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,QWURGXFWLRQ�
� &DPHO� UDFLQJ� LV� D� KLJKO\� OXFUDWLYH� DQG�ZHOO�RUJDQL]HG�VSRUW�LQ�WKLV�SDUW�RI�WKH�ZRUOG��,W� KDV� EHFRPH� KLJKO\� FRPSHWLWLYH� ZLWK� WKH�RIIHU� RI� SUL]HV� VXFK� DV� OX[XULRXV� FDUV�� JROG�FXSV� DQG� SUL]H� PRQH\�� � 7KH� VXSSRUW� RI� WKH�LQGXVWU\�KDV�VHHQ�LW�HYROYH�RYHU�WKH�ODVW����\UV�IURP� DQ� HVVHQWLDOO\� WUDGLWLRQDO� VSRUW� WR� D�VRSKLVWLFDWHG� LQGXVWU\�� 5DFLQJ� FDPHOV� DUH�QRZ�ILQHO\�WXQHG�DWKOHWHV�ZLWK�FRPSXWHU�FKLS�LGHQWLILFDWLRQ�� VWULFW� GLHWV� DQG� VWULQJHQW�WUDLQLQJ�SURJUDPPHV�� �7KH�UDFLQJ�FDPHOV�DUH�FDWHJRUL]HG� LQ� GLIIHUHQW� JURXSV� DFFRUGLQJ� WR�WKHLU�DJH�� VH[�DQG�EUHHG�DQG�RQO\�DOORZHG� WR�FRPSHWH� ZLWKLQ� WKDW� JURXS�� ,Q� FDPHO� UDFLQJ��IHPDOH� KDV� DQ� XSSHU� KDQG� WR� WKH� PDOH���7LQVRQ� HW� DO��� ������� � 7KH� UHZDUGV� IRU� WKH�ORFDO� WUDLQHUV� WR� WUDLQ�D�FKDPSLRQ� UDFH�FDPHO�DUH�FRQVLGHUDEOH���7KH�UDFLQJ�OLIH�RI�D�IHPDOH�FDPHO� LV�FRQVLGHUDEOH� �0DQHILHOG�DQG�7LQVRQ������� DQG� KDYLQJ� UHWLUHG� IURP� UDFLQJ� WKH�LPSRUWDQFH� RI� SURGXFLQJ� RIIVSULQJ� EHFRPHV�SDUDPRXQW�� �7KH�ORZ�FDOYLQJ�UDWHV�DVVRFLDWHG�ZLWK� WUDGLWLRQDO� FDPHO� EUHHGLQJ� �:LOVRQ������� KDYH� OHG� WR� WKH� DSSOLFDWLRQ� RI� DVVLVWHG�UHSURGXFWLYH�WHFKQRORJ\�WR�FDPHO�EUHHGLQJ�WR�DVVLVW� �0F.LQQRQ� HW� DO�� ������ 7LEDU\� DQG�$QRXDVVL� ������� �:KLOH� HPEU\R� WUDQVIHU� KDV�

JUHDWO\� KHOSHG� WR� VSHHG� WKH� EUHHGLQJ� RI� WKH�FDPHO� DQG� KHOS� VROYH� VRPH� LQIHUWLOLW\�SUREOHPV� �7LQVRQ�HW� DO��� ������ WKHUH� DUH� VWLOO�FDVHV�RI�LQIHUWLOLW\�WKDW�KDYH�HOXGHG�VXFFHVVIXO�WUHDWPHQW��&HUWDLQ�FRQGLWLRQV�VXFK�DV�RYDULDQ�EXUVDO� IOXLG� V\QGURPH�� EORFNDJH� RI� WKH�RYLGXFW� �K\GURVDOSLQ[�� � S\RVDOSLQ[� DQG�PXFRVDO� F\VWV�� DQG� FRQJHQLWDO� RU� DFTXLUHG�DEQRUPDOLWLHV� RI� WKH� XWHUXV� DQG� RU� FHUYL[��VHJPHQWDO�DSODVLD��XWHULQH�F\VWV��UHPQDQWV�RI�PHVRQHSKULF� DQG� SDUDPHVRQHSKULF� GXFWV� DV�ZHOO� DV� SDUWXULWLRQ� WUDXPD��� �7LEDU\� DQG�$QRXDVVL� ������ FDQ� OHDG� WR� UHSURGXFWLYH�IDLOXUH���,Q�VXFK�FRQGLWLRQV�ZKHQ�ERWK�QDWXUDO�DQG�(�7�EUHHGLQJ�SURJUDPV�DUH�XQVXFFHVVIXO�WKHQ� $VVLVWHG�$GYDQFHG� 5HSURGXFWLYH�7HFKQLTXHV� �$57�� DUH� WKH� RQO\� ZD\� WR�DFKLHYH� WKH� GHVLUH� JRDO�� 7KHVH� WHFKQRORJLHV�LQFOXGH�� ,Q�9LWUR� )HUWLOL]DWLRQ� �,9)���*DPHWH�,QWUDIDOORSLDQ� 7UDQVIHU� �*,)7��� =\JRWH�,QWUDIDOORSLDQ� 7UDQVIHU� �=,)7�� DQG� ,QWUD�&\WRSODVPLF�6SHUP�,QMHFWLRQ��,&6,���,Q�9LWUR�)HUWLOL]DWLRQ� 3URFHVV� LQYROYHV� UHWULHYLQJ� HJJV��RRF\WHV�� DQG� VSHUP� IURP� IHPDOH� DQG� PDOH�DQG� SODFLQJ� WKHP� LQ� WRJHWKHU� LQ� ODERUDWRU\�GLVK� IRU� IHUWLOL]DWLRQ� DQG� WUDQVIHUUHG� EDFN� WR�WKH�IHPDOH�UHSURGXFWLYH�WUDFW�IRU�LPSODQWDWLRQ�DQG�VXEVHTXHQW�GHYHORSPHQW���,Q�KXPDQV�DQG�RWKHU� GRPHVWLFDWHG� DQLPDOV� VXFK� DV� FDWWOH��
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VKHHS�PDQ\�RI� WKHVH� VLPLODU�SUREOHPV� OHG� WR�WKH�VXFFHVVIXO�DSSOLFDWLRQ�RI�,9)�WR�URXWLQHO\�DTXLUH� VXFFHVVIXO� SUHJQDQF\�� � 7KH� WHFKQLTXH�ZDV� ILUVW� SLRQHHUHG� LQ� UDEELWV� ZLWK� ,9)�RIIVSULQJ� ELUWKV� LQ� ������ � 7KH� ILUVW� KXPDQ�ELUWK�ZDV� WKDW� RI�/RXLVH�%URZQ� LQ������DQG�WKH� ELUWK� RI� ODUJH� GRPHVWLF� ,9)� RIIVSULQJ�IROORZLQJ� LQ������ZLWK� WKH� ILUVW� OLYH�FDOI�� � ,Q�VRPH�VSHFLHV�VXFK�DV�WKH�KRUVH��WKH�WHFKQLTXH�KDV� EHHQ� GLIILFXOW� ZLWK� UHSURGXFLEOH� UHVXOWV�QRW� RFFXUULQJ� WLOO� DV� UHFHQW� DV� ����� ZKHQ�,�&�6�,� ZDV� DSSOLHG� WR� VROYH� WKH� SUREOHP��0F.LQQRQ� HW� DO��� ������� � ,Q� WKH� FDPHO� WKH�KLJK� LQFLGHQFH� RI� RYDULDQ� EXUVDO� IOXLG�V\QGURPH�LQ�UHIHUUHG�FDVHV�RI�LQIHUWLOLW\�WR�RXU�FHQWHU� ����� RI� LQIHUWLOH� FDPHOV� ZLWK� QR�RIIVSULQJ� LQ� RYHU� �\UV�� DQG� WKH� KLJK� GROODU�YDOXH� RI� WKH� FDPHOV� LQYROYHG� PDNH� VXFFHVV�ZLWK� WKH� WHFKQLTXHV� D� PDMRU� UHSURGXFWLYH�REMHFWLYH� IRU� WKH� IXWXUH�� � +RZHYHU� EHIRUH� LW�ZLOO� EH� SRVVLEOH� WR� VHH� VXFFHVV� LQ� WKH�WHFKQLTXHV� D� UHSURGXFLEOH� DQG�VDIH� WHFKQLTXH�RI� RRF\WH� FROOHFWLRQ� PXVW� EH� GHYHORSHG� IRU�WKH� UDFLQJ� FDPHO�� � 8OWUDVRXQG� JXLGHG�FROOHFWLRQ�YLD�D� WUDQVYDJLQDO�SUREH�GHYHORSHG�DV�PHWKRG�RI�FROOHFWLRQ�LQ�WKH�1HWKHUODQGV�LQ�WKH� ODWH� ��¶V� DQG� VRRQ� ZDV� HVWDEOLVKHG� DV� D�VDIH�DQG�UHSHDWDEOH�WHFKQLTXH�LQ�WKH�KRUVH�DQG�FRZ� �&DUQHYDOH� DQG� *LQWKHU�� ������0HLQLMHWHV�HW�DO����������,W�LV�HYHQ�EHLQJ�XVHG�LQ�WKH�ILUVW�WULPHVWHU�RI�SUHJQDQW�FDWWOH���2QFH�JHQHWLF� PDWHULDO� FDQ� EH� REWDLQHG� IURP�SUREOHP� FDPHOV�RQ� D� UHJXODU�EDVLV�ZLWK� HDVH�WKHQ� WKH� ODERUDWRU\� ZRUN� FDQ� EH� EXLOW� XS� WR�DWWDLQ� VXFFHVVIXO� IHUWLOLVDWLRQ� DQG� KRSHIXOO\�WUDQVIHUDEOH�HPEU\RV���0DWHULDOV�DQG�0HWKRGV�
�6HOHFWLRQ�DQG�SUHSDUDWLRQ�RI�'RQRUV��1LQHWHHQ�IHPDOH�FDPHOV�ZHUH�VHOHFWHG�RQ�WKH�EDVLV�RI�D�QRUPDO�EUHHGLQJ�KLVWRU\�DQG�WKH�DEVHQFH� RI� DQ\� DEQRUPDOLWLHV� LQ� WKH�UHSURGXFWLYH� WUDFW� EDVHG� RQ� DQ� XOWUDVRQLF�H[DPLQDWLRQ� �0F� .LQQRQ� DQG� 7LQVRQ� ������7LEDU\� DQG� $QRXDVVL� ������� � 7KH� FDPHOV�ZHUH�VHSDUDWHG�LQWR�JURXSV�RI���DQLPDOV�DQG�D�

UHJLPH�RI����GD\V�RI�SURJHVWHURQH� LQMHFWLRQV�LQWUDPXVFXODUO\�GDLO\� ����PJ� %RPDJHVW� 1=��IROORZHG�E\�D�VXSHURYXODWRU\�UHJLPH�RI�)6+�RYHU���GD\V�� �7KH� WHFKQLTXHV�RI�EDWFKLQJ� WKH�JURXSV� DQG� V\QFKURQLVLQJ� WKH� DQLPDOV� KDYH�EHHQ� SUHYLRXVO\� GHVFULEHG� LQ� RWKHU� ZRUN��0F.LQQRQ�HW�DO���������7LQVRQ�HW�DO�����������2Q� �WK� GD\� GRQRUV� ZHUH� VFDQQHG� IRU� WKH�VXSHURYXODWRU\� UHVSRQVH� �0F� .LQQRQ� DQG�7LQVRQ� ������ DQG� ����� ,8� RI� +XPDQ�&KRULRQLF� *RQDGRWURSKLQ� �+&*�� �&KRUXORQ�,QWHUYHW� 1HWK��� ZDV� JLYHQ� WR� IDFLOLWDWH� WKH�PDWXUDWLRQ�DFFRUGLQJ�WR�WKH�WLPH�RI�FROOHFWLRQ��DW����KU����KU�DQG�!����KU����&ROOHFWLRQ�RI�RRF\WHV�� $FFRUGLQJ� WR� WKH� FROOHFWLRQ� WHFKQLTXHV�WKH�GRQRUV�ZHUH�FDWHJRUL]HG�LQWR�WKUHH�JURXSV�DQG�GHVLJQDWHG�$��%�RU�&���� *URXS� �$�� FRQVLVWHG� RI� ��� FDPHOV�ZKLFK�ZHUH�FROOHFWHG�RQ���FRQVHFXWLYH�GD\V�YLD�D�QRQ�VXUJLFDO�WUDQVYDJLQDO�WHFKQLTXH��� *URXS��%��FRQVLVWHG�RI���FDPHOV�DQG�KDG�WKH� OHIW� RYDU\� FROOHFWHG� VXUJLFDOO\� YLD�ODSDURWRP\�ZLWK� WKH�ULJKW�RYDU\�UHFHLYLQJ�QR�WUHDWPHQW��� *URXS��&��DOVR�FRQVLVWHG�RI���FDPHOV�DQG�KDG� WKH� OHIW� RYDU\� FROOHFWHG� YLD�ODSDURWRP\� DQG� WKH� ULJKW� RYDU\� FROOHFWHG�YLD� WUDQVYDJLQDO� WHFKQLTXH�� *URXS� %� DQG�& ZHUH� JURXSHG� WRJHWKHU� DQG� GRQH� RQ� ��FRQVHFXWLYH�GD\V���6XUJLFDO�7HFKQLTXH�� 