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$%675$&7
7KH� FKHPLFDO� PHWKRGV� IRU� WKH� SURGXFWLRQ� RI� WHFKQHWLXP���P� UDGLRSKDUPDFHXWLFDOV� FRQWDLQLQJ� D� WHUPLQDO� 7F{1�WULSOH� ERQG� KDYH� EHHQ� HVWDEOLVKHG� PRUH� WKDQ� D� GHFDGH� DJR�� )URP� WKDW� WLPH�� WKH� FKHPLVWU\� RI� QLWULGR� 7F���P�FRPSOH[HV�KDV�SURYLGHG�D�KLJKO\�HIILFLHQW�WRRO�IRU�WKH�GHVLJQ�DQG�SUHSDUDWLRQ�RI�QRYHO�FODVVHV�RI�GLDJQRVWLF�DJHQWV��DQG��D�QXPEHU�RI�SRWHQWLDOO\�XVHIXO�UDGLRSKDUPDFHXWLFDOV�KDYH�EHHQ�GLVFRYHUHG��,Q�SDUWLFXODU��QLWULGR�WHFKQHWLXP���P� WUDFHUV� KDYH� EHHQ� GHYHORSHG� IRU� KHDUW� SHUIXVLRQ� LPDJLQJ�� ,Q� WKLV� VKRUW� UHYLHZ�� WKH� FKHPLFDO� DQG�ELRORJLFDO�SURSHUWLHV�RI�WKH�QHXWUDO�P\RFDUGLDO�SHUIXVLRQ�WUDFHU�ELV�1�HWKR[\��1�HWK\O�GLWKLRFDUEDPDWR��QLWULGR�7F���P��7F1�12(W��ZLOO� EH� VXPPDUL]HG� DORQJ�ZLWK� WKH� SUHSDUDWLRQ� DQG�SUHOLPLQDU\� ELRORJLFDO� HYDOXDWLRQ� RI� WKH� ILUVW� FODVV� RI�PRQRFDWLRQLF�QLWULGR�WHFKQHWLXP���P�UDGLRSKDUPDFHXWLFDOV�H[KLELWLQJ�LPSURYHG�ELRGLVWULEXWLRQ�SURSHUWLHV�FORVHU�WR�WKRVH�H[SHFWHG�IRU�DQ�LGHDO�SHUIXVLRQ�LPDJLQJ�DJHQW�
.H\�ZRUGV� 7HFKQHWLXP���P�5DGLRSKDUPDFHXWLFDOV��1LWULGR�&RPSOH[HV

 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
7HFKQHWLXP���P�FRPSOH[HV�FRQWDLQLQJ�D�WHUPLQDO�7F{1�PXOWLSOH�ERQG�DUH�FXUUHQWO\�HDVLO\�SURGXFHG��DW�WUDFHU�OHYHO�DQG�LQ�VWULFWO\�FR QWUROOHG�FRQGLWLRQV��DIWHU�WKH�DGYHQW�RI�LPSURYHG�FKHPLFDO�PHWKRGV�IRU�REWDLQLQJ� WKH� >��P7F{1@�� FRUH� LQ� KLJK�UDGLRFKHPLFDO� SXULW\� �'XDWWL� HW� DO��� ������ 'XDWWL�DQG�8FFHOOL��������3DVTXDOLQL� HW�DO����������$�NH\�DGYDQWDJH� RI� XVLQJ� WKLV� W\SH� RI� FRPSOH[HV� IRU�REWDLQLQJ�QRYHO�FODVVHV�RI�GLDJQRVWLF�DJHQWV�FRPHV�IURP� WKHLU� LQWULQVLF� VWUXFWXUDO� UREXVWQHVV��*HQHUDOO\�� QLWULGR� 7F���P� FRPSOH[HV� SRVVHVV� D�ILYH�FRRUGLQDWHG DUUDQJHPHQW�� DQG� JHRPHWU\� FDQ�VZLWFK� IURP� VTXDUH� S\UDPLGDO� WR� WULJRQDO�ELS\UDPLGDO�� 7KURXJK� D� FDUHIXO� VHOHFWLRQ� RI�FRRUGLQDWHG� GRQRU� DWRPV�� LW� LV� DOZD\V�SRVVLEOH� WR�

DFKLHYH� D� SUHFLVH� FRQWURO� RI� WKH� JHRPHWULFDO�IHDWXUHV� RI� WKH� UHVXOWLQJ� FRPSOH[HV��7KLV� DSS HDUV�WR� EH� RI� XWPRVW� LPSRUWDQFH� LQ� HVWDEOLVKLQJ�VWUXFWXUH�DFWLYLW\� UHODWLRQVKLSV� WR� HOXFLGDWH� WKH�ELRORJLFDO� EHKDYLRU� RI� WKLV� FDWHJRU\� RI�UDGLRSKDUPDFHXWLFDOV�� 7KH� DSSOLFDWLRQ� RI� Q LWULGR�FKHPLVWU\� WR� WKH� GHVLJQ� RI� D� EURDG� UDQJH� RI�UDGLRSKDUPDFHXWLFDOV�� DQG VSHFLILFDOO\� IRU� WKH�GHYHORSPHQW�RI�XQSUHFHGHQWHG�FDWHJRULHV�RI�KHDUW�LPDJLQJ�DJHQWV�LV�EULHIO\�UHYLHZHG�KHUH�
��P7F1�12(W��&LV1RHW��
%LV��1�HWKR[\�� 1�HWK\O�GLWKLRFDUEDPDWR�� QLWULGR�WHFKQHWLXP�9�� RU� ��P7F1�12(W� LV� D� QHZ�WHFKQHWLXP���P� ODEHOHG� P\RFDUGLDO SHUIXVLRQ�LPDJLQJ� DJHQW� ZKLFK� LV� FXUUHQWO\� XQGHUJRLQJ�
