
�

%UD]LOLDQ�$UFKLYHV�RI�%LRORJ\�DQG�7HFKQRORJ\

9RO�����6SHFLDO�Q����SS��������6HSWHPEHU�����,661��������������3ULQWHG�LQ�%UD]LO %5$=,/,$1�$5&+,9(6�2)�%,2/2*<�$1'�7(&+12/2*<
$ 1 � , 1 7 ( 5 1 $ 7 , 2 1 $ / � - 2 8 5 1 $ /
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$%675$&7
'LIIHUHQWLDWLQJ� DVHSWLF� ORRVHQLQJ� IURP� LQIHFWLRQ� DV� WKH� FDXVH� RI� SURVWKHWLF� MRLQW� IDLOXUH� LV� GLIILFXOW� EHFDXVH� ERWK�HQWLWLHV�DUH�VLPLODU��FOLQLFDOO\�DQG�KLVWRSDWKRORJLFDOO\��$VHSWLF�ORRVHQLQJ�IUHTXHQWO\�UHVXOWV�IURP�DQ�LPPXQH�UHDFWLRQ�WR� WKH� SURVWKHVLV�� 7KHUH� LV� LQIODPPDWLRQ�ZLWK� DQ� LQIOX[� RI� KLVWLRF\WHV�� JLDQW� FHOOV�� O\PSKRF\WHV�� DQG�SODVPD� FHOOV��3URLQIODPPDWRU\� F\WRNLQHV� DQG� SURWHRO\WLF� HQ]\PHV� DUH� VHFUHWHG� FDXVLQJ� RVWHRO\VLV� DQG� ORRVHQLQJ�� 7KHVH� VDPH�HYHQWV� RFFXU� LQ� LQIHFWLRQ� H[FHSW� WKDW� QHXWURSKLOV�� UDUHO\� SUHVHQW� LQ� DVHSWLF� ORRVHQLQJ�� DUH� LQYDULDEO\� SUHVHQW� LQ�LQIHFWLRQ��&OLQLFDO�VLJQV�DQG�V\PSWRPV��ODERUDWRU\�WHVWV��[�UD\V�DQG�MRLQW�DVSLUDWLRQ�DUH�LQVHQVLWLYH��QRQVSHFLILF�RU�ERWK�� $UWLIDFWV� SURGXFHG� E\� WKH� PHWDOOLF� KDUGZDUH� KDPSHU� FURVV�VHFWLRQDO� LPDJLQJ� PRGDOLWLHV�� 5DGLRQXFOLGH�LPDJLQJ�LV�QRW�DIIHFWHG�E\�WKH�SUHVHQFH�RI�PHWDOOLF�KDUGZDUH�DQG�LV�YHU\�XVHIXO�IRU�HYDOXDWLQJ�WKH�SDLQIXO�SURVWKHVLV��%RQH� VFLQWLJUDSK\�� ZLWK� DQ� DFFXUDF\� RI� �������� LV� D� XVHIXO� VFUHHQLQJ� WHVW�� VLQFH� D� QRUPDO� VWXG\� HIIHFWLYHO\�H[FOXGHV� D� SURVWKHWLF� FRPSOLFDWLRQ�� $GGLQJ� JDOOLXP����� D� QRQVSHFLILF� LQIODPPDWLRQ�LPDJLQJ� DJHQW�� LPSURYHV� WKH�DFFXUDF\� RI� ERQH� VFLQWLJUDSK\� WR� ��������� � 7KH� DFFXUDF\� RI� FRPELQHG� OHXNRF\WH�PDUURZ� LPDJLQJ�� ����� LV� WKH�KLJKHVW�DPRQJ�DYDLODEOH�UDGLRQXFOLGH�VWXGLHV��,WV�VXFFHVV�LV�GXH�WR�WKH�IDFW�WKDW�OHXNRF\WH�LPDJLQJ�LV�PRVW�VHQVLWLYH�IRU� GHWHFWLQJ� QHXWURSKLO� PHGLDWHG� LQIODPPDWLRQV�� ,QIODPPDWRU\� FRQGLWLRQV� WKDW� DUH� QHXWURSKLO�SRRU�� HYHQ� WKRXJK�ODUJH�QXPEHUV�RI�RWKHU�OHXNRF\WHV�PD\�EH�SUHVHQW���VXFK�DV�WKH�DVHSWLFDOO\�ORRVHQHG�MRLQW�SURVWKHVLV��JR�XQGHWHFWHG��7KH� VXFFHVV�RI� OHXNRF\WH�PDUURZ� LPDJLQJ� LV� WHPSHUHG�E\� WKH� OLPLWDWLRQV�RI� LQ�YLWUR� ODEHOLQJ�� ,Q�YLYR� ODEHOLQJ�KDV�EHHQ�LQYHVWLJDWHG�DQG�D�PXULQH�PRQRFORQDO�DQWLJUDQXORF\WH�DQWLERG\�DSSHDUV�SURPLVLQJ��6RPH�LQYHVWLJDWLRQV�KDYH�IRFXVHG�RQ�)����)'*�LPDJLQJ��DOWKRXJK�VSHFLILFLW\�LV�D�FRQFHUQ�ZLWK�WKLV�DJHQW�
.H\�ZRUGV��5DGLRQXFOLGH�LPDJLQJ��SDLQIXO�MRLQW�UHSODFHPHQW��LQIHFWLRQ


 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
$OWKRXJK� DWWHPSWV� DW� MRLQW� UHSODFHPHQW� VXUJHU\�ZHUH� VSRUDGLFDOO\� FDUULHG� RXW� LQ� WKH� QLQHWHHQWK�FHQWXU\�PRGHUQ�MRLQW�DUWKURSODVW\�EHJDQ�LQ�HDUQHVW�LQ� WKH� VHFRQG� KDOI� RI� WKH� WZHQWLHWK� FHQWXU\�� 6LU�-RKQ� &KDUQOH\� GHYHORSHG� WKH� SUH GHFHVVRUV� RI�WRGD\¶V� KLS� UHSODFHPHQWV� GXULQJ� WKH� ODWH� ����¶V�DQG� HDUO\� ����¶V�� 0RGHUQ� GD\� KLS� SURVWKHVHV��NQRZQ�DV�PRGXODU�EHFDXVH�WKH�VXUJHRQ�FDQ�PRGLI\�WKH� GLIIHUHQW� FRPSRQHQWV� WR� VXLW� DQ� LQGLYLGXDO�

SDWLHQW¶V� QHHGV�� DUH� PDGH� XS� RI� PHWDO�� FREDOW �FKURPLXP� DQG� WLWDQLXP�� DQG� SODVWLF�� XOWUDKLJK�PROHFXODU�ZHLJKW� �8+0:�� SRO\HWK\OHQH�� 7KHVH�FRPSRQHQWV�FDQ�EH�DWWDFKHG�WR�WKH�QDWLYH�ERQH�LQ�D�YDULHW\�RI�ZD\V�� ,Q� WKH�FDVH�RI�FHPHQWHG�GHYLFHV��VXUJLFDO� FHPHQW�� SRO\PHWK\OPHWKDFU\ODWH��300$��� VHFXUHV� WKH� KDUGZDUH�� )L[D WLRQ� RI� WKH�FHPHQWOHVV�� SRURXV� FRDWHG�� SURVWKHVLV� LV�DFFRPSOLVKHG� WKURXJK� ERQ\� LQJURZWK� ZKLFK�LQWHUGLJLWDWHV� LQWR�D�SRURXV�FRDWLQJ�DSSOLHG� WR� WKH�VXUIDFH�RI� WKH�GHYLFH�� ,Q�DQRWKHU� W\SH��ERQGLQJ� LV�
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DFFRPSOLVKHG� WKURXJK� WKH� DSSOLFDWLRQ� RI� D�K\GUR[\DSDWLWH� FRPSRXQG� WR� WKH� VXUIDFH� RI� WKH�FRPSRQHQWV� WKDW� VWLPXODWHV� QHZ� ERQH� IRUPDWLRQ�DQG� VHUYHV� DV� DQ� DWWDFKPHQW� IRU� QHZO\� IRUPHG�RVVHRXV� WLVVXH� DURXQG� WKH� KDUGZDUH�� $FHWDEXODU�FRPSRQHQWV� FDQ� DOVR� EH� IRUFHG�� RU� SUHVV �ILW�� LQWR�WKH� DFHWDEXOXP� DQG�� LI� QHHGHG�� FDQ� EH� I XUWKHU�VHFXUHG�ZLWK�RUWKRSHGLF�VFUHZV��7KH� SURWRW\SH� RI� WKH� PRGHUQ� NQHH� UHSODFHPHQW��NQRZQ�DV�WKH�WRWDO�FRQG\ODU�NQHH�UHSODFHPHQW��ZDV�GHYHORSHG� DW� WKH� +RVSLWDO� IRU� 6SHFLDO� 6XUJHU\� LQ�1HZ� <RUN� &LW\�� LQ� WKH� PLG� ����¶V� XQGHU� WKH�OHDGHUVKLS� RI� 'U�� -RKQ� 1�� ,QVDOO�� 7KH� PRELOH�EHDULQJ� SURVWKHVLV� LQ� XVH� WRGD\� DIIRUGV� LPSURYHG�MRLQW� PRELOLW\� ZLWK� OHVV� SRO\HWK\OHQH� EUHDNGRZQ�WKDQ�LWV�IL[HG�EHDULQJ�SUHGHFHVVRU�0RUH�WKDQ���������KLS�DQG�NQHH�DUWKURSODVWLHV�DUH�SHUIRUPHG� DQQXDOO\� LQ� WKH� 8QLWHG� 6WDWHV�� E\� WKH�\HDU� ������ WKLV� QXPEHU� PD\� H[FHHG� ���������'HVSLWH� LWV� VXFFHVV�� MRLQW� UHSODFHPHQW� VXUJHU\� LV�QRW� ZLWKRXW� FRPSOLFDWLRQV� LQFOXGLQJ� DVHSWLF�ORRVHQLQJ�� GLVORFDWLRQ�� IUDFWXUH�� DQG� LQIHFWLRQ��0DQ\� RI� WKHVH� FRPSOLFDWLRQV� FDQ� EH� UHDGLO\�GLDJQRVHG� DQG� WUHDWHG�� � 'LIIHUHQWLD WLQJ� LQIHFWLRQ�IURP� DVHSWLF� ORRVHQLQJ�� WKH� PRVW� IUHTXHQW�FRPSOLFDWLRQ�RI�MRLQW�UHSODFHPHQW�VXUJHU\��LV�PRUH�GLIILFXOW�� KRZHYHU�� EHFDXVH� WKH� FOLQLFDO�SUHVHQWDWLRQ� RI�� DQG� WKH� KLVWRSDWKRORJLF� FKDQJHV�LQ��ERWK�HQWLWLHV�DUH�UHPDUNDEO\�VLPLODU�
$VHSWLF�ORRVHQLQJ� %\�WHQ�\HDUV�DIWHU�LPSODQWDWLRQ������ RI� SURVWKHVHV� GHPRQVWUDWH� UDGLRJUDSKLF�HYLGHQFH� RI� ORRVHQLQJ�� DQG� ���� UHTXLUH� UHYLVLRQ��:KLOH� SURVWKHWLF� GHVLJQ� DQG� WHFKQLFDO� IDFWRUV� DUH�UHVSRQVLEOH�LQ�VRPH�FDVHV��D�VLJQLILFDQW�QXPEHU�RI�FDVHV� RI� DVHSWLF� ORRVHQLQJ DUH� WKH� UHVXOW� RI� DQ�LQIODPPDWRU\�� LPPXQH� UHDFWLRQ�� +LVWRSDWKRORJLF�H[DPLQDWLRQV�RI�IDLOHG�SURVWKHVHV�VKRZ�D�V\QRYLDO �OLNH�SVHXGRPHPEUDQRXV�VWUXFWXUH�WKDW�GHYHORSV�DW�WKH� FHPHQW�ERQH� LQWHUIDFH�� 7KH� FHOOXODU�FRPSRVLWLRQ� RI� WKH� SVHXGRPHPEUDQH� LV� YDULHG��KLVWLRF\WHV� DUH� VHHQ� PRVW� IUHTXHQWO\� ����� RI�VSHFLPHQV��� IROORZHG� E\� JLDQW� FHOOV� ������� DQG�O\PSKRF\WHV�DQG�SODVPD�FHOOV��������1HXWURSKLOV�DUH� SUHVHQW� LQ� OHVV� WKDQ� ���� RI� WKH� FDVHV��3DUWLFXODWH� GHEULV�� SURGXFHG� E\� FRPSRQHQW�IUDJPHQWDWLRQ�� DWWUDFWV� DQG� DFWLYD WHV� WLVVXH�SKDJRF\WHV� QRUPDOO\� SUHVHQW� DURXQG� WKH�SURVWKHVLV�� %HFDXVH� WKLV� GHEULV� LV� LPSHUYLRXV� WR�UHJXODU� HQ]\PDWLF� GHVWUXFWLRQ�� WKH� GHJUDGDWLYH�IXQFWLRQ� RI� WKH� LQIODPPDWRU\� FHOOV� LV� IUXVWUDWHG��OHDGLQJ� WR� UHSHDWHG�� EXW�XQVXFFHVVIXO�� DWWHPSWV� DW�SKDJRF\WRVLV�� 7KHVH� DWWHPSWV� DW� SKDJRF\WRVLV�

VWLPXODWH� VHFUHWLRQ� RI� SURLQIODPPDWRU\� F\WRNLQHV�DQG� SURWHRO\WLF� HQ]\PHV� WKDW� GDPDJH� ERQH� DQG�FDUWLODJH� DQG� DFWLYDWH� LPPXQH� FHOOV�� � 7KH�KHLJKWHQHG� LQIODPPDWRU\� UHVSRQVH� OHDGV� WR�RVWHRO\VLV�� ZKLFK� UHVXOWV� LQ� ORVV� RI� VXSSR UWLQJ�RVVHRXV� WLVVXHV� DQG�� HYHQWXDOO\�� ORRVHQLQJ� RI� WKH�SURVWKHVLV�
,QIHFWLRQ� 7KH�UDWH�RI�LQIHFWLRQ�IROORZLQJ�SULPDU\�LPSODQWDWLRQ�LV�DERXW����IRU�KLS�DQG����IRU�NQHH�SURVWKHVHV��7KH�UDWH�RI�LQIHFWLRQ�IROORZLQJ�UHYLVLRQ�VXUJHU\�LV�VRPHZKDW�KLJKHU��DERXW� ���IRU�KLS�DQG���� IRU� NQHH� UHSODFHPHQWV�� 2QH� WKLUG� RI� WKHVH�LQIHFWLRQV� GHYHORS� ZLWKLQ� WKUHH� PRQWKV�� DQRWKHU�WKLUG�ZLWKLQ�RQH�\HDU��DQG�WKH�UHPDLQGHU�PRUH�WKDQ�RQH� \HDU� DIWHU� VXUJHU\�� +LVWRSDWKRORJLFDOO\�� WKH�LQIODPPDWRU\� UHDFWLRQ� DFFRPSDQ\LQJ� WKH� LQIHFWHG�SURVWKHVLV� LV� LGHQWLFDO� WR� WKDW� SUHVHQW� LQ� DVHSWLF�ORRVHQLQJ�� ZLWK� RQH� LPSRUWDQW� GLIIHUHQFH��QHXWURSKLOV�� XVXDOO\� DEVHQW� LQ� DVHSWLF� ORRVHQLQJ��DUH� LQYDULDEO\� SUHVHQW� LQ� ODUJH� QXPEHUV� LQ�LQIHFWLRQ�,W�LV�H[WUHPHO\�LPSRUWDQW�WR�EH�DEOH�WR�GLIIHUHQWLDWH�DVHSWLF� ORRVHQLQJ� IURP� LQIHFWLRQ�� EHFDXVH� WKH�WUHDWPHQW� RI� WKHVH� WZR� HQWLWLHV� LV� UDGLFDOO\�GLIIHUHQW��,Q�DVHSWLF�ORRVHQLQJ��WKH�SDWLHQW�W\SLFDOO\�XQGHUJRHV�D�VLQJOH�VWDJH�UHYLVLRQ�DUWKURSODVW\��7KH�WUHDWPHQW�RI�LQIHFWHG�KDUGZDUH��RQ�WKH�RWKHU�KDQG��LV� PRUH� FRPSOH[�� $Q� H[FLVLRQDO� DUWKURSODVW\�� RU�UHPRYDO�RI� WKH�SURVWKHVLV�� LV�SHUIRUPHG�� IROORZHG�E\� D� SURWUDFWHG� FRXUVH� RI� DQWLPLFURELDO� WKHUDS\��(YHQWXDOO\�� WKH� SDWLHQW� XQGHUJRHV� D� UHYLVLRQ�DUWKURSODVW\���7R�EH�XVHIXO�� WKHUHIRUH�� D�GLDJQRVWLF� WHVW�PXVW�EH�VSHFLILF�DV�ZHOO�DV�VHQVLWLYH� $�WHVW�WKDW�LV�VHQVLWLYH�EXW� QRW� VSHFLILF� FDQ� OHDG� WR� PXOWLSOH�� FRVWO\��RSHUDWLRQV� LQ� PDQ\� SDWLHQWV� LQ� ZKRP� D� VLQJOH�LQWHUYHQWLRQ� PD\� KDYH� VXIILFHG�� 6LPLODUO\�� WKH�VSHFLILF�� EXW� LQVHQVLWLYH�� WHVW� ZLOO� DOVR� UHVXOW� LQ�DGGLWLRQDO� VXUJLFDO� LQWHUYHQWLRQ�� EHFDXVH�XQGLDJQRVHG� LQIHFWLRQ� ZLOO� FDXVH� DQ\� UHYLVLRQ�LPSODQW� WR� IDLO�� � 1RQVSHFLILF� PDUNHUV� RI�LQIODPPDWLRQ� VXFK� DV� WKH� HU\WKURF\WH�VHGLPHQWDWLRQ� UDWH� DQG� &�UHDFWLYH� SURWHLQ� OHYHO�PD\� EH� HOHYDWHG� LQ� ERWK� ORRVHQLQJ� DQG� LQIHFWLRQ��7KH� UHVXOWV RI� MRLQW� DVSLUDWLRQ� KDYH� EHHQ�GLVDSSRLQWLQJ�ZLWK�ODUJH�QXPEHUV�RI�IDOVH�SRVLWLYH�DQG� IDOVH� QHJDWLYH� UHVXOWV� KDYLQJ� EHHQ� UHSRUWHG��3ODLQ�UDGLRJUDSKV�DUH�QHLWKHU�VHQVLWLYH�QRU�VSHFLILF�DQG�WKH�DUWLIDFWV�FDXVHG�E\�WKH�KDUGZDUH�LWVHOI�OLPLW�FURVV�VHFWLRQDO� LPDJLQJ� PRGDOLWLHV�� VXFK� DV�FRPSXWHG� WRPRJUDSK\� DQG� PDJQHWLF� UHVRQDQFH�LPDJLQJ�� 5DGLRQXFOLGH� LPDJLQJ�� ZKLFK� UHIOHFWV�
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SK\VLRORJLF� UDWKHU� WKDQ� DQDWRPLF� FKDQJHV�� DQG� LV�QRW� KLQGHUHG� E\� WKH� PHWDOOLF� KDUGZDUH� LV� WKH�FXUUHQW�LPDJLQJ�PRGDOLW\�RI�FKRLFH�IRU�HYDOXDWL RQ�RI�VXVSHFWHG�MRLQW�UHSODFHPHQW�LQIHFWLRQ��
5$',218&/,'(�,0$*,1*
%RQH�6FLQWLJUDSK\
$OWKRXJK� PRVW� LQYHVWLJDWRUV� DJUHH� WKDW� D� QRUPDO�UDGLRQXFOLGH�ERQH�VWXG\�LV�VWURQJ�HYLGHQFH�DJDLQVW�D� SURVWKHWLF� DEQRUPDOLW\�� WKH� VLJQLILFDQFH� RI�LQFUHDVHG� SHULSURVWKHW LF� XSWDNH�� KRZHYHU�� LV� OHVV�FHUWDLQ�� )RU� KLS� SURVWKHVHV�� GLIIXVHO\� LQFUHDVHG�SHULSURVWKHWLF� XSWDNH� LV� RIWHQ� HTXDWHG� ZLWK�LQIHFWLRQ�� 7KH� DFFXPXODWLRQ� RI� ERQH �VHHNLQJ�WUDFHUV�VXFK�DV� ��P7F�0'3��ZKLFK�ORFDOL]H�RQ�WKH�VXUIDFH� RI� WKH� ERQH�PLQHUDO�PDWUL[�� LV� GHS HQGHQW�RQ� EORRG� IORZ� DQG� RQ� WKH� UDWH� RI� QHZ� ERQH�IRUPDWLRQ��&RQVHTXHQWO\�DQ\�FDXVH�RI�DFFHOHUDWHG�QHZ� ERQH� IRUPDWLRQ� PD\� UHVXOW� LQ� LQFUHDVHG�SHULSURVWKHWLF�DFWLYLW\�RQ�ERQH�LPDJHV��7KH�GLIIXVH�SDWWHUQ� VHHQ� ZLWK� LQIHFWLRQ� LV� SUREDEO\� GXH� WR�JHQHUDOL]HG� RVWHRO\VLV�� ZKLFK� LV� DOVR� SUHVHQW� LQ�DVHSWLF� ORRVHQLQJ� VHFRQGDU\� WR� LQIODPPDWLRQ��6FLQWLJUDSKLFDOO\�� WKHQ�� WKHVH� WZR�HQWLWLHV�PD\�EH�LQGLVWLQJXLVKDEOH�� 7KH� LQWURGXFWLRQ� RI� SRURXV�FRDWHG� SURVWKHVHV� KDV� IXUWKHU� FRPSOLFDWHG� WKH�DQDO\VLV� RI� WKH� ERQH� LPDJH�� 7KHVH� G HYLFHV� ZHUH�GHVLJQHG�� IRU� VWDELOL]DWLRQ� SXUSRVHV�� WR� VWLPXODWH�ERQ\� LQJURZWK�� KHQFH�� SHULSURVWKHWLF� XSWDNH�SDWWHUQV� DUH� PRUH� YDULDEOH� WKDQ� WKRVH� DVVRFLDWHG�ZLWK� WKH� FHPHQWHG� YDULHW\�� )RFDO� XSWDNH� DW� WKH�GLVWDO�WLS�RI�WKH�IHPRUDO�FRPSRQHQW�RI�D�FHPHQWHG�GHYLFH�PRUH�WKDQ�RQH�\HDU�ROG�LV�RIWHQ�DWWULEXWHG�WR�DVHSWLF�ORRVHQLQJ��,Q�WKH�FDVH�RI�WKH�SRURXV�FRDWHG�SURVWKHVLV��KRZHYHU��WKLV�SDWWHUQ�LV�RIWHQ�SUHVHQW�LQ�DV\PSWRPDWLF� LQGLYLGXDOV� IRU� D� FRQVLGHUDEO\�ORQJHU�WLPH�DIWHU�VXUJHU\���3HULSURVWKHWLF� XSWDNH� SDWWH UQV� DURXQG� NQHH�SURVWKHVHV� DUH� HYHQ� PRUH� YDULDEOH� WKDQ� WKRVH�DURXQG� KLS� SURVWKHVHV�� ZLWK� ODUJH� QXPEHUV� RI�DV\PSWRPDWLF� SDWLHQWV� GHPRQVWUDWLQJ� SHUVLVWHQW�SHULSURVWKHWLF� DFWLYLW\� IRU� VHYHUDO� \HDUV� DIWHU�LPSODQWDWLRQ�7R�IXUWKHU�FRPSOLFDWH�PDWWHUV��DERXW�WZR �WKLUGV�RI�DOO� MRLQW� UHSODFHPHQW� LQIHFWLRQV� RFFXU� GXULQJ� WKH�ILUVW� \HDU� DIWHU� LPSODQWDWLRQ�� ZKHQ�� UHJDUGOHVV� RI�WKH� W\SH� RU� ORFDWLRQ� RI� WKH� SURVWKHVLV��SHULSURVWKHWLF� XSWDNH� LV� VR� YDULDEOH� WKDW� RQO\� D�QRUPDO� ERQH� VFDQ� FRQWULEXWHV� XVHIXO� LQIRUPDWLRQ��7KH�RYHUDOO�DFFXUDF\�RI�UDGLRQXFOLGH�ERQH�LPDJLQJ�

LQ�WKH�HYDOXDWLRQ�RI�WKH�SURVWKHWLF�MRLQW�LV�DERXW��� �������,Q�VSLWH�RI�WKLV��VLQFH�LW�KDV�D�KLJK�QHJDWLYH�SUHGLFWLYH� YDOXH�� ERQH� LPDJLQJ� LV� XVHIXO� DV� DQ�LQLWLDO�VFUHHQLQJ�WHVW��
6HTXHQWLDO�%RQH�*DOOLXP�,PDJLQJ
,Q� DQ� HIIRUW� WR� LPSURYH� WKH� VSHFLILFLW\� RI� ERQH�VFLQWLJUDSK\�� FRPSOHPHQWDU\� JDOOLXP� LPDJLQJ� LV�RIWHQ�SHUIRUPHG��2YHU�WLPH�D�VWDQGDUGL]HG�PHWKRG�RI�LQWHUSUHWLQJ�VHTXHQWLDO�ERQH�JDOOLXP�LPDJHV�KDV�HYROYHG��7KH�FRPELQHG�VWXG\�LV�1HJDWLYH� IRU� LQIHFWLRQ ZKHQ� JDOOLXP� LPDJHV� DUH�QRUPDO�� UHJDUGOHVV� RI� WKH� ERQH� VFDQ� ILQGLQJV�� RU�ZKHQ� WKH�VSDWLDO�GLVWULEXWLRQ�RI� WKH� WZR�WUDFHUV� LV�FRQJUXHQW� DQG WKH� UHODWLYH� LQWHQVLW\� RI� JDOOLXP�XSWDNH�LV�OHVV�WKDQ�WKDW�RI�WKH�ERQH�WUDFHU�3RVLWLYH� IRU� LQIHFWLRQ ZKHQ�WKH�GLVWULEXWLRQ RI�WKH�WZR� UDGLRWUDFHUV� LV� VSDWLDOO\� LQFRQJUXHQW� RU�ZKHQ�WKHLU� GLVWULEXWLRQ� LV� VSDWLDOO\� FRQJUXHQW� DQG WKH�LQWHQVLW\� RI� JDOOLXP� XSWDNH� H[FHHGV� WKDW� RI� WKH�ERQH�DJHQW�(TXLYRFDO� IRU� LQIHFWLRQ ZKHQ� WKH� GLVWULEXWLRQ� RI�WKH� WZR� WUDFHUV� LV� VSDWLDOO\� FRQJUXHQW� DQG� WKH�UHODWLYH� LQWHQVLW\� RI� XSWDNH� RI� HDFK� WUDFHU� LV�VLPLODU�*DOOLXP� XSWDNH� LV� UHODWHG� WR� LQIODPPDWLRQ� LQ�JHQHUDO� DQG� QRW� WR� LQIHFWLRQ� VSHFLILFDOO\��&RQVHTXHQWO\�� ZLWK� DQ� RYHUDOO� DFFXUDF\� RI� DERXW���������� WKLV� WHFKQLTXH� LV� QRW� ZHOO� VXLWHG� IRU�GLVWLQJXLVKLQJ� WKH� LQIODPHG�� DVHSWLFDOO\� ORRVHQHG�SURVWKHVLV�IURP�WKH�LQIHFWHG�SURVWKHVLV�
/DEHOHG�/HXNRF\WH�6FLQWLJUDSK\
8SWDNH� RI� ODEHOHG� OHXNRF\WHV� GHSHQGV� RQ� LQWDFW�FKHPRWD[LV��WKH�QXPEHU�DQG�W\SHV�RI�FHOOV�ODEHOHG��DQG� WKH� SULQFLSDO� FHOOXODU� FRPSRQHQW� RI� D� J LYHQ�LQIODPPDWRU\� UHVSRQVH�� ,Q� WKH� W\SLFDO� FOLQLFDO�VHWWLQJ� WKH� PDMRULW\� RI� FHOOV� ODEHOHG� DUH�QHXWURSKLOV�� +HQFH�� WKH� SURFHGXUH� LV� PRVW� XVHIXO�IRU� GHWHFWLQJ� QHXWURSKLO �PHGLDWHG� LQIODPPDWRU\�SURFHVVHV�� 7KLV�� DW� OHDVW� WKHRUHWLFDOO\�� PDNHV�ODEHOHG�OHXNRF\WH�LPDJLQJ�SDUWLFXODUO\�ZHOO�VXLWHG�IRU�GLVWLQJXLVKLQJ�EHWZHHQ�WKH�LQIODPHG�DVHSWLFDOO\�ORRVHQHG� SURVWKHVLV�� LQ� ZKLFK� QHXWURSKLOV� DUH�JHQHUDOO\� DEVHQW�� IURP� WKH� LQIHFWHG� SURVWKHVLV�� LQ�ZKLFK�QHXWURSKLOV�DUH�SUHVHQW��7KH�UHVXOWV�RI�HDUO\�VWXGLHV��KRZHYHU��YDULHG�ZLGHO\�RQ�WKH�DFFXUDF\�RI�WKLV� WHFKQLTXH� IRU� GLDJQRVLQJ� WKH� LQIHFWHG�SURVWKHVLV�� /RZ� VHQVLWLYLW\� ZDV� DWWULEXWHG� WR��³FKURQLFLW\´�RI� WKH�SURFHVV��ZKLOH� ORZ� VSHFLILFLW\�ZDV�DWWULEXWHG�WR�³LQIODPPDWLRQ´�� �7KH�SDXFLW\�RI�
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QHXWURSKLOV� LQ� WKH�DVHSWLFDOO\� ORRVHQ HG�SURVWKHVLV��DQG� WKH� LQYDULDEOH� SUHVHQFH� RI� WKHVH� FHOOV� LQ� WKH�VHWWLQJ� RI� LQIHFWHG� KDUGZDUH�� ZRXOG� VXJJHVW��KRZHYHU�� WKDW� WKHUH� LV�DQRWKHU�H[SODQDWLRQ�IRU� WKH�LQFRQVLVWHQW�UHVXOWV�,QWHUSUHWDWLRQ�RI�ODEHOHG�OHXNRF\WH�LPDJHV�HQWDLOV�D�FRPSDULVRQ�RI�DFWLYL W\� LQ� WKH�UHJLRQ�RI�LQWHUHVW� WR�DFWLYLW\� LQ� VRPH� SUHGHILQHG� QRUPDO� UHIHUHQFH�SRLQW�� ,Q� WKH� FDVH� RI� SURVWKHVHV�� SHULSURVWKHWLF�DFWLYLW\� LV� RIWHQ� FRPSDUHG� ZLWK� DGMDFHQW� ERQH�DFWLYLW\� RU� ZLWK� DFWLYLW\� LQ� WKH� FRUUHVSRQGLQJ�FRQWUDODWHUDO� H[WUHPLW\�� ,QFUHDVHG� SH ULSURVWKHWLF�DFWLYLW\� FRPSDUHG� WR� WKH� UHIHUHQFH� SRLQW� LV�JHQHUDOO\� LQWHUSUHWHG� DV� SRVLWLYH� IRU� LQIHFWLRQ��/DEHOHG� OHXNRF\WHV� DFFXPXODWH� QRW� RQO\� LQ�LQIHFWLRQ� EXW� LQ� WKH� ERQH� PDUURZ� DV� ZHOO��+LVWRULFDOO\�� KHPDWRSRLHWLFDOO\� DFWLYH� PDUURZ� LQ�DGXOWV�KDV�EHHQ�DVVXPHG�WR�EH�OLPLWHG�WR�WKH�D[LDO�VNHOHWRQ�DQG�SUR[LPDO�DSSHQGLFXODU�VNHOHWRQ��ZLWK�DQ\� ODEHOHG� OHXNRF\WH� DFWLYLW\� RXWVLGH� WKLV�GLVWULEXWLRQ�DVFULEHG�WR�LQIHFWLRQ��7KH�GLVWULEXWLRQ�RI� KHPDWRSRLHWLFDOO\� DFWLYH� PDUURZ� H[WUHPHO\�YDULDEOH�� DQG� LV� DIIHFWHG� E\� PDQ\� FRQGLWLRQV�LQFOXGLQJ� WXPRUV�� IUDFWXUHV�� KHPRO\WLF� DQHPLDV��DQG� HYHQ� RUWKRSHGLF� KDUGZDUH�� &OHDUO\� WKHQ�� WKH�H[SODQDWLRQ�IRU�WKH�LQFRQVLVWHQW�UHVXOWV�UHSRUWHG�IRU�ODEHOHG� OHXNRF\WH� LPDJLQJ� LV� DQ� LQDELOLW\� WR�GLVWLQJXLVK� XSWDNH� RI� ODEHOHG� OHXNRF\WHV� LQ�LQIHFWLRQ� IURP� XSWDNH� LQ� DEHUUDQWO\� ORFDWHG�� EXW�RWKHUZLVH�QRUPDO��PDUURZ��3HUIRUPLQJ� ERQH� PDUURZ� LPDJLQJ� ZLWK� 7F ���P�VXOIXU�FROORLG�KDV�FLUFXPYHQWHG�WKLV�SUREOHP��%RWK�ODEHOHG� OHXNRF\WHV� DQG� VXOIXU� FROORLG� DFFXPXODWH�LQ� WKH� ERQH�PDUURZ�� EXW� RQO\� ODEHOHG� OH XNRF\WHV�DFFXPXODWH� LQ� LQIHFWLRQ�� 7KXV�� RQ� FRPELQHG�ODEHOHG� OHXNRF\WH�� PDUURZ� LPDJLQJ�� ZKHQ� WKH�GLVWULEXWLRQ� RI� WKH� WZR� WUDFHUV� LV� VLPLODU�� RU�VSDWLDOO\�FRQJUXHQW�� WKH� ODEHOHG� OHXNRF\WH�DFWLYLW\�LV� GXH� WR� WKH� SUHVHQFH� RI�PDUURZ��:KHQ� WKHUH� LV�DFWLYLW\� RQ� WKH� ODEHOHG� OHXNRF\WH� LPDJHV� ZLWKRXW�FRUUHVSRQGLQJ� DFWLYLW\� RQ� VXOIXU� FROORLG� LPDJHV��ODEHOHG� OHXNRF\WH� XSWDNH� LV� GXH� WR� LQIHFWLRQ��7KH�UHVXOWV�RI�FRPELQHG�OHXNRF\WH�PDUURZ�LPDJLQJ�RI�SURVWKHWLF� MRLQWV� KDYH� EHHQ� XQLIRUPO\� H[FHOOHQW�ZLWK�DQ�DFFXUDF\�RI�����RU�JUHDWHU��'DWD�IURP�RXU�RZQ� LQVWLWXWLRQ� VXJJHVW� WKDW� WKH� VHQVLWLYLW\� RI� WKH�VWXG\�LV�QRW�DIIHFWHG�E\�DQWLELRWLF�WKHUDS\�
,QYHVWLJDWLRQDO�$JHQWV
/HXNRF\WH�PDUURZ�VFLQWLJUDSK\��WKRXJK�H[WUHPHO\�DFFXUDWH�� LV� KDPSHUHG� E\� VLJQLILFDQW� OLPLWDWLRQV�DQG�VHYHUDO�PHWKRGV�RI�ODEHOLQJ�OHXNRF\WHV� LQ�YLYR

KDYH� EHHQ� LQYHVWLJDWHG�� LQFOXGLQJ� SHSWLGHV� DQG�DQWLJUDQXORF\WH� DQWLERGLHV�DQWLERG\� IUDJPHQWV��7KH� RQO\� VXFK� DJHQW� FXUUHQWO\� XQGHU� DFWLYH�LQYHVWLJDWLRQ� LQ� WKH� 8�6�$�� LV� D� ��P7F�ODEHOHG�PXULQH� ,J0� PRQRFORQDO� DQWLERG\�� ZKLFK� ELQGV�ZLWK� D� YHU\� KLJK� DIILQLW\� WR� &'���� UHFHSWRUV�SUHVHQW� RQ� WKH� VXUIDFH� PHPEUDQH� RI� KXPDQ�SRO\PRUSKRQXFOHDU� OHXNRF\WHV�� �$FFXPXODWLRQ� RI�WKLV� DJHQW� DW� VLWHV� RI� LQIHFWLRQ� LV� SUREDEO\�GXH� WR�ELQGLQJ�RI� WKH� DQWLERG\� WR�FLUFXODWLQJ�QHXWURSKLOV�ZKLFK� VXEVHTXHQWO\� PLJUDWH� WR� WKH� QLGXV� RI�LQIHFWLRQ�� DV�ZHOO� DV� WR� GLIIXVLRQ� RI� WKH� DQWLERG\�DFURVV� FDSLOODU\� PHPEUDQHV� ZLWK� VXEVHTXHQW�ELQGLQJ� WR� QHXWURSKLOV� DOUHDG\� VHTXHVWHUHG� LQ� D�IRFXV� RI� LQIHFWLRQ��'DWD� IURP�RXU�RZQ� LQVWLWXWLRQ�VXJJHVW� WKDW� WKLV� DJHQW� PD\� EH D� VXLWDEOH�DOWHUQDWLYH� WR� WKH� LQ�YLWUR ODEHOHG� OHXNRF\WH�SURFHGXUH��DOWKRXJK�RSWLPDO�LPDJLQJ�WLPHV�DQG�WKH�QHHG�IRU�FRPSOHPHQWDU\�PDUURZ�LPDJLQJ�KDYH�\HW�WR�EH�GHWHUPLQHG�7KHUH�DUH�GDWD�WKDW�VXJJHVW�WKDW� ��)'*�LV�XVHIXO�IRU�GHWHFWLQJ� PXVFXORVNHOHWDO� LQIH FWLRQ�� $Q\� SURFHVV�WKDW�LQYROYHV�LQFUHDVHG�FHOOXODU�UHVSLUDWLRQ��DV�VHHQ�LQ� LQIHFWLRQ�� LQIODPPDWLRQ�� UHSDUDWLYH� VWDWH�� RU�WXPRUV�� LV�H[SHFWHG� WR�VKRZ�LQFUHDVHG�DFWLYLW\�RQ�)'*�3(7�LPDJLQJ��2QH�JURXS�RI�LQYHVWLJDWRUV�KDV�UHFHQWO\� UHSRUWHG� WKDW� DOWKRXJK� WKH� WHFKQLTXH� LV�YHU\�DFFXUDWH�IRU�GHWHFWLQJ�LQIHFWHG�KLS�SURVWKHVHV�IDOVH� SRVLWLYH� UHVXOWV� ZHUH� HQFRXQWHUHG� LQ� WKH�HYDOXDWLRQ�RI�NQHH�SURVWKHVHV��2XU�RZQ�H[SHULHQFH�VXJJHVWV� WKDW� WKH� WHFKQLTXH�FDQQRW�GLVWLQJXLVK� WKH�LQIODPHG�DVHSWLFDOO\� ORRVHQHG�SURVWKHVLV� IU RP� WKH�LQIHFWHG�RQH��UHJDUGOHVV�RI�WKH�ORFDWLRQ��7KLV�LV�QRW�VXUSULVLQJ�ZKHQ�RQH�FRQVLGHUV�WKDW�)'*�XSWDNH�LV�GHSHQGHQW�RQ�WLVVXH�PHWDEROLVP��,QIODPPDWLRQ�DQG�LQIHFWLRQ� DUH� ERWK� K\SHUPHWDEROLF� VWDWHV� DQG�ZLOO�WKHUHIRUH� EH� PDQLIHVW� DV� DUHDV� RI� LQFUHDVHG�DFWLYLW\�
&21&/86,21
:KLOH� PDQ\� RI� WKH� FRPSOLFDWLRQV� RI� MRLQW�UHSODFHPHQW� VXUJHU\� FDQ� EH� HDVLO\� GLDJQRVHG� DQG�WUHDWHG�� GLIIHUHQWLDWLQJ� DVHSWLF� ORRVHQLQJ� IURP�LQIHFWLRQ�UHPDLQV�D�GDXQWLQJ�WDVN��7KH�UHODWLRQVKLS�EHWZHHQ� DVHSWLF� ORRVHQLQJ� DQG� LQIODPPDWLRQ�PDNHV� QRQVSHFLILF� LQGLFDWRUV� RI� LQIODPPDWLRQ� RI�OLPLWHG� XWLOLW\�� 'HVSLWH� LWV� QRW� LQVLJQLILFDQW�OLPLWDWLRQV�� FRPELQHG� OHXNRF\WH�PDUURZ�VFLQWLJUDSK\� UHPDLQV� WKH� SURFHGXUH� RI� FKRLFH� IRU�GLDJQRVLQJ� WKH� LQIHFWHG� MRLQW� UHSODFHPHQW�� 7R� EH�VXFFHVVIXO�� IXWXUH� LQYHVWLJDWLRQV� ZLOO� QHHG� WR�
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FRQWLQXH� WR� IRFXV� RQ� PHWKRGV� RI� ODEHOLQJ�QHXWURSKLOV� LQ�YLYR�� RU�� SHUKDSV�� RQ� GHYHORSLQJ�EDFWHULD�VSHFLILF�WUDFHUV�
5(6802
e� GLItFLO� GLIHUHQFLDU� R� DIURX[DPHQWR� DVVpSWLFR� GR�LQIHFFLRVR�FRPR�FDXVD�GD�IDOrQFLD�GH�XPD�SUyWHVH�DUWLFXODU� SRLV� DPEDV� DV� HQWLGDGHV� VmR� VLPLODUHV�FOLQLFD� H� KLVWRSDWRORJLFDPHQWH�� 2� DIURX[DPHQWR�DVVpSWLFR� IUHTXHQWHPHQWH� UHVXOWD� GH� XPD� UHDomR�LPXQH�j�SUyWHVH��+i�LQIODPDomR�FRP�R�LQIOX[R�GH�KLVWLyFLWRV�� FpOXODV� JLJDQWHV�� OLQIyFLWRV� H�SODVPyFLWRV��&LWRFLQDV�SUy�LQIODPDWyULDV�H�HQ]LPDV�SURWHROtWLFDV� VmR� VHFUHWDGDV� FDXVDQGR� RVWHyOLVH� H�DIURX[DPHQWR�� (VWHV�PHVPRV� HYHQWRV� RFRUUHP�QD�LQIHFomR�� H[FHWR� TXH� RV� QHXWUyILORV� UDUDPHQWH�SUHVHQWHV�QR�DIURX[DPHQWR��HVWmR�LQYDULDYHOPHQWH�SUHVHQWHV� QD� LQIHFomR�� 2V� VLQDLV� H� VLQWRPDV�FOtQLFRV�� RV� WHVWHV� ODERUDWRULDLV�� UDGLRJUDILDV� H�DVSLUDGRV� GD� DUWLFXODomR� QmR� DSUHVHQWDP�VHQVLELOLGDGH�� HVSHFLILFLGDGH� RX� DPERV��$UWHIDWRV�SURGX]LGRV�SHORV�DSDUHOKRV�PHWiOLFRV�GLILFXOWDP�DV�LPDJHQV� FURVV�VHFFLRQDLV�� $� LPDJHP� FRP�UDGLRQXFOtGHRV� QmR� p� DIHWDGD� SHOD� SUHVHQoD� GH�DSDUHOKRV�PHWiOLFRV� H� p�PXLWR� ~WLO� SDUD� DYDOLDomR�GH� SUyWHVHV� GRORURVDV�� $� FLQWLJUDILD� yVVHD�� FRP�XPD� DFXUiFLD� GH� ��� D�����p�XP� WHVWH�YDOLRVR�GH�UDVWUHDPHQWR�� GHVGH� TXH� XP� UHVXOWDGR� QRUPDO�H[FOXL�FRPSOLFDo}HV�GD�SUyWHVH�� �&RP�R�JiOLR �����XP� DJHQWH� QmR�HVSHFtILFR� � SDUD� LPDJHQV�LQIODPDWyULDV�� � Ki� XPD� PHOKRUD� GH� �� D� ���� QD�DFXUiFLD� GD� FLQWLJUDILD� yVVHD��$� DFXUiFLD� GH� ����UHVXOWDQWH� GD� FRPELQDomR� GH� LPDJHQV��OHXFyFLWR�PHGXOD� yVVHD� p� XPD� GDV� PDLV� DOWDV�H[LVWHQWHV� HQWUH� RV� HVWXGRV� GLVSRQtYHLV� FR P�UDGLRQXFOtGHRV��6HX�VXFHVVR�p�GHYLGR�DR�IDWR�TXH�DLPDJHP� FRP� OHXFyFLWRV� p� PDLV� VHQVtYHO� SDUD�GHWHFWDU�LQIODPDo}HV�PHGLDGDV�SRU�QHXWUyILORV��$V�FRQGLo}HV� LQIODPDWyULDV� FRP� SRXFRV� QHXWUyILORV��PHVPR� TXH� RXWURV� OHXFyFLWRV� SRVVDP� HVWDU�SUHVHQWHV� HP� JUDQGH� TXDQWLGDGH� �WDLV� FRPR� QR�DIURX[DPHQWR�DVVpSWLFR�GDV�SUyWHVHV�DUWLFXODUHV��VHJXHP� LQGHFWiYHLV�� 2� VXFHVVR� GD� LPDJHP�OHXFyFLWR�PHGXOD�yVVHD�p�PRGHUDGR�SRU�OLPLWDo}HV�QD� PDUFDomR� LQ�YLWUR�� 3DUHFH� VHU� SURPLVVRUD� D�PDUFDomR� LQ�YLYR� FRP� DQWLFRUSRV� PXULQRV�PRQRFORQDLV� DQWL�JUDQXOyFLWRV�� $OJXQV� WUDEDOKRV�WrP� VLGR� GLUHFLRQDGRV� SDUD� D� LPDJHP� FRP� ) ����)'*��HPERUD�D�HVSHFLILFLGDGH�VHMD�XPD�SUREOHPD�FRP�HVWH�DJHQWH�

5()(5(1&(6
$VKEURRNH��$��%��DQG�&DOYHUW��3��7����������%RQH�VFDQ�DSSHDUDQFHV� DIWHU� XQFHPHQWHG� KLS� UHSODFHPHQW�� -��5R\DO�6RF��0HG���������������'DQLHOV��$��8���7RRPV��5��(��DQG�+DUNHVV��-��:����������$UWKURSODVW\�� ,QWURGXFWLRQ� DQG� RYHUYLHZ�� ,Q� &DQDOH�67��HG���&DPSEHOO¶V�2SHUDWLYH�2UWKRSDHGLFV���WK HG����6W��/RXLV��0RVE\��SS����������'HOOD� 9DOOH�� &�� -��� %RJQHU�� (�� DQG� 'HVDL�� 3�� HW� DO����������$QDO\VLV� RI� IUR]HQ� VHFWLRQV� RI� LQWUDRSHUDWLYH�VSHFLPHQV� REWDLQHG� DW� WKH� WLPH� RI� UHRSHUDWLRQ� DIWHU�KLS�RU�NQHH�UHVHFWLRQ�DUWKURSODVW\�IRU�WKH�WUHDWPHQW�RI�LQIHFWLRQ��-��%RQH�	�-RLQW�6XUJ������$����������)HOGPDQ�� '�� 6�� /RQQHU�� -�� +��� 'HVDL�� 3�� DQG�=XFNHUPDQ�� -�� '�� �������� 7KH� UROH� RI� LQWUDRSHUDWLYH�IUR]HQ� VHFWLRQV� LQ� UHYLVLRQ� WRWDO� MRLQW� DUWKURSODVW\��-��%RQH�	�-RLQW�6XUJ������$������������*X\WRQ�� -�� /�� ��������$UWKURSODVW\� RI� DQNOH� DQG� NQHH��,Q� &DQDOH� 67� �HG��&DPSEHOO¶V� 2SHUDWLYH�2UWKRSDHGLFV���WK HG����6W�/RXLV��0RVE\��SS������ ����+DQVVHQ��$��'��DQG�5DQG��-��$����������(YDOXDWLRQ�DQG�WUHDWPHQW�RI�LQIHFWLRQ�DW�WKH�VLWH�RI�D�WRWDO�KLS�RU�NQHH�DUWKURSODVW\��-��%RQH�	�-RLQW�6XUJ������$����������+DUNHVV�� -��:�� ��������$UWKURSODVW\� RI� KLS�� ,Q� &DQDOH�67��HG���&DPSEHOO¶V�2SHUDWLYH�2UWKRSDHGLFV���WK HG����6W�/RXLV��0RVE\��SS������ ����+DUULV��:��+��DQG�6OHGJH��&��%�� ��������7RWDO�KLS�DQG�WRWDO�NQHH�UHSODFHPHQW��3DUW�,���1��(QJO��-��0HG����������������+DUULV��:��+��DQG�6OHGJH��&��%�� ��������7RWDO�KLS�DQG�WRWDO� NQHH� UHSODFHPHQW� �3DUW� ,,��� 1�� (QJO�� -�� 0HG����������������/RYH��&���7RPDV��0��%���0DUZLQ��6��(��DQG�3DOHVWUR��&��-�� �������� 7KH� (IIHFW� RI� $QWLELRWLF� 7KHUDS\� RQ� WKH�6HQVLWLYLW\� RI� &RPELQHG� /DEHOHG� /HXNRF\WH�0DUURZ�,PDJLQJ� RI� 6XVSHFWHG� 3URVWKHWLF� -RLQW� ,QIHFWLRQ�� -��1XFO��0HG��������3����/RYH��&���7RPDV��0��%���0DUZLQ��6��(��DQG�3DOHVWUR��&��-�� �������� ,PSURYLQJ� WKH� 6SHFLILFLW\� RI� ��)�)'*�,PDJLQJ� RI� 3DLQIXO� -RLQW� 3URVWKHVHV�� -�� 1XFO�� 0HG��������3�����/RYH��&���7RPDV��0��%���0DUZLQ��6��(���3XJOLHVH��3��9��DQG�3DOHVWUR��&��-����������5ROH�RI�1XFOHDU�0HGLFLQH�LQ� 'LDJQRVLV� RI� WKH� ,QIHFWHG� -RLQW� 5HSODFHPHQW���5DGLR*UDSKLFV����������������0DORQH\��:��-��DQG�6PLWK��5��/����������3HULSURVWKHWLF�RVWHRO\VLV� LQ� WRWDO� KLS� DUWKURSODVW\�� WKH� UROH� RI�SDUWLFXODWH� ZHDU� GHEULV�� -�� %RQH� -RLQW� 6XUJ��� ���$������������1DWLRQDO� ,QVWLWXWH� RI� +HDOWK�� 'HHS� ,QIHFWLRQV� RI�������7RWDO� -RLQW� 5HSODFHPHQW�� �'HF�� ������� 3$� 1XPEHU�3$��������3DOHVWUR�� &�� -�� ��������0XVFXORVNHOHWDO� LQIHFWLRQ�� ,Q�)UHHPDQ� /0� �HG�� 1XFOHDU� 0HGLFLQH� $QQXDO� ������1HZ�<RUN��5DYHQ�3UHVV��SS���������
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3DOHVWUR��&�� -�� DQG�7RUUHV��0��$�� ��������5DGLRQXFOLGH�LPDJLQJ� LQ� RUWKRSHGLF� LQIHFWLRQV�� 6HP�� 1XFO�� 0HG���������������3DOHVWUR��&�� -���.LP��&��.���6Z\HU��$�� -�� HW� DO����������7RWDO� KLS� DUWKURSODVW\�� SHULSURVWKHWLF� LQGLXP�����ODEHOHG� OHXNRF\WH� DFWLYLW\� DQG� FRPSOHPHQWDU\�WHFKQHWLXP���P�VXOIXU� FROORLG� LPDJLQJ� LQ� VXVSHFWHG�LQIHFWLRQ��-��1XFO��0HG�����������������3DOHVWUR��&��-���.LSSHU��6��/���:HLODQG��)��/���/RYH��&��DQG�7RPDV��0��%�� ��������'LDJQRVLQJ�2VWHRP\HOLWLV�ZLWK� D� 7HFKQHWLXP���P� /DEHOHG� $QWL�*UDQXORF\WH�$QWLERG\�� &RPSDULVRQ� ZLWK� ,QGLXP�����/DEHOHG�/HXNRF\WHV�,QLWLDO�5HVXOWV��5DGLRORJ\���������������3DOHVWUR��&��-���6Z\HU��$��-���.LP��&��.��DQG�*ROGVPLWK��6��-����������,QIHFWHG�NQHH�SURVWKHVHV��GLDJQRVLV�ZLWK�,Q�����OHXNRF\WH��7F���P�VXOIXU�FROORLG��DQG�7F���P�0'3�LPDJLQJ��5DGLRORJ\���������������6HDEROG�� -�� (��� 3DOHVWUR��&�� -�� DQG�%URZQ��0��/�� HW� DO��������� 6RFLHW\� RI� 1XFOHDU� 0HGLFLQH� 3URFHGXUH�*XLGHOLQH�)RU�*DOOLXP�6FLQWLJUDSK\�LQ�,QIODPPDWLRQ��6RF�� 1XFO�� 0HG�� 3URFHGXUH� *XLGHOLQHV� 0DQXDO�������������6SDQJHKO�� 0�� -��� 0DVUL�� %�� $��� 2¶&RQQHOO�� -�� ;�� DQG�'XQFDQ�� &�3�� �������� 3URVSHFWLYH� DQDO\VLV� RI�SUHRSHUDWLYH� DQG� LQWUDRSHUDWLYH� LQYHVWLJDWLRQV� IRU� WKH�GLDJQRVLV�RI�LQIHFWLRQ�DW�WKH�VLWHV�RI�WZR�KXQGUHG�DQG�WZR� UHYLVLRQ� WRWDO�KLS�DUWKURSODVWLHV��-��%RQH�	�-RLQW�6XUJ������$����������
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