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&RUUHVSRQGLQJ�DXWKRU�

(PDLO��-XOLD�UHYHQ\#XVX�DF�LG

$EVWUDFW�

$FQH�LV�D�VNLQ�GLVHDVH�WKDW�DIIHFWV�D�ODUJH�QXPEHU�RI�VXIIHUHUV��$FQH�RFFXUV�GXH�WR�DFWLYH�RLO�JODQGV�XQGHU�WKH�VNLQ��

7KLV�DFWLYLW\�LV�VWLPXODWHG�E\�DQGURJHQ�KRUPRQHV��7KH�DFWLYH�FRPSRXQG�FRQWHQW�RI�SURDQWKRF\DQLGLQ�LV�WKH�PDLQ�

FRPSRXQG�LQ�WKH�HWKDQROLF�H[WUDFW�RI�WDPDULQG�VHHG�EDUN��ZKLFK�FDQ�LQKLELW�WKH�JURZWK�RI�DFQH�FDXVLQJ�EDFWHULD��

QDPHO\�3URSLRQLEDFWHULXP DFQHV DQG�6WDSK\ORFRFFXV HSLGHUPLGLV��7KH�SXUSRVH�RI� WKLV�VWXG\�ZDV�WR�IRUPXODWH�D�

QDQRJHO� IURP� WDPDULQG�VHHG�EDUN�H[WUDFW�DQG� WHVW� WKH�DQWLEDFWHULDO�SRWHQWLDO�RI�DQ� HWKDQRO� H[WUDFW�RI� WDPDULQG�

VHHGV�DJDLQVW�DFQH�FDXVLQJ�EDFWHULD��7KH�DQWLEDFWHULDO�SRWHQF\�WHVW�FRQVLVWHG�RI�YDULDWLRQV�LQ�FRQFHQWUDWLRQ�DQG�

ZDV� ����� ��� ��� ���� ���� ���� ����� ����� ����� DQG� ���� �LQ� PJ�P/��� 7KH� FRQFHQWUDWLRQ� RI� WKH IRUPXODWHG� QDQRJHO�

SUHSDUDWLRQV�ZDV�����������DQG�������7KH�0,&�UHVXOWV�VKRZHG�WKDW�WKH�PLQLPXP�LQKLELWRU\�FRQFHQWUDWLRQ��0,&��

ZDV�DW�D�FRQFHQWUDWLRQ�RI���PJ�P/�ZLWK�D�]RQH�RI� LQKLELWLRQ�RI�������������PP��3URSLRQLEDFWHULXP DFQHV��DQG�

����� �� ����� PP� �6WDSK\ORFRFFXV HSLGHUPLGLV��� 7KH� PLQLPXP� EDFWHULFLGDO� FRQFHQWUDWLRQ� �0%&�� ZDV� DW� D�

FRQFHQWUDWLRQ� RI� ��� PJ�P/� ZLWK� D� SHUFHQWDJH� UHGXFWLRQ� RI� ������� �3URSLRQLEDFWHULXP DFQHV�� DQG� �������

�6WDSK\ORFRFFXV HSLGHUPLGLV���7KH�UHVXOWV�RI�WKH�QDQRJHO�IRUPXODWLRQV�VKRZHG�WKDW�WKH�SDUWLFOH�VL]HV�ZHUH���������

�����QP��)RUPXOD�,����������������QP��)RUPXOD�,,���DQG��������������QP��)RUPXOD�,,,���&RQFOXVLRQ�7KH�HWKDQROLF�

H[WUDFW� RI� WDPDULQG� VHHG� EDUN� KDV� HIIHFWLYHQHVV� LQ� LQKLELWLQJ� WKH� JURZWK� RI� DFQH�FDXVLQJ� EDFWHULD� DQG� FDQ� EH�

IRUPXODWHG�DV�DQ�DQWL�DFQH�QDQRJHO�

.H\ZRUG ��QDQRJHO��DQWLEDFWHULDO��WDPDULQG�VHHG�EDUN��3URSLRQLEDFWHULXP�DFQHV��6WDSK\ORFRFFXV�HSLGHUPLGLV

,� ,1752'8&7,21

6NLQ�LV�WKH�RXWHUPRVW�OD\HU�RI�WKH�KXPDQ�ERG\�WKDW�LV�LQ�GLUHFW�FRQWDFW�ZLWK�WKH�HQYLURQPHQW�RXWVLGH�

WKH�ERG\��2QH�ZD\�WR�PDNH�VNLQ�KHDOWK\�DQG�ZHOO�JURRPHG�LV�E\�XVLQJ�VNLQ�FDUH�SURGXFWV >�@��)DFLDO�VNLQ�LV�

GLIIHUHQW�IURP�WKH�VNLQ�RI�RWKHU�SDUWV�RI�WKH�KXPDQ�ERG\�EHFDXVH�RQ�WKH�IDFLDO�VNLQ�WKHUH�DUH�PRUH�VHEDFHRXV�

JODQGV�WKDW�SURGXFH�D�IDWW\�DFLG�FDOOHG��FHEXP�� >�@��$FQH�LV�D�VNLQ�DLOPHQW�LQ�ZKLFK�WKH�SRUHV�JHW�FORJJHG��

UHVXOWLQJ� LQ� DQ� LQIODPPDWRU\� SXV� SRFNHW��$FQH� LV� D� VNLQ� FRQGLWLRQ�PDUNHG� E\� WKH� HPHUJHQFH� RI� VSRWV� LQ�

YDULRXV� UHJLRQV� RI� WKH� ERG\�� LQFOXGLQJ� WKH� IDFH�� QHFN�� EDFN�� DQG� FKHVW >�@��$FQH� RFFXUV� GXH� WR� DFWLYH�RLO�

JODQGV�XQGHU�WKH�VNLQ��7KLV�DFWLYLW\�LV�VWLPXODWHG�E\�WKH�DQGURJHQ�KRUPRQH��ZKLFK�LQFUHDVHV�ZKHQ�D�SHUVRQ�LV�

LQ� SXEHUW\�� DQG� KLV� RLO� JODQGV� DUH� DOVR� LQFUHDVLQJ� LQ� KHLJKW >�@�3URSLEDFWHULXP DFQHV DQG�6WDSK\ORFRFFXV

HSLGHUPLGLV DUH� FRPPRQO\� IRXQG� LQ� DFQH� OHVLRQV�� 3�� DFQHV DQG� 6�� HSLGHUPLGLV VWUDLQV� FDQ� K\GURO\]H�

WULJO\FHULGHV�WR�SURGXFH�IUHH�IDWW\�DFLGV�DQG�JO\FHURO��&RPHGRQH�OHVLRQV�DUH�PDGH�SRVVLEOH�E\�WKHVH�IUHH�IDWW\�

DFLGV� >�@�� $FQH� KDV� ORQJ� EHHQ� WUHDWHG� ZLWK� WRSLFDO� DQG� V\VWHPLF� PHGLFLQHV�� LQFOXGLQJ� DQWLELRWLFV� DQG�

UHWLQRLGV�� ,Q� GHUPDWRORJ\� PHGLFLQH�� KRZHYHU�� DQWLELRWLF� UHVLVWDQFH�� UHWLQRLG� VLGH� HIIHFWV�� DQG� PHGLFDWLRQ�

DOOHUJLHV DUH�RQ�WKH�ULVH��$OWHUQDWLYH�PHGLFLQH�EDVHG�RQ�PHGLFLQDO�SODQWV�KDV�EHHQ�UHVHDUFKHG�DV�D�VROXWLRQ�WR�

WKLV� SUREOHP� IRU� D� YDULHW\� RI� DLOPHQWV� >�@�� 2QH� RI� WKH� KHUEDO� SODQWV� XVHG� IRU� DFQH� WKHUDS\� LV� WDPDULQG

�7DPDULQGXV�LQGLFD�/���>�@��3URDQWKRF\DQLGLQ�LV�WKH�PDLQ�LQJUHGLHQW�LQ�WKH�HWKDQROLF�H[WUDFW�RI�WDPDULQG�VHHG�

VNLQ��ZKLFK�FDQ�LQKLELW�WKH�JURZWK�RI�3URSLRQLEDFWHULXP�DFQHV�EDFWHULD��

,Q�DGGLWLRQ�� HWKDQRO� H[WUDFW�RI� WDPDULQG� VHHG� FRDW� KDV�EHHQ� VWXGLHG� WR� KDYH� DQ� DQWLEDFWHULDO� HIIHFW�

DJDLQVW�3URSLRQLEDFWHULXP�DFQHV�DQG�VKRZHG�0,&�UHVXOWV�DW�D�FRQFHQWUDWLRQ�RI�����PJ�P/�DQG�0%&�DW�D�

FRQFHQWUDWLRQ�RI�����PJ�P/ >�@�,Q� WKH�SKDUPDFHXWLFDO�DUHD��QDQRWHFKQRORJ\�KDV� D�QXPEHU�RI� DGYDQWDJHV��

LQFOXGLQJ� HQKDQFLQJ� GUXJ� VROXELOLW\�� ORZHULQJ� WUHDWPHQW� GRVDJHV�� DQG� LQFUHDVLQJ� DEVRUSWLRQ�� $V� D� UHVXOW��

QDQRSDUWLFOHV�DUH� LQFUHDVLQJO\�EHLQJ�HPSOR\HG� LQ� LQQRYDWLYH�PHGLFDWLRQ�GHOLYHU\�PHWKRGV� IRU� D�YDULHW\�RI�

FRVPHWLF� DQG� GHUPDWRORJLFDO� GRVDJH� IRUPV� >�@�� 1DQRJHOV� FRQWDLQ� DFWLYH� VXEVWDQFHV� WKDW� DUH� OLSRSKLOLF��



,QWHUQDWLRQDO�-RXUQDO�2I�6FLHQFH��7HFKQRORJ\�	�0DQDJHPHQW��������������� ,661� ���������

KWWS���LMVWP�LQDUDK�FR�LG

���

WKHUHE\�LQFUHDVLQJ�SHQHWUDWLRQ�LQWR�VHEDFHRXV�WLVVXH��ZKLFK�LV�DIIHFWHG�E\�QDQR�VL]HG�SDUWLFOHV >�@� 1DQRJHO�

SUHSDUDWLRQV�FDQ�DOVR�LQFUHDVH�WKH�FRQWDFW�VXUIDFH�DUHD�VR�WKDW�WKH�GHOLYHU\�RI�ELRDFWLYHV�EHFRPHV�IDVWHU�DQG�

HDVLHU��7KH�VPDOOHU�SDUWLFOH�VL]H�LV�H[SHFWHG�WR�LQFUHDVH�WKH�FRQWDFW�DUHD�RI�WKH�SDUWLFOHV�ZLWK�WKH�PHPEUDQH�

DQG� PDNH� LW� HDVLHU� IRU� SDUWLFOHV� WR� HQWHU� WKURXJK� WKH� PHPEUDQH >��@�� 6R� UHVHDUFKHUV� DUH� LQWHUHVWHG� LQ�

LQYHVWLJDWLQJ�WKH�DQWLEDFWHULDO�SRWHQWLDO�RI�HWKDQRO�H[WUDFW�RI� WDPDULQG�VHHG�FRDW�DJDLQVW�3URSLRQLEDFWHULXP�

DFQHV�DQG�6WDSK\ORFRFFXV�HSLGHUPLGLV�EDFWHULD�DQG�IRUPXODWLQJ�LW�LQWR�QDQRJHO�SUHSDUDWLRQV�

,,� 0(7+2'

��� 6DPSOH

6DPSOLQJ�RI�WDPDULQG�VHHGV�ZDV�FDUULHG�RXW�SXUSRVLYHO\�DQG�REWDLQHG�IURP�-O��7UL�'KDUPD��0HGDQ��

6XPDWHUD�8WDUD��7KH�VDPSOH�ZDV�GULHG�WR�REWDLQ�D�GU\�SRZGHU�RI�WDPDULQG�VHHG�EDUN�

��� &KDUDFWHUL]DWLRQ�RI�WKDPDULQG�VHHG�EDUN GU\�SRZGHU

0DFURVFRSLF�H[DPLQDWLRQ�ZDV�FDUULHG�RXW >��@��ZDWHU�FRQWHQW��ZDWHU�VROXEOH�FRQWHQW��HWKDQRO�VROXEOH�

FRQWHQW >��@� WRWDO�DVK�FRQWHQW��DQG�DFLG�LQVROXEOH�DVK�FRQWHQW >��@�

��� 3UHSDUDWLRQ�RI�7DPDULQG�6HHG�%DUN�(WKDQRO�([WUDFW

7KH�GU\�SRZGHU�RI�WKDPDULQG�VHHG�EDUN�LV�SXW�LQWR�D�FRQWDLQHU�ZLWK�D�VROYHQW��HWKDQRO������DV�PXFK�

DV����WLPHV�WKH�DPRXQW�RI�GU\ SRZGHU��6WLU�ZHOO�LQ�WKH FRQWDLQHU�IRU���KRXUV��WKHQ�OHDYH�LW�IRU�XS�WR����KRXUV��

7KH�PDULQDGH�LV�ILOWHUHG�DQG�VHSDUDWHG�IURP�WKH�PDFHUDWH��7KH�ILOWUDWH�LV�VRDNHG�DJDLQ��OHW�VWDQG�IRU����KRXUV��

DQG� ILOWHUHG��$OO� WKH�PDVHUDWHV�ZHUH� FROOHFWHG� DQG� HYDSRUDWHG�XQWLO� WKH� FRQVLVWHQF\� RI WKH� H[WUDFW� EHFDPH�

WKLFN� >��@�

��� 3K\WRFKHPLFDO�6FUHHQLQJ

3K\WRFKHPLFDO� VFUHHQLQJ� LQFOXGHV� GHWHUPLQDWLRQ� RI� DONDORLGV�� IODYRQRLGV�� WDQQLQV�� VDSRQLQV�� DQG�

WHUSHQRLGV�RU�VWHURLGV� >��@�

��� $QWLEDFWHULDO�$FWLYLW\�3RWHQWLDO

3UHSDUDWLRQ�RI�9DULRXV�&RQFHQWUDWLRQ�

��JUDPV�RI�WKLFN�H[WUDFW�ZHUH�ZHLJKHG�DQG�GLVVROYHG�XVLQJ����P/�RI�GLPHWK\O�VXOIR[LGH�WR�REWDLQ�D�

FRQFHQWUDWLRQ�RI�����PJ�P/��7KHQ�WKH�FRQFHQWUDWLRQ VHULHV�ZDV�PDGH�ZLWK�GLOXWLRQ�VR�WKDW�WKH�FRQFHQWUDWLRQ�

VHULHV�ZDV�����PJ�P/������PJ�P/������PJ�P/�����PJ�P/�����PJ�P/�����PJ�P/����PJ�P/����PJ�P/��

DQG�����PJ�P/�

'HWHUPLQDWLRQ�RI�0LQLPXP�,QKLELWRU\�&RQFHQWUDWLRQ��0,&�

$QWLEDFWHULDO�DFWLYLW\�SRWHQWLDO�IRU GHWHUPLQDWLRQ�RI�PLQLPXP�LQKLELWRU\�FRQFHQWUDWLRQ�EDVHG�RQ�WKH�

DJDU�GLIIXVLRQ�PHWKRG��.LUE\�%DXHU�������P/�RI�WKH�WHVW�EDFWHULDO�LQRFXOXP�ZDV�SXW�LQWR�D�VWHULOH�SHWUL�GLVK��

WKHQ����P/�RI�VWHULOH�1XWULHQW�$JDU�PHGLXP�ZDV�DGGHG�DQG�KRPRJHQL]HG�XQWLO�VROLG��2Q�WKH�VXUIDFH�RI�WKH�

PHGLXP�LV�SODFHG�D�SDSHU�FRYHU�WKDW�KDV�EHHQ�VRDNHG�ZLWK�WKH�WHVW�VROXWLRQ�IRU�HDFK�FRQFHQWUDWLRQ��,QFXEDWHG�

DW����R&�IRU����KRXUV��WKH�WUHDWPHQW�ZDV�UHSHDWHG�WKUHH�WLPHV��7KHQ�WKH�]RQH�RI�LQKLELWLRQ�ZDV�PHDVXUHG�ZLWK�

D�FDOLSHU��PP� >��@��>��@�

'HWHUPLQDWLRQ�RI�0LQLPXP�%DFWHULFLGDO�&RQFHQWUDWLRQ��0%&�

$QWLEDFWHULDO�DFWLYLW\�WR�GHWHUPLQH�WKH�PLQLPXP�EDFWHULFLGDO�FRQFHQWUDWLRQ��0%&��E\�WKH�VWUHDNLQJ�

PHWKRG�IURP�WKH�LQKLELWLRQ�]RQH�IRUPHG�DW�HDFK�FRQFHQWUDWLRQ��WKHQ�VZDE�RQ�3ODWH�&RXQW�$JDU�PHGLXP >��@��

,QFXEDWHG�DW�����R&�IRU����KRXUV��7KHQ�WKH�QXPEHU�RI�FRORQLHV�ZDV�FDOFXODWHG�XVLQJ�D�FRORQ\�FRXQWHU�DQG�

WKHQ�WKH�SHUFHQW UHGXFWLRQ�ZDV�FDOFXODWHG�WR�GHWHUPLQH�WKH�YDOXH�RI�0%& >��@��>��@�

��� 1DQRJHO�)RUPXODWLRQ�RI�7DPDULQG�6HHG�%DUN�(WKDQRO�([WUDFW

$� QDQRGLVSHUVLRQ� RI� DQ� HWKDQROLF� H[WUDFW� RI� WDPDULQG� VHHG� EDUN� ZDV� PDGH� E\� D� PRGLILHG�

HPXOVLILFDWLRQ�GLIIXVLRQ�PHWKRG��7KH�HWKDQRO�H[WUDFW�RI� WKH� WDPDULQG� VHHG�EDUN�ZDV�ZHLJKHG�ZLWK�YDULRXV�

ZHLJKWV��7DEOH�����)RU�SUHIRUPXODWLRQ��FDUERSRO�ZDV�GHYHORSHG�LQ�OXPSV�IRU����KRXUV��7KH�HWKDQRO�H[WUDFW�RI�

WKH� WDPDULQG� VHHG FRDW��ZKLFK�ZDV�ZHLJKHG� DFFRUGLQJ� WR� WKH� FRQFHQWUDWLRQ��ZDV� VWLUUHG� FRQVWDQWO\�ZLWK� D�

PDJQHWLF� VWLUUHU� DW� ����� USP� IRU� ��� PLQXWHV�� 3URS\OHQH� JO\FRO� ZDV� SURJUHVVLYHO\� DGGHG�� WKHQ� PL[HG�

FRQWLQXRXVO\� IRU� �� KRXU� DW������ USP�ZLWK� D�PDJQHWLF� VWLUUHU� �RUJDQLF�SKDVH���7ZHHQ����ZDV� GLVVROYHG� LQ�

GLVWLOOHG�ZDWHU� LQ�D� VHSDUDWH�FRQWDLQHU� DQG�VZLUOHG�FRQWLQXRXVO\�ZLWK� D�PDJQHWLF� VWLUUHU�DW� ����� USP�IRU� ��

KRXU��DTXHRXV�SKDVH� >��@�



,QWHUQDWLRQDO�-RXUQDO�2I�6FLHQFH��7HFKQRORJ\�	�0DQDJHPHQW��������������� ,661� ���������

KWWS���LMVWP�LQDUDK�FR�LG

���

7KH�RUJDQLF�SKDVH�ZDV�DGGHG�WR�WKH�ZDWHU�SKDVH�E\�GULSSLQJ�OLWWOH�E\�OLWWOH�ZKLOH�VWLUULQJ�FRQVWDQWO\�

ZLWK� D� PDJQHWLF� VWLUUHU� DW� ����� USP� IRU� �� KRXUV�� 7KHQ� WKH� PL[WXUH� ZDV� VRQLFDWHG� IRU� �� KRXU� WR� IRUP� D�

QDQRGLVSHUVLRQ�� ,Q� OXPSLQJ� ZLWK� FDUERSRO� WKDW� KDV� H[SDQGHG�� D� PL[WXUH� RI� PHWK\O� SDUDEHQ� DQG� SURS\O�

SDUDEHQ� WKDW� KDV� EHHQ� GLVVROYHG� LV� DGGHG� DQG� FUXVKHG� XQWLO� KRPRJHQHRXV�� 7KH� PL[WXUH� RI� FDUERSRO� DQG�

SUHVHUYDWLYHV�ZDV�WUDQVIHUUHG�WR�D�JODVV�EHDNHU�WR�EH�VWLUUHG�XQWLO�KRPRJHQHRXV�DW������USP�DQG�DOORZHG�WR�

VWDQG� IRU� �� KRXUV�� 7KHQ� �� GURSV RI� 7($� ZHUH� DGGHG� VR� WKDW� WKH� PL[WXUH� IRUPHG� D� JHO� EDVH�� 7KH�

QDQRGLVSHUVLRQ� ZDV� DGGHG� WR� WKH� JHO� EDVH� DQG� WKH� UHPDLQLQJ� 7($� ZKLOH� VWLUULQJ� FRQVWDQWO\� ZLWK� D�

KRPRJHQL]HU�DW������ USP� IRU����PLQXWHV��$IWHU�KRPRJHQL]DWLRQ�� VRQLFDWLRQ�ZDV�FDUULHG�RXW� IRU���KRXU� WR�

IRUP�QDQRJHOV >��@�

7DEOH����)RUPXOD�RI�(WKDQRO�([WUDFW�1DQRJHO�7DPDULQG�6HHG�%DUN

2UJDQROHSWLF�7HVW

2UJDQROHSWLF�H[DPLQDWLRQ�LQFOXGLQJ�VKDSH��VPHOO��DQG�FRORU�ZDV�FDUULHG�RXW�YLVXDOO\ >��@�

0HDVXUHPHQW�RI�WKH�S+�

S+�GHWHUPLQDWLRQ�LV�GRQH�XVLQJ�D�S+�PHWHU��7KH�QXPEHU�VKRZQ�E\�WKH�S+�PHWHU� LV� WKH�S+�RI� WKH�

SUHSDUDWLRQ >��@�

3DUWLFOH�6L]H�$QDO\VLV

3DUWLFOH� PHDVXUHPHQWV� ZHUH� FDUULHG� RXW� XVLQJ� D� )ULWVFK� SDUWLFOH� VL]H� DQDO\]HU �36$��� 3DUWLFOH�

PHDVXUHPHQW�LV�GRQH�E\�LQVHUWLQJ�����PJ�RI�SUHSDUDWLRQ�LQWR�WKH�WRRO��/HDYH�WKH�WRRO�WR�JLYH�UHVXOWV��7KH�WHVW�

ZDV�FDUULHG�RXW�WKUHH�WLPHV >��@�

,,,� 5(68/7 $1'�',66&866,21

��� &KDUDFWHUL]DWLRQ�RI�WKDPDULQG�VHHG�EDUN�GU\�SRZGHU

7KH�GULHG�SRZGHU�RI�WKPDULQG�VHHG�PDFURVFRSLF�H[DPLQDWLRQ�RI�WDPDULQG�VHHGV�REWDLQHG�ZDV�EURZQ�

RQ� WKH� RXWVLGH�� ZKLWH� RQ� WKH� LQVLGH�� URXQG� LQ� VKDSH�� ���� FP� LQ� VL]H�� ZLWKRXW� D� ELWWHU� DURPD� DQG� WDVWH��

([DPLQDWLRQ�RI�GU\�SRZGHU FKDUDFWHUL]DWLRQ�RI�WDPDULQG�VHHG�EDUN�FDQ�EH�VHHQ�LQ�WKH�IROORZLQJ�WDEOH�

7DEOH����5HVXOWV�RI�WKH�&KDUDFWHUL]DWLRQ�RI�7DPDULQG�6HHG�%DUN�'U\�3RZGHU�&KDUDFWHUL]DWLRQ

1R� 3DUDPHWHU 5HVXOW
����
,QGRQHVLDQ�+HUEDO�3KDUPDFRSRHLD�5HTXLUHPHQWV�

(GLWLRQ�,��'HSNHV�5,�������

�� 0RLVWXUH�&RQWHQW ���� ������ d ���

�� :DWHU�6ROXEH�&RQWHQW ����� ������ t ����

�� (WKDQRO�6ROXEH�&RQWHQW ����� ������ t �����

�� 7RWDO�$VK�&RQWHQW ���� ������ d �����

��
$FLG�LQVROXEOH�DVK�

FRQWHQW
���� ������ d ����

1RWH���
����7KH�DYHUDJH�UHVXOW�RI�WKUHH�PHDVXUHPHQWV

7R�DVVHVV�WKH�DPRXQW�RI�ZDWHU�FRQWHQW�LQ�GULHG�SRZGHU�DQG�WKH�TXDOLW\�RI�WKDPDULQG�VHHG�EDUN�GU\�

SRZGHU��DQ�LQYHVWLJDWLRQ�RI�WKH�ZDWHU�FRQWHQW�LQ�GULHG�SRZGHU�ZDV�FRQGXFWHG��7KH�ZDWHU�FRQWHQW�REWDLQHG�LV�

������������SHUFHQW���ZKLFK�LPSOLHV�LW�FRPSOLHV�ZLWK WKH�KHUEDO�SKDUPDFRSRHLD
V�VWDQGDUG�RI�OHVV�WKDQ������

7DPDULQG� VHHG� EDUN�GU\� SRZGHU� FDQ� VHUYH� DV� D� IDYRUDEOH� VXEVWUDWH� IRU� WKH� JURZWK� RI� EDFWHULD�� IXQJL�� DQG�

LQVHFWV��VSHHGLQJ�XS�WKH�WKDPDULQG�VHHG�GDPDJH >��@�7KH�DPRXQWV�RI�SRODU�FKHPLFDO�FRPSRXQGV�SUHVHQW�LQ�

WKH�WKDPDULQG�VHHG�EDUN�GU\�SRZGHU�ZHUH�GHWHUPLQHG�XVLQJ�WKH�ZDWHU�VROXEOH�H[WUDFW��ZKHUHDV�WKH�OHYHOV�RI�

HWKDQRO�VROXEOH�FKHPLFDOV��ERWK�SRODU�DQG�QRQ�SRODU�FRPSRXQGV��ZHUH�GHWHUPLQHG�XVLQJ�WKH�HWKDQRO�VROXEOH�

,QJUHGLHQWV )RUPXOD�,���� )RUPXOD�,,���� )RUPXOD�,,,����

7DPDULQG�6HHG�%DUN�(WKDQRO�([WUDFW ��� � ���

&DUERSRO ��� ��� ���

7ZHHQ��� � � �

3URSLOHQJOLFRO � � �

(WKDQRO �� �� ��

0HWK\O�SDUDEHQ ��� ��� ���

3URS\O�SDUDEHQ ���� ���� ����

7($ ��� ��� ���

$TXDGHVW DG����� DG���� DG����
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H[WUDFW��7KH�ZDWHU�VROXEOH�H[WUDFW�FRQWHQW�RI� VLPSOLFLD�ZDV� IRXQG� WR�EH��������������SHUFHQW��ZKHUHDV� WKH�

HWKDQRO�VROXEOH�H[WUDFW� OHYHO�ZDV� IRXQG� WR�EH��������� �����SHUFHQW��7KLV� LQGLFDWHV� WKDW� WKH�GU\�SRZGHU�RI�

WDPDULQG�VHHG�EDUN�LQFOXGHV�PRUH�QRQ�SRODU�FKHPLFDOV�WKDQ�SRODU�FRPSRQHQWV��

'HWHUPLQDWLRQ�RI� DVK� FRQWHQW� WR� GHWHUPLQH�PLQHUDO� FRQWHQW�GHULYHG� IURP�SODQW� WLVVXH� FRQWDLQHG� LQ�

WKDPDULQG�VHHG�EDUN�GU\�SRZGHU >��@��%\�GLVVROYLQJ�WKH�WRWDO�DVK�LQ�K\GURFKORULF�DFLG >��@��7KH�DPRXQW�RI�

VLOLFDWH��SDUWLFXODUO\�VDQG��SUHVHQW�LQ�WKDPDULQG�VHHG�EDUN�GU\�SRZGHU�LV�LQGLFDWHG�E\�WKH�DFLG�LQVROXEOH�DVK�

FRQFHQWUDWLRQ��7KH�WRWDO�DVK�FRQWHQW�RI�WKDPDULQG�VHHG�EDUN�GU\�SRZGHU�ZDV�������������SHUFHQW��ZLWK�DQ�DFLG�

LQVROXEOH�DVK�FRQWHQW�RI�������������SHUFHQW��DFFRUGLQJ�WR�D�VWXG\��

��� 3K\WRFKHPLFDO�6FUHHQLQJ

$FFRUGLQJ�WR�SK\WRFKHPLFDO�VFUHHQLQJ�GDWD��WKH�HWKDQROLF�H[WUDFW�RI�WKH�WDPDULQG�VHHG�FRDW�LQFOXGHV�

IODYRQRLG�FKHPLFDOV��JO\FRVLGHV��VDSRQLQV��WDQQLQV��DQG�WULWHUSHQRLGV�VWHURLGV��EH�VHHQ�LQ�WKH�WDEOH�

7DEOH ���5HVXOWV�RI�3K\WRFKHPLFDO�6FUHHQLQJ�RI�7DPDULQG�6HHG�%DUN�(WKDQRO�([WUDFW

1R� 6HFRQGDU\�0HWDEROLWHV 5HDJHQW 5HVXOW

�� $ONDORLG

'UDJHQGURII

%RXFKDUGDW

0H\HU

�

�

�

�� )ODYRQRLG 0J SRZGHU���$PLO�$OFRKRO���+&O�S� �

�� *OLNRVLGD 0ROLVK���+�62� �

�� 6DSRQLQ +RW�ZDWHU�� VKDNHQ �

�� 7DQLQ )H&O� �

�� 7ULWHUSHQRLG�6WHURLG /LHEHUPDQ�%RXUFKDW �

$QWLEDFWHULDO�SURSHUWLHV�FDQ�EH�IRXQG�LQ�IODYRQRLG�FRPSRXQGV�DQG�WDQQLQV��6HFRQGDU\�PHWDEROLWHV��

VXFK� DV� IODYRQRLGV� DQG� WDQQLQV�� ZRUN� DV� DQWLEDFWHULDOV� E\� LQWHUIHULQJ� ZLWK� WKH� SHSWLGRJO\FDQ� FRQVWLWXHQW�

FRPSRQHQWV�RI�EDFWHULDO�FHOOV��FDXVLQJ�WKH�FHOO�ZDOO�OD\HU�WR�QRW�IXOO\�IRUP��UHVXOWLQJ�LQ�EDFWHULDO�FHOO�GHDWK��

>��@�

��� 0LQLPXP�,QKLELWRU\�&RQFHQWUDWLRQ�0,&��5HVXOWV

$W�D�GRVDJH�RI����PJ�P/�ZLWK�D�GLDPHWHU�RI��������������PP �3��DFQHV� DQG�D�FRQFHQWUDWLRQ�RI����

PJ�P/� ZLWK� D� GLDPHWHU� RI� ������ �� ����� PP �6�� HSLGHUPLGLV��� WKH� DQWLEDFWHULDO� DFWLYLW\� SRWHQWLDO� RI� WKH�

HWKDQROLF H[WUDFW� RI� WKH� WDPDULQG� VHHG� FRDW�ZDV� VXFFHVVIXO� LQ� VXSSUHVVLQJ� WKH� JURZWK� RI�3� DFQHV DQG� 6��

HSLGHUPLGLV�EDFWHULD� )XOO�UHVXOWV�FDQ�EH�VHHQ�LQ�WKH�IROORZLQJ�WDEOH�

7DEOH ���0HDVXUHPHQW�5HVXOWV�RI�WKH�,QKLELWRU\�=RQH�'LDPHWHU�RI�(WKDQRO�([WUDFW�RI�7DPDULQG�

6HHG�%DUN�DJDLQVW�3URSLRQLEDFWHULXP�DFQHV�GDQ�6WDSK\ORFRFFXV�DXUHXV

&RQFHQWUDWLRQ �PJ�P/�

,QKLELWRU\�=RQHV�'LDPHWHU �PP�

3URSLRQLEDFWHULXP�DFQHV 6WDSK\ORFRFFXV�HSLGHUPLGLV

3� 3� 3� ; � 6' 3� 3� 3� ; � 6'

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

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

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

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

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

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

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

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

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

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

$V�VKRZQ�LQ�)LJXUH���� WKH�DQWLEDFWHULDO�DFWLYLW\�RI�WKH�HWKDQROLF H[WUDFW�RI�WDPDULQG�VHHG�EDUN�ZLWK�

LQFUHDVLQJ�FRQFHQWUDWLRQ��DQG�WKH�GLDPHWHU�RI�WKH�LQKLELWRU\�]RQH�FUHDWHG�JUHZ�DV�ZHOO��7KH�GLDPHWHU�RI�WKH�

LQKLELWRU\�]RQH�LV�DIIHFWHG�E\�WKH�FRQFHQWUDWLRQ�RI�WKH�H[WUDFW��7KH�GLDPHWHU�RI�WKH�LQKLELWLRQ�]RQH�JURZV�LQ�

SURSRUWLRQ� WR� WKH� FRQFHQWUDWLRQ�� VR� WKH� OHDVW� FRQFHQWUDWLRQ� WKDW� VWLOO� H[KLELWV� DQWLEDFWHULDO� DFWLYLW\� LV� ����
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PJ�P/��ZKLFK�LV�UHJDUGHG�DV�D�ZHDN�LQKLELWRU��7KH�GLDPHWHU�RI�WKH�LQKLELWLRQ�]RQH�JHQHUDWHG GHWHUPLQHV�WKH�

VWUHQJWK�RI�DQ�DQWLELRWLF��ZLWK�ZHDN�LQKLELWLRQ�UDQJLQJ�IURP���� ��PP��PRGHUDWH�DW���± ���PP��VWURQJ�DW����±

���PP��DQG�YHU\�VWURQJ�DERYH����PP >��@��>��@�

)LJ��� *UDSK�RI�,QKLELWRU\�=RQH�'LDPHWHU�RI�(WKDQRO�([WUDFW�RI�7DPDULQG�6HHG�%DUN�$JDLQVW�

3URSLRQLEDFWHULXP�DFQHV�GDQ�6WDSK\ORFRFFXV�HSLGHUPLGLV

��� 0LQLPXP�%DFWHULFLGDO�&RQFHQWUDWLRQ��0%&��5HVXOWV

7KH�PLQLPXP�NLOOLQJ�UDWH�LV�WKH�FRQFHQWUDWLRQ�ZKHUH�WKHUH�LV�D�GHFUHDVH�RU�GLIIHUHQFH�LQ�WKH�QXPEHU�

RI� EDFWHULD�RI�DURXQG�������� WR��������DIWHU� WUHDWPHQW�FRPSDUHG� WR�QHJDWLYH�FRQWURO� �ZLWKRXW� WUHDWPHQW�

>��@�

7DEHO����5HVXOWV�RI�WKH�&DOFXODWLRQ�RI�WKH�1XPEHU�RI &RORQLHV�DQG�WKH�3HUFHQW 5HGXFWLRQ�LQ

3URSLRQLEDFWHULXP�DFQHV� GDQ�6WDSK\ORFRFFXV�HSLGHUPLGLV

&RQFHQWUDWLRQ
3URSLRQLEDFWHULXP�DFQHV 6WDSK\ORFRFFXV�HSLGHUPLGLV

&RXQW ��5HGXFWLRQ /RJ�5HGXFWLRQ &RXQW ��5HGXFWLRQ /RJ�5HGXFWLRQ

&RQWURO � ���� ���� ���� ���� ���� ����

��� ���� ���� ���� ���� ���� ����

� ��� ����� ���� ��� ����� ����

� ��� ����� ���� ��� ����� ����

�� �� ����� ���� �� ����� ����

�� �� ����� ���� �� ����� ����

�� �� ����� ���� �� ����� ����

��� � ����� ���� �� ����� ����

��� � ����� ���� � ����� ����

��� � ����� ���� � ����� ����

��� � ������ ���� � ������ ����

,Q�WKH�WDEOH��WKH�PLQLPXP�EDFWHULFLGDO�FRQFHQWUDWLRQ�RI�HWKDQRO�H[WUDFW�RI�WDPDULQG�VHHG�EDUN�RQ�3�

DFQHV EDFWHULD� DW� D� FRQFHQWUDWLRQ� RI� ��� PJ�P/� ZLWK� D� SHUFHQW UHGXFWLRQ� YDOXH� RI� ������� DQG� RQ� 6�

HSLGHUPLGLV EDFWHULD�DW�D�FRQFHQWUDWLRQ�RI����PJ�P/�ZLWK�D�SHUFHQW�UHGXFWLRQ�YDOXH�RI��������

��� )RUPXODWLRQ�RI�(WKDQRO�([WUDFW�1DQRJHO�3UHSDUDWLRQ�RI�7DPDULQG�6HHG�%DUN

)LJ ���(WKDQRO�([WUDFW�1DQRJHO 7DPDULQG�6HHG�%DUN

�

�

��

��

��

���

PJ�PO

�

PJ�PO

�

PJ�PO

��

PJ�PO

��

PJ�PO

��

PJ�PO

���

PJ�PO

���

PJ�PO

���

PJ�PO

���

PJ�PO

&RQFHQWUDWLRQ�RI�(WKDQRO�([WUDFW�RI�WKDPDULQG�VHHG�EDUN

3URSLRQLEDFWHULXP�DFQHV 6WDSK\ORFRFFXV�HSLGHUPLGLV

)� )� )�
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2UJDQROHSWLF�7HVW

7KH�UHVXOWV�RI�WKH�RUJDQROHSWLF�H[DPLQDWLRQ�ZHUH�FDUULHG�RXW�RQ�DOO�GRVDJH�IRUPXODWLRQV�DQG�

HYDOXDWHG�LPPHGLDWHO\�DIWHU�FRPSOHWLRQ��7DEOH���

7DEOH����5HVXOWV�RI�2UJDQROHSWLF�([DPLQDWLRQ�RI�3UHSDUDWLRQ�RI�(WKDQRO�([WUDFW�1DQRJHO

7DPDULQG�6HHG�%DUN

1R )RUPXOD &RORU 6PHOO $SSHDUDQFH 3KDVH�6HSDUDWLRQ

� )� 2UDQJH 6SHFLILF *RRG 1RW�RFFXU

� )� 'DUN�5HG 6SHFLILF *RRG 1RW�RFFXU

� )� 'DUN�5HG 6SHFLILF *RRG 1RW�RFFXU

,QIRUPDWLRQ��

)� ��(WKDQRO�([WUDFW�1DQRJHO�7DPDULQG�6HHG�%DUN�����

)� ��(WKDQRO�([WUDFW�1DQRJHO�7DPDULQG�6HHG�%DUN���

)� ��(WKDQRO�([WUDFW�1DQRJHO�7DPDULQG�6HHG�%DUN�����

0HDVXUHPHQW�RI�S+�RI�7DPDULQG�6HHG�%DUN�([WUDFW�1DQRJHO

7KH� UHVXOWV� RI� WKH�PHDVXUHPHQW� RI� WKH� S+� RI� WKH� HWKDQRO� H[WUDFW� DQG� WKH� HWKDQROLF� H[WUDFW� RI� WKH�

WDPDULQG�VHHG�EDUN ZHUH�FRPSOHWHG�ZKHQ�WKH�QDQRJHO�SUHSDUDWLRQ�ZDV�FRPSOHWHG��7KH�PHDVXUHG�S+�YDOXH�

FDQ�EH�VHHQ�LQ�WDEOH���

7DEOH����5HVXOWV�RI�0HDVXUHPHQW�RI�S+��(WKDQRO�([WUDFW�1DQRJHO�7DPDULQG�6HHG�%DUN

1R )RUPXOD S+ YDOXH

� )� ���� ������

� )� ���� ������

� )� ���� ������

7KH�S+�PHDVXUHPHQWV�UHYHDOHG�WKDW�DOO�SUHSDUDWLRQV�PHW�WKH�VNLQ�S+�UHTXLUHPHQWV��L�H���EHWZHHQ�����

DQG���� >��@��,I�WKH�S+�YDOXH�LV�WRR�DFLGLF��LW�FDQ�LUULWDWH�WKH�VNLQ�LI�LW�GRHV�QRW�IDOO�ZLWKLQ�WKH�UHTXLUHG�UDQJH��

6FDO\�VNLQ�FDQ�UHVXOW�IURP�D�S+�YDOXH�WKDW�LV�WRR�DONDOLQH >��@�

3DUWLFOH�6L]H�RI�7DPDULQG�6HHG�%DUN�([WUDFW�1DQRJHO

0HDVXUHPHQW� RI� QDQRJHO� SUHSDUDWLRQ� SDUWLFOHV� ZDV� FDUULHG� RXW� XVLQJ� D� 3DUWLFOH� 6L]H� $QDO\]HU�

�)ULWVFK��DW�URRP�WHPSHUDWXUH�ZKHQ�WKH�SUHSDUDWLRQ�ZDV�ILQLVKHG��'DWD�7KH UHVXOWV�RI�WKH�PHDVXUHPHQW�RI�WKH�

QDQRJHO�SUHSDUDWLRQV�RI�WKH�HWKDQRO�H[WUDFW�RI�WKH�WDPDULQG�VHHG�VKHOO�DUH�DV�IROORZV�

7DEOH����5HVXOWV�RI�0HDVXUHPHQW�RI�3DUWLFOH�6L]H�(WKDQRO�([WUDFW�RI�7DPDULQG�6HHG�%DUN�1DQRJHO

1R )RUPXOD 3DUWLFOH�VL]H��QP�

� )� ����� ������

� )� ����� ������

� )� ����� �������

7KH�PHDVXUHPHQW�UHVXOWV�RI�QDQRJHO�SUHSDUDWLRQV�RI� WDPDULQG�VHHG�FRDW�H[WUDFW�WKDW�DUH�IRUPXODWHG�

PHHW�WKH�UHTXLUHPHQWV�RI�QDQRPHWHU�SDUWLFOH�VL]H��ZKLFK�LV�QRW�PRUH�WKDQ������QP >��@�

,9� &21&/866,21

7KH� HWKDQROLF� H[WUDFW� RI� WKH� WDPDULQG� VHHG� EDUN KDV� DQWLEDFWHULDO� DFWLYLW\� DJDLQVW�3� DFQHV DQG� 6��

HSLGHUPLGLV��DQG�WKH�QDQRJHO�IRUPXODWLRQ�RI�WKH�HWKDQRO�H[WUDFW�RI�WKH�WDPDULQG�VHHG�KXVN�VKRZHG�WKH�SDUWLFOH�

VL]H�RI�WKH�QDQRJHO�EHORZ�����QDQRPHWHUV�

5()(5(1&(6

>�@ -��3ULDQWR��&DQWLN��3DQGXDQ�/HQJNDS�0HUDZDW�.XOLW�:DMDK��*UDPHGLD�3XVWDND�8WDPD�������

>�@ 0��'ZLNDU\D��³&DUD�7XQWDV�0HPEDVPL�-HUDZDW�´�.DZDQ�3XVWDND�-NW��������

>�@ '��.XVELDQWR��5��$UGLDQV\DK��DQG�'��$��+DPDGL��³,PSOHPHQWDVL�VLVWHP�SDNDU�IRUZDUG�FKDLQLQJ�XQWXN�LGHQWLILNDVL�

GDQ�WLQGDNDQ�SHUDZDWDQ�MHUDZDW�ZDMDK�´�-��,QIRUP��3ROLQHPD� YRO�����QR�����SS����±���������

>�@ 0��'ZLNDU\D��³0HUDZDW�.XOLW�	�:DMDK�´�-NW��.DZDQ�3XVWDND�������

>�@ 6��.DEDX�DQG�3��5L\DQWR��³+XEXQJDQ�DQWDUD�SHPDNDLDQ�MHQLV�NRVPHWLN�GHQJDQ�NHMDGLDQ�DNQH�YXOJDULV�´�)DNXOWDV�

.HGRNWHUDQ�������

>�@ 1��%DLVDHQJ�DQG�6��.OD\UDXQJ�� ³,Q�9LWUR�$QWLEDFWHULDO�$FWLYLW\�RI�+\GURJHOV�&RQWDLQLQJ�7DPDULQG�6HHG�+XVN�

([WUDFWV�DJDLQVW�3URSLRQLEDFWHULXP�DFQHV�´�LQ�.H\�(QJLQHHULQJ�0DWHULDOV��������YRO�������SS����±���

>�@ $��3��9LOOXSDQRRU��%��&KHPSDNDP��DQG�7��-��=DFKDULDK��³&KHPLVWU\�RI�VSLFHV�´�.LQJ¶V�/\QQ�8.�&$%�,QWO*RRJOH�

6FK��������
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>�@ 0�� 0DUKDPDK�� 1�� 1L]DU�� 2�� %XQJD�� 6�� .XVXPDQLQJUXP�� DQG� (�� 5LVPDQD�� ³3HQJXMLDQ� $NWLYLWDV� $QWLDFQH�

1DQRSDUWLNHO� .LWRVDQ� (NVWUDN� .XOLW� %XDK� 0DQJJLV� �*DUFLQLD� 0DQJRVWDQD��´� 0HGLD� 3HQHOLW�� 'DQ� 3HQJHPE��

.HVHKDW���YRO������QR�����S��������������

>�@ %�� 6��&KDQGUDVKHNKDU�HW� DO��� ³7UHWLQRLQ�QDQRJHO� �������YHUVXV� FRQYHQWLRQDO� JHO�������� LQ�SDWLHQWV�ZLWK�DFQH�

YXOJDULV��D�UDQGRPL]HG��DFWLYH�FRQWUROOHG��PXOWLFHQWUH��SDUDOOHO�JURXS��SKDVH�,9�FOLQLFDO�WULDO�´ -��&OLQ��'LDJQ��5HV��

-&'5��YRO�����QR�����S��:&���������

>��@ '��7KDVVX��0��'HOHHUV��DQG�<��9��3DWKDN��1DQRSDUWLFXODWH�GUXJ�GHOLYHU\�V\VWHPV��YRO�������&5&�3UHVV�������

>��@ 'HSNHV�5�,���³)DUPDNRSH�,QGRQHVLD�(GLVL�,9�´�-NW��'HS��.HVHKDW��5,�������

>��@ 'HSNHV�5�,���³)DUPDNRSH�,QGRQHVLD�HGLVL�NHWLJD�´�-NW��'HS��.HVHKDW��5HSXE��,QGRQHV���SS����±���������

>��@ 'HSNHV�5�,���³)DUPDNRSH�+HUEDO�,QGRQHVLD�´�-NW��'HS��.HVHKDW��5HSXE��,QGRQHV���S������������

>��@ 5�� )LWUL�� -�� 5HYHQ\�� 8�� +DUDKDS�� DQG� +�� 'KDUPDZDQ�� ³$QWL�$FQH� $FWLYLW\� )URP� %LRFHOOXORVH�0DVN� )RUPXOD�

&RQWDLQLQJ��$ORH�9HUD��/���%XUP��)��(VVHQFH�&RPELQHG�:LWK�9LWDPLQ�(�´�,QGRQHV��-��3KDUP��&OLQ� 5HV���YRO�����

QR�����SS���±��������

>��@ 8��+DUDKDS�� $��'DOLPXQWKH�� 7��+HUWLDQL��0��0XKDPPDG�� 1DVUL�� DQG�'�� 6DWULD�� ³$QWLR[LGDQW� DQG� DQWLEDFWHULDO�

DFWLYLWLHV�RI�HWKDQRO�H[WUDFW�RI�9HUQRQLD�DP\JGDOLQD�'HOLOH��/HDYHV�´�LQ�$,3�&RQIHUHQFH�3URFHHGLQJV��������YRO��

������QR�����S���������

>��@ $�� $�� 0RVWDID�� $�� $�� $O�$VNDU�� .�� 6�� $OPDDU\�� 7�� 0�� 'DZRXG�� (�� 1�� 6KRONDP\�� DQG� 0�� 0�� %DNUL��

³$QWLPLFURELDO�DFWLYLW\�RI�VRPH�SODQW�H[WUDFWV�DJDLQVW�EDFWHULDO�VWUDLQV�FDXVLQJ�IRRG�SRLVRQLQJ�GLVHDVHV�´�6DXGL�-��
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