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)LJ�����6FKHPDWLF�PRGHO�RI�SKHQRW\SHV�REVHUYHG�LQ�VHHGOLQJV�IURP�FURVVHV�ZLWK�LQFRPSDWLEOH��$��DQG�FRPSDWLEOH��%��OLQHV��
� :H�LQYHVWLJDWHG�WKH�PRGH�RI�LQKHULWDQFH�RI�WKH�DELOLW\�RI�OLQH�9,5����WR�LQGXFH�DEHUUDWLRQV�LQ�WKH�SURJHQ\�XVLQJ� WZR� W\SHV� RI� FURVVHV�� ��� FURVVHV� ZLWK� LQFRPSDWLEOH� OLQHV�� ��� FURVVHV� ZLWK� FRPSDWLEOH� OLQHV�� � :H�LQYHVWLJDWHG� VHJUHJDWLRQ� LQ� )�� DQG� WKH� WUDLW� ZH� VFRUHG� ZDV� WKH� DELOLW\� RI� DQ� )� SODQW� WR� SURGXFH� DEHUUDQW�SURJHQ\�ZKHQ�SROOLQDWHG�ZLWK�IRUHLJQ�SROOHQ�� �,Q�WKH�SUHVHQWDWLRQ�RI�UHVXOWV�ZH�XVH�WKH� DQG� V\PEROV�WR�GHQRWH�PDWHUQDO�DQG�SDWHUQDO�OLQHV��UHVSHFWLYHO\�� �7KH�OLQH�9,5����LV�DEEUHYLDWHG�WR�������,Q�DOO�FURVVHV��WKH�PDWHUQDO�SDUHQW�LV�LQGLFDWHG�ILUVW��
�&URVVHV�ZLWK�LQFRPSDWLEOH�OLQHV�� (DFK�SODQW�IURP�DQ�)� SRSXODWLRQ�RI�����SODQWV�GHULYHG�IURP�WKH�FURVV�:/�����[ ��� ZDV�SROOLQDWHG�ZLWK�9,5������ 1RQH� RI� WKH����� SODQWV� SURGXFHG�IURP� WKHVH� FURVVHV� ZDV�SKHQRW\SLFDOO\�DEQRUPDO�� :H� FDQ�VXPPDUL]H� WKHVH� UHVXOWV�LQ�WKH�IROORZLQJ�VFKHPH���
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:KHQ� 9,5���� SODQWV� ZDSSHDUHG�WR�UHVROYH�LQWR�WKUERWK�QRUPDO�DQG�DEQRUPDO�S� ,W�DSSHDUV�WKDW�LQ�LQFRPS9,5����F\WRVRO�LV�WKH�IDFWRU�
&URVVHV�ZLWK�FRPSDWLEOH�OL� ,Q� WKLV� W\SH� RI� FURVV� WKVDPH�UHJDUGOHVV�RI�WKH�GLUHF�
7DEOH����5HVXOWV�RI�SROOLQDWLRQ
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1XPEHU�RI�)� SURGXFLQJ�2QO\�DEQRUPDO�SURJHQ\� %RWK�DEQRUPDO�DQG�QRUPDO� 2QO\�QRUPDO�SURJHQ\�
� ���SURJHQ\�� �������QRUP��������DEQRUP��� �������SURJHQ\��
�HUH� SROOLQDWHG� XVLQJ� ��� )� SODQWV� IURP� WKH� FURVV�:/����� [ ��� WKH� )� SODQWV�HH�FODVVHV��7DEOH�����RQH�WKDW�SURGXFHG�RQO\�DEQRUPDO�SURJHQ\��RQH�WKDW�SURGXFHG�URJHQ\��DQG�RQH�WKDW�SURGXFHG�RQO\�QRUPDO�SURJHQ\��DWLEOH�FURVVHV�HLWKHU�WKH�SUHVHQFH�RI�9,5����JHQHV�LQ�WKH�SROOHQ�RU�WKH�SUHVHQFH�RI��UHVSRQVLEOH�IRU�WKH�DSSHDUDQFH�RI�WKH�REVHUYHG�DEQRUPDOLWLHV��
QHV�H�DELOLW\�RI�9,5���� WR� LQGXFH�DEHUUDWLRQV� LQ� WKH�SURJHQ\�ZDV�DSSUR[LPDWHO\� WKH�WLRQ�RI�WKH�FURVV��7DEOH�����7KH�OLQH�/����ZDV�XVHG�DV�WKH�FRPSDWLEOH�SDUHQW��

V�RI�)� SODQWV�IURP�FRPSDWLEOH�FURVVHV�ZLWK�9,5�����SROOHQ��
1XPEHU�RI�)� SURGXFLQJ�QO\�DEQRUPDO�SURJHQ\� %RWK�DEQRUPDO�DQG�QRUPDO� 2QO\�QRUPDO�SURJHQ\�

�� ����SURJHQ\�� ���� ����QRUP�������DEQ��� ���� ����SURJHQ\���������SURJHQ\�� ��������QRUP�������DEQ��� ��������SURJHQ\��
WKH� [ ����)� SRSXODWLRQ��WKH�VHJUHJDWLRQ�RI�SKHQRW\SHV�LV�YHU\�FORVH�WR�D�������� LV� RQH� �RU� VHYHUDO� FORVHO\� OLQNHG�� QXFOHDU� IDFWRU� UHVSRQVLEOH� IRU� DEHUUDWLRQV�
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REVHUYHG���:H�FRQFOXGH�WKDW�WKH�DELOLW\�RI�WKH�OLQH�9,5����3LVXP�VDWLYXP�VVS��HODWLXV�WR�FDXVH�DEHUUDWLRQV�LQ�WKH� SURJHQ\� LV� GHWHUPLQHG� E\� WKH� QXFOHDU� JHQRPH�� EXW� WKLV� HIIHFW� FDQ� EH� REVHUYHG� RQO\� LQ� WKH� SUHVHQFH� RI�FRPSDWLEOH�F\WRSODVP��$EQRUPDO�SURJHQ\�RFFXUV�LQ�FURVVHV�ZKHUH�PDWHUQDO�SODQWV�UHIHU�WR�WKH�OLQH�9,5����RU�LWV�K\EULGV�ZLWK�FRPSDWLEOH�OLQHV��� 3KHQRW\SLF� DEHUUDWLRQV� REVHUYHG� E\� XV� DUH� YHU\� VLPLODU� WR� WKRVH� GHVFULEHG� E\� /XWNRY� ���� LQ� GLVWDQW�K\EULGV�RI�SHD��+RZHYHU��LQ�H[SHULPHQWV�RI�/XWNRY��DEQRUPDO�SODQWV�ZHUH�REVHUYHG�LQ�)� DQG�)� JHQHUDWLRQV��ZKLOH�ZH�FRXOG�REVHUYH�WKH�SKHQRPHQRQ�RQO\�LQ�WKH�)� DIWHU�SROOLQDWLRQ�RI�9,5�����RU�LWV�K\EULGV��ZLWK�D�WHVWHU�SROOHQ��� 7KHUH�DUH�VRPH�W\SHV�RI�FURVVHV�ZKHUH�SKHQRW\SHV�RI�WKH�UHVXOWLQJ�SURJHQ\�GHSHQG�RQ�WKH�GLUHFWLRQ�RI�WKH�FURVV��)RU�H[DPSOH��F\WRSODVPLF�PDOH�VWHULOLW\��&06���PDQLIHVWHG�DV�LQDELOLW\�WR�SURGXFH�IHUWLOH�SROOHQ�RU�IXQFWLRQDO� DQWKHUV�� LV�PDWHUQDOO\� LQKHULWHG� DOWKRXJK� LW� LV� LQIOXHQFHG�E\�QXFOHDU�JHQHV��&06� LV� FRPPRQO\�DVVRFLDWHG�ZLWK�FKDQJHV�LQ�PLWRFKRQGULDO�JHQH�H[SUHVVLRQ��UHYLHZHG�LQ�����,Q�IDFW��9,5����OLQH�DFWV�OLNH�D�VRXUFH� RI� VWHULOLW\�LQGXFLQJ� F\WRSODVP�� ZKHUHDV� FRPSDWLEOH� OLQHV� SHUIRUP� DV� LI� FDUU\LQJ� QXFOHDU� IHUWLOLW\�UHVWRUHU�JHQHV��+RZHYHU�� VHJUHJDWLRQ� LQ� WKH�)� RI�FRPSDWLEOH�FURVVHV� LQGLFDWHV� WKDW�ZH�DUH�GHDOLQJ�ZLWK�D�QXFOHDU�IDFWRU�WKDW�FDQ�EH�WUDQVPLWWHG�ERWK�PDWHUQDOO\�DQG�SDWHUQDOO\��DOWKRXJK�WKH�VRXUFH�RI�F\WRSODVP�SOD\V�DQ�LPSRUWDQW�UROH��7KH�LVVXH�DSSHDUV�WR�EH�LQYROYHG�LQ�WKH�SKHQRPHQRQ�RI�F\WRSODVPLF�LQFRPSDWLELOLW\��&,��GHVFULEHG�IRU�VRPH�DUWKURSRG�VSHFLHV�DQG�DVVRFLDWHG�ZLWK�HQGRFHOOXODU�EDFWHULD�RI�:ROEDFKLD�VSHFLHV��&,�LV�PDWHUQDOO\� WUDQVPLWWHG� DQG� DSSHDUV� DV� UHSURGXFWLYH� DEHUUDWLRQV�ZKHQ� DQ� LQIHFWHG�PDOH� LV� FURVVHG�ZLWK� D�IHPDOH� HLWKHU� GHYRLG� RI�:ROEDFKLD� RU� KDUERULQJ� DQRWKHU� VWUDLQ� RI� EDFWHULD� �VHH� IRU� H[DPSOH�� ���� 7KLV�DEHUUDWLRQ�FDQ�EH�RYHUFRPH�E\�DQWLELRWLF� WUHDWPHQW�DJDLQVW�PLFURELDO� LQYDVLRQV��:H� WUHDWHG�VHHGV�RI�9,5����� DQG� WHVWHU� OLQHV�ZLWK� GR[\F\FOLQH� ���� J�PO� DQG���� J�PO���7KH� UHVXOWLQJ� VHHGOLQJV�ZHUH� SDOH�JUHHQ�LQGLFDWLQJ� WKDW� WKH� WUHDWPHQW� ZDV� HIIHFWLYH�� KRZHYHU�� WKH� WUHDWPHQW� GLG� QRW� DEROLVK� DEHUUDWLRQV� LQ� WKH�SURJHQ\��� 7KXV��ZH�VXSSRVH�WKDW�WKH�SKHQRPHQRQ�REVHUYHG�PRVW�FORVHO\�UHVHPEOHV�K\EULG�G\VJHQHVLV�GHVFULEHG�LQ�'URVRSKLOD������,Q�IOLHV��WKH�G\VJHQLF�V\QGURPH�DSSHDUV�LQ�K\EULG�SURJHQ\�ZKHQ�PRELOH�JHQHWLF�HOHPHQWV�RI�FHUWDLQ� W\SH� FRPH� IURP� WKH� PDOH� SDUHQW� DQG� WKH� K\EULG� JHQRPH� FRQIOLFWV� ZLWK� F\WRSODVP� RI� WKH� RRF\WH�SURGXFHG� E\� WKH� IHPDOH� ODFNLQJ� DFWLYH� FRSLHV� RI� WKLV� PRELOH� HOHPHQW�� 7KH� UHVXOWLQJ� PRELOL]DWLRQ� RI� WKH�WUDQVSRVRQ�LQ�WKH�K\EULGV�FDXVHV�PXOWLSOH�JHQHWLF�GLVRUGHUV�LQFOXGLQJ�FRPSOHWH�RU�SDUWLDO�VWHULOLW\��,W�LV�NQRZQ�WKDW�SODQW�JHQRPHV�PD\�FRQWDLQ�QXPHURXV�FRSLHV�RI�WUDQVSRVDEOH�HOHPHQWV������%\�DQDORJ\�ZLWK�'URVRSKLOD�ZH�FDQ�VXSSRVH�WKDW�WKH�JHQRPHV�RI�WKH�PDMRULW\�RI�SHD�VDPSOHV�DUH�VDWXUDWHG�ZLWK�VRPH�W\SH�RI�WUDQVSRVRQV�ZKLFK�DUH��KRZHYHU��LQDFWLYH�GXH�WR�DFFXPXODWLRQ�LQ�WKH�F\WRSODVP�RI�D�UHSUHVVRU�HQFRGHG�RQ�WKH�'1$�RI�WKH�PRELOH�HOHPHQW��0DOH�JDPHWHV�ODFN�WKH�UHSUHVVRU�RU�FRQWDLQ�YHU\�OLWWOH�RI�LW���$�FURVV�LQYROYLQJ�WZR�VXFK�OLQHV�GRHV� QRW� FDXVH� G\VJHQHVLV� EHFDXVH� PRELOH� HOHPHQWV� GHOLYHUHG� E\� WKH� PDOH� JDPHWH� DUH� FRQWUROOHG� E\� WKH�UHSUHVVRU�SURGXFHG�E\�WUDQVSRVRQV�RI�WKH�HJJ��:H�VXSSRVH�WKDW�WKH�JHQRPH�RI�WKH�OLQH�9,5����LV�GHYRLG�RI�PRELOH�HOHPHQWV�FDSDEOH�RI�UHSUHVVRU�SURGXFWLRQ��WKHUHIRUH��ZKHQ�DQ�HJJ�RI�WKLV�OLQH�PHHWV�ZLWK�D�PDOH�JDPHWH�RI DQ�LQFRPSDWLEOH�OLQH��WUDQVSRVRQV�RI�WKH�ODWWHU�EHJLQ�DFWLYH�WUDQVSRVLWLRQV�DQG�UHSUHVVRU�SURGXFWLRQ��$V�IRU�FRPSDWLEOH� ZLOG� VDPSOHV��ZH� VXSSRVH� WKDW� WKHLU� JHQRPH� KDUERUV� GHIHFWLYH�PRELOH� HOHPHQWV� QRW� FDSDEOH� RI�DFWLYH� WUDQVSRVLWLRQ�EXW�SURGXFLQJ�D� IDFWRU�RI� UHSUHVVLRQ�ZKLFK� LV� DFFXPXODWHG� LQ�F\WRSODVP� WKXV�PDNLQJ� LW�QRQ�UHDFWLYH�� 7KHUHIRUH�� FURVVHV� RI� WKHVH� OLQHV� ZLWK� FRPPRQ� WHVWHUV� SURGXFH� QRUPDO� SURJHQ\�� DQG� WKH� RII�VSULQJ�IURP�WKH�FURVVHV�ZLWK�9,5����DOVR�GRHV�QRW�VXIIHU�IURP�JHQHWLF�GLVRUGHUV�FDXVHG�E\�WUDQVSRVLWLRQV�RI�PRELOH�HOHPHQWV��� ,W�VKRXOG�EH�QRWHG�WKDW�FURVVHV�RI�3LVXP�VDWLYXP�ZLWK�RWKHU�SHD�WD[D�VXFK�DV�3��VDWLYXP�VVS��DE\VVLQLFXP�DQG�3��IXOYXP�DUH�VXFFHVVIXO��ZLWK�UDUH�H[FHSWLRQV��RQO\�ZKHQ�3��VDWLYXP�LV�XVHG�DV�WKH�IHPDOH�SODQW���������,Q�DGGLWLRQ�� DQ� )� PD\� VHJUHJDWH� IRU� DEHUUDQW� SODQWV� ���� VLPLODU� WR� WKRVH� GHVFULEHG� LQ� WKH� SUHVHQW� VWXG\�� ,W� LV�SRVVLEOH�� WKHUHIRUH�� WKDW� QXFOHDU�F\WRSODVPLF� FRQIOLFW� FRQWULEXWHV� WR� LQWHUVSHFLHV� LVRODWLRQ� DQG�� WKXV�� WR�VSHFLDWLRQ���
$FNQRZOHGJHPHQW��7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�5XVVLDQ�6WDWH�3URJUDP�
5XVVLDQ�)XQG�IRU�)XQGDPHQWDO�5HVHDUFK
��JUDQW�1R������������������ %RXUW]LV��.���$QGURQLNL��$���0DUNDNLV��*��DQG�6DYDNLV��&����������*HQHWLFV�����������������
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��� '\DFKXN��3�$����������,Q��.KYRVWRYD��9�9���HG���*HQHWLFV�DQG�6HOHFWLRQ�RI�3HD���1RYRVLELUVN��1DXND��SS����������LQ�5XVVLDQ������ (QJHOV��:�5����������*HQHW��5HV������������������ /XWNRY�� $�1�� � ������ � 3URFHHGLQJV� RI� $OO�8QLRQ� &RQJUHVV� RQ� *HQHWLFV�� 6HOHFWLRQ� DQG� 6HHG� %UHGLQJ��/HQLQJUDG�����������9RO�����S����������LQ�5XVVLDQ������ 3HDUFH��6�5���+DUULVRQ��*���/L��'���+HVORS�+DUULVRQ��-�6���.XPDU��$��DQG�)ODYHOO��$�-�� ��������0RO��*HQ��*HQHW������������������� 6FKQDEOH��3�6��DQG�:LVH��5�3����������7UHQGV�3ODQW�6FL����������������� 6REROHY�� 1�$�� DQG� $JDUNRYD�� 6�1�� � ������ � ,Q�� .KYRVWRYD�� 9�9�� �HG���� *HQHWLFV� DQG� 6HOHFWLRQ� RI� 3HD��1RYRVLELUVN��1DXND��SS����������LQ�5XVVLDQ���
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