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)2580��������6HQLRU�RULJLQDO�DXWKRU
V�UHVSRQVH�WR��+LJK�ULVN�RI�ORZHU�OLPE�QHXURSUD[LD�DQG�OLWLJDWLRQV�IRU�D�EHWWHUYLHZ�RI�WKH�SHULQHXP�0DFNLH�&$QQ�5�&ROO�6XUJ�(QJO�������1RY�����������
+HDOWK� LQGXVWU\� SUDFWLFHV� WKDW� FUHDWH� FRQIOLFWV� RI� LQWHUHVW�� D� SROLF\� SURSRVDO� IRU� DFDGHPLF�PHGLFDOFHQWHUV�%UHQQDQ� 7$�� 5RWKPDQ� '-�� %ODQN� /�� %OXPHQWKDO� '�� &KLPRQDV� 6&�� &RKHQ� --�� *ROGPDQ� -�� .DVVLUHU� -3�.LPEDOO�+��1DXJKWRQ�-��6PHOVHU�1-$0$�������-DQ������������������
*XLGHOLQHV� IRU� ,QWHUDFWLRQV�EHWZHHQ�&OLQLFDO�)DFXOW\�DQG� WKH�3KDUPDFHXWLFDO� ,QGXVWU\��2QH�0HGLFDO6FKRRO
V�$SSURDFK�&ROHPDQ�'/��.D]GLQ�$(��0LOOHU�/$��0RUURZ�-6��8GHOVPDQ�5$FDG�0HG�������)HE��������������
$�SURJUDP�WR�SURYLGH�UHJXODWRU\�VXSSRUW�IRU�LQYHVWLJDWRU�LQLWLDWHG�FOLQLFDO�UHVHDUFK�$UELW�+0��3DOOHU�06$FDG�0HG�������)HE��������������
'LIIHUHQFHV� LQ� UHYLHZ� TXDOLW\� DQG� UHFRPPHQGDWLRQV� IRU� SXEOLFDWLRQ� EHWZHHQ� SHHU� UHYLHZHUVVXJJHVWHG�E\�DXWKRUV�RU�E\�HGLWRUV�6FKURWHU�6��7LWH�/��+XWFKLQJV�$��%ODFN�1-$0$�������-DQ�����������������
3URSHQVLW\�VFRUHV�DQG�WKH�VXUJHRQ�$GDPLQD�0��*XOOHU�8��:HEHU�:3��2HUWOL�'%U�-�6XUJ�������-DQ����7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WR�SURYLGH�D�FRPSUHKHQVLYH�RYHUYLHZ�RI�SURSHQVLW\�VFRUH�DQDO\VLV��DOORZLQJ�WKHVXUJHRQ�WR�XQGHUVWDQG�WKH�UROH��DGYDQWDJHV�DQG�OLPLWDWLRQV�RI�SURSHQVLW\�VFRUHV��ERRVWLQJ�WKHLU�GHYHORSPHQWLQ�VXUJLFDO�LQYHVWLJDWLRQV�
%H\RQG� WKH�P\WK��7KH�PHUPDLG�V\QGURPH� IURP�+RPHUXV� WR�$QGHUVHQ�$� WULEXWH� WR�+DQV�&KULVWLDQ$QGHUVHQ
V�ELFHQWHQQLDO�RI�ELUWK�5RPDQR�6��(VSRVLWR�9��)RQGD�&��5XVVR�$��*UDVVL�5(XU�-�5DGLRO�������-DQ�����%H\RQG� WKH�0\WK��PD\� WKH�6LUHQ� UHDOO\� H[LVW"� ,W� FDQ� EH� K\SRWKHVL]HG� WKDW� WKHVH� FUHDWXUHV� SUREDEO\� ZHUHLQGLYLGXDOV�DIIHFWHG�E\�VLUHQRPHOLD��6\UHQRPHOLD�LV�D�FRQGLWLRQ�QRW�FRPSDWLEOH�ZLWK�WKH�QRUPDO�OLIH��KRZHYHUQLQH�FDVHV�RI��PHUPDLG��VXUYLYHG�WR�UHFRQVWUXFWLYH�VXUJHU\�KDYH�EHHQ�UHSRUWHG�XQWLO�QRZ��,Q�RXU�UHSRUW�ZHDOVR�SUHVHQWHG�D�FDVH�RI�VXUYLYDO�EDE\�JLUO�DIIHFWHG�E\�VLUHQRPHOLD��EHIRUH�DQG�DIWHU�VXUJHU\��ZLWK�FRUUHODWLYHUDGLRORJLF� LPDJLQJ� ILQGLQJV��7KH�PRVW� LPSRUWDQW� FKDUDFWHULVWLF� WKDW� VHHPV� WR� DOORZ� VXUYLYDO� RI� WKH� DIIHFWHGLQGLYLGXDOV�LV�WKH�SUHVHQFH�RI�RQH�IXQFWLRQDO�NLGQH\��GLVSODFHG�LQ�SHOYLV�
6DFUDO�QHXURPRGXODWLRQ��ORQJ�WHUP�H[SHULHQFH�RI�RQH�FHQWHU�:HLQ�$--�8URO�������)HE������������
��±�7+(�3(/9,&�)/225��������2SWLPL]LQJ�SHOYLF�VXUJHU\�RXWFRPHV�'DYLOD�*:&OHYH�&OLQ�-�0HG�������'HF����6XSSO���6������0RVW� SHULRSHUDWLYH� FRPSOLFDWLRQV� UHODWHG� WR� JUDIW� XVH� FDQ� EH� SUHYHQWHG� E\� DSSURSULDWH� SUHRSHUDWLYH� DQGSRVWRSHUDWLYH� WLVVXH� PDQDJHPHQW�� ,QWUDRSHUDWLYH� F\VWRVFRS\� VKRXOG� EH� D� URXWLQH� SDUW� RI� PRVW� SHOYLFUHFRQVWUXFWLYH�SURFHGXUHV��$�UHFWDO�H[DPLQDWLRQ�VKRXOG�EH�SHUIRUPHG�DW�WKH�HQG�RI�HDFK�VXUJLFDO�SURFHGXUHWR�GRFXPHQW�UHFWDO�LQWHJULW\��8QGHU�PRVW�FLUFXPVWDQFHV��JUDIW�HURVLRQV�FDQ�EH PDQDJHG�ZLWKRXW�WKH�QHHG�WRUHPRYH�WKH�HQWLUH�JUDIW�RU�MHRSDUGL]LQJ�WKH�VXUJLFDO�UHSDLU�
7H[WERRN�UHFRPPHQGDWLRQV�IRU�SUHYHQWLQJ�DQG�WUHDWLQJ�SHULQHDO�LQMXU\�DW�YDJLQDO�GHOLYHU\�
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6WHSS�.-��6LGGLTXL�1<��(PHU\�63��%DUEHU�0'2EVWHW�*\QHFRO�������)HE��������������
/HDUQLQJ�RXWFRPHV�RI�D�JURXS�EHKDYLRUDO�PRGLILFDWLRQ�SURJUDP�WR�SUHYHQW�XULQDU\�LQFRQWLQHQFH�6DPSVHOOH�&0��0HVVHU�./��6HQJ�-6��5DJKXQDWKDQ�7(��+LQHV�6+��'LRNQR�$&,QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������1RY�'HF������������
7KH�VWDWH�RI�UHKDELOLWDWLRQ�UHVHDUFK��DUW�RU�VFLHQFH"7DWH�'*$UFK�3K\V�0HG�5HKDELO�������)HE�������������7KH� VWDWH� RI� UHKDELOLWDWLRQ� UHVHDUFK�� DUW� RU� VFLHQFH"� 5HKDELOLWDWLRQ� UHVHDUFK� KDV� EHHQ� FULWLFL]HG� DV� QRWVWDQGLQJ�XS�HQRXJK�WR�WKH�ULJRUV�RI�VFLHQWLILF�PHWKRG�WR�EH�FDOOHG��VFLHQFH���7KH�ILHOG�KDV�EHHQ�SRUWUD\HG�DVVORZ� WR� SURPRWH� LWV� VFLHQWLILF� DFKLHYHPHQWV� DQG� WR� LQFOXGH� WKHP� XQGHU� WKH� UXEULF� RI� HYLGHQFH�EDVHGUHKDELOLWDWLRQ��)ROORZLQJ�LQ�WKH�IRRWVWHSV�RI�SV\FKRORJ\��UHKDELOLWDWLRQ�DV�D�EURDG�EDVHG�GLVFLSOLQH�KDV�IDFHGPDQ\� VLPLODU� REVWDFOHV� LQ� DFKLHYLQJ� VFLHQWLILF� VWDWXV�� &RQWURYHUV\� H[LVWV� DERXW� ZKDW� H[DFWO\� FRQVWLWXWHVUHKDELOLWDWLRQ� VFLHQFH� YHUVXV� LWV� DUW� DQG� LWV� UHVSHFWLYH�PXOWLGLVFLSOLQDU\� GRPDLQV�� 7KH� FRQFHSWLRQ� RI� WKHVHGRPDLQV�LV�GLUHFWO\�UHODWHG�WR�FXUUHQW�PHWKRGV�DYDLODEOH�WR�DVVHVV�WKH�VWDWH�RI�WKH�GLVFLSOLQH�DQG�LWV�UHVHDUFKDFFRPSOLVKPHQWV�� ,�XVHG�TXDQWLWDWLYH�PHWKRGV��VXFK�DV�UDQGRPL]HG�FOLQLFDO�DQG�RU�FRQWUROOHG� WULDOV� �5&7V�DQG� V\VWHPDWLF� UHYLHZV�� WR� DVVHVV� WKH� VWDWXV� RI� UHKDELOLWDWLRQ� UHVHDUFK�� )LQGLQJV� VXJJHVW� WKDW�� DV� D� ILHOG�UHKDELOLWDWLRQ�PDNHV�VLJQLILFDQW�FRQWULEXWLRQV�WR�VFLHQFH��PHDVXUDEOH�E\�WKH�QXPEHU�DQG�TXDOLW\�RI�5&7V�DQGV\VWHPDWLF�UHYLHZV�FRQGXFWHG�VR�IDU�RQ�WRSLFV�RI�FULWLFDO�LPSRUWDQFH�IRU�FOLQLFDO�FDUH��,Q��DUWIXO��FRPSOHPHQW�TXDOLWDWLYH�DSSURDFKHV�FDQ�EH�XVHG�DV�UHVHDUFK�WRROV�WR�DLG�LQYHVWLJDWRUV�LQ�VHHNLQJ�NQRZOHGJH�EH\RQG�WKDWREWDLQHG� E\� TXDQWLWDWLYH� PHWKRGV�� DVVHVVLQJ� PDQ\� FRPSOH[LWLHV� DVVRFLDWHG� ZLWK� WKH� YDULRXV� FRQWH[WV� RIUHKDELOLWDWLRQ� UHVHDUFK��2WKHU� UHTXLUHPHQWV� WR� GHYHORS�D� FRPPRQ� YLVLRQ� RI� UHKDELOLWDWLRQ� VFLHQFH� DUH� DOVRGLVFXVVHG�
$�PXOWLFHQWUH�VWXG\�RI�WKH�PDQDJHPHQW�RI�GLVRUGHUV�RI�GHIHFDWLRQ�LQ�SDWLHQWV�ZLWK�VSLQD�ELILGD�/HPHOOH� -/�� *XLOOHPLQ� )�� $XEHUW� '�� *X\V� -0�� /RWWPDQQ� +�� /RUWDW�-DFRE� 6�� 0RVFRYLFL� -�� 0RXULTXDQG� 3�5XIILRQ�$��6FKPLWW�01HXURJDVWURHQWHURO�0RWLO�������)HE�������������
��±�)81&7,21$/�$1$720<���������&RQWHPSRUDU\�YLHZV�RQ�IHPDOH�SHOYLF�DQDWRP\�%DUEHU�0'&OHYH�&OLQ�-�0HG�������'HF����6XSSO���6�����
7KUHH�GLPHQVLRQDO�VWXG\�RI�SHOYLF�DV\PPHWU\�RQ�DQDWRPLFDO�VSHFLPHQV�DQG�LWV�FOLQLFDO�SHUVSHFWLYHV�%RXOD\�&��7DUGLHX�&��%HQDLP�&��+HFTXHW�-��0DUW\�&��3UDW�3UDGDO�'��/HJD\H�-��'XYDO�%HDXSHUH�*��3HOLVVLHU--�$QDW�������-DQ��������������7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�DVVHVV�SHOYLF�DV\PPHWU\��L�H��WR�GHWHUPLQH�ZKHWKHU�WKH�ULJKW�LOLDF�ERQH�DQG�WKHULJKW� SDUW� RI� WKH� VDFUXP� DUH� PLUURU� LPDJHV� RI� WKH� OHIW��� ERWK� TXDQWLWDWLYHO\� DQG� TXDOLWDWLYHO\�� XVLQJ� WKUHH�GLPHQVLRQDO� PHDVXUHPHQWV�� 3HOYLF� V\PPHWU\� ZDV� GHVFULEHG� RVWHRORJLFDOO\� XVLQJ� D� FRPPRQ� UHIHUHQFHFRRUGLQDWH�V\VWHP�IRU�D�ODUJH�VDPSOH�RI�SHOYLVHV��/DQGPDUNV�ZHUH�HVWDEOLVKHG�RQ����DQDWRPLFDO�VSHFLPHQVZLWK�DQ�HOHFWURPDJQHWLF�)DVWUDN�V\VWHP��6HYHQW\�RQH�SDLUHG�YDULDEOHV�ZHUH�WHVWHG�ZLWK�D�SDLUHG�W�WHVW�DQG�DQRQ�SDUDPHWULF�WHVW��:LOFR[RQ���$�3HDUVRQ�FRUUHODWLRQ�PDWUL[�EHWZHHQ�WKH�ULJKW�DQG�OHIW�YDOXHV�RI�WKH�VDPHYDULDEOH� ZDV� DSSOLHG� H[FOXVLYHO\� WR� YDOXHV� WKDW� ZHUH� VLJQLILFDQWO\� DV\PPHWULF� LQ� RUGHU� WR� FDOFXODWH� DGLPHQVLRQOHVV�DV\PPHWU\�LQGH[��$%*L��IRU�HDFK�YDULDEOH��)LIWHHQ�YDULDEOHV�ZHUH�VLJQLILFDQWO\�DV\PPHWULF�DQGFRUUHODWHG�ZLWK�WKH�ULJKW�YV�� OHIW�VLGHV�IRU� WKH�IROORZLQJ�DQDWRPLFDO�UHJLRQV��VDFUXP�� LOLDF�EODGHV�� LOLDF�ZLGWK�DFHWDEXOXP�DQG�WKH�VXSHULRU� OXQDWH�VXUIDFH�RI�WKH�DFHWDEXOXP��$%*L�YDOXHV�DERYH�D�WKUHVKROG�RI���������ZHUH�FRQVLGHUHG�VLJQLILFDQWO\�DV\PPHWULF�LQ�VHYHQ�YDULDEOHV�RI�WKH�SHOYLF�DUHD��7RWDO�DV\PPHWU\�LQYROYLQJ�WKHULJKW�DQG�WKH� OHIW�SHOYLV�VHHPV�WR�IROORZ�D�VSLUDO�SDWK� LQ�WKH�SHOYLV�� LQ�WKH�XSSHU�SDUW�� WKH� LOLDF�EODGHV�URWDWHFORFNZLVH��DQG�LQ�WKH�ORZHU�SDUW��WKH�SXELF�V\PSK\VLV�URWDWHV�DQWLFORFNZLVH��7KXV��SHOYLF�DV\PPHWU\�PD\�EHHYDOXDWHG�LQ�FOLQLFDO�H[DPLQDWLRQV�E\�PHDVXULQJ�LOLDF�FUHVW�RULHQWDWLRQ�
&RPSDULVRQ�RI�5HFWRDQDO�$[LDO�)RUFHV�LQ�+HDOWK�DQG�)XQFWLRQDO�'HIHFDWRU\�'LVRUGHUV�%KDUXFKD�$(��&URDN�$-��*HEKDUW�-%��%HUJOXQG�/-��6HLGH�%0��=LQVPHLVWHU�$5��$Q�.1$P�-�3K\VLRO�*DVWURLQWHVW�/LYHU�3K\VLRO�������)HE����$QDO� PDQRPHWU\� PHDVXUHV� FLUFXPIHUHQWLDO� SUHVVXUHV�� EXW� QRW� D[LDO� IRUFHV�� ZKLFK� DUH� UHVSRQVLEOH� IRUGHIHFDWLRQ�DQG�FRQWULEXWH�WR�IHFDO�FRQWLQHQFH��2XU�DLPV�ZHUH�WR�LQYHVWLJDWH�WKHVH�PHFKDQLVPV�E\�PHDVXULQJ
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D[LDO�UHFWRDQDO�IRUFHV�ZLWK�DQ�LQWUD�UHFWDO�VSKHUH�RU�D�ODWH[�EDOORRQ��IL[HG�DW�������RU���FP�IURP�WKH�DQDO�YHUJH�DQG�FRQQHFWHG�WR�D[LDO�IRUFH�DQG�GLVSODFHPHQW�WUDQVGXFHUV��5HFWRDQDO�IRUFHV�DQG�UHFWDO�SUHVVXUHV�ZLWKLQ�DODWH[� EDOORRQ� ZHUH� PHDVXUHG� DW� EDVHOLQH� �L�H��� DW� UHVW�� DQG� GXULQJ� PDQHXYHUV� �L�H��� VTXHH]H�� VLPXODWHGHYDFXDWLRQ��DQG�D�9DOVDOYD�PDQHXYHU��LQ����DV\PSWRPDWLF�ZRPHQ�DQG����ZRPHQ�ZLWK�V\PSWRPV�RI�GLIILFXOWGHIHFDWLRQ�� $QDO� UHVWLQJ� DQG� VTXHH]H� SUHVVXUHV� ZHUH� DOVR� DVVHVVHG� E\� PDQRPHWU\� DQG� ZHUH� VLPLODU� LQFRQWUROV� DQG� SDWLHQWV�� $W� UHVW�� D[LDO� UHFWRDQDO� IRUFHV� ZHUH� GLUHFWHG� LQZDUG� DQG� LQFUHDVHG� DV� WKH� GHYLFHDSSURDFKHG� WKH� DQDO� YHUJH�� &RQWUROV� DXJPHQWHG� WKLV� LQZDUG� IRUFH� ZKHQ� WKH\� VTXHH]HG� DQG� H[HUWHG� DQRXWZDUG� IRUFH�GXULQJ�VLPXODWHG�H[SXOVLRQ�DQG� D�9DOVDOYD�PDQHXYHU�� 7KH� IRUFH� FKDQJH�GXULQJ�PDQHXYHUVZDV�DOVR�DIIHFWHG�E\�GHYLFH� ORFDWLRQ�DQG�ZDV�KLJKHVW�DW���FP�IURP�WKH�YHUJH��,Q�SDWLHQWV�� WKH�IRUFH�DW�UHVWDQG� WKH� FKDQJH� LQ� IRUFH� GXULQJ� DOO� PDQHXYHUV� ZDV� ORZHU� WKDQ� LQ� FRQWUROV�� 7KH� UHFWDO� SUHVVXUH� GXULQJ� D9DOVDOYD� PDQHXYHU� ZDV� DOVR� ORZHU� LQ� SDWLHQWV� WKDQ� LQ� FRQWUROV�� VXJJHVWLYH� RI� LPSDLUHG� SURSXOVLRQ�� ,QFRQFOXVLRQ��D�VXEVHW�RI�ZRPHQ�ZLWK�GHIHFDWRU\�V\PSWRPV�KDG�ZHDNHU�D[LDO�IRUFHV�QRW�RQO\�GXULQJ�H[SXOVLRQEXW�DOVR�GXULQJ�D�9DOVDOYD�PDQHXYHU�DQG�ZKHQ� WKH\�VTXHH]HG��L�H���FRQWUDFWHG�� WKHLU�SHOYLF� IORRU�PXVFOHV�VXJJHVWLYH�RI�JHQHUDOL]HG�SHOYLF�IORRU�ZHDNQHVV�
5ROH� RI� WKH� UHFWRVLJPRLGDO� MXQFWLRQ� LQ� IHFDO� FRQWLQHQFH�� FRQFHSW� RI� WKH� SULPDU\� FRQWLQHQWPHFKDQLVP�6KDILN�$��6KDILN�$$��(O�6LEDL�2��$KPHG�,��0RVWDID�50$UFK�6XUJ�������-DQ�������������+<327+(6,6��$W�PDVV�FRQWUDFWLRQ�RI�WKH�GHVFHQGLQJ�FRORQ��WKH�FRORQLF�FRQWHQWV�VWRS�DW�WKH�VLJPRLG�FRORQ�6&��DQG�GR�QRW� SDVV�GLUHFWO\� WR� WKH� UHFWXP��:H� LQYHVWLJDWHG� WKH�K\SRWKHVLV� WKDW� D� FRQWLQHQW�PHFKDQLVPVHHPV� WR� H[LVW� DW� WKH� UHFWRVLJPRLGDO� MXQFWLRQ� �56-��� SUHYHQWLQJ� WKH� GLUHFW� SDVVDJH� RI� VWRROV� IURP� WKHGHVFHQGLQJ�FRORQ�WR�WKH�UHFWXP��0(7+2'6��7KH�6&� LQ����KHDOWK\�YROXQWHHUV��PHDQ�����6'�DJH���������������\HDUV����PHQ�DQG���ZRPHQ��ZDV�GLVWHQGHG�ZLWK�DQ�LVRWRQLF�VRGLXP�FKORULGH�VROXWLRQ�ILOOHG�EDOORRQ��DQGWKH�SUHVVXUH�UHVSRQVH�RI� WKH�56-�DQG�WKH�UHFWXP�ZDV�UHFRUGHG�DW�UDSLG�DQG�JUDGXDO� ILOOLQJ�RI� WKH�EDOORRQ�7KH� WHVW�ZDV� UHSHDWHG�DIWHU� WKH�6&�DQG�56-�ZHUH�DQHVWKHWL]HG�VHSDUDWHO\��5(68/76��5DSLG�6&�EDOORRQGLVWHQVLRQ� ZLWK� D� PHDQ� ���� 6'� RI� ����� ���� ���� P/� RI� LVRWRQLF� VRGLXP� FKORULGH� VROXWLRQ� HIIHFWHG� DQ� 56-SUHVVXUH� LQFUHDVH� WR� D�PHDQ�����6'�RI���������������FP�+���2� �3������ZLWK� QR� UHFWDO� SUHVVXUH� UHVSRQVH�3!������6ORZ�6&�ILOOLQJ�SURGXFHG�D�SURJUHVVLYH�LQFUHDVH�LQ�56-�SUHVVXUH�EXW�QR�UHFWDO�SUHVVXUH�FKDQJH��$WD�PHDQ�����6'�6&�GLVWHQGLQJ�YROXPH�RI��������������P/��WKH�56-�SUHVVXUH�GHFUHDVHG�WR��������������3������DQG� WKH� EDOORRQ� ZDV� GLVSHOOHG� WR� WKH� UHFWXP�� UHFWDO� SUHVVXUH� LQFUHDVHG� �3�������� DQG� WKH� EDOORRQ� ZDVH[SHOOHG� WR� WKH� H[WHULRU�� 7KH� 56-� SUHVVXUH� GLG� QRW� UHVSRQG� WR� GLVWHQVLRQ� RI� WKH� DQHVWKHWL]HG� 6&�&21&/86,216��&RQWUDFWLRQ�RI�WKH�56-�DW�UDSLG�6&�GLVWHQVLRQ�ZLWK�ELJ�YROXPHV�LPSOLHV�D�UHIOH[�UHODWLRQVKLSWKDW� ZH� FDOO� WKH� 56-� JXDUGLQJ� UHIOH[�� 7KLV� UHIOH[� VHHPV� WR� SUHYHQW� WKH� GHVFHQGLQJ� FRORQ� FRQWHQWV� IURPSDVVLQJ�GLUHFWO\�WR�WKH�UHFWXP��,W�LV�FRQVLGHUHG�WKH�ILUVW�FRQWLQHQW�UHIOH[�DQG�PD\�VHUYH�DV�DQ�LQYHVWLJDWLYH�WRROLQ�WKH�VWXG\�RI�IHFDO�LQFRQWLQHQFH�
��±�',$*1267,&6��������9LGHRPDQRPHWU\�RI�WKH�SHOYLF�RUJDQV��$�FRPSDULVRQ�RI�WKH�QRUPDO�ORZHU�XULQDU\�DQG�JDVWURLQWHVWLQDOWUDFWV�,WR�7��6DNDNLEDUD�5��8FKL\DPD�7��=KL�/��<DPDPRWR�7��+DWWRUL�7,QW�-�8URO�������-DQ�������������%DFNJURXQG��%RWK�WKH�ORZHU�XULQDU\�WUDFW��/87��DQG�WKH�FDXGDO�SDUW�RI�WKH�ORZHU�JDVWURLQWHVWLQDO�WUDFW��/*,7�DUH�LQQHUYDWHG�E\�WKH�VDFUDO�VSLQDO�FRUG��:H�DLPHG�WR�FRPSDUH�WKH�QRUPDO�SK\VLRORJ\�RI�WKH�/87�DQG�/*,7XVLQJ�WKH�VDPH�YLGHRPDQRPHWU\�PHWKRG��0HWKRGV��:H�UHFUXLWHG�ILIWHHQ�KHDOWK\�YROXQWHHUV��HLJKW�PHQ�DQGVHYHQ� ZRPHQ�� PHDQ� DJH�� ��� \HDUV��� 7KH� YLGHRPDQRPHWULF� PHDVXUHV� LQFOXGHG� IOXRURVFRSLF� LPDJHV�VXEWUDFWHG� EODGGHU�UHFWDO� SUHVVXUHV�� XUHWKUDO�DQDO� VSKLQFWHU� SUHVVXUHV�� VSKLQFWHU� HOHFWURP\RJUDSK\�� DQGXULQDU\�IHFDO� IORZ��5HVXOWV��'XULQJ� WKH� UHVWLQJ�SKDVH�� WKH�XUHWKUDO�DQDO� VSKLQFWHU�SUHVVXUHV� VKRZHG� DOPRVWWKH�VDPH�YDOXHV��PHDQ�����FP+���2�DQG����FP+���2��UHVSHFWLYHO\���'XULQJ�WKH�VWRUDJH�SKDVH��WKH�YROXPHVDW�ILUVW�VHQVDWLRQ�DQG�PD[LPXP�FDSDFLW\�IRU�WKH�/*,7������P/�DQG�����P/��ZHUH�VOLJKWO\�VPDOOHU�WKDQ�WKRVHIRU�WKH�/87������P/�DQG�����P/���&RPSOLDQFH�RI�WKH�/*,7�����P/�FP+���2��ZDV�DOPRVW�DV�KLJK�DV�WKDW�RIWKH�/87�����P/�FP+���2���+RZHYHU��WKH�/*,7�VKRZHG�VSRQWDQHRXV�SKDVLF�UHFWDO�FRQWUDFWLRQV��635&��WKDWZHUH� QHYHU� VHHQ� LQ� WKH� EODGGHU�� 1RQH� RI� WKH� VXEMHFWV� H[SHULHQFHG� OHDNDJH� GXULQJ� EODGGHU�UHFWDO� ILOOLQJ�'XULQJ�WKH�HYDFXDWLRQ�SKDVH��UHFWDO�FRQWUDFWLRQ�RQ�GHIHFDWLRQ�����FP+���2��ZDV�SUHVHQW��EXW�ZDV�ZHDNHUWKDQ� EODGGHU� FRQWUDFWLRQ� RQ� PLFWXULWLRQ� ���� FP+���2�� 3� �� ������� $EGRPLQDO� VWUDLQ� RQ� GHIHFDWLRQ� ���FP+���2�� ZDV� JUHDWHU� WKDQ� WKDW� RQ� PLFWXULWLRQ� ���� FP+���2�� 3� �� ������� 6SKLQFWHU� SUHVVXUH� LQFUHDVH� RQGHIHFDWLRQ�����FP+���2��ZDV�JUHDWHU�WKDQ�WKDW�RQ�PLFWXULWLRQ������FP+���2���$Q� LOOXVWUDWLYH�FDVH�RI�635&WKDW� ZHUH� VHHQ� GXULQJ� XURG\QDPLF� UHFRUGLQJ� ZDV� VKRZQ�� &RQFOXVLRQ�� 635&� DQG� DEGRPLQDO� VWUDLQ� DUHIHDWXUHV�RI�WKH�/*,7��ZKHUHDV�PLFWXULWLRQ�EODGGHU�FRQWUDFWLRQ�LV�D�IHDWXUH�RI�WKH�/87��7KHVH�IHDWXUHV�FDQ�DLG
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LQ�XQGHUVWDQGLQJ�WKH�SRVVLEOH�UHFWDO�
DUWLIDFWV
�RI�YLGHRXURG\QDPLFV�DQG�QHXURJHQLF�SHOYLF�RUJDQ�G\VIXQFWLRQ�
,V�QRFWXULD�HTXDOO\�FRPPRQ�DPRQJ�PHQ�DQG�ZRPHQ"�$�SRSXODWLRQ�EDVHG�VWXG\�LQ�)LQODQG�7LNNLQHQ�.$��7DPPHOD�7/��+XKWDOD�+��$XYLQHQ�$-�8URO�������)HE����������������
7KH�DJLQJ�ORZHU�XULQDU\�WUDFW�'XEHDX�&(-�8URO�������0DU�������6XSSO��6�����385326(��$JH�UHODWHG�FKDQJHV�LQ�FRQWLQHQFH�DQG�WKH�*8�V\VWHP��DQG�KRZ�WKH\�DIIHFW�WKH�PDQDJHPHQW�RI/87� G\VIXQFWLRQ� DUH� GLVFXVVHG�� *XLGHOLQHV� DUH� RIIHUHG� UHJDUGLQJ� WKH� GLDJQRVLV� DQG� PDQDJHPHQW� RILQFRQWLQHQFH� LQ� WKH� HOGHUO\� SRSXODWLRQ�� 0$7(5,$/6� $1'� 0(7+2'6�� 3XEOLVKHG� OLWHUDWXUH� DQG� FXUUHQWWUHDWPHQW� SUDFWLFH� VSHFLILF� WR� HOGHUO\� SDWLHQWV� ZLWK� /87� G\VIXQFWLRQ� ZHUH� UHYLHZHG�� 5(68/76�� /87V\PSWRPV�LQ�WKH�HOGHUO\�SRSXODWLRQ�DUH�DIIHFWHG�E\�WKH�KLJK�SUHYDOHQFH�RI�FRPRUELGLW\�DQG�SRO\SKDUPDF\��,QDGGLWLRQ�� WKH� *8� V\VWHP� XQGHUJRHV� DJH� UHODWHG� FKDQJHV� WKDW� LQFUHDVH� WKH� ULVN� RI� /87� G\VIXQFWLRQ�&21&/86,216��,QFRQWLQHQFH�LQ�ROGHU�SHUVRQV�LV�DOPRVW�DOZD\V�FDXVHG�E\�PXOWLSOH�IDFWRUV��RI�ZKLFK�QRW�DOODUH�GLUHFWO\�UHODWHG�WR�WKH�*8�V\VWHP��,VVXHV�VXFK�DV�SRO\SKDUPDF\��FRPRUELGLW\��DQG�WKH�LQFUHDVHG�ULVN�RIPHGLFDWLRQ�VLGH�HIIHFWV�PXVW�EH�FRQVLGHUHG�LQ�SODQQLQJ�WUHDWPHQW��7KH�SULPDU\�FDUH�SK\VLFLDQ�DQG�XURORJLVWRU� J\QHFRORJLVW� VKRXOG� HVWDEOLVK� D� SDUWQHUVKLS� WR� FR�PDQDJH� WKH� EURDG� VSHFWUXP� RI� IDFWRUV� DIIHFWLQJFRQWLQHQFH�LQ�HOGHUO\�SDWLHQWV�
0D[LPDO�XUHWKUDO�FORVXUH�SUHVVXUH������FP�+�2��GRHV�LW�SUHGLFW�LQWULQVLF�VSKLQFWHULF�GHILFLHQF\".ULVVL�+��3DQVN\�0��+DOSHULQ�5��/DQJHU�5-�5HSURG�0HG�������1RY��������������2%-(&7,9(�� 7R� DVVHVV� ZKHWKHU� WKH� ODUJH� GLVFUHSDQF\� LQ� WKH� OLWHUDWXUH� LQ� WKH� LQFLGHQFH� RI� LQWULQVLFVSKLQFWHULF�GHILFLHQF\��,6'��LV�GXH�WR�GLIIHUHQW�PHWKRGV�E\�ZKLFK�PD[LPDO�XUHWKUDO�FORVXUH�SUHVVXUH��08&3�LV�PHDVXUHG��678'<�'(6,*1��:H�FRPSDUHG�WKH�PHDVXUHPHQW�RI�08&3�LQ�WKH�VXSLQH�SRVLWLRQ�ZLWK�����P/VDOLQH�LQ�WKH�EODGGHU��DFFRUGLQJ�WR�,QWHUQDWLRQDO�&RQWLQHQFH�6RFLHW\�JXLGHOLQHV��WR�WKDW�LQ�WKH�VLWWLQJ�SRVLWLRQ�IXOO� EODGGHU�� LQ� ��� FRQVHFXWLYH� SDWLHQWV� ZKR� ZHUH� GLDJQRVHG� DV� KDYLQJ� VWUHVV� XULQDU\� LQFRQWLQHQFH�5(68/76��,Q�WKH�VXSLQH�SRVLWLRQ�WKH�PHDQ�08&3�ZDV���������������FP�+�2�DV�FRPSDUHG�WR���������������FP�+�2�LQ�WKH�VLWWLQJ�SRVLWLRQ��S������������7KH�PHDQ�GLIIHUHQFH�ZDV����������������FP�+�2��08&3���RU� ���FP�+�2�ZDV�REVHUYHG�LQ����RI������������SDWLHQWV�LQ�WKH�VLWWLQJ�SRVLWLRQ�DV�FRPSDUHG�WR���RI�����������LQWKH� VXSLQH� SRVLWLRQ�� &21&/86,21�� :KHQ� 08&3� LV� PHDVXUHG� LQ� WKH� VXSLQH� SRVLWLRQ�� DFFRUGLQJ� WR,QWHUQDWLRQDO�&RQWLQHQFH�6RFLHW\�JXLGHOLQHV��WKH�FXWRII�SRLQW�IRU�GLDJQRVLV�RI�,6'�VKRXOG�EH����UDWKHU�WKDQ���FP�+�2�
7KH�36$�&RQXQGUXP�%DUU\�0-$UFK�,QWHUQ�0HG�������-DQ��������������
0HDO�LQGXFHG� UHFWR�VLJPRLG� WRQH� PRGLILFDWLRQ�� D� ORZ�FDORULF� PHDO� DFFXUDWHO\� VHSDUDWHV� IXQFWLRQDODQG�RUJDQLF�JDVWURLQWHVWLQDO�GLVHDVH�SDWLHQWV�'L�6WHIDQR�0��0LFHOL�(��0LVVDQHOOL�$��0D]]RFFKL�6��&RUD]]D�**XW�������-DQ�����%$&.*5281'�$1'�$,06��'LDJQRVLV�RI�LUULWDEOH�ERZHO�V\QGURPH�LV�EDVHG�RQ�DUELWUDU\�FULWHULD�GXH�WR�WKHODFN� RI� DQ� DFFXUDWH� GLDJQRVWLF� WHVW�� 7KH� DLP� RI� WKLV� VWXG\� ZDV� WR� HYDOXDWH� ZKHWKHU� UHFWR�VLJPRLG� WRQHPRGLILFDWLRQ� DIWHU� D� PHDO� UHSUHVHQWV� DQ� DFFXUDWH� GLDJQRVWLF� DSSURDFK�� 0(7+2'6�� ,Q� D� VHFRQGDU\� FDUHVHWWLQJ�� ��� FRQVWLSDWLRQ�SUHGRPLQDQW� DQG� ��� GLDUUKRHD�SUHGRPLQDQW� ,%6� SDWLHQWV�� ��� IXQFWLRQDO� GLDUUKRHDDQG� �� IXQFWLRQDO� FRQVWLSDWLRQ� SDWLHQWV�� ��� RUJDQLF� JDVWURLQWHVWLQDO� GLVHDVH� SDWLHQWV� DQG� ��� KHDOWK\YROXQWHHUV�XQGHUZHQW�D�UHFWDO�EDURVWDW�WHVW�LQ�RUGHU�WR�PHDVXUH�IDVWLQJ�DQG�SRVW��SUDQGLDO�UHFWR�VLJPRLG�WRQH�5HFWR�VLJPRLG�UHVSRQVH�ZDV�DVVHVVHG� IROORZLQJ� WKUHH�PHDOV�FRQWDLQLQJ�GLIIHUHQW�DPRXQWV�RI�FDORULHV�����.FDO������.FDO�DQG������.FDO��$�SRVW�SUDQGLDO� UHGXFWLRQ�RI� UHFWR�� VLJPRLG� WRQH�RI�DW� OHDVW�����RI� IDVWLQJYDOXH�DIWHU�D�ORZ��FDORULF�PHDO�DFFXUDWHO\�VHSDUDWHV�RUJDQLF�DQG�IXQFWLRQDO�JDVWURLQWHVWLQDO�GLVHDVH�SDWLHQWV�7KLV�SDUDPHWHU�PD\��WKHUHIRUH��EH�XVHG�LQ�WKH�SRVLWLYH�GLDJQRVLV�RI�,%6�
%DURVWDW�0HDVXUHPHQW�RI�5HFWDO�&RPSOLDQFH�DQG�&DSDFLW\�)R[�0��7KXPVKLUQ�0��)ULHG�0��6FKZL]HU�:'LV�&RORQ�5HFWXP�������-DQ�����385326(�� )HFDO� FRQWLQHQFH� UHTXLUHV� UHOD[DWLRQ� RI� WKH� UHFWDO� ZDOO� DQG� D� UHVHUYRLU� RI� DGHTXDWH� FDSDFLW\�5HFWDO�FRPSOLDQFH�SURYLGHV�DQ�DVVHVVPHQW�RI�UHFWDO�ZDOO�VWLIIQHVV��KRZHYHU��FRPSOLDQFH�LV�DOVR�DIIHFWHG�E\
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UHFWDO�FDSDFLW\��:H�GHYHORSHG�DQG�YDOLGDWHG�D�EDURVWDW�PHDVXUHPHQW�RI� UHFWDO�FDSDFLW\��%\�DFFRXQWLQJ� IRUYDULDWLRQ� LQ� UHFWDO� FDSDFLW\��ZH�DLPHG� WR� LPSURYH� WKH� LQFRQVLVWHQW� UHODWLRQVKLS�EHWZHHQ� UHFWDO� FRPSOLDQFH�VHQVDWLRQ��DQG�FRQWLQHQFH�UHSRUWHG�LQ�WKH�OLWHUDWXUH��0(7+2'��%DURVWDW�PHDVXUHPHQWV�RI�UHFWDO�FRPSOLDQFHDQG�FDSDFLW\�ZHUH�YDOLGDWHG�LQ����KHDOWK\��FRQWLQHQW�VXEMHFWV��6ORZ�VWDLUFDVH�������PP+J��DQG�UDSLG�SKDVLF�������PP+J��GLVWHQWLRQV�ZHUH�SHUIRUPHG�RQ�WZR�VHSDUDWH�GD\V��ILOOLQJ�VHQVDWLRQV�ZHUH�DVVHVVHG�E\�YLVXDODQDORJ� VFRUH�� $� VWRRO� VXEVWLWXWH� UHWHQWLRQ� WHVW� RI� UHFWDO� ILOOLQJ� VHQVDWLRQ� DQG� FRQWLQHQFH� ZDV� SHUIRUPHG�5(68/76��9DULDQFH�RI� YROXPH�PHDVXUHPHQWV� GHFUHDVHG�ZLWK� SUHVVXUH� FRPSDULQJ� FRQGLWLRQLQJ� YV�� LQGH[GLVWHQWLRQV��VWDLUFDVH�YV��SKDVLF�GLVWHQWLRQV��DQG�PHDVXUHPHQWV�RQ�GLIIHUHQW�GD\V��DOO�3�����������&RUUHFWLRQIRU� UHFWDO� FDSDFLW\�PHDVXUHG�DW����PP+J� UHGXFHG� WKH� �QRUPDO� UDQJH��RI� FRPSOLDQFH�PHDVXUHPHQWV� �3�������� EXW� QRW� YLFH� YHUVD�� &RPSDUHG� ZLWK� XQDGMXVWHG� YROXPH� PHDVXUHPHQWV�� QRUPDOL]HG� UHFWDO� YROXPH�SHUFHQWDJH�ILOOLQJ�UHODWLYH�WR�UHFWDO�FDSDFLW\��LPSURYHG�WKH�GHVFULSWLRQ�RI�UHFWDO�VHQVDWLRQ�YLVXDO�DQDORJ�VFRUH�3����������5HFWDO�FDSDFLW\�FRUUHODWHG�ZLWK�ILOOLQJ�VHQVDWLRQV�DQG�WKH�YROXPH�UHWDLQHG�RQ�UHWHQWLRQ�WHVWLQJ��3���������&21&/86,21��%DURVWDW�PHDVXUHPHQWV�RI�UHFWDO�FDSDFLW\�DW����PP+J�DUH�KLJKO\�UHSURGXFLEOH�DQG�QRWDIIHFWHG�E\�GLVWHQWLRQ�SURWRFRO��7KH�DVVHVVPHQW�RI� UHFWDO�FDSDFLW\�FRPSOHPHQWV� WKDW�RI� UHFWDO� FRPSOLDQFH�&RUUHFWLRQ�IRU�UHFWDO�FDSDFLW\�SURYLGHV�DQ�DVVHVVPHQW�RI�UHFWDO�ZDOO�VWLIIQHVV�LQGHSHQGHQW�RI�UHFWDO�JHRPHWU\DQG�LPSURYHV�WKH�DVVRFLDWLRQ�RI�EDURVWDW�YROXPH�PHDVXUHPHQWV�ZLWK�UHFWDO�VHQVLWLYLW\�DQG�FRQWLQHQFH�
'RHV�IHFDO�RFFXOW�EORRG�WHVWLQJ�UHDOO\�UHGXFH�PRUWDOLW\"�$�UHDQDO\VLV�RI�V\VWHPDWLF�UHYLHZ�GDWD�0RD\\HGL�3��$FKNDU�($P�-�*DVWURHQWHURO�������)HE��������������,1752'8&7,21�� &RORUHFWDO� FDQFHU� �&5&�� LV� D� FRPPRQ� FDXVH� RI� FDQFHU� PRUWDOLW\�� $� YDULHW\� RI� &5&VFUHHQLQJ�VWUDWHJLHV�DUH�EHLQJ�DGRSWHG� LQ�PDQ\�GHYHORSHG�FRXQWULHV��)HFDO�RFFXOW�EORRG� WHVWLQJ��)2%7�� LVRQH� RSWLRQ� IRU� VFUHHQLQJ� WKDW� KDV� WKH� PRVW� HYLGHQFH� IRU� HIILFDF\� DQG� LV� DOVR� WKH� FKHDSHVW� DSSURDFK�6\VWHPDWLF�UHYLHZV�VXJJHVW�WKDW�)2%7�LV�HIIHFWLYH�LQ�UHGXFLQJ�&5&�PRUWDOLW\�EXW�WKH�GDWD�RQ�RYHUDOO�PRUWDOLW\IURP� DQ\� FDXVH� KDV� UDUHO\� EHHQ� V\QWKHVL]HG�� 0(7+2'6�� 5DQGRPL]HG� FRQWUROOHG� WULDOV� LGHQWLILHG� E\� D&RFKUDQH� UHYLHZ�RI� WKH�HIILFDF\�RI�)2%7�ZHUH� UHDQDO\]HG��7ULDOV� WKDW� UHSRUWHG� RQ�ELHQQLDO� )2%7�ZLWK� DOOFDXVH�PRUWDOLW\�DVVHVVHG�DW�VLPLODU�IROORZ�XS�SHULRGV�ZHUH�DQDO\]HG��&5&��QRQ�&5&��DQG�DOO�FDXVH�PRUWDOLW\ZHUH� HYDOXDWHG� XVLQJ� D� UDQGRP� HIIHFWV�PRGHO�� 5(68/76�� 7KUHH� WULDOV� ZHUH� DQDO\]HG�� LQYROYLQJ� �������VXEMHFWV�ZLWK�������&5&�GHDWKV�DIWHU�DOPRVW���PLOOLRQ�SDWLHQW�\HDUV�IROORZ�XS��7KH�UHODWLYH�ULVN��55��RI�&5&GHDWK�LQ�WKH�)2%7�DUP�ZDV�����������&,� ������������7KH�55�RI�QRQ�&5&�GHDWK� LQ�WKH�)2%7�JURXS�ZDV����������&,� ������������S ���������7KH�LQFUHDVH�LQ�QRQ�&5&�LQ�WKH�)2%7�JURXS�EDODQFHG�WKH�GHFUHDVH�LQ&5&�PRUWDOLW\�ZLWK�QR�RYHUDOO� LPSDFW�RQ�PRUWDOLW\��55�RI�G\LQJ� LQ�WKH�)2%7�DUP� ������������&,� ���������������&21&/86,21��7KH�LPSDFW�RI�)2%7�LQ�UHGXFLQJ�PRUWDOLW\�IURP�DQ\�FDXVH�LV�XQFHUWDLQ�DQG�HIILFDF\�RIWKLV�VWUDWHJ\�IRU�&5&�VFUHHQLQJ�QHHGV�UHHYDOXDWLRQ�
)HFDO�RFFXOW�EORRG�WHVW�VFUHHQLQJ�LQ�WKH�8QLWHG�NLQJGRP�6WHHOH�5-$P�-�*DVWURHQWHURO�������)HE��������������
&RORUHFWDO�&DQFHU�6FUHHQLQJ�ZLWK�)HFDO�2FFXOW�%ORRG�7HVWLQJ��)2%7���$Q�,QWHUQDWLRQDO�3HUVSHFWLYH�$FKNDU�(��0RD\\HGL�3$P�-�*DVWURHQWHURO�������)HE������������
&RORUHFWDO�FDQFHU�VFUHHQLQJ��SUDFWLFHV�DQG�DWWLWXGHV�RI�JDVWURHQWHURORJLVWV��LQWHUQLVWV�DQG�VXUJHRQV�+LOVGHQ�5-��0F*UHJRU�(��0XUUD\�$��.KRMD�6��%U\DQW�+&DQ�-�6XUJ�������'HF��������������%$&.*5281'��7KH�&DQDGLDQ�7DVN�)RUFH�RQ�3UHYHQWLYH�+HDOWK�&DUH�KDV�UHFRPPHQGHG�WKH�XVH�RI�DQQXDORU�ELHQQLDO�IHFDO�RFFXOW�EORRG�WHVWLQJ��)2%7��DQG�IOH[LEOH�VLJPRLGRVFRS\�LQ�WKH�SHULRGLF�KHDOWK�H[DPLQDWLRQ�RIDV\PSWRPDWLF�SHRSOH�RYHU����\HDUV�RI�DJH��7KHUHIRUH��ZH�GHFLGHG�WR�DVFHUWDLQ�WKH�FXUUHQW�FRORUHFWDO�FDQFHU�&5&��VFUHHQLQJ�SUDFWLFHV�DQG�DWWLWXGHV�RI�VXUJHRQV��JDVWURHQWHURORJLVWV�DQG�LQWHUQLVWV��0(7+2'6��,Q�-XQH������ZLWK�D�ILQDO�PDLOLQJ�LQ�'HFHPEHU��������D�TXHVWLRQQDLUH�ZDV�VHQW�WR�DOO�JDVWURHQWHURORJLVWV�� LQWHUQLVWVDQG� VXUJHRQV� LQ� $OEHUWD�� ,W� LQFOXGHG� LWHPV� RQ� GHPRJUDSKLF� DQG� SUDFWLFH� FKDUDFWHULVWLFV�� &5&� VFUHHQLQJSUDFWLFHV� DQG� RSLQLRQV� DERXW� &5&� VFUHHQLQJ�� 5(68/76�� 5HVSRQVHV� ZHUH� UHFHLYHG� IURP� ��JDVWURHQWHURORJLVWV�����LQWHUQLVWV�DQG����VXUJHRQV��2YHUDOO������RI�����UHVSRQGHQWV�������������FRQILGHQFHLQWHUYDO� >&,@��������������UHFRPPHQGHG�WKDW�DYHUDJH�ULVN�DGXOWV�XQGHUJR�&5&�VFUHHQLQJ�� ,QWHUQLVWV�ZHUHOHVV� OLNHO\� WR� UHFRPPHQG�VFUHHQLQJ� WKDQ�HLWKHU�JDVWURHQWHURORJLVWV�RU�VXUJHRQV� �����&,� IRU� WKH�GLIIHUHQFH�������������7KH�PRVW�FRPPRQO\�UHFRPPHQGHG�VFUHHQLQJ�WHVW�ZDV�FRORQRVFRS\��������IROORZHG�E\�)2%7�������IOH[LEOH�VLJPRLGRVFRS\�������DQG�DLU�FRQWUDVW�EDULXP�HQHPD��������&RORQRVFRS\�ZDV�WKH�RQO\�WHVWUHFRPPHQGHG� E\� �� �������� RI� ��� JDVWURHQWHURORJLVWV�� �� �������� RI� ��� VXUJHRQV� DQG� �� ������� RI� ��LQWHUQLVWV�� 5HVSRQGHQWV� ZHUH�PRUH� OLNHO\� WR� OLVW� EDUULHUV� WR� WKH� XVH� RI� FRORQRVFRS\� �PHDQ� �� EDUULHUV�� IRU
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VFUHHQLQJ� WKDQ� IRU� HLWKHU� )2%7� RU� IOH[LEOH� VLJPRLGRVFRS\� �PHDQ� �� EDUULHUV� IRU� ERWK� WHVWV��� 2QO\� �UHVSRQGHQWV� LQGLFDWHG� WKDW� WKH\� WKHPVHOYHV� ZRXOG� QRW� XQGHUJR� VFUHHQLQJ�� &RORQRVFRS\� ZDV� WKH� RQO\VFUHHQLQJ� WHVW� WKDW� ���� �������� RI� WKH� ���� ZRXOG� WKHPVHOYHV� XQGHUJR�� &21&/86,216�� 7KH�PDMRULW\� RI$OEHUWD�VSHFLDOLVWV�UHFRPPHQG�&5&�VFUHHQLQJ�IRU�DYHUDJH�ULVN�DGXOWV��&RORQRVFRS\�ZDV�WKH�PRVW�FRPPRQO\UHFRPPHQGHG� WHVW�� GHVSLWH� WKH� SHUFHSWLRQ� RI� PRUH� EDUULHUV� WR� WKDW� WHFKQLTXH� DQG� WKH� ����� JXLGHOLQHVSUHSDUHG�E\�WKH�&DQDGLDQ�7DVN�)RUFH�IRU�3UHYHQWLYH�+HDOWK�&DUH��ZKLFK�GLG�QRW�VXSSRUW�FRORQRVFRS\�
)HFDO�RFFXOW�EORRG�WHVWLQJ�RSWLRQV�/DVWHOOD�93*DVWURHQWHURORJ\�������-DQ�������������DXWKRU�UHSO\�����
5HSO\�(EDUD�0*DVWURHQWHURORJ\�������-DQ������������
7KH�FDVH�IRU�GLUHFW�FRORQRVFRS\�VFUHHQLQJ�IRU�FRORUHFWDO�FDQFHU�%RQG�-+$P�-�*DVWURHQWHURO�������)HE��������������5HFHQW�ODUJH�VHULHV�RI�GLUHFW�FRORQRVFRS\�VFUHHQLQJ�IRU�FRORUHFWDO�FDQFHU�LQFUHDVH�RXU�XQGHUVWDQGLQJ�RI�WKHDGYDQWDJHV� RI� WKLV� DSSURDFK�� DQG� KDYH� LQGLUHFWO\� FRQILUPHG� HIILFDF\�� :KHQ� SHUIRUPHG� E\� ZHOO�WUDLQHG�H[SHULHQFHG� HQGRVFRSLVWV�� FRORQRVFRS\� VFUHHQLQJ� LV� VXFFHVVIXO� DQG� VDIH�� 7KH� SUHYDOHQFH� RI� DGYDQFHGQHRSODVLD�LV�ORZ�XQGHU�WKH�DJH�RI����\U�EXW�LQFUHDVHV�VXEVWDQWLDOO\�ZLWK�HDFK�GHFDGH�RI�OLIH�WKHUHDIWHU�DW�OHDVWXQWLO�WKH�DJH�RI����\U��0RVW�GHWHFWHG�FDQFHUV�DUH�DW�DQ�HDUO\��FXUDEOH�VWDJH��$�VXEVWDQWLDO�QXPEHU�RI�SUR[LPDODGYDQFHG�QHRSODVLD�DUH� GHWHFWHG� WKDW�ZRXOG�EH�PLVVHG�E\� VFUHHQLQJ� IOH[LEOH� VLJPRLGRVFRS\��:LGHVSUHDGSRSXODWLRQ�EDVHG�FRORQRVFRS\�VFUHHQLQJ�ZRXOG�PDUNHGO\�GHFUHDVH�WKH�LQFLGHQFH�DQG�PRUWDOLW\�RI�WKLV�PDMRUPDOLJQDQF\��,VVXHV�RI�FRPSOLDQFH�DQG�FDSDFLW\�UHODWHG�WR�GLUHFW�FRORQRVFRS\�KDYH�QRW�\HW�EHHQ�DGHTXDWHO\DGGUHVVHG�
&RORQRVFRS\��WXPRUV��DQG�LQIODPPDWRU\�ERZHO�GLVHDVH���QHZ�GLDJQRVWLF�PHWKRGV�.LHVVOLFK�5��+RIIPDQ�$��1HXUDWK�0)(QGRVFRS\�������-DQ������������$FFXUDWH� GHWHFWLRQ� RI� SUHPDOLJQDQW� OHVLRQV� DQG� HDUO\� FDQFHUV� LQ� WKH� FRORQ� LV� HVVHQWLDO� IRU� FXUDWLYHHQGRVFRSLF�RU�VXUJLFDO�WKHUDS\��VLQFH�WKH�SURJQRVLV�IRU�WKH�DIIHFWHG�SDWLHQWV�LV�FORVHO\�UHODWHG�WR�WKH�VL]H�DQGVWDJH� RI� WKH� QHRSODVWLF� OHVLRQ�� 7RWDO� FRORQRVFRS\� LV� WKH� DFFHSWHG� JROG� VWDQGDUG� IRU� VFUHHQLQJ� DQGVXUYHLOODQFH�RI�FRORUHFWDO�FDQFHU��7KLV�UHYLHZ�VXPPDUL]HV�UHFHQWO\�SXEOLVKHG�GLDJQRVWLF�GHYHORSPHQWV�DQGNH\� ILQGLQJV� LQ� WKH� DUHDV� RI� FRORQRVFRS\�� FRORQLF� WXPRUV�� DQG� LQIODPPDWRU\� ERZHO� GLVHDVHV�� 5HOHYDQWILQGLQJV�KDYH�EHHQ�UHSRUWHG�IRU�FKURPR�HQGRVFRS\�LQ�WKH�GLDJQRVLV�RI�FROLWLV�DVVRFLDWHG�QHRSODVLD��DV�ZHOODV�IODW�DQG�GHSUHVVHG�DGHQRPDV��5HDO�WLPH�'RSSOHU�FDSDELOLWLHV�KDYH�QRZ�EHHQ�DGGHG�WR�HQGRVFRSLF�RSWLFDOFRKHUHQFH�WRPRJUDSK\��WKH�UHVXOWV�RI�ODUJH�VFDOH�WHVWLQJ�RI�QDUURZ�EDQG�LPDJLQJ�HQGRVFRS\�LQ�WKH�FRORQ�DUHEHLQJ� DZDLWHG�� DQG� IOXRUHVFHQFH� LPDJLQJ� KDV� UHFHQWO\� EHHQ� DGGHG� WR� WKH� IDFLOLWLHV� DYDLODEOH� LQ� YLGHRHQGRVFRS\��0RVW� LPSRUWDQWO\��HQGRPLFURVFRS\�QRZ� IRU� WKH� ILUVW� WLPH�DOORZV� VLQJOH�FHOO� VXEVXUIDFH� LPDJLQJGXULQJ�RQJRLQJ�FRORQRVFRS\�SURFHGXUHV��RSHQLQJ�WKH�ZD\�WR�LQ�YLYR�PROHFXODU�DQG�IXQFWLRQDO�LPDJLQJ�
'LDJQRVWLF�DQG�WKHUDSHXWLF�LPSDFW�RI�GRXEOH�EDOORRQ�HQWHURVFRS\�0RQNHPXOOHU�.��:HLJW�-��7UHLEHU�*��.ROIHQEDFK�6��.DKO�6��5RFNHQ�&��(EHUW�0��)U\�/&��0DOIHUWKHLQHU�3(QGRVFRS\�������-DQ�������������
3UHOLPLQDU\� FRPSDULVRQ� RI� FDSVXOH� HQGRVFRS\� DQG� GRXEOH�EDOORRQ� HQWHURVFRS\� LQ� SDWLHQWV� ZLWKVXVSHFWHG�VPDOO�ERZHO�EOHHGLQJ�1DNDPXUD�0��1LZD�<��2KPL\D�1��0L\DKDUD�5��2KDVKL�$��,WRK�$��+LURRND�<��*RWR�+(QGRVFRS\�������-DQ�������������
,OHXV�VHFRQGDU\�WR�ZLUHOHVV�FDSVXOH�HQWHURVFRS\�0DJGHEXUJ�5��5LHVWHU�7��+XPPHO�)��/RKU�0��3RVW�6��6WXUP�-,QW�-�&RORUHFWDO�'LV�������-DQ���������
'RXEOH�EDOORRQ� HQWHURVFRS\�� LQGLFDWLRQV�� GLDJQRVWLF� \LHOG�� DQG� FRPSOLFDWLRQV� LQ� D� VHULHV� RI� ���SDWLHQWV�ZLWK�VXVSHFWHG�VPDOO�ERZHO�GLVHDVH�+HLQH�*'��+DGLWKL�0��*URHQHQ�0-��.XLSHUV�(-��-DFREV�0$��0XOGHU�&-(QGRVFRS\�������-DQ������������
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6WXG\�RI�WKH�UROH�RI�WKH�WUDQVYHUVH�SHULQHDO�PXVFOHV�GXULQJ�UHFWDO�ILOOLQJ�6KDILN�$��6KDILN�$$��6KDILN�,��(O�6LEDL�2,QW�-�&RORUHFWDO�'LV�������-DQ���������%$&.*5281'��7KH� IXQFWLRQ� RI� SHULQHDO�PXVFOHV� DW� GHIHFDWLRQ� LV� SRRUO\� DGGUHVVHG� LQ� WKH� OLWHUDWXUH��:HLQYHVWLJDWHG� WKH� K\SRWKHVLV� WKDW� UHFWDO� GLVWHQVLRQ� HIIHFWV� UHIOH[� FRQWUDFWLRQ� RI� IRXU� SHULQHDO� PXVFOHV�3$7,(17�0(7+2'6�� $IWHU� UHFWDO� EDOORRQ� GLVWHQVLRQ� ZLWK� FDUERQ� GLR[LGH� LQ� LQFUHPHQWV� RI� ��� PO�� WKHUHVSRQVHV�RI�HOHFWURP\RJUDSKLF��(0*��DFWLYLW\�RI�VXSHUILFLDO��6730��DQG�GHHS��'730��WUDQVYHUVH�SHULQHDOPXVFOHV� DV�ZHOO� DV� WKH� UHFWDO� SUHVVXUH� ZHUH� UHFRUGHG� LQ� ��� KHDOWK\� YROXQWHHUV� ����PHQ�� DJH� ����������\HDUV���5HVSRQVHV�ZHUH�UHJLVWHUHG�DJDLQ�DIWHU�LQGLYLGXDO�DQHVWKHWL]DWLRQ�RI�UHFWXP�DQG�WUDQVYHUVH�SHULQHDOPXVFOHV�� 7HVWV� ZHUH� UHSHDWHG� XVLQJ� VDOLQH� LQVWHDG� RI� OLGRFDLQH�� 5(68/76�),1',1*6�� 5HFWDO� EDOORRQGLVWHQVLRQ� LQ� ELJ� YROXPHV� HIIHFWHG� LQFUHDVH� RI� WKH� WUDQVYHUVH� SHULQHDO� PXVFOHV
� (0*� DFWLYLW\� DQG� UHFWDOSUHVVXUH�� 7KH� PRUH� WKH� UHFWXP� ZDV� GLVWHQGHG�� WKH� PRUH� WKH� UHFWDO� SUHVVXUH� DQG� (0*� DFWLYLW\� RI� WKHWUDQVYHUVH� SHULQHDO� PXVFOHV� ZHUH� LQFUHDVHG�� 7KH� ODWHQF\� VKRZHG� D� JUDGXDO� GHFUHDVH� XSRQ� LQFUHPHQWDOUHFWDO�GLVWHQVLRQ�LQFUHDVH��7UDQVYHUVH�SHULQHDO�PXVFOHV�GLG�QRW�UHVSRQG�WR�UHFWDO�GLVWHQVLRQ�DIWHU�WKH�UHFWXPDQG� SHULQHDO� PXVFOHV� KDG� EHHQ� LQGLYLGXDOO\� DQHVWKHWL]HG�� EXW� LW� UHVSRQGHG� WR� VDOLQH� DGPLQLVWUDWLRQ�5HVSRQVH�RI� WKH�PXVFOHV�ZDV�VLPLODU� LQ�ERWK�VLGHV�� ,17(535(7$7,21�&21&/86,21�� ,QFUHDVH�RI� UHFWDOSUHVVXUH� LQFUHDVHV� (0*� DFWLYLW\� RI� WUDQVYHUVH� SHULQHDO� PXVFOHV�� 7KLV� DFWLRQ� VHHPV�PHGLDWHG� WKURXJK� DUHIOH[� ZKLFK� ZH� FDOO� 
UHFWR�SHULQHDO� UHIOH[
�� &RQWUDFWLRQ� RI� WUDQVYHUVH� SHULQHDO� PXVFOHV� DW� GHIHFDWLRQSUHVXPDEO\� VXSSRUWV� WKH� SHULQHDO� IORRU�� ,W� DOVR� SURWHFWV� WUDQVYHUVH� SHULQHDO� PXVFOHV� DJDLQVW� VWUDLQLQJ�SURGXFHG� KLJK� SUHVVXUH� WKDW� LV� WUDQVPLWWHG� WKURXJK� WKH� UHFWR�YDJLQDO��YHVLFDO� FXO� GH� VDF� WR� WKH� SHULQHXPZKLFK�PD\�VDJ�GRZQ�DQG�VKDUH�LQ�JHQHVLV�RI�SHULQHRFHOH��HQWHURFHOH��RU�VLJPRLGRFHOH�
��± 352/$36(6��������3HOYLF�RUJDQ�SURODSVH��LV�LW�WLPH�WR�GHILQH�LW"6ZLIW�6,QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������1RY�'HF�������������
([SUHVVLRQ�RI�O\V\O�R[LGDVH�DQG�WUDQVIRUPLQJ�JURZWK�IDFWRU�EHWD��LQ�ZRPHQ�ZLWK�VHYHUH�SHOYLF�RUJDQSURODSVH�.REDN�:��/X�-��+DUGDUW�$��=KDQJ�&��6WDQF]\N�)=��)HOL[�-&-�5HSURG�0HG�������1RY���������������3DWLHQWV� ZLWK� VHYHUH� SHOYLF� RUJDQ� SURODSVH� �JUDGH� !� RU�  � ��� KDYH� D� VLJQLILFDQW� UHGXFWLRQ� LQ� WKH� P51$H[SUHVVLRQ�RI�O\V\O�R[LGDVH�DV�FRPSDUHG�WR�DV\PSWRPDWLF�FRQWUROV��7KH�P51$�H[SUHVVLRQ�RI�7*)�EHWD��ZDVQRW� VWDWLVWLFDOO\� GLIIHUHQW� EHWZHHQ� WKH� �� JURXSV�� 7KHVH� ILQGLQJV� OHQG� IXUWKHU� FUHGHQFH� WR� WKH� FRQFHSW� RIVSHFLILF�ELRFKHPLFDO�FKDQJHV�LQ�WKH�SHOYLF�IORRU�LQ�ZRPHQ�ZLWK�SHOYLF�RUJDQ�SURODSVH�
3HULQHRFHOH��V\PSWRP�FRPSOH[��GHVFULSWLRQ�RI�DQDWRPLF�GHIHFW��DQG�VXUJLFDO�WHFKQLTXH�IRU�UHSDLU�6FKOXQW�(LOEHU�.��5RVHQEOXP�1��*RUH�-��5D]�6��5RGULJXH]�/98URORJ\�������-DQ�����2%-(&7,9(6�� 7R� GHVFULEH� WKH� SDWLHQW� FKDUDFWHULVWLFV�� SK\VLFDO� H[DPLQDWLRQ� DQG� PDJQHWLF� UHVRQDQFHLPDJLQJ� ILQGLQJV�� DQG� PHWKRG� RI� VXUJLFDO� UHSDLU� RI� SHULQHRFHOH�� $� SHULQHRFHOH� LV� D� UDUH� FRQGLWLRQ� RI� DQLVRODWHG�FHQWUDO�GHIHFW�DQG�KHUQLDWLRQ�RI�WKH�SRVWHULRU�SHULQHXP�LQ�SDWLHQWV�ZLWKRXW�GLIIXVH�YDJLQDO�SURODSVH�3RVWHULRU� OHYDWRU� GHIHFWV� FDQ� UHVXOW� LQ� SHULQHDO� KHUQLD� ZLWK� SHULQHDO� ERG\� DWWHQXDWLRQ�� VHSDUDWLRQ� RI� WKHWUDQVYHUVH� SHULQHDO� DQG� DQDO� VSKLQFWHU� PXVFXODWXUH�� DQG� GHYHORSPHQW� RI� D� SHULQHRFHOH�� 7KH� UHOLHI� RIV\PSWRPV�DQG�FRUUHFWLRQ�RI�WKH�DQDWRPLF�GHIHFW�FDQ�EH�DFKLHYHG�E\�UHDSSUR[LPDWLRQ�RI�WKHVH�VWUXFWXUHV�
6HYHULW\�RI�SHOYLF�RUJDQ�SURODSVH�DVVRFLDWHG�ZLWK�PHDVXUHPHQWV�RI�SHOYLF�IORRU�IXQFWLRQ�*KHWWL�&��*UHJRU\�:7��(GZDUGV�65��2WWR�/1��&ODUN�$/,QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������1RY�'HF��������������(SXE������-DQ����7KLV�VWXG\� WHVWHG� WKH�K\SRWKHVLV� WKDW�FOLQLFDO�PHDVXUHPHQWV�RI� WKH�VXSHUILFLDO�SHULQHXP�DQG�RI�SHOYLF� IORRUPXVFOH��3)0��IXQFWLRQ�FRUUHODWH�ZLWK�WKH�VHYHULW\�RI�SHOYLF�RUJDQ�SURODSVH��7KLV�UHWURVSHFWLYH�FURVV�VHFWLRQDOVWXG\�DVVHVVHG������ZRPHQ�LQ�DQ�DFDGHPLF�XURJ\QHFRORJLF�SUDFWLFH��*UHDWHVW�GHVFHQW�RI�SURODSVH��E\�WKH3HOYLF�2UJDQ�3URODSVH�4XDQWLILFDWLRQ�V\VWHP��ZDV�FRUUHODWHG�ZLWK�WZR�DVVHVVPHQWV�RI� OHYDWRU�IXQFWLRQ��WKH2[IRUG� JUDGLQJ� VFDOH� DQG� OHYDWRU� KLDWXV� �/+�� VL]H� PHDVXUHG� E\� GLJLWDO� H[DPLQDWLRQ�� &RUUHODWLRQV� ZHUHFDOFXODWHG� XVLQJ� 3HDUVRQ
V� FRUUHODWLRQ� IRU� FRQWLQXRXV� YDULDEOHV� DQG� .HQGDOO
V� WDX�E�� 6HYHULW\� RI� SURODSVHFRUUHODWHG�PRGHUDWHO\� ZLWK� JHQLWDO� KLDWXV� �*+�� �U�  � ����� S��������� DQG� ZLWK� /+� �WUDQVYHUVH� U�  � ����� S� ���������ORQJLWXGLQDO�U� ������S������������EXW�ZHDNO\�ZLWK�WKH�2[IRUG�JUDGLQJ�VFDOH��U� ��������S������������/+FRUUHODWHG�ZLWK�*+��U� ������S�����������EXW�QRW�ZLWK�SHULQHDO�ERG\��U� �������S� ��������%RWK�*+�DQG�/+�VL]HDUH� DVVRFLDWHG� ZLWK� WKH� VHYHULW\� RI� SURODSVH�� /+� VL]H� FRUUHODWHV� PRUH� VWURQJO\� WR� SURODSVH� VHYHULW\� WKDQ
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DVVHVVPHQW�RI�3)0�IXQFWLRQ�E\�WKH�2[IRUG�JUDGLQJ�VFDOH�
5ROHV� RI� HVWURJHQ� UHFHSWRU�� SURJHVWHURQH� UHFHSWRU�� S��� DQG� S��� LQ� SDWKRJHQHVLV� RI� SHOYLF� RUJDQSURODSVH�%DL�6:��&KXQJ�GD�-��<RRQ�-0��6KLQ�-6��.LP�6.��3DUN�.+,QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������1RY�'HF��������������(SXE������0D\����(5�� 35�� S���� DQG� S��� ZHUH� VLJQLILFDQWO\� ORZHU� LQ� WKH� VWXG\� WKDQ� FRQWURO� JURXS� �S���������� 3RVLWLYHFRUUHODWLRQV� ZHUH� IRXQG� DPRQJ� DOO� SURWHLQV� LQ� WKH� SURODSVH� JURXS�� )XUWKHU� UHVHDUFKHV� DUH� QHHGHG� WRHOXFLGDWH�WKH�LQWHUUHODWLRQVKLS�DPRQJ�WKHVH�SURWHLQV�DQG�WKHLU�SUHFLVH�UROHV�LQ�SDWKRJHQHVLV�RI�323�
8WHURVDFUDO�OLJDPHQW�LQ�SRVWPHQRSDXVDO�ZRPHQ�ZLWK�RU�ZLWKRXW�SHOYLF�RUJDQ�SURODSVH�*DEULHO�%��'HQVFKODJ�'��*REHO�+��)LWWNRZ�&��:HUQHU�0��*LWVFK�*��:DWHUPDQQ�',QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������1RY�'HF��������������(SXE������$SU����7KH�XWHURVDFUDO� OLJDPHQWV�DUH� WKRXJKW� WR�FRQWULEXWH� WR�SHOYLF�VXSSRUW��2XU� ILQGLQJV�VXJJHVW� WKDW� WKH�KLJKHUFROODJHQ�,,,�H[SUHVVLRQ�PLJKW�EH�D W\SLFDO�FKDUDFWHULVWLF�RI�323�SDWLHQWV
�FRQQHFWLYH�WLVVXH��7KH�FRQVLGHUDEOHDPRXQW�RI�VPRRWK�PXVFOH�FHOOV�LQ�XWHURVDFUDO�OLJDPHQWV�PD\�SURYLGH�SHOYLF�VXSSRUW�
7KH�DV\PSWRPDWLF�KHUQLD���LI�LW
V�QRW�EURNHQ��GRQ
W�IL[�LW��)OXP�'5-$0$�������-DQ����������������
:DWFKIXO�ZDLWLQJ�YV�UHSDLU�RI� LQJXLQDO�KHUQLD� LQ�PLQLPDOO\� V\PSWRPDWLF�PHQ��D� UDQGRPL]HG�FOLQLFDOWULDO�)LW]JLEERQV�5-�-U��*LREELH�+XUGHU�$��*LEEV�-2��'XQORS�''��5HGD�'-��0F&DUWK\�0�-U��1HXPD\HU�/$��%DUNXQ-6��+RHKQ�-/��0XUSK\�-7��6DURVL�*$�-U��6\PH�:&��7KRPSVRQ�-6��:DQJ�-��-RQDVVRQ�2-$0$�������-DQ������������������
>&KRLFH�RI�SURVWKHVLV�LQ�JHQLWDO�SURODSVH�VXUJHU\@5RXPHJXHUH�73URJ�8URO�������'HF��������������
:KLFK�ERZHO�V\PSWRPV�DUH�PRVW�VWURQJO\�DVVRFLDWHG�ZLWK�D��UHFWRFHOH"'LHW]�+3��.RUGD�$$XVW�1�=�-�2EVWHW�*\QDHFRO�������'HF�������������$EVWUDFW� %DFNJURXQG�� 3RVWHULRU� YDJLQDO� ZDOO� SURODSVH� LV� FRPPRQ� LQ� SDURXV� ZRPHQ� DQG� PD\� EH� GXH� WRUHFWRFHOH��HQWHURFHOH�RU�SHULQHDO�K\SHUPRELOLW\��7UDQVODELDO�XOWUDVRXQG�FDQ�EH�XVHG�WR�GHWHFW�GHIHFWV�RI� WKHUHFWRYDJLQDO� VHSWXP�� WKDW� LV�� D� 
WUXH� UHFWRFHOH
�� SRWHQWLDOO\� DYRLGLQJ� WKH� QHHG� IRU� GHIHFDWLRQ� SURFWRJUDSK\�+RZHYHU�� LW� LV� FXUUHQWO\� XQNQRZQ� ZKHWKHU� VSHFLILF� VRQRJUDSKLF� DSSHDUDQFHV� DUH� DVVRFLDWHG� ZLWK� ERZHOV\PSWRPV�� $LPV�� 7R� FRUUHODWH� V\PSWRPV� RI� ERZHO� G\VIXQFWLRQ� DQG� VRQRJUDSKLF� ILQGLQJV�� 0HWKRGV�� ,Q� DSURVSHFWLYH� REVHUYDWLRQDO� VWXG\�� ���� ZRPHQ� ZHUH� VHHQ� GXULQJ� DWWHQGDQFH� DW� WHUWLDU\� XURJ\QDHFRORJLFDOFOLQLFV�DQG�XQGHUZHQW�D�VWDQGDUGLVHG�LQWHUYLHZ��ZKLFK�LQFOXGHG�D�VHW�RI�TXHVWLRQV�UHJDUGLQJ�ERZHO�IXQFWLRQ�7KH\�ZHUH� DVVHVVHG� FOLQLFDOO\� DQG�E\� WUDQVODELDO� XOWUDVRXQG�� VXSLQH�DQG�DIWHU� YRLGLQJ��7KH�SUHVHQFH�RI� DUHFWRFHOH�ZDV�GHWHUPLQHG�RQ�PD[LPDO�9DOVDOYD��5HVXOWV��&OLQLFDOO\������ZRPHQ�������ZHUH�IRXQG�WR�KDYH�DUHFWRFHOH�� 7KHUH� ZHUH� DVVRFLDWLRQV� EHWZHHQ� FOLQLFDO� VWDJLQJ� DQG� DPSXOODU\� GHVFHQW� RQ� XOWUDVRXQG� �3� ��������� WKH�SUHVHQFH�RI�D�WUXH�UHFWRFHOH��3����������DQG� WKH�GHSWK�RI�D�GHIHFW� �3�����������'HIHFWV�RI� WKHUHFWRYDJLQDO� VHSWXP� �
WUXH� UHFWRFHOH
�� ZHUH� LGHQWLILHG� LQ� ����� 7KH\� ZHUH� DVVRFLDWHG� ZLWK� V\PSWRPV� RILQFRPSOHWH�ERZHO�HPSW\LQJ��3����������DQG�GLJLWDWLRQ��3� ���������DQG� OHVV�VR�ZLWK�G\VFKH]LD� �3� �������IDHFDO�LQFRQWLQHQFH��3� �������DQG�FKURQLF�FRQVWLSDWLRQ��3� ��������&RQFOXVLRQV��7UXH�UHFWRFHOHV�DUH�IRXQG�LQPRUH�WKDQ�KDOI�RI�ZRPHQ�SUHVHQWLQJ�ZLWK�SHOYLF�IORRU�GLVRUGHUV��7KLV�ILQGLQJ�FRUUHODWHV�VWURQJO\�ZLWK�FOLQLFDOSURODSVH�JUDGLQJ���ODUJH�FOLQLFDO�UHFWRFHOHV�DUH�PRUH�OLNHO\�WR�EH�FDXVHG�E\�D�IDVFLDO�GHIHFW��,QFRPSOHWH�ERZHOHPSW\LQJ�DQG�GLJLWDWLRQ�DUH�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�VXFK�GHIHFWV�GHWHFWHG�RQ�XOWUDVRXQG�
>7UDQVYDJLQDO�WUHDWPHQW�RI�DQWHULRU�YDJLQDO�SURODSVH�ZLWK�FROODJHQ�LPSODQW�WUDQVREWXUDWRU�IL[DWLRQ@0LDDGL�1��)HUKL�.��'HVFDUJXH�*��*ULVH�33URJ�8URO�������'HF��������������
$QWHULRU�YDJLQDO�ZDOO�SURODSVH��LQQRYDWLYH�VXUJLFDO�DSSURDFKHV�:DOWHUV�0'��3DUDLVR�0)&OHYH�&OLQ�-�0HG�������'HF����6XSSO���6�����
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9DJLQDO�YDXOW�SURODSVH��LGHQWLILFDWLRQ�DQG�VXUJLFDO�RSWLRQV�%LOOHU�'+��'DYLOD�*:&OHYH�&OLQ�-�0HG�������'HF����6XSSO���6�����5HFRQVWUXFWLYH�VXUJHRQV�VKRXOG�EH� IDPLOLDU�ZLWK� WKH� LGHQWLILFDWLRQ� DQG� WUHDWPHQW�RI� YDJLQDO� YDXOW� SURODSVH�0RVW�XWLOL]HG� WHFKQLTXHV�FDQ�EH�HIIHFWLYH� LQ� WHUPV�RI�VXVSHQVLRQ�RI� WKH�YDJLQDO�DSH[��1HZ�WHFKQRORJ\�KDVDOORZHG� IRU� WKH� SHUIRUPDQFH� RI� YDJLQDO�DSSURDFK� WHFKQLTXHV� ZLWK� LQFUHDVLQJO\� SK\VLRORJLF� DQDWRPLF� DQGIXQFWLRQDO�RXWFRPHV��)LJXUH����
)LEHU�IRU�WKH�WUHDWPHQW�RI�KHPRUUKRLGV�FRPSOLFDWLRQV��D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV�$ORQVR�&RHOOR�3��0LOOV�(��+HHOV�$QVGHOO�'��/RSH]�<DUWR�0��=KRX�4��-RKDQVRQ�-)��*X\DWW�*$P�-�*DVWURHQWHURO�������-DQ��������������7ULDOV�RI�ILEHU�VKRZ�D�FRQVLVWHQW�EHQHILFLDO�HIIHFW�IRU�V\PSWRPV�DQG�EOHHGLQJ�LQ�WKH�WUHDWPHQW�RI�V\PSWRPDWLFKHPRUUKRLGV�
)LUVW�����&DVHV�:LWK�'RSSOHU�*XLGHG�+HPRUUKRLGDO�$UWHU\�/LJDWLRQ�*UHHQEHUJ�5��.DULQ�(��$YLWDO�6��6NRUQLFN�<��:HUELQ�1'LV�&RORQ�5HFWXP�������-DQ�����'RSSOHU�JXLGHG� KHPRUUKRLGDO� DUWHU\� OLJDWLRQ� LV� VDIH� DQG� HIIHFWLYH� DQG� FDQ� EH� SHUIRUPHG� DV� DQ� RXWSDWLHQWSURFHGXUH�ZLWK�ORFDO�RU�UHJLRQDO�DQHVWKHVLD�DQG�ZLWK�PLQLPDO�SRVWRSHUDWLYH�SDLQ�DQG�HDUO\�UHFRYHU\�
'RSSOHU�JXLGHG�KHPRUUKRLGDO�DUWHU\�OLJDWLRQ�6FKH\HU�0��$QWRQLHWWL�(��5ROOLQJHU�*��0DOO�+��$UQROG�6$P�-�6XUJ�������-DQ��������������+$/�LV�SDLQOHVV��HIIHFWLYH��DQG�KDV�D�ORZ�UDWH�RI�FRPSOLFDWLRQV��,W�FDQ�EH�DSSOLHG�LQ�DQ�RXWSDWLHQW�VHWWLQJ�DQGLV�DQ�JRRG�DOWHUQDWLYH�WR�DOO�RWKHU�KHPRUUKRLG�WUHDWPHQW�PHWKRGV�
,PSURYHPHQW� RI� ZRXQG� KHDOLQJ� DIWHU� KHPRUUKRLGHFWRP\�� D� GRXEOH�EOLQG�� UDQGRPL]HG� VWXG\� RIERWXOLQXP�WR[LQ�LQMHFWLRQ�3DWWL�5��$OPDVLR�3/��0XJJHR�90��%XVFHPL�6��$UFDUD�0��0DWUDQJD�6��'L�9LWD�*'LV�&RORQ�5HFWXP�������'HF���������������%RWXOLQXP� WR[LQ� LQMHFWLRQ� LQWR� LQWHUQDO� DQDO� VSKLQFWHU� DIWHU� KHPRUUKRLGHFWRP\� LV� HIIHFWLYH� LQ� UHGXFLQJPD[LPXP�UHVWLQJ�SUHVVXUH��WLPH�RI�KHDOLQJ��DQG�SRVWRSHUDWLYH�SDLQ�ERWK�RQ�UHVWLQJ�DQG�GXULQJ�GHIHFDWLRQ�LQDEVHQFH�RI�FRPSOLFDWLRQV�RU�VLGH�HIIHFWV�
��±�5(7(17,216��������8ULQDU\�UHWHQWLRQ�GXULQJ�VDFUDO�QHUYH�VWLPXODWLRQ�IRU�IDHFDO�LQFRQWLQHQFH��UHSRUW�RI�D�FDVH�0LFKHOVHQ�+%��%XQW]HQ�6��.URJK�.��/DXUEHUJ�6,QW�-�&RORUHFWDO�'LV�������-DQ���������6DFUDO�QHUYH�VWLPXODWLRQ��616��ZDV�SURSRVHG�IRU�WKH�WUHDWPHQW�RI�SDWLHQWV�ZLWK�XURORJLF�V\PSWRPV�LQ�����EXW� ZDV� QRW� XVHG� XQWLO� ������ 616� KDV� DOVR� SURYHQ� WR� EH� D� SURPLVLQJ� WUHDWPHQW� LQ� LGLRSDWKLF� IDHFDOLQFRQWLQHQFH�ZKHQ�FRQYHQWLRQDO�WUHDWPHQWV�KDYH�IDLOHG��7KH�PRGDOLW\�KDV�EHHQ�XVHG�IRU�IDHFDO�LQFRQWLQHQFHVLQFH� WKH�PLG�����V��(LJKW\�SHUFHQW�RI� WKH�SDWLHQWV�ZKR�ZHUH�VHOHFWHG� IRU�SHUFXWDQHRXV�QHUYH�HYDOXDWLRQ�31(��EHFDXVH�RI�IDHFDO�LQFRQWLQHQFH�UHSRUW�DQ�LPSURYHPHQW�LQ�WKH�V\PSWRPV�DQG�TXDOLI\�IRU�D�SHUPDQHQWLPSODQWDWLRQ�� $FFRUGLQJO\�� 616� LV� QRZ� XVHG� IRU� IDHFDO� LQFRQWLQHQFH� DQG� XURORJLF� V\PSWRPV�� 5HIOH[LQWHUDFWLRQV� EHWZHHQ� WKH� EODGGHU� DQG� WKH� GLVWDO� JDVWURLQWHVWLQDO� WUDFW� DUH� ZHOO� NQRZQ�� 7KH� SUHVHQW� FDVHVKRZV�WKDW�616�IRU�IDHFDO�LQFRQWLQHQFH�PD\�VLJQLILFDQWO\�LQIOXHQFH�EODGGHU�IXQFWLRQ�
9DULRXV�VXUJLFDO�DSSURDFKHV�WR�WUHDW�YRLGLQJ�G\VIXQFWLRQ�IROORZLQJ�DQWL�LQFRQWLQHQFH�VXUJHU\�6HJDO�-��6WHHOH�$��9DVVDOOR�%��.OHHPDQ�6��6LOYD�$:��3DXOV�5��:DOVK�3��.DUUDP�0,QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������-DQ���������2%-(&7,9(��7KH�DLPV�RI�WKLV�VWXG\�DUH�WR�UHSRUW�WKH�HIILFDF\�RI�UHWURSXELF�XUHWKURO\VLV��YDJLQDO�XUHWKURO\VLV�DQG�FXWWLQJ�RI�V\QWKHWLF�VXEXUHWKUDO�VOLQJV�LQ�WUHDWLQJ�SRVWRSHUDWLYH�YRLGLQJ�G\VIXQFWLRQ�WKDW�RFFXUV�DIWHU�DQWL�LQFRQWLQHQFH�VXUJHU\�DQG�WR�UHSRUW�WKH�UHFXUUHQFH�UDWH�RI�VWUHVV�XULQDU\� LQFRQWLQHQFH��68,���0(7+2'6��$OOSDWLHQWV� IURP� -DQXDU\� ����� WR� 2FWREHU� ����� ZKR� SUHVHQWHG� ZLWK� YRLGLQJ� G\VIXQFWLRQ� IROORZLQJ� DQ� DQWL�LQFRQWLQHQFH�SURFHGXUH�DQG�ZKR�VXEVHTXHQWO\�XQGHUZHQW�HLWKHU�UHWURSXELF�XUHWKURO\VLV��YDJLQDO�XUHWKURO\VLV�RU� V\QWKHWLF� VXEXUHWKUDO� VOLQJ� WDNHGRZQ� ZHUH� LQFOXGHG� LQ� WKH� VWXG\�� 3UH�� DQG� SRVWRSHUDWLYH� LUULWDWLYHV\PSWRPV� �XULQDU\� IUHTXHQF\� RU� XUJHQF\��� REVWUXFWLYH� V\PSWRPV� �KHVLWDQF\�� YRLGLQJ� GLIILFXOW\�� DQGLQFRPSOHWH�HPSW\LQJ���DQG�VWUHVV�XULQDU\� LQFRQWLQHQFH�V\PSWRPV�ZHUH�REWDLQHG� LQ�D�VWDQGDUGL]HG� IDVKLRQ�7KH�,QFRQWLQHQFH�,PSDFW�4XHVWLRQQDLUH�DQG�8URJHQLWDO�'LVWUHV�,QYHWRU\�TXDOLW\�RI� OLIH��42/��TXHVWLRQQDLUHV
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ZHUH� DOVR� REWDLQHG� WR� REMHFWLI\� WKHVH� V\PSWRPV�� 2WKHU� REMHFWLYH� SRVWRSHUDWLYH� DQDO\VLV� LQFOXGHG� VLPSOHXURIORZPHWU\��PHDVXUHPHQW� RI� SRVWYRLG� UHVLGXDO� �395��� DQG� VLPSOH� RU� VXEWUDFWHG� F\VWRPHWU\�� 5(68/76�)RUW\�IRXU�SDWLHQWV�ZHUH� LQFOXGHG�LQ�WKH�VWXG\��VXEXUHWKUDO�VOLQJ�WDNHGRZQ ����YDJLQDO�XUHWKURO\VLV ����DQGUHWURSXELF�XUHWKURO\VLV ���������RI�ZKRP�KDG�REMHFWLYH�IROORZ�XS��3UHRSHUDWLYHO\�����SDWLHQWV���������KDGLUULWDWLYH�V\PSWRPV�������������KDG�REVWUXFWLYH�V\PSWRPV��DQG�����������KDG�V\PSWRPV�RI�VWUHVV�XULQDU\LQFRQWLQHQFH� �68,���ZKLOH�SRVWRSHUDWLYHO\�� WKHVH�V\PSWRPV�ZHUH� IRXQG� LQ� ��� ��������� ��� ��������� DQG������������ UHVSHFWLYHO\�� 3RVWRSHUDWLYHO\�� �� SDWLHQWV� �������� KDG� D�395!� ���� FF�� �� SDWLHQWV� �������� KDG� DEODGGHU� FRQWUDFWLRQV�� DQG� ��� SDWLHQWV� �������� GHPRQVWUDWHG� WKH� VLJQ� RU� GLDJQRVLV� RI� �68,��� $GGLWLRQDOO\�WKHUH� ZDV� D� VWDWLVWLFDOO\� VLJQLILFDQW� LPSURYHPHQW� LQ� ERWK� 42/� TXHVWLRQQDLUHV�� &21&/86,216�� 9DULRXVVXUJLFDO� DSSURDFKHV� PD\� EH� XVHG� WR� WUHDW� YRLGLQJ� G\VIXQFWLRQ� IROORZLQJ� DQ� DQWL�LQFRQWLQHQFH� SURFHGXUH�)ROORZLQJ� D� YDJLQDO� RU� UHWURSXELF� XUHWKURO\VLV� RU� WDNHGRZQ� RI� D� V\QWKHWLF� VXEXUHWKUDO� VOLQJ�� REVWUXFWLYHV\PSWRPV�DUH� OLNHO\� WR� LPSURYH�� LUULWDWLYH� V\PSWRPV�PD\� UHPDLQ� XQFKDQJHG�� DQG� DOPRVW� KDOI� ZLOO� GHYHORSUHFXUUHQFH�RI�68,�
8ULQDU\�UHWHQWLRQ�IROORZLQJ�WHQVLRQ�IUHH�YDJLQDO�WDSH�VXFFHVVIXOO\�WUHDWHG�E\�VDFUDO�QHXURPRGXODWLRQ�$GDP�5$,QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������-DQ���������3RVWRSHUDWLYH�XULQDU\�UHWHQWLRQ�IROORZLQJ�DQWL�LQFRQWLQHQFH�VXUJHU\�KDV�WUDGLWLRQDOO\�EHHQ�WKRXJKW�WR�EH�GXH�WRRYHUFRUUHFWLRQ�� 7KHUH� LV� LQFUHDVLQJ� HYLGHQFH�� KRZHYHU�� WKDW� D� QHXURJHQLF� FRPSRQHQW� PD\� DOVR� SOD\� DVLJQLILFDQW�UROH��7KLV�LV�D�FDVH�UHSRUW�RI�D����\HDU�ROG�ZRPDQ�ZKR�GHYHORSHG�GHOD\HG�SDUWLDO�XULQDU\�UHWHQWLRQIROORZLQJ�D�WHQVLRQ�IUHH�YDJLQDO�WDSH�ZKLFK�UHVROYHG�ZLWK�LQLWLDO�VDFUDO�QHXURPRGXODWLRQ�
&ROHFWRP\�IRU�FRORQLF�LQHUWLD��VXFFHVVIXO�UHOLHI�RI�FRQVWLSDWLRQ�LV�QRW�HQRXJK�5LQJHO�<*DVWURHQWHURORJ\�������-DQ���������������GLVFXVVLRQ�������5HSO\�:H[QHU�6'*DVWURHQWHURORJ\�������-DQ��������������
&HFRVWRP\�LQ�FKLOGUHQ�ZLWK�GHIHFDWLRQ�GLVRUGHUV�0RXVD�+0��'HQ�%HUJ�00��&DQLDQR�'$��+RJDQ�0��'L�/RUHQ]R�&��+D\HV�-'LJ�'LV�6FL�������-DQ��������������
1HZ�LQVLJKW�LQWR�UHFWDO�IXQFWLRQ�LQ�SHGLDWULF�GHIHFDWLRQ�GLVRUGHUV��GLVWXUEHG�UHFWDO�FRPSOLDQFH� LV�DQHVVHQWLDO�PHFKDQLVP�LQ�SHGLDWULF�FRQVWLSDWLRQ�9RVNXLMO�:3��YDQ�*LQNHO�5��%HQQLQJD�0$��+DUW�*$��7DPLQLDX�-$��%RHFN[VWDHQV�*(-�3HGLDWU�������-DQ�������������2%-(&7,9(��7R�HYDOXDWH�UHFWDO�VHQVLWLYLW\�LQ�SDWLHQWV�ZLWK�SHGLDWULF�FRQVWLSDWLRQ��3&��DQG�QRQUHWHQWLYH�IHFDOVRLOLQJ� �)15)6�� XVLQJ� SUHVVXUH�FRQWUROOHG� GLVWHQWLRQ� �EDURVWDW��� 678'<� '(6,*1�� 7KUHVKROGV� IRU� UHFWDOVHQVLWLYLW\� �ILUVW� VHQVDWLRQ�� XUJH� WR� GHIHFDWH�� DQG� SDLQ��� DQG� UHFWDO� FRPSOLDQFH� ZHUH� GHWHUPLQHG� XVLQJ� DEDURVWDW��5(68/76��$�WRWDO�RI����SDWLHQWV�ZLWK�3&�����PDOHV��PHDQ�DJH���������������\HDUV��DQG����SDWLHQWVZLWK�)15)6�����PDOHV��PHDQ�DJH���������������\HDUV��ZHUH�FRPSDUHG�ZLWK����KHDOWK\�YROXQWHHUV��+9V�����PDOHV��PHDQ� DJH�� ����� ���� ���� \HDUV��� 6HQVLWLYLW\� WKUHVKROGV� ZHUH� QRW� VLJQLILFDQWO\� GLIIHUHQW� DPRQJ� WKH� �JURXSV�� 5HFWDO� FRPSOLDQFH� ZDV� LQFUHDVHG� LQ� ���� RI� WKH� SDWLHQWV� ZLWK� 3&� �3� �� ������ YV� +9V��� 5HFWDOFRPSOLDQFH� GLG� QRW� GLIIHU� EHWZHHQ� SDWLHQWV� ZLWK� )15)6� DQG�+9V�� &KLOGUHQ� ZLWK� 3&�ZLWK� DEQRUPDO� UHFWDOIXQFWLRQ� UHTXLUHG� VLJQLILFDQWO\� ODUJHU� UHFWDO� YROXPHV� DW� XUJH� WR� GHIHFDWH�� &21&/86,216�� ,QFUHDVHGFRPSOLDQFH� LV� WKH� PRVW� SURPLQHQW� IHDWXUH� LQ� SDWLHQWV� ZLWK� 3&�� %HFDXVH� RI� KLJKHU� FRPSOLDQFH� LQ� WKHVHFKLOGUHQ��ODUJHU�VWRRO�YROXPHV�DUH�UHTXLUHG�WR�UHDFK�WKH�LQWUDUHFWDO�SUHVVXUH�RI�WKH�XUJH�WR�GHIHFDWH��&KLOGUHQZLWK�)15)6�KDYH�QRUPDO�UHFWDO�IXQFWLRQ�
��±�,1&217,1(1&(6��������)LYH�FDVHV�RI�WDSH�HURVLRQ�DIWHU�WUDQVREWXUDWRU�VXUJHU\�IRU�XULQDU\�LQFRQWLQHQFH�5REHUW�0��0XUSK\�0��%LUFK�&��6ZDE\�&��5RVV�62EVWHW�*\QHFRO�������)HE��������������%$&.*5281'��%HIRUH�LQWURGXFLQJ�WKH�WUDQVREWXUDWRU�WDSH�LQWR�RXU�SUDFWLFH�ZH�XQGHUWRRN����WUDQVREWXUDWRUWDSH�SURFHGXUHV��7KH�WUDQVREWXUDWRU�WDSH�SURFHGXUHV�ZHUH�XQGHUWDNHQ�ZLWK�DQ��RXWVLGH�LQ��DSSURDFK��XVLQJQRQZRYHQ�SRO\SURS\OHQH�PHVK�ZLWK�DYHUDJH�SRUH�VL]H�RI����PXP��&$6(6��)LYH�FDVHV�RI�YDJLQDO�HURVLRQVKDYH�EHHQ�LGHQWLILHG����FRPSOLFDWHG�E\�D�JURLQ�DEVFHVV��$OO�FDVHV�UHTXLUHG�IXUWKHU�SURFHGXUHV�WR�WULP��Q� ����UHVHFW��Q� ����RU�UHPRYH��Q� ����WKH�WDSH��2QH�ZRPDQ�KDG�D�WHQVLRQ�IUHH�YDJLQDO�WDSH�SURFHGXUH��7R�GDWH���ZRPHQ� UHPDLQ� LQFRQWLQHQW�� &21&/86,21�� 3RVVLEOH� UHDVRQV� IRU� WKH� FRPSOLFDWLRQV� LQFOXGH� ��� VXUJLFDO
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LQH[SHULHQFH��XQOLNHO\��JLYHQ�WKDW�ZH�KDYH�XQGHUWDNHQ�PRUH�WKDQ������WHQVLRQ�IUHH�YDJLQDO�WDSH�SURFHGXUHVZLWKRXW�VLPLODU�FRPSOLFDWLRQ�UDWHV������LQKHUHQW�VXVFHSWLELOLW\�RI�WKH��KDPPRFN��SRVLWLRQ�RI�WKH�WUDQVREWXUDWRUWDSH��RU����WKH�QRQZRYHQ�SRO\SURS\OHQH�WDSH�ZLWK�PHVK�VL]H�RI����PXP�LWVHOI�PD\�SUHGLVSRVH�WR�HURVLRQ�RUDEVFHVV�
'LIIHUHQFHV�LQ�SUHYDOHQFH�RI�XULQDU\�LQFRQWLQHQFH�E\�UDFH�HWKQLFLW\�7KRP�'+��YDQ�GHQ�(HGHQ�6.��5DJLQV�$,��:DVVHO�)\U�&��9LWWLQJKRI�(��6XEDN�//��%URZQ�-6-�8URO�������-DQ���������������6LJQLILFDQW�GLIIHUHQFHV� LQ� WKH�DGMXVWHG�ULVN�RI�VWUHVV� LQFRQWLQHQFH�DPRQJ�+LVSDQLF��ZKLWH��EODFN�DQG�$VLDQ�$PHULFDQ� ZRPHQ� VXJJHVW� WKH� SUHVHQFH� RI� DGGLWLRQDO�� DV� \HW� XQUHFRJQL]HG�� ULVN� RU� SURWHFWLYH� IDFWRUV� IRUVWUHVV�LQFRQWLQHQFH�
6HYHUH�PHVK�FRPSOLFDWLRQV�IROORZLQJ�LQWUDYDJLQDO�VOLQJSODVW\�0ROOR\�:%2EVWHW�*\QHFRO�������)HE������������
6HYHUH�PHVK�FRPSOLFDWLRQV�IROORZLQJ�LQWUDYDJLQDO�VOLQJSODVW\�5LFKDUGVRQ�3$2EVWHW�*\QHFRO�������)HE������������
/LIH�ZLWK�LQFRQWLQHQFH�*DUWOH\�&/DQFHW�������-DQ����������������
8ULQDU\�LQFRQWLQHQFH�LQ�ZRPHQ�1RUWRQ�3��%UXEDNHU�//DQFHW�������-DQ�������������������8ULQDU\� LQFRQWLQHQFH� LV� FRPPRQ� LQ� ZRPHQ�� EXW� LV� XQGHU�UHSRUWHG� DQG� XQGHU�WUHDWHG�� 8ULQH� VWRUDJH� DQGHPSW\LQJ�LV�D�FRPSOH[�FRRUGLQDWLRQ�EHWZHHQ�WKH�EODGGHU�DQG�XUHWKUD��DQG�GLVWXUEDQFHV�LQ�WKH�V\VWHP�GXH�WRFKLOGELUWK�� DJLQJ�� RU� RWKHU� PHGLFDO� FRQGLWLRQV� FDQ� OHDG� WR� XULQDU\� LQFRQWLQHQFH�� 7KH� WZR� PDLQ� W\SHV� RILQFRQWLQHQFH� LQ� ZRPHQ�� VWUHVV� XULQDU\� LQFRQWLQHQFH� DQG� XUJH� XULQDU\� LQFRQWLQHQFH�� FDQ� EH� HYDOXDWHG� E\KLVWRU\�DQG�VLPSOH�FOLQLFDO�DVVHVVPHQW�DYDLODEOH�WR�PRVW�SULPDU\�FDUH�SK\VLFLDQV��7KHUH�LV�D�ZLGH�UDQJH�RIWKHUDSHXWLF� RSWLRQV�� EXW� WKH� UHFHQW� SUROLIHUDWLRQ� RI� QHZ� GUXJ� WUHDWPHQWV� DQG� VXUJLFDO� GHYLFHV� IRU� XULQDU\LQFRQWLQHQFH�KDYH�KDG�PL[HG�UHVXOWV��GLUHFW�WR�FRQVXPHU�DGYHUWLVLQJ�KDV�LQFUHDVHG�SXEOLF�DZDUHQHVV�RI�WKHSUREOHP�RI�XULQDU\�LQFRQWLQHQFH��EXW�PDQ\�QHZ�SURGXFWV�DUH�EHLQJ�LQWURGXFHG�ZLWKRXW�ORQJ�WHUP�DVVHVVPHQWRI�WKHLU�VDIHW\�DQG�HIILFDF\�
2YHUDFWLYH�EODGGHU��D�EHWWHU�XQGHUVWDQGLQJ�RI�SDWKRSK\VLRORJ\��GLDJQRVLV�DQG�PDQDJHPHQW�:HLQ�$-��5DFNOH\�55-�8URO�������0DU�������6XSSO��6��6���385326(�� :H� UHYLHZHG� FXUUHQW� LQIRUPDWLRQ� UHJDUGLQJ� WKH� XSGDWHG� GHILQLWLRQV�� SUHYDOHQFH�� HWLRORJLHV�GLVHDVH�EXUGHQ��DQG�PDQDJHPHQW�RI�2$%�IURP�D�QXPEHU�RI�SHUVSHFWLYHV��LQFOXGLQJ�SURIHVVLRQDO�LPSDFW�DQGSDWLHQW� TXDOLW\� RI� OLIH�� 0$7(5,$/6� $1'�0(7+2'6�� 3XEOLVKHG� OLWHUDWXUH� DQG� FXUUHQW� WUHDWPHQW� FRQFHSWVZHUH� UHYLHZHG� UHJDUGLQJ� WKH� XQGHUVWDQGLQJ� DQG� PDQDJHPHQW� RI� 2$%�� 5(68/76�� 2$%� LV� D� V\PSWRPV\QGURPH�LQFOXGLQJ�XULQDU\�XUJHQF\�ZLWK�RU�ZLWKRXW�XULQDU\�LQFRQWLQHQFH��XVXDOO\�ZLWK�IUHTXHQF\�DQG�QRFWXULD�$SSUR[LPDWHO\� ���� RI� WKH� DGXOW� SRSXODWLRQ� H[SHULHQFH� 2$%�� 7KHUH� DUH� HYROYLQJ� WKHRULHV� UHJDUGLQJ� LWVSDWKRSK\VLRORJ\� DQG� WKH�PHFKDQLVP�RI� DFWLRQ� RI� WKH�PRVW� FRPPRQO\� SUHVFULEHG� SKDUPDFRORJLFDO� WKHUDS\�DQWLPXVFDULQLF� DJHQWV��� 7UHDWPHQW� SULPDULO\� UHYROYHV� DURXQG� LPSURYLQJ� TXDOLW\� RI� OLIH�� &21&/86,216�%HKDYLRUDO� WKHUDS\�FRPELQHG�ZLWK�SKDUPDFRORJLFDO� WKHUDS\�RIWHQ�ZLOO� EULQJ�DERXW�DFFHSWDEOH�RXWFRPHV� IRUSDWLHQWV� ZLWK� 2$%�� 0RGDOLWLHV� VXFK� DV� ERWXOLQXP� WR[LQ� LQMHFWLRQV�� QHXURPRGXODWLRQ�� DQG� YDULRXV� VXUJLFDOLQWHUYHQWLRQV�DOVR�DUH�VKRZLQJ�HQFRXUDJLQJ�UHVXOWV�LQ�PRUH�UHIUDFWRU\�SDWLHQWV�
%HKDYLRUDO�WUHDWPHQW�RSWLRQV�IRU�XULQDU\�LQFRQWLQHQFH�:HLQ�$--�8URO�������)HE��������������
7KH�UROH�RI�SHOYLF�IORRU�PXVFOH�WUDLQLQJ�LQ�XULQDU\�LQFRQWLQHQFH�:HLQ�$--�8URO�������)HE��������������
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:KR�ZLOO�EHQHILW�IURP�SHOYLF�IORRU�PXVFOH�WUDLQLQJ�IRU�VWUHVV�XULQDU\�LQFRQWLQHQFH":HLQ�$--�8URO�������)HE���������������
3HOYLF�IORRU�PXVFOH�WUDLQLQJ�LV�HIIHFWLYH�LQ�WUHDWPHQW�RI�IHPDOH�VWUHVV�XULQDU\�LQFRQWLQHQFH��EXW�KRZGRHV�LW�ZRUN":HLQ�$--�8URO�������)HE���������������
&RPSDULVRQ�RI� WKH� ORQJ�WHUP�RXWFRPHV�EHWZHHQ� LQFRQWLQHQW�PHQ�DQG�ZRPHQ�WUHDWHG�ZLWK�DUWLILFLDOXULQDU\�VSKLQFWHU�3HWHUR�9*�-U��'LRNQR�$&-�8URO�������)HE��������������
'R� H[WUDFHOOXODU� PDWUL[� SURWHLQ� H[SUHVVLRQV� FKDQJH� ZLWK� F\FOLF� UHSURGXFWLYH� KRUPRQHV� LQ� SHOYLFFRQQHFWLYH�WLVVXH�IURP�ZRPHQ�ZLWK�VWUHVV�XULQDU\�LQFRQWLQHQFH":HQ�<��3RODQ�0/��&KHQ�%+XP�5HSURG�������)HE����%$&.*5281'�� 7R� HYDOXDWH� GLIIHUHQWLDO� H[SUHVVLRQ� RI� WUDQVIRUPLQJ� JURZWK� IDFWRU� �7*)�EHWD���� ODWHQWWUDQVIRUPLQJ� IDFWRU�ELQGLQJ� SURWHLQV� �/7%3���� /7%3���� DQG� HODVWLQ� PLFURILEULO� FRPSRQHQWV� �ILEULOOLQ��� DQGILEULOOLQ���� LQ� YDJLQDO� WLVVXH� IURP�ZRPHQ� ZLWK� VWUHVV� XULQDU\� LQFRQWLQHQFH� �68,��� 0(7+2'6�� ,Q� WKLV� FDVH�FRQWURO�VWXG\��YDJLQDO� WLVVXH� IURP�ZRPHQ� LQ�ERWK�SKDVHV�RI� WKH�PHQVWUXDO�F\FOH�ZDV�REWDLQHG��0HVVHQJHU51$� �P51$�� H[SUHVVLRQV� RI� /7%3���� /7%3���� ILEULOOLQ���� ILEULOOLQ��� DQG� 7*)�EHWD�� ZHUH� GHWHUPLQHG� E\UHODWLYH� UHDO�WLPH� TXDQWLILFDWLRQ� 3&5�� 7LVVXH� ORFDOL]DWLRQ� ZDV� DQDO\VHG� E\� LPPXQRKLVWRFKHPLVWU\�� DQGVHPLTXDQWLWDWLYH� SURWHLQ� H[SUHVVLRQ� ZDV� HYDOXDWHG� E\� :HVWHUQ� EORW� DQDO\VLV�� 5(68/76�� 9DJLQDO� ZDOOILEUREODVWV� V\QWKHVL]HG� DOO� SURWHLQV� WHVWHG�� /7%3���� /7%3��� DQG� 7*)�EHWD�� FR�ORFDOL]HG� ZLWK� HODVWLQPLFURILEULOV�� ILEULOOLQ���DQG�ILEULOOLQ��� LQ�WKH�H[WUDFHOOXODU�PDWUL[��/7%3���P51$�DQG�SURWHLQ�H[SUHVVLRQV�ZHUHKLJKHU�LQ�FRQWURO�YHUVXV�ZRPHQ�DIIHFWHG�ZLWK�68,�LQ�WKH�SUROLIHUDWLYH�SKDVH��3� ��������ZKLOH�LQ�WKH�VHFUHWRU\SKDVH��P51$�H[SUHVVLRQ�LQ�FDVHV�ZDV�KLJKHU��3� ��������)LEULOOLQ���P51$�ZDV�KLJKHU�LQ�ZRPHQ�DIIHFWHG�E\68,� YHUVXV� FRQWUROV� LQ� ERWK� SKDVHV�� EXW� QR� VWDWLVWLFDO� GLIIHUHQFHV� LQ� ILEULOOLQ��� SURWHLQ� H[SUHVVLRQ� ZHUHREVHUYHG�EHWZHHQ�WKH�WZR�JURXSV�LQ�HLWKHU�SKDVH��/7%3���DQG�7*)�EHWD��P51$�H[SUHVVLRQV�VKRZHG�WKHVDPH�WUHQGV�DV�/7%3����&21&/86,21��/7%3����/7%3����7*)�EHWD��� ILEULOOLQ����DQG�ILEULOOLQ���H[SUHVVLRQVDUH�KRUPRQDOO\�UHJXODWHG�LQ�YDJLQDO�ZDOO�ILEUREODVWV�DQG�GLIIHU�LQ�ZRPHQ�DIIHFWHG�E\�68,�ZKHQ�FRPSDUHG�WRFRQWUROV��7KHVH�GDWD�VXJJHVW�D�PHFKDQLVP�WR�UHJXODWH�7*)�EHWD��DFWLYLW\�LQ�SHOYLF�FRQQHFWLYH�WLVVXH�
7UDQVREWXUDWRU�6$)<5(�VOLQJ�LV�DV�HIIHFWLYH�DV�WKH�WUDQVYDJLQDO�SURFHGXUH�3DOPD�3��5LFFHWWR�&��+HUUPDQQ�9��'DPEURV�0��7KLHO�0��%DQGLHUD�6��1HWWR�15�-U,QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������1RY�'HF���������������(SXE������0D\����
0DQDJHPHQW�RI�SRO\SURS\OHQH�PHVK�HURVLRQ�DIWHU�LQWUDYDJLQDO�PLGXUHWKUDO�VOLQJ�RSHUDWLRQ�IRU�IHPDOHVWUHVV�XULQDU\�LQFRQWLQHQFH�+XDQJ�.+��.XQJ�)7��/LDQJ�+0��&KDQJ�6<,QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������1RY�'HF���������������(SXE������-DQ����
9DJLQDO�ZDOO�HURVLRQ�DIWHU�WUDQVREWXUDWRU�WDSH�SURFHGXUH�%XW�,,QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������1RY�'HF��������������(SXE������-DQ����7UDQVREWXUDWRU� 3UROHQH� WDSH� LQVHUWLRQ� UHSUHVHQWV� D� QHZ�PHWKRG� RI� RSHUDWLYH� WUHDWPHQW� IRU� VWUHVV� XULQDU\LQFRQWLQHQFH��7KH�ILUVW�UHVXOWV�VKRZ�WKDW�LW� LV�D�VLPSOH�DQG�HIIHFWLYH�SURFHGXUH�DFFRPSDQLHG�E\�D�PLQLPXPQXPEHU�RI�FRPSOLFDWLRQV��6LQFH�)HEUXDU\����������0RQDUF�SURFHGXUHV�ZHUH�GRQH�DW�RXU�GHSDUWPHQW�DQG�QRLQWUDRSHUDWLYH�FRPSOLFDWLRQV�ZHUH�REVHUYHG��+RZHYHU�� WZR�FDVHV��������RI�YDJLQDO�ZDOO�HURVLRQ�GXH� WR� WKH3UROHQH�WDSH�ZHUH�QRWHG���ZHHNV�DIWHU�VXUJHU\��,Q�D�VXEVHTXHQW�VXUJLFDO�SURFHGXUH��WKH�SHULXUHWKUDO�SRUWLRQRI�WKH�WDSH�ZDV�UHPRYHG�DQG�D�QHZ�3UROHQH�WDSH�ZDV�SODFHG�WKURXJK�WKH�UHWURSXELF�VSDFH��7KUHH�PRQWKVDIWHU�VHFRQGDU\�VXUJHU\�ERWK�SDWLHQWV�ZHUH�FRQWLQHQW��ZLWK�QR�VLJQ�RI�HURVLRQ��7KH�WUDQVREWXUDWRU�DSSURDFKZDV�LQWURGXFHG�WR�PLQLPL]H�WKH�ULVN�RI�FRPSOLFDWLRQV��+RZHYHU��WKH�JUHDWHU�SUHYDOHQFH�RI�YDJLQDO�ZDOO�HURVLRQDIWHU� WKLV� SURFHGXUH� IRXQG� LQ� RXU� VHULHV� GHPDQGV� D� VFUXSXORXV� VHDUFK� IRU� WKLV� FRPSOLFDWLRQ� DQG� IRU� WKHPHFKDQLVPV�OHDGLQJ�WR�LWV�RFFXUUHQFH�
7UDQVREWXUDWRU�WDSH��EODGGHU�SHUIRUDWLRQ��DQG�SDUDYDJLQDO�GHIHFW��D�FDVH�UHSRUW�6PLWK�33��$SSHOO�5$
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,QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������-DQ���������7UDQVREWXUDWRU�PLGXUHWKUDO�VOLQJV��727��KDYH�EHHQ�VKRZQ�WR�KDYH� OHVV�ULVN�RI�YDVFXODU�DQG�YLVFHUDO� LQMXU\WKDQ�WHQVLRQ�IUHH�PLGXUHWKUDO�VOLQJV��5RXWLQH�F\VWRVFRS\�KDV�WKHUHIRUH�QRW�EHHQ�IHOW�WR�EH�QHFHVVDU\��$�FDVHRI�EODGGHU�SHUIRUDWLRQ�XQUHFRJQL]HG�DW� WKH� WLPH�RI�727�SODFHPHQW� LV�SUHVHQWHG��)LQGLQJV�DW� VOLQJ� UHPRYDOVXJJHVWHG� WKDW� D� FOLQLFDOO\� QRQDSSDUHQW� SDUDYDJLQDO� GHIHFW� PD\� KDYH� EHHQ� LQVWUXPHQWDO� LQ� WKH� LQMXU\�&RQVLGHUDWLRQ�VKRXOG�EH�JLYHQ�WR�URXWLQH�F\VWRVFRS\�DW�WKH�WLPH�RI�WUDQVREWXUDWRU�VOLQJ�SODFHPHQW�
3URSRVHG� 0HFKDQLVP� IRU� WKH� (IILFDF\� RI� ,QMHFWHG� %RWXOLQXP� 7R[LQ� LQ� WKH� 7UHDWPHQW� RI� +XPDQ'HWUXVRU�2YHUDFWLYLW\�$SRVWROLGLV�$��'DVJXSWD�3��)RZOHU�&-(XU�8URO�������-DQ����%$&.*5281'�� 7UHDWPHQW� RI� KXPDQ� EODGGHU� RYHUDFWLYLW\� ZLWK� LQWUDGHWUXVRU� %RWXOLQXP�$� QHXURWR[LQ�%R17�$�� LQMHFWLRQV� WHPSRUDULO\� EORFNV� WKH� SUHV\QDSWLF� UHOHDVH� RI� DFHW\OFKROLQH� IURP� WKH� SDUDV\PSDWKHWLFLQQHUYDWLRQ�DQG�SURGXFHV�D�SDUDO\VLV�RI�WKH�GHWUXVRU�VPRRWK�PXVFOH��7KH�HIILFDF\�RI�WKH�WUHDWPHQW�H[FHHGVWKDW�H[SHFWHG�IURP�VLPSOH�GHWUXVRU�PXVFOH�SDUDO\VLV��KRZHYHU��DQG�LWV�HIIHFW�RI�UHGXFLQJ�XUJHQF\�LV�JUHDWO\ZHOFRPHG� E\� SDWLHQWV�� 2%-(&7,9(6�� 7R� H[DPLQH� ZKHWKHU� %R17�$� KDV� D� FRPSOH[� HIIHFW� RQ� VHQVRU\PHFKDQLVPV� E\� LQKLELWLQJ� YHVLFXODU� UHOHDVH� RI� PXOWLSOH� H[FLWDWRU\� QHXURWUDQVPLWWHUV� E\� XURWKHOLDO� DQGVXEXURWKHOLDO�QHUYHV�DQG�UHGXFLQJ�D[RQDO�H[SUHVVLRQ�RI�61$5(�FRPSOH[�GHSHQGDQW�SURWHLQV��0(7+2'6��$OLWHUDWXUH�UHYLHZ��&21&/86,216��:H�SURSRVH�WKDW�D�SULPDU\�SHULSKHUDO�HIIHFW�RI�%R17�$�LV�WKH�LQKLELWLRQ�RIUHOHDVH� RI� DFHW\OFKROLQH�� $73�� VXEVWDQFH�3�� DQG� UHGXFWLRQ� LQ� WKH� D[RQDO� H[SUHVVLRQ� RI� WKH� FDSVDLFLQ� DQGSXULQHUJLF�UHFHSWRUV��7KLV�PD\�EH�IROORZHG�E\�FHQWUDO�GHVHQVLWL]DWLRQ�WKURXJK�D�GHFUHDVH�LQ�FHQWUDO�XSWDNH�RIVXEVWDQFH� 3� DQG� QHXURWURSKLF� IDFWRUV�� 7KH� VXPPDWLRQ� RI� WKHVH� HIIHFWV� LV� D� SURIRXQG� DQG� ORQJ�ODVWLQJLQKLELWLRQ�RI�WKRVH�DIIHUHQW�DQG�HIIHUHQW�PHFKDQLVPV�WKDW�DUH�WKRXJKW�WR�EH�WKH�SDWKRSK\VLRORJLFDO�EDVLV�IRU'2�
6HOHFWLQJ�DQ�RXWFRPH�PHDVXUH�IRU�HYDOXDWLQJ�WUHDWPHQW�LQ�IHFDO�LQFRQWLQHQFH�'HXWHNRP�0��7HUUD�03��'REEHQ�$&��'LMNJUDDI�0*��)HOW�%HUVPD�5-��6WRNHU�-��%RVVX\W�30'LV�&RORQ�5HFWXP�������'HF�����������������385326(�� 9DULRXV� RXWFRPH� PHDVXUHV� H[LVW� WR� HYDOXDWH� WUHDWPHQW� LQ� IHFDO� LQFRQWLQHQFH�� LQFOXGLQJGHVFULSWLYH�� VHYHULW\� �IHFDO� LQFRQWLQHQFH� VFRULQJ� V\VWHPV��� DQG� LPSDFW� �TXDOLW\�RI�OLIH� TXHVWLRQQDLUHV�� DQGGLDJQRVWLF�PHDVXUHV��:H�VWXGLHG�DVVRFLDWLRQV�EHWZHHQ�FKDQJHV�DIWHU� WUHDWPHQW� IRU�D�QXPEHU�RI�RXWFRPHPHDVXUHV�DQG�FRPSDUHG�WKHP�WR�SDWLHQWV
�VXEMHFWLYH�SHUFHSWLRQ�RI�UHOLHI��0(7+2'6��:H�DQDO\]HG�GDWD�RI���SDWLHQWV�����SHUFHQW�IHPDOH��PHDQ�DJH�����\HDUV���9DL]H\�VFRUH��:H[QHU�VFRUH��WZR�LPSDFW�VFDOHV��XWLOLW\�UHVWLQJ� SUHVVXUH�� DQG� PD[LPDO� LQFUHPHQWDO� VTXHH]H� SUHVVXUH�� DW� EDVHOLQH� DQG� DIWHU� SK\VLRWKHUDS\�� ,Q� DVWDQGDUGL]HG� LQWHUYLHZ�E\�SKRQH��ZH�DVNHG�SDWLHQWV� WR�FRPSDUH� WKHLU�VLWXDWLRQ�EHIRUH�DQG�DIWHU� WUHDWPHQW�&RUUHODWLRQV�EHWZHHQ�FKDQJHV�LQ�RXWFRPH�PHDVXUHV�ZHUH�FDOFXODWHG��7KHVH�FKDQJHV�ZHUH�FRPSDUHG�ZLWKSDWLHQWV
�VXEMHFWLYH�SHUFHSWLRQ��5(68/76��7KHUH�ZDV�D�KLJK�FRUUHODWLRQ�EHWZHHQ�WKH�FKDQJHV�LQ�WKH�9DL]H\DQG�WKH�:H[QHU�VFRUHV��U� �������3����������&KDQJHV�LQ�9DL]H\�DQG�:H[QHU�VFRUHV�FRUUHODWHG�PRGHUDWHO\ZLWK�FKDQJHV�LQ�PD[LPXP�LQFUHPHQWDO�VTXHH]H�SUHVVXUH��U� ���������������ERWK�3����������&KDQJHV�LQ�XWLOLW\DQG� UHVWLQJ� SUHVVXUH� ZHUH� QRW� FRUUHODWHG� ZLWK� FKDQJHV� LQ� DQ\� RI� WKH� RWKHU� PHDVXUHPHQWV� �DOO� U� YDOXHVEHWZHHQ��������DQG��������$YHUDJH�VHYHULW\�VFRUHV��9DL]H\�DQG�:H[QHU��ZHUH���SRLQW�ORZHU�IRU�SDWLHQWV�ZKRUDWHG�WKHLU�VLWXDWLRQ�DV�ZRUVH�RU�HTXDO�����SHUFHQW�����SRLQWV�ORZHU�IRU�SDWLHQWV�ZKR�UHSRUWHG�WKHLU�VLWXDWLRQ�WREH�EHWWHU�����SHUFHQW���DQG���SRLQWV�ORZHU�LQ�SDWLHQWV�ZKR�UDWHG�WKHLU�VLWXDWLRQ�PXFK�EHWWHU�����SHUFHQW���3��������&21&/86,21��6HYHULW\�PHDVXUHV�DUH�EHVW�UHODWHG�WR�SDWLHQWV
�VXEMHFWLYH�SHUFHSWLRQ�RI�UHOLHI�
��± 3$,1��������5HODWLRQV�EHWZHHQ�SUHJQDQF\�UHODWHG�ORZ�EDFN�SDLQ��SHOYLF�IORRU�DFWLYLW\�DQG�SHOYLF�IORRU�G\VIXQFWLRQ�3RRO�*RXG]ZDDUG�$/��6OLHNHU�WHQ�+RYH�0&��9LHUKRXW�0(��0XOGHU�3+��3RRO�--��6QLMGHUV�&-��6WRHFNDUW�5,QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������1RY�'HF���������������(SXE������$SU���7R�DVVHVV�WKH�RFFXUUHQFH�RI�SHOYLF�IORRU�G\VIXQFWLRQ��3)'�� LQ�SUHJQDQF\��UHODWHG� ORZ�EDFN�DQG�SHOYLF�SDLQ�3/%3��SDWLHQWV��D�FURVV�VHFWLRQDO� VWXG\�ZDV�SHUIRUPHG��FRPSULVLQJ����VXEMHFWV��(DFK� VXEMHFW� XQGHUZHQWSK\VLFDO� DVVHVVPHQW�� DQG� ILOOHG� LQ� WKH� 8URJHQLWDO� 'LVWUHVV� ,QYHQWRU\� FRPSOHWHG� ZLWK� J\QDHFRORJLFDOTXHVWLRQV�� 'LIIHUHQFHV� LQ� WKH� SUHVHQFH� RI� 3)'� EHWZHHQ� 3/%3� SDWLHQWV� DQG� KHDOWK\� FRQWUROV� DV� ZHOO� DVGLIIHUHQFHV�LQ�SHOYLF�IORRU�PXVFOH�DFWLYLW\�ZHUH�WHVWHG�IRU�VLJQLILFDQFH��,QWHUDFWLRQ�E\�DJH�DQG�YDJLQDO�GHOLYHU\ZHUH�WHVWHG��3)'�RFFXUUHG�LQ�����RI�DOO�3/%3�SDWLHQWV��VLJQLILFDQWO\�PRUH�WKDQ�LQ�WKH�KHDOWK\�FRQWURO�JURXS�,Q�3/%3�SDWLHQWV� D� VLJQLILFDQWO\� LQFUHDVHG�DFWLYLW\� RI� WKH� SHOYLF� IORRU�PXVFOHV� FRXOG� EH� GHPRQVWUDWHG�ZLWKUHVSHFW� WR�KHDOWK\�FRQWUROV��7KH�RFFXUUHQFH�RI�3)'�DQG�3/%3�ZDV� LQIOXHQFHG�E\�D� FRQIRXQGLQJ�HIIHFW� RIDJH��&OLQLFLDQV�VKRXOG�EH�DZDUH�RI�WKH�UHODWLRQ�EHWZHHQ�3/%3�DQG�3)'�DQG�KHQFH�DGGUHVV�ERWK�SUREOHPV�DWWKH�VDPH�WLPH�
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+LJK�LQFLGHQFH�RI�FKURQLF�SDLQ�IROORZLQJ�VXUJHU\�IRU�SHOYLF�IUDFWXUH�0H\KRII�&6��7KRPVHQ�&+��5DVPXVVHQ�/6��1LHOVHQ�35&OLQ�-�3DLQ�������)HE��������������
6\PSWRPV�DQG�F\VWRVFRSLF�ILQGLQJV�LQ�SDWLHQWV�ZLWK�XQWUHDWHG�LQWHUVWLWLDO�F\VWLWLV�/DPDOH�/0��/XWJHQGRUI�6.��+RIIPDQ�$1��.UHGHU�.-8URORJ\�������-DQ�����2%-(&7,9(6��7R�H[DPLQH�WKH�UHODWLRQVKLSV�EHWZHHQ�V\PSWRPV�DQG�F\VWRVFRSLF� ILQGLQJV� LQ�ZRPHQ�QHZO\GLDJQRVHG� ZLWK� LQWHUVWLWLDO� F\VWLWLV� ZKR� KDG� QRW� SUHYLRXVO\� UHFHLYHG� WUHDWPHQW�� 0(7+2'6�� 7ZHOYH� QHZO\GLDJQRVHG� DQG� QRW� SUHYLRXVO\� WUHDWHG� ZRPHQ� ZLWK� LQWHUVWLWLDO� F\VWLWLV� FRPSOHWHG� D� EODGGHU� V\PSWRPTXHVWLRQQDLUH� WKH� GD\� EHIRUH� XQGHUJRLQJ� F\VWRVFRS\�� K\GURGLVWHQVLRQ�� DQG� ELRSV\�� 7KH� GDLO\� YRLGLQJIUHTXHQF\� ZDV� UHSRUWHG�� &\VWRVFRSLF� ILQGLQJV� ZHUH� FRQYHUWHG� WR� D� QXPHULFDO� VFDOH�� DQG� WKH� GDWD� ZHUHDQDO\]HG�XVLQJ�3HDUVRQ� FRUUHODWLRQV��5(68/76��3DLQ� V\PSWRPV�KDG� FRQVLVWHQW� SRVLWLYH� FRUUHODWLRQV�ZLWKWKH� F\VWRVFRSLF� ILQGLQJV�� $Q� LQFUHDVH� LQ� SDLQ� ZLWK� EODGGHU� ILOOLQJ� ZDV� DVVRFLDWHG� ZLWK� LQIODPPDWLRQ� �3�  �������� XOFHUDWLRQ�� DQG� VPDOOHU� EODGGHU� FDSDFLW\�� 3DLQ� UHOLHI� DIWHU� YRLGLQJ� FRUUHODWHG� ZLWK� VPDOOHU� EODGGHUFDSDFLW\� �3�  � �������� KHPDWXULD�� DQG� WRWDO� F\VWRVFRSLF� VFRUH�� 3DLQ� LQWHQVLW\� LQ� WKH� XUHWKUD� ZDV� UHODWHG� WRXOFHUDWLRQ�DQG�KHPDWXULD�� DQG�SDLQ� LQ� WKH� ORZHU� DEGRPHQ�ZDV� UHODWHG� WR� D� VPDOOHU� EODGGHU� FDSDFLW\� �3�  ��������JORPHUXODWLRQV��DQG�D� ODUJHU� WRWDO� F\VWRVFRSLF�VFRUH��'D\WLPH� IUHTXHQF\� FRUUHODWHG� QHJDWLYHO\�ZLWKPRVW�F\VWRVFRSLF�ILQGLQJV��DQG�QRFWXUQDO�IUHTXHQF\�KDG�D�SRVLWLYH�UHODWLRQVKLS�ZLWK�PRVW�F\VWRVFRSLF�ILQGLQJVDQG�ZDV� VLJQLILFDQWO\� DVVRFLDWHG�ZLWK� D� VPDOOHU� EODGGHU� FDSDFLW\� �3�  � ��������8UJHQF\� VKRZHG� QR� VWURQJDVVRFLDWLRQV�ZLWK�DQ\�F\VWRVFRSLF�ILQGLQJV��&21&/86,216��,Q�SDWLHQWV�ZLWK�XQWUHDWHG� LQWHUVWLWLDO�F\VWLWLV��DVWURQJ�FRUUHODWLRQ�EHWZHHQ�SDLQ�DQG�F\VWRVFRSLF�ILQGLQJV�ZDV�REVHUYHG��7KH�GLIIHUHQFHV�EHWZHHQ�RXU�UHVXOWVDQG�WKRVH�RI�SUHYLRXV�VWXGLHV�WKDW�IRXQG�QR�UHODWLRQVKLS�EHWZHHQ�V\PSWRP�UHSRUWV�DQG�F\VWRVFRSLF�ILQGLQJVVXJJHVW�SRVVLEOH�HIIHFWV�RI�WUHDWPHQW�RQ�SDLQ�SHUFHSWLRQ�DQG�WKHUDSHXWLF�LQIOXHQFH�RQ�F\VWRVFRSLF�ILQGLQJV�
6XUJLFDO�7UHDWPHQW�IRU�WKH�9XOYDU�9HVWLEXOLWLV�6\QGURPH�7UDDV�0$��%HNNHUV�5/��'RQ\�-0��%ORP�0��YDQ�+DUHQ�$:��+HQGULNV�-&��9LHUKRXW�0(2EVWHW�*\QHFRO�������)HE����������������2%-(&7,9(��7R�VWXG\�WKH�RXWFRPH�DQG�FRPSOLFDWLRQV�RI�VXUJLFDO�WUHDWPHQW�IRU�YXOYDU�YHVWLEXOLWLV�V\QGURPHDQG� WR� LGHQWLI\�SDWLHQW�FKDUDFWHULVWLFV� WKDW�PD\�KDYH� LQIOXHQFHG� WKH�RXWFRPH��0(7+2'6��5HOHYDQW�SDWLHQWFKDUDFWHULVWLFV� ZHUH� H[WUDFWHG� UHWURVSHFWLYHO\� IURP� WKH�PHGLFDO� UHFRUGV� RI� ���� ZRPHQ� DJHG� ��� \HDUV� RU\RXQJHU� ZKR� KDG� UHFHLYHG� VXUJLFDO� WUHDWPHQW� IRU� YXOYDU� YHVWLEXOLWLV� V\QGURPH�� 7R� DVVHVV� RXWFRPH� DQGFRPSOLFDWLRQV������RI�WKHVH�����ZRPHQ�������SDUWLFLSDWHG�LQ�D�WHOHSKRQH�LQWHUYLHZ��FRQGXFWHG���WR���\HDUVDIWHU� VXUJHU\��5(68/76��$IWHU� VXUJHU\�����RI� WKH�SDWLHQWV� FRXOG� KDYH� VH[XDO� LQWHUFRXUVH� FRPSDUHG�ZLWK���� EHIRUH� VXUJHU\�� WKLV� LQFUHDVH� ZDV� VWDWLVWLFDOO\� VLJQLILFDQW� �0DQWHO�+DHQV]HO� RGGV� UDWLR� ������ ���FRQILGHQFH�LQWHUYDO�>&,@�������������,Q�����RI�WKH�ZRPHQ������&,����������VH[XDO�LQWHUFRXUVH�ZDV�SDLQOHVVDIWHU�VXUJHU\��(LJKW\�QLQH�SHUFHQW� �����&,���������ZRXOG� UHFRPPHQG�VXUJLFDO� WUHDWPHQW� WR�RWKHU�ZRPHQH[SHULHQFLQJ�YXOYDU�YHVWLEXOLWLV�V\QGURPH��7KHUH�ZHUH�QR�PDMRU�FRPSOLFDWLRQV��'HFUHDVHG�OXEULFDWLRQ�GXULQJVH[XDO� DURXVDO� ZDV� WKH�PRVW� IUHTXHQWO\� UHSRUWHG� DGYHUVH� HIIHFW� ������ ����&,� ��������� IROORZHG� E\� WKHGHYHORSPHQW� RI� D� %DUWKROLQ
V� F\VW� ����� ���� &,� �������� 0RUH� RI� WKH� ZRPHQ� DJHG� ��� \HDUV� RU� \RXQJHUUHSRUWHG�WKDW�WKH\�FRXOG�KDYH�VH[XDO�LQWHUFRXUVH�DIWHU�VXUJHU\��DQG�PRUH�RI�WKHP�ZRXOG�UHFRPPHQG�VXUJLFDOWUHDWPHQW�WR�RWKHU�SDWLHQWV�WKDQ�ZRPHQ�DJHG����\HDUV�RU�ROGHU��&21&/86,21��6XUJLFDO�WUHDWPHQW�IRU�YXOYDUYHVWLEXOLWLV�V\QGURPH�DFKLHYHG�KLJK�VXFFHVV�UDWHV�ZLWK�DQ�DFFHSWDEOH�UDWH�RI�FRPSOLFDWLRQV��$JH�RI����\HDUVRU�\RXQJHU�ZDV�DVVRFLDWHG�ZLWK�D�EHWWHU�RXWFRPH��/(9(/�2)�(9,'(1&(��,,,�
%UDLQ�LPDJLQJ�LQ�,%6��GUDZLQJ�WKH�OLQH�EHWZHHQ�FRJQLWLYH�DQG�QRQ�FRJQLWLYH�SURFHVVHV�1DOLERII�%'��0D\HU�($*DVWURHQWHURORJ\�������-DQ���������������
$OWHUHG� ��K\GUR[\WU\SWDPLQH� VLJQDOLQJ� LQ� SDWLHQWV� ZLWK� FRQVWLSDWLRQ�� DQG� GLDUUKHD�SUHGRPLQDQWLUULWDEOH�ERZHO�V\QGURPH�$WNLQVRQ�:��/RFNKDUW�6��:KRUZHOO�3-��.HHYLO�%��+RXJKWRQ�/$*DVWURHQWHURORJ\�������-DQ��������������G�,%6� LV� FKDUDFWHUL]HG� E\� UHGXFHG� ��+7� UHXSWDNH�� ZKHUHDV� LPSDLUHG� UHOHDVH�PD\� EH� D� IHDWXUH� RI� F�,%6�7KHVH� UHVXOWV� DOVR� SURYLGH�D� UDWLRQDO� EDVLV� IRU� FXUUHQW� SKDUPDFRORJLF� DSSURDFKHV� LQYROYLQJ�PRGXODWLRQ� RIGLIIHUHQW���+7�UHFHSWRUV�LQ�F��DQG�G�,%6�
1RYHO�HYLGHQFH�IRU�K\SHUVHQVLWLYLW\�RI�YLVFHUDO�VHQVRU\�QHXUDO�FLUFXLWU\� LQ� LUULWDEOH�ERZHO�V\QGURPHSDWLHQWV�/DZDO�$��.HUQ�0��6LGKX�+��+RIPDQQ�&��6KDNHU�5
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*DVWURHQWHURORJ\�������-DQ��������������%$&.*5281'� 	� $,06�� 9LVFHUDO� K\SHUVHQVLWLYLW\� LQ� LUULWDEOH� ERZHO� V\QGURPH� �,%6�� SDWLHQWV� KDV� EHHQGRFXPHQWHG� E\� HYDOXDWLRQ� RI� SHUFHLYHG� VWLPXODWLRQV� WKDW� FDQ� UHIOHFW� DEQRUPDOLWLHV� RI� ERWK� VHQVRU\QHXURFLUFXLWU\�DQG�FRJQLWLYH�SURFHVVHV��7KH�SUHVHQFH�RI�DFWXDO�QHXURK\SHUVHQVLWLYLW\� LQ�KXPDQ�EHLQJV�KDVQRW�EHHQ�GRFXPHQWHG�VHSDUDWHO\��%HFDXVH�VXEOLPLQDO�VWLPXODWLRQV�DUH� IUHH� IURP� WKH� LQIOXHQFH�RI�VWLPXOXV�UHODWHG�FRJQLWLYH�SURFHVVHV��IXQFWLRQDO�PDJQHWLF�UHVRQDQFH�LPDJLQJ��I05,��FRUWLFDO�UHVSRQVH�WR�WKHVH�VWLPXOLFDQ�EH�FRQVLGHUHG�D�PHDVXUH�RI�DFWLYLW\�RI�WKH�QHXUDO�FLUFXLWU\�DORQH��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�FRPSDUHTXDQWLWDWLYHO\� WKH� FHUHEUDO� FRUWLFDO� I05,� DFWLYLW\� UHVSRQVH� WR� HTXDO� VXEOLPLQDO� VWLPXODWLRQV� EHWZHHQ� ,%6SDWLHQWV�DQG�DJH�PDWFKHG�FRQWUROV��0(7+2'6��:H�VWXGLHG����,%6�SDWLHQWV�DQG����KHDOWK\�FRQWUROV�XVLQJ�DFRPSXWHUL]HG�EDURVWDW�FRQWUROOHG�UHFWDO�GLVWHQWLRQ�GHYLFH��I05,�DFWLYLW\�YROXPH�DQG�SHUFHQW�PD[LPXP�VLJQDOLQWHQVLW\� FKDQJH� IRU� HTXDO� VXEOLPLQDO� GLVWHQWLRQ� SUHVVXUHV�ZHUH� FRPSDUHG� EHWZHHQ� FRQWUROV� DQG� SDWLHQWV�5(68/76��7KUHH�OHYHOV�RI�VXEOLPLQDO�GLVWHQWLRQ�SUHVVXUHV��HJ����������DQG����PP�+J���ZHUH�UHSUHVHQWHG�LQERWK�FRQWUROV�DQG�SDWLHQWV�DQG�ZHUH�DQDO\]HG�IRU� I05,�UHVSRQVH��,Q�DOO���GLVWHQWLRQ� OHYHOV�WKH�I05,�DFWLYLW\YROXPH�LQ�,%6�SDWLHQWV�ZDV�VLJQLILFDQWO\� ODUJHU�WKDQ�DJH��DQG�VH[�PDWFKHG�FRQWUROV� �3��� ������7KH�SHUFHQWPD[LPXP� VLJQDO� LQWHQVLW\� FKDQJH� ZDV� VLPLODU� EHWZHHQ� ,%6� SDWLHQWV� DQG� FRQWUROV�� &21&/86,216�� 7KHYROXPH� RI� FHUHEUDO� FRUWLFDO� DFWLYLW\� UHVSRQVH� WR� HTXDO� VXEOLPLQDO� GLVWHQWLRQ� SUHVVXUHV� LQ� ,%6� SDWLHQWV� LVVLJQLILFDQWO\� ODUJHU� WKDQ� LQ�FRQWUROV��GRFXPHQWLQJ� WKH�H[LVWHQFH�RI�K\SHUVHQVLWLYLW\�RI� WKH� QHXUDO� FLUFXLWU\� LQWKLV�SDWLHQW�JURXS�LUUHVSHFWLYH�RI�VWLPXOXV�UHODWHG�FRJQLWLYH�SURFHVVHV�
$�UDQGRPL]HG�GRXEOH�EOLQG�SODFHER�FRQWUROOHG� WULDO�RI� ULID[LPLQ� LQ�SDWLHQWV�ZLWK�DEGRPLQDO�EORDWLQJDQG�IODWXOHQFH�6KDUDUD�$,��$RXQ�(��$EGXO�%DNL�+��0RXQ]HU�5��6LGDQL�6��(OKDMM�,$P�-�*DVWURHQWHURO�������)HE���������������$�QRQDEVRUEDEOH�DQWLELRWLF��5LID[LPLQ�LV�D�VDIH�DQG�HIIHFWLYH�WUHDWPHQW�IRU�DEGRPLQDO�EORDWLQJ�DQG�IODWXOHQFH�LQFOXGLQJ� LQ� ,%6�SDWLHQWV��6\PSWRP�LPSURYHPHQW�FRUUHODWHV�ZLWK� UHGXFWLRQ� LQ�+����EUHDWK�H[FUHWLRQ��)XWXUHWULDOV�DUH�QHHGHG�WR�H[DPLQH�WKH�HIILFDF\�RI�ORQJ�WHUP�RU�F\FOLF�ULID[LPLQ�LQ�IXQFWLRQDO�FRORQLF�GLVRUGHUV�
7KH�LQFLGHQFH�RI�DEGRPLQDO�DQG�SHOYLF�VXUJHU\�DPRQJ�SDWLHQWV�ZLWK�LUULWDEOH�ERZHO�V\QGURPH�&ROH�-$��<HDZ�-0��&XWRQH�-$��.XR�%��+XDQJ�=��(DUQHVW�'/��:DONHU�$0'LJ�'LV�6FL�������'HF����������������5DWHV� RI� DEGRPLQRSHOYLF� VXUJHU\�� ZLWK� D� SDUWLFXODU� IRFXV� RQ� JDOOEODGGHU� SURFHGXUHV�� ZHUH� PHDVXUHG� LQSDWLHQWV�ZLWK�LUULWDEOH�ERZHO�V\QGURPH��,%6���Q� ����������DQG�FRPSDUHG�ZLWK�WKRVH�LQ�D�JHQHUDO�SRSXODWLRQVDPSOH� �Q� �����������7KH�SDWLHQW� VDPSOH�ZDV�VHOHFWHG� IURP�SHUVRQV�ZKR�ZHUH�PHPEHUV�RI�D�PDQDJHGFDUH� RUJDQL]DWLRQ� GXULQJ� WKH� \HDUV� ����������� 0HGLFDO� UHFRUGV� IURP� D� UDQGRPO\� VHOHFWHG� VXEVHW� RI� ,%6SDWLHQWV�ZHUH�UHYLHZHG�WR�FRQILUP�WKH�GLDJQRVLV��&UXGH�DQG�VWDQGDUGL]HG�UDWHV�DQG�DGMXVWHG�UDWH�UDWLRV�IRUVXUJHU\�ZHUH�FDOFXODWHG��7KH� LQFLGHQFH�RI�DEGRPLQRSHOYLF�VXUJHU\��H[FOXGLQJ�JDOOEODGGHU�SURFHGXUHV��ZDV����KLJKHU� LQ�SDWLHQWV�ZLWK� ,%6� WKDQ� WKDW� IRU� WKH�JHQHUDO�SRSXODWLRQ��7KH� LQFLGHQFH�RI�JDOOEODGGHU�VXUJHU\ZDV�WKUHHIROG�KLJKHU�LQ�,%6�SDWLHQWV�WKDQ�WKH�JHQHUDO�SRSXODWLRQ��3DWLHQWV�ZLWK�,%6�KDYH�DQ�LQFUHDVHG�ULVN�IRUDEGRPLQRSHOYLF� DQG� JDOOEODGGHU� VXUJHU\� DQG�� WKXV�� DQ� DVVRFLDWHG� ULVN� IRU� H[SHULHQFLQJ� PRUELGLW\� DQGPRUWDOLW\�DVVRFLDWHG�ZLWK�WKHVH�VXUJLFDO�SURFHGXUHV�
$� FRQWUROOHG� FURVV�RYHU� VWXG\� RI� WKH� VHOHFWLYH� VHURWRQLQ� UHXSWDNH� LQKLELWRU� FLWDORSUDP� LQ� LUULWDEOHERZHO�V\QGURPH�7DFN�-��%URHNDHUW�'��)LVFKOHU�%��9DQ�2XGHQKRYH�/��*HYHUV�$��-DQVVHQV�-*XW�������-DQ����
/RFDO�DQHVWKHVLD�LQ�DQDO�VXUJHU\��D�VLPSOH��VDIH�SURFHGXUH�$UJRY�6��/HYDQGRYVN\�2$P�-�6XUJ�������-DQ��������������
$� V\PSWRP�EDVHG� DSSURDFK� WR� PDNLQJ� D� SRVLWLYH� GLDJQRVLV� RI� LUULWDEOH� ERZHO� V\QGURPH� ZLWKFRQVWLSDWLRQ�0DODJHODGD�-5,QW�-�&OLQ�3UDFW�������-DQ�������������,Q� WKLV� UHYLHZ� ZH� SUHVHQW� DQ� 
LGHQWLI\�� HOLPLQDWH�� SUREH
� DOJRULWKP� WKDW�PD\� EH� DSSURSULDWH� WR� HVWDEOLVK� DSRVLWLYH�GLDJQRVLV�RI�SDWLHQWV�ZLWK� ,%6�&��DV�V\PSWRPV�FKDUDFWHULVWLF�RI�SDWLHQWV� LQ� WKLV� ,%6�VXEJURXS�DUHOHDVW�OLNHO\�WR�EH�FRQIXVHG�ZLWK�V\PSWRPV�UHIOHFWLQJ�VHULRXV�RUJDQLF�GLVHDVH�
3RVVLEOH�UROH�RI�QLWULF�R[LGH�LQ�YLVFHUDO�K\SHUVHQVLWLYLW\�LQ�SDWLHQWV�ZLWK�LUULWDEOH�ERZHO�V\QGURPH�.XLNHQ�6'��.ORRNHU�7.��7\WJDW�*1��/HL�$��%RHFN[VWDHQV�*(
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1HXURJDVWURHQWHURO�0RWLO�������)HE��������������
8OWUDVRXQG� H[DPLQDWLRQ� RI� WKH� VLJPRLG� FRORQ�� SRVVLEOH� QHZ� GLDJQRVWLF� WRRO� IRU� LUULWDEOH� ERZHOV\QGURPH�&UDGH�0��3KDP�98OWUDVRXQG�2EVWHW�*\QHFRO�������)HE�������������7UDQVYDJLQDO�XOWUDVRXQG�ZDV�XVHG�LQ�����IHPDOH�SDWLHQWV�XQGHUJRLQJ�SHOYLF�XOWUDVRXQG�VWXGLHV�IRU�D�YDULHW\RI� UHDVRQV�� QRQH� VSHFLILFDOO\� IRU� ERZHO� FRPSODLQWV��:H�PHDVXUHG� WKH�ZDOO� RI� WKH� VLJPRLG� FRORQ� DQG� WKHQREWDLQHG�WKH�KLVWRU\�RI�SRVLWLYH�RU�QHJDWLYH�IRU�,%6��5(68/76��7KH�PDMRULW\�RI�WKRVH����UHSRUWLQJ�D�KLVWRU\�RI,%6�KDG�WKLFNHQLQJ�RI�WKH�ZDOO�RI�WKH�VLJPRLG�FRORQ��$�FXW�RII�RI�����PP�JDYH�D�VHQVLWLYLW\�IRU�WKLV�JURXS�RISDWLHQWV�RI������VSHFLILFLW\�RI������SRVLWLYH�SUHGLFWLYH�YDOXH�RI�����DQG�QHJDWLYH�SUHGLFWLYH�YDOXH�RI�����
5ROH�RI�SDUWLDOO\�K\GURO\]HG�JXDU�JXP�LQ�WKH�WUHDWPHQW�RI�LUULWDEOH�ERZHO�V\QGURPH�*LDQQLQL�(*��0DQVL�&��'XOEHFFR�3��6DYDULQR�91XWULWLRQ�������-DQ�����3DUWLDOO\�K\GURO\]HG�JXDU�JXP�GHFUHDVHG�V\PSWRPV�LQ�FRQVWLSDWLRQ�SUHGRPLQDQW�DQG�GLDUUKHD�SUHGRPLQDQWIRUPV�RI�,%6�DQG�GHFUHDVHG�DEGRPLQDO�SDLQ�
��±�),678/$(��������6SRQWDQHRXV�,QWUDSDUWXP�9HVLFRXWHULQH�)LVWXOD�.DDNL�%��*\YHV�0��*ROGPDQ�+2EVWHW�*\QHFRO�������)HE����������������
5HFWRXUHWKUDO� ILVWXOD� DVVRFLDWHG� ZLWK� WZR� VKRUW� VHJPHQW� XUHWKUDO� VWULFWXUHV� LQ� WKH� DQWHULRU� DQGSRVWHULRU� XUHWKUD�� VLQJOH�VWDJH� UHFRQVWUXFWLRQ� XVLQJ� EXFFDO� PXFRVD� DQG� D� UDGLDO� IRUHDUPIDVFLRFXWDQHRXV�IUHH�IODS�(ULFNVRQ�%$��'XPDQLDQ�*$��6LVFR�0��-DQJ�7/��+DOYHUVRQ�$/��*RQ]DOH]�&08URORJ\�������-DQ�������������
9HVLFRXWHULQH�ILVWXOD�DV�D�FRPSOLFDWLRQ�RI�IRUFHSV�GHOLYHU\��D�FDVH�UHSRUW�1RXLUD�<��)HNL�:��5KRXPD�6%��6DODK�,%��+RUFKDQL�$,QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������1RY�'HF��������������(SXE������$SU���
%XOERFDYHUQRVXV�PXVFOH�IODS�LQ�WKH�UHSDLU�RI�FRPSOLFDWHG�YHVLFRYDJLQDO�ILVWXOD�;X�=��)X�4,QW�-�8URO�������'HF����������������
'HOD\HG�SRVW�WUDXPDWLF�SURVWDWLF�XUHWKURUHFWDO� ILVWXOD��7UDQVSHULQHDO� UHFWDO�VSDULQJ� UHSDLU� ��3RLQW�RIWHFKQLTXH�6LQJK�,��0LWWDO�*��.XPDU�3��*DQJDV�5,QW�-�8URO�������-DQ������������$EVWUDFW�:H�GHVFULEH� WKH�RXWFRPH�DQG�PDQDJHPHQW�RI�DQ�XQXVXDO� DQG� LQWHUHVWLQJ�FDVH�RI�GHOD\HG�SRVW�WUDXPDWLF�SURVWDWRUHFWDO�ILVWXOD�LQ�D����\HDU�ROG�PDQ��7KH�ILVWXOD�ZDV�UHSDLUHG�VXFFHVVIXOO\�YLD�WUDQVSHULQHDODFFHVV� ZLWKRXW� UHFWDO� RU� VSKLQFWHULF� WUDQVJUHVVLRQ��:H� IRXQG� WKH� WUDQVSHULQHDO� VXUJLFDO� DSSURDFK� VLPSOH�HIIHFWLYH� DQG� XVHIXO� LQ� DSSURDFKLQJ� WKH� SURVWDWRUHFWDO� UHJLRQ� IRU� UHFWRXULQDU\� ILVWXODV�� 7KH� WUDQVSHULQHDODSSURDFK�LV�XVHIXO�DQG�VKRXOG�EH�FRQVLGHUHG�LQ�VXFK�VHOHFW�FDVHV��:H�GHVFULEH�RXU�WHFKQLTXH�WKDW�PD\�EHEHQHILFLDO�WR�PDQ\�XURORJLVWV�
7UHDWPHQW�RI�UHFWRYDJLQDO�ILVWXOD��$���\HDU�UHYLHZ�&DVDGHVXV�'��9LOODVDQD�/��6DQFKH]�,0��'LD]�+��&KDYH]�0��'LD]�$$XVW�1�=�-�2EVWHW�*\QDHFRO�������)HE�������������7KLV�SDSHU�SUHVHQWV�D�FKDUW�UHYLHZ�RI����SDWLHQWV�ZKR�KDG�EHHQ�WUHDWHG�IRU�UHFWRYDJLQDO�ILVWXOD��59)��IURP�����WR�������,Q�PRVW�FDVHV��������������WKH�ILVWXOD�ZDV�WKH�UHVXOW�RI�SRVW�VXUJLFDO�FRPSOLFDWLRQV��)ROORZLQJYDJLQDO�PXFRVD�DGYDQFHPHQW�IODS�UHSDLU�RU�UHSDLU�DIWHU�FRQYHUVLRQ�WR�D�IRXUWK�GHJUHH�SHULQHDO�ODFHUDWLRQ����������RI�WKH�UHFWRYDJLQDO�ILVWXODH��GXULQJ�WKH�ILUVW�DWWHPSWHG�UHSDLU�RU�DIWHU�IDLOHG�WUHDWPHQW��ZHUH�VXFFHVVIXOO\WUHDWHG�� ,Q� DOO� SDWLHQWV� EXW� RQH�� IDHFDO� GLYHUVLRQ� ZDV� DYRLGHG�� ,Q� WZR� SDWLHQWV�� ILVWXORJUDSK\� ZDV� ERWK� DGLDJQRVWLF�SURFHGXUH�DQG�WKH�PHWKRG�RI�WUHDWPHQW�
(IILFDF\�RI�$QDO�)LVWXOD�3OXJ�YV��)LEULQ�*OXH�LQ�&ORVXUH�RI�$QRUHFWDO�)LVWXODV�-RKQVRQ�(.��*DZ�-8��$UPVWURQJ�'1
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'LV�&RORQ�5HFWXP�������-DQ�����&ORVXUH�RI� WKH�SULPDU\�RSHQLQJ�RI�D� ILVWXOD� WUDFW�XVLQJ�D�VXWXUDEOH�ELRORJLF�DQDO� ILVWXOD� SOXJ� LV� DQ�HIIHFWLYHPHWKRG�RI� WUHDWLQJ�DQRUHFWDO� ILVWXODV��7KH�PHWKRG�VHHPV� WR�EH�PRUH� UHOLDEOH� WKDQ� ILEULQ�JOXH�FORVXUH��7KHJUHDWHU�HIILFDF\�RI�WKH�ILVWXOD�SOXJ�PD\�EH�WKH�UHVXOW�RI�WKH�DELOLW\�WR�VXWXUH�WKH�SOXJ�LQ�WKH�SULPDU\�RSHQLQJ�WKHUHIRUH��FORVLQJ�WKH�SULPDU\�RSHQLQJ�PRUH�HIIHFWLYHO\��)XUWKHU�SURVSHFWLYH��ORQJ�WHUP�VWXGLHV�DUH�ZDUUDQWHG�
7KH�8VH�RI�)LEULQ�*OXH�LQ�WKH�7UHDWPHQW�RI�)LVWXOD�,Q�$QR��$�3URVSHFWLYH�6WXG\�0DUDOFDQ�*��%DVNRQXV�,��$\EDVWL�1��*RNDOS�$6XUJ�7RGD\�������)HE���������������)LEULQ�JOXH�DSSOLFDWLRQ�ZDV�WKXV�IRXQG�WR�EH�DQ�HDV\��VDIH��HIIHFWLYH��DQG�XVHIXO�DOWHUQDWLYH�WUHDWPHQW�LQ�WKHPDQDJHPHQW� RI� ILVWXODV�LQ�DQR�� +RZHYHU�� RXU� ILQGLQJV� QHHG� VXEVWDQWLDWLRQ� E\� LQFUHDVLQJ� WKH� QXPEHU� RISDWLHQWV�DQG�SURORQJLQJ�WKH�IROORZ�XS�GXUDWLRQ��DV�ZHOO�DV�FDUU\LQJ�RXW�FRPSDUDWLYH�VWXGLHV�
��±�%(+$9,285��������
��3V\FKRORJ\��������-$0$�SDWLHQW�SDJH��'HSUHVVLRQ�7RUS\�-0��%XUNH�$(��*ODVV�50-$0$�������-DQ���������������
��6H[RORJ\���������(UHFWLOH�G\VIXQFWLRQ�%XUQHWW�$/-�8URO�������0DU�������6XSSO��6������
)HPDOH�VH[XDO�G\VIXQFWLRQ�IROORZLQJ�YDJLQDO�VXUJHU\��D�UHYLHZ�7XQXJXQWOD�+6��*RXVVH�$(-�8URO�������)HE���������������385326(��'HSHQGLQJ�RQ�DJH� LW�KDV�EHHQ�HVWLPDWHG�WKDW�XS�WR�����RI�ZRPHQ�KDYH�FRPSODLQWV�RI�VH[XDOSUREOHPV�� LQFOXGLQJ� GHFUHDVHG� OLELGR�� YDJLQDO� GU\QHVV�� SDLQ� ZLWK� LQWHUFRXUVH�� GHFUHDVHG� JHQLWDO� VHQVDWLRQDQG� GLIILFXOW\� RU� LQDELOLW\� WR� DFKLHYH� RUJDVP�� ,Q� WKLV� UHYLHZ� ZH� DGGUHVV� WKH� HWLRORJLHV� DQG� LQFLGHQFH�HYDOXDWLRQ� DQG� WUHDWPHQW� RI� IHPDOH� VH[XDO� G\VIXQFWLRQ� IROORZLQJ� YDJLQDO� VXUJHU\� IRU� LQGLFDWLRQV� VXFK� DVVWUHVV� XULQDU\� LQFRQWLQHQFH� DQG� SHOYLF� RUJDQ� SURODSVH�� DQWHULRU�SRVWHULRU� FROSRUUKDSK\�� SHULQHRSODVW\� DQGYDJLQDO� YDXOW� SURODSVH�� 0$7(5,$/6� $1'� 0(7+2'6�� /LWHUDWXUH� RQ� WKH� PHFKDQLVPV� E\� ZKLFK� YDJLQDOVXUJHU\�DIIHFWV�IHPDOH�VH[XDO�IXQFWLRQ�DUH�GLVFXVVHG�DORQJ�ZLWK�UHODWHG�SDWKRSK\VLRORJ\�WR�SRWHQWLDO�FDXVHV�7KH�DQDWRP\��QHXURYDVFXODU�VXSSO\�RI� WKH�FOLWRULV�DQG�LQWURLWXV��DQG�LQWUDSHOYLF�QHUYH�VXSSO\�DUH�GLVFXVVHGDV�UHODWHG� WR�YDJLQDO�VXUJHU\��7HFKQLTXHV� WR�DYRLG�QHXURYDVFXODU�GDPDJH�GXULQJ�SHOYLF� IORRU�VXUJHU\�ZHUHFRUURERUDWHG� E\� VXSSRUWLQJ� OLWHUDWXUH�� /LWHUDWXUH� UHJDUGLQJ� IHPDOH� VH[XDO� G\VIXQFWLRQ� IROORZLQJ� RWKHUSURFHGXUHV�� VXFK� DV� YDJLQDO� K\VWHUHFWRP\��0DUWLXV� IODS� LQWHUSRVLWLRQ�� DQG� YHVLFRYDJLQDO� DQG� UHFWRYDJLQDOILVWXOD� UHSDLU�ZHUH�DOVR�GLVFXVVHG��5(68/76��&XUUHQW� OLWHUDWXUH� GRHV�QRW� VXSSRUW� DQ�DVVRFLDWLRQ�EHWZHHQYDJLQDO� OHQJWK� IROORZLQJ� YDJLQDO� VXUJHU\� DQG� VH[XDO� IXQFWLRQ�� 7KH� SURSRUWLRQ� RI� ZRPHQ� ZKR� DUH� VH[XDOO\DFWLYH�GRHV�QRW�DSSHDU� WR�EH�DIIHFWHG�E\�YDJLQDO� VXUJHU\��6OLQJ�VXUJHU\� IRU� XULQDU\� LQFRQWLQHQFH� GRHV�QRWDSSHDU�WR�DGYHUVHO\�DIIHFW�RYHUDOO�VH[XDO�IXQFWLRQ��DOWKRXJK�LQGLYLGXDO�SDUDPHWHUV�RI�VH[XDO�IXQFWLRQ�VFRUHVPD\� YDU\�� HJ� D VLJQLILFDQW� SHUFHQW� RI� ZRPHQ� UHSRUW� SDLQ� GXULQJ� LQWHUFRXUVH�� 6RPH� SDWLHQWV� H[SHULHQFHLPSURYHG� RYHUDOO� VH[XDO� IXQFWLRQ� GXH� WR� FRPSOHWH� UHOLHI� IURP� FRLWDO� LQFRQWLQHQFH� &21&/86,216�6\PSWRPDWLF� YDJLQDO� QDUURZLQJ� LV� UDUH� HYHQ� LQ� ZRPHQ� XQGHUJRLQJ� VLPXOWDQHRXV� SRVWHULRU� UHSDLU�� 2YHUDOOVH[XDO�VDWLVIDFWLRQ�DSSHDUV�WR�EH�LQGHSHQGHQW�RI�WKHUDS\�IRU�XULQDU\�LQFRQWLQHQFH�RU�SURODSVH��'DWD�LQGLFDWHWKDW� GHIHFW� VSHFLILF� SRVWHULRU� FROSRUUKDSK\�ZLWK� WKH�DYRLGDQFH� RI� OHYDWRU� DQL� SOLFDWLRQ�PD\� LPSURYH� VH[XDOIXQFWLRQ�� 7KH� SRVVLEOH� HWLRORJLFDO� IDFWRUV� IRU� VH[XDO� G\VIXQFWLRQ� IROORZLQJ� YDJLQDO� VXUJHU\� GHVHUYH� IXUWKHULQYHVWLJDWLRQV�
5H��6H[XDO�IXQFWLRQ�LQ�ZRPHQ�ZLWK�SHOYLF�RUJDQ�SURODSVH�FRPSDUHG�WR�ZRPHQ�ZLWKRXW�SHOYLF�RUJDQSURODSVH�%XW�,-�8URO�������-DQ������������
5HODWLRQVKLS� EHWZHHQ� VH[XDO� G\VIXQFWLRQ� DQG� SV\FKLDWULF� VWDWXV� LQ� SUHPHQRSDXVDO� ZRPHQ� ZLWKILEURP\DOJLD�$\GLQ�*��%DVDU�00��.HOHV�,��(UJXQ�*��2UNXQ�6��%DWLVODP�(8URORJ\�������-DQ��������������
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'HSUHVVLRQ� LV� RQH� RI� WKH� HPRWLRQDO� GLVRUGHUV� FRPPRQO\� HQFRXQWHUHG� LQ� ZRPHQ� ZLWK� ILEURP\DOJLD�� PRVWSRVVLEO\�OHDGLQJ�WR�VH[XDO�G\VIXQFWLRQ��7KXV��VH[XDO�G\VIXQFWLRQ�UHODWHG�WR�LPSDLUHG�SV\FKLDWULF�VWDWXV�VKRXOGEH�FRQVLGHUHG�D�FRPPRQ�SUREOHP�LQ�SUHPHQRSDXVDO�ZRPHQ�ZLWK�ILEURP\DOJLD�
3URJUHVV�LQ�IHPDOH�VH[XDO�G\VIXQFWLRQ�9HULW�))��<HQL�(��.DIDOL�+8URO�,QW������������������'XH�WR�WKH�IDFW�WKDW�WKHUH�KDV�EHHQ�OLWWOH�UHVHDUFK�DQG�DWWHQWLRQ�RQ�)6'��RXU�NQRZOHGJH�LQ�WKLV�ILHOG�LV�TXLWHOLPLWHG�DQG�WKHUH�LV�VWLOO�QR�DSSURYHG�WKHUDS\��)XWXUH�DGYDQFHV�LQ�HYDOXDWLRQ�DQG�WUHDWPHQW�RI�IHPDOH�VH[XDOSUREOHPV�DUH�IRUWKFRPLQJ�
3UDFWLFH�SDWWHUQV�RI�SK\VLFLDQ�PHPEHUV�RI� WKH�$PHULFDQ�8URJ\QHFRORJLF�6RFLHW\� UHJDUGLQJ� IHPDOHVH[XDO�G\VIXQFWLRQ��UHVXOWV�RI�D�QDWLRQDO�VXUYH\�3DXOV�51��.OHHPDQ�6'��6HJDO�-/��6LOYD�:$��*ROGHQKDU�/0��.DUUDP�00,QW�8URJ\QHFRO�-�3HOYLF�)ORRU�'\VIXQFW�������1RY�'HF�������������
:RPHQ�H[SRVHG� WR� LQWLPDWH� SDUWQHU� YLROHQFH�� H[SHFWDWLRQV� DQG� H[SHULHQFHV�ZKHQ� WKH\� HQFRXQWHUKHDOWK�FDUH�SURIHVVLRQDOV��D�PHWD�DQDO\VLV�RI�TXDOLWDWLYH�VWXGLHV�)HGHU�*6��+XWVRQ�0��5DPVD\�-��7DNHW�$5$UFK�,QWHUQ�0HG�������-DQ����������������%$&.*5281'��7KH�DSSURSULDWH�UHVSRQVH�RI�KHDOWK�FDUH�SURIHVVLRQDOV�WR�LQWLPDWH�SDUWQHU�YLROHQFH�LV�VWLOO�DPDWWHU�RI�GHEDWH��7KLV�DUWLFOH�UHSRUWV�D�PHWD�DQDO\VLV�RI�TXDOLWDWLYH�VWXGLHV�WKDW�DQVZHUV���TXHVWLRQV������+RZGR�ZRPHQ�ZLWK�KLVWRULHV�RI� LQWLPDWH�SDUWQHU�YLROHQFH�SHUFHLYH� WKH�UHVSRQVHV�RI�KHDOWK�FDUH�SURIHVVLRQDOV"DQG�����+RZ�GR�ZRPHQ�ZLWK�KLVWRULHV�RI�LQWLPDWH�SDUWQHU�YLROHQFH�ZDQW�WKHLU�KHDOWK�FDUH�SURYLGHUV�WR�UHVSRQGWR� GLVFORVXUHV� RI� DEXVH"�0(7+2'6��0XOWLSOH� GDWDEDVHV� ZHUH� VHDUFKHG� IURP� WKHLU� VWDUW� WR� -XO\� ��� �����6HDUFKHV�ZHUH�FRPSOHPHQWHG�ZLWK�FLWDWLRQ�WUDFNLQJ�DQG�FRQWDFW�ZLWK�UHVHDUFKHUV��,QFOXVLRQ�FULWHULD�LQFOXGHGD� TXDOLWDWLYH� GHVLJQ�� ZRPHQ� ��� \HDUV� RU� ROGHU� ZLWK� H[SHULHQFH� RI� LQWLPDWH� SDUWQHU� YLROHQFH�� DQG� (QJOLVKODQJXDJH�� 7ZR� UHYLHZHUV� LQGHSHQGHQWO\� DSSOLHG� FULWHULD� DQG� H[WUDFWHG� GDWD�� )LQGLQJV� IURP� WKH� SULPDU\VWXGLHV� ZHUH� FRPELQHG� XVLQJ� D� TXDOLWDWLYH� PHWD�DQDO\VLV�� 5(68/76�� 7ZHQW\�QLQH� DUWLFOHV� UHSRUWLQJ� ��VWXGLHV� ����� SDUWLFLSDQWV��ZHUH� LQFOXGHG�� 7KH� HPHUJLQJ� FRQVWUXFWV�ZHUH� ODUJHO\� FRQVLVWHQW� DFURVV� VWXGLHVDQG� GLG� QRW� YDU\� E\� VWXG\� TXDOLW\��:H� RUGHUHG� FRQVWUXFWV� E\� WKH� WHPSRUDO� VWUXFWXUH� RI� FRQVXOWDWLRQV� ZLWKKHDOWK� FDUH� SURIHVVLRQDOV�� EHIRUH� WKH� DEXVH� LV� GLVFXVVHG�� DW� GLVFORVXUH�� DQG� WKH� LPPHGLDWH� DQG� IXUWKHUUHVSRQVHV�RI�WKH�KHDOWK�FDUH�SURIHVVLRQDO��.H\�FRQVWUXFWV�LQFOXGHG�D�ZLVK�IURP�ZRPHQ�IRU�UHVSRQVHV�IURPKHDOWK� FDUH� SURIHVVLRQDOV� WKDW� ZHUH� QRQMXGJPHQWDO�� QRQGLUHFWLYH�� DQG� LQGLYLGXDOO\� WDLORUHG�� ZLWK� DQDSSUHFLDWLRQ� RI� WKH� FRPSOH[LW\� RI� SDUWQHU� YLROHQFH�� 5HSHDWHG� LQTXLU\� DERXW� SDUWQHU� YLROHQFH� ZDV� VHHQ� DVDSSURSULDWH� E\� ZRPHQ� ZKR� ZHUH� DW� ODWHU� VWDJHV� RI� DQ� DEXVLYH� UHODWLRQVKLS�� &21&/86,21�� :RPHQ
VSHUFHSWLRQV�RI�DSSURSULDWH�DQG�LQDSSURSULDWH�UHVSRQVHV�SDUWO\�GHSHQGHG�RQ�WKH�FRQWH[W�RI�WKH�FRQVXOWDWLRQ�WKHLU� RZQ� UHDGLQHVV� WR� DGGUHVV� WKH� LVVXH��DQG� WKH�QDWXUH�RI� WKH� UHODWLRQVKLS�EHWZHHQ� WKH�ZRPDQ�DQG� WKHKHDOWK�FDUH�SURIHVVLRQDO�
7KH�HIILFDF\�RI�D�QHUYH�VWLPXODWRU��&DYHUPDS��WR�HQKDQFH�DXWRQRPLF�QHUYH�LGHQWLILFDWLRQ�DQG�FRQILUPQHUYH�SUHVHUYDWLRQ�GXULQJ�WRWDO�PHVRUHFWDO�H[FLVLRQ�GD�6LOYD�*0��=PRUD�2��%RUMHVVRQ�/��0L]KDUL�1��'DQLHO�1��.KDQGZDOD�)��(IURQ�-��:HLVV�(*��1RJXHUDV�--�9HUQDYD�$0��:H[QHU�6''LV�&RORQ�5HFWXP�������'HF����������������385326(��6H[XDO� G\VIXQFWLRQ� DIWHU� WRWDO�PHVRUHFWDO� H[FLVLRQ�PD\� EH� FDXVHG� E\� LQMXU\� WR� WKH� DXWRQRPLFQHUYHV��'XULQJ�VXUJHU\��QHUYH�LGHQWLILFDWLRQ�LV�QRW�DOZD\V�DFKLHYHG��DQG��WR�GDWH��WKHUH�KDV�EHHQ�QR�PHWKRGWR� REMHFWLYHO\� FRQILUP� QHUYH� SUHVHUYDWLRQ�� 7KH� DLP� RI� WKLV� VWXG\� ZDV� WR� DVVHVV� WKH� HIILFDF\� RI� D� QHUYH�VWLPXODWLQJ�GHYLFH� �&DYHU0DS�� WR� DVVLVW� LQ� WKH� LQWUDRSHUDWLYH� LGHQWLILFDWLRQ� RI� WKH� DXWRQRPLF�QHUYHV�GXULQJWRWDO� PHVRUHFWDO� H[FLVLRQ�� DQG� REMHFWLYHO\� FRQILUP� QHUYH� SUHVHUYDWLRQ� DIWHU� SURFWHFWRP\� LV� FRPSOHWHG�3$7,(176�$1'�0(7+2'6��6H[XDOO\�DFWLYH�FRQVHFXWLYH�PDOH�SDWLHQWV�XQGHUJRLQJ�WRWDO�PHVRUHFWDO�H[FLVLRQZHUH� SURVSHFWLYHO\� HQUROOHG� LQ� WKLV� VWXG\�� 'XULQJ� SHOYLF� GLVVHFWLRQ�� WKH� VXUJHRQ� DWWHPSWHG� WR� ORFDOL]H� WKHK\SRJDVWULF� DQG� FDYHUQRXV� QHUYHV�� &DYHU0DS� ZDV� XVHG� WR� FRQILUP� WKHVH� ILQGLQJV� DQG� WR� IDFLOLWDWH� WKHLGHQWLILFDWLRQ� LQ� FDVHV� RI� XQFHUWDLQW\�� $W� WKH� FRPSOHWLRQ� RI� SURFWHFWRP\�� WKH� QHUYHV� ZHUH� UHVWLPXODWHG� WRHQVXUH�SUHVHUYDWLRQ��)DFWRUV�WKDW�FRXOG�DIIHFW� WKH�VXUJHRQ
V�DELOLW\� WR� ORFDOL]H�WKH�QHUYHV�DQG�&DYHU0DS�WRFRQILUP� WKLV� ZHUH� HYDOXDWHG�� 5(68/76�� 7ZHQW\�QLQH�PDOH� SDWLHQWV� ZLWK� D�PHGLDQ� DJH� RI� ��� \HDUV� ZHUHHQUROOHG� LQ� WKLV� VWXG\�� $Q� DWWHPSW� WR� YLVXDOL]H� WKH� K\SRJDVWULF� QHUYHV� GXULQJ� GLVVHFWLRQ� ZDV� PDGH� LQ� ��SDWLHQWV�� WKH� VXUJHRQ�ZDV� DEOH� WR� LGHQWLI\� WKH� QHUYHV� LQ� ��� ���� SHUFHQW�� SDWLHQWV�� &DYHU0DS� VXFFHVVIXOO\LGHQWLILHG�WKH�QHUYHV�LQ�VL[�RI�WKH�VHYHQ�UHPDLQLQJ�SDWLHQWV��DQG�IDLOHG�WR�LGHQWLI\�WKHP�LQ�RQO\�RQH�FDVH��$QDWWHPSW� WR� ORFDOL]H� WKH�FDYHUQRXV�QHUYHV�GXULQJ�GLVVHFWLRQ�ZDV�PDGH� LQ� ���SDWLHQWV�� RI�ZKLFK� ORFDOL]DWLRQ
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ZDV� VXFFHVVIXO� LQ� �� ������ SHUFHQW�� SDWLHQWV�� &DYHU0DS� LPSURYHG� WKH� LGHQWLILFDWLRQ� UDWH� LQ� IRXU� RI� WKHUHPDLQLQJ� ILYH� SDWLHQWV�� $IWHU� SURFWHFWRP\�� &DYHU0DS� VXFFHVVIXOO\� FRQILUPHG� WKH� SUHVHUYDWLRQ� RI� ERWKK\SRJDVWULF�DQG�FDYHUQRXV�QHUYHV�LQ����RI��������SHUFHQW��SDWLHQWV��$�KLVWRU\�RI�SUHYLRXV�VXUJHU\�VWDWLVWLFDOO\FRUUHODWHG�ZLWK�IDLOXUH�WR�LGHQWLI\�WKH�K\SRJDVWULF�QHUYHV�E\�WKH�VXUJHRQ��3� ���������7KHUH�ZHUH�QR�DGYHUVHHYHQWV�UHODWHG�WR�XVH�RI�WKH�GHYLFH��&21&/86,21��&DYHU0DS�PD\�EH�D�XVHIXO�WRRO�WR�IDFLOLWDWH�LGHQWLILFDWLRQRI� WKH� SHOYLF� DXWRQRPLF� QHUYHV� GXULQJ� WRWDO� PHVRUHFWDO� H[FLVLRQ� DQG� WR� REMHFWLYHO\� FRQILUP� QHUYHSUHVHUYDWLRQ�
>7UDQVVH[XDOV
�OLIH�VDWLVIDFWLRQ�DIWHU�JHQGHU�WUDQVIRUPDWLRQ�RSHUDWLRQV�@=LPPHUPDQQ� $�� =LPPHU� 5�� .RYDFV� /�� (LQRGVKRIHU� 6�� +HUVFKEDFK� 3�� +HQULFK� *�� 7XQQHU� :�� %LHPHU� (�3DSDGRSXORV�1$&KLUXUJ�������-DQ�����
���±�0,6&(//$1(286���������3HOYLF�RUJDQ�P\LDVLV�6KDXQLN�$2EVWHW�*\QHFRO�������)HE��������������%$&.*5281'��0\LDVLV�LV�LQIHVWDWLRQ�ZLWK�GLSWHURXV�ODUYDH��ZKLFK�IHHG�RQ�WKH�KRVW
V�GHDG�RU�OLYLQJ�WLVVXH�OLTXLG�ERG\�VXEVWDQFHV��RU�LQJHVWHG�IRRG��&$6(��$����\HDU�ROG��PXOWLSDURXV�ZRPDQ�SUHVHQWHG�DW�D�WHUWLDU\FDUH�KRVSLWDO�LQ�,QGLD�ZLWK�YDJLQDO�GLVFKDUJH�DQG�LWFKLQJ�IRU���ZHHNV��7KH�SDWLHQW�KDG�D�KHDOWK�FDUH�DWWHQGDQWZKR�DSSDUHQWO\� IDLOHG� WR� QRWLFH� WKH�SUREOHPV� VKH�ZDV�H[SHULHQFLQJ��3HOYLF� H[DPLQDWLRQ� UHYHDOHG� JUDGH� �XWHULQH� SURODSVH�� 9DJLQDO� GLVFKDUJH� ZDV� SXUXOHQW�� IRXO� VPHOOLQJ�� DQG� FRQWDLQHG� VHYHUDO� �����PP� ZKLWHPDJJRWV� RI�0XVFD� GRPHVWLFD� �KRXVHIO\��� 7XUSHQWLQH� RLO� ZDV� LQVWLOOHG� ORFDOO\�� DQG�PDJJRWV� ZHUH� UHPRYHGPDQXDOO\��7KH�SDWLHQW�ZDV�WUHDWHG�ZLWK�EURDG�VSHFWUXP�DQWLELRWLFV��0DJJRW�UHPRYDO�ZDV�UHSHDWHG�ZHHNO\�IRU�� ZHHNV� XQWLO� QR� IXUWKHU� PDJJRWV� ZHUH� SUHVHQW�� +\VWHURVFRS\� ZDV� QRUPDO�� 7KH� SURODSVHG� XWHUXV� ZDVUHSODFHG� LQ� LWV� DQDWRPLF� SRVLWLRQ� ZLWK� YDJLQDO� SHVVDU\�� &21&/86,21�� 'HFUHDVHG� SK\VLFDO� DQG� PHQWDOFDSDELOLWLHV�GXH� WR�ROG�DJH�DQG�SRRU�FDUH�E\�KHDOWK�SURYLGHUV�FDQ� OHDG� WR�PDJJRW� LQIHVWDWLRQ�RI�SURODSVHGSHOYLF�RUJDQV�
7RWDO� SHOYLF� H[HQWHUDWLRQ�� 7KH� $OEHUW� (LQVWHLQ� &ROOHJH� RI� 0HGLFLQH�0RQWHILRUH� 0HGLFDO� &HQWHU([SHULHQFH�������WR�������*ROGEHUJ�*/��6XNXPYDQLFK�3��(LQVWHLQ�0+��6PLWK�+2��$QGHUVRQ�36��)LHOGV�$/*\QHFRO�2QFRO�������-DQ�����2%-(&7,9(���7R�UHYLHZ�WKH�WUHQGV��PRGLILFDWLRQV�DQG�UHVXOWV�RI�����FRQVHFXWLYH� WRWDO�SHOYLF�H[HQWHUDWLRQV�73(�� SHUIRUPHG� DW� WKH�0RQWHILRUH�0HGLFDO�&HQWHU� DQG�$OEHUW� (LQVWHLQ�&ROOHJH� RI�0HGLFLQH� IURP������ WR������0(7+2'6���$OO�SDWLHQWV�ZKR�XQGHUZHQW�73(�IURP�-DQXDU\������WR�'HFHPEHU������ZHUH� LQFOXGHG�7KH�PHGLFDO�UHFRUG��FRPSOLFDWLRQV��IROORZ�XS��FOLQLFDO�VWDWXV�DQG�GHPRJUDSKLF�LQIRUPDWLRQ�ZHUH�HQWHUHG�LQ�DGDWDEDVH��7KH�SURFHGXUH�SHUIRUPHG��WKH�PHWKRG�RI�XULQDU\�GLYHUVLRQ��FRORQLF�GLYHUVLRQ��SHOYLF�IORRU�VXSSRUWDQG�YDJLQDO�UHFRQVWUXFWLRQ�ZHUH�GRFXPHQWHG��6XUYLYLQJ�SDWLHQWV�ZHUH�VXUYH\HG�UHJDUGLQJ�WKHLU�VDWLVIDFWLRQZLWK�WKH�XULQDU\�GLYHUVLRQ��WKH�YDJLQDO�UHFRQVWUXFWLRQ�DQG�WKHLU�VH[XDO�IXQFWLRQ�VLQFH�WKH�VXUJHU\��5(68/76������SWV�ZHUH�LGHQWLILHG��,QGLFDWLRQV�IRU�73(�ZHUH�UHFXUUHQW�FDQFHUV�RI�WKH�FHUYL[�������HQGRPHWULXP������FRORQDQG� UHFWXP� ����� YXOYD� ����� 2YHUDOO� ��\HDU� VXUYLYDO� ZDV� ����� ��\HDU� VXUYLYDO� IRU� SWV� ZLWK� UHFXUUHQW� FHUYL[FDQFHU�ZDV������6L[�SWV������UHFXUUHG�!��\HDUV�DIWHU�WKH�73(�����SWV�������KDG�XUHWHUDO�DQDVWRPRWLF�OHDNV�QR�GLIIHUHQFH�EHWZHHQ�LOHDO�FRQGXLW������������YHUVXV������������FRQWLQHQW�FRQGXLW��3� �����������SWV������ZLWK�FRQWLQHQW�FRQGXLWV�ZHUH��FRQWLQHQW������SWV�������KDG�ZRXQG�FRPSOLFDWLRQV����SWV������KDG�SDUDVWRPDOKHUQLDV�������������SWV�ZKR�KDG�D�ORZ�UHFWDO�UHDQDVWRPRVLV�GHYHORSHG�UHFXUUHQFH�LQ�WKH�SHOYLV�������������RI�SWV�ZLWK�FRQWLQHQW�FRQGXLWV�ZRXOG�FKRRVH�DQ� LOHDO�FRQGXLW� LI� WKH\�KDG� WKH�RSWLRQ�DJDLQ�� /RQJ�WHUP� UHQDOIXQFWLRQ�ZDV�VLPLODU�LQ�SWV�ZLWK�LOHDO�DQG�FRQWLQHQW�FRQGXLWV��0HVK�RI�DQ\�W\SH�IRU�SHOYLF�IORRU�UHFRQVWUXFWLRQ�LVDVVRFLDWHG�ZLWK� LQIHFWLRQ� DQG� ERZHO�XULQDU\� ILVWXODV�� 95$0� IODSV� IRU� QHRYDJLQD� ILOO� WKH� SHOYLF� GHDG� VSDFH�UHGXFH� WKH� ULVN� RI� ILVWXODV� DQG� ������ SWV� ������ DUH� VH[XDOO\� DFWLYH�� &21&/86,216��� 2XU� RYHUDOO� ��\HDUVXUYLYDO� LV� HQFRXUDJLQJ�� DQG�PRGLILFDWLRQV� LQ� VXUJLFDO� WHFKQLTXH� KDYH� LPSURYHG� WKH� UHFRQVWUXFWLYH� SKDVH�/RZ�UHFWDO�DQDVWRPRVHV�DW�73(�DGYHUVHO\�DIIHFWV�VXUYLYDO��0DQ\�RI�RXU�SWV�ZLWK�FRQWLQHQW�XULQDU\�GLYHUVLRQVZRXOG�QRW�FKRRVH�WKLV�PHWKRG�DJDLQ��0HVK�RI�DQ\�W\SH�LV�DVVRFLDWHG�ZLWK�VHSVLV�DQG�ERZHO�XULQDU\�ILVWXODV�95$0� IRU� QHRYDJLQD� UHGXFHV� ILVWXOD� UDWH� DQG� DUH� IXQFWLRQDO� LQ� !���� RI� SWV�� 73(� UHPDLQV� D� SRWHQWLDOO\FXUDWLYH�RSWLRQ�IRU�WKHVH�SWV�
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