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DGYDQFHG�SKDVH�,,,�FOLQLFDO�HYDOXDWLRQ��3DVTXDOLQL�DQG� 'XDWWL�� ������ )DJUHW� HW� DO��� ������� 7KH�ELRORJLFDO�FKDUDFWHULVWLFV�RI� ��P7F1�12(W�DUH�YHU\�LQWHUHVWLQJ� DQG� GLIIHUHQW� IURP� WKRVH� RI� WKH� RWKHU�P\RFDUGLDO�SHUIXVLRQ�UDGLRSKDUPDFHXWLFDOV�/LNH� ��P7F�WHERUR[LPH� �DQG� FRQWUDU\� WR� WKH� RWKHU�WHFKQHWLXP���P�ODEHOHG�DJHQWV�� ��P7F1�12(W�LV�D�QHXWUDO� WHFKQHWLXP���P� FRPSOH[�� +RZHYHU�� LQ�FRQWUDVW� WR� ��P7F�WHERUR[LPH�� ��P7F1�12(W� LV� WKH�ILUVW� UHSRUWHG� QHXWUDO� WHFKQHWLXP���P� FRPSOH[�VKRZLQJ� ORQJ� UHWHQWLRQ� WLPHV� LQ� QRUPDO�P\RFDUGLDO� WLVVXH�� )XUWKHUPRUH�� XQOLNH���P7F�VHVWDPLEL� DQG� ��P7F�WHWURIRVPLQ����P7F1�12(W� VKRZV� D� VLJQLILFDQW�� P\RFDUGLDO�UHGLVWULEXWLRQ�RYHU� WLPH��7KHUHIRUH�� ��P7F1�12(W�LV� WKH� ILUVW� WHFKQHWLXP���P� ODEHOHG� P\RFDUGLDO�SHUIXVLRQ� DJHQW� WKDW� GHPRQVWUDWHV� VLPLODU�FKDUDFWHULVWLFV�WKDQ�WKRVH�RI�WKD OOLXP�������P7F1�12(W� LV� D� PHPEHU� RI� D� FODVV� RI� QHXWUDO�P\RFDUGLDO� LPDJLQJ� DJHQWV� QDPHG� ��P7F�QLWULGR�GLWKLRFDUEDPDWHV� ZKLFK� DUH� FKDUDFWHUL]HG� E\� WKH�SUHVHQFH�RI D� WHUPLQDO� WULSOH�ERQG�FRUH� >7F{1@����,W�LV�D�QHXWUDO�DQG�KLJKO\�OLSRSKLOLF�FRPSRXQG�ZLWK�D� RFWDQRO�ZDWHU� SDUWLWLRQ� FRHIILFLHQW� RI�DSSUR[LPDWHO\������7KH� SUHSDUDWLRQ� RI� ��P7F1�12(W� LV� FDUULHG� RXW�WKURXJK� D� WZR�YLDO� O\RSKLOL]HG� NLW� IRUPXODWLRQ�VXSSOLHG� E\ &,6�6FKHULQJ�� ��P7F�SHUWHFKQHWDWH�����������0ET��LV�DGGHG�WR�D�ILUVW�YLDO�FRQWDL QLQJ�WKH�IROORZLQJ�FRPSRQHQWV�LQ�D�IUHH]H �GULHG�IRUP�
�L��������PJ�6'+��VXFFLQLF�GLK\GUD]LGH���LL��������PJ�6Q&����+�2��LLL�� ����PJ�'73$� �����SURSDQH�1�1�1
�1
�WHWUDDFHWLFDFLG��
7KH�UHVXOWDQW�PL[WXUH�LV�NHSW�DW�URRP�WHPSHU DWXUH�IRU����PLQXWHV��7KHQ�����PJ�RI�WKH�VRGLXP�VDOW�RI�1�HWKR[\��1�HWK\O� GLWKLRFDUEDPDWH� DQG� �� PJ� RI���PHWK\O�F\FORGH[WULQ� �ZKLFK� VHUYHV� DV� D�VXUIDFWDQW�DQG�VROXELOL]LQJ�DJHQW��GLVVROYHG�LQ�����PO� RI� ZDWHU� DUH� ZLWKGUDZQ� IURP� WKH� VHFRQG� YLDO�DQG� DGGHG� WR� WKH� ILUVW� UHDFWLRQ� YLDO�� 7KH� ILQDO�VROXWLRQ�VWDQGV�IRU���PLQXWHV�DW�URRP�WH PSHUDWXUH�&RPSDULVRQ� EHWZHHQ� P\RFDUGLDO� GLVWULEXWLRQ� RI���P7F1�12(W�DQG�UHJLRQDO�P\RFDUGLDO�EORRG�IORZ�KDV� EHHQ� SHUIRUPHG� LQ� GRJV� DIWHU� SHUPDQHQW� DQG�WHPSRUDU\� SDUWLDO� FRURQDU\� RFFOXVLRQ� RI� WKH� OHIW�DQWHULRU� GHVFHQGLQJ� DUWHU\� DQG� GLS\ULGDPROH�LQIXVLRQ�� 7KH� ILUVW�SDVV� H[WUDFWLRQ� IUDFWLRQ� RI���P7F1�12(W�ZDV� ��� �� �� XQGHU� EDVDO� FRQG LWLRQV�DQG� ��� �� ��� XQGHU� K\SHUHPLF� FRQGLWLRQV�� 7KLV�

KLJK� H[WUDFWLRQ� IUDFWLRQ� LV� VLPLODU� WR� WKDW� RI���P7F�WHERUR[LPH�� 7KH� OLSRSKLOLF� SURSHUWLHV�H[SODLQ� WKH� KLJK� H[WUDFWLRQ� IUDFWLRQ� RI� ERWK�UDGLRSKDUPDFHXWLFDOV�� $QRWKHU� VWXG\� VKRZHG� WKDW�WKH�PHDQ� ��P7F1�12(W�H[WUDFWLRQ�IUDFWLRQ�ZDV���������UDQJH����������DW�QRUPDO�FRURQDU\�IORZ�UDWH�DQG� ��� �� �� ZLWK� DGHQRVLQH� LQIXVLRQ�� 7KLV�H[WUDFWLRQ� IUDFWLRQ� LV� VLPLODU� WR� WKH� RQH� UHSRUWHG�IRU� WKDOOLXP����� XVLQJ� D� VLPLODU� H[SHULPHQWDO�PRGHO�'HVSLWH�WKH�SHUVLVWHQW�VLJQLILFDQW�OLQHDU�FRUUHO DWLRQ�EHWZHHQ� ��P7F1�12(W� DFWLYLW\� DQG� UHJLRQDO�P\RFDUGLDO�EORRG�IORZ�GXULQJ����PLQXWHV�DIWHU�WKH�LQMHFWLRQ�� ZKHQ� SDUWLDO� FRURQDU\� RFFOXVLRQ� ZDV�PDLQWDLQHG�� WKHUH� ZDV� DQ� LQFUHDVH� LQ� P\ RFDUGLDO���P7F1�12(W�DFWLYLW\�UHODWLYH�WR�WKH�EORRG�IORZ�DV�PHDVXUHG�E\�PLFURVSKHUHV�LQ�WKH�� ����IORZ�UDQJH�DQG D� GHFUHDVH� LQ� WKH� ������� IORZ� UDQJH�� 7KHVH�GDWD� VXJJHVW� D� FRQWLQXRXV� DQG� VORZ� P\RFDUGLDO�UHGLVWULEXWLRQ�RI���P7F1�12(W�������PLQXWHV�DIWHU�WKH� LQMHFWLRQ�� 