'RQRUV� ZHUH� SUHSDUHG� IRU� DVHSWLF�VWDQGLQJ� IODQN� ODSDURWRP\� XQGHU� VHGDWLRQ�ZLWK� DQ� LQWUDYHQRXV� LQMHFWLRQ� RI� ���FF� RI�.HWDPLQH� DQG� ���FF� RI�;\OD]LQH� � �.HWDPLQH�K\GURFKORULGH� ���PJ�PO� DQG� ;\OD]LQH�K\GURFKORULGH� ���PJ�PO�� 3DUQHOO�� $XVWUDOLD����$ YHUWLFDO� OLQH� RI� ��FP�ZDV� LQILOWUDWHG� ZLWK����� PO� RI� ORFDO� DQDHVWKHVLD� � �SULORFDLQH�K\GURFKORULGH� ��PJ�PO�� 3DUQHOO� $XVW�� RQ�WKH�OHIW�IODQN�RI�WKH�DEGRPHQ�RI�WKH�FDPHO�DSSUR[LPDWHO\� ��FP� LQIURQW� RI� WKH�DQWHULRU� FUHVW� RI� WKH� LOLXP�� 7KH� VXUJHU\�
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VLWH� ZDV� VKDYHG� DQG� SUHSDUHG� IRU� VWHULOH�VXUJHU\�ZLWK�D� VXUJLFDO�GUDSH�SODFHG�RYHU�WKH�VXUJLFDO�VLWH���8VLQJ�VWHULOH�JORYHV�DQG�LQVWUXPHQWV� WKH�VNLQ�DQG�PXVFOH�ZHUH�FXW�RSHQ� WR� JDLQ� DFFHVV� WR� WKH� SHULWRQHDO�FDYLW\� DQG� WKH� OHIW� RYDU\�� � $IWHU�H[WHULRUL]DWLRQ� RI� OHIW� RYDU\� WKURXJK�LQFLVLRQ� OLQH� LQGLYLGXDO� IROOLFOH� ZHUH�DVSLUDWHG� E\����*DXJH�QHHGOH� DWWDFKHG� WR�D ��FF� V\ULQJH�� � 7KH� V\ULQJH� KDG�SUHYLRXVO\� EHHQ� ILOOHG� ZLWK� �FF� RI� D�JDPHWH�ZDVK�VROXWLRQ�PL[HG�ZLWK�KHSDULQ��0LQLKHS� ������,8�PO� KHSDULQ� /HR� /DEV�+ROODQG�� DW� D� FRQFHQWUDWLRQ� RI� ��� ,�8��KHSDULQ� �PO� RI� ZDVK� VROXWLRQ� �%RYLQH�9LWUR� :DVK� 9�%9:$����� &RRN�$XVWUDOLD���7KH�DVSLUDWHG�IROOLFOH�IOXLG�ZDV�WKHQ� SXW� LQWR� KROGLQJ� WXEHV� RI� ��FF�FDSDFLW\�� ZKLFK� DOUHDG\� KDG� �FF� RI� WKH�KHSDULQ�ZDVK� PL[� SODFHG� LQVLGH�� � 7KH�WXEHV�ZHUH� KHOG� DW� ���GHJ�&�E\�ZD\�RI� D�7XEH� +HDWHU� �9)7+������� &RRN�$XVWUDOLD�� WLOO� DOO� WKH� IROOLFOHV� ZHUH�DVSLUDWHG� DQG� WKH� IOXLG� FRXOG� EH� UHDGLHG�IRU� H[DPLQDWLRQ� XQGHU� WKH� PLFURVFRSH���2QFH� WKH� DVSLUDWLRQ� ZDV� FRPSOHWH� WKH�DEGRPLQDO�PXVFOHV�ZHUH� VXWXUHG� WRJHWKHU�ZLWK� &DWJXW� �863� ��� .UXXVH� *HUPDQ\��XVLQJ� D� FRQWLQXRXV� KRUL]RQWDO� PDWWUHVV�VXWXUH� WKHQ� D� VLPSOH� FRQWLQXRXV� VXWXUH�VXEFXWDQHRXVO\� ZLWK� 6LON� 863� �� �.UXXVH�*HUPDQ\��LQ�D�VLPSOH�LQWHUUXSWHG�PDWWUHVV�VWLWFK�IRU�WKH�VNLQ���1RQ� 6XUJLFDO� 7HFKQLTXH�� 7UDQVYDJLQDO�XOWUDVRXQG�JXLGHG�RRF\WH�DVSLUDWLRQ��'RQRUV�ZHUH�VHGDWHG�DQG�SUHSDUHG�E\�XVLQJ���FF�RI�ERWK�.HWDPLQH�DQG�;\OD[LQH�JLYHQ� LQWUDYHQRXVO\� ZLWK� DQ� HSLGXUDO�LQMHFWLRQ� �0DQHILHOG�DQG�7LQVRQ�������RI��FF� RI� 3ULORFDLQH�� � � 7KH� SHULQHXP� ZDV�ZDVKHG� ZLWK� D� +LELFHW� VROXWLRQ��&KORUKH[LGLQH� JOXFRQDWH����� Z�Y� DQG�FHWULPLGH�����Z�Y��=HQHFD�8.��WKHQ�ZLWK�ZDWHU� IROORZHG� E\� D� GU\� &KX[� WRZHO��-RKQVRQ� DQG� -RKQVRQ� $XVW��� $Q� $ORND�

XOWUDVRXQG� XQLW� �66'����� $ORND� -DSDQ��ZLWK� �� 0+]� FRQYH[� WUDQVYDJLQDO� SUREH�PRXQWHG�ZLWK�D�QHHGOH�JXLGH��867����S�� $ORND�� ZDV� SODFHG� LQ� SRVLWLRQ� EHKLQG�WKH� FDPHO� DORQJ�ZLWK� D� UHJXODWHG�YDFXXP�SXPS� GHVLJQHG� IRU� RRF\WUH� DVSLUDWLRQ��90$5������� &RRN� $XVW�� DQG� WKH� WXEH�KHDWLQJ� VHW� �9)7+������� &RRN��� � )RXU���FF� FDSHG� WXEHV� ZHUH� SODFHG� LQ� WKH�SRVLWLRQV� LQ� WKH� KHDWHU�� DOO� KDYLQJ�SUHYLRXVO\� UHFHLYHG� �FF� RI� KHSDULQ�ZDVK�VROXWLRQ� ���,8�PO��� � $� ERYLQH� DVSLUDWLRQ�VHW�ZDV� WKHQ� DWWDFKHG� WR� WKH� YDFXXP�XQLW�DQG� WR� WKH� ILUVW� RI� WKH� WXEHV�� � 7KH� QHHGOH�XVHG�ZDV� D� VLQJOH� OXPHQ���� FP����JXDJH�QHHGOH� �9�%2$6������6�� &RRN� $XVW��ZLWK� D� VPDOO� VLOLFRQ� VWRSSHU� VXLWDEOH� WR�VHDO� WKH� ��FF� WXEHV� WRS�� � :KHQ� WKH�RSHUDWRU� LV� UHDG\� DQG� WKH� VHGDWLRQ� LV�GHHPHG�WR�KDYH�WDNHQ�HIIHFW�WKH�SUREH�HQG�LV� VPHDUHG� ZLWK� .�<� MHOO\� �-RKQVRQ�-RKQVRQ�$XVW��DQG�D�SODVWLF�UHFWDO�JOREH�LV�DSSOLHG�RYHU�WKH�KHDG�RI�WKH�SUREH�VR�DV�WR�FRYHU�WKH�HQWLUH�SUREH�OHQJWK�DQG�NHHS�WKH�SODVWLF�� MHOO\� DQG� SUREH� HQG� LQ� FORVH�FRQWDFW��7KH�SUREH�LV�WKHQ�LQWURGXFHG�LQWR�WKH� YDJLQD� WR� WKH� IRUQL[� RI� WKH� FDQDO� DQG�DQJOH� WR� ORFDWH� WKH� RYDULHV� DQG� IROOLFOHV��6RPH� WLPH� H[WUD� UHFWDO� PDQLSXODWLYH�DVVLVWDQFH�PD\�RFFDVLRQDOO\�EH�QHHGHG�IRU�EHWWHU� SRVLWLRQLQJ� RI�RYDULHV� DQG� IROOLFOHV�DJDLQVW� WKH� SUREH�� � 7KH� QHHGOH� JXLGH� RQ�WKH� XOWUDVRXQG� VFUHHQ� VHWWLQJV� DOORZV� WKH����JDXJH� DVSLUDWLRQ� QHHGOH� WR� EH� DLPHG�FRUUHFWO\�DQG�WKH�QHHGOH�LV�LQWURGXFHG�LQWR�D IROOLFOH�RI������PP�VL]H���7KH�VXFWLRQ�LV�DSSOLHG� E\� ZD\� RI� WKH� IRRW� FRQWURO� ZLWK�DGGLWLRQDO�ERRVW�YDFXXP�LI�QHFHVVDU\��7KH�IROOLFXODU� FRQWHQWV� DUH� VXFNHG� LQWR� WKH�FROOHFWLRQ� WXEH� DWWDFKHG� WR� WKH� VXFWLRQ�XQLW�� $� UHFRUG� ZDV� NHSW� RI� ZKLFK� WXEHV�ZHUH� XVHG� IRU� ZKLFK� RYDU\� VR� WKDW� WRWDO�QXPEHU� RI� IROOLFOHV� DVSLUDWHG� FRXOG� EH�FRPSDUHG� WR� RRF\WH� UHFRYHU\�� � 7KH� WRWDO�YROXPH� RI� IOXLG� IURP� ERWK� RYDULHV� ZDV�FKHFNHG�E\�FROOHFWLQJ�LQWR�VHSDUDWH�WXEHV����
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+DUYHVWLQJ�RI�RRF\WHV��&ROOHFWLRQ� WXEHV� FRQWHQWV� ZHUH�WUDQVIHUUHG� LQWR� D� VTXDUH� SHWULGLVK� �)DOFRQ���������%HFWRQ�'LFNLQVRQ�86$�� WR� VHSDUDWH�WKH� RRF\WHV� IURP� WKH� FXPXOXV� RRF\WH�FRPSOH[HV� PDQXDOO\�� � 2RF\WHV� ZHUH� WHDVHG�PDQXDOO\�IURP�WKH�FRPSOH[HV�XVLQJ�WZR���*�; ���� LQFK� QHHGOHV� �0RQRMHFW� 86$����+DUYHVWHG�RRF\WHV�ZHUH�FRXQWHG�DQG�SUHSDUHG�IRU� ODWHU�XVH�HLWKHU� IRU� LQFXEDWLRQ�ZLWK�VSHUP�RU�IRU�VSHUP�LQMHFWLRQ���5HVXOWV�
� 9ROXPH� RI� IROOLFXODU� IOXLG� FROOHFWHG�YDULHG� JUHDWO\� DQG� GHSHQGHG� RQ� WKH� QXPEHU�DQG�VL]H�RI�IROOLFOHV�SUHVHQW�DQG�HDVH�RI�DFFHVV�WR� RYDU\� �LQ� FDVH� RI� QRQ� VXUJLFDO��� 2QO\�RYDULHV�ZLWK�D�PLQLPXP�RI���IROOLFOHV�JUHDWHU�

WKDQ� ��PP� LQ� GLDPHWHU� ZHUH� DWWHPSWHG�� � ,Q�DOO� FDVHV� WKH� PLQLPXP� DPRXQW� RI� IOXLG�FROOHFWHG�ZDV� �PO� �IURP� D� OHIW� RYDU\�ZLWK� ��IROOV�RI������PP�GLD��WR�D�PD[LPXP�RI���PO��OHIW�RYDU\�ZLWK���IROOV������PP�GLD��� �)OXLG�YDULHG�IURP�FOHDU�WKURXJK�WR�EORRG�WLQJHG�DQG�VRPH� FROOHFWLRQ� DFWXDOO\� DSSHDUHG� DV� ZKROH�EORRG��7KH� QXPEHU� RI� FXPXOXV� FRPSOH[HV� DQG�RRF\WHV� UHFRYHUHG� DSSHDUV� LQ� WDEOH� ���FRUUHVSRQGLQJ�WR���� *URXS� �$�� 1RQVXUJLFDO� FROOHFWLRQ� IURP�ERWK�RYDULHV��� *URXS� �%�� 6XUJLFDO� FROOHFWLRQ� IURP� OHIW�RYDU\�RQO\���� *URXS� �&�� 6XUJLFDO� IURP� OHIW� DQG� QRQ�VXUJLFDO�IURP�ULJKW����

