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$%675$&7
7KH �2VFLOODWRU\�&KDPEHU�� FDQ�EH� GHVFULEHG�DV� D� WUDQVSDUHQW� FXEH�RI� SHUIHFW� IRUPZKLFK UHSUHVHQWV�D�QHZ�GHYLFH�IRU�SURGXFLQJ�D�VXSHU�SRZHUIXO�PDJQHWLF�ILHOG��,W�ORRNV�OLNH��DFU\VWDO� RI�D�UHJXODU�VKDSH�PDGH�RI�VRPH�WUDQVSDUHQW�PLQHUDO��RU�OLNH�D�FXEH�FXW�EHDXWLIXOO\IURP VKLQ\� JODVV� DQG� VKRZLQJ� LWV� FRQWHQW� WKURXJK� WUDQVSDUHQW� ZDOOV�� )RU� GLPHQVLRQV� QRWODUJHU WKDQ�WKRVH�RI�D�5XELN
V�FXEH�LW�FRXOG�SURGXFH�D�PDJQHWLF�ILHOG�H[FHHGLQJ�WKH�SRZHU�RIILHOGV DEOH� WR� EH� SURGXFHG� RQ� (DUWK� WKRXVDQGV� RI� WLPHV�� LQFOXGLQJ� ILHOGV� IURP� WKH� PRVWSRZHUIXO PDJQHWLF� FUDQHV� DQG� ILHOGV� IURP� WKH� ODUJHVW� HOHFWURPDJQHWV� LQ� OHDGLQJ� VFLHQWLILFODERUDWRULHV� ,I�ZH�WRRN�WKLV�FXEH�LQ�RXU�KDQGV��LW�ZRXOG�GHPRQVWUDWH�H[WUDRUGLQDU\�SURSHUWLHV�)RU H[DPSOH�� LQ� VSLWH� RI� LWV� VPDOO� GLPHQVLRQV� LW�ZRXOG� EH� XQXVXDOO\� �KHDY\��DQG�DW� LWV� IXOOPDJQHWLF RXWSXW�HYHQ�WKH�VWURQJHVW�DWKOHWH�ZRXOG�QRW�EH�DEOH�WR�OLIW�LW��,WV��KHDYLQHVV��UHVXOWVIURP WKH� IDFW� WKDW� WKH�PDJQHWLF� ILHOG� LW� SURGXFHV�ZRXOG� DWWUDFW� WKH� FXEH� LQ� WKH� GLUHFWLRQ� RI(DUWK
V FHQWUH��WKXV�WKH�IRUFH�RI�WKH�PDJQHWLF�DWWUDFWLRQ�FUHDWHG�ZRXOG�DGG�WR�LWV�UHDO�ZHLJKW�7KH FXEH�ZRXOG�DOVR�RSSRVH�RXU�DWWHPSWV�WR�URWDWH�LW��DQG�VLPLODUO\�OLNH�D�PDJQHWLF�QHHGOH�LWZRXOG DOZD\V� WU\� WR�SRLQW� LQWR� WKH� VDPH�GLUHFWLRQ� FRLQFLGLQJ�ZLWK� WKH�PDJQHWLF�QRUWK�VRXWKPHULGLDQ� +RZHYHU��LI�ZH�VRPHKRZ�FRXOG�PDQDJH�WR�WXUQ�LW�LQWR�RULHQWDWLRQ�H[DFWO\�RSSRVLWHWR WKLV�QDWXUDO�DOLJQPHQW� OLNH�D�PDJQHWLF�QHHGOH�� WKHQ� WR�RXU�VXUSULVH� LW�ZRXOG� WDNH�RII�DQGEHJLQ OLIWLQJ� XV� LQWR� VSDFH�� ,Q� WKLV� ZD\� MXVW� RQ� LWV� RZQ� WKLV� �FU\VWDO�� ZRXOG� EH� FDSDEOH� RISURSHOOLQJ�RXU�VSDFH�YHKLFOHV�7KH 2VFLOODWRU\� &KDPEHU� PD\� VRRQ� EHFRPH� RQH� RI� WKH� PRVW� LPSRUWDQW� WHFKQLFDOGHYLFHV RI� RXU� FLYLOL]DWLRQ�� ,WV� DSSOLFDWLRQ� FRXOG� EH� XQLYHUVDO�� ,W� FDQ� DFFXPXODWH� DQXQLPDJLQDEO\�YDVW�DPRXQW�RI�HQHUJ\��H�J��WKH�FKDPEHU�RI�WKH�GLPHQVLRQV�RI�D�GLFH�LV�FDSDEOHRI VDWLVI\LQJ� WKH�HQHUJ\�QHHGV�RI�HYHQ� WKH� ODUJHVW�FLWLHV�RU� IDFWRULHV��� ,W�FDQ�EH�XVHG�DV�DSURSXOVLRQ�V\VWHP�HQDEOLQJ�YHKLFOHV��SHRSOH��IXUQLWXUH��DQG�HYHQ�EXLOGLQJV�WR�JOLGH�LQWR�VSDFH�,W FDQ�DOVR�IXQFWLRQ�DV�DQ\�GHYLFH�SUHVHQWO\�XVHG�IRU�KDQGOLQJ�RU�FRQYHUWLQJ�HQHUJ\��VXFK�DVHQJLQHV� PRWRUV��WKHUPDO�RU�VRODU�FHOOV��JHQHUDWRUV��WUDQVIRUPHUV��PDJQHWV��KHDWHUV��WRUFKHV�HWF��7KH�IXWXUH�VLJQLILFDQFH�RI�WKH�2VFLOODWRU\�&KDPEHU�WR�RXU�PDWHULDO�VSKHUH�FRXOG�EH�OLNHQHGWR�WKH�SUHVHQW�LPSDFW�FRPSXWHUV�PDGH�LQ�RXU�LQWHOOHFWXDO�VSKHUH�7KH 2VFLOODWRU\�&KDPEHU�ZDV� LQYHQWHG� RQ� WKH� �UG� -DQXDU\������� ,PPHGLDWHO\� DIWHUSXEOLVKLQJ LWV� SULQFLSOHV� RI� RSHUDWLRQ�� D� QXPEHU� RI� KREE\LVWV� LQ� VHYHUDO� FRXQWULHV� LQLWLDWHGH[SHULPHQWV�DLPHG�DW�LWV�FRPSOHWLRQ��8QIRUWXQDWHO\�LW�LV�D�GHYLFH�UDWKHU�GLIILFXOW�WR�EXLOG��6R�IDUKREE\LVWV KDYH�SURGXFHG�RQO\�D�PRGHO�RI�WKH�FKDPEHU��EXW�WKH\�KDYH�EHHQ�XQDEOH�WR�REWDLQD�WHFKQLFDOO\�XVHIXO�SURWRW\SH��%XW�WKHLU�XQGLVSXWDEOH�DFKLHYHPHQW�LV�LQGHSHQGHQW�FRQILUPDWLRQWKDW�WKH�SULQFLSOHV�RI�WKH�FKDPEHU
V�RSHUDWLRQ�DUH�FRUUHFW�DQG�FDQ�EH�WHFKQLFDOO\�LPSOHPHQWHG�,QGHSHQGHQWO\ IURP� WKHVH�DWWHPSWV� RI� SUDFWLFDO� FRPSOHWLRQ�� WKH� DXWKRU� DOVR� LQLWLDWHGWKHRUHWLFDO UHVHDUFK�DLPHG�DW�FRQILUPDWLRQ�WKDW�WKH�LGHD�RI�WKLV�GHYLFH�LV�FRUUHFW�DQG�DEOH�WREH LPSOHPHQWHG�� 7KLV� UHVHDUFK� KDV� UH�FRQILUPHG� WKH� FRUUHFWQHVV� RI� WKH� FKDPEHU
V� LGHDEHIRUH�D�SURJUDP�IRU�LWV�FRPSOHWLRQ�FRXOG�HYHQ�EH�VWDUWHG�7KLV PRQRJUDSK� FRQWDLQV� EDVLF� LQIRUPDWLRQ� UHJDUGLQJ� WKH� 2VFLOODWRU\� &KDPEHU�� ,WGHVFULEHV WKH�GHVLJQ��RSHUDWLRQ��DQG� WKH�SURJUHVV� WR�GDWH� UHJDUGLQJ� WKH�FRPSOHWLRQ�RI� WKLVGHYLFH� ,W�UHYLHZV�DOO�PDMRU�DSSOLFDWLRQV�RI�WKH�FKDPEHU��DOWKRXJK�LW�PDLQO\�FRQFHQWUDWHV�RQWKH DSSOLFDWLRQV� IRU� SURSHOOLQJ� SXUSRVHV� �ZKLFK� UHSUHVHQWV� RQO\�D� VPDOO� IUDFWLRQ� RI� LWV� WRWDODSSOLFDWLRQ�� ,W�DOVR�UHYHDOV�IDFWV�ZKLFK�GRFXPHQW�WKDW�WKLV�GHYLFH�KDV�DOUHDG\�EHHQ�EXLOW�DQGVRPHWLPHV HYHQ�XVHG�RQ�(DUWK��7KXV�WKLV�PRQRJUDSK�UHSUHVHQWV�D�UHVRXUFH�SXEOLFDWLRQ�IRUDOO WKRVH�ZKR�ZLVK�WR�IDPLOLDUL]H�WKHPVHOYHV�ZLWK�WKH�2VFLOODWRU\�&KDPEHU�IRU�UHVHDUFK�DQGLQYHQWLRQ�SXUSRVHV��RU�VLPSO\�WR�H[WHQG�WKHLU�KRUL]RQV�
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V�RSHUDWLRQ%�������%���7KUHH�VXFFHVVLYH�JHQHUDWLRQV�RI�PDJQHWLF�SURSXOVLRQ�V\VWHPV&�����&�7+(�7(/(.,1(7,&�())(&7&�������&���+LVWRU\�RI�WKH�7HOHNLQHWLF�(IIHFW
V�GLVFRYHU\&�������&���$FWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFWH[SODLQHG�E\�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\&�������&���([SHULPHQWDO�FRQILUPDWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW&�������&���7HFKQRORJLFDO�DFWLYDWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW&�������&���7HFKQLFDO�XWLOL]DWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW&�����������&�����8WLOL]DWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW�IRU�WKH�SURGXFWLRQ�RI�HQHUJ\&�����������������&�������5HYLHZ�RI�WKH�PDLQ�W\SHV�RI�WHOHNLQHWLF�SRZHU�VWDWLRQV�EXLOW�VR�IDU&�����������&�����8WLOL]DWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW�IRU�WKH�WUDQVSRUWDWLRQ�SXUSRVHV'�����'�7+(�&21&(37�2)�',32/$5�*5$9,7<'�������'���:K\�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�ZDV�IRUPXODWHG'�������'���7KH�RSHUDWLRQ�RI�RXU�8QLYHUVH�UXOHG�E\�GLSRODU�JUDYLW\'�����������'�����(WKHU���WKH�WKLQNLQJ�VXEVWDQFH�
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IURP�WKH�FRXQWHU�ZRUOG'�����������'�����6RIWZDUH�PRGHOV��UHJLVWHUV��RI�PDWHULDO�REMHFWV'�����������'�����3RVVLEOH�JDLQV�IURP�WKH�PDVWHU\�RI�WKH�FRXQWHU�ZRUOG'�������'���7KH�LQWHUSUHWDWLRQ�RI�WLPH�LQ�WKH�&RQFHSW�RI�'LSRODU�JUDYLW\'�������'���7KH�LQWHUSUHWDWLRQ�RI�HOHFWURPDJQHWLF�SKHQRPHQDLQ�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\'�����������'�����:KDW�LV�D�PDJQHWLF�ILHOG"'�������'���:K\��DFFRUGLQJ�WR�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\��SDUDQRUPDO�SKHQRPHQD�PXVW�GLVSOD\�HOHFWURPDJQHWLF�FKDUDFWHU'�������'���7HOHNLQHVLV���D��SRZHU�VRXUFH�IRU�IUHH�HQHUJ\�GHYLFHVDQG�D�SULQFLSOH�RI�RSHUDWLRQ�IRU�7HOHSRUWDWLRQ�9HKLFOHV'�������'���7KH�PRGHO�RI�WKH�EUDLQ�DV�DQ�LQSXW�RXWSXW�GHYLFH'�������'���(63���D�NH\�WR�LQVWDQW�EHQHILWV�IURP�WKH�FRXQWHU�ZRUOG'�����������'�����3HUIHFW�'DWD�%DVH��3'%��DV�D�WKHRUHWLFDO�PRGHO�RI�(63'�����������'�����+RZ�WR�GHYHORS�D�VLPSOHVW�SHQGXOXP�DVVLVWHG�(63�WHFKQLTXH'�������'���+RZ�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�H[SODLQV�VRPH�P\VWHULRXV�SKHQRPHQD'�������'���+RZ�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�PHUJHV�VFLHQFH�ZLWK�UHOLJLRQ'�����������'������7KH�8QLYHUVH�DV�D�ZKROH�SRVVHVVHV�LWV�RZQ�LQWHOOHFW'�����������'������0RUDO�ODZV'�����������'������&RQVLVWHQF\���WKH�PHDVXUH�RI�LQWHOOHFWXDO�SHUIHFWLRQ'�������'���$Q�H[SHULPHQWDO�FRQILUPDWLRQ�RI�WKH�H[LVWHQFH�RI�WKH�FRXQWHU�ZRUOG'�������'���7R�FRQFOXGH(�����(�3+,/2623+,&$/�5(48,5(0(176�)25�*,9,1*�5(&2*1,7,21�72�1(:�,'($6(�������(���(YHU\WKLQJ�LV�SRVVLEOH��ZH�RQO\�QHHGWR�ILQG�RXW�KRZ�WR�DFKLHYH�LW(�������(���:KDW�LV�WRWDOLVP")�����)�7+(�26&,//$725<�&+$0%(5)�������)���:K\�WKHUH�LV�D�QHFHVVLW\�WR�UHSODFH�WKH�HOHFWURPDJQHWE\�WKH�2VFLOODWRU\�&KDPEHU)�������)���7KH�SULQFLSOH�RI�RSHUDWLRQ�RI�WKH�2VFLOODWRU\�&KDPEHU)�����������)�����7KH�HOHFWULFDO�LQHUWLD�RI�DQ�LQGXFWRU�DV�WKHPRWLYH�IRUFH�IRU�RVFLOODWLRQV�LQ�D�FRQYHQWLRQDORVFLOODWRU\�FLUFXLW�ZLWK�D�VSDUN�JDS)�����������)�����,Q�WKH�PRGLILHG�RVFLOODWRU\�FLUFXLW�ZLWK�D�VSDUN�JDS��WKH�LQGXFWDQFH�RI�D�VWUHDP�RI�VSDUNV�UHSODFHV�WKH�HOHFWULFDO�LQHUWLD�RI�DQ�LQGXFWRU
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)�����������)�����7KH�FRPELQLQJ�RI�WZR�PRGLILHG�FLUFXLWV�IRUPV�DQ�2VFLOODWRU\�&KDPEHU��SURGXFLQJ�D�ELSRODU�PDJQHWLF�ILHOG)�������)���7KH�IXWXUH�DSSHDUDQFH�RI�WKH�2VFLOODWRU\�&KDPEHU)�����������)�����7KUHH�JHQHUDWLRQV�RI�WKH�2VFLOODWRU\�&KDPEHUV)�������)���0DWKHPDWLFDO�PRGHO�RI�WKH�2VFLOODWRU\�&KDPEHU)�����������)�����5HVLVWDQFH��RI�WKH�2VFLOODWRU\�&KDPEHU)�����������)�����,QGXFWDQFH��RI�WKH�2VFLOODWRU\�&KDPEHU)�����������)�����&DSDFLWDQFH�RI�WKH�2VFLOODWRU\�&KDPEHU)�����������)�����7KH��VSDUNV
�PRWLYLW\�IDFWRU��DQG�LWV�LQWHUSUHWDWLRQ)�����������)�����&RQGLWLRQ�IRU�WKH�RVFLOODWRU\�UHVSRQVH)�����������)�����7KH�SHULRG�RI�SXOVDWLRQ�RI�WKH�FKDPEHU
V�ILHOG)�������)���+RZ�WKH�2VFLOODWRU\�&KDPEHU�HOLPLQDWHVWKH�GUDZEDFNV�RI�HOHFWURPDJQHWV)�����������)�����0XWXDO�QHXWUDOL]DWLRQ�RI�WKH�WZRRSSRVLWH�HOHFWUR�PDJQHWLF�IRUFHV)�����������)�����,QGHSHQGHQFH�RI�WKH�PDJQHWLF�ILHOG�SURGXFWLRQ�IURPWKH�FRQWLQXLW\�DQG�HIILFLHQF\�RI�WKH�HQHUJ\�VXSSO\)�����������)�����(OLPLQDWLRQ�RI�HQHUJ\�ORVV)�����������������)�������3UHPLVHV�IRU�WKH�UHFRYHU\�RI�DOO�KHDW�GLVVLSDWHG�E\�VSDUNV)�����������)�����5HOHDVLQJ�WKH�VWUXFWXUH�RI�WKH�FKDPEHU�IURPWKH�GHVWUXFWLYH�DFWLRQ�RI�HOHFWULF�SRWHQWLDOV)�����������)�����$PSOLI\LQJ�FRQWURO�RI�WKH�SHULRG�RI�ILHOG�SXOVDWLRQ)�������)���$GYDQWDJHV�RI�WKH�2VFLOODWRU\�&KDPEHU�RYHU�HOHFWURPDJQHWV)�����������)�����)RUPDWLRQ�RI�WKH��WZLQ�FKDPEHU�FDSVXOH��DEOH�WR�FRQWURO�WKH�RXWSXW�ZLWKRXW�DOWHULQJ�WKH�HQHUJ\�LQYROYHG)�����������)�����)RUPDWLRQ�RI�WKH��VSLGHU�FRQILJXUDWLRQ�)�����������)�����7KH�QRQ�DWWUDFWLRQ�RI�IHUURPDJQHWLF�REMHFWV)�����������)�����0XOWLGLPHQVLRQDO�WUDQVIRUPDWLRQ�RI�HQHUJ\)�����������)�����&RQWLQXRXV�RVFLOODWLQJ���D�XQLTXH�HOHFWURPDJQHWLFSKHQRPHQRQ�DOORZLQJ�WKH�2VFLOODWRU\�&KDPEHUWR�DEVRUE�XQOLPLWHG�DPRXQWV�RI�HQHUJ\)�����������)�����)XQFWLRQ�DV�DQ�HQRUPRXVO\�FDSDFLRXV�DFFXPXODWRU�RI�HQHUJ\)�����������)�����6LPSOLFLW\�RI�SURGXFWLRQ)�������)���$GYDQFHPHQWV�LQ�WKH�SUDFWLFDO�FRPSOHWLRQ�RI�WKH�2VFLOODWRU\�&KDPEHU)�����������)�����([SHULPHQWDO�GHYLFHV)�����������)�����6WDJHV��JRDOV��DQG�ZD\V�RI�WKHLU�DFKLHYLQJ�LQ�WKH�H[SHULPHQWDO�EXLOGLQJ�RI�WKH�2VFLOODWRU\�&KDPEHU)�����������)�����$Q�LQYLWDWLRQ�WR�WDNH�SDUW�LQ�WKH�GHYHORSPHQW�RI�WKH�2VFLOODWRU\�&KDPEHU)�����������)�����7KH�DXWKRU
V�SROLF\�RI�WKH�SXEOLF�RZQHUVKLS
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RI�WKH�2VFLOODWRU\�&KDPEHU�SULQFLSOHV)�������)���)XWXUH�DSSOLFDWLRQV�RI�WKH�2VFLOODWRU\�&KDPEHU)�������)���0RQRJUDSKV�GHVFULELQJ�WKH�2VFLOODWRU\�&KDPEHU)�������)���6\PEROV��QRWDWLRQ��DQG�XQLWV�XVHG�LQ�WKLV�FKDSWHU*�����*�7+(��',6&2,'$/��0$*12&5$)7*�������*���7KH�PDJQHWLF�SURSXOVRU*�����������*�����7KH�SULQFLSOH�RI�WLOWLQJ�WKH�PDJQHWLF�D[LV�LQ�D�0DJQRFUDIW
V�SURSXOVRU*�����������*�����7KH�SURSXOVLRQ�XQLW*�����������*�����8VLQJ�SURSXOVRUV�DV�VHDUFKOLJKWV*�������*���7KH�VKHOO�RI�WKH�0DJQRFUDIW*�����������*�����7HUPLQRORJ\�GHVFULELQJ�YDULRXV�SDUWVRI�WKH�0DJQRFUDIW
V�VKHOO*�����������*�����7KH�0DJQRFUDIW
V�FRPSDUWPHQWV*�����������*�����7KH�0DJQRFUDIW
V�IDFLOLWLHV*�����������*�����0DWHULDOV�IRU�WKH�0DJQRFUDIW
V�VKHOO*�����������������*�������7KH�HOHFWURG\QDPLF�PRGHORI�PDJQHWRUHIOHFWLYHQHVV*�������*���6KDSHV�RI�WKH�FRXSOHG�0DJQRFUDIW*�����������*�����7KH�VL[�FODVVHV�RI�WKH�0DJQRFUDIW�DUUDQJHPHQWV*�����������������*�������)O\LQJ�FRPSOH[HV*�����������������*�������6HPL�DWWDFKHG�FRQILJXUDWLRQV*�����������������*�������'HWDFKHG�FRQILJXUDWLRQV*�����������������*�������&DUULHU�SODWIRUPV*�����������������*�������)O\LQJ�V\VWHPV*�����������������*�������)O\LQJ�FOXVWHUV*�����������*�����7KH�SULQFLSOHV�RI�FRXSOLQJ�DQG�GHFRXSOLQJ*�����������*�����7KH�K\GUDXOLF�VXEVWDQFH�ILOOLQJ�WKH�VSDFHEHWZHHQ�WKH�FUDIW���DQJHO
V�KDLU��*�����������*�����7KH�EODFN�EDUV�RI�WKH�PDJQHWLF�ILHOG*�������*���7KH�FRQGLWLRQV�GHILQLQJ�WKH�VKDSH�RI�WKH�0DJQRFUDIW
V�VKHOO*�����������*�����7KH�FRQGLWLRQ�RI�HTXLOLEULXP�EHWZHHQWKH�WKUXVW�DQG�VWDELOL]DWLRQ�IRUFHV*�����������*�����7KH�FRQGLWLRQ�WKDW�WKH�QXPEHU�RI�VLGH�SURSXOVRUV�WR�EH�D�PXOWLSOH�RI�IRXU*�����������*�����7KH�EDVLF�FRQGLWLRQ�IRU�WKH�IRUFH�VWDELOLW\�RI�WKH�VWUXFWXUH�RI�D�FUDIW�ZKLFK�XVHV�PDJQHWLF�SURSXOVRUV*�����������*�����7KH�FRQGLWLRQ�IRU�H[SUHVVLQJ�WKH��.��IDFWRU�E\�WKH�UDWLR�RI�RXWHU�GLPHQVLRQV*�����������*�����7KH�FRQGLWLRQ�IRU�RSWLPXP�FRXSOLQJ�LQWR�IO\LQJ�V\VWHPV*�����������*�����7KH�FRQGLWLRQ�XQGHU�ZKLFK�WKH�IODQJHV�FRLQFLGH*�����������*�����7\SHV�RI�0DJQRFUDIW*�����������*�����,GHQWLI\LQJ�WKH�W\SHV�RI�0DJQRFUDIW*�����������*�����7KH�PDJQHWLF�IUDPHZRUN
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*�������*���7KH�PDJQHWLF�ILHOG�RI�WKH�0DJQRFUDIW*�����������*�����7KH�VWDUWLQJ�IOX[*�����������*�����7KH�QDPLQJ�RI�WKH�PDJQHWLF�SROHV*�����������*�����7KH�HIIHFWLYH�OHQJWK�RI�WKH�2VFLOODWRU\�&KDPEHU�DQG�WKH�QHW�PDJQHWLF�IRUFH*�����������*�����7KH�GHWHUPLQDWLRQ�RI�WKH�YDOXH�IRU�WKH��VWDUWLQJ�IOX[�*�����������*�����7KH�HQHUJ\�RI�WKH�0DJQRFUDIW
V�ILHOG*�����������*�����7KH�HQHUJ\�RI�WKH�0DJQRFUDIW
V�ILHOG�LV�VHOI�UHFKDUJHDEOH*�����������*�����:K\�WKH�(DUWK
V�PDJQHWLF�ILHOG�VKRXOG�QRW�EH�FDOOHG��ZHDN�*�����������*�����7KH�(DUWK
V�PDJQHWLF�ILHOG�LV�DEOH�WR�FDUU\�RXW�WHFKQLFDOO\�XVHIXO�ZRUN*�������*���7KH�PDQRHXYULQJ�RI�WKH�0DJQRFUDIW*�����������*�����$VFHQW��KRYHULQJ��DQG�GHVFHQW*�����������*�����0HULGLRQDO�IOLJKWV*�����������*�����/DWLWXGLQDO�IOLJKWV*�����������������*�������$Q�H[SHULPHQW�VKRZLQJ�WKH�H[LVWHQFH�RI�WKH�ODWLWXGLQDO�WKUXVW�IRUFH*�����������������*�������7KH�GHGXFWLRQ�WKDW�H[SODLQV�WKH�SULQFLSOHV�RI�WKH�ODWLWXGLQDO�WKUXVW�IRUFH�IRUPDWLRQ*�����������������*�������+RZ�WR�GHWHUPLQH�WKH�GLUHFWLRQ�RI�WKH�WKUXVW�IRUFH�FUHDWHG�E\�WKH�PDJQHWLF�ZKLUO��WKH��UROOLQJ�VSKHUH�UXOH��*�����������*�����7KH�URWDWLRQ�RI�WKH�0DJQRFUDIW*�������*���7KH�PDJQHWLF�ZKLUO*�����������*�����7KH�PDJQHWLF�FLUFXLWV�LQ�WKH�0DJQRFUDIW�*�����������*�����&UHDWLRQ�RI�D�PDJQHWLF�ZKLUO*�����������*�����7KH�LRQLF�SLFWXUH�RI�D�ZKLUO*�������*���7KUHH�PRGHV�RI�WKH�0DJQRFUDIW
V�RSHUDWLRQ*�����������*�����9LVXDO�UHFRJQLWLRQ�RI�WKH�PRGH*�����������*�����7KH�68%�V\VWHP�IRU�LQGLFDWLQJ�WKH�0DJQRFUDIW
V�PRGH�RI�RSHUDWLRQ*�������*���7KH�SURSHUWLHV�RI�WKH�0DJQRFUDIW*�����������*�����7KH�SURSHUWLHV�RI�WKH�0DJQRFUDIW�GXULQJ�WKH�PDJQHWLF�ZKLUO�PRGH�RI�RSHUDWLRQ�*�����������������*�������3URSHUWLHV�RI�WKH�WXQQHOV�PDGH�LQ�URFNV�E\�WKH�0DJQRFUDIW*�����������*�����7KH�SURSHUWLHV�RI�WKH�0DJQRFUDIW�GXULQJ�WKH�WKUREELQJ�PRGH�RI�RSHUDWLRQ*�����������*�����+XPPLQJ�QRLVHV�DSSHDULQJ�LQ�ERWK�WKH�PDJQHWLF�ZKLUO�DQG�WKUREELQJ�PRGHV�RI�RSHUDWLRQ*�����������*�����7KH�SURSHUWLHV�RI�WKH�0DJQRFUDIW�GXULQJ�WKH�PDJQHWLF�OHQV�PRGH�RI�RSHUDWLRQ
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*�����������������*������7KH�PDJQHWLF�OHQV�DFWLRQ�LQ�DVFHQGLQJ�0DJQRFUDIW*�������*���7KH�ODQGLQJ�VLWHV�RI�WKH�0DJQRFUDIW*�����������*������(QYLURQPHQWDO�GDPDJH�FDXVHG�E\�WKH�ODQGHG�0DJQRFUDIW*�����������*������7KUHH�PDLQ�FDVHV�RI�WKH�0DJQRFUDIW
V�ODQGLQJV*�����������*������7KH�ODQGLQJ�VLWHV�IRU�WKH�PDJQHWLF�FLUFXLWV�ORRSHG�XQGHU�WKH�JURXQG*������������������*�������'HWHUPLQDWLRQ�RI�WKH�0DJQRFUDIW
V�GLPHQVLRQVIURP�WKH�VFRUFK�PDUNV�OHIW�DW�ODQGLQJ�VLWHV*�����������*������7KH�ODQGLQJ�VLWHV�ZLWK�PDJQHWLF�FLUFXLWV�ORRSHG�DORQJ�WKH�VXUIDFH�RI�WKH�JURXQG*�����������*������7KH�ODQGLQJ�VLWHV�IRU�FLUFXLWV�ORRSHG�LQ�WKH�DLU*�����������*������7KH�ODQGLQJ�VLWHV�IRUPHG�E\�DUUDQJHPHQWV�RI�WKH�0DJQRFUDIW*�������*���([SORVLRQ�VLWHV�RI�WKH�0DJQRFUDIW*�������*���6XPPDU\�RI�WKH�DWWULEXWHV�RI�WKH�0DJQRFUDIW*�������*���0LOLWDU\�DVSHFWV�RI�WKH�0DJQRFUDIW*�����������*������8VH�RI�WKH�0DJQRFUDIW�DV�D�ZHDSRQV�SODWIRUP�RU�WUDQVSRUWDWLRQ�IDFLOLW\*�����������*������8VH�RI�WKH�0DJQRFUDIW�DV�D�VHOHFWLYHO\�DFWLQJ�ZHDSRQ+�����+�7+(�)285�35238/625�63$&(&5$)7+�������+���7KH�JHQHUDO�GHVLJQ�RI�WKH�)RXU�3URSXOVRU�6SDFHFUDIW+�������+���7KH�RSHUDWLRQ�RI�WKH�)RXU�3URSXOVRU�6SDFHFUDIW+�������+���7KH�SURSHUWLHV�RI�WKH�)RXU�3URSXOVRU�6SDFHFUDIW+�������+���7KH�H[WHUQDO�DSSHDUDQFH�RI�WKH�)RXU�3URSXOVRU�6SDFHFUDIW+�������+���,GHQWLILFDWLRQ�RI�WKH�W\SH�RI�)RXU�3URSXOVRU�6SDFHFUDIW,�����,�0$*1(7,&�3(5621$/�35238/6,21,�������,���7KH�VWDQGDUG�JDUPHQW�RI�SHUVRQDO�SURSXOVLRQ,�������,���3ULQFLSOHV�RI�RSHUDWLRQ�RI�PDJQHWLF�SHUVRQDO�SURSXOVLRQ,�������,���7KH�JDUPHQW�ZLWK�PDLQ�SURSXOVRUV�LQ�HSDXOHWWHV,�������,���$�VSHFLDO�YHUVLRQ�RI�SHUVRQDO�SURSXOVLRQ�ZLWK�FXVKLRQV�DURXQG�WKH�KLSV,�������,���&DSDELOLWLHV�RI�SHUVRQDO�SURSXOVLRQ,�������,���6XPPDU\�RI�WKH�DWWULEXWHV�RI�SHUVRQDO�SURSXOVLRQ-�����-�0$*12&5$)7�2)�7+(�6(&21'�$1'�7+,5'�*(1(5$7,216-�������-���7HOHSRUWDWLRQ�9HKLFOH�DV�WKH�0DJQRFUDIW�RI�WKH�VHFRQG�JHQHUDWLRQ-�������-���7KH�0DJQRFUDIW�RI�WKH�WKLUG�JHQHUDWLRQ��FDOOHG�DOVR��7LPH�9HKLFOHV��-�������-���7KUHH�JHQHUDWLRQV�RI�WKH�0DJQRFUDIW�DQG�WKHLU�LGHQWLILFDWLRQ.�����.�(9,'(1&(�7+$7�0$*12&5$)7�/,.(�8)2V�$/5($'<�23(5$7(�21�($57+
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.�������.���6XPPDU\�RI�WKH�IRUPDO�SURRI�WKDW��8)2V�DUH�0DJQRFUDIW�ZKLFK�DUH�DOUHDG\�RSHUDWLRQDO�.�������.���3HUPDQHQW�HYLGHQFH�IRU�WKH�FRQWLQXRXV�8)2�DFWLYLW\�RQ�(DUWK.�����������.�����8)2�H[SORVLRQ�VLWHV.�����������.�����/RQJ��VWUDLJKW�WXQQHOV�HYDSRUDWHG�GXULQJ�XQGHUJURXQG�IOLJKWV�RI�8)2V.�����������.�����8)2�ODQGLQJ�VLWHV.�����������.�����)UDJPHQWV�RI�8)2�VKHOOV.�����������.�����2WKHU�PDWHULDO�HYLGHQFH�IRU�8)2�DFWLYLW\.�������.���&KDSWHU�.�UHIHUHQFH�PDWHULDO/�����/�(9,'(1&(�&21),50,1*�7+(�86(�2)�7+(�26&,//$725<�&+$0%(5�21�8)2V/�������/���&RQWHPSRUDU\�REVHUYDWLRQV�DQG�SKRWRJUDSKV�RI�2VFLOODWRU\�&KDPEHUV�XVHG�LQ�8)2�SURSXOVRUV/�����������/�����&ROXPQV�RI�PDJQHWLF�ILHOG�\LHOG�IURP�8)2�SURSXOVRUVDUH�VTXDUH�LQ�WKH�FURVV�VHFWLRQ/�����������/�����2XWOHWV�RI�8)2�SURSXOVRUV�DUH�VTXDUH�DQG�UHYHDO�JROG�RU�\HOORZ�EDQGV�RI�HOHFWULF�VSDUNV�URWDWLQJ�LQVLGH/�����������/�����7ZLQ�FKDPEHU�FDSVXOHV�IRUPHG�IURP�WZR�2VFLOODWRU\&KDPEHUV�DUH�IUHTXHQWO\�REVHUYHG�LQ�8)2VDQG�HYHQ�SKRWRJUDSKHG/�����������/�����2VFLOODWRU\�&KDPEHUV�KDYH�EHHQ�VHHQ�RQ�WKH�GHFNV�RI�8)2V�DV�GHVFULEHG�E\�QXPHURXV�DEGXFWHHV/�������/���,QGLUHFW�FRQILUPDWLRQV�WKDW�8)2VXVH�2VFLOODWRU\�&KDPEHUV/�������/���0DWHULDO��KDUG��HYLGHQFH�OHIW�E\�8)2�2VFLOODWRU\�&KDPEHUV/�������/���0\WKRORJLFDO�GHVFULSWLRQV�RI�WKH�2VFLOODWRU\�&KDPEHU/�������/���+LVWRULFDO�GHVFULSWLRQV�RI�WKH�2VFLOODWRU\�&KDPEHU/�������/���7R�FRQFOXGH�WKLV�FKDSWHU0�����0�&217(0325$5<�2%6(59$7,216�2)�)285�35238/625�8)2V0�������0���&ODVVLF�VLJKWLQJV�RI�IRXU�SURSXOVRU�8)2V0�������0���3KRWRJUDSKV�RI�IRXU�SURSXOVRU�8)2V0�������0���&RQFOXGLQJ�WKLV�FKDSWHU1�����1�2%6(59$7,216�2)�8)21$876�:+2�86(�0$*1(7,&�3(5621$/�35238/6,211�������1���7KH�FKDUDFWHULVWLF�DSSHDUDQFH�RI�WKH�ZHDUHUV�RI�SHUVRQDO�SURSXOVLRQ1�������1���7KH�H[WUDRUGLQDU\�DELOLWLHV�RI�8)2QDXWV�ZHDULQJ�SHUVRQDO�SURSXOVLRQ�JDUPHQWV1�������1���6FRUFKHG�IRRWSULQWV�OHIW�E\�SHUVRQDO�SURSXOVLRQ�RI�D�8)2QDXW1�������1���0\WKRORJLFDO�GHVFULSWLRQV�RI�WKH�XVH�RI�PDJQHWLF�SHUVRQDO�SURSXOVLRQ1�������1���7KH�FRQVHTXHQFHV�RI�WKH�REVHUYDWLRQ�RI�SHUVRQDO�SURSXOVLRQ�RI�8)2QDXWV2�����2�2%6(59$7,216�2)�8)2V�2)�7+(�6(&21'�$1'�7+,5'�*(1(5$7,2162�������2���2EVHUYDWLRQV�RI�7HOHSRUWDWLRQ�9HKLFOHV�LQ�RSHUDWLRQ2�������2���7KH�HYLGHQFH�FRQILUPLQJ�WKH�H[LVWHQFH�RI�7LPH�9HKLFOHV3�����3�8)2�$%'8&7((6
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3�������3���+RZ�WR�LGHQWLI\�8)2�DEGXFWHHV3�������3���+RZ�WR�FRQILUP�REMHFWLYHO\�WKDW�VRPHRQH�LV�UHSHWLWLYHO\�WDNHQ�RQWR�WKH�GHFN�RI�D�8)23�������3���6RPH�LPSOLFDWLRQV�RI�8)2�DEGXFWLRQV3�������3���5HVHDUFK�RI�8)2�DEGXFWHHV3�����������3�����5HVHDUFK�ZKLFK�FRXOG�EH�FRPSOHWHG�E\�8)2�DEGXFWHHV�WKHPVHOYHV3�����������3�����([DPSOHV�RI�UHVHDUFK�WRSLFV�IRU�VWXGHQWV�DQG�VFLHQWLVWV3�������3���7R�FRQFOXGH5�����5�6800$5<6�����6�/,7(5$785(�&203/(0(17,1*�7+,6�0212*5$3+6�������$%287�7+(�$87+257DEOHV���%���&���)���*���*���*���DQG�+������,OOXVWUDWLRQV��%��WR�2��=�����=�$33(1',;HV��H�J��$EGXFWLRQ�RI�0LVV�1RVERFDM�RQWR�WKH�GHFN�RI�D�8)2�
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/,67�2)�7$%/(6�$1'�,//8675$7,216�,6%1���������������
7DEOH�%���7KH�3HULRGLF�7DEOH�FRPSOHWHG�IRU�WKH�SURSXOVLRQ�V\VWHPV�7DEOH�&���3HULRGLF�7DEOH�VKRZLQJ�SRZHU�SURGXFLQJ�GHYLFHV7DEOH�)���7KH�XWLOL]DWLRQ�RI�2VFLOODWRU\�&KDPEHU�7DEOH�*���&RQVWUXFWLRQ�SDUDPHWHUV�IRU���EDVLF�W\SHV�RI�FUHZ�FDUU\LQJ�0DJQRFUDIW�7DEOH�*���7KH�FRUUHODWLRQ�EHWZHHQ�WKH�.�IDFWRU�DQG�'�K�IRU�WKH�FRXSOHG�0DJQRFUDIW�7DEOH�*���7KH�FRORXU�FKDQJHV�LQ�WKH�OLJKWV�RI�WKH�68%�V\VWHP�RI�ODPSV7DEOH�+���&RQVWUXFWLRQ�SDUDPHWHUV�IRU�HLJKW�EDVLF�W\SHV�RI�IRXU�SURSXOVRU�YHKLFOHV�
)LJ��%���$�VLGH�YLHZ�RI�WKH�VPDOOHVW�0DJQRFUDIW��W\SH�.��)LJ��%���7KH�0DJQRFUDIW
V�RULHQWDWLRQ�GXULQJ�IOLJKW�DERYH�WKH�HTXDWRU�
)LJ��&���$�SKRWRJUDSK�VKRZLQJ�WKH��H[WUDFWLRQ�JORZ��IURP�D�9�VKDSHG�GLYLQLQJ�URG�)LJ��&���7KH�WHPSHUDWXUH�FKDQJH��GURS��LQ�WKH�KDQGV�RI�D�KHDOHU�)LJ��&���$Q�HOHPHQWDU\�7HOHNLQHWLF�(IIHFW��3��)LJ��&���7KH�RSHUDWLRQ�RI�WKH�-RKQVRQ�WHOHNLQHWLF�PRWRU�)LJ��&���$�SKRWRJUDSK�RI�WKH�SURWRW\SH�RI�D�WHOHNLQHWLF�JHQHUDWRU��1�0DFKLQH��)LJ��&���7KH�GHVLJQ�DQG�RSHUDWLRQ�RI�WKH�1�0DFKLQH�)LJ��&���3KRWRJUDSKV�RI�WKH�WHOHNLQHWLF�DJJUHJDWH�,1)/8(1=0$6&+,1()LJ��&���7KH�RSHUDWLRQ�RI�WKH�,1)/8(1=0$6&+,1(�ZLWK�WZR�GLVFV�)LJ��&���7KH�HYROXWLRQ�RI�D�WHFKQLFDO�LGHD��IURP�D�IRUPXODWLRQ�WR�LPSOHPHQWDWLRQ�
)LJ��'���0U�$ODQ�3ODQN�ZLWK�KLV�SXPS)LJ��'���$�WHFKQLTXH�IRU�GHYHORSLQJ�<(6�12�DQVZHUV�LQ�WKH�SHQGXOXP�DVVLVWHG�(63�)LJ��'���$�WKUHH�GLPHQVLRQDO�PDS�VKRZLQJ�D�ZHGJH�RI�WKH�8QLYHUVH�)LJ��'���3KRWRJUDSKV�RI�WDEOHV�OHYLWDWHG�E\�D�PHGLXP�(XVDSLD�3DOODGLQR�)LJ��'���7KH�SKRWRJUDSK�RI�D�WDEOH�OHYLWDWHG�E\�PHPEHUV�RI�6255$7�
)LJ��(���%OHQNLQVRS
V�HQJLQH�EXLOW�LQ������
)LJ��)���7KH�HYROXWLRQ�RI�WKH�2VFLOODWRU\�&KDPEHU�)LJ��)���7KH�DVVXPHG�DSSHDUDQFH�RI�WKH�2VFLOODWRU\�&KDPEHU)LJ��)���7KH�PXWXDO�QHXWUDOL]DWLRQ�RI�WKH�HOHFWUR�PDJQHWLF�IRUFHV)LJ��)���7KH��WZLQ�FKDPEHU�FDSVXOH��)LJ��)���'LIIHUHQFHV�LQ�YLVXDO�DSSHDUDQFH�RI�WZLQ�FKDPEHU�FDSVXOHV�)LJ��)���&RPELQLQJ�WKH�RXWSXWV�IURP�ERWK�FKDPEHUV�RI�WZLQ�FKDPEHU�FDSVXOH�)LJ��)���$Q�DUUDQJHPHQW�RI�WKH�2VFLOODWRU\�&KDPEHUV�LQWR�D��VSLGHU�FRQILJXUDWLRQ��)LJ��)���7KH�FXUYH�RI�WKH��LQWHUDFWLRQV�LQ�HTXLOLEULXP�)LJ��)���([SHULPHQWDO�GHYLFHV�RI�D�3ROLVK�KREE\LVW��5\V]DUG�=XG]LQ�RI�%\GJRV]F]�)LJ��)����7KH�LOOXVWUDWLRQ�WKDW�MXVWLILHV�WKH�XVH�RI�QHHGOH�VKDSHG�HOHFWURGHV�
)LJ��*���7KH�SULQFLSOH�RI�WLOWLQJ�D�FROXPQ�RI�WKH�PDJQHWLF�ILHOG�IURP�D�SURSXOVRU�)LJ��*���7KH�PDJQHWLF�SURSXOVLRQ�XQLW�RI�WKH�0DJQRFUDIW�)LJ��*���7ZR�DOWHUQDWLYH�SRVLWLRQV�RI�WKH�0DJQRFUDIW��XSULJKW�DQG�LQYHUWHG�)LJ��*���7KH�DSSHDUDQFH�RI�WKH�0DJQRFUDIW�W\SH�.��)LJ��*���7KH�LQWHUQDO�GHVLJQ�RI�WKH�0DJQRFUDIW�DQG�WKH�PDLQ�IHDWXUHV�RI�LWV�VKHOO�)LJ��*���([DPSOHV�RI�VL[�FODVVHV�RI�DUUDQJHPHQWV�RI�WKH�0DJQRFUDIW�)LJ��*���$�VSKHULFDO�IO\LQJ�FRPSOH[�IRUPHG�IURP�.��W\SH�0DJQRFUDIW�)LJ��*���$�VWDFNHG�FLJDU�VKDSHG�IO\LQJ�FRPSOH[�IRUPHG�IURP�.��W\SH�0DJQRFUDIW�)LJ��*���&XW�DZD\�YLHZ�RI�D�GRXEOH�HQGHG�FLJDU�VKDSHG�IO\LQJ�FRPSOH[�)LJ��*����$Q�H[DPSOH�RI�D��ILU�WUHH��VKDSHG�IO\LQJ�FRPSOH[�)LJ��*����$Q�H[DPSOH�RI�WKH�VLPSOHVW�VHPL�DWWDFKHG�FRQILJXUDWLRQ�
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)LJ��*����$Q�H[DPSOH�RI�D��IO\LQJ�QHFNODFH��VHPL�DWWDFKHG�FRQILJXUDWLRQ�)LJ��*����$Q�H[DPSOH�RI�D�.��GHWDFKHG�FRQILJXUDWLRQ�)LJ��*����$Q�H[DPSOH�RI�D�FDUULHU�SODWIRUP�)LJ��*����7KH��]LJ�]DJ��FDUULHU�FRQILJXUDWLRQ�)LJ��*����([DPSOHV�RI�IO\LQJ�V\VWHPV�)LJ��*����$Q�H[DPSOH�RI�D�IO\LQJ�FOXVWHU�)LJ��*����&RXSOLQJ�D�VSKHULFDO�FRPSOH[�WKURXJK�D�GHWDFKHG�FRQILJXUDWLRQ�)LJ��*����&RXSOLQJ�WZR�0DJQRFUDIW�WKURXJK�D�VHPL�DWWDFKHG�FRQILJXUDWLRQ�)LJ��*����7KH�IRUFHV�RI�PXWXDO�LQWHUDFWLRQV�DFWLQJ�EHWZHHQ�0DJQRFUDIW
V�SURSXOVRUV�)LJ��*����$Q�RYHUKHDG�YLHZ�RI�RQH�FHOO�RI�WKH�IO\LQJ�V\VWHP�IURP�.��0DJQRFUDIW�)LJ��*����7KH�SULQFLSOHV�LQYROYHG�LQ�WKH�PHVKLQJ�RI�IODQJHV�LQ�IO\LQJ�V\VWHPV�)LJ��*����%DVLF�HTXDWLRQV�ZKLFK�GHVFULEH�WKH�VKDSH�DQG�GLPHQVLRQV�RI�D�0DJQRFUDIW�)LJ��*����6LGH�RXWOLQHV�RI�HLJKW�EDVLF�W\SHV�RI�0DJQRFUDIW�)LJ��*����0HWKRGV�RI�LGHQWLI\LQJ�WKH�W\SH�RI�0DJQRFUDIW�WKURXJK�LWV��.��IDFWRU�)LJ��*����7KH�FUHDWLRQ�RI�D�ODWLWXGLQDO�WKUXVW�IRUFH�E\�D�PDJQHWLF�ZKLUO�)LJ��*����7KH��UROOLQJ�VSKHUH�UXOH��IRU�GHWHUPLQLQJ�WKH�GLUHFWLRQ�RI�SURSHOOLQJ�)LJ��*����7KH�SULQFLSOH�RI�FRXQWHUDFWLQJ�WKH�PDJQHWLF�ZKLUO�)LJ��*����7KH�PDJQHWLF�FLUFXLWV�LQ�D�.��0DJQRFUDIW�ZLWK�D�VWDWLRQDU\�ILHOG�)LJ��*����7KH�VSLQQLQJ�PDJQHWLF�FLUFXLWV�RI�D�.��W\SH�0DJQRFUDIW�)LJ��*����&RQYHUWLQJ�ILHOG�SXOVHV�IURP�SURSXOVRUV�LQWR�D�YHKLFOH
V�PDJQHWLF�ZKLUO�)LJ��*����$Q�H[DPSOH�RI�WKH��LRQLF�SLFWXUH�RI�D�ZKLUO��)LJ��*����/RRNLQJ�XSZDUG�DW�D�.��W\SH�0DJQRFUDIW�ZLWK�D�VWDWLRQDU\�ILHOG�)LJ��*����7KH�SULQFLSOH�RI�IRUPLQJ�PXOWLSOH�LPDJHV�RI�JORZLQJ�PDJQHWLF�FLUFXLWV�)LJ��*����7KH�68%�V\VWHP�RI�ODPSV�WKDW�LQGLFDWH�WKH�0DJQRFUDIW
V�PRGH�RI�RSHUDWLRQ�)LJ��*����7XQQHOV�IRUPHG�GXULQJ�XQGHUJURXQG�IOLJKWV�RI�WKH�0DJQRFUDIW�)LJ��*����$�PDJQHWLF�OHQV�HIIHFW�SURGXFHG�E\�DQ�DVFHQGLQJ�0DJQRFUDIW�)LJ��*����6KDSHV�DQG�GLPHQVLRQV�RI�VFRUFK�PDUNV�OHIW�E\�D�VLQJOH�0DJQRFUDIW�)LJ��*����7\SLFDO�ODQGLQJ�PDUNV�OHIW�E\�D�0DJQRFUDIW�KRYHULQJ�FORVH�WR�WKH�JURXQG�)LJ��*����/DQGLQJV�RI�DQ�LQYHUWHG�0DJQRFUDIW�ZLWK�FLUFXLWV�SDUDOOHO�WR�WKH�JURXQG�)LJ��*����3ODQWV�VZLUOHG�E\�D�VLQJOH�0DJQRFUDIW�ZLWK�FLUFXLWV�ZKLUOLQJ�LQ�WKH�DLU�)LJ��*����([DPSOHV�RI�ODQGLQJ�SDWWHUQV�VFRUFKHG�RQ�WKH�JURXQG�E\�IO\LQJ�V\VWHPV�
)LJ��+���$�)RXU�3URSXOVRU�0DJQRFUDIW)LJ��+���3URSXOVRUV�XWLOL]HG�LQ�WKH�)RXU�3URSXOVRU�0DJQRFUDIW�
)LJ��,���6LPLODULWLHV�RI�WKH�0DJQRFUDIW�DQG�PDJQHWLF�SHUVRQDO�SURSXOVLRQ�V\VWHP�)LJ��,���&RPSRQHQWV�RI�WKH�VWDQGDUG�SHUVRQDO�SURSXOVLRQ�JDUPHQW�)LJ��,���([WHUQDO�DQG�LQWHUQDO�PDJQHWLF�IRUFHV�ZLWKLQ�WKH�SHUVRQDO�SURSXOVLRQ)LJ��,���([DPSOHV�RI�WZR�XVHIXO�PRGLILFDWLRQV�RI�WKH�VWDQGDUG�SHUVRQDO�SURSXOVLRQ�
)LJ��.���&RPSDULVRQ�RI�WKH�0DJQRFUDIW�WR�WKH�VKDSH�RI�D�8)2�)LJ��.���$�VSKHULFDO�IO\LQJ�FRPSOH[�RI�WZR�8)2V�W\SH�.��)LJ��.���$�SKRWRJUDSK�RI�D�FLJDU�VKDSHG�IO\LQJ�FRPSOH[�IRUPHG�IURP�VHYHUDO�8)2V�)LJ��.���7KH�ORFDWLRQ�RI�SURSXOVRUV�LQ�8)2V�LV�LGHQWLFDO�WR�WKDW�LQ�WKH�0DJQRFUDIW�)LJ��.���3KRWRJUDSKV�RI�8)2V�ZKLFK�GRFXPHQW�WKDW�WKHLU�PDJQHWLF�ILHOG�SXOVDWHV�)LJ��.���7KH�IRUPDWLRQ�RI�PDJQHWLF�FLUFXLWV�DQG�PDJQHWLF�ZKLUO�E\�8)2V�)LJ��.���$�VHFWLRQ�RI�WKH�7DSDQXL�&UDWHU)LJ��.���6LPLODULWLHV�EHWZHHQ�WKH�7DSDQXL�&UDWHU�DQG�WKH�7XQJXVND�EODVW�VLWH�)LJ��.���7XQQHOV�PDGH�GXULQJ�XQGHUJURXQG�IOLJKWV�RI�8)2V�)LJ��.����3KRWRJUDSKV�RI�ODQGLQJ�VLWHV�IRUPHG�E\�VLQJOH�8)2V�)LJ��.����8)2�ODQGLQJ�VLWHV�PDGH�E\�IO\LQJ�FOXVWHUV�)LJ��.����0DWKHPDWLFDO�UHODWLRQVKLSV�H[LVWLQJ�LQ�FURS�FLUFOHV�
)LJ��/���'HWDFKHG�FRQILJXUDWLRQ�RI�WZR�8)2V�
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)LJ��/����%ODFN�EDUV��LQ�D�8)2�)LJ��/���2XWOLQHV�RI�D�8)2
V�WZLQ�FKDPEHU�FDSVXOH�VFRUFKHG�LQ�JUDVV�)LJ��/���$�GUDZLQJ�RI�D�PDLQ�WZLQ�FKDPEHU�FDSVXOH�IURP�DQ�DVFHQGLQJ�8)2�)LJ��/���3KRWRJUDSKV�RI�WZLQ�FKDPEHU�FDSVXOHV�IURP�8)2V�)LJ��/���$�UHFRQVWUXFWLRQ�RI�WKH�2VFLOODWRU\�&KDPEHU�VHHQ�RQ�D�8)2�)LJ��/���3UREDEO\�DQ�DQFLHQW�SODQ�IRU�DQ�2VFLOODWRU\�&KDPEHU�
)LJ��0���$�UHFRQVWUXFWLRQ�RI�D�IRXU�SURSXOVRU�8)2�ZKLFK�DEGXFWHG�-DQ�:ROVNL�)LJ��0���7KH�QLJKW�DSSHDUDQFH�RI�D�PRWLRQOHVV�IRXU�SURSXOVRU�8)2�)LJ��0���$�SKRWRJUDSK�RI�D�IRXU�SURSXOVRU�8)2�WDNHQ�QHDU�$OELRVF�LQ�)UDQFH�
)LJ��1���7KUHH�8)2QDXWV�DQG�WKHLU�YHKLFOH�GUDZQ�E\���\HDU�ROG�6WDQLVáDZ�0DVáRZVNL)LJ��1���$�UHFRQVWUXFWLRQ�RI�WKH�DSSHDUDQFH�RI�D�8)2QDXW�ZLWK�D�JORZLQJ�EHOW�)LJ��1���2QH�RI�IRXU�IODVK�SLFWXUHV�RI�D�YHU\�IDVW�PRYLQJ�8)2QDXW�E\�-HII�*UHHQKDZ�)LJ��1���$�8)2QDXW�FDOOLQJ�KLPVHOI��$XVVR��)LJ��1���$�8)2QDXW�FOLPELQJ�D�ZDOO�)LJ��1���)RRWSULQW�RI�DQ�8)2QDXW�
)LJ��2���7HOHSRUWDWLYH�8)2V�



A-1

&KDSWHU�$�
,1752'8&7,21

:KHQ DQDO\VLQJ� WKH�KLVWRU\�RI� WKH�GHYHORSPHQW�RI� LPSRUWDQW� YHKLFOHV� FRPSOHWHG�RQ(DUWK WR�GDWH��VXFK�DV�WUDLQV��FDUV��RU�VSDFH�URFNHWV��D�FRQFOXVLRQ�FDQ�EH�GHULYHG�ZKLFK�PD\EH H[SUHVVHG�LQ�WKH�IROORZLQJ�UHFRPPHQGDWLRQ�IRU�IXWXUH�LQYHQWRUV���EXLOG�ILUVWO\�D�QHZ�
PRWRU
DQG�\RX�ZLOO�EH�DEOH�WR�EXLOG�D�ZKROH�QHZ�YHKLFOH��,Q WKH� DERYH� UHFRPPHQGDWLRQ� WKH� WHUP� 
PRWRU
� LV� XVHG�� EHFDXVH� LQ� D� SRSXODUWHUPLQRORJ\ WKLV�WHUP�GHVFULEHV�D�GHYLFH�ZKLFK�DFFRUGLQJ�WR�FRPPRQ�EHOLHI�SURSHOV�D�YHKLFOHVXFK DV�D�FDU�RU�D�KHOLFRSWHU��+RZHYHU��DV�WKLV�ZLOO�EH�H[SODLQHG�ZLWK�PRUH�GHWDLO�LQ�FKDSWHU%� LQ� SUHFLVH� WHFKQLFDO� WHUPLQRORJ\� WKLV� WHUP� LV� LQDGHTXDWH�� $� GHYLFH� ZKLFK� FDXVHV� WKH�DEVROXWH� PRWLRQ�RI�D�ZKROH�YHKLFOH�LQ�WKH�VXUURXQGLQJ�HQYLURQPHQW�VKRXOG�UDWKHU�EH�FDOOHGD 
SURSXOVRU
��QRW�D�
PRWRU
��+RZ�PXFK�EHWWHU�WKH�QDPH�
SURSXOVRU
�H[SUHVVHV�WKH�IXQFWLRQ�RIVXFK D� GHYLFH�� RQH�PD\�GLVFRYHU� LI� KH�VKH�H[DPLQHV� IRU� H[DPSOH� WKH� QDPH� 
PRWRU
� EHLQJDSSOLHG WR�D�SURSHOOHU�ZKLFK�PDNHV�D�ERDW�PRYH��RU�WR�QR]]OHV�ZKLFK�PDNH�D�KRYHUFUDIW�IORDW�7KXV WKH�WHUP�
SURSXOVRU
�DOORZV�XV�WR�GLVWLQJXLVK�EHWZHHQ�WKH�GHYLFH�ZKLFK�SURSHOV�D�ZKROHYHKLFOH �VXFK DV�D�ZKHHO�LQ�D�FDU�RU�URWRU�EODGHV�LQ�D�KHOLFRSWHU���IURP�D�IXQFWLRQDOO\�GLIIHUHQWGHYLFH FDOOHG�
PRWRU
��ZKLFK�VHUYHV�MXVW�WR�SURGXFH�D��UHODWLYH��PRWLRQ�RI�RQH�SDUW�RI�D�JLYHQPDFKLQH LQ� UHODWLRQ� WR� RWKHU� SDUWV� RI� WKH� VDPH� PDFKLQH� �VXFK� DV� D� PRWRU� LQ� D� ZDVKLQJPDFKLQH RU� D�PRWRU� LQ� D� ODWKH���2I� FRXUVH�PRWRUV�PD\� VRPHWLPHV� VXSSO\� WKH�PHFKDQLFDOHQHUJ\ WR SURSXOVRUV��EXW�WKH\�RQO\�SURGXFH�WKH�PRWLRQ�RI�WKHVH�SURSXOVRUV�LQ�UHODWLRQ�WR�WKHUHVW RI�D�JLYHQ�YHKLFOH�DQG�LWVHOI��WKH\�DUH�XQDEOH�WR�FDXVH�WKH�PRWLRQ�RI�WKH�ZKROH�YHKLFOH�LQWKH VXUURXQGLQJ�HQYLURQPHQW�ZKLFK�PXVW�EH�SURGXFHG�E\�SURSXOVRUV��H�J��VHH�WKH�PRWRU� LQD FDU�ZKLFK�RQO\� URWDWHV�ZKHHOV��ZKHUHDV� WKH�PRWLRQ�RI� WKH�ZKROH�FDU� LV�FDXVHG�E\� WKHVHZKHHOV QRW�E\�WKH�PRWRU���7KXV�LI�WKH�LQLWLDO�UHFRPPHQGDWLRQ�IRU�IXWXUH�LQYHQWRUV�LV�H[SUHVVHGLQ�WKH�WHUPLQRORJ\�IURP�WKLV�PRQRJUDSK��LW�UHDGV���EXLOG�ILUVWO\�D�QHZ�
SURSXOVRU
�DQG�\RX�ZLOOEH�DEOH�WR�EXLOG�D�ZKROH�QHZ�YHKLFOH��6RPH UHDGHUV�RI� WKLV�PRQRJUDSK�KDYH�SHUKDSV�DOUHDG\�KDG� WKH�RSSRUWXQLW\� WR�KHDUDERXW WKH� GHYHORSPHQW� RI� WKH� WKHRU\� FRQFHUQLQJ� D� QHZ� YHKLFOH� ZLWK� PDJQHWLF� SURSXOVLRQLQYHQWHG�E\�WKH�DXWKRU�DQG�FDOOHG�WKH��0DJQRFUDIW���7KH�0DJQRFUDIW�LV�D�FRPSOHWHO\�QHZ VSDFHYHKLFOH� WKH�FRQFHSW��SULQFLSOH�RI�RSHUDWLRQ��DQG�WKH�GHVLJQ�RI�ZKLFK�ZHUH�QHZO\�LQYHQWHG�DQGWRWDOO\ XQNQRZQ�WR�SUHYLRXV�UHVHDUFKHUV��%HFDXVH�WKH�FRPSOHWLRQ�RI�WKLV�YHKLFOH�ZLOO�RSHQ�IRUKXPDQLW\ WKH� DFFHVV� WR� LQWHUVWHOODU� WUDYHO�� LW� FDQ� EH� VWDWHG� WKDW� LWV� LGHD� UHSUHVHQWV� DQLQWHOOHFWXDO�FRQWULEXWLRQ�RI�;;WK�FHQWXU\�WR�WKH�IXWXUH�JHQHUDWLRQV�RI�RXU�SODQHW��8S�XQWLO�QRZ�WKHWKHRU\�EHKLQG�WKH�0DJQRFUDIW�KDV�UHDFKHG�VXFK�D�OHYHO�RI�FU\VWDOOL]DWLRQ�WKDW�WKH�ILUVW�SUDFWLFDOGHYHORSPHQWV DLPHG�DW� WKH�FRPSOHWLRQ�RI� WKLV�YHKLFOH�FRXOG�EH�LQLWLDWHG��7KXV�WKH�TXHVWLRQDULVHV ZKDW� VKRXOG� EH� GRQH� QH[W�� :HOO�� WKH� DQVZHU� WR� WKLV� TXHVWLRQ� LV� SURYLGHG� E\� WKHUHFRPPHQGDWLRQ IURP�EHJLQQLQJ�RI� WKLV�FKDSWHU�� LQ�RUGHU� WR� LQLWLDWH� WKH�GHYHORSPHQW�RI� WKHZKROH�0DJQRFUDIW��ZH�QHHG�ILUVWO\�WR�LQLWLDWH�WKH�FRPSOHWLRQ�RI�WKH�GHYLFH�ZKLFK�UHSUHVHQWV�WKHSURSXOVRU IRU� WKLV� VSDFH� YHKLFOH�� 7KXV� WKH� GLVFXVVHG� UHFRPPHQGDWLRQ� SURYLGHV� D� NLQG� RI�GLUHFWLRQ SRLQWHU�� IRU� \RXQJ� DQG� DPELWLRXV� SHRSOH� ZKR� KDG� MXVW� LQLWLDWHG� WKHLU� FDUHHUV� DWXQLYHUVLWLHV DQG�LQ�LQGXVWU\��,I�WKH\�VHHN�D�WRWDOO\��YLUJLQ��UHVHDUFK�WRSLF��ZKLFK�VLPXOWDQHRXVO\ZRXOG�JLYH�WKHP�D�FKDQFH�IRU�SURYLGLQJ�D�VLJQLILFDQW�FRQWULEXWLRQ�WR�WKH�WHFKQLFDO�GHYHORSPHQWRI�RXU�FLYLOL]DWLRQ��KHUH�LV�WKH�JRDO�IRU�VXFK�D�SURMHFW��WR�EXLOG�D�SURSXOVRU�IRU�WKH�0DJQRFUDIW�/HW XV�QRZ�H[SODLQ�ZKDW�WKH�0DJQRFUDIW�LV��:H�VWDUW�WKLV�H[SODQDWLRQ�IURP�UHYLHZLQJ�D
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EULHI�KLVWRU\�RI�WKH�LQYHQWLRQ�RI�WKLV�VSDFH�YHKLFOH��,Q������WKH�DXWKRU�ZDV�FRQGXFWLQJ�D�VHULHVRI OHFWXUHV� RQ� �VHOHFWHG� DVSHFWV� RI� SURSXOVLRQ� V\VWHPV�� IRU� VWXGHQWV� RI� WKH� 7HFKQLFDO8QLYHUVLW\ RI�:URFáDZ�LQ�3RODQG��'XULQJ�SUHSDUDWLRQ�IRU�WKHVH�OHFWXUHV�KH�GLVFRYHUHG�WKDW�WKHLQYHQWLRQV RI� VXEVHTXHQW� SURSHOOLQJ� GHYLFHV� DUH� VXEMHFWHG� WR� DQ� DVWRQLVKLQJ� UHJXODULW\�%HFDXVH WKLV� UHJXODULW\� GHSHQGV� RQ� WKH� SHULRGLF� UHSHWLWLRQ� RI� WKH� VDPH� FKDUDFWHULVWLFV� LQVXEVHTXHQW SURSHOOLQJ� GHYLFHV�� WKH� DXWKRU� FDOOHG� LW� WKH� �3HULRGLF� 3ULQFLSOH��� 7KH� EHVWLOOXVWUDWLRQ RI�WKH�3HULRGLF�3ULQFLSOH�WDNHV�WKH�VKDSH�RI�D�WDEOH��FDOOHG�WKH��SHULRGLF�WDEOH���DQH[DPSOH RI�ZKLFK�LV�VKRZQ�KHUH�DV�WDEOH�%���,Q�������L�H��VRRQ�DIWHU�GLVFRYHULQJ�WKH�3HULRGLF3ULQFLSOH� WKH� DXWKRU� SXEOLVKHG�KLV� ILUVW� SHULRGLF� WDEOH� �WKH�PRVW� UHFHQW� YHUVLRQ� RI�ZKLFK� LVVKRZQ�DV�WDEOH�%���LQ�WKH�DUWLFOH�>�$@ �7HRULD�UR]ZRMX QDS
GyZ���L�H���7KH�WKHRU\�RI�SURSXOVLRQGHYHORSPHQW�� WKDW�DSSHDUHG� LQ� WKH�3ROLVK� MRXUQDO�$VWURQDXW\ND �3.L1���������:DUV]DZD�3RODQG�� QR�� �������� SDJHV� ��� WR� ���� ,Q� WKLV� WUHDWLVH� WKH� SUHSDUDWLRQ� RI� SHULRGLF� WDEOHV� LVDGGLWLRQDOO\ H[SODLQHG� LQ� FKDSWHUV� %� DQG� &� WR� IROORZ�� 7KH� IXUWKHU� HODERUDWLRQ� RQ� WKHFRQVWUXFWLRQ RI� WKHVH� WDEOHV� LV� SURYLGHG� LQ� PRQRJUDSKV� QXPEHUHG� >�@� DQG� >�@� DW� WKH� OLVWSURYLGHG�LQ�FKDSWHU�6�3HULRGLF WDEOHV�DUH�VLPLODU�WR�WKH��0HQGHO3HY�7DEOH���DOVR�FDOOHG�WKH��3HULRGLF�7DEOH�RIWKH (OHPHQWV����RQO\�WKDW�LQVWHDG�RI�FKHPLFDO�HOHPHQWV�WKH\�LOOXVWUDWH�SURSHOOLQJ�GHYLFHV���VHHWDEOH %��� 6LPLODUO\� DV�0HQGHO3HY�7DEOH� GLG� LW� WR� WKH� HOHPHQWV�� SHULRGLF� WDEOHV� DOVR� UHYHDOSURSHOOLQJ GHYLFHV� VWLOO� ZDLWLQJ� IRU� WKHLU� LQYHQWRUV�� DQG� LQGLFDWH� SULQFLSOHV� DQG� SKHQRPHQDZKLFK ZLOO� EH HPSOR\HG� LQ� WKH� IXWXUH� RSHUDWLRQ� RI� WKHVH� GHYLFHV�� 7KHVH� QHZ� WDEOHV� DUHFRQVWUXFWHG E\�SODFLQJ�VXEVHTXHQWO\�LQYHQWHG�SURSHOOLQJ�GHYLFHV�LQ�WKH�DSSURSULDWH�URZV�DQGFROXPQV� 7KH� SRVLWLRQLQJ� RI� HDFK� GHYLFH� LQ� WKHVH� WDEOHV� LV� VXFK� WKDW� LW� PXVW� PHHW� WKHFRQGLWLRQV RI�KRUL]RQWDO�DQG�YHUWLFDO�V\PPHWU\��7KH�KRUL]RQWDO�V\PPHWU\��L�H��WKH�EHORQJLQJVRI D� JLYHQ GHYLFH� WR� D� SDUWLFXODU� URZ� RI� WKH� WDEOH�� GHILQHV� D� W\SH� RI�ZRUNLQJ�PHGLXP�DQGSKHQRPHQD XWLOL]HG� LQ� WKH�RSHUDWLRQ�RI� WKLV�GHYLFH��ZKHUHDV� WKH�YHUWLFDO� V\PPHWU\� �L�H�� WKHEHORQJLQJV RI�WKLV�GHYLFH�WR�D�VSHFLILF�FROXPQ�RI�WKH�WDEOH��GHVFULEHV�WKH�JHQHUDO�FODVV�RI�DSURSXOVLRQ V\VWHP�WR�ZKLFK�WKLV�GHYLFH�LV�TXDOLILHG��)LHOGV�RI�SHULRGLF�WDEOHV��ZKLFK�KDYH�QRDQ\ GHYLFH�DV�\HW�DVVLJQHG�WR�WKHP��LQGLFDWH�SURSHOOLQJ�GHYLFHV�VWLOO�DZDLWLQJ�LQYHQWLRQ��7KHSRVLWLRQ RI� WKHVH� HPSW\� ILHOGV� �L�H�� WKHLU� URZ� DQG� FROXPQ�� GHILQHV� WKH� IXWXUH� SULQFLSOHVHPSOR\HG LQ�WKH�RSHUDWLRQ�RI�WKHVH�GHYLFHV�\HW�WR�EH�LQYHQWHG��,W�DOVR�GHILQHV�KRZ�WKHVH�QHZGHYLFHV ZLOO� RSHUDWH� DQG� ZKDW� ZLOO� EH� WKHLU� SURSHUWLHV� DQG� VSHFLILFDWLRQV�� 7KURXJK� WKHH[DPLQLQJ RI� WLPH� JDSV� EHWZHHQ� WKH� GDWHV� RI� FRPSOHWLRQ� RI� GHYLFHV� ZKLFK� DUH� DOUHDG\LQYHQWHG� SHULRGLF�WDEOHV�VKRZ�WKH�DYHUDJH�OHQJWK�RI�WLPH�UHTXLUHG�IRU�D�QHZ�LQYHQWLRQ�RI�WKLVW\SH RI�GHYLFH WR�WDNH�SODFH��,Q�WXUQ��WKLV�HQDEOHV�XV�WR�GHWHUPLQH�WKH�PRVW�SUREDEOH�\HDU�RIFRPSOHWLRQ�RI�WKH�QH[W�JHQHUDWLRQ�RI�WKHVH�GHYLFHV�7KURXJK WKH�DQDO\VHV�RI�KLV�ILUVW�SHULRGLF�WDEOH��LQ�WKLV�PRQRJUDSK�VKRZQ�DV�WDEOH�%���WKH DXWKRU� GLVFRYHUHG� WKDW� EHIRUH� �����D� FRPSOHWHO\� QHZ� W\SH�RI� IO\LQJ� YHKLFOH� VKRXOG� EHFRQVWUXFWHG�RQ�(DUWK��/DWHU�KH�FDOOHG�LW�WKH��0DJQRFUDIW���$FFRUGLQJ�WR�WKH�WDEOH��WKH�RSHUDWLRQRI WKLV�YHKLFOH�LV�WR�UHSUHVHQW�DQ�DGYDQFHG�PRGLILFDWLRQ�RI�WKH�DV\QFKURQRXV�HOHFWULF�PRWRUVFXUUHQWO\ LQ�XVH��7KLV�RSHUDWLRQ�VKRXOG�HPSOR\�H[WUHPHO\�SRZHUIXO��PDJQHWV��WR�SHUIRUP�WKHIXQFWLRQ RI� SURSXOVRUV�� 7KHVH� SURSXOVRUV� DUH� WR� SURGXFH� SURSHOOLQJ� IRUFHV� GXH� WR� WKHSULQFLSOHV RI�PDJQHWLF�LQWHUDFWLRQV��7KH�SRZHUIXO�ILHOGV�SURGXFHG�E\�WKHVH�SURSXOVRUV�VKRXOGLQWHUDFW�ZLWK�WKH�HQYLURQPHQWDO�PDJQHWLF�ILHOG��L�H��WKH�ILHOG�SURGXFHG�E\�(DUWK��6XQ��RU�*DOD[\��WKXV IRUPLQJ PDJQHWLF� DWWUDFWLRQ� DQG� UHSXOVLRQ� ZKLFK� LV� WR� EH� XWLOL]HG� IRU� WKH� SURSHOOLQJSXUSRVHV� 7KXV� WKH� JHQHUDO� SULQFLSOH� RI� WKH� IRUPDWLRQ� RI� WKHVH�SURSHOOLQJ� IRUFHV� LV� DOPRVWLGHQWLFDO WR�WKDW�IURP�HOHFWULF�PRWRUV��H[FHSW�WKDW�LQVWHDG�RI�WKH�PDJQHWLF�ILHOG�SURGXFHG�E\�DVWDWRU WKH 0DJQRFUDIW�XWLOL]HV�WKH�SODQHWDU\�ILHOG�DOZD\V�SUHVHQW�LQ�RXU�HQYLURQPHQW��7KURXJK
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WKH VXEVHTXHQW�SURFHVVLQJ�FOXHV�SURYLGHG�E\�WKH�SHULRGLF�WDEOH�%��WKH�DXWKRU�ZRUNHG�RXW�WKHGHVLJQ DQG�RSHUDWLRQ�RI� WKLV�QHZ�YHKLFOH��7KH� ILUVW�SXEOLFDWLRQ�RI� WKLV�GHVLJQ�DQG�RSHUDWLRQDSSHDUHG LQ������ LQ� WKH�DUWLFOH� >�$@ �%XGRZD� L�G]LDáDQLH�VWDWNyZ�NRVPLF]Q\FK�]�QDS
GHPPDJQHW\F]Q\P� �L�H�� �6SDFHVKLSV� ZLWK� PDJQHWLF� SURSXOVLRQ� GHVLJQ� DQG� SULQFLSOHV� RIRSHUDWLRQ�� ZKLFK�ZDV� SXEOLVKHG� LQ� WKH�3ROLVK� MRXUQDO��3U]HJO�G�7HFKQLF]Q\� ,QQRZDFMH �XO�0D]RZLHFND������������:DUV]DZD��3RODQG���QR����������SDJHV����WR����7KH RSHUDWLRQ�RI� WKH�0DJQRFUDIW� VXPPDUL]HG�DERYH�H[SODLQV�DOVR�ZKDW� D�PDJQHWLFSURSXOVRU LV��7KXV��LI�ZH�ZRXOG�OLNH�WR�GHILQH�WKH�SURSXOVRU�MXVW�RQ�WKH�EDVLV�RI�WKLV�VXPPDU\RI WKH� 0DJQRFUDIW
V� RSHUDWLRQ�� WKLV� GHILQLWLRQ� FRXOG� UHDG� VRPHWKLQJ� DORQJ� WKH� OLQHV�� �WKHPDJQHWLF SURSXOVRU�LV�D�VRXUFH�RI�D�SRZHUIXO�PDJQHWLF�ILHOG��L�H��D�
PDJQHW
��FDSDEOH�RI\LHOGLQJ DQ�RXWSXW�ZKLFK�H[FHHGV�WKH�WKUHVKROG�YDOXH�FDOOHG�WKH�
VWDUWLQJ�IOX[
���)RU�WKHSUDFWLFDO UHDVRQV�LQ�WKLV�GHILQLWLRQ�LQVWHDG�RI�LQFOXGLQJ�OHQJWK\�H[SODQDWLRQV�WKDW�WKH�SURSXOVRUPXVW�EH�DEOH�WR�OLIW�D�VSDFHVKLS�GXH�WR�D�UHSXOVLYH�LQWHUDFWLRQ�ZLWK�WKH�HQYLURQPHQWDO�PDJQHWLFILHOG��LW�LV�PXFK�EHWWHU�WR�MXVW�LQWURGXFH�D�QHZ�WHUP�
VWDUWLQJ�IOX[
��7KLV�RI�FRXUVH�PHDQV�WKDW�ZHVWLOO�QHHG�WR�SURYLGH�D�IXUWKHU�SDUW�RI�WKH�GHILQLWLRQ�LQ�ZKLFK�WKH�WHUP��VWDUWLQJ�IOX[��LV�H[SODLQHG�6R�OHW�XV�QRZ�WU\�WR�GHILQH�WKLV�QHZ�WHUP�DV�ZHOO��7KH�VWDUWLQJ�IOX[��)V��LV�VXFK�D�WKUHVKROGYDOXH RI�WKH�PDJQHWLF�RXWSXW�SURGXFHG�E\�DQ�H[WUHPHO\�SRZHUIXO�VRXUFH�RI�PDJQHWLF�ILHOG�ZKLFK DIWHU� WKH� UHSXOVLYH�RULHQWDWLRQ� RI� WKLV� VRXUFH� LQ� UHODWLRQ� WR� WKH� HQYLURQPHQWDOPDJQHWLF ILHOG�ZRXOG�EH�FDSDEOH�RI� OLIWLQJ� WKH�VRXUFH� LQ�VSDFH� 7KLV�VHFRQG�GHILQLWLRQUHYHDOHG WKDW� WKH� WKHRU\� EHKLQG� WKH�0DJQRFUDIW� LQWURGXFHV� D� QHZ�PDJQHWLF� FRQVWDQW� �)V�UHSUHVHQWLQJ DQ�HTXLYDOHQW�WR�WKH��HVFDSH�YHORFLW\���DOVR�FDOOHG�WKH��VHFRQG�FRVPLF�YHORFLW\�LQ LQHUWLDO�VSDFH�WUDYHO���DQG�WKDW�WKLV�QHZ�FRQVWDQW�LV�QDPHG�WKH��VWDUWLQJ�IOX[���(YHU\�PDJQHWWKH RXWSXW�RI�ZKLFK�LV�WR�H[FHHG�WKH�YDOXH�RI�WKLV�SDUWLFXODU�IOX[�ZLOO�EH�FDSDEOH�RI�OLIWLQJ�LWVHOILQWR VSDFH�LI�RQO\�VRPHRQH�RULHQWV�LW�UHSXOVLYHO\�LQ�WKH�UHODWLRQ�WR�WKH�(DUWK
V�PDJQHWLF�ILHOG��6XFK D� UHSXOVLYH� RULHQWDWLRQ� WRZDUGV� WKH� HQYLURQPHQWDO� PDJQHWLF� ILHOG� GHSHQGV� RQ� WKHSRVLWLRQLQJ D�JLYHQ�PDJQHW�LQ�WKH�SRVLWLRQ�EHLQJ�H[DFWO\�RSSRVLWH�WR�WKH�SRVLWLRQ�WKLV�PDJQHWZRXOG EH� LQFOLQHG� WR� DVVXPH� LWVHOI� LI� LW� LV� JLYHQ� WKH� IUHHGRP� RI� PRYHPHQW� VLPLODU� WR� WKDWGLVSOD\HG�E\�QHHGOHV�RI�PDJQHWLF�FRPSDVVHV���2I�FRXUVH�7KHRU\�RI�WKH�0DJQRFUDIW�DOORZV�IRUWKH SUHFLVH� FDOFXODWLRQ� RI� WKH� VWDUWLQJ� IOX[�� ,Q� VXEVHFWLRQ�*���� WKH� DXWKRU� FRPSOHWHG� VXFKFDOFXODWLRQV DQG�GHWHUPLQHG�WKDW�WKH�YDOXH�RI�WKLV�IOX[�DSSOLHG�WR�WKH�ERXQGDULHV�RI�3RODQG�LV)V� ������:E�NJ�7KH NQRZOHGJH�RI�WKH�VWDUWLQJ�IOX[�UHYHDOV�WR�XV�WKH�VPDOOHVW�YDOXH�RI�WKH�RXWSXW�ZKLFKLV�DEOH�WR�WXUQ�D�JLYHQ�VRXUFH�RI�PDJQHWLF�ILHOG�LQWR�D�PDJQHWLF�SURSXOVRU��7KXV�WKH�H[FHHGLQJRI�WKLV�YDOXH�LV�WKH�SULPDU\�FRQGLWLRQ IRU�EXLOGLQJ�WKH�ILUVW�PDJQHWLF�SURSXOVRU�RQ�(DUWK��)URPWKH YHU\ EHJLQQLQJ�RI�KLV�GHYHORSPHQWDO�ZRUNV�RQ�WKH�0DJQRFUDIW�WKH�DXWKRU�ZDV�IXOO\�DZDUHRI WKLV�EDVLF�UHTXLUHPHQW��,W�ZDV�HYHQ�SUHVHQWHG�PDWKHPDWLFDOO\�LQ�WKH�ILUVW�SXEOLFDWLRQ�>�$@GHYRWHG WR�WKH�DGYDQFHG�PDJQHWLF�SURSXOVLRQ�V\VWHPV��8QIRUWXQDWHO\��LQ�WKH�LQLWLDO�VWDJH�RIKLV UHVHDUFK�KH�GLG�QRW�NQRZ�ZKDW�W\SH�RI�GHYLFH�ZRXOG�EH�FDSDEOH�RI�SURGXFLQJ�WKH�UHTXLUHGIOX[� ,W�LV D�UDWKHU�ZHOO�NQRZQ�VHFUHW�WKDW�HOHFWURPDJQHWV�FXUUHQWO\�XVHG�IRU�WKH�SURGXFWLRQ�RIWKH PRVW� SRZHUIXO�PDJQHWLF� ILHOGV� DYDLODEOH� WR� RXU� FLYLOL]DWLRQ�� KDYH� QXPHURXV� GUDZEDFNVZKLFK PDNH�LW�LPSRVVLEOH�WR�HYHQ�FRPH�QHDU�WR�WKH�VWDUWLQJ�IOX[��WKHVH�GUDZEDFNV�LQKHULWHGLQ WKH�FRQVWUXFWLRQV�RI�HOHFWURPDJQHWV�DUH�GLVFXVVHG�LQ�VXEVHFWLRQV�)��DQG�)����2QO\�DV�ODWHDV LQ������WKH�DXWKRU�V\QWKHVL]HG�LQ�KLV�PLQG�WKH�FRQFHSW�RI�D�QHZ�GHYLFH�ZKLFK�ZRXOG�EHDEOH�WR�\LHOG�WKH�RXWSXW�LQ�H[FHVV�RI�WKH�VWDUWLQJ�IOX[��ZLWKRXW�GLVLQWHJUDWLQJ�GXULQJ�WKH�SURFHVV�7KLV H[WUDRUGLQDU\�GHYLFH�KH�FDOOHG�WKH��2VFLOODWRU\�&KDPEHU���,WV�PRUH�GHWDLOHG�GHVFULSWLRQZLOO�EH�JLYHQ�LQ�FKDSWHU�)�RI�WKLV�PRQRJUDSK�7KH KLVWRU\� RI� WKH� 2VFLOODWRU\� &KDPEHU
V� LQYHQWLRQ� LV� UDWKHU� LQWHUHVWLQJ�� EHFDXVH� LW
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VKLQHV VRPH� OLJKW�DW� WKH�PDQQHU� LQ�ZKLFK�RXU�PLQG�FRPSOHWHV�D�JRDO�RULHQWHG�V\QWKHVLV�RID QHZ�GHYLFH��7KH�YLWDO�DVSHFW�RI�WKLV�JRDO�RULHQWHG�V\QWKHVLV�LV�WKDW�WKH�ILQDO�SURGXFW�ZKLFKRXU PLQG� QHHGV� WR� JLYH� RXW� LV� VWULFWO\� GHILQHG� DQG� GHVFULEHG� ZLWK� QXPHURXV� RSHUDWLRQDOFRQGLWLRQV� 7KXV��VXFK�V\QWKHVL]LQJ�LV�D�KLJKHU�OHYHO�RI�WKH�LQYHQWLYH�DFWLYLW\��EHFDXVH�LQ�WKHQRUPDO FLUFXPVWDQFHV�QHZ� LQYHQWLRQV�GHSHQG�RQ�KDYLQJ�VRPH� LGHDV�ZKLFK�VRPHWLPHV�DUHWRWDOO\ XQFRQQHFWHG�ZLWK�WKH�GLUHFWLRQ�LQ�ZKLFK�WKH�LQYHQWRU�LV�JRLQJ��RU�ZLWK�WKH�VROXWLRQ�KH�LVVHHNLQJ��DFFRUGLQJ�WR�WKH�SRSXODU�VD\LQJ��ZH�QRZ�KDYH�WKH�PHGLFLQH��VR�OHW�XV�ILQG�D�VXLWDEOHLOOQHVV��� )XUWKHUPRUH�� WKH� UHDGHU
V�DZDUHQHVV�RI� WKH�EDFNJURXQG�EHKLQG� WKLV� LQYHQWLRQ�ZLOOUHDOL]H WKDW�EHKLQG�WHFKQLFDO�GHVFULSWLRQV�RI�D�GHYLFH�DQG�LPSHUVRQDO�PDWKHPDWLFV�RI�FKDSWHU) DQ LQWHUHVWLQJ�VWRU\�RI� WKH�KXPDQ�VWUXJJOH�DQG� LQWHOOHFWXDO�FKDOOHQJH�LV�KLGGHQ��6R� OHW�XVEULHIO\�VXPPDUL]H�WKH�KLVWRU\�RI�WKH�2VFLOODWRU\�&KDPEHU
V�LQYHQWLRQ�)URP WKH�ILUVW�PRPHQW�WKH�FRQFHSW�RI�WKH�0DJQRFUDIW�ZDV�FU\VWDOOL]HG��WKH�DXWKRU�ZDVDZDUH WKDW� WKH�SUHVHQW�GHYLFHV� IRU� WKH�SURGXFWLRQ�RI�PDJQHWLF� ILHOGV�ZRXOG�QRW�EH�DEOH� WRSURGXFH WKH�RXWSXW�LQ�H[FHVV�RI�WKH�VWDUWLQJ�IOX[��7KH�IDFW�RI�RXU�LJQRUDQFH�RI�VXFK�D�GHYLFHZDV DOVR�WKH�H[FXVH�IRU�YLJRURXV�DWWDFNV�GLUHFWHG�DW�WKH�0DJQRFUDIW�E\�YDULRXV�FULWLFV�RI�WKLVYHKLFOH� 7KHUHIRUH�WKH�ILQGLQJ�RI�D�FRQFHSW�IRU�D�GHYLFH�FDSDEOH�WR�SURGXFH�WKH�UHTXLUHG�OHYHORI PDJQHWLF� RXWSXW� ZDV� WKH� SUREOHP� DZDLWLQJ� WKH� PRVW� XUJHQW� VROXWLRQ�� 7KH� DXWKRU� ZDVWKLQNLQJ RI� LW� DOPRVW� FRQWLQXDOO\�� 7KXV�� SDUDOOHO� WR� WKH� UHVHDUFK� RQ� WKH� GHYHORSPHQW� RI� WKHZKROH 0DJQRFUDIW��KH�DOVR�FRQGXFWHG�DQ�LQWHQVLYH�VHDUFK�IRU�WKH�SULQFLSOH�RI�PDJQHWLF�ILHOGSURGXFWLRQ WKDW� ZRXOG� DOORZ� IRU� DQ� XQOLPLWHG� LQFUHDVH� RI� WKH� RXWSXW�� 7KH� DLP� KHUH� ZDVH[WUHPHO\�GLIILFXOW�WR�DFKLHYH��DQG�GXULQJ�WKH�ODVW�WZR�FHQWXULHV�QXPHURXV�RWKHU�VFLHQWLVWV�KDGDOUHDG\�IDLOHG�WR�ILQG�VXFK�D�SULQFLSOH��6KRUWO\�EHIRUH�OHDYLQJ�3RODQG�WKH�DXWKRU�ZDV�YLVLWLQJ�WKHVPDOO�PRXQWDLQ�WRZQVKLS�QDPHG�.DUSDF]��+H�VDZ�WKHUH�DQ�H[WUHPHO\�KHDY\�WUXFN�ZKLFK���ZLWKYLVLEOH GLIILFXOW\��UROOHG�RQWR�D�VWHHS�VORSH�RI�D�KLOO��'XULQJ�ZDWFKLQJ�WKLV�WUXFN�KH�UHDOL]HG�WKDWWKH RSHUDWLRQ�RI�WKH�GHYLFH�KH�LV�VHHNLQJ�PXVW�EH�EDVHG�RQ�VRPH�IRUP�RI�FRQYHUVLRQ�RI�WKHHOHFWULF RVFLOODWLRQV� LQWR� D�PDJQHWLF� ILHOG� �VLPLODUO\� OLNH� LQ� WKH� WUXFN
V� HQJLQH� WKH� RVFLOODWLYHPRWLRQ RI�LWV�SLVWRQ�LV�FRQYHUWHG�LQWR�WKH�FRQWLQXRXV�URWDWLRQ�RI�LWV�ZKHHOV���LQVWHDG�RI�EHLQJEDVHG RQ�WKH FRQYHUVLRQ�RI�WKH�FRQWLQXRXV�IORZ�RI�HOHFWULF�HQHUJ\�LQWR�D�PDJQHWLF�ILHOG��OLNHWKLV LV�WKH�FDVH�LQ�HOHFWURPDJQHWV���+RZHYHU��KLV�PLQG�VWLOO�ZDV�LPSULVRQHG�E\�WKH�SUHVHQWO\SUHYDLOLQJ VWHUHRW\SHV�ZKLFK�VXJJHVW�WKDW�WKH�GHYLFHV�SURGXFLQJ�PDJQHWLF�ILHOG�PXVW�WDNH�WKHIRUP RI�D�FLUFXODU�FRLO�RU�D�ULQJ��%HFDXVH�RI�WKHVH�VWHUHRW\SHV��WR�JHW�LGHDV�IRU�KLV�GHYLFH�WKHDXWKRU ZDV VHHNLQJ� DPRQJVW� YDULRXV� H[LVWLQJ� GHYLFHV�ZKLFK� FUHDWH� WKH� FLUFXODU� URWDWLRQ� RIHOHFWULF FKDUJHV��VXFK�DV�72.$0$.��:RUNLQJ�RQ�YDULRXV�SRVVLEOH�FRQFHSWV�KH�DQDO\VHG�DYDVW�QXPEHU�RI�GLIIHUHQW�GHYLFHV��WKH�RSHUDWLRQ�RI�ZKLFK�LQYROYHG�HOHFWULF�RVFLOODWLRQV��SODVPD�VSDUNV� PRWLRQ� RI� WKH� HOHFWULFDOO\� FKDUJHG� SDUWLFOHV�� HWF�� ,Q� WKDW� PDQQHU� KH� JUDGXDOO\DFFXPXODWHG LQ�KLV�PLQG�DOO�WKH�HOHPHQWV�RI�D�
MLJVDZ�SX]]OH
�FDOOHG�WKH�2VFLOODWRU\�&KDPEHU�2QO\ WKDW�WKHVH�HOHPHQWV�VWLOO�UHPDLQHG�LQ�WKH�IRUP�RI�VPDOO�SLHFHV�UDQGRPO\�PL[HG�WRJHWKHU�7KHUH�ZDV�D�QHHG�IRU�VRPH�NLQG RI�WKHLU�ILWWLQJ�LQWR�D�FRPSOHWH�SLFWXUH��7KLV�ILWWLQJ�RFFXUUHG�RQWKH QLJKW� IURP��QG� WR��UG�-DQXDU\������GXULQJ�D�VWDWH�RI�PLQG�ZH�FRXOG�FDOO� D�KDOI�VOHHS�7DNLQJ DQ� DGYDQWDJH� RI� VXPPHU� YDFDWLRQV� LQ� 1HZ� =HDODQG� WKH� DXWKRU� ZDV� YLVLWLQJ&KULVWFKXUFK�WR�DGYDQFH�KLV�OLEUDU\�UHVHDUFK�DQG�WR�GHYHORS�IXUWKHU�WKH�0DJQRFUDIW
V�FRQFHSW�$OO�WKH�WLPH�KLV�PLQG�ZDV�ZRUNLQJ�RQ�WKH�SUREOHP�RI�D�SURSXOVRU��6OLJKWO\�DIWHU�PLGQLJKW��ZKHQWKH DXWKRU�ZDV O\LQJ�LQ�D�EHG�DQG�WKLQNLQJ�DERXW�WKH�SUREOHP��WKH�VROXWLRQ�XQH[SHFWHGO\�ZDVV\QWKHVL]HG LQ�KLV�PLQG��7KH�NH\�WXUQHG�WR�EH�WKH�IDFW�WKDW�WKH�GHYLFH�VRXJKW�PXVW�WDNH�WKHVKDSH RI�D�FXEH��QRW�D�FRLO�RU�D�ULQJ��7KH�DXWKRU�FOHDUO\�UHPHPEHUV�WKDW�WKH�ILQDO�ILQGLQJ�RI�DVROXWLRQ IRU� WKLV�H[WUHPHO\�GLIILFXOW�DQG� ORQJ�DZDLWHG�SUREOHP� WXUQHG� WR�EH�VXFK�DQ�H[FLWLQJHYHQW� WKDW� LQ�VSLWH�RI�JHWWLQJ�GUHVVHG� LQ�RUGHU� WR�PDNH�VRPH� LQVWDQW�QRWHV��GUDZLQJV��DQG
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FKHFNLQJ��KH�ZDV�XQDEOH�WR�KHOG�D�SHQ�LQ�KLV�KDQG�7R FRPPHQW�RQ�WKH�DERYH�KLVWRU\�RI�WKH�2VFLOODWRU\�&KDPEHU
V�LQYHQWLRQ��DQG�RQ�WKHSUHYLRXV�LQYHQWLRQ�RI�WKH�0DJQRFUDIW��LW�VKRXOG�EH�KLJKOLJKWHG�KHUH�WKDW�ERWK�WKHVH�GHYLFHV��DVZHOO DV�DOO�RWKHU�GHYLFHV�ZRUNHG�RXW�E\�WKH�DXWKRU�DQG�GHVFULEHG�LQ�KLV�PRQRJUDSKV��ZHUHLQYHQWHG LQ� WKH� HIIHFW� RI� WKH� DXWKRU
V� SURIHVVLRQDO� LQWHUHVWV� DQG� UHVXOWHG� IURP� KLV� MRELQYROYHPHQWV�DV�D�OHFWXUHU�DW�D�WHFKQLFDO�LQVWLWXWH��$OO�WKHVH�LQYHQWLRQV�ZHUH�HDUQHG�ZLWK�JUHDWHIIRUW� GXULQJ� SDLQVWDNLQJ� UHVHDUFK�� UHTXLUHG� ORQJ�WHUP� WKLQNLQJ� WKHP� RYHU�� QXPHURXVYHULILFDWLRQV� PRGLILFDWLRQV��DQG�LPSURYHPHQWV��7KHLU�SUHVHQW�IRUPXODWLRQ�UHTXLUHG�WKH�DXWKRUFRQWLQXDOO\ IDPLOLDUL]LQJ�KLPVHOI�ZLWK� WKH�DFWXDO� OHYHO� RI� VFLHQFH�DQG� WHFKQRORJ\� LQ� UHOHYDQWDUHDV� DQG� LV� WKH� UHVXOW� RI� D� ORQJ�WHUP� UHVHDUFK� HIIRUW� H[WHQGLQJ� IRU� DOPRVW� KLV� HQWLUHSURGXFWLYH OLIH��L�H��IURP������XQWLO�WKH�WLPH�RI�ZULWLQJ�WKLV�PRQRJUDSK��WKDW�PHDQV�DOUHDG\�IRUPRUH WKDQ����\HDUV���7KXV�LW�LV�QRW�WUXH��DV�VRPH�SHRSOH�ZRXOG�EH�LQFOLQHG�WR�EHOLHYH��WKDWWKHVH QXPHURXV� LQYHQWLRQV� DSSHDUHG� LQVWDQWO\� LQ� D� ILQDO� IRUP� LQVSLUHG� LQ� VRPH�PLUDFXORXVPDQQHU�RU�EHLQJ�JLYHQ�WR�WKH�DXWKRU�E\�VRPH�NLQG�RI�VXSHULRU�EHLQJV�$OO WKH LGHDV��GHYLFHV��SKHQRPHQD�DQG� ODZV�SUHVHQWHG� LQ� WKLV� WUHDWLVH�� LQFOXGLQJ� WKH2VFLOODWRU\ &KDPEHU��WKH�0DJQRFUDIW��WKH�3HULRGLF�3ULQFLSOH��DQG�WKH�7HOHNLQHWLF�(IIHFW��KDYHEHHQ IRUPXODWHG� E\� RQH� SHUVRQ� RQO\�� L�H�� WKH� DXWKRU�� $OWKRXJK� VRPH� RI� WKHLU� HOHPHQWDU\FRPSRQHQWV KDYH� EHHQ� FRPPRQO\� NQRZQ� IRU� D� ORQJ� WLPH�� QR�RQH� KDV� V\QWKHVL]HG� WKHPEHIRUH LQ�WKH�IRUP�RI�WKH�LQYHQWLRQV�DQG�WKHRULHV�SUHVHQWHG�LQ�WKLV�SXEOLFDWLRQ��$V�WKH�DXWKRULV RQO\� D� KXPDQ�� IURP� WKH� GHILQLWLRQ� ��KXPDQV� PDNH� HUURUV��� RWKHU� SHRSOH� UHDGLQJ� WKHGHVFULSWLRQV RI�KLV� LQYHQWLRQV�PD\�VXVSHFW� WKDW� WKHVH�GHYLFHV�PD\�KDYH�LQKHULWHG�WKH�HUURUZKLFK FDQ�PDNH�WKHLU�WHFKQLFDO�FRPSOHWLRQ�LPSRVVLEOH��,Q�WXUQ��HYHQ�D�VOLJKW�GRXEW�DERXW�WKHFRQFHSWXDO�FRUUHFWQHVV�RI�WKH�GHYLFHV�SRVWXODWHG�E\�WKH�DXWKRU��PD\�FDXVH�WKH�GHOD\�RU�HYHQWKH WRWDO�GHQLDO�RI�WKHLU�FRPSOHWLRQ��)RU�WKHVH�UHDVRQV��WR�PDNH�SRVVLEOH�WKH�QRW�WRR�GLVWDQWXQGHUWDNLQJ RI� WKHLU� GHYHORSPHQW�� LW� LV� QHFHVVDU\� WR� UHDVVXUH� WKH� UHDGHUV� WKDW� WKH� LGHD�RIWKHVH GHYLFHV� LV� FRUUHFW� DQG� LPSOHPHQWDEOH� LQ� D� WHFKQLFDO� PDQQHU�� 3URYLGLQJ� VXFK� DUHDVVXUDQFH� WRJHWKHU�ZLWK�WKH�SUHVHQWDWLRQ�RI�WKHVH�GHYLFHV��LV�WKH�JRDO�RI�WKLV�PRQRJUDSK�7KXV�WKLV�JRDO�FRXOG�EH�IRUPXODWHG�DV�IROORZV��7R SUHVHQW�WKH�GHVFULSWLRQ�RI�WKH�2VFLOODWRU\�&KDPEHU��WKH�0DJQRFUDIW��DQG�WKHHYLGHQFH ZKLFK�GRFXPHQWV�WKDW�ERWK�WKHVH�GHYLFHV�DUH�LPSOHPHQWDEOH�LQ�D�WHFKQLFDOPDQQHU��LQ�D�ZD\�VXIILFLHQWO\�GHWDLOHG�IRU�D�UHDGHU�RI�WKLV�PRQRJUDSK�WR�EH�DEOH�WR�UHDFKKLV�KHU�RZQ�RSLQLRQ�DERXW�WKHLU�FRQFHSWXDO�FRUUHFWQHVV��2I FRXUVH��DWWDLQLQJ�WKH�DERYH�JRDO�LV�RQO\�SRVVLEOH�LI�WKH�2VFLOODWRU\�&KDPEHU�DQG�WKH0DJQRFUDIW DUH�LQ�IDFW�LGHDV�FRQFHSWXDOO\�FRUUHFW�DQG�LPSOHPHQWDEOH�LQ�D�WHFKQLFDO�PDQQHU�7KHUHIRUH WKH�PDLQ�WKHVLV�RI�WKLV�PRQRJUDSK��ZKLFK�ZLOO�EH�SURYHQ�JUDGXDOO\�LQ�WKH�FRQWHQW�RIVXEVHTXHQW�FKDSWHUV��PXVW�EH�DV�IROORZV��7KH SULQFLSOHV�RI�RSHUDWLRQ�RI�WKH�0DJQRFUDIW�DQG�WKH�2VFLOODWRU\�&KDPEHU�DUHFRUUHFW�DQG�LPSOHPHQWDEOH�LQ�D�WHFKQLFDO�PDQQHU��,Q�RUGHU�WR�PDNH�SRVVLEOH�WKH�SURYLQJ�RI�WKLV�PDLQ�WKHVLV��LW�LV�QHFHVVDU\�WR�DSSO\�VRPHNLQG RI�VFLHQWLILF�PHWKRG�ZKLFK�ZRXOG�HQDEOH�XV�WR�YHULI\� WKH�FRQFHSWXDO�FRUUHFWQHVV�RI�WKH0DJQRFUDIW�DQG�WKH�2VFLOODWRU\�&KDPEHU�EHIRUH�DQ\�WHFKQLFDO�FRPSOHWLRQ�RI�WKHVH�WZR�GHYLFHVLV XQGHUWDNHQ�� 7KH� DXWKRU� EHOLHYHV� WKDW� KH� KDV� IRXQG� VXFK� D� PHWKRG� DQG� KH� LQWHQGV� WRGHPRQVWUDWH�LW�WR�WKH�UHDGHU��,Q�RUGHU�WR�KLJKOLJKW�WKH�H[LVWHQFH�RI�WKLV�QHZ�PHWKRG�DQG�LWV�KLJKXVHIXOQHVV� WKH� DGGLWLRQDO� FRPSOHPHQWDU\� WKHVLV� RI� WKLV� PRQRJUDSK� LV� SURSRVHG�� 7KLVFRPSOHPHQWDU\�WKHVLV�LV�DV�IROORZV��7KHUH�LV�D�SRVVLELOLW\�WR�ZRUN�RXW�D�WKHRUHWLFDO�SURRI�WKDW�WKH�WHFKQLFDO�FRQFHSW�RIWKH 2VFLOODWRU\�&KDPEHU�DQG�WKH�0DJQRFUDIW�DUH�FRUUHFW��7KLV�SURRI�FDQ�EH�FRPSOHWHG
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EHIRUH�ERWK�WKHVH�GHYLFHV�DUH�HYHQ�VWDUWHG�WR�EH�EXLOW��7KH�WUXWK�RI�WKLV�FRPSOHPHQWDU\�WKHVLV�ZLOO�EH�SURYHQ�LV�D�YHU\�VLPSOH�PDQQHU��)RU�HDFKRI WKH� GHYLFHV� LQYHQWHG� E\� WKH� DXWKRU� DQG� GHVFULEHG� LQ� FKDSWHUV� )�� *�� +�� ,� 	� -� RI� WKLVPRQRJUDSK� WKH�ZHDOWK�RI�HYLGHQFH�ZLOO�EH�SUHVHQWHG�LQ�VXEVHTXHQW�FKDSWHUV�.��/��0��1�	�2WKDW WKLV�SDUWLFXODU�GHYLFH�ZDV� DOUHDG\�EXLOG�E\� VRPH�RWKHU� FLYLOL]DWLRQV�ZKLFK� UHDFKHG� WKHKLJKHU IURP�XV�OHYHO�RI�DGYDQFHPHQW��,Q�WXUQ�VXFK�D�GRFXPHQWLQJ�WKDW�VRPHRQH�DOUHDG\�EXLOWDQG XVH�WKH�GHYLFHV�ZKLFK�DUH�GHVFULEHG�LQ�WKLV�PRQRJUDSK�LV�V\QRQ\PRXV�ZLWK�WKH�IRUPDOSURYLQJ�WKDW�WKH�LGHD�RI�WKHVH�GHYLFHV�PXVW�EH�FRUUHFW�7KXV LI�WKH�FRPSOHPHQWDU\�WKHVLV�LV�SURYHQ��WKLV�ZLOO�VLPXOWDQHRXVO\�SURYH�WKH�WUXWK�RIWKH PDLQ�WKHVLV�RI�WKLV�PRQRJUDSK��,Q�WKH�HIIHFW��WKH�FRQFHSWXDO�FRUUHFWQHVV�RI�WKH�WZR�PDMRULGHDV RI� WKLV�PRQRJUDSK�EHFRPH�IRUPDOO\�FHUWLILHG�EHIRUH�DQ\�FRPSOHWLRQ�RI� WKH�2VFLOODWRU\&KDPEHU�DQG�WKH�0DJQRFUDIW�LV�VWDUWHG��6R�DW�WKLV YHU\�HDUO\�VWDJH�RI�WKH�GHYHORSPHQW�RI�ERWKGHYLFHV ZH� DOUHDG\� REWDLQHG� D� NLQG� RI� JXDUDQWHH� WKDW� LQ� WKH� ILQDO� FRXQW� WKH� HYHQWXDOXQGHUWDNLQJ RI�WKHLU�FRPSOHWLRQ�PXVW�EH�ILQLVKHG�ZLWK�D�VXFFHVV��7KHUHIRUH�WKH�PDLQ�WDVN�OHIWIRU WKH�EXLOGHUV�RI�WKH�2VFLOODWRU\�&KDPEHU�DQG�WKH�0DJQRFUDIW�LV�MXVW�WR�ILQG�WKH�ZD\�IRU�WKHWHFKQLFDO LPSOHPHQWDWLRQ�RI�ERWK�WKHVH�GHYLFHV��DQG�ODWHU�WR�OHDG�WKHLU�FRPSOHWLRQ�WR�D�ILQDOVXFFHVV�5HDGHUV UHYLHZLQJ� WKLV� PRQRJUDSK� ZLOO� SUREDEO\� WDNH� QRWLFH� RI� LWV� XQFRQYHQWLRQDORUJDQL]DWLRQ� ,W� LV� VWUXFWXUHG� DV� D� VHW� RI� LQGLYLGXDO� FKDSWHUV�� HDFK� RI� WKHP� PDUNHGFRQVHFXWLYHO\ E\�D�OHWWHU�RI�WKH�DOSKDEHW��$��%��&��'��������=��,Q�WKLV�ZD\�WKH�ILUVW��SUHVHQW��FKDSWHULV ODEHOOHG�DV��$���WKH�VHFRQG�DV��%���QH[W�DV��&���HWF��(YHU\�LWHP�WKDW�FRQFHUQV�D�SDUWLFXODUFKDSWHU� L�H�� SDJHV��GLDJUDPV�� WDEOHV��HTXDWLRQV�� LV� ODEHOOHG�ZLWK� WKH� OHWWHU�DVVLJQHG� WR� WKLVFKDSWHU� ZKLFK�LV�WKHQ�IROORZHG�E\�WKH�FRQVHFXWLYH�QXPEHU�RI�WKLV�LWHP�LQ�WKH�FKDSWHU��,Q�WKLVZD\ IRU�H[DPSOH� WKH� WKLUG�YLWDO�HTXDWLRQ� LQ�FKDSWHU�)� LV� ODEHOOHG�DV� �)���� WKH� ILUVW�)LJXUH� LQFKDSWHU *� LV� ODEHOOHG� DV� )LJXUH� *��� ZKHUHDV� WKH� VHFRQG� VXEVHFWLRQ� LQ� WKH� FKDSWHU� /� LVODEHOOHG�DV�VXEVHFWLRQ�/���)RU�VFLHQWLILF�H[DFWLWXGH��HDFK�WLPH�WKH�GHGXFWLRQV�FRQWDLQHG�LQ�WKLVWUHDWLVH DUH�VXSSRUWHG�E\�VRPH�GDWD�RULJLQDWLQJ�IURP�RWKHU�SXEOLFDWLRQV��WKH�DXWKRU�KDV�DOVRSURYLGHG�WKH�UHIHUHQFH�WR�WKH�UHVRXUFH�PDWHULDO��6XFK�D�UHIHUHQFH�LV�JLYHQ�LQ�VTXDUH�EUDFNHWVWKDW FRQWDLQV� WKH�QXPEHU�RI�D�SDUWLFXODU�SXEOLFDWLRQ� IROORZHG�E\� WKH� ODEHO�RI� WKH�FKDSWHU�RUVXEVHFWLRQ LQ� ZKLFK� WKLV� SXEOLFDWLRQ� LV� GHWDLOHG�� )RU� H[DPSOH� DOO� UHIHUHQFHV� FRQWDLQHG� LQVXEVHFWLRQ /����DUH�PDUNHG�ZLWK�WKH�V\PERO�>B/���@��+RZHYHU��EHFDXVH�LQ�VXEVHFWLRQ�/���WKHUH LV�PRUH�WKDQ�RQH�VXFK�UHIHUHQFH�� WKH�VXEVHTXHQW�QXPEHU�RI� WKLV�UHIHUHQFH�SURFHHGVWKH�ODEHO�RI�WKH�VXEVHFWLRQ��,Q�WKLV�ZD\�WKH�V\PERO�>�/���@�PHDQV�WKH�ILUVW�UHIHUHQFH�FRQWDLQHGLQ VXEVHFWLRQ�/�����ZKHUHDV� WKH�V\PERO� >�/���@� LQGLFDWHV� WKH� WKLUG� UHIHUHQFH� LQ�VXEVHFWLRQ/�����1RWLFH�WKDW�WKLV�PRQRJUDSK�UHIHUV�WR�WZR�NLQGV�RI�UHVRXUFH�SXEOLFDWLRQV��L�H��UDUH�XVH�DQGIUHTXHQW XVH��5HIHUHQFH� WR� UDUH�XVH�SXEOLFDWLRQV�DSSHDUV�RQO\�RQFH�RU�D� IHZ� WLPHV� LQ� WKHHQWLUH WUHDWLVH��)RU�WKLV�UHDVRQ�WKH�GHWDLOV�RI�WKHVH�SXEOLFDWLRQV�DUH�JLYHQ��RQ�WKH�VSRW��ZKHQWKH UHIHUHQFH�WR�WKHP�DSSHDUV��7KH�ODEHO�RI�WKHVH�UDUH�XVH�SXEOLFDWLRQV�FRQVLVWV�DOVR�RI�WKHQXPEHU RI�VXEVHFWLRQ�LQ�ZKLFK� WKH\�DUH�OLVWHG��H�J�� >�-�@�PHDQV�� WKH�WKLUG�SXEOLFDWLRQ� OLVWHGZLWKLQ WKH�VXEVHFWLRQ�-���)UHTXHQW�XVH�SXEOLFDWLRQV�DUH�OLVWHG�DW�WKH�HQG�RI�WKLV�PRQRJUDSK�H�J� >�@���RU�DW�WKH�HQG�RI�WKH�FKDSWHU�ZKLFK�FRQWDLQV�WKH�PRVW�UHIHUHQFHV�WR�WKHVH�SDUWLFXODUSXEOLFDWLRQV �H�J�� >�)@��� 7KH� V\VWHP� RI� ODEHOOLQJ� XVHG� LQ� WKLV� PRQRJUDSK� KDV� QXPHURXVDGYDQWDJHV LQ�FRPSDULVRQ�WR�WUDGLWLRQDO�V\VWHPV��ZKLFK�GHFLGHG�IRU�LWV�DSSOLFDWLRQ�KHUH��7KHPRVW LPSRUWDQW�RI�WKHVH�LV�WKDW�LW�DOORZV�IRU�D�IDVW�ILQGLQJ�D�SDUW�RI�WKH�WH[W�ZKLFK�GHVFULEHV�DJLYHQ HOHPHQW�� )RU� H[DPSOH� LI� VRPHRQH� ZLVKHV� WR� ILQG� WKH� GHVFULSWLRQ� RI� )LJXUH� 1��� LW� LVVXIILFLHQW�KH�VKH�VKLIWV�WR�WKH�FKDSWHU�1�DQG�VHHN�QHDU�WKH�HQG�,Q RUGHU�WR�DFKLHYH�WKH�DPELWLRXV�JRDO�RI�WKLV�PRQRJUDSK�DQG�WR�SURYH�WKH�WUXWK�RI�LWV
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PDLQ WKHVLV��WKH�DXWKRU�VXEGLYLGHG�LWV�FRQWHQW�LQWR�WKUHH�SDUWV�KDYLQJ�GLIIHUHQW�SXUSRVHV��7KHILUVW SDUW� LV� SUHVHQWHG� LQ� FKDSWHUV� $�� %�� &�� '�� DQG� (�� ,W� FDQ� EH� FDOOHG� WKH� �SKLORVRSKLFDOIRXQGDWLRQV� DQG�LWV�SXUSRVH�LV�WR�IXUQLVK�WKH�UHDGHU�ZLWK�WKH�MXVWLILFDWLRQ�IRU�WKH�QHHG�RI�RXUFLYLOL]DWLRQ�WR�LQYHQW�DQG�WR�FRPSOHWH�WKH�0DJQRFUDIW�DQG�WKH�2VFLOODWRU\�&KDPEHU��7KH�VHFRQGSDUW LV�SUHVHQWHG�LQ�FKDSWHUV�)��*��+��,�DQG�-��,W�FDQ�EH�FDOOHG�WKH��7KHRU\�RI�WKH�0DJQRFUDIW�DQG LWV�PDLQ� SXUSRVH� LV� WR� RXWOLQH� WKH� WKHRUHWLFDO� IRXQGDWLRQV� EHKLQG� WKH� RSHUDWLRQ� RI� WKH0DJQRFUDIW� WKH�2VFLOODWRU\�&KDPEHU��DQG�RWKHU�UHODWHG�GHYLFHV��,W�VKRXOG�EH�VWUHVVHG�KHUHWKDW WKLV� VHFRQG� SDUW� LV� D� FORVHG� HQWLW\� DQG� LQ� QRUPDO� FLUFXPVWDQFHV� LW� VKRXOG� VXIILFH� IRUXQGHUWDNLQJ WKH� HIIRUWV� WR� FRPSOHWH� WKH� GHYLFHV� LW� GLVFORVHV�� +RZHYHU�� EHFDXVH� RI� WKHLPPHQVH LPSRUWDQFH�WKDW�WKH�FRPSOHWLRQ�RI�WKH�2VFLOODWRU\�&KDPEHU�DQG�WKH�0DJQRFUDIW�ZLOOKDYH IRU�RXU�FLYLOL]DWLRQ��DQG�DOVR�EHFDXVH�RI�WKH�VLJQLILFDQW�UHVLVWDQFH�WKDW�XQGHUWDNLQJ�WKLVFRPSOHWLRQ�PHHWV�DW�WKH�PRPHQW��WKH�DXWKRU�GHFLGHG�WR�DOVR�LQFOXGH�WR�WKLV�PRQRJUDSK�D�WKLUGSDUW ZKLFK�FDQ�EH�FDOOHG��SURYLQJ�WKH�FRUUHFWQHVV�RI�WKH�0DJQRFUDIW
V�LGHD���7KLV�WKLUG�SDUW�LVWR�IXOILO�WKH�FRPSOHPHQWDU\�WKHVLV�SURSRVHG�EHIRUH�2I FRXUVH�QR�WKHRU\�LV�DEOH�WR�LPSOHPHQW�LWVHOI��,W�LV�SHRSOH�ZKR�WXUQ�LGHDV�LQWR�UHDOLW\�7KHUHIRUH WKH� WUHDWLVH� WKDW� IROORZV� FDQ� RQO\� SUHVHQW� JRDOV� DQG� SRWHQWLDOV�� EXW� WKHLU� DFWXDODFKLHYHPHQW ZLOO�GHSHQG�RQ� WKH�JRRG�ZLOO�DQG� WKH�GHWHUPLQDWLRQ�RI�DOO�RI�XV�� ,W�FDQ�QRW�EHGHQLHG WKDW WKH� LQWURGXFWLRQ�RI� D�EUHDNWKURXJK� LV�DQ�H[WUHPHO\� GLIILFXOW� WDVN�� IRU� LW� QRW� RQO\UHTXLUHV WLWDQLF�HIIRUW� WR�PDNH� LPSRUWDQW�GLVFRYHULHV��EXW� LW� ODWHU� WDNHV�DOVR�QXPHURXV�JUHDWPHQ�WR�IROORZ�WKURXJK�ZLWK�WKH�LPSOHPHQWDWLRQ�RI�WKHP�
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7KH QDPH��3HULRGLF�3ULQFLSOH�� LV�JLYHQ�WR� WKH�JHQHUDO� UHJXODULW\��RU�V\PPHWU\��ZKLFKJRYHUQV WKH� LQYHQWLRQ� RI� VXEVHTXHQW� GHYLFHV� WKDW� EHORQJ� WR� WKH� VDPH� FDWHJRU\� �H�J�� WKHLQYHQWLRQ RI�DOO�SURSHOOLQJ�GHYLFHV���RU�ZKLFK�FDQ�EH�IRXQG�LQ�VXEVHTXHQW�GLVFRYHULHV�UHODWLQJWR�WKH�VDPH�W\SH�RI�SKHQRPHQD��H�J��LQ�GLVFRYHULHV�FRQFHUQLQJ�WKH�FRQYHUVLRQ�RI�HQHUJ\���7KHHVVHQFH RI�WKLV�3ULQFLSOH�FDQ�EH�H[SUHVVHG�E\�WKH�IROORZLQJ�FRQGHQVHG�UHFRPPHQGDWLRQ�IRUHYHU\GD\�XVH��,GHQWLI\�SDWWHUQV�RI�WKH�SDVW�WR�GLVFORVH�GLUHFWLRQV�RI�WKH�IXWXUH��7KLV�FRQGHQVHG�IRUP�RI�WKH�3HULRGLF�3ULQFLSOH�VD\V�LQ�VLPSO\�ZRUGV�WKDW��6XEMHFWV �H�J�� GHYLFHV� RU� SKHQRPHQD�� EHORQJLQJ� WR� WKH� VDPH� FDWHJRU\�DUH� DOZD\VPXWXDOO\ LQWHUOLQNHG� E\� YDULRXV� UHSHWLWLYH� UHODWLRQVKLSV� DQG� V\PPHWULHV�� 7KHVH� UHSHWLWLYHUHODWLRQVKLSV�DQG�V\PPHWULHV��DPRQJVW�RWKHUV�GHILQH�WKH�SULQFLSOHV��SURSHUWLHV��DQG�WKH�RUGHURI VXEVHTXHQW�LQYHQWLRQV�RU�GLVFRYHULHV�FRQFHUQLQJ�D�JLYHQ�VXEMHFW�FDWHJRU\��%\�LGHQWLI\LQJVRPH RI�WKHP�LW�LV�SRVVLEOH�WR�UHDVRQ�DERXW�SURSHUWLHV�RI�VXEMHFWV�ZKLFK�DUH�DV�\HW�XQNQRZQE\ WKH�H[WUDSRODWLRQ�RI�SURSHUWLHV�RI�VXEMHFWV�DOUHDG\�NQRZQ��7KLV�LQ�WXUQ�DOORZV�WKH�SURFHVVRI JUDGXDO� LQYHQWLRQV� RU� GLVFRYHULHV� RI� LQGLYLGXDO� VXEMHFWV� WR� EH� UHSODFHG� E\� D� VLQJOHGLVFORVXUH�RI�DOO�VXEMHFWV�FRQVWLWXWLQJ�D�JLYHQ�FDWHJRU\��7KH 3HULRGLF� 3ULQFLSOH� KDV� WKH� HIIHFW� WKDW� HYHU\� QHZ� GHYLFH� EXLOW� �RU� HYHU\� QHZSKHQRPHQRQ XWLOL]HG��IROORZV�WKH�VDPH�XQLYHUVDO�SDWWHUQ�ZKLFK�LV�UHSHWLWLYH��SUHGLFWDEOH�DQGYDOLG�IRU�DOO�SRVVLEOH�GHYLFHV��RU�SKHQRPHQD��RI�D�JLYHQ�FDWHJRU\� .QRZLQJ�WKH�SDWWHUQ�WKDW�WKLV3ULQFLSOH UHYHDOV�� LW� LV� SRVVLEOH� WR� SUHGLFW� WKH� RUGHU� RI� FRPSOHWLRQ� RI� IXWXUH� LQYHQWLRQV� �RUGLVFRYHULHV�� WKHLU�SULQFLSOHV��LPSOHPHQWDWLRQ��DQG�DOVR�WKH�DSSUR[LPDWH�\HDU�ZKHQ�WKH\�ZLOOEHFRPH�XWLOL]HG�7KH 3HULRGLF� 3ULQFLSOH� UHSUHVHQWV� WKH� RSHUDWLRQ� RI� D� PRUH� JHQHUDO� ODZ�� FDOOHG� WKH�3ULQFLSOH RI�WKH�6\PPHWU\�RI�1DWXUH���VHH�GHVFULSWLRQ�FRQWDLQHG�LQ�VXEVHFWLRQ�&����DIWHU�LW�LVUHODWHG VSHFLILFDOO\�WR�LQYHQWLRQV�DQG�GLVFRYHULHV��7KH�H[DPSOH�RI�WKH�ILUVW�KLVWRULFDOO\�IDPRXVDSSOLFDWLRQ�RI�WKH�3HULRGLF 3ULQFLSOH�ZDV�WKH�IRUPXODWLRQ�RI�WKH��0HQGHOpHY�7DEOH���DOVR�FDOOHGWKH��3HULRGLF�7DEOH�RI�WKH�(OHPHQWV���� 7KH GLVFRYHU\�RI� WKH�3HULRGLF�3ULQFLSOH�KDV�DOUHDG\EHHQ GHVFULEHG�LQ�FKDSWHU�$��2QH�RI�WKH�FRQVHTXHQFHV�RI�WKLV�GLVFRYHU\�ZDV�WKDW�WKH�DXWKRUUHDOL]HG WKDW�WKH�HOHFWULF�PRWRU��EXLOW�E\�-DFRELH�DURXQG�������PXVW�KDYH�D�IROORZ�XS�LQ�WKHIRUP RI D�PDJQHWLF�SURSXOVRU��7KLV�SURSXOVRU� VKRXOG�EHFRPH�RSHUDWLRQDO�ZLWKLQ����� \HDUVVLQFH�WKH�HOHFWULF�PRWRU�ZDV�FRPSOHWHG� L�H��EHIRUH�WKH�\HDU�������,W�ZLOO�EH�XWLOL]HG�LQ�D�YHKLFOHFDOOHG WKH�0DJQRFUDIW��DQG�LWV�RSHUDWLRQ�ZLOO�HPSOR\�WKH�VDPH�LQWHUDFWLRQV�EHWZHHQ�PDJQHWLFILHOGV ZKLFK�DUH�WKH�EDVLV�IRU�WKH�SULQFLSOHV�RI�WKH�HOHFWULF�PRWRU��,Q�WKLV�ZD\�WKH�GLVFRYHU\�RIWKH 3HULRGLF�3ULQFLSOH�WULJJHUHG�D�VHTXHQFH�RI�LQYHQWLRQV�ZKLFK�RYHU����\HDUV�ODWHU�HQDEOHGWKH�IRUPXODWLRQ�RI�WKLV�PRQRJUDSK�7KH GLVFRYHU\�RI�WKH�3HULRGLF�3ULQFLSOH�LQWURGXFHV�UHYROXWLRQDU\�FRQVHTXHQFHV�IRU�RXUIXWXUH SURJUHVV��7KLV�LV�EHFDXVH�LW�FRPSOHWHO\�HOLPLQDWHV�WKH�UDQGRP�IDFWRU�LQ�WKH�SURFHVV�RILQYHQWLRQ� L�H��WKH�SHUVRQDOLW\�RI�DQ�LQYHQWRU��)URP�QRZ�RQ��D�IRUPDO�PHWKRGRORJ\��RU�HYHQ�DFRPSXWHU SURJUDP��FDQ�EH�GHYHORSHG�ZKLFK��E\�XWLOL]LQJ�WKH�3HULRGLF�3ULQFLSOH��ZLOO�EH�DEOH�WRGHWHUPLQH ZLWK�KLJK�DFFXUDF\�QRW�RQO\�WKH�SULQFLSOHV�RI�RSHUDWLRQ�RI�IXWXUH�GHYLFHV��EXW�DOVRWKHLU GHVLJQ�DQG�VSHFLILFDWLRQV��7KHUHIRUH��WKH�3HULRGLF�3ULQFLSOH�LV�DEOH�WR�FORVH�WKH�SUHYLRXV
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SHULRG RI� LQYHQWLRQV�� DQG�RSHQ�D� FRPSOHWHO\� GLIIHUHQW� SHULRG� RI� V\VWHPDWLF� V\QWKHVL]LQJ� RIVXEVHTXHQW�QHZ�GHYLFHV�WKDW�IXOILOV�WKH��JHQHUDO�SODQ��GHILQHG�E\�WKH�ODZV�RI�WKH�XQLYHUVH�7KH�RSHUDWLRQ�RI�WKH�3HULRGLF�3ULQFLSOH�ZDV�LQLWLDOO\�ZRUNHG�RXW�IURP�WKH�H[DPSOH�RI�WKHGHYHORSPHQW RI� SURSHOOLQJ� GHYLFHV� �� VHH� 7DEOH� %��� +RZHYHU�� HYLGHQFH� DOUHDG\� JDWKHUHGFRQILUPV WKDW� D� YHUVLRQ� RI� WKLV�3ULQFLSOH� DOVR� RSHUDWHV� LQ� HYHU\� RWKHU� ILHOG� RI� RXU� WHFKQLFDOGHYHORSPHQW �H�J�� VHH� 7DEOH� &���� 7KHUHIRUH�� DIWHU� DSSURSULDWH� PRGLILFDWLRQ�� WKH� 3HULRGLF3ULQFLSOH�PD\�DOORZ�IRU�WKH�LQWURGXFWLRQ�RI�D�VWULFW�PHWKRGRORJ\�LQWR�HYHU\�DUHD�ZKLFK�XQWLO�QRZDGYDQFHG�WKURXJK�VXEVHTXHQW�LQYHQWLRQV�RU�GLVFRYHULHV�
%���(YHU\WKLQJ�LQ�RXU�HQYLURQPHQW��LQFOXGLQJ�WKH�IRUPXODWLRQRI�LQYHQWLRQV��LV�JRYHUQHG�E\�DSSURSULDWH�ODZV
:H�DUH�UHDG\�WR�DFFHSW�WKH�IDFW�WKDW�HYHU\WKLQJ�DURXQG�XV�LV�JRYHUQHG�E\�QDWXUDO�ODZV�1R RQH� LV� VXUSULVHG� WKDW� VFLHQWLVWV� FUHDWH� QHZ� WHFKQRORJLHV� DQG� GHVLJQ� QHZ� PDFKLQHVPDNLQJ XVH� RI� WKHVH� ODZV�� 6RPH� RI� XV� FRPSODLQ� DERXW� HFRQRPLVWV� ZKR� RYHUORRN� VRPHHFRQRPLF ODZV��WKHUHE\�PDNLQJ�RXU�OLIH�PRUH�GLIILFXOW��:H�FULWLFL]H�ZHDWKHU�IRUHFDVWLQJ��ZKLOHDW WKH�VDPH�WLPH�UHDOL]LQJ�WKDW�LW�LV�GRQH�ZKHQ�QRW�DOO�WKH�DWPRVSKHULF�DQG�FOLPDWH�ODZV�DUHNQRZQ RU�XQGHUVWRRG��%XW�ZH�DUH�VXUSULVHG�E\�WKH�VWDWHPHQW�WKDW�VFLHQWLILF�GLVFRYHULHV�DQGWKH�FUHDWLRQ�RI�QHZ�LGHDV�DUH�DOVR�JRYHUQHG�E\�SDUWLFXODU�ODZV�7KH GLVFRYHU\�RI� WKH�3HULRGLF�3ULQFLSOH�UHYHDOV�WKDW� WKH�SURFHVV�RI� LQYHQWLQJ� LV�QRW�DVSRQWDQHRXV DFWLYLW\� WKDW� KDSSHQV� DW� UDQGRP�� ,W� VHHPV� UDWKHU� WR� EH� D� FRQWUROOHG� DQGSUHGLFWDEOH FRQVHTXHQFH�RI�WKH�LQWHOOHFWXDO�VWDWH�WKDW�RXU�FLYLOL]DWLRQ�UHDFKHV�DW�D�SDUWLFXODUOHYHO LQ�LWV�GHYHORSPHQW��,W�VHHPV�WKDW�LQYHQWLRQV�DQG�LGHDV�DUH�DOZD\V�UHDG\�DQG�ZDLWLQJ�LQWKH �FRXQWHU�ZRUOG�� �H[SODLQHG� LQ� VXEVHFWLRQ� '��� DQG�PRUH� VHQVLWLYH� LQGLYLGXDOV� KDYH� WKHDELOLW\ WR�YLHZ�DQG�H[WUDFW� WKHP�FRQWLQXDOO\��%XW� LQ�RUGHU� WR� UHFRJQL]H�WKHLU�PHDQLQJ�DQG� WRFU\VWDOOL]H�WKHLU�ILQDO�VKDSH��LW�LV�QHFHVVDU\�IRU�WKH�FLYLOL]DWLRQ�LQ�ZKLFK�LQYHQWRUV�OLYH�WR�DFKLHYHDQ�DSSURSULDWH�OHYHO�RI�DZDUHQHVV�7KHUH�VHHP�WR�EH�WZR�VHSDUDWH�FRPSRQHQWV�RI�WKH�3HULRGLF�3ULQFLSOH��,Q�WKH�FDVH�RI�WKH0DJQRFUDIW�DQG�WKH�2VFLOODWRU\�&KDPEHU�RQO\�WKHLU�FRQMXQFWLRQ�ZRXOG�FXOPLQDWH�LQ�WKH�FUHDWLRQRI�D�QHZ�SURSHOOLQJ�GHYLFH��7KHVH�DUH����7KH�FRQFHSWXDO�FU\VWDOOL]DWLRQ�RI�DQ�LGHD����7KH�SK\VLFDO�FRPSOHWLRQ�RI�D�GHYLFH�%RWK RI� WKHVH� FRPSRQHQWV� DUH� JRYHUQHG� E\� GLIIHUHQW� W\SHV� RI� ODZV�� 7KH� FRQFHSWXDOFU\VWDOOL]DWLRQ�LV�UXOHG�ZLWK�DQ�LURQ�KDQG�E\�WKH�VHW�RI�ODZV�UHODWHG�WR�SK\VLFV�DQG�PDWKHPDWLFV�7KH\�GHWHUPLQH�WKH�RSHUDWLRQ�RI�VXEVHTXHQW�GHYLFHV��WKH�RUGHU�RI�WKHLU�DSSHDUDQFH��DQG�DOVRWKH�DSSUR[LPDWH�WLPH�ZKHQ�RXU�FLYLOL]DWLRQ�ZLOO�EH�PDWXUH�HQRXJK�WR�FRPSOHWH�WKHP��0RUHRYHU�WKH\ HQVXUH�WKDW�VWDWLVWLFDOO\�LQ�HDFK�JHQHUDWLRQ�WKHUH�DUH�D�IHZ�LQGLYLGXDOV�ZKR�FDQ�VHQVH�DIXWXUH�GHYLFH�DQG�FU\VWDOOL]H�LQ�WKHLU�PLQGV�LWV�FRQFHSW�%XW DV�ZH�PD\�UHDOL]H�IURP�WKH�FRQWHQW�RI�WKLV�WUHDWLVH��SRVVHVVLQJ�WKH�ILQDO�FRQFHSW�RID QHZ�GHYLFH�GRHV�QRW�DXWRPDWLFDOO\�JXDUDQWHH�LWV� IXWXUH�FRQVWUXFWLRQ��7KLV�LV�EHFDXVH�WKHSK\VLFDO FRPSOHWLRQ� RI� D� QHZ� SURSXOVLRQ� LV� JRYHUQHG� E\� GLIIHUHQW�� VRFLRORJLFDO� ODZV�� 7KHDXWKRU KDV�QRW�ZRUNHG�RXW�\HW�WKHLU�FRQWHQW�FRPSOHWHO\��EXW�KH�KDV�QRWLFHG�WKDW�WKH\�LPSRVHD VHW� RI� YHU\� UHVWULFWLYH� VRFLDO�� PRUDO�� HGXFDWLRQDO� DQG� SKLORVRSKLFDO� UHTXLUHPHQWV� RQ� WKHQDWLRQ ZKLFK LV� ILUVW�DEOH�WR�FRPSOHWH�D�QHZ�SURSXOVLRQ�V\VWHP��6XEVHTXHQW�FKDSWHUV� IURPWKLV SDUW�RI� WKH� WUHDWLVH� WU\� WR� LGHQWLI\�VRPH�RI� WKHVH�UHTXLUHPHQWV��HVSHFLDOO\�FKDSWHU�(��� ,WDSSHDUV WKDW�WKH�ODZV�RI�WKH�XQLYHUVH�SUHYHQW�XQVRXQG�QDWLRQV�IURP�RYHUWDNLQJ�RWKHUV�LQ�WKH
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UDFH�IRU�WKH�PRVW�SRZHUIXO�SURSHOOLQJ�GHYLFHV�
%���7KH�EDVLFV�RI�SURSXOVLRQ
,Q WKLV� WUHDWLVH� WKH� WHUP� �SURSXOVLRQ�� LV� XVHG� WR� GHVFULEH� D� GHYLFH� ZKLFK� LV� DEOH� WRSURGXFH D� FRQWUROODEOH� PRWLRQ�� ,Q� WXUQ� WKH� FRQWUROODEOH� PRWLRQ� LV� WKH� PRWLRQ� ZKRVHSDUDPHWHUV��IRUP� DQG�WLPLQJ�KDYH�EHHQ�SUHYLRXVO\�GHILQHG�RU�FDQ�EH�PDLQWDLQHG�DW�D�GHVLUHGOHYHO��7KHUHIRUH�WKH�FKDUDFWHULVWLF�DWWULEXWH�RI�DOO�SURSXOVLRQ�V\VWHPV�LV�WKDW�HYHU\�DVSHFW�RI�WKHPRWLRQ SURGXFHG� E\� WKHP� DOORZV� IRU� WKHLU� XVH� DV� WKH� VRXUFH� RI� PRWLRQ�� ([DPSOHV� RISURSXOVLRQ�DUH��WKH�HOHFWULF�PRWRU��WKH�ZKHHO�RI�D�FDU��RU�KHOLFRSWHU�EODGHV�7KHUH DUH�WZR�PDLQ�W\SHV�RI�SURSXOVLRQ�WKDW�DUH�FXUUHQWO\�LQ�XVH��7KH�ILUVW�RI�WKHVH�LVFDOOHG KHUH�D��PRWRU���ZKHUHDV�WKH�VHFRQG�LV�FDOOHG�D��SURSXOVRU���7KH��PRWRU��LV�D�W\SH�RISURSXOVLRQ ZKLFK�SURGXFHV�UHODWLYH PRYHPHQW�RI�RQH�RI�LWV�SDUWV�LQ�UHODWLRQ�WR�DQRWKHU�RI�LWVSDUWV� $Q�H[DPSOH�RI�D�PRWRU�LV�DQ�LQWHUQDO�FRPEXVWLRQ�HQJLQH�LQ�ZKLFK�WKH�PRYHPHQW�RI�DSLVWRQ RFFXUV� LQ� UHODWLRQ�WR� LWV�F\OLQGHU��RU�DQ�HOHFWULF�PRWRU�ZKLFK�FDXVHV� WKH� WXUQLQJ�RI� LWVURWRU�UHODWLYH�WR�LWV�KRXVLQJ�:KHQ D�PRWRU�LV�MRLQHG�ZLWK�HOHPHQWV�IURP�DQRWKHU�PDFKLQH��LW�FDXVHV�D�PRYHPHQWRI WKH�FRPELQHG�SDUWV��EXW�LW�LV�VWLOO�D�UHODWLYH�PRYHPHQW��)RU�H[DPSOH��D�PRWRU�LQ�D�FDU�IRUFHVURWDWLRQ RI� WKH� ZKHHOV� UHODWLYH� WR� WKH� ERG\�� D�PRWRU� LQ� D� YHQWLODWRU� FDXVHV� URWDWLRQ� RI� WKHDLUVFUHZ UHODWLYH�WR�WKH�EDVH��DQG�D�PRWRU�LQ�D�ZDVKLQJ�PDFKLQH�FDXVHV�URWDWLRQ�RI�WKH�GUXPUHODWLYH WR�WKH�KRXVLQJ��0RWRUV�E\�WKHPVHOYHV�QHYHU�FUHDWH�PRWLRQ�RI�REMHFWV�UHODWLYH�WR�WKHLUVXUURXQGLQJV� DOWKRXJK�WKH\�FDQ�VXSSO\�WKH�PHFKDQLFDO�HQHUJ\�QHFHVVDU\�IRU�WKLV�PRYHPHQW�)RU H[DPSOH��WKH�PRYHPHQW�RI�D�FDU�UHODWLYH�WR�WKH�JURXQG�LV�FDXVHG�E\�WKH�ZKHHOV��QRW�E\�DPRWRU��DQG�ZH�VWLOO�FRXOG�PDNH�D�FDU�WR�PRYH�LI�WKH�PRWRU�LV�UHSODFHG�ZLWK�SHGDOV�7KH �SURSXOVRU��LV�WKH�VHFRQG�PDLQ�W\SH�RI�SURSHOOLQJ�GHYLFH��ZKLFK�SURGXFHV�PRWLRQRI ZKROH� REMHFWV� LQ� WKHLU� VXUURXQGLQJ�� 3URSXOVRUV� DUH� FRPSOHWHO\� GLIIHUHQW� IURP� PRWRUVEHFDXVH WKH\�SURGXFH�DQ�DEVROXWH PRYHPHQW��VXFK�DV�WKH�IORDWLQJ�RI�D�ERDW��WKH�IO\LQJ�RI�DQDHURSODQH� RU�WKH�WKUXVW�RI�D�URFNHW��([DPSOHV�RI�SURSXOVRUV�DUH�WKH�ZKHHOV�RI�D�FDU��WUHDGVRI�D�WDQN��D�ERDW�SURSHOOHU��D�KRYHUFUDIW
V�RXWOHW��KHOLFRSWHU�EODGHV��HWF�,W VKRXOG� EH� QRWHG� KHUH� WKDW� SURSXOVRUV� DUH� DOZD\V� DEOH� WR� RSHUDWH� LQ� WKH� QDWXUDOHQYLURQPHQW IRU�ZKLFK�WKH\�DUH�FUHDWHG��,I��IRU�WKH�RSHUDWLRQ�RI�D�SDUWLFXODU�SURSHOOLQJ�GHYLFH�DQ\ PDQ�PDGH� UDLO�� EDU�� GXFW�� FKDQQHO� RU� WUDQVPLVVLRQ� SLSH� LV� QHFHVVDU\�� WKLV� GHYLFHUHSUHVHQWV WKH�OLQHDU�PRWRU�RQO\��QRW�D�SURSXOVRU��LQ�ZKLFK�RQH�VWDWLRQDU\�SDUW�LV�OHQJWKHQHGWR WKH�UHTXLUHG�GLVWDQFH��)RU�H[DPSOH�UDLOZD\V�UHSUHVHQW�OLQHDU�PRWRUV��QRW�SURSXOVRUV��7KLVFDQ EH�EHWWHU UHDOL]HG�ZKHQ�ZH� ORRN�DW�%OHQNLQVRS
V�HQJLQH��VHH�)LJXUH�(���ZKLFK� IRU� WKHSXUSRVH�RI�SURSXOVLRQ�XWLOL]HG�D�FRJ�ZKHHO�WKDW�VORWWHG�LQWR�WHHWK�RQ�D�WUDFN�,Q�HYHU\�SURSXOVLRQ�V\VWHP�WKUHH GLIIHUHQW�FRPSRQHQWV�PXVW�EH�SUHVHQW��7KHVH�DUH�����D�ZRUNLQJ�PHGLXP������DQ�HQHUJ\�WUDQVIHURU�DQG�����D�ZRUNLQJ�VSDFH�7KH ZRUNLQJ�PHGLXP LV�DQ�DJHQW�DSSOLHG�LQ�D�SDUWLFXODU�SURSXOVLRQ��ZKRVH�IXQFWLRQLV�WR�DEVRUE�RQH�NLQG�RI�HQHUJ\�DQG WKHQ�WR�UHWXUQ�WKLV�HQHUJ\�LQ�WKH�IRUP�RI�D�IRUFH�LQWHUDFWLRQFUHDWLQJ WKH�PRWLRQ��([DPSOHV�RI�ZRUNLQJ�PHGLXP�DUH��WKH�IRUFH�RI�PHFKDQLFDO�HODVWLFLW\��LQD ERZ���UXQQLQJ�ZDWHU��LQ�D�ZDWHU�ZKHHO���VWHDP��LQ�D�VWHDP�HQJLQH���FRPEXVWLRQ�JDVHV��LQD�VSDFH�URFNHW��RU�D�PDJQHWLF�ILHOG��LQ�DQ�HOHFWULF�PRWRU��7KH HQHUJ\�WUDQVIHURU LV�D�VSDFH�RU�D�GHYLFH�ZLWKLQ�WKH�SURSXOVLRQ�V\VWHP��ZKHUH�WKHZRUNLQJ PHGLXP� LV� SURGXFHG� DQG� ZKHUH� WKLV� PHGLXP� DEVRUEV� WKH� HQHUJ\� WKDW� LV� ODWHUUHOHDVHG�IRU�WKH�FUHDWLRQ�RI�D�W\SH�RI�PRWLRQ��([DPSOHV�RI�HQHUJ\�WUDQVIHURUV�DUH��WKH�ERLOHU�LQ
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D�VWHDP�HQJLQH��RU�FRLOV�RI�HOHFWURPDJQHWV�ZLWKLQ�DQ�HOHFWULF�PRWRU�7KH ZRUNLQJ�VSDFH LV�D�VSDFH�RU�D�GHYLFH�LQ�D�SURSXOVLRQ�V\VWHP��ZKHUH�WKH�DFWXDOFUHDWLRQ RI�PRWLRQ�RFFXUV��,Q�WKLV�VSDFH�WKH�HQHUJ\�FRQWDLQHG�ZLWKLQ�WKH�ZRUNLQJ�PHGLXP�LVWUDQVIRUPHG�LQWR�WKH�ZRUN�RI�SURYLGLQJ�WKH�PRWLRQ�IRU�D�SURSHOOHG�REMHFW��([DPSOHV�RI�ZRUNLQJVSDFHV DUH��WKH�VSDFH�EHWZHHQ�WKH�F\OLQGHU�DQG�WKH�SLVWRQ�LQ�D�VWHDP�HQJLQH��WKH�RXWOHW�LQ�DVSDFH�URFNHW��RU�D�JDS�EHWZHHQ�WKH�URWRU�DQG�WKH�VWDWRU�LQ�DQ�HOHFWULF�PRWRU�
%�����7KH�ZRUNLQJ�PHGLXP
)URP WKH�DQDO\VLV�RI�WKH�SURSXOVLRQ�V\VWHPV�FRPSOHWHG�VR�IDU��LW�EHFRPHV�HYLGHQW�WKDWRQO\ WKUHH�W\SHV�RI�FLUFXODWLQJ�DJHQWV�FDQ�SURYLGH�XVDEOH�ZRUNLQJ�PHGLXPV��7KHVH�DUH������DFLUFXODWLRQ�RI�IRUFHV������D�FLUFXODWLRQ�RI�PDWWHU �PDVVHV���DQG�����D�FLUFXODWLRQ�RI�PDJQHWLF�ILHOGIRUFH OLQHV��7KXV��DOO�WKH�NQRZQ�ZRUNLQJ�PHGLXPV�FDQ�EH�FODVVLILHG�LQWR�RQH�RI�WKUHH�JHQHUDOW\SHV �VHH� WKH� ILUVW� FROXPQ� LQ� 7DEOH� %���� GHSHQGLQJ� RQ� ZKLFK� RI� WKH� DERYH� DJHQWV� WKHSDUWLFXODU�PHGLXP�UHSUHVHQWV��%HFDXVH�GXULQJ�WKH�GHYHORSPHQW�RI�RXU�FLYLOL]DWLRQ�WKHVH�WKUHHFRQVHFXWLYH W\SHV�RI�ZRUNLQJ�PHGLXP�ZHUH�GLVFRYHUHG�DQG�XWLOL]HG�LQ�VHTXHQFH��ZH�PD\�WDONDERXW WKUHH�HUDV�LQ�RXU�KLVWRU\�ZKHQ�D�SDUWLFXODU�JHQHUDO�W\SH�RI�PHGLXP�ZDV�GRPLQDQW��$QGVR LQ� DQFLHQW� DQG� PHGLHYDO� WLPHV� WKH� HUD� RI� PHGLD� EDVHG� RQ� WKH� FLUFXODWLRQ� RI� IRUFHVSUHYDLOHG �H�J��ZKHHO� DQG� D[OH�� IO\ZKHHO�� VSULQJ���6LQFH� WKH� LQYHQWLRQ� RI� WKH� VWHDP� HQJLQH�������XQWLO�QRZ��WKH�HUD�RI�PHGLD�EDVHG�RQ�WKH�FLUFXODWLRQ�RI�PDWWHU KDV�EHHQ�SUHYDOHQW��H�J�WKRVH�XVHG�LQ�D�ZLQGPLOO��ZDWHUPLOO��DLUVFUHZ��ERDW�SURSHOOHU��MHW�SURSXOVLRQ���$W�SUHVHQW�ZH�DUHDSSURDFKLQJ WKH� WKLUG� HUD�� ZKHUH� WKH� FLUFXODWLRQ� RI� PDJQHWLF� ILHOG� IRUFH� OLQHV ZLOO� EHHPSOR\HG� 8S� WR�QRZ�ZH�KDYH�FRPSOHWHG�RQO\� WKH� ILUVW�DQG� WKH�PRVW�SULPLWLYH�GHYLFH�� WKHHOHFWULF PRWRU��ZKLFK�XWLOL]HV�WKH�FLUFXODWLRQ�RI�PDJQHWLF�ILHOG�IRUFH�OLQHV��%XW�VRRQ�D�QXPEHURI�PRUH�DGYDQFHG�SURSXOVLRQ�V\VWHPV�RI�WKLV�NLQG�ZLOO�EHFRPH�RSHUDWLRQDO�)RU�HYHU\�W\SH�RI�ZRUNLQJ�PHGLXP�WKUHH�GLIIHUHQW�JHQHUDWLRQV�RI�SURSXOVLRQ�V\VWHPV�DUHFRPSOHWHG �VHH�7DEOH�%���� ,Q�HDFK�VXEVHTXHQW�JHQHUDWLRQ�IXUWKHU�DWWULEXWHV�RI� WKH�ZRUNLQJPHGLXP DUH�XWLOL]HG�DV�HQHUJ\�FDUULHUV��7KH�ILUVW�JHQHUDWLRQ�DOZD\V�XVHV�IRUFH�LQWHUDFWLRQVRQO\ �H�J�� SXVKLQJ�� SXOOLQJ�� SUHVVXUH�� VXFWLRQ�� UHSXOVLRQ�� DWWUDFWLRQ�� FUHDWHG� E\� WKH�ZRUNLQJPHGLXP� 7KH� VHFRQG� JHQHUDWLRQ�� LQ� DGGLWLRQ� WR� WKHVH� IRUFH� LQWHUDFWLRQV�� DOVR� HPSOR\VLQHUWLD�UHODWHG DFWLRQV�� 7KH� WKLUG� JHQHUDWLRQ� RI� SURSXOVLRQ� V\VWHPV� XWLOL]LQJ� D� SDUWLFXODUJHQHUDO W\SH�RI�ZRUNLQJ�PHGLXP�PDNHV�XVH�RI�IRUFH�LQWHUDFWLRQV��LQHUWLD�UHODWHG�DFWLRQV��DQGLQ�DGGLWLRQ�WKH�LPSDFW�RI�LQWHUQDO�HQHUJ\ �H�J��HODVWLFLW\��KHDW��
%�����7KH�SULPDU\�UHTXLUHPHQW�IRU�EXLOGLQJ�D�FRQWUROODEOH�SURSXOVLRQ�V\VWHP
2QH RI� WKH� SULPDU\� SULQFLSOHV� RI� SK\VLFV�� FDOOHG� WKH� �&RQVHUYDWLRQ� RI� 0RPHQWXP3ULQFLSOH�� VWDWHV�WKDW�ZKHQ�D�V\VWHP�RI�PDVVHV�LV�VXEMHFWHG�RQO\�WR�LQWHUQDO�IRUFHV�ZKLFK�WKHPDVVHV RI� WKH� V\VWHP�H[HUW� RQ� RQH�DQRWKHU�� WKH� WRWDO� YHFWRU�PRPHQWXP�RI� WKH� V\VWHP� LVFRQVWDQW� 7KH� FRQVHTXHQFH� RI� DSSO\LQJ� WKLV� 3ULQFLSOH� WR� SURSXOVLRQ� V\VWHPV� LV� WKDW� WKHZRUNLQJ PHGLXP�PXVW� DOZD\V�EH� IRUFHG� WR� FLUFXODWH� DORQJ� FORVHG� FLUFXLWV�ZKLFK� DOVR� SDVVWKURXJK�WKH�HQYLURQPHQW��LQ�SURSXOVRUV��RU�WKURXJK�WKH�SDUW��LQ�PRWRUV��LQ�UHODWLRQ�WR�ZKLFK�WKHPRWLRQ VKRXOG� EH� FUHDWHG�� 7KH� DERYH� FRQGLWLRQ� UHSUHVHQWV� WKH� SULPDU\� �UHTXLUHPHQW� WRFLUFXODWH D ZRUNLQJ� PHGLXP� WKURXJK� WKH� HQYLURQPHQW� WR� DFKLHYH� WKH� FRQWUROODELOLW\� RI� DSURSXOVLRQ V\VWHP���7KLV� UHTXLUHPHQW� LV�PHW� LQ�DOO� FRPPHUFLDOO\�XVHIXO� SURSXOVLRQ�V\VWHPV
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FRPSOHWHG E\�PDQ�WR�GDWH��HYHQ�LI�VRPHWLPHV�LW�WDNHV�DQ�LQGLUHFW�IRUP��H�J��LQ�VSDFH�URFNHWV�ZKHUH WKH�SURSHOODQW�LV�WDNHQ�ILUVW�IURP�WKH�HQYLURQPHQW�DQG�SODFHG�LQ�WKH�URFNHWV
�WDQNV��DQGWKHQ�GXULQJ�IOLJKW�LW�LV�EXUQHG�DQG�UHMHFWHG�^FLUFXODWHG`�EDFN�LQWR�WKH�HQYLURQPHQW��6RPHWLPHV WKH�GHVLJQHU�RI�D�SURSHOOLQJ�GHYLFH�LJQRUHV�WKH�UHTXLUHPHQW�WR�FLUFXODWH�DZRUNLQJ�PHGLXP�WKURXJK�WKH�HQYLURQPHQW��,Q�HIIHFW�WKH�PRWLRQ�SURGXFHG�LV�XQFRQWUROODEOH�DQGWKHUHIRUH FDQ�QRW�EH�XWLOL]HG�WR�SURYLGH�XVHIXO�ZRUN��7KH�GHYLFH�SURGXFLQJ�VXFK�XQFRQWUROOHGPRWLRQ ZLOO� EH� FDOOHG� KHUH� D� VHPL�SURSXOVLRQ� V\VWHP� �L�H�� VHPL�PRWRU� RU� VHPL�SURSXOVRU��6HPL�SURSXOVLRQ FDQ�HDVLO\�EH� WUDQVIRUPHG� LQWR�SURSXOVLRQ�� LI� WKH�DSSURSULDWH�FLUFXODWLRQ�RID�ZRUNLQJ�PHGLXP�LV RUJDQL]HG��$Q�H[DPSOH�RI�WKH�VHPL�SURSXOVRU�VR�PRGLILHG�LV�D�SDUDFKXWHZKLFK� DIWHU�FLUFXODWLQJ� LWV�ZRUNLQJ�PHGLXP��DLU��� WDNHV�WKH�IRUP�RI�D�KDQJ�JOLGHU��7KH�RWKHUVHPL�SURSXOVRU VWLOO�ZDLWLQJ�PRGLILFDWLRQ�LV�D�EDOORRQ�� ,I�D�FRQWUROODEOH�MHW�RXWOHW� LV�SODFHG�RQD VLGH�VXUIDFH�RI�D�EDOORRQ�SURSHOOHG�E\�KRW�DLU��WKHQ�WKLV�YHU\�ROG�IO\LQJ�GHYLFH�FDQ�DOVR�PRYHKRUL]RQWDOO\ LQ�WKH�GHVLUHG�GLUHFWLRQ�DQG�ZLWK�WKH�VSHHG�UHTXLUHG��6XFK�D�PLQRU�PRGLILFDWLRQPD\ WUDQVIRUP�KRW�DLU�EDOORRQV�LQWR�WKH�PRVW�VLPSOH��LQH[SHQVLYH��SOHDVDQW��DQG�DW�WKH�VDPHWLPH HIIHFWLYH�PHDQV�RI�WUDQVSRUWDWLRQ��7KH�WUDQVIRUPDWLRQ�RI�VHPL�SURSXOVLRQ�LQWR�SURSXOVLRQGRHV QRW� XVXDOO\� UHTXLUH� DQ\� PDMRU� FKDQJH� LQ� FRQVWUXFWLRQ�� SULQFLSOHV�� DQG� WKH� ZRUNLQJPHGLXP XVHG��7KHUHIRUH�LQ�WKH�OLJKW�RI�WKH�3HULRGLF�3ULQFLSOH��ZH�ZLOO�DVVXPH�WKDW�D�SDUWLFXODUSURSXOVLRQ LV� FRPSOHWHG�� LQGHSHQGHQWO\� RI� ZKHWKHU� LWV� ILQDO� RU� VHPL�ILQDO� IRUP� KDV� EHHQREWDLQHG�
%���$SSOLFDWLRQ�RI�WKH�3HULRGLF�3ULQFLSOH�WR�SURSXOVLRQ�V\VWHPV
7KH 3HULRGLF�3ULQFLSOH�UHFRPPHQGV�WR��GLVFORVH�GLUHFWLRQV�RI�WKH�IXWXUH�E\�LGHQWLI\LQJSDWWHUQV RI� WKH� SDVW��� 7KH� DSSOLFDWLRQ� RI� WKLV� UHFRPPHQGDWLRQ� WR� WKH� GHYHORSPHQW� RISURSXOVLRQ V\VWHPV� DOORZHG� WKH� DXWKRU� WR� LGHQWLI\� WKH� UHSHWLWLYH� UHJXODULW\� JRYHUQLQJ� WKHLQYHQWLRQV RI�VXEVHTXHQW�SURSHOOLQJ�GHYLFHV��7KLV�UHJXODULW\�FDQ�EH�H[SUHVVHG�LQ�D�GHILQLWLRQZKLFK KDV�D�VKRUW�DQG�D� ORQJ�YHUVLRQ��/HW�XV� ILUVW�ZULWH� WKLV�GHILQLWLRQ��DQG� WKHQ�H[SODLQ� LWVPHDQLQJ��7KH�VKRUW�YHUVLRQ�VWDWHV�WKDW��(DFK�PRWRU�PXVW�KDYH�D�FRUUHVSRQGLQJ�SURSXOVRU���7KH�ORQJ�YHUVLRQ�VWDWHV�WKDW��VHH�DOVR�7DEOH�%�����$OO�NQRZQ�IRUPV�RI�SURSXOVLRQ�DUH�LQYHQWHG�LQ�SDLUV��(DFK�VXFK�SDLU�FRQVLVWV�RI�D�PRWRUDQG D�FRUUHVSRQGLQJ�SURSXOVRU��%RWK��WKH�PRWRU�DQG�WKH�SURSXOVRU��XWLOL]H�H[DFWO\�WKH�VDPHZRUNLQJ PHGLXP� DQG� RSHUDWH� LQ� D� YHU\� VLPLODU� PDQQHU�� )RU� HDFK� OHYHO� RI� XWLOL]DWLRQ� RI� DSDUWLFXODU ZRUNLQJ�PHGLXP�WZR�VXEVHTXHQW�PRWRU�SURSXOVRU�SDLUV�DUH�EXLOW��7KHVH�WZR�SDLUVIRUP D� VLQJOH� JHQHUDWLRQ� RI� D� SDUWLFXODU� SURSXOVLRQ� V\VWHP��$IWHU� NH\� GHYLFHV� RI� RQH� VXFKJHQHUDWLRQ DUH�EXLOW��WKH�SDWK�EHFRPHV�FOHDUHG�IRU�LQYHQWLQJ�GHYLFHV�RI�WKH�QH[W�JHQHUDWLRQ�7KLV�QH[W�JHQHUDWLRQ�LQFRUSRUDWHV�SURSXOVLRQ�V\VWHPV�RI�D�KLJKHU�OHYHO�RI�DGYDQFHPHQW��7R�H[SODLQ�WKH�DERYH�LQ�VLPSOH�WHUPV��WKH�DSSHDUDQFH�RQ�(DUWK�RI�D�QHZ�JHQHUDWLRQ�RISURSXOVLRQ V\VWHPV�LV�SUHFHGHG�E\�WKH�LQYHQWLRQ�RI�D�PRWRU��WKHQ��E\�D�GLIIHUHQW�LQYHQWRU��DFRUUHVSRQGLQJ SURSXOVRU� LV�EXLOW��ZKLFK� IRUPV�D�SDLU�ZLWK� WKLV�PRWRU��7KH�FRPSOHWLRQ�RI� WKHSURSXOVRU XVXDOO\� RFFXUV� QR� ODWHU� WKDQ� ���� \HDUV� DIWHU� WKH� FRPSOHWLRQ� RI� WKH� PRWRU
VWHFKQRORJ\� %RWK���WKH�PRWRU�DQG�WKH�SURSXOVRU���XWLOL]H�WKH�VDPH�ZRUNLQJ�PHGLXP��DUH�EDVHGRQ WKH� VDPH� SK\VLFDO� SKHQRPHQD�� DQG� GHPRQVWUDWH� D� FORVH� DQDORJ\� LQ� FRQVWUXFWLRQ� DQGSULQFLSOHV RI� RSHUDWLRQ�� 7R� UHDOL]H� KRZ� VWULNLQJ� WKH� VLPLODULWLHV� EHWZHHQ� ERWK� SURSHOOLQJGHYLFHV RI� HDFK� SDLU� DUH�� OHW� XV� FRQVLGHU�� DV� DQ� H[DPSOH�� WKH� LQWHUQDO� FRPEXVWLRQ� HQJLQH�ZKLFK LV�D�PRWRU�RI� WKH�VHFRQG�SDLU� LQ� WKH�WKLUG�JHQHUDWLRQ�RI�PDWWHU�FLUFXODWLQJ�SURSXOVLRQ
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V\VWHPV ��VHH�7DEOH�%���DQG�WKH�VSDFH�URFNHW��ZKLFK�LV�D�SURSXOVRU�IURP�WKH�VDPH�SDLU���,IRQH UHPRYHV�D�SLVWRQ�IURP�WKH�F\OLQGHU�RI�DQ�LQWHUQDO�FRPEXVWLRQ�HQJLQH��KH�VKH�REWDLQV�DQRXWOHW IRU� WKH� VSDFH� URFNHW� MHW�� 7KH� IXHO� VXSSO\�� WKH� SURFHVV� RI� FRPEXVWLRQ�� DQG� WKHSKHQRPHQD LQYROYHG� LQ� WKH� FUHDWLRQ� RI� PRWLRQ� UHPDLQ� XQFKDQJHG� IRU� ERWK� WKH� DERYHSURSHOOLQJ GHYLFHV��7KH�RWKHU�H[DPSOHV�RI�VLPLODUO\�FRUUHVSRQGLQJ�SDLUV�DUH��WKH�ZLQGPLOO�DQGWKH VDLOLQJ�ERDW��DQHURLG��IRUPHUO\�XVHG�WR�SURSHO�FORFNV���DQ�H[DPSOH�RI�VXFK��$WPRVSKHULF&ORFN� LV�VWLOO�H[KLELWHG�LQ�&ODSKDP
V�&ORFN�0XVHXP��:KDQJDUHL��1HZ�=HDODQG�� WKH�)UHQFKPDNHUV RI� WKLV� FORFN� FODLPHG� LW�ZDV� �DV� FORVH� WR�SHUSHWXDO�PRWLRQ�DV� \RX
OO� HYHU�JHW��� DQGEDOORRQ��SQHXPDWLF�PRWRU�DQG KRYHUFUDIW��HWF����FRPSDUH�WZR�FRQVHFXWLYH�FROXPQV�IURP�7DEOH%�� 7KH DFWLRQ� RI� WKH� 3HULRGLF� 3ULQFLSOH� IRU� WKH� SURSXOVLRQ� V\VWHPV� LV� LOOXVWUDWHG� E\� WKH3HULRGLF 7DEOH�%���(DFK� URZ� IURP� WKLV�7DEOH� SUHVHQWV� IRXU� VXEVHTXHQW� SURSHOOLQJ� GHYLFHVFRQVWLWXWLQJ RQH�FRPSOHWH�JHQHUDWLRQ�RI�SURSXOVLRQ�V\VWHPV��,QYHQWLRQV�RI�DOO�IRXU�SURSHOOLQJGHYLFHV WKDW�EHORQJ�WR�WKH�VDPH�JHQHUDWLRQ�IRUP�D�VLQJOH�F\FOH�RI�GHYHORSPHQW�RI�SURSXOVLRQV\VWHPV� :LWKLQ� HDFK� JHQHUDWLRQ�� WZR� VXEVHTXHQW� SDLUV� RI� D� PRWRU� DQG� D� FRUUHVSRQGLQJSURSXOVRU DUH� LQYHQWHG�� (DFK� RI� WKHVH� SDLUV� RFFXSLHV� D� VHSDUDWH� FROXPQ� LQ� ZKLFK� WZRDGGLWLRQDO�VXE�FROXPQV�DUH�GLVWLQJXLVKHG�IRU�HDFK�VLQJOH�SURSHOOLQJ�GHYLFH��$W�WKH�ERWWRP�SDUWRI HDFK� FROXPQ� DQG� VXE�FROXPQ� WKH� GHVFULSWLRQV� RI� WKH� GHYLFHV� SUHVHQWHG� WKHUHLQ� DUHSURYLGHG� 2Q WKH� OHIW� VLGH� RI� HDFK� URZ� WKH� FKDUDFWHULVWLF� DWWULEXWHV� RI� WKH� JHQHUDWLRQ� RISURSXOVLRQ�V\VWHPV�SUHVHQWHG�LQ�WKLV�URZ�DUH�VSHFLILHG��7KHVH�DWWULEXWHV�GHVFULEH��D� WKH�JHQHUDO� W\SH�RI�ZRUNLQJ�PHGLXP�DSSOLHG�E\�WKLV�JHQHUDWLRQ��WKLV�PHGLXP�FDQEH HLWKHU�EDVHG�RQ�D�FLUFXODWLRQ�RI� ���� IRUFH�� ����PDWWHU� �PDVV���RU� ����PDJQHWLF� ILHOG� IRUFHOLQHV�� �E� WKH� VXEVHTXHQW� QXPEHU� RI� WKLV� JHQHUDWLRQ� ZLWKLQ� WKH� JHQHUDO� W\SH� RI� ZRUNLQJPHGLXP�XQGHU�FRQVLGHUDWLRQ��L�H��������RU�����DQG�F� WKH� HQHUJ\� FDUULHUV� H[SORLWHG� E\� WKLV� JHQHUDWLRQ� RI� SURSXOVLRQ� V\VWHPV� �H�J�� ���SUHVVXUH������LQHUWLD�DQG�SUHVVXUH��RU�����LQWHUQDO�HQHUJ\��LQHUWLD��DQG�SUHVVXUH��1RWH WKDW�7DEOH�%��DOVR�VKRZV�WKH�JHQHUDO�GLUHFWLRQ�LQ�ZKLFK�WKH�VXEVHTXHQW�ZRUNLQJPHGLD�GHYHORS��WRS�DUURZ���DV�ZHOO�DV�WKH�GLUHFWLRQ�RI�WKH�GHYHORSPHQW�RI�LQGLYLGXDO�SURSHOOLQJGHYLFHV�EXLOW�IRU�DQ\�RQH�RI�WKHVH�PHGLD��ERWWRP�ULJKW�DUURZ��:H KDYH�OHDUQHG�WKDW�SDUWLFXODU�SULQFLSOHV�RI�RSHUDWLRQ�FDQ�EH�DSSOLHG�WR�D�QXPEHU�RIGLIIHUHQW WHFKQLFDO� YHUVLRQV� RI� WKH� VDPH� SURSHOOLQJ� GHYLFH�� )RU� H[DPSOH� WKH� LQWHUQDOFRPEXVWLRQ HQJLQH� FDQ� EH� EXLOW� DV�� D� 'LHVHO� HQJLQH� RU� D� SHWURO� HQJLQH�� D� WZR�VWURNH� RUIRXU�VWURNH�HQJLQH��D�SLVWRQ�HQJLQH�RU�D�WXUER�HQJLQH��,I�ZH�DQDO\]H�HDFK�RI�WKHVH�YHUVLRQV�ZHZLOO�ILQG�WKDW�DOO RI�WKHP�HPSOR\�H[DFWO\�WKH�VDPH�SURSHUWLHV�RI�WKH�ZRUNLQJ�PHGLXP�DQG�XWLOL]HH[DFWO\ WKH� VDPH� VHW� RI� SKHQRPHQD�� 7KH� RQO\� GLIIHUHQFHV� DSSHDU� LQ� WKH� WHFKQLFDOLPSOHPHQWDWLRQ RI� WKH�GHYLFH� WKDW� UHOHDVHV� WKHVH�SKHQRPHQD��7KHUHIRUH� IURP� WKH�SRLQW�RIYLHZ RI� WKH� 3HULRGLF� 3ULQFLSOH� DOO� VXFK� YHUVLRQV� UHSUHVHQW� WKH� VDPH� SURSXOVLRQ� ZKLFK�KRZHYHU��LV�EXLOW�LQ�GLIIHUHQW�WHFKQLFDO LPSOHPHQWDWLRQV��1R�PDWWHU�KRZ�PDQ\�RI�WKHVH�GLIIHUHQWLPSOHPHQWDWLRQV RI�D�SDUWLFXODU�SURSXOVLRQ�DUH�FRPSOHWHG��WKH\�VWLOO�EHORQJ�WR�WKH�VDPH�VWDJHRI RXU�GHYHORSPHQW�DQG�DUH�QRW�DEOH�WR�OLIW�RXU�FLYLOL]DWLRQ�WR�D�KLJKHU�OHYHO��,Q�RUGHU�WR�SURJUHVVDQG DGYDQFH�ZH�PXVW�FRPSOHWH�GLIIHUHQW�SURSXOVLRQ�V\VWHPV��QRW�GLIIHUHQW� WHFKQLFDOYHUVLRQV RI�WKH�VDPH�SURSXOVLRQ �H�J��WKH�0DJQRFUDIW� LQVWHDG�RI�PDJQHWLF�UDLOZD\V�ZKLFKUHSUHVHQW�RQO\�D�OLQHDU�YHUVLRQ�RI�WKH�HOHFWULF�PRWRU���1RWLFH�WKDW�7DEOH�%��DOZD\V�OLVWV�WKH�ILUVWRU WKH� PRVW� UHSUHVHQWDWLYH� WHFKQLFDO� YHUVLRQ� RI� HYHU\� VXEVHTXHQW� SURSXOVLRQ� V\VWHP�� QRPDWWHU KRZ�PDQ\�YHUVLRQV�RI�WKLV�SURSXOVLRQ�ZHUH�FRPSOHWHG��)RU�H[DPSOH��WKH�VDLO�LQ�7DEOH%� VKRZQ�DV� WKH� ILUVW�SURSXOVRU�HPSOR\LQJ� WKH�SUHVVXUH�RI� WKH�FLUFXODWLQJ�VWUHDP�RI�PDWWHU
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�DLU���LV�RQO\�WKH ILUVW�RQH�RI�PDQ\�SRVVLEOH�SURSXOVLRQ�V\VWHPV�RSHUDWLQJ�RQ�WKLV�SULQFLSOH��7KHRWKHU SURSXOVRUV� XWLOL]LQJ� WKH� VDPH� SULQFLSOH� DUH�� DQ� DHURSODQH� ZLQJ�� D� SDUDFKXWH�� DQG� DKDQJ�JOLGHU�7DEOH %�� LOOXVWUDWHV� DOVR� WKH� GLIIHUHQFH� EHWZHHQ� WKH� ILUVW� DQG� VHFRQG� SDLUV� LQ� HDFKJHQHUDWLRQ RI�SURSXOVLRQ�V\VWHPV��7KH�HVVHQFH�RI�WKLV�GLIIHUHQFH�LV�WKDW�WKH�ILUVW�SDLU�XVHV�DVSHFLDO GHYLFH��HQHUJ\�WUDQVIHURU�� WR�SURGXFH�D�ZRUNLQJ�PHGLXP��H�J��D�VWHDP�JHQHUDWRU�LQD VWHDP�HQJLQH��RU�D�FRPEXVWLRQ�FKDPEHU�LQ�D�MHW�SURSXOVRU��SK\VLFDOO\�VHSDUDWHG�IURP�WKHZRUNLQJ VSDFH�ZKHUH�WKH�PRWLRQ�LV�FUHDWHG��ZKHUHDV�WKH�VHFRQG�SDLU�RI�SURSXOVLRQ�SURGXFHVD ZRUNLQJ PHGLXP� LQVLGH� WKH� ZRUNLQJ� VSDFH� �H�J�� FRPEXVWLRQ� JDVHV� LQ� D� F\OLQGHU� RI� WKHLQWHUQDO�FRPEXVWLRQ�HQJLQH��RU�LQ�WKH�RXWOHW�RI�D�VSDFH�URFNHW��7KH DQDO\VLV� RI� 7DEOH� %�� UHYHDOV� WKDW� HDFK� QH[W� JHQHUDWLRQ� RI� SURSXOVLRQ� V\VWHPVUHSHDWV WKH� WHFKQRORJ\� DOUHDG\� XWLOL]HG� LQ� WKH� ORZHU� JHQHUDWLRQ� EXLOW� IRU� WKH� VDPH� W\SH� RIZRUNLQJ PHGLXP��EXW�WKLV�WHFKQRORJ\�DFKLHYHV�D�KLJKHU�OHYHO�RI�HIILFLHQF\�DQG�HPSOR\V�PRUHDGYDQFHG HQHUJ\� FDUULHUV�� ,Q� WKLV� ZD\�� WKH� GHYHORSPHQW� RI� SURSXOVLRQ� V\VWHPV� WDNHV� WKHVKDSH RI� DQ� DVFHQGLQJ� KHOL[� �VSLUDO��� ZKHUH� HDFK� FRLO� V\PPHWULFDOO\� UHSHDWV� WKH� JHQHUDOSDWWHUQ RI� D� SHUYLRXV� LQYHQWLRQ�� EXW� RQ� D� KLJKHU� OHYHO� RI� HIILFLHQF\��7KLV�KHOL[� FDUULHV� RQ� DQXPEHU RI� NH\� DWWULEXWHV� IURP� RQH� SURSXOVLRQ� WR� DQRWKHU�� 7KHUHIRUH� WKH� FKDUDFWHULVWLFV� RISURSXOVLRQ V\VWHPV�GLVFRYHUHG�VR�IDU�GHILQH�YHU\�VWULFWO\�WKH�GHWDLOV�RI�WKH�SURSHOOLQJ�GHYLFHVWR�EH�FRPSOHWHG�LQ�WKH�IXWXUH��7KH�NH\�LQIRUPDWLRQ�DERXW�IXWXUH�SURSXOVLRQ�V\VWHPV��ZKLFK�WKH3HULRGLF 3ULQFLSOH�UHYHDOV��LV������WKH�ZRUNLQJ�PHGLXP�XWLOL]HG�LQ�D�VXEVHTXHQW�SURSXOVLRQ�����WKH HPSOR\HG�DWWULEXWHV�RI�WKLV�ZRUNLQJ�PHGLXP��H�J��HQHUJ\�FDUULHU�VXFK�DV�IRUFH��LQHUWLD��RULQWHUQDO�HQHUJ\��DQG�WKH�NLQGV�RI�SKHQRPHQD�LQYROYHG�������WKH�SULQFLSOHV�RI�RSHUDWLRQ�RI�D�QHZGHYLFH� ���� WKH�JHQHUDO�GHVLJQ�DQG� WKH�VLPLODULWLHV� WR� WKH�RWKHU�SURSXOVLRQ�V\VWHPV�DOUHDG\FRPSOHWHG� ����WKH�DSSUR[LPDWH�GDWH�ZKHQ�RXU�FLYLOL]DWLRQ�ZLOO�DWWDLQ�WKH�OHYHO�UHTXLUHG�IRU�WKHFRPSOHWLRQ�RI�WKLV�GHYLFH�.QRZLQJ DOO�WKH�DERYH��WKH�V\QWKHVL]LQJ�RI�WKH�ILQDO�VKDSH�RI�D�QHZ�SURSXOVLRQ�V\VWHPLV�MXVW�D�PDWWHU�RI�RUGLQDU\�GHVLJQ�URXWLQH�DQG�GHYHORSPHQW�SURFHGXUHV�
%���7KH�ILUVW�JHQHUDWLRQ�RI�WKH�PDJQHWLF�SURSXOVLRQ�V\VWHPV
+DYLQJ NQRZOHGJH�RI�WKH�3HULRGLF�3ULQFLSOH��ZH�FDQ�VWDWH�WKDW�LI�WKHUH�H[LVWV�D��VLQJOH�PRWRU�RI�WKH�ILUVW�NLQG��D�SURSXOVRU�WKDW�ZLOO�IRUP�D�SDLU�ZLWK�WKLV�PRWRU�PXVW�DOVR�EH�FRPSOHWHGLQ�WKH�QHDU�IXWXUH��L�H��ZLWKLQ�DURXQG�����\HDUV�VLQFH�WKH�LQYHQWLRQ�RI�WKLV�PRWRU���0RUHRYHU��WZRIXUWKHU SURSXOVLRQ�GHYLFHV��ZKLFK�FRPSOHWH�D�IXOO�JHQHUDWLRQ�WR�ZKLFK�WKLV�PRWRU�EHORQJ��ZLOODOVR�VRRQ�EH�GHYHORSHG�:H DUH�DOO�DZDUH�RI�VXFK�D��VLQJOH��PRWRU��LW�LV�WKH�FRPPRQ�HOHFWULF�PRWRU�LQYHQWHG�E\-DFRELH DURXQG�������,Q�WKLV�PRWRU�WKH�PRWLRQ�LV�FUHDWHG�EHFDXVH�RI�UHSXOVLYH�DQG�DWWUDFWLYHLQWHUDFWLRQV EHWZHHQ�PDJQHWLF� ILHOGV�� 7KH� QDPH� �HOHFWULF�� �LQVWHDG� RI� �PDJQHWLF��� IRU� WKLVPRWRU LV�GHULYHG�IURP�WKH�IORZ�RI�DQ�HOHFWULF�FXUUHQW�WKURXJK�WKH�PRWRU
V�FRLOV�ZKLFK�LV�DSSOLHGWR SURGXFH�PDJQHWLF� ILHOGV�� %HFDXVH� -DFRELH� EXLOW� WKH� ILUVW� VXFK�PRWRU� DURXQG� ������ WKH3HULRGLF 3ULQFLSOH� SUHGLFWV� WKDW� QR� ODWHU� WKDQ� E\� WKH� \HDU� ����� KXPDQLW\� ZLOO� FUHDWH� WKH0DJQRFUDIW� L�H��D�VSDFHFUDIW�WKDW�ZLOO�XWLOL]H�WKH�VDPH�W\SH�RI�PDJQHWLF�LQWHUDFWLRQV�IRU�IO\LQJLQ VSDFH��0RUHRYHU��DV� WKH� ILUVW�JHQHUDWLRQ�RI� WKH�GHYLFHV� WKDW�XWLOL]H�PDJQHWLF� ILHOG� LV� MXVWEHJLQQLQJ��D�PRWRU�RI�WKH VHFRQG�SDLU��ZKLFK�FDQ�EH�FDOOHG�WKH��SXOVDWRU\�PRWRU���PD\�EH�EXLOWDERXW WKH�\HDU�������$URXQG������WKH�SXOVDWRU\�PRWRU�PD\�EH�IROORZHG�E\�WKH�FUHDWLRQ�RI�DPRVW SRZHUIXO�YHKLFOH�WR�RSHUDWH�RQ�WKH�SULQFLSOH�RI�SK\VLFDO�GLVORFDWLRQ�RI�REMHFWV�LQ�VSDFH�
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ZKLFK LV�FDOOHG�KHUH�WKH��VWDU�VKDSHG�VSDFH�VKLS��IURP�LWV�VLPLODULW\�WR�DQ�HLJKW�SRLQWHG�VWDU�7KH ILUVW�JHQHUDWLRQ�RI�SURSXOVLRQ�V\VWHPV�XWLOL]LQJ�PDJQHWLF�LQWHUDFWLRQV��L�H��HOHFWULFPRWRU� 0DJQRFUDIW��SXOVDWRU\�PRWRU��DQG�VWDU�VKDSHG�VSDFH�VKLS��ZLOO�FORVH�WKH�SUHVHQW�HUDRI KXPDQ� GHYHORSPHQW� GXULQJ� ZKLFK� RXU� PHDQV� RI� WUDQVSRUWDWLRQ� KDV� RSHUDWHG� RQ� WKHSULQFLSOH RI� WKH� SK\VLFDO� GLVORFDWLRQ� RI� REMHFWV� LQ� VSDFH�� %H\RQG� WKLV� HUD� WKHUH� DUH� RQO\SURSXOVLRQ V\VWHPV�RSHUDWLQJ�RQ�RWKHU�SULQFLSOHV��L�H��WHOHSRUWDWLRQ�DQG�WLPH�WUDYHO��,W�VHHPVWR EH�D� UHSHWLWLYH�SDWWHUQ� WKDW� HYHU\� ILUVW�JHQHUDWLRQ�VKRXOG�EULQJ� DERXW� WKH� FORVH�RI� VRPHORQJHU SHULRG� LQ�RXU�GHYHORSPHQW��$OVR� WKH� ILUVW�JHQHUDWLRQ�RI�PDWWHU� FLUFXODWLQJ�SURSXOVLRQV\VWHPV �L�H��ZLQGPLOO��VDLO��DQHURLG�DQG�EDOORRQ��FORVHG�WKH�SHULRG�ZKHQ�VRXUFHV�RI�HQHUJ\SURYLGHG�LQ�D�UHDG\�IRUP�E\�XQWDPHG�QDWXUH�ZHUH�XWLOL]HG�IRU�WKH�SXUSRVH�RI�SURSXOVLRQ�7KH 3HULRGLF�3ULQFLSOH�DOVR�H[SODLQV�WKH�RSHUDWLRQ�RI�WKHVH�IXWXUH�SURSXOVLRQ�GHYLFHV�DQG DV�D�UHVXOW��WKHLU�FRQVWUXFWLRQ��7KLV�LV�EHFDXVH�DOO�QHFHVVDU\�LQIRUPDWLRQ�LV�FRQWDLQHG�LQWKH V\PPHWU\�DQG�DQDORJLHV�UHIOHFWHG�E\�WKH�3HULRGLF�7DEOH�%���)RU�H[DPSOH��WKH�RSHUDWLRQRI�WKH�0DJQRFUDIW�LV�DQ�DQDORJ\�IRU�WKH�RSHUDWLRQ�RI�D�PXOWLSKDVH�DV\QFKURQRXV�HOHFWULF�PRWRUIURP RQH� VLGH�� DQG� WKH� VDLO�� KRYHUFUDIW� DQG� MHW� SURSXOVRU� IURP� WKH� RWKHU�� 7KXV�� ZKHQ� WKHRSHUDWLRQ DQG�WKH�FRQVWUXFWLRQ�LV�NQRZQ��ZH�PD\�LQLWLDWH�UHVHDUFK�PRUH�SURPSWO\�LQ�WKH�ULJKWGLUHFWLRQ�DQG�H[SHGLWH�WKH�FRPSOHWLRQ�RI�WKH�SURSXOVLRQ�V\VWHPV�LQGLFDWHG��&RQVHTXHQWO\��WKHXWLOL]DWLRQ RI�WKH�FOXHV�SURYLGHG�E\�WKH�3HULRGLF�3ULQFLSOH�PD\�FDXVH�WKH�DFFHOHUDWLRQ�RI�RXUSURJUHVV�-XVW LQ� RUGHU� WR� GHPRQVWUDWH� WKH� SUHGLFWLYH� FDSDELOLWLHV� RI� 3HULRGLF� 7DEOHV�� LQ� WKHVXEVHFWLRQ WR�IROORZ�WKH�0DJQRFUDIW�ZLOO�EH�EULHIO\�SUHVHQWHG�WKH�LQYHQWLRQ�RI�ZKLFK�ZDV�ILUVWO\VXJJHVWHG�E\�WKH�FRQWHQW�RI�WKH�ILUVW�VXFK�WDEOH�SUHSDUHG�E\�WKH�DXWKRU�
%�����7KH�0DJQRFUDIW
7KH 0DJQRFUDIW� LV� D� PXFK� PRUH� DGYDQFHG� VSDFH� YHKLFOH� WKDQ� WKH� SUHVHQW� VSDFHVKXWWOHV� 7KXV� D� FRPSOHWH� GHVFULSWLRQ� RI� LWV� FRQVWUXFWLRQ� DQG� RSHUDWLRQ� UHTXLUHV� OHQJWK\HODERUDWLRQ�DQG�LV�FRQWDLQHG�LQ�FKDSWHU�*��+RZHYHU��IRU�FRQVLVWHQF\�RI�SUHVHQWDWLRQ��WKH�PRVWEDVLF�RI�LWV�FKDUDFWHULVWLFV�DUH�VXPPDUL]HG�EHORZ�
%�������7KH�JHQHUDO�GHVLJQ�DQG�FRPSRQHQWV�RI�WKH�0DJQRFUDIW
7KH JHQHUDO GHVLJQ�RI� WKH�0DJQRFUDIW� LV�SUHVHQWHG� LQ�)LJXUH�%���7KH�VKDSH�RI� WKLVYHKLFOH UHVHPEOHV� DQ� LQYHUWHG� VDXFHU�� ,WV� SURSXOVLRQ� V\VWHP� LV� FRPSRVHG� RI� WKH� GHYLFHVFDOOHG �2VFLOODWRU\�&KDPEHUV���ZKLFK�WDNH�WKH�VKDSH�RI�WUDQVSDUHQW�FXELFDO�ER[HV�DVVHPEOHGLQVLGH VSKHULFDO� FDVLQJV�� (DFK� FKDPEHU� LV� VLPSO\� D� VXSHU� SRZHUIXO� VRXUFH� RI� D� SXOVDWLQJPDJQHWLF ILHOG�� )RU� WKH� SXUSRVHV� RI� EHWWHU� FRQWUROODELOLW\�� WKH� 0DJQRFUDIW� XVHV� VSHFLDODUUDQJHPHQWV RI� 2VFLOODWRU\� &KDPEHUV�� FDOOHG� �WZLQ�FKDPEHU� FDSVXOHV�� �GHVFULEHG� LQVXEVHFWLRQ )������7KH�RXWSXW�RI�VXFK�FDSVXOHV�LV�FDSDEOH�RI� OLIWLQJ�D�VSDFHVKLS�DWWDFKHG�WRLW� EHFDXVH RI�WKH�UHSXOVLYH�LQWHUDFWLRQ�ZLWK�WKH�PDJQHWLF�ILHOG�RI�WKH�(DUWK��6XQ�RU�JDOD[\��$SURSXOVRU IRU�WKH�0DJQRFUDIW�LV�REWDLQHG�E\�SODFLQJ�D�VLQJOH�WZLQ�FKDPEHU�FDSVXOH�LQVLGH�RID�VSKHULFDO�FDVLQJ��DQG�IXUQLVKLQJ�WKHVH�ZLWK�DSSURSULDWH�FRQWURO�GHYLFHV�7KH 0DJQRFUDIW�FRQVLVWV�RI�WZR�NLQGV�RI�SURSXOVRUV��PDLQ��0��DQG�VLGH��8���7KH�VLQJOHPDLQ SURSXOVRU �0�� LV�VXVSHQGHG� LQ� WKH�FHQWUH�RI� WKH�YHKLFOH��7KH�PDJQHWLF�SROHV�RI� WKLVSURSXOVRU DUH�RULHQWHG�VR�DV� WR�UHSHO� WKH�HQYLURQPHQWDO�PDJQHWLF� ILHOG��ZKLFK�FRXOG�EH�WKH
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ILHOG�RI�WKH�(DUWK��D�SODQHW��WKH�6XQ�RU�D�JDOD[\���%\�WKLV�PHDQV���0��SURGXFHV�D�OLIWLQJ�IRUFH��5�ZKLFK VXSSRUWV�WKH�FUDIW��7KH�PDJQHWLF�D[LV�RI��0��LV�XVXDOO\�NHSW�WDQJHQWLDO�WR�WKH�IRUFH�OLQHVRI�WKH�HQYLURQPHQWDO�PDJQHWLF�ILHOG�H[LVWLQJ�LQ�WKH�FUDIW
V�DUHD�RI RSHUDWLRQ��7KHUHIRUH�WKH�PRVWHIIHFWLYH RULHQWDWLRQ�RI� WKH�0DJQRFUDIW�GXULQJ� IOLJKW� LV�ZKLOH� LWV�EDVH� LV�SHUSHQGLFXODU� WR� WKHORFDO GLUHFWLRQ�RI� WKH�(DUWK
V�PDJQHWLF� ILHOG��6RPHWLPHV��KRZHYHU�� WKLV�RULHQWDWLRQ�PXVW�EHVOLJKWO\�DOWHUHG�WR�HQDEOH�LW�WR�PDQRHXYUH�DQG�ODQG���7KH�0DJQRFUDIW�DOVR�FRQVLVWV�RI�QXPHURXV�VLGH�SURSXOVRUV �8���7KHLU�PDJQHWLF�SROHVDUH RULHQWHG� VR� DV� WR� DWWUDFW� WKH� HQYLURQPHQWDO� ILHOG�� 7KHUHIRUH� VLGH� SURSXOVRUV� SURGXFHDWWUDFWLRQ IRUFHV��$��ZKLFK�VWDELOL]H�WKH�FUDIW�DQG�IL[�LWV�RULHQWDWLRQ�LQ�VSDFH��7R�LQFUHDVH�WKHYHKLFOH
V VWDELOLW\��WKH�VLGH�SURSXOVRUV�DUH�ORFDWHG�EHORZ�WKH�PDLQ�SURSXOVRU��WRJHWKHU�IRUPLQJD NLQG RI�EHOO� FRQILJXUDWLRQ�ZKLFK� LQ�SK\VLFV� LV� NQRZQ� IRU� LWV� JUHDWHVW� VWDELOLW\��$OO� WKH� VLGHSURSXOVRUV DUH�ORFDWHG�DW�UHJXODU�LQWHUYDOV�LQ�WKH�KRUL]RQWDO�IODQJH�VXUURXQGLQJ�WKH�VSDFHFUDIWDQG�FRYHUHG�ZLWK�PDWHULDO�SHQHWUDEOH�E\�D�PDJQHWLF�ILHOG�7KH QXPEHU��Q��RI�VLGH�SURSXOVRUV�LQ�WKH�0DJQRFUDIW� LV�VWULFWO\�GHILQHG�E\�WKH�GHVLJQFRQGLWLRQ GHVFULEHG� LQ� VXEVHFWLRQ� *����� DQG� LW� FKDUDFWHUL]HV� D� SDUWLFXODU� W\SH� RI� WKLVVSDFHFUDIW� 7KLV�QXPEHU��Q��GHSHQGV�RQ�WKH�GHVLJQ�IDFWRU�PDUNHG�DV��.���DQG�LV�H[SUHVVHGE\�WKH�HTXDWLRQ�Q �Â�.��� �%��7KH�V\PERO��.��RULJLQDWHV�IURP�WKH�ZRUG��.URWQR�ü��ZKLFK�LQ�WKH�3ROLVK�ODQJXDJH�PHDQV��UDWLRRI�WKH�YHKLFOH
V�GLDPHWHU��'��WR�LWV�KHLJKW��+���EDVH�WR�WRS���L�H��. '�+ �%��7KLV LV�EHFDXVH�WKH�YDOXH�RI��.��VKRZV�KRZ�PDQ\�WLPHV�WKH�0DJQRFUDIW
V�KHLJKW�LV�DOLTXRW�LQWKH�RXWHU�GLDPHWHU�RI�WKLV�YHKLFOH�7KH �.��IDFWRUPD\�WDNH�DQ\�LQWHJHU�YDOXH�LQ�D�UDQJH�IURP�. ��WR�. ����%HFDXVH�RI�WKHYDOXH WKDW�WKLV�IDFWRU�KDV��WKH�FRQVHFXWLYH�W\SHV�RI�WKH�0DJQRFUDIW�DUH�FDOOHG�.���.���.�������.��� )RU�H[DPSOH��WKH�0DJQRFUDIW�W\SH�.��KDV�WKLV�IDFWRU�HTXDO�WR�. ���WKXV��DFFRUGLQJ�WRHTXDWLRQ�%���VXFK�.��YHKLFOH�KDV�Q ��VLGH�SURSXOVRUV���WKH�0DJQRFUDIW�W\SH�.��KDV�WKLV�IDFWRUHTXDO�WR�. ���DQG�WKXV�Q �����ZKHUHDV�WKH�0DJQRFUDIW�W\SH�.���KDV�WKLV�IDFWRU�HTXDO�WR�. ���WKXV�Q �����7KH��.��IDFWRU�LV�H[WUHPHO\�LPSRUWDQW�IRU�WKH�0DJQRFUDIW��,W�GHILQHV�DOO�WKH�GHVLJQSDUDPHWHUV RI� WKLV� YHKLFOH�� LQFOXGLQJ� LWV� VKDSH� DQG� GLPHQVLRQV�� 7KHVH� SDUDPHWHUV� DUHGHVFULEHG E\�WKH�VHW�RI�HTXDWLRQV�ZKLFK�H[SUHVV�WKH�UHODWLRQVKLS�EHWZHHQ�WKLV��.��IDFWRU�DQGVRPH�LPSRUWDQW�GLPHQVLRQV�RI�WKH�0DJQRFUDIW��VXFK�DV��'���RXWHU�GLDPHWHU�RI�WKH�YHKLFOH��L�H�WKH PD[LPDO�GLDPHWHU�RI�LWV�IODQJH���G���QRPLQDO�GLDPHWHU�RI�WKH�FLUFOH�RQ�ZKLFK�WKH�FHQWUHV�RIWKH VLGH� SURSXOVRUV� DUH� ORFDWHG� �QRWH� WKDW� WKLV� �G�� GLDPHWHU� DOVR� GHVFULEHV� WKH� PHDQGLPHQVLRQ RI� WKH� ULQJ� RI� VFRUFKHG�PDUNV� OHIW� RQ� WKH� JURXQG�E\� D� ODQGHG�0DJQRFUDIW���+� �KHLJKW� ' ��RXWHU�GLDPHWHU�RI�WKH�VSKHULFDO�FDVLQJ�RI�WKH�PDLQ�SURSXOVRU��DQG�/���ZLGWK�RI�WKH0IODQJH FRQWDLQLQJ� VLGH� SURSXOVRUV�� 7KH�PRVW� LPSRUWDQW� RI� WKHVH� HTXDWLRQV� DUH� DV� IROORZV�' ������Â� � G '�����+ '�.��'  +��������/ ����'�G� ����Â.Â' ��7KH�GHGXFWLRQV�RI�WKH�DERYH. 0 0HTXDWLRQV DUH�FRQWDLQHG�LQ�VXEVHFWLRQ�*��RI�WKLV�WUHDWLVH��%HFDXVH�WKH��.��IDFWRU�FDQ�HDVLO\EH GHWHUPLQHG� IURP� WKH� 0DJQRFUDIW
V� RXWOLQH� RU� SKRWRJUDSKV�� LW� SURYLGHV� DQ� H[WUHPHO\LPSRUWDQW LGHQWLILFDWLRQ� SDUDPHWHU� ZKLFK� HQDEOHV� DQ\RQH� WR� TXLFNO\� HVWDEOLVK�PDQ\� GHWDLOVDERXW�D�YHKLFOH�EHLQJ�REVHUYHG��VHH�)LJXUH�*����7KH FUHZ�FDELQ ����LV�ORFDWHG�EHWZHHQ�WKH�PDLQ��0��DQG�VLGH��8��SURSXOVRUV��DQG�LVLQ WKH�VKDSH�RI�D�SDUDOOHO�SLSHG�ULQJ��7KLV�FDELQ�ORRNV�VLPLODU�WR�WKH�VLGH�ZDOOV�RI�DQ�LQYHUWHGVDXFHU DQG� LV�FRYHUHG�E\�D�PDWHULDO�ZKLFK� LV� LPSHQHWUDEOH�E\�WKH�PDJQHWLF�IOX[��$ORQJ�WKHLQWHULRU �VODQWHG�� ZDOO� RI� WKH� FUHZ� FDELQ� OLH� WKH� WHOHVFRSLF� OHJV� ���� RI� WKH� FUDIW�� ZKLFK� DUHH[WHQGHG�DW�WKH�PRPHQW�RI�ODQGLQJ�
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%�������)OLJKW�FRQWURO
0DQRHXYULQJ WKH�0DJQRFUDIW� LV� DFKLHYHG� DV� D� UHVXOW� RI� D� FRPELQDWLRQ� RI� WKH� WKUHHIROORZLQJ�DFWLRQV��� 7KH�FKDQJH�LQ�WKH�UHODWLRQ�EHWZHHQ�WKH�RXWSXW�IURP�WKH�SURSXOVRUV�ZKLFK�SURGXFHDWWUDFWLQJ �$��DQG�UHSHOOLQJ��5�� IRUFHV�� WKLV�FDXVHV�WKH�DVFHQW��KRYHULQJ�DQG�GHVFHQW�RI� WKHFUDIW� �� 7KH�VODQW�DW�DQ�DQJOH��,��RI�WKH�PDJQHWLF�D[HV�RI�WKH�YHKLFOH
V�SURSXOVRUV�IURP�WKHLUSDUDOOHO RULHQWDWLRQ�WRZDUGV�WKH�ORFDO�FRXUVH�RI�WKH�IRUFH�OLQHV�RI�WKH�HQYLURQPHQWDO�PDJQHWLFILHOG� 7KLV�SURGXFHV�WKH�PHULGLDQ�FRPSRQHQW�RI�WKH�WKUXVW�IRUFH��FDXVLQJ�WKH�KRUL]RQWDO�IOLJKWRI WKH�0DJQRFUDIW�IURP�VRXWK�WR�QRUWK�RU�QRUWK�WR�VRXWK��$ERYH�WKH�PDJQHWLF�HTXDWRU��ZKHUH�WKHILHOG
V IRUFH OLQHV� DUH� SDUDOOHO� WR� WKH� JURXQG�� VXFK� D� FRPSRQHQW� LV� SURGXFHG� ZKHQ� WKHPDJQHWLF D[HV� RI� WKH� YHKLFOH
V� SURSXOVRUV� DUH� VODQWHG� IURP� D� KRUL]RQWDO� RULHQWDWLRQ� �� VHH)LJXUH�%���� 7KH�SURGXFWLRQ�RI�D�PDJQHWLF�ZKLUO�VSLQQLQJ�DURXQG�WKH�0DJQRFUDIW�DQG�WKH�FRQWURORI WKH�GLUHFWLRQ�DQG�SRZHU�RI� WKH�ZKLUO��7KLV�ZKLUO� �LQ�D�SULQFLSOH�VLPLODU� WR� WKH�URWDWLRQ�RI�DF\OLQGHU LQ� WKH� �0DJQXV�(IIHFW�� DOUHDG\� NQRZQ� LQ� K\GURPHFKDQLFV��� SURGXFHV� D� KRUL]RQWDOWKUXVW�IRUFH�SHUSHQGLFXODU�WR�WKH�IRUFH�OLQHV�RI�WKH�(DUWK
V�PDJQHWLF�ILHOG��,I�WKLV�PDJQHWLF�ZKLUOURWDWHV LQ�VXFK�D�ZD\� WKDW� WKH� ODQGLQJ�0DJQRFUDIW�FDXVHV�D�FRXQWHU�FORFNZLVH� IODWWHQLQJ�RISODQWV LQ� WKH� 6RXWKHUQ� KHPLVSKHUH� �RU� FORFNZLVH� LQ� WKH� 1RUWKHUQ� KHPLVSKHUH��� WKHORQJLWXGLQDO FRPSRQHQW� RI� WKH� WKUXVW� IRUFH� FUHDWHG�ZLOO� SURSHO� WKH� FUDIW� LQ� D� GLUHFWLRQ� IURPZHVW�WR�HDVW��7KH�ZKLUO�URWDWLQJ�LQ�DQ�RSSRVLWH�GLUHFWLRQ�ZLOO�SURSHO�WKH�FUDIW�IURP�HDVW�WR�ZHVW�7KH PDJQHWLF ZKLUO�LV�SURGXFHG�E\�WKH���( SKDVH�VKLIWV�LQ�WKH�SXOVDWLRQ�RI�D�PDJQHWLF�ILHOGSURGXFHG�E\�WKH�VXEVHTXHQW�VLGH�SURSXOVRUV���7KH�SURSXOVLRQ�RI�WKH�0DJQRFUDIW��ZKLFK�FRPELQHV�WRJHWKHU�WKH�WKUHH�PDJQHWLF�DFWLRQVOLVWHG DERYH�� FDXVHV� WKH� IOLJKW�RI� WKLV�YHKLFOH� WR�KDYH�D�PDJQHWLF�FKDUDFWHU� WKDW�GUDVWLFDOO\GLIIHUV IURP�DHURG\QDPLF� �VPRRWK�� IOLJKWV�RI�DHURSODQHV�DQG� WKH� LQHUWLDO� WKUXVWV�RI� URFNHWV�$SDUW IURP�VLOHQW�IOLJKWV�DQG�HQRUPRXV�VSHHGV��DURXQG��������NP�K�LQ�WKH�DWPRVSKHUH�DQGQHDU WKH� VSHHG� RI� OLJKW� LQ� IUHH� VSDFH��� WKH� IROORZLQJ� DWWULEXWHV� FKDUDFWHUL]H� WKH� PDJQHWLFPRYHPHQWV RI� WKH� 0DJQRFUDIW�� �D�� DOZD\V� KDYLQJ� WKH� VDPH� RULHQWDWLRQ� RI� WKH� YHKLFOH�LQGHSHQGHQWO\ RI� WKH� GLUHFWLRQ� LQ� ZKLFK� LW� IOLHV� �L�H�� LWV� EDVH� LV� DOZD\V� NHSW� DOPRVWSHUSHQGLFXODU WR�WKH� ORFDO�FRXUVH�RI� WKH�(DUWK
V�PDJQHWLF�ILHOG�IRUFH�OLQHV����E�� IO\LQJ�PDLQO\DORQJ VWUDLJKW�OLQHV�WKDW�LQ�PDQ\�FDVHV�FRUUHVSRQG�WR�WKH�IRUFH�OLQHV�RI�WKH�(DUWK
V�PDJQHWLFILHOG� RU WR�WKH�(DUWK
V�PDJQHWLF�PHULGLDQV��IOLJKWV�LQ�HDVW�ZHVW�RU�ZHVW�HDVW�GLUHFWLRQV�UHTXLUHWKH VZLWFKLQJ� RQ� RI� WKH� PDJQHWLF� ZKLUO�� ZKLFK� IUHTXHQWO\� LV� XQGHVLUDEOH��� �F�� PRWLRQOHVVKRYHULQJ WHUPLQDWHG�E\�D�UDSLG�DFFHOHUDWLRQ�DORQJ�RQH�RI�WKH�DERYH�VWUDLJKW�OLQHV���G��VKDUSWXUQV DW����GHJUHHV��ZLWKRXW�EHQHILW�RI�D�UDGLXV����H��]LJ]DJ�RU�MHUN\�PRWLRQ���I��VORZO\�URWDWLQJDURXQG�WKH�YHKLFOH
V�FHQWUDO�D[LV�ZKLOH�KRYHULQJ�PRWLRQOHVV��)URP�WKH�DERYH�H[SODQDWLRQ�LW�LV�HYLGHQW�WKDW�DOO�IOLJKW�FRQWURO�DFWLYLWLHV�FDQ�EH�DFKLHYHGZLWKRXW WKH�UHODWLYH�PHFKDQLFDO�PRYHPHQW�RI�DQ\�SDUW�RI�WKH�0DJQRFUDIW��EXW�RQO\�E\�VODQWLQJWKH ZKROH� VSDFHFUDIW� DQG�FRQWUROOLQJ� WKH�RXWSXWV� IURP� LWV� SURSXOVRUV��7KHUHIRUH��PLQLDWXUH�FRPSXWHU�RSHUDWHG YHUVLRQV�RI� WKLV�YHKLFOH�ZLOO�EH�EXLOW�ZKLFK�GR�QRW�FRQWDLQ�HYHQ�D�VLQJOHPRYLQJ SDUW� 7KLV�FUDIW�ZLOO�EH�WKH�RQO\�H[DPSOH�RI�D�SUHFLVHO\�FRQWUROOHG�YHKLFOH�ZKLFK�GRHVQRW FRQVLVW�RI�DQ\�PRYLQJ�SDUW��,Q�WKH�ELJ��PDQ�RSHUDWHG�YHUVLRQV��IRU�WKH�FRQYHQLHQFH�RI�WKHFUHZ� LW� ZLOO� EH� EHWWHU� WR� UHSODFH� WKH� VODQWLQJ� RI� WKH� 0DJQRFUDIW� E\� WLOWLQJ� WKH� D[HV� RI� LWVSURSXOVRUV �HVSHFLDOO\� ZKHQ� LW� ODQGV��� ,Q� VXFK� YHUVLRQV�� WKH� SURSXOVRUV� ZLOO� FRQVLVW� RI� WKH
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URWDEOH WZLQ�FKDPEHU� FDSVXOHV� SODFHG� LQVLGH� WKH� VSKHULFDO� FDVLQJV�� DV� ZDV� GHVFULEHGSUHYLRXVO\� 6RPHWLPHV�� HVSHFLDOO\� LQ� WKH� VPDOOHU� W\SHV� .�� DQG� .�� RI� WKH� PDQ�RSHUDWHG0DJQRFUDIW� WR� VDYH� VSDFH� D� FRPSURPLVH� VROXWLRQ� LV� SRVVLEOH�� ,Q� WKLV� VROXWLRQ� WKH� VLGHSURSXOVRUV DUH� IL[HG� DQG� FRQVLVW� RQO\� RI� WKH� WZLQ�FKDPEHU� FDSVXOHV� GLUHFWO\� MRLQHG� WR� WKHVWUXFWXUH RI�WKH�FUDIW��ZKHUHDV�WKH�PDLQ�SURSXOVRU�LV�URWDEOH��L�H��LWV�WZLQ�FKDPEHU�FDSVXOH�LVEXLOW�LQVLGH�RI�D�VSKHULFDO�FDVLQJ�DQG�PD\�UHYROYH�LQ�UHODWLRQ�WR�WKLV�FDVLQJ��
%�������7KH�VSHFLILFDWLRQV�RI�WKH�0DJQRFUDIW
7KH�XQOLPLWHG�SURVSHFWV�WKDW�WKH�EXLOGLQJ�RI�WKH�0DJQRFUDIW�ZLOO�FUHDWH�IRU�KXPDQLW\�FDQEH�UHDOL]HG�IURP�WKH�IROORZLQJ�UHYLHZ�RI�WKH�SURSHUWLHV�RI�WKLV�YHKLFOH�7KH VSLQQLQJ�PDJQHWLF�ILHOG�RI�WKH�0DJQRFUDIW�ZLOO�FDXVH�D�FXPXODWLYH�LRQL]DWLRQ�RI�DLU�DQG�WKH�FUHDWLRQ�RI�D�JORZLQJ�SODVPD�ZKLUO�VXUURXQGLQJ�WKLV�VSDFHFUDIW��7KH�FHQWULIXJDO�IRUFHVDFWLQJ RQ�HDFK�SDUWLFOH�RI�DLU�LQ�WKLV�ZKLUO�ZLOO�UHMHFW�WKH�DLU�RXW�RI�WKH�VXUIDFH�RI�WKH�YHKLFOH�IRUPLQJ�D�NLQG�RI�ORFDO�YDFXXP�EXEEOH�ZKLFK�ZLOO�FDXVH�WKH�FUDIW�WR�IO\�ZLWKRXW�IULFWLRQ��7KLV�ZLOODOORZ WKH�0DJQRFUDIW�WR�UHDFK�D�VSHHG�RI�DERXW��������NP�SHU�KRXU�LQ�WKH�DWPRVSKHUH��SOXVIOLJKWV FORVH�WR�WKH�VSHHG�RI�OLJKW�LQ�IUHH�VSDFH��7KH�YDFXXP�EXEEOH�VXUURXQGLQJ�WKH�FUDIW�ZLOODOVR SURWHFW�LW�IURP�KHDW�DFWLRQ�GXULQJ�IOLJKWV�LQ�PHOWHG�PHGLD�DQG�EOD]LQJ�JDVHV��7KH�VLOHQWFKDUDFWHU�RI�PDJQHWLF�LQWHUDFWLRQV�LQ�FRQQHFWLRQ�ZLWK�WKH�HOLPLQDWLRQ�RI�IURQWDO�SUHVVXUH�E\�WKHSODVPD ZKLUO�ZLOO�PDNH�WKH�0DJQRFUDIW�QRLVHOHVV�LQ�IOLJKW��7KH�SODVPD�ZKLUO�ZLOO�DOVR�IRUP�DNLQG RI�FLUFXODU�VDZ�RI�HQRUPRXV�SRZHU��ZKLFK�ZLOO�HQDEOH�WKH�YHKLFOH�WR�SHQHWUDWH�WKURXJKVROLG PDWWHU��H�J��URFN��EXLOGLQJV��EXQNHUV��FUHDWLQJ�JORVV\�WXQQHOV��7KH�FHQWULIXJDO�DFWLRQ�RIWKH SODVPD ZKLUO�� VXSSRUWHG� E\� WKH� IRUFHV� RI� PDJQHWLF� LQWHUDFWLRQV� EHWZHHQ� WKH� FUDIW
VSURSXOVRUV� IRUPLQJ�D�NLQG�RI�PDJQHWLF�IUDPHZRUN��ZLOO�SURYLGH�WKH�0DJQRFUDIW�ZLWK�WKH�DELOLW\WR�ZLWKVWDQG�DQ\�KLJK�HQYLURQPHQWDO�SUHVVXUH��7KLV�LQYLVLEOH�IUDPHZRUN�ZLOO�HQDEOH�WKH�YHKLFOHWR�SHQHWUDWH�VDIHO\�DQ\�GHSWK��IO\LQJ�QRW�RQO\�WR�WKH�ERWWRP�RI�RFHDQLF�WUHQFKHV��EXW�DOVR�WR�WKHFHQWUH RI�WKH (DUWK��DQG�SHUKDSV�HYHQ�WR�WKH�QXFOHL�RI�VWDUV��7KH�VSLQQLQJ�PDJQHWLF�ILHOG�ZLOOLQGXFH HOHFWULF� FXUUHQWV� LQ� WKH� FRQGXFWLYH� PDWHULDOV� LQ� WKH� YLFLQLW\�� FKDQJLQJ� WKHP� LQWRH[SORVLYHV��7KLV�ZLOO�IRUP�DURXQG�WKH�0DJQRFUDIW�D�NLQG�RI�LQGXFWLYH�VKLHOG��SURYLGLQJ�LW�ZLWK�WKHDELOLW\�WR�RSSRVH�DQ\�ZHDSRQ�WKDW�RXU�SUHVHQW�PLOLWDU\�WHFKQLTXHV�PD\�XVH�DJDLQVW�LW���:KHQ� RQ�D FRPPDQG� IURP�WKH�FUHZ�� WKH�VSLQQLQJ�PDJQHWLF� ILHOG� LV�FKDQJHG� LQWR�DVWHDG\� FRQVWDQW�RQH��DOO�WKH�DERYH�SURSHUWLHV�ZLOO�GLVDSSHDU��+RZHYHU��LQ�WKLV�FDVH�GLIIHUHQWNLQGV�RI�SURSHUWLHV�ZLOO�EH�UHYHDOHG��)RU�H[DPSOH��DFFRUGLQJ�WR�WKH�WKHRU\�RI�JHQHUDO�UHODWLYLW\�HQHUJ\ LV� HTXLYDOHQW� WR�PDVV�� 7KHUHIRUH� DQ� HQRUPRXV� FRQGHQVDWLRQ� RI� HQHUJ\� LQ� D� VPDOOVSDFH VXUURXQGLQJ� WKH� VSDFHFUDIW� ZLOO� UHOHDVH� WKH� VDPH� HIIHFWV� DV� WKH� ORFDO� LQFUHDVH� RIGHQVLW\�RI�PDVV��L�H� LW�ZLOO�DOWHU�WKH�RSWLFDO�SURSHUWLHV�RI�WKLV�VSDFH��IRUPLQJ�D�NLQG�RI�PDJQHWLFOHQV��7KLV�LQ�WXUQ�ZLOO�PDNH�WKH�0DJQRFUDIW�LQYLVLEOH�WR�UDGDU�DQG�WR�WKH�QDNHG�H\H�7KH IRUFHV� RI� PDJQHWLF� LQWHUDFWLRQV� SURSHOOLQJ� WKH� 0DJQRFUDIW� ZLOO� DOVR� HQDEOH� DQXPEHU RI�VXFK�YHKLFOHV�WR�EH�FRXSOHG�WRJHWKHU�LQWR�PRGXODU�DUUDQJHPHQWV��,Q�WKLV�ZD\��QRWRQO\ VSKHULFDO�DQG�FLJDU�VKDSHG�FRPSOH[HV��EXW�DOVR�HQWLUH�IO\LQJ�FLWLHV�FDQ�EH�IRUPHG�IRU�WKHGXUDWLRQ�RI�ORQJ�GLVWDQFH�WULSV��VHH�)LJXUH�*���'XULQJ�DQ\�NLQG�RI�IOLJKW��WKH�RSHUDWLRQ�RI�WKLV�YHKLFOH�ZLOO�EH�SROOXWLRQ�IUHH�
%�����7KH�VHFRQG�PRWRU�SURSXOVRU�SDLU�LQ�WKH�ILUVW�JHQHUDWLRQRI�PDJQHWLF�SURSXOVLRQ�V\VWHPV
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7KH�0DJQRFUDIW�SURYLGHV�D�SDUWQHU��SURSXOVRU��IRU�WKH�HOHFWULF�PRWRU��%RWK�WRJHWKHU�IRUPWKH ILUVW�SDLU�RI�WKH�PDJQHWLF�SURSXOVLRQ�V\VWHPV��%XW�WKH�3HULRGLF�3ULQFLSOH�VWDWHV�WKDW�ZKHQWKLV SDLU� LV� FRPSOHWHG�� RXU� FLYLOL]DWLRQ� PD\� EHJLQ� WKH� GHYHORSPHQW� RI� WKH� VHFRQG� SDLU� RISURSXOVLRQ GHYLFHV�EHORQJLQJ� WR� WKH�VDPH� ILUVW�JHQHUDWLRQ�RI�PDJQHWLF�SURSXOVLRQ�V\VWHPV�7KLV VHFRQG�SDLU�� LI�HYHU�FRPSOHWHG��ZRXOG�FRQVLVW�RI�D�SXOVDWRU\�PRWRU�DQG�D�VWDU�VKDSHGVSDFH�VKLS�7KH DXWKRU�ZRUNHG�RXW� WKH�RSHUDWLRQ�RI� WKHVH�WZR�PDJQHWLF�SURSXOVLRQ�V\VWHPV�DQGSXEOLVKHG LW� LQ� KLV� HDUOLHU� WUHDWLVHV� >�)@�� 7KHUHIRUH� WKRVH� UHDGHUV� ZKR� DUH� LQWHUHVWHG� LQOHDUQLQJ PRUH�DERXW�WKH�SXOVDWRU\�PRWRU�DQG�WKH�VWDU�VKDSHG�VSDFH�VKLS�PD\�FRQWDFW�KLP�IRUGHWDLOV� %XW�EHFDXVH�WKH�RSHUDWLRQ�RI� WKHVH�GHYLFHV�GLIIHUV�FRQVLGHUDEO\�IURP�WKH�RSHUDWLRQRI WKH�0DJQRFUDIW��DQG�DOVR�EHFDXVH�WKHLU�GLVFXVVLRQ�GRHV�QRW�VXSSRUW�WKH�PDLQ�WRSLF�RI�WKLVWUHDWLVH��KH�GHFLGHG�WR�HOLPLQDWH�WKHLU�GHVFULSWLRQV�IURP�WKLV�SXEOLFDWLRQ��7KH DGGLWLRQDO�UHDVRQ�ZK\�WKH�DXWKRU�GHFLGHG�WR�RPLW�WKH�GHVFULSWLRQ�RI�WKH�SXOVDWRU\PRWRU DQG� WKH�VWDU�VKDSHG�VSDFH�VKLS� LV� WKDW� WKHVH� WZR�PDJQHWLF�SURSXOVLRQ�V\VWHPV�PD\QRW EH EXLOW�RQ�(DUWK�DW�DOO��7DEOH�%��UHYHDOV�WKDW�VRPH�PDWWHU�FLUFXODWLQJ�SURSXOVLRQ�V\VWHPVRI WKH�VHFRQG�JHQHUDWLRQ�ZHUH�EXLOW�EHIRUH�WKH�GHYHORSPHQW�RI�WKH�HQWLUH�ILUVW�JHQHUDWLRQ�ZDVFRPSOHWHG� 6R� WKH�DSSHDUDQFH�RI� WKHVH�KLJKHU�OHYHO�SURSXOVLRQ�V\VWHPV�FRXOG�FDQFHOOHG�DGHPDQG IRU�WKH�VHFRQG�PRWRU�SURSXOVRU�SDLU�IURP�WKH�ILUVW�JHQHUDWLRQ��,I�WKH�VDPH�SDWWHUQ�LVUHSHDWHG DOVR� IRU� PDJQHWLF� SURSXOVLRQ� V\VWHPV� WKHQ� WKH� ILUVW� FRPPHUFLDO� PRWRUV� RI� WKHVHFRQG�JHQHUDWLRQ�FDQ�HYHQ�EH�RSHUDWLRQDO�EHIRUH�WKH�0DJQRFUDIW��3UDFWLFDOO\��WKLV�PHDQV�WKDWWKH GHYHORSPHQW�RI�D�SXOVDWRU\�PRWRU�DQG�VWDU�VKDSHG�VSDFH�VKLS�PD\�FRLQFLGH�LQ�WLPH�ZLWKWKH GHYHORSPHQW�RI�PXFK�PRUH�DGYDQFHG�GHYLFHV�EHORQJLQJ� WR� WKH� ILUVW�SDLU� LQ� WKH�VHFRQGJHQHUDWLRQ RI�PDJQHWLF�SURSXOVLRQ�V\VWHPV��L�H��ZLWK�D�WHOHNLQHWLF�PRWRU�DQG�D�7HOHSRUWDWLRQ9HKLFOH���VHH�7DEOH�%��DQG�GHVFULSWLRQV�IURP�FKDSWHU�-�DQG�VXEVHFWLRQ�%���7KHVH�SURSXOVLRQV\VWHPV RI� WKH� VHFRQG� JHQHUDWLRQ�� ZKRVH� RSHUDWLRQ� LV� EDVHG� RQ� WKH� WHFKQLFDOO\� LQGXFHGWHOHNLQHVLV� DUH� PRUH� DGYDQFHG� LQ� HYHU\� DVSHFW� WKDQ� WKRVH� EDVHG� VROHO\� RQ� PDJQHWLFLQWHUDFWLRQV� 7KHUHIRUH�WKH\�PD\�FRPSOHWHO\�HOLPLQDWH�WKH�QHHG�IRU�D�SXOVDWRU\�PRWRU�DQG�DVWDU�VKDSHG VSDFH�VKLS��DV�HDUOLHU�WKH\�ZLOO�SURYLGH�D�EHWWHU�ZD\�RI�DFKLHYLQJ�VLPLODU�HIIHFWV�,W PD\� WKHUHIRUH�KDSSHQ� WKDW�RXU�FLYLOL]DWLRQ�ZLOO�QHYHU�DWWHPSW� WKH�GHYHORSPHQW�RI�GHYLFHVEHORQJLQJ WR�WKH�VHFRQG�PRWRU�SURSXOVRU�SDLU� LQ� WKH�ILUVW�JHQHUDWLRQ�RI�PDJQHWLF�SURSXOVLRQV\VWHPV���DOWKRXJK��WKHRUHWLFDOO\��EXLOGLQJ�WKHVH�GHYLFHV�LV�SRVVLEOH�
%���+RZ�WKH��RPQLEXV�WUHQG��VKRXOG�FXOPLQDWH�LQ�WKUHHFRQYHQWLRQV�RI�WKH�0DJQRFUDIW
V�RSHUDWLRQ
,Q SODLQ�(QJOLVK�WKH�ZRUG��FRQYHQWLRQ��PHDQV��XQDPELJXRXVO\�GHILQHG�EHKDYLRXU���,QWKLV WUHDWLVH� WKH� VDPH� WHUP� ZLOO� EH� XVHG� WR� GHVFULEH� WKH� VWULFWO\� GHILQHG� EHKDYLRXU� RI� DQDGYDQFHG�IO\LQJ�YHKLFOH��7KXV��E\�WKH��FRQYHQWLRQ RI�RSHUDWLRQ�RI�D�YHKLFOH��ZLOO�EH�XQGHUVWRRGD QDPH DVVLJQHG�WR�WKH�EDVLF�SULQFLSOH�HPSOR\HG�LQ�D�SDUWLFXODU�VSDFHFUDIW�WR�FDXVH�LWV�RZQPRWLRQ� 7KLV�QDPH�LV�XVXDOO\�GHULYHG�IURP�WKH�PRVW�DGYDQFHG�HQHUJ\�FDUULHU�WKDW� LV�XWLOL]HGLQ WKH�ZRUNLQJ�PHGLXP�RI�WKLV�YHKLFOH��VHH�WKH�WKLUG�FROXPQ�LQ�7DEOH�%����,Q�WKH�FDVH�RI�WKH0DJQRFUDIW� GHSHQGLQJ� RQ�ZKLFK� JHQHUDWLRQ� WKLV� YHKLFOH� EHORQJV�� WKUHH� FRQYHQWLRQV� RI� LWVRSHUDWLRQ�FDQ�EH�GLVWLQJXLVKHG��L�H��PDJQHWLF��WHOHSRUWDWLYH��DQG�WLPH�WUDYHO�7R H[SODLQ�PRUH�SUHFLVHO\�WKH�LQWHUSUHWDWLRQ�RI��FRQYHQWLRQ�RI�D�YHKLFOH
V�RSHUDWLRQ���DK\SRWKHWLFDO IO\LQJ�DLUFUDIW�FDOOHG�DQ��RPQLEXV��ZLOO�EH�GLVFXVVHG��7KH�RPQLEXV�KDV�WKH�VKDSH
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RI DQ�RSHQ�HQGHG�EDUUHO�RU�WXEH��,W�LQFRUSRUDWHV�LQ�RQH�YHKLFOH�WKH�FDSDELOLWLHV�RI�DV�PDQ\�DVWKUHH�GLIIHUHQW�JHQHUDWLRQV�RI�SURSXOVRUV�RSHUDWLQJ�RQ�WKH�SULQFLSOH�RI�FLUFXODWLRQ�RI�PDWWHU��L�H�D JOLGHU�� D� KRYHUFUDIW� DQG� D� MHW� SURSXOVRU�� :KHQ� WKH� RPQLEXV� IOLHV� DW� KLJK� DOWLWXGHV� DQGH[WLQJXLVKHV LWV� IXHO� FRPEXVWLRQ�� LW� JOLGHV� WKURXJK� WKH� DLU�� WKXV� IXQFWLRQLQJ� DV� WKH� ILUVWJHQHUDWLRQ RI�SURSXOVRUV�EHORQJLQJ�WR�WKH�PDWWHU�FLUFXODWLQJ�SURSXOVLRQ�V\VWHPV��,Q�7DEOH�%�WKHVH SURSXOVRUV� DUH� UHSUHVHQWHG� E\� D� VDLO� �VHH� DOVR� H[SODQDWLRQV� IURP� VXEVHFWLRQ� %���:KHQ WKH� RPQLEXV� GLUHFWV� WKH� VWUHDP� RI� LWV� H[KDXVW� JDVHV� GRZQZDUG�� LW� RSHUDWHV� OLNH� DKRYHUFUDIW��IO\LQJ�KRUL]RQWDOO\�MXVW�DERYH�WKH�JURXQG��'XULQJ�VXFK�DQ�RSHUDWLRQ�LW�UHSUHVHQWV�WKHVHFRQG JHQHUDWLRQ�RI�WKH�PDWWHU�FLUFXODWLQJ�SURSXOVRUV��7KH�RPQLEXV�PD\�DOVR�RSHUDWH�DV�DMHW SURSXOVRU� WKUXVWLQJ� LWV�ZD\� XS� LQWR� WKH�DLU�� ,Q� VXFK�DQ�RSHUDWLRQ� LW� UHSUHVHQWV� WKH� WKLUGJHQHUDWLRQ�RI�WKH�SURSXOVRUV�EDVHG�RQ�WKH�FLUFXODWLRQ�RI�PDWWHU�7KH DERYH�H[SODQDWLRQV�VKRZ�WKDW� LQ�RUGHU� WR�GHVFULEH�KRZ�DQ�RPQLEXV�RSHUDWHV� LQD�SDUWLFXODU�LQVWDQW�RI�WLPH��WKH�XVH�RI�WKH�WHUP��FRQYHQWLRQ��LV�QHFHVVDU\��7KXV��ZH�PD\�VWDWHWKDW WKH�RPQLEXV�RSHUDWHV�HLWKHU�LQ�D�JOLGHU�FRQYHQWLRQ��LQ�D�KRYHUFUDIW�FRQYHQWLRQ��RU�LQ�D�MHWFRQYHQWLRQ��,Q�HDFK�RQH�RI�WKHVH��WKH�VLQJOH�RPQLEXV�EHKDYHV�WKH�VDPH�DV�DLUFUDIW�EHORQJLQJWR DQ�HQWLUHO\�GLIIHUHQW�JHQHUDWLRQ�RI�PDWWHU� FLUFXODWLQJ�SURSXOVLRQ�V\VWHPV��%\�QDPLQJ� WKHFRQYHQWLRQ LQ�ZKLFK� LW�RSHUDWHV�ZH�DUH�DEOH� WR�FODULI\� DOO�SRVVLEOH�DPELJXLW\�FRQFHUQLQJ� LWVEHKDYLRXU�DQG�SURSHUWLHV�7KH H[SHULHQFH�DFFXPXODWHG�VR�IDU�LQGLFDWHV�WKDW�DOO�WKUHH�VXFFHVVLYH�JHQHUDWLRQV�RIWKH PDWWHU� FLUFXODWLQJ� SURSXOVRUV� FRPSOHPHQW� RQH� DQRWKHU�� 7KXV�� WKH� FRQWHPSRUDU\SURSXOVRUV RI� WKH� WKLUG�JHQHUDWLRQ��VXFK�DV� MHW�RU� URFNHW��QRW�RQO\�DUH�XQDEOH� WR� UHSODFH�RUVXEVWLWXWH WKH�SURSXOVRUV�RI�WKH�ILUVW�RU�VHFRQG�JHQHUDWLRQ��VXFK�DV�D�JOLGHU�RU�KRYHUFUDIW��EXWDOVR WKH\�LQWURGXFH�D�JURZLQJ�QHHG�IRU�VLPXOWDQHRXV�DSSOLFDWLRQ�RI�WKHVH�VLPSOH�SURSXOVRUV�$Q�H[DPSOH�RI�VXFK�D�QHHG�FDQ�EH�WKH�ILUVW�VSDFH�VKXWWOH��&ROXPELD��ZKLFK�KDG�WR�RSHUDWH�DVD URFNHW��DV�D JOLGHU��RU�DV�DQ�LQHUWLDO�VDWHOOLWH��2Q�WKH�RWKHU�KDQG��RXU�LQFUHDVLQJ�NQRZOHGJHRI WKH� SURSXOVLRQ� V\VWHPV� SURYLGHV� WHFKQRORJLFDO� FDSDELOLWLHV� IRU� EXLOGLQJ� RPQLEXVHV�7KHUHIRUH LW� JUDGXDOO\�EHFRPHV�HYLGHQW� WKDW� DV�RXU�GHYHORSPHQW�SURJUHVVHV��RXU�DELOLW\� WREXLOG RPQLEXVHV�LQFUHDVHV��$Q�H[DPSOH�RI�WKLV��RPQLEXV�WUHQG��FDQ�EH�FRQWHPSRUDU\�PLOLWDU\DLUFUDIW� ZKLFK�DOUHDG\�DUH�UHTXLUHG�WR�GLVSOD\�WKH�FDSDELOLWLHV�RI�MHW�DHURSODQHV��DV�ZHOO�DV�WKHDELOLW\�WR�WDNH�RII�YHUWLFDOO\��L�H��IRU�RSHUDWLRQ�DV�D�KRYHUFUDIW���DQG�DOVR�WKH�DELOLW\�IRU�JOLGLQJ�7KH�DERYH�REVHUYDWLRQ�FDQ�EH�H[SUHVVHG�LQ�WKH�IRUP�RI�D�JHQHUDO�UXOH�ZKLFK�VWDWHV WKDW��,Q KLJKO\�GHYHORSHG�FLYLOL]DWLRQV�WKH�
RPQLEXV�WUHQG
�EHFRPHV�VR�GRPLQDQW�WKDW�WKHGHYHORSPHQW RI� KLJKHU� JHQHUDWLRQV� RI� IO\LQJ� YHKLFOHV� DUH� DFKLHYHG� WKURXJK� DGGLQJ� IXUWKHUFRQYHQWLRQV�WR�WKH�H[LVWLQJ�YHKLFOHV�RI�ORZHU�JHQHUDWLRQV�XWLOL]LQJ�WKH�VDPH�ZRUNLQJ�PHGLXP��$V LV� VKRZQ� LQ� WKH� 3HULRGLF� 3ULQFLSOH�� WKHUH� H[LVWV� D� VWULNLQJ� V\PPHWU\� LQ� WKHGHYHORSPHQW�RI�SURSHOOLQJ�GHYLFHV�WKDW�XWLOL]H�WKUHH�JHQHUDO�W\SHV�RI�ZRUNLQJ�PHGLD��7KHUHIRUHWKH UHJXODULWLHV�REVHUYHG�GXULQJ� WKH�GHYHORSPHQW�RI�PDWWHU�FLUFXODWLQJ�DLUFUDIW�PXVW�DOVR�EHLQ RSHUDWLRQ� IRU� WKH� IO\LQJ� YHKLFOHV�EDVHG�RQ� WKH� FLUFXODWLRQ�RI�PDJQHWLF� ILHOGV��7R�SXW� WKLVDQRWKHU ZD\�� WKH� RPQLEXV� WUHQG� GHVFULEHG� DERYH� LPSDFWV� WR� WKH� VDPH� H[WHQW� RQ� WKHGHYHORSPHQW�RI�FRQWHPSRUDU\�DLUFUDIW�DV�WKH�GHYHORSPHQW�RI�IXWXUH�0DJQRFUDIW�7KH RPQLEXV�WUHQG�ZLOO�KDYH�D�GLUHFW� LPSDFW�RQ�RXU�FLYLOL]DWLRQ�ZKHQ�WKH�VHFRQG�DQGWKLUG�JHQHUDWLRQV�RI�PDJQHWLF�VSDFHFUDIW�HYHQWXDWH���7KHVH�WZR�DGYDQFHG�YHKLFOHV�ZLOO�QRW�EHEXLOW DV�HQWLUHO\�QHZ�DQG�GLIIHUHQW�VSDFHFUDIW��EXW�UDWKHU�DV�LPSURYHG�YHUVLRQV�RI�WKH�RUGLQDU\0DJQRFUDIW� 7KHLU�VKDSH��LQWHUQDO�GHVLJQ�DQG�RQH�RI�WKH�FRQYHQWLRQV�RI�WKHLU�RSHUDWLRQ��L�H�PDJQHWLF FRQYHQWLRQ��ZLOO�EH�LGHQWLFDO�WR�WKRVH�RI�WKH�0DJQRFUDIW��7KH�RQO\�GLIIHUHQFH�WKHVHDGYDQFHG YHKLFOHV�ZLOO�GLVSOD\�LQ�FRPSDULVRQ�WR�WKH�0DJQRFUDIW��LV�WKDW�LQGHSHQGHQWO\�RI�WKHPDJQHWLF FRQYHQWLRQ� WKH\� ZLOO� DOVR� EH� FDSDEOH� RI� XVLQJ�� ZKHQ� UHTXLUHG�� WKH� WHOHSRUWDWLYH
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�YHKLFOHV RI� WKH� VHFRQG� JHQHUDWLRQ��� DQG� WHOHSRUWDWLYH� RU� WLPH� WUDYHO� �YHKLFOHV� RI� WKH� WKLUGJHQHUDWLRQ� FRQYHQWLRQV��7R�HPSKDVL]H�WKDW�ERWK�WKHVH�DGYDQFHG�PDJQHWLF�YHKLFOHV�HYROYHGIURP WKH� RUGLQDU\�0DJQRFUDIW�� WKH\�ZLOO� DOVR� EH� FDOOHG� KHUH� WKH�0DJQRFUDIW� RI� WKH� VHFRQGJHQHUDWLRQ �L�H�� DEOH� WR� RSHUDWH� LQ� WKH� PDJQHWLF� RU� WHOHSRUWDWLYH� FRQYHQWLRQV�� DQG� WKH0DJQRFUDIW RI�WKH�WKLUG�JHQHUDWLRQ��L�H��DEOH�WR�RSHUDWH�LQ�WKH�PDJQHWLF��WHOHSRUWDWLYH��RU�WLPHWUDYHO�FRQYHQWLRQV���,Q�FRQWUDVW�WR�WKLV��WKH�RUGLQDU\�0DJQRFUDIW��ZKLFK�FDQ�RQO\�RSHUDWH�LQ�WKHPDJQHWLF FRQYHQWLRQ��ZLOO�EH�FDOOHG�KHUH�WKH�0DJQRFUDIW�RI�WKH�ILUVW�JHQHUDWLRQ��RU�VLPSO\�WKH�0DJQRFUDIW�� ,W� VKRXOG� EH� VWUHVVHG� WKDW� HDFK� RI� WKHVH� YHKLFOHV� FDQ� RSHUDWH� RQO\� LQ� RQHFRQYHQWLRQ�DW�D�WLPH��)RU�H[DPSOH��ZKHQ�WKH�0DJQRFUDIW�RI�WKH�VHFRQG�JHQHUDWLRQ�IOLHV�LQ�WKHPDJQHWLF FRQYHQWLRQ�LWV�WHOHSRUWDWLYH�FDSDELOLWLHV�PXVW�EH�VZLWFKHG�RII��EXW�ZKHQ�LW�WXUQV�RQLWV WHOHSRUWDWLYH�RSHUDWLRQ�LW�PXVW�VLPXOWDQHRXVO\�H[WLQJXLVK�LWV�IRUFHV�RI�PDJQHWLF�DWWUDFWLRQDQG�UHSXOVLRQ�
%���7KUHH�VXFFHVVLYH�JHQHUDWLRQV�RI�PDJQHWLF�SURSXOVLRQ�V\VWHPV
6XEVHFWLRQ %����KDV�VKRZQ�WKDW�IRU�HDFK�JHQHUDO�W\SH�RI�ZRUNLQJ�PHGLXP�DV�PDQ\�DVWKUHH�VXFFHVVLYH�JHQHUDWLRQV�RI�SURSXOVLRQ�V\VWHPV�ZLOO�HYHQWXDOO\�EH�FRPSOHWHG��7KH�HOHFWULFPRWRU� 0DJQRFUDIW��SXOVDWRU\�PRWRU��DQG�VWDU�VKDSHG�VSDFH�VKLS��DOO�UHSUHVHQW�RQO\�WKH�ILUVWDQG WKH� PRVW� SULPLWLYH� JHQHUDWLRQ� RI� WKH� SURSXOVLRQ� V\VWHPV� EDVHG� RQ� WKH� FLUFXODWLRQ� RIPDJQHWLF�ILHOG�IRUFH�OLQHV���UHIHU�WR�7DEOH�%���7KH�RQO\�PDJQHWLF�ILHOG�DWWULEXWH�HPSOR\HG�E\�WKLVJHQHUDWLRQ LV�WKH�IRUFH�RI�PDJQHWLF�UHSXOVLRQ�RU�DWWUDFWLRQ��%XW�WKH�3HULRGLF�3ULQFLSOH�VKRZVWKDW�DIWHU�FRPSOHWLRQ�RI�WKLV�ILUVW�JHQHUDWLRQ��WKH�VHFRQG�DQG�WKLUG�JHQHUDWLRQV�RI�WKH�PDJQHWLFSURSXOVLRQ V\VWHPV�PXVW�DSSHDU��(DFK�RQH�RI� WKHVH�JHQHUDWLRQV�ZLOO� DOORZ� WKH�FRPSOHWLRQRI DV�PDQ\�DV� IRXU�VHSDUDWH�SURSHOOLQJ�GHYLFHV�EHORQJLQJ� WR� WZR�PRWRU�SURSXOVRU�SDLUV��DVLOOXVWUDWHG LQ� 7DEOH� %��� 7KH� RSHUDWLRQ� RI� DOO� WKHVH� DGYDQFHG� GHYLFHV� ZLOO� XWLOL]H� QRW� RQO\PDJQHWLF DWWUDFWLRQ�DQG�UHSXOVLRQ�IRUFHV��EXW�DOVR�VXFK�VRSKLVWLFDWHG�PDJQHWLF�SKHQRPHQDDV WHFKQLFDOO\� LQGXFHG� WHOHNLQHWLF�PRWLRQ� �ZKLFK� LV� WULJJHUHG�E\� WKH�PDJQHWLF�HTXLYDOHQW�RIPHFKDQLFDO LQHUWLD� �� VHH� H[SODQDWLRQ� LQ� FKDSWHU� &�� DQG� WKH� DOWHUDWLRQ� RI� WLPH� �WLPH� LV� DPDJQHWLF�HTXLYDOHQW��RU�D�PLUURU�UHIOHFWLRQ��RI�LQWHUQDO�HQHUJ\�RI�PDWHULDO�V\VWHPV���VHH�FKDSWHU'� VXEVHFWLRQ�'����7R�SXW� WKH�DERYH�LQWR� WHUPLQRORJ\�XVHG�LQ�WKLV�WUHDWLVH�� WKH�VHFRQG�DQGWKLUG�JHQHUDWLRQV�RI�PDJQHWLF�SURSXOVLRQ�V\VWHPV�ZLOO�EH�FDSDEOH�RI�RSHUDWLQJ�LQ��UHVSHFWLYHO\�WHOHNLQHWLF��WHOHSRUWDWLYH��DQG�WLPH�WUDYHO�FRQYHQWLRQV�7ZR FKDSWHUV�WKDW�IROORZ�DUH�WR�H[SODLQ�WKH�WKHRU\�EHKLQG�WKH�SKHQRPHQD�HPSOR\HG�LQWKH RSHUDWLRQ� RI� DOO� WKHVH� DGYDQFHG� PDJQHWLF� SURSXOVLRQ� V\VWHPV�� VWDUWLQJ� IURP� WKHH[SODQDWLRQV�IRU�WKH�VR�FDOOHG��7HOHNLQHWLF�(IIHFW��XWLOL]HG�LQ�WKH�RSHUDWLRQ�RI�WKH�0DJQRFUDIW�RIWKH�VHFRQG�JHQHUDWLRQ�



7DEOH %���7KH�3HULRGLF� 7DEOH� FRPSOHWHG� IRU� WKH� SURSXOVLRQ� V\VWHPV�� 7KLV� 7DEOH�ZDVFRQVWUXFWHG E\� OLVWLQJ� DORQJ� LWV� YHUWLFDO� D[LV� WKH� SKHQRPHQD� XWLOL]HG� LQ� WKH� RSHUDWLRQ� RIVXFFHVVLYH JHQHUDWLRQV�RI�SURSHOOLQJ�GHYLFHV��DQG�E\�WKH�OLVWLQJ�DORQJ�WKH�KRUL]RQWDO�D[LV�DOOSRVVLEOH W\SHV� RI� SURSHOOLQJ� GHYLFHV� WKDW� XWLOL]H� WKHVH� SKHQRPHQD�� 7KH� V\PPHWU\� DQGUHSHWLWLYHQHVV LQ�WKH�LQWHUQDO�VWUXFWXUH�RI�WKLV�7DEOH�JLYH�LW�HQRUPRXV�SRWHQWLDO�IRU�SUHGLFWLRQ�DV�LW�DOORZV�IRU�WKH�WUDQVIHU��H[WUDSRODWLRQ��RI�YLWDO�DWWULEXWHV EHWZHHQ�YDULRXV�GHYLFHV��,WV�HPSW\VSDFHV LQGLFDWH�WKH�GHYLFHV�VWLOO�ZDLWLQJ�WR�EH�LQYHQWHG��%\�DQDO\VLV�RI�WKH�ORFDWLRQ�RI�WKHVHVSDFHV �L�H�� WKHLU� URZ� DQG� FROXPQ�� LW� LV� SRVVLEOH� WR� GHWHUPLQH� WKH� IXWXUH� RSHUDWLRQ� DQGFKDUDFWHULVWLFV�RI�GHYLFHV�\HW�XQGLVFRYHUHG��7KH�LQYHQWLRQ�DQG�GHYHORSPHQW�RI�WKH�0DJQRFUDIWZDV�WKH�GLUHFW�UHVXOW�RI�WKH�FRPSOHWLRQ�RI�WKLV�7DEOH�������������������������������������������$ UHPDUN� UHJDUGLQJ� 9LGL
V� ER[�� WKH� �$WPRVSKHULF� &ORFN�� XWLOL]LQJ� IRU� SURSHOOLQJ� SXUSRVHV� D� YHUVLRQ� RI� WKH� 9LGL
V� ER[� LVH[KLELWHG LQ�&ODSKDP
V�&ORFN�0XVHXP��:KDQJDUHL��1HZ�=HDODQG��7KH�)UHQFK�PDNHUV�RI�WKLV�FORFN�FODLPHG�LW�ZDV��DV�FORVHWR�SHUSHWXDO�PRWLRQ�DV�\RX
OO�HYHU�JHW��



)LJ� %���7KH�LQWHUQDO�GHVLJQ��PDLQ�FRPSRQHQWV��DQG�RSHUDWLRQ�RI�WKH�VPDOOHVW�0DJQRFUDIW�W\SH .���,Q�WKLV�GLDJUDP��D�VHFWLRQ�RI� WKH�IURQW�VKHOO� IURP�D�KRUL]RQWDO� IODQJH�LV�UHPRYHG�WREHWWHU�LOOXVWUDWH�WKH�ORFDWLRQ�RI�VLGH�SURSXOVRUV��FRPSDUH�WKLV�YHKLFOH�ZLWK�WKH�YHKLFOH�LQ�)LJXUH*��� 7KH 0DJQRFUDIW�KDV�WKH�VKDSH�RI�DQ�LQYHUWHG�VDXFHU��,Q�LWV�FHQWUH�D�PDLQ�SURSXOVRU��0�LV VXVSHQGHG��DQG�LQ�D�KRUL]RQWDO�IODQJH�VXUURXQGLQJ�WKH�EDVH�D�QXPEHU�RI�VLGH�SURSXOVRUV�8� LV�ORFDWHG��%HWZHHQ�WKHP�WKH�ULQJ�VKDSHG�FUHZ�FDELQ�����LV�SODFHG��7KH�PDLQ�SURSXOVRU�0� SURGXFHV�D�UHSXOVLRQ�IRUFH��5��WKURXJK�LQWHUDFWLRQ�ZLWK�WKH�HQYLURQPHQWDO�PDJQHWLF�ILHOG�ZKLFK FDQ�EH�WKH�ILHOG�RI�WKH�(DUWK��6XQ�RU�*DOD[\���7KH�HLJKW�VLGH�SURSXOVRUV��8��DWWUDFW�WKHHQYLURQPHQWDO PDJQHWLF�ILHOG��WKXV�SURGXFLQJ�VWDELOL]LQJ�IRUFHV��$���)OLJKWV�DQG�PDQRHXYUHVRI�WKH�0DJQRFUDIW�DUH�DFKLHYHG�WKURXJK�D�FRPELQDWLRQ�RI�WKH�WKUHH�IROORZLQJ�DFWLRQV��FKDQJLQJRI�WKH�UHODWLRQ�EHWZHHQ�IRUFHV��5��DQG��$����WKLV�FDXVHV�WKH�DVFHQW��KRYHULQJ��RU�GHVFHQW�RI�WKHYHKLFOH� FKDQJLQJ� RI� WKH� LQFOLQDWLRQ� DQJOH� �,�� RI� WKH� FHQWUDO� SURSXOVRU�PDJQHWLF� D[LV� �� WKLVFDXVHV�WKH�KRUL]RQWDO�IOLJKWV�LQ�D�VRXWK�QRUWK�RU�QRUWK�VRXWK�GLUHFWLRQ��VSLQQLQJ�RI�WKH�PDJQHWLFILHOG�DURXQG�WKH�YHKLFOH
V�VKHOO��WKXV�DFWLYDWLQJ�WKH�PDJQHWLF�HTXLYDOHQW�RI�WKH��0DJQXV�(IIHFW�WKDW WKUXVWV�WKH�0DJQRFUDIW�LQ�DQ�HDVW�ZHVW�RU�ZHVW�HDVW�GLUHFWLRQ��7KH�VZLWFKLQJ�RQ�RII�RI�DQ\RI WKHVH�PRGHV�RI�RSHUDWLRQ�FDXVHV�WKH�PDJQHWLF��MHUN\�IOLJKWV�RI�WKLV�YHKLFOH��FKDUDFWHUL]HGE\ WKH�IROORZLQJ�VWUDLJKW�OLQHV�DQG�UDSLG�FKDQJHV�RI�GLUHFWLRQ�ZLWKRXW�D�UDGLXV��7KH�HGJHV�RIWKH�ZDOOV��PDGH�RI�D�PDWHULDO�LPSHUPHDEOH�E\�D�PDJQHWLF�ILHOG��DUH�LQGLFDWHG�E\�D�EURNHQ�OLQH�7KH HGJHV� RI� WKH�ZDOOV� ZKLFK� DUH�PDGH� RI� D�PDWHULDO� SHUPHDEOH� E\� D�PDJQHWLF� ILHOG� DUHVKRZQ ZLWK�D�ZDY\�OLQH��'XULQJ�QRUPDO�IOLJKWV�WKH�0DJQRFUDIW�LV�DOZD\V�RULHQWHG�ZLWK�LWV�EDVHSHUSHQGLFXODU WR� WKH� ORFDO� FRXUVH� RI� WKH� HQYLURQPHQWDO� PDJQHWLF� ILHOG�� %XW� WKLV� YHKLFOH� LVVKRZQ DV LI�DSSURDFKLQJ�WR�ODQG�RQ�IODW�JURXQG��L�H��LWV�EDVH�LV�SDUDOOHO�WR�WKH�JURXQG�ZKHUHDVWKH WHOHVFRSLF�OHJV�����DUH�H[WHQGHG��'XULQJ� ODQGLQJ�� WKH�SRZHUIXO�PDJQHWLF�ILHOG�\LHOG� IURPWKH SURSXOVRUV�RI�WKLV�YHKLFOH�VFRUFKHV�D�ULQJ�RI�YHJHWDWLRQ��DV�PDUNHG�LQ�WKLV�GLDJUDP��OLNHWKH�UD\V�RI�D�PLFURZDYH�RYHQ��)RU�WKH�.��W\SH�RI�0DJQRFUDIW��WKLV�ULQJ�KDV�D�QRPLQDO�GLDPHWHUG '��� ����PHWUHV�



)LJ��%���7KH�0DJQRFUDIW
V�RULHQWDWLRQ�GXULQJ�IOLJKW��7KLV�RULHQWDWLRQ�RSWLPL]HV�WKH�YHKLFOH
VLQWHUDFWLRQV ZLWK�WKH�IRUFH�OLQHV�RI�WKH�HQYLURQPHQWDO�PDJQHWLF�ILHOG��7KHUHIRUH�D�VROR�IO\LQJYHKLFOH IDYRXUV� WXUQLQJ� LWV� EDVH� SHUSHQGLFXODUO\� WR� WKH� ORFDO� FRXUVH� RI� WKH� HQYLURQPHQWDOPDJQHWLF ILHOG��L�H��WKH�ILHOG�RI�WKH�(DUWK��6XQ�RU�*DOD[\���:KLOH�IO\LQJ�DERYH�WKH�(DUWK
V�HTXDWRU�WKH PDLQ� SURSXOVRU� RI� WKH�0DJQRFUDIW� KDV� LWV�PDJQHWLF� D[LV� SRVLWLRQHG� WDQJHQWLDOO\� WR� WKH(DUWK
V PDJQHWLF�ILHOG��DQG�WKH�PDJQHWLF�SROHV�RI�WKLV�SURSXOVRU�DUH�GLUHFWHG�WRZDUGV�WKH�OLNHSROHV�RI�(DUWK��L�H��1�RI�WKH�SURSXOVRU�WR�WKH�1�RI�(DUWK��DQG�6�WR�6���7KXV��WKLV�PDLQ�SURSXOVRUIRUPV VLJQLILFDQW�UHSXOVLYH�IRUFHV��5 ��DQG��5 ��ZKLFK�OLIW�WKH�VSDFHFUDIW��7KH�H[WUHPHO\�ODUJH1 6HIIHFWLYH OHQJWK�RI�WKH�PDJQHWLF�EXEEOH�SURGXFHG�E\�WKH�YHKLFOH
V�SURSXOVRUV�LV�DSSUHFLDEOHHYHQ�ZKHQ�FRPSDUHG�ZLWK�WKH�GLDPHWHU�RI�(DUWK��VHH�VXEVHFWLRQ�*������7KHUHIRUH��LQ�VSLWH�RIWKH VPDOO�SK\VLFDO�VL]H�RI�WKH�0DJQRFUDIW�� LWV�PDJQHWLF�GLPHQVLRQV�FDQ�EH�LOOXVWUDWHG�E\�WKHSURSRUWLRQV�IURP�WKH�DERYH�GLDJUDP�
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,Q �����WKH�JUHDW�)UHQFK�SK\VLFLVW��/RXLV�'H%URJOLH��SXEOLVKHG�KLV�LPSRUWDQW�GLVFRYHU\ZKLFK LV� VRPHWLPHV� FDOOHG� WKH� �3ULQFLSOH� RI� WKH� 6\PPHWU\� RI� 1DWXUH��� $FFRUGLQJ� WR� WKLVSULQFLSOH� LQ� RXU� XQLYHUVH� HYHU\WKLQJ� LV� VWULNLQJO\� V\PPHWULFDO� LQ� PDQ\� ZD\V�� 'H%URJOLH
VSULQFLSOH SURYLGHG� SKLORVRSKLFDO� DQG� VFLHQWLILF� IRXQGDWLRQV� IRU� D� QXPEHU� RI� LPSRUWDQWGLVFRYHULHV DQG�GHYLFHV��)RU�H[DPSOH�� WKH�3HULRGLF�7DEOH�RI� WKH�(OHPHQWV� �DOVR�FDOOHG� WKH0HQGHOpHY 7DEOH��� WKH� H[LVWHQFH� RI� D� PLUURU� GXSOLFDWH� IRU� HDFK� HOHPHQWDU\� SDUWLFOH� �H�J�HOHFWURQV DQG�SRVLWURQV��SURWRQV�DQG�DQWLSURWRQV���DQG� WKH� VLPLODULWLHV� EHWZHHQ�DWRPV�DQGVRODU V\VWHPV� �� DOO� WKHVH� GRFXPHQW� WKH� V\PPHWU\� H[LVWLQJ� LQ� WKH� VWUXFWXUH� RI� PDWWHU�� WKHVLPLODULWLHV EHWZHHQ� HTXDWLRQV� WKDW� GHVFULEH� GLIIHUHQW� SK\VLFDO� SKHQRPHQD� �H�J�� 1DYLHU�6WRFN
V HTXDWLRQ� GHVFULELQJ� IORZ�RI� IOXLGV� DQG�/DSODFH
V� HTXDWLRQ� GHVFULELQJ� KHDW� WUDQVIHU�H[SUHVV V\PPHWU\�LQ�WKH�ODZV�RI�QDWXUH��ZKHUHDV�WKH�WHFKQRORJLFDO�FRUUHVSRQGHQFH�EHWZHHQH�J� K\GUDXOLF�PRWRUV�DQG�SXPSV��RU�HOHFWULFDO�PRWRUV�DQG�HOHFWULFLW\�JHQHUDWRUV��UHIOHFW� WKHV\PPHWU\�LQ�WKH�RSHUDWLRQ�RI�WHFKQLFDO�GHYLFHV�2QH�RI�WKH�YLWDO�LPSOLFDWLRQV�RI�'H%URJOLH
V�V\PPHWU\��ZKLFK�KDV�D�GLUHFW�EHDULQJ�RQ�WKHFRQWHQW RI� WKLV� PRQRJUDSK�� LV� WKH� SRVWXODWH� WKDW� �HYHU\� SKHQRPHQRQ� PXVW� KDYH� DFRUUHVSRQGLQJ FRXQWHU�SKHQRPHQRQ��� 6R� IDU� D� ODUJH� QXPEHU� RI� SKHQRPHQD� DQGFRUUHVSRQGLQJ FRXQWHU�SKHQRPHQD�KDYH�EHHQ�GLVFRYHUHG�ZKLFK�FRQILUP�WKH�FRUUHFWQHVV�RIWKLV SRVWXODWH��)RU�H[DPSOH��WKH�H[LVWHQFH�RI�HOHFWULFDO�OXPLQHVFHQFH�XWLOL]HG�LQ�VRPH�HOHFWULFEXOEV WR� WUDQVIRUP� HOHFWULFLW\� LQWR� OLJKW� KDV� D� FRXQWHU�SKHQRPHQRQ� LQ� WKH� IRUP� RI� WKHSKRWRHOHFWULF�HIIHFW�WKDW�WUDQVIRUPV�OLJKW�LQWR�HOHFWULFLW\��7KH�VR�FDOOHG�OHIW�KDQG�UXOH��DOVR�FDOOHGWKH PRWRU�HIIHFW��ZKLFK�GHVFULEHV�SKHQRPHQD�XVHG�IRU�WKH�WUDQVIRUPDWLRQ�RI�HOHFWULFLW\� LQWRPRWLRQ� KDV�LWV�FRXQWHU�UXOH�LQ�WKH�IRUP�RI�)OHPLQJ
V�ULJKW�KDQG�UXOH��DOVR�FDOOHG�WKH�JHQHUDWRUHIIHFW� ZKLFK�ZRUNV�LQ�UHYHUVH��L�H��WUDQVIRUPV�PRWLRQ�LQWR�HOHFWULFLW\��7KH�6HHEHFN�(IIHFW��ZKLFKSURGXFHV D� IORZ�RI�HOHFWURQV� WKURXJK�D� MXQFWLRQ�RI� WZR�GLVVLPLODU�FRQGXFWRUV�EHLQJ�KHDWHG�KDV LWV�FRXQWHU�SKHQRPHQRQ�LQ�WKH�IRUP�RI�WKH�3HOWLHU�(IIHFW��ZKLFK�FDXVHV�WKH�KHDWLQJ�DQGFRROLQJ�RI�PDWHULDOV�LQ�D�VLPLODU�MXQFWLRQ�ZKHQ�D�FXUUHQW�IORZV�WKURXJK�LW�+RZHYHU��FRQWHPSRUDU\�SK\VLFLVWV�FODLP�WKDW�WKHUH�LV�DQ�H[FHSWLRQ�WR�WKLV�SULQFLSOH��7KLVH[FHSWLRQ LV�IULFWLRQ��)ULFWLRQ�LV�FRQVLGHUHG�WR�EH�WKH�LUUHYHUVLEOH�SKHQRPHQRQ�ZKLFK�KDV�QRFRXQWHU�SKHQRPHQRQ� %XW� LQ� ����� WKH� DXWKRU� RI� WKLV� WUHDWLVH� GLVFRYHUHG� WKH� SKHQRPHQRQZKLFK UHSUHVHQWV�D�UHYHUVDO�RI� IULFWLRQ�� ,Q� WKH�VDPH�ZD\�DV� IULFWLRQ�VSRQWDQHRXVO\�FRQYHUWVPHFKDQLFDO PRWLRQ� LQWR� KHDW�� WKLV� QHZO\� GLVFRYHUHG� SKHQRPHQRQ� VSRQWDQHRXVO\� FRQYHUWVKHDW LQWR� PRWLRQ�� %HFDXVH� LQ� LWV� QDWXUDO� IRUP� WKLV� SKHQRPHQRQ� LV� PDQLIHVWHG� GXULQJWHOHNLQHWLF �RU�SV\FKRNLQHWLF��PRWLRQ��LW�LV�QDPHG�WKH��7HOHNLQHWLF�(IIHFW���1RW�ORQJ�DIWHU�WKH7HOHNLQHWLF (IIHFW�ZDV�GLVFRYHUHG�� WKH�DXWKRU�DOVR� IRXQG� WHFKQRORJLFDO�ZD\V�RI� UHOHDVLQJ� LW�WKURXJK�DQ�DFFHOHUDWLRQ�RU�GHFHOHUDWLRQ�RI�PDJQHWLF�ILHOG�IRUFH�OLQHV��7KH GLVFRYHU\� WKDW� WKH� 7HOHNLQHWLF� (IIHFW� UHSUHVHQWV� D� UHYHUVDO� RI� IULFWLRQ�� DQGVXEVHTXHQW�GLVFRYHU\�RI�WKH�WHFKQRORJLFDO�ZD\V�RI�DFWLYDWLQJ�WKLV�HIIHFW��SURYLGH�WKH�WKHRUHWLFDOIRXQGDWLRQ IRU� EXLOGLQJ� WKH� WHOHNLQHWLF� SURSHOOLQJ� GHYLFHV� �LQFOXGLQJ� SURSXOVRUV� IRU� WKH0DJQRFUDIW RI�WKH�VHFRQG�JHQHUDWLRQ���$V�WKLV�ZLOO�EH�H[SODLQHG�LQ�VXEVHFWLRQV�WR�IROORZ��RQHRI�WKH�H[WUDRUGLQDU\�DWWULEXWHV�RI�VXFK�WHOHNLQHWLF�SURSXOVLRQ�V\VWHPV�LV�WKDW�WKH\�GR�QRW�UHTXLUHDQ\ HQHUJ\�VXSSO\��WKH\�VLPSO\�XVH�UHYHUVDO�RI�IULFWLRQ�FDSDELOLWLHV�WR�FRQYHUW�WKHUPDO�HQHUJ\DOZD\V SUHVHQW� LQ� WKH� HQYLURQPHQW� LQWR� WKH� XVHIXO� PRWLRQ� RI� WKH� REMHFWV� �YHKLFOHV�� EHLQJSURSHOOHG E\� WKHP�� $FFRUGLQJ� WR� WKLV� QHZO\� JDLQHG� NQRZOHGJH� DERXW� VXFK� GHYLFHV�� WKH
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FRQYHUVLRQ RI� WKHUPDO�HQHUJ\�H[WUDFWHG�IURP�WKH�HQYLURQPHQW� LQWR�D�XVHIXO�PRWLRQ�UHTXLUHVRQO\� ���� WKH� EXLOGLQJ� RI� GHYLFHV� WKDW� WHFKQRORJLFDOO\� UHOHDVH� WKH�7HOHNLQHWLF�(IIHFW�� ���� WKHDEVRUELQJ RI� WKHUPDO� HQHUJ\� IURP� WKH� HQYLURQPHQW� DQG� WKHQ� LWV� WUDQVIRUPDWLRQ� LQWR� XVHIXOPRWLRQ ZLWK�WKH�DLG�RI�WKLV�HIIHFW������WKH�FKDQQHOOLQJ�RI�WKH�PRWLRQ�ZKLFK�LV�SURGXFHG��VR�WKDWLW LV� ILQDOO\� FRQYHUWHG� LQWR� WKH�PRYHPHQW� RI� D� SURSHOOHG� REMHFW� �H�J�� D� YHKLFOH�� D�PRWRU�� DPDFKLQH��RU�HOHFWURQV�LQ�ZLULQJ�RI�DQ�HOHFWULFLW\�JHQHUDWRU��
&���+LVWRU\�RI�WKH�7HOHNLQHWLF�(IIHFW
V�GLVFRYHU\
7KH�KLVWRU\�RI�WKH�7HOHNLQHWLF�(IIHFW�GLVFRYHU\�LV�FORVHO\�FRQQHFWHG�ZLWK�WKH�LQYHQWLRQ�RIWKH�0DJQRFUDIW��7KLV�LQ�WXUQ�KDV�DOUHDG\�EHHQ�GHVFULEHG�LQ�FKDSWHU�$�$IWHU WKH GHVFULSWLRQ�RI�WKH�0DJQRFUDIW�ZDV�SXEOLVKHG��DV�ZLWK�HYHU\�RWKHU�QHZ�LGHD��LWHQFRXQWHUHG FULWLFLVP�IURP�VRPH�TXDUWHUV��%XW�DOPRVW�DOO�FULWLFDO�FRPPHQWV�DERXW�WKLV�YHKLFOHUHVXOWHG IURP� WKH� RYHUORRNLQJ� RI� VRPH� YLWDO� SRLQWV� DOUHDG\� SRVWXODWHG� E\� WKH�0DJQRFUDIW
VWKHRU\� 7KH�RQO\�DUJXPHQW�WKDW�LQLWLDOO\�WKLV�WKHRU\�GLG�QRW�H[SODLQ�ZDV�WKH�SRSXODU�FODLP�WKDW�QRW�D�PDJQHWLF�ILHOG��EXW�DQWLJUDYLW\�ZLOO�EH�WKH�FDUULHU�RI�WKH�SURSXOVLRQ�V\VWHPV�RI�WKH�IXWXUH��,Q RUGHU�WR H[DPLQH�WKH�PHULW�RI�WKLV�DUJXPHQW��WKH�DXWKRU�FRPSOHWHG�D�EURDG�DQDO\VLV�RI�RXUNQRZOHGJH DERXW�DQWLJUDYLW\��7KH�HIIHFW�RI�WKLV�DQDO\VLV�ZDV�WKH�IRUPXODWLRQ�RI�D�FRPSOHWHO\QHZ XQGHUVWDQGLQJ� RI� D� JUDYLWDWLRQDO� ILHOG�� ZKLFK� LV� QRZ� GLVVHPLQDWHG� XQGHU� WKH� QDPH�&RQFHSW�RI�'LSRODU�*UDYLW\���7KH�WKHRU\�GHVFULELQJ�WKLV�FRQFHSW�LV�VXPPDUL]HG�LQ�FKDSWHU�'�DQG LW LV�DOVR�SXEOLVKHG�LQ�D�IHZ�VHSDUDWH�PRQRJUDSKV�DQG�DUWLFOHV�E\�WKH�DXWKRU���H�J��VHHPRQRJUDSKV >�@� DQG� >�@� OLVWHG� LQ� FKDSWHU�6��DQG� WKH�DUWLFOH� >�&�@ �*UDYLWDWLRQ�DOV�'LSRODUH)HOGHU�� 5DXP 	� =HLW�� 1R� ���� -XQH�-XO\� ������ SDJHV� ��� WR� ���� ,Q� WXUQ�� RQH� RI� WKH� PRVWLPSRUWDQW�SKHQRPHQD�ZKRVH�H[LVWHQFH�WKLV�QHZ�FRQFHSW�SRVWXODWHG��LV�WKH�7HOHNLQHWLF�(IIHFW�7KH DXWKRU
V� GLVFRYHU\� RI� WKH� 7HOHNLQHWLF� (IIHFW� SURYLGHG� SULQFLSOHV� RI� RSHUDWLRQ� IRU� WKHPDJQHWLF SURSXOVLRQ�V\VWHPV�RI� WKH�VHFRQG�JHQHUDWLRQ��7KH�PRVW�VSHFWDFXODU�H[DPSOHV�RIWKHVH SURSXOVLRQ� V\VWHPV� WDNLQJ� WKH� IRUP� RI� WHOHNLQHWLF� VSDFH� YHKLFOHV� DUH� PHQWLRQHG� LQVXEVHFWLRQ &���� DQG� SUHVHQWHG� LQ� FKDSWHU� -�� )XUWKHU� H[DPSOHV� RI� WHOHNLQHWLF� PRWRUV�JHQHUDWRUV��DQG�RWKHU�IUHH�HQHUJ\�GHYLFHV�DUH�VXPPDUL]HG�LQ�VXEVHFWLRQ�&����DQG�GHVFULEHGLQ�D�VHSDUDWH�PRQRJUDSK�>�@�
&���$FWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW�H[SODLQHG�E\�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\
7KH &RQFHSW� RI� 'LSRODU� *UDYLW\� ZDV� IRUPXODWHG� LQ� RUGHU� WR� GHVFULEH� WKH� QDWXUH� RIJUDYLWDWLRQDO�ILHOG�LQ�DQ�RSSRVLWH��DOWHUQDWLYH��ZD\�IURP�WKDW�GHVFULEHG�E\�SUHVHQW�VFLHQFH��7KHSUHVHQW�LQWHUSUHWDWLRQ�RI�JUDYLW\�DVVXPHV�WKDW�WKH�JUDYLWDWLRQDO�ILHOG�GLVSOD\V�DOO�FKDUDFWHULVWLFVRI D�PRQRSRODU� W\SH�RI� ILHOG�� ,Q� WKLV�ZD\� WKH�DWWULEXWHV�RI�JUDYLW\�DUH�WUHDWHG�DV�UHVHPEOLQJWKRVH RI� RWKHU�PRQRSRODU� ILHOGV�� H�J�� HOHFWULFDO� ILHOGV�� SUHVVXUH� ILHOGV�� HWF��%HFDXVH�RI� WKLVDVVXPSWLRQ� WKH�SUHVHQW�XQGHUVWDQGLQJ�RI�JUDYLW\�FDQ�EH�FDOOHG� WKH��FRQFHSW�RI�PRQRSRODUJUDYLW\�� +RZHYHU�� WKH�DQDO\VLV�FRPSOHWHG�E\�WKH�DXWKRU�DQG�VXPPDUL]HG�LQ�VXEVHFWLRQ�'�SURYHG WKDW� WKH�QDWXUH�RI�D�JUDYLWDWLRQDO� ILHOG� LV� WRWDOO\�GLIIHUHQW� IURP� WKDW�GHVFULEHG�E\� WKHFRQFHSW RI�PRQRSRODU�JUDYLW\��*UDYLW\�ZDV�IRXQG�WR�FRUUHVSRQG�WR�DOO�GLSRODU�W\SH�RI�ILHOGV��VXFKDV PDJQHWLF�ILHOGV��ILHOGV�IRUPHG�E\�FLUFXODWLQJ�VWUHDPV�RI�IOXLGV��HWF��7KH�DXWKRU
V�&RQFHSWRI�'LSRODU�*UDYLW\�ZDV�GHYHORSHG�MXVW�WR�DFFRPPRGDWH�WKLV�QHZ�UH�FODVVLILFDWLRQ�RI�JUDYLW\�LQWRGLSRODU W\SH ILHOGV��DQG� WR� UHYHDO�YDULRXV� LPSOLFDWLRQV� WKDW� WKLV�KDV� IRU�VFLHQFH��SKLORVRSK\�UHOLJLRQ��HWF�
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7KH PRVW� LPSRUWDQW�GLIIHUHQFHV�EHWZHHQ� WKH�ROG�DQG� WKH�QHZ�FRQFHSWV�FRQFHQWUDWHPDLQO\ DURXQG� WKH�PXWXDO� UHODWLRQVKLS� EHWZHHQ�PDWWHU� DQG�DQWLPDWWHU�� ,Q� WKH� VFLHQWLILF� ROGFRQFHSW RI�PRQRSRODU�JUDYLW\��PDWWHU�DQG�DQWLPDWWHU�H[LVWHG�LQ�WKH�VDPH�VHW�RI�GLPHQVLRQV�RU�ZRUOG���VLPLODU�WR�WKH�ZD\�SRVLWLYH�DQG�QHJDWLYH�HOHFWULF�FKDUJHV�FRH[LVW�LQ�WKH�VDPH�VSDFH�7KLV FRQFHSW�DOVR�FODLPV� WKDW�PDWWHU�DQG�DQWLPDWWHU�VKRXOG�UHSHO�HDFK�RWKHU�� WKXV�DOORZLQJIRU WKH�EXLOGLQJ�RI�DQWLJUDYLW\�YHKLFOHV��%XW�EHFDXVH�WKLV�UHSXOVLRQ�PXVW�OHDG�WR�WKH�VHSDUDWLRQRI PDWWHU�IURP�DQWLPDWWHU��DQG�WR�WKHLU�GLVORFDWLRQ�LQWR�RSSRVLWH�HQGV�RI�WKH�XQLYHUVH��WKLV�ROGFRQFHSW PDNHV� LW� LPSRVVLEOH� WR� H[SHULPHQWDOO\� SURYH� WKH� H[LVWHQFH� RI� DQWLPDWWHU� DQGDQWLJUDYLW\�,Q�WKH�DXWKRU
V�QHZ�&RQFHSW�RI�'LSRODU�*UDYLW\��PDWWHU�DQG��DQWLPDWWHU��FRH[LVW�OLNH�ERWKSROHV�RI�D�PDJQHW��VXUURXQGHG�E\�VSDFHV�ZLWK�RSSRVLWH�SURSHUWLHV��DQG�PXWXDOO\�OLQNHG�E\�WKHJUDYLWDWLRQDO ILHOG�IRUFH�OLQHV��%XW�EHFDXVH�RI�WKH�FRQFHQWULF�QDWXUH�RI�D�JUDYLWDWLRQDO�ILHOG��LQRXU VHW�RI�GLPHQVLRQV��RU�ZRUOG��RQO\�RQH�JUDYLWDWLRQDO�SROH�SUHYDLOV��7KH�RWKHU��RSSRVLWH�SROHRI JUDYLW\�GLVDSSHDUV� IURP�RXU�ZRUOG�DQG�HPHUJHV� LQ�D�SDUDOOHO� VHW�RI�GLPHQVLRQV�ZKLFK� LVVHSDUDWH IURP�RXUV��L�H��SUHYDLOV�LQ�D�GLIIHUHQW��FRXQWHU�ZRUOG��H[LVWLQJ�SDUDOOHO�WR�RXUV���7KHPDWWHU H[LVWLQJ� LQ�RXU�ZRUOG�DQG�WKH�VXEVWDQFH�ZKLFK� ILOOV�XS�WKLV�SDUDOOHO�FRXQWHU�ZRUOG�DUHPXWXDOO\ OLQNHG�E\�IRUFHV�RI�JUDYLWDWLRQDO�LQWHUDFWLRQV��LQ�WKH�VDPH�ZD\�DV�SROHV�RI�D�PDJQHWDUH�OLQNHG�ZLWK�IRUFH�OLQHV�RI�D�PDJQHWLF�ILHOG�1RWH WKDW LQ� RUGHU� WR� GLVWLQJXLVK� EHWZHHQ� WKH� WHUPLQRORJ\� LQ� ERWK� �ROG� DQG� QHZ�FRQFHSWV�RI�JUDYLW\��WKH VXEVWDQFH�SUHYDLOLQJ�LQ�WKH�SDUDOOHO�FRXQWHU�ZRUOG��IURP�QRZ�RQ�ZLOO�EHFDOOHG KHUH��FRXQWHU�PDWWHU��VR�WKDW�LW�LV�QRW�FRQIXVHG�ZLWK�WKH�LGHD�RI��DQWLPDWWHU��IURP�WKHFRQFHSW RI� PRQRSRODU� JUDYLW\�� 2I� FRXUVH�� EHFDXVH� RI� WKH� RSSRVLWH� IRXQGDWLRQV� IRU� ERWKFRQFHSWV� DOVR�SURSHUWLHV�DQG�EHKDYLRXU�RI�FRXQWHU�PDWWHU�DQG�DQWLPDWWHU�PXVW�EH�GLIIHUHQW�7KH�UHODWLRQVKLS�RFFXUULQJ�EHWZHHQ�PDWWHU�DQG�FRXQWHU�PDWWHU�LQ�WKH�&RQFHSW�RI�'LSRODU*UDYLW\ UHYHDOV�WKH�SULPDU\�FRQVHTXHQFH�RI�UH�FODVVLILFDWLRQ�RI�JUDYLW\�LQWR�WKH�GLSRODU�W\SH�RIILHOGV��7KLV�FRQVHTXHQFH�LV�WKDW�JUDYLW\�IRUFHV�PXVW�MRLQ�HYHU\�VLQJOH�SDUWLFOH�RI�PDWWHU�ZLWK�WKHFRUUHVSRQGLQJ SDUWLFOH�RI�FRXQWHU�PDWWHU�WKXV�IRUPLQJ�LQVHSDUDEOH�WZLQ�SDUWLFOHV��7KHVH�WZLQSDUWLFOHV FDQ�EH�FRPSDUHG�WR�JUDYLWDWLRQDO�HTXLYDOHQWV�WR�HOHPHQWDU\�PDJQHWLF�GLSROHV��(DFKVXFK�D�WZLQ�SDUWLFOH�KDV�RQH�RI�LWV�FRPSRQHQW��D�SDUWLFOH�RI�WKH�PDWWHU��SUHYDLOLQJ�LQ�RXU�ZRUOG�ZKHUHDV WKH�RWKHU�FRPSRQHQW��L�H��D�SDUWLFOH�RI�WKH�FRXQWHU�PDWWHU��SUHYDLOLQJ�LQ�WKH�SDUDOOHOFRXQWHU�ZRUOG� ,Q� WXUQ�� WKH� H[LVWHQFH� RI� WKHVH� WZLQ� SDUWLFOHV� SURYLGHV� WKH� PHFKDQLVP� WKDWH[SODLQV WHOHNLQHWLF�PRWLRQ��/HW�XV�QRZ�GLVFXVV�WKH�SULQFLSOHV�LQYROYHG�LQ�WKH�FUHDWLRQ�RI�VXFKD�PRWLRQ�2QH�RI�WKH�FRQVHTXHQFHV�RI�WKH�MRLQLQJ�RI�HDFK�SDUWLFOH�RI�PDWWHU�ZLWK�D�WZLQ�SDUWLFOH�RIFRXQWHU�PDWWHU LV�WKDW�DOO�PDWHULDO�REMHFWV�H[LVWLQJ�LQ�RXU�VHW�RI�GLPHQVLRQV��RXU�ZRUOG��PXVWKDYH WKHLU� FRXQWHU�JUDYLWDWLRQDO� GXSOLFDWH� H[LVWLQJ� LQ� D� SDUDOOHO� VHW� RI� GLPHQVLRQV� �FRXQWHU�ZRUOG�� 7KH� PXWXDO� UHODWLRQVKLS� EHWZHHQ� HDFK� PDWHULDO� REMHFW� DQG� LWV� FRXQWHU�PDWHULDOGXSOLFDWH LV� DQ� DQDORJ\� WR� DQ� LPDJH� DQG� LWV� PLUURU� UHIOHFWLRQ�� RU� FRPSXWHU� KDUGZDUH� DQGVRIWZDUH� RU�WR�WKH�LGHD�RI� 
ERG\
�DQG�
VRXO
�SRVWXODWHG�E\�YDULRXV�UHOLJLRQV��6LPLODUO\� OLNH�DQLPDJH DQG� LWV�PLUURU� UHIOHFWLRQ�� ERWK� SDUWV� RI� DQ� REMHFW� DUH� H[DFW� FRSLHV� RI� WKHLU� RSSRVLWHGXSOLFDWH� DQG�DOVR�H[DFWO\� LPLWDWH�HDFK�RWKHU
V�PRYHPHQWV��0RUHRYHU��ERWK� �� WKH�PDWHULDOREMHFW DQG� LWV� FRXQWHU�PDWHULDO� GXSOLFDWH� �� FDQ� DOVR� EH� LQGHSHQGHQWO\� WDNHQ� KROG� RI� DQGGLVORFDWHG LQ�VSDFH��%XW�EHFDXVH�RI� WKH�JUDYLWDWLRQDO� OLQNV�EHWZHHQ�WKHP�� LQGHSHQGHQWO\�RIZKLFK SDUW�LV�JUDEEHG�DQG�GLVORFDWHG�ILUVW��WKH�RWKHU�SDUW�PXVW�LPLWDWH�H[DFWO\�LWV�PRWLRQ��)RUWKLV UHDVRQ��GHSHQGLQJ�RQ�ZKLFK�SDUW�RI�DQ�REMHFW�LV�JUDEEHG�ILUVW�DQG�WKXV�ILUVW�GLVORFDWHG�LQVSDFH��WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�GLVWLQJXLVKHV�EHWZHHQ�WZR�GLIIHUHQW�W\SHV�RI�PRWLRQ��L�H�WKH �SK\VLFDO�PRWLRQ�� DQG� WKH� �WHOHNLQHWLF�PRWLRQ��� 7KH�SK\VLFDO�PRWLRQ RFFXUV�ZKHQ� WKHPDWHULDO SDUW� RI� DQ� REMHFW� LV�PRYHG� ILUVW�� ZKHUHDV� WKH� FRXQWHU�PDWHULDO� GXSOLFDWH� LV� SXOOHG
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EHKLQG LW� E\ WKH� IRUFHV�RI� WKH�JUDYLWDWLRQDO� OLQNV��7KH� WHOHNLQHWLF�PRWLRQ RFFXUV�ZKHQ� WKHFRXQWHU�PDWHULDO GXSOLFDWH� LV�PRYHG� ILUVW��ZKHUHDV� WKH�PDWHULDO� SDUW�RI� WKLV�REMHFW� LV� SXOOHGEHKLQG WKH� FRXQWHU�PDWHULDO� GXSOLFDWH� E\� WKH� IRUFH� RI� WKHLU� PXWXDO� JUDYLWDWLRQDO� OLQNV�� 7RLOOXVWUDWH�WKLV�ZLWK�DQ�H[DPSOH��WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�VKRZV�WKDW�WKH�WHOHNLQHWLF�PRWLRQLV OLNH� IRUFLQJ�DQ�REMHFW� WR�PRYH�E\�VKLIWLQJ� LWV� UHIOHFWLRQ� LQ�D�PLUURU��VR� WKDW� WKLV�UH�ORFDWHGUHIOHFWLRQ�FDXVHV�WKH�REMHFW�WR�PRYH�DOVR��2I�FRXUVH�LQ�RUGHU�IRU�WKLV�H[DPSOH�WR�ZRUN�LQ�UHDOLW\�OLJKW�ZRXOG�QHHG�WR�EHKDYH�OLNH�JUDYLW\�IRUFHV��7KH�RWKHU��HYHQ�PRUH�LOOXVWUDWLYH�H[SODQDWLRQ�IRUWKH WHOHNLQHWLF�PRWLRQ�ZRXOG� EH� WR� OLNHQ� LW� WR� �VKLIWLQJ�PDWHULDO� REMHFWV� E\� GLVORFDWLQJ� WKHLUFRXQWHU�PDWHULDO�
VRXOV
��7KH DERYH�H[SODQDWLRQ�IRU�WHOHNLQHWLF�PRWLRQ�DOVR�GHILQHV�WKH�RULJLQ�RI�WKH�7HOHNLQHWLF(IIHFW�DQG�WKH�PHFKDQLVP�ZKLFK�FDXVHV�LW��7KXV��WKH�GHILQLWLRQ�RI�WKLV�(IIHFW�LV DV�IROORZV���7KH7HOHNLQHWLF (IIHFW�LV�D�SKHQRPHQRQ�RI�WKH�LQGLUHFW�PDQLSXODWLRQ�RI�DQ�REMHFW�REWDLQHG�YLDWKH�LQWHUDFWLRQ�ZLWK�WKH�FRXQWHU�PDWHULDO�GXSOLFDWH�RI�WKLV�REMHFW���7KLV�GHILQLWLRQ�H[SODLQVWKDW�WKH�7HOHNLQHWLF�(IIHFW�LV��DPRQJVW�RWKHUV��WKH�VRXUFH�RI�WHOHNLQHWLF�PRWLRQ�LQ�D�VLPLODU�ZD\DV WKH�SK\VLFDO�IRUFH�LV�D�VRXUFH�RI�SK\VLFDO�PRWLRQ��%XW�WKHUH�LV�D�ZKROH�UDQJH�RI�GLIIHUHQFHVEHWZHHQ�WKH�SK\VLFDO�IRUFH�DQG�WKH�7HOHNLQHWLF�(IIHFW��7KH�PRVW�LPSRUWDQW�RI�WKHVH�GLIIHUHQFHVLV WKDW� WKH�7HOHNLQHWLF�(IIHFW�GRHV�127�H[HUW� �UHWXUQ�� D� UHDFWLRQ� IRUFH� WR� LWV� FDXVH�� �)RU� DSK\VLFDO IRUFH�� HYHU\� DFWLRQ� PXVW� SURGXFH� DQ� HTXLYDOHQW� UHDFWLRQ� IRUFH� WR� EH� UHWXUQHG� WR�H[HUWHG�XSRQ��WKH�REMHFW�FDXVLQJ�WKLV�DFWLRQ���3UDFWLFDOO\�WKLV�PHDQV�WKDW�WKH�LQFUHDVH�LQ�ZRUNFRPSOHWHG E\� WKH�7HOHNLQHWLF�(IIHFW�GRHV�QRW� LQYROYH�DQ\�FKDQJH� LQ� WKH�DPRXQW�RI�HQHUJ\UHTXLUHG IRU�WKH�UHOHDVH�RI�WKLV�HIIHFW��0RUHRYHU��WKH�VXSSRUW�RI�VXFK�WHOHNLQHWLF�GHYLFHV�GRHVQRW UHTXLUH DQ\�IRUFH��QR�PDWWHU�ZKDW�ZHLJKW�WKH\�OLIW��7KLV�PHDQV�WKDW�D�GHYLFH�WKDW�UHOHDVHVWKLV�HIIHFW�FDQ�DOVR�EH�VXVSHQGHG�LQ�VSDFH��DQG�WKH�ODFN�RI�UHDFWLRQ�IRUFHV�DOORZV�LW�WR�UHPDLQXQDIIHFWHG LQGHSHQGHQWO\� RI� WKH� VFDOH� RI� DFWLRQV� WKDW� LW� FDXVHV�� )RU� H[DPSOH�� D� SRUWDEOHWHOHNLQHWLF�FUDQH�OLIWLQJ�DQ\�REMHFW��H�J��D�EXLOGLQJ�RU�D�KXJH�URFN��FDQ�EH�KHOG�LQ�D�FKLOG
V�KDQGZLWKRXW DQ\�HIIRUW��7KH�RWKHU�PDMRU�GLIIHUHQFH�EHWZHHQ�WKH�7HOHNLQHWLF�(IIHFW�DQG�D�SK\VLFDOIRUFH LV�WKDW�IRU�WKH�7HOHNLQHWLF�(IIHFW�WKH�3ULQFLSOH�RI�(QHUJ\�&RQVHUYDWLRQ�LV�VDWLVILHG�GXH�WRD VSRQWDQHRXV�H[WUDFWLRQ�RI�WKHUPDO�HQHUJ\�IURP�WKH�HQYLURQPHQW�E\�D�WHOHNLQHWLFDOO\�PRYHGREMHFW�LWVHOI��7KLV�LQ�WXUQ�OHDGV�WR D�QXPEHU�RI�SKHQRPHQD�H[SODLQHG�ODWHU��VXFK�DV�WKH�FRROLQJRI�WKH�HQYLURQPHQW�RI�REMHFWV�VKLIWHG�WHOHNLQHWLFDOO\��HPLVVLRQ�RI�D�VXEWOH��H[WUDFWLRQ�JORZ���HWF�2QH�RI�WKH�PRVW�LPSRUWDQW�DFKLHYHPHQWV�RI�WKH�&RQFHSW RI�'LSRODU�*UDYLW\�LV�WKDW��ZKLOHLQGLFDWLQJ WKH�H[LVWHQFH�RI�WKH�7HOHNLQHWLF�(IIHFW��LW�DOVR�SRVWXODWHV�WZR�GLIIHUHQW�PHWKRGV�RIWULJJHULQJ �UHOHDVLQJ�� LW�� 7KHVH� DUH�� ���� WKH� ELRORJLFDO� PHWKRG�� DQG� ���� WKH� WHFKQRORJLFDOPHWKRG��,Q�WKH�ELRORJLFDO�PHWKRG WKH�7HOHNLQHWLF�(IIHFW�LV�SURGXFHG�WKURXJK�WKH�HPSOR\PHQWRI D QDWXUDO�FDSDELOLW\�RI�WKH�EUDLQ��RU�PRUH�SUHFLVHO\���WKH�SDUW�RI�WKH�EUDLQ�FDOOHG�D��SLQHDOJODQG���7KHUH�DUH�D�QXPEHU�RI�YHUVLRQV�RI�WKLV�HIIHFW�SURGXFHG�ELRORJLFDOO\�E\�WKH�KXPDQ�EUDLQ�H�J� WHOHNLQHWLF�KHDOLQJ��EHQGLQJ�VSRRQV��PRVW�RI�WKHVH�DUH�OLVWHG�LQ�VXEVHFWLRQ�&���2QH�RIWKH PRVW� VSHFWDFXODU� H[DPSOHV� RI� VXFK� ELRORJLFDOO\� UHOHDVHG� KXPDQ� WHOHNLQHVLV� LV� FDOOHG�SV\FKRNLQHVLV�� 2WKHU�SRSXODUO\�NQRZQ�H[DPSOHV�LQFOXGH�OHYLWDWLRQ�DQG�UDGLHVWHVLD��L�H��WKHWHOHNLQHWLF EHQGLQJ�RI�GLYLQLQJ�URGV���$�IRUP�ZKLFK�GHSHQGV�RQ�D�SV\FKRNLQHWLF�UHOHDVH�RI�DKXJH�TXDQWLWLHV RI�KHDW�DW�WKH�PRPHQW�RI�H[SHULHQFLQJ�D�VKRFN��LV�WKH�VR�FDOOHG��VSRQWDQHRXVKXPDQ FRPEXVWLRQ���7KHRUHWLFDOO\�VSHDNLQJ��PRVW�SUREDEO\�DOVR�VRPH�DQLPDOV�DUH�FDSDEOHRI�WKH�IRUPDWLRQ�RI�WHOHNLQHVLV�WR�HQKDQFH�VRPH�YLWDO�ELRORJLFDO�IXQFWLRQV��$Q�H[DPSOH�RI�VXFKDQLPDO WHOHNLQHVLV�FDQ�EH�WKH�SURGXFWLRQ�RI�FDOFLXP�E\�FKLFNHQ�ZKLFK�LV�GLVFXVVHG�LQ�D�ODWHUSDUW�RI�WKLV�VXEVHFWLRQ�,Q WKH�WHFKQRORJLFDO�PHWKRG WKH�7HOHNLQHWLF�(IIHFW�LV�SURGXFHG�WKURXJK�WKH�DFFHOHUDWLRQRU GHFHOHUDWLRQ�RI�PDJQHWLF�ILHOG�IRUFH�OLQHV��DQG�LWV�DFWLRQ�LQFOXGHV�DOO�REMHFWV�FRQWDLQHG�LQWKH DUHD�VR�DFWLYDWHG��%HFDXVH�WKH�DUHD�VXEMHFWHG�WR�WKH�DFWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW�LV�LWVHOI
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D NLQG RI�D�YHU\�DFWLYH�ILHOG�ZKLFK�DIIHFWV�DOO�REMHFWV�FRQWDLQHG�LQ�LW��WKHUHIRUH�WKH�DXWKRU�FDOOVLW WKH� �WHOHNLQHWLF� ILHOG��� 9DULRXV� UHVHDUFK� FRPSOHWHG� VR�IDU� RQ� WKLV� QHZ� WHOHNLQHWLF� ILHOGUHYHDOHG WKDW� VRPH� RI� LWV� SURSHUWLHV� UHVHPEOH� WKRVH� RI� D� PDJQHWLF� ILHOG�� H�J�� YDULRXVVXEVWDQFHV�FDQ�EH�SHUPDQHQWO\��PDJQHWL]HG���RU�SHUKDSV�ZH�VKRXOG�VD\��WHOHNLQHWL]HG���ZLWKLW� ,Q� WKLV� WUHDWLVH� RQO\� WKH� VXEMHFW� RI� SURSHOOLQJ� GHYLFHV� LV� FRYHUHG�� )RU� WKLV� UHDVRQ� WKHWHFKQRORJLFDO PHWKRG�RI�UHOHDVLQJ�WKH�7HOHNLQHWLF�(IIHFW�ZLOO�PDLQO\�EH�H[DPLQHG�KHUH��%XW�DQXPEHU�RI�REVHUYDWLRQV�JDWKHUHG�IRU�WKLV�PHWKRG�DSSO\�DOVR�WR�WKH�ELRORJLFDO�WHOHNLQHVLV�$W WKLV�SRLQW LW�LV�ZRUWK�VWUHVVLQJ�WKDW�WKH�JHQHUDOO\�DFFHSWHG�ROG�FRQFHSW�RI�PRQRSRODUJUDYLW\ ZDV�XQDEOH�WR�SURYLGH�DQ\�H[SODQDWLRQ�IRU�WKH�QDWXUH�RI�WHOHNLQHWLF�PRWLRQ��LQ�VSLWH�RIWKH HQRUPRXV� ERG\� RI� HYLGHQFH� WKDW� GRFXPHQWV� WKH� H[LVWHQFH� RI� WKLV� SKHQRPHQRQ�� 7KLVSUREDEO\ LV� WKH� PDLQ� UHDVRQ� ZK\� D� ODUJH� QXPEHU� RI� FRQWHPSRUDU\� VFLHQWLVWV� UHIXVH� WRDFNQRZOHGJH WKH� H[LVWHQFH� RI� WHOHNLQHVLV�� DQG� GLVFRXUDJH� DQ\� DWWHPSWV� WR� LQYHVWLJDWH� LW�0RUHRYHU� WKLV�ROG�FRQFHSW�GRHV�QRW�DOORZ�IRU�DQ\�UHDVRQLQJ�FRQFHUQLQJ�WKH�DWWULEXWHV�RI�WKLVPRWLRQ�RU�WKH�WHFKQRORJLFDO�ZD\V�RI�UHOHDVLQJ�LW�$Q LPSRUWDQW�SDUW�RI�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�LV�WKH�LQWHUSUHWDWLRQ�RI�WKH�(QHUJ\&RQVHUYDWLRQ 3ULQFLSOH�DV�DSSOLHG�WR�WHOHNLQHWLF�PRWLRQ��'LSRODU�*UDYLW\�VWDWHV�WKDW� WKH� ODZVSUHYDLOLQJ LQ� WKH�FRXQWHU�ZRUOG�PXVW�EH� WKH� UHYHUVDO�RI� ODZV�SUHYDLOLQJ� LQ� WKH�PDWHULDO� �RXU�ZRUOG��7KLV�DOVR�PHDQV�WKDW�IULFWLRQ�DQG�HQHUJ\�FRQVXPSWLRQ���VR�FKDUDFWHULVWLF�RI�WKH�PDWHULDOZRUOG��DUH�QRQ�H[LVWHQW�LQ�WKH�FRXQWHU�ZRUOG��7KHUHIRUH��LI�WKH�PRWLRQ�RI�DQ\�REMHFW�LV�EHJXQ�LQWKH FRXQWHU�ZRUOG�WKURXJK�D�GLVORFDWLRQ�RI�WKH�FRXQWHU�PDWHULDO�GXSOLFDWH�RI�WKLV�REMHFW��WKHQWKH FDXVH�RI�WKLV�PRWLRQ�GRHV�QRW�QHHG�WR�SURYLGH�DQ\�HQHUJ\��%XW�WKH�PRWLRQ�RI�WKH�PDWHULDOSDUW RI�WKLV�REMHFW�LQ�RXU�ZRUOG�PXVW�REH\�WKH�&RQVHUYDWLRQ�RI�(QHUJ\�3ULQFLSOH��%HFDXVH�WKHFDXVH RI�WKH WHOHNLQHWLF�PRWLRQ�GRHV�QRW�SURYLGH�WKH�HQHUJ\�UHTXLUHG�WR�VDWLVI\�WKLV�3ULQFLSOH�WKH PDWHULDO� SDUW�RI� WKH�REMHFW�PRYHG� WHOHNLQHWLFDOO\�PXVW�DFKLHYH� WKLV�E\� LWVHOI�� 7KHUHIRUH�GXULQJ�WHOHNLQHWLF�PRWLRQ��WKH�PDWHULDO�SDUW�RI�WKH�REMHFW�PRYHG�PXVW�VSRQWDQHRXVO\�H[FKDQJHWKHUPDO HQHUJ\� ZLWK� WKH� HQYLURQPHQW� �L�H�� DEVRUE� RU� UHOHDVH� KHDW��� 7KH� QHFHVVLW\� IRU� WKLVH[FKDQJH ZLOO�EH�FDOOHG�KHUH�WKH��SRVWXODWH�RI�VSRQWDQHRXV�KHDW�H[FKDQJH�EHWZHHQ�WKHWHOHNLQHWLFDOO\�DIIHFWHG REMHFWV�DQG�WKH�HQYLURQPHQW���7KLV�SRVWXODWH�LV�UHVSRQVLEOH�IRU�WZRREVHUYDEOH FRQVHTXHQFHV�� L�H��� ���� LW�SURGXFHV�D�FKDQJH� LQ� WKH�HQYLURQPHQWDO� WHPSHUDWXUHGXULQJ�WHOHNLQHWLF�PRWLRQ��DQG�����LW�SURGXFHV�D�IDLQW�JORZ��FDOOHG�WKH��H[WUDFWLRQ�JORZ���HPLWWHGIURP�WKH�PDWWHU��VSDFH��VXUURXQGLQJ�WKH�WHOHNLQHWLFDOO\�PRYHG�REMHFWV�:KLOH WKH�DERYH�H[SODLQV� IXOO\�WKH�SULQFLSOHV�EHKLQG�WKH�WHPSHUDWXUH�FKDQJH�FDXVHGE\ WHOHNLQHWLF�PRWLRQ��WKH�PHFKDQLVP�RI�WKH��H[WUDFWLRQ�JORZ��UHTXLUHV�IXUWKHU�H[SODQDWLRQ�,I�HQHUJ\�LV�UDSLGO\�ZLWKGUDZQ�IURP�DQ�DWRP��LWV�HOHFWURQV�PXVW�IDOO�IURP�WKHLU�KLJKHU�RUELWV�LQWRORZHU RQHV��7KLV�LQ�WXUQ��DFFRUGLQJ�WR�TXDQWXP�SK\VLFV��PXVW�FDXVH�WKH�HPLVVLRQ�RI�SKRWRQV�7KHUHIRUH� WKH� UDSLG� H[WUDFWLRQ� RI� KHDW� IURP� WKH� PDWWHU� WKDW� VXUURXQGV� DQ� REMHFW� PRYHGWHOHNLQHWLFDOO\ PXVW�EH�DFFRPSDQLHG�E\�WKH�HPLVVLRQ�RI�D�IDLQW�JORZ�IURP�WKLV�PDWWHU��UHIHUUHGKHUH�DV�WKH�H[WUDFWLRQ�JORZ��7KLV�HPLVVLRQ�VKRXOG�UHJLVWHU�DV�D�IDLQW�ZKLWH�OLJKW�WKDW�VXUURXQGVWKH VXUIDFH� RI� REMHFWV�PRYHG� LQ� D� WHOHNLQHWLF�PDQQHU��7KH� LQWHQVLW\� RI� WKH� H[WUDFWLRQ�JORZGHSHQGV RQ� WKH�DPRXQW�RI� WHOHNLQHWLF�ZRUN� UHTXLUHG� IRU� WKH� FRPSOHWLRQ�RI� D�JLYHQ�PRWLRQ�%HFDXVH WKLV�ZRUN� LV�UDWKHU�LQVLJQLILFDQW�IRU�WKH�ELRORJLFDO�VRXUFHV�RI�WHOHNLQHWLF�PRWLRQ��WKHLQWHQVLW\�RI�WKH�JORZ�WKDW�WKH\�SURGXFH�PXVW�DOVR�EH�ORZ��7KXV��IRU�WKH�PRWLRQ�ZKLFK�LV�FDXVHGELRORJLFDOO\��WKH�H[WUDFWLRQ�JORZ�LV�XVXDOO\�QRW�QRWLFHDEOH�E\�WKH�QDNHG�H\H��DQG�RQO\�D�VHQVLWLYHSKRWRJUDSKLF�ILOP�LV�DEOH�WR�UHJLVWHU�LW��7KLV�LQGLFDWHV�WKDW�WKH�EHVW�PHWKRG�IRU�GHWHFWLRQ�RI�WKLVJORZ LV�WR�SKRWRJUDSK�REMHFWV�PRYHG�WHOHNLQHWLFDOO\���VHH�)LJXUH�&���%XW�IRU�WKH�WHFKQRORJLFDOVRXUFHV RI�WHOHNLQHWLF�PRWLRQ��H�J��KLJKO\�HIILFLHQW�WHOHNLQHWLF�SRZHU�VWDWLRQV���VHH�VXEVHFWLRQ&������ RU� DGYDQFHG� SURSHOOLQJ� GHYLFHV� XWLOL]LQJ� WKH� 7HOHNLQHWLF� (IIHFW� IRU� WUDQVSRUWDWLRQSXUSRVHV ��VHH�FKDSWHUV�-�DQG�2��ZKLFK�H[WUDFW� ODUJH�TXDQWLWLHV�RI�WKHUPDO�HQHUJ\�IURP�WKH
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HQYLURQPHQW� WKH�HPLVVLRQ�RI�WKH�H[WUDFWLRQ�JORZ�VWDUWV�WR�EH�QRWLFHDEOH�ZLWK�WKH�QDNHG�H\H�7R RXWVLGH�REVHUYHUV��WKH�JORZ�IURP�WKH�VRXUFHV�RI�WHFKQRORJLFDO�WHOHNLQHVLV�ZLOO�PDNH�WKHLUVXUIDFH DSSHDU�WR�EH��RLOHG�ZLWK�OLJKW���2I�FRXUVH��WKH�DSSHDUDQFH�RI�WKH�H[WUDFWLRQ�JORZ�ZLOODOZD\V EH�DFFRPSDQLHG�ZLWK�WKH�UDSLG�GURS�RI�WKH�HQYLURQPHQWDO�WHPSHUDWXUH��L�H�� LWV�UDSLGFRROLQJ�GRZQ��,QGHSHQGHQWO\�IURP�WKH�H[WUDFWLRQ�JORZ��WKH�7HOHNLQHWLF�(IIHFW�LV�FDSDEOH�RI�FDXVLQJ�WKHRSSRVLWH SKHQRPHQRQ�ZKLFK� ZH� FDOO� KHUH� WKH� �GLVSHUVLRQ� JORZ��� 7KH� GLVSHUVLRQ� JORZ� LVHPLWWHG ZKLOH� WKH� WHOHNLQHWLFDOO\� PDQLSXODWHG� REMHFWV� \LHOG� WKHUPDO� HQHUJ\� LQVWHDG� RIDEVRUELQJ LW���H�J��FRQVLGHU�WKH�H[DPSOH�RI�D�WHOHNLQHWLF�YHKLFOH�ZKLFK�SUHYLRXVO\�IOHZ�ZLWK�DKLJK VSHHG� EHLQJ� GHFHOHUDWHG� �VORZHG� GRZQ��� RU� D� XVHU� RI� WHOHNLQHWLF� SHUVRQDO� SURSXOVLRQZDONLQJ GRZQVWDLUV��7KH�SULQFLSOHV� LQYROYHG�LQ�WKH�HPLVVLRQ�RI� WKH�GLVSHUVLRQ�JORZ�DUH�YHU\VLPLODU WR�WKRVH�IURP�WKH�H[WUDFWLRQ�JORZ��%XW�EHFDXVH�RI�WKH�GLUHFWLRQ�RI�WKH�HQHUJ\�IORZ�IRUWKLV JORZ� LV� IDYRXULQJ� WKH�HPLVVLRQ�RI�SKRWRQV�E\�HOHFWURQV� IURP�VSHFLILF�DWRPLF�RUELWV�� WKHGLVSHUVLRQ JORZ�ZLOO�SURGXFH�WKH� OLJKW�ZLWK�D�FOHDU�JUHHQ� WLQJH��$OVR� WKH�DSSHDUDQFH�RI� WKLVJUHHQLVK GLVSHUVLRQ�JORZ�ZLOO�EH�DFFRPSDQLHG�ZLWK�WKH�YLVLEOH�LQFUHDVH�RI�WKH�HQYLURQPHQWDOWHPSHUDWXUH��L�H��ZLWK�WKH�UDSLG�ZRUPLQJ�XS�RI�WKH�HQYLURQPHQW��,W LV�ZRUWK PHQWLRQLQJ�KHUH�WKDW�IRU�SUDFWLFDO�UHDVRQV�LW� LV�SRVVLEOH�WR�PHUJH�WRJHWKHUERWK�SKHQRPHQD�DERYH�WR�REWDLQ�XVHIXO�LOOXPLQDWRU\�V\VWHPV�ZKLFK�ZRXOG�SURGXFH�H[WUHPHO\SOHDVDQW OLJKWV�� ,Q� WKHVH�V\VWHPV� WKH� OLJKW�ZRXOG�QRW�EH�HPLWWHG�E\�D�VLQJOH�VRXUFH� �H�J��DEXOE��EXW�E\�WKH�ZKROH�YROXPH�RI�VSDFH��DLU��FRQWDLQHG�LQ�D�JLYHQ�FRPSDUWPHQW��,Q�WKLV�ZD\�WKHOLJKW ZRXOG� QRW� EH� EOLQGLQJ� WR� H\HV�� ZRXOG� QRW� SURGXFH� VKDGRZV�� DQG� ZRXOG� DVVXUH� WKHH[FHOOHQW YLVLELOLW\�RI�GHWDLO��,Q�RUGHU�WR�DFKLHYH�WKH�SURGXFWLRQ�RI�WKLV�H[WUDRUGLQDU\�OLJKW�LQ�DJLYHQ FRPSDUWPHQW� LW� LV�VXIILFLHQW� WR�FUHDWH�D�VWDQGLQJ�PDJQHWLF�ZDYH�� WKH�FRXUVH�RI�ZKLFKZRXOG WHOHNLQHWLFDOO\� FDXVH� WKH� F\FOLFDO� DFFHOHUDWLRQ� DQG� WKHQ� GHFHOHUDWLRQ� RI� DLU� SDUWLFOHV�7KXV WKHVH�SDUWLFOHV�ZRXOG�DOWHUQDWLYHO\�HPLW�WKH�ZKLWH�H[WUDFWLRQ�JORZ�DQG�WKHQ�WKH�JUHHQLVKGLVSHUVLRQ JORZ�� 7KH� LQWHUHVWLQJ� DVSHFW� RI� WKLV� V\VWHP� LV� WKDW� DIWHU� LW� LV� VXSSOLHG� ZLWK� DWHPSHUDWXUH VHQVRU� LW�VLPXOWDQHRXVO\�FDQ�SHUIRUP�WKH� IXQFWLRQ�RI�DQ�DLU�FRQGLWLRQ�XQLW� WKXVNHHSLQJ WKH�WHPSHUDWXUH�LQ�D�JLYHQ�FRPSDUWPHQW�DW�D�FRQVWDQW�DQG�HDVLO\�FRQWUROOHG�OHYHO��,WFDQ EH DGGHG�KHUH� WKDW� WKLV�SDUWLFXODU�V\VWHP�RI� LOOXPLQDWLRQ�VHHPV� WR�EH�DOUHDG\�XVHG�RQ(DUWK� )RU�H[DPSOH�LQ�D�ERRN�>�&�@ E\�$OHF�0DF/HOODQ��7KH�/RVW�:RUOG�RI�$JKDUWL���6RXYHQLU3UHVV� /RQGRQ� ������ ,6%1� ����������� WKHUH� DUH� GHVFULSWLRQV� RI� MXVW� VXFK� JUHHQLVK� OLJKWDOUHDG\ XWLOL]HG�E\�FLWL]HQV�RI��$JKDUWL���)XUWKHUPRUH��QRW�ORQJ�DJR�WKH�DXWKRU�KDG�D�EULHI��EXWXQIRUWXQDWHO\ LQWHUUXSWHG�� GLVFXVVLRQ� ZLWK� DQ� RFFDVLRQDOO\� PHW� JOREHWURWWHU�� ZKR� WULHG� WRGHVFULEH KLV� YLVLW� WR� RQH� RI� WKH� OHVV� NQRZQ� (J\SWLDQ� S\UDPLGV�� +H� VXSSRVHGO\� VDZ� DFRPSDUWPHQW OLW�XS�ZLWK�D�VWUDQJH�JUHHQ�OLJKW�ZKLFK�GLG�QRW�SURGXFHG�VKDGRZV�DQG�QR�RQHNQRZV IURP�ZKHUH�LW�RULJLQDWHG��$�ORFDO�JXLGH�VXSSRVHGO\�VDLG�WKDW�SUHVHQW�VFLHQFH�LV�XQDEOHWR H[SODLQ� WKH� RULJLQ� DQG� SURSHUWLHV� RI� WKLV� JUHHQ� OLJKW�� 2I� FRXUVH�� LPPHGLDWHO\� DIWHU� WKHGLVFXVVLRQ ZLWK�WKLV�JOREHWURWWHU�WKH�DXWKRU�LQLWLDWHG�KLV�VHDUFK�WKURXJK�OLWHUDWXUH�RQ�S\UDPLGV�XQIRUWXQDWHO\ KH�KDV�QRW� IRXQG�DQ\�PHQWLRQ�RI�D�P\VWHULRXV�FRPSDUWPHQW� OLJKWHQHG�ZLWK�DJUHHQLVK OLJKW� RI� XQNQRZQ� RULJLQ� ZKLFK� SUHVHQW� VFLHQFH� LV� QRW� DEOH� WR� H[SODLQ�� �,I� DQ\� RIUHDGHUV NQRZV�DQ\WKLQJ�DERXW�WKLV�FRPSDUWPHQW�ZLWK�LWV�P\VWHULRXV�JUHHQLVK�OLJKW��RU�DERXWWKH OLWHUDWXUH�ZKHUH� GHVFULSWLRQV� DUH� SURYLGHG�� WKH� DXWKRU�ZRXOG� EH� REOLJHG� IRU� OHWWLQJ� KLPNQRZ��7KH�SULQFLSOH�RI�WKH�FRQWUROOHG�WULJJHULQJ�RI�WKHUPDO�SKHQRPHQD�GHVFULEHG�DERYH�ZKLFK�DPRQJVW RWKHUV��LV�DEOH�WR�HPLW�LQWHUFKDQJHDEO\�WKH�H[WUDFWLRQ�JORZ�DQG�WKH�GLVSHUVLRQ�JORZ�FDQ�DOVR�EH�XWLOL]HG�IRU�QXPHURXV�GLIIHUHQW�DSSOLFDWLRQV���QRW�RQO\�MXVW�IRU�DQ�LOOXPLQDWLRQ�RU�DLUFRQGLWLRQLQJ��2QH�RI�WKH�PRVW�LPSRUWDQW�DSSOLFDWLRQV��KDYLQJ�D�GLUHFW�FRQQHFWLRQ�ZLWK�WKH�WRSLFRI WKLV� PRQRJUDSK�� LV� WKH� PDLQWHQDQFH� RI� WKH� WHPSHUDWXUH� RI� 2VFLOODWRU\� &KDPEHUV� DW� D
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FRQVWDQW DQG�FRQWUROODEOH�OHYHO���VHH�GHVFULSWLRQV�LQ�VXEVHFWLRQ�)�����7KH�SULQFLSOH�XVHG�IRUWKH PDLQWHQDQFH�RI�WKLV�FRQVWDQW�WHPSHUDWXUH�GHSHQGV�RQ�FRQWUROOLQJ�WKH�FRXUVH�RI�WKH�ILHOGSXOVDWLRQV LQ�WKH�FKDPEHU�VR�WKDW�WKH�VXEVHTXHQW�SXOVHV�RI�WKLV�ILHOG�WULJJHU�WKH�7HOHNLQHWLF(IIHFW��,Q�WXUQ�WKLV�HIIHFW�DFFHOHUDWHV�WKH�PRWLRQ�RI�HOHFWULF�FKDUJHV�WKURXJK�WKH�FKDPEHU��7KHHQHUJ\ VXVWDLQLQJ�WKLV�PRWLRQ�LV�WKH�WKHUPDO�HQHUJ\��KHDW��SUHYLRXVO\�UHOHDVHG�E\�WKH�VSDUNV�,Q WKDW�ZD\� WKH�WKHUPDO�HQHUJ\�ORVHV�RFFXUULQJ�DV�D�E\�SURGXFW�RI�VSDUNV�DUH�VXEVHTXHQWO\WUDQVIRUPHG E\�WKH�7HOHNLQHWLF�(IIHFW�LQWR�WKH�PRWLRQ�RI�HOHFWULF�FKDUJHV��$V�WKH�UHVXOW�RI�WKLVVWULFWO\ FRQWUROOHG�SURFHVV��WKH�HQWLUH�WKHUPDO�HQHUJ\�GLVVLSDWHG�LQ�WKH�FKDPEHU�E\�VSDUNV�LVWUDQVIRUPHG��UHFRYHUHG��EDFN�LQWR�HOHFWULF�FKDUJHV�$OWKRXJK�LQ�WKLV�PRQRJUDSK�WKH�XWLOL]DWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW�IRU�WKH�SURGXFWLRQ�RIPRWLRQ LV� PDLQO\� VWUHVVHG�� WKLV� SKHQRPHQRQ� FDQ� EH� DOVR� HPSOR\HG� IRU� YDULRXV� RWKHUDSSOLFDWLRQV��)RU�H[DPSOH�LW�FDQ�DOWHU�WKH�VWDWH��VKDSH��FRQVLVWHQF\��FRPSRVLWLRQ��HQHUJ\�OHYHO�VWUXFWXUH� RU�DWWULEXWHV�RI�PDWHULDO�REMHFWV��DQG�PXFK�PRUH�� ,Q�VXFK�DOWHUDWLRQV�WKH�DIIHFWHGREMHFWV FDQ�HLWKHU�DEVRUE�WKH�HQYLURQPHQWDO�KHDW��H�J��GXULQJ�WKH�DFFHOHUDWLRQ�RI�WHOHNLQHWLFYHKLFOHV� RU� UHOHDVH� WKHUPDO� HQHUJ\� �H�J�� GXULQJ� WKH� GHFHOHUDWLRQ� RI� WHOHNLQHWLF� YHKLFOHV��+RZHYHU� WKH� ORZHU� WKH�H[FKDQJH�RI� WKHUPDO�HQHUJ\�ZLWK� WKH�HQYLURQPHQW� LV�� WKH�HDVLHU� WRFRPSOHWH WKHVH� DOWHUDWLRQV� DUH�� 7KXV� WKH� HDVLHVW� WR� FRPSOHWH� DUH� WKH� WHOHNLQHWLFWUDQVIRUPDWLRQV ZKLFK�DUH�VHOI�EDODQFLQJ�WKHUPDOO\��L�H��ZKLFK�GR�QRW�DEVRUE�QRU�UHOHDVH�DQ\WKHUPDO HQHUJ\��2QH�RI�WKH�PRVW�XQXVXDO�WUDQVIRUPDWLRQV�WULJJHUHG�E\�WKH�7HOHNLQHWLF�(IIHFW�ZKLFK VHHPV�WR�RFFXU�RQO\�LI�WKH�VHOHFWLRQ�RI�LQWDNH�FRPSRQHQWV�DQG�WKH�ILQDO�SURGXFWV�DOORZVIRU VXFK� HQHUJHWLF� VHOI�EDODQFLQJ�� LV� WKH� DELOLW\� WR� WUDQVIRUP� RQH� JURXS� RI� HOHPHQWV� LQWRDQRWKHU�JURXS�RI�HOHPHQWV�7KH DFWXDO�RFFXUUHQFH�RI�WKLV�WKHUPDOO\�VHOI�EDODQFLQJ�WUDQVIRUPDWLRQ�RI�RQH�HOHPHQWVLQWR DQRWKHUV� VHHPV� WR� EH� FRQILUPHG� DOUHDG\� E\� D� QXPEHU� RI� HPSLULFDO� REVHUYDWLRQV� DQGH[SHULPHQWV� )RU� H[DPSOH� LQ� D� UHJLRQ� RI� )UHQFK� %UHWRQQLD� ZKHUH� LV� D� ORW� RI� PLFD� EXWVLPXOWDQHRXVO\ WKHUH�LV�D�VLJQLILFDQW�GHILFLHQF\�RI�FDOFLXP�LQ�WKH�VRLO��KHQV�VWLOO�OD\�HJJV�ZLWKQRUPDO� KDUG�VKHOOV��)UHQFK�FKHPLVW�QDPHG�/RXLV�1LFRODV�9DXTXHOLQ�ZDV�VR�LQVSLUHG�E\�WKLVHPSLULFDO REVHUYDWLRQ� WKDW� KH� FRPSOHWHG� DQ� LQWHUHVWLQJ� H[SHULPHQW�� +H� IHG� KHQV� ZLWK� DVLJQLILFDQW�GHILFLHQF\�RI�FDOFLXP��EXW�JDYH�WKHP�IRU�SLFNLQJ�DV�PXFK�PLFD�DV�WKH\�ZDQWHG��+LVKHQV�VWLOO�ODLG�HJJV�ZLWK�KDUG�VKHOOV��%XW�ZKHQ�KH�IHG�WKH�VDPH�KHQV�ZLWK�WKH�VDPH�GHILFLHQF\RI FDOFLXP�DQG�VLPXOWDQHRXVO\�KH�GLG�QRW�JLYH�WKHP�PLFD��WKH\�ODLG�HJJV�ZLWK�FRPSOHWHO\�VRIWVKHOOV� 0LFD� LV� D� FRPSOH[� K\GURXV� DOXPLQLXP� VLOLFDWH� PLQHUDO� XVXDOO\� FRPSRVHG� RISRWDVVLXP� DOXPLQLXP��VLOLFRQ��R[\JHQ�DQG�K\GURJHQ��H�J��FRPSRVLWLRQ�RI� WKH�SULQFLSDO� W\SHRI PLFD��FDOOHG��PXVFRYLWH���LV�GHVFULEHG�E\�WKH�IRUPXOD��. $O �$O 6L 2 ��2+� ��,W�DSSHDUV�WKDW� � � � �� �9DXTXHOLQ
V KHQV�VHOI�VDWLVILHG�WKHLU�QHHG�IRU�FDOFLXP�E\�SURGXFLQJ�WKLV�HOHPHQW�IURP�VRPHHOHPHQW ZKLFK� LV�UHDGLO\�DYDLODEOH�LQ�PLFD�EXW�VLPXOWDQHRXVO\�LV�DEVHQW� LQ�WKH�HQYLURQPHQW�H�J� IURP�SRWDVVLXP��$OWKRXJK�SUHVHQW�VFLHQFH�VHHPV�WR�LJQRUH�KLV�H[SHULPHQWV��DV�MXVW�RQWKH EDVLV� RI� QXFOHDU� SK\VLFV� WKHUH� LV� QR� NQRZQ�PHDQV� RI� WUDQVIRUPLQJ� RQH� HOHPHQW� LQWRDQRWKHU� WKH� DFWLRQ� RI� WKH� 7HOHNLQHWLF� (IIHFW� H[SODLQV� KLV� ILQGLQJV� DV� D� UHVXOW� RI� ELRORJLFDOWHOHNLQHVLV ZKLFK� WUDQVIRUPHG�VRPH�HOHPHQWV� LQWR�RWKHUV��H�J��SRWDVVLXP�DQG�VRPH�RWKHU�\HW�XQLGHQWLILHG�HOHPHQW��LQWR�FDOFLXP�DQG�VRPH�RWKHU��\HW�XQGLVFORVHG�HOHPHQW��([SHULPHQWVFRQGXFWHG E\� 9DXTXHOLQ� DUH� GHVFULEHG� LQ� WZR� ERRNV�� L�H�� >�&�@ E\� 3HWHU� 7RPSNLQV� 	&ULVWRSKHU %LUG���7KH�VHFUHW�OLIH�RI�SODQWV���3HQJXLQ�%RRN�$XVWUDOLD�/WG���,6%1��������������� ������ SDJH� ������ DQG� >�&�@ E\� /D\DOO�:DWVRQ�� �6XSHUQDWXUH��� +RGGHU� DQG� 6WRXJKWRQ�/RQGRQ ������ ,6%1� ������������ 7KHUH� LV� DOVR� DQRWKHU� H[DPSOH� RI� VXFK� FRQYHUVLRQ� RIHOHPHQWV� EXW� WKLV� WLPH� WULJJHUHG� E\� D� WHFKQRORJLFDO� WHOHNLQHVLV�� ,W� FDQ� EH� IRXQG� RQ� VRPHODQGLQJ VLWHV� IRUPHG�E\� YHKLFOHV� EXLOW� E\� RWKHU� FLYLOL]DWLRQV�ZKLFK� DOUHDG\� XWLOL]H� WHOHNLQHWLFSURSXOVRUV LQ� WKHLU� VSDFH� YHKLFOHV� �VHH� FKDSWHU� 2��� 5HVHDUFK� FRQGXFWHG� RQ� VXFK� VLWHV



C-8

UHYHDOHG WKDW�WKH�FDOFLXP�FRQWHQW�LQ�WKHLU�VRLO�LV�DURXQG�VHYHQ�WLPHV�KLJKHU�LQ�FRPSDULVRQ�WRFRQWHQW�IURP�WKH�VRLO�LQ�WKH�VXUURXQGLQJ�DUHD���VHH�WKH�ERRN�>�&�@ E\�$OODQ�+HQGU\��)RUHZRUGE\ 3URIHVVRU�$OOHQ�+\QHN����7KH�8)2�+DQGERRN���6SKHUH�%RRNV�/LPLWHG��/RQGRQ��(QJODQG������� SDJH� ����� $V� WKH� VKLIWLQJ� RI� FDOFLXP� LQ� WKH� VRLO� ZRXOG� LQYROYH� H[WUHPHO\� XQOLNHO\PHFKDQLVPV� DOPRVW�WKH�RQO\�UDWLRQDO�H[SODQDWLRQ�IRU�WKLV�LQFUHDVHG�FDOFLXP�FRQWHQW�LQ�VRPH8)2 ODQGLQJ�VLWHV�LV�WKDW� LW�ZDV�V\QWKHVLVHG�WKHUH�E\�WKH�7HOHNLQHWLF�(IIHFW�UHOHDVHG�E\�WKHSURSXOVRUV RI� WKHVH�YHKLFOHV��7KH� WUDQVIRUPDWLRQ�RI� SRWDVVLXP� LQWR� FDOFLXP� LV�QRW� WKH�RQO\FKDQJH RI�HOHPHQWV�ZKLFK�FDQ�EH�WULJJHUHG�E\�WKH�7HOHNLQHWLF�(IIHFW��$QRWKHU�FKDQJH�ZKLFKVHHPV WR�EH�DOVR�FRQILUPHG�E\�QXPHURXV�HPSLULFDO�ILQGLQJV�LV�WKH�WUDQVIRUPDWLRQ�RI�VLOLFRQH�IRXQG� IRU�H[DPSOH�� LQ�RUGLQDU\�VDQG��DQG�VRPH�RWKHU�XQNQRZQ�\HW�HOHPHQW�� LQWR�JROG�DQGVRPH RWKHU� XQNQRZQ�\HW� HOHPHQW�� 6XFK� D� V\QWKHVLV� RI� JROG� RFFXUUHG� RQ� D� ODUJH� VFDOH� LQH[SORVLRQ VLWHV�RI�VSDFH�YHKLFOHV�SURSHOOHG�E\�WKH�PHDQV�RI�WHOHNLQHVLV��7KHLU�H[DPSOH�LV�WKHIRUPDWLRQ RI� �JROGHQ� IOHHFH�� LQ� DQFLHQW� .ROFKLGD�� DQG�PRUH� UHFHQWO\� QHDU� WKH� WRZQVKLS� RI7DSDQXL LQ�1HZ�=HDODQG�DQG�LQ�7XQJXVND��&HQWUDO�6LEHULD��0RUH�GHWDLOV�DERXW�WKLV��JROGHQIOHHFH��LV�SURYLGHG�LQ�PRQRJUDSK�>�@�7R FRQFOXGH� WKH� VHULHV� RI� H[SODQDWLRQV� DERYH�� WKH� �SRVWXODWH� RI� VSRQWDQHRXV� KHDWH[FKDQJH EHWZHHQ� WKH� WHOHNLQHWLFDOO\� DIIHFWHG� REMHFWV� DQG� WKH� HQYLURQPHQW�� PDNHV� WKH7HOHNLQHWLF (IIHFW� WR�DFW� OLNH�D� UHYHUVDO�RI� IULFWLRQ��$V� WKH�SKHQRPHQRQ�RI� IULFWLRQ�FDXVHV�DVSRQWDQHRXV DEVRUEWLRQ� RI� PRWLRQ� DQG� WKH� SURGXFWLRQ� RI� KHDW�� WKH� 7HOHNLQHWLF� (IIHFWVSRQWDQHRXVO\�DEVRUEV�HQYLURQPHQWDO�KHDW�DQG�SURGXFHV�PRWLRQ�,QGHSHQGHQWO\ IURP� WKH� �SRVWXODWH� RI� VSRQWDQHRXV� KHDW� H[FKDQJH� EHWZHHQWHOHNLQHWLFDOO\ DIIHFWHG�REMHFWV�DQG�WKH�HQYLURQPHQW��WKH�7HOHNLQHWLF�(IIHFW�UHOHDVHV�D�ZKROHUDQJH RI�QHZ�DQG�QRQ�W\SLFDO�SKHQRPHQD��7KH�DSSHDUDQFH�RI�PRVW�RI�WKHP�UHVXOWV�IURP�WKHJHQHUDO SULQFLSOH� WKDW� WKH� 7HOHNLQHWLF� (IIHFW� VHHPV� WR� H[HFXWH� DOPRVW� DOO� SK\VLR�FKHPLFDOSURFHVVHV�DORQJ WKH��OLQH�RI�JUHDWHVW�UHVLVWDQFH���WKXV�WKLV�HIIHFW�VHHPV�WR�FDXVH�WKH�UHYHUVDORI��QRUPDO��SURFHVVHV�RFFXUULQJ�LQ�XQWDPHG�QDWXUH�ZKLFK�IROORZ�WKH��OLQH�RI�OHDVW�UHVLVWDQFH���,Q FDVH RI� YDULRXV� FKHPLFDO� VXEVWDQFHV� WKLV� GLUHFWLRQ� FRXOG� EH� GHILQHG�DV� �WUDQVIRUPDWLRQIURP HQHUJHWLFDOO\�ORZHU�VWDWHV�LQWR�HQHUJHWLFDOO\�KLJKHU�VWDWHV���RU�RFFXUULQJ��IURP�FKDRV�WRRUGHU�� %HFDXVH�IRU� WKH�PDMRULW\�RI� OLYLQJ�RUJDQLVPV�DQG�VXEVWDQFHV� WKH�DERYH�GLUHFWLRQ�RIFKDQJHV�PHDQV�WUDQVIRUPDWLRQ�IURP�GHJHQHUDWLRQ�DQG�GHSHQGHQF\�LQWR�D�VWDWH�RI�JURZWK�DQGGXUDELOLW\��WKH�7HOHNLQHWLF�(IIHFW�GLVSOD\V�WKH�FDSDELOLW\�IRU�HQRUPRXV�ELRORJLFDO��FKHPLFDO��DQGVWUXFWXUDO�VWLPXODWLRQ��ZKLFK�LV�PDQLIHVWHG�LQ�WKH�IROORZLQJ�PDQQHUV��� $OO� OLYLQJ�RUJDQLVPV� �L�H�� YHJHWDWLRQ��DQLPDOV��DQG�SHRSOH�� VXEMHFWHG� WR� WHOHNLQHWLFILHOG GLVSOD\� DFFHOHUDWHG� DQG� HQODUJHG� JURZWK�� ,Q� WKH� DUHDV� RI� ODQGLQJV� RU� H[SORVLRQV� RIYHKLFOHV ZLWK� WHOHNLQHWLF� SURSXOVLRQ� �VHH� WUHDWLVH� >�@�� LQ� H[WUHPH� FDVHV� WKH� YHJHWDWLRQ�PD\JURZ�DV�PDQ\�DV�XS�WR����WLPHV�IDVWHU�DQG�KLJKHU�WKDQ�WKH�VDPH�YHJHWDWLRQ�IURP�VXUURXQGLQJDUHDV� �)RU�H[DPSOH�QHDU�7DSDQXL�LQ�1HZ�=HDODQG���VHH�>�@��ZKHUH�D�UHVLGXDO�WHOHNLQHWLF�ILHOGVWLOO SUHYDLOV�DIWHU�WKH�WHOHNLQHWLF�H[SORVLRQ�WKDW�RFFXUUHG�WKHUH�LQ������$�'���SLQH�WUHHV�FDQ�EHKDUYHVWHG DIWHU����\HDUV��GXULQJ�VXFK�VKRUW�WLPH�JURZLQJ�WR�VL]HV�ZKLFK�LQ�(XURSH�ZRXOG�WDNHDW OHDVW� ���� \HDUV��� ,Q� WXUQ� DQLPDOV� DQG� SHRSOH� DIIHFWHG�ZLWK� WKH� ILHOG� RI� VXFK� ODQGLQJ� RUH[SORGLQJ YHKLFOHV�PD\� UHDFK� VL]H� DQG� VWUHQJWK� VLJQLILFDQWO\� KLJKHU� WKDQ� RWKHUV�� 7KXV� WKHDERYH UHYHDOV�WKH�SRVVLELOLW\�RI�EXLOGLQJ��WHOHNLQHWLF�VWLPXODWRUV�RI�JURZWK���L�H��GHYLFHV�ZKLFKZRXOG�FDXVH�WKH�DFFHOHUDWLRQ�RI�JURZWK�EXW�LQ�DQ�LQWHQGHG�DQG�FRQWUROOHG�PDQQHU��� 'DPDJHG�� GHJHQHUDWLQJ�� RU� LOO� SDUWV� RI� ERGLHV�RUJDQV� SODFHG� LQ� WKH� UDQJH� RI� WKH7HOHNLQHWLF (IIHFW� UHOHDVHG� WHFKQRORJLFDOO\� VHHP� WR� KHDO� DQG� UHJHQHUDWH� YHU\� UDSLGO\�� 7KHUHJHQHUDWLRQ DQG� KHDOLQJ� DFKLHYHG� LQ� VXFK� D� �WHFKQLFDO�� PDQQHU� LV� YHU\� VLPLODU� WR� WKDWPDQLIHVWHG�GXULQJ�WKH�LQIOXHQFH�RI�WKH�ELRORJLFDO�WHOHNLQHWLF�ILHOG�UHOHDVHG�E\�KHDOHUV�6RPH�RI�WKHVH�KHDOLQJ�UHVXOWV�ZHUH�DOUHDG\�REVHUYHG�E\�D�QXPEHU�RI�LQYHQWRUV�ZRUNLQJ
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RQ WHOHNLQHWLF� GHYLFHV� IRU� WKH� H[WUDFWLRQ� RI� HQYLURQPHQWDO� HQHUJ\� �DOVR� FDOOHG� �IUHH� HQHUJ\GHYLFHV�� ��VHH�VXEVHFWLRQ�&����DQG�PRQRJUDSK�>�@��,W�VHHPV�WKDW�WKH�REVHUYDWLRQ�RI�KHDOLQJSURSHUWLHV RI�WKH�WHFKQRORJLFDO�YHUVLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW�UHSUHVHQWV�D�PDMRU�GLVFRYHU\ZKLFK LQ� WKH� IXWXUH�PD\� DOORZ� IRU� WKH� GHYHORSPHQW� RI� �WHOHNLQHWLF� KHDOLQJ� GHYLFHV��� 7KHRSHUDWLRQ RI� VXFK� GHYLFHV� ZLOO� REMHFWLYHO\� DQG� UHSHWLWLYHO\� LPLWDWH� WKH� VXEMHFWLYH� DFWLRQ� RIFRQWHPSRUDU\ KHDOHUV��$V�VXFK��WKH�PHGLFDO�DSSOLFDWLRQV�RI�WKH�7HOHNLQHWLF�(IIHFW�FDQ�HYHQRYHUVKDGRZ WKH�FXUUHQWO\�SXUVXHG�DSSOLFDWLRQ� IRU�HQHUJ\�SURGXFWLRQ�� ,I� WKLV� LV� UHLQIRUFHG�E\IXUWKHU UHVHDUFK�� ZH� PD\� EH� RQ� WKH� EULQN� RI� D� PDMRU� GLVFRYHU\� ZKLFK� PD\� FRPSOHWHO\UHYROXWLRQL]H�RXU�PHGLFLQH��,W�LV�ZRUWK�PHQWLRQLQJ�WKDW�D�6ZLVV�LQYHQWRU�QDPHG�:HUQHU�.5233�:(.520$�/DERUDWRU\��9LD�6WRUWD�����&+������%ULRQH�V�0��6:,7=(5/$1'��DOUHDG\�ZRUNVRQ�WKH�GHYHORSPHQW�RI�VXFK�KHDOLQJ�GHYLFHV����3RZHUIXO�GRVHV�RI�WHOHNLQHWLF�UDGLDWLRQ�PD\�FDXVH�WKH�HYROXWLRQ�RI�QHZ�XVHIXO�JHQHWLFVWUXFWXUHV��7KXV�QHZ�DQG�EHWWHU�DGRSWHG�PXWDWLRQV�RI�OLYLQJ�RUJDQLVPV�FDQ�FRPH�WR�OLIH��� $PRQJVW� SHRSOH� VXEMHFWHG� WR� WKH� DFWLRQ� RI� WKH� WHOHNLQHWLF� ILHOG� D� QXPEHU� RISDUDQRUPDO�SKHQRPHQD�FDQ�EH�LQGXFHG�DW�UDQGRP��([DPSOHV�RI�WKHVH�LQFOXGH���(QKDQFLQJ�SDUDQRUPDO�FDSDELOLWLHV�RI�D�JLYHQ�SHUVRQ��3HRSOH�ZKR�UHPDLQ�IRU�D�ORQJHUWLPH XQGHU�WKH�LQIOXHQFH�RI�WKLV�HIIHFW�FDQ�GLVSOD\�SDUDQRUPDO�DELOLWLHV�WKH\�KDYH�QRW�QRWLFHGEHIRUH �H�J��WKHLU�DELOLW\�WR�KHDO��FODLUYR\DQFH��WHOHSDWK\��WHOHNLQHVLV��HWF���UDSLGO\�PD\�EHFRPHHQKDQFHG�� ,W�ORRNV�DOPRVW�DV�LI�WKH�7HOHNLQHWLF�(IIHFW�FOHDUV�RU�UHYLYHV�LQWHUQDO�RUJDQV�LQ�RXUERG\ �H�J��WKH�SLQHDO�JODQG�PHQWLRQHG�SUHYLRXVO\��ZKLFK�DUH�FDSDEOH�RI�LQGXFLQJ�SDUDQRUPDOSKHQRPHQD�EXW�ZKLFK�LV�GRUPDQW�GXH�WR�FKURQLF�GLVXVH�� 7ULJJHULQJ�SKHQRPHQD�ZKLFK�PD\�KDYH�UHOLJLRXV� LQWHUSUHWDWLRQV��H�J��YLVLRQV�� UDSLGDQG XQH[SODLQHG�FKDQJHV�LQ�WKH�VWDWH�RU�FDSDELOLWLHV�RI�KXPDQ�ERG\�RU�VXUURXQGLQJ�REMHFWV�OLNH�VPDOO��PLUDFOHV����HWF��� 9DULRXV� FKHPLFDO� VXEVWDQFHV� QRUPDOO\� GLIILFXOW� WR� DVVRFLDWH� RU� VHSDUDWH� DUHVSRQWDQHRXVO\ SURGXFHG� LQ� WKH� VSKHUH� RI� DFWLRQ� RI� WKLV� HIIHFW� �H�J�� R]RQH� LV� IRUPHG� IURPR[\JHQ�LQ�WKH�DLU��ZDWHU�LV�GLVVRFLDWHG�LQWR�WKH�R[\JHQ�DQG�K\GURJHQ��HWF����7KH�HQHUJ\�EDODQFHGXULQJ WHOHNLQHWLF� SURGXFWLRQ� RI� VXFK� VXEVWDQFHV� DSSDUHQWO\� GRHV� QRW� IXOILO� WKH� (QHUJ\&RQVHUYDWLRQ 3ULQFLSOH� �H�J�� WKH� UHOHDVH�RI� WHOHNLQHWLF�GLVVRFLDWLRQ�RI�ZDWHU� FRQVXPHV� OHVVHQHUJ\ WKDQ�LW�LV�REWDLQHG�GXULQJ�VXEVHTXHQW�EXUQLQJ�WKH�R[\JHQ�DQG�K\GURJHQ�SURGXFHG�LQWKLV PDQQHU���7KLV�LV�EHFDXVH�WKH�VSRQWDQHRXV�DEVRUSWLRQ�RI�HQHUJ\�IURP�WKH�HQYLURQPHQWFDQ�QRW�\HW�EH�TXDQWLILHG�ZLWK�LQVWUXPHQWV��6XFK�PDQLIHVWDWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW�FDQ�EHXWLOL]HG IRU� WKH� GHYHORSPHQW� RI� QHZ� HQHUJ\� HIILFLHQW� PHWKRGV� RI� R]RQH� SURGXFWLRQ�� ZDWHUGLVVRFLDWLRQ� HWF�� ([DPSOHV� RI� LQYHQWRUV� ZKR� FXUUHQWO\� DUH� ZRUNLQJ� RQ� GHYLFHV� IRU� WKHWHOHNLQHWLF GLVVRFLDWLRQ�RI�ZDWHU�DUH��6WDQOH\�$��0H\HU�������%URDGZD\��*URYH�&LW\��2KLR�������86$���DQG�6WHSKHQ�+RUZDWK��3�2��%R[�������6\GQH\��16:�������$XVWUDOLD�����7KH�7HOHNLQHWLF�(IIHFW�PD\�DFWLYDWH�WKH��FROG�ILVVLRQ��RI�DWRPLF�VWUXFWXUH�RI�HOHPHQWV�LQ�DGYDQFHG�DSSOLFDWLRQ�DOORZLQJ�IRU�WKH�WUDQVIRUPDWLRQ�RI�HOHPHQWV LQWR�RWKHU�HOHPHQWV��� 7KH�HQHUJ\�ERXQG�LQ�VXEVWDQFHV��SKDVHV��RU�IRUPV�PRUH�SHUPDQHQW��LV�ZLWKGUDZQDQG WUDQVIHUUHG� LQWR� VXEVWDQFHV�� SKDVHV�� RU� IRUPV� OHVV� SHUPDQHQW�� )RU� H[DPSOH� VRPHSHUPDQHQW FU\VWDOOLF�SKDVHV�ZKLFK�ERXQG�TXDQWLWLHV�RI�HQHUJ\��FDQ�EH�WUDQVIRUPHG�LQWR�RWKHUSKDVHV ZKLFK�UHOHDVH�D�ORW�RI�KHDW���VHH�WKH�WHOHNLQHWLF�EHQGLQJ�RI�VSRRQV��WKH�ZRUOG�NQRZQSHUVRQ�FDSDEOH�RI�VXFK�EHQGLQJ�LV�8UL�*DOOHU�IURP�,VUDHO���� 8QGHU�WKH�DFWLRQ�RI�WKH�WHOHNLQHWLF�HIIHFW�KHDW�IORZV�IURP�WKH�DUHDV�RU�REMHFWV�ZLWK�DORZHU WHPSHUDWXUH� LQWR� WKH�DUHDV�RU�REMHFWV�KDYLQJ�D�KLJKHU� WHPSHUDWXUH��7KH�PRVW�GUDVWLFH[DPSOH RI� VXFK� D� IORZ� UHDOLVHG� YLD� ELRORJLFDO� WHOHNLQHVLV� LV� WKH� VR�FDOOHG� 6SRQWDQHRXV+XPDQ &RPEXVWLRQ��7KH�VDPH�HIIHFW�EXW�UHOHDVHG�WHFKQRORJLFDOO\�LV�XWLOL]HG�LQ�WKH�LQYHQWLRQE\ 3HWHU� 'D\VK� 'DYH\�� 6HQLRU� ����� /RFNVOH\� $YHQXH�� &KULVWFKXUFK�� 1HZ� =HDODQG�� ZKR
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GHYHORSHG DQ� HOHFWULF� MXJ� WKDW� ERLOV� ZDWHU� EXW� FRQVXPHV� DOPRVW� QR� HOHFWULFLW\� �� VHH� 1HZ=HDODQG�SDWHQW�QR��������GDWHG����'HFHPEHU�������� 7KH� FU\VWDOOLF� VWUXFWXUHV� DQG� RUJDQLF� FRPSRVLWLRQV� FDQ� EHFRPH� �SHUIHFWHG�� E\HOLPLQDWLQJ IURP� WKHP� YDULRXV� DWRPLF� YDFDQV�� SODQHV� RI� VOLSV�� EUHDNLQJ� OLQHV�� FKDQJHV� RIGHQVLW\� HWF�� ,Q� WKLV�ZD\� IRU�H[DPSOH�FDU� W\UHV�H[SRVHG� WR� WKH� ILHOG�RI� D� WHOHNLQHWLF�YHKLFOHKRYHULQJ�DERYH�PD\�EHFRPH�FRPSOHWHO\�ZHDU�DQG�WHDU�UHVLVWDQW��VWHHO�PD\�UHIXVH�WR�FRUURGH�HWF� ��� 6ROLG�REMHFWV�PRYHG�WHOHNLQHWLFDOO\�FDQ�SHQHWUDWH��RU�EH�SHQHWUDWHG�E\�RWKHU�VROLGREMHFWV ZLWKRXW�DIIHFWLQJ�RU�GDPDJLQJ�WKH�FRQVLVWHQF\�RI�HLWKHU�RI�WKHP��7KXV��ZKHQ�XWLOL]HGLQ SURSHOOLQJ�GHYLFHV��WKLV�PD\�OHDG�WR�WKH�GHYHORSPHQW�RI�ZDOO�FURVVLQJ�YHKLFOHV ZKLFK�FDQSHQHWUDWH WKURXJK�VROLG�PDWWHU� �H�J��SDVV� WKURXJK�ZDOOV� WR�RXU�KRPHV��ZLWKRXW� OHDYLQJ�DQ\GDPDJH�RU�PDUN���� 3DUWV�RI VROLG�REMHFWV�VXEMHFWHG�WR�WKH�DFWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW�FDQ�EHFRPHWUDQVSDUHQW DV� LI� PDGH� RI� HQHUJ\� QRW� PDWWHU�� 7KH� DSSHDUDQFH� RI� VXFK� WUDQVSDUHQF\� FDQDOUHDG\ EH�REVHUYHG�RQ�SKRWRJUDSKV�FDSWXULQJ�WHOHNLQHWLF�PRWLRQ��H�J��LW�LV�TXLWH�REYLRXV�RQSKRWRJUDSKV�GRFXPHQWLQJ�WKH�WHOHNLQHWLF�PRWLRQ�LQGXFHG�E\�WKH�IDPRXV�(QJOLVK�PHGLXP�IURPWKH�EHJLQQLQJ�RI�WKLV�FHQWXU\�QDPHG�(XVDSLD�3DOODGLQR���VHH�)LJXUH�'����7KLV�PD\�OHDG�WR�WKHGHYHORSPHQW RI�LQYLVLELOLW\�GHYLFHV DOORZLQJ�SHRSOH�DQG�REMHFWV�YHKLFOHV�WR�UHPDLQ�XQVHHQE\�RWKHUV�,W LV�QRW�WKH�JRDO�RI�WKLV�PRQRJUDSK�WR�SUHVHQW�HYLGHQFH�LQ�VXSSRUW�RI�WKH�DERYH�OLVW��DVVXFK HYLGHQFH� LV�SUHVHQWHG�HOVHZKHUH��H�J��VHH�PRQRJUDSKV�>�@�DQG�>�@���$W� WKLV�SRLQW� LW� LVVXIILFLHQW WR�PHQWLRQ� WKDW� WKH�RFFXUUHQFH�RI�DOPRVW�DOO�RI� WKH�SKHQRPHQD� OLVWHG�DERYH�KDVEHHQ�REVHUYHG�7KH PRVW� LPSRUWDQW� DWWULEXWHV� RI� WKH� WHOHNLQHWLF� ILHOG� FRLQFLGH�ZLWK� WKH� SURSHUWLHV� RIPDJQHWLF ILHOGV��)RU�H[DPSOH�WKH�LPSDFW�RI�WKLV�ILHOG�LV�SURSRUWLRQDO�WR�WKH�RXWSXW�RI�LWV�VRXUFH�H�J� WR�WKH�VL]H�W\SH�RI�D�WHOHNLQHWLF�YHKLFOH�ZKLFK�ODQGHG�LQ�D�JLYHQ�DUHD���WLPH�RI�WKH�DFWLRQRI�WKLV�ILHOG��DQG�WKH�GLVWDQFH�IURP�WKH�VRXUFH�RI�WKLV�ILHOG�
&���([SHULPHQWDO�FRQILUPDWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW
7KH DFWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW��DQG�WKH�FRUUHFWQHVV�RI�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\IURP�ZKLFK�LW�ZDV�GHULYHG��DUH�DOUHDG\�FRQILUPHG�E\�D�YDVW�QXPEHU�RI�H[SHULPHQWV��7KHVH�FDQEH�FODVVLILHG�LQWR�WZR�FDWHJRULHV������WKH�ZHOO�NQRZQ�H[SHULPHQWV�WKH�UHVXOWV�RI�ZKLFK�FRLQFLGHZLWK WKH�QHZ�&RQFHSW�RI�'LSRODU�*UDYLW\�EXW�ZKLFK�FDQ�QRW�UHFHLYH�D�VDWLVIDFWRU\�H[SODQDWLRQRQ WKH� ROG� EDVLV� RI�PRQRSRODU� JUDYLW\�� DQG� ���� WKH� UHVXOWV� RI� FRPSOHWHO\� QHZ� H[SHULPHQWVSRVWXODWHG�E\�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\��ZKLFK�JLYH�UHVXOWV�WKDW�GLUHFWO\�FRQILUP�WKH�DFWLRQRI WKH� 7HOHNLQHWLF� (IIHFW�� ,Q� WKLV� VHFWLRQ� ERWK� RI� WKHVH� FDWHJRULHV� RI� H[SHULPHQWV� ZLOO� EHUHYLHZHG��VWDUWLQJ�IURP�WKRVH�ZKLFK�DUH�DOUHDG\�ZHOO�NQRZQ��6XUSULVLQJO\��D�ODUJH�QXPEHU�RI WKH�H[SHULPHQWV�DOUHDG\�NQRZQ�FRQILUP�WKH�FRUUHFWQHVVRI 'LSRODU�*UDYLW\��2QH�RI�WKH�PRVW�HYLGHQWLDO�RI�WKHVH�DUH�.LUOLDQ�SKRWRJUDSKV�RI�LQFRPSOHWHOLYLQJ�RUJDQLVPV��,Q�VXFK�SKRWRJUDSKV��SDUWV�RI�RUJDQLVPV�WKDW�ZHUH�SUHYLRXVO\�UHPRYHG�IURPWKHP VWLOO�UHPDLQ�YLVLEOH��H�J��SDUWV�RI�D�OHDI�EHLQJ�FXW�RII��ILQJHUV�PLVVLQJ�IURP�D�KDQG��HWF���$FFRUGLQJ WR� WKH� &RQFHSW� RI� 'LSRODU� *UDYLW\�� WKRVH� PLVVLQJ� SDUWV� UHYHDOHG� RQ� .LUOLDQSKRWRJUDSKV UHSUHVHQW� WKH� UHPDLQV�RI� WKH�FRXQWHU�PDWHULDO�GXSOLFDWHV�RI�SDUWLFXODU�REMHFWV�$QRWKHU JURXS�RI�VXFK�ZHOO�NQRZQ�H[SHULPHQWV�RULJLQDWHV�IURP�WKH��ZDYH�SDUWLFOH�GXDOLW\�RIQDWXUH�� 2QH� RI� WKH� PDQLIHVWDWLRQV� RI� WKLV� GXDOLW\� LV� WKH� FRQWHPSRUDU\� FRH[LVWHQFH� RI� WKHFRUSXVFXODU DQG�ZDYH� WKHRULHV�RI� OLJKW��$V� LV�TXRWHG� LQ�VRPH�ERRNV��3K\VLFLVWV�KDYH�EHHQ
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MRNLQJO\ DFFXVHG�RI�EHOLHYLQJ� LQ� OLJKW�ZDYHV�RQ�0RQGD\V��:HGQHVGD\V��DQG�)ULGD\V�DQG� LQSKRWRQV RQ�7XHVGD\V��7KXUVGD\V��DQG�6DWXUGD\V���VHH�WKH�ERRN�>�&�@ E\�2�+��%ODFNZRRG�DQGRWKHUV� �*HQHUDO� 3K\VLFV��� �WK� HGLWLRQ�� -RKQ� :LOH\� 	� 6RQV�� ,QF��� ����� SDJH� ������ 7KHH[SODQDWLRQ RI�WKLV�GXDOLW\�RI�OLJKW�SURYLGHG�E\�FRQWHPSRUDU\�SK\VLFLVWV�LV�XQVDWLVIDFWRU\��EXWWKH�&RQFHSW�RI�'LSRODU�*UDYLW\�H[SODLQV�LW�LQ�D�YHU\ VLPSOH�DQG�XQGHUVWDQGDEOH�ZD\��WKH�GXDOLW\RI OLJKW�UHVXOWV�IURP�WKH�IDFW�WKDW�OLJKW�VLJQDOV�FDQ�PRYH�ZLWKLQ�WZR�GLIIHUHQW�ZRUOGV��PDWHULDODQG FRXQWHU�PDWHULDO��� 'HSHQGLQJ� RQ� LQ� ZKLFK� RI� WKHVH� WZR� ZRUOGV� WKH� PRWLRQ� RI� OLJKW� LVREVHUYHG��LW�FDQ�EH�GHVFULEHG�DV�D�FRUSXVFOH�RU�D�ZDYH�:HOO NQRZQ� H[SHULPHQWV� DOVR� H[LVW� ZKLFK� GLUHFWO\� FRQILUP� WKH� RSHUDWLRQ� RI� WKH7HOHNLQHWLF (IIHFW�� 7KH� ODUJHVW� QXPEHU� RI� WKHVH� H[SHULPHQWV� LV� NQRZQ� LQ� WKH� SK\VLFV� RIHOHPHQWDU\ SDUWLFOHV��2QH�RI�WKH�PRUH�VSHFWDFXODU�RI�WKHVH�LV�WKH�VR�FDOOHG��WXQQHO�HIIHFW���,QWKLV HIIHFW�HOHPHQWDU\�SDUWLFOHV�GLVDSSHDU�DW�RQH�HQHUJ\�OHYHO�DQG�UH�DSSHDU�DW�D�FRPSOHWHO\GLIIHUHQW�OHYHO�LQ�D�PDQQHU�WKDW�GHILHV�DOO�NQRZQ�UXOHV�RI�PRWLRQ��3UHVHQW�VFLHQFH�DFFHSWHG�WKLVHIIHFW HPSLULFDOO\��DOWKRXJK�RQ�WKH�EDVLV�RI�PRQRSRODU�JUDYLW\�LWV�PHFKDQLVP�ZDV�LPSRVVLEOHWR�H[SODLQ��%XW�LQ�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�WKH�WXQQHO�HIIHFW�UHSUHVHQWV�RQO\�D�PLFUR�VFDOHPDQLIHVWDWLRQ RI�WKH�7HOHNLQHWLF�(IIHFW��7KH�RWKHU�ODUJH�JURXS�RI�SKHQRPHQD�DOVR�FRQILUPLQJWKH�7HOHNLQHWLF�(IIHFW�LV�DQRPDOLHV�RI�WKH�J\URVFRSH��7KHVH�DQRPDOLHV�LQ�WKH�SUHVHQW�FRQFHSWRI�JUDYLW\�FDQ�EH�GHVFULEHG�RQO\�E\�WKH�HIIHFWV�ZKLFK�WKH\�FDXVH��QRW�H[SODLQHG�LQ�WHUPV�RI�WKHPHFKDQLVP WKDW� PDNHV� WKHP� ZRUN�� %XW� WKH� 7HOHNLQHWLF� (IIHFW� DOORZV� XV� WR� H[SODLQ� WKLVPHFKDQLVP�DOVR�,QGHSHQGHQWO\ RI�WKH�DERYH�H[SHULPHQWV�ZKLFK�KDYH�EHHQ�NQRZQ�IRU�D�ORQJ�WLPH��WKHDXWKRU GHVLJQHG�WZR�JURXSV�RI�QHZ�H[SHULPHQWV��ZKLFK�VKRXOG�FRQILUP�GLUHFWO\�WKH�DFWLRQ�RIWKH 7HOHNLQHWLF�(IIHFW��%RWK�RI�WKHVH�QHZ�H[SHULPHQWV�GHSHQG�RQ�WKH�UHJLVWUDWLRQ�RI�HIIHFWV�RIWKH��SRVWXODWH�RI�VSRQWDQHRXV�KHDW�H[FKDQJH�EHWZHHQ�WHOHNLQHWLFDOO\�DIIHFWHG�REMHFWV�DQG�WKHHQYLURQPHQW���GHVFULEHG�LQ�WKH�SUHYLRXV�VXEVHFWLRQ�7KH QHZ� H[SHULPHQWV� WKDW� FRQILUP� WKH� DFWLRQ� RI� WKH� 7HOHNLQHWLF� (IIHFW� PXVW� EHFRPSOHWHG LQ� WZR� VWDJHV�� )LUVWO\�� LW� LV� QHFHVVDU\� WR� ILQG�� DQG� WR� FKHFN�� D� VRXUFH� RI� WKH7HOHNLQHWLF�(IIHFW�ZKRVH�ZRUN�FDQ�EH�UHSHDWHG�RQ�UHTXHVW���7KLV�VRXUFH�FDQ�EH�D�SHUVRQ�ZKRRQ UHTXHVW�LV�DEOH�WR�FRPSOHWH�ELRORJLFDO�ZRUN�RI�D�WHOHNLQHWLF�RULJLQ���2QO\�WKHQ�FDQ�HYLGHQFHRI�WKH�WKHUPDO�HIIHFWV�RI�VXFK�ZRUN�EH�UHFRUGHG�0DQ\ LQYHVWLJDWRUV�FODLP�WKDW�ODERUDWRU\�UHVHDUFK�RQ�WHOHNLQHWLF�ZRUN�LV�LPSRVVLEOH�WRFRPSOHWH�EHFDXVH�RI�WKH�ODFN�RI�DFFHVV�WR�D�WHOHNLQHWLF�PRWLRQ�WKDW FDQ�EH�UHSHDWHG��%XW�WKHVHLQYHVWLJDWRUV XQGHUVWDQG� E\� WHOHNLQHWLF� PRWLRQ� RQO\� D� QDUURZ� FODVV� RI� WKH� VSHFWDFXODUSKHQRPHQD ZKLFK� LV�FDOOHG �WHOHNLQHVLV��DQG� LQ�ZKLFK�REMHFWV�DUH�GLVORFDWHG�ZLWKRXW�EHLQJWRXFKHG� $V� LV�NQRZQ�� WKLV�FODVV�RI�SKHQRPHQD� LV�H[WUHPHO\�UDUH��DQG� LWV� UHFRQVWUXFWLRQ� LQODERUDWRU\ FRQGLWLRQV�LV�YHU\�GLIILFXOW��+RZHYHU��WR�GDWH�PLVXQGHUVWDQGLQJ�RI�WKH�DFWLRQ�RI�WKH7HOHNLQHWLF (IIHFW�KDV�FDXVHG�WKHVH�LQYHVWLJDWRUV�WR�LJQRUH�D�ODUJH�ERG\�RI�SKHQRPHQD��WKHPHFKDQLVP RI� ZKLFK� REH\V� WKH� SULQFLSOHV RI� WHOHNLQHWLF� PRWLRQ�� EXW� ZKLFK� LV� FRPPRQO\UHIHUUHG�WR�E\�GLIIHUHQW�WHUPLQRORJ\��,Q�RUGHU�WR�VKRZ�WKH�DYDLODELOLW\�RI�WHOHNLQHWLF�ZRUN�WKURXJKWKH XWLOL]DWLRQ� RI� WKHVH� RWKHU� SKHQRPHQD�� VRPH� PRUH� SRSXODU� VRXUFHV� RI� WKH� ELRORJLFDOYHUVLRQ�RI�WKLV�ZRUN�DUH�OLVWHG�EHORZ��� 9�VKDSHG�GLYLQLQJ�URGV�EHQG�WHOHNLQHWLFDOO\�ZKHQ�VHDUFKLQJ�IRU�ZDWHU��,W�VKRXOG�EHPHQWLRQHG KHUH�WKDW�WKH�RSHUDWLRQ�RI�VXFK�URGV�PD\�EH�EDVHG�RQ�WZR�GLIIHUHQW�SULQFLSOHV��L�H�LQYROXQWDU\ �SK\VLFDO��PRWLRQ��DQG�WHOHNLQHWLF�PRWLRQ��7KHUHIRUH�LW�LV�YLWDO�IRU�DQ�LQYHVWLJDWRU�WREH DEOH�WR�GLVWLQJXLVK�EHWZHHQ�WKHP��7KH�URGV�WKDW�XWLOL]H�RQO\�SK\VLFDO�PRWLRQ�DUH�SUHSDUHGDV UHVLOLHQW� URGV� ORRVHO\� LQVHUWHG� LQVLGH� URWDU\� KDQGOHV� DQG� KHOG� LQ� D� VWDWH� RI� XQVWDEOHHTXLOLEULXP GXULQJ� VHDUFKHV�� $IWHU� ILQGLQJ� ZDWHU� WKHVH� URGV� DUH� SK\VLFDOO\� WKURZQ� RXW� RIEDODQFH DV� WKH� UHVXOW�RI� LQYROXQWDU\�PRYHPHQW�RI� WKH�GRZVHU
V�KDQGV��7KH�VHFRQG� W\SH�RI
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URGV��WKH�RSHUDWLRQ�RI�ZKLFK�XWLOL]HV�WKH�7HOHNLQHWLF�(IIHFW�SURGXFHG�E\�WKH�GRZVHU
V�PLQG��DUHXVXDOO\�SUHSDUHG�DV�IODW�IRUNV��)UHTXHQWO\�ROG�FORFN�VSULQJV��ZKDOH�ERQHV��RU�IRUN�EUDQFKHV�DUHXVHG�IRU�WKLV�SXUSRVH��'XULQJ�WKH�VHDUFK�WKH\�DUH�KHOG�ILUPO\�LQ�WKH�GLYLQHU
V�KDQGV�DQG�YLVLEO\EHQG GRZQZDUGV� �IHPDOHV� GRZVHUV� XVXDOO\� EHQG� WKHP� XSZDUGV�� DIWHU� ZDWHU� LV� GHWHFWHG�3HRSOH ZKR� XVH� WKLV� VHFRQG� W\SH� RI� URG� SRVVHVV� D� ZHOO� GHYHORSHG� WHOHNLQHWLF� FDSDELOLW\�8VXDOO\ WKH\� DUH� DOVR� DEOH� WR� WHOHNLQHWLFDOO\� PRYH� RWKHU� REMHFWV� VXFK� DV� WKH� QHHGOH� RI� DFRPSDVV� WKH�SRLQWHU�RI�DQ�DPSHURPHWHU��HWF��$IWHU�DSSURSULDWH�WUDLQLQJ�WKH\�VKRXOG�HYHQ�EHDEOH�WR�VKLIW�VPDOO�PDWHULDO�REMHFWV�DORQJ�SODLQ�VXUIDFHV��� $OO� SDUDQRUPDO� SKHQRPHQD� LQYROYLQJ� PRWLRQ�� VXFK� DV� OHYLWDWLRQ�� SV\FKRNLQHVLV�WHOHNLQHVLV�� EHQGLQJ� VSRRQV� ZLWK� WKH� SRZHU� RI� WKH� PLQG�� SROWHUJHLVWV�� VXSHUQDWXUDODSSDULWLRQV��JKRVWV��HWF��� 7KH�SDUDQRUPDO�DFWLYLWLHV�RI�K\SQRWL]HG�SHRSOH��H�J��WKH�VWLII�KRUL]RQWDO�VXVSHQVLRQRQ D�VLQJOH�VXSSRUW���RU�SHRSOH�LQ�D�VWDWH�RI�GHHS�PHGLWDWLRQ��UHOLJLRXV�WUDQFH��HXSKRULD��HWF����+HDOLQJ��7KH�PDMRULW\�RI�HIIHFWLYH�KHDOLQJ�DFWLYLWLHV�LQYROYH�WHOHNLQHWLF��SV\FKRNLQHWLF�ZRUN FRQGXFWHG�E\�WKH�KHDOHU�RQ�SDUWV�RI�WKH�ERG\��7KH�ZRUN�FRPSOHWHG�GXULQJ�VXFK�KHDOLQJVHVVLRQV PXVW�DOVR�VDWLVI\�WKH�SRVWXODWH�RI�VSRQWDQHRXV�KHDW�H[FKDQJH�EHWZHHQ�WKH�REMHFWVDIIHFWHG WHOHNLQHWLFDOO\�DQG�WKH�HQYLURQPHQW��7KHUHIRUH�WKLV�ZRUN�LV�DEOH�WR�EH�UHFRUGHG�ZLWKWKH�VDPH�PHWKRGV�DQG�GHYLFHV�DV�WKDW�FRPSOHWHG�GXULQJ�DQ\�RWKHU�WHOHNLQHWLF�PRWLRQ�,W�LV�ZRUWK�VWUHVVLQJ�KHUH WKDW�WKH�PHWKRGV�RI�UHFRUGLQJ�DQG�PHDVXUHPHQW�RI�WHOHNLQHWLFZRUNV ZKLFK�DUH�GHVFULEHG�LQ�WKLV�PRQRJUDSK��DOVR�PDNH�SRVVLEOH�WKH�VLPSOH�PHDVXULQJ�RIWKH HIILFLHQF\�RI�D�KHDOHU�WKURXJK�WKH�GHWHUPLQDWLRQ�RI�WKH�FDSDFLW\�RI�KLV�KHU�WKHUPDO�RXWSXW�7KLV LQ� WXUQ� DOORZV� XV� WR� GLVWLQJXLVK� HDVLO\� EHWZHHQ� WKRVH� SHRSOH� ZKR� KDYH� UHDO� KHDOLQJFDSDELOLWLHV DQG� WKRVH�ZKR�RQO\�GHFODUH� WKH\�KDYH�VXFK�FDSDELOLWLHV��7KHUHIRUH��RQH�RI� WKHHIIHFWV�RI�WKH�WKHRU\�GHVFULEHG�LQ�WKLV�PRQRJUDSK�LV�WKDW�LW�FDQ�RSHQ�WKH�ZD\�IRU�YHULILFDWLRQ�ZLWKLQVWUXPHQWV RI� WKH� HIILFLHQF\� RI� KHDOHUV�� 7KXV� LW� FDQ� OHDG� WR� IXWXUH� OLFHQVLQJ� RI� KHDOLQJSUDFWLWLRQHUV��DQG�HYHQ�HVWDEOLVKLQJ�VRPH�NLQG�RI�UHJLVWUDWLRQ��FDWHJRUL]DWLRQ��DQG�FHUWLILFDWLRQ��� 6HOHFWHG�GHPRQVWUDWLRQV�E\�VRPH�SURIHVVLRQDO�PDJLFLDQV��HVSHFLDOO\�RI�*\SV\�RU,QGLDQ RULJLQ���7KHUH�DUH�PDJLFLDQV�ZKR�KDYH�PDVWHUHG�WKH�DELOLW\�WR�FDXVH�WHOHNLQHWLF�PRWLRQRQ�GHPDQG��DQG�FDQ�XVH�WKLV�DELOLW\�GXULQJ�WKH�SHUIRUPDQFH�RI�VRPH�YHU\�VSHFWDFXODU�VKRZV�)UHTXHQWO\ WKH\� GHPRQVWUDWH� WKH� QRQ�GHVWUXFWLYH� SHQHWUDWLRQ� RI� WKH� KXPDQ�ERG\� E\� VKDUSREMHFWV� VLPLODU� WR� WKDW� GRQH�E\� VRPH�KHDOHUV�GXULQJ�EORRGOHVV� VXUJHU\� �H�J��GUDZLQJ�QDLOVWKURXJK KDQGV�� SXVKLQJ� NQLYHV� WKURXJK� FRUSVHV�� HWF���� RU� WKH� SHQHWUDWLRQ� RI� RQH� SK\VLFDOREMHFW E\�RWKHU�REMHFWV��%XW�WKHUH�DUH�DOVR�PDJLFLDQV�ZKR�FDQ�GHPRQVWUDWH�OHYLWDWLRQ��VKLIWLQJREMHFWV ZLWKRXW� WRXFKLQJ� WKHP�� FKDQJLQJ� WKH� SURSHUWLHV� RI� REMHFWV� �H�J�� WKH� VWLIIHQLQJ� DQGUDLVLQJ�RI�URSHV���HWF�7KH PDMRULW\�RI�WKH�VRXUFHV�RI�WHOHNLQHWLF�PRWLRQ�OLVWHG�DERYH�DUH�DEOH�WR�SURGXFH�WKH7HOHNLQHWLF (IIHFW�RQ� UHTXHVW��7KHUHIRUH�� WKHVH�ELRORJLFDO�VRXUFHV�FDQ� UHSHDW� WKH�VXSSO\�RIVXFK PRWLRQ� IUHTXHQWO\� HQRXJK� WR� EH� XVHG� IRU� H[SHULPHQWV� FRQGXFWHG� XQGHU� ODERUDWRU\FRQGLWLRQV�,QGHSHQGHQWO\ RI� WKH� ELRORJLFDO� VRXUFHV� RI� WHOHNLQHWLF�ZRUN�� WKHUH� DUH� DOVR� DYDLODEOHVRXUFHV RI�WKH�WHFKQRORJLFDO�YHUVLRQ�RI�WKLV�ZRUN��7KH�PRVW�DFFHVVLEOH�RI�VXFK�VRXUFHV�DUH��� 7HOHNLQHWLF�SRZHU�VWDWLRQV�DV�GHVFULEHG� LQ�VXEVHFWLRQ�&������DQG�PRQRJUDSK� >�@�RU WKHLU�PDLQ�FRPSRQHQWV��H�J��VSLQQLQJ�PDJQHWLF�GLVFV�ZLWK�EUXVKHV�FROOHFWLQJ�FXUUHQW�IURPWKHP�� 3RSXODUO\�WKH\�DUH�FDOOHG�DOVR�PDJQHWLF�JHQHUDWRUV�RI�IUHH�PHFKDQLFDO�HQHUJ\�RU��IUHHHQHUJ\ GHYLFHV����VHH�VXEVHFWLRQ�&����DQG�'���7KH\�SURYLGH�D�WHOHNLQHWLF�PRWLRQ�ZLWKRXW�DQ\H[WHUQDO HQHUJ\� VXSSO\�� ,I� VXFK� D� GHYLFH� LV� DYDLODEOH�� LW� FDQ� EH� XVHG� IRU� UHJLVWHULQJ� WKHH[WUDFWLRQ�JORZ����9HKLFOHV�RI�RWKHU�FLYLOL]DWLRQV�RSHUDWLQJ�LQ�WHOHNLQHWLF�FRQYHQWLRQ���VHH�FKDSWHUV�-�DQG
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2��DV�ZHOO�DV�7HOHNLQHWLF�3HUVRQDO�3URSXOVLRQ�RI�WKHVH�FLYLOL]DWLRQV���VHH�VXEVHFWLRQ�3��7KHUHIRUH� ZKHUH�VXFK�GHYLFHV�DUH�UHSHWLWLYHO\�DFFHVVLEOH��LW�LV�SRVVLEOH�WR�XWLOLVH�WKHPWR�FRQILUP�WKH�DFWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW�7KH�ILUVW�JURXS�RI�H[SHULPHQWV�WKDW�FRQILUP�WKH�DFWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW�GHSHQGVRQ WKH FUHDWLRQ� RI� D� WHOHNLQHWLF�PRWLRQ� DQG�D� VXEVHTXHQW� UHFRUGLQJ� RI� H[WUDFWLRQ�JORZ��7RFRPSOHWH�VXFK�H[SHULPHQWV��WKH�DXWKRU�IRXQG�D�IHZ�VXEMHFWV�FDSDEOH�RI�ELRORJLFDO�WHOHNLQHVLV�DQG KH�WKHQ�SKRWRJUDSKHG�REMHFWV�PRYHG�E\�WKHP�WHOHNLQHWLFDOO\��,Q�WKH�PDMRULW\�RI�FDVHV�KLVSKRWRJUDSKV DFWXDOO\�UHFRUGHG�WKH�SUHVHQFH�RI�WKH�H[WUDFWLRQ�JORZ��%XW�EHFDXVH�RI�WKH�VPDOOWHOHNLQHWLF ZRUN�FRPSOHWHG�E\�KLV�VXEMHFWV��WKH�UHVXOWV�REWDLQHG�DUH�QRW�VSHFWDFXODU�HQRXJKWR EH�SUHVHQWHG�LQ�WKLV�SXEOLFDWLRQ��+RZHYHU��LQ�YDULRXV�SXEOLFDWLRQV�RQ�WRSLFV�WKDW�LQYROYH�WKHVRXUFHV RI� WHOHNLQHWLF� PRWLRQ� OLVWHG� DERYH�� QXPHURXV� SKRWRJUDSKV� �� WDNHQ� E\� RWKHUH[SHULPHQWHUV ��DUH�SUHVHQWHG��0DQ\�RI� WKHP�UHJLVWHU� WKH�H[WUDFWLRQ�JORZ�RI�D�PXFK�PRUHVSHFWDFXODU LQWHQVLW\�WKDQ�WKH�DXWKRU
V��$Q�H[DPSOH�RI�WKHVH��UHSUHVHQWDWLYH�RI�WKH�ZHDOWK�RISKRWRJUDSKLF HYLGHQFH�DOUHDG\�SXEOLVKHG�VKRZLQJ�WKH�H[WUDFWLRQ�JORZ��LV�FRQWDLQHG�LQ�)LJXUH&�� ,Q�FDVHV�RI�H[WUHPHO\�LQWHQVLYH�DFWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW��WKH�H[WUDFWLRQ�JORZ�LV�VRVWURQJ WKDW� LW� FDQ�EH�VHHQ�E\� WKH�QDNHG�H\H��$�3ROLVK�KHDOHU��:RMFLHFK�*RG]LV]HZVNL� �XO�6]F]HFL�VND �� &�� ������� 'REUD� 6]F]HFL�VND�� 3RODQG��� GXULQJ� KLV� KHDOLQJ� VHVVLRQVVRPHWLPHV LQGXFHV�VXFK�D�JORZ�FOHDUO\�YLVLEOH�XSRQ�WKH�VXEMHFW
V�WHPSOH��$QRWKHU�H[DPSOHRI�VXFK�D�FDVH�LV�GHVFULEHG�RQ�SDJH����RI�WKH�ERRN�>�&�@ E\�'DYLG�6W��&ODLU���3V\FKLF�+HDOHUV��%DQWDP�%RRNV��1<�������,6%1�����������������+HUH�LV�WKH�UHOHYDQW�TXRWDWLRQ�GHVFULELQJ�WKHHIIHFWV�RI�D�WHOHNLQHWLF�KHDOLQJ��, KDYH�EHHQ�LQ�PDQ\�
SV\FKLF
�SODFHV�DQG�VHHQ�PDQ\�
SV\FKLF
�WKLQJV��EXW�,�ZDV�QRWSUHSDUHG�WR�VHH�D�FXUUHQW�RI�OLJKW�UXQ�GRZQ�&DVVLG\
V�DUP�DQG�LQWR�P\�IULHQG
V�ERG\��,�ZDV�QRWSUHSDUHG WR�VHH�KLV�ERG\�OLJKW�XS�OLNH�D�ZKLWH�QHRQ�WXEH�DQG�VWD\�WKDW�ZD\�ZKLOH�,�UXEEHG�P\H\HV��JODQFHG�DURXQG�WKH�URRP�WR�VHH�LI�RWKHU�WKLQJV�ZHUH�JORZLQJ��7KH VHFRQG�QHZ�H[SHULPHQW� GHVLJQHG�E\� WKH� DXWKRU� WR� GRFXPHQW� WKH� DFWLRQ� RI� WKH7HOHNLQHWLF (IIHFW�LV�WKH�UHFRUGLQJ�RI�D�WHPSHUDWXUH�GURS�FDXVHG�ZKHQ�FRQGXFWLQJ�WHOHNLQHWLFZRUN��,Q�RUGHU�IRU�WKH�H[SHULPHQW�WR�EH VXFFHVVIXO��WKLV�ZRUN�VKRXOG�QRW�KDYH�D�F\FOLFDO�QDWXUH�)RU H[DPSOH��LW�FDQQRW�EH�WKH�UHSHWLWLYH�EHQGLQJ�DQG�UHOHDVLQJ�RI�D�9�VKDSHG�GLYLQLQJ�URG��RUWKH XWLOL]DWLRQ�RI�D�VKRUW�FLUFXLWHG�URWRU�IURP�D�WHOHNLQHWLF�JHQHUDWRU��7KH�UHDVRQ�ZK\�F\FOLFDOWHOHNLQHWLF ZRUN�FDQQRW�EH�XVHG� IRU�VXFK�DQ�H[SHULPHQW� LV� WKDW� LWV� WRWDO�EDODQFH�RI� WKHUPDOHQHUJ\�WUDQVIHU�LV�HTXDO�WR�]HUR��7KLV�PHDQV�WKDW�WKH�KHDW�DEVRUEHG�LQ�WKH�ILUVW�KDOI�RI�WKH�F\FOHLV WKHQ�UHOHDVHG�LQ�WKH�VHFRQG�KDOI�RI�WKH�VDPH�F\FOH��$�JRRG�LOOXVWUDWLRQ�RI�WKLV�VLPXOWDQHRXVDEVRUSWLRQ DQG�UHOHDVH�RI�KHDW�LV�DQ�H[DPSOH�RI�WKH�WHOHNLQHWLF�JHQHUDWRU�ZKRVH�FLUFXLWV�KDYHVKRUWHG� 7KH�URWRU�RI�VXFK�D�WHOHNLQHWLF�JHQHUDWRU�DEVRUEV�WKH�KHDW�IURP�WKH�HQYLURQPHQW�WRSURGXFH�DQ�HOHFWULF�FXUUHQW��%XW�WKH�IORZ�RI�WKLV�FXUUHQW�WKURXJK�WKH�JHQHUDWRU
V�FLUFXLWU\��EHLQJVKRUW RXW��FDXVHV� WKH�VLPXOWDQHRXV�SURGXFWLRQ�RI� WKH�VDPH�DPRXQW�RI�KHDW��ZKLFK� LV� WKHQUHWXUQHG�EDFN�WR�WKH�HQYLURQPHQW��7KXV�WKH�WRWDO�WKHUPDO�EDODQFH�RI�VXFK�D�JHQHUDWRU�LV�HTXDOWR�]HUR�8QIRUWXQDWHO\� WKH�PDMRULW\�RI� WKH�VRXUFHV�RI� WHOHNLQHWLF�ZRUN� OLVWHG�EHIRUH�GLVSOD\V�DF\FOLFDO FKDUDFWHU�� 7KHUHIRUH�� WKH� QHFHVVLW\� IRU� HOLPLQDWLRQ� RI� F\FOLFDO� ZRUNV� IURP� WKLVH[SHULPHQW LQWURGXFHV� D� VLJQLILFDQW� GUDZEDFN� WKDW� OLPLWV� WKH� FDSDELOLWLHV� RI� H[SHULPHQWHUVQRWLFHDEO\��7KXV��WKH�SHUVRQ�FRQGXFWLQJ�VXFK�DQ�H[SHULPHQW�PXVW�HLWKHU�VRPHKRZ�FDXVH�WKHF\FOLFDO ZRUN� WR�EH�FRQYHUWHG� LQWR�QRQ�F\FOLFDO�ZRUN��RU� OLPLW� WKH�H[SHULPHQW�VR� WKDW� LW�XVHVVROHO\ WKH� QRQ�F\FOLFDO� VRXUFHV� RI� WHOHNLQHWLF� ZRUN�� 7KH� FRQYHUVLRQ� RI� F\FOLFDO� ZRUN� LQWRQRQ�F\FOLFDO ZRUN�UHSUHVHQWV�D�PRUH�GLIILFXOW�WDVN��EXW�LW�FDQ�EH�DFKLHYHG��)RU�H[DPSOH��IRU�DWHOHNLQHWLF JHQHUDWRU�WKLV�UHTXLUHV�WKH�WUDQVPLVVLRQ�RI�LWV�RXWSXW�LQWR�DQRWKHU�URRP��ZKHUH�WKH
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HOHFWULF FXUUHQW�QHHGV�WR�EH�FRQYHUWHG�LQWR�KHDW��H�J��WKURXJK�WKH�FRQQHFWLQJ�RI�WKH�JHQHUDWRUWR�DQ�HOHFWULF�KHDWHU��7KH ILUVW�VXFFHVV�LQ�WKH�H[SHULPHQWDO�UHFRUGLQJ�RI�WKH�GURS�LQ�WHPSHUDWXUH�FDXVHG�E\WKH FRPSOHWLRQ�RI�WHOHNLQHWLF�ZRUN�ZDV�DFKLHYHG�E\�:HUQHU�.URSS�RI�WKH�:(.520$�/DERUDWRU\�9LD 6WRUWD�����&+������%ULRQH�V�0��6ZLW]HUODQG���+LV�H[SHULPHQW�XVHG�WHOHNLQHWLF�KHDOLQJ�WRVXSSO\ QRQ�F\FOLFDO�WHOHNLQHWLF�ZRUN��7KH�PHDVXUHPHQW�GHSHQGHG�RQ�WKH�FRPSOHWLRQ�RI�VXFKZRUN DQG� VXEVHTXHQW� SKRWRJUDSKLQJ� RI� WKH� VSDFH�ZKHUH� WKLV�ZRUN�ZDV� FRQGXFWHG��ZLWK� DKLJKO\ VHQVLWLYH� WKHUPRYLVLRQ�FDPHUD�� ,Q� WKH� UHVXOWV�RI�KLV�H[SHULPHQWV��:HUQHU�.URSS�KDVGRFXPHQWHG WKDW� WKH� WHOHNLQHWLF�ZRUN� FDXVHV� D� VLJQLILFDQW� IDOO� RI� WHPSHUDWXUH�� LQ� KLV� FDVHUHDFKLQJ ��GHJUHHV�&HOVLXV��$Q�H[DPSOH�RI�WKH�UHVXOWV�KH�REWDLQHG�LV�VKRZQ�LQ�)LJXUH�&��$OWKRXJK KLV�H[SHULPHQW�PD\�DSSHDU�VLPSOH�LQ�FRPSDULVRQ�ZLWK�VSHFWDFXODU�GHPRQVWUDWLRQVE\� IRU�H[DPSOH��QXFOHDU�SK\VLFLVWV��LW�LV�DQ�LPSRUWDQW�EUHDNWKURXJK�IRU�WKH�H[WUDFWLRQ�RI�IUHHHQHUJ\ IURP�WKH�HQYLURQPHQW��7KLV�LV�EHFDXVH�KLV�H[SHULPHQW�FOHDUO\�LOOXVWUDWHV�WKH�WKHUPDOFRQVHTXHQFHV RI� WKH� WHOHNLQHWLF�ZRUN�� ,W�DOVR�GRFXPHQWV� WKH�QHZ�DSSURDFK�WR�H[SHULPHQWVLQ WHOHNLQHVLV� WKDW�HOLPLQDWH� WKH�]HURLQJ�EDODQFH�RI�ZRUNV�FRPSOHWHG�F\FOLFDOO\��0RUHRYHU�� LWVKRZV WKH� GLUHFWLRQ� WR� WKH� UHVXOWV� IRU� WKRVH�ZLVKLQJ� WR� FRPPHQFH� REMHFWLYH� UHVHDUFK�ZLWKLQVWUXPHQWV�RQ�KXPDQ�WHOHNLQHVLV�,W LV� FRPPRQO\� NQRZQ� WKDW� ZH� DUH� FRQYLQFHG� VRRQHU� E\� WKH� UHVXOWV� RI� H[SHULPHQWVFRQGXFWHG�E\�RXUVHOYHV��$V�WKH�VLPSOHVW�H[SHULPHQW�GRFXPHQWLQJ�WKH�DFWLRQ�RI�WKH�7HOHNLQHWLF(IIHFW UHTXLUHV�RQO\�D�VRXUFH�RI�WHOHNLQHWLF�ZRUN��D�FDPHUD��DQG�D�SKRWRJUDSKLF�ILOP�VHQVLWLYHHQRXJK WR� UHJLVWHU� D� IDLQW� H[WUDFWLRQ� JORZ�� WKH� DXWKRU� LQYLWHV� HYHU\� UHDGHU� WR� UHSHDW� KLVH[SHULPHQWV��DQG�WR�SHUVRQDOO\�YHULI\�WKH�VWDWHPHQWV�IURP�WKLV�VXEVHFWLRQ�
&���7HFKQRORJLFDO�DFWLYDWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW
$FFRUGLQJ WR� WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�� WKH�7HOHNLQHWLF�(IIHFW�FDQ�EH�DFWLYDWHG�UHOHDVHG� LQ�D�WHFKQRORJLFDO�ZD\�WKURXJK�WKH�DFFHOHUDWLRQ�RU�GHFHOHUDWLRQ�RI�PDJQHWLF�ILHOGV�VHH VXEVHFWLRQ�&����$OO�REMHFWV� IXOO\�VXEPHUJHG� LQWR�VXFK�DFFHOHUDWHG� ILHOGV�H[SHULHQFH�DWHOHNLQHWLF�GULYH�ZKLFK�FDXVHV�WKHP�WR�WHOHNLQHWLFDOO\�PRYH�LQ�WKH�GLUHFWLRQ�RI�WKH�HIIHFW
V�DFWLRQ�$W�WKH�SUHVHQW�VWDJH�RI�UHVHDUFK��WKH�DFWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW�VR�UHOHDVHG�FDQ�EHGHVFULEHG RQO\�SDUWLDOO\��PDLQO\�FRYHULQJ�OLQHDU�DFFHOHUDWLRQV�DQG�FHQWULSHWDO�DFFHOHUDWLRQV�RIURWDWLQJ�GLVFV��6R�IDU��LW�LV�HVWDEOLVKHG�DV�IROORZV��� 7KH� 7HOHNLQHWLF� (IIHFW� LV� D� IXQGDPHQWDO� SULPDU\� SKHQRPHQRQ�� ZKRVH� DFWLRQ� LVPDQLIHVWHG�LQ�DOO�FDVHV�RI�DFFHOHUDWLRQ�RU�GHFHOHUDWLRQ�RI�PDJQHWLF�ILHOGV��� 7KLV�HIIHFW�UHOHDVHV�HOHPHQWDU\�WHOHNLQHWLF�GULYH�3�ZKRVH�DFWLRQ�LV�XQLIRUPO\�VSUHDGRYHU DOO�PDWWHU��LQFOXGLQJ�HOHPHQWDU\�SDUWLFOHV��ZKROH�DWRPV��PROHFXOHV��DQG�HQWLUH�PDWHULDOREMHFWV� FRQWDLQHG� ZLWKLQ� WKH� UDQJH� RI� WKH� DFFHOHUDWHG� RU� GHFHOHUDWHG� PDJQHWLF� ILHOG�LQGHSHQGHQWO\ RI� WKH�PDJQHWLF�RU�HOHFWULF�SURSHUWLHV�RI� WKH�REMHFWV� IRUPHG�IURP�WKLV�PDWWHU�1RWH WKDW� WKH�WHUP��WHOHNLQHWLF�GULYH��LV�XVHG�KHUH�WR�GHILQH�WKH�FDSDELOLW\�RI�WKH�7HOHNLQHWLF(IIHFW�WR�LQGXFH�PRWLRQ��7KHUHIRUH�GXULQJ�WHOHNLQHWLF�PRWLRQ��WKH��WHOHNLQHWLF�GULYH��LV�HTXLYDOHQWWR�D��IRUFH��ZKLFK�FDXVHV�D�SK\VLFDO�PRWLRQ��� 7KH� HOHPHQWDU\� WHOHNLQHWLF� GULYH� 3� SURGXFHG� E\� WKLV� HIIHFW� GHPRQVWUDWHV� DOO� WKHDWWULEXWHV RI�WKH�WHOHNLQHWLF�LQWHUDFWLRQ��HVSHFLDOO\���$��LW�GRHV�QRW�SURGXFH�WKH�UHDFWLRQ�IRUFHVZKLFK ZRXOG� UHWXUQ� EDFN� RQWR� WKH� REMHFW� WKDW� UHOHDVHG� WKH� 7HOHNLQHWLF� (IIHFW�� �%�� WKHFRQVXPSWLRQ RI� HQHUJ\� IRU� WKH� ZRUN� FRPSOHWHG� E\� WKLV� GULYH� LV� VDWLVILHG� WKURXJK� DVSRQWDQHRXV DEVRUSWLRQ�RI�WKHUPDO�HQHUJ\�FRQWDLQHG�LQ�WKH�HQYLURQPHQW��7KXV��WKH�ZRUN�RIWKH�GULYH�3�LV�QRW�FRPSOHWHG�DW�WKH�H[SHQVH�RI�HQHUJ\�VXSSOLHG�E\�WKH�REMHFW�WKDW�UHOHDVHG�WKH
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DFWLRQ RI�WKH�7HOHNLQHWLF�(IIHFW���7KLV��%��DWWULEXWH�PDNHV�WKH�HOHPHQWDU\�WHOHNLQHWLF�GULYH�3�WREHFRPH�DQ�DFWLYH�UHYHUVDO�RI�IULFWLRQDO�SDVVLYH�IRUFHV����� 7KH�GLUHFWLRQ�RI�HOHPHQWDU\�WHOHNLQHWLF�GULYH�3��DFFRUGLQJ�WR�WKH�WKHRUHWLFDO�GHGXFWLRQVZKLFK XWLOL]H�WKH�V\PPHWU\�UXOHV�H[SUHVVHG�E\�7DEOHV�%��DQG�&���VKRXOG�FRLQFLGH�ZLWK� WKHGLUHFWLRQ RI�DQ�DFWLYH�DFFHOHUDWLRQ��D��DQG�VKRXOG�SRLQW�RSSRVLWH� IURP�WKH�YHFWRU�RI� LQHUWLDOIRUFH� )RU OLQHDU�DFFHOHUDWLRQV��WKH�GLUHFWLRQ�RI�WKLV�WHOHNLQHWLF�GULYH�3�LQ�IDFW�FRLQFLGHV�ZLWKWKDW GLUHFWLRQ�GHGXFHG�WKHRUHWLFDOO\��)RU�VXFK�DFFHOHUDWLRQV�WKH�GULYH�3�DFWV�DORQJ��D���WKXVPDNLQJ�WKH�DQDO\VLV�RI�WKH�7HOHNLQHWLF�(IIHFW�TXLWH�VLPSOH�+RZHYHU� IRU�WKH�FHQWULSHWDO�DFFHOHUDWLRQV��WKH�GLUHFWLRQ�RI�WKLV�GULYH�GLIIHUV�LQ�UHDOLW\IURP WKDW� GHGXFHG� WKHRUHWLFDOO\�� $QDO\VLV� RI� WKH� EHKDYLRXU� RI� HOHFWURQV� LQ� WKH� 1�0DFKLQHVXJJHVWV WKDW�WKLV�GLUHFWLRQ�LV�D�FRPSOH[�IXQFWLRQ�RI�D�PLQLPXP�RI�WKUHH�YHFWRUV��9��D��/���,W�LVSRVVLEOH WKDW�WKLV�GLUHFWLRQ�DOVR�GHSHQGV�RQ�WKH�ORFDO�YHFWRU�RI�WKH�PDJQHWLF�ILHOG�JUDGLHQW��7KH GLUHFWLRQ�RI�HOHPHQWDU\�GULYH�3�GHWHUPLQHG�HPSLULFDOO\�LQ�WKLV�PDQQHU�LV�VKRZQ�LQ�)LJXUH&���7KH�YHFWRUV�LQIOXHQFLQJ�WKLV�GLUHFWLRQ�DUH�DV�IROORZV����9��UHSUHVHQWV�WKH�YHFWRU�RI�WKH�OLQHDU�VSHHG�RI�D�JLYHQ�IUDJPHQW�RI�VSLQQLQJ�PDWWHU�DWZKLFK�WKH�WHOHNLQHWLF�GULYH�3�LV�UHOHDVHG�� �D��LV�D�YHFWRU�RI�WKH�DFWLYH�DFFHOHUDWLRQ�RU�GHFHOHUDWLRQ�WKDW�D�JLYHQ�PDJQHWLF�ILHOG�LVVXEMHFWHG WR�� $FWLYH� DFFHOHUDWLRQ� �GHFHOHUDWLRQ�� LV� XQGHUVWRRG� WR� EH� DQ\� DFFHOHUDWLRQ�GHFHOHUDWLRQ�� 7KH� ZRUG� �DFWLYH�� LV� RQO\� DGGHG� KHUH� WR� VWUHVV� WKDW� WKH� GLUHFWLRQ� RI� WKLVDFFHOHUDWLRQ �GHFHOHUDWLRQ��LV�RSSRVLWH�IURP�WKH��SDVVLYH��GLUHFWLRQ�RI�LQHUWLDO�IRUFHV�SURGXFHGE\ WKH� DFWLRQ� RI� WKLV� DFFHOHUDWLRQ� �GHFHOHUDWLRQ��� 7R� H[SODLQ� LW� PRUH� FOHDUO\� WKH� IROORZLQJH[DPSOH LV�XVHG�� ,Q�FHQWULSHWDO�DFFHOHUDWLRQ��SDVVLYH� LQHUWLDO� IRUFHV�DFW�RXWZDUGV��7KXV� WKHYHFWRU RI� DFWLYH� DFFHOHUDWLRQ� LV� GLUHFWHG� LQZDUGV�� 7KH� VDPH� LQZDUGV� GLUHFWLRQ� VKRXOG� DOVRGLVSOD\�WKH�GULYH�3�� �/�� LV�D� YHFWRU� WKDW�GHVFULEHV� WKH� ORFDO�GLUHFWLRQ�RI�PDJQHWLF� ILHOG� IRUFH� OLQHV��7KLVYHFWRU LV� WDQJHQWLDO� LQ� HDFK�SRLQW� WR� WKH� ORFDO� FRXUVH� RI� IRUFH� OLQHV� RI� D�PDJQHWLF� ILHOG�� ,WVGLUHFWLRQ LV�VXFK�WKDW�HDFK�IRUFH�OLQH�OHDYHV�WKH�VRXWK�PDJQHWLF�SROH�DQG�VXEPHUJHV�LQWR�WKHQRUWK PDJQHWLF SROH�RI�D�SDUWLFXODU�PDJQHW���$W�WKLV�SRLQW�LW�LV�ZRUWK�VWUHVVLQJ�WKDW�EHFDXVH�RIWKH DXWKRU
V� LQWHUHVW� LQ� WKH�PDJQHWLF� SURSXOVLRQ� V\VWHPV� RI� IO\LQJ� YHKLFOHV�� KLV� QRWDWLRQ� RIPDJQHWLF SROHV�LV�GHVLJQHG�VR�DV�WR�IDFLOLWDWH�WKH�DQDO\VLV�RI�VXFK�V\VWHPV��7KHUHIRUH�LQ�DOOKLV SXEOLFDWLRQV��WKH�1�PDJQHWLF�SROH�LV�WKH�SROH�WKDW�SUHYDLOV�RQ�WKH�QRUWK�JHRJUDSKLF�SROHRI�(DUWK��DQG�DOVR�WKH�SROH�RI�D�PDJQHWLF�QHHGOH�WLS�SRLQWLQJ�VRXWK���VHH�VXEVHFWLRQ�*�����7KH GLIIHUHQFH�EHWZHHQ�WKH�WKHRUHWLFDO�DQG�H[SHULPHQWDO�GLUHFWLRQV�RI�WKH�GULYH�3�IRUFHQWULSHWDO DFFHOHUDWLRQV��KLJKOLJKWHG�DERYH��PD\�UHVXOW� IURP�WKH� OLPLWLQJ�RI� ILQGLQJV�WR�GDWHWR�WKH�GHVFULSWLRQ�RI�WKH�EHKDYLRXU�RI�HOHFWURQV�LQVLGH�VSLQQLQJ�REMHFWV���(OHFWURQV�DUH�OLJKWHVWREVHUYDEOH REMHFWV�DYDLODEOH�IUHHO\�WKXV�WKHLU�WHOHNLQHWLF�PRWLRQ�LV�PRVW�HDV\�WR� LQGXFH�DQGWR PHDVXUH���$V� LW�ZDV� GHWHUPLQHG� LQ� YDULRXV�H[SHULPHQWV��HOHFWURQV�DOVR�VSLQ��7KHUHIRUH�H[FHSW�IRU�WKH�GULYH�3��WKHLU�EHKDYLRXU�FDQ�EH�FRQWUROOHG�DGGLWLRQDOO\�E\�J\URVFRSLF�PRPHQWXPVRI WKHLU�RZQ�URWDWLRQV�DV�ZHOO� DV� WKH� URWDWLRQV�RI� WKH�REMHFWV� WKURXJK�ZKLFK� WKHLU� WHOHNLQHWLFPRWLRQ�RFFXUV��� 7KH�PD[LPDO�YDOXH�RI�WKH�GULYH�3�ZKLFK�DFWV�DW�D�JLYHQ�PDWHULDO�REMHFW�RI�D�YROXPH�8���VHHPV�WR�EH�SURSRUWLRQDO�WR�WKH�DFFHOHUDWLRQ�RU�GHFHOHUDWLRQ��D��RI�D�JLYHQ�PDJQHWLF�ILHOG�DQG�WKH�ORFDO�GHQVLW\��J��RI�PDJQHWLF�HQHUJ\��3  &ÂDÂJÂ8�PD[7KH H[DFW�ZRUNLQJ�RXW�RI�WKH�7HOHNLQHWLF�(IIHFW�LV�YHU\�GLIILFXOW�DQG�HQFRXQWHUV�QXPHURXVREVWDFOHV��7KH�PRVW�LPSRUWDQW�RI�WKHVH�REVWDFOHV�DUH������WKH�FRPSOH[LW\�RI�WKH�HIIHFW�LWVHOI�����LWV FORVH� FRH[LVWHQFH� ZLWK� D� QXPEHU� RI� HOHFWURPDJQHWLF� DQG�PHFKDQLF� HIIHFWV� RI� WKH� ILUVWJHQHUDWLRQ IURP�ZKLFK� LW� LV� GLIILFXOW� WR� EH� VHSDUDWHG�� ���� WKH� SUHMXGLFHV� WKDW� FRQWHPSRUDU\
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VFLHQWLILF HVWDEOLVKPHQW�VKRZV�WRZDUGV� WHOHNLQHWLF�SKHQRPHQD�� ,Q�VSLWH�RI� WKHVH�REVWDFOHV�UHVHDUFK�LV�SURJUHVVLQJ�FRQWLQXDOO\��7R�GDWH��WKH�KLVWRU\�RI�LWV�LQYHVWLJDWLRQV�VHHPV�WR�LQGLFDWHWKDW WKH�7HOHNLQHWLF�(IIHFW�LV�RQH�RI�WKH�JUHDWHVW�FKDOOHQJHV�LPSRVHG�RQ�RXU�VFLHQFH�E\�WKHIRUFHV RI�QDWXUH��2Q�WKH�RWKHU�KDQG��WKH�W\SH�RI�EHQHILWV�WKDW�WKLV�HIIHFW�SURPLVHV�PDNHV�LWVPDVWHULQJ DOVR�RQH�RI�WKH�PRVW�LPSRUWDQW�EHTXHVWV�WKDW�VFLHQWLVWV�RI�WKLV�FHQWXU\�FDQ�SUHVHQWWR�IXWXUH�JHQHUDWLRQV�7KH�UHVHDUFK�RQ�WKH�WHFKQRORJLFDO�YHUVLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW�KDV�RQO\�MXVW�VWDUWHG�6R IDU� WKHUH� LV� DOPRVW� QRWKLQJ� NQRZQ� DERXW� WKH� DFWLRQ� RI� WKLV� HIIHFW� FDXVHG� E\� SXOVDWLQJPDJQHWLF ILHOGV�� 7KXV� DV� WKLV� UHVHDUFK� SURJUHVVHV�� WKH� LQIRUPDWLRQ� SURYLGHG� LQ� WKLVVXEVHFWLRQ�ZLOO�EH�XSGDWHG�DQG�PDGH�PRUH�JHQHUDO�
&���7HFKQLFDO�XWLOL]DWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW
,Q WKH� VDPH� PDQQHU� DV� WKH� GLVFRYHU\� RI� HOHFWURPDJQHWLF� SKHQRPHQD� DOORZHG� WRJUDGXDOO\ EXLOG� XS� WKH� SUHVHQW� WHFKQLFDO� DGYDQFHPHQW� RI� RXU� FLYLOL]DWLRQ�� DOVR� WKH� UHFHQWGLVFRYHU\ DQG�IXWXUH�XWLOL]DWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW�ZLOO�IXUWKHU�UHYROXWLRQL]H�RXU�WHFKQLFDOHQYLURQPHQW�LQ�DOO�HQHUJ\�DQG�SURSXOVLRQ�UHODWHG�DUHDV��,W�LV�HDV\�WR�SUHGLFW�WKDW�WKHUH�DUH�WZRDUHDV LQ� ZKLFK� WKH� XWLOL]DWLRQ� RI� WKH� 7HOHNLQHWLF� (IIHFW� ZLOO� KDYH� WKH� ODUJHVW� LPSDFW� DW� RXUFLYLOL]DWLRQ��7KHVH�DUH��HQHUJ\�SURGXFWLRQ��DQG�PHDQV�RI�WUDQVSRUWDWLRQ�
&�����8WLOL]DWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW�IRU�WKH�SURGXFWLRQ�RI�HQHUJ\
7R LOOXVWUDWH�WKH�DSSOLFDWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW�IRU�WKH�IXWXUH�HYROXWLRQ�RI�HQHUJ\SURGXFWLRQ GHYLFHV��WKH�DXWKRU�FRQVWUXFWHG�D�FRUUHVSRQGLQJ�3HULRGLF�7DEOH�ZKLFK�LV�VKRZQDV 7DEOH� &��� 7KLV� 7DEOH� LQFOXGHV� RQO\� WKRVH� SRZHU� SURGXFLQJ� GHYLFHV� ZKRVH� RSHUDWLRQXWLOL]HV�YDULRXV�IRUPV�RI�PRWLRQ��7KH�PRWLRQ�LQ�WKHVH�GHYLFHV�LV�D�NLQG�RI �FDWDO\VW�DJHQW��ZKLFKDEVRUEV WKH H[WHUQDO�HQHUJ\��WUDQVIHUV�LW�WKURXJK�YDULRXV�VWDJHV�RI�FRQYHUVLRQ��WR�ILQDOO\�SDVVWR DQ�RXWSXW�PHGLXP��7KXV��7DEOH�&��GRHV�QRW�LQFOXGH�DOO�GHYLFHV�WKDW�SURGXFH�HOHFWULFLW\�E\YDULRXV VWDWLF�SULQFLSOHV��H�J�� WKURXJK�WKH� LPSOHPHQWDWLRQ�RI�FKHPLFDO��SKRWR��RU� UDGLRDFWLYHSKHQRPHQD� )RU� HDFK� W\SH� RI� WKHVH� VWDWLF� GHYLFHV� LW� LV� QHFHVVDU\� WR� FRQVWUXFW� VHSDUDWH3HULRGLF�7DEOHV�7KH 3HULRGLF�7DEOH�&��FRQWDLQV�WKH�QDPHV�RI�DOO�LPSRUWDQW�SRZHU�SURGXFLQJ�GHYLFHV�7KHVH DUH�OLVWHG�DW�WKH�FURVV�SRLQWV�RI�WKH�URZV�DQG�FROXPQV��7KH�SODFHPHQW�RI�D�SDUWLFXODUGHYLFH LQ�D�JLYHQ�URZ�LQGLFDWHV�WKH�DWWULEXWHV�RI�PRWLRQ�XWLOL]HG�LQ�LWV�RSHUDWLRQ��DQG�WKXV�DOVRWKH JHQHUDWLRQ��RU�WKH�OHYHO�RI�DGYDQFHPHQW��WR�ZKLFK�WKLV�GHYLFH�EHORQJV��7KH�SODFHPHQW�RID�GHYLFH�LQ�D�JLYHQ�FROXPQ�LQGLFDWHV�WKH�JHQHUDO�FDWHJRU\�RI�GHYLFHV�WR�ZKLFK�LW�EHORQJV��WKXVLW�DOVR�VKRZV�WKH�WHFKQRORJLFDO�LPSOHPHQWDWLRQ�RI�LWV�SULQFLSOHV�RI�RSHUDWLRQ��7KH�HPSW\�ER[HVLQ WKLV�7DEOH�VKRZ�WKH�JDSV�ZKLFK�VWLOO�H[LVW�LQ�RXU�LQYHQWLRQV�RI�WKHVH�GHYLFHV��7KH�ORFDWLRQRI WKHVH�HPSW\�VSDFHV� �L�H�� WKHLU� URZ�DQG�FROXPQ�� LQIRUPV�DERXW�SULQFLSOHV�RI�RSHUDWLRQ�RIWKRVH�GHYLFHV�QRW�\HW�LQYHQWHG�7KH KRUL]RQWDO� EURNHQ� OLQH� LQVHUWHG� LQWR� WKLV�7DEOH�VKRZV� WKH� OHYHO� RI� WHFKQRORJ\� LQSRZHU SURGXFLQJ� GHYLFHV� DFKLHYHG� WR� GDWH�� 7KLV� OLQH� VHSDUDWHV� WKH� GHYLFHV� ZKLFK� RXUFLYLOL]DWLRQ KDV� DOUHDG\� FRPSOHWHG� �VHH� DOO� WKH� GHYLFHV� OLVWHG� EHORZ� WKH� OLQH��� RU� LV� DEOH� WRFRPSOHWH� IURP� DOO� WKRVH� GHYLFHV� ZKRVH� RSHUDWLRQ� VWLOO� QHHGV� WR� EH� OHDUQW� WKURXJK� WKHGLVFRYHU\ DQG�LQYHVWLJDWLRQ�RI�QHZ�SKHQRPHQD��7KH�GHYLFHV�QDPHG�EHORZ�WKLV�OLQH�DOUHDG\H[LVW� ZKHUHDV�WKRVH�QDPHG�DERYH�LW�ZLOO�EH�FRPSOHWHG�LQ�WKH�IXWXUH��,W�LV�ZRUWK�QRWLFLQJ�WKDW
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WKHUH DUH� HPSW\� ER[HV� EHORZ� WKH� EURNHQ� OLQH�� 6XFK� VSDFHV� LQGLFDWH� WKDW� WKH� DSSURSULDWHSKHQRPHQD ZKLFK�DUH�UHTXLUHG�IRU�WKH�FRPSOHWLRQ�RI�WKHVH�GHYLFHV�DUH�DOUHDG\�NQRZQ��EXWWKH ODFN� RI� GHPDQG� IRU� WKH� DSSOLFDWLRQ� RI� VXFK� GHYLFHV� KDV� FDXVHG� WKHLU� LQYHQWLRQ� WR� EHXQQHFHVVDU\�RU�GHOD\HG�IRU�VRPH�XQVSHFLILHG�WLPH�,Q WKH� OHIW� VHFWLRQ�RI� WKH�3HULRGLF�7DEOH�� LQVLGH� WKH� WKLFN� OLQHV�� GHWDLOV�RI� WKH�HQHUJ\SURGXFLQJ SKHQRPHQD� WKDW� DUH� XWLOL]HG� E\� GHYLFHV� IURP� D� SDUWLFXODU� URZ� �JHQHUDWLRQ�� DUHGHILQHG� 7KLV�FROXPQ� LV� IXUWKHU�VXE�GLYLGHG� LQWR� WKUHH�VXE�FROXPQV�ZKLFK�GHVFULEH�� ���� WKHHQHUJ\�FDUULHU�XWLOL]HG E\�WKH�GHYLFHV�OLVWHG�LQ�WKH�URZV�RQ�WKH�ULJKW������WKH�JHQHUDWLRQ�QXPEHUWR ZKLFK�WKHVH�GHYLFHV�EHORQJ��WKH�KLJKHU�WKLV�QXPEHU��WKH�PRUH�DGYDQFHG�WKH�GHYLFH���DQG��� WKH�DWWULEXWHV�RI�PRWLRQ��ZKLFK�DUH�XWLOL]HG�IRU�WKH�RSHUDWLRQ�RI�GHYLFHV�OLVWHG�LQ�WKH�URZV�$V ZLWK�WKH�HODSVH�RI�WLPH�DOO�WKUHH�LWHPV�GHVFULEHG�DERYH�PRYH�LQWR�WKHLU�KLJKHU�OHYHOV��WKLVFROXPQ�DOVR�UHSUHVHQWV�WKH�WLPH�D[LV�RI�WKH�3HULRGLF�7DEOH�([DPLQDWLRQ RI�WKH�WLPH�D[LV�IURP�WKH�3HULRGLF�7DEOH�VKRZV�WKDW�WKH�SRZHU�SURGXFLQJGHYLFHV XWLOL]H� WKUHH� HQHUJ\� �PRWLRQ�� FDUULHUV�� ����PHFKDQLFDO�PRWLRQ�� ���� IORZ� RI� JDVHV� RUIOXLGV� DQG�����PRWLRQ�RI�PDJQHWLF�ILHOGV��)RU�HDFK�RI�WKHVH�HQHUJ\�FDUULHUV�WKUHH�VXEVHTXHQWJHQHUDWLRQV RI� WKH�SRZHU�SURGXFLQJ�GHYLFHV�DUH�EXLOW��(DFK�RI� WKHVH�JHQHUDWLRQV�XWLOL]HV�DGLIIHUHQW VHW RI�DWWULEXWHV�RI�D�PRWLRQ��7KH�ILUVW�JHQHUDWLRQ�XWLOL]HV�RQO\�D�VWHDG\�PRWLRQ�RU�DIORZ� 7KH�VHFRQG�JHQHUDWLRQ�XWLOL]HV�D�PRWLRQ�RI�WKH�HQHUJ\�FDUULHU�DV�ZHOO�DV�LWV�DFFHOHUDWLRQRU GHFHOHUDWLRQ�� :KHUHDV� WKH� WKLUG� JHQHUDWLRQ� XWLOL]HV� D� PRWLRQ�� DQ� DFFHOHUDWLRQ�� DQG� DQLQWHUQDO�HQHUJ\�UHVHUYH��H�J��FRPSUHVVLRQ��KHDW��HWF���,Q WKH�URZ�ZLWKLQ�WKLFN�OLQHV�DW�WKH�ERWWRP�RI�WKH�3HULRGLF�7DEOH��WKH�FDWHJRULHV�RI�WKHGHYLFHV OLVWHG�LQ�HDFK�FROXPQ�DUH�QDPHG��7KHVH�GHVFULEH�WKH�WHFKQRORJLFDO�LPSOHPHQWDWLRQRI WKH�SULQFLSOHV�RI�RSHUDWLRQ�XWLOL]HG�E\�GHYLFHV�IURP�HDFK�FROXPQ��LQFOXGLQJ�WKH�PDLQ�RXWSXWRI WKHLU�ZRUN��%HFDXVH�RI�WKLV�RSHUDWLRQ��ILYH�VHSDUDWH�FDWHJRULHV�RI�SRZHU�SURGXFLQJ�GHYLFHVFDQ EH� GLVWLQJXLVKHG�� ,Q� WKLV� PRQRJUDSK� WKH\� DUH� FDOOHG�� ���� PRWRUV�� ���� JHQHUDWRUV�� ���DJJUHJDWHV� ����HOHFWURVWDWLF�PDFKLQHV��DQG�����FHOOV�RU�EDWWHULHV��$OO�RI�WKHP�WRJHWKHU�FDUU\DOVR�D�PRUH�JHQHUDO�QDPH��SRZHU�VWDWLRQV��$PRQJVW QXPHURXV� W\SHV�RI�SRZHU�VWDWLRQV�VR�IDU�GHYHORSHG�E\�RXU�FLYLOL]DWLRQ�� WKHGLUHFW�FRQQHFWLRQ�ZLWK�WKH�WRSLF�RI�WKLV�FKDSWHU�KDYH�GHYLFHV FDOOHG��WHOHNLQHWLF�SRZHU�VWDWLRQV��/HW�XV�QRZ�OHDUQ�PRUH�DERXW�WKHVH�XQXVXDO�GHYLFHV�7KH URFNHWLQJ�SULFHV�IRU�IXHOV�DQG�HQHUJ\��GLPLQLVKLQJ�QDWXUDO�UHVRXUFHV��SROOXWLRQ�RIWKH HQYLURQPHQW��KROHV�LQ�WKH�R]RQH�OD\HU��WKH�JODVV�KRXVH�HIIHFW��DQG�D�IHZ�RWKHU�UHDVRQVPRWLYDWH SLRQHHU� UHVHDUFK� RQ� XQLTXH� WHOHNLQHWLF� GHYLFHV� WR� EH� DGYDQFHG� LQ� D� QXPEHU� RIFRXQWULHV� 7KHVH� QHZ� GHYLFHV� SRSXODUO\� DUH� FDOOHG� �IUHH� HQHUJ\� GHYLFHV��� ZKHUHDV� LQ� WKLVPRQRJUDSK WKH\�DUH�UHIHUUHG�WR�DV��WHOHNLQHWLF�SRZHU�VWDWLRQV���7KH�JHQHUDO�SXUSRVH�RI�WKHVHGHYLFHV LV� WR� HPSOR\� WKH� 7HOHNLQHWLF� (IIHFW� LQ� RUGHU� WR� H[WUDFW� HQHUJ\� FRQWDLQHG� LQ� WKHHQYLURQPHQW� DQG�WR�FRQYHUW�WKLV�HQHUJ\�LQWR�D�XVHIXO�IRUP��PRVW�IUHTXHQWO\�LQWR�HOHFWULFLW\��7KXV WKH�RSHUDWLRQ�RI�WKHVH�QHZ�GHYLFHV�LV�GUDVWLFDOO\�GLIIHUHQW�IURP�WKDW�RI�SUHVHQW�VRXUFHVRI SRZHU��$V�LV�DOUHDG\�NQRZQ��SUHVHQW�SRZHU�VXSSO\�GHYLFHV�XWLOL]H�WKH�GLIIHUHQFH��JUDGLHQW�EHWZHHQ WZR�HQHUJ\�OHYHOV��7KURXJK�FDXVLQJ�D�IORZ�RI�HQHUJ\�IURP�D�KLJKHU�WR�D�ORZHU�OHYHO�WKH\ UH�GLUHFW�D�SDUW�RI�WKLV�IORZ��DQG�VXEVHTXHQWO\�IRUFH�LW�WR�FRQYHUW�LQWR�D�XVHIXO�IRUP��H�J��LQWRHOHFWULFLW\�� %XW� WKH�RSHUDWLRQ�RI� IUHH�HQHUJ\�GHYLFHV�GRHV�QRW�UHTXLUH�GLIIHUHQFHV� LQ�HQHUJ\OHYHOV� 7KH\� VLPSO\� VSRQWDQHRXVO\� DEVRUE� WKHUPDO� HQHUJ\� ZKLFK� LV� DOZD\V� SUHVHQW� LQ� WKHHQYLURQPHQW��DQG�WKHQ�MXVW�WUDQVIRUP�WKLV�HQHUJ\�LQWR�D�FRQVXPDEOH�IRUP��H�J��LQWR�HOHFWULFLW\��7KHUHIRUH�WKH�XVH�RI�WKHVH�QHZ�GHYLFHV�GRHV�QRW�GHSHQG�RQ�WKH�DYDLODELOLW\�RI�DQ\�H[WHUQDO IXHORU HQHUJ\� VXSSO\�� VXFK� DV� FRPEXVWLEOH� VXEVWDQFHV�� ZLQG�� ZDWHU� IORZ�� PXVFOH� SRZHU�HOHFWULFLW\��HWF��,Q�WKLV�ZD\�WKH�ILQDO�RXWFRPH�RI�IUHH�HQHUJ\�GHYLFHV�LV�YHU\�FORVH�WR�WKDW�LPSOLHGE\ WKH�DQFLHQW�LGHD�RI��SHUSHWXXP�PRWLRQ���DOWKRXJK�WKH�PHFKDQLVP�DQG�SKLORVRSK\�EHKLQG
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DFKLHYLQJ WKLV�RXWFRPH�LV�HQWLUHO\�GLIIHUHQW��L�H��IUHH�HQHUJ\�GHYLFHV�GR�QRW�FUHDWH�HQHUJ\�DVWKLV ZDV� DVVXPHG� IRU� �SHUSHWXXP�PRWLRQ��� EXW� WKH\� VLPSO\� �WDS�� YDVW� DPRXQWV� RI� HQHUJ\DOZD\V SUHVHQW� LQ� WKH� HQYLURQPHQW�� DQG� WKXV� DEVRUE� LW� E\� RSHUDWLQJ� DV� D� NLQG� RI� VHOI�VXVWDLQDEOH�KHDW�SXPS��$FFRUGLQJ�WR�FRPPRQ�RSLQLRQ��WKH RSHUDWLRQ�RI�VXFK�IUHH�HQHUJ\�GHYLFHV�VKRXOG�QRW�EHSRVVLEOH EHFDXVH� WKH\�ZRXOG� DSSHDU� WR� UXQ� DJDLQVW� WKH�&RQVHUYDWLRQ� RI�(QHUJ\�3ULQFLSOH�)RUWXQDWHO\�WKHLU�LQYHQWRUV�KDYH�GLVDJUHHG�ZLWK�VWDQGDUG�EHOLHIV�DQG�FRQWLQXHG�WKHLU�UHVHDUFK�$IWHU�WKH�ILUVW�SURWRW\SHV�RI�WKHVH�GHYLFHV�ZHUH�EXLOW��FRPPRQ�RSLQLRQ�ZDV�DJDLQ�SURYHG�WR�EHZURQJ ��OLNH�VR�RIWHQ�EHIRUH��7KH�FRPSOHWLRQ�RI�IUHH�HQHUJ\�GHYLFHV�WXUQHG�RXW�SRVVLEOH��DQGWKHLU�RSHUDWLRQ�GRHVQ
W�FRQWUDGLFW�WKH�&RQVHUYDWLRQ�RI�(QHUJ\�3ULQFLSOH��7KH�GHWDLO�RYHUORRNHGE\ WKRVH�ZKR�GLVDJUHHG�ZDV�WKDW�WKHVH�GHYLFHV�GR�QRW��FUHDWH��HQHUJ\���WKH\�RQO\�H[WUDFW�LWVSRQWDQHRXVO\ IURP�WKH�HQYLURQPHQW��GXH�WR�WKH�DFWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW��7KHUHIRUH��WKH\SURGXFH HOHFWULFLW\� GXULQJ� WKHLU� RSHUDWLRQ�� EXW� DW� WKH� VDPH� WLPH� WKH\� DOVR� GHFUHDVH� WKHHQYLURQPHQWDO�WHPSHUDWXUH�7R LOOXVWUDWH�WKH�FXUUHQW�VWDWH�RI�WKHVH�IUHH�HQHUJ\�GHYLFHV��WKH�PRVW�UHSUHVHQWDWLYH�RIWKHP�ZLOO�EH�EULHIO\�GHVFULEHG�LQ�WKH�VXEVHFWLRQ�WR�IROORZ�
&�������5HYLHZ�RI�WKH�PDLQ�W\SHV�RI�WHOHNLQHWLF�SRZHU�VWDWLRQV�EXLOW�VR�IDU
$ QXPEHU�RI�SURWRW\SHV�RI�WHOHNLQHWLF�SRZHU�VWDWLRQV�KDYH�DOUHDG\�EHHQ�FRPSOHWHG�E\GHGLFDWHG�LQYHQWRUV�ZKR DUULYHG�DW�WKHLU�FRQVWUXFWLRQ�HPSLULFDOO\��%XW�VR�IDU�WKHUH�KDV�EHHQ�QRWKHRU\ ZKLFK�ZRXOG�H[SODLQ�WKH�RSHUDWLRQ�RI�WKHVH�H[WUDRUGLQDU\�GHYLFHV��7KLV�KDV�PDGH�WKHLULPSURYHPHQW DQG�PDQXIDFWXUH�GLIILFXOW��DQG�LW�KDV�DOVR�LPSHGHG�IRUPDO�UHFRJQLWLRQ�RI�WKHVHGHYLFHV E\�WKH�VFLHQWLILF�HVWDEOLVKPHQW��2QO\�DIWHU�WKH�IRUPXODWLRQ�RI�WKH�&RQFHSW�RI�'LSRODU*UDYLW\�DQG�WKH�LQWURGXFWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW��ZDV�VXFK�D�WKHRU\�FUHDWHG��,WV�H[LVWHQFHDOORZV IRU� WKH� UDWLRQDO� H[SODQDWLRQ� RI� WKH� SULQFLSOHV� RI� WHOHNLQHWLF� SRZHU�VWDWLRQV�� DQGIRUPXODWHV D� WKHRUHWLFDO� IRXQGDWLRQ� WKDW� DOORZV� IRU� WKH� V\VWHPDWLF� LPSURYHPHQW� RI� WKHVHGHYLFHV�'XULQJ WKH�DQDO\VLV�RI�VXEVHTXHQW�WHOHNLQHWLF�GHYLFHV�LW�LV�ZRUWK�QRWLFLQJ�WKDW�DOWKRXJKWKHVH GHYLFHV�DUH�GHVLJQHG� WR�SURGXFH�HOHFWULFDO� HQHUJ\�� WKHLU� VWUXFWXUH�DQG�RSHUDWLRQ�DUHW\SLFDO IRU�PHFKDQLFDO��QRW�HOHFWULFDO��PDFKLQHU\��6XFK�DQ�DSSDUHQW�FRQWUDGLFWLRQ�UHVXOWV�IURPWKH�IDFW�WKDW�DW�RXU�OHYHO�RI�NQRZOHGJH��WKH�UHOHDVH�RI�WKH 7HOHNLQHWLF�(IIHFW�UHTXLUHV�WKH�PRWLRQDQG G\QDPLF�LQWHUDFWLRQV�RI�SDUWV�LQ�D�FRPSOH[�PHFKDQLVP���L�H��WKH�SKHQRPHQD�VWXGLHG�E\PHFKDQLFDO�HQJLQHHUV�3URWRW\SHV RI� WHOHNLQHWLF� SRZHU�VWDWLRQV� ZKLFK� DUH� DOUHDG\� FRPSOHWHG� ZLOO� QRZ� EHSUHVHQWHG��7KHLU�GLVFXVVLRQ�FRPPHQFHV�ZLWK�D�PRWRU FDOOHG�WKH��3HUPDQHQW�PDJQHW�PRWRU��7KLV PRWRU�ZDV�LQYHQWHG�E\�+RZDUG�-RKQVRQ��3�2��%R[������%ODFNVEXUJ��9LUJLQLD��������86$��+LVWRULFDOO\��LW�LV�FRQVLGHUHG�WR�EH�WKH�ILUVW�RSHUDWLRQDO�WHOHNLQHWLF�PRWRU�HYHU�FRPSOHWHG�RQ�RXUSODQHW� ,WV�GHVLJQ�DQG�RSHUDWLRQ�DUH�SXEOLVKHG�LQ�DUWLFOH�>�&����@ E\�-RUPD�+\\SLD���$PD]LQJ0DJQHW�3RZHUHG�0RWRU���6FLHQFH�	�0HFKDQLFV��6SULQJ�������SDJHV�������DQG����������7KLVPRWRU LV� VXEMHFW� WR� 86$� SDWHQW� QR� ����������� $FFRUGLQJ� WR� UHSRUWV�� LWV� HIILFLHQF\� VOLJKWO\H[FHHGV ������7KXV��RQFH�VWDUWHG�� LW�VXVWDLQV� LWV�RSHUDWLRQ�XQWLO� LQWHQWLRQDOO\�KHOG�EDFN�RUXQWLO LWV�PHFKDQLFDO�SDUWV�ZHDU�RXW��%XW�WKH�H[FHVV�RI�LWV�RXWSXW�SRZHU�LV�VWLOO�WRR�VPDOO�WR�EHXVHIXO� 7KHUHIRUH�� LWV�VLJQLILFDQFH� OLHV� LQ�SURYLQJ� WKDW� WKH�FRQVWUXFWLRQ�RI� WHOHNLQHWLF�GHYLFHVFDSDEOH RI VHOI�VXVWDLQLQJ�WKHLU�RZQ�PRWLRQ�LV�IHDVLEOH��ZKHUHDV�WKH�HQHUJ\�SURGXFHG�E\�WKLVPRWRU�KDVQ
W�DQ\�SUDFWLFDO�DSSOLFDWLRQ�
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7KH�JHQHUDO�GHVLJQ�RI�WKH�-RKQVRQ�PRWRU�LV�VKRZQ�LQ�SDUW��D��RI�)LJXUH�&���7KH�RULJLQDOGHVLJQ�RI�WKLV�PRWRU�FRQWDLQV�RQO\�WZR�UHODWLYHO\�PRYLQJ�SDUWV���PDUNHG�DV�����DQG�����LQ�)LJXUH&����7KH�LQWURGXFWLRQ�RI�WKH�WKLUG�SDUW��PDUNHG�DV������LV�SURSRVHG�E\�WKH�DXWKRU�WR�H[SODLQ�ZD\VRI LQFUHDVLQJ�WKH�HIILFLHQF\�RI�VXFK�PRWRUV���7KH�VWDWRU�����FRQWDLQV�D�VHW�RI�VPDOO�PDJQHWVORFDWHG LQ�HTXDO�GLVWDQFHV�IURP�RQH�DQRWKHU��$ERYH�WKH�VWDWRU�����PDJQHWV�RI�WKH�7HOHNLQHWLF(IIHFW DFWLYDWRU�����PRYH�LQ�WKH�GLUHFWLRQ��9���7KH�VKDSH�RI�PDJQHWV�����LV�YLWDO��L�H��WKH\�PXVWEH D�KDOI�PRRQ�RU�EDQDQD�VKDSH��7KH�SURSRUWLRQ�RI�GLPHQVLRQV�RI�ERWK�JURXSV�RI�PDJQHWV�L�H������DQG������LV�DOVR�YLWDO�7KH RSHUDWLRQ�RI�WKH�-RKQVRQ�PRWRU��H[SODLQHG�E\�WKUHH�VXEVHTXHQW�VWDJHV�RI�UHOHDVHRI WKH�7HOHNLQHWLF�(IIHFW��LV�DOVR�LOOXVWUDWHG�LQ�)LJXUH�&���3DUWV��D����E���DQG��F��RI�WKLV�)LJXUHVKRZ WKUHH VXFFHVVLYH�SRVLWLRQV�WKDW�WKH�DFWLYDWRU�����WDNHV�LQ�UHODWLRQ�WR�WKH�VWDWRU������7KHWKLFN FORVHG� OLQH�SDVVLQJ� WKURXJK�PDJQHWV�����DQG����� UHSUHVHQWV� WKH�SDWK�RI� WKH�PDJQHWLFFLUFXLWV��IRUFH�OLQHV��WKDW�MRLQ�ERWK�RI�WKHVH�SDUWV��7KH�RSHUDWLRQ�RI�WKLV�PRWRU�EHJLQV�ZLWK�VWDJH�D� LQ�ZKLFK PDJQHWLF� FLUFXLWV� DUH� LQ� DQ� HTXLOLEULXP�SRVLWLRQ��%XW� WKH� LQHUWLDO�PRWLRQ� RI� WKHDFWLYDWRU ����LQ�WKH�GLUHFWLRQ��9��FDXVHV�WKHVH�FLUFXLWV�WR�MXPS�LQWR�WKH�SRVLWLRQ�VKRZQ�LQ�SDUW�E��RI�WKLV�)LJXUH��'XULQJ�VXFK�D�MXPS��WKH�PDJQHWLF�FLUFXLWV�DUH�DFFHOHUDWHG��7KLV�DFFHOHUDWLRQUHOHDVHV WKH�WHOHNLQHWLF�HOHPHQWDU\�GULYH��3���$�VPDOO� IUDFWLRQ�RI�WKLV�GULYH�DFWV�DOVR�DW�ERWKHQGV RI� WKH�PDJQHW� �����SURYLGLQJ� WKHP�ZLWK�DQ� LPSXOVH� WKDW� VXVWDLQV� WKH�PRWLRQ� �9���7KHVSHFLDO VKDSH�RI�WKH�PDJQHW�����FDXVHV�LW�WR�LQWHUFHSW�SDUW�RI�WKH�WHOHNLQHWLF�GULYH�UHOHDVHG�E\WKH PRWLRQ�RI�WKLV�PDJQHW��7KH�MXPS�DQG�DFFHOHUDWLRQ�RI�PDJQHWLF�FLUFXLWV�H[WHQG�XQWLO�VWDJH�F�� )XUWKHU� PRWLRQ� RI� WKH� DFWLYDWRU� ���� LQ� WKH� GLUHFWLRQ� �9�� FDXVHV� WKH� ILQDO� UHWXUQ� WR� WKHHTXLOLEULXP SRVLWLRQ�DOUHDG\�GHVFULEHG� LQ�SDUW� �D���7KHQ� WKH�ZKROH�F\FOH�RI� WKH�RSHUDWLRQ� LVUHSHDWHG�$IWHU DQ�DQDO\VLV�RI�WKH�-RKQVRQ�PRWRU�LW�EHFRPHV�REYLRXV�WKDW�WKH�JUHDWHVW�YDOXH�RIWKH HOHPHQWDU\�WHOHNLQHWLF�GULYH�3
�LV�UHOHDVHG�MXVW�DERYH�WKH�PDJQHWV�RI�WKH�VWDWRU������ZKHUHWKH DFFHOHUDWLRQ�RI�PDJQHWLF�FLUFXLWV�LV�WKH�ODUJHVW��7KLV�LQGLFDWHV�WKDW�WKH�HIILFLHQW�WHOHNLQHWLFPRWRUV�VKRXOG�FRQWDLQ�QRW�OHVV�WKDQ�WKUHH�UHODWLYHO\�PRYLQJ�SDUWV��L�H��D�VWDWRU������D�7HOHNLQHWLF(IIHFW�DFWLYDWRU ����DQG�D�URWRU������,Q�VXFK�D�WKUHH�SDUW�PRWRU�WKH�PXWXDO�LQWHUDFWLRQV�EHWZHHQWKH VWDWRU�DQG�WKH�ILHOG�DFWLYDWRU�DUH�RQO\�WR�UHOHDVH�WKH�7HOHNLQHWLF�(IIHFW��%XW�WKH�LPSXOVH�RIHOHPHQWDU\ GULYH�3
�RI� WKLV�HIIHFW� LV� LQWHUFHSWHG�E\�WKH�URWRU��ZKLFK� WKHQ�IHHGV�D�SDUW�RI� WKHLPSXOVH�MXVW�UHFHLYHG�EDFN�RQWR�WKH�DFWLYDWRU���WR�VXVWDLQ�LWV�PRWLRQ�7KLV�VKRZV�ZK\�WKH�PDLQ�GUDZEDFN�RI�WKH�-RKQVRQ�PRWRU�LV�LWV�ORZ�HIILFLHQF\��,W�UHVXOWVIURP WKH�XVH�RI�RQO\�WZR�UHODWLYHO\�PRYLQJ�SDUWV�LQVWHDG�RI�WKUHH��7KH�DFWLYDWRU������WKDW�QRUPDOO\VKRXOG UHOHDVH� RQO\� WKH� 7HOHNLQHWLF� (IIHFW�� LQ� WKLV� PRWRU� DOVR� WULHV� WR� LQWHUFHSW� LWV� GULYLQJLPSXOVH� 2I�FRXUVH��EHFDXVH�RI�LWV�LQFRQYHQLHQW�ORFDWLRQ��LW�LQWHUFHSWV�RQO\�D�VPDOO�IUDFWLRQ�RIWKH WHOHNLQHWLF�GULYH� WKDW� LW� UHOHDVHV��0RUHRYHU�� WKH�SDUW� RI� WKH�GULYH� LQWHUFHSWHG�GXULQJ� WKHDFFHOHUDWLRQ RI�PDJQHWLF�FLUFXLWV� LV� WKHQ�HOLPLQDWHG�E\�DQ�RSSRVLWH�GULYH� LQWHUFHSWHG�GXULQJWKH GHFHOHUDWLRQ�RI� WKH� VDPH� FLUFXLWV��7KLV�GUDZEDFN�FDQ�HDVLO\�EH�HOLPLQDWHG� WKURXJK� WKHLQWURGXFWLRQ RI�D�VHJPHQWHG�URWRU������SODFHG�EHWZHHQ�WKH�DFWLYDWRU�����DQG�WKH�VWDWRU�������DVLV�PDUNHG�LQ�)LJXUH�&��E\�D�EURNHQ�OLQH��7KH�URWRU�����ZRXOG�VSLQ�DW�D�VSHHG�DW�OHDVW�WZR�WLPHVJUHDWHU WKDQ�WKDW�RI�WKH�DFWLYDWRU������DQG�ZRXOG�EH�MRLQHG�ZLWK�PHFKDQLFDO�JHDUV��'XULQJ�WKHRSHUDWLRQ�LWV�EODGHV�ZRXOG�DOZD\V�DSSHDU�LQ�WKH�SODFH�RI�WKH�VWURQJHVW�WHOHNLQHWLF�GULYH�3
��DQGGLVDSSHDU�IURP�WKH�DUHD�RI�WKH�RSSRVLWH�DFWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW��7KH�XVH�RI�D�URWRU�IRUWKH LQWHUFHSWLRQ�RI� WKH� WHOHNLQHWLF�GULYH�ZRXOG�DOVR�VLPSOLI\� WKH�GHVLJQ�RI� WKLV�PRWRU��7KLV� LVEHFDXVH WKH� DFWLYDWRU� ���� ZRXOG� QRW� WKHQ� UHTXLUH�PDJQHWV� RI� D� VSHFLDO� VKDSH�� ,W� LV� ZRUWKPHQWLRQLQJ KHUH�WKDW� WKH�VSLQQLQJ�RI� WKH�URWRU������FRXOG�DOVR�EH�XVHG�IRU�WKH�JHQHUDWLRQ�RIHOHFWULF�SRZHU�LQ�D PDQQHU�VLPLODU�WR�WKDW�XVHG�LQ�WKH�1�0DFKLQH��7KXV�WKH�DSSURSULDWH�GHVLJQRI�WKLV�URWRU�FRXOG�WUDQVIRUP�WKH�WHOHNLQHWLF�PRWRU�LQWR�D�WHOHNLQHWLF�DJJUHJDWH�
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:KLOH GLVFXVVLQJ� WKH�-RKQVRQ�PRWRU� LW� LV�ZRUWK�QRWLQJ� WKDW� LWV� LQYHQWRU�ZDV�XQDZDUHRI WKH�H[LVWHQFH�RI�WKH�7HOHNLQHWLF�(IIHFW��WKHUHIRUH�KH�H[SODLQV�WKH�RSHUDWLRQ�RI�WKLV�GHYLFH�LQD GLIIHUHQW�PDQQHU��$FFRUGLQJ�WR�KLV�H[SODQDWLRQ��WKH�FRQWLQXRXV�PRWLRQ�RI�WKLV�PRWRU�LV�WKHUHVXOW�RI�DQ�LPEDODQFH EHWZHHQ�WKH�PDJQHWLF�DWWUDFWLRQ�DQG�UHSXOVLRQ�WDNLQJ�SODFH�LQ�RSSRVLWHGLUHFWLRQV� 2I�FRXUVH�WKLV�H[SODQDWLRQ�GRHV�QRW�VD\�ZK\�KLV�PRWRU�UHTXLUHV�WKH�LQLWLDO�VWDUWLQJLPSXOVH RI WKH�PRWLRQ��IRU�LWV�RSHUDWLRQ�FDXVHG�E\�VXFK�DQ�LPEDODQFH�VKRXOG�EH�DEOH�WR�VWDUWRQ LWV� RZQ��� $OVR� VXFK� DQ� H[SODQDWLRQ� HOLPLQDWHV� WKH� MXVWLILFDWLRQ� IRU� D� WKLUG�PRYLQJ� SDUW�WKHUHE\�JLYLQJ�QR�WKHRUHWLFDO�FOXHV�DV�WR�KRZ�WR�LPSURYH�WKH�HIILFLHQF\�RI�WKLV�GHYLFH�2XW�RI�DOO�PDJQHWLF�SRZHU�VWDWLRQV�RI�WKH�VHFRQG�JHQHUDWLRQ��WHOHNLQHWLF�PRWRUV�DUH�WKHVXEMHFW�RI�LQYHQWLYH�DFWLYLWLHV�RI�WKH�KLJKHVW�LQWHQVLW\��7KH�GHYHORSPHQW�RI�YDULRXV�YHUVLRQV�KDVEHHQ FDUULHG�RXW�E\�QXPHURXV�LQYHQWRUV�LQ�D�QXPEHU�RI�FRXQWULHV��%XW�DOO�WKHVH�GHYLFHV�DUHVWLOO LQ� WKH�UHVHDUFK�DQG�GHYHORSPHQW�VWDJH��$� ORW�RI�SXEOLFLW\�ZDV� UHFHLYHG�E\�D� WHOHNLQHWLFPRWRU LQYHQWHG�E\�8UOLFK�6FKXPDFKHU��8OULFK�6FKXPDFKHU�.*��6SHUEHUVORKHU�6WUDVVH�����'������:HQGHOVWHLQ��:HVW�*HUPDQ\��7KH RSHUDWLRQ� RI� WKH� QH[W� FDWHJRU\� RI� WHOHNLQHWLF� GHYLFHV� ZLOO� EH� H[SODLQHG� ZLWK� DQH[DPSOH RI�D�JHQHUDWRU FDOOHG�WKH��1�0DFKLQH���$�SKRWRJUDSK�RI�WKLV�JHQHUDWRU�LV�VKRZQ�LQ)LJXUH�&���7KH�1�0DFKLQH�LV�WKH�EHVW�NQRZQ�DQG�WKH�PRVW�LQYHVWLJDWHG�WHOHNLQHWLF�GHYLFH��7KHUHVXOWV RI�LWV�RSHUDWLRQ��DQG�DOVR�DOO�RI�LWV�WHFKQLFDO�GHWDLOV��DUH�DYDLODEOH�WR�LQWHUHVWHG�SHRSOH�$FWXDOO\� WKH�1�0DFKLQH�LV�VR�IDU�WKH�RQO\�WHOHNLQHWLF�GHYLFH�NQRZQ�WR�WKH�DXWKRU�ZKRVH�YLWDOWHFKQLFDO GHWDLOV�DUH�QRW�NHSW�FRQILGHQWLDO��7KH�LQYHQWRU�RI�WKH�1�0DFKLQH�LV�%UXFH�'H3DOPD�DQ LQYHVWLJDWRU�RI� IUHH�HQHUJ\�GHYLFHV��SUHVHQWO\� UHFRJQL]HG�DV� WKH� OHDGHU� LQ� WKH� VFLHQWLILFDSSURDFK WR� WKH� H[WUDFWLRQ� RI� HQHUJ\� IURP� WKH� HQYLURQPHQW�� 7KH� FXUUHQW� GHYHORSPHQWDOUHVHDUFK RQ�WKH�1�0DFKLQH�LV�FRQGXFWHG�E\�WKH�'H3DOPD�(QHUJ\�&RUSRUDWLRQ�������&RDVW9LOODJH 5RDG���������6DQWD�%DUEDUD��&$��������86$��LQ�FRRSHUDWLRQ�ZLWK�WKH�,QGLDQ�1XFOHDU3RZHU %RDUG��.DUZDU��,QGLD��'HWDLOHG�GHVFULSWLRQV�RI�WKLV�JHQHUDWRU�DUH�FRQWDLQHG�LQ�UHSRUWVSUHSDUHG DQG�GLVVHPLQDWHG�E\� WKH�'H3DOPD�&RUSRUDWLRQ��H�J�� >�&�����@���9LGHR� WDSHV� WKDWGHPRQVWUDWH LWV�RSHUDWLRQ�FDQ�DOVR�EH�SXUFKDVHG�RQ�UHTXHVW��RU� LW�FDQ�EH�H[DPLQHG� LQ� WKHODERUDWRU\ RI� WKH�'H3DOPD�&RUSRUDWLRQ�� 7KH� SURWRW\SH� RI� WKH�1�0DFKLQH�� ZKLFK� KDV� EHHQLQYHVWLJDWHG LQ�GHWDLO��KDV�DERXW���PHWHU�LQ�OHQJWK�DQG�����PHWUHV�LQ�GLDPHWHU��,WV�ZHLJKW� LVDURXQG ����NLORJUDPV��,WV�RXWSXW�UHDFKHV������:DWWV��L�H������$�[�����9��RI�D�GLUHFW�FXUUHQW�'&���IRU�WKH�LQSXW�URWDWLRQV�RI�DERXW������UHY�PLQ�$ GLDJUDP�RI� WKH�1�0DFKLQH�LV�VKRZQ�LQ�)LJXUH�&���7KH�PRVW� LPSRUWDQW�SDUW�RI� WKLVJHQHUDWRU LV� D� VROLG�� EURQ]H� URWRU� ���� DVVHPEOHG� RQ� D� URWDU\� VKDIW� ����� DQG� FRQVLVWLQJ� RISHUPDQHQW PDJQHW�VHJPHQWV������,Q�WKH�SURWRW\SH�VKRZQ�LQ�)LJXUH�&���D�1G)H%�SHUPDQHQWPDJQHW LV� XVHG��ZKLFK�KDV� WKH� VKDSH�RI� D� ULQJ� ����PP� ORQJ�DQG�����PP� LQ�GLDPHWHU�� ,WSURGXFHV D ILHOG� RI� DERXW� ����� JDXVV�� 7KH� HOHFWULFDO� HQHUJ\� SURGXFHG� LQ� WKH� URWRU� ���� LVFROOHFWHG E\�EUXVKHV�����DQG������ZKLFK�WUDQVIHU�LW�WR�DQ�RXWSXW�FROOHFWRU������$W�WKH�HQG�RI�WKHVKDIW ���� D EHOW� WUDQVPLVVLRQ� ���� LV� ORFDWHG�� 7KH� URWRU� ���� LV� VXSSOLHG� ZLWK� WKH� UHTXLUHGURWDWLRQDO VSHHG��Q��YLD�WKLV�WUDQVPLVVLRQ�����DQG�WKH�VKDIW������7KH�VSHHG��Q��LV�SURGXFHG�E\WKH�SURSHOOLQJ�PRWRU������7KH�HOHFWULF�FXUUHQW�LV�SDVVHG�WR�WKH�PRWRU�����IURP�DQ�LQSXW�FROOHFWRU���� 7KH RSHUDWLRQ�RI� WKH�1�0DFKLQH� LV�EDVHG�RQ�DQ�ROG�HPSLULFDO� GLVFRYHU\� LQ������E\0LFKDHO )DUDGD\�� +H� GLVFRYHUHG� WKDW� WKH� VSLQ� RI� D� FRQGXFWLYH� PDJQHWLF� GLVF� FUHDWHV� DGLIIHUHQFH RI�HOHFWULF�SRWHQWLDOV�EHWZHHQ�WKH�SHULSKHUDO�DQG� WKH�FHQWUH�RI� WKLV�GLVF��%XW� WKHRULJLQ RI� WKLV� GLIIHUHQFH� ZDV� VDWLVIDFWRULO\� H[SODLQHG� RQO\� DIWHU� WKH� 7HOHNLQHWLF� (IIHFW� ZDVGLVFRYHUHG� 7KHUHIRUH�� WKH�RSHUDWLRQ�RI� WKH�1�0DFKLQH�ZLOO�EH�SUHVHQWHG� LQ� WKH� OLJKW�RI� WKHDFWLRQ�RI�WKLV�HIIHFW�,Q�WKH�'H3DOPD�JHQHUDWRU��D�PRWRU�����SURGXFHV�WKH�URWDU\�PRWLRQ��Q���DQG�VXSSOLHV�WKLV
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WKURXJK�D�EHOW�WUDQVPLVVLRQ�����DQG�D�VKDIW�����WR�WKH�URWRU������7KH�IDVW�VSLQQLQJ�RI�WKH�EURQ]HURWRU ����SURGXFHV�WKH�FHQWULSHWDO�DFFHOHUDWLRQ�WKDW�DFWV�DW�WKH�IRUFH�OLQHV�RI�D�PDJQHWLF�ILHOG\LHOGHG E\� WKH�PDJQHW� �����7KLV�DFFHOHUDWLRQ�UHOHDVHV� WKH�7HOHNLQHWLF�(IIHFW�ZKRVH�GULYH�3EHJLQV WR DFW�XSRQ�WKH�IUHH�HOHFWURQV�FRQWDLQHG�LQ�WKH�EURQ]H�URWRU������6XEVHTXHQWO\��WKLV�3GULYH FDXVHV�WKH�GLVORFDWLRQ�RI� WKHVH�HOHFWURQV�DQG�WKH�IRUPDWLRQ�RI�D�GLIIHUHQFH�RI�HOHFWULFSRWHQWLDOV�EHWZHHQ�WKH�EUXVKHV�����DQG������7KLV�GLIIHUHQFH�DPRXQWV�WR�DERXW�������9�IRU�HDFKQ ���� UHY�PLQ�� 7KH� EUXVKHV� ���� DQG� ���� DUH� FRQQHFWHG� WR� WKH� RXWSXW� FROOHFWRU� ���� ZKLFKSDVVHV�RQ�WKH�FXUUHQW�SURGXFHG�IRU�XVH��$IWHU�WKH�VKRUW�FLUFXLWLQJ�RI�WKH�RXWHU�FRQQHFWLRQV��WKHSUHVHQW�SURWRW\SH�RI�WKLV�JHQHUDWRU�SURGXFHV�SRZHU�RI�DERXW�:R ���$[���9�'H3DOPD
V H[SHULPHQWV�GHWHUPLQHG�WKDW�WKHUH�LV�D�FULWLFDO�GHQVLW\�RI�WKH�PDJQHWLF�ILHOGZKLFK VDWXUDWHV�WKH�EURQ]H�URWRU��%HORZ�WKLV�FULWLFDO�GHQVLW\��WKH�LQFUHDVH�RI�D�PDJQHWLF�IOX[VXSSOLHG WR�WKH�URWRU�LQFUHDVHV�SURSRUWLRQDOO\�WKH�HOHFWULFDO�RXWSXW�RI�WKH�JHQHUDWRU��%XW�DERYHWKLV FULWLFDO� GHQVLW\�� WKH� LQFUHDVH� RI� WKH� ILHOG� GRHV� QRW� FDXVH� DQ� LQFUHDVH� LQ� WKH� RXWSXW�� ,WVHHPV WKDW�VXFK�D�VDWXUDWLRQ�UHVXOWV�IURP�WKH�QXPEHU�RI�IUHH�HOHFWURQV�ZKLFK�H[LVW�LQ�D�JLYHQYROXPH RI�EURQ]H��DQG�ZKLFK�FDQ�EH�VKLIWHG�E\�WKH�7HOHNLQHWLF�(IIHFW��7KLV�FULWLFDO�GHQVLW\�FDQEH�HDVLO\�DFKLHYHG�WKURXJK�WKH�DSSOLFDWLRQ�RI�SHUPDQHQW�PDJQHWV�$W WKH�SUHVHQW�OHYHO�RI�GHYHORSPHQW�RI�WKH�1�0DFKLQH��VRPH�WHFKQLFDO�REVWDFOHV�VWLOOH[LVW ZKLFK�KROG�EDFN�LWV�FRPPHUFLDO�XVH��7KHVH�REVWDFOHV�DUH�FDXVHG�PDLQO\�E\�SUREOHPVZLWK WKH� HIIHFWLYH� XWLOL]DWLRQ� RI� WKH� JHQHUDWRU
V� RXWSXW� IRU� D� VHOI�VXSSO\� RI� LWV� RZQ� HQHUJ\FRQVXPSWLRQ� L�H��WKH�FRQVXPSWLRQ�RI�HQHUJ\�E\�WKH�HOHFWULF�PRWRU�WKDW�SURYLGHV�WKH�URWDWLRQVQHFHVVDU\ IRU� LWV� RSHUDWLRQ�� 7KH� VXFFHVVIXO� VROYLQJ� RI� WKHVH� SUREOHPV� UHTXLUHV� IXUWKHUH[SHULPHQWV DQG�UHVHDUFK��7KH�PRVW�GLIILFXOW�DVSHFW�RI�WKHVH�SUREOHPV�LV�WKDW�WKH�7HOHNLQHWLF(IIHFW�LV�DEOH�WR�FUHDWH�RQO\�DERXW�������9�IRU�HDFK�Q �����UHY�PLQ�RI�WKH�URWRU��7KXV�WKH�HQWLUHSRZHU RI� WKH 1�0DFKLQH� LV� FRQWDLQHG� LQ� LWV� $PSHUHV�� QRW� LQ� LWV� 9ROWV��2Q� WKH� RWKHU� KDQG�GHVLJQV RI�KLJKO\�HIILFLHQW�HOHFWULF�PRWRUV�UHTXLUH�WKH�LQSXW�YROWDJH�RI�DERXW����9��7KHUHIRUH�DFRPPHUFLDOO\�YLDEOH�1�0DFKLQH�QHHGV�WR�EH�DEOH�WR�SURGXFH�DW�OHDVW�WKLV�KLJK�YROWDJH�7KH 'H3DOPD� WHDP�WULHG� WR�UHVROYH�WKLV�SUREOHP�WKURXJK�WKH�XVH�RI� WZR�URWRUV�RQ�DFRPPRQ VKDIW��DQG�WKHLU�VXEVHTXHQW�FRQQHFWLRQ�LQ�D�VHULHV��%XW�DIWHU�WKH�EXLOGLQJ�RI�VXFK�DSURWRW\SH� LW�WXUQHG�RXW�WKDW�WKH�PDJQHWLF�ILHOG�IURP�RQH�URWRU�LQWHUIHUHV�ZLWK�WKH�RSHUDWLRQ�RIWKH RWKHU�� DQG� YLFH� YHUVD��0RUHRYHU�� WKH� DGGLWLRQDO� HOHFWULF� FXUUHQW�ZKLFK� LV� IRUFHG� WR� IORZWKURXJK D� JLYHQ� URWRU�� EXW� ZKLFK� RULJLQDWHV� IURP� WKH� RWKHU� URWRU�� UHOHDVHV� D� QXPEHU� RIHOHFWURPDJQHWLF�HIIHFWV�RI�WKH�ILUVW�JHQHUDWLRQ��7KHVH�ILUVW�JHQHUDWLRQ�HIIHFWV��H�J��D�ULJKW�KDQGUXOH��/RUHQW]�IRUFH��+DOO�HIIHFW��HWF���LQFUHDVH�WKH�GUDJ��IULFWLRQ��RI�WKH�JHQHUDWRU�DQG�QHXWUDOL]HWKH DFWLRQ RI� WKH�7HOHNLQHWLF�(IIHFW�� ,W�DSSHDUV�WKDW� WKH�RQO\�ZD\� WR�UHVROYH�WKH� ORZ�YROWDJHSUREOHP LQ�WKH�1�0DFKLQH�LV�WR�FRPSOHWH�D�SLORW�UHVHDUFK�RQ�WKH�7HOHNLQHWLF�(IIHFW�ILUVW��DQGRQO\ DIWHU�WKLV��WR�LPSOHPHQW�WKH�ILQGLQJV�REWDLQHG��7KH�GLIILFXOW�SDUW�RI�WKLV�SUREOHP�LV�KRZ�WRUHOHDVH WKH� 7HOHNLQHWLF� (IIHFW� VR� WKDW� LW� LV� QRW� DFFRPSDQLHG� E\� DQ\� RWKHU� HOHFWURPDJQHWLFHIIHFWV RI� WKH� ILUVW� JHQHUDWLRQ�� 7KHUH� LV� WKH� SRVVLELOLW\� RI� VXFK� VHJPHQWDWLRQ� DQG� VHULDOFRQQHFWLRQ�RI�WKH�URWRU��VR�WKDW�WKH�VKDSH�RI�VXEVHTXHQW�VHJPHQWV�H[DFWO\�FRUUHVSRQGV�WR�WKHGLUHFWLRQ�RI�WHOHNLQHWLF�GULYH��ZKHUHDV�WKHLU�FDSDFLW\�FRUUHVSRQGV�WR�WKH�RXWSXW�RI�WKLV�(IIHFW�6RRQ DIWHU�WKH�FRPSOHWLRQ�RI�RQH�RI�WKH�ILUVW�SURWRW\SHV�RI�WKH�1�0DFKLQH��D�JURXS�RIH[SHUWV VHYHUDO� WLPHV�PHDVXUHG�SUHFLVHO\� WKH�RYHUDOO� HIILFLHQF\�RI� WKH�'H3DOPD�JHQHUDWRU�7KLV ILUVW�FUXGH�SURWRW\SH��LQ�WKH�PRVW�XQIDYRXUDEOH�FRQGLWLRQV��KDG�DQ�HIILFLHQF\�DPRXQWLQJWR �������RI�WKH�WRWDO�HQHUJ\�LQSXW�WR�WKH�HOHFWULF�PRWRU�WKDW�VXSSOLHV�URWDWLRQDO�VSHHG��Q��WRWKH JHQHUDWRU� �� VHH� >�&�����@ �5HSRUW�RQ� WKH� ,QLWLDO�7HVWLQJ�3KDVH�RI�1���(OHFWULFDO�3RZHU*HQHUDWRU�� 'H3DOPD�(QHUJ\�&RUSRUDWLRQ�5HSRUW�������-DQXDU\�������SDJH����7KH� UHVXOWVREWDLQHG E\� 'H3DOPD� HQFRXUDJHG� RWKHU� LQYHVWLJDWRUV� WR� UHSHDW� KLV� ILQGLQJV�� $OO� WKUHHLQYHVWLJDWRUV ZKR�PDGH� WKHLU� UHVXOWV� DYDLODEOH� �7URPEO\�� 7HZDUL��.LQFKHORH�� FRQILUPHG� WKH
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DFKLHYHPHQW�RI�D�VLPLODU�OHYHO�RI�WKH�JHQHUDWRU
V�RYHUDOO�HIILFLHQF\�>�&�����@�2QH�RI�WKH�UHDVRQV�IRU�WKH�ORZ�FRPPHUFLDO�YLDELOLW\�RI�FXUUHQW�WHOHNLQHWLF�GHYLFHV�LV�WKDWWKH\ PXVW�FRRSHUDWH�ZLWK�WKH�GHYLFHV�RI�WKH�ILUVW�JHQHUDWLRQ��ZKLOH�WKH\�WKHPVHOYHV�EHORQJ�WRWKH VHFRQG� JHQHUDWLRQ�� )RU� H[DPSOH�� WKH� -RKQVRQ�PRWRU� UHTXLUHV� D� JHQHUDWRU� RI� WKH� ILUVWJHQHUDWLRQ WR�FRQYHUW�LWV�PHFKDQLFDO�RXWSXW�LQWR�HOHFWULFLW\��ZKHUHDV�WKH�'H3DOPD�JHQHUDWRUUHTXLUHV�D�PRWRU�RI�WKH�ILUVW�JHQHUDWLRQ�WR�IHHG�LW�ZLWK�WKH�PRWLRQ��7KLV�GUDZV�XV�WR�WKH�REYLRXVFRQFOXVLRQ WKDW� WKH� RYHUDOO� HIILFLHQF\� RI� WHOHNLQHWLF� SRZHU�VWDWLRQV� FDQ� EH� LQFUHDVHG� LQ� DVLPSOH�ZD\�WKURXJK�WKH�FRXSOLQJ�WRJHWKHU�RI�WZR�GHYLFHV�RI�WKH�VHFRQG�JHQHUDWLRQ��,Q�WKLV�ZD\PRUH�WKDQ������HIILFLHQF\�RI�WKH�WHOHNLQHWLF�JHQHUDWRU�ZRXOG�DGG�WR�D�VLPLODU�HIILFLHQF\�RI�WKHWHOHNLQHWLF PRWRU��VLJQLILFDQWO\�LQFUHDVLQJ�WKH�H[FHVV�RI�RYHUDOO�HIILFLHQF\��(YHQ�EHWWHU�UHVXOWVZRXOG EH�DFKLHYHG�ZKHQ�WKH�RSHUDWLRQ�RI�ERWK�RI�WKHVH�GHYLFHV�FRXOG�EH�FRPELQHG�LQVLGH�DVLQJOH GHYLFH��,Q�WKLV�ZD\�D�WHOHNLQHWLF�DJJUHJDWH ZRXOG�EH�DFKLHYHG�LQ�ZKLFK�WZR�VHSDUDWH7HOHNLQHWLF (IIHFWV�ZRXOG�SURGXFH�VLPXOWDQHRXVO\������ WKH�PRWLRQ�UHTXLUHG�IRU�WKH�RSHUDWLRQRI WKLV�GHYLFH��DQG�����WKH�HOHFWULFLW\�UHSUHVHQWLQJ�LWV�RXWSXW��,Q�VXFK�DQ�DJJUHJDWH�WKH�HQHUJ\ORVV IURP�IULFWLRQ�ZRXOG�EH�UHGXFHG�WR�KDOI�RI�WKH�ORVVHV�IURP�WKH�VHSDUDWH�PRWRU�JHQHUDWRUGHYLFHV��7KHUHIRUH�LWV�HIILFLHQF\�ZRXOG�DOVR�LQFUHDVH�DERXW�WZR�WLPHV�$Q�H[DPSOH�RI�DQ�DJJUHJDWH�DOUHDG\�LQ�H[LVWHQFH�LV�D�WHOHNLQHWLF�HOHFWURVWDWLF�PDFKLQHFDOOHG�WKH�,1)/8(1=0$6&+,1(��,WV�SKRWRJUDSK�LV�VKRZQ�LQ�)LJXUH�&���7KH�LQYHQWLRQ�RI�WKH,1)/8(1=0$6&+,1( LV�DWWULEXWHG�WR�D�6ZLVV�FORFN�PDNHU��QDPHG�3DXO�%DXPDQQ��,Q�����KH FRQVWUXFWHG�WKH�WZR�ILUVW�VXFK�PDFKLQHV�IRU�WKH�GLUHFW�FXUUHQW��FDOOHG�7(67$7,&$��ZKLFKSUHVHQWO\�DUH�RZQHG�E\�WKH�0(7+(51,7+$�UHOLJLRXV�FRPPXQLW\��&+������/LQGHQ�QHDU�%HUQ�6ZLW]HUODQG���7KH�QHZHVW��LPSURYHG��PRGHOV�RI�WKLV�PDFKLQH�DUH�FDOOHG�7+(67$�',67$7,&$�7KH GHYHORSPHQWDO� ZRUN� RQ� WKH� DGRSWLRQ� RI� WKLV� IUHH� HQHUJ\� SULQFLSOHV� IRU� SXUSRVHV� RIFRPPHUFLDO PDQXIDFWXULQJ� LV� FRQGXFWHG� E\� WKH� RWKHU� JURXS� FDOOHG�9(1(� �3�2��%R[� �����&+����� 7KXQ��6ZLW]HUODQG���7KH�QDPH�9(1(�RULJLQDWHV�IURP�WKH�DEEUHYLDWLRQ�RI�WKH�ZRUGV�9HUHLQLJXQJ�]XU�(UIRUVFKXQJ�QDW�UOLFKHU�(QHUJLHTXHOOHQ��0DFKLQHV�LQYHVWLJDWHG�E\�9(1(�GLIIHUIURP WKRVH�E\�0(7+(51,7+$��DV�WKH\�DUH�GHVLJQHG�WR�SURGXFH�$&�FXUUHQW��7KHUHIRUH�WKHRXWSXW SDUDPHWHUV�RI�WKH�9(1(�PDFKLQHV�FRXOG�EH�DGDSWHG�WR�DQ\�UHTXLUHPHQWV�RI�WKH�XVHUWKURXJK WKH�DSSOLFDWLRQ�RI�WUDQVIRUPHUV��7KH�9(1(�JURXS�DOVR�ZRUNV�RQ�WKH�GHYHORSPHQW�RID WHOHNLQHWLF� EDWWHU\� LQ� ZKLFK� WKH� HOHFWUR�PDJQHWLF� SXOVDWLRQV� DUH� DFKLHYHG� WKURXJK� WKHDSSOLFDWLRQ�RI�FU\VWDOV�7KH ,1)/8(1=0$6&+,1(�ZDV� LQLWLDOO\� EXLOW� DV� D� VLQJOH�GLVF� '&� WHOHNLQHWLF� GHYLFHQDPHG 7(67$7,&$�� TXLWH� VLPLODU� LQ� GHVLJQ� DQG� RSHUDWLRQ� WR� WKH� 7|SOHU
V� HOHFWURVWDWLFPDFKLQH� +RZHYHU��DV�D�UHVXOW�RI�VXEVHTXHQW�LPSURYHPHQWV��D�VHFRQG�GLVF�ZDV�DGGHG�ODWHUIRUPLQJ WKH�:LPVKXUVW
V� OLNH�PDFKLQH� QDPHG�7+(67$�',67$7,&$�� 7KH� XVH� RI� WZR� GLVFVDOORZV IRU D�FXPXODWLYH� UHSOHQLVKPHQW�RI�HOHFWURVWDWLF�FKDUJHV��DQG�DOVR� IRU�HPSOR\LQJ� WKHPXWXDO LQWHUDFWLRQV� EHWZHHQ� ERWK� GLVFV� WR� VXVWDLQ� WKHLU� UHODWLYH� URWDWLRQV�� 7KHUHIRUH� WKHWZR�GLVFV ,1)/8(1=0$6&+,1(� UHSUHVHQWV� D� WHOHNLQHWLF� DJJUHJDWH�� 7KH� SURSHOOLQJPHFKDQLVP RI�WKLV�DJJUHJDWH�RSHUDWHV�OLNH�DQ�HOHFWURVWDWLF�PRWRU�RI�WKH�ILUVW�JHQHUDWLRQ��%XWLWV SURSHOOHG� PHFKDQLVP� RSHUDWHV� OLNH� D� WHOHNLQHWLF� HOHFWURVWDWLF� PDFKLQH� RI� WKH� VHFRQGJHQHUDWLRQ��2QO\�WZR�GLVF�DJJUHJDWHV�DUH�QRZ�SURGXFHG�E\�0HWKHUQLWKD�$ VKRUW� GHVFULSWLRQ� RI� WKH� ,1)/8(1=0$6&+,1(� LV� SXEOLVKHG� LQ� >�&�����@�� WKH:HVW�*HUPDQ PDJD]LQH�5DXP�	�=HLW��QR�����-XQL�-XOL�������SDJH�����,WV�QHZHVW�RSHUDWLRQDOSURWRW\SH �7+(67$�',67$7,&$��ZHLJKV�DERXW����NJ��'LVFV�RI�WKLV�SURWRW\SH�URWDWH�ZLWK�WKHVSHHG�RI�EHWZHHQ�Q ���WR����UHY�PLQ��$FFRUGLQJ�WR�WKH�GHYHORSHUV
�VSHFLILFDWLRQV��LW�SURGXFHV'&�FXUUHQW�RI�XS�WR�����9�DQG�IOXFWXDWLQJ�SRZHU�RI�XS�WR���N:��7KH�HOHFWULF�ILHOG�EHWZHHQ�GLVFVOHDGV DOVR�WR�WKH�VWURQJ�LRQL]DWLRQ�RI�DLU�DQG�WR�WKH�SURGXFWLRQ�RI�R]RQH�DV�D�E\�SURGXFW�RI�LWVRSHUDWLRQ� $IWHU�LQLWLDO�VWDUWLQJ�E\�KDQG��GLVFV�RI�WKLV�GHYLFH�VHOI�VXVWDLQ�WKHLU�URWDWLRQV��7KXV�
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WKH HQWLUH�RXWSXW� IURP�WKH� ,1)/8(1=0$6&+,1(�UHSUHVHQWV�DQ�H[FHVV�RI� IUHH�HQHUJ\� WKDWDOUHDG\ FDQ�EH�XWLOL]HG�IRU�VRPH�FRQVXPSWLRQ�SXUSRVHV��7KHUHIRUH�WKLV�PDFKLQH�LV� WKH�ILUVWWHOHNLQHWLF DJJUHJDWH� LQ� WKH� ZRUOG� ZKLFK� LV� VXIILFLHQWO\� HIIHFWLYH� IRU� DQ� LQVWDQW� FRPPHUFLDOXWLOL]DWLRQ� $V�VXFK�� WKLV�DJJUHJDWH� UHSUHVHQWV�HQRUPRXV�SURILW�\LHOGLQJ�SRWHQWLDO��7KXV�� IRUXQGHUVWDQGDEOH UHDVRQV��WKH�GHYHORSHUV�RI�WKH�,1)/8(1=0$6&+,1(�NHHS�VHFUHW�LWV�PDMRUWHFKQLFDO�GHWDLOV��7KH�GHVFULSWLRQV�SURYLGHG�EHORZ�GR�QRW�RULJLQDWH�IURP�WKH�GHYHORSHUV�RI�WKLVPDFKLQH��EXW�WKH\�ZHUH�UHFRQVWUXFWHG��RU�PRUH�VWULFWO\��UH�LQYHQWHG��E\�WKH�DXWKRU�RQ�WKH�EDVLVRI�VSDUVH�LQIRUPDWLRQ�DQG�SKRWRJUDSKV�DYDLODEOH�WR�KLP�9LWDO�SDUWV�RI�WKH�,1)/8(1=0$6&+,1(�DUH�GHVFULEHG�EHORZ��FRPSDUH�)LJXUHV�&��DQG&��� 7KH�PRVW�LPSRUWDQW�SDUWV�RI�WKLV�PDFKLQH�DUH�WZR�SDUDOOHO�GLVFV��G
��DQG��G����PDGH�RI�DJRRG HOHFWULF�LQVXODWRU��H�J��JODVV���ERWK����FP�LQ�GLDPHWHU��PRXQWHG�FRD[LDOO\�FORVH�WR�HDFKRWKHU RQ� D� FRPPRQ� VKDIW�� DQG� URWDWLQJ� TXLFNO\� LQ� RSSRVLWH� GLUHFWLRQV� �Q
�� DQG� �Q���� 7R� WKHH[WHUQDO VXUIDFHV�RI�WKHVH�GLVFV�����WLQ�IRLO�HOHFWURGHV�ZLWK�VTXDUH�SHUIRUDWLRQV�DUH�DWWDFKHG�ODPLQDWHG�� 7KHVH�HOHFWURGHV�DUH�PDGH�RI�D�PDJQHWLFDOO\�QHXWUDO�PHWDO��H�J��EURQ]H��VLOYHU�RU JROG���DQG�DUH�DUUDQJHG�FRQFHQWULFDOO\�WRZDUGV�WKH�FHQWUH�RI�HDFK�GLVF��(DFK�VLQJOH�OHDI�RIWKHVH HOHFWURGHV�LV����FP�ORQJ��DQG�ORRNV�OLNH�D�VPDOO�ODGGHU��,Q�WKH�IURQW�RI�WKH�ILUVW�GLVF��G
�D VPDOO�PDJQHWLF� GLVF� �G�� LV� SODFHG�� 7KH� GLDPHWHU� RI� WKLV� GLVF� LV� ��� FP�� ,W� KROGV� D� VLQJOHPDJQHW��P���XWLOL]HG�IRU�WKH�DFWLYDWLQJ�RI�WKH�7HOHNLQHWLF�(IIHFW��7KH�IRUFH�OLQHV�IURP�WKLV PDJQHWSDVV WKURXJK� WKH� GLVF� �G
�� DURXQG� LWV� HOHFWURGHV�� 7ZR� SRZHUIXO� /H\GHQ� MDUV� �/��� DQG� �/���ZKRVH RXWHU�FRDWLQJV�DUH�FRQQHFWHG�ZLWK�HDFK�RWKHU��KDYH�WKHLU�LQQHU�FRDWLQJV�FRQQHFWHG�WRWKH�FROOHFWLQJ�FRPEV��&���DQG��&����DQG�WKH�LQGXFWLRQ�KHDGV��+���DQG��+����7KH�FRPEV�FROOHFWWKH HOHFWURVWDWLF�FKDUJHV�IURP�GLVFV�DQG�VXSSO\�WKHVH�WR�WKH�/H\GHQ�MDUV��$�XVHU�GUDZV�WKHRXWSXW RI�WKLV�PDFKLQH�IURP�WZR�ZLUHV�FRQQHFWHG�WR�WKH�LQQHU�FRDWLQJV�RI�MDUV��/���DQG��/���7KH RSSRVLWH�VLGHV�RI�ERWK�GLVFV�DUH�FRQQHFWHG�WRJHWKHU�E\�WZR�IL[HG�EULGJLQJ�ZLUHV��L��WKDWHQG�ZLWK�OLWWOH�EUXVKHV�RI�JLOW�WKUHDGV��7KH�,1)/8(1=0$6&+,1(�DOVR�FRQVLVWV�RI�D�VPDOO�EHOWWUDQVPLVVLRQ��D�EHOW�DQG�IRXU�SXOOH\V�EXW�ZRUNLQJ�ZLWKRXW�D�ZLQFK�VKDIW��WR�VHFXUH�WKH�UHTXLUHGGLUHFWLRQV�DQG�UHODWLYH�VSHHGV�RI�WKH�GLVFV
�URWDWLRQV�7KH RSHUDWLRQ�RI�WKH�,1)/8(1=0$6&+,1(�LV�LOOXVWUDWHG�LQ�)LJXUH�&���%HFDXVH�WKLVRSHUDWLRQ LV� TXLWH� FRPSOH[�� LQ� WKH� FDVH� RI� VRPHRQH� KDYLQJ� GLIILFXOW\� XQGHUVWDQGLQJ� LW�� WKHDXWKRU UHFRPPHQGV�DGGLWLRQDO�UHDGLQJ�DERXW�WKH�RSHUDWLRQ�RI� WKH�:LPVKXUVW
V�HOHFWURVWDWLF�LQIOXHQFH� PDFKLQH��ZKRVH�PRGHOV�DUH�XWLOL]HG�IRU�GLVFKDUJHV�SURGXFWLRQ�LQ� ODERUDWRULHV�RIDOPRVW HYHU\� KLJK� VFKRRO�� 7KH� ,1)/8(1=0$6&+,1(� FRPELQHV� DV�PDQ\� DV� ILYH� GLIIHUHQWRSHUDWLRQDO SULQFLSOHV�LQ�RQH�GHYLFH��7KHVH�DUH������WKH�HOHFWURVWDWLF�LQGXFWLRQ�RI�FKDUJHV�RQHOHFWURGHV�RI�WKH�IURQW�GLVF������WKH�HOHFWURVWDWLF�LQGXFWLRQ�RI�FKDUJHV�RQ�HOHFWURGHV�RI�WKH�EDFNGLVF� ���� WKH� VHOI�VXVWDLQLQJ� RI� WKH� FRQWLQXRXV� URWDWLRQ� RI� GLVFV�� ���� WKH� UHSOHQLVKPHQW� RIHOHFWURVWDWLF FKDUJHV��DQG�����WKH�WHOHNLQHWLF�FRPSHQVDWLRQ�RI�ORVVHV�E\�IULFWLRQ��(DFK�RQH�RIWKHVH�SULQFLSOHV�LV�H[SODLQHG�VHSDUDWHO\�EHORZ��� 7KH�HOHFWURVWDWLF�LQGXFWLRQ�RI�FKDUJHV�RQ�HOHFWURGHV�RI�WKH�IURQW�GLVF��G
����VHH�SDUW�D��RI�)LJXUH�&���/HW�XV�DVVXPH�WKDW�WKH�LQQHU�FRDWLQJV�RI�WZR�/H\GHQ�MDUV�PDUNHG�DV��/���DQG�/���DUH�LQLWLDOO\�FKDUJHG�ZLWK�QHJDWLYH�����DQG�SRVLWLYH�����HOHFWULFLW\��7KXV��WKHVH�FKDUJHV�DOVRDSSHDU RQ�WKH�VTXDUH�LQGXFWLRQ�KHDGV��+���DQG��+���FRQQHFWHG�WR�WKHVH�FRDWLQJV��7KH�KHDGVDUH VXVSHQGHG�FORVH�WR�HDFK�RWKHU�DERYH�HOHFWURGHV�QXPEHU���
��DQG���
���EXW�GR�QRW�WRXFKWKHP� 7KH�SUHVHQFH�RI� VWDWLF�HOHFWULFLW\� LQ�KHDGV� �+��� DQG� �+��� FDXVHV� WKHLU� UHSXOVLYH�DQGDWWUDFWLYH LQWHUDFWLRQV�ZLWK�WKH�QDWXUDO�HOHFWULF�FKDUJHV�H[LVWLQJ�LQ�WKH�PHWDO�RI�HOHFWURGHV���
�DQG ��
�� $V�D�UHVXOW��RSSRVLWH�HOHFWURVWDWLF�FKDUJHV�RI�WKHVH�HOHFWURGHV�ZLOO�EH�VHSDUDWHG�LQWRWKH�RSSRVLWH�HQGV�RI�WKH�HOHFWURGHV��7KHUHIRUH��ZKHQ�WKH�LQQHU�HQGV�RI�WKH�HOHFWURGHV���
��DQG��
��DUH�FRQQHFWHG�WRJHWKHU�ZLWK�WKH�IL[HG�EULGJLQJ�ZLUH��L
���WKH�IORZ�RI�FKDUJHV�PXVW�RFFXU��7KLVIORZ FDXVHV RQO\�SRVLWLYH�����FKDUJHV�WR�UHPDLQ�RQ�WKH�HOHFWURGH���
���ZKHUHDV�RQO\�QHJDWLYH
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��� FKDUJHV� UHPDLQ� RQ� WKH� HOHFWURGH� ��
���%HFDXVH� WKH� GLVF� �G
�� LV� LQ� D� VWDWH� RI� FRQWLQXRXVURWDWLRQ LQ� WKH� GLUHFWLRQ� RI� �Q
��� DIWHU� WKH� HOHFWURGHV� ��
�� DQG� ��
�� DUH� VR� FKDUJHG�� WKH� QH[WVXEVHTXHQW FRXSOHV�RI�HOHFWURGHV�DUH�FKDUJHG�LQ�H[DFWO\�WKH�VDPH�PDQQHU��7KXV��WKH�KHDG�+��� VXSSRUWHG�E\�WKH�EULGJLQJ�ZLUH��L
���FKDUJHV�SRVLWLYHO\�����HDFK�HOHFWURGH�UXQQLQJ�XQGHULW��ZKHUHDV�WKH�KHDG��+���LQ�D�VLPLODU�ZD\�FKDUJHV�QHJDWLYHO\�����HDFK�HOHFWURGH�UXQQLQJ�XQGHULW��:KHQ�WKH�URWDWLRQ�RI�WKH�GLVF �G
��WXUQV�WKH�ILUVW�HOHFWURGHV�ZKLFK�DUH�FKDUJHG�LQWR�D�SRVLWLRQXQGHUQHDWK�WKH�FRPEV��&���DQG��&����WKH�HOHFWULF�FKDUJHV�RI�WKHVH�HOHFWURGHV�ZLOO�EH�FROOHFWHGDQG�VWRUHG�LQ�WKH�/H\GHQ�MDUV��/���DQG��/����� 7KH�HOHFWURVWDWLF�LQGXFWLRQ�RI�FKDUJHV�RQ�HOHFWURGHV�RI�WKH�EDFN�GLVF��G�����VHH�SDUW�E� RI�)LJXUH�&���,Q�H[DFWO\�WKH�VDPH�ZD\��DV�ZLWK�WKH�IURQW�GLVF��G
���WKH�EDFN�GLVF��G���LV�DOVRFKDUJHG� ,Q�RUGHU�WR�LQFUHDVH�WKH�FRPPXQLFDWLYHQHVV�RI�WKH�)LJXUH�&���WKH�EDFN�GLVF��G���LVVKRZQ KHUH DV�KDYLQJ�D� ODUJHU�GLDPHWHU��DOWKRXJK�LQ�WKH�DFWXDO�PDFKLQH�GLDPHWHUV�RI�ERWKGLVFV��G
��DQG��G���DUH�H[DFWO\�WKH�VDPH��� 7KH�HOHFWURVWDWLF�VXVWDLQLQJ�RI�WKH�URWDWLRQ�RI�ERWK�GLVFV���VHH�SDUW��F��RI�)LJXUH�&��7KH GLVFV��G
��DQG��G����ZKRVH�HOHFWURGHV�DUH�FKDUJHG�HOHFWURVWDWLFDOO\��UHSUHVHQW�WRJHWKHU�DQHOHFWURVWDWLF PRWRU� RI� WKH� ILUVW� JHQHUDWLRQ�� 7KLV� PRWRU� WUDQVIRUPV� WKH� HOHFWURVWDWLF� HQHUJ\DFFXPXODWHG LQ�LWV�/H\GHQ�MDUV�LQWR�UHODWLYH�URWDWLRQV�RI�ERWK�GLVFV��7KHUHIRUH��DIWHU�WKH�MDUV�RIWKLV PRWRU�DUH� ORDGHG�ZLWK�HOHFWURVWDWLF�HQHUJ\�� LW�ZLOO�FRQWLQXH� WKH� URWDWLRQV�XQWLO� WKH�HQWLUHHQHUJ\�LV�GLVVLSDWHG�WKURXJK�IULFWLRQ�7KH RSHUDWLRQ� RI� WKH� ,1)/8(1=0$6&+,1(� DV� DQ� HOHFWURVWDWLF� PRWRU� RI� WKH� ILUVWJHQHUDWLRQ LV�LOOXVWUDWHG�LQ�)LJXUH�&���F���,Q�WKLV�PRWRU��WKH�UHODWLYH�URWDWLRQV�RI�ERWK�GLVFV�DUHSURGXFHG E\ WKH�PXWXDO�DWWUDFWLRQ�RI�HOHFWURGHV�KDYLQJ�XQOLNH�FKDUJHV��H�J��WKH�HOHFWURGH���
�RI WKH�IURQW�GLVF�DWWUDFWV�WKH�HOHFWURGH������RI�WKH�EDFN�GLVF��DQG�YLFH�YHUVH���UHLQIRUFHG�E\�WKHPXWXDO UHSXOVLRQ�RI�HOHFWURGHV�KDYLQJ�OLNH�HOHFWURVWDWLF�FKDUJHV��H�J��WKH�HOHFWURGH���
��RI�WKHIURQW�GLVF�UHSHOV�WKH�HOHFWURGH������RI�WKH�EDFN�GLVF��DQG�YLFH�YHUVH���,Q�WKH�YLFLQLW\�RI�HOHFWURGHVQXPEHUV ��� DQG� ���� WKH� IRUFHV� RI� WKHVH� DWWUDFWLRQ� DQG� UHSXOVLRQ� DUH� RULHQWHG� LQ� VXFK� DPDQQHU WKDW�WKH\�SURSHO�WKH�FRQWLQXRXV�URWDWLRQV��Q
��DQG��Q���RI�ERWK�GLVFV��,Q�WKH�SDUW��F��RI)LJXUH�&���WKH�IRUFHV�ZKLFK�DUH�VLJQLILFDQW�IRU�VXVWDLQLQJ�WKH�URWDWLRQV�RI�ERWK�GLVFV�DUH�VKRZQDV VPDOO� YHFWRUV� UXQQLQJ� EHWZHHQ� HOHFWURGHV�� 7KH� DQDO\VLV� RI� WKLV� )LJXUH� UHYHDOV� WKDW� WKHPRUH LQGXFWLRQ� KHDGLQJV� �+�� D� JLYHQ�PDFKLQH� KDV� RQ� ERWK� GLVFV�� WKH� KLJKHU� LWV� SURSHOOLQJFDSDELOLW\�ZLOO�EH��7KHUHIRUH��WKH�UHDO�,1)/8(1=0$6&+,1(�ZLOO�XVH�PRUH�WKDQ���KHDGLQJV�SHUGLVF� ,W�LV�DOVR�ZRUWK�PHQWLRQLQJ�KHUH�WKDW�VLPLODU�IRUFHV�RI�HOHFWURVWDWLF�UHSXOVLRQ�RU�DWWUDFWLRQDUH LQ� IDFW�SURGXFHG�EHWZHHQ�HDFK�SDLU�RI�HOHFWURGHV��%XW� WKH�PDMRULW\�RI� WKHVH� IRUFHV�DUHLQVLJQLILFDQW IRU� WKH�RSHUDWLRQ�RI� WKH�PRWRU�GHVFULEHG�KHUH��7KLV� LV�EHFDXVH� WKH\�DFW� LQ� WKHGLUHFWLRQV ZKLFK�HLWKHU� QHXWUDOL]H�HDFK�RWKHU
V�SURSHOOLQJ�DFWLRQ�� RU� WU\� WR�GHIRUP� WKH�GLVFV�LQVWHDG RI� VXSSRUWLQJ� WKHLU� URWDWLRQV��� 7KH� YHFWRUV� RI� WKHVH� QRQ�VLJQLILFDQW� IRUFHV� DUH� QRWLQGLFDWHG�LQ�)LJXUH�&���F���� 7KH�UHSOHQLVKPHQW�RI�HOHFWURVWDWLF�FKDUJHV��,I�RQH�DQDO\VHV�WKH�PXWXDO� LQWHUDFWLRQEHWZHHQ HOHFWURGHV�RI�ERWK�GLVFV��WKDQ�LW�EHFRPHV�REYLRXV�WKDW�WKH�PRWLRQ�RI�FKDUJHV�RI�RQHGLVF PXVW�SURGXFH�DQ�HOHFWURVWDWLF�LQGXFWLRQ�RI�FKDUJHV�LQ�DQRWKHU�GLVF��7KXV��D�FXPXODWLYHPHFKDQLVP RI� HOHFWURVWDWLF� UHSOHQLVKPHQW� RI� FKDUJHV� LV� DFKLHYHG�� %HFDXVH� VXFK� DUHSOHQLVKPHQW OLHV� DW� WKH� IRXQGDWLRQV� RI� WKH� RSHUDWLRQ� RI� DOO� RI� :LPVKXUVW
V� HOHFWURVWDWLFPDFKLQHV��LWV�GHVFULSWLRQ�ZLOO�QRW�EH�UHSHDWHG�KHUH��� 7KH�WHOHNLQHWLF�FRPSHQVDWLRQ�RI�ORVVHV�IRU�IULFWLRQ���VHH�SDUW��G��RI�)LJXUH�&���7KHSULQFLSOHV GHVFULEHG�LQ�LWHPV���WR���DERYH�ZLOO�FDXVH�WKDW��DIWHU�WKH�LQLWLDO�KDQG�WXUQLQJ�RI�WKHPDFKLQH�WR�ORDG�LWV�/H\GHQ�MDUV�ZLWK�DQ�HOHFWURVWDWLF�HQHUJ\��WKH�,1)/8(1=0$6&+,1(�ZRXOGFRQWLQXH LWV�URWDWLRQ�XQWLO�WKH�HQHUJ\�DFFXPXODWHG�LQ�LWV�MDUV�LV�GLVVLSDWHG�LQ�IULFWLRQ��7KXV��LQRUGHU WR� URWDWH� LWV� GLVFV� IRUHYHU�� WKH� RSHUDWLRQ� RI� WKH� PDFKLQH� PXVW� LQFOXGH� DOVR� VRPH
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PHFKDQLVP WKDW�UHVWRUHV�WKH�FKDUJHV�WKDW�DUH�ORVW�E\�IULFWLRQ��7KLV�PHFKDQLVP�LV�SURYLGHG�E\D VPDOO�URWDWLQJ�GLVF��G��ZLWK�D�PDJQHW��P��DWWDFKHG�WR�LW��7KH�PDJQHWLF�ILHOG�SURGXFHG�E\�WKLVPDJQHW SHQHWUDWHV�WKH�GLVF��G
��DQG�UHOHDVHV�WKH�7HOHNLQHWLF�(IIHFW�LQ�LW��7KLV�(IIHFW�IRUFHV�DIORZ RI�HOHFWURQV�IURP�WKH�PDWHULDO�RI�GLVF��G
��WR�WKH�HOHFWURGHV�RI�WKLV�GLVF��7KH�SULQFLSOHV�RIWKLV IORZ DUH�VLPLODU�WR�WKRVH�XWLOL]HG�LQ�WKH�1�0DFKLQH��2I�FRXUVH�WKH�VPDOO�FKDUJHV�UHOHDVHGE\ WKH�7HOHNLQHWLF�(IIHFW�DUH� WKHQ� UHSOHQLVKHG� LQ�D� FXPXODWLYH�PDQQHU�E\� WKH�HOHFWURVWDWLFLQGXFWLRQ �VHH�LWHP���DERYH���,I�WKH�DPRXQW�RI�HQHUJ\�SURGXFHG�LQ�WKLV�PDQQHU�LV�ODUJHU�WKDQWKH DPRXQW�RI�HQHUJ\�ORVW�E\�IULFWLRQ��WKH�,1)/8(1=0$6&+,1(��RQFH�VWDUWHG�E\�KDQG��ZLOOURWDWH�LQILQLWLYHO\��ORDGLQJ�LWV�/H\GHQ�MDUV�ZLWK�D�FRQWLQXRXV�VWUHDP�RI�HOHFWURVWDWLF�HQHUJ\�$Q LQWHUHVWLQJ�REVHUYDWLRQ��FRQFHUQLQJ�WKH�H[FKDQJH�RI�KHDW�ZLWK�WKH�HQYLURQPHQW�E\WKH ,1)/8(1=0$6&+,1(��ZDV�UHSRUWHG�E\�WKH�FKDLUPDQ�RI�9(1(��,W�ZDV�QRWHG�WKDW�DIWHULQVHUWLQJ WKLV� DJJUHJDWH� LQ� D� WKHUPDOO\� LQVXODWHG� ER[�� LW� JUDGXDOO\� ORVW� LWV� SRZHU� DQG� ILQDOO\FHDVHG�ZRUNLQJ��7KLV�LPSRUWDQW�REVHUYDWLRQ�OHDGV�WR�WKH�FRQILUPDWLRQ�WKDW�WKH�JUDGXDO�FRROLQJRI�WKH�HQYLURQPHQW�ZDV�UHVSRQVLEOH�IRU�VWRSSLQJ�WKH�,1)/8(1=0$6&+,1(��,W�UHYHDOV�WKDW�WKHHIILFLHQF\ RI�KHDW�DEVRUSWLRQ� IURP� WKH�HQYLURQPHQW� IRU� WKLV�DJJUHJDWH�PXVW�GHSHQG�RQ� WKHH[WHUQDO WHPSHUDWXUH��WKH�ORZHU�WKH�HQYLURQPHQWDO�WHPSHUDWXUH��WKH�OHVV�HIIHFWLYH�LV�WKH�KHDWDEVRUSWLRQ E\�WKH�7HOHNLQHWLF�(IIHFW���7KXV�WKH�DJJUHJDWH�VKRXOG�ZRUN�YHU\�ZHOO�LQ�WKH�WURSLFVEXW�UDWKHU�SRRUO\�LQ�WKH�$QWDUFWLF�7KH WHFKQLFDO�SUREOHPV�RI�WKH�,1)/8(1=0$6&+,1(�ZDLWLQJ�WR�EH�VROYHG�DUH������WKHSURGXFWLRQ RI� D� KLJK� YROWDJH� �HYHQ� XS� WR� ����9�� DFFRPSDQLHG� E\� D� VPDOO� DPSHUDJH� �WKLVSUREOHP VHHPV� WR� EH� D� UHYHUVDO� RI� WKH� SUREOHP� ZLWK� WKH� 1�0DFKLQH��� ���� WKH� VLJQLILFDQWLQVWDELOLW\�RI�WKH�RXWSXW�YROWDJH��UHDFKLQJ�DURXQG�����9��RU�������ZKLFK�OHDGV�WR�WKH�IOXFWXDWLRQRI WKH� SRZHU� VXSSOLHG�� DQG� ���� WKH� ODFN� RI� D� FRQWURO� PHFKDQLVP� WKDW� ZRXOG� DGMXVW� WKHSDUDPHWHUV RI� RXWSXW� WR� WKH� XVHU� UHTXLUHPHQWV�� 7KXV�� LQ� SUDFWLFH�� WKH� GHVLJQ� RI� WKH,1)/8(1=0$6&+,1(�VWLOO�UHTXLUHV�ILQH�WXQLQJ�EHIRUH�LWV�HIIHFWLYHQHVV��UHOLDELOLW\��DQG�VWDELOLW\UHDFK�WKH�OHYHO�RI�WKH�SUHVHQW�SRZHU�SURGXFLQJ�DJJUHJDWHV�RI�WKH�ILUVW�JHQHUDWLRQ�$OO RI� WKH�SRZHU�VWDWLRQV�GHVFULEHG�DERYH�XVH�RQO\�D�VPDOO�SRUWLRQ�RI�WKH�7HOHNLQHWLF(IIHFW ZKLFK� WKH\� UHOHDVH�� 0RUHRYHU�� WKH\� SURGXFH� WKLV� HIIHFW� PDLQO\� WKURXJK� LQHIILFLHQWFHQWULSHWDO DFFHOHUDWLRQV�FDXVHG�E\�D�VSLQ�RI�REMHFWV��7KHUHIRUH��DIWHU�PRUH�NQRZOHGJH�DERXWWKH 7HOHNLQHWLF� (IIHFW� LV� REWDLQHG�� D� VLJQLILFDQW� LQFUHDVH� LQ� WKH� HIILFLHQF\� RI� WKHVHSRZHU�VWDWLRQV ZLOO� EH� SRVVLEOH�� 7KH� XWLOL]DWLRQ� RI� WZR� RWKHU�� DW� SUHVHQW� QRW� ZHOO� NQRZQ�PHWKRGV RI�DFFHOHUDWLRQ�RI�PDJQHWLF�ILHOGV�FDQ�JUHDWO\�FRQWULEXWH�WR�WKLV�LQFUHDVH��7KHVH�DUH�����D�G\QDPLF�FUXVKLQJ�RI�PDJQHWLF�ILHOGV�RULJLQDWLQJ�IURP�D�IHZ�GLIIHUHQW�VRXUFHV��DQG�����WKHLPSXOVHV �SXOVDWLRQV�� RI� PDJQHWLF� ILHOGV�� %RWK� WKHVH� PHWKRGV� VKRXOG� UHOHDVH� WKH� KLJKO\HIIHFWLYH 7HOHNLQHWLF�(IIHFW��,Q�WKH�FDVH�RI�WKH�SXOVDWLQJ�ILHOGV��WKH�XWLOL]DWLRQ�RI�WKLV�(IIHFW�ZLOODOVR QRW� UHTXLUH� WKH� SUHVHQFH� RI� DQ\� PRYLQJ� SDUWV�� 7KXV� VXFK� ILHOGV� VKRXOG� VLJQLILFDQWO\LQFUHDVH�WKH�HIILFLHQF\�RI�WHOHNLQHWLF�ZRUN��DV�WKH\�ZRXOG�HOLPLQDWH�PHFKDQLFDO�IULFWLRQ�7KH XWLOL]DWLRQ�RI�SXOVDWLQJ�PDJQHWLF�ILHOGV�IRU�WKH�UHOHDVH�RI�WKH�7HOHNLQHWLF�(IIHFW�ZLOOOHDG�WR�WKH�SURGXFWLRQ�RI�WHOHNLQHWLF�EDWWHULHV��6XFK�EDWWHULHV�ZLOO�QRW�FRQWDLQ DQ\�PRYLQJ�SDUWV�7KHLU RSHUDWLRQ�ZLOO� GHSHQG� RQ� WKH� UHSODFHPHQW� RI�PHFKDQLFDO�PRWLRQ� E\� HOHFWURPDJQHWLFPRWLRQ��L�H��WKH�7HOHNLQHWLF�(IIHFW�LQ�WKHP�ZLOO�EH�UHOHDVHG�WKURXJK�WKH�RVFLOODWLRQV�RI�PDJQHWLFILHOGV WKDW�RULJLQDWH�IURP�HOHFWULFDO�RVFLOODWLRQV���7KHUHIRUH�WKHLU�FRQVWUXFWLRQ�ZLOO� UHVHPEOH�DFURVV EHWZHHQ�D�WUDQVIRUPHU��RVFLOODWRU\�FLUFXLW��DQG�D�UHFWLILHU��UDWKHU�WKDQ�WKH�PHFKDQLVP�RID�FRQWHPSRUDU\�PRWRU�RU�JHQHUDWRU�$�QXPEHU�RI�LQYHQWRUV�DUH�SUHVHQWO\�ZRUNLQJ�RQ�YDULRXV�PRGHOV�RI�D�WHOHNLQHWLF�EDWWHU\�0RVW RI WKHP�VHHP�WR�SUHIHU�NHHSLQJ�VHFUHW�WKH�GHWDLOV�RI�WKH�GHYLFH�EHLQJ�GHYHORSHG��%XWWKHUH LV�D�SHUVRQ�ZKR�KDV�KDG�D�YHU\�RSHQ�GLVFXVVLRQ�ZLWK�WKH�DXWKRU�DERXW�KHU�EDWWHU\��6KHLV�DQ�,WDOLDQ�GHYHORSHU��0UV��'DQLHOD�*LRUGDQR��SUHVHQWO\�OLYLQJ�LQ�6LFLO\��,�&DYDOLHUL�'L�3HJDVR�
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9LD�$QWRQLR�9HQH]LDQR�������,�������3DOHUPR��,WDO\���6KH�FDOOV�KHU�EDWWHU\ WKH��S\UDPLG���DV�LWVH[WHUQDO VKDSH� UHVHPEOHV� WKDW� RI� (J\SWLDQ� S\UDPLGV�� $QRWKHU� EDWWHU\� WKH� GHYHORSPHQW� RIZKLFK�DOVR�FRPH�WR�WKH�DXWKRU
V�DWWHQWLRQ�LV�WKDW�RI�D�-DSDQHVH�LQYHQWRU��6KLQLKL�6(,.(��6SDFH5HVHDUFK�,QVWLWXWH��%R[�����8ZDMLPD������-DSDQ���+LV�WHOHNLQHWLF�EDWWHU\�LV�VKDSHG�LQ�WKH�IRUPRI�D�7HVOD�&RLO�FRXSOHG�ZLWK�DSSURSULDWHO\�V\QFKURQL]HG�RVFLOODWRU\�FLUFXLW��,WV��YHU\�JHQHUDO�DQGODFRQLF��GHVFULSWLRQ�LV�FRQWDLQHG�LQ�KLV�ERRN�>�&�����@ �7KH�3ULQFLSOHV�RI�8OWUD�5HODWLYLW\����$W WKH�SUHVHQW�OHYHO�RI�GHYHORSPHQW��HDFK�RQH�RI�WKH�WHOHNLQHWLF�GHYLFHV�GHVFULEHG�LQWKLV VXEVHFWLRQ�VWLOO� KDV�DQ� LPSHUIHFWLRQ�ZKLFK�GHOD\V�FRPPHUFLDO�PDVV�SURGXFWLRQ��$V�ZHOHDUQ IURP�WKH�KLVWRU\�RI�WHFKQRORJ\��WKH�SURFHVV�RI�JUDGXDO�HOLPLQDWLRQ�RI�VXFK�LPSHUIHFWLRQVWDNHV PDQ\�\HDUV���VHH�)LJXUH�&���)RU�H[DPSOH�� IURP�WKH� WLPH�RI� WKH� ILUVW�H[SHULPHQWV�RI%HQMDPLQ )UDQNOLQ� LQ� ������ XQWLO� WKH� FRPSOHWLRQ� RI� WKH� ILUVW� HIIHFWLYH�JHQHUDWRU� E\�0LFKDHO)DUDGD\ LQ�������DOPRVW����\HDUV�HODSVHG��%XW�WKH�GHOD\�LQ�WKH�GDWH�RI�FRPPHUFLDO�XWLOL]DWLRQRI WKH�ILUVW�GHYLFH�WKDW�HIIHFWLYHO\�H[WUDFWV�HQYLURQPHQWDO�HQHUJ\�GRHV�QRW�PHDQ�WKDW�WKH�EXLOGLQJRI WKHVH�GHYLFHV�LV�XQIHDVLEOH��7KH�WHOHNLQHWLF�SRZHU�VWDWLRQV�DOUHDG\�EXLOW�KDYH�SURYHQ�WKDWWKH�LGHD�RI�WKHVH�GHYLFHV�LV�IHDVLEOH��DQG�WKDW�WKHLU�VXFFHVVIXO�XWLOL]DWLRQ�LQ�HYHU\GD\�OLIH�LV�RQO\D�PDWWHU�RI�WLPH�)XUWKHU GHWDLOV�FRQFHUQLQJ�WHOHNLQHWLF�IUHH�HQHUJ\�GHYLFHV�DUH�FRQWDLQHG�LQ�D�VHSDUDWHPRQRJUDSK�PDUNHG�DV�>�@�LQ�FKDSWHU�6�
&�����8WLOL]DWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW�IRU�WUDQVSRUWDWLRQ�SXUSRVHV
:KHUH WKH� XWLOL]DWLRQ�RI� WKH�7HOHNLQHWLF�(IIHFW� IRU� WKH�SXUSRVH RI� WUDQVSRUWDWLRQ� LVFRQFHUQHG� IURP�WKH�SRLQW�RI�YLHZ�RI�WKH�PXWXDO�SRVLWLRQLQJ�RI�WKH�GHYLFH�ZKLFK�SURGXFHV�WKH7HOHNLQHWLF (IIHFW�DQG�WKH�REMHFW�EHLQJ�WUDQVSRUWHG��WZR�GLIIHUHQW�PHDQV�RI�WUDQVSRUWDWLRQ�FDQEH FRPSOHWHG��7KHVH�DUH������WKH�WUDQVSRUWLQJ�EHDP��DQG�����WKH�0DJQRFUDIW�RI�WKH�VHFRQG�DQG�WKLUG��JHQHUDWLRQ�5H� ���7KH�LGHD�RI�WKH�WUDQVSRUWLQJ�EHDP LV�EDVHG�RQ�WKH�SRVVLELOLW\�RI�JXLGLQJ�WKH7HOHNLQHWLF (IIHFW��E\�SDVVLQJ� WKH�PDJQHWLF� ILHOG� LPSXOVHV�DORQJ� WKH�EHDP�RI�D�VWURQJ� OLJKW�H�J� D�ODVHU�EHDP���6XFK�D�EHDP�RI�OLJKW�ZRXOG�WKHQ�SHUIRUP�WKH�IXQFWLRQ�RI�D��PDJQR�GXFW��L�H� D�VWUDLJKW�DQG�HQFORVHG�SDVVDJH� LQ�VSDFH� WKURXJK�ZKLFK� WKH�PDJQHWLF� LPSXOVHV�ZRXOGSURSDJDWH� 7KH� 7HOHNLQHWLF� (IIHFW� GLUHFWHG� LQ� WKLV� ZD\� FDQ� PDNH� SRVVLEOH� WKH� IXWXUHWUDQVSRUWDWLRQ �L�H�� �EHDPLQJ�XS���RI�SHRSOH�DQG� ORDGV�RYHU� ORQJ�GLVWDQFHV��DORQJ�FKDQQHOVPDGH RI�OLJKW��7KH�LQFRPLQJ�XWLOL]DWLRQ�RI�VXFK�EHDPV�LV�DOUHDG\�VHQVHG�E\�VRPH�ZULWHUV�DQGILOP PDNHUV�ZKR�SUHVHQWHG�WKHVH�EHDPV�LQ�WKHLU�IXWXULVWLF�ERRNV�DQG�PRYLHV��'XULQJ�WKLV�ZD\RI WUDQVSRUWLQJ��WKHUH�ZLOO�EH�QR�UHDFWLRQ�IRUFH�UHOHDVHG�WR�LQWHUDFW�ZLWK�WKH�GHYLFH�SURGXFLQJWKH 7HOHNLQHWLF�(IIHFW��7KLV�LQ�WXUQ�ZLOO�HQDEOH�D�GHYLFH�RI�WKH�VL]H�RI�D�SRFNHW�WRUFK�WR�EH�KHOGE\ D� FKLOG� DQG� WR� OLIW� KXJH� PDFKLQHV�� EXLOGLQJV�� RU� URFNV�� $V� GLVWDQFH� GRHV� QRW� PDNH� DVLJQLILFDQW GLIIHUHQFH� IRU� WKLV� IRUP� RI� WUDQVSRUWDWLRQ�� WHOHNLQHWLF� EHDPV� VHQW� IURP� VDWHOOLWHVWDWLRQV RU�IURP�WKH�0RRQ�ZLOO�DOORZ�WR�WUDQVSRUW�LQWR�WKH�RUELW��RU�LQWR�WKH�0RRQ��DQ\�REMHFW�RUSHUVRQ�SUHVHQW�RQ�(DUWK�5H�����7KH�0DJQRFUDIW�RI�WKH�VHFRQG�JHQHUDWLRQ EHFRPH�UHDOLW\�ZKHQ�RXU�WHFKQRORJ\DGYDQFHV�VR�PXFK�WKDW�LW�ZLOO�EH�DEOH�WR�VXSSO\�WKH�0DJQRFUDIW
V�PDJQHWLF�SURSXOVRUV�ZLWK�WKHDGGLWLRQDO�FDSDELOLW\�RI�SURGXFLQJ�WKH�7HOHNLQHWLF�(IIHFW��$�QHZ�YHKLFOH�SURGXFHG�LQ�WKLV�ZD\�LVFDOOHG�KHUH�WKH�0DJQRFUDIW�RI�WKH�VHFRQG�JHQHUDWLRQ��,W�ZLOO�EH�FDSDEOH�RI�WHOHNLQHWLF�IOLJKWV�DQGPDQRHXYUHV ��UHFRJQL]DEOH�IURP�D�ZKLWH�H[WUDFWLRQ�JORZ�WKDW�ZLOO�VXUURXQG�WKH�IO\LQJ�YHKLFOH�%HFDXVH�RI�WKH�H[WUDRUGLQDU\�SURSHUWLHV�RI�VXFK�WHOHNLQHWLF�IOLJKWV��WKLV�0DJQRFUDIW�FDQ�DOVR�EH
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FDOOHG D� �7HOHSRUWDWLRQ� 9HKLFOH��� $V� WKLV� YHKLFOH� ZLOO� WRWDOO\� UHYROXWLRQL]H� RXU� PHDQV� RIWUDQVSRUWDWLRQ� WKH�PRUH�FRPSUHKHQVLYH�H[SODQDWLRQ�RI�LWV�RSHUDWLRQ�DQG�PDLQ�DWWULEXWHV�ZLOOEH�SURYLGHG�LQ�VXEVHFWLRQ�-�� ��,Q WKH� ILQDO�VWDWHPHQW� LW� LV�ZRUWK� VWUHVVLQJ� WKDW�DOO�DXWKRU
V�GLVFRYHULHV� UHJDUGLQJ� WKH7HOHNLQHWLF (IIHFW�ZHUH� WULJJHUHG�GXH� WR� WKH�SUHYLRXV� IRUPXODWLRQ�RI� WKH�&RQFHSW�RI�'LSRODU*UDYLW\� )RU�WKLV�UHDVRQ�LQ�WKH�FKDSWHU�'�WR�IROORZ�WKLV�LPSRUWDQW�QHZ�FRQFHSW�RI�JUDYLWDWLRQDOILHOG�ZLOO�EH�RXWOLQHG�



7DEOH &��� 3HULRGLF� 7DEOH� VKRZLQJ� SRZHU� SURGXFLQJ� GHYLFHV ZKRVH� RSHUDWLRQ� XWLOL]HVYDULRXV IRUPV�RI�PRWLRQ��6XFK�7DEOHV�DUH�YHU\�VLPLODU�WR��0HQGHOpHY
V�3HULRGLF�7DEOH�RI�WKH(OHPHQWV�� EXW�LQVWHDG�RI�HOHPHQWV�WKH\�OLVW�WHFKQRORJLFDO�GHYLFHV��5RZV�GLVWLQJXLVKHG�DORQJWKH YHUWLFDO�D[LV�RI� WKLV�7DEOH�GHILQH� WKH�VXEVHTXHQW�DWWULEXWHV�RI� WKH�PRWLRQ�XWLOL]HG� LQ� WKHRSHUDWLRQ RI�HDFK�VXFFHVVLYH�JHQHUDWLRQ�RI� WKH�SRZHU�SURGXFLQJ�GHYLFHV��7KLV�YHUWLFDO�D[LVDOVR�UHSUHVHQWV�WKH�HODSVH�RI�WLPH��&ROXPQV�SODFHG�DORQJ�WKH�KRUL]RQWDO�D[LV�UHYHDO�WKH�W\SHVRI GHYLFHV�ZKRVH�RSHUDWLRQ�XWLOL]H�HDFK�VXEVHTXHQW�VHW�RI�WKHVH�DWWULEXWHV��(PSW\�ER[HV�LQWKH 7DEOH�LQGLFDWH�WKH�GHYLFHV�VWLOO�ZDLWLQJ�WR�EH�LQYHQWHG��%\�DQDO\VLV�RI�WKH�ORFDWLRQ�RI�WKHVHER[HV�VSDFHV �L�H��WKHLU�URZ�DQG�FROXPQ��LW�LV�SRVVLEOH�WR�GHWHUPLQH�WKH�IXWXUH�RSHUDWLRQ�DQGFKDUDFWHULVWLFV�RI�SRZHU�SURGXFLQJ�GHYLFHV�\HW�XQGLVFRYHUHG��



)LJ� &���$Q�SKRWRJUDSK�VKRZLQJ�DQ�H[DPSOH�RI�WKH��H[WUDFWLRQ�JORZ� HPLWWHG�IURP�WKHVSDFH MXVW�SHQHWUDWHG�E\�D�9�VKDSHG�GLYLQLQJ�URG�EHQW�LQ�D�WHOHNLQHWLF�PDQQHU��2EVHUYDWLRQRI�WKLV�JORZ�SURYLGHV�H[SHULPHQWDO�SURRI�IRU�WKH�H[LVWHQFH�RI�WKH�7HOHNLQHWLF�(IIHFW��,WV�HPLVVLRQUHVXOWV IURP� WKH� �SRVWXODWH�RI� VSRQWDQHRXV�KHDW�H[FKDQJH�EHWZHHQ� WHOHNLQHWLFDOO\�DIIHFWHGREMHFWV DQG� WKH� HQYLURQPHQW��� $FFRUGLQJ� WR� WKLV� SRVWXODWH�� WKH� HQHUJ\� FRQVXPSWLRQ� RI� WKHREMHFWV PRYHG�WHOHNLQHWLFDOO\�LV�VDWLVILHG�WKURXJK�WKH�VSRQWDQHRXV�H[WUDFWLRQ��FRQYHUVLRQ��RIWKHUPDO HQHUJ\�FRQWDLQHG�LQ�WKH�HQYLURQPHQW��,Q�WXUQ��VXFK�VSRQWDQHRXV�DEVRUSWLRQ�RI�KHDWPXVW FDXVH� WKH� UDSLG� IDOO� RI� HOHFWURQV� LQ� WKH�DWRPV� IURP� WKH�DIIHFWHG�DUHD� LQWR� WKHLU� ORZHURUELWV� 4XDQWXP�SK\VLFV�VWDWHV� WKDW� VXFK�D� IDOO� LV�DOZD\V�DFFRPSDQLHG�E\� WKH�HPLVVLRQ�RISKRWRQV� 7KHUHIRUH��WKH�FRQVHTXHQFH�RI�HYHU\�WHOHNLQHWLF�PRWLRQ�PXVW�EH�WKH�HPLVVLRQ�RI�DIDLQW JORZ� IURP�WKH�PDWWHU�VXUURXQGLQJ� WKH�REMHFWV�VR�PRYHG��7KLV�JORZ� LV�GHWHFWDEOH�E\�DVHQVLWLYH�SKRWRJUDSKLF�ILOP�DV DQ��H[WUDFWLRQ�JORZ���7KH�PRVW�IUHTXHQW�VXEMHFWV��DQG�WKHUHIRUHDOVR WKH�PRVW�HDVLO\�DYDLODEOH�IRU�UHVHDUFK��XWLOL]LQJ�WHOHNLQHVLV�DUH�GRZVHUV�ZKRVH�VXFFHVVLQ WKH�VHDUFK�IRU�ZDWHU�LV�LQGLFDWHG�WKURXJK�WKH�WHOHNLQHWLF�EHQGLQJ�RI�WKHLU�9�VKDSHG�GLYLQLQJURGV��7KH�DERYH�SKRWRJUDSK�ZDV�RULJLQDOO\�SXEOLVKHG�LQ�WKH ERRN�>�)LJ&�@ E\�&KULVWRSKHU�%LUGHQWLWOHG���'LYLQLQJ���$�5DYHQ�%RRN��/RQGRQ�������,6%1�������������SDJH����



)LJ� &���7KH�WHPSHUDWXUH�FKDQJH��GURS��LQ�WKH�KDQGV�RI�D�KHDOHU��0UV��/HXHQEHUJHU��FDXVHGE\ KHU QRQ�F\FOLFDO� WHOHNLQHWLF� ZRUN�� 7KH� ILUVW� H[SHULPHQW� WKDW� UHJLVWHUHG� WKLV� FKDQJH� ZDVFRPSOHWHG E\�:HUQHU�.URSS�RI�:(.520$�/DERUDWRU\��9LD�6WRUWD�����&+������%ULRQH�V�0�6ZLW]HUODQG�� +LV� PHWKRG� RI� UHFRUGLQJ� GHSHQGHG� RQ� WKH� XVH� RI� D� VHQVLWLYH� WKHUPRYLVLRQFDPHUD GXULQJ�KHU�KHDOLQJ�VHVVLRQ��7KUHH�FRORXU�SKRWRJUDSKV�RI�KHU�KDQGV��PDUNHG�DV��D���E� DQG��F�� ZHUH�WDNHQ�GXULQJ�WKH�VSDQ�RI�DERXW���PLQXWHV��L�H��DW���������������DQG�������'XULQJ WKLV WLPH��WKH�FDPHUD�UHJLVWHUHG�WKH�WHPSHUDWXUH�GURS�RI�WKH�KHDOHU
V�KDQGV�DV�DERXW�( &HOVLXV�



)LJ� &���$�GLDJUDP�WKDW�VKRZV�WKH�GLUHFWLRQ�RI�DQ�HOHPHQWDU\�7HOHNLQHWLF�(IIHFW �3��FUHDWHGE\�WKH�VSLQQLQJ�RI�D�PDJQHW��P��DURXQG�WKH�D[LV��[�[���)RU�WKH�VLWXDWLRQ�VKRZQ�RQ�WKLV�GLDJUDP�WKLV�GLUHFWLRQ�VHHPV�WR�EH�WKH�YHFWRULDO�VXP�RI�D�FHQWULSHWDO�DFFHOHUDWLRQ��D���OLQHDU�VSHHG��9��DQG�WKH�ORFDO�GLUHFWLRQ �/��RI�PDJQHWLF�ILHOG�IRUFH�OLQHV��+RZHYHU��WKH�GLUHFWLRQ�RI�WKH�HIIHFW��3�UHYHUVHV LQWR D�GLUHFWLRQ�WKDW�LV�H[DFWO\�RSSRVLWH�DIWHU�WKH�UHYHUVDO�RI�WKH�GLUHFWLRQ��Q��RI�WKHPDJQHW
V UHYROXWLRQV��0RUHRYHU��WKLV�GLUHFWLRQ�DOVR�UHYHUVHV��DIWHU�WKH�SRODULW\�RI�PDJQHW��P�ZDV UHYHUVHG��L�H��DIWHU�GLUHFWLQJ�LWV�SROH��1��WR�WKH�VLGH�ZKHUH�LWV�SROH��6��LV�QRZ�GLUHFWHG��7KH�DERYH�VKRZV�WKDW�GLUHFWLRQ�RI�WKH�7HOHNLQHWLF�(IIHFW��3��GHSHQGV�LQ�D�FRPSOH[�PDQQHU�RQWKH GLUHFWLRQ�RI�YHFWRUV��9����D��DQG��/���DQG�GRHV�QRW�UHSUHVHQW�RQO\�D�YHFWRULDO�VXP�RI�WKHVH��'XULQJ� WKH�DQDO\VLV�RI� WKLV�GLDJUDP� LW�VKRXOG�EH�QRWHG�� WKDW�EHFDXVH�RI� WKH�DXWKRU
VVSHFLDOL]DWLRQ�LQ�SURSXOVLRQ�V\VWHPV�RI�IO\LQJ�YHKLFOHV��DOO�KLV�SXEOLFDWLRQV�GHILQH��1��PDJQHWLFSROH�DV�WKH�SROH�WKDW�SUHYDLOV�DW�WKH�QRUWK�JHRJUDSKLF�SROH�RI�(DUWK� RU�DW�WKH�HQG�RI�D�PDJQHWLFQHHGOH�SRLQWHG�VRXWK���VHH�DOVR�VXEVHFWLRQ�*�����



)LJ� &���7KUHH�VXEVHTXHQW� VWDJHV� �PDUNHG�D�� E�DQG�F��RI� WKH�RSHUDWLRQ�RI� WKH�-RKQVRQWHOHNLQHWLF�PRWRU��$�GHVFULSWLRQ�RI�WKHVH�VWDJHV�LV�SURYLGHG�LQ�WKH�FRQWHQW�RI�WKLV�WUHDWLVH��7KHGHVLJQ DQG�RSHUDWLRQ�RI� WKH�-RKQVRQ�PRWRU�RULJLQDOO\�DUH�SXEOLVKHG� LQ�DUWLFOH�>�&�����@�DQGDOVR DUH�VXEMHFW�WR�86$�SDWHQW�QR������������,Q�WKH�RULJLQDO�YHUVLRQ��WKLV�PRWRU�FRQWDLQV�RQO\WZR�SDUWV��L�H��WKH�VWDWRU�����DQG�EDQDQD�VKDSHG�PDJQHWV�RI�WKH�7HOHNLQHWLF�(IIHFW�DFWLYDWRU�����,WV HIILFLHQF\�VOLJKWO\�H[FHHGV�������WKXV�KDUGO\�VXIILFLQJ�WR�FRYHU�WKH�IULFWLRQ�RI�LWV�UHODWLYHO\PRYLQJ SDUWV��7KHUHIRUH��DQ�DGGLWLRQDO�SDUW�KDV�EHHQ�DGGHG�WR�WKLV�GLDJUDP��L�H��WKH�URWRU����WKDW�GRHV�QRW�H[LVW�LQ�WKH�RULJLQDO�GHYLFH��7KH�SXUSRVH�RI�WKLV�URWRU�LV�WR�DEVRUE�PRUH�HIILFLHQWO\WKH HOHPHQWDU\� GULYH� 3
� RI� WKH� 7HOHNLQHWLF� (IIHFW�� 7KH� URWRU� ���� FDQ� DOVR� EH� XVHG� IRU� WKHJHQHUDWLRQ RI�DQ�HOHFWULF�FXUUHQW��VLPLODUO\�WR�WKH�URWRU�IURP�WKH�1�0DFKLQH��WKXV�WUDQVIRUPLQJWKH�-RKQVRQ�PRWRU�LQWR�D�WHOHNLQHWLF�DJJUHJDWH�



)LJ� &���$�SKRWRJUDSK�RI�WKH�RSHUDWLRQDO�SURWRW\SH�RI�D�WHOHNLQHWLF�JHQHUDWRU�FDOOHG�WKH�1�0DFKLQH�� 7KLV�JHQHUDWRU�ZDV�FRPSOHWHG�E\�%UXFH�'H3DOPD��DQG�LV�EHLQJ�GHYHORSHG�E\WKH 'H3DOPD� (QHUJ\� &RUSRUDWLRQ� ������ &RDVW� 9LOODJH� 5RDG� �������� 6DQWD� %DUEDUD�� &$������ 86$��LQ�FRRSHUDWLRQ�ZLWK�WKH�,QGLDQ�1XFOHDU�3RZHU�%RDUG��.DUZDU��,QGLD��7KH�RYHUDOOHIILFLHQF\�RI�WKH�SURWRW\SH�RI�WKLV�JHQHUDWRU��ZKLFK�LV�DOUHDG\�RSHUDWLRQDO��LV��������



)LJ� &���$�GLDJUDP� WKDW� LOOXVWUDWHV� WKH�GHVLJQ�DQG�RSHUDWLRQ�RI� WKH�1�0DFKLQH��7KLV�'&JHQHUDWRU FRQVLVWV�RI�D�VKDIW�����PDGH�RI�FRQGXFWLYH�PHWDO��RQ�ZKLFK�D�GLVF�VKDSHG�EURQ]HURWRU�����LV�DVVHPEOHG��,QVLGH�WKH�URWRU�SHUPDQHQW�PDJQHWV�����ZHUH�SODFHG�ZKLFK�\LHOG�D�ILHOGRI DERXW �����JDXVV��%UXVKHV�����DQG�����FROOHFW�WKH�HOHFWULF�FXUUHQW�ZKLFK�LV�SURGXFHG�DQGVXSSO\ LW�WR�WKH�RXWSXW�FROOHFWRU������7KH�HOHFWULFLW\�VXSSO\�WR�WKH�SURSHOOLQJ�HOHFWULF�PRWRU�����LVDFKLHYHG YLD� WKH� LQSXW� FROOHFWRU� ����� 7KLV� PRWRU� JLYHV� DERXW� Q ����� UHY�PLQ�� ZKLFK� DUHWUDQVPLWWHG WKURXJK�D�EHOW�WUDQVPLVVLRQ�����DQG�WKH�FRQGXFWLYH�VKDIW�����LQWR�WKH�EURQ]H�URWRU�����7KH�FHQWULSHWDO�DFFHOHUDWLRQ��FDXVHG�E\�WKH�VSLQQLQJ�RI�WKLV�URWRU��UHOHDVHV�WKH�7HOHNLQHWLF(IIHFW� 7KH�IRUFHV�RI�WKLV�(IIHFW�DFW�RQ�IUHH�HOHFWURQV�SUHVHQW�LQ�WKH�URWRU������IRUFLQJ�WKHP�WRIORZ�WRZDUGV�WKH�FHQWUH�RI�URWDWLRQ��7KH�EUXVK�����WRXFKLQJ�WKH�FRQGXFWLYH�VKDIW������DQG�EUXVK����WRXFKLQJ�WKH�SHULSKHU\�RI�WKH�URWRU��FROOHFW�WKH�IORZ�RI�FXUUHQW�WKXV�IRUPHG��DQG�VXSSO\�LW�IRUXVH�



)LJ� &���3KRWRJUDSKV�RI�WKH�WHOHNLQHWLF�DJJUHJDWH�,1)/8(1=0$6&+,1( ZKRVH�RSHUDWLRQ�LVEDVHG RQ� WKH�SULQFLSOHV�RI�:LPVKXUVW
V�HOHFWURVWDWLF�PDFKLQH��9LGHR� UHFRUGLQJV�SUHVHQWLQJWKLV PDFKLQH� LQ�RSHUDWLRQ�DUH�DYDLODEOH� IURP�0(7+(51,7+$� �&+������/LQGHQ�QHDU�%HUQ�6ZLW]HUODQG�� ,WV� EULHI� GHVFULSWLRQ� LV� FRQWDLQHG� LQ� DQ� DUWLFOH� SXEOLVKHG� LQ� WKH�:HVW�*HUPDQPDJD]LQH 5DXP�	�=HLW��QR�����-XQL�-XOL�������SDJH�����7KH�ZHLJKW�RI�WKH�RSHUDWLRQDO�SURWRW\SHVKRZQ DERYH��FDOOHG�WKH�7KHVWD�'LVWDWLFD��RI� WKLV�PDFKLQH�LV�DURXQG����NJ�� ,WV�GLVFV�URWDWHZLWK�VSHHGV�RI�EHWZHHQ�DERXW����WR����UHY�PLQ��'HYHORSHUV�UHSRUW�WKDW�LW�SURGXFHV�XS�WR���N:RI HOHFWULF� SRZHU� ��N:� LV� WKH� SRZHU� RI� WKH� ILUVW�� VKRUW�GXUDWLRQ� LPSXOVH�� ZLWK� D� IOXFWXDWLQJYROWDJH RI�DURXQG�����9��$�E\�SURGXFW�RI�LWV�RSHUDWLRQ�LV�WKH�LRQL]DWLRQ�RI�WKH�VXUURXQGLQJ�DLUDQG�WKH�SURGXFWLRQ�RI�R]RQH��([FHSW�IRU�TXLFN�VWDUWLQJ�E\�KDQG��WKH�FRQWLQXRXV�RSHUDWLRQ�RI�WKLVPDFKLQH LV�VHOI�VXVWDLQHG�E\�LWV�VSRQWDQHRXV�DEVRUSWLRQ�RI�KHDW�IURP�WKH�HQYLURQPHQW��DQGWKXV LW�GRHV�QRW�UHTXLUH�DQ\�H[WHUQDO�VXSSO\�LQ�IXHO�QRU�HQHUJ\��7KH�,1)/8(1=0$6&+,1(�LVWKH ZRUOG
V�ILUVW�IUHH�HQHUJ\�GHYLFH�ZKLFK�DW�WKH�SUHVHQW�VWDJH�RI�LWV�GHYHORSPHQW�LV�UHDG\�IRUVRPH�OLPLWHG�FRPPHUFLDO�DSSOLFDWLRQV�



)LJ� &���7KH�RSHUDWLRQ�RI� WKH� ,1)/8(1=0$6&+,1(�ZLWK�WZR�GLVFV��ZKLFK�SURGXFHV�D�'&�FXUUHQW�� UHFRQVWUXFWHG� �RUUDWKHU� UH�LQYHQWHG�� E\� WKH� DXWKRU�� ([SODQDWLRQV� RI� WKLV� RSHUDWLRQ� DUH� SURYLGHG� LQ� WKH� FRQWHQW� RI� WKLV� WUHDWLVH�� 6\PEROV�&�� &�� �FROOHFWLQJ�FRPEV�FRQQHFWHG� WR� WKH� LQQHU�FRDWLQJ�RI�/H\GHQ� MDUV��G� �D�VPDOO�GLVF�FRQWDLQLQJ�D�PDJQHW� �P�� WKDWLV XVHG� IRU� WKH UHOHDVH�RI� WKH�7HOHNLQHWLF�(IIHFW�� G
 � IURQW� GLVF�PDGH�RI� D�JRRG�HOHFWULF� LQVXODWRU� �H�J�� JODVV���G�� �EDFNGLVF LGHQWLFDO� WR� WKH�IURQW��G
��RQH��LQ�RUGHU� WR� LQFUHDVH�WKH�FRPPXQLFDWLYHQHVV�RI� WKLV� LOOXVWUDWLRQ�WKLV�EDFN�GLVF� LV�VKRZQDV KDYLQJ�D� ODUJHU� GLDPHWHU���+���+�� � VTXDUH� LQGXFWLRQ�KHDGV� WKDW� HOHFWURVWDWLFDOO\� LQIOXHQFH� WKH�PDFKLQH
V�HOHFWURGHV�L
� L�� �PRWLRQOHVV�EULGJLQJ�FRQGXFWRUV��/���/�� �WZR�/H\GHQ�MDUV�ZKLFK�FROOHFW�HOHFWURVWDWLF�FKDUJHV�IURP�WKH�HOHFWURGHV�RIERWK GLVFV��XVHUV�DUH�SOXJJHG�WR� WKH�ZLUHV� WKDW�DUH�FRQQHFWHG�WR� WKH� LQQHU�FRDWLQJV�RI� WKHVH� MDUV���Q��Q
��Q�� �GLUHFWLRQ�RIWKH URWDWLRQ�RI�HDFK�GLVF�������� ������� �QXPEHUV�RI� WKH�VXEVHTXHQW�HOHFWURGHV� �WKLV�GUDZLQJ�VKRZV���HOHFWURGHV�RQO\��EXWHDFK GLVF� RI� WKH� ,1)/8(1=0$6&+,1(� KRXVHV� ��� VHSDUDWH� HOHFWURGHV��� ��� ��  � SRVLWLYH� DQG� QHJDWLYH� HOHFWURVWDWLFFKDUJHV��
���� �LQGH[HV�WKDW�DVVLJQ�SDUWLFXODU�V\PEROV�WR�WKH�IURQW��G
��RU�EDFN��G���GLVFV��D��3ULQFLSOHV�RI�WKH�LQGXFLQJ�HOHFWURVWDWLF�FKDUJHV�LQ�WKH�IURQW�GLVF��E��3ULQFLSOHV�RI�WKH�LQGXFLQJ�HOHFWURVWDWLF�FKDUJHV�LQ�WKH�EDFN�GLVF��F� 7KH RSHUDWLRQ�RI�DQ�HOHFWURVWDWLF�PRWRU�WKDW�VXVWDLQV�WKH�FRQWLQXRXV�URWDWLRQV�RI� WKH�,1)/8(1=0$6&+,1(
VGLVFV� �G��7HOHNLQHWLF�JHQHUDWLRQ�RI�FKDUJHV�WKDW�UHVWRUHV�WKHLU�ORVV�IURP�IULFWLRQ�



)LJ� &���7KH�HYROXWLRQ�RI�D�WHFKQLFDO�LGHD��IURP�LWV�FRQFHSWXDO�IRUPXODWLRQ�WR�D�YLDEOHWHFKQRORJLFDO LPSOHPHQWDWLRQ��$URXQG�����%�&��+HUR�RI�$OH[DQGULD�LQYHQWHG�WKH�DHROLSLOH�HROLSLOH�� VKRZQ� LQ� SDUW� �D��� ,W� ZDV� DV� ODWH� DV� ����� ZKHQ� DQ� (QJOLVK� LQYHQWRU�� &KDUOHV$OJHUQRQ 3DUVRQV�� EXLOW� WKH� ILUVW� VWHDP� WXUELQH� LQ� ZKLFK� WKH� SULQFLSOHV� RI� WKH� DHROLSLOH� DUHLPSOHPHQWHG HIILFLHQWO\� HQRXJK� WR� SURGXFH� XVHIXO� PHFKDQLFDO� SRZHU� �� VHH� SDUW� �E��� 7KHHIILFLHQF\ RI�FXUUHQW�WHOHNLQHWLF�GHYLFHV�LV�HTXLYDOHQW�WR�WKDW�RI�WKH�DHROLSLOH��6R�EHIRUH�WKHVHGHYLFHV EHFRPH� FRPPHUFLDOO\� XVHIXO�� WKHLU� HIILFLHQF\� QHHGV� WR� EH� WUDQVIRUPHG� LQWR� WKHHTXLYDOHQW�RI�WKDW�RI�VWHDP�WXUELQHV��D� 7KH�RSHUDWLRQ�RI�WKH�DHROLSLOH��,W�XWLOL]HV�RQO\�MHWV�RI�H[SDQGLQJ�VWHDP�WKDW�HVFDSHIURP WZR�KROORZ�DUPV��WKXV�QRW�XWLOL]LQJ�WKH�HQHUJ\�RI�SUHVVXUH��LPSDFW��DQG�WHPSHUDWXUH�RIWKH�VWHDP��%HFDXVH�RI�WKH�LQHIILFLHQW�FRQYHUVLRQ�RI�HQHUJ\�FDUULHG�LQ�WKH�HVFDSLQJ�VWHDP��WKLVGHYLFH SURGXFHV� PHFKDQLFDO� HQHUJ\� WKDW� VFDUFHO\� FRYHUV� LWV� RZQ� IULFWLRQ�� 7KHUHIRUH�� WKHURWDWLRQ�RI�WKH�DHROLSLOH��VLPLODU�WR�WKH�PRWLRQ�RI�FXUUHQW�WHOHNLQHWLF�GHYLFHV��RQO\�GHPRQVWUDWHVWKH�FRUUHFWQHVV�RI�LWV�SULQFLSOHV��EXW�FDQQRW�VXSSO\�DQ\�XVHIXO�SRZHU��E� 3ULQFLSOHV�XQGHUO\LQJ�WKH�RSHUDWLRQ�RI�VWHDP�WXUELQHV��GHPRQVWUDWHG�ZLWK�RQO\�RQHRI VHYHUDO�FDVFDGH�URWRUV��7KH�EODGHV�RI�WKHVH�URWRUV�GHIOHFW�WKH�MHW�RI�VWHDP��LQWHUFHSWLQJ�LWVLQHUWLDO LPSDFW�� ,Q� DGGLWLRQ�� DV� WKH� VWHDP� SDVVHV� EHWZHHQ� WKH� EODGHV�� LW� H[SDQGV� DQGDFFHOHUDWHV� SURSHOOLQJ� WKHP�ZLWK� UHDFWLRQ�IRUFHV�VLPLODU� WR� WKRVH�IRUPHG� LQ�D�URFNHW�RXWOHW�$IWHU WKH�VWHDP�OHDYHV�D�SDUWLFXODU�URWRU��LW�LV�LQWHUFHSWHG�E\�WKH�IL[HG�EODGHV�RI�D�VWDWRU�DQGUHGLUHFWHG WR�VWULNH�WKH�QH[W�URWRU��7KXV��VXFK�D�FDVFDGH�FRQYHUVLRQ�RI�WKH�VWHDP
V�HQHUJ\�LQWXUELQHV�LV�HIILFLHQW�HQRXJK�WR�SURGXFH�DQ�H[FHVV�RI�PHFKDQLFDO�SRZHU�WKDW�FDQ�EH�XWLOL]HG�
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)RU FHQWXULHV��JHQHUDWLRQV�RI�VFKRODUV�DQG�SKLORVRSKHUV�KDYH�WULHG�WR�FRQVROLGDWH�LQWRRQH FRQVLVWHQW�ERG\�RI�NQRZOHGJH�DOO� WKH�GLYHUVH�DUHDV�RI�KXPDQ� LQWHOOHFWXDO�GHYHORSPHQWVXFK DV�VFLHQFH�� UHOLJLRQ�� IRON�ZLVGRP�� ULWXDOV��EHOLHIV��VXSHUVWLWLRQV��HWF��$IWHU�FHQWXULHV�RIIDLOXUH� LW�VHHPV�WKDW�ILQDOO\�ZH�DUH�VXFFHHGLQJ�LQ�WKLV�HIIRUW�DQG�WKDW�D�FRPPRQ�FRQFHSW�KDVEHHQ IRXQG�ZKLFK�XQLWHV�DOO�GLUHFWLRQV�RI�RXU�LQWHOOHFWXDO�SURJUHVV��7KLV�FRQVROLGDWRU\�FRQFHSWLV�FDOOHG��WKH�&RQFHSW�RI�'LSRODU�*UDYLW\��$OWKRXJK LW�PD\� WDNH�PDQ\� \HDUV� WR� EH� UHFRJQL]HG�DQG�DFNQRZOHGJHG�� WKH� SUHVHQWXQGHUVWDQGLQJ RI� WKH�JUDYLWDWLRQDO� ILHOG� WROHUDWHV�DQ�HQRUPRXV�HUURU��7KH�GHGXFWLRQV�ZKLFKUHYHDO� GRFXPHQW�DQG�QHXWUDOL]H�WKLV�HUURU��DUH�IRUPXODWHG�LQWR�D�QHZ�WKHRU\�RI�JUDYLWDWLRQDOILHOG FDOOHG�KHUH�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\��,Q�JHQHUDO��WKH�HUURU�GHSHQGV�RQ�FODVVLI\LQJJUDYLW\ WR�DQ�HQWLUHO\�ZURQJ�JURXS�RI�ILHOGV��L�H��PRQRSRODU�LQVWHDG�RI�GLSRODU��,I�ZH�FRUUHFW�WKHDERYH HUURU�DQG�FODVVLI\�JUDYLW\� LQWR� WKH�JURXS�RI�GLSRODU� ILHOGV�� WKHQ� WKH�HQWLUH�YLHZ�RI� WKH8QLYHUVH�ZLOO�QHHG�WR�EH�YHULILHG��)RU�H[DPSOH��WKH�VR�FDOOHG�SDUDQRUPDO�SKHQRPHQD�ZLOO�JDLQD JUDYLWDWLRQDO�H[SODQDWLRQ�DQG�WKXV�SDUDSV\FKRORJ\�ZRXOG�QHHG�WR�EH�UH�FODVVLILHG�DV�D�SDUWRI SK\VLFV��'LSRODU�JUDYLW\�ZLOO�DOVR�LQGLFDWH�WKH�H[LVWHQFH�RI�D�VHFRQG�ZRUOG��SDUDOOHO�WR�RXUV�ZKLFK IRU� FHQWXULHV� KDV� EHHQ� DFNQRZOHGJHG� E\� UHOLJLRQ� EXW� ZKLFK� LV� VWLOO� GHQLHG� E\FRQWHPSRUDU\ VFLHQFH��7KH�VXEVWDQFH�SUHYDLOLQJ�LQ�WKLV�RWKHU�ZRUOG�GLVSOD\V�WKH�FDSDELOLWLHVRI D��QDWXUDO�FRPSXWHU���L�H��LW�LV�DEOH�WR�WKLQN�LQ�LWV�QDWXUDO�FRQVWLWXWLRQ��7KH�H[LVWHQFH�RI�WKHRWKHU�ZRUOG�ILOOHG�ZLWK��WKLQNLQJ�VXEVWDQFH��WXUQV�WKH�HQWLUH�XQLYHUVH�LQWR�D�VLQJOH�KXJH��EUDLQ��7KLV LQ�WXUQ�LQWURGXFHV�QXPHURXV�SKLORVRSKLFDO�DQG�UHOLJLRXV�LPSOLFDWLRQV��VRPH�RI�ZKLFK�ZLOOEH UHYHDOHG�LQ�WKLV�FKDSWHU��%HFDXVH�LQ�GHILQLWLRQ�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�LQFRUSRUDWHVLQ LWVHOI� DOPRVW� DOO� RI� WKH� FRUUHFW� IRUPXODV� DQG� ODZV� VR� IDU� GHYHORSHG� E\� YDULRXV� RWKHUGLVFLSOLQHV �SK\VLFV��DVWURQRP\��FKHPLVWU\��ELRORJ\��PHGLFLQH��HWF���� LW�FDQ�EH�FRQVLGHUHG�WREH�WKH�DUWLFXODWLRQ�RI�WKH��7KHRU\�RI�(YHU\WKLQJ���72(��VHDUFKHG�E\�VFLHQWLVWV�DQG�SKLORVRSKHUVIRU�VR�ORQJ���7KH��7KHRU\�RI�(YHU\WKLQJ���VLPLODUO\�WR�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�SUHVHQWHGKHUH� DOVR�VXSSRVHG�WR�ERXQG�WRJHWKHU��H[SUHVV��DQG�FRQWDLQ�LQ� LWVHOI�DOO�DVSHFWV�RI�KXPDQNQRZOHGJH��7KH &RQFHSW�RI�'LSRODU�*UDYLW\�ZDV�SUHVHQWHG�IRU�WKH�ILUVW�WLPH�LQ������LQ�WKH�WUHDWLVHE\ WKH�DXWKRU�>�)�G�@�SXEOLVKHG�LQ�1HZ�=HDODQG��6LQFH�WKHQ�LW�KDV�EHHQ�SXEOLVKHG�LQ�3RODQG>�)�F�@��:HVW�*HUPDQ\�>�&@��DQG�SXEOLVKHG�DJDLQ�LQ�1HZ�=HDODQG�>�@��7KH�FKDSWHU�WKDW�IROORZVSUHVHQWV�WKH�ILIWK��XSGDWHG�IRUPXODWLRQ�RI�WKLV�&RQFHSW��7KH &RQFHSW�RI�'LSRODU�*UDYLW\� LV�DQ�HQWLUHO\�QHZ�SK\VLFDO�DQG�SKLORVRSKLFDO�PRGHOFRQVWUXFWHG WR�H[SODLQ�WKH�VWUXFWXUH�DQG�RSHUDWLRQ�RI�WKH�8QLYHUVH�UXOHG�E\�'LSRODU�*UDYLW\��,QWKLV QHZ�FRQFHSW�RXU�8QLYHUVH�FRQVLVWV�RI�WZR�VHSDUDWH�ZRUOGV��7KH�ILUVW�RI�WKHVH�LV�XVXDOO\FDOOHG KHUH�RXU�ZRUOG��EXW�WHUPV�VXFK�DV�WKH�ZRUOG�RI�PDWWHU��WKH�ZRUOG�RI�KDUGZDUH��RU�WKHFRQYHUVH ZRUOG� FDQ�DOVR�EH�XVHG��7KH�VHFRQG�RQH� LV�FDOOHG� WKH�FRXQWHU�ZRUOG �EXW�RWKHUWHUPV� H�J���WKH�ZRUOG�RI�LQWHOOHFW��WKH�ZRUOG�RI�VRIWZDUH��RU�WKH�ZRUOG�RI�UHYHUVH�LPDJHV��FDQDOVR EH� XVHG WR� GHVFULEH� LW��� 7KH� ZRUOG� RI� KDUGZDUH� �RXU� ZRUOG�� LV� WKH� RQH� ZKLFK� ZHH[SHULHQFH HYHU\�GD\�ZLWK�RXU�ILYH�SK\VLRORJLFDO�VHQVHV��7KH�FRXQWHU�ZRUOG�LV�FORVHG�WR�RXUVHQVHV� EXW� LW� FDQ� EH� LQYHVWLJDWHG� E\� RXU� LQWHOOHFW� DQG� DFFHVVHG� E\� WKH�P\VWHULRXV� DELOLW\FDOOHG�([WUD�6HQVRU\�3HUFHSWLRQ�RU�(63�7KH�&RQFHSW�RI�'LSRODU�*UDYLW\�GRHV�QRW�UHSUHVHQW�RQH�PRUH�SXUHO\�VSHFXODWLYH�PRGHO
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KDYLQJ�QR�SUDFWLFDO�DSSOLFDWLRQ��EXW�LW�SURYLGHV�XV�ZLWK�LQVWDQW��YDULRXV�DQG�VWULFWO\�PHDVXUDEOHEHQHILWV� )RU�H[DPSOH�LW�H[SODLQV�WKH�SULQFLSOHV�RI�WHOHNLQHWLF�PRWLRQ�DQG�DOORZV�WKH�EXLOGLQJRI�WHFKQRORJLFDO�GHYLFHV�ZKLFK�FDQ�XWLOL]H�WKLV�SKHQRPHQRQ�IRU�WKH�SXUSRVHV�RI�WUDQVSRUWDWLRQDQG DFTXLVLWLRQ�RI�IUHH�HQHUJ\��VHH�FKDSWHUV�-�DQG�&���,W�DOVR�UHYHDOV�WKH�QDWXUDO�VRXUFH��L�H�WKH VXEVWDQFH�SUHYDLOLQJ�LQ�WKH�FRXQWHU�ZRUOG�XVXDOO\�FDOOHG��HWKHU���RI�WKH�DEVROXWHO\�FRUUHFWDQG FRPSOHWH�LQIRUPDWLRQ�RQ�HYHU\�PDWHULDO�REMHFW�WKDW�HYHU�H[LVWHG��H[LVWV�RU�ZLOO�H[LVW�LQ�WKHHQWLUH 8QLYHUVH�� DQG� LW� SURYLGHV� WKHRUHWLFDO� IRXQGDWLRQV� IRU� GHYHORSLQJ� YDULRXV� WHFKQLTXHV�(63� K\SQRVLV�� PHGLWDWLRQV�� SV\FKLF� KHDOLQJ�� GUHDPV�� WKDW� DOORZ� XV� WR� DFFHVV� WKLVLQIRUPDWLRQ DQG�WR�JDLQ�IURP�LW�WKH�YDULRXV�EHQHILWV�DSSOLFDEOH�LQ�HYHU\�ILHOG�RI�KXPDQ�DFWLYLW\�$V WKH�UHVHDUFK�LQWR�GLSRODU�JUDYLW\�UHYHDOV��RXU�FLYLOL]DWLRQ�KDV�H[SORLWHG�WKLV�QDWXUDOVRXUFH RI�LQIRUPDWLRQ�IRU�FHQWXULHV��FROOHFWLQJ�IURP�WKH�HWKHU�GDWD�RQ�XQGHUJURXQG�UHVRXUFHVRI ZDWHU�DQG PLQHUDOV��GRZVLQJ���DERXW�WKH�KHDOWK�RI�SHRSOH�DQG�DQLPDOV��KHDOLQJ���HWF��%XWHYHU\WKLQJ ZH�KDYH�DFKLHYHG�LQ�WKLV�ILHOG�XS�WR�QRZ�LV�RQO\�DQ�LQWURGXFWLRQ��7KH�&RQFHSW�RI'LSRODU *UDYLW\�SDYHV� WKH�ZD\� WR�GHYHORSLQJ� IXUWKHU� WHFKQLTXHV�ZKLFK�ZLOO�SURYLGH�IDU�PRUHVLJQLILFDQW EHQHILWV� LQ� WKH� QHDU� IXWXUH�� )RU� H[DPSOH�� GHVLJQHUV� FDQ� JDLQ� IURP�HWKHU� DOO� WKHXQNQRZQ WHFKQLFDO� GHWDLOV�RI� WKHLU�SURMHFWV��&RQVWUXFWRUV�PD\� ILQG� WKH�EHVW�SDUDPHWHUV� IRUWKHLU ZRUN�� WKH�EHVW�PDWHULDOV�DQG� WKH�PRVW�XVHIXO� WHFKQRORJLHV� IRU� WKHLU�PRGHOV�� ,QYHQWRUVPD\ YDOLGDWH�DQG�LPSURYH�WKHLU�LGHDV��$OO�WKHVH�SRVVLELOLWLHV�FRXOG�EH�H[WUHPHO\�XVHIXO�ZKHQDSSOLHG WR� FRPSOHWHO\� QHZ� WHFKQLFDO� FRQFHSWV� VXFK� DV� WKH� 2VFLOODWRU\� &KDPEHU� DQG� WKH0DJQRFUDIW� 7KLV�LV�WKH�UHDVRQ�ZK\�WKH�DXWKRU�LV�GHYRWLQJ�D�ORW�RI�HIIRUW�WR�LQYHVWLJDWH�WKHVHQHZ GLUHFWLRQV�RI� FUHDWLYH�ZRUN� DQG� WR� VHHN�VRPH� UHOLDEOH�PHWKRGRORJLHV�RI� XWLOL]LQJ� WKHPWHFKQLFDOO\�7KH &RQFHSW� RI� 'LSRODU� *UDYLW\� DOVR� SURYLGHV� D� QXPEHU� RI� QRQ�PDWHULDO� EHQHILWVFRQFHUQLQJ RXU� LQWHOOHFWXDO� GHYHORSPHQW�� ,W� VXSSOLHV� H[SODQDWLRQV� IRU� WKH� YDVW� ERG\� RIREVHUYDWLRQV SUHYLRXVO\� WUHDWHG� DV� XQH[SODLQHG� �H�J�� WHOHNLQHVLV� DQG� LWV� KXPDQ� YHUVLRQVRPHWLPHV FDOOHG� SV\FKRNLQHVLV�� FODLUYR\DQFH�� WHOHSDWK\�� QHDU�GHDWK� H[SHULHQFH�VSRQWDQHRXV KXPDQ� FRPEXVWLRQ�� ILUH�ZDONLQJ�� HWF���� ,W� UHSDLUV� WKH� LQDGHTXDFLHV� LQ� WKHGHVFULSWLRQ RI�RXU�8QLYHUVH�GLVVHPLQDWHG�E\�FRQWHPSRUDU\�SK\VLFV��,W�FUHDWHV�D�YDOXDEOH�OLQNIRU�WKH�VHSDUDWH�DUHDV�RI�LQWHOOHFWXDO�DFWLYLW\��,W�LQVSLUHV�LQWHOOHFWXDO�LQYHVWLJDWLRQV�LQ�FRPSOHWHO\QHZ GLUHFWLRQV��,W�DOVR�IRUPV�D�UDWLRQDOH�IRU�WKH�SKLORVRSKLFDO�SULQFLSOH�WKDW�HYHU\�JRDO�ZKLFKLW�LV�SRVVLEOH�WR�LPDJLQH�LV�DOVR�SRVVLEOH�WR�DFKLHYH �FRPSDUH�VXEVHFWLRQV�(��ZLWK�'���7KHUH DUH�QXPHURXV�VSHFXODWLYH�FRQFHSWV��H�J��FRPSOH[�QXPEHUV�DQG�Q�GLPHQVLRQDOVSDFHV�LQ�PDWKHPDWLFV��WKH�FRQFHSW�RI�HQHUJ\�LQ�VFLHQFHV��LQ�FRPPRQ�XVH�ZKLFK�VR�IDU�KDYHQR H[LVWLQJ�HTXLYDOHQWV�LQ�SK\VLFDO�ZRUOG�EXW�ZKLFK�KDYH�SURYHG�WKHPVHOYHV�WR�EH�H[WUHPHO\XVHIXO DQG� SUDFWLFDO�� 7KH� YDULRXV� EHQHILWV� DQG� FRQYHQLHQW� H[SODQDWLRQV� LQWURGXFHG� E\� WKH&RQFHSW RI�'LSRODU�*UDYLW\��PD\�TXDOLI\�LW�DOVR�DV�VLPLODUO\�XVHIXO�DQG�SUDFWLFDO��7KHUHIRUH��LQRUGHU QRW� WR� ZDVWH� WKH� SRWHQWLDOV� RI� WKLV� &RQFHSW� E\� ZDLWLQJ� XQQHFHVVDULO\� IRU� LWV� RIILFLDOUHFRJQLWLRQ E\�LQVWLWXWLRQDO�VFLHQFH��VRPH�SHRSOH�PD\�LQVWDQWDQHRXVO\�DFFHSW�LW�RQ�WKH�EDVLVRI�LWV�SUDFWLFDOLW\��DQG�WKXV�SXW�LW�LPPHGLDWHO\�LQWR�JRRG�XVH�7KH &RQFHSW�RI�'LSRODU�*UDYLW\�LV�IRUPXODWHG�LQ�VXFK�D�PDQQHU�WKDW�HYHU\�DVSHFW�FDQEH YHULILHG�H[SHULPHQWDOO\��7KLV�&RQFHSW�UHYHDOV�D�QXPEHU�RI�SRVWXODWHV�DQG�SULQFLSOHV�ZKLFKDOORZ XV�WR�ZRUN�RXW�DQG�WR�FRPSOHWH�REMHFWLYH�H[SHULPHQWV�WKDW�FRQILUP�LWV�YDOLGLW\��$Q�H[DPSOHRI�VXFK�H[SHULPHQWDO�FRQILUPDWLRQ��ZKLFK�FDQ�EH�FRPSOHWHG�E\�DOPRVW�HYHU\�UHDGHU��LV�RXWOLQHGLQ�VXEVHFWLRQ�'����7KHUHIRUH�ZKRHYHU�LV�ZLOOLQJ�WR�JHW��KDUG��SURRI�WKDW�WKLV�&RQFHSW�LV�FRUUHFW�KH�VKH�PD\�REWDLQ�WKLV�SURRI�HDVLO\�)RU WKRVH�SHRSOH�ZKR�DUH� SUHSDUHG� WR� UHO\� RQ� WKH� YDOLGDWLRQ� URXWLQHV� FRPSOHWHG� E\VRPHRQH HOVH�� WKLV� FKDSWHU� DORQH� VXSSOLHV� D� YDVW� DPRXQW� RI� HYLGHQFH� DQG� FRPSOHWHG
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H[SHULPHQWV ZKLFK�FRQILUP�WKH�FRUUHFWQHVV�RI�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\��)XUWKHU�VLPLODUHYLGHQFH LV�SUREDEO\�SDUW�RI�DOPRVW�HYHU\�UHDGHU
V�H[SHULHQFH��6R�OHW�XV�FRPELQH�RXU�HIIRUWVLQ WKH� EHVW� XVH� RI� WKH� HYLGHQFH� DQG� SURRI� DOUHDG\� DYDLODEOH�� WR� DFKLHYH� D� VSHHG\LPSOHPHQWDWLRQ�RI�WKLV�YHU\�KXPDQLVWLF��SRVLWLYH�DQG�H[WUHPHO\�XVHIXO�LGHD�
'���:K\�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�ZDV�IRUPXODWHG
,Q �����WKH�JUHDW�)UHQFK�SK\VLFLVW��/RXLV�'H%URJOLH��SXEOLVKHG�KLV�LPSRUWDQW�GLVFRYHU\ZKLFK LV� VRPHWLPHV� FDOOHG� WKH� �3ULQFLSOH� RI� WKH� 6\PPHWU\� RI� 1DWXUH��� +LV� 3ULQFLSOH� ODLG� DWKHRUHWLFDO IRXQGDWLRQ� IRU� WKH� GHYHORSPHQW� RI� QHZ� GLUHFWLRQV� LQ� SK\VLFV�� $FFRUGLQJ� WR� WKLV3ULQFLSOH LQ� RXU� 8QLYHUVH� HYHU\WKLQJ� LV� VWULNLQJO\� V\PPHWULFDO� LQ� PDQ\� ZD\V�� 6RPH� PRUHFRPPRQ PDQLIHVWDWLRQV�RI�WKLV�V\PPHWU\�ZHUH�GLVFXVVHG�LQ�FKDSWHU�&��)RU�H[DPSOH�� LI�DQ\SDUWLFOH LV� NQRZQ�� LWV� DQWLSDUWLFOH� PXVW� DOVR� H[LVW� �H�J�� HOHFWURQ� DQG� SRVLWURQ�� SURWRQ� DQGDQWL�SURWRQ� HWF���$OVR�HYHU\�SKHQRPHQRQ�KDV�LWV�RZQ�DQWL�SKHQRPHQRQ��H�J��IULFWLRQ�DQG�WKH7HOHNLQHWLF (IIHFW���,I�ZH�ILQG�DQ�H[FHSWLRQ�WR�WKLV�V\PPHWU\��LW�LV�REYLRXV�WKDW�LWV�DQWL�SDUWQHU�VWLOOUHPDLQV XQGLVFRYHUHG��7KH�JUDYLWDWLRQDO� ILHOG�LV�VXFK�DQ�H[FHSWLRQ��7KHUHIRUH�WKH� LQWHQVLYHVHDUFK�IRU�LWV�DQWL�SDUWQHU�LV�IXOO\�MXVWLILHG�2Q WKH�DERYH�SUHPLVHV�WKH�RQO\�FRQFHSW�RI�JUDYLWDWLRQDO�ILHOG�ZKLFK�LV�VWLOO�LQ�FRPPRQXVH ZDV�IRUPXODWHG��%HFDXVH�WKLV�FRQFHSW�DVVXPHV�WKH�DQDORJ\�RI�JUDYLW\�WR�DOO�PRQRSRODUILHOGV� VR� LQ� WKLV� WUHDWLVH� LW�ZLOO� EH�FDOOHG� WKH� �FRQFHSW�RI�PRQRSRODU�JUDYLW\���2QH�RI� WKHSURGXFWV�RI�WKH FRQFHSW�RI�PRQRSRODU�JUDYLW\�LV�WKH�VSHFXODWLRQ�RQ�WKH�SRVVLELOLW\�RI�SURGXFLQJUHSXOVLYH JUDYLWDWLRQDO� LQWHUDFWLRQV� �L�H�� DQ� DQWLSKHQRPHQRQ� WR� JUDYLW\��ZKLFK� DUH� SRSXODUO\FDOOHG��DQWLJUDYLW\��6LQFH EHJLQQLQJ�KLV�UHVHDUFK�RQ�PDJQHWLF�SURSXOVLRQ�� WKH�DXWKRU�RI� WKLV�WUHDWLVH�KDVSDLG VSHFLDO� DWWHQWLRQ� WR� WKH� ZRUN� GRQH� RQ� DQWLJUDYLW\�� $QDO\VLQJ� FDUHIXOO\� WKH� H[SHFWHGSURSHUWLHV�DQG�DELOLWLHV�RI�WKH�DQWLJUDYLWDWLRQDO�ILHOG��KH�FDPH�WR�WKH�FRQFOXVLRQ�WKDW�DQWLJUDYLW\LV FRQWUDGLFWLYH�WR�WKH�QDWXUDO�RUGHU�RI�WKLQJV��6RPH�GHGXFWLRQV�LQ�WKLV�PDWWHU�DUH�FRQWDLQHGLQ�FKDSWHU�&�RI�WUHDWLVH�>�@��7R�UHYHDO�WKH�ORJLFDO�HUURU�FRPPLWWHG�E\�WKH�FUHDWRUV�RI�WKH�FRQFHSWRI PRQRSRODU�JUDYLW\��ZKLFK�OHDGV�WR�WKH�SUHVHQW�PLVLQWHUSUHWDWLRQ�RI�RXU�8QLYHUVH��WKH�DXWKRUUHYLHZHG WKH�HQWLUH�GHGXFWLRQ�WKDW�IRUPXODWHG�WKLV�FRQFHSW��7KH�HUURU�ZDV�IRXQG�DW�WKH�YHU\EHJLQQLQJ��,W�GHSHQGV�RQ�DVVXPLQJ��D�SULRUL���L�H��ZLWKRXW�DQ\�YHULILFDWLRQ��WKDW�WKH�JUDYLWDWLRQDOILHOG EHORQJV WR�WKH�JURXS�RI�PRQRSRODU�ILHOGV��+RZHYHU��ZH�NQRZ�WKDW�LQ�QDWXUH�WZR�HQWLUHO\GLIIHUHQW JURXSV�RI�ILHOGV�FRH[LVWV��L�H��PRQRSRODU�DQG�GLSRODU��7KHUHIRUH�LQ�RUGHU�WR�GLVFRYHUWKH�WUXWK�DERXW�JUDYLWDWLRQDO�LQWHUDFWLRQV��QRW�RQH�EXW�WZR GLIIHUHQW FRQFHSWV�RI�WKH�JUDYLWDWLRQDOILHOG PXVW�EH�FRQVLGHUHG��,Q�ERWK�WKHVH�FRQFHSWV�WKH�IROORZLQJ�WZR�SRVVLEOH�QDWXUHV�RI�JUDYLW\PXVW�EH�YHULILHG��(��0RQRSRODU��(��'LSRODU�/HW XV�KDYH�D�FORVH� ORRN�DW� WKHVH� WZR�FRQFHSWV��DQDO\VLQJ�ZKLFK�RQH�RI� WKHP� IXOILOV�PRUHH[WHQVLYHO\�WKH�UHTXLUHPHQWV�RI�WKH�3ULQFLSOH�RI�6\PPHWU\�RI�1DWXUH�7KH �FRQFHSW�RI�PRQRSRODU�JUDYLW\��VR�IDU� LV�WKH�RQO\�FRQFHSW�FRQVLGHUHG�DW�DOO E\FRQWHPSRUDU\ VFLHQFH��7KH�JUDYLWDWLRQDO� ILHOG� LQ� WKLV�FRQFHSW� LV�HTXLYDOHQW� WR�DOO�PRQRSRODUILHOGV�H[LVWLQJ�LQ�QDWXUH��IRU�H[DPSOH��HOHFWULF�ILHOG��SUHVVXUH��HWF��-XVW�DV�SRVLWLYH�DQG�QHJDWLYHHOHFWULF FKDUJHV�H[LVW��RXU�VFLHQFH�DOVR�DFNQRZOHGJHV�WKH�H[LVWHQFH�RI��PDWWHU����SURGXFLQJDQ�DWWUDFWLYH�JUDYLWDWLRQDO�ILHOG��L�H���JUDYLW\����DQG �DQWLPDWWHU����ZKLFK�LV�WR�SURGXFH�D�UHSXOVLYHJUDYLWDWLRQDO ILHOG��L�H���DQWLJUDYLW\����%HFDXVH�WKH�FRQFHSW�RI�PRQRSRODU�JUDYLW\�DVVXPHV�WKDW
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PDWWHU DQG DQWLPDWWHU�PXVW�VWURQJO\� UHSHO� HDFK�RWKHU�� WKHVH�VXEVWDQFHV�VKRXOG�VHJUHJDWHDQG ERWK�VKLIW� WR�RSSRVLWH�VLGHV�RI� WKH�8QLYHUVH�FUHDWLQJ��ZRUOG��DQG��DQWLZRUOG���7KXV�� WKHDGKHUHQWV RI�WKH�FRQFHSW�RI�PRQRSRODU�JUDYLW\�DUH�FRQWLQXDOO\�VFDQQLQJ�WKURXJK�WKH�JDOD[LHVLQ�VHDUFK�RI�WKH��DQWLZRUOG��ZKHUH�DQWLPDWWHU�ZRXOG�EH�FRQFHQWUDWHG�,QYHVWLJDWLRQV WR�GDWH� KDYH� QRW� RQO\� IDLOHG� WR� UHYHDO� DQ\� HYLGHQFH� FRQILUPLQJ� WKHFRUUHFWQHVV RI�WKH�FRQFHSW�RI�PRQRSRODU�JUDYLW\��H�J��LQ�VSLWH�RI�LQWHQVLYH�VHDUFKHV�DQWLZRUOGQRU�DQWLPDWWHU�QHYHU�ZHUH�IRXQG���EXW�KDYH�HYHQ�HQFRXQWHUHG�HYLGHQFH�ZKLFK�VWURQJO\�QHJDWHVLW��H�J��VHH�WKH�HYLGHQFH�GLVFXVVHG�LQ�WKH�QH[W�SDUW�RI�WKLV�VXEVHFWLRQ��$Q\ LQ�GHSWK DQDO\VLV�RI�WKH�FRQFHSW�RI�PRQRSRODU�JUDYLW\�PXVW�OHDG�WR�WKH�LQHYLWDEOHFRQFOXVLRQ WKDW� WKLV� FRQFHSW�� LQVWHDG� RI� FRUUHVSRQGLQJ� WR�� LV� HQWLUHO\� FRQWUDGLFWRU\� WR� WKH3ULQFLSOH RI�WKH�6\PPHWU\�RI�1DWXUH��7KHUHIRUH��WR�FRQVWUXFW�D�PRUH�UHDOLVWLF�PRGHO�RI�UHDOLW\�WKH DXWKRU�GHVLJQHG�DQ�DOWHUQDWLYH�FRQFHSW�RI�JUDYLW\�ZKLFK� LV�FDOOHG�KHUH�WKH��&RQFHSW�RI'LSRODU�*UDYLW\���7KH�&RQFHSW�RI�'LSRODU�*UDYLW\�KDV�QHYHU�EHHQ�IRUPXODWHG�RU�FRQVLGHUHG�E\RXU VFLHQFH��7KH�DXWKRU�RI�WKLV�WUHDWLVH�LV�WKH�ILUVW�SHUVRQ�WR�SURSRVH��ZRUN�RXW��DQG�SXEOLVKLW� ,Q� WKH� DXWKRU
V� &RQFHSW�� JUDYLW\� GLVSOD\V� VLPLODULWLHV� WR� DOO� GLSRODU� ILHOGV�� H�J��PDJQHWLF�K\GUDXOLF �L�H��IORZV�RI�PHGLXPV���HWF��-XVW�DV�LQ�D�PDJQHWLF�ILHOG�WZR�VHSDUDWH�SROHV��1�DQG6� H[LVW��VLPLODUO\�WZR�RSSRVLWH�SROHV�DOVR�DSSHDU�LQ�WKH�JUDYLWDWLRQDO�ILHOG��%XW�EHFDXVH�RI�WKHFRQFHQWULF QDWXUH�RI� JUDYLW\�� WKH� VHFRQG��RSSRVLWH�SROH�RI� WKH�JUDYLWDWLRQDO� ILHOG� LV�GLUHFWHG�LQZDUGV� DQG�SUHYDLOV�ZLWKLQ�D�VHSDUDWH�ZRUOG��H[LVWLQJ�SDUDOOHO�WR�WKH�ZRUOG�UHFRJQL]DEOH�WRRXU VHQVHV�� 7KXV�� WKH� &RQFHSW� RI� 'LSRODU� *UDYLW\� LQGLFDWHV� WKH� QHFHVVLW\� RI� D� SDUDOOHOH[LVWHQFH LQ�WKH�VDPH�VSDFH�RI�WZR�VHSDUDWH�ZRUOGV��WKH�ILUVW�RQH�RI�ZKLFK��L�H��WKH�ZRUOG�RIPDWWHU� LV� UHFRJQL]DEOH� WR� RXU� VHQVH� RUJDQV�� ZKHUHDV� WKH� VHFRQG� RQH� �L�H�� WKH� ZRUOG� RILQWHOOHFW� LV� FORVHG� WR� RXU� VHQVHV� EXW� RSHQ� WR� ([WUD�6HQVRU\� 3HUFHSWLRQ� �(63��� 6XFK� DFRQVWLWXWLRQ RI� RXU� 8QLYHUVH� LQWURGXFHV� D� QXPEHU� RI� SUDFWLFDO� FRQVHTXHQFHV�� ZKLFK� DUHH[SODLQHG LQ�VXEVHFWLRQV�WKDW�IROORZ��%XW�XQOLNH�DQWLJUDYLW\��WKH�H[LVWHQFH�RI�WKH��RWKHU�SROH�RIJUDYLW\� �FDOOHG� �FRXQWHU�JUDYLW\�� LQ� WKLV� WUHDWLVH��GRHV�QRW�DOWHU�RU� LQIOXHQFH� LQ�DQ\�ZD\� WKHEHKDYLRXU RI�RXU�ZRUOG�DV�ZH�NQRZ�LW��7KHUHIRUH�LW�LV�YHU\�GLIILFXOW�WR�GHWHFW�LW�ZLWK�RXU�SUHVHQWLQVWUXPHQWV� 2Q�WKH�RWKHU�KDQG�WKH�H[LVWHQFH�RI�WKH�RWKHU�SROH�RI�JUDYLW\�RSHQV�IRU�VFLHQWLILFLQYHVWLJDWLRQ�DQ�LQFUHGLEO\�ZLGH�UDQJH�RI�SV\FKLF�SKHQRPHQD�DQG�SUHVHQWO\�XQH[SODLQHG�IDFWV�7KXV WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�UDSLGO\�H[WHQGV�RXU�KRUL]RQV�LQWR�KLWKHUWR�XQUHFRJQL]HGILHOGV��ZLWKRXW�WKH�QHFHVVLW\�RI�UH�GHILQLQJ�RXU�SUHVHQW�ODZV�$IWHU WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�ZDV�IRUPXODWHG��WKH�DXWKRU�EHJDQ�KLV�VHDUFK�IRUHYLGHQFH ZKLFK�ZRXOG�FRQILUP�WKH�FRUUHFWQHVV�RI�WKLV�QHZ�PRGHO�RI�UHDOLW\��$V�D�UHVXOW�RI�KLVUHVHDUFK KH�UHYHDOHG�D�ZHDOWK�RI�HYLGHQFH�ZKLFK�VXSSRUWV�KLV�FODLPV��2Q�WKH�RWKHU�KDQG�QRHYHQ D VLQJOH�IDFW�KDV�KLWKHUWR�EHHQ�IRXQG�ZKLFK� LV�FRQWUDGLFWLYH�WR�WKH�&RQFHSW�RI�'LSRODU*UDYLW\� %HORZ�DUH�VXPPDUL]HG�WKH�PRVW�LPSRUWDQW�IDFWV�ZKLFK�>
@�VWURQJO\�QHJDWH�PRQRSRODUJUDYLW\�DQG�VLPXOWDQHRXVO\�>�@�FRQILUP�WKH�FRUUHFWQHVV�RI�LWV�GLSRODU�FKDUDFWHU�����7KH�NLQG�RI�IRUFH�LQWHUDFWLRQV�H[LVWLQJ�EHWZHHQ�WKH�FDUULHUV�RI�WKH�JUDYLWDWLRQDO�ILHOG�L�H��SDUWLFOHV�RI�PDWWHU���$V�ZH�NQRZ��WKHVH�SDUWLFOHV�VHHP�WR�DWWUDFW�HDFK�RWKHU��IRUPLQJ�WKHZHOO�NQRZQ�JUDYLWDWLRQDO�SXOO�WKDW�SUHYDLOV�EHWZHHQ�DOO�SRVVLEOH�FOXVWHUV�RI�PDWWHU�>
@ LQ DOO� 021232/$5� ILHOGV� FDUULHUV� RI� WKH� OLNH� SROHV� UHSHO� RQH� DQRWKHU�� 7KHLQWHUDFWLRQV RFFXUULQJ�EHWZHHQ�OLNH�HOHFWULFDO�FKDUJHV��H�J��SRVLWLYH�FKDUJHV�UHSHOOLQJ�DOO�RWKHUSRVLWLYH FKDUJHV�� DV�ZHOO� DV� WKRVH� RFFXUULQJ� EHWZHHQ� SDUWLFOHV� RI� JDVHV� IRUPLQJ� SUHVVXUHILHOGV �H�J��WHQGHQF\�WR�GHFRPSUHVV��DUH�WKH�EHVW�H[DPSOHV�RI�VXFK�D�UHSXOVLRQ��7KHUHIRUH�LI�JUDYLW\�ZRXOG�KDYH�D�PRQRSRODU�FKDUDFWHU��WKH�SDUWLFOHV�RI�PDWWHU�VKRXOG�UHSHO�RQH�DQRWKHU�QRW�DWWUDFW��7KLV�ODFN�RI�UHSXOVLRQ�GHQLHV�WKH�PRQRSRODU�FKDUDFWHU�RI�JUDYLW\�>�@�DURXQG�SROHV�RI�DOO�',32/$5�ILHOGV��FDUULHUV�RI�WKHVH�ILHOGV�H[HUW�D�G\QDPLF�SUHVVXUH



D-5

�GHVFULEHG E\� %HUQRXOOL
V� (TXDWLRQ�� ZKLFK� FRPSUHVVHV� WKHP� WRJHWKHU�� 7KLV� SUHVVXUHPDQLIHVWV LWVHOI� LQ� WKH� IRUP� RI� IRUFHV� WKDW� SXOO� WKH� ILHOG
V� FDUULHUV� WRJHWKHU�� PDNLQJ� DQLPSUHVVLRQ DV�LI�WKH\�DWWUDFW�HDFK�RWKHU��)RU�H[DPSOH��WKHUH�LV�D�ZHOO�NQRZQ�SKHQRPHQRQRI SXOOLQJ� D SLQJ�SRQJ� EDOO� LQWR� D� IRXQWDLQ
V� ZDWHU� VWUHDP� DQG� WKHQ� KROGLQJ� WKLV� EDOOVXVSHQGHG ZLWKLQ� WKH�VWUHDP��7KH� IRUFHV� WKDW�SXOO� WKLV�EDOO�DUH� WKH�VDPH�RQHV� WKDW�ZH�DUHWDONLQJ DERXW��L�H��%HUQRXOOL
V�G\QDPLF�SUHVVXUHV�SUHYDLOLQJ�DW�RXWOHWV�IURP�SROHV���7KH�IRUFHVRI�JUDYLWDWLRQDO�SXOO�VHHP�WR�EH�DQ�H[DFW�HTXLYDOHQW�WR�WKLV�G\QDPLF�SUHVVXUH�GLUHFWHG�LQZDUGVWKDW DSSHDUV�LQ�DOO�GLSRODU�ILHOGV��7KLV�FRQILUPV�WKDW�JUDYLW\�EHKDYHV�DV�D�GLSRODU�UDWKHU�WKDQD�PRQRSRODU�ILHOG���� 7KH� FRPSOHWH� ODFN� RI� HYLGHQFH� IRU� WKH� H[LVWHQFH�RI� WZR�RSSRVLWH�PRQRSROHV� RIJUDYLW\� FRPELQHG�ZLWK� WKH� VLPXOWDQHRXV�ZHDOWK� RI� HYLGHQFH� FRQILUPLQJ� WKH� H[LVWHQFH�RI� DJUDYLWDWLRQDO�GLSROH�$V ZH�NQRZ��LQ�DOO�PRQRSRODU�ILHOGV�WZR�RSSRVLWH�W\SHV�RI�ILHOG�FDUULHUV��H�J��SRVLWLYHVDQG QHJDWLYHV��DUH�VHSDUDWHG�E\�D�VSDFH�VXEMHFWHG�WR�WKH�DFWLRQ�RI�WKHVH�PRQRSROHV��%XW�LQGLSRODU ILHOGV� WKH� VLWXDWLRQ� LV� UHYHUVHG�� L�H�� WZR� GLIIHUHQW� VSDFHV� LQ� ZKLFK� RSSRVLWH� ILHOGFRQGLWLRQV SUHYDLO� DUH� VHSDUDWHG� IURP� HDFK� RWKHU� E\� WKH� ILHOG� FDUULHUV� �GLSROHV�� EHLQJVXEMHFWHG�WR�WKH�DFWLRQ�RI�WKHVH�VSDFHV�>
@�LI�JUDYLW\�KDV�D�021232/$5�FKDUDFWHU��WKH�VHFRQG��RSSRVLWH�WR�PDWWHU��PRQRSROHVRI JUDYLW\� VKRXOG� EH� IRXQG�� %XW� VR� IDU� RXU� KLJKO\� VRSKLVWLFDWHG� QXFOHDU� H[SHULPHQWV� KDYHUHYHDOHG RQO\� SDUWLFOHV� DQG� DQWLSDUWLFOHV� ZKLFK� GLIIHU� HOHFWULFDOO\� EXW� ZKLFK� DUH� LGHQWLFDO� LQJUDYLWDWLRQDO XQGHUVWDQGLQJ�� 7KXV�� DOO� NQRZQ� SDUWLFOHV� DQG� DQWLSDUWLFOHV� UHSUHVHQW� RQO\� WZRPDLQ HOHFWULFDO� FRPSRQHQWV�RI� WKH�VDPH�PDWWHU�DQG�GR�QRW�FRQVWLWXWH�RSSRVLWH�PRQRSROHVRI�JUDYLW\��2XU�VRSKLVWLFDWHG�VFLHQFH�FRQVLVWHQWO\�IDLOV�WR�ILQG�PRQRSROHV�RI�JUDYLW\�>�@ LQ�',32/$5�JUDYLW\��WKH�8QLYHUVH�ZRXOG�EH�FRPSRVHG�RI�WZR�VHSDUDWH�VSDFHV��RUZRUOGV� LQ�ZKLFK�WZR�RSSRVLWH�W\SHV�RI�JUDYLWDWLRQDO�LQWHUDFWLRQV�ZRXOG�SUHYDLO��H�J��DWWUDFWLRQLQ RXU�ZRUOG�DQG�UHSXOVLRQ�LQ�WKLV�RWKHU�RQH���7KHUHIRUH��WKH�VDPH�ODZV�DQG�SKHQRPHQD��EXWREVHUYHG ZLWKLQ� HDFK� RQH� RI� WKHVH� WZR� ZRUOGV�� ZRXOG� DOVR� GLVSOD\� GUDVWLF� GLIIHUHQFHV�GHSHQGLQJ RQ�ZKLFK�VLGH�RI�WKH�JUDYLWDWLRQDO�GLSROH�WKH\�DUH�PDQLIHVWHG��$V�D�PDWWHU�RI�IDFW�ZH�DOUHDG\�NQRZ�IURP�SK\VLFV�H[DPSOHV�RI�VXFK�GXDO�EHKDYLRXUV��7KHVH�DUH�UHJLVWHUHG�XQGHUWKH QDPH� �ZDYH�SDUWLFOH�GXDOLW\� RI� QDWXUH���2QH�RI� WKH�PDQLIHVWDWLRQV�RI� WKLV�GXDOLW\� LV� WKHFRQWHPSRUDU\ FRH[LVWHQFH�RI� WKH�FRUSXVFXODU�DQG�ZDYH� WKHRULHV�RI� OLJKW��$V� LW� LV�TXRWHG� LQVRPH ERRNV��3K\VLFLVWV�KDYH�EHHQ�MRNLQJO\�DFFXVHG�RI�EHOLHYLQJ�LQ�OLJKW�ZDYHV�RQ�0RQGD\V�:HGQHVGD\V� DQG� )ULGD\V� DQG� LQ� SKRWRQV� RQ� 7XHVGD\V�� 7KXUVGD\V�� DQG� 6DWXUGD\V�� �VHH>�'�@� 2�+��%ODFNZRRG�DQG�RWKHUV���*HQHUDO�3K\VLFV����WK�HGLWLRQ��-RKQ�:LOH\�	�6RQV��,QF������ SDJH�������2QH�RI�WKH�VLPSOHVW�DQG�DW�WKH�VDPH�WLPH�WKH�PRVW�VDWLVIDFWRU\�H[SODQDWLRQRI WKLV� GXDOLW\� FDQ� EH� GHULYHG� IURP� WKH� &RQFHSW� RI� 'LSRODU� *UDYLW\�� $FFRUGLQJ� WR� LW�� WKHFRQVHTXHQFHV RI�WKH�FRUSXVFXODU�DQG�ZDYH�WKHRULHV�RI�OLJKW�RULJLQDWH�IURP�WKH�VLPXOWDQHRXVGLVWULEXWLRQ RI� OLJKW�VLJQDOV�ZLWKLQ� WKH�WZR�GLIIHUHQW�ZRUOGV��'HSHQGLQJ�LQ�ZKLFK�RI� WKHVH�WZRZRUOGV OLJKW�VLJQDOV�DUH�REVHUYHG�E\�D�JLYHQ�LQVWUXPHQW�� WKH�FRUSXVFXODU�RU�ZDYH�DVSHFW�RIOLJKW�LV�PDQLIHVWHG��7KLV�DJDLQ�FRQILUPV�WKDW�WKH�DFWLRQ�RI�WKH�JUDYLWDWLRQDO�GLSROH�LV�DOUHDG\UHJLVWHUHG�LQ�SK\VLFV�����$OO�DWWHPSWV�WR�GHWHFW�WKH�H[LVWHQFH�RI�WZR�RSSRVLWH�PRQRSRODU�ZRUOGV��L�H��RXU�ZRUOGDQG �DQWLZRUOG���KDYH�IDLOHG��ZKHUHDV�WKHUH�DUH�DOUHDG\�UHJLVWHUHG�ZRUOGV�IURP�ERWK�VLGHV�RIWKH�JUDYLWDWLRQDO�GLSROH�>
@ LQ�021232/$5�JUDYLW\�WKH�RSSRVLWH�ZRUOG��FDOOHG�DQWLZRUOG��LV�FODLPHG�WR�EH�UHSHOOHGIURP RXU�ZRUOG��VR� LW�VKRXOG�EH�VKLIWHG� LQWR�D�UHPRWH�FRUQHU�RI� WKH�8QLYHUVH��7KHUHIRUH�WKLVZRUOG FRXOG� EH� GHWHFWHG� RQO\� LQ� DQ� DVWURQRPLFDO� PDQQHU�� %XW� DOPRVW� WZR� FHQWXULHV� RI
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DVWURQRPLFDO�VHDUFK�KDV�QRW�UHYHDOHG�HYHQ�D�WUDFH�RI�WKH�DQWLZRUOG RU�DQWLPDWWHU�IURP�ZKLFKLW ZRXOG�EH�FRQVWLWXWHG��$V�LW�LV�VWDWHG�LQ�WKH�ERRN�>�'�@���:RUOGV���$QWLZRUOGV���E\�3URIHVVRU+DQQHV�$OIYHQ�RI�WKH�5R\DO�,QVWLWXWH�RI�7HFKQRORJ\��6WRFNKROP��6ZHGHQ���D�ZLGHO\�UHFRJQL]HGH[SHUW LQ� DQWLPDWWHU�� �7KHUH� LV� QR� GHILQLWH� HYLGHQFH� IRU� WKH� H[LVWHQFH� RI� DQWLPDWWHU� LQ� WKHFRVPRV���7KLV�DJDLQ�GHQLHV�WKH�PRQRSRODU�FKDUDFWHU�RI�JUDYLW\�>�@�LI�JUDYLW\�KDV�D�',32/$5�FKDUDFWHU��WKH�ZRUOG�IURP�WKH�RWKHU�VLGH�RI�WKH�JUDYLWDWLRQDOGLSROH�PXVW�RFFXS\�WKH�SDUDOOHO�VSDFH�WR�RXU�ZRUOG��,Q�IDFW�D�WHFKQLTXH�ZKLFK�UHYHDOV�D�SDUDOOHOFRH[LVWHQFH RI�WKH�VDPH�REMHFW� LQ�WZR�VHSDUDWH�ZRUOGV� LV�DOUHDG\�NQRZQ��7KLV�WHFKQLTXH�LVFDOOHG �.LUOLDQ� SKRWRJUDSK\��� ,Q� WKLV� SKRWRJUDSK\� VRPH� GDPDJHG� REMHFWV� VWLOO� UHYHDO� SDUWVZKLFK LQ�WKH SK\VLFDO�ZRUOG�DUH�VHSDUDWHG�IURP�WKHP��H�J��SKRWRJUDSKV�RI�GDPDJHG�OHDYHVPD\ VKRZ� WKH� RXWOLQHV� RI� WKH� PLVVLQJ� SDUWV��� 7KXV� WKH� SKRWRJUDSKLF� LPDJHV� IURP� WKHFRXQWHU�ZRUOG�DUH�DOUHDG\�UHFRUGHG��7KH�DERYH�SURYLGHV�IXUWKHU�HYLGHQFH�WKDW�WKH�EHKDYLRXURI�WKH�8QLYHUVH�LV�JRYHUQHG�E\�'LSRODU�*UDYLW\���7KH DERYH� H[DPSOHV� GR� QRW� H[KDXVW� DOO� WKH� HYLGHQFH� ZKLFK� FRQILUPV� WKH� GLSRODUFKDUDFWHU RI�JUDYLW\��DQG�ZKLFK�VLPXOWDQHRXVO\�GHQLHV� WKH�PRQRSRODU�XQGHUVWDQGLQJ�RI� WKLVILHOG SUHVHQWO\�DGKHUHG�WR��)XUWKHU�H[DPSOHV�RI�WKLV�HYLGHQFH�PD\�EH�IRXQG�LQ�YDULRXV�RWKHUGLVFLSOLQHV� VXFK� DV� UHOLJLRQ�� SDUDSV\FKRORJ\�� PHGLFLQH�� RUQLWKRORJ\�� HWF�� %HFDXVH� ERWKFRQFHSWV RI�JUDYLW\�FRQWUDGLFW�HDFK�RWKHU��DQG�RQO\�RQH�RI�WKHP�FDQ�EH�FRUUHFW��WKH�H[LVWLQJHYLGHQFH VKRZV�WKDW�RXU�SUHVHQW�XQGHUVWDQGLQJ�RI�WKH�JUDYLWDWLRQDO�ILHOG�LV�HQWLUHO\�ZURQJ�DQGOHDGV WR�D�PLVLQWHUSUHWDWLRQ�RI�UHDOLW\��7KHUHIRUH�LW�VKRXOG�EH�ZLWKGUDZQ�IURP�XVH�DV�VRRQ�DVSRVVLEOH� ,W�LV�LQ�WKH�FRPPRQ�LQWHUHVW�RI�DOO�RI�XV�WR�UHSDLU�WKH�HUURU�WKDW�KDV�EHHQ�FRPPLWWHG�DQG WR�UHSODFH�WKH�SUHVHQW��PLVOHDGLQJ�YLHZ�RI�RXU�8QLYHUVH�E\�WKH�PRUH�FRUUHFW�RQH���EDVHGRQ�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�
'���7KH�RSHUDWLRQ�RI�RXU�8QLYHUVH�UXOHG�E\�GLSRODU�JUDYLW\
7KH SUHYLRXV�VXEVHFWLRQ�KDV�UHYHDOHG�WKDW� LQ�RQH�DVSHFW�RXU�SUHVHQW�XQGHUVWDQGLQJRI�JUDYLW\�LV�GHILQLWHO\�ZURQJ��7KLV�DVSHFW�LV�WKH�SRODULW\�RI�WKH�JUDYLWDWLRQDO�ILHOG��$V�KDV�DOUHDG\EHHQ LQGLFDWHG�� SUHVHQW� VFLHQFH� UHFRJQL]HV� JUDYLW\� DV� SRVVHVVLQJ� D� PRQRSRODU� QDWXUH�VLPLODU WR� WKH�RQH�PDQLIHVWHG�E\�HOHFWULFDO�FKDUJHV��7KLV�FKDSWHU��KRZHYHU��VKRZV�WKDW� WKHJUDYLWDWLRQDO ILHOG�KDV�D�GLSRODU�QDWXUH�� WKXV�GLVSOD\LQJ�VLPLODULWLHV� WR�WKH�PDJQHWLF�ILHOG��L�H�JUDYLW\� VLPLODU�WR�D�PDJQHWLF�ILHOG��DOVR�IRUPV�WZR�RSSRVLWH�SROHV���7KH�HVWDEOLVKPHQW�RI�WKLVGLSRODU FKDUDFWHU�RI�JUDYLW\�DOORZV�XV�WR�PDNH�VRPH�GHGXFWLRQV�UHYHDOLQJ�ZKDW�RXU�8QLYHUVHLV�OLNH�DQG�KRZ�LW�RSHUDWHV�XQGHU�WKH�FRQGLWLRQV�RI�GLSRODU�JUDYLW\�$OO�GHGXFWLRQV�FRQFHUQLQJ�GLSRODU�JUDYLW\�PXVW�EH�VWDUWHG�IURP�WKH�DFFHSWDQFH�WKDW�WKLVILHOG SRVVHVVHV� WZR� RSSRVLWH� SROHV�� 7KH� ILUVW� SROH� SUHYDLOV� LQ� RXU� ZRUOG� DQG� SURGXFHV� DOOJUDYLWDWLRQDO LQWHUDFWLRQV� NQRZQ� DW� SUHVHQW��+RZHYHU�� EHFDXVH� RI� WKH� FRQFHQWULF� QDWXUH� RIJUDYLW\� WKH� VHFRQG� SROH� RI� JUDYLWDWLRQDO� ILHOG�PXVW� EH� GLUHFWHG� �LQZDUGV�� DQG� H[WHQG� LQWRDQRWKHU�ZRUOG��LQYLVLEOH�WR�RXUV��7KHUHIRUH�WKH�LPPHGLDWH�FRQVHTXHQFH�RI�GLSRODU�JUDYLW\�LV�WKHSDUDOOHO�H[LVWHQFH�LQ�WKH�VDPH�VSDFH�RI�WZR�RSSRVLWH ZRUOGV��:H�DUH�IXOO\�FRQVFLRXV�RI�WKH�ILUVWRI WKHVH�ZRUOGV� �L�H�� WKH�ZRUOG�RI�PDWWHU��EHFDXVH�HYHU\�GD\�ZH�H[SHULHQFH� LW�ZLWK�RXU� ILYHVHQVHV��%XW�WKH�VHFRQG�ZRUOG��WKH�FRXQWHU�ZRUOG��PXVW�H[WHQG�LQWR�DQRWKHU�VHW�RI�GLPHQVLRQV�V\PPHWULFDO�WR�RXUV��EXW�XQGHWHFWDEOH�E\�RXU�ELRORJLFDO�VHQVHV��%HFDXVH RI� WKH� WLJKW� FRQQHFWLRQ� WKURXJK� JUDYLW\�� WKLV� VHFRQG�� FRXQWHU�ZRUOG� RI� RXU8QLYHUVH PXVW�EH�DQ�H[DFW�UHIOHFWLRQ�RI�RXU�FRQYHUVH�ZRUOG���LQ�WKH�VDPH�ZD\�DV�HYHU\�PLUURU
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UHIOHFWLRQ LV�DQ�H[DFW�SLFWXUH�RI�D� UHDO��PDWHULDO�REMHFW��2Q� WKH�RWKHU�KDQG��EHFDXVH�RI� WKHRSSRVLWH�QDWXUH�RI�WKH�RWKHU�SROH�RI�JUDYLWDWLRQDO�ILHOG�SUHYDLOLQJ�LQ�WKH�FRXQWHU�ZRUOG��WKH�ODZVZKLFK RSHUDWH� LQ LW�ZRXOG� EH� WKH� H[DFW� UHYHUVH� RI� WKH� ODZV� LQ� RXU�ZRUOG�� )RU� H[DPSOH� WKHPHGLXP WKDW�PDNHV�XS�WKLV�VHFRQG�ZRUOG��ZKLFK�ZRXOG�EH�WKH�HTXLYDOHQW�RI�RXU�PDWWHU��PXVWKDYH QR�PDVV��PXVW�KDYH�QR�IULFWLRQ�GXULQJ�LWV�GLVSODFHPHQW��DQG�PXVW�GLVSOD\��VHOI�PRELOLW\��L�H��D�SURSHUW\�EHLQJ�WKH�RSSRVLWH�WR�WKH��LQHUWLD��RI�RXU�PDWWHU���7KHUHIRUH�LW�ZRXOG�EH�WKH H[DFWLPSOHPHQWDWLRQ�RI�WKH�KLVWRULFDOO\�ZHOO�NQRZQ�EXW�DW�SUHVHQW�LJQRUHG�FRQFHSW�RI��HWKHU��7R XQGHUVWDQG� FRPSOHWHO\� WKH� SULQFLSOHV� RI� WKH� FRH[LVWHQFH� RI� ERWK� ZRUOGV�� VRPHH[DPSOHV�DUH�SUHVHQWHG�EHORZ�ZKLFK�H[SODLQ�WKLV��7KH�ILUVW�H[DPSOH�LOOXVWUDWHV�WKHLU�RSHUDWLRQ�WKH VHFRQG�RQH�RXU�GLIILFXOW\�ZLWK�DQ� LQVLJKW� LQWR� WKH� FRXQWHU�ZRUOG��ZKHUHDV� WKH� WKLUG�RQHLOOXVWUDWHV�RXU�SHUFHSWLRQ�RI�WKHVH�ZRUOGV���(� 6LQFH DQFLHQW� WLPHV� SHRSOH� KDYH� EHHQ� EXLOGLQJ� PDFKLQHV� ZKRVH� RSHUDWLRQ� LVDOZD\V DQ LPLWDWLRQ�RI� WKH�PHFKDQLVPV�RI� WKH�8QLYHUVH��1RW� ORQJ�DJR��PDQ�FRPSOHWHG� WKHGHYLFH ZKLFK�LV�WKH�H[DFW�PRGHO�RI�WKH�RSHUDWLRQ�RI�ERWK�ZRUOGV�GLVFXVVHG�KHUH��7KLV�GHYLFHLV�FDOOHG�WKH��FRPSXWHU���,Q�HYHU\�FRPSXWHU�ZH�PD\�ILQG�KDUGZDUH��L�H��HTXLSPHQW�DQG�HQHUJ\FRQYHUWHUV� GHWHFWDEOH� WR�RXU�ELRORJLFDO� VHQVHV��DQG�VRIWZDUH� �L�H�� SURJUDPV��XQGHWHFWDEOHWR RXU�VHQVHV�RU� WHFKQLFDO� LQVWUXPHQWV�EXW�SHUFHSWLEOH�WR�RXU� LQWHOOHFW��7KH�KDUGZDUH� LV� WKHHTXLYDOHQW�RI�WKH�FRQYHUVH�ZRUOG��ZKHUHDV�WKH�VRIWZDUH�LV�WKH�HTXLYDOHQW�RI�WKH�FRXQWHU�ZRUOG�,I ZH�JDYH�D�FRQWHPSRUDU\�FRPSXWHU�IRU�UHVHDUFK�E\�WKH�VFLHQWLVWV�IURP�ODVW�FHQWXU\�ZKR�KDGQR LGHD� RI� WKH� GXDOLW\� RI� LWV� VWUXFWXUH�� WKHLU� VHQVHV� DQG� LQVWUXPHQWV� ZRXOG� GHVFULEH� YHU\SUHFLVHO\ WKH�FKDUDFWHULVWLFV�RI�LWV�KDUGZDUH��+RZHYHU��WKHUH�ZRXOG�EH�QR�ZD\�WKDW�WKH\�FRXOGGHWHFW WKH H[LVWHQFH� RI� VRIWZDUH�� VR� VRPH� RI� WKH� DFWLRQV� RI� WKH� FRPSXWHU� ZRXOG� LQGXFHDVWRQLVKPHQW DQG�IULJKW��:KHQ�REVHUYLQJ�WKLV�GHYLFH�QRQH�RI�WKHVH�VFLHQWLVWV�FRXOG�LPDJLQHWKH YDVW�UDQJH�RI�SRVVLELOLWLHV�DQG�SURVSHFWV�WKDW�WKH�VDPH�KDUGZDUH�PD\�RIIHU�DIWHU�RQH�KDVLQWURGXFHG DSSURSULDWH�FKDQJHV� LQWR� WKH�VRIWZDUH��$OVR�QRQH�RI� WKHP�ZRXOG�NQRZ� WKDW� WKHFRXQWHU�ZRUOG LV�QR�OHVV�FDSDFLRXV�QRU�OHVV�FRPSOLFDWHG�WKDQ�WKH�ZRUOG�RI�KDUGZDUH��DQG�WKDWWKH SUHSDUDWLRQ�RI�D�SDUWLFXODU�SURJUDP�PXVW�REH\�D�ZLGH�VHW�RI� ODZV�DQG�UXOHV�FRPSOHWHO\GLIIHUHQW IURP� WKRVH� ZKLFK� JRYHUQ� WKH� SURGXFWLRQ� RI� WHFKQLFDO� GHYLFHV�� ,Q� RXU� SUHVHQWXQGHUVWDQGLQJ RI�WKH�8QLYHUVH�ZH�DUH�SHUKDSV�OLNH�WKHVH�VFLHQWLVWV�IURP�WKH�DERYH�H[DPSOH�VHHLQJ RQO\� LWV� �KDUGZDUH�� DQG� QRW� HYHQ� UHDOL]LQJ� WKDW� DW� WKH� RWKHU� HQG� RI� JUDYLW\� WKHUH� LVDQRWKHU�FRXQWHU�ZRUOG��(� 7R� LOOXVWUDWH� WKH� SUHVHQW� GLIILFXOW\� ZLWK� DQ� LQVLJKW� LQWR� WKH� FRXQWHU�ZRUOG�� OHW� XVLPDJLQH D� JURXS� RI� ODVW� FHQWXU\� VFLHQWLVWV� ZKR� UHFHLYHG� D� PRGHUQ� PDJQHWLF� WDSH� IRULQYHVWLJDWLRQ��7KH\�FRXOG�GHVFULEH�SHUIHFWO\�WKH�SK\VLFDO�SURSHUWLHV�RI�WKLV�WDSH�EXW�WKH\�ZRXOGEH�XQDEOH�WR�GHWHFW�WKDW�WKHUH�LV�DQ\�VRXQG�UHFRUGHG�RQ�LW��8QWLO�SOD\LQJ�GHYLFHV�ZHUH�LQYHQWHG�WKHVH VFLHQWLVWV�ZRXOG�EH�XQDEOH�WR�DFFHVV�WKH�ZRUOG�RI�VRXQGV�WKDW�WKH�VDPH�WDSH�FRQWDLQV�2XU FLYLOL]DWLRQ� LV� OLNH� WKHVH� VFLHQWLVWV��ZKHUH� SUHVHQW� NQRZOHGJH� RI�PDWWHU� UHSUHVHQWV� WKHSK\VLFDO SURSHUWLHV�RI�WKH�WDSH��ZKHUHDV�WKH�FRXQWHU�ZRUOG�UHSUHVHQWV�WKH�\HW�XQGLVFRYHUHGPXVLF RQ� WKLV� WDSH��8QOHVV�ZH�GHYHORS�GHYLFHV�ZKLFK�DFFHVV� WKH� LQIRUPDWLRQ�VWRUHG� LQ� WKHFRXQWHU�ZRUOG� ZH�ZLOO�EH�FRQYLQFHG�WKDW�WKH�ZKROH�UHDOLW\�LV�OLPLWHG�WR�WKH�PDWWHU�DURXQG�XV��(� 7R�LOOXVWUDWH�RXU�SHUFHSWLRQ�RI�ERWK�ZRUOGV��OHW�XV�FRQVLGHU�WKH�DQDORJ\�RI�D�KXJHRFHDQ RI��HWKHU��LQ�ZKLFK�WKHUH�LV�IORDWLQJ�D�QXPEHU�RI�REMHFWV��/HW�XV�VXSSRVH�WKDW�RQH�KDOIRI HDFK�REMHFW�LV�DERYH�WKH�VXUIDFH�RI�WKLV�RFHDQ��ZKHUHDV�WKH�RWKHU�KDOI�VWD\V�VXEPHUJHG�7KH�VXEVWDQFH�ILOOLQJ�RXU�K\SRWKHWLFDO�RFHDQ��L�H��WKH�HWKHU� LV�LQ�D�SHUPDQHQW�VWDWH�RI��ERLOLQJ��IRUPLQJ QXPHURXV�GULIWV�ZKLFK�ZULWKH� LQ�PDQ\�GLUHFWLRQV�DQG�WRVV�DERXW�DOO� IORDWLQJ�REMHFWV�3HRSOH� VLPLODUO\�WR�HYHU\�RWKHU�REMHFW��ZRXOG�DOVR�GULIW�LQ�WKLV�RFHDQ��DV�LI�H[DFWO\�KDOI�RI�WKHLUERGLHV ZHUH�VXEPHUJHG��%XW�DOO�VHQVHV�ZRXOG�UHPDLQ�LQ�WKH�SDUW�DERYH�WKH�HWKHU��WKHUHIRUH
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WKH\ ZRXOG�KDYH� WKH� LOOXVLRQ� WKDW� WKH�ZKROH�8QLYHUVH� LV� OLPLWHG� WR�RQO\�ZKDW� WKH\� FDQ�VHH�:LWKRXW KDYLQJ D�YLHZ�XQGHU�WKH�VXUIDFH��WKH�SHRSOH�LQ�RXU�DQDORJ\�ZRXOG�KDYH�QR�LGHD�WKDWWKH�VXUIDFH�LV�QRW�WKH�HQG�RI�WKH�8QLYHUVH�EXW�RQO\�WKH�ERUGHU�RI�WKHLU�YLVLELOLW\�DQG�WKDW��FORVHGWR�WKHLU�VHQVHV��WKHUH�PD\�H[LVW�DQRWKHU�ZKROH�ZRUOG�7KH�RQO\�OLQN�EHWZHHQ�RXU�ZRUOG�DQG�WKH�FRXQWHU�ZRUOG�LV�WKURXJK�IRUFHV�RI�JUDYLW\��7KHUHTXLUHPHQW RI�EDODQFLQJ� WKHVH�IRUFHV�FDXVHV�HDFK�SDUWLFOH�RI�PDWWHU�H[LVWLQJ� LQ�RXU�ZRUOG�WR EH�DWWDFKHG�WR�D�VLPLODUO\�VL]HG�SDUWLFOH�RI�HWKHU��,Q�WKLV�ZD\��HYHU\�PDWHULDO�REMHFW�H[LVWLQJLQ WKH�ZRUOG�RI�KDUGZDUH��PXVW�UHFHLYH�LWV� LGHQWLFDO�FRS\��D�PLUURU�UHIOHFWLRQ��H[LVWLQJ� LQ�WKHFRXQWHU�ZRUOG� 7KLV�UHIOHFWLRQ�LV�PDGH�RI�HWKHU��7KH�JUDYLW\�IRUFHV�WLJKWO\�MRLQLQJ�WRJHWKHU�WKHPDWHULDO REMHFWV� IURP� RXU� ZRUOG� DQG� WKHLU� HWKHULF� FRSLHV� SUHYDLOLQJ� LQ� WKH� FRXQWHU�ZRUOGLQWURGXFH D�YHU\�XQLTXH�FRRSHUDWLRQ�EHWZHHQ�ERWK�ZRUOGV��7KLV�FRRSHUDWLRQ�FDQ�EH�GHILQHGDV�IROORZV��7KH�DFWXDO�FRQILJXUDWLRQ�RI�WKH�FRXQWHU�ZRUOG�GHWHUPLQHV�WKH�FRXUVH�RI�HYHQWV�LQRXU ZRUOG��ZKHUHDV�WKH�FKDQJHV� LQ�RXU�ZRUOG�PRGLI\� WKH�DFWXDO� FRQILJXUDWLRQ�RI� WKHFRXQWHU�ZRUOG��7KH DERYH� GHILQLWLRQ� RI� FRRSHUDWLRQ� EHWZHHQ� ERWK�ZRUOGV� ZLOO� EH� UHIHUUHG� WR� DV� WKH�KDUGZDUH�VRIWZDUH PHFKDQLVP� RI� SKHQRPHQD��� $FFRUGLQJ� WR� WKLV� GHILQLWLRQ� WKH� PXWXDOLQWHUDFWLRQ EHWZHHQ� RXU� ZRUOG� DQG� WKH� FRXQWHU�ZRUOG� LV� DQ� H[DFW� HTXLYDOHQW� WR� D� UHDO�WLPHFRRSHUDWLRQ RFFXUULQJ� EHWZHHQ� D� QXPHULFDOO\� FRQWUROOHG� PDFKLQH� �L�H�� KDUGZDUH�� DQG� DFRPSXWHU SURJUDP� �L�H�� VRIWZDUH��� 7KLV� LV� EHFDXVH� LQ� DQ\� PDQ�PDGH� V\VWHP� WKH� RQO\VROXWLRQV WKDW� FDQ� EH� XWLOL]HG� DUH� WKRVH�ZKLFK� DUH� DOUHDG\� DSSOLHG� WR� WKH� RSHUDWLRQ� RI� WKH8QLYHUVH� ,I� ZH� FRQVLGHU� D� QXPHULFDOO\� FRQWUROOHG� PDFKLQH� �KDUGZDUH��� LWV� RSHUDWLRQUHSUHVHQWV WKH�EHKDYLRXU�RI�PDWWHU�IURP�RXU�ZRUOG��2Q�WKH�RWKHU�KDQG��WKH�FRPSXWHU�SURJUDPWKDW FRQWUROV� WKLV�PDFKLQH� UHSUHVHQWV� WKH� FDSDELOLWLHV� RI� HWKHU� IURP� WKH�FRXQWHU�ZRUOG��7KHSURJUDP��LQ�RUGHU�WR�FRQWURO�WKH�PDFKLQH��PXVW�FRQWDLQ�WKH�QXPHULFDO�UHIOHFWLRQV��L�H��VRIWZDUHPRGHOV� RI�DOO�SDUWV�RI� WKDW�PDFKLQH��7KLV�PHDQV� WKDW� WKH�SURJUDP�PXVW�GHVFULEH� IRU�HDFKPRYLQJ�SDUW�LWV�DFWXDO VWDWH��SUHYLRXV�SRVLWLRQ��IXWXUH�JRDOV��SRVVLELOLWLHV�DQG�OLPLWDWLRQV��:KHQWKH HQWLUH�V\VWHP�FRQVLVWLQJ�RI�WKH�SURJUDP�DQG�WKH�PDFKLQH�LV�UXQ��WKHQ�WKH�FRQWURO�VLJQDOVRULJLQDWLQJ IURP� WKH� SURJUDP� FDXVH� SDUWLFXODU� DFWLRQV� E\� WKH� PDFKLQH�� %XW� HDFK� FKDQJH�DFWLRQ� RI�WKH�PDFKLQH�PXVW�EH�REVHUYHG�E\�WKH�SURJUDP�ZKLFK�LV�DOWHUHG�DFFRUGLQJ�WR�WKHHIIHFWV RI WKLV� DFWLRQ�� 7KXV�� WKH� DOWHUHG� SURJUDP� H[HFXWHV� GLIIHUHQW� DFWLRQV�� HWF�� 7KHFRQWLQXDWLRQ RI� WKH�DERYH� LQWHUDFWLRQV�EHWZHHQ� WKH�SURJUDP�DQG� WKH�PDFKLQH� OHDGV� WR� WKHVHTXHQFH RI� HYHQWV� LQ� WKH� KDUGZDUH�� 7KHVH� HYHQWV� DUH� WKH� H[DFW� UHIOHFWLRQ� RI� WKH� URXWLQHGHVFULEHG LQ�WKH�VRIWZDUH��,Q�WKH�VDPH�ZD\�DV�WKLV�PDFKLQH�DQG�SURJUDP�LQWHUDFW�ZLWK�HDFKRWKHU��RXU�ZRUOG�LV�LQWHUDFWLQJ�ZLWK�WKH�FRXQWHU�ZRUOG�7KH KDUGZDUH�VRIWZDUH�PHFKDQLVP�RI� SKHQRPHQD�GHVFULEHG�DERYH� LV� D� NH\� WR� RXUXQGHUVWDQGLQJ�RI WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�DQG�WR�RXU�XQGHUVWDQGLQJ�RI�WKH�H[SODQDWLRQVGHULYHG IURP� WKLV� &RQFHSW�� 7KHUH� DUH� QXPHURXV� FRQVHTXHQFHV� RI� WKLV� PHFKDQLVP�� WKHSUHVHQWDWLRQ RI� ZKLFK� ZLOO� EH� FRQWLQXHG�� 2QH� RI� WKH� SULPDU\� FRQVHTXHQFHV� LV� WKDW� WKHFRXQWHU�ZRUOG PXVW�DFFRPPRGDWH�DOO�DWWULEXWHV�RI�ZKDW�ZH�FDOO��UHDO�WLPH�FRQWURO�SURJUDPV��7KXV� WKH� PLUURU� �HWKHULF�� UHIOHFWLRQV� RI� HYHU\� PDWHULDO� REMHFW� PXVW� EHKDYH� OLNH� VRIWZDUHPRGHOV IRU�QXPHULFDOO\�FRQWUROOHG�PDFKLQHV��6R��WKHVH�UHIOHFWLRQV�PXVW�DOVR�FRQWDLQ�DOO�GDWDDERXW�KLVWRU\��SUHVHQW�VWDWH��DQG�IXWXUH�JRDOV�RI�WKH�REMHFWV�WKH\�GHVFULEH��IRUPLQJ�LQ�WKDW�ZD\D�NLQG�RI��UHJLVWHU��HDVLO\ DFFHVVLEOH�WKURXJK�(63��GUHDPV�RU�K\SQRVLV���VHH�VXEVHFWLRQ�'����7KH GDWD� FRQWDLQHG� LQ� WKH� HWKHULF� UHIOHFWLRQV� PXVW� VRPHKRZ� EH� LQWHUFHSWHG�� VWRUHG� DQGSURFHVVHG� 7KLV�PHDQV� WKDW� WKH� FRXQWHU�ZRUOG�PXVW�DGGLWLRQDOO\�GLVSOD\�DOO� WKH� FDSDELOLWLHVRI D�QDWXUDO�FRPSXWHU��LQFOXGLQJ�QRW�RQO\�WKH�FDSDELOLWLHV�WR�LQWHUFHSW��VWRUH��DQG�UHOHDVH�GDWD�
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EXW�DOVR�WKH�DELOLW\�WR�SURFHVV�WKHP��L�H��WR�WKLQN��7KH SULQFLSOH� RI� RXU� ZRUOG� LQWHUDFWLQJ� ZLWK� WKH� FRXQWHU�ZRUOG� EDVHG� RQ� WKHKDUGZDUH�VRIWZDUH PRGHO��PDNHV�WZR�GLIIHUHQW�PHDQV�RI�LQWURGXFLQJ�FKDQJHV�LQWR�RXU�ZRUOGSRVVLEOH� L�H�� �SK\VLFDO�� DQG� �WHOHNLQHWLF��� 7KH� �SK\VLFDO�� PHDQV� LV� ZHOO� NQRZQ� WR� XV� DQGGHSHQGV RQ�D IRUFHG�LQWHUDFWLRQ�ZLWK�WKH�REMHFWV�RI�RXU�ZRUOG��LQYROYLQJ�WKH�SDUWLFXODU�DPRXQWRI ZRUN�WR�EH GRQH�DQG�FDXVLQJ�DSSURSULDWH�HQHUJ\�WR�EH�VSHQW��,Q�WKH�SUHYLRXV�GHVFULSWLRQRI�D�PDFKLQH�FRQWUROOHG�E\�D�FRPSXWHU�SURJUDP��WKLV��SK\VLFDO��PHDQV�ZRXOG�EH�DQ�HTXLYDOHQWRI�WKH�KDQG�LQWURGXFHG�GLVSODFHPHQW�RI�VRPH�SDUWV�RI�WKH�KDUGZDUH��7KH��WHOHNLQHWLF��PDQQHURI LQWURGXFLQJ� FKDQJHV� LQWR� RXU� ZRUOG� GHSHQGV� RQ� DOWHULQJ� WKH� FRQILJXUDWLRQ� ZLWKLQ� WKHFRXQWHU�ZRUOG� 7KLV� LQ� WXUQ� FDXVHV� VHOI�DFWLYDWHG� FKDQJHV� RFFXUULQJ� ZLWKLQ� RXU� ZRUOG�� 7RH[SODLQ LW�PRUH�VLPSO\�� LQ� WKH� WHOHNLQHWLF�PRWLRQ�ZH�PRYH� WKH�PLUURU� �HWKHULF�� UHIOHFWLRQV�RIREMHFWV� LQVWHDG�RI�PRYLQJ�WKHVH�REMHFWV��%XW�EHFDXVH�WKHVH�PLUURU�UHIOHFWLRQV�DUH�DWWDFKHGWR RULJLQDO�REMHFWV�WKURXJK�JUDYLW\�IRUFHV��PRYLQJ�WKHVH�UHIOHFWLRQV�FDXVHV�WKH�REMHFWV�WR�DOVRPRYH�DORQJ�H[DFWO\�WKH�VDPH�SDWKV�7KH SURSHUWLHV�RI�WKH�WHOHNLQHWLF�PDQQHU�RI�PRYLQJ�PDWHULDO�REMHFWV�GHVFULEHG�DERYHUHYHDO�WKDW�ZH�KDYH�DOUHDG\�DFFXPXODWHG�PXFK�HYLGHQFH�LQGLFDWLQJ�D�SUDFWLFDO�XWLOL]DWLRQ�RI�WKLVDELOLW\� 7KH�PDMRULW\�RI�PLUDFXORXV�HYHQWV�DQG�JKRVW�VWRULHV�LQ�IDFW�UHGXFH�WKHPVHOYHV�WR�WKHREVHUYDWLRQV RI�REMHFWV�PRYHG� LQ� VXFK�D�PDQQHU��7KH�FDVHV�RI� WHOHNLQHVLV��SV\FKRNLQHVLVDQG OHYLWDWLRQ�DOVR�IDOO�LQWR�WKLV�FDWHJRU\��0RUHRYHU��WKH�LGHD�RI�WHOHSRUWDWLRQ�VHHPV�WR�EH�WKHYLVLRQ RI IXWXUH� VSDFHFUDIW� XWLOL]LQJ� WKH� VDPH�SULQFLSOH�� 6RPH�REVHUYDWLRQV� DOVR� UHYHDO� WKHPDMRU VLGH�HIIHFW� WKDW�DFFRPSDQLHV� WHOHNLQHWLF�ZRUN�� L�H�� WKH�DEVRUSWLRQ�RU� UHOHDVH�RI� ODUJHDPRXQWV�RI�WKHUPDO�HQHUJ\��VHH�WKH�3RVWXODWH�RI�,QWHUFKDQJLQJ�7KHUPDO�(QHUJ\���)RU�H[DPSOH�WKHUH DUH�UHSRUWV�DERXW�DGYDQFHG�<RJD�SUDFWLWLRQHUV�ZKR�GHFUHDVH�WKH�WHPSHUDWXUH�RI�WKHLUERGLHV� RU� DERXW� SHRSOH� ZKR� FUHPDWH� WKHPVHOYHV� �6SRQWDQHRXV� +XPDQ� &RPEXVWLRQ�� E\�LQQHU�ILUH��LJQLWHG�DV�DQ�HIIHFW�RI�H[WUHPH�SV\FKLF�WHQVLRQ�7KH GLVSODFHPHQW�RI� REMHFWV� FDXVHG�E\� WKH� �WHOHNLQHWLF��PDQQHU�GR�QRW� UHTXLUH�DQ\HQHUJ\ WR�EH VXSSOLHG�E\� WKH�SHUVRQ�RU�GHYLFH�ZKR�H[HFXWHV�VXFK�D�GLVSODFHPHQW��7KLV� LVEHFDXVH�LQ�WKH�FRXQWHU�ZRUOG�IULFWLRQ�DQG�LQHUWLD�GR QRW�H[LVW��%XW�WKH�PDWHULDO�REMHFWV�IROORZLQJWKHLU HWKHULF� UHIOHFWLRQV�ZLWKLQ�RXU�ZRUOG�PXVW�FRQVXPH�HQHUJ\��DV� WKH�3ULQFLSOH�RI�(QHUJ\&RQVHUYDWLRQ PXVW�DOZD\V�EH�IXOILOOHG�KHUH��7KHUHIRUH��WKLV�HQHUJ\�FRQVXPHG�LQ�WKH�PDWHULDOZRUOG�PXVW�EH�ZLWKGUDZQ�IURP�WKH�HQYLURQPHQW�RI�WKH�REMHFWV�PRYHG�LQ�WKLV�PDQQHU��7KH�RQO\IRUP RI�HQHUJ\�DYDLODEOH�IRU�VXFK�D�SXUSRVH�LV�WKHUPDO�HQHUJ\��7KXV��WKH�WHOHNLQHWLF�PDQQHURI LQWURGXFLQJ�FKDQJHV�LQWR�RXU�ZRUOG�PXVW�FDXVH�WKHUPDO�HQHUJ\�WR�EH�ZLWKGUDZQ�IURP�WKHHQYLURQPHQW ��ZKHQ�WKH�WHOHNLQHWLF�PRWLRQ�JRHV�DJDLQVW�H[WHUQDO�IRUFHV��RU�WR�EH�VXSSOLHG�WRWKLV HQYLURQPHQW���ZKHQ�WKH�WHOHNLQHWLF�PRWLRQ�DFWV�DORQJ�ZLWK�H[WHUQDO�IRUFHV��,Q�WKLV�FKDSWHUWKH DERYH� FRQFOXVLRQ� LV� FDOOHG� WKH� �3RVWXODWH� RI� ,QWHUFKDQJLQJ� 7KHUPDO� (QHUJ\��� 7KLVSRVWXODWH DSSOLHV� WR� DOO� SDUDQRUPDO� SKHQRPHQD� WKDW� DIIHFW� WKH� 3ULQFLSOH� RI� (QHUJ\&RQVHUYDWLRQ��H�J��WHOHNLQHVLV��VRPH�<RJD�H[HUFLVHV��HWF���1RWH�WKDW�VXFK�D�FRROLQJ�FDSDELOLW\RI�WHOHNLQHWLF�PRWLRQ�FDXVHV�WHOHNLQHVLV WR�EH�D�NLQG�RI�IULFWLRQ�LQ�UHYHUVH��L�H��LW�FRQVXPHV�KHDWDQG�SURGXFHV�PRWLRQ��7KH 3RVWXODWH� RI� ,QWHUFKDQJLQJ� 7KHUPDO� (QHUJ\� E\� PDWHULDO� REMHFWV� PRYHG� LQ� DWHOHNLQHWLF PDQQHU�PDNHV�WKH�H[LVWHQFH�RI�WKH�FRXQWHU�ZRUOG�H[WUHPHO\�HDV\�WR�EH�SURYHQ�LQDQ H[SHULPHQWDO� ZD\�� ,W� LV� EHFDXVH� WKLV� SRVWXODWH� LQGLFDWHV� WKDW� WKH� REMHFWV� PRYHGWHOHNLQHWLFDOO\ PXVW�SURGXFH�D�VXEWOH�NLQG�RI�JORZ��ZKLFK�ZLOO�EH�FDOOHG�WKH��H[WUDFWLRQ�JORZ��7KH�H[LVWHQFH�RI�WKLV�JORZ�UHVXOWV�IURP�WKH�VWDWHPHQWV�RI�TXDQWXP�SK\VLFV��ZKLFK�LQGLFDWH�WKDWWKH DWRPV�ZKRVH�HOHFWURQV�IDOO�IURP�KLJKHU�RUELWV�LQWR�ORZHU�DV�WKH�UHVXOW�RI�D�UDSLG�FRROLQJ�PXVW HPLW�SKRWRQV��7KHVH�SKRWRQV�VKRXOG�EH�UHJLVWUDEOH�DV�D�NLQG�RI�JORZ��7KHUHIRUH��DQ\
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WHOHNLQHWLF DEVRUSWLRQ�RI�WKHUPDO�HQHUJ\�VKRXOG�EH�DFFRPSDQLHG�E\�D�JORZ�HPLWWHG�IURP�WKHDIIHFWHG DUHD��,Q�RUGHU�WR�SURYH�H[SHULPHQWDOO\�WKDW�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�LV�FRUUHFW�DQGWKDW WKH�FRXQWHU�ZRUOG�H[LVWV��LW�LV�VXIILFLHQW�WR�UHJLVWHU�WKLV��H[WUDFWLRQ�JORZ����VHH�VXEVHFWLRQ'��� 7KHUH LV� D� ZHDOWK� RI� HYLGHQFH� DOUHDG\� DYDLODEOH� ZKLFK� FRQILUPV� WKDW� RXU� 8QLYHUVHRSHUDWHV DFFRUGLQJ�WR�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\��/HW�XV�QRZ�UHYLHZ�WKH�PRVW�LPSRUWDQWIDFWV�FRQILUPLQJ�WKLV���'���)RU�FHQWXULHV�WKH�H[LVWHQFH�RI�D��VHFRQG�ZRUOG���VHSDUDWHG�IURP�RXUV��LV�FODLPHGE\�UHOLJLRQV��$OWKRXJK�FRQWHPSRUDU\�VFLHQFH�DGKHULQJ�WR WKH�FRQFHSW�RI�PRQRSRODU�JUDYLW\�KDGQR MXVWLILFDWLRQ�WR�VXSSRUW�WKLV�FODLP��WKHUHIRUH�WKH�PDMRULW\�RI�VFLHQWLVWV�GHQ\�WKH�H[LVWHQFH�RIDQRWKHU ZRUOG���WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�OHDGV�WR�WKH�FRQFOXVLRQV�VXUSULVLQJO\�FRKHUHQWZLWK�WKH�FODLPV�RI�UHOLJLRQV���'���0RVW�SDUDQRUPDO�SKHQRPHQD�DIIHFW�WKH�OHYHO�RI�WKHUPDO�HQHUJ\�FRQWDLQHG�LQ�WKHHQYLURQPHQW� WKXV�IXOILOOLQJ�WKH�3RVWXODWH�RI�,QWHUFKDQJLQJ�7KHUPDO�(QHUJ\��)RU�H[DPSOH��LW�LVZLGHO\ NQRZQ� WKDW� VKLIWLQJ� REMHFWV� E\� VR�FDOOHG� �3ROWHUJHLVWV�� GHFUHDVHV� WKH� URRP
VWHPSHUDWXUH DOPRVW� WR� IUHH]LQJ� OHYHO�� <RJD� SUDFWLWLRQHUV� PD\� DOVR� GHFUHDVH� WKHLU� ERG\WHPSHUDWXUH� 0RUHRYHU�� GXULQJ� H[WUHPH� SV\FKLF� WHQVLRQ� HQRUPRXV� KHDW� FDQ� EH� UHOHDVHGZKLFK�OHDGV�WR��6SRQWDQHRXV�+XPDQ�&RPEXVWLRQ����'�� 7KHUH�DUH�QXPHURXV�SKRWRJUDSKV�DOUHDG\�SXEOLVKHG�ZKLFK�FOHDUO\�FDSWXUH�WKHHPLVVLRQ RI� DQ� H[WUDFWLRQ� JORZ� E\� REMHFWV� PRYHG� WHOHNLQHWLFDOO\�� 6RPH� H[DPSOHV� RI� VXFKSKRWRJUDSKV� UHSURGXFHG� IURP�ZLGHO\�DFFHVVLEOH�ERRNV��DUH�VKRZQ� LQ�)LJXUHV�'��DQG�'��,Q FDVHV�RI�H[WUHPHO\�LQWHQVLYH�SDUDQRUPDO�SKHQRPHQD��WKH�H[WUDFWLRQ�JORZ�LV�VR�VWURQJ�WKDWLW FDQ�EH�VHHQ�E\�WKH�QDNHG�H\H��$Q�H[DPSOH�RI�VXFK�D�FDVH�LV�GHVFULEHG�RQ�SDJH����RI�WKHERRN >�'�@ E\� 'DYLG� 6W�� &ODLU�� �3V\FKLF� +HDOHUV�� �%DQWDP� %RRNV�� 1<������� ,6%1����������������DQG�DOUHDG\�TXRWHG�LQ�VXEVHFWLRQ�&����'�� 7KHUH� DUH� D� QXPEHU� RI� REVHUYDWLRQV� DFFXPXODWHG� WKDW� GHVFULEH� LQ� GHWDLO� WKHVR�FDOOHG �EHDPLQJ��RI�SHRSOH�RQWR�GHFNV�RI�8)2V��2QH�RI�WKH�HIIHFWV�RI�WKLV�EHDPLQJ�LV�WKDWSHRSOH VXEMHFWHG� WR� LW� H[SHULHQFH�D�VLJQLILFDQW� ORVV� RI� WKHUPDO� HQHUJ\��PDQLIHVWHG� WKURXJKIHHOLQJ FROG�� VKDNLQJ�� WLQJOLQJ�RI�ERGLHV��HWF�� �� VHH�SKUDVHV�1����DQG�1���� LQ�$SSHQGL[�=�7KHUHIRUH��WKH�SKHQRPHQD�HPSOR\HG�E\�8)2QDXWV�WR�FDXVH�WKLV�EHDPLQJ�IXOILOV�WKH�3RVWXODWHRI ,QWHUFKDQJLQJ�7KHUPDO�(QHUJ\�GHVFULEHG�HDUOLHU��2Q�WKH�RWKHU�KDQG��DOO� WKH�RWKHU�HIIHFWVDFFRPSDQ\LQJ WKLV� EHDPLQJ�� H�J�� WKH� VWURQJ� HPLVVLRQ� RI� �H[WUDFWLRQ� JORZ��� SV\FKLFH[SHULHQFHV��SDVVLQJ�WKURXJK�VROLG�REMHFWV��HWF���H[DFWO\�FRUUHVSRQG WR�WKH�XVH�RI�DQ�DGYDQFHGSURSXOVLRQ V\VWHP� EDVHG� RQ� D� WHFKQRORJLFDO� YHUVLRQ� RI� WHOHNLQHVLV�� 7KH� DERYH� IDFWV� DUHFRQVLVWHQW�ZLWK�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�DQG�FRQILUP�WKDW�GHYLFHV�H[SORLWLQJ�WKLV�&RQFHSWDUH�DOUHDG\�LQ�XVH�E\�VRPH�RWKHU�FLYLOL]DWLRQV�
'�����(WKHU���WKH�WKLQNLQJ�VXEVWDQFH�IURP�WKH�FRXQWHU�ZRUOG
7KH PDLQ FKDUDFWHULVWLFV�RI�DOO�GLSROHV�LV�WKDW�WKH\�ELQG�WRJHWKHU��DQG�VLPXOWDQHRXVO\VHSDUDWH� WZR� V\PPHWULFDO� VHWV� RI� GLPHQVLRQV� �VSDFHV�� LQ� ZKLFK� RSSRVLWH� ILHOG� FRQGLWLRQVSUHYDLO� 7KHUHIRUH�EHWZHHQ�WKH�VHW�RI�RXU�GLPHQVLRQV��DQG�WKH�VHW�RI�GLPHQVLRQV�ZKHUH�WKHRSSRVLWH JUDYLWDWLRQDO�SROH�SUHYDLOV��DQ� LQDFFHVVLEOH�ERXQGDU\�PXVW�DSSHDU��7KLV�ERXQGDU\IRUPV D�ERUGHU� VHSDUDWLQJ�ERWK�ZRUOGV� WKDW� FRQVWLWXWH�RXU�8QLYHUVH��%HFDXVH�HYHU\WKLQJ� LVVXEMHFWHG�WR�WKH�IRUFHV�RI�JUDYLW\��WKH�ERUGHU�EHWZHHQ�RXU�ZRUOG�DQG�WKH�FRXQWHU�ZRUOG�FDQ�QRWEH�SHQHWUDWHG�E\�DQ\�SK\VLFDO�HTXLSPHQW�QRU�DQ\�PDWHULDO�REMHFW�
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,Q DOO GLSRODU�ILHOGV�WKH�HQYLURQPHQWDO�FRQGLWLRQV�WKDW�SUHYDLO�DW�ERWK�SROHV�DUH�DOZD\VRSSRVLWH��7KH�DERYH�LV�H[SUHVVHG�E\�WKH��UXOH�RI�RSSRVLWH�SURSHUWLHV�DW�ERWK�HQGV�RI�D�GLSROH�WKDW JRYHUQV� WKH� EHKDYLRXU� RI� DOO� GLSRODU� ILHOGV�� 7KLV� SDUWLFXODU� UXOH�� ZKHQ� DSSOLHG� WR� WKHJUDYLWDWLRQDO ILHOG�� VKDSHV� WKH� VWUXFWXUH� DQG� RSHUDWLRQ� RI� RXU� 8QLYHUVH� LQ� D� XQLTXH�V\PPHWULFDO�PDQQHU��,WV�WZR�PRVW�LPSRUWDQW�FRQVHTXHQFHV�DUH�DV�IROORZV���� 7KH� H[LVWHQFH� RI� WKH� JUDYLWDWLRQDO� GLSROH� PXVW� FDXVH� H[DFWO\� RSSRVLWH� SRODU&21',7,216 WR�SUHYDLO� LQ�ERWK�ZRUOGV� RI� RXU�8QLYHUVH��7KHVH�RSSRVLWH� FRQGLWLRQV� LQ� WXUQPHDQ WKDW�DOO�ODZV�DQG�SURSHUWLHV�SUHYDLOLQJ�LQ�RXU�ZRUOG�PXVW�EH�LQYHUVHO\�GXSOLFDWHG�LQ�WKHFRXQWHU�ZRUOG� )RU� H[DPSOH�� LQ� RXU� ZRUOG� LQHUWLD� LV� RQH� RI� WKH� PDLQ� SURSHUWLHV� RI� PDWWHU�WKHUHIRUH LQ� WKH�FRXQWHU�ZRUOG�VHOI�PRELOLW\� �L�H�� LQHUWLD� LQ� UHYHUVH��PXVW�EH�DQ�HTXLYDOHQW�RILQHUWLD�WR�EH�H[HUWHG�RQ�WKH�VXEVWDQFH�SUHYDLOLQJ�WKHUH��� 7KH�H[LVWHQFH�RI�D�JUDYLWDWLRQDO�GLSROH�PXVW�DOVR�PHDQ�WKDW�HYHU\�SK\VLFDO�)250��L�H�VXEVWDQFH RU� REMHFW�� LV� LQYHUVHO\� GXSOLFDWHG� LQ� ERWK� ZRUOGV� �OLNH� DQ� REMHFW� DQG� LWV� PLUURUUHIOHFWLRQ�� 7KLV� LQ� WXUQ� PHDQV� WKDW� RXU� ZRUOG� DQG� WKH� FRXQWHU�ZRUOG� PXVW� EH� ERWKV\PPHWULFDOO\ ILOOHG� XS� ZLWK� WZR� GLIIHUHQW� VXEVWDQFHV� KDYLQJ� RSSRVLWH� SURSHUWLHV�� DQG� WKDWHYHU\�PDWHULDO�REMHFW�H[LVWLQJ�LQ�RXU�ZRUOG�PXVW�KDYH�LWV�HWKHULF�GXSOLFDWH�LQ�WKH�FRXQWHU�ZRUOG�:KHQ ERWK�WKH�DERYH�FRQVHTXHQFHV�RI�WKH�JUDYLWDWLRQDO�GLSROH�DUH�FDUHIXOO\�DQDO\]HG�WKH\ DOORZ�GHGXFWLRQV�WR�EH�PDGH�FRQFHUQLQJ�WKH�PXWXDO�UHODWLRQVKLS�EHWZHHQ�RXU�ZRUOG�DQGWKH FRXQWHU�ZRUOG��7KH�DXWKRU�KDV�DOUHDG\�PDGH�VRPH�GHGXFWLRQV�DQG� WKH�FRQFOXVLRQV�KHKDV DUULYHG�DW�DUH�GHVFULEHG�EHORZ��7KH�SUHVHQWDWLRQ�RI�WKHVH�FRQFOXVLRQV�ZLOO�EH�VWDUWHG�E\GHVFULELQJ WKH� VXEVWDQFHV� SUHYDLOLQJ� LQ� ERWK� ZRUOGV� DQG� WKH� UHODWLRQVKLS� EHWZHHQ� WKHLUSURSHUWLHV��7KH VXEVWDQFH�SUHYDLOLQJ�LQ�RXU�ZRUOG�LV�DOUHDG\�ZHOO�NQRZQ�E\�FRQWHPSRUDU\�VFLHQFH�:H�UHIHU�WR�LW�XQGHU�WKH�QDPH�RI��PDWWHU��DQG�LWV�IXQGDPHQWDO�SURSHUWLHV�LQFOXGH�PDVV��LQHUWLD�IULFWLRQ� HWF�� 7KH� VXEVWDQFH� SUHYDLOLQJ� LQ� WKH� FRXQWHU�ZRUOG� PXVW� KDYH� DOO� WKH� SURSHUWLHVRSSRVLWH WR� WKRVH�RI�PDWWHU�� L�H�� LW�PXVW�EH�ZHLJKWOHVV��VHOI�PRELOH��L�H��RSSRVLWH� WR� LQHUWLDO��IUHH IURP� IULFWLRQ�� HWF�� ,W� LV� NQRZQ� IURP� KLVWRU\�� WKDW� WKH� H[LVWHQFH� RI� VXFK� D� ZHLJKWOHVVVXEVWDQFH KDV�DOUHDG\�EHHQ�SRVWXODWHG�E\�FODVVLF�SK\VLFLVWV��RQH�RI�WKHP�EHLQJ�-DPHV�&OHUN0D[ZHOO���������������FUHDWRU�RI�WKH�IDPRXV�HTXDWLRQV�RI�HOHFWURPDJQHWLVP��7KH\�FDOOHG�WKLVVXEVWDQFH��HWKHU���2XW�RI�UHVSHFW�WR�WKH�FRQWULEXWLRQ�RI�WKHVH�SHRSOH��WKH�DXWKRU�ZLOO�NHHS�WKHQDPH �HWKHU�� IRU� WKH� VXEVWDQFH� SUHYDLOLQJ� LQ� WKH� FRXQWHU�ZRUOG�� DOWKRXJK� KH� LV� DZDUH� WKDWPDQ\�FRQWHPSRUDU\�LQYHVWLJDWRUV�FRXOG�ILQG�LW�HDVLHU�WR�DFFHSW�WKH�GHGXFWLRQV�SUHVHQWHG�KHUHLI�LQVWHDG�RI��HWKHU��VRPH�PRUH�PRGHUQ�WHUP�LV�XVHG��H�J���WDFK\RQV���$PRQJVW DOO� WKH� XQXVXDO� SURSHUWLHV� RI� HWKHU�� RQH� UHTXLUHV� VSHFLDO� MXVWLILFDWLRQ�� DV� LWLQWURGXFHV QXPHURXV� LPSOLFDWLRQV� WR� RXU� XQGHUVWDQGLQJ� RI� UHDOLW\�� 7KLV� XQLTXH� SURSHUW\� RIHWKHU LV LWV�QDWXUDO�DELOLW\�WR�WKLQN��L�H��WR�ZRUN�DV�D�NLQG�RI�QDWXUDO�FRPSXWHU���7KH�IROORZLQJORJLFDO GHGXFWLRQ�LV�WR�MXVWLI\�WKH�DXWKRU
V�FRQFOXVLRQ�WKDW�HWKHU�WKLQNV��$V�LW�KDV�DOUHDG\�EHHQVWUHVVHG� WKH��UXOH�RI�RSSRVLWH�SURSHUWLHV�DW�ERWK�HQGV�RI�D�GLSROH��DSSOLHV�WR�DOO�GLSRODU�ILHOGV�2Q WKH�RWKHU�KDQG��WKH�PDLQ�SURSHUW\�RI�PDWWHU�LV�WKDW�LQ�LWV�QDWXUDO�FRQVWLWXWLRQ�LW�LV�XQDEOH�WRWKLQN� DQG�LW�LV�RQO\�DIWHU�EHLQJ�UHDUUDQJHG�LQ�VSHFLDO�VWUXFWXUHV��VXFK�DV�EUDLQV�RU�FRPSXWHUPLFURFKLSV� LW�JDLQV�WKH�FDSDELOLW\�RI�FRQGXFWLQJ�WKLQNLQJ�SURFHVVHV��7KXV��DIWHU�DSSO\LQJ�WKH�UXOH RI� RSSRVLWH� SURSHUWLHV� DW� ERWK� HQGV� RI� D� GLSROH�� WR� WKLV�PDLQ� SURSHUW\� RI�PDWWHU�� WKHFRQFOXVLRQ LV�GHULYHG�WKDW�HWKHU�LQ�LWV�QDWXUDO�FRQVWLWXWLRQ�PXVW�GLVSOD\�DQ�DELOLW\�WR�WKLQN��DQGRQO\ DIWHU�EHLQJ�UHDUUDQJHG�LQ�VRPH�VSHFLDO�VWUXFWXUHV��H�J��LQ�WKH�ERXQGDULHV�EHWZHHQ�WZRWKLQNLQJ�HQWLWLHV�WKDW�PDLQWDLQ�WKH�VHSDUDWHQHVV�RI�HDFK�RI�WKHP��LW�ZLOO�EH�XQDEOH�WR�WKLQN�(WKHU� VLPLODU�WR�RXU�PDWWHU��LV�QRW�D�VLQJOH�W\SH�RI�VXEVWDQFH��EXW�SUREDEO\�D�FROOHFWLRQRI YDULRXV�VXEVWDQFHV�FKDUDFWHUL]HG�E\�GLIIHUHQW�SURSHUWLHV��)RU�H[DPSOH��WKHUH�PD\�H[LVW�D
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VROLG��OLTXLG�DQG�YRODWLOH�HWKHU�:H NQRZ�WKDW�LQ������WKH�IDPRXV�0LFKHOVRQ�0RUOH\�H[SHULPHQW ZDV�FRPSOHWHG��,WFODLPHG WR� SURYH� WKH� QRQ�H[LVWHQFH�RI� HWKHU��%XW�ZH�DOVR� NQRZ� WKDW� WKH� FRQGLWLRQV� RI� WKLVH[SHULPHQW ZHUH� VR�GHVLJQHG� WKDW� LW�ZDV� RQO\�FDSDEOH�RI� GHWHFWLQJ�HWKHU� LI� WKLV� VXEVWDQFHH[LVWHG LQ�RXU�ZRUOG��$FFRUGLQJ�WR�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\��HWKHU�SUHYDLOV�LQ�D�VHSDUDWHZRUOG LQWR� ZKLFK� DQ\� GHYLFH� LQVWDOOHG� LQ� RXU� ZRUOG� KDV� QR� DFFHVV�� WKXV� GLSRODU� JUDYLW\DXWRPDWLFDOO\�FDQFHOV�WKH�YDOLGLW\�RI�WKH�0LFKHOVRQ�0RUOH\�H[SHULPHQW��(WKHU�H[LVWLQJ LQ�DQRWKHUZRUOG�PD\�QRW�EH�GHWHFWHG�IURP�RXU�RQH�(WKHU WXUQV�RXW�WR�EH�D�QHFHVVDU\�FRPSRQHQW�RI�RXU�8QLYHUVH��$V�KXPDQ�NQRZOHGJHDGYDQFHV� YDULRXV�LQWHOOHFWXDOV�NHHS�UH�LQWURGXFLQJ�WKH�FRQFHSW�RI�WKLV�H[WUDRUGLQDU\�PHGLXP�$OWKRXJK LQ�DOO�WKHVH�UH�LQWURGXFWLRQV�HWKHU�UHFHLYHV�GLIIHUHQW�QDPHV��WKH�JHQHUDO�FRQFHSW�RIWKLV�PHGLXP�DOZD\V�UHPDLQV�VLPLODU��/HW�XV�OLVW�D�IHZ�H[DPSOHV�RI�WHUPLQRORJ\�FXUUHQWO\�EHLQJXVHG�WR�H[SUHVV�YDULRXV�SUHVHQWDWLRQV�RI�WKH�VDPH�FRQFHSW�RI�HWKHU��� ,QYHQWRUV� ZRUNLQJ� RQ� )UHH� (QHUJ\� 'HYLFHV� GHVFULEH� WKLV� FRQFHSW� ZLWK� WKH� WHUP�WDFK\RQ�HQHUJ\����� 9DULRXV� VFKRROV� RI� VSLULWXDOLVP�� QDWXUDO� KHDOWK�� DQG� SHUVRQDO� GHYHORSPHQW�LPSOHPHQW SUDFWLFDOO\� VRPH� RI� WKH� FDSDELOLWLHV� RI� HWKHU�� 2I� FRXUVH�� LQ� HDFK� RI� WKHVHLPSOHPHQWDWLRQV HWKHU� LV� UHIHUUHG� WR�E\�D�GLIIHUHQW�QDPH��%HORZ�DUH� OLVWHG�H[DPSOHV�RI� WKHPRUH�SRSXODU�RI�WKHVH�QDPHV�� 5HLNL�� L�H�� WKH�QDPH�DWWDFKHG� WR�HWKHU� LQ�D� -DSDQHVH�VFKRRO� RI� QDWXUDO� KHDOWK�DQGSHUVRQDO�GHYHORSPHQW�� 2UJRQH� HQHUJ\�� L�H�� D� QDPH� ZKLFK� GHVFULEHV� HWKHU� LQ� WKH� ERRN� >�'���@ E\� 7�-�&RQVWDEOH� �7KH�&RVPLF�3XOVH�RI�/LIH���1HYLOOH�6SHDUPDQ�/WG���6XIIRON��*UHDW�%ULWDLQ�������,6%1����������������� 2XU�VFLHQFH��DIWHU�LQLWLDOO\�GHQ\LQJ�WKH�H[LVWHQFH�RI�HWKHU��KDV�JUDGXDOO\�UHWXUQHG�WRWKLV ROG�LGHD�DIWHU�FKDQJLQJ�LWV�QDPH��+HUH�DUH�H[DPSOHV�RI�VFLHQWLILF�WHUPV�ZKLFK�UHSUHVHQWWKLV�LGHD�� 9DFXXP��&RQWHPSRUDU\�TXDQWXP� ILHOG� WKHRU\�FODLPV� WKDW�YDFXXP� LV�VR� IHDWXUHOHVVDQG KDV�VXFK�D�KLJK�V\PPHWU\�WKDW�D�YHORFLW\�FDQ�QRW�EH�DVVLJQHG�WR�LW��0RUHRYHU��WKLV�WKHRU\VWDWHV WKDW�SDUWLFOHV�DUH�H[FLWHG�VWDWHV�RI�WKH�YDFXXP�VWDWH��7KH�DERYH�PHDQV�SUDFWLFDOO\�WKDWWKH TXDQWXP�ILHOG�WKHRU\�KDV�DVVLJQHG�WR�WKH�YDFXXP�DOO�SURSHUWLHV�ZKLFK�FODVVLF�SK\VLFLVWVSUHYLRXVO\�DWWULEXWHG�WR�HWKHU��� (QHUJ\ %RG\��0HGLFLQH�KDV�JUDGXDOO\�DGRSWHG�IURP�DFXSXQFWXUH�WKH�FRQFHSW�RI�DQ�HQHUJ\�ERG\���ZKLFK�LV�RQO\�D�GLIIHUHQW�QDPH�IRU�WKH�ROG�RFFXOWLVWLF�LGHD�RI�DQ��HWKHULF�ERG\��(WKHU LV�DOVR�UHIHUUHG�WR� LQ�QXPHURXV�DQFLHQW�VRXUFHV��7KH�PRVW�ZHOO�NQRZQ�DQFLHQWQDPHV DVVLJQHG� WR� WKLV� PHGLXP� DUH�� �7KH� $QFLHQW� RI� 'D\V�� GHVFULEHG� E\� &KULVWLDQ� DQG-HZLVK�WUDGLWLRQV��DQG�WKH��9ULO�3RZHU���VHH�>�'���@��SDJHV����WR����DQG�����WR������GHVFULEHGE\ HDVWHUQ�WUDGLWLRQ��7KH�DQDO\VLV�WKDW�IROORZV�UHYHDOV�WKH�WRWDO�FRUUHVSRQGHQFH�EHWZHHQ�WKHROG LQWHUSUHWDWLRQ�RI�9ULO�3RZHU�DQG�WKH�FKDUDFWHULVWLFV�RI�HWKHU�IURP�WKH�&RQFHSW�RI�'LSRODU*UDYLW\� 6LPLODU�FRPSDULVRQ��EXW�FRPSOHWHG�IRU�WKH� LGHD�RI� WKH�$QFLHQW�RI�'D\V�DQG�LGHD�RIPDJQHWLF�ILHOG��LV�SURYLGHG�LQ�VXEVHFWLRQ�/����'���� 2Q�SDJH�����RI�WKH�ERRN�>�'���@ E\�$OHF�0DF/HOODQ���7KH�/RVW�:RUOG�RI�$JKDUWL�7KH 0\VWHU\�RI�9ULO�3RZHU���6RXYHQLU�3UHVV��/RQGRQ�������,6%1������������WKH�DXWKRU�GHILQHGWKH 9ULO� 3RZHU� LQ� D� IROORZLQJ� PDQQHU�� �95,/� LV� DFWXDOO\� DQ� DQFLHQW� ,QGLDQ� QDPH� IRU� WKHWUHPHQGRXV UHVRXUFHV� RI� HQHUJ\� ZKLFK� DUH� PDGH� DYDLODEOH� DV� D� UHVXOW� RI� PDVWHULQJ� WKH(WKHULF %RG\��RU�7LPH�2UJDQL]DWLRQ����2WKHU�SDUWV�RI�WKH�VDPH�ERRN�H[SODLQ�WKH�WHUP�95,/�HYHQPRUH�H[DFWO\��/HW�XV�TXRWH�D�IHZ�PRUH�VHQWHQFHV�
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S� ���������WKH�JUDGXDO�GLVFRYHU\�RI�WKH�ODWHQW�SRZHUV�VWRUHG�LQ�WKH�DOO�SHUPHDWLQJ�IOXLGZKLFK�WKH\�GHQRPLQDWH�95,/��S� ������7KHUH�LV�QR�ZRUG�LQ�DQ\�ODQJXDJH�,�NQRZ�ZKLFK�LV�DQ�H[DFW�V\QRQ\P�IRU�95,/�, VKRXOG�FDOO�LW�HOHFWULFLW\��H[FHSW�WKDW�LW�FRPSUHKHQGV�LQ�LWV�PDQLIROG�EUDQFKHV�RWKHU�IRUFHV�RIQDWXUH� WR� ZKLFK�� LQ� RXU� VFLHQWLILF� QRPHQFODWXUH�� GLIIHULQJ� QDPHV� DUH� DVVLJQHG�� VXFK� DVPDJQHWLVP��JDOYDQLVP��HWF��S� ������,W�FDQ�EH�XVHG�IRU�H[SDQGLQJ�WKH�FRQVFLRXVQHVV�RI�WKH�PLQG��DQG�DOORZLQJ�WKHWUDQVIHUHQFH RI� WKRXJKWV� IURP�RQH�SHUVRQ� WR�DQRWKHU�E\�PHDQV�RI� WUDQFH�RU�YLVLRQ�� ,W�ZDVWKURXJK WKH�DJHQF\�RI�95,/��ZKLOH�,�KDG�EHHQ�SODFHG�LQ�WKH�VWDWH�RI�WUDQFH��WKDW�,�KDG�EHHQPDGH�DFTXDLQWHG�ZLWK�WKH�UXGLPHQWV�RI�WKH�95,/�<$
V�ODQJXDJH��S� ������)XUWKHU�XVHV�RI�WKH�IRUFH�LQFOXGH�WKH�PRWLYH�SRZHU�IRU�URERWV��WKH�SURSXOVLRQRI ODQG� YHKLFOHV� DQG� IO\LQJ� FRQWULYDQFHV�� DQG� IRU� VXSSO\LQJ� OLJKW�� ���� 95,/� LV� VHHQ� DV� DQHQRUPRXV UHVHUYRLU� RI� XQLYHUVDO� SRZHU�� VRPH� SDUWV� RI� ZKLFK� FDQ� EH� FRQFHQWUDWHG� LQ� WKHKXPDQ�ERG\��(YHQ D�EULHI�FRPSDULVRQ�RI�WKH�DERYH�TXRWDWLRQV�WR�WKH�GHVFULSWLRQV�IURP�IXUWKHU�SDUWVRI WKLV�FKDSWHU�PDNHV�REYLRXV�WKH�WRWDO�FRUUHVSRQGHQFH�EHWZHHQ�WKH�WHUP�95,/�DQG�WKH�WHUP(7+(5��
'�����6RIWZDUH�PRGHOV��UHJLVWHUV��RI�PDWHULDO�REMHFWV
7KH�H[DPSOH�RI�LQWHUDFWLRQ�EHWZHHQ�FRPSXWHU�VRIWZDUH�DQG�KDUGZDUH�LV�WKH�NH\�WR�RXUXQGHUVWDQGLQJ RI� WKH� FRH[LVWHQFH� RI� RXU� ZRUOG� ZLWK� WKH� FRXQWHU�ZRUOG�� ,W� FDQ� EH� ORJLFDOO\GHGXFHG WKDW�WKH�FRXQWHU�ZRUOG�PXVW�EH�DQ�HTXLYDOHQW�RI�FRQWHPSRUDU\�QXPHULFDO�PRGHOV�IRUVLPXODWLQJ UHDO�WLPH�FRPSXWHU�SURFHVVHV��7KHUHIRUH�DOO�ODZV�DQG�SULQFLSOHV�FRQFHUQLQJ�WKHVHPRGHOV DUH�HOHPHQWV�RI�PRUH�JHQHUDO�ODZV�DQG�SULQFLSOHV�UXOLQJ�WKH�FRXQWHU�ZRUOG�DQG�PXVWDOVR�EH�REH\HG�ZLWKLQ�WKH�FRXQWHU�ZRUOG��$V�ZH�NQRZ��WKH�VLPXODWLRQ�RI�DQ\�UHDO�WLPH�SURFHVVLV QRW�SRVVLEOH�ZLWKRXW�EXLOGLQJ�LQWR�LWV�VRIWZDUH�PRGHO�DOO�LQIRUPDWLRQ�DERXW�WKH�SDVW��KLVWRU\��SUHVHQW DQG� IXWXUH�RI� WKLV�SURFHVV��7KLV�PHDQV� WKDW� EHFDXVH�RI� WKH� VWULFW� DQDORJ\� WR� VXFKPRGHOV� WKH�FRXQWHU�ZRUOG�PXVW�DOVR�FRQVLVW�RI�VRPH� UHFRUGV�RI� WKH�HQWLUH�KLVWRU\��SUHVHQWVWDWH� DQG�DOVR�WKH�IXWXUH�RI�HYHU\�REMHFW�IURP�RXU�ZRUOG��3UDFWLFDOO\��IRU�HYHU\�SHUVRQ��HYHU\RUJDQLVP DQG� HYHU\� REMHFW� H[LVWLQJ�ZLWKLQ� WKH�ZRUOG� RI� KDUGZDUH� WKHUH�PXVW� EH� D� NLQG� RI�UHJLVWHU���RU��QRQ�GHVWUXFWLEOH�PHPRU\���ZKLFK�FRQWDLQV�WKH�LQIRUPDWLRQ�RQ�DOO�HYHQWV�IURP�WKHSDVW� SUHVHQW��DQG� IXWXUH�RI� WKLV�REMHFW��7KHUHIRUH�� LI�ZH�FRXOG�VRPHKRZ�JDLQ� �LQVLJKW�� LQWRWKHVH UHJLVWHUV�� ZH� ZRXOG� KDYH� DFFHVV� WR� DOO� WKH� UHTXLUHG� LQIRUPDWLRQ� DERXW� HYHU\WKLQJ�LQFOXGLQJ�DOVR�WKH�HYHQWV�WKDW�ZLOO�KDSSHQ�LQ�WKH�GLVWDQW�IXWXUH�$W WKLV� SRLQW� ZH� VKRXOG� H[WHQG� WKH� H[SODQDWLRQ� RI� WKH� �UHJLVWHU�� SURYLGHG� EULHIO\� LQVXEVHFWLRQ '���7KH�UHJLVWHU�LV�D�PLUURU�UHIOHFWLRQ��VRIWZDUH�PRGHO��RI�D�PDWHULDO�REMHFW��PDGHRI HWKHU�DQG�FRQWDLQHG�LQ�WKH�FRXQWHU�ZRUOG��7KLV�UHIOHFWLRQ�GLVSOD\V�DOO�WKH�DWWULEXWHV�RI�WKHPDWHULDO REMHFW�ZKLFK�LW�UHIOHFWV��,W�PHPRUL]HV�DOO�WKH�GDWD�RQ�WKLV�REMHFW�LQFOXGLQJ�WKH�HQWLUHKLVWRU\ RI�HYHQWV�WKDW�WKLV�REMHFW�ZDV�VXEMHFWHG�WR��,W�DOVR�GHVFULEHV�WKH�SUHVHQW�VWDWH�DQG�WKHGLUHFWLRQ RI�IXWXUH�GHYHORSPHQW�IRU�HYHU\�FRPSRQHQW�RI�WKH�UHIOHFWHG�REMHFW��5HJLVWHUV�H[LVWRQO\ IRU�PDWHULDO�REMHFWV���FDQ�QRW�EH�FUHDWHG�IRU�LGHDV�RU�DEVWUDFWV��EXW�LQVLGH�WKHVH�UHJLVWHUVDQ\�LGHD�RU�DEVWUDFW�FDQ�EH�UHFRUGHG�RU�GHYHORSHG�,W FDQ� EH� GHGXFHG� WKDW� WKH� UHJLVWHUV� PXVW� VWRUH� WKH� LQIRUPDWLRQ� LQ� D� KRORJUDSKLFPDQQHU� 6XFK�PDQQHU�LV�FRQILUPHG�E\�VRPH�HYLGHQFH�FROOHFWHG�WR�GDWH��H�J��E\�WKH�ODFN�RIWLPH GHOD\�LQ�(63�LQTXLULHV�FRQFHUQLQJ�YHU\�GLVWDQW�REMHFWV��E\�WKH�FKDUDFWHULVWLFV�RI�WKH�OLIH
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UHYLHZ�RFFXUULQJ�LQ�WKH�ILUVW�VWDJH�RI�G\LQJ��HWF����$PRQJVW WKH� YDULRXV� SURSHUWLHV� RI� WKH� HWKHULF� UHJLVWHUV�� RQH� GHVHUYHV� RXU� VSHFLDODWWHQWLRQ��7KLV�LV�WKH�QRQ�GHVWUXFWLEOH�DVSHFW��'LIIHULQJ�IURP�SK\VLFDO�REMHFWV��VRIWZDUH�PRGHOV�L�H� �UHJLVWHUV��� IURP�WKH�ZRUOG�RI� LQWHOOHFW�FDQ�QRW�EH�GHVWUR\HG�E\�DQ\�DFWLRQ�WDNHQ� LQ� WKHPDWHULDO ZRUOG��7KHUHIRUH�REMHFWV�ZKLFK�SK\VLFDOO\�FHDVH�WR�H[LVW�VWLOO�SRVVHV� WKHLU� UHJLVWHUVVRPHZKHUH LQ� WKH� FRXQWHU�ZRUOG��9DULRXV� UHOLJLRQV�GHVFULEH�VXFK� UHJLVWHUV�RI� GHDG�SHRSOH�RU�DQLPDOV��DV��JKRVWV����VSLULWV��RU��VRXOV��7KH QRQ�GHVWUXFWLELOLW\�RI�HWKHULF�UHJLVWHUV�ILQLVKHV�ZKHQ�D�GHVWUXFWLEOH�DJHQW�LV�IRUPHGZLWKLQ WKH�FRXQWHU�ZRUOG��7KH�FRQWHQW�RI�VXEVHFWLRQ�'��UHYHDOV��WKDW�VXFK�D�VLWXDWLRQ�RFFXUVZKHQ�WKH�GHVWUXFWLRQ�LV�FDXVHG�E\�DQ�H[WUHPHO\�SRZHUIXO�HOHFWURPDJQHWLF�GLVWXUEDQFH��VLPLODUWR WKH�RQH�IRUPHG�GXULQJ�QXFOHDU�H[SORVLRQV��)RU�WKLV�UHDVRQ�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\ZDUQV XV�DERXW�WKH�XVH�RI�QXFOHDU�ZHDSRQV��DV��WKRVH�ZKR�GLH�LQ�D�QXFOHDU�H[SORVLRQ�PD\FHDVH WR�H[LVW�LQ�WKH�VSLULWXDO�SODQH�DV�ZHOO���$V�VXFK��D�SRVVLEOH�QXFOHDU�ZDU�ZRXOG�EH�D�ORVVWR�WKH�HQWLUH�XQLYHUVH��QRW�RQO\�WR�WKH�SODQHW�ZKHUH�LW�RFFXUUHG�7KHUH LV D�ZHDOWK�RI�HYLGHQFH�DYDLODEOH�DW�SUHVHQW�ZKLFK�FRQILUPV�WKH�FRUUHFWQHVV�RIWKH�FRQFOXVLRQ�WKDW�HYHU\�PDWHULDO�REMHFW�KDV�LWV�PLUURU��HWKHULF��UHIOHFWLRQ�LQ�WKH�FRXQWHU�ZRUOG�/LVWHG�EHORZ�DUH�VRPH�H[DPSOHV�RI�WKLV�HYLGHQFH���'�����7KH FRQFOXVLRQ�GHULYHG�IURP�'LSRODU�*UDYLW\�WKDW��HYHU\�PDWHULDO�REMHFW�KDV�LWVHWKHULF PLUURU� UHIOHFWLRQ� �UHJLVWHU��� LQ� WKH� FRXQWHU�ZRUOG� RQO\� SURYLGHV� D� QHZ�� VFLHQWLILFDOO\EDVHG�MXVWLILFDWLRQ�WR�WKH�YHU\�ROG�ILQGLQJ�WKDW�IRU�DJHV�ZDV�SUHVHQWHG�WR�XV�E\�YDULRXV�VRXUFHV�,Q UHOLJLRQ�WKLV�UHIOHFWLRQ�LV�FDOOHG��VRXO���3V\FKLFV�FDOO�LW��HWKHULF�ERG\���DFXSXQFWXUH�UHIHUV�WRLW DV� �HQHUJ\� ERG\��� HWF�� 7KH�PXWXDO� FRUUHVSRQGHQFH� EHWZHHQ� WKH� FRQFHSW� RI� D� �UHJLVWHU�GHULYHG�WKHRUHWLFDOO\�IURP�WKH�&RQFHSW�RI 'LSRODU�*UDYLW\�DQG�WKH�FRQFHSW�RI�WKH��HWKHULF�ERG\�VR VXFFHVVIXOO\�XWLOL]HG�LQ�3V\FKLF�+HDOLQJ��LV�EHVW�H[SUHVVHG�LQ�WKH�ERRN�>�'�@�E\�'DYLG�6W�&ODLU���3V\FKLF�+HDOHUV���%DQWDP�%RRNV��1HZ�<RUN��������,6%1�����������������2Q�SDJH����RI WKLV� ERRN� WKH� IDPRXV�$PHULFDQ�3V\FKLF�+HDOHU��5HYHUHQG�:LOOLDP�%URZQ�� H[SODLQV� WKHSULQFLSOHV�LQYROYHG�LQ�KLV�KHDOLQJ��+HUH�LV�DQ�H[FHUSW�IURP�KLV�H[SODQDWLRQV��7KH�HWKHULF�ERG\�LV�DQ�H[DFW�FRS\�RI�WKH�IOHVK�DQG�EORRG�ERG\�ZLWK�HYHU\�PXVFOH��ERQH�RUJDQ��DQG�QHUYH�UHSURGXFHG�EXW�LQ�D�ILQHU�GHQVLW\��7KH�SULQFLSOH�LV�WKDW�WKLV�ERG\��EHLQJ�PRUHEDVLF WKDQ� WKH� SK\VLFDO�� FDQ� EH� DGMXVWHG� PRUH� UDSLGO\� DQG� EORRGOHVVO\�� (DFK� FRQGLWLRQFRUUHFWHG LQ� WKH� HWKHULF� ERG\� LV� UHIOHFWHG� EDFN� LQWR� WKH� SK\VLFDO� ERG\�� WKXV� DGMXVWLQJ� WKHSK\VLFDO�EDFN�WR�KHDOWK��,W LV� DPD]LQJ� KRZ� FORVHO\� WKLV� 3V\FKLF� H[SODQDWLRQ� FRUUHVSRQGV� WR� WKH�KDUGZDUH�VRIWZDUH�PHFKDQLVP�RI�SKHQRPHQD����'�����,Q�������'U��'XQFDQ�0F'RXJDOO�RI�0DVVDFKXVHWWV�*HQHUDO�+RVSLWDO�FRQGXFWHGVRPH SUHFLVH�PHDVXUHPHQWV� RI�ZHLJKW� RI� SHRSOH� MXVW� EHIRUH� DQG� DIWHU� WKHLU� GHDWK�� 7KHVHPHDVXUHPHQWV UHYHDOHG�WKDW�WKH�KXPDQ�ERG\�DW�WKH�PRPHQW�RI�GHDWK�ORVHV�DV�PXFK�DV���WR���>JUDPV@�LQ�ZHLJKW��7KH�DERYH�ORVV�RI�ZHLJKW�FDQ�EH�DWWULEXWHG�WR�WKH�VHSDUDWLRQ�IURP�ERGLHVRI WKHLU�VRIWZDUH�PRGHOV��UHJLVWHUV��ZKLFK�DUH�PDGH�RI�VRPH�YRODWLOH�FRPSRQHQW�RI�HWKHU��$VWKHVH PRGHOV�DUH�DWWDFKHG�WR�WKH�ERGLHV�E\�JUDYLWDWLRQDO�IRUFHV��WKHLU�VHSDUDWLRQ�PXVW�FDXVHFKDQJHV LQ�JUDYLWDWLRQDO�LQWHUDFWLRQV�ZKLFK�ZRXOG�EH�GHWHFWDEOH�DV�LQ�WKH�FKDQJH�RI�ZHLJKW���'���� 6RIWZDUH� PRGHOV� IURP� WKH� FRXQWHU�ZRUOG� DUH� DFWXDOO\� UHJLVWUDEOH� RQ� DSKRWRJUDSKLF ILOP�� 7KH� WHFKQLTXH� ZKLFK� DOORZV� WKH� UHJLVWUDWLRQ� RI� WKHVH� HWKHULF� LPDJHV� LVFDOOHG�.LUOLDQ�SKRWRJUDSK\�
'�����3RVVLEOH�JDLQV�IURP�WKH�PDVWHU\�RI�WKH�FRXQWHU�ZRUOG
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7KH JUDYLWDWLRQDO�OLQN�H[LVWLQJ�EHWZHHQ�ERWK�ZRUOGV�LQWURGXFHV�HQRUPRXV�SRWHQWLDO�IRUH[HUFLVLQJ DQ� LQWHOOLJHQW� FRQWURO� RYHU� RXU� ZRUOG�� ,I� ZH� EXLOG� D�PDFKLQH� WKDW� ZLOO� EH� DEOH� WRFKDQJH WKH FRQILJXUDWLRQ�ZLWKLQ�WKH�FRXQWHU�ZRUOG��WKHQ�WKLV�ZRXOG�FDXVH�DQ�LQVWDQW�FKDQJHZLWKLQ WKH�PDWHULDO�ZRUOG��)RU�H[DPSOH�LQVWHDG�RI�SK\VLFDOO\�WUDYHOOLQJ�IURP�SODFH�WR�SODFH��ZHFRXOG DOWHU�RXU�SRVLWLRQ�LQ�WKH�FRXQWHU�ZRUOG�DQG�WKLV�ZRXOG�FDXVH�RXU�LQVWDQW�GLVDSSHDUDQFHIURP�RQH�SODFH�DQG�UH�DSSHDUDQFH�LQ�DQRWKHU�RQH��,Q�WKLV�ZD\��WHOHSRUWDWLRQ��PD\�UHSODFH�RXUSUHVHQW�GLVORFDWLRQ�RI�PDWWHU��,W�LV�QRW�WKH�RQO\�SRVVLELOLW\�WKDW�WKH�DOWHUDWLRQ�RI�WKH�FRXQWHU�ZRUOGPD\�RSHQ��6RPH�RI�RWKHU�FRXOG�EH���PDWHULDOL]DWLRQ�LQVWHDG�RI�SURGXFWLRQ���GHPDWHULDOL]DWLRQ�LQVWHDG�RI�GLVSRVDO���ERG\�WUDQVIRUPDWLRQ�LQVWHDG�RI�KHDOLQJ�7KH PDFKLQH� IRU� LQWURGXFLQJ� VRPH� DOWHUDWLRQ� LQWR� WKH� FRXQWHU�ZRUOG� ZRXOG� EH� WKHVXSUHPH�DFKLHYHPHQW�LQ�WKH�XWLOL]DWLRQ�RI�WKH�SRVVLELOLWLHV�WKDW�WKLV�GXDOLW\�RI�WKH�8QLYHUVH�PD\RIIHU� +RZHYHU��QRW�OHVV�XVHIXO�ZRXOG�EH�WKH�GHYLFH�ZKLFK�FRXOG�MXVW�DOORZ��LQVLJKW��LQWR�DQG�UHDGLQJ� RI� WKH� UHJLVWHUV� FRQWDLQHG�ZLWKLQ� WKH� FRXQWHU�ZRUOG�� 7KURXJK� VXFK� DQ� LQVLJKW� ZHFRXOG��IRU�H[DPSOH��REWDLQ�FRPSOHWH�LQIRUPDWLRQ�DERXW���WKH�KLVWRU\�RI�HDFK�SHUVRQ��RUJDQLVP�RU�REMHFW���WKH�IXWXUH�IDWH�RI�SHRSOH�DQG�REMHFWV���WKH�DSSHDUDQFH�DQG�FRXUVH�RI�LOOQHVVHV�EHIRUH�V\PSWRPV�DUH�QRWLFHDEOH���WKH�WKRXJKWV��LQWHQWLRQV��VHFUHWV�DQG�SHUVRQDO�GHWDLOV�RI�DQ\�SDUWLFXODU�SHUVRQ���WKH�ORFDWLRQ�RI�ORVW�SHRSOH�DQG�REMHFWV�� WKH� FRQWHQW� RI� QRQ�WUDQVSDUHQW� REMHFWV�� H�J�� OHWWHUV� ZLWKLQ� HQYHORSHV�� QDWXUDOUHVRXUFHV��XQGHUJURXQG�ZDWHU�VRXUFHV��HWF�,W VHHPV� WKDW� IRU� WKRXVDQGV� RI� \HDUV� PDQNLQG� H[SORLWHG� WKH� FRXQWHU�ZRUOG� WKURXJKPDJLF��H[RUFLVP��ULWXDOV��HWF��+RZHYHU��WR�GDWH SHRSOH
V�XVH�RI�WKH�ODZV�RI�WKDW�ZRUOG�KDV�EHHQ�EOLQG� DQG�ZLWKRXW�XQGHUVWDQGLQJ�RI� WKHLU�RSHUDWLRQ��5HDOL]LQJ� WKDW�VXFK�D�ZRUOG�H[LVWV�ZLOOKHOS XV�LQ�WKH�V\VWHPDWLF�FRPSLODWLRQ�RI�LWV�ODZV�DQG�LQ�GHYHORSLQJ�D�FRPSOHWH�NQRZOHGJH�RILWV RSHUDWLRQ�� )URP� WKLV�� WKHUH�ZLOO� EH� RQO\� D� VKRUW� VWHS� WR� WKH� GHYHORSPHQW� RI� RXU� QDWXUDODELOLWLHV�WR�H[SORLW�WKLV�ZRUOG��LQ�D�ZD\�VLPLODU�WR�WKH�GHYHORSPHQW�RI�PXVFOHV�E\�ERG\�EXLOGHUV�7KH H[LVWHQFH�RI� WKLV�ZRUOG�PDNHV�SRVVLEOH� WKH�PDVWHU\� �ZLWKRXW�GHYLFHV��RI� VXFK�KLWKHUWRLQFUHGLEOH�DELOLWLHV�DV��WHOHSDWK\��VKLIWLQJ�REMHFWV�E\�WKH�SRZHU�RI�WKH�PLQG��KHDOLQJ��VHHLQJ�WKHFRQWHQW RI�QRQ�WUDQVSDUHQW�REMHFWV�DQG�OHDUQLQJ�WKH�SHUVRQDO�VHFUHWV�DQG�WKRXJKWV�RI�RWKHUV�6LPLODUO\ WR�RXU�ZRUOG��WKH�FRXQWHU�ZRUOG�PXVW�DOVR�EH�REMHFWLYH�DQG�UHSHWLWLYH��,W�PXVWEH�JRYHUQHG�E\�D�VHW�RI�QDWXUDO�ODZV��ZKRVH�PHDQLQJ�FDQ�EH�GHWHFWHG��LGHQWLILHG��OHDUQHG�DQGXWLOL]HG E\� RXU� LQWHOOHFW�� 7KHUHIRUH� WKH� UHFRJQLWLRQ� DQG� DFFHSWDQFH� RI� WKLV� ZRUOG� ZLOO� RSHQFRPSOHWHO\�QHZ�GLPHQVLRQV��IRU�WKH�JRRG�RI�DOO�SHRSOH�
'���7KH�LQWHUSUHWDWLRQ�RI�WLPH�LQ�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\
$V LW� ZDV H[SODLQHG� LQ� VXEVHFWLRQ� '��� WKH� FRXQWHU�ZRUOG� �DOVR� FDOOHG� WKH� ZRUOG� RILQWHOOHFW� FRQWDLQV�UHDO�WLPH�VRIWZDUH�PRGHOV��UHJLVWHUV��RI�RXU�UHDOLW\��7KHVH�PRGHOV�H[HFXWHWKH�FRXUVH�RI�HYHQWV�WKDW�WDNH�SODFH�LQ�RXU�ZRUOG��7KXV�WKH�NH\�WR�XQGHUVWDQGLQJ�WKH�RSHUDWLRQRI�WKH�FRXQWHU�ZRUOG�LV�LWV�DQDORJ\�WR�D�UHDO�WLPH�FRPSXWHU�SURJUDP�/HW�XV�UHIHU�WR�WKH�RSHUDWLRQ�RI�D�UHDO�WLPH�FRPSXWHU�SURJUDP��6XFK�D�SURJUDP�LV�PDGHXS IURP�D QXPEHU�RI�HOHPHQWDU\�SURFHVVLQJ�FRPPDQGV�WKDW�DUH�FRPELQHG�WRJHWKHU� LQ�RQHFRQWLQXRXV VHTXHQFH��7KH�FRPSOHWLRQ�RI� WKHVH�FRPPDQGV� LV�DFKLHYHG� LQ�VWHSV��HDFK�RQH
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RI WKHP�EHLQJ�H[HFXWHG�LQ�LVRODWLRQ�IURP�WKH�RWKHUV��'XULQJ�WKLV�SURFHVV�WKH�FRQWURO�XQLW�RI�DFRPSXWHU JLYHV�WKH�H[HFXWLRQ�SRZHU�WR�WKHVH�FRPPDQGV�LQ�WKH�RUGHU�RI�WKHLU�SRVLWLRQLQJ��RQHDIWHU WKH�RWKHU��7KXV�LQ�HDFK�FRPSXWHU�SURJUDP�WKHUH�H[LVWV�RQH�VXFK�HOHPHQWDU\�FRPPDQGZKLFK LV�DFWXDOO\�LQ�WKH�SURFHVV�RI�H[HFXWLRQ��$OO�FRPPDQGV�ORFDWHG�EHIRUH�WKLV�SDUWLFXODU�RQHDUH DOUHDG\�FRPSOHWHG��ZKHUHDV�DOO� WKH�FRPPDQGV�ORFDWHG�DIWHU�WKLV�RQH�ZLOO�EH�FRPSOHWHGLQ WKH�IXWXUH��7KHUHIRUH�D�IORZ�RI�WKH�H[HFXWLRQ�FRQWURO�WKURXJKRXW�VXFK�D�FRPSXWHU�SURJUDPSHUIRUPV WKH�VDPH�IXQFWLRQ�DV�WKH�IORZ�RI�WLPH�LQ�UHDO�HYHQWV��7KH�DERYH�VKRZV�WKDW�LQ�WKHFRPSXWHU SURJUDPV�RSHUDWLQJ�LQ�UHDO�WLPH��WKH�IORZ�RI�H[HFXWLRQ�FRQWURO� LV�HTXLYDOHQW�WR�RXULGHD�RI�WLPH�7KH DQDORJ\�H[LVWLQJ�EHWZHHQ�WKH�FRXQWHU�ZRUOG�DQG�WKH�UHDO�WLPH�FRPSXWHU�SURJUDPDOORZV XV�WR�GHGXFH�WKH�SULQFLSOHV�RI�FRPSOHWLRQ�RI�UHDO�HYHQWV�RFFXUULQJ�LQ�RXU�ZRUOG��7KHVHHYHQWV ZLOO�EH�H[HFXWHG�E\�WKH�FRXQWHU�ZRUOG�LQ�D�PDQQHU�VLPLODU�WR�WKH�ZD\�WKH�SURFHVVLQJFRPPDQGV DUH� H[HFXWHG� LQ� FRQWHPSRUDU\� FRPSXWHU� SURJUDPV�� 7KXV� WKH� VRIWZDUH�PRGHOVFRQWDLQHG LQ�WKH�FRXQWHU�ZRUOG�DUH�DOVR�FRPELQHG�IURP�WKH�VHTXHQFHV�RI�HOHPHQWDU\�VWHSV�7KHVH�VWHSV�DUH�H[HFXWHG�LQ�VXFFHVVLRQ��RQH�E\�RQH��7KHUHIRUH��WKHUH�LV�DOZD\V�D�VWHS�ZKLFKLV DFWXDOO\�LQ�WKH�SURFHVV�RI�H[HFXWLRQ��DV�ZHOO�DV�WKH�RWKHU�VWHSV��SDUW�RI�ZKLFK�ZHUH�DOUHDG\H[HFXWHG�LQ�WKH�SDVW�DQG�SDUW�ZDLWLQJ�WR�EH�H[HFXWHG�LQ�WKH�IXWXUH��6XFK�D�IORZ�RI�WKH�H[HFXWLRQVHTXHQFH RFFXUULQJ� LQ� WKH�FRXQWHU�ZRUOG�� LV�REVHUYHG� LQ�RXU�ZRUOG�DV�D� ODSVH�RI� WLPH��7KHDERYH�SURYLGHV�WKH�LQWHUSUHWDWLRQ�RI�WLPH�LQ�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\��7KLV�LQWHUSUHWDWLRQZLOO EH� FDOOHG�KHUH� WKH� �PDJQHWLF�FRQFHSW�RI� WLPH��� ,W� VWDWHV� WKDW�� �WLPH� LV�D� IORZ�RI� WKHH[HFXWLRQ�FRQWURO�WKURXJKRXW�WKH�VRIWZDUH�PRGHOV�FRQWDLQHG�LQ�WKH�FRXQWHU�ZRUOG��7KH DERYH�LQWHUSUHWDWLRQ�LQWURGXFHV�QXPHURXV�FKDQJHV�WR�RXU�XQGHUVWDQGLQJ�RI�WLPH�)LUVWO\� LW�FDXVHV�XV�WR�UHDOL]H�WKDW�RXU�FRQWHPSRUDU\�YLHZ�RI�WLPH�DV�D�XQLIRUPO\�IORZLQJ�ULYHULV ZURQJ��,Q�IDFW��WLPH�LV�PRWLRQOHVV��RQO\�RXU�H[HFXWLRQ�FRQWURO�PRYHV�WKURXJK�LW��$OVR�WKLVLQWHUSUHWDWLRQ�LQGLFDWHV�WKDW�WKH�VSHHG�RI�HODSVLQJ�WLPH�FDQ�YDU\�IURP�REMHFW�WR�REMHFW�DQG�IURPVLWXDWLRQ WR�VLWXDWLRQ��L�H��WLPH�GRHV�QRW�HODSVH�WKH�VDPH�IRU�HYHU\RQH�DQG�LQ�HYHU\�VLWXDWLRQ��0RUHRYHU� WKLV� LQWHUSUHWDWLRQ� VKRZV� WKDW� LQ� WKH� FRXQWHU�ZRUOG� WLPH� FDQ� EH� LQVWDQWDQHRXVO\VKLIWHG EDFNZDUGV� �L�H�� WKH� H[HFXWLRQ� FRQWURO� FDQ� EH� VKLIWHG� EDFN� WR� DQ\� SUHYLRXV� VWHS�� RUIXUWKHU IRUZDUG��DQG�WKH�VSHHG�RI�HODSVLQJ�WLPH�FDQ�EH�LQFUHDVHG�RU�GHFUHDVHG��7KXV��LQ�WKH&RQFHSW RI�'LSRODU�*UDYLW\�� WLPH� WUDYHO� DQG� WKH� EXLOGLQJ� RI� �7LPH�9HKLFOHV�� LV� WKHRUHWLFDOO\SRVVLEOH���VHH�VXEVHFWLRQ�-��2EVHUYDWLRQV KDYH�DOUHDG\� EHHQ�DFFXPXODWHG�ZKLFK� FRQILUP� WKH� FRUUHFWQHVV� RI� WKHDERYH�LQWHUSUHWDWLRQ�RI�WLPH��%HORZ�LV�OLVWHG�VRPH�H[DPSOHV�RI�HYLGHQFH�IURP�WKLV�DUHD���'�� 7LPH� HODSVLQJ� LV� SHUFHLYHG� GLIIHUHQWO\� IRU� YDULRXV� REMHFWV� DQG� VLWXDWLRQV�� )RUH[DPSOH� LQVHFWV� SDVV� WKURXJK� WLPH� DW� D� PXFK� IDVWHU� VSHHG� WKDQ� SHRSOH�� ZKHUHDV� WKHFHOHVWLDO ERGLHV��H�J��SODQHWV��VWDUV��KDYH�D�PXFK�VORZHU�SDVVDJH�WKURXJK�WLPH�WKDQ�KXPDQVGR� $OVR�LQ�RXU� OLYHV�ZH�IUHTXHQWO\�REVHUYH�WKH�GLIIHUHQW�VSHHGV�RI�HODSVLQJ�WLPH��$V� LW�ZDVOLJKWKHDUWHGO\ H[SUHVVHG�E\�$OEHUW�(LQVWHLQ�� �RQH�PLQXWH�VSHQW�RQ�D�KRW�VWRYH�IHHOV� OLNH�DQKRXU��ZKHUHDV�DQ�KRXU�VSHQW�ZLWK�D�ORYHG�SDUWQHU�IHHOV�OLNH�D�PLQXWH���0RVW�FOHDUO\�WKH�VORZLQJRI WLPH� LV� UHJLVWHUHG� E\� SDUWLFLSDQWV� RI� FDU� DFFLGHQWV�� 3UREDEO\� HYHU\RQH� KDV� DOVR� QRWLFHGSHUVRQDOO\ WKDW� WKH�SDVVDJH�RI� WLPH�VHHPV� WR� LQFUHDVH� LQ�VSHHG�DV�ZH�DJH� �L�H�� D�GD\� IRUFKLOGUHQ�LV�ORQJHU�WKDQ�IRU�ROGHU�SHRSOH�����'�� ,Q� WKH� VR�FDOOHG� QHDU�GHDWK� H[SHULHQFHV� �1'(��� D� SHUVRQ� IDOOLQJ� IURP� D� URRIGXULQJ KLV�KHU�YHU\�VKRUW�IOLJKW�UH�OLYHV�DJDLQ�LQ�GHWDLO�DOPRVW�KLV�KHU�HQWLUH�OLIH��7KH�QXPEHURI LPDJHV�DQG�H[SHULHQFHV�SDVVLQJ�WKURXJK�WKH�PLQG�RI�VXFK�D�SHUVRQ�ZRXOG�EH�LPSRVVLEOHWR�UHYLHZ�LI�WLPH�HODSVHG�ZLWK��QRUPDO�VSHHG����'�� 7KHUH�LV�REMHFWLYH�HYLGHQFH�DFFXPXODWHG�ZKLFK�FRQILUPV�WKH�FDSDELOLW\�RI�VRPH
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DGYDQFHG FLYLOL]DWLRQV� IRU� VORZLQJ� GRZQ� RU� DFFHOHUDWLQJ� WKH� HODSVH� RI� WLPH�� 7KLV� HYLGHQFHRULJLQDWHV IURP�REVHUYDWLRQV�RI�WKH�VR�FDOOHG��7LPH�9HKLFOHV��LQ�RSHUDWLRQ��([DPSOHV�RI�WKLVHYLGHQFH �H�J�� WKH� VR�FDOOHG� �VWDWH� RI� VXVSHQGHG� DQLPDWLRQ��� FODLPV� RI� H[WUDWHUUHVWULDOV�DFFHOHUDWLQJ�RI�DEGXFWHH�ZDWFKHV��DUH�SUHVHQWHG�LQ�VXEVHFWLRQ�2��
'���7KH�LQWHUSUHWDWLRQ�RI�HOHFWURPDJQHWLF�SKHQRPHQDLQ�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\
7KH &RQFHSW�RI�'LSRODU�*UDYLW\�UHYHDOV�WKDW�WKH�FRXQWHU�ZRUOG�LV�ILOOHG�XS�ZLWK�D�NLQG�RIPHGLXP� ZKLFK�IRU�KLVWRULF�UHDVRQV�ZH�FDOO�KHUH��HWKHU���(WKHU�LV�D�UHYHUVDO�RI�PDWWHU�IURP�RXUZRUOG� ,QGHSHQGHQW� RI� WKH� LQWHOOHFWXDO� SURSHUWLHV�� LW� DOVR� GLVSOD\V� D� QXPEHU� RI� SK\VLFDOSURSHUWLHV� $V� WKH�FODVVLF�SK\VLFLVWV�GHGXFHG��HWKHU�PXVW�SRVVHVV�QR�PDVV��PXVW�SURGXFHQR IULFWLRQ�DQG�GLVSOD\�QR�LQHUWLD��(WKHU�FDQ�EH�SXW�LQWR�D�VWDWH�RI�WHQVLRQ�DQG�EH�FDXVHG�WRPRYH��7KH�DFWXDO�VWDWH�DQG�EHKDYLRXU�RI�WKLV�PHGLXP��KRZHYHU��PD\�QRW�EH�REVHUYHG�GLUHFWO\IURP RXU�ZRUOG��DV�RXU�GHYLFHV�DQG�VHQVH�RUJDQV�KDYH�QR�DFFHVV�WR�WKH�ZRUOG�LQ�ZKLFK�HWKHULV FRQWDLQHG��%XW�HWKHU� LQWHUDFWV�ZLWK� WKH�RSSRVLWH�HQGV�RI�JUDYLW\�GLSROHV� WKDW�SUHYDLO� LQ� LWVZRUOG�DQG�WKXV�LWV�VWDWH�DQG�EHKDYLRXU�LPSDFWV�WKH�EHKDYLRXU�RI�PDWWHU�FRQWDLQHG�LQ�RXU�ZRUOG�%HFDXVH�RI�WKLV��HWKHU�FDQ�EH�REVHUYHG�LQGLUHFWO\�E\�UHJLVWUDWLRQ�RI�LWV�LQWHUDFWLRQV�ZLWK�PDWWHUIURP�RXU�ZRUOG�,I ZH�DQDO\]H�DOO�SRVVLEOH�LQWHUDFWLRQV�WKDW�PD\�RFFXU�EHWZHHQ�RXU�PDWWHU�DQG�HWKHU�WKHVH PD\�EH�WZR�NLQGV��L�H������WKRVH�FDXVHG�E\�WKH�FRPSUHVVLRQ�RI�WKH�HWKHU�DQG�����WKRVHFDXVHG E\�LWV�PRWLRQ��7KH�DUHDV�ZKHUH�HWKHU�LV�FRPSUHVVHG�RU�GHFRPSUHVVHG�PXVW�GLVSOD\DOO WKH�DWWULEXWHV�RI�ZKDW�LV�SUHVHQWO\�NQRZQ�XQGHU�WKH�QDPH�RI�SRVLWLYH�DQG�QHJDWLYH�HOHFWULFILHOGV� 7KXV�WKH�HOHFWULF�ILHOGV�LQ�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�UHSUHVHQW�WKH�SRWHQWLDO�VWDWHVRI HWKHU�� 7KH� PRWLRQ� RI� HWKHU� ZLOO� GLVSOD\� DOO� WKH� DWWULEXWHV� RI� PDJQHWLF� ILHOGV�� 7KHUHIRUHPDJQHWLF ILHOGV� DUH� WKH� FDUULHUV� RI� NLQHWLF� VWDWHV� RI� WKLV� VXEVWDQFH�� %RWK� WKH� DERYHLQWHUSUHWDWLRQV UHYHDO�WKDW�WKH�HOHFWURPDJQHWLF�SKHQRPHQD�LQ�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\DUH�XQGHUVWRRG�DV�YDULRXV�VWDWHV�DQG�EHKDYLRXUV�RI�HWKHU�
'�����$�PDJQHWLF�ILHOG�LV�D�FLUFXODWLQJ�VWUHDP�RI�HWKHU
,W�LV�XQIRUWXQDWH��WR�VD\�WKH�OHDVW��WKDW�VFLHQFH�LQ�WKH�ODVW�GHFDGHV�RI�WKH���WK�FHQWXU\�LVVWLOO QRW�DEOH WR�DQVZHU�WKH�TXHVWLRQ���ZKDW� LV�D�PDJQHWLF�ILHOG"���7KH�KLJKHVW�DXWKRULWLHV� LQPDJQHWLVP� ZKHQ�FRQIURQWHG�ZLWK� WKLV�TXHVWLRQ��VLPSO\��SXW� WKHLU�KHDGV� LQWR� WKH�VDQG��DQGHYDGH WKH� LVVXH�E\�SURYLGLQJ�D�GHILQLWLRQ�ZKLFK�GHVFULEHV� WKH�HIIHFWV��QRW� WKH�FDXVHV��RI�DPDJQHWLF�ILHOG��,W�VHHPV�WKDW�WKH�PHGLHYDO�PRQNV
�H[SODQDWLRQ�RI�PDJQHWLVP�DV�D��VRUW�RI�KRO\SKDQWRP ZKLFK�HPHUJHV�IURP�RQH�HQG�RI�D�EDU�PDJQHW�DQG�GLVDSSHDUV�LQWR�WKH�RWKHU�HQG�LV VWLOO� UHSHDWHG� E\� PRGHUQ� VFLHQWLVWV�� PHUHO\� UHSODFLQJ� WKH� RFFXOWLVW� H[SUHVVLRQV� ZLWK� WKHVDPH�PHDQLQJOHVV�PL[WXUH�RI�VXSHU�PRGHUQ��DEVWUDFW�WHUPLQRORJ\�7KH IRUPDWLRQ� RI� WKH� &RQFHSW� RI� 'LSRODU� *UDYLW\� ILQDOO\� SURYLGHV� WKH� DQVZHU� WR� WKHTXHVWLRQ �ZKDW�LV�D�PDJQHWLF�ILHOG"���DV�ZHOO�DV�H[SODLQLQJ�WKH�SULQFLSOHV�RI�WKH�IRUPDWLRQ�RIWKLV�ILHOG��%HORZ�LV�JLYHQ�D�PRUH�GHWDLOHG�H[SODQDWLRQ�RI�WKLV�SKHQRPHQD�,W ZDV� H[SHULPHQWDOO\� GHWHUPLQHG� WKDW� DOO� HOHFWULFDOO\� FKDUJHG� SDUWLFOHV�� VXFK� DVHOHFWURQV� SURWRQV��SRVLWURQV��HWF���DUH�VSLQQLQJ�OLNH�WRSV��2QH�RI�WKH�SUHVHQWDWLRQV�RI�UHFHQWGLVFRYHULHV LQ� WKLV�PDWWHU� LV� FRQWDLQHG� LQ� DQ� DUWLFOH� >�'���@ E\� $ODQ�'�� .ULVFK�� �&ROOLVLRQV
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EHWZHHQ�6SLQQLQJ�3URWRQV���SXEOLVKHG�LQ��6&,(17,),&�$0(5,&$1���$XJXVW�������SS��������%HFDXVH HDFK� RI� WKH� VSLQQLQJ� SDUWLFOHV� LV� FRQWUD�EDODQFHG� LQ� WKH� FRXQWHU�ZRUOG� E\� DFRUUHVSRQGLQJ FOXVWHU�RI�HWKHU�� WKH� URWDWLRQ�RI� WKLV�SDUWLFOH�PXVW�DOVR�FDXVH�D�FLUFXODWLRQ�RIHWKHU VXUURXQGLQJ�WKLV�FOXVWHU��7KLV�FLUFXODWLRQ�RI�HWKHU�FRXOG�EH�FRPSDUHG�WR�WKH�IRUPDWLRQRI D�PLQLDWXUH�ZKLUOZLQG�E\�D�FKLOG
V�WR\���D��VSLQQLQJ�WRS����DIWHU�VHWWLQJ� LW� LQ�URWDWLRQ��$V�DUHVXOW� PLFUR�ZKLUOV� RI� HWKHU�PXVW�DFFRPSDQ\�HYHU\�HOHFWULFDOO\� FKDUJHG�SDUWLFOH�� ,Q�QRUPDOFLUFXPVWDQFHV WKH�D[HV�RI�URWDWLRQ�IRU�WKHVH�ELOOLRQV�RI�PLFUR�VZLUOV�WDNH�FKDRWLF�RULHQWDWLRQV�WKHUHIRUH WKHLU� DFWLRQV�PXWXDOO\� FDQFHO� RQH�DQRWKHU
V� HIIHFWV�� )RU� WKLV� UHDVRQ� LQ� VWDWLRQDU\FKDUJHV WKH�VZLUOLQJV�RI�HWKHU�FDQ�EH�GHWHFWHG�RQO\�RQ�D�PLFUR�VFDOH��7KH�VLWXDWLRQ�FKDQJHVGUDVWLFDOO\ ZKHQ�WKH�SDUWLFOHV�DUH�IRUFHG�WR�IORZ��'XULQJ�PRYHPHQW�WKH\�RULHQW�WKHLU�D[HV�RIURWDWLRQ LQ�WKH�GLUHFWLRQ�RI�WKH�IORZ�RI�FXUUHQWV��+DYLQJ�SDUDOOHO�D[HV�RI�VSLQQLQJ��WKH�SDUWLFOHVQRZ DFFXPXODWH�WKHLU�HIIHFWV�RQ�HWKHU��6XFK�DQ�DFFXPXODWLRQ�FDQ�EH�FRPSDUHG�WR�WKH�HIIHFWRI KXQGUHGV� RI� �VSLQQLQJ� WRSV�� VZLUOLQJ� VLPXOWDQHRXVO\� LQ� RQH� URRP� VR� WKDW� WKHLU�PLQLDWXUHZKLUOZLQGV� UHLQIRUFLQJ�RQH�DQRWKHU��FDXVH�WKH�DLU�LQ�WKH�URRP�WR�URWDWH��7KH�UHVXOW�LV�WKDW�WKHIORZ�RI HOHFWULF�FKDUJHV�RUGHUV�WKHLU�D[HV�RI�URWDWLRQ�DQG�WKXV�IRUP�WKH�ODUJH�VFDOH�FLUFXODWLRQVRI�HWKHU�NQRZQ�WR�XV�E\�WKH�QDPH�RI��PDJQHWLF�ILHOG��7R VXPPDUL]H�WKH�DERYH�LQ�WKH�IRUP�RI�GHILQLWLRQ�ZH�FDQ�VD\�WKDW�D��PDJQHWLF�ILHOG�LVD FLUFXODWLQJ�VWUHDP�RI�HWKHU���7KLV�PHDQV�WKDW�WKH�IRUFH�OLQHV�RI�D�PDJQHWLF�ILHOG�DUH�LQ�IDFWWKH�GULIW�OLQHV�RI�FLUFXODWLQJ�HWKHU�(WKHU LV� D� VXEVWDQFH� SHUPHDWLQJ� WKDW� RWKHU� ZRUOG� LQDFFHVVLEOH� IURP� RXU� VHWGLPHQVLRQV ��VHH�VXEVHFWLRQ�'�����7KHUHIRUH�WKH�FLUFXODWLRQ�RI�HWKHU�ZRXOG�EH�XQGHWHFWDEOHIRU�RXU�LQVWUXPHQWV��EXW�ZRXOG�LQWHUDFW�ZLWK�RWKHU�VLPLODU�FLUFXODWLQJ�VWUHDPV�RI�WKLV�VXEVWDQFH�6R�LW�ZRXOG�EHKDYH�H[DFWO\�OLNH�D�PDJQHWLF�ILHOG�:KHQ WKH� HOHFWULF� FXUUHQW� IORZV� DORQJ� D� VWUDLJKW� ZLUH�� HWKHU� VZLUOV� DURXQG� WKLV� ZLUHIRUPLQJ D�YRUWH[�PDJQHWLF�ILHOG��L�H��D�ILHOG�KDYLQJ�LQGLVWLQJXLVKDEOH�1�DQG�6�SROHV���%XW�ZKHQHOHFWULF FKDUJHV�WDNH�RQ�D�FLUFXODU�IORZ��DV�REVHUYHG�LQ�FRLOV�RI�HOHFWURPDJQHWV�RU�ZLWKLQ�WKHDWRPV�DW�HOHFWURQV
�RUELWV��WKHQ�WKH�GLSRODU�PDJQHWLF�ILHOG��L�H��ILHOG�KDYLQJ�FOHDU�1�DQG�6�SROHV�LV�IRUPHG�7KH PRGHO�RI� WKH� IRUPDWLRQ�RI�D�PDJQHWLF� ILHOG�SUHVHQWHG�DERYH�DOORZV�IRU�D�VLPSOHH[SODQDWLRQ RI� DOO� WKH� NQRZQ� SKHQRPHQD� FRQQHFWHG� ZLWK� PDJQHWLVP�� )RU� H[DPSOH�PDJQHWL]DWLRQ �RU�SURGXFWLRQ�RI�SHUPDQHQW�PDJQHWV��LV�WKH�SURFHVV�RI�SXWWLQJ�LQWR�RUGHU�WKHD[HV�RI�WKH�SDUWLFOHV
�URWDWLRQ��E\�PHDQV�RI�WKH�DFWLRQ�RI�WKH�H[WHUQDO�VWUHDP�RI�FLUFXODWLQJ�HWKHU��6R�LW�LV�D�SURFHVV�WKDW�LV�WKH�UHYHUVH�RI�WKH�IRUPDWLRQ�RI�D�ILHOG�E\�WKH�IORZ�RI�FKDUJHV���:KHQDQDO\VLQJ DQ\�RWKHU�PDJQHWLVP�UHODWHG�SKHQRPHQD�ZH�PXVW�LQHYLWDEO\�UHDFK�WKH�FRQFOXVLRQWKDW WKH�PRGHO�SUHVHQWHG�DERYH�LV�WKH�FRUUHFW�RQH�DQG�WKDW�LW�VKRXOG�EH�FRPPRQO\�DFFHSWHGDV�VRRQ�DV�SRVVLEOH�,W�LV�PXFK HDVLHU�WR�FRPSUHKHQG�WKH�SURSHUWLHV�RI�D�PDJQHWLF�ILHOG�ZKHQ�WKH�FLUFXODWLRQRI WKH� HWKHU� LV� LPDJLQHG� DV� WKH� FLUFXODWLRQ� RI� DLU�� ,Q� VXFK� DQ� DQDORJ\�� RQH� FRLO� RI� DQHOHFWURPDJQHWLF FDQ�EH�YLVXDOL]HG�DV�D�SURSHOOHU�RI�DQ�DLUFUDIW�IRUFLQJ�WKH�VXUURXQGLQJ�DLU�WRFLUFXODWH� WKH�DQDORJ\�IRU�D�EDU�PDJQHW�ZRXOG�EH�D�NLQG�RI��SLSH��IRUPHG�IURP�ELOOLRQV�RI�OLWWOHSURSHOOHUV� 7R�REWDLQ�WKH�VLPXODWLRQ�RI�WKH�LQWHUDFWLRQ�EHWZHHQ�WZR�PDJQHWV��LW�LV�VXIILFLHQW�WRFRQVLGHU WKH�UHODWLYH�LQWHUDFWLRQ�EHWZHHQ�WZR�VWUHDPV�RI�DLU�FLUFXODWHG�LQ�WKDW�ZD\��2I�FRXUVH�ZKHQ DSSO\LQJ�WKH�DERYH�DQDORJ\�ZH�VKRXOG�UHPHPEHU�WKDW�HWKHU��XQOLNH�RXU�DLU��SRVVHVVHVQR�PDVV��QR�YLVFRVLW\��DQG�GRHV�QRW�FUHDWH�IULFWLRQ��7KHUHIRUH�DOO�WKH�DWWULEXWHV�RI�D�FLUFXODWLQJVWUHDP RI� DLU� ZKLFK� UHVXOW� IURP� WKH� DERYH� SURSHUWLHV� RI� WKLV� PHGLXP� ZLOO� QRW� DSSHDU� LQPDJQHWLF�ILHOGV�7KHUH LV� D� PDVV� RI� HYLGHQFH� RULJLQDWLQJ� IURP� DUHDV� RWKHU� WKDQ� PDJQHWLVP�� ZKLFK
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DGGLWLRQDOO\ FRQILUPV� WKH�FRUUHFWQHVV�RI� WKH�HWKHU�EDVHG�H[SODQDWLRQ�IRU�PDJQHWLVP��/HW�XVUHYLHZ�VRPH�H[DPSOHV�RI�WKLV�HYLGHQFH���'�� 1XFOHDU�SK\VLFV�SURYLGHV�QXPHURXV�SKRWRJUDSKV�RI�HOHPHQWDU\�SDUWLFOHV��ZKLFKVKRZ�WKDW�WKH�FDUULHUV�RI�HOHFWULF�FKDUJHV�XVXDOO\�IROORZ�D�VSLUDO�WUDMHFWRU\��%HFDXVH�WKH�HQHUJ\LQSXW IRU� WKHVH� SDUWLFOHV� PD\� RFFXU� RQO\� DW� WKH� LQLWLDO� SRLQW� RI� WKHLU� PRWLRQ�� VXFK� D� VSLUDOWUDMHFWRU\ PXVW�EH�FDXVHG�E\�VRPH�NLQG�RI�GLVSURSRUWLRQV�LQ�HQYLURQPHQWDO�UHVLVWDQFH��H�J�D��VSLQQLQJ�WRS��XVXDOO\�IROORZV�D�VSLUDO�WUDMHFWRU\���7R�PDNH�LW�FOHDUHU��LI�SDUWLFOHV�ZRXOG�PRYHLQ D� YDFXXP�� DV� SUHVHQW� VFLHQFH� FODLPV�� WKH� WUDMHFWRULHV� RI� SDUWLFOHV� VKRXOG� EH� FLUFXODU�HOOLSWLFDO��RU�SDUDEROLF��EXW�QRW�VSLUDO�����'���,W�KDV�EHHQ�QRWLFHG�WKDW�WKH�OLJKWV�RI�WKH�DXURUD�ERUHDOLV��YLVLEOH�FORVH�WR�WKH�QRUWK�1��PDJQHWLF�SROH��ORRN�DV�LI�WKH\�IDOO�IURP�WKH�VN\�WR�WKH�(DUWK��ZKHUHDV�WKH�OLJKWV�RI�WKH�DXURUDDXVWUDOLV� DSSHDULQJ�QHDU�WKH�VRXWK��6��SROH��VHHP�WR�FRPH�IURP�WKH�(DUWK�DQG�DVFHQG�LQWRWKH VN\��7KH�ORJLFDO�H[SODQDWLRQ�IRU�WKLV�VXUSULVLQJ�FRQWUDGLFWLRQ�LQ�WKH�GLUHFWLRQ�RI�PRYHPHQWRI�WKH�OLJKWV�RI�ERWK�DXURUDV�LV�WKDW�WKLV�LV�FDXVHG�E\ WKH�PRWLRQ�RI�HWKHU��ZKLFK�LQ�LWV�FLUFXODWLRQOHDYHV�WKH�(DUWK�DW�WKH�VRXWK�SROH�DQG�VLQNV�LQWR�WKH�(DUWK�DW�WKH�QRUWK�PDJQHWLF�SROH���1RWLFHWKDW LQ�WKLV�WUHDWLVH��DQG�LQ�RWKHU�ZRUNV�E\�WKH�DXWKRU��WKH�QRUWK�PDJQHWLF�SROH��1��LV�GHILQHGDV�WKH�RQH�SUHYDLOLQJ�DW�WKH�QRUWK�JHRJUDSKLF�SROH�RI�WKH�(DUWK���VHH�VXEVHFWLRQ�*�������'���7KH�DSSOLFDWLRQ�RI�WKH�3ULQFLSOH�RI�WKH�6\PPHWU\�RI�1DWXUH�WR�WKH�GHYHORSPHQW�RISURSXOVLRQ V\VWHPV� �VHH� 7DEOH� %��� UHYHDOV� WKDW� WKUHH� GLIIHUHQW� JHQHUDWLRQV� RI� SURSHOOLQJGHYLFHV ZLOO�EH�FRPSOHWHG��XWLOL]LQJ�YDULRXV�SURSHUWLHV�RI�ZKDW�ZH�FDOO�D�PDJQHWLF�ILHOG��6RPHRI WKHVH�SURSXOVLRQ�V\VWHPV� �H�J��7HOHSRUWDWLRQ�9HKLFOHV��FDQ�RQO\�RSHUDWH� LI� WKH�PDJQHWLFILHOG LV� D� FLUFXODWLQJ� VWUHDP� RI� HWKHU�� 6RPH� REVHUYDWLRQV� KDYH� DOUHDG\� EHHQ� DFFXPXODWHGZKLFK�FRQILUP�WKDW�D�7HOHSRUWDWLRQ�9HKLFOH�LQ�IDFW�FDQ�EH�EXLOW���VHH�VXEVHFWLRQ�2��
'���:K\��DFFRUGLQJ�WR�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�SDUDQRUPDO�SKHQRPHQD�PXVW�GLVSOD\�HOHFWURPDJQHWLF�FKDUDFWHU
2QH RI�WKH�DWWULEXWHV�RI�QDWXUDO�HYROXWLRQ�LV�WKDW�LQ�OLYLQJ�FUHDWXUHV�LW�GHYHORSV�D�ZLGHUDQJH RI VHQVH�RUJDQV�DQG�DELOLWLHV�WKDW�SURYH�XVHIXO�IRU�VXUYLYDO��7KHVH�VHQVH�RUJDQV�DQGDELOLWLHV PDNH�WKH�EHVW�XVH�RI�HYHU\�SURSHUW\�RI�QDWXUH�WKDW�LV�DYDLODEOH��LQGHSHQGHQWO\�RI�WKHRZQHU
V DZDUHQHVV� RI� LWV� H[LVWHQFH�� 7KHUHIRUH�� LI� WKH� 8QLYHUVH� RSHUDWHV� DFFRUGLQJ� WR� WKH&RQFHSW�RI�'LSRODU�*UDYLW\��LW�VKRXOG�EH�H[SHFWHG�WKDW�SHRSOH�KDYH�DOUHDG\�GHYHORSHG�VHQVHV�FKDNUDV��DOORZLQJ�WKHP�WR�JDLQ�LQVLJKW�LQWR�WKH�FRXQWHU�ZRUOG��DQG�DOVR�KDYH�GHYHORSHG�VRPHRUJDQV��H�J��SLQHDO�JODQG��IRU�DOWHULQJ�WKH�FRQILJXUDWLRQ�RI�WKLV�ZRUOG��$QG�LQ�IDFW�KXPDQ�EHLQJVDUH FDSDEOH�RI� LQGXFLQJ�VRPH�SKHQRPHQD��NQRZQ�XQGHU� WKH�QDPH�RI� �SDUDQRUPDO���ZKLFKILW�LQWR�WKH�GHILQLWLRQ�RI�LQWHUDFWLQJ�ZLWK�WKH�FRXQWHU�ZRUOG�)URP WKH�'LSRODU�*UDYLW\�SRLQW�RI�YLHZ��DOO�SDUDQRUPDO�SKHQRPHQD�FDXVHG�E\�SHRSOHFDQ EH� FODVVLILHG� LQWR� WZR� FDWHJRULHV�� L�H�� ���� UHDGLQJ� WKH� LQIRUPDWLRQ� FRQWDLQHG� LQ� WKHFRXQWHU�ZRUOG� DQG�����DOWHUDWLRQ�RI�FRQILJXUDWLRQV�LQ�WKH�FRXQWHU�ZRUOG��,Q�WKH�ILUVW�FDWHJRU\�RIUHDGLQJ WKH� LQIRUPDWLRQ� IURP� WKH� FRXQWHU�ZRUOG� FDQ� EH� LQFOXGHG� VXFK� SKHQRPHQD� DVFODLUYR\DQFH� WHOHSDWK\��GRZVLQJ��GLVWDQW� LOOQHVVHV�GLDJQRVLQJ��H�J�� WKH�DELOLW\�GHPRQVWUDWHGE\�(GJDU�&D\FH����������������WKH�IRXQGHU�RI IDPRXV�(GJDU�&D\FH�)RXQGDWLRQ�IURP�3KRHQL[�$UL]RQD� 86$ �� VHH� ERRN� >�'�@� SS�� ���������� HWF�� ,Q� WKH� VHFRQG� FDWHJRU\� RI� DOWHUDWLRQVLQWURGXFHG LQWR� WKH� FRXQWHU�ZRUOG� FDQ� EH� LQFOXGHG� VXFK� SKHQRPHQD� DV�� SV\FKRNLQHVLV�EHQGLQJ RI� REMHFWV� �H�J�� VSRRQV�� E\� WKH� SRZHU� RI�PLQG� �8UL� *HOOHU��� EHQGLQJ� RI� 9�VKDSHGGLYLQLQJ�URGV�E\�GRZVHUV��SV\FKLF�KHDOLQJ��OHYLWDWLRQ��HWF�
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7KH &RQFHSW�RI�'LSRODU�*UDYLW\�GHILQHV�SDUDQRUPDO�SKHQRPHQD�DV�HIIHFWV�RI�YDULRXVLQWHUDFWLRQV�ZLWK�HWKHU�FRQWDLQHG�LQ�WKH�FRXQWHU�ZRUOG��2Q�WKH�RWKHU�KDQG��WKH�FRQFOXVLRQ�IURPWKH SUHYLRXV� VXEVHFWLRQ� LV� WKDW� WKH� QDPH� �HOHFWURPDJQHWLF� SKHQRPHQD�� LV� DVVLJQHG� WRSK\VLFDO PDQLIHVWDWLRQV� RI� WKH� YDULRXV� EHKDYLRXUV� RI� HWKHU�� 0HUJLQJ� WRJHWKHU� WKHVH� WZRILQGLQJV�OHDGV�WR�WKH�JHQHUDO�FRQFOXVLRQ�VWDWLQJ�WKDW��SDUDQRUPDO SKHQRPHQD�DQG�HOHFWURPDJQHWLF�SKHQRPHQD�DUH�UHODWHG�WR�RQH�DQRWKHUDV�ERWK�DUH�PDQLIHVWDWLRQV�RI�WKH�LQWHUDFWLRQV�RFFXUULQJ�EHWZHHQ�PDWWHU�DQG�HWKHU���7KH�DERYHFRQFOXVLRQ�FDQ�DOVR�EH�H[SUHVVHG�LQ�WKH�IROORZLQJ�ZD\��SDUDQRUPDO SKHQRPHQD� RULJLQDWH� IURP� YDULRXV� EHKDYLRXUV� RI� HWKHU�� SK\VLFDOPDQLIHVWDWLRQV RI� WKHVH� EHKDYLRXUV� DUH� UHJLVWUDEOH� XQGHU� WKH� QDPH� RI� HOHFWURPDJQHWLFSKHQRPHQD��7KHUH LV�D�ZHDOWK�RI�HYLGHQFH�DOUHDG\�DFFXPXODWHG�ZKLFK�FRQILUPV�WKH�DERYH�JHQHUDOFRQFOXVLRQ��/HW�XV�UHYLHZ�VRPH�H[DPSOHV�RI�WKLV�HYLGHQFH���'�� 3URIHVVRU� -DQXV]� 6áDZL�VNL� RI� .UDNyZ�� 3RODQG�� KDV� FRPSOHWHG� D� VHULHV� RIH[SHULPHQWV DLPHG� DW� WKH� UHJLVWUDWLRQ� DQG� PHDVXUHPHQW� RI� D� EHDP� RI� HOHFWURPDJQHWLFUDGLDWLRQ SRSXODUO\�FDOOHG�D��'HDWK�)ODVK���7KLV�EHDP�LV�HPLWWHG�E\�DOO�OLYLQJ�RUJDQLVPV�DW�WKHPRPHQW RI� WKHLU� GHDWK�� 6RPH� ILQGLQJV� FRQFHUQLQJ� �'HDWK� )ODVK��ZHUH� SUHVHQWHG� LQ� >�'�@201, PDJD]LQH��9RO����1R����'HFHPEHU�������SDJH������,W�VKRXOG�EH�H[SODLQHG�KHUH�WKDW�LQWKH &RQFHSW�RI�'LSRODU�*UDYLW\�WKH��'HDWK�)ODVK��UHSUHVHQWV�D�GLVORFDWLRQ�RI�HWKHU�FDXVHG�E\D VHSDUDWLRQ� RI� HWKHULF� UHIOHFWLRQV� �UHJLVWHUV� RU� VRIWZDUH�PRGHOV�� RI� G\LQJ� RUJDQLVPV� IURPWKHLU SK\VLFDO�ERGLHV��5HOLJLRQV�GHVFULEH�VXFK�GLVORFDWLRQV�RI�HWKHU�DV�D�VHSDUDWLRQ�RI�VRXOVIURP ERGLHV�� %HFDXVH� DQ\� PRWLRQ� RI� HWKHU� PDQLIHVWV� LWVHOI� DV� WKH� HOHFWURPDJQHWLF� ILHOG�WKHUHIRUH� WKH�DERYH�VHSDUDWLRQ�PXVW�DOVR�EH�UHJLVWUDEOH� LQ� WKH� IRUP�RI�DQ�HOHFWURPDJQHWLFEHDP��VHH�DOVR�HYLGHQFH���'����IURP�WKH�HQG�RI�VXEVHFWLRQ�'�������'�� 5HVHDUFK�FRQGXFWHG�RQ�GRZVHUV� UHYHDOV� WKDW�DUHDV�ZKHUH� WKHLU� URGV� LQGLFDWHVRPH ILQGLQJV� DUH� DOVR� FKDUDFWHUL]HG� E\� VOLJKWO\� GLIIHUHQW� LQWHQVLWLHV� RI� WKH�PDJQHWLF� ILHOG�6RPH GHVFULSWLRQV�RI�WKH�UHVXOWV�JDWKHUHG�LQ�WKLV�PDWWHU�DUH�SXEOLVKHG�LQ�WKH�SDSHU�>�'�@ E\7RP :LOOLDPVRQ�� �$�VHQVH�RI�GLUHFWLRQ� IRU�GRZVHUV"���1(:�6&,(17,67������0DUFK������SDJHV ���WR�����,Q�WKH�DERYH�SDSHU�WKH�H[SHULPHQW�LV�DOVR�GHVFULEHG��LQ�ZKLFK�D�PDJQHW�LVSODFHG�RQ�WKH�IRUHKHDG�RI�VXEMHFWV�DQG�LW�GUDVWLFDOO\�GLVWXUEHG�WKHLU�(63�DELOLWLHV���'�� $FXSXQFWXUH�SRLQWV�DUH�GHWHFWDEOH�LQ�DQ�HOHFWURPDJQHWLF�PDQQHU��2Q�WKH�RWKHUKDQG�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�H[SODLQV�WKHVH�SRLQWV�DV�DUHDV�ZKHUH�WKH�HWKHULF�PRGHOVRI RXU�ERGLHV�H[FKDQJH�VLJQDOV�ZLWK� WKHLU�VXUURXQGLQJV��%HFDXVH�VXFK�DQ�H[FKDQJH�ZRXOGWDNH WKH� IRUP� RI� IORZV� RI� HWKHU�� WKH� SDWKV� RI� WKHVH� IORZV� PXVW� EH� LQGLFDWHG� E\� UHOHYDQWHOHFWURPDJQHWLF�SURSHUWLHV�
'���7HOHNLQHVLV���D�SRZHU�VRXUFH�IRU�IUHH�HQHUJ\�GHYLFHVDQG�D�SULQFLSOH�RI�RSHUDWLRQ�IRU�7HOHSRUWDWLRQ�9HKLFOHV
,W LV� FHUWDLQ� WKDW� HYHU\� DYDLODEOH� SURSHUW\� RI� WKH�8QLYHUVH��ZKLFK� LV� XWLOL]HG� E\� OLYLQJRUJDQLVPV�FDQ�DOVR EH�XWLOL]HG�WHFKQLFDOO\��:H�KDYH�DOUHDG\�EXLOW�QXPHURXV�GHYLFHV�WKDW�FRS\UHFRJQL]HG IXQFWLRQV� RI� WKH� KXPDQ� ERG\� �H�J�� PLFURSKRQHV�� VSHDNHUV�� YLGHR� FDPHUDV�FRPSXWHUV� DUWLILFLDO� KHDUWV��� )XUWKHU� GHYLFHV� DUH� LQ� WKH� SURFHVV� RI� FRQVWUXFWLRQ�� $V� WKH&RQFHSW RI�'LSRODU�*UDYLW\�H[SODLQV�WKH�SULQFLSOHV�RI�WHOHNLQHVLV��ZH�VKRXOG�DOVR�H[SHFW�WKDWVRRQ HYHQ� PRUH� DGYDQFHG� GHYLFHV� ZLOO� EH� FRPSOHWHG� ZKRVH� RSHUDWLRQ� ZLOO� XWLOL]H� DWHFKQRORJLFDO YHUVLRQ�RI�WKLV�SKHQRPHQRQ��/HW�XV�QRZ�EULHIO\�DQDO\]H�WKH�JHQHUDO�FRQFHSW�RI
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VXFK GHYLFHV�� ZKRVH� VSHFLILF� GHVFULSWLRQV� DUH� FRQWDLQHG� LQ� FKDSWHUV� &� DQG� -� �VHHVXEVHFWLRQV�&������DQG�-���7KH�WHUPLQRORJ\�XVHG�LQ�WKLV WUHDWLVH�LV�VR�VHOHFWHG�WKDW�LW�LQGLFDWHV�WKH�RULJLQ�RI�D�JLYHQWHOHNLQHWLF PRWLRQ�� 7KH� WHUP� �SV\FKRNLQHVLV�� LV� JLYHQ� WR� WKH�PRWLRQ� FDXVHG� E\� WKH� KXPDQEUDLQ� %XW WKH�W\SH�RI�WHOHNLQHVLV�FDXVHG�LQ�D�WHFKQRORJLFDO�PDQQHU��L�H��E\�D�WHFKQLFDO�GHYLFHQRW E\� D� OLYLQJ� RUJDQLVP�� LV� FDOOHG� KHUH� �WHOHNLQHVLV��� ,Q� VSLWH� RI� WKHVH� WZR� WHUPV� XVHG� WRGLVWLQJXLVK EHWZHHQ� KXPDQ� SV\FKRNLQHVLV� DQG� WHFKQRORJLFDO� WHOHNLQHVLV�� WKH� SULQFLSOHV� RIWKLV�SKHQRPHQRQ�LQ�ERWK�FDVHV�UHPDLQ�H[DFWO\�WKH�VDPH��)URP�WKH�6\PPHWU\�RI�1DWXUH�LW�FDQEH GHGXFHG� WKDW� WHOHNLQHVLV� UHVXOWV� IURP� WKH� XWLOL]DWLRQ� RI� WKH� SURSHUW\� RI� HWKHU� FDOOHGVHOI�PRELOLW\� ZKLFK�LV�WKH�PDJQHWLF�HTXLYDOHQW�RI�PHFKDQLFDO�LQHUWLD��7KH�H[SODQDWLRQ�RI�WKHPDJQHWLF ILHOG�DV�D�FLUFXODWLRQ�RI�HWKHU�VXJJHVWV�WKDW�WKLV�VHOI�PRELOLW\�VKRXOG�PDQLIHVW�LWVHOIGXULQJ WKH�DFFHOHUDWLRQ�RU�GHFHOHUDWLRQ�RI�PDJQHWLF�ILHOGV��6XFK�DFFHOHUDWLRQ�RU�GHFHOHUDWLRQVKRXOG�HLWKHU�EH�REWDLQHG�ZKHQ�WKH�IORZ�RI�HWKHU�LV�UDSLGO\�LQWHUUXSWHG��KXPDQ�SV\FKRNLQHVLV�RU ZKHQ�PDJQHWLF� ILHOG� IRUFH� OLQHV�DUH�SK\VLFDOO\�DFFHOHUDWHG�RU�GHFHOHUDWHG� �WHFKQRORJLFDOWHOHNLQHVLV�� 3UHVHQW�UHVHDUFK�VHHPV�WR�VXJJHVW�WKDW�KXPDQV�SURGXFH�VXFK�LQWHUUXSWHG�IORZVRI HWKHU�E\�WKDW�SDUW�RI�WKHLU�EUDLQ�FDOOHG�WKH��SLQHDO�JODQG���,I�WKLV�ZHUH�WKH�FDVH�WKHQ�WKH�NH\WR OHDUQLQJ� DERXW� WKH� QDWXUH� RI� KXPDQ� SV\FKRNLQHVLV� ZRXOG� OLH� LQ� WKH� LQYHVWLJDWLRQV� ZLWKLQVWUXPHQWV RI� WKH� PDJQHWLF� FRQQHFWLRQ� EHWZHHQ� WKH� SLQHDO� JODQG� DQG� FRPPRQ� IRUPV� RIKXPDQ�SV\FKRNLQHVLV��H�J��EHQGLQJ�RI�D�9�VKDSHG�GLYLQLQJ�URG���VHH�VXEVHFWLRQ�'����7KH H[SODQDWLRQ�IRU�WKH�SULQFLSOHV�RI� WHOHNLQHVLV�GHULYHG�IURP�WKH�&RQFHSW�RI�'LSRODU*UDYLW\ VWDWHV�WKDW�WKLV�SKHQRPHQRQ�LV�D�UHVXOW�RI�GLVORFDWLQJ�WKH�PLUURU�UHIOHFWLRQV��VRIWZDUHPRGHOV� RI� VHOHFWHG� REMHFWV� ZLWKLQ� WKH� FRXQWHU�ZRUOG�� %HFDXVH� RI� WKH� JUDYLW\� FRQQHFWLRQH[LVWLQJ EHWZHHQ�WKH�REMHFWV�DQG�WKHLU�PLUURU�UHIOHFWLRQV��VXFK�D�GLVORFDWLRQ�PXVW�DOVR�FDXVHSK\VLFDO�REMHFWV�WR�EH�PRYHG�LQ�RXU�ZRUOG��7R�PRYH�WKH�VRIWZDUH�PRGHOV�ZLWKLQ�DQRWKHU�ZRUOGQR H[WHUQDO�HQHUJ\�VXSSO\�LV�UHTXLUHG��%XW�WKH�SK\VLFDO�PRWLRQ�RI�REMHFWV�ZLWKLQ�RXU�ZRUOG�ZLOOFRQVXPH HQHUJ\� DFFRUGLQJ� WR� WKH� &RQVHUYDWLRQ� RI� (QHUJ\� 3ULQFLSOH�� 7KHUHIRUH�� DV� WKH3RVWXODWH RI� ,QWHUFKDQJLQJ�7KHUPDO�(QHUJ\�VWDWHV��REMHFWV�PRYHG�WHOHNLQHWLFDOO\�ZLOO�DEVRUEWKHUPDO HQHUJ\� FRQWDLQHG� LQ� WKH� HQYLURQPHQW�� 7KLV�PDNHV� WHOHNLQHWLF�PRWLRQ� D� UHYHUVDO� RIIULFWLRQ� 6LPLODUO\��DV�IULFWLRQ�VSRQWDQHRXVO\�FRQYHUWV�PHFKDQLFDO�PRWLRQ�LQWR�KHDW��WHOHNLQHVLVVSRQWDQHRXVO\�FRQYHUWV�KHDW�LQWR�PRWLRQ��7KH VLPSOHVW�GHYLFH�ZKLFK�FRXOG�XWLOL]H�D�WHFKQRORJLFDO�YHUVLRQ�RI�WHOHNLQHVLV�ZRXOG�EHD �WHOHNLQHWLF�PRWRU���:H�FRXOG�GHVFULEH�VXFK�D�PRWRU�DV�D�GHYLFH�ZKLFK�FDXVHV�WKH�PRWLRQRI VRPH� RI� LWV� SDUWV� E\� VKLIWLQJ� LQ� WKH� FRXQWHU�ZRUOG� WKH� PLUURU� UHIOHFWLRQV� RI� WKHVH� SDUWV�%HFDXVH WKH�WHFKQRORJLFDO�WHOHNLQHVLV�FDQ�EH�UHOHDVHG�WKURXJK�DFFHOHUDWLRQ�RU�GHFHOHUDWLRQRI PDJQHWLF� ILHOGV�� WHOHNLQHWLF�PRWRUV�PXVW�HPSOR\� VRPH� VRXUFHV�RI�PDJQHWLF� ILHOG�� ,W�ZDVH[SODLQHG WKDW� VKLIWLQJ� WKH� HWKHULF� UHIOHFWLRQV� RI� WKH� PRWRUV
� SDUWV� ZLOO� QRW� FDXVH� DQ\FRQVXPSWLRQ RI� HQHUJ\�� 7KHUHIRUH� WKH� WHOHNLQHWLF� PRWRUV� DUH� DEOH� WR� RSHUDWH� ZLWKRXW� DQ\H[WHUQDO HQHUJ\� VXSSO\��%XW� DFFRUGLQJ� WR� WKH� �3RVWXODWH� RI� ,QWHUFKDQJLQJ�7KHUPDO�(QHUJ\�GHVFULEHG LQ�VXEVHFWLRQ�'���WKH�HQHUJ\�WKDW�GULYHV�WHOHNLQHWLF�PRWRUV�ZLOO�EH�ZLWKGUDZQ�IURPWKH HQYLURQPHQW�� WKXV� FRROLQJ� LW� GRZQ�� 6R�� WHOHNLQHWLF�PRWRUV�ZLOO� FRPELQH� WKH� IXQFWLRQ� RI�SHUSHWXDO�PRWLRQ��ZLWK�WKH�IXQFWLRQ�RI�D IUHH]HU���WKH\�ZLOO�SURGXFH�PRWLRQ�WKURXJK�GHFUHDVLQJWKH HQYLURQPHQWDO� WHPSHUDWXUH�� 7KH� WHOHNLQHWLF� PRWRUV�� ZKLOH� RSHUDWLYH�� ZLOO� DOVR� HPLW� DQ�H[WUDFWLRQ�JORZ���GHVFULEHG�HDUOLHU�LQ�VXEVHFWLRQ�'���7R LOOXVWUDWH� KRZ� WKH� GHVLJQ� DQG� RSHUDWLRQ� RI� IXWXUH� WHOHNLQHWLF� PRWRUV� FRXOG� EHGHGXFHG GLUHFWO\�IURP�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\��LW�LV�QHFHVVDU\�WR�DQDO\]H�WKH�WHFKQLFDOZD\V�RI�UHOHDVLQJ�WHOHNLQHWLF�PRWLRQ��$Q�XQGHUVWDQGLQJ�RI�WKHVH�ZD\V�UHTXLUHV�RXU�NQRZOHGJHRI WKH�DQDORJ\� �RU� UDWKHU� UHYHUVDO��H[LVWLQJ�EHWZHHQ�PDJQHWLF�VHOI�PRELOLW\�DQG�PHFKDQLFDO
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LQHUWLD �� UHIHU� WR�WKH�VHFRQG�JHQHUDWLRQ�RI� WKH�PDVV�FLUFXODWLQJ�SURSXOVLRQ�V\VWHPV� OLVWHG� LQ7DEOH %���*XLGHG�E\�WKLV�DQDORJ\�ZH�FDQ�GHGXFH�WKDW�WHOHNLQHWLF�PRWRUV�ZLOO�SUREDEO\�FRQVLVWRI WKUHH�UHODWLYHO\�PRYLQJ�SDUWV��L�H��D�VWDWRU��D�ILHOG�DFWLYDWRU��DQG�D�URWRU��7KH�VWDWRU�DQG�ILHOGDFWLYDWRU PXVW�KRXVH�QXPHURXV�VRXUFHV�RI�D�VWURQJ�PDJQHWLF�ILHOG��7KHVH�VRXUFHV�ZLOO�EH�LQD FRQWLQXRXV�UHODWLYH�PRWLRQ��FDXVLQJ� WKHLU�PDJQHWLF� ILHOGV� WR� LQWHUDFW�G\QDPLFDOO\�ZLWK�RQHDQRWKHU� 6XFK�DQ�LQWHUDFWLRQ�ZLOO�DFFHOHUDWH�DQG�GHFHOHUDWH�WKH�FLUFXLWV�RI�WKH�PDJQHWLF�ILHOG�WKXV WULJJHULQJ�D� WHFKQRORJLFDOO\� LQGXFHG�WHOHNLQHWLF�PRWLRQ��7KH�PRWLRQ�VR�UHOHDVHG�ZLOO�EHGLUHFWHG�RQWR�D�WKLUG�PRYLQJ�SDUW��D�URWRU��PDNLQJ�WKLV�SDUW�URWDWH�DOVR��7KH�PRWLRQ�RI�WKH�URWRUZLOO WKHQ�EH�WUDQVPLWWHG�RXWVLGH�RI�WKH�WHOHNLQHWLF�PRWRU�DQG�VXSSOLHG�WR�WKH�GHYLFHV�SURSHOOHGE\ LW�� $� IUDFWLRQ� RI� WKLV�PRWLRQ�ZLOO� EH� UHWXUQHG�EDFN� WR� WKH� ILHOG� DFWLYDWRU�� FDXVLQJ� UHODWLYHPRYHPHQW WRZDUGV� WKH� VWDWRU�� DQG� LQ� WKLV� ZD\� IRUFLQJ� WKH� LQFRUSRUDWHG� VRXUFHV� RI� WKHPDJQHWLF�ILHOG�WR�DFFHOHUDWH�DQG�GHFHOHUDWH�WKHLU�IRUFH�OLQHV�7KH DERYH� GHGXFWLRQ� VKRZV� WKDW� WKH� WHOHNLQHWLF�PRWRU� LQ�PDQ\�ZD\V� UHVHPEOHV� DQDGYDQFHG�HOHFWULF�PRWRU��$IWHU�LQFUHDVLQJ�LWV�H[WHUQDO�ZRUN�ORDG�DERYH�D�FHUWDLQ��FULWLFDO�YDOXH��ZKLFK�GHSHQGV�RQ�LWV�GHVLJQ�DQG�RQ�WKH�HIILFLHQF\�RI�WKH�VRXUFHV�RI�WKH�PDJQHWLF�ILHOG�XWLOL]HGLQ LW��� WKH� WHOHNLQHWLF�PRWRU� VKRXOG� HYHQ� RSHUDWH� DV� DQ� RUGLQDU\� HOHFWULF�PRWRU�� 7KH�PDMRUGLIIHUHQFHV�H[LVWLQJ�EHWZHHQ�WKHVH�WZR�SURSHOOLQJ�GHYLFHV�FDQ�EH�OLPLWHG�WR�WKH�IROORZLQJ���� ,Q�D�WHOHNLQHWLF�PRWRU�WKH�SURSHOOLQJ�HIIHFW�LV�SURGXFHG�QRW�E\�WKH�IORZ�RI�D�VLQJOHVWUHDP�RI�D�ZRUNLQJ�PHGLXP��EXW�E\�D�FRQIURQWDWLRQ�RI�WZR�VWUHDPV�RI�D�ZRUNLQJ�PHGLXP���� 7KLV�PRWRU�XVHV�WZR�VHSDUDWH�JURXSV�RI�PDJQHWV�G\QDPLFDOO\�LQWHUDFWLQJ�ZLWK�HDFKRWKHU LQ RUGHU�WR�DFFHOHUDWH�RU�GHFHOHUDWH�WKHLU�ILHOGV���,Q�FRQWHPSRUDU\�DV\QFKURQRXV�PRWRUVRQO\�RQH�VXFK�VRXUFH�RI�D�URWDWLQJ�ILHOG�LV�XVHG������$Q�HIIHFWLYH�WHOHNLQHWLF�PRWRU�ZLOO�XVH�QRW�OHVV�WKDQ�WKUHH�UHODWLYHO\�PRYLQJ�SDUWV��L�H�D VWDWRU��D�ILHOG�DFWLYDWRU��DQG�D�URWRU��LQVWHDG�RI�WZR�VXFK�SDUWV�DSSHDULQJ�LQ�FRQWHPSRUDU\HOHFWULF�PRWRUV������,Q�RUGHU�WR�UHOHDVH�DQG�XWLOL]H�WKH�KLJKO\�DGYDQFHG�WHOHNLQHWLF�PRWLRQ��WKH�WHOHNLQHWLFPRWRU PXVW� PHHW� ULJRURXV� WHFKQRORJLFDO� UHTXLUHPHQWV� ZKLFK� GR� QRW� DSSO\� WR� WKH� VLPSOHRSHUDWLRQ�RI�DQ�RUGLQDU\�HOHFWULF�PRWRU�,W VKRXOG�EH�VWUHVVHG�KHUH�WKDW��DIWHU�DSSO\LQJ�WKH�DERYH�GHVFULSWLRQV�WR�WKH�FLUFXODWLRQRI DLU��WKH�GLIIHUHQFHV�H[LVWLQJ�EHWZHHQ�D�PRGHUQ�ZLQGPLOO� �UHSUHVHQWLQJ�D�SQHXPDWLF�PRWRURI WKH�ILUVW�JHQHUDWLRQ���VHH�7DEOH�%���DQG�DQ�DLU�WXUELQH��UHSUHVHQWLQJ�D�SQHXPDWLF�PRWRU�RIWKH�VHFRQG�JHQHUDWLRQ��FRXOG�EH�GHVFULEHG�LQ�H[DFWO\�WKH�VDPH�ZD\�/HW XV� QRZ� VXPPDUL]H� WKH� FKDUDFWHULVWLFV� RI� WKH� WHOHNLQHWLF� PRWRU�� ,W� ZLOO� HPSOR\LQWHUDFWLRQ RI� WZR�JURXSV� RI�PDJQHWLF� ILHOGV� WR� UHOHDVH� WKH� WHFKQRORJLFDO� WHOHNLQHVLV�� ,W�ZLOOFRQWDLQ�QRW�OHVV�WKDQ�WKUHH�UHODWLYH�PRYLQJ�SDUWV��WZR�RI�ZKLFK�PXVW�KRXVH�QXPHURXV�VRXUFHVRI D� VWURQJ� PDJQHWLF� ILHOG� �H�J�� SHUPDQHQW� PDJQHWV�� HOHFWURPDJQHWV� RU� 2VFLOODWRU\&KDPEHUV�� ,WV� RSHUDWLRQ�� GHVLJQ�� DQG� WHFKQLFDO� UHTXLUHPHQWV�ZLOO� EH�PXFK�PRUH� ULJRURXVWKDQ WKRVH�RI�FRQWHPSRUDU\�HOHFWULF�PRWRUV��7KH�SRZHU�RI�WKH�PHFKDQLFDO�PRWLRQ�SURGXFHGZLOO EH�OLPLWHG�E\�WKH�SRZHU�RI�WKH�PDJQHWV�XWLOL]HG�LQ�LWV�FRQVWUXFWLRQ��,W�GRHV�QRW�QHHG�IXHO�RUHOHFWULFDO HQHUJ\�LQ�RUGHU�WR�RSHUDWH��7KXV��LW�ZLOO�PDNH�PDQNLQG
V�ROGHVW�GUHDP�FRPH�WUXH��WRKDYH D� GHYLFH� ZKLFK� ZRUNV� FRQWLQXRXVO\� ZLWKRXW� UHTXLULQJ� DQ\� HQHUJ\� VXSSO\�� :KLOHRSHUDWLRQDO LW� ZLOO� FRRO� GRZQ� WKH� HQYLURQPHQW� DQG� HPLW� WKH� VR�FDOOHG� H[WUDFWLRQ� JORZ�� 7KHLQWHQVLW\ RI VXFK�FRROLQJ�DQG�HPLVVLRQ�ZLOO�GHSHQG�RQ�WKH�WKHUPDO�HQHUJ\�H[FKDQJH�ZLWK�WKHHQYLURQPHQW��ZKLFK�PXVW�PDWFK�LWV�\LHOG�RI�PHFKDQLFDO�HQHUJ\�,I WHOHNLQHWLF�PRWRUV�DUH�FRPELQHG�ZLWK�HOHFWULFLW\�JHQHUDWRUV��WKHLU�RSHUDWLRQ�SURYLGHVD IRXQGDWLRQ�IRU� WKH�GHYHORSPHQW�RI� �IUHH�HQHUJ\�GHYLFHV���ZKLFK� LQ� WKLV� WUHDWLVH�DUH�FDOOHG�WHOHNLQHWLF�SRZHU�VWDWLRQV����VHH�WKH�GHVFULSWLRQ�LQ�VXEVHFWLRQ�&�������
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7KH 3HULRGLF�3ULQFLSOH�LQ�WKH�GHYHORSPHQW�RI�SURSXOVLRQ�V\VWHPV��VHH�VXEVHFWLRQ�%�DQG 7DEOH�%��� VWDWHV� WKDW�ZKHQ� WKH� ILUVW� FRPPHUFLDOO\� YLDEOH� WHOHNLQHWLF�PRWRU� LV� EXLOW�� WKHFRPSOHWLRQ RI�D�VHFRQG�JHQHUDWLRQ�RI�SURSXOVLRQ�V\VWHPV�XWLOL]LQJ�WKH�FLUFXODWLRQ�RI�PDJQHWLFILHOG IRUFH�OLQHV�ZLOO�FRPPHQFH��7KH�QH[W�W\SH�RI�GHYLFH�GHYHORSHG�LQ�WKLV�JHQHUDWLRQ�ZLOO�EHWKH WHOHNLQHWLF�SURSXOVRU�XVHG�IRU�WUDQVSRUWDWLRQ�SXUSRVHV��7KH�WUDQVSRUWDWLRQ�DFKLHYHG�LQ�DWHOHNLQHWLF PDQQHU� LV� FDOOHG� �WHOHSRUWDWLRQ��� 7KHUHIRUH�� WKH� YHKLFOHV� XWLOL]LQJ� WKH� WHOHNLQHWLFSURSXOVRU FDQ�EH�FDOOHG��7HOHSRUWDWLRQ�9HKLFOHV����VHH�WKH�GHVFULSWLRQV�IURP�VXEVHFWLRQ�-��7HOHSRUWDWLRQ 9HKLFOHV�ZLOO� VKLIW� HQWLUH�REMHFWV� LQ� VSDFH� WKURXJK�DOWHULQJ� WKH�SRVLWLRQ�RI� WKHHWKHULF UHIOHFWLRQV�RI�WKHVH�REMHFWV��7KHLU�RSHUDWLRQ�DOVR�ZLOO�QRW�UHTXLUH�DQ\�H[WHUQDO�HQHUJ\VXSSO\� EXW� GXULQJ� IOLJKW� WKH\� ZLOO� GHFUHDVH� WKH� HQYLURQPHQWDO� WHPSHUDWXUH� DQG� HPLW� DQH[WUDFWLRQ JORZ��7KHUHIRUH�PDVWHULQJ�WKH�WHFKQRORJLFDO�YHUVLRQ�RI�WHOHNLQHVLV�ZLOO�RSHQ�D�QHZHUD RI� WHOHSRUWDWLRQ� LQ�RXU� WUDQVSRUWDWLRQ�V\VWHPV��EULQJLQJ� WR�DQ�HQG� WKH�SUHVHQW�SHULRG�RIWUDYHOOLQJ�DQG�PRYLQJ�E\�PHDQV�RI�D�SK\VLFDO�GLVORFDWLRQ�RI�REMHFWV�LQ�VSDFH�7KH SULQFLSOH�RI�WHOHNLQHVLV��UHYHDOHG�E\�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\��LQGLFDWHV�WKDWREMHFWV PRYHG�LQ�VXFK�D�PDQQHU�VKRXOG�WKHRUHWLFDOO\�EH�DEOH�WR�SHQHWUDWH�VROLG�PDWWHU��H�J�ZDOOV� URFNV��IXUQLWXUH��HWF���ZLWKRXW�DQ\�GDPDJH�WR�WKHLU�RZQ�FRQVLVWHQF\�QRU�WKH�FRQVLVWHQF\RI WKH�PDWWHU�SHQHWUDWHG�� ,Q� WKLV�ZD\�FLYLOL]DWLRQV�SRVVHVVLQJ�7HOHSRUWDWLRQ�9HKLFOHV�ZLOO�EHDEOH WR� GHPRQVWUDWH� DFWLRQV�ZKLFK� DUH� FRQVLGHUHG� LPSRVVLEOH�ZLWK� RXU� SUHVHQW� NQRZOHGJHRI�SK\VLFV��)RU�H[DPSOH�7HOHSRUWDWLRQ�9HKLFOHV�ZLOO�IO\�WKURXJK�EXLOGLQJV�RU�PRXQWDLQV�DQG�QRWOHDYH HYHQ�WKH�VOLJKWHVW�WUDFH�RQ�WKHP��ZKHUHDV�WHOHSRUWDWLYH�SHUVRQDO�SURSXOVLRQ�ZLOO�DOORZXV WR� YLVLW� VRPHRQH
V� KRPH� E\� HQWHULQJ� WKURXJK� WKH� ZDOOV�� 1RWH� WKDW� LQ� WKLV� UHVSHFWWHOHSRUWDWLRQ SURSXOVLRQ�ZLOO� GLIIHU� IURP� WKH� ILUVW�JHQHUDWLRQ�RI�PDJQHWLF�SURSXOVLRQ� �L�H�� WKH0DJQRFUDIW��ZKLFK�ZLOO�EXUQ�RXW�JORVV\�WXQQHOV�ZKLOH�PRYLQJ�WKURXJK�VROLG�PDWWHU�7KH DERYH� EULHI� VXPPDU\� RI� WKH� DSSOLFDWLRQV� RI� WHFKQRORJLFDOO\� LQGXFHG� WHOHNLQHVLVVKRZV KRZ� LPSRUWDQW� LW� LV� IRU� RXU� FLYLOL]DWLRQ� WR� DGYDQFH� UHVHDUFK� RQ� WHOHNLQHWLFSRZHU�VWDWLRQV� 7KH�LQWHQVLILFDWLRQ�RI�WKLV�UHVHDUFK��WKURXJK�DFFXPXODWLQJ�DQG�H[WHQGLQJ�RXUNQRZOHGJH RQ�D�WHFKQRORJLFDO�YHUVLRQ�RI�WHOHNLQHVLV��ZLOO�VRRQ�FXOPLQDWH�LQ�WKH�WHOHSRUWDWLYHSURSXOVRUV �RFWDJRQDO� 2VFLOODWRU\� &KDPEHUV�� ZKLFK� ZLOO� PDNH� SRVVLEOH� LQWHUVWHOODU� WULSV� WRDOPRVW�XQOLPLWHG�GHVWLQDWLRQV�7KHUH LV� DOUHDG\� VRPH� HYLGHQFH� DFFXPXODWHG� ZKLFK� FRQILUPV� WKH� IHDVLELOLW\� RI� WKHGHYLFHV�GHVFULEHG�DERYH��/HW�XV�ORRN�DW�VRPH�RI�WKLV�HYLGHQFH���'�� 7KH� ILUVW�ZRUNLQJ�PRGHOV�RI� WHOHNLQHWLF�SRZHU�VWDWLRQV�DUH�DOUHDG\�FRPSOHWHG�7KHVH�DUH�NQRZQ�XQGHU�WKH�QDPH�RI��IUHH�HQHUJ\�GHYLFHV���6XEVHFWLRQ�&������RI�WKLV�WUHDWLVHGHVFULEHV�VRPH�RI�WKHP���'�� 7KHUH�DUH�QXPHURXV�UHSRUWV�IURP�8)2�REVHUYDWLRQV�WKDW�WKH�YHKLFOHV�RI�WKHVHDGYDQFHG FLYLOL]DWLRQ�DUH�DEOH� WR� IO\�WKURXJK�VROLG�PDWWHU�RU�EH�SHQHWUDWHG�E\�VROLG�REMHFWV�6RPH�RI�WKHVH�UHSRUWV�FDQ�EH�IRXQG�LQ�WKH�ERRN�>�'�@ E\�1��%OXQGHOO�	�5��%RDU���7KH�:RUOG
V*UHDWHVW 0\VWHULHV���1HZ�(QJOLVK�/LEUDU\��/RQGRQ�������,6%1������������������VHH�SDJHV��� �SHRSOH�DUH�DEOH� WR�ZDON� WKURXJK�8)2QDXWV�DQG�8)2�YHKLFOHV��DQG����� �D� IO\LQJ�GLVFGLVDSSHDUV LQWR� URFNV��� 7KH� UHSRUW� TXRWHG� LQ� DSSHQGL[� =� DOVR� SURYLGHV� HYLGHQFH� IRU� VXFKSHQHWUDWLRQ�RI�VROLG�REMHFWV��VHH�SKUDVH�1�������'�� ,Q� WKH�79�SURJUDP��7KH�0DJLF�RI�'DYLG�&RSSHUILHOG�9,,,��� �&%��'LUHFWRU��6WDQ+DUULV� D�VFHQH�VKRZV�'DYLG�&RSSHUILHOG�ZDONLQJ�WKURXJK�7KH�*UHDW�:DOO�RI�&KLQD��$OWKRXJKWKLV ZDON� LV� FODLPHG� WR� EH� RQO\� D� PDJLFLDQ
V� FOHYHU� WULFN�� LQ� IDFW� WKLV� WULFN� GLVSOD\V� DOO� WKHDWWULEXWHV RI�DGYDQFHG�SURSXOVLRQ�V\VWHPV�EDVHG�RQ�WHOHSRUWDWLRQ��LQFOXGLQJ�HPLVVLRQ�RI�WKH�H[WUDFWLRQ�JORZ���
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'���7KH�PRGHO�RI�WKH�EUDLQ�DV�DQ�LQSXW�RXWSXW�GHYLFH
$FFRUGLQJ�WR�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�HYHU\�PDWHULDO�REMHFW�VLPXOWDQHRXVO\�H[LVWVLQ�WZR�ZRUOGV��7KH�SDUW�RI�WKLV�REMHFW�SUHYDLOLQJ�LQ�RXU�ZRUOG��ERG\��SHUIRUPV�PDWHULDO�IXQFWLRQV�ZKHUHDV WKH� SDUW� SUHYDLOLQJ� LQ� WKH� FRXQWHU�ZRUOG� �UHJLVWHU�� SHUIRUPV� LQWHOOHFWXDO� DQGLQIRUPDWLRQ�VWRULQJ �ORQJ�WHUP�PHPRU\��IXQFWLRQV��7KH�QDWXUDO�FRQVHTXHQFH�RI�WKLV�VLWXDWLRQLV WKDW� LQ WKH�SURFHVV�RI�HYROXWLRQ�VRPH�PRUH�DGYDQFHG� OLIH� IRUPV� �H�J��KXPDQV��DQLPDOV�PXVW VXUHO\�KDYH�GHYHORSHG�RUJDQV�WKDW�OLQN�WRJHWKHU�WKH�SDUWV�IURP�ERWK�ZRUOGV��7KH�EUDLQLV�DQ�RUJDQ�WKDW�PRVW�SUREDEO\�SURYLGHV�VXFK�D�OLQN��,W LV� UHJLVWHUHG� LQ�QXPHURXV�FDVHV� WKDW� WKH�PHPRU\� UHPDLQV� HYHQ�ZKHQ�SRUWLRQV� RIEUDLQ DUH�VXUJLFDOO\�UHPRYHG��VHH�>�'�@ �,QWHUVHFWLRQV�RI�+RORJUDSK\��3VL��$FXSXQFWXUH��$QG5HODWHG ,VVXHV��E\�'��-��%HQRU��$PHULFDQ�-RXUQDO�RI�$FXSXQFWXUH��9RO������1R�����$SULO�-XQH����� SS������������7KLV�FRQWUDGLFWV�WKH�XQGHUVWDQGLQJ�WR�GDWH�RI�WKH�EUDLQ�DV�D�FROOHFWLRQ�RI�SLJHRQ KROHV��LQWR�ZKLFK�GDWD�LV�SDFNHG�DQG�VWRUHG��7KHUHIRUH��WKH�ORQJ�WHUP�PHPRU\�PXVWQRZ EH�H[SODLQHG�LQ�DQRWKHU�ZD\��&RQWHPSRUDU\�PHGLFLQH�SUHSDUHG�DQRWKHU�H[SODQDWLRQ�RIPHPRUL]LQJ EDVHG�RQ�WKH�VR�FDOOHG��KRORJUDSKLF�PRGHO�RI�RXU�EUDLQ���7KLV�PRGHO�DVVXPHVWKDW WKH� UHPHPEHUHG� LQIRUPDWLRQ� LV� GLVWULEXWHG� DPRQJVW� DOO� FHOOV� RI� WKH� EUDLQ� OLNH� DKRORJUDSKLF SLFWXUH��VR�WKDW�HYHU\�FHOO�FRQWDLQV�FRPSOHWH�LQIRUPDWLRQ�DERXW�HYHU\WKLQJ��7KXV�ZKDWHYHU SDUW�RI�WKH�EUDLQ�LV�UHPRYHG��LQ�RWKHU�SDUWV�WKH�VDPH�LQIRUPDWLRQ�LV�VWLOO�SUHVHUYHG�%XW WKLV KRORJUDSKLF�H[SODQDWLRQ�VWLOO� GRHV�QRW�PDWFK� WKH�H[LVWLQJ� IDFWV��7KHUH� LV�DQLQFUHDVLQJ QXPEHU�RI�IDFWV�LQGLFDWLQJ�WKDW�WKH�PHPRU\�RI�HYHQWV�FDQ�EH�SUHVHUYHG�RU�SDVVHGRQ�HYHQ�ZKLOH�WKH�EUDLQ�WKDW�UHJLVWHUHG�WKHP�LV�FRPSOHWHO\�GHDG��7KHVH�NLQG�RI�IDFWV�RULJLQDWHIURP WKH�VR�FDOOHG��SV\FKLF��H[SHULHQFHV��$Q�H[DPSOH�RI�VXFK�H[SHULHQFHV�FDQ�EH�OHDUQLQJDERXW D PXUGHU�GLUHFWO\�IURP�WKH�YLFWLP��RU�OHDUQLQJ�DERXW�SDVW�OLIH���UHLQFDUQDWLRQ���ZKHQ�WKHVXEMHFW�RI�WKLV�OLIH�LV�DOUHDG\�GHDG�:KLOH DQ\�PRGHO�RI�WKH�EUDLQ�EDVHG�RQ�WKH�SUHVHQW�VLQJOH�ZRUOG�XQGHUVWDQGLQJ�RI�RXU8QLYHUVH LV�XQDEOH�WR�SURYLGH�VDWLVIDFWRU\�H[SODQDWLRQ�IRU�WKH�DERYH�IDFWV��WKH�PRGHO�GHULYHGIURP�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�OHDGV�WR�WKH�H[SODQDWLRQ�WKDW�PDWFKHV�DOO�H[LVWLQJ�HYLGHQFH�7KLV LV�EHFDXVH�LQ�D�GXDO�ZRUOG�8QLYHUVH�� WKH�VXEVWDQFH��HWKHU�� ILOOLQJ�XS�WKH�FRXQWHU�ZRUOGGLVSOD\V WKH�DWWULEXWHV�RI�D�QDWXUDO�FRPSXWHU��L�H��LW�LQWHUFHSWV��VWRUHV��SURFHVVHV�DQG�RXWSXWVWKH LQIRUPDWLRQ��7KXV��WKH�H[LVWHQFH�RI�VXFK�D�WKLQNLQJ�DQG�PHPRUL]LQJ�VXEVWDQFH��DOORZV�XVWR�VWRUH�LQIRUPDWLRQ�LQ�RXU�UHJLVWHUV�FRQWDLQHG�LQ�WKH�FRXQWHU�ZRUOG��QRW�LQ�RXU�SK\VLFDO�ERGLHV�7KH PRGHO�RI�WKH�EUDLQ�ZKLFK�SRVWXODWHV�WKLV�FDSDELOLW\�LV�FDOOHG�KHUH��WKH�PRGHO�RI�WKH�EUDLQDV�DQ�LQSXW�RXWSXW�GHYLFH��,Q WKH��PRGHO�RI�RXU�EUDLQ�DV�DQ�LQSXW�RXWSXW�GHYLFH��LW�LV�DVVXPHG�WKDW�ZH�GR�QRW�KDYHLQ RXU� KHDGV� DQ\� ORQJ�WHUP� VWRUDJH� �PHPRU\��� EXW� UDWKHU� DQ� LQSXW�RXWSXW� GHYLFH� ZKLFKH[FKDQJHV LQIRUPDWLRQ� ZLWK� UHJLVWHUV� FRQWDLQHG� LQ� WKH� FRXQWHU�ZRUOG�� 8VLQJ� �FRPSXWHU�WHUPLQRORJ\��RXU�EUDLQ�LV�QRW�D�FRPSXWHU�LWVHOI��EXW�RQO\�WKH�HTXLYDOHQW�RI�DQ�LQWHOOLJHQW�WHUPLQDO�7KLV WHUPLQDO� LV�DEOH� WR�SHUIRUP�VRPH� OLPLWHG�SURFHVVLQJ�E\� LWVHOI�� DV� LW�SRVVHVVHV� LWV�RZQVKRUW�WHUP PHPRU\�� KRZHYHU�� LQ� DOO� LPSRUWDQW� FDVHV� LW� UHIHUV� WR� WKH� LQIRUPDWLRQ� FRQWDLQHGZLWKLQ WKH�FRXQWHU�ZRUOG��7KH�SURFHVV�RI�H[FKDQJLQJ�WKLV�LQIRUPDWLRQ�ZLWK�WKH�RWKHU�ZRUOG�LVNQRZQ�E\�WKH�QDPH�RI�ORQJ�WHUP�PHPRU\�V\VWHP��7KH PRGHO�RI�WKH�EUDLQ�GHVFULEHG�DERYH�SURYLGHV�DQ�H[FHOOHQW�H[SODQDWLRQ�IRU�DOO�IDFWVDQG SKHQRPHQD�REVHUYHG�WR�GDWH��)RU�H[DPSOH��VXFK�SKHQRPHQRQ�DV�K\SQRVLV LV�GHILQHGDV VZLWFKLQJ� RXU� EUDLQ� HQWLUHO\� RQWR� WKH� SHUFHSWLRQ� RI� VLJQDOV� IURP� WKH� FRXQWHU�ZRUOG�7HOHSDWK\ LV� H[FKDQJLQJ� WKH� PHVVDJHV� EHWZHHQ� GLIIHUHQW� EUDLQV� YLD� WKH� FRXQWHU�ZRUOG�'UHDPV FDQ� EH� H[SODLQHG� DV� DGYHQWXUHV� RI� RXU� UHJLVWHUV� LQ� WKH� FRXQWHU�ZRUOG��0XOWLSOH
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SHUVRQDOLWLHV FDQ� EH� H[SODLQHG� DV� VZLWFKLQJ� RXU� EUDLQ� WR� FRRSHUDWH� ZLWK� PRUH� WKDQ� RQHUHJLVWHU RI�PHPRULHV��5HLQFDUQDWLRQ LV� VLPSO\�DWWDFKLQJ� WKH�EUDLQ�RI� D�QHZ�SHUVRQ� WR� WKHHWKHULF�PHPRU\��UHJLVWHU��RI�D�SHUVRQ�ZKR�LV�DOUHDG\�GHDG��2QH RI� WKH� LPSOLFDWLRQV�RI� WKH�PRGHO�RI� WKH�EUDLQ�DV�DQ� LQSXW�RXWSXW�GHYLFH�LV� WKDW� LWSRVWXODWHV�WKH�H[LVWHQFH�RI�D��XQLYHUVDO�ODQJXDJH���L�H��D�ODQJXDJH�LQ�ZKLFK�WKH�HWKHU�WKLQNV�DQG WKXV�ZKLFK� LV�XVHG�E\� WKH�HQWLUH�8QLYHUVH�� ,W� LV� FDOOHG�KHUH�'0/7� �'DWD�0DQLSXODWLRQ/DQJXDJH�RI�7KRXJKW���7KLV�ODQJXDJH�ZRXOG�EH�D�QDWXUDO�HTXLYDOHQW�WR�ELQDU\��PDFKLQH�FRGH�LQ ZKLFK�RXU�FRPSXWHUV�WKLQN��,W�ZRXOG�GLIIHU�IURP�WKH�KXPDQ�VSRNHQ�ODQJXDJHV��DQG�ZRXOGEH WKH� ODQJXDJH�LQ�ZKLFK�DOO� OLYLQJ�FUHDWXUHV�FRQGXFW�WKHLU�WKRXJKW�SURFHVVHV��,W�ZRXOG�DOVREH WKH�ODQJXDJH�LQ�ZKLFK�DOO�FUHDWXUHV�OLYLQJ�LQ�RXU�XQLYHUVH�FRXOG�GLUHFWO\�FRPPXQLFDWH�ZLWKRQH DQRWKHU�� 7KH� H[LVWHQFH� RI� VXFK� DQ� XQLYHUVDO� ODQJXDJH� QRW� RQO\� HQDEOHV� EUDLQV� WRFRPPXQLFDWH ZLWK� WKHLU� HWKHULF� UHIOHFWLRQV�� EXW� DOVR� HQDEOHV� FRPPXQLFDWLRQ� EHWZHHQ� RQHFUHDWXUH DQG� DQRWKHU� �H�J�� KXPDQV� ZLWK� DQLPDOV�� SODQWV�� 8)2QDXWV�� HWF���� ,W� LV� H[WUHPHO\LQWHUHVWLQJ WKDW�WKH�H[LVWHQFH�RI�VXFK�DQ�XQLYHUVDO�ODQJXDJH�ZDV�DOUHDG\�VXJJHVWHG�LQGLUHFWO\LQ�WKH�ODWH�����V�E\�1RDP�&KRPVN\�LQ�KLV�UHVHDUFK�FRQFHUQLQJ�JHQHUDWLYH�JUDPPDU�$W WKLV� SRLQW� WKH� DXWKRU� ZRXOG� OLNH� WR� VWUHVV� WKDW� WKH� H[LVWHQFH� RI� VXFK� D� XQLYHUVDOODQJXDJH RI�WKRXJKWV��'0/7��LQWURGXFHV�QXPHURXV�SKLORVRSKLFDO�LPSOLFDWLRQV��3UREDEO\�WKHPRVW LPSRUWDQW� RI� WKHP� LV� WKDW� WKLV� ODQJXDJH� PXVW� FRQVLVW� RQO\� RI� WKH� �ZRUGV�� ZKLFKFRUUHVSRQG WR� WKH� LGHDV� DQG� SRVVLELOLWLHV� DOUHDG\� UHFRJQL]HG� DQG� DSSOLHG� LQ� WKH�8QLYHUVH�3UDFWLFDOO\� WKLV�PHDQV�WKDW�ZH�DUH�QRW�DEOH�WR�WKLQN�RU�WR�LPDJLQH�DQ\WKLQJ�WKDW�H[FHHGV�WKHFDSDELOLWLHV RI� WKH� 8QLYHUVH�� DV� LW� VLPSO\� ZRXOG� QRW� KDYH� WKH� DSSURSULDWH� �ZRUG�� WR� EHH[SUHVVHG�LQ�RXU�PLQGV��3XWWLQJ�LW�LQ�DQRWKHU�ZD\��HYHU\�JRDO�ZKLFK�LV�SRVVLEOH�WR�LPDJH�LQDOVR SRVVLEOH� WR� DFKLHYH��� 7KH� SUREOHP� ZLWK� FRPSUHKHQGLQJ� WKH� DERYH� SULQFLSOH� OLHV� LQIUHTXHQWO\ PL[LQJ�XS�WKH�JRDOV�ZLWK�WKH�ZD\V�RI�DFKLHYLQJ�WKHP��)RU�H[DPSOH�WKH�SUHYLRXVO\GLVFXVVHG LGHD� RI� DQ� DQWLJUDYLWDWLRQDO� ILHOG� LQ� WKH� FRQFHSW� RI� PRQRSRODU� JUDYLW\�� LQ� IDFWUHSUHVHQWV RQO\� RXU� GHPDQG� DGGUHVVHG� WR� WKH� 8QLYHUVH� UHTXLULQJ� LWV� SDUWLFXODU� ZD\� RIRSHUDWLRQ� 7KHUHIRUH�DQWLJUDYLW\�WKXV�GHILQHG�UHSUHVHQWHG�WKH�ZD\�RI�DFKLHYLQJ�WKH�JRDO��QRWWKH JRDO�LWVHOI��,I�DQWLJUDYLW\�LV�OLPLWHG�WR�D�SXUH�JRDO�RQO\��L�H��WR�WKH�IRUPDWLRQ�RI�D�IRUFH�WKDWUHSHOV�RQH�PDVV�IURP�RWKHUV��WKHQ�D�QXPEHU�RI�SRVVLELOLWLHV�IRU�LWV�DFKLHYLQJ�FDQ�EH�UHYHDOHG�WZR RI�ZKLFK��L�H��WKH�0DJQRFUDIW�DQG�WKH�7HOHSRUWDWLRQ�9HKLFOH��DUH�H[SODLQHG�LQ�WKLV�WUHDWLVH�$Q HVSHFLDOO\� LPSRUWDQW� FRQVHTXHQFH� RI� WKH� GLVFXVVHG�PRGHO� RI� WKH� EUDLQ� LV� WKDW� LWSURYLGHV D� SHUIHFW� H[SODQDWLRQ� IRU� DOO� IRUPV� RI� ([WUD�6HQVRU\� 3HUFHSWLRQ� �(63��� ,Q� WKLVH[SODQDWLRQ�(63�LV�D�ERG\�RI�PHWKRGV�IRU�SHUFHLYLQJ�DGGLWLRQDO�LQIRUPDWLRQ��L�H��WKH�LQIRUPDWLRQQRW�VWRUHG�E\�RXU�RZQ�EUDLQ��IURP�WKH�FRXQWHU�ZRUOG��,Q�RUGHU�WR�JDLQ�WKLV�LQIRUPDWLRQ��WKH�EUDLQRI DQ�(63�SUDFWLWLRQHU�DFFHVVHV�WKH�HWKHULF�PRGHO��UHJLVWHU��RI�WKH�REMHFW�VXEMHFWHG�WR�(63LQTXLU\�DQG�UHDGV�IURP�WKLV�UHJLVWHU�DOO�WKH�LQIRUPDWLRQ�UHTXLUHG�7KHUH�LV�D ZHDOWK�RI�HYLGHQFH�ZKLFK�FRQILUPV�WKH�FRUUHFWQHVV�RI�WKH�PRGHO�RI�RXU�EUDLQDV�DQ�LQSXW�RXWSXW�GHYLFH��/HW�XV�EULHIO\�UHYLHZ�VRPH�RI�WKLV�HYLGHQFH���'�� &RPPXQLFDWLRQ� EHWZHHQ� SHRSOH� DQG�8)2QDXWV�� 7KHUH� DUH� QXPHURXV� FDVHVUHSRUWHG ZKHQ�PHPEHUV� RI� 8)2� FUHZV� FRPPXQLFDWHG�ZLWK� SHRSOH� XVLQJ� VRPH� WHOHSDWKLFGHYLFHV� 7KHVH� GHYLFHV� FDXVHG� D� GLUHFW� DQG� VRXQGOHVV� WUDQVPLVVLRQ� RI� WKRXJKWV� EHWZHHQWKH�EUDLQV�RI�KXPDQV�DQG�WKH�EUDLQV�RI�8)2QDXWV��6XFK�D�GLUHFW�H[FKDQJH�RI�WKRXJKWV�LV�RQO\SRVVLEOH ZKHQ� WKH� XQLYHUVDO� ODQJXDJH� PHQWLRQHG� HDUOLHU� H[LVWV�� 7KH� H[LVWHQFH� RI� WKLVODQJXDJH�LQ�WXUQ�FRQILUPV�WKH�RSHUDWLRQ�RI�RXU�EUDLQV�DV�LQSXW�RXWSXW�GHYLFHV����'�� &RPPXQLFDWLRQ�EHWZHHQ�SHRSOH�DQG�SODQWV��7KH�XQLYHUVDO�ODQJXDJH�DOORZV�XVWR FRPPXQLFDWH�ZLWK�HYHU\�SRVVLEOH�LQKDELWDQW�RI�WKH�8QLYHUVH���HYHQ�LQFOXGLQJ�SRW�SODQWV��,WKDV EHHQ�FRQILUPHG�WKDW�SRW�SODQWV�JURZ�EHWWHU�ZKHQ�VRPHRQH�WDONV�WR�WKHP�ZLWK� ORYH�DQG
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FDUH� 0RUHRYHU��WKHUH�ZHUH�H[SHULPHQWV�FRPSOHWHG��ZKLFK�XWLOL]HG�HTXLSPHQW�VLPLODU�WR�D�OLHGHWHFWRU� 7KHVH�H[SHULPHQWV�SURYHG�WKDW�SODQWV�UHDFW�ZLWK�SDQLF�WR�RXU�WKRXJKW�LQWHQWLRQV�WRKDUP�RU�GHVWUR\�WKHP���'���&RPPXQLFDWLRQ�EHWZHHQ�SHRSOH�DQG�DQLPDOV��,W�LV�ZHOO�NQRZQ�WKDW�PDQ\�SHRSOHDUH DEOH� WR� �VD\��VRPHWKLQJ� WR�DQ�DQLPDO��RU� LQVHFW��DQG� WKDW� WKH�PHVVDJH�FRQYH\HG�JHWVWKURXJK�VRPHKRZ�WR�WKH�DGGUHVVHH��ZKRVH�IXUWKHU�DFWLRQV�SURYH�WKH�FRPSOHWH�XQGHUVWDQGLQJRI�ZKDW�ZDV�VDLG��$Q\�UDWLRQDO�H[SODQDWLRQ�IRU�VXFK�FRPPXQLFDWLRQ�PXVW�LQYROYH�WKH�RSHUDWLRQRI�DOO�EUDLQV��DOVR�WKRVH�RI�DQLPDOV�DQG�LQVHFWV��DV�LQSXW�RXWSXW�GHYLFHV��7KH PRVW ZHOO� NQRZQ� SHUVRQ� XWLOL]LQJ� VXFK� FRPPXQLFDWLRQ� ZDV� ODWH� 0UV� %DUEDUD:RRGKRXVH� ZKRVH� IUHTXHQW� DSSHDUDQFH� RQ� %ULWLVK� 79� JDLQHG� KHU� ZRUOG�ZLGH� IDPH�HVSHFLDOO\�KHU��VLW���FRPPDQG��,Q FHQWUDO�(XURSH��HVSHFLDOO\�LQ�3RODQG��*HUPDQ\�DQG�&]HFKRVORYDNLD��WKHUH�LV�D�YLYLGWUDGLWLRQ RI�SHULSDWHWLF�UDW�FDWFKHUV��7KRVH�H[WUDRUGLQDU\�SHRSOH�HDUQHG�D� OLYLQJ�E\�RUGHULQJUDWV� PLFH�DQG�HYHQ�LQVHFWV�WR�IROORZ�WKHP�EH\RQG�WKH�ERXQGDULHV�RI�WKH�YLOODJH�WKDW�SDLG�IRUWKLV IRUP� RI� GHEXJJLQJ�� 7KHVH� SHVWV� ZHUH� WKHQ� GURZQHG� RU� EXUQW�� 7KH� ODVW� RI� WKHVHUDW�FDWFKHUV ZDV�VXSSRVHG�WR�EH�VWLOO�RSHUDWLYH�LQ�DQ�DUHD�RI�SUHVHQW�3RODQG�DW�WKH�EHJLQQLQJRI WKLV�FHQWXU\��2QH�RI�WKH�URPDQWLF�UHFRUGV�RI�WKHVH�SHRSOH�VXUYLYHG�LQ�WKH�IRUP�RI�WKH�*HUPDQOHJHQG RI�WKH 3LHG�3LSHU�RI�+DPHOLQ��WKH�PDLQ�HYHQW�RI�ZKLFK�VXSSRVHG�WR�WDNH�SODFH�RQ���-XO\���������'�� $QLPDO� LQVWLQFWV�� ,W� LV� ZHOO� NQRZQ� WKDW� DQLPDOV� GLVSOD\� DELOLWLHV� WR� UHVROYHSUREOHPV ZKLFK� GHILQLWHO\� H[WHQG� EH\RQG� WKH� FDSDELOLWLHV� RI� WKHLU� �RU� HYHQ� KXPDQ�� EUDLQV�$FFRUGLQJ�WR�WKH�PRGHO�RI�EUDLQ�GLVFXVVHG�KHUH��DOO�EUDLQV��DOVR�WKRVH�RI�DQLPDOV�DQG�LQVHFWV�PXVW KDYH�WKH�DELOLW\�WR�DFFHVV�DQG�UHDG�UHJLVWHUV�IURP�WKH�FRXQWHU�ZRUOG��WKXV�WKH�VR�FDOOHGLQVWLQFW ZRXOG� EH� RQO\� DQ� DQLPDO� HTXLYDOHQW� WR� KXPDQ� (63� DELOLWLHV�� $QLPDOV� FRXOG� JDLQNQRZOHGJH RI�FRUUHFW�EHKDYLRXU�LQ�D�SDUWLFXODU�VLWXDWLRQ�E\�VHDUFKLQJ�WKURXJK�WKH�DSSURSULDWHUHJLVWHUV LQ�WKH�FRXQWHU�ZRUOG��7KHUH�LV�D�PDVV�RI�HYLGHQFH�VXSSRUWLQJ�WKLV�SRVVLELOLW\��2QO\VRPH�RI�WKLV�ZLOO�EH�UHYLHZHG�EHORZ�D� .QRZOHGJH�RI�FRUUHFW�EHKDYLRXU�LQ�D�FULWLFDO�VLWXDWLRQ��:H�FDQ�REVHUYH�KRZ�D�VLFNDQLPDO VRPHKRZ� UHFRJQL]HV� WKH� EHVW� IRRG� DQG� WUHDWPHQW� IRU� D� SDUWLFXODU� GLVHDVH�� 'XULQJSHULRGV RI� GURXJKW�� HOHSKDQWV�� OLNH� RXU� GRZVHUV�� ILQG� WKH� ORFDWLRQ� RI� VKDOORZ� XQGHUJURXQGZDWHU VRXUFHV��VDYLQJ�WKHPVHOYHV�DQG�RWKHU�DQLPDOV��'RJV�NQRZ�WKH�EHVW�ZD\�WR�VDYH�WKHLUPDVWHUV�LQ�D�PRPHQW�RI�HPHUJHQF\�E� 5HDGLQJ�ZDUQLQJV�RI�EDG�HYHQWV�� ,W� LV�DOPRVW� OHJHQGDU\� WKDW�GRJV�FDQ�SUHGLFW�DQLPPLQHQW QDWXUDO�GLVDVWHU�DQG�KRZO�ORXGO\�DV�DQ�DODUP��,Q�-DSDQ�WKH\�UDLVH�D�VSHFLDO�NLQG�RIDTXDULXP JROGILVK�ZKLFK�FDQ�GHWHFW�DQ�HDUWKTXDNH�D�IHZ�KRXUV�LQ�DGYDQFH��7KHUH�LV�WKH�ZHOONQRZQ FODLP�RI�VDLORUV�WKDW�UDWV�IRUHVHH�D�FRPLQJ�GLVDVWHU�DQG�DEDQGRQ�LQ�DGYDQFH�WKH�VKLSWKDW LV�JRLQJ�WR�VLQN��)DYRXULWH�SHWV�NQRZ�DERXW�WKH�GHDWK�RI�WKHLU�PDVWHUV��%LUGV�GR�QRW�VLQJDW�WKH�VLWH�RI�VRPH�IRUPHU�FRQFHQWUDWLRQ�FDPSV��6RPH�IDUP�DQLPDOV�VHHP�WR�NQRZ�ZKHQ�WKH\DUH�GHVLJQDWHG�WR�EH�NLOOHG�F� 3HWV�IRUHVHHLQJ�WKHLU�PDVWHU
V�UHWXUQ��,W�KDV�EHHQ�REVHUYHG�WKDW�IDYRXULWH�SHWV�NQRZVHYHUDO PLQXWHV�LQ�DGYDQFH�WKDW�WKHLU�PDVWHU�LV�JRLQJ�WR�UHWXUQ�KRPH�DQG�NQRZ�DOVR�DW�ZKLFKHQWUDQFH WKH\� VKRXOG� ZDLW� WR� ZHOFRPH� KLP�KHU�� 6LPLODU� NQRZOHGJH� LV� GLVSOD\HG� E\� OLWWOHFKLOGUHQ ZKR�NQRZ�D�IHZ�KRXUV�LQ�DGYDQFH�WKDW�WKHLU�IDYRXULWH�UHODWLYH�LV�FRPLQJ�DQG�KH�VKHKDV�VRPHWKLQJ�JRRG�IRU�WKHP�G� 7KH�PLJUDWLRQ�DQG�QDYLJDWLRQ�LQVWLQFWV�RI�DQLPDOV��7KH�RQO\�VDWLVIDFWRU\�H[SODQDWLRQIRU WKH�PLJUDWLRQ�DQG�QDYLJDWLRQ� LQVWLQFWV�RI�VRPH�ELUGV�DQG� ILVK�VHHPV� WR� OLH� LQ�(63��6HDELUGV KDYH�QR�RULHQWDWLRQ�SRLQWV�DQG� WKH\�VWLOO� UHWXUQ� WR� WKHLU�QHVWV�ZLWKRXW�HUURU��7KHUH�DUH
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NQRZQ FDVHV RI�GRJV�DQG�FDWV� UHWXUQLQJ�KRPH�KDYLQJ� EHHQ� WDNHQ�KXQGUHGV�RI� NLORPHWUHVDZD\ LQ� ZLQGRZOHVV� ER[HV�� 6RPH� GRJV� DUH� IDPRXV� EHFDXVH� RI� ILQGLQJ� WKH� ZD\� WR� WKHLURZQHUV�DIWHU�WKRVH�RZQHUV�FKDQJHG�FLW\�RU�HYHQ�FRXQWU\�H��6\QFKURQL]DWLRQ�RI�WKH�PRYHPHQWV�RI�ELUGV�DQG�ILVK��:H�PD\�REVHUYH�IORFNV�RI�ELUGVDQG VKRDOV RI� ILVK� DV� WKH\� PDQRHXYUH� VLPXOWDQHRXVO\�� 1R� NQRZQ� SK\VLRORJLFDO� VHQVHVH[SODLQ VXFK�SHUIHFW�V\QFKURQL]DWLRQ��$�VLPLODU�HIIHFW�FDQ�DOVR�EH�H[SHULHQFHG�E\�WZR�ELF\FOHULGHUV RU�FDU�GULYHUV�ZKR�XQH[SHFWHGO\�IDFH�HDFK�RWKHU�RQ�D�FROOLVLRQ�FRXUVH��7KH\�ZLOO�UHSHDWH[DFWO\�WKH�VDPH�PDQRHXYUHV�XQWLO�WKH\�FUDVK���'�� 5HYLHZ�RI�RQHV�RZQ�OLIH�GXULQJ�WKH�VR�FDOOHG�1HDU�'HDWK�([SHULHQFHV��1'(���,WLV ZLGHO\� GRFXPHQWHG� WKDW� WKH� G\LQJ� SHUVRQ� UHOLYHV� DJDLQ� WKH�PRVW� LPSRUWDQW� HYHQWV� IURPKLV�KHU�RZQ�HQWLUH�OLIH��0U�0LNH�,UYLQJ�RI�����7HUUDFH�6W���,QYHUFDUJLOO��1HZ�=HDODQG���RQH�RI�WKHQXPHURXV SHRSOH�NQRZQ�WR�WKH�DXWKRU�ZKR�KDV�H[SHULHQFHG�WKLV���GHVFULEHV�LW�WKXV���,W�ZDVQRW MXVW�UHYLHZLQJ�D�WKUHH�GLPHQVLRQDO�PRYLH�RI�P\�OLIH��,W�ZDV�DV�FRPSOH[�DV�LQ�UHDOLW\��,�ZDVWKHUH DQG�,�IHOW��WKRXJKW�DQG�VDZ�HYHU\WKLQJ�DJDLQ��7KH�RQO\�GLIIHUHQFH�ZDV�WKDW�,�REVHUYHGP\VHOI�DV�DQ�RXWVLGH�ZLWQHVV�DQG�WKDW�,�FRXOG�QRW�FKDQJH�DQ\WKLQJ�LQ�WKLV�UHYLHZ��7KH UHYLHZ� GLVFXVVHG� KHUH� FRQWDLQV� RQH� HOHPHQW�� FRQILUPHG� E\�PDQ\� SDUWLFLSDQWV�ZKLFK H[FOXGHV� WKH� SRVVLELOLW\� RI� WKH� EUDLQ� RULJLQDWLRQ� RI� WKHVH�SLFWXUHV�� L�H�� WKHLU� QDWXUH� LVKRORJUDSKLF� ,I�WKH�SLFWXUHV�ZHUH�RQO\�D�GLVSOD\�RI�WKH�ELRORJLFDO�PHPRU\�FRQWHQW��WKH\�VKRXOGSUHVHQW WKH�HYHQWV�H[DFWO\�LQ�WKH�VDPH�IRUP�DV�WKH�H\HV�RI�WKH�G\LQJ�SHUVRQ�VDZ�WKHP�ZKLOHWKH\ KDSSHQHG��%XW�WKLV�LV�QRW�WKH�FDVH��7KH�UHYLHZ�FRQVLVWV�DOVR�RI�SLFWXUHV�RI�WKH�SHUVRQ�SUHVHQWLQJ KLP�KHU�DV�LI�KH�VKH�ZHUH�ILOPHG�E\�DQ�RXWVLGH�FDPHUDPDQ��0RUHRYHU��GXULQJ�WKHUHYLHZ GHWDLOV�DOVR�DUH�YLVLEOH��ZKLFK�FRXOG�QRW�EH�QRWLFHG�LQ�D�UHDO�H[SHULHQFH��EHFDXVH�WKH\ZHUH LQDSSURSULDWHO\� ORFDWHG� WRZDUGV� WKH� VXEMHFW� �VRPHWLPHV� VFHQHV� DUH� SUHVHQWHG�ZKLFKDUH KDSSHQLQJ� EHKLQG� VRPH� SK\VLFDO� REVWDFOHV� DQG� E\� QR� PHDQV� FRXOG� EH� VHHQ� E\� WKHSHUVRQ LQYROYHG��� 7KLV� FKDUDFWHULVWLF� LQGLFDWHV� WKDW� WKH� GLVFXVVHG� UHYLHZ� FDQ� QRW� RULJLQDWHIURP WKH�EUDLQ�LWVHOI��EXW� LV�UHDG�E\�WKH�EUDLQ�IURP�WKH�EDQN�RI� LQIRUPDWLRQ�VWRUHG�ZLWKLQ�WKHFRXQWHU�ZRUOG�0RUH�LQIRUPDWLRQ�DERXW�WKH�DERYH�SKHQRPHQD�FDQ�EH�IRXQG�LQ�WKH�ERRN�>�'�@ E\�5�$�0RRG\���/LIH�$IWHU�/LIH���6WDFNSROH�%RRNV��������,6%1����������������SS�����WR������'���'RXEOH�RU�PXOWLSOH�SHUVRQDOLWLHV��,Q�WKH�SDSHU�>�'�@ �0XOWLSOH�0L[�XSV���SXEOLVKHGLQ 201,��9RO�����1R�����1RYHPEHU�������S������VRPH�H[DPSOHV�RI�SHRSOH�ZKR�H[SHULHQFHFRPSOHWH FKDQJHV� RI� SHUVRQDOLWLHV� DUH� GLVFXVVHG�� ,W� VHHPV� WKDW� WKH� VDPH� ERG\� FDQ� EHRFFXSLHG LQ� WXUQ� E\� WZR� RU� PRUH� FRPSOHWHO\� GLIIHUHQW� SHUVRQV�� 7KH� GLIIHUHQFHV� LQ� WKHVHSHUVRQDOLWLHV�FDQ�EH�VR�VLJQLILFDQW�DQG�WKHLU�VZLWFKLQJ�VR�FRPSOHWH�WKDW�WKH\�DIIHFW�QRW�RQO\�WKHSV\FKRORJLFDO��EXW�DOVR�WKH�ELRORJLFDO�VWDWH�RI�D�SHUVRQ��)RU�H[DPSOH�WKH�GLIIHUHQW�SHUVRQDOLWLHV�RI�WKH�VDPH�SK\VLFDO�SHUVRQ��PD\�UHTXLUH�GLIIHUHQW�RSWLFV�RI�JODVVHV��RU�EH�DOOHUJLF�WR�GLIIHUHQWIRRGV�DQG�PHGLFLQHV��7KH�H[LVWHQFH�RI�WKLV�SKHQRPHQD�SURYLGHV�D�IXUWKHU�HYLGHQFH�LQ�VXSSRUWRI WKH�PRGHO�RI�RXU�EUDLQ�DV�DQ�LQSXW�RXWSXW�GHYLFH��7KLV�LV�EHFDXVH�DQ\�UDWLRQDO�H[SODQDWLRQRI PXOWLSOH�SHUVRQDOLWLHV�PXVW�DFFRXQW�IRU�WKH�VZLWFKLQJ�RI�VRPHRQH
V�EUDLQ�WR�WKH�UHJLVWHU�RID�GLIIHUHQW�SHUVRQ���V\QFKURQL]HG�ZLWK�WKH�VLPXOWDQHRXV�WDNLQJ�FRQWURO�RYHU�WKH�HQWLUH�ERG\�E\WKLV�UHJLVWHU��L�H��E\�WKH�VRIWZDUH�PRGHO�RI�D�GLIIHUHQW�SHUVRQ����'�� 5HLQFDUQDWLRQ�� 7KH� GHWDLOV� RI� SUHYLRXV� OLYHV� FDQ� EH� UHFDOOHG�� 6RPH� FKLOGUHQGXULQJ QRUPDO�DFWLYLWLHV��DQG�DOVR�YDULRXV�DGXOWV�GXULQJ�K\SQRWLF� UHJUHVVLRQ�RU�GUHDPV��DUHDEOH WR�UHFDOO�GHWDLOV�IURP�SUHYLRXV�OLYHV��7KHVH�GHWDLOV�DUH�YHU\�YLYLG��DQG�SURYH�WKHPVHOYHVFRUUHFW ZKHQ� YHULILHG� E\� KLVWRULFDO� UHVHDUFK� RU� LQ� D� ILHOG� FRQIURQWDWLRQ�� ,Q� DGGLWLRQ� RWKHUHYLGHQFH��VXFK�DV�WKH�UDSLG�DSSHDUDQFH�RI�QRQ�OHDUQHG�DELOLWLHV�RU�ELUWK�PDUNV�FRUUHVSRQGLQJWR LQMXULHV IURP�D�SUHYLRXV� OLIH�� DOVR�FRQILUP� WKH�FRQFUHWH�RULJLQ�RI� WKHVH�H[SHULHQFHV��7KH
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PDLQ SX]]OH LQ� DOO� WKHVH� UHFDOOV� LV� ZKHUH� WKH� UHPHPEHUHG� LQIRUPDWLRQ� LV� VWRUHG�� DV� WKHSUHYLRXV SK\VLFDO�ERGLHV��EUDLQV�DOVR��DUH�GHDG��7KH�&RQFHSW�RI�'LSRODU�*UDYLW\�SURYLGHV�WKHDQVZHU� LQ� WKH� UHJLVWHUV� IURP�WKH�FRXQWHU�ZRUOG��6R� WKH� UHFDOOV�RI�SUHYLRXV� OLYHV�DUH�VLPSO\DFFHVVLRQV PDGH�WR�WKHVH�UHJLVWHUV��1XPHURXV�FDVHV�RI�UHFDOOLQJ�SDVW�OLIH�DUH�GRFXPHQWHGLQ WKH� ERRN� >�'�@ E\� -RH� )LVKHU�� �7KH�&DVH� IRU�5HLQFDUQDWLRQ���*UDQDGD�3XEOLVKLQJ� /WG��/RQGRQ�������,6%1�����������������'�� 3UREOHP�VROYLQJ� LQ�VOHHS��7KHUH� LV�D�ZHOO�NQRZQ�PHWKRG�RI�DFTXLULQJ�VROXWLRQWR RXU�SUREOHPV�GXULQJ�D�QLJKW
V�VOHHS��,I�ZH�FOHDUO\�VSHFLI\�MXVW�EHIRUH�IDOOLQJ�DVOHHS�ZKDW�RXUSUREOHP LV�DQG�ZKDW�NLQG�RI�VROXWLRQ�ZH�DUH�ORRNLQJ�IRU��ZKHQ�ZDNLQJ�XS�LQ�WKH�PRUQLQJ�ZHPD\ ILQG�RXW� WKDW�ZH�NQRZ�WKH�DQVZHU��$V� WKH�NQRZOHGJH�WKDW� LV�DFTXLUHG�GXULQJ� WKH�QLJKWPXVW EH LQSXW�IURP�VRPHZKHUH��WKH�DERYH�SKHQRPHQRQ�DGGLWLRQDOO\�VXSSRUWV�WKH�PRGHO�RIRXU�EUDLQ�DV�DQ�LQSXW�RXWSXW�GHYLFH���'�� 6XSHUVWLWLRQV��,W�LV�ZHOO�NQRZQ�WKDW�IRU�VRPH�SHRSOH�VXSHUVWLWLRQV�DUH�D�UHOLDEOHVRXUFH RI�LQIRUPDWLRQ�RQ�HYHQWV�WKDW�DUH�JRLQJ�WR�KDSSHQ��$V�HYHU\�SHUVRQ�VHWV�KLV�KHU�RZQZDUQLQJ VLJQDOV��WKXV��PDNLQJ�VXSHUVWLWLRQV�ZRUN�PXVW�LQYROYH�VRPH�NLQG�RI�FRPPXQLFDWLRQRFFXUULQJ EHWZHHQ�WKH�EUDLQ�RI�D�VXSHUVWLWLRXV�SHUVRQ�DQG� WKH�FRXQWHU�ZRUOG��7KH�SULQFLSOHRI WKLV�FRPPXQLFDWLRQ� LV� LGHQWLFDO� WR� WKH�RQH�DSSOLHG� LQ� LQYROXQWDU\�IRUPV�RI�(63��RQO\� WKDWREWDLQLQJ D� UHSO\� GRHV� QRW� LQYROYH� SHQGXOXPV� RU� GLYLQLQJ� URGV�� 7KHUHIRUH�� WKH� FODLP� RIQXPHURXV SHRSOH� WKDW� VXSHUVWLWLRQV� RSHUDWH� IRU� WKHP� LV� WKH� QH[W� FRQILUPDWLRQ� RI� WKHFRUUHFWQHVV�RI�WKH�PRGHO�GLVFXVVHG�KHUH�7KH H[SODQDWLRQ�IRU�WKH�RSHUDWLRQ�RI�VXSHUVWLWLRQ�GHULYHG�IURP�WKH�&RQFHSW�RI�'LSRODU*UDYLW\ DOVR�UHYHDOV�ZK\�LW�ZRUNV�IRU�VRPH�SHRSOH��DQG�GRHV�QRW�ZRUN�IRU�RWKHUV��7KH�UHDVRQIRU�WKLV�LV�WKDW�RQH�PXVW KDYH�D�FOHDUO\�GHILQHG�LQWHUSUHWDWLRQ�IRU�WKH�VLJQDOV�UHFHLYHG��'HYRWHGEHOLHYHUV LQ� VXSHUVWLWLRQV� DGKHUH� WR� RQH� VHW� RI� XQDPELJXRXV� VLJQDOV� ZKLFK� WKH\� DOZD\VLQWHUSUHW LQ�WKH�VDPH�ZD\��7KHUHIRUH�WKH\�ZRUN�IRU�WKHP�SHUIHFWO\��7KH�VFRIIHUV�GR�QRW�KDYHWKHLU�RZQ�VLJQDOV��DQG�RQO\�WHPSRUDULO\�DGRSW�VRPHRQH�HOVH
V�ZKLOH�WKH\�DUH�LQ�WKH�ULJKW�PRRGRU ZDQW�WR�SURYH�VRPHWKLQJ��1DWXUDOO\�LQ�VXFK�FLUFXPVWDQFHV�WKH�VXSHUVWLWLRQ�PD\�QRW�ZRUNIRU�WKHP����'�� 3HRSOH�ZLWK�DQ�XQGHUVL]HG�EUDLQ��&RQWHPSRUDU\�PHGLFLQH�UHJLVWHUV�QXPHURXVSHRSOH��ZKR GLVSOD\�IXOO�LQWHOOHFWXDO�FDSDELOLWLHV��EXW�VLPXOWDQHRXVO\�KDYH�DQ�XQGHUVL]HG�EUDLQ�$�QXPEHU�RI�VXFK�FDVHV�DUH�GRFXPHQWHG�LQ WKH�ERRN�>�'�@ E\�'U��%HQLWR�)��5H\HV���6FLHQWLILFHYLGHQFH RI�WKH�H[LVWHQFH�RI�WKH�VRXO���7KHRVRSKLFDO�3XE��+RXVH��:KHDWRQ��,OO��������,6%1����������� ,Q�VRPH�FDVHV�WKH�VL]H�RI�WKH�EUDLQ�RI�WKHVH�SHRSOH�GRHV�QRW�H[FHHG�WKH�NHUQHORI D ZDOQXW�� 7KH� H[LVWHQFH� RI� VXFK� SHRSOH� SURYLGHV� IXUWKHU� HYLGHQFH� WKDW� WKH� LQWHOOHFWXDOFDSDFLW\ RI� D� SHUVRQ� LV� QRW� GHSHQGDEOH� RQ� WKH� VL]H� RI� WKH� EUDLQ�� 7KLV� LQ� WXUQ� SURYHV� WKDWLQWHOOLJHQFH PXVW�RULJLQDWH�IURP�DQRWKHU�VRXUFH�WKDQ�WKH�EUDLQ��L�H��IURP�WKH�HWKHULF�PRGHO�RID SHUVRQ��DQG�WKDW�WKH�EUDLQ�LV�RQO\�DQ�LQSXW�RXWSXW�GHYLFH��WHUPLQDO��ZKLFK�OLQNV�SHRSOH�ZLWKWKHLU�VRXUFH�RI�LQWHOOLJHQFH�
'���(63���D�NH\�WR�LQVWDQW�EHQHILWV�IURP�WKH�FRXQWHU�ZRUOG
7KH QDPH�([WUD�6HQVRU\�3HUFHSWLRQ��RU�(63��LV�DVVLJQHG�WR�WKH�YDULRXV�PHWKRGV�RIDFTXLULQJ LQIRUPDWLRQ� ZLWKRXW� HPSOR\LQJ� WKH� SK\VLRORJLFDO� VHQVHV�� ([DPSOHV� RI� (63� DUHGRZVLQJ �L�H��GHWHFWLRQ�RI�XQGHUJURXQG�ZDWHU�RU�PLQHUDOV���SV\FKLF�GLDJQRVLQJ�RI� LOOQHVVHV�SUHGLFWLQJ WKH�IXWXUH��WHOHSDWK\��HWF��$V�KLWKHUWR�QR�H[SODQDWLRQ�ZDV�NQRZQ�IRU�WKH�VRXUFH�RI�WKLVLQIRUPDWLRQ� WKHUH�KDV�EHHQ�D�JHQHUDOO\�EDG�IHHOLQJ�DERXW�(63��DQG�WKH�PDMRULW\�RI�VFLHQWLVWV
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TXDOLI\�LW�DV��VFLHQWLILF�KHUHV\��7KH PRGHO�RI�WKH�EUDLQ�DV�DQ�LQSXW�RXWSXW�GHYLFH�GLVFXVVHG�LQ�VXEVHFWLRQ�'��SURYLGHVDQ H[FHOOHQW�H[SODQDWLRQ�IRU�(63��,Q�DFFRUGDQFH�ZLWK�LW��(63�LV�WKH�UHVXOW�RI�DFTXLULQJ�DFFHVVWR WKH� LQIRUPDWLRQ� FRQWDLQHG� LQ� WKH� �UHJLVWHUV�� IURP� WKH� FRXQWHU�ZRUOG�� 7KH�PHFKDQLVP� RIRSHUDWLRQ RI� (63� LV� GHVFULEHG� E\� WKH� DQDORJ\� RI� WKH� FRXQWHU�ZRUOG� WR� D� KXJH� FRPSXWHUSURJUDP� :LWKLQ�WKLV�SURJUDP�DUH�FRQWDLQHG� WKH� UHJLVWHUV�PHQWLRQHG�HDUOLHU��ZKLFK� FDQ�EHFRPSDUHG WR�WKH�FRQWHPSRUDU\�'DWD�%DVHV��7KH�KXPDQ�EUDLQ�LV�D�NLQG�RI�LQSXW�GHYLFH�ZKLFKVHWV WKH�DSSURSULDWH��DFFHVVLRQ�SURJUDPV���LQ�D�'DWD�0DQLSXODWLRQ�/DQJXDJH�RI�7KRXJKW�RU'0/7��WKDW�FDUU\�RXW�D�VHDUFK�WKURXJK�WKHVH�'DWD�%DVHV��7KH�HQWLUH�ERG\�LV�DQ�RXWSXW�GHYLFHZKLFK LQWHUFHSWV�WKH�UHFHLYHG�DQVZHUV��$OVR�WKH�LQIRUPDWLRQ�DFTXLUHG�KDV�WKH�H[DFW� IRUP�RIUHVXOWV REWDLQHG�IURP�D�FRPSXWHU�SURJUDP��,W�FDQ�QRW�EH�D�FRQFHSW�RU�DQ�H[SODQDWLRQ��EXW�LW�LVD�<(6�12�DQVZHU��D�QXPEHU��TXDQWLWDWLYH�DQVZHU���D�VKDSH��D�VRXQG��RU�D�GLUHFWLRQ�7KH�H[SODQDWLRQ�RI�(63�SULQFLSOHV�GHULYHG�IURP�WKH�PRGHO�RI�RXU�EUDLQ�DV�D�LQSXW�RXWSXWGHYLFH�JLYHV�EHWWHU�XQGHUVWDQGLQJ�IRU�QXPHURXV�XQH[SODLQHG�IDFWV�DERXW�WKLV�ZD\�RI�JDWKHULQJLQIRUPDWLRQ� )RU�H[DPSOH�LW�H[SODLQV�ZK\�(63�LQTXLU\�PD\�UHIHU� WR�PDWHULDO�REMHFWV���QRW� WRDEVWUDFWV� �7KLV� LV� EHFDXVH� RQO\�PDWHULDO� REMHFWV� SRVVHVV� WKHLU� RZQ� HWKHULF�PRGHOV� LQ� WKHFRXQWHU�ZRUOG�� ,W� LV� DOVR� NQRZQ� WKDW� LQ� RUGHU� WR� LQTXLUH� DERXW� DQRWKHU� SHUVRQ�� (63SUDFWLWLRQHUV PXVW�SRVVHVV�VRPH�PDWHULDO�REMHFW�EHORQJLQJ�WR�WKDW�SHUVRQ��$JDLQ��DFFRUGLQJWR WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�� LQ�RUGHU� WR�DFFHVV�WKH�VRIWZDUH�PRGHO�ZKRVH�DGGUHVV� LVXQNQRZQ� ZH�ILUVWO\�PXVW�ILQG�WKH�OLQN��DGGUHVV��WR�WKLV�PRGHO�WKURXJK�UHDGLQJ�GDWD�IURP�WKHPRGHO�RI�WKH�RWKHU�REMHFW�FRQQHFWHG�WR�WKH�RQH�VHDUFKHG�IRU�7KHUH DUH�WZR�W\SHV�RI�(63�ZKLFK�ZH�ZLOO�FDOO��FRJQLWLYH��DQG��LQYROXQWDU\���7KH\�GLIIHUIURP HDFK�RWKHU�EHFDXVH�WKH�ILUVW�RI�WKHP�HPSOR\V��ZKHUHDV�WKH�VHFRQG�H[FOXGHV�WKH�EUDLQLQ WKH�SHUFHLYLQJ�RI�DQVZHUV��,Q�FRJQLWLYH�(63�DOO�UHSOLHV�WR�LQTXLULHV�DUH�IRUZDUGHG�VWUDLJKWWR WKH�EUDLQ�ZKHUH�WKH\�DUH�SURFHVVHG�DQG�V\QWKHVL]HG�LQWR�WKH�ILQDO�IRUPV��7R�DFKLHYH�WKLV�WKH PLQG� RI� WKH� LQTXLUHU� PXVW� EH� LQ� D� VSHFLDO� VWDWH�� YHU\� GLIILFXOW� WR� LQWURGXFH� LQ� QRUPDOFLUFXPVWDQFHV� 7KLV�VWDWH�DSSHDUV�PDLQO\�GXULQJ�K\SQRVLV��GUHDPV��H[DOWDWLRQ��HWF��%XW�VRPHQDWXUDOO\ LQFOLQHG� SHRSOH�� FDOOHG� �SV\FKLFV��� DUH� DEOH� WR� REWDLQ� LW� ZKHQHYHU� LW� LV� UHTXLUHG�3UREDEO\ LQ�WKH�IXWXUH�VRPH�WUDLQLQJ�WHFKQLTXHV�ZLOO�EH�GHYHORSHG��ZKLFK�ZLOO�DOORZ�HYHU\RQHWR PDVWHU� WKLV� DELOLW\�� 8QWLO� WKHQ� WKLV� W\SH� RI� (63� VHHPV� WR� EH� FORVHG� WR� PHUH� PRUWDOV�([DPSOHV�RI�LW�DUH��FODLUYR\DQFH��SUHFRJQLWLRQ��WHOHSDWK\�,Q�WKH�VHFRQG��LQYROXQWDU\�W\SH�RI�(63�WKH�DQVZHU�VLJQDOV�DUH�IRUZDUGHG�GLUHFWO\�WR�WKHPXVFOHV RI�WKH�LQTXLUHU��ZKHUH�WKH\�DSSHDU�LQ�WKH�IRUP�RI�D�PXVFXODU�PRYHPHQW�RU�D�FKDQJHLQ WKH�HOHFWUR�PDJQHWLF�SURSHUWLHV�RI�WKH�ERG\��H�J��LWV�HOHFWULFDO�UHVLVWDQFH���%HFDXVH�WKHVHHIIHFWV DUH�QRW�FRQVFLRXVO\�SHUFHLYHG��WKH\�DUH�FDOOHG�LQYROXQWDU\��([DPSOHV�RI�(63�XWLOL]LQJWKHP DUH�� GRZVLQJ�� DQG�ZRUNLQJ� ZLWK� D� GLYLQLQJ� SHQGXOXP�� ,QYROXQWDU\�(63� FDQ� HDVLO\� EHGHYHORSHG E\�HYHU\RQH�DQG� WKH�DSSURSULDWH� WUDLQLQJ� WHFKQLTXHV� LV�GHVFULEHG� LQ�VXEVHFWLRQ'���� 0RUHRYHU�� LW� SURYLGHV�PXFK�KLJKHU� HIIHFWLYHQHVV� WKDQ� WKH� FRJQLWLYH� RQH�DQG� FDQ�EHXWLOL]HG LQ� SUDFWLFDOO\� HYHU\� DSSOLFDWLRQ�� LQFOXGLQJ� VXFK� WHFKQLFDO� DUHDV� DV� UHSDLULQJ� FDUV�GHVLJQLQJ QHZ�GHYLFHV��YHULI\LQJ�QHZ�LGHDV��HWF��)RU�WKLV�UHDVRQ�WKH�H[DPSOHV�GLVFXVVHG�LQWKH UHVW�RI�WKLV�FKDSWHU�UHIHU�PDLQO\�WR�LQYROXQWDU\�(63��%XW�DOO�WKH�GHGXFWLRQV�DQG�WKHRUHWLFDOPRGHOV��HVSHFLDOO\�3'%��SUHVHQWHG�KHUH��FDQ�EH�DSSOLHG�WR�ERWK�W\SHV�RI�(63�7KH SRVVLELOLWLHV� RI� (63� VHHP� WR� EH� XQOLPLWHG�� DOWKRXJK� VR�IDU� VWLOO� UHPDLQLQJXQWDSSHG� ,W�LV�OLNHO\�WR�SURYLGH�HYHU\RQH�ZLWK�D�GLUHFW�DQG�IUHH�DFFHVV�WR�WKH�PRVW�SRZHUIXO'DWD�%DVH�LQ�WKH�ZKROH�8QLYHUVH��3HUIHFWO\�FRUUHFW�LQIRUPDWLRQ�RQ�HYHU\�IRUP�RI�PDWWHU��L�H��RQHYHU\ REMHFW��RUJDQLVP��RU�SHUVRQ��WKDW�HYHU�H[LVWHG�RU�ZLOO�H[LVW�LQ�WKH�HQWLUH�8QLYHUVH��FRXOGEH DW� HYHU\RQH
V� ILQJHU� WLSV�� ,W� LV� GLIILFXOW� WR� LPDJH� KRZ� G\QDPLF� WKH� DFFHOHUDWLRQ� RI� RXU
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SURJUHVV�PD\�EH��RQFH�ZH�KDYH�JDLQHG�D�SURSHU�DQG�FRPSOHWH�PDVWHU\�RI�(63��)RU�H[DPSOHWKH FRPSOHWLRQ�RI�QHZ�LQYHQWLRQV�VXFK�DV�WKH�2VFLOODWRU\�&KDPEHU�RU�WKH�0DJQRFUDIW�FRXOGWKHQ UHTXLUH�RQO\�WKH�WLPH�QHFHVVDU\�IRU�WKHLU�WHFKQLFDO�UHDOL]DWLRQ�DQG�WHVWLQJ��$OPRVW�DOO�RXUSUHVHQW H[SHULPHQWV�DQG�GHYHORSPHQWDO�SURFHGXUHV�ZRXOG�QRW�EH�QHFHVVDU\�DW�DOO�DIWHU�WKHSURSHU�DSSOLFDWLRQ�RI�(63�,W VKRXOG� EH� VWUHVVHG�� WKDW� LQ� DFFRUGDQFH�ZLWK� WKH�&RQFHSW� RI�'LSRODU�*UDYLW\� HDFKSHUVRQ SURMHFWV�SDUW�RI�KLV�KHU�ERG\�LQWR�WKH�FRXQWHU�ZRUOG��7KHUHIRUH�WKHRUHWLFDOO\�HDFK�RI�XVPHHWV DOO� WKH� UHTXLUHPHQWV� QHFHVVDU\� WR� VXFFHVVIXOO\� GHYHORS� DQG� XVH� LQYROXQWDU\� (63WHFKQLTXH� %XW�WR�GR�WKLV��VRPH�FOHDUO\�UHFRJQL]DEOH�VLJQDOV��FRPPXQLFDWHG�LQYROXQWDULO\�E\RXU ERG\�PXVW�EH�GHYHORSHG�DQG�PDLQWDLQHG��:LWKRXW�VXFK�VLJQDOV�WKH�UHTXLUHG�LQIRUPDWLRQ�DIWHU UHDFKLQJ� XV�� FDQ� QRW� EH� LQWHUSUHWHG� DQG� XQGHUVWRRG�� 7KHUHIRUH� WR� PDNH� (63� ZRUN�FRQWLQXDO SUDFWLFH� LV� QHFHVVDU\�� WR� PDLQWDLQ� WKH� VDPH� FOHDU� DQVZHU� VLJQDOV� �H�J�� LQ� WKHSHQGXOXP�DVVLVWHG (63�� WKH� FORFNZLVH� FLUFXODWLQJ� RI� D� SHQGXOXP� IRU� WKH� DQVZHU� <(6�� DVZLQJLQJ PRYHPHQW� IRU� WKH�DQVZHU�12��DQG�D�FRXQWHU�FORFNZLVH�FLUFXODWLQJ� IRU� WKH�DQVZHU(5525 ,1� 7+(� )2508/$7,21� 2)� $1� ,148,5<��� 6LQFH� FRQWLQXDO� WUDLQLQJ� LV� UHTXLUHG�SHUIHFWLRQ LQ�(63�FDQ�EH�DFKLHYHG�RQO\�E\�H[WUHPHO\�VWURQJO\�PRWLYDWHG�KREE\LVW�RU�SHRSOHOLYLQJ IURP� LW� SURIHVVLRQDOO\� �H�J�� GRZVHUV��� 2QO\� WKH\� FDQ� DIIRUG� WKH� WLPH� DQG� HQHUJ\� IRUHYHU\GD\�SUDFWLFH�WR�LPSURYH�WKHLU�WHFKQLTXHV�2XW RI� DOO� WHFKQLTXHV� RI� LQYROXQWDU\� (63�� WKH� JUHDWHVW� SRWHQWLDOV� IRU� DSSOLFDWLRQ� LQVFLHQFH DQG� WHFKQRORJ\� FDUULHV� LQVWUXPHQWDO� (63V�� ,QVWUXPHQWDO� (63V� DUH� DOO� WKRVHWHFKQLTXHV LQ�ZKLFK�ERGLHV�RI�(63�SUDFWLWLRQHUV�DUH�FRQQHFWHG�WR�VRPH�NLQG�RI� LQVWUXPHQW�SRLQWHU� ZKLFK�GLVSOD\V�RU�LQWHUSUHWV�LQYROXQWDU\�VLJQDOV�SHUFHLYHG�E\�WKHVH�ERGLHV��3UHVHQWWHFKQLTXHV RI� LQVWUXPHQWDO� (63� XWLOL]H� IRU� SRLQWHUV� YHU\� SULPLWLYH� HTXLSPHQW� �H�J�� GLYLQLQJSHQGXOXPV��GLYLQLQJ�URGV��ZKLFK�KDYH�QRW�LPSURYHG�IRU�PDQ\�FHQWXULHV��%XW�FRQFOXVLRQV�IURPWKH�&RQFHSW�RI�'LSRODU�*UDYLW\��HVSHFLDOO\�WKRVH�FRQFHUQLQJ�WKH�HOHFWURPDJQHWLF�PDQLIHVWDWLRQRI�SDUDQRUPDO�SKHQRPHQD��VHH�VXEVHFWLRQ�'����RSHQ�WKH�ZD\�IRU�XWLOL]LQJ�PRUH�VRSKLVWLFDWHGDQG UHOLDEOH�HOHFWURQLF�HTXLSPHQW��7KRVH�FRQFOXVLRQV� LQGLFDWH� WKDW�XVLQJ�GHYLFHV�VLPLODU� WR�OLH�GHWHFWRUV��ZRXOG�LQFUHDVH�VLJQLILFDQWO\�WKH�UHOLDELOLW\�RI�(63�DQVZHUV�3UHVHQWO\ PRVW� SRSXODU� WHFKQLTXH� RI� LQVWUXPHQWDO� (63� LQYROYHV� WKH� DSSOLFDWLRQ� RIGLYLQLQJ SHQGXOXP�� 7KLV� WHFKQLTXH� VHHPV� WR� EH� HDVLHVW� WR� PDVWHU�� GRHV� QRW� UHTXLUH� DQ\VRSKLVWLFDWHG HTXLSPHQW�� LV� XQLYHUVDO�� DQG� JLYHV� TXLWH� UHOLDEOH� DQG� UHSHWLWLYH� DQVZHUV�� ,WVGLVDGYDQWDJHV LQFOXGH������WKH�GLIILFXOW\�RI�XVH�LQ�RSHQ�RU�XQVWDEOH�DUHDV��ZKHUH�WKH�DFWLRQ�RIZLQG RU�ZDYHV�GLVWXUEV�WKH�PRYHPHQW�RI�D�SHQGXOXP��WKHUHIRUH�IRU�FRQILUPDWLRQ�LQ�D�QDWXUDOHQYLURQPHQW��ILQGLQJV�RI�D�SHQGXOXP�DUH�XVXDOO\�VXSSOHPHQWHG�ZLWK�WKH�XVH�RI�D�GLYLQLQJ�URG��DQG ����WKH�UHTXLUHPHQW�RI�FRQWLQXDO�SUDFWLFH�WR�PDLQWDLQ�WKH�UHOLDELOLW\�RI�VLJQDOV��/HW�XV�QRZUHYLHZ WKH�HYLGHQFH�DFFXPXODWHG�E\�WKH�DXWKRU�VR�IDU��ZKLFK�SURYHV�WKH�HIIHFWLYHQHVV�RI�WKHSHQGXOXP�DVVLVWHG�(63����'�� :DWHU�GLYLQLQJ�RQ�D�PDS��7KLV� LV�RQH�RI� WKH�PRVW�SRSXODU�DSSOLFDWLRQV�RI� WKHSHQGXOXP�DVVLVWHG (63� WHFKQLTXH�� ,Q� WKLV� DSSOLFDWLRQ� WKH� PDLQ� SDUW� RI� WKH� VHDUFK� LVFRQGXFWHG ZLWKLQ� WKH�GLYLQHU
V� RIILFH��$�FOLHQW� LV� DVNHG� WR�GUDZ�RU� WR�SUHVHQW� WKH�PDS�RI� DVHDUFKHG DUHD��7KHQ��XVLQJ�D�SHQGXOXP��WKLV�PDS�LV�RULHQWHG�WRZDUGV�JHRJUDSKLF�QRUWK��VRWKDW�WKH�QRUWK�RQ�WKH�PDS�SRLQWV�QRUWKZDUG�DOVR�LQ�WKH�GLYLQHU
V�RIILFH��7KH�QH[W�VWHS�LV�ILQGLQJDQG�PDUNLQJ�RQ�WKLV�PDS�WKH�FRXUVH�RI�PDLQ�VWUHDPV�RI�ZDWHU�LQ�WKH�VHDUFKHG�DUHD��)RU�HDFKRI�WKHP WKH�HIILFLHQF\�RI�WKH�IORZ��WKH�TXDOLW\��FODULW\��RI�ZDWHU�DQG�WKH�XQGHUJURXQG�GHSWK�RI�DVWUHDP LV�GHWHUPLQHG��$IWHU�WKH�FOLHQW�GHFLGHV�ZKLFK�VWUHDP�KH�VKH�ZRXOG�OLNH�WR�H[SORLW��WKHGLYLQHU YLVLWV�WKH�DUHD�DQG�SRLQWV�RXW�LWV�H[DFW�ORFDWLRQ��WKLV�WLPH�XVLQJ�D�GLYLQLQJ�URG���)XUWKHUGHWDLOV DERXW� WKLV� DSSOLFDWLRQ� FDQ� EH� OHDUQHG� IURP� QXPHURXV� ERRNV� GHGLFDWHG� WR� ZDWHU
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GLYLQLQJ��RU�IURP�0U��%ULDQ�-��:DWVRQ������7DUEHUW�6W���$OH[DQGUD��1HZ�=HDODQG��ZKR�LV�RQH�RIWKH�GLYLQHUV�XWLOL]LQJ�LW�SUDFWLFDOO\�,Q WKH� DERYH DSSOLFDWLRQ� RI� WKH� SHQGXOXP�DVVLVWHG� (63�� WKH� GUDZLQJ� RI� D� PDS� LVIUHTXHQWO\�UHSODFHG�E\�XVLQJ�DQ�DOUHDG\�SULQWHG�RQH��%XW�WKLV�SULQWHG�PDS�PXVW�EH�ORFDWHG�RQO\RQ RQH�VLGH�RI�D�SLHFH�RI�SDSHU� �L�H�� WKH�RWKHU�VLGH�VKRXOG�EH�EODQN���7KLV� LV�EHFDXVH� WKHLQIRUPDWLRQ RQ�D�PDS�UHSUHVHQWV�DQ�DEVWUDFWLRQ��ZKHUHDV�WKH�SLHFH�RI�SDSHU�RQ�ZKLFK� LW� LVGUDZQ FRQVWLWXWHV�WKH�PDWHULDO�REMHFW��6R�WKH�UHJLVWHU�EHORQJ�WR�WKLV�SLHFH�RI�SDSHU�ZKHUHDVWKH PDS� LV�VWRUHG�RQO\�DV� LQIRUPDWLRQ�ZULWWHQ� LQWR� WKLV�UHJLVWHU��:KHQ�D�SDSHU� LV�SULQWHG�RQERWK VLGHV� LWV� UHJLVWHU� FRQWDLQV� WZR�VHWV�RI� LQIRUPDWLRQ�ZKLFK� FDQ�EH�HDVLO\�FRQIXVHG�E\�DGLYLQHU�VHDUFKLQJ�WKURXJK�LW�,W LV�H[WUHPHO\�VWLPXODWLQJ�WR�DQDO\]H�WKH�PHWKRGV�RI�DFTXLULQJ�TXDQWLWDWLYH�LQIRUPDWLRQ�L�H� HIILFLHQF\�RI�WKH�ZDWHU�IORZ��LURQ�FRQWHQW�RI�WKH�ZDWHU��XQGHUJURXQG�GHSWK�RI�WKH�VWUHDP�HWF�� XVHG�E\�YDULRXV�GRZVHUV��(DFK�GRZVHU�XVHV�D�PHWKRG�ZKLFK�GLIIHUV�IURP�WKDW�XVHG�E\RWKHU GRZVHUV��EXW�DW� WKH�VDPH� WLPH�HDFK�RQH�RI� WKHP�PHHWV� WKH� UHTXLUHPHQWV�RI�3HUIHFW'DWD %DVH��3'%��GHVFULEHG� LQ�VXEVHFWLRQ�'�����5HYLHZLQJ� WKHVH�PHWKRGV� UHPLQGV�RQH�RIORRNLQJ DW�SURJUDPV�E\�YDULRXV�DXWKRUV�SUHSDUHG�LQ�VXFK�D�ZD\�WKDW�HDFK�SURJUDP�DSSOLHV�DGLIIHUHQW SURFHGXUH�� EXW� DOO� RI� WKHP� DFFHVV� WKH� VDPH� 'DWD� %DVH� DQG� DQVZHU� WKH� VDPHTXHVWLRQV� $Q� DQDO\VLV� RI� WKHVH�PHWKRGV� UHYHDOV� KRZ� DFFXUDWH� DQG� KRZ� XVHIXO� WKH� 3'%DQDORJ\�LQ�GHVFULELQJ�WKH�(63�SKHQRPHQD�LV���'�� 0LQHUDOV�GLYLQLQJ��7HFKQLTXHV�RI� LQVWUXPHQWDO�(63�� LQ�D�ZD\� VLPLODU� WR�ZDWHUGLYLQLQJ� FDQ�DOVR�EH�XVHG� IRU� ILQGLQJ�RWKHU� VXEVWDQFHV��PLQHUDOV�RU�REMHFWV��7KH�SULQFLSDOUHTXLUHPHQW LQ�VXFK�D�FDVH�LV�WKDW�WKH�GLYLQHU�KROGV�LQ�KLV�KDQG��RU�ORRNV�DW�D�VDPSOH�RI�WKHVXEVWDQFH RU� WKH� LGHQWLI\LQJ� DWWULEXWH� RI� WKH� REMHFW� WKDW� KH� LV� VHDUFKLQJ� IRU�� 7R� PHHW� WKLVUHTXLUHPHQW� GLYLQHUV�IUHTXHQWO\�XVH�SHQGXOXPV�PDGH�RI� WKH�VXEVWDQFH�WKH\�DUH�VHDUFKLQJIRU� 6RPH�RI�WKHP�XVH�D�WUDQVSDUHQW�SHQGXOXP�IRUPHG�DV�D�NLQG�RI�ERWWOH�LQWR�ZKLFK�WKH\�SXWWKH�VHDUFKHG�IRU�PLQHUDO���'���'HVLJQLQJ�QHZ�WHFKQLFDO�GHYLFHV��,Q������WKH�DXWKRU�RI�WKLV�WUHDWLVH�PHW�0U�$ODQ3ODQN� D�SURIHVVLRQDO�GRZVHU���VHH�)LJXUH�'���0U�3ODQN�VSHQGV�PXFK�RI�KLV�VSDUH�WLPH�TXLWHVXFFHVVIXOO\ PLQLQJ�JROG��IRU�ZKLFK�KH�XWLOL]HV�WKH�SHQGXOXP�WHFKQLTXH�WR�ORFDWH�GHSRVLWV�RIJROG��)RU�WKH�SXUSRVH�RI�WKLV�PLQLQJ��0U�3ODQN�QHHGHG�D�YHU\�HIILFLHQW�SXPS��DEOH�WR�ZLWKGUDZQRW RQO\�ZDWHU�EXW�DOVR�VWRQHV��VDQG�DQG�SLHFHV�RI�JROG��(YHU\WKLQJ�WKDW�LQGXVWU\�RIIHUV�LQ�WKLVPDWWHU�LV�QRW�HIILFLHQW�HQRXJK��DQG�DOVR�WKH�WHFKQLFDO�VROXWLRQV�XVHG�LQ�WKH�FRPPHUFLDO�SXPSVDUH LQDGHTXDWH� IRU� WKH� SXUSRVHV� RI� JROG� PLQLQJ�� 7KHUHIRUH� 0U� 3ODQN� GHFLGHG� WR� EXLOG� DVXLWDEOH SXPS� E\� KLPVHOI�� %HFDXVH� KH� LV� QRW� DQ� HQJLQHHU�� KH� DVNHG� KLV� SHQGXOXP� IRUSURIHVVLRQDO KHOS�LQ�GHVLJQLQJ�KLV�SXPS��2Q�D�SLHFH�RI�SDSHU�KH�GUHZ�WKH�OLQHV�LQGLFDWHG�E\WKH SHQGXOXP�� 7KH� SHQGXOXP� DOVR� LQGLFDWHG� WKH� GLPHQVLRQV� DQG� PDWHULDOV�� 7KH� ILQDOFRQVWUXFWLRQ LV�H[WUHPHO\�VLPSOH��,W�FRQWDLQV�QR�PRYLQJ�SDUWV��DQG�LV�UXQ�E\�FRPSUHVVHG�DLUVXSSOLHG�IURP�D�F\OLQGHU�RU�D�SRUWDEOH�FRPSUHVVRU��$Q�K\GUDXOLF�HQJLQHHU�FRQVXOWHG�DERXW�WKHGHVLJQ�SURQRXQFHG�WKDW�LW�ZRXOG�QRW�ZRUN��%XW�WKH�SXPS�ZRUNHG�SHUIHFWO\�DIWHU�EHLQJ�EXLOW��ZLWKWKH�HIILFLHQF\�RI�DERXW����WKRXVDQG�JDOORQV�SHU�KRXU��0U�3ODQN�FODLPV�WKDW�KLV�GHVLJQ�LV�DERXW��� PRUH�HIILFLHQW�WKDW�WKH�9HQWXUL�SXPS��WR�ZKLFK�LWV�SULQFLSOH�RI�RSHUDWLRQV�LV�VLPLODU��7KHPRVW XQXVXDO�DVSHFW�LQ�WKH�HQWLUH�FDVH�LV�WKDW�WKH�ILUVW�SURWRW\SH�RI�WKH�SXPS�EHJDQ�WR�ZRUNSHUIHFWO\� LPPHGLDWHO\� DIWHU� EHLQJ� EXLOW�� (YHU\RQH� ZKR� GHDOV� ZLWK� WKH� LPSOHPHQWDWLRQ� RIPHFKDQLFDO GHVLJQV�NQRZV�WKDW� IRU�HDFK�QHZ�GHYLFH�LW� LV�DEVROXWHO\�QHFHVVDU\�WR�FRPSOHWHD ZKROH�VHULHV�RI�SURWRW\SHV��LQ�ZKLFK�HYHU\�VXEVHTXHQW�RQH�LV�RQO\�D�VOLJKW�LPSURYHPHQW�LQUHODWLRQ�WR�WKH�SUHYLRXV��DQG�PRUH�IDXOW\�RQHV�5HDGHUV�ZKR�DUH�LQWHUHVWHG�LQ�OHDUQLQJ�IXUWKHU�WHFKQLFDO�GHWDLOV�DERXW�0U�3ODQN
V�SXPS
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RU KLV� GRZVLQJ� WHFKQLTXHV� PD\� FRQWDFW� KLP� DW� WKH� IROORZLQJ� DGGUHVV�� 3�2�� %R[� �����,QYHUFDUJLOO��1HZ�=HDODQG���'�� 0DFKLQH�GLDJQRVWLFV��6RPH�GRZVHUV�XVH�D�SHQGXOXP�DVVLVWHG�(63�WHFKQLTXHWR ORFDWH� WKH� FDXVH� RI� PDOIXQFWLRQLQJ� LQ� D� SDUWLFXODU� PDFKLQH�� ,I� WKH\� GR� QRW� NQRZ� WKHFRQVWUXFWLRQ�RI�D�FKHFNHG�GHYLFH��WKH\�XVH�D�GUDZLQJ�RI�LW��SULQWHG�RQ�RQH�VLGH�RI�SDSHU�RQO\��SUHVHQWLQJ HYHU\�LQWHUQDO�GHWDLO��,I�WKH\�NQRZ�WKH�VWUXFWXUH�RI�D�GLDJQRVHG�PDFKLQH�WKH\�ZRUNGLUHFWO\ RQ�LW��7R�ILQG�WKH�FDXVH�RI�PDOIXQFWLRQLQJ�WKH\�FRQFHQWUDWH�RQ�LW��HOHPHQW�E\�HOHPHQW�DVNLQJ WKH� SHQGXOXP� DERXW� LWV� VWDWH�� XQWLO� WKH\� ORFDWH� WKH� SUREOHP�� ,W� LV� FODLPHG� WKDW� DGLDJQRVLV RI� FDUV� FRQGXFWHG� E\� WKH� SHQGXOXP� PHWKRG� FDQ� EH� MXVW� DV� SUHFLVH� DV� RQHSHUIRUPHG E\�VRSKLVWLFDWHG�HOHFWURQLF�HTXLSPHQW��([DPSOHV�RI�SUDFWLWLRQHUV�ZKR�XWLOL]H� WKHDERYH DSSOLFDWLRQ�DUH��0U�$ODQ�3ODQN�RI�1HZ�=HDODQG�DQG�0U�:RMFLHFK�*RG]LV]HZVNL��XO�6]F]HFL�VND�����D���������'REUD��3RODQG���'�� ,OOQHVVHV�GLDJQRVLQJ��7KH�SHQGXOXP�WHFKQLTXH�LV�DOVR� IUHTXHQWO\�XVHG�IRU� WKHORFDWLRQ DQG� UHFRJQLWLRQ� RI� LOOQHVVHV� DQG� IRU� FXULQJ� WKHP�� 7KH� ORFDWLRQ� RI� DQ� LOOQHVV� LVFRQGXFWHG�LQ�DQ�LGHQWLFDO�PDQQHU�WR�WKH�ORFDWLRQ�RI�PDOIXQFWLRQLQJ�LQ�D�PDFKLQH��)RU�WKH�FXUH�HDFK SUDFWLWLRQHU�XVHV�KLV�RZQ�PHWKRG��$Q�H[DPSOH�RI�SUDFWLWLRQHU�ZKR�SXUVXHV�WKH�PHGLFDODSSOLFDWLRQ�RI�WKH�SHQGXOXP�WHFKQLTXH�LV��0U�:RMFLHFK�*RG]LV]HZVNL�RI�3RODQG���7KH DERYH H[DPSOHV�SUHVHQW�RQO\�D�IHZ�RI�WKH�QXPHURXV�DSSOLFDWLRQV�PDGH�SRVVLEOHE\ WKH� PDVWHULQJ� RI� D� SHQGXOXP�DVVLVWHG� (63� WHFKQLTXH�� 8QIRUWXQDWHO\�� WR� XWLOL]H� WKHSRWHQWLDOV RI�(63�DV�D�VFLHQWLILF�WRRO��D�ORW�RI�ZRUN�VWLOO�QHHGV�WR�EH�GRQH��2XU�XVH�RI�WKHVHDELOLWLHV WR�GDWH�KDV�EHHQ�EDVHG�PRUH�RQ�WKH�HPSLULF�GLVFRYHULHV�RI�LQGLYLGXDO�KREE\LVWV�DQGRQ WKH HQWKXVLDVP� RI� VRPH� GHYRWHG� SUDFWLWLRQHUV� WKDQ� RQ� VROLG� UHVHDUFK� RU� SURYHQPHWKRGRORJLHV� 7R�WUDQVIRUP�WKHVH�VSRQWDQHRXV�H[SHULPHQWV�LQWR�D�UHOLDEOH�WRRO�RI�VFLHQWLILFLQYHVWLJDWLRQ��QHZ�GHYLFHV�DQG PHWKRGRORJLHV�QHHG�WR�EH�GHYHORSHG�DQG�WKH�VXEMHFWLYH�IDFWRUQHHGV WR�EH�UHPRYHG�RU�DW�OHDVW�VLJQLILFDQWO\�UHGXFHG��$OO�RI�WKHVH�FDQ�EH�DFKLHYHG�RQO\�LQ�DQDWPRVSKHUH�RI UHFRJQLWLRQ�DQG�DSSURYDO�RI�WKH�GXDOLW\�RI�RXU�8QLYHUVH��L�H��RI�WKH�LQGHSHQGHQWFRH[LVWHQFH RI� LWV� KDUGZDUH� DQG� VRIWZDUH� FRPSRQHQWV��� %XW� WKH� HIIRUW� RI� SURPRWLQJ� QHZDWWLWXGHV DQG� LQWHQVLI\LQJ� WKH� UHVHDUFK�RQ�(63� WHFKQLTXHV� LV�ZRUWK�SXUVXLQJ��DV� WKHUH� LV�DERG\ RI� HYLGHQFH� LQGLFDWLQJ� WKDW� WKH� PDVWHULQJ� RI� (63� PD\� VDYH� D� ORW� RI� XQQHFHVVDU\H[SHULPHQWV� HUURUV� DQG� H[SHQVH� LQ� WKH� FRPSOHWLRQ� RI� QHZ� WHFKQLFDO� GHYLFHV�� H�J�� WKH2VFLOODWRU\�&KDPEHU�DQG�WKH�0DJQRFUDIW��FRPSDUH�WKH�LQYHQWLRQ�RI�0U�3ODQN
V�SXPS��
'�����3HUIHFW�'DWD�EDVH��3'%��DV�D�WKHRUHWLFDO�PRGHO�RI�(63
*HQHUDWLRQV RI� (63� SUDFWLWLRQHUV� KDYH� DFFXPXODWHG� VRPH� REVHUYDWLRQV� FRQFHUQLQJWKH�SRWHQWLDOV�DQG�OLPLWDWLRQV�RI�WKLV�PHWKRG�RI�DFTXLULQJ�XVHIXO�LQIRUPDWLRQ��%XW�KLWKHUWR�WKHUHZDV QR�WKHRUHWLFDO�PRGHO�DYDLODEOH�WKDW�ZRXOG�SURYLGH�D�WRRO�IRU�WKH�FOHDU�SUHGLFWLRQ�RI�ZKDWLV SRVVLEOH�WKURXJK�(63�DQG�KRZ�LW�VKRXOG�EH�DFKLHYHG��7KH�DXWKRU�QRZ�LQWURGXFHV�VXFK�DPRGHO ZKLFK�LV�WR�EH�FDOOHG�D��3HUIHFW�'DWD�%DVH��3'%����7KH�3'%�LV�D�SXUHO\�K\SRWKHWLFDOFRPSXWHU FRQWDLQLQJ� LQ� LWV� VWRUDJH� WKH� GHWDLOHG� DQG� FRPSOHWH� GDWD� �UHJLVWHUV�� IRU� HYHU\PDWHULDO REMHFW� WKDW�HYHU�H[LVWHG�RU�ZLOO� H[LVW� LQ� WKH�HQWLUH�8QLYHUVH��7KH�3'%�KDV�QR�GDWDDYDLODEOH RQ�SULQFLSOHV��FRQFHSWV��DQG�RWKHU�QRQ�PDWHULDO�DEVWUDFWLRQV��WKHUHIRUH�LW�GRHV�QRWXQGHUVWDQG LQTXLULHV�UHIHUULQJ�WR�WKHP��XQOHVV�WKHVH�LQTXLULHV�DUH�UHIHUUHG�WR�WKH�REMHFWV�WKDWUHSUHVHQW WKHVH� DEVWUDFWLRQV�� 7KH� 3'%� FRQGXFWV� DOO� SURFHVVLQJ� LQVWDQWDQHRXVO\�LQGHSHQGHQWO\ RI�KRZ�GLVWDQW�LQ�VSDFH�RU�WLPH�LV�WKH�REMHFW�ZKRVH�UHJLVWHU�LV�EHLQJ�VHDUFKHG�
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IRU WKH�SXUSRVH�RI� WKH� FRPSOHWLRQ�RI� WKLV�SURFHVVLQJ��7KH�3'%�XQGHUVWDQGV�DQG�H[HFXWHVLQTXLULHV IRUPXODWHG� LQ�D�KXPDQ� ODQJXDJH��DQG� LW� LQSXWV� WKH�SURFHVVLQJ�FRPPDQGV�VWUDLJKWIURP WKH�EUDLQ�RI�DQ�LQTXLUHU��ZKHQ�WKH\�DUH�VWLOO�LQ�WKH�IRUP�RI�WKRXJKWV��7KH�3'%�LV�DEOH�WRSHUIRUP DQ\�W\SH�RI�RSHUDWLRQ�WKDW�RWKHU�FRPSXWHUV�FDQ�GR��DQG�WKH�UHVXOWV�RI�LWV�SURFHVVLQJDUH�DOZD\V�FRUUHFW�7KH LQWURGXFWLRQ�RI� WKH�3HUIHFW�'DWD�%DVH�DOORZV�XV� WR�SUHGLFW�HDVLO\� WKH�RSHUDWLRQ�SRVVLELOLWLHV�DQG�OLPLWDWLRQV�RI�HYHU\�IRUP�RI�(63��(DFK�SUREOHP�WKDW�FRXOG�EH�UHVROYHG�E\�3'%PD\�DOVR�EH�UHVROYHG�E\�(63��DQG�WKH�IRUPXODWLRQ�RI�D�SUREOHP�IRU�(63�PXVW�DOVR�EH�LGHQWLFDOWR WKDW�UHTXLUHG�IRU�3'%��7KLV�PHDQV�SUDFWLFDOO\��WKDW�SHUIHFWLRQ�LQ�(63�UHTXLUHV�D�PDVWHU\�RIWKH VDPH�UXOHV�DQG�SULQFLSOHV� WKDW�SURJUDPPHUV�XWLOL]LQJ�'DWD�%DVH�PXVW�NQRZ��7KHUHIRUHIRU SURIHVVLRQDOLVWV� LQ�(63�DQG� IRU� LQYHVWLJDWRUV�RI� WKDW�SKHQRPHQD�DSSURSULDWH�FRXUVHV� LQFRPSXWHU�SURJUDPPLQJ�ZRXOG�EH�H[WUHPHO\�YDOXDEOH�7KH FRQFHSW�RI�3'%�VHHPV�WR�EH�D�NH\�WR�XQGHUVWDQGLQJ��GHYHORSLQJ�DQG�PDVWHULQJ(63� 7R� UHDOL]H KRZ�KHOSIXO� LW�FDQ�EH��EHORZ�DUH� OLVWHG�VRPH�RI� WKH�YLWDO�DWWULEXWHV�RI�(63H[SODLQHG LQ�WKH�3'%�H[DPSOH��7KRVH�UHDGHUV�ZKR�KDYH�DOUHDG\�KDG�VRPH�H[SHULHQFHV�ZLWK(63� ZKHQ�UHYLHZLQJ�WKH�GHVFULSWLRQV�WKDW�IROORZ��ZLOO�DSSUHFLDWH�WKH�EHQHILWV�SURYLGHG�E\�WKHFRQFHSW�RI�3'%��)RU�RWKHU�UHDGHUV�WKHVH�GHVFULSWLRQV�ZLOO�SHUKDSV�UHYHDO�WKDW�(63�LV�RQO\�RQHPRUH RI� RXU� QDWXUDO� DELOLWLHV�� ZKLFK� LQVWHDG� RI� EHLQJ� LJQRUHG� RU� GHULGHG� VKRXOG� UDWKHU� EHLQYHVWLJDWHG�DQG�XWLOL]HG��(� :H� DUH� ERUQ� FRPSOHWHO\� HTXLSSHG� DV� WHUPLQDOV� IRU�3'%��2XU� EUDLQ� LV� WKH� LQSXWGHYLFH� ZKLFK� WUDQVPLWV� RXU� ZLVKHV�� LQWHQWLRQV� DQG� LQTXLULHV�� IRUPXODWHG� LQ� WKH� 'DWD0DQLSXODWLRQ /DQJXDJH�RI�7KRXJKW��'0/7���2XU�HQWLUH�ERG\�LV�WKH�HTXLYDOHQW�RI�3'%�RXWSXWGHYLFHV WKDW� LQWHUFHSW� DQG� GLVSOD\� WKH� LQIRUPDWLRQ� UHFHLYHG� EDFN�� ,Q� VRPH� IRUPV� RI� (63�DGGLWLRQDO HTXLSPHQW�LV�XVHG��H�J��SHQGXOXP��GLYLQLQJ�URG��HWF���ZKLFK�SHUIRUPV�WKH�IXQFWLRQRI D�SRLQWHU�WKDW�KHOSV�WR�H[KLELW�DQG�LQWHUSUHW�WKH�DQVZHU�VLJQDOV�LQWHUFHSWHG�E\�WKH�ERG\��)RUWKLV HTXLSPHQW�QR�VSHFLDO��PDJLFDO��UHTXLUHPHQWV�DUH�LPSRVHG��,W�RQO\�QHHGV�WR�VXLW�WKH�W\SHRI LQYROXQWDU\� VLJQDOV� GHYHORSHG� LQGLYLGXDOO\� E\� WKH� ERG\� RI� D� SDUWLFXODU� XVHU�� $� SRWDWRVXVSHQGHG RQ�D�VWULQJ�RU�D�EUDQFK�IURP�WKH�QHDUHVW�WUHH��LQ�WKH�KDQGV�RI�H[SHULHQFHG�XVHUZLOO SURYLGH� WKH�VDPH�FRUUHFW�DQVZHUV�DV� WKH�PRVW�VRSKLVWLFDWHG�GLYLQLQJ�SHQGXOXP�RU� URG��(� 7KHUH�H[LVWV�D�NLQG�RI�XQLYHUVDO�ODQJXDJH��FDOOHG�KHUH�'0/7���VHH�VXEVHFWLRQ�'��WKDW LV�XVHG�E\ WKH�ZKROH�8QLYHUVH��7KLV�ODQJXDJH�LV�XWLOL]HG�E\�WKH�HWKHU�IRU�H[SUHVVLQJ�DOOLQIRUPDWLRQ UHFRUGHG�ZLWKLQ�WKH�VRIWZDUH�UHJLVWHUV��2XU�HQWLUH�WKLQNLQJ�SURFHVV�LV�FRQGXFWHGLQ '0/7��DQG�DOO�RWKHU�OLYLQJ�FUHDWXUHV�DOVR�XVH�WKLV�ODQJXDJH��'0/7�LV�D�ODQJXDJH�LQ�ZKLFKZH IRUPXODWH�RXU�(63�LQTXLU\��'0/7�GRHV�QRW�FRUUHVSRQG�WR�DQ\�KXPDQ�ODQJXDJH�DQG�ZKHQZH WDON��RXU�H[SUHVVLRQV�DUH�DXWRPDWLFDOO\�WUDQVODWHG�IURP�'0/7�LQWR�WKH�VSRNHQ�ODQJXDJH�6RPHWLPHV ZH� UHFRJQL]H� WKDW� ZH� NQRZ� VRPHWKLQJ� LQ� '0/7� EXW� ZH� KDYH� IRUJRWWHQ� WKHDSSURSULDWH ZRUG�LQ�WKH�VSRNHQ�ODQJXDJH��$OVR�PDQ\�SHRSOH�ZKR�KDYH�FKDQJHG�WKHLU�FRXQWU\DQG ODQJXDJH� YHU\� FOHDUO\� H[SHULHQFH� WKDW� WKHLU� WKLQNLQJ� RFFXUV� LQ� VRPH� NLQG� RI� XQLYHUVDOODQJXDJH� ZKLFK�LV�GLIIHUHQW�IURP�WKRVH�ZKLFK�WKH\�XVH�IRU�VSHDNLQJ��$Q�LOOXVWUDWLRQ�IRU�'0/7IURP WKH�3'%�PRGHO�ZRXOG�EH�D�PDFKLQH�FRGH��PDFKLQH�ODQJXDJH��LQ�ZKLFK�FRQWHPSRUDU\FRPSXWHUV �WKLQN���7KLV�PDFKLQH�FRGH�GLIIHUV�IURP�WKH�SURJUDPPLQJ�ODQJXDJHV�LQ�ZKLFK�WKHVDPH�FRPSXWHUV�FRPPXQLFDWH�ZLWK�WKHLU�HQYLURQPHQW��SURJUDPPHUV���(� (YHU\�(63�LQTXLU\�PXVW�EH�IRUPXODWHG�LQ�WKH�VDPH�XQDPELJXRXV�DQG�UHVROYDEOHZD\ DV�GR�WKH�LQTXLULHV�WR�FRPSXWHU�'DWD�%DVHV��,W�PXVW�UHIHU�RQO\�WR�UHFRJQL]DEOH�PDWHULDOREMHFWV ZKRVH�UHJLVWHUV�QHHG�WR�EH�VHDUFKHG�WR�UHVROYH�WKH�SUREOHP��DQG�DOVR�LW�PXVW�FOHDUO\GHVFULEH�WKH�NLQG�RI�SURFHVVLQJ�WKDW�VKRXOG�EH�GRQH��&RUUHFW�(63�LQTXLU\�PD\�QRW�LQYROYH�DQ\SURFHVVLQJ RI�DEVWUDFWLRQV��FRQFHSWV�RU� LGHDV��DV� WKHVH�GR�QRW�KDYH�UHJLVWHUV��GDWD�� LQ� WKH
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FRXQWHU�ZRUOG� )RU�H[DPSOH�WKH�TXHVWLRQ���:KDW�LV�WKH�WHPSHUDWXUH�RI�WKLV�URRP�H[SUHVVHG�LQ&HOVLXV GHJUHHV"��FRQWDLQV�DQ�DEVWUDFWLRQ��&HOVLXV�GHJUHHV��DQG� WKHUHIRUH�WKH�3'%�ZRXOGQRW EH� DEOH� WR� XQGHUVWDQG� LW� QRU� WR� DQVZHU� FRUUHFWO\�� %XW� WKH� VDPH� LQTXLU\� IRUPXODWHG� LQDQRWKHU�ZD\�VXFK�DV��:KDW�ZRXOG�EH�WKH�WHPSHUDWXUH�UHDGLQJ�RQ�WKH�WKHUPRPHWHU�LQ�P\�RIILFHLI LW� ZHUH� KDQJLQJ� RQ� WKH�ZDOO� RI� WKLV� URRP"��ZLOO� UHFHLYH� WKH� FRUUHFW� DQVZHU� H[SUHVVHG� LQDFFRUGDQFH ZLWK�RXU�ILUVW�LQWHQWLRQ��SURYLGHG�WKDW�WKH�LQGLFDWHG�WKHUPRPHWHU�IURP�RXU�RIILFH�LVVFDOHG LQ�&HOVLXV�GHJUHHV���$V�LW� LV� LPSRVVLEOH�WR�HOLPLQDWH�FRPSOHWHO\�PLVWDNHV�DQG��EXJV�LQ�WKH�IRUPXODWLRQ�RI�RXU�LQTXLULHV� HYHU\�(63�XVHU�VKRXOG�GHYHORS�D�FOHDU�VLJQDO�PHDQLQJ��125(*,67(5 $9$,/$%/(���7KH� ODFN�RI� VXFK�D� VLJQDO� SXWV�(63� LQTXLU\� LQ� WKH� VLWXDWLRQ�RI� DZURQJO\ SURJUDPPHG� FRPSXWHU� �3'%��� ZKLFK� IRU� LQYDOLG� LQTXLULHV� PXVW� VWLOO� SURYLGH� VRPHDQVZHUV �LQ�DFFRUGDQFH�ZLWK�WKH�SURJUDPPLQJ�UXOH��*DUEDJH�LQ���JDUEDJH�RXW����(63�VHHPVWR RSHUDWH� SHUIHFWO\� �� LI� WKH� DQVZHUV� DUH� ZURQJ� WKH� UHDVRQ�PRVW� SUREDEO\� OLHV� LQ� D� IDXOW\DSSOLFDWLRQ�RI�LW��(� $OO�W\SHV�RI�GDWD�SURFHVVLQJ�WKDW�DUH�SRVVLEOH�LQ�RXU�FRPSXWHUV�DUH�DOVR�SRVVLEOHLQ (63�� 7R� DFKLHYH� D� SDUWLFXODU� W\SH� RI� SURFHVVLQJ� LW� LV� RQO\� QHFHVVDU\� WR� SURYLGH� DWKRXJKW�GHILQLWLRQ RI�ZKDW�DFWXDOO\�VKRXOG�EH�GRQH��7KH�DERYH�DOVR�PHDQV�WKDW�WKH�W\SHV�RILQTXLULHV XQDQVZHUDEOH� WR�RXU� FRPSXWHUV� �H�J�� IRUPXODWLRQ�RI� QHZ� LGHDV��DUH�XQDFKLHYDEOHWKURXJK�(63�DV�ZHOO��(� (YHU\�REMHFW�UHIHUUHG�WR�LQ�DQ�(63�LQTXLU\�PXVW�EH�XQDPELJXRXVO\�LGHQWLILHG�DQGHDVLO\ UHFRJQL]DEOH�DPRQJ�WKH�ELOOLRQV�RI�VLPLODU�REMHFWV�H[LVWLQJ�LQ�WKH�HQWLUH�8QLYHUVH��6XFKD�VWULFW�LGHQWLILFDWLRQ�RI�7+(�FRQVLGHUHG�REMHFW�HQDEOHV�XV�WR�VHDUFK�LQ�WKH�ULJKW�UHJLVWHU��7KHUHDUH RQO\�WZR�ZD\V�RI�LGHQWLI\LQJ�WKH�REMHFWV������WKH�LQTXLUHU�PXVW�NQRZ�WKHP�SHUVRQDOO\�DQGLPDJLQH WKHLU�DSSHDUDQFH�RU�VHH� WKHP�DW� WKH�PRPHQW�RI� LQTXLULQJ��RU� ���� WKH� LQTXLUHU�PXVWWKLQN�RI��RU�ORRN��DW�DQRWKHU�REMHFW�WKDW�KDV�D�PDWHULDO�FRQQHFWLRQ�ZLWK�WKH�VXEMHFW RI�LQTXLU\�DQGWKHUHIRUH�WKH�VHDUFKLQJ�RI�WKH�ODWWHU�UHJLVWHU�ZLOO�SURYLGH�WKH�OLQN�WR�WKH�VHDUFKHG�IRU�REMHFW��7KHVHFRQG REMHFW��ZKLFK�HQDEOH�XV�WR�WUDFH�WKH�UHJLVWHU�RI�WKH�PDLQ�REMHFW�RI�LQTXLU\��LV�FDOOHG�DQ,'�NH\��,Q�WKH�FDVH�RI�DQ�LQTXLU\�DERXW�DQ�XQNQRZQ�RU�DEVHQW�SHUVRQ��WKH�,'�NH\�FDQ�EH�KLV�KHUSKRWRJUDSK� KDLU��EORRG�VDPSOH��RU�D�SHUVRQDO�EHORQJLQJ��$JDLQ�LW�VKRXOG�EH�VWUHVVHG�KHUH�WKDW WKH� ,'� NH\� FDQ� QRW� EH� DQ� DEVWUDFWLRQ� �H�J�� D� QDPH� RU� D� VSRNHQ� GHVFULSWLRQ�� DVDEVWUDFWLRQV GR�QRW�KDYH�WKHLU�RZQ�UHJLVWHUV�WKDW�FDQ�EH�VHDUFKHG�LQ�RUGHU�WR�ILQG�RXW�WKH�OLQNWR�WKH�UHJLVWHU�RI�D�SHUVRQ�EHLQJ�VRXJKW�
'�����+RZ�WR�GHYHORS�D�VLPSOHVW�SHQGXOXP�DVVLVWHG�(63�WHFKQLTXH
5HDGHUV ZKR�UHDFKHG�WKLV�SRLQW�RI�WKH�FKDSWHU�DUH�VXIILFLHQWO\�SUHSDUHG�WR�LQLWLDWH�WKHLURZQ�H[SHULPHQWV�ZLWK�WKH�SHQGXOXP�DVVLVWHG�(63��7KH�PRVW�GLIILFXOW�SDUW�RI�VXFK�H[SHULPHQWLV WR�ILQG�RXW�KRZ�WR�VWDUW�WKHP��RQFH�ZH�VWDUWHG�ZH�FDQ�ILQG�IXUWKHU�JXLGDQFH�LQ�DSSURSULDWHERRNV���7R�DVVLVW�LQ�WKLV��GHVFULEHG�EHORZ�LV�DQ�LQLWLDO�VHW�RI�H[HUFLVHV��7R GHYHORS� D� SHQGXOXP�DLGHG� (63� WHFKQLTXH�� RQH� PXVW� VWDUW� ZLWK� SUHSDULQJ�� RUSXUFKDVLQJ� D� GLYLQLQJ� SHQGXOXP��$Q\� EXOOHW�VKDSHG�REMHFW� VXVSHQGHG�RQ�D� WKUHDG��ZKLFKZDV QRW�XVHG�EHIRUH�IRU�WKLV�SXUSRVH�ZLOO�H[FHOOHQWO\�SHUIRUP�WKLV�IXQFWLRQ��,I�WKHUH�LV�QRWKLQJEHWWHU DYDLODEOH��D�KHDY\�QHHGOH�RU�D�ULQJ�ZLOO�GR��3URIHVVLRQDO�GRZVHUV�DUH�YHU\�VWULFW�LQ�QRWDOORZLQJ�RWKHU�SHRSOH�WR XVH�WKHLU�SHQGXOXPV��7KH�&RQFHSW�RI�'LSRODU�*UDYLW\�VHHPV�WR�MXVWLI\WKLV EHKDYLRXU��EHFDXVH� LW� LQGLFDWHV� WKDW� LQIRUPDWLRQ�DERXW� WKH� LQWHUSUHWDWLRQ�RI� WKH�DQVZHUVLJQDOV FDQ� EH� VWRUHG� LQ� WKH� SHQGXOXP
V� UHJLVWHU�� 6R� LI� LW� LV� XVHG� E\� VRPHRQH� HOVH� ZKRXWLOL]HV D� GLIIHUHQW� VHW� RI� VLJQDOV�� KLV�KHU� LQWHUSUHWDWLRQV� ZLOO� EH� UHFRUGHG� RQ� WRS� RI� RXUV�
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FDXVLQJ FRQIXVLRQ�LQ�DOO�VXEVHTXHQW�DSSOLFDWLRQV��7KHUHIRUH�WR�VXFFHHG�ZLWK�WKH�FRPSOHWLRQRI WKHVH�H[HUFLVHV�ZH�VKRXOG�PDNH�VXUH�WKDW� WKH�REMHFW�ZH�KDYH�FKRVHQ�IRU�WKH�SHQGXOXPZDV QRW�HYHU�EHIRUH�XVHG�E\�VRPHRQH�HOVH�IRU�WKH�VDPH�SXUSRVH��$OVR�LI�ZH�H[FKDQJH�WKHSHQGXOXP IRU� D� QHZ� RQH�� ZH� VKRXOG� UHSHDW� WKH� GHYHORSPHQW� SURFHGXUH� IURP� WKH� YHU\EHJLQQLQJ��LQ�RUGHU�WR�UHFRUG�LQWR�LWV�UHJLVWHUV�WKH�LQWHUSUHWDWLRQV�IRU�RXU�DQVZHU�VLJQDOV�7KH�ILUVW�VWDJH�RI�RXU�H[HUFLVH�LV�WR�GHYHORS�WKH�VLJQDOV��12��DQG��<(6���:H�EHJLQ�ZLWKGHYHORSPHQW RI� WKH�VLJQDO�12��)RU� WKLV�SXUSRVH�ZH�XWLOL]H�D�ELR�ILHOG� LQGXFHG�E\� WKH�EORRGWUDQVIHU�LQ�RXU�YHLQV��7R LQGXFH�WKLV�VLJQDO�ZH�VXVSHQG�WKH�SHQGXOXP�RYHU�WKH�YHLQV�LQ�RXU�OHIWZULVW��KROGLQJ�WKH�WKUHDG�LQ�RXU�ULJKW�KDQG���VHH�SDUW��D��LQ�)LJXUH�'���7KH�IORZ�RI�RXU�EORRG�ZLOOLQGXFH WKH�SHQGXOXP�WR�VZLQJ�DORQJ�WKH�YHLQV��7R�FKHFN�WKDW�WKH�OLQH�RI�SHQGXOXP
V�VZLQJLQJIROORZV�WKH�GLUHFWLRQ�RI�WKH�EORRG�IORZ��ZH�VORZO\�FKDQJH�WKH�DQJOH�RI�RXU�OHIW�KDQG��7KH�SODQHRI WKH�SHQGXOXP
V�VZLQJ�VKRXOG�DGMXVW�WR�WKLV�QHZ�FRXUVH�RI�WKH�YHLQV��7R�GHYHORS�WKH�VLJQDO<(6 ZH�XWLOL]H�WKH�FKDQJH�RI�ELR�SRWHQWLDOV�DSSHDULQJ�EHWZHHQ�RXU�OHIW�WKXPE�DQG�IRUHILQJHU�3RVLWLRQLQJ WKHVH�ILQJHUV�LQWR�WKH��8�VKDSH��ZH�IRUP�WKH�ELR�KDOI�FLUFOH�ZKLFK�ZLOO�EH�IROORZHGE\�WKH�SHQGXOXP��:KHQ�WKH�SHQGXOXP�LV�VXVSHQGHG�LQ�WKH�FHQWUH�RI�WKLV�8�LW�VWDUWV�WR�FLUFXODWHLQ FORFNZLVH�GLUHFWLRQ���VHH�SDUW��E��LQ�)LJXUH�'���,Q�IXWXUH�ZH�ZLOO�LQWHUSUHW�VXFK�D�FLUFXODWLQJPRYHPHQW�DV�D�<(6�DQVZHU�7KH�UHDGHUV�ZKR�KDYH�XVHG�D�SHQGXOXP�EHIRUH�DQG�KDYH�DOUHDG\�GHYHORSHG�WKHLU�RZQ�GLIIHUHQW��12�<(6�VLJQDOV��VKRXOG�FRQWLQXH�WR�LQWHUSUHW�WKHVH�VLJQDOV�LQ�WKH�PDQQHU�WKH\�ZHUHRULJLQDOO\�GHILQHG�$IWHU VXFFHVVIXOO\�GHYHORSLQJ�12�<(6�VLJQDOV�ZH�FDQ�EHJLQ�WKH�VHFRQG�VWDJH�RI�RXUH[HUFLVH� DLPHG�DW�XWLOL]LQJ�WKHVH�VLJQDOV�WR�DQVZHU�RXU�TXHVWLRQV��7R�DFFRPSOLVK�WKLV�ZH�XVHWZR UHYHUVHG�VDXFHUV��XQGHU�RQH�RI�ZKLFK�ZH�RXUVHOYHV SODFH�WKH�VRXJKW�REMHFW��7KHQ�ZHVXVSHQG WKH�SHQGXOXP�DERYH� WKLV�VDXFHU�DQG��YLVXDOL]LQJ� WKH�REMHFW� LQ�RXU�PLQGV��ZH�DVNZKHWKHU WKH� REMHFW� LV� KLGGHQ� WKHUH�� 7KH� SHQGXOXP� VKRXOG� DQVZHU� <(6� E\� FLUFXODWLQJ� LQ� DFORFNZLVH GLUHFWLRQ�� 1RZ�ZH� VXVSHQG� WKH� SHQGXOXP� DERYH� WKH� RWKHU� VDXFHU� DQG� DVN� WKHVDPH TXHVWLRQ��7KH�SHQGXOXP�VKRXOG�VZLQJ� LQ�D�VWUDLJKW� OLQH�GLVSOD\LQJ�D�FOHDU�12�VLJQDO�6XFK VLPXODWHG�LQTXLULHV�VKRXOG�EH�UHSHDWHG�XQWLO�WKH�IRUPXODWLRQ�RI�RXU�TXHVWLRQ�ZLOO�LQGXFHDQ�LQVWDQWDQHRXV�VLJQDO�RI�WKH�FRUUHFW�DQVZHU�,Q�WKH�WKLUG�VWDJH�RI�GHYHORSLQJ�RXU�(63�WHFKQLTXH�ZH�FRQGXFW�H[HUFLVHV�ZLWK�DQ�REMHFWKLGGHQ E\�VRPHRQH�HOVH�XQGHU�RQH�RI�WKUHH VRXUFHV�SODFHG�XSVLGH�GRZQ�RQ�D�WDEOH��1RZZH�OHDUQ�KRZ�WR�FRQFHQWUDWH�DQG�ZKDW�NLQGV�RI�SV\FKLF�SURFHVVHV�OHDG�WR�WKH�FRUUHFW�DQVZHUV�7KH VFRUH� ZLOO� LQLWLDOO\� RVFLOODWH� DURXQG� WKH� SUREDELOLW\� OHYHO�� DV� ZH� DUH� VWLOO� OHDUQLQJ� WKHWHFKQLTXH� 'XULQJ� WKH� H[HUFLVH� ZH� VKRXOG� WU\� WR� GHWHFW�� LGHQWLI\� DQG� PHPRUL]H� DOO� WKHVHSURFHVVHV RFFXUULQJ�ZLWKLQ�XV��ZKLFK�OHDG�WR�WKH�FRUUHFW�DQVZHUV�RI�WKH�SHQGXOXP��7KHUHIRUHHDFK WLPH�ZH� VFRUH� D� KLW�� DQ� DQDO\VLV� RI� RXU� LQQHU� H[SHULHQFHV� VKRXOG� EH� FRQGXFWHG��:HVKRXOG UHSHDW�WKH�HOHPHQWV�UHFRJQL]HG�LQ�VXFK�DQ�DQDO\VLV�LQ�RXU�QH[W�DSSURDFK��6LPLODUO\�ZKHQ ZH� PLVV�� ZH� VKRXOG� GHGXFH� ZKDW� GLVWUDFWHG� XV� DQG� WKHQ� LQ� WKH� QH[W� DSSURDFK� ZHVKRXOG�WU\�WR�DYRLG�LW��7KH�PRVW�GHVWUXFWLYH�WHQGHQFLHV�ZKLFK�ZH�PXVW�OHDUQ�WR�HOLPLQDWH�DW�WKLVVWDJH DUH� WKH� DWWHPSWV� WR� JXHVV�� XVLQJ� RXU� ORJLF�� DQG� WKH� WHPSWDWLRQ� WR� FKDQJH� WKHLQWHUSUHWDWLRQ RI� WKH� DQVZHU� VLJQDOV�� /RJLF� ZLOO� WU\� WR� WHOO� XV� ZKHUH� WKH� REMHFW� LV� �XVXDOO\ZURQJO\��� EXW�ZH�PXVW�PDNH�DQ�HIIRUW�WR�LJQRUH�DQ\�VXFK�ORJLFDO�VXJJHVWLRQV��$OVR��ZKHQ�ZHPLVV��ZH�ZLOO�KDYH�WKH�WHPSWDWLRQ�WR�UHYHUVH�WKH�LQWHUSUHWDWLRQ�RI�12�<(6�VLJQDOV��:H�DUH�QRWDOORZHG WR�GR�WKLV�DQG�ZH�PXVW�NHHS�ILUPO\�WR�WKH�PHDQLQJ�RI�WKHVH�VLJQDOV�RULJLQDOO\�GHFLGHGXSRQ� ,I� WKH� VLJQDOV� VHHP� WR� QRW� ZRUN� DQG� VXFK� D� WHPSWDWLRQ� EHFRPHV� VWURQJ�ZH� VKRXOGUHSHDW IURP�WKH�YHU\�EHJLQQLQJ�DOO� WKUHH�VWDJHV�RI�RXU�GHYHORSPHQW�SURFHGXUH��:H�VKRXOGFRQWLQXH WKH� WKLUG�VWDJH�RI�RXU�GHYHORSPHQW��GHVFULEHG� LQ� WKLV�SDUDJUDSK��XQWLO�ZH�EHFRPH
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DZDUH WKDW� WKH� FRUUHFW� VLJQDOV� IURP� WKH� SHQGXOXP�DUH� DOZD\V�DFFRPSDQLHG� E\� WKH� XQLTXHIHHOLQJ RI��LQQHU�VDWLVIDFWLRQ���:KHQ�ZH�OHDUQ�WR�UHFRJQL]H�WKLV�IHHOLQJ��RXW�WHFKQLTXH�LV�ILQDOO\GHYHORSHG�,Q WKH�GHYHORSLQJ�SURFHGXUH�LW�LV�H[WUHPHO\�LPSRUWDQW�WR�FKRRVH�FRUUHFWO\�WKH�REMHFW�WREH KLGGHQ�XQGHU� WKH�VDXFHUV�� ,W�VKRXOG�EH�VRPHWKLQJ�XQLTXH��SRVVLEO\�H[LVWLQJ� LQ�RQO\�RQHFRS\� HDV\�WR�YLVXDOL]H��KDYLQJ�DQ�DJUHHDEOH�VKDSH��LQGXFLQJ�SOHDVDQW�PHPRULHV��DQG�PDGHRI D�GLIIHUHQW�VXEVWDQFH�IURP�WKDW�RI�WKH�GLVKHV�XQGHU�ZKLFK�LW�ZLOO�EH�KLGGHQ��,W�ZRXOG�EH�DPLVWDNH WR�FKRRVH�D�FRLQ��DV�WKHUH�LV�D�ORW�RI�VLPLODU�FRLQV�LQ�WKH�ZRUOG��VR�ZKHQ�YLVXDOL]LQJLW� RXU�PLQG�FRXOG�DSSURDFK�WKH�ZURQJ�UHJLVWHU��IRU�H[DPSOH�WKH�UHJLVWHU�RI�D�FRLQ�IURP�RXUSXUVH��LQVWHDG�RI�WKH�RQH�KLGGHQ�XQGHU�WKH�VDXFHU��$OWKRXJK WKH�DERYH�GHYHORSPHQWDO�SURFHGXUH�ZDV�GHVLJQHG�IRU�D�SHQGXOXP�DVVLVWHG(63� VLPLODU�VHW�RI�H[HUFLVHV�FDQ�EH�XVHG�IRU�DQ\�RWKHU�NLQG�RI�LQVWUXPHQWDO�(63��7KHUHIRUHSHRSOH KDYLQJ�VRPH�PDVWHU\�RI�HOHFWURQLFV��SHUKDSV�VKRXOG�WU\�WR�EXLOG�RZQ�GHYLFHV�VLPLODUWR �OLH�GHWHFWRUV��DQG�WKHQ�LQLWLDWH�ZLWK�WKHVH�GHYLFHV�SLRQHHU�UHVHDUFK�RQ�WKH�GHYHORSPHQW�RI�HOHFWURQLFDOO\�DVVLVWHG�(63��
'���+RZ�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�H[SODLQV�VRPH�P\VWHULRXV�SKHQRPHQD
1XPHURXV SHRSOH� DUH� H[SHULHQFLQJ� H[WUDRUGLQDU\� SKHQRPHQD�� VXFK� DV� SV\FKLFKHDOLQJ� VSRQWDQHRXV�KXPDQ�FRPEXVWLRQ�� ILUH�ZDONLQJ��QHDU�GHDWK�H[SHULHQFH��JKRVWV��HWF�$OO�WKHVH�NLQGV�RI�H[SHULHQFHV�ZHUH�XQH[SODLQDEOH�LQ�WKH�SUHYLRXV�RQH�ZRUOG�8QLYHUVH��%XW�WKH&RQFHSW�RI�'LSRODU�*UDYLW\�LQWURGXFHV�QHZ�TXDOLW\�WR�RXU�8QLYHUVH�PDNLQJ�WKH�H[SODQDWLRQV�RIWKHVH SKHQRPHQD�TXLWH�VLPSOH��%HORZ�DUH�SURYLGHG�VRPH�RI�WKHVH�H[SODQDWLRQV�GHULYHG�IURPWKH�&RQFHSW�RI�'LSRODU�JUDYLW\��(��3V\FKLF�KHDOLQJ��7KH�&RQFHSW�RI�'LSRODU�*UDYLW\�LQGLFDWHV�WKDW�WZR�W\SHV�RI�SV\FKLFKHDOLQJ PXVW� H[LVW�� ZKLFK� DUH� FDOOHG� KHUH�� SV\FKRNLQHWLF� DQG� SV\FKRPRWLYH�� 7KHSV\FKRNLQHWLF KHDOLQJ�RSHUDWHV�RQ�VRIWZDUH�PRGHOV��HWKHULF�UHJLVWHUV��RI�KXPDQ�ERGLHV��,WLQFOXGHV VXFK� IRUPV� DV�� IDLWK� KHDOLQJ�� UDGLRQLF� KHDOLQJ�� HWF�� 7KH� SV\FKRPRWLYH KHDOLQJRSHUDWHV RQ� SK\VLFDO� �PDWHULDO�� ERGLHV�� 7KLV� LQFOXGHV� VXFK� IRUPV� DV�� SV\FKLF� VXUJHU\�RSHQLQJ�SK\VLFDO�ERGLHV�ZLWK�SV\FKRPRWLYH�IRUFHV��SV\FKLF�GHQWLVWU\��JURZLQJ�RU�ILOOLQJ�WRRWK��HWF��)RU�SUDFWLFDO�GHWDLOV�VHH�ERRN�>�'�@�7KH SULQFLSOH�RI�DOO�IRUPV�RI�SV\FKRNLQHWLF�KHDOLQJ�FRUUHVSRQGV�FORVHO\�WR�WKH�SULQFLSOHRI WHOHNLQHWLF� PRWLRQ� �� VHH� VXEVHFWLRQ� '��� ,Q� WKLV� KHDOLQJ� WKH� KHDOHU
V� PLQG� DIIHFWV� WKHVRIWZDUH PRGHO��HWKHULF�UHJLVWHU��RI�DQ�LOO�SHUVRQ��WKXV�SV\FKRNLQHWLFDOO\�UHWXUQLQJ�WKLV�UHJLVWHUWR LWV�RULJLQDO�FRQILJXUDWLRQ��&KDQJHV�LQ�WKH�HWKHULF�ERG\�DUH�LQ�WXUQ�UHIOHFWHG�WR�WKH�SK\VLFDOERG\��ZKLFK�VXEVHTXHQWO\�LV�UHVWRUHG�WR�WKH�KHDOWK�1RWLFH WKDW�WKH�HIIHFWLYH�SV\FKRNLQHWLF�KHDOLQJ�PXVW�EH�DFFRPSDQLHG�E\�WKH�HPLVVLRQRI DQ H[WUDFWLRQ� JORZ� IURP� WKH� KHDOHG� ERG\� �VHH� WKH� HYLGHQFH� ��'���� 7KHUHIRUH� WKHSKRWRJUDSKLQJ RI�WKH�KHDOHG�ERG\�VKRXOG�OHDG�WR�WKH�GHWHFWLRQ�RI�WKLV�JORZ���7KLV�DOVR�FDQ�EHXVHG�IRU�WKH�GLVWLQJXLVKLQJ�EHWZHHQ�WKH�IUDXGHUV�DQG�UHDO�KHDOHUV��7KH SULQFLSOH� RI� SV\FKRPRWLYH� KHDOLQJ� GLIIHUV� IURP� WKDW� RI� SV\FKRNLQHWLF�� ,QSV\FKRPRWLYH KHDOLQJ� WKH� KHDOHU
V� PLQG� VHQGV� WHOHSDWKLF� VLJQDOV� ZKLFK� FDXVH� WKH� KHDOHGERG\�WR�GLVSOD\�FHUWDLQ�UHDFWLRQV��H�J��RSHQ�LWVHOI��JURZ�WHHWK��HWF����7KXV��LQ�WKLV�W\SH�RI�KHDOLQJWKH SV\FKLF SURFHVVHV�RFFXUV�LQ�WKH�KHDOHUV�ERG\��ZKHUHDV�LQ�WKH�KHDOHG�ERG\�RQO\�SK\VLFDOSURFHVVHV RFFXU��ZKLFK��KRZHYHU��DUH�WHOHSDWKLFDOO\�LQGXFHG���3V\FKRPRWLYH�KHDOLQJ�LV�127DFFRPSDQLHG E\�WKH�HPLVVLRQ�RI�WKH�H[WUDFWLRQ�JORZ�IURP�WKH�KHDOHG�ERGLHV��EXW�WKH�KHDOHUV
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HPLW WKH�GLVSHUVLRQ�JORZ��7KHUHIRUH�SKRWRJUDSKV�RI�WKRVH�KHDOHUV�VKRXOG�VKRZ�D�FKDQJH�LQWKH�FRORXU�RI�WKHLU�VNLQ���(� +\SQRVLV�� 7KH� &RQFHSW� RI� 'LSRODU� *UDYLW\� GHILQHV� K\SQRVLV� DV� D� VWDWH� ZKHQVXEMHFW
V�VHQVH�RUJDQV DUH�WXQHG�LQWR�WKH�UHFHSWLRQ�RI�VLJQDOV�IURP�WKH�FRXQWHU�ZRUOG��)RU�WKLVUHDVRQ GXULQJ�K\SQRVLV�ZH�PD\�DFFHVV�WKH�UHJLVWHUV�FRQWDLQHG�LQ�WKH�FRXQWHU�ZRUOG��ZKLFKLQ�FRQVFLHQWLRXV�VWDWH�DUH�LQDFFHVVLEOH�IRU�RXU�SHUFHSWLRQ��1RWLFH�WKDW�DFFRUGLQJ�WR�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�WLPH�LV�PRWLRQOHVV��EXW�ZH�PRYHWKURXJK WLPH� �VHH� VXEVHFWLRQ�'����7KHUHIRUH�GXULQJ� K\SQRWLF� UHJUHVVLRQV� �DQG�DOVR�GXULQJGUHDPV��ZH�FDQ�PRYH�WR�DQ\�SRLQW�LQ�WLPH��DQG��UH�OLYH��DJDLQ�WKH�HYHQWV�WKDW�WRRN�SODFH�DW�WKLVSRLQW� 6XFK� IUHH� PDQRHXYUHV� WKURXJK� WLPH� UHSUHVHQW� WKH� PDLQ� UHDVRQ� ZK\� K\SQRWLFUHFRQVWUXFWLRQ RI�HYHQWV�FDQ�EH�VR�DFFXUDWH��7KLV�LV�EHFDXVH�LQ�WKH�K\SQRWLF�VWDWH�D�VXEMHFWFDQ�UHWXUQ�WR�HYHQWV�IURP�WKH�SDVW�DQG��IUHH]H�WLPH��IRU�WKH�GXUDWLRQ�WKDW�LV�QHHGHG�IRU�QRWLFLQJ�H[DPLQLQJ��DQG�GHVFULELQJ�DOO�WKH�QHFHVVDU\�GHWDLOV���(� 6SRQWDQHRXV�KXPDQ�FRPEXVWLRQ��7KH�SULQFLSOHV�RI� WKLV�SKHQRPHQRQ�DUH�VLPLODUWR WKDW� RI� SV\FKRNLQHVLV�� H[FHSW� WKDW� LQVWHDG� RI� D� SK\VLFDO� UHOHDVH�� D� FKHPLFDO� UHDFWLRQ� LVFRPSOHWHG� 7KLV�FKHPLFDO� UHDFWLRQ�� LQ�D�ZD\� VLPLODU� WR� WKH�FDUU\LQJ�RQ�D� WHOHNLQHWLF�PRWLRQGRZQ KLOO��UHOHDVHV�HQRUPRXV�DPRXQWV�RI�WKHUPDO�HQHUJ\�ZKLFK�ILQDOO\�EXUQV�WKH�VXEMHFW��7KHPHFKDQLVP LQYROYHG�LQ�WKH�UHOHDVH�RI�WKLV�HQHUJ\�LV�H[SODLQHG�LQ�VXEVHFWLRQ�'����1RWLFH�WKDWWKH LQLWLDWLRQ�RI�WKLV�SKHQRPHQRQ�LV�EDVHG�RQ�D�SRVLWLYH��VHOI�SHUSHWXDWLQJ��ORRS��L�H��WKH�PLQGRI D�SHUVRQ�ZKR�VRPHKRZ�EHFRPHV�KRW�EHJLQV�WR�SDQLF�WKDW�KH�VKH�ZLOO�EXUQ��DQG�WKLV�SDQLFSV\FKRNLQHWLFDOO\ HVFDODWHV�FKHPLFDO� UHDFWLRQV� WKDW�SURGXFH�PRUH�KHDW�� WKXV�FUHDWLQJ�PRUHSDQLF��HWF��(� )LUH�ZDONLQJ��6RPH�SHRSOH�DUH�DEOH� WR�ZDON� WKURXJK� ILUH�DQG�QRW�EXUQ� WKHLU� IHHW�9DULRXV��KDUGZDUH��H[SODQDWLRQV�IRU�WKLV�SKHQRPHQRQ�ZHUH�QRW�FRQILUPHG�H[SHULPHQWDOO\��7KH&RQFHSW RI�'LSRODU�*UDYLW\�JLYHV�D��VRIWZDUH��H[SODQDWLRQ�EDVHG�RQ�WKH�LQWHUSUHWDWLRQ�RI�WLPHSUHVHQWHG LQ� VXEVHFWLRQ� '��� ,Q� WKLV� H[SODQDWLRQ� WKH� PLQG� RI� ILUH�ZDONHUV� VORZV� GRZQ� WKHVSHHG RI�WLPH�HODSVH�IRU�WKH�KRW�VXUIDFH�WKH\�ZDON�WKURXJK��7KHUHIRUH�WKH�KHDW�WUDQVIHU�IURPWKH JURXQG�LQWR�IHHW�LV�DOVR�VORZHG�GRZQ�SURSRUWLRQDOO\�WR�WKLV�WLPH�HODSVH��1RWLFH�WKDW�RQO\H[WUHPH SV\FKLF�WHQVLRQ�RI�WKH�ZDONHUV�OHDGV�WR�WKH�VXFFHVVIXO�GHFHOHUDWLRQ�RI�WLPH�DQG�WKXVWR�QRW�EXUQLQJ�WKHLU�IHHW��7KHUH LV�D�SRVVLELOLW\�RI�H[SHULPHQWDO� FRQILUPDWLRQ�RI� WKH�DERYH�H[SODQDWLRQ��7KLV� LVEHFDXVH D�QXPEHU�RI�H[SHULPHQWV�FDQ�EH�GHVLJQHG�ZKLFK�FRXOG�DFWXDOO\�GHWHFW�WKH�VORZLQJRI�WLPH�HODSVH�LQ�WKH�ILUH���(� *KRVWV�� *KRVWV� VKRXOG� EH� LQWHUSUHWHG� DV� WKH� DFWLYLWLHV� FDUULHG� RXW� E\� VRIWZDUHPRGHOV �HWKHULF�UHJLVWHUV��RI�GHDG�SHRSOH�RU�DQLPDOV��3ULQFLSOHV�RI�JKRVW�DFWLYLWLHV�DUH�H[DFWO\WKH VDPH�DV�SULQFLSOHV�RI�GUHDPV��$OVR�DOO�FKDUDFWHULVWLFV�RI�WKH�JKRVW�DFWLYLWLHV�FRUUHVSRQGWR WKH�WKRVH�RI�GUHDPV��VHH�LWHP��(���*KRVWV�RSHUDWH�LQ�WKH�FRXQWHU�ZRUOG��EXW�VRPH�HIIHFWVRI WKHLU� DFWLYLWLHV�� VLPLODUO\� OLNH� VRPH� HIIHFWV� RI� RXU� GUHDPV� �H�J�� SROWHUJHLVWV��� PD\WHOHNLQHWLFDOO\�DIIHFW�WKH�PDWWHU��7KHUHIRUH�JKRVWV�PD\�PRYH�VRPH�REMHFWV�DQG�FUHDWH�LPDJHVPDGH�RI�WKH�H[WUDFWLRQ�JORZ��7KHVH�LPDJHV�VKRXOG�EH�SRVVLEOH�WR�REVHUYH�DQG�WR�SKRWRJUDSK�*KRVWV� DFFRUGLQJ� WR� WKH� VXEVHFWLRQ� '��� PXVW� DOVR� LQGXFH� VRPH� HOHFWURPDJQHWLFSKHQRPHQD��VHH�HYLGHQFH���'����(��'UHDPV��7KH�&RQFHSW�RI�'LSRODU�*UDYLW\�DOORZV�WR�GLVWLQJXLVK�EHWZHHQ�GUHDPV�DQGQLJKW YLVXDOL]DWLRQV��7KH�QLJKW�YLVXDOL]DWLRQV�ZRXOG�EH�RQO\�QRQ�FRRUGLQDWHG��FRORXU� LPDJHVFUHDWHG LQVLGH�RI�RXU�VOHHSLQJ�EUDLQV��7KXV��WKH\�ZRXOG�RFFXU�LQ�WKH�SK\VLFDO�ZRUOG��'UHDPVZRXOG�EH�UHDO�DFWLYLWLHV�FDUULHG�RXU E\�RXU�VRIWZDUH�PRGHOV�ZLWKLQ�WKH�FRXQWHU�ZRUOG��7KHUHIRUHGUHDPV VKRXOG� GLVSOD\� DOO� SURSHUWLHV� RI� VXFK�DFWLYLWLHV� �H�J�� ORJLF�� FRQVLVWHQF\�� V\PEROLVP�
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HWF�� DQG� DOVR� GLVSOD\� WKH� SURSHUWLHV� RI� WKH� FRXQWHU�ZRUOG� �H�J�� FRORXUV� H[SUHVVHG� E\LQIRUPDWLRQ�QRW�E\�DSSHDUDQFH��ODFN�RI�SK\VLFDO�DWWULEXWHV�^ZHLJKW��EORRG`��HWF���1LJKW YLVXDOL]DWLRQV� DUH� DOUHDG\� H[SODLQHG� E\� YDULRXV� WKHRULHV� RI� FRQWHPSRUDU\PHGLFLQH��7KH�&RQFHSW�RI�'LSRODU�*UDYLW\�GRHV�QRW�FKDQJH�WKHVH�H[SODQDWLRQV��'UHDPV ZRXOG�QRW�REH\� WKH�FRQWHPSRUDU\�PHGLFDO� WKHRULHV��7KH�&RQFHSW�RI�'LSRODU*UDYLW\ ZRXOG�H[SODLQ�WKHP�GLIIHUHQWO\�WKDQ�MXVW�SLFWXUHV�IURP�RXU�EUDLQV��,Q�WKLV�H[SODQDWLRQ�GUHDPV ZRXOG�EH�UHDO�DFWLRQV�DQG�DGYHQWXUHV�FDUULHG�RXW�LQ�WKH�FRXQWHU�ZRUOG�E\�VRIWZDUHPRGHOV �HWKHULF� UHJLVWHUV�� RI� VOHHSLQJ� SHRSOH�� 7KHVH� DGYHQWXUHV� ZRXOG� EH� DFKLHYDEOHWKURXJK WHPSRUDU\� VHSDUDWLRQV� RI� RXU� VRIWZDUH� PRGHOV� IURP� SK\VLFDO� ERGLHV�� 7KHUHIRUHGUHDPV VKRXOG� EH� FKDUDFWHUL]HG� E\� D� QXPEHU� RI� XQLTXH�SURSHUWLHV�ZKLFK� UHVXOW� IURP� WKHLUDGYHQWXUHV
 FKDUDFWHU�DQG�IURP�SODFLQJ�WKHP�LQ�WKH�FRXQWHU�ZRUOG��6RPH�RI�WKHVH�SURSHUWLHVLQFOXGH�� �6RIWZDUH��DWWULEXWHV�RI�GUHDPV��7KHVH�DWWULEXWHV�LQFOXGH��WKH�H[SUHVVLQJ�RI�FRORXUVDV DQ LQIRUPDWLRQ��QRW�DV�DQ�DSSHDUDQFH��L�H��LQ�GUHDP�HYHU\�REMHFW�ORRNV�DV�KDYLQJ�D�VHSLDFRORXU� EXW�ZH�DFWXDOO\�DUH�DZDUH�RI�GLIIHUHQW�FRORXUV�WKDW�YDULRXV�REMHFWV�KDYH�DQG�ZH�FDQ�UHDG� WKHVH�FRORXUV�IURP�WKH�UHJLVWHUV�RI�WKHVH�REMHFWV���D�GLIIHUHQW�VWUXFWXUH�RI�RXU�GUHDPHGERGLHV �H�J�� VRIWZDUH� PRGHOV� RI� RXU� SK\VLFDO� ERGLHV� GR� QRW� FRQWDLQ� SK\VLFDO�� UHG� EORRG��LQGHVWUXFWLELOLW\ RI�RXU�HWKHULF�ERGLHV��L�H��LQ�GUHDP�ZH�QHYHU�JHW�NLOOHG�RU�ORRVH�D�SDUW�RI�RXUERG\� DOWKRXJK�ZH�PD\�IUHTXHQWO\�H[SHULHQFH�VRPHRQH�RU�VRPHWKLQJ�DWWHPSWLQJ�WR�KXUW�XV�ZKDWHYHU�KDSSHQV�LQ�GUHDPV��RXU�HWKHULF�^GUHDPHG`�ERGLHV�UHPDLQ�XQDIIHFWHG���HWF���/RJLF��DEVWUDFWLRQ��DQG�SURSKHWLF�QDWXUH�RI�GUHDPV��7KH�FRXQWHU�ZRUOG�LV�PRUH�ORJLFDODQG�DEVWUDFW�WKDQ�RXU�ZRUOG��,W�DOVR�DOORZV�XV�WR�LQVLJKW�UHJLVWHUV�RI�GLVWDQW�REMHFWV��DQG�WR�VHHHYHQWV WKDW�WKHVH�REMHFWV�ZLOO�H[SHULHQFH�DW�DQ\�FKRVHQ�LQVWDQW�RI�WLPH��LQFOXGLQJ�WKH�GLVWDQWIXWXUH��� 'LIIHUHQFHV� LQ�RXU�PRWLRQ�FDSDELOLWLHV� �WKH�PRYHPHQWV� LQ� WKH�FRXQWHU�ZRUOG�REH\�DGLIIHUHQW VHW�RI�SULQFLSOHV�WKDQ�WKRVH�PRYHPHQWV�IURP�RXU�ZRUOG��H�J��ZH�FDQ�IO\�DQG�OHYLWDWHZLWKRXW�D�PRYHPHQW��RU�UHPDLQ�LQ�RQH�SODFH�LQ�VSLWH�RI�FRPSOHWLQJ�UDSLG�PRELOH�DFWLRQV���1RWLFH WKDW�WKH�GHILQLQJ�GUHDPV�DV��QLJKW�DGYHQWXUHV�LQ�WKH�FRXQWHU�ZRUOG��SURYLGHV�DSHUIHFW�PHDQV�RI�YHULI\LQJ�WKH�FRUUHFWQHVV�RI�WKH�DERYH�H[SODQDWLRQV��7KLV�LV�EHFDXVH�GUHDPVVR GHILQHG�UHTXHVW�DOO�SHRSOH�SDUWLFLSDWLQJ� LQ� WKH�QLJKW�DGYHQWXUHV�RI�D�SDUWLFXODU�SHUVRQ�WRDOVR H[SHULHQFH�WKH�VDPH�GUHDP�DW�VRPH�VWDJH��8QIRUWXQDWHO\�WKHUH�DUH�WZR�IDFWRUV�ZKLFKPDNH WKLV�YHULILFDWLRQ�GLIILFXOW�� L�H�� ���� IRUJHWWLQJ�UDWLR�DQG����� WLPH�VKLIW�� ,W� LV�SURYHQ�WKDW�ZHUHPHPEHU RQO\�D�VPDOO�IUDFWLRQ�RI�RXU�GUHDPV��VRPHWLPHV�OHVV�WKDQ����RI�ZKDW�ZH�GUHDP��7KLV SUDFWLFDOO\�PHDQV�WKDW��DOWKRXJK�DOO�SHRSOH�DSSHDULQJ�LQ�D�SDUWLFXODU�GUHDPHG�DGYHQWXUHLQ IDFW�SDUWLFLSDWHG�LQ�LW��RQO\�LQ�H[WUHPHO\�UDUH�RFFDVLRQV�PRUH�WKHQ�RQH�RI�WKRVH�SHRSOH�ZLOOUHPHPEHU WKLV�DGYHQWXUH��(YHQ�PRUH�REVWDFOHV�WR�WKH�YHULILFDWLRQ�RI�WKH�DERYH�H[SODQDWLRQLQWURGXFHV WLPH�VKLIW��7KH�LQWHUSUHWDWLRQ�RI�WLPH�LQ�GLSRODU�JUDYLW\��VHH�VXEVHFWLRQ�'���UHYHDOVWKDW�LQ�WKH�FRXQWHU�ZRUOG�ZH�PD\�WUDYHO�WKURXJK�WLPH��WKXV�H[SHULHQFLQJ�HYHQWV�WKDW�KDSSHQ�DWGLIIHUHQW�WLPHV��L�H��LQ�WKH�GLVWDQW�IXWXUH�DV�ZHOO�DV�LQ�WKH�SDVW��7KHUHIRUH�SDUWLFLSDQWV�ZKR�PHHWLQ D�GUHDP�WKDW�RFFXUV�DW�D�SDUWLFXODU�LQVWDQW�RI�WLPH��PD\�FRPH�WR�WKLV�LQVWDQW�IURP�GLIIHUHQWVWDUWLQJ WLPHV��7KLV�PHDQV�SUDFWLFDOO\� WKDW� WKH� VDPH�DGYHQWXUH� LQYROYLQJ� WLPH� VKLIW� FDQ� EHGUHDPHG�LQ�D�GLIIHUHQW�WLPH�E\�HDFK�RQH�RI�LWV�SDUWLFLSDQWV��,Q VSLWH�RI�WKH�DERYH�GLIILFXOWLHV��WKH�DXWKRU�DOUHDG\�IRXQG�D�SHUVRQ��6X]DQQH�3RXWX�RI'XQHGLQ� 1HZ�=HDODQG��ZKR�FODLPHG� WKDW�VKH�DQG�KHU� IULHQG�ERWK�H[SHULHQFHG�H[DFWO\� WKHVDPH GUHDP��7KH�DXWKRU�ZRXOG�EH�GHOLJKWHG�WR�KHDU�IURP�RWKHU�SHRSOH�ZKR�DOVR�GLVFRYHUHGWKDW�WKHLU�GUHDPV�ZHUH�H[DFWO\�UHSHDWHG�E\�VRPHRQH�HOVH���
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7KH H[SODQDWLRQV� RI� P\VWHULRXV� SKHQRPHQD� SURYLGHG� LQ� WKLV� VXEVHFWLRQ� KDYH� RQHFRPPRQ�GHQRPLQDWRU��L�H��DOO�RI�WKHP�LQFOXGH�VRPH�DWWULEXWHV�ZKLFK�HQDEOH�WKHLU�H[SHULPHQWDOFRQILUPDWLRQ� ,Q�WKLV�ZD\�WKH�H[SODQDWLRQV�SURYLGHG�KHUH�DUH�PRUH�WKDQ�MXVW�K\SRWKHVLV��WKH\SDYH WKH�ZD\�IRU�JUDGXDO�ILQGLQJ�WKH�WUXWK��1RWLFH�WKDW�H[SHULPHQWDO�FRQILUPDWLRQ�RI�DQ\�RI�WKHDERYH H[SODQDWLRQV�ZLOO�H[WHQG�WKH�HYLGHQFH�LQ�VXSSRUW�RI�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�DV�DZKROH�
'����+RZ�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�PHUJHV�VFLHQFH�ZLWK�UHOLJLRQ
7KH�&RQFHSW�RI�'LSRODU�*UDYLW\�UHYHDOV�WKDW��DV�ZHOO�DV�D�QXPEHU�RI�SK\VLFDO�SURSHUWLHV�WKH HWKHU� DOVR� GLVSOD\V� WZR� LQWHOOHFWXDO� SURSHUWLHV�� 7KHVH� DUH�� ���� WKH� DELOLW\� WR� VWRUHLQIRUPDWLRQ DQG� ���� WKH� DELOLW\� WR� WKLQN�� 7KH� DELOLW\� WR� VWRUH� LQIRUPDWLRQ� LV� PDQLIHVWHG� E\UHFRUGLQJ�LQ�WKH�UHJLVWHUV�PDGH�RI�WKLV�VXEVWDQFH���D��WKH�HQWLUH�KLVWRU\��HYHQWV��RI�WKH�REMHFWVWKDW DUH�UHIOHFWHG�E\�WKHVH�UHJLVWHUV���E�� WKH�SURJUDPV�ZKLFK�H[SUHVV� WKH�SDVVDJH�RI� WKHVHREMHFWV WKURXJK�WLPH��IDWH����7KH�KLVWRU\�RI�REMHFWV�FDQ�EH�ODWHU�DFFHVVHG�WKURXJK�D�ORQJ�WHUPPHPRU\ V\VWHP��ZKHUHDV�WKH�SURJUDPV�RI� WKHVH�REMHFWV�FDQ�RQO\�EH�YLHZHG�WKURXJK�(63�GUHDPV� K\SQRVLV�� HWF���� 7KH� VHFRQG�XQXVXDO� SURSHUW\� RI� WKH� HWKHU�� L�H�� LWV� DELOLW\� WR� WKLQN�UHYHDOV LWVHOI� WKURXJK�WKH� LQWHOOLJHQW� UHVSRQVHV�REWDLQHG�IURP�RXU�PHPRU\�UHTXHVWV�RU� IURP(63 LQTXLULHV�� 7KH� FKDUDFWHULVWLFV� RI� WKHVH� UHVSRQVHV� VXJJHVW� WKH� FRPSXWHU�OLNH� WKLQNLQJFRQGXFWHG�E\�WKLV�VXEVWDQFH�(WKHU ZKLFK� WKLQNV� DQG� PHPRUL]HV� LV� D� QRYHOW\� IRU� XV�� ,W� LQWURGXFHV� QXPHURXVLPSOLFDWLRQV RI� HQRUPRXV� VLJQLILFDQFH� WR� HYHU\� DVSHFW� RI� RXU� OLYHV�� 6RPH� RI� WKHVHLPSOLFDWLRQV� ZKLFK� FRQFHUQ� WKH� PRVW� VHQVLWLYH� DUHDV� RI� RXU� LQWHOOHFWXDO� DFWLYLWLHV�� DUHGLVFXVVHG�EHORZ�
'������7KH�8QLYHUVH�DV�D�ZKROH�SRVVHVVHV�LWV�RZQ�LQWHOOHFW
7KH FRXQWHU�ZRUOG� RSHUDWHV� OLNH� RQH� KXJH�� VHOI�SURJUDPPLQJ� FRPSXWHU�� ZKLFKLQWHUFHSWV� VWRUHV�DQG�SURFHVVHV�LQIRUPDWLRQ��DQDO\VHV�DQG�UHSOLHV�WR�LQTXLULHV��GHYHORSV�RUDOWHUV SURJUDPV�WKDW�FRQWURO�WKH�FRXUVH�RI�HYHQWV�LQ�WKH�ZRUOG�RI�PDWWHU��HWF����VHH�VXEVHFWLRQ'���$OO�WKHVH�DELOLWLHV�DUH�WKH�PDLQ�FRPSRQHQWV�RI�HYHU\�LQWHOOHFW��7KHUHIRUH�WKH�FRXQWHU�ZRUOGVHHPV WR�SRVVHVV�LWV�RZQ�LQWHOOHFW��VLPLODU�WR�D�KXPDQ�RQH��L�H��FKDUDFWHUL]HG�E\�WKH�DELOLW\WR FRPPXQLFDWH��PHPRUL]H�� WKLQN��DQG�HYHQ�SHUKDSV�SRVVHVVLQJ�D� VHOI�DZDUHQHVV�� ,Q� WKLVWUHDWLVH�WKH�LQWHOOHFW�RFFXS\LQJ�WKH�FRXQWHU�ZRUOG�ZLOO�EH�FDOOHG�WKH�8QLYHUVDO�,QWHOOHFW�7KH GHGXFWLRQV� IURP� SUHYLRXV� VXEVHFWLRQV� UHYHDOHG� WKH� FKDUDFWHULVWLFV� RI� WKLV8QLYHUVDO ,QWHOOHFW�� /HW� XV� VXPPDUL]H� EHORZ� WKH� PDLQ� HOHPHQWV� RI� WKHVH� FKDUDFWHULVWLFV�PDNLQJ VXUH�WKDW�RQO\�WKH�DWWULEXWHV�ZKLFK�GLUHFWO\�UHVXOW�IURP�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\DUH�OLVWHG���� 7KH�FDUULHU�RI�WKH�8QLYHUVDO�,QWHOOHFW�LV�DQ�RPQLSUHVHQW�VXEVWDQFH��L�H��HWKHU��ZKLFKLQGHSHQGHQWO\�IURP LWV�LQWHOOHFWXDO�IXQFWLRQV�SHUIRUPV�QXPHURXV�SK\VLFDO�IXQFWLRQV��H�J��IRUPVPLUURU UHIOHFWLRQV�RI�HYHU\�PDWHULDO�REMHFW�H[LVWLQJ�LQ�WKH�8QLYHUVH��FUHDWHV�FLUFXODWLRQV�NQRZQWR XV�E\�WKH QDPH�RI�PDJQHWLF�ILHOGV��HQDEOHV�WKH�WHOHNLQHWLF�PRWLRQ�RI�REMHFWV��HWF��)RU�WKLVUHDVRQ� HYHU\�HYHQW�RU�DFWLYLW\�LQYROYHV�SDUWLFLSDWLRQ�RI�WKH�8QLYHUVDO�,QWHOOHFW��H�J��HYHQ�WKHRUGLQDU\ HDWLQJ�RI�EUHDG��LQ�IDFW��FDQ�OLWHUDOO\�EH�LQWHUSUHWHG�DV�FRQVXPLQJ�WKH��ERG\��RI�WKLV,QWHOOHFW��
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��� 7KLV� LQWHOOHFW� LV� LQYLVLEOH�DQG�XQGHWHFWDEOH� WR�RXU�VHQVHV��DV� LW�RFFXSLHV�DQRWKHUZRUOG��VHSDUDWHG�IURP�RXUV��%XW�LW�FDQ�EH�UHFRJQL]HG�DQG�LQYHVWLJDWHG�E\�KXPDQ�LQWHOOHFWV���� ,WV�GLPHQVLRQV�DQG�VKDSH�FRUUHVSRQG�WR�WKH�GLPHQVLRQV�DQG�VKDSH�RI� WKH�HQWLUH8QLYHUVH���VHH�)LJXUH�'������ ,W� IRUPV� VHSDUDWH� VRIWZDUH�PRGHOV� �UHJLVWHUV�� IRU� HYHU\� SK\VLFDO� REMHFW� WKDW� KDVH[LVWHG� H[LVWV�RU�ZLOO�H[LVW�LQ�WKH�HQWLUH�8QLYHUVH��7KH�REMHFWV�ZKLFK�ZLOO�DSSHDU�LQ�WKH�GLVWDQWIXWXUH VHHP� WR� KDYH� WKHVH� PRGHOV� DOUHDG\�� (YLGHQFH� DOVR� DVFHUWDLQV� WKDW� VXFK� VRIWZDUHPRGHOV�DUH�VWLOO�NHSW��DQG�FDQ�EH�DFFHVVHG��DIWHU�WKH�SK\VLFDO�GHVWUXFWLRQ��GHDWK��RI�WKH�REMHFWWKDW�WKH\�GHVFULEH���� ,W�LV�VXSHULRU�WR�KXPDQ�LQWHOOHFWV�DQG�VHHPV�WR�FRQWURO�WKHP��EXW�DW�WKH�VDPH�WLPHLW LV DOVR�D�PDLQ�FRPSRQHQW�RI�HDFK�RI�WKHP��7KLV�DOORZV�WKH�FRPSDULVRQ�RI�HDFK�SHUVRQ�WRD WLQ\�GURSOHW�RI�ZDWHU�LQ�D�ULYHU��L�H��EHLQJ�VHSDUDWH�EXW�DW�WKH�VDPH�WLPH�EHLQJ�D�SDUW�RI�WKDWULYHU� ��� ,W�PDLQWDLQV�D�FRQWLQXRXV�FRPPXQLFDWLRQ�ZLWK�WKH�EUDLQV�RI�DOO�OLYLQJ�FUHDWXUHV��YLDLQSXW�RXWSXW�FDSDELOLWLHV�RI�WKHVH�EUDLQV��7KHUHIRUH�ZKDWHYHU�VRPHRQH
V�WKRXJKWV�DUH��KLV�KHUEUDLQ FRQYH\V�WKHVH�WKRXJKWV�WR�WKH�8QLYHUVDO�,QWHOOHFW��ZKLFK� LQ�UHSO\�SUHSDUHV�DSSURSULDWHUHVSRQVHV �L�H��PHPRU\�UHFDOOV�� LQWXLWLYH�VXJJHVWLRQV��(63�DQVZHUV�� UHVSRQVHV� IURP�PRUDOODZV��HWF����,W LV� DVWRQLVKLQJ� KRZ� FORVHO\� WKH� DERYH� FKDUDFWHULVWLFV� RI� WKH� 8QLYHUVDO� ,QWHOOHFWFRUUHVSRQG�WR�WKH�LGHD�RI�*RG�IRUPLQJ�WKH�QXFOHL�RI�HYHU\�UHOLJLRQ��7KHUHIRUH��RQ�RQH�KDQG�WKHUHFRJQLWLRQ RI�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�FUHDWHV�D�EULGJH�WKDW�PHUJHV�PRGHUQ�VFLHQFHDQG UHOLJLRQV��2Q� WKH�RWKHU�KDQG� WKH�VDPH�&RQFHSW� UHYHDOV� WKDW� WKH�HQWLUH�XQLYHUVH� LV�DVXSUHPH�EHLQJ ZKRP�ZH�FDQ�JHW�WR�NQRZ�EHWWHU�WKURXJK�VFLHQWLILF�LQYHVWLJDWLRQV��,Q�WKLV�ZD\WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�DOVR�IRUPXODWHV�D�VFLHQWLILF�IRXQGDWLRQ�IRU�XQLYHUVDO�UHOLJLRQ��2IFRXUVH ZH�PXVW� UHPHPEHU� WKDW� WKLV�&RQFHSW�ZDV� IRUPHG� IDLUO\� UHFHQWO\� �L�H�� LQ������ ��VHHWUHDWLVH >�)@��G���DQG�WKDW�DQ�HQWLUH�RFHDQ�RI�IXUWKHU�NQRZOHGJH�VWLOO�ZDLWV�WR�EH�VFLHQWLILFDOO\GLVFRYHUHG��DQG�LQYHVWLJDWHG�7KH�H[LVWHQFH�RI�WKH�8QLYHUVDO�,QWHOOHFW�KDV�EHHQ�VSHFXODWLYHO\�GHGXFWHG�DQG�LQWXLWLYHO\SHUFHLYHG VLQFH�WKH�EHJLQQLQJ�RI�RXU�FLYLOL]DWLRQ��7KHUHIRUH�IRU�PDQ\�UHDGHUV�WKH�FRQFOXVLRQVIURP WKLV�FKDSWHU�ZLOO�QRW�LQWURGXFH�DQ\�VXUSULVH��+RZHYHU��WKH�IRUPXODWLRQ�RI�WKH�&RQFHSW�RI'LSRODU *UDYLW\� KDV� RSHQHG�D� FRPSOHWHO\� QHZ�SRVVLELOLW\� LQ� WKLV�PDWWHU�� L�H�� LW� DOORZV�XV� WRREWDLQ H[SHULPHQWDO�SURRI�WKDW�ZLOO�REMHFWLYHO\�FRQILUP�WKH�H[LVWHQFH�RI�WKH�8QLYHUVDO�,QWHOOHFW�7KHUHIRUH WKLV� &RQFHSW� FRQWDLQV� WKH� SRWHQWLDOV� RI� WUDQVIRUPLQJ� UHOLJLRXV� VXEMHFWV� KLWKHUWRFRQVLGHUHG WR�EH�RQO\�WKH�PDWWHU�RI�UHYHODWLRQ��WUXVW�DQG�EHOLHIV��LQWR�WKH�VXEMHFW�RI�REMHFWLYHNQRZOHGJH� FHUWDLQW\��DQG�VFLHQWLILF�LQYHVWLJDWLRQ��7R�DWWDLQ�VXFK�SURRI��LW�LV�HQRXJK�WR�GHVLJQDQG�VXFFHVVIXOO\�FRPSOHWH�H[SHULPHQWV�ZKLFK�ZLOO�SURYH�WKDW��(��7KH�FRXQWHU�ZRUOG�H[LVWV��(� 7KLV�ZRUOG� FRQWLQXRXVO\� LQWHUFHSWV�DQG�VWRUHV�DOO� LQIRUPDWLRQ� �L�H�� LW� FRQWDLQV� WKHUHJLVWHUV�GHVFULEHG�HDUOLHU���(��7KLV�ZRUOG�LV�FDSDEOH�RI�HIIHFWLYH�WKLQNLQJ�ZKLFK�SURYLGHV�WKH�VROXWLRQV�IRU�VSHFLILHGSUREOHPV�$W WKLV�SRLQW�LW�VKRXOG�EH�VWUHVVHG�WKDW�WKH�ILUVW�RI�WKH�DERYH�SURRIV�KDYH�DOUHDG\�EHHQZRUNHG�RXW��VHH�VXEVHFWLRQ�'�����7KH�FRPSOHWLRQ�RI�WKH�UHVW�RI�WKHP�VHHP�WR�EH�RQO\�D�PDWWHURI WLPH��$V�ZHOO� DV� WKH�DERYH�H[SHULPHQWDO�SURRI��D�QXPEHU�RI� IXUWKHU� IDFWV�FRQILUPLQJ� WKHH[LVWHQFH�RI�WKH�8QLYHUVDO�,QWHOOHFW�FDQ�EH�LQGLFDWHG��/HW�XV�PHQWLRQ�VRPH�RI�WKHVH�IDFWV���'������(63�PHVVDJHV�H[SHULHQFHG�E\�QXPHURXV�SHRSOH��7KHVH�NLQGV�RI�H[SHULHQFHVXSSO\ XV�ZLWK� WKH�FRQWLQXRXV�FRQILUPDWLRQ�RI� WKH� LQWHOOHFWXDO�DELOLWLHV�RI� WKH�8QLYHUVH�DV�D
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ZKROH� 7KH\� SURYH� WKDW�� ���� WKH�8QLYHUVDO� ,QWHOOHFW� FRQWLQXRXVO\� FROOHFWV�� VWRUHV� DQG� RIIHUVDFFHVV�WR�DOO�GHWDLOV�RQ�HYHU\�VXEMHFW��LQFOXGLQJ�RXU�WKRXJKWV��IHHOLQJV��DWWLWXGHV��REVHUYDWLRQVDQG�RWKHU�GDWD�ZKLFK�DUH�RXU�SULYDWH�VHFUHWV������WKLV�LQWHOOHFW�DQDO\VHV�RXU�WKRXJKW�TXHVWLRQV�SUHSDUHV�DQVZHUV�WR�WKHP�DQG�FRPPXQLFDWHV�WKHVH�DQVZHUV�WR�XV���'����� 7KH�0RUDO� /DZV� �VHH� VXEVHFWLRQ� '������� 7KH� H[LVWHQFH� RI� WKHVH� ODZV� LVSURQRXQFHG E\�DOPRVW�HYHU\�UHOLJLRQ�DQG�FRQILUPHG�E\�QXPHURXV�VRXUFHV��H�J��IRON�ZLVGRP�8)2QDXWV� HWF���� 7KH� RSHUDWLRQ� RI� PRUDO� ODZV� LQGLFDWH� WKDW� VRPH� VXSUHPH� LQWHOOHFWFRQWLQXRXVO\ DQDO\VHV� RXU� DFWLRQV� DQG� WKRXJKWV�� MXGJHV� WKHLU�PRUDO� FRQWHQW�� DQG�SUHSDUHVDSSURSULDWH�UHVSRQVHV�WKDW�PDWFK�RXU�EHKDYLRXU��7KXV�WKH�RSHUDWLRQ�RI�DERYH�ODZV�UHSUHVHQWD�FRQILUPDWLRQ�IRU�WKH�H[LVWHQFH�RI�D�VXSUHPH�LQWHOOHFW����'����� 1HDU�'HDWK� ([SHULHQFH� �1'(��� 0DQ\� SHRSOH� ZKR� UHWXUQHG� WR� OLIH� DIWHUH[SHULHQFLQJ FOLQLFDO� GHDWK�� UHPHPEHU� DQG� UHSRUW� WDONLQJ� WR� D� VXSHULRU� EHLQJ� ZKHQ� WKH\HQWHUHG WKH�QH[W�ZRUOG��,Q�PRVW�RI�WKHVH�UHSRUWV�WKH�EHLQJ�LV�QRW�GHVFULEHG�DV�D�SHUVRQ��EXWDV D� VKDSHOHVV� EHDP� RI� SRZHUIXO� OLJKW� GLUHFWHG� DW� WKH� SHUVRQ� IURP� D� VHHPLQJO\� LQILQLWHGLVWDQFH� ,Q�WKH�PDMRULW\�RI�1'(�FRPPXQLFDWLRQV��WKLV�EHDP�RI�OLJKW�VHHPV�WR�UHSUHVHQW�WKH8QLYHUVDO ,QWHOOHFW��*RG���%XW�WKHUH�DUH�DOVR�1'(�UHSRUWV�ZKLFK�VSHFLILFDOO\�GHVFULEH�*RG�DVD WKLQNLQJ�VXEVWDQFH��EOXH�LQ�FRORXU��ZKLFK�VXUURXQGV�SHRSOH�ZKR�YLVLW�WKH�QH[W�ZRUOG��2QH�RIWKH EHVW� GHVFULSWLRQV� RI� *RG� DV� D� EOXH� VXEVWDQFH� FRPHV� IURP� WKH� ����� QHDU�GHDWKH[SHULHQFH RI�DQ�,QGLDQ�JLUO�QDPHG�'XUGDQD��+HU�UHSRUW��LOOXVWUDWHG�LQ�FRORXU��LV�SXEOLVKHG�LQWKH ERRN� >�'����@ E\�3HWHU�%URRNHVPLWK� �HGLWRU��� �/LIH�DIWHU�'HDWK���2UELV�3XEOLVKLQJ�/WG��/RQGRQ�������,6%1����������������SDJHV�����WR�������'����� 7KH�UHOLJLRXV�HYLGHQFH��7KH�PXOWLWXGH�RI�UHOLJLRXV�HYLGHQFH�ZRXOG�EH�GLIILFXOWWR�ILW�LQWR�WKH�PRVW�YROXPLQRXV�ERRN��)RU�WKLV�UHDVRQ�WKH�UHDGHUV�ZKR�ZLVK�WR�FROOHFW�WKLV�FODVVRI HYLGHQFH�DUH�DGYLVHG�WR�VWXG\�DOO�PLUDFOHV��UHYHODWLRQV�DQG�GLYLQH�EOHVVLQJV��UHFRUGHG�E\DOPRVW HYHU\� UHOLJLRQ�� 1RWLFH� WKDW� DV� ZHOO� DV� VSHFWDFXODU� UHOLJLRXV� HYHQWV�� WKHUH� LV� DOVRLQWLPDWH UHOLJLRXV�HYLGHQFH�H[SHULHQFHG�E\�DOPRVW�HYHU\�SHUVRQ�DQG�DFFHQWXDWHG�LQ�DOPRVWHYHU\�IDPLO\���'����� 5HOLJLRQ�RI�H[WUDWHUUHVWULDOV��8)2QDXWV���7KH�EHVW�H[SUHVVLRQ�RI�WKH�UHOLJLRQRI H[WUDWHUUHVWULDOV�ZDV�JLYHQ�LQ�WKH�79�SURJUDPPH��8)2�&RYHU�83��WUDQVPLWWHG�YLD�VDWHOOLWHIURP�:DVKLQJWRQ�'�&��RQ����2FWREHU�������D�9+6�FRS\�RI WKLV�SURJUDPPH�LV�FRQWDLQHG�LQ�WKHDXWKRU
V ILOHV��� 7KH� 86$� JRYHUQPHQW� RIILFLDO� XVLQJ� SVHXGRQ\PH� �)DOFRQ�� GHVFULEHV� WKLVUHOLJLRQ�LQ�WKH�IROORZLQJ�ZRUGV���7KH\�KDYH�D�UHOLJLRQ��EXW�LW
V�D�XQLYHUVDO�UHOLJLRQ��7KH\�EHOLHYHLQ WKH�8QLYHUVH�DV�D�VXSUHPH�EHLQJ���1R�RWKHU�ZRUGV�FDQ�H[SUHVV�PRUH�H[DFWO\�WKH�LGHD�RIWKH�8QLYHUVDO�,QWHOOHFW�IURP�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�
'������0RUDO�ODZV
,W KDV�EHHQ�GHWHUPLQHG� LQ�VXEVHFWLRQ�'�� WKDW�RXU�EUDLQ�RSHUDWHV�DV�DQ� LQSXW�RXWSXWGHYLFH� :KDWHYHU� DUH� RXU� WKRXJKWV�� LQWHQWLRQV� DQG� DFWLRQV�� WKHVH� DUH� WUDQVPLWWHG� WR� WKHFRXQWHU�ZRUOG DQG� VWRUHG� LQ� RXU� VRIWZDUH� PRGHOV� IRU� IXUWKHU� XVH�� 7KH� FRPPXQLFDWLRQRFFXUULQJ EHWZHHQ�RXU�EUDLQ�DQG�RXU�VRIWZDUH�PRGHO�H[LVWLQJ�LQ�WKH�FRXQWHU�ZRUOG�LV�NQRZQDV ORQJ�WHUP�PHPRU\�V\VWHP��ZKHUHDV�WKH�FRPPXQLFDWLRQ�EHWZHHQ�RXU�EUDLQ�DQG�RWKHU��QRWRXUV� VRIWZDUH�PRGHOV�FRQVWLWXWLQJ�WKH�8QLYHUVDO�,QWHOOHFW�LV�NQRZQ�E\�WKH�QDPH�RI�(63��%XWLW ZRXOG� EH� YHU\� QD9YH� WR�H[SHFW� WKDW� WKH�8QLYHUVDO� ,QWHOOHFW� OLPLWV� LWV� UHDFWLRQV�RQO\� WR�RXUPHPRU\ UHTXHVWV�DQG�DQVZHUV�IURP�RXU�(63�LQTXLULHV��5DWKHU�LW�VKRXOG�EH�H[SHFWHG�WKDW�WKLV,QWHOOHFW�DOZD\V�WDNHV�VRPH�DFWLRQ�LQGHSHQGHQWO\�RI�ZKDW�ZH�WKLQN�DQG�ZKDW�ZH�GR��2I�FRXUVH
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LQ VXFK�D�FDVH�WKHUH�PXVW�EH�D�VHW�RI�FRQVLVWHQW�UXOHV�VWDWLQJ�ZKDW�NLQG�RI�DFWLRQ�VKRXOG�EHWDNHQ�WR�PDWFK�WKH�FRQWHQW�RI�RXU�WKRXJKWV�DQG�DFWLYLWLHV��6R�MXVW�DV�IURP�WKH�ZRUOG�RI�KDUGZDUHDOO�RXU�SK\VLFDO�DFWLRQV�UHFHLYH�FOHDUO\�GHILQHG�SK\VLFDO�UHDFWLRQV��DOVR�IURP�WKH�FRXQWHU�ZRUOGDOO RXU� LQWHOOHFWXDO� HIIRUWV� UHFHLYH� WKH� DSSURSULDWH� LQWHOOHFWXDO� UHVSRQVHV�� 7KXV� ZH� PD\FRQFOXGH WKDW�HYHU\�LQWHOOHFWXDO�FDXVH�LQLWLDWHV�DQ�DSSURSULDWH�LQWHOOHFWXDO�HIIHFW��%HFDXVH�WKHH[LVWHQFH�RI�WKH�FDXVH�HIIHFW�FRQQHFWLRQV�LV�VSHFLILF�WR�WKH�ODZV�RI�QDWXUH��WKH�VHW�RI�UXOHV�WKDWGHILQH WKHVH�UHDFWLRQV�RI� WKH�HWKHU�RQ�RXU� LQWHOOHFWXDO�DFWLYLWLHV�ZLOO�EH�FDOOHG��0RUDO�/DZV��7KLV QDPH�VWUHVVHV�WKH�IDFW�WKDW�WKH�NLQG�RI�UHVSRQVH�ZH�DUH�UHFHLYLQJ��PXVW�GHSHQG�RQ�WKHPRUDO�FRQWHQW�RI�RXU�WKRXJKWV�7KH DERYH�GHGXFWLRQ�UHYHDOV�WKDW�ZKDW�ZH�FRQVLGHU�WR�EH�PRUDOV��DUH�LQ�IDFW�WKH�ODZVRI WKH�ZRUOG�RI� LQWHOOHFW��7KH�RSHUDWLRQ�RI� WKHVH� ODZV�FDQ�EH�H[SODLQHG�RQ� WKH�EDVLV�RI� WKHPRGHO RI� RXU� EUDLQ� DV� DQ� LQSXW�RXWSXW� GHYLFH� �FRPSDUH� VXEVHFWLRQ� '���� 7KH� SDUWV� RI� WKHKXPDQ EUDLQ�LQWHUDFWLQJ�ZLWK�WKH�FRXQWHU�ZRUOG�RSHUDWH�LQ�VXFK�D�ZD\��WKDW�WKH\�DOZD\V�SXWWKHPVHOYHV LQ�D FHUWDLQ�RUGHU�RU�SDWWHUQ�XQLTXH�WR�WKH�W\SH�RI�WKRXJKW�YLEUDWLRQV�WKDW�WKH\�DUHJLYLQJ RXW��7KLV�SDWWHUQ�DOORZV� WKHLU�RZQHUV� WR� UHFHLYH�EDFN�RQO\� WKH�VDPH� W\SH�RI� WKRXJKWYLEUDWLRQV�WKDW�ZHUH�JLYHQ�RXW��7KHUHIRUH��LI�VRPHRQH�FDXVHV�KLV�KHU�RZQ�EUDLQ�WR�HPLW�D�JRRGWKRXJKW YLEUDWLRQV��KH�VKH�ZLOO�RSHQ�WKH�ULJKW�SDWWHUQ�WR�DOVR�DWWUDFW�D�JRRG�UHWXUQ��%XW�WKRVHZKR FDXVH�PXFK�WURXEOH�DURXQG�WKHP�DQG�FRQGXFW�WKHPVHOYHV�LQ�D�QDVW\�ZD\��DUH�RSHQ�WRUHFHLYH�EDFN�QHJDWLYH�UHWXUQV�DSSURSULDWH�WR�WKHLU�EHKDYLRXU��6R��WKH�FRXQWHU�ZRUOG�PDNHV�RXUPRUDOLW\�UHDFW�OLNH�D�ERRPHUDQJ���ZKDWHYHU�ZH�VHQG�RXW��LW�ZLOO�LQHYLWDEO\�UHWXUQ�EDFN�WR�XV��7KLVDSSOLHV WR�HYHU\WKLQJ��LQFOXGLQJ�WKH�MXGJPHQWV�RI�WKLV�WKHRU\��,W�LV�EHFDXVH�ZKDWHYHU�NLQG�RIFRQVLGHUDWLRQ VRPHRQH�JLYHV�WR�WKH�LGHDV�RI�RWKHUV��KH�VKH�VKRXOG�H[SHFW�H[DFWO\�WKH�VDPHUHVSRQVH�WR�KLV�KHU�RZQ�FRQFHSWV�$W WKLV� SRLQW� WKH� FRQWHQW� RI� WKH� ILUVW� RI�0RUDO� /DZV� FDQ�EH� GHILQHG��%HFDXVH�RI� WKHPDQQHU LQ�ZKLFK�WKLV�ODZ�ZRUNV�LW�ZLOO�EH�FDOOHG�KHUH�WKH��%RRPHUDQJ�3ULQFLSOH���7KH�FRQWHQWRI WKH�%RRPHUDQJ�3ULQFLSOH�FDQ�EH�H[SUHVVHG�LQ�D�VKRUW�DQG�D�ORQJ�YHUVLRQ��$�VKRUW�YHUVLRQVWDWHV�WKDW��ZKDWHYHU�\RX�GR�WR�RWKHUV��LW�ZLOO�DOVR�EH�GRQH�WR�\RX��$�ORQJ�YHUVLRQ�VWDWHV�WKDW��ZKDWHYHU��DEVWUDFW��WKRXJKW�SDWWHUQ�RXU�EUDLQ�JLYHV�RXW�WR�WKH�LQWHOOHFWXDO�HQYLURQPHQW�H[DFWO\ WKH�VDPH�SDWWHUQ�ZLOO� EH� UHWXUQHG� WR�XV�E\� WKLV�HQYLURQPHQW���7KH� UHVSRQVH�RI� WKHHQYLURQPHQW�WR�RXU�LQWHOOHFWXDO�DFWLYLWLHV�LV�FKDUDFWHUL]HG�E\�WZR�IDFWRUV��QRLVH�GRPLQDWLRQ�DQGWLPH GHOD\�� 1RLVH� GRPLQDWLRQ� LV� FDXVHG� E\� D� TXDQWLWDWLYH� RXWQXPEHULQJ� RI� HQYLURQPHQWDOWKRXJKWV ZKHQ� FRPSDUHG� WR� VROR� RXU� LQWHOOHFWXDO� RXWSXW�� 7KH� HQYLURQPHQW�� SRSXODWHG� E\ELOOLRQV RI�SHRSOH��SURYLGHV�XV�ZLWK�IDU�PRUH�UHWXUQV�WKDQ�WKH�QXPEHU�RI�WKRXJKWV�WKDW�ZH�DUHDEOH WR�SURGXFH��6R�QDWXUDOO\��H[FHSW�IRU�WKH�UHWXUQV�FDXVHG�E\�%RRPHUDQJ�3ULQFLSOH��ZH�DUHERPEDUGHG E\ QXPHURXV�RWKHU�VLJQDOV��UDQGRPO\�JRRG�RU�EDG��,Q�WKLV�DVSHFW�WKH�PRUDO�ODZVDUH LGHQWLFDO� WR� WKH� SK\VLFDO� RQHV�� ZKHUH� D� SDUWLFXODU� FDXVH� EULQJV� EDFN� QRW� RQO\� WKHFRUUHVSRQGLQJ HIIHFW�EXW�DOVR�D�QXPEHU�RI�RWKHU��QRLVH��HIIHFWV�RULJLQDWLQJ� IURP�FRPSOHWHO\GLIIHUHQW FDXVHV��)RU�H[DPSOH�ZKHQ�ZH�DUH�ZDONLQJ�DORQJ�D�JDQJZD\��LW�ZLOO�ERXQFH�QRW�RQO\EHFDXVH RI� RXU� ZHLJKW�� EXW� DOVR� EHFDXVH� RI� VHD� ZDYHV�� ZLQG�� WKH� ERDW
V� PRYHPHQWV�HDUWKTXDNH� HWF�� ,Q� WKH� FDVH�RI� SK\VLFDO� ODZV�ZH�KDYH�DOUHDG\� OHDUQHG�KRZ� WR� GLVWLQJXLVKEHWZHHQ WKH�DQVZHU� DQG� WKH� QRLVH�� %XW�ZLWK� UHJDUG� WR� WKH�PRUDO� ODZV� VXFK�GLVWLQJXLVKLQJUXOHV�DUH�VWLOO�ZDLWLQJ�WR�EH�GLVFRYHUHG�DQG�PDVWHUHG�7KH WLPH� GHOD\� LQ� WKH� IXOILOPHQW� RI� PRUDO� ODZV� DSSHDUV� EHFDXVH� WKH� LQSXW� FKDQQHORSHQHG�LQ�RXU�EUDLQ�E\�D SDUWLFXODU�WKRXJKW�SDWWHUQ�PXVW�ZDLW�XQWLO�DQ�DSSURSULDWH�UHWXUQ�VLJQDODSSHDUV LQ�RXU�YLFLQLW\��DQG�RQO\�WKHQ�LW�FDQ�LQWHUFHSW�WKLV�VLJQDO��6RPH�SHRSOH��ZKR�DV�\RXQJ
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FKLOGUHQ EHKDYH� GLVUHVSHFWIXOO\� WRZDUGV� WKHLU� SDUHQWV�� PXVW� ZDLW� XQWLO� PDWXUH� DJH� IRU� WKHDSSURSULDWH UHWXUQ��ZKHQ� WKHLU�RZQ�FKLOGUHQ�SDVV� WKURXJK� WKH�VDPH�VWDJH�RI�GHYHORSPHQW�%HFDXVH�QRW�HYHU\RQH�KDV�WKH�DELOLW\�WR�DVVRFLDWH�IDFWV�RFFXUULQJ�ZLWK�D�VLJQLILFDQW�WLPH�GHOD\�WKH�DFWLRQ�RI�WKH�%RRPHUDQJ�3ULQFLSOH�LV�QRW�UHDOL]HG�E\�PDQ\�SHRSOH�7LPH GHOD\ LQ�WKH�IXOILOPHQW�RI�WKH�%RRPHUDQJ�3ULQFLSOH�IRUPV�DOVR�IRXQGDWLRQV�RI�WKHHDVWHUQ LGHD�RI��NDUPD���7KLV�LGHD�VWDWHV�WKDW�DOO�WKRVH�RXU�LQWHOOHFWXDO�DFWLYLWLHV�ZKLFK�KDG�QRWLPH�WR�EH�UHWXUQHG�LQ�WKH�SUHVHQW�OLIHWLPH��ZLOO�EH�UHWXUQHG�WR�XV�LQ�WKH�QH[W�OLIH��1RWLFH�WKDW�WKHRQO\�UHTXLUHPHQW�IRU�WKH�%RRPHUDQJ�3ULQFLSOH�WR�EH�H[WHQGHG�LQWR�WKH�/DZ�RI�.DUPD�LV�WKDW�WKHFRQFHSW�RI�UHLQFDUQDWLRQ�LV�LQWURGXFHG��7KH %RRPHUDQJ�3ULQFLSOH�LV�D�PRUDO�HTXLYDOHQW�WR�WKH�SK\VLFDO�$FWLRQ�5HDFWLRQ�/DZ�7KHUH DUH�VRPH�LQGLFDWLRQV�WKDW�RWKHU�SK\VLFDO� ODZV�DOVR�KDYH�WKHLU�RZQ�PRUDO�HTXLYDOHQWV�2Q RXU�SODQHW��ZKHUH�KHUPHWLF�ERUGHUV��ODQJXDJHV��UHOLJLRQV��DQG�LGHRORJLHV�VHSDUDWHQDWLRQV� WKH�PRUDO� ODZV�DIIHFW�QRW�RQO\�LQGLYLGXDO�SHRSOH�EXW�DOVR�HQWLUH�FRXQWULHV�� ,W�VHHPVWKDW VRPHWKLQJ�OLNH�D�QDWLRQDO�PRUDOLW\�LV�SURGXFHG�ZLWKLQ�WKH�FRXQWULHV�DQG�WKDW�DFFRUGLQJ�WRLWV�FRQWHQW�WKH�SDUWLFXODU�QDWLRQ�UHFHLYHV�DQ�DSSURSULDWH�UHVSRQVH�IURP�WKH�RXWVLGH�ZRUOG��7KHIRUPDWLRQ RI�WKLV�QDWLRQDO�PRUDOLW\�FDQ�EH�FRPSDUHG�WR�WKH�FUHDWLRQ�RI�JDV�PRYHPHQW�ZLWKLQD SLSH��(DFK�SDUWLFOH�RI� WKLV�JDV�VHHPV� WR�PRYH�LQ� LWV�RZQ�GLUHFWLRQ��EXW�DOO�PRYH�WRJHWKHUDORQJ WKH�SLSH��:H�DUH�XVHG�WR�WKLQNLQJ�WKDW�PLOLWDU\�VWUHQJWK�LV�D�EDVLV�IRU�WKH�VHFXULW\�RI�DQDWLRQ� %XW� QXPHURXV� H[DPSOHV� IURP� KLVWRU\� FOHDUO\� SURYH� WKDW� LW� LV� WKH�PRUDO� YDOXHV� WKDWGHFLGH RQ�JORU\�RU�GHVWUXFWLRQ�� ,W�ZRXOG�EH� LQWHUHVWLQJ� WR�NQRZ� LI� WKH�VDPH�PRUDO� ODZV�DOVRDSSO\�WR�HQWLUH�SODQHWV��RXU�RZQ�DV�ZHOO�DV�RWKHUV�7KH�GHGXFWLRQ�OHDGLQJ�WR�WKH�GHWHFWLRQ�RI�0RUDO�/DZV�LV�MXVWLILHG�RQO\�DIWHU�WKH�&RQFHSWRI�'LSRODU�*UDYLW\�KDV�EHHQ�ZRUNHG�RXW��7KHUHIRUH��RXU�SUHVHQW�NQRZOHGJH�RI�PRUDO�ODZV�ILQGVLWVHOI LQ WKH� VDPH� VLWXDWLRQ� DV� SK\VLFV� LQ� DERXW� ���� %�&�� ZKHQ� WKH� IDPRXV� �(XUHND�� RI$UFKLPHGHV SURFODLPHG� WKH� GLVFRYHU\� RI� WKH� ILUVW� SULQFLSOH� OD\LQJ� WKH� IRXQGDWLRQV� IRU� WKLVVFLHQFH� )XUWKHU� UHVHDUFK� QRZ� QHHGV� WR� EH� GRQH�� DQG� QXPHURXV� IDFWRUV� QHHG� WR� EHGLVWLQJXLVKHG DQG�TXDQWLILHG��WR�HQDEOH�XV�WR�SUHGLFW�WKH�PRUDO�UHVSRQVHV�IRU�RXU�DFWLRQV�ZLWKWKH VDPH� DFFXUDF\��ZLWK� ZKLFK�� DIWHU� RYHU� ����� \HDUV� RI� GHYHORSPHQW�� SK\VLFV� LV� DEOH� WRIRUHVHH WKH� UHVSRQVHV� IURP� WKH�ZRUOG� RI�PDWWHU��6R�EHIRUH�ZH�EHFRPH� LPSDWLHQW� WKDW� WKHPRUDO ODZV�DUH�VWLOO�FRQFHDOLQJ� WKHLU�SDWWHUQV��ZH�SHUKDSV�QHHG� WR�UHPLQG�RXUVHOYHV� WKDW� LQWKH WLPH�RI $UFKLPHGHV�WKH�SK\VLFDO�ZRUOG�DOVR�VHHPHG�VLPLODU��DQG�SHRSOH�ZHUH�VXUH�WKDWWKH�EHKDYLRXU�RI�QDWXUH�ZDV�UXOHG�QRW�E\�DQ\�ODZV�EXW�E\�WKH�FDSULFHV�RI�SRZHUIXO�JRGV��7KH PRVW� UHOHYDQW�HYLGHQFH�FRQILUPLQJ� WKH�RSHUDWLRQ�RI� WKH�%RRPHUDQJ�3ULQFLSOH� LVUHYLHZHG�EHORZ���'����� 7KH�IRON�ZLVGRP�RI�DOPRVW�HYHU\�QDWLRQ�UHFRJQL]HV�WKH�%RRPHUDQJ�3ULQFLSOHDQG H[SUHVVHV� LWV� FRQWHQW� LQ�QXPHURXV�SURYHUEV�DQG�VD\LQJV��([DPSOHV�RI� VXFK�SURYHUEVDUH��WKH�(QJOLVK�SURYHUE���&XUVHV��OLNH�FKLFNHQV��DOZD\V�FRPH�EDFN�KRPH�WR�URRVW���WKH�)UHQFKVD\LQJ���+RQL�VRLW�TXL�PDO�\�SHQVH���L�H���(YLO EH�WR�KLP�ZKR�HYLO�WKLQNV����WKH�*HUPDQ���:DV�GXQLFKW�ZLOOVW��GDVV�PDQ�GLU�WXW��GDV�I�J
�DXFK�NHLQHP�DQGHUQ�]X���L�H��WKH�*ROGHQ�5XOH���'R�XQWRRWKHUV DV�\RX�ZRXOG�KDYH�WKHP�GR�XQWR�\RX����WKH�,WDOLDQ���1RQ�IDUH�DJOL�DOWUL�TXHOOR�FKH�QRQYRUUHVWL�FKH�IRVVH�IDWWR�D�WH���L�H���'RQ
W�GR�WR�RWKHUV�ZKDW�\RX�ZRXOGQ
W�OLNH�WR�EH�GRQH�WR�\RX���WKH�3ROLVK���-DN�.XED�%RJX�WDN�%yJ�.XELH���L�H���2QH�JHWV�SDLG�LQ�RQH
V�RZQ�FRLQ����WKH�7XUNLVKSURYHUEV���.HQGLQ�LoLQ�QH�G�ú�Q�\RUVDQ�DUNDGDúLQ�LoLQ�GH�G�ú�Q���L�H���:KDWHYHU�\RX�WKLQN�IRU\RXUVHOI \RX KDYH� WR� WKLQN� IRU� \RXU� IULHQG��� DQG� �gQFH� L{QH\L� NHQGLQH�� VRQUD� oXYDOG�]�EDúNDV�QD EDW�U���L�H���)LUVWO\�H[SHULHQFH�D�QHHGOH�SXW�LQWR�\RXUVHOI��LI�\RX�DUH�JRLQJ�WR�VWLFN�DQDLO�LQWR�VRPHERG\�HOVH����HWF��2I�FRXUVH��WR�SURYLGH�JXLGDQFH�IRU�DOO�W\SLFDO�OLIH�VLWXDWLRQV�HYHU\QDWLRQ XVHV PRUH�WKDQ�RQH�VXFK�SURYHUE��6RPH�LGHD�DERXW�WKH�PXOWLWXGH�RI�ZD\V� LQ�ZKLFK
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YDULRXV SURYHUEV�H[SUHVV�WKH�VDPH�FRQWHQW�DV�WKH�%RRPHUDQJ�3ULQFLSOH��FDQ�EH�JDLQHG�IURPWKH IROORZLQJ�UHYLHZ�RI�FRPPRQ�VD\LQJV��WKHVH�(QJOLVK�VD\LQJV�DUH�IROORZHG�LQ�EUDFNHWV�E\WKHLU 3ROLVK�HTXLYDOHQWV����$V�\RX�JLYH�VR�VKDOO�\RX�UHFHLYH����1LH�F]\� GUXJLHPX��FR�WRELH�QLHPLáR��� �$V� \RX� PDNH� \RXU� EHG�� VR� \RX� PXVW� OLH� XSRQ� LW�� ��-DN� VRELH� SR�FLHOLV]�� WDN� VL
Z\�SLV]��� �'R�ULJKW�DQG�IHDU�QR�PDQ����1LH�F]\� ]OD�L�QLH�REDZLDM�VL
 QLNRJR�����*RRG�VHHGPDNHV D�JRRG�FURS����-DN� PLDUN� PLHU]\V]��WDN� FL�RGSODF������+RLVW�ZLWK�\RXU�RZQ�SHWDUG���.WR SRG�NLP�GRáNL�NRSLH��VDP�Z�QLH�ZSDGD�����,I�\RX�SOD\�ZLWK�ILUH�\RX�JHW�EXUQW����.WR�LJUD�]RJQLHP��WHQ�RG�RJQLD�JLQLH�����/RYH�EHJHWV�ORYH����'REUR�URG]L�GREUR����HWF���'������1XPHURXV�UHIHUHQFHV�WR�WKH�DFWLRQ�RI�WKH�%RRPHUDQJ�3ULQFLSOH�DUH�FRQWDLQHGLQ�WKH�%LEOH��6RPH�RI�WKHVH�UHIHUHQFHV�VR�LQILOWUDWHG�WKH�HYHU\�GD\�ODQJXDJH��WKDW�WKH\�EHFDPHSRSXODU SURYHUEV��([DPSOHV�RI�WKHVH�DUH�WKH�IROORZLQJ�ELEOLFDO�YHUVHV���+H�ZKR�OLYHV�E\�WKHVZRUG GLHV E\�WKH�VZRUG���VHH�0DWWKHZ����������2QH�UHDSV�ZKDW�RQH�VRZV���VHH�*DODWLDQV������HWF����'����� 7KH� FRQWHQW� RI� WKH� %RRPHUDQJ� 3ULQFLSOH� IRUPV� WKH� PRUDO� IRXQGDWLRQV� RIDOPRVW�HYHU\�UHOLJLRQ��)RU�H[DPSOH�WKH��/DZ�RI�.DUPD��IURP�HDVWHUQ�UHOLJLRQV�LV�DQ�HTXLYDOHQWWR WKH�%RRPHUDQJ�3ULQFLSOH��EXW�ZLWK�DFWLRQ�H[WHQGHG�IDU�EH\RQG�RQH
V�FXUUHQW�OLIHWLPH��$OVRWKH VHW�RI�&KULVWLDQ�FRPPDQGPHQWV��UHSUHVHQWV�DQ�LQWHUSUHWDWLRQ�RI�WKH�%RRPHUDQJ�3ULQFLSOHZKHQ WKLV� LV� DSSOLHG� WR� PRVW� FRPPRQ� OLIH� VLWXDWLRQV�� 7KH� FRPPDQGPHQWV�� LQ� IDFW�� DUHYHUVLRQV RI�WKH�%RRPHUDQJ�3ULQFLSOH��RQO\�IRUPXODWHG�LQ�D�PDQQHU�FRPSUHKHQVLEOH�WR�PHUHPRUWDOV����'����� 7KH�DOLHQV�YLVLWLQJ�RXU�SODQHW�LQ�8)2�YHKLFOHV��NQRZ��UHVSHFW��REH\��DQG�WU\WR FRQYH\� WR�XV�WKH�FRQWHQW�RI� WKH�%RRPHUDQJ�3ULQFLSOH��7KH\�H[SODLQ�WKH�RSHUDWLRQ�RI� WKLV3ULQFLSOH WR�QXPHURXV�SHRSOH�DEGXFWHG�RQWR�8)2�GHFNV��%HORZ�LV�TXRWHG�DQ�H[WUDFW�IURP�DUHSRUW XQGHU� K\SQRVLV�� JLYHQ� E\� D� FLWL]HQ� RI� 1HZ� =HDODQG� DEGXFWHG� RQ� D� 8)2� GHFN� LQ'HFHPEHU ����� IRU� D� PHGLFDO� H[DPLQDWLRQ� �D� ZULWWHQ� FRS\� RI� WKLV� UHSRUW� LV� SURYLGHG� LQDSSHQGL[�=���VHH�SKUDVH�1��������:+$7(9(5 <28�'2�FRPHV�EDFN�WR�\RX�EHFDXVH�\RX��\RXU�EUDLQ�ZRUNV�LQ�D�FHUWDLQZD\ DQG�ZKHQ�LW�JLYHV�RXW� LWV�ZRUN�� LW� ����SXWV�\RXU�EUDLQ�LQ�D�FHUWDLQ�RUGHU�RU�SDWWHUQ�ZKLFKPHDQV WKDW�LW
V� LW�LV�RSHQ�WR�UHFHLYH�WKH�VDPH�W\SH�RI�WKLQJ�WKDW�\RX�DFWXDOO\�PDGH�\RXU�EUDLQJLYH�RXW��6R�WKHUHIRUH�LI�\RX�PDNH�\RXU�EUDLQ�JLYH�RXW�JRRG�WKLQJV�\RX
OO�PDNH�\RXU�EUDLQ�EH�LQWKH�ULJKW�SDWWHUQ�WR�EULQJ�LQ�JRRG�WKLQJV��1RWLFH WKDW�WKH�DERYH�TXRWDWLRQ�LQGLUHFWO\�FRQILUPV�WKH�FRUUHFWQHVV�RI�WKH�PRGHO�RI�WKHEUDLQ�DV�DQ�LQSXW�RXWSXW�GHYLFH��FRPSDUH�DOVR�VXEVHFWLRQ�'���
'������&RQVLVWHQF\���WKH�PHDVXUH�RI�LQWHOOHFWXDO�SHUIHFWLRQ
7KH WHUP�FRQVLVWHQF\�LV�GHILQHG�DV��FRQIRUPLQJ�WR�D�VLQJOH�VHW�RI�XQLYHUVDO�SULQFLSOHV��:KHQ DQDO\VLQJ�WKLV�WHUP�LW�EHFRPH�REYLRXV�WKDW�LW�H[SUHVVHV�WKH�DEVWUDFW�HVVHQFH�RI�0RUDO/DZV��UHDOLW\��HWF�&RQVLVWHQF\ LQFRUSRUDWHV� DOO� WKH� DWWULEXWHV� RI� LQWHOOHFW�� 6RPHRQH� ZKR� LV� FRQVLVWHQWPXVW�DOVR�EH��LQWHOOLJHQW��ZRUWK�WUXVW��GHSHQGDEOH��FRPPXQLFDWLYH��HWF�&RQVLVWHQF\�FDQ�EH�TXDQWLILHG��,W�LV�SRVVLEOH�WR�ZRUN�RXW�D�WHVW�ZKLFK�ZRXOG�UHYHDO�KRZFRQVLVWHQW D� SDUWLFXODU� SHUVRQ� LV�� 6XFK� D� WHVW� ZRXOG� EH� D� PHDVXUH� RI� KLV�KHU� LQWHOOHFWXDOSHUIHFWLRQ� 7KH� FRQVLVWHQF\� WHVW�ZRXOG� SUREDEO\� EH� D�PXFK� EHWWHU�PHDVXUH� RI� LQWHOOHFWXDOSHUIHFWLRQ�IURP�FRQWHPSRUDU\�,4�FRHIILFLHQW�
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7KH QHHG IRU�FRQVLVWHQF\�LV�SHUPDQHQWO\�EXLOG�LQWR�RXU�PLQGV��:H�VHHN�LW�HYHU\ZKHUHDQG IURP�HYHU\RQH��DOWKRXJK�QRW�DOZD\V�ZH�DUH�DZDUH�RI� WKLV��$OO� IRUPV�RI�RXU� LQWHOOHFWXDOSURJUHVV�DUH�H[SUHVVHG�LQ�WKH�LQFUHDVH�RI�RXU�FRQVLVWHQF\�
'����([SHULPHQWDO�FRQILUPDWLRQV�RI�WKH�H[LVWHQFH�RI�WKH�FRXQWHU�ZRUOG
7KH GHGXFWLRQV�DQG�HYLGHQFH�SUHVHQWHG� LQ� WKH�SUHYLRXV�VXEVHFWLRQV�RI� WKLV�FKDSWHUVHHP WR�SURYLGH�VXIILFLHQW� UDWLRQDOH�IRU� UHPRYLQJ�DOO�SRVVLEOH�GRXEWV� WKDW� WKH�FRXQWHU�ZRUOGH[LVWV��%XW�IRU�VFLHQWLILF�H[DFWLWXGH�LW�LV�DOVR�QHFHVVDU\�WR�GHVLJQ�DQG�FRPSOHWH�VRPH�REMHFWLYHH[SHULPHQWV ZKLFK� FRXOG� SURYH� WKLV� IRUPDOO\�� )URP� D� YDVW� QXPEHU� RI� SURSHUWLHV� RI� WKHFRXQWHU�ZRUOG ZKLFK�FRXOG�EH�XVHG�IRU�VXFK�H[SHULPHQWV�RQO\�WKHVH�ZLOO�EH�FRQVLGHUHG�KHUH�ZKLFK FDQ�EH�GHWHFWHG�E\�HYHU\�SHUVRQ��LQFOXGLQJ�SHRSOH�KDYLQJ�QR�SUHYLRXV�LQWHUHVW�LQ�WKLVNLQG�RI�SKHQRPHQD�7KH�PRVW�VLPSOH��REMHFWLYH��DQG�IXOO\�UHSHWLWLYH�H[SHULPHQWV�SURYLQJ�WKH�H[LVWHQFH�RI�WKHFRXQWHU�ZRUOG FDQ�EH�EDVHG�RQ�WKH�3RVWXODWH�RI�,QWHUFKDQJLQJ�7KHUPDO�(QHUJ\��GHVFULEHG�LQVXEVHFWLRQ '���,W�LV�ZHOO�NQRZQ�IURP�SK\VLFV�WKDW�HYHU\�ZRUN�FRPSOHWHG�LQ�WKH��RXU��ZRUOG�RIKDUGZDUH�PXVW�REH\�WKH�&RQVHUYDWLRQ�RI�(QHUJ\�3ULQFLSOH��L�H��WKH�FRPSOHWLRQ�RI�SK\VLFDO�ZRUNPXVW�DOZD\V�LQYROYH�WKH�FRQVXPSWLRQ�RI�HQHUJ\���%XW�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\ VWDWHV�WKDWDIIHFWLQJ�WKH�PDWWHU�WKURXJK�LQWURGXFLQJ�VRPH�WHOHNLQHWLF�FKDQJHV�LQWR�FRQILJXUDWLRQV�IURP�WKHFRXQWHU�ZRUOG �VHH�WKH��WHOHNLQHWLF��PDQQHU�RI�LQWURGXFLQJ�FKDQJHV�LQWR�RXU�ZRUOG��GHVFULEHGLQ VXEVHFWLRQ�'���GRHV�QRW�FRQVXPH�DQ\�HQHUJ\��LQ�LWV�SK\VLFDO�XQGHUVWDQGLQJ��7KLV�PHDQVWKDW�WKH�HQHUJ\�UHTXLUHPHQW�IRU�VXFK�WHOHNLQHWLFDOO\�FDXVHG�ZRUNV�PXVW�EH�VRPHKRZ�VDWLVILHGWKURXJK LWV�H[FKDQJH�ZLWK�WKH�HQYLURQPHQW��7KHUHIRUH�HYHU\�WHOHNLQHWLF�ZRUN�PXVW�FDXVH�WKHFRQYHUVLRQ RI� WKHUPDO� HQHUJ\� RFFXUULQJ� DORQJ� WKH� SDWKV� RI� WKH� DIIHFWHG� REMHFWV�� 6XFK� DFRQYHUVLRQ LQ� WXUQ� PXVW� UHVXOW� LQ� WZR� SK\VLFDO� HIIHFWV� GHWHFWDEOH� IRU� RXU� FRQWHPSRUDU\LQVWUXPHQWV� L�H������D�WHPSHUDWXUH�FKDQJH��DQG�����DQ��H[WUDFWLRQ�JORZ��RU�D��GLVSHUVLRQJORZ�� $� ILUVW� VHW� RI� H[SHULPHQWV� LQYROYLQJ� WKHVH� WZR� HIIHFWV� ZDV� DOUHDG\� GHVFULEHG� LQVXEVHFWLRQ�&���'LVFXVVHG�EHORZ�LV�WKHLU�PRUH�SRSXODU�YHUVLRQ�7KH RQO\�IRUP�RI�HQHUJ\�ZKLFK�LV�DYDLODEOH�HYHU\ZKHUH�DQG�ZKLFK�WKHUHIRUH�ZLOO�EH�WKHVXEMHFW RI� WHOHNLQHWLF� FRQYHUVLRQ�� LV� WKHUPDO� HQHUJ\�� 7KHUPDO� HQHUJ\� FDQ� EH� H[WUDFWHG� RU\LHOGHG�DFFRUGLQJ�WR�WKH�W\SH�RI�WHOHNLQHWLF�DFWLRQ�WKDW�FRQYHUVH�LW��$V�D�UHVXOW��WKH�WHPSHUDWXUHRI�WKH�DIIHFWHG�DUHD�ZLOO�GURS�RU�ULVH��7KHUH�DUH���W\SHV�RI�WHOHNLQHWLF�DFWLRQV��7KHVH�DUH�FDOOHGKHUH� ���� WHOHNLQHWLF�ZRUN�� DQG� ���� WHOHNLQHWLF� UHOHDVH��7HOHNLQHWLF�ZRUN�GHSHQGV�RQ�VKLIWLQJREMHFWV�DJDLQVW�DQ\�QDWXUDO�IRUFH�VXFK�DV�JUDYLW\��L�H��DQ�REMHFW�LV�OLIWHG���HODVWLFLW\��L�H��DQ�REMHFWLV EHQW���EXR\DQF\��L�H��DQ�REMHFW�VLQNV��� IULFWLRQ��HWF���7KHUHIRUH�WHOHNLQHWLF�ZRUN�FRQVXPHVHQHUJ\ ZKLFK� PXVW� EH� H[WUDFWHG� IURP� WKH� HQYLURQPHQW�� 7KLV� NLQG� RI� DFWLRQ� FDXVHV� WKHWHPSHUDWXUH RI� WKH�HQYLURQPHQW� WR�GURS��7HOHNLQHWLF�UHOHDVH�GHSHQGV�RQ�PRYLQJ�REMHFWV� LQOLQH ZLWK�D� IRUFH��L�H��DQ�REMHFW� LV�SXW�GRZQ��H[SDQGV��HWF����7HOHNLQHWLF�UHOHDVH�SURGXFHV�DWKHUPDO HQHUJ\� ZKLFK� WKHUHIRUH� ZLOO� UDLVH� WKH� HQYLURQPHQWDO� WHPSHUDWXUH�� 7KHUH� DUH� DOVRH[DPSOHV RI� WHOHNLQHWLF� DFWLRQV� �XVXDOO\� D� F\FOLF� QDWXUH� ZKLFK� FRPSULVHV� ERWK�� ZRUN� DQGUHOHDVH��ZKRVH�WRWDO�HIIHFW�ZLOO�EH�QHXWUDO��VR�LW�ZLOO�QRW�DIIHFW�WKH�WHPSHUDWXUH�DW�DOO��([DPSOHVRI VXFK� QHXWUDO� ZRUNV� DUH�� WKH� VZLQJLQJ� RI� D� VXVSHQGHG� REMHFW�� EHQGLQJ� DQG� WKHQVWUDLJKWHQLQJ�D�9�VKDSHG�GLYLQLQJ�URG��DQ�LGOH�UXQQLQJ�RI�D�WHOHNLQHWLF�PRWRU��WKH�FRQVXPSWLRQRI KHDW�UHVXOWLQJ�IURP�WKH�FRPSOHWLRQ�RI�D�WHOHNLQHWLF�ZRUN�ZLOO�EH�FRPSHQVDWHG�KHUH�E\�WKHSURGXFWLRQ�RI�KHDW�UHVXOWLQJ�IURP�WKH�IULFWLRQ���HWF�,W VKRXOG�EH�VWUHVVHG�WKDW�LI�WHOHNLQHWLF�SKHQRPHQD�RSHUDWH�DFFRUGLQJ�WR�WKH�&RQFHSW
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RI�'LSRODU�*UDYLW\�WKHQ�WKH�FRQYHUVLRQ�RI�WKHUPDO�HQHUJ\�GHVFULEHG�DERYH�PXVW�RFFXU��2Q�WKHRWKHU KDQG QR�GLIIHUHQW�H[SODQDWLRQ�IRU�SV\FKLF�DELOLWLHV�SURYLGHV�D� WKHRUHWLFDO�EDVH�IRU� WKLVKHDW FRQYHUVLRQ�� 7KHUHIRUH� WKH� H[SHULPHQWDO� FRQILUPDWLRQ� WKDW� VXFK� FRQYHUVLRQ� LQ� IDFWDSSHDUV��ZLOO�DOVR�UHSUHVHQW�D�IRUPDO�SURRI�IRU�WKH�H[LVWHQFH�RI�WKH�FRXQWHU�ZRUOG��7R�FRPSOHWHWKLV�W\SH�RI�H[SHULPHQWV��D�VLJQLILFDQW�WHOHNLQHWLF�ZRUN�VKRXOG�EH�GRQH�ZLWKLQ�D�VPDOO��WKHUPDOO\LQVXODWHG VSDFH��7KXV�WKH� WHPSHUDWXUH�FKDQJH�FRXOG�EH�PHDVXUHG�DQG�WKH�REH\LQJ�RI� WKH&RQVHUYDWLRQ�RI�(QHUJ\�3ULQFLSOH�FRXOG�EH�FKHFNHG��/HW�XV�KRSH�WKDW�WKHVH�RI�WKH�UHDGHUV�ZKRVWLOO KDYH�VRPH�GRXEWV�DERXW�WKHRULHV�SUHVHQWHG�LQ�WKLV�FKDSWHU�DUH�DEOH�WR�FRPSOHWH�VXFK�DQH[SHULPHQW�DQG�H[SHULHQFH�LQ�SHUVRQ�WKH�DVWRQLVKLQJ�UHVXOWV�,Q RUGHU�WR�JLYH�KHUH�VRPH�LGHD�DV�WR�KRZ�WKLV�W\SH�RI�H[SHULPHQW�VKRXOG�ORRN�OLNH��OHWXV EULHIO\� UHYLHZ� LWV� FRXUVH� LI� FRPSOHWHG� ZLWK� WKH� XVH� RI� D� ELRORJLFDO� WHOHNLQHVLV�� )LUVWO\� DVXEMHFW ZKR� LV� DEOH� WR� FRPSOHWH� D� VLJQLILFDQW� WHOHNLQHWLF�ZRUN� QHHGV� WR� EH� IRXQG�� 6XFK� DVXEMHFW VKRXOG�EH�DEOH�WR�HLWKHU�WHOHNLQHWLFDOO\�OLIW�XSZDUGV�KHDY\�IXUQLWXUH��H�J��ZDUGUREHV��OLNH�0LVV�-RDQQD�*DMHZVND�RI�6RVQRZLHF��3RODQG���RU�FDXVH�VXFK�IXUQLWXUH�WR�PRYH�IURP�RQHSODFH WR�RWKHU�OLNH�LW�GRHV�0UV��-DQ�6HDUOH�RI�5RVV��:HVW�&RDVW��6RXWK�,VODQG��1HZ�=HDODQG��7KHQ LW LV�VXIILFLHQW�WR�HLWKHU�MXVW�VXEMHFWLYHO\�H[SHULHQFH�WKH�WHPSHUDWXUH�GURS�WKDW�ZLOO�RFFXULQ WKH� URRP�� RU� HYHQ� PHDVXUH� WKLV� GURS� ZLWK� VRPH� VHQVLWLYH� LQVWUXPHQWV�� (YHQ� LI� WKHWHPSHUDWXUH LV�QRW�PHDVXUHG��IRU�D�VLJQLILFDQW�WHOHNLQHWLF�ZRUN�EHLQJ�GRQH��DOO�H\H�ZLWQHVVHVSUHVHQW LQ�WKH�URRP�ZLOO�QRWLFH�D�VLJQLILFDQW�WHPSHUDWXUH�GURS��UHDFKLQJ�DOPRVW�IUHH]LQJ�OHYHO�7KH�FRQYHUVLRQ�RI�WKHUPDO�HQHUJ\�E\�WHOHNLQHWLF�DFWLRQ�ZLOO�DOVR�FDXVH�WR�DSSHDU�DQRWKHUSDLU�RI�HIIHFWV�FDOOHG�KHUH�DQ�H[WUDFWLRQ�JORZ�DQG�D�GLVSHUVLRQ�JORZ��,I�ZH�UDSLGO\�GHFUHDVH�WKHDPRXQW RI�HQHUJ\�FRQWDLQHG�ZLWKLQ�DQ�DWRP��LWV�HOHFWURQV�PXVW�IDOO�IURP�KLJKHU�RUELWV�WR�ORZHURQHV� 7KLV��DFFRUGLQJ�WR�TXDQWXP�SK\VLFV��PXVW�LQ�WXUQ�FDXVH�WKH�HPLVVLRQ�RI�SKRWRQV��6XFKDQ HPLVVLRQ�VKRXOG�EH�REVHUYDEOH�DV�D�NLQG�RI�VXEWOH��ZKLWH�JORZ��FDOOHG�KHUH�WKH�H[WUDFWLRQJORZ� 7KHUHIRUH�HYHU\�WHOHNLQHWLF�DEVRUSWLRQ�RI�WKHUPDO�HQHUJ\�VKRXOG�EH�DFFRPSDQLHG�E\�DQH[WUDFWLRQ�JORZ�WKDW�VKRXOG�EH�GHWHFWDEOH�RQ�D�VHQVLWLYH�SKRWRJUDSKLF�ILOP��7R�GHWHFW�WKLV�JORZ�LW VXIILFH�WR�WDNH�D�SKRWR�LQ�WKH�GDUN�RI�D�WHOHNLQHWLFDOO\�PRYHG�REMHFW�ZKLFK�FRPSOHWHV�VRPHZRUN��L�H��DFWV�DJDLQVW�D�IRUFH���%\�XVLQJ�DQ�LQIUD�UHG�FDPHUD�WKH�LQWHQVLILFDWLRQ�RI�HIIHFWV�FRXOGEH�DFKLHYHG��EXW�DOVR�WKH�LQWHUSUHWDWLRQ�RI�UHVXOWV�EHFRPH�PRUH�GLIILFXOW��,I�WKH�WLPH�RI�H[SRVXUHLV ORQJ�HQRXJK��WKH�REMHFW� LV�DEOH�WR�FURVV�WKURXJK��DQG�WR�DIIHFW�D� ODUJHU�DUHD��PDNLQJ�WKHJORZ PRUH�HYLGHQW��1RWH��WKDW�H[WUDFWLRQ�JORZ�VKRXOG�EH�DOVR�PDQLIHVWHG�LQ�FDVHV�ZKHUH�WKHWRWDO WKHUPDO�HIIHFW� LV�QHXWUDO��7KLV�JLYHV�D� IOH[LELOLW\�DERXW� WKH�NLQG�RI�PRYHG�REMHFWV� WR�EHVHOHFWHG IRU�H[SHULPHQW��)RU�H[DPSOH�VXFK�IUHTXHQWO\�XVHG�WHOHNLQHWLF�REMHFWV�DV�9�VKDSHGGLYLQLQJ URGV�FDQ�DOVR�EH�XVHG�IRU�WKH�GHWHFWLRQ�RI�WKH�H[WUDFWLRQ�JORZ��3UDFWLFDOO\�WKLV�PHDQVWKDW�ERWK��WKH�HTXLSPHQW��L�H��D�FDPHUD�DQG�ILOP��DQG�WKH�REMHFW�RI�H[SHULPHQW�DUH�QRW�GLIILFXOWWR�ILQG�7KH H[WUDFWLRQ� JORZ� LV� SURGXFHG� RQO\� GXULQJ� WHOHNLQHWLF� ZRUN�� $� WHOHNLQHWLF� UHOHDVHSURGXFHV DQRWKHU�NLQG�RI�JORZ��ZKLFK�LV�FDOOHG�KHUH�D�GLVSHUVLRQ�JORZ��7KH�GLVSHUVLRQ�JORZLV JUHHQLVK�LQ�FRORXU��ZKHUHDV�WKH�H[WUDFWLRQ�JORZ�LV�ZKLWH��8QIRUWXQDWHO\�FDVHV�RI�WHOHNLQHWLFPRWLRQ�ZKLFK�SURGXFH�GLVSHUVLRQ�JORZ�DUH�YHU\�GLIILFXOW�WR�REWDLQ�1RWLFH�WKDW�WKH�PRUH�HQHUJ\�LV�FRQYHUWHG�GXULQJ�D�SDUWLFXODU�WHOHNLQHWLF PRWLRQ��WKH�PRUHSRZHUIXO LV� WKH�HPLVVLRQ�RI� WKH�H[WUDFWLRQ�RU�GLVSHUVLRQ�JORZ��7KHUHIRUH�� LQ�RUGHU� WR�REWDLQVSHFWDFXODU SKRWRJUDSKV�RI�WKH�H[WUDFWLRQ�JORZ��D�SRZHUIXO�WHOHNLQHWLF�SKHQRPHQD�VKRXOG�EHSKRWRJUDSKHG��H�J��OLIWLQJ�YHU\�KHDY\�REMHFWV��7KH DXWKRU� KDV� DOUHDG\� FRPSOHWHG� VRPH� SUHOLPLQDU\� H[SHULPHQWV� FRQFHUQLQJ� WKHUHJLVWUDWLRQV�RI�WKH�H[WUDFWLRQ�JORZ��+H�KDV�DOUHDG\�WDNHQ�QXPHURXV�SKRWRJUDSKV�RI�WKLV�JORZ�$OWKRXJK WKH� DXWKRU
V� SKRWRJUDSKV� DUH� QRW� VSHFWDFXODU� HQRXJK� WR� FRQYLQFH� VFHSWLFV�� WKH\
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VXIILFHG WR�UHDVVXUH�KLP�WKDW� WKH�GLVFXVVHG�SURRI� LV�HDVLO\�DFKLHYDEOH��0RUHRYHU��UHYLHZLQJQXPHURXV ERRNV� RQ� SDUDQRUPDO� SKHQRPHQD� �H�J�� GRZVLQJ�� SV\FKRNLQHVLV�� KH� KDV� IRXQGSKRWRJUDSKV WDNHQ�E\�RWKHU�SHRSOH��ZKLFK�DOVR�SHUIHFWO\�LOOXVWUDWH�WKH�H[WUDFWLRQ�JORZ��6RPHPRUH�VSHFWDFXODU�RI�WKHVH�SLFWXUHV�DUH�VKRZQ�LQ�)LJXUHV�'��DQG�'��,I UHDGHUV� DUH� LQWHUHVWHG� WR� ILQG� H[DPSOHV� RI� WHOHNLQHWLF� ZRUN� ZKLFK� SURGXFHV� WKHUHJLVWUDEOH H[WUDFWLRQ�JORZ�� LQ�VXEVHFWLRQ�&�� OLVWHG�DUH� WKH�PRVW� IUHTXHQW�VRXUFHV�� ,Q�RUGHUWR FKHFN�RQ�WKH�VWDWLVWLFDO�DYDLODELOLW\�RI�WKHVH�VRXUFHV��LQ�'HFHPEHU������WKH�DXWKRU�WRRN�WKHRSSRUWXQLW\ GXULQJ�KLV�YDFDWLRQ�WULS�DURXQG�WKH�6RXWK�,VODQG�RI�1HZ�=HDODQG�WR�GHWHUPLQH�DGLVWULEXWLRQ RI�SHRSOH�ZKR�KDYH�PDVWHUHG�VRPH�NLQG�RI�SV\FKRNLQHVLV��7KH�LQVWDQFHV�ZHUHXQH[SHFWHGO\ KLJK��6WDWLVWLFDOO\�RQH�VXFK�SHUVRQ�ZDV�IRXQG�SHU�DERXW���������FLWL]HQV�OLYLQJLQ�WKH�DUHDV�VHDUFKHG��$QG�WKH�VHDUFK ZDV�UDWKHU�EULHI��KDVW\�DQG�FRPSOHWHG�RQO\�DV�D�KREE\�0RVW RI� WKH� FDVHV� ZHUH� GRZVHUV� XWLOL]LQJ� D� 9�VKDSHG� GLYLQLQJ� URG�� EHQW� LQ� WKH� WHOHNLQHWLFPDQQHU� 7KH�SV\FKLF� IRUFHV� FUHDWHG�E\� VRPH�RI� WKHP�DPRXQWHG�HYHQ� WR�DQ�HTXLYDOHQW�RIDERXW ��NLORJUDP�RI�PDVV�VXVSHQGHG�RQ�WKH�HQG�RI�WKHLU�URGV��)RU�H[DPSOH�0U��'HVPRQG�:�6FDUOHWW �)RUUHVW�'RZQV��&DWWOH�9DOOH\��)DLUOLH��1HZ�=HDODQG��DV�D�GLYLQLQJ�URG�XVHV�D�VWURQJFORFN VSULQJ�� ZKLFK�� LQ� WKH� SRVLWLRQ� LQGLFDWLQJ� D� �ILQG��� LV� EHQW� GRZQ� ZLWK� D� IRUFH� RIDSSUR[LPDWHO\ WKLV�UDQJH��'LIIHUHQW�H[DPSOHV�RI�WHOHNLQHVLV�ZHUH�DOVR�UHYHDOHG��)RU�H[DPSOH0U��5LFKDUG�6LPSVRQ�RI�7RUTXD\�7HF���+DPQHU�6SULQJV��1�=���E\�H[HUFLVLQJ�WKH�VWUHQJWK�RI�KLVPLQG FDXVHV�VXVSHQGHG�REMHFWV�WR�VZLQJ��7R�VXPPDUL]H�WKH�DXWKRU
V�ILQGLQJV�LQ�WKH�IRUP�RID PHVVDJH�IRU�WKH�UHDGHU���8QOHVV�\RX�OLYH�RQ�D�VSDUVHO\�SRSXODWHG�DUHD��WKHUH�LV�PLQLPXPRQH�SHUVRQ�ZLWK�WHOHNLQHWLF�DELOLWLHV�OLYLQJ�QRW�IXUWKHU�WKHQ����NLORPHWUHV�IURP�\RXU�KRPH��7KXV�WR�UHJLVWHU�WKH�H[WUDFWLRQ JORZ��\RX�RQO\�QHHG�WR�ILQG�WKLV�SHUVRQ�DQG�WR�SKRWRJUDSK�WKH�HIIHFWVRI�KLV�KHU�WHOHNLQHWLF�DFWLRQV��� ��:H VHHP�WR�EH�EXLOW�LQ�WKDW�ZD\�WKDW�ZH�GRQ
W�DFFHSW�D�WKHRUHWLFDO�&RQFHSW�XQWLO�ZH�SURYHLWV FRUUHFWQHVV�WR�RXUVHOYHV��3URRIV�VXSSOLHG�E\�RWKHU�SHRSOH�XVXDOO\�GR�QRW�FRQYLQFH�XV��,WZDV GHWHUPLQHG�DW�WKH�EHJLQQLQJ�RI�WKLV�VXEVHFWLRQ�WKDW�WKH�SKRWRJUDSKLF�UHJLVWUDWLRQ�RI�WKHH[WUDFWLRQ JORZ�UHSUHVHQWV�RQH�H[DPSOH�RI� WKH�FRQFOXVLYH�SURRIV� WKDW� WKH�FRXQWHU�ZRUOG�GRH[LVW��7KHUHIRUH��WKLV�ILQDO�SDUW�RI�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�ZDV�WR�VKRZ�WKDW�HYHU\RQH�FDQREWDLQ VXFK�D�SURRI��6LQFH�WKH�REMHFWLYHV��VXEMHFWV��DQG�WKH�ZD\V�RI�DFKLHYLQJ�WKLV�SURRI�DUHFOHDUO\ GHILQHG�� LW� OLHV� LQ�WKH�KDQGV�RI�UHDGHUV�WR�DFFRPSOLVK�WKLV�EUHDNWKURXJK�LQWR�DQRWKHUZRUOG� $V�WKH�SUREOHP�LV�DOPRVW�XQWRXFKHG��HYHU\RQH�KDV�DQ�RSSRUWXQLW\�WR�DOVR�FRQWULEXWHLQWR�SHUKDSV�DQ�LPSRUWDQW�GLVFRYHU\��6R�ZK\�QRW�WU\�LW"
'����7R�FRQFOXGH
$V�LW�LV�VKRZQ�LQ�WKLV�FKDSWHU��WKH�UHFRJQLWLRQ�RI�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�ZLOO�KDYHHQRUPRXV LPSDFW� RQ� DOPRVW� HYHU\� DVSHFW� RI� RXU� OLYHV�� 0RVW� GLVFLSOLQHV� ZLOO� EH� DIIHFWHG�LQFOXGLQJ WKRVH�SUHVHQWO\�FRQVLGHUHG�WR�EH�XQUHODWHG�WR�JUDYLW\��H�J��UHOLJLRQ��PHGLFLQH��H�J�MXVWLILFDWLRQ�IRU�DFXSXQFWXUH��SV\FKLF�KHDOLQJ��HWF����SDUDSV\FKRORJ\��SKLORVRSK\��HWF�7KH &RQFHSW�RI�'LSRODU�*UDYLW\�� LQ�VSLWH�RI� LWV�FODULW\�� UDWLRQDOLW\��DQG�DOO�HYLGHQFH� LQVXSSRUW� VHHPV�WR�EH�DFFHSWHG�ZLWK�JUHDW�GLIILFXOW\�E\�FRQWHPSRUDU\�VFLHQWLVWV��7KLV�LV�TXLWHXQGHUVWDQGDEOH� DV� WKH� &RQFHSW� GHVWUR\V� SUHVHQW� YLHZV� RI� UHDOLW\� ZKLFK� VFLHQFH� KDVIRUPXODWHG VR�ODERULRXVO\��7KXV��LW� LV�SUHGLFWDEOH�WKDW�QRW�DOO� WKH�HYLGHQFH�DQG�H[SODQDWLRQVSUHVHQWHG LQ�WKLV�FKDSWHU�ZLOO�JDLQ�LQVWDQW�UHFRJQLWLRQ��DQG�VRPH�RI�WKHP�ZLOO�EH�VXEMHFWHG�WR
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ZHOO RUJDQL]HG� FULWLFLVP� �SUHVHQW� VFLHQFH� LV� VR� DGYDQFHG� WKDW� DQ� DSSURSULDWHO\� PRWLYDWHGVFLHQWLVW FDQ�SXW�LQ�GRXEW�HYHQ�WKH�EHVW�LGHD�RU�WKH�VWURQJHVW�GRFXPHQWHG�HYLGHQFH���%XW�IRUWKRVH ZKR� DUH� SUHSDUHG� WR� DFFHSW� QHZ� LGHDV�� WKH� &RQFHSW� RI� 'LSRODU� *UDYLW\� SURYLGHV� DFRQFHSWXDO IRXQGDWLRQ��VXSSRUWHG�E\�D�VROLG�ERG\�RI�HYLGHQFH��WR�LQLWLDWH�KLV�KHU�LQGHSHQGHQWLQYHVWLJDWLRQV� 7KXV��WKH�NH\�WKDW�RSHQV�RXU�DFFHVV�WR�D�FRPSOHWHO\�QHZ�ZRUOG�ILQDOO\�VHHPVWR�KDYH�EHHQ�IRXQG��1RZ�LW�LV�HYHU\RQH
V�UHVSRQVLELOLW\��KRZ�WKLV�NH\�ZLOO�EH�SXW�WR�XVH��



)LJ� '���0U� $ODQ� 3ODQN� ZLWK� WKH� SXPS� KH� LQYHQWHG DQG� GHVLJQHG� E\� WKH� PHDQV� RI� DSHQGXOXP�DVVLVWHG�(63�WHFKQLTXH��+H�UHDG�DOO�WKH�WHFKQLFDO�GHWDLOV�RI�WKLV�SXPS�GLUHFWO\�IURPWKH HWKHU� E\� ILQGLQJ� DQG� DFFHVVLQJ� WKH� UHJLVWHU� WKDW� WKLV� GHYLFH� SRVVHVVHV� LQ� WKHFRXQWHU�ZRUOG� 7KHUH� LV�D�KLJK�FKDQFH� WKDW� VFLHQWLILFDOO\� UHOLDEOH� WHFKQLTXHV�RI� LQVWUXPHQWDO(63 ZLOO� VRRQ� EH� GHYHORSHG�� ZKLFK� ZLOO� RSHQ� WKH� FRPPHUFLDO� DSSOLFDWLRQV� IRU� WKH� (63SURFHGXUH�GLVFRYHUHG�E\�0U�3ODQN��3�2��%R[�������,QYHUFDUJLOO��1HZ�=HDODQG���,Q�VXFK�UHOLDEOH(63 WHFKQLTXHV��HOHFWURQLF�GHYLFHV�VLPLODU�WR��OLH�GHWHFWRUV��FRXOG�SUREDEO\�UHSODFH�GLYLQLQJSHQGXOXPV��$IWHU�WKLV�QHZ�PDQQHU�RI�JDWKHULQJ�WHFKQLFDO�LQIRUPDWLRQ�LV�PDVWHUHG��RXU�SUHVHQWZD\ RI� LQWURGXFLQJ�QHZ�VWHSV�RI� WHFKQLFDO�SURJUHVV�FRXOG�EH�FRPSOHWHO\�UHYROXWLRQL]HG��)RUH[DPSOH WKH� WLPH�FRQVXPLQJ� ODERUDWRU\�H[SHULPHQWV�DQG�H[SHQVLYH�UHVHDUFK�RI�SURWRW\SHVFRXOG�WKHQ�EH�UHSODFHG�E\�UHDGLQJ�RXW�IURP�WKH�HWKHU�DOO�WKH�QHFHVVDU\�WHFKQLFDO�GHWDLOV�DERXWWKH EHVW� FRPSOHWHG� YHUVLRQ� RI� D� GHYLFH�� 7KXV�� LQWURGXFLQJ� QHZ� LQYHQWLRQV� FRXOG� EH� OHVVH[SHQVLYH��IDVWHU��DQG�PRUH�GHSHQGDEOH�WKDQ�DW�SUHVHQW�



)LJ� '��� $� WHFKQLTXH� IRU� GHYHORSLQJ� WKH� 12� DQG� <(6� DQVZHU� VLJQDOV� LQ� WKHSHQGXOXP�DVVLVWHG�(63��D� $�12�DQVZHU� LV� LQWHUSUHWHG�KHUH�DV�WKH�SHQGXOXP�VZLQJLQJ� LQ�D�VWUDLJKW� OLQH��7RLQGXFH WKLV�VLJQDO�D�ELR�ILHOG�DFFRPSDQ\LQJ�WKH�IORZ�RI�EORRG�WKURXJK�RXU�YHLQV�LV�XWLOL]HG��,IZH�VXVSHQG�WKH�SHQGXOXP�DERYH�WKH�YHLQV�LQ�WKH�ZULVW�RI�RXU�OHIW�KDQG�LW�VRRQ�VWDUWV�VZLQJLQJDORQJ WKH�GLUHFWLRQ�RI�WKH�EORRG�IORZ��,I�ZH�FKDQJH�WKH�DQJOH�RI�WKH�OHIW�KDQG��WKH�SODQH�RI�WKHSHQGXOXP
V�VZLQJLQJ�ZLOO�DGMXVW�WR�WKLV�QHZ�GLUHFWLRQ�RI�RXU�YHLQV��1RWLFH�WKDW�WKHUH�LV�D�FHUWDLQOHQJWK�RI�WKUHDG��ZKLFK�LQGXFHV�WKH�VRRQHVW�DQG�WKH�PRVW�YLJRURXV�VZLQJLQJ�RI�WKH�SHQGXOXP�,W VHHPV�WKDW��IRU�WKLV�OHQJWK�WKH�IUHTXHQF\�RI�WKH�SHQGXOXP
V�RVFLOODWLRQ�LV�LQ�UHVRQDQFH�ZLWKWKH�IUHTXHQF\�RI�RXU�YLEUDWLRQ��GLIIHUHQW�IRU�HYHU\�SHUVRQ���:H�VKRXOG�WU\�WR�ILQG�WKLV�OHQJWK�DQGWKHQ�KROG�WKH�SHQGXOXP�DFFRUGLQJ�WR�LW��E��$�<(6�DQVZHU�LV�LQWHUSUHWHG�KHUH�DV�WKH�PRYHPHQW�RI�WKH�SHQGXOXP�LQ�D�FORFNZLVHGLUHFWLRQ� 7R�LQGXFH�WKLV�VLJQDO�D�FKDQJH�LQ�ELR�SRWHQWLDOV�DSSHDULQJ�EHWZHHQ�WKH�WKXPE�DQGWKH IRUHILQJHU�RI�RXU� OHIW�KDQG� LV�XWLOL]HG�� ,I�ZH� IRUP�D�8�VKDSH�ZLWK� WKHVH�ILQJHUV�DQG� WKHQVXVSHQG WKH� SHQGXOXP� LQ� WKH�PLGGOH�� LW� VKRXOG� EHJLQ� WR� FLUFXODWH� LQ� D� FORFNZLVH� GLUHFWLRQ�1RWLFH WKDW� IRU� VRPH� SHRSOH� WKH� VDPH� FRQILJXUDWLRQ� RI� KDQGV� PD\� SURGXFH� DFRXQWHU�FORFNZLVH�FLUFXODWLRQ�RI�WKH�SHQGXOXP��7KHVH�SHRSOH�VKRXOG�DOVR�DFFHSW�WKH�REWDLQHGVLJQDO�DV�D�<(6�DQVZHU�



)LJ��'���$�WKUHH�GLPHQVLRQDO�PDS�VKRZLQJ�D�ZHGJH�RI�WKH�8QLYHUVH��7KLV�PDS�ZDV�SUHSDUHGDW WKH�&HQWUH�IRU�$VWURSK\VLFV��+DUYDUG�&ROOHJH�2EVHUYDWRU\�DQG�6PLWKVRQLDQ�$VWURSK\VLFDO2EVHUYDWRU\��E\�0DUJDUHW�-��*HOOHU��-RKQ�3��+XFKUD�DQG�9DOpULH�GH�/DSSDUHQW��,W�ZDV�SXEOLVKHGLQ�6FLHQWLILF�$PHULFDQ��0DUFK�������9RO�������1XPEHU�����SDJH�����7KH�PDS�UHYHDOV�D�FOXVWHURI JDOD[LHV�ZKLFK�WDNHV�WKH�DSSDUHQW�VKDSH�RI�D�KXPDQ�ILJXUH��7KLV�KXPDQ�VKDSH�PD\�JDLQVSHFLDO�VLJQLILFDQFH�ZLWK WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�VWDWLQJ�WKDW�RXU�8QLYHUVH�LV�FRPSRVHGRI�WZR�SDUDOOHO�ZRUOGV��WKH�ZRUOG�RI�KDUGZDUH�DQG�WKH�FRXQWHU�ZRUOG���ZKLFK�H[DFWO\�FRS\�HDFKRWKHU�OLNH�DQ�REMHFW�DQG�LWV�PLUURU�UHIOHFWLRQ��7KH�QRQ�PDWHULDO�RQH�RI�WKHVH�WZR�ZRUOGV��L�H��WKHZRUOG�RI�VRIWZDUH��LV�PDGH�RI�D�VXEVWDQFH��HWKHU��WKDW�LV�DEOH�WR�WKLQN�LQ�LWV�QDWXUDO�FRQVWLWXWLRQ�7KLV WKLQNLQJ�VXEVWDQFH�IRUPV�WKH�8QLYHUVDO�,QWHOOHFW�ZKRVH�VKDSH�PXVW�UHIOHFW�WKH�VKDSH�RIRXU 8QLYHUVH�� DQG� ZKRVH� FDSDELOLWLHV� FRUUHVSRQG� WR� WKRVH� RI� *RG�� 7KLV� LQ� WXUQ� LQYRNHV� DTXHVWLRQ DV� WR� ZKHWKHU� WKH� DERYH� KXPDQ� VKDSH� LV� D� SXUH� FRLQFLGHQFH� RU� DVWURQRPLFFRQILUPDWLRQ�WR�WKH�ELEOLFDO�VWDWHPHQW�WKDW��*RG�FUHDWHG�PDQ�LQ�KLV�RZQ�LPDJH��



)LJ��'���3KRWRJUDSKV�RI�WZR�KHDY\�WDEOHV�OHYLWDWHG�LQ�YDULRXV�VpDQFHV�E\�D�SV\FKRNLQHWLFPHGLXP�QDPHG�(XVDSLD�3DOODGLQR��$ORQJ�WKH�VXUIDFH�RI�ERWK�WDEOHV�D�VWURQJ�HPLVVLRQ�RI�WKH�H[WUDFWLRQ JORZ��LV�FOHDUO\�UHJLVWHUHG��7KH�WHOHNLQHWLF�SRZHU�RI�WKLV�PHGLXP�ZDV�VR�H[WUHPHO\KLJK WKDW�DOPRVW�DOO�SKRWRJUDSKV�WDNHQ�DW�KHU�VpDQFHV�GHPRQVWUDWH�WKH�HYLGHQW�HPLVVLRQ�RIWKH H[WUDFWLRQ� JORZ�� 7KHUHIRUH� WKH� SKRWRJUDSKV� SURYLGH� D� FRQVLVWHQW� FRQILUPDWLRQ� WKDW� WKH�3RVWXODWH RI�,QWHUFKDQJLQJ�7KHUPDO�(QHUJ\��LV�LQ�RSHUDWLRQ��6FHSWLF�VFLHQWLVWV�LQYHVWLJDWLQJ3DOODGLQR
V DELOLWLHV� VXVSHFWHG�KHU�RI� SURGXFLQJ�VRPH� IUDXGXOHQW�HIIHFWV�� IRU� WKLV� UHDVRQ�DWPDQ\ VpDQFHV�VKH�ZDV�UHVWUDLQHG��+RZHYHU��HYHQ�ZKHQ�VKH�ZDV�KHOG�WLJKWO\��WKH�WDEOHV�VWLOOURVH� �8SSHU��$�SKRWRJUDSK�SXEOLVKHG�LQ�>�)LJ'�@�WKH�-RXUQDO��7KH�8QH[SODLQHG���9RO���,VVXH��� SDJH� ����� DQG� UHSXEOLVKHG� LQ� WKH� ERRN� >�)LJ'�@� HGLWHG� E\� 3HWHU� %URRNHVPLWK�� �7KH(QLJPD RI� 7LPH��� 2UELV� 3XEOLVKLQJ� /LPLWHG�� /RQGRQ� ������ 3DJH� ���� ,W� SUHVHQWV� D� WDEOHOHYLWDWHG�LQ�/RQGRQ�LQ�������1RWH�DOVR�WKH�WUDQVSDUHQF\�RI�WKH�WDEOH��/RZHU� $� SKRWRJUDSK� SXEOLVKHG� LQ� WKH� ERRN� E\� 5R\� 6WHPPDQ�� �6SLULWV� DQG� 6SLULW:RUOGV���7KH�'DQEXU\�3UHVV��/RQGRQ�������,6%1����������������SDJH����



)LJ� '��� 7KH� SKRWRJUDSK� RI�D� WDEOH� WKDW�ZDV� OHYLWDWHG� E\�PHPEHUV� RI� WKH� 6RFLHW\� IRU5HVHDUFK�LQWR�5DSSRUW�DQG�7HOHNLQHVLV �6255$7����VHH�SKRWR��E���7KH�HQWLUH�VXUIDFH�RI�WKLVWDEOH LV�FRYHUHG�ZLWK�D�WKLQ�OD\HU�RI�JORZLQJ�DLU��UHSUHVHQWLQJ�WKH�VR�FDOOHG��H[WUDFWLRQ�JORZ��,I LW�LV�FRQVLGHUHG�WKDW�GLYLQLQJ�URGV�DUH�WKH�PRVW�SRSXODUO\�DYDLODEOH�VRXUFH�RI�WKH�H[WUDFWLRQJORZ��WKH�OHYLWDWLRQ�RI�KHDY\�IXUQLWXUH�ZRXOG�EH�WKH�VHFRQG��$�QXPEHU�RI�SKRWRJUDSKV�VKRZLQJVXFK VXEWO\� JORZLQJ� OHYLWDWHG� REMHFWV� DUH� DOUHDG\� SXEOLVKHG� LQ� YDULRXV� ERRNV� IURP� �7KH8QH[SODLQHG� VHULHV��7KH�DERYH�SKRWRJUDSKV�RULJLQDWH�IURP�WKH�-RXUQDO��7KH�8QH[SODLQHG���D� 9RO���,VVXH ����SDJH��������E��9RO����,VVXH�����SDJH�������7KH\�DUH�DOVR�UH�SXEOLVKHG�LQWKH ERRN�HGLWHG�E\�3HWHU�%URRNHVPLWK���$JDLQVW�DOO�UHDVRQ���2UELV�3XEOLVKLQJ��/RQGRQ�������D� ��SDJH����DQG������E����SDJH�����1RWLFH�WKDW�WKH�SKRWRJUDSK��D��SUHVHQWV�WKH�VDPH�WDEOHRQO\�WKLV�WLPH�WKH�H[WUDFWLRQ�JORZ�ZDV�QRW�UHJLVWHUHG�DOORZLQJ�WKH�QDWXUDO�WH[WXUH�RI�WKH�VXUIDFHRI�WKH�WDEOH�WR�EH�VHHQ�
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7KLV�FKDSWHU�GHILQHV�WKH�SKLORVRSKLFDO�FOLPDWH�DQG�LQWHOOHFWXDO�UHTXLUHPHQWV�QHFHVVDU\IRU SHRSOH�WR JLYH�UHFRJQLWLRQ�WR�QHZ�LGHDV�DQG�LQYHQWLRQV��VHH�VXEVHFWLRQ�%����,Q�WXUQ��VXFKSRVLWLYH�FOLPDWH�VKRXOG�VWLPXODWH�WKH�PRUH�UDSLG�DFFHSWDQFH�DQG�FRPSOHWLRQ�RI�WKH�2VFLOODWRU\&KDPEHU DQG�WKH�0DJQRFUDIW��7KURXJK�WKH�H[SODQDWLRQ�RI�WKH�SKLORVRSKLFDO�SULQFLSOHV�EHKLQGWKH DWWLWXGHV�RI�SHRSOH��WKLV�FKDSWHU�DOVR�WULHV�WR�SURYLGH�D�NH\�WR�XQGHUVWDQGLQJ�ZK\�VR�PDQ\H[FHOOHQW LQYHQWLRQV� DQG� LGHDV� DUH� FRQWLQXDOO\� ZDVWHG�� DQG� ZK\� KLVWRU\� TXRWHV� VR� PDQ\IDPRXV SHRSOH� EHLQJ�ZURQJ� LQ� WKHLU� SULRUL� QHJDWLQJ� MXGJPHQW� RI� LQYHQWLRQV� WKDW� ODWHU� ZHUHLPSOHPHQWHG VXFFHVVIXOO\�� $� VLPSOH� UXOH� SURYLGHG� QHDU� WKH� HQG� JXLGHV� RXU� SHUVRQDOSKLORVRSKLHV WRZDUGV� WKH� VHOHFWLRQ� RI� SRVLWLYH� SULQFLSOHV� WKDW� DUH� ZRUWK� DGRSWLQJ� DQGLPSOHPHQWLQJ�LQ�HYHU\GD\�OLIH�3HUKDSV� EHIRUH� DQ\� VSHFLILF� GHGXFWLRQV� DUH�PDGH�� LW� VKRXOG� EH� VWUHVVHG� KRZ� RXUHYHU\GD\�SKLORVRSK\�LPSDFWV�WKH�SHUFHSWLRQ�RI�DOO�DVSHFWV�RI�RXU�OLYHV��7R�LOOXVWUDWH�WKLV�LPSDFWOHW XV�FRQVLGHU� WKH�FDVH�RI�WZR�KXQJU\�SHRSOH ZLWK� LGHQWLFDO�EDVNHWV�RI� IUXLW�EXW�GLIIHUHQWSKLORVRSKLFDO DWWLWXGHV��7KH� ILUVW� SHUVRQ�DOZD\V�SLFNHG� WKH� EHVW� IUXLW� OHIW� LQ� WKH� EDVNHW�� 6RKH�VKH HQMR\HG�HDWLQJ�WKH�ZKROH�EDVNHW�IXOO�RI�WKH�EHVW�IUXLW��%XW�WKH�VHFRQG�SHUVRQ�DOZD\VFKRVH WKH�ZRUVW�IUXLW�OHIW�LQ�WKH�EDVNHW��VR�KH�VKH�VXIIHUHG�EHFDXVH�KH�VKH�DWH�D�EDVNHW�IXOORI WKH�ZRUVW� IUXLW��$OWKRXJK� WKH� IUXLW� LQ�ERWK�EDVNHWV�ZDV� H[DFWO\� WKH� VDPH�� WKH�SKLORVRSK\EHKLQG WKHLU� FRQVXPSWLRQ�PDGH�DQ�HQRUPRXV�GLIIHUHQFH��7KH�SHUVRQ�ZKR�HQMR\HG�KLV�KHUIUXLW XWLOL]HG� WKH� SRVLWLYH�� RU� DV�ZH�ZRXOG� VD\�� �WRWDOLVWLF�� DSSURDFK�� ZKHUHDV� WKH� VXIIHULQJSHUVRQ FKRVH�D�QHJDWLYH��DOWKRXJK�LQ� WKH�RSLQLRQ�RI� WKH�PDMRULW\�RI�SHRSOH��D� IXOO\��ORJLFDO�DSSURDFK�3HRSOH
V SKLORVRSKLHV� DUH� UHYHDOHG� FOHDUO\� GXULQJ� WKHLU� LQYROYHPHQW� LQ� LQWHQVHGLVFXVVLRQV��7KH�GHYHORSPHQW�RI�WKH�7KHRU\�RI�WKH�0DJQRFUDIW�SXW�WKH�DXWKRU�LQ�WKH�IRUWXQDWHSRVLWLRQ RI� RUJDQL]LQJ� DQG� FRQGXFWLQJ� PDQ\� SXEOLF� DQG� QXPHURXV� SHUVRQ�WR�SHUVRQGLVFXVVLRQV� 7KH�SDUWLFLSDQWV� LQ�PRVW�RI� WKHP�ZHUH�KLJKO\�HGXFDWHG�SHRSOH�� L�H�� VFLHQWLVWV�LQGXVWULDO H[SHUWV�� LQWHUHVW� JURXSV�� HWF�� 0DQ\� RI� WKHP� UHIXVHG� WR� DFFHSW� WKH� LGHD� RI� WKH0DJQRFUDIW RQO\�EHFDXVH� WKLV� YHKLFOH� FRXOG� QRW� ILW� LQWR� WKHLU� SHUVRQDO� SKLORVRSKLHV��'XULQJWKHVH GLVFXVVLRQV�D�QXPEHU�RI�REVHUYDWLRQV�FRQFHUQLQJ�WKH�HYHU\GD\�SKLORVRSK\�RI�SHRSOHZLWK�VXFK�D��FRQVHUYDWLYH��DWWLWXGH�ZDV�FROOHFWHG���7KH�QDPH��HYHU\GD\�SKLORVRSK\��RU��UXOLQJSKLORVRSK\� LV�XVHG�KHUH�WR�GHVFULEH�WKH�SKLORVRSK\�ZKLFK�GHILQHV�WKH�GD\�E\�GD\�FRQGXFW�RISHRSOH LQ UHDO�OLIH��QRW�IRU�DQ\�RI�WKH�SKLORVRSKLHV�IRUPXODWHG�RQ�SDSHU�ZKLFK�DUH�VXSSRVHGWR GHVFULEH� WKHLU� FRQGXFW��� 7KH� DXWKRU� H[WUDFWHG� VRPH� RI� WKH� HVVHQWLDO� �LQ� KLV� RSLQLRQ�GRFWULQHV�RI�WKLV�SKLORVRSK\�DV�OLVWHG�EHORZ��,W�LV�LPSRUWDQW�WR�EHDU�LQ�PLQG�WKDW�WKHVH�GRFWULQHVDUH�QRW�PHDQW�WR�EH�D�UHSUHVHQWDWLRQ�RI�DQ\RQH
V�SHUVRQDO�SKLORVRSK\��5DWKHU��WKH\�FRQVWLWXWHD �PRGHO�� �� L�H��D�FRPSRVLWLRQ�RI� WKH�FRPPRQ�HOHPHQWV� IRXQG� LQ� WKH�SKLORVRSKLHV�RI�PDQ\�FRQVHUYDWLYH� LQGLYLGXDOV�ZKRVH� NH\� DWWLWXGH� LV� WR� GHQ\� RU� QRW� DFFHSW� DQ\� QHZ� LGHD�� 7KHGRFWULQHV�DUH�DV�IROORZV����2QO\�WKRVH�WKLQJV�DUH�SRVVLEOH�ZKLFK�ZH�DOUHDG\�NQRZ�KRZ�WR�DFKLHYH��� 7KH�XQLYHUVH� LV�QRW�SHUPLWWHG� WR�GLVSOD\� IDFWV�H[WHQGLQJ�EH\RQG�RXU�KRUL]RQV� �RU�VFLHQWLILF DGPLQLVWUDWRUV�KDYH�WKH�DXWKRULW\�WR�GLYLGH�IDFWV�LQWR��SHUPLVVLEOH��ZKLFK�VKRXOG�EH
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LQYHVWLJDWHG�DQG��KHUHWLF�WDERR��ZKLFK�VKRXOG�EH�LJQRUHG�RU�GHQLHG���� (YHU\RQH HOVH�LV�ZURQJ�XQWLO�KH�VKH�SURYHV�WKDW�KH�VKH�LV�ULJKW���$QRWKHU�YHUVLRQ�LV��,�ZLOO�EHOLHYH�\RX�ZKHQ�,�VHH�LW����� 2XU� SUHVHQW� NQRZOHGJH� LV� FRPSOHWH� DQG� SHUIHFW� �� DQ\� RXWVWDQGLQJ� UHVHDUFK� LVLOOHJLWLPDWH �RU��DOO�WKRVH�VFLHQWLVWV�ZKR�GR�QRW�FRQIRUP�DQG�LQYHVWLJDWH��KHUHWLF�WDERR��DUHDVVKRXOG�EH��EXUQHG�RQ�VWDNH����� 7KH�PDLQ�SXUSRVH�RI�VWXG\LQJ�LV�WR�FROOHFW�GLSORPDV�WKDW�ZLOO�DOORZ�XV�WR�ILQG�D�FRV\MRE�IUHH�RI�DQ\�UHVSRQVLELOLW\��RU���JDLQLQJ�HGXFDWLRQ�UHOHDVHV�XV�IURP�UHVSRQVLELOLW\���,I ZH� DQDO\]H� WKH� DERYH� GRFWULQHV�� ZH� FRPH� WR� WKH� FRQFOXVLRQ� WKDW� HDFK� RI� WKHPUHSUHVHQWV DQ�LPSOHPHQWDWLRQ�RI�WKH�ZHOO�NQRZQ�QDWXUDO�WHQGHQF\�IRU��WDNLQJ�WKH�OLQH�RI�OHDVWUHVLVWDQFH�� 7KHUHIRUH� WKH� HYHU\GD\� SKLORVRSK\� RI� �FRQVHUYDWLYH�� SHRSOH� ZKR� XWLOL]H� WKLVWHQGHQF\�FDQ�EH FDOOHG�WKH��SKLORVRSK\�RI�WDNLQJ�WKH�OLQH�RI�OHDVW�UHVLVWDQFH��RU�WKH��HDV\�ZD\RXW SKLORVRSK\��� 7KH� WHQGHQF\� WR� VHOHFW� WKH� OLQH� RI� OHDVW� UHVLVWDQFH� LV� D� FKDUDFWHULVWLF� RIXQWDPHG QDWXUH��7KH�LQWHOOHFW�DFWV�DFFRUGLQJ�WR�WKH�GLIIHUHQW�UXOH�RI��VHOHFWLQJ�ZKDW�LV�UDWLRQDOWR VHOHFW��� 7KH� SULQFLSOHV� RI� WKH� SKLORVRSK\� RXWOLQHG� LQ� WKLV� FKDSWHU� DQG� FDOOHG� �WRWDOLVP�UHSUHVHQW�DQ�LPSOHPHQWDWLRQ�RI�WKLV�UDWLRQDOL]HG�UXOH�7KH �HDV\� ZD\� RXW�� SKLORVRSK\� LV� RULHQWHG� WRZDUGV� VWDJQDWLRQ�� ,W� LPSHGHV� WKHSURPRWLRQ RI DQ\WKLQJ�WKDW�LV�QHZ��DQG�PDLQWDLQV�D�OD]\��JUDVSLQJ�DQG�VHOILVK�VW\OH�RI�OLYLQJ�,W VHHPV� WKDW� RXU� FLYLOL]DWLRQ� KDV� QRZ� UHDFKHG� WKH� SRLQW� ZKHUH� DQ\� IXUWKHU� SURJUHVV� LVH[WUHPHO\ GLIILFXOW��LI�QRW�FRPSOHWHO\�LPSRVVLEOH��ZLWKRXW�UHSODFLQJ�WKH��WDNLQJ�WKH�OLQH�RI�OHDVWUHVLVWDQFH� SKLORVRSK\�ZLWK�RQH�PRUH�RULHQWHG�WRZDUGV�SURJUHVV��,Q�WKH�VHFWLRQV�WKDW�IROORZ�D�MXVWLILFDWLRQ�DQG�RXWOLQH�RI�VXFK�D�UHSODFHPHQW�LV�SUHVHQWHG�7KH�DXWKRU�DOVR�H[WUDFWHG�HVVHQWLDO�SULQFLSOHV�DGKHUHG�E\�SHRSOH�ZKR�GLVSOD\�DQ��RSHQPLQGHG��DQG�DFFHSWLQJ�DWWLWXGH�WRZDUGV�QHZ�LGHDV��$V�LW�WXUQV�RXW�WKHLU�SKLORVRSK\�UHSUHVHQWVDQ�H[DFW�UHYHUVDO�RI�WKH�GRFWULQHV�RI�WKH��HDV\�ZD\�RXW��SKLORVRSK\��/LVWHG�EHORZ�DUH�WKH�PRUHLPSRUWDQW�RI�WKHVH�SRVLWLYH�SULQFLSOHV��FRPSDUH�WKH�OLVW�WKDW�IROORZV�ZLWK�WKH�SUHYLRXV�RQH������(YHU\WKLQJ�LV�SRVVLEOH���ZH�RQO\�QHHG�WR�ILQG�RXW�KRZ�WR�DFKLHYH�LW�����$OO�IDFWV�DUH�HTXDO���HDFK�RI�WKHP�GHVHUYHV�WKH�VDPH�FRQVLGHUDWLRQ�����$OO�VWDWHPHQWV�RI�RWKHUV�DUH�WUXH�XQOHVV�WKH\�DUH�SURYHQ�WR�EH�XQWUXH���� (YHU\WKLQJ�FDQ�EH�LPSURYHG�IXUWKHU���DQG�WKH�REOLJDWLRQ�RI�HYHU\�SHUVRQ�LV�WR�OHDYHWKLQJV�EHWWHU�WKDQ�KH�VKH�IRXQG�WKHP�����.QRZOHGJH�LV�UHVSRQVLELOLW\�$OO SHRSOH�ZKR�FDQ�LGHQWLI\� WKHLU�SHUVRQDO�SKLORVRSK\�ZLWK�WKH�DERYH�OLVW�RI�SULQFLSOHV�QHYHUKDYH�DQ\�GLIILFXOW\�DFFHSWLQJ�QHZ�LGHDV�
(���(YHU\WKLQJ�LV�SRVVLEOH��ZH�RQO\�QHHG�WR�ILQG�RXW�KRZ�WR�DFKLHYH�LW
$OWKRXJK�QR�RQH�LV�ZLOOLQJ�WR�DGPLW�WKLV��PDQ\�RI�KLJKO\�HGXFDWHG�SHRSOH�DFW�DQG�EHKDYHLQ DFFRUGDQFH�ZLWK�WKH�GRFWULQH�WKDW��RQO\�WKRVH�WKLQJV�DUH�SRVVLEOH�ZKLFK�ZH�DOUHDG\�NQRZKRZ WR�DFKLHYH���7KH�DERYH�VWDWHPHQW�ZDV��LQ�WKH�SDVW��DQG�VWLOO�LV�DW�SUHVHQW��WKH�XQRIILFLDOIRXQGDWLRQ IRU� WKH� UXOLQJ� SKLORVRSK\� RI� LQVWLWXWLRQDO� VFLHQFH�� $OO� HUDV� NQRZ� VFKRODUV� ZKRIROORZHG WKLV�GRFWULQH��DWWDFNLQJ�HYHU\�QHZ�LQYHQWLRQ�DQG�HYHU\�QHZ�GLVFRYHU\��7KLV�GRFWULQHLV UHVSRQVLEOH� IRU� DQ� XQNQRZQ� QXPEHU� RI� LQYHQWLRQV� EHLQJ� DEDQGRQHG� KDOI� ZD\� LQ� WKHLUGHYHORSPHQW DQG� IRU� WKH� VXFFHVVIXO� SUHYHQWLRQ� RI� D� PRUH� UDSLG� DGYDQFHPHQW� RI� RXUFLYLOL]DWLRQ�7KHUH DUH�D�QXPEHU�RI�SXEOLFDWLRQV�DYDLODEOH�ZKLFK�TXRWH�ZHOO�NQRZQ�DQG�UHVSHFWDEOH
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SHRSOH ZKRVH�FODLP��LW
V�LPSRVVLEOH��ZDV� ODWHU�SURYHG�WR�EH�FRPSOHWHO\�ZURQJ��7KH�FRQWHQWRI WKHVH�FODLPV�QRZ�VRXQGV�ULGLFXORXV��EXW�DW�WKH�WLPH�ZKHQ�WKH\�ZHUH�VWDWHG�WKH\�FDXVHG�DORW RI�KDUP DQG�FRQIXVLRQ��:H�PXVW�UHPHPEHU�WKDW�WKH\�RULJLQDWHG�IURP�SHRSOH�KDYLQJ�KLJKDXWKRULW\ DQG� LPSRUWDQW� SRVLWLRQV�� ZKHUHDV� WKHLU� GHVWUXFWLYH� SRZHU� ZDV� XVXDOO\� GLUHFWHGDJDLQVW�\RXQJ�DQG�XQNQRZQ�LQYHQWRUV��/HW�XV�UHPLQG�RXUVHOYHV�RI�VRPH�RI�WKHVH�VWDWHPHQWV��1RWKLQJ PDGH�RI�LURQ�FRXOG�SRVVLEO\�IORDW����VFRIIHUV�LQ������RQ�WKH�ILUVW�VKLS�RI�LURQEXLOW E\�-RKQ�:LONLQVRQ��TXRWHG�IURP�WKH�ERRN�>�(�@ E\�-��3HQU\�-RQHV���7KH�%XUNH�%RRN�RI6KLSV�DQG�6KLSSLQJ���%XUNH�3XEOLVKLQJ�&RPSDQ\�/WG���$XJXVW�������SDJH������*HQWOHPHQ� ,�ZRXOG� UDWKHU�EHOLHYH�WKDW� WKRVH�WZR�<DQNHH�SURIHVVRUV�ZRXOG� OLH� WKDQEHOLHYH WKDW�VWRQHV�ZRXOG�IDOO�IURP�KHDYHQ����3UHVLGHQW�7KRPDV�-HIIHUVRQ�RQ�WKH�REVHUYDWLRQRI D�JUHDW�PHWHRULWH� LQ������ LQ�:HVWRQ��&RQQHFWLFXW� �TXRWHG� IURP� WKH�ERRN� >�(�@ E\�+�+�1LQLQJHU� �)LQG�D�IDOOLQJ�VWDU���3DXO�6��(ULNVVRQ��1HZ�<RUN�������,6%1��������������;��SDJH���VHH�DOVR�>�(�@�EHORZ��SDJH�������$ JULS�RI�D�VPRRWK�LURQ�ZKHHO�RQ�D�VPRRWK�LURQ�UDLO�ZRXOG�QRW�VXIILFH�WR�KDXO�D�WUDLQ��$ORFRPRWLYH PXVW�KRUVH�LWVHOI�DORQJ�RQ�PHFKDQLFDO�OHJV�RU�ZLQFK�DORQJ�D�UDFN�UDLO�ZLWK�D�SLQLRQZKHHO� ��-RKQ�%OHQNLQVRS�DQG�RWKHUV�RQ�:LOOLDP�+HGOH\
V�WKHRUHWLFDO�VROXWLRQ�RI�WKH�DGKHVLRQSUREOHP SURYHG�FRUUHFW�H[SHULPHQWDOO\�LQ������E\�WKH�ORFRPRWLYH��3XIILQJ�%LOO\����VHH�)LJXUH(� �WKH� DXWKRU
V� VXPPDU\� RI� WKH� KLVWRULF� DQDO\VLV� SUHVHQWHG� LQ� WKH� ERRN� >�(�@ E\� (�/�&RUQZHOO� �+LVWRU\�RI�5DLOZD\V���+DPO\Q�1HO��/RQGRQ�������,6%1����������������SDJH������+HDYLHU�WKDQ�DLU PDFKLQHV��IO\LQJ�PDFKLQHV��DUH�LPSRVVLEOH�����/RUG�.HOYLQ�������RQHVWDWHPHQW IURP�D� ODUJH� OLVW� RI� TXRWDWLRQV� SURYHG�ZURQJ� WKDW� KDV� EHHQ� FRPSLOHG� E\�5RE\Q:LOOLDPV LQ�>�(�@ �$XVWUDOLDQ�6FLHQFH�0DJD]LQH���9RO�����1R����������VHH�DOVR�>�(�@�EHORZ�SDJH�������9HU\ LQWHUHVWLQJ��:KLWWOH�P\�ER\��EXW� LW�ZLOO�QHYHU�ZRUN�� ��D�&DPEULGJH�SURIHVVRU�RIDHURQDXWLFDO HQJLQHHULQJ� WR� MHW� HQJLQH� GHYHORSHU�� 6LU� )UDQN� :KLWWOH�� DERXW� ����� �RQH� RIQXPHURXV�H[DPSOHV�RI�KRZ�ZURQJ�HGXFDWHG�SHRSOH�FDQ�EH��FROOHFWHG�LQ�WKH�SDSHUEDFN�>�(�@E\ *UDKDP�1RZQ���7KH�:RUOG
V�:RUVW�3UHGLFWLRQV���$UURZ��������7KH�DERYH�TXRWDWLRQ�H[SODLQVZK\ WKH�ILUVW�MHW�HQJLQH�ZDV�QRW�EXLOW�LQ�(QJODQG��EXW�LQ�*HUPDQ\���������+HLQNHO��+H�������DQG ZK\�6LU�:KLWWOH�ZDV�DOORZHG�WR�GHYHORS�KLV�LQYHQWLRQ�RQO\�DIWHU�*HUPDQ�MHW�DHURSODQHVSURYHG�WR�EH�VXSHULRU�WR�(QJOLVK�SURSHOOHU�ILJKWHUV��7KHUH�LV�QRW�WKH�VOLJKWHVW�LQGLFDWLRQ�WKDW�QXFOHDU�HQHUJ\�ZLOO�HYHU�EH�REWDLQDEOH��,W�ZRXOGPHDQ WKDW�WKH�DWRP�ZRXOG�KDYH�WR�EH�VKDWWHUHG�DW�ZLOO����$OEHUW�(LQVWHLQ��������RQH�TXRWDWLRQIURP D� QXPEHU� RI� PLVWDNHQ� SUHGLFWLRQV� RI� VRPH� DXWKRULWDWLYH� VRXUFHV�� FRPSLOHG� LQ� WKHSDSHUEDFN�>�(�@ E\�&KULVWRSKHU�&HUI�DQG�9LFWRU�1DYDVN\���7KH�([SHUWV�6SHDN���WKH�GHILQLWLYHFRPSHQGLXP�RI�DXWKRULWDWLYH�PLVLQIRUPDWLRQ���3DQWKHRQ�%RRNV��1HZ�<RUN�������,6%1����������������SEN����SDJH������7KHVH FODLPV��DORQJ�ZLWK�PDQ\�RWKHUV��KDYH�SURYHG�WKDW�DOPRVW�HYHU\�LGHD�ZKLFK�DW�DSDUWLFXODU WLPH�KDV�EHHQ�GLVFUHGLWHG�DQG� VFRIIHG�DW�� LV� FRPSOHWHG�D� IHZ�\HDUV�RU�GHFDGHVODWHU� 7KLV� PHDQV� WKDW� WKH� VWDWHPHQW� �LPSRVVLEOH�� LV� UHODWLYH�� DQG� RQO\� DSSOLHV� WR� DSDUWLFXODU�OHYHO�RI�RXU�GHYHORSPHQW��7KHUHIRUH�WKH�H[LVWHQFH�RI�VXFK�IDXOW\�FODLPV�LQ�WKH�SDVWLV QRW�RQO\�DQ�LQGLFDWLRQ�RI�WKH�PLVWDNHV�RI�MXGJPHQW�E\�LQGLYLGXDOV��EXW�DOVR�SURRI�RI�DQ�HUURUH[LVWLQJ LQ�WKH�UXOLQJ�GRFWULQH�RI�WKH�SKLORVRSK\�RI�VFLHQFH��7KH�XQLYHUVH�VHHPV�WR�EH�EXLOW�LQVXFK D�PDQQHU�WKDW��HYHU\WKLQJ�LV�SRVVLEOH��ZH�RQO\�QHHG�WR�ILQG�RXW�WKH�ZD\�WR�DFKLHYH�LW��,Q DOO� DFWLRQV� DQG� GLVFXVVLRQV� RI� VFKRODUV� WKH� DERYH� SULQFLSOH� VKRXOG� UHSODFH� WKH� GRFWULQHUHSRUWHG HDUOLHU�� 7KLV� QHZ� SULQFLSOH� VKRXOG� EHFRPH� DQ� HVVHQWLDO� IRXQGDWLRQ� IRU� WKH� IXWXUHSKLORVRSK\�RI�UHIRUPHG�VFLHQFH��6FKRODUV� DFWLQJ�LQ�DFFRUGDQFH�ZLWK�WKLV�UHIRUPHG�SULQFLSOH��ZRXOG�QRW�GLVFXVV�JRDOV�
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EXW FRQFHQWUDWH�WKHLU�HIIRUWV�RQ�YHULI\LQJ�WKH�ZD\V�RI�DFKLHYLQJ�WKHP��%\�WKLV�PHDQV��WKH�UHVSHFWDQG DXWKRULW\� RI�PDQ\�SHRSOH�ZRXOG� EH� VHFXUH�ZKHQ� WKH� LQYHQWLRQV� RU� LGHDV� WKH\� WULHG� WRGLVTXDOLI\ EHFDPH�UHDOLW\��7R�SUHYHQW�XV� IURP�UHSHDWLQJ� WKH�VDPH�HUURUV�ZLWK� UHJDUG�WR� WKH2VFLOODWRU\ &KDPEHU� DQG� WKH� 0DJQRFUDIW�� SHUKDSV� ZH� VKRXOG� LPSOHPHQW� WKLV� UHIRUPHGSULQFLSOH�LPPHGLDWHO\��EHJLQQLQJ�ZLWK�WKH�FRQWHQW�RI�WKLV�WUHDWLVH��
(���:KDW�LV�WRWDOLVP"
�7RWDOLVP� LV�GHILQHG�DV�D�UDWLRQDOL]HG�UHYHUVDO�RI�WKH�SKLORVRSK\�RI��WDNLQJ�WKH�OLQH�RIOHDVW UHVLVWDQFH���7KH�SUHYLRXV�VXEVHFWLRQ�RI�WKLV�FKDSWHU�KDYH�UHYHDOHG�WKH�SULPDU\�UXOH IRUIRUPXODWLQJ WKH�SULQFLSOHV�RI�WRWDOLVP��7R�DSSO\�WKLV�UXOH�UHTXLUHV�XV�WR�WDNH�WZR�VWHSV��,Q�WKHILUVW VWHS�ZH�LGHQWLI\�DQG�GHILQH�D�KDUPIXO�GRFWULQH�IURP�WKH��HDV\�ZD\�RXW��SKLORVRSK\��7KHQLQ WKH�VHFRQG�VWHS�ZH�UHYHUVH�WKH�PHDQLQJ�RI�WKLV�GRFWULQH��7KH�PRUH�GHVWUXFWLYH�WKH�RULJLQDOGRFWULQH��WKH�PRUH�SRZHUIXO�DQG�SRVLWLYH�LV�WKH�SULQFLSOH�RI�WRWDOLVP�UHVXOWLQJ�IURP�LW�7KH SULPDU\� UXOH� RI� WRWDOLVP� FDQ� DOVR� EH� H[SUHVVHG� LQ� WKH� IRUP� RI� D� VLPSOLILHGUHFRPPHQGDWLRQ�IRU�HYHU\GD\�XVH��7KLV�UHFRPPHQGDWLRQ�VWDWHV��LQ DOO�PDWWHUV�FRQFHUQLQJ� LQWHOOHFW��DOZD\V�GR�WKH�RSSRVLWH�IURP�ZKDW�WKH�SKLORVRSK\RI�WDNLQJ�WKH�OLQH�RI�OHDVW�UHVLVWDQFH�VXJJHVWV�\RX�VKRXOG�GR��%HFDXVH�LQ�DOPRVW�HYHU\�VXFK�PDWWHU�LW�LV�TXLWH�FOHDU�ZKDW�WKH��HDV\�ZD\�RXW��ZRXOG�EH�WKHUHIRUH LW�LV�DOVR�HDV\�WR�GHWHUPLQH��XVLQJ�WKH�DERYH�UHFRPPHQGDWLRQ��ZKDW�ZH�VKRXOG�GRDFFRUGLQJ WR�WRWDOLVP��7KLV�PDNHV�WKH�SKLORVRSK\�GLVFXVVHG�HDV\�WR�XWLOL]H�DQG�YHU\�XVHIXO�LQHYHU\GD\ VLWXDWLRQV�� 0RUHRYHU�� LWV� SUDFWLFDO� DSSOLFDWLRQ� DOZD\V� VHHPV� WR� SURYH� H[WUHPHO\HIIHFWLYH �H�J�� GXULQJ� WKH� KDQGOLQJ� RI� FRQIOLFWV�� GLVFXVVLRQV�� UHYLHZLQJ� QHZ� LGHDV� DQGLQYHQWLRQV��2I�FRXUVH�WKHUH�LV�PXFK�PRUH�WR�WRWDOLVP�WKDQ�FDQ�EH�SUHVHQWHG�LQ�VXFK�D�EULHI�FKDSWHU�7KH�RWKHU�LPSRUWDQW�UXOH�ZKLFK�DSSOLHV�WR�WKLV�SRVLWLYH�SKLORVRSK\�LV�WKDW�RI��DGRSWLQJ�UHOHYDQWSULQFLSOHV�IURP�WKH�RSHUDWLRQ�RI�RXU�XQLYHUVH���7KLV�UXOH�DGYLVHV�WKDW�WKH�EHVW�VROXWLRQ�WR�HYHU\SUREOHP LV� WKDW� ZKLFK� FRSLHV� WKH� HVVHQWLDO� ODZV� DQG� PHFKDQLVPV� FRQWUROOLQJ� WKH� VDPHSUREOHP LQ� RXU� XQLYHUVH�� )RU� WKLV� UHDVRQ� WKH� PRUH� FORVHO\� SHRSOH
V� DFWLRQV� LPLWDWH� WKHRSHUDWLRQ RI� WKH� XQLYHUVH�� WKH� PRUH� HIIHFWLYH�� VXFFHVVIXO�� DQG� SURJUHVVLYH� WKHVH� DFWLRQVEHFRPH� )RU�H[DPSOH��WKH�ODZ�RI�FRPSHWLWLRQ�EHWZHHQ��QHJDWLYHV��DQG��SRVLWLYHV��SURYLGHVWKH PHFKDQLVP�IRU�NHHSLQJ�VWDELOLW\�DQG�SURJUHVV�LQ�WKH�XQLYHUVH��WKHUHIRUH�DOVR�LQ�DOO�KXPDQDFWLYLWLHV DLPHG� DW� VWDELOLW\� DQG� SURJUHVV� VLPLODU� FRPSHWLWLRQ� VKRXOG� EH� LPLWDWHG� �H�J�FRXQWULHV ZKRVH�JRYHUQPHQWV�DUH�EDVHG�RQ� WZR�SDUWLHV�PXWXDOO\�FRPSHWLQJ� IRU�SRZHU�DUHPRUH VWDEOH�DQG�SURJUHVVLYH� IURP� WKRVH�ZLWK�PDQ\�SDUWLHV�DQG� WKRVH�KDYLQJ�RQO\�D�VLQJOHSDUW\�� WKH� ODZ�WKDW��WKH�EHVW�UHDSV�PRVW�EHQHILWV��DOORZV�HYROXWLRQ�DQG�SURJUHVV� LQ�QDWXUH�WKXV RSHQLQJ�WKH�VDPH�HQFRXUDJHPHQW�WR�VRFLHWLHV�VWLPXODWHV�WKHLU�ZHDOWK�DQG�GHYHORSPHQW�WKLV LV� ZK\�� LQ� WKH� ORQJ� UXQ�� HFRQRPLF� LQWHUYHQWLRQ�� SURWHFWLRQ�� ILQDQFLDO� VXEVLGLDU\�� DQGPRQRSROLHV� KDYH� GHVWUXFWLYH� LPSDFWV��� )XUWKHU� GHWDLOV� DERXW� WRWDOLVP� DUH� SUHVHQWHG� LQWUHDWLVH�>�)@�%\ H[SODLQLQJ� LQ�WKLV�FKDSWHU�WKH�HVVHQWLDO�SULQFLSOHV�DQG�UXOHV�RI� WKH��RSHQ�PLQGHG�DWWLWXGH� WKH�DXWKRU�KRSHV�WR�UHYHDO�WR�UHDGHUV�WKDW�WKH�DFFHSWDQFH�RI�QHZ�LGHDV�LV�QRW�RQO\GHSHQGHQW RQ� WKH� FRUUHFWQHVV� RI� WKHVH� LGHDV�� EXW� DOVR� RQ� WKH� SKLORVRSKLFDO� DWWLWXGHV� RISHRSOH IDFHG�ZLWK� WKHP��7KHUHIRUH�LI�D�GHVFULSWLRQ�ZKLFK� LQGXFHV�RXU�GRXEW� LV�HQFRXQWHUHGZKLOH UHDGLQJ� WKH� FKDSWHUV� WKDW� IROORZ�� SHUKDSV� WKH� TXHVWLRQ� VKRXOG� EH� DVNHG�� �LV� WKLVEHFDXVH WKHUH� LV� D� WHFKQLFDO� HUURU� LQ� WKLV� GHVFULSWLRQ� ZKLFK� ZH� DUH� DEOH� WR� SLQ�SRLQW� DQG
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IRUZDUG WR�WKH�DXWKRU��RU�EHFDXVH�RXU�SKLORVRSKLFDO�DOWLWXGH�LV�D�SULRUL�UHMHFWLRQ���7KH�KRQHVWDQVZHULQJ RI WKLV�TXHVWLRQ�ZRXOG�QRW�RQO\�GR�D� ORW�RI�JRRG� IRU�QHZ� LGHDV�SUHVHQWHG� LQ� WKLVWUHDWLVH� EXW�LW�ZRXOG�DOVR�LQGLFDWH�WKDW�ZH�DUH�RQ�D�SDWK�WR�DGRSWLQJ�SULQFLSOHV�RI�WRWDOLVP�IRUJXLGLQJ�RXU�HYHU\GD\�OLIH�



)LJ� (���%OHQNLQVRS
V�HQJLQH�EXLOW�LQ�������$V�WKH�LOOXVWUDWLRQ�VKRZV��WKLV�ORFRPRWLYH�ZDVSURSHOOHG E\�D�SLQLRQ�ZKHHO�ZLQFKHG�DORQJ�D�FDVW�LURQ�UDFN�UDLO��7KH�H[SHUWV�RI�WKDW�WLPH�ZHUHVR XVHG� WR� WKLQNLQJ� LQ� WHUPV�RI�KRUVH�SRZHU� WKDW� WKH\� WRWDOO\�UHMHFWHG�DQG�GHULGHG�+HGOH\
VLGHD�RI�SURSHOOLQJ�D�WUDLQ�E\�D�VPRRWK�LURQ�ZKHHO� 7KHUHIRUH��LI�WKLV�\RXQJ�FUHDWRU�KDG�QRW�EHHQOXFN\ HQRXJK� WR� ILQG� WKH� DXWKRULWDWLYH� VSRQVRU� ZKR� ILQDQFHG� KLV� UHYROXWLRQDU\� LQYHQWLRQ�ORFRPRWLYHV ZRXOG�SUREDEO\�VWLOO�EH�XVLQJ�D�VROXWLRQ�VLPLODU�WR�WKLV�LOOXVWUDWLRQ��3HUKDSV�LI�WKLVKDG QRW� KDSSHQHG�� RXU� FRQWHPSRUDU\� FDUV� ZRXOG� DOVR� EH� UXQQLQJ� ZLWK� OHJV� OLNH� KRUVHV�%HFDXVH RI� :LOOLDP� +HGOH\� RXU� FLYLOL]DWLRQ� ZRQ� WKLV� EDWWOH� ZLWK� FORVH�PLQGHG� SHRSOH�� %XWQR�RQH�NQRZV�LQ�KRZ�PDQ\�RWKHU�DUHDV�FRQVHUYDWLVP�KDV�SUHGRPLQDWHG��VR�WKDW��KRUVH�W\SH�VROXWLRQV�VWLOO�KROG�VZD\�
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/HW�XV�YLVXDOL]H�D�VPDOO�DQG�SHUIHFWO\�VKDSHG�WUDQVSDUHQW�FXEH�ZKLFK�UHSUHVHQWV�D�QHZGHYLFH IRU� SURGXFLQJ� D� VXSHU�SRZHUIXO�PDJQHWLF� ILHOG�� ,W� ZRXOG� ORRN� OLNH� DQ� LGHDOO\� IRUPHGFU\VWDO RI� VRPH� WUDQVSDUHQW� PLQHUDO�� RU� OLNH� D� FXEH� FXW� EHDXWLIXOO\� IURP� VKLQ\� JODVV� DQGVKRZLQJ LWV� FRQWHQW� WKURXJK� WUDQVSDUHQW�ZDOOV��:LWK�GLPHQVLRQV�QRW� ODUJHU� WKDQ� WKRVH�RI� DKDQG\ 5XELN
V�FXEH�LW�ZRXOG�SURGXFH�PDJQHWLF�ILHOG�WKRXVDQGV�RI�WLPHV�H[FHHGLQJ�WKH�SRZHURI ILHOGV�VR�IDU�SURGXFHG�RQ�(DUWK�� LQFOXGLQJ�ILHOGV�IURP�WKH�PRVW�SRZHUIXO�PDJQHWLF�FUDQHVDQG ILHOGV� IURP� WKH� ODUJHVW�HOHFWURPDJQHWV� LQ� OHDGLQJ�VFLHQWLILF� ODERUDWRULHV�� ,I�ZH� WDNH� WKLVJODVV FXEH�LQ�RXU�KDQGV��LW�ZRXOG�GHPRQVWUDWH�H[WUDRUGLQDU\�SURSHUWLHV��)RU�H[DPSOH��LQ�VSLWHRI LWV�VPDOO�GLPHQVLRQV� LW�ZRXOG�EH�XQXVXDOO\��KHDY\��DQG�DIWHU�EHLQJ�VZLWFKHG�RQWR� LWV� IXOOPDJQHWLF RXWSXW�HYHQ�WKH�VWURQJHVW�DWKOHWH�ZRXOG�QRW�EH�DEOH�WR�OLIW�LW��,WV��KHDYLQHVV��ZRXOGUHVXOW IURP�WKH�IDFW�WKDW�WKH�PDJQHWLF�ILHOG�LW�SURGXFHV�ZRXOG�DWWUDFW�WKH�FXEH�LQ�WKH�GLUHFWLRQRI (DUWK
V�FHQWUH��WKXV�D�IRUFH�RI�PDJQHWLF�DWWUDFWLRQ�VR�FUHDWHG�ZRXOG�DGG�WR�LWV�UHDO�ZHLJKW�7KH FXEH�ZRXOG�DOVR�RSSRVH�RXU�DWWHPSWV�WR�URWDWH�LW��DQG�VLPLODUO\�OLNH�D�PDJQHWLF�QHHGOH�RID FRPSDVV LW�ZRXOG�DOZD\V� WU\� WR�SRLQW� LQWR� WKH� VDPH�GLUHFWLRQ� FRLQFLGLQJ�ZLWK�D�PDJQHWLFQRUWK�VRXWK PHULGLDQ��+RZHYHU�� LI�ZH�VRPHKRZ�FRXOG�PDQDJH�WR�WXUQ�LW� LQWR� WKH�RULHQWDWLRQRSSRVLWH WR�WKLV�QDWXUDO�DOLJQPHQW�VLPXODWLQJ�D�PDJQHWLF�QHHGOH��WKHQ�WR�RXU�VXUSULVH�LW�ZRXOGWDNH RII�DQG�EHJLQ�WR�OLIW�XV�LQWR�VSDFH��,Q�WKLV�ZD\�MXVW�RQ�LWV�RZQ�WKLV�FU\VWDO�FXEH�ZRXOG�EHFDSDEOH�RI�SURSHOOLQJ�RXU�VSDFH�YHKLFOHV�$IWHU�WKLV�FU\VWDOOLF�FKDPEHU�LV�H[DPLQHG�DW�FORVH�UDQJH�LW�ZRXOG�VKRZ�FRXQWOHVV�HOHFWULFVSDUNV IOLFNHULQJ�LQVLGH��7KH�JUDGXDO�GLVSODFHPHQW�RI�WKHVH�VSDUNV�RQWR�GLIIHUHQW�WUDMHFWRULHVZRXOG DSSHDU�DV� LI� LQ�VXVSHQGHG�DQLPDWLRQ��)XUWKHU�REVHUYDWLRQ�ZRXOG� UHYHDO� WKDW� WKH\�DOORUGHUO\ MXPS�LQ�WKH�VDPH�GLUHFWLRQ�DURXQG�WKH�SHULPHWHU�RI� WKH�FXEH���VOLSSLQJ��DORQJ�LQQHUVXUIDFHV RI� WKH� IRXU� WUDQVSDUHQW�VLGH�ZDOOV�� �7KH� UHPDLQLQJ� WZR�IURQWDO�ZDOOV�RI� WKLV�FXELFDOFU\VWDO ZRXOG�EH�RFFXSLHG�E\�RXWOHWV�SROHV�RI�WKH�PDJQHWLF�ILHOG�ZKLFK�WKLV�GHYLFH�SURGXFHV�DQG WKXV�WKH\�ZRXOG�DOORZ�LQVLJKW�LQWR�WKH�LQWHULRU�EHFDXVH�WKH\�ZRXOG�QRW�EH�FURVVHG�E\�DQ\VSDUNV�� 7KH�MXPS�RI�HDFK�LQGLYLGXDO�VSDUN�ZRXOG�RFFXU�RQO\�EHWZHHQ�WZR�RSSRVLWH�ZDOOV�RIWKH FXEH�� %XW� EHFDXVH� SDUWV� RI� WKH� WUDMHFWRULHV� RI� WKHVH� LQGLYLGXDO� VSDUNV� ZRXOG�PXWXDOO\RYHUODS�HDFK�RWKHU��LQ�WKH�ILQDO�HIIHFW�WKH\�ZRXOG�FUHDWH�D�NLQG�RI��YRUWH[�PDGH�RI�VSDUNV��ZKLFKZRXOG URWDWH� LPPHQVHO\� IDVW�DURXQG� WKH�PDJQHWLF�D[LV�RI� WKH�GHYLFH��+RZHYHU�� WKLV�YRUWH[ZRXOG QRW� IROORZ� FLUFXODU� WUDMHFWRULHV� OLNH� WKLV� LV� GRQH� E\� WKH� PDMRULW\� RI� RWKHU� URWDU\SKHQRPHQD� EXW� LW�ZRXOG�PRYH�DORQJ�VTXDUH�SDWKV�� ,Q�WXUQ�WKH�URWDWLRQ�RI� WKLV�VSDUN�YRUWH[DURXQG WKH�SHULSKHUDO�RI�D�VTXDUH�ZRXOG�SURGXFH�D�SRZHUIXO�PDJQHWLF�ILHOG��7KH�SURGXFWLRQRI WKLV�ILHOG�ZRXOG�QRW�EH�PXFK�GLIIHUHQW�IURP�WKDW�RFFXUULQJ�GXULQJ�WKH�IORZ�RI�HOHFWULF�FXUUHQWDORQJ�FRLOV�RI�D�VTXDUH�VKDSHG�LQGXFWRU�7KH H[SODQDWLRQ� DERYH� GLVFORVHV� WKH� DSSHDUDQFH� DQG� RSHUDWLRQ� RI� WKH� �2VFLOODWRU\&KDPEHU�� L�H��WKH�GHYLFH�ZKLFK�LV�WKH�VXEMHFW�RI�SUHVHQWDWLRQ�LQ�WKLV�FKDSWHU��,W�UHDOL]HV�WKDWWKH QDPH��2VFLOODWRU\�&KDPEHU��LV�DVFULEHG�WR�D�FRPSOHWHO\�QHZ�SULQFLSOH�RI�PDJQHWLF�ILHOGSURGXFWLRQ� XQNQRZQ�SUHYLRXVO\�RQ�(DUWK��DQG� LQYHQWHG�E\� WKH�DXWKRU�RI� WKLV� WUHDWLVH��7KLVSULQFLSOH HPSOR\V�HIIHFWV�RI� WKH�V\QFKURQL]HG�RVFLOODWLRQV�RI�HOHFWULF�VSDUNV�RFFXUULQJ�ZLWKLQWZR�RVFLOODWRU\�FLUFXLWV�IRUPHG�LQWR�WKH�VKDSH�RI�D�FXELFDO�FKDPEHU�7KH�VWUXFWXUH�RI�WKH�2VFLOODWRU\�&KDPEHU�ZKLFK�DFFRPSOLVKHV�RU�LPSOHPHQWV�WKH�DERYH
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SULQFLSOH RI� PDJQHWLF� ILHOG� SURGXFWLRQ� ZLOO� WDNH� WKH� VKDSH� RI� D� FXELFDO� FKDPEHU� PDGH� RIWUDQVSDUHQW PDWHULDOV�DQG�HPSW\�LQVLGH��L�H��ILOOHG�RQO\�ZLWK�D�GLHOHFWULF�JDV���7KH�VL[�ZDOOV�RIWKLV FKDPEHU ZLOO� EH� SUHSDUHG� IURP� DQ� HOHFWULF� LQVXODWRU� �H�J�� D� JODVV�� ZKLFK� LV� DOVRPDJQHWLFDOO\ QHXWUDO��PHOWHG�WRJHWKHU�DW�HGJHV��7ZR�FRXSOHV�RI�VLGH�ZDOOV�ZLOO�KROG�SDFNHWVRI�FRQGXFWLYH�HOHFWURGHV��7KHVH�IRXU�SDFNHWV�RI�HOHFWURGHV��MRLQHG�WR�WKH�LQQHU�VXUIDFHV�RI�IRXUVLGH ZDOOV�RI�WKH�FKDPEHU��SHUIRUP�DORQH�WKH�IXQFWLRQ�RI�WZR�RVFLOODWRU\�FLUFXLWV�ZLWK�D�VSDUNJDS��(DFK�RQH�RI�WKHVH�WZR�FLUFXLWV�LV�FUHDWHG�E\�D�GLIIHUHQW�FRXSOH��L�H��WZR�VHSDUDWH�SDFNHWV�RI�HOHFWURGHV�DWWDFKHG�WR�WZR�RSSRVLWH�ZDOOV�7KH RSHUDWLRQ�RI� WKH�2VFLOODWRU\�&KDPEHU�VXPPDUL]HG�EULHIO\�ZLOO�EH�DV�IROORZV��7KHSDFNHWV RI� HOHFWURGHV� ORFDWHG� RQ� WKH�ZDOOV� RI� WKH� FKDPEHU� DUH� FKDUJHG�ZLWK� WKH� RSSRVLWHHOHFWULF FKDUJHV��7KHVH�FKDUJHV� WU\� WR�QHXWUDOL]H�HDFK�RWKHU� WKXV� WKH\� IRUP�HOHFWULF�VSDUNVRVFLOODWLQJ EHWZHHQ� HOHFWURGHV�� %HFDXVH� WKH� VXEVHTXHQW� VSDUNV� DUH� IRUFHG� WR� MXPS� DWDSSURSULDWHO\ V\QFKURQL]HG�PRPHQWV��WKH\�IRUP�D�NLQG�RI�HOHFWULF�DUF�ZKLFK�FLUFXODWH�DURXQGWKH LQQHU�SHULPHWHU�RI�WKH�FXELFDO�FKDPEHU��7KXV�WKH�DSSURSULDWH�IRUPDWLRQ�RI�WKH�RVFLOODWRU\GLVFKDUJHV RFFXUULQJ� LQ�ERWK� WKHVH�FLUFXLWV�DOORZV� IRU� WKH�SURGXFWLRQ�RI� D�GLSRODU�PDJQHWLFILHOG� 7KH�SULQFLSOHV�DSSOLHG�IRU� WKLV�SURGXFWLRQ�QRW�RQO\�HOLPLQDWH� WKH�GUDZEDFNV�RI� WRGD\
VHOHFWURPDJQHWV��EXW�DOVR�SURYLGH�WKH�2VFLOODWRU\�&KDPEHU�ZLWK�D�YDULHW\�RI�XQLTXH�RSHUDWLRQDODGYDQWDJHV�7KH FRPSOHWH�HOLPLQDWLRQ�RI�GUDZEDFNV�LQKHUHQW�LQ�WKH�HOHFWURPDJQHWV�LV�HQVXUHG�E\WKH�IROORZLQJ�DWWULEXWHV�RI�WKH�2VFLOODWRU\�&KDPEHU���� 7KH�QHXWUDOL]DWLRQ�RI�HOHFWURPDJQHWLF�IRUFHV�DFWLQJ�RQ�WKH�VWUXFWXUH�RI�WKH�FKDPEHU����/HDYLQJ�WR�WKH�XVHU
V�FKRLFH�WKH�WLPH�DQG�DPRXQW�RI�HQHUJ\�VXSSO\��L�H��HDFK�SRUWLRQRI�HQHUJ\��ZKDWHYHU�LWV�DPRXQW�DQG�ZKHQHYHU�LW�LV�GHOLYHUHG��LV�FROOHFWHG��VWRUHG��FRQYHUWHG LQWRD�PDJQHWLF�ILHOG�DQG�UHOHDVHG�ZKHQ�QHFHVVDU\���� 7KH UHFRYHU\�DQG� FRQYHUVLRQ� EDFN� LQWR� HOHFWULFLW\� RI� DOO� WKH� HQHUJ\�GLVVLSDWHG� E\VSDUNV���� 7KH� FKDQQHOOLQJ� RI� WKH� GHVWUXFWLYH� FRQVHTXHQFHV� RI� WKH� DFFXPXODWLRQ� RI� KXJHHOHFWULF�FKDUJHV�LQWR�WKH�GLUHFWLRQ�ZKLFK�UHLQIRUFHV�WKH�FKDPEHU
V�SURSHU�RSHUDWLRQ��� 7KH�LQGHSHQGHQFH�RI�WKH�SRZHU�RI�FRQWURO�GHYLFHV�IURP�WKH�SRZHU�LQYROYHG�LQ�ILHOGSURGXFWLRQ �L�H��D�ZHDN�FRQWURO�VLJQDO�ZLOO�FDXVH�D�FKDQJH�LQ� WKH�HQRUPRXVO\�SRZHUIXO� ILHOGSURGXFHG�E\�WKH�FKDPEHU��7KH 2VFLOODWRU\�&KDPEHU�GLVSOD\V�DOVR� WKH� IROORZLQJ�XQLTXH�DGYDQWDJHV�XQNQRZQ�LQDQ\�RWKHU�DSSOLDQFH�EXLOW�E\�PDQ�WR�GDWH��$��7KH�DELOLW\�WR�DEVRUE�DQG�VWRUH�WKHRUHWLFDOO\�XQOLPLWHG�DPRXQWV�RI�HQHUJ\�%� )XOO� FRQWURO� RYHU� DOO� SURSHUWLHV� DQG� SDUDPHWHUV� RI� WKH� ILHOG� SURGXFHG�� DFKLHYHGZLWKRXW�DQ\�FKDQJH�LQ�WKH�OHYHO�RI�HQHUJ\�FRQWDLQHG�LQ�LW�&��3URGXFLQJ�WKH�NLQG�RI�PDJQHWLF�ILHOG�ZKLFK�GRHV�QRW�DWWUDFW��QRU�UHSHO��IHUURPDJQHWLFREMHFWV��L�H��ZKLFK�EHKDYHV�OLNH�D�NLQG�RI��DQWLJUDYLW\�ILHOG���QRW�D�PDJQHWLF�RQH��'� 0XOWLGLPHQVLRQDO� WUDQVIRUPDWLRQ�RI�HQHUJ\��H�J��HOHFWULFLW\� ��PDJQHWLF� ILHOG���KHDW�ZKLFK DOORZ� WKH� 2VFLOODWRU\� &KDPEHU� WR� WDNH� RYHU� WKH� IXQFWLRQ� RI� DOPRVW� HYHU\� RWKHUFRQYHQWLRQDO HQHUJ\�FRQYHUWLQJ� GHYLFH� �H�J�� HOHFWURPDJQHWV�� WUDQVIRUPHUV�� JHQHUDWRUV�DFFXPXODWRUV��FHOOV��FRPEXVWLRQ�HQJLQHV��KHDWHUV��DLU�FRQGLWLRQHUV��DQG�PDQ\�PRUH��$V WKH�ILQDO�UHVXOW�RI�VXFK�D�IRUPDWLRQ�RI�WKH�2VFLOODWRU\�&KDPEHU��WKLV�GHYLFH��ZKHQFRPSOHWHG� ZLOO�EH�DEOH�WR�UDLVH�WKH�YDOXH�RI�D�SURGXFHG�PDJQHWLF�IOX[�WR�D�OHYHO�XQOLPLWHG�E\WKHRUHWLFDO�SUHPLVHV��3UDFWLFDOO\�LW�DOVR�PHDQV�WKDW�WKLV�VRXUFH�RI�ILHOG�ZLOO�EH�WKH�ILUVW�RQH�DEOHWR�OLIW�LWVHOI�DV�WKH�HIIHFW�RI�D�UHSXOVLYH�LQWHUDFWLRQ�ZLWK�WKH�HQYLURQPHQWDO�PDJQHWLF�ILHOG��L�H��WKH
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ILHOG RI�(DUWK��6XQ��RU�*DOD[\���7KXV�WKH�2VFLOODWRU\�&KDPEHU�EHFRPH�RXU��DUNZD\�WR�WKH�VWDUV��
)���:K\�WKHUH�LV�D�QHFHVVLW\�WR�UHSODFH�WKH�HOHFWURPDJQHWE\�WKH�2VFLOODWRU\�&KDPEHU
:KHQ ZH� REVHUYH� WKH� EOLQGLQJ� DFKLHYHPHQWV� LQ� RQH� GLVFLSOLQH�� ZLWKRXW� D� GHOD\� ZHDVVXPH WKDW�RXU�SURJUHVV�LV�HTXDOO\�VSHFWDFXODU�LQ�DOO�GLUHFWLRQV��+RZHYHU��LI�ZH�H[DPLQH�WKHPDWWHU FORVHO\��ZH�PD\�GLVFRYHU�WKH�DUHDV�ZKHUH�DOPRVW�QR�SURJUHVV�KDV�EHHQ�DFKLHYHG�LQWKH�ODVW�WZR�FHQWXULHV��DQG�ZKHUH�ZH�DUH�VWLOO�WUHDGLQJ�LQ�WKH�VDPH�SODFH��,Q�RUGHU�XV�WR�UHDOL]HRQH RI WKH�PRVW�IUHTXHQWO\�HQFRXQWHUHG�DUHDV�RI�VXFK�D�LQYHQWLYH�VWDJQDWLRQ��OHW�XV�DVN�QRZWKH IROORZLQJ�TXHVWLRQ���:KDW�SURJUHVV�KDV�EHHQ�DFKLHYHG�UHFHQWO\�LQ�WKH�DUHD�RI�SULQFLSOHVRI WKH� FRQWUROOHG�PDJQHWLF� ILHOG�SURGXFWLRQ"���7R�RXU�VXUSULVH� WKH�DQVZHU� LV� �QRQH���$W� WKHEHJLQQLQJ RI�WKH�0DUV�H[SORUDWLRQ�HUD�ZH�VWLOO�XVH�H[DFWO\�WKH�VDPH�SULQFLSOH�RI�WKH�PDJQHWLFILHOG SURGXFWLRQ�DV�WKDW�RQH�ZKLFK�ZDV�XVHG�RYHU�����\HDUV�DJR��L�H��WKH�SULQFLSOH�GLVFRYHUHGLQ ����� E\� WKH�'DQLVK� SURIHVVRU��+DQV�2HUVWHG�� DQG� GHSHQGLQJ� RQ� WKH� DSSOLFDWLRQ� RI� WKHPDJQHWLF HIIHFWV�FUHDWHG�E\�DQ�HOHFWULF�FXUUHQW�IORZLQJ�WKURXJK�WKH�FRLOV�RI�D�FRQGXFWRU��7KHGHYLFH XWLOL]LQJ� WKLV� SULQFLSOH�� FDOOHG� DQ� �HOHFWURPDJQHW��� LV� QRZ� RQH� RI� WKH� PRVW� DUFKDLFLQYHQWLRQV�VWLOO�LQ�FRPPRQ�XVH�EHFDXVH�RI�WKH�ODFN�RI�D�PRUH�VXLWDEOH�VROXWLRQ��:H�FDQ�UHDOL]HKRZ RXWGDWHG� LWV� RSHUDWLRQ� LV� IURP� WKH� IROORZLQJ� H[DPSOH�� LI� WKH� SURJUHVV� LQ� SURSXOVLRQV\VWHPV ZHUH�HTXDO�WR�WKDW�RI�PDJQHWLF�ILHOG�SURGXFWLRQ�GHYLFHV��RXU�RQO\�PHFKDQLFDO�YHKLFOHZRXOG�VWLOO�EH�D�VWHDP�HQJLQH�(OHFWURPDJQHWV SRVVHVV� D� ZKROH� UDQJH� RI� LQKHUHQW� GUDZEDFNV�� ZKLFK� PDNH� LWLPSRVVLEOH WR� UDLVH� WKHLU� RXWSXW� DERYH� D� SDUWLFXODU� �� DQG� QRW� YHU\� KLJK� �� OHYHO�� 7KHVHGLVDGYDQWDJHV FDQ� LQ� QR� ZD\� EH� HOLPLQDWHG�� EHFDXVH� WKH\� UHVXOW� IURP� WKH� SULQFLSOH� RIRSHUDWLRQ�RI�WKHVH�GHYLFHV�DORQH��%HORZ�WKH�PRVW�VLJQLILFDQW�RI�WKHVH�LQKHULWHG�DQG�WKXV�WRWDOO\XQUHPRYDEOH GUDZEDFNV RI�HOHFWURPDJQHWV�DUH�OLVWHG��7KHLU�H[SODQDWLRQ�ZLWK�PRUH�GHWDLOVZLOO EH�SURYLGHG�LQ�VXEVHFWLRQ�)��ZKLFK�SUHVHQWV�WKH�ZD\�LQ�ZKLFK�HDFK�RI�WKHVH�GUDZEDFNVLV�HOLPLQDWHG�LQ�WKH�RSHUDWLRQ�RI�WKH�2VFLOODWRU\�&KDPEHU���� (OHFWURPDJQHWV� FUHDWH� GHIOHFWLQJ� IRUFHV ZKLFK� WHQVH� WKHLU� FRLOV� LQ� WKH� UDGLDOGLUHFWLRQ WU\LQJ�WR�WHDU�WKHVH�FRLOV�DSDUW��7KHVH�IRUFHV�DUH�SURGXFHG�DV�WKH�UHVXOW�RI�PXWXDOLQWHUDFWLRQ EHWZHHQ�WKH�PDJQHWLF�ILHOG�SURGXFHG�E\�DQ�HOHFWURPDJQHW��DQG�WKH�VDPH�FRLOV�RIWKH FRQGXFWRU�ZKLFK� FUHDWHG� WKLV� ILHOG�� 7KH� ILHOG� WULHV� WR�SXVK� WKHVH�FRLOV�RXW� IURP� LWV� RZQUDQJH �DFFRUGLQJ�WR�WKH�DFWLRQ�RI�WKH��OHIW�KDQG�UXOH��RIWHQ�FDOOHG�WKH��PRWRU�HIIHFW����7KXV�WKHGHIOHFWLQJ IRUFHV�VR�IRUPHG�LQ�FRLOV�DUH�RI�D�W\SH�LGHQWLFDO�WR�WKH�RQHV�XWLOL]HG�LQ�WKH�RSHUDWLRQRI HOHFWULF� PRWRUV�� ,Q� RUGHU� WR� SUHYHQW� WKH� HOHFWURPDJQHW� IURP� EHLQJ� WRUQ� DSDUW�� WKHVHHOHFWURPDJQHWLF FRQWDLQPHQW� IRUFHV�PXVW�XOWLPDWHO\�EH�RSSRVHG�E\� VRPH� IRUP�RI�SK\VLFDOVWUXFWXUH� 7KH�PHFKDQLFDO� VWUHQJWK�RI� WKLV� VWUXFWXUH�FRXQWHU�EDODQFHV� WKH�GHIOHFWLQJ� IRUFHVUHVXOWLQJ IURP� WKH� RXWSXW� RI� D� JLYHQ� HOHFWURPDJQHW�� 2I� FRXUVH� WKLV� VWUXFWXUH� VLJQLILFDQWO\LQFUHDVHV WKH� ZHLJKW� RI� DQ\� UHDOO\� SRZHUIXO� VWHDG\�ILHOG� PDJQHW�� )XUWKHUPRUH�� ZKHQ� WKHFXUUHQW
V�IORZ�LQ�HOHFWURPDJQHWV�H[FHHGV�D�FHUWDLQ�OHYHO��WKH�GHIOHFWLQJ�IRUFHV�JURZ�WR�VXFK�DQH[WHQW�WKDW�WKH\�DUH�QRW�DEOH�WR�EH�EDODQFHG�IXUWKHU�E\�WKH�PHFKDQLFDO�VWUHQJWK�RI�WKH�VWUXFWXUH�7KXV� WKH�JUDGXDO�LQFUHDVH�LQ�RXWSXW�RI�HOHFWURPDJQHWV��HYHQWXDOO\�FDXVHV�FRLOV�WR�H[SORGH�,Q WKLV� ZD\� WRR� KLJK� DQ� LQFUHDVH� LQ� WKH� RXWSXW� RI� HOHFWURPDJQHWV� UHVXOWV� LQ� WKHLUVHOI�GHVWUXFWLRQ YLD�DQ�H[SORVLRQ��6XFK�H[SORVLRQV�RI� HOHFWURPDJQHWV�DUH�TXLWH� IUHTXHQWRFFXUUHQFHV LQ�VFLHQWLILF� ODERUDWRULHV�� WKHUHIRUH� WKH�PRVW�SRZHUIXO�HOHFWURPDJQHWV�PXVW�EH
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SODFHG�LQ�VSHFLDO�EXQNHUV�ZKLFK�FRQILQH�WKHLU�SRVVLEOH�H[SORVLRQV���� (OHFWURPDJQHWV�UHTXLUH�WKH�FRQWLQXRXV�VXSSO\�RI�HOHFWULF�HQHUJ\ LI� WKH\�DUH�WRSURGXFH�D�PDJQHWLF�ILHOG�ZKRVH�DOO�SDUDPHWHUV�DUH�FRQWUROODEOH��L�H��D�ILHOG�ZKRVH�SDUDPHWHUVFDQ�EH�FKDQJHG�LQ�DFFRUGDQFH�ZLWK�WKH�DSSOLFDWLRQ�UHTXLUHPHQWV���,I�FRQWLQXRXV�HQHUJ\�VXSSO\LV�FXW�RII��WKH�FRQWURO�RYHU�WKH�HOHFWURPDJQHW
V�ILHOG�ILQLVKHV��7KLV�UHTXLUHPHQW�RI�FRQWUROODELOLW\FDXVHV WKDW� GXULQJ� WKH� SURGXFWLRQ� RI� SRZHUIXO� PDJQHWLF� ILHOGV�� D� VLQJOH� HOHFWURPDJQHWFRQVXPHV�WKH�RXWSXW�IURP�D�ZKROH�HOHFWULFLW\�SODQW���� (OHFWURPDJQHWV� FDXVH� VLJQLILFDQW� HQHUJ\� ORVVHV�� 7KH� HOHFWULF� FXUUHQW� IORZLQJWKURXJK�FRLOV�RI�D�FRQYHQWLRQDO�HOHFWURPDJQHW�UHOHDVHV�D�YDVW�DPRXQW�RI�KHDW��VHH�-RXOH
V�ODZRI�HOHFWULF�KHDWLQJ���7KLV�KHDW�QRW�RQO\�GHFUHDVHV�WKH�HQHUJHWLF�HIILFLHQF\�RI�WKH�PDJQHWLF�ILHOGSURGXFWLRQ��EXW�DOVR��ZKHQ�WKH�HQHUJLHV�LQYROYHG�DUH�KLJK��LW�OHDGV�WR�D�PHOWLQJ�RI�WKH�FRLOV�7KH VXSHUFRQGXFWLYH� HOHFWURPDJQHW� UHPRYHV� WKH� KHDWLQJ� IURP� D� FXUUHQW� IORZLQJWKURXJK�UHVLVWDQFH��+RZHYHU��LW�LQWURGXFHV�DQRWKHU�ORVV�RI�HQHUJ\�UHVXOWLQJ�IURP�WKH�QHFHVVLW\WR PDLQWDLQ�D�YHU\�ORZ�WHPSHUDWXUH�RI�WKH�FRLOV��7KLV�DOVR�FDXVHV�D�SHUPDQHQW�FRQVXPSWLRQRI�HQHUJ\�ZKLFK�GHFUHDVHV�WKH�HIILFLHQF\�RI VXFK�D�PDJQHW��0RUHRYHU��LW�VKRXOG�EH�QRWHG�KHUHWKDW WKH�KLJK�GHQVLW\�RI�PDJQHWLF�ILHOGV�FDQFHOV�WKH�HIIHFW�RI�VXSHUFRQGXFWLYLW\�DQG�WKHUHE\UHVWRUHV�D�UHVLVWDQFH�WR�WKH�FRLOV��7KXV�WKH�VXSHUFRQGXFWLYH�HOHFWURPDJQHWV�DUH�RQO\�FDSDEOHWR SURGXFH�PDJQHWLF�ILHOGV�WKH�GHQVLW\�RI�ZKLFK�LV�ORZHU�WKDQ�WKH�WKUHVKROG�YDOXH�FDXVLQJ�WKHUHWXUQ�RI�HOHFWULF�UHVLVWLYLW\�WR�WKHLU�FRLOV���� (OHFWURPDJQHWV�DUH�SURQH�WR�HOHFWULF�ZHDU�RXW��7KH�JHRPHWULFDO�FRQILJXUDWLRQ�RIHOHFWURPDJQHWV�LV�IRUPHG�LQ�VXFK�D�ZD\�WKDW�WKH�GLUHFWLRQ�RI�WKH�JUHDWHVW�HOHFWULF�ILHOG�VWUHQJWKGRHV QRW�FRLQFLGH�ZLWK�WKH�SDWK�RI�WKH�FRQGXFWRU�WKURXJK�WKH�FRLO��L�H��IRUFHV�RI�WKLV�ILHOG�WU\�WRVKRUW�FXW WKH�IORZ�RI�FXUUHQW�DFURVV�FRLOV��ZKHUHDV�WKH�OD\HU�RI�LQVXODWLRQ�FKDQQHO�WKH�FXUUHQWWR IORZ� WKURXJK� WKH� FRLOV� DQG�DORQJ� D� VSLUDO��� 7KLV�GLUHFWV� WKH� GHVWUXFWLYH� DFWLRQ� RI� HOHFWULFHQHUJ\ LQWR WKH�LQVXODWLRQ��FDXVLQJ�LWV�HYHQWXDO�GDPDJH��VKRUW�FLUFXLW�IROORZHG�E\�WKH�HOHFWULFEUHDNGRZQ��ZKLFK�LQLWLDWHV�WKH�GHVWUXFWLRQ�RI�WKH�HQWLUH�GHYLFH���� (OHFWURPDJQHWV�KDYH�D�OLPLWHG�FRQWUROODELOLW\��H�J��FDQ�QRW�EH�FRQWUROOHG�E\�ZHDNVLJQDOV� 7KH�SDUDPHWHUV�RI�WKHLU�PDJQHWLF�ILHOG�FDQ�EH�FRQWUROOHG�RQO\�WKURXJK�WKH�FKDQJHVLQ�WKH�SRZHU�RI�WKH�HOHFWULFDO�HQHUJ\�VXSSO\��7KHUHIRUH�FRQWUROOLQJ�WKH�HOHFWURPDJQHWV�UHTXLUHVWKH�VDPH�SRZHUV�DV�WKRVH�SRZHUV�LQYROYHG�LQ�WKH�SURGXFWLRQ�RI�D�PDJQHWLF�ILHOG�7KH RQO\�ZD\�WR�HOLPLQDWH�WKH�ILYH�GLVDGYDQWDJHV�OLVWHG�DERYH�LV�WR�DSSO\�D�FRPSOHWHO\GLIIHUHQW SULQFLSOH�RI�PDJQHWLF�ILHOG�SURGXFWLRQ��6XFK�D�SULQFLSOH��LQYHQWHG�E\�WKH�DXWKRU��ZLOOEH SUHVHQWHG� LQ� ODWHU� VHFWLRQV� RI� WKLV� FKDSWHU�� %HFDXVH� WKLV� QHZ� SULQFLSOH� XWLOL]HV� WKHPHFKDQLVP RI� RVFLOODWRU\� GLVFKDUJHV� RFFXUULQJ� LQVLGH� D� FXELFDO� FKDPEHU�� LW� LV� FDOOHG� DQ�2VFLOODWRU\�&KDPEHU��7KH SULQFLSOH� RI� WKH� 2VFLOODWRU\� &KDPEHU� DYRLGV� WKH� OLPLWDWLRQV� ZKLFK� SUHYHQW� DQLQFUHDVH RI�RXWSXW�LQ�HOHFWURPDJQHWV��WKH�ZD\�LW�LV�DFKLHYHG�LV�SUHVHQWHG�LQ�VXEVHFWLRQ�)���$OVR� LW� SURPLVHV� D� PRUH� HIIHFWLYH� DQG� FRQYHQLHQW� SUHSDUDWLRQ� DQG� H[SORLWDWLRQ�� ORQJ� OLIHZLWKRXW WKH�QHFHVVLW\�RI�PDLQWHQDQFH��D�YHU\�KLJK�ILHOG�WR�ZHLJKW�UDWLR��DQG�D�ZLGH�UDQJH�RIDSSOLFDWLRQV �H�J��DV�DQ�HQHUJ\�VWRUDJH��SURSXOVLRQ�GHYLFH��VRXUFH�RI�PDJQHWLF�ILHOGV��HWF���VHH 7DEOH� )���� 7KH� H[SODQDWLRQV� WKDW� IROORZ� �HVSHFLDOO\� WKH� RQH� IURP� VXEVHFWLRQ� )��� ZLOOGHVFULEH�WKH�PHFKDQLVPV�IRU�DFKLHYLQJ�DOO�WKHVH�DGGLWLRQDO�DGYDQWDJHV��7KHUHIRUH��LW�DSSHDUVKLJKO\ GHVLUDEOH�WR�SURPRWH�WKH�IDVW�GHYHORSPHQW�RI�WKLV�GHYLFH��VR�WKDW�LQ�WKH�QRW�WRR�GLVWDQWIXWXUH�LW�PD\�UHSODFH�HOHFWURPDJQHWV�SUHVHQWO\�LQ�XVH�
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)���7KH�SULQFLSOH�RI�RSHUDWLRQ�RI�WKH�2VFLOODWRU\�&KDPEHU
7KH HOHFWULF� FXUUHQW� IORZLQJ� WKURXJK� D� ZLUH� LV� QRW� WKH� RQO\� VRXUFH� RI� D� FRQWUROOHGPDJQHWLF ILHOG�� 7KH� RWKHU� ZHOO�NQRZQ� VRXUFH� LV� WKH� SKHQRPHQRQ� PDQLIHVWLQJ� WKH� IORZ� RIHOHFWULF HQHUJ\�LQ�LWV�SXUHVW�IRUP��L�H��DQ�HOHFWULF�VSDUN��7KHUH�DUH�PDQ\�GLIIHUHQW�PHWKRGV�IRUWKH FUHDWLRQ� RI� HOHFWULF� VSDUNV�� EXW� WKH� SXUSRVH� FRQVLGHUHG� KHUH� LV� EHVW� VHUYHG� E\� WKHVR�FDOOHG��RVFLOODWRU\�FLUFXLW�ZLWK�D�VSDUN�JDS���7KH�XQLTXH�SURSHUW\�RI�VXFK�D�FLUFXLW�LV�LWV�DELOLW\WR DEVRUE��WRWDO�DQG�XWLOL]H�WKH�HQHUJ\�VXSSOLHG�WR�LW��7KLV�HQHUJ\�WKHQ�DSSHDUV�LQ�WKH�IRUP�RID�JUDGXDOO\�GLPLQLVKLQJ�VHTXHQFH�RI�RVFLOODWRU\�VSDUNV�FUHDWHG�E\�WKH�FLUFXLW�7KH GLVFRYHU\�RI�WKH�RVFLOODWRU\�FLUFXLW�ZLWK�D�VSDUN�JDS�ZDV�DFKLHYHG�LQ������E\�WKH$PHULFDQ SK\VLFLVW�� -RVHSK� +HQU\�� ZKR� QRWLFHG� WKDW� ZKHQ� D� /D\GHQ� MDU� ZDV� GLVFKDUJHGWKURXJK�FRLOV�RI�ZLUH��WKH�GLVFKDUJH�DQG�D�VSDUN�ZHUH�RVFLOODWRU\��$�IHZ�\HDUV�ODWHU�/RUG�.HOYLQ�WKH�JUHDW�(QJOLVK�SK\VLFLVW�DQG�HQJLQHHU��SURYHG�PDWKHPDWLFDOO\�WKDW�WKH�GLVFKDUJH�LQ�D�FLUFXLWVR�FRQVWLWXWHG�PXVW�PDQLIHVW�LWVHOI�LQ�WKH�RVFLOODWRU\�IRUP�$W�WKLV�SRLQW�LW�VKRXOG�EH�VWUHVVHG�WKDW�+HQU\
V�FLUFXLW�ZDV�WKH�ILUVW�FLUFXLW�GLVFRYHUHG�RQRXU SODQHW� ZKLFK� SURGXFHG� HOHFWULFDO� RVFLOODWLRQV�� 7KXV� LWV� FRPSOHWLRQ� KDG� WKH� VDPHUHYROXWLRQDU\�FRQVHTXHQFHV�IRU�RXU�FLYLOL]DWLRQ�DV�IRU�H[DPSOH�WKH�GHYHORSPHQW�RI�D�ILUVW�VWHDPHQJLQH� 7KLV� LV� EHFDXVH� +HQU\
V� FLUFXLW� SURYLGHG� WKH� IRXQGDWLRQV� IRU� WKH� IRUPXODWLRQ� RI� DQXPEHU RI�VFLHQWLILF�GLVFLSOLQHV�ZKLFK�DUH�EDVHG�RQ�HOHFWULF�RVFLOODWLRQV��VXFK�DV�HOHFWURQLFVRU F\EHUQHWLFV��)XUWKHUPRUH��WKH�SULQFLSOH�RI�HOHFWULF�RVFLOODWLRQV�LV�XWLOL]HG�SUHVHQWO\�LQ�D�YDVWQXPEHU RI� WHFKQLFDO� GHYLFHV�� IRU� H[DPSOH� LQ� UDGLR�� WHOHYLVLRQ�� FRPSXWHUV�� PHDVXULQJLQVWUXPHQWV� DQG�PDQ\�PRUH��7KXV�ZH�VKRXOG�KRQHVWO\�DFNQRZOHGJH�WKDW� LI�QRW� IRU�+HQU\
VGLVFRYHU\�RXU�FLYLOL]DWLRQ�ZRXOG�QRW�EH�DW�WKH�OHYHO�LW�LV�QRZ�
)���� 7KH� HOHFWULFDO� LQHUWLD� RI� DQ� LQGXFWRU� DV� WKH� PRWLYH� IRUFH� IRU� RVFLOODWLRQV� LQ� DFRQYHQWLRQDO�RVFLOODWRU\�FLUFXLW�ZLWK�D�VSDUN�JDS
)LJXUH )� �D��VKRZV�D�FRQYHQWLRQDO�FRQILJXUDWLRQ�RI�WKH�RVFLOODWRU\�FLUFXLW�ZLWK�D�VSDUNJDS� L�H��WKH�FRQILJXUDWLRQ�GLVFRYHUHG�E\�-RVHSK�+HQU\��7KH�PRVW�GLVWLQFWLYH�FKDUDFWHULVWLF�RIWKLV FRQILJXUDWLRQ� LV� WKDW� LW� LV�FRQVWLWXWHG�E\�FRQQHFWLQJ� WRJHWKHU� LQWR�RQH�FORVHG�FLUFXLW� WKHFRQILJXUDWLRQ�RI�WKUHH�YLWDO�HOHPHQWV��L�H��/��& DQG�(��ZKLFK�KDYH�WKH�IRUP�RI�VHSDUDWH�GHYLFHV��7KHVH HOHPHQWV� DUH�� ���� LQGXFWRU� /�� FRQWDLQLQJ� D� ORQJ� ZLUH� ZRXQG� LQWR�PDQ\� FRLOV�� ZKLFKSURYLGHV�WKH�FLUFXLW�ZLWK�WKH�SURSHUW\�FDOOHG�DQ��LQGXFWDQFH�������FDSDFLWRU�& ��ZKRVH�SURSHUW\��FDOOHG D� �FDSDFLWDQFH��� DOORZV� WKH� FLUFXLW� WR� DFFXPXODWH� HOHFWULF� FKDUJHV�� ���� HOHFWURGHV�(�ZKRVH WZR�SDUDOOHO�SODWHV�( DQG�( ��VHSDUDWHG�E\�D�OD\HU�RI�JDV��LQWURGXFH�D��VSDUN�JDS��WR5 /WKH�FLUFXLW�:KHQ WKH HOHFWULF�FKDUJHV���T��DQG���T��DUH�VXSSOLHG�WR� WKH�SODWHV�3 DQG�3 RI� WKH) %FDSDFLWRU & �� WKLV� IRUFHV�WKH� IORZ�RI�DQ�HOHFWULF�FXUUHQW� �L�� WKURXJK�WKH�VSDUN�JDS�(�DQG� WKH�LQGXFWRU /� 7KH�FXUUHQW��L��PXVW�DSSHDU�LQ�WKH�IRUP�RI�D�VSDUN��6��DQG�PXVW�DOVR�SURGXFH�WKHPDJQHWLF IOX[��)���7KH�PHFKDQLVPV�RI�FRQVHFXWLYH�HQHUJ\� WUDQVIRUPDWLRQV�RFFXUULQJ�ZLWKLQWKH LQGXFWRU� /� �ZKLFK� DSDUW� IURP� WKLV� VXEVHFWLRQ� LV� DOVR� GHVFULEHG� LQ� QXPHURXV� ERRNV� RQHOHFWURQLFV DQG�SK\VLFV��FDXVHV�WKH�VSDUN��6���VLQFH�RQFH�FUHDWHG�EHWZHHQ�HOHFWURGHV�(��WRFRQWLQXH�RVFLOODWLQJ�XQWLO�WKH�HQHUJ\�LQYROYHG�LV�GLVVLSDWHG�7KH RVFLOODWRU\� FLUFXLW�ZLWK� D� VSDUN�JDS� UHSUHVHQWV� DQ� HOHFWULF� YHUVLRQ� RI� WKH� GHYLFHZKLFK SURGXFHV�RQH�RI�WKH�PRVW�FRPPRQ�SKHQRPHQD�RI�QDWXUH��DQ�RVFLOODWRU\�PRWLRQ��7KH
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PHFKDQLFDO DQDORJ\�RI�WKLV�GHYLFH��ZHOO�NQRZQ�WR�HYHU\RQH��LV�D�VZLQJ��,Q�DOO�GHYLFHV�RI�WKDWW\SH� WKH� RFFXUUHQFH� RI� RVFLOODWLRQV� LV� FDXVHG� E\� WKH� DFWLRQ� RI� WKH� &RQVHUYDWLRQ� (QHUJ\3ULQFLSOH� 7KLV�SULQFLSOH�FRPSHOV�WKH�LQLWLDO�HQHUJ\�SURYLGHG�WR�VXFK�DQ�RVFLOODWLQJ�V\VWHP�WREH ERXQG�LQ�D�FRQWLQXRXV�SURFHVV�RI�UHSHWLWLYH�WUDQVIRUPDWLRQV�LQWR�WZR�IRUPV��SRWHQWLDO�DQGNLQHWLF��,Q�WKH�FDVH�RI�DQ�RVFLOODWRU\�FLUFXLW�WKH��SRWHQWLDO�HQHUJ\��LV�UHSUHVHQWHG�E\�WKH�RSSRVLWHHOHFWULF�FKDUJHV���T��DQG���T��FDUULHG�ZLWKLQ�ERWK�SODWHV�RI�D�FDSDFLWRU���VHH�)LJXUH�)���D���7KHHOHFWULF SRWHQWLDO�GLIIHUHQFH�LQWURGXFHG�E\�WKH�SUHVHQFH�RI�WKHVH�FKDUJHV�FDXVHV�WKH�IORZ�RIDQ HOHFWULF�FXUUHQW��L��WKURXJK�WKH�FLUFXLW��,Q�D�VZLQJ��WKH�VDPH�SRWHQWLDO�HQHUJ\�LV�LQWURGXFHGE\ VODQWLQJ�WKH�DUP�RI�LW�DZD\�IURP�WKH�YHUWLFDO�SRVLWLRQ��$V�D�UHVXOW��D�ORDG��H�J��D�VZLQJLQJFKLOG� LV� UDLVHG� WR� D� SDUWLFXODU� KHLJKW�� ODWHU� IRUFLQJ� LWV� RZQ� DFFHOHUDWLRQ� GRZQ� LQWR� WKHHTXLOLEULXP SRVLWLRQ��7KH�VHFRQG� IURP�RI�HQHUJ\�� WKH� �NLQHWLF�HQHUJ\���ZLWKLQ� WKH�RVFLOODWRU\FLUFXLW�PDQLIHVWV�LWVHOI�LQ�WKH�IURP�RI�D�PDJQHWLF�IOX[��)��SURGXFHG�E\�WKH�LQGXFWRU�/��,Q�D�VZLQJWKLV�NLQHWLF�HQHUJ\�DSSHDUV�DV�WKH�VSHHG�RI�D�ORDG
V�PRWLRQ�7KH PXWXDO�WUDQVIRUPDWLRQ�RI�WKH�SRWHQWLDO�IRUP�RI�HQHUJ\�LQWR�D�NLQHWLF�RQH��DQG�YLFHYHUVD� UHTXLUHV� WKH� LQYROYHPHQW� RI� DQ� DJHQW� ZKLFK� DFWLYDWHV� WKH� PHFKDQLVPV� RI� HQHUJ\FRQYHUVLRQ� 7KLV�DJHQW�LV�LQWURGXFHG�E\�WKH�HOHPHQW�SRVVHVVLQJ�WKH�SURSHUW\�FDOOHG��LQHUWLD��,QHUWLD LV D�PRWLYH�IRUFH�PDLQWDLQLQJ�WKH�RVFLOODWLRQV�ZLWKLQ�DQ\�RVFLOODWLQJ�V\VWHP��,W�ZRUNV�DVD NLQG RI��SXPS��ZKLFK�IRUFHV�WKH�WUDQVIRUPDWLRQV�RI�HQHUJ\�IURP�D�SRWHQWLDO�IRUP��WKURXJK�DNLQHWLF RQH�� EDFN� LQWR� D� UHYHUVHG� SRWHQWLDO� IRUP�� 7KLV� �SXPS�� DOZD\V� UHVWRUHV� WKH� LQLWLDODPRXQW RI�SRWHQWLDO�HQHUJ\�H[LVWLQJ�DW�WKH�EHJLQQLQJ�RI�WKH�RVFLOODWLRQ
V�F\FOH��GHFUHDVHG�RQO\E\ LWV GLVVLSDWLRQ�RFFXUULQJ�GXULQJ�WKH�WUDQVIRUPDWLRQV��7KHUHIRUH�WKH� LQHUWLDO�HOHPHQW� LV� WKHPRVW YLWDO� FRPSRQHQW� RI� HYHU\� RVFLOODWLQJ� V\VWHP�� ,Q� WKH� RVFLOODWRU\� FLUFXLW� LWV� IXQFWLRQ� LVSHUIRUPHG�E\�WKH�LQGXFWRU�/��ZKRVH�LQGXFWDQFH��H[SUHVVHG�LQ�XQLWV�FDOOHG��+HQU\���UHSUHVHQWVHOHFWULFDO LQHUWLD�� ,Q� WKH� VZLQJ�� PHFKDQLFDO� LQHUWLD� LV� SURYLGHG� E\� WKH� PDVV� RI� D� ORDG�H[SUHVVHG LQ�NLORJUDPV���7KLV�LV�WKH�UHDVRQ�ZK\�WKH�LQGXFWDQFH�LQ�WKH�HOHFWULF�RVFLOODWLRQV�LVFRQVLGHUHG�WR�EH�WKH�HTXLYDOHQW�RI�WKH�PDVV�IURP�WKH�PHFKDQLFDO�RVFLOODWLRQV�7R LQFUHDVH�PHFKDQLFDO�LQHUWLD�LW�LV�QHFHVVDU\�WR�MRLQ�DGGLWLRQDO�PDVV�WR�WKDW�ZKLFK�LVDOUHDG\ LQYROYHG�LQ�WKH�HQHUJ\�WUDQVIRUPDWLRQV��7KH�LQFUHDVH�RI�HOHFWULFDO�LQHUWLD�UHTXLUHV�WKHH[WHQGLQJ RI�WKH�OHQJWK�RI�DQ�HOHFWULF�FXUUHQW�IORZ��H[SRVHG�WR�WKH�DFWLRQ�RI�LWV�RZQ�PDJQHWLFILHOG� 3UDFWLFDOO\� WKLV� LV�REWDLQHG�E\�EXLOGLQJ�DQ� LQGXFWRU�FRQWDLQLQJ�PDQ\�FRLOV�RI� WKH�VDPHZLUH� FORVHO\�ZRXQG��VR�WKDW�HDFK�RI�WKHP�LV�ZLWKLQ�WKH�UDQJH�RI�WKH�PDJQHWLF�ILHOG�SURGXFHGE\�WKH�RWKHU�FRLOV�/HW XV� UHYLHZ� WKH� PHFKDQLVP� RI� RVFLOODWLRQV� ZLWKLQ� WKH� RVFLOODWRU\� FLUFXLW� VKRZQ� LQ)LJXUH )� �D���:H�DVVXPH�WKDW�LQ�WKH�LQLWLDO�WLPH�W ��WKH�SODWHV�3 DQG�3 RI�WKH�FDSDFLWRU�&% ) �FDUU\ WKH�RSSRVLWH�HOHFWULF�FKDUJHV���T��DQG���T���DQG�WKDW�WKH�FXUUHQW��L��ZLWKLQ�WKH�LQGXFWRU�/LV ]HUR��$W� WKLV� LQVWDQW� WKH�ZKROH�HQHUJ\�RI� WKH�FLUFXLW� LV�VWRUHG� LQ� WKH�SRWHQWLDO� IRUP�LQ� WKHFDSDFLWRU & ��7KH�RSSRVLWH�FKDUJHV�DFFXPXODWHG�RQ�WKH�SODWHV�RI�WKH�FDSDFLWRU�& FUHDWH�DQ� �HOHFWURPRWLYH IRUFH�ZKLFK�DFWLYDWHV�WKH�FXUUHQW�IORZ��L���7R�IDFLOLWDWH�WKH�LQWHUSUHWDWLRQ�RI�WKHVSDUNV
 EHKDYLRXU�� LQ� WKLV� SXEOLFDWLRQ� WKH� HOHFWULF� FXUUHQW� LV� GHILQHG� DV� D�PRYHPHQW� RIHOHFWURQV�IURP�QHJDWLYH�WR�SRVLWLYH��7KH�FXUUHQW��L��DSSHDUV�RQ�WKH�HOHFWURGHV�(�LQ�WKH�IRUPRI D�VSDUN��6���ZKHUHDV�LQ�WKH�LQGXFWRU�/�LW�SURGXFHV�D�PDJQHWLF�IOX[��)���$V�WKH�GLIIHUHQFH�RIFKDUJHV �T��RQ WKH�SODWHV�RI� WKH�FDSDFLWRU�& GHFUHDVHV�� WKH�SRWHQWLDO�HQHUJ\�VWRUHG�LQ�WKH�HOHFWULF ILHOG�DOVR�GHFUHDVHV��7KLV�HQHUJ\� LV� WUDQVIHUUHG� WR� WKH�PDJQHWLF� ILHOG� WKDW� DSSHDUVDURXQG�WKH�LQGXFWRU�EHFDXVH�RI�WKH�FXUUHQW��L��WKDW�LV�EXLOGLQJ�XS�WKHUH��7KXV�LQ�WKH�ILUVW�SKDVHRI RVFLOODWLRQ��ZKLFK�ZH�FDQ�FDOO�WKH�DFWLYH SKDVH��WKH�HOHFWULF�ILHOG�GHFUHDVHV��WKH�PDJQHWLFILHOG EXLOGV�XS�DQG�HQHUJ\�LV�WUDQVIRUPHG�IURP�WKH�SRWHQWLDO�WR�WKH�NLQHWLF�IRUP�IORZLQJ�IURP
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WKH FDSDFLWRU�& WR�WKH�LQGXFWRU�/��:KHQ�DOO�WKH�FKDUJH�RQ�WKH�FDSDFLWRU�& GLVDSSHDUV��WKH� �HOHFWULF ILHOG� LQ� WKH� FDSDFLWRU� ZLOO� EH� ]HUR�� DQG� WKH� SRWHQWLDO� HQHUJ\� VWRUHG� WKHUH� ZLOO� EHWUDQVIHUUHG HQWLUHO\�WR�WKH�PDJQHWLF�IOX[��)��RI�WKH�LQGXFWRU�/��7KH�HOHFWURPRWLYH�IRUFH�ZKLFKEHIRUH FDXVHG� WKH� FXUUHQW� �L�� WR� IORZ� LV� QRZ� HOLPLQDWHG�� %XW� WKH� FXUUHQW� LQ� WKH� LQGXFWRUFRQWLQXHV�WR�WUDQVSRUW�WKH�QHJDWLYH�FKDUJH�IURP�WKH�3 SODWH�RI�WKH�FDSDFLWRU�& WR�WKH�3 SODWH�% � )EHFDXVH�RI�WKH�HOHFWULFDO LQHUWLD��7KLV�LQHUWLD�SUHVHUYHV�WKH�FXUUHQW��L���WKHUHIRUH�DOVR�WKH�VSDUN�6�� IURP�H[WLQFWLRQ�DQG�PDLQWDLQV�LWV�IORZ�DW�WKH�FRVW�RI�WKH�NLQHWLF�HQHUJ\�FRQWDLQHG�LQ�WKHPDJQHWLF ILHOG��7KXV�LQ�WKLV�VHFRQG�SKDVH�RI�RVFLOODWLRQ��ZKLFK�ZH�FDQ�FDOO�WKH�LQHUWLDO SKDVH�HQHUJ\�QRZ�IORZV�IURP�WKH�LQGXFWRU�/�EDFN�WR�WKH�FDSDFLWRU�& DV�WKH�HOHFWULF�ILHOG�WKHUH�EXLOGV�XS DJDLQ��(YHQWXDOO\��WKH�HQHUJ\�ZLOO�KDYH�EHHQ�WUDQVIHUUHG�EDFN�FRPSOHWHO\�WR�WKH�FDSDFLWRU& ��$IWHU�WKLV�WUDQVIHU�LV�FRPSOHWHG��DW�WKH�WLPH�W �7�WKH�VLWXDWLRQ�UHDFKHG�QRZ LV�OLNH�WKH�LQLWLDO�VLWXDWLRQ DW�WKH�WLPH�W ���H[FHSW�WKDW�WKH�FDSDFLWRU�LV�FKDUJHG�LQ�WKH�UHYHUVH�ZD\��,Q�WKH�QH[WSKDVH RI� RVFLOODWLRQ� WKH� FDSDFLWRU�ZLOO� VWDUW� WR� GLVFKDUJH�DJDLQ�� DQG� WKH�ZKROH� SURFHVV�ZLOOUHSHDW LWVHOI��WKLV�WLPH�LQ�WKH�RSSRVLWH�GLUHFWLRQ��$IWHU�WKH�WLPH�W 7��ZKHUH��7��LV�WKH�VR�FDOOHG�SHULRG RI�SXOVDWLRQV��RI�D�JLYHQ�FLUFXLW��WKH�VLWXDWLRQ�UHWXUQV�WR�WKH�RULJLQDO�VWDWH�DV�LW�ZDV�DWWKH PRPHQW� W � ��7KXV� RQFH� VWDUWHG�� VXFK� RVFLOODWLRQV� FRQWLQXH� XQWLO� WKH� UHVLVWDQFH� RI� WKLVSURFHVV�GLVVLSDWHV�WKH�HQHUJ\�LQYROYHG�
)�����,Q�WKH�PRGLILHG�RVFLOODWRU\�FLUFXLW�ZLWK�D�VSDUN�JDS�WKH�LQGXFWDQFH�RI�D�VWUHDP�RI�VSDUNVUHSODFHV�WKH�HOHFWULFDO�LQHUWLD�RI�DQ�LQGXFWRU
,W LV�NQRZQ�WKDW�DQ�HOHFWULF�VSDUN�DORQH�LQWURGXFHV�D�KLJK�HOHFWULF�LQHUWLD��7KHUHIRUH�DVSDUN LV�DEOH�WR�UHSODFH�WKH�LQGXFWRU�LQ�SURYLGLQJ�WKH�LQGXFWDQFH�WR�WKH�RVFLOODWRU\�FLUFXLW��%XWWKHUH DUH� WZR� FRQGLWLRQV� RI� VXFK� D� UHSODFHPHQW�� L�H�� ���� WKDW� WKH� VSDUN�PXVW� SRVVHVV� WKHDSSURSULDWH DFWLYH�OHQJWK��DQG�DOVR�����WKDW�LWV�SDWK�PXVW�IROORZ�D�FRXUVH�ZLWKLQ�WKH�UDQJH�RILWV RZQ� PDJQHWLF� ILHOG�� 7R� DFKLHYH� ERWK� WKHVH� FRQGLWLRQV�� LW� LV� LPSRVVLEOH� WR� UHSHDW� WKHVROXWLRQ XVHG�LQ�WKH�LQGXFWRU��IRU�WKH�VLPSOH�UHDVRQ�WKDW�DQ�HOHFWULF�VSDUN�LV�UHOXFWDQW�WR�ZLQGLWVHOI�LQWR�WKH�IRUP�RI�FRQVHFXWLYH�FRLOV��+RZHYHU��WKH�VDPH�HIIHFW�FDQ�EH�DFKLHYHG�LQ�DQRWKHUZD\� 7KH�UHTXLUHG� LQGXFWDQFH�FDQ�EH�VXSSOLHG�E\�D�ZKROH�VWUHDP�RI�VSDUNV� MXPSLQJVLPXOWDQHRXVO\ DORQJ� SDUDOOHO� SDWKV�� (DFK� VLQJOH� VSDUN� LQ� VXFK� D� VWUHDP� ZLOO� EH� WKHHTXLYDOHQW RI�RQH�FRLO�RI�ZLUH�ZLWKLQ�DQ�LQGXFWRU��7KHUHIRUH��LI�WKH�QXPEHU�RI�VSDUNV�UHDFKHVWKH�UHTXLUHG�OHYHO��DOO�VSDUNV�ZLOO�WRJHWKHU�SURYLGH�WKH�QHFHVVDU\�LQGXFWDQFH�WR�WKH�FLUFXLW�)LJXUH )���E��VKRZV�WKH�DXWKRU
V�PRGLILHG�YHUVLRQ�RI�WKH�RVFLOODWRU\�FLUFXLW�ZLWK�D�VSDUNJDS� ZKLFK�PDNHV�XVH�RI�WKH�HOHFWULFDO�LQHUWLD�RI�WKH�VWUHDP�RI�SDUDOOHO�MXPSLQJ�VSDUNV��7KHPRVW GLVWLQFWLYH� FKDUDFWHULVWLF� RI� WKLV� YHUVLRQ� LV� WKDW� DOO� WKUHH� YLWDO� FRPSRQHQWV� RI� +HQU\
VFLUFXLW� L�H�� LQGXFWDQFH� /�� FDSDFLWDQFH� & DQG� VSDUN� JDS� (�� DUH� QRZ� SURYLGHG� E\� D� VLQJOH�SK\VLFDO�GHYLFH��ZKLFK�VLPXOWDQHRXVO\�SHUIRUPV�WKUHH�GLIIHUHQW�IXQFWLRQV��7KH�PRGLILHG�GHYLFHFRQVLVWV�RI�RQO\�D�FRXSOH�RI�FRQGXFWLYH�SODWHV�3 DQG�3 ��DWWDFKHG�WR�WKH�LQQHU�VXUIDFHV�RI�WZR) %RSSRVLWH ZDOOV�RI�D�FXELFDO�FKDPEHU�PDGH�RI�DQ�HOHFWULF�LQVXODWRU�DQG�ILOOHG�ZLWK�D�GLHOHFWULFJDV� (DFK�RI�WKH�SODWHV�LV�GLYLGHG�LQWR�D�QXPEHU�RI�VPDOO�VHJPHQWV�HDFK�LQVXODWHG�IURP�WKHRWKHU �LQ�WKH�GLDJUDP�PDUNHG�E\���������������S���(DFK�SDLU�RI�IDFLQJ�VHJPHQWV�PDUNHG�E\�WKHVDPH QXPEHU��H�J������RU��S���IRUPV�D�VLQJOH�HOHPHQWDU\�FDSDFLWRU��,Q�WXUQ��DIWHU�UHFHLYLQJ�DVXIILFLHQW HOHFWULF� FKDUJH�� WKLV� FDSDFLWRU� WUDQVIRUPV� LWVHOI� LQWR� D� FRXSOH� RI� HOHFWURGHVH[FKDQJLQJ�WKH�HOHFWULF�VSDUN��H�J���6 ��RU��6 ���7KH�WRWDO�QXPEHU�RI�DOO�HOHFWULF�VSDUNV�MXPSLQJ� S
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VLPXOWDQHRXVO\ LQ�WKH�IRUP�RI�D�VLQJOH�FRPSDFW�VWUHDP�SURYLGHV�WKH�GHYLFH�ZLWK�WKH�UHTXLUHGLQGXFWDQFH��7R VXPPDUL]H�WKH�PRGLILFDWLRQ�GHVFULEHG�DERYH��RQH�FDQ�VD\�WKDW�WKH�WKUHH�VHSDUDWHGHYLFHV� HDFK�RI�ZKLFK�KDV�SURYLGHG�WKH�FRQYHQWLRQDO�FLUFXLW�ZLWK�RQH�VHOHFWHG�SURSHUW\��DUHQRZ�UHSODFHG�E\�WKH�VLQJOH�GHYLFH��L�H��D�SDLU�RI�SODWHV�HDFK�VXEGLYLGHG�LQWR�D�QXPEHU�RI�VPDOOVHJPHQWV��VLPXOWDQHRXVO\�SURYLGLQJ�DOO�WKUHH�YLWDO�SURSHUWLHV��L�H��/��&�DQG�(�,I WKH�SULQFLSOH�RI�RSHUDWLRQ�RI�WKLV�PRGLILHG�RVFLOODWRU\�FLUFXLW�LV�FRQVLGHUHG��LW�EHFRPHVREYLRXV WKDW� LW� LV� LGHQWLFDO� WR�+HQU\
V�FLUFXLW��$IWHU�DOO�VHJPHQWV�RI�ERWK�SODWHV�DUH�XQLIRUPO\FKDUJHG� WKH� SRWHQWLDO� HQHUJ\� RI� WKH� FLUFXLW� LV� EXLOW� XS�� :KHQ� WKH� GLIIHUHQFH� RI� SRWHQWLDOVEHWZHHQ�SODWHV�RYHUFRPHV�WKH�EUHDNGRZQ�YDOXH��8���WKH�GLVFKDUJH�LV�LQLWLDWHG��7KLV�GLVFKDUJHZLOO�WDNH�WKH�IRUP�RI�D�VWUHDP�RI�SDUDOOHO�VSDUNV�6 ��6 ��6 �������6 ��MRLQLQJ�VHJPHQWV�RI�WKH�SODWHV� � � SZKLFK IDFH HDFK�RWKHU��7KXV�LQ�WKH�ILUVW��DFWLYH SKDVH�RI�WKH�RVFLOODWLRQV
�F\FOH��WKH�PDJQHWLFILHOG SURGXFHG� E\� WKHVH� VSDUNV� ZLOO� JUDGXDOO\� DEVRUE� WKH� HQHUJ\� VWRUHG� LQLWLDOO\� ZLWKLQ� WKHHOHFWULF ILHOG��:KHQ�ERWK�SODWHV�3 DQG�3 UHDFK�WKH�HTXLOLEULXP�RI�SRWHQWLDOV�� WKH�HOHFWULFDO) %LQHUWLD RI�VSDUNV�ZLOO�FRQWLQXH�WKH�WUDQVPLVVLRQ�RI�WKH�FKDUJH�EHWZHHQ�WKHP��WUDQVIRUPLQJ�WKHNLQHWLF�HQHUJ\�FRQWDLQHG ZLWKLQ�WKH�PDJQHWLF�ILHOG�EDFN�LQWR�WKH�SRWHQWLDO�HQHUJ\�RI�WKH�HOHFWULFILHOG��7KHUHIRUH�DW�WKH�HQG�RI�WKH�VHFRQG��LQHUWLDO VWDJH�RI�WKH�RVFLOODWLRQ�RI�VSDUNV��WKH�SODWHVZLOO DJDLQ�FRQWDLQ�WKH�LQLWLDO�FKDUJH��EXW�RI�WKH�RSSRVLWH�NLQG��7KHQ�WKH�ZKROH�SURFHVV�UHSHDWVLWVHOI EXW�LQ�WKH�UHYHUVH�GLUHFWLRQ��,I�WKH�VOLJKW�GLVVLSDWLRQ�RI�HQHUJ\�RFFXUULQJ�LQ�WKLV�GHYLFH�LVVRPHKRZ�FRPSHQVDWHG�IRU��WKH�SURFHVV�GHVFULEHG�DERYH�ZLOO�EH�UHSHDWHG�HQGOHVVO\�2SHUDWLRQ RI�WKH�PRGLILHG�RVFLOODWRU\�FLUFXLW� OLEHUDWHV�DOO�WKH�HOHFWULF�SKHQRPHQD�IURPPDWHULDO WLHV��,Q�HIIHFW�WKH�HOHFWULF�FXUUHQW�GRHV�QRW�QHHG�WR�IORZ�WKURXJK�D�ZLUH�DQG�LWV�YDOXHLV QRW� WKH� VXEMHFW� RI� OLPLWDWLRQ� E\� WKH� SURSHUWLHV� RI� WKH� PDWHULDOV� XVHG�� $OVR� WKH� HOHFWULFSKHQRPHQD DUH�H[SRVHG� WR�D�FRQWUROOLQJ�DFWLRQ� WKDW�DOORZV�WKHP� WR�EH�FKDQQHOOHG� LQWR� WKHGHVLUHG FRXUVH��7KHVH�DUH�YHU\�LPSRUWDQW�DFKLHYHPHQWV��DQG�DV�ZLOO�EH�SURYHG�ODWHU��WKH\�DUHWKH�VRXUFH�RI�PDQ\�RI�WKH�DGYDQWDJHV�RI�WKLV�GHYLFH�7KH�VHTXHQFH�RI�VSDUNV�WKDW�RVFLOODWH�LQ�WKH�GHYLFH�VKRZQ�LQ�)LJXUH�)���E���ZLOO�SURGXFHDQ DOWHUQDWLQJ�PDJQHWLF� ILHOG��%HFDXVH�WKH�VWUHDP�RI�VSDUNV�IROORZV�WKH�VDPH�SDWK� LQ�ERWKGLUHFWLRQV��WKLV�ILHOG�ZLOO�DOVR�EH�D�YRUWH[���VLPLODU�WR�WKDW�IRUPHG�DURXQG�D�VHJPHQW�RI�D�VWUDLJKWZLUH �L�H�� KDYH� DOO� IRUFH� OLQHV� O\LQJ� RQ� SDUDOOHO� SODQHV��� 6XFK� D� ILHOG� ZLOO� QRW� GLVSOD\� FOHDUSRODULW\� EHFDXVH�LWV�PDJQHWLF�SROHV�1�DQG�6�DUH�QRW�IL[HG��7R�FUHDWH�D�ELSRODU�PDJQHWLF�ILHOGZLWK WKH� VWHDGLO\�SRVLWLRQHG�PDJQHWLF�SROHV�1�DQG�6�� LW� LV� QHFHVVDU\� WR� FRQWLQXH�RQH�VWHSIXUWKHU�LQ�WKH�GHYHORSPHQW�RI�WKLV�PRGLILHG�RVFLOODWRU\�FLUFXLW�
)�����7KH�FRPELQLQJ�RI�WZR�PRGLILHG�FLUFXLWV�IRUPV�DQ �2VFLOODWRU\�&KDPEHU��SURGXFLQJD�ELSRODU�PDJQHWLF�ILHOG
7KH ILQDO�IRUP�RI�WKH�FLUFXLW�FRQVLGHUHG�KHUH�LV�VKRZQ�LQ�)LJXUH�)���F���7KLV�LV�WKH�IRUPWR ZKLFK� WKH� QDPH� �2VFLOODWRU\�&KDPEHU�� KDV� EHHQ� DVFULEHG�� 7KH�2VFLOODWRU\�&KDPEHU� LVFRQVWLWXWHG�E\�FRPELQLQJ�WRJHWKHU�WZR�FLUFXLWV�LQGLFDWHG�DV�& DQG�& ��ERWK�LGHQWLFDO�WR�WKH�RQH� �SUHVHQWHG LQ�WKH�SUHYLRXV�VXEVHFWLRQ�DQG�LOOXVWUDWHG�LQ�)LJXUH�)���E���7KHUHIRUH�LW�FRQVLVWV�RIIRXU�VHJPHQWHG�SODWHV��L�H��WZLFH�DV�PDQ\�DV LQ�WKH�PRGLILHG�RVFLOODWRU\�FLUFXLW�LQ�)LJXUH�)���E��LQGLFDWHG�DV�3 ��3 ��3 DQG�3 �L�H��IURQW��EDFN��ULJKW�DQG�OHIW���(DFK�RI�WKHVH�SODWHV�FRQWDLQV�WKH) % 5 /VDPH QXPEHU�RI�VHJPHQWV��S���DQG� IDFHV�WKH�RWKHU� LGHQWLFDO�SODWH�� WRJHWKHU�ZLWK� WKLV�RWKHUSODWH�IRUPLQJ�RQH�RI�WKH�WZR�FRRSHUDWLQJ�RVFLOODWRU\�FLUFXLWV��%RWK�RI�WKHVH�FLUFXLWV�SURGXFH�WKH
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IRXU VWUHDPV�RI�VSDUNV�PDUNHG�DV�6 ��6 ��6 ��DQG�6 ��ZKLFK�RVFLOODWH�EHWZHHQ�RSSRVLWH5�/ )�% /�5 %�)SODWHV��7KHVH�VSDUNV�DSSHDU�LQ�VXFFHVVLRQ��RQH�DIWHU�WKH�RWKHU��KDYLQJ�WKH�PXWXDO�SKDVH�VKLIWEHWZHHQ WKHP� HTXDO� WR� RQH� TXDUWHU� RI� D� SHULRG� �L�H�� ��7��� RI� WKHLU� HQWLUH� VHTXHQFH� RISXOVDWLRQV�%HIRUH WKH�PHFKDQLVP� RI� WKH� GLVFKDUJHV� LQ� WKLV� ILQDO� FRQILJXUDWLRQ� LV� DQDO\]HG�� ZHVKRXOG UHPLQG�RXUVHOYHV�RI� WKH�DFWLRQ�RI� WKH�HOHFWURPDJQHWLF�FRQWDLQPHQW�IRUFHV�ZKLFK�ZLOOWU\�WR�GHIOHFW�WKH�VSDUNV�DZD\�IURP�WKH�UDQJH�RI�WKH�ELSRODU�PDJQHWLF�ILHOG��7KH\�DUH�WKH�VDPHIRUFHV ZKLFK�FDXVH�WKH�H[SORVLRQ�RI�FRLOV�LQ�SRZHUIXO�HOHFWURPDJQHWV��ZH�DOUHDG\�GLVFXVVHGWKHP LQ�LWHP����RI�VXEVHFWLRQ�)����,Q�WKH�FDVH�RI�WKH�2VFLOODWRU\�&KDPEHU��WKHVH�IRUFHV�ZLOOSXVK WKH� VWUHDP� RI� VSDUNV� DJDLQVW� WKH� OHIW� SODWH� DORQJ� ZKLFK� WKH� GLVFKDUJH� RFFXUV�� )RUH[DPSOH�DOO�VSDUNV�ZLWKLQ�WKH�VWUHDP�6 MXPSLQJ�IURP�WKH�SODWH��OHW�VD\��3 WR�WKH�SODWH�3 ZLOO5�/ 5 /EH SXVKHG� WR� WKH� VXUIDFH� RI� WKH� SODWH� 3 �DW� WKLV�PRPHQW� WKH� SODWH� 3 LQFUHDVHV� LWV� RZQ) )QHJDWLYH�FKDUJH���)RU�WKLV�UHDVRQ�WKH�LQGLYLGXDO�VSDUNV�IRUPLQJ�FRQVHFXWLYH�VWUHDPV�6 ��6 �5�/ )�%6 ��DQG�6 ��LQVWHDG�RI�FURVVLQJ�WKH�SDWKV�RI�WKH�RWKHU�VSDUNV��ZLOO�EHQG�WKHPVHOYHV�WRZDUGV/�5 %�)WKH OHIW�ZDOOV�RI�WKH�FKDPEHU�DQG�SURGXFH�D�NLQG�RI�RUGHUO\�URWDWLQJ�DUF��1RWLFH�WKDW�WKH�SODWHDORQJ�ZKLFK�WKH�VSDUNV�DUH�MXPSLQJ�LV�SUHYHQWHG�IURP�EHLQJ�HQWHUHG�E\�WKHP��7KLV�SUHYHQWLRQPDLQO\ GHSHQGV� RQ� WKH� IRUPDWLRQ� RI� WKH� SODWH� IURP� D� ODUJH� QXPEHU� RI� VPDOO� VHJPHQWV�QHHGOHV�� HDFK� LQVXODWHG� IURP� WKH� RWKHU�� DQG� WKHUHIRUH� WKH� UHVLVWDQFH� DJDLQVW� FRQGXFWLRQDORQJ WKH�SODWH�LV�QRW�OHVV�WKDQ�WKH�UHVLVWDQFH�RI�WKH�GLVFKDUJH�WKURXJK�WKH�GLHOHFWULF�JDV�LQWKH�FKDPEHU�/HW XV DVVXPH�WKDW�WKH�LQLWLDO�FKDUJLQJ�RI�WKH�2VFLOODWRU\�&KDPEHU�LV�SURYLGHG�LQ�VXFKD ZD\�WKDW�DW�WKH�PRPHQW�RI�WLPH�W ��WKH�VWUHDP�RI�VSDUNV�PDUNHG�DV�6 ZLOO�RFFXU�ILUVW��DQG5�/WKHQ DIWHU�D�SHULRG�RI� WLPH�HTXDO� WR� W �7��� WKH�VWUHDP�6 ZLOO� IROORZ��FRPSDUH�SDUW� �F��RI)�%)LJXUH )��ZLWK�SDUW��D��RI�)LJXUH�)����/HW�XV�DOVR�DVVXPH�WKDW�ULJKW�IURP�WKLV�LQLWLDO�WLPH�W ��DORQJ WKH�YHUWLFDO��PDJQHWLF��D[LV��P��RI�WKH�FKDPEHU�DOUHDG\�SUHYDLOV�WKH�PDJQHWLF�IOX[��)�SURGXFHG E\�WKLV�GHYLFH��7KLV�IOX[�SXVKHV�VSDUNV�DJDLQVW�WKH�ZDOO�ORFDWHG�DW�WKHLU�OHIW�VLGHV�$IWHU�WKH�LQLWLDO�FKDUJLQJ�RI�WKH�& FDSDFLWRU��DW�WKH�WLPH�W ���WKH�DFWLYH VWUHDP�RI�VSDUNV�6 ZLOO� 5�/DSSHDU� ZKLFK�ZLOO�MXPS�IURP�SODWH�3 WR�SODWH�3 ��7KHVH�VSDUNV�SURGXFH�WKHLU�RZQ�PDJQHWLF5 /IOX[���)��ZKLFK�LV�WRWDOOHG�WR�WKH�IOX[��)��DOUHDG\�H[LVWLQJ�LQ�WKH�FKDPEHU��7KH�IOX[��)� EHQGV�WKHSDWKV�RI�DOO�WKHVH�VSDUNV��SXVKLQJ�WKHP�FORVH�WR�WKH�VXUIDFH�RI�WKHLU�OHIW�SODWH�3 ��$W�WLPH�W �7)WKH SRWHQWLDOV� RI� SODWHV� 3 DQG� 3 UHDFK� DQ� HTXLOLEULXP�� EXW� WKH� LQHUWLD� RI� VSDUNV�6 VWLOO5 / 5�/FRQWLQXHV�WUDQVSRUWLQJ�FKDUJHV�IURP�3 WR�3 ��DW�WKH�FRVW�RI�WKH�NLQHWLF�HQHUJ\�DFFXPXODWHG�LQ5 /WKH PDJQHWLF�ILHOG��7KXV�WKH�VWUHDP�6 HQWHUV�LWV�LQHUWLDO VWDJH��$W�WKH�VDPH�LQVWDQW��W �7�5�/WKH RSHUDWLRQ�RI�WKH�VHFRQG�FLUFXLW�EHJLQV��DQG�WKH�DFWLYH�MXPS�RI�WKH�6 VWUHDP�RI�VSDUNV�LV)�%LQLWLDWHG� 6LPLODUO\�WKLV�VWUHDP�SURGXFHV�LWV�RZQ�PDJQHWLF�ILHOG���)��ZKLFK�DGGV�WR�WKH�HQWLUHIOX[ �)��DOUHDG\�SUHYDLOLQJ�LQ�WKH�FKDPEHU��7KH�IOX[��)��SXVKHV�VSDUNV�DJDLQVW�WKH�VXUIDFH�RIWKH�SODWH�3 ORFDWHG�RQ�WKHLU�OHIW�VLGH��6R�LQ�WKH�WLPHVSDQ�W �7�WR�W �7��WKHUH�DUH�WZR�VWUHDPV/RI VSDUNV�SUHVHQW�LQ�WKH�FKDPEHU��6 DQG�6 ���WKH�ILUVW�RI�ZKLFK��LQHUWLDO��WUDQVIHUV�HQHUJ\5�/ )�%IURP�WKH�PDJQHWLF�WR�WKH�HOHFWULF�ILHOG��ZKHUHDV�WKH�VHFRQG��DFWLYH��RQH�WUDQVIHUV�HQHUJ\�IURPWKH HOHFWULF� WR� WKH�PDJQHWLF� ILHOG��$W� WLPH� W �7�WKH�SODWHV�3 DQG�3 UHDFK�D�GLIIHUHQFH�RI/ 5SRWHQWLDOV�HTXDO�WR�WKH�LQLWLDO�RQH��DW�W ����EXW�ZLWK�WKH�RSSRVLWH�ORFDWLRQ�RI�FKDUJHV��7KHUHIRUHWKH VWUHDP� RI� VSDUNV� 6 GLVDSSHDUV�� ZKHUHDV� WKH� VWUHDP� 6 MXPSLQJ� LQ� DQ� RSSRVLWH5�/ /�5GLUHFWLRQ LV�QRZ�LQLWLDWHG��7KLV�VWUHDP�LV�SXVKHG�E\�ILHOG��)��WR�WKH�VXUIDFH�RI�SODWH�3 ��$W�WKH%VDPH LQVWDQW� �W �7�� WKH� SODWHV�3 DQG�3 UHDFK� WKH� HTXLOLEULXP�RI� SRWHQWLDOV�� VR� WKDW� WKH) %VWUHDP RI�VSDUNV�6 SDVVHV�LQWR�LWV�LQHUWLDO�VWDJH��,Q�WKH�WLPHVSDQ�W �7�WR�W �7�WKHUH�DUH)�%DJDLQ WZR� VWUHDPV� RI� VSDUNV�� L�H�� 6 DQG� 6 �� WKH� ILUVW� RI� ZKLFK� �� LQHUWLDO� FRQVXPHV� WKH)�% /�5



F-10

PDJQHWLF ILHOG��ZKHUHDV� WKH�RWKHU� ��DFWLYH�SURGXFHV� LW��$W� WKH� LQVWDQW� W �7� WKH�VSDUNV�6)�%GLVDSSHDU DQG�WKH�VSDUNV�6 DUH�IRUPHG��SXVKHG�DJDLQVW�SODWH�3 ���ZKHUHDV�WKH�VSDUNV�6%�) 5 /�5DUH SDVVLQJ� LQWR� WKHLU� LQHUWLDO� VWDJH�� $W� WLPH� W �7� WKH� VSDUNV� 6 DOVR� GLVDSSHDU� DQG� WKH/�5VSDUNV 6 DUH�FUHDWHG��SXVKHG�DJDLQVW�WKH�SODWH�3 ���ZKHUHDV�WKH�VSDUNV�6 SDVV�LQWR�WKHLU5�/ ) %�)LQHUWLDO VWDJH��:LWK�WKLV�WKH�ZKROH�F\FOH�RI�WKH�VSDUNV
�URWDWLRQ�LV�FORVHG��DQG�WKH�VLWXDWLRQ�DWWLPH W �7�LV�LGHQWLFDO�WR�WKH�RQH�DW�WKH�LQLWLDO�PRPHQW�W ���7KH�SURFHVV�WKDW�IROORZV�ZLOO�EH�DUHSHWLWLRQ�RI�WKH�F\FOH�MXVW�GHVFULEHG�7KH DERYH�DQDO\VLV�RI�WKH�VHTXHQFH�DQG�SDWKV�RI�WKH�VSDUNV�UHYHDOV�D�YHU\�GHVLUDEOHUHJXODULW\� 7KH� VWUHDPV� RI� VSDUNV� WXUQ� LQWR� D� NLQG� RI� HOHFWULF� DUF� FRPELQHG� IURP� WKH� IRXUVHSDUDWH VHJPHQWV��7KLV�DUF�URWDWHV�DURXQG�WKH�LQQHU�SHULPHWHU�RI�WKH�2VFLOODWRU\�&KDPEHU�6XFK D�SURFHVV��LQ�DFFRUGDQFH�ZLWK�WKH�UXOHV�RI�HOHFWUR�PDJQHWLVP��PXVW�SURGXFH�D�VWURQJ�SXOVDWLQJ� ELSRODU�PDJQHWLF�ILHOG��7KH�REWDLQLQJ�RI�VXFK�D�ILHOG�FURZQV�WKH� ORQJ�DQG�GLIILFXOWVHDUFK�IRU�WKH�QHZ�PHWKRG�RI�WKH�PDJQHWLF�ILHOG�SURGXFWLRQ�SUHVHQWHG�KHUH�
)���7KH�IXWXUH�DSSHDUDQFH�RI�WKH�2VFLOODWRU\�&KDPEHU
,W LV�QRW�GLIILFXOW�WR�VDWLVI\�WKH�UHTXLUHPHQWV�RI�WKH�2VFLOODWRU\�&KDPEHU�IRU�FRQVWUXFWLRQPDWHULDOV��7KLV�GHYLFH�FDQ�EH�PDGH�RI�SUDFWLFDOO\�DQ\WKLQJ��SURYLGHG�WKDW�LWV�KRXVLQJ�LV�D�JRRGHOHFWULF LQVXODWRU� DQG� LWV� HOHFWURGHV�PDGH� RI� JRRG� HOHFWULF� FRQGXFWRUV��0RUHRYHU�� DOO� SDUWVVKRXOG EH� PDJQHWLFDOO\� QHXWUDO�� DV� LQ� WKH� FDVH� RI� XVLQJ� IRU� H[DPSOH� VWHHO� LW� ZRXOG� EHGHVWUR\HG�ZLWK�WKH�PDJQHWLF�ILHOG�SURGXFHG�E\�WKLV�GHYLFH��6R�HYHQ�DQFLHQW�PDWHULDOV�DYDLODEOHWKRXVDQGV RI� \HDUV�DJR�� VXFK�DV�ZRRG�DQG� JROG�� FDQ� EH� XVHG�� ,I�PDGH�RXW� RI� WKHVH�� WKH2VFLOODWRU\ &KDPEHU�ZRXOG�ORRN�OLNH�DQ�RUGLQDU\�ZRRGHQ�ER[�RU�FXEH��,WV�DSSHDUDQFH�ZRXOGQRW�LQGLFDWH�LWV�KLGGHQ�SRZHU�$W RXU� SUHVHQW� OHYHO� RI� WHFKQRORJLFDO� GHYHORSPHQW� WKHUH� DUH� DYDLODEOH� WUDQVSDUHQWQRQFRQGXFWRUV� ZKLFK�DUH�DOVR�H[FHOOHQW�UREXVW�FRQVWUXFWLRQ�PDWHULDOV�DQG�DUH�PDJQHWLFDOO\QHXWUDO� 2QH�RI�WKH�PRVW�IUHTXHQWO\�XVHG�H[DPSOHV�RI�WKHP�LV�DQ�RUGLQDU\�JODVV�RU�SOH[LJODVV�,I WKH�KRXVLQJ�RI� WKH�FKDPEHU��L�H��DOO�VL[�ZDOOV��ZHUH�PDGH�RI�JODVV�� LW�ZRXOG� UHYHDO� WR� WKHREVHUYHU WKH� SURFHVVHV� RFFXUULQJ� LQ� WKH� LQWHULRU� RI� WKLV� GHYLFH�� H�J�� WKH� MXPSV� RI� HOHFWULFVSDUNV��WKH�GHQVLW\�RI�HQHUJ\��WKH�RSHUDWLRQ�RI�FRQWURO�GHYLFHV��HWF��&RQWHPSRUDU\�HOHFWURQLFVKDV DOVR FUHDWHG�D�KLJK�GHPDQG�IRU�WUDQVSDUHQW�FRQGXFWRUV��ZKLFK�FDQ�DOUHDG\�EH�IRXQG�LQVRPH�ZDWFKHV�DQG�FDOFXODWRUV��7KH�TXDOLW\�RI�WKHVH�FRQGXFWRUV�ZLOO�JUDGXDOO\�LPSURYH�DQG�ZHPD\�VRRQ�H[SHFW�WKHLU�SURSHUWLHV�WR�EH�FRPSDUDEOH�WR�WKRVH�RI�PHWDOV��/HW�XV�DVVXPH�WKDW�WKH2VFLOODWRU\ &KDPEHU�ZLOO�EH�PDGH�ZKROO\�RI�VXFK�WUDQVSDUHQW�PDWHULDOV��L�H��ERWK�FRQGXFWRUVDQG QRQFRQGXFWRUV���7KHUHIRUH�WKH�FDVXDO�REVHUYHU�RI�WKH�FKDPEHU�LQ�RSHUDWLRQ�ZLOO�QRWLFH�DW\SLFDO��FU\VWDO��O\LQJ�LQ�IURQW�RI�KLP�KHU��,W�ZLOO�WDNH�WKH�IRUP�RI�D�VKLQ\�WUDQVSDUHQW�FXEH�QLFHO\FXW IURP�D�JODVV\�PDWHULDO���VHH�)LJXUH�)���$ORQJ�WKH�LQQHU�VXUIDFHV�RI�WKH�SODLQ�VLGH�ZDOOV�RIWKLV FU\VWDO�FXEH��EULJKW�JROG�VKLPPHULQJ�VSDUNV�ZLOO�IODVK��$OWKRXJK�WKHVH�VSDUNV�ZLOO�IOLFNHU�WKH\ ZLOO�DSSHDU�WR�EH�IUR]HQ�LQ�WKH�VDPH�SRVLWLRQV��)URP�WLPH�WR�WLPH�WKH\�ZLOO�PDNH�UDSLGPRYHPHQWV OLNH� D� WXPEOHZHHG�RI� VOHHSLQJ� ILHU\�VQDNHV�� 7KHLU�SDWKV�ZLOO� FORVHO\� IROORZ� WKHLQQHU VXUIDFH�RI�WKH�VLGH�ZDOOV��EHFDXVH�RI�WKH�HOHFWURPDJQHWLF�FRQWDLQPHQW�IRUFHV�SXVKLQJWKH VSDUNV� DJDLQVW� WKH� VLGHV� RI� WKH� FKDPEHU�� 7KH� LQVLGH� RI� WKH� FXEH� ZLOO� EH� ILOOHG� ZLWK� DGLHOHFWULF JDV�DQG�DQ�H[WUHPHO\�FRQFHQWUDWHG�PDJQHWLF�ILHOG��7KLV�ILHOG��ZKHQ�REVHUYHG�IURPWKH GLUHFWLRQ�SHUSHQGLFXODU�WR�LWV�IRUFH�OLQHV��ZLOO�EH�LPSHQHWUDEOH�WR�OLJKW��ORRNLQJ�OLNH�GHQVH
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EODFN�VPRNH�ZKLFK�ILOOV�WKH�LQWHULRU�RI�WKLV�WUDQVSDUHQW�FU\VWDO�,W LV�YHU\�QRWLFHDEOH�LQ�DQ\�VFLHQWLILF�H[KLELWLRQ�RU��RSHQ�GD\��LQ�D�ODERUDWRU\��WKDW�ZKHQD GHPRQVWUDWRU� VWDUWV� XS� DQ� DSSDUDWXV� SURGXFLQJ� VSDUNV�� IRU� H[DPSOH� D� 7HVOD� FRLO�� DQ,QGXFWLRQ�FRLO�RU�D�9DQ�GH�*UDDII�PDFKLQH��VSHFWDWRUV�LUUHVLVWLEO\�JUDYLWDWH�WRZDUGV�WKH�GLVSOD\�&ODSV RI�WKXQGHU�DQG�OLJKWQLQJ�IODVKHV�KDYH�DOZD\V�SRVVHVVHG�D�NLQG�RI�P\VWHULRXV��K\SQRWLFSRZHU ZKLFK� DFWV� RQ� HYHU\RQH� DQG� ZKLFK� SURYLGHV� PHPRUDEOH� H[SHULHQFHV�� 7KH� SRZHUHPDQDWLQJ IURP� LQVLGH� WKH� 2VFLOODWRU\� &KDPEHU� ZLOO� VLPLODUO\� FDSWXUH� WKH� DWWHQWLRQ� DQGLPDJLQDWLRQ RI�SHRSOH�ZLWQHVVLQJ�LW��)XWXUH�REVHUYHUV�RI�WKH�RSHUDWLRQ�RI�WKLV�GHYLFH�ZLOO�KDYHWKH LPSUHVVLRQ�WKDW�WKH\�DUH�IDFLQJ�DQ�XQNQRZQ�OLYLQJ�FUHDWXUH��DEVRUEHG�LQ�WKH�IXOILOPHQW�RILWV RZQ� IDVFLQDWLQJ� DQG� P\VWHULRXV� SK\VLRORJLFDO� IXQFWLRQV�� UDWKHU� WKDQ� VHHLQJ� D� SLHFH� RIPDFKLQHU\�HQJDJHG�LQ�LWV�RUGLQDU\�SURFHVV�RI�RSHUDWLRQ��7KH�ZHDOWK�RI�HQHUJ\��WUDSSHG��FXUEHGDQG ZDLWLQJ� ZLWKLQ� WKH� ZDOOV� RI� WKH� FKDPEHU� ZLOO� IDVFLQDWH� ZLWQHVVHV�� OHDYLQJ� WKHP�ZLWK� DPXOWLWXGH�RI�YLYLG�LPSUHVVLRQV��LQGHOLEO\�HWFKHG�RQ�WKHLU�PHPRULHV�2EVHUYLQJ WKLV� WUDQVSDUHQW�FXEH��RQH�ZLOO� ILQG� LW�GLIILFXOW� WR� LPDJLQH� WKDW� WR� UHDFK� WKHSRLQW RI�LWV FUHDWLRQ��WKLV�GHYLFH��VR�VLPSOH�LQ�VWUXFWXUH��UHTXLUHG�WKH�DFFXPXODWLRQ�RI�DOPRVW����\HDUV�RI�KXPDQ�NQRZOHGJH�DQG�H[SHULHQFH�
)�����7KUHH�JHQHUDWLRQV�RI�WKH�2VFLOODWRU\�&KDPEHUV
7KH DQDO\VLV�RI�WKH�SULQFLSOHV�RI�WKH�2VFLOODWRU\�&KDPEHU�UHYHDOV�WKDW�WKH�RSHUDWLRQ�RIWKLV GHYLFH�GRHV�QRW�UHTXLUH�WKH�LPSOHPHQWDWLRQ�RI�D�VWULFWO\�FXELFDO�VKDSH��,Q�WKLV�SXEOLFDWLRQ�KRZHYHU��IRU�VLPSOLFLW\�LQ�GHGXFWLRQ��RQO\�WKH�FXELFDO�VKDSH�LV�FRQVLGHUHG��%XW�LQ�D�VLPLODU�ZD\�WKLV RSHUDWLRQ�FDQ�DOVR�EH�H[HFXWHG�LQ�D�QXPEHU�RI�RWKHU�VKDSHV��7KXV�DSSUR[LPDWHO\�DW�WKHVDPH�WLPH�DV�WKH�FXELFDO�FKDPEHU��D�UHFWDQJXODU�FKDPEHU LQ�WKH�VKDSH�RI�D�VTXDUH�EDU�ZLOOSUREDEO\ EH� FRPSOHWHG� RQ� (DUWK� DV� ZHOO�� ,W� ZLOO� FRQVLVW� RI� IRXU� UHFWDQJXODU� VLGH� ZDOOV� RILGHQWLFDO GLPHQVLRQV� DQG� WZR� VTXDUH� IURQW�ZDOOV� �WRS� DQG� ERWWRP�� RI� LGHQWLFDO� GLPHQVLRQV�7KH EHVW�H[DPSOH�RI�DSSOLFDWLRQ�RI�VXFK�D�FKDPEHU� LV� WKH�PDLQ�FKDPEHU��0�� LQ� WKH�VSLGHUFRQILJXUDWLRQ VKRZQ� LQ� )LJXUH� )��� %HFDXVH� WKH� FXELFDO� DQG� UHFWDQJXODU� FKDPEHUV� ZLOO� EHILUVWO\�EXLOG�RQ�RXU�SODQHW��WKH\�ZLOO�EH�FDOOHG�KHUH�WKH��FKDPEHUV�RI�WKH�ILUVW�JHQHUDWLRQ���7KHPDLQ GHVLJQ�FRQGLWLRQ�IRU�DOO�FKDPEHUV�RI�WKH�ILUVW�JHQHUDWLRQ�LV�WKDW�WKHLU�FURVV�VHFWLRQ�LQ�DSODQH SHUSHQGLFXODU�WR�WKH�PDJQHWLF�D[LV��P��PXVW�EH�D�VTXDUH��7KXV�ZH�FDQ�FDOO�WKHP�DOVRWKH��VTXDUH�FKDPEHUV��7KH DSSHDUDQFH� RI� DOO� FKDPEHUV� RI� WKH� ILUVW� JHQHUDWLRQ�ZLOO� EH� VLPLODU�� $V� WKLV� KDVDOUHDG\ EHHQ� GHVFULEHG� LQ� WKH� SUHYLRXV� VXEVHFWLRQ�� WKH\� ZLOO� DOO� PDNH� DQ� LPSUHVVLRQ� RIWUDQVSDUHQW�FU\VWDOV��VTXDUH�LQ�WKH�FURVV�VHFWLRQ��WKH�LQWHULRU�RI�ZKLFK�LV�ILOOHG�ZLWK�JROG�VSDUNVIUR]HQ�LQ�WKHLU�IOLFNHULQJ�DQG�ZLWK�GHQVH�PDJQHWLF�ILHOG�UHVHPEOLQJ�D�EODFN�VPRNH�8QIRUWXQDWHO\� DW�D�FHUWDLQ�OHYHO�RI�GHYHORSPHQW�RI�RXU�FLYLOL]DWLRQ��WKH�FKDPEHUV�RI�WKHILUVW JHQHUDWLRQ� ZLOO� EHFRPH� LQVXIILFLHQW� WR� IXOILO� DOO� WKH� UHTXLUHPHQWV� LPSRVHG� RQ� WKHP�%XLOGLQJ RI�WHOHSRUWDWLRQ�YHKLFOHV�ZLOO� LPSRVH�WRWDOO\�QHZ�UHTXLUHPHQWV�FRQFHUQLQJ�WKH�PXFKPRUH�VWULFW�FRQWURO�RYHU�WKH��YDULDWLRQ�LQ�WLPH��RI�WKH�ILHOG�SXOVDWLRQV�SURGXFHG�E\�WKHP���%\�WKH�YDULDWLRQ LQ�WLPH��RQH�VKRXOG�XQGHUVWDQG�WKH�PDWKHPDWLFDO�IXQFWLRQ��) I�W���ZKLFK�H[SUHVVHVWKH�FKDQJHV�RI�PDJQHWLF�IOX[��)��DV�GHSHQGLQJ�RQ�WKH�HODSVH�RI�WLPH��W����H�J��VHH�)LJXUH�)���,Q RUGHU�WR�VDWLVI\�WKHVH�IXUWKHU�UHTXLUHPHQWV�WKH�EXLOGLQJ�RI�D�QHZ��VHFRQG�JHQHUDWLRQ�RI�WKH2VFLOODWRU\ &KDPEHUV�PXVW�EH�LQLWLDWHG��,W�FDQ�DOUHDG\�EH�IRUHVHHQ�WKDW�WKH�FKDPEHUV�RI�WKH
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VHFRQG JHQHUDWLRQ ZLOO�LPSOHPHQW�WKHLU�SULQFLSOHV�RI�RSHUDWLRQ�LQ�DQ�RFWDJRQDO�VKDSH��6XFKRFWDJRQDO FKDPEHUV ZLOO�FRQVLVW�RI�HLJKW�UHFWDQJXODU�VLGH�ZDOOV�RI�LGHQWLFDO�GLPHQVLRQV�DQGWZR LGHQWLFDO�IURQW�ZDOOV��WRS�DQG�ERWWRP��VKDSHG�LQWR�HTXLODWHUDO�RFWDJRQV��8QIRUWXQDWHO\�WKHFRQWURO RYHU WKHVH�FKDPEHUV�DQG�WKH�WHFKQLFDO�SUREOHPV�ZLWK�WKHLU�FRQVWUXFWLRQ�ZLOO�EH�PDQ\WLPH PRUH� FRPSOH[� WKDQ� WKRVH� LQYROYHG� LQWR� WKH� GHYHORSPHQW� RI� FKDPEHUV� RI� WKH� ILUVWJHQHUDWLRQ� 7KHUHIRUH� WKHLU�GHYHORSPHQW�ZLOO�EH�SRVVLEOH�RQO\�ZKHQ�ZH� UHDFK�PXFK�KLJKHUOHYHO RI�RXU�GHYHORSPHQW��ORQJ�DIWHU�WKH�FRQVWUXFWLRQ�DQG�FRQWURO�RI�RUGLQDU\�FKDPEHUV�RI�WKHILUVW JHQHUDWLRQ� LV�PDVWHUHG��+RZHYHU�� WKH� RFWDJRQDO� FKDPEHUV�ZLOO� SURGXFH� WKH�PDJQHWLFILHOG WKH�FKDUDFWHULVWLFV�RI�ZKLFK�ZLOO�EH�PXFK�PRUH�SUHFLVH� IURP�WKH� ILHOG�SURGXFHG�E\� WKHVTXDUH FKDPEHUV��)RU�H[DPSOH�� WKH�FRQVWDQW�PDJQHWLF�ILHOG�SURGXFHG�E\�WKH�WZLQ�FKDPEHUFDSVXOH IRUPHG� IURP�WZR�VXFK�RFWDJRQDO�FKDPEHUV�ZLOO�EH�PXFK�PRUH��FRQVWDQW�� WKDQ� WKHFRQVWDQW ILHOG�SURGXFHG�E\�DQ�RUGLQDU\�FDSVXOH� IRUPHG�IURP�WZR�VTXDUH�FKDPEHUV��IRU� WKHMXVWLILFDWLRQ VHH�WKH�LPSDFW�WKH�LQFUHDVHG�QXPEHU�RI�VHJPHQWV�LQ�D�)RXULHU�HTXDWLRQ�KDV�RQWKH�UHVXOWDQW�YDOXH�IURP�VXFK�DQ�HTXDWLRQ��7KH 2VFLOODWRU\�&KDPEHUV�RI�WKH�VHFRQG�JHQHUDWLRQ�ZLOO�KDYH�D�VLPLODU�DSSHDUDQFH�WRFKDPEHUV�RI�WKH�ILUVW�JHQHUDWLRQ��7KH\�ZLOO�ORRN�OLNH�WUDQVSDUHQW�FU\VWDOV�VKDSHG�LQWR�RFWDJRQDOEDUV� ZLWK�DOO�HLJKW�VLGH�ZDOOV�RI�HTXDO�VL]HV�DQG�GLPHQVLRQV��6LPLODUO\�WR�WKH�FKDPEHUV�RI�WKHILUVW JHQHUDWLRQV�WKH\�ZLOO�EH�ILOOHG�ZLWK�JROGHQ�VSDUNV�URWDWLQJ�DURXQG�WKHLU�LQQHU�SHULSKHUDOV�L�H� DURXQG�WKH�RFWDJRQDO�IURQWDO�ZDOOV��DQG�ZLWK�SRZHUIXO�PDJQHWLF�ILHOG�ZKLFK�ZLOO�ORRN�OLNHD�EODFN�VPRNH�$IWHU FKDPEHUV� RI� WKH� VHFRQG� JHQHUDWLRQ� WKH� WXUQ� LQ� FRPSOHWLRQ� ZLOO� FRPH� LQWRFKDPEHUV�RI�WKH�WKLUG�JHQHUDWLRQ��7KHVH�ZLOO�DOVR�ORRN�VLPLODUO\�WR�WKH�SUHYLRXV�RQHV��$W�WKHPRPHQW LW� LV� SRVVLEOH� WR� GHGXFH� WKDW� WKHLU� RSHUDWLRQ�ZLOO� EH� LPSOHPHQWHG� LQ� WKH� �VL[WHHQ�JRQDO� FKDPEHUV��7KHVH�FKDPEHUV�ZLOO�WDNH�WKH�VKDSH�RI�EDUV�FRQWDLQLQJ�VL[WHHQ�LGHQWLFDOUHFWDQJXODU VLGH�ZDOOV��SOXV�WZR�LGHQWLFDO�IURQWDO�ZDOOV�VKDSHG�LQWR�HTXLODWHUDO��VL[WHHQ�JRQV��7KHLU GHYHORSPHQW� VKRXOG� EH� VWDUWHG� ZKHQ� RXU� FLYLOL]DWLRQ� LQLWLDWHV� WKH� EXLOGLQJ� RI� WLPHYHKLFOHV�)URP WKH�GHGXFWLRQV�SURYLGHG�DERYH� LW�VKRXOG�EH�REYLRXV� WKDW� WKH�H[WHUQDO�VKDSH�DJLYHQ 2VFLOODWRU\�&KDPEHU�WDNHV�LV�WKH�GLUHFW�LQGLFDWRU�RI�WKH�OHYHO�RI�DGYDQFHPHQW�UHDFKHGE\ WKH�FLYLOL]DWLRQ�ZKLFK�KDV�FRPSOHWHG�LW��7KXV�LW�LV�YLWDO�IRU�XV�WR�NQRZ�DERXW�WKHVH�VKDSHV�DV WKH\�DOORZ�XV� WR� LGHQWLI\� WKH� OHYHO�RI� WHFKQRORJLFDO�DGYDQFHPHQW� WKDW�D�JLYHQ�FLYLOL]DWLRQUHSUHVHQWV� DQG�DOVR�WKH�SULQFLSOHV�XWLOL]HG�IRU�IOLJKWV�LQ�WKH�YHKLFOHV�EXLOG�E\�WKLV�FLYLOL]DWLRQ�L�H� LI� WKHVH�YHKLFOHV�RSHUDWH� LQ�WKH�PDJQHWLF�� WHOHSRUWDWLYH��RU� WLPH�WUDYHO�FRQYHQWLRQ���VHHVXEVHFWLRQ�-���
)���0DWKHPDWLFDO�PRGHO�RI�WKH�2VFLOODWRU\�&KDPEHU
2XU�SUHVHQW�NQRZOHGJH�RI�PDJQHWLF�DQG�HOHFWULF�SKHQRPHQD�HQDEOHV�XV�WR�GHGXFH�WKHHTXDWLRQV H[SUHVVLQJ� WKH� YDOXHV� RI� WKH� UHVLVWDQFH�� LQGXFWDQFH� DQG� FDSDFLWDQFH� RI� WKH2VFLOODWRU\ &KDPEHU��)XUWKHU�FRPELQDWLRQ�RI�WKHVH�HTXDWLRQV�ZLOO�OHDG�WR�WKH�SUHGLFWLRQ�RI�WKHEHKDYLRXU�RI�WKLV�GHYLFH�7KLV VXEVHFWLRQ�LV�MXVW�LQWHQGHG�WR�GHVFULEH�WKH�2VFLOODWRU\�&KDPEHU�LQ�VXFK�ODQJXDJHRI�PDWKHPDWLFV��7KHUHIRUH�LW�VXSSOLHV�WKH�YLWDO�LQWHUSUHWDWLYH�IRXQGDWLRQV�IRU�DOO�WKH�UHVHDUFKHUVH[SHULPHQWLQJ ZLWK� WKLV� GHYLFH�� 8QIRUWXQDWHO\� IRU� WKH� UHDGHUV� OHVV� RULHQWHG� WRZDUGV
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PDWKHPDWLFV� LW�PD\�VSRLO� WKH�SOHDVXUH�RI� IDPLOLDUL]LQJ� WKHPVHOYHV�ZLWK� WKH� FRQWHQW�RI� WKLVPRQRJUDSK� )RU�WKLV�UHDVRQ��WKRVH�UHDGHUV�ZKR�H[SHULHQFH�D�UHYLYDO�RI�VOHHSLQHVV�HDFK�WLPHWKH\�HQFRXQWHU�D�PDWKHPDWLFDO HTXDWLRQ�DUH�UHFRPPHQGHG�WR�VKLIW�IURP�WKLV�SRLQW�GLUHFWO\�LQWRWKH�EHJLQQLQJ�RI�VXEVHFWLRQ�)��
)�����5HVLVWDQFH�RI�WKH�2VFLOODWRU\�&KDPEHU
7KH JHQHUDO�IRUP�RI�WKH�HTXDWLRQ�IRU�WKH�UHVLVWDQFH�RI�DQ\�UHVLVWRU�RI�FURVV�VHFWLRQ��$�DQG�OHQJWK��O��LV�DV�IROORZV�O5� �6 # �$,Q�WKLV�HTXDWLRQ�WKH��6��UHSUHVHQWV�WKH�UHVLVWLYLW\�RI�D�PDWHULDO�IURP�ZKLFK�WKH�UHVLVWRU�LV�PDGH�,Q RXU� FDVH� LW� ZLOO� EH� WKH� PD[LPDO� UHVLVWLYLW\� RI� WKH� GLHOHFWULF� JDV� WKDW� ILOOV� WKH� 2VFLOODWRU\&KDPEHU��GHWHUPLQHG�IRU�WKH�FRQGLWLRQV�RI�WKH�LQLWLDO�PRPHQW�RI�HOHFWULF�EUHDNGRZQ�,I LQ�WKH�DERYH�JHQHUDO�HTXDWLRQ��ZH�UHSODFH�WKH�YDULDEOHV�E\�WKH�VSHFLILF�SDUDPHWHUVGHWHUPLQHG IRU�WKH�2VFLOODWRU\�&KDPEHU��L�H��O D�DQG�$ D� �FRPSDUH�ZLWK�)LJXUH�)���E����WKLVJLYHV�

65� ��� �)��D
7KH HTXDWLRQ��)���UHFHLYHG�KHUH�UHSUHVHQWV�WKH�UHVLVWDQFH�RI�WKH�2VFLOODWRU\�&KDPEHU��ZKLFKLV�D�IXQFWLRQ�RI�WKH�FKDPEHU
V�VLGH�ZDOO�GLPHQVLRQ��D��

)�����,QGXFWDQFH�RI�WKH�2VFLOODWRU\�&KDPEHU
7KH GHWHUPLQDWLRQ�RI�WKH�FKDPEHU
V�LQGXFWDQFH�LV�DQ�H[WUHPHO\�GLIILFXOW�DQG�FRPSOH[WDVN� &RPSOHWLQJ�LW�ZLWK�WRWDO�DFFXUDF\�LV�EH\RQG�WKH�DXWKRU
V�NQRZOHGJH�RI�WKH�VXEMHFW��$OVRD QXPEHU� RI� H[SHUWV� FRQVXOWHG� LQ� WKLV�PDWWHU� ZHUH� XQDEOH� WR� KHOS�� �3HUKDSV� VRPH� RI� WKHUHDGHUV NQRZ�KRZ�WR�UHVROYH�WKLV�SUREOHP���LQ�VXFK�D�FDVH�WKH�DXWKRU�ZRXOG�ZDUPO\�ZHOFRPHD�UHYLHZ�RI�WKHLU�GHGXFWLRQV�DQG�WKH�ILQDO�HTXDWLRQ�WKH\�GHULYHG���%HLQJ�XQDEOH�WR�ILQG�WKH�H[DFWVROXWLRQ� WKH�DXWKRU�GHFLGHG�WR�DSSO\�WHPSRUDULO\�D�VLPSOLILHG�RQH��7R�MXVWLI\�WKLV�VLPSOLILFDWLRQLW VKRXOG�EH�VWDWHG�WKDW�WKH�GHGXFWHG�HTXDWLRQ��)���IRU�WKH�YDOXH�RI�LQGXFWDQFH�ZLOO�EH�XVHGRQO\ RQFH� LQ� WKH� HQWLUH� WUHDWLVH�� ZKHQ� WKH�PHDQLQJ� RI� IDFWRU� �V�� �VHH� �)���� LV� LQWHUSUHWHG�7KHUHIRUH�DOO�WKH�YLWDO�HTXDWLRQV�LQ�WKLV�ZRUN�UHPDLQ�XQDIIHFWHG�,Q WKH�VLPSOLILHG�GHGXFWLRQV�RI�WKH�FKDPEHU
V�LQGXFWDQFH�DQ�DVVXPSWLRQ LV�PDGH�WKDWD XQLWDU\�LQGXFWDQFH�RI�D�VWUHDP�RI�VSDUNV��L�H��WKH�LQGXFWDQFH�UHODWHG�WR�WKH�XQLW�RI�D�VSDUN
VOHQJWK� ZLOO� EH� HTXDO� WR� WKH� LQGXFWDQFH� RI� WKH� HTXLYDOHQW� VWUDQG� RI�ZLUHV�� 7KLV� DVVXPSWLRQDOORZV IRU�WKH�DSSOLFDWLRQ�RI�D�ZHOO�NQRZQ�HTXDWLRQ�IRU�WKH�LQGXFWDQFH�RI�D�VROHQRLG��VHH�WKHERRN >�)���@ E\�'DYLG�+DOOLGD\�HW�DO���)XQGDPHQWDOV�RI�3K\VLFV���-RKQ�:LOOH\�	�6RQV��������/� ���# Q� # O�# $



F-14

:KHQ LQ� WKLV� HTXDWLRQ� ZH� VXEVWLWXWH�� Q S�D�� O D�� DQG� $ D� �ZKHUH� �S�� LV� WKH� QXPEHU� RIVHJPHQWV LQ�HDFK�RI� WKH�FKDPEHU
V�SODWHV��ZKHUHDV� �D�� LV� WKH�GLPHQVLRQ�RI� WKH�FKDPEHU
VZDOOV���WKH�VLPSOLILHG�HTXDWLRQ�IRU�WKH�LQGXFWDQFH�RI�WKH�2VFLOODWRU\�&KDPEHU�LV�GHULYHG�
/� ���# S� # D� �)��
,W FDQ EH�WKHRUHWLFDOO\�DVVHUWHG�WKDW�WKH�XQLWDU\�HOHFWULFDO�LQHUWLD�RI�D�VWUHDP�RI�VSDUNVVKRXOG EH�JUHDWHU�WKDQ�VXFK�DQ�LQHUWLD�LQ�WKH�HTXLYDOHQW�VWUDQG�RI�ZLUHV��7KH�MXVWLILFDWLRQ�IRUWKLV�DVVHUWLRQ�FDQ�EH�REWDLQHG�IURP�WKH�DQDO\VLV�RI�WKH�LQHUWLD�PHFKDQLVP��7KH�LQHUWLD�UHYHDOVLWVHOI�RQO\�ZKHQ�WKH�PRWLRQ�LQYROYHV�WKH�UHYHUVLEOH�SKHQRPHQD�RU�PHGLD�ZKLFK�DEVRUE�HQHUJ\LQ WKH� LQLWLDO� VWDJH� RI� WKH�PRWLRQ
V� GHYHORSPHQW�� DQG� ZKLFK� UHOHDVH� WKLV� HQHUJ\�ZKHQ� WKHPRWLRQ GHFOLQHV��7KH�JUHDWHU�WKH�QXPEHU�RI�VXFK�SKHQRPHQD�DQG�PHGLD�LQYROYHG��DQG�WKHKLJKHU WKHLU� HQHUJ\� DEVRUSWLRQ�� WKH� ODUJHU� LV� WKH� UHVXOWDQW� LQHUWLD�� 7KH� VWUHDP� RI� VSDUNVMXPSLQJ WKURXJK�JDV�LQ�HYHU\�DVSHFW�PDQLIHVWV�EHWWHU�SRWHQWLDOV�IRU�FDXVLQJ�DQ�LQHUWLD�KLJKHUWKDQ WKH RQH� RI� D� FXUUHQW� IORZLQJ� WKURXJK�ZLUHV�� 7KH� ILUVW� UHDVRQ� IRU� WKLV� OLHV� LQ� WKH�PRUHHIILFLHQW�HQHUJ\�DEVRUSWLRQ�DQG�UHOHDVLQJ�E\�VSDUNV��RFFXUULQJ�EHFDXVH�D��7KH�VSHHG�RI�HOHFWURQV�LQ�D�VSDUN�FDQ�EH�KLJKHU�WKDQ�LQ�D�ZLUH�E� 7KH�FRQWLJXRXV�VSDUNV�FDQ�SDVV�FORVHU�WR�HDFK�RWKHU�EHFDXVH�WKH\�GR�QRW�UHTXLUHWKLFN�LQVXODWLRQ�OD\HUV�LQ�EHWZHHQ�WKHP��DV�LV�WKH�FDVH�IRU�ZLUHV��7KH VHFRQG�UHDVRQ�IRU�WKH�KLJKHU�LQHUWLD�RI�VSDUNV�LQ�JDV�UHVXOWV�IURP�WKHP�LQYROYLQJD�YDULHW\�RI�UHYHUVLEOH�SKHQRPHQD���QRW�DSSHDULQJ�DW�DOO�GXULQJ�IORZV�RI�FXUUHQWV�WKURXJK�ZLUHV�7KHVH�DUH�F� 7KH� LRQL]DWLRQ� RI� VXUURXQGLQJ� JDVHV�� 7KLV�� GXH� WR� WKH� UHWXUQLQJ� RI� WKH� DEVRUEHGHQHUJ\��VXSSRUWV�WKH�LQHUWLD�RI�WKH�SURFHVV�DW�WKH�PRPHQW�RI�WKH�VSDUNV
�GHFOLQH�G� 7KH� PRWLRQ� RI� KHDY\� LRQV�� ZKRVH� PDVV� DEVRUEV� DQG� WKHQ� UHOHDVHV� WKH� NLQHWLFHQHUJ\�H� 7KH�LQLWLDWLRQ�RI�K\GURG\QDPLF�SKHQRPHQD��H�J��G\QDPLF�SUHVVXUH��URWDWLRQ�RI�WKHJDV��ZKLFK�DOVR�ZLOO�EH�WKH�FDXVH�RI�WKH�FKDUJHV
�GLVORFDWLRQ�DQG�HQHUJ\�UHWXUQ�DW�WKH�PRPHQWRI�WKH�VSDUNV
�GHFOLQH�7KH DERYH WKHRUHWLFDO� SUHPLVHV� VKRXOG� QRW� EH� GLIILFXOW� WR� YHULI\� E\� H[SHULPHQWVGHVFULEHG�LQ�VXEVHFWLRQ�)�����H�J��VWDJH��F��
)�����&DSDFLWDQFH�RI�WKH�2VFLOODWRU\�&KDPEHU
:KHQ�ZH�XVH�WKH�ZHOO�NQRZQ�HTXDWLRQ�IRU�WKH�FDSDFLWDQFH�RI�D�SDUDOOHO�SODWH�FDSDFLWRU�RI�WKH�IRUP�$�&� �� # �ODQG ZKHQ� ZH� DSSO\� WKH� VXEVWLWXWLRQV�� $ D��� O D�� WKLV� \LHOGV� WKH� ILQDO� HTXDWLRQ� IRU� WKHFDSDFLWDQFH�RI�WKH�2VFLOODWRU\�&KDPEHU�
&� �� # D� �)��
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)�����7KH��VSDUNV
�PRWLYLW\�IDFWRU��DQG�LWV�LQWHUSUHWDWLRQ
(DFK�RI�WKH�HTXDWLRQV��)�����)���DQG��)���GHVFULEHV�RQO\�RQH�VHOHFWHG�SDUDPHWHU�RI�WKH2VFLOODWRU\ &KDPEHU��2Q�WKH�RWKHU�KDQG��LW�ZRXOG�EH�YHU\�XVHIXO�WR�REWDLQ�D�VLQJOH�FRPSOH[IDFWRU ZKLFK�ZRXOG�H[SUHVV�VLPXOWDQHRXVO\�DOO�HOHFWURPDJQHWLF�DQG�GHVLJQ�FKDUDFWHULVWLFV�RIWKLV GHYLFH��6XFK�D�IDFWRU�LV�QRZ�LQWURGXFHG��DQG�ZLOO�EH�FDOOHG�D��VSDUNV
�PRWLYLW\�IDFWRU���,WVGHILQLQJ�HTXDWLRQ�LV�WKH�IROORZLQJ�

�)��

1RWLFH�WKDW��DFFRUGLQJ�WR�WKH�GHILQLWLRQ��WKLV��V��IDFWRU�LV�GLPHQVLRQOHVV�,QGHSHQGHQWO\ IURP� WKH� DERYH� GHILQLQJ� HTXDWLRQ� �)���� WKH� �V�� IDFWRU� KDV� DOVR� DQLQWHUSUHWDWLYH GHVFULSWLRQ�� 7KLV� LV� REWDLQHG� ZKHQ� LQ� �)��� WKH� YDULDEOHV� 5�� /� DQG� &� DUHVXEVWLWXWHG E\�WKH�YDOXHV�H[SUHVVHG�E\�HTXDWLRQV��)�����)���DQG��)����:KHQ�WKLV�LV�GRQH��WKHIROORZLQJ�LQWHUSUHWDWLYH�HTXDWLRQ�IRU��V��LV�UHFHLYHG�
�)��

(TXDWLRQ �)��� UHYHDOV� WKDW� WKH� �V�� IDFWRU�SHUIHFWO\� UHSUHVHQWV� WKH�FXUUHQW�VWDWH�RI�DOOHQYLURQPHQWDO FRQGLWLRQV� LQ�ZKLFK� WKH�VSDUNV�RFFXU��DQG�ZKLFK�GHWHUPLQH�WKHLU�FRXUVH�DQGHIIHFWLYHQHVV� ,W�GHVFULEHV�WKH�W\SH�DQG�FRQVLVWHQF\�RI�WKH�JDV�XVHG�DV�D�GLHOHFWULF��DQG�WKHDFWXDO FRQGLWLRQV�XQGHU�ZKLFK� WKLV�JDV� LV�VWRUHG�� ,W�DOVR�GHVFULEHV�WKH�VL]H�RI� WKH�FKDPEHU�7KHUHIRUH WKH��V��IDFWRU�FRQVWLWXWHV�D�SHUIHFW�SDUDPHWHU�ZKLFK�LV�DEOH�WR�LQIRUP�H[DFWO\�DERXWWKH�ZRUNLQJ�VLWXDWLRQ�H[LVWLQJ�ZLWKLQ�WKH�FKDPEHU�DW�DQ\�SDUWLFXODU�LQVWDQW�LQ�WLPH�7KH�YDOXH�RI�WKH��V��IDFWRU�FDQ�EH�FRQWUROOHG�DW�WKH�GHVLJQ�VWDJH�DQG�DW�WKH�H[SORLWDWLRQVWDJH��$W�WKH�GHVLJQ�VWDJH�LW�LV�DFKLHYHG�E\�FKDQJLQJ�WKH�VL]H��D��RI�D�FXELFDO�FKDPEHU��$W�WKHH[SORLWDWLRQ VWDJH� LW� UHTXLUHV� WKH� FKDQJH� RI� WKH� SUHVVXUH� RI� D� JDV� ZLWKLQ� WKH� FKDPEHU� RUDOWHULQJ LWV�FRPSRVLWLRQ�� ,Q�ERWK�FDVHV�WKLV� LQIOXHQFHV�WKH�FRQVWDQWV�6����DQG����GHVFULELQJWKH�SURSHUWLHV�RI�WKLV�JDV��

)�����&RQGLWLRQ�IRU�WKH�RVFLOODWRU\�UHVSRQVH
)URP�WKH�HOHFWULF�SRLQW�RI�YLHZ�WKH�2VFLOODWRU\�&KDPEHU�UHSUHVHQWV�D�W\SLFDO�5/&�FLUFXLW�7KH UHVHDUFK� RQ� (OHFWULF� 1HWZRUNV� KDV� GHWHUPLQHG� IRU� VXFK� FLUFXLWV� WKH� FRQGLWLRQ� XQGHU
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ZKLFK� RQFH� WKH\� DUH� FKDUJHG�� WKH\� ZLOO� PDLQWDLQ� WKH� RVFLOODWRU\� UHVSRQVH�� 7KLV� FRQGLWLRQ�SUHVHQWHG LQ WKH�ERRN�>�)���@ E\�+XJK�+��6NLOOLQJ���(OHFWULF�1HWZRUN���-RKQ�:LOOH\�	�6RQV��������WDNHV�WKH�IRUP�
/5� ����# �&

,I WKH� DERYH� UHODWLRQ� LV� WUDQVIRUPHG� DQG� WKHQ� LWV� YDULDEOHV� DUH� VXEVWLWXWHG� E\� WKHHTXDWLRQ��)����LW�WDNHV�WKH�ILQDO�IRUP�
S�!�V� �)��
7KH�DERYH�FRQGLWLRQ�GHVFULEHV�WKH�GHVLJQ�UHTXLUHPHQW�IRU�WKH�QXPEHU��S��RI�VHJPHQWVVHSDUDWHG ZLWKLQ� WKH� SODWHV� RI� WKH� 2VFLOODWRU\� &KDPEHU�� LQ� UHODWLRQ� WR� WKH� HQYLURQPHQWDOFRQGLWLRQV �V��H[LVWLQJ� LQ� WKH�DUHD�ZKHUH� WKH�VSDUNV�DSSHDU�� ,I� WKLV�FRQGLWLRQ� LV� IXOILOOHG�� WKHVSDUNV�SURGXFHG�ZLWKLQ�WKH�2VFLOODWRU\�&KDPEHU�ZLOO�DFTXLUH�DQ�RVFLOODWRU\�FKDUDFWHU�7R�LQWHUSUHW�WKH�FRQGLWLRQ��)����D�SRVVLEOH�UDQJH�RI�YDOXHV�WDNHQ�E\�WKH�IDFWRU��V��VKRXOGEH�FRQVLGHUHG��FRPSDUH�ZLWK�WKH�HTXDWLRQ��)����
)�����7KH�SHULRG�RI�SXOVDWLRQ�RI�WKH�FKDPEHU
V�ILHOG
)URP WKH�5/&�FLUFXLWV�ZH�NQRZ�WKDW�WKH�SHULRG�RI�WKHLU�RVFLOODWLRQV�LV�GHVFULEHG�E\�WKHHTXDWLRQ�

,I�WKH�GHILQLQJ�HTXDWLRQ��)���RQ�WKH�IDFWRU��V��UHSODFHV�LQ�WKH�DERYH�D�FRPELQDWLRQ�RI�5�/� DQG�&�SDUDPHWHUV��ZKHUHDV�HTXDWLRQ��)���DQG�HTXDWLRQ��)���SURYLGH�WKH�YDOXHV�IRU�5�DQG&��WKHQ�WKLV�SHULRG�LV�GHVFULEHG�DV�
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�)��

7KH�ILQDO�HTXDWLRQ��)���QRW�RQO\�LOOXVWUDWHV�ZKLFK�SDUDPHWHUV�GHWHUPLQH�WKH�YDOXH�RI�WKHSHULRG RI�SXOVDWLRQV��7��LQ�WKH�2VFLOODWRU\�&KDPEHU��EXW�DOVR�VKRZV�KRZ�WKH�YDOXH�RI��7��FDQSUDFWLFDOO\ EH�FRQWUROOHG��7KXV�WKLV�HTXDWLRQ�ZLOO�EH�KLJKO\�XVHIXO�IRU�WKH�XQGHUVWDQGLQJ�RI�WKHDPSOLI\LQJ�FRQWURO�RI�WKH�SHULRG��7��RI�ILHOG�SXOVDWLRQ�GHVFULEHG�LQ�VXEVHFWLRQ�)����,I ZH�NQRZ�WKH�SHULRG��7��RI�FKDPEHU
V�ILHOG�SXOVDWLRQV��WKHQ�ZH�FDQ�HDVLO\�GHWHUPLQHWKH IUHTXHQF\� �I�� RI� SXOVDWLRQV� RI� WKLV� ILHOG�� 7KH� ZHOO� NQRZQ� HTXDWLRQ� OLQNLQJ� WKHVH� WZRSDUDPHWHUV�LV�DV�IROORZV�
�I� ���� �)��7

2I FRXUVH��DFFRUGLQJ�WR�WKH�DERYH�HTXDWLRQ��)����WKH�FRQWURO�RYHU�WKH�IUHTXHQF\��I��RI�WKHILHOG
V SXOVDWLRQV� ZLOO� EH� DFKLHYHG� YLD� LQIOXHQFLQJ� WKH� YDOXH� RI� WKH� SHULRG� �7�� RI� WKLV� ILHOGSXOVDWLRQV�
)���+RZ�WKH�2VFLOODWRU\�&KDPEHU�HOLPLQDWHV�WKH�GUDZEDFNV�RI�HOHFWURPDJQHWV
7KH RSHUDWLRQ�RI�WKH�2VFLOODWRU\�&KDPEHU�LV�IRUPHG�LQ�VXFK�D�ZD\�WKDW�DOO�GUDZEDFNVVLJQLILFDQW IRU� HOHFWURPDJQHWV� DUH� FRPSOHWHO\� DYRLGHG� LQ� WKLV� GHYLFH�� 7KH�GHVFULSWLRQV� WKDWIROORZ SUHVHQW�WKH�SULQFLSOH�RI�HOLPLQDWLRQ�IRU�HDFK�LQKHUHQW�GLVDGYDQWDJH�RI�HOHFWURPDJQHWVOLVWHG�DQG�EULHIO\�GLVFXVVHG�LQ�LWHPV����WR����RI�VXEVHFWLRQ�)��
)�����0XWXDO�QHXWUDOL]DWLRQ�RI�WKH�WZR�RSSRVLWH�HOHFWURPDJQHWLF�IRUFHV
2QH�RI�WKH�PRVW�VLJQLILFDQW�GUDZEDFNV�RI�HOHFWURPDJQHWV�LV�WKH�GHIOHFWLQJ�IRUFH�IRUPHGLQ WKHLU�FRLOV��ZKLFK�ZDV�DOUHDG\�GHVFULEHG�LQ�LWHP����RI�VXEVHFWLRQ�)����,Q�WKH�ILQDO�HIIHFW�WKLVIRUFH OHDGV� WR WKH�H[SORVLRQ�RI�HOHFWURPDJQHWV� LI� WKH\�H[FHHG�D�FHUWDLQ��DQG�QRW�YHU\�KLJK�WKUHVKROG YDOXH�� ,Q�WKH�2VFLOODWRU\�&KDPEHU�WKLV�GDQJHURXV�IRUFH�LV�FRPSOHWHO\�QHXWUDOL]HG�7KLV�LV�EHFDXVH�WKH�XQLTXH�RSHUDWLRQ�RI�WKH�2VFLOODWRU\�&KDPEHU�OHDGV�WR�WKH�IRUPDWLRQ�RI�WZRUHFLSURFDOO\ FRXQWHU�DFWLQJ� IRUFHV�� ���� WKH� &RXORPE
V� DWWUDFWLRQ� IRUFH�� DQG� ���� WKHHOHFWURPDJQHWLF GHIOHFWLQJ�IRUFH��L�H��WKH�VDPH�RQH�ZKLFK�WHQGHG�WR�H[SORGH�HOHFWURPDJQHWV��%RWK WKHVH� IRUFHV�� DFWLQJ� RQH� DJDLQVW� WKH� RWKHU�� PXWXDOO\� QHXWUDOL]H� WKHPVHOYHV�� 7KLV
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VXEVHFWLRQ LV� WR� H[SODLQ� WKH� SULQFLSOHV� RQ� ZKLFK� WKLV� PXWXDO� QHXWUDOL]DWLRQ� RI� IRUFHV� LVDFKLHYHG�7KH &RXORPE�IRUFHV�DUH�FUHDWHG�LQ�WKH�HIIHFW�RI�PXWXDO�DWWUDFWLRQ�RI�RSSRVLWH�HOHFWULFFKDUJHV��ZKLFK�DUH�DFFXPXODWHG�RQ�WKH�IDFLQJ�ZDOOV�RI�WKH�FKDPEHU��7KH\�FDXVH�WKH�IRUPDWLRQRI HOHFWURVWDWLF� IRUFHV� WKDW� FRPSUHVV� WKLV� GHYLFH� LQZDUGV�� WU\LQJ� WR� VTXDVK� LW�� ,Q� WXUQ� WKHHOHFWURPDJQHWLF FRQWDLQPHQW�IRUFHV�DUH�FUHDWHG�E\�WKH�LQWHUDFWLRQ�RI�WKH�PDJQHWLF�ILHOG�DQGWKH VSDUNV�� 7KH\� FDXVH� WKH� WHQVLRQ� RI� WKH� 2VFLOODWRU\� &KDPEHU� RXWZDUGV�� 7KHUHIRUH� LW� LVSRVVLEOH WR�VHOHFW� WKH�GHVLJQ�DQG�RSHUDWLRQDO�SDUDPHWHUV�RI� WKLV�GHYLFH��VR� WKDW�ERWK�NLQGVRI�IRUFHV�PHQWLRQHG�DERYH�ZLOO�PXWXDOO\�QHXWUDOL]H�HDFK�RWKHU��$V�WKH�ILQDO�UHVXOW��WKH�SK\VLFDOVWUXFWXUH�RI�WKH�FKDPEHU�LV�OLEHUDWHG�IURP�WKH�REOLJDWLRQ�WR�RSSRVH�DQ\�RI�WKHVH�WZR�IRUFHV�)LJXUH )� SUHVHQWV� WKH� PHFKDQLVP� RI� UHFLSURFDO� FRPSHQVDWLRQ� RI� WKHVH� WZRLQWHUDFWLRQV GHVFULEHG� DERYH�� )RU� VLPSOLFLW\�� DOO� WKH� FRXUVHV� RI� SKHQRPHQD� ZLWKLQ� WKHFKDPEHU DUH�VKRZQ�DV� OLQHDU�� LQGHSHQGHQWO\�RI�KRZ� WKH\�RFFXU� LQ� UHDOLW\��%XW� LW� VKRXOG�EHQRWLFHG WKDW�WKHVH�SKHQRPHQD�DUH�V\PPHWULFDO��,W�PHDQV�WKDW��IRU�H[DPSOH��LI�WKH�FXUUHQW�LQWKH VSDUNV� FKDQJHV� LQ� D� SDUWLFXODU�ZD\�� WKH� SRWHQWLDOV� RQ� WKH� SODWHV�PXVW� DOVR� FKDQJH� LQH[DFWO\ WKH�VDPH�ZD\��7KHUHIRUH�WKH�YDULDWLRQ�LQ�WLPH�RI�WKH�IRUFHV�DQDO\]HG�KHUH�ZLOO�GLVSOD\VRPH NLQG�RI�DQ�LQKHUHQW�UHJXODWLRQ�PHFKDQLVP��LQ�ZKLFK�WKH�FRXUVH��QRW�WKH�TXDQWLW\��RI�WKHILUVW SKHQRPHQRQ�DOZD\V�IROORZV�WKH�FRXUVH�RI� WKH�RWKHU�SKHQRPHQRQ�RSSRVLWH� WR� WKLV� ILUVWRQH� ,Q� WKLV�ZD\�� LQGHSHQGHQWO\�ZKDW� LV� WKH� UHDO� YDULDWLRQ� LQ� WLPH� RI� WKH� IRUFH� LQWHUDFWLRQVGHVFULEHG KHUH��WKH�SULQFLSOH�RI�PXWXDO�QHXWUDOL]DWLRQ�H[SODLQHG�KHUH�RQ�WKH�H[DPSOH�RI�OLQHDUFRXUVH�ZLOO�DOVR�EH�YDOLG�IRU�DOO�RWKHU�YDULDWLRQV�ZKLFK�PD\�RFFXU�LQ�UHDOLW\�3DUW �D�� RI� )LJXUH� )�� VKRZV� WKH� IRXU� EDVLF� SKDVHV� IRUPLQJ� WKH� IXOO� F\FOH� RI� WKHFKDPEHU
V RSHUDWLRQ��7KH�GHVFULSWLRQ�RI�WKHVH�SKDVHV�LV�DOUHDG\�SURYLGHG�LQ�VXEVHFWLRQ�)���RI WKLV�FKDSWHU��6LJQLILFDQW�IRU�HDFK�SKDVH�LV�WKDW�WZR�VWUHDPV�RI�VSDUNV�FR�H[LVW��WKH�ILUVW�RIZKLFK �LQ� WKH� GLDJUDP� )�� �D�� LQGLFDWHG� E\� WKH� FRQWLQXRXV� OLQH�� WUDQVPLWV� HQHUJ\� IURP� WKHHOHFWULF ILHOG� LQWR� WKH� PDJQHWLF� ILHOG� �DFWLYH VSDUNV��� 7KH� VHFRQG� VWUHDP� �LQ� WKH� GLDJUDPLQGLFDWHG E\�D�EURNHQ�OLQH��LQ�WKLV�LQVWDQW�FRQVXPHV�WKH�PDJQHWLF�ILHOG�WR�SURGXFH�WKH�HOHFWULFILHOG��LQHUWLDO VSDUNV��3DUW �E��RI�)LJXUH�)��LOOXVWUDWHV�WKH�UHOHYDQW�FKDQJHV�RI�HOHFWULF�FKDUJHV��T��RQ�WKH�5�ULJKW���/��OHIW���)��IURQW��DQG�%��EDFN��SODWHV�RI�WKH�FKDPEHU��RFFXUULQJ�GXULQJ�HDFK�SKDVH�RI�WKHGHYLFH
V RSHUDWLRQ��7KHVH�FKDUJHV�FUHDWH�WKH�&RXORPE
V�IRUFHV�WKDW�DWWUDFW�WKH�IDFLQJ�SODWHVLQZDUGV� ,Q� WKLV SDUW� RI� WKH� GLDJUDP� LW� LV� YLVLEOH� WKDW��ZKHQ�RQH�SDLU� RI� SODWHV� UHDFKHV� WKHPD[LPXP RI�LWV�SRWHQWLDOV�GLIIHUHQFHV���LQLWLDWLQJ�D�GLVFKDUJH�EHWZHHQ�WKHP��WKH�RWKHU�SDLU�LVMXVW LQ LWV� HTXLOLEULXP� RI� SRWHQWLDOV�� 7KHQ� VLPXOWDQHRXVO\� ZLWK� WKH� JURZWK� RI� WKH� GLVFKDUJHFXUUHQW IORZLQJ� EHWZHHQ� WKLV� ILUVW� SDLU� RI� SODWHV�� WKH� RSSRVLWH� FKDUJHV� RQ� WKH� RWKHU� SDLU� RISODWHV DOVR�JURZ��7KXV�WKH�FRQWDLQPHQW�IRUFHV�WKDW�WHQVH�WKH�FKDPEHU�RXWZDUGV�DUH�JURZLQJDFFRUGLQJO\�ZLWK�WKH�YDOXH�RI�WKH�GLVFKDUJH�FXUUHQW��2Q�WKH�RWKHU�KDQG�WKH�&RXORPE
V�IRUFH�RIWKH UHFLSURFDO� DWWUDFWLRQ� RI� WKHVH� RWKHU� IDFLQJ� SODWHV� LV� JURZLQJ� DV�ZHOO�� WRJHWKHU� ZLWK� WKHTXDQWLW\ RI�RSSRVLWH�HOHFWULF�FKDUJHV�DFFXPXODWHG�RQ� WKHP��6R�DV� WKH� UHVXOW�ERWK�FRXQWHU�DFWLQJ�NLQGV�RI�IRUFHV�DUH�JURZLQJ�DW�WKH�VDPH�SDFH�3DUW �F��RI�)LJXUH�)��VKRZV� WKH�FKDQJHV� LQ� WKH�HOHFWURPDJQHWLF�FRQWDLQPHQW� IRUFHV0 L#D#%� WU\LQJ�WR�SXVK�RXW�WKH�SDUWLFXODU�VSDUNV�IURP�WKH�ILHOG
V�UDQJH��%HFDXVH�WKHVH�IRUFHVDUH�SURSRUWLRQDO�WR�WKH�SURGXFW�RI�WKH�VSDUNV
�FXUUHQW��L��DQG�WKH�PDJQHWLF�IOX[�GHQVLW\�%��ZKHUH% )��DÂD�� WKH�PD[LPXP�RI�WKH�FKDPEHU
V�WHQVLRQ�ZLOO�RFFXU�DW�WKH�LQVWDQW�RI�WLPH�ZKHQ�WKHGLVFKDUJLQJ SODWHV�UHDFK�WKH�HTXLOLEULXP�RI� WKHLU�SRWHQWLDOV��$W� WKLV�VDPH�LQVWDQW�RI� WLPH�WKHRWKHU SDLU�RI�SODWHV��DORQJ�ZKLFK� WKH�GLVFKDUJH�RFFXUV�� UHDFKHV� WKH�PD[LPXP�RI�SRWHQWLDOV
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GLIIHUHQFH �FRPSDUH�ZLWK� SDUW� �E�� RI� WKLV� GLDJUDP�� DV� ZHOO� DV� WKH�PD[LPXP� IRUFH� RI� WKHLUUHFLSURFDO FRPSUHVVLRQ�� 7KXV� LQ� WKH� PD[LPXPV� ERWK� NLQGV� RI� IRUFHV� DOVR� PXWXDOO\FRPSHQVDWH�HDFK�RWKHU�,Q�SDUW��G��RI�)LJXUH�)��WKH�PHFKDQLVP�RI�PXWXDO�FRPSHQVDWLRQ�RI�WKH�IRUFHV�GHVFULEHGDERYH LV�VKRZQ��7KH�XSSHU�VLGH�RI�WKLV�GLDJUDP�SUHVHQWV�WKH�FKDQJHV�LQ�WKH�WHQVLRQ�IRUFHV�7��ZKLFK�WU\�WR�SXOO�WKH�2VFLOODWRU\�&KDPEHU DSDUW��7KHVH�IRUFHV�DUH�FDXVHG�E\�WKH�LQWHUDFWLRQRI�WKH�PDJQHWLF�ILHOG�DQG�WKH�FXUUHQW�IURP�WKH�VSDUNV��FRPSDUH�ZLWK�SDUW��F��RI�WKLV�)LJXUH���7KHORZHU VLGH RI� GLDJUDP� �G�� SUHVHQWV� WKH� FKDQJHV� LQ� WKH� FRPSUHVVLRQ� IRUFHV� �&��� 7KLVFRPSUHVVLRQ LV� FDXVHG� E\� WKH� PXWXDO� &RXORPE
V� DWWUDFWLRQ� RFFXUULQJ� EHWZHHQ� WKH� IDFLQJSODWHV ZKLFK�DFFXPXODWH� WKH�RSSRVLWH�HOHFWULF�FKDUJHV��T���FRPSDUH�ZLWK�SDUW� �E��RI�)LJXUH)��� 1RWH�WKDW�ZKHQHYHU�D�WHQVLRQ�IRUFH�DSSHDUV��H�J��IURP�WKH�VSDUNV�6 ���WKHUH�LV�DOZD\V%�)DOVR�IRUPHG�D�FRXQWHUDFWLQJ�FRPSUHVVLRQ�IRUFH��H�J��IURP�WKH�&RXORPE
V�DWWUDFWLRQ�RI�FKDUJHVT �� %RWK RI�WKHP�DFW�LQ�RSSRVLWH�GLUHFWLRQV��DQG�IROORZ�WKH�VDPH�FRXUVH�RI�FKDQJHV�LQ�WLPH�5�/7KHUHIRUH�ERWK�QHXWUDOL]H�HDFK�RWKHU�,W LV�QDWXUDO� WKDW� WKH�FRPSHQVDWLRQ�RI� IRUFHV��GLVSOD\LQJ� LQKHUHQFH� LQ� WKHLU�FRXUVH�DVGHVFULEHG DERYH��VWLOO�UHTXLUHV�YDOXHV�WR�PDWFK��7KHUHIRUH�IXUWKHU�H[SHULPHQWDO�UHVHDUFK�ZLOOEH QHFHVVDU\��WR�VHOHFW�VXFK�GHVLJQ�DQG�H[SORLWDWLRQ�SDUDPHWHUV�RI�WKH�2VFLOODWRU\�&KDPEHUWKDW ZLOO�SURYLGH�WKH�IXOO�HTXLOLEULXP�IRU�WKH�FRXQWHUDFWLQJ�IRUFHV��$V�D�UHVXOW�RI�WKLV�UHVHDUFK�D GHYLFH�FDQ�EH�FRPSOHWHG�LQ�ZKLFK�WKH�SURGXFWLRQ�RI�D�PDJQHWLF�ILHOG�ZLOO�QRW�EH�OLPLWHG�E\WKH DFWLRQ�RI�DQ\�NLQGV�RI�IRUFHV��7KXV�WKH�ILHOG�SURGXFHG�E\�WKLV�GHYLFH�FDQ�EH�LQFUHDVHG�WRDQ�XQOLPLWHG�YDOXH��HYHQ�PDQ\�WLPHV�KLJKHU�WKDQ�WKH�YDOXH�RI�WKH��VWDUWLQJ�IOX[��
)�����,QGHSHQGHQFH�RI�WKH�PDJQHWLF�ILHOG�SURGXFWLRQ�IURPWKH�FRQWLQXLW\�DQG�HIILFLHQF\�RI�WKH�HQHUJ\�VXSSO\
2QH RI� WKH�PRVW�EDVLF�DWWULEXWHV�RI� WKH�RVFLOODWLQJ�V\VWHPV� LV� WKHLU�FDSDELOLW\� IRU� WKHGLVFUHWH DEVRUSWLRQ�RI� WKH�HQHUJ\�VXSSOLHG��ZKLFK� LV� WKHQ�ERXQG� LQWR�D�FRQWLQXRXV�SURFHVVRI RVFLOODWLRQV��$Q�H[DPSOH�RI�WKLV�LV�D�FKLOG�RQ�D�VZLQJ��ZKLFK��RQFH�SXVKHG��WKHQ�VZLQJV�DORQJ WLPH ZLWKRXW� DQ\� IXUWKHU� ZRUN�� 3UDFWLFDOO\� LW� PHDQV� WKDW� HQHUJ\� RQFH� VXSSOLHG� WR� WKH2VFLOODWRU\ &KDPEHU�ZLOO� EH� WLHG�XS�ZLWKLQ� LW� IRU�D�SHULRG�RI� WLPH�XQWLO� FLUFXPVWDQFHV�RFFXUZKLFK ZLOO� FDXVH� LWV� ZLWKGUDZDO�� $V� ZLOO� EH� H[SODLQHG� LQ� LWHP� )������ RI� WKLV� FKDSWHU�� VXFKZLWKGUDZDO�FDQ�DSSHDU�RQO\�ZKHQ�WKH�FKDPEHU�LV�LQYROYHG�LQ�SHUIRUPLQJ�VRPH�NLQG�RI�H[WHUQDOZRUN� 7KH�RWKHU�DWWULEXWH�RI�WKH�RVFLOODWLQJ�V\VWHPV�LV�WKHLU�DELOLW\�WR FKDQJH�WKH�OHYHO�RI�HQHUJ\DFFXPXODWHG�LQ�WKHP�E\�SHULRGLF�WRWDOOLQJ�RI�IXUWKHU�SRUWLRQV�RI�HQHUJ\�WR�WKH�UHVRXUFHV�DOUHDG\VWRUHG� ,Q� WKH�SUHYLRXV�H[DPSOH�RI�D�VZLQJ�� WR�FDXVH� WKH�VODQWLQJ�RI�D�FKLOG�DW�D�SDUWLFXODUKHLJKW��LW�LV�QRW�QHFHVVDU\�WR�DSSO\�DOO�HIIRUW�DW�RQFH��,W�LV�VXIILFLHQW�WR�NHHS�SXVKLQJ�JHQWO\�RYHUD ORQJHU� WLPHVSDQ�WR�SHULRGLFDOO\�PDLQWDLQ�WKLV�DGGLWLRQ�RI�HQHUJ\��7KH�FRQVHTXHQFH�RI�WKLVDWWULEXWH ZLOO�EH�WKDW�WKH�2VFLOODWRU\�&KDPEHU�ZLOO�QRW�UHTXLUH�WKH�VXSSO\�RI�LWV�IXOO�UHVHUYH�RIHQHUJ\ DW�RQFH��7KH�HQHUJ\�VXSSO\�WR� WKLV�GHYLFH�FDQ�EH�JUDGXDO��VSUHDG�RYHU�D�YHU\� ORQJSHULRG�RI�WLPH�7RJHWKHU ERWK�RI�WKHVH�DWWULEXWHV�JLYH�XV�D�SUDFWLFDO�FKDQFH�WR�VXSSO\�DQ\�TXDQWLW\�RIHQHUJ\ WKDW�PD\�EH�UHTXLUHG�IRU�WKH�SURGXFWLRQ�RI�D�PDJQHWLF�ILHOG��ZLWKRXW� LQWURGXFLQJ�DQ\UHTXLUHPHQWV RU�OLPLWDWLRQV�FRQFHUQLQJ�WKH�VRXUFH�DQG�WKH�FKDQQHO�ZKLFK�SURYLGH�WKLV�VXSSO\�7R KHOS� XV� UHDOL]H� WKH� DGYDQWDJH� RI� WKH� DERYH�PHWKRG� RI� VXSSO\LQJ� HQHUJ\� WR� WKH
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2VFLOODWRU\ &KDPEHU�RYHU�WKH�RQH�XVHG�LQ�HOHFWURPDJQHWV��ZH�VKRXOG�FRQVLGHU�WKH�IROORZLQJH[DPSOH��$�FKLOG�RQ�D�VZLQJ�DQG�DQ�DWKOHWH�ERWK�WU\�WR�OLIW�D�KHDY\�ORDG�WR�D�VSHFLILF�KHLJKW��7KHFKLOG GRHV�LW�DOPRVW�ZLWKRXW�HIIRUW�E\�DFFXPXODWLQJ�WKH�HQHUJ\�GXULQJ�FRQVHFXWLYH�RVFLOODWLRQV�ZKHUHDV�WKH�DWKOHWH�QHHGV�WR�XVH�DOO�KLV�KHU�VWUHQJWK�DQG�VWLOO�PD\�QRW�DFKLHYH�KLV�KHU�DLP�
)�����(OLPLQDWLRQ�RI�HQHUJ\�ORVV
6SDUNV DUH�ZHOO�NQRZQ�IRU�WKHLU�LQKHUHQW�GLVVLSDWLRQ�RI�HQHUJ\��7KHUH�LV�QR�GRXEW�WKDWVXFK�DQ�LQWHQVLYH�FLUFXODWLRQ�RI�VSDUNV��OLNH�WKH�RQH�DSSHDULQJ�ZLWKLQ�WKH�2VFLOODWRU\�&KDPEHU�PXVW FRQYHUW�DQ�HQRUPRXV�DPRXQW�RI�HOHFWULFDO�HQHUJ\�LQWR�KHDW��,Q�DQ�RUGLQDU\�GHYLFH�VXFKD FRQYHUVLRQ ZRXOG�EHFRPH�D�VRXUFH�RI�VLJQLILFDQW�HQHUJ\�ORVV��%XW�LQ�WKH�FKDPEHU�XQLTXHFRQGLWLRQV DSSHDU� ZKLFK� PDNH� SRVVLEOH� WKH� UHYHUVHG� FRQYHUVLRQ� RI� KHDW� GLUHFWO\� LQWRHOHFWULFLW\��7KLV�FRQYHUVLRQ�DOORZV�IRU�UHFRYHU\�EDFN�LQWR WKH�RSSRVLWH�HOHFWULF�FKDUJHV�RI�DOO�WKHHQHUJ\�SUHYLRXVO\�GLVVLSDWHG�LQWR�WKH�KHDW�SURGXFHG�E\�WKH�VSDUNV��6R�ZLWKLQ�WKH�FKDPEHU�WZRRSSRVLWH SURFHVVHV�ZLOO�VLPXOWDQHRXVO\�RFFXU������WKH�HQHUJ\�GLVVLSDWLRQ�LQ��DQG�DURXQG��WKHVSDUNV� PDQLIHVWLQJ�LWVHOI�DV�WKH�FRQYHUVLRQ�RI�HOHFWULFDO�HQHUJ\�LQWR�KHDW��DQG�����WKH�HQHUJ\UHFRYHU\�E\�WKH�GLUHFW�FRQYHUVLRQ�RI�KHDW�EDFN�LQWR�HOHFWULFDO�HQHUJ\��%RWK�WKHVH�SURFHVVHV�ZLOOPXWXDOO\ QHXWUDOL]H�HDFK�RWKHU
V�HIIHFWV��7KHUHIRUH�QR�PDWWHU�KRZ�KLJK�WKH�HQHUJ\�GLVVLSDWLRQE\�WKH�VSDUNV�WKHPVHOYHV��WKH�2VFLOODWRU\�&KDPEHU�DV�D�ZKROH�ZLOO�IXOO\�HOLPLQDWH�WKHLU�HQHUJ\ORVV� $V�WKH�UHVXOW�RI�VXFK�DQ�HOLPLQDWLRQ��DOO�HQHUJ\�SURYLGHG�WR�WKLV�GHYLFH�ZLOO�EH�SUHVHUYHGZLWKLQ�LW�IRUHYHU��XQOHVV�VRPH�NLQG�RI�H[WHUQDO�ZRUN�LV�GRQH�ZKLFK�ZLOO�FDXVH�LWV�UHWULHYDO�,Q WKH�2VFLOODWRU\�&KDPEHU�WKUHH�HOHPHQWV�FR�H[LVW��ZKLFK� LQ�WKH�VDPH�FRQILJXUDWLRQZHUH�QRW�SUHVHQW�LQ�DQ\�RWKHU�GHYLFH��7KHVH�DUH������WKH�PDJQHWLF�ILHOG�IRUFH�OLQHV�RI�ZKLFK�DUHDFFHOHUDWHG DQG�GHFHOHUDWHG�E\�VSDUNV
�PRWLRQ������HOHFWURGHV�ZKRVH�FKDUJHV�IOXFWXDWH��DQG��� D� GLHOHFWULF� JDV�ZKLFK� LV� KLJKO\� LRQL]HG�E\� WKH� GLVFKDUJHV� DQG� FDXVHG� WR� URWDWH� E\� WKHFLUFXODWLQJ VWUHDPV�RI� VSDUNV��)XUWKHUPRUH�� GXULQJ� WKH�RSHUDWLRQ�RI� WKH�GHYLFH� WKHVH� WKUHHHOHPHQWV DVVXPH� VWDWHV� ZKLFK� DUH� UHTXLUHG� IRU� WKH� �7HOHNLQHWLF� (IIHFW�� WR� RFFXU�� )RU� WKLVUHDVRQ�WKH�2VFLOODWRU\�&KDPEHU�SURYLGHV�DOO�WKH�FRQGLWLRQV�UHTXLUHG�WR�HPSOR\�WKH�7HOHNLQHWLF(IIHFW�IRU�WKH�GLUHFW�FRQYHUVLRQ�RI�KHDW��SURGXFHG�E\�VSDUNV��LQWR�HOHFWULFLW\�3ULQFLSOHV LQYROYHG� LQ� WKH� WHOHNLQHWLF� PHWKRG� RI� KHDW� FRQYHUVLRQ� LQWR� HOHFWULFLW\� DUHH[SODLQHG LQ� FKDSWHU�&��ZKHUHDV� WKH�GHVFULSWLRQ�RI� GHYLFHV�DOUHDG\�ZRUNLQJ�ZKLFK�HPSOR\VXFK D� FRQYHUVLRQ� LV� SURYLGHG� LQ� D� VHSDUDWH� WUHDWLVH� >�@�� ,Q� WKLV�PHWKRG�KHDW� LV� FRQYHUWHGGLUHFWO\�LQWR�HOHFWULFLW\�WKURXJK�WKH�DSSOLFDWLRQ�RI�WHOHNLQHWLF�PRWLRQ��&KDSWHU�'��DQG�VXEVHFWLRQ-�� RI� WKLV� WUHDWLVH� GHVFULEH� WKH� &RQFHSW� RI� 'LSRODU� *UDYLW\� ZKLFK� H[SODLQV� WKH� GLIIHUHQFHEHWZHHQ WKH�SK\VLFDO�DQG�WHOHNLQHWLF�PRWLRQ��$FFRUGLQJ�WR�WKLV�FRQFHSW��WKH�WHOHNLQHWLF�PRWLRQLV FDXVHG�QRW�E\�WKH�DFWLRQ�RI�D�IRUFH��EXW�E\�WKH�DFWLRQ�RI�WKH�VR�FDOOHG��7HOHNLQHWLF�(IIHFW���7KHDFWLRQ�RI�WKLV�HIIHFW�FDQ�EH�UHOHDVHG�WHFKQRORJLFDOO\�WKURXJK�WKH�DFFHOHUDWLRQ�DQG�GHFHOHUDWLRQRI PDJQHWLF� ILHOGV�� $V� WKH� 7HOHNLQHWLF� (IIHFW� UHSUHVHQWV� D� UHYHUVDO� RI� IULFWLRQ�� L�H�� LWVSRQWDQHRXVO\ DEVRUEV� HQYLURQPHQWDO� KHDW� DQG� SURGXFHV� PRWLRQ� �IULFWLRQ� VSRQWDQHRXVO\FRQYHUWV PHFKDQLFDO�PRWLRQ�LQWR�KHDW���LW�LV�FDSDEOH�RI�FRQYHUWLQJ�WKH�KHDW�LQGXFHG�PRWLRQ�RIJDV�SDUWLFOHV�LQWR�HOHFWULF�SRWHQWLDOV�GLIIHUHQFH�3ULQFLSOHV�LQYROYHG�LQ�WKH�GLUHFW�FRQYHUVLRQ�RI�WKHUPDO�HQHUJ\�SURGXFHG�LQ�WKH�FKDPEHUEDFN�LQWR�HOHFWULFLW\�YLD�WKH�7HOHNLQHWLF�(IIHFW�DUH�H[SODLQHG�LQ�VXEVHFWLRQ�&���+RZHYHU��IRU�WKHFRQVLVWHQF\ RI�SUHVHQWDWLRQ�WKH\�ZLOO�EH�EULHIO\�VXPPDULVHG�DOVR�KHUH���7KH�7HOHNLQHWLF�(IIHFWDOORZV IRU� WKH� FRQWUROOHG� UHOHDVH� RI� WZR� PXWXDOO\� RSSRVLWH� WKHUPDO� SKHQRPHQD� ZKLFK�
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DPRQJVW RWKHUV��FDXVH�WKH�HPLVVLRQ�RI�WKH�VR�FDOOHG��H[WUDFWLRQ�JORZ��DQG��GLVSHUVLRQ�JORZ��'XULQJ WKH� UHOHDVH� RI� WKH� ILUVW� RI� WKHVH� WZR� SKHQRPHQD� WKH� WKHUPDO� HQHUJ\� IURP� WKHHQYLURQPHQW�FDQ�EH�GLUHFWO\�WUDQVIRUPHG�LQWR�PRWLRQ��ZKHUHDV�GXULQJ�WKH�VHFRQG�RQH���PRWLRQFDQ EH� GLUHFWO\� WUDQVIRUPHG� LQWR� WKH� WKHUPDO� HQHUJ\�� 7KH� GLUHFWLRQ� DQG� LQWHQVLW\� RI� WKHVH�KHDW�PRWLRQ��WUDQVIRUPDWLRQV�GHSHQGV�RQ�WKH�GLUHFWLRQ�DQG�YDOXH�RI�WKH�YHFWRU�RI�PRPHQWDU\DFFHOHUDWLRQV RU�GHFHOHUDWLRQV�RI�PDJQHWLF� ILHOG�IRUFH� OLQHV�ZKLFK�SDVV� WKURXJK�WKH�YROXPHRI WKH�FKDPEHU��RU�PRUH�SUHFLVHO\�IURP�WKH�PXWXDO�SURSRUWLRQV�DQG�RULHQWDWLRQ�RI�WKLV�YHFWRULQ UHODWLRQ�WR�WKH�PRPHQWDU\�YHFWRUV�RI�PRWLRQ�RI�HOHFWULF�FKDUJHV�LQ�WKH�FKDPEHU���7KXV�E\DSSURSULDWH VHOHFWLRQ�RI�WKH�FXUYDWXUH�RI�PRPHQWDU\�SXOVDWLRQV�RI�WKH�ILHOG��WKH�WHPSHUDWXUHRI WKH�FKDPEHU�FDQ�EH�PDLQWDLQHG�RQ�D�FRQVWDQW��XQFKDQJHDEOH��DQG�FRQWUROODEOH�OHYHO���VHHWKH GHVFULSWLRQV�IURP�VXEVHFWLRQ�&���7KH�SULQFLSOH�RI�WKLV�PDLQWHQDQFH�GHSHQGV�RQ�VXFK�DFRQWURO RI�WKH�FXUYDWXUH�RI�PRPHQWDU\�ILHOG�FKDQJHV�LQ�WKH�FKDPEHU�WKDW�WKH�LQGLYLGXDO�KDOI�SXOVHV RI� WKLV� ILHOG�ZRXOG� UHOHDVH� WKH� 7HOHNLQHWLF�(IIHFW� UHTXLUHG�� ,Q� WXUQ� WKLV�(IIHFW�ZRXOGFDXVH WKH� DSSURSULDWH� DFFHOHUDWLRQ� RI� WKH� HOHFWULF� FKDUJHV� URWDWLQJ� LQ� WKH� FKDPEHU�� WKXVFRQVXPLQJ WKH� WKHUPDO� HQHUJ\�� ,Q� WKLV�PDQQHU� WKH� HQWLUH� KHDW� IURP�VSDUNV
� HQHUJ\� ORVVHVZRXOG EH�FRQYHUWHG�EDFN� LQWR� WKH� URWDWLRQ�RI�HOHFWULF�FKDUJHV�RI� WKHVH�VSDUNV��$V� WKH� ILQDOUHVXOW WKH�7HOHNLQHWLF�(IIHFW�ZRXOG�WUDQVIRUP�WKH�KHDW�SURGXFHG�E\�WKH�VSDUNV�LQWR�PRWLRQ�RIHOHFWULF FKDUJHV� RI� WKHVH� VSDUNV�� WKXV� PDLQWDLQLQJ� WKH� WHPSHUDWXUH� RI� WKH� FKDPEHU� RQ� DFRQVWDQW�DQG�GHILQHG�LQ�DGYDQFH�OHYHO�7KH DXWKRU�LV�DZDUH�WKDW�KLV�VWDWHPHQWV�FRQFHUQLQJ�WKH�UHFRYHU\�RI�KHDW�GLVVLSDWHG�E\HOHFWULF VSDUNV�PD\�EH�DFFHSWHG�UHOXFWDQWO\�E\�SHRSOH�VR�IDU�XQIDPLOLDU�ZLWK�WKH�DFWLRQ�RI�WKH7HOHNLQHWLF (IIHFW��)RU� WKLV�UHDVRQ�� LQ�WKH�VXEVHFWLRQ�WKDW� IROORZV�KH�ZLOO�SUHVHQW�DUJXPHQWVLQGLFDWLQJ�WKDW�HYHQ�ZLWKRXW�WKH�NQRZOHGJH�RI�WKH�7HOHNLQHWLF�(IIHFW��SUHVHQW�VFLHQFH�LQ�VSHFLDOFLUFXPVWDQFHV UHFRJQL]HV�WKH�SRVVLELOLW\�RI�WKH�GLUHFW�FRQYHUVLRQ�RI�DOO�KHDW�LQWR�HOHFWULFLW\��,QRUGHU WR�VXSSRUW�WKHVH�DUJXPHQWV�ZLWK�VRPH�HPSLULFDO�ILQGLQJV��WKH�DXWKRU�ZRXOG�OLNH�WR�DOVRLQGLFDWH�KHUH�WKDW�DFFRUGLQJ�WR�WKH�FRQWHQW�RI�FKDSWHU�/�WKH�LGHD�RI�WKH�2VFLOODWRU\�&KDPEHU�LVDOUHDG\�LPSOHPHQWHG�LQ�D�WHFKQLFDO�PDQQHU��7KH�REVHUYHUV�RI�WKH�DOUHDG\�RSHUDWLRQDO�PRGHOVRI WKLV�GHYLFH�QHYHU�UHSRUWHG�WKDW�LW�GLVSOD\V�RYHUKHDWLQJ�RU�HYHQ�D�VOLJKW�ZDUPLQJ�XS��7KLV�LQWXUQ PHDQV� WKDW� WKH� GLUHFW� FRQYHUVLRQ� RI� DOO� KHDW� LQWR� HOHFWULFLW\� GLVFXVVHG� KHUH� LV� LQ� IDFWDFKLHYDEOH�
)�������3UHPLVHV�IRU�WKH�UHFRYHU\�RI�DOO�KHDW�GLVVLSDWHG�E\�VSDUNV
2QH RI�WKH�VWHUHRW\SHG�RSLQLRQV�ZKLFK�SUHYDLO�DPRQJ�VFLHQWLVWV�LV�WKDW�WKH�FRQYHUVLRQRI WKHUPDO�HQHUJ\� LQWR�DQ\�RWKHU� IRUP�RI�HQHUJ\�PXVW�DOZD\V�REH\� WKH�&DUQRW�SULQFLSOH�RIWKHUPRG\QDPLFDO HIILFLHQF\�� 7KH� DGKHUHQWV� RI� WKLV� YLHZ� DXWRPDWLFDOO\� FDUU\� LW� RYHU� WR� WKH2VFLOODWRU\ &KDPEHU�ZLWKRXW�FRQVLGHULQJ� WKH�XQLTXH�FRQGLWLRQV�RFFXUULQJ�ZLWKLQ� LW��ZKHUHDVDQ\ PHFKDQLFDO�DSSOLFDWLRQ�RI� WKH� ODZV�RI� WKHUPRG\QDPLFV�WR� WKH�2VFLOODWRU\�&KDPEHU� LV�DJURVV�RYHU�VLPSOLILFDWLRQ��RYHUORRNLQJ�WKH�IROORZLQJ�IDFWRUV�RI�H[WUHPH�LPSRUWDQFH��� 7KH� VR�FDOOHG� �ODZV�� RI� WKHUPRG\QDPLFV� DUH� LQ� IDFW� QRW� ODZV�� EXW� VWDWLVWLFDOSUHGLFWLRQV�RI�WKH�WRWDO�FDXVH�RI�QXPHURXV�FKDRWLF HYHQWV��� 7KH�EHKDYLRXU�RI�JDV�SDUWLFOHV�LQ�WKH�SUHVHQFH�RI�D�VWURQJ�PDJQHWLF�ILHOG�GLVSOD\VRUGHU� QRW� FKDRV�� 7KHUHIRUH� WKH� FRXUVH� RI� WKH� HQHUJ\� FRQYHUVLRQ� ZLWKLQ� WKH� 2VFLOODWRU\&KDPEHU�FDQ�QRW�EH�GHVFULEHG�E\�WKH�ODZV�RI�WKHUPRG\QDPLFV����(YHQ�ZLWKRXW�FRQVLGHULQJ�WKH�IXWXUH�ZD\V�RI�GLUHFW�FRQYHUVLRQ�RI�KHDW�LQWR�HOHFWULFLW\�
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VXFK DV�WKH�DSSOLFDWLRQ�RI�WHOHNLQHWLF�PRWLRQ��DW�RXU�SUHVHQW�OHYHO�RI�NQRZOHGJH�VXFK�SHUIHFWO\HIILFLHQW PHWKRGV� DUH� DOUHDG\� NQRZQ�� )RU� H[DPSOH�� WKH� SULQFLSOH� RI� WKHPDJQHWR�K\GUR�G\QDPLF HQHUJ\� FRQYHUVLRQ� DVVXUHV� SHUIHFW� HIILFLHQF\� LQ� WKHUPDO� HQHUJ\UHFRYHU\� 7KHUHIRUH��LI�VXFK�FRQYHUVLRQ�LV�GHSULYHG�RI�WKH�WKHUPRG\QDPLF��FKDRWLF��IDFWRU��DVWKLV�ZLOO�EH�WKH�FDVH�LQ�WKH�2VFLOODWRU\�&KDPEHU��VXFK�D�SHUIHFW�UHFRYHU\�FDQ�EH�REWDLQHG�%HFDXVH WKHVH�WKUHH�IDFWRUV�DUH�YLWDO�WR�WKH�2VFLOODWRU\�&KDPEHU��DQG�WKH\�GRQ
W�VHHPWR�EH�UHDOL]HG�E\�VRPH�UHDGHUV��OHW�PH�H[SODLQ�WKHLU�PHDQLQJ�PRUH�SUHFLVHO\�5HIHU���7KH VWDWLVWLFDO�FKDUDFWHU�RI� WKH� ODZV�RI� WKHUPRG\QDPLFV�KDV�EHHQ�DFNQRZOHGJHG�IRUTXLWH D�ORQJ�WLPH��-DPHV�&OHUN�0D[ZHOO��������������WKH�DXWKRU�RI�WKH�IDPRXV�HTXDWLRQV�RIHOHFWURPDJQHWLVP� SUHVHQWHG�SURRI�EDVHG�RQ�WKH�DFWLRQ�RI�WKH�VR�FDOOHG��0D[ZHOO
V�GHPRQ��ZKLFK GHPRQVWUDWHG� WKDW� WKH� YDOLGLW\� RI� WKHVH� ODZV�PD\�EH� DEROLVKHG� LQ� VRPH�H[FHSWLRQDOVLWXDWLRQV��4XRWHG�EHORZ�LV�ZKDW�%�0��6WDEOHIRUG�ZULWHV�DERXW�WKH�VHFRQG�RI�WKHVH�ODZV�LQ�KLVERRN�>�)�����@ �7KH�0\VWHULHV�RI 0RGHUQ�6FLHQFH���/RQGRQ�������,6%1����������������SDJH���� �7KH ODZ�RI�WKHUPRG\QDPLFV�ZDV�VKRZQ�WR�EH�WKH�UHVXOW�RI�WKH�VWDWLVWLFDO�DJJUHJDWLRQRI D� ODUJH�QXPEHU�RI�HYHQWV�UDWKHU�WKDQ�DQ� LQYLRODEOH�SULQFLSOH�UXOLQJ� WKH�ZRUOG�ZLWK�DQ� LURQKDQG� ����ZH�FDQ�EHJLQ�WR�VHH�WKDW�DOWKRXJK�WKH�ODZ�RI�WKHUPRG\QDPLFV�DOZD\V�ZRUNV�RXW�LQSUDFWLFH� LW� FRXOG�� LQ� IDFW�� EH� VXEYHUWHG� E\� DQ� H[WUHPHO\� XQOLNHO\� FRPELQDWLRQ� RI� FKDQFHKDSSHQLQJV���LW�LV�QRW�D�ODZ�VR�PXFK�DV�D�VWDWLVWLFDO�SUHGLFWLRQ��5HIHU���,W�LV�D�ZHOO�NQRZQ�SKHQRPHQRQ�WKDW�D�VWURQJ�PDJQHWLF�ILHOG�VWRSV�WKH�FKDRWLF�EHKDYLRXURI WKH�SDUWLFOHV�RI�D�JDV��IOXLG��DQG�DUUDQJHV�WKHP�LQWR�DQ�RUGHUHG�SDWWHUQ��7KLV�SKHQRPHQRQLV WKH EDVLV� IRU� RSHUDWLRQ� RI� VRPH� FRPSXWHU�PHPRULHV�� DQG� LW� LV� DOVR� DSSOLHG� WR� VR�FDOOHG�PDJQHWLF FRROLQJ�� �� VHH� WKH� ERRN� >�)�����@ E\� -�/�� 7KUHONHOG�� �7KHUPDO� (QYLURQPHQWDO(QJLQHHULQJ� �3UHQWLFH�+DOO�� ,QF��� 1�-�� ������ SDJH� ������ 7KHUHIRUH� D� PDJQHWLF� ILHOG� LWVHOIFDUULHV WKH� FDSDELOLW\� RI� SHUIRUPLQJ� WKH� IXQFWLRQ� RI� �0D[ZHOO
V� GHPRQ��� DEOH� WR� DEROLVK� WKHYDOLGLW\�RI�WKH�ODZV�RI�WKHUPRG\QDPLFV��6R�LW�LV�MXVWLILHG�WR�H[SHFW�WKDW��LQ�WKH�SUHVHQFH�RI�VXFKD�ILHOG��HQHUJ\�FRQYHUVLRQ�ZLOO�QRW�REH\�WKH�&DUQRW�SULQFLSOH�5HIHU���7KH SULQFLSOH�RI�PDJQHWR�K\GUR�G\QDPLF�HQHUJ\�FRQYHUVLRQ�FRQWDLQV�WKH�SRWHQWLDO�IRUSHUIHFW HQHUJ\�UHFRYHU\��7KLV�SRWHQWLDO�LV�YHU\�ZHOO�H[SUHVVHG�LQ�WKH�IROORZLQJ�TXRWDWLRQ�WDNHQIURP WKH�ERRN�>�)�����@ E\�-�3��+ROPDQ��7KHUPRG\QDPLFV���0F*UDZ�+LOO�� ,QF��������� ,6%1���������������SDJH�������)URP DQ� HQHUJ\� SRLQW� RI� YLHZ�� WKH� PRYHPHQW� RI� IRUFH� WKURXJK� D� GLVSODFHPHQW�PHFKDQLFDO�ZRUN��LV�FRQYHUWHG�WR�HOHFWULFDO�ZRUN��FXUUHQW�IORZ�DJDLQVW�SRWHQWLDO�GLIIHUHQFH��E\PHDQV RI�WKH�HOHFWURPDJQHWLF�LQGXFWLRQ�SULQFLSOH��7KLV�LV�D�ZRUN�ZRUN�HQHUJ\�FRQYHUVLRQ�DQGLV�QRW�OLPLWHG�E\�WKH�&DUQRW�SULQFLSOH��7KH XQLTXH� FRQGLWLRQV� RFFXUULQJ� ZLWKLQ� WKH� 2VFLOODWRU\� &KDPEHU� HOLPLQDWH� WKHWKHUPRG\QDPLFDO �FKDRWLF�� IDFWRU� ZKLFK� UHGXFHV� WKH� HIILFLHQF\� RI� WKLV� SURFHVV� LQ� RUGLQDU\FLUFXPVWDQFHV��DQG�DOORZV�WKH�HQHUJ\�FRQYHUVLRQ�WR�DFKLHYH�SHUIHFW�HIILFLHQF\�7KH GHGXFWLRQ� SUHVHQWHG� DERYH� VKRZV� WKDW� WKHUH� DUH� TXLWH� UHDOLVWLF� DQG�ZHOO�EDVHGSUHPLVHV VLJQDOOLQJ� WKH� SRVVLELOLW\� RI� D� FRPSOHWH� UHFRYHU\� RI� WKH� HQHUJ\� ORVV� ZLWKLQ� WKH2VFLOODWRU\ &KDPEHU��$OO� WKDW� LV� QHHGHG�QRZ� LV� WKDW�ZH�GR� QRW� FORVH� RXU�PLQGV� WR� VXFK�DSRVVLELOLW\��EXW�LPSOHPHQW�LW�SUDFWLFDOO\�LQ�WKLV�GHYLFH�7KH HOLPLQDWLRQ�RI�ORVV�RI�HQHUJ\�LV�QRW�WKH�RQO\�DGYDQWDJH�RI�WKH�GLUHFW�FRQYHUVLRQ�RI
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KHDW LQWR�HOHFWULFLW\�ZKLFK�PD\�EH�DFKLHYHG�ZLWKLQ�WKH�2VFLOODWRU\�&KDPEHU��7KLV�FRQYHUVLRQDOVR LQWURGXFHV�DQ�HDV\�PHWKRG�IRU�PDLQWDLQLQJ�WKH�HQHUJ\�VXSSO\�WR�WKH�GHYLFH��7R�LQFUHDVHWKH HQHUJ\ UHVRXUFHV�FRQWDLQHG�ZLWKLQ�WKH�2VFLOODWRU\�&KDPEHU�WKH�DGGLWLRQDO�KHDWLQJ�RI� LWVGLHOHFWULF JDV� ZLOO� DORQH� EH� VXIILFLHQW�� 7KLV� KHDWLQJ� FDQ� EH� REWDLQHG�� IRU� H[DPSOH�� E\� WKHFLUFXODWLRQ RI� WKH� GLHOHFWULF� JDV� WKURXJK� D� KHDW� H[FKDQJHU�� RU� E\� FRQFHQWUDWLQJ� D� EHDP�RIVXQOLJKW�RQ�LW�&RPELQLQJ WKH� ODFN� RI� HQHUJ\� ORVV� ZLWK� WKH� LQGHSHQGHQFH� RI� WKH� PDJQHWLF� ILHOGSURGXFWLRQ IURP� WKH� FRQWLQXLW\� RI� HQHUJ\� VXSSO\� �FRPSDUH�ZLWK� LWHP� )���� RI� WKLV� FKDSWHU��SURYLGHV WKH� 2VFLOODWRU\� &KDPEHU� ZLWK� WKH� SURSHUW\� DW� SUHVHQW� FKDUDFWHULVWLF� RQO\� IRUSHUPDQHQW PDJQHWV�� 7KH� PDJQHWLF� ILHOG�� RQFH� FUHDWHG� LQ� WKLV� GHYLFH�� ZLOO� PDLQWDLQ� LWVHOIWKURXJK WKH� FHQWXULHV�� LI� WKH� H[WHUQDO� FRQVXPSWLRQ� RI� HQHUJ\� GRHV� QRW� RFFXU�� 2I� FRXUVH�EHFDXVH RI�WKH�ODFN�RI� LQWHUQDO�HQHUJ\�ORVVHV��WKH�RSHUDWLRQ�RI�WKLV�GHYLFH�DORQH�ZLOO�QRW�EHFDSDEOH�RI�FDXVLQJ�DQ\�GHFUHDVH�LQ�LWV�HQHUJ\�UHVRXUFHV�
)�����5HOHDVLQJ�WKH�VWUXFWXUH�RI�WKH�FKDPEHU�IURP�WKHGHVWUXFWLYH�DFWLRQ�RI�HOHFWULF�SRWHQWLDOV
7KH GLVWLQFWLYH�SURSHUW\�RI� WKH�2VFLOODWRU\�&KDPEHU� LV� WKDW� LW� DFFXPXODWHV�RQ� IDFLQJSODWHV HOHFWULF�FKDUJHV�RI�HTXDO�YDOXH�EXW�RSSRVLWH�VLJQ��L�H��WKH�VDPH�QXPEHU�RI�QHJDWLYHVDV SRVLWLYHV���8QGHU�VXFK�FLUFXPVWDQFHV�WKH�IRUFH�OLQHV�RI�DQ�HOHFWULF�ILHOG�IURP�IDFLQJ�SODWHVZLOO�PXWXDOO\�ELQG�WKHPVHOYHV�WRJHWKHU��7KLV�FDXVHV�WKH�FKDUJHV�WR�GLVSOD\�D�WHQGHQF\�WR�MXPSDORQJ WKH� VKRUWHVW� WUDMHFWRULHV� MRLQLQJ� WKHVH� HOHFWURGHV�� 7KHUHIRUH� LQ� WKH� FKDPEHU� WKHWHQGHQF\�IRU�D�QDWXUDO�IORZ�RI�HOHFWULF�FKDUJHV�ZLOO�FRLQFLGH�ZLWK�WKH�WUDMHFWRULHV�UHTXLUHG�IRU�WKHRSHUDWLRQ RI�WKLV�GHYLFH��$V�D�UHVXOW��WKH�PDWHULDO�RI�WKH�FKDPEHU
V�FDVLQJ�LV�IUHHG�IURP�WKHDFWLRQ�RI�WKH�HOHFWULF�FKDUJHV��ZKHUHDV�DOO�WKH�SRZHU�RI�WKH�GHYLFH
V�HQHUJ\�LV�GLUHFWHG�WRZDUGVWKH�SURGXFWLRQ�RI�D�PDJQHWLF�ILHOG��FRQWUDU\�WR�HOHFWURPDJQHWV�ZKHUH�WKH�HOHFWULF�SRWHQWLDOV�DUHPDLQO\�GLUHFWHG�DW�WKH�GHVWUXFWLRQ�RI�LQVXODWLYH�PDWHULDOV�WKHVH�GHYLFHV�ZHUH�PDGH�RI��,Q�WKH�FKDQQHOOLQJ�RI�WKH�HOHFWULF�HQHUJ\�IORZ�GHVFULEHG�DERYH��WKH�2VFLOODWRU\�&KDPEHULV HQWLUHO\� GLIIHUHQW� IURP� HOHFWURPDJQHWV�� ,Q� WKH� FKDPEHU� WKLV� FKDQQHOOLQJ� LV� DFKLHYHG� E\HPSOR\LQJ QDWXUDO� PHFKDQLVPV� RI� HOHFWURVWDWLF� DWWUDFWLRQ�� ,Q� HOHFWURPDJQHWV� LW� ZDV� IRUFHGDUWLILFLDOO\ E\�WKH�DSSURSULDWH�IRUPDWLRQ�RI�WKH�LQVXODWRU
V�OD\HUV��ZKLFK�SXVKHG�WKH�FXUUHQW�WRIORZ DORQJ�WKH�FRLOV��ZKHUHDV�WKH�DFWLRQ�RI�WKH�HOHFWULF�ILHOG
V�IRUFH�OLQHV�ZDV�WU\LQJ�WR�SXVK�LWDFURVV WKH FRLOV� DQG� WKURXJK� WKH� LQVXODWLRQ�� 7KHUHIRUH� WKHUH� LV� UHDVRQ� WR� H[SHFW� WKDW� WKH2VFLOODWRU\ &KDPEHUV�ZLOO� SRVVHVV� D� OLIH� LQFRPSDUDEO\� ORQJHU� WKDQ� WKDW� RI� HOHFWURPDJQHWV�DQG�WKDW�WKHLU�OLIHVSDQ�ZLOO�QRW�EH�OLPLWHG�E\�DQ�HOHFWULFDO�ZHDU�RXW�+RZ GHVWUXFWLYH�VXFK�DQ�HOHFWULFDO�ZHDU�RXW�RI�LQVXODWLRQ�LV�ZH�PD\�OHDUQ�E\�DQDO\VLQJWKH OLIHVSDQ�RI�FRLOV�ZRUNLQJ�XQGHU�KLJK�YROWDJHV��$�ZHOO�NQRZQ�H[DPSOH�LV�WKH�LJQLWLRQ�FRLO�LQFDUV� ZKLFK�XVXDOO\�EUHDNV�GRZQ�DIWHU�DERXW���\HDUV�RI�XVDJH��ZKLOH�VWLOO�GLVSOD\LQJ�QR�VLJQRI�PHFKDQLFDO�GHIHFW��,Q�ORZ�YROWDJH�HOHFWURPDJQHWV�WKLV�SURFHVV�LV�VORZHU��DQG�WKHUHIRUH�PD\QRW�EH�QRWLFHG�E\�XVHUV��%XW�LW�ZLOO�DSSHDU�HYHQWXDOO\�
)�����$PSOLI\LQJ�FRQWURO�RI�WKH�SHULRG�RI�ILHOG�SXOVDWLRQ
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7KH�2VFLOODWRU\�&KDPEHU�ZLOO�PDQLIHVW�D�YHU\�KLJK�FRQWUROODELOLW\��$V�LQ�PRUH�GHWDLOV�WKLVZLOO EH�H[SODLQHG�LQ�VXEVHFWLRQ�)�����WKH�NH\�WR�FRQWUROOLQJ�WKH�HQWLUH�FKDPEHU
V�RSHUDWLRQ�LVWKH�SHULRG��7��SXOVDWLRQV�RI�LWV�RXWSXW��7KURXJK�FKDQJLQJ�WKLV�SHULRG�DOVR�DOO�RWKHU�SDUDPHWHUVRI WKH� FKDPEHU
V� RSHUDWLRQ� FDQ� EH� DOWHUHG�� 3UDFWLFDOO\� WKH�ZKROH� DFWLYLW\� RI� FRQWUROOLQJ� WKH2VFLOODWRU\ &KDPEHU�ZLOO�EH�UHGXFHG�WR�LQIOXHQFLQJ�WKH�YDOXH�RI�SHULRG��7��RI�WKH�FKDPEHU
VILHOG�SXOVDWLRQV�7KH ILQDO� HTXDWLRQ� �)��� DOUHDG\�GLVFXVVHG� LQ� VXEVHFWLRQ�)���� VKRZV�KRZ�HDVLO\� WKHYDOXH RI� �7�� FDQ� EH� FRQWUROOHG� LQ� WKH� 2VFLOODWRU\� &KDPEHU�� $W� WKH� H[SORLWDWLRQ� VWDJH� LW� LVVXIILFLHQW�WR�OLPLW�WKH�HQWLUH�FRQWUROOLQJ�DFWLYLWLHV�WR�WKH�FKDQJH�RI�WKH��V��IDFWRU��%\�FKDQJLQJ�WKHSUHVVXUH RI� WKH� JDV� ILOOLQJ� WKH� FKDPEHU�� RU� E\� DOWHULQJ� LWV� FRPSRVLWLRQ�� WKH� �V�� IDFWRU� LVLQIOXHQFHG� 7KH�FKDQJH�LQ��V��IDFWRU�LQ�WXUQ�LQWURGXFHV�WKH�FKDQJHV�LQ�SHULRG��7��RI�WKH�ILHOG
VSXOVDWLRQV�7R LOOXVWUDWH� WKH�HVVHQFH�RI� WKH�DERYH�SULQFLSOH�RI� WKH�FKDPEHU
V�RXWSXW�FRQWURO��ZHZRXOG QHHG� WR� LPDJLQH�D�K\SRWKHWLFDO�HOHFWURPDJQHW� LQ�ZKLFK�DOO�FRQILJXUDWLRQ�SDUDPHWHUV�L�H� WKH� UHVLVWLYLW\� RI� ZLUH�� WKH� QXPEHU� RI� FRLOV�� DQG� DOVR� WKH� JHRPHWULFDO� PDNH�XS� RI� DFRQGXFWRU� FRXOG� HDVLO\� EH� FKDQJHG� GXULQJ� LWV� RSHUDWLRQ�� 2QO\� VXFK� DQ� LPDJLQDU\HOHFWURPDJQHW ZRXOG� DOORZ� IRU� WKH� RXWSXW� FRQWURO� LQ� D� PDQQHU� XVHG� E\� WKH� 2VFLOODWRU\&KDPEHU� L�H�� WKURXJK� WKH� DSSURSULDWH� PDQLSXODWLRQ� RI� LWV� FRQILJXUDWLRQ� SDUDPHWHUV�� DQGZLWKRXW WKH�QHFHVVLW\�RI�FRQWUROOLQJ�WKH�SRZHU�RI�D�FXUUHQW�VXSSOLHG�WR�LW��2I�FRXUVH��LQ�UHDOLW\VXFK DQ�HOHFWURPDJQHW� LV� LPSRVVLEOH� WR�EXLOG��7KLV� LQ� WXUQ� UHDOL]HV�KRZ�PXFK�EHWWHU� LV� WKHSULQFLSOH HPSOR\HG�LQ�FRQWUROOLQJ�WKH�2VFLOODWRU\�&KDPEHU�LQ�FRPSDULVRQ�WR�WKDW�HPSOR\HG�LQFRQWUROOLQJ�HOHFWURPDJQHWV�7KH DERYH�LOOXVWUDWLRQ�VKRZV�WKDW�WKH�FKDPEHU�XVHV�D�YHU\�GLIIHUHQW��DQG�PXFK�PRUHFRQYHQLHQW��FRQWURO�RI�RVFLOODWLRQV�WKDQ�WKH�RQH�XVHG�LQ�UHDO�HOHFWURPDJQHWV��,Q�WKH�2VFLOODWRU\&KDPEHU�WKH�FKDQJHV�RI�WKH�GLHOHFWULF�JDV�FRQVWDQWV��6����DQG�� ��FDXVLQJ�WKH�FKDQJH�RI��V��DUH QRW�GHSHQGHQW�RQ� WKH�QHFHVVLW\� WR�PDQLSXODWH� WKH�DPRXQWV�RI�HQHUJ\�FRQWDLQHG� LQ� WKHHOHFWULF DQG�PDJQHWLF�ILHOGV��7KHUHIRUH�LQ�WKLV�GHYLFH�DOO�FRQWUROOLQJ�DFWLYLWLHV�QR�ORQJHU�LQYROYHZUHVWOLQJ ZLWK�WKH�SRZHU�FRQWDLQHG�LQVLGH�WKH�FKDPEHU��$V�D�UHVXOW��WKH�SRZHU�RI�WKH�FRQWUROGHYLFHV LV�LQGHSHQGHQW�IURP�WKH�SRZHU�RI�WKH�SURGXFHG�ILHOG��L�H��ZHDN�FRQWURO�GHYLFHV�FDQHIIHFWLYHO\ DOWHU�WKH�SDUDPHWHUV�RI�D�SRZHUIXO�ILHOG���%XW�LQ�HOHFWURPDJQHWV�HYHU\�FKDQJH�LQ�DPDJQHWLF ILHOG� UHTXLUHV�PDQLSXODWLRQV� WR� EH� FRQGXFWHG� RQ� KLJKO\� HQHUJHWLF� FXUUHQWV�� 7KXVFRQWURO RI HOHFWURPDJQHWV�LQYROYHV�WKH�VDPH�SRZHUV�DV�WKDW�UHTXLUHG�IRU�WKH�ILHOG�SURGXFWLRQ�2I FRXUVH��HYHU\�PHWKRG�RI�FRQWURO�LQWURGXFHV�LWV�RZQ�GLVDGYDQWDJHV��7KLV�LV�DOVR�WKHFDVH LQ�WKH�WXQLQJ�V\VWHP�GHVFULEHG�DERYH��:H�DOUHDG\�PD\�SUHGLFW�KHUH�VRPH�OLPLWDWLRQV�LQWKH UDQJH�RI�FRQWURO���FDXVHG�E\�FULWLFDO�GDPSLQJ��DQG�WKH�LQIOXHQFH�RQ�WKH�LQWHQVLW\�RI�KHDWJHQHUDWLRQ �� FDXVHG�E\� FKDQJHV� LQ� WKH� UHVLVWLYLW\� RI� JDV��%XW� WKHVH�GLVDGYDQWDJHV� FDQ�EHRYHUFRPH�WHFKQLFDOO\��DQG�WKH\�DUH�LQVLJQLILFDQW�ZKHQ�FRPSDUHG�ZLWK�WKH�DGYDQWDJH�RI�PDNLQJWKH SRZHU�RI�D�FRQWUROOLQJ�GHYLFH�LQGHSHQGHQW�IURP�WKH�SRZHU�RI�WKH�FRQWUROOHG�HQHUJ\�IORZV�
)���$GYDQWDJHV�RI�WKH�2VFLOODWRU\�&KDPEHU�RYHU�HOHFWURPDJQHWV
7KH HOLPLQDWLRQ� RI� WKH� LQKHUHQW� GUDZEDFNV� RI� HOHFWURPDJQHWV� LV� QRW� WKH� RQO\DFKLHYHPHQW RI�WKH�SULQFLSOH�RI�WKH�2VFLOODWRU\�&KDPEHU��7KLV�GHYLFH�LQWURGXFHV�LQ�DGGLWLRQ�DQXPEHU�RI�XQLTXH�DGYDQWDJHV�ZKLFK�DUH�QRW�SURYLGHG�E\�DQ\�RWKHU�GHYLFH�EXLOW�E\�PDQ�WR�GDWH�/HW�XV�UHYLHZ�WKH�PRVW�LPSRUWDQW�RI�WKHP�
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)�����)RUPDWLRQ�RI�WKH��WZLQ�FKDPEHU�FDSVXOH��DEOH�WR�FRQWURO�WKH�RXWSXW�ZLWKRXW DOWHULQJWKH�HQHUJ\�LQYROYHG
)XUWKHU SRVVLELOLWLHV�RI�FRQWUROOLQJ�WKH�RXWSXW�IURP�WKH�2VFLOODWRU\�&KDPEHU�DUH�FUHDWHGZKHQ WZR� VXFK� FXELFDO� GHYLFHV� DUH� DUUDQJHG� WRJHWKHU� WR� IRUP� D� FRQILJXUDWLRQ� FDOOHG� WKH�WZLQ�FKDPEHU FDSVXOH����VHH�)LJXUH�)���7KLV�FDSVXOH�FRQVLVWV�RI�RQH�VPDOO�LQQHU�FKDPEHU�,� IUHHO\� VXVSHQGHG� �IORDWLQJ�� LQ� WKH� FHQWUH� RI� WKH� RXWHU� FKDPEHU� �2��� 7R� LQVXUH� WKH� IUHHIORWDWLRQ RI�WKH�LQQHU�FKDPEHU�ZLWKRXW�WKH�GDQJHU�RI�GLVWHQGLQJ�DQG�GDPDJLQJ�WKH�RXWHU�RQH�WKH VLGH�GLPHQVLRQ��D ��RI�WKH�RXWHU�FKDPEHU�PXVW�EH����WLPHV�ODUJHU�WKDQ�WKH�GLPHQVLRQ��D �R LRI�WKH�LQQHU�RQH��L�H��D  D #��� �)��R L7KH�HTXDWLRQ��)���H[SUHVVHV�WKH�UHTXLUHPHQW�WKDW�WKH�ORQJHVW�GLDJRQDO�GLPHQVLRQ�RI�WKH�LQQHUFXEH�FDQ�QRW�H[FHHG�WKH�VKRUWHVW�GLVWDQFH�EHWZHHQ�WZR�SDUDOOHO�ZDOOV�RI�WKH�RXWHU�FXEH�%RWK FKDPEHUV�DUH�DUUDQJHG�VR�WKDW�WKHLU�FHQWUDO�D[HV�FRLQFLGH�ZLWK�WKH�PDJQHWLF�D[LV�P� RI�WKH�HQWLUH�FDSVXOH��%XW�WKH�PDJQHWLF�SRODULWLHV�RI�ERWK�FKDPEHUV�DUH�UHYHUVHG��L�H��WKHSROHV�RI�WKH�LQQHU�FKDPEHU�DUH�RULHQWHG�H[DFWO\�LQ�RSSRVLWLRQ�WRZDUGV�WKH�SROHV�RI�LWV�KRVW��L�H��6� RI� WKH LQQHU� FKDPEHU� LV� GLUHFWHG� WRZDUGV� �1�� RI� WKH� RXWHU� RQH�� DQG� YLFH� YHUVD��� 7KLVRSSRVLWH SRODULW\�RI�ERWK�FKDPEHUV�FDXVHV� WKHLU�RXWSXWV� WR�PXWXDOO\�FDQFHO� �VXEWUDFW��HDFKRWKHU� 7KH� HIIHFW� RI� WKLV� FDQFHOODWLRQ� LV� WKDW� PRVW� RI� WKH� IRUFH� OLQHV� RI� WKH� PDJQHWLF� ILHOGSURGXFHG E\�RQH�FKDPEHU�GR�QRW� OHDYH�WKH�FDSVXOH��EXW�DUH�FLUFXODWHG�EDFN� LQWR� WKH�RWKHUFKDPEHU� 7KHUHIRUH� WKH� PDJQHWLF� ILHOG� \LHOG� RXW� WR� WKH� HQYLURQPHQW� E\� VXFK� D� FDSVXOHUHSUHVHQWV�RQO\�WKH�GLIIHUHQFH�EHWZHHQ�WKH�RXWSXWV�SURGXFHG�E\�LWV�LQQHU�DQG�RXWHU�FKDPEHUV�,Q WKH� VR�IRUPHG� WZLQ�FKDPEHU� FDSVXOH� WKH� DSSURSULDWH� FRQWURO� RI� WKH� FKDPEHUV
SHULRGV RI�SXOVDWLRQ��7��DOORZV�WKH�HQHUJ\�FRQWHQW�LQ�ERWK�FKDPEHUV�WR�EH�HLWKHU�PDLQWDLQHGXQFKDQJHG��RU�WR�EH�WUDQVIHUUHG�IURP�RQH�FKDPEHU�WR�WKH�RWKHU��7KHUHIRUH�ERWK�FKDPEHUV�FDQHLWKHU�SURGXFH�WKH�VDPH�RXWSXW��RU�D�JUHDWHU�RXWSXW�FDQ�EH�SURGXFHG�E\�DQ\�RI�WKH�FRPSRQHQWGHYLFHV �L�H��E\�WKH�RXWHU��2��DV�ZHOO�DV�E\�WKH�LQQHU��,��FKDPEHU���7HFKQLFDOO\��WKH�EDODQFH�RUWKH WUDQVIHU�RI�HQHUJ\�EHWZHHQ�ERWK�FKDPEHUV�GHSHQGV�RQO\�RQ�D�SKDVH�VKLIW�EHWZHHQ�WKHSHULRGV �7 �� DQG� �7 �� RI� WKHLU� SXOVDWLRQV�� �$V� WKLV�ZDV� GHVFULEHG� LQ� VXEVHFWLRQ�)����� WKHVHR LSHULRGV�LQ�WXUQ�DUH�FRQWUROOHG��DFFRUGLQJ�WR�WKH�HTXDWLRQ�)���VROHO\�E\�FKDQJLQJ�WKH��V��IDFWRUVRI WKH�FKDPEHUV
�GLHOHFWULF�JDVHV���,Q�JHQHUDO��ZKHQ�ERWK�FKDPEHUV�SXOVDWH�LQ�KDUPRQ\��L�H�KDYH WKHLU�PXWXDO�SKDVH�VKLIW�HTXDO�WR��(����(��RU�PXOWLSOH�RI���(��WKH\�PDLQWDLQ�WKHLU�HQHUJ\FRQWHQW�ZLWKRXW�DQ\�FKDQJH��%XW�ZKHQ�WKH�SKDVH�VKLIW�EHWZHHQ�WKHLU�SXOVDWLRQV�LV�IRUPHG��WKHPDJQHWLF HQHUJ\�EHJLQV� WR� IORZ�EHWZHHQ�ERWK�FKDPEHUV��7KH�PRUH� WKLV�SKDVH�VKLIW�GLIIHUVIURP �( RU� ��( �DQG� WKXV� WKH�PRUH� LW� QHDUHUV� WR� ���(��� WKH�PRUH� HQHUJ\� IORZV� IURP� RQHFKDPEHU WR�WKH�RWKHU��7KH�GLUHFWLRQ�RI�IORZ�LV�IURP�WKH�FKDPEHU�ZKRVH�SXOVDWLRQV�REWDLQ�WKHOHDGLQJ SKDVH�VKLIW��L�H��ZKRVH�SHULRG��7��ZDV�VSHHGHG�XS�LQ�UHODWLRQ�WR�WKH�SHULRG��7��RI�WKHRWKHU�FKDPEHU��WR�WKH�FKDPEHU�ZKRVH�SXOVDWLRQV�DUH�VORZHU�7R LOOXVWUDWH� WKH�DERYH�SULQFLSOH�RI�HQHUJ\� IORZ�ZLWK�DQ�H[DPSOH�� OHW� XV� LPDJLQH� WZRSHRSOH RQ�VHSDUDWH�VZLQJV�ERXQG� WRJHWKHU�E\�DQ�HODVWLF� �UXEEHU�� URSH��%RWK�VZLQJV� LQ� WKLVH[DPSOH UHSUHVHQW�WZR�FKDPEHUV�RI�D�JLYHQ�WZLQ�FKDPEHU�FDSVXOH��ZKHUHDV�WKH�HODVWLF�URSHUHSUHVHQWV WKH�PDJQHWLF�ILHOG�ZKLFK�OLQNV�WKHVH�FKDPEHUV��:KHQ�WKH\�VZLQJ�ZLWK�]HUR�SKDVH
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VKLIW �L�H��ZKHQ�WKHLU�PRYHPHQWV�H[DFWO\�FRUUHVSRQG��WKH�HQHUJ\�RI�WKHLU�RVFLOODWLRQV�UHPDLQVXQDIIHFWHG� %XW�ZKHQ�WKH\�IRUP�D�SKDVH�VKLIW�LQ�WKHLU�RVFLOODWLRQV��WKH�SHUVRQ�ZKRVH�VZLQJ�LVDKHDG�ZLOO�SXOO�WKH�RWKHU�RQH�WKURXJK�WKH�HODVWLF�URSH��,Q�WKLV�ZD\�WKH�HQHUJ\�ZLOO�IORZ�IURP�WKHIDVWHU�VZLQJHU�WR�WKH�VORZHU�RQH�:KHQ ERWK�FKDPEHUV�RI�D� WZLQ�FKDPEHU�FDSVXOH�\LHOG�H[DFWO\� WKH�VDPH�RXWSXW�� WKHIRUFH�OLQHV�RI�D�PDJQHWLF�ILHOG�SURGXFHG�E\�WKH�LQQHU�FKDPEHU��,��DUH�IRUPLQJ�D�FORVH�ORRS�ZLWKWKH�PDJQHWLF�ILHOG�SURGXFHG�E\�WKH�RXWHU�FKDPEHU��2���7KLV�ORRS�LV�ORFNHG�LQVLGH�WKH�FDSVXOH�7KHUHIRUH LQ�VXFK�D�FDVH�ERWK�FKDPEHUV�PD\�SURGXFH�DQ�H[WUHPHO\�KLJK�PDJQHWLF�ILHOG��EXWWKLV ILHOG�ZLOO�EH�HQWLUHO\��FLUFXODWHG��LQVLGH�RI�WKH�FDSVXOH��DQG�QR�PDJQHWLF�IOX[�ZLOO�DSSHDURXWVLGH RI�WKH�FDSVXOH��7KH�PDJQHWLF�IOX[�WUDSSHG�LQ�VXFK�D�ORRSLQJ�DQG�KHUPHWLFDOO\�ORFNHGLQVLGH D WZLQ�FKDPEHU�FDSVXOH�LV�FDOOHG�WKH��FLUFXODWLQJ�IOX[���,Q�LOOXVWUDWLRQV�IURP�WKLV�FKDSWHULW LV� ODEHOOHG� �&��� 7KH� FLUFXODWLQJ� IOX[� SHUIRUPV� DQ� LPSRUWDQW� IXQFWLRQ� LQ� WKH� WZLQ�FKDPEHUFDSVXOHV� DV� LW� ERXQGV� DQG� VWRUHV� WKH� PDJQHWLF� ILHOG� ZKLFK� ODWHU� PD\� EH� XVHG� DV� WKHFDSVXOHV
 HQHUJ\�VXSSO\��7KHUHIRUH�WKH�FLUFXODWLQJ�IOX[�LQ�WZLQ�FKDPEHU�FDSVXOHV�RI�WKH�IXWXUHZLOO UHSUHVHQW�WKH�HTXLYDOHQW�WR��IXHO��IURP�WKH�FRQWHPSRUDU\�SURSXOVLRQ�V\VWHPV��3UREDEO\�LQWKH IXWXUH� WZLQ�FKDPEHU� FDSVXOHV� ZLOO� EH� EXLOW�� WKHLU� PDLQ� DQG� RQO\� IXQFWLRQ� ZLOO� EH� WRDFFXPXODWH HQHUJ\��7KH�HQWLUH�HQHUJ\�VWRUHG�ZLWKLQ�VXFK�DFFXPXODWRUV�RI�WKH�IXWXUH�ZLOO�WDNHWKH IRUP�RI� WKH� FLUFXODWLQJ� IOX[��VR� WKDW� RXWVLGH� WKHVH� FDSVXOHV� WKHUH�ZLOO� EH� QR� QRWLFHDEOHPDJQHWLF�ILHOGV�:KHQ WKH�HQHUJ\�FRQWHQW�LQ�ERWK�FKDPEHUV�RI�D�FDSVXOH�LV�XQHTXDO��DV�LOOXVWUDWHG�LQ)LJXUH�)���WKH�PDJQHWLF�IOX[�SURGXFHG�E\�WKLV�FKDPEHU��ZKLFK�KDV�D�JUHDWHU�RXWSXW��LV�GLYLGHGLQWR WZR� SDUWV�� L�H�� �5�� WKH� �UHVXOWDQW� IOX[�� FRQGXFWHG� WR� WKH� RXWVLGH� RI� WKH� WZLQ�FKDPEHUFDSVXOH� DQG��&��WKH��FLUFXODWLQJ�IOX[��LQYROYHG�LQ�LQWHUQDO�ORRSLQJ�ZLWKLQ�WKH�FKDPEHU�KDYLQJD�VPDOOHU�RXWSXW��$W�WKH�VDPH�WLPH�WKH�PDJQHWLF�IOX[�SURGXFHG�E\�WKH�GHYLFH�KDYLQJ�D�VPDOOHURXWSXW LV�HQWLUHO\�LQYROYHG�LQ�WKH�FLUFXODWLQJ�IOX[�DQG�LV�QRW�FRQGXFWHG�RXWVLGH�WKH�FDSVXOH��,Q)LJXUH�)��WKH�JUHDWHU�RXWSXW�LV�SURGXFHG�E\�WKH�RXWHU�FKDPEHU��2���WKHUHIRUH�LWV�IOX[�LV�GLYLGHGLQWR �&� DQG��5��SDUWV��%XW�WKH�HQWLUH�RXWSXW�RI�WKH�LQQHU�FKDPEHU��,��LQ�WKLV�)LJXUH�LV�LQYROYHGLQ WKH� FLUFXODWLQJ� IOX[� �&��� 2I� FRXUVH� LQ� UHDO� FDSVXOHV�� GHSHQGLQJ� RQ� WKH� QHFHVVLW\�� LW� LVSRVVLEOH WR�FRQWURO� WKHLU�FKDPEHUV� LQ�VXFK�D�PDQQHU�� WKDW�HLWKHU�FKDPEHU�FDQ�SURGXFH�WKHKLJKHU RXWSXW��L�H��WKH�RXWHU��2��RU�WKH�LQQHU��,���7KHUHIRUH�DOVR�HLWKHU�RI�WKHVH�WZR�FKDPEHUVFDQ�SURYLGH�WKH�UHVXOWDQW�IOX[�%HFDXVH WKH�JUHDWHU�PDJQHWLF� IOX[�FDQ�EH�SURGXFHG�HLWKHU�E\� WKH� LQQHU�RU� WKH�RXWHUFKDPEHU� WKH�WZLQ�FKDPEHU�FDSVXOHV�FDQ�RSHUDWH�LQ�WZR�PRGHV FDOOHG������WKH��,11(5�IOX[SUHYDOHQFH���DQG�����WKH��287(5�IOX[�SUHYDOHQFH���,Q�WKH�PRGH�RI�,11(5�IOX[�SUHYDOHQFH��WKHUHVXOWDQW IOX[� LV�SURGXFHG�E\� WKH� LQQHU� FKDPEHU��ZKHUHDV� WKH�RXWHU� FKDPEHU� FLUFXODWHV� LWVHQWLUH RXWSXW�LQVLGH�WKH�FDSVXOH��,Q�WKH�PRGH�RI�287(5�IOX[�SUHYDOHQFH��WKH�UHVXOWDQW�IOX[�LVSURGXFHG E\�WKH�RXWHU�FKDPEHU��ZKHUHDV�WKH�LQQHU�FKDPEHU�ERXQGV�LWV�HQWLUH�RXWSXW�LQWR�WKHFLUFXODWLQJ IOX[��7KH�YLVXDO�DSSHDUDQFH�RI�FDSVXOHV�RSHUDWLQJ� LQ�WKHVH�WZR�PRGHV�LV�VKRZQLQ )LJXUH�)�� 7KH�GLIIHUHQFHV� LQ� WKHLU�DSSHDUDQFH� UHVXOW� IURP� WKH� IDFW� WKDW�D�KLJKO\�GHQVHPDJQHWLF ILHOG�LV�WUDQVSDUHQW�RQO\�WR�DQ�REVHUYHU�ZKR�ORRNV�DW�LW�DORQJ�LWV�IRUFH�OLQHV��)RU�WKHREVHUYHU�ORRNLQJ�IURP�DQ\�RWKHU�GLUHFWLRQ�VXFK�D�ILHOG�LV�QRQWUDQVSDUHQW��DQG�UHVHPEOHV�EODFNVPRNH� 7KHUHIRUH�DQ�RXWVLGH�REVHUYHU� ORRNLQJ�DW� WKH� WZLQ�FKDPEHU�FDSVXOH
V�RXWOHW�VKRXOGVHH RQO\ WKH� LQWHULRU�RI� WKDW�FKDPEHU�ZKLFK�SURGXFHV� WKH�UHVXOWDQW� IOX[�UXQQLQJ� LQWR�KLV�KHUGLUHFWLRQ� ZKHUHDV� WKH�RXWOLQHV�RI� WKH�UHPDLQLQJ�FKDPEHU�ZKLFK�SURGXFHV�D�FLUFXODWLQJ� IOX[ZRXOG�DSSHDU�WR�EH�EODFN�7KH WZLQ�FKDPEHU� FDSVXOH� SXWV� LQWR� WKH� HQYLURQPHQW� RQO\� WKH� UHVXOWDQW� IOX[� WKDW
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UHSUHVHQWV WKH�GLIIHUHQFH�IURP�WKH�RXWSXWV�RI�ERWK�FKDPEHUV��7KH�FLUFXODWLQJ� IOX[�LV�DOZD\VORFNHG LQVLGH�WKLV�FDSVXOH�DQG�QHYHU�UHDFKHV�WKH�HQYLURQPHQW��7KHUHIRUH��WKLV�FRQILJXUDWLRQRI FKDPEHUV�DOORZV�WKH�IDVW�DQG�HIILFLHQW�FRQWURO�RYHU�WKH�UHVXOWDQW�PDJQHWLF�IOX[�FRQGXFWHGWR WKH�HQYLURQPHQW��7KLV�FRQWURO�LV�DFKLHYHG�ZLWKRXW�D�FKDQJH�LQ�WKH�WRWDO�DPRXQW�RI�HQHUJ\FRQWDLQHG LQ� WKH�FDSVXOH��DQG�RQO\� WKURXJK�VKLIWLQJ� WKLV�HQHUJ\� IURP� WKH�RXWHU� WR� WKH� LQQHUFKDPEHU DQG�YLFH�YHUVD��3UDFWLFDOO\��WKLV�PHDQV�WKDW�WKH�RXWSXW�JLYHQ�E\�WKH�FDSVXOH�WR�WKHHQYLURQPHQW FDQ� EH� HDVLO\� FKDQJHG�� ZKLOH� WKH� HQHUJ\� FRQWHQW� RI� WKH� FDSVXOH� FRQVWDQWO\UHPDLQV DW�WKH�VDPH�OHYHO��,Q�RUGHU�WR�UHDOL]H�WKH�HQRUPRXV�FDSDELOLWLHV�RI�VXFK�FRQWURO��WKHPRVW LPSRUWDQW� VWDWHV� RI� WKH�PDJQHWLF� ILHOG� SXW� LQWR� WKH� HQYLURQPHQW� E\� WKH� WZLQ�FKDPEHUFDSVXOH�DUH�GHVFULEHG�EHORZ���� 7KH� FRPSOHWH� H[WLQJXLVKLQJ� RI� WKH� FDSVXOH
V� RXWSXW�� ,I� WKH� LQQHU� DQG� WKH� RXWHUFKDPEHUV FRQWDLQ�WKH�VDPH�DPRXQW�RI�PDJQHWLF�HQHUJ\�DQG�SURGXFH�HTXDO�PDJQHWLF�IOX[HV�WKHLU HQWLUH�SURGXFWLRQ�LV�ORRSHG�LQVLGH�RI�WKH�WZLQ�FKDPEHU�FDSVXOH�DQG�QR�ILHOG�LV�FRQGXFWHGWR WKH�HQYLURQPHQW��2I�FRXUVH��LQ�VXFK�D�FDVH�WKH�HQRUPRXV�PDJQHWLF�HQHUJ\�RI�WKH�FDSVXOHVWLOO UHPDLQV� WUDSSHG� LQVLGH��DQG�FDQ�EH�UHGLUHFWHG�RXWVLGH�DW�DQ\� WLPH�E\�VLPSOH�DOWHUDWLRQWR�WKH�FDSVXOH
V�FRQWUROV������$�VPRRWK�FKDQJH�RI�WKH�FDSVXOH
V�PDJQHWLF RXWSXW�ZLWKLQ�WKH�UDQJH�IURP�LWV�PLQLPDO�L�H� ]HUR��WR�PD[LPDO�YDOXH��6XFK�D�FKDQJH�LQ�WKH�UHVXOWDQW�RXWSXW�UHTXLUHV�RQO\�DSSURSULDWHWUDQVIHU�RI�WKH�PDJQHWLF�HQHUJ\�IURP�RQH�FKDPEHU�LQWR�WKH�RWKHU��7KH�PD[LPDO�RXWSXW�IURP�WKLVFDSVXOH�LV�DFKLHYHG�ZKHQ�RQH�RI�LWV�FKDPEHUV�FRQFHQWUDWHV�DOPRVW�DOO�RI�WKH�HQHUJ\��ZKHUHDVWKH�RXWSXW�IURP�WKH�UHPDLQLQJ�FKDPEHU�LV�DOPRVW�]HUR������7KH�SURGXFWLRQ�RI�D�PDJQHWLF�ILHOG�WKDW�KDV�DQ\�UHTXLUHG�RULHQWDWLRQ�RI�WKH�PDJQHWLFSROHV� 'HSHQGLQJ� RQ� ZKLFK� RI� WKH� WZR� FKDPEHUV� �LQQHU� RU� RXWHU�� UHDFKHV� D� GRPLQDWLQJ�SUHYDLOLQJ��RXWSXW��WKH�SRODULW\�RI�WKH�UHVXOWDQW�IOX[��5��ZLOO�UHIOHFW�WKH�SRODULW\�RI�WKLV�GRPLQDWLQJFKDPEHU���� $Q�DOPRVW� LQVWDQW� UHYHUVDO�RI�SRODULW\� IRU� WKH�FDSVXOH
V� UHVXOWDQW�PDJQHWLF�RXWSXW�H�J� WKH�H[FKDQJH�RI�LWV�QRUWK�SROH�LQWR�WKH�VRXWK�SROH��DQG�YLFH�YHUVD���7KLV�UHYHUVDO�FDQ�EHDFKLHYHG PHUHO\�E\�VKLIWLQJ�TXLFNO\�WKH�PDJQHWLF�HQHUJ\�EHWZHHQ�WZR�FKDPEHUV�DQG�ZLWKRXWDQ\�QHHG�IRU�D�PHFKDQLFDO�URWDWLRQ�RI�WKH�FDSVXOH�7KH DELOLW\� WR�VWULFWO\�FRQWURO� WKH�YDULDWLRQV� LQ� WLPH� �FXUYDWXUH��RI� WKH� UHVXOWDQW� IOX[� LVDQRWKHU�DGYDQWDJH�RI�WKH�WZLQ�FKDPEHU�FDSVXOHV��$Q�H[DPSOH�RI�VXFK�FRQWURO��FRQFHUQLQJ�WKHUHVXOWDQW IOX[�ZKRVH�YDULDWLRQV�LQ�WLPH�IROORZ�D�EHDW�W\SH�FXUYH��LV�VKRZQ�LQ�)LJXUH�)���:KHQWKH IUHTXHQFLHV�RI�SXOVDWLRQV� LQ�ERWK�FKDPEHUV�DUH�GLIIHUHQW� �H�J��ZKHQ� WKH� LQQHU�FKDPEHUSURGXFHV D�IOX[��) ��ZKRVH�IUHTXHQF\�LV�WZR�WLPHV�KLJKHU�WKDQ�WKH�IUHTXHQF\�RI�WKH�IOX[��) �, RSURGXFHG E\�WKH�RXWHU�FKDPEHU��� WKH�DOJHEUDLF�VXEWUDFWLRQ�RI�ERWK�WKHVH�IOX[HV�SURGXFHV�DELW�W\SH YDULDWLRQ�LQ�WLPH�RI�WKH�UHVXOWDQW�IOX[��) ���,Q�WKLV�ZD\��D�ZLGH�UDQJH�RI�UHVXOWDQW�IOX[5YDULDWLRQV LQ WLPH�FDQ�EH�REWDLQHG�� WKURXJK� WKH�VLPSOH�DOWHULQJ�RI� IUHTXHQFLHV�RI� LQQHU�DQGRXWHU IOX[HV��RU�PRUH�VWULFWO\�WKURXJK�DOWHULQJ�SHULRGV�RI�SXOVDWLRQV��7��ZKLFK�DUH�ERXQG�ZLWKIUHTXHQFLHV �I��E\�HTXDWLRQ��)����I ��7���,W�LV�HTXDOO\�VLPSOH�WR�SURGXFH�D�SXOVDWLQJ�UHVXOWDQWIOX[�IROORZLQJ�RQH RI�PDQ\�SRVVLEOH�EHDW�W\SH�FXUYHV��DV�ZHOO�DV�D�QXPEHU�RI�DOWHUQDWLQJ�ILHOGVRI GLIIHUHQW�FRXUVHV��,Q�HDFK�RI�WKHVH�FDVHV�WKH�SHULRG�RI�WKH�UHVXOWDQW�IOX[�YDULDWLRQ�FDQ�EHFRQWUROOHG�DW�WKH�UHTXLUHG�OHYHO�3UREDEO\ WKH� PRVW� VLJQLILFDQW� DGYDQWDJHV� RI� WKH� FRQWURO� GHVFULEHG� KHUH� LV� WKDW� LWHQDEOHV�WZLQ�FKDPEHU�FDSVXOH�WR�SURGXFH�D�FRQVWDQW�PDJQHWLF�ILHOG��:KHQ�WKH�IUHTXHQFLHVRI RVFLOODWLRQV�LQ�ERWK�FKDPEHUV�DUH�WKH�VDPH��WKHQ�WKH�WZR�FRXQWHU�RULHQWHG�PDJQHWLF�IOX[HVPXWXDOO\ VXSSUHVV�WKHLU�SXOVDWLQJ�FRPSRQHQWV��,I�WKLV�FRLQFLGHV�ZLWK�WKH�HTXDO�DPSOLWXGHV�RI
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ILHOGV IURP�ERWK�FKDPEHUV�� WKH� UHVXOWDQW� IOX[��) �� LV� WKHQ�QRQ�RVFLOODWLQJ� �FRQVWDQW� LQ� WLPH��5LGHQWLFDO LQ� FKDUDFWHU� WR� WKH� RQH� SURYLGHG� E\� WKH� SHUPDQHQW� PDJQHWV�� 7KLV� FDSDELOLW\� WRSURGXFH D� FRQVWDQW� PDJQHWLF� ILHOG� ZLOO� IXUWKHU� HQODUJH� WKH� DOUHDG\� H[WHQVLYH� VFRSH� RIDSSOLFDWLRQV�IRU�WKLV�FRQILJXUDWLRQ�RI�2VFLOODWRU\�&KDPEHUV�%HFDXVH�RI�WKH�GLUHFW�UHODWLRQVKLS�H[LVWLQJ�EHWZHHQ�WKH�IUHTXHQF\��I��DQG�WKH�SHULRG��7�RI WKH� ILHOG� SXOVDWLRQ� �VHH� HTXDWLRQ� �)���� I ��7��� WKH� HQWLUH� FRQWURO� RYHU� WKH� UHVXOWDQW� IOX[FXUYDWXUH LV DFKLHYHG�VROHO\� WKURXJK� WKH�DOWHUDWLRQV�RI� WKH� �V�� IDFWRU��DV�KDV�DOUHDG\�EHHQGHVFULEHG�LQ�VXEVHFWLRQ�)����7KH DERYH�H[SODQDWLRQV�GHPRQVWUDWH�KRZ�HDV\�DQG�YHUVDWLOH� WKH�FRQWURO�FDSDELOLWLHVRI WZLQ�FKDPEHU�FDSVXOHV�DUH��7KLV�ZLOO�KDYH�D�GHILQLWH�EHDULQJ�RQ�WKH�IXWXUH�DSSOLFDWLRQV�RIVXFK DUUDQJHPHQWV� RI� FKDPEHUV�� ,W� LV� HDV\� WR� SUHGLFW� WKDW� DOPRVW� DOO� DGYDQFHG�PDJQHWLFSURSXOVLRQ V\VWHPV� RI� WKH� IXWXUH� ZLOO� XWLOL]H� WZLQ�FKDPEHU� FDSVXOHV� LQVWHDG� RI� MXVW� VLQJOH2VFLOODWRU\ &KDPEHUV�� 2XW� RI� DOO� WKH� SURSXOVLRQ� V\VWHPV� GHVFULEHG� LQ� WKLV� WUHDWLVH�� VXFKFDSVXOHV ZLOO�EH�XVHG�LQ�WKH�SURSXOVRUV�RI�WKH�0DJQRFUDIW��VHH�GHVFULSWLRQV�LQ�FKDSWHU�*��DQGLQ�0DJQHWLF�3HUVRQDO�3URSXOVLRQ��VHH�GHVFULSWLRQV�LQ�FKDSWHU�,��
)�����)RUPDWLRQ�RI�WKH��VSLGHU�FRQILJXUDWLRQ�
7KH WZLQ�FKDPEHU� FDSVXOH� LV� QRW� WKH� RQO\� FRQILJXUDWLRQ� LQWR� ZKLFK� D� QXPEHU� RI2VFLOODWRU\�&KDPEHUV�FDQ�EH�DUUDQJHG�LQ�RUGHU�WR�LQFUHDVH�WKH�FRQWUROODELOLW\�RI�WKHLU�UHVXOWDQWIOX[ �5���7KH�RWKHU�FRQILJXUDWLRQ�GLVSOD\LQJ�HYHQ�ZLGHU� SRVVLELOLWLHV� LV� WKH�VR�FDOOHG� �VSLGHUFRQILJXUDWLRQ�� VKRZQ�LQ�)LJXUH�)���,Q�WKH�VSLGHU�FRQILJXUDWLRQV�WKH�FKDPEHUV�DUH�DUUDQJHGVR WKDW�RQH�RI�WKHP��FDOOHG�WKH�PDLQ�FKDPEHU��0���LV�VXUURXQGHG�E\�WKH�IRXU�VLGH�FKDPEHUVLQGLFDWHG E\�WKH� OHWWHUV�8��9��:��DQG�;��(DFK�RI� WKHVH�ILYH�FKDPEHUV�SRVVHVVHV�WKH�VDPHFURVV�VHFWLRQ��EXW�WKH�YROXPH��WKXV�DOVR�WKH�OHQJWK��RI�WKH�PDLQ�RQH�LV�HTXDO�WR�WKH�VXP�RI�WKHYROXPHV RI�DOO�IRXU�VLGH�RQHV��7KH�PDJQHWLF�SROHV�LQ�WKH�PDLQ�2VFLOODWRU\�&KDPEHU��0��DUHGLUHFWHG�LQ�RSSRVLWLRQ�WR�WKH�RULHQWDWLRQ�RI�WKH�SROHV�LQ�WKH�VLGH�FKDPEHUV��8��9��:��;��7KLV QHZ� FRQILJXUDWLRQ� RI� WKH� 2VFLOODWRU\� &KDPEHUV� LV� D� VLPSOLILHG� PRGHO� RI� WKH0DJQRFUDIW
V�SURSXOVLRQ�GHVFULEHG�LQ�WKH�QH[W FKDSWHU�RI�WKLV�WUHDWLVH��WKH�0DJQRFUDIW�FRQWDLQVD VLQJOH� WZLQ�FKDPEHU� FDSVXOH� �SURSXOVRU�� SODFHG� LQ� LWV� FHQWUH�� DQG� D� PXOWLSOH� RI� IRXU� RIWZLQ�FKDPEHU FDSVXOHV� DUUDQJHG� DURXQG� LWV� SHULSKHUDOV��� $OVR� WKH� RSHUDWLRQ� RI� WKH� VSLGHUFRQILJXUDWLRQ FORVHO\� LPLWDWHV� WKH� RSHUDWLRQ� RI� WKH�0DJQRFUDIW
V� SURSXOVLRQ�� 7KHUHIRUH� WKLVFRQILJXUDWLRQ LQ� IDFW�FRQVWLWXWHV�D�NLQG�RI�PLQLDWXUH�0DJQRFUDIW��$V�ZHOO�� WKH�PDJQHWLF� ILHOGSURGXFHG E\�LW�GLVSOD\V�DOO�WKH�DWWULEXWHV�RI�WKH�0DJQRFUDIW
V�ILHOG��IRU�H[DPSOH�LWV�IRUFH�OLQHVPD\ VSLQ�DURXQG�WKH�PDJQHWLF�D[LV�RI�WKH�PDLQ�FKDPEHU��7KH�DERYH�UHDVRQV�GHFLGH�WKDW�WKHVSLGHU FRQILJXUDWLRQ� IRXQG� LWV� EHVW� DSSOLFDWLRQ� LQ� WKH� SURSXOVLRQ� RI� WKH� VR�FDOOHG� �IRXUSURSXOVRU VSDFHFUDIW��� GHVFULEHG� LQ� FKDSWHU� +�� WKH� RSHUDWLRQ� RI� ZKLFK� MXVW� UHTXLUHV� WKHVSLQQLQJ�PDJQHWLF�ILHOG�)URP�WKH�WHFKQLFDO�SRLQW�RI�YLHZ��WKH�SURGXFWLRQ�RI�VSLGHU�FRQILJXUDWLRQV�LV�PXFK�HDVLHUWR DFKLHYH WKDQ�WKH�SURGXFWLRQ�RI�WZLQ�FKDPEHU�FDSVXOHV��7KLV�LV�EHFDXVH�LQ�D�WZLQ�FKDPEHUFDSVXOH WKHUH� DUH� WHFKQLFDO� GLIILFXOWLHV� ZLWK� FRQWUROOLQJ� WKH� LQQHU� FKDPEHU�� WR� ZKLFK� WKHFRQWUROOLQJ VLJQDOV�PXVW� SDVV� WKURXJK�SRZHUIXO� VSDUNV�DQG� WKH�PDJQHWLF� ILHOG� RI� WKH� RXWHUFKDPEHU� 7KHVH�GLIILFXOWLHV�DUH�DEVHQW� LQ�WKH�VSLGHU�FRQILJXUDWLRQ��LQ�ZKLFK�WKH�DFFHVV�ZLWKWKH FRQWUROOLQJ�GHYLFHV�LV�HTXDOO\�HDV\�WR�DOO�FKDPEHUV��7KHUHIRUH��LQ�WKH�ILUVW�SHULRG�DIWHU�WKHFRPSOHWLRQ RI�2VFLOODWRU\�&KDPEHUV��PRVW�SUREDEO\�RXU�FLYLOL]DWLRQ�ZLOO� EH�DEOH� WR�FRPELQH
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WKHP RQO\�LQWR�VSLGHU�FRQILJXUDWLRQV��7KHUHIRUH��HYHQ�WKDW�WKH�SURSXOVLRQ�RI�WKH�0DJQRFUDIW�LVPRUH HIIHFWLYH� ZKHQ� WKLV� YHKLFOH� XWLOL]HV� WZLQ�FKDPEHU� FDSVXOHV� IRU� WKH� SURSXOVRUV�� WKHWHFKQLFDO GLIILFXOWLHV�GHVFULEHG�DERYH�PD\�FDXVH��WKDW�WKH�ILUVW�GLVFRLGDO�0DJQRFUDIW�EXLOG�RQ(DUWK�ZLOO�XWLOL]H�VSLGHU�FRQILJXUDWLRQV�IRU�WKH�SURSXOVRUV�7KH DERYH DOVR� DSSOLHV� WR� DOO� RWKHU� FLYLOL]DWLRQV� ZKLFK� DOUHDG\� KDYH� RSHUDWLRQDO0DJQRFUDIW DW�WKHLU�GLVSRVDO��)URP�ZKLFK�FRQILJXUDWLRQ�RI�2VFLOODWRU\�&KDPEHUV�WKH\�XWLOL]H�LQWKH SURSXOVRUV� RI� WKHLU� GLVFRLGDO� 0DJQRFUDIW�� LW� LV� SRVVLEOH� WR� HVWLPDWH� WKHLU� OHYHO� RIGHYHORSPHQW� ,Q�WKH�ILUVW�SHULRG�DIWHU�WKH�FRPSOHWLRQ�RI�2VFLOODWRU\�&KDPEHUV�HDFK�FLYLOL]DWLRQPRVW SUREDEO\�ZLOO� MXVW�XWLOL]H�VSLGHU�FRQILJXUDWLRQV��DQG�RQO\�ODWHU� LW�ZLOO�VKLIW� LQWR�WKH�XVH�RIWZLQ�FKDPEHU FDSVXOHV��,Q�WKH�FRXUVH�RI�IXUWKHU�GHYHORSPHQW�WKH�FLYLOL]DWLRQ�ZLOO�WUDQVIHU�LQWRWKH�XVH�RI�WZLQ�FKDPEHU�FDSVXOHV�RI�WKH�VHFRQG�JHQHUDWLRQ�ZKLFK�XWLOL]H�RFWDJRQDO�2VFLOODWRU\&KDPEHUV �LQVWHDG�RI� � VTXDUH�FKDPEHUV�EHLQJ�PXFK�HDVLHU� WR�SURGXFH�DQG� WR�FRQWURO��� WRILQDOO\�VKLIW�LQWR�WKH�XVH�RI�FKDPEHUV�RI�WKH�WKLUG�JHQHUDWLRQ���VHH�VXEVHFWLRQ�-��7KH FRQWURO�RYHU�WKH�YDOXH�RI�D�ILHOG�SURGXFHG�E\�WKH�VSLGHU�FRQILJXUDWLRQ�LV�DOPRVW�WKHVDPH DV�LW�LV�LQ�WKH�WZLQ�FKDPEHU�FDSVXOH��,Q�D�VLPLODU�PDQQHU�WKLV�FRQILJXUDWLRQ�ZLOO�SURGXFHD FLUFXODWLQJ� IOX[� �&��DQG�D� UHVXOWDQW� IOX[� �5���%RWK� WKHVH� IOX[HV�DUH�FLUFXODWHG� WKURXJK� WKHHQYLURQPHQW�DQG�WKXV�WKH�RQO\�GLIIHUHQFH�EHWZHHQ�WKHP�GHSHQGV�RQ�WKH�SDWKV�WKHLU�IRUFH�OLQHVFURVV� DQG�RQ� WKH�QXPEHU�RI� FKDPEHUV� WKH\� FLUFXODWH� WKURXJK� �D� FLUFXODWLQJ� IOX[� �&�� ORRSVWKURXJK WZR� FKDPEHUV� �� PDLQ� DQG� VLGH�� ZKHUHDV� D� UHVXOWDQW� IOX[� �5�� WKURXJK� WKH� PDLQFKDPEHU�RQO\���VHH�)LJXUH�)����7KHUHIRUH�WKH�PDJQHWLF�ILHOG�\LHOG IURP�WKH�VSLGHU�FRQILJXUDWLRQDOVR GLVSOD\V� WKH�VDPH�FRQWURO�RYHU�DOO� LWV�SURSHUWLHV�DQG�SDUDPHWHUV�DV� WKH� ILHOG� IURP� WKHWZLQ�FKDPEHU FDSVXOH��7KH�RQO\�DGGLWLRQDO�FDSDELOLW\�RI�VSLGHU�FRQILJXUDWLRQV�ZKLFK�GRHV�QRWDSSHDU LQ�WZLQ�FKDPEHU�FDSVXOHV�LV�WKDW�VSLGHU�FRQILJXUDWLRQV�DUH�DEOH�WR�SURGXFH�D�ZKLUOLQJPDJQHWLF ILHOG��ZKRVH�D[LV�RI�URWDWLRQ�OLHV�RQ�WKH�PDJQHWLF�D[LV��P��RI�WKH�PDLQ�FKDPEHU��0��7KH�SURGXFWLRQ�RI�VXFK�D�ZKLUOLQJ�ILHOG LV�H[SODLQHG�IRU�WKH�0DJQRFUDIW�LQ�VXEVHFWLRQ�*��RI�WKLVWUHDWLVH��WKHUHIRUH�WKLV�H[SODQDWLRQ�ZLOO�QRW�EH�UHSHDWHG�KHUH�7KH VSLGHU�FRQILJXUDWLRQV��KRZHYHU��GLVSOD\�D�VLJQLILFDQW�GUDZEDFN� LQ�FRPSDULVRQ�RIWKH WZLQ�FKDPEHU� FDSVXOHV�� ZKLFK� ZLOO� GHFLGH� WKHLU� OLPLWDWLRQV�� 7KLV� GUDZEDFN� LV� WKDW� WKHPDJQHWLF�ILHOG�WKH\�SURGXFH�FDQ�QRW�EH��H[WLQJXLVKHG��HQWLUHO\�DQG�PXVW�EH�FLUFXODWHG�WKURXJKWKH HQYLURQPHQW��7KHUHIRUH��HYHQ�LI�WKH�HQWLUH�RXWSXW�RI�D�VSLGHU�FRQILJXUDWLRQ�LV�ERXQG�LQ�WKHFLUFXODWLQJ IOX[� �&��� WKLV� IOX[� LV�VWLOO� ORRSHG� WKURXJK� WKH�HQYLURQPHQW� �L�H�� FDQ�QRW�EH� ORFNHGLQVLGH WKH�FRQILJXUDWLRQ�DV� LV� WKH�FDVH�ZLWK� WZLQ�FKDPEHU�FDSVXOHV���)RU� WKLV�UHDVRQ�VSLGHUFRQILJXUDWLRQ FDQ� QRW� EH� XVHG� LQ� QXPHURXV� DSSOLFDWLRQV� LQ� ZKLFK� WKH� SUHVHQFH� RI� WKHPDJQHWLF ILHOG� LV�XQGHVLUDEOH� �H�J��DV�HQHUJ\�DFFXPXODWRUV���7KHUHIRUH��DSDUW� IURP�D�VKRUWSHULRG ZKHQ�RXU� FLYLOL]DWLRQ�ZLOO� VWLOO� QRW� EH� DEOH� WR� SURGXFH� WZLQ�FKDPEHU� FDSVXOHV�� LQ� WKHPDMRULW\ RI�FDVHV�WKH�XWLOL]DWLRQ�RI�WKH�VSLGHU�FRQILJXUDWLRQV�ZLOO�EH�OLPLWHG�RQO\�WR�DSSOLFDWLRQVZKHUH WKH� ZKLUOLQJ� PDJQHWLF� ILHOG� LV� QHFHVVDU\� �H�J�� DV� SURSXOVRUV� IRU� WKH� IRXU�SURSXOVRUYHKLFOH�GHVFULEHG�LQ�FKDSWHU�+��
)�����7KH�QRQ�DWWUDFWLRQ�RI�IHUURPDJQHWLF�REMHFWV
:H DUH�DFFXVWRPHG�ZLWK� WKH� IDFW� WKDW� HYHU\�VRXUFH�RI�PDJQHWLF� ILHOG�VKRXOG�DWWUDFWIHUURPDJQHWLF REMHFWV�� 7KXV�� ZKHQ� ZH� UHDOL]H� WKH� SRZHU� RI� WKH� ILHOG� SURGXFHG� E\� HYHU\2VFLOODWRU\ &KDPEHU�� LPPHGLDWHO\� FRPHV� WR� PLQG� WKH� SLFWXUH� RI� RXU� NLWFKHQ� DSSOLDQFHV�VKDYHUV DQG�FRLQV�IO\LQJ� WR�RXU�QHLJKERXU�EHFDXVH�KH�VKH�GHFLGHG�WR�VZLWFK�RQ�D�SRZHUIXO
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FKDPEHU MXVW�SXUFKDVHG��$W�WKLV�SRLQW�LW�LV�WKH�ULJKW�WLPH�WR�H[SHO�RXU�IHDUV��RQH�RI�WKH�PRVWXQXVXDO SURSHUWLHV�RI�WZLQ�FKDPEHU�FDSVXOHV�DQG�VSLGHU�FRQILJXUDWLRQV�LV�WKDW�WKH\�SURGXFHD�PDJQHWLF�ILHOG�ZKLFK�GRHV�QRW�DWWUDFW�IHUURPDJQHWLF�REMHFWV��HYHQ�LI�WKHLU�RXWSXW�UHDFKHV�WKHIXOO SRZHU� UHTXLUHG�� 7KLV� SURSHUW\� FDXVHV� WKH� ILHOG� SURGXFHG� E\� VXFK� FRQILJXUDWLRQV� RI2VFLOODWRU\ &KDPEHUV� WR� EHKDYH� UDWKHU� OLNH� D� NLQG� RI� �DQWLJUDYLW\��GHVFULEHG�E\� DXWKRUV�RIVFLHQFH ILFWLRQ�ERRNV��QRW� OLNH�D�PDJQHWLF�RQH��7KH� IROORZLQJ�GHVFULSWLRQV�H[SODLQ�KRZ� LW� LVSRVVLEOH�WR�DFKLHYH�WKLV�XQXVXDO�SURSHUW\�7KH�IUDPHG�SDUW�LQ�)LJXUH�)� VKRZV�DSSUR[LPDWHO\�WKH�FXUYH�RI�YDULDWLRQ�LQ�WLPH�IRU�WKHW\SLFDO ILHOG�SURGXFHG�E\�WKH�WZLQ�FKDPEHU�FDSVXOH��,W�WDNHV�WKH�FRXUVH�RI�D�EHDW�W\SH�FXUYH�FRQWDLQLQJ WKH�FRQVWDQW�FRPSRQHQW��) ��DQG�WKH�YDU\LQJ�FRPSRQHQW���)���,W�LV�ZLGHO\�NQRZQRWKDW WKH�VRXUFH�RI�D�FRQVWDQW�PDJQHWLF� ILHOG�DWWUDFWV� WKH� IHUURPDJQHWLF�REMHFW� LQ� LWV�YLFLQLW\�7KHUHIRUH LW� LV� REYLRXV� WKDW� WKH� FRQVWDQW� �) �� FRPSRQHQW�RI� WKH� FKDPEHU
V�RXWSXW�ZLOO� DOVRRFDXVH VXFK� DQ� DWWUDFWLRQ�� +RZHYHU�� QRW� PDQ\� SHRSOH� DUH� IDPLOLDU� HQRXJK� ZLWKPDJQHWRG\QDPLFV WR�NQRZ�WKDW�D�ILHOG�YDU\LQJ�LQ�WLPH�ZLWK�VXIILFLHQW�IUHTXHQF\��I��LQGXFHV�LQFRQGXFWRUV WKH�VR�FDOOHG�HGG\�FXUUHQWV��7KHVH�FXUUHQWV�SURGXFH� WKHLU�RZQ�PDJQHWLF� ILHOGVZKLFK��DFFRUGLQJ�WR�WKH��FRQWUDGLFWLRQ�UXOH��DSSOLFDEOH�WR�HOHFWUR�PDJQHWLVP��DUH�UHSHOOHG�IURPWKH�RULJLQDO�ILHOG�ZKLFK�LQGXFHG�WKHP��$V�D�UHVXOW��ILHOGV�RI�VXIILFLHQWO\�KLJK�YDULDWLRQ�LQ�WLPH�ZLOOUHSHO�PHWDOOLF�IHUURPDJQHWLFV��7KHUHIRUH�WKH�YDU\LQJ�FRPSRQHQW���)��RI�WKH�FKDPEHU
V�RXWSXWZLOO FDXVH�UHSXOVLRQ�RI�DOO�IHUURPDJQHWLF�REMHFWV�LQ�WKH�YLFLQLW\��7KLV�UHSHOOLQJ�IRUFH�JURZV�ZLWKWKH LQFUHDVH� RI� DPSOLWXGH� ��)�� DQG� DOVR� ZLWK� WKH� LQFUHDVH� RI� IUHTXHQF\� �I�� RI� WKH� ILHOGYDULDWLRQV� 7KHUHIRUH�� LI� WKH� FRQWURO� RI� WKH� WZLQ�FKDPEHU� FDSVXOH� RU� VSLGHU� FRQILJXUDWLRQFKDQJHV WKH�UDWLR���)�) ��RI�WKH�RXWSXW��KROGLQJ�FRQVWDQW�WKH�IUHTXHQF\��I��RI�SXOVDWLRQV��WKHQRWKUHH GLIIHUHQW� NLQGV�RI� IRUFH� LQWHUDFWLRQ�ZLWK� IHUURPDJQHWLF�REMHFWV� FDQ�EH�DFKLHYHG� �� VHHGLDJUDP�LQ�)LJXUH�)�������:KHQ�WKH�YDU\LQJ�FRPSRQHQW���)��GRPLQDWHV�RYHU�WKH�FRQVWDQW��) �RRQH� WKHQ� WKH� WRWDO� LQWHUDFWLRQ� ZLWK� VXFK� REMHFWV� LV� UHSXOVLYH�� ���� :KHQ� WKH� FRQVWDQWFRPSRQHQW �) �� LV� WKH� GRPLQDWLQJ� RQH�� WKHQ� WKH� UHVXOWDQW� LQWHUDFWLRQ� LV� DQ� DWWUDFWLRQ�� ���R+RZHYHU� LI� EDODQFH� EHWZHHQ� ERWK� WKHVH� FRPSRQHQWV� LV� UHDFKHG�� WKHQ� WKH� DWWUDFWLRQ� DQGUHSXOVLRQ FRPH� LQWR� HTXLOLEULXP� DQG� QHXWUDOL]H� HDFK� RWKHU�� ,Q� WKLV� FDVH�QR� DFWLRQ RI� DQ\PDJQHWLF IRUFH� LV� DIIHFWLQJ� IHUURPDJQHWLF� REMHFWV� IURP� WKH� HQYLURQPHQW� RI� D� JLYHQFRQILJXUDWLRQ�7KH FXUYH�RI�HTXLOLEULXP�EHWZHHQ�WKH�DWWUDFWLRQ�DQG�UHSXOVLRQ��VKRZQ�LQ�)LJXUH�)���ZLOOIUDPH WKH� SDUDPHWHUV� RI� ZRUN� RI� WKH� WZLQ�FKDPEHU� FDSVXOH� DQG� VSLGHU� FRQILJXUDWLRQ�� ,W� LVH[SHFWHG�WKDW�LQ�WKH�PDMRULW\�RI�FDVHV�WKH�ILHOG�SURGXFHG�E\�WKH�DGYDQFHG�PDJQHWLF�SURSXOVLRQV\VWHPV ZLOO� OLH� RQ� WKLV� FXUYH�� 6XFK� D� ILHOG� ZLOO� QRW� LQIOXHQFH� LQ� DQ\� QRWLFHDEOH� ZD\� WKHIHUURPDJQHWLF REMHFWV�ZLWKLQ�LWV�UDQJH��EXW�ZLOO�VWLOO�EH�DEOH�WR�SHUIRUP�DOO�ZRUN�LPSRVHG�RQ�LW�:KHQ XVHG� LQ� IO\LQJ�YHKLFOHV��VXFK�D� ILHOG�ZLOO� FDXVH� WKHLU� IOLJKW�� EXW�ZLOO� SUHYHQW�DQ\� IRUFHLQWHUDFWLRQV EHWZHHQ� WKHVH� YHKLFOHV� DQG� QHDUE\� IHUURPDJQHWLF� REMHFWV�� %HFDXVH� RI� WKLVSURSHUW\� RXWVLGH�REVHUYHUV�RI�VXFK�YHKLFOHV��ZKR�KDYH�QR�NQRZOHGJH�RI�WKLV�HTXLOLEULXP�RIWKHLU PDJQHWLF�LQWHUDFWLRQV��ZLOO�SUREDEO\�EH�FRQYLQFHG�WKDW�WKH�SURSXOVLRQ�RI�WKHVH�YHKLFOHVXWLOL]HV�VRPH�NLQG�RI��DQWLJUDYLWDWLRQDO��ILHOG�LQVWHDG�RI�D�PDJQHWLF�RQH�,Q VSHFLDO�FLUFXPVWDQFHV��KRZHYHU��WKH�ILHOG�SURGXFHG�E\�D�FRQILJXUDWLRQ�RI�FKDPEHUVFDQ EH� UHGLUHFWHG� LQWR� D� FKRVHQ� LQWHUDFWLRQ�� )RU� H[DPSOH�� LI� D�PLOLWDULO\� RULHQWHG�PDJQHWLFYHKLFOH LV�FKDVLQJ�D�PLVVLOH�RU�DHURSODQH��WR�LQWHUFHSW�LW��LW�ZLOO�FKDQJH�LWV�QHXWUDO�ILHOG�LQWR�DQDWWUDFWLQJ RQH�� 7KXV� LWV� DWWUDFWLRQ� IRUFH� ZLOO� GLVDEOH� DQG� RYHUSRZHU� WKH� REMHFW� SXUVXHG�6LPLODUO\� ZKHQ�D�PDJQHWLFDOO\�SURSHOOHG�IO\LQJ�YHKLFOH�LQWHQGV�WR�DEGXFW�D�PRWRU�FDU�DQG�LWVRFFXSDQWV� LW�FRXOG�VLPSO\�SLFN�LW�XS�IURP�WKH�URDG�E\�FKDQJLQJ�LWV�RZQ�PDJQHWLF�LQWHUDFWLRQ
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IURP WKDW� RI� HTXLOLEULXP� LQWR� DQ� DWWUDFWLRQ��2I� FRXUVH�� WKHUH�ZLOO� DOVR� EH� VLWXDWLRQV�ZKHQ� DUHSXOVLYH PDJQHWLF� LQWHUDFWLRQ�ZLOO�EH�XVHG��)RU�H[DPSOH�� LQ�IUHH�VSDFH�WKH�SURGXFWLRQ�RI�DUHSHOOLQJ IRUFH�VKRXOG�EH�GRPLQDQW��7KHQ�DOO�GDQJHURXV�REMHFWV��VXFK�DV�PHWHRULWHV��LQ�PRVWFDVHV FRQWDLQLQJ� LURQ���FRVPLF�GXVW��PLVVLOHV�RU�VDWHOOLWHV��ZLOO�EH� UHSHOOHG� IURP�WKH�SDWK�RIPDJQHWLF YHKLFOHV��$OVR��ZKLOH�IO\LQJ�DERYH�D�KRVWLOH�SODQHW�ZKHUH�LQKDELWDQWV�DUH�NQRZQ�WRVKRRW DQG�ODXQFK�PLVVLOHV�DW�DQ\�IRUHLJQ�YHKLFOH��WKH�FUHZ�RI�D�PDJQHWLFDOO\�SURSHOOHG�YHKLFOHFRXOG VZLWFK� RQ� WKH� UHSXOVLYH� DFWLRQ� RI� LWV� ILHOG�� 7KHQ� DOO� EXOOHWV� DQG� PLVVLOHV� ZRXOG� EHUHSHOOHG�IURP�WKH�YHKLFOH�ZLWKRXW�KDYLQJ�D�FKDQFH�RI�UHDFKLQJ�DQG�GDPDJLQJ�LW�
)�����0XOWLGLPHQVLRQDO�WUDQVIRUPDWLRQ�RI�HQHUJ\
7KH HQHUJ\�ZLWKLQ�WKH�2VFLOODWRU\�&KDPEHU�FR�H[LVWV�LQ�WKUHH�GLIIHUHQW�IRUPV�DV������DQHOHFWULF�ILHOG������D�PDJQHWLF�ILHOG��DQG�����KHDW��L�H��D�KRW�GLHOHFWULFDO�JDV�ILOOLQJ�WKH�LQVLGH�RI�WKHFKDPEHU�� 7KHVH�WKUHH�IRUPV�DUH�LQ�D�VWDWH�RI�FRQWLQXRXV�WUDQVIRUPDWLRQ�IURP�RQH�LQWR� WKHRWKHU� )XUWKHUPRUH��WKH�2VFLOODWRU\�&KDPEHU�LV�DEOH�WR������SURGXFH�DQG�DEVRUE�OLJKW��DQG����SURGXFH RU� FRQVXPH� PRWLRQ� �L�H�� PHFKDQLFDO� HQHUJ\��� )LQDOO\� WKH� FKDPEHU� FDQ� DOVR� ���DFFXPXODWH DQG� VWRUH� KXJH� DPRXQWV� RI� HQHUJ\� IRU� DQ\� OHQJWK� RI� WLPH� �L�H�� ZRUN� DV� DQHQRUPRXVO\ FDSDFLRXV�DFFXPXODWRU�RI�HQHUJ\���6XFK�D�VLWXDWLRQ�FUHDWHV�D�XQLTXH�RSSRUWXQLW\IRU WKH�FKDPEHU�WR�EH�XWLOL]HG�LQ�PDQ\�GLIIHUHQW�ZD\V��QRW�MXVW�RQO\�DV�D�VRXUFH�RI�PDJQHWLFILHOG���ZKLOH�RQH�W\SH�RI�HQHUJ\�LV�VXSSOLHG�WR�LW��DQRWKHU�W\SH�LV�REWDLQHG�IURP�LW��7KH�IROORZLQJNLQGV RI�HQHUJ\�FDQ�EH�VXSSOLHG�WR��RU�REWDLQHG�IURP��WKH�2VFLOODWRU\�&KDPEHU���D��HOHFWULFLW\WUDQVIHUUHG�LQ�WKH�IRUP�RI�DQ�DOWHUQDWLQJ�HOHFWULF�FXUUHQW���E��KHDW�DFFXPXODWHG�LQ�D�KRW�JDV���F�PDJQHWLF HQHUJ\�WUDQVIHUUHG�WKURXJK�WKH�SXOVDWLRQV��FKDQJHV�LQ�GHQVLW\��RI�D�PDJQHWLF�ILHOG�DQG �G��PHFKDQLFDO�HQHUJ\�WUDQVIHUUHG�LQ�WKH�IRUP�RI�WKH�PRWLRQ�RI�WKH�FKDPEHU�LQ�UHODWLRQ�WRDQRWKHU FKDPEHU�RU�LQ�UHODWLRQ�WR�WKH�HQYLURQPHQWDO�PDJQHWLF�ILHOG��DQG��H��OLJKW�ZKLFK�HLWKHUFDQ EH�DEVRUEHG�E\�WKH�FLUFXODWLQJ�IOX[�RI�WKH�FKDPEHU��VHH�WKH�GHVFULSWLRQ�RI��EODFN�KROHV�SURYLGHG LQ�VXEVHFWLRQ�*�����RU�SURGXFHG�DIWHU�WXUQLQJ�WKH�2VFLOODWRU\�&KDPEHU�LQWR�D�NLQG�RID IOXRUHVFHQW�EXOE��VHH�GHVFULSWLRQV�LQ�VXEVHFWLRQ�*������'HSHQGLQJ�RQ�ZKLFK�RQH�RI�WKHVHIRUPV RI�HQHUJ\�LV�VXSSOLHG�WR�WKH�FKDPEHU��DQG�ZKLFK�RQH�LV�GUDZQ�IURP�LW��WKH�2VFLOODWRU\&KDPEHU FDQ�DFW�DV�DOPRVW�DQ\�HQHUJ\�SURGXFLQJ��RU�FRQYHUWLQJ��GHYLFH�EXLOW�WR�GDWH��H�J��DVD WUDQVIRUPHU��JHQHUDWRU��HOHFWULF�PRWRU��FRPEXVWLRQ�HQJLQH��KHDWHU��SKRWR�FHOO��VHDUFKOLJKWVXSSOLHG ZLWK�LWV�RZQ�EDWWHU\�ODVWLQJ�IRU�WKRXVDQGV�RI�\HDUV��HWF��7DEOH�)� FRPELQHV�WKH�PRVWXWLOLWDULDQ DSSOLFDWLRQV�RI�WKH�2VFLOODWRU\�&KDPEHU��H[SORLWLQJ�LWV�FDSDFLW\�IRU�PXOWLGLPHQVLRQDOWUDQVIRUPDWLRQV�RI�HQHUJ\�
)�����&RQWLQXRXV�RVFLOODWLQJ���D�XQLTXHHOHFWURPDJQHWLF�SKHQRPHQRQDOORZLQJ�WKH�2VFLOODWRU\�&KDPEHUWR�DEVRUE�XQOLPLWHG�DPRXQWV�RI�HQHUJ\
/HW�XV�UHWXUQ�WR�WKH�H[DPSOH�RI�D�VZLQJ��DQG�FRQVLGHU�ZKDW�KDSSHQV�ZKHQ�ZH�LQFUHDVHWKH NLQHWLF� HQHUJ\� VXSSOLHG� WR� WKLV� GHYLFH�� 7KH� DPSOLWXGH� RI� RVFLOODWLRQV� LQFUHDVHVSURSRUWLRQDOO\�WR�WKH�HQHUJ\�VXSSOLHG��:H�PD\�LQWHQVLI\�WKLV�SURFHVV�WR�WKH�SRLQW�ZKHQ�WKH�WRSKRUL]RQWDO EDU�ZLOO�SUHYHQW�DQ\�IXUWKHU�LQFUHDVH�RI�DPSOLWXGH��,I�ZH�VWLOO�NHHS�SURYLGLQJ�HQHUJ\
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EH\RQG WKLV� SRLQW�� WKH� FRQYHQWLRQDO� VZLQJ� ZLOO� EH� GHVWUR\HG�� DV� LWV� DUP� ZLOO� KLW� WKH� WRSKRUL]RQWDO�EDU�DQG�RQH�RI�WKHVH�WZR�SDUWV�PXVW�EUHDN�7KH DERYH�GHVLJQ�OLPLWDWLRQ�LQ�WKH�DPRXQW�RI�NLQHWLF�HQHUJ\�WKDW�D�FRQYHQWLRQDO�VZLQJFDQ DEVRUE KDV�DOUHDG\�IRXQG�D�WHFKQLFDO�VROXWLRQ��6RPHRQH�KDV�DOUHDG\�GURSSHG�LQWR� WKHLGHD RI EXLOGLQJ� D� VZLQJ� ZLWKRXW� D� KRUL]RQWDO� EDU�� 7KXV� LI� ZH� XVH� D� PRGLILHG� VZLQJ� RIDSSURSULDWH GHVLJQ��ZLWKRXW�D�WRS�KRUL]RQWDO�EDU��EXW�KDYLQJ�D�URWDU\�KRUL]RQWDO�D[OH�LQVWHDG��D IXUWKHU� LQFUHDVH� RI� HQHUJ\�ZLOO� OHDG� WR� D� XQLTXH� SKHQRPHQRQ� RI� �FRQWLQXRXV� RVFLOODWLQJ��ZKLFK� EHFDXVH� RI� LWV� XQLTXHQHVV�� LQ� WKLV� WUHDWLVH� ZLOO� EH� FDOOHG� �SHUSHWXDO� RVFLOODWLQJ���6ZLQJV EXLOW�HVSHFLDOO\�IRU�KLJK�SHUIRUPDQFH�XVXDOO\�DFKLHYH�WKLV�� ,Q�WKH��SHUSHWXDO�PDQQHURI RVFLOODWLQJ��WKH�PRGLILHG�VZLQJ
V�DUP�IROORZV�D�FLUFXODU�FRXUVH��LQVWHDG�RI�VODQWLQJ�EDFN�DQGIRUWK OLNH� LQ�D�FRQYHQWLRQDO�VZLQJ��7KH�HQHUJ\� WUDQVIRUPDWLRQV�VWLOO�H[LVW� LQ� LW��EXW� WKH�ZKROHRVFLOODWLQJ SKHQRPHQRQ�REH\V�GLIIHUHQW�NLQGV�RI� ODZV��7KXV��WKH�PRVW�LPSRUWDQW�DWWULEXWH�RIV\VWHPV FDSDEOH�RI�SHUSHWXDO�RVFLOODWLRQV�LV�WKDW�WKHLU�FDSDFLWDQFH�IRU�SRWHQWLDO�HQHUJ\�GRHVQRW�OLPLW�WKH�DPRXQW�RI�NLQHWLF�HQHUJ\�DEVRUEHG�E\�WKHP�,I ZH�QRZ�DQDO\]H�WKH�ZRUN�RI�D�FRQYHQWLRQDO�RVFLOODWRU\�FLUFXLW�ZLWK�D�VSDUN�JDS��ZHQRWLFH�WKDW�LW�EHKDYHV�LQ�D�ZD\�LGHQWLFDO�WR�WKH�FRQYHQWLRQDO�VZLQJ�GHVFULEHG�DERYH��7KXV�VXFKD�FRQYHQWLRQDO�FLUFXLW�LV�WKH�HTXLYDOHQW�RI�WKH�VZLQJ�ZLWK�D�WRS�KRUL]RQWDO�EDU��,I�ZH�VWDUW�DGGLQJPDJQHWLF HQHUJ\� WR� LWV� LQGXFWRU�� WKHQ� WKH� JURZLQJ� DPSOLWXGH� RI� RVFLOODWLRQV� ZLOO� OHDG� WREUHDNGRZQ�ZLWKLQ�WKH�FDSDFLWRU�DQG�WR�WKH�GHVWUXFWLRQ�RI�WKH�FLUFXLW��7KH�2VFLOODWRU\�&KDPEHU�KRZHYHU� LV�WKH�HTXLYDOHQW�RI�WKH�PRGLILHG�VZLQJ�DOORZLQJ�IRU�SHUSHWXDO�RVFLOODWLRQV��,I�ZH�DGGIXUWKHU PDJQHWLF�HQHUJ\�WR� WKH�HQHUJ\�FRQWDLQHG� LQ�D�VWUHDP�RI�VSDUNV��MXPSLQJ� OHW�XV�VD\IURP SODWH�3 WR�3 �� WKHQ� WKLV� VWUHDP�ZLOO� QRW� WHUPLQDWH� DW� WKH�PRPHQW�ZKHQ� WKH� RSSRVLWH5 /SODWHV UHDFK� WKH�EUHDNGRZQ�GLIIHUHQFH�RI�SRWHQWLDOV� �8���7KLV� LV�EHFDXVH� WKH� LQHUWLD�RI� WKHVWUHDP ZLOO�VWLOO�NHHS��SXPSLQJ��HOHFWURQV� IURP�SODWH�3 WR�3 ��XQWLO�DOO� WKH�PDJQHWLF�HQHUJ\5 /WUDQVIRUPV LWVHOI� LQWR� WKH� HOHFWULF� ILHOG�� +RZHYHU� LQ� WKLV� LQVWDQW� ERWK� SODWHV� DOVR� VWDUW� DGLVFKDUJH LQ�WKH�RSSRVLWH�GLUHFWLRQ��L�H��IURP�3 WR�3 ��7KHUHIRUH�WKHUH�ZLOO�EH�D�SHULRG�RI�WLPH/ 5ZKHQ WZR� VSDUNV� MXPSLQJ� LQ� RSSRVLWH� GLUHFWLRQV� ZLOO� DSSHDU� VLPXOWDQHRXVO\� EHWZHHQ� WKHVDPH SDLU�RI�VHJPHQWV��7KH�ILUVW�RI�WKHP���LQHUWLDO���ZLOO�MXPS�IURP�SODWH�3 WR�3 ��ZKHUHDV�WKH5 /RWKHU�RQH���DFWLYH���ZLOO�MXPS�IURP�SODWH�3 WR�3 ��7KLV�VLPXOWDQHRXV�DSSHDUDQFH�RI�WZR�VSDUNV/ 5MXPSLQJ EHWZHHQ� WKH� VDPH� SDLU� RI� HOHFWURGHV� ZLOO� EH� WKH� HOHFWURPDJQHWLF� HTXLYDOHQW� WRSHUSHWXDO RVFLOODWLQJ��%HFDXVH� WKH� FRPSOHWLRQ� RI� WKLV� XQLTXH�SKHQRPHQRQ� LV� RQO\�SRVVLEOHLI YDULRXV�ULJRURXV�GHVLJQ�FRQGLWLRQV�DUH�PHW��WKH�2VFLOODWRU\�&KDPEHU�LV�WKH�ILUVW�DQG�VR�IDUWKH�RQO\�FLUFXLW�ZKLFK�DOORZV�IRU�WKH�DSSHDUDQFH�RI�VXFK�SKHQRPHQRQ�,Q JHQHUDO�ZH�FDQ�DVVHUW� WKH�GHILQLWLRQ�WKDW��WKH�SHUSHWXDO�W\SH�RI�RVFLOODWLRQV�DUHDWWULEXWHG RQO\�WR�WKRVH�RVFLOODWLQJ�V\VWHPV�ZKRVH�DELOLW\�WR�DEVRUE�WKH�NLQHWLF�IRUP�RIHQHUJ\�VLJQLILFDQWO\�RYHUFRPHV�WKHLU�FDSDFLWDQFH�IRU�SRWHQWLDO�HQHUJ\���6XFK�DQ�DELOLW\�LVSXUHO\�DQ�DWWULEXWH�RI�GHVLJQ��,W�LV�FRQGLWLRQHG�E\�WKH�VHOHFWHG�SDUDPHWHUV�DQG�WKH�DSSURSULDWHVWUXFWXULQJ RI�WKH�V\VWHP��,Q�WKH�FDVH�RI�WKH�2VFLOODWRU\�&KDPEHU�LW�ZLOO�EH�GHWHUPLQHG�E\�WKHQXPEHU RI�VSDUNV�ZKLFK�WKH�GHYLFH� LV�FDSDEOH�RI�FUHDWLQJ��7KLV�QXPEHU�LQ�WXUQ�GHSHQGV�RQWKH QXPEHU�RI�VHJPHQWV��S��VHSDUDWHG�ZLWKLQ�WKH�SODWHV��/HW�XV�GHWHUPLQH�WKH�PLQLPDO�YDOXHRI��S��UHTXLUHG�IRU�WKH�SHUSHWXDO�W\SH�RI�RVFLOODWLRQV�7KH FRQGLWLRQ� UHTXLUHG� IRU� FDXVLQJ� SHUSHWXDO� RVFLOODWLQJ� LV� WKDW� WKH� NLQHWLF� HQHUJ\FRQWDLQHG�LQ�WKH�PDJQHWLF�ILHOG�PXVW�EH�JUHDWHU WKDQ�WKH�SRWHQWLDO�RQH�FRQWDLQHG�LQ�WKH�HOHFWULFILHOG��.QRZLQJ�WKH�HTXDWLRQV�GHGXFHG�IRU�WKH�RVFLOODWRU\�FLUFXLWV��WKLV�FDQ�EH�ZULWWHQ�DV�
8�



F-33�/#��� !��&#8�5�
,I�ZH�WUDQVIRUP�WKH�DERYH�UHODWLRQ�DQG�VXEVWLWXWH�WKH�UHFHLYHG�FRPELQDWLRQ�RI�YDULDEOHV�E\�WKHRQH�H[WUDFWHG�IURP�WKH�HTXDWLRQ��)����ZH�ZLOO�REWDLQ�

S�!��#V� �)���
&RQGLWLRQ �)���� H[SUHVVHV� WKH�QXPEHU�RI� VHJPHQWV� �S�� VHSDUDWHG�ZLWKLQ� WKH�SODWHV� RI� WKH2VFLOODWRU\�&KDPEHU��VXIILFLHQW�WR�FDXVH�SHUSHWXDO�RVFLOODWLQJ�,I ZH�DUH�FDSDEOH�RI�EXLOGLQJ�DQG�XVLQJ�WKH�FKDPEHU�LQ�VXFK�D�ZD\�WKDW�WKLV�FRQGLWLRQLV DOZD\V�PHW��WKHQ�WKH�FDSDFLWDQFH�RI�WKH�2VFLOODWRU\�&KDPEHU�ZLOO�QRW�EH�DEOH�WR�LQWURGXFHDQ\�OLPLWDWLRQV�RQ�WKH�DPRXQW�RI�HQHUJ\�DEVRUEHG�E\ WKLV�GHYLFH��7KLV�SURSHUW\��FRPELQHG�ZLWKLQGHSHQGHQFH�IURP�WKH�FRQWLQXLW\�DQG�HIILFLHQF\�RI�WKH�HQHUJ\�VXSSO\��ZLOO�DOORZ�WKH�2VFLOODWRU\&KDPEHU�WR�LQFUHDVH�WKH�DPRXQW�RI�HQHUJ\�FRQWDLQHG�LQ�LW�WR�D�WKHRUHWLFDOO\�XQOLPLWHG�OHYHO�

)�����)XQFWLRQ�DV�DQ�HQRUPRXVO\�FDSDFLRXV�DFFXPXODWRU�RI�HQHUJ\
7KH SHUSHWXDO� RVFLOODWLQJ� GHVFULEHG� DERYH� LQWURGXFHV� WKH� DELOLW\� RI� WKH� FKDPEHU� WRDEVRUE XQOLPLWHG�WKHRUHWLFDOO\�DPRXQWV�RI�HQHUJ\��7KLV�SURSHUW\��FRPELQHG�ZLWK�WKH�FDSDELOLW\RI WKH�WZLQ�FKDPEHU�FDSVXOH�WR�H[WLQJXLVK�FRPSOHWHO\�WKH�SURGXFHG�ILHOG��L�H��WR�WXUQ�LWV�HQWLUHPDJQHWLF HQHUJ\� LQWR� WKH� FLUFXODWLQJ� IOX[� �� VHH� VXEVHFWLRQ� )������ HQDEOHV� 2VFLOODWRU\&KDPEHUV�WR�EH�HQRUPRXVO\�FDSDFLRXV�DFFXPXODWRUV�RI�HQHUJ\��7KH�DSSURSULDWH�FDOFXODWLRQVFRPSOHWHG�IRU�WKH�0DJQRFUDIW�FDQ�EH�XVHIXO�IRU�LOOXVWUDWLQJ�ZKDW�OHYHO�RI�FDSDFLWDQFH�WKLV�GHYLFHSURYLGHV��)RU�H[DPSOH�WKH�DXWKRU�KDV�GHWHUPLQHG�WKH�DPRXQW�RI�HQHUJ\�FRQWDLQHG�LQ�WKH�ILHOGRI�WKH�0DJQRFUDIW�W\SH�.���FRPSDUH�VXEVHFWLRQ�*������7KH�UHVXOW� REWDLQHG�RQ�WKH�DVVXPSWLRQWKDW WKLV� YHKLFOH� SURGXFHV� RQO\� WKH� VWDUWLQJ� IOX[��ZDV� ����7:K� �7HUD�:DWW�KRXUV�� �� L�H�� WKHSUHVHQW HTXLYDOHQW� RI� WZR�PRQWKV
� HQHUJ\� FRQVXPSWLRQ� IRU� D� ZKROH� FRXQWU\� VXFK� DV� 1HZ=HDODQG� %HFDXVH�LQ�WKH�.��W\SH�RI�0DJQRFUDIW�WKH�WRWDO�YROXPH�RI�LWV�2VFLOODWRU\�&KDPEHUVLV DERXW��P ��WKLV�HQRUPRXV�HQHUJ\�ZLOO�EH�VWRUHG�LQ�D�GHYLFH�DSSUR[LPDWHO\�RQH�FXELF�PHWHU�LQ�VL]H��,I�VXFK�D�FDSVXOH�PHDVXULQJ�RQH�FXELF�PHWUH�H[SORGH�E\�DFFLGHQW��WKHQ�WKH�GHVWUXFWLRQFDXVHG E\�WKH�UHOHDVH�RI�PDJQHWLF�HQHUJ\�LW�VWRUHV�ZRXOG�EH�HQ�HTXLYDOHQW�WR�WKH�H[SORGLQJRI�RQH�PHJDWRQ�RI�717�7KH PDJQHWLF�ILHOG�LV�DOUHDG\�UHFRJQL]HG�DV�D�SHUIHFW�PHDQV�RI�FROOHFWLQJ�DQG�VWRULQJD ODUJH� DPRXQW� RI� HOHFWULFDO� HQHUJ\�� %\� XVLQJ� FU\RJHQLFDOO\� FRROHG� FRQGXFWRUV�� HYHQFRQWHPSRUDU\�LQGXFWRUV�FDQ�VWRUH�KXJH�DPRXQWV�RI�HQHUJ\�IRU�D�UHODWLYHO\�ORQJ�SHULRG�RI�WLPH�7KHUH DUH�D�QXPEHU�RI�UHVHDUFK�SURMHFWV�LQYHVWLJDWLQJ�WKLV�SRVVLELOLW\��H�J��$XVWUDOLD�1DWLRQDO8QLYHUVLW\ LQ� &DQEHUUD�� 7KH� 8QLYHUVLW\� RI� 7H[DV� DW� $XVWLQ�� 86$��� 2QH� RI� WKH� FRPPHUFLDODSSOLFDWLRQV VHULRXVO\�FRQVLGHUHG�ZDV�WR�EXLOG�D�KHDY\�FU\RJHQLF�HOHFWURPDJQHW�QHDU�3DULV�ZKLFK ZRXOG� DFFXPXODWH� HOHFWULF� SRZHU� LQ� QR�ORDG� KRXUV� DQG� UHOHDVH� LW� WR� WKH� FLW\� DWSHDN�FRQVXPSWLRQ�KRXUV�7KH�DELOLW\�RI WKH�2VFLOODWRU\�&KDPEHU�WR�VWRUH�HQHUJ\�FRPSOHWHO\�UHVROYHV�WKH�SUREOHPRI HQHUJ\�VXSSO\�GXULQJ� LWV�RSHUDWLRQ��)RU� WKH�PDMRULW\�RI�DSSOLFDWLRQV� LW�ZLOO�EH�VXIILFLHQW� WRFKDUJH LW�IXOO\�DW�WKH�PRPHQW�RI�SURGXFWLRQ��DQG�WKHQ�VLPSO\�XVH�WKH�GHYLFH�XQWLO�WKLV�HQHUJ\LV IXOO\�ZLWKGUDZQ��7KH�DPRXQWV�RI�HQHUJ\�DEOH�WR�EH�VWRUHG�LQ�VXFK�GHYLFHV�DOORZ�WKHP�WR�EH
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FRQWLQXRXVO\�RSHUDWLYH�IRU�KXQGUHGV�RI�\HDUV�ZLWKRXW�WKH�QHHG�IRU�UHFKDUJLQJ�
)�����6LPSOLFLW\�RI�SURGXFWLRQ
7KH�2VFLOODWRU\�&KDPEHU�ZLOO�SUREDEO\�UHSUHVHQW�RQH�RI�WKH�PRVW�VRSKLVWLFDWHG�GHYLFHVKXPDQ WHFKQRORJ\�ZLOO�HYHU�FRPSOHWH��+RZHYHU��LWV�VRSKLVWLFDWLRQ�ZLOO�FRQFHUQ�WKH�DPRXQW�RINQRZOHGJH LQYROYHG�LQ�LWV�SURSHU�GHVLJQ�DQG�WKH�DPRXQW�RI�UHVHDUFK�UHTXLUHG�WR�DSSURSULDWHO\VKDSH LWV�RSHUDWLRQ��6LQFH�LWV�WHFKQRORJ\�LV�RQFH�ZRUNHG�RXW��WKLV�GHYLFH�ZLOO�QRW�EH�GLIILFXOW�WRSURGXFH� )URP WKH�PDQXIDFWXULQJ�SRLQW�RI�YLHZ�LW�ZLOO�FRQVLVW�PDLQO\�RI�VL[�SODLQ�ZDOOV��ZKLFKZLOO QHHG�WR�EH�SUHFLVHO\�GLPHQVLRQHG��ILQLVKHG�DQG�DVVHPEOHG��7KH�FKDPEHU�KDV�QR�PRYLQJSDUWV� QR� FRPSOLFDWHG� VKDSHV� DQG� QR� LQWULFDWH� FLUFXLWV�� 3UDFWLFDOO\�� LI� WKH� NQRZOHGJH� RI� LWVSURGXFWLRQ ZDV� WKHUH��ZH�VKRXOG�KDYH�EHHQ�DEOH� WR�SURGXFH� WKLV�GHYLFH�QRW�RQO\�QRZ��EXWWKRXVDQGV�RI�\HDUV�DJR�ZLWK�WKH�WRROV��PDWHULDOV��DQG�WHFKQRORJ\�RI�RXU�DQFHVWRUV�
)���$GYDQFHPHQWV�LQ�WKH�SUDFWLFDO�FRPSOHWLRQ�RI�WKH�2VFLOODWRU\�&KDPEHU
7KH�DXWKRU�LQYHQWHG�WKH�2VFLOODWRU\�&KDPEHU�LQ�WKH�ILUVW�KRXUV�RI�WKH��UG�-DQXDU\������6RRQ DIWHUZDUGV��LWV�GHVFULSWLRQ�ZDV�GLVWULEXWHG�WR�D�QXPEHU�RI�SXEOLFDWLRQV�ZULWWHQ� LQ�WKUHHODQJXDJHV�DQG�DYDLODEOH�LQ�IRXU�GLIIHUHQW�FRXQWULHV��L�H��1HZ�=HDODQG��3RODQG��86$��DQG�:HVW*HUPDQ\ �VHH�SXEOLFDWLRQV�QXPEHU�>�)@��D���>�)@��F���>�)@��E���DQG�>�)@��F��LQ�WKH�OLVW�SURYLGHGDW WKH� HQG� RI� WKLV� FKDSWHU��� 7KH� ZLGH� DYDLODELOLW\� RI� WKH� FKDPEHU
V� GHVFULSWLRQ� SURPSWHGVLJQLILFDQW LQWHUHVW�LQ�WKLV�GHYLFH��$�QXPEHU�RI� LQGLYLGXDO�DPDWHXUV�LQ�WKH�VFLHQWLILF�ILHOG�DQGVPDOO FRPSDQLHV� LQLWLDWHG� WKH� GHYHORSPHQWDO� ZRUN� ZLWK� WKH� DLP� RI� FRPSOHWLQJ� D� ZRUNLQJPRGHO RI�WKH�2VFLOODWRU\�&KDPEHU��2I�FRXUVH��DV�LV�XVXDOO\�WKH�FDVH�ZLWK�QHZ�GHYHORSPHQWV�WKH OLVW�RI�LQWHUHVWHG�SDUWLHV�KDV�LQFOXGHG�QRW�HYHQ�RQH�VLQJOH�UHSUHVHQWDWLYH�IURP�LQVWLWXWLRQVWKDW DUH� VXSSRVHG� WR� EH� PRVW� FRQFHUQHG� DERXW� WKH� SURJUHVV� LQ� PDJQHWLF� ILHOG� SURGXFLQJGHYLFHV� L�H��DQ\�PDJQHW�ODERUDWRU\�RU�VFLHQFH�ODERUDWRU\��LQ�VSLWH�RI�VWURQJ�HQFRXUDJHPHQWDQG OLWHUDWXUH�SURYLGHG�E\�WKH�DXWKRU�WR�D�QXPEHU�RI�WKHVH�LQVWLWXWLRQV���7KH�PDMRULW\�RI�WKHDPDWHXUV LQWHUHVWHG� LQ� WKH� FKDPEHU� ZHUH� IURP�:HVW�*HUPDQ\�� 3RODQG�� 6ZLW]HUODQG� DQG$XVWULD�$V�FDQ�EH�SUHGLFWHG�IURP�WKH�GHVFULSWLRQ�RI�WKH�2VFLOODWRU\�&KDPEHU��WKH�EXLOGLQJ�RI�WKHRSHUDWLRQDO PRGHO� RI� WKLV�GHYLFH� LV�D�GLIILFXOW� WDVN��7KHUHIRUH��RQH�DIWHU�DQRWKHU�� LQGLYLGXDOGHYHORSHUV KDV� JLYHQ� XS�� 7KH� RQO\� SHUVRQ� ZKR� ILQDOO\� RYHUFDPH� YDULRXV� GLIILFXOWLHV� LQDFKLHYLQJ KLV�JRDO�ZDV�D�3ROLVK�KREE\LVW��0U�5\V]DUG�=XG]LQ��XO��.DUSDFND����P������������%\GJRV]F]��3RODQG���,Q�0D\������KH�VXSSOLHG�WKH�DXWKRU�ZLWK�D�SKRWRJUDSK�RI�KLV�ILUVW�ZRUNLQJPRGHO�RI�WKH�2VFLOODWRU\�&KDPEHU��ZKLFK�FDSWXUHG�D�VWUHDP�RI�VSDUNV�WKDW�URWDWHG�DURXQG�WKHSHULSKHUDOV RI�D�VTXDUH��$�SKRWRJUDSK�RI�KLV�PRGHO�LV�VKRZQ�LQ�)LJXUH�)���/RRNLQJ�QRZ�IURPWKH SURVSHFW�RI�WLPH�DW�WKH�DFKLHYHPHQWV�RI�YDULRXV�FKDPEHU
V�GHYHORSHUV��WKH�FRQWULEXWLRQRI 0U� =XG]LQ� H[FHHGHG� WKH� LQSXW� RI� RWKHU� H[SHULPHQWHUV�� DQG� LW� SDYHG� WKH� ZD\� IRU� PRUHDGYDQFHG SURMHFWV�� ,I�VRPHRQH�HYHU�SUHSDUHV�D� OLVW�RI�SHRSOH�HVSHFLDOO\�PHULWRULRXV�IRU�WKHGHYHORSPHQW RI� WKH� 2VFLOODWRU\� &KDPEHU�� WKH� QDPH� RI� 0U� =XG]LQ� GHVHUYHV� DQ� KRQRUDU\SRVLWLRQ�7KH SUREOHP�ZKLFK�IURP�YHU\�EHJLQQLQJ�GLVFRXUDJHG�WKH�PDMRULW\�RI�LQLWLDO�GHYHORSHUVRI WKH�FKDPEHU�LV�LOOXVWUDWHG�LQ�)LJXUH�)�� �D���)ROORZLQJ�WKH�GHVFULSWLRQV�DYDLODEOH�WR�WKHP�
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LQ WKH�ILUVW�PRGHOV�WKH\�WULHG�WR�XVH�SODWH�VKDSHG�HOHFWURGHV��DV�VKRZQ�LQ�)LJXUH�)���E���%XWZKHQ VXFK� HOHFWURGHV� DUH� XVHG�� LQVWHDG� RI� MXPSLQJ� DORQJ� WKH� WUDMHFWRU\� LQ� )LJXUH�)��� �F�PDUNHG E\� 6
�� VSDUNV� SUHIHU� WR� IROORZ� WKH� OLQH� RI� OHDVW� UHVLVWDQFH� DQG� WR� MXPS� DORQJ� WKHWUDMHFWRU\ 6���9DULRXV�GHYHORSHUV�WULHG�WR�UHVROYH�WKLV�SUREOHP�LQ�D�QXPEHU�RI�ZD\V��VWDUWLQJIURP SODFLQJ� WKH� HOHFWURGHV� LQVLGH� �KRQH\�FRPE�� FHOOV�� DQG� ILQLVKLQJ� ZLWK� FRYHULQJ� WKHLUVXUIDFH ZLWK� DQ� LQVXODWLQJ� OD\HU�� ,W� ZDV�0U� =XG]LQ�ZKR� ILQDOO\� IRXQG� WKH� VROXWLRQ�� 7KURXJKIROORZLQJ FOXHV�FRQWDLQHG�LQ�FKDSWHU�/�RI�WKLV�WUHDWLVH��KH�VWXGLHG�DQFLHQW�GHVFULSWLRQV�RI�WKH$UN RI�WKH�&RYHQDQW��7KH�FRQFOXVLRQ�KH�GHULYHG�IURP�WKHVH�VWXGLHV�ZDV�WKDW�WKH�$UN�GLG�QRWFRQWDLQ LQVLGH�DQ\�SODWH�VKDSHG�HOHFWURGHV��2QO\�WLSV�RI�JROG�QDLOV�GULYHQ�WKURXJK�LWV�ZRRGHQZDOOV SURWUXGHG� LQVLGH�� +H� GHFLGHG� WR� H[SHULPHQW� ZLWK� QHHGOH�VKDSHG� HOHFWURGHV� LQ� KLVFKDPEHU� ,W� ZRUNHG�� 6XFK� QHHGOHV� UHSHO� VSDUNV� SDVVLQJ� E\�� WKHUHIRUH� WKHVH� VSDUNV� DUHXQDEOH WR�WDNH�VKRUW�FXWV��,Q�WKLV�ZD\��WKH�PRGHO�RI�WKH�2VFLOODWRU\�&KDPEHU�ZKLFK�XVHG�WKHQHHGOH�VKDSHG HOHFWURGHV� LQVWHDG�RI�SODWHV���DV�VKRZQ�LQ�)LJXUH�)����E���ZDV� WKH�ILUVW�RQHZKLFK VXFFHVVIXOO\� SURGXFHG� RUGHUO\� VWUHDPV� RI� VSDUNV�� 7KXV� WKLV� PRGHO� SURYLGHGH[SHULPHQWDO�SURRI�WKDW�WKH�SULQFLSOHV�RI�WKH�2VFLOODWRU\�&KDPEHU�DUH�FRUUHFW�DQG�WKDW�WKH\�FDQEH LPSOHPHQWHG�WHFKQRORJLFDOO\�LQ�D�ZRUNLQJ�GHYLFH��FRQFOXGLQJ�LQ�WKLV�ZD\�WKH�VWDJH����IURPWKH�SURFHGXUH�RI�WKH�FKDPEHU
V�GHYHORSPHQW���VHH�VXEVHFWLRQ�)����
)�����([SHULPHQWDO�GHYLFHV
7KH H[SHULHQFH�JDLQHG�E\�0U�=XG]LQ�DQG�RWKHU�UHVHDUFKHUV�GXULQJ�WKH�FRPSOHWLRQ�RIWKHLU�GHYLFHV�SDYHV�WKH�ZD\�IRU�PRUH�DGYDQFHG�UHVHDUFK�RQ�WKH�GHYHORSPHQW�RI�WKH�2VFLOODWRU\&KDPEHU� )RU� H[DPSOH�� WKLV� UHVHDUFK� GHWHUPLQHV� WKH� PDLQ� FRPSRQHQWV� RI� D� ODERUDWRU\VWDWLRQ WKDW�VKRXOG�EH�VHW�XS�WR�FRQGXFW�H[SHULPHQWV�RQ�WKH�FKDPEHU��6XFK�D�VWDWLRQ�PXVWLQFOXGH D� PLQLPXP� RI� IRXU� GHYLFHV�� L�H�� ���� D� FKDPEHU�� ���� D� SRZHU� VXSSO\�� ���� DQHOHFWURPDJQHW RU� SHUPDQHQW� PDJQHWV� XVHG� WR� GHIOHFW� SDWK� RI� VSDUNV� LQ� WKH� GLUHFWLRQ� RIFKDPEHU
V OHIW�ZDOOV��DQG�����D�PHDVXULQJ�HTXLSPHQW��7KH�PRVW�LPSRUWDQW�GHWDLOV�RQ�HDFK�RIWKHVH�DUH�VXPPDUL]HG�EHORZ���� $�FKDPEHU��([SHULHQFH�DFFXPXODWHG�VR�IDU�VKRZV�WKDW�WKH�RSWLPDO�VKDSH�IRU�WKHH[SHULPHQWDO FKDPEHU� LV�D� FRPSOHWHO\�FORVHG�FXEH��7KH�VHOHFWLRQ�RI� GLPHQVLRQV� LV�D� WDVNUDWKHU GLIILFXOW�DQG�UHVSRQVLEOH��DV�IURP�RQH�KDQG�WKH�ODUJHU�WKH�FKDPEHU�LV��WKH�VLPSOHU�LV�WRPDQXIDFWXUH DQG�DOVR�WKH�HDVLHU�LW�LV�WR�REVHUYH�DOO�SKHQRPHQD�WKDW�RFFXU��%XW�RQ�WKH�RWKHUKDQG D� ODUJHU� FKDPEHU� UHTXLUHV� XQSURSRUWLRQDOO\� D� KLJKHU� YROWDJH� RI� SRZHU� VXSSO\��PRUHHOHFWURGHV� H[SHQVLYH�PDWHULDOV��ZRUNPDQVKLS��HWF��7KHUHIRUH��SUDFWLFDOO\�WKH�VL]H�VKRXOG�QRWH[FHHG WKH� FXEH� ZLWK� D� VLGH� GLPHQVLRQ� RI� DURXQG� ���� PP�� ZKHUHDV� SUREDEO\� WKH� PRVWRSWLPDO�LV�D�FKDPEHU�ZLWK�WKH�VLGH�GLPHQVLRQ�RI�RQO\�DURXQG����PP��$FFRUGLQJ�WR�WKH�SUHVHQWILQGLQJV� LQ�WKH�ILUVW�SKDVH�RI�H[SHULPHQWV�WKH�EHVW�PDWHULDO�IRU�WKH�VL[�ZDOOV�RI�WKH�FKDPEHULV DQ� RUGLQDU\� SOH[LJODVV� �L�H�� RUJDQLF� JODVV��� EHFDXVH� LW� DOORZV� IRU� HDV\� PDFKLQLQJ�� ,QDGYDQFHG PRGHOV�VRPH�PRUH�UREXVW�PDWHULDOV�QHHG�WR�EH�XVHG��H�J��TXDUW]�JODVV��RU�HYHQSXUH TXDUW]�SODWHV��*DV�XVHG� LQ� WKH�PRGHOV�RI� WKH�2VFLOODWRU\�&KDPEHU�EXLOW� VR� IDU� LV� MXVWRUGLQDU\ DLU�XQGHU�DPELHQW�SUHVVXUH��WKH�W\SH�RI�JDV�XVHG�ZLOO�EH�LPSRUWDQW�RQO\�DW�WKH�PRUHDGYDQFHG� ILQH�WXQLQJ�VWDJH�RI� WKH�&KDPEHU
V�GHYHORSPHQW���VHH�VWDJH�QXPEHU���� LQ�QH[WVXEVHFWLRQ��7KH PRVW�LPSRUWDQW�HOHPHQWV�RI�WKH�2VFLOODWRU\�&KDPEHU�DUH�HOHFWURGHV��7KH\�QHHGWR EH PDGH� IURP� PDWHULDO� WKDW� LV� PDJQHWLFDOO\� QHXWUDO�� VWLII�� UREXVW�� DQG� UHVLVWDQW� WR� WKH
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GHVWUXFWLYH DFWLRQ�RI�DFWLYH�R]RQH�DQG�HOHFWULF�VSDUNV��7KH\�VKRXOG�EH��QHHGOH�VKDSHG���QRWSODWH�VKDSHG�� DV� DOUHDG\� H[SODLQHG� EHIRUH�� 7KH� WKLQQHU� WKH\� DUH� WKH� EHWWHU�� DV� WKH� WKLFNQHHGOHV VXSSRUW�WKH�LQGXFWLRQ�RI�HGG\�FXUUHQWV��7KH�HOHFWURGHV�VKRXOG�EH�SDFNHG�GHQVHO\�DVLW LV�RQO\�SRVVLEOH�ZLWKRXW�PXWXDOO\�FRQWDFWLQJ�HDFK�RWKHU��8SRQ�WKHLU�GHQVLW\�GHSHQGV�RQ�RQHKDQG WKH�PDMRULW\�RI�WKH�FKDPEHU
V�DWWULEXWHV�DQG�ZRUN�SDUDPHWHUV��VXFK�DV�WKH�LQGXFWDQFHRI�WKH�VWUHDPV�RI�VSDUNV�RU�WKH�FDSDFLWDQFH�RI�WKH�FKDPEHU��DQG�RQ�WKH�RWKHU�KDQG��RI�FRXUVH�DOVR WKH�PDMRULW\�RI�XQGHVLUDEOH�HIIHFWV��IRU�H[DPSOH�WKH�YDOXH�RI�+DOO�FXUUHQWV��7KH�PXWXDOSRVLWLRQLQJ RI�QHHGOHV� LV�DOVR� LPSRUWDQW� �� DOO� RI� WKHP�VKRXOG�EH�SODFHG� WKH� VDPH�GLVWDQFHIURP HDFK� RWKHU�� 7R� FRPSO\�ZLWK� WKH� ODVW� FRQGLWLRQ� WKH\� VKRXOG� EH� SODFHG� LQ� D� KH[DJRQDOFRQILJXUDWLRQ� L�H��ZKHQ�HDFK�HOHFWURGH�LV�SODFHG�LQ�WKH�FHQWUH�RI�DQ�HTXLODWHUDO�KH[DJRQ��WKHFRUQHUV RI�ZKLFK� DUH� IRUPHG� IURP� WKH� VXUURXQGLQJ� HOHFWURGHV��7KH�PRVW� LPSRUWDQW� SDUW� RIHOHFWURGHV DUH�WKHLU�WLSV�ZKLFK�HPLW�HOHFWULF�VSDUNV��)URP�WKH�VKDSH�RI�WKHVH�WLSV�ZLOO�GHSHQGWKH VXFFHVV RI� WKH� ILUVW� H[SHULPHQWV�� 7KH� WLSV� VKRXOG� EH� URXQGHG� LQ� DOPRVW� SHUIHFWKHPLVSKHUHV� DV� WKH� VKDUS� HGJHV�ZRXOG� FDXVH� WKH� HVFDSH�RI� FKDUJHV�ZKLFK�ZRXOG�PDNHLPSRVVLEOH WKH� SURGXFWLRQ� RI� VSDUNV�� ZKHUHDV� WKH� IODW� SDUWV� ZRXOG� FDXVH� WKH� XQGHVLUDEOHHGJH SKHQRPHQD��7KH�DVVHPEO\�RI�QHHGOHV�LQ�ZDOOV�RI�WKH�FKDPEHU�VKRXOG�EH�VR�GHVLJQHGWKDW GXULQJ�WKH�ILUVW�SKDVH�RI�H[SHULPHQWV�LW�ZRXOG�DOORZ�IRU�DQ�HDV\�H[FKDQJH�RI�HOHFWURGHVDQG�IRU�WKH�UHJXODWLRQ�RI�WKHLU�KHLJKW��OHQJWK��VKDSH��HWF���� $�SRZHU�VXSSO\��,Q�WKH�ILUVW�WZR�VWDJHV�RI�WKH�FKDPEHU
V�GHYHORSPHQW��WKH�SRZHUVXSSO\ VKRXOG�\LHOG�WKH�FXUUHQW�FDSDEOH�WR�SURGXFH�D�VSDUN�RI�WKH�OHQJWK�DW�OHDVW�HTXDO�WR�WKHZLGWK RI WKH�FKDPEHU��)URP�FRUUHVSRQGHQFH�ZLWK�0U�=XG]LQ�LW�VHHPV�WKDW�WKH�SRZHU�VRXUFHKH XVHG�LQ�KLV�H[SHULPHQWV�ZDV�D�KLJK�YROWDJH�'&�LPSXOVH�JHQHUDWRU��VLPLODU�WR�WKDW�XVHG�LQHOHFWURQLF FDU� LJQLWLRQ� V\VWHPV�� ,W� SURGXFHV� '&� LPSXOVHV�� WKH� YDULDWLRQ� LQ� WLPH� RI� ZKRVHDSSUR[LPDWHO\�IROORZV�D�VTXDUH�FXUYH��$�GLDJUDP�RI�KLV�JHQHUDWRU�FDQ�EH�VXSSOLHG�RQ�UHTXHVW�7KH YROWDJH� RI� KLV� LPSXOVHV�ZDV� DERXW� ���� N9��+RZHYHU�� LW� VKRXOG� EH� VWUHVVHG� WKDW� DIWHUSDVVLQJ WKH� VHFRQG� VWDJH�RI� WKH� FKDPEHU
V� GHYHORSPHQW� �DV� WKLV� LV� GHVFULEHG� LQ� WKH� QH[WVXEVHFWLRQ�� WKH�PDQQHU�RI�HQHUJ\�VXSSO\�WR�WKH�FKDPEHU�ZLOO�EH�GUDVWLFDOO\�FKDQJHG��7KLV�LQWXUQ ZLOO�UHHYDOXDWH�WKH�UHTXLUHPHQWV�LPSRVHG�RQ�WKH�HQHUJ\�VXSSO\��)RU�H[DPSOH��LQVWHDG�RIWKH YDOXH� RI� YROWDJH� DQG� WKH� VKDSH� RI� LPSXOVHV� LW� PD\� SURGXFH�� WKH� DFFXUDF\� RI� WKHV\QFKURQL]DWLRQ�RI�HQHUJ\�SXOVHV�ZLWK�WKH�IUHTXHQF\�RI�WKH�FKDPEHU
V�RZQ�RVFLOODWLRQV�EHJLQVWR�EH�LPSRUWDQW�$W WKLV� SRLQW� LW� VKRXOG� EH� DGGHG� WKDW� LQ� WKH� ILUVW� WZR� VWDJHV� RI� WKH� FKDPEHU
VGHYHORSPHQW WKH� SRZHU� VXSSO\�PD\� FRQVWLWXWH� D� GLIILFXOW� DQG� UDWKHU� H[SHQVLYH� SDUW� RI� WKHH[SHULPHQWDO VWDWLRQ
V� VHW� XS��)URP�FRUUHVSRQGHQFH�ZLWK�0U�=XG]LQ� LW� DSSHDUV� WKDW� EHIRUHEXLOGLQJ WKH� VXFFHVVIXO� '&� LPSXOVH� JHQHUDWRU� GHVFULEHG� DERYH�� KH� EXLOW� IRXU� GLIIHUHQW� $&SRZHU V\VWHPV��LQFOXGLQJ�D�7HVOD�&RLO��DQG�YDULRXV�KLJK�YROWDJH�$&�JHQHUDWRUV��%XW�HDFK�RIWKHVH $&� V\VWHPV� SURYHG� WR� EH� XQVXLWDEOH�� )RU� H[DPSOH�� VSDUNV� SURGXFHG� E\� 7HVOD�&RLOVHHP WR� MXPS� LQ�XQFRQWUROODEOH�GLUHFWLRQV�DQG�UHVLVW�EHLQJ�SXW� LQWR�DQ\�RUGHU��2Q�WKH�RWKHUKDQG� VSDUNV�IURP�KLJK�YROWDJH�$&�JHQHUDWRUV�VHHP�WR�NHHS�RSHQ�WKHLU�LRQLF�FKDQQHOV�ORQJDIWHU�WKH\�GLPLQLVK��VR�WKDW�WKH�YROWDJH�FDQ�QRW�EXLOG�XS�RQ�WKH�HOHFWURGHV�7KH DXWKRU
V� RSLQLRQ�� KRZHYHU�� LV� WKDW� DIWHU� DSSURSULDWH� GHVLJQLQJ� DQG� FRUUHFWFRPSOHWLRQ RI�WKH�GHYHORSPHQWDO�SURFHGXUH��H�J��DV�WKLV�LV�H[SODLQHG�LQ�VXEVHFWLRQ�)�����WKHSRZHU VXSSO\�FDQ�EH�VLPSOLILHG��+H�EHOLHYHV�WKDW�LQ�WKH�ILUVW�WZR�VWDJHV�RI�H[SHULPHQWV�RQ�WKH2VFLOODWRU\�&KDPEHU�HYHQ�D�:LPVKXUVW�HOHFWURVWDWLF�PDFKLQH��9DQ�GH�*UDDII�PDFKLQH��RU�MXVWDQ RUGLQDU\�FRPELQLQJ�RI�DQ�LQGXFWLRQ�FRLO�IURP�D�FDU�ZLWK�D�EDWWHU\�VKRXOG�VXIILFH��$IWHU�DOO�ZKHQ LQ������-RVHSK�+HQU\�FRQGXFWHG�H[SHULPHQWV�RQ�KLV�RVFLOODWRU\�FLUFXLW��WKH�RQO\�NQRZQ
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PHDQV RI� FKDUJLQJ� REMHFWV� ZLWK� HOHFWULFLW\� ZDV� WKHLU� UXEELQJ� WRJHWKHU� �WKH� :LPVKXUVWHOHFWURVWDWLF PDFKLQH�ZDV�LQYHQWHG�RYHU����\HDUV�ODWHU�LQ���������EXW�LW�GLG�QRW�VWRS�KLP�IURPFRPSOHWLQJ KLV�UHYROXWLRQDU\�LQYHQWLRQ��2I�FRXUVH��WKH�XVH�RI�PRUH�VRSKLVWLFDWHG�KLJK�YROWDJHJHQHUDWRUV ZLOO�LQFUHDVH�WKH�FRQYHQLHQFH�RI�UHVHDUFK��%XW�LW�ZLOO�QRW�JHW�XV�QHDUHU�WR�WKH�JRDORI RXU� UHVHDUFK� ZKLFK� LV� WR� GHYHORS� DQ� HIIHFWLYHO\� RSHUDWLQJ� VROXWLRQ� IRU� WKH� 2VFLOODWRU\&KDPEHU��QRW�IRU�DQ�HQHUJ\�VXSSO\���� $Q�HOHFWURPDJQHW �RU�D�V\VWHP�RI�SHUPDQHQW�PDJQHWV��XVHG� WR�GHIOHFW�VSDUNV�'XULQJ H[SHULPHQWV� WKH� FKDPEHU� PXVW� EH� SODFHG� EHWZHHQ� 1� DQG� 6� SROHV� RI� D� VWURQJHOHFWURPDJQHW� 7KH� PDJQHWLF� ILHOG� SURGXFHG� E\� WKLV� HOHFWURPDJQHW� ZRXOG� UXQ� DORQJ� WKHFKDPEHU
V �P��D[LV�DQG�WKXV�SXVK�DOO�VSDUNV�WRZDUGV�WKH�VXUIDFH�RI�WKH�OHIW�VLGH�ZDOOV��7KLVSXVK ZRXOG FDXVH� WKHP� WR� URWDWH� RUGHUO\� LQ� D� FORFNZLVH� �RU� FRXQWHU�FORFNZLVH�� GLUHFWLRQ�:LWKRXW WKLV� LQLWLDO�PDJQHWLF� ILHOG�H[WHQGHG�DORQJ� WKH� �P��D[LV�� WKH�VSDUNV�ZRXOG�QRW� URWDWHRUGHUO\ DURXQG� WKH�FKDPEHU
V�SHULSKHUDOV��EXW�ZRXOG� UDWKHU� MXPS�FKDRWLFDOO\� LQ�DOO�SRVVLEOHGLUHFWLRQV��$V�WKH�HIIHFWLYHQHVV�RI�WKH�FKDPEHU
V�RSHUDWLRQ�ZLOO�LQFUHDVH��VHH�WKH�HQG�RI�VWDJH�� IURP� WKH� QH[W� VXEVHFWLRQ��� WKLV� GHIOHFWLYH� IXQFWLRQ� RI� WKH� H[WHUQDO� PDJQHWLF� ILHOG� ZLOOJUDGXDOO\ EH� WDNHQ� RYHU� E\� D� ILHOG� SURGXFHG� E\� WKH� FKDPEHU� LWVHOI�� ,Q� RUGHU� WR� SURGXFH� DVXIILFLHQWO\ VWURQJ�H[WHUQDO� ILHOG�� WKH�EHVW�VROXWLRQ�ZRXOG�SUREDEO\�EH� WR�XVH�D�SRZHUIXO�'&HOHFWURPDJQHW� +RZHYHU��SHUKDSV�LW�FRXOG�DOVR�EH�HIIHFWLYH�WR�XVH�D�PDJQHWLF�FLUFXLW�IRUPHGIURP D�QXPEHU�RI�SHUPDQHQW�PDJQHWV�DVVHPEOHG�RQWR�D�FXUYHG�IHUURPDJQHWLF�FRUH�WKH�ERWKVKDUS�HQGV�RI�ZKLFK�ZRXOG�SRLQW�DW�WKH�FKDPEHU
V�PDJQHWLF�D[LV���� 0HDVXULQJ�HTXLSPHQW��7KH�VSDUNV�MXPSLQJ�WKURXJK�WKH�2VFLOODWRU\�&KDPEHU�DUHDQ H[WUHPHO\� IDVW�SKHQRPHQRQ�ZKLFK� LV�DOPRVW� LPSRVVLEOH� WR�EH�REVHUYHG�ZLWK� WKH�QDNHGH\H� DQG� UHVLVW� WKH� WUDGLWLRQDO� PHDVXULQJ� PHWKRGRORJLHV� �VWDUWLQJ� IURP� VWDJH� ��� RI� WKHGHYHORSPHQWDO SURFHGXUH� GHVFULEHG� LQ� WKH� QH[W� VXEVHFWLRQ� WKHVH�PHDVXUHPHQWV� EHJLQ� WRJDLQ VSHFLDO� LPSRUWDQFH��� )RU� WKLV� UHDVRQ� WKH� H[SHULPHQWDO� VWDWLRQ� PXVW� LQFOXGH� VRPHPHDVXULQJ HTXLSPHQW� VXLWDEOH� IRU� IDVW� SURFHVVHV�� IRU� H[DPSOH� DQ� RVFLOORVFRSH�� D� EXLOW�LQFDPHUD�ZLWK�DQ�HOHFWURQLF�WULJJHU��PDJQHWRPHWHUV��WKHUPRPHWHUV��HWF�$W�WKH�FRQFOXVLRQ�RI�WKLV�GHVFULSWLRQ�RI�H[SHULPHQWDO�GHYLFHV� LW�LV�ZRUWK�UHPLQGLQJ�DERXWJHQHUDO UXOH�RI�WKH�LQYHQWLYH�DFWLYLWLHV�WKDW��VLPSOLFLW\�LV�WKH�NH\�WR�VXFFHVV���7KLV�DSSOLHV�QRWRQO\ WR WKH�GHYLFHV��EXW�DOVR�WR�WKH�PDQQHU�RI�FRQGXFWLQJ�H[SHULPHQWV��7KHVH�H[SHULPHQWVVKRXOG�GHSHQG�RQ�D�JUDGXDO�LQWURGXFWLRQ�RI�VXEVHTXHQW�LPSURYHPHQWV�WR�WKH�FKDPEHU��ZKLFKVKRXOG REH\�WKH�SULQFLSOH��GLYLGH�ODUJH�JRDOV�LQWR�D�VHULHV�RI�VPDOO�VWHSV���$IWHU�DOO�WKH�SDWKVRI HYHQ� WKH�JUHDWHVW� WUDYHOOHUV�DUH�DOZD\V�PDGH�XS�RI� LQGLYLGXDO� VWHSV� WDNHQ�RQH�DIWHU� WKHRWKHU� 7KXV� WKH�PRVW� RSWLPDO� FRPSOHWLRQ� RI� WKH�2VFLOODWRU\�&KDPEHU� VKRXOG� UHVHPEOH� WKHEXLOGLQJ RI�D�KRXVH� IURP�VPDOO� EULFNV��ZKLFK�DOZD\V�VWDUWV�ZLWK� OD\LQJ� IRXQGDWLRQV�� WKHQ� LVIROORZHG ZLWK� V\VWHPDWLFDOO\�SODFLQJ� VXEVHTXHQW� OD\HUV�RI� EULFNV�RQ� WRS�RI� SUHYLRXV� OD\HUV�/RRNLQJ EDFNZDUG�LQWR�WKH�FXUUHQW�FRXUVH�RI�UHVHDUFK�RQ�WKH�GHYHORSPHQW�RI�WKH�2VFLOODWRU\&KDPEHU LW�DSSHDUV�WKDW�WKH�ILUVW�EXLOGHUV�RI�WKLV�GHYLFH�JRW�ERJJHG�GRZQ�MXVW�EHFDXVH�RI�WKHFRPSOH[LW\ RI�VROXWLRQV�WKH\�WULHG�WR�LPSOHPHQW�LQ�RQH�JR��DQG�WKH�WHQGHQF\�WR�MXPS�WKURXJKLQLWLDO H[SHULPHQWV�ZKLFK� LQ� WKHLU�RSLQLRQ�ZHUH�XQQHFHVVDU\��H�J��GLUHFWO\� WR�VWDJH�����E��RUHYHQ�����E��EHORZ��
)�����6WDJHV��JRDOV��DQG�ZD\V�RI�DFKLHYLQJ�VXFFHVV�LQ�WKH�H[SHULPHQWDO�EXLOGLQJ�RI�WKH2VFLOODWRU\�&KDPEHU
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%HFDXVH�QR�UHVHDUFK�RQ�WKLV�GHYLFH�KDV�EHHQ�GRQH�EHIRUH��WKH�PDMRU�GLIILFXOW\�ZLWK�WKHFRPSOHWLRQ RI� WKH�2VFLOODWRU\�&KDPEHU� LV� WKDW�DOPRVW�DOO�GHWDLOV�QHHG� WR�EH�GLVFRYHUHG�DQGZRUNHG�RXW��7KH�FRQVHTXHQFH�RI�WKLV�LV�WKDW�WKH�GHYHORSPHQW�RI�WKH�FKDPEHU�PXVW�EH�JUDGXDO�DQG DFFRUGLQJ� WR� D� WKRURXJKO\� GHVLJQHG�PDVWHU� SODQ�� 7KH� EDVLF� HOHPHQW� RI� WKLV� SODQ� LV� DVWDJH ZKLFK�LV�GHVLJQHG�VR�DV�WR�VROYH�D�JLYHQ��EXW�DOZD\V�RQO\�RQH��SUREOHP��,Q�WXUQ�HDFKVWDJH FDQ�EH�VXEGLYLGHG�LQWR�D�VHULHV�RI�VWHSV��WKH�ILUVW�RI�ZKLFK�XVXDOO\�XVH�D�VLPSOH�PRGHOWR ILQG�D�VROXWLRQ�VHDUFKHG�IRU��L�H��WKH�ILUVW�VWHS�LV�DOZD\V�FRPSOHWHG�RQ�WKH�VLPSOHVW�SRVVLEOHVLPXODWRU�PRGHO RI� D� JLYHQ� SUREOHP��� ZKHUHDV� DOO� IROORZLQJ� VWHSV� DUH� WR� FKHFN� DQG� WRLPSOHPHQW WKLV� VROXWLRQ� LQWR� WKH� FKDPEHU�� )LQDOO\�� GHSHQGLQJ� RQ� WKH� HTXLSPHQW� XVHG�SUREOHPV HQFRXQWHUHG��DQG�UHVXOWV�REWDLQHG��HDFK�VWHS�VKRXOG�EH�VXEGLYLGHG�LQWR�D�QXPEHURI SKDVHV�� HDFK�RQH�RI�ZKLFK� KDV� DQ� LQGLYLGXDO� DQG�ZHOO� GHILQHG�JRDO� DQG� WKH�PDQQHU� RIDFKLHYLQJ�LW�$IWHU D WKRURXJK� DQDO\VLV� RI� WKH� PXWXDO� UHODWLRQVKLSV� EHWZHHQ� WKH� VXEVHTXHQWDWWULEXWHV RI� WKH� 2VFLOODWRU\� &KDPEHU�� LW� FDQ� EH� HQYLVDJHG� WKDW� WKH� FRPSOHWLRQ� RI� D� IXOO\GHYHORSHG SURWRW\SH�RI� WKLV� GHYLFH�PXVW� LQYROYH� QRW� OHVV� WKDQ�HLJKW� VLPSOH� GHYHORSPHQWDOVWDJHV QXPEHUHG����WR�����SOXV�RQH�DGGLWLRQDO�FRQILUPDWLRQ�VWDJH��L�H��QRQ�GHYHORSPHQWDO�QXPEHUHG�����,Q�WKH�FDVH�RI�VXFK�D�VXEGLYLVLRQ��HDFK�VWDJH�KDV�D�GLIIHUHQW�DQG�VWULFWO\�GHILQHGJRDO DQG� LWV� RZQ� ZD\� RI� DFKLHYLQJ� WKLV� JRDO�� DV� LW� VHUYHV� VXSHULPSRVLQJ� RQ� WKH� ILQDOFRQVWUXFWLRQ�RQO\�D VLQJOH�QHZ�DWWULEXWH��7KHUHIRUH�WKH�IXOILOPHQW�RI�WKH�JRDO�RI�HDFK�VWDJH�FDQEH�DFKLHYHG�E\�D�VLPSOH�PHDQV�DQG�ZLWK�WKH�XVH�RI�D�WUDQVSDUHQW�UHVHDUFK�PHWKRGRORJ\��7KHHLJKW�VWDJHV�RI�WKH�GHYHORSPHQWDO�PDVWHU�SODQ�DUH�DV�IROORZV���� 7KH� FRQILUPDWLRQ RI� WKH� FKDPEHU
V� SULQFLSOHV�� 7KLV� VWDJH� GRHV� QRW� VHUYH� WKHEXLOGLQJ RI WKH�2VFLOODWRU\�&KDPEHU��EXW�UDWKHU�UHDVVXUHV�WKH�EXLOGHU�DQG�RWKHU�SHRSOH�ZKRSURYLGH ILQDQFH IRU�WKLV�SURMHFW�WKDW�WKH\�LQYHVWHG�LQWR�WKH�ULJKW�GHYLFH��7KH�PDMRU�JRDO�RI�WKLVVWDJH LV�WR�SURYH��RU�UH�SURYH��WKDW�JHQHUDO�SULQFLSOHV�RI�WKH�FKDPEHU
V�RSHUDWLRQ�GR�QRW�UXQDJDLQVW DQ\� ODZ�RI�HOHFWURPDJQHWLVP�DQG�FDQ�EH� LPSOHPHQWHG� LQ�D� WHFKQLFDO�PDQQHU��7KHIXOILOPHQW RI� WKLV� JRDO� FDQ� EH� DFKLHYHG� LQ� D� QXPEHU� RI� ZD\V�� $W� WKH� SUHVHQW� VWDJH� RI� WKHFKDPEHU
V GHYHORSPHQW�� ZLWK� WKH� ILUVW� FRQILPDWLYH� H[SHULPHQWV� DOUHDG\� VXFFHVVIXOO\FRPSOHWHG� SUREDEO\�WKH�PRVW�UDWLRQDO�DSSURDFK�LV�WR�XQGHUWDNH�WKH�FRPSOHWLRQ�SURJUDPPH�L�H� WR� IROORZ WKH�GHYHORSPHQWDO�VWDJHV�GHVFULEHG�EHORZ�DV���� WR�����DQG� WKHQ� WR�XVH� IRUDGGLWLRQDO FRQILUPDWLRQ� SXUSRVHV� DOO� GHYLFHV� DQG�PRGHOV�SURGXFLQJ� WKH� RUGHUO\� VWUHDPV� RIVSDUNV REWDLQHG�GXULQJ� WKH�FRPSOHWLRQ�RI� WKLV�SURJUDPPH��7KH�FRPSRQHQWLDO�JRDOV� LQ�VXFKD FDVH� ZRXOG� LQFOXGH� WKH� FRQILUPDWLRQ� WKDW� IRU� H[DPSOH� WKH� VWUHDPV� RI� VSDUNV�� �D�� DUHGHIOHFWHG DOZD\V�WRZDUGV�WKH�VDPH�ZDOO���H�J��OHIW��L�H��WKDW�LQ�WKH�SUHVHQFH�RI�D�PDJQHWLF�ILHOGWKH\ GLVSOD\� D� QDWXUDO� WHQGHQF\� WR� IRUP�RUGHUO\� VWUHDPV� WKDW� URWDWH� DURXQG� WKH�ZDOOV� RI� DFKDPEHU�� �E��SURGXFH�WKHLU�RZQ�PDJQHWLF� ILHOG�GXULQJ� WKLV�URWDWLRQ��ZKLFK� LV�DGGHG�WRWDOOHG�QRW VXEWUDFWHG��WR�WKH�ILHOG�DOUHDG\�SUHYDLOLQJ�LQ�WKH�FKDPEHU���F��ZLWKVWDQG�DV�LQGHSHQGHQWVSDUNV GXULQJ�WKH�MXPSV��L�H��VXEVHTXHQW�VSDUNV�GR�QRW�MRLQ�HDFK�RWKHU�EHIRUH�UHDFKLQJ�WKHRSSRVLWH HOHFWURGHV����G��FRQWULEXWH�DQ�DGGLWLRQDO�PDJQHWLF�LQHUWLD��LQGXFWDQFH��WR�WKH�FLUFXLW�HWF� ,W VKRXOG�EH�LQGLFDWHG�WKDW�=XG]LQ
V�H[SHULPHQWV�ZLWK�KLV�SURWRW\SH�VKRZQ�LQ�)LJXUH�)�KDYH DOUHDG\�DFKLHYHG�WKH�PDLQ�JRDO�RI�WKLV�VWDJH��DOWKRXJK�WKH\�ZHUH�GHSULYHG�WKH�ULJRXUV�V\VWHPDWLFV� DQG�SUHFLVLRQ�RI�FRPSOHWLRQ�FKDUDFWHULVWLF�IRU�VFLHQWLILF�UHVHDUFK��2I�FRXUVH��DOOIXUWKHU H[SHULPHQWV�ZKLFK�FRXOG�ZLGHQ��UHFRQILUP��YHULI\��IRUPDOL]H��RU�MXVW�VLPSO\�UHSHDW�WKHPDLQ JRDO�DQG�WKH�FRPSRQHQWLDO�JRDOV�RI�WKLV�VWDJH�ZRXOG�EH�ZDUPO\�ZHOFRPHG��H�J��LW�ZRXOGEH HVSHFLDOO\� GHVLUDEOH� LI� VRPHRQH� FRPSOHWHG� D� VSHFWDFXODU� �PRGHO� RI� WKH� FKDPEHU��ZLWK



F-39

URWDU\�VSDUNV��DV�GHVFULEHG�LQ�VWHS��D��RI�VWDJH�������� 7KH�ILQGLQJ�RI�D�EDVLF�FRQILJXUDWLRQ RI�WKH�FKDPEHU��FDSDEOH�RI�SURGXFLQJ�D�VWUHDPRI VHOI�VXVWDLQHG�VSDUNV��7KH�PDLQ�JRDO�RI� WKLV�VWDJH� LV� WR� ILQG�VXFK�D�FRQILJXUDWLRQ�RI� WKHFKDPEHU
V HOHPHQWV��ZKLFK�ZRXOG�EH�FDSDEOH�RI�SURGXFLQJ�RVFLOODWRU\�HOHFWULFDO�GLVFKDUJHVVLPLODU�WR�WKHVH�IRUPHG�E\�D�FRQYHQWLRQDO�+HQU\
V�FLUFXLW��,Q�RUGHU�WR�H[SHGLWH�WKH�DFKLHYHPHQWRI WKLV�PDLQ� JRDO�� WKH� FRPSOHWLRQ� RI� WKLV� VWDJH� VKRXOG� EH� GRQH� RQ� D�PD[LPDOO\� VLPSOLILHGPRGHO RI�WKH�FKDPEHU�KDYLQJ�RQH�VHW�RI�HOHFWURGHV�RQO\��7KLV�PRGHO�ZRXOG�FRQWDLQ�RQO\�WZRLQGHSHQGHQW SODWHV�RI�SOH[LJODVV�ZKLFK�LPLWDWH�WKH�FKDPEHU
V�WZR�RSSRVLWH�ZDOOV��%RWK�SODWHVZRXOG EH�WHPSRUDOO\�SRVLWLRQHG�WRZDUGV�HDFK�RWKHU�E\�WKH�PHDQV�RI�LQVHUWLQJ�EHWZHHQ�WKHPD�FXELFDO�VHSDUDWRU\�ER[�ZLWK�DQ�HDV\�WR�UHJXODWH�WKLFNQHVV��DQG�WKHQ�KROGLQJ�WKHP�LQ�D�VWHDG\PXWXDO RULHQWDWLRQ�E\�VRPH�NLQG�RI�D�VLPSOH�KDQGOLQJ�GHYLFH��H�J��DQ�RUGLQDU\�YLFH�RU�FODPS��7KH PRGHO�ZRXOG�FRQWDLQ�RQO\�D�VLQJOH�RVFLOODWRU\�FLUFXLW��L�H�� LW�ZRXOG�KDYH�RQO\�WZR�VHWV�RIQHHGOH�VKDSHG HOHFWURGHV� ILWWHG� LQ� WKHVH� WZR� SODWHV� DQG� EHLQJ� SHUPDQHQWO\� KHOG� RQH� LQRSSRVLWLRQ WR� WKH� RWKHU��� ,Q� RUGHU� WR� DFFRPSOLVK� D� JUDGXDO�� SURJUHVVLYH�� DQG� WKRURXJKO\VWUXFWXUHG GHYHORSPHQW�RI�WKH�FKDPEHU
V�EDVLF�FRQILJXUDWLRQ��WKH�IXOILOPHQW�RI�WKH�PDLQ�JRDORI WKLV� VWDJH�VKRXOG�RFFXU� LQ�DW� OHDVW� IRXU�VHSDUDWH�VWHSV��7KH�DXWKRU
V�SURSRVDO� IRU� WKHVHVWHSV�LV�DV�IROORZV��D� %XLOGLQJ�WKH�FLUFXLW�WKDW�LQLWLDWHV�WKH�H[SHULPHQWV��7KH�JRDO�RI�WKLV�VWHS�LV�WKH�IRUPDOLQLWLDWLRQ RI�WKH�UHVHDUFK��FRPELQHG�ZLWK�WKH�SUDFWLFDO�IDPLOLDUL]DWLRQ�RI�DQ�H[SHULPHQWHU�ZLWKWKH EHKDYLRXU�DQG�SURSHUWLHV�RI� RVFLOODWRU\�FLUFXLWV�ZLWK�D� VSDUN�JDS�� )RU� WKH� ILUVW� FLUFXLW�� DFRQYHQWLRQDO RVFLOODWRU\�FLUFXLW�ZLWK�D�VSDUN�JDS� �L�H��+HQU\
V�FLUFXLW� LOOXVWUDWHG� LQ�SDUW� �D��RI)LJXUH )���VKRXOG�EH�EXLOG��RQO\�WKDW�LQVWHDG�RI�WKH�SDLU�RI�+HQU\
V�FRQYHQWLRQDO�HOHFWURGHV�LWVKRXOG XWLOL]H� WKH� VLPSOLILHG� PRGHO� RI� WKH� FKDPEHU� DV� GHVFULEHG� DERYH�� ,Q� WKLV� PRGHO� DOOQHHGOHV RQ�HDFK�RI� LWV� WZR�RSSRVLWH�ZDOOV�VKRXOG�EH�FRQQHFWHG�WRJHWKHU�DQG� OLQNHG� WR�RQHEUDQFK RI�WKH�FLUFXLW��H�J��WR�DQ�LQGXFWRU�DQG�RQH�RI�WKH��WZR��SODWHV�RI�D�FDSDFLWRU���7KHUHIRUHLQ WKLV��D��VWHS�WKH�HOHFWULFLW\�ZLOO�EH�VXSSOLHG�WR�DOO�HOHFWURGHV�VLPXOWDQHRXVO\��$IWHU�WKH�FLUFXLWLV�EXLOW� LWV�YDULRXV�SDUDPHWHUV�HOHPHQWV�QHHG�WR�EH�PDQLSXODWHG��VR�WKDW�ZKHQ�EHLQJ�FKDUJHGLW VWDUWV� WR SURGXFH� D� IHZ� DOWHUQDWLQJ� VWUHDPV� RI� VSDUNV�� 7KHVH� VSDUNV� VKRXOG� RVFLOODWHEHWZHHQ HOHFWURGHV� RI� WKH� FKDPEHU
V� PRGHO� IRU� D� ORQJHVW� WLPH� SRVVLEOH�� 7KH� ORQJHU� WKHVSDUNV RVFLOODWH�� WKH� HDVLHU� LW� ZLOO� ODWHU� EH� WR� REVHUYH� WKH� FRXUVH� RI� H[SHULPHQWV� ZLWK� WKLVFKDPEHU� ,W�VKRXOG�EH�VWUHVVHG�WKDW�VXFFHVV� LQ�WKLV�VWHS��DPRQJVW�RWKHUV��ZLOO�DOVR�GHSHQGRQ WKH�VKDSH�DQG�SURSHUWLHV�RI�WLSV�RI�QHHGOH�VKDSHG�HOHFWURGHV��7KHUHIRUH�ZRUNLQJ�RXW�WKHPRVW�SURSHU�IRUP�DQG�WKH�EHVW�WHFKQRORJ\�RI�SUHSDUDWLRQ�IRU�WKHVH�WLSV�ZLOO�EH�WKH�FRQWULEXWLRQRI�WKLV�LQLWLDO�H[SHULPHQW�LQWR�WKH�QH[W�VWDJHV�RI�UHVHDUFK��E� )LQGLQJ�WKH�FRQILJXUDWLRQ�RI�HOHFWURGHV�ZKLFK�SURGXFH�VHOI�UHSOHQLVKLQJ�VSDUNV��,QWKH SUHYLRXV�VWHS� �D�� WKH� LPSXOVHV�RI� HOHFWULFDO� HQHUJ\�ZHUH� VLPXOWDQHRXVO\�VXSSOLHG� WR�DOOHOHFWURGHV�RI�WKH�FKDPEHU��+RZHYHU��WKH�VROXWLRQ�XVHG�IRU�WKLV�SXUSRVH�LV�QRW�XVDEOH�LQ�IXUWKHUUHVHDUFK DV�LW�UHTXLUHV�FRQQHFWLQJ�WRJHWKHU�DOO�HOHFWURGHV�RI�D�JLYHQ�ZDOO��7KXV�WKH�FRUUHFWO\FRQVWUXFWHG FKDPEHU�PXVW� H[FKDQJH�HOHFWULFDO� HQHUJ\�EHWZHHQ�VXEVHTXHQW� HOHFWURGHV� RQD GLIIHUHQW� SULQFLSOH�� ,W�PXVW�GLVSOD\�D� FDSDELOLW\� WR� VHOI�GLVWULEXWH� WKH�HQHUJ\�RI� RVFLOODWLRQVDPRQJVW HOHFWURGHV�DQG� WKXV� WR�VHOI�UHSOHQLVK� WKH�QXPEHU�RI�VSDUNV��7KLV�SURSHUW\�PHDQVWKDW HYHQ�LI LPSXOVHV�RI�SRZHU�ZLOO�EH�VXSSOLHG�WR�D�FRXSOH�RI�QHHGOH�VKDSHG�HOHFWURGHV�RQO\�L�H� WR�D�VLQJOH�HOHFWURGH�ORFDWHG�DW�HDFK�RI�WZR�RSSRVLWH�ZDOOV���WKHQ�EHFDXVH�RI�WKH�PXWXDOLQGXFWLRQ EHWZHHQ� VXEVHTXHQW� HOHFWURGHV� RI� WKH� VDPH� ZDOO� WKH� HOHFWULFDO� HQHUJ\�ZLOO� VHOI�GLVWULEXWH IURP�WKHVH�WZR�HOHFWURGHV�WR�DOO�HOHFWURGHV�RI�WKH�FKDPEHU��7KLV�VWHS�LV�WR�SURYLGHWKH FRQVWUXFWLRQ� RI� WKH� FKDPEHU� ZLWK� WKLV� SDUWLFXODU� SURSHUW\�� 7KHUHIRUH� LWV� JRDO� LV� WR� ILQG



F-40

JHRPHWULFDO DQG�FRQILJXUDWLRQ�SDUDPHWHUV�RI� WKH�HOHFWURGHV��VXFK� WKDW� WKH\�ZLOO�SURYLGH�WKH2VFLOODWRU\ &KDPEHU�ZLWK�WKH�DELOLW\�WR�VHOI�GLVWULEXWH�LWV�VSDUNV��,Q�RUGHU�WR�DFKLHYH�WKLV�JRDO�LQ WKH� HOHFWURGHV� RI� WKH� FKDPEHU� ZRUNHG� RXW� GXULQJ� WKH� FRPSOHWLRQ� RI� VWHS� �D�� IXUWKHUJHRPHWULFDO DQG�FRQILJXUDWLRQ�PRGLILFDWLRQV�DUH�QRZ�QHFHVVDU\��7KH�NH\�WR�VXFFHVV�ZLOO�EHWKH�DFWLYH�OHQJWK�RI�WKH�HOHFWURGHV��LW�VKRXOG�EH�QRWHG�WKDW�WKH�WRWDO�OHQJWK�RI�HOHFWURGHV�FDQ�EHLQFUHDVHG QRW�RQO\�ZLWKLQ�WKH�FKDPEHU��EXW�DOVR�RXWVLGH�LW���WKURXJK�OHQJWKHQLQJ�WKH�SDUWV�RIWKH HOHFWURGHV�ZKLFK�SURWUXGH�RQ�WKH�RWKHU�VLGH�RI�WKH�ZDOOV���7KXV�IRU�H[DPSOH�SDUDPHWHUVLQFUHDVHG VKRXOG�EH��WKH�UDWLR�RI�WKH�OHQJWK�RI�HOHFWURGHV�WR�WKH�JDS�EHWZHHQ�WKHLU�WLSV��WKHUDWLR RI� WKH� OHQJWK� RI� HOHFWURGHV� WR� WKHLU� PXWXDO� GLVWDQFH�� HWF�� $IWHU� WKH� DWWULEXWH� RI� VHOI�GLVWULEXWLRQ RI�VSDUNV� LV�REWDLQHG�� WKH�JRDO� RI� WKLV�VWHS� LV�DFKLHYHG��+RZHYHU�� WKH� UHVXOWDQWRVFLOODWRU\�FLUFXLW�VKRXOG�EH VDYHG�IRU�ODWHU��DV�LW�ZLOO�EH�XVHIXO�LQ�IXUWKHU�VWDJHV�RI�WKH�UHVHDUFK�VHH�VWHS��D��LQ�VWDJH����DQG�VWHS��D��LQ�VWDJH������F� 7KH�UHSODFHPHQW�RI�DQ�LQGXFWRU�IURP�+HQU\
V�FLUFXLW�ZLWK�WKH�LQGXFWDQFH�RI�VSDUNV�7KH�JRDO�RI�WKLV�VWHS�LV�WR�ILQG�WKH�GHVLJQ�DQG�JHRPHWULFDO�SDUDPHWHUV�RI�HOHFWURGHV��VXFK�WKDWWKH LQGXFWDQFH�RI�D�JLYHQ�RVFLOODWRU\�FLUFXLW�ZLOO�EH�SURGXFHG�VROHO\�E\�WKH�VWUHDPV�RI�VSDUNVDQG ZLWKRXW�WKH�QHHG�IRU�DQ\�LQGXFWRU��$FKLHYLQJ�WKLV�JRDO�GHSHQGV�RQ�PDQLSXODWLRQV�RQ�WKHVKDSH DQG� SURSHUWLHV� RI� WKH� HOHFWURGHV� XVHG� LQ� D� VLPSOLILHG� PRGHO� RI� WKH� FKDPEHU� �H�J�WKURXJK DGGLQJ�LQVXODWLYH�VSKHUHV�RI�JODVV�DW�WKH�HQGV�RI�HDFK�QHHGOH�VKDSHG�HOHFWURGH���RQWKHLU DFWLYH�OHQJWK��GLDPHWHU��PXWXDO�GLVWDQFHV��DQG�PDQQHU�RI�GLVWULEXWLRQ��WKDW�WKH�QHHGHGLQFUHDVH�LQ�WKH�LQGXFWDQFH�RI�WKH�VSDUNV�ZLOO�EH�REWDLQHG��7KH�ILQDO�LQGXFWDQFH�UHTXLUHG�IRU�WKHFRPSOHWLRQ RI�WKLV�VWHS�PXVW�DOORZ�WKH�UHVXOWDQW�FLUFXLW�WR�SURGXFH�WKH�VHOI�RVFLOODWLQJ�VSDUNVHYHQ LI�WKH�LQGXFWRU�LV�GLVFRQQHFWHG�IURP�LW�FRPSOHWHO\��$IWHU�WKH�JRDO�RI�WKLV�VWHS�LV�UHDFKHG�WKH LQGXFWRU�VKRXOG�EH�SHUPDQHQWO\�HOLPLQDWHG�IURP�IXUWKHU�SURWRW\SHV�RI�WKH�FKDPEHU��7KXVIRU�DOO�IROORZLQJ�H[SHULPHQWV�HOHFWURGHV�RQO\�MXVW�ZRUNHG�RXW�VKRXOG�EH�XVHG��IRU�ZKLFK�VSDUNVLQVWHDG�RI�WKH�LQGXFWRU�SURYLGH�WKH�FLUFXLW�ZLWK�WKH�LQGXFWDQFH�QHHGHG�IRU�WKH�RSHUDWLRQ��G��7KH�UHSODFHPHQW�RI�D�FDSDFLWRU�IURP�+HQU\
V�FLUFXLW�ZLWK�WKH�RZQ�FDSDFLWDQFH�RI�WKHFKDPEHU� 7KH�JRDO�RI�WKLV�VWHS�LV�WKH�LQFUHDVH�RI�WKH�FKDPEHU
V�FDSDFLWDQFH�WR�WKH�UHTXLUHGYDOXH WKURXJK�D�FKDQJH�LQ�FRQILJXUDWLRQ�SDUDPHWHUV��,Q�RUGHU�WR�DFKLHYH�WKLV�JRDO�WKH�PRGHORI WKH�FKDPEHU�REWDLQHG�LQ�WKH�HIIHFW�RI�VWHS��F��VKRXOG�EH�IXUWKHU�WUDQVIRUPHG�E\�DOWHULQJ�DOOWKH SDUDPHWHUV�WKDW�PD\�KDYH�LQIOXHQFH�RQ�LWV�FDSDFLWDQFH��7KH�JRDO�ZLOO�EH�DFKLHYHG�LI�DIWHUWKH HOLPLQDWLRQ� RI� WKH� H[WHUQDO� FDSDFLWRU�� WKH�PRGHO� RI� WKH� FKDPEHU�ZLOO� VWLOO� SURGXFH� VHOI�RVFLOODWRU\ VSDUNV��)RU�H[DPSOH�WKH�SDUDPHWHUV�ZKLFK�VKRXOG�EH�DOWHUHG�WR�DFKLHYH�WKH�JRDODUH� WKH� UDWLR� RI� WKH� JDS� EHWZHHQ� HOHFWURGHV� �L�H�� WKH� PXWXDO� GLVWDQFH� EHWZHHQ� WLSV� RIHOHFWURGHV�SODFHG�LQ�WZR�RSSRVLWH�ZDOOV��WR�WKH�PXWXDO�GLVWDQFH�RI�HOHFWURGHV�IURP�HDFK�RWKHU�WKH UDWLR�RI� WKH�KHLJKW�RI�HOHFWURGHV� WR� WKHLU�PXWXDO�GLVWDQFH�� WKH� UDWLR�RI�XQFRYHUHG� WR� WKHLQVXODWHG�SDUWV�RI�HOHFWURGHV��WKH�WRWDO�QXPEHU�RI�HOHFWURGHV��WKH�VKDSH�RI�HOHFWURGHV��HWF��$IWHUWKH SDUDPHWHUV� ZKLFK� DOORZ� IRU� WKH� VHOI�RVFLOODWRU\� VSDUNV� WR� EH� SURGXFHG� HYHQ� DIWHU� DQH[WHUQDO FDSDFLWRU� LV� FRPSOHWHO\� GLVFRQQHFWHG�� WKH� EDVLF� FRQILJXUDWLRQ� RI� WKH� 2VFLOODWRU\&KDPEHU LV�IRXQG��7KLV�FRQILJXUDWLRQ��DIWHU�LWV�WZR�VLQJOH�HOHFWURGHV�RQ�ERWK�RSSRVLWH�ZDOOVDUH�FKDUJHG�ZLWK�HOHFWULFLW\��ZLOO�SURGXFH�VWUHDPV�RI�RVFLOODWRU\�VSDUNV��L�H��JLYH�WKH��RVFLOODWRU\UHVSRQVH�� ZLWKRXW�FRQWDLQLQJ�HLWKHU�DQ�H[WHUQDO� LQGXFWRU�QRU�H[WHUQDO�FDSDFLWRU��7KLV�EDVLFFRQILJXUDWLRQ LV�QRZ�WR�EH�XVHG�IRU�WKH�FRPSOHWLRQ�RI�VWDJH�WZR�LQ�WKLV�GHYHORSPHQWDO�PDVWHUSODQ� ��� $�VHOI�UHJXODWLRQ�RI�WKH�SKDVH�VKLIW EHWZHHQ�WZR�VWUHDPV�RI�VSDUNV��7KH�QH[W�VWDJHRI WKH�FKDPEHU
V�GHYHORSPHQW� LV� WR�FRPELQH�WRJHWKHU�WZR�EDVLF�FRQILJXUDWLRQV�REWDLQHG�DVWKH�UHVXOW�RI�VWDJH�����8QIRUWXQDWHO\��WKHVH�WZR�FLUFXLWV�DIWHU�EHLQJ�MRLQHG�WRJHWKHU�LQWR�D�VLQJOH
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FKDPEHU� LQVWHDG�RI�RUGHUO\�RVFLOODWLRQV�ZLWK�WKH�UHTXLUHG�SKDVH�VKLIW�RI���( WKH\�ZLOO�WHQG�WRSURGXFH D�FKDRV�RI�VSDUNV�MXPSLQJ�LQ�DOO�GLUHFWLRQV��7KHUHIRUH�WKH�JRDO�RI�WKLV�VWDJH������LVWR�DOWHU�WKH�FKDPEHU
V�FRQILJXUDWLRQ��VKDSH��DQG�LQWHUQDO�HOHFWULFDO�LQWHUDFWLRQV�RI�LWV�HOHPHQWVLQ VXFK�D�ZD\�WKDW�ERWK�FLUFXLWV�ZLOO�VHOI�UHJXODWH�DQG�VHOI�PDLQWDLQ�D���( SKDVH�VKLIW�EHWZHHQWKH WZR�VWUHDPV�RI�VSDUNV�WKH\�SURGXFH��7KLV�PHDQV�WKDW�ERWK�WKHVH�VWUHDPV�RI�VSDUNV�PXVWMXPS RUGHUO\�EHWZHHQ�ERWK�VHWV�RI�RSSRVLWH�ZDOOV��L�H��ERWK�RVFLOODWRU\�FLUFXLWV�FRQVWLWXWLQJ�WKHFKDPEHU��DQG�WKHLU�PXWXDO�SKDVH�VKLIW�PXVW�EH�VHOI�PDLQWDLQHG�DW�D���( OHYHO�DOO�WKH�WLPH��7KHZD\ RI�DFKLHYLQJ�WKLV�JRDO�LV�WKURXJK�LQWURGXFLQJ�WR�WKH�FKDPEHU
V�VWUXFWXUH�VRPH�DGGLWLRQDOIHDWXUHV RU HOHPHQWV��IRU�H[DPSOH��LQVXODWHG�SODWHV�FRQQHFWHG�WR�HDFK�FROXPQ�RI�HOHFWURGHV�ZKLFK�ZRXOG�RYHUODS�ZLWK�WKH�HOHFWURGHV�RI�WKH�QH[W�ZDOOV��WKXV�IRUPLQJ�D�FDSDFLWDQFH�EHWZHHQWKHP �VHH�)LJXUH�/����FDYLWLHV�LQVLGH�HOHFWURGHV�VLPLODU�WR�WKRVH�IRUPLQJ�VWDWLRQDU\�ZDYHV�LQPLFURZDYH RYHQV��FRLOV�VLPLODU�WR�VWDUWHU�FRLOV�LQ�HOHFWULF�PRWRUV��HWF��)RU�VLPSOLFLW\��VLPLODUO\OLNH LQ� WKH� SUHYLRXV� VWDJH�� WKH� DFFRPSOLVKPHQW� RI� WKLV� JRDO� VKRXOG� RFFXU� LQ� DW� OHDVW� WZRIROORZLQJ�VWHSV��D� :RUNLQJ�RXW�DQ�HIIHFWLYH�V\VWHP� IRU�VHOI�UHJXODWLRQ�RI� WKH���( SKDVH�VKLIW� LQ� WZRLQGHSHQGHQW RVFLOODWRU\�FLUFXLWV��DFKLHYHG�WKURXJK�UHVHDUFK�RQ�PRGHOV��7KH�JRDO�RI�WKLV�VWHSZRXOG EH� WR� ILQG� DQ� HIIHFWLYH� V\VWHP� ZKLFK� ZRXOG� SURYLGH� VXFK� VHOI�UHJXODWLRQ� XVLQJ� WZR+HQU\
V�FLUFXLWV�ZKLFK�DUH�YHU\�VLPSOH�WR�GHVLJQ�DQG�WR�RSHUDWH�,Q RUGHU WR�DFKLHYH�WKLV�JRDO��WZR�FRQYHQWLRQDO�+HQU\
V�FLUFXLWV��SUHSDUHG�SUHYLRXVO\�LQWKH UHVXOW�RI�VWHS�����E��RU�HYHQ�����D���VKRXOG�EH�FRPELQHG�WRJHWKHU�LQ�VXFK�D�PDQQHU�WKDWWKH\ ZRXOG� SURGXFH� D� �PRGHO� RI� WKH� FKDPEHU��� ,Q� WKLV� PRGHO� WZR� VHWV� RI� HOHFWURGHVDVVHPEOHG DW� WZR� SDLUV� RI� RSSRVLWH� VLGH� ZDOOV� RI� D� FXELFDO� FKDPEHU� ZRXOG� EH� XVHG� DVHOHFWURGHV RI� FRQYHQWLRQDO�+HQU\
V� FLUFXLWV��7KHVH�FLUFXLWV�ZRXOG�QHHG� WR�RVFLOODWH�ZLWK� WKHPXWXDO�SKDVH�VKLIW�HTXDO�WR���(��7KHUHIRUH�LQ�WKH�SUHVHQFH�RI�WKH�H[WHUQDO�PDJQHWLF�ILHOG�WKH\ZRXOG IRUP�VWUHDPV�RI�VSDUNV�WKDW�ZRXOG�URWDWH�DURXQG�WKH�SHULSKHUDOV�RI�D�VTXDUH��$�VLPSOHV\VWHP�ZKLFK�ZRXOG�EH�FDSDEOH�HIIHFWLYHO\�PDLQWDLQ�WKH�UHTXLUHG���( SKDVH�VKLIW�EHWZHHQ�WKHRVFLOODWLRQV RI�ERWK�WKHVH�FLUFXLWV��PRVW�SUREDEO\�ZRXOG�DOVR�SURYLGH�D�SULQFLSOH�IRU�WKH�VHOI�UHJXODWLRQ RI�VSDUNV
�SKDVH�VKLIW��ZKLFK�LV�VHDUFKHG�IRU��7KXV��DIWHU�WKLV�SULQFLSOH�LV�DGRSWHGWR WKH�2VFLOODWRU\�&KDPEHU��LW�VKRXOG�SURYLGH�DQ�RUGHUO\�URWDWLRQ�RI�WKH�VSDUNV�WKHUH��,W�VKRXOGEH DGGHG KHUH� WKDW� WKH� DERYH� �PRGHO� RI� WKH� FKDPEHU�� VKRXOG� DOUHDG\� SURGXFH� D� VPDOOPDJQHWLF ILHOG�� WKHUHIRUH� MXVW� RQ� LWV� RZQ� LW� ZRXOG� EH� D� VLJQLILFDQW� VFLHQWLILF� DQG� WHFKQLFDODFKLHYHPHQW�VXLWDEOH�IRU�SXEOLVKLQJ�DQG�SRSXODUL]DWLRQ��E� 7KH�SUDFWLFDO� LPSOHPHQWDWLRQ�RI�WKH�SULQFLSOH�RI�VHOI�UHJXODWLRQ�MXVW�EHLQJ�ZRUNHG�RXW� 7KH�JRDO�RI�WKLV�VWHS�ZRXOG�EH�WR�DGRSW�WKH�V\VWHP�GHYHORSHG�LQ�VWHS��D��VR�WKDW�LW�ZRXOGSHUIRUP WKH�VDPH�HIIHFWLYHO\�ZKHQ� LQFOXGHG� LQWR� WKH�DFWXDO� FRQILJXUDWLRQ�RI� WKH�2VFLOODWRU\&KDPEHU� &RUUHFWO\�DGRSWHG�VXFK�D�V\VWHP�VWLOO� VKRXOG�SURGXFH� WZR�RVFLOODWRU\�VWUHDPV�RIVSDUNV DOWHUQDWLYHO\� MXPSLQJ�ZLWK� WKH���( SKDVH�VKLIW�DV�UHTXLUHG��HYHQ�LI� WKH�SRZHU�VXSSO\ZRXOG�EH�GLUHFWHG�WR�MXVW�RQH�RI�WKHVH�WZR�FLUFXLWV��L�H��WKH�VHFRQG�RI�WKHVH�FLUFXLWV�VKRXOG�VHOI�DEVRUE�WKH�UHTXLUHG�HOHFWULFDO�HQHUJ\�IURP�WKH�ILUVW�FLUFXLW����� 0DNLQJ WKH� FKDPEHU� DEVRUE� DQG� VWRUH� WKH� DPRXQW� RI� HQHUJ\� VXIILFLHQW� IRU� WKHSURGXFWLRQ RI�D�XVHIXO�PDJQHWLF�ILHOG��7KH�JRDO�RI�WKLV�VWDJH�LV�WR�ILQG�D�WHFKQLTXH�DQG�WRGHYHORS D�GHYLFH�IRU�SDVVLQJ�WR�WKH�FKDPEHU�DQ\�UHTXLUHG�DPRXQW�RI�HQHUJ\�E\�VXSSO\LQJ�LWGLUHFWO\ YLD�PDJQHWLF� LPSXOVHV� �L�H�� QRW� YLD�HOHFWULFDO� LPSXOVHV�DV� LQ�SUHYLRXV�VWDJHV���7KLVLQFUHDVH LQ�WKH�OHYHO�RI�FKDPEHU
V�HQHUJ\�ZRXOG�LQ�WXUQ�KDYH�WKH�IROORZLQJ�FRQVHTXHQFHV���D�,W�ZRXOG�LQWURGXFH�WKH�SRVVLELOLW\�RI�XQOLPLWHG�H[WHQGLQJ�RI�WKH�WLPH�VSDQ�RI�WKH�VSDUNV
�URWDWLRQ�L�H� LW�ZRXOG�DOORZ� WR�DFKLHYH�VWUHDPV�RI� VSDUNV�ZKLFK�DUH� VHOI�RVFLOODWLQJ� IRU�DQ\� UHTXLUHG
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SHULRG RI�WLPH����E��,W�ZRXOG�HQDEOH�WKH�FKDPEHU�WR�SURGXFH�D�XVHIXO�PDJQHWLF�ILHOG�ZKLFK�WKLVGHYLFH ZRXOG� RXWSXW� WR� WKH� HQYLURQPHQW�� �F�� ,W� ZRXOG� DOVR� DOORZ� IRU� WKH� HOLPLQDWLRQ� RI� WKHH[WHUQDO VRXUFH�RI�D�GHIOHFWLQJ�PDJQHWLF�ILHOG�ZKLFK�GXULQJ�VKRUW�LPSXOVHV�RI�WKH�FKDPEHU
VRSHUDWLRQ ZDV�QHFHVVDU\�WR�PDLQWDLQ�WKH�RUGHUO\�URWDWLRQ�RI�WKH�FKDPEHU
V�VSDUNV��WKXV�QRZWKH GHIOHFWLQJ�PDJQHWLF� ILHOG�ZRXOG� QRW� EH� QHHGHG�DQ\�PRUH� DQG�VSDUNV�ZRXOG� VWLOO� URWDWHRUGHUO\ EHFDXVH�RI� WKHLU�RZQ� ILHOG���7KH�SULQFLSOH�RQ�ZKLFK� WKH�JRDO� RI� WKLV�VWDJH�FRXOG�EHDFFRPSOLVKHG LV� WR� UHYHUVH� WKH� GLUHFWLRQ� RI� WKH� HQHUJ\� WUDQVIRUPDWLRQ� RFFXUULQJ� LQ� WKHFKDPEHU� 3UHYLRXVO\�WKH�FKDPEHU�WUDQVIRUPHG�WKH�HOHFWULFDO�FXUUHQW�EHLQJ�VXSSOLHG�WR�LW�LQWRLWV RZQ�PDJQHWLF�ILHOG��QRZ�LW�LV�JRLQJ�WR�WUDQVIRUP�WKH�PDJQHWLF�ILHOG�EHLQJ�VXSSOLHG�WR�LW�LQWRLWV RZQ� HOHFWULFDO� FXUUHQW� �VSDUNV��� DQG� WKHQ� WUDQVIRUP� DJDLQ� WKLV� HOHFWULFDO� FXUUHQW� LQWR� DPDJQHWLF�ILHOG�7R DFKLHYH�WKH�JRDO�RI�WKLV�VWDJH�ZRXOG�QHHG�WR�LQFOXGH�WKH�IROORZLQJ�DFWLRQV������7RGHWHUPLQH�WKH�FRQGLWLRQV�IRU�D�PRVW�HIIHFWLYH�HQHUJ\�VXSSO\�WR�WKH�FKDPEHU��H�J��ILQGLQJ�D�SRLQWLQ WKH�FKDPEHU
V�RZQ�RVFLOODWLRQV�ZKLFK�LV�WKH�PRVW�VXLWDEOH�IRU�VXSSO\LQJ�DQ�HQHUJ\�LPSXOVH�GHWHUPLQLQJ H[DFWO\�WKH�YDOXH�RI�D�SKDVH�VKLIW�EHWZHHQ�WKH�IUHTXHQF\�RI�WKH�H[WHUQDO�SRZHUVXSSO\�DQG�WKH�FKDPEHU
V�RZQ��UHVRQDQFH��IUHTXHQF\�VR�WKDW�WKLV�SKDVH�VKLIW�ZRXOG�PDNH�WKHFKDPEHU WR�DEVRUE�HQHUJ\�IURP�DQ�H[WHUQDO�SRZHU�VXSSO\�DQG�VWRUH�LW��HVWDEOLVKLQJ�WKH�PRVWHIIHFWLYH GLIIHUHQFH�RI�DPSOLWXGHV��HWF����VHH�WKH�UHOHYDQW�SDUW�RI�VXEVHFWLRQ�)����������7R�ILQGSULQFLSOHV IRU�DXWRPDWLF��HOHFWURQLF��GHWHFWLRQ�RI�WKH�UHTXLUHG�SRLQW�LQ�WKH�RVFLOODWRU\�F\FOH�RIWKH�FKDPEHU
V�RSHUDWLRQ��L�H��WKH�SRLQW�WKDW�ZH�KDYH�FKRVHQ�IRU�WKH�VXSSO\�RI�HQHUJ\�LPSXOVHV����� 7R�ILQG�D�WHFKQLTXH�IRU�WKH�V\QFKURQL]HG�UHOHDVH�RI�HQHUJ\�LPSXOVHV�EHLQJ�VXSSOLHG�IURPDQ H[WHUQDO� VRXUFH� �WKLV� UHOHDVH� PXVW� RFFXU� H[DFWO\� DW� WKDW� SRLQW� RI� WKH� FKDPEHU
V� RZQRVFLOODWLRQV�F\FOH WKDW�ZH�KDYH�FKRVHQ�IRU�WKH�HQHUJ\�VXSSO\�������7R�EXLOG�D�FRQWUROOLQJ�GHYLFHZKLFK ZRXOG�HIIHFWLYHO\�LPSOHPHQW�WKLV�WHFKQLTXH�IRU�WKH�FRPELQDWLRQ�RI�RXU�FKDPEHU�DQG�WKHHQHUJ\�VRXUFH�,I WKH�JRDO�RI�WKLV�VWDJH�LV�DFKLHYHG��WKH�FKDPEHU�ZLOO�EH�DEOH�WR�DEVRUE�DQ\�UHTXLUHGDPRXQW RI HQHUJ\�DQG� WUDQVIRUP�LW� LQWR�D�PDJQHWLF� ILHOG�� ,Q� WXUQ� WKLV�HQHUJ\�ZLOO�HQDEOH�WKHFKDPEHU WR�SURGXFH�D�PDJQHWLF�ILHOG�RI�WKH�UHTXLUHG�GHQVLW\�DQG�ZLOO�DOVR�DOORZ�WKLV�GHYLFH�WRZRUN IRU�D�UHTXLUHG�SHULRG�RI�WLPH��,Q�HIIHFW�LW�ZLOO�PDNH�SRVVLEOH�WKH�SUDFWLFDO�XWLOL]DWLRQ�RI�WKHPDJQHWLF ILHOG� WKDW� WKH� FKDPEHU�ZLOO� SURGXFH�� 7KXV� DIWHU� WKH� FRPSOHWLRQ� RI� WKLV� VWDJH� WKHSURWRW\SH RI� WKH� 2VFLOODWRU\� &KDPEHU� ZLOO� KDYH� WKH� FDSDELOLW\� RI� EHLQJ� XVHG� IRU� WKH� ILUVWFRPPHUFLDO�DSSOLFDWLRQV�7KH�PRVW�LPSRUWDQW�VWHSV�LQ�WKH�UHDOL]DWLRQ�RI�WKLV�VWDJH�DUH�DV�IROORZV��D� 7KH� GHWHUPLQDWLRQ� RI� WKH� FRQGLWLRQV� IRU� DQ� HIIHFWLYH� WUDQVIHU� RI� HQHUJ\� WR� WKHFKDPEHU� FRPSOHWHG�RQ�PRGHOV��7KH�DLP�RI�WKLV�VWHS�ZRXOG�EH�WR�GHWHUPLQH�IRU�H[DPSOH�����WKH YDOXH� RI� WKH� GLIIHUHQFH� EHWZHHQ� WKH� IUHTXHQF\� RI� WKH� H[WHUQDO� SRZHU� VXSSO\� DQG� WKHUHVRQDQFH IUHTXHQF\�RI�WKH�FKDPEHU��ZKLFK�ZRXOG�FDXVH�WKH�FKDPEHU�WR�DEVRUE�WKH�UHTXLUHGDPRXQW RI HQHUJ\�DQG�VWRUH�LW�� ���� WKH�RSWLPDO�SKDVH�VKLIW�EHWZHHQ�SXOVDWLRQV�RI� WKHVH�WZRHOHPHQWV �L�H�� WKH�FKDPEHU�DQG� WKH�SRZHU�VRXUFH��� ���� WHFKQLFDO�PDQQHU�RI� �WXQLQJ��RI� WKHSRZHU�VXSSO\�WR�WKH�UHTXLUHG�IUHTXHQF\�DQG�SKDVH�VKLIW��HWF�,Q�RUGHU�WR�VLPSOLI\�WKH�WDVN��WKH�FRPSOHWLRQ�RI�WKLV�VWHS�VKRXOG�EH�DFKLHYHG�RQ�D�PRGHO�7KLV PRGHO�ZRXOG�EH�REWDLQHG�LI�WZR�FRQYHQWLRQDO�RVFLOODWRU\�FLUFXLWV�DUH�PDJQHWLFDOO\�OLQNHGZLWK HDFK�RWKHU��7KLV�PDJQHWLF�OLQNLQJ�ZRXOG�RFFXU�YLD�WKHLU�LQGXFWRUV��ZKLFK�EHFDXVH�RI�WKHFKDUDFWHU RI� WKH� IXWXUH�DSSOLFDWLRQV�ZRXOG�QHHG� WR�QRW�KDYH�DQ� LURQ�FRUH�EXW�DLU�FOHDUDQFHLQVWHDG �L�H��ERWK�LQGXFWRUV�ZRXOG�KDYH�DQ�HPSW\�VSDFH�UXQQLQJ�WKURXJK�WKHLU�FHQWUHV���7ZRVROXWLRQV DUH�SRVVLEOH� IRU� WKHVH�PRGHOV�� L�H�� ����D�PRGHO� LPLWDWLQJ�D� WZLQ�FKDPEHU�FDSVXOH�
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RU ���� D� PRGHO� LPLWDWLQJ� D� WUDQVIRUPHU�� ,Q� WKH� ILUVW� VROXWLRQ� RI� D� PRGHO� LPLWDWLQJ� D� �WZLQ�FKDPEHU FDSVXOH���WKH�PDJQHWLF�OLQNLQJ�ZRXOG�EH�REWDLQHG�WKURXJK�LQVHUWLQJ�D�VPDOOHU��DFWLYHDLU LQGXFWRU� LQWR� WKH� FHQWUH� RI� D� ODUJHU� SDVVLYH� LQGXFWRU� �GXULQJ� WKH� LPSOHPHQWDWLRQ� RI� WKLVPRGHO� WKH�DFWLYH� LQGXFWRU�ZKLFK�ZRXOG�VXSSO\� WKH�FKDPEHU�ZLWK�HQHUJ\�ZRXOG�EH� LQVHUWHGLQVLGH RI� WKLV� FKDPEHU��� ,Q� WKH� VHFRQG� VROXWLRQ� ERWK� LQGXFWRUV� RI� DSSUR[LPDWHO\� WKH� VDPHOHQJWK�DQG�VL]H�ZRXOG�EH�SODFHG�QH[W�WR�HDFK�RWKHU��VLPLODU�WR�WKH�SULPDU\�DQG�VHFRQGDU\�FRLOVRI�D�WUDQVIRUPHU��GXULQJ�WKH�LPSOHPHQWDWLRQ�RI�WKLV�PRGHO�WKH�DFWLYH�LQGXFWRU�XVHG�DV�D�SRZHUVXSSO\ ZRXOG� EH� SODFHG� DW� WKH� H[WHQVLRQ� RI� WKH� FKDPEHU
V� PDJQHWLF� D[LV��� $IWHU� VXFK� DPDJQHWLF OLQNLQJ��RQH�RI�WKHVH�WZR�FLUFXLWV��L�H��WKH�DFWLYH�RQH��ZRXOG�SURYLGH�WKH�HQHUJ\�WRDQRWKHU FLUFXLW��L�H��WR�WKH�SDVVLYH�RQH���7KH�SDVVLYH�FLUFXLW�IRU�WKLV�VWHS�FRXOG�VLPSO\�EH�DQ\FRQYHQWLRQDO�+HQU\
V�FLUFXLW��IRU�H[DPSOH�WKH�RQH�EXLOW�IURP�VWHS��E��RU�VWHS��D��RI�VWDJH�����,QWKDW�PDQQHU�WKH�FRQGLWLRQV�IRU�WKH�PRVW�HIIHFWLYH�WUDQVIHU�RI�HQHUJ\�IURP�WKH�DFWLYH�FLUFXLW�WR�DSDVVLYH RQH�FRXOG�EH�GHILQHG��7KH�DGYDQWDJHV�RI�XVLQJ�VXFK�VLPSOLILHG�PRGHOV�LV�WKDW�DV�DQDFWLYH FLUFXLW�SUDFWLFDOO\�DQ\�FLUFXLW�DOORZLQJ�IRU�WKH�UHJXODWLRQ�RI�IUHTXHQF\�ZLWKLQ�WKH�UDQJH�RIWKH�FKDPEHU
V�RZQ�IUHTXHQF\�FRXOG�EH�XVHG��7KXV��LW�PD\�QRW�EH�QHFHVVDU\�WR�EXLOG�DQ�DFWLYHFLUFXLW� EXW� IRU� H[DPSOH� WR� XVH� D� UHDG\�PDGH� WXQLQJ� FLUFXLW� IURP� DQ� ROG� UDGLR� RU� 79� VHW�)XUWKHUPRUH��DIWHU�WKH�FRPSOHWLRQ�RI�WKLV�VWHS��WKH�UHVHDUFK�VWDWLRQ�DQG�WKH�DFWLYH�FLUFXLW�FRXOGODWHU�EH�UHXVHG�ZLWK�RQO\�PLQRU�DGDSWLRQV�IRU�VXSSO\LQJ�HQHUJ\�WR�D�SURWRW\SH�RI�WKH�2VFLOODWRU\&KDPEHU�WKDW�ZH�DUH�FXUUHQWO\�ZRUNLQJ�RQ��E� 7HVWLQJ�WKH�V\VWHP�MXVW�EHLQJ�GHYHORSHG��7KH�JRDO�RI�WKLV�VWHS�ZRXOG�EH�WR�WHVW�RQD FXUUHQW� SURWRW\SH� RI� WKH� 2VFLOODWRU\� &KDPEHU� WKH� HQHUJ\� VXSSO\� V\VWHP� ZH� KDYH� MXVWGHYHORSHG� )RU� WKH� FRPSOHWLRQ�RI� WKLV� VWHS�� D� VLPSOHVW� SRVVLEOH�DXWRPDWLF� FRQWUROOHU�ZRXOGQHHG WR�EH�EXLOG��ZKLFK�ZRXOG�FRQWURO�WKH�WUDQVIHU�RI�HQHUJ\�IURP�DQ�H[WHUQDO�VRXUFH��H�J��RXUDFWLYH�RVFLOODWRU\�FLUFXLW��WR�D�SURWRW\SH�RI�WKH�2VFLOODWRU\�&KDPEHU�ZH�DFWXDOO\�DUH�ZRUNLQJ�RQ�7KH PHWKRGRORJ\�RI�GHYHORSLQJ�WKLV�FRQWUROOHU�ZRXOG�EH�VLPLODU�WR�WKDW�DSSOLHG�LQ�VWHS��D��RIWKLV VWDJH��RQO\� WKDW� LQVWHDG�RI� GHWHUPLQLQJ� WKH�RSWLPDO� FRQGLWLRQV�DQG�PDQQHUV�RI� HQHUJ\VXSSO\��ZH�ZRXOG�QRZ�WU\�WR�GHYHORS�GHYLFHV�WKDW�ZRXOG�HIIHFWLYHO\�LPSOHPHQW�WKHVH�FRQGLWLRQVLQ�SUDFWLFH��F� 7KH�SUDFWLFDO�LPSOHPHQWDWLRQ�LQ�D�SURWRW\SH�RI�WKH�2VFLOODWRU\�&KDPEHU�WKH�RSWLPDOFRQGLWLRQV RI�HQHUJ\�VXSSO\�DQG�QHZO\�GHYHORSHG�GHYLFHV�ZKLFK�PDNH�HIIHFWLYH�XVH�RI�WKHVHFRQGLWLRQV��L�H��D�FRQWUROOHU�DQG�WKH�DFWLYH�VXSSO\�FLUFXLW���,Q�RUGHU�WR�DFKLHYH�VXFK�D�VXFFHVVIXOLPSOHPHQWDWLRQ RI� WKH� UHVXOWV�� WKUHH� FRUUHVSRQGLQJ� GHYLFHV� PXVW� EH� EXLOW� DQG� FRPELQHGWRJHWKHU�LQWR�DQ�HIIHFWLYHO\�FRRSHUDWLQJ�V\VWHP��7KHVH�DUH������D�FKDPEHU�ZKRVH�FRPSRQHQWV�H�J� VHQVRUV�� FRLOV�� DQG� ORQJHYLW\� PXVW� DOORZ� IRU� WKH� FRQWLQXRXV� RSHUDWLRQ� DQG� VXSSO\� RIHQHUJ\ LQ�D�PDQQHU�MXVW�GHYHORSHG������DQ�H[WHUQDO�VRXUFH�RI�SXOVDWLQJ�PDJQHWLF�HQHUJ\��L�H�D SRZHU�VXSSO\�GHYLFH���ZKLFK�LV�WR�FRRSHUDWH�ZLWK�WKLV�FKDPEHU�LQ�D�PDQQHU�UHTXLUHG�E\�RXUWHFKQLTXH� DQG� ���� DQ� HIIHFWLYH� FRQWURO� GHYLFH� ZKLFK� ZLOO� FRRUGLQDWH� WKH� UHFKDUJLQJ� RI� WKHFKDPEHU E\� WKLV�SRZHU�VXSSO\�GHYLFH��DOORZLQJ� LQ� WKLV�ZD\� WKH�FRQWLQXRXV�RSHUDWLRQ�RI� WKHZKROH�V\VWHP�IRU�D�GHVLUHG�SHULRG�RI�WLPH�,W VKRXOG�VWUHVVHG�DW�WKLV�SRLQW�WKDW�DIWHU�WKLV�VWDJH�RI�WKH�GHYHORSPHQWDO�PDVWHU�SODQLV FRPSOHWHG��D� IXUWKHU�HQHUJ\�VXSSO\� WR�RXU�SURWRW\SHV�RI� WKH�2VFLOODWRU\�&KDPEHU�ZLOO� EHDFKLHYHG YLD� WKLV� V\VWHP�RI�PDJQHWLF� LPSXOVHV�� DQG�SUHYLRXV�GHYLFHV� IRU�HOHFWULFDO� HQHUJ\VXSSO\ ZLOO� QRW� EH� QHHGHG� DQ\�PRUH�� ,Q� WKLV� QHZ�PHWKRG� RI� VXSSO\�� WKH� SURWRW\SH� RI� WKH2VFLOODWRU\ &KDPEHU�ZLOO�UHSUHVHQW�D�NLQG�RI�VHFRQGDU\�FRLO�RI�D�WUDQVIRUPHU��WKH�SULPDU\�FRLORI ZKLFK�ZLOO�EH�WKH�LQGXFWRU�RI�WKH�VXSSO\LQJ��DFWLYH��RVFLOODWRU\�FLUFXLW�ZKLFK�SURYLGHV�WR�WKHFKDPEHU�WKH�DSSURSULDWHO\�V\QFKURQL]HG�SXOVHV�RI�PDJQHWLF�HQHUJ\�
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����&RQWUROOLQJ�WKH�FKDPEHU
V�SHULRG�RI�SXOVDWLRQV��7KH�JRDO�RI�WKLV�VWDJH�LV�WR�OHDUQKRZ WR�FRQWURO�WKH�FKDPEHU
V�SHULRG�RI�SXOVDWLRQ��WKXV�DOVR�LWV�IUHTXHQF\���VHH�HTXDWLRQV�)�DQG )��� WKURXJK� DSSURSULDWH� VHOHFWLRQ� RI� SUHVVXUH� DQG� FRPSRVLWLRQ� RI� WKH� GLHOHFWULF� JDVFRQWDLQHG LQ WKH�FKDPEHU��7R�DFKLHYH� WKLV�JRDO�� D� FRQWUROOLQJ�GHYLFH�PXVW�EH�EXLOW��ZKLFK�ZKHQ DGGHG�WR�WKH�FKDPEHU
V�PDLQ�VWUXFWXUH��ZLOO�DOORZ�IRU�HIIHFWLYH�FRQWURO�RI�LWV�SXOVDWLRQV���� 5HOHDVLQJ� WKH� SKHQRPHQD� WR� UHFRYHU� WKH� KHDW� GLVVLSDWHG E\� VSDUNV� �WKXVWHUPLQDWLQJ WKH�FKDPEHU
V�HQHUJ\�ORVHV�RFFXUULQJ�GXULQJ�LWV�RSHUDWLRQ���7KH�JRDO�RI�WKLV�VWDJHLV WR�DOWHU�WKH�SKHQRPHQD�ZLWKLQ�WKH�RSHUDWLRQDO�FKDPEHU�LQ�VXFK�D�ZD\�WKDW�WKH\�ZLOO�FDXVHD FRQYHUVLRQ�RI�HQHUJ\�FRQWDLQHG�LQ�KRW�GLHOHFWULF�JDV�LQWR�WKH�FKDPEHU
V�HOHFWULF�FKDUJH��7RDFKLHYH WKLV� JRDO� D� FRPSOHWH� XQGHUVWDQGLQJ� RI� WKH� FRPSOH[� SKHQRPHQD� RFFXUULQJ� LQ� WKHFKDPEHU�PXVW�EH�DFKLHYHG��DQG�WKHQ�WKH�DOWHUDWLRQ�RI�WKLV�SKHQRPHQD�LQWR�D�GHVLUHG�GLUHFWLRQPXVW�EH�PDGH�VR�WKDW�WKH�2VFLOODWRU\�&KDPEHU�ZLOO�PDNH�WKH�EHVW�XVH�RI�WKH�7HOHNLQHWLF�(IIHFW�VHH�WKH�GHVFULSWLRQ�RI�WKLV�HIIHFW�SURYLGHG�LQ�FKDSWHU�&����� 1HXWUDOL]DWLRQ� RI� HOHFWURPDJQHWLF� IRUFHV WKDW� DFW� RQ� WKH� FKDPEHU
V� SK\VLFDOVWUXFWXUH� 7KH� JRDO� RI� WKLV� VWDJH� LV� WR� ILQG� VXFK�PXWXDO� UHODWLRQVKLSV� EHWZHHQ� WKH� GHVLJQSDUDPHWHUV RI� WKH�FKDPEHU��L�H�� LWV�VKDSH�DQG�GLPHQVLRQV��DQG� WKH�SDUDPHWHUV�RI� LWV�ZRUNWKDW WKH�VWUXFWXUH�RI�WKH�FKDPEHU�ZLOO�EH�UHOHDVHG�IURP�WKH�DFWLRQ�RI�IRUFHV�SURGXFHG�GXULQJLWV�RSHUDWLRQ��7KH�ZD\�RI�DFKLHYLQJ�WKLV�JRDO�LV�WR�FKDQJH�SDUDPHWHUV�RI�WKH�FKDPEHU
V�GHVLJQDQG RSHUDWLRQ�� DQG� VXEVHTXHQWO\� WR� PRQLWRU� WKH� LQIOXHQFH� WKHVH� SDUDPHWHUV� KDYH� RQ� WKHIRUFHV DFWLQJ� RQ� WKH� FKDPEHU
V� VWUXFWXUH�� 7KHQ� WKH� RSWLPDO� SDUDPHWHUV� PXVW� EH� FKRVHQ�ZKLFK�ZLOO�QHXWUDOL]H�FRPSOHWHO\�WKH�DFWLRQ�RI�WKHVH�IRUFHV���� %XLOGLQJ�D�VSLGHU�FRQILJXUDWLRQ �DW�D�ODWHU�VWDJH�DOVR�D�WZLQ�FKDPEHU�FDSVXOH���7KHJRDO RI� WKLV� VWDJH� LV� WR� FRPELQH� HIIHFWLYHO\� LQGLYLGXDO� 2VFLOODWRU\� &KDPEHUV�� VR� WKDW� WKH\FRRSHUDWH DV�D�VSLGHU�FRQILJXUDWLRQ�RU�D�WZLQ�FKDPEHU�FDSVXOH��$FKLHYLQJ�WKLV�JRDO�LQYROYHVYDULRXV DOWHUDWLRQV� WR� WKH� FRQWURO� RI� ERWK�FKDPEHUV��DQG�DOVR� WR� WKH�SKHQRPHQD�RFFXUULQJZLWKLQ�WKHP��VR�WKDW�WKH�ILQDO�FRQILJXUDWLRQ�FDQ�ZRUN�HIIHFWLYHO\�DQG�UHPDLQ�IXOO\�FRQWUROODEOH���� 8QOLPLWHG�LQFUHDVH�RI�WKH�FKDPEHU
V�HQHUJ\ UHVHUYHV��7KH�JRDO�RI�WKLV�VWDJH�LVWR H[SHULPHQWDOO\�GHWHFW�DQG�HOLPLQDWH�DOO�SRVVLEOH�REVWDFOHV� WKDW�FRXOG� OLPLW� WKH�DPRXQW�RIHQHUJ\ VWRUHG�ZLWKLQ�VSLGHU�FRQILJXUDWLRQV�RU� WZLQ�FKDPEHU�FDSVXOHV�SUHYLRXVO\�FRPSOHWHG�7KH OHYHO�ZKLFK�VKRXOG�EH�DFKLHYHG�DW�WKLV�VWDJH�LV�WR�VWRUH�WKH�DPRXQW�RI�HQHUJ\�WKDW�DOORZVIRU H[FHHGLQJ�DERXW����WLPHV�WKH�YDOXH�RI�WKH�VWDUWLQJ�IOX[��7KH�DFKLHYHPHQW�RI�WKLV�JRDO�ZLOOEH�TXLWH�D�GLIILFXOW�WDVN��DV�UHVHDUFK�PXVW�LQYROYH�YDULRXV VDIHW\�SUHFDXWLRQV�DQG�EH�FRPSOHWHGZLWK H[WUHPH�FDUH��EHFDXVH�2VFLOODWRU\�&KDPEHUV�ZKLFK�DUH�KHDYLO\�ORDGHG�ZLWK�HQHUJ\�DOVRUHSUHVHQW SRZHUIXO� ERPEV�ZKRVH�DFFLGHQWDO� H[SORVLRQ�ZRXOG� FDXVH�HQRUPRXV� GHVWUXFWLRQ�VHH�VXEVHFWLRQ�.�����$QDO\VLQJ WKH�DERYH�GHYHORSPHQWDO�PDVWHU�SODQ��RQH�SUREDEO\�ZLOO�QRWLFH�WKDW�XQWLO�WKHHQG RI�VWDJH����LW�LV�SXUSRVHO\�VHJPHQWHG�LQWR�D�VHULHV�RI�VPDOO�VWHSV��LQ�WKH�DVVXPSWLRQ�RIWKH DXWKRU�VXIILFLHQWO\�VLPSOH�WR�EH�FRPSOHWDEOH�WDVNV�IRU�DQ�LQGLYLGXDO�UHVHDUFKHU��7KHUHIRUHWKLV�SODQ FDQ�JUDGXDOO\�EH�FRPSOHWHG�HLWKHU�E\�LQGLYLGXDO�KREE\LVWV�RU�E\�VPDOO�GHYHORSPHQWDOWHDPV� (VSHFLDOO\�LW�VXLWV�WKH�UHDOL]DWLRQ�DV�D�VHULHV�RI�GLSORPD�SURMHFWV�IRU�VWXGHQWV�LQ�WKHLUILQDO \HDU�RI�8QLYHUVLW\�RU�7HFKQLFDO�,QVWLWXWH�&ROOHJH�ZLWK�DQ�HOHFWULFDO�RU�HOHFWURQLF�LQWHUHVWVSURILOH� )RU�H[DPSOH�VWHSV����D������E������F������D������D��DUH�UHDG\�PDGH� WRSLFV�IRU�VXFKGLSORPD SURMHFWV��VXIILFLHQWO\�VLPSOH�DQG�VWUDLJKW�IRUZDUG�WR�EH�FRPSOHWHG�LQ�D� ODERUDWRU\�DWD 8QLYHUVLW\�RU�D�VFKRRO�ZLWK�DQ�DYHUDJH�VXSSO\�RI�UHVHDUFK�HTXLSPHQW���,W�LV�D�SLW\�WKDW�WKHGLGDFWLF VSHFLDOL]DWLRQ�RI�WKH�DXWKRU�LV�QRW�HOHFWULFDO�HQJLQHHULQJ�EHFDXVH�WKHQ�KH�FRXOG�WU\�WRFRPSOHWH WKLV�PDVWHU�SODQ�RQ�KLV�RZQ��8QIRUWXQDWHO\��DW�WKH�SUHVHQW�VWDJH�RI�KLV�FDUHHU�VXFK
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D�GUDVWLF�FKDQJH�LQ�VSHFLDOL]DWLRQ�LV�QRW�SRVVLEOH��$W WKH�HQG�RI�WKLV�VXEVHFWLRQ�LW�LV�ZRUWK�VWUHVVLQJ�WKDW�DIWHU�WKH�FRPSOHWLRQ�RI�VWDJH����WKH SURWRW\SHV�RI� WKH�FKDPEHU�EHFRPH�FRPPHUFLDOO\�XVHIXO�DQG�FDQ�VXFFHVVIXOO\�FRPSHWHLQ YDULRXV�DSSOLFDWLRQV�ZLWK�KHDY\�DQG�FOXPV\�HOHFWURPDJQHWV��7KHUHIRUH��EHJLQQLQJ�ZLWK�WKHVWDJH�����WKH�FKDPEHU�EHFRPHV�FDSDEOH�RI�HDUQLQJ�PRQH\��WKXV�LW�ZLOO�SD\�LWVHOI�IRU�WKH�IXUWKHUGHYHORSPHQW��$OVR�VWDUWLQJ�IURP�VWDJH�����WKLV�GHYLFH�ZLOO�TXLFNO\�VSUHDG�DURXQG�WKH�ZRUOG�DQGJUDGXDOO\�WDNH�RYHU�QXPHURXV�IXQFWLRQV�WKDW�SUHVHQWO\�DUH�SHUIRUPHG�E\�YDULRXV�RWKHU�GHYLFHV�VHH�VXEVHFWLRQ�)���
)�����$Q�LQYLWDWLRQ�WR�WDNH�SDUW�LQ�WKH�GHYHORSPHQW�RI�WKH�2VFLOODWRU\�&KDPEHU
$V�WKLV�FDQ�EH�UHDOL]HG�IURP�WKH�FRQWHQW�RI�VXEVHFWLRQ�)�����WKH�ILUVW�WKUHH�VWDJHV�RI�WKHFKDPEHUV GHYHORSPHQW� FDQ� EH� FRPSOHWHG� HYHQ� E\� D� VLQJOH� UHVHDUFKHU�� ,Q� WXUQ� DIWHUFRPSOHWLRQ WKH�2VFLOODWRU\�&KDPEHU�ZLOO�VWDUW�WR�EULQJ�LQ�WKH�ILUVW�LQFRPH��WKXV�LW�ZLOO�EHJLQ�WRILQDQFH�IXUWKHU�GHYHORSPHQW�E\�LWVHOI��7KHUHIRUH�ZLWK�D�ELW�RI�JRRG�OXFN�DQG�LQYHQWLYH�WDOHQW��WKHSHUVRQ�ZKR�FXUUHQWO\�GHFLGHV�WR�LQYHVW�LQ�WKLV�QHZ GHYLFH��SHUKDSV�LQ�WKH�QRW�WRR�GLVWDQW�IXWXUHPD\ KROG WKH�WHFKQRORJLFDO�NH\�WR�DOPRVW�DOO� WKH�HQHUJ\�RI�RXU�SODQHW��7KLV�LV�DQ�HQRUPRXVVWDNH WR�ZLQ��DQG�WKH�W\SH�RI� LQLWLDO�FRQWULEXWLRQ�WR�MRLQ�WKH�JDPH�LV�SUDFWLFDOO\�DIIRUGDEOH�E\HYHU\RQH��7KLV�LV�EHFDXVH�DOPRVW�HYHU\RQH�FDQ�JHW�DFFHVV�WR�D�IHZ�SODWHV�RI�SOH[LJODVV��D�ER[RI EURQ]H� QHHGOHV� RU� D� FRSSHU� ZLUH�� VRPH� FDSDFLWRUV� DQG� LQGXFWRUV�� DQ� ROG� :LPVKXUVWPDFKLQH RU�D�FDU�LJQLWLRQ�FRLO�ZLWK�DQ�DFFXPXODWRU��:KDW�DW�WKLV�VWDJH�LV�QHHGHG�WKH�PRVW�LVD�ZLOO��D�ORW�RI�FRPPRQ�VHQVH��DQ�LQYHQWLYH�WDOHQW��DQG�D�ELW�RI�JRRG�OXFN��6R�ZK\�QRW�WU\�(YHQ ZKHQ�VRPHRQH�GRHV�QRW�KLW�WKH�MDFNSRW��WKH�FRQWULEXWLRQ�LQWR�WKLV�UHVHDUFK�PD\EH DQ� H[FHOOHQW� LQYHVWPHQW� LQWR� RQH
V� RZQ� IXWXUH�� 7KLV� LV� EHFDXVH� WKH� FRPSOHWLRQ� RI� WKH2VFLOODWRU\ &KDPEHU�PXVW� EH� LQLWLDWHG� VRRQHU� RU� ODWHU�� DV� LW� LV� WRR� DWWUDFWLYH� GHYLFH� WR� EHLJQRUHG�IRUHYHU��,Q�WXUQ�WKH�DGYDQFHG�VWDJHV�RI�WKH�FKDPEHU
V�GHYHORSPHQW��L�H��VWDUWLQJ�IURPVWDJH����XSZDUGV��PXVW�EH�FRPSOHWHG�ZLWK�D�WHDP�HIIRUW�DQG�WKH�LQWHOOHFWXDO�FRQWULEXWLRQ�IURPPDQ\ PLQGV� 7KLV� LQ� WXUQ�PHDQV� WKDW� WKH� ODVW�VWDJHV�RI� WKH�FKDPEHU
V�GHYHORSPHQW�ZRXOGQHHG WR�WDNH�WKH�IRUP�RI�D�TXLWH�ODUJH�WHFKQRORJLFDO�SURMHFW��7KH�SURMHFW�RI�FRXUVH�ZLOO�UHTXLUHD QXPEHU�RI�UHVHDUFK�VWDII�ZKR�PXVW�EH�ZHOO�WUDLQHG�LQ�VROYLQJ�WKH�FKDPEHU
V�SUREOHPV��DQGZKR VKRXOG�SURYH� WKHLU�FDSDELOLWLHV� LQ�DGYDQFH�� ,W� LV�ZHOO� NQRZQ� WKDW� LQYHVWLJDWRUV�ZKR�DUHFRPSOHWHO\ QHZ�LQ�D�JLYHQ�ILHOG�DOZD\V�UHTXLUH�D�VLJQLILFDQW�SHULRG�RI�VWXGLHV��VRPHWLPH�HYHQD IHZ�\HDUV��WR�EHFRPH�IDPLOLDU�ZLWK� WKH�VXEMHFW��'XULQJ�WKLV�WLPH�WKH\�UHPDLQ� LQWHOOHFWXDOO\QRQSURGXFWLYH� 7KXV� LQ� WKH� FDVH� RI� EHJLQQLQJ� D� SURMHFW� WR� EXLOG� WKH�2VFLOODWRU\� &KDPEHU�SHRSOH ZKR�KDYH�DOUHDG\�GRQH�VRPH�H[SHULPHQWV�ZLWK�WKH�FKDPEHU�ZLOO�EH�LQ�KLJK�GHPDQG�7KHUHIRUH� HYHU\�SHUVRQ�ZKR�DW�SUHVHQW�LV�ZRUNLQJ�RQ�WKH�FKDPEHU�VKRXOG�NHHS�LQ�WRXFK�ZLWKWKH DXWKRU�� DQG� VKRXOG� V\VWHPDWLFDOO\� H[FKDQJH� LQIRUPDWLRQ� RQ� WKHLU� PRVW� UHFHQWDFKLHYHPHQWV� 6XFK� FRQWDFW� DQG� H[FKDQJH� RI� LQIRUPDWLRQ� ZLWK� WKH� DXWKRU� KDV� DOVR� VRPHDGGLWLRQDO�DGYDQWDJHV��WKH�PRVW�LPSRUWDQW�RI�ZKLFK�DUH�DV�IROORZ��� 7KH� GXSOLFDWLRQ� RI� HUURUV� LV� DYRLGHG�� 'HYHORSPHQWDO� UHVHDUFK� RQ� WKH� 2VFLOODWRU\&KDPEHU ZKLFK�LV�QRW�FRRUGLQDWHG��ZLOO�PRUH�OLNHO\�OHDG�WR�WKH�GXSOLFDWLRQ�RI�WKH�VDPH�HUURUVE\�WKRVH�LQGLYLGXDO�LQYHVWLJDWRUV�ZKR�GR�QRW�NQRZ�DERXW�HDFK�RWKHU
V�DFKLHYHPHQWV��� $� QXPEHU� RI� YDULRXV� VROXWLRQV� DQG� DVSHFWV� RI� WKH� 2VFLOODWRU\� &KDPEHU� FDQ� EHLQYHVWLJDWHG VLPXOWDQHRXVO\��7KLV� LQ� WXUQ�VSHHGV�XS�VLJQLILFDQWO\� WKH�SURFHVV�RI� ILQGLQJ�DQGLPSOHPHQWLQJ�WKH�FRUUHFW�WHFKQLFDO�VROXWLRQV�
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�� 7KH� FRQWULEXWLRQ� RI� IUHVK� LGHDV� LV� LQFUHDVHG� SURSRUWLRQDOO\� WR� WKH� QXPEHU� RILQYHVWLJDWRUV VLPXOWDQHRXVO\�ZRUNLQJ�RQ�WKH�2VFLOODWRU\�&KDPEHU��6XEVHTXHQW� LQYHVWLJDWRUVYHULI\�WKHLU�LGHDV�DQG�FRQWULEXWH�WRZDUGV�WKH�FRPPRQ�JRDO��$V�D�UHVXOW��WKH�WLPH�VSDQ�LQ�ZKLFKWKLV�XUJHQWO\�QHHGHG�LQYHQWLRQ�LV�EXLOW��DQG�XVHG�IRU�WKH�EHQHILW�RI�RXU�FLYLOL]DWLRQ��LV�GHFUHDVHG�,W VKRXOG�EH�DGGHG�KHUH� WKDW�VXFK� WHDP�ZRUN�GHFUHDVHV�DOVR� WKH�VHFUHF\�DERXW� WKHDGYDQFHPHQW RI�WKH�FKDPEHU
V�FRPSOHWLRQ�DQG�WKXV�JLYHV�HYHU\RQH�DQ�HTXDO�RSSRUWXQLW\�WRGHYHORS WKLV�GHYLFH��7KLV�VKRXOG�SUHYHQW�WKH�KLVWRU\�RI�WKH�QXFOHDU�ERPE�IURP�EHLQJ�UHSHDWHGDJDLQ��7KH�PLOLWDU\�FDSDELOLWLHV�RI�WKH�2VFLOODWRU\�&KDPEHU�DUH�VR�HQRUPRXV��VHH�VXEVHFWLRQV)� DQG�*���� WKDW�D� WRWDOLWDULDQ�FRXQWU\�RU�RUJDQL]DWLRQ�ZKLFK�VHFUHWO\�GHYHORSV� WKLV�GHYLFHEHIRUH DQ\RQH�HOVH�FRXOG�XVH�LW�WR�FRQTXHU�WKH�ZRUOG�DQG�WR�WDNH�FRPSOHWH�FRQWURO�RYHU�RXUSODQHW�
)�����7KH�DXWKRU
V�SROLF\�RI�WKH�SXEOLF�RZQHUVKLSRI�WKH�2VFLOODWRU\�&KDPEHU�SULQFLSOHV
7KH SUDFWLFDO� FRPSOHWLRQ� RI� WKH� 2VFLOODWRU\� &KDPEHU� UHTXLUHV� DGYDQFHPHQW� RI� RXUNQRZOHGJH LQ WZR�GLIIHUHQW�DUHDV�ZKLFK� FDQ�EH�FDOOHG� ����SULQFLSOHV�DQG� ���� WHFKQRORJ\�� ,QRUGHU WR�HOLPLQDWH�SRVVLEOH�FRQIXVLRQ�DV�WR�ZKDW�WKH�GLIIHUHQFH�EHWZHHQ�WKHVH�WZR�DUHDV�LV�WKH\ ZLOO� EH� H[SODLQHG� EULHIO\� KHUH�� 3ULQFLSOHV� LQFOXGH� WKH� HQWLUH� ERG\� RI� NQRZOHGJH�ZKLFKH[SODLQV KRZ�DQG�ZK\�WKH�FKDPEHU�RSHUDWHV��7HFKQRORJ\�GHVFULEHV�WKLV�VSHFLILF�NQRZOHGJHWKDW LV�UHTXLUHG�WR�DFWXDOO\�EXLOG�D�ZRUNLQJ�GHYLFH��H�J��PDWHULDOV��PDQXIDFWXULQJ�NQRZ�KRZ�SDUDPHWHUV RI� ZRUN�� FRQWURO� GHYLFHV�� HWF���� 7R� LOOXVWUDWH� WKH� DERYH� ZLWK� DQ� H[DPSOH�VXEVHFWLRQV )��WR�)��RI�WKLV�FKDSWHU�GHVFULEH�WKH�FKDPEHU
V�SULQFLSOHV��ZKHUHDV�VXEVHFWLRQ)��LV�PRUH�FRQFHUQHG�ZLWK�WKH�FKDPEHU
V�WHFKQRORJ\��)URP�WKH�PRPHQW�RI�LQYHQWLRQ�RI�WKH�2VFLOODWRU\�&KDPEHU��WKH�DXWKRU�DGRSWHG�WKH�SROLF\WKDW WKH�SULQFLSOHV�RI�WKLV�GHYLFH�VKRXOG�EH�MRLQWO\�RZQHG�E\�DOO�WKH�SHRSOH�OLYLQJ�RQ�(DUWK��,QDFFRUGDQFH ZLWK�WKLV�SROLF\��WKH�LQYHQWRU������RSSRVHV�SDWHQWLQJ�RU�LPSRVLQJ�RWKHU�UHVWULFWLRQVFRQFHUQLQJ WKH�RZQHUVKLS�RI�WKH�SULQFLSOHV������GLVFORVHV�DQG�SXEOLVKHV�FRPSOHWH�LQIRUPDWLRQDERXW WKH� FKDPEHU
V� SULQFLSOHV�� DQG� ���� SURYLGHV� HQFRXUDJHPHQW�� DGYLFH�� DQG� H[SHUWDVVLVWDQFH WR�HYHU\�SHUVRQ��LQVWLWXWLRQ��RU�JRYHUQPHQW�ZKR�LV�LQWHUHVWHG�LQ�WKH�GHYHORSPHQWRI�WKLV�GHYLFH��7KH�UHDVRQLQJ�EHKLQG�WKLV�SROLF\�LV�DV�IROORZV���D� 7KH�FKDPEHU�LV�D�WRWDOO\�QHZ�LGHD�ZLWK�QR�HTXLYDOHQW�LQ�DQ\�GHYLFH�WKDW�KDV�EHHQEXLOW�VR�IDU��VHH�VXEVHFWLRQ�)����E� 7KH�FRPSOHWLRQ�RI�WKH�FKDPEHU�ZLOO�FRQVWLWXWH�WKH�PRVW�LPSRUWDQW�PLOHVWRQH�LQ�WKHGHYHORSPHQW RI�RXU�FLYLOL]DWLRQ��,W�ZLOO�DGYDQFH�WKLV�FLYLOL]DWLRQ�IURP�D�SODQHWDU\�OHYHO�LQWR�DQLQWHUVWHOODU�OHYHO��F��,Q�WKH�ORQJ�WHUP��DFFHVV�WR�WKH�FKDPEHU�ZLOO�EH�LPSRUWDQW�IRU�WKH�VXUYLYDO��ZHOO�EHLQJ�DQG�IXUWKHU�SURJUHVV�RI�RXU�FLYLOL]DWLRQ��G� 7KH�XVH�RI�WKH�FKDPEHU�LV�WKH�PDLQ�UHTXLUHPHQW�IRU�UDSLG�SURJUHVV�LQ�PDQ\�DUHDVRI VFLHQFH� DQG� WHFKQRORJ\� LQ� IXWXUH�� DV� ZHOO� DV� WKH� PRWLYDWLQJ� IRUFH� EHKLQG� UHYROXWLRQDU\FKDQJHV�QHHGHG�LQ�RXU�HQHUJ\�PDQDJHPHQW�DQG�SURGXFWLYLW\��H� ,Q�IXWXUH��WKH�2VFLOODWRU\�&KDPEHU�ZLOO�EHFRPH�D�PDLQ�FRPSRQHQW�RI�DOPRVW�HYHU\RWKHU WHFKQRORJLFDO� SURGXFW� �VHH� VXEVHFWLRQ�)���� LQFOXGLQJ�SURGXFWV� WKDW� DW� SUHVHQW�GR�QRWVWRUH DQ\� HQHUJ\�� VXFK� DV� KRXVHKROG� DSSOLDQFHV�� EXLOGLQJV�� DQG� HYHQ� IXUQLWXUH�� 7KXV� WKH
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FR�RZQHUVKLS DQG� SDUWLFLSDWLRQ� LQ� WKH� GHYHORSPHQW� RI� WKLV� GHYLFH� JXDUDQWHHV� HYHU\RQH� DSHUVRQDO FRQWULEXWLRQ�WR�WKH�FKDQJLQJ�RI�SUDFWLFDOO\�HYHU\�DVSHFW�RI�OLIH�RI�IXWXUH�JHQHUDWLRQV�&RQWUDU\ WR� WKH� FKDPEHU
V� SULQFLSOHV� ZKLFK� VKRXOG� EH� RZQHG� E\� HYHU\RQH�� LWVWHFKQRORJ\ VKRXOG�EH�RZQHG�H[FOXVLYHO\�E\�D�FRXQWU\��LQVWLWXWLRQ��RU�LQGLYLGXDO�ZKR�LQYHVWV�LQWKLV GHYLFH� ,W�LV�ORJLFDO�WKDW�WKH�KXJH�HFRQRPLF�EHQHILWV�UHVXOWLQJ�IURP�WKH�PDVWHULQJ�RI�WKLVWHFKQRORJ\ VKRXOG�EH�UHDSHG�E\�WKRVH�ZKR�XQGHUWDNH�LWV�GHYHORSPHQWDO�UHVHDUFK��2I�FRXUVHLW�LV�QRW�GLIILFXOW�WR�IRUHVHH�WKDW�WKHVH�EHQHILWV�ZLOO�EH�HQRUPRXV�DQG�ZLOO�H[FHHG�HYHU\WKLQJ�WKDWKDV VR�IDU�JRYHUQHG�WKH�HFRQRP\�RI�RXU�SODQHW��,Q�WKHLU�HIIHFW�SUREDEO\�VRPH�VXSHU�SRZHUVZLOO IDOO DQG� VLPXOWDQHRXVO\� RWKHU� ZLOO� JURZ� XS� LQ� WKH� KDQG� RI� ZKLFK� WKH� DFFHVV� WR� WKHWHFKQRORJ\�RI�WKH�2VFLOODWRU\�&KDPEHU�ZLOO�FRQFHQWUDWH�,Q RUGHU� WR� SURWHFW� WKH� LQWHUHVWV� RI� WKH� LQYHVWRUV�ZKR�ZLOO� VSRQVRU� WKH� WHFKQRORJLFDOUHVHDUFK�RQ�WKH�2VFLOODWRU\�&KDPEHU��WKH�DXWKRU�KDV�GHFLGHG�WKDW�EH\RQG�WKH��WK�VWDJH�RI�WKHFKDPEHU
V GHYHORSPHQW��RQO\�WKH�SULQFLSOHV��EXW�QRW�WKH�WHFKQRORJLFDO�GDWD��FRQFHUQLQJ�WKLVGHYLFH�ZLOO�EH�SXEOLVKHG��7KHUHIRUH�DOO�QRQ�VSRQVRULQJ�LQVWLWXWLRQV��ZKR�ODWHU�KDYH�WR�FDWFK�XSRQ WKLV�WHFKQRORJ\��ZLOO�QRW�RQO\�ORVH�WKHLU�PDUNHWV�EHFDXVH�RI�VWDUWLQJ�WRR�ODWH��EXW�WKH\�ZLOODOVR QHHG� WR� UHSHDW� WKH� VDPH� FRVWO\� UHVHDUFK� WKDW� WKH� RULJLQDO� GHYHORSPHQWDO� WHDP� KDVFRPSOHWHG�
)���)XWXUH�DSSOLFDWLRQV�RI�WKH�2VFLOODWRU\�&KDPEHU
7R�GDWH WKHUH�GRHV�QRW�H[LVW�DQ\�RWKHU�WHFKQLFDO�LQYHQWLRQ�ZKLFK�KDV�DOWHUHG�WKH�VWDWHRI�RXU�WHFKQLFDO�HQYLURQPHQW WR�WKH�VDPH�H[WHQW�DV�WKH�FRPSOHWLRQ�RI�WKH�2VFLOODWRU\�&KDPEHUZLOO� 7KH� LPSDFW� WKLV� GHYLFH� ZLOO� KDYH� RQ� WKH� PDWHULDOLVWLF� DVSHFWV� RI� KXPDQ� OLIH� FDQ� EHFRPSDUHG RQO\�WR�WKH�HIIHFW�RI�WKH�LQWURGXFWLRQ�RI�FRPSXWHUV�LQ�WKH�LQWHOOHFWXDO�VSKHUH��,W�LV�DKLJK FKDQFH�WKDW�E\�WKH�\HDU�������L�H��LQ�RQH�KXQGUHG�\HDUV�DIWHU�WKH�FKDPEHU
V�GLVFRYHU\�DOPRVW HYHU\� DFWLYH� GHYLFH� XVHG� E\� SHRSOH� ZLOO� FRQVLVW� RI� VRPH� IRUP� RI� WKH� 2VFLOODWRU\&KDPEHU� 0DQ\� VWUXFWXUHV� ZKLFK� DW� SUHVHQW� DUH� SDVVLYH�� VXFK� DV� IXUQLWXUH�� EXLOGLQJV�PRQXPHQWV��HWF���ZLOO�EH�WUDQVIRUPHG�E\�WKH�2VFLOODWRU\�&KDPEHU�LQWR�DFWLYH�RQHV��L�H��PRYLQJ�DOWHULQJ RULHQWDWLRQ�DQG�DGMXVWLQJ� WKHLU� ORFDWLRQ�WR�WKH�FKDQJLQJ�UHTXLUHPHQWV�RI� WKHLU�XVHUV�/HW XV�EULHIO\�UHYLHZ�WKH�PDLQ�DSSOLFDWLRQV�RI�WKH�2VFLOODWRU\�&KDPEHU��WU\LQJ�WR�IRUHFDVW�ZKDWLPSDFW�WKH\�ZLOO�KDYH�RQ�SDUWLFXODU�ILHOGV�RI�KXPDQ�DFWLYLW\�7KH DUHD� ZKHUH� WKH� LQWURGXFWLRQ� RI� WKH� 2VFLOODWRU\� &KDPEHU� ZLOO� KDYH� WKH� PRVWVLJQLILFDQW LPSDFW�� LV� RXU� XVH� RI�HQHUJ\� 7KLV� GHYLFH�ZLOO� FRPSOHWHO\� WUDQVIRUP� DOO� SUHVHQWPHWKRGV RI�HQHUJ\�SURGXFWLRQ��VWRUDJH��GLVWULEXWLRQ��WUDQVIRUPDWLRQ��DQG�FRQVXPSWLRQ��$IWHUWKH 2VFLOODWRU\� &KDPEHU� LI� IXOO\� GHYHORSHG�� WKH� YDVW� UDQJH� RI� GLIIHUHQW� GHYLFHV� ZKLFK� DUHSUHVHQWO\ XVHG�IRU�WKHVH�SXUSRVHV�ZLOO�EH�UHSODFHG�E\�D�VLQJOH�W\SH�RI�WZLQ�FKDPEHU�FDSVXOHZKLFK� DIWHU�DSSURSULDWH�FKDQJH�LQ�FRQWURO��ZLOO�EH�FDSDEOH�RI�SHUIRUPLQJ�QXPHURXV�GLIIHUHQWIXQFWLRQV� ,Q� RUGHU� WR� UHDOL]H� WKH� WRWDO� WUDQVIRUPDWLRQ� WKDW� WKH� ODQGVFDSH� RI� RXU� SODQHW�ZLOOXQGHUJR DIWHU�WKH�LQWURGXFWLRQ�RI�WKHVH�GHYLFHV�� LW�LV�VXIILFLHQW�WR�UHDOL]H�WKDW�IRU�H[DPSOH�DOOFXUUHQW SRZHUOLQHV��ERWK��KLJK�DQG�ORZ�YROWDJH��ZLOO�GLVDSSHDU�FRPSOHWHO\��DQG�WKH�HQHUJ\�ZLOOEH GLVWULEXWHG�GLUHFWO\�WR�WKH�FRQVXPLQJ�DSSOLDQFHV�DIWHU�EHLQJ�SDFNHG�LQWR��WLQV���L�H��VPDOO�OLJKW��KDQG\��DQG�UH�FKDUJHDEOH�WZLQ�FKDPEHU�FDSVXOHV�7RWDOO\ QHZ�KRUL]RQV�LQ�WKH�HQHUJ\�SURGXFWLRQ ZLOO�EH�RSHQHG�GXH�WR�WKH�SRWHQWLDO�RI�WKH2VFLOODWRU\ &KDPEHUV�IRU�PXOWLGLPHQVLRQDO�WUDQVIRUPDWLRQ�RI�HQHUJ\��,W�FDQ�EH�SUHGLFWHG�WKDWV\VWHPV RI� 2VFLOODWRU\� &KDPEHUV� ZLOO� UHSODFH� DOO� RWKHU� SUHVHQW� GHYLFHV� ZKLFK� VHUYH� WKH
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SURGXFWLRQ RU� WUDQVIRUPDWLRQ� RI� HQHUJ\�� 6R� WKH� SUHVHQW� FRPEXVWLRQ� HQJLQHV�� JHQHUDWRUV�SKRWR� DQG�WKHUPR�FHOOV��WUDQVIRUPHUV��PRWRUV��HWF����DOO�WKHVH�ZLOO�EH�UHSODFHG�E\�V\VWHPV�RI2VFLOODWRU\�&KDPEHUV��VHH�7DEOH�)����%HFDXVH�RI�WKH�KLJK�HIILFLHQF\�RI�WKHVH�QHZ�GHYLFHV��L�H�WKH RSHUDWLRQ� DOPRVW� ZLWKRXW� ORVVHV� RI� HQHUJ\��� WKH\� ZLOO� SURYLGH� RXU� FLYLOL]DWLRQ� ZLWK� WKHUHTXLUHG HQHUJ\� LQ� D�PDQQHU�PXFK� OHVV� GHVWUXFWLYH� WR� WKH� QDWXUDO� HQYLURQPHQW� DQG�PXFKPRUH�HIILFLHQW�WKDQ�FXUUHQWO\�7KH 2VFLOODWRU\� &KDPEHU� ZLOO� DOVR� PDNH� SRVVLEOH� DQG� HFRQRPLFDOO\� YLDEOH� WKHGHYHORSPHQW�DQG�WKH�LQWURGXFWLRQ�WR�FRPPRQ�XVH�QXPHURXV�QHZ���FOHDQ��PHWKRGV RI�HQHUJ\SURGXFWLRQ� 6XFK�GHYLFHV�DV�WHOHNLQHWLF�JHQHUDWRUV�RI�IUHH�HQHUJ\��GHVFULEHG�LQ�WKH�VHSDUDWHWUHDWLVH >�@��DQG�JHQHUDWRUV�RI�FOHDQ�HQHUJ\��PDNLQJ�WKH�XVH�RI�VRODU�UDGLDWLRQ��ZLQG��RFHDQZDYHV��VHD�WLGHV��FDQ�EHFRPH�H[WUHPHO\�HIILFLHQW�DQG�LQGHSHQGHQW�IURP�WKH�ZHDWKHU�FDSULFHVLI�WKH\�HPSOR\�2VFLOODWRU\�&KDPEHUV�DV�WKHLU�HQHUJ\�JDWKHULQJ�FRPSRQHQWV��,Q�HIIHFW�WKH�FOHDQHQHUJ\ SURGXFWLRQ� PRVW� SUREDEO\� ZLOO� EH� VR� HIIHFWLYH� WKDW� FRPEXVWLRQ� HQJLQHV� DQGFRPEXVWLEOH IXHOV�ZLOO�EH�WRWDOO\�HOLPLQDWHG�IURP�XVH�DV�GDPDJLQJ�XQQHFHVVDULO\�WKH�QDWXUDOHQYLURQPHQW�)XWXUH QXPHURXV�DSSOLFDWLRQV�RI�WKH�FKDPEHU�FDQ�EH�SUHGLFWHG�LQ�WKH�DUHD�RI�HQHUJ\DFFXPXODWLRQ� 7KHVH�DUH�FRQQHFWHG�ZLWK�WKH�DELOLW\�RI�WZLQ�FKDPEHU�FDSVXOHV�WR�VWRUH�KXJHDPRXQWV�RI�HQHUJ\��7R�JHW�DQ�LGHD�RI�ZKDW�NLQG�RI�SRWHQWLDOV�DUH�LQYROYHG�KHUH��LW�LV�HQRXJK�WRUHDOL]H WKDW� WKH�HQHUJ\�QHHGV� IRU� WRGD\
V� IDFWRULHV�� WRZQV��ELJ�VKLSV�RU�DHURSODQHV�FDQ�EHVDWLVILHG E\�D�WZLQ�FKDPEHU�FDSVXOH�RI�D�SLQ�KHDG�VL]H���LI��RI�FRXUVH��WKLV�GHYLFH�FRXOG�RQO\EH EXLOW� LQ� VXFK� VPDOO� GLPHQVLRQV�� $OO� SUHVHQW� EDWWHULHV�� DFFXPXODWRUV� DQG� HOHFWULFLW\WUDQVPLVVLRQ OLQHV� �SRZHUOLQHV�� ZLOO� EH� UHSODFHG� ZLWK� OLJKW�� PXFK� PRUH� HIILFLHQW�� DQGUHFKDUJHDEOH 2VFLOODWRU\�&KDPEHUV��%XLOW�DV� WZLQ�FKDPEHU�FDSVXOHV�� WKH\�ZLOO�QRW�\LHOG�DQ\PDJQHWLF�ILHOG�ZKHQ�XVHG�IRU�HQHUJ\�VWRUDJH�%HFDXVH RI� WKH�HQRUPRXV�SRWHQWLDO� WR�DFFXPXODWH�HQHUJ\��2VFLOODWRU\�&KDPEHUV�ZLOOHQWLUHO\ FKDQJH� RXU� V\VWHP� RI� HQHUJ\� GLVWULEXWLRQ�� ,QVWHDG� RI� WKH� FHQWUDOL]HG� HQHUJ\GLVWULEXWLRQ� DV� LV� XVHG� SUHVHQWO\�� WKH� 2VFLOODWRU\� &KDPEHU� ZLOO� PDNH� SRVVLEOH� DQLQGLYLGXDOL]HG GLVWULEXWLRQ��,Q�WKLV�IXWXULVWLF�W\SH�RI�GLVWULEXWLRQ�WZLQ�FKDPEHU�FDSVXOHV�ZLOO�EHDVVHPEOHG GLUHFWO\� LQVLGH� RI� HQHUJ\� FRQVXPLQJ� DSSOLDQFHV�� WKXV� VDYLQJ� RQ� LQFRQYHQLHQFH�H�J� MXJJOLQJ�ZLWK�FRUGV��XVLQJ�H[WHQVLRQV���SUHSDUDWLRQ�WLPH��H�J��SOXJJLQJ�LQ��VZLWFKLQJ�RII��PDWHULDOV �H�J�� FRUGV�� SOXJV�� KRPH� ZLULQJ�� SRZHUOLQHV��� FRVWV�� PDLQWHQDQFH�� ZRUNPDQVKLS�HWF� $V�WKLV�DOUHDG\�ZDV�PHQWLRQHG�EHIRUH��WKH�ILQDO�HIIHFW�ZLOO�EH�WKDW�DOO�RXU�SUHVHQW�PHDQVDQG�W\SHV�RI�HQHUJ\�VXSSO\�ZLOO�FRPSOHWHO\�GLVDSSHDU��DQG�RQO\�VPDOO��UHFKDUJHDEOH�2VFLOODWRU\&KDPEHUV�ZLOO�EH�XVHG�IRU�WKLV�SXUSRVH��7KH PXOWLGLPHQVLRQDO�HQHUJ\�WUDQVIRUPDWLRQ�FDSDELOLWLHV�RI�2VFLOODWRU\�&KDPEHUV�ZLOOKDYH D�VLJQLILFDQW�EHDULQJ�RQ� WKH�PHWKRGV�RI�HQHUJ\�WUDQVIRUPDWLRQ XWLOL]HG� LQ� WKH� IXWXUH�$OPRVW�DOO�IRUPV�RI�HQHUJ\�WUDQVIRUPDWLRQ�ZLOO�WKHQ�LQYROYH�2VFLOODWRU\�&KDPEHUV��7KLV�QRW�RQO\LQFOXGHV�WKH�UHSODFHPHQW�RI�SUHVHQW�HOHFWULFDO�WUDQVIRUPHUV�ZLWK�WZR�VHWV�RI�LQGHSHQGHQW�WZLQ�FKDPEHU FDSVXOHV�ZKLFK�H[FKDQJH�WKHLU�VWRUHG�HQHUJ\�GLUHFWO\� IURP�RQH� WR�RWKHU��EXW�DOVRYDULRXV�RWKHU�WUDQVIRUPDWLRQV��IRU�H[DPSOH��PDJQHWLF�ILHOG�LQWR�KHDW��2VFLOODWRU\�&KDPEHUV�ZLOOEH HPSOR\HG� DV� RUGLQDU\� KHDWHUV� RU� DLU� FRQGLWLRQHUV���PDJQHWLF� ILHOG� LQWR� OLJKW� �2VFLOODWRU\&KDPEHUV ZLOO� RSHUDWH� DV� IOXRUHVFHQW� EXOEV��� PDJQHWLF� ILHOG� LQWR� PRWLRQ� �2VFLOODWRU\&KDPEHUV�ZLOO�RSHUDWH�DV�HOHFWULF�PRWRUV���DQG�PXFK�PRUH���VHH�7DEOH�)��'XH WR� WKH�2VFLOODWRU\�&KDPEHU� WKH� WUDQVIRUPDWLRQ� RI� HQHUJ\� LQ� WKH� IXWXUH�ZLOO� DOVRUHSODFH WRGD\
V� WUDQVIRUPDWLRQ�RI�PRWLRQ�� )XWXUH�PHFKDQLVPV�ZLOO� EH�PXFK� VLPSOHU� DQGOLJKWHU� EHFDXVH� WKH\� ZLOO� EH� UHOHDVHG� IURP� DOO� WKH� GHYLFHV� ZKLFK� SUHVHQWO\� SURGXFH� DQG
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WUDQVIRUP�PRWLRQ��7KH�PRWLRQ�ZLOO�EH�FUHDWHG�LQ�WKH�ORFDWLRQ�ZKHUH�WKH�ZRUN�LV�WR�EH�GRQH�DQGLQ WKH�H[DFW�IRUP�WKDW�LV�UHTXLUHG��)RU�H[DPSOH�LI�D�IXWXUH�KREE\LVW�ZHUH�WR�EXLOG�D�FRS\�RI�RXUSUHVHQW FDU��KH�VKH�ZRXOG�SURGXFH� WKH�PRWLRQ�ULJKW� LQVLGH� WKH�ZKHHOV�� WKHUHIRUH� WKH�ZKROHHQJLQH��JHDUV��DQG�WUDQVPLVVLRQ�ZRXOG�EH�HOLPLQDWHG�7KH XQLTXH�DGYDQWDJHV�RI�WKH�2VFLOODWRU\�&KDPEHU�ZLOO�UHVXOW�LQ�WKLV�GHYLFH�FRPSOHWHO\WDNLQJ�RYHU�WKH�SUHVHQW�IXQFWLRQV�RI�HOHFWURPDJQHWV��5HVHDUFK�ODERUDWRULHV��FDSDEOH�RI�XVLQJPDJQHWLF�ILHOGV�RI�VWUHQJWKV�XQDWWDLQDEOH�WRGD\��ZLOO�EH�DEOH�WR�ZUHVW�D�QXPEHU�RI�VHFUHWV�IURPQDWXUH��LQWURGXFLQJ�D�VLJQLILFDQW�VWHS�IRUZDUG�LQ�RXU�VFLHQFH�DQG�WHFKQRORJ\��,QGXVWU\��XWLOL]LQJWHFKQRORJLHV WKDW�DUH�EDVHG�RQ� WKH�DSSOLFDWLRQ�RI�VXSHU�VWURQJ�PDJQHWLF� ILHOGV��ZLOO�SURYLGHXV ZLWK�D�QXPEHU�RI�SURGXFWV�RI�DV�\HW�XQDWWDLQDEOH�TXDOLW\��)RU�H[DPSOH��ZH�FRXOG�SURGXFHLQGHVWUXFWLEOH UXEEHU� DQG� FORWKHV�� REMHFWV� PDGH� FRPSOHWHO\� RI� PRQRFU\VWDOOV�� FRQFUHWHVWURQJHU WKDQ�VWHHO��HWF��$OVR�D�QHZ�W\SH�RI�PDJQHWRUHIOHFWLYH�PDWHULDO��VXLWLQJ�WKH�PDJQHWLFUHTXLUHPHQWV�RI�WKH�2VFLOODWRU\�&KDPEHU��ZLOO�VXSHUVHGH�WKRVH�LQ�XVH�DW�SUHVHQW�7KH 2VFLOODWRU\�&KDPEHU�ZLOO�HOLPLQDWH�QRW�RQO\�WKH�HOHFWURPDJQHWV�XVHG�DV�VHSDUDWHGHYLFHV� EXW�DOVR�DOO�WKRVH�ZKLFK�PDNH�XS�SDUWV�RI�RWKHU�GHYLFHV��H�J��IURP�HOHFWULF�PRWRUV�HOHFWULFLW\ JHQHUDWRUV��HWF��$GYDQWDJHV�RI� WKH�FKDPEHU��VXFK�DV��KLJK�SRZHU�WR�GLPHQVLRQVUDWLR� DELOLW\�WR�LQWURGXFH�ORQJ�JDSV�EHWZHHQ�WKH�WLPH�RI�HQHUJ\�VXSSO\�DQG�WKH�WLPH�RI�HQHUJ\FRQVXPSWLRQ� FRQWUROODELOLW\��ZLOO�UHVXOW�LQ�WKH�ZLGH�DSSOLFDWLRQ�RI�WKLV�GHYLFH�IRU�EXLOGLQJ�OLJKWYHKLFOHV� SXPSV�DQG�JHQHUDWRUV�ZRUNLQJ�IDU�IURP�DQ�HQHUJ\�VXSSO\�DQG�FLYLOL]DWLRQ�FHQWUHV�VKLS�DQG�DHURSODQH�HQJLQHV��PHGLFDO�LQVWUXPHQWV��HWF�7KH WZLQ�FKDPEHU� FDSVXOH� SURYLGLQJ� D� FRQVWDQW� PDJQHWLF� ILHOG� ZLOO� UHSODFH� VRPHSUHVHQW�GD\ SHUPDQHQW� PDJQHWV�� 7KHUHIRUH� IXWXUH� PRGHOV� RI� RXU� VSHDNHUV�� EHDULQJV�FOXWFKHV��JUDSSOHV��UDLOV��HWF���ZLOO�DOO�HPSOR\�2VFLOODWRU\�&KDPEHUV�7KH�2VFLOODWRU\�&KDPEHU�ZLOO�DOVR�LQWURGXFH�D�FRPSOHWHO\�QHZ�IDVKLRQ��ZKLFK�DW SUHVHQWKDV QR DSSURSULDWH� WHFKQLFDO�EDFN�XS�� ,W�ZLOO�EH� WKH� IDVKLRQ�WR�VXVSHQG�REMHFWV� LQ�VSDFH�� ,WVKRXOG EH�H[SHFWHG�WKDW� IXWXUH�IXUQLWXUH��KRXVHKROG�GHYLFHV��PDFKLQHV��DQG�HYHQ�EXLOGLQJVRU HOHPHQWV� RI� DUFKLWHFWXUH�ZLOO� KDQJ� LQ� VSDFH�� VXSSRUWHG� E\� WKH� LQYLVLEOH� IRUFH� OLQHV� RI� DPDJQHWLF ILHOG��)RU�H[DPSOH�VXFK�D�SLHFH�RI�IXUQLWXUH�DV�D�FRXFK�RU�D�VRID� LQ�IXWXUH�ZLOO�EHIORDWLQJ LQ�WKH�DLU��$�FRPSXWHU�EXLOW�LQWR�LW�IRU�FRQWURO�ZLOO�DQDO\VH�WKH�VSRNHQ�FRPPDQGV�JLYHQE\ D� SHUVRQ� ZKR� VLWV� RQ� LW�� VKLIWLQJ� WKLV� SHUVRQ� LQWR� WKH� UHTXLUHG� SODFH�� FKDQJLQJ� KLV�KHURULHQWDWLRQ� KHLJKW�DQG�VODQWLQJ��DQG�DGMXVWLQJ�WKH�FRXFK�VKDSH�WR�WKH�W\SH�RI�UHVWLQJ�SRVLWLRQWKDW WKLV�SHUVRQ�ZLVKHV�WR�H[SHULHQFH�DW�D�JLYHQ�PRPHQW��2QH�RI�WKH�FRQVHTXHQFHV�RI�WKLVIDVKLRQ ZLOO�EH� WKH�FRPSOHWH�GLVDSSHDUDQFH�RI� WKH�ZKHHO��DV�DOO�SUHVHQW� UROOLQJ�PRYHPHQWVZLOO�EH�UHSODFHG�E\�VRDULQJ�LQ�VSDFH�2I�FRXUVH��HQRUPRXV�SRWHQWLDO�LV�LQYROYHG�LQ�WKH�PLOLWDU\�DSSOLFDWLRQV RI�WKH�FKDPEHU�7KLV GHYLFH FDQ�HLWKHU�HQKDQFH�DQG�PXOWLSO\�WKH�FDSDELOLWLHV�RI�DOUHDG\�H[LVWLQJ�ZHDSRQV��DVZHOO DV�PDNH�QHZ�DQG�\HW�XQNQRZQ�NLQGV�RI�ZHDSRQV�� ,Q�RUGHU� WR� LOOXVWUDWH� WKH�FKDPEHU
VSRVVLEOH�FRQWULEXWLRQ�WR�WKH�DOUHDG\�H[LVWLQJ�NLQGV�RI�ZHDSRQV�LW�LV�VXIILFLHQW�WR�UHDOL]H�WKDW�WKHDPRXQW�RI�HQHUJ\�DFFXPXODWHG�LQ�D�WZLQ�FKDPEHU�FDSVXOH�RI�D�GLFH
V�VL]H�LV�VXIILFLHQW�WR�NHHSD ERPEHU� LQ� WKH�DLU� IRU�D�QXPEHU�RI�\HDUV�ZLWKRXW� WKH�QHHG� IRU� LW� WR� ODQG�DQG� WR� UHIXHO�� WRHQFLUFOH RXU�JOREH�LQ�D�VXEPDULQH�D�IHZ�KXQGUHG�WLPHV�ZLWKRXW�WKH�QHHG�WR�HPHUJH�RQWR�WKHVXUIDFH��RU�WR�GULYH�ZLWKRXW�VWRSSLQJ�D�PLOLWDU\�WDQN�DW�D�GLVWDQFH�JUHDWHU WKDQ�WKH�GLVWDQFH�IURP(DUWK WR�6XQ��,Q�RUGHU�WR�LOOXVWUDWH�SRWHQWLDOV�RI�WKH�2VFLOODWRU\�&KDPEHU�WR�PDNH�D�QHZ�W\SHVRI ZHDSRQV�� LW� LV� VXIILFLHQW� WR� PHQWLRQ� WKDW� D� V\VWHP� RI� WKHVH� GHYLFHV� SURGXFLQJ� ZKLUOLQJPDJQHWLF�ILHOGV�ZLOO�EH�DEOH�WR�IRUP�EDUULHUV�DQG�PLQH�ILHOGV�ZKLFK�LQ�VHFRQGV�PD\�H[SORVLYHO\YDSRUL]H HYHU\�REMHFW�HQWHULQJ� LQWR� WKHLU� UDQJH�PDGH�RI�D�JRRG�HOHFWULF�FRQGXFWRU��0LVVLOHV
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FRQWDLQLQJ V\VWHPV�RI�FKDPEHUV�PD\�FDXVH�LQVWDQW�HYDSRUDWLRQ�RI�KXJH�FRQVWUXFWLRQV�PDGHRI VWHHO�� VXFK� DV� EULGJHV�� IDFWRULHV�� VKLSV�� DHURSODQHV�� URFNHWV�� VDWHOOLWHV�� HWF�� 7KH� UDSLGUHOHDVH RI�WKH�HQHUJ\�VWRUHG�ZLWKLQ�D�FKDPEHU��H�J��WKURXJK�LWV�GHWRQDWLRQ���IRU�GHWDLOV�VHH�DVHSDUDWH PRQRJUDSK� >�)@�� ZLOO� FDXVH� DQ� H[SORVLRQ� FRPSDUDEOH� LQ� HIIHFW� WR� WKH� XVH� RI� DWKHUPRQXFOHDU VXSHU�ERPE��7KH�RQO\�GLIIHUHQFH�ZLOO�EH�WKDW�WKH�FKDPEHU�ZLOO�QRW�SROOXWH�WKHHQYLURQPHQW E\�DQ\�UDGLRDFWLYLW\��%HFDXVH�RI�WKH�FDSDELOLW\�RI�2VFLOODWRU\�&KDPEHUV�WR�SDFNKXJH DPRXQWV�RI�HQHUJ\�LQ�VPDOO�VSDFHV��WKH�SRWHQWLDOV�IRU�IRUPLQJ�WKH�GHYDVWDWLRQ�HTXDO�WRWKDW JLYHQ�E\�D�KXJH�WKHUPRQXFOHDU�ERPE�ZLOO�EH�SURYLGHG�E\�D�PLQLDWXUH�FKDPEHU�DEOH�WR�ILWLQVLGH D�ULIOH�EXOOHW��2I�FRXUVH��2VFLOODWRU\�&KDPEHUV�DUH�QRW�RQO\�FDSDEOH�WR�GHVWUR\��EXW�DOVRDOORZ XV WR�SURWHFW�RXUVHOYHV�IURP�EHLQJ�GHVWUR\HG��7KH�VLPSOHVW�RI�VXFK�SURWHFWLRQV�ZRXOGGHSHQG�RQ�SURYLGLQJ�RXU�VHFXULW\�REMHFWV�RU�PLOLWDU\�YHKLFOHV�ZLWK�FKDPEHUV�WKH�ILHOGV�RI�ZKLFKZLOO IRUP� UHSXOVLYH�RU�DWWUDFWLYH� LQWHUDFWLRQV�ZLWK� IHUURPDJQHWLF�REMHFWV� LQ� WKHLU� YLFLQLW\� �VHH)LJXUH )����,Q�WKLV�ZD\�RXU�REMHFWV�DQG�YHKLFOHV�ZLOO�EH�DEOH�WR�UHSHO��RU���LQ�WKH�DSSURSULDWHVLWXDWLRQV� DOVR�WR�DWWUDFW��GHPRELOL]H��DQG�LQWHUFHSW��YHKLFOHV�RU�PLVVLOHV�RI�WKH�RSSRVLWH�VLGH�(YHQ WKH�PRUH�XQXVXDO�SRWHQWLDOV�RI�2VFLOODWRU\�&KDPEHUV�UHVXOWV�IURP�WKHLU�DELOLW\�WR�IRUP�DFRQILJXUDWLRQ RI�WKH�PDJQHWLF�ILHOG�FDOOHG�WKH��PDJQHWLF�OHQV���VHH�WKH�GHVFULSWLRQ�RI�WKLV�OHQVSURYLGHG LQ� VXEVHFWLRQ�*������2XU� VROGLHUV�� YHKLFOHV�� DHURSODQHV�� VKLSV�� DQG�RWKHU� REMHFWVZKLFK�DUH�ZUDSSHG�ZLWK�WKLV�OHQV�EHFRPH�FRPSOHWHO\�LQYLVLEOH�WR�WKH�RSSRVLWH�VLGH�7KH PRVW� SURPLVLQJ� SURVSHFWV�� KRZHYHU�� DUH� FRQQHFWHG� ZLWK� XVLQJ� WKH� 2VFLOODWRU\&KDPEHU IRU�WKH�SXUSRVH�IRU�ZKLFK�LWV�SULQFLSOH�ZDV�RULJLQDOO\�LQYHQWHG���L�H��IRU�WKH�PDJQHWLFSURSXOVLRQ RI�IO\LQJ�YHKLFOHV��7KH�QH[W�FKDSWHUV�RI�WKLV�WUHDWLVH�DUH�GHYRWHG�WR�WKH�GHVFULSWLRQRI�VXFK�DSSOLFDWLRQV�RI�WKH�FKDPEHU�$W WKH�FRQFOXVLRQ�RI�WKLV�UHYLHZ�RI�IXWXUH�DSSOLFDWLRQV�RI�WKH�2VFLOODWRU\�&KDPEHU�LW�LVZRUWK VWUHVVLQJ�WKDW�DOO�WKHVH�GLIIHUHQW�DSSOLFDWLRQV�DQG�IXQFWLRQV�FDQ�EH�IXOILOOHG�E\�WKH�VDPHWZLQ�FKDPEHU FDSVXOH� ZKLFK� GHSHQGLQJ� RQ� FLUFXPVWDQFHV� LV� RQO\� SURYLGHG� ZLWK� D� VOLJKWO\GLIIHUHQW�FRQWUROOLQJ�V\VWHP�SURJUDP��7KHUHIRUH�LQ�WKH�VHQVH�RI�XQLYHUVDOLW\�RI�DSSOLFDWLRQV�WKH2VFLOODWRU\ &KDPEHUV� ZLOO� UHVHPEOH� SUHVHQW� FRPSXWHUV� LQ� ZKLFK� D� VLPSOH� FKDQJH� WR� WKHSURJUDP LV�DEOH�WR�WUDQVIRUP�WKHP�IRU�H[DPSOH�IURP�D�W\SHZULWHU� LQWR�D�PXVLFDO� LQVWUXPHQW�DXWRPDWLF�SLORW��URDG�PDS��FDVLQR�RI�JDPHV��RU�D�PHDVXULQJ�LQVWUXPHQW�,QGHSHQGHQWO\ IURP�WKH�DSSOLFDWLRQDO�VLJQLILFDQFH�RI�WKH�2VFLOODWRU\�&KDPEHU�ZKLFK�LVRXWOLQHG DERYH��WKH�FRPSOHWLRQ�RI�WKLV�GHYLFH�ZLOO�DOVR�KDYH�HQRUPRXV�H[SORUDWRU\�PHDQLQJDQG OHDUQLQJ�FRQVHTXHQFHV��7KLV�LV�EHFDXVH�WKH�2VFLOODWRU\�&KDPEHU�LV�JRLQJ�WR�EH�WKH�ILUVW�PDJQHWLF UHVRQDWRU��EXLOG�RQ�RXU�SODQHW��7KLV�UHVRQDWRU�ZLOO�EH�FDSDEOH�RI�SURGXFLQJ�LWV�RZQPDJQHWLF RVFLOODWLRQV��YLEUDWLRQV��DV�ZHOO�DV�UHDFWLQJ�WR�RVFLOODWLRQV��YLEUDWLRQV��SURGXFHG�E\RWKHU VRXUFHV��$OWKRXJK� WKH�(DUWK
V� VFLHQFH� LV� MXVW� DW� WKH� EHJLQQLQJ� RI� OHDUQLQJ� DERXW� WKHFDSDELOLWLHV DQG�VLJQLILFDQFH�RI�PDJQHWLF�RVFLOODWLRQV��WKH�DXWKRU
V�WKHRU\�FDOOHG�WKH�&RQFHSWRI 'LSRODU� *UDYLW\� �GHVFULEHG� LQ� FKDSWHU� '�� DOUHDG\� UHDOL]HV� WKDW� WKH\� SURYLGH� D� NH\� IRUHQRUPRXVO\�ULFK YDULHW\�RI�SKHQRPHQD�VWLOO�XQNQRZQ�IRU�XV��,Q�RUGHU�WR�OLVW�KHUH�VRPH�RI�WKHVHSKHQRPHQD� WKH\� LQFOXGH� WKH� WHOHNLQHVLV� DQG� WLPH� WUDYHO� GHVFULEHG� LQ� FKDSWHUV� &� DQG� '�WHOHSDWK\ SRVWXODWHG� E\� WKH� &RQFHSW� RI� 'LSRODU� *UDYLW\�� FRQWURO� RI� SHRSOH� DQG� DQLPDOV
EHKDYLRXU DW�D�GLVWDQFH��H�J�� LQVWDQW�SDUDO\VLQJ�VRPHRQH
V�PRYHPHQWV�� LQVWDQW�K\SQRWL]LQJZLWK�D�GHYLFH��HUDVLQJ�VRPHRQH
V�PHPRU\� HWF����WUDQVIRUPDWLRQ�RI�VRPH�HOHPHQWV�LQWR�RWKHUV�H[WUDFWLRQ RI�HQYLURQPHQWDO�HQHUJ\�GHVFULEHG�LQ�PRQRJUDSK�>�@��DQG�PXFK�PRUH��7KHUHIRUH�LQ WKH� H[SORUDWRU\� DQG� OHDUQLQJ� VHQVH�� WKH�2VFLOODWRU\�&KDPEHU�ZLOO� EH� WKH� IRXQGHU� DQG� DSURWRW\SH IRU�D�ZKROH�VHULHV�RI�LQFRPLQJ�GHYLFHV�ZKLFK�DUH�WR�SURGXFH��GHWHFW��SURFHVV��DQGPHDVXUH WKH�PDJQHWLF�RVFLOODWLRQV��,Q�WKLV�ZD\�LQ�WKH�IXWXUH�LW�ZLOO�FRQWULEXWH�WR�WKH�IRUPDWLRQ
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RI WKH�ZKROH�QHZ�VFLHQWLILF�GLVFLSOLQHV�DQG�GLUHFWLRQV�RI�WHFKQRORJ\��)RU�WKH�QH[W�JHQHUDWLRQVRI VFLHQWLVWV� DQG� HQJLQHHUV� RQ� (DUWK� WKH� H[SORUDWRU\� DQG� OHDUQLQJ� VLJQLILFDQFH� RI� WKH2VFLOODWRU\ &KDPEHU� ZLOO� SUREDEO\� EH� HTXDOO\� LPSRUWDQW� DV� WKH� VLJQLILFDQFH� RI� +HQU\
VRVFLOODWRU\�FLUFXLW�ZDV�IRU�WRGD\
V�HOHFWURQLFV��F\EHUQHWLFV��DQG�FRPPXQLFDWLRQ�
)���0RQRJUDSKV�GHVFULELQJ�WKH�2VFLOODWRU\�&KDPEHU
6LQFH WKH 2VFLOODWRU\� &KDPEHU� ZDV� LQYHQWHG�� WKH� DXWKRU� KDV� SUHSDUHG�� IRUPDOO\SXEOLVKHG� DQG�GLVVHPLQDWHG�D�QXPEHU�RI�VFLHQWLILF�PRQRJUDSKV�GHYRWHG�WR�WKH�SUHVHQWDWLRQRI WKLV� GHYLFH�� 7KHVH� ZHUH� SXEOLVKHG� LQ� WKUHH� GLIIHUHQW� ODQJXDJHV� �(QJOLVK�� *HUPDQ�� DQG3ROLVK� DQG DYDLODEOH�LQ�D�IHZ�FRXQWULHV��1HZ�=HDODQG��86$��*HUPDQ\��3RODQG���7KH�PRVWLPSRUWDQW�RI�WKHVH�PRQRJUDSKV�DUH�OLVWHG�EHORZ�>�)@ �7KHRU\�RI�WKH�0DJQRFUDIW���,W�FRQWDLQHG�WKH�ILUVW�FRPSUHKHQVLYH�SUHVHQWDWLRQ�RI�WKH0DJQRFUDIW� LQFOXGLQJ� WKH� ILUVW� GHVFULSWLRQ� �RQH� FKDSWHU�� RI� WKH� 2VFLOODWRU\� &KDPEHU� HYHUSXEOLVKHG� 2QH� FKDSWHU� ZDV� DOVR� GHGLFDWHG� WR� WKH� GHVFULSWLRQ� RI� 0DJQHWLF� 3HUVRQDO3URSXOVLRQ��7KH�WUHDWLVH�>�)@�ZDV�SXEOLVKHG�LQ�WKH�IROORZLQJ�HGLWLRQV��D��)LUVW�1HZ�=HDODQG�HGLWLRQ��-DQXDU\�������,6%1����������������E��)LUVW�86$�HGLWLRQ���FR�SXEOLVKHG�LQ�86$�E\��(QHUJ\�8QOLPLWHG��32�%R[�������6WD��'�$OEXTXHUTXH��10��������-XQH�������F� )LUVW�3ROLVK�HGLWLRQ��ZULWWHQ�LQ�WKH�3ROLVK�ODQJXDJH��HQWLWOHG���7HRULD�0DJQRNUDIWX��0DUFK�������,6%1����������������G� 6HFRQG� 1HZ� =HDODQG� HGLWLRQ� �� H[WHQGHG�� ,QYHUFDUJLOO�� $XJXVW� ������ ,6%1�������������������SDJHV�DQG����LOOXVWUDWLRQV�>�)@ �7KH� 2VFLOODWRU\� &KDPEHU� �� D� EUHDNWKURXJK� LQ� WKH� SULQFLSOHV� RI�PDJQHWLF� ILHOGSURGXFWLRQ�� ,W� ZDV� LQWHQGHG� WR� SURYLGH� WKH� ILUVW� FRPSOHWH� GLVFORVXUH� RI� WKH� 2VFLOODWRU\&KDPEHU� SUHSDUHG�DV�D�SURSRVDO� WR�EH�GLVFXVVHG�DQG�HYDOXDWHG�E\�RWKHU�VFLHQWLVWV��2QHFKDSWHU ZDV�GHGLFDWHG� WR� WKH�0DJQRFUDIW��7KH� WUHDWLVH� >�)@�ZDV�SXEOLVKHG� LQ� WKH� IROORZLQJHGLWLRQV��D��)LUVW�1HZ�=HDODQG�(GLWLRQ��'HFHPEHU�������,6%1�������������;��E� )LUVW 86$�HGLWLRQ��SXEOLVKHG� LQ� WKH��(QHUJ\�8QOLPLWHG��PDJD]LQH�� ,VVXH���������SDJHV����WR�����7KLV�VSHFLDO�HGLWLRQ�RI�WKH�PDJD]LQH��SXEOLVKHG�E\��(QHUJ\�8QOLPLWHG���32�%R[������ 6WDWLRQ�'��$OEXTXHUTXH��10��������86$��UHSULQWHG�WKH�ZKROH�WUHDWLVH�RQ�WKH�2VFLOODWRU\&KDPEHU��F� )LUVW� :HVW� *HUPDQ� HGLWLRQ� �ZULWWHQ� LQ� WKH� *HUPDQ� ODQJXDJH�� HQWLWOHG�� �'LH
6FKZLQJNDPPHU
 (QHUJLH�	�$QWULHE�IXU�GDV�:HOWUDXP]HLWDOWHU���SXEOLVKHG�E\��5DXP�	�=HLW9HUODJ� 'DPPWRU����'������*HKUGHQ��:HVW�*HUPDQ\��-XQH�������,6%1������������������SDJHV��LQFOXGLQJ���LOOXVWUDWLRQV���G� 6HFRQG� 1HZ� =HDODQG� HGLWLRQ�� DXJPHQWHG�� ,QYHUFDUJLOO�� 2FWREHU� ������ ,6%1�������������� ���� SDJHV� DQG� ��� LOOXVWUDWLRQV�� 7KLV� VHFRQG� HGLWLRQ� LQFOXGHG� WKH� ILUVWSUHVHQWDWLRQ�RI�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�>�)��@ �.RPRUD� 2VF\ODF\MQD� F]\OL� PDJQHV� MDNL� Z]QLHVLH� QDV� GR� JZLD]G�� �L�H�� �7KH2VFLOODWRU\�&KDPEHU��D�PDJQHW�WKDW�ZLOO�FDUU\�XV�WR�VWDUV����'XQHGLQ��1HZ�=HDODQG��������,6%1������������;������SDJHV��LQFOXGLQJ���WDEOHV�����LOOXVWUDWLRQV��DQG���HQFORVXUH��7KH ODWHVW�WUHDWLVH�>�)��@��ZULWWHQ�LQ�WKH�3ROLVK�ODQJXDJH��ZDV�LQWHQGHG�WR�SURYLGH�WKHPRVW FRPSUHKHQVLYH�DQG�XS�WR�GDWH�GHVFULSWLRQ�RI� WKH�2VFLOODWRU\�&KDPEHU��VXSSOHPHQWHG
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ZLWK�WKH�VXPPDU\�RI�WR�GDWH�UHVHDUFK�RQ�WKH�FRPSOHWLRQ�RI�WKLV�GHYLFH��,W�SURYLGHG�WKH�EOXHSULQWIRU�IRUPXODWLQJ�WKLV�WUHDWLVH�>�)@ �7KH� 0DJQRFUDIW�� D� VDXFHU�VKDSHG� VSDFH� YHKLFOH� SURSHOOHG� E\� D� SXOVDWLQJPDJQHWLF ILHOG���7UHDWLVH��,QYHUFDUJLOO��1HZ�=HDODQG��6HSWHPEHU�������,6%1�������������������SDJHV�>�)@ �$GYDQFHG� 0DJQHWLF� 3URSXOVLRQ� 6\VWHPV��� 7UHDWLVH�� 'XQHGLQ�� 1HZ� =HDODQG�2FWREHU�������,6%1��������������������SDJHV��LQFOXGLQJ���WDEOHV�DQG�����LOOXVWUDWLRQV��7KLV WUHDWLVH�>�)@�UHSUHVHQWV�DQ�XSGDWHG�DQG�H[WHQGHG�YHUVLRQ�RI�WKH�WUHDWLVH�>�)@��,W�LVFRPSRVHG RI�WKUHH�SDUWV������WKH�SKLORVRSKLFDO�IRXQGDWLRQV��LQFOXGLQJ�WKH�&RQFHSW�RI�'LSRODU*UDYLW\� ���� 7KHRU\� RI� WKH�0DJQRFUDIW� �LQFOXGLQJ� WKLV� FKDSWHU� )� GHYRWHG� WR� WKH�2VFLOODWRU\&KDPEHU�� DQG�����WKH�WKHRUHWLFDO�YDOLGDWLRQ�RI�WKHRULHV�DQG�GHYLFHV�SURSRVHG�LQ�SDUWV���	���>�)@ �7KH 1HZ�=HDODQG�H[SORVLRQ�RI������$�'��ZKLFK�WLOWHG�WKH�HDUWK���'XQHGLQ��1HZ=HDODQG� ������,6%1����������������D�SULYDWH�HGLWLRQ�E\�WKH�DXWKRU������SDJHV��LQFOXGLQJ���LOOXVWUDWLRQV�� ,W�SUHVHQWV�WKH�DXWKRU
V�ILQGLQJV�DERXW�D�FUDWHU� IRUPHG�ZKHQ�D�VWDFN�RI�VHYHQ0DJQRFUDIW�OLNH�YHKLFOHV�H[SORGHG�QHDU�7DSDQXL��1HZ�=HDODQG�>�)@ �7KH�PDJQHWLF�H[WUDFWLRQ�RI�HQHUJ\�IURP�WKH�HQYLURQPHQW���'XQHGLQ��1HZ�=HDODQG������ ,6%1� ��������������� ��� SDJHV� �LQFOXGLQJ� ��� LOOXVWUDWLRQV��� D� SULYDWH� HGLWLRQ� E\� WKHDXWKRU� ,W� GHVFULEHV� HQHUJ\� SURGXFLQJ� GHYLFHV� WKDW� XWLOL]H� WKH� �7HOHNLQHWLF�(IIHFW�� UHOHDVHGWKURXJK�DFFHOHUDWLRQ�RU�GHFHOHUDWLRQ�RI�PDJQHWLF�ILHOGV�0RQRJUDSKV�>�)@�DQG�>�)@�VXPPDUL]H�EULHIO\�WKH�XVH�RI�2VFLOODWRU\�&KDPEHU�EXW�GR�QRWSURYLGH�DQ\�H[WHQVLYH�GHVFULSWLRQ�RI�WKH�RSHUDWLRQ�RU�GHVLJQ�RI�WKLV�GHYLFH�
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)����6\PEROV��QRWDWLRQ��DQG�XQLWV�XVHG�LQ�WKLV�FKDSWHU
������������������������������������������V\PEROV ��H[SODQDWLRQ���������������������������������>XQLWV@�����������������������������������������D���VLGH�GLPHQVLRQ�RI�D�FXEH��������������������������>PHWUH@$���DUHD����������������������������������������������>VTXDUH�PHWUH@ý���FRPSUHVVLRQ�IRUFH���������������������������������>1HZWRQ@&���FDSDFLWDQFH���������������������������������������>)DUDG@(���QDPH�RI�DQ�HOHFWURGH������������������������������>�@I���IUHTXHQF\�RI�SXOVDWLRQV���������������������������>��VHFRQG@)���PDJQHWLF�IOX[�������������������������������������>:HEHU@)R��FRQVWDQW�FRPSRQHQW�RI�D�PDJQHWLF�IOX[�������������>:HEHU@L���HOHFWULF�FXUUHQW����������������������������������>$PSHUH@O���VSDFLQJ�RU�OHQJWK���������������������������������>PHWHU@/���LQGXFWDQFH����������������������������������������>+HQU\@P���PDJQHWLF�D[LV�������������������������������������>�@0���PDJQHWLF�IRUFH�DFWLQJ�RQ�D�FXUUHQW����������������>1HZWRQ@Q���QXPEHU�RI�WXUQV�RI�D�FRLO�SHU�XQLW�RI�OHQJWK������>�@S���QXPEHU�RI�VHJPHQWV�LQ�DQ�HOHFWURGH����������������>�@3���SODWH��HOHFWURGH����������������������������������>�@T���HOHFWULF�FKDUJH�����������������������������������>&RXORPE@5���UHVLVWDQFH����������������������������������������>2KP@V���VSDUNV
�PRWLYLW\�IDFWRU���������������������������>�@6���JHQHUDO�QDPH�IRU�D�VSDUN��������������������������>�@W���WLPH����������������������������������������������>VHFRQG@7���SHULRG�RI�SXOVDWLRQ�������������������������������>VHFRQG@� ��WHQVLRQ�IRUFH�������������������������������������>1HZWRQ@8���EUHDNGRZQ�GLIIHUHQFH�RI�SRWHQWLDO�LQ�WKH�FKDPEHU��>9ROW@�)��DPSOLWXGH�RI�PDJQHWLF�IOX[�SXOVDWLRQV�������������>:HEHU@� ��GLHOHFWULF�FRQVWDQW�IRU�D�JDV�ILOOLQJ�WKH�FKDPEHU�>)DUDG�PHWUH@����PDJQHWLF�SHUPHDELOLW\�RI�D�GLHOHFWULF�������������>+HQU\�PHWUH@6 ��UHVLVWLYLW\�RI�D�GLHOHFWULF�JDV�ZLWKLQ�WKH�FKDPEHUGHWHUPLQHG�DW�WKH�PRPHQW�RI�HOHFWULF�EUHDNGRZQ����>2KPÂPHWUH@
6XIIL[HV DVVLJQHG�WR�HOHFWURGHV�DQG�RWKHU�V\PEROV�

%���5HIHUV�WR�D�EDFN��HOHFWURGH�)���5HIHUV�WR�D�IURQW�HOHFWURGH�/���5HIHUV�WR�D�OHIW��HOHFWURGH�5���5HIHUV�WR�D�ULJKW�HOHFWURGH�1���5HIHUV�WR�D�QRUWK�PDJQHWLF�SROH6���5HIHUV�WR�D�VRXWK�PDJQHWLF�SROH,���5HIHUV�WR�DQ�LQQHU�2VFLOODWRU\�&KDPEHU2���5HIHUV�WR�DQ�RXWHU�2VFLOODWRU\�&KDPEHU&���5HIHUV�WR�D�FLUFXODWLQJ�IOX[�RI�D�WZLQ�FKDPEHU�FDSVXOH
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5���5HIHUV�WR�D�UHVXOWDQW���IOX[�RI�D�WZLQ�FKDPEHU�FDSVXOH
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)LJ� )���7KH�HYROXWLRQ�RI�WKH�2VFLOODWRU\�&KDPEHU��7KUHH�SDUWV�RI�WKLV�GLDJUDP�VKRZ�WKHJUDGXDO WUDQVIRUPDWLRQ� RI� D� +HQU\
V� RVFLOODWRU\� FLUFXLW� ZLWK� D� VSDUN� JDS� LQWR� DQ�2VFLOODWRU\&KDPEHU��D��7KH�FRQYHQWLRQDO�IRUP�RI�DQ�RVFLOODWRU\�FLUFXLW�ZLWK�D�VSDUN�JDS��DV�LW�ZDV�GLVFRYHUHGE\ -��+HQU\�LQ ������,WV�WKUHH�YLWDO�HOHPHQWV��L�H��FDSDFLWDQFH��&����LQGXFWDQFH��/��DQG�VSDUNJDS �(��� DUH� SURYLGHG� E\� WKUHH� VHSDUDWH� GHYLFHV�� L�H��� D� FDSDFLWRU�� D� FRLO�� DQG� D� SDLU� RIHOHFWURGHV��E� 7KH� PRGLILHG� YHUVLRQ� RI� WKH� RVFLOODWRU\� FLUFXLW� ZLWK� D� VSDUN� JDS�� $OO� WKUHH� YLWDOHOHPHQWV�DUH�FRQFHQWUDWHG�LQ�RQH�GHYLFH��L�H��D�FRXSOH�RI�FRQGXFWLYH�HOHFWURGHV��3 ��DQG��3 �) %MRLQHG�WR�WKH�LQQHU�VXUIDFHV�RI�WKH�WZR�RSSRVLWH�ZDOOV�RI�D�FXELFDO�FKDPEHU�PDGH�RI�DQ�HOHFWULFLQVXODWRU��%RWK�HOHFWURGHV��3 ��DQG��3 ��LQ�WXUQ�DUH�VXEGLYLGHG�LQWR�VHYHUDO�VHSDUDWH�VHJPHQWV) %��� ��������S���,Q�WKH�UHDO�FKDPEHUV�WKHVH�VHJPHQWV�ZLOO�EH�UHGXFHG�WR�WKLQ�FRQGXFWLYH�QHHGOHVLQVXODWHG�IURP�HDFK�RWKHU��7KH�VLGH�GLPHQVLRQ�RI�WKH�FXEH�LV�PDUNHG�E\��D���F� 7KH�2VFLOODWRU\�&KDPEHU� IRUPHG�E\� FRPELQLQJ� WRJHWKHU� WZR�PRGLILHG� RVFLOODWRU\FLUFXLWV �&���DQG��&���LGHQWLFDO�WR�WKDW�SUHVHQWHG�LQ�SDUW��E��RI�WKLV�GLDJUDP��7KH�FRQVHFXWLYHDSSHDUDQFH�RI�VSDUNV�ODEHOOHG�DV��6 ����6 ����6 ����6 ��RVFLOODWLQJ�DORQJ�WKH�VXUIDFH�RI�WKH5�/ )�% /�5 %�)OHIW�VLGH ZDOOV� FUHDWHV� D� NLQG� RI� HOHFWULF� DUF� FLUFXODWLQJ� DURXQG� WKH� LQQHU� SHULPHWHU� RI� WKLVFKDPEHU�DQG�SURGXFLQJ�D�VWURQJ�PDJQHWLF�ILHOG�



)LJ� )���7KH�DVVXPHG�DSSHDUDQFH�RI�WKH�2VFLOODWRU\�&KDPEHU ��VHH�DOVR�)LJXUH�/���,W�ZLOOORRN OLNH� D� SODLQ� JODVV� FXEH� RU� D� UHJXODU� FU\VWDO�� 6WUHDNV� RI� EULJKW� VKLPPHULQJ� VSDUNV� RIJROGHQ FRORXU�ZLOO�UXQ�KRUL]RQWDOO\�DURXQG�WKH�LQQHU�VXUIDFHV�RI�LW
V�VLGH�ZDOOV��7KHVH�VSDUNVZLOO ORRN�DV LI�IUR]HQ�LQ�WKHLU�SRVLWLRQV��DOWKRXJK�IURP�WLPH�WR�WLPH�WKH\�ZLOO�UDSLGO\�PRYH�WKHLUSORWV OLNH�D�NQRW�RI�VQDNHV�ZULWKLQJ�DURXQG�WKHLU�SUH\��7KHUHIRUH�WKH�RSHUDWLRQDO�FKDPEHU�ZLOOJLYH�DQ�LPSUHVVLRQ�RI�D�OLYLQJ�FUHDWXUH�SUHRFFXSLHG�ZLWK�VRPH�P\VWHULRXV�DFWLYLW\��7KH�EURNHQOLQHV LQGLFDWH� WKH� FROXPQ�RI� SURGXFHG�PDJQHWLF� ILHOG�GLVWULEXWHG�DORQJ� WKH� �P��D[LV��:KHQYLHZHG IURP�WKH�GLUHFWLRQ�SHUSHQGLFXODU�WR�WKH�PDJQHWLF�ILHOG�IRUFH�OLQHV��L�H��H[DFWO\�DV�LW�LVLOOXVWUDWHG LQ�WKH�DERYH�GLDJUDP��WKLV�FROXPQ�ZLOO�WUDS�WKH�OLJKW�DQG�WKXV�LW�VKRXOG�EH�VHHQ�E\WKH QDNHG� H\H� DV� D� EODFN� EDU� H[WHQGLQJ� LQ� ERWK� GLUHFWLRQV� IURP� WKH� FKDPEHU� �� VHH� WKHGHVFULSWLRQ�RI�VXFK�EDUV�SUHVHQWHG�LQ�VXEVHFWLRQ�*�����$OVR�WKLV�ILHOG�VKRXOG�FDXVH�WKH�LQVLGHRI WKH�FKDPEHU�WR�EH�QRQ�WUDQVSDUHQW��7KHUHIRUH�WKH�FKDPEHU�VKRXOG�ORRN�DV�LI�LW�LV�ILOOHG�ZLWKEODFN�VPRNH��,I�YLHZHG�DORQJ�WKH�PDJQHWLF�ILHOG�IRUFH�OLQHV��WKH�SDVVDJH�WKURXJK�WKH�FKDPEHUVKRXOG�EH�WUDQVSDUHQW��H[FHSW�IRU�WKH�FDVHV�SUHVHQWHG�LQ�)LJXUH�)��



)LJ� )���7KH�PXWXDO�QHXWUDOL]DWLRQ�RI�WKH�HOHFWUR�PDJQHWLF�IRUFHV DFWLQJ�LQ�WKH�2VFLOODWRU\&KDPEHU� 7KH�PHFKDQLVP�RI� WKLV�QHXWUDOL]DWLRQ�XWLOL]HV�&RXORPE
V�HOHFWURVWDWLF� IRUFHV�DQGWKH GHIOHFWLQJ�HOHFWURPDJQHWLF�IRUFHV�VLPXOWDQHRXVO\�WHQVLQJ�DQG�FRPSUHVVLQJ�WKH�FKDPEHULQ�WZR�RSSRVLWH�GLUHFWLRQV��WKXV�FDQFHOOLQJ�HDFK�RWKHU
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7KH �0DJQRFUDIW��LV�WKH�QDPH�JLYHQ�WR�D�FRPSOHWHO\�QHZ�W\SH�RI�VSDFH�YHKLFOH��LQYHQWHGE\�WKH�DXWKRU���ZKLFK�LV�SURSHOOHG�E\�D�SXOVDWLQJ�PDJQHWLF�ILHOG��7KH�PDLQ�JRDO�WR�EH�DFKLHYHGWKURXJK WKH LQYHQWLRQ�RI�WKLV�YHKLFOH�LV�WR�REWDLQ�VXFK�D�GHVLJQ�IRU�DQ�LQWHUVWHOODU�VSDFHVKLSWKDW ZRXOG�PDNH� LW� SRVVLEOH� IRU� LW� WR� EH� FRPSOHWHG� E\� D� VPDOO� FRXQWU\�� RU� HYHQ�E\� D� ODUJHLQGXVWULDO FRUSRUDWLRQ�� +RZ� FORVH� ZH� DUH� WR� DFKLHYLQJ� WKLV� JRDO� LV� GHPRQVWUDWHG� LQ� WKHDQDO\VLV�RI�WKH�DWWULEXWHV�RI�WKH�0DJQRFUDIW�OLVWHG�EHORZ�����1RW�D�VLQJOH�PRYLQJ�SDUW�LV�QHFHVVDU\��HLWKHU�IRU�WKH�IOLJKW�RU�WKH�PDQRHXYULQJ�RI�WKLVVSDFHFUDIW� �7KHRUHWLFDOO\� VSHDNLQJ�� WKH� ZKROH� 0DJQRFUDIW� FDQ� EH� SURGXFHG� OLNH� D� SODVWLFEDOORRQ� L�H�� IURP� RQO\� RQH� SDUW�� ,Q� FRPSDULVRQ�� WKH� QHZ� %RHLQJ� ���� �� ���� �-XPER� -HW�FRQVWUXFWHG LQ� ����� FRQWDLQV� DERXW� IRXU� PLOOLRQ� LQGLYLGXDO� SDUWV��� 6RPH� YHUVLRQV� RI� WKH0DJQRFUDIW �XVXDOO\�PLQLDWXUH��FRPSXWHU�RSHUDWHG�SUREHV��ZLOO�LQ�IDFW�EH�EXLOW�GHYRLG�RI�HYHQD�VLQJOH�PRYLQJ�SDUW��DQG�DW�WKH�VDPH�WLPH�ZLOO�SHUIRUP�DOO�WKHLU�UHTXLUHG�IXQFWLRQV�H[FHOOHQWO\�,Q WKH�FDVH�RI� ODUJH��PDQ�RSHUDWHG�YHUVLRQV��PRYLQJ�SDUWV��VXFK�DV�GRRUV��ZLOO�EH� LQFOXGHGRQO\ IRU� WKH� FRQYHQLHQFH� RI� WKH� FUHZ�� +RZ� LPSRUWDQW� D� WHFKQRORJLFDO� EUHDN�WKURXJK� WKLVDWWULEXWH RI� WKH�0DJQRFUDIW� LV�FDQ�EH� UHDOL]HG�ZKHQ�ZH� WKLQN�RI� WKH�SURGXFWLRQ�RI�DOO� WKHVHPLOOLRQV RI� FRRSHUDWLQJ� SDUWV� FRQWDLQHG� LQ� VSDFH� YHKLFOHV� WR� GDWH�� DQG� FRQVLGHU� WKHFRQVHTXHQFHV�RI�WKH�IDLOXUH�WR�PRYH�DQ\�RI�WKHVH�SDUWV�VRPHZKHUH�LQ�VSDFH���� 7KH� HQHUJ\� UHVRXUFHV� ZLWKLQ� WKH� 0DJQRFUDIW� DUH� VHOI�UHFKDUJHDEOH�� :KHQ� WKLVVSDFHVKLS DFFHOHUDWHV� LW� FRQVXPHV� WKH�HQHUJ\�FRQWDLQHG� LQ� LWV�PDJQHWLF� ILHOG�� EXW�ZKHQ� LWGHFHOHUDWHV�WKH�HQHUJ\�LV�UHWXUQHG�EDFN�WR�WKH�ILHOG��7KH�SULQFLSOHV�RI�VXFK�VHOI�UHFKDUJLQJ�DUHWKH VDPH DV�WKRVH�LQYROYHG�LQ�WKH�UHWXUQ�RI�HOHFWULFLW\�WR�WKH�DHULDO�RYHUKHDG�SRZHUOLQH�E\�DQHOHFWULF WUDLQ� GHFHOHUDWLQJ� LWV� VSHHG�E\� WXUQLQJ� LWV�PRWRUV� LQWR� JHQHUDWRUV��7KHUHIRUH�� LI� WKH0DJQRFUDIW UHWXUQV� IURP�D� URXQG� WULS� LQ� IUHH� VSDFH� �ZKHUH� WKH� IOLJKW� GRHV� QRW� LQYROYH� DQ\IULFWLRQ� LWV�HQHUJ\�UHVRXUFHV�ZLOO�EH�WKH�VDPH�DV�WKH\�ZHUH�DW�WKH�PRPHQW�RI�WKH�VWDUW�RI�WKHYR\DJH� ,Q� HIIHFW��PDJQHWLF� SURSXOVLRQ�ZLOO� DOORZ� WKLV� YHKLFOH� WR� WUDYHO� XQOLPLWHG� GLVWDQFHV�EHFDXVH���FRQWUDU\ WR�RXU�URFNHWV���LWV�PDWHULDO�DQG�HQHUJ\�UHVRXUFHV�ZLOO�QHYHU�EH�H[KDXVWHG�7KH�VHOI�UHFKDUJHDELOLW\�RI�WKH�0DJQRFUDIW�PHDQV�WKDW�DOO�FRXQWULHV�ZKLFK�GRQ
W�KDYH�WKHLU�RZQHQHUJ\ UHVRXUFHV� RU� ZKRVH� HQHUJ\� UHVRXUFHV� DUH� FORVH� WR� H[KDXVWLRQ� VKRXOG� EH� YLWDOO\LQWHUHVWHG�LQ�REWDLQLQJ�DFFHVV�WR�WKLV�YHKLFOH�����7KH�VSHFLILFDWLRQV�IRU�WKLV�VSDFHFUDIW�DUH�DW�VXFK�DQ�DGYDQFHG�OHYHO�WKDW�LW�FDQ�QRW�EHFRPSDUHG ZLWK�DQ\�RWKHU�GHYLFH�WKDW�KDV�EHHQ�EXLOW�WR�GDWH��)RU�H[DPSOH��WKH�0DJQRFUDIW�LVDEOH�WR�SURGXFH��D��$�URWDWLQJ��SODVPD�VDZ��ZKLFK�LV�REWDLQHG�IURP�WKH�VXUURXQGLQJ�PHGLXP�E\�LRQL]LQJDQG VZLUOLQJ�LW�ZLWK�WKH�YHKLFOH
V�SRZHUIXO��PDJQHWLF�ZKLUO���7KLV�SODVPD�VDZ�PDNHV�SRVVLEOHIOLJKWV WKURXJK�VROLG�PDWWHU��H�J��URFNV��EXLOGLQJV��EXQNHUV���$Q�HIIHFW�RI�VXFK�IOLJKWV�WKURXJKVROLG�PDWWHU�LV�WKH�IRUPDWLRQ�RI�JODVV\�WXQQHOV��E� $� ORFDO� �YDFXXP� EXEEOH�� VXUURXQGLQJ� WKH� VXUIDFH� RI� WKH� YHKLFOH�� 7KLV� EXEEOH� LVIRUPHG E\�WKH�FHQWULIXJDO�IRUFHV�WKDW�DFW�RQ�HDFK�SDUWLFOH�RI�D�VZLUOHG�HQYLURQPHQWDO�PHGLXP�,W LVRODWHV�WKH�YHKLFOH
V�VKHOO�IURP�WKH�DFWLRQ�RI�D�KRW�HQYLURQPHQWDO�PHGLXP��PDNLQJ�SRVVLEOHQRLVHOHVV IOLJKWV� ZLWKLQ� WKH� PHOWHG� URFNV� DQG� EOD]LQJ� JDVHV�� DQG� DOVR� IOLJKWV� LQ� WKHDWPRVSKHUH DW�VSHHGV�H[FHHGLQJ�WKH�KHDW�EDUULHU��7KH�YDFXXP�EXEEOH�DOORZV�WKLV�VSDFHVKLSWR�DFKLHYH�D�VSHHG�RI�DSSUR[LPDWHO\��������NP�SHU�KRXU�LQ�WKH�DWPRVSKHUH��SOXV�IOLJKWV�FORVH
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WR�WKH�VSHHG�RI�OLJKW�LQ�IUHH�VSDFH���F��$Q��LQGXFWLYH�VKLHOG��IRUPHG�IURP�WKH�YHKLFOH
V�VSLQQLQJ�PDJQHWLF�ILHOG��7KH�LQGXFWLYHSRZHU RI�WKLV�VKLHOG�LV�VXIILFLHQW�WR�FKDQJH�HYHU\�SLHFH�RI�PHWDO�IRXQG�LQ�WKH�UDQJH�RI�WKH�ILHOGLQWR�DQ�H[SORVLYH�PDWHULDO�DQG�EODVW�LW�WR�SLHFHV��G� $�NLQG�RI��PDJQHWLF�IUDPHZRUN��FUHDWHG�IURP�WKH�V\VWHP�RI�UHFLSURFDOO\�EDODQFHGPDJQHWLF�IRUFHV�SURGXFHG�E\�WKH�YHKLFOH
V�SURSXOVRUV��7KLV�LQYLVLEOH�IUDPHZRUN�UHLQIRUFHV�WKHSK\VLFDO VWUXFWXUH�RI�WKH�YHKLFOH��,W�SRVVHVVHV�WKH�DELOLW\�WR�ZLWKVWDQG�DQ\�KLJK�HQYLURQPHQWDOSUHVVXUH ��QRW�RQO\�WKDW�ZKLFK�SUHYDLOV�RQ�WKH�ERWWRP�RI�RFHDQLF�WUHQFKHV��EXW�DOVR�WKDW�ZKLFKH[LVWV�DW�WKH�FHQWUH�RI�WKH�(DUWK�DQG�SUREDEO\�HYHQ�LQ�VWDU�QXFOHL��H��$�NLQG�RI��PDJQHWLF�OHQV��WKDW�PDNHV�WKLV�YHKLFOH�LQYLVLEOH�WR�UDGDU�DQG�WR�WKH�QDNHGH\H� 7KLV� OHQV� LV� IRUPHG� WKURXJK� WKH�VDWXUDWLRQ�RI�VSDFH�ZLWK�PDJQHWLF�HQHUJ\� WR�VXFK�DQH[WHQW WKDW� LW� LV� HTXLYDOHQW� WR� D� ORFDO� LQFUHDVH� RI� PDVV� GHQVLW\� �DFFRUGLQJ� WR� UHODWLYLVWLFHTXLYDOHQFH RI� HQHUJ\� DQG�PDVV��� ,Q� WXUQ� WKH� KLJKHU� GHQVLW\� RI�PDVV� FKDQJHV� WKH� RSWLFDOSURSHUWLHV�RI�WKH�VSDFH�VXUURXQGLQJ�WKH�0DJQRFUDIW��VKDSLQJ�LW�LQWR�D�W\SH�RI�OHQV��I��&RPSOHWHO\�QRLVHOHVV�IOLJKWV�6XFK VSHFLILFDWLRQV�ZLOO�DOORZ�WKH�0DJQRFUDIW�WR�FDUU\�SHRSOH�WR�WKH�VWDUV��EXW�DOVR�PD\�WXUQWKLV VSDFHFUDIW� LQWR� WKH�PRVW� SRZHUIXO�ZHDSRQ� HYHU� WR� EH� DW� RXU� GLVSRVDO�� 7KHUHIRUH�� LW� LVSUREDEO\ RQO\� D� PDWWHU� RI� WLPH� EHIRUH� D� FRXQWU\� RU� D� FRUSRUDWLRQ� ZLOOLQJ� WR� LQYHVW� LQ� WKHGHYHORSPHQW�RI�WKLV�H[WUDRUGLQDU\�YHKLFOH�ZLOO�EH�IRXQG��7KHUH�DUH�WZR�IXUWKHU�DWWULEXWHV�RI�WKH�0DJQRFUDIW�ZKLFK�LQWURGXFH�DQ�REYLRXV GLIIHUHQFHEHWZHHQ WKH�WKHRU\�RI�WKLV�VSDFHFUDIW�DQG�RWKHU�DOUHDG\�H[LVWLQJ�VSHFXODWLRQV�FRQFHUQLQJ�WKHIXWXUH�RI�LQWHUVWHOODU�WUDYHO��7KH\�DUH����,Q�D�WKHRUHWLFDO�ZD\��VROXWLRQV�WR DOO�WKH�PDLQ�SUREOHPV�WKDW�KROG�EDFN�WKH�FRPSOHWLRQRI WKLV�VSDFHFUDIW�KDYH�EHHQ�IRXQG�DQG�ZRUNHG�RXW��7KHUHIRUH�LWV�WHFKQLFDO�UHDOL]DWLRQ�FDQ�EHLQLWLDWHG ZLWKRXW�GHOD\��7KLV�PHDQV�WKDW� LQ�WKH�HYHQW�RI�ILQGLQJ�DQ�DXWKRULWDWLYH�VSRQVRU�DQGUHFHLYLQJ DSSURSULDWH�VXSSRUW�IRU�UHVHDUFK�� WKH�ILUVW�IO\LQJ�SURWRW\SH�RI� WKLV�YHKLFOH�FRXOG�EHVHHQ�LQ�RXU�VNLHV�HYHQ�EHIRUH�WKH�HQG�RI�WKH�QH[W�GHFDGH��� $OO� WKH SULQFLSOHV�DQG�SKHQRPHQD�DSSOLHG� LQ� WKH�RSHUDWLRQ�RI� WKH�0DJQRFUDIW� DUHEDVHG�RQ�RXU�FXUUHQW�OHYHO�RI�NQRZOHGJH��DQG�QR�SDUW�RI�WKH�WKHRU\�RI�WKLV�VSDFHFUDIW���LQFOXGLQJWKH GHYLFH�FDOOHG�DQ��2VFLOODWRU\�&KDPEHU��ZKLFK�WKH�YHKLFOH�XVHV�DV�LWV��HQJLQH����UHTXLUHVWKH�GLVFRYHU\�RI�DQ\�QHZ�WHQHW�RI�SK\VLFV�RU�QHZ�SKHQRPHQRQ�$OO WKH�DERYH�DWWULEXWHV�WDNHQ�WRJHWKHU�PDNH�WKH�0DJQRFUDIW�RQH�RI�WKH�PRVW�DWWUDFWLYHHQGHDYRXUV�RI�RXU�FHQWXU\�
*���7KH�PDJQHWLF�SURSXOVRU
,Q VXEVHFWLRQ� %�� �SURSXOVRU�� ZDV� GHILQHG� DV� D� GHYLFH� WKDW� SURGXFHV� DQ� DEVROXWHPRWLRQ RI�D�YHKLFOH�LQ�LWV�HQYLURQPHQW��([DPSOHV�RI�SURSXOVRUV�XVHG�LQ�FRQYHQWLRQDO�YHKLFOHVLQFOXGHG D�EDOORRQ��DQ�DHURSODQH�SURSHOOHU�DQG�D�URFNHW�RXWOHW��$�W\SH�RI�SURSXOVRU�PXVW�DOVREH�XVHG�LQ�WKH�0DJQRFUDIW�WR�SURGXFH�LWV�PRWLRQ��2I�FRXUVH��WKLV�DGYDQFHG�YHKLFOH�FDQ�QRW�EHSURSHOOHG E\�DQ\�RI�RXU�FRQYHQWLRQDO�GHYLFHV��DQG�LW�UHTXLUHV�WKH�GHYHORSPHQW�RI�DQ�HQWLUHO\QHZ�W\SH�RI�SURSXOVRU�ZKLFK�LV�FDOOHG�KHUH�D�PDJQHWLF�SURSXOVRU��7KLV�VXEVHFWLRQ�GHWDLOV�ZKDWD�PDJQHWLF�SURSXOVRU�LV�DQG�KRZ�LW�ZRUNV��2SHUDWLRQ RI�WKH�PDJQHWLF�SURSXOVRU�LV�EDVHG�RQ�D�ZHOO�NQRZQ�HPSLULFDO�REVHUYDWLRQWKDW HYHU\�WZR�PDJQHWV�RI�VLPLODU�PDJQHWLF�VL]H�PXVW�PXWXDOO\�UHSHO�WKHPVHOYHV�LI�WKH\�DUHDSSURSULDWHO\ RULHQWDWHG�WRZDUGV�HDFK�RWKHU��7KXV��ZKHQ�RQH�RI�WKHVH�PDJQHWV�LV�(DUWK�DQG
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WKH RWKHU LV�WKH�PDJQHWLF�SURSXOVRU�LWVHOI��D�VXLWDEOH�UHSXOVLYH�IRUFH�PXVW�EH�SURGXFHG�LI�WKHLUPDJQHWLF�VL]HV�DUH�FRPSDUDEOH��7KH�PDJQHWLF�VL]H�RI�HYHU\�PDJQHW�LV�GHILQHG�E\�LWV�VR�FDOOHG�HIIHFWLYH�OHQJWK���L�H��D�OHQJWK�RI�VSDFH�LQ�ZKLFK�LWV�PDJQHWLF�ILHOG�SUHYDLOV���7KHUHIRUH��LQ�RUGHUWR UHSHO�LWVHOI�IURP�WKH�(DUWK
V�PDJQHWLF�ILHOG��WKH�PDJQHWLF�SURSXOVRU�PXVW�KDYH�LWV�HIIHFWLYHOHQJWK�FRPSDUDEOH�WR�WKH�GLDPHWHU�RI�RXU�SODQHW��7KH�HIIHFWLYH�OHQJWK�RI�D�PDJQHWLF�SURSXOVRUGHSHQGV�LQ�WXUQ�RQ�WKH�YDOXH�RI�IOX[�WKDW�LW�JHQHUDWHV���7R�LOOXVWUDWH�WKLV�GHSHQGHQFH��PDJQHWLFIOX[ FDQ� EH� FRPSDUHG� WR� WKH� JDV� SXPSHG� LQWR� D� UXEEHU� EDOORRQ�� L�H�� WKH�PRUH�JDV� WKDW� LVSXPSHG��WKH�JUHDWHU�WKH�YROXPH�RI�VSDFH�WKH�EDOORRQ�VWUHWFKHV�LQWR���,I�WKLV�IOX[�LV�JUHDWHU�WKDQWKH VR�FDOOHG��VWDUWLQJ�IOX[���WKH�PDJQHWLF�VL]H�RI�WKH�SURSXOVRU�EHFRPHV�FRPSDUDEOH�WR�WKHVL]H�RI�WKH�(DUWK��(VWDEOLVKLQJ WKH� DERYH� HQDEOHV� XV� WR� GHILQH� D� PDJQHWLF� SURSXOVRU�� 7KLV� GHILQLWLRQVWDWHV��$ PDJQHWLF�SURSXOVRU LV�DQ\�LQGHSHQGHQW�VRXUFH�RI�FRQWUROOHG�PDJQHWLF�ILHOG�ZKLFKLV�DEOH�WR�JHQHUDWH�D�IOX[�LQ�H[FHVV�RI�WKH�VWDUWLQJ�IOX[��,Q�WKLV�GHILQLWLRQ�WKH�VWDUWLQJ�IOX[�LV�WKH�IOX[�QHHGHG�WR�OLIW�D�SURSXOVRU�DV�D�UHVXOW�RI�LWV�UHSXOVLYHLQWHUDFWLRQ ZLWK�WKH�(DUWK
V�PDJQHWLF�ILHOG��D�PRUH�GHWDLOHG�H[SODQDWLRQ�RI�WKH�VWDUWLQJ�IOX[�LVFRQWDLQHG LQ�VXEVHFWLRQ�*������:KHQ�WKH�SURSXOVRU
V�RXWSXW�H[FHHGV�WKH�YDOXH�RI�WKH�VWDUWLQJIOX[��LW�LV�DEOH�WR�UHSHO�LWVHOI�IURP�WKH�(DUWK
V�PDJQHWLF�ILHOG��,Q�WKLV�ZD\�LW�SURGXFHV�D�OLIWLQJ�IRUFHVXIILFLHQW�WR�FDUU\�LWV�RZQ�PDVV�DQG�WKH�ERG\�RI�D�YHKLFOH�DWWDFKHG�WR�LW��%HFDXVH�RI�WKLV�OLIWLQJFDSDELOLW\��PDJQHWLF�SURSXOVRUV�FDQ�EH�XVHG�WR�SURSHO�VSDFH�YHKLFOHV�,Q RUGHU�WR�DFKLHYH�WKH�UHSXOVLYH�RULHQWDWLRQ�RI�D�PDJQHWLF�SURSXOVRU�LQ�UHODWLRQ�WR�WKHHQYLURQPHQWDO�PDJQHWLF�ILHOG��WKH�IROORZLQJ�WZR�FRQGLWLRQV�PXVW�EH�PHW���� ,GHQWLFDO� PDJQHWLF� SROHV� DUH� WR� EH� SRLQWHG� WRZDUGV� HDFK� RWKHU� �L�H�� 1� RI� WKHSURSXOVRU�WRZDUGV�WKH�1�RI�WKH�HQYLURQPHQWDO�PDJQHWLF�ILHOG��ZKHUHDV�6�WR�6������7KH�PDJQHWLF�D[LV�RI�WKH�SURSXOVRU�LV�WR�EH�WDQJHQWLDO�WR�WKH�ORFDO�FRXUVH�RI�WKH�IRUFHOLQHV�RI�WKH�HQYLURQPHQWDO�PDJQHWLF�ILHOG�1RWH WKDW�RQ�WKH�(DUWK
V�QRUWK�PDJQHWLF�SROH�WKLV�UHSXOVLYH�RULHQWDWLRQ�FDQ�EH�REWDLQHGZKHQ WKH QRUWK� SROH� RI� WKH� SURSXOVRU� LV� SRLQWHG� GRZQZDUGV�� :KHQ� DERYH� WKH� PDJQHWLFHTXDWRU� WKH� PDJQHWLF� D[LV� RI� WKH� SURSXOVRU� VKRXOG� EH� KRUL]RQWDO� DQG� LWV� PDJQHWLF� SRODURULHQWDWLRQ�WKH�VDPH�DV�(DUWK
V��VHH�)LJXUH�%����7KHUH�DUH�WZR�PDMRU�SURSHUWLHV�WKDW�HYHU\�PDJQHWLF�SURSXOVRU�PXVW�GLVSOD\��7KHVH�DUH��D� ,WV PDJQHWLF�RXWSXW�H[FHHGV�WKH�YDOXH�UHTXLUHG�IRU�SURGXFLQJ�VXIILFLHQWO\�SRZHUIXOWKUXVW�DQG�OLIWLQJ�IRUFHV��L�H��WKLV�RXWSXW�LV�JUHDWHU�WKDQ�WKH�VWDUWLQJ�IOX[���E��7KH�SDUDPHWHUV�DQG�WKH�GLUHFWLRQ�RI�WKH�SURGXFHG�ILHOG�DUH�FRQWUROODEOH�WR�WKH�H[WHQWWKDW�FRPSOHWH�PDQRHXYUDELOLW\�RI�WKH�SURSHOOHG�YHKLFOH�LV�REWDLQHG�$SDUW IURP� WKH� DERYH�� LW� LV� DOVR� GHVLUDEOH� IRU� D� PDJQHWLF� SURSXOVRU� WR� SRVVHVV� DQXPEHU�RI�RWKHU�XVHIXO�SURSHUWLHV��VXFK�DV��F� 7KH� DELOLW\� WR� DFFXPXODWH� DQG� VWRUH� WKH�PDJQHWLF� HQHUJ\� WKDW�ZLOO� EH� FRQVXPHGGXULQJ IOLJKW� �L�H�� WKH� RSHUDWLRQ� DV� D� IXHO�WDQN� WKDW� VWRUHV� D� PDJQHWLF� ILHOG� LQVWHDG� RI� DFRPEXVWLRQ�IXHO���G� 7KH� SURGXFWLRQ� RI� VXIILFLHQW� KHDW� DQG� HOHFWULFLW\� WR� VDWLVI\� WKH� YHKLFOH
V� LQWHUQDOFRQVXPSWLRQ�GXULQJ�D�IOLJKW���H� 7KH� SHUIRUPLQJ� RI� D� QXPEHU� RI� DGGLWLRQDO� IXQFWLRQV� WR� LQFUHDVH� WKH� VDIHW\� DQGHIILFLHQF\ RI�WKH�IOLJKW��VXFK�DV�WKH�IRUPDWLRQ�RI�DQ�LQGXFWLYH�VKLHOG��ZRUNLQJ�DV�D�VHDUFKOLJKW�HWF� $OO�WKH�SURSHUWLHV�OLVWHG�DERYH�DSSHDU�LQ�WKH�FRQILJXUDWLRQV�RI�WKH�2VFLOODWRU\�&KDPEHUVFDOOHG WKH�WZLQ�FKDPEHU�FDSVXOH��VHH�VXEVHFWLRQ�)������7KHUHIRUH�VXFK�FRQILJXUDWLRQV��DIWHU



G-4

EHLQJ DVVHPEOHG�ZLWKLQ� DSSURSULDWH� VSKHULFDO� FDVLQJV�� DUH� XWLOL]HG� DV�PDJQHWLF� SURSXOVRUVIRU�WKH�0DJQRFUDIW��
*�����7KH�SULQFLSOH�RI�WLOWLQJ�WKH�PDJQHWLF�D[LV�LQ�D�0DJQRFUDIW
V�SURSXOVRU
)RU WKH�FRQYHQLHQFH�RI�WKH�FUHZ��WKH�PDQRHXYULQJ�RI�ODUJH�PDQ�RSHUDWHG�0DJQRFUDIWFDQ EH�DFKLHYHG�E\�WLOWLQJ�WKH�PDJQHWLF�D[HV�RI�WKH�SURSXOVRUV�LQ�UHODWLRQ�WR�WKH�ERG\�RI�WKHVHYHKLFOHV� 6XFK�WLOWLQJ�UHTXLUHV�WKH�WZLQ�FKDPEHU�FDSVXOHV�FRQWDLQHG�ZLWKLQ�WKH�SURSXOVRUV�WRWXUQ WRZDUGV�WKH�FDVLQJV�RI�WKHVH�SURSXOVRUV��7KH�SULQFLSOH�RI�VXFK�WXUQLQJ�FDQ�EH�H[SODLQHGE\�WKH�H[DPSOH�RI�D�K\SRWKHWLFDO�SURSXOVRU�FRQWUROOHG�E\�WZR�VHWV�RI�PHFKDQLFDO�UROOHUV�7KH�JHQHUDO�GHVLJQ�RI�WKLV�K\SRWKHWLFDO�SURSXOVRU�LV�SUHVHQWHG�LQ�)LJXUH�*���7KH�XSSHU�$�$��SDUW�RI�WKLV�)LJXUH�VKRZV�WKH�SURSXOVRU�IURP�DQ�RYHUKHDG�YLHZ��ZKHUHDV�WKH�ORZHU��%�%�SDUW VKRZV�D�YHUWLFDO�FURVV�VHFWLRQ��7KH�SURSXOVRU
V�H[WHUQDO�FDVLQJ�����KDYH�WKH�VKDSH�RI�DVSKHUH ZKLFK�FRQWDLQV�LQVLGH��HLJKW�UROOHUV������D�FDUU\LQJ�VWUXFWXUH�����WKDW�KROGV�2VFLOODWRU\&KDPEHUV DQG�SDVVHV�RQWR�WKHP�WKH�PRWLRQ�RI�WKH�UROOHUV��DQG�D�WZLQ�FKDPEHU�FDSVXOH����	 �����7KH�WZLQ�FKDPEHU�FDSVXOH�LV�FRPSRVHG�RI�WKH�RXWHU�2VFLOODWRU\�&KDPEHU��PDUNHG�DV���� DQG�DQ�LQQHU�FKDPEHU�PDUNHG�DV������7KH�FDSVXOH�LV�FRQILQHG�E\�WKH�FDUU\LQJ�VWUXFWXUH��� ZKLFK�ORRNV�OLNH�D�IUDJPHQW�RI�D�EDOO�ZLWK�WKH�WZR�RSSRVLWH�HQGV�FXW�RII��7KH�VKDSH�RI�WKHVWUXFWXUH ����FRSLHV�WKH� LQQHU�VXUIDFH�RI� WKH�VSKHULFDO�FDVLQJ������EXW�DW� WKH�VDPH�WLPH� LW� LVDEOH WR�URWDWH�LQ�UHODWLRQ�WR�WKLV�FDVLQJ��,Q�)LJXUH�*��WKLV�VWUXFWXUH�LV�LQGLFDWHG�E\�VKDGLQJ�ZLWKSDUDOOHO�OLQHV��$SDUW�IURP�WKH�WZLQ�FKDPEHU�FDSVXOH�����	������WKH�VWUXFWXUH�����DOVR�KRXVHV�WKHGHYLFHV IRU�WLOWLQJ�WKH�PDJQHWLF�D[LV��P��RI�WKH�SURSXOVRU��7KHVH�GHYLFHV�FDQ�EH�LPDJLQHG�DVWZR VHWV�RI�UROOHUV�����GULYHQ�E\�D�FRQWURO�XQLW�RI�WKH�SURSXOVRU��(DFK�VHW�FRQWDLQV�IRXU�UROOHUVURWDWLQJ LQ�WKH�VDPH�YHUWLFDO�SODQH��%RWK�VHWV�RI�UROOHUV�DUH�SODFHG�DORQJ�WZR�YHUWLFDO�SODQHV�[� DQG��\��WKDW�DUH�SHUSHQGLFXODU�WR�HDFK�RWKHU��7KH�D[OHV�RI�WKH�UROOHUV�URWDWH�LQ�WKH�FDUU\LQJVWUXFWXUH �����ZKLOH�WKHLU�UDFH�UROOV�RQ�WKH�LQQHU�VXUIDFH�RI�WKH�FDVLQJ������7KH�PRWLRQ�RI�WKHUROOHUV ZKLFK� IROORZV� WKH� FRQWURO� VLJQDO� FDXVHV� GLVSODFHPHQW� �VODQWLQJ�� RI� WKH� FDUU\LQJVWUXFWXUH������DQG�VR�DOVR�WKH�GLVSODFHPHQW��VODQWLQJ��RI�WKH�WZLQ�FKDPEHU�FDSVXOH�KHOG�LQ�WKLVVWUXFWXUH� 7KLV� LQ� WXUQ� FKDQJHV� WKH� GLUHFWLRQ� RI� WKH� ILHOG
V� PDJQHWLF� D[LV� �P�� WRZDUGV� WKHSURSXOVRU
V FDVLQJ� �����)LJXUH�*��DOVR� LOOXVWUDWHV� WKH�RXWHU�GLDPHWHU� �' ��RI� WKH�SURSXOVRU
VVFDVLQJ ����ZKLFK�IRU�WKH�0DJQRFUDIW�LV�DQ�LPSRUWDQW�GHVLJQ�SDUDPHWHU���VHH�)LJXUH�*����1RWHWKDW WKH�VLGH�GLPHQVLRQ��D ��RI�WKH�FXELFDO�RXWHU�FKDPEHU�����FRQWDLQHG�LQ�WKLV�FDVLQJ�LV�PXFKRVPDOOHU�WKDQ�' ��L�H��RQO\�DERXW�VD  ������Â'  �����Â' �*��R V V7KH DERYH� GHVFULSWLRQ� RI� D� K\SRWKHWLFDO� SURSXOVRU� LV� XVHG� WR� H[SODLQ� WKH� SULQFLSOHVLQYROYHG�LQ�WKH�WLOWLQJ�RI�WKH�PDJQHWLF�D[LV�RI�WKH�0DJQRFUDIW
V�ILHOG��7KH�UHDO�GHVLJQ��KRZHYHU�LV VOLJKWO\� GLIIHUHQW�� DOWKRXJK� XWLOL]LQJ� WKH� VDPH� SULQFLSOHV�� ,Q� WKLV� GHVLJQ�� UROOHUV� ���� DUHUHSODFHG E\�WZR�VHWV�RI�IRXU�PLQLDWXUH�2VFLOODWRU\�&KDPEHUV�MRLQHG�WR�WKH�SURSXOVRU
V�FDVLQJ���� ZKHUHDV�WKH�FDUU\LQJ�VWUXFWXUH�����LV�UHSODFHG�E\�LQYLVLEOH�VWULQJV�RI�PDJQHWLF�ILHOG��7KHILHOG IURP� WKHVH�PLQLDWXUH�FKDPEHUV� LQWHUDFWV�ZLWK� WKH� ILHOG�SURGXFHG�E\� WKH� WZLQ�FKDPEHUFDSVXOH KHOG� E\� WKHP�� DOORZLQJ� IRU� WKH� IUHH�IORDWLQJ VXVSHQVLRQ� RI� WKH� FDSVXOH� LQVLGH� WKHSURSXOVRU� 7KHUHIRUH� LQ� D� UHDO� SURSXOVRU� ZH� VKRXOG� EH� DEOH� WR� DFWXDOO\� VHH� WKH� FXELFDOWZLQ�FKDPEHU FDSVXOH�����DV�LW�KRYHUV�VXVSHQGHG�LQVLGH�WKH�WUDQVSDUHQW�FDVLQJ������%HFDXVHWKH�PDJQHWLF�ILHOG�ZKLFK�DWWDFKHV�WKLV�FDSVXOH�WR�WKH�HLJKW�PLQLDWXUH�FKDPEHUV�LV�WUDQVSDUHQW�DQ�REVHUYHU�ZRXOG�KDYH�WKH�LPSUHVVLRQ�WKDW�WKH�FXELFDO�FDSVXOH�GRHV�QRW�WRXFK�DQ\WKLQJ��DQGDOVR�WKDW�LW�GRHV�QRW�VHHP�WR�EH�KHOG�E\�DQ\WKLQJ��
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*�����7KH�SURSXOVLRQ�XQLW
2QH PDJQHWLF� SURSXOVRU� DORQH� LV� QRW� DEOH� WR� SURYLGH� DGHTXDWH� IOLJKW� DQGPDQRHXYUDELOLW\�IRU�WKH�0DJQRFUDIW��MXVW�DV�D�VLQJOH�ZKHHO�LV�QRW�VXIILFLHQW�WR�FRQVWUXFW�D�PRWRUFDU� 7KHUHIRUH� LQ� WKH� VSDFHVKLS� GHVFULEHG� KHUH�� D� QXPEHU� RI� VXFK� SURSXOVRUV� VWULFWO\FRRSHUDWLQJ ZLWK�RQH�DQRWKHU�PXVW�EH�XWLOL]HG��7KH�RSWLPDO�FRQILJXUDWLRQ�RI�SURSXOVRUV�ZKLFKLV DEOH�WR�IXOILO�DOO�WKH�UHTXLUHPHQWV�RI�IOLJKW�DQG�PDQRHXYUDELOLW\�LV�FDOOHG�KHUH�WKH��PDJQHWLFSURSXOVLRQ XQLW���6XFK�D�SURSXOVLRQ�XQLW�XVHG� LQ� WKH�0DJQRFUDIW� LV�VKRZQ� LQ�)LJXUH�*� �WRVLPSOLI\ WKH�H[SODQDWLRQV�WKDW�IROORZ��LW� LV� LOOXVWUDWHG�DERYH�WKH�(DUWK
V�QRUWK�PDJQHWLF�SROH��7KH PDLQ�DWWULEXWH�RI� WKLV�XQLW� LV� WKDW� LW�HPSOR\V�D�PLQLPDO�QXPEHU�RI�PDJQHWLF�SURSXOVRUV�SURYLGLQJ DW� WKH� VDPH� WLPH� WKH�PD[LPXP� UDQJH�RI� RSHUDWLRQDO� SRVVLELOLWLHV�� 7KHUHIRUH� WKLVXQLW� DIWHU�RQO\�D�VOLJKW�PRGLILFDWLRQ��LV�DOVR�XWLOL]HG�LQ�3HUVRQDO�3URSXOVLRQ��UHIHU�WR�FKDSWHU�,�DQG LQ� WKH )RXU�3URSXOVRU�6SDFHFUDIW� �UHIHU� WR�FKDSWHU�+���7KH�FRQILJXUDWLRQ�RI� WKLV�XQLW� LVEDVHG RQ�WKH�VKDSH�RI�D�EHOO��7KLV�LV�EHFDXVH�LQ�WKLV�SURSXOVLRQ�XQLW�WKH�GLVWULEXWLRQ�RI�OLIWLQJDQG VWDELOL]LQJ�IRUFHV�UHVHPEOH�D�EHOO�VKDSH�ZLWK�D�VLQJOH�KROGLQJ�SRLQW�ORFDWHG�DW�WKH�FHQWUH�DQG D� ULQJ� RI� VWDELOL]LQJ� ZHLJKWV� VXVSHQGHG� EHORZ� WKLV� SRLQW� DW� HYHQ� GLVWDQFHV�� �,W� LVZHOO�NQRZQ WKDW�EHOOV�UHSUHVHQW�WKH�SK\VLFDO�IRUP�WKDW� LV�FRQVLGHUHG�DEOH�WR�SURYLGH�RSWLPDOVWDELOLW\�LQ�VSDFH���/HW XV�QRZ�DQDO\]H�WKH�PDLQ�FRPSRQHQWV�DQG�RSHUDWLRQ�RI� WKH�PDJQHWLF�SURSXOVLRQXQLW� ,W�FRQVLVWV�RI�WZR�GLIIHUHQW�NLQGV�RI�SURSXOVRUV��L�H��D�VLQJOH�PDLQ�SURSXOVRU��PDUNHG��0�LQ )LJXUH�*���ORFDWHG�LQ�WKH�FHQWUH��DQG�D�QXPEHU�RI�VLGH�SURSXOVRUV��PDUNHG��8��9��:��;��LQ)LJXUH *���GLVWULEXWHG�HYHQO\�DURXQG�D�ORZHUHG�ULQJ��$FFRUGLQJ�WR�WKH�FRQGLWLRQ�H[SODLQHG�LQVXEVHFWLRQ *����WKH�WRWDO�QXPEHU��Q��RI�VLGH�SURSXOVRUV�PXVW�DOZD\V�EH�D�PXOWLSOH�RI� IRXU�7KH�PDLQ�SURSXOVRU�LV�XVXDOO\ RULHQWHG�VR�DV�WR�EH�UHSHOOHG�E\�WKH�(DUWK
V�PDJQHWLF�ILHOG���7KHLQWURGXFWRU\ SDUW�WR�VXEVHFWLRQ�*��H[SODLQHG�WKDW�RQ�WKH�QRUWK�PDJQHWLF�SROH�RI�(DUWK��VXFK�DUHSXOVLYH RULHQWDWLRQ� RI� SURSXOVRUV� FDQ� EH� REWDLQHG� ZKHQ� WKHLU� QRUWK� �1�� SROH� LV� SRLQWHGGRZQZDUGV�� 7KH�VLGH�SURSXOVRUV�DUH�XVXDOO\�RULHQWHG�VR�WKDW�WKH\�DUH�DWWUDFWHG�E\�WKH�ILHOGRI�WKH�(DUWK�%\ LQFUHDVLQJ�WKH�IOX[�SURGXFHG�E\�WKH�PDLQ�SURSXOVRU��0��RULHQWHG�LQ�VXFK�D�UHSXOVLYHPDQQHU��DQ�LQFUHDVH�LQ�WKH�UHSXOVLRQ�IRUFH��5��LV�DFKLHYHG��$W�WKH�PRPHQW�ZKHQ�WKH�UHSXOVLRQIRUFH�RYHUFRPHV�WKH�JUDYLWDWLRQDO�SXOO��WKH�SURSXOVRU��0��EHJLQV�WR�DVFHQG��OLIWLQJ�XS�WKH�HQWLUHSURSXOVLRQ XQLW��,I�WKH�PDLQ�SURSXOVRU�ZRXOG�RSHUDWH�DORQH��WKHQ�LWV�IOLJKW�ZRXOG�EH�GLVWXUEHGE\ WKH�PDJQHWLF�WRUTXH�ZKLFK�ZRXOG�WHQG�WR�WXUQ�DURXQG�WKH�SURSXOVRU
V�PDJQHWLF�RULHQWDWLRQVR WKDW� DWWUDFWLRQ� ZRXOG� UHSODFH� UHSXOVLRQ�� 7KXV�� WR� FRPSHQVDWH� IRU� WKH� HIIHFWV� RI� WKHHQYLURQPHQWDO PDJQHWLF�WRUTXH�WU\LQJ�WR�WXUQ�WKH�PDLQ�SURSXOVRU�DURXQG��DGGLWLRQDO�VWDELOL]LQJVLGH SURSXOVRUV��8��9��:��;��DUH�QHFHVVDU\��7KHLU�PDJQHWLF�RULHQWDWLRQ�RSSRVHV�WKDW�RI�WKHPDLQ SURSXOVRU��0���L�H��ZKHQ�WKH�PDLQ�SURSXOVRU�LV�WR�EH�UHSHOOHG��VLGH�SURSXOVRUV�DUH�WR�EHDWWUDFWHG E\� WKH� HQYLURQPHQWDO� PDJQHWLF� ILHOG�� $� SRVVLEOH� FRQILJXUDWLRQ� RI� VXFK� VLGHSURSXOVRUV LV�LOOXVWUDWHG�LQ�)LJXUH�*���7KHVH�VLGH�SURSXOVRUV�JLYH�IOLJKW�VWDELOLW\�WR�WKH�ZKROHSURSXOVLRQ XQLW��%\�DSSURSULDWH�DGMXVWPHQW�RI� WKH�SURGXFHG�IOX[HV�� WKH�VLGH�SURSXOVRUV�FDQHQIRUFH�WKH�EDODQFHG�RULHQWDWLRQ�RI�D�FUDIW�LQ�ZKDWHYHU�DWWLWXGH�DQG�SRVLWLRQ�WKH�FUHZ�UHTXLUHV�7KH�SURSXOVLRQ�XQLW�GHVFULEHG�DERYH�FDQ�RSHUDWH�LQ�DQ��XSULJKW�SRVLWLRQ���VHH�)LJXUH*�� DV� ZHOO DV� LQ� DQ� �LQYHUWHG� SRVLWLRQ��� 7KH� SUHYLRXV� GHVFULSWLRQ� UHODWHV� WR� WKH� XSULJKWSRVLWLRQ� ,Q�WKH�LQYHUWHG�SRVLWLRQ�WKH�IXQFWLRQ�RI�ERWK�NLQGV�RI�SURSXOVRUV�LV�UHYHUVHG��L�H��WKHPDLQ SURSXOVRU�VHUYHV�DV�D�VLQJOH�VWDELOL]HU�DQG�WKH�VLGH�SURSXOVRUV�DV�OLIWLQJ�GHYLFHV��'XULQJKRUL]RQWDO IOLJKWV�LQ�VXFK�DQ�LQYHUWHG�SRVLWLRQ�DERYH�WKH�(DUWK
V�VXUIDFH��WKH�JUDYLWDWLRQDO�SXOO
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�*� DFWV�DV�DQ�DGGLWLRQDO�VWDELOL]HU��7KHUHIRUH��WKLV�SRVLWLRQ�FRPELQHV�EHWWHU�VWDELOLW\�ZLWK�OHVVSRZHU LQYROYHG�LQ�WKH�PDJQHWLF�ILHOG�SURGXFHG�E\�WKH�YHKLFOH��)RU�WKLV�UHDVRQ��LW�FDQ�EH�XVHGZKHQ WKH�DUHD�RI�IOLJKW�VKRXOG�EH�OHVV�GLVWXUEHG�PDJQHWLFDOO\��EXW�IRU�WKH�FUHZ�WKLV�SRVLWLRQLV�SUREDEO\�OHVV�FRPIRUWDEOH���,I WKH PDJQHWLF�SURSXOVLRQ�XQLW�GHVFULEHG�DERYH�LV�EXLOW� LQWR�D�SURWHFWLYH�VKHOO��ZKLFKDOVR�FRQWDLQV�WKH�FUHZ�FDELQ�DQG�WKH�FUDIW
V�HTXLSPHQW��WKH�ILQDO�FRQVWUXFWLRQ�RI�WKH�0DJQRFUDIWLV REWDLQHG� 7KH� JHQHUDO� YLHZ� RI� WKLV� FRQVWUXFWLRQ� LV� VKRZQ� LQ�)LJXUH�*��� 'HVFULELQJ� WKHHOHPHQWV�DQG�FKDUDFWHULVWLFV�RI�WKH�0DJQRFUDIW
V�VKHOO�LV�WKH�DLP�RI�VXEVHFWLRQ�*��
*�����8VLQJ�SURSXOVRUV�DV�VHDUFKOLJKWV
:H�NQRZ�IURP�SK\VLFV�WKDW�VRPH�VXEVWDQFHV��ZKHQ�H[SRVHG�WR�WKH�DFWLRQ�RI�FRQGLWLRQVVLPLODU WR�WKRVH�SUHYDLOLQJ�ZLWKLQ�WKH�2VFLOODWRU\�&KDPEHU��L�H��ERPEDUGPHQW�E\�KLJK�HQHUJ\LRQV� DFWLRQ�RI�D�VWURQJ�SXOVDWLQJ�PDJQHWLF�ILHOG��ZLOO�HPLW�OLJKW��7KHUHIRUH��LI�ZH�EXLOG�LQVLGHWKH 2VFLOODWRU\�&KDPEHU�D�GHYLFH�ZKLFK�RQ�FRPPDQG�ZLOO�HLWKHU�PRYH�IRUZDUG�LQWR�WKH�UDQJHRI VSDUNV�D�URG�RI�VXFK�D�VXEVWDQFH�RU�VDWXUDWH�WKH�FKDPEHU�ZLWK�DSSURSULDWH�YDSRXUV��WKHSURSXOVRU EHFRPHV� D� PHDQV� RI� SURGXFLQJ� OLJKW�� 7KLV� FDSDELOLW\� RI� D� PDJQHWLF� SURSXOVRUFRPELQHV WKH�UROH�RI�D�EXOE�ZLWK�WKH�UROH�RI�D�WRUFK��,W�FDXVHV�WKH�HPLVVLRQ�RI�D�FRQFHQWUDWHGEHDP�RI�YHU\�VWURQJ�OLJKW�LQ�WKH�GLUHFWLRQ�ZKHUH�WKH�RXWOHW�IURP�WKH�SURSXOVRU�LV�SRLQWHG��$V�WKLVFDQ EH HVSHFLDOO\�XVHIXO�IRU�ODQGLQJ��IRU�ORZ�DOWLWXGH�IOLJKWV��RU�DV�D�VHDUFKOLJKW�GXULQJ�QLJKW�DOO�WKH�SURSXOVRUV�LQ�HDFK�0DJQRFUDIW�ZLOO�KDYH�WKLV�PRGLILFDWLRQ��7KH 0DJQRFUDIW�FDQ�OLJKW�XS�MXVW�RQH�RI�LWV�SURSXOVRUV�DQG�XVH�LW�DV�D�VHDUFKOLJKW��RUVLPXOWDQHRXVO\ DQ\�QXPEHU�RI� OLJKWV�XS�WR�RU�HTXDO�WR�WKH�QXPEHU�RI�DOO� LWV�SURSXOVRUV��7KHGLUHFWLRQ RI�WKH�EHDP�RI�OLJKW�HPLWWHG�IURP�D�SDUWLFXODU�SURSXOVRU�FDQ�QRW�EH�FKDQJHG�ZLWKRXWDOWHULQJ WKH�DQJOH�RI�WKDW�SURSXOVRU�RU�WKH�SRVLWLRQ�RI�WKH�ZKROH�VSDFHVKLS��7KHUHIRUH��ZKHQPRUH WKDQ�RQH�SURSXOVRU�LV�XVHG�IRU�VXFK�D�SXUSRVH��RXWVLGH�REVHUYHUV�VKRXOG�VHH�D�JURXSRI�DOPRVW�SDUDOOHO�EHDPV�RI�OLJKW�GHVFHQGLQJ�GRZQZDUGV�IURP�WKH�YHKLFOH��
*���7KH�VKHOO�RI�WKH�0DJQRFUDIW
7KH�VKHOO�RI�WKH�0DJQRFUDIW�LV�D�NLQG�RI�KHUPHWLF�ZDOO�ZKLFK�SHUPDQHQWO\�VHSDUDWHV�WZRVSDFHV ZKHUH�GLIIHUHQW�HQYLURQPHQWDO�FRQGLWLRQV�SUHYDLO�DQG�ZKLFK� LV�PDGH�RI�PDWHULDO�WKDWSRVVHVVHV WKH�UHTXLUHG�SURSHUWLHV��)RU�H[DPSOH��WKH�VKHOO�ZLOO�EH�WKH�HQWLUH�H[WHUQDO�FDVLQJRI WKH 0DJQRFUDIW�EHFDXVH�LW�VHSDUDWHV�WKH� LQQHU�SDUWV�RI� WKH�YHKLFOH���FRQWDLQLQJ�WKH�FUHZFDELQ DQG� LPSRUWDQW� GHYLFHV� �� IURP� WKH� RXWVLGH� HQYLURQPHQW� LQ� ZKLFK� WKH� FUDIW� IOLHV� �H�J�YDFXXP� KRW� JDVHV��� 7KH� VKHOO� ZLOO� DOVR� EH� WKH� ZDOO� LQVLGH� WKH� YHKLFOH� WKDW� VHSDUDWHV� DSURSXOVRU �ILOOHG�ZLWK�GDQJHURXV�PDJQHWLF�ILHOG��IURP�WKH�FUHZ�FDELQ��ZKHUH�WKH�ILHOG�VKRXOGQRW EH�SUHVHQW��%XW�WKH�VKHOO�ZLOO�QRW�EH�WKH�SDUWLWLRQ�ZDOOV�VXEGLYLGLQJ�WKH�FUHZ�FDELQ�LQWR�DQXPEHU�RI�URRPV��DV�WKH\�GR�QRW�VHSDUDWH�GLIIHUHQW�HQYLURQPHQWV��6RPH FKDUDFWHULVWLFV�RI�WKH�VKHOO�RI�WKH�0DJQRFUDIW��MXVW�DV�WKRVH�RI�WKH�PHWDO�SDQHOVRI PRWRU�YHKLFOHV��ZLOO�EH�WKH�VXEMHFW�RI�FKDQJHV�DQG�HYROXWLRQ�RFFXUULQJ�GXULQJ�WKH�SHULRG�RIWKLV VSDFHFUDIW
V�SURGXFWLRQ��7KH\�ZLOO�EH�GHSHQGHQW�RQ�WKH�WHFKQRORJ\�DYDLODEOH�DW�WKH�WLPHRI SURGXFLQJ� WKH� SDUWLFXODU� FUDIW�� RQ� IDVKLRQ�� RQ� WKH� IXQFWLRQ� IRU� ZKLFK� LW� LV� EXLOW�� RQ� WKHLQGLYLGXDO ZLVKHV�RI�LWV�FUHZ��HWF��%XW�WKHUH�ZLOO�EH�D�QXPEHU�RI�IHDWXUHV�ZKLFK��LQGHSHQGHQWO\RI FKDQJHV� LQWURGXFHG��PXVW� UHPDLQ� WKH� VDPH��$Q�H[DPSOH�RI� VXFK�D� IL[HG� IHDWXUH� LV� WKH
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H[WHUQDO VKDSH�RI�WKH�YHKLFOH��ZKLFK� LV�VWULFWO\�GHILQHG�E\�WKH�HTXDWLRQV�RULJLQDWLQJ�IURP�WKHSULQFLSOHV RI� LWV�RSHUDWLRQ���VHH�)LJXUH�*����7KH�GHVFULSWLRQV�ZKLFK� IROORZ�ZLOO�FRQFHQWUDWHPDLQO\�RQ�WKH�SUHVHQWDWLRQ�RI�WKHVH�IL[HG�IHDWXUHV��
*�����7HUPLQRORJ\�GHVFULELQJ�YDULRXV�SDUWV�RI�WKH�0DJQRFUDIW
V�VKHOO
9HKLFOHV VXFK�DV�ELF\FOHV��PRWRU�FDUV�RU�DHURSODQHV�SRVVHVV� WKHLU�RZQ� WHUPLQRORJ\DOORZLQJ IRU�D�VWULFW�GHILQLWLRQ�RI�ZKLFKHYHU�SDUW�LV�FRQVLGHUHG�DW�D�SDUWLFXODU�PRPHQW��7KXV�ZKHQ XVLQJ�QDPHV�VXFK�DV��SHGDOV����ERRW���RU��ZLQJ���WKH�DWWHQWLRQ�RI�WKH�LQWHUHVWHG�SHUVRQLV GLUHFWHG�WR�WKH�ULJKW�SDUW��,Q�RUGHU�WR�PDNH�LW�SRVVLEOH�WR�GR�WKH�VDPH�ZLWK�WKH�GHGXFWLRQVFRQFHUQLQJ WKH�0DJQRFUDIW��WKH�QHFHVVDU\�WHUPLQRORJ\�LV�LQWURGXFHG�LQ�WKLV�VXEVHFWLRQ��7KHWHUPLQRORJ\ SURSRVHG� KHUH� LV� VXEVHTXHQWO\� XVHG� LQ� WKH� HQWLUH� WUHDWLVH��:KLOH�VXEVHTXHQWWHUPV DUH�GHILQHG��DQ�RSSRUWXQLW\� DULVHV� WR�DOVR�H[SODLQ�DOO� WKH�GHWDLOV�RI� WKH�0DJQRFUDIW
VVKDSH�7KH SDUWV�RI�WKH�0DJQRFUDIW
V�VKHOO�DUH�QDPHG�DQG�GHVFULEHG�KHUH�XVLQJ�DQ�H[DPSOHRI WKH�PLGGOH�VL]HG�YHKLFOH�� W\SH�.��� VKRZQ� LQ�)LJXUH�*��� 7KH�.�� W\SH�SRVVHVVHV�DOO� WKHIHDWXUHV�ZKLFK�FDQ�DOVR�DSSHDU�LQ�WKH�VKHOOV�RI�DQ\�RWKHU�W\SH�RI�WKLV�VSDFHFUDIW�7KH VKDSH� RI WKH� 0DJQRFUDIW
V� VKHOO� UHVHPEOHV� WKH� RXWOLQH� RI� D� IODW� VDXFHU� WXUQHGXSVLGH GRZQ��FRPSDUH�)LJXUH�*��ZLWK�)LJXUHV�*��DQG�%����,Q�WKH�FHQWUH�RI�WKLV�VDXFHU��WKHVLQJOH �PDLQ�SURSXOVRU���0��LV�VXVSHQGHG��7KH�IODQJH�RI�WKH�VDXFHU�FRQWDLQV�QXPHURXV��VLGHSURSXOVRUV� �8����:���7KH�WRWDO�QXPEHU��Q��RI�VLGH�SURSXOVRUV�LQ�D�SDUWLFXODU�W\SH�RI�YHKLFOH�LVGHVFULEHG E\�WKH�HTXDWLRQ��%����,Q�WKH�0DJQRFUDIW�W\SH�.��WKLV�QXPEHU�LV�HTXDO�WR�Q ����7KHPDLQ SURSXOVRU��WRJHWKHU�ZLWK�DOO�WKH�VLGH�SURSXOVRUV��FRQVWLWXWHV�WKH��SURSXOVLRQ�XQLW��RI�WKH0DJQRFUDIW ZKLFK� LV� GHVFULEHG� LQ� VXEVHFWLRQ� *����� %HWZHHQ� WKH� PDLQ� SURSXOVRU� DQG� WKHIODQJH RI� WKH FUDIW� D� �FUHZ� FDELQ�� �&&�� LV� ORFDWHG�� 7KLV� FDELQ� WDNHV� WKH� VKDSH� RI� DSDUDOOHO�SLSHG ULQJ�VXUURXQGLQJ�WKH��FHQWUDO�F\OLQGHU�������LQVLGH�RI�ZKLFK�WKH�PDLQ�SURSXOVRULV VXVSHQGHG��8VLQJ�DJDLQ�WKH�VDXFHU�FRPSDULVRQ��WKH�FUHZ�FDELQ�WDNHV�WKH�SODFH�RI�WKH�VLGHZDOOV RI� WKLV� VDXFHU�� 7KH� FHQWUDO� F\OLQGHU� ����� DQG� WKH�PDLQ� SURSXOVRU� �0�� FRQWDLQHG� LQ� LWRFFXS\�WKH�FHQWUH�RI�WKH�FUHZ�FDELQ��&&���IRUPLQJ�D�NLQG�RI�YHUWLFDO��FROXPQ��WKDW�H[WHQGV�IURPWKH FHLOLQJ� ���� WR� WKH� EHQFK� ����� RI� WKH� IORRU� ������ 7KHUHIRUH� WKLV� FROXPQ� FRQVWLWXWHV� DFKDUDFWHULVWLF�IHDWXUH�RI�WKH�0DJQRFUDIW
V�GHFN��EHLQJ�YLVLEOH�IURP�DOPRVW�HYHU\�FRPSDUWPHQW�%HFDXVH WKLV� F\OLQGHU� LV�PDGH�RI� D� WUDQVSDUHQW�PDWHULDO�� WKH� FUHZ�DQG�YLVLWRUV�DUH�DEOH� WRREVHUYH�WKH�RSHUDWLRQ�RI�WKH�2VFLOODWRU\�&KDPEHUV�IURP�WKH�YHKLFOH
V�PDLQ�SURSXOVRU�7KH XQGHUVLGH�RI�WKH�0DJQRFUDIW
V�VKHOO�EHJLQV�IURP�WKH�IODW��ULQJ�OLNH��EDVH��������7KLVEDVH� LQ�DOO�GHGXFWLRQV�FRQFHUQLQJ�WKH�YHKLFOH��LV�WDNHQ�DV�WKH�VWDUWLQJ�SRLQW��EHQFKPDUN��IRUDVVLJQLQJ WKH�GLPHQVLRQV�DQG�IRU�UHIHUULQJ�WR�WKH�SRVLWLRQ��VHH�)LJXUH�*�����7KH�FHQWUDO�SRLQW�2� RI�WKH�0DJQRFUDIW�OLHV�RQ�WKH�LQWHUVHFWLRQ�RI�WKH�FHQWUDO�D[LV��=��RI�WKH�YHKLFOH�ZLWK�WKH�SODQHRI WKH� EDVH�� 7KLV� SRLQW� LV� LQ� IDFW� VXVSHQGHG� LQ� WKH� DLU� DV� WKH� FHQWUDO� SDUW� RI� WKH� YHKLFOH
VXQGHUQHDWK VHFWLRQ�FXUYHV�XSULJKW��IRUPLQJ�WKH��XQGHUVLGH�FRQFDYH��������������7KLV�FRQFDYHDOZD\V FRQVLVWV�RI�WZR�SDUWV��WKH��ERZO�������DQG�WKH��DOLJQPHQW�FRQH��������,Q�WKH�YHKLFOHVW\SHV .�� WR� .�� ERWK� WKHVH� SDUWV� �L�H�� �ERZO�� DQG� �DOLJQPHQW� FRQH��� WUDQVIRUP� WKHPVHOYHVWDQJHQWLDO LQWR�HDFK�RWKHU��ZKHUHDV�LQ�WKH�UHVW�RI�WKH�0DJQRFUDIW�WKH\�DUH�MRLQHG�WRJHWKHU�DWDOPRVW�D�ULJKW�DQJOH��VHH�)LJXUH�*�����2Q WKH�XSSHU�VLGH�RI� WKH�0DJQRFUDIW� WKH��WRSVLGH�FRQYH[�����������DSSHDUV��ZKLFK� LQVKDSH LV� H[DFWO\� V\PPHWULFDO� WR� WKH� XQGHUVLGH� FRQFDYH� ������ ����� GHVFULEHG� DERYH�� 7KLVWRSVLGH FRQYH[�DOVR�FRQVLVWV�RI�WZR�SDUWV��WKH�FHQWUDO��GRPH������RI�ZKLFK�KDV�WKH�VKDSH�RI
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D�KHPLVSKHULFDO ERZO�ZLWK�WKH�UDGLXV��5���ZKHUHDV�WKH�VLGH��DOLJQPHQW�FRQH������LV�D�IUDJPHQWRI WKH�FRQLFDO�VXUIDFH�VHUYLQJ�DV�DQ�RXWHU�VKHOO�IRU�WKH�FUHZ�FDELQ��&&���,Q�WKH�YHKLFOHV�.��WR.� WKH�DSLFDO�DQJOH�RI� WKH�DOLJQPHQW�FRQH�LV�VR�VHOHFWHG�WKDW� WKLV�FRQH�LQWHUVHFWV�WKH�EDVHSODQH H[DFWO\�XQGHU�WKH�D[HV�RI�WKH�VLGH�SURSXOVRUV��%HFDXVH�RI�WKH�V\PPHWU\�RI�WKH�WRSVLGHFRQYH[ WR� WKH� XQGHUVLGH� FRQFDYH�� D� QXPEHU� RI�0DJQRFUDIW� FDQ� EH� VWDFNHG�RQH�RQ� WRS� RIDQRWKHU�LQ�D�ZD\�VLPLODU�WR�VDXFHUV�LQ�D�NLWFKHQ�FXSERDUG��WKXV�IRUPLQJ�D�IO\LQJ�FRPSOH[�FDOOHGD �VWDFNHG� FLJDU�� �� VHH� )LJXUH� *��� 7KH� GLVWDQFH� EHWZHHQ� WKH� WRSVLGH� FRQYH[� DQG� WKHXQGHUVLGH�FRQFDYH�LV�GHWHUPLQHG�E\�WKH�GLDPHWHU��' ��RI�WKH�PDLQ�SURSXOVRU��0���07KH RXWHU�SDUW�RI� WKH�FUDIW
V� IODW�EDVH������ WUDQVIRUPV� LWVHOI� LQWR� WKH�EDVH������RI� WKH�IODQJH� �/���7KH�IODQJH��/��KRXVHV�WKH�VLGH�SURSXOVRUV��8��������:���7KLV�IODQJH�KDV�DQ�RYHUDOODSSHDUDQFH VLPLODU�WR�WKDW�RI�WKH�ULP�RI�D�OHQV��7KH�WKLFNQHVV�RI�WKH�IODQJH�LV�GHWHUPLQHG�E\WKH GLDPHWHUV� �' �� RI� WKH� VLGH� SURSXOVRUV� ZKLFK� DUH� KRXVHG� LQVLGH� LW�� $OVR� LWV� ZLGWK� LVVGHWHUPLQHG E\�WKH�DSSURSULDWH�HTXDWLRQ��*����7KH�WRS�KDOI�RI�WKH�IODQJH�KDV�D�PDJQHWLF��SROHVHSDUDWRU� ����LQ�WKH�VKDSH�RI�D�KRUL]RQWDO�ULQJ��7KH�IXQFWLRQ�RI�WKLV�VHSDUDWRU�LV�WR�GLYLGH�WKH1�DQG�6�PDJQHWLF SROHV�LQ�HDFK�RI�WKH�VLGH�SURSXOVRUV�VR�WKDW�WKH�VLGH�PDJQHWLF�FLUFXLWV�PXVWORRS WKURXJK�WKH�HQYLURQPHQW��QRW�WKURXJK�WKH�LQVLGH�RI�WKH�FUDIW��7KH�IODQJH�DOVR�KRXVHV�DQXPEHU RI�YHUWLFDO�SDUWLWLRQV��QRW� LOOXVWUDWHG� LQ�)LJXUH�*��EXW�VKRZQ�LQ�)LJXUHV�*��DQG�%��ZKLFK GLYLGH� LW� LQWR�VHYHUDO�PDJQHWLFDOO\�VHSDUDWHG�FKDPEHUV��(DFK�FKDPEHU�FRQWDLQV�RQO\RQH VLGH�SURSXOVRU��7KHVH�SDUWLWLRQV�QRW�RQO\�SUHYHQW�WKH�FRQQHFWLRQ�RI�WKH�PDJQHWLF�FLUFXLWVZLWKLQ WKH�FUDIW
V�VKHOO��EXW�DOVR�SUHYHQW� WKH�FLUFXODWLRQ�RI�SODVPD�DURXQG� WKH�DQQXDO�VSDFHKROGLQJ�WKH�VLGH�SURSXOVRUV�,W VKRXOG�EH�HPSKDVL]HG�KHUH�WKDW�LQ�WKH�W\SHV�RI�WKH�0DJQRFUDIW�IURP�.��WR�.����VHH7DEOH *���WKH�KHLJKW�' RI�WKH�VLGH�IODQJH�H[FHHGV���PHWHUV��WKXV�LW�EHJLQV�WR�EH�VXLWDEOH�IRUVKRXVLQJ FUHZ�PHPEHUV�DQG�OLYLQJ�FRPSDUWPHQWV��7KHUHIRUH�LQ�WKHVH�ODUJH�W\SH�0DJQRFUDIWWKH VLGH� SURSXOVRUV�ZLOO� EH�DOVR�SODFHG� LQ� YHUWLFDO�PDJQHWRUHIOHFWLYH�F\OLQGHUV� LQ�D�PDQQHUVLPLODU WR�WKDW�XWLOL]HG�IRU�WKH�PDLQ�SURSXOVRUV�LQ�YHKLFOHV�RI�DOO�W\SHV��6LPXOWDQHRXVO\�LQ�WKHVHODUJH 0DJQRFUDIW�WKH�ZKROH�LQWHULRU�RI�WKH�VLGH�IODQJH��VKHOWHG�E\�WKH�KHUPHWLF�VKHOO�PDGH�RID PDJQHWRUHIOHFWLYH�PDWHULDO��EHFRPHV�DOVR�XVHG� IRU�KRXVLQJ� WKH� OLYLQJ�FRPSDUWPHQW��'XHWR WKLV�DUUDQJHPHQW��WKH�LQWHULRU�RI�WKH�ODUJH�W\SHV�RI�WKH�0DJQRFUDIW�ZLOO�UHVHPEOH�LQWHULRUV�RISUHVHQW FKXUFKHV��7KH\�ZLOO�KDYH�D�EHQFK�ORFDWHG�LQ�WKHLU�FHQWUH��DERYH�ZKLFK�D�KXJH�GRPHZLOO EH�VXVSHQGHG��$URXQG�RI�WKLV�FHQWUDO�GRPHG��QDYH��D�VKRUWHU�FLUFXODU�FROXPQHG�ZLOO�EHDUUDQJHG WKH�LQGLYLGXDO�FROXPQV�RI�ZKLFK�ZLOO�KRXVH�VXEVHTXHQW�VLGH�SURSXOVRUV��%HKLQG�WKLVVLGH�FROXPQHG�IXUWKHU�OLYLQJ�FRPSDUWPHQWV�ZLOO�RFFXS\�WKH�YHKLFOH
V�VLGH�IODQJH�7RZDUGV WKH FHQWUH� RI� WKH� RXWOHWV� IURP� WKH� VLGH� SURSXOVRUV� WKH� XSSHU� VLGH� RI� WKH0DJQRFUDIW
V IODQJH�LV�WUDQVIRUPHG� LQWR�D��FRPSOHPHQWDU\�IODQJH�������7KH�WKLFNQHVV�RI�WKLVIODQJH�LV��* ���FRPSDUH�)LJXUHV�*���DQG�*����7KHUHIRUH�LW�H[SDQGV�RQWR�DOO�WKH�XQXVHG�VSDFHVEHWZHHQ WKH�0DJQRFUDIW�ZKLFK�DUH�FRXSOHG�LQWR��IO\LQJ�V\VWHPV���VHH�)LJXUHV�*���DQG�*����7KLV DOORZV�IRU�DQ�DGGLWLRQDO�OLYLQJ�VSDFH�ZKHQ�YHKLFOHV�DUH�MRLQHG�LQWR�WKHVH�DUUDQJHPHQWV�)XUWKHU WRZDUGV� WKH� FHQWUH�� WKH� FRPSOHPHQWDU\� IODQJH� ���� MRLQV� WKH� WRSVLGH� FRQYH[� ���GHVFULEHG HDUOLHU�� 7KH� ERUGHU� ���� EHWZHHQ� WKH� IODQJH� DQG� WKH� FRPSOHPHQWDU\� IODQJH� DOVRIRUPV�WKH�RXWHU�HGJH�RI�WKH�FUHZ�FDELQ��&&���
*�����7KH�0DJQRFUDIW
V�FRPSDUWPHQWV
,Q�WKH�VKHOO�MXVW�GHVFULEHG��WZR�NLQGV�RI�FRPSDUWPHQWV�FDQ�EH�GLVWLQJXLVKHG��WKH�FUHZ
VOLYLQJ FRPSDUWPHQW� �&&�� DQG� WKH� SURSXOVLRQ� FRPSDUWPHQWV� �&�� DQG� �/��� 7KH� FUHZ
V� OLYLQJ
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FRPSDUWPHQW H[WHQGV�DURXQG����( ZLWKLQ�WKH�FRQH�VKDSHG�ERG\�RI�WKH�FUDIW��LW�VXUURXQGV�WKHGRPH�VKDSHG IUHH� VSDFH� ZKLFK� H[LVWV� XQGHU� WKH� PDLQ� SURSXOVRU� �0�� DQG� LQ� WKH� FHQWUDOF\OLQGHU ����LQ�ZKLFK��0��LV�VXVSHQGHG��7KLV�VSDFH�LV�OHIW�IUHH�VR�DV�WR�DYRLG�LQWHUIHUHQFH�ZLWKWKH PDJQHWLF� ILHOG� RI� WKH� PDLQ� SURSXOVRU�� ZKLOH� WKH� GLUHFWLRQ� RI� WKLV� ILHOG� FKDQJHV� IRU� WKHSXUSRVH RI� PDQRHXYULQJ�� ,Q� WKH� OLYLQJ� FRPSDUWPHQW�� WKH� FUHZ� FDELQ�� ORJ� FRPSXWHU�� IOLJKWHQJLQHHULQJ HTXLSPHQW��OLIH�VXSSRUW�V\VWHP��HWF��DUH�VWRUHG��,Q�WKH�W\SHV�RI�0DJQRFUDIW�ODUJHUWKDQ .���WKLV�FRPSDUWPHQW�LV�IXUWKHU�VXEGLYLGHG�LQWR�D�QXPEHU�RI�VPDOOHU�FDELQV�SHUIRUPLQJVSHFLDOL]HG IXQFWLRQV��7KHUH�DUH�DOVR�WZR�SURSXOVLRQ�FRPSDUWPHQWV LQ�WKH�0DJQRFUDIW��WKHFHQWUDO FRPSDUWPHQW��&��ZKLFK�FRQWDLQV�WKH�PDLQ�SURSXOVRU��0���DQG�WKH�ODWHUDO�FRPSDUWPHQW�/��ZKLFK�KRXVHV�WKH�VLGH�SURSXOVRUV��8���������:���%RWK�RI�WKHVH�FRPSDUWPHQWV�DUH�GLYLGHG�LQWRWZR�SDUWV��1��	��6��ZKLFK�FRQWDLQ�WKH�ILHOG�IURP�RQO\�RQH��1RUWK�RU�6RXWK��PDJQHWLF�SROH�RI�WKHSURSXOVRUV� 7KH�FHQWUDO� FRPSDUWPHQW� �&��� LV�GLYLGHG� LQWR� WZR�VHFWLRQV� �& ��DQG� �& ��E\� WKH1 VFUHZ FDELQ�RI�ZKLFK�WKH�WRS�SDUW�LV�MRLQHG�WR�WKH�VSKHULFDO�FDVLQJ�RI�WKH�PDLQ�SURSXOVRU��7KLVWRS SDUW������VHSDUDWHV�ERWK�RI�WKH�PDJQHWLF�SROHV�RI�WKH�SURSXOVRU�VR�WKDW�WKH�IRUFH�OLQHV�RIWKH PDJQHWLF� ILHOG� KDYH� WR� ORRS� WKURXJK� WKH�PHGLXP� VXUURXQGLQJ� WKH� FUDIW�� )RU� WKH� ODWHUDOFRPSDUWPHQW �/���WKH�PDJQHWLF�SROHV�RI�WKH�VLGH�SURSXOVRUV�DUH�VHSDUDWHG�E\�D�ULQJ������7KLVFRPSDUWPHQW DOVR� FRQWDLQV� WZR� VHFWLRQV� �/ �� DQG� �/ �� LQ�ZKLFK� RQO\� D� ILHOG� IURP�RQH� SROH1 VSUHYDLOV�
*�����7KH�0DJQRFUDIW
V�IDFLOLWLHV
7ZR RWKHU� LPSRUWDQW� IHDWXUHV� RI� WKH� 0DJQRFUDIW� DUH� LWV� WHOHVFRSLF� OHJV� DQG� LWVSHULVFRSHV� 7KH� OHJV� ����� OLH�DORQJ� WKH�FRQLFDO� VHFWLRQ�RI� WKH� LQWHULRU�ZDOO� �����RI� WKH�FUHZFDELQ� H[WHQGLQJ�IURP�WKH�FHLOLQJ������,Q�IOLJKW��ZKHQ�WKH�OHJV�DUH�IXOO\�UHWUDFWHG��WKH\�GR�QRWSURWUXGH�EHORZ�WKH�EDVH������EXW�DUH�H[WHQGHG�DW�WKH�PRPHQW�RI�ODQGLQJ��7KH�DQJOHG�SRVLWLRQRI WKH�OHJV JLYHV�WKHP�QXPHURXV�DGYDQWDJHV�ZKLFK�DUH�RI�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�ZKHQODQGLQJ RQ�XQHYHQ�JURXQG��7KH�QXPEHU�RI�OHJV�PD\�GLIIHU�DFFRUGLQJ�WR�WKH�W\SH�RI�FUDIW��%XWWKH\�PXVW�DOZD\V�RFFXS\�SRVLWLRQV�EHWZHHQ�WKH�VLGH�SURSXOVRUV��WKHUHE\�DYRLGLQJ�LQWHUIHUHQFHZLWK�WKH�PDJQHWLF�ILHOG�\LHOG�IURP�WKHP��6PDOOHU 0DJQRFUDIW��ZKRVH�QXPEHU�RI�VLGH�SURSXOVRUV�Q� LV�DOVR�D�PXOWLSOH�RI�WKUHH��H�J��.��W\SH�ZLWK�Q ���VLGH�SURSXOVRUV��KDYH�WKUHH�WHOHVFRSLFOHJV��ZKLOVW�DOO�RWKHUV�KDYH�IRXU���VHH�7DEOH�*��0DJQRFUDIW DUH�DOVR�HTXLSSHG�ZLWK�IRXU�VLGH�SHULVFRSHV�����H[WHQGLQJ�IURP�WKH�FHLOLQJRI WKH�FUHZ�FDELQ��DQG�WZR�EDVH�SHULVFRSHV��QRW�VKRZQ�LQ�)LJXUH�*����7KHVH�DUH�FDSDEOH�RIH[WHQGLQJ�EH\RQG�WKH�UDQJH�RI�WKH��LRQLF�ZKLUO���VHH�)LJXUH�*����JHQHUDWHG�E\�WKH�0DJQRFUDIWZKHQ LW�LV�RSHUDWLQJ�LQ�WKH�PDJQHWLF�ZKLUO�PRGH��DQG�WKXV�DVVLVW�WKH�FUHZ�LQ�PDNLQJ�SUHFLVHPDQRHXYUHV� :KHQ�WKH�YHKLFOH�LV�LQ�WKLV�PRGH�RI�RSHUDWLRQ��WKH�SHULVFRSHV�SURYLGH�WKH�RQO\RXWVLGH YLVXDO� FRQWDFW��7R�VKLHOG� WKHVH�SHULVFRSHV� IURP� WKH�GHVWUXFWLYH�DFWLRQ�RI�D�SODVPDVDZ��WKHLU�VXUIDFH�LV�SURWHFWHG�E\�PLQLDWXUH�PDJQHWLF�VFUHHQV�2WKHU IDFLOLWLHV� FDUULHG� E\� 0DJQRFUDIW� PD\� LQFOXGH� ODGGHUV�� ERDUGLQJ� OLIWV�� ODQGLQJVOHGJHV��HWF�
*�����0DWHULDOV�IRU�WKH�0DJQRFUDIW
V�VKHOO
7ZR GUDVWLFDOO\�GLIIHUHQW� W\SHV� RI�PDWHULDO� VKRXOG�EH�XVHG� WR� FUHDWH� WKH� VKHOO� RI� WKH0DJQRFUDIW� 7KH�ILUVW��ZKLFK�KHUPHWLFDOO\�FRYHUV�WKH� OLYLQJ�FRPSDUWPHQW�DQG�DOVR�IRUPV�WKH
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VHSDUDWRU\ ULQJ� ���� ZLWK� LWV� YHUWLFDO� SDUWLWLRQV�� PXVW� SRVVHVV� PDJQHWRUHIOHFWLYH�PDJQHWRUHVLVWLYH� SURSHUWLHV�� 6R� WKH� GLPHQVLRQOHVV� SDUDPHWHU� RI� LWV� GLDPDJQHWLFVXVFHSWLELOLW\ PXVW� EH� 3 ���� 2Q� WKH� RWKHU� KDQG�� WKH� VHFRQG� PDWHULDO�� ZKLFK� FRYHUVDHURG\QDPLFDOO\ WKH� RXWVLGH� VXUIDFHV� RI� WKH� SURSXOVLRQ� FRPSDUWPHQWV�� PXVW� SURYLGHPD[LPXP PDJQHWLF�FRQGXFWLYLW\�� ,WV�GLDPDJQHWLF�VXVFHSWLELOLW\� WKHUHIRUH�PXVW�EH�3 ���7KLVLV YLWDO��DV�DQ\�VLJQLILFDQW� UHVLVWDQFH�WR� WKH�PDJQHWLF� IOX[�FRXOG�UHVXOW� LQ�GHVWUXFWLYH�HQHUJ\FRQYHUVLRQ� ,QGHSHQGHQWO\�RI�WKHVH�PDLQ�PDJQHWLF�SURSHUWLHV��ERWK�PDWHULDOV�PXVW�DOVR�EH����(OHFWULFDO�QRQ�FRQGXFWRUV����7UDQVSDUHQW�PLUURU�OLNH��ZLWK�D�UHJXODWHG�UDWLR�RI�WUDQVSDUHQF\�WR�OLJKW�UHIOHFWLRQ���7KLVPHDQV WKDW�PDWHULDOV�VKRXOG�EH�DEOH�WR�HLWKHU�DFW�OLNH�WUDQVSDUHQW�JODVV�RU�OLNH�D�PLUURU��L�H�LQ H[WUHPH�WKH\�VKRXOG�HLWKHU�OHW�DOO�OLJKW�SDVV�WKURXJK�WKHP��RU�UHIOHFW�DOO�WKH�OLJKW���0RUHRYHU�PDWHULDOV VKRXOG�DOVR�DOORZ�IRU�D�VPRRWK�FRQWURO�LQWR�DQ\�VWDWH�EHWZHHQ�WKHVH�WZR�H[WUHPHV�L�H� LQWR�DQ\�VWDWH�EHWZHHQ�FRPSOHWH�WUDQVSDUHQF\���OLNH�JODVV��DQG�FRPSOHWH�OLJKW�UHIOHFWLRQ��OLNH�D�PLUURU�����2I�UREXVW�PHFKDQLFDO�FRQVWUXFWLRQ����5HVLVWDQW�WR�FRQYHUVLRQ�RI�PDJQHWLF�HQHUJ\�LQWR�DQ\�RWKHU�IRUP�RI�HQHUJ\��H�J��KHDW��,W�VKRXOG�QRW�EH�YHU\�GLIILFXOW�WR�SURGXFH�D�PDJQHWR�FRQGXFWLYH�PDWHULDO�ZKLFK�IXOILOV�WKHDERYH UHTXLUHPHQWV��:H�DOUHDG\�NQRZ�VRPH�VXEVWDQFHV��H�J��YDULRXV�NLQGV�RI�JODVV��ZKLFKDUH SUREDEO\� VXLWDEOH�� 7KH� UHDO� SUREOHP� VHHPV� WR� OLH� LQ� REWDLQLQJ� DQ� DSSURSULDWHPDJQHWRUHIOHFWLYH PDWHULDO��$OWKRXJK�LQ�QDWXUH�D�VXEVWDQFH�LV�NQRZQ�ZKLFK�GLVSOD\V�D�KLJKPDJQHWRUHIOHFWLYHQHVV� L�H�� JUDSKLWH�� XQIRUWXQDWHO\� LW� LV� DOVR� D� JRRG� HOHFWULF� FRQGXFWRU�� $QRQ�FRQGXFWLYH YHUVLRQ� RI� JUDSKLWH�� FDOOHG� �YLWUHRXV� FDUERQ��� ZKLFK� LV� DOVR� KLJKO\PDJQHWRUHIOHFWLYH� SURYLGHV� EHWWHU� SURVSHFWV� IRU� WKLV� DSSOLFDWLRQ�� KRZHYHU� LW� VWLOO� LVQRQ�WUDQVSDUHQW��7KXV�WKH�0DJQRFUDIW�FRYHUHG�E\�LW�ZRXOG�QRW�SURYLGH�DQ\�YLVLELOLW\�WR�LWV�FUHZ�7KHUHIRUH� LW� VHHPV� WKDW� WKH� SURGXFWLRQ� RI� WKH� 0DJQRFUDIW
V� VKHOO� ZLOO� UHTXLUH� D� PDWHULDOVSHFLDOO\ HQJLQHHUHG� IRU� WKLV� SXUSRVH�� 7KH� JXLGHOLQHV� IRU� HQJLQHHULQJ� VXFK� D�PDWHULDO� DUHSURYLGHG�E\�WKH�VR�FDOOHG��HOHFWURG\QDPLF�PRGHO�RI�PDJQHWRUHIOHFWLYHQHVV���
*�������7KH�HOHFWURG\QDPLF�PRGHO�RI�PDJQHWRUHIOHFWLYHQHVV
%\��PDJQHWRUHIOHFWLYHQHVV��ZH�XQGHUVWDQG�D�SURSHUW\�RI�PDWHULDOV��ZKLFK�DOORZV�WKHPWR UHIOHFW�PDJQHWLF�ILHOGV� LQ�D�ZD\�VLPLODU�WR�WKH�ZD\�PLUURUV�UHIOHFW�OLJKW��,W� LV�QHFHVVDU\�IRUVRPH�SDUWV�RI�WKH�0DJQRFUDIW
V�VKHOO��HVSHFLDOO\�WKRVH�HQFDVLQJ�WKH�FUHZ�FDELQ��WR�EH�SHUIHFWO\PDJQHWRUHIOHFWLYH� L�H��WKH\�PXVW�UHIOHFW�WKH�HQWLUH������RI�WKH�PDJQHWLF�IOX[�WKDW�LV�VWULNLQJXSRQ�WKHP��,Q WKH� UHVHDUFK� WR�GDWH�RQ�PDJQHWRUHIOHFWLYHQHVV��RQO\� WKH�QDWXUDO�DELOLWLHV�RI�VRPHFKHPLFDO�VWUXFWXUHV�ZHUH�XWLOL]HG��7KHRUHWLFDOO\��KRZHYHU��WKHUH�LV�DQRWKHU�ZD\�RI�DFKLHYLQJ�WKHVDPH HIIHFW�� 7KLV� ZD\� HPSOR\V� WKH� &RQWUDGLFWRU\� 5XOH� JRYHUQLQJ� HOHFWUR�PDJQHWLVP�$FFRUGLQJ WR�WKLV�UXOH��HYHU\�FKDQJH�RI�D�PDJQHWLF�ILHOG�ZLWKLQ�D�FRQGXFWLYH�PDWHULDO�LQGXFHVDQ HOHFWULF� FXUUHQW�ZKLFK� SURGXFHV� LWV� RZQ�PDJQHWLF� ILHOG� WKDW� LV� FRQWUDGLFWRU\� WR� WKH� ILHOGLQGXFLQJ LW�� ,W� LV� WKH�&RQWUDGLFWRU\�5XOH�ZKLFK�PDNHV�HOHFWULF� VXSHUFRQGXFWRUV�DOVR�SHUIHFWPDJQHWLF VFUHHQV�� %XW� WKLV� UXOH� FDQ� QRW� EH� XWLOL]HG� GLUHFWO\� E\� SURGXFLQJ� DQ� HOHFWULFDOO\FRQGXFWLYH VKHOO�IRU�WKH�0DJQRFUDIW��/DUJH�SODWHV�RI�VXFK�D�VKHOO�ZRXOG�DOORZ�WR�LQGXFH�ZLWKLQWKHP H[WUHPHO\�SRZHUIXO�HOHFWULF�FXUUHQWV�WKDW�ZRXOG�SURGXFH�DQ�HQRUPRXV�DPRXQW�RI�KHDW�,Q�WXUQ��WKLV�KHDW�ZRXOG�EH�DEOH�WR�HYDSRUDWH�WKH�YHKLFOH��7KHUH�LV��KRZHYHU��DQRWKHU�ZD\�RI�DFKLHYLQJ�WKH�VDPH�HIIHFW��7KH�KHDW�SUREOHP�FDQ�EH
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VROYHG LI�WKH�VL]H�RI�WKH�FRQGXFWLYH�FLUFXLWV�LV�GHFUHDVHG�WR�DQ�DWRPLF�VFDOH��7R�DFKLHYH�WKLV�PLFURVFRSLF GURSOHWV�� DERXW� �� �P� LQ� GLDPHWHU�� RI� HOHFWULFDOO\� SRODUL]HG�FRQGXFWLYH�PDWHULDOVKRXOG�EH�VSUHDG�XQLIRUPO\�ZLWKLQ�WKH�YROXPH�RI�DQ�HOHFWULF�LQVXODWRU��(DFK�VXFK�GURSOHW�ZRXOGFRQWDLQ RQO\� D� IHZ� �L�H�� XS� WR� DERXW� D� KXQGUHG�PD[LPXP�� DWRPV�� 7KH� VSUHDGLQJ� RI� WKHVHGURSOHWV ZRXOG�EH�VLPLODU� WR� WKH�GLVWULEXWLRQ�RI�JUDSKLWH�VSKHURLGV�ZLWKLQ�PRGLILHG�FDVW�LURQ�,Q VXFK� VPDOO� SRODUL]HG�FRQGXFWLYH�GURSOHWV�� LQVXODWHG�HOHFWULFDOO\� IURP�HDFK�RWKHU��HOHFWULFFXUUHQWV ZRXOG� WDNH� WKH� IRUP�RI�D� V\QFKURQL]DWLRQ�RI�PRYHPHQW�RI� HOHFWURQV�ZLWKLQ�DWRPLFRUELWV� 7KHUHIRUH��WKHVH�FXUUHQWV�ZRXOG�QRW�EH�DEOH�WR�\LHOG�DQ\�KHDW��ZKLOH�VWLOO�REH\LQJ�WKH&RQWUDGLFWRU\ 5XOH��,Q�WKLV�ZD\�WKH�FXUUHQWV�ZRXOG�EH�DEOH�WR�SURGXFH�WKH�LQWHUQDO�PDJQHWLFILHOGV�WKDW�ZRXOG�QHXWUDOL]H�WKH�DFWLRQ�RI�DQ�H[WHUQDO�ILHOG�WKDW�LQGXFHV�WKHP��ZKLOH�WKH�YHKLFOH
VVKHOO ZRXOG�UHPDLQ�FRRO��7KH�DERYH� WKHRUHWLFDO�SULQFLSOH��RQ�ZKLFK� WKLV�G\QDPLF�PDQQHU�RIIRUPLQJ PDJQHWRUHIOHFWLYHQHVV� LV� EDVHG�� LV� FDOOHG� WKH� �HOHFWURG\QDPLF� PRGHO� RIPDJQHWRUHIOHFWLYHQHVV���2I FRXUVH��WKH�WHFKQRORJLFDO�LPSOHPHQWDWLRQ�RI�WKH�DERYH�PRGHO�LV�QRW�DQ�HDV\�WDVN�7KLV LV EHFDXVH� WKH� REWDLQLQJ� RI� VXFK�PDWHULDO�ZRXOG� HQFRXQWHU� SUREOHPV�DW� WZR�GLIIHUHQWOHYHOV� L�H��LWV�GHVLJQ�DQG�LWV�SURGXFWLRQ��7KH�PDLQ�SUREOHPV�UHODWLQJ�WR�WKH�PDWHULDO
V�GHVLJQDUH��VHOHFWLQJ�WKH�FKHPLFDO�HOHPHQWV�PRVW�DSSURSULDWH�IRU�WKH�FRQGXFWLYH�GURSOHWV�DQG�IRU�WKHLQVXODWLYH PDWHULDO� WKDW� ZLOO� KRVW� WKHP�� DQG� ILQGLQJ� WKH� RSWLPDO� VL]H� RI� GURSOHWV� DQG� WKHLURSWLPDO GHQVLW\� LQ� LQVXODWLYH� PDWHULDO�� 7KH� PDLQ� SUREOHPV� ZLWK� WKH� SURGXFWLRQ� RI� VXFKPDJQHWRUHIOHFWLYH�PDWHULDO�DUH�FDXVHG�E\�WKH�QHFHVVLW\�IRU�WKH�IRUFHG�SRODUL]DWLRQ�RI�DOO�DWRPVLQ WKH� GURSOHWV� �L�H�� RULHQWLQJ� DOO� DWRPV�ZLWKLQ� HDFK� GURSOHW� LQ� WKH� VDPH� GLUHFWLRQ��� DQG� RQNHHSLQJ�WKH�VL]H�DQG�VSDWLDO�GLVWULEXWLRQ�RI�GURSOHWV�DW�WKH�UHTXLUHG�OHYHO��,W VKRXOG�EH�VWUHVVHG�WKDW�WKH�QHHG�IRU�IRUFHG�SRODUL]DWLRQ�RI�DWRPV�LQVLGH�HDFK�GURSOHWLPSRVHV WKH�XVH�RI�D�SRZHUIXO�HOHFWULF� ILHOG�GXULQJ� WKH� IRUPDWLRQ�RI�VXFK�PDJQHWRUHIOHFWLYHPDWHULDO��,Q�WXUQ�VXFK�SRODUL]HG�PDWHULDO�PXVW�GLVSOD\�VRPH�UDWKHU�XQLTXH�SK\VLFDO�SURSHUWLHV�IRU H[DPSOH�ZKHQ�FXW�ZLWK�D�VDZ�RU�ILOH�LW�PXVW�SURGXFH�VWUHDPV�RI�SRZHUIXO�VSDUNV��OLNH�WKHIOLQW�IURP�D�FLJDUHWWH�OLJKWHU���
*���6KDSHV�RI�WKH�FRXSOHG�0DJQRFUDIW
2QH RI�WKH�PRVW�LPSRUWDQW�DWWULEXWHV�RI�WKH�0DJQRFUDIW
V�SURSXOVRUV�LV�WKDW�WKH\�DOORZIRU HDV\� DQG� FRPSOHWH� FRQWURO� RYHU� WKH� SURGXFHG� RXWSXW� DQG� RYHU� WKH� RULHQWDWLRQ� RI� WKHLUPDJQHWLF SROHV��7KHUHIRUH��LQGHSHQGHQWO\�RI�WKHLU�SURSHOOLQJ�IXQFWLRQV��WKHVH�SURSXOVRUV�FDQDOVR�EH�XVHG�DV�FRXSOLQJ�GHYLFHV��DOORZLQJ�IRU�DQ�DWWDFKPHQW�RI�RQH�YHKLFOH�WR�DQRWKHU�ZLWKRXWGLVWXUELQJ WKH�IOLJKW�SRVVLELOLWLHV�RI�HLWKHU�RI� WKHP��7KH�IRUFHV�WKDW� MRLQ�WRJHWKHU�WKH�FRXSOHG0DJQRFUDIW�DUH�SURYLGHG�E\�WKH�PDJQHWLF�LQWHUDFWLRQ�RI�WKH�YHKLFOHV
�SURSXOVRUV�EURXJKW�FORVHWR�RQH�DQRWKHU��6XFK�DQ�HDV\�PDQQHU�RI�MRLQLQJ�VHYHUDO�0DJQRFUDIW�LQWR�D�IO\LQJ�DUUDQJHPHQW�FRPELQHG ZLWK�WKH�QXPHURXV�DGYDQWDJHV�WKDW�LW�SURYLGHV��HQVXUH�WKDW�WKH�FRXSOLQJ�RI�WKHVHYHKLFOHV LV�D� YHU\� FRPPRQ�SUDFWLFH��7KHUHIRUH�REVHUYHUV�RI� WKHVH�VSDFHFUDIW�PD\�RQ�RQHRFFDVLRQ ZLWQHVV�WKHP�DV�D�VLQJOH�YHKLFOH�RI�DQ�LQYHUWHG�VDXFHU�VKDSH��ZKHUHDV�RQ�DQRWKHURFFDVLRQ WKH\�PD\�VHH� WKHP�DV�VSKHUHV�� FLJDUV�� SODWIRUPV�� FURVVHV��RU�KXQGUHGV�RI� RWKHUSRVVLEOH�VKDSHV�WKDW�FDQ�EH�DUUDQJHG�IURP�VHYHUDO�0DJQRFUDIW�FRXSOHG�WRJHWKHU��7KH PDLQ�DGYDQWDJH�RI�FRXSOLQJ�0DJQRFUDIW� WRJHWKHU� LV� WKH�DELOLW\� WR�SLORW� WKH�ZKROHUHVXOWDQW DUUDQJHPHQW� E\� D� VLQJOH� FUHZ� RQ� GXW\�� ZKLOH� RWKHU� FUHZV� FDQ� UHVW�� LQYHVWLJDWH�FRQVXOW HDFK�RWKHU��RU�VRFLDOL]H��$GGLWLRQDO�DGYDQWDJHV�LQFOXGH��VHWWLQJ�XS�DQ�LQGXFWLYH�VKLHOGRI JUHDWHU� ZLGWK� WKDW� PDNHV� WUDYHO� PXFK� VDIHU�� DQ� LQFUHDVH� LQ� SURSXOVLYH� SRZHU� ZKLFK
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VXEVHTXHQWO\�HQDEOHV�WKH�DWWDLQPHQW�RI�VSHHGV�KLJKHU�DQG�PRUH�XQLIRUP�LQ�KHDYLHU�PHGLXPVWKDQ WKRVH�RI VROR�IOLJKWV��DQ�LQFUHDVH�LQ�WKH�WRWDO�QXPEHU�RI�FRPSDUWPHQWV�DQG�WKH�UDQJH�RIFUHZ VSHFLDOL]DWLRQV�� 'XULQJ� ORQJ�GLVWDQFH� LQWHUVWHOODU� YR\DJHV�� WKH� FRXSOLQJ� LQFUHDVHVVHFXULW\ DQG�FRPIRUW�RI�IOLJKW��DOORZV�IRU�WKH�VRFLDOL]LQJ�RI�FUHZV�IURP�GLIIHUHQW�YHKLFOHV��DQGDOVR�PDNHV�LW�SRVVLEOH�WR�WUDQVSRUW�GDPDJHG�0DJQRFUDIW��
*�����7KH�VL[�FODVVHV�RI�WKH�0DJQRFUDIW�DUUDQJHPHQWV
7KHUH DUH� WKUHH� IDFWRUV� ZKLFK� GHWHUPLQH� WKH� VKDSH� DQG� SURSHUWLHV� RI� WKH� IO\LQJDUUDQJHPHQWV�REWDLQHG�DV�D�UHVXOW�RI�FRXSOLQJ�VHYHUDO�0DJQRFUDIW�WRJHWKHU��D� 7KH�W\SH�RI�SURSXOVRUV�WKDW�IDFH�RU�LQWHUDFW�ZLWK�HDFK�RWKHU�LQ�HDFK�SDLU�RI�MRLQHGYHKLFOHV� :H�FDQ�GLVWLQJXLVK�KHUH�DV�PDQ\�DV�WKUHH�GLIIHUHQW�FRPELQDWLRQV������PDLQ�WR�PDLQ�����PDLQ�WR�VLGH��DQG�����VLGH�WR�VLGH���E� 7KH�FKDUDFWHU�RI� WKH�PDJQHWLF� LQWHUDFWLRQ�RFFXUULQJ�EHWZHHQ�HDFK�SDLU�RI� IDFLQJSURSXOVRUV��L�H��LI�LW�LV�����DWWUDFWLRQ��RU�����UHSXOVLRQ���F� 7KH�W\SH RI�FRQWDFW�RFFXUULQJ�EHWZHHQ�WKH�VKHOOV�RI�ERWK�MRLQHG�FUDIW��7KLV�FRQWDFWFDQ EH�RQH�RI�WKH�IROORZLQJ������IL[HG��H�J��SODQH�WR�SODQH�RU�FRQH�WR�FRQH�������ODELOH��H�J��WZRVSKHUHV WRXFKLQJ�HDFK�RWKHU� LQ�D�SRLQW���DQG�����GHWDFKHG��L�H�� WKHUH�LV�QR�SK\VLFDO�FRQWDFWEHWZHHQ�WKHVH�VKHOOV���7KH ZD\�WKH�DERYH�WKUHH�IDFWRUV�DUH�FRPELQHG�WRJHWKHU�FDWHJRUL]HV�D�SDUWLFXODU�IO\LQJDUUDQJHPHQW LQWR�D�VSHFLILF�FODVV��7KHUH�FDQ�EH�GLVWLQJXLVKHG�DV�PDQ\�DV�VL[�EDVLF�FODVVHVRI GLIIHUHQW� DUUDQJHPHQWV� REWDLQHG� WKURXJK� YDULRXV� PDQQHUV� RI� FRXSOLQJ� WKH� 0DJQRFUDIW�([DPSOHV�RI�WKHVH�DUH�LOOXVWUDWHG�LQ�)LJXUH�*���7KHVH�FODVVHV�DUH�DV�IROORZV�����)O\LQJ�FRPSOH[HV ��VHH�)LJXUHV�*��WR�*����7KHVH�DUH�REWDLQHG�ZKHQ�LQ�WKH�MRLQHGFUDIW���D��PDLQ�SURSXOVRUV�DOZD\V�IDFH�RWKHU�PDLQ�SURSXOVRUV�DQG�VLGH�SURSXOVRUV�DOZD\V�IDFHRWKHU�VLGH�SURSXOVRUV���E��DOO�SURSXOVRUV��L�H��PDLQ�DQG�VLGH��FUHDWH�RQO\�DWWUDFWLYH�LQWHUDFWLRQV�DQG��F��WKH�FRXSOLQJ�SURYLGHV�RQO\�IL[HG�FRQWDFWV����� 6HPL�DWWDFKHG�FRQILJXUDWLRQV ��VHH�)LJXUHV�*���DQG�*����,Q�WKHVH�DUUDQJHPHQWV��D� WKH� IDFLQJ� RI� WKH� SURSXOVRUV� LV� WKH� VDPH� DV� LQ� WKH� IO\LQJ� FRPSOH[HV�� �E�� WKH� DWWUDFWLYHLQWHUDFWLRQV DUH� IRUPHG�RQO\� E\� WKH�PDLQ� SURSXOVRUV��ZKHUHDV� WKH� VLGH� SURSXOVRUV�RI� ERWKYHKLFOHV UHSHO� RQH� DQRWKHU�� DQG� �F�� WKH� FRQWDFW� EHWZHHQ� WKH� YHKLFOHV� LV� RQO\� ODELOH� �L�H�RFFXUULQJ�RQO\�DW�WKH�SRLQW�ZKHUH�WZR�FRQYH[�KHPLVSKHUHV�WRXFK�HDFK�RWKHU���,Q�VSLWH�RI�VXFKODELOH FRQWDFW�� WKH� FRQILJXUDWLRQ� LV� SHUPDQHQW� DQG� VWHDG\� EHFDXVH� WKH� FRPELQLQJ� RI� WKHDWWUDFWLYH DQG�UHSXOVLYH�LQWHUDFWLRQV�EHWZHHQ�YHKLFOHV� MRLQHG�WRJHWKHU�SURYLGHV�WKH�UHTXLUHGVWDELOLW\����� 'HWDFKHG�FRQILJXUDWLRQV ��VHH�)LJXUH�*����,Q�WKHVH���D��SURSXOVRUV�DUH�IDFHG�LQWKH VDPH�PDQQHU� DV� LQ� WKH� SK\VLFDO� FRPSOH[HV� DQG� VHPL�DWWDFKHG� FRQILJXUDWLRQV�� �E�� WKHFKDUDFWHU RI� WKH� LQWHUDFWLRQV� LV� WKH� UHYHUVH� RI� VHPL�DWWDFKHG� FRQILJXUDWLRQV�� L�H�� WKH� PDLQSURSXOVRUV RI�ERWK�YHKLFOHV�UHSHO�HDFK�RWKHU��ZKHUHDV�WKH�VLGH�RQHV�DWWUDFW��DQG��F��WKHUH�LVQR SK\VLFDO�FRQWDFW�EHWZHHQ�WKH�FRXSOHG�YHKLFOHV�VR�WKH\�NHHS�DSDUW�DW�VRPH�GLVWDQFH�IURPHDFK�RWKHU��%XW�WKH�PDJQHWLF�LQWHUDFWLRQV�DUH�VR�VWURQJ�DQG�VWHDG\�WKDW�WKH\�PDLQWDLQ�D�VWDEOHDQG SHUPDQHQW�FRQILJXUDWLRQ��1RWH�WKDW�LQ�WKHVH�FRQILJXUDWLRQV�WKH�IDFLQJ�RXWOHWV�RI�WKH�VLGHSURSXOVRUV RI� ERWK� VSDFHFUDIW� PXVW� EH� MRLQHG� E\� WKH� FROXPQV� RI� D� KLJKO\� FRQFHQWUDWHGPDJQHWLF ILHOG�ZKLFK� FDWFKHV� WKH� OLJKW�DQG� WKHUHIRUH�DSSHDUV�DV�VTXDUH� �EODFN�EDUV�� �� VHHVXEVHFWLRQ�*�������� &DUULHU� SODWIRUPV �� VHH� )LJXUHV� *��� DQG� *���� 2EWDLQHG� ZKHQ�� �D�� WKH� PDLQ
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SURSXOVRU RI� RQH� FUDIW� IDFHV� WKH� VLGH� SURSXOVRU� RI� WKH� RWKHU� FUDIW�� �E�� DOO� LQWHUDFWLRQV� DUHDWWUDFWLYH��DQG��F��WKH�FRQWDFW�LV�IL[HG��7KLV�DUUDQJHPHQW�LV�WKH�PRVW�SURILWDEOH�ZKHQ�D�QXPEHURI VPDOO�0DJQRFUDIW�DUH�WR�EH�FDUULHG�XQGHU�WKH�EDVH�RI�D�ODUJH�PRWKHUVKLS��VHH�)LJXUH�*����%XW�LW�PD\�DOVR�EH�XVHG�IRU�FRXSOLQJ�WZR�YHKLFOHV�RI�WKH�VDPH�W\SH��VHH�)LJXUH�*�������� )O\LQJ� V\VWHPV �� VHH� )LJXUH� *���� )RU� WKHVH�� �D�� WKH� VLGH� SURSXOVRU� RI� RQH0DJQRFUDIW IDFHV�WKH�VLGH�SURSXOVRU�RI�WKH�RWKHU�RQH��ZKLOH�WKHLU�PDLQ�SURSXOVRUV�GR�QRW�IDFHHDFK�RWKHU���E��DOO�LQWHUDFWLRQV�DUH�DWWUDFWLYH��DQG��F��WKH�FRQWDFW�LV�IL[HG��,Q�IO\LQJ�V\VWHPV��QRWRQO\ VLQJOH�YHKLFOHV�EXW�DOVR�HQWLUH�VWDFNHG�FLJDUV�DUH�FRXSOHG� WRJHWKHU�� ,Q� WKLV�ZD\�ZKROHIO\LQJ FLWLHV� DUH� IRUPHG�� 7KH� IO\LQJ� V\VWHPV� DUH� WKH� KLJKHVW� UDQN� RI� DUUDQJHPHQWV�� XVXDOO\IRUPHG�IRU�WKH�GXUDWLRQ�RI�DQ�LQWHUVWHOODU�YR\DJH������)O\LQJ�FOXVWHUV ��VHH�)LJXUH�*����7KHVH�DUH�VLPSO\�YDULRXV�RWKHU�DUUDQJHPHQWV�RI0DJQRFUDIW WKDW�DUH�VXEVHTXHQWO\�FOXVWHUHG�WRJHWKHU�ZLWK�PDJQHWLF�IRUFHV��,Q�IO\LQJ�FOXVWHUV��D� QR�SURSXOVRUV�RI�DQ\�DUUDQJHPHQW�IDFH�WKH�SURSXOVRUV�RI�DQRWKHU�IO\LQJ�DUUDQJHPHQW��L�H�LQ DOO�DUUDQJHPHQWV�FOXVWHUHG� WRJHWKHU� WKH�PDJQHWLF�D[HV�RI�SURSXOVRUV�DUH�SDUDOOHO� WR�RQHDQRWKHU�� �E�� WZR� VXEVHTXHQW� DUUDQJHPHQWV� ZKLFK� EHORQJ� WR� D� JLYHQ� FOXVWHU� �SXW� VLPSO\�DWWUDFW HDFK�RWKHU�ZLWK�WKHLU�PDLQ�SURSXOVRUV�DQG�UHSHO�HDFK�RWKHU�ZLWK�WKHLU�VLGH�SURSXOVRUV�DQG �F�� WKHUH� LV� QR� SK\VLFDO� FRQWDFW� EHWZHHQ� VXEVHTXHQW� DUUDQJHPHQWV� IRUPLQJ� D� JLYHQFOXVWHU� $Q�H[DPSOH�RI�D� W\SLFDO� WZR�GLPHQVLRQDO�FOXVWHU�FRXOG�EH�D��IO\LQJ�FURVV��VKRZQ�LQ)LJXUH�*���,Q HDFK�RI�WKH�DERYH�FODVVHV�ZH�FDQ�IXUWKHU�GLVWLQJXLVK�SDUWLFXODU�DUUDQJHPHQWV�ZKLFKGLIIHU IURP�HDFK�RWKHU� LQ�VKDSH��QXPEHU�RI�FRXSOHG�FUDIW�� WKHLU�PXWXDO�RULHQWDWLRQ��HWF��7KH0DJQRFUDIW PD\�DFWXDOO\�IRUP�KXQGUHGV�RI�VXFK�DUUDQJHPHQWV��HDFK�RQH�XQLTXH��DQG�HDFKRQH YHU\� GLIIHUHQW� IURP� WKH� RWKHUV�� 7KH� OLPLWHG� VL]H� RI� WKLV� WUHDWLVH� GRHV� QRW� DOORZ� IRU� WKHSUHVHQWDWLRQ RI�DOO�RI�WKHP��%XW�WR�JLYH�UHDGHUV�DQ�LGHD�DV�WR�ZKDW�YDULHW\�RI�VKDSHV�FDQ�EHIRUPHG MXVW E\�FRXSOLQJ�WRJHWKHU�D�QXPEHU�RI�VDXFHU�VKDSHG�0DJQRFUDIW��VRPH�RI�WKH�PRVWIUHTXHQWO\�DSSHDULQJ�FRQILJXUDWLRQV�DUH�GHVFULEHG�EHORZ��
*�������)O\LQJ�FRPSOH[HV
7KH IO\LQJ�FRPSOH[HV�FRQVWLWXWH�D�FODVV�RI�FRXSOHG�0DJQRFUDIW�IRUPHG�IRU�WKH�GXUDWLRQRI SODQHWDU\�DQG�LQWHUSODQHWDU\�YR\DJHV��,Q�WKLV�FODVV�WKH�IROORZLQJ�UHJXODU�DUUDQJHPHQWV�FDQEH GLVWLQJXLVKHG�� ���� WKH� VSKHULFDO� FRPSOH[�� ���� WKH� VWDFNHG�FLJDU� FRPSOH[�� ���� WKHGRXEOH�HQGHG�FLJDU�FRPSOH[��DQG�����WKH�ILU�WUHH�FRPSOH[��7KHVH�UHJXODU�IO\LQJ�FRPSOH[HV�PD\MRLQ IXUWKHU� EHWZHHQ� WKHPVHOYHV�� IRUPLQJ� LUUHJXODU� DUUDQJHPHQWV� RI� DQ� DOPRVW� XQOLPLWHGYDULHW\�RI�OHQJWKV�DQG�VKDSHV��7KH�HQRUPRXV�UDQJH�RI�SRVVLELOLWLHV�UHVXOWLQJ�IURP�VXFK�IXUWKHUFRXSOLQJ PD\ EH�OHIW�WR�WKH�UHDGHU
V�LPDJLQDWLRQ��/HW�XV�QRZ�UHYLHZ�WKH�PDLQ�FKDUDFWHULVWLFVRI�WKH�UHJXODU�IO\LQJ�FRPSOH[HV��� 7KH VSKHULFDO�FRPSOH[��7KLV�LV�REWDLQHG�ZKHQ�WZR�0DJQRFUDIW�RI�WKH�VDPH�W\SH�DUHMRLQHG�E\�WKHLU�EDVHV��L�H��EDVH�WR�EDVH���VHH�)LJXUH�*��� 7KH�QDPH�RI�WKLV�FRPSOH[�RULJLQDWHVIURP LWV� VKDSH� WKDW� URXJKO\� UHVHPEOHV�D� VSKHUH� �HVSHFLDOO\� LQ� WKH�PDJQHWLF�ZKLUO�PRGH�RIRSHUDWLRQ���([DFWO\�LQ�WKH�PLGGOH�RI�WKH KHLJKW�RI�WKLV�VSKHUH�D�GRXEOH�IODQJH�ZKLFK�IDVWHQV�WKHUHVXOWDQW DUUDQJHPHQW�KRUL]RQWDOO\�FDQ�EH�GLVWLQJXLVKHG��7KH�XSSHU�SDUW�RI�)LJXUH�*��VKRZVWKH H[WHUQDO��VLGH��DSSHDUDQFH�RI� WKLV�FRPSOH[��ZKHUHDV�WKH� ORZHU�SDUW�RI� WKH�VDPH�)LJXUHVKRZV LWV�FXW�DZD\�YLHZ��7KLV�FXW�DZD\�YLHZ�LOOXVWUDWHV�DQ�XSULJKW�YHKLFOH�����DQG�DQ�LQYHUWHGYHKLFOH�����IRUPLQJ�VXFK�D�FRPSOH[��DQG�LW�DOVR�LQGLFDWHV�D�JHODWLQRXV�K\GUDXOLF�VXEVWDQFH��$�FDOOHG �DQJHO
V� KDLU�� ZKLFK� ILOOV� WKH� IUHH� VSDFH� EHWZHHQ� ERWK� YHKLFOHV�� 7KLV� VXEVWDQFH



G-14

QHXWUDOL]HV WKH� DWWUDFWLQJ� SUHVVXUH� WKDW� RULJLQDWHV� IURP� WKH� LQWHUDFWLRQ� EHWZHHQ� WKH� PDLQSURSXOVRUV��0��RI�ERWK�FRXSOHG�0DJQRFUDIW��,WV�IXQFWLRQ�LV�VLPLODU�WR�WKDW�RI�WKH�ZKLWH�RI�DQ�HJJZKLFK�SUHYHQWV�WKH�WKLQ�VKHOO�IURP�EHLQJ�FUXVKHG�E\�D�XQLIRUP�SUHVVXUH��HYHQ�WKDW�ZKLFK�FRXOGEH H[HUWHG� E\� WKH� VWURQJHVW� DWKOHWH�� 7KH� DQJHO
V� KDLU�� DW� WKH� PRPHQW� ZKHQ� WKH� IO\LQJFRPSOH[HV GHFRXSOH��GURSV�IURP�WKH�0DJQRFUDIW�DQG�IDOOV�RQWR�WKH�(DUWK
V�VXUIDFH��FRYHULQJWUHHV LQ�D�PDQQHU�UHPLQLVFHQW�RI�WKH�&KULVWPDV�GHFRUDWLRQ�RI�WKH�VDPH�QDPH��1RWH�WKDW�WKHGHFRXSOLQJ RI� VSKHULFDO� FRPSOH[HV� IRUPHG� IURP� VXEVHTXHQW� W\SHV� RI� 0DJQRFUDIW� PXVWUHOHDVH�D�FXPXODWLYHO\�JURZLQJ�YROXPH�RI�DQJHO
V�KDLU��7KH�YROXPH�RI�WKLV�VXEVWDQFH�IRU�HDFKW\SH RI�0DJQRFUDIW�FDQ�EH�FDOFXODWHG�RQ�WKH�EDVLV�RI�GDWD�SURYLGHG�LQ�7DEOH�*���)RU�D�VSKHULFDOFRPSOH[ IRUPHG� IURP� WKH� VPDOOHVW� 0DJQRFUDIW� W\SH� .�� LW� H[FHHGV� �� >P @�� ,Q� VSHFLDO�FLUFXPVWDQFHV VSKHULFDO� FRPSOH[HV� PD\� DOVR� IRUP� ODPLQDU� GHSRVLWV� RI� PDJQHWLFDOO\VFRUFKHG RUJDQLF�PDWWHU�FDOOHG�WKH��RQLRQ�FKDUFRDO���&���7KLV�FKDUFRDO�DWWDFKHV�LWVHOI�WR�WKH�1��RXWOHW�IURP�WKH�PDLQ�SURSXOVRU��0�����7KH�VWDFNHG�FLJDU�VKDSH�FRPSOH[��7KLV�LV�FUHDWHG�E\�VWDFNLQJ�WKH�FRQYH[�WRS�RI�RQHFUDIW RQWR�WKH�FRQFDYH�SDUW�RI�WKH�EDVH�RI�DQRWKHU��DQG�VR�RQ��7KH�UHVXOW�LV�VLPLODU�WR�D�SLOH�RIVDXFHUV� RQH�RQ� WRS�RI�DQRWKHU��VWRUHG� LQ�D�NLWFKHQ�FXSERDUG���VHH�)LJXUH�*���7KH� IDFLQJRXWOHWV RI� WKH� VLGH� SURSXOVRUV� LQ� WKLV� FRQILJXUDWLRQ�PXVW� EH� MRLQHG� E\� FROXPQV� RI� D� KLJKO\FRQFHQWUDWHG PDJQHWLF� ILHOG� ZKLFK� ORRNV� OLNH� EODFN� EDUV� �WKH� GHVFULSWLRQ� RI� WKHVH� EDUV� LVSURYLGHG LQ�VXEVHFWLRQ�*������)RU�WKLV�UHDVRQ��ZKHQ�WKH�VKHOOV�RI�YHKLFOHV�IURP�VXFK�D�FLJDUDUH WUDQVSDUHQW�� DQG�ZKHQ� WKLV� FRQILJXUDWLRQ� IOLHV� LQ� D� WKUREELQJ�PRGH�RI� RSHUDWLRQ�� WR� DQRXWVLGH�REVHUYHU�ORRNLQJ�DW�LW�IURP�D�VLGH�YLHZ�LW�ZRXOG�UHVHPEOH�D�NLQG�RI�VKLQ\�ODGGHU���� 7KH�GRXEOH�HQGHG�FLJDU�FRPSOH[��7KLV�LV�IRUPHG�ZKHQ�PRUH�YHKLFOHV�DUH�FRXSOHGWR ERWK� HQGV� RI� D� VSKHULFDO� FRPSOH[�� RU� ZKHQ� WZR� VWDFNHG� FLJDUV� FRXSOH� WRJHWKHU� LQWR� DVSKHULFDO�OLNH FRQILJXUDWLRQ�� 7KH� GRXEOH�HQGHG� FLJDU� FRPSOH[�� VLPLODUO\� WR� D� VSKHULFDOFRPSOH[� DOVR�KDV�D�VSDFH�LQ�WKH�PLGGOH�ZKLFK�LV�ILOOHG�ZLWK�DQJHO
V�KDLU��VHH�)LJXUH�*����,QRWKHU�GHWDLOV�LW�UHVHPEOHV�D�VWDFNHG�FLJDU�FRPSOH[���� 7KH� ILU�WUHH� FRPSOH[�� $OO� WKUHH� IO\LQJ� FRPSOH[HV� GHVFULEHG� DERYH� �WKH� VSKHULFDO�VWDFNHG�FLJDU� DQG�GRXEOH�HQGHG�FLJDU�FRPSOH[HV��DUH�KRPRJHQRXV�� L�H�� WKH\�DUH� IRUPHGIURP 0DJQRFUDIW� EHORQJLQJ� WR� WKH� VDPH� W\SH�� 7KHUH� LV� DOVR�� KRZHYHU�� WKH� SRVVLELOLW\� RIFRXSOLQJ LQ�WKH�VDPH�PDQQHU�D�QXPEHU�RI�0DJQRFUDIW�EHORQJLQJ�WR�YDULRXV�W\SHV��7KH�JURXSRI DUUDQJHPHQWV� UHVXOWLQJ� IURP�VXFK�FRXSOLQJ� LV� FDOOHG� WKH� ILU�WUHH� FRPSOH[��7KH�QDPH� IRUWKHVH DUUDQJHPHQWV�RULJLQDWHV�IURP�WKH�YLVXDO�LPSUHVVLRQ�WKDW�WKH\�PDNH�RQ�REVHUYHUV��L�H�H\H�ZLWQHVVHV VHH� WKHP� DV� D� VKDSH� WKDW� FORVHO\� UHVHPEOHV� WKH� RXWOLQH� RI� D� ILU�WUHH� �VHH)LJXUH�*�����,Q JHQHUDO�� WKH� ILU�WUHH�FRPSOH[HV�FDQ�EH�FRXSOHG�DV�VLQJOH�HQGHG�RU�GRXEOH�HQGHG�7KH�VLQJOH�HQGHG�RQHV�DUH�REWDLQHG�ZKHQ�D�QXPEHU�RI�0DJQRFUDIW�EHORQJLQJ�WR�YDULRXV�W\SHVMRLQ WRJHWKHU�E\�VWDFNLQJ�YHUWLFDOO\�VPDOOHU� W\SHV�RI�FUDIW�RQ� WRS�RI� ODUJHU�RQHV��7KH�PXWXDOSRVLWLRQLQJ RI�YHKLFOHV�LV�YHU\�VLPLODU�WR�WKH�RQH�LQ�VWDFNHG�FLJDU�VKDSHG�IO\LQJ�FRPSOH[HV��FRPSDUH�)LJXUH�*���DQG�)LJXUH�*���7KH�GRXEOH�HQGHG�ILU�WUHH�FRPSOH[HV�DUH�REWDLQHG�ZKHQWZR VXFK� VLQJOH�HQGHG� FRPSOH[HV� DUH� MRLQHG� WRJHWKHU� EDVH�WR�EDVH�� 7KH� UHVXOWDQWDUUDQJHPHQWV�DUH�HTXLYDOHQW�WR�GRXEOH�HQGHG�FLJDU�FRPSOH[HV��7KHUH DUH� HLJKW� PDLQ� W\SHV� RI� 0DJQRFUDIW�� HDFK� RI� WKHP� SRVVHVVLQJ� GLIIHUHQWGLPHQVLRQV �VHH� )LJXUH�*����� 7KHUHIRUH� GHSHQGLQJ� RQ� ZKLFK� RI� WKHVH� W\SHV� DUH� FRXSOHGWRJHWKHU DQG�KRZ�PDQ\�YHKLFOHV�SDUWLFLSDWH�LQ�D�SDUWLFXODU�DUUDQJHPHQW��WKH�UHVXOWDQW�VKDSHRI�D�ILU�WUHH�FRPSOH[�FDQ�EH�GLIIHUHQW��,Q�WKLV�ZD\��D�ODUJH�QXPEHU�RI�YDULRXV�VKDSHV�DQG�VL]HVRI�WKHVH�DUUDQJHPHQWV�FDQ�EH�IRUPHG��
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*�������6HPL�DWWDFKHG�FRQILJXUDWLRQV
7KH VHPL�DWWDFKHG�FRQILJXUDWLRQV�DUH�IRUPHG�LQ�WKH�GRFNLQJ�VWDJH�RI�WKH�0DJQRFUDIW
VFRXSOLQJ LQWR� IO\LQJ� FRPSOH[HV� �VHH� VXEVHFWLRQ� *������ 7R� REWDLQ� DQ\� VXFK� DUUDQJHPHQW�IXUWKHU FRXSOLQJ�PXVW�EH�VXVSHQGHG�LQ�WKH�PLGGOH�RI�WKH�GRFNLQJ�VWDJH��DQG�WKH�LQWHUPHGLDWHFRQILJXUDWLRQ VR� IRUPHG�PXVW� UHPDLQ� XQFKDQJHG� IRU� WKH� GXUDWLRQ� RI� VXEVHTXHQW� IOLJKWV�� ,QWKHVH�FRQILJXUDWLRQV��WKH�YHKLFOHV�LQYROYHG�JDLQ�DOO�WKH�SURSHUWLHV�RI�D�IO\LQJ�FRPSOH[��KRZHYHUWKHLU�FRQWDFW�LV�RQO\�DORQJ�WKRVH�VXUIDFHV�ZKLFK�DUH�XQDEOH�WR�JLYH�DQ\�SK\VLFDO�VWDELOLW\�WR�WKHDUUDQJHPHQW��H�J��DW�WKH�FHQWUH�RI�WZR�FRQYH[�KHPLVSKHUHV���VHH�)LJXUH�*�����7KH�PHWKRG�RIFRXSOLQJ�WRJHWKHU�VXFK FRQILJXUDWLRQV�XVHV�WKH�VHW�RI�IRUFHV�RI�PDJQHWLF�LQWHUDFWLRQV�EHWZHHQWKH SURSXOVRUV� RI� WKH� FUDIW� WKDW� DUH� MRLQHG�� DQG� ZKLFK� DUH� NHSW� LQ� D� VWDWH� RI� SHUPDQHQWHTXLOLEULXP� ,W� LV� WKHVH� PDJQHWLF� IRUFHV�� QRW� SK\VLFDO� FRQWDFW�� WKDW� NHHS� WKH� DUUDQJHPHQWVWDEOH�7KH VHPL�DWWDFKHG�FRQILJXUDWLRQV�SRVVHVV� WKH�SURSHUWLHV�ZKLFK�HQDEOH�DQ�H[WHQVLYHXVDJH RI� WKHVH� DUUDQJHPHQWV� LQ� YDULRXV� FLUFXPVWDQFHV�� 7KH� PRVW� LPSRUWDQW� RI� WKHVHSURSHUWLHV�DUH��D� 7KH�DELOLW\ WR�MRLQ�LQWR�RQH�DUUDQJHPHQW�D�VHW�RI�YHKLFOHV��RU�D�VHW�RI�0DJQRFUDIW
VDUUDQJHPHQWV� ZKRVH� VKDSH�DQG�RU� RULHQWDWLRQ�PDNH� LW� LPSRVVLEOH� IRU� WKHP� WR�EH� FRXSOHGLQWR DQ� RUGLQDU\� IO\LQJ� FRPSOH[�� $Q� H[DPSOH� RI� WKLV� FDQ� EH� WKH� MRLQLQJ� WRJHWKHU� RI� WZR0DJQRFUDIW ZKLFK�DUH� WRXFKLQJ�HDFK�RWKHU�ZLWK� WKHLU�FRQYH[� WRSV� �VHH�)LJXUH�*�����RU� WKHMRLQLQJ�WRJHWKHU�RI�WZR�VSKHULFDO�IO\LQJ�FRPSOH[HV��VHH�)LJXUH�*�����E� 7KH�FRQYHQLHQW�GLVWULEXWLRQ�RI�IRUFHV�ZLWKLQ�VXFK�D�FRQILJXUDWLRQ��ZKLFK�GHFUHDVHVWKH GDQJHU�RI�WKH�VWUXFWXUH�RI�ERWK�YHKLFOHV�EHLQJ�FUXVKHG��7KLV�PDNHV�LW�SRVVLEOH�WR�FRXSOHWRJHWKHU�GLIIHUHQWO\�WKH�VDPH�0DJQRFUDIW�ZKLFK�WRRN�SDUW�LQ�DQ�RUGLQDU\�VSKHULFDO�VKDSHG�IO\LQJFRPSOH[ �VHH� )LJXUHV� *�� DQG� *����� +RZHYHU�� LQ� WKH� VHPL�DWWDFKHG� FRQILJXUDWLRQ� LW� LVXQQHFHVVDU\ WR� XVH� WKH� K\GUDXOLF� VXEVWDQFH� �DQJHO
V� KDLU�� IRU� QHXWUDOL]LQJ� WKH� PDJQHWLFLQWHUDFWLRQV EHWZHHQ� WKH� SURSXOVRUV�� 7KHUHIRUH� WKH� VSKHULFDO� FRPSOH[HV� ZKLFK� GURS� WKHLUK\GUDXOLF VXEVWDQFH� GXULQJ� GHFRXSOLQJ� PD\� EHFRPH� VHPL�DWWDFKHG� FRQILJXUDWLRQV� LQ� WKHHYHQW�RI�IXUWKHU�FRXSOLQJ�EDFN�WRJHWKHU���F� $� TXLFNHU� DQG� OHVV� FRPSOLFDWHG� FRXSOLQJ� DQG� GHFRXSOLQJ� RI� VHPL�DWWDFKHGFRQILJXUDWLRQV ZKHQ�FRPSDUHG�ZLWK�WKH�IRUPDWLRQ�RI�IO\LQJ�FRPSOH[HV��7KHUHIRUH�LW�DOORZV�IRUWKH DUUDQJLQJ�RI� WHPSRUDU\�FRQILJXUDWLRQV�ZKLFK�DUH� LQWHQGHG� WR�EH�TXLFNO\�GHFRXSOHG� LQWRVLQJOH�YHKLFOHV��1RWH�WKDW�HDFK�RI�WKH�DERYH�SURSHUWLHV�DSSO\�DOVR�WR�WKH�GHWDFKHG�FRQILJXUDWLRQV��
*�������'HWDFKHG�FRQILJXUDWLRQV
7KH GHWDFKHG�FRQILJXUDWLRQV��VLPLODUO\�DV�VHPL�DWWDFKHG�RQHV��DUH�DOVR�IRUPHG�GXULQJWKH�GRFNLQJ�VWDJH�RI�WKH�0DJQRFUDIW
V�FRXSOLQJ�LQWR�IO\LQJ�FRPSOH[HV� 2QO\�WKH�FRXSOLQJ�URXWLQHOHDGLQJ WR� WKH� IRUPDWLRQ�RI� WKHVH�FRQILJXUDWLRQV� LV�GLIIHUHQW�� L�H�� LW� LV� WKH� �URXWLQH� WKURXJK�DGHWDFKHG FRQILJXUDWLRQ�� �VHH� VXEVHFWLRQ� *������ 7KH� YHKLFOHV� FRXSOHG� LQWR� WKHVHFRQILJXUDWLRQV DOVR�EHKDYH�OLNH�D�IO\LQJ�FRPSOH[��DOWKRXJK�WKH\�GR�QRW�WRXFK�HDFK�RWKHU�DW�DOO� VHH�)LJXUH�*����%HFDXVH�DOO� WKH�SURSHUWLHV�RI� WKH�GHWDFKHG�FRQILJXUDWLRQV�DUH�VLPLODU� WRWKRVH�RI�VHPL�DWWDFKHG�RQHV��WKHLU�SUHVHQWDWLRQ�LV�QRW�UHSHDWHG�KHUH�
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*�������&DUULHU�SODWIRUPV
&DUULHU�SODWIRUPV�DUH�IRUPHG�ZKHQ�D�QXPEHU�RI�VPDOOHU�0DJQRFUDIW�DGKHUH�WR�WKH�EDVHRI D� ODUJHU� PRWKHU� VKLS�� KHOG� E\� VRPH� RI� LWV� VLGH� SURSXOVRUV�� 7KH� UHVXOWDQW� DUUDQJHPHQWUHPLQGV XV�RI�EDE\�EDWV�FOLQJLQJ�XQGHU�WKHLU�PRWKHU
V�EHOO\��VHH�)LJXUH�*�����7KH�FRXSOLQJRI WKHVH�YHKLFOHV�FDQ�EH�VR�WLJKW�WKDW�VRPH�H\H�ZLWQHVVHV�PD\�DVVXPH�WKH�VPDOO�VSDFHFUDIWWR�EH�SURWXEHUDQFHV�VZHOOLQJ�RXW�IURP�WKH�EDVH�RI�WKH�ODUJH�YHKLFOH��VXFK�ZLWQHVVHV�PD\�DOVRZURQJO\ EHOLHYH�WKDW�WKHVH�SURWXEHUDQFHV�SHUIRUP�PDMRU�SURSHOOLQJ�IXQFWLRQV��H�J��DFWLQJ�DV�DQWLJUDYLW\�JHQHUDWRUV����'HSHQGLQJ RQ� WKH� GLIIHUHQFHV� EHWZHHQ� WKH� �.�� IDFWRU� LQ� ERWK� YHKLFOHV� LQYROYHG�� L�H�EHWZHHQ�WKH��. ��IDFWRU�LQ�D�PRWKHU�VKLS�DQG�WKH��. ��LQ�D�YHKLFOH��RU�YHKLFOHV��FDUULHG�E\�LW��WKH0 FFDUU\LQJ�FDSDELOLWLHV�RI�WKH�PRWKHU�VKLS�FDQ�YDU\��:KHQ�WKLV�GLIIHUHQFH�LV�HTXDO�WR�. �.  ���H�J�0 FD�PRWKHU�VKLS�LV�W\SH�.���ZKHUHDV�DOO�DWWDFKHG�YHKLFOHV�DUH�W\SH�.����RQO\�WZR�VPDOOHU�YHKLFOHVFDQ EH�FDUULHG�E\�D� ODUJHU�PRWKHU� VKLS��%XW�ZKHQ� WKHVH�YHKLFOHV�GLIIHU�E\�. �.  �� �H�J��D0 FPRWKHU VKLS� LV� W\SH�.���ZKHUHDV�DWWDFKHG�YHKLFOHV�DUH�W\SH�.����VHH�)LJXUH�*����� WKHQ�DVPDQ\ DV HLJKW� VPDOOHU� YHKLFOHV� FDQ� EH� FDUULHG� E\� D� ODUJHU� PRWKHU� VKLS�� :LWK� WKH� IXUWKHULQFUHDVH RI� WKH� �. �. �� GLIIHUHQFH�� WKH� QXPEHU� RI� YHKLFOHV� ZKLFK� FDQ� EH� FDUULHG� UDSLGO\0 FLQFUHDVHV��&DUULHU�SODWIRUPV�FDQ�DOVR�EH�IRUPHG�IURP�YHKLFOHV�RI�WKH�VDPH�W\SH��,I�WZR�0DJQRFUDIWRI WKH VDPH�VL]H� MRLQ� WRJHWKHU� LQWR� VXFK�D� FDUULHU� FRQILJXUDWLRQ�� WKH� UHVXOWDQW� DUUDQJHPHQWORRNV OLNH�D ZDUSHG�VSKHULFDO�FRPSOH[��FRPSDUH�)LJXUH�*�� ZLWK�)LJXUH�*����'XULQJ�QLJKWIOLJKWV� WKH LRQL]HG�DLU� DW� WKH� RXWOHWV� IURP� WKH� VLGH� SURSXOVRUV�ZLOO� VKDSH� WKH� LPDJH�RI� WKLVFRQILJXUDWLRQ�LQWR�WKH�IRUP�RI�D�JORZLQJ�]LJ]DJ�
*�������)O\LQJ�V\VWHPV
)RU WKH� GXUDWLRQ� RI� ORQJ� �H�J�� LQWHUVWHOODU�� WULSV� WKH� 0DJQRFUDIW� DUH� DEOH� WR� IRUPDUUDQJHPHQWV RI�D�KLJKHU�UDQN�WKDQ�RI�DOO�RI�WKRVH�GHVFULEHG�SUHYLRXVO\��7KHVH�DUUDQJHPHQWVDUH FDOOHG�IO\LQJ�V\VWHPV��VHH�)LJXUH�*�����$�IO\LQJ�V\VWHP�PD\�FRQVLVW�RI�D�VLQJOH�FHOO�RQO\� OLNH�WKH�V\VWHP�VKRZQ�LQ�)LJXUH�*����D���RU�D�QXPEHU�RI�FHOOV�LQWHUORSLQJ�ZLWK�RQH�DQRWKHU� VHH� )LJXUH�*��� �E�� DQG� �F��� (DFK� LQGLYLGXDO� FHOO� RI� VXFK� D� V\VWHP� LV� FRXSOHG� IURP� IRXUVWDFNHG FLJDU�VKDSHG�FRPSOH[HV�MRLQHG�WRJHWKHU�ULP�WR�ULP�E\�WKHLU�VLGH�SURSXOVRUV��2QH�RIWKH�PDQ\ SRVVLEOH�DSSHDUDQFHV�RI�D�VLQJOH�FHOO�LV�SUHVHQWHG�LQ�)LJXUH�*����D���7KH�SULQFLSOHVRI�LWV�IRUPDWLRQ�DUH�H[SODLQHG�LQ�)LJXUHV�*���DQG�*����)O\LQJ V\VWHPV� FDQ� EH� IRUPHG� LQ� DQ� DOPRVW� XQOLPLWHG� YDULHW\� RI� VL]HV� DQG� VKDSHV�6RPH�RI�WKH�SRVVLELOLWLHV�DUH�LOOXVWUDWHG�LQ�)LJXUH�*����E��DQG��F���1RWH�WKDW�IXUWKHU�DSSHQGL[HVFRPSRVHG RI�DQ\�FRQILJXUDWLRQV�GHVFULEHG�SUHYLRXVO\�FDQ�DOVR�EH�MRLQHG�WR�WKH�PDLQ�ERG\�RIVXFK V\VWHPV��7KXV�WKH�ILQDO�VWUXFWXUHV�RI�V\VWHPV�VXSSOHPHQWHG�ZLWK�VXFK�DSSHQGL[HV�PD\UHIOHFW�DQ\�IRUP�WKDW�WKH�LPDJLQDWLRQ�FDQ�SURGXFH��)O\LQJ V\VWHPV�DUH�KRPRJHQRXV�DUUDQJHPHQWV��L�H��RQO\�0DJQRFUDIW�EHORQJLQJ�WR�WKHVDPH�W\SH�FDQ�EH�LQFOXGHG�LQWR�WKHLU�PDLQ�ERG\��7KHUHIRUH��LQ�RUGHU�WR�MRLQ�WRJHWKHU�0DJQRFUDIWWKDW EHORQJ�WR�YDULRXV�W\SHV�DQRWKHU�DUUDQJHPHQW�PXVW�EH�XVHG��ZKLFK�KHUH�LV�FDOOHG�D�IO\LQJFOXVWHU��
*�������)O\LQJ�FOXVWHUV
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7KH PRVW�VLPSOH�H[DPSOH�RI�D�IO\LQJ�FOXVWHU�LV�VKRZQ�LQ�)LJXUH�*�� �LW�LOOXVWUDWHV�RQO\WZR LGHQWLFDO�VSKHULFDO�FRPSOH[HV�FOXVWHUHG�WRJHWKHU��DOWKRXJK�LQ�UHDOLW\�DQ\�QXPEHU�RI�DQ\W\SH DQG� DUUDQJHPHQW� RI�0DJQRFUDIW� FDQ� EH� ERQG� LQ� WKLV�ZD\��� $� IO\LQJ� FOXVWHU� LV� IRUPHGWKURXJK WKH�WRXFKOHVV�OLQNLQJ�WRJHWKHU�RI�D�JURXS�RI�LQGHSHQGHQW�0DJQRFUDIW��%HFDXVH�LQ�WKHVDPH HIIHFWLYH� ZD\� LW� LQFRUSRUDWHV� VLQJOH� YHKLFOHV�� VSKHULFDO� RU� FLJDU� FRPSOH[HV�� FDUULHUSODWIRUPV� RU�HYHQ�IO\LQJ�V\VWHPV��WKHUHIRUH�LWV�LQGLYLGXDO�FRPSRQHQWV�DUH�FDOOHG�KHUH��XQLWV��L�H� D� �XQLW�� LQ�D� IO\LQJ�FOXVWHU�FDQ�EH�DQ\�SRVVLEOH�DUUDQJHPHQW�RI�0DJQRFUDIW�RU�D�VLQJOHYHKLFOH�RI�DQ\�W\SH���$IWHU�EHLQJ�OLQNHG�WRJHWKHU��VXEVHTXHQW�XQLWV�GR�QRW�SK\VLFDOO\�WRXFK�RQHDQRWKHU� 7KXV� WKH� HQWLUH� FOXVWHU� LV� ERQG� RQO\�ZLWK�PDJQHWLF� IRUFHV� �L�H�� LQ� D�PDQQHU� TXLWHVLPLODU WR�WKDW�XWLOL]HG�E\�GHWDFKHG�FRQILJXUDWLRQV��RQO\�WKDW�LQ�IO\LQJ�FOXVWHUV�WKH�VXEVHTXHQWXQLWV�DUH�MRLQHG�VLGHZD\V�LQVWHDG�RI�EHLQJ�SLOHG�D[LDOO\���)O\LQJ FOXVWHUV�UHVHPEOH�D�FKDLQ�LQ�ZKLFK�HDFK�WZR�VHJPHQWV�DUH�MRLQHG�WRJHWKHU�ZLWKD�VSHFLDO�OLQN�VHJPHQW��7KH�IXQFWLRQ�RI�VXFK�OLQNV��ZKLFK�LQ�IO\LQJ�FOXVWHUV�ELQG�LQGLYLGXDO�XQLWVWRJHWKHU��SHUIRUP��XQVWDEOH�XQLWV���VHH�WKH�XQLW�RQ�WKH�ULJKW�LQ�)LJXUH�*�����7KHVH�DUH�REWDLQHGIURP�RUGLQDU\�IO\LQJ�DUUDQJHPHQWV��RU�IURP�VLQJOH�0DJQRFUDIW��E\�UHYHUVLQJ�WKH�SRODULW\�RI�WKHLUVWDELOL]LQJ SURSXOVRUV�� ,Q� WKLV�ZD\�� WKH�XQVWDEOH�XQLWV� KDYH�ERWK�JURXSV�RI� WKHLU�SURSXOVRUVRULHQWHG UHSXOVLYHO\�WRZDUGV�WKH�HQYLURQPHQWDO�PDJQHWLF�ILHOG�� �,Q�XVXDO�VLWXDWLRQV�RQO\�RQHRI WKHVH�JURXSV��H�J��D�PDLQ�SURSXOVRU��LV�RULHQWHG�UHSXOVLYHO\��ZKHUHDV�WKH�RWKHU�JURXS��H�J�VLGH SURSXOVRUV�� LV� RULHQWHG� VR� DV� WR� DWWUDFW� WKH� HQYLURQPHQWDO�PDJQHWLF� ILHOG� DQG� WKXV� WRVWDELOL]H WKH�YHKLFOHV���6XFK�DQ�RULHQWDWLRQ�RI� WKH�SURSXOVRUV�FDXVHV� WKHP� WR�SURYLGH� OLIWLQJIRUFHV� EXW WKH\�DUH�XQDEOH�WR�SURYLGH�VWDELOL]DWLRQ�IRUFHV��7KHUHIRUH�WKH�XQVWDEOH�XQLWV�DUHDEOH�WR�IO\�ZLWK�UHSXOVLYH�RULHQWDWLRQ�RI�DOO�WKHLU�SURSXOVRUV�RQO\ ZKHQ�WKH\�DUH�DWWDFKHG�WR�VRPHVWDEOH XQLWV��VHH�WKH�OHIW�XQLW�LQ�)LJXUH�*�����6XFK�DQ�DWWDFKPHQW�FDXVHV�WKH�VWDEOH�XQLWV�WRHQVXUH WKH�VWDELOLW\�RI�WKH�XQVWDEOH�XQLWV��%HFDXVH�RI�WKH�OLQNLQJ�IXQFWLRQ�WKDW�XQVWDEOH�XQLWVSHUIRUP� HYHU\�VHFRQG�XQLW�RI�D�FOXVWHU�PXVW�KDYH�VXFK�UHYHUVHG�SRODULW\�RI�LWV�SURSXOVRUV�WREHFRPH�DQ�XQVWDEOH�XQLW�7KH�PDJQHWLF�FLUFXLWV�DUH�XWLOL]HG�LQ�IO\LQJ�FOXVWHUV�IRU�WZR�GLIIHUHQW�SXUSRVHV��$SDUW�IURPWKHLU XVXDO� OLIWLQJ� DQG� VWDELOL]LQJ� IXQFWLRQV� �VXEVHFWLRQ� *������ WKH\� DGGLWLRQDOO\� VHUYH� WKHSXUSRVH RI�FRXSOLQJ��8VLQJ�WKLV�SXUSRVH�DV�D�FULWHULRQ��DV�PDQ\�DV�IRXU�VHSDUDWH�FDWHJRULHVRI PDJQHWLF�FLUFXLWV�FDQ�EH�GLVWLQJXLVKHG���VHH�)LJXUH�*����7KHVH�DUH��VHSDUDWLQJ��KROGLQJ�WXQLQJ��DQG�FRPSHQVDWLQJ�FLUFXLWV���1RWH WKDW�LQ�RUGHU�WR�QRW�REVWUXFW�WKH�FODULW\�RI�WKH�GUDZLQJ�)LJXUH *���VKRZV�RQO\�VLQJOH�H[DPSOHV�RI�HDFK�FDWHJRU\�RI�WKH�FLUFXLWV�OLVWHG�DERYH��%XW�LQUHDO FOXVWHUV�HDFK�RI� WKHVH�FLUFXLWV�FDQ�DSSHDU�D�QXPEHU�RI� WLPHV���7KH�GHGXFWLRQV�EHORZH[SODLQ�WKH�SXUSRVH�IRU�HDFK�RI�WKHVH�FDWHJRULHV��� 7KH VHSDUDWLQJ�FLUFXLWV� LQ�D�FOXVWHU�DUH�WKRVH�WKDW�UHSHO�VXEVHTXHQW�XQLWV�IURP�RQHDQRWKHU� WKXV� PDNLQJ� LPSRVVLEOH� WKH� WRXFKLQJ� DQG� DFFLGHQWDO� FUXVKLQJ� RI� YHKLFOHV� �VHHFLUFXLWV LQGLFDWHG�ZLWK�D�EURNHQ�OLQH�LQ�)LJXUH�*�����7R�WKLV�FDWHJRU\�EHORQJ�PDJQHWLF�FLUFXLWVIRUPHG E\�DOPRVW�DOO�WKH�VLGH�SURSXOVRUV�RI�WKH�XQLWV�SDUWLFLSDWLQJ�LQ�D�JLYHQ�FOXVWHU��%HFDXVHWKH RULHQWDWLRQ�RI�WKH�PDJQHWLF�SROHV�LQ�DOO�RI�WKHVH�VLGH�SURSXOVRUV�LV�LGHQWLFDO��WKH\�PXWXDOO\UHSHO�RQH�DQRWKHU��FDXVLQJ�WKH�VHSDUDWLRQ�RI�VXEVHTXHQW�XQLWV��� 7KH� KROGLQJ� FLUFXLWV� DUH� WKRVH� WKDW� DWWUDFW� VXEVHTXHQW� XQLWV� WR� RQH� DQRWKHU�� WKXVDOORZLQJ IRU�WKHLU�ERQGLQJ��KROGLQJ��WRJHWKHU��7KHVH�DUH�IRUPHG�IURP�WKH�RXWSXWV�RI�WKH�PDLQSURSXOVRUV LQ� VWDEOH� XQLWV�� FLUFXODWHG� �ORRSHG�� WKURXJK� WKH� PDLQ� DQG� VLGH� SURSXOVRUV� LQXQVWDEOH�XQLWV��VHH�FLUFXLWV����������DQG�����LQ�)LJXUH�*������ 7KH WXQLQJ� FLUFXLWV� DUH� WKRVH� ZKLFK� DOORZ� IRU� WKH� ILQDO� DGMXVWPHQWV� RI� PXWXDOLQWHUDFWLRQV EHWZHHQ�HDFK�SDLU�RI�FOXVWHUHG�XQLWV��7KHVH�DUH� IRUPHG�E\� WKRVH�SDLUV�RI�VLGHSURSXOVRUV IURP�HDFK�DUUDQJHPHQW�ZKLFK�DUH� ORFDWHG�QH[W� WR�WKH�IDFLQJ�����VLGH�SURSXOVRUV
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�VHH�FLUFXLW�QXPEHU�����LQ�)LJXUHV�*���DQG�.������7KH�FRPSHQVDWLQJ�FLUFXLWV�DUH�WKRVH�WKDW�QHXWUDOL]H�WKH�UHDFWLRQ�WRUTXH�FUHDWHG�E\�WKHVSLQ RI� WKH�RWKHU�PDJQHWLF�FLUFXLWV� LQ�D�JLYHQ�XQLW�� ,Q�)LJXUH�*��� WKH\�DUH�PDUNHG�DV� �7V��$OWKRXJK VXEVHFWLRQ� *���� SURYLGHV� D� GHWDLOHG� GHVFULSWLRQ� RI� WKH� IXQFWLRQ� RI� WKHVHFRPSHQVDWLQJ FLUFXLWV��DW�WKLV�VWDJH�LW�VKRXOG�EH�H[SODLQHG�WKDW�WKH\�DFW�LQ�WKH�VDPH�ZD\�DVWKH WDLO�SURSHOOHU�LQ�D�KHOLFRSWHU��L�H��WKH\�GR�QRW�DOORZ�WKH�YHKLFOHV�WR�UHYROYH�LQ�DQ�RSSRVLWHGLUHFWLRQ�IURP�WKH�GLUHFWLRQ�LQ�ZKLFK�WKHLU�PDJQHWLF�ZKLUOV�URWDWH���,W LV�ZRUWK� H[SODLQLQJ� KHUH� WKDW�ZKHQ�D� FOXVWHU� GHVFHQGV� FORVH� WR� WKH� JURXQG�� HDFKFDWHJRU\ RI� LWV� PDJQHWLF� FLUFXLWV� VFRUFKHV� LQ� WKH� VRLO� LWV� RZQ� FKDUDFWHULVWLF� PDUN�� $FRPELQDWLRQ RI� WKHVH�PDUNV� IRUP� WKH� ODQGLQJ� VLWH� RI� D� YHU\� GLVWLQFWLYH� VKDSH� LOOXVWUDWHG� LQ)LJXUH *����E���7KH�FODULW\�RI�WKLV�VLWH�HVSHFLDOO\�LQFUHDVHV�ZKHQ�WKH�FOXVWHU�RSHUDWHV�LQ�WKHPDJQHWLF ZKLUO�PRGH��7KHQ� LWV�ZKLUOLQJ�PDJQHWLF�FLUFXLWV�DFW� OLNH�SRZHUIXO� VSLQQLQJ�FRPEV�ZKRVH FRXQWOHVV�IRUFH�OLQHV�VZHHS�HYHU\� LQFK�RI� WKH�VRLO� WKRURXJKO\��(DFK�RI� WKHVH�FLUFXLWVEUXVKHV WKH� VRLO� LQ� ULQJV�� OD\LQJ� GRZQ� HYHU\� VLQJOH� EODGH� RI� JUDVV� DORQJ� SHUIHFWO\� FLUFXODUSDWKV� %HFDXVH� HDFK� GLIIHUHQW� FDWHJRU\� RI� PDJQHWLF� FLUFXLWV� DOVR� KDV� D� GLIIHUHQW� OHQJWK�GHSHQGLQJ RQ�WKH�KHLJKW�DW�ZKLFK�D�JLYHQ�FOXVWHU�KRYHUV��RQO\�VHOHFWHG�FLUFXLWV�FDQ�UHDFK�WKHJURXQG DQG�LPSUHVV�WKHLU�RZQ�SDWWHUQ�RQ�LW��)RU�WKLV�UHDVRQ��YDULRXV�ODQGLQJV�RI�VXFK�FOXVWHUVLQ�UHDOLW\�LQWURGXFH�IXUWKHU�PRGLILFDWLRQV�WR�WKH�EDVLF�SDWWHUQ�LOOXVWUDWHG�LQ�)LJXUH�*����E���7KHUH DUH�VLJQLILFDQW� IRUFHV�RI� UHSXOVLRQ�EHWZHHQ�DOO� WKH� LQGLYLGXDO�DUUDQJHPHQWV��RULQGLYLGXDO�YHKLFOHV� IRUPLQJ�D�JLYHQ�FOXVWHU��7KHUHIRUH�WKH\�WHQG�WR�VWUHWFK�DORQJ�VWUDLJKW�OLQHV�)RU WKLV�UHDVRQ��IO\LQJ�FOXVWHUV�FDQ�EH�GLYLGHG�LQWR�OLQHDU�RQHV�DQG�WZR�GLPHQVLRQDO�RQHV��,QOLQHDU FOXVWHUV��HDFK�XQVWDEOH�XQLW�KROGV�RQO\�RQH�RU�WZR�VWDEOH�XQLWV�ZKLFK�DUH�DWWDFKHG�WR�LWIURP RSSRVLWH�VLGHV��7KXV��VXFK�FOXVWHUV�VSUHDG�WKHLU�LQGLYLGXDO�XQLWV�DORQJ�D�VLQJOH�VWUDLJKWOLQH� IRUPLQJ�D�NLQG�RI��IO\LQJ�FKDLQ���$�VLQJOH�OLQN��VLPSOH�H[DPSOH��RI�VXFK�D�FKDLQ�LV�VKRZQLQ )LJXUH�*���� ,Q� WZR�GLPHQVLRQDO� FOXVWHUV�� XQVWDEOH� XQLWV�PD\�KDYH�PRUH� WKDQ� WZR�RWKHUDUUDQJHPHQWV DWWDFKHG� V\PPHWULFDOO\� WR� WKHLU� VLGHV�� 7KXV�� WKH� WZR�GLPHQVLRQDO� FOXVWHUVFUHDWH D�NLQG�RI�PHVK�RU�QHW�VSUHDGLQJ�DORQJ�PXWXDOO\�FURVVLQJ�OLQHV��$�W\SLFDO�H[DPSOH�RI�DWZR�GLPHQVLRQDO�FOXVWHU�LV�D��IO\LQJ�FURVV��VKRZQ�LQ�)LJXUH�*��$SDUW IURP�WKH�DGYDQWDJHV�RI�DOO�SUHYLRXV�DUUDQJHPHQWV��H�J��EHLQJ�IORZQ�E\�RQO\�RQHSLORW�� WKH�IO\LQJ�FOXVWHUV�GLVSOD\�IXUWKHU�LPSRUWDQW�DGYDQWDJHV��6RPH�RI�WKHVH�DUH������FOXVWHUVDOORZ IRU� D� VLPSOH� OLQNLQJ� WRJHWKHU� RI� DQ\� QXPEHU� RI� LQGLYLGXDO� DUUDQJHPHQWV� RU� VLQJOHYHKLFOHV� ��� WKHUH�LV�QR�UHVWULFWLRQ�FRQFHUQLQJ�WKH�W\SH�RI�YHKLFOHV��WKHLU�QXPEHU��RU�WKH�NLQGRI�DUUDQJHPHQWV�WKDW�FDQ�EH�FOXVWHUHG�WRJHWKHU������LQ�RUGHU�WR�EH�FOXVWHUHG�WRJHWKHU�LQGLYLGXDODUUDQJHPHQWV GR� QRW� QHHG� WR� FKDQJH� WKHLU� H[LVWLQJ� FRQILJXUDWLRQ� �H�J�� VSOLW� LQWR� LQGLYLGXDOYHKLFOHV���DQG�����LQGLYLGXDO�DUUDQJHPHQWV�FDQ�GLVFRQQHFW�IURP�WKH�FOXVWHU�DW�DQ\�WLPH�ZLWKRXWWKH�QHHG�WR�FKDQJH�WKHLU�FRQILJXUDWLRQ��
*�����7KH�SULQFLSOHV�RI�FRXSOLQJ�DQG�GHFRXSOLQJ
&RXSOLQJ RI� WKH� 0DJQRFUDIW� LV� DQ� DFWLYLW\� RI� MRLQLQJ� WKHVH� YHKLFOHV� LQ� DQ\� IO\LQJDUUDQJHPHQW�GHVFULEHG�SUHYLRXVO\��7KLV�DFWLYLW\�LV�XVXDOO\�FDUULHG�RXW�GXULQJ�WKH�YHKLFOHV
�IOLJKW�7KH UHYHUVDO�RI�FRXSOLQJ�� L�H��VSOLWWLQJ� IO\LQJ�DUUDQJHPHQWV� LQWR� LQGLYLGXDO�YHKLFOHV�� LV�FDOOHGGHFRXSOLQJ LQ�WKLV�WUHDWLVH��7KH�SULQFLSOHV�RI�FRXSOLQJ�DQG�GHFRXSOLQJ�ZLOO�EH�H[SODLQHG�LQ�WKHH[DPSOH RI�IRUPLQJ�D�VSKHULFDO�IO\LQJ�FRPSOH[��2I�FRXUVH�H[DFWO\�WKH�VDPH�SULQFLSOH�LV�DOVRDSSOLHG IRU�FRXSOLQJ�0DJQRFUDIW�LQWR�DQ\�RWKHU�DUUDQJHPHQW��,Q�WXUQ��NQRZLQJ�WKLV�SURFHGXUHRI FRXSOLQJ��LW� LV�REYLRXV�WKDW� WR�GHFRXSOH�DQ\�DUUDQJHPHQW� LQWR�VLQJOH�XQLWV�� WKH�SURFHGXUH



G-19

GHVFULEHG�EHORZ�QHHGV�RQO\�WR�EH�UHYHUVHG��7KH HQWLUH�FRXSOLQJ�SURFHGXUH�LV�FRPSOHWHG�E\�RQO\�RQH�DFWLYH YHKLFOH��LQ�)LJXUH�*��LW LV� WKH� ORZHU�RQH��ZKLFK�XQGHUJRHV�DOO� WUDQVIRUPDWLRQV��7KH�RWKHU�XQLW� �LQ�)LJXUH�*���WKHXSSHU�RQH��UHPDLQV�SDVVLYH DOO�WKH�WLPH��DQG�LWV�RQO\�IXQFWLRQ�LV�WR�DOORZ�WKH�DFWLYH�0DJQRFUDIWWR DSSURDFK�LW�DQG�WR�FRPSOHWH�WKH�QHFHVVDU\�WUDQVIRUPDWLRQV��7KH�SRODULW\�RI�SURSXOVRUV�LQWKH�DFWLYH�DQG�SDVVLYH�XQLWV�PXVW�EH�RSSRVLWH��)RU�H[DPSOH��LI�WKH�SURSXOVRUV�RI�DQ�DFWLYH�XQLWKDYH�WKH�SRODULW\�FKDUDFWHULVWLF�IRU�WKH�LQYHUWHG�SRVLWLRQ��VHH�)LJXUH�*����WKHQ�WKH�SDVVLYH�XQLWPXVW KDYH�WKH�SRODULW\�FKDUDFWHULVWLF�IRU�WKH�XSULJKW�SRVLWLRQ��1RWH�WKDW�ERWK�XQLWV��L�H��SDVVLYHDQG�DFWLYH��FDQ�EH�HLWKHU�VLQJOH�YHKLFOHV�RU�HQWLUH�IO\LQJ�DUUDQJHPHQWV�7KH�FRXSOLQJ�RI�WZR�0DJQRFUDIW�LV�FRQGXFWHG�LQ�WKUHH�SKDVHV��FDOOHG�WKH����� RULHQWDWLRQSKDVH� �����WKH�GRFNLQJ�SKDVH��DQG������WKH�OLQNLQJ�SKDVH��VHH�)LJXUH�*�����(DFK�RI�WKHVHSKDVHV�LV�GLVFXVVHG�EHORZ�����7KH��RULHQWDWLRQ SKDVH��LQLWLDWHV�WKH�FRXSOLQJ�RI�WKH�DFWLYH�XQLW�WR�D�SDVVLYH�RQH��,QWKLV SKDVH�WKH�DFWLYH�YHKLFOH�SRVLWLRQV� LWVHOI�H[DFWO\�RSSRVLWH�WKH�VXUIDFH�WR�ZKLFK� LW� LV� ODWHUJRLQJ�WR�FOLQJ�WR��H�J��LQ�)LJXUH�*���GLUHFWO\�EHQHDWK�WKH�SDVVLYH�XQLW���7KHQ�WKH�DFWLYH�YHKLFOHDGMXVWV LWV� DQJXODU� SRVLWLRQ� VR� WKDW� WKH� RXWOHWV� RI� LWV� SURSXOVRUV� EHJLQ� WR� IDFH� WKHFRUUHVSRQGLQJ RXWOHWV�IURP�WKH�SDVVLYH�XQLW��7KH�RSSRVLWH�SRODULW\�RI�WKH�SURSXOVRUV�DSSOLHGLQ WKH� XSULJKW SRVLWLRQ� DQG� LQ� WKH� LQYHUWHG� SRVLWLRQ� KDYH� WKH� HIIHFW� WKDW� LQ� WKLV� SKDVH�ERWKVSDFHFUDIW KDYH� WKH� VDPH� PDJQHWLF� SROHV� FRQIURQWLQJ� RQH� DQRWKHU�� 7KHUHIRUH� DOO� WKHSURSXOVRUV RI� ERWK� XQLWV� UHSHO� RQH� DQRWKHU� �VHH� )LJXUH� *���� )RU� H[DPSOH�� LQ� WKH� XSULJKW�SDVVLYH��XQLW�WKH 1RUWK�SROH�RI�WKH�PDLQ�SURSXOVRU�DQG�WKH�6RXWK�SROHV�RI�WKH�VLGH�SURSXOVRUVDUH GLUHFWHG�GRZQZDUGV��ZKHUHDV� LQ� WKH� LQYHUWHG��DFWLYH��0DJQRFUDIW� WKH�1RUWK�SROH�RI� WKHPDLQ SURSXOVRU�DQG� WKH�6RXWK�SROHV�RI� WKH�VLGH�SURSXOVRUV�DUH�GLUHFWHG�XSZDUGV�� ,Q�HIIHFWERWK 0DJQRFUDIW� DFW� DJDLQVW� HDFK� RWKHU� RQO\� ZLWK� UHSHOOLQJ� IRUFHV� �5��� 7KLV� SUHYHQWV� WKHYHKLFOHV IURP�DFFLGHQWDOO\�FROOLGLQJ�ZLWK�HDFK�RWKHU��$IWHU�ILQLVKLQJ�WKH�RULHQWDWLRQ�SKDVH�WKHDFWLYH�0DJQRFUDIW�PD\�DGYDQFH�WR�IXUWKHU�VWDJHV�RI�WKH�FRXSOLQJ�SURFHGXUH����� 7KH VHFRQG�SKDVH�RI�FRXSOLQJ��FDOOHG�WKH��GRFNLQJ SKDVH���VHH�SDUW��E��RI�)LJXUH*��� FRQWDLQV� WKUHH�VWHSV�ZKLFK�PXVW�EH�FRPSOHWHG� LQ�D�YHU\� IDVW�VHTXHQFH�E\� WKH�DFWLYHYHKLFOH� 7KHVH�DUH����$��WKH�UHRULHQWDWLRQ�RI�WKH�PDJQHWLF�SROHV�LQ�WKH�DFWLYH�YHKLFOH����%��WKHEDODQFLQJ RI�WKH�IRUFHV�RI�LQWHUDFWLRQV�EHWZHHQ�ERWK�YHKLFOHV��DQG���&��WKH�FORVLQJ�XS�RI�WKHGLVWDQFH�EHWZHHQ�ERWK�YHKLFOHV���$� ,Q� WKH� ILUVW� VWHS�� WKH� DFWLYH� XQLW� UHRULHQWDWHV� WKH� PDJQHWLF� SROHV� RI� LWV� VLGHSURSXOVRUV IURP� WKHLU� UHSXOVLYH� �5�� LQWR� WKHLU� DWWUDFWLYH� �$�� RULHQWDWLRQ� WRZDUGV� WKH� VDPHSURSXOVRUV RI� WKH� SDVVLYH� XQLW�� $V� D� UHVXOW�� WZR� RSSRVLWH� NLQGV� RI� IRUFHV� EHJLQ� WR� FRH[LVWEHWZHHQ ERWK�0DJQRFUDIW��L�H��D�UHSXOVLRQ�IRUFH��5��DSSHDUV�EHWZHHQ�WKHLU�PDLQ�SURSXOVRUV�DQG IRUFHV�RI�DWWUDFWLRQ��$��DUH�SURGXFHG�EHWZHHQ�WKHLU�VLGH�SURSXOVRUV��'HSHQGLQJ�RQ�ZKLFKRI�WKHVH�WZR�W\SHV�RI�IRUFHV�LV�JUHDWHU��ERWK�FUDIW�EHJLQ�WR�PRYH�WRZDUGV�HDFK�RWKHU�RU�GLYHUJH���%��,PPHGLDWHO\�DIWHU�WKH�UHRULHQWDWLRQ�RI�WKH�PDJQHWLF�SROHV�LV�ILQLVKHG��WKH�DFWLYH�XQLWPXVW DOVR�FRPSOHWH�WKH�VHFRQG�VWHS�RI�WKH�GRFNLQJ�SKDVH�ZKLFK�LV�WKH�EDODQFLQJ�VWHS��,Q�WKLVVWHS WKH�RXWSXWV�IURP�WKH�0DJQRFUDIW
V�PDLQ�DQG�VLGH�SURSXOVRUV�DUH�VR�FRQWUROOHG�WKDW�WKHIRUFHV RI� DWWUDFWLRQ� �$�� DQG� UHSXOVLRQ� �5�� EHWZHHQ� ERWK� XQLWV� UHDFK� DQ� HTXLOLEULXP�� 7KLVHTXLOLEULXP FDXVHV�ERWK�YHKLFOHV�WR�VWRS�IXUWKHU�PRYHPHQW�WRZDUGV�HDFK�RWKHU��RU�GLYHUJH�DQG IRUP� D� NLQG� RI� �VROLG� FRQILJXUDWLRQ�� ZKLFK� ZH� FDOO� WKH� �GHWDFKHG� FRQILJXUDWLRQ��� 7KHGHWDFKHG FRQILJXUDWLRQ� GLVSOD\V� DOO� WKH� SURSHUWLHV� RI� WKH� SK\VLFDO� FRPSOH[HV�� L�H�� VWDELOLW\�FRQVLVWHQF\� SHUPDQHQFH�� HWF�� 2QO\� WKH� PXWXDO� DWWDFKPHQW� RI� XQLWV� LV� DFKLHYHG� QRW� E\PHFKDQLFDO�PHDQV�EXW�E\�D�PDJQHWLF�ILHOG��,Q�WKLV�VWDWH��ERWK�FUDIW�FRXOG�WUDYHO�D�ORQJ�GLVWDQFHWRJHWKHU ZLWKRXW�DQ\�QHHG�IRU�D�PRUH��SK\VLFDO��FRXSOLQJ��,I�WKH�IRUPDWLRQ�RI�VXFK�D�GHWDFKHG
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FRQILJXUDWLRQ LV�WKH�DLP�RI�WKH�FRXSOLQJ�URXWLQH��WKHQ�IXUWKHU�DFWLRQV�DUH�GLVFRQWLQXHG�DW�WKLVVWDJH�DQG�WKH�UHVXOWLQJ�DUUDQJHPHQW�IOLHV�DZD\��FRQWUROOHG�E\�RQO\�RQH�SLORW����&��,I�ERWK�YHKLFOHV�LQWHQG�WR�FRXSOH�LQWR�D�SK\VLFDO�IO\LQJ�FRPSOH[��DIWHU�WKH�EDODQFLQJVWHS WKH�WKLUG�VWHS�RI�WKH�GRFNLQJ�SKDVH�EHJLQV�WR�FRPPHQFH��,Q�WKLV�WKLUG�VWHS�WKH�IRUFHV�RIUHFLSURFDO DWWUDFWLRQ��$��DQG�UHSXOVLRQ��5��EHWZHHQ�WKH�YHKLFOHV�DUH�FRQWUROOHG�VR� WKDW�ERWK0DJQRFUDIW YHU\�VORZO\�GUDZ�QHDUHU� WR�HDFK�RWKHU�XQWLO� WKH\�DFKLHYH�SK\VLFDO� FRQWDFW� �H�J�EDVH�WR�EDVH������� $IWHU�SK\VLFDO� FRQWDFW� WKH� YHKLFOHV�EHJLQ� WKH� WKLUG�SKDVH�RI� FRXSOLQJ��FDOOHG� WKH�OLQNLQJ SKDVH���VHH�SDUW��F��LQ�)LJXUH�*�����,Q�WKLV�SKDVH�WKH�SRODULW\�RI�WKH�PDLQ�SURSXOVRULQ WKH�DFWLYH�YHKLFOH�LV�UHRULHQWHG�VR�LWV�UHSXOVLRQ�ZLWK�WKH�PDLQ�SURSXOVRU�RI�WKH�SDVVLYH�XQLWLV�UHSODFHG�E\�UHFLSURFDO�DWWUDFWLRQ��$���%RWK�FUDIW�QRZ�SK\VLFDOO\�KRRN�RQWR�HDFK�RWKHU��IRUPLQJRQH�VROLG�FRPSOH[��7KH FKDUDFWHULVWLF�DWWULEXWH�RI�WKH�FRXSOLQJ�URXWLQH�GHVFULEHG�DERYH�LV�WKDW�WKH�YHKLFOHVVXEMHFWHG WR� LW� PXVW� SDVV� WKURXJK� WKH� IROORZLQJ� WKUHH� VWDJHV�� ���� LQGHSHQGHQW� XQLWV�� ���GHWDFKHG�FRQILJXUDWLRQ��DQG�����IO\LQJ�FRPSOH[��7KHUHIRUH�ZH�FDQ�FDOO�WKLV�URXWLQH�WKH��URXWLQHWKURXJK D GHWDFKHG FRQILJXUDWLRQ���7KHUH�LV�DOVR�DQRWKHU�FRXSOLQJ�URXWLQH��VKRZQ�LQ�)LJXUH*��� ZKLFK�FDQ�EH�FDOOHG�WKH��URXWLQH�WKURXJK�D�VHPL�DWWDFKHG FRQILJXUDWLRQ���7KLV�URXWLQH�GXULQJ WKH�VHFRQG� �GRFNLQJ��SKDVH�RI�FRXSOLQJ��DFKLHYHV�DOO� WKH� IRUFH� LQWHUDFWLRQV�DQG� WKHUHFLSURFDO RULHQWDWLRQ� RI� SURSXOVRUV� WKDW� DUH� FKDUDFWHULVWLF� IRU� WKH� VHPL�DWWDFKHGFRQILJXUDWLRQV��,W�VKRXOG�EH�QRWHG�WKDW�WKH�RQO\�GLIIHUHQFH�EHWZHHQ�ERWK�URXWLQHV�LV�LQ�WKH�W\SHRI SURSXOVRUV�ZKLFK�VKRXOG�EH�UHRULHQWHG�GXULQJ�WKH�GRFNLQJ�VWDJH��)RU�WKH�URXWLQH�WKURXJKD GHWDFKHG�FRQILJXUDWLRQ�WKH�VLGH�SURSXOVRUV�DUH�UHRULHQWHG��ZKHUHDV�LQ�WKH�URXWLQH�WKURXJKD VHPL�DWWDFKHG�FRQILJXUDWLRQ�LW�LV�WKH�PDLQ�SURSXOVRU�ZKRVH�PDJQHWLF�SROHV�DUH�UHRULHQWHG�
*�����7KH�K\GUDXOLF�VXEVWDQFH�ILOOLQJ�WKH�VSDFH�EHWZHHQ�WKH�FUDIW���DQJHO
V�KDLU��
7KH K\GUDXOLF�VXEVWDQFH�XVHG�WR�ILOO�WKH�VSDFH�EHWZHHQ�WKH�XQLWV�LQ�WKH�VSKHULFDO�DQGGRXEOH�HQGHG IO\LQJ� FRPSOH[HV� QHHGV� VRPH� VSHFLDO� SURSHUWLHV�� ,W� PXVW� KDYH� D� ILEURXVVWUXFWXUH��VLPLODU�WR�HJJ�ZKLWH��WRJHWKHU�ZLWK�WKH�VDPH NLQG�RI�JHODWLQRXV�FRQVLVWHQF\��,W�FDQQRWEH D� FRQGXFWRU� RI� HOHFWULF� FXUUHQW�� DQG� DW� WKH� VDPH� WLPH�PXVW� EH� DQ� LGHDO�PDJQHWLF� ILHOGVXVSHFWRU� ,W�PXVW�QRW�FRQYHUW�WKH�PDJQHWLF�ILHOG�HQHUJ\�LQWR�DQ\�RWKHU�W\SH�RI�HQHUJ\��H�J�KHDW��� ,W LV�K\SRWKHVL]HG�WKDW�WKHVH�UHTXLUHPHQWV�DUH�PHW�E\�WKH�FODVV�RI�PDWHULDOV�NQRZQ�DVWKH ERURVLOR[DQH�SRO\PHUV��FUHDWHG�E\�ERURVLOR[DQH�PROHFXODU�VWULQJV��7KH\�FDQ�EH�PDGH�E\D FKHPLFDO�UHDFWLRQ�RI�WKH�ERURQ�K\GULGHV�ZLWK�WKH�VLOR[DQHV��$Q�H[DPSOH�RI�VXFK�D�UHDFWLRQLV�WKH�DVVRFLDWLRQ�RI�WKH�ERURQ�K\GULGH�% + ZLWK�WKH�PHWK\O�VLOR[DQH��&+ � 6L2�� � � �Q% + ��Q�&+ � 6L2������ ��%�2�6L�2��� � � �  �?7KHRUHWLFDOO\� VXFK�D�UHDFWLRQ�ZRXOG�SURGXFH�D�KXJH�DPRXQW�RI�HQHUJ\��PXFK�PRUH�WKDQ�WKDWFXUUHQWO\ REWDLQHG�IURP�URFNHW�IXHOV��H�J��WKH�DVVRFLDWLRQ�RI�K\GURJHQ�ZLWK�R[\JHQ���7KXV��DUHDFWLRQ VLPLODU�WR�WKLV�FRXOG�SRVVLEO\�EH�XVHG�LQ�WKH�IXWXUH�IRU�HQHUJ\�SURGXFWLRQ��ZKLOH�WKHSRO\PHU UHFHLYHG��OLNH�WKH�ZDVWH�H[KDXVW�JDVHV�HPLWWHG�IURP�PRWRU�YHKLFOHV��DV�D�E\SURGXFWIURP WKLV� UHDFWLRQ� FRXOG� EH� UHF\FOHG� IRU� ILOOLQJ� WKH� VSDFH� EHWZHHQ� WKH� 0DJQRFUDIW�8QIRUWXQDWHO\��EHFDXVH�WKLV�UHDFWLRQ�KDV�D�KLJK�DFWLYDWLRQ�HQHUJ\��LW�LV�YHU\�GLIILFXOW�WR�FDUU\�RXWZLWK RXU� SUHVHQW� OHYHO� RI� WHFKQRORJ\�� 7R� DFFRPSOLVK� LW� PXFK�PRUH� WHFKQLFDO� NQRZ�KRZ� LVQHFHVVDU\��



G-21

,W�VKRXOG�EH�QRWHG�WKDW�WKH�RUJDQLF�OLNH�FRPSRXQG�RI�ERURQ�ZLWK�VLOLFRQ��REWDLQHG�LQ�WKHHIIHFW RI� WKH� UHDFWLRQ�GHVFULEHG�DERYH�� LV�D�JHODWLQRXV�VXEVWDQFH�ZKLFK�KDV�DQ�DEVROXWHO\QHXWUDO HIIHFW�RQ�WKH�HQYLURQPHQW�DQG�SHRSOH��,WV�VHULDOO\�FRQQHFWHG�ERURVLOR[DQH�VWULQJV�FDQKDYH D�ILEURXV�FRQVLVWHQF\��$V�D�UHVXOW�RI�WKH�ZDWHU��ZKLFK�LV�SUHVHQW�LQ�WKH�DLU��DWWDFNLQJ�WKHERURQ��WKHVH�VWULQJV�FUDFN��FUHDWLQJ�YRODWLOH�FKHPLFDO�FRPSRXQGV�RI�WKH�ERUD[LQH��%+2� W\SH��7KHUHIRUH� WKH�K\GUDXOLF� VXEVWDQFH�ZKLFK� LV�GURSSHG� IURP�GHFRXSOLQJ�FRPSOH[HV�RQWR� WKH(DUWK�GRHV�QRW�SROOXWH�WKH�QDWXUDO�HQYLURQPHQW��DQG�DOVR�HYDSRUDWHV�DIWHU�D�ZKLOH��$QRWKHU QDPH� IRU� WKLV� K\GUDXOLF� VXEVWDQFH� LV� WKH� WHUP� �DQJHO
V� KDLU��� DV�ZKHQ� LW� LVGURSSHG�IURP�D�YHKLFOH�DQG�ODQGV�RQ�D�WUHH��LW�FRYHUV�LW�ZLWK�VWUDQGV�RI�ORQJ��ZHW��JODVV\�ILEUHV�FUHDWLQJ�D�YLVXDO�LPSUHVVLRQ�VLPLODU�WR�WKDW�RI�WKH�ZHOO�NQRZQ�&KULVWPDV�WUHH�GHFRUDWLRQ�RI�WKHVDPH�QDPH��
*�����7KH�EODFN�EDUV�RI�WKH�PDJQHWLF�ILHOG
7KHUH DUH�VRPH�DUUDQJHPHQWV�RI�WKH�0DJQRFUDIW��H�J��WKH�VHPL�DWWDFKHG�RU�GHWDFKHGFRQILJXUDWLRQV��VHH�)LJXUHV�*���WR�*����DQG�WKH�FLJDU�VKDSHG�FRPSOH[HV��)LJXUHV�*��	�*���LQ ZKLFK�WKH�VLGH�SURSXOVRUV�EHORQJLQJ�WR�GLIIHUHQW�YHKLFOHV�IDFH�DQG�DWWUDFW�RQH�DQRWKHU��DWWKH�VDPH�WLPH�EHLQJ�NHSW�DW�D�GLVWDQFH��7KHUHIRUH�WKH�KLJKO\�FRQFHQWUDWHG�SXOVDWLQJ�PDJQHWLFILHOG \LHOGHG�E\� WKHVH�SURSXOVRUV�SDVVHV� WKURXJK� WKH�HQYLURQPHQW�� IRUPLQJ� W\SHV�RI�GHQVHFROXPQV ZLWK� FOHDUO\� GLVWLQJXLVKDEOH� ERXQGDULHV�� 7KHVH� FROXPQV�� ZKHQ� REVHUYHG� IURP� DGLUHFWLRQ WKDW�LV�SHUSHQGLFXODU�WR�WKH�ILHOG
V�IRUFH�OLQHV��PXVW�DEVRUE�DQG�WUDS�WKH�OLJKW��WKXVDSSHDULQJ WR�H\H�ZLWQHVVHV�DV�EODFN��VTXDUH�EDUV��%HFDXVH�WKH\�DSSHDU�LQWHQVHO\�GDUN��WKH\FDQ EH�WDNHQ�DV�VROLG�IRUPV�H[WHQGLQJ�IURP�WKH�VWUXFWXUH�RI�WKH�YHKLFOHV��7KH�FURVV�VHFWLRQRI WKHVH�FROXPQV�UHIOHFWV�WKH�VTXDUH�VKDSH�RI�WKH�2VFLOODWRU\�&KDPEHUV�ZKLFK�SURGXFH�WKHILHOG�IRUPLQJ�WKHP��,Q�YDULRXV�DUUDQJHPHQWV�RI�WKH�0DJQRFUDIW��WKH�QXPEHU�RI�WKHVH�EODFN�EDUVLV DOZD\V� HTXDO� WR� WKH� QXPEHU� RI� RSHUDWLRQDO� VLGH� SURSXOVRUV� FRQWDLQHG� LQ� WKH� FRXSOHGYHKLFOHV� 7KLV�FRXOG�IDFLOLWDWH�WKH�W\SH�LGHQWLILFDWLRQ�RI�WKH�FRXSOHG�YHKLFOHV��EXW�XQIRUWXQDWHO\HYHU\ VXFK�EDU�FDQ�QRW�DOZD\V�EH�VHHQ��DV�VRPH�RI�WKHP�FDQ�EH�KLGGHQ�EHKLQG�WKH�YHKLFOHV
VKHOOV RU�EHKLQG�RWKHU�EODFN�EDUV��1RWLFH�WKDW�LQ�VHPL�DWWDFKHG�FRQILJXUDWLRQV�WKH�EODFN�EDUVSDVV�EHWZHHQ�WKH�PDLQ�DQG�VLGH�SURSXOVRUV�RI�WKH�IDFLQJ�YHKLFOHV��VHH�)LJXUH�*����$�SKHQRPHQRQ�LGHQWLFDO�WR�WKDW�ZKLFK�FDXVHV�WKH�EODFN�EDUV�WR�DSSHDU�LV�DOVR�LQ�DFWLRQGXULQJ WKH�REVHUYDWLRQ�RI�WZLQ�FKDPEHU�FDSVXOHV���VHH�)LJXUH�)���7KH�FLUFXODWLQJ�IOX[�RI�VXFKFDSVXOHV� ZKHQ�REVHUYHG�IURP�D�GLUHFWLRQ�SHUSHQGLFXODU�WR�WKH�ILHOG�IRUFH�OLQHV��LV�SHUFHLYHGDV DQ�DUHD�RI�FRPSOHWH�EODFNQHVV��0RUHRYHU��ZKHQ�D�0DJQRFUDIW
V�SURSXOVRU�RSHUDWLQJ�LQ�WKHRXWHU IOX[�SUHYDOHQFH�LV�REVHUYHG�IURP�WKH�LQVLGH�RI�WKLV�YHKLFOH��IRU�WKH�VDPH�UHDVRQ�LW�DOVRORRNV DV� WKRXJK� LW� LV� ILOOHG� ZLWK� EODFN� VPRNH�� �)XUWKHU� GHWDLOV� FRQFHUQLQJ� WKH� SKHQRPHQDLQYROYHG LQ� WKH� EODFNLVK� DSSHDUDQFH� RI� WKH� 0DJQRFUDIW
V� ILHOG� REVHUYHG� IURP� D� GLUHFWLRQSHUSHQGLFXODU�WR�LWV�IRUFH�OLQHV�DUH�SUHVHQWHG�LQ�VXEVHFWLRQ�*�����
*���7KH�FRQGLWLRQV�GHILQLQJ�WKH�VKDSH�RI�WKH�0DJQRFUDIW
V�VKHOO
(YHU\ W\SH�RI�SURSXOVLRQ�LPSRVHV�D�XQLTXH�VHW�RI�UHTXLUHPHQWV�RQ�WKH�YHKLFOHV�ZKLFKXWLOL]H LW��7KHVH�UHTXLUHPHQWV�FDXVH�WKDW�D�JLYHQ�W\SH�RI�YHKLFOHV�PXVW�DOZD\V�GLVSOD\�FHUWDLQIL[HG DWWULEXWHV�� LQGHSHQGHQWO\�RI�ZKR�EXLOGV� WKHP��DQG�ZKHQ�DQG�ZKHUH� WKH\�DUH�EXLOW��$QH[DPSOH�RI�VXFK�IL[HG�DWWULEXWHV�FDQ�EH�WKH�ZKHHOV�RI�D�FDU��ZKLFK�PXVW�DOZD\V�EH�XQGHUQHDWK



G-22

LW �H�J��HYHQ�WKH�PRVW�DGYDQFHG�FRVPLF�LQWHOOLJHQFH�LV�XQOLNHO\�WR�EXLOG�D�FDU�ZKRVH�ZKHHOVDUH SODFHG�RQ WKH�XSSHU�VLGH���2WKHU�H[DPSOHV�FDQ�LQFOXGH�WKH�ZLQJV�RI�DQ�DHURSODQH��LW�LVLPSRVVLEOH WR�EXLOG�DQ�DHURSODQH�ZLWKRXW�VRPH�IRUP�RI�ZLQJV��DQG�WKH�KXOO�RI�D�ERDW��ZKLFKPXVW KDYH�DQ�DHURG\QDPLF�VKDSH���7KH�SURSXOVLRQ�XVHG�LQ�WKH�0DJQRFUDIW�DOVR�LPSRVHV�DVHW RI�VXFK�XQFKDQJHDEOH�UHTXLUHPHQWV��7KH\�GLFWDWH�WKDW�WKH�VKHOO�RI�WKLV�YHKLFOH�LV�VWULFWO\GHILQHG E\�D�VHW�RI�PDWKHPDWLFDO�HTXDWLRQV��7KH�VXEVHFWLRQ� WKDW� IROORZV� UHYLHZV� WKH�PRVWEDVLF FRQGLWLRQV�ZKLFK� WKH� VKHOO� RI� WKH�0DJQRFUDIW�PXVW� IXOILO�� DQG� SUHVHQWV� WKH� LPSDFW� RIWKHVH�FRQGLWLRQV�RQ�WKH�ILQDO�VKDSH�RI�WKLV�YHKLFOH��,Q VXEVHFWLRQ� %���� WKH� SULPDU\� UHTXLUHPHQW� IRU� EXLOGLQJ� D� FRQWUROODEOH� SURSXOVLRQV\VWHP ZDV� GHVFULEHG�� 7KLV� UHTXLUHPHQW� VWDWHV� WKDW� WKH� SULQFLSOH� RI� RSHUDWLRQ� RI� WKHSURSXOVLRQ PXVW� DOORZ� WKH� ZRUNLQJ� PHGLXP� WR� FLUFXODWH� WKURXJK� WKH� HQYLURQPHQW�� )RU� WKH0DJQRFUDIW WKLV�PHDQV� WKDW� LWV�PDJQHWLF� ILHOG�PXVW� IRUP�FORVHG�FLUFXLWV�ZKRVH�SDWKV�PXVWFURVV�WKH�HQYLURQPHQW��7R�IXOILO�WKLV�FRQGLWLRQ��WKH�VKHOO�RI�WKLV�YHKLFOH�PXVW�EH�VKDSHG�LQ�VXFKD�ZD\�WKDW����%RWK�RXWOHWV�IURP�HYHU\�SURSXOVRU�PXVW�RSHQ�RXW�RQWR�WKH�HQYLURQPHQW��� %RWK�SROHV�RI� WKH�VDPH�SURSXOVRU�PXVW�EH�VHSDUDWHG�IURP�HDFK�RWKHU�VR�WKDW� WKHPDJQHWLF�ILHOG�LV�IRUFHG�WR�FLUFXODWH�DURXQG�WKH�RXWVLGH�RI�WKH�YHKLFOH���� (YHU\�SURSXOVRU�PXVW�EH�ORFDWHG�LQ�D�VHSDUDWH�FKDPEHU�ZKLFK�RQO\�RSHQV�RXW�RQWRWKH HQYLURQPHQW�VR�WKDW�WKH�PDJQHWLF�ILHOG�LV�SUHYHQWHG�IURP�IRUPLQJ�FLUFXLWV�ZLWKLQ�WKH�FUDIW�$ERYH�GHVFULEHV�RQO\�RQH�RI�QXPHURXV�FRQGLWLRQV�WKDW�WKH�VKHOO�RI�WKH�0DJQRFUDIW�PXVWIXOILO� 7KLV� FRQGLWLRQ�PDNHV�XV� UHDOL]H� WKDW� WKH�YHKLFOH� LV�DOVR�VXEMHFW� WR�D�GLVWLQFW� FKDLQ�RIFDXVHV DQG�HIIHFWV��FDXVHV�DUH�XQLTXH�UHTXLUHPHQWV�LPSRVHG�E\�WKH�SULQFLSOHV�RI�RSHUDWLRQRI WKH�0DJQRFUDIW��ZKHUHDV�HIIHFWV�DUH�WKH�ZD\V�LQ�ZKLFK�WKH�FRQVWUXFWLRQ�RI�WKH�0DJQRFUDIWPXVW EH� IRUPXODWHG� VR� WKDW� LW� IXOILOV� DOO� WKHVH� UHTXLUHPHQWV��� 7KLV� FDXVH�HIIHFW� FKDLQ� YHU\VWULFWO\ GHILQHV�WKH�VKDSH�DQG�WKH�PXWXDO�UDWLR�RI�GLPHQVLRQV�RI�WKH�YHKLFOH��7KHVH�GHILQLWLRQVWDNH�WKH�IRUP�RI�D�VHW�RI�HTXDWLRQV�ZKLFK�WKH�VKDSH�RI�WKH�0DJQRFUDIW�PXVW�IXOILO��7KH�FRQVHTXHQFH�RI�WKH�FKDLQ�RI�FDXVHV�DQG�HIIHFWV�GHVFULEHG�DERYH�LV�WKDW�QRW�PDQ\GHWDLOV DUH�OHIW�WR�WKH�FKRLFH�RI�WKH�GHVLJQHU�RI�WKH�0DJQRFUDIW��$OPRVW�HYHU\�HOHPHQW�RI� LWVVKHOO� HYHU\�GLPHQVLRQ�DQG�VKDSH�LV�VWULFWO\�GHILQHG�E\�QXPHURXV�FRQGLWLRQV��/HW�XV�QRZ��RQHE\�RQH��DQDO\]H�HDFK�VXFK�FDXVH�DQG�PDWKHPDWLFDOO\�GHVFULEH�LWV�HIIHFWV��
*�����7KH�FRQGLWLRQ�RI�HTXLOLEULXP�EHWZHHQ�WKH�WKUXVW�DQG�VWDELOL]DWLRQ�IRUFHV
7KH 0DJQRFUDIW
V�SURSXOVLRQ� LV�GHVLJQHG�IRU�HTXDOO\�HIIHFWLYH�IOLJKWV� LQ�ERWK�SRVVLEOHSRVLWLRQV� L�H�� XSULJKW� DQG� LQYHUWHG� �� VHH� )LJXUH� *��� 7KHUH� DUH� DOVR� VRPH� VLWXDWLRQV�� IRUH[DPSOH FRXSOLQJ�DQG�GHFRXSOLQJ�LQWR�IO\LQJ�DUUDQJHPHQWV��VHH�VXEVHFWLRQ�*������ZKHUH�WKHIXQFWLRQ RI�SDUWLFXODU�SURSXOVRUV�PXVW�EH�UHYHUVHG��7KHVH�UHDVRQV�PDNH�LW�QHFHVVDU\�IRU�WKHSURSXOVLRQ XQLW�RI�WKH�0DJQRFUDIW�WR�EH�GHVLJQHG�LQ�VXFK�D�ZD\�WKDW��WKH�WRWDO�RXWSXW�SURGXFHGE\ DOO�WKH�VLGH�SURSXOVRUV�LV�HTXDO�WR�WKH�PDJQHWLF�RXWSXW�SURYLGHG�E\�WKH�PDLQ�SURSXOVRU��2QO\ LQ� VXFK� D� FDVH� FDQ� D� VHOHFWHG� NLQG� RI� SURSXOVRU� �L�H�� WKH� PDLQ� RU� WKH� VLGH�� LQ� RQHDSSOLFDWLRQ EH� XVHG� IRU� SURSHOOLQJ� DQG� LQ� WKH� RWKHU� DSSOLFDWLRQ� EH� XVHG� IRU� VWDELOL]DWLRQ�%HFDXVH�WKH�IRUFH�RI�PDJQHWLF�LQWHUDFWLRQ�LV�SURSRUWLRQDO�WR�WKH�RXWSXW�IURP�WKH�SURSXOVRU��WKHUHTXLUHPHQW SUHVHQWHG�KHUH�LV�FDOOHG�WKH��FRQGLWLRQ�RI�WKH�HTXLOLEULXP�EHWZHHQ�WKH�WKUXVW�DQGVWDELOL]DWLRQ�IRUFHV���7KH SURSXOVRUV�RI�WKH�0DJQRFUDIW�DUH�EXLOW�DV�FXELFDO�WZLQ�FKDPEHU�FDSVXOHV�DQG�DUHORFDWHG ZLWKLQ�WKH�VSKHULFDO�FDVLQJ��VHH�)LJXUH�*����7KH�H[WHUQDO�GLDPHWHUV�RI�WKHVH�FDVLQJV�
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L�H� ' DQG� ' �� DUH� WKH� SDUDPHWHUV� WKDW� GLUHFWO\� LPSDFW� WKH� VKDSH� DQG� GLPHQVLRQV� RI� WKH0 VYHKLFOH
V VKHOO���VHH�VXEVHFWLRQ�*���%XW�WKH�GLDPHWHUV�' DQG�' RI�WKH�SURSXOVRUV
�FDVLQJV0 VPXVW GHSHQG�RQ�WKH�RXWSXW�SURYLGHG�E\�WKH�FKDPEHUV�ORFDWHG�ZLWKLQ�WKHP��7KLV�GHSHQGHQFHUHVXOWV IURP�WKH�UHTXLUHPHQW�WKDW�LQ�WKH�VWDWH�RI�PDJQHWLF�HTXLOLEULXP��WKH�GHQVLW\�RI�HQHUJLHVLQ WKH�PDLQ�DQG�VLGH�SURSXOVRUV�VKRXOG�EH�HTXDO��7R�DFKLHYH�VXFK�HTXDOLW\��WKH�YROXPH�RI�WKHVSKHULFDO�PDLQ�SURSXOVRU�PXVW�EH�HTXDO�WR�WKH�YROXPHV�RI�DOO��Q��VLGH�SURSXOVRUV��L�H���%Â' ���� �QÂ�%Â' ��� �*��0 V� �:KHQ WKH DERYH�LV� WUDQVIRUPHG�DQG� UHGXFHG�� WKH� ILQDO� IRUP�RI� WKH�HTXDWLRQ�GHVFULELQJ� WKHFRQGLWLRQ RI� WKH� HTXLOLEULXP� EHWZHHQ� WKH� WKUXVW� DQG� VWDELOL]DWLRQ� IRUFHV� LV� GHULYHG�� 7KLVHTXDWLRQ�WDNHV�WKH�IRUP�'  � �QÂ' �*��0 V�ZKHUH��Q��LV�WKH�QXPEHU�RI�VLGH�SURSXOVRUV�LQ�WKH�0DJQRFUDIW�%\ DSSO\LQJ�WKH�HTXDWLRQ��*���WR�WKH�VKHOO�RI�WKH�0DJQRFUDIW��WKH�PXWXDO�UDWLR�EHWZHHQWKH WKLFNQHVV� RI� WKH� IODQJH� �' �� DQG� WKH� WKLFNQHVV� RI� WKH� ERG\� RI� WKH� YHKLFOH� �' �� FDQ� EHV 0GHWHUPLQHG�IRU�HDFK�W\SH�RI�FUDIW�LI�ZH�NQRZ�RQO\�WKH�QXPEHU��Q��RI�LWV�VLGH�SURSXOVRUV��
*�����7KH�FRQGLWLRQ�WKDW�WKH�QXPEHU�RI�VLGH�SURSXOVRUV�PXVW�EH�D�PXOWLSOH�RI�IRXU
6XEVHFWLRQ )���� H[SODLQV� WKDW� PDJQHWLF� HQHUJ\� PXVW� HVFDSH� IURP� RQH� 2VFLOODWRU\&KDPEHU WR�DQRWKHU�LI�WKH�ILHOGV�RI�WKHVH�FKDPEHUV�SXOVDWH�ZLWK�D�FHUWDLQ�SKDVH�VKLIW��2Q�WKHRWKHU�KDQG���DV�H[SODLQHG�LQ�VXEVHFWLRQ�*�����WKH�IRUPDWLRQ�RI�D��PDJQHWLF�ZKLUO��ZKLFK�DOORZVPDQRHXYULQJ DQG� ODWLWXGLQDO� IOLJKWV� RI� WKH� 0DJQRFUDIW�� LV� LPSRVVLEOH� ZLWKRXW� LQWURGXFLQJ� DSKDVH VKLIW� EHWZHHQ� SXOVDWLRQV� RI� ILHOGV� LQ� VXEVHTXHQW� VLGH� SURSXOVRUV� RI� WKLV� YHKLFOH�7KHUHIRUH� WR�HOLPLQDWH�WKH�HVFDSH�RI�PDJQHWLF�HQHUJ\�IURP�RQH�VLGH�SURSXOVRU�WR�RWKHU��EXWDW WKH�VDPH�WLPH�WR�HQDEOH�WKH�IRUPDWLRQ�RI�D�PDJQHWLF�ZKLUO��WKH�FRQGLWLRQ�PXVW�EH�LPSRVHGWKDW WKH� SKDVH� VKLIW� �0�� LQ� SXOVDWLRQV� RI� D� YHKLFOH
V� SURSXOVRUV� DOZD\V� IXOILOV� WKH� HTXDWLRQ�0 �L���Â%� ZKHUH�L ������������RU����L�H��WKLV�SKDVH�VKLIW� LV�DOZD\V�HLWKHU�HTXDO�WR�]HUR�RU�WR�DPXOWLSOH RI� %����� 7R� IXOILO� WKLV� FRQGLWLRQ� ZLWKRXW� FRPSURPLVLQJ� WKH� V\PPHWU\� RI� PDJQHWLFLQWHUDFWLRQV� WKH�0DJQRFUDIW�PXVW�EH�GHVLJQHG�VR�WKDW�WKH�QXPEHU��Q��RI�LWV�VLGH�SURSXOVRUVLV�DOZD\V�HTXDO�WR�D�PXOWLSOH�RI�IRXU�DQG�LV�H[SUHVVHG�E\�WKH�HTXDWLRQ��%����
*�����7KH�EDVLF�FRQGLWLRQ�IRU�WKH�IRUFH�VWDELOLW\�RI�WKHVWUXFWXUH�RI�D�FUDIW�ZKLFK�XVHV�PDJQHWLF�SURSXOVRUV
7KH 0DJQRFUDIW
V�SURSXOVRUV�QRW�RQO\�SURGXFH�WKH�IRUFHV�ZKLFK�SURSHO�WKLV�YHKLFOH��EXWDOVR IRUP� WKH� LQWHUQDO� IRUFHV�RI�PDJQHWLF� LQWHUDFWLRQV� DPRQJVW� WKHPVHOYHV�� ,I� XQEDODQFHG�ERWK WKHVH�W\SHV�RI�IRUFHV�ZRXOG�EH�WUDQVIHUUHG�LQWR�WKH�SK\VLFDO�VWUXFWXUH�RI�WKH�FUDIW�ZKHUHWKH\ FRXOG�FDXVH�WHQVLRQV��IDWLJXH�RI�PDWHULDO�DQG�VXEVHTXHQW�GHVWUXFWLRQ��7R�HOLPLQDWH�DQ\QHJDWLYH LPSDFW�RI�WKHVH�IRUFHV�RQ�WKH�YHKLFOH
V�VKHOO��WKHLU�YDOXH�DQG�GLUHFWLRQV�PXVW�EH�VRVHOHFWHG WKDW� WKH\� QHXWUDOL]H� RQH�DQRWKHU��7KH� FRQGLWLRQ� XQGHU�ZKLFK� DOO� IRUFHV�DSSHDULQJZLWKLQ WKH�0DJQRFUDIW�QHXWUDOL]H�RQH�DQRWKHU�LV�FDOOHG�KHUH�WKH��EDVLF�FRQGLWLRQ�IRU�WKH�IRUFHVWDELOLW\ RI� WKH� VWUXFWXUH� RI� D� FUDIW� ZLWK�PDJQHWLF� SURSXOVLRQ��� RU� EULHIO\�� WKH� �FRQGLWLRQ� RIVWDELOLW\���$OO IRUFHV�DSSHDULQJ�ZLWKLQ�WKH�0DJQRFUDIW�DUH�SUHVHQWHG�LQ�)LJXUH�*����7KH\�FDQ�EH
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FODVVLILHG LQWR�WZR�JURXSV������WKH�LQWHUDFWLRQV�EHWZHHQ�WKH�SURSXOVRUV�DQG�WKH�HQYLURQPHQWDOPDJQHWLF ILHOG�� DQG� ���� WKH� LQWHUDFWLRQV� EHWZHHQ� VXFFHVVLYH� SURSXOVRUV� WKHPVHOYHV�� 7KHJURXS RI�IRUFHV�ZKLFK�LQWHUDFW�ZLWK�WKH�HQYLURQPHQW�LQFOXGHV��WKH�IRUFH�RI�PDJQHWLF�UHSXOVLRQ�5��RI�WKH�PDLQ�SURSXOVRU�IURP�WKH�HQYLURQPHQWDO�ILHOG��DQG�WKH�IRUFHV�RI�DWWUDFWLRQ��$��EHWZHHQDOO �Q� VLGH� SURSXOVRUV� DQG� WKH� HQYLURQPHQWDO� ILHOG�� 1RWH� WKDW� GXULQJ� D� 0DJQRFUDIW
V� IUHHKRYHULQJ LQ� WKH� DEVHQFH� RI� JUDYLWDWLRQDO� LQWHUDFWLRQV�� WKH� DERYH� IRUFHV� PXVW� PHHW� WKHFRQGLWLRQ�5� �QÂ$� �5HI����ZKHUH��5HI��LV�D�UHIHUHQFH�FRQVWDQW� �*��7KH�LQWHUDFWLRQV�EHWZHHQ�WKH�SURSXOVRUV�WKHPVHOYHV�FRQVLVW�RI�WZR�JURXSV�RI�GLIIHUHQW�IRUFHV�7KHVH DUH��WKH�DWWUDFWLRQ��4��EHWZHHQ�WKH�PDLQ�SURSXOVRU�DQG�HDFK�VLGH�SURSXOVRU��DQG�WKHUHSXOVLRQ �(�� EHWZHHQ� HDFK� VLGH� SURSXOVRU� DQG� WKH� RWKHU� VLGH� SURSXOVRUV��1RWH� WKDW� HDFKDWWUDFWLRQ�IRUFH��4��FDQ�EH�UHVROYHG�LQWR�WKH�UDGLDO�FRPSRQHQW��4 ��DQG�D[LDO�FRPSRQHQW��4 ��G K0RUHRYHU� DOO� UHSXOVLRQ� IRUFHV� �(�� DFWLQJ� RQ� WKH� VDPH� VLGH� SURSXOVRU� FDQ� EH� FRPELQHGWRJHWKHU�JLYLQJ�WKH�UDGLDO�SXOO��( ��G,I ZH�DQDO\]H�WKH�DERYH�IRUFHV�DSSHDULQJ�LQ�WKH�0DJQRFUDIW
V�VWUXFWXUH��ZH�QRWLFH�WKDWLQ HYHU\�GLUHFWLRQ�WZR�IRUFHV�DFW�LQ�RSSRVLWLRQ�WR�HDFK�RWKHU��7KH�NLQGV�RI�DFWLRQ�H[HUWHG�E\WKHVH�IRUFHV�RQ�WKH�YHKLFOH
V�VKHOO�DUH�DV�IROORZV��� $[LDO� WHQVLRQ�� ,W� LV�FUHDWHG�E\�WKH�RSSRVLWH�IRUFHV��5��DQG��$���7KH�YDOXH�RI� WKHVHIRUFHV GHSHQGV�RQO\�RQ�WKH�RXWSXW�IURP�WKH�SURSXOVRUV��L�H��RQ�WKH��5HI��IURP�HTXDWLRQ��*����� $[LDO�FRPSUHVVLRQ�� ,W� LV� IRUPHG�E\� WKH�D[LDO�FRPSRQHQWV��4 ��RI� IDFLQJ� IRUFHV��4�KSURGXFHG LQ�HDFK�LQWHUDFWLRQ�EHWZHHQ�WKH�PDLQ�SURSXOVRU�DQG�D�VLGH�RQH��7KH�YDOXH�RI�WKLVFRPSUHVVLRQ GHSHQGV� RQ� WKH� UDWLR� RI� WKH� FUDIW
V� GLPHQVLRQV� �G�K�� DQG� RQ� WKH� �5HI�� IURPHTXDWLRQ��*������ 5DGLDO�WHQVLRQ��7KLV�LV�LQWURGXFHG�E\�WKH�UDGLDO�SXOOV��( ���7KH�YDOXH�RI�WKLV�WHQVLRQGGHSHQGV�RQ�WKH��5HI��IURP�HTXDWLRQ��*���DQG�RQ�WKH�QXPEHU��Q��RI�VLGH�SURSXOVRUV�����5DGLDO�FRPSUHVVLRQ��7KLV�LV�SURGXFHG�E\�WKH�UDGLDO�FRPSRQHQWV��4 ��RI�WKH�DWWUDFWLRQGIRUFHV��4���,WV�YDOXH�GHSHQGV�RQ�WKH�UDWLR�RI�WKH�FUDIW
V�GLPHQVLRQV��G�K��DQG�RQ�WKH��5HI��IURPHTXDWLRQ��*����7KHUHIRUH� WKURXJK�DQ�DSSURSULDWH�PDQLSXODWLRQ�RI�WKH�IDFWRUV�WKDW�GHILQH�WKH�YDOXHV�RIWKHVH IRUFHV��L�H��UDWLR�RI�WKH�FUDIW
V�GLPHQVLRQV��G�K��DQG�WKH�QXPEHU�RI�VLGH�SURSXOVRUV��Q��WKHLU PXWXDO�HTXLOLEULXP�FDQ�EH�DFKLHYHG��$V�DQ�HIIHFW�RI�WKLV�HTXLOLEULXP��WKH�RSSRVLWH�IRUFHVUHDFK HTXDO�YDOXHV��L�H��4  ( DQG�4  $ ��VR�WKHLU�DFWLRQV�UHFLSURFDOO\�QHXWUDOL]H�RQH�DQRWKHU�G G K7KH�VWDWH�RI�VXFK�DQ�HTXLOLEULXP�LV�REWDLQHG�ZKHQ�WKH�0DJQRFUDIW
V�GHVLJQ�IXOILOV�WKH�IROORZLQJFRQGLWLRQ�
G�����Q���  ���� ��� �*��K������
$ ZRRGHQ EDUUHO�LV�D�JRRG�H[DPSOH�RI�DQ�REMHFW�ZKLFK�PDLQWDLQV�WKH�HTXLOLEULXP�RI�LWVIRUFHV LQ�D�PDQQHU�DOPRVW�LGHQWLFDO�WR�WKDW�XWLOL]HG�LQ�WKH�0DJQRFUDIW
V�VKHOO��$�EDUUHO�FRQVLVWVRI�D�QXPEHU�RI�KRRSHG�VWDYHV�WKDW�WU\�WR�H[SDQG�RXWZDUGV�DQG�WKXV�UHSHO�RQH�DQRWKHU�OLNH�WKH0DJQRFUDIW
V VLGH�SURSXOVRUV��WKHVH�H[SDQVLRQ�IRUFHV�LQ�D�EDUUHO�DUH�HTXLYDOHQW�WR��( ��IRUFHVGIRUPHG E\ WKH� 0DJQRFUDIW
V� VLGH� SURSXOVRUV��� %XW� VLPXOWDQHRXVO\� PHWDO� KRRSV� FRPSUHVVWKHVH VWDYHV� LQZDUGV�� VLPLODUO\� DV� IRUFHV� �4 �� GR� WR� WKH� VWUXFWXUH� RI� WKH�0DJQRFUDIW�� 7KHGHTXLOLEULXP UHDFKHG�WKURXJK�WKH�PXWXDO�EDODQFH�RI�WKHVH�H[SDQVLRQ�DQG�FRPSUHVVLRQ�IRUFHVFRQVWLWXWHV�WKH�EDUUHO
V�RZQ��FRQGLWLRQ�RI�VWDELOLW\���7KH�IXOILOPHQW�RI�WKLV�FRQGLWLRQ�SURYLGHV�WKH
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EDUUHOV�ZLWK�WKHLU�H[FHOOHQW�UREXVW�TXDOLWLHV�7KH�HTXDWLRQ��*���H[SUHVVHV�WKH�PDWKHPDWLFDO�IRUPXODWLRQ�RI�WKH��FRQGLWLRQ�RI�VWDELOLW\�IRU�WKH�0DJQRFUDIW��7KH�PDJQHWLF�IRUFHV�SURGXFHG�E\�WKH�YHKLFOH�WKDW�IXOILOV�WKLV�FRQGLWLRQ�IRUPD NLQG� RI� LQYLVLEOH� VNHOHWRQ�� RU� IUDPHZRUN�� ZKLFK� VXUURXQGV� WKH� 0DJQRFUDIW
V� SK\VLFDOVWUXFWXUH� 7KLV� LQYLVLEOH� VNHOHWRQ� LV� FDOOHG� KHUH� WKH� �PDJQHWLF� IUDPHZRUN��� 7KH�PDJQHWLFIUDPHZRUN GRHV� QRW� LWVHOI� H[HUW� DQ\� IRUFHV� RQ� WKH� YHKLFOH�� 0RUHRYHU�� LW� DOVR� SURWHFWV� WKHYHKLFOH
V�VKHOO�IURP�WKH�DFWLRQ�RI�RWKHU�H[WHUQDO�IRUFHV�GLUHFWHG�DW�LW�,Q WKH� HTXDWLRQ� �*��� WKH� UDWLR� RI� GLPHQVLRQV� �G�K�� GHILQHV� DQ� H[WUHPHO\� LPSRUWDQWFRQVWUXFWLRQ�IDFWRU��FDOOHG��.URWQR�ü��DQG�PDUNHG�E\�WKH�OHWWHU��.����7KH�ZRUG��.URWQR�ü��LQ�WKH3ROLVK ODQJXDJH�PHDQV�WKH��UDWLR�RI�PDLQ�GLPHQVLRQV����XVXDOO\�GLDPHWHU�WR�KHLJKW���$IWHU�WKHLQWURGXFWLRQ�RI�WKH��.��IDFWRU��WKH�FRQGLWLRQ�RI�VWDELOLW\�FDQ�EH�H[SUHVVHG�DV�G�����Q.� ����  ���� ��� �*��K������,I ZH�EXLOG�WKH�0DJQRFUDIW�LQ�VXFK�D�ZD\�WKDW�WKH��.��IDFWRU�WDNHV�RQO\�LQWHJHU�YDOXHV�IURP�WKHUDQJH RI�.� ���WR�.� �����WKHQ�WKH�QXPEHU��Q��RI�VLGH�SURSXOVRUV��DV�ZHOO�DV�WKH�UDWLR��G�K��RIWKH FUDIW
V�GLPHQVLRQV��LV�VWULFWO\�GHILQHG�DQG�FRQVWDQW�IRU�HYHU\�GLIIHUHQW��.���)RU�WKLV�UHDVRQ�DOO�YHKLFOHV�KDYLQJ�WKH�VDPH��.��DUH�FODVVLILHG�DV�WKH�VDPH�W\SH��ZKRVH�QDPH�LV�GHULYHG�IURPWKH�YDOXHV�WKDW�WKLV�IDFWRU�DFTXLUHV��WKLV�QDPH�LV�H[SUHVVHG�DV�.���.��������.�����
*�����7KH�FRQGLWLRQ�IRU�H[SUHVVLQJ�WKH�.�IDFWRU�E\�WKH�UDWLR�RI�RXWHU�GLPHQVLRQV
7KH SURSXOVRUV�RI�WKH�0DJQRFUDIW�DUH�KLGGHQ�LQVLGH�LWV�VKHOO�DQG�DUH�XVXDOO\�LQYLVLEOHWR DQ� RXWVLGH� REVHUYHU�� 7KHUHIRUH� LW� ZRXOG� EH� UDWKHU� GLIILFXOW� WR� GHWHUPLQH� WKH� YDOXH� RI�.URWQR�ü�� DV� DOVR� WKH� W\SH� RI� FUDIW� XQGHU� REVHUYDWLRQ�� RQO\� E\� WKH� QXPEHU� RI� LWV� VLGHSURSXOVRUV RU�WKHLU�SRVLWLRQLQJ�LQ�UHODWLRQ�WR�WKH�PDLQ�SURSXOVRU��L�H��E\�WKH��G�K��UDWLR���2Q�WKHRWKHU KDQG��WKH�W\SH�PXVW�EH�TXLFNO\�UHFRJQL]DEOH�E\�WKH�FUHZV�RI�RWKHU�YHKLFOHV�DQG�DOVR�E\WKH WHFKQLFDO�SHUVRQQHO�RQ�WKH�JURXQG��DV�LW�GHILQHV�WKHLU�UHODWLRQVKLS�WRZDUGV�WKH�REVHUYHGFUDIW� 7KHUHIRUH� LW� LV� QHFHVVDU\� WR� LQWURGXFH� WKH� DGGLWLRQDO� FRQGLWLRQ� WKDW� �.�� LV� QRW� RQO\H[SUHVVHG E\� WKH�UDWLR�RI� LQQHU�GLPHQVLRQV��G�K���EXW�DOVR�E\� WKH�UDWLR�RI�RXWHU�GLPHQVLRQV�'�+���VHH�)LJXUH�*�����:KHQ�WKLV�FRQGLWLRQ�LV�PHW��WKH�FUHZV�RI�RWKHU�YHKLFOHV�DV�ZHOO�DV�WKHSHUVRQQHO RQ�WKH�JURXQG�FDQ�HDVLO\�GHWHUPLQH�WKH�W\SH�RI�DQ�DSSURDFKLQJ�YHKLFOH�VROHO\�E\GHWHUPLQLQJ�WKH�UDWLR��. '�+��RI�LWV�RXWHU�GLPHQVLRQV��$IWHU�WKH�LQWURGXFWLRQ�RI�WKLV�FRQGLWLRQ��HYHU\�0DJQRFUDIW�PXVW�IXOILO�QRW�RQO\�WKH�HTXDWLRQ�*���EXW�DOVR�WKH�IROORZLQJ�HTXDWLRQ�'.� ���� �*��+7KLV HTXDWLRQ��*���PDNHV�WKH�GHWHUPLQDWLRQ�RI�WKH�W\SH�RI�REVHUYHG�0DJQRFUDIW�YHU\�VLPSOH��LW�LV�VXIILFLHQW�RQO\�WR�ILQG�RXW�KRZ�PDQ\�WLPHV�WKH�YHKLFOH
V�DSSDUHQW�KHLJKW��+���EDVH�WR�WRS�LV�FRQWDLQHG�ZLWKLQ�WKH�YHKLFOH
V�DSSDUHQW RXWHU�GLDPHWHU��'���2I�FRXUVH�WKLV�LV�D�SXUHO\�URXWLQHFDOFXODWLRQ� VR�LW�FDQ�EH�FRPSOHWHG�DXWRPDWLFDOO\�E\�WKH�DSSURSULDWH�FRPSXWHU�V\VWHP�OLQNHGWR�DQ�LGHQWLILFDWLRQ�UDGDU��7KH IDFWRU��.��LV�DEOH�WR�IXOILO�VLPXOWDQHRXVO\�WKH�HTXDWLRQ��*���DQG�WKH�HTXDWLRQ��*��RQO\ LI�WKH�ZLGWK��/��RI�WKH�0DJQRFUDIW
V�IODQJH��VHH�)LJXUH�*����LV�GHVFULEHG�E\�WKH�HTXDWLRQ�.
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/� ����Â' �*��0�7KLV�HTXDWLRQ��*���WRJHWKHU�ZLWK�WKH�HTXDWLRQ��*���DUH�WKH�PDWKHPDWLFDO�FRQVHTXHQFHV�RI�WKHQHFHVVLW\�WR�H[SUHVV�WKH�W\SH�IDFWRU��.��E\�WKH�UDWLR�RI�RXWHU�GLPHQVLRQV�RI�WKH�0DJQRFUDIW�
*�����7KH�FRQGLWLRQ�IRU�RSWLPXP�FRXSOLQJ�LQWR�IO\LQJ�V\VWHPV
,Q VXEVHFWLRQ�*������ WKH�PRVW�DGYDQFHG�FRQILJXUDWLRQ�RI� WKH�FRXSOHG�0DJQRFUDIW� LVSUHVHQWHG� ,W�LV�FDOOHG�D�IO\LQJ�V\VWHP���VHH�)LJXUH�*����7KH�VLQJOH�FHOO�RI�WKLV�FRQILJXUDWLRQLV IRUPHG�IURP�IRXU�VWDFNHG�FLJDUV��WKH�IODQJHV�RI�ZKLFK�PHVK�ZLWK�RQH�DQRWKHU���+RZ�VXFKPHVKLQJ LV�DFKLHYHG�IRU�HYHU\�WZR�FRQVHFXWLYH�FLJDUV�LV�SUHVHQWHG�LQ�)LJXUH�*�����,Q�RUGHU�WRSDFN�LQWR�WKH�IO\LQJ�V\VWHP�WKH�JUHDWHVW�QXPEHU�RI�YHKLFOHV�RFFXS\LQJ�WKH�VPDOOHVW�VSDFH��WKHDGGLWLRQDO�FRQGLWLRQ�RI��RSWLPXP�FRXSOLQJ��PXVW�EH�LQYROYHG��,Q�DFFRUGDQFH�ZLWK�WKLV�FRQGLWLRQ�DOO YHKLFOHV�EHORQJLQJ�WR�D�SDUWLFXODU�FHOO�PXVW�WRXFK�ZLWK�WKHLU�ULPV�WKH�FHQWUDO�D[LV��=��RI�WKLVFHOO��7KH�JHRPHWULFDO�FRQILJXUDWLRQ�GHILQHG�E\�WKLV�FRQGLWLRQ�LV�SUHVHQWHG�LQ�)LJXUH�*�� �ZKLFKLOOXVWUDWHV VXFK�D�FHOO� IURP�DQ�RYHUKHDG�YLHZ���FRPSDUH�DOVR�)LJXUH�*���ZLWK�)LJXUH�*����$IWHU MRLQLQJ� WKH� YHKLFOHV� LQ� WKLV�ZD\�� WKH� GLVWDQFH� EHWZHHQ� WKH� FHQWUDO� D[HV� RI� HYHU\� WZRVSDFHVKLSV�ORFDWHG�RQ�WKH�RSSRVLWH�VLGHV�RI�WKH��=��D[LV�LV�HTXDO�WR��'���ZKHUHDV�WKH�GLVWDQFHEHWZHHQ WKH�D[HV�RI�HYHU\�WZR�YHKLFOHV�FRXSOHG�WRJHWKHU�E\�WKHLU�VLGH�SURSXOVRUV�LV�HTXDO�WR�G���8VLQJ�WKH�3\WKDJRUDV�WKHRUHP��'  G �G ���WKH�DERYH�FDQ�EH�H[SUHVVHG�DV�� � �'� �GÂ�� �*��%RWK�GLDPHWHUV��'��DQG��G��PXVW�DOVR�IXOILO�WKH�HTXDWLRQ��VHH�)LJXUH�*����'� �G����Â/ �*���LQ ZKLFK� WKH� �/�� FDQ� EH� UHSODFHG� E\� �*��� FRPELQHG� ZLWK� �*���� WKHUHIRUH� DIWHU� QHFHVVDU\UHGXFWLRQV�WKH�ILQDO�H[SUHVVLRQ�IRU�WKH�FRQGLWLRQ�GLVFXVVHG�KHUH�WDNHV�WKH�IRUP�'  �+Â�������� �*���07KH HTXDWLRQ� �*���� UHYHDOV� WKDW� WKH� UDWLR� �+�' �� �L�H�� WKH� KHLJKW� �+�� RI� WKH� YHKLFOH� WR� WKH0GLDPHWHU �' � RI� LWV�PDLQ�SURSXOVRU�� LV�FRQVWDQW� IRU�HYHU\� W\SH�RI�0DJQRFUDIW�DQG�HTXDO� WR0DERXW��+�'  �����0

*�����7KH�FRQGLWLRQ�XQGHU�ZKLFK�WKH�IODQJHV�FRLQFLGH
7KH�RSWLPXP�FRXSOLQJ�RI�0DJQRFUDIW�LQWR�IO\LQJ�V\VWHPV�DOVR�UHTXLUHV�WKDW�WKH�PHVKLQJRI WKH� IODQJHV� RI� DOO� FUDIW� PXVW� FRLQFLGH� H[DFW� ZLWK� RQH� DQRWKHU�� 7KH� SULQFLSOH� RI� VXFKFRLQFLGLQJ RI� IODQJHV� LV�VKRZQ� LQ�)LJXUH�*����$V� WKLV�)LJXUH� UHYHDOV�� WKH�HQWLUH�VSDFH� OHIWEHWZHHQ�WZR�VWDFNHG�YHKLFOHV�LV�WDNHQ�E\�WKH�PXWXDOO\�FRLQFLGLQJ�IODQJHV�DQG�FRPSOHPHQWDU\IODQJHV RI WKH�PHVKLQJ� FUDIWV�� %HFDXVH� WKH� WKLFNQHVVHV� RI� WKH� IODQJHV� DUH� HTXDO� WR� �' ��VZKHUHDV�WKH�GLVWDQFH�EHWZHHQ�WKH�EDVHV�RI�WZR�FRQVHFXWLYH�VWDFNHG�YHKLFOHV�LV�HTXDO�WR��' ��0WKH WKLFNQHVVHV��* ��RI�WKH�0DJQRFUDIW
V�FRPSOHPHQWDU\�IODQJHV�PXVW�EH�H[SUHVVHG�E\�WKHVHTXDWLRQ�*  �' ��' �*���V 0 V7KH IXOILOPHQW�RI�WKH�HTXDWLRQV��*����DQG��*����IRUPV�WKH�0DJQRFUDIW
V�VKHOO�LQ�VXFK�D�ZD\WKDW DIWHU�WKHVH�YHKLFOHV�DUH�FRXSOHG�LQWR�D�IO\LQJ�V\VWHP��WKHUH�LV�DOPRVW�QR�VSDFH�OHIW�ZKLFKZRXOG�QRW�EH�RFFXSLHG�E\�D�FUDIW�
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*�����7\SHV�RI�0DJQRFUDIW
%\ WKH�SKUDVH��W\SH�RI�0DJQRFUDIW��LV�XQGHUVWRRG�D�JURXS�RI�LGHQWLFDO�YHKLFOHV�ZKLFKVKDUH H[DFWO\�WKH�VDPH�YDOXHV�RI��WKHLU��.��IDFWRU��GHVLJQ�SDUDPHWHUV��H�J���Q���GLPHQVLRQV��H[WHUQDO VKDSH�� DQG� YDULRXV� VWDQGDUGL]HG� IHDWXUHV� VXEMHFWHG� WR� LQWHUQDWLRQDO� �RULQWHUSODQHWDU\� DJUHHPHQW��7KHUHIRUH�DQ\�JURXS�RI�0DJQRFUDIW�EHORQJLQJ�WR�WKH�VDPH�W\SH�LVDEOH WR� FRXSOH� WRJHWKHU� LQWR� KRPRJHQRXV� DUUDQJHPHQWV�� LQGHSHQGHQWO\� RI� ZKR� SURGXFHGWKHVH YHKLFOHV�DQG�ZKHQ��ZKDW�WKHLU�SXUSRVH�LV��HWF��$OO�0DJQRFUDIW�RI�WKH�VDPH�W\SH�ZLOO�DOVRORRN LGHQWLFDO�IURP�WKH�RXWVLGH�DQG�ZLOO�KDYH�WKH�VDPH�QXPEHU�RI�VLGH�SURSXOVRUV��%XW�WKH\FDQ EH�VXEGLYLGHG�LQWR�GLIIHUHQW� LQWHUQDO�URRPV��PD\�XVH�GLIIHUHQW�PDWHULDOV�IRU�WKHLU�VKHOOV�EH�SURGXFHG�E\�GLIIHUHQW�FRXQWULHV�RU�FRPSDQLHV��EH�PDGH�LQ�GLIIHUHQW�\HDUV��DQG�VR�RQ�,W LV�ZRUWK�PHQWLRQLQJ�KHUH�WKDW�D�QXPEHU�RI�VHULHV�RI�WKH�0DJQRFUDIW�ZLOO�SUREDEO\�EHEXLOW LQ�WKH�IXWXUH�IRU�YDULRXV�SXUSRVHV��:H�FDQ�LPDJLQH�D�PLQLPXP�RI�WZR�VXFK�VHULHV��L�H���� WKH�EDVLF�VHULHV�RI�FUHZ�FDUU\LQJ�YHKLFOHV��DQG�����DQ�DGGLWLRQDO�VHULHV�RI� WKH�FRPSXWHUFRQWUROOHG 0DJQRFUDIW��,Q�WKHVH�FRPSXWHU�FRQWUROOHG�YHKLFOHV��W\SHV�.��WR�.��FRXOG�SHUIRUPWKH�IXQFWLRQV�RI�SHUVRQDO�LPSOHPHQWV��H�J��ZHDSRQV��FRXULHUV��ZKHUHDV�W\SHV�.��WR�.���FRXOGSHUIRUP WKH� IXQFWLRQ� RI� DXWRPDWLF� SUREHV�� ,Q� HDFK� RI� WKHVH� WZR� VHULHV�� WKH� GLPHQVLRQV� RISDUWLFXODU�W\SHV�RI�YHKLFOHV�PXVW�EH�GLIIHUHQW��EXW�WKH�JHQHUDO�DSSHDUDQFH��WKH�QXPEHU�RI�VLGHSURSXOVRUV� DQG�WKH�PXWXDO�UDWLR�RI�GLPHQVLRQV�PXVW�UHPDLQ�WKH�VDPH�IRU�D�JLYHQ�W\SH��)RUWKH VHULHV�RI�WKH�FUHZ�FDUU\LQJ�0DJQRFUDIW��WKH�EHVW�XVH�RI�VSDFH�VHHPV�WR�RFFXU�ZKHQ�RXWHUGLDPHWHUV��'��RI�WKH�VXEVHTXHQW�W\SHV�RI�YHKLFOHV�IXOILO�WKH�HTXDWLRQ�'� �& Â� >PHWUHV@ �*���F .�L�H� �'�� H[SUHVVHG� LQ�PHWUHV� LV� HTXDO� WR� �& ��PXOWLSOLHG� E\� ���� WR� WKH� SRZHU� RI� �.���� 7KHFFRQVWDQW��& ��IURP�WKLV�HTXDWLRQ�UHSUHVHQWV�WKH�FRVPLF�XQLYHUVDO�XQLW�RI�OHQJWK��LQ�WKLV�WUHDWLVHFFDOOHG�WKH��FRVPLF�FXELW���,WV�YDOXH�LV�&  �������>PHWUHV@�F7KH RXWHU� GLDPHWHUV� '
� RI� WKH� FRPSXWHU� FRQWUROOHG�0DJQRFUDIW� VKRXOG� SUREDEO\� EH�  ��� WLPHV� VPDOOHU�� WKXV� H[SUHVVHG� E\� DQRWKHU� HTXDWLRQ� RI� WKH� IRUP�� '
�  � �����Â�� .>PLOOLPHWUHV@��6XFK�GHILQLQJ�RI�WKHLU�YDOXHV�ZRXOG�FDXVH�WKDW�WKH�RXWHU�GLDPHWHU�'
 RI�WKH�.��.��W\SH�RI�D�FRPSXWHU�FRQWUROOHG�0DJQRFUDIW�ZRXOG�EH�HTXDO�WR�D�KDOI�RI�WKH�RXWHU�GLDPHWHU�' RI.�WKH .��W\SH�RI�D�FUHZ�FDUU\LQJ�0DJQRFUDIW��L�H���'  ��Â'
 ��7KH�DERYH�GHPRQVWUDWHV�WKDW�LQ.� .��IDFW� IRU�WKH�FRPSOHWH�FDWHJRUL]LQJ�RI�WKH�0DJQRFUDIW��WKHUH�LV�D�QHHG�WR�LGHQWLI\�QRW�RQO\�WKH�W\SHWR ZKLFK�LW�EHORQJV��EXW�DOVR�WKH�VHULHV�IURP�ZKLFK�WKLV�W\SH�LV�WDNHQ��L�H��FUHZ�RU�FRPSXWHUFRQWUROOHG�� +RZHYHU��EHFDXVH�WKLV�WUHDWLVH�LV�QRW�FRQFHUQHG�ZLWK�WKH�VSHFLILF�SRVVLELOLWLHV�RIWKH DSSOLFDWLRQV�RI�WKH�0DJQRFUDIW��LQ�WKH�UHPDLQGHU�RI�WKH�WH[W�DQ\�UHIHUHQFH�WR�D�FRPSXWHUFRQWUROOHG VHULHV�RI�WKH�0DJQRFUDIW�ZLOO�QRW�EH�HODERUDWHG��7KHUHIRUH�DQ\�IXUWKHU�UHIHUHQFH�WRD�W\SH�RI�0DJQRFUDIW�ZLOO�UHODWH�VROHO\�WR�WKH�FUHZ�FDUU\LQJ�VHULHV�RI�WKLV�YHKLFOH��7KH HTXDWLRQ� �*���� KLJKOLJKWV� WKH� IDFW� WKDW� WKH� RXWHU� GLDPHWHUV� RI� VXFFHVVLYH0DJQRFUDIW DUH�RUJDQL]HG�LQ�D�ELQDU\�IDVKLRQ��%\�ZD\�RI�WKHLU�RUJDQL]LQJ��WKH�GLDPHWHU��'��IRUHDFK IROORZLQJ� W\SH� RI� 0DJQRFUDIW� LV� REWDLQHG� E\� GRXEOLQJ� WKH� VDPH� GLDPHWHU� IURP� WKHSUHYLRXV W\SH��%HFDXVH� WKHUH� LV�D� OLQHDU� UHODWLRQVKLS�EHWZHHQ�WKH�RXWHU�GLDPHWHUV��'��DQGVRPH RWKHU�GLPHQVLRQV�DQG�SDUDPHWHUV�RI�WKH�0DJQRFUDIW��D�QXPEHU�RI�YDULRXV�GLPHQVLRQVRI WKHVH�YHKLFOHV�DUH�DOVR�DOLJQHG�LQ�VXFK�D�ELQDU\�IDVKLRQ��)RU�H[DPSOH�WKH�GLDPHWHUV��G��RIWKH FLUFOHV� RI� VFRUFKHG� YHJHWDWLRQ� OHIW� E\� ODQGHG� 0DJQRFUDIW� �VHH� )LJXUH� *���� DUH� DOVRRUJDQL]HG LQ�VXFK�D�ZD\�WKDW�HDFK�VXEVHTXHQW�FLUFOH�LV�WZLFH�DV�ELJ�DV�WKH�FLUFOH�SURGXFHG�E\WKH�SUHYLRXV�W\SH�RI�WKLV�YHKLFOH��7KH FRQGLWLRQV� GHILQHG� LQ� HDUOLHU� VXEVHFWLRQV� OHG� WR� WKH� GHGXFWLRQ� RI� D� QXPEHU� RI
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HTXDWLRQV ZKLFK� FRPSOHWHO\� GHVFULEH� WKH� JHRPHWULFDO� VKDSH� RI� WKH� VKHOO� LQ� HDFK� W\SH� RI0DJQRFUDIW� 7KHVH� HTXDWLRQV� DUH� OLVWHG� LQ�)LJXUH� *���� ,I� ZH� XVH� WKH� HTXDWLRQ� �*���� IRUGHILQLQJ GLDPHWHU� �'��RI� WKH�VXEVHTXHQW�YHKLFOHV��ZH�PD\�GHWHUPLQH� WKH�PDLQ�GLPHQVLRQVIRU�WKH�FUHZ�FDUU\LQJ�VHULHV�RI�0DJQRFUDIW��7KHVH�GLPHQVLRQV�DUH�SUHVHQWHG�LQ�7DEOH�*���7UDQVIRUPLQJ WKH�GLPHQVLRQV� IURP�7DEOH�*�� LQWR�GLDJUDPV�� WKH�RXWOLQHV�RI� DOO� HLJKWEDVLF W\SHV�RI�WKH�0DJQRFUDIW�DUH�REWDLQHG��7KH�ILQDO�IRUP�RI�WKHVH�RXWOLQHV�LV�SUHVHQWHG�LQ)LJXUH *����7KLV�)LJXUH�UHYHDOV�WKDW�HDFK�W\SH�RI�0DJQRFUDIW�SRVVHVVHV�D�XQLTXH�DQG�YHU\GLVWLQFW�VKDSH��ZKLFK�LQ�WKH�IXWXUH�ZLOO�KHOS�XV�WR�YLVXDOO\�LGHQWLI\�WKHP�TXLFNO\�DQG�HDVLO\��
*�����,GHQWLI\LQJ�WKH�W\SHV�RI�0DJQRFUDIW
$ QXPEHU�RI�SUDFWLFDO�FRQVHTXHQFHV�UHVXOW�ZKHQ�WKH�VKHOO�RI� WKH�0DJQRFUDIW� IROORZVWKH�FRQGLWLRQV�VSHFLILHG�DERYH��)LUVW�DQG�WKH�PRVW�LPSRUWDQW�RI�WKHP��LV�WKH�SRVVLELOLW\�RI�TXLFNDQG HDV\�LGHQWLILFDWLRQ�RI�WKH�W\SH�DQG�VL]H�RI�WKH�YHKLFOHV�WKDW�DUH�REVHUYHG��DQG�UHVXOWLQJIURP WKLV�� LQVWDQW� NQRZOHGJH� RI� DOPRVW� DOO� WKH� FRQVWUXFWLRQ� SDUDPHWHUV� RI� WKHVH� FUDIW�� $QHIIHFWLYH PHWKRG�RI�VXFK�TXLFN�LGHQWLILFDWLRQ�RI�WKH�0DJQRFUDIW
V�W\SH�LV�LOOXVWUDWHG�LQ�)LJXUH*��� $OO�WKDW�LV�QHHGHG�LV�WR�SODFH�D�SLHFH�RI�WKUHDG��D�EODGH�RI�JUDVV��D�UXOHU��RU�DQ\�RWKHUOLQHDU REMHFW� WRZDUGV� WKH� IO\LQJ�0DJQRFUDIW� RU�RQ�D�SKRWRJUDSK�RI� LW��DQG� WKHQ�PHDVXUH� LWVDSSDUHQW �+�� DQG� �'�� GLPHQVLRQV�� 1H[W�� WKH� YDOXH� RI� �.URWQR�ü�� FDQ� LPPHGLDWHO\� EHHVWDEOLVKHG IURP�WKH�HTXDWLRQ��*���E\�D�VLPSOH�GLYLVLRQ�RI��'��E\��+��� ,I�E\�WKLV�PHDQV�WKHYDOXH RI� �. '�+�� LV� GHWHUPLQHG�� DOPRVW� DOO� RI� WKH� YHKLFOH
V� SDUDPHWHUV� FDQ� ODWHU� EH� IRXQGHLWKHU�E\�UHDGLQJ�WKHP�IURP�7DEOH�*��RU�E\�FDOFXODWLQJ�WKHP�IURP�HTXDWLRQV��*���WR��*�����'HWHUPLQLQJ WKH�YDOXH�RI�WKH�.�IDFWRU�IRU�D�VLQJOH�FUDIW�LV�VLPSOH��ZH�MXVW�XVH�HTXDWLRQ�*����$OVR�ZKHQ�WZR�0DJQRFUDIW�DUH�FRXSOHG�WRJHWKHU��VHH VXEVHFWLRQ�*�������LQWR�D�VSKHULFDOIO\LQJ�FRPSOH[���.��PD\�EH�FDOFXODWHG�IURP�WKH�IROORZLQJ�VLPSOH�HTXDWLRQ�'.  ��Â��� �*���VSKHULFDO ++RZHYHU� WKH��.��GHWHUPLQDWLRQ�VWDUWV�WR�EH�PRUH�FRPSOLFDWHG�ZKHQ�RQH�RI�WKH�FLJDU�VKDSHGIO\LQJ FRPSOH[HV�LV�DQDO\]HG��,Q�WKLV�LQVWDQFH�WKH�ILQDO�IRUP�RI�WKH�HTXDWLRQ�XVHG�GHSHQGV�RQWKH�YDOXH�RI�WKH�IROORZLQJ�UDWLR�+��������  �F �*���+���'07KLV UDWLR�FDQ�EH�GHWHUPLQHG�IURP�WKH�HTXDWLRQ��*����H[SUHVVLQJ�WKH�FRQGLWLRQ�RI�RSWLPXPFRXSOLQJ LQWR� IO\LQJ�V\VWHPV��$IWHU� LW� LV�GHWHUPLQHG�IURP�WKLV�FRQGLWLRQ� LW� WDNHV� WKH� IROORZLQJYDOXH� F� ����������� �*���$IWHU�XVLQJ�WKLV�YDOXH�IRU��F��IRU�GHGXFLQJ�WKH�HTXDWLRQ�GHVFULELQJ�WKH��.��IDFWRU�LQ�FLJDU�VKDSHGIO\LQJ�FRPSOH[HV��WKHVH�HTXDWLRQV�WDNH�WKH�IROORZLQJ�IRUP���IRU�WKH�VWDFNHG�FLJDU�VKDSHG�FRPSOH[�P�������'����������������������������'.� ��P���������Â���  ��P����P�����Â���������Â��� �*���F����(+���������������������������(+��IRU�WKH�GRXEOH�HQGHG�FLJDU�VKDSHG�FRPSOH[�P�������'����������������������������'
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.� ��P���������Â���  ��P����P�����Â���������Â��� �*���F����(+���������������������������(+7KH �P��UHSUHVHQWV�WKH�QXPEHU�RI�0DJQRFUDIW�FRXSOHG�WRJHWKHU�LQWR�D�JLYHQ�IO\LQJ�FRPSOH[�ZKHUHDV��(+��LV�WKH�KHLJKW�DQG��'��LV�WKH�RXWHU�GLDPHWHU�RI�WKH�UHVXOWDQW�DUUDQJHPHQW��1RWH�WKDW�ZKHQ�WKH�QXPEHU�RI�XQLWV�WDNHV�WKH�YDOXH�P� ����WKH�HTXDWLRQ��*����UHGXFHVLWVHOI LQWR�WKH�IRUP�RI�HTXDWLRQ��*����6LPLODUO\�HTXDWLRQ��*�����ZKHQ�DSSO\LQJ�WKH�YDOXH�RI�P� ���WUDQVIRUPV�LWVHOI�LQWR�HTXDWLRQ��*�����7KH ILQDO� IRUPXODV� IRU� LGHQWLI\LQJ� WKH� W\SH�RI�0DJQRFUDIW� WKDW� IRUP�RQH�RI� WKH� IO\LQJFRQILJXUDWLRQV�FRQVLGHUHG�DERYH�DUH�OLVWHG�LQ�7DEOH�*���
*�����7KH�PDJQHWLF�IUDPHZRUN
$QRWKHU FRQVHTXHQFH�RI�WKH��VWDELOLW\�FRQGLWLRQ��LV�WKH�UHVLVWDQFH�RI�WKH�0DJQRFUDIW
VVWUXFWXUH�WR�WKH�DFWLRQ�RI�HYHQ�WKH�KLJKHVW�RI�H[WHUQDO�SUHVVXUHV��$Q\�H[WHUQDO�HIIHFWV�GLUHFWHGRQWR WKH�FUDIW�DUH�WDNHQ�XS�E\�WKH�PDJQHWLF�ZKLUO��7KLV�ZKLUO� LV�VXSSRUWHG�E\�WKH��PDJQHWLFIUDPHZRUN� GHVFULEHG� LQ� VXEVHFWLRQ� *����� 7KHUHIRUH� WKH� HQYLURQPHQWDO� SUHVVXUH� LV� QRWWUDQVIHUUHG�LQWR�WKH�ERG\�RI�WKH�FUDIW��EXW�LV�QHXWUDOL]HG�ZLWKLQ�WKH�PDJQHWLF�ILHOG
V�LQWHUDFWLRQV�7KLV PDNHV� LW�SRVVLEOH�IRU� WKH�YHKLFOH�WR�ZLWKVWDQG�KLJK�SUHVVXUHV� WKDW�RWKHUZLVH�ZRXOG�EHGHVWUXFWLYH�WR�LWV�SK\VLFDO�VWUXFWXUH��7KHUHIRUH�WKH�0DJQRFUDIW�KDYH�WKH�DELOLW\�WR�SHQHWUDWH�WKHERWWRP RI�RFHDQLF�WUHQFKHV�ZKHUH�DQ\�RWKHU�VWUXFWXUH�ZRXOG�EH�FUXVKHG�E\�ZDWHU�SUHVVXUH�$OVR WKH� 0DJQRFUDIW� VKRXOG� QRW� EH� LQ� GDQJHU� IURP� DQ\� QHDUE\� H[SORVLRQ� EHFDXVH� WKHVKRFNZDYHV�ZRXOG�EH�VWRSSHG�E\�WKH�PDJQHWLF�IUDPHZRUN��7KH RWKHU�SURSHUW\�RI�WKH�0DJQRFUDIW��FDOOHG�WKH��PDJQHWLF�ZKLUO���SUHYHQWV�DQ\�H[WUHPHO\KRW PHGLXP� IURP� WRXFKLQJ� WKH� FUDIW
V� VXUIDFH�� 6LPXOWDQHRXVO\�� WKH� VWURQJ� PDJQHWLF� ILHOG��PDJQHWLF OHQV���EHQGV�WKH�WKHUPDO�UDGLDWLRQ��PDNLQJ�LW�LPSRVVLEOH�WR�LOOXPLQDWH�WKH�VXUIDFHRI�WKH�FUDIW��7KHUHIRUH��0DJQRFUDIW�DUH�DEOH�WR�IO\�WKURXJK�DQ\�HQYLURQPHQW�FRQVLVWLQJ�RI�PHOWHGPDWHULDOV� 7KLV� DELOLW\�� WRJHWKHU� ZLWK� WKH�PDJQHWLF� IUDPHZRUN�� VKRXOG� DOORZ� WKLV� YHKLFOH� WRSHQHWUDWH�WKH�(DUWK
V�QXFOHXV��DQG�DOVR�SHUKDSV�WKH�FHQWUHV�RI�VWDUV��
*���7KH�PDJQHWLF�ILHOG�RI�WKH�0DJQRFUDIW
7KH RSHUDWLRQ�RI�WKH�0DJQRFUDIW�LQYROYHV�D�QXPEHU�RI�LVVXHV�FRQFHUQLQJ�WKH�PDJQHWLFILHOG�RI�WKLV�YHKLFOH��6RPH�RI�WKHP�DUH�YHU\�LPSRUWDQW�DQG�VHQVLWLYH��)RU�H[DPSOH��WKH�LVVXH�RIWKH HIIHFWLYH� OHQJWK� RI� WKH�0DJQRFUDIW
V� SURSXOVRUV� LV� RYHUORRNHG� E\� WKH�PDMRULW\� RI� WKRVHUDLVLQJ�FULWLFDO�FRPPHQWV�WKDW�UHIHU�WR�WKH�XQLIRUP�FKDUDFWHU�RI�WKH�(DUWK
V�PDJQHWLF�ILHOG��7KXV�LI SHRSOH� ZKR� SXW� IRUZDUG� VXFK� FRPPHQWV� ZRXOG� EHFRPH� IDPLOLDU� ZLWK� WKH� DXWKRU
VGHGXFWLRQV EHIRUH�WKH\�IRUPXODWHG�WKHLU�REMHFWLRQV��PRVW�RI�WKH�FULWLFLVP�GLUHFWHG�WRZDUGV�WKH0DJQRFUDIW WR� GDWH� ZRXOG� EH� DYRLGHG�� )RU� WKLV� UHDVRQ�� WKH� LVVXHV�PHQWLRQHG� QHHG� WR� EHDGGUHVVHG�KHUH�WR�JLYH�UHDGHUV�D�FRPSOHWH�XQGHUVWDQGLQJ�RI�WKH�VFLHQWLILF�IRXQGDWLRQV�EHKLQGWKLV�YHKLFOH��6XFK�DQ�XQGHUVWDQGLQJ�ZRXOG�DOVR�HQDEOH�UHDGHUV�WR�GHIHQG�WKLV�VSDFHVKLS�IURPXQMXVWLILHG DWWDFNV� E\� YDULRXV� VFHSWLFV� ZKR� GR� QRW� ERWKHU� WR� OHDUQ� WKH� GHWDLOV� RI� WKH0DJQRFUDIW
V�WKHRU\��EXW�ZKR�DUH�QHYHUWKHOHVV�TXLWH�HDJHU�WR�DWWDFN�LW��8QIRUWXQDWHO\��WKH�PDMRULVVXHV�FRQFHUQLQJ WKH�PDJQHWLF�ILHOG�RI�WKLV�YHKLFOH�DUH�UDWKHU�GLIILFXOW�WR�XQGHUVWDQG��DQG�DOVRWKHLU FRPSUHKHQVLRQ�VHHPV�WR�UHTXLUH�VRPH�EDFNJURXQG�LQ�VFLHQFH�RU�WHFKQRORJ\��7KHUHIRUHVRPH UHDGHUV�PD\�ILQG�WKLV�VXEVHFWLRQ�TXLWH�GLIILFXOW��7R�PLQLPL]H�WKH�JDSV�ZKHQ�VRPHRQH
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RPLWV WKH�PDWHULDO�RQ�WKH�0DJQRFUDIW
V�PDJQHWLF�ILHOG��WKH�DXWKRU�KDV�DUUDQJHG�WKLV�FKDSWHUVR WKDW� VNLSSLQJ� WKURXJK� WKH� VXEVHFWLRQ� WKDW� IROORZV� VKRXOG� QRW� GLVDGYDQWDJH� WKHLUFRPSUHKHQVLRQ�RI�WKH�HQWLUH�PDWHULDO��%XW�IRU�WKRVH�UHDGHUV�ZKR�DUH�DEOH�WR�ZRUN�WKURXJK�WKLVVXEVHFWLRQ��WKH�DXWKRU�KLJKO\�UHFRPPHQGV�WKDW�WKH\�GR�VR��
*�����7KH�VWDUWLQJ�IOX[
3ODQHW�(DUWK��DSDUW�IURP�QXPHURXV�RWKHU SURSHUWLHV��DOVR�DFWV�DV�D�KXJH�PDJQHW��,I�DQ\PDQ�PDGH�VRXUFH�RI�D�PDJQHWLF�ILHOG��H�J��D�SURSXOVRU��LV�SODFHG�LQ�WKH�UDQJH�RI�LWV�ILHOG��WKHQPDJQHWLF LQWHUDFWLRQV�EHWZHHQ�WKH�(DUWK�DQG�WKLV�VRXUFH�PXVW�RFFXU��$�YLVXDO�LOOXVWUDWLRQ�IRUWKHVH LQWHUDFWLRQV� LQ�DFWLRQ� LV� WKH�RSHUDWLRQ�RI�D�PDJQHWLF�FRPSDVV�� ,W� LV�FRPPRQO\�NQRZQIURP SK\VLFV�WKDW�DQ\�WZR�PDJQHWV�FDQ�EH�VR�RULHQWHG�WKDW�WKH\�UHSHO�HDFK�RWKHU��7KLV�FDQDOVR EH�DFKLHYHG�ZLWK�WKH�(DUWK�DQG�DQ\�PDQ�PDGH�VRXUFH�RI�PDJQHWLF�ILHOG��8QIRUWXQDWHO\LQ WKLV�ODWWHU�FDVH��WKH�ORZ�GHQVLW\�RI�WKH�(DUWK
V�PDJQHWLF�ILHOG�DQG�LWV�KLJK�XQLIRUPLW\�FDXVHWKDW WKH�IRUFHV�RI�UHSXOVLRQ�VR�FUHDWHG�DUH�QHJOLJLEOH��%XW�LI�WKH�PDQ�PDGH�GHYLFH�LV�FDSDEOHRI LQFUHDVLQJ�LWV�PDJQHWLF�RXWSXW��DQG�WKXV�DOVR�LWV�HIIHFWLYH�PDJQHWLF�OHQJWK���WKH�IRUFH�RI�LWVUHSXOVLRQ IURP� (DUWK� PXVW� DOVR� LQFUHDVH�� $VVXPLQJ� WKDW� WKLV� VRXUFH� KDV� XQOLPLWHGFDSDELOLWLHV WR�LQFUHDVH�LWV�RXWSXW��VXFK�D�PRPHQW�PXVW�LQHYLWDEO\�RFFXU�ZKHQ�WKH�IRUFH�RI�LWVUHSXOVLRQ IURP�(DUWK�ZLOO�H[FHHG�WKH�JUDYLW\�SXOO��7KHUHIRUH��DW�WKLV�VLJQLILFDQW�PRPHQW�D�YHU\FULWLFDO RXWSXW�IURP�WKLV�GHYLFH�LV�DFKLHYHG�ZKLFK� LQLWLDWHV�LWV�DVFHQW�LQWR�VSDFH��7KLV�FULWLFDORXWSXW�LV�FDOOHG�KHUH�WKH��VWDUWLQJ�IOX[���7KH�VWDUWLQJ�IOX[�UHSUHVHQWV�DQ�H[WUHPHO\�LPSRUWDQW�FRQVWDQW�IRU�WKH�GHYLFHV�WKDW�SURSHOWKH�0DJQRFUDIW��,WV�GHILQLWLRQ�LV�DV�IROORZV���7KH QDPH��VWDUWLQJ�IOX[ �) ���LV�JLYHQ�WR�VXFK�D�UDWLR�RI�WKH�PDJQHWLF�IOX[��)��WR�WKHVPDVV �P���WKDW�DQ\�GHYLFH�RULHQWHG�UHSXOVLYHO\�WRZDUGV�WKH�ILHOG�RI�WKH�(DUWK�ZKLFK�DFKLHYHVWKLV�UDWLR�PXVW�DXWRJHQRXVO\�EHJLQ�WR�DVFHQG���(YHU\ PDQ�PDGH�VRXUFH�RI�D�PDJQHWLF�ILHOG�ZKRVH�RXWSXW�H[FHHGV�WKH�VWDUWLQJ�IOX[�LVDEOH WR�EUHDN�D�JUDYLW\�SXOO�E\�LWV�RZQ�IRUFH�RI�PDJQHWLF�UHSXOVLRQ�IURP�WKH�(DUWK
V�ILHOG��DQGWR DVFHQG� 7KHUHIRUH� WKH� VWDUWLQJ� IOX[� UHSUHVHQWV� WKH� PDJQHWLF� HTXLYDOHQW� RI� WKH� �HVFDSHYHORFLW\��DV�DSSOLHG�LQ�FRQYHQWLRQDO�VSDFH�WUDYHO��,WV�YDOXH�UHODWHV�WR�JHRJUDSKLFDO�ORFDWLRQ�DQGLV�ORZHVW IRU�WKH�PDJQHWLF�SROHV�DQG�KLJKHVW�IRU�WKH�PDJQHWLF�HTXDWRU��)RU�WKH�QRUWK�PDJQHWLFSROH RI�(DUWK�LW�LV�HTXDO�WR�)  �����>:E�NJ@��%XW�IRU�WKH�DUHD�RI�3RODQG�LW�ULVHV�WR�WKH�YDOXH�RIVDERXW�)  �����>:E�NJ@��V7KH VWDUWLQJ� IOX[� LV� D� SK\VLFDO� FRQVWDQW� RI� H[WUHPH� LPSRUWDQFH� IRU� WKH� PDJQHWLFSURSXOVLRQ RI� IO\LQJ�YHKLFOHV�� ,W�GHILQHV�ZKLFK�VRXUFHV�RI�D�PDJQHWLF� ILHOG�DUH�RQO\�RUGLQDU\PDJQHWV DQG�ZKLFK�RI�WKHP�FDQ�EH�XVHG�DV�PDJQHWLF�SURSXOVRUV��7KH�SULPDU\�FRQGLWLRQ�IRUHPSOR\LQJ DQ\�VRXUFH�RI�D�PDJQHWLF�ILHOG�DV�WKH�PDJQHWLF�SURSXOVRU�LV�WKDW�LWV�ILHOG�WR�PDVVUDWLR�PXVW�H[FHHG�WKH�YDOXH�RI�WKH�VWDUWLQJ�IOX[��)URP DQ�KLVWRULF�SRLQW�RI�YLHZ�WKH�VWDUWLQJ�IOX[�FRQVWLWXWHV�DQ�LPSRUWDQW�EUHDNWKURXJKVHSDUDWLQJ WZR�HUDV��8QWLO�WKH�FRPSOHWLRQ�RI�WKH�GHYLFH��2VFLOODWRU\�&KDPEHU��ZKRVH�RXWSXWZLOO H[FHHG� WKH� VWDUWLQJ� IOX[�� WKH� HUD� RI� SURSXOVLRQ� V\VWHPV� RSHUDWLQJ� RQ� WKH� SULQFLSOH� RIFLUFXODWLRQ RI�PDWWHU���VHH�7DEOH�%����SUHYDLOV�RQ�(DUWK��WKHVH�V\VWHPV�NHHS�RXU�FLYLOL]DWLRQWLGHG WR�RXU�SODQHW���8SRQ�FRPSOHWLRQ�RI�VXFK�D�GHYLFH��WKH�HUD�RI�WKH�PDJQHWLF�SURSXOVLRQ�RIIO\LQJ YHKLFOHV�ZLOO�DUULYH�RQ�(DUWK��:LWK�WKH�DUULYDO�RI�WKLV�HUD�RXU�FLYLOL]DWLRQ�ZLOO�HYROYH�IURP�DSODQHWDU\�LQWR�D�JDODFWLF�OHYHO��8S XQWLO� QRZ� RXU� GHYLFHV� IRU� SURGXFLQJ� D� FRQWUROOHG� PDJQHWLF� ILHOG� �FDOOHG
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HOHFWURPDJQHWV� SRVVHVV� D� QXPEHU� RI� GUDZEDFNV�ZKLFK�PDNHV� LW� LPSRVVLEOH� WR� DWWDLQ� WKHRXWSXWV HTXDO�WR��RU�JUHDWHU�WKDQ��WKH�YDOXH�RI�WKH�VWDUWLQJ�IOX[��7KHVH�GUDZEDFNV�DUH�OLVWHG�LQVXEVHFWLRQ )��� 7KH�2VFLOODWRU\�&KDPEHU� GHVFULEHG� LQ� FKDSWHU� )� RI� WKLV� WUHDWLVH� LV� WKH� ILUVWGHYLFH ZKRVH�SULQFLSOHV�RI�RSHUDWLRQ�DOORZ�XV�WR�DFKLHYH�RXWSXWV�KLJKHU�WKDQ�WKH�YDOXH�RI�WKHVWDUWLQJ�IOX[��
*�����7KH�QDPLQJ�RI�WKH�PDJQHWLF�SROHV
,Q FRQWHPSRUDU\�SK\VLFV� WKHUH� LV�D� UXOH� IRU� WKH�QDPLQJ�RI� WKH�PDJQHWLF�SROHV�ZKLFKVWDWHV�WKDW��7KH 
1RUWK��1��PDJQHWLF�SROH
�LV�XQGHUVWRRG�WR�EH�WKH�SROH�RI�WKH�PDJQHWLF�QHHGOH�WLSSRLQWLQJ�QRUWKZDUG���$V D�UHVXOW�RI�WKLV�QRWDWLRQ��WKH�1RUWK�JHRJUDSKLF�SROH�LV�DFWXDOO\�DGMDFHQW�WR�WKH�6RXWKPDJQHWLF�SROH�DQG�YLFH�YHUVD��3HUKDSV�WKH�DERYH�FRPSOLFDWLRQ�GRHV�QRW�PDWWHU�LQ�WKH�SK\VLFDOLQWHUSUHWDWLRQ RI�HOHFWULFLW\�DQG�PDJQHWLVP��EXW�LW�LQWURGXFHV�FRQIXVLRQ�LQ�WKH�DQDO\VLV�RI�WKH0DJQRFUDIW
V�SRODULW\�LQ�UHODWLRQ�WR�LWV�JHRJUDSKLF�ORFDWLRQ��7KHUHIRUH�WR�VWDQGDUGL]H�RXU�XQGHUVWDQGLQJ�RI�WKH�JHRJUDSKLF�DQG�PDJQHWLF�SROHV�DQGWR�UDWLRQDOL]H�WKH�GHVFULSWLRQ�RI�WKH�0DJQRFUDIW
V�SRODULW\�LQ�UHODWLRQ�WR�WKH�JHRJUDSKLFDO�ORFDWLRQRI WKLV�VSDFHFUDIW��LQ�WKLV�WUHDWLVH�DQG�LQ�DOO�RWKHU�ZRUNV�E\�WKH�DXWKRU�WKH�PDJQHWLF�SROHV�DUHQDPHG�DV�IROORZV��7KH 
1RUWK��1��PDJQHWLF�SROH
�LV�XQGHUVWRRG�WR�EH�WKH�SROH�RI�WKH�(DUWK
V�ILHOG�ZKLFKH[LVWV DGMDFHQW�WR�WKH�(DUWK
V�1RUWK�JHRJUDSKLF�SROH��ZKHUHDV�WKH�
6RXWK��6��PDJQHWLF�SROH
H[LVWV�QHDU�WKH�(DUWK
V�6RXWK�JHRJUDSKLF�SROH��,W VKRXOG� EH� VWUHVVHG� WKDW� WKH� DERYH� GHILQLWLRQ� LV� WKH� UHYHUVH� RI� WKH� QDPLQJ� RI� WKHPDJQHWLF�SROHV�DV�XVHG�LQ�SK\VLFV�
*�����7KH�HIIHFWLYH�OHQJWK�RI�WKH�2VFLOODWRU\�&KDPEHU�DQG�WKH�QHW�PDJQHWLF�IRUFH
7KHUH LV�D�SRSXODU�FODLP�UHSHDWHG�IUHTXHQWO\�E\�YDULRXV��H[SHUWV�� LQ�PDJQHWLVP�WKDWEHFDXVH�RI�WKH�KLJKO\�XQLIRUP�QDWXUH�RI�WKH�(DUWK
V�PDJQHWLF�ILHOG��D�PDJQHWLF�SURSXOVRU�LV�QRWVXSSRVHG WR�EH�DEOH�WR�SURGXFH�D�VXIILFLHQWO\�KLJK�QHW�PDJQHWLF�IRUFH�WR�OLIW�D�VSDFHFUDIW��$VLV H[SODLQHG� LQ� WKLV� VXEVHFWLRQ�� VXFK� D� FODLP� LV� JURXQGOHVV�� %XW� EHFDXVH� LW� LV� VWDWHG� E\�H[SHUWV�� ZKR�VKRXOG�NQRZ�ZKDW�WKH\�DUH�WDONLQJ�DERXW��LWV�UHSHWLWLRQ�LQWURGXFHV�D�VLJQLILFDQWFRQIXVLRQ LQ� SHRSOH� ZKRVH� HGXFDWLRQDO� EDFNJURXQGV� GR� QRW� FRQFHQWUDWH� RQ� WKH� DUHD� RIPDJQHWLVP� )RU� WKLV� UHDVRQ�� WKH� VXEVHFWLRQ� WKDW� IROORZV� H[SODLQV� WKH� FRPPRQ�PLVWDNH� RI�H[SHUWV� VWDWLQJ� WKLV� FODLP�� DQG� ZK\� WKH� QHW� PDJQHWLF� IRUFH� SURGXFHG� E\� WKH� 2VFLOODWRU\&KDPEHU�LV�LQ�IDFW�VXIILFLHQWO\�KLJK�WR�OLIW�D�YHKLFOH�7KH RSHUDWLRQDO� VL]H�RI� HYHU\�EDU�PDJQHW� LV�GHVFULEHG�E\� WZR�SDUDPHWHUV�� FDOOHG�D�SK\VLFDO OHQJWK��DQG�DQ��HIIHFWLYH�OHQJWK���7KH�SK\VLFDO�OHQJWK LV�WKH�OHQJWK�RI�WKH�SK\VLFDOERG\�RI�D�PDJQHW��WKH HIIHFWLYH�OHQJWK LV�WKH�OHQJWK�RI�VSDFH�LQ�ZKLFK�WKH�ILHOG�RI�WKLV�PDJQHWSUHYDLOV� 7KH�SK\VLFDO�OHQJWK�LV�YHU\�HDV\�WR�PHDVXUH��EXW�WKH�PHDVXUHPHQW�RI�WKH�HIIHFWLYHOHQJWK RI� D� PDJQHW� LV� YHU\� GLIILFXOW� DQG� LPSRVVLEOH� ZLWKRXW� YHU\� SUHFLVH� DQG� FRPSOLFDWHGHTXLSPHQW� )RU� WKLV� UHDVRQ�HOHPHQWDU\�ERRNV�RQ�PDJQHWLVP�VLPSOLI\� WKH�HTXDWLRQV� IRU� WKHIRUFHV�RI�LQWHUDFWLRQ�IRUPHG�E\�PDJQHWV��7KH\�H[SUHVV�WKHVH�IRUFHV�DV�GHSHQGLQJ�RQ�SK\VLFDOOHQJWK� ZKHUHDV�LQ�IDFW�WKH\�GHSHQG�RQO\�RQ�WKH�HIIHFWLYH�OHQJWKV�RI�WKH�PDJQHWV�LQYROYHG��6XFK
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VLPSOLILFDWLRQ GRHV� QRW� PDWWHU� DW� VHFRQGDU\� VFKRRO� OHYHO�� EXW� LW� LV� LQH[FXVDEOH� LQ� DFRQVLGHUDWLRQ RI�WKH�0DJQRFUDIW
V�EHKDYLRXU�LQ�VSDFH��7KLV�LV�WKH�UHDVRQ�ZK\�WKH�SUREOHP�RIWKH�HIIHFWLYH�OHQJWK�RI�D�PDJQHW�LV�KLJKOLJKWHG�KHUH�&RQWUDU\�WR�SK\VLFDO�OHQJWK�ZKLFK�LV�GLIILFXOW�WR�FKDQJH��WKH�HIIHFWLYH�OHQJWK�RI�D�PDJQHWFKDQJHV�HDVLO\��,W�FDQ�EH�LQFUHDVHG�LQ�WKH�IROORZLQJ�WKUHH�ZD\V��E\��D��$Q�LQFUHDVH�RI�WKH�SK\VLFDO�OHQJWK�RI�D�JLYHQ�PDJQHW��E� $Q�LQFUHDVH�RI�WKH�UDWLR�EHWZHHQ�WKH�GHQVLW\�RI�WKH�ILHOG�SURGXFHG�E\�WKLV�PDJQHW�DQGWKH�GHQVLW\�RI�DQ�HQYLURQPHQWDO�PDJQHWLF�ILHOG���F� 6SLQQLQJ�RI�WKH�IRUFH�OLQHV�RI�WKH�PDJQHW�ZLWK�D�YHU\�KLJK�DQJXODU�YHORFLW\��VHH�WKHUHODWLYLVWLF�SKHQRPHQRQ�GHVFULEHG�DW�WKH�HQG�RI�VXEVHFWLRQ�+���7KH 2VFLOODWRU\�&KDPEHU�UHSUHVHQWV�D�PDJQHW�RI�D�UHODWLYHO\�VKRUW�SK\VLFDO�OHQJWK��EXWWKH UDWLR�RI� LWV�ILHOG�GHQVLW\�RYHU�WKH�GHQVLW\�RI�WKH�(DUWK
V�PDJQHWLF�ILHOG�PD\�EH�LQFUHDVHGXQOLPLWHGO\� 7KHUHIRUH�WKH�HIIHFWLYH�OHQJWK�RI�WKH�2VFLOODWRU\�&KDPEHU�FDQ�UHDFK�DQ\�GHVLUHGYDOXH� 7KH� YDOXH� RI� WKH� (DUWK
V� ILHOG� GHQVLW\� GHWHUPLQHG� IRU� WKH� ODWLWXGH� RI� WKH� VRXWKHUQERXQGDU\�RI�WKH�8QLWHG�6WDWHV�LV����[�� >ZHEHU�P @��VHH�WKH�ERRN�>�*���@ �*HQHUDO�3K\VLFV��� �E\ 2�+��%ODFNZRRG�DQG�RWKHUV���WK�HGLWLRQ��-RKQ�:LOH\�	�6RQV�,QF���1HZ�<RUN�������,6%1�������������� SDJH�������7KXV�WKH�UDWLR�RI�WKH�0DJQRFUDIW
V�IOX[�GHQVLW\�WR�WKH�(DUWK
V�IOX[GHQVLW\�H[FHHGV�WKH�UDQJH�RI��� �L�H�����WR�WKH�SRZHU�RI����ZKHQ�WKH�YHKLFOH�SURGXFHV�RQO\�WKH�VWDUWLQJ IOX[��%XW�EHFDXVH�WKLV�VSDFHFUDIW�QHHGV�D�IXUWKHU�SRZHU�UHVHUYH�IRU�WKH�SXUSRVH�RIDFFHOHUDWLQJ DQG�PDQRHXYULQJ��WKH�DERYH�UDWLR�VKRXOG�EH�DGGLWLRQDOO\�LQFUHDVHG�E\�D�UDQJHRI �� RU HYHQ�PRUH��7KLV�DOORZV�XV�WR�HVWLPDWH�WKDW�WKH�HIIHFWLYH�OHQJWKV�RI�WKH�0DJQRFUDIW
V�2VFLOODWRU\ &KDPEHUV�ZLOO�H[FHHG�RYHU�D�PLOOLRQ� WLPHV� WKHLU�SK\VLFDO�GLPHQVLRQV��6R� LQ� IDFWD�FKDPEHU�ZLWK�D�SK\VLFDO�OHQJWK�RI�DURXQG�RQH�PHWHU�ZLOO H[WHQG�LWV�HIIHFWLYH�OHQJWK�WR�D�YDOXHRI DERYH�D� WKRXVDQG�NLORPHWUHV�� WKXV�EHLQJ�FRPSDUDEOH� WR� WKH�GLDPHWHU�RI� WKH�(DUWK��7KLVPHDQV WKDW�LQ�VSLWH�RI�D�VPDOO�SK\VLFDO�VL]H��PDJQHWLFDOO\�WKH�FKDPEHU�ZRXOG�EHKDYH�LQ�WKHVDPH�ZD\�DV�ZRXOG�D�PDJQHW�RI�VXFK�HQRUPRXV�OHQJWK�:KHQ WKH�PDJQHWLF�SURSXOVRU�LV�VR�RULHQWHG�WKDW�LW�LV�UHSHOOHG�E\�WKH�(DUWK
V�PDJQHWLFILHOG� DQG�LI�WKH�HIIHFWLYH�OHQJWK�RI�LWV�2VFLOODWRU\�&KDPEHUV�FRYHUV�WKH�DSSURSULDWH�JUDGLHQW�RIWKH HQYLURQPHQWDO� ILHOG�� D� VLJQLILFDQW� UHSXOVLYH�QHW� IRUFH�PXVW�EH�SURGXFHG��:H�NQRZ� WKDWSODQHWDU\��VRODU�DQG�JDODFWLF�PDJQHWLF�ILHOGV�DUH�XQLIRUP�E\�KXPDQ�VWDQGDUGV��L�H��WKHLU�YDOXHVGR QRW�YDU\�DSSUHFLDEO\�RYHU�WKH�SK\VLFDO�GLPHQVLRQV�RI�DQ\�PDQ�PDGH�REMHFW��7KHUHIRUH��LWLV�QRW�H[SHFWHG�WKDW�D�VLJQLILFDQW�QHW�WUDQVODWLRQ�IRUFH�LV�H[HUWHG�RQ�DQ�RUGLQDU\�PDJQHW�RI�D�ORZRXWSXW �ZKRVH�GHQVLW\�LV�FRPSDUDEOH�WR�WKDW�RI�WKH�HQYLURQPHQWDO�PDJQHWLF�ILHOG���EHFDXVH�LWVHIIHFWLYH OHQJWK�FRXOG�QRW�JUHDWO\�H[FHHG�LWV�SK\VLFDO�GLPHQVLRQ��%XW�IRU�WKH�RXWSXWV�IURP�WKH2VFLOODWRU\�&KDPEHU�H[FHHGLQJ�WKH�YDOXH�RI�WKH�VWDUWLQJ�IOX[��WKH�HIIHFWLYH�OHQJWK�RI�WKLV�GHYLFHLV FRPSDUDEOH�WR�WKH�VL]H�RI�WKH�(DUWK��7KXV�LW�HDVLO\�RYHUFRPHV�WKH�XQLIRUP�FKDUDFWHU�RI�WKHILHOG RI WKH�(DUWK��6XQ�RU�*DOD[\��7KHUHIRUH�VXFK�D�FKDPEHU�PXVW�SURGXFH�D�VLJQLILFDQW�QHWUHSXOVLYH IRUFH�FDSDEOH�RI�OLIWLQJ�QRW�RQO\�WKLV�GHYLFH��EXW�DOVR�D�KHDY\�VSDFHFUDIW�DWWDFKHG�WRLW� 7KLV� LV� ZK\� WKH� 2VFLOODWRU\� &KDPEHU� FDQ� EH� XVHG DV� D� PDJQHWLF� SURSXOVRU�� DQG� ZK\LQGLYLGXDOV�FODLPLQJ�RWKHUZLVH�DUH�PLVWDNHQ�
*�����7KH�GHWHUPLQDWLRQ�RI�WKH�YDOXH�IRU�WKH��VWDUWLQJ�IOX[�
/HW XV�DVVXPH�WKDW�ZH�KDYH�D�K\SRWKHWLFDO�EDU�PDJQHW�ZKRVH�SURSHUWLHV�FRUUHVSRQGH[DFWO\�WR�WKRVH�RI�WKH�2VFLOODWRU\�&KDPEHU� 7KLV�PHDQV�WKDW�WKH�RXWSXW��)��RI�WKLV�PDJQHW�FDQEH LQFUHDVHG�WR�DQ�LQILQLWLYHO\�ODUJH�YDOXH��DQG�DOVR�LWV�OHQJWK�LV�FRPSDUDEOH�WR�WKH�HIIHFWLYH
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OHQJWK�RI�WKH�2VFLOODWRU\�&KDPEHU��L�H��DERXW�D�WKRXVDQG�NLORPHWUHV���/HW�XV�DOVR�DVVXPH�WKDWZH SODFH�WKLV K\SRWKHWLFDO�EDU�PDJQHW�LQ�D�YHUWLFDO�RULHQWDWLRQ�RQ�WKH�QRUWK��1��PDJQHWLF�SROHRI WKH� (DUWK�� 7KXV� LWV� QRUWK� SROH� �1�� LV� FORVH� WR� WKH� JURXQG� DQG� LV� SRLQWHG� GRZQZDUGV�ZKHUHDV LWV�VRXWK�SROH��6��H[WHQGV�WR�WKH�KHLJKW�ZKHUH�WKH�(DUWK
V�PDJQHWLF�ILHOG�LV�DOPRVWFRPSOHWHO\ QRQ�H[LVWHQW��%HFDXVH�RI� WKH�HQRUPRXV� OHQJWK�RI� WKLV�K\SRWKHWLFDO�PDJQHW�� WKHUHSXOVLYH IRUFH� �5��FUHDWHG�E\� WKH�QRUWK�SROH�RI� WKH�(DUWK�DFWV�RQ� LWV�QRUWK�PDJQHWLF�SROH�ZKHUHDV QR�IRUFH�DFWV�RQ�LWV�VRXWK�SROH�DV�LW�LV�H[WHQGHG�WRR�IDU�LQ�FRVPLF�VSDFH��7KHUHIRUHWKH�QHW�PDJQHWLF�IRUFH�DFWLQJ�RQ�WKLV�PDJQHW�LV�HTXDO�WR�WKH�UHSXOVLRQ��5��RI�LWV�QRUWK�SROH�ZLWKWKH�QRUWK�PDJQHWLF�SROH�RI�(DUWK��WKH�DWWUDFWLRQ�EHWZHHQ�WKH�QRUWK�PDJQHWLF�SROH�RI�(DUWK�DQGWKH�VRXWK�SROH�RI�WKH�PDJQHW�LV�QHJOLJLEOH���6LPXOWDQHRXVO\ ZLWK�WKH�PDJQHWLF�IRUFH��5���WKH�K\SRWKHWLFDO�PDJQHW�ZLOO�DOVR�EH�DFWHGXSRQ E\�WKH�JUDYLWDWLRQDO�SXOO��*��ZKLFK�LV�GHWHUPLQHG�E\�JUDYLWDWLRQDO�DFFHOHUDWLRQ��J���,I�ZHDVVXPH WKDW�WKH�PDVV�RI�WKLV�VRXUFH�RI�ILHOG�LV�HTXDO�WR��P���ZH�FDQ�GHWHUPLQH�WKH�YDOXH�RIWKLV�JUDYLWDWLRQDO�DWWUDFWLRQ�* PÂJ �*���2Q WKH� RWKHU� KDQG�ZH� NQRZ� WKH�PDJQHWLF� IOX[� �)�� ZKLFK� LV� SURGXFHG� E\� RXU� K\SRWKHWLFDOPDJQHW DQG�ZH�NQRZ�DOVR�WKH�VWUHQJWK��+��RI� WKH�(DUWK
V�PDJQHWLF� ILHOG��7KLV�DOORZV�XV� WRGHWHUPLQH WKH�IRUFH��5��RI�UHFLSURFDO�UHSXOVLRQ�RFFXUULQJ�EHWZHHQ�RXU�VRXUFH�RI�ILHOG�DQG�WKH(DUWK
V PDJQHWLF� ILHOG�� 7KH� YDOXH� RI� WKLV� IRUFH� LV� GHVFULEHG� E\� WKH� GHILQLWLRQ� RI� WKH� ILHOG
VVWUHQJWK� IXQGDPHQWDO� LQ�PDJQHWLVP�� 7KLV�GHILQLWLRQ� VWDWHV� WKDW� �WKH� ILHOG� VWUHQJWK� �+�� DW� DSRLQW LV� WKH�IRUFH��5��H[HUWHG�RQ�D�XQLW�QRUWK�SROH��)��DW�WKDW�SRLQW���VHH�>�*���@ /RHE�/�*��)XQGDPHQWDOV�RI�HOHFWULFLW\�DQG�PDJQHWLVP���'RYHU�3XEOLFDWLRQV�,QF���1HZ�<RUN�������SS����DQG������7KLV�FDQ�EH�H[SUHVVHG�E\�WKH�IROORZLQJ�HTXDWLRQ�5 +Â)��>G\Q@ �*���)RU WKH�K\SRWKHWLFDO�PDJQHW�WR�DVFHQG��WKH�FRQGLWLRQ�PXVW�EH�PHW�WKDW�LWV�UHSHOOLQJ�IRUFH��5�PXVW�RYHUFRPH�WKH�JUDYLWDWLRQDO�SXOO��*��5�!�* �*���,I LQ�WKH�UHODWLRQ��*����ZH�UHSODFH�WKH�YDULDEOHV�E\�WKH�HTXDWLRQ��*����DQG��*����ZH�ILQG�WKDWRXU K\SRWKHWLFDO�PDJQHW�EHJLQV�WR�DVFHQG�ZKHQ�WKH�UDWLR�RI�LWV�PDJQHWLF�IOX[��)��WR�LWV�PDVV�P��H[FHHGV�WKH�YDOXH�)���J� !�� >0[�JUDP@ �*���P���+7KH�UHODWLRQ��*����KDV�EHHQ�GHULYHG IRU�WKH�&*6�8QLW�V\VWHP�RQO\��$IWHU�LWV�FRQYHUVLRQ�LQWR�6,8QLWV�LW�WDNHV�WKH�IRUP�)����Â%ÂJ� !������ >:E�NJ@ �*���P�����+7KH UDWLR�RI�)�P LQ�WKH�UHODWLRQ��*����LV�FDOOHG�KHUH�WKH��VWDUWLQJ�IOX[��DQG�ZH�ODEHO�LW�ZLWK�WKHOHWWHUV�) �V)  )�P �*���V$IWHU LQWURGXFLQJ�WKH�GHILQLWLRQ�RI�WKH�VWDUWLQJ�IOX[��WKH�ILQDO�IRUP�RI�WKH�UHODWLRQ��*���� LV�WKHIROORZLQJ� �Â%ÂJ) !������ >:E�NJ@ �*���V +7KLV�UHODWLRQ�GHVFULEHV�WKH�YDOXH�RI�WKH�VWDUWLQJ�IOX[�ZKLFK�PXVW�EH�SURGXFHG�E\�WKH�2VFLOODWRU\
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&KDPEHU�LQ�RUGHU�WR�EHJLQ�WKH�DVFHQW�7R GHWHUPLQH�WKH�YDOXH�RI�WKH�VWDUWLQJ�IOX[�DW�WKH�QRUWK�PDJQHWLF�SROH�RI�WKH�(DUWK��ZHPXVW VXEVWLWXWH�WKH�YDULDEOHV� LQ�WKH�UHODWLRQ��*����ZLWK� WKHLU�DSSURSULDWH�YDOXHV��7DNLQJ�WKHVWUHQJWK�RI�WKH�(DUWK
V�PDJQHWLF�ILHOG�DW�WKH�QRUWK�PDJQHWLF�SROH�+� �����>2H@� �������>$�P@�DQGWKH�JUDYLWDWLRQDO�DFFHOHUDWLRQ�J� ������>P�V @��ZH�ZLOO�UHFHLYH�) !������>:E�NJ@��7KLV�PHDQV�WKDW� VWKH�2VFLOODWRU\�&KDPEHU�VWDUWV�WR�DVFHQG�IURP�WKH�QRUWK�PDJQHWLF�SROH�RI�WKH�(DUWK�ZKHQ�HDFKNLORJUDP RI�LWV�PDVV�\LHOGV�D�PDJQHWLF�IOX[�ODUJHU�WKDQ������:HEHU��%HFDXVH�WKH�(DUWK
V�ILHOGLV VWURQJHVW�DW�WKH�SROH��WKH�VWDUWLQJ�IOX[�ZLOO�LQFUHDVH�SURSRUWLRQDOO\�WR�WKH�GLVWDQFH�IURP�WKH(DUWK
V�PDJQHWLF�SROH��)RU�H[DPSOH��DW�3RODQG
V�ODWLWXGHV�LW�LV�RYHU������>:E�NJ@��&HUWDLQO\�WKHILHOG�VRXUFHV�XWLOL]HG IRU�SURSXOVLRQ�PXVW�EH�PXFK�PRUH�HIILFLHQW�WKDQ�WKLV��EHFDXVH�WKH\�FDUU\QRW RQO\�WKHPVHOYHV�EXW�DOVR�WKH�ZKROH�VWUXFWXUH�RI�WKH�FUDIW��$V�ZHOO��WKH\�PXVW�SRVVHVV�WKHUHVHUYH RI� SRZHU� WR� HQDEOH� WKHP� WR� DFFHOHUDWH� WKH� YHKLFOH� LQ� WKH�ZHDNHQHG� ILHOGV� RI� IUHHVSDFH��7KH�DERYH�GHGXFWLRQ�RI�WKH�HTXDWLRQ�IRU�WKH�VWDUWLQJ�IOX[��DQG�DOVR�WKH�GHWHUPLQDWLRQ�RILWV YDOXH��ZHUH�SUHVHQWHG�IRU�WKH�ILUVW�WLPH�LQ�WKH�DUWLFOH�>�$@��7HRULD�UR]ZRMX�QDS
GyZ���L�H���7KHWKHRU\�RI�SURSXOVLRQ�GHYHORSPHQW����SXEOLVKHG�LQ�WKH�3ROLVK�-RXUQDO�$VWURQDXW\ND��QR���������SS��������
*�����7KH�HQHUJ\�RI�WKH�0DJQRFUDIW
V�ILHOG
:H DOVR� QHHG� WR� FRQVLGHU� WKH� SUREOHP� RI� WKH� DPRXQW� RI� HQHUJ\� FRQVXPHG� E\� WKHPDJQHWLF ILHOG�RI�WKH�0DJQRFUDIW��7KH�ILUVW�LPSUHVVLRQ�LV�WKDW�WKLV�HQHUJ\�VKRXOG�EH�KLJK��%XWDQDO\VLV�KDV�VKRZQ�WKDW�WKH�0DJQRFUDIW�FRQVXPHV�RQO\�D�VPDOO�IUDFWLRQ�RI�WKH�HQHUJ\�UHTXLUHGE\ D�VXSHUVRQLF�DHURSODQH�RI�WKH�VDPH�VL]H��PDVV���7KLV�LV�H[SODLQHG�E\�WKH�SULQFLSOH�ZKLFKVWDWHV�WKDW�DWWUDFWLQJ�RU UHSHOOLQJ�IRUFHV�SURGXFHG�E\�D�PDJQHWLF�ILHOG�GR�QRW�FRQVXPH�HQHUJ\�)RU H[DPSOH�� D� SHUPDQHQW�PDJQHW� FDQ� LQWHUDFW�ZLWK� WKH�(DUWK
V� ILHOG� IRU�PLOOLRQV� RI� \HDUVZLWKRXW ORVLQJ� LWV�SRZHU��$OVR� WKH�HOHFWULF�FXUUHQW� LQ� WKH�FORVHG�FLUFXLW�RI�D�VXSHUFRQGXFWLYHHOHFWURPDJQHW�FDQ�FLUFXODWH�IRU�PDQ\�\HDUV�DQG�SURGXFH�WKH�VDPH�YDOXH�RI�WKH�PDJQHWLF�ILHOGZKLFK LQWHUDFWV� ZLWK� WKH� ILHOG� RI� WKH� HQYLURQPHQW�� 7KHUHIRUH�� SURGXFLQJ� WKH� WKUXVW� DQGVWDELOL]DWLRQ�IRUFHV�LQ�WKH�0DJQRFUDIW�GRHV�QRW�UHTXLUH�WKH�H[SHQGLWXUH�RI�DQ\�HQHUJ\��DQG�WKLVIDFW LV�LQGHSHQGHQW�RI�WKH�VSHHG�RI�WKH�FUDIW��7KH�0DJQRFUDIW�IO\LQJ�LQ�WKLV�PDQQHU�LV�VLPLODUWR D� EDOORRQ� VRDULQJ� UDWKHU� WKDQ� WR� WKH� WKUXVW� RI� D� URFNHW�� 7KH�HQHUJ\� FRQVXPSWLRQ� RI� WKH0DJQRFUDIW LV� FDXVHG�RQO\� E\��SURGXFWLRQ� RI� WKH�PDJQHWLF�ZKLUO�ZKLFK� KDV� WR� ILJKW� DJDLQVWIULFWLRQ �WKLV�IULFWLRQ�LV�DEVHQW�LQ�IUHH�VSDFH���LQGXFLQJ�FXUUHQWV�LQ�REMHFWV�LQ�WKH�HQYLURQPHQW�HOHFWURPDJQHWLF�UDGLDWLRQ��DFFHOHUDWLRQ�RI�WKH�FUDIW��DQG�WKH�VR�FDOOHG��LQLWLDO�HQHUJ\��QHFHVVDU\WR FUHDWH��EXW�QRW�PDLQWDLQ��WKH�PDJQHWLF�ILHOG�RI�KLJK�LQWHQVLW\��:H�VKRXOG�DOVR�UHPHPEHU�DWWKLV SRLQW�WKDW�WKH�HQHUJ\�RI�WKH�0DJQRFUDIW
V�ILHOG�LV�VHOI�UHFKDUJHDEOH�� L�H�� LWV�FRQVXPSWLRQGXULQJ�DQ�DFFHOHUDWLRQ�RI�WKH�YHKLFOH�LV�UHSODFHG�E\�LWV�UHFRYHU\�GXULQJ�GHFHOHUDWLRQ�7KH�LQLWLDO�HQHUJ\ LQ�WKH�0DJQRFUDIW�LV�DQDORJRXV�WR�WKH�HOHFWULFDO�HQHUJ\�FRQVXPHG�E\D FDU
V�VWDUWHU�PRWRU�GXULQJ�WKH�VWDUWLQJ�RI�WKH�HQJLQH��RU�WR�WKH�HQHUJ\�XVHG�IRU�SXPSLQJ�JDVLQWR�D�EDOORRQ�FDVLQJ��,W�LV�VSHQW�RQO\�RQFH���GXULQJ�WKH�VWDUWLQJ�RI�WKH�0DJQRFUDIW
V�SURSXOVRUV�7KHUHIRUH LW�LV�REWDLQHG�IURP�DQ�RXWVLGH�VRXUFH�RI�HQHUJ\�ZKLFK�LV�DFFHVVLEOH�DW�WKH�VWDUWLQJVLWHV RI� WKH�2VFLOODWRU\�&KDPEHUV��7KH�YDOXH�RI� WKLV�HQHUJ\� LV�HTXDO� WR� WKH�VXP�RI�HQHUJ\FRQWDLQHG�LQ�WKH�ILHOGV�JHQHUDWHG�E\�HDFK�YHKLFOH
V�SURSXOVRU��,W LV�SRVVLEOH�WR�FDOFXODWH�WKH�HQHUJ\�LQYROYHG�LQ�WKLV��LQLWLDO�HQHUJ\���6XFK�D�FDOFXODWLRQLV�SUHVHQWHG�EHORZ��:H�NQRZ�WKDW�LI�WKH�GHQVLW\�RI�WKH�PDJQHWLF�IOX[��I��LV�LQFUHDVHG�IURP�]HUR
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WR I�� WKH�HQHUJ\�GHQVLW\�VWRUHG� LQ� WKH�PDJQHWLF� ILHOG� �H��ZLOO� EH�H[SUHVVHG�DV� �VHH� >�*���@6OHPRQ *�5��6WUDXJKHQ�� �(OHFWULF�0DFKLQHV��� $GGLVRQ�:HVOH\�3XEOLVKLQJ�&RPSDQ\��86$�������SDJH�����I���������II �H� �, ���� GI� ������ >-�P @ �*����R��� �Â�R R6XEVWLWXWLQJ WKH� YDOXH� RI� WKH� VWDUWLQJ� IOX[�)  ����� >:E�NJ@� �REWDLQHG� IURP�HTXDWLRQ� �*����VGLYLGHG E\�WKLV�SDUW�RI�WKH�.��0DJQRFUDIW
V�EDVH�DUHD�V ��������>P @�ZKLFK�EHORQJV�WR�RQH�NLORJUDP RI� LWV� PDVV� �VHH� 7DEOH� *��� IRU� I�� DQG� WKH� PDJQHWLF� SHUPHDELOLW\� RI� IUHH� VSDFH�  �Â%Â�� >7ÂP�$@� IRU�� ��ZH�REWDLQ� WKH� UHVXOW� WKDW� WKH� LQLWLDO�HQHUJ\�GHQVLW\� UHTXLUHG� IRU�DR R��0DJQRFUDIW WR� DVFHQG� IURP� WKH� 1RUWK� PDJQHWLF� SROH� RI� WKH� (DUWK� LV� DSSUR[LPDWHO\� H ��>0:K�P @ IRU�HDFK�NLORJUDP�RI�WKH�FUDIW
V�PDVV��7KLV�YDOXH�PXVW�EH�LQFUHDVHG��GHSHQGLQJ�RQ�WKH VWUHQJWK� RI� WKH� ORFDO� HQYLURQPHQWDO� ILHOG� �LQ� FRPSDULVRQ� WR� WKH� VWUHQJWK� DW� WKH� 1RUWKPDJQHWLF SROH� RI� (DUWK�� ZKHUH� WKH� FUDIW� RSHUDWHV�� DQG� DOVR� GHSHQGLQJ� RQ� WKH� PD[LPDODFFHOHUDWLRQ IRU�ZKLFK�WKH�FUDIW�LV�GHVLJQHG��%\�UHIHUHQFH�WR�WKH�YDOXHV�RI�PDVV�RI�SDUWLFXODUW\SHV RI� 0DJQRFUDIW� ZKLFK� DUH� OLVWHG� LQ� 7DEOH�*��� DQG� FRQVLGHULQJ� WKH� GLVWULEXWLRQ� RI� WKHPDJQHWLF ILHOG� DURXQG� WKH� FUDIW�� WKH� WRWDO� LQLWLDO� HQHUJ\� FDQ� EH� IRXQG�� )RU� H[DPSOH�� WKHHVWLPDWLYH�FDOFXODWLRQ�RI�WKLV�HQHUJ\�IRU�WKH�.��W\SH�RI�0DJQRFUDIW�JLYHV�DQ�DSSUR[LPDWH�UHVXOWRI ����>7HUDÂ:DWWÂKRXUV@��7R�JLYH�DQ�LGHD�RI�KRZ�JUHDW�WKLV�LV��ZH�FDQ�VD\�WKDW�LW�LV�HTXLYDOHQWWR�WZR�PRQWKV
�FRQVXPSWLRQ�RI�DOO�W\SHV�RI�HQHUJ\�E\�DOO�RI�1HZ�=HDODQG�7KH VWRULQJ�RI�VXFK�HQRUPRXV�DPRXQWV�RI�HQHUJ\�ZLWKLQ�WKH�2VFLOODWRU\�&KDPEHUV�RID 0DJQRFUDIW� WUDQVIRUPV� WKLV�YHKLFOH� LQWR�D� IO\LQJ�ERPE�RI� WUHPHQGRXV�SRZHU��/HW�XV�QRZGHWHUPLQH WKH�GHVWUXFWLYH�SRWHQWLDO�RI�WKLV�ERPE�LQ�WKH�HYHQW�RI�WKH�0DJQRFUDIW�DFFLGHQWDOO\H[SORGLQJ��:H�NQRZ�WKDW�RQH�WRQ�RI�717�UHOHDVHV�����Â�� >-RXOHV@��RU������>0:K@��RI�HQHUJ\�� VHH� WKH� ERRN� >�*���@ �0F*UDZ�+LOO� 'LFWLRQDU\� RI� 6FLHQWLILF� DQG� 7HFKQLFDO� 7HUPV��� 7KLUG(GLWLRQ� ������,6%1����������������SDJH�������WHUP���WRQ����7KLV�PHDQV�WKDW�WKH�H[SORVLRQRI WKH�VPDOOHVW��.��W\SH�0DJQRFUDIW�ZKRVH�2VFLOODWRU\�&KDPEHUV�DUH�ORDGHG�ZLWK�����>7:K@RI PDJQHWLF�HQHUJ\��ZRXOG�EH�HTXLYDOHQW� WR�D�EODVW� RI� DOPRVW�RQH�PHJDWRQ� WKHUPRQXFOHDUERPE� RU WR� WKH� VLPXOWDQHRXV� H[SORGLQJ� RI� DOPRVW� ��� DWRPLF� ERPEV� VLPLODU� WR� WKH� RQHGURSSHG RQ�+LURVKLPD��$OVR��WKH�PDMRU�HIIHFWV�RI�VXFK�D�GHWRQDWLRQ�RI�WKH�0DJQRFUDIW�ZRXOGEH WKH�VDPH�DV�WKH�HIIHFWV�RI�D�SRZHUIXO�K\GURJHQ�ERPE�H[SORVLRQ��2QO\�WKH�DUHD�GHVWUR\HGZRXOG QRW�EH�SROOXWHG�E\�DQ\�UDGLRDFWLYH�LVRWRSHV��VR�WKDW�WKLV�DUHD�FRXOG�EH�SRSXODWHG�DJDLQDOPRVW�LPPHGLDWHO\�
*�����7KH�HQHUJ\�RI�WKH�0DJQRFUDIW
V�ILHOG�LV�VHOI�UHFKDUJHDEOH
7KH HOHFWULF�PRWRUV�RSHUDWLQJ�RQ�WKH�SULQFLSOH�RI� LQWHUDFWLRQ�EHWZHHQ�PDJQHWLF�ILHOGVKDYH LQWURGXFHG�D�QHZ�TXDOLW\�XQNQRZQ�EHIRUH� LQ�VWHDP�RU�FRPEXVWLRQ�HQJLQHV��7KH\�DUHDEOH WR�UHFRYHU�GXULQJ�WKHLU�GHFHOHUDWLQJ�WKH�HQHUJ\�FRQVXPHG�IRU�DFFHOHUDWLQJ��7KHUHIRUH�DQHOHFWULF�WUDLQ�RU�WUDP��ZKHQ�GHFUHDVLQJ�LWV�VSHHG��PD\�WXUQ�LWV�RZQ�PRWRUV�LQWR�JHQHUDWRUV�DQGUHWXUQ�WKH�HOHFWULFLW\�WR�WKH�RYHUKHDG�SRZHUOLQH��7KH DERYH� SKHQRPHQRQ� DOVR� DSSOLHV� WR� WKH� 0DJQRFUDIW�� 7KLV� YHKLFOH�� ZKHQDFFHOHUDWLQJ��WUDQVIRUPV�WKH�HQHUJ\�RI�LWV�PDJQHWLF�ILHOG�LQWR�D�NLQHWLF�HQHUJ\�RI�LWV�PRWLRQ��%XWZKHQ GHFHOHUDWLQJ� WKH� SURFHVV� LV� UHYHUVHG�� DQG� LWV� PDJQHWLF� ILHOG� EHFRPHV� UHFKDUJHG�7KHUHIRUH� LI�D�ORQJ�LQWHUVWHOODU�YR\DJH�ZKLFK�GRHV�QRW�LQYROYH�DQ\�IULFWLRQ�LV�FRPSOHWHG��WKH0DJQRFUDIW
V�ILHOG�VKRXOG�FRQWDLQ�WKH�VDPH�DPRXQW�RI�HQHUJ\�LW�KDG�DW�WKH�PRPHQW�RI�VWDUWLQJ
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�LQLWLDO HQHUJ\��� 7KXV� ZH� PD\� VD\� WKDW� WKH� HQHUJ\� UHVRXUFHV� ZLWKLQ� WKH� 0DJQRFUDIW� DUHVHOI�UHFKDUJHDEOH�
*�����:K\�WKH�(DUWK
V�PDJQHWLF�ILHOG�VKRXOG�QRW�EH�FDOOHG��ZHDN�
,Q RXU�YLHZ�RI�WKH�(DUWK
V�PDJQHWLF�ILHOG�D�VWHUHRW\SH�RSLQLRQ�SUHYDLOV�WKDW�LW�LV�WRR��ZHDN�WR�EH�DEOH�WR�VXSSRUW�D�VSDFH�YHKLFOH��/HW�XV�DQDO\]H�WKH�YDOLGLW\�RI�WKLV�YLHZ�$V IDU�DV�WKH�PDJQHWLF�ILHOG�LV�FRQFHUQHG��WKH�WHUPV��ZHDN��DQG��VWURQJ��GHVFULEH�WKHDPRXQW RI�HQHUJ\�FRQWDLQHG�LQ�WKLV�ILHOG��7KH�LQGLFDWRU�IRU�WKLV�DPRXQW�LV�WKH�ZRUN�QHHGHG�WRUHPDJQHWL]H�D�JLYHQ�VRXUFH�RI�WKH�ILHOG��L�H��WR�H[FKDQJH�LWV�QRUWK�PDJQHWLF�SROH�LQWR�VRXWK�DQGYLFH�YHUVD��6R�E\�D�ZHDN�PDJQHW�LV�XQGHUVWRRG�D�PDJQHW�ZKLFK��ZKHQ�DFWHG�XSRQ�E\�WKH�ILHOGRI WKH�RWKHU�PDJQHW��HDVLO\�FKDQJHV�WKH�RULHQWDWLRQ�RI�LWV�SROHV��DOPRVW�ZLWKRXW�DEVRUELQJ�DQ\HQHUJ\ GXULQJ WKLV�SURFHVV��+RZHYHU��LI�ZH�WU\�WR�LPDJLQH�RU�FDOFXODWH�WKH�DPRXQW�RI�HQHUJ\QHFHVVDU\ IRU�UHPDJQHWL]LQJ�WKH�(DUWK���WKDW�PHDQV�WR�FKDQJH�LWV�QRUWK�PDJQHWLF�SROH�LQWR�LWVVRXWK PDJQHWLF�SROH�DQG�YLFH�YHUVD���ZH�YHU\�TXLFNO\�FRPH�WR�WKH�FRQFOXVLRQ�WKDW�WKH�(DUWK
VILHOG LV�H[WUHPHO\�VWURQJ��,W�LV�QRW�SRVVLEOH�E\�DQ\�PHDQV�WR�UHPDJQHWL]H�WKLV�ILHOG�E\�WKH�ILHOGRI HYHQ�WKH�KHDYLHVW�VSDFHFUDIW�WKDW�FDQ�EH�EXLOW��+RZHYHU��WKH�ILHOG�RI�WKH�(DUWK��EHFDXVH�RIWKH GLPHQVLRQV�RI�RXU�SODQHW��VWUHWFKHV�LQWR�D�YDVW�GLVWDQFH�LQ�VSDFH��7KLV�LQ�WXUQ�GHFUHDVHVLWV GHQVLW\��3HRSOH�ZKR�GR�QRW�XQGHUVWDQG�WKH�GLUHFW�UHODWLRQVKLS�EHWZHHQ�WKH�DPRXQW�RI�WKHILHOG
V HQHUJ\� DQG� LWV� VWUHQJWK� ZURQJO\� XVH� WKLV� ORZ� GHQVLW\� DV� MXVWLILFDWLRQ� IRU� FDOOLQJ� WKH(DUWK
V�ILHOG��ZHDN���
*�����7KH�(DUWK
V�PDJQHWLF�ILHOG�LV�DEOH�WR�FDUU\�RXW�WHFKQLFDOO\�XVHIXO�ZRUN
7KH VSUHDGLQJ�RI�WKH�(DUWK
V�PDJQHWLF�ILHOG�RYHU�D�ODUJH�DUHD�FDXVHV�D�GHFUHDVH�RI�LWVGHQVLW\�WR�WKH�OHYHO�ZKHUH�LW�LV�XQDEOH�WR�IRUP�DQ\�WHFKQLFDOO\�VLJQLILFDQW�IRUFH�LQWHUDFWLRQV��7KLVLV WKH�UHDVRQ�ZK\�LQ�RXU�WHFKQLFDO�SURMHFWV�ZH�LJQRUH�WKH�LQIOXHQFH�RI�WKH�ILHOG�RI�WKH�(DUWK�7KLV WHQGHQF\�LV�QRZ�DGYDQFHG�WR�WKH�H[WHQW�WKDW�ZH�DXWRPDWLFDOO\�DVVXPH�WKDW�WKLV�ILHOG�LVXQDEOH WR�FRPSOHWH�DQ\�WHFKQLFDOO\�XVHIXO�ZRUN�DW�DOO��7KH�IROORZLQJ�H[DPSOH�LQGLFDWHV�KRZZURQJ�WKLV�DVVXPSWLRQ�LV�0U�+�*��6OLQJVE\��+DOI�0RRQ�%D\��6WHZDUW�,VODQG��1HZ�=HDODQG��EXLOW�D�PDJQHWLF�PRWRUZKLFK� LQVWHDG RI� KDYLQJ� D� VWDWRU�� XVHV� WKH�(DUWK
V�PDJQHWLF� ILHOG�� 7KLV�PRWRU�ZRUNV� RQ� DSULQFLSOH ZKLFK� LV�D�FRPELQDWLRQ�RI�D�'&�PRWRU�DQG�WKH�PDJQHWLF�QHHGOH�RI�D�FRPSDVV��0U6OLQJVE\ FRQQHFWHG� WZHOYH� KRUL]RQWDO� HOHFWURPDJQHWV�� SRVLWLRQHG� OLNH� WKH� SRLQWV� RI� D� VWDUDURXQG�D�YHUWLFDO�D[OH��ZLWK�WKH�FRPPXWDWRU�DWWDFKHG�WR�WKLV�D[OH��7KH�FRPPXWDWRU SURYLGHG�WKHFXUUHQW RQO\� WR� WKH� HOHFWURPDJQHWV� ZKLFK� ZHUH� RULHQWHG� LQ� DQ� HDVW�ZHVW� GLUHFWLRQ�� DQGGLVFRQQHFWHG WKH�HOHFWURPDJQHWV�ZKLFK�ZHUH�RULHQWHG�QRUWK�VRXWK��7KH�VZLWFKLQJ�RQ�RI� WKHFXUUHQW FDXVHG�WKH�HOHFWURPDJQHWV�WR�DFW�OLNH�WKH�QHHGOHV�RI�D�SRZHUIXO�FRPSDVV�ZKLFK�WULHGWR�WXUQ�LQ�D�QRUWK�VRXWK�GLUHFWLRQ��7KLV�IRUFHG�WKH�URWDWLRQ�RI�WKH�ZKROH�VHW�RI PDJQHWV�WKDW�ZHUHMRLQHG WR� WKH� FRPPXWDWRU�� $V� D� UHVXOW�� ZKHQ� VRPH� RI� WKHVH� HOHFWURPDJQHWV� ZHUHGLVFRQQHFWHG IURP�WKH�FXUUHQW�DIWHU�UHDFKLQJ�D�QRUWK�VRXWK�RULHQWDWLRQ��WKH�FXUUHQW�ZDV�WKHQVXSSOLHG�WR�WKH�QH[W�HOHFWURPDJQHWV�SRLQWHG�HDVW�ZHVW��DQG�VR�RQ�0U 6OLQJVE\
V�PRWRU�SURYHV�WKDW�PHFKDQLFDO�PRWLRQ�FDQ�EH�REWDLQHG�IURP�WKH�(DUWK
VPDJQHWLF ILHOG��DQG� WKDW� WKLV�PRWLRQ�FDQ�GLVSOD\� WKH�VDPH�SRZHU� WKDW�VRPH�SHRSOH�EHOLHYHFRXOG�RQO\�EH�SURGXFHG�E\�D�WHFKQLFDOO\�LQGXFHG�ILHOG�RI�KLJK�GHQVLW\��L�H��VLPLODU�WR�WKDW�ZKLFK
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DSSHDUV LQ�PRGHUQ� HOHFWULF�PRWRUV��� 7KXV�� KLV�PRWRU� HPSLULFDOO\� GHPRQVWUDWHV� WKDW� VSDFHYHKLFOHV�ZKRVH�IOLJKW�XWLOL]HV�WKH�ILHOG�RI�WKH�(DUWK��6XQ�RU�*DOD[\�FDQ�GHILQLWHO\�EH�EXLOW��
*���7KH�PDQRHXYULQJ�RI�WKH�0DJQRFUDIW
7KH EHKDYLRXU�RI� WKH�0DJQRFUDIW� LQ�VSDFH� LV�GHWHUPLQHG�E\� WKH�YHFWRULDO� VXP�RI�DOOH[WHUQDO�IRUFHV�DQG�WRUTXHV�DFWLQJ�XSRQ�LWV�ERG\��7KHVH�IRUFHV�DQG�WRUTXHV�LQ�WXUQ�DUH�IRUPHGDV WKH�HIIHFW�RI�LQWHUDFWLRQV�RFFXUULQJ�EHWZHHQ�WKH�ILHOG�SURGXFHG�E\�WKH�YHKLFOH�LWVHOI�DQG�DQHQYLURQPHQWDO PDJQHWLF�ILHOG��7KHUH�DUH�DV�PDQ\�DV�IRXU�GLIIHUHQW�NLQGV�RI�LQWHUDFWLRQV�ZLWKWKH�HQYLURQPHQWDO�PDJQHWLF�ILHOG�ZKLFK�WKH�0DJQRFUDIW�PD\�FUHDWH��7KHVH�DUH����$�OLIWLQJ�IRUFH��L�H��WKH�PDJQHWLF�EXR\DQF\������$�PHULGLRQDO�WKUXVW��L�H��DFWLQJ�LQ�D�QRUWK�VRXWK�RU�VRXWK�QRUWK�GLUHFWLRQ������$�ODWLWXGLQDO�WKUXVW�WKDW�SXVKHV�WKH�YHKLFOH�LQ�DQ�ZHVW�HDVW�RU�HDVW�ZHVW�GLUHFWLRQ��L�H�LW�LV�IRUPHG�E\�WKH�PDJQHWLF�HTXLYDOHQW�RI�WKH�0DJQXV�(IIHFW�NQRZQ�LQ�K\GURPHFKDQLFV�����$�URWDU\�WRUTXH�7R�FDXVH�WKH�IOLJKW�RI�WKH�0DJQRFUDIW�LQ�D�GHVLUHG�GLUHFWLRQ��D�FRRUGLQDWLRQ�RI�WKH�HIIHFWV�RI�DOOWKH IRXU� LQWHUDFWLRQV� DERYH� LV� UHTXLUHG�� VR� WKDW� WKH� UHVXOWDQW� IRUFH� SXVKHV� WKH� YHKLFOHDFFRUGLQJ�WR�WKH�FUHZ
V�LQWHQWLRQV��7KH�PDQQHU�RI�IO\LQJ�XWLOL]HG�E\�WKH�0DJQRFUDIW�SRVHV�D�QXPEHU�RI�UHTXLUHPHQWV�ZKLFKWKLV�YHKLFOH�PXVW�IXOILO��7KH�PRVW�LPSRUWDQW�RI�WKHVH LV�WKDW�WKH�PDJQHWLF�D[HV�RI�WKH�SURSXOVRUVVKRXOG EH�FORVH� WR� WKHLU�SDUDOOHO�RULHQWDWLRQ�WRZDUGV�DQ�HQYLURQPHQWDO� ILHOG��3UDFWLFDOO\�� WKLVPHDQV WKDW� GXULQJ� IOLJKWV� WKH� 0DJQRFUDIW� WHQGV� WR� EH� RULHQWHG� ZLWK� LWV� EDVH� DOPRVWSHUSHQGLFXODU�WRZDUGV�WKH�ORFDO�FRXUVH�RI�WKH�IRUFH�OLQHV RI�WKH�HQYLURQPHQWDO�PDJQHWLFILHOG �L�H��ZH�PD\�QHYHU�VHH� WKLV�YHKLFOH�IO\LQJ� ^VWDEOH`�ZLWK� LWV�EDVH�SDUDOOHO� WR� WKHVH�IRUFHOLQHV�� 7KH�DERYH�UHTXLUHPHQW�PDNHV�WKH�SULQFLSOHV�RI�WKH�0DJQRFUDIW�HDVLO\�GLVWLQJXLVKDEOHIURP DOO�WKH�GLIIHUHQW�SULQFLSOHV�SRVVLEOH�WR�EH�DSSOLHG�IRU�IOLJKW��EHFDXVH�LQ�RUGHU�WR�SURYH�WKDWWKH REVHUYHG�FUDIW�GRHV�QRW�XVH�PDJQHWLF�SURSXOVLRQ�LW� LV�VXIILFLHQW�WR�GRFXPHQW�WKDW� LW�IOLHVVWDEOH�ZLWK�LWV�EDVH�SDUDOOHO�WR�WKH�(DUWK
V�ILHOG�IRUFH�OLQHV��
*�����$VFHQW��KRYHULQJ��DQG�GHVFHQW
,Q HYHU\�VWDJH�RI�WKH�0DJQRFUDIW
V�IOLJKW�RQH�NLQG�RI�SURSXOVRU�UHPDLQV�RULHQWHG�VR�DVWR�EH�UHSHOOHG�E\�DQ�HQYLURQPHQWDO�ILHOG��)RU�YHKLFOHV�IO\LQJ�LQ�WKH�XSULJKW�SRVLWLRQ�LW�LV�WKH�PDLQSURSXOVRU� ZKHUHDV� IRU� YHKLFOHV� IO\LQJ� LQ� WKH� LQYHUWHG�SRVLWLRQ� WKH� VLGH�SURSXOVRUV�DUH� WKXVRULHQWHG ��VHH )LJXUH�*���7KH�IRUFH��5��IRUPHG�E\�WKH�SURSXOVRUV�VR�RULHQWHG�LV�FDOOHG�WKHOLIWLQJ IRUFH�� RU� �� EHFDXVH� RI� LWV� VLPLODULW\� WR� K\GUDXOLF� EXR\DQF\� �� WKH� IRUFH� RI� PDJQHWLFEXR\DQF\��7KLV�IRUFH�DOORZV�WKH�FUDIW�WR�RYHUFRPH�WKH�JUDYLW\�SXOO��*���,Q RUGHU WR� SURGXFH�PDJQHWLF� EXR\DQF\�� LW� LV� VXIILFLHQW� WKDW� WKH� 0DJQRFUDIW
V� OLIWLQJSURSXOVRUV IXOILO� FRQGLWLRQV� ��� DQG� ��� VSHFLILHG� LQ� WKH� LQWURGXFWRU\� SDUW� RI� VXEVHFWLRQ�*��1RWLFH WKDW�WKHVH�FRQGLWLRQV�DOVR�PDNH�LW�SRVVLEOH�WR�IRUP�WKH�OLIWLQJ�IRUFH�DERYH�WKH�(DUWK
VHTXDWRU���WKH�SULQFLSOHV�IRU�DFKLHYLQJ�WKLV�DUH�LOOXVWUDWHG�LQ�)LJXUH�%���,QGHSHQGHQWO\ RI� WKH� OLIWLQJ� IRUFH� �5��� WKH� 0DJQRFUDIW� DOVR� SURGXFHV� FRXQWHUDFWLQJLQWHUDFWLRQV FDOOHG�VWDELOL]DWLRQ�IRUFHV��$���7KHVH�DUH�IRUPHG�E\�RULHQWLQJ�WKH�SURSXOVRUV�VRWKDW WKH\ DUH� DWWUDFWHG� E\� WKH� HQYLURQPHQWDO� PDJQHWLF� ILHOG�� 7KH� PDLQ� IXQFWLRQ� RI� WKHVWDELOL]DWLRQ IRUFHV� LV� WR�HQVXUH� WKH� VWHDGLQHVV�RI� WKH� YHKLFOH� LQ� VSDFH��7KH\�FDQ�EH�XVHG
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DGGLWLRQDOO\�WR�FDXVH�WKH�VSDFHFUDIW�WR�GHVFHQG�&RQWURO RYHU� WKH� UHODWLRQ� EHWZHHQ� WKH� YDOXH� RI� OLIWLQJ� IRUFH� �5�� DQG� WKH� YDOXH� RIVWDELOL]DWLRQ IRUFHV��$��PDNHV�SRVVLEOH�WKH�DVFHQW��VXVSHQVLRQ��KRYHULQJ��DQG�GHVFHQW�RI�WKHYHKLFOH� ,Q�JHQHUDO��LI�WKH�OLIWLQJ�IRUFH��5��GRPLQDWHV�RYHU�DOO�WKH�IRUFHV�GLUHFWHG�GRZQZDUGV�L�H� RYHU� WKH�VWDELOL]DWLRQ�IRUFHV��$��DQG� WKH�JUDYLW\�SXOO� �*��� WKH�0DJQRFUDIW�DVFHQGV�� ,I�DQHTXLOLEULXP DSSHDUV�EHWZHHQ� WKHVH� WZR�JURXSV�RI� IRUFHV�� WKH�YHKLFOH�KRYHUV�PRWLRQOHVV�DWWKH VDPH�KHLJKW��%XW�ZKHQ�WKH�IRUFHV��$��GLUHFWHG�GRZQZDUGV�DUH�GRPLQDWLQJ��WKH�VSDFHFUDIWGHVFHQGV� %HFDXVH�WKH�UHODWLRQ�PHQWLRQHG�DERYH�GHSHQGV�RQ�WKH�RXWSXWV�SURYLGHG�E\�ERWKNLQGV RI�SURSXOVRUV��FRQWURO�RYHU�WKH�GLVFXVVHG�EHKDYLRXU�RI�WKH�0DJQRFUDIW� LV�OLPLWHG�WR�DQDSSURSULDWH�VHOHFWLRQ�RI�WKH�YDOXHV�RI�WKH�UHVXOWDQW�IOX[HV�\LHOGHG�IURP�WKH�FUDIW
V�WZLQ�FKDPEHUFDSVXOHV��
*�����0HULGLRQDO�IOLJKWV
)OLJKWV RI�WKH�0DJQRFUDIW�LQ�PHULGLRQDO�GLUHFWLRQV��L�H��IURP�QRUWK�WR�VRXWK�DQG�VRXWK�WRQRUWK� DUH�DFKLHYHG�E\�VODQWLQJ�WKH�PDJQHWLF�D[HV�RI�WKH�FUDIW
V�SURSXOVRUV�IURP�WKHLU�SDUDOOHORULHQWDWLRQ WRZDUGV� WKH� ORFDO� FRXUVH� RI� WKH� (DUWK
V� PDJQHWLF� ILHOG�� $V� WKH� HIIHFW� RI� VXFKVODQWLQJ��WKH�PHULGLRQDO�FRPSRQHQWV�RI�WKH�IRUFH�LQWHUDFWLRQV�EHWZHHQ�WKH�FUDIW
V�ILHOG�DQG�WKHHQYLURQPHQWDO ILHOG�DUH� FUHDWHG��7KH�YDOXH�RI� WKHVH�FRPSRQHQWV�DQG� WKH�GLUHFWLRQ�RI� WKHLUWKUXVW GHSHQGV�RQ�WKH�RXWSXWV�IURP�WKH�VODQWHG�SURSXOVRUV�DQG�RQ�WKHLU�LQFOLQDWLRQ�DQJOH��,��VHH )LJXUH�%����%\�DSSURSULDWH�GLIIHUHQWLDWLRQ�EHWZHHQ�WKH�RXWSXWV�DQG��,��DQJOHV�IURP�WKHPDLQ DQG WKH�VLGH�SURSXOVRUV��D�VXLWDEOH�PHULGLRQDO�WKUXVW�IRUFH�LV�IRUPHG�ZKLFK�SXVKHV�WKHYHKLFOH�LQWR�WKH�GLUHFWLRQ�GHVLUHG�
*�����/DWLWXGLQDO�IOLJKWV
,Q K\GURPHFKDQLFV�ZH�NQRZ�RI�WKH�VR�FDOOHG��0DJQXV�(IIHFW��ZKLFK�HPSOR\V�D�URWDU\F\OLQGHU�WR�SURGXFH�D�WKUXVW�IRUFH�DFWLQJ�SHUSHQGLFXODUO\�WR�WKH�GULIW�OLQHV�RI�D�IORZLQJ�PHGLXP�%HFDXVH RI� WKH�VLPLODULWLHV� UHYHDOHG�EHWZHHQ�WKH� IORZ�RI�D� OLTXLG�DQG�D�PDJQHWLF� ILHOG��VHHVXEVHFWLRQ '�����WKH�DXWKRU�KDV�IRUPHG�WKH�K\SRWKHVLV�WKDW�D�YHUVLRQ�RI�WKLV�HIIHFW�PXVW�DOVRDSSHDU�LQ�PDJQHWLVP��7KH�YDOLGLW\�RI�WKLV�K\SRWKHVLV�LV�VXSSRUWHG�E\�WKH�WKHRUHWLFDO�GHGXFWLRQZKRVH GHVFULSWLRQ�IROORZV��DQG�ZKLFK�FDQ�DOVR�EH�YHULILHG�H[SHULPHQWDOO\��7KLV�HIIHFW�FDQ�EHXWLOL]HG�E\�WKH�0DJQRFUDIW�WR�FUHDWH�D�ODWLWXGLQDO�WKUXVW�IRUFH��L�H��D�IRUFH�SURSHOOLQJ�WKH�YHKLFOHIURP�HDVW�WR�ZHVW�RU�IURP�ZHVW�WR�HDVW��7R�REWDLQ�WKLV�IRUFH�LW�LV�VXIILFLHQW�IRU�WKH�YHKLFOH�WR�VSLQLWV PDJQHWLF�ILHOG�DURXQG�LWV�RZQ�ERG\��6XFK�D�VSLQQLQJ�ILHOG�LV�FDOOHG�D�PDJQHWLF�ZKLUO�DQGWKH�SULQFLSOHV�RI�LWV�IRUPDWLRQ�DUH�GHVFULEHG�LQ�VXEVHFWLRQ�*��'XULQJ LQLWLDO� GLVFXVVLRQV� RQ� WKH� PDJQHWLF� HTXLYDOHQW� RI� WKH� �0DJQXV� (IIHFW�� WKHDXWKRU
V FROOHDJXHV� QDPHG� LW� WKH� �3DM�N� (IIHFW��� 7KLV� QDPH� ZDV� ODWHU� HVWDEOLVKHG� LQQXPHURXV�SXEOLFDWLRQV��LW�LV�DOVR�XVHG�LQ�WKLV�WUHDWLVH��
*�������$Q�H[SHULPHQW�VKRZLQJ�WKH�H[LVWHQFH�RI�WKH�ODWLWXGLQDO�WKUXVW�IRUFH
7KH IRUPDWLRQ�RI�WKH�ODWLWXGLQDO�WKUXVW�IRUFH�FDQ�EH�SURYHG�H[SHULPHQWDOO\�WKURXJK�WKH
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EXLOGLQJ RI�D��PDJQHWLF�WUDQVPLVVLRQ���6XFK�D�WUDQVPLVVLRQ�FDQ�EH�IRUPHG�IURP�WZR�FLUFXODUPDJQHWV D[OHG OLNH�WZR�FRRSHUDWLQJ�JHDU�ZKHHOV��7KH\�VKRXOG�QRW�WRXFK�HDFK�RWKHU�VR�WKDWWKHLU PXWXDO�LQWHUDFWLRQV�PXVW�EH�SDVVHG�WKURXJK�WKHLU�PDJQHWLF�ILHOGV��7KH�D[HV�RI�URWDWLRQRI WKHVH�PDJQHWV�VKRXOG�EH�SDUDOOHO� WR�HDFK�RWKHU�VR� WKDW� WKHLU� ILHOGV�FRXOG� LQWHUDFW� LQ� WKHVDPH ZD\�DV�WKH�PDJQHWLF�ZKLUO�RI�WKH�0DJQRFUDIW�LQWHUDFWV�ZLWK�WKH�ILHOG�RI�WKH�(DUWK��(YHQWKRXJK WKHVH�PDJQHWV� SK\VLFDOO\� GR� QRW� WRXFK�HDFK�RWKHU�� E\� VSLQQLQJ� WKH� ILUVW� RI� WKHP�DGHWHFWDEOH WRUTXH�LV�IRUPHG�ZKLFK�DFWV�RQ�WKH�RWKHU�PDJQHW�IRUFLQJ�LW�WR�URWDWH�DOVR��6R�WKHILHOGV RI� WKHVH�PDJQHWV�DFW� OLNH�D� NLQG�RI�PDJQHWLF�JHDUV��([DFWO\� WKH� VDPH�SKHQRPHQRQRFFXUV EHWZHHQ�WKH�(DUWK�DQG�WKH�0DJQRFUDIW��7KXV�LI� WKH�PDVV�RI�D�0DJQRFUDIW�ZRXOG�EHFRPSDUDEOH�ZLWK�WKH�PDVV�RI�(DUWK��WKLV�YHKLFOH�ZKHQ�IO\LQJ�DERYH�WKH�HTXDWRU�ZRXOG�WXUQ�WKH(DUWK� MