
,H&�*(2� ��,QWHUQDWLRQDO�H�&RQIHUHQFH�RQ�0RGHUQ�7UHQGV�LQ�*HRWHFKQLFDO�(QJLQHHULQJ��*HRWHFKQLFDO�&KDOOHQJHV�DQG�6ROXWLRQV�$�1HZ�$QDO\WLFDO�0HWKRG�IRU�WKH�$[LDO�&RPSUHVVLYH�6WDWLF�&DSDFLW\�RI�7DSHUHG�'ULYHQ�3LOHV�LQ�&RDUVH�*UDLQ�6RLO�-RKQ�6��+RUYDWK��3K�'���3�(�

$�1HZ�$QDO\WLFDO�0HWKRG�IRU�WKH�$[LDO�&RPSUHVVLYH�6WDWLF�&DSDFLW\�RI7DSHUHG�'ULYHQ�3LOHV�LQ�&RDUVH�*UDLQ�6RLO
-RKQ�6��+RUYDWK��3K�'���3�(�3URIHVVRU�RI�&LYLO�(QJLQHHULQJ�DQG�)RXQGLQJ�'LUHFWRU�&HQWHU�IRU�*HRWHFKQRORJ\0DQKDWWDQ�&ROOHJH%URQ[��1HZ�<RUN�������������8�6�$�HPDLO��MRKQ�KRUYDWK#PDQKDWWDQ�HGX

$%675$&7� 7DSHUHG�GULYHQ�SLOHV�KDYH�EHHQ�XVHG�IRU�WKRXVDQGV�RI�\HDUV�DQG�DUH�RIWHQ�WKH�PRVW�FRVW�HIIHFWLYHGULYHQ�SLOH� DOWHUQDWLYH� IRU� �IULFWLRQ� SLOHV�� LQ� FRDUVH�JUDLQ� VRLO�� +RZHYHU�� IRU� D� YDULHW\� RI� UHDVRQV� WKH\� UHPDLQUHODWLYHO\�XQNQRZQ�DQG�XQGHUXWLOL]HG� LQ�PDQ\�DUHDV��2QH� UHDVRQ� LV� WKH� ODFN�RI�D� UHODWLYHO\� VLPSOH�\HW� UHOLDEOHDQDO\WLFDO�PHWKRG�IRU�FDOFXODWLQJ�WKHLU�D[LDO�FRPSUHVVLYH�JHRWHFKQLFDO�FDSDFLW\�XQGHU�VWDWLF�ORDG�FRQGLWLRQV��7KLVSDSHU� RXWOLQHV� D� QHZO\� GHYHORSHG� DQDO\WLFDO� PHWKRGRORJ\� WKDW� VHHNV� WR� RYHUFRPH� WKLV�� 7KLV� PHWKRGRORJ\LQWHJUDWHV�D�VWDWH�RI�DUW�VLWH�FKDUDFWHUL]DWLRQ�DOJRULWKP�ZLWK�D�FDSDFLW\�FDOFXODWLRQ�DOJRULWKP�WKDW�DSSUR[LPDWHO\PRGHOV� F\OLQGULFDO�FDYLW\� H[SDQVLRQ�� $V� GHPRQVWUDWHG� FRQFOXVLYHO\� E\� .RGLNDUD� FD�� ������ F\OLQGULFDO�FDYLW\H[SDQVLRQ�LV�WKH�WUXH�ZD\�LQ�ZKLFK�WDSHUHG�SLOHV�GHYHORS�WKHLU�FDSDFLW\�XQGHU�D[LDO�FRPSUHVVLYH�ORDGLQJ��$V�VXFKLW� UHSUHVHQWV�ZKDW� LV� QRZ� UHFRJQL]HG� DV� WKH� WKLUG� FDSDFLW\�PHFKDQLVP� IRU� GHHS� IRXQGDWLRQV� LQ� DGGLWLRQ� WR� WKHWUDGLWLRQDO� PHFKDQLVPV� RI� VLGH� IULFWLRQ� DQG� HQG� EHDULQJ�� $Q� LPSRUWDQW� DVSHFW� RI� WKH� DQDO\WLFDO� PHWKRGRORJ\RXWOLQHG�LQ�WKLV�SDSHU�LV�WKDW�LW�RQO\�UHTXLUHV�W\SLFDO�VLWH�H[SORUDWLRQ�DQG�ODERUDWRU\�WHVWLQJ�GDWD�DV�LQSXW�DQG�FDQEH� VROYHG� E\� PDQXDO� FDOFXODWLRQ� LI� GHVLUHG�� 7KLV� SDSHU� FRQFOXGHV� E\� VKRZLQJ� WKH� UHVXOWV� RI� DSSO\LQJ� WKLVDQDO\WLFDO�PHWKRGRORJ\�WR�D�YDULHW\�RI�WDSHUHG�SLOHV�WKDW�ZHUH�GULYHQ�DQG�ORDG�WHVWHG�WR�JHRWHFKQLFDO�IDLOXUH�DW�WKH-RKQ�)��.HQQHG\� ,QWHUQDWLRQDO�$LUSRUW� LQ�1HZ�<RUN�&LW\� RYHU� D� SHULRG� RI� ��� \HDUV�� 7KH� DJUHHPHQW� EHWZHHQPHDVXUHG�DQG�FDOFXODWHG�FDSDFLWLHV�LV�FRQVLGHUHG�YHU\�JRRG�
.(<� :25'6� WDSHUHG� SLOHV�� GULYHQ� SLOHV�� SLOHV�� GHHS� IRXQGDWLRQV�� D[LDO�FRPSUHVVLYH� FDSDFLW\�� F\OLQGULFDOFDYLW\�H[SDQVLRQ��VLWH�FKDUDFWHUL]DWLRQ
,1752'8&7,21
'ULYHQ�SLOHV�ZLWK�D�GHSWK�YDULDEOH�FLUFXPIHUHQFH�RU�SHULPHWHU�RYHU�DOO�RU�DW�OHDVW�SDUW�RI�WKHLU�OHQJWK�DUH�FDOOHGWDSHUHG�GULYHQ�SLOHV RU�VLPSO\�WDSHUHG�SLOHV��7KH\�KDYH�ORQJ�EHHQ�UHFRJQL]HG�DV�WKH�PRVW�FRVW�HIIHFWLYH�GULYHQ�SLOH�DOWHUQDWLYH�WR�XVH�LQ�DSSOLFDWLRQV�FDOOLQJ�IRU��IULFWLRQ�SLOHV���HVSHFLDOO\�LQ�FRDUVH�JUDLQ�VRLO�FRQGLWLRQV�>3HFN����@��,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW��RQ�RQH�KDQG��WDSHUHG�SLOHV�DUH�WKH�ROGHVW� W\SH�RI�SLOH�EHFDXVH�KXPDQV�KDYHEHHQ�XVLQJ�QDWXUDOO\�WDSHUHG�WLPEHU��ZRRG��SLOHV�IRU� WKRXVDQGV�RI�\HDUV��2Q�WKH�RWKHU�KDQG�� LQ�PDQ\�FRXQWULHVWDSHUHG�SLOHV�DUH�UHODWLYHO\�XQNQRZQ�DQG�RU�KDYH�EHHQ�XQGHUXWLOL]HG�WR�GDWH�IRU�D�YDULHW\�RI�UHDVRQV�7KHUH� LV� HYLGHQFH� WKDW� WKLV� FXUUHQW� VWDWH� RI� WDSHUHG�SLOH� XQGHUXWLOL]DWLRQ� LV� VORZO\� FKDQJLQJ� DV� WKH� UHVXOW� RIUHFHQW� UHQHZHG� LQWHUHVW� DQG� GHYHORSPHQW� IURP� VHYHUDO� LQGHSHQGHQW� VRXUFHV�� 7KHVH� RYHUDOO� GHYHORSPHQWV� DUHGLVFXVVHG�LQ�GHWDLO�E\�+RUYDWK������E��DV�SDUW�RI�D�ODUJHU�GLVFXVVLRQ�RI�WDSHUHG�SLOHV��7KLV�SDSHU�IRFXVHV�RQ�RQHDVSHFW� RI� WKHVH� UHFHQW� GHYHORSPHQWV�� DQ� LPSURYHG� DQDO\WLFDO� PHWKRG� IRU� FDOFXODWLQJ� WKH� XOWLPDWH� D[LDO�FRPSUHVVLYH�JHRWHFKQLFDO�FDSDFLW\�XQGHU�VWDWLF�ORDGLQJ�DQG�FRDUVH�JUDLQ�VRLO�FRQGLWLRQV�
%$&.*5281'
7KH�PRVW� VLJQLILFDQW�GHYHORSPHQW� WR�GDWH�ZLWK� UHJDUG� WR�FDOFXODWLQJ� WKH� D[LDO�FRPSUHVVLYH� VWDWLF� FDSDFLW\� RIWDSHUHG�SLOHV�RFFXUUHG�RQO\�UHODWLYHO\�UHFHQWO\��7KLV�ZDV�WKH�UHVHDUFK�RI�.RGLNDUD�FD��������.RGLNDUD�DQG�0RRUH������WKDW��IRU� WKH�ILUVW� WLPH��FRQFOXVLYHO\�GHPRQVWUDWHG�WKH�VRLO�PHFKDQLFV�PHFKDQLVP�E\�ZKLFK� WDSHUHG�SLOHVGHYHORS�WKHLU�UHVLVWDQFH�WR�D[LDO�FRPSUHVVLYH�ORDGLQJ��.RGLNDUD
V� WKHRUHWLFDOO\�ULJRURXV�ZRUN� LGHQWLILHG�ZKDW�LVQRZ� IRUPDOO\� UHFRJQL]HG� DV� D� WKLUG� FDSDFLW\� PHFKDQLVP�� FDOOHG�F\OLQGULFDO�FDYLW\� H[SDQVLRQ�� IRU� GHHSIRXQGDWLRQV��7KLV�PHFKDQLVP�LV� LQ�DGGLWLRQ� WR� WKH� ORQJ�UHFRJQL]HG� WUDGLWLRQDO�PHFKDQLVPV�RI� VLGH� IULFWLRQ�DQGHQG�EHDULQJ�.RGLNDUD
V� DQDO\WLFDO� PHWKRG� UHSUHVHQWV� D� VLJQLILFDQW�� ODQGPDUN� LPSURYHPHQW� RYHU� H[LVWLQJ�� WUDGLWLRQDOPHWKRGV� XVHG� IRU� FDOFXODWLQJ� WKH� JHRWHFKQLFDO� FDSDFLW\� RI� WDSHUHG� SLOHV� XQGHU� D[LDO�FRPSUHVVLYH� ORDGLQJ�� H�J�1RUGOXQG� ������� DQG� 0H\HUKRI� �������� +RZHYHU�� .RGLNDUD
V� PHWKRG� LV� UDWKHU� FRPSOH[� PDWKHPDWLFDOO\� DQGUHTXLUHV�D� FRPSXWHU�VROYHG� QXPHULFDO� VROXWLRQ��:KLOH� WKLV� LV� QRW� DQ� LPSHGLPHQW� WR� LWV� HYHQWXDO� XVH� LQ� URXWLQHSUDFWLFH�LW�GRHV�SUHVHQW�D�OLPLWDWLRQ�IRU�WKH�LPPHGLDWH�IXWXUH�



�

,H&�*(2� ��,QWHUQDWLRQDO�H�&RQIHUHQFH�RQ�0RGHUQ�7UHQGV�LQ�*HRWHFKQLFDO�(QJLQHHULQJ��*HRWHFKQLFDO�&KDOOHQJHV�DQG�6ROXWLRQV�$�1HZ�$QDO\WLFDO�0HWKRG�IRU�WKH�$[LDO�&RPSUHVVLYH�6WDWLF�&DSDFLW\�RI�7DSHUHG�'ULYHQ�3LOHV�LQ�&RDUVH�*UDLQ�6RLO�-RKQ�6��+RUYDWK��3K�'���3�(�

7R�EULGJH�WKH�JDS�LQ�WLPH�XQWLO�VRIWZDUH�FRQWDLQLQJ�.RGLNDUD
V�DQDO\WLFDO�PHWKRG�LV�PRUH�ZLGHO\�DYDLODEOH�WRIRXQGDWLRQ� HQJLQHHUV� LQ� SUDFWLFH�� WKH� DXWKRU� GHYHORSHG� DQ� LQWHULP� LPSURYHG�PHWKRG� IRU� FDOFXODWLQJ� WKH� D[LDO�FRPSUHVVLYH�JHRWHFKQLFDO�FDSDFLW\�RI�WDSHUHG�SLOHV��+RUYDWK��������$W�WKH�SUHVHQW�WLPH��WKLV�PHWKRG�LV�OLPLWHG�WRDSSOLFDWLRQV�ZKHUH�FRDUVH�JUDLQ� VRLO� LV� WKH� VROH�RU� DW� OHDVW�SUHGRPLQDQW�EHDULQJ�PDWHULDO��7KH�REMHFWLYH�RI� WKLVSDSHU�LV� WR�RXWOLQH�WKLV� LQWHULP�PHWKRG��ZKLFK�ZDV�UHFHQWO\�XSGDWHG��+RUYDWK�����D���VR� WKDW� LW�FDQ�EH�XVHG� LQSUDFWLFH�� ,Q� DGGLWLRQ�� WKH� UHVXOWV� RI� UHFHQW� UHVHDUFK� LQWR� WKH� DSSOLFDWLRQ� RI� WKLV� LQWHULP�PHWKRG� WR� D� YDULHW\� RIWDSHUHG�SLOHV�ZLOO�EH�LOOXVWUDWHG�
,17(5,0�,03529('�$1$/<7,&$/�0(7+2'�)25�7$3(5('�3,/(6��0(7+2'2/2*<
2YHUYLHZ
7KH� DQDO\WLFDO� PHWKRG� GHYHORSHG� E\� WKH� DXWKRU� DQG� SUHVHQWHG� KHUH� KDV� WZR� GLVWLQFW� FRPSRQHQWV�� D� VLWH�FKDUDFWHUL]DWLRQ� DOJRULWKP� DQG� D� SLOH�FDSDFLW\� DOJRULWKP�� 1RWH� WKDW� WKHVH� WZR� DOJRULWKPV� DUH� FRQFHSWXDOO\LQGHSHQGHQW�� ,Q� IDFW� WKH� VLWH�FKDUDFWHUL]DWLRQ� DOJRULWKP�ZDV� ILUVW� GHYHORSHG� DQG� XVHG� WR� VROYH� WKH� SUREOHP� RIVKDOORZ�IRXQGDWLRQ�EHDULQJ�FDSDFLW\��+RUYDWK�����D������E��7KH�PHWKRG�SUHVHQWHG�LQ�WKLV�SDSHU�LV�FRQVLGHUHG�LQQRYDWLYH�IRU�VHYHUDO�UHDVRQV�
x 6LWH�FKDUDFWHUL]DWLRQ�XVLQJ�VWDWH�RI�DUW�FRUUHODWLRQV� LV�XVHG�H[WHQVLYHO\� WR�SURGXFH�DOO� VWUHVV�VWDWH�� VWUHQJWKDQG�VWLIIQHVV�SDUDPHWHUV�QHFHVVDU\�IRU�SLOH�FDSDFLW\�FDOFXODWLRQ��$OWKRXJK�VLWH�FKDUDFWHUL]DWLRQ�KDV�DOZD\VEHHQ�D�IXQGDPHQWDO�SDUW�RI�DQ\�JHRWHFKQLFDO� LQYHVWLJDWLRQ�� LQ�WKLV�FDVH�WKH�VLWH�FKDUDFWHUL]DWLRQ�SURFHVV�LVLQWLPDWHO\�DQG�VHDPOHVVO\� LQWHJUDWHG� LQWR� WKH�FDSDFLW\�FDOFXODWLRQ�DOJRULWKP��7KLV� LV� WR�SURYLGH� LQSXW� LQWRWKH�FDSDFLW\�FDOFXODWLRQ�DOJRULWKP�WKDW�LV�UDWLRQDOO\�GHYHORSHG�WR�WKH�JUHDWHVW�H[WHQW�SUDFWLFDEOH�x $Q�LPSRUWDQW�DVSHFW�RI�WKH�VLWH�FKDUDFWHUL]DWLRQ�DOJRULWKP�LV�WKDW�GHVSLWH�LWV�XVLQJ�VWDWH�RI�DUW�FRUUHODWLRQV�LWLV�VLPSOH�WR�XVH��,W�FDQ�EH�VROYHG�PDQXDOO\�LI�GHVLUHG�RU�QHFHVVDU\�DOWKRXJK�XVLQJ�D�FRPSXWHU�JUHDWO\�VSHHGVXS�WKH�ZRUN�� ,Q�DGGLWLRQ�� WKH� LQSXW� UHTXLUHG�IRU� WKH�VLWH�FKDUDFWHUL]DWLRQ�DOJRULWKP�DUH�GDWD� WKDW�ZRXOG�EHGHYHORSHG� DV� SDUW� RI� DQ\� W\SLFDO� VLWH�LQYHVWLJDWLRQ� SURJUDP�� 7KH� SULPDU\� UHTXLUHG� LQSXW� GDWD� DUH� WLSUHVLVWDQFHV��TF�� IURP� DQ\� W\SH� RI� FRQH� SHQHWURPHWHU� �&37�� VRXQGLQJ� DOWKRXJK� 6WDQGDUG� 3HQHWUDWLRQ� 7HVW�637��1 YDOXHV�FDQ�EH�XVHG�DV�DQ�DOWHUQDWLYH�LI�&37�GDWD�DUH�QRW�DYDLODEOH��,Q�DGGLWLRQ��UHDVRQDEO\�DFFXUDWHLQIRUPDWLRQ�LV�UHTXLUHG�FRQFHUQLQJ�SLH]RPHWULF�OHYHOV�DQG�VRLO�GHQVLW\�XQLW�ZHLJKW�VR�WKDW�YHUWLFDO�HIIHFWLYHRYHUEXUGHQ�VWUHVVHV�FDQ�EH�FDOFXODWHG�DFFXUDWHO\�x $OWKRXJK� WKH� FDSDFLW\�FDOFXODWLRQ� DOJRULWKP� GRHV� QRW� LQFRUSRUDWH� .RGLNDUD
V� ULJRURXV� FDYLW\�H[SDQVLRQVROXWLRQ� IRU� WKH� WDSHUHG�SRUWLRQ�RI� D� SLOH�� LW� GRHV� UHFRJQL]H� WKH� FDSDFLW\�PHFKDQLVP�RI� F\OLQGULFDO�FDYLW\H[SDQVLRQ�LQGLUHFWO\�E\�FRQVLGHULQJ�WKH�LQIOXHQFH�RI�WDSHU�DQJOH�RQ�FDOFXODWHG�FDSDFLW\�x 7KH� FDSDFLW\�FDOFXODWLRQ� DOJRULWKP� UHFRJQL]HV� WKH� IDFW� WKDW� WKH� UHVLVWDQFH� PRELOL]HG� LQ� DQ\� RI� WKH� WKUHHFDSDFLW\�PHFKDQLVPV��VLGH�IULFWLRQ��F\OLQGULFDO�FDYLW\�H[SDQVLRQ��HQG�EHDULQJ��LV�GLIIHUHQW�IRU�WKH�SHDN�DQGFRQVWDQW�YROXPH��FULWLFDO�VWDWH��VWUHQJWK�FRQGLWLRQV��$OVR�UHFRJQL]HG�LV�WKH�IDFW�WKDW�WKH�PDJQLWXGH�RI�D[LDOGLVSODFHPHQW�RI�D�SLOH�UHODWLYH�WR�WKH�JURXQG�WKDW�LV�QHFHVVDU\�WR�PRELOL]H�HDFK�VWUHQJWK�FRQGLWLRQ�IRU�HDFKFDSDFLW\� PHFKDQLVP� LV� TXLWH� GLIIHUHQW�� :KLOH� WKLV� IDFW� LQ� DQG� RI� LWVHOI� LV� QRW� QRYHO� DQG� LV� URXWLQHO\FRQVLGHUHG�LQ�FXUUHQW�SUDFWLFH�IRU�GULOOHG�VKDIWV��2
1HLOO�DQG�5HHVH��������LW�GRHV�QRW�DSSHDU�WR�EH�URXWLQHO\FRQVLGHUHG�IRU�GULYHQ�SLOHV�DW�WKH�SUHVHQW�WLPH�
6LWH�&KDUDFWHUL]DWLRQ�$OJRULWKP
$V� QRWHG� SUHYLRXVO\�� WKH� SULPDU\� LQSXW� UHTXLUHG� IRU� VLWH� FKDUDFWHUL]DWLRQ� DUH� &37�TF GDWD�� ,I� WKHVH� DUHXQDYDLODEOH��637�ILHOG�1 YDOXHV��1ILHOG��FDQ�EH�XVHG�LQ�D�WZR�SDUW�SURFHVV�DV�IROORZV�x (DFK� SLHFH� RI�1ILHOG GDWD� LV� ILUVW� FRQYHUWHG�� LI� QHFHVVDU\�� WR�1���� WKH� HTXLYDOHQW�1 YDOXH� DW� ���� GULYLQJHIILFLHQF\�� $V� LV� ZHOO� NQRZQ��1�� KDV� EHFRPH� WKH� GH�IDFWR� UHIHUHQFH� HQHUJ\� OHYHO� IRU� WKH� 637�� 7KLVFRQYHUVLRQ� FDQ� EH� GRQH� XVLQJ� HLWKHU� WKH� DYHUDJH� GULYLQJ� HIILFLHQFLHV� DFWXDOO\� PHDVXUHG� DW� WKH� VLWH�SUHIHUUHG��XVLQJ�D�GHYLFH�VXFK�DV�3LOH�'\QDPLFV��,QF�
V�637�$QDO\]HU� RU�HPSLULFDO�FRUUHFWLRQV�EDVHG�RQWKH� W\SH� RI� GULYLQJ� V\VWHP� XVHG� WKDW� KDYH� EHHQ� SXEOLVKHG� LQ� QXPHURXV� SODFHV�� H�J�� 6NHPSWRQ� �������.XOKDZ\�DQG�0D\QH��������x (DFK� SLHFH� RI�1�� GDWD� LV� HPSLULFDOO\� FRQYHUWHG� WR� DQ� HTXLYDOHQW� SLHFH� RI�TF GDWD� XVLQJ� WKH� IROORZLQJUHODWLRQVKLS�JLYHQ�E\�.XOKDZ\�DQG�0D\QH�������� � � �������� ��DWP��F 'S1T ��� ���
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ZKHUH� SDWP LV� WKH� DWPRVSKHULF� SUHVVXUH� �DQ\� V\VWHP� RI� XQLWV�� DQG�'�� LV� WKH� VRLO� SDUWLFOH� GLDPHWHU�� LQPLOOLPHWUHV��IRU�ZKLFK�����RI�WKH�VRLO�LV�ILQHU�E\�ZHLJKW��,GHDOO\��WKH�YDOXH�RI�'�� VKRXOG�EH�REWDLQHG�LQ�DSURMHFW�� DQG� VLWH�VSHFLILF� ODERUDWRU\� WHVWLQJ� SURJUDP� EXW�� LI� QHFHVVDU\�� LW� FDQ� EH� HVWLPDWHG� EDVHG� RQ� WKHYLVXDO�PDQXDO�VRLO�GHVFULSWLRQ�WKDW�LV�W\SLFDOO\�SURYLGHG�RQ�D�ERULQJ�ORJ��1RWH�WKDW�WKH�YDOXH�RI�TF FDOFXODWHGXVLQJ�(T����ZLOO�KDYH�WKH�VDPH�XQLWV�DV�XVHG�IRU�SDWP�:KHWKHU�XVLQJ�DFWXDO�TF GDWD�RU�YDOXHV�FDOFXODWHG�XVLQJ�(T�����HDFK�SLHFH�RI�GDWD�LV�V\VWHPDWLFDOO\�LQSXW�LQWR�WKHVLWH�FKDUDFWHUL]DWLRQ�DOJRULWKP��7KLV�DOJRULWKP�LV�UDWKHU�OHQJWK\�DQG�WR�VDYH�VSDFH�LQ�WKLV�SDSHU�LQWHUHVWHG�UHDGHUVDUH�GLUHFWHG�WR�+RUYDWK��������ZKHUH�WKH�DOJRULWKP�LV�JLYHQ�LQ�FRPSOHWH�GHWDLO��2QH�LPSRUWDQW�FKDQJH�VKRXOG�EHPDGH� WR� WKH� YHUVLRQ� RI� WKH� DOJRULWKP� FRQWDLQHG� LQ� WKLV� UHIHUHQFH� WR� WDNH� DGYDQWDJH� RI� DQ� XSGDWHG� HPSLULFDOFRUUHODWLRQ�GHVFULEHG�LQ�+RUYDWK������D���1RWH�WKDW� WKH�DOJRULWKP�LQ�+RUYDWK��������LV�DQ�H[SDQGHG�YHUVLRQ�RIRQH�WKDW�ZDV�ILUVW�DSSOLHG�WR�WKH�SUREOHP�RI�VKDOORZ�IRXQGDWLRQ�EHDULQJ�FDSDFLW\��+RUYDWK�����D��([SHULHQFH�WR�GDWH�LQGLFDWHV�WKDW�WKH�RYHUDOO�UHVXOWV�RI�WKH�VLWH�FKDUDFWHUL]DWLRQ�DOJRULWKP�DUH�TXLWH�VHQVLWLYH�WRWKH� YDOXHV� RI�TF XVHG� DV� LQSXW�� 7KXV� ZKHQ�1 YDOXHV� DV� RSSRVHG� WR� DFWXDO�TF GDWD� DUH� XVHG� LW� LV� SDUWLFXODUO\LPSRUWDQW�WKDW�ERWK�1�� DQG�WKH�VRLO�SDUWLFOH�JUDGDWLRQ�EH�GHWHUPLQHG�DV�DFFXUDWHO\�DV�SUDFWLFDEOH��7KLV�LV�GXH�WRERWK�WKHLU�GLUHFW�LQIOXHQFH�RQ�TF WKURXJK�(T����DQG�WKH�IDFW�WKDW�WKHUH�DUH�IDU�IHZHU�SLHFHV�RI�RYHUDOO�GDWD�WKDW�ZLOOXOWLPDWHO\�EH�XVHG�LQ�WKH�FDSDFLW\�FDOFXODWLRQ�DOJRULWKP��7KLV�LV�EHFDXVH�1 YDOXHV�DUH�W\SLFDOO\������PP����IW�DSDUW�ZKHUHDV�&37�GDWD�QRZDGD\V�DUH�W\SLFDOO\�UHFRUGHG�OHVV�WKDQ����PP����LQ��DSDUW��+RZHYHU��H[SHULHQFH�WRGDWH�DOVR�LQGLFDWHV�WKDW� LI�DSSURSULDWH�FDUH�LV� WDNHQ�WKH�DJUHHPHQW�EHWZHHQ�DFWXDO�TF GDWD�DQG�YDOXHV�FDOFXODWHGXVLQJ�(T�� �� IRU� WKH� VDPH� VLWH� FDQ� EH� TXLWH� JRRG� �+RUYDWK� ������+RUYDWK� DQG� 7URFKDOLGHV� ������ DQG� WKH� SLOHFDSDFLWLHV� FDOFXODWHG� XVLQJ� DFWXDO� YHUVXV� LQIHUUHG�TF GDWD� FDQ� EH� DFFHSWDEO\� FORVH� LQ�PDJQLWXGH� �+RUYDWK� DQG7URFKDOLGHV�������
&DSDFLW\�&DOFXODWLRQ�$OJRULWKP
&DOFXODWLRQ� RI� WKH� QHW� XOWLPDWH� D[LDO�FRPSUHVVLYH� JHRWHFKQLFDO� FDSDFLW\� UHTXLUHV� WKDW� D� SLOH� EH� GLYLGHG� LQWRVHYHUDO�DUWLILFLDO�VHJPHQWV��7KH�QXPEHU�RI�VHJPHQWV�LV�GLFWDWHG�E\�D�FRQVLGHUDWLRQ�RI�KRZ�PDQ\�SLHFHV�RI�DFWXDORU�HTXLYDOHQW�TF GDWD�WKHUH�DUH�DV�ZHOO�DV�ZKHWKHU�WKH�FDOFXODWLRQV�ZLOO�EH�SHUIRUPHG�PDQXDOO\�RU�E\�FRPSXWHU�7KHUH�KDV�EH�VR�V\VWHPDWLF�VWXG\�WR�GDWH�DV�WR�ZKDW�WKH�PLQLPXP�QXPEHU�RI�VHJPHQWV�VKRXOG�EH��,Q�DQ\�HYHQW�IRU� HDFK� VHJPHQW� WKH� VLGH� FDSDFLW\� LV� FDOFXODWHG� WZLFH�� RQFH� XVLQJ� SHDN�VWUHQJWK� SDUDPHWHUV� DQG� RQFH� XVLQJFRQVWDQW�YROXPH�VWUHQJWK�SDUDPHWHUV��$JDLQ��WKH�GHWDLOV�RI�KRZ�WR�GR�WKLV�DUH�WRR�OHQJWK\�WR�LQFOXGH�KHUH�EXW�FDQEH�IRXQG�LQ�+RUYDWK��������WRJHWKHU�ZLWK�DQ�H[DPSOH�DSSOLFDWLRQ��7KH�WLS�FDSDFLW\�LV�DOVR�FDOFXODWHG�WZLFH�XVLQJWKH�WZR�GLIIHUHQW�VKHDU�VWUHQJWK�VWDWHV�DQG�WKLV�LV�DOVR�LOOXVWUDWHG�LQ�+RUYDWK���������(IIHFWLYH�SLOH�ZHLJKW�LV�DOVRFDOFXODWHG�DOWKRXJK�IRU�PRVW�RQ�ODQG�SLOHV�RI�W\SLFDO�GLPHQVLRQV�LW�ZLOO�EH�UHODWLYHO\�VPDOO�LQ�PDJQLWXGH�DQG�KDYHOLWWOH�HIIHFW�RQ�WKH�RYHUDOO�UHVXOWV�7KH�FDOFXODWHG�VLGH�DQG�WLS�FDSDFLWLHV�FDQ��WKHRUHWLFDOO\��EH�FRPELQHG�LQ�GLIIHUHQW�ZD\V�WR�SURYLGH�XSSHU��DQGORZHU�ERXQG�WRWDO�FDSDFLWLHV�DV�ZHOO�DV�D��EHVW�HVWLPDWH��FDSDFLW\��$W�WKH�SUHVHQW��WKH��EHVW�HVWLPDWH��FDSDFLW\�LVDVVXPHG�E\�WKH�DXWKRU�WR�EH�WKH�VXP�RI�WKH�IROORZLQJ�
x WKH�FRQVWDQW�YROXPH�VLGH�UHVLVWDQFH�IRU�DQ\�SRUWLRQV�RI�WKH�SLOH�ZLWK�D�FRQVWDQW�GLDPHWHU�x WKH�SHDN�VLGH�UHVLVWDQFH�IRU�DQ\�WDSHUHG�SRUWLRQV�RI�WKH�SLOH�DQGx WKH�SHDN�WLS�UHVLVWDQFH�
7KH�YDOLGLW\�RI� WKH� ILUVW� DVVXPSWLRQ�KDV�EHHQ� UHDVRQDEO\�ZHOO� HVWDEOLVKHG� LQ� WKH�SXEOLVKHG� OLWHUDWXUH� �-DUGLQHDQG�&KRZ������� -DUGLQH� HW� DO�� �������7KH� YDOLGLW\� RI� WKH� RWKHU� WZR� DVVXPSWLRQV� DUH� FHUWDLQO\� RSHQ� WR� IXUWKHUGLVFXVVLRQ�DQG�SRVVLEOH�PRGLILFDWLRQ�EDVHG�RQ�IXWXUH� UHVHDUFK��+RZHYHU�� WKH\� VHHP�WR�EH�UHDVRQDEOH�EDVHG�RQSUHVHQWO\�DYDLODEOH�LQIRUPDWLRQ�DQG�FRPSDULVRQ�ZLWK�PHDVXUHG�FDSDFLWLHV�
,17(5,0�,03529('�$1$/<7,&$/�0(7+2'�)25�7$3(5('�3,/(6��5(68/76
1HW�8OWLPDWH�$[LDO�&RPSUHVVLYH�*HRWHFKQLFDO�&DSDFLW\
7KH� LQWHJUDWHG� VLWH�FKDUDFWHUL]DWLRQ� DQG� SLOH�FDSDFLW\� DOJRULWKPV� GHVFULEHG� DERYH� ZHUH� UHFHQWO\� XVHG� WRSHUIRUP� D� FRPSUHKHQVLYH� VWXG\� RI� D� YDULHW\� RI� WDSHUHG� WLPEHU� DQG� VWHHO�SLSH� �0RQRWXEH� DQG�7DSHUWXEH�EUDQGV��SLOHV�WKDW�KDG�EHHQ�GULYHQ�DW�WKH�-RKQ�)��.HQQHG\�,QWHUQDWLRQDO�$LUSRUW��-).,$��LQ�1HZ�<RUN�&LW\�RYHUD�SHULRG�RI�DSSUR[LPDWHO\����\HDUV��EHWZHHQ������DQG�������+RUYDWK�DQG�7URFKDOLGHV��������7DSHUHG�SLOHV�KDYHJHQHUDOO\�EHHQ�WKH�GHHS�IRXQGDWLRQ�RI�FKRLFH�DW�-).,$�VLQFH�FRQVWUXFWLRQ�ILUVW�EHJDQ�WKHUH�LQ�WKH�ODWH�����V��7KLVORQJ�KLVWRU\�RI� WDSHUHG�SLOH�XVDJH� WRJHWKHU�ZLWK� WKH� IDFW� WKDW� WKHUH�KDYH�EHHQ�D�QXPEHU�RI�FRPSUHKHQVLYH�DQGZHOO�GRFXPHQWHG�VWXGLHV�LQYROYLQJ�GHHS�IRXQGDWLRQV�WKDW�KDYH�EHHQ�SHUIRUPHG�DW�-).,$�RYHU�WKH�\HDUV�SURYLGHGWKH�UHVXOWV�IURP�D�IDLUO\�ODUJH�QXPEHU�RI�ORDG�WHVWV�ZKHUH�WKH�SLOHV�ZHUH�ORDGHG�WR�D�JHRWHFKQLFDO�IDLOXUH�LQ�D[LDO
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,H&�*(2� ��,QWHUQDWLRQDO�H�&RQIHUHQFH�RQ�0RGHUQ�7UHQGV�LQ�*HRWHFKQLFDO�(QJLQHHULQJ��*HRWHFKQLFDO�&KDOOHQJHV�DQG�6ROXWLRQV�$�1HZ�$QDO\WLFDO�0HWKRG�IRU�WKH�$[LDO�&RPSUHVVLYH�6WDWLF�&DSDFLW\�RI�7DSHUHG�'ULYHQ�3LOHV�LQ�&RDUVH�*UDLQ�6RLO�-RKQ�6��+RUYDWK��3K�'���3�(�

FRPSUHVVLRQ��7KH�GDWD�IURP�WKHVH�ORDG�WHVWV�SURYLGHG�DQ�XQXVXDO�RSSRUWXQLW\�WR�HYDOXDWH�WKH�SUHGLFWLYH�DFFXUDF\RI�WKH�DXWKRU
V�LQWHULP�LPSURYHG�DQDO\WLFDO�PHWKRG�IRU�WDSHUHG�SLOHV�WKDW�ZDV�SUHVHQWHG�LQ�WKLV�SDSHU�'HWDLOV�FRQFHUQLQJ�WKH�VSHFLILF�VXEVXUIDFH�FRQGLWLRQV�DW�-).,$��WKH\�DUH�UHPDUNDEO\�XQLIRUP�JLYHQ�WKH�DOPRVW���VTXDUH�NLORPHWUHV����VTXDUH�PLOHV��FRYHUHG�E\�WKH�DLUSRUW��FDQ�EH�IRXQG�LQ�<RUN�HW�DO����������+RUYDWK��������DQG�+RUYDWK�DQG�7URFKDOLGHV���������,Q�VLPSOH�VXPPDU\��WKH�PDMRULW\�RI�SLOH�EHDULQJ�LV�SURYLGHG�E\�D�JHQHUDOO\PHGLXP�GHQVH�VWUDWXP�RI�UHODWLYHO\�ILQH��FOHDQ�VDQG�RI�3OHLVWRFHQH�DJH�WKDW�EHJLQV�DSSUR[LPDWHO\���PHWUHV�����IW�EHORZ� WKH� JURXQG� VXUIDFH�� 7KH� JURXQG� VXUIDFH� LV� UHODWLYHO\� OHYHO� WKURXJKRXW� WKH� DLUSRUW� SURSHUW\� DQG� JURXQGZDWHU�LV�RI�WKH�RUGHU�RI���PHWUHV����IW��EHORZ�WKH�VXUIDFH�)LJ����VKRZV�WKH�FRPSDULVRQ�EHWZHHQ�PHDVXUHG�DQG�FDOFXODWHG�FDSDFLWLHV�IRU�D�WRWDO�RI����SLOHV��,Q�DOO�FDVHV��WKHPHDVXUHG� FDSDFLW\�ZDV�GHWHUPLQHG�XVLQJ� WUDGLWLRQDO�PDLQWDLQHG�ORDG� �0/�� WHVWV��$� GLVFXVVLRQ� RI� VRPH� RI� WKHVKRUWFRPLQJV�DQG�OLPLWDWLRQV�RI�WKLV�W\SH�RI�WHVW�DV�ZHOO�DV�VSHFLILF�GHWDLOV�DV�WR�KRZ�WKH�JHRWHFKQLFDO�IDLOXUH�ORDGZDV�GHILQHG�IURP�WKH�ORDG�VHWWOHPHQW�FXUYHV�FDQ�EH�IRXQG�LQ�+RUYDWK���������1RWH�WKDW�GDWD�SRLQWV�ZLWK�DUURZVLQ� )LJ�� �� LQGLFDWH� SLOHV� WKDW� ZHUH� MXGJHG� QRW� WR� KDYH� IDLOHG� JHRWHFKQLFDOO\� DW� WKH� PD[LPXP� ORDG� DSSOLHG�+RZHYHU�� LQ� DOO� VXFK� FDVHV� LW� DSSHDUHG� WKDW� WKH�SLOH�ZDV� FORVH� WR� LWV� JHRWHFKQLFDO� IDLOXUH� ORDG��7KH� DJUHHPHQWEHWZHHQ�FDOFXODWHG�DQG�PHDVXUHG�UHVXOWV�LV�JHQHUDOO\�ZLWKLQ�r����DQG�LV�FRQVLGHUHG�WR�EH�TXLWH�JRRG�
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)LJ������0HDVXUHG�YHUVXV�&DOFXODWHG�3LOH�&DSDFLWLHV
/RDG�YHUVXV�6HWWOHPHQW
2QH�RI�WKH�DQFLOODU\�FDSDELOLWLHV�RI�WKH�DXWKRU
V� LQWHULP�LPSURYHG�DQDO\WLFDO�PHWKRG�WKDW�ZDV�XVHG�WR�GHYHORSWKH�UHVXOWV�SUHVHQWHG� LQ�)LJ���� LV� WKH�DELOLW\� WR�JHQHUDWH�D� WKHRUHWLFDO� ORDG�YHUVXV�VHWWOHPHQW�FXUYH� IRU� DQ\�SLOH�7KH�FXUYH�LV�DFWXDOO\�D�VHULHV�RI�OLQH�VHJPHQWV�FRQQHFWLQJ�D�VHULHV�RI�SRLQWV�GHILQHG�RQ�WKH�IROORZLQJ�EDVLV�
x =HUR�ORDG�DQG�SLOH�VHWWOHPHQW�DW�WKH�RULJLQ�LQLWLDOO\��WULYLDO��x 7KH�ORDG�FRUUHVSRQGLQJ�WR�WKH�SHDN�VLGH�UHVLVWDQFH�RI�ERWK�WKH�FRQVWDQW�GLDPHWHU�DQG�WDSHUHG�SRUWLRQV�SOXV����RI� WKH� SHDN� WLS� FDSDFLW\�� 7KLV� RFFXUV� DW� D� GRZQZDUG�PRYHPHQW� RI� WKH� WRS� RI� WKH� SLOH� HTXDO� WR� WKHWKHRUHWLFDO�HODVWLF�FRPSUHVVLRQ�SOXV���PP�������LQ��
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x 7KH� ORDG�FRUUHVSRQGLQJ� WR� WKH�FRQVWDQW�YROXPH�VLGH� UHVLVWDQFH�RI� WKH�FRQVWDQW�GLDPHWHU� VHFWLRQ�� WKH�SHDNVLGH�UHVLVWDQFH�RI�WKH�WDSHUHG�VHFWLRQ�SOXV�WKH�SHDN�WLS�FDSDFLW\��7KLV�RFFXUV�DW�D�GRZQZDUG�PRYHPHQW�RIWKH�WRS�RI�WKH�SLOH�HTXDO�WR�WKH�WKHRUHWLFDO�HODVWLF�FRPSUHVVLRQ�SOXV�����RI�WKH�SLOH�WLS�GLDPHWHU�����PP�����LQ��IRU�WKH�PDMRULW\�RI�WKH�SLOHV�VKRZQ�LQ�)LJ�����x :KHQ�DOO�ORDG�LV�UHPRYHG��WKHUH�LV�D�QHW�VHWWOHPHQW�HTXDO�WR�����RI�WKH�SLOH�WLS�GLDPHWHU�����PP������LQ��IRUWKH�PDMRULW\�RI�WKH�SLOHV�VKRZQ�LQ�)LJ�����
)LJ����VKRZV�WKH�W\SLFDO�UHVXOWV�REWDLQHG�XVLQJ�WKLV�SURFHGXUH�IRU�RQH�SLOH��D�7\SH�,D�7DSHUWXEH��$V�GLVFXVVHGLQ�GHWDLO� E\�+RUYDWK� HW� DO�� �������� WKH�7DSHUWXEH LV� D� UHODWLYHO\� QHZ�EUDQG�RI� WDSHUHG� VWHHO� SLSH� SLOH� WKDW�ZDVGHYHORSHG�DQG�KDV� EHHQ�XVHG� LQ� WKH�8�6�$�� WR� GDWH� EXW� LV� DYDLODEOH� IRU� XVH�ZRUOGZLGH�� ,W� KDV� D� WDSHUHG� ORZHUVHFWLRQ�� LQ� WKLV�FDVH�YDU\LQJ� IURP�����PP���� LQ�� WR�����PP����� LQ��RYHU�D� OHQJWK�RI� � �����PP� ���� IW���7KLVHTXDWHV�WR�D�WDSHU�DQJOH��Z�� ����q ZKLFK�LV�TXLWH�KLJK�IRU�D�WDSHUHG�VWHHO�SLSH�SLOH��+RUYDWK�����������E���7KHXSSHU�VHFWLRQ�RI�WKLV�SDUWLFXODU�SLOH�KDV�D�FRQVWDQW�GLDPHWHU�RI�����PP�����LQ��
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)LJ������0HDVXUHG�YHUVXV�&DOFXODWHG�/RDG�6HWWOHPHQW�&XUYHV
)8785(�:25.
$OWKRXJK�WKH�DXWKRU
V�LQWHULP�LPSURYHG�DQDO\WLFDO�PHWKRG�SUHVHQWHG�LQ�WKLV�SDSHU�LV�LQWHQGHG�WR�VHUYH�RQO\�XQWLOVXFK�WLPH�DV�.RGLNDUD
V�PRUH�ULJRURXV�PHWKRG�LV�IXOO\�LPSOHPHQWHG�LQWR�URXWLQH�SUDFWLFH��LW�LV�TXLWH�SRVVLEOH�WKDWLW�ZLOO�ILQG�XVH�LQ�SUDFWLFH�IRU�VRPH�WLPH�WR�FRPH��7KHUHIRUH��XSJUDGHV�DQG�LPSURYHPHQWV�WR�WKLV�PHWKRG�VKRXOGFRQWLQXH� DV� ZDV� VXJJHVWHG� RULJLQDOO\� �+RUYDWK� ������� 7KLV� LQFOXGHV� FKDQJHV� WR� ERWK� WKH� VLWH�FKDUDFWHUL]DWLRQDOJRULWKP��ZKLFK�ZRXOG�OLNHO\�EH�XVHG�ZLWK�.RGLNDUD
V�VROXWLRQ�DQ\ZD\��DV�ZHOO�DV�WKH�SLOH�FDSDFLW\�DOJRULWKP�5HFHQW� SURMHFW� H[SHULHQFH� LQ� WKH� 1HZ� <RUN� &LW\� DUHD� VXJJHVWV� WKDW� VRPH� VSHFLILF� DUHDV� RI� XVHIXO� UHVHDUFKZRXOG�EH�WR�H[WHQG�WKH�FDSDFLW\�FDOFXODWLRQ�DOJRULWKP�WR�
x FRQVLGHU�WLPH�HIIHFWV�RQ�FDSDFLW\�ZKLFK�DUH�QRZ�UHFRJQL]HG�DV�LPSRUWDQW�HYHQ�IRU�SLOHV�EHDULQJ�LQ�FRDUVH�JUDLQ�VRLO��<RUN�HW�DO��������&KRZ�HW�DO��������
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,H&�*(2� ��,QWHUQDWLRQDO�H�&RQIHUHQFH�RQ�0RGHUQ�7UHQGV�LQ�*HRWHFKQLFDO�(QJLQHHULQJ��*HRWHFKQLFDO�&KDOOHQJHV�DQG�6ROXWLRQV�$�1HZ�$QDO\WLFDO�0HWKRG�IRU�WKH�$[LDO�&RPSUHVVLYH�6WDWLF�&DSDFLW\�RI�7DSHUHG�'ULYHQ�3LOHV�LQ�&RDUVH�*UDLQ�6RLO�-RKQ�6��+RUYDWK��3K�'���3�(�

x LQFOXGH� VLWXDWLRQV�ZKHUH� ILQH�JUDLQ� VRLOV� UHSUHVHQW�DOO�RU� D� VLJQLILFDQW� SDUW� RI� WKH� EHDULQJ�PDWHULDO� IRU� WKHWDSHUHG�SRUWLRQ�RI�D�SLOH��DQGx FRQVLGHU� JURXS� HIIHFWV� RQ� FDSDFLW\� �WKHUH� LV� VRPH� LQGLFDWLRQ� WKDW� WKLV� PD\� EH� SDUWLFXODUO\� LPSRUWDQW� IRUWDSHUHG�SLOHV�DV�QRWHG�E\�+RUYDWK�HW�DO����������
$&.12:/('*(0(176
7KH�ZRUN� UHSRUWHG� LQ� WKLV�SDSHU�ZDV�SHUIRUPHG�DV�D�FRQWULEXWLRQ� WR� WKH� ,QWHJUDWHG�6LWH�&KDUDFWHUL]DWLRQ�DQG)RXQGDWLRQ� $QDO\VLV� 5HVHDUFK� 3URMHFW� RI� WKH� 0DQKDWWDQ� &ROOHJH� 6FKRRO� RI� (QJLQHHULQJ� &HQWHU� IRU*HRWHFKQRORJ\��&*7���7KH�DXWKRU�LV�WKH�)RXQGLQJ�'LUHFWRU�RI�WKH�&*7�7KH�SLOH�FDSDFLW\�FDOFXODWLRQV�VKRZQ�LQ�)LJ����ZHUH�SHUIRUPHG�E\�0U��7KRPDV�0RUWNR��D�JUDGXDWH�VWXGHQW�DW0DQKDWWDQ�&ROOHJH�� DV� SDUW� RI� KLV� ZRUN� IRU� WKH� FRXUVH� &,9*� ������� �$GYDQFHG� 6WXG\� LQ� &LYLO� (QJLQHHULQJ�GXULQJ�WKH�6SULQJ������VHPHVWHU��0U��0RUWNR
V�ZRUN�ZDV�FRQGXFWHG�XQGHU�WKH�SHUVRQDO�GLUHFWLRQ�DQG�VXSHUYLVLRQRI�WKH�DXWKRU�)LQDOO\��WKH�VXEVXUIDFH��SLOH�DQG�SLOH�ORDG�WHVW�GDWD�XVHG�LQ�WKH�GHYHORSPHQW�RI�)LJV����DQG���ZHUH�JUDFLRXVO\PDGH�DYDLODEOH�WR�WKH�DXWKRU�E\�7KH�3RUW�$XWKRULW\�RI�1HZ�<RUN�DQG�1HZ�-HUVH\��3$1<1-��DQG�8QGHUSLQQLQJ	�)RXQGDWLRQ�&RQVWUXFWRUV��,QF���8)&��RI�1HZ�<RUN�&LW\��7KH�UHVHDUFK�SUHVHQWHG�LQ�WKLV�SDSHU�ZRXOG�QRW�KDYHEHHQ�SRVVLEOH�ZLWKRXW�WKH�JHQHURXV�VKDULQJ�RI�LQIRUPDWLRQ�E\�WKHVH�RUJDQL]DWLRQV�
',6&/$,0(5
5HIHUHQFH�LQ�WKLV�SDSHU�WR�WUDGHQDPHG�SURGXFWV��SURFHGXUHV�DQG�HTXLSPHQW�LV�VROHO\�IRU�LQIRUPDWLRQDO�SXUSRVHVDQG�GRHV�QRW�FRQVWLWXWH�DQ�HQGRUVHPHQW�RI�VDLG�SURGXFWV��HWF��E\�WKH�DXWKRU��WKH�&*7�RU�0DQKDWWDQ�&ROOHJH��1RILQDQFLDO�FRPSHQVDWLRQ�ZDV�PDGH�WR�WKH�DXWKRU�� WKH�&*7�RU�0DQKDWWDQ�&ROOHJH�E\� WKH�3$1<1-��8)&�RU�DQ\RWKHU�RXWVLGH�SDUW\�LQYROYHG�LQ�WKH�ZRUN�UHSRUWHG�KHUHLQ�
5()(5(1&(6
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