6RPH� RI� WKH� GDWD� DOVR� VKRZHG� WKDW�WKHUH� ZDV� DQ� HDUO\� P\RFDUGLDO� UHGLVWULEXWLRQ� RI���P7F1�12(W� ZLWKLQ� WKH� ILUVW� ��� PLQXWHV�IROORZLQJ�LWV�DGPLQLVWUDWLRQ�7KH� EORRG� FOHDUDQFH� RI� ��P7F1�12(W� ZDV�ELH[SRQHQWLDO� ZLWK� DQ� LQLWLDO� KDOI �OLIH� RI� ����PLQXWHV� DQG� D� ODWH� KDOI �OLIH� RI� ���� PLQXWHV�� 1R�PHWDEROLWH� RI� ��P7F1�12(W� KDV� EHHQ� GHWHFWHG� LQ�WKH�EORRG�DW���RU����PLQXWHV�SRVW�LQMHFWLRQ��,Q�YLYR�LPDJLQJ� LQ� DQLPDO� PRGHOV� VKRZHG� WKDW� WKH�P\RFDUGLDO�XSWDNH�RI� ��P7F1�12(W�DW����PLQXWHV�SRVW� LQMHFWLRQ� KDG� GHFUHDVHG� E\� ���� WR� WKDW�PHDVXUHG� DW� �� PLQXWHV�� 7KH� OXQJ� XSWDNH� ZDV�LQLWLDOO\� KLJK� EXW� GHFUHDVHG� IDVWHU� WKDQ� FDUGLDF�XSWDNH� ZLWK� D� KHDUW�WR�OXQJ� UDWLR� RI� ����� DW� ��PLQXWHV�DQG������DW����PLQXWHV�SRVW� LQMHFWLRQ��7KH�OLYHU� XSWDNH� UHPDLQHG� FRQVWDQW� RYHU� WLPH�� )LYH�PLQXWHV� DIWHU� WKH� LQMHFWLRQ�� WKH� LQ� YLWUR���P7F1�12(W� XSWDNH� ZDV� KLJKHU� WKDQ� WKD OOLXP����� RYHU� D� ZLGH� UDQJH� RI� IORZ�� $OWKRXJK�P\RFDUGLDO� XSWDNH� RI� ERWK� DJHQWV� XQGHUHVWLPDWHG�WKH� OHYHO� RI� IORZ� GLVSDULW\�� ��P7F1�12(W� XSWDNH�PRUH� FORVHO\� PDWFKHG� FRURQDU\� EORRG� IORZ� WKDQ�GLG� WKDOOLXP������ ,W� ZDV� FRQFOXGHG� WKDW���P7F1�12(W� LV� WKH� ILUVW� WHFKQHWLXUQ���P� ODEHOHG�P\RFDUGLDO� SHUIXVLRQ� LPDJLQJ� DJHQW�ZLWK� FDUGLDF�UHWHQWLRQ� KLJKHU� WKDQ� WKDW� RI� WKDOOLXP ����� DW� ��PLQXWHV�SRVW�LQMHFWLRQ�7KH� VXEFHOOXODU� GLVWULEXWLRQ� RI� ��P7F1�12(W�ZDV�GHWHUPLQHG� LQ� 6SUDJXH�'DZOH\� UDW� KHDUWV� XVLQJ�VWDQGDUG� GLIIHUHQWLDO� FHQWULIXJDWLRQ� WHF KQLTXHV�� ,W�ZDV� IRXQG� WKDW� ��P7F1�12(W� FDQ� GLIIXVH� DQG�ORFDOL]H� LQ� WKH� K\GURSKRELF� FRPSRQHQWV� RI�
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P\RFDUGLDO� FHOOV� ZLWK� QR� HYLGHQFH� RI� VSHFLILF�DVVRFLDWLRQ�RI�DFWLYLW\�ZLWK�WKH�PLWRFKRQGULDO�DQG�F\WRVROLF� FRPSRQHQWV�� 6WUXFWXUDO� PHPEUDQH�LQWHJULW\� ZDV� IRXQG� WR� EH� LPSRUWDQ W� LQ� WKH�P\RFDUGLDO� UHWHQWLRQ� RI� ��P7F1�12(W�� $IWHU�LQGXFWLRQ� RI� VHYHUH� FHOO�PHPEUDQH� DQG� RUJDQHOOH�GLVUXSWLRQ�� WKHUH�ZDV� QR� UHOHDVH� RI� ��P7F1�12(W�DFWLYLW\�LQ�WKH�F\WRVRO��7KHVH�REVHUYDWLRQV�VWURQJO\�VXSSRUW� WKH� K\SRWKHVLV� WKDW� ��P7F1�12(W�� D�QHXWUDO� DQG� OLSRSKLOLF� UDGLRWUDFHU�� UHPDLQV� WLJKWO\�ERXQG�WR�WKH�K\GURSKRELF�FRPSRQHQWV�RI�WKH�FHOO��DQG�WKDW�WKH�FHOO�PHPEUDQHV�DUH�WKH�PRVW�SUREDEOH�VXEFHOOXODU�ORFDWLRQ�VLWH�RI� ��P7F1�12(W�,Q� YLWUR� H[SHULPHQWV� DQG� VWXGLHV� SHUIRUPHG� LQ�DQLPDOV� DQG� LQ� KXPDQV� KDYH� GHPRQVWUDWHG�P\RFDUGLDO� UHGLVWULEXWLRQ� RI� ��P7F1�12(W�ZLWK� D�VLPLODU�EHKDYLRU�WKDQ�WKDW�RI�WKDOOLXP������,Q�GRJV�P\RFDUGLDO� XSWDNH�RI� ��P7F1�12(W�DQG� WKDOOLXP����� ZHUH� GHWHUPLQHG� E\� LQ� YLWUR� FRXQWLQJ� DQG�FRUUHODWHG� ZLWK� UDGLRODEHOOHG� PLFURVSKHUHV� GDWD��5HVXOWV� FOHDUO\� GHPRQVWUDWHG� WKDW� ��P7F1�12(W�P\RFDUGLDO� UHGLVWULEXWLRQ�ZDV� FRPS DUDEOH� WR� WKDW�RI�WKDOOLXP�����%LRGLVWULEXWLRQ� RI� ��P7F1�12(W� LQ� PDQ� KDV�VKRZHG� WKDW� WKH� P\RFDUGLDO� XSWDNH� RI���P7F1�12(W�LV�UDSLG��KLJK�DQG�VWDEOH�LQ�WLPH��DQG�LW� LV� UDSLGO\� FOHDUHG� IURP� WKH� FLUFXODWLQJ� EORRG��$OWKRXJK� WKH�P\RFDUGLDO� XSWDNH� RI� ��P7F1�12(W�LV�KLJKHU�WKDQ�WKH�XSWDNH�RI�RWKHU�WHFKQHWLXP ���P�ODEHOHG�P\RFDUGLDO� SHUIXVLRQ� LPDJLQJ� DJHQWV�� WKH�OXQJ�XSWDNH�LV�DOVR�KLJKHU�ZLWK�DSSUR[LPDWHO\�����RI�WKH�LQMHFWHG�GRVH�LQ�WKH�OXQJV���PLQXWHV�DIWHU�WKH�LQMHFWLRQ�DW�UHVW�ZLWK�D�OXQJ�KDOI �OLIH�RI����PLQXWHV�DW�UHVW�DQG����PLQXWHV�DW�VWUHVV��/LYHU�XSWDNH�ZDV����� RI� LQMHFWHG� GRVH� DW� ��� PLQXWHV�� ���� DW� ��KRXUV� DQG� ����DW� �� KRXUV�� 7KH� P\RFDUGLDO�XSWDNH� ZDV� ����� RI� WKH� LQMHFWHG� GRVH� DW� � ��PLQXWHV�DQG������DW���KRXUV�
��P7F�1,75,'2�+(7(52&203/(;(6
7KH� VHDUFK� IRU� VWDEOH� FRRUGLQDWLRQ� DUUDQJHPHQWV�LQFOXGLQJ� WHFKQHWLXP�� LQ� YDULRXV� R[LGDWLRQ� VWDWHV�FRQWLQXHV� WR� EH� DQ� DFWLYH� ILHOG� RI� UHVHDUFK��SDUWLFXODUO\� EHFDXVH� RI� WKH� SURPLQHQW� UROH� VWLOO�SOD\HG� E\� WKH� J�HPLWWLQJ� UDGLRQXFOLGH�WHFKQHWLXP���P� LQ� GLDJQRVWLF� QXFOHDU� PHGLFLQH��7KLV� HIIRUW� KDV� UHFHQWO\� UHFHLYHG� IXUWKHU� LPSXOVH�RZLQJ� WR� WKH� FXUUHQW� QHHGV� WR� GHYHORS� 7F���P�UDGLRSKDUPDFHXWLFDOV� IRU� PRQLWRULQJ� UHFHSWRU�GLVWULEXWLRQV� LQ� WKH�FHQWUDO�QHUYRXV�V\VWHP�DQG� LQ�YDULRXV�WLVVXHV�

,Q� WKH� ODVW� \HDUV�� WZR� PDLQ� DSSURDFKHV� WR� WKH�GHVLJQ� RI� 7F���P� UHFHSWRU� LPDJLQJ� DJHQWV� KDYH�EHHQ� SURSRVHG�� %RWK� VWUDWHJLHV� VHW� IRUWK� WR� VWDUW�LQLWLDOO\� ZLWK� WKH� VHOHFWLRQ� RI� D� VXLWDEOH�ELRORJLFDOO\�DFWLYH�PROHFXOH�RU�G UXJ�WKDW�LV�DOUHDG\�NQRZ� WR�KDYH�DIILQLW\� IRU�D� VSHFLILF� UHFHSWRU��DQG�WKXV� FRXOG� VHUYH� DV� D� JXLGH� IRU� SLFWXULQJ� WKH�VWUXFWXUH� RI� WKH� ILQDO� 7F���P� UHFHSWRU�UDGLRSKDUPDFHXWLFDO��$IWHU�WKLV�FRPPRQ�LQSXW��WKH�WZR�PHWKRGV�GLYHUJH��7KH�VR �FDOOHG�µELIXQFWLRQDO¶�RU�µSHQGDQW¶�DSSURDFK�OLWHUDOO\�VXJJHVWV�WR�DSSHQG�WKH�ELRDFWLYH�JURXS� WR�D�PHWDO�FRPSOH[�WKURXJK�D�VXLWDEOH� OLQNDJH�� 7KLV� FDQ� EH� FRQYHQLHQWO\�DFFRPSOLVKHG�E\�XVLQJ�D�µE LIXQFWLRQDO�OLJDQG¶�WKDW�FRXOG� EH� YLHZHG� DV� D� FRPSRVLWH� PROHFXOH�FRPELQLQJ� D� VWURQJ� FKHODWLQJ� JURXS� IRU� WKH�UDGLRPHWDO� ZLWK� WKH� ELRPROHFXOH� E\� PHDQV� RI� D�VXLWDEOH� OLQNHU� FRQQHFWLQJ� WKHVH� WZR� PRLHWLHV��$IWHU� WKH� UDGLRPHWDO� KDV� EHHQ� HQFDJHG� E\� WKH�FKHODWLQJ� V\VWHP�� WKH� UHVXOWLQJ� µFRQMXJDWH¶�FRPSOH[� ZLOO� UHWDLQ� WKH� ELRDFWLYH� JURXS� LQWR� LWV�VWUXFWXUH� DV� DQ� DSSHQGHG� VLGH� FKDLQ�� ,QVWHDG�� WKH�RWKHU�SURFHGXUH��FDOOHG�µLQWHJUDWHG�DSSURDFK¶��SXWV�LWV� IRFXV� RQ� WKH� VHOHFWHG� ELRPROHFXOH� LWVHOI� ZLWK�WKH�DLP�WR�LGHQWLI\�D�UHJLRQ�LQ�LWV�VWUXFWXUH�WKDW�LV�QRW� HVVHQWLDO� IRU� SUHVHUYLQJ� LWV� ELRORJLFDO�SURSHUWLHV VXFK� DV�� IRU� H[DPSOH�� LWV� DIILQLW\� IRU� D�UHFHSWRU�� 2Q� WKLV� JURXQG�� WKH� ILQDO�UDGLRSKDUPDFHXWLFDO�LV�DVVHPEOHG�E\�UHSODFLQJ�WKH�QRQ�HVVHQWLDO�SDUW�RI�WKH�ELRPROHFXOH�ZLWK�D�PHWDO �FRQWDLQLQJ�IUDJPHQW��ZKLFK�VKRXOG�KDYH�PROHFXODU�VKDSH�VLPLODU� WR� WKDW�RI� WKH VXEVWLWXWHG�SRUWLRQ�VR�DV� WR� ILW� DOPRVW� H[DFWO\� LQWR� WKH� VDPH�SRVLWLRQ� LQ�WKH� RULJLQDO� ELRPROHFXOH��2EYLRXVO\�� WKH� XOWLPDWH�VXFFHVV� RI� ERWK� GHVLJQ� VWUDWHJLHV� OLHV� LQ� WKHLU�DELOLW\� WR� NHHS� XQDOWHUHG� WKH� LQWULQVLF� ELRORJLFDO�EHKDYLRU�RI�WKH�VWDUWLQJ�ELRPROHFXOH�$� NH\�� WKHRUHWLFDO� DGYDQWDJH� RI� WKH� WZR�DSSURDFKHV� RXWOLQHG� DERYH� RULJLQDWHV� IURP� WKHLU�UHSUHVHQWDWLRQ� RI� WKH� PROHFXODU� VWUXFWXUH� RI� WKH�UDGLRDFWLYH� WUDFHU� DV� FRQVLVWLQJ� RI� GLIIHUHQW�µSLHFHV¶� RU� µIUDJPHQWV¶��ZKLFK� FDQ� EH�� DW� OHDVW� LQ�SULQFLSOH�� FRQYHQLHQWO\� DVVHPEOHG� WR�EXLOG�XS� WKH�ILQDO� UDGLRSKDUPDFHXWLFDO�� +RZHYHU�� WKH� PHUJLQJ�RI� WKH�YDULRXV�IUDJPHQWV� WR�\LHOG�D�VW DEOH�SURGXFW�LV� QRW� DOZD\V� VLPSOH� WR� DFFRPSOLVK� DQG�� IRU�SUDFWLFDO�SXUSRVHV��WKLV�KDV�EHHQ�DFW XDOO\�REWDLQHG�RQO\� WKURXJK� WKH� DSSOLFDWL RQ� RI� WKH� ELIXQFWLRQDO�DSSURDFK� WR�D� IHZ�� VHOHFWHG�FKHODWLQJ�V\ VWHPV� IRU�WKH�PHWDO�6LQFH�WKH�>��P7F{1@�� FRUH�FDQ�EH�YLHZHG�DV�D�WUXH�LQRUJDQLF� IXQFWLRQDO�JURXS�H[KLELWLQJ�D�YHU\�KLJK�VWDELOLW\� RYHU� D� ZLGH� UDQJH� RI� H[SHULPHQWDO�
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FRQGLWLRQV��LW�ZDV�RI�LPSRUWDQFH�WR�LQYHVWLJDWH�WKH�SRVVLELOLW\� RI� HPSOR\LQJ� WKH� FKHPLVWU\� RI� QLWULGR�7F�9��FRPSOH[HV�IRU�ODEHOLQJ�ELRDFWLYH�PROHFXOHV��*HQHUDOO\�� FRPSOH[HV� FRQWDLQLQJ� WKH� 7F {1� WULSOH�ERQG� DUH� FKDUDFWHUL]HG� E\� D� ILYH �FRRUGLQDWLRQ�DUUDQJHPHQW� RI� OLJDQGV� GHWH UPLQHG� E\� WKH� VWURQJ�WUDQV�ZHDNHQLQJ� H[HUWHG� E\� WKH� QLWULGR� QLWURJHQ�JURXS��1�����7KHUHIRUH��D�SODLQ�VWUDWHJ\�IRU�OLQNLQJ�D�ELRDFWLYH�PROHFXOH� WR�D�> ��P7F{1@�� FRUH�ZRXOG�UHTXLUH� WKH� GHVLJQ� RI� D� ELIXQFWLRQDO� OLJDQG�FRPELQLQJ�D�WHWUDGHQWDWH�FKHODWLQJ�V\VWHP�ZLWK�WKH�ELRORJLFDO�VXEVWUDWH��7KH�PHWDO�LRQ�FRXOG�EH��WKHQ��FRRUGLQDWHG� WR� WKH� WHWUDGHQWDWH� FKHODWLQJ�IUDPHZRUN�WR�DIIRUG�WKH�ILQDO�FRQMXJDWHG�FRPSOH[��7KRXJK� WKH� RXWOLQHG� DSSURDFK� KDV� EHHQ�VXFFHVVIXOO\�DSSOLHG�WR�WKH�LVRHOHFWURQLF�>7F 9 2@��FRUH�� SUHYLRXV� VWXGLHV GHPRQVWUDWHG� WKDW�FRRUGLQDWLRQ� RI� D� WHWUDGHQWDWH� OLJDQG� WR� D� 7F {1�JURXS� LV� OHVV� IDYRUHG� WKDQ� WKDW� RI� WZR� VHSDUDWH�ELGHQWDWH�OLJDQGV��SUHVXPDEO\�DV�D�UHVXOW�RI�KHDY\�VWHULFDO� FRQVWUDLQV� LPSDUWHG� E\� WKH� PRUH�GHPDQGLQJ� QLWULGR� JURXS�� +HQFH�� D� IXUWKHU�SRVVLELOLW\� WR� LQFOXGH� D� ELRORJLFDOO\� DFWLYH�PROHFXOH� LQWR� D�QLWULGR�7F�9�� FRPSOH[� LV�RIIHUHG�E\� WKH� IRUPDWLRQ�RI� D�GLVXEVWLWXWHG� FRPSOH[�ZLWK�WZR� ELGHQWDWH� OLJDQGV�� +RZHYHU�� EDVHG� RQ� WKH�ELRORJLFDO�UHTXLUHPHQW�WKDW�RQO\�D�VLQJOH�ELRDFWLYH�JURXS�KDV� WR� EH� UHWDLQHG� LQWR� WKH� VWUXFWXUH�RI� WKH�ILQDO� FRPSOH[� WR� DYRLG� VWURQJ� DOWHU DWLRQV� RI� WKH�SURSHUWLHV� RI� WKH� RULJLQDO� ELRPROHFXOH�� LW� FRPHV�RXW� WKDW� WKHVH� WZR� ELGHQWDWH� OLJDQGV� VKRXOG� EH�QHFHVVDULO\� GLIIHUHQW�� ,Q� SD UWLFXODU�� WKLV� DSSURDFK�UHTXLUHV� WKDW� WKH� ILQDO� KH WHURFRPSOH[� PXVW� EH�FRPSRVHG�RI�D�>��P7F{1@�� FRUH�ERXQG�WR�D�VLQJOH�ELIXQFWLRQDO�ELGHQWDWH�OLJDQG�FDUU\LQJ�WKH�ELRDFWLYH�JURXS�� DQG� DQRWKHU� DQFLOODU\� OLJDQG� VSDQQLQJ� WKH�UHPDLQLQJ� WZR� FRRUGLQDWLRQ� SRVLWLRQV� RI� D�ILYH�FRRUGLQDWLRQ�DUUDQJHPHQW��<HW��WKH�SRVV LELOLW\�RI� REWDLQLQJ� SXUH� DV\PPHWULFDO� KHWHURFRPSOH[HV�ZKHQ� WZR� GLIIHUHQW� ELGHQWDWH� OLJDQGV� DUH� UHDFWHG�ZLWK� D� >��P7F{1@�� FRUH� JURXS� LV� QRW�FRPPRQSODFH�� )RU� LQVWDQFH��ZKHQ� WKH� VL]H�RI� WKH�ELRPROHFXOH�LV�VXIILFLHQWO\�VPDOO��LW�LV�REYLRXV�WKDW�FRRUGLQDWLRQ�RI� WZR� LGHQWLFDO�ELIXQFWLRQDO� OLJDQGV�WR� WKH� VDPH� 7F�9�� FHQWHU� KDV� WR� EH� H[SHFWHG��3UHYLRXV� DWWHPSWV� WR� REWDLQ� DQDORJRXV�GLVXEVWLWXWHG� KHWHURFRPSOH[HV� ZLWK� WKH�LVRHOHFWURQLF� >7F9 2�@�� FRUH� JDYH� RQO\� SRRU�UHVXOWV� ZLWK� SURGXFWLRQ� RI� XQVWDEOH� VSHFLHV� LQ�G\QDPLF� HTXLOLEULXP� ZLWK� WKH� FRUUHVSRQGLQJ�V\PPHWULFDO� FRPSRXQGV� FRPSRVHG� RI� WZR�LGHQWLFDO�ELGHQWDWH�OLJDQGV�

$� GHWDLOHG� LQYHVWLJDWLRQ� RI� WKH� UHODWLRQVKLSV�RFFXUULQJ� EHWZHHQ� WKH� YDULRXV� JHRPHWULHV� RI�ILYH�FRRUGLQDWHG�QLWULGR�7F�9��FRPSOH[HV�DQG�WKH�QDWXUH�RI�WKH�VHW�RI�GRQRU�DWRPV�ERXQG�WR�WKH�PHWDO�FHQWHU�DOORZHG�DQ�HIILFLHQW�SURFHGXUH�WR�EH�GHYLVHG�IRU� WKH� VHOHFWLYH� SUHSDUDWLRQ� RI� VWDEOH�DV\PPHWULFDO� KHWHURFRPSOH[HV�� ,Q� D� SUHYLRXV�ZRUN�� ZH� UHSRUWHG� WKH� V\QWKHVLV� RI� GLVXEVWLWXWHG�QLWULGR� 7F�9�� FRPSOH[HV� ZLWK� SKRVSKLQHWKLRO�OLJDQGV� �36+�� RI� WKH� W\SH� >7F�1��36� �@� �� 7KH�VWUXFWXUDO� FKDUDFWHUL]DWLRQ� RI� WKHVH� FRPSOH[HV�VKRZHG� WKDW� WKH\� SRVVHVV� D� WULJRQDO �ELS\UDPLGDO�JHRPHWU\�ZKHUH�WKH�WZR�SKRVSKRUXV�DWRPV�R FFXS\�WKH�WZR�DSLFDO�VLWHV��DQG�WKH�WZR�VXOIXU�DWRPV�DQG�WKH� QLWULGR� QLWURJHQ� DWRP� DUH� ORFDWHG� RQ� WKH�HTXDWRULDO� SODQH�� 7KLV� W\SH� RI� JHRPHWU\� LV�XQFRPPRQ�IRU�QLWULGR�7F�9��FRPSOH[HV��DQG�QHYHU�RFFXUV� ZLWK� OLJDQGV� KDYLQJ� S�GRQRUV� DV�FRRUGLQDWLQJ�DWRPV��,Q�WKLV�ODWWHU�VLWX DWLRQ��VTXDUH��S\UDPLGDO� JHRPHWU\� LV� SUHIHUUHG� :H� DWWULEXWHG�WKHVH�VWUXFWXUDO�IHDWXUHV�WR�WKH�VWURQJ�SUHIHUHQFH�RI�S�DFFHSWRU� SKRVSKRUXV� DWRPV� WR� DFKLHYH� D�UHFLSURFDO� WUDQV� SRVLWLRQ� DV� RSSRVHG� WR� S�GRQRU�DWRPV� ZKLFK� WHQG� WR� DVVXPH� D� FLV� D UUDQJHPHQW��36+� OLJDQGV� ZHUH� IRXQG� WR� EH� YHU\� SRZHUIXO�FRRUGLQDWLQJ� DJHQWV� WRZDUG� WKH� > ��P7F{1@�� FRUH��,Q� VTXDUH�S\UDPLGDO� FRPSOH[HV�� S�GRQRU�VXEVWLWXHQWV�ZHUH�TXDQWLWDWLYHO\�UHPRYHG�E\�WKHVH�OLJDQGV�WR�\LHOG�WKH�VDPH�>7F �1��36��@�FRPSOH[HV��7KXV��LW�PD\�EH�FRQFOXGHG�WKDW�D�3 �6� DUUDQJHPHQW�RI�DWRPV��FRRUGLQDWHG�WR�D >��P7F{1@�� JURXS�LQ�D�WULJRQDO� ELS\UDPLGDO� JHRPHWU\�� VKRXOG� EH� KLJKO\�VWDEOH��(YHQ�WKRXJK�D�QLWULGR�7F�9��FRPSOH[�ZLWK�WZR�ELGHQWDWH� OLJDQGV�KDUGO\�ZRXOG�DFKLHYH�D�IXOO�WULJRQDO�ELS\UDPLGDO�VWUXFWXUH��WKLV�FRQFOXVLRQ�FDQ�EH�JHQHUDOL]HG�WR�LQFOXGH�DOO�VH WV�RI�WZR�S�DFFHSWRU�DQG�WZR�S�GRQRU�DWRPV�,Q� >7F�1��36��@�FRPSOH[HV�� WKH�3�DQG�6�DWRPV�RI�WKH� SKRVSKLQHWKLRO� OLJDQGV� DUH� MRLQHG� WRJHWKHU�WKURXJK�DQ�DON\O�EULGJH��7KXV��EDVHG�RQ�RXU�DERYH�DUJXPHQWV�� ZH� VSHFXODWHG� WKDW� E\� FKDQ JLQJ� WKH�FRQQHFWLYLW\�EHWZHHQ 3�DQG�6�DWRPV�� LW�ZRXOG�EH�SRVVLEOH� WR� SURGXFH� DV\PPHWULFDO� FRPSOH[HV�KDYLQJ� D� VWDELOLW\� VLPLODU� WR� WKDW� RI� WKH� SUHFXUVRU�FRPSRXQGV��6SHFLILFDOO\��E\�OLQNLQJ�VHSDUDWHO\�WKH�WZR� 3� DWRPV� DQG� WKH� WZR� 6� DWRPV�� WKH� UHVXOWLQJ�KHWHURFRPSOH[� >7F�1��3�3��6�6�@� ZRXOG� EH�FRPSRVHG� E\� D� GLSKRVSKLQH� OLJDQG� �3 �3�� DQG� D�ELGHQWDWH� GLWKLRO� OLJDQG� �6�6�� FRRUGLQDWHG� WR� D���P7F{1� JURXS�� $� IDU�UHDFKLQJ� FRQVHTXHQFH� RI�WKLV� FRQMHFWXUH� LPSOLHV� WKDW� D� KLJKO\� DFLGLF�PROHFXODU� IUDJPHQW� RI� WKH� W\SH� >7F�1��3 �3�@��
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IRUPHG� E\� D� >��P7F{1@�� FRUH� ERXQG� WR� D�GLSKRVSKLQH� OLJDQG�� VKRXOG� H [KLELW� D� VHOHFWLYH�UHDFWLYLW\� WRZDUG� QXFOHRSKLOLF� ELGHQWDWH� OLJDQGV��<=��KDYLQJ�S�GRQRUV�DV�FRRUGLQDWLQJ�DWRPV��7KLV�OHDGV� WR� WKH� SUHGLFWLRQ� WKDW� WKHUH� VKRXOG� H[LVW� D�V\QWKHWLF� URXWH� WR� WKH� VHOHFWLYH�SUHSDUDWLRQ�RI� WKH�KHWHURFRPSOH[HV� >7F�1��3�3��<=�@� WKURXJK� WKH�UHDFWLRQ�RI� WKH� OLJDQGV�3�3�DQG�<=�ZLWK�D�QLWULGR�7F�9�� SUHFXUVRU�� ZLWKRXW� WKH� FRQFRPLWDQW�IRUPDWLRQ� RI� WKH� FRUUHVSRQGLQJ� V\PPHWULFDO�VSHFLHV�� ,Q� WKHVH� UHDFWLRQV�� WKH� DUUDQJHPHQW� RI�DWRPV� >��P7F�1��3�3�@���� FRPSRVHG� E\� D� 7F{1�JURXS� FRRUGLQDWHG� WR� D� FKHODWLQJ� GLSKRVSKLQH�OLJDQG� 3�3�� EHKDYHV� DV� µUREXVW¶� PHWDO� IUDJPHQW��LQWHUDFWLQJ�ZLWK� WKH� LQFRPLQJ� S�GRQRU�<=� OLJDQG�WR� DIIRUG� WKH� DV\PPHWULFDO� FRPSOH[� > ��P7F�1��3�3��<=�@����� 7KXV�� WKH� PHWDO� V\QWKRQ� > ��P7F�1��3�3�@�� FRXOG� EH� FRQYHQLHQWO\� XWLOL]HG� WR� REWDLQ� D�YHU\� EURDG� FODVV� RI� DV\PPHWULFDO� QLWULGR� 7F�9��FRPSOH[HV� ZLWK� D� YDULHW\� RI� ELGHQWDWH� OLJDQGV��%RO]DWL�HW�DO���������������8VLQJ�WKH�FKHPLFDO�VWUDWHJ\�RXWOLQH�DERYH��D�QRYHO�FODVV� RI� 7F���P� KHDUW� LPDJLQJ� DJHQWV� ZDV�GLVFRYHUHG��7KHVH�FRPSRXQGV�SRVVHVV�WKH�X QXVXDO�DV\PPHWULFDO�VWUXFWXUH�RI�QLWULGR�KHWHU RFRPSOH[HV�FRPSRVHG� E\� D� GLSKRVSKLQH� OLJDQG� �3 �3�� DQG� D�GLWKLRFDUEDPDWH� OLJDQG� �/�� ERXQG� WR� WKH� VDPH�>7F{1@�� JURXS� �%RVFKL� HW� DO��� ������� 7KH�UHVXOWLQJ� FRPSOH[HV�� >��P7F�1��3�3��/�@��� DUH�PRQRFDWLRQLF� DQG� ELRGLVWULEXWLRQ� VWXGLHV� LQ� UDWV�UHYHDOHG� WKDW� WKHVH� QHZ� WUDFHUV� ZHUH� VHOH FWLYHO\�H[WUDFWHG� E\� WKH� P\RFDUGLXP� DQG� H[KL ELWHG� D�ELRORJLFDO� EHKDYLRU� FORVHU� WR� WKDW� RI� DQ� LGHDO�SHUIXVLRQ� DJHQW�� ,Q� SDUWLFXODU�� W KH� GLSKRVSKLQH�OLJDQGV�313��DQG�313���DQG�WKH�GLWKL RFDUEDPDWH�OLJDQG�'%2'&�LOOXVWUDWHG�LQ�)LJXUH���ZHUH�XVHG�
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)LJXUH� �� � &KHPLFDO� VWUXFWXUH� RI� DV\PPHWULFDO� QLWULGR�7F���P�KHWHURFRPSOH[HV

$�VFKHPDWLF�GUDZLQJ�RI�WKH�VWUXF WXUH�RI�WKH�QRYHO�FRPSOH[HV� >��P7F�1��313��'%2'&�@��DEEUHYLDWHG���P7F1�'%2'&��ZKHQ�3�3� �313���DQG� ��P7F1�'%2'&�� ZKHQ� 3�3�  � 313��� LV�UHSRUWHG� LQ� )LJXUH� ��� 7KH� FRPSOH[HV� DUH�PRQRFDWLRQLF� DQG� SRVVHVV� D� GLVWRUWHG� VTXDUH �S\UDPLGDO�VWUXFWXUH�ZLWK�DQ�DSLFDO�7F {1�ERQG�DQG�WKH�OLJDQGV�3�3�DQG�'%2'&�VSDQQLQJ�WKH�UHVLGXDO�IRXU�SRVLWLRQV�RQ�WKH�EDVDO�SODQH�%LRGLVWULEXWLRQ� VWXGLHV� IRU� WKH� WZR� FRPSOH[HV���P7F1�'%2'&�� DQG� ��P7F1�'%2'&�� ZHUH�SHUIRUPHG�LQ�UDWV��7DEOH����7KH� FRPSOH[HV� ZHUH� UDSLGO\� H[WUDFWHG� E\� WKH�P\RFDUGLXP� DQG� UHWDLQHG� LQ� WKLV� UHJLRQ� IRU� D�SURORQJHG� WLPH�� 7KH� PDLQ� H[FUHWLRQ� URXWHV� ZHUH�WKURXJK� WKH�NLGQH\V�DQG� WKH� OLYHU��+RZHYHU�� OLYHU�DFWLYLW\� ZDVKHG� RXW� DOPRVW� FRPSOHWHO\� LQWR� WKH�LQWHVWLQH� DIWHU� RQH� KRXU� SRVW� LQMHFWLRQ�� 7LPH�YDULDWLRQ� RI� KHDUW� XSWDNHV� IRU� WKH� PRQRFDWLRQLF�FRPSRXQGV� ��P7F1�'%2'&��� ��P7F1�'%2'&�����P7F�6HVWDPLEL� DQG� ��P7F�7HWURIRVPLQ� DUH�UHSRUWHG� LQ� )LJXUH� ��� &RPSDU LVRQV� EHWZHHQ�KHDUW�OXQJ� DQG� KHDUW�OLYHU� XSWDNH� UDWLRV� IRU� WKH�VDPH�FRPSOH[HV�DUH�LOOXVWUDWHG�LQ�)LJXUHV���DQG����UHVSHFWLYHO\�7KH� QRYHO� 7F���P� FRPSOH[HV� DSSHDU� WR� SRVVHVV�UHPDUNDEOH�ELRORJLFDO�SURSHUWLHV��%RWK�FRPSOH[HV���P7F1�'%2'&��DQG���P7F1�'%2'&��H[KLELWHG�KLJK� KHDUW� ORFDOL]DWLRQ�� 7KH� YDQLVKLQJ� OXQJ�DFFXPXODWLRQ�REVHUYHG�DIWHU���PLQ�SRVW�LQMHFWLRQ��DQG�IDVW�OLYHU�ZDVKRXW� VXJJHVWHG�WKDW�WKHUH�VKRXOG�H[LVW�D�SHDN�DFWLYLW\�SUHFLVHO\�ORFD OL]HG�LQ�WKH�KHDUW�UHJLRQ�� $V� D� FRQVHTXHQFH�� FD UGLDF� LPDJHV� ZHUH�H[SHFWHG� WR� EH� SDUWLFXODUO\� ZHOO �GHILQHG�� 7KLV�SUHGLFWLRQ� ZDV� FRQILUPHG� E\� FROOHFWLQJ�WRPRJUDSKLF�LPDJHV�RI�WKH�UDW�KHDUW�XVLQJ D�VPDOO�DQLPDO�63(7�VFDQQHU�FXUUHQWO\�XQGHU�GHYHORSPHQW�LQ� RXU� ODERUDWRU\�� 5HVXOWV� DUH� JLYHQ� LQ� )LJXUH� ���5HPDUNDEO\�� OLYHU� DFWLYLW\�ZDV�SUDFWLFDOO\� DEVHQW��$QDO\VLV� RI� WLPH� YDULDWLRQ� RI� KHDUW�OXQJ� DQG�KHDUW�OLYHU�XSWDNH�UDWLRV�IRU� ��P7F1�'%2'&��DQG���P7F1�'%2'&�� UHYHDOHG� GUDPDWLF� GLIIHUHQFHV�EHWZHHQ� WKHVH� PRQRFDWLRQLF� DV\PPH WULFDO�FRPSOH[HV�DQG�WKH�PRQRFDWLRQLF�FRPSOH[HV� ��P7F�6HVWDPLEL�DQG� ��P7F�7HWURIRVPLQ��DV�LOOXVWUDWHG�LQ�)LJXUHV� �� DQG� ��� +HDUW�OXQJ� UDWLRV� IRU� ��P7F1�'%2'&�� DQG� ��P7F1�'%2'&�� LQFUHDVHG�FRQWLQXRVO\� LQ� WLPH�� 6LPLODUO\�� KHDUW�OLYHU� UDWLRV�JUHZ� H[SRQHQWLDOO\� DQG� ZHUH� IRXQG� WR� EH� PXFK�VXSHULRU� WKDQ� WKH�VDPH�UDWLRV�PHDVXUHG�IRU� ��P7F�6HVWDPLEL�DQG���P7F�7HWURIRVPLQ�
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7DEOH�� � 2UJDQ�GLVWULEXWLRQ� LQ� UDWV�RI���P7F1�'%2'&������DQG���P7F1�'%2'&�������SHUFHQWDJH�GRVH�JUDP��DYHUDJH�RI�WKUHH�UDWV�r 6'�2UJDQ ��PLQ ���PLQ ���PLQ ���PLQ ����PLQ ����PLQ�%ORRG �����r ���� �����r ���� �����r ���� �����r ���� �����r ���� �����r ����+HDUW �����r ���� �����r ���� �����r ���� �����r ���� �����r ���� �����r ����/XQJV �����r ���� �����r ���� �����r ���� �����r ���� �����r ���� �����r ����/LYHU �����r ���� �����r ���� �����r ���� �����r ���� �����r ���� �����r ����.LGQH\V ������r ���� �����r ���� �����r ���� �����r ���� �����r ���� �����r ����,QWHVWLQH �����r ���� ������r ���� ������r ���� �����r ���� �����r ���� �����r ����0XVFOH ����r ���� �����r ���� �����r ���� �����r ���� �����r ���� �����r �����%ORRG �����r ���� �����r ���� �����r ���� �����r ���� �����r ���� �����r ����+HDUW �����r ���� �����r ���� �����r ���� �����r ���� �����r ���� �����r ����/XQJV �����r ���� �����r ���� �����r ���� �����r ���� �����r ���� �����r ����/LYHU �����r ���� �����r ���� �����r ���� �����r ���� �����r ���� �����r ����.LGQH\V �����r ���� �����r ���� �����r ���� �����r ���� �����r ���� �����r ����,QWHVWLQH �����r ���� �����r ���� �����r ���� �����r ���� �����r ���� �����r ����0XVFOH �����r ���� �����r ���� �����r ���� �����r ���� �����r ���� �����r ����
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,Q� FRQFOXVLRQ�� WKH� QRYHO� FRPSOH[HV� ��P7F1�'%2'&��DQG���P7F1�'%2'&��DSSHDU�WR�SRVVHVV�VXSHULRU� ELRORJLFDO�SURSHUWLHV� LQ� FRPSDULVRQ�ZLWK���P7F�6HVWDPLEL�DQG� ��P7F�7HWURIRVPLQ��DQG�FRXOG�
EH� SRWHQWLDOO\� XWLOL]HG� DV� LPSURYHG�KHDUW� LPDJLQJ�DJHQWV� IRU� REWDLQLQJ� KLJK�TXDOLW\� VFLQWLJUDSKLF�LPDJHV�
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