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$%675$&7�� )DUP� H[SHULPHQWV� ZHUH� FRQGXFWHG� WR� GHWHUPLQH� WKH� HIIHFW� RI� UHGXFHG� UDWHV� RI� %XWLVDQ� 6WDU� DQG�&ORS\UDOLG�ZLWK�D�JLYHQ�DPRXQW�RI�&LWRZHWW�RQ�UDSHVHHG�DVVRFLDWHG�ZHHGV��RLO�FRPSRVLWLRQ��DQG�VHHG�YLDELOLW\� LQ�������7KH�WULDO�ZDV�ODLG�RXW�LQ�UDQGRPL]HG�FRPSOHWH�EORFN�GHVLJQ��5&%'��ZLWK����WUHDWPHQWV�DQG�IRXU�UHSOLFDWLRQV��7KH� HIIHFWV� RI� WUHDWPHQWV�ZHUH� DVVHVVHG� DW� WKH� �� OHDI� VWDJH� GHYHORSPHQW� RI� FDQROD��$YHUDJH� JUDLQ� \LHOG� LQ� SORWV�WUHDWHG�ZLWK�PL[WXUH�RI�����IXOO�UDWH�&ORS\UDOLG�DQG�&LWRZHWW�ZHUH�VLPLODU�WR�WKRVH�SORWV�ZKLFK�ZHUH�WUHDWHG�ZLWK�IXOO�UDWH�RI�VWDQGDUG�WUHDWPHQWV��$GGLWLRQ�RI�&LWRZHWW� LQ�D�WDQN�PL[�ZLWK�&ORS\UDOLG�VXEVWDQWLDOO\� LPSURYHG�FRQWURO�RI�ZHHGV�ZKLFK� UHVXOWHG� LQ�PRUH� JUDLQ� \LHOG��&DQROD� RLO� TXDOLW\�ZDV�� JHQHUDOO\�� XQDIIHFWHG� E\� SURGXFWLRQ� SUDFWLFHV�LQYHVWLJDWHG��7KH�FRQWHQWV�RI�VDWXUDWHG�IDWW\�DFLGV�LQ�WKH�RLO�ZDV�§�������LQGLFDWLQJ�WKDW�WKH�TXDOLW\�RI�RLO�IURP�FDQROD�SURGXFHG�LQ�8UPLD�LV�FRPSDUDEOH�WR�WKDW�IURP�RWKHU�ORFDWLRQV��$SSOLFDWLRQ�RI�&ORS\UDOLG�DW���NJ�D�L���KD�DQG�&LWRZHWW��DW� ����PO� �KD� HIIHFWLYHO\� FRQWUROOHG�ZHHGV� LQ� FDQROD�� DQG� VLJQLILFDQWO\� LQFUHDVHG� VHHG� \LHOGV� VLPLODU� WR� WKRVH� RI�VWDQGDUGV��WKH�KHUELFLGHV�PL[WXUH�ZLWK�&LWRZHWW�KDG�OLWWOH��LI�DQ\��HIIHFW�RQ�VHHG�RLO�FRQWHQW�RU�RLO�TXDOLW\��&DQROD�RLO�TXDOLW\� ZDV�� JHQHUDOO\� XQDIIHFWHG� E\� SURGXFWLRQ� SUDFWLFHV� LQYHVWLJDWHG�� 7KH� FRPELQDWLRQ� RI� WZR� KHUELFLGHV� DW�UHGXFHG�UDWH�KDG�QR�SK\WRWR[LF�HIIHFW�RQ�WKH�FURS��&DQROD�JHUPLQDWLRQ�UDWH�ZDV� QRW�GLPLQLVKHG�E\� WR[LF�LPSDFW�RI�KHUELFLGHV�PL[WXUH�ZLWK�&LWRZHWW� 7KH� SOXPXOH�OHQJWK�ZDV� QRW�UHGXFHG�IROORZLQJ�H [S R V X U H �WR � &ORS\UDOLG�DQG�&LWRZHWW�PL[WXUH�LQ�FRPSDULVRQ�WR�XQWUHDWHG�FKHFN�� �>$KDG�0RWDOOHEL��0HKGL�7DMEDNKVK�DQG�$OL�$VJKU�3RXUPLU]D��(IIHFW�RI�UHGXFHG�UDWH�KHUELFLGHV�DQG�FLWRZHWW�PL[WXUHV� RQ�ZHHG� FRQWURO�� RLO� FRPSRVLWLRQ� DQG� VHHG� YLDELOLW\� LQ� FDQROD�� /LIH� 6FL� -� �������������������@���,661��������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP� ����.(<�:25'6� 5HGXFHG�UDWH��KHUELFLGH��ZHHG�FRQWURO��JHUPLQDWLRQ��IDWW\�DFLG�
,QWURGXFWLRQ�� &DQROD� �%UDVVLFD� QDSXV� /��� LV� D� VSHFLILF� HGLEOH�W\SH� RI� UDSHVHHG�� GHYHORSHG� LQ� WKH� ����V� �.DQGHO� 	�.QRGHO�� ������� ZKLFK� FRQWDLQV� DERXW� ��� SHUFHQW� RLO��&DQROD�YDULHWLHV�PXVW�KDYH�DQ�HUXFLF�DFLG�FRQWHQW�RI�OHVV�WKDQ� �� SHUFHQW� DQG� OHVV� WKDQ� ��� PLFURPROHV� RI�JOXFRVLQRODWHV� SHU� JUDP� RI� VHHG�� 7KLV� PDNHV� LW�DFFHSWDEOH� DV� DQ� HGLEOH� RLO� DQG� DQLPDO� SURWHLQ� IHHG��&DQROD� RLO� LV� FRQVLGHUHG� RQH� RI� WKH� KLJKHVW� TXDOLW\�HGLEOH�RLOV�DYDLODEOH��&DQROD�RLO�KDV�DFKLHYHG�ZRUOGZLGH�FRPPRGLW\� VWDWXV� DQG� LV� H[WHQVLYHO\� XVHG� LQ� -DSDQ��&DQDGD� DQG� (XURSH�� &DQROD� VHHGV� FRQWDLQ� ��������Z�Z��RLO��EDVHG�RQ����PRLVWXUH��ZLWK�YHU\�ORZ�OHYHOV�RI�VDWXUDWHG�IDWW\�DFLGV��a������KLJK�OHYHOV�RI�ROHLF�DFLG��a������DQG�LQWHUPHGLDWH�OHYHOV�RI�OLQROHLF�DQG�OLQROHQLF�DFLGV� �a��� DQG� ����� UHVSHFWLYHO\�� �$OWHUQDWLYH� &URS�2YHUYLHZ���������� 7KHUH� LV� JHQHUDO� DJUHHPHQW� WKDW� LQ� WKH� ODVW� WZR�GHFDGHV�FRQVXPHUV�KDYH�GHPDQGHG�KHDOWKLHU�HGLEOH�RLOV��QDWXUDOO\� ORZ� LQ� VDWXUDWHG� IDW� VXFK�DV�ROLYH�DQG� FDQROD�RLOV�� 7KH� TXDOLW\� RI� RLOV� LV� DVVRFLDWHG� ZLWK� WKHLU� IDWW\�DFLGV��)$��FRPSRVLWLRQ��SDUWLFXODUO\�ZLWK�UHVSHFW�WR�WKH�SHUFHQWDJHV�RI�ROHLF��RPHJD����� OLQROHLF��RPHJD����DQG�OLQROHQLF��RPHJD����DFLGV��-DOLOLDQ�HW�DO����������

� +HDY\� ZHHG� LQIHVWDWLRQV� OHIW� XQFRQWUROOHG� FDQ�UHGXFH� FDQROD� \LHOGV� E\� ���� RU� PRUH� DQG� FDQ� UHGXFH�VHHG�TXDOLW\� OHDGLQJ� WR� GRFNDJH� �*XQVROXV� DQG�3RUWHU��������� -XGLFLRXV� ZHHG� PDQDJHPHQW� LQ� FDQROD� VKRXOG�LQYROYH� DVVHVVLQJ� ZHHG� VSHFLHV� DQG� ZHHG� GHQVLWLHV�SUHVHQW�LQ�HDFK�ILHOG�DQG�GHVLJQLQJ�DQ�LQWHJUDWHG�FRQWURO�SURJUDP��$SSOLFDWLRQ�RI� DSSURSULDWH�KHUELFLGH� LQ�ZHHG�FRQWURO�FRXOG�EH�WKH�PRVW�SRZHUIXO�WRRO�WR�VHFXUH�D�KLJK�\LHOGLQJ�� KLJK� TXDOLW\� FURS� RI� FDQROD�� :HHG� FRQWURO�VWUDWHJLHV�LQ�FDQROD��ZKHWKHU�PHFKDQLFDO��FKHPLFDO�RU�D�FRPELQDWLRQ� RI� ERWK� FRQWURO�PHWKRGV� VKRXOG� SULPDULO\�EH� GLUHFWHG� WRZDUG� UHGXFLQJ� ZHHG� FRPSHWLWLRQ� GXULQJ�WKH� ILUVW� IRXU� WR� HLJKW� ZHHNV� DIWHU� VHHGLQJ�� 2WKHUZLVH��FDQROD� VHHGOLQJV�� ZKLFK� WHQG� WR� JURZ� VORZO\�� FDQ� EH�RYHUFRPH� E\� FHUWDLQ� ZHHG� VSHFLHV�� &RQWURO� RI� NH\�EURDGOHDI� ZHHGV� ZDV� WKH�PRVW� LPSRUWDQW� FRQVWUDLQW� WR�SURGXFWLRQ�RI�FDQROD�WKURXJKRXW�,UDQ��� +HUELFLGH�PL[WXUHV�DUH�FRQVLGHUHG�SRZHUIXO� WRROV�IRU� FRVW� HIIHFWLYH� FRQWURO� LQ� LQWHQVLYH� DJULFXOWXUH�� $�QXPEHU� RI� IDFWRUV�� KRZHYHU�� PD\� VLJQLILFDQWO\�PRGLI\�WKH�H[SHFWHG�EHKDYLRU�RI�KHUELFLGH�PL[WXUHV�LQ�SUDFWLFH��7KH� VHOHFWLRQ� RI� WKH� PRVW� DSSURSULDWH� FRPELQDWLRQV�VKRXOG�EH�PDGH�WDNLQJ�LQWR�DFFRXQW�WKH�SURSHUWLHV�RI�WKH�
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KHUELFLGHV� WR� EH� FRPELQHG� DQG� WKH� VSHFLHV� WR� EH�FRQWUROOHG��� $SSO\LQJ�WZR�RU�PRUH�KHUELFLGHV�VLPXOWDQHRXVO\��HLWKHU� XVLQJ� SUHSDFNDJHV� PL[WXUHV� RU� E\� PL[LQJ�GLIIHUHQW�KHUELFLGH�SURGXFWV�EHIRUH�WKH�DSSOLFDWLRQ��LV�D�YHU\�FRPPRQ�DSSURDFK�LQ� LQWHQVLYH�DJULFXOWXUH��=KDQJ�HW�DO����������7KLV�LV�EHFDXVH�WKH�DSSOLFDWLRQ�RI�D�VLQJOH�KHUELFLGH�� HYHQ� WKRXJK� PD\� SURYLGH� JRRG� FRQWURO� RI�FHUWDLQ�ZHHGV�� LV� RIWHQ� LQDGHTXDWH� IRU� VDWLVIDFWRU\� DQG�FRVW� HIIHFWLYH� ZHHG� FRQWURO�� )XUWKHUPRUH�� PDQ\�KHUELFLGHV� KDYH� D� QDUURZ� VSHFWUXP� RI� ZHHG� FRQWURO��ZKHUHDV��RWKHU�KHUELFLGHV�GR�QRW�VKRZ�WKH�VDPH�HIILFDF\�DJDLQVW� DOO� ZHHGV� RI� WKHLU� VSHFWUXP� RI� FRQWURO� ZKHQ�DSSOLHG�DW�WKH�UHFRPPHQGHG�UDWHV��*LYHQ�WKDW�ZHHG�IORUD�QRUPDOO\� FRQVLVWV� RI�PDQ\� VSHFLHV�ZLWK� YDU\LQJ� OHYHOV�RI� KHUELFLGH� VHQVLWLYLW\�� PRUH� KHUELFLGH� DSSOLFDWLRQV�VKRXOG� EH� RIWHQ� SHUIRUPHG� RU� DGGLWLRQDO� PHDVXUHV� IRU�ZHHG� FRQWURO� VKRXOG� EH� DGGLWLRQDOO\� DGRSWHG�� 7KLV��KRZHYHU�� LQFUHDVHV� WKH� FRVW� RI� ZHHG� FRQWURO� DQG�FRQVHTXHQWO\� WKH� FRVW� RI� FURS� SURGXFWLRQ�� *RRG� ZHHG�FRQWURO�LV�QHFHVVDU\�IRU�D�JRRG�FDQROD�VWDQG��6RG�ILHOGV�RU� ILHOGV� ZLWK� VLJQLILFDQW� ZHHG� SUHVVXUH� VKRXOG� KDYH�ZHHGV�FRQWUROOHG�LQ�WKH�IDOO�SULRU�WR�FDQROD�SODQWLQJ��� 2¶'RQRYDQ�HW�DO���������VWDWHG�WKDW�KHUELFLGH�UDWH�LV� DQ� LQIOXHQWLDO� DQG� FUXFLDO� IDFWRU� LQ� ZHHG� FRQWURO�V\VWHPV��7KLV�YLHZ� LV� VHFRQGHG�E\�6KLPL�HW� DO�� �������ZKR� HYDOXDWHG� QHZ� KHUELFLGHV� LQ� FDQROD� DQG� UHSRUWHG�WKDW�%XWLVDQ�7RS�DW�����/�KD�DQG�7HULGR[�DW�����/�KD�DUH�DSSURSULDWH�KHUELFLGHV�IRU�ZHHG�FRQWURO�LQ�FDQROD�ILHOGV��'HVSLWH�ZKDW�DSSHDUV�WR�EH� WKH�VRXQG�EDVLV� IRU�WKH�XVH�RI�PL[WXUHV�DV�KHUELFLGH�UHVLVWDQFH�SUHYHQWLRQ�VWUDWHJLHV��WKH\�KDYH�VHOGRP�EHHQ�DGYRFDWHG�RU�LPSOHPHQWHG��7KLV�LV� LQ� JUHDW� SDUW� GXH� WR� WKH� EHOLHI� WKDW� LQ� RUGHU� WR� EH�HIIHFWLYH�� FRPSRQHQWV�RI� WKH�PL[WXUHV�PXVW� EH�XVHG� DW�WKH� QRUPDO� ODEHO� UDWH� �'LJJOH� HW� DO�� ������� $� PL[WXUH�WDLORUHG�WR�SUHYHQW� UHVLVWDQFH�ZRXOG�WKHUHIRUH��QRW�RQO\�DGGUHVV� WKH� FRPSDWLELOLW\� HQYLURQPHQWDO� UHTXLUHPHQW��EXW� HQVXUH� WKDW� WDUJHW� ZHHG� VSHFLHV� DUH� DGHTXDWHO\�FRQWUROOHG��� 7R�GDWH��WKHUH�DUH�����UHVLVWDQW�ELRW\SHV�RI�ZHHGV�LQ�RYHU��������� ILHOGV�ZRUOGZLGH� �+HDS�� �������7KHUH�DUH� PDQ\� WDFWLFV� WKDW� DUH� UHFRPPHQGHG� WR� SUHYHQW� RU�GHOD\�WKH�HYROXWLRQ�RI�KHUELFLGH�UHVLVWDQFH�DQG�GLPLQLVK�WKH�WKUHDW�RI�PXOWLSOH�UHVLVWDQFH�LQ�ZHHGV��$PRQJ�WKHVH�WDFWLFV�� WKH�DSSOLFDWLRQ�RI�KHUELFLGH�PL[WXUHV�SRVHV� WKH�RXWPRVW� LPSRUWDQFH�� � 8VLQJ� PL[WXUHV� GRHV� QRW�QHFHVVDULO\� PHDQ� WKDW� WKH� RYHUDOO� FKHPLFDO� ORDG� LV�LQFUHDVHG��,W�LV�FRQFHLYDEOH�WKDW��EHFDXVH�RI�DGGLWLYH�RU�V\QHUJLVWLF� DFWLRQ� DPRQJ� GLIIHUHQW� PROHFXOHV�� WKH�DPRXQW�RI�HDFK�FRPSRQHQW�FRXOG�EH�UHGXFHG�FRPSDUHG�WR�ZKHQ�WKH\�DUH�XVHG�DORQH�DW�WKH�IXOO�UDWH���

,MD]� HW� DO�� ������� XVLQJ� VHYHUDO� SUH� DQG� SRVW�HPHUJHQFH�KHUELFLGHV� LQ�FDQROD� VWDWHG� WKDW�QRQH�RI� WKH�KHUELFLGHV� KDG� D� SK\WRWR[LF� HIIHFW� RQ� WKH� FURS�� WKH�FRQVHTXHQFH�RI�DSSOLFDWLRQ�RI�DOO�KHUELFLGH�LV�LQFUHDVHG�RI�FDQROD�\LHOG��+RZHYHU��WKH�SRVW�HPHUJHQFH�KHUELFLGH�LV� PRUH� HIIHFWLYH� ZKHQ� WKHUH� LV� D� SUHSRQGHUDQFH� RI�JUDVV\� ZHHGV� LQ� LQIHVWDWLRQ� WKH� FURS�� 7KLV� YLHZ� LV�VHFRQGHG� E\� 0DUZDW� HW� DO�� ������� ZKR� UHSRUWHG� WKDW�7UHIODQ� �(&� ���� OLWHUV� KD�� LQ� UDSHVHHG� ZDV� WKH� EHVW�WUHDWPHQW�� UHGXFLQJ� VLJQLILFDQWO\� WKH�ZHHG� GHQVLW\� DQG�GU\�ZHLJKW��� &RQVLGHUDEOH�UHVHDUFK�KDV�H[DPLQHG� WKH�SRWHQWLDO�XVH� RI� ORZHU�WKDQ�ODEHOHG� KHUELFLGH� GRVHV��.LUNODQG� HW�DO���������UHSRUWHG�WKDW�JRRG�FURS�\LHOGV�DQG�WKH�KLJKHVW�QHW�UHWXUQV�FRXOG�EH�DWWDLQHG�XS�WR�D�����KHUELFLGH�GRVH�LQ�WKH�FURSV�ZLWK�KLJK�FRPSHWLWLYH�DELOLW\��,QFUHDVLQJ�WKH�FURS�VHHG�UDWH�FDQ�EH�D�GHSHQGDEOH�PHDQV�RI�LPSURYLQJ�WKH� HIILFDF\�RI�KHUELFLGHV� DSSOLHG� DW� UHGXFHG� GRVHV�� ,Q�WKLV�OLQH��WKH�ZHHG�FRQWURO�ZDV�PDUNHGO\�LPSURYHG�ZLWK�LQFUHDVHG� FURS� VHHG� UDWHV� LQ� D� FDQROD� ZKHQ� D� UHGXFHG�UDWH�RI�KHUELFLGHV�ZDV�XWLOL]HG��2¶'RQRYDQ�HW�DO����������� 0L[WXUHV�RI�KHUELFLGHV�ZLWK�VXUIDFWDQWV�KDYH�EHHQ�UHFRPPHQGHG� IRU� ZHHG� FRQWURO� HQKDQFHPHQW� DQG�SUHYHQWLRQ� RI� UHVLVWDQFH� SKHQRPHQRQ�� 3URJUHVV�FRQWLQXHV� WR� EH� PDGH� RQ� PDLQWDLQLQJ� KLJK� HIILFDF\�OHYHOV� DW� ORZHU� KHUELFLGH� UDWHV� WKURXJK� WKH� XVH� RI�LPSURYHG�DGMXYDQW� WKDW� LQFUHDVH� VROXELOLW\� LQ� WKH� VSUD\�WDQN� DQG� DLG� LQ� KHUELFLGH� XSWDNH� DQG� WUDQVORFDWLRQ��*UHHQ�DQG�&DKLOO��������5DPVH\�HW�DO����������&LWRZHWW�DV�D�QRQ�LRQLF�VXUIDFWDQW�FRXOG�EH�DEOH�WR�LQFUHDVH�IROLDU�XSWDNH�RI�DFWLYH�LQJUHGLHQWV�IRU�H[DPSOH��E\�HQKDQFLQJ�UHWHQWLRQ� RI� VSUD\� GURSOHWV� RQ� FXWLFOHV� DQG� SHQHWUDWLRQ�DQG�DEVRUSWLRQ�LQWR�OHDI�WLVVXH��$Q�DSSURSULDWH�DGMXYDQW�DVVXUHV�PD[LPXP�SHUIRUPDQFH�DQG�FURS�VDIHW\��&XUUDQ�HW�DO���������VWDWHG�WKDW�WKH�W\SH�RI�DGMXYDQW�DGGHG�WR�WKH�VSUD\�WDQN�FDQ�HQKDQFH�RU�UHGXFH�WKH�SHUIRUPDQFH�RI�WKH�SHVWLFLGH��3URJUHVV�FRQWLQXHV�WR�EH�PDGH�RQ�PDLQWDLQLQJ�KLJK�HIILFDF\�OHYHOV�DW�ORZHU�KHUELFLGH�GRVHV�WKURXJK�WKH�XVH�RI�LPSURYHG�DGMXYDQW�WKDW�LQFUHDVH�VROXELOLW\�LQ�WKH�VSUD\�WDQN�DQG�DLG�LQ�KHUELFLGH�XSWDNH�DQG�WUDQVORFDWLRQ��*UHHQ�DQG�&DKLOO�������5DPVH\�HW�DO���������� 6HHG� JHUPLQDWLRQ� WHVWV� SURYLGHV� WKH� PD[LPXP�JHUPLQDWLRQ�SRWHQWLDO�RI�D�VHHG�ORW�DQG�WKLV�FDQ�EH�XVHG�WR� FRPSDUH� WKH� TXDOLW\� RI� GLIIHUHQW� VHHG� ORWV� DQG� DOVR�HVWLPDWH�WKH�ILHOG�SODQWLQJ�YDOXH��)RU�SUHVHUYDWLRQ�RI�RLO�VHHGV�TXDOLW\��LW�LV�HVVHQWLDO�WKDW�WKH�VHHG�LV� WROHUDQW�WR�WKH� KHUELFLGH�VSUD\�VROXWLRQ��� 6HHG� YLDELOLW\�FRXOG�EH� D�JRRG� LQGLFDWRU� RI� RLOVHHG� T X D O L W \ � � � DIWHU�H [ S R V X U H �WR�ZHHG�FRQWURO�DJHQW� 7KHUHIRUH�� LQ� WKLV�VWXG\� WKUHH� PHDVXUHPHQWV� UHODWHG� WR� VHHG� TXDOLW\�ZHUH� LQYHVWLJDWHG��,67$���������7KH� HIIHFWV� RI� UHGXFHG� �� UDWH� RI� KHUELFLGHV� LQ�FRPELQDWLRQ� ZLWK� VXUIDFWDQWV� RQ� FURS� KDV� EHHQ�UHSRUWHG� SUHYLRXVO\�� +RZHYHU�� OLWWOH� LQIRUPDWLRQ� LV�
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DYDLODEOH� RQ� WKH� HIIHFWV� RI� UHGXFHG� UDWH� KHUELFLGHV�DORQH�RU�LQ�FRPELQDWLRQ�ZLWK�&LWRZHWW�RQ�ZHHG�FRQWURO��RLO� FRPSRVLWLRQ� DQG� FDQROD� VHHG� YLDELOLW\�� :LWK�UHWURVSHFW�� WR�ILOO� WKLV�YRLG�DQG� WR�KDYH� LQVLJKW� LQ� WKLV�DUHQD��WKH�FXUUHQW�UHVHDUFK�ZDV�XQGHUWDNHQ����0DWHULDOV�DQG�0HWKRGV��
6WXG\�6LWH��� 7KH� ILHOG� H[SHULPHQWV� ZHUH� FRQGXFWHG� DW� WKH�UHVHDUFK� ILHOGV� RI� 8UPLD� 8QLYHUVLW\�� 8UPLD� �������� 1��������(�DQG�DOWLWXGH������P��D� WRZQ�LQ�,UDQ� LQ�������6RLO�RI�H[SHULPHQWDO�VLWH�ZDV�VDQG\�ORDP�ZLWK�S+�RI�����DQG� ����� RUJDQLF� PDWWHU�� 7KH� WULDOV� ZHUH� ODLG� RXW� LQ�XVLQJ�UDQGRPL]HG�FRPSOHWH�EORFNV�GHVLJQ��5&%'��ZLWK���� WUHDWPHQWV� LQFOXGLQJ� DQ� XQWUHDWHG� FKHFN� DQG� IRXU�UHSOLFDWLRQV� ZLWK� D� SORW� VL]H� RI� �� P� î � �� P� VHSDUDWHG�IURP�DGMDFHQW�SORWV�E\�D���PHWHU�ZLGH�EXIIHU��,Q�RUGHU�WR�KDYH� D� XQLIRUP�ZHHG� VWDQG� LQ� HDFK� SORW�� D�PL[WXUH� RI�����J�RI�;DQWKLXP�SHQV\OYDQLFXP�:DOO��DQG����J�IURP�HDFK�WKH�UHVW�FRPPRQ�EURDGOHDI�UDSHVHHG�ZHHG�VSHFLHV�DQG�����J�RI�FDQROD�VHHGV�ZHUH�VRZQ�E\�KDQG�HYHQO\�DV�PXFK� DV� SRVVLEOH�� 3RVW� HPHUJHQFH� KHUELFLGHV� �%XWLVDQ�6WDU�� DQG� &ORS\UDOLG�� DORQH� RU� LQ� FRPELQDWLRQ� ZLWK�&LWRZHWW�ZHUH�XVHG��$GGLWLRQ�RI�&LWRZHWW�LQ�D�WDQN�PL[�ZLWK�KHUELFLGHV�ZDV� DW� D� FRQFHQWUDWLRQ�RI������� �Y�Y���+HUELFLGHV�WUHDWPHQWV�ZHUH�DSSOLHG�E\�;LQIHQJ�%DR�����SVL� DQG� �� EDU� SHUVRQQHO�� EDFN� SDFN� VSUD\HUV� DQG� KDQG�KHOG�ERRPV�HTXLSSHG�ZLWK�IDQ�QR]]OHV��7KH� WUHDWPHQWV�ZHUH� VSUD\HG� DW� ���� /�KD� RI� VSUD\� PL[WXUH�� $OO� WULDOV�ZHUH�UHSOLFDWHG�IRXU�WLPHV���� ,Q�DOO� SORWV�RI� FDQROD�HDFK�H[SHULPHQWDO� XQLW�ZDV�KDUYHVWHG�E\�KDQG��$OO�FDQROD�VDPSOHV�FROOHFWHG�LQ�HDFK�EDJ� ZHUH� FOHDQHG�� ZHLJKHG� DQG� WHVWHG� IRU� SHUFHQW�PRLVWXUH� FRQWHQW�� <LHOGV� ZHUH� FDOFXODWHG� DOORZLQJ� IRU�VHHG�PRLVWXUH� FRQWHQW� RI� ����:HHG� ELRPDVV� IURP� DOO�H[SHULPHQWDO�XQLWV�ZDV�WDNHQ�DW�KDUYHVWLQJ�WLPH�XVLQJ�D�WRWDO�TXDGUDQW�DUHD�RI���P� � )RU�DOO�H[SHULPHQWDO�XQLWV��ZHHGV� ZHUH� FOLSSHG� DW� WKH� JURXQG� OHYHO�� LGHQWLILHG��FRXQWHG� DQG� SODFHG� LQ� SDSHU� EDJV�� :HHGV� ZHUH� WKHQ�GULHG� IRU� �� ZHHNV� XQGHU� DPELHQW� FRQGLWLRQV� DQG� GU\�ZHLJKWV�ZHUH�PHDVXUHG��7KH�FRPELQDWLRQ�PL[WXUH�ZDV�FRPSDUHG� WR� IRXU� VWDQGDUG� KHUELFLGH� WUHDWPHQWV� HDFK�FRPSRVHG� RI� �� KHUELFLGHV� DW� WKH� IXOO� ODEHO� UDWH� WR�GHWHUPLQH�HIILFDF\�RI�WKH�FRPELQDWLRQ�WUHDWPHQW��7KHVH�WUHDWPHQWV� ZHUH� DSSOLHG� LQ� SRVW�HPHUJHQFH� RI� FDQROD�ZKHQ�WKH�FURS�ZDV�DW�WKH�WZR��OHDI�VWDJH����
2LO�([WUDFWLRQ�DQG�&RPSRVLWLRQ�� $IWHU� WKH� FDQROD� SODQW� UHDFKHG� SK\VLRORJLFDO�PDWXULW\�VWDWXV��VHHG�\LHOG�ZDV�VHFXUHG�E\�KDUYHVWLQJ�RI�
RQH�P� LQ�WKH�FHQWHU�RI�HDFK�SORW��$� VDPSOH�RI����J�RI�FOHDQ�VHHGV�IURP�HDFK�WUHDWPHQW�ZDV�LVRODWHG�WR�PHDVXUH�WKH�RLO�FRQFHQWUDWLRQV��6R[KOHW�H[WUDFWLRQ�WHFKQLTXH�ZDV�HPSOR\HG�WR�GHWHUPLQH�WKH�WRWDO�RLO�FRQFHQWUDWLRQ�RI�WKH�

FDQROD�VHHG�DQG� WKH�RLO� FRQFHQWUDWLRQ�ZDV�H[SUHVVHG�DV�PJ� Jí�� �0RYDKKHG\�'HKQDY\� HW� DO��� ������� � � 7KH� RLO�FRQFHQWUDWLRQV� ZHUH� UHSRUWHG� DV� SHUFHQW� RI� WKH� VHHG�ZHLJKW� VWDQGDUGL]HG� WR� ��� PRLVWXUH�� /LSLG� ZDV�H[WUDFWHG�IURP����J�RI�JURXQG�VHHG�WKUHH�WLPHV�DW�URRP�WHPSHUDWXUH� E\� KRPRJHQL]DWLRQ� ZLWK�KH[DQH�LVRSURSDQRO�������Y�Y���6W��-RKQ�DQG�%HOO���������� 7KH� IRUPDWLRQ� RI� )$0(� ZDV� FDUULHG� RXW�DFFRUGLQJ� WR� WKH�SURFHGXUH�GHVFULEHG� E\�'HVYLOHWWHV� HW�DO� ��������7KH�VDPSOH�ZDV�VDSRQLILHG�ZLWK�PHWKDQROLF�VRGLXP� K\GUR[LGH� DQG� WKH� IDWW\� DFLGV� ZHUH� HVWHULILHG�ZLWK� PHWKDQROLF� VXOIXULF� DFLG�� )$0(� ZHUH� DQDO\]HG�ZLWK� D� ����� 1� *&±),'� �$JLOHQW� 7HFKQRORJLHV��:LOPLQJWRQ�� '(�� 86$�� ILWWHG� ZLWK� D� -	:� '%�:D[�FDSLOODU\� FROXPQ� ���P�� ����� PP� L�G��� ����� PP� ILOP�WKLFNQHVV���D�VSOLW±VSOLWOHVV�LQMHFWRU�ZLWK�$JLOHQW�WDSHUHG�OLQHU� ��� PP� LG�� DQG� IODPH� LRQL]DWLRQ� GHWHFWRU�� 7KH�LQLWLDO�FROXPQ�WHPSHUDWXUH�ZDV�PDLQWDLQHG�DW����R& IRU�� PLQ�DQG�WKHQ�UDLVHG�DW���R&�PLQ�WR����R& DQG�KHOG�IRU����PLQ��1LWURJHQ�ZDV�XVHG�DV�FDUULHU�DQG�PDNH�XS�JDV��DW� IORZ� UDWHV� RI� ���� DQG� ���P/�PLQ�� UHVSHFWLYHO\�� 7KH�LQMHFWRU�DQG�GHWHFWRU�WHPSHUDWXUH�ZHUH�KHOG�DW�����DQG����R&��UHVSHFWLYHO\��&KHP6WDWLRQ�VRIWZDUH�ZDV�XVHG�IRU�RQOLQH�GDWD�FROOHFWLRQ�DQG�SURFHVVLQJ��,QGLYLGXDO�)$0(�ZDV� LGHQWLILHG� E\� FRPSDULVRQ� ZLWK� NQRZQ� VWDQGDUGV��6LJPD��&KHPLFDO�&R��6W��/RXLV����
*HUPLQDWLRQ�7HVWV�*HUPLQDWLRQ� WHVWV� ZHUH� FRQGXFWHG� DFFRUGLQJ�WR� WKH� SULQFLSOHV�VWDWHG�LQ� ,QWHUQDWLRQDO�6HHG�7HVWLQJ�$VVRFLDW LRQ� �,67$�� ������ PHWKRGV� ZLWK� PLQRU�PRGLILFDWLRQ�� � 6HHGV� RI� RLOVHHG� ZHUH� H[SRVHG� WR�KHUELFLGH� IRU� ��� K� LQ� ����� P/� JODVV� MDU�� )LIW\�KHUELFLGH� WUHDWHG� VHHGV�ZHUH� VRDNHG� ZLWK� ��� P/� RI�GLVWLOOHG� ZDWHU� IRU� ���K��3UH�� WUHDWHG� � � � VHHGV� � � ZHUH���VSDFHG����XQLIRUPO\�R Q � VKHHW�SDSHU�DQG� SODFHG���LQ�D�
JHUPLQDWLRQ� FDELQHW���IRU�� �G�DW� ���&��1RQ�KHUELFLGH�H[SRVHG� VHHGV� WUHDWHG� LGHQWLFDOO\� DQG� VHUYHG� DV�FRQWURO��� VWDQGDUGV�IRU � FRPSDULVRQ�� (DFK�H[SHULPHQW�ZDV�UHSOLFDWHG�IRXU� WLPHV�RQ� IRXU� GLIIHUHQW�GD\V���7KH�QXPEHU� RI� JHUPLQDWHG� VHHGV� ZDV� FRXQWHG� DIWHU� IRXU�DQG�HLJKW�GD\V� DQG� WKH� PHDQ� SOXPXOH� OHQJWK� RI� ILIW\�VHHGOLQJV� ZDV�GHWHUPLQHG�DW�HLJKW� GD\V��
'DWD�$QDO\VLV�� $Q� DUFVLQH� VTXDUH� URRW� WUDQVIRUPDWLRQ� RI� WKH�RULJLQDO�GDWD�ZDV�SHUIRUPHG�WR�VDWLVI\� WKH�DVVXPSWLRQV�WKDW�WKH�HUURU�ZDV�UDQGRP�DQG�QRUPDOO\�GLVWULEXWHG��DQG�WKDW� DOO� FRPSRQHQWV� ZHUH� DGGLWLYH�� :HHG� FRQWURO� DQG�JHUPLQDWLRQ� WHVWV� GDWD� ZHUH� DQDO\]HG� E\� DQDO\VLV� RI�YDULDQFH� �$129$�� ZLWK� 6366� VRIWZDUH� �6366� ,QF�������� IROORZHG� � E\� � 7XNH\¶V� +RQHVWO\� 6LJQLILFDQW�'LIIHUHQFH� �+6'�� � WHVW� WR� GHWHUPLQH� VWDWLVWLFDO�GLIIHUHQFHV� EHWZHHQ� PHDQV� DW� WHVW� �3� ������� )RU�FRPSDULVRQ� WR� LQGHSHQGHQW� JURXSV
� PHDQV�� 7�WHVW� ZDV�XVHG���
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�5HVX O W V� ��
7UHDWPHQ WV �� &LWRZHWW�DV�D�VXUIDFWDQW�ZDV�XVHG� LQ�FRPELQDWLRQ�ZLWK�WUHDWPHQWV�GLVSOD\HG�LQ�7DEOH����7KHUHIRUH��LW�ZDV�GRWHG�LQ�D�FRQFHQWUDWLRQ�RI�����SSP�LQ�WDQN�PL[�VSUD\�VROXWLRQV�� 3UHOLPLQDU\� H[SHULPHQWV� UHYHDOHG�XQGHWHFWDEOH� SK\WRWR[LF� HIIHFWV� RI� &LWRZHWW� RQ� FURS�VWDQGV� DW� UHFRPPHQGHG� UDWH�� $V� UHIHUHQFH�� KHUELFLGHV�VROXWLRQV�ZHUH� DSSOLHG� DORQH� DQG� LQ� FRPELQDWLRQ�ZLWK�&LWRZHWW��7DEOH�������
6HHG�DQG�:HHG�:HLJKW�� 6WDWLVWLFDO� DQDO\VLV� RI� WKH� GDWD� UHYHDOHG� WKDW�KHUELFLGHV�KDG�VLJQLILFDQW�HIIHFW�RQ�VHHG�\LHOG�DQG�ZHHG�ZHLJKW��7DEOH�����7KH�KLJKHVW�VHHG�ZHLJKW�ZDV�REWDLQHG�IURP�VWDQGDUG�WUHDWPHQWV�DQG�PL[WXUH�RI�&ORS\UDOLG�DQG�&LWRZHWW�UDQJLQJ������±������J��,W�ZDV�IXUWKHU�REVHUYHG�WKDW� WKH� ORZHVW� VHHG�ZHLJKW� �����J��ZDV�REWDLQHG� IURP�XQWUHDWHG�FKHFN�SORWV���� 7KHUH�ZDV�QR� VLJQLILFDQW� HIIHFW� RI� WKH� WUHDWPHQWV�RQ� FURS� LQMXU\� RU� FURS� \LHOGV�� ZKLOH� VLJQLILFDQW�GLIIHUHQFHV�ZHUH�REVHUYHG�DPRQJ�WUHDWPHQW�VHHG�\LHOGV�DQG�ZHHG�ZHLJKWV� �7DEOH� ����7RJHWKHU�� FURS� \LHOG�ZDV�KLJKO\� LQIOXHQFHG� E\� FRPSHWLWLRQ� IURP� ZHHGV�� ,Q� WKLV�FRQWH[W��DQ�LQYHUVH�UHODWLRQVKLS�EHWZHHQ�VHHG�\LHOG�DQG�ZHHG� ZHLJKW� ZDV� GHWHFWHG�� 7KHUHIRUH�� LQ� DQDO\VLV� RI�YDULDQFH� IRU� WKH� UHJUHVVLRQ� RI� VHHG� \LHOG� RQ� ZHHG�ZHLJKW��PHDQ�VHHG�\LHOG�ZDV�PRGHOHG�DV�D� IXQFWLRQ�RI�ZHHG
V�ZHLJKW�ZLWK�OLQHDU�HTXDWLRQ��6HHG�\LHOG� �������± ������ZHHG�ZHLJKW��7KH�HTXDWLRQ�KDV�SRWHQWLDO� WR�EH�XVHIXO�LQ�SUHGLFWLRQ�RI�WKH�VHHG�\LHOG�ZLWK�5�� ������,Q� WKH�PDMRULW\�RI�FDVHV��WKH�PL[WXUH�RI�����IXOO�UDWH�RI�&ORS\UDOLG� DQG� &LWRZHWW� DW� UHFRPPHQGHG� UDWH��WUHDWPHQW� ��� SURYLGHG� KLJK� OHYHO� RI� VHHG� \LHOG� DQG�EURDGOHDI� ZHHG� FRQWURO� VLPLODU� WR� WKH� VWDQGDUG�KHUELFLGHV� ±UHFRPPHQGHG� UDWH� RI� %XWLVDQ� 6WDU� DQG�&ORS\UDOLG�� �7DEOH� ���� $� SURQRXQFHG� DQG� VLJQLILFDQW�GLIIHUHQFH� ZDV� GHWHFWHG� EHWZHHQ� UHVXOWDQW� VHHG� \LHOG�DQG� ZHHG� FRQWURO� OHYHO� RI� WKHVH� WUHDWPHQWV� ZLWK� WKH�RWKHU� WUHDWPHQWV� JURXS��$GGLWLRQ�RI�&LWRZHWW� LQ� D� WDQN�PL[� ZLWK� ERWK� KHUELFLGHV� DQG� DVVRFLDWHG� UHGXFHG� UDWH�PL[WXUHV�VXEVWDQWLDOO\�LPSURYHG�RI�FDQROD�VHHG�\LHOG�LQ�FRPSDULVRQ� WR� WUHDWPHQW� ZLWK� ODFN� RI� GXH� &LWRZHWW�DGGLWLRQ��7DEOH������
'RPLQDQW�:HHGV�� 7KH� UHVXOWV� LQGLFDWHG� WKDW� DPRQJ� WKH� ZHHGV�SRSXODWLRQ�� WKH� (FKLQFKROD� FUXVJDOOL� /�� DQG� 6HWDULD�IDEHULO� +HUQP�� DUH� VLJQLILFDQWO\� PRUH� WROHUDQW� WR�KHUELFLGHV� FRPSDUHG� WR� WKH� RWKHU� ZHHGV�� 7KHVH� ZHHG�VSHFLHV�� WKHUHIRUH�� KDYH� SDUDPRXQW� LPSRUWDQFH� LQ�FRPSHWLWLRQ� ZLWK� FDQROD�� )RU� FRPSDULVRQ� WKH� WZR�PHDQV�� ���� PHDQ� FRQILGHQFH� LQWHUYDOV� ZDV�LPSOHPHQWHG�DQG�FULWHULRQ�IRU�QRQ�VLJQLILFDQW�GLIIHUHQFH�

EHWZHHQ� WRZ� WUHDWPHQWV� ZDV� RYHUODSSLQJ� RI� WKH�FRQILGHQFH�LQWHUYDOV��7DEOH������2LO�)DWW\�$FLG�3URILOH�� ,Q���RXW�RI����FDVHV��WKH�HIIHFWV�RI�UHGXFHG�UDWH�RI�&ORS\UDOLG� DQG� &LWRZHWW� PL[WXUH� RQ� FDQROD� RLO�FRPSRVLWLRQ�ZHUH�VLPLODU�WR�WKRVH�RI�FRQWURO�WUHDWPHQW��:KLOH�� LQ� FRPSDULVRQ� WR� FRQWURO�� WKLV� WUHDWPHQW� ZDV�VLJQLILFDQWO\� DIIHFWHG� WKH� &����Q� FRQWHQW�� 6LQFH�� WKLV�XQVDWXUDWHG� IDWW\� DFLG� FRQVWLWXWH� §� ���� RI� WKH� RLO� IDWW\�DFLG� FRPSRVLWLRQ�� LW� FRXOG� EH� DQ� LPSRUWDQW� WRSLF� IRU�IXUWKHU�UHVHDUFK�DQG�HOXFLGDWLRQ��7DEOH������
�6HHG�9LDELOLW\��7KH� JHUPLQDWLRQ� VHHG� UDWH� DQG� SOXPXOH� OHQJWK�RI� FDQROD� DIWHU� H[SRVXUH� W R � &ORS\UDOLG� DQG�&LWRZHWW�PL[WXUH� DUH� VKRZQ� LQ� 7DEOH� ��� � 7KH� VWDQGDUG� HUURU�IURP� IRXU� UHSOLFDWHV� RI� ��� VHHGV�HDFK� ZDV� OHVV� WKDQ���� RI� WKH� PHDQ� YDOXH� LQ� DOO� FDVHV�� 5HVXOWV� IURP�YLJRU� WHVW� DW� IRXU�GD\� � � FRXQW� ZHUH� X Q F K D Q J H G � DW�HLJKW�GD\V� �WRWDO� JHUPLQDWLRQ� WHVW��� � 7KH� VWDQGDUG�HUURU� LQ� SOXPXOH� OHQJWK� ZDV� OHVV� WKDQ� ��� RI� WKH�PHDQ� YDOXH�� &ORS\UDOLG� DQG� &LWRZHWW� PL[WXUH� GLG� QRW�VLJQLILFDQWO\� UHGXFHG� SOXPXOH� OHQJWK� LQ� FRPSDULVRQ�ZLWK�XQH[SRVHG�VHHG��7DEOH�����
'LVFXVVLRQ��� 7R� LQFUHDVH� SURGXFWLRQ� LQ� FDQROD�� HIIHFWLYH�ZHHG�FRQWURO� PHDVXUHV� PXVW� EH� WDNHQ�� &DQROD� XVXDOO\�GHYHORSV�D�IXOO�FDQRS\�FRYHU�DW���ZHHNV�DIWHU�HPHUJHQFH�DQG�FDQ� WKHQ�FRPSHWH�ZHOO�ZLWK�ZHHGV�XS� WR�PDWXULW\��/LWWOH�RU�QR�UHGXFWLRQ�LQ�\LHOG�RFFXUV�LI�FDQROD�DUH�NHSW�ZHHG�IUHH�IRU�WKH�ILUVW���ZHHNV�WKLV�LV�WKH�FULWLFDO�SHULRG�RI� WLPH� IRU�ZHHG�FRPSHWLWLRQ� LQ�FDQROD� �*XQVROXV�DQG�3RUWHU����������� &DQROD� RLO� FRPHV� IURP� VHOHFW� UDSHVHHG� FXOWLYDUV�WKDW� SURGXFH� ORZ� HUXFLF� DFLG� UDSHVHHG� RLO� DQG� ORZ�JOXFRVLQRODWH� PHDO�� 6WDUQHU� HW� DO�� ������� VWDWHG� WKDW�5DSHVHHG� �%UDVVLFD� QDSXV� DQG� %�� UDSDH� LV� WKH� WKLUG�PRVW� LPSRUWDQW� VRXUFH� RI� YHJHWDEOH� RLO� LQ� WKH� ZRUOG��&DQROD�RLO�LV�FRQVLGHUHG�KHDOWK\�IRU�KXPDQ�QXWULWLRQ�GXH�WR� LWV� ORZHVW� FRQWHQW� RI� VDWXUDWHG� IDWW\� DFLGV� DPRQJ�YHJHWDEOH�RLOV�DQG�PRGHUDWH�FRQWHQW�RI�SRO\�XQVDWXUDWHG�IDWW\�DFLGV��,Q�WKH�SUHVHQW� VWXG\�FDQROD�RLO�TXDOLW\�ZDV��JHQHUDOO\� XQDIIHFWHG� E\� SURGXFWLRQ� SUDFWLFHV�LQYHVWLJDWHG��7KH�PHDQ�FRQWHQW�RI� VDWXUDWHG� IDWW\�DFLGV�ZDV� § ����� DQG� ZDV� VLPLODU� WR� WKRVH� FRQWHQW� RI� ���UHSRUWHG�LQ� WKH�8QLWHG�6WDWHV��86'$�������� LQGLFDWLQJ�WKDW�WKH�TXDOLW\�RI�RLO� LV�FRPSDUDEOH� WR� WKDW� IURP�RWKHU�ORFDWLRQV�� $OWKRXJK� IDWW\� DFLG� SURILOHV� YDU\� VRPHZKDW�IURP� VDPSOH� WR� VDPSOH�� WKH\� DUH� JHQHUDOO\� XVHG� WR�FKDUDFWHUL]H� YHJHWDEOH� RLOV� IURP� SDUWLFXODU� VSHFLHV� RU�YDULHWLHV�RI�SODQWV��(KUHQVLQJ����������� 7DQN�PL[LQJ� WZR� RU� PRUH� KHUELFLGHV� LV� D� XVHIXO�SUDFWLFH� LQ� LQWHQVLYH� DJULFXOWXUH� DLPLQJ� WR� LPSURYH�



/LIH�6FLHQFH�-RXUQDO��������������������������������������������������������������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP

OLIHVFLHQFHM#JPDLO�FRP����

HIILFDF\�RI�WKH�FRPELQHG�KHUELFLGHV��RU�UHGXFH�KHUELFLGH�UDWHV� DQG� FRQVHTXHQWO\� WR� UHGXFH� WKH� FRVW� RI� ZHHG�FRQWURO�� ,Q� WKLV� OLQH��'R\OH�DQG�6W\SD� �������SRLQW�RXW�WKDW�PXFK�UHVHDUFK�LV�FRQGXFWHG�ZLWK�D�QHZ�KHUELFLGH�WR�LGHQWLI\� GRVHV� WKDW� ZLOO� PD[LPL]H� SURGXFW� YDOXH� DQG�PLQLPL]H�WKH�UHTXLUHG�XVH�UDWH��7KLV�YLHZ�LV�VHFRQGHG�LQ�FXUUHQW� VWXG\� LQ� ZKLFK� WKH� PL[WXUH� RI� ���� &ORS\UDOLG�ZLWK�&LWRZHWW�SURYLGHG�VHHG�ZHLJKW�VLPLODU� WR�WKRVH�RI�VWDQGDUG�WUHDWPHQWV��%ODFNVKDZ�HW�DO���������VWDWHG� WKH�EHQHILW� RI� LQWHJUDWHG� ZHHG� FRQWURO� SURJUDP� EHFRPHV�PXFK�JUHDWHU�ZKHQ�VHYHUDO� LQWHJUDWLRQ�FRPSRQHQWV� DUH�XWLOL]HG�LQ�FRPSDQLRQ��2QFH�DQ�LQWHJUDWHG�ZHHG�FRQWURO�SURJUDP� KDV� EHHQ� LPSOHPHQWHG�� IDUPHUV� FDQ� FRQVLGHU�FKRLFH� RI� FRPSDQLRQ� KHUELFLGHV� UHGXFHG� UDWHV��+RZHYHU�� UHGXFHG� UDWHV� QXOOLI\� WKH� PDQXIDFWXUHU¶V�JXDUDQWHH�RI�KHUELFLGH�HIILFDF\��'XFKHVQH�HW�DO����������HQWDLO� FRQFHUQV�� DQG� WKXV�� VKRXOG� EH� XVHG� ZLWK� JUHDW�FDXWLRQ���� 0LUL� DQG� 5DKLPL� ������� XVLQJ� PL[WXUHV� RI�KHUELFLGHV� VWDWHG� WKDW� LQ� 5DSHVHHG� DSSOLFDWLRQ� RI� SRVW�HPHUJHQFH� KHUELFLGHV� PL[WXUH� IXOO� UDWH� IURP� HDFK� í�*DODQW� 6XSHU� �� /RQWUHO� í� DQG� %XWLVDQ� 6WDU� DW� IXOO�UHFRPPHQGHG� UDWH� DUH� JRRG� ZHHG� PDQDJHPHQW�WUHDWPHQWV�� ,Q� WKLV� FRQWH[W�� WKH� UHVXOWV� RI� WKH� SUHVHQW�VWXG\�UHYHOHG�WKDW�WKH�PL[WXUH�RI�����IXOO�UDWH�RI�/RQWUHO�ZLWK�UHFRPPHQGHG�UDWH�RI�&LWRZHWW�LV�JRRG�HQRXJK�IRU�ZHHG� FRQWURO� VLPLODU� WR� WKRVH� RI� � HLWKHU� /RQWUHO� RU�%XWLVDQ�6WDU�DW�IXOO�UHFRPPHQGHG�UDWH�����,W� FRXOG� EH� SRVWXODWHG� WKDW� DGGLWLRQ� RI�&ORS\UDOLG� LQ� D�WDQN�PL[�ZLWK�&LWRZHWW�UHGXFHG�KHUELFLGH�UHTXLUHG�UDWH�VXEVWDQWLDOO\� DQG� LPSURYHG� FDQROD� ZHHG� FRQWURO� OHYHO��7KHUH� LV� JHQHUDO� DJUHHPHQW�� KHUELFLGH� DSSOLFDWLRQ�PLQLPL]LQJ�ZHHG�FRPSHWLWLRQ�GXULQJ�FURS�GHYHORSPHQW�FDQ�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�FURS�\LHOGV��,Q�WKLV�OLQH��$PLQ� HW� DO�� ������� VWDWHG� WKDW� VHHG� ZHLJKW� LQFUHDVHV�ZLWK� DSSOLFDWLRQ� RI� VRPH� KHUELFLGH�� 7KLV� YLHZ� LV� LQ�FRQIRUPLW\� ZLWK� WKH� FXUUHQW� UHVHDUFK� UHVXOWV� DQG�VHFRQGHG� LQ� WKH� DYHUDJH� \LHOG� UHVXOWV� WDNHQ� IURP� WKH�WULDOV��7DEOH����7KH�DYHUDJH�FDQROD�\LHOG�ZDV�VLPLODU�WR�WKRVH� RI� VWDQGDUG� KHUELFLGHV� LQ� SORWV� WUHDWHG� ZLWK� WKH�WDQN�PL[� FRPELQDWLRQ� RI� &ORS\UDOLG� ����� .J� D�L�� �� KD��DQG� &LWRZHWW� ����� P/�KD��� GXH� WR� LPSURYHG� ZHHG�FRQWURO�OHYHO���'HVSLWH�ZKDW�DSSHDUV�WR�EH� WKH�VRXQG�EDVLV� IRU�WKH�XVH�RI�PL[WXUHV�DV�KHUELFLGH�UHVLVWDQFH�SUHYHQWLRQ�VWUDWHJLHV��WKH\�KDYH�VHOGRP�EHHQ�DGYRFDWHG�RU�LPSOHPHQWHG��7KLV�LV� LQ� JUHDW� SDUW� GXH� WR� WKH� EHOLHI� WKDW� LQ� RUGHU� WR� EH�HIIHFWLYH�� FRPSRQHQWV�RI� WKH�PL[WXUHV�PXVW� EH�XVHG� DW�WKH� QRUPDO� ODEHO� UDWH� �'LJJOH� HW� DO��� ������� 7KLV�UHVHDUFK�� KRZHYHU�� UHIXWHG� VXFK� DVVXPSWLRQ� DQG�GHPRQVWUDWHG� WKDW� WKH� UHGXFHG� UDWH� KHUELFLGHV� PL[WXUH�DSSURDFK� LV� KLJKO\� HIIHFWLYH� DQG� VKRXOG� EH� UHVHDUFKHG�PRUH� WKRURXJKO\� LQ� WKH� GHYHORSPHQW� RI� DQ\� QRYHO�KHUELFLGH��� )DUPHUV� DUH� EHFRPLQJ� LQFUHDVLQJO\� LQWHUHVWHG� LQ�PRUH� MXGLFLRXV� ZHHG� FRQWURO�PHDVXUHV� VXFK� DV� XVH� RI�

UHGXFHG�UDWHV�KHUELFLGH�WKDW�ORZHU�WKHLU�SURGXFWLRQ�FRVWV�DQG� XQGXH� HQYLURQPHQW� FRQWDPLQDWLRQ� SUREOHPV�� 7KH�FXUUHQW�UHVHDUFK�LQGLFDWHV�WKDW�WKHUH�LV�JRRG�SRWHQWLDO�WR�XWLOL]H� UHGXFHG� KHUELFLGH� UDWHV� LQ� FRPELQDWLRQ� ZLWK�FLWRZHWW�� � 7KHUHIRUH�� LW� FRXOG� EH� UHFRPPHQG� WKLV�PL[WXUH�DV�DQ�DOWHUQDWLYH�WR�%XWLVDQ�6WDU�DQG�&ORS\UDOLG�DW� UHFRPPHQGHG� UDWHV�� $Q� DGYDQWDJH� RI� WKLV� PL[WXUH�RYHU�WKH�VWDQGDUG�KHUELFLGHV�WUHDWPHQWV�LV�WKDW�LW�LV�FRVW�HIIHFWLYH� DQG� HQWDLOV� DYRLGLQJ� XQGXH� HQYLURQPHQWDO�FRQWDPLQDWLRQ�ZKLFK� LV� FULWHULRQ� IRU� VXSHULRULW\� WR� WKH�WUHDWPHQWV�LQ�TXHVWLRQ��� 7KH� GLVWLQFWLRQ� EHWZHHQ� � OLYH� � VHHGV� � DQG��JHUPLQDWHG� VHHGV� � LV� LPSRUWDQW� VLQFH� � KHUELFLGHV� PD\��FDXVH� � LQMXU\� � E\� UHWDUGLQJ� � JHUPLQDWLRQ� � DV� �ZHOO� � DV��GHVWUXFWLRQ� RI� JHUPLQDWLYH� FDSDFLW\� �,67$�� ��������7KHUHIRUH�� GHFUHDVH� LQ� JHUPLQDWLRQ� UDWH� RU� SOXPXOH�OHQJWK� DIWHU� H[SRVXUH� ZDV� DGHTXDWH� WR� SURYH� D�GHOHWHULRXV� HIIHFW� � � RI� KHUELFLGH� � � RQ� FDQROD¶V� � � VHHG�YLDELOLW\��� 7RJHWKHU�� WKH� FXUUHQW� VWXG\� GHPRQVWUDWHV� WKH�SRWHQWLDO�RI�D�UHGXFHG�UDWH�KHUELFLGHV�WDQN�PL[WXUH�ZLWK�&LWRZHWW� LQ� FDQROD� ZHHG�PDQDJHPHQW� RSHUDWLRQ� XQGHU�ILHOG� FRQGLWLRQV�� +HQFH�� ZLWK� VRXQG� UHFRPPHQGDWLRQV�IRU�KHUELFLGHV�PL[WXUHV��KHUELFLGHV�DSSOLFDWLRQ�UDWHV�DQG�FRVWV�FRXOG�EH�UHGXFHG��%\�VSHFXODWLRQ�WKHVH�RXWFRPHV�DOVR� PD\� RFFXU� LQ� RWKHU� UHJLRQV� ZLWK� VLPLODU� ZHHG�SRSXODWLRQ�DQG�DJUR�FOLPDWH�FRQGLWLRQV���
$FNQRZOHGJPHQWV�� 7KH� DXWKRUV� DUH� JUDWHIXO� WR� YLFH� SUHVLGHQW� RI�UHVHDUFK�RI�8UPLD�8QLYHUVLW\�IRU�ILQDQFLDO�VXSSRUW���
�5HIHUHQFHV���� $OWHUQDWLYH� &URS� 2YHUYLHZV�� &DQROD� �7KRPDV�-HIIHUVRQ� ,QVWLWXWH�� 0LVVRXUL�� ������� $YDLODEOH� LQ��KWWS���ZZZ�MHIIHUVRQLQVWLWXWH�RUJ�RYHUYLHZV�FDQROD�KWPO������$PLQ�5��.KDOLO�6.���$VLP�0����������3KHQRORJLFDO�GHYHORSPHQW�DQG�ZHHGV�GU\�PDWWHU�SURGXFWLRQ�LQ�FDQROD�DV� DIIHFWHG� E\� SUH� DQG� SRVW� HPHUJHQFH� KHUELFLGHV� DQG�URZ�VSDFLQJ��3DN��-��:HHG�6FL��5HV������������������ %ODFNVKDZ� 5(�� %HFNLH� +-�� 0ROQDU� /-�� (QW]� 7��0R\HU�-5����������&RPELQLQJ�DJURQRPLF�SUDFWLFHV�DQG�KHUELFLGHV�LPSURYHV�ZHHG�PDQDJHPHQW�LQ�ZKHDW±FDQROD�URWDWLRQV�ZLWKLQ�]HUR�WLOODJH�SURGXFWLRQ�V\VWHPV��:HHG�6FL���������±��������� &XUUDQ� :6�� 0F*ODPHU\� 0'�� /LHEO� 5� $��/LQJHQIHOWHU� ''� �������� $GMXYDQWV� IRU� (QKDQFLQJ�+HUELFLGH� 3HUIRUPDQFH�� $JURQRP\� )DFWV� ���� 7KH�3HQQV\OYDQLD�6WDWH�8QLYHUVLW\������'HVYLOHWWHV�&��%RXUGLHU�*��%UHWRQ� -&� ��������/LSLG�FODVV�DQG�IDWW\�DFLG�FRPSRVLWLRQ�RI�SODQNWLYRURXV�ODUYDO�
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SLNH� �(VR[� OXFLXV� OLYLQJ� LQ� D� QDWXUDO� SRQG�� $TXDW��/LYLQJ�5HV�������±�������� 'LJJOH� $-�� 1HYH� 3%�� 6PLWK� )3� �������� +HUELFLGHV�XVHG� LQ� FRPELQDWLRQ� FDQ� UHGXFH� WKH� SUREDELOLW\� RI�KHUELFLGH� UHVLVWDQFH� LQ� ILQLWH� ZHHG� SRSXODWLRQV��:HHG�5HV�������������������'R\OH�3��6W\SD�0���������5HGXFHG�KHUELFLGH�UDWHV�±�D &DQDGLDQ�SHUVSHFWLYH��:HHG�7HFKQRO����������±���������� 'XFKHVQH� 5�� /DFKDQFH� 3�� /HWHQGUH� 0� ��������5HGXFHG� KHUELFLGH� UDWHV� LQ� ILHOG� FURSV�� /RZHU�WKDQ�ODEHO�UDWH� ZRUNLQJ� JURXS�� VWUDWpJLH� SK\WRVDQLWDLUH��0LQLVWqUH� GH� O¶$JULFXOWXUH�� GHV� 3HFKHULHV�� HW� GH�O¶$LOPHQWDWLRQ��4XHEHF�&LW\��&DQDGD��
���(KUHQVLQJ�'7���������2LOVHHG�FURSV�FDQROD��2UHJRQ�6WDWH�8QLYHUVLW\�([WHQVLRQ�6HUYLFH�&LUFXODU�(0������(������� *UHHQ� -0�� &DKLOO� :5� �������� (QKDQFLQJ� WKH�ELRORJLFDO� DFWLYLW\� RI� QLFRVXOIXURQ� ZLWK� S+� DGMXVWHUV��:HHG�7HFKQRO���������±���������� *XQVROXV� -/�� 3RUWHU� 30� ��������:HHG� FRQWURO� LQ�FDQROD�� &URSSLQJ� 6\VWHPV� 5HVHDUFK� LQ� 0LQQHVRWD��8QLYHUVLW\�RI�0LQQHVRWD������� +HDS� ,� �������� ,QWHUQDWLRQDO� VXUYH\� RI� KHUELFLGH�UHVLVWDQW�ZHHGV��2QOLQH��ZZZ�ZHHGVFLHQFH�FRP�DFFHVVHG��-DQXDU\���������������� ,MD]�$�.��*XO�+��.KDQ�%0�� ,KVDQXOODK�'� ��������(IILFDF\�RI�VRPH�SUH�DQG�SRVW�HPHUJHQFH�KHUELFLGHV�RQ�\LHOG�DQG�\LHOG�FRPSRQHQWV�RI�FDQROD��3DN�� -��%RW���������������������� ,67$� �,QWHUQDWLRQDO� 6HHG� 7 H V W L Q J �$VVRFLDWLRQ�� � ������� ,QWHUQDWLRQDO� UXOHV� IRU� VHHG�WHVWLQJ��$QQH[� WR� &KDSWHU� ��� 7KH� JHUPLQDWLRQ� WHVW��6HHG� 6FL��7HFKQRO���6XSSOHPHQW������ �������
���� -DOLOLDQ� -�� 0RGDUUHV�6DQDY\� 6$0�� 6DEHUDOL� 6)��6DGDW�$VLODQ�. � �������� (IIHFWV� RI� WKH� FRPELQDWLRQ�RI�EHQHILFLDO� PLFUREHV� DQG� QLWURJHQ� RQ� VXQIORZHU� VHHG�\LHOGV� DQG� VHHG� TXDOLW\�WUDLWV� XQGHU� GLIIHUHQW� LUULJDWLRQ�UHJLPHV��)LHOG�&URSV�5HV��-���������±���������.DQGHO�+��.QRGHO�-���������&DQROD�SURGXFWLRQ�ILHOG�JXLGH�� 1'68� ([WHQVLRQ� 6HUYLFH�� 1RUWK� 'DNRWD� 6WDWH�8QLYHUVLW\�����SS������� .LUNODQG� .-�� +ROP� )$�� 6WHYHQVRQ� )&� ��������$SSURSULDWH� FURS� VHHGLQJ� UDWH� ZKHQ� KHUELFLGH� UDWH� LV�UHGXFHG��:HHG�7HFKQRO���������±������

�����0DUZDW� .%�� 6DHHG�0�� *XO� %�� +XVVDLQ� =� ��������(IILFDF\�RI�GLIIHUHQW�SUH�DQG�SRVW�HPHUJHQFH�KHUELFLGHV�IRU�ZHHG�PDQDJHPHQW�LQ�FDQROD�LQ�KLJKHU�DOWLWXGHV��3DN��-��:HHG�6FL��5HV��������������������0LUL�+5��5DKLPL�<���������(IIHFWV�RI�FRPELQHG�DQG�VHSDUDWH� KHUELFLGH� DSSOLFDWLRQ� RQ� 5DSHVHHG� DQG� LWV�ZHHGV� LQ� 6RWKHUQ� ,UDQ�� ,QWHU�� -�� $JULF�� DQG� %LROR�� ������������������ 0RYDKKHG\�'HKQDY\� 0�� 0RGDUUHV�6DQDY\� 6$0��0RNKWDVVL�%LGJROL�$���������)ROLDU�DSSOLFDWLRQ�RI�]LQF�DQG� PDQJDQHVH� LPSURYHV� VHHG� \LHOG� DQG� TXDOLW\� RI�VDIIORZHU��&DUWKDPXV�WLQFWRULXV�/���JURZQ�XQGHU�ZDWHU�GHILFLW�VWUHVV�� ,QGXVWULDO�&URSV�DQG�3URGXFWV� -������ ��±���������2¶'RQRYDQ� -7��1HZPDQ� -&��+DUNHU�.1�� &OD\WRQ�*:� �������� &URS� VHHGLQJ� UDWH� LQIOXHQFHV� WKH�SHUIRUPDQFH� RI� YDULDEOH� KHUELFLGH� UDWHV� LQ� D� FDQROD�EDUOH\�FDQROD�URWDWLRQ��:HHG�7HFKQRO���������±���������� 3RSS� 03�� 2OLYHU� /5�� 'LOORQ� &5�� .HLVOLQJ� 7&��0DQQLQJ� 30� �������� (YDOXDWLRQ� RI� VHHGEHG�SUHSDUDWLRQ��SODQWLQJ�PHWKRG��DQG�KHUELFLGH�DOWHUQDWLYHV�IRU� GU\� ODQG� VR\EHDQ� SURGXFWLRQ�� $JURQRP\� -�� ��������±����������� 5DPVH\� 5-/�� 6WHSKHQVRQ� *5�� +DOO� -&� �������� $�UHYLHZ� RI� WKH� HIIHFWV� RI� KXPLGLW\�� KXPHFWDQWV�� DQG�VXUIDFWDQW�FRPSRVLWLRQ�RQ�WKH�DEVRUSWLRQ�DQG�HIILFDF\�RI�KLJKO\� ZDWHU�VROXEOH� KHUELFLGHV�� 3HVWLF�� %LRFKHP��3K\VLRO���������±���������� 6KLPL� 3�� $EWDOL� <�� -DPDOL�0��0DNQDOL� $� ��������(YDOXDWLQJ�QHZ�KHUELFLGHV�LQ�FDQROD��3DN��-��:HHG�6FL��5HV��������������������6366� ,QF�������� 6366� IRU�:LQGRZV� 8VHU
V�*XLGH�5HOHDVH���� 6366� ,QF��&KLFDJR�� ,/��
���� 6W�� -RKQ� /&�� %HOO� )3� �������� ([WUDFWLRQ� DQG�IUDFWLRQDWLRQ� RI� OLSLGV� IURP� ELRORJLFDO� WLVVXHV�� FHOO��RUJDQHOOHV��DQG�IOXLGV��%LRWHFK��������±���������� 6WDUQHU� '(�� +DPDPD� $$�� %KDUGZDM� +/� ��������&DQROD� RLO� \LHOG� TXDOLW\� DV� DIIHFWHG� E\� SURGXFWLRQ�SUDFWLFHV� LQ�9LUJLQLD�� ,Q� -DQLF� -�� �HGV�� 3HUVSHFWLYHV� RQ�1HZ� &URSV� DQG� 1HZ� 8VHV�� $6+6� 3UHVV�� $OH[DQGULD��9$��SS��������������� 86'$�� ������ 1XWULHQW� GDWDEDVH� IRU� VWDQGDUG�UHIHUHQFH��$YDLODEOH�LQ��KWWS���ZZZ�QDO�XVGD�JRY�IQLF����
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���� =KDQJ� -�� +DPLOO� $6�� :HDYHU� 6(� ��������$QWDJRQLVP� DQG� V\QHUJLVP�EHWZHHQ� KHUELFLGHV�� WUHQGV�IURP�SUHYLRXV�VWXGLHV��:HHG�7HFKQRO� ����±�����
������������

7DEOH��� +HUELFLGHV�WUHDWPHQW��UDWH�DSSOLHG��DQG�DSSOLFDWLRQ�WLPH����
1R� +HUELFLGH�WUHDWPHQW� 5DWH��.J�D�L��KD����RU�SSP�LQ�VSUD\�VROXWLRQ� 7LPLQJ�
� &ORS\UDOLG��IXOO�UDWH�� ���� 3RVW�HPH��
� &ORS\UDOLG������RI�IXOO�UDWH�� ����� 3RVW�HPH�� &ORS\UDOLG���&LWRZHWW� ���������SSP�LQ�VSUD\�VROXWLRQ� 3RVW�HPH�� %XWLVDQ�6WDU� ����IXOO�UDWH�� 3RVW�HPH�� %XWLVDQ�6WDU�� ��������RI�IXOO�UDWH��� 3RVW�HPH�� %XWLVDQ�6WDU��&LWRZHWW� ��������SSP�LQ�VSUD\�VROXWLRQ� 3RVW�HPH�� &ORS\UDOLG���%XWLVDQ�6WDU���� ������������ 3RVW�HPH��� &ORS\UDOLG�� %XWLVDQ� 6WDU��&LWRZHWW���� �����������SSP�LQ�VSUD\�VROXWLRQ� 3RVW�HPH����
� %XWLVDQ�6WDU���&ORS\UDOLG� ����������� 3RVW�HPH����� � � %XWLVDQ� 6WDU�� &ORS\UDOLG� ��&LWRZHWW� �������������SSP�LQ�VSUD\�VROXWLRQ�� 3RVW�HPH����
� � � :HHG\ � FKH FN � � �
7KH�RUGHU�RI�H[SHULPHQWDO�WUHDWPHQWV�ZLOO�EH�WKH�VDPH�LQ�WDEOH�����
7DEOH� �� $QDO\VLV� RI� YDULDQFH� RI� VHHG� \LHOG� DQG� ZHHGV� ZHLJKW� RI� FDQROD� WUHDWHG� ZLWK� GLIIHUHQW� WUHDWPHQWV� DW�KDUYHVWLQJ�WLPH���

6RXUFH� RI�YDULDWLRQ� GI�
0HDQ�VTXDUH�
6HHG�\LHOG���J�� :HHG� ZHLJKW��J��

%ORFN� �� �����QV� �������QV�7UHDWPHQW� ��� ������� ��������(UURU� ��� � �7RWDO� ��� � �
QV��DQG��DUH�QRQ�DQG�VLJQLILFDQW�DW�S � ������UHVSHFWLYHO\���
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7DEOH��� 0HDQ�FRPSDULVRQV�RI�VHHG�\LHOG�DQG�ZHHGV�ZHLJKW�LQ�SORWV�WUHDWHG�ZLWK�GLIIHUHQW�KHUELFLGHV�DQG�DVVRFLDWHG�FRPELQDWLRQV���
7UHDWPHQW�

7UDLWV�
6HHG�\LHOG� :HHG�ZHLJKW�

� ����D ����G�
� ����FG �����EFG�
� ����DE� ����FG�� ��D� �����EFG�� ���G� �����EFG�� ����FG� �����EFG�� �����FG� �����EFG�� ����D� �����DE�� �����EF� �����DEF���� ����FG� �����D���� ���G� �����D�

1XPEHUV�ZLWKLQ�D�FROXPQ�IROORZHG�E\�WKH�VDPH�OHWWHUV�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW���S�!����������
7DEOH��� $YHUDJH�ZHLJKW��J��FRPSDULVRQV�DQG�DVVRFLDWHG�GHVFULSWLYH�VWDWLVWLFV�RI�GRPLQDQW�ZHHGV�DW�KDUYHVWLQJ�WLPH��

7 U HD WPHQ W �
:HHG �
6HWDULD�IDEHULO� &RQYROYXOXV�DUYHQVLV� ;DQWKLXP�SHQV\OYDQLFXP� %UDVVLFD�DOED� 5DSKQXV�UDSKDQLVWUXP� (FKLQFKROD�FUXVJDOOL� &KHQRSRGLXP�DOEXP�

0LQLPXP� ������ ������ ������ ������ ������ ������ ������0D[LPXP� ������� ������� ������� ������ ������� ������� �������0HDQ��J�P��� �����D� �����E� �����E� �����E� �����E� ������D� �����E�6WG�'HYLDWLRQ� ����� ����� ����� ����� ����� ������ ��������� FRQILGHQFH�OLPLWV� ���������� ���������� ���������� ���������� ���������� ������������� ����������

0HDQV�IROORZHG�E\�WKH�VDPH�OHWWHU�LQ�D�URZ�GR�QRW�GLIIHU�VLJQLILFDQWO\�DW����OHYHO�ZLWK�7XNH\
V�WHVW���
7DEOH��� 0HDQ�FRPSDULVRQV�RI�RLO�FRPSRVLWLRQV�RI�FDQROD�WUHDWHG�ZLWK�D�PL[WXUH�RI�&ORS\UDOLG�DQG�&LWRZHWW�DW���OHDI�GHYHORSPHQWDO�VWDJH�ZLWK�FRQWURO����

7UDLWV�
)DWW\�DFLG�SURILOH��0RO�����
6DWXUDWHG�� 8QVDWXUDWHG��
&��� &��� &��� &��� &���OQ�� &����Q� &����Q� &����Q� &����Q� &����Q�

/ ��&� ����D� ����D� ����D� ����D� ����D� �����D� �����D� ����D� ����D� ����D�&RQWURO� ����D� ����D� ����D� ����D� ����D� �����E� �����D� ����D� ����D� ����D�7 YDOXH� � � � �� � � � � �� � � � �� � � � �� � � � �� � � � � �� � � � �� � � � � �� � � � � �� � � � � �� �3 � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� � � � �� �
/ ��&� �WUHDWPHQW�1R�����&ORS\UDOLG���&LWRZHWW��������0HDQV�IROORZHG�E\�WKH�VDPH�OHWWHU�ZLWKLQ�FROXPQV�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��3�!�������7XNH\
V�WHVW��)DWW\�DFLG�SURILOH�VKRZV�WKH�SHUFHQWDJH�RI�HDFK�IDWW\�DFLG�FRPSRQHQW�LQ�FDQROD��7KH�ILUVW�QXPEHU�LQ�WKH�QRWDWLRQ�DW�WKH�WRS�RI�HDFK�FROXPQ�LQ�WKH�SURILOH��H�J���������LQGLFDWHV�WKH�QXPEHU�RI�FDUERQ�DWRPV�LQ�WKH�IDWW\�DFLG����
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7DEOH� �� 0HDQ� FRPSDULVRQV� RI� VHHG� JHUPLQDELOLW\� DQG� SOXPXOH� OHQJWK� RI� FDQROD� WUHDWHG� ZLWK� D� PL[WXUH� RI�&ORS\UDOLG�DQG�&LWRZHWW�DW���OHDI�GHYHORSPHQWDO�VWDJH�ZLWK�FRQWURO��

7UHDWPHQW�
9LDELOLW\�
*HUPLQDWLRQ�UDWH�����0HDQ���6(0� 3OXPXOH�OHQJWK��PP��0HDQ���6(0�

&KHFN�� ������������D� �����������D�

&ORS\UDOLG��&LWRZHWW�� ������������D� �����������D�

0HDQV�ZLWKLQ�FROXPQV�ZLWK�VLPLODU�OHWWHUV�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW���3 � �������DFFRUGLQJ�WR�7��WHVW���&ORS\UDOLG���&LWRZHWW� �7UHDWPHQW�1R������


