHDVHV�� �VOHHS�
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�ZLWK��KLJKHU��VHYHULW\��DQG��PRUELGLW\��DVVRFLDWLRQV��LQ��PXOWLPRUELGLW\��FOXVWHULQJ��VWXGLHV���9LRODQ��HW�

�DO��������3UDGRV�7RUUHV�HW�DO��������9HWUDQR�HW�DO���������
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�2EHVLW\� ������� ������ ����� ������� ������ ������� ������ ������� ������ �������

�'HSUHVVLRQ�DQG�PRRG�

�GLVHDVHV�
������� ������ ����� ������� ������ ������� ������ ������� ����� �������

�2WKHU�GLJHVWLYH�GLVHDVHV� ������� ������ ����� ������� ������ ������� ������ ������� ����� �������

�2WKHU�H\H�GLVHDVHV� ������� ������ ����� ������� ������ ������� ������ ������� ����� ������

�&KURQLF�SDQFUHDV��ELOLDU\�WUDFW�

�DQG�JDOOEODGGHU�GLVHDVHV�
������� ������ ����� ������� ������ ������� ������ ������� ����� ������

�3URVWDWH�GLVHDVHV� ������� ������ ����� ������� ������ ������� ������ ������� ����� ������

�&RSG��HPSK\VHPD��FKURQLF�
�EURQFKLWLV�

������ ������ ����� ������� ������ ������� ������ ������� ������ �������

�&HUHEURYDVFXODU�GLVHDVH� ������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�+HDUW�IDLOXUH� ������ ������ ����� ������� ������ ������� ������ ������� ����� �������

�1HXURWLF��VWUHVV�UHODWHG�DQG�

�VRPDWRIRUP�GLVHDVHV�
������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�9HQRXV�DQG�O\PSKDWLF�

�GLVHDVHV�
������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�(DU��QRVH��WKURDW�GLVHDVHV� ������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�&KURQLF�NLGQH\�GLVHDVHV� ������ ������ ����� ������� ������ ������� ������ ������� ������ �������

�2WKHU�FDUGLRYDVFXODU�
�GLVHDVHV�

������ ������ ����� ������� ������ ������� ������ ������� ����� ������
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�&DUGLDF�YDOYH�GLVHDVHV� ������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�2VWHRSRURVLV� ������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�2WKHU�QHXURORJLFDO�GLVHDVHV� ������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�2WKHU�PHWDEROLF�GLVHDVHV� ������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�$XWRLPPXQH�GLVHDVHV� ������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�'HDIQHVV��KHDULQJ�

�LPSDLUPHQW�
������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�6OHHS�GLVRUGHUV� ������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�2WKHU�UHVSLUDWRU\�GLVHDVHV� ������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�*ODXFRPD� ������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�0LJUDLQH�DQG�IDFLDO�SDLQ�

�V\QGURPHV�
������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�3HULSKHUDO�YDVFXODU�
�GLVHDVH�

������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�%ORRG�DQG�EORRG�IRUPLQJ�

�RUJDQ�GLVHDVHV�
������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�%UDG\FDUGLDV�DQG�
�FRQGXFWLRQ�GLVHDVHV�

������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�,QIODPPDWRU\�ERZHO�GLVHDVHV� ������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�2WKHU�SV\FKLDWULF�DQG�

�EHKDYLRUDO�GLVHDVHV�
������ ������ ����� ����� ������ ������� ������ ������� ����� ������

�'HPHQWLD� ������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�+HPDWRORJLFDO�QHRSODVPV� ������ ������ ����� ������� ������ ������� ������ ������� ����� ������

�&KURQLF�XOFHU�RI�WKH�VNLQ� ������ ������ ���� ����� ����� ������� ������ ������� ����� ������

�$OOHUJ\� ������ ������ ����� ������� ������ ������� ����� ������� ����� ������

�(SLOHSV\� ������ ������ ����� ������� ������ ������� ����� ������� ����� ������

�&KURQLF�OLYHU�GLVHDVHV� ������ ������ ���� ������� ����� ������� ����� ������� ����� ������

�3DUNLQVRQ�DQG�SDUNLQVRQLVP� ������ ������ ����� ������� ����� ������� ����� ������� ����� ������

�2WKHU�VNLQ�GLVHDVHV� ������ ������ ����� ������� ����� ������� ����� ������� ����� ������

�%OLQGQHVV��YLVXDO�LPSDLUPHQW� ����� ������ ���� ������� ����� ������� ����� ������� ���� ������

�0XOWLSOH�VFOHURVLV� ����� ������ ���� ������� ����� ������� ����� ������� ���� ������

�6FKL]RSKUHQLD�DQG�GHOXVLRQDO�

�GLVHDVHV�
����� ������ ���� ������� ����� ������� ����� ������� ���� ������

�&KURQLF�LQIHFWLRXV�GLVHDVHV� ����� ������ ���� ������� ����� ������� ����� ������� ���� ������

�&KURPRVRPDO�DEQRUPDOLWLHV� ���� ������ ��� ������ ���� ������ ���� ������ ��� ������

�7DEOH������'LVHDVH�SUHYDOHQFH�RI����FKURQLF�GLVHDVH�FDWHJRULHV�E\�DJHLQJ�WUDMHFWRU\�JURXSV��
�&RPSDULVRQ��RI��FKURQLF��FRQGLWLRQ��SUHYDOHQFH��EHWZHHQ��WKH��ZKROH��FRKRUW��RI��SDUWLFLSDQWV��ZLWK��DW�
�OHDVW� �RQH� �GLDJQRVLV� ��Q� � � ��������� �DQG� �HDFK� �DJHLQJ� �SKHQRW\SH�� �,Q� �EROG� �ZH� �KDYH� �WKRVH�
�GLDJQRVLV�ZLWK�WKH�KLJKHVW��;�����FKDQJH�LQ�SUHYDOHQFH�EHWZHHQ�ZKROH�FRKRUW�DQG�VXEJURXS��
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�5HJDUGLQJ� �QXPEHU� �RI� �GLVHDVHV�� �PRUH� �LQIRUPDWLRQ� �FDQ� �EH� �VHHQ� �LQ� �)LJXUH� ������ �ZKHUH�

�SDUWLFLSDQWV� �KDG��D��PLQLPXP��RI�����GLVHDVH��FDWHJRU\��DQG��D��PD[LPXP��RI���������ZLWK��WKH��DYHUDJH�

�EHLQJ���DQG�WKH�XSSHU�TXDUWLOH����

�)LJXUH������)UHTXHQF\�RI�WKH�QXPEHU�RI�GLVHDVH�FDWHJRULHV�SHU�SDUWLFLSDQW��
�2QO\� �WKRVH� �SDUWLFLSDQWV� �ZLWK� �DW� �OHDVW� �RQH� �FDWHJRU\� �GLDJQRVLV� �ZHUH� �VHOHFWHG� ��PLQLPXP� � � ����
�PD[LPXP� �����

�:H� �QH[W� �GHWHUPLQHG� �ZKHWKHU� �WKHUH� �ZHUH� �GLVWLQFW� �GLVHDVH� �SDWWHUQV� �RU� �FRPRUELGLWLHV� ��WZR� �RU�

�PRUH� �GLVHDVHV� �LQ� �WKH� �VDPH� �LQGLYLGXDO��� �IRXQG� �LQ� �WKH� �GLIIHUHQW� �DJHLQJ� �SKHQRW\SHV� �E\�

�FDOFXODWLQJ�GLVHDVH�FR�RFFXUUHQFH�LQ�SDLUZLVH�DVVRFLDWLRQV�)LJXUH�����
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�5HODWLYH� �ULVN� ��55�� �LV��D��PHDVXUH��RI��FRPRUELGLW\��VWUHQJWK��XVHG��LQ��SUHYLRXV��VWXGLHV��RI��GLVHDVH�

�QHWZRUNV� ��)RWRXKL� �HW� �DO�� ������� �'|QHUWDú� �HW� �DO�� ������� �ZKHUH� �55� �LV� �HTXDO� �WR� �WKH� �UDWLR��RI��WKH�

�QXPEHU��RI��WLPHV��WKDW��DQ��RUGHUHG��SDLU��RI��GLVHDVHV��RFFXU��LQ��WKH��HPSLULFDO��GDWD��WR��WKH��H[SHFWHG�

�QXPEHU� �RI� �WLPHV� �LW� �ZRXOG� �RFFXU� �LQ� �D� �UDQGRP� �QHWZRUN�� �/RRNLQJ� �LQWR� �GLVHDVH� �SDLU� �ULVN�

�GLIIHUHQFHV� �EHWZHHQ� �FDWHJRULHV� ��FRQILGHQFH� �����������WKH��KLJKHVW��55��EHWZHHQ��FRQGLWLRQV��ZDV�

�IRXQG� �WR� �EH� �LQ� �858� �SDUWLFLSDQWV� �EHWZHHQ� �³3DUNLQVRQ¶V� �DQG� �SDUNLQVRQLVP´� �DQG� �³'HPHQWLD´��

������� �������� �±� ��������� �ZLWK� �WKH� �RWKHU� �SKHQRW\SHV� �GLVSOD\LQJ� �VWURQJ� �UHODWLRQVKLSV��EHWZHHQ�

�QHUYRXV� �DQG� �PHQWDO� �KHDOWK� �FDWHJRULHV�� �6LPLODU��ILQGLQJV��KDYH��EHHQ��SUHYLRXVO\��UHSRUWHG���%HQ�

�+DVVHQ��HW��DO�����������ZLWK��QHXURORJLFDO��GLVRUGHUV��FOXVWHULQJ��VWURQJO\��WRJHWKHU��LQ��PXOWLPRUELGLW\�

�DQDO\VLV�� �ZLWK� �D� �VWURQJ� �DJH� �GHSHQGHQF\�� �$OO� �UHVXOWV� �FDQ� �EH� �IRXQG� �LQ� �RXU� �UHSRVLWRU\� �DW�

�KWWSV���JLWKXE�FRP�,Q)ODP82%�7KHVLVB&KDS���

�$OVR���D��KLJKHU��QXPEHU��RI��VLJQLILFDQW��GLVHDVH��SDLUV��ZHUH��IRXQG��LQ��858��SDUWLFLSDQWV�������QRGHV���

�ZLWK��D��KLJKHU��QXPEHU��RI��DVVRFLDWLRQV��EHWZHHQ��,&'����FRGH��FDWHJRULHV���)LJXUH���������'LVHDVHV�

�FDWHJRULHV��ZLWK��WKH��PRVW��QXPEHU��RI��DVVRFLDWLRQV��ZHUH��KHDUW��IDLOXUH���FKURQLF��XOFHU��RI��WKH��VNLQ�

�DQG��&23'���HPSK\VHPD��DQG��FKURQLF��EURQFKLWLV���$OVR���GLIIHUHQFHV��LQ��55��EHWZHHQ��FDWHJRULHV�

�LQ� �GLVHDVHV� �ZLWK� �D� �ZHOO�NQRZQ� �VSHFWUXP� �RI��DVVRFLDWHG��FRPRUELGLWLHV��FRXOG��EH��DVVHVVHG���'��

�7RPLF�� �6KDZ�� �DQG� �0DJOLDQR� ������� �3HDUVRQ�6WXWWDUG� �HW� �DO�� �������� �ZLWK� �GLDEHWHV� �DVVRFLDWHG�

�ZLWK� �KLJKHU� �UHODWLYH� �ULVN� �WR� �PRUH� �VHYHUH� �FRQGLWLRQV� ��L�H� �LVFKDHPLF� �KHDUW� �GLVHDVH�� �EOLQGQHVV�

�DQG�FKURQLF�NLGQH\�GLVHDVH��WKDQ�+5+��

������� �*HQRPLF�FKDUDFWHUL]DWLRQ�RI�DJHLQJ�WUDMHFWRU\�FDWHJRULHV��

�*HQHWLF� �PDNHXS� �RI� �RXU� �DJHLQJ� �FOXVWHUV� �ZDV� �DVVHVVHG� �WKURXJK� �*:$6� ��)LJXUH� �������

�&RQVLGHULQJ� �DVVRFLDWLRQV� �ZLWK� �WKH� �OLWHUDWXUH�VWDQGDUG� �3� �YDOXH� ���� �î� �����í�� �DV� �VLJQLILFDQW�
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��3DQDJLRWRX���,RDQQLGLV���DQG��*HQRPH�:LGH��6LJQLILFDQFH��3URMHFW�����������VXPPDU\��VWDWLVWLFV��RI�

�VLJQLILFDQW�YDULDQWV�FDQ�EH�IRXQG�LQ�$SSHQGL[������
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�,Q� �WRWDO�� �DV� �VHHQ� �LQ� �)LJXUH� ����� �DQG� �LQ� �$SSHQGL[� ������ �EHWZHHQ� �DOO� �IRXU� �FDWHJRULHV�� �VLJQLILFDQW�

�YDULDQW� �DVVRFLDWLRQV� �ZHUH��IRXQG��RQO\��LQ��WKH��858��DQG��+5+��FDWHJRULHV�������������ZLWK��³YLDEOH´�

�UV,'�� �ZHUH� �XQLTXH� �WR� �WKH� �+5+� �SDUWLFLSDQWV� �ZLWK� �DQQRWDWHG� �JHQHV� �FRUUHVSRQGLQJ� �WR� �$32(��

�1(&7,1��� �$32&��� �7200���� �35&��� �$32&�3��� �5&&'��� �936��%�� �7%&�'��%� �DQG�

�+/$�'4%��� �7KH� �OHDG� �613� �IRU� �WKH� �+5+� �FDWHJRU\� �ZDV� �UV������� ��3� � � ������ �[� ���A����� �D�

�PLVVHQVH� �$32(� �H�� �GHWHUPLQDQW�� �ZLWK� �DQ� �HIIHFW��VL]H����ϡơϡ � ����������LQ��DJUHHPHQW��ZLWK��SUHYLRXV�

�SUR�ORQJHYLW\�KHDOWK\� �DJHLQJ� �SKHQRW\SHV� ��7LPPHUV� �HW� �DO�� �������� �$32(� �H�� �DOOHOH� �LV�

�WUDGLWLRQDOO\� �DVVRFLDWHG� �ZLWK� �DGYHUVH� �KHDOWK� �RXWFRPHV�� �LQFOXGLQJ� �DQ� �LQFUHDVHG� �ULVN� �RI�

�$O]KHLPHU
V� �GLVHDVH�� �FDUGLRYDVFXODU� �GLVHDVH�� �DQG� �UHGXFHG� �OLIH� �H[SHFWDQF\�� �7KH� �H�� �DOOHOH�

��UV������� �VDLG� �WR� �FRQIHU��SURWHFWLRQ���ZDV��QRW��IRXQG��DV��VLJQLILFDQW��DVVRFLDWLRQ��LQ��DQ\��FDWHJRU\�

��&��/�� �.XR� �HW� �DO�� ������� ��� ���� �DVVRFLDWLRQV� �ZHUH� �IRXQG� �IRU� �WKH� �858� �VHW� ��UV������� ��)$'6����

�UV���������)$'6�����UV����������)(1�����UV���������UV���������UV���������UV���������UV��������

�UV�������� �UV�������� �UV�������� �UV����������� �DOO� �DQQRWDWHG� �WR� �)$'6��� �DQG� ��� �DVVRFLDWLRQ�

�ZHUH��VKDUHG��EHWZHHQ��ERWK���UV���������� �UV�����������UV����������DVVRFLDWHG��WR��1(&7,1���

�UV������ ��)$'6���� �UV��������� �UV���������� �UV���������� �UV���������� �DVVRFLDWHG� �ZLWK�

�7200����� �$OO� �JHQH� �DQQRWDWLRQV� �ZHUH� �SHUIRUPHG� �XVLQJ� �3KHQRVFDQQHU� ��.DPDW� �HW��DO����������

�ZKLFK��XVHV��(QVHPEO��9DULDQW��(IIHFW��3UHGLFWRU��WRRO���9(3����0F/DUHQ��HW��DO����������DQG��%('236�

��1HSK� �HW� �DO�� ������� ��,Q� �WKRVH� ��� �613V� �VKDUHG� �EHWZHHQ� �FDWHJRULHV�� �VLPLODU� �HIIHFW� �VL]HV� �ZHUH�

�VHHQ� �EXW� �ZLWK� �RSSRVLWH� �GLUHFWLRQV� ��QHJDWLYH� �LQ� �+5+� �DQG� �SRVLWLYH� �LQ� �858��� �8SRQ� �FKHFNLQJ�

�*:$6� �&DWDORJ� ��6ROOLV� �HW� �DO�� ������� �DQG� �WKH� �3KHQRW\SH�*HQRW\SH� �,QWHJUDWRU� �'DWDEDVH�

��5DPRV� �HW� �DO�� �������� �WUDLWV� �IROORZHG� �SUHYLRXVO\� �UHSRUWHG� �ORQJHYLW\� �VWXGLHV�� �ZLWK� �VLJQLILFDQW�

�DVVRFLDWLRQV��IRXQG��IRU��FRURQDU\��DUWHU\��GLVHDVH���UV�������������$O]KHLPHU¶V��GLVHDVH���UV�����������

�UV�������� �UV�������� �UV������ �UV��������� �UV���������� �UV��������� �EORRG� �SUHVVXUH�

��UV��������������DQG��FKROHVWHURO��UHODWHG��WUDLWV���+DUROG��HW��DO����������6HVKDGUL��HW��DO����������)RUWQH\��HW�
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�DO�� ������� �'|QHUWDú� �HW� �DO�� ������� ��� �$� �IXOO� �OLVW� �RI� �DOO� �*:$6��&DWDORJ��UHVXOWV��FDQ��EH��VHHQ��LQ��WKH�

�*LW+XE�UHSRVLWRU\���KWWSV���JLWKXE�FRP�,Q)ODP82%�7KHVLVB&KDS���

�)LJXUH� ������ �9HQQ� �GLDJUDPV� �VKRZLQJ� �VLJQLILFDQW� �JHQHWLF� �DVVRFLDWLRQV� �LQ� �858� �DQG� �+5+�
�FDWHJRULHV��
�$��6LJQLILFDQW�YDULDQWV�H[WUDFWHG�IURP�*:$6��%��$QQRWDWHG�JHQHV�
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������� �*HQH�DQQRWDWLRQ�

�$V� �GHVFULEHG� �LQ� �0HWKRGV�� �OLQNDJH��GLVHTXLOLEULXP���/'���ZDV��QRW��WDNHQ��LQWR��DFFRXQW��WR��H[SDQG�

�613V� ��'RQJ� �HW� �DO�� ������� �RU� �DVVHVV��KLJKO\��FRUUHODWHG��613V���ILQH�PDSSLQJ���IRU��SULRULWLVDWLRQ��

�ZLWK� �RQO\� �SUR[LPLW\� �DQG� �FRORFDOLVDWLRQ� �ZLWK� �IXQFWLRQDO� �HOHPHQWV� �H47/� �LQWHJUDWHG���,Q��WRWDO�����

�+*&1� �JHQHV� �ZHUH� �DQQRWDWHG�� �ZLWK� ���� �DQQRWDWHG� �EDVHG� �RQ� �ERWK� �SUR[LPLW\� �DQG� �H47/� �GDWD�

��$32(�� �$32&��� �7200���� �395/��� �35&��$6��� �35&��� �5&&'��� �936��%�� �+/$�'4%���

�)$'6��� �)$'6��� �0,5������ �)(1��� �DQG� �WKH��UHVW��������EDVHG��RQ��H47/��LQIRUPDWLRQ��DORQH���7KH�

�PRVW� �DQQRWDWHG� �JHQH� �ZDV� �35&��� �ZLWK� ���� �613V� �IRXQG� �DV� �VLJQLILFDQW� �LQ� �+5+� �FDWHJRULHV�

�DQQRWDWHG�WR�LW��$OO�DQQRWDWLRQV�FDQ�EH�IRXQG�LQ��KWWSV���JLWKXE�FRP�,Q)ODP82%�7KHVLVB&KDS���

������� �)XQFWLRQDO�HQULFKPHQW�

�*LYHQ� �RXU� �PDMRU� �PRWLYDWLRQ� �ZDV� �WR� �XVH� �WKHVH� �LGHQWLILHG��JHQH��DVVRFLDWLRQV��WR��KHOS��LQIHU��DQ\�

�ELRORJLFDO� �XQGHUSLQQLQJ� �IRU� �WKH� �IRXU� �DJHLQJ� �SKHQRW\SHV�� �JHQHV� �ZHUH� �WKHQ� �IXQFWLRQDOO\�

�HQULFKHG��XVLQJ��WKH��JHQH�IXQF��WRRO��LQ��)80$���:DWDQDEH��HW��DO�����������ZKHUH��DQQRWDWHG��JHQHV�

�DUH��WHVWHG��IRU��RYHU�UHSUHVHQWDWLRQ��LQ��SXEOLFO\��DYDLODEOH��JHQH��VHWV�����0VLJ'%��Y�������6XEUDPDQLDQ�

�HW� �DO�� ���������� �6LJQLILFDQW� �PDSSLQJV� �RQ� �ERWK� �+5+� �DQG� �858� �DQQRWDWHG� �JHQHV� �UHYHDOHG�

�FDQRQLFDO��SDWKZD\V��DQG��JHQH��RQWRORJ\��ELRORJLFDO��SURFHVVHV��HQULFKHG��IRU��LPPXQH��UHODWHG��DQG�

�PHWDEROLF��SDWKZD\V��UHVSHFWLYHO\���)LJXUH���������,QWHUHVWLQJO\���UHJXODWRU\��WDUJHW��JHQH��VHWV��ZHUH�

�RQO\��HQULFKHG��LQ��858��DQQRWDWHG��JHQHV���$OO��JHQHV��SHU��SDWKZD\��DQG��GDWDEDVHV��DYDLODEOH��DUH�

�VXPPDULVHG� �LQ� �KWWSV���JLWKXE�FRP�,Q)ODP82%�7KHVLVB&KDS����� �LQFOXGLQJ� �DQDO\VLV� �ZLWK� �DQG�

�ZLWKRXW�WKH�RYHUODSSLQJ����JHQHV����
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�7KH� �+5+� �JHQH� �VLJQDWXUH� �LV� �HQULFKHG� �ZLWK� �LPPXQH� �ELRORJLFDO� �SURFHVVHV�� �ZLWK� �WKH� �PRVW�

�VLJQLILFDQW��DVVRFLDWLRQ��EHLQJ��SRVLWLRQDO��JHQH��VHWV���DGMXVWHG��S��YDOXH��RI�������[����A������ZLWK��&�$��

�&�%�� �&<3��$��� �51)��� �$*(5�� �127&+����+/$�'5%����+/$�'5%����+/$�'5%����+/$�'5%���

�+/$�'4$��� �+/$�'4%��� �+/$�'4%��$6��� �+/$�'4$��� �+/$�'4%��� �+/$�'2%�� �+/$�'3$���

�+/$�'3%�� �JHQHV� �DOO� �DVVRFLDWHG� �ZLWK� �FKURPRVRPH� ��S� ����� �7KLV� �SRVLWLRQ� �EHORQJV� �WR� �WKH�

�+XPDQ� �/HXNRF\WH� �$QWLJHQ� ��+/$�� �FULWLFDOO\� �UHODWHG� �WR� �LPPXQLW\� �DQG� �LQIODPPDWLRQ� �DQG�

�IXQFWLRQDOO\�DVVRFLDWHG�WR�PRUH�WKDQ�����PDMRU�GLVHDVHV��%RUFKHUV�HW�DO���������

�,Q� �FRQWUDVW�� �WKH� �858� �VLJQDWXUH� �LV� �GRPLQDWHG� �E\� �PHWDEROLF� �DQG� �OLSLG� �V\QWKHVLV� �HQULFKPHQW��

�ZLWK��WKH��PDLQ��GRPLQDWLQJ��PRGXOH��EHLQJ��VWHURO��ELRV\QWKHWLF��SURFHVV��ZLWK��DQ��DGMXVWHG��S��YDOXH�

�RI� �������[������� �DQG� ���� �JHQHV� ��'+&5���� �6&'�� �65(%)��� �$&$&$�� �$%&*��� �65(%)���

�+0*&6����,16,*����)')7����64/(���LQYROYHG���2I��VSHFLDO��UHOHYDQFH��LV��WKH��IDFW��WKDW��WUDQVFULSWLRQ�

�IDFWRU� �WDUJHWV� �ZHUH� �IRXQG� �IRU� �WKH� �858� �VXEJURXS� �DQG� �QRW� �WKH� �+5+�� �ZLWK� �UHFHQW� �VWXGLHV�

�KLJKOLJKWLQJ� �D� �IHZ� �FRQVHUYHG� �WUDQVFULSWLRQ� �IDFWRUV� ��7)V��� �VXFK� �DV� �WKH� �DERYH� �PHQWLRQHG�

�65(%)���DQG��65(%)����DV��NH\��FRQWUROOHUV��RI��WKH� �PROHFXODU��IRRWSULQW��RI��DJHLQJ���%RX��6OHLPDQ�

�HW�DO���������

������� �$JHLQJ�GDWDEDVHV�

�*LYHQ� �RXU� �IRFXV� �RQ� �DJHLQJ� �WUDMHFWRULHV�� �DOO� �DQQRWDWHG� �JHQHV� �ZHUH� �WKHQ� �FRPSDUHG� �WR�

�OLWHUDWXUH�EDVHG� �DJHLQJ� �GDWDEDVHV� ��)LJXUH� ������� �7KHVH� �GDWDEDVHV� �DUH� �*HQ$JH� �+XPDQ�

��JHQHV� �DVVRFLDWHG� �ZLWK� �OLIHVSDQ� �LQ� �KXPDQV� �RU� �FORVHO\� �UHODWHG� �VSHFLHV��� �KXPDQ��RUWKRORJV��LQ�

�*HQ$JH� �0RGHO� �2UJDQLVP� ��JHQHV� �PRGXODWLQJ� �OLIHVSDQ��LQ��PRGHO��RUJDQLVPV����&HOO$JH���JHQHV�

�UHJXODWLQJ� �FHOOXODU� �VHQHVFHQFH�� ��� �%DUDUGR� �HW�DO�� ������� �7DFXWX� �HW�DO�� �������� �$JLQJ� �%DQN� ��<��

�*DR��HW��DO����������DQG��ORQJHYLW\��UHODWHG��JHQHV��H[WUDFWHG��IURP��GLIIHUHQW��UHFHQW��VWXGLHV���7LPPHUV�

�HW�DO�� ������� �=HQLQ� �HW�DO�� �������� �:H� �DOVR� �LQFRUSRUDWHG� �WKH� �RYHUODSSLQJ� �LPPXQH� �DQG� �DJH�
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�DVVRFLDWHG��JHQHV��IRXQG��DV��FRQVHUYHG��RUWKRORJV���)DELDQ��HW��DO�����������$OO��LQIRUPDWLRQ��FDQ��EH�

�IRXQG�LQ��KWWSV���JLWKXE�FRP�,Q)ODP82%�7KHVLVB&KDS�����

�)LJXUH������$VVRFLDWLRQ�RI�DQQRWDWHG�JHQHV�ZLWK�NH\�DJHLQJ�GDWDEDVHV��
�3UHVHQFH� �RI� �DJHLQJ�UHODWHG� �JHQHV� �GHWHUPLQHG� �E\� ��� �DJHLQJ� �GDWDEDVHV� �DQG� ��� �VWXG\� �LQ� �RXU�
�DJHLQJ��FDWHJRULHV���*HQHV��DQQRWDWHG��WKURXJK��SUR[LPLW\��DV��ZHOO��DV��H47/��DUH��VLJQDOOHG��WKURXJK�
�D�
��
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�$32(�� �LV� �RQH� �RI� �WKH� �RQO\��FRQVLVWHQW��JHQRPH�ZLGH��VLJQLILFDQW��DVVRFLDWLRQV��IRU��ORQJHYLW\��DQG�

�DV� �VXFK�� �SUHVHQW� �LQ� �QHDUO\� �DOO� �RI� �WKH� �GDWDEDVHV� �LQFOXGHG�� �7KURXJK� �RXU� �DQQRWDWLRQ�

�PHFKDQLVPV�� �UV������ �UV�������� �UV������� �DQG� �UV������� �ZHUH��WKH��RQO\��YDULDQWV��DVVRFLDWHG�

�ZLWK� �$32(�� �ZLWK� �WKHP� �DOO� �IRXQG� �VLJQLILFDQW� �DVVRFLDWLRQV� �RQO\� �ZLWK��+5+��FRKRUW��DQG��WKHP��DOO�

�GLVSOD\LQJ� �D� �QHJDWLYH� �HIIHFW���5HJDUGOHVV���7200����ZKLFK��LV��ORFDWHG��FORVH��WR��JHQH��$32(��D��W�

�FKURPRVRPH����T��������-RVKL��HW��DO�����������GLG��KDYH��UHSUHVHQWDWLRQ��LQ��ERWK��FDWHJRULHV���$OVR��

�DV��NH\��KLJKOLJKWV���VKDUHG��JHQHV��EHWZHHQ��FDWHJRULHV��ZHUH��IRXQG��WR��EH��DVVRFLDWHG��WR��JHQHWLF�

�ULVN� �ZLWK� �RSSRVLWH� �HIIHFWV�� �7KH� �7200��� �JHQH� �SUHYLRXVO\� �PHQWLRQHG�� �ZDV� �DQQRWDWHG� �E\� ����

�613V� �WKURXJK� �H47/� �GDWD� �DQG� �E\� ���� �WKURXJK� �SUR[LPLW\��DQDO\VLV���)URP��WKHVH������JHQHWLF��ORFL�

�ZHUH� �VKDUHG� �EHWZHHQ� �+5+� �DQG� �858� �FDWHJRULHV� ��UV���������� �UV���������� �UV����������

�UV���������� �UV��������� �UV�����������UV�����������DQG��LQ��DOO��GLIIHUHQW��HIIHFWV��ZHUH��UHSRUWHG�

�ZLWK� �+5+� �FRQVLVWHQWO\� �UHSRUWLQJ� �QHJDWLYH� �HIIHFW� �VL]HV� ��EHWDV���DQG��858��SRVLWLYH���)RU��/'/5��

�WKH��ORZ���GHQVLW\��OLSRSURWHLQ��UHFHSWRU���������613V��ZHUH��IRXQG��DVVRFLDWHG��WKURXJK��H47/V��DQG��RQH�

��UV������ �FRGLQJ� �IRU� �)$'6����� �ZDV� �VKDUHG� �EHWZHHQ� �FDWHJRULHV�� �DQG� �DJDLQ� �UHSRUWHG� �RSSRVLWH�

�HIIHFWV���%HWD�� �����������IRU��+5+���%HWD�� �����������IRU��858����)URP��=HQLQ��HW�DO���������GDWDEDVH��

��� �RXW� �RI� ���� �VLJQLILFDQW� �613V� �LGHQWLILHG� �LQ� �WKHLU� �VWXG\� ��UV�������� ��)RUWQH\� �HW� �DO�� ��������

�UV�������� ��'HHOHQ� �HW� �DO�� ������� �DQG� �UV������� ��-RVKL� �HW� �DO�� �������� �DOO� �DVVRFLDWHG� �WR� �WKH�

�W��KH�$32(�7200���ORFXV� �ZHUH� �DOVR� �IRXQG� �LQ� �RXU� �DQDO\VLV� �DOEHLW� �QRQH� �ZKHUH� �WKH� �ILQDO� ����

�VLJQLILFDQW��ORFL��LGHQWLILHG��ZLWK��KHDOWK��VSDQ��LQ��WKHLU��VWXG\���$SSHQGL[�������$OO��DQQRWDWHG��JHQHV��DQG�

�VXPPDU\�VWDWV�FDQ�EH�IRXQG�LQ��KWWSV���JLWKXE�FRP�,Q)ODP82%�7KHVLVB&KDS�����

����� �&RQFOXVLRQ�DQG�GLVFXVVLRQ�

�,Q��WKLV��VWXG\���ZH��KDYH��PDGH��XVH��RI��8.%%��GDWD��WR��GHWHUPLQH��DQ��LQGLYLGXDO¶V��DJHLQJ��WUDMHFWRU\�

�WKURXJK��FDOFXODWLRQ��RI��WKH��3KHQR$JH��PHWULF���/HYLQH��HW��DO�����������D��ZHOO�HVWDEOLVKHG��ELRORJLFDO�

�DJH� �SUR[\�� �/RQJLWXGLQDO� �LQIRUPDWLRQ� �DYDLODEOH� �WKURXJK� �*3� �FOLQLFDO� �UHFRUGV�� �ZLWK� �UHSHDWHG�
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�PHDVXUHPHQWV� �ZHUH� �XVHG� �WR� �KHOS� �DFKLHYH� �DSSUR[LPDWLRQV� �RI� �DQ� �LQGLYLGXDO¶V� �ELRORJLFDO� �DJH�

�RYHU� �WLPH� ��$OSHUW� �HW� �DO�� �������� �$FNQRZOHGJLQJ� �WKH� �KLJK� �LQWHU�LQGLYLGXDO� �YDULDELOLW\� �VHHQ� �LQ�

�GHHSO\� �SKHQRW\SHG� �ORQJLWXGLQDO��KHDOWK\��FRKRUWV���.DF]RURZVNL��HW�DO����������$OSHUW��HW�DO���������

�$KDGL� �HW�DO�� ������� �7HEDQL� �HW�DO�� ��������DQG��WKH��FKDOOHQJH��RI��VWXG\LQJ��DJHLQJ��JHQHWLFV��GXH��WR�

�ORZ��KHULWDELOLW\��DQG��OLPLWHG��VDPSOHV���SDUWLFLSDQWV��ZLWK��VLPLODU��WUDMHFWRU\��EHKDYLRU��ZHUH��JURXSHG�

�LQ� �WR� �FORVHO\� �UHODWHG� �SKHQRW\SHV� �WR� �FDSWXUH� �HOHPHQWV� �RI� �WKH� �DJHLQJ� �SURFHVV� ��.XEEHQ� �DQG�

�0LVWHOL�� �������� �$JHLQJ� �WUDMHFWRULHV� �ZHUH� �LGHQWLILHG� �E\� �DFNQRZOHGJLQJ� �WKDW� �KLJKHU� �SUHGLFWHG�

�3KHQR$JH� �VFRUHV� �RYHU� �UHDO� �FKURQRORJLF� �DJH� �UHSUHVHQWHG� �XQKHDOWK\� �VLJQDWXUHV� �DQG� �ORZHU�

�RQHV���KHDOWK\���,Q��WKHVH��ZD\���IRXU��WUDMHFWRULHV��ZHUH��EXLOW���+HDOWK\��UHPDLQLQJ��+HDOWK\���+5+���Q �

���������� �+HDOWK\� �EHFRPLQJ� �8QKHDOWK\� ��+%8�� �Q� � � ���������� �8QKHDOWK\� �EHFRPLQJ� �+HDOWK\�

��8%+�� �Q� � � ���������� �8QKHDOWK\� �UHPDLQLQJ� �8QKHDOWK\� ��858�� �Q� � � ���������� �&RQVLGHULQJ� �WKHVH�

�GLIIHUHQW� �WUDMHFWRULHV� �DV� �H[DPSOHV� �RI� �SDUWLFLSDQWV� �DJHLQJ� �DW� �GLIIHUHQW��UDWHV���ZH��SURFHHGHG��WR�

�XQGHUVWDQG� �LI� �WKHVH� �IRXU� �JURXSLQJV� �FRXOG� �EH� �IXUWKHU� �FKDUDFWHUL]HG� �E\� �SRWHQWLDOO\� �GLIIHUHQW�

�ELRORJLFDO�PHFKDQLVPV��

�,Q� �DJUHHPHQW� �ZLWK� �SUHYLRXV� �VWXGLHV�� �D� �SUHGRPLQDQW� �FDUGLRPHWDEROLF� �GLVHDVH� �SDWWHUQ� �ZDV�

�VHHQ� �DVVRFLDWHG� �ZLWK� �RXU� �XQKHDOWK\� �WUDMHFWRU\� �JURXSV�� �ZLWK� �GLVHDVHV� �VXFK� �DV� �GLDEHWHV��

�REHVLW\���RU��KHDUW��IDLOXUH��EHLQJ��KLJKO\��SUHYDOHQW��LQ��858��SDUWLFLSDQWV���DVVRFLDWHG��WRR��ZLWK��PDOH�

�VH[� �DQG� �ZRUVH� �KHDOWK� �RXWFRPHV� �DQG� �OLIHVW\OH� �SUDFWLFHV� ��� �KLJK� �%0,���FRPRUELGLWLHV���VPRNLQJ��

�DQG� �VKRUWHU� �SDUHQWDO� �OLIHVSDQ�� �,Q� �WXUQ�� �+5+� �GLVSOD\HG��WKH��RSSRVLWH��VLJQDWXUH��DQG��KDG��OHVV�

�SUHYDOHQFH��RI��PRVW��GLVHDVHV��ZLWK��WKH��RQO\��GLVHDVH��VHHQ��DW��D��KLJKHU��SUHYDOHQFH��WKDQ��EDVHOLQH�

�EHLQJ� �RVWHRSRURVLV�� �D� �GLVHDVH� �KLJKO\� �DVVRFLDWHG� �WR� �WKH� �IHPDOH� �VH[�� �SUHGRPLQDQW� �LQ� �WKH�

�FDWHJRU\�� �7KH� �LQWHUPHGLDWH�� �WUDQVLWLRQLQJ� �FDWHJRULHV� �+%8� �DQG� �8%+� �GLVSOD\HG� �LQWHUPHGLDWH�

�VLJQDWXUHV� �ZLWK� �+%8� �FRQVLVWHQWO\� �GLVSOD\LQJ� �ZRUVH� �KHDOWK� �RXWFRPHV�� �KLJKHU� �GLVHDVH�

�SUHYDOHQFH�DQG�ZRUVH�OLIHVW\OH�SUDFWLFHV��
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�(QULFKPHQW��DQDO\VLV��WKURXJK��)80$��RI��RXU��DQQRWDWHG��*:$6��UHVXOWV��IRU��HDFK��DJHLQJ��FDWHJRU\�

�UHYHDOHG��PDUNHG��PHWDEROLF��DQG��LPPXQRORJLFDO��VLJQDWXUHV��LQ��858��DQG��+5+��UHVSHFWLYHO\���7KH�

�PHWDEROLF� �VLJQDWXUH� �XQFRYHUHG� �LQ� �858� �LV� �FKDUDFWHUL]HG� �E\� �UHDFWLYH� �ELROLSLG� �PROHFXOHV�

�V\QWKHVLV�� �ZKLFK� �DPSOLI\� �WKH� �LQIODPPDWRU\� �UHVSRQVH� �WKURXJK� �HQKDQFLQJ� �WKH� �LQIODPPDWRU\�

�F\WRNLQH� �FDVFDGH�� �XSUHJXODWLQJ� �WKH� �LQQDWH� �UHVSRQVH� �WR� �WLVVXH� �GDPDJH� �RU� �SDWKRJHQV��

�LQFOXGLQJ��LQFUHDVLQJ��LQIODPPDWRU\��F\WRNLQH��H[SUHVVLRQ���5HD��HW��DO�����������2I��VSHFLDO��UHOHYDQFH�

�WRR���DUH��WKH��VWHURO��UHJXODWRU\��HOHPHQW�ELQGLQJ��SURWHLQ���65(%3���WUDQVFULSWLRQ��IDFWRUV���65(%)��

�DQG� �65(%)��� �ZKLFK� �ZH� �K\SRWKHVL]H� �PLJKW� �DFW� �DV� �D� �XQLI\LQJ� �OLQN� �EHWZHHQ� �WKH� �HQULFKHG�

�FDUGLRPHWDEROLF��GLVHDVH��SDWWHUQV���PHWDEROLF��VLJQDWXUH��DQG��DJHLQJ��JHQHWLF��ULVN��VHHQ��LQ��858��

�,Q� �UHFHQW� �VWXGLHV�� �65(%3� �7)V� �KDYH� �EHHQ� �FODLPHG� �DV� �RQH� �RI� �WKH� �NH\� �SXWDWLYH� �DJHLQJ�

�PRGXODWRUV� �XQGHUO\LQJ� �DJHLQJ� �IRRWSULQWV� �DFURVV� �WLVVXHV� �DQG� �VSHFLHV� ��%RX� �6OHLPDQ� �HW� �DO��

���������� �5HVSRQVLEOH� �IRU� �UHJXODWLQJ� �FHOOXODU� �OLSRJHQHVLV� �DQG� �OLSLG� �KRPHRVWDVLV�� �DV� �ZHOO� �DV�

�SURPRWLQJ� �LQIODPPDWLRQ� �DQG� �PHGLDWLQJ� �PHWDEROLF� �UHSURJUDPPLQJ� ��)RZOHU� �HW� �DO�� �������

�.XVQDGL��HW��DO��������� �WKH\��KDYH��EHHQ��FORVHO\��DVVRFLDWHG��ZLWK��W\SH��,,��GLDEHWHV���FDQFHU���LQQDWH�

�LPPXQLW\�� �QHXURSURWHFWLRQ�� �DQG� �DXWRSKDJ\� ��6KDR� �DQG� �(VSHQVKDGH� �������� �$OVR�� �RWKHU� �7)V�

�SDWKZD\V� �ZHUH� �LGHQWLILHG� �VXFK� �DV� �DXWRSKDJ\� �UHODWHG� �*$7$� �7)� �RU� �OLYHU� �;� �UHFHSWRU� ��/;5��

��.DQJ��HW��DO����������=KX��HW��DO�������������,Q��RUGHU��WR��IXUWKHU��DVFHUWDLQ��SRVVLEOH��XQGHUO\LQJ��PROHFXODU�

�SDWWHUQV�� �D� �PRUH� �H[KDXVWLYH� �DQDO\VLV� �RI� �UHJXODWRU\� �UHJLRQV� �DVVRFLDWHG� �WR� �RXU� �*:$6�

�DVVRFLDWLRQV� �ZRXOG� �EH� �QHHGHG� ��'RQJ� �HW� �DO�� ���������ZLWK��FXUUHQW��OHDGLQJ��WKHRULHV��RQ��GLVHDVH�

�GHYHORSPHQW� �DQG� �FRPSOH[LW\� �IRFXVLQJ� �RQ� �WKH� �VWXG\� �RI� �QRQ�FRGLQJ� �UHJLRQV� �RI� �WKH��JHQRPH����

�%R\OH���/L���DQG��3ULWFKDUG���������%DUEHLUD��HW�DO�������������(YHQ��WKRXJK��H47/��PDSSLQJV��ZHUH��XVHG��

�KDUQHVVLQJ� �RWKHU� �UHVRXUFHV� �VXFK� �DV� �(1&2'(� ��(1&2'(� �3URMHFW� �&RQVRUWLXP� ������� �RU�

�5RDGPDS� �(SLJHQRPLFV� �SURMHFWV� ��.XQGDMH� �HW� �DO�� ������� �ZRXOG� �EH� �XVHIXO� �WR� �LGHQWLI\� �H[WUD�

�PHFKDQLVWLF� �LQVLJKWV���� �ZLWK� �PDSV� �RI� �KLVWRQH� �PRGLILFDWLRQV�� �WUDQVFULSWLRQ�IDFWRU� �ELQGLQJ��

�FKURPDWLQ� �DFFHVVLELOLW\�� �WKUHH�GLPHQVLRQDO�JHQRPH� �VWUXFWXUH� �DQG� �RWKHU� �DQQRWDWLRQV�

�DFNQRZOHGJLQJ� �GLIIHUHQW� �FHOO� �W\SHV� �DQG� �WLVVXHV� ��7DQVH\�� �&DPHURQ�� �DQG��+LOO�����������:LWK��WKH�
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�LQWHJUDWLRQ� �RI� �VXFK� �UHVRXUFHV�� �HOXFLGDWLRQ� �RI� �WKH� �7)V� �PRGXOHV� �DV� �NH\� �LQWHJUDWLQJ� �DJHQWV��RI�

�FRPSOH[��DJHLQJ��DQG��LQIODPPDWRU\��UHVSRQVHV��ZRXOG��EH��SRVVLEOH���ZLWK��SURPLVLQJ��JXLGHV��VXFK�

�DV��/;5���/;5��SOD\V��D��GXDO��UROH��LQ��PHWDEROLVP��DQG��LQIODPPDWLRQ���'L[RQ��HW��DO�����������DFWLQJ��DV�

�D� �UHJXODWRU� �RI� �WKH� �LQIODPPDWRU\� �UHVSRQVH� �WKURXJK� �FKDQJHV� �LQ� �OLSLG� �PHWDEROLVP� �ZLWK� �WKH�

�DFWLYDWLRQ��RI��$%&$����D��VWHURO��WUDQVSRUWHU��DOWHULQJ��PHPEUDQH��FKROHVWHURO��KRPHRVWDVLV��DEOH��WR�

�LQKLELW� �1)�.%� ��,WR� �HW� �DO�� �������� �/;5� �DOVR� �DFWV� �DV� �D� �JOXFRVH� �VHQVRU� �UHJXODWLQJ� �JOXFRVH�

�KRPHRVWDVLV� �DQG� �LQVXOLQ� �VHQVLWLYLW\� ��*HULQ� �HW� �DO�� ���������� �$V� �VXFK� �WKHVH� �JHQHV� �KDYH� �EHHQ�

�KLJKO\� �DVVRFLDWHG� �WR� �GLVHDVHV� �VXFK� �DV� �7\SH� ��� �GLDEHWHV�� �REHVLW\� �RU� �RWKHU� �FDUGLRPHWDEROLF�

�GLVHDVHV�� �KLJKO\��SUHYDOHQW��LQ��WKH��858��FDWHJRU\���$OVR��7)��*$7$���DVVRFLDWHG��WR��JHQHV��730���

�0<5)���)7+���DQG��395/����LV��KLJKO\��DVVRFLDWHG��ZLWK��WKH��KDOOPDUNV��RI��DJHLQJ���'1$��UHSDLU��DQG�

�LPSDLUHG�DXWRSKDJ\��.DQJ�HW�DO���������=KX�HW�DO������������

�:LWK��UHJDUGV��WR��WKH��+5+��VLJQDWXUH���JHQHWLF��DVVRFLDWLRQV��SRLQW��WRZDUGV��DQ��LPPXQH�HQULFKHG�

�VLJQDWXUH� ��DOEHLW� �XQVSHFLILF�� �DQG� �PRVW� �UHOHYDQWO\�� �D� �QXPEHU� �RI� �ORQJHYLW\�DVVRFLDWHG� �613V��

�([DPSOHV� �VXFK� �DV� �UV��������� �UV��������� �UV������� �ZLWK� �VWURQJ� �QHJDWLYH� �HIIHFW� �VL]HV�

�GHQRWLQJ��D��SURWHFWLYH��SKHQRW\SH��PDWFKLQJ��WKH��OLWHUDWXUH���=HQLQ��HW��DO�����������6XFK��LV��WKH��FDVH�

�RI� �WKH� �613� �ZLWK� �WKH� �ELJJHVW� �HIIHFW� �VL]H� �IURP� �RXU� �DQDO\VLV�� �$32(� �H�� �YDULDQW� �UV��������

�LPSOLFDWHG� �LQ� �DJH�UHODWHG� �GLVHDVHV� �DQG� �WUDLWV� �VXFK� �DV� �ODWH�RQVHW� �$O]KHLPHU¶V� �GLVHDVH� �RU�

�FDUGLRYDVFXODU� �GLVHDVH� �DQG� �GHSOHWHG� �LQ� �FHQWHQDULDQV���7KLV��VDPH��YDULDQW��ZDV��DOVR��IRXQG��DV�

�NH\� �JHQHWLF��GULYHU��RI��3KHQR$JH$FFHO��LQ��D��UHFHQW��DQDO\VLV��H[SORULQJ��8.%%¶V��GDWD���&��/���.XR�

�HW� �DO�� �������� �5HJDUGOHVV� ����LQ��WKHLU��VWXG\���RSSRVLWH��HIIHFW��GLUHFWLRQ��WR��H[SHFWHG� ��DQG��WR��RXUV��

�ZDV� �VHHQ�� �7KH\� �FRQFOXGHG� �WKDW� �FRIRXQGLQJ� �WKURXJK� �WKH� �H�H�� �JHQRW\SH� �DQG� �SODVPD� �OHYHO�

�FKROHVWHURO��PLJKW��EH��WKH��UHDVRQ���ZLWK��LQIODPPDWLRQ��DFWLQJ��GLIIHUHQWO\��LQ��VXEW\SHV���,QWHUHVWLQJO\�

�WKLV��HIIHFW��VHHPV��WR��KDYH��EHHQ��PLWLJDWHG��LQ��RXU��VWXG\��E\��VSOLWWLQJ��LW��LQWR��VXEW\SHV���JHWWLQJ��ULG�

�RI��WKLV��JHQRW\SH��LQ��RQH��RI��WKH��RWKHU��FDWHJRULHV���&��/���.XR��HW��DO�����������,Q��RXU��ZRUN��WKH��VHFRQG�
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�$32(� �LVRIRUP� �DQG� �H�� �DOOHOH� ��UV������� �ZDV� �QRW� �IRXQG� �DV� �VLJQLILFDQW�� �EXW� �ZDUUDQWV� �IXWXUH�

�LQVSHFWLRQ��

�:RUWK� �PHQWLRQLQJ� �WRR� �LV� �WKH� �IDFW� �WKDW� �QR� �VLJQLILFDQW� �DVVRFLDWLRQV� �ZHUH� �IRXQG� �LQ� �WKH�

�LQWHUPHGLDWH��DJHLQJ��SKHQRW\SHV��+%8��DQG��8%+���ZLWK��PD\EH��D��KLJKHU��VDPSOH��VL]H��UHTXLUHG��WR�

�SURSHUO\� �XQFRYHU� �VLJQDOV�� �JLYHQ� �WKHVH� �WUDMHFWRULHV� �PLJKW� �EH� �JURXSLQJ� �PRUH� �KHWHURJHQRXV�

�LQGLYLGXDOV��ZLWK��VWURQJHU��HQYLURQPHQWDO��DQG��OLIHVW\OH��HIIHFWV���,Q��SUHYLRXV��ZRUN��XVLQJ��GHHS��DQG�

�ORQJLWXGLQDO��SKHQRW\SLQJ���$KDGL��HW��DO��������������HQULFKHG��DJHLQJ��SDWWHUQV��RU��³DJHRW\SHV´��ZHUH�

�GHULYHG� �IURP� �NH\� �PROHFXODU� �SDWKZD\V� �WKDW� �FKDQJHG� �RYHU� �WLPH� �LQ� �D� �JLYHQ� �LQGLYLGXDO���7ZR��RI�

�WKHVH� �IRXU� �³DJHRW\SHV´� �PDWFKHG� �RXU� �PHWDEROLF� �DQG� �LPPXQH� �VLJQDWXUHV�� �ZLWK� �WKH� �RWKHU� �WZR�

�EHLQJ� �GHILQHG� �E\� �OLYHU� �DQG� �NLGQH\� �G\VIXQFWLRQ� �SDWKZD\V�� �/LYHU� �DQG� �NLGQH\� �G\VUHJXODWLRQV�

�KDYH� �DOVR� �EHHQ� �IRXQG� �LQ� �UHFHQW� �VWXGLHV� �DVVRFLDWLQJ��PXOWLPRUELGLW\��DQG��PHWDEROLF��VWXGLHV��RI�

�KHDOWKVSDQ�� �ZLWK� �LPSDLUHG� �JOXFRVH� �KRPHRVWDVLV�� �ORZ�JUDGH� �LQIODPPDWLRQ�� �DQG� �OLSRSURWHLQ�

�PHWDEROLVP� ��3LHW]QHU� �HW� �DO�� ��������DV��RWKHU��NH\��PDUNHUV��WRR���)XUWKHU��ZRUN���VXFK��DV��D��FORVHU�

�VWXG\� �RI� �PXOWLPRUELGLW\� �FOXVWHUV� �DQG� �QHWZRUN� �PRGXOHV� �LQ� �RXU� �GLVHDVHV� ��'RQJ� �HW� �DO�� ����������

�ZRXOG� �KHOS� �XQGHUVWDQG� �LI� �WKLV� �NLGQH\� �DQG� �OLYHU� �G\VUHJXODWLRQ��LV��VHHQ��LQ��+%8��DQG��8%+� �WRR��

�$OVR�� �DVVRFLDWLRQV� �ZLWK� �GLVHDVH� �VHTXHQFHV� �LQ� �WLPH� �ZRXOG� �EH� �RI� �VSHFLDO� �LQWHUHVW� �WRR�� �ZLWK�

�FKDLQV��RI��GLVHDVH��FDXVDWLRQ��VHSDUDWHG��LQ��WLPH��DOORZLQJ��XV��WR��IXUWKHU��SURILOH��WKH��GHYHORSPHQW�

�RI� �HDFK� �DJHLQJ� �FOXVWHU� ��-HQVHQ��HW��DO����������*LDQQRXOD��HW��DO�����������������.XDQ��HW��DO������������

�$OVR�� �DQG� �DV� �VWXGLHG� �LQ� ��$KDGL� �HW��DO�����������IXUWKHU��UHVHDUFK��RQWR��WKH��DVVRFLDWLRQV��EHWZHHQ�

�OLIHVW\OH� �FKDQJHV� ��L�H� �%0,� �YDULDWLRQV�� �GLHW� �UHVWULFWLRQV�� �VPRNLQJ� �FHVVDWLRQ� �RU� �VSHFLILF�

�PHGLFDWLRQV� �VXFK� �DV� �PHWIRUPLQ�� �WR� �WUDQVLWLRQV� �IURP� �XQKHDOWK\� �WR� �KHDOWK\� �WUDMHFWRULHV� �FRXOG�

�SDYH��WKH��ZD\��IRU��EHWWHU��XQGHUVWDQGLQJ� �RI��KRZ��LPSURYHPHQWV��LQ��KHDOWK��FDQ��EH��WDUJHWHG��XVLQJ�

�VHOHFWLYH�LQWHUYHQWLRQV�RU�OLIHVW\OH�FKDQJHV��
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�$OVR���PDQ\��GLIIHUHQW��ELRORJLFDO��DJH��PHWULFV��H[LVW��DV��UHSRUWHG��EHIRUH���3KHQR$JH��ZDV��XVHG��GXH�

�WR� �LWV� �ZHOO�HVWDEOLVKHG� �XVH� �LQ� �UHVHDUFK� �DQG��WKH��VLPSOH��VHUXP��ELRPDUNHUV��UHTXLUHG���URXWLQHO\�

�DVVHVVHG��LQ��FOLQLFDO��SUDFWLFH��DQG��VR��PRUH��UHDGLO\��DYDLODEOH��IRU��ORQJLWXGLQDO��DQDO\VLV���6LQFH��LWV�

�GHULYDWLRQ� �LQ� ������ ��/HYLQH� �HW� �DO�� ���������� �PDQ\� �VWXGLHV� �KDYH� �HPSOR\HG� �VHUXP� �SURWHLQV� �DV�

�LQVWUXPHQWV� �WR� �SUHGLFW� �KHDOWK� �ULVN� �DQG� �GLVHDVH� ��(PLOVVRQ� �HW� �DO�� ������� �������

�6LQQRWW�$UPVWURQJ���7DQLJDZD���HW��DO����������6LQQRWW�$UPVWURQJ���1DTYL���HW��DO�������������ZLWK��/L��DQG�

�FR�ZRUNHUV� �UHFHQWO\� �DVVHVVLQJ� �WKH� �JHQHWLF� �XQGHUSLQQLQJV� �DQG� �KHDOWK� �VSDQ� �DVVRFLDWLRQ� �RI�

�PRVW� �RI� �WKH� �PDUNHUV� �LQYROYHG� �LQ� �3KHQR$JH� ��;�� �/L� �HW� �DO�� ���������� �)URP� �WKHLU� �ZRUN�� �JOXFRVH�

�FRQWURO� �ZDV� �K\SRWKHVLVHG� �WR� �EH� �D� �SXWDWLYH� �FDXVDO� �PHFKDQLVP� �LQ� �KHDOWKVSDQ� �PDLQWHQDQFH��

�ZLWK��JO\FHPLF��ELRPDUNHUV��DQG��WKRVH��UHODWHG��WR��+'/��PHWDEROLVP��VKRZLQJ��WKH��JUHDWHVW��JHQHWLF�

�HIIHFWV���$V��H[SHFWHG���YDULDQWV��VLJQLILFDQWO\��DVVRFLDWHG��WR��RXU��PRUH��H[WUHPH��FDWHJRULHV���+5+�

�DQG� �858��� �ZHUH� �KLJKO\� �DVVRFLDWHG� �WKURXJK� �*:$6� �&DWDORJ� �PDSSLQJV�

����KWWSV���JLWKXE�FRP�,Q)ODP82%�7KHVLVB&KDS������ �WR� �FKROHVWHURO� �PHWDEROLVP� �DQG� �PRVW�

�3KHQR$JH��ELRPDUNHUV���)RU��WKH��IXWXUH���D��FORVHU��ORRN��RQWR��KRZ��RXU��UHVXOWV��UHODWH��WR��HDFK��RI��WKH�

��� �PDUNHUV� �XVHG� �WR� �EXLOG� �RXU� �VFRUH� �ZRXOG� �EH� �ZDUUDQWHG� �ZLWK� �ZRUN��VXFK��DV���&��/���.XR��HW��DO��

������� �GLVHQWDQJOLQJ��LWV��HIIHFW��LQ��VLQJOH��SRLQW��PHDVXUHPHQWV���$OWKRXJK���LQ��WKH��HQG���ZLWK��HDFK�

�RI� �WKHVH� �PDUNHUV� �EHLQJ� �PDVVLYHO\� �SRO\JHQLF� �DQG� �FRPSOH[� �E\� �WKHPVHOYHV� ��H�J� �����

�LQGHSHQGHQW� �ORFL� �LGHQWLILHG� �IRU� �&53�UHJXODWLRQ���6DLG��HW��DO��������������WKH��SRZHU��RI��RXU��DQDO\VLV�

�SUREDEO\��HPHUJHV��IURP��WKHLU��FRPELQDWLRQ���ZKHUH��VKDUHG��XQGHUO\LQJ��PROHFXODU��SDWKZD\V��DUH�

�KHOSLQJ� �XQFRYHU� �QRYHO� �DQG� �RYHUODSSLQJ� �JHQHWLF� �YDULDQWV� �DQG� �DVVRFLDWLRQV� ��/LJWKDUW� �HW� �DO��

����������

�$OVR�� �LQYHVWLJDWLQJ� �RWKHU� �PDUNHUV� �DQG� �VWXG\LQJ� �RWKHU� �ELRORJLFDO� �DJH� �PHWULFV� �ZRXOG� �EH� �RI�

�LQWHUHVW�� �ZLWK� �WKH� �SUHYLRXV� �PHQWLRQHG� �ZRUN� ��&��/�� �.XR� �HW� �DO�� ������� �FRQFOXGLQJ�� �DIWHU�

�FRPSDULQJ� �WKH��JHQHWLF��SUHGLVSRVLWLRQ��RI��ERWK��3HKQR$JH��DQG��%LR$JH���DQRWKHU��ELRORJLFDO��DJH�

�PHWULF��� �WKDW� �WKH� �WZR� �PHDVXUHV� �FDSWXUH� �GLIIHUHQW� �DJHLQJ� �GRPDLQV� �ZLWK� �PD\EH� �PRUH� �WKDQ� ���
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�PHWULF� �UHTXLUHG� �WR� �JHQHUDWH� �D� �FRPSOHWH� �XQGHUVWDQGLQJ� �RI� �WKH� �DJHLQJ� �VLJQDWXUH�� �3UREDEO\�

�WKHVH� �PHWULFV� �VKRXOG� �HQFRPSDVV� �DV� �PDQ\� �RPLFV� �OD\HUV� �DV� �SRVVLEOH�� �ZLWK� �UHFHQW� �UHVHDUFK�

�IRFXVLQJ� �RQ� �'1$� �PHWK\ODWLRQ� �DQG� �HSLJHQHWLF� �FORFNV� �RU� �PHWDERORPLF� �VWXGLHV� �ZLWK�

�KDHPDWRORJLFDO��PHWDEROLVP���GHVFULEHG��DV��D��NH\��SOD\HU��LQ��DJHLQJ��SKHQRW\SLQJ�����3LHW]QHU��HW�DO��

�����������$OVR���D��FRPSUHKHQVLYH������SURWHLQ��PRGHO��ZDV��IRXQG��WR��EH��KLJKO\��FRUUHODWHG���U�� ��������

�ZLWK� �FKURQRORJLFDO� �DJH� ��7DQDND� �HW� �DO�� �������� �,Q� �WKH� �HQG�� �WKH� �JHQHWLF� �EDVLV��RI��WKH��HQGSRLQW�

�SKHQRW\SH�� �LQ� �WKLV� �FDVH� �GLIIHUHQW� �KHDOWK� �VSDQ�� �DJHLQJ� �WUDMHFWRULHV� �LV� �H[SHFWHG� �WR� �UHIOHFW� �WKH�

�JHQHWLFV� �RI� �DOO� �WKH� �LQWHUPHGLDWH� �HQGRSKHQRW\SHV�� �KHUH� �UHSUHVHQWHG� �E\� �WKH� �FKRLFH� �RI�

�PROHFXODU�PDUNHUV���6LQQRWW�$UPVWURQJ��1DTYL��HW�DO������������

�,Q� �WHUPV� �RI� �VWXG\� �PHWKRGRORJ\�� �WKHUH� �DUH� �OLPLWDWLRQV�� �:H� �DFNQRZOHGJH� �GLIIHUHQW� �DQDO\VLV�

�FULWHULD��FRXOG��KDYH��EHHQ��SHUIRUPHG��IRU��WDFNOLQJ��WKH��LPSXWDWLRQ��RI��PLVVLQJ��EORRG��PDUNHU��GDWD��

�RU��GLIIHUHQW��GLVHDVH��FODVVLILFDWLRQ��FDWHJRULHV��LPSOHPHQWHG���ZLWK��IRU��H[DPSOH��D��EURDGHU��UDQJH�

�RI� �DJH�UHODWHG� �GLVHDVHV� �FRQVLGHUHG� ��.LP� �HW� �DO�� �������� �2XU� �K\SRWKHVLV� �ZDV� �EDVHG� �RQ�

�XQFRYHULQJ��PHFKDQLVPV��GULYLQJ��DJHLQJ��WUDMHFWRULHV��DQG��VR��ZH��FKRVH��WKH������FKURQLF��GLVHDVHV�

�PRVW� �DVVRFLDWHG� �ZLWK� �PXOWLPRUELGLW\� ��&DOGHUyQ�/DUUDxDJD��HW��DO�������������EXW��LW��LV��WUXH��WKDW��WKLV�

�JURXSLQJ� �RI� �,&'���� �FRGHV� �PDNHV� �FRPSDULVRQV� �ZLWK� �WKH� �FXUUHQW� �OLWHUDWXUH� �PRUH� �FRPSOH[�

��'RQJ� �HW� �DO�� ���������� �$OVR�� �WKH� �XVH� �RI� �KRVSLWDO� �GDWD� �IURP� �8.%%� �DQG� �QRW� �VHOI�UHSRUWHG� �KHDOWK�

�GDWD� �RU� �WKH� �LQWHJUDWLRQ� �RI� �*3� �UHFRUGV�� �FDQ� �SURGXFH� �D� �ELDVHG� �GLVHDVH� �GHVFULSWLRQ� �RI� �WKH�

�SRSXODWLRQ�� �ZLWK��UHDOO\��KHDOWK\��SDWLHQW��PDUNHUV��QRW��FDSWXUHG�� �JLYHQ��*3��YLVLWV��DUH��QRUPDOO\��D�

�FRQVHTXHQFH� �RI� �LOO�KHDOWK�� �5HJDUGOHVV��WKH��XVH��RI��SULPDU\��FDUH��GDWD��FRGHV��LQ��8.%%��LV��VWLOO��D�

�QRYHO��WRRO���+DQORQ��HW��DO����������DQG��ZH��DUH��EHQHILWLQJ��IURP��WKH��ORQJ��IROORZ�XS��WLPH�����ௗ\HDUV��

�DQG�DQ�H[WHQVLYH�FRYHUDJH�RI�GLVHDVHV�SURYLGHG�E\�WKH�8.%%�OLQNHG�KRVSLWDO�LQSDWLHQW�GDWD��

�$QRWKHU� �OLPLWDWLRQ� �LV� �WKDW� �QR� �ILQH�PDSSLQJ� �ZDV� �SHUIRUPHG� �WR� �DVVHVV� �LI� �JHQRPLF� �YDULDQFH� �LV�

�WUXO\� �LQGHSHQGHQW� �DQG� �QRW� �PHUHO\� �GXH� �WR� �OLQNDJH� �GLVHTXLOLEULXP�� �ZLWK� �DOO� �613V� �VWXGLHG�
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�GRZQVWUHDP� �DQG� �WKHLU� �IXQFWLRQDO� �HQULFKPHQW��SULRULWL]HG���8IIHOPDQQ��HW��DO�����������$OVR���8.%%�

�SDUWLFLSDQWV� �DUH� �UHFRJQLVHG� �WR� �EH� �OHVV� �VRFLRHFRQRPLFDOO\� �GHSULYHG���KDYH��IHZHU��OLIHVW\OH��ULVN�

�IDFWRUV���DQG��KDYH��D��ORZHU��SUHYDOHQFH��RI��ORQJ��WHUP��FRQGLWLRQV���/7&V���WKDQ��WKH��8.��SRSXODWLRQ�

�LQ��JHQHUDO���+DQORQ��HW��DO�������������PDNLQJ��PXOWLPRUELGLW\��VWXGLHV��FKDOOHQJLQJ���.XDQ��HW��DO���������

�DQG�QRW�IXOO\�UHSUHVHQWDWLYH�RI�ZRUOGZLGH�SRSXODWLRQV��
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��� �&KDSWHU����'LVFXVVLRQ�DQG�WKHVLV�FRQFOXVLRQV�
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�7KLV� �WKHVLV� �LQYHVWLJDWHG� �WKUHH� �DSSOLFDWLRQV� �RI� �FRPSXWDWLRQDO� �ELRORJ\� �IRFXVLQJ� �RQ� �WKUHH� �NH\�

�DUHDV�RI�UHVHDUFK��

�Ɣ� �'LVFRYHU\��0DFKLQH�OHDUQLQJ�DV�D�ELRLQIRUPDWLF�WRRO��&KDSWHU����

�Ɣ� �7UDQVODWLRQ��&OLQLFDO�WUDQVODWLRQ�WKURXJK�WKH�VWXG\�RI�SURJQRVWLF�PRGHOV��&KDSWHU����

�Ɣ� �&RPSOH[LW\��'DWD�LQWHJUDWLRQ�DQG�WKH�VWXG\�RI�FRPSOH[�V\VWHPV��&KDSWHU����

�)RU� �DOO� �SLHFHV� �RI� �ZRUN�� �WKH� �REMHFWLYH� �ZDV� �WZRIROG�� �WR� �FUHDWH� �DQG� �LPSURYH� �RQ� �DQ� �DQDO\VLV�

�SLSHOLQH� �DQG� �WR� �JHQHUDWH� �LQVLJKW� �LQWR� �WKH� �VSHFLILF� �ELRORJLFDO� �SUREOHPV� �VWXGLHG�� �HLWKHU� �DV�

�FDVH�VWXGLHV���&KDSWHU������RU��DV��PDLQ��GULYHUV��RI��WKH��ZRUN���&KDSWHU�����DQG�������$V��LW��LV��FRPPRQ��LQ�

�VXFK��ELJ��SLHFHV��RI��ZRUN���WKH��SURMHFWV��DQG��DLPV��RI��WKH��WKHVLV��HYROYHG��DQG��DGDSWHG��LQ��WLPH���ZLWK�

�WKH� �MRXUQH\� �VWDUWLQJ� �WKURXJK� �WKH� �GHYHORSPHQW� �RI� �GDWD� �DQDO\VLV� �IUDPHZRUNV� �IRU� �WKH� �VWXG\� �RI�

�ELRORJLFDO� �GDWD�� �:LWK� �WKH��SDQGHPLF���RXU��ZRUN��JRW��UHSXUSRVHG��DQG��ZH��JRW��WR��H[SORUH��D��QRYHO�

�DQG��H[FLWLQJ��DYHQXH�� �WUDQVODWLRQDO��PHGLFLQH���7KH��DQDO\VLV��WKHQ��JUHZ��QDWXUDOO\��ODUJHU���WKURXJK�

�WKH� �H[SORUDWLRQ� �RI� �ELJ� �GDWDVHWV� �VXFK� �DV� �8.%LREDQN� �DQG� �WKH� �TXHVWLRQLQJ� �RI� �KLJKHU� �RUGHU�

�FRQFHSWV�VXFK�DV�DJHLQJ�DQG�KHDOWK�WR�GLVHDVH�WUDQVLWLRQV��

����� �2YHUYLHZ�RI�PDMRU�ILQGLQJV�

�,Q� �&KDSWHU� ���� �,� �UHFRXQW� �WKH� �MRXUQH\� �RI� �GHYHORSLQJ� �D� �GDWD�GULYHQ�� �JHQHUDOL]DEOH���UREXVW��DQG�

�ORZ�ELDV� �PDFKLQH� �OHDUQLQJ� �WRRO� �WKDW� �JHQHUDWHV� �HDVLO\� �LQWHUSUHWDEOH� �RXWSXWV� �IRU� �DFWLRQDEOH�

�ELRPDUNHU� �GLVFRYHU\���7KLV��WRRO��KDV��DV��REMHFWLYH��WR��ERWK��DLG��LQ��WUDQVODWLRQDO��UHVHDUFK���KHOSLQJ�

�JXLGH� �WKH� �VHOHFWLRQ� �RI��H[SODQDWRU\��IHDWXUHV��RI���RPLFV��GDWD���DV��ZHOO��DV��JHQHUDWH��LQVLJKWV��LQWR�

�XQGHUO\LQJ��SDWWHUQV��DQG��KHOS��GLVHQWDQJOH��WKH��HYHU�LQFUHDVLQJ��DPRXQW��RI��GDWD��DYDLODEOH���:RUN�

�LV� �GLYLGHG� �LQWR��WKUHH��PDLQ��VHFWLRQV���)LUVW���ZH��GHYHORSHG��D��UREXVW��PDFKLQH��OHDUQLQJ��ZRUNIORZ�

�EDVHG��RQ��ERRWVWUDSSLQJ��RI��UHJXODUL]DWLRQ��DOJRULWKPV��IRU��IHDWXUH��VHOHFWLRQ��ZKLFK��ZDV��YDOLGDWHG�

�LQ��WKUHH��GLIIHUHQW��GDWDVHWV�����%DVHG��RQ��RXU��DSSURDFK���ZH��ZHUH��IRU��H[DPSOH��DEOH��WR��UHGXFH��WKH�
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�QXPEHU� �RI� �SRWHQWLDO� �FDXVDWLYH� �JHQHV��LQ��D��WUDQVFULSWRPLFV��H[SHULPHQW��WR��XQGHU��������IURP��DQ�

�LQSXW��RI��RYHU����������JHQHV���ZKLOVW��WKH��KLJK��FRQILGHQFH��VHOHFWLRQV��ZHUH��UHGXFHG��WR��OHVV��WKDQ�

����� �7KHQ���WKLV��VDPH��SLSHOLQH��ZDV��DGDSWHG��IRU��WKH��VWXG\��RI��WKH��QRYHO��³*ROGHQ��+RXU´��GDWDVHW��

�SUHVHQWLQJ��XQLTXH��GDWD��RQ��WKH��XOWUD�HDUO\��LPPXQH��UHVSRQVH��WR��WUDXPD���7KURXJK��RXU��ZRUN���ZH�

�DVVHVVHG��WKH��SUHGLFWLYH��SRZHU��RI��HDUO\��LPPXQRORJLFDO��GDWD��WR��GHWHFW��0XOWL2UJDQ��'\VIXQFWLRQ�

�GHYHORSPHQW�� �ZLWK� �PHDVXUHPHQWV� �DW� �WKUHH� �GLIIHUHQW� �WLPH� �SRLQWV�� �$� �ILQDO��PXOWLYDULDEOH��PRGHO�

�LGHQWLILHG� �WKUHH� �SRWHQWLDO� �ELRPDUNHUV��UHODWLQJ��QHXWURSKLO��IXQFWLRQ�����7KHVH��WKUHH��IHDWXUHV��ZHUH��

�GHFUHDVH� �LQ� �&'��/� �H[SUHVVLRQ� �DIWHU� �I0/)� �WUHDWPHQW�� �&'��� �H[SUHVVLRQ� �DQG� �PRQRF\WH�

�SHUFHQWDJH���:LWK��WKH��LQFOXVLRQ��RI��FXUUHQW��FOLQLFDO��VFRULQJ��V\VWHPV��VXFK��DV��1,66��DQG��3�����WKH�

�ILQDO� �$8&� �PRGHO� �SHUIRUPDQFH� �DFKLHYHG� �ZDV� ������� �LPSURYLQJ� �WKH� �FXUUHQW� �FOLQLFDO� �VFRULQJ�

�V\VWHPV� �36��� �E\� ���� �DQG� �1,66� �E\� ����� �UHVSHFWLYHO\�� �)LQDOO\�� �WKLV� �0/� �SLSHOLQH� �HYROYHG� �WR�

�LQFRUSRUDWH��RWKHU��DUHDV��RI��LQWHUHVW��VXFK��DV��H[SODLQDEOH��$,��PHWKRGV��IRU��PRUH��FRPSUHKHQVLYH�

�IHDWXUH� �VHOHFWLRQ� �PHWKRGV� �DV� �ZHOO� �DV� �LQFOXGHG� �PRUH� �DOJRULWKPV� �WR� �FRPSOHPHQW��DQDO\VLV���,Q�

�RUGHU��WR��PDNH��LW��XVHIXO��IRU��WKH��FRPPXQLW\���LW��ZDV��GHSOR\HG��DV��D��FRPSOHPHQWDU\��WRRO��WR��DOORZ��D�

�TXLFN� �DQG� �VLPSOH� �DQDO\VLV� �WKURXJK� �D� �ZHEDSS� ��DW�

����KWWSV���LQIODP�VKLQ\DSSV�LR�0DFK/HDUQ%LRPDUNHU�������

�,Q� �&KDSWHU� ��� �ZH� �UHSXUSRVHG� �RXU� �PDFKLQH� �OHDUQLQJ��SLSHOLQH��WR��LPSOHPHQW��FOLQLFDO��SUHGLFWLRQ�

�PRGHOV� �DV� �SDUW� �RI� �D� �FROODERUDWLRQ� �ZLWK� �WKH� �&RYLG6XUJ� �&ROODERUDWLYH� ��µ&RYLG6XUJ� �±�

�*OREDOVXUJ¶����� �D� �1,+5� �*OREDO� �6XUJHU\� �5HVHDUFK� �8QLW� �EXLOW� �RXW� �RI� �WKH� �QHHG� �WR� �GHULYH�

�HYLGHQFH�EDVHG��JXLGHOLQHV��IRU��VXUJLFDO��SUDFWLFH���7KLV��ZDV��GRQH��GXULQJ��WKH��SDQGHPLF���DV��SDUW�

�RI� �WKHLU� �UHVHDUFK� �H[SORULQJ� �KRZ� �WR� �UHVWDUW� �VXUJHU\� �LQ� �D� �VDIHO\� �PDQQHU� �WKURXJK� �WKH� �VWXG\� �RI�

�SDWLHQWV��ZLWK��6$56�&R9����LQIHFWLRQ��ZKR��KDG��VXUJHU\��DW��GLIIHUHQW��KRVSLWDOV��DQG��FRXQWULHV���)RU�

�WKHV� �GDWDVHWV� �ZLWK� ��������� �SDWLHQWV� �IURP� �PRUH��WKDQ��������IURP�������FRXQWULHV��ZDV��XVHG���$V�

�SDUW� �RI� �WKH� �ZRUN�� �WZR� �GLIIHUHQW� �FOLQLFDO� �SUHGLFWLRQ� �PRGHOV� �ZHUH� �EXLOW� �IRU� �FOLQLFDO�

�GHFLVLRQ�VXSSRUW��
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�Ɣ� �3UHGLFWLRQ� �RI� �SRVWRSHUDWLYH� �PRUWDOLW\� �ULVN� �LQ� �SDWLHQWV� �ZLWK� �SHULRSHUDWLYH��6$56�&R9���

�LQIHFWLRQ� ��&RYLG6XUJ� �0RUWDOLW\� �6FRUH�� ��&29,'6XUJ� �&ROODERUDWLYH� �������� �0RGHO�

�GHSOR\HG�KHUH���KWWSV���LQIODP�VKLQ\DSSV�LR�5LVN$SS/XNH$XJXVW���

�Ɣ� �3UHGLFWLRQ� �RI� �SRVWRSHUDWLYH� �SXOPRQDU\� �FRPSOLFDWLRQV� �LQ� �DGXOWV� �XQGHUJRLQJ� �HOHFWLYH�

�VXUJHU\��*OREDO6XUJ�3XOPRQDU\�6FRUH���0RGHO�GHSOR\HG�KHUH�����ZZZ�VXUJLFDOULVN�DSS�

�%RWK� �PRGHOV� �ZHUH� �GHSOR\HG��IROORZLQJ��VLPLODU��PHWKRGRORJLFDO��VWUXFWXUHV���ZLWK��D��VWURQJ��IRFXV�

�RQ� �YDULDEOH��LPSRUWDQFH��DVVHVVPHQWV��DQG��IHDWXUH��VHOHFWLRQ���$IWHU��WHVWLQJ��GLIIHUHQW��DOJRULWKPV�

�DQG� �YDULDEOH� �FRPELQDWLRQV�� �ERWK� �PRGHOV� �ZHUH� �LPSOHPHQWHG� �DV� �ORJLVWLF� �UHJUHVVLRQ� �IRU� �WKH�

�FODVVLILFDWLRQ� �RI� �SDWLHQWV� �DW� �KLJK� �ULVN� �RI� �HLWKHU� �PRUWDOLW\� �RU� �SRVWRSHUDWLYH� �SXOPRQDU\�

�FRPSOLFDWLRQV�� �/RJLVWLF��UHJUHVVLRQ��SURYLGHG��WKH��EHVW��FRPSURPLVH��EHWZHHQ��SHUIRUPDQFH��DQG�

�LQWHUSUHWDELOLW\�� �$OVR�� �D� �WKRURXJK� �SHUIRUPDQFH� �DVVHVVPHQW� �WKURXJK� �GLVFULPLQDWLRQ� �DQG�

�FDOLEUDWLRQ� �PHWULFV� �ZDV� �GRQH� �LQ� �ERWK�� �DOWKRXJK� �WKH��YDOLGDWLRQ��VFKHPHV��ZHUH��DGDSWHG��WR��WKH�

�UHVRXUFHV� �DQG� �GDWD� �DYDLODEOH�� �0RUH� �VSHFLILFDOO\� �UHJDUGLQJ� �UHVXOWV�� �WKH��&29,'6XUJ��0RUWDOLW\�

�6FRUH� �FRQVLVWV� �RI� �D� �ORJLVWLF��UHJUHVVLRQ��PRGHO��RI��WKH��IROORZLQJ��FDWHJRULFDO��YDULDEOHV�� �DJH���LQ�

�GHFLOHV��� �$PHULFDQ� �6RFLHW\� �RI� �$QDHVWKHVLRORJLVWV� ��$6$�� �JUDGH�� �UHYLVHG� �FDUGLDF� �ULVN� �LQGH[�

��5&5,�� �VFRUH� �DQG� �SUHRSHUDWLYH� �UHVSLUDWRU\� �VXSSRUW�� �5HJDUGLQJ� �SHUIRUPDQFH�� �LW� �LV� �D� �ZHOO�

�FDOLEUDWHG� �PRGHO�� �WKDW� �VKRZV� �KLJK� �GLVFULPLQDWLRQ� �IRU� �SUHGLFWLQJ� �PRUWDOLW\� �LQ� �SDWLHQWV� �ZLWK�

�SHULRSHUDWLYH� �6$56�&R9��� �ZLWK��$852&V��LQ��WKH��GHULYDWLRQ������������������&,���������±����������

�DQG� �YDOLGDWLRQ� ��������� ����� �&,� ������� �±� �������� �VHWV� �FRQVLVWHQW� �ZLWK� �SXEOLVKHG� �QRQ�VXUJLFDO�

�&29,'� �ULVN� �VFRUHV���� �7KH� �SUHGLFWHG� �VFRUH� �LV� �JOREDOO\� �DSSOLFDEOH� �WKURXJK� �D� �ZHEDSS�

��KWWSV���LQIODP�VKLQ\DSSV�LR�5LVN$SS/XNH$XJXVW���� �ZLWK� �YDULDEOHV� �WKDW� �DUH� �UHDGLO\� �DYDLODEOH�

�DFURVV��DOO��UHVRXUFH��VHWWLQJV���&RQWLQXLQJ��ZLWK��RXU��FROODERUDWLRQ���D��VHFRQG��PRGHO��ZLWK��XSGDWHG�

�GDWD� �ZDV� �GHVLJQHG� �WDUJHWLQJ� �SXOPRQDU\� �HYHQWV�� �ZKLFK� �DUH� �WKH� �PDMRU� �GULYHU� �RI� �GHDWK� �DIWHU�

�HOHFWLYH��VXUJHU\��DQG��LQFUHDVHG��LQ��IUHTXHQF\��DQG��VHYHULW\��GXULQJ��WKH��6$56�&R9����SDQGHPLF��

�)RU� �WKH� �*OREDO6XUJ�3XOPRQDU\� �6FRUH�� �WHQ� �SUHGLFWRU� �YDULDEOHV� �ZHUH� �VHOHFWHG�� �DJH�� �VH[��
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�$PHULFDQ� �6RFLHW\� �RI� �$QDHVWKHVLRORJLVWV� ��$6$�� �JUDGH�� �RSHUDWLRQ� �JUDGH�� �SUH�H[LVWLQJ�

�UHVSLUDWRU\��GLVHDVH���5&5,���DQDHVWKHVLD��W\SH���LQGLFDWLRQ���LQWHUDFWLRQ��EHWZHHQ��FRXQWU\��LQFRPH�

�DQG��EDFNJURXQG��FRPPXQLW\��6$56�&R9����LQIHFWLRQ��DQG��DUHD��RI��VXUJHU\���$��ORJLVWLF��UHJUHVVLRQ�

�PRGHO� �ZDV� �EXLOW� �WKDW� �GHPRQVWUDWHG� �JRRG� �GLVFULPLQDWLRQ� �DQG� �FDOLEUDWLRQ� �XSRQ� �LQWHUQDO�

�YDOLGDWLRQ� ��$852&� ��������� ����&,� ���������������� �%ULHU� �VFRUH�� ��������

�FDOLEUDWLRQ�LQ�WKH�ODUJH�� �������� �VORSH�� ��������� �7KH� �PRGHO� �ZDV� �WKHQ� �H[WHUQDOO\� �YDOLGDWHG�

�WKURXJK� �WZR� �GLIIHUHQW� �GDWDVHWV� �ZLWK� �DQ� �DFFHSWDEOH� �SHUIRUPDQFH� �LQ� �&RYLG6XUJ�&DQFHU�

��$852&���������������&,�����������������%ULHU��VFRUH�����������&,7/�����������VORSH������������EXW��ZLWK�

�VRPH� �PLVFDOLEUDWLRQ� �LQ� �5(&21� �GDWD� ��$852&�� �������� ����� �&,� �������������� �%ULHU� �VFRUH��

�������� �&,7/�� �������� �VORSH�� ��������� �0LVFDOLEUDWLRQ� �ZDV� �DVVHVVHG� �WKURXJK� �WUDQVSRUWDELOLW\�

�IUDPHZRUNV� �DQG� �WKH� �PRGHO� �GHSOR\HG� �WR� �DQ� �RQOLQH� �ZHE� �DSSOLFDWLRQ�� �KWWSV���VXUJLFDOULVN�DSS�

�ZLWK��WKH��KRSH��WR��LQIRUP��VXUJLFDO��FRQVHQW���UHVRXUFH��DOORFDWLRQ���DQG��KRVSLWDO��OHYHO��SULRULWLVDWLRQ��

�%RWK��VWXGLHV��ZHUH��GHVLJQHG��DQG��UHSRUWHG��DFFRUGLQJ��WR��EHVW��SUDFWLFH��JXLGHOLQHV��DQG��ZHUH��DW��D�

�ORZ��ULVN��RI��ELDV���$V��NH\��WDNHDZD\��WRR���VXFK��D��GLUHFW��FROODERUDWLRQ��ZLWK��WKH��VXUJLFDO��WHDP��KDV�

�EHHQ� �HQULFKLQJ�� �ZLWK� �D� �FOHDU� �LGHD� �RI� �WKH� �XVHIXO� �ILQDO� �SURGXFW� �KHOSLQJ� �JXLGH� �WKH� �VWXG\�

�PHWKRGRORJ\�� �$OVR�� �GXULQJ� �GHSOR\PHQW�� �D� �UHDO�WLPH� �IHHGEDFN��RQ��EXLOGLQJ��HDV\���LQWHUSUHWDEOH�

�GHVLJQ�LQWHUIDFHV�ZLWK�DFWLRQDEOH�RXWSXWV�ZDV�HVVHQWLDO�WRR��

�,Q� �&KDSWHU� ������ �ZH� �KDYH� �PDGH� �XVH� �RI� �8.%LREDQN� �GDWD� �WR� �GHWHUPLQH� �DQ� �LQGLYLGXDO¶V� �DJHLQJ�

�WUDMHFWRU\��WKURXJK��ORQJLWXGLQDO��PHDVXUHPHQWV��RI��WKH��3KHQR$JH��VFRUH���/HYLQH��HW��DO�����������D�

�ZHOO�HVWDEOLVKHG� �ELRORJLFDO� �DJH� �SUR[\�� �)RXU� �PDLQ� �DJLQJ��WUDMHFWRULHV��ZHUH��IRXQG��EDVHG��RQ��LWV�

�UHODWLRQVKLS� �ZLWK� �FKURQRORJLFDO� �DJH� �DQG� �ZHUH� �GHILQHG� �DV�� �+HDOWK\��UHPDLQLQJ��+HDOWK\���+5+��

�Q � ���������� �+HDOWK\� �EHFRPLQJ� �8QKHDOWK\� ��+%8�� �Q� � � ���������� �8QKHDOWK\��EHFRPLQJ��+HDOWK\�

��8%+�� �Q� � � ���������� �8QKHDOWK\� �UHPDLQLQJ� �8QKHDOWK\� ��858�� �Q� � � ���������� �&RQVLGHULQJ� �WKHVH�

�GLIIHUHQW� �WUDMHFWRULHV� �DV� �H[DPSOHV� �RI� �SDUWLFLSDQWV� �DJHLQJ� �DW� �GLIIHUHQW��UDWHV���ZH��SURFHHGHG��WR�

�XQGHUVWDQG� �LI� �WKHVH� �IRXU� �JURXSV� �FRXOG� �EH� �IXUWKHU� �FKDUDFWHUL]HG� �E\� �SRWHQWLDOO\� �GLIIHUHQW�



�ÂÄÅ�

�ELRORJLFDO� �PHFKDQLVPV�� �/RRNLQJ� �DW� �NH\� �OLIHVW\OH� �DQG� �KHDOWK� �RXWFRPHV�� �FKURQLF� �GLVHDVHV�

�SDWWHUQV��DQG��JHQHWLF��PDNHXS���ZH��GLVFRYHUHG��WKDW���+5+��DUH��IHPDOH��GRPLQDWHG���KDYH��D��ORZHU�

�QXPEHU� �RI� �FRPRUELGLWLHV�� �EHWWHU� �RYHUDOO� �KHDOWK� �UDWLQJ�� �ORZHU� �%0,�� �PRUH� �QHYHU�VPRNHUV� �DQG�

�ORZHU��GHSULYDWLRQ��VFRUH���DOO��IDFWRUV��ZH��ZRXOG��H[SHFW��WR��LQIOXHQFH��WKH��UDWH��RI��ELRORJLFDO��DJHLQJ��

�7KLV� �ZDV� �FRQILUPHG� �E\� �ORZHU� �PRUWDOLW\� �LQ� �WKH� �KHDOWK\� �JURXS���,QWHUHVWLQJO\��ERWK��WKH��PRWKHU¶V�

�DQG��IDWKHU¶V��OLIHVSDQ��ZDV��KLJKHU��WRR���5HJDUGLQJ��858���LW��ZDV��GRPLQDWHG��E\��WKH��PDOH��VH[���KLJK�

�%0,���FRPRUELGLWLHV���VPRNLQJ���DQG��VKRUWHU��SDUHQWDO��OLIHVSDQ���7R��EHWWHU��DQDO\VH��FKURQLF��GLVHDVH�

�SDWWHUQV��LQ��RXU��DJHLQJ��SKHQRW\SHV���ZH��GHILQHG������FKURQLF��GLVHDVH��FDWHJRULHV��IURP��DYDLODEOH�

�,&'���� �FRGHV� �IROORZLQJ� ��&DOGHUyQ�/DUUDxDJD� �HW� �DO�� ������¶V��ZRUN���&DUGLRPHWDEROLF��GLVHDVHV�

�ZHUH� �WKH��PRVW��SUHYDOHQW��858���ZLWK��GRPLQDWLQJ��GLVHDVHV��VXFK��DV��GLDEHWHV���REHVLW\���RU��KHDUW�

�IDLOXUH�� �,Q� �WXUQ�� �+5+� �KDG� �OHVV� �SUHYDOHQFH� �RI� �PRVW� �GLVHDVH�� �$OVR�� �XSRQ��SDLUZLVH��DQDO\VLV��RI�

�GLVHDVHV� �DVVHVVLQJ� �UHODWLYH� �ULVN���D��KLJKHU��QXPEHU��RI��VLJQLILFDQW��GLVHDVH��SDLUV��ZHUH��IRXQG��LQ�

�858� �SDUWLFLSDQWV� ����� �QRGHV��� �ZLWK� �SDUNLQVRQV� �DQG� �GHPHQWLD� �EHLQJ� �WKH� �PRVW� �KLJKO\�

�DVVRFLDWHG���7KH��LQWHUPHGLDWH���WUDQVLWLRQLQJ��FDWHJRULHV��+%8��DQG��8%+��GLVSOD\HG��LQWHUPHGLDWH�

�VLJQDWXUHV� �ZLWK� �+%8� �FRQVLVWHQWO\� �GLVSOD\LQJ� �ZRUVH� �KHDOWK� �RXWFRPHV�� �KLJKHU� �GLVHDVH�

�SUHYDOHQFH��DQG��ZRUVH��OLIHVW\OH��SUDFWLFHV���)LQDOO\���*:$6��ZDV��SHUIRUPHG��UHYHDOLQJ��WKH��JHQHWLF�

�PDNHXS� �RI� �WKH� �GLIIHUHQW� �WUDMHFWRULHV�� �$IWHU� �VLJQLILFDQW� �YDULDQWV� �ZHUH� �DQQRWDWHG� �WKURXJK� �ERWK�

�SUR[LPLW\� �DQG� �H47/V�� �HQULFKPHQW� �DQDO\VLV� �UHYHDOHG� �D� �PDUNHG� �LPPXQH� �VLJQDWXUH� �IRU� �+5+�

�SDUWLFLSDQWV��DQG��D��PHWDEROLF��VLJQDWXUH��GULYHQ��E\��OLSLG��ELRV\QWKHVLV��IRU��858���$OVR���FRQVHUYHG�

�WUDQVFULSWLRQ� �IDFWRUV� �65(%)�� �DQG� �65(%)��� �NH\� �FRQWUROOHUV� �RI� �WKH� �PROHFXODU� �IRRWSULQW� �RI�

�DJHLQJ� ��%RX� �6OHLPDQ� �HW� �DO�� �������� �SRVWXODWHG� �DV� �NH\� �UHJXODWRU\� �HOHPHQW� �GULYLQJ� �WKH� �858�

�DJHLQJ� �SKHQRW\SH� �)LQDOO\�� �IRFXVLQJ� �RQ� �DJHLQJ� �GDWDEDVHV�� �VLJQLILFDQW� �DVVRFLDWLRQV� �WR�

�DJH�UHODWHG��JHQHV��ZHUH��IRXQG��IRU��ERWK��+5+��DQG��858���ZLWK��SUR�ORQJHYLW\��DVVRFLDWHG��YDULDQWV�

��H�J��UV���������UV����������UV����������GRPLQDWLQJ��+5+���ZLWK��RSSRVLWH��HIIHFW��GLUHFWLRQV��LQ��WKH�

�VKDUHG��VLJQLILFDQW��YDULDQWV��VHHQ���UV�����������1R��VLJQLILFDQW��JHQHWLF��DVVRFLDWLRQV��ZHUH��IRXQG�

�IRU� �8%+� �DQG� �+%8� �ZKLFK� �ZH� �SRVWXODWH� �WR� �EH� �PRUH� �KLJKO\� �LQIOXHQFHG� �E\��OLIHVW\OH��DVVRFLDWHG�



�ÂÄÆ�

�IDFWRUV���7R��WKH��EHVW��RI��RXU��NQRZOHGJH���QR��SUHYLRXV��UHVHDUFK��RQ��ERWK��JHQHWLF��EDFNJURXQG��DQG�

�ORQJLWXGLQDO� �PHDVXUHPHQWV� �KDV� �EHHQ� �GRQH� �LQ� �WKH� �VWXG\� �RI� �ELRORJLFDO� �DJHLQJ� �PHWULFV�� �ZLWK�

�SUHYLRXV� �UHVHDUFK� �IRFXVLQJ� �RQ� �HLWKHU� �ORQJLWXGLQDO� �DVVHVVPHQW� �ZLWK� �QR� �PHFKDQLVWLF� �LQSXW� �RU�

�PROHFXODU�DVVRFLDWLRQV�EXW�DW�D�VLQJOH�SRLQW�PHDVXUHPHQW��

����� �&RQWULEXWLRQV�WR�WKH�OLWHUDWXUH�

��� �'HYHORSHG� �DQG� �GHSOR\HG� �D� �SXEOLFO\� �DYDLODEOH� �WRRO� �WKDW� �LQFOXGHV� �ERRWVWUDSSLQJ� �RI�

�UHJXODUL]HG� �PRGHOV� �DQG� �SHUPXWDWLRQ� �DQDO\VLV� �IRU� �ELRPDUNHU� �GLVFRYHU\�

��KWWSV���LQIODP�VKLQ\DSSV�LR�0DFK/HDUQ%LRPDUNHU�����

��� �(YDOXDWHG� �WKH� �SUHGLFWLYH� �SRZHU� �RI� �XOWUD�HDUO\� �LPPXQRORJLFDO� �GDWD� �LQ� �GHWHUPLQLQJ�

�DGYHUVH��RXWFRPHV��LQ��WUDXPD��SDWLHQWV���LGHQWLI\LQJ��WKUHH��SRWHQWLDO��ELRPDUNHUV���UHGXFHG�

�&'��/� �H[SUHVVLRQ� �DIWHU� �I0/)� �WUHDWPHQW�� �&'��� �H[SUHVVLRQ�� �DQG� �PRQRF\WH�

�SHUFHQWDJH�� �DQG� �RIIHULQJ� �D� �PRGHO� �ZLWK� �VXSHULRU� �SHUIRUPDQFH� �FRPSDUHG� �WR� �H[LVWLQJ�

�FOLQLFDO�VFRULQJ�V\VWHPV��

��� �/DXQFKHG� �D� �PRGHO� �IRU� �SUHGLFWLQJ� �SRVWRSHUDWLYH� �PRUWDOLW\� �ULVN� �LQ� �SDWLHQWV� �ZLWK�

�SHULRSHUDWLYH� �6$56�&R9��� �LQIHFWLRQ� ��&RYLG6XUJ� �0RUWDOLW\� �6FRUH���

�KWWSV���LQIODP�VKLQ\DSSV�LR�5LVN$SS/XNH$XJXVW����

��� �,QWURGXFHG� �D� �PRGHO� �IRU� �DVVHVVLQJ� �SRVWRSHUDWLYH� �SXOPRQDU\� �FRPSOLFDWLRQV� �LQ� �DGXOWV�

�XQGHUJRLQJ�HOHFWLYH�VXUJHU\��*OREDO6XUJ�3XOPRQDU\�6FRUH���ZZZ�VXUJLFDOULVN�DSS��

��� �3LRQHHUHG� �WKH� �LQWHJUDWLRQ� �RI� �JHQHWLF� �PDNHXS� �DQG� �ORQJLWXGLQDO� �PHDVXUHPHQWV� �LQ� �WKH�

�VWXG\� �RI� �ELRORJLFDO� �DJHLQJ� �PHWULFV�� �LGHQWLI\LQJ� �IRXU� �DJHLQJ� �SKHQRW\SHV��FKDUDFWHUL]HG�

�E\�D�VSHFWUXP�RI�KHDOWK�RXWFRPHV�DQG�FKURQLF�GLVHDVH�SUHYDOHQFH��

��� �8QFRYHUHG��ORQJHYLW\�DVVRFLDWHG��JHQHWLF��GHWHUPLQDQWV��ZLWK��RSSRVLWH��GLUHFWLRQDO��HIIHFWV�

�LQ�ERWK�WKH�KHDOWKLHVW�DQG�XQKHDOWKLHVW�VLJQDWXUHV�DQG�VKDUHG�DOO�DVVRFLDWLRQV��



�ÂÄÇ�

��� �3RVWXODWHG� �WUDQVFULSWLRQ� �IDFWRU� �JHQHV�� �65(%)�� �DQG� �65(%)�²NH\� �UHJXODWRUV��RI��WKH�

�PROHFXODU� �IRRWSULQW� �RI� �DJHLQJ²DV� �SRVVLEOH� �GULYLQJ��HOHPHQWV��RI��RXU��XQKHDOWK\��DJHLQJ�

�SKHQRW\SHV��

����� �/LPLWDWLRQV�

�&KDSWHU� ������ �$Q� �HYROXWLRQ� �RI� �WKH� �PDFKLQH� �OHDUQLQJ� �SLSHOLQH� �FDQ� �EH� �WUDFHG� �WKURXJKRXW� �WKH�

�FKDSWHU���ZLWK��QHZ��LWHUDWLRQV��LPSURYLQJ��RQ��SUHYLRXV��ZHDNQHVVHV���)RU��LQVWDQFH���DV��D��FRPPRQ�

�OLPLWDWLRQ� �IRU� �WKH� �ZKROH� �PDFKLQH� �OHDUQLQJ� �SLSHOLQH� �LQ� �DOO� �LWV� �GHYHORSPHQWV�� �QR� �LQWHUDFWLRQV�

�EHWZHHQ� �IHDWXUHV� �ZHUH� �DVVHVVHG� �DV� �VHHQ� �LQ� �RWKHU� �FRPSDUDEOH� �SLHFHV� �RI� �ZRUN� ��$OL� ��������

�)LQDOO\�� �WKH� �ZHE� �DSS� �ZDV� �GHSOR\HG�� �DQG� �DOWKRXJK� �VWLOO� �LQ� �GHYHORSPHQW� �JLYHQ� �LWV� �ODFN� �RI�

�SDUDOOHOL]DWLRQ��LQ��WKH��SXEOLF��VHUYHU��DQG��QHHG��IRU��SURSHU��VRIWZDUH��HQJLQHHULQJ��IUDPHZRUNV���ZLWK�

�GHEXJJLQJ� �DQG� �WHVWLQJ� �VWUDWHJLHV�� �WKH� �*LW+XE� �VRXUFH� �FRGH� �LV� �D� �IXOO\� �RSHUDWLQJ�� �SDUDOOHOL]HG�

�FRGH�� �5HJDUGOHVV�� �ZH� �GR� �HQYLVLRQ��WKDW��WKHUH��PLJKW��EH��SUREOHPV��ZKHQ��GHDOLQJ��ZLWK��GLIIHUHQW�

�RSHUDWLQJ��V\VWHPV��DQG��VRIWZDUH��GHSHQGHQFLHV���ZLWK��SURSHU��FRQWDLQHUL]DWLRQ�HQYLURQPHQWV��RI�

�RXU� �ZRUN� �WKURXJK� �SODWIRUPV� �VXFK� �DV� �'RFNHU�� �GHVLJQHG� �WR� �KHOS��GHYHORSHUV��EXLOG���VKDUH���DQG�

�UXQ� �PRGHUQ� �DSSOLFDWLRQ� �DV� �EHWWHU� �RSWLRQV� �IRU� �WKH� �IXWXUH�� �5HJDUGLQJ� �WKH� �ZRUN� �RQ� �WKH�

�FODVVLILFDWLRQ� �RI� �PXOWLRUJDQ� �G\VIXQFWLRQ� �SDWLHQWV�� �LQWHUQDO� �YDOLGDWLRQ� �ZDV� �SHUIRUPHG� �XVLQJ�

�ERRWVWUDSSLQJ� �DQG� �SHUPXWDWLRQ� �DQDO\VLV� �EXW� �WKH� �DQDO\VLV� �RQO\� �FRXQWHG� �ZLWK� ���� �WUDXPD�

�SDWLHQWV�� �ZLWK� �H[WHUQDO� �YDOLGDWLRQ� �UHTXLUHG� �WR� �SURSHUO\� �DVFHUWDLQ� �RXU� �PRGHOV� �YDOLGLW\��

�5HJDUGOHVV���LW��LV��WUXH��WKDW��ILQGLQJ��GDWD��FRPSDUDEOH��WR��RXU��H[SHULPHQWDO��GHVLJQ��LV��GLIILFXOW���7KH�

�*ROGHQ� �+RXU� �VWXG\�� �WR� �WKH� �EHVW��RI��RXU��NQRZOHGJH���UHSUHVHQWV��RQH��RI��WKH��IHZ��VWXGLHV��LQ��WKH�

�ZRUOG� �ZLWK� �GDWD� �RQ��WKH��XOWUD�HDUO\��UHVSRQVH��WR��WUDXPD�������K���ZLWK��RQO\���&DEUHUD��HW��DO���������

�SHUIRUPLQJ� �VLPLODU� �ZRUN�� �DOEHLW� �ZLWK� �LQIRUPDWLRQ� �RQ� �WKH� �ILUVW� ��K�� �$OVR�� �WR� �JHQHUDWH� �D� �PRUH�

�FRPSOHWH� �DQDO\VLV� �RQ� �WKH� �FRPSOH[LWLHV� �XQGHUO\LQJ� �WUDXPD�� �GLIIHUHQW� �W\SHV� �RI� �GDWD� �ZRXOG� �EH�

�UHTXLUHG���7R��GDWH���,��KDYH��EHHQ��LQYROYHG��LQ��IROORZ��XS��ZRUN��ZLWK��VWHURLG��GDWD��DQG��ZH��KDYH��DOVR�

�DSSOLHG� �RXU� �SLSHOLQH� �WR� �WKH� �WUDQVFULSWRPLF� �LQIRUPDWLRQ� �IURP���&DEUHUD��HW��DO����������DWWHPSWLQJ�



�ÂÄÈ�

�LQWHJUDWLRQ� �JLYHQ� �VLPLODULWLHV� �LQ� �SKHQRW\SHV� �EHWZHHQ� �RXU� �SDWLHQWV�� �$V� �D� �UHVXOW� �JHQHV� �EHWWHU�

�VHHQ��WR��EH��DEOH��WR��FODVVLI\��EHWZHHQ��02'6��YV��QRQ�02'6��KDYH��EHHQ��IRXQG��WR��EH��HQULFKHG��IRU�

�QHXWURSKLO� �GHJUDQXODWLRQ� �SDWKZD\V� ��%UDYR�0HURGLR�� �$FKDUMHH�� �HW� �DO�� �������� �LQ� �FORVH�

�DVVRFLDWLRQ��ZLWK��RXU��QHXWURSKLO��UHODWHG��LGHQWLILHG��LPPXQH��IHDWXUHV���5HJDUGOHVV���WKLV��LV��IDU��IURP�

�D� �SURSHU� �LQWHJUDWLRQ�� �ZLWK� �GHHS� �SKHQRW\SLQJ� �SURYLGLQJ� �D� �PRUH� �LQVLJKWIXO� �ELRORJLFDO�

�XQGHUVWDQGLQJ� �RI� �WKH� �HDUO\� �WUDXPD� �UHVSRQVH�� �0RUHRYHU�� �LQ� �RXU� �VWXG\�� �ZRPHQ� �ZHUH�

�XQGHUUHSUHVHQWHG������RI�SDWLHQWV�EHLQJ�IHPDOH���

�&KDSWHU� ���� �*LYHQ� �VLPLODU� �PHWKRGRORJLFDO� �DSSURDFKHV� �ZHUH� �WDNHQ� �IRU� �WKH� �WZR� �SURJQRVWLF�

�PRGHOV���OLPLWDWLRQV��DUH��VKDUHG���ZLWK��WKHP��EHLQJ��PDLQO\��UHODWHG��WR��WKH��ILHOG��RI��0/��LWVHOI���7KHVH�

�FRXOG� �EH� �VXPPDUL]HG� �WKURXJK� �SRWHQWLDO� �GDQJHUV� �RI� �0/� �DOJRULWKPV� �VXFK� �DV���GDWDVHW��VKLIW��RU�

�XQLQWHQGHG��GLVFULPLQDWRU\��ELDV���'DWD��VKLIW��LV��HVSHFLDOO\��UHOHYDQW��LQ��RXU��FDVH���ZLWK��ERWK��PRGHOV�

�GHYLVHG� �IRU� �DQ� �DFXWH� �SUREOHP�� �WKH� �&29,'��� �SDQGHPLF� �DQG� �DV� �VXFK� �WKH� �PRGHO��ZLOO��UHTXLUH�

�VWURQJ� �XSGDWHV� �DQG� �UHYLVLRQV�� �$OVR�� �DOWKRXJK� �ZH� �KDYH� �H[SORUHG� �WKH� �ZKROH� �VSDFH� �RI� �PRGHO�

�EXLOGLQJ� �DQG� �GHSOR\PHQW�� �ERWK� �SURJQRVWLF� �VFRUHV��DUH��VWLOO��SLHFHV��RI��UHVHDUFK��ZLWK��QR��IXUWKHU�

�FOLQLFDO� �WUDQVODWLRQ� �DQG� �UHJXODWRU\��DVVHVVPHQWV��WDNHQ���$OVR���FOLQLFDO��SUHGLFWRU��YDULDEOHV��ZHUH�

�FRGHG� �IROORZLQJ� �VWDQGDUGL]HG� �PHGLFDO� �FULWHULD��DQG��VR��FROOHFWHG��FDWHJRULFDOO\���D��VLPSOLILFDWLRQ�

�WKDW� �PD\� �KDYH� �UHGXFHG� �VWDWLVWLFDO� �SRZHU� �DQG� �PD\� �H[SODLQ� �D� �GHJUHH� �RI� �PLVFDOLEUDWLRQ� �LQ�

�5(&21� �GDWD��LQ��WKH��*OREDO6XUJ�3XOPRQDU\��VFRUH��ZRUN���,W��LV��ZRUWK��PHQWLRQLQJ��WRR��WKDW��PRUH�

�PRGHOV��DQG��SUH�SURFHVVLQJ��VWHSV��FRXOG��KDYH��EHHQ��LPSOHPHQWHG���LQFOXGLQJ��XVLQJ��PHWKRGV��IRU�

�PDQDJLQJ� �FODVV� �LPEDODQFH� ��L�H��� �RYHU�XQGHU� �VDPSOLQJ� �RU� �6\QWKHWLF� �0LQRULW\� �2YHU���6DPSOLQJ�

�7HFKQLTXH� ��6027(���� �+RZHYHU�� �WKHVH� �DUH� �FULWLFLVHG� �LQ� �FOLQLFDO� �GDWDVHWV� �GXH� �WR� �ULVN� �RI�

�PLVFDOLEUDWLRQ� ��VWURQJ� �RYHUHVWLPDWLRQ� �RI� �SUREDELOLW\� �WR� �EHORQJ� �WR� �WKH��PLQRULW\��FODVV����DQG��ZH�

�RSWHG�QRW�WR�DGRSW�WKHVH�KHUH��



�ÂÄÉ�

�&KDSWHU� ��� �,Q� �WHUPV� �RI� �VWXG\� �PHWKRGRORJ\�� �WKHUH� �DUH� �OLPLWDWLRQV�� �:H� �DFNQRZOHGJH� �GLIIHUHQW�

�DQDO\VLV� �FULWHULD� �FRXOG� �KDYH� �EHHQ� �SHUIRUPHG� �IRU� �WDFNOLQJ� �WKH� �LPSXWDWLRQ� �RI� �PLVVLQJ� �EORRG�

�PDUNHU� �GDWD�� �RU� �GLIIHUHQW� �GLVHDVH� �FODVVLILFDWLRQ� �FDWHJRULHV� �LPSOHPHQWHG�� �ZLWK��IRU��H[DPSOH��D�

�EURDGHU� �UDQJH� �RI� �DJH�UHODWHG� �GLVHDVHV� �FRQVLGHUHG� ��.LP� �HW� �DO�����������$OVR���EHFDXVH��RI��WKH�

�XVH��RI��KRVSLWDO��GDWD��IURP��8.%%��DQG��QRW��VHOI�UHSRUWHG��KHDOWK��GDWD���WKLV��FDQ��SURGXFH��D��ELDVHG�

�GLVHDVH� �GHVFULSWLRQ� �RI� �WKH� �SRSXODWLRQ�� �5HJDUGOHVV� �WKH� �XVH� �RI� �SULPDU\� �FDUH� �GDWD� �FRGHV� �LQ�

�8.%%��LV��VWLOO��D��QRYHO��WRRO���+DQORQ��HW��DO����������DQG��ZH��DUH��EHQHILWLQJ��IURP��WKH��ORQJ��IROORZ�XS�

�WLPH�����ௗ\HDUV���DQG��DQ��H[WHQVLYH��FRYHUDJH��RI��GLVHDVHV��SURYLGHG��E\��WKH��8.%%��OLQNHG��KRVSLWDO�

�LQSDWLHQW��GDWD���$QRWKHU��OLPLWDWLRQ��LV��WKDW��QR��ILQH�PDSSLQJ��ZDV��SHUIRUPHG��WR��DVVHVV��LI��JHQRPLF�

�YDULDQFH� �LV� �WUXO\� �LQGHSHQGHQW� �DQG� �QRW� �PHUHO\� �GXH� �WR� �OLQNDJH� �GLVHTXLOLEULXP�� �ZLWK� �DOO� �613V�

�VWXGLHG��GRZQVWUHDP��DQG��WKHLU��IXQFWLRQDO��HQULFKPHQW��SULRULWL]HG���8IIHOPDQQ��HW��DO�����������$OVR��

�8.%%��SDUWLFLSDQWV��DUH��UHFRJQLVHG��WR��EH��OHVV��VRFLRHFRQRPLFDOO\��GHSULYHG���KDYH��IHZHU��OLIHVW\OH�

�ULVN� �IDFWRUV�� �DQG� �KDYH� �D� �ORZHU� �SUHYDOHQFH� �RI� �ORQJ� �WHUP� �FRQGLWLRQV� ��/7&V�� �WKDQ� �WKH� �8.�

�SRSXODWLRQ� �LQ� �JHQHUDO���+DQORQ��HW��DO�������������PDNLQJ��PXOWLPRUELGLW\��VWXGLHV��FKDOOHQJLQJ���.XDQ�

�HW�DO��������DQG�QRW�IXOO\�UHSUHVHQWDWLYH�RI�ZRUOGZLGH�SRSXODWLRQV��

����� �3ODQQHG�IXWXUH�ZRUN�

�7KHUH�DUH�VHYHUDO�H[WHQVLRQV�WR�WKLV�ZRUN�ZKLFK�PD\�EH�GRQH��VRPH�DUH�SODQQHG�IRU�

�YDOLGDWLRQ�DQG�RWKHUV�WR�FRQWLQXH�WKHPHV�RI�WKHVH�SURMHFWV��

������� �&KDSWHU���

�$V��ZHOO��DV��WHVWLQJ��RXU��PRGHO��LQ��H[WHUQDO��GDWDVHWV���VHYHUDO��LQWHUHVWLQJ��TXHVWLRQV��VWHPPHG��RXW�

�IURP� �WKH� �SURMHFW�� �)RU� �LQVWDQFH�� �ZH� �KRSH� �WR� �ILQG��D��PDUNHU��RU��DJJUHJDWLRQ��RI��PDUNHUV��DEOH��WR�

�VXEVWLWXWH��WKH��FRPSOH[��DQDWRPLFDO��LQIRUPDWLRQ��UHIOHFWHG��LQ��WKH��FOLQLFDO��VFRULQJ��V\VWHPV��1,66�

�DQG��36�����DQG��VR��\LHOG��DQ��REMHFWLYH��DQG��UHDO��WLPH��SUHGLFWLYH��SDUDPHWHU���FI'1$��DQG��+0*%��
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�KDYH� �EHHQ� �SURSRVHG� �DV� �SODXVLEOH� �VXEVWLWXWHV� ��0�� �-�� �&RKHQ� �HW� �DO�� ������� �EXW� �FRXOG� �QRW� �EH�

�WHVWHG�LQ�RXU�GDWDVHW�DW�WKH�PRPHQW�JLYHQ�WRR��PXFK��PLVVLQJ�GDWD��

������� �&KDSWHU���

�:LWK� �UHJDUGV� �WR� �WKH� �&29,'��� �ZRUN�� �LW� �ZRXOG� �EH� �RI� �LQWHUHVW� �WR� �SXUVXH� �WKH� �ZKROH� �FOLQLFDO�

�ZRUNIORZ� �SLSHOLQH�� �ZLWK� �WKH� �MRXUQH\� �UHTXLUHG� �WR� �VWXG\� �KRZ� �WR� �VXFFHVVIXOO\� �LPSOHPHQW�

�SURJQRVWLF��PRGHOV��LQWR��FOLQLFDO��IUDPHZRUNV����5R\HQ��HW��DO�����������)RU��WKH��PRPHQW���ZH��DUH��VWLOO�

�FORVHO\��FROODERUDWLQJ��ZLWK��WKH��1,+5��JURXS��DQG� �PRQLWRULQJ��WKH��TXDOLW\��RI��RXU��GHSOR\HG��PRGHOV�

�DQG�WKHLU�DSSOLFDELOLW\��

������� �&KDSWHU���

�7DFNOLQJ��ELJ��TXHVWLRQV��LQ��ELRORJ\��VXFK��DV��DJHLQJ���KHDOWK��WR��GLVHDVH��WUDQVLWLRQV���PXOWLPRUELGLW\�

�DQG� �FKURQLF� �LQIODPPDWLRQ� �KDV��RSHQHG��PDQ\��DYHQXHV��RI��UHVHDUFK��DQG��LPSURYHPHQW��WKDW��ZH�

�DUH�FXUUHQWO\�SXUVXLQJ�DQG�SODQ�WR�FRQWLQXH�ZRUNLQJ�RQ�IRU�WKH�IXWXUH��

��������� �3KH:$6�

�7R� �JDLQ� �PRUH� �LQVLJKW� �LQWR� �WKH� �YDULDQWV� �IRXQG� �WR� �EH� �VLJQLILFDQWO\� �DVVRFLDWHG� �WR� �RXU� �DJHLQJ�

�WUDMHFWRULHV�� �ZH� �ZLOO� �XVH� �3KH:$6� �WKURXJK� �D� �SLSHOLQH� �RI� �DQDO\VLV� �DOUHDG\� �LPSOHPHQWHG� �LQ�

�*NRXWRV��ODE���&XUUHQWO\���DVVRFLDWLRQV��RI��NH\��YDULDQWV��H[WUDFWHG��IURP��RXU��ZRUN��ZHUH��SHUIRUPHG�

�WKURXJK��*:$6��&DWDORJ���&KDSWUHU�������ZKHUH��IRU��LQVWDQFH��UV����������KLJKO\��VLJQLILFDQW��LQ��ERWK�

�858� �DQG� �+5+� �WUDMHFWRULHV�� �ZDV� �IRXQG� �WR� �EH� �DVVRFLDWHG� �WR� �ORQJHYLW\� �DV� �ZHOO� �DV� �WR� �/'/�

�FKROHVWHURO� �DQG� �$O]KHLPHU� �GLVHDVH�� �7KURXJK� �3KH:$6�� �ZKLFK� �VWDQGV� �IRU� �3KHQRPH� �:LGH�

�$VVRFLDWLRQ� �6WXGLHV�� �ZH� �ZLOO� �EH� �DEOH� �WR� �XQFRYHU� �DQ\� �SOHLRWURSLF� �HIIHFWV� �RI� �RXU� �YDULDQWV�

��SUHGLFWHG� �WR� �EH� �SUHVHQW� �LQ� ����� �RI� �*:$6� �ORFL� ��:DWDQDEH� �HW� �DO�� ���������� �E\� �H[DPLQLQJ� �WKH�

�LPSDFW� �RI� �JHQHWLF� �YDULDQWV� �DFURVV� �D� �EURDG� �UDQJH� �RI��SKHQRW\SHV��XVLQJ��XQLYDULDWH��UHJUHVVLRQ�

�PRGHOV� �LQ� �RXU� �RZQ� �8.%%� �GDWDVHW� ��%XVK�� �2HWMHQV�� �DQG� �&UDZIRUG� �������� �7KLV� �DPRXQWV� �WR�

�IOLSSLQJ� �WKH� �GLUHFWLRQ� �RI� �LQIHUHQFH� �LQ� �*:$6�� �DQG� �JRLQJ� �IURP� �H[SRVXUH� ��JHQHWLF� �YDULDQW�� �WR�
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�RXWFRPH���5HFHQW��H[DPSOHV��RI��3KH:$6��LQ��PXOWLPRUELGLW\��VWXGLHV��KDYH��ORRNHG��DW��WKH��LQWHUSOD\�

�EHWZHHQ��FDUGLRYDVFXODU��DQG��QHXURORJLFDO��GLVRUGHUV���;���=KDQJ��HW��DO�������������ZKHUH��WKH\��IRXQG�

��� �GLVWLQFW� �JHQRPLF� �ORFL� �ZLWK� �VLJQLILFDQW� �HYLGHQFH� �RI� �SOHLRWURS\�� �ZLWK� �PRVW� �GLVSOD\LQJ�

�DQWDJRQLVWLF�HIIHFWV��

��������� �'LVHDVH�VHTXHQFHV�

�7DNLQJ� �DGYDQWDJH� �RI� �WKH� �GDWHV� �RI� �GLDJQRVLV� �LQIRUPDWLRQ�� �ZH� �DUH� �FXUUHQWO\� �ZRUNLQJ� �RQ�

�H[WHQGLQJ� �RXU� �GLVHDVH� �UHVHDUFK� �WR� �XQGHUVWDQG� �PRUH� �FRPSOH[� �GLVHDVH� �SDWWHUQV�� �WU\LQJ� �WR�

�GHWHUPLQH� �LI� �WKHUH� �DUH� �DQ\� �GLVWLQFW� �VHTXHQFHV� �RI� �GLVHDVH� �GHYHORSPHQW� �LQ� �WLPH� �IRXQG��LQ��WKH�

�GLIIHUHQW� �FDWHJRULHV�� �6LPLODU� �ZRUN� �KDV��EHHQ��SHUIRUPHG��XVLQJ��'\QDPLF��7LPH��:DUSLQJ���'7:��

��*LDQQRXOD� �HW� �DO�� ������� �������� �DQ� �XQVXSHUYLVHG� �FOXVWHULQJ� �DOJRULWKP� �ZKLFK� �PHDVXUHV�

�VLPLODULWLHV��EHWZHHQ��WZR��VHTXHQFHV��WKDW��PD\��YDU\��LQ��WLPH��RU��VSHHG���ZLWK��IHZ��RWKHU��ODUJH�VFDOH�

�GLVHDVH� �WUDMHFWRU\� �VWXGLHV� �UHSRUWHG� �VR� �IDU� ��-HQVHQ� �HW� �DO�� �������� �*LYHQ� �WKH� �ODUJH� �QXPEHU� �RI�

�FRPELQDWLRQV� �DYDLODEOH�� �PRVW� �UHVHDUFK� �IRFXVHV� �RQ� �WDUJHWHG� �GLVHDVH� �H[SORUDWLRQV� ��H�J�

�GLDEHWHV� ��+DXJ� �HW� �DO�� �������� �PRUWDOLW\� ��3DLN� �DQG� �.LP� ������� �RU� �VHTXHQFH� �DQDO\VLV� �ZLWK� �MXVW�

�WKUHH�GLVHDVHV��&9'��'LDEHWHV�DQG�&DQFHU���&H]DUG��6XOOLYDQ��DQG�.HHQDQ��������

��������� �/LIHVW\OH�DQG�WUDQVLWLRQV�

�&HUWDLQ��VRFLDO���HQYLURQPHQWDO��DQG��OLIHVW\OH��IDFWRUV��VXFK��DV��GLHWDU\��KDELWV��KDYH��EHHQ��VKRZQ��WR�

�EH� �KLJKO\��DVVRFLDWHG��ZLWK��WKH��GHYHORSPHQW��RI��FKURQLF��GLVHDVHV��KHUH��VWXGLHG� ��)XUPDQ��HW��DO��

�������� �7KHUHIRUH� �D� �FORVHU� �ORRN� �RQWR� �OLIHVW\OH� �IDFWRUV� �ORQJLWXGLQDOO\� �E\� �H[WUDFWLQJ� �LQIRUPDWLRQ�

�IURP� �*3� �UHFRUGV� �RQ� �VPRNLQJ�� �GLHW�� �%0,�� �RU� �H[HUFLVH� �FRXOG� �DLG� �WR� �EHWWHU� �FKDUDFWHULVH� �RXU�

�LGHQWLILHG� �DJHLQJ��WUDMHFWRULHV���7KLV��ZLOO��EH��RI��VSHFLDO��LQWHUHVW��IRU��RXU��WUDQVLWLRQLQJ��SKHQRW\SHV�

�+%8��DQG��8%+���JLYHQ��WKHLU��ODFN��RI��JHQHWLF��GULYHUV��PLJKW��PHDQ��KLJKHU��HQYLURQPHQWDO��LQIOXHQFH�

�GULYLQJ� �WKHLU� �VLJQDWXUH� �ZLWK� �HYHQ� �DWWHPSWV� �WR� �SLQSRLQW� �WKH� �WUDQVLWLRQ� �SRLQWV� �DV� �SRVVLELOLWLHV��

�6LPLODU��VWXGLHV��KDYH��EHHQ��GRQH���ZKHUH� ��$KDGL��HW��DO����������ORRNHG��DW��DVVRFLDWLRQV��LQ��OLIHVW\OH�
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�FKDQJHV���L�H��%0,��YDULDWLRQV���GLHW��UHVWULFWLRQV���VPRNLQJ��FHVVDWLRQ��RU��VSHFLILF��PHGLFDWLRQV��VXFK�

�DV� �PHWIRUPLQ��� �7KLV� �DSSURDFK� �FRXOG� �SRWHQWLDOO\� �IDFLOLWDWH� �D� �GHHSHU� �XQGHUVWDQGLQJ� �RI� �KRZ�

�WDUJHWHG�LQWHUYHQWLRQV�RU�OLIHVW\OH�PRGLILFDWLRQV�FDQ�FRQWULEXWH�WR�HQKDQFLQJ�KHDOWK�RXWFRPHV��

��������� �.QRZOHGJH�JUDSKV�

�,Q��WKLV��ODVW��SDFNDJH��RI��ZRUN���ZH��DLP��WR��VWXG\��WKUHH��NH\��SLHFHV��RI��ZRUN���PXOWL�RPLF��LQWHJUDWLRQ��

�UHJXODWRU\� �HOHPHQWV� �DQG� �QHWZRUN� �PHGLFLQH�� �2XU��DLP��LV��WR��VWXG\��FRPSOH[��ELRORJLFDO��V\VWHPV�

�E\� �LQWHJUDWLQJ� �DOO� �OD\HUV� �RI� �ELRORJLFDO� �LQIRUPDWLRQ�� �IURP� �JHQH��WR��WUDLW�GLVHDVH���DFURVV��YDULRXV�

�VFDOHV�� �LQFOXGLQJ� �SURWHLQ�SURWHLQ� �LQWHUDFWLRQV�� �JHQH� �H[SUHVVLRQ�� �HSLJHQHWLF� �VWDWH�� �DQG�

�VLJQDOOLQJ� �DFWLYLW\�� �1HWZRUNV� �SURYLGH� �D��QDWXUDO��IUDPHZRUN��IRU��V\VWHPDWLFDOO\��LQYHVWLJDWLQJ��WKH�

�YDULRXV��UHODWLRQVKLSV��EHWZHHQ��ELRORJLFDO��FRQVWLWXHQWV��ZLWKLQ��DQG��EHWZHHQ��VFDOHV���2I��SDUWLFXODU�

�LQWHUHVW��WR��XV��LV��UHJXODWRU\��PHFKDQLVPV���DV��FHOOXODU��SKHQRW\SHV��GHSHQG��RQ��WKH��LQIOXHQFHV��RI�

�PXOWLVFDOH� �QHWZRUNV� �RI� �PROHFXODU� �LQWHUDFWLRQV� �WKDW� �UHJXODWH� �JHQH� �H[SUHVVLRQ�� �SURWHLQ�

�DEXQGDQFH�� �DQG� �VLJQDOOLQJ� �DFWLYLW\� ��-�� �&�� �&KHQ� �HW� �DO�� ���������� �+RZHYHU�� �REWDLQLQJ� �VXFK�

�NQRZOHGJH� �LV� �FKDOOHQJLQJ� �DV� �LW� �LV� �RIWHQ� �IUDJPHQWHG� �DFURVV� �SXEOLFDWLRQV�� �QRQ�VWDQGDUGL]HG�

�UHSRVLWRULHV���DQG��HYROYLQJ��RQWRORJLHV���7R��RYHUFRPH��WKLV��FKDOOHQJH���ZH��XVH��NQRZOHGJH��JUDSKV�

�VXFK��DV��%LRWHTXH���)HUQiQGH]�7RUUDV��HW��DO����������DQG��3ULPH.*���&KDQGDN���+XDQJ���DQG��=LWQLN�

���������ZKLFK��SURYLGH��D��XQLILHG��IUDPHZRUN��IRU��ELRPHGLFDO��GDWD��LQWHJUDWLRQ���%LRWHTXH��LQWHJUDWHV�

��������� �ELRORJLFDO� �HQWLWLHV� �DQG� ���� �PLOOLRQ� �UHODWLRQVKLSV� �EHWZHHQ� �WKHP� �IURP� �RYHU� ����� �GDWD�

�VRXUFHV�� �ZKLOH� �3ULPH.*� �LQWHJUDWHV� ���� �KLJK�TXDOLW\� �UHVRXUFHV� �WR� �GHVFULEH� �������� �GLVHDVHV�

�ZLWK� ����������� �UHODWLRQVKLSV� �UHSUHVHQWLQJ� �WHQ� �PDMRU� �ELRORJLFDO� �VFDOHV�� �2XU� �ZRUN� �DLPV� �WR�

�GHYHORS� �PHWKRGV� �IRU� �LQWHJUDWLQJ� �GDWD� �GHVFULELQJ� �WKHVH� �YDULRXV� �OHYHOV� �RI� �DFWLYLW\�� �XOWLPDWHO\�

�HQDEOLQJ�D�EHWWHU�XQGHUVWDQGLQJ�RI�KRZ�WKH�JHQRPH�JHQHUDWHV�FHOOXODU�SKHQRW\SHV��
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����� �&RQFOXVLRQV�

�7KLV� �WKHVLV� �DLPV� �WR� �LQYHVWLJDWH� �WKH� �DSSOLFDWLRQV� �RI� �FRPSXWDWLRQDO� �ELRORJ\� �LQ� �ELRPHGLFDO�

�UHVHDUFK�� �IRFXVLQJ� �RQ� �WKUHH��FRUH��DUHDV���GLVFRYHU\��VFLHQFH���FOLQLFDO��WUDQVODWLRQ���DQG��FRPSOH[�

�V\VWHPV�� �,Q� �WKH� �UHDOP� �RI� �GLVFRYHU\� �VFLHQFH�� �ZH� �H[SORUHG� �WKH� �XVH� �RI� �PDFKLQH� �OHDUQLQJ� �LQ�

�ELRLQIRUPDWLFV��E\��GHYHORSLQJ��D��ZRUNIORZ��EDVHG��RQ��ERRWVWUDSSHG��UHJXODUL]DWLRQ��DOJRULWKPV��IRU�

�GLPHQVLRQ� �UHGXFWLRQ� �DQG� �ELRPDUNHU� �LGHQWLILFDWLRQ�� �:H� �LQLWLDOO\� �YDOLGDWHG� �WKLV��DSSURDFK��XVLQJ�

�SXEOLFO\��DYDLODEOH���RPLFV��GDWD��DQG��WKHQ��DSSOLHG��LW��WR��WKH��QRYHO���*ROGHQ��+RXU���VWXG\���DVVHVVLQJ�

�WKH� �SUHGLFWLYH� �SRWHQWLDO� �RI� �LPPXQH� �LQIRUPDWLRQ� �GXULQJ� �WKH� �XOWUD�HDUO\� ����K�� �UHVSRQVH� �WR�

�WUDXPD�� �$� �PRGHO� �ZDV� �FRQVWUXFWHG� �WR� �LGHQWLI\� �SDWLHQWV� �DW� �ULVN� �RI� �GHYHORSLQJ� �0XOWL�2UJDQ�

�'\VIXQFWLRQ�� �UHYHDOLQJ� �WKUHH� �LPPXQH� �PDUNHUV� �UHODWHG� �WR� �QHXWURSKLO� �G\VUHJXODWLRQ� �DV�

�FDQGLGDWHV� �IRU� �IXWXUH� �YDOLGDWLRQ� �VWXGLHV�� �7KLV� �ZRUNIORZ� �ZDV� �VXEVHTXHQWO\� �FRQYHUWHG� �LQWR� �D�

�IXQFWLRQDO� �SLSHOLQH� �DQG� �PDGH� �SXEOLFO\� �DFFHVVLEOH� �WKURXJK� �DQ� �RSHQ�VRXUFH� �ZHE�

�DSSOLFDWLRQ�1H[W�� �ZH� �DGDSWHG� �RXU� �PDFKLQH� �OHDUQLQJ� �UHVHDUFK� �WR� �GHYHORS� �FOLQLFDO� �SURJQRVWLF�

�PRGHOV� �DQG��H[DPLQH��WKH��WUDQVODWLRQDO��SRWHQWLDO��RI��RXU��ZRUN��GXULQJ��WKH��&29,'�����SDQGHPLF��

�7ZR� �SURJQRVWLF� �PRGHOV� �ZHUH� �FRQVWUXFWHG�� �RQH� �IRU� �HYDOXDWLQJ� �SRVWRSHUDWLYH� �PRUWDOLW\��ULVN��LQ�

�SDWLHQWV� �ZLWK� �SHULRSHUDWLYH� �6$56�&R9��� �LQIHFWLRQ� �DQG� �DQRWKHU� �IRU� �DVVHVVLQJ� �SRVWRSHUDWLYH�

�SXOPRQDU\� �FRPSOLFDWLRQV� �LQ� �DGXOWV� �XQGHUJRLQJ� �HOHFWLYH� �VXUJHU\�� �,Q� �FROODERUDWLRQ� �ZLWK� �WKH�

�1,+5��*OREDO��6XUJHU\��5HVHDUFK��8QLW���WKHVH��PRGHOV��ZHUH��GHSOR\HG��RQOLQH��DV��GHFLVLRQ��VXSSRUW�

�WRROV�/DVWO\�� �ZH� �IRFXVHG� �RQ� �VWXG\LQJ� �FRPSOH[� �ELRORJLFDO� �V\VWHPV� �E\� �OHYHUDJLQJ� �WKH� �8.�

�%LREDQN� �GDWD� �DV� �D� �ULFK� �VRXUFH� �RI� �GHHSO\� �SKHQRW\SHG� �LQIRUPDWLRQ� �IRU� �DQDO\]LQJ� �DJHLQJ�

�WUDMHFWRULHV��DQG��KHDOWK�WR�GLVHDVH��WUDQVLWLRQV���%\��FDOFXODWLQJ��ELRORJLFDO��DJH���3KHQR$JH���RYHU�

�WLPH� �IRU� �QHDUO\� ��������� �SDUWLFLSDQWV�� �ZH� �LGHQWLILHG� �IRXU� �GLVWLQFW� �DJHLQJ� �WUDMHFWRULHV� �UDQJLQJ�

�IURP��KHDOWK\��WR��XQKHDOWK\��DJHLQJ���&KDUDFWHUL]DWLRQ��RI��WKHVH��DJHLQJ��SKHQRW\SHV��UHYHDOHG��WKDW�

�IDFWRUV� �VXFK� �DV� �PDOH� �VH[�� �KLJK� �%0,�� �FRPRUELGLWLHV�� �VPRNLQJ�� �DQG� �VKRUWHU� �SDUHQWDO� �OLIHVSDQ�

�ZHUH��PRUH��SUHYDOHQW��LQ��XQKHDOWKLHU��FDWHJRULHV���:H��DOVR��PDSSHG��WKH��GLVHDVH��LQIRUPDWLRQ��IRU�
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���� �FKURQLF� �GLVHDVH� �FDWHJRULHV�� �ILQGLQJ� �D� �SUHGRPLQDQW� �FDUGLRPHWDEROLF� �GLVHDVH� �VLJQDWXUH�

�DVVRFLDWHG� �ZLWK� �XQKHDOWK\� �WUDMHFWRU\� �JURXSV� �DQG� �D� �KHDOWKLHU� �WUDMHFWRU\� �ZLWK� �ORZHU� �GLVHDVH�

�SUHYDOHQFH� �RYHUDOO�,Q� �DQ� �HIIRUW� �WR� �XQFRYHU� �WKH��ELRORJLFDO��XQGHUSLQQLQJV��RI��WKHVH��WUDMHFWRULHV��

�ZH� �FRQGXFWHG� �D� �JHQRPH�ZLGH� �DVVRFLDWLRQ� �VWXG\� ��*:$6����7KH��UHVXOWV��UHYHDOHG��DQ��LPPXQH�
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�UHJXODWRU\�HOHPHQW�GULYLQJ�WKH�XQKHDOWKLHU�DJHLQJ�SKHQRW\SH��
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�%HOGD���2OLYLHU��/DQJHURQ���$QGUHDV��+RHIW���3DROR��3HORVL���DQG��3(5,6&23(��JURXS���������
�µ'HYHORSPHQW� �DQG� �9DOLGDWLRQ��RI��D��6FRUH��WR��3UHGLFW��3RVWRSHUDWLYH��5HVSLUDWRU\��)DLOXUH�
�LQ� �D� �0XOWLFHQWUH� �(XURSHDQ� �&RKRUW�� �$� �3URVSHFWLYH�� �2EVHUYDWLRQDO� �6WXG\¶�� �(XURSHDQ�
�-RXUQDO� �RI� �$QDHVWKHVLRORJ\� ���� ������ ����±����
�KWWSV���GRL�RUJ���������(-$�������������������

�&DQXHO�� �9LQFHQW�� �%DVWLHQ� �5DQFH�� �3DXO� �$YLOODFK�� �3DWULFH� �'HJRXOHW�� �DQG� �$QLWD� �%XUJXQ�� �������
�µ7UDQVODWLRQDO� �5HVHDUFK� �3ODWIRUPV� �,QWHJUDWLQJ� �&OLQLFDO� �DQG� �2PLFV� �'DWD���$��5HYLHZ��RI�



�ÂÈÅ�

�3XEOLFO\� �$YDLODEOH� �6ROXWLRQV¶�� �%ULHILQJV� �LQ� �%LRLQIRUPDWLFV� ���� ������ ����±����
�KWWSV���GRL�RUJ���������ELE�EEX�����

�&DUXDQD�� �5LFK�� �<LQ� �/RX�� �-RKDQQHV� �*HKUNH�� �3DXO� �.RFK�� �0DUF� �6WXUP���DQG��1RHPLH��(OKDGDG��
������� �µ,QWHOOLJLEOH� �0RGHOV� �IRU� �+HDOWK&DUH�� �3UHGLFWLQJ� �3QHXPRQLD� �5LVN� �DQG� �+RVSLWDO�
����'D\� �5HDGPLVVLRQ¶�� �,Q� �3URFHHGLQJV� �RI� �WKH� ���WK� �$&0� �6,*.''� �,QWHUQDWLRQDO�
�&RQIHUHQFH��RQ��.QRZOHGJH��'LVFRYHU\��DQG��'DWD��0LQLQJ���������±�����.''��¶�����1HZ��<RUN��
�1<�� �86$�� �$VVRFLDWLRQ� �IRU� �&RPSXWLQJ� �0DFKLQHU\��
�KWWSV���GRL�RUJ��������������������������

�&DVVLG\�� �6RSKLH�� �-RVHSKLQH� �<�� �&KDX�� �0LFKDHO� �&DWW�� �$GULDQ��%DXPDQ���DQG��0LFKDHO��,���7UHQHOO��
������� �µ&URVV�6HFWLRQDO��6WXG\��RI��'LHW���3K\VLFDO��$FWLYLW\���7HOHYLVLRQ��9LHZLQJ��DQG��6OHHS�
�'XUDWLRQ� �LQ� ����� ����� �$GXOWV� �IURP� �WKH� �8.� �%LREDQN�� �WKH� �%HKDYLRXUDO� �3KHQRW\SH� �RI�
�&DUGLRYDVFXODU� �'LVHDVH� �DQG� �7\SH� ��� �'LDEHWHV¶�� �%0-� �2SHQ� ��� ������ �H��������
�KWWSV���GRL�RUJ���������EPMRSHQ��������������

�&H]DUG�� �*��� �)�� �6XOOLYDQ�� �DQG� �.���.HHQDQ����������µ8QGHUVWDQGLQJ��0XOWLPRUELGLW\��7UDMHFWRULHV��LQ�
�6FRWODQG� �8VLQJ� �6HTXHQFH� �$QDO\VLV¶�� �6FLHQWLILF� �5HSRUWV� ���� ������ ��������
�KWWSV���GRL�RUJ���������V�������������������

�&KDQGDN�� �3D\DO�� �.H[LQ� �+XDQJ�� �DQG� �0DULQND� �=LWQLN�� ������� �µ%XLOGLQJ� �D� �.QRZOHGJH� �*UDSK� �WR�
�(QDEOH� �3UHFLVLRQ� �0HGLFLQH¶��
�KWWSV���ZZZ�ELRU[LY�RUJ�FRQWHQW��������������������������Y���

�&KDQJ�� �:LQVWRQ�� �-RH� �&KHQJ�� �-�� �-�� �$OODLUH�� �&DUVRQ� �6LHYHUW�� �%DUUHW��6FKORHUNH���<LKXL��;LH���-HII�
�$OOHQ�� �-RQDWKDQ� �0F3KHUVRQ�� �$ODQ� �'LSHUW�� �DQG� �%DUEDUD� �%RUJHV�� ������� �6KLQ\�� �:HE�
�$SSOLFDWLRQ�)UDPHZRUN�IRU�5����KWWSV���VKLQ\�UVWXGLR�FRP���

�&KHQ�� �'LMXQ�� �/LDQJ�<X� �)X�� �'DKXL� �+X�� �&KULVWLDQ� �.OXNDV�� �0LQJ� �&KHQ���DQG��.HUVWLQ��.DXIPDQQ��
������� �µ7KH� �+73PRG� �6KLQ\� �$SSOLFDWLRQ� �(QDEOHV� �0RGHOLQJ� �DQG� �9LVXDOL]DWLRQ� �RI�
�/DUJH�6FDOH� �%LRORJLFDO� �'DWD¶�� �&RPPXQLFDWLRQV� �%LRORJ\� ��� ������ ��±���
�KWWSV���GRL�RUJ���������V���������������[��

�&KHQ���(GZDUG��<����&KULVWRSKHU��0���7DQ���<DQ��.RX���4LDRQDQ��'XDQ���=LFKHQ��:DQJ���*DEULHOD��9D]�
�0HLUHOOHV�� �1HLO� �5�� �&ODUN�� �DQG� �$YL� �0D¶D\DQ�� ������� �µ(QULFKU�� �,QWHUDFWLYH� �DQG�
�&ROODERUDWLYH� �+70/�� �*HQH� �/LVW� �(QULFKPHQW� �$QDO\VLV� �7RRO¶�� �%0&� �%LRLQIRUPDWLFV� ����
�����������KWWSV���GRL�RUJ���������������������������

�&KHQ�� �-DPHV� �&��� �0DULDQR� �-�� �$OYDUH]�� �)ODPLQLD� �7DORV�� �+DUVKLO� �'KUXY�� �*DEULHOOH��(���5LHFNKRI��
�$UFKDQD��,\HU���.ULVWLQ��/���'LHIHV���HW��DO����������µ,GHQWLILFDWLRQ��RI��&DXVDO��*HQHWLF��'ULYHUV��RI�
�+XPDQ� �'LVHDVH� �WKURXJK� �6\VWHPV�/HYHO� �$QDO\VLV� �RI� �5HJXODWRU\� �1HWZRUNV¶�� �&HOO� �����
���������±����KWWSV���GRL�RUJ���������M�FHOO��������������

�&KHQ�� �/X�� �%LQJ� �*H�� �)UDQFHVFR� �3DROR� �&DVDOH�� �/RXHOOD� �9DVTXH]�� �7RQ\� �.ZDQ�� �'LHJR�
�*DUULGR�0DUWtQ�� �6WHSKHQ� �:DWW�� �HW� �DO�� ������� �µ*HQHWLF� �'ULYHUV� �RI� �(SLJHQHWLF� �DQG�
�7UDQVFULSWLRQDO� �9DULDWLRQ� �LQ� �+XPDQ� �,PPXQH� �&HOOV¶�� �&HOO� ����� ������ �����������H����
�KWWSV���GRL�RUJ���������M�FHOO��������������

�&KHQ���3R�+VXDQ��&DPHURQ���<XQ��/LX���DQG��/LO\��3HQJ����������µ+RZ��WR��'HYHORS��0DFKLQH��/HDUQLQJ�
�0RGHOV� �IRU� �+HDOWKFDUH¶�� �1DWXUH� �0DWHULDOV� ���� ������ ����±����
�KWWSV���GRL�RUJ���������V������������������

�&KHQ�� �7LDQTL�� �DQG� �&DUORV� �*XHVWULQ�� ������� �µ;*%RRVW�� �$� �6FDODEOH� �7UHH� �%RRVWLQJ� �6\VWHP¶���,Q�
�3URFHHGLQJV� �RI� �WKH� ���QG� �$&0� �6,*.''� �,QWHUQDWLRQDO� �&RQIHUHQFH� �RQ� �.QRZOHGJH�
�'LVFRYHU\�DQG�'DWD�0LQLQJ�������±����KWWSV���GRL�RUJ��������������������������

�&KHQ�� �;LQJGRQJ�� �-HIIUH\� �*ROH�� �$WKXUYD� �*RUH�� �4L\H� �+H�� �0LQJ��/X���-XQ��0LQ���=L\X��<XDQ���HW��DO��
������� �µ1RQ�,QYDVLYH� �(DUO\� �'HWHFWLRQ� �RI� �&DQFHU� �)RXU� �<HDUV� �EHIRUH� �&RQYHQWLRQDO�
�'LDJQRVLV� �8VLQJ� �D� �%ORRG� �7HVW¶�� �1DWXUH� �&RPPXQLFDWLRQV� ���� ������ �������
�KWWSV���GRL�RUJ���������V����������������]��

�&KRZGKXU\�� �6DLIXU� �5DKPDQ�� �'LSDN� �&KDQGUD� �'DV�� �7DFKOLPD� �&KRZGKXU\� �6XQQD�� �-RVHSK�
�%H\HQH�� �DQG� �$KPHG� �+RVVDLQ�� ������� �µ*OREDO� �DQG� �5HJLRQDO� �3UHYDOHQFH� �RI�
�0XOWLPRUELGLW\� �LQ� �WKH� �$GXOW� �3RSXODWLRQ� �LQ� �&RPPXQLW\� �6HWWLQJV�� �$��6\VWHPDWLF��5HYLHZ�



�ÂÈÆ�

�DQG� �0HWD�$QDO\VLV¶�� �(&OLQLFDO0HGLFLQH� ���� ��0DUFK���
�KWWSV���GRL�RUJ���������M�HFOLQP��������������

�&RKHQ�� �$ODQ� �$��� �/XLJL� �)HUUXFFL�� �7DPjV� �)�O|S�� �'RPLQLTXH� �*UDYHO�� �1DQ� �+DR�� �$QGUHV� �.ULHWH��
�0RUJDQ� �(�� �/HYLQH�� �HW� �DO�� ������� �µ$� �&RPSOH[� �6\VWHPV� �$SSURDFK� �WR� �$JLQJ� �%LRORJ\¶��
�1DWXUH�$JLQJ������������±����KWWSV���GRL�RUJ���������V�������������������

�&RKHQ���0LWFKHOO��-����.DULP��%URKL���&DURO\Q��6���&DOIHH���3DPHOD��5DKQ���%ULDQ��%���&KHVHEUR���6DUDK�
�&�� �&KULVWLDDQV�� �0LFKHO� �&DUOHV�� �0DU\EHWK� �+RZDUG�� �DQG� �-HDQ�)UDQoRLV� �3LWWHW�� �������
�µ(DUO\��5HOHDVH��RI��+LJK��0RELOLW\��*URXS��%R[��1XFOHDU��3URWHLQ�����DIWHU��6HYHUH��7UDXPD��LQ�
�+XPDQV�� �5ROH� �RI� �,QMXU\� �6HYHULW\� �DQG� �7LVVXH� �+\SRSHUIXVLRQ¶�� �&ULWLFDO� �&DUH� ��/RQGRQ��
�(QJODQG�����������5�����KWWSV���GRL�RUJ���������FF������

�&ROODERUDWLYH���&29,'6XUJ���DQG��*OREDO6XUJ��&ROODERUDWLYH����������µ7LPLQJ��RI��6XUJHU\��)ROORZLQJ�
�6$56�&R9��� �,QIHFWLRQ�� �$Q� �,QWHUQDWLRQDO� �3URVSHFWLYH� �&RKRUW� �6WXG\¶�� �$QDHVWKHVLD� ����
���������±����KWWSV���GRL�RUJ���������DQDH��������

�&ROOLQV�� �*DU\� �6�� �DQG� �.DUHO� �*� �0� �0RRQV�� ��������µ5HSRUWLQJ��RI��$UWLILFLDO��,QWHOOLJHQFH��3UHGLFWLRQ�
�0RGHOV¶�� �7KH� �/DQFHW� ����� ���������� �����±����
�KWWSV���GRL�RUJ���������6����������������������

�&RQQDOO\�� �1RDK�� �6XPDL\D� �1D]HHQ�� �'DQLHO� �/HH�� �+XZHQER� �6KL�� �-RKQ� �6WDPDWR\DQQRSRXORV��
�6XQJ� �&KXQ�� �&KULV� �&RWVDSDV�� �&KULVWRSKHU� �&DVVD�� �DQG� �6KDPLO� �6XQ\DHY�� ������� �µ7KH�
�0LVVLQJ� �/LQN� �EHWZHHQ� �*HQHWLF� �$VVRFLDWLRQ� �DQG� �5HJXODWRU\� �)XQFWLRQ¶�� �PHG5[LY��
�KWWSV���GRL�RUJ������������������������������

�&RQVRUWLXP�� �7KH� �*7([�� ������� �µ7KH� �*HQRW\SH�7LVVXH� �([SUHVVLRQ� ��*7([�� �3LORW� �$QDO\VLV��
�0XOWLWLVVXH� �*HQH� �5HJXODWLRQ� �LQ� �+XPDQV¶�� �6FLHQFH� ����� ��������� ����±����
�KWWSV���GRL�RUJ���������VFLHQFH����������

�µ&RYLG6XUJ�±�*OREDOVXUJ¶��Q�G��$FFHVVHG����0DUFK�������KWWSV���JOREDOVXUJ�RUJ�FRYLGVXUJ���
�&29,'6XUJ� �&ROODERUDWLYH�� ������� �µ0RUWDOLW\� �DQG� �3XOPRQDU\� �&RPSOLFDWLRQV� �LQ� �3DWLHQWV�

�8QGHUJRLQJ� �6XUJHU\� �ZLWK� �3HULRSHUDWLYH� �6$56�&R9��� �,QIHFWLRQ�� �$Q� �,QWHUQDWLRQDO�
�&RKRUW� �6WXG\¶�� �/DQFHW� ��/RQGRQ�� �(QJODQG�� ����� ���������� ���±����
�KWWSV���GRL�RUJ���������6�������������������;��

�²²²����������µ0DFKLQH��/HDUQLQJ��5LVN��3UHGLFWLRQ��RI��0RUWDOLW\��IRU��3DWLHQWV��8QGHUJRLQJ��6XUJHU\�
�ZLWK� �3HULRSHUDWLYH� �6$56�&R9���� �7KH� �&29,'6XUJ��0RUWDOLW\��6FRUH¶���%ULWLVK��-RXUQDO��RI�
�6XUJHU\����������������±����KWWSV���GRL�RUJ���������EMV�]QDE�����

�²²²�� ������� �µ3URMHFWLQJ� �&29,'���� �'LVUXSWLRQ� �WR� �(OHFWLYH� �6XUJHU\¶�� �/DQFHW� ��/RQGRQ��
�(QJODQG�������������������±����KWWSV���GRL�RUJ���������6����������������������

�&XORV���$QWKRQ\���$P\��6���7VDL���1DWDOLH��6WDQOH\���0DUWLQ��%HFNHU���0RKDPPDG��6���*KDHPL���'DYLG�
�5�� �0F,OZDLQ�� �5DPLQ� �)DOODK]DGHK�� �HW� �DO�� ������� �µ,QWHJUDWLRQ� �RI� �0HFKDQLVWLF�
�,PPXQRORJLFDO� �.QRZOHGJH� �LQWR� �D� �0DFKLQH� �/HDUQLQJ� �3LSHOLQH� �,PSURYHV� �3UHGLFWLRQV¶��
�1DWXUH� �0DFKLQH� �,QWHOOLJHQFH� ��� ������� ����±����
�KWWSV���GRL�RUJ���������V�������������������

�µ'DWDB([SORUDWLRQ¶�� �Q�G�� �$FFHVVHG� ���� �)HEUXDU\� �������
�KWWSV���VXU\DSUDNDVK�VKLQ\DSSV�LR�'DWDB([SORUDWLRQ���

�'DYLV�� �0DUN� �0�� �&ULVWLQD� �0� �7DWR�� �DQG� �'DYLG� �)XUPDQ�� ������� �µ6\VWHPV� �,PPXQRORJ\�� �-XVW�
�*HWWLQJ�6WDUWHG¶���1DWXUH�,PPXQRORJ\�������������±�����KWWSV���GRL�RUJ���������QL�������

�'H� �-DJHU�� �3KLOLS� �/��� �1LU� �+DFRKHQ�� �'LDQH� �0DWKLV�� �$YLY� �5HJHY�� �%DUEDUD� �(�� �6WUDQJHU�� �DQG�
�&KULVWRSKH� �%HQRLVW�� ������� �µ,PP9DU� �3URMHFW�� �,QVLJKWV� �DQG� �'HVLJQ� �&RQVLGHUDWLRQV� �IRU�
�)XWXUH� �6WXGLHV� �RI� �³+HDOWK\´� �,PPXQH� �9DULDWLRQ¶�� �6HPLQDUV� �LQ� �,PPXQRORJ\���� �*OREDO�
�WUDQVFULSWLRQDO� �UHJXODWLRQ� �LQ� �WKH� �LPPXQH� �V\VWHP�� ���� ������ ���±����
�KWWSV���GRL�RUJ���������M�VPLP��������������

�'HEUD\�� �7KRPDV� �3�� �$��� �<YRQQH� �9HUJRXZH�� �+HQGULN� �.RIILMEHUJ�� �'DDQ� �1LHERHU�� �(ZRXW� �:��
�6WH\HUEHUJ�� �DQG� �.DUHO� �*�� �0�� �0RRQV�� ������� �µ$� �1HZ� �)UDPHZRUN� �WR� �(QKDQFH� �WKH�
�,QWHUSUHWDWLRQ� �RI��([WHUQDO��9DOLGDWLRQ��6WXGLHV��RI��&OLQLFDO��3UHGLFWLRQ��0RGHOV¶���-RXUQDO��RI�
�&OLQLFDO�(SLGHPLRORJ\�������������±����KWWSV���GRL�RUJ���������M�MFOLQHSL��������������



�ÂÈÇ�

�'HHOHQ�� �-RULV�� �0DULDQ� �%HHNPDQ�� �+DH�:RQ� �8K�� �/LQGD� �%URHU�� �.ULVWLQ� �/�� �$\HUV�� �4LKXD� �7DQ��
�<RLFKLUR� �.DPDWDQL�� �HW� �DO�� ��������µ*HQRPH�:LGH��$VVRFLDWLRQ��0HWD�$QDO\VLV��RI��+XPDQ�
�/RQJHYLW\� �,GHQWLILHV� �D� �1RYHO� �/RFXV� �&RQIHUULQJ� �6XUYLYDO� �EH\RQG� ���� �<HDUV� �RI� �$JH¶��
�+XPDQ�0ROHFXODU�*HQHWLFV���������������±����KWWSV���GRL�RUJ���������KPJ�GGX�����

�'KLPDQ�� �3DXOD�� �-LH� �0D�� �&RQVWDQ]D� �/�� �$QGDXU� �1DYDUUR�� �%HQMDPLQ� �6SHLFK�� �*DUUHWW� �%XOORFN��
�-RKDQQD� �$�� �$�� �'DPHQ�� �/RWW\� �+RRIW�� �HW� �DO�� ������� �µ5LVN� �RI� �%LDV� �RI� �3URJQRVWLF��0RGHOV�
�'HYHORSHG� �8VLQJ� �0DFKLQH� �/HDUQLQJ�� �$� �6\VWHPDWLF� �5HYLHZ� �LQ� �2QFRORJ\¶���'LDJQRVWLF�
�DQG�3URJQRVWLF�5HVHDUFK�������������KWWSV���GRL�RUJ���������V����������������Z��

�'L[RQ���(PPDQXHO��'����$OH[DQGHU��'���1DUGR���7KLHUU\��&ODXGHO���DQG��0LFKDHO��7UDXQHU����������µ7KH�
�5ROH��RI��/LSLG��6HQVLQJ��1XFOHDU��5HFHSWRUV���33$5V��DQG��/;5���DQG��0HWDEROLF��/LSDVHV��LQ�
�2EHVLW\�� �'LDEHWHV� �DQG� �1$)/'¶�� �*HQHV� ���� ������ ������
�KWWSV���GRL�RUJ���������JHQHV����������

�'|QHUWDú�� �+DQGDQ� �0HOLNH���'DQLHO��.���)DELDQ���0DWtDV��)XHQWHDOED���/LQGD��3DUWULGJH���DQG��-DQHW�
�0���7KRUQWRQ����������µ&RPPRQ��*HQHWLF��$VVRFLDWLRQV��EHWZHHQ��$JH�5HODWHG��'LVHDVHV¶��
�1DWXUH�$JLQJ������������±�����KWWSV���GRL�RUJ���������V�������������������

�'RQJ�� �*XL\LQJ�� �-LDQIHQJ� �)HQJ�� �)HQJ]KX� �6XQ�� �-LQJTL� �&KHQ�� �DQG� �;LQJ�0LQJ� �=KDR�� ������� �µ$�
�*OREDO� �2YHUYLHZ� �RI� �*HQHWLFDOO\� �,QWHUSUHWDEOH� �0XOWLPRUELGLWLHV� �DPRQJ� �&RPPRQ�
�'LVHDVHV� �LQ� �WKH� �8.� �%LREDQN¶�� �*HQRPH� �0HGLFLQH� ���� ������ ������
�KWWSV���GRL�RUJ���������V�������������������

�'RVKL�9HOH]�� �)LQDOH�� �DQG� �%HHQ� �.LP�� ������� �µ7RZDUGV� �$� �5LJRURXV� �6FLHQFH� �RI� �,QWHUSUHWDEOH�
�0DFKLQH� �/HDUQLQJ¶�� �$U;LY������������ �>&V�� �6WDW@���� �0DUFK��
�KWWS���DU[LY�RUJ�DEV�������������

�'XULQFN�� �6WHIIHQ�� �3DXO� �7�� �6SHOOPDQ�� �(ZDQ� �%LUQH\�� �DQG� �:ROIJDQJ� �+XEHU�� ������� �µ0DSSLQJ�
�,GHQWLILHUV� �IRU� �WKH� �,QWHJUDWLRQ��RI��*HQRPLF��'DWDVHWV��ZLWK��WKH��5�%LRFRQGXFWRU��3DFNDJH�
�%LRPD5W¶���1DWXUH�3URWRFROV�������������±����KWWSV���GRL�RUJ���������QSURW����������

�(���&KULVWRGRXORX���0D��-���&ROOLQV��*V���6WH\HUEHUJ��(Z���9HUEDNHO��-\���DQG��9DQ��&DOVWHU��%����������µ$�
�6\VWHPDWLF��5HYLHZ��6KRZV��1R��3HUIRUPDQFH��%HQHILW��RI��0DFKLQH��/HDUQLQJ��RYHU��/RJLVWLF�
�5HJUHVVLRQ� �IRU� �&OLQLFDO� �3UHGLFWLRQ� �0RGHOV¶�� �-RXUQDO� �RI� �&OLQLFDO� �(SLGHPLRORJ\� �����
��-XQH���KWWSV���GRL�RUJ���������M�MFOLQHSL��������������

�(O+DEU�� �U� �RQ� �7RQ\�� ������� �µ&RPSDULQJ� �9DULDEOH� �,PSRUWDQFH� �)XQFWLRQV� ��)RU� �0RGHOLQJ�� �_�
�5�%ORJJHUV¶�� ���� �-XO\� �������
�KWWSV���ZZZ�U�EORJJHUV�FRP���������FRPSDULQJ�YDULDEOH�LPSRUWDQFH�IXQFWLRQV�IRU�PR�
�GHOLQJ���

�(OOLQJKDXV���'DYLG���/XNH��-RVWLQV���6DUDK��/���6SDLQ���$GULDQ��&RUWHV���-|UQ��%HWKXQH���%XKP��+DQ���<X�
�5DQJ��3DUN���HW��DO����������µ$QDO\VLV��RI��)LYH��&KURQLF��,QIODPPDWRU\��'LVHDVHV��,GHQWLILHV�����
�1HZ� �$VVRFLDWLRQV� �DQG� �+LJKOLJKWV� �'LVHDVH�6SHFLILF� �3DWWHUQV� �DW� �6KDUHG� �/RFL¶�� �1DWXUH�
�*HQHWLFV�������������±����KWWSV���GRL�RUJ���������QJ�������

�(PLOVVRQ�� �9DOXU�� �9DOERUJ� �*XGPXQGVGRWWLU�� �$OH[DQGHU� �*XGMRQVVRQ���7KRUDULQQ��-RQPXQGVVRQ��
�%U\QMROIXU� �*�� �-RQVVRQ�� �0RKG� �$�� �.DULP�� �0DUMDQ� �,ONRY�� �HW� �DO�� ������� �µ&RGLQJ� �DQG�
�5HJXODWRU\� �9DULDQWV��$UH��$VVRFLDWHG��ZLWK��6HUXP��3URWHLQ��/HYHOV��DQG��'LVHDVH¶���1DWXUH�
�&RPPXQLFDWLRQV���������������KWWSV���GRL�RUJ���������V�������������������

�(PLOVVRQ���9DOXU���0DUMDQ��,ONRY���-RKQ��5���/DPE���1DQF\��)LQNHO���(OLDV��)���*XGPXQGVVRQ���5HEHFFD�
�3LWWV�� �+HDWKHU� �+RRYHU�� �HW� �DO�� ������� �µ&R�5HJXODWRU\� �1HWZRUNV� �RI� �+XPDQ� �6HUXP�
�3URWHLQV� �/LQN� �*HQHWLFV� �WR� �'LVHDVH¶�� �6FLHQFH� ����� ��������� ����±����
�KWWSV���GRL�RUJ���������VFLHQFH�DDT������

�(1&2'(� �3URMHFW� �&RQVRUWLXP�� ������� �µ$Q� �,QWHJUDWHG� �(QF\FORSHGLD� �RI� �'1$� �(OHPHQWV� �LQ� �WKH�
�+XPDQ�*HQRPH¶���1DWXUH����������������±����KWWSV���GRL�RUJ���������QDWXUH�������

�µ([WHQGLQJ� �WKH� �5HDFK� �RI� �WKH� �/DVVR� �DQG� �(ODVWLF� �1HW� �3HQDOWLHV�� �0HWKRGRORJ\� �DQG� �3UDFWLFH� ���
�3UR4XHVW¶�� �Q�G�� �$FFHVVHG� ���� �)HEUXDU\� �������
�KWWSV���ZZZ�SURTXHVW�FRP�RSHQYLHZ�EGFED�F���E�F��H�����H���IEI������"ST�RULJ�
�VLWH JVFKRODU	FEO �����	GLVV \��



�ÂÈÈ�

�)DEEUL�� �(OLVD�� �<DQJ� �$Q�� �0DUFR� �=ROL�� �(OHDQRU� �0�� �6LPRQVLFN�� �-DFN� �0�� �*XUDOQLN�� �6WHIDQLD�
�%DQGLQHOOL�� �&\QWKLD� �0�� �%R\G�� �DQG� �/XLJL� �)HUUXFFL�� ������� �µ$JLQJ� �DQG� �WKH� �%XUGHQ� �RI�
�0XOWLPRUELGLW\�� �$VVRFLDWLRQV� �:LWK� �,QIODPPDWRU\� �DQG��$QDEROLF��+RUPRQDO��%LRPDUNHUV¶��
�7KH� �-RXUQDOV� �RI� �*HURQWRORJ\�� �6HULHV� �$� ���� ������ ���±����
�KWWSV���GRL�RUJ���������JHURQD�JOX�����

�)DELDQ�� �'DQLHO� �.����0DWtDV��)XHQWHDOED���+DQGDQ��0HOLNH��'|QHUWDú���/LQGD��3DUWULGJH���DQG��-DQHW�
�0���7KRUQWRQ����������µ)XQFWLRQDO��&RQVHUYDWLRQ��LQ��*HQHV��DQG��3DWKZD\V��/LQNLQJ��$JHLQJ�
�DQG� �,PPXQLW\¶�� �,PPXQLW\� �	� �$JHLQJ� ���� ������ �����
�KWWSV���GRL�RUJ���������V�������������������

�)DLUID[���%HQMDPLQ��3���DQG��-XOLDQ��&��.QLJKW����������µ*HQHWLFV��RI��*HQH��([SUHVVLRQ��LQ��,PPXQLW\��WR�
�,QIHFWLRQ¶�� �&XUUHQW� �2SLQLRQ� �LQ� �,PPXQRORJ\���� �,PPXQRJHQHWLFV� �DQG� �WUDQVSODQWDWLRQ� �
�
�6SHFLDO� �VHFWLRQ�� �(IIHFWV� �RI� �HQGRJHQRXV� �LPPXQH� �VWLPXODQWV�� ���� ��2FWREHU��� ���±����
�KWWSV���GRL�RUJ���������M�FRL��������������

�)DUK�� �.\OH� �.DL�+RZ�� �$OH[DQGHU� �0DUVRQ�� �-LDQJ� �=KX�� �0DUNXV� �.OHLQHZLHWIHOG�� �:LOOLDP� �-��
�+RXVOH\�� �6DPDQWKD� �%HLN�� �1RDP� �6KRUHVK�� �HW� �DO�� ������� �µ*HQHWLF��DQG��(SLJHQHWLF��)LQH�
�0DSSLQJ� �RI� �&DXVDO� �$XWRLPPXQH� �'LVHDVH� �9DULDQWV¶�� �1DWXUH� ����� ��������� ����±����
�KWWSV���GRL�RUJ���������QDWXUH�������

�)DZFHWW�� �7RP�� ������� �µ$Q� �,QWURGXFWLRQ� �WR� �52&� �$QDO\VLV¶�� �3DWWHUQ� �5HFRJQLWLRQ� �/HWWHUV���� �52&�
�$QDO\VLV� �LQ� �3DWWHUQ� �5HFRJQLWLRQ�� ���� ������ ����±����
�KWWSV���GRL�RUJ���������M�SDWUHF��������������

�)HQJ���-LQZHQ���&KHQ��'LQJ���1DLTL��4LX���;LDRWLDQ��1L���'RQJGRQJ��=KDQ���:DQOLQ��/LX���;LD��;LD���HW��DO��
��������µ)LUPLDQD���7RZDUGV��D��2QH�6WRS��3URWHRPLF��&ORXG��3ODWIRUP��IRU��'DWD��3URFHVVLQJ�
�DQG�$QDO\VLV¶���1DWXUH�%LRWHFKQRORJ\�������������±�����KWWSV���GRL�RUJ���������QEW�������

�)HUQiQGH]�7RUUDV�� �$GULj�� �0LTXHO� �'XUDQ�)ULJROD�� �0DUWLQR� �%HUWRQL�� �0DUWLQD� �/RFDWHOOL�� �DQG�
�3DWULFN� �$OR\�� ������� �µ,QWHJUDWLQJ� �DQG� �)RUPDWWLQJ� �%LRPHGLFDO� �'DWD� �DV� �3UH�&DOFXODWHG�
�.QRZOHGJH� �*UDSK� �(PEHGGLQJV� �LQ� �WKH� �%LRWHTXH¶�� �1DWXUH� �&RPPXQLFDWLRQV� ���� ������
�������KWWSV���GRL�RUJ���������V�������������������

�)LQOD\VRQ���6DPXHO��*����$QGUHZ��/���%HDP���DQG��0DDUWHQ��YDQ��6PHGHQ����������µ0DFKLQH��/HDUQLQJ�
�DQG��6WDWLVWLFV��LQ��&OLQLFDO��5HVHDUFK��$UWLFOHV²0RYLQJ��3DVW��WKH��)DOVH��'LFKRWRP\¶���-$0$�
�3HGLDWULFV����0DUFK��KWWSV���GRL�RUJ���������MDPDSHGLDWULFV������������

�)RUWQH\���.ULVWHQ���(GJDU��'REULEDQ���3DROR��*DUDJQDQL���&KLDUD��3LUD]]LQL���'DQLHOD��0RQWL���'DQLHOD�
�0DUL���*LO��$W]PRQ���HW��DO����������µ*HQRPH�:LGH��6FDQ��,QIRUPHG��E\��$JH�5HODWHG��'LVHDVH�
�,GHQWLILHV��/RFL��IRU��([FHSWLRQDO��+XPDQ��/RQJHYLW\¶���3/26��*HQHWLFV�������������H���������
�KWWSV���GRL�RUJ���������MRXUQDO�SJHQ����������

�)RWRXKL�� �%DEDN�� �1DJKPHK� �0RPHQL�� �0DULD� �$�� �5LROR�� �DQG� �'DYLG� �/�� �%XFNHULGJH�� �������
�µ6WDWLVWLFDO��0HWKRGV��IRU��&RQVWUXFWLQJ��'LVHDVH��&RPRUELGLW\��1HWZRUNV��IURP��/RQJLWXGLQDO�
�,QSDWLHQW� �'DWD¶�� �$SSOLHG� �1HWZRUN� �6FLHQFH� ��� ������ ��±����
�KWWSV���GRL�RUJ���������V������������������

�)RZOHU�� �-RVHSK� �:D\QH� �0�� �5RQJ� �=KDQJ�� �%R� �7DR�� �1DELO� �(� �%RXWDJ\�� �DQG� �:LOOLDP� �&� �6HVVD��
������� �µ,QIODPPDWRU\� �6WUHVV� �6LJQDOLQJ� �YLD� �1)�.%� �$OWHUV� �$FFHVVLEOH� �&KROHVWHURO� �WR�
�8SUHJXODWH��65(%3���7UDQVFULSWLRQDO��$FWLYLW\��LQ��(QGRWKHOLDO��&HOOV¶���(GLWHG��E\��(GZDUG��$�
�)LVKHU� �DQG� �0RQH� �=DLGL�� �(/LIH� ���� ��$XJXVW��� �H�������
�KWWSV���GRL�RUJ���������H/LIH��������

�)UDQFHVFKL���&ODXGLR���0DVVLPLOLDQR��%RQDIq���6LOYDQD��9DOHQVLQ���)DELROD��2OLYLHUL���0DULD��'H��/XFD��
�(Q]R��2WWDYLDQL���DQG��*LRYDQQD��'H��%HQHGLFWLV����������µ,QIODPP�$JLQJ���$Q��(YROXWLRQDU\�
�3HUVSHFWLYH� �RQ� �,PPXQRVHQHVFHQFH¶�� �$QQDOV� �RI� �WKH��1HZ��<RUN��$FDGHP\��RI��6FLHQFHV�
�������������±����KWWSV���GRL�RUJ���������M����������������WE������[��

�)UDVHU�� �+HOHQ� �&��� �9DOHULH� �.XDQ�� �5RQMD� �-RKQHQ�� �0DJGDOHQD� �=ZLHU]\QD���$URRQ��'���+LQJRUDQL��
�$QGUHDV� �%H\HU�� �DQG� �/LQGD� �3DUWULGJH�� ��������µ%LRORJLFDO��0HFKDQLVPV��RI��$JLQJ��3UHGLFW�
�$JH�5HODWHG� �'LVHDVH� �&R�2FFXUUHQFH� �LQ� �3DWLHQWV¶�� �$JLQJ� �&HOO� ���� ������ �H�������
�KWWSV���GRL�RUJ���������DFHO��������



�ÂÈÉ�

�)ULHGPDQ�� �-HURPH�� �7UHYRU� �+DVWLH�� �DQG� �5REHUW� �7LEVKLUDQL�� ������� �µ5HJXODUL]DWLRQ� �3DWKV� �IRU�
�*HQHUDOL]HG��/LQHDU��0RGHOV��YLD��&RRUGLQDWH��'HVFHQW¶���-RXUQDO��RI��6WDWLVWLFDO��6RIWZDUH�����
�������±����KWWSV���GRL�RUJ����������MVV�Y����L����

�)XUPDQ�� �'DYLG�� �-XGLWK� �&DPSLVL�� �(ULF� �9HUGLQ�� �3HGUR� �&DUUHUD�%DVWRV�� �6DVKD� �7DUJ�� �&ODXGLR�
�)UDQFHVFKL�� �/XLJL� �)HUUXFFL�� �HW� �DO�� ������� �µ&KURQLF� �,QIODPPDWLRQ� �LQ� �WKH� �(WLRORJ\� �RI�
�'LVHDVH� �DFURVV� �WKH� �/LIH� �6SDQ¶�� �1DWXUH� �0HGLFLQH� ���� ������� �����±����
�KWWSV���GRL�RUJ���������V������������������

�*DPD]RQ�� �(ULF� �5��� �$\HOOHW� �9�� �6HJUq�� �0DUWLMQ� �YDQ� �GH� �%XQW�� �;LDRTXDQ� �:HQ�� �+XDOLQ� �6�� �;L��
�)DUKDG� �+RUPR]GLDUL�� �+DOLW� �2QJHQ�� �HW� �DO�� ������� �µ8VLQJ� �DQ� �$WODV� �RI� �*HQH� �5HJXODWLRQ�
�DFURVV� ���� �+XPDQ� �7LVVXHV� �WR� �,QIRUP� �&RPSOH[� �'LVHDVH�� �DQG� �7UDLW�$VVRFLDWHG�
�9DULDWLRQ¶�� �1DWXUH� �*HQHWLFV� ���� ������ ����±����
�KWWSV���GRL�RUJ���������V������������������

�*DR���;LDR\L��5D\PRQG���0DULRQ��&KLDULJOLRQH���.H��4LQ���.DUHQ��1X\WHPDQV���'RXJODV��:���6FKDUUH��
�<L�-X� �/L�� �DQG� �(GHQ� �5�� �0DUWLQ�� ������� �µ([SODLQDEOH� �0DFKLQH� �/HDUQLQJ� �$JJUHJDWHV�
�3RO\JHQLF� �5LVN� �6FRUHV� �DQG� �(OHFWURQLF� �+HDOWK� �5HFRUGV� �IRU� �$O]KHLPHU¶V� �'LVHDVH�
�3UHGLFWLRQ¶�� �6FLHQWLILF� �5HSRUWV� ���� ������ ������
�KWWSV���GRL�RUJ���������V�������������������

�*DR�� �<XH�� �6KLSHQJ��6KDQJ���6KXDQJ��*XR���;LQ\XH��:DQJ���+DQ[LDR��=KRX���<XH��6XQ���-LQJ��*DQ��
�HW� �DO�� ������� �µ$JLQJ%DQN�� �$� �0DQXDOO\� �&XUDWHG� �.QRZOHGJHEDVH� �DQG� �+LJK�7KURXJKSXW�
�$QDO\VLV� �3ODWIRUP� �7KDW� �3URYLGHV� �([SHULPHQWDOO\� �6XSSRUWHG� �0XOWL�2PLFV� �'DWD�
�5HOHYDQW� �WR� �$JLQJ� �LQ� �0XOWLSOH� �6SHFLHV¶�� �%ULHILQJV� �LQ� �%LRLQIRUPDWLFV� ���� ������ �EEDF�����
�KWWSV���GRL�RUJ���������ELE�EEDF�����

�*HULQ���,VDEHOOH���9HUQRQ��:���'ROLQVN\���-RQDWKDQ��*���6KDFNPDQ���5REHUW��7���.HQQHG\���6KLDQ�+XH\�
�&KLDQJ���&KDUOHV��)���%XUDQW���.QXW��5���6WHIIHQVHQ���-DQ�cNH��*XVWDIVVRQ���DQG��2UPRQG��$��
�0DF'RXJDOG�� ��������µ/;5ȕ��,V��5HTXLUHG��IRU��$GLSRF\WH��*URZWK���*OXFRVH��+RPHRVWDVLV��
�DQG� �ȕ� �&HOO� �)XQFWLRQ� �
¶�� �-RXUQDO� �RI� �%LRORJLFDO� �&KHPLVWU\� ����� ������� ������±����
�KWWSV���GRL�RUJ���������MEF�0�����������

�*LDQQRXOD���$OH[LD���(PLOLR��&HQWHQR���0LJXHO�$QJHO��0D\HU���)HUUDQ��6DQ]���DQG��/DXUD��,���)XUORQJ��
������� �µ$� �6\VWHP�/HYHO� �$QDO\VLV� �RI� �3DWLHQW� �'LVHDVH� �7UDMHFWRULHV� �%DVHG� �RQ� �&OLQLFDO��
�3KHQRW\SLF� �DQG� �0ROHFXODU� �6LPLODULWLHV¶�� �%LRLQIRUPDWLFV� ��2[IRUG�� �(QJODQG�� ���� �������
�����±����KWWSV���GRL�RUJ���������ELRLQIRUPDWLFV�EWDD�����

�*LDQQRXOD���$OH[LD���$OED��*XWLHUUH]�6DFULVWiQ���ÈOH[��%UDYR���)HUUDQ��6DQ]���DQG��/DXUD��,���)XUORQJ��
������� �µ,GHQWLI\LQJ� �7HPSRUDO� �3DWWHUQV� �LQ� �3DWLHQW� �'LVHDVH� �7UDMHFWRULHV� �8VLQJ��'\QDPLF�
�7LPH� �:DUSLQJ�� �$� �3RSXODWLRQ�%DVHG� �6WXG\¶�� �6FLHQWLILF� �5HSRUWV� ��� ������ ��±����
�KWWSV���GRL�RUJ���������V�������������������

�*LEEV���5LFKDUG��$����������µ7KH��+XPDQ��*HQRPH��3URMHFW��&KDQJHG��(YHU\WKLQJ¶���1DWXUH��5HYLHZV�
�*HQHWLFV��������������±����KWWSV���GRL�RUJ���������V������������������

�*LEEV�� �5LFKDUG� �$����-RKQ��:���%HOPRQW���3DXO��+DUGHQERO���7KRPDV��'���:LOOLV���)XOL��<X���+XDQPLQJ�
�<DQJ���/DQ�<DQJ��&K¶DQJ���HW��DO����������µ7KH��,QWHUQDWLRQDO��+DS0DS��3URMHFW¶���1DWXUH������
������������±����KWWSV���GRL�RUJ���������QDWXUH�������

�*ODVEH\���-DPHV���$GHVRML��$GHPX\LZD���$GHZDOH��$GLVD���(KDE��$O$PHHU���$OH[LV��3���$UQDXG���)DULV�
�$\DVUD�� �-RVp� �$]HYHGR�� �HW� �DO�� ������� �µ(IIHFW� �RI� �&29,'���� �3DQGHPLF� �/RFNGRZQV� �RQ�
�3ODQQHG� �&DQFHU� �6XUJHU\� �IRU� ���� �7XPRXU� �7\SHV� �LQ� ���� �&RXQWULHV�� �$Q� �,QWHUQDWLRQDO��
�3URVSHFWLYH�� �&RKRUW� �6WXG\¶�� �7KH� �/DQFHW� �2QFRORJ\� ���� ������� �����±����
�KWWSV���GRL�RUJ���������6����������������������

�*ODVEH\���-DPHV��&����'PLWUL��1HSRJRGLHY���-RDQD��)���)���6LPRHV���2PDU��2PDU���(OL]DEHWK��/L���0DU\�
�/���9HQQ���QXOO��3JGPH���HW��DO����������µ(OHFWLYH��&DQFHU��6XUJHU\��LQ��&29,'����)UHH��6XUJLFDO�
�3DWKZD\V� �'XULQJ� �WKH� �6$56�&R9��� �3DQGHPLF�� �$Q� �,QWHUQDWLRQDO�� �0XOWLFHQWHU��
�&RPSDUDWLYH� �&RKRUW� �6WXG\¶�� �-RXUQDO� �RI� �&OLQLFDO� �2QFRORJ\�� �2IILFLDO� �-RXUQDO� �RI� �WKH�
�$PHULFDQ� �6RFLHW\� �RI� �&OLQLFDO� �2QFRORJ\� ���� ������ ���±����
�KWWSV���GRL�RUJ���������-&2�����������
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�*RK���.ZDQJ�,O���0LFKDHO��(���&XVLFN���'DYLG��9DOOH���%DUWRQ��&KLOGV���0DUF��9LGDO���DQG��$OEHUW�/iV]Oy�
�%DUDEiVL�� ������� �µ7KH� �+XPDQ� �'LVHDVH� �1HWZRUN¶�� �3URFHHGLQJV� �RI� �WKH� �1DWLRQDO�
�$FDGHP\�RI�6FLHQFHV����������������±����KWWSV���GRL�RUJ���������SQDV�������������

�*RRUEHUJK�� �5XEHQ� �YDQ� �GHQ�� �0DDUWHQ� �YDQ��6PHGHQ���'LUN��7LPPHUPDQ���DQG��%HQ��9DQ��&DOVWHU��
������� �µ7KH� �+DUP� �RI� �&ODVV� �,PEDODQFH� �&RUUHFWLRQV� �IRU� �5LVN� �3UHGLFWLRQ� �0RGHOV��
�,OOXVWUDWLRQ� �DQG� �6LPXODWLRQ� �8VLQJ� �/RJLVWLF� �5HJUHVVLRQ¶�� �-RXUQDO� �RI� �WKH� �$PHULFDQ�
�0HGLFDO� �,QIRUPDWLFV� �$VVRFLDWLRQ� ���� ������ �����±����
�KWWSV���GRL�RUJ���������MDPLD�RFDF�����

�*7([��&RQVRUWLXP����������µ7KH��*7([��&RQVRUWLXP��$WODV��RI��*HQHWLF��5HJXODWRU\��(IIHFWV��DFURVV�
�+XPDQ� �7LVVXHV¶�� �6FLHQFH� ��1HZ� �<RUN�� �1�<��� ����� ��������� �����±����
�KWWSV���GRL�RUJ���������VFLHQFH�DD]������

�*XSWD���5LVKL��.����(ZHQ��0���+DUULVRQ���$QWRQLD��+R���$QQHPDULH��%���'RFKHUW\���6WHSKHQ��5���.QLJKW��
�0DDUWHQ��YDQ��6PHGHQ���,EUDKLP��$EXEDNDU���HW��DO����������µ'HYHORSPHQW��DQG��9DOLGDWLRQ��RI�
�WKH� �,6$5,&� ��&� �'HWHULRUDWLRQ� �0RGHO� �IRU� �$GXOWV� �+RVSLWDOLVHG� �ZLWK� �&29,'����� �$�
�3URVSHFWLYH� �&RKRUW� �6WXG\¶�� �7KH� �/DQFHW� �5HVSLUDWRU\� �0HGLFLQH� ��� ������ ����±����
�KWWSV���GRL�RUJ���������6����������������������

�+DQORQ�� �3HWHU�� �%KDXWHVK� �'�� �-DQL�� �%DUEDUD� �1LFKROO�� �-LP� �/HZVH\�� �'DYLG� �$�� �0F$OOLVWHU�� �DQG�
�)UDQFHV� �6�� �0DLU�� ������� �µ$VVRFLDWLRQV� �EHWZHHQ� �0XOWLPRUELGLW\� �DQG� �$GYHUVH� �+HDOWK�
�2XWFRPHV� �LQ� �8.� �%LREDQN� �DQG� �WKH� �6$,/� �'DWDEDQN�� �$� �&RPSDULVRQ� �RI� �/RQJLWXGLQDO�
�&RKRUW� �6WXGLHV¶�� �3/26� �0HGLFLQH� ���� ������ �H���������
�KWWSV���GRL�RUJ���������MRXUQDO�SPHG����������

�+DQQXP�� �*UHJRU\�� �-XVWLQ� �*XLQQH\�� �/LQJ� �=KDR�� �/L� �=KDQJ�� �*X\� �+XJKHV�� �6ULQL9DV� �6DGGD��
�%UDQG\� �.ORW]OH�� �HW� �DO�� ������� �µ*HQRPH�:LGH� �0HWK\ODWLRQ��3URILOHV��5HYHDO��4XDQWLWDWLYH�
�9LHZV� �RI� �+XPDQ� �$JLQJ� �5DWHV¶�� �0ROHFXODU� �&HOO� ���� ������ ����±����
�KWWSV���GRL�RUJ���������M�PROFHO��������������

�+DUROG���'HQLVH���5LFKDUG��$EUDKDP���3DXO��+ROOLQJZRUWK���5HEHFFD��6LPV���$P\��*HUULVK���0DULDQ��/��
�+DPVKHUH�� �-DVSUHHW� �6LQJK� �3DKZD�� �HW� �DO�� ������� �µ*HQRPH�:LGH� �$VVRFLDWLRQ� �6WXG\�
�,GHQWLILHV��9DULDQWV��DW��&/8��DQG��3,&$/0��$VVRFLDWHG��ZLWK��$O]KHLPHU¶V��'LVHDVH¶���1DWXUH�
�*HQHWLFV���������������±����KWWSV���GRL�RUJ���������QJ������

�+DVWLH�� �7UHYRU�� �-HURPH� �)ULHGPDQ�� �DQG� �5REHUW� �7LEVKLUDQL�� ������� �7KH� �(OHPHQWV��RI��6WDWLVWLFDO�
�/HDUQLQJ���� �6SULQJHU� �6HULHV� �LQ� �6WDWLVWLFV�� �1HZ� �<RUN�� �1<�� �6SULQJHU��
�KWWSV���GRL�RUJ����������������������������

�+DVWLH�� �7UHYRU�� �5REHUW� �7LEVKLUDQL�� �DQG� �-HURPH� �)ULHGPDQ�� ������� �7KH� �(OHPHQWV��RI��6WDWLVWLFDO�
�/HDUQLQJ���� �6SULQJHU� �6HULHV� �LQ� �6WDWLVWLFV�� �1HZ� �<RUN�� �1<�� �6SULQJHU��
�KWWSV���GRL�RUJ����������������������������

�+DXJ�� �1LOV�� �-RKDQQHV� �6RUJHU�� �7HUHVD� �*LVLQJHU�� �0LFKDHO� �*\LPHVL�� �$OH[DQGUD��.DXW]N\�:LOOHU��
�6WHIDQ��7KXUQHU���DQG��3HWHU��.OLPHN����������µ'HFRPSUHVVLRQ��RI��0XOWLPRUELGLW\��$ORQJ��WKH�
�'LVHDVH� �7UDMHFWRULHV� �RI� �'LDEHWHV� �0HOOLWXV� �3DWLHQWV¶�� �)URQWLHUV� �LQ� �3K\VLRORJ\� �����
�KWWSV���ZZZ�IURQWLHUVLQ�RUJ�DUWLFOHV���������ISK\V��������������

�+D]HOGLQH�� �-RQ�� �'DYLG� �1�� �1DXPDQQ�� �(PPD� �7RPDQ�� �'DYLG� �'DYLHV�� �-RQDWKDQ� �5�� �%�� �%LVKRS��
�=KDQJMLH� �6X�� �3HWHU� �+DPSVRQ�� �HW� �DO�� ������� �µ3UHKRVSLWDO� �,PPXQH� �5HVSRQVHV� �DQG�
�'HYHORSPHQW� �RI��0XOWLSOH��2UJDQ��'\VIXQFWLRQ��6\QGURPH��)ROORZLQJ��7UDXPDWLF��,QMXU\���$�
�3URVSHFWLYH� �&RKRUW� �6WXG\¶�� �3/R6� �0HGLFLQH� ���� ������ �H���������
�KWWSV���GRL�RUJ���������MRXUQDO�SPHG����������

�+HUQDQVDL]�%DOOHVWHURV�� �5RVD�� �&KULVWLDQ� �+�� �+ROODQG�� �$XUHOLHQ� �'XJRXUG�� �DQG� �-XOLR�
�6DH]�5RGULJXH]�� ������� �µ)81.,�� �,QWHUDFWLYH� �)XQFWLRQDO� �)RRWSULQW�%DVHG� �$QDO\VLV� �RI�
�2PLFV�'DWD¶��DU;LY��KWWSV���GRL�RUJ����������DU;LY�������������

�+LGDOJR�� �&pVDU� �$��� �1LFKRODV� �%OXPP�� �$OEHUW�/iV]Oy� �%DUDEiVL�� �DQG� �1LFKRODV� �$�� �&KULVWDNLV��
������� �µ$� �'\QDPLF� �1HWZRUN� �$SSURDFK� �IRU� �WKH� �6WXG\� �RI� �+XPDQ� �3KHQRW\SHV¶�� �3/26�
�&RPSXWDWLRQDO�%LRORJ\���������H���������KWWSV���GRL�RUJ���������MRXUQDO�SFEL����������



�ÂÉÁ�

�+LHWEULQN�� �)DOFR�� �/HR� �.RHQGHUPDQ�� �0DUWMH� �$OWKXL]HQ�� �DQG� �/XNH� �3�� �+�� �/HHQHQ�� �������
�µ0RGXODWLRQ��RI��WKH��,QQDWH��,PPXQH��5HVSRQVH��DIWHU��7UDXPD��9LVXDOLVHG��E\��D��&KDQJH��LQ�
�)XQFWLRQDO� �301� �3KHQRW\SH¶�� �,QMXU\� ���� ������ ����±����
�KWWSV���GRL�RUJ���������M�LQMXU\��������������

�+R�� �7LQ� �.DP�� ������� �µ5DQGRP� �'HFLVLRQ� �)RUHVWV¶�� �,Q� �3URFHHGLQJV� �RI� ��UG� �,QWHUQDWLRQDO�
�&RQIHUHQFH� �RQ� �'RFXPHQW� �$QDO\VLV� �DQG� �5HFRJQLWLRQ���� ������±��� �YRO����
�KWWSV���GRL�RUJ���������,&'$5��������������

�+RO]VFKHFN�� �1LFKRODV�� �&DVVDQGUD� �)DOFNHQKD\Q�� �-|UQ� �6|KOH�� �%RULV� �.ULVWRI�� �5DOI� �6LHJQHU��
�$QGUp� �:HUQHU�� �-DQND� �6FK|VVRZ�� �HW� �DO�� ������� �µ0RGHOLQJ� �7UDQVFULSWRPLF� �$JH� �8VLQJ�
�.QRZOHGJH�3ULPHG��$UWLILFLDO��1HXUDO��1HWZRUNV¶���1SM��$JLQJ��DQG��0HFKDQLVPV��RI��'LVHDVH�
��������KWWSV���GRL�RUJ���������V�������������������

�+RRG�� �/HUR\�� �DQG� �0DXULFLR� �)ORUHV�� ������� �µ$� �3HUVRQDO� �9LHZ� �RQ� �6\VWHPV� �0HGLFLQH� �DQG� �WKH�
�(PHUJHQFH� �RI� �3URDFWLYH� �3�� �0HGLFLQH�� �3UHGLFWLYH�� �3UHYHQWLYH�� �3HUVRQDOL]HG� �DQG�
�3DUWLFLSDWRU\¶�� �1HZ� �%LRWHFKQRORJ\� ���� ������ ����±����
�KWWSV���GRL�RUJ���������M�QEW��������������

�+RUPR]GLDUL�� �)DUKDG�� �6WHYHQ� �*D]DO�� �%U\FH� �YDQ� �GH� �*HLMQ�� �+LODU\� �.���)LQXFDQH���&KHOVHD��-��7��
�-X�� �3R�5X��/RK���$UPLQ��6FKRHFK���HW��DO����������µ/HYHUDJLQJ��0ROHFXODU��4XDQWLWDWLYH��7UDLW�
�/RFL��WR��8QGHUVWDQG��WKH��*HQHWLF��$UFKLWHFWXUH��RI��'LVHDVHV��DQG��&RPSOH[��7UDLWV¶���1DWXUH�
�*HQHWLFV��������������±����KWWSV���GRL�RUJ���������V������������������

�+RUYDWK�� �6WHYH�� ������� �µ'1$� �0HWK\ODWLRQ� �$JH� �RI� �+XPDQ� �7LVVXHV� �DQG� �&HOO� �7\SHV¶�� �*HQRPH�
�%LRORJ\�����������KWWSV���GRL�RUJ���������JE������������U�����

�+X���-HVVLFD��;LQ���&HFLOLD��(QJHO��7KRPDV���DQG��6¡UHQ��%UXQDN����������µ1HWZRUN��%LRORJ\��&RQFHSWV�
�LQ� �&RPSOH[� �'LVHDVH� �&RPRUELGLWLHV¶�� �1DWXUH� �5HYLHZV� �*HQHWLFV� ���� ������� ����±����
�KWWSV���GRL�RUJ���������QUJ����������

�+XDQJ�� �<LQJ[LDQJ�� �:HQWDR� �/L�� �)LPD� �0DFKHUHW�� �5RGQH\� �$�� �*DEULHO�� �DQG� �/XFLOD�
�2KQR�0DFKDGR�� ������� �µ$� �7XWRULDO� �RQ� �&DOLEUDWLRQ� �0HDVXUHPHQWV� �DQG� �&DOLEUDWLRQ�
�0RGHOV� �IRU� �&OLQLFDO� �3UHGLFWLRQ� �0RGHOV¶�� �-RXUQDO� �RI� �WKH� �$PHULFDQ� �0HGLFDO��,QIRUPDWLFV�
�$VVRFLDWLRQ�������������±����KWWSV���GRL�RUJ���������MDPLD�RF]�����

�+XEHU�/DQJ���0DUNXV���-RKQ��'���/DPEULV���DQG��3HWHU��$���:DUG����������µ,QQDWH��,PPXQH��5HVSRQVHV�
�WR� �7UDXPD¶�� �1DWXUH� �,PPXQRORJ\� ���� ������ ������
�KWWSV���GRL�RUJ���������V������������������

�,WR�� �$\DND�� �&\QWKLD� �+RQJ�� �;LQ� �5RQJ�� �;XHZHL� �=KX�� �(OL]DEHWK� �-�� �7DUOLQJ�� �3HU� �1LNODV� �+HGGH��
�(QULFR� �*UDWWRQ�� �-RKQ� �3DUNV�� �DQG� �3HWHU� �7RQWRQR]�� ������� �µ/;5V� �/LQN� �0HWDEROLVP� �WR�
�,QIODPPDWLRQ� �WKURXJK� �$EFD��'HSHQGHQW� �5HJXODWLRQ� �RI� �0HPEUDQH� �&RPSRVLWLRQ� �DQG�
�7/5�6LJQDOLQJ¶���(/LIH�����-XO\���H�������KWWSV���GRL�RUJ���������H/LIH��������

�-DJDGHHVK���.DUWKLN��$����.XVKDO��.���'H\���'DQLHO��7���0RQWRUR���5DKXO��0RKDQ���6WHYHQ��*D]DO���-HVVH�
�0�� �(QJUHLW]�� �5DPQLN� �-�� �;DYLHU�� �$ONHV� �/�� �3ULFH�� �DQG� �$YLY� �5HJHY�� ������� �µ,GHQWLI\LQJ�
�'LVHDVH�&ULWLFDO� �&HOO� �7\SHV� �DQG� �&HOOXODU� �3URFHVVHV� �E\� �,QWHJUDWLQJ� �6LQJOH�&HOO�
�51$�6HTXHQFLQJ� �DQG� �+XPDQ� �*HQHWLFV¶�� �1DWXUH� �*HQHWLFV� ���� ������� �����±����
�KWWSV���GRL�RUJ���������V�������������������

�-DNREVHQ�� �-DQXV� �&KULVWLDQ�� �&KULVWLDQ� �*OXXG�� �-¡UQ��:HWWHUVOHY���DQG��3HU��:LQNHO����������µ:KHQ�
�DQG� �+RZ� �6KRXOG� �0XOWLSOH� �,PSXWDWLRQ� �%H� �8VHG� �IRU� �+DQGOLQJ� �0LVVLQJ� �'DWD� �LQ�
�5DQGRPLVHG� �&OLQLFDO� �7ULDOV� �±� �D� �3UDFWLFDO� �*XLGH� �ZLWK� �)ORZFKDUWV¶�� �%0&� �0HGLFDO�
�5HVHDUFK�0HWKRGRORJ\���������������KWWSV���GRL�RUJ���������V������������������

�-DODOL�� �0RKDPPDG� �6��� �&DWKHULQH� �'L*HQQDUR�� �DQG� �'HYL� �6ULGKDU�� ������� �µ7UDQVSDUHQF\�
�$VVHVVPHQW� �RI� �&29,'���� �0RGHOV¶�� �7KH� �/DQFHW� �*OREDO� �+HDOWK� ��� ������
�KWWSV���GRL�RUJ���������6��������;�������������

�-HQVHQ�� �$QGHUV� �%RHFN�� �3RSH� �/�� �0RVHOH\�� �7XGRU� �,�� �2SUHD�� �6DEULQD� �*DGH� �(OOHV¡H�� �5REHUW�
�(ULNVVRQ�� �+HQULHWWH��6FKPRFN���3HWHU��%M¡GVWUXS��-HQVHQ���/DUV��-XKO��-HQVHQ���DQG��6¡UHQ�
�%UXQDN�� ������� �µ7HPSRUDO� �'LVHDVH� �7UDMHFWRULHV� �&RQGHQVHG� �IURP� �3RSXODWLRQ�:LGH�
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�5HJLVWU\� �'DWD� �&RYHULQJ� ����� �0LOOLRQ� �3DWLHQWV¶�� �1DWXUH� �&RPPXQLFDWLRQV� ��� ������ �������
�KWWSV���GRL�RUJ���������QFRPPV������

�-RVKL���3HWHU��.����.ULVWD��)LVFKHU���.DWKDULQD��(���6FKUDXW���+DUU\��&DPSEHOO���7}QX��(VNR���DQG��-DPHV�
�)�� �:LOVRQ�� ������� �µ9DULDQWV� �QHDU� �&+51$���� �DQG� �$32(� �+DYH� �$JH�� �DQG� �6H[�5HODWHG�
�(IIHFWV� �RQ� �+XPDQ� �/LIHVSDQ¶�� �1DWXUH� �&RPPXQLFDWLRQV� ��� ������ ��������
�KWWSV���GRL�RUJ���������QFRPPV�������

�.DF]RURZVNL�� �.HYLQ� �-��� �.DUWKLN� �6KHNKDU�� �'LHXGRQQp� �1NXOLNL\LPIXUD�� �&RUQHOLD� �/�� �'HNNHU��
�+ROGHQ� �0DHFNHU�� �0DUN� �0�� �'DYLV�� �$UXS� �.�� �&KDNUDERUW\�� �DQG� �3HWWHU� �%URGLQ�� �������
�µ&RQWLQXRXV� �,PPXQRW\SHV� �'HVFULEH� �+XPDQ� �,PPXQH� �9DULDWLRQ� �DQG� �3UHGLFW� �'LYHUVH�
�5HVSRQVHV¶�� �3URFHHGLQJV� �RI� �WKH� �1DWLRQDO� �$FDGHP\� �RI� �6FLHQFHV� ����� �������
�(����±������KWWSV���GRL�RUJ���������SQDV�������������

�.DPDW���0LKLU��$����-DPHV��$���%ODFNVKDZ���5RELQ��<RXQJ���3UDYHHQ��6XUHQGUDQ���6WHSKHQ��%XUJHVV��
�-RKQ��'DQHVK���$GDP��6���%XWWHUZRUWK���DQG��-DPHV��5���6WDOH\����������µ3KHQR6FDQQHU��9���
�$Q� �([SDQGHG� �7RRO� �IRU� �6HDUFKLQJ� �+XPDQ� �*HQRW\SH�3KHQRW\SH� �$VVRFLDWLRQV¶��
�%LRLQIRUPDWLFV� ��2[IRUG�� �(QJODQG�� ���� ������� �����±����
�KWWSV���GRL�RUJ���������ELRLQIRUPDWLFV�EW]�����

�.DQHKLVD�� �0��� �DQG� �6�� �*RWR�� ������� �µ.(**�� �.\RWR� �(QF\FORSHGLD� �RI� �*HQHV� �DQG� �*HQRPHV¶��
�1XFOHLF�$FLGV�5HVHDUFK������������±����KWWSV���GRL�RUJ���������QDU����������

�.DQJ�� �&KDQKHH�� �4LNDL� �;X���7LPRWK\��'���0DUWLQ���0DPLH��=���/L���0DUFR��'HPDULD���/LYLX��$URQ���7DR�
�/X�� �%UXFH� �$�� �<DQNQHU�� �-XGLWK� �&DPSLVL�� �DQG� �6WHSKHQ� �-�� �(OOHGJH�� ������� �µ7KH� �'1$�
�'DPDJH��5HVSRQVH��,QGXFHV��,QIODPPDWLRQ��DQG��6HQHVFHQFH��E\��,QKLELWLQJ��$XWRSKDJ\��RI�
�*$7$�¶�� �6FLHQFH� ��1HZ� �<RUN�� �1�<��� ����� ��������� �DDD������
�KWWSV���GRL�RUJ���������VFLHQFH�DDD������

�.HQQHG\���%ULDQ��.����6KHOOH\��/���%HUJHU���$QQH��%UXQHW���-XGLWK��&DPSLVL���$QD��0DULD��&XHUYR���(OLVVD�
�6�� �(SHO�� �&ODXGLR� �)UDQFHVFKL�� �HW� �DO�� �����D�� �µ$JLQJ�� �$� �&RPPRQ� �'ULYHU� �RI� �&KURQLF�
�'LVHDVHV� �DQG� �D� �7DUJHW� �IRU� �1RYHO� �,QWHUYHQWLRQV¶�� �&HOO� ����� ������ ����±����
�KWWSV���GRL�RUJ���������M�FHOO��������������

�²²²�� �����E�� �µ*HURVFLHQFH�� �/LQNLQJ� �$JLQJ� �WR� �&KURQLF� �'LVHDVH¶�� �&HOO� ����� ������ ����±����
�KWWSV���GRL�RUJ���������M�FHOO��������������

�.HULPRY���1XUODQ���-DPHV��'���+D\KXUVW���.DWHU\QD��3HLNRYD���-RQDWKDQ��5���0DQQLQJ���3HWHU��:DOWHU��
�/LLV� �.ROEHUJ�� �0DULMD� �6DPRYLþD�� �HW� �DO�� ������� �µ$��&RPSHQGLXP��RI��8QLIRUPO\��3URFHVVHG�
�+XPDQ� �*HQH� �([SUHVVLRQ� �DQG� �6SOLFLQJ� �4XDQWLWDWLYH� �7UDLW� �/RFL¶�� �1DWXUH� �*HQHWLFV� ����
����������±����KWWSV���GRL�RUJ���������V����������������Z��

�.LEEH�� �0HOLQD� �5�� ������� �µ6XUJHU\� �DQG� �&29,'���¶�� �-$0$� ����� ������� �����±����
�KWWSV���GRL�RUJ���������MDPD�������������

�.LP���6HXQJ�6RR���$GDP��'���+XGJLQV���%UHQGD��*RQ]DOH]���6RIL\D��0LOPDQ���1LU��%DU]LODL���-DQ��9LMJ��
�=KLGRQJ� �7X�� �DQG� �<RXVLQ� �6XK�� ������� �µ$� �&RPSHQGLXP� �RI� �$JH�5HODWHG� �3KH:$6� �DQG�
�*:$6� �7UDLWV� �IRU� �+XPDQ� �*HQHWLF� �$VVRFLDWLRQ� �6WXGLHV�� �7KHLU� �1HWZRUNV� �DQG� �*HQHWLF�
�&RUUHODWLRQV¶�� �)URQWLHUV� �LQ� �*HQHWLFV� �����
�KWWSV���ZZZ�IURQWLHUVLQ�RUJ�DUWLFOHV���������IJHQH��������������

�.LUNZRRG�� �7KRPDV� �%�� �/�� ������� �µ8QGHUVWDQGLQJ� �WKH� �2GG� �6FLHQFH� �RI� �$JLQJ¶�� �&HOO� ����� ������
����±����KWWSV���GRL�RUJ���������M�FHOO��������������

�.LWDQR�� �+LURDNL�� ������� �µ&RPSXWDWLRQDO� �6\VWHPV� �%LRORJ\¶�� �1DWXUH� ����� ��������� ����±����
�KWWSV���GRL�RUJ���������QDWXUH�������

�.QLJKW�� �6WHSKHQ� �5��� �$QWRQLD� �+R�� �5LLQX� �3LXV�� �,DLQ� �%XFKDQ�� �*DLO� �&DUVRQ�� �7KRPDV� �0�� �'UDNH��
�-DNH� �'XQQLQJ�� �HW� �DO�� ������� �µ5LVN� �6WUDWLILFDWLRQ� �RI� �3DWLHQWV� �$GPLWWHG� �WR� �+RVSLWDO� �ZLWK�
�&RYLG���� �8VLQJ� �WKH� �,6$5,&� �:+2� �&OLQLFDO� �&KDUDFWHULVDWLRQ� �3URWRFRO�� �'HYHORSPHQW�
�DQG� �9DOLGDWLRQ� �RI� �WKH� ��&� �0RUWDOLW\� �6FRUH¶�� �%0-� ����� ��6HSWHPEHU��� �P������
�KWWSV���GRL�RUJ���������EPM�P������

�.RWDV�� �0D\D� �(��� �DQG� �5XVODQ� �0HG]KLWRY�� ������� �µ+RPHRVWDVLV�� �,QIODPPDWLRQ�� �DQG� �'LVHDVH�
�6XVFHSWLELOLW\¶���&HOO��������������±����KWWSV���GRL�RUJ���������M�FHOO��������������



�ÂÉÃ�

�.RX���+DR�:HL���&KLK�+XD��<HK���+VLQ�,���7VDL���&KLK�&KLHK��+VX���<L�&KXQJ��+VLHK���:HL�7LQJ��&KHQ��
�+DR�7VDL��&KHQJ���0LQJ�&KLQ��<X���DQG��&KDR�:HL��/HH����������µ6DUFRSHQLD��,V��DQ��(IIHFWLYH�
�3UHGLFWRU� �RI� �'LIILFXOW�WR�:HDQ� �DQG� �0RUWDOLW\� �DPRQJ� �&ULWLFDOO\� �,OO� �6XUJLFDO� �3DWLHQWV¶��
�3/26�21(����������H���������KWWSV���GRL�RUJ���������MRXUQDO�SRQH����������

�.ULVSLQ��5DPL���������������µ0/VWXGLR¶��5��KWWSV���JLWKXE�FRP�5DPL.ULVSLQ�0/VWXGLR��
�.XDQ� �3R� �$L�� �9DOHULH�� ������� �µ([SORULQJ� �WKH��5HODWLRQVKLS��EHWZHHQ��$JH��DQG��+HDOWK��&RQGLWLRQV�

�8VLQJ��(OHFWURQLF��+HDOWK��5HFRUGV���)URP��6LQJOH��'LVHDVHV��WR��0XOWLPRUELGLWLHV¶���'RFWRUDO�
�7KHVLV���8&/���8QLYHUVLW\��&ROOHJH��/RQGRQ����'RFWRUDO���8&/���8QLYHUVLW\��&ROOHJH��/RQGRQ���
�KWWSV���GLVFRYHU\�XFO�DF�XN�LG�HSULQW������������

�.XDQ�� �9DOHULH�� �6SLURV� �'HQD[DV�� �3UDYHHWKD� �3DWDOD\�� �'RURWKHD� �1LWVFK�� �5RKLQL� �0DWKXU���$UWXUR�
�*RQ]DOH]�,]TXLHUGR�� �5HHFKD� �6RIDW�� �HW� �DO�� ������� �µ,GHQWLI\LQJ� �DQG� �9LVXDOLVLQJ�
�0XOWLPRUELGLW\� �DQG� �&RPRUELGLW\� �3DWWHUQV� �LQ� �3DWLHQWV� �LQ� �WKH� �(QJOLVK� �1DWLRQDO� �+HDOWK�
�6HUYLFH�� �$� �3RSXODWLRQ�%DVHG� �6WXG\¶�� �7KH� �/DQFHW� �'LJLWDO� �+HDOWK� ��� ������ �H��±����
�KWWSV���GRL�RUJ���������6�������������������;��

�.XEEHQ�� �1DUG�� �DQG� �7RP� �0LVWHOL�� ������� �µ6KDUHG� �0ROHFXODU� �DQG� �&HOOXODU� �0HFKDQLVPV� �RI�
�3UHPDWXUH��$JHLQJ��DQG��$JHLQJ�$VVRFLDWHG��'LVHDVHV¶���1DWXUH��5HYLHZV��0ROHFXODU��&HOO�
�%LRORJ\��������������±�����KWWSV���GRL�RUJ���������QUP����������

�.XKQ���0D[���DQG��+DGOH\��:LFNKDP����������7LG\PRGHOV���$��&ROOHFWLRQ��RI��3DFNDJHV��IRU��0RGHOLQJ�
�DQG�0DFKLQH�/HDUQLQJ�8VLQJ�7LG\YHUVH�3ULQFLSOHV���KWWSV���ZZZ�WLG\PRGHOV�RUJ��

�.XQGDMH�� �$QVKXO�� �:RXWHU� �0HXOHPDQ�� �-DVRQ� �(UQVW�� �0LVKD� �%LOHQN\�� �$QJHOD� �<HQ�� �$OLUH]D�
�+HUDYL�0RXVVDYL�� �3RX\D� �.KHUDGSRXU�� �HW� �DO�� ������� �µ,QWHJUDWLYH� �$QDO\VLV� �RI� �����
�5HIHUHQFH� �+XPDQ� �(SLJHQRPHV¶�� �1DWXUH� ����� ��������� ����±����
�KWWSV���GRL�RUJ���������QDWXUH�������

�.XR�� �&KLD�/LQJ�� �/XNH� �&�� �3LOOLQJ�� �=X\XQ� �/LX�� �-DQLFH� �/�� �$WNLQV�� �DQG� �0RUJDQ� �(���/HYLQH���������
�µ*HQHWLF� �$VVRFLDWLRQV� �IRU� �7ZR� �%LRORJLFDO� �$JH� �0HDVXUHV� �3RLQW� �WR� �'LVWLQFW� �$JLQJ�
�3KHQRW\SHV¶���$JLQJ�&HOO����������H�������KWWSV���GRL�RUJ���������DFHO��������

�.XR�� �3HL�/XQ�� �-HQQLIHU� �$�� �6FKUDFN�� �0RUJDQ� �(�� �/HYLQH�� �0LFKHOOH� �'�� �6KDUGHOO�� �(OHDQRU� �0��
�6LPRQVLFN���&KHH��:���&KLD���$QQ��=HQRELD��0RRUH���HW��DO����������µ/RQJLWXGLQDO��3KHQRW\SLF�
�$JLQJ� �0HWULFV� �LQ� �WKH� �%DOWLPRUH� �/RQJLWXGLQDO� �6WXG\� �RI� �$JLQJ¶�� �1DWXUH� �$JLQJ� ��� ������
����±����KWWSV���GRL�RUJ���������V�������������������

�.XVQDGL�� �$QWKRQ\�� �6XQJ� �+R� �3DUN�� �5XR[L� �<XDQ�� �7DQLD� �3DQQHOOLQL�� �(XJHQLD� �*LDQQRSRXORX��
�'DYLG� �2OLYHU�� �7KHUHVD� �/X�� �.\XQJ�+\XQ� �3DUN�0LQ���DQG��/LRQHO��%���,YDVKNLY����������µ7KH�
�&\WRNLQH� �71)� �3URPRWHV� �7UDQVFULSWLRQ� �)DFWRU� �65(%3� �$FWLYLW\� �DQG� �%LQGLQJ� �WR�
�,QIODPPDWRU\��*HQHV��WR��$FWLYDWH��0DFURSKDJHV��DQG��/LPLW��7LVVXH��5HSDLU¶���,PPXQLW\�����
��������������H���KWWSV���GRL�RUJ���������M�LPPXQL��������������

�/DZUHQFH�� �0LFKDHO�� �:ROIJDQJ� �+XEHU�� �+HUYp��3DJqV���3DWULFN��$ER\RXQ���0DUF��&DUOVRQ���5REHUW�
�*HQWOHPDQ�� �0DUWLQ� �7�� �0RUJDQ�� �DQG� �9LQFHQW� �-���&DUH\����������µ6RIWZDUH��IRU��&RPSXWLQJ�
�DQG� �$QQRWDWLQJ� �*HQRPLF� �5DQJHV¶�� �3/26� �&RPSXWDWLRQDO� �%LRORJ\� ��� ������ �H���������
�KWWSV���GRL�RUJ���������MRXUQDO�SFEL����������

�/H&XQ�� �<DQQ�� �<RVKXD� �%HQJLR�� �DQG� �*HRIIUH\� �+LQWRQ�� ������� �µ'HHS� �/HDUQLQJ¶�� �1DWXUH� �����
������������±����KWWSV���GRL�RUJ���������QDWXUH�������

�/H'HOO�� �(ULQ�� �0D\D� �3HWHUVHQ���DQG��0DUN��YDQ��GHU��/DDQ����������µ&Y$8&���&URVV�9DOLGDWHG��$UHD�
�8QGHU� �WKH� �52&� �&XUYH� �&RQILGHQFH� �,QWHUYDOV¶��
�KWWSV���&5$1�5�SURMHFW�RUJ�SDFNDJH FY$8&��

�/HH�� �0DUN� �1��� �&KXQ� �<H�� �$OH[DQGUD�&KORp� �9LOODQL�� �7RZILTXH� �5DM�� �:HLER� �/L�� �7KRPDV� �0��
�(LVHQKDXUH�� �6HOLQD� �+�� �,PER\ZD�� �HW� �DO�� ������� �µ&RPPRQ� �*HQHWLF� �9DULDQWV� �0RGXODWH�
�3DWKRJHQ�6HQVLQJ� �5HVSRQVHV� �LQ� �+XPDQ� �'HQGULWLF� �&HOOV¶�� �6FLHQFH� ����� ���������
����������KWWSV���GRL�RUJ���������VFLHQFH����������

�/HKDOOLHU�� �%HQRLW�� �'DYLG� �*DWH�� �1LFKRODV� �6FKDXP�� �7LERU� �1DQDVL�� �6RQJ� �(XQ� �/HH�� �+DQDGLH�
�<RXVHI�� �3DWULFLD� �0RUDQ� �/RVDGD�� �HW� �DO����������µ8QGXODWLQJ��&KDQJHV��LQ��+XPDQ��3ODVPD�



�ÂÉÄ�

�3URWHRPH� �3URILOHV� �DFURVV� �WKH� �/LIHVSDQ¶�� �1DWXUH� �0HGLFLQH� ���� ������� �����±����
�KWWSV���GRL�RUJ���������V������������������

�/HLS]LJ�� �-HUHP\�� ������� �µ$� �5HYLHZ� �RI� �%LRLQIRUPDWLF� �3LSHOLQH� �)UDPHZRUNV¶�� �%ULHILQJV� �LQ�
�%LRLQIRUPDWLFV�������������±����KWWSV���GRL�RUJ���������ELE�EEZ�����

�/HVOLH�� �'DYLG�� �$QMDOL� �0D]XPGHU�� �$LGDQ� �3HSSLQ�� �0DULD� �.�� �:ROWHUV���DQG��$OH[D��+DJHUW\���������
�µ'RHV� �³$,´��6WDQG��IRU��$XJPHQWLQJ��,QHTXDOLW\��LQ��WKH��(UD��RI��&RYLG�����+HDOWKFDUH"¶��%0-�
������0DUFK���Q�����KWWSV���GRL�RUJ���������EPM�Q�����

�/HYLQH�� �0RUJDQ� �(��� �$NH� �7�� �/X�� �$XVWLQ� �4XDFK�� �%ULDQ� �+�� �&KHQ�� �7KHPLVWRFOHV� �/�� �$VVLPHV��
�6WHIDQLD� �%DQGLQHOOL�� �/LIDQJ� �+RX�� �HW� �DO�� ������� �µ$Q� �(SLJHQHWLF� �%LRPDUNHU� �RI� �$JLQJ� �IRU�
�/LIHVSDQ� �DQG� �+HDOWKVSDQ¶�� �$JLQJ� ���� ������ ����±����
�KWWSV���GRL�RUJ����������DJLQJ���������

�/L�� �%LQJODQ�� �DQG� �0DU\O\Q� �'�� �5LWFKLH�� ������� �µ)URP� �*:$6� �WR� �*HQH�� �7UDQVFULSWRPH�:LGH�
�$VVRFLDWLRQ� �6WXGLHV� �DQG� �2WKHU� �0HWKRGV� �WR� �)XQFWLRQDOO\� �8QGHUVWDQG� �*:$6�
�'LVFRYHULHV¶�� �)URQWLHUV� �LQ� �*HQHWLFV� �����
�KWWSV���ZZZ�IURQWLHUVLQ�RUJ�DUWLFOHV���������IJHQH��������������

�/L�� �;LD�� �$OH[DQGHU� �3ORQHU�� �<XQ]KDQJ� �:DQJ�� �3DWULN� �.(� �0DJQXVVRQ�� �&KDQGUD� �5H\QROGV��
�'HERUDK� �)LQNHO�� �1DQF\� �/� �3HGHUVHQ�� �-XXOLD� �-\OKlYl�� �DQG� �6DUD� �+lJJ�� �������
�µ/RQJLWXGLQDO� �7UDMHFWRULHV�� �&RUUHODWLRQV� �DQG� �0RUWDOLW\� �$VVRFLDWLRQV� �RI� �1LQH��%LRORJLFDO�
�$JHV� �DFURVV� ����<HDUV� �)ROORZ�8S¶�� �(GLWHG� �E\� �'LDQH� �0��+DUSHU���(GXDUGR��)UDQFR���DQG�
�$OH[H\�0RVNDOHY���(/LIH�����)HEUXDU\���H�������KWWSV���GRL�RUJ���������H/LIH��������

�/L�� �;LD�� �$OH[DQGHU� �3ORQHU�� �<XQ]KDQJ� �:DQJ�� �<LTLDQJ� �=KDQ�� �1DQF\� �/�� �3HGHUVHQ�� �3DWULN� �.(�
�0DJQXVVRQ�� �-XXOLD� �-\OKlYl�� �DQG� �6DUD� �+lJJ�� ������� �µ&OLQLFDO� �%LRPDUNHUV� �DQG�
�$VVRFLDWLRQV� �ZLWK� �+HDOWKVSDQ� �DQG� �/LIHVSDQ�� �(YLGHQFH� �IURP� �2EVHUYDWLRQDO� �DQG�
�*HQHWLF�'DWD¶���(%LR0HGLFLQH������$SULO���KWWSV���GRL�RUJ���������M�HELRP��������������

�/LJWKDUW���6\PHQ���$KPDG��9DH]���<L�+VLDQJ��+VX���,QIODPPDWLRQ��:RUNLQJ��*URXS��RI��WKH��&+$5*(�
�&RQVRUWLXP�� �30,�:*�;&3�� �/LIH/LQHV� �&RKRUW� �6WXG\�� �5RQDOG� �6WRON�� �HW� �DO�� �������
�µ%LYDULDWH��*HQRPH�:LGH��$VVRFLDWLRQ��6WXG\��,GHQWLILHV��1RYHO��3OHLRWURSLF��/RFL��IRU��/LSLGV�
�DQG� �,QIODPPDWLRQ¶�� �%0&� �*HQRPLFV� ���� ��-XQH��� ������
�KWWSV���GRL�RUJ���������V������������������

�/LX�� �=X\XQ�� �3HL�/XQ� �.XR�� �6WHYH� �+RUYDWK�� �(LOHHQ� �&ULPPLQV�� �/XLJL� �)HUUXFFL�� �DQG� �0RUJDQ�
�/HYLQH�� ������� �µ$� �1HZ� �$JLQJ� �0HDVXUH� �&DSWXUHV� �0RUELGLW\� �DQG� �0RUWDOLW\��5LVN��DFURVV�
�'LYHUVH��6XESRSXODWLRQV��IURP��1+$1(6��,9���$��&RKRUW��6WXG\¶���3/26��0HGLFLQH������������
�H���������KWWSV���GRL�RUJ���������MRXUQDO�SPHG����������

�/RQVGDOH�� �-RKQ�� �-HIIUH\� �7KRPDV�� �0LNH� �6DOYDWRUH�� �5HEHFFD� �3KLOOLSV�� �(GPXQG� �/R�� �6DERRU�
�6KDG�� �5LFKDUG� �+DV]���HW��DO����������µ7KH��*HQRW\SH�7LVVXH��([SUHVVLRQ���*7([���3URMHFW¶��
�1DWXUH�*HQHWLFV�������������±����KWWSV���GRL�RUJ���������QJ�������

�/ySH]�2WtQ���&DUORV���0DULD��$���%ODVFR���/LQGD��3DUWULGJH���0DQXHO��6HUUDQR���DQG��*XLGR��.URHPHU��
������� �µ7KH� �+DOOPDUNV� �RI� �$JLQJ¶�� �&HOO� ����� ������ �����±������
�KWWSV���GRL�RUJ���������M�FHOO��������������

�²²²�� ������� �µ+DOOPDUNV� �RI� �$JLQJ�� �$Q� �([SDQGLQJ� �8QLYHUVH¶�� �&HOO���� �'HFHPEHU��
�6����������������������KWWSV���GRL�RUJ���������M�FHOO��������������

�/X�� �$NH� �7��� �$XVWLQ� �4XDFK�� �-DPHV� �*�� �:LOVRQ�� �$OH[� �3�� �5HLQHU�� �$EUDKDP� �$YLY�� �.HQQHWK� �5DM��
�/LIDQJ� �+RX�� �HW� �DO�� ������� �µ'1$� �0HWK\ODWLRQ� �*ULP$JH� �6WURQJO\� �3UHGLFWV� �/LIHVSDQ� �DQG�
�+HDOWKVSDQ¶���$JLQJ��$OEDQ\�1<�����������KWWSV���GRL�RUJ����������DJLQJ���������

�0D�� �;LDRWX�� �<X� �/LX�� �<DQOLQJ� �/LX�� �/XGPLO� �%�� �$OH[DQGURY�� �0LFKDHO� �1�� �(GPRQVRQ�� �&KDUOHV�
�*DZDG���;LQ��=KRX���HW��DO����������µ3DQ�&DQFHU��*HQRPH��DQG��7UDQVFULSWRPH��$QDO\VHV��RI�
������� �3DHGLDWULF� �/HXNDHPLDV� �DQG� �6ROLG� �7XPRXUV¶�� �1DWXUH� ����� ��������� ����±����
�KWWSV���GRL�RUJ���������QDWXUH�������

�0DQROLR�� �7HUL� �$��� �)UDQFLV� �6�� �&ROOLQV�� �1DQF\� �-�� �&R[�� �'DYLG� �%�� �*ROGVWHLQ�� �/XFLD� �$�� �+LQGRUII��
�'DYLG� �-�� �+XQWHU�� �0DUN� �,�� �0F&DUWK\�� �HW� �DO�� ������� �µ)LQGLQJ� �WKH� �0LVVLQJ� �+HULWDELOLW\� �RI�
�&RPSOH[�'LVHDVHV¶���1DWXUH�����������������±����KWWSV���GRL�RUJ���������QDWXUH�������



�ÂÉÅ�

�0DQVRQ�� �-RDQQD�� �(ODLQH� �&ROH���+HQU\��'���'H¶$WK���3DXO��9XOOLDP\���8WH��0HLHU���'DQ��3HQQLQJWRQ��
�DQG� �.DULP� �%URKL�� ������� �µ(DUO\� �&KDQJHV� �ZLWKLQ� �WKH� �/\PSKRF\WH� �3RSXODWLRQ� �$UH�
�$VVRFLDWHG��ZLWK��WKH��'HYHORSPHQW��RI��0XOWLSOH��2UJDQ��'\VIXQFWLRQ��6\QGURPH��LQ��7UDXPD�
�3DWLHQWV¶���&ULWLFDO�&DUH������KWWSV���GRL�RUJ���������V������������������

�0DWHHQ�� �%LODO� �$��� �-DPHV� �/LOH\�� �$ODVWDLU� �.�� �'HQQLVWRQ�� �&KULV� �&�� �+ROPHV�� �DQG� �6HEDVWLDQ� �-��
�9ROOPHU����������µ,PSURYLQJ��WKH��4XDOLW\��RI��0DFKLQH��/HDUQLQJ��LQ��+HDOWK��$SSOLFDWLRQV��DQG�
�&OLQLFDO� �5HVHDUFK¶�� �1DWXUH� �0DFKLQH� �,QWHOOLJHQFH� ��� ������� ����±����
�KWWSV���GRL�RUJ���������V�������������������

�0D\U�� �9LNWRULD� �'�� �0DUWLQ� �:� �'�QVHU�� �9HURQLND� �*UHLO�� �6WHIDQ� �-RFKEHUJHU�� �*�QWHU� �/XFNQHU��
�+DQQR��8OPHU���%DUEDUD��(��)ULHVHQHFNHU���-XNND��7DNDOD���DQG��:DOWHU��5��+DVLEHGHU���������
�µ&DXVHV��RI��'HDWK��DQG��'HWHUPLQDQWV��RI��2XWFRPH��LQ��&ULWLFDOO\��,OO��3DWLHQWV¶���&ULWLFDO��&DUH�
���������5�����KWWSV���GRL�RUJ���������FF������

�0EDWFKRX�� �-RHOOH���/HODQG��%DUQDUG���-RVKXD��%DFNPDQ���$QWKRQ\��0DUFNHWWD���-DFN��$���.RVPLFNL��
�$QGUH\� �=L\DWGLQRY�� �&KULVWLDQ� �%HQQHU�� �HW� �DO�� ������� �µ&RPSXWDWLRQDOO\� �(IILFLHQW�
�:KROH�*HQRPH� �5HJUHVVLRQ� �IRU� �4XDQWLWDWLYH� �DQG� �%LQDU\� �7UDLWV¶�� �1DWXUH� �*HQHWLFV� ����
����������±������KWWSV���GRL�RUJ���������V�������������������

�0F/DUHQ�� �:LOOLDP�� �/DXUHQW� �*LO�� �6DUDK� �(�� �+XQW�� �+DUSUHHW� �6LQJK� �5LDW�� �*UDKDP� �5���6���5LWFKLH��
�$QMD� �7KRUPDQQ�� �3DXO� �)OLFHN�� �DQG� �)LRQD� �&XQQLQJKDP�� ������� �µ7KH� �(QVHPEO� �9DULDQW�
�(IIHFW� �3UHGLFWRU¶�� �*HQRPH� �%LRORJ\� ���� ������ ������
�KWWSV���GRL�RUJ���������V������������������

�0HG]KLWRY�� �5XVODQ�� ������� �µ7KH� �6SHFWUXP� �RI��,QIODPPDWRU\��5HVSRQVHV¶���6FLHQFH���������������
�����±����KWWSV���GRL�RUJ���������VFLHQFH�DEL������

�0HL]OLVK�� �0DWWKHZ� �/��� �5XWK� �$�� �)UDQNOLQ�� �;X� �=KRX�� �DQG� �5XVODQ� �0HG]KLWRY�� ������� �µ7LVVXH�
�+RPHRVWDVLV� �DQG� �,QIODPPDWLRQ¶�� �$QQXDO� �5HYLHZ� �RI� �,PPXQRORJ\� ���� ������ ����±����
�KWWSV���GRL�RUJ���������DQQXUHY�LPPXQRO����������������

�0LOOV�� �.HQ� �,��� �$OH[DQGHU� �.RKOPDQQ�� �3�� �0LFNH\� �:LOOLDPV�� �/RWKDU� �:LHF]RUHN�� �:HL�PLQ� �/LX��
�5DFKHO��/L���:HQ��:HL���HW��DO����������µ0LFURDUUD\�%DVHG��&ODVVLILHUV��DQG��3URJQRVLV��0RGHOV�
�,GHQWLI\� �6XEJURXSV� �ZLWK� �'LVWLQFW� �&OLQLFDO� �2XWFRPHV� �DQG� �+LJK� �5LVN� �RI� �$0/�
�7UDQVIRUPDWLRQ� �RI� �0\HORG\VSODVWLF� �6\QGURPH¶�� �%ORRG� ����� ������ �����±����
�KWWSV���GRL�RUJ���������EORRG�����������������

�0RRQV�� �.DUHO� �*�0��� �'RXJODV� �*�� �$OWPDQ�� �-RKDQQHV� �%�� �5HLWVPD�� �-RKQ� �3�$�� �,RDQQLGLV�� �3HWUD�
�0DFDVNLOO���(ZRXW��:���6WH\HUEHUJ���$QGUHZ��-���9LFNHUV���'DYLG��)���5DQVRKRII���DQG��*DU\��6��
�&ROOLQV�� ������� �µ7UDQVSDUHQW� �5HSRUWLQJ� �RI� �D� �0XOWLYDULDEOH� �3UHGLFWLRQ� �0RGHO� �IRU�
�,QGLYLGXDO��3URJQRVLV��2U��'LDJQRVLV���75,32'����([SODQDWLRQ��DQG��(ODERUDWLRQ¶���$QQDOV��RI�
�,QWHUQDO�0HGLFLQH�����������:���KWWSV���GRL�RUJ���������0���������

�0XQ]�� �0DWWKLDV�� �,QNHQ� �:RKOHUV�� �(ULF� �6LPRQ�� �7RELDV� �5HLQEHUJHU�� �+DXNH� �%XVFK�� �$UQH� �6��
�6FKDHIHU�� �DQG� �-HDQHWWH� �(UGPDQQ�� ��������µ4WOL]HU���&RPSUHKHQVLYH��47/��$QQRWDWLRQ��RI�
�*:$6� �5HVXOWV¶�� �6FLHQWLILF� �5HSRUWV� ���� ������ ��������
�KWWSV���GRL�RUJ���������V�������������������

�0XUGRFK�� �:�� �-DPHV�� �&KDQGDQ� �6LQJK�� �.DUO� �.XPELHU�� �5H]D� �$EEDVL�$VO�� �DQG� �%LQ� �<X�� �������
�µ'HILQLWLRQV�� �0HWKRGV�� �DQG� �$SSOLFDWLRQV� �LQ� �,QWHUSUHWDEOH� �0DFKLQH� �/HDUQLQJ¶��
�3URFHHGLQJV� �RI� �WKH� �1DWLRQDO� �$FDGHP\� �RI� �6FLHQFHV� ����� ������� ������±����
�KWWSV���GRL�RUJ���������SQDV�������������

�1DXPDQQ�� �'DYLG� �1��� �-RQ� �+D]HOGLQH�� �5REHUW� �-�� �'LQVGDOH�� �-RQ��5���%LVKRS���0DUN��-���0LGZLQWHU��
�3DXO� �+DUULVRQ�� �6DP� �'�� �+XWFKLQJV�� �DQG� �-DQHW� �0�� �/RUG�� ������� �µ(QGRWKHOLRSDWK\� �,V�
�$VVRFLDWHG� �ZLWK� �+LJKHU� �/HYHOV� �RI� �&HOO�)UHH� �'1$� �)ROORZLQJ� �0DMRU� �7UDXPD�� �$�
�3URVSHFWLYH� �2EVHUYDWLRQDO� �6WXG\¶�� �3/26� �21(� ���� ������� �H���������
�KWWSV���GRL�RUJ���������MRXUQDO�SRQH����������

�1HSK���6KDQH���0���6FRWW��.XHKQ���$OH[��3���5H\QROGV���(ULF��+DXJHQ���5REHUW��(���7KXUPDQ���$XGUD��.��
�-RKQVRQ�� �(ULF� �5\QHV�� �HW� �DO�� ������� �µ%('236�� �+LJK�3HUIRUPDQFH� �*HQRPLF� �)HDWXUH�
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�2SHUDWLRQV¶�� �%LRLQIRUPDWLFV� ���� ������� �����±����
�KWWSV���GRL�RUJ���������ELRLQIRUPDWLFV�EWV�����

�1LFFROL�� �7HUHVD�� �DQG� �/LQGD� �3DUWULGJH�� ������� �µ$JHLQJ� �DV� �D� �5LVN� �)DFWRU� �IRU� �'LVHDVH¶�� �&XUUHQW�
�%LRORJ\�����������5���±����KWWSV���GRL�RUJ���������M�FXE��������������

�1RUGOLQJ�� �/LQGD�� ������� �µ$� �)DLUHU� �:D\� �)RUZDUG� �IRU� �$,� �LQ� �+HDOWK� �&DUH¶�� �1DWXUH� ����� ���������
�6���±���KWWSV���GRL�RUJ���������G�������������������

�1RYDNRYVN\���*KHUPDQ���1LFN��'H[WHU���0D[ZHOO��:���/LEEUHFKW���:\HWK��:���:DVVHUPDQ���DQG��6DUD�
�0RVWDIDYL�� ������� �µ2EWDLQLQJ� �*HQHWLFV� �,QVLJKWV� �IURP� �'HHS� �/HDUQLQJ� �YLD� �([SODLQDEOH�
�$UWLILFLDO� �,QWHOOLJHQFH¶�� �1DWXUH� �5HYLHZV� �*HQHWLFV���� �2FWREHU�� ��±����
�KWWSV���GRL�RUJ���������V�������������������

�2EHQFKDLQ�� �9DOHULH�� �0LFKDHO� �/DZUHQFH���9LQFHQW��&DUH\���6WHSKDQLH��*RJDUWHQ���3DXO��6KDQQRQ��
�DQG� �0DUWLQ� �0RUJDQ�� ������� �µ9DULDQW$QQRWDWLRQ��� �$� �%LRFRQGXFWRU� �3DFNDJH� �IRU�
�([SORUDWLRQ� �DQG� �$QQRWDWLRQ� �RI� �*HQHWLF� �9DULDQWV¶�� �%LRLQIRUPDWLFV� ���� ������� �����±����
�KWWSV���GRL�RUJ���������ELRLQIRUPDWLFV�EWX�����

�2X]RXQLV�� �&KULVWRV� �$��� �DQG� �$OIRQVR� �9DOHQFLD�� ������� �µ(DUO\� �%LRLQIRUPDWLFV�� �7KH� �%LUWK� �RI� �D�
�'LVFLSOLQH��D� �3HUVRQDO� �9LHZ¶�� �%LRLQIRUPDWLFV� ��2[IRUG�� �(QJODQG�� ���� ������� �����±����
�KWWSV���GRL�RUJ���������ELRLQIRUPDWLFV�EWJ�����

�3�� �5R\VWRQ�� �$OWPDQ� �'J�� �DQG� �6DXHUEUHL� �:�� ������� �µ'LFKRWRPL]LQJ� �&RQWLQXRXV� �3UHGLFWRUV� �LQ�
�0XOWLSOH� �5HJUHVVLRQ�� �$� �%DG� �,GHD¶�� �6WDWLVWLFV� �LQ� �0HGLFLQH� ���� ������
�KWWSV���GRL�RUJ���������VLP�������

�3DLN�� �+\RMXQJ�� �DQG� �-LPLQ� �.LP�� ������� �µ&RQGHQVHG� �7UDMHFWRU\� �RI� �WKH��7HPSRUDO��&RUUHODWLRQ��RI�
�'LVHDVHV� �DQG� �0RUWDOLW\� �([WUDFWHG� �IURP� �RYHU� ��������� �3DWLHQWV� �LQ� �+RVSLWDOV¶�� �3/26�
�21(�����������H���������KWWSV���GRL�RUJ���������MRXUQDO�SRQH����������

�3DQDJLRWRX�� �2UHVWLV��$����-RKQ��3���$���,RDQQLGLV���DQG��*HQRPH�:LGH��6LJQLILFDQFH��3URMHFW���������
�µ:KDW��6KRXOG��WKH��*HQRPH�:LGH��6LJQLILFDQFH��7KUHVKROG��%H"��(PSLULFDO��5HSOLFDWLRQ��RI�
�%RUGHUOLQH� �*HQHWLF� �$VVRFLDWLRQV¶�� �,QWHUQDWLRQDO� �-RXUQDO� �RI� �(SLGHPLRORJ\� ���� ������
����±����KWWSV���GRL�RUJ���������LMH�G\U�����

�3HDUVRQ�6WXWWDUG�� �-RQDWKDQ�� �6DUD� �+ROORZD\�� �5RVLH� �3RO\D�� �5HEHFFD� �6ORDQ�� �/LQ[XDQ� �=KDQJ��
�(GZDUG� �:�� �*UHJJ�� �.DW\� �+DUULVRQ�� �-DPLH��(OYLGJH���3DOO��-RQVVRQ���DQG��7KRPDV��3RUWHU��
��������µ9DULDWLRQV��LQ��&RPRUELGLW\��%XUGHQ��LQ��3HRSOH��ZLWK��7\SH�����'LDEHWHV��RYHU��'LVHDVH�
�'XUDWLRQ���$��3RSXODWLRQ�%DVHG��$QDO\VLV��RI��5HDO��:RUOG��(YLGHQFH¶���(&OLQLFDO0HGLFLQH�����
��2FWREHU���KWWSV���GRL�RUJ���������M�HFOLQP��������������

�3LHW]QHU�� �0DLN�� �,VREHO� �'�� �6WHZDUW�� �-RKDQQHV� �5DIIOHU�� �.D\�7HH� �.KDZ�� �*UHJRU\� �$�� �0LFKHORWWL��
�*DEL� �.DVWHQP�OOHU�� �1LFKRODV� �-�� �:DUHKDP�� �DQG� �&ODXGLD� �/DQJHQEHUJ�� ������� �µ3ODVPD�
�0HWDEROLWHV��WR��3URILOH��3DWKZD\V��LQ��1RQFRPPXQLFDEOH��'LVHDVH��0XOWLPRUELGLW\¶���1DWXUH�
�0HGLFLQH�������������±����KWWSV���GRL�RUJ���������V�������������������

�3UDGRV�7RUUHV�� �$OH[DQGUD�� �$PDLD� �&DOGHUyQ�/DUUDxDJD�� �-RUJH� �+DQFFR�6DDYHGUD�� �%HDWUL]�
�3REODGRU�3ORX�� �DQG� �0DUMDQ� �YDQ� �GHQ� �$NNHU�� ������� �µ0XOWLPRUELGLW\� �3DWWHUQV�� �$�
�6\VWHPDWLF� �5HYLHZ¶�� �-RXUQDO� �RI� �&OLQLFDO� �(SLGHPLRORJ\� ���� ������ ����±����
�KWWSV���GRL�RUJ���������M�MFOLQHSL��������������

�3UHQWLFH�� �3KLOLSSD�� �$OEHUW� �.RXOPDQ���/HH��0DWWKHZV���&DUOR��/���$FHULQL���.HQ��.���2QJ���DQG��'DYLG�
�%�� �'XQJHU�� ������� �µ/LSLGRPLF� �$QDO\VHV���%UHDVW���DQG��)RUPXOD�)HHGLQJ���DQG��*URZWK��LQ�
�,QIDQWV¶�� �7KH� �-RXUQDO� �RI� �3HGLDWULFV� ����� ������ ���������H���
�KWWSV���GRL�RUJ���������M�MSHGV��������������

�3XUFHOO�� �6KDXQ�� �%HQMDPLQ� �1HDOH�� �.DWKH� �7RGG�%URZQ�� �/RUL� �7KRPDV�� �0DQXHO� �$�� �5�� �)HUUHLUD��
�'DYLG� �%HQGHU�� �-XOLDQ� �0DOOHU�� �HW� �DO�� ������� �µ3/,1.�� �$� �7RRO� �6HW� �IRU� �:KROH�*HQRPH�
�$VVRFLDWLRQ� �DQG� �3RSXODWLRQ�%DVHG� �/LQNDJH� �$QDO\VHV¶�� �$PHULFDQ� �-RXUQDO� �RI� �+XPDQ�
�*HQHWLFV�������������±����KWWSV���GRL�RUJ�����������������

�5� �&RUH� �7HDP�� ������� �5�� �$� �/DQJXDJH� �DQG� �(QYLURQPHQW� �IRU� �6WDWLVWLFDO� �&RPSXWLQJ���� �9LHQQD��
�$XVWULD��5�)RXQGDWLRQ�IRU�6WDWLVWLFDO�&RPSXWLQJ��KWWSV���ZZZ�5�SURMHFW�RUJ���
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�µ5DGLDQW� ��� �$� �6KLQ\� �$SS� �IRU� �6WDWLVWLFV� �DQG� �0DFKLQH� �/HDUQLQJ¶�� �Q�G�� �$FFHVVHG� ���� �)HEUXDU\�
�������KWWSV���VKLQ\�UVWXGLR�FRP�JDOOHU\�UDGLDQW�KWPO��

�5DMDPDQL���'HHSD���DQG��0DQRM��.���%KDVLQ����������µ,GHQWLILFDWLRQ��RI��.H\��5HJXODWRUV��RI��3DQFUHDWLF�
�&DQFHU� �3URJUHVVLRQ� �WKURXJK� �0XOWLGLPHQVLRQDO� �6\VWHPV�/HYHO� �$QDO\VLV¶�� �*HQRPH�
�0HGLFLQH�������������KWWSV���GRL�RUJ���������V������������������

�5DMNRPDU�� �$OYLQ�� �-HIIUH\� �'HDQ�� �DQG� �,VDDF� �.RKDQH�� ������� �µ0DFKLQH� �/HDUQLQJ� �LQ� �0HGLFLQH¶��
�1HZ� �(QJODQG� �-RXUQDO� �RI� �0HGLFLQH� ����� ������� �����±����
�KWWSV���GRL�RUJ���������1(-0UD���������

�5DPRV�� �(ULQ��0����'RXJODV��+RIIPDQ���+HDWKHU��$���-XQNLQV���'RQQD��0DJORWW���/RQ��3KDQ���6WHSKHQ�
�7�� �6KHUU\�� �0LNH� �)HROR���DQG��/XFLD��$���+LQGRUII����������µ3KHQRW\SH±*HQRW\SH��,QWHJUDWRU�
��3KH*HQ,��� �6\QWKHVL]LQJ� �*HQRPH�:LGH� �$VVRFLDWLRQ� �6WXG\� ��*:$6�� �'DWD� �ZLWK�
�([LVWLQJ��*HQRPLF��5HVRXUFHV¶���(XURSHDQ��-RXUQDO��RI��+XPDQ��*HQHWLFV���������������±����
�KWWSV���GRL�RUJ���������HMKJ����������

�5HD�� �,UHQH� �0DHYH�� �'DYLG� �6�� �*LEVRQ�� �9LFWRULD� �0F*LOOLJDQ�� �6XVDQ� �(�� �0F1HUODQ�� �+�� �'HQLV�
�$OH[DQGHU�� �DQG� �2ZHQ� �$�� �5RVV�� ������� �µ$JH� �DQG� �$JH�5HODWHG� �'LVHDVHV�� �5ROH� �RI�
�,QIODPPDWLRQ� �7ULJJHUV� �DQG� �&\WRNLQHV¶�� �)URQWLHUV� �LQ� �,PPXQRORJ\� ��� ��$SULO��� ������
�KWWSV���GRL�RUJ���������ILPPX�������������

�5HLWHU���7D\ORU���3KLOOLS��7��%URRNV����/XL]��,UEHU����6KDQQRQ��(��.��-RVOLQ����&KDUOHV��0��5HLG����&DPLOOH�
�6FRWW����&��7LWXV��%URZQ���DQG��1��7HVVD��3LHUFH�:DUG����������µ6WUHDPOLQLQJ��'DWD�,QWHQVLYH�
�%LRORJ\� �ZLWK� �:RUNIORZ� �6\VWHPV¶�� �*LJD6FLHQFH� ���� ������ �JLDD�����
�KWWSV���GRL�RUJ���������JLJDVFLHQFH�JLDD�����

�5RGUtJXH]�3pUH]�� �5DTXHO�� �DQG� �-�UJHQ� �%DMRUDWK�� ������� �µ,QWHUSUHWDWLRQ� �RI� �0DFKLQH� �/HDUQLQJ�
�0RGHOV� �8VLQJ� �6KDSOH\� �9DOXHV�� �$SSOLFDWLRQ� �WR� �&RPSRXQG� �3RWHQF\� �DQG� �0XOWL�7DUJHW�
�$FWLYLW\� �3UHGLFWLRQV¶�� �-RXUQDO� �RI� �&RPSXWHU�$LGHG� �0ROHFXODU� �'HVLJQ���� �0D\��
�KWWSV���GRL�RUJ���������V�������������������

�5RVHQIHOG�� �$YL�� �'DYLG� �*�� �*UDKDP�� �6DUDK� �-HYRQV�� �-RVH� �$UL]D�� �'DU\O� �+DJDQ�� �$VK� �:LOVRQ��
�6DPXHO��-���/RYDW���HW��DO����������µ'HYHORSPHQW��DQG��9DOLGDWLRQ��RI��D��5LVN��3UHGLFWLRQ��0RGHO�
�WR� �'LDJQRVH� �%DUUHWW¶V� �2HVRSKDJXV� ��0$5.�%(��� �$� �&DVH�&RQWURO� �0DFKLQH� �/HDUQLQJ�
�$SSURDFK¶�� �7KH� �/DQFHW� �'LJLWDO� �+HDOWK� ��� ������ �H��±����
�KWWSV���GRL�RUJ���������6�������������������;��

�5R\HQ�� �)ORULHQ� �6���YDQ���.DUHO��*���0���0RRQV���*HHUW�-DQ��*HHUVLQJ���DQG��0DDUWHQ��YDQ��6PHGHQ��
��������µ'HYHORSLQJ���9DOLGDWLQJ���8SGDWLQJ��DQG��-XGJLQJ��WKH��,PSDFW��RI��3URJQRVWLF��0RGHOV�
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�ÂÉÈ�

�6iQFKH]�9DOOH���-RQ���+pFWRU��7HMHUR���-RVp��0DUtD��)HUQiQGH]���'DYLG��-XDQ���%HDWUL]��8UGD�*DUFtD��
�6DOYDGRU� �&DSHOOD�*XWLpUUH]�� �)iWLPD� �$O�6KDKURXU�� �HW� �DO�� ������� �µ,QWHUSUHWLQJ��0ROHFXODU�
�6LPLODULW\��EHWZHHQ��3DWLHQWV��DV��D��'HWHUPLQDQW��RI��'LVHDVH��&RPRUELGLW\��5HODWLRQVKLSV¶��
�1DWXUH�&RPPXQLFDWLRQV����������������KWWSV���GRL�RUJ���������V����������������[��

�6DWDJRSDP�� �9HQNDWD�� �:HL� �*X�� �6HUJH� �(LIHV�� �3LRWU� �*DZURQ�� �0DUHN� �2VWDV]HZVNL�� �6WHSKDQ�
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�*UDZH�� �7LDQ[LDQJ� �*DR�� �5REHUW��7LEVKLUDQL���HW��DO����������µ$Q��,QIODPPDWRU\��$JLQJ��&ORFN�
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�=KRX�� �7HMDVZLQL� �0LVKUD�� �6DPVRQ� �0DWDUDVR�� �2ULW� �'DJDQ�5RVHQIHOG�� �HW� �DO�� ������� �µ$�
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�KWWSV���GRL�RUJ���������MDPD�����������
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�(OHFWLYH�6XUJHU\"¶��$QDHVWKHVLD���������������±����KWWSV���GRL�RUJ���������DQDH��������

�6LQQRWW�$UPVWURQJ�� �1DVD�� �6DKLQ� �1DTYL�� �0DQXHO� �5LYDV�� �DQG� �-RQDWKDQ� �.� �3ULWFKDUG�� �������
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�6LJQDWXUH� �RI� �$JH� �LQ� �+HDOWK\� �+XPDQV¶�� �$JLQJ� �&HOO� ���� ������ �H�������
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