7DEOH����1RQ�6XUJLFDO�DQG�6XUJLFDO�&ROOHFWLRQ�RI�2RF\WHV�LQ�&DPHOV��
)ROOLFOH�&RPSOH[� 2RF\WHV�&ROOHFW�*URXS� &DPHO�,�'�� /7��29�� 57��29�� /7��29�� 57�29����D ��� ��� �� ������G 1$� ��� 1$� ����� �� �� �� ��� �� �� �� ����� �� �� �� ����� �� �� �� �����E � �� �� ����� �� �� �� ����� �� �� �� �����& � 1$� �� 1$���� G � ����� �� �� �� ����� �� �� �� ��

*URXS��$���1RQ�6XUJLFDO�7UDQVYDJLQDO�&ROOHFWLRQ�RI�2RF\WHV�

727$/� ��� ��� ��� ������� �� �� �� �����D � �� ����� ��� �� �� ��
*URXS��%��6XUJLFDO�&ROOHFWLRQ�RI�/HIW�2YDU\�2QO\� 727$/� ��� � ��� ����� �� �� �� ����� �� �� �� ������ �� �� �� ��
*URXS��&��6XUJLFDO�&ROOHFWLRQ�RI�/HIW�2YDU\�DQG�7UDQVYDJLQDO�LQ�5LJKW� 727$/� ��� �� ��� ��
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$OO�VXUJLFDO�FDVHV�UHFRYHUHG�XQHYHQWIXOO\�DQG� FDPHOV� ZHUH� FKHFNHG� XOWUDVRQLFDOO\� IRU�DQ\� SUREOHPV� ��� GD\V� SRVW� FROOHFWLRQ�� ,Q� DOO�FDVHV� WKHUH� ZDV� QR� HYLGHQFH� RI� DQ\� H[FHVV�RYDULDQ�EXUVDO�IOXLG�DQG�QRUPDO�IROOLFOHV�ZHUH�SUHVHQW�� $� QXPEHU� RI� WKH� FDPHOV� ZHUH�VXEVHTXHQWO\� PDWHG� ZLWK� �� EHFRPLQJ�SUHJQDQW�RQ�WKH�ILUVW�DWWHPSW���,Q� WKH� QRQ�VXUJLFDO� FROOHFWLRQ� ����FDPHOV�� RQO\� WKH� WRWDO� �� RI� RRF\WHV�UHFRYHUHG� SHU� IROOLFOHV� DVSLUDWHG� ZDV� ������7RWDO� �� 2RF\WHV� 5HFRYHUHG�)ROOLFOHV�$VSLUDWHG �������� 7KH� VXUJLFDO� UHVXOWV�WDNHQ�IURP�*URXS�%�DQG�&����FDPHOV��JDYH�D WRWDO� SHUFHQWDJH� RI� ������ IRU� RRF\WHV�FROOHFWHG� SHU� IROOLFOHV� DVSLUDWHG�� � $�VWDWLVWLFDO�FRPSDULVRQ�XVLQJ�&KL�VTXDUHG�IRU�WKH�WZR�WHFKQLTXHV�VKRZHG�WKDW�WKH�VXUJLFDO�ZDV� VXSHULRU� IRU� RRF\WH� UHFRYHU\� ZLWK�3���������,Q�WKLV�H[SHULPHQW�LI�ZH�FRQVLGHU�WKH� QRQ�VXUJLFDO� FROOHFWLRQ� ZDV� DOPRVW�H[DFWO\�KDOI�WKH�UHFRYHU\�UDWH�RI�WKH�VXUJLFDO�WKHQ�ZKHQ�ZH�IDFWRU�LQ�WKDW�WKH�QRQ�VXUJLFDO�DSSURDFK� DOORZLQJ� VLPSOHU� DFFHVV� WR� ERWK�RYDULHV� WKHQ� WKH� DFWXDO� QXPEHU� RI� RRF\WHV�FROOHFWHG�SHU�GRQRU�FDPHO�LV�DOPRVW�HTXDO���'LVFXVVLRQ�� :KLOH� WKH� VXUJLFDO� UHFRYHU\� ZDV�PRUH�HIIHFWLYH� RQ� D� SHU� IROOLFOH� EDVLV� LW� GLG�SUHVHQW�PDQ\�GUDZEDFNV�ZKHQ�FRPSDUHG�WR�WKH�QRQ�VXUJLFDO� WUDQVYDJLQDO�PHWKRG�� �7KH�PRVW�REYLRXV�GUDZ�EDFN�LV�WKH�WLPH�WDNHQ�WR�SHUIRUP� WKH� VXUJHU\� DQG� WKH� IDFW� WKDW� RQO\�WKH� OHIW� VLGH� RYDU\� LV� UHDGLO\� DFFHVVLEOH� WR�WKH� IODQN�VXUJHU\�DSSURDFK��0F.LQQRQ�DQG�7LQVRQ� XQSXEOLVKHG��� � 6XUJLFDO� DVSLUDWLRQ�WDNHV� DURXQG� ��PLQV� IRU� D� VLQJOH� RYDU\�FRPSDUHG� WR������PLQXWHV� IRU�ERWK�RYDULHV�LQ�WKH�FDVH�RI�WUDQVYDJLQDO���6XUJHU\�KDV�WKH�DGGHG� GLVDGYDQWDJH� RI� SURGXFLQJ� DGKHVLRQ�SRVW� VXUJLFDOO\� DQG� WKXV� EHLQJ� D� OHVV�UHSHDWDEOH� SURFHGXUH�� � 6DIH� UHSHDWDEOH�WUDQVYDJLQDO� FROOHFWLRQ�ZDV� GHYHORSHG� DV� D�WHFKQLTXH� IRU� FDWWOH� LQ� KRUPDQH� VWLPXODWHG�DQLPDOV� LQ� WKH� ODWH� ��¶V�3LHWHUVH� HW� DO��

������������ &RPSDULQJ� WKH� UHVXOWV� WR�UHSRUWV� LQ� RWKHU� DQLPDOV� VXFK� DV� FDWWOH� WKH�UHFRYHU\� UDWH� DQG� WRWDO� RRF\WHV� LV� ORZHULQJ�LQ WKH�FDPHO�IRU�QRQVXUJLFDO�� �,Q�RQH�UHSRUW�RQ� FDWWOH� �3HUH]� HW� DO� ������ WKH� DYHUDJH�IROOLFOH� QXPEHU� DVSLUDWHG� SHU� FRZ� IURP� D�JURXS� RI� )6+� VWLPXODWHG� FRZV� ZDV� �����ZLWK� D� UHFRYHU\� RI� ���� RRF\WHV� ��������0HLQWMHV�HW�DO��������UHSRUWHG�WKH���RRF\WH�UHFRYHUHG� SHU� IROOLFOH� DVSLUDWHG� LQ� QRQ�SUHJQDQW� FDWWOH� DV� ����� � ,Q� RXU� FDVH� RQ�JURXS� $� WKH� DYHUDJH� QXPEHU� RI� IROOLFOHV�DVSLUDWHG�ZDV������ZLWK�WKH�DYHUDJH�QXPEHU�RI� RRF\WHV� ����� � ,W� LV� GLIILFXOW� WR� EH� VXUH�H[DFWO\�KRZ�PDQ\�IROOLFOHV�DUH�VXFFHVVIXOO\�DVSLUDWHG�ZKHQ�KXJK�QXPEHU�RI�IROOLFOHV�DUH�SUHVHQW���,Q�WDEOH�$��WKHUH�DUH�GLIIHUHQFHV�LQ�QXPEHUV�EHWZHHQ�WKH�WRWDO�IROOLFOH�QXPEHUV��WKH� QXPEHU� RI� IROOLFXODU� FRPSOH[HV��FXPXOXV� RRF\WH� FRPSOH[�� DQG� WKH� DFWXDO�QXPEHU� RI� RRF\WHV� UHFRYHUHG�� � � ,I� WKH�QXPEHU�RI�FRPSOH[HV�LV�D�EHWWHU�PHDVXUH�RI�WKH� QXPEHU� RI� IROOLFOHV� DFWXDOO\� DVSLUDWHG�WKHQ� WKH� QXPEHU� IRU� WKH� FDPHO� IRU� QRQ�VXUJLFDO� FROOHFWLRQ� ZRXOG� EH� PXFK�LPSURYHG�� � ,Q� WKLV� FDVH� WKH� �� RRF\WHV�UHFRYHUHG� SHU� FXPXOXV� FRPSOH[� UHFRYHUHG�ZDV� �������� ZKLFK� LV� FORVHU� WR� WKH� TXRWHG�ILJXUHV� LQ� FDWWOH�� � ,W� ZDV� QRWLFHG� E\� WKH�DXWKRUV� WKDW� WKH� VHSDUDWLRQ� SURFHVV� RI� WKH�RRF\WH� IURP�FRPSOH[� LQ� WKH�SRVW�FROOHFWLRQ�SKDVH�ZDV�PRUH�GLIILFXOW�WKDQ�LQ�WKH�KXPDQ�FDVH� ZLWK� WKH� ³MHOO\´� EHLQJ� SDUWLFXODUO\�WHQDFLRXV� �7LQVRQ� SHUV� REV���� � 7KLV� FRXOG�SRVVLEO\�FDXVH�SUREOHPV�LQ�WKH�FDPHO�DW�WKH�WLPH� RI� FROOHFWLRQ�� � 7KH� GRXEOH� OXPHQ�QHHGOHV�KDYH�EHHQ� WULHG� WR�DWWHPSW�IOXVKLQJ�WKH� IROOLFOHV� EXW� ZHUH� QRW� IRXQG� WR� EH� DQ\�PRUH� HIILFLHQW� WKDQ� VLQJOH� OXPHQ� ZLWK�VXFWLRQ�� /DSRURVFRSLF� FROOHFWLRQ� LV� D� OHVV�LQYDVLYH� WHFKQLTXH� WKDQ� WKH� VXUJLFDO�DSSURDFK� RI� ODSDURWRP\� DQG� DOORZV� HDVLHU�DFFHVV� WR� ERWK� RYDULHV�� � +RZHYHU� LW� VWLOO�UHTXLUHV� PRUH� WLPH� WKDQ� WKH� WUDQVYDJLQDO�WHFKQLTXH� DV� ZHOO� DV� QHHGLQJ� FRQVLGHUDEOH�H[WUD� LQYHVWPHQW� LQ� HTXLSPHQW�� � :RUN� LQ�*HUPDQ\� LQ� ����� �%XQJDUW]� HW� DO�� DOVR�VKRZV� WKDW� ZLWK� WKH� UHFRYHU\� UDWH� RI�

(PLU��-��$JULF��6FL���������������������KWWS���ZZZ�FIV�XDHX�DF�DH�UHVHDUFK�HMDV�KWPO�

��



FXPXOXV� RRF\WH� FRPSOH[HV� UDWH� RI� XS� WR����� LQ� FDWWOH� SRVVLEOH� WKDW� LW� LV� D� VXSHULRU�WHFKQLTXH�WR�ODSDURVFRSLF�FROOHFWLRQ��:LWK�WKH�SDVW� VXFFHVV� RI� WKH� XVH� RI� VH[� VSHFLILF�VHTXHQFHV� LQ� GHWHUPLQLQJ� WKH� VH[� RI� DQ�HPEU\R� �5HHG� ������ +HUU� ������ DQG� UHFHQW�VXFFHVV�LQ�WKH�FDPHO��7LQVRQ�������WKHUH�LV�D�ELJ� RSSRUWXQLW\� WR� DSSO\� WKLV� WR� WKH� ,9)�HPEU\R� RQFH� WKH� WHFKQLTXH� LV� IXUWKHU�GHYHORSHG� LQ� WKH� FDPHO�� � 7KH� DGYDQFHV� LQ�WZLQQLQJ� DUH� OLPLWHG� �7LQVRQ� HW� DO� ������ LQ�FRPSDULVRQ� WR� ZKDW� FRXOG� EH� GRQH� ZLWK�EODVWRPHUH�H[WUDFWLRQ�GXULQJ�WKH�HDUO\�SKDVHV�RI�DQ�,9)�HPEU\RV�GHYHORSPHQW���,W�KDV�EHHQ�VKRZQ�ZLWK�HPEU\R�FORQLQJ�ZKDW�FDQ�EH�GRQH�ZLWK� FDWWOH� �7URXQVHQ� SHUV� FRPP��� DQG�FRPELQHG� ZLWK� VH[LQJ� WKH� RSSRUWXQLW\� IRU�EUHHGLQJ� VXSHULRU� PLONLQJ� FDPHOV� DQG�HQGDQJHUHG�FDPHOV��+DUH��������LV�YHU\�JRRG��7KH�WLPLQJ�RI�WKH�+&*�LQMHFWLRQ�WR�WKH�FDPHO�WR�LQGXFH�RRF\WH�PDWXUDWLRQ�LV�DQ�DUHD�WKDW�LV�JRLQJ� WR� QHHG� D� ORW� RI� DWWHQWLRQ� DV� WKH�WHFKQLTXH�GHYHORSV���7KH�FDPHO�LV�DQ�LQGXFHG�RYXODWRU� �1RYRD� ������ DQG� VR� LI� PDWLQJ�GRHVQ¶W� RFFXU� RU� DQ� LQMHFWLRQ� WR� VWLPXODWH�RYXODWLRQ� LV� QRW� JLYHQ� WKH� IROOLFOHV� ZLOO�FRQWLQXH� WR� JURZ�� � 6R� IDU�ZH�KDYH� DWWHPSHG�FROOHFWLRQ�RI�RRF\WHV�DW����KUV����KUV�DQG����KUV�SRVW�+&*�EXW�LQ�DOO�FDVHV�ZH�VWLOO�VHH�WKH�SUHVHQFH� RI� RRF\WHV� WKDW� DUH� FROOHFWHG�ZLWK� D�VHFRQG� SRODU� ERG\� VHHQ� LPPHGLDWHO\� SRVW�FROOHFWLRQ�� � 7KLV� KDV� DOVR� EHHQ� VHHQ� LQ� WKH�FDVH�RI�FDWV��ZKLFK�DUH�DOVR�LQGXFHG�RYXODWRUV��7URXQVHQ� SHUV� FRPP���� � 7KH� RWKHU� SUREOHP�ZLWK� WKH� FDPHO� DSSHDUV� WR� EH� SXUHO\�DQDWRPLFDO�DQG�LQ�VRPH�FDPHOV�WKH�OHIW�RYDU\�LQ�SDUWLFXODU�FDQ�EH�GLIILFXOW�WR�YLVXDOL]H�ZLWK�WKH�SUREH�PDNLQJ�FROOHFWLRQ�GLIILFXOW�ZLWK�WKH�WUDQVYDJLQDO�WHFKQLTXH���&RQFOXVLRQ�� ,Q� YLWUR� IHUWLOL]DWLRQ� LV� DQ� DVVLVWHG�UHSURGXFWLYH� WHFKQLTXH� WKDW� ZH� KDYH� EHHQ�H[SHULPHQWLQJ�ZLWK� WR� VHH� WKH� SUDFWLFDOLW\� RI�DSSO\LQJ� LW� WR�FDPHOV��SDUWLFXODUO\�LQ�WKH�FDVH�RI� RYDULDQ� EXUVDO� IOXLG� V\QGURPH�� ZKLFK� LV�RIWHQ�UHIUDFWRU\�WR�WUHDWPHQW���,W�ZRXOG�DSSHDU�

ERWK� VXUJLFDO� DQG�QRQ�VXUJLFDO� DSSURDFKHV� WR�WKH� FROOHFWLRQ� RI� RRF\WHV� FDQ� JLYH� UHSHDWDEOH�UHVXOWV� LQ� WKH� FDPHO�� � +RZHYHU� WKH�SUDFWLFDOLWLHV� RI� WKH� WUDQVYDJLQDO�PHWKRG�ZLOO�PRVW� OLNHO\� VHH� PRUH� XVH� DV� RXU� PDLQ�DSSURDFK�WR�FRQWLQXLQJ�UHVHDUFK�LQWR�,�9�)��LQ�WKH�FDPHO��� 7KH� ZRUN� QHHGHG� WR� IXUWKHU�GHYHORS� ERWK� ,�9�)�� DQG� ,�&�6�,�� �,QWUD�F\WRSODVPLF� VSHUP� LQMHFWLRQ�� LQ� WKH� FDPHO�ZLOO� QHHG� D� IXUWKHU� LPSURYHPHQW� RI� WKH�FROOHFWLRQ� WHFKQLTXHV�� EXW� PRUH� LPSRUWDQWO\�WKH� DVVLVWDQFH� RI� VSHFLDOLVWV� LQ� WKH� ODERUDWRU\�SUHSDUDWLRQ� DQG� KDQGOLQJ� RI� WKH� RRF\WHV�� � ,Q�KXPDQ�,�9�)��FHQWHUV�WKH�ZRUN�LV�VSOLW�LQWR�WKH�VSHFLDOLVWV� IRU� FROOHFWLRQV� DQG� ODWHU� WUDQVIHUV�DV� ZHOO� DV� WKH� VSHFLDOLVW� WHFKQLFLDQV� IRU� WKH�,�&�6�,� DQG� RRF\WH� LQFXEDWLRQV� ZLWK� D� WHDP�HIIRUW� JLYLQJ� VXFFHVV�� � 7KH�ZKROH� SURFHVV� LV�WRR� WLPH� FRQVXPLQJ� DQG� WHFKQLFDO� WR� KDYH�RQO\� D� IHZ� SHRSOH� IROORZ� WKH� SURFHVV� IURP�VWDUW�WR�ILQLVK���5HIHUHQFHV��&DUQHYDOH��(�0��DQG�2�-��*LQWKHU���������8VH�RI� OLQHDU� XOWUDVRQLF� WUDQVGXFHU� IRU� WKH�WUDQVYDJLQDO� DVSLUDWLRQ� DQG� WUDQVIHU� RI�RRF\WHV�LQ�WKH�PDUH��-��(TXLQH�9HW��6FL�������������%XQJDUW]��/���$��/XFDV�+DKQ�� ��'��5DWK��DQG�+�� 1LHPDQ�� ������ &ROOHFWLRQ� RI�2RF\WHV� IURP� &DWWOH� YLD� )ROOLFXODU�$VSLUDWHG� DLGHG� E\�8OWUDVRXQG�ZLWK� RU�ZLWKRXW� *RQDGRWURSKLQ� 3UHWUHDWPHQW�DQG� LQ� 'LIIHUHQW� 5HSURGXFWLYH� 6WDJHV���7KHULRJHQRORJ\��������������+HUU�&���1��+ROW��8��3LHWU]DN��.��2OG�DQG�.��5HHG�� ������ � ,QFUHDVHG� QXPEHU� RI�SUHJQDQFLHV� SHU� FROOHFWHG� HPEU\R� E\�ELVHFWLRQ� RI� EODVWRF\VW� VWDJH� RYLQH�HPEU\RV���7KHULRJHQRORJ\����������+DUH� -�� � ������ 3URFHHGLQJV� RI� WKH� )LUVW�,QWHUQDWLRQDO� &RQIHUHQFH� RQ� WKH� :LOG�7ZR�+XPSHG�&DPHO�� �%HLMLQJ� �SS��������$XJXVW��

��
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+HUU�� &�� 0�� DQG� .�� &�� 5HHG�� ������0LFURPDQLSXODWLRQ� RI� ERYLQH� HPEU\RV�IRU� VH[�GHWHUPLQDWLRQ�� �7KHULRJHQRORJ\������������.XKDG� .�� 6��� $�� +�� � 7LQVRQ�� $�� 5HKPDQ��5DMHVK� DQG� -�� $OPDVUL�� ������ 1HZ�7HFKQLTXH� � � � � � IRU�6RIW�3DODWHFWRP\�LQ�2QH� KXPSHG� 0DOH� 5DFLQJ�&DPHOV�3URFHHGLQJV� RI� WKH� 7KLUG�$QQXDO�0HHWLQJ�IRU�$QLPDO�3URGXFWLRQ�8QGHU�$ULG�&RQGLWLRQV�9RO�������������0DQHILHOG� *:� DQG� $�� +�� 7LQVRQ�� ��������³&DPHOV�� $� &RPSHQGLXP´�� 9DGH�0HFXP� 6HULHV&� 1R� ��� 3RVW� *UDG��)RXQGDWLRQ� 6\GQH\� 8QLYHUVLW\�� ����SDJHV���0F.LQQRQ� $�� 2��� (�� 0�� &DUQHYDOH�� (�� /��6TXLUHV�� -�� /�� 9RVV� DQG� *�� (�� 6HLGHO�������� � +HWHURJHQRXV� DQG� [HQRJHQRXV�IHUWLOL]DWLRQ� RI� LQ� YLYR�PDWXUHG� HTXLQH�RRF\WHV���-��(TXLQH�9HW��6FL��������������0F� .LQQRQ� $�� 2��� $�� +��� 7LQVRQ�������(PEU\R� 7UDQVIHU� LQ� 'URPHGDU\�&DPHOV�� 3URF� �VW� ,QW�&DPHO�&RQI��(GV�$OOHQ�:5��$�� ��+LJJLQV��'��6QRZ�DQG�-�� )��:DGH�� 1HZPDUNHW�� 6XIIRON�� 8.��5	:� 3XEOLFDWLRQV� �1HZPDUNHW�� /WG�������������0F.LQQRQ�$�2���$��+��7LQVRQ�DQG�*��1DWLRQ�������� (PEU\R� 7UDQVIHU� LQ� 'URPHGDU\�&DPHOV��7KHULRJHQRORJ\��������������0HLQWMHV�0���0��6��%HOORZ�� -��5��%URXVVDUG���-�� %�� 3DXO� DQG� 5�� $�� *RGNH�� ��������7UDQVYDJLQDO� $VSLUDWLRQ� RI� 2RF\WHV�IURP�+RUPRQH�7UHDWHG� 3UHJQDQW� FDWWOH�IRU� ,Q� 9LWUR� )HUWLOLVDWLRQ�� -�� $QLP�6FL���������������1RYRD� &�� ������ 5HYLHZ�� 5HSURGXFWLRQ� LQ�&DPHOLGDH��-�5HSURG�)HUW�������������3HUH]�2���5��5LFKDUG��+��/��*UHHQ�DQG�*RGNH�������� 7UDQVYDJLQDO� 2RF\WH� 5HFRYHU\�

IURP� 3RVW� 3DUWXP� %HHI� &RZV�� � ,RZD�6WDWH�8QLYHUVLW\���3LHWHUVH�0��&���.��$��.DSSHQ��$��0��.UXLS��DQG�0��$��7DYHUQH��������$VSLUDWLRQ�RI�ERYLQH� RRF\WHV� GXULQJ� 7UDQVYDJLQDO�8OWUDVRXQG� 6FDQQLQJ� RI� 2YDULHV��7KHULRJHQRORJ\����������3LHWHUVH� 0�� &��� 9RV�� � $�� 0�� .UXLS�� <�� $��:XUWK�� +�� 9DQ� %HHGHQ�� $�� +��:LOOHPVH�� DQG�0�� $�� 7DYHUQH�� � ������5HSHDWHG� 7UDQVYDJLQDO� 8OWUDVRXQG�*XLGHG�2YXP�3LFNXS� LQ�((*�7UHDWHG�&RZV��7KHULRJHQRORJ\����������5HHG� .�� &��� 0�� (�� 0DWKHZV� DQG� 0�� $�� 6�-RQHV�� ������ � 6H[� 'HWHUPLQDWLRQ� LQ�UXPLQDQWV� XVLQJ� <�FKURPRVRPH�VSHFLILF� SRO\QXFOHRWLGHV�� � 3&7�$8����������:2�����������7LEDU\� $�� DQG� $�� $QRXDVVL�� ������7KHULRJHQRORJ\� LQ� &DPHOLGV�� $EX�'KDEL�3XEOLVKLQJ�SS�����������7LQVRQ� $�� +�� �� .�� 6LQJK� DQG� .�� 6�� .XKDG�������� /DUJH� 6FDOH� 0DQDJHPHQW� RI�&DPHOV� IRU� (PEU\R� 7UDQVIHU��,QWHUQDWLRQDO� 6HPLQDU� RQ� &DPHO�$SSOLHG� 5HVHDUFK� DQG� 'HYHORSPHQW��1�5�&�&��%LNDQHU�,QGLD��$XJXVW��-&35���7LQVRQ�$��+���������3URGXFWLRQ�RI�3UH�VH[HG�5DFLQJ�&DPHO�2IIVSULQJ�XVLQJ�(PEU\R�%LRSV\� DQG� 'HWHFWLRQ� RI� &DPHOLG� 6H[�6SHFLILF�3RO\QXFOHLF�$FLG�6HTXHQFHV�����7LQVRQ�� $�� +��� .�� 6�� .XKDG�� .�� 6LQJK�� 5��6DPED\DO�� $�� 0XJKHLU\�� $�� 5DKPDQ�DQG� -�� $O� 0DVUL�� ������ 7ZLQQLQJ� LQ�&DPHOV�� �WK� $QQXDO� &RQIHUHQFH� IRU�$QLPDO� 3URGXFWLRQ� XQGHU� $ULG�&RQGLWLRQV�� �1RY�� �����$O�$LQ��8$(���$EVWUDFW�����:LOVRQ� 5�7�� ������ 7KH� &DPHO�� 3XEOLVKHG�/RQJPDQ�*URXS��+DUOR�Z�(VVH[�S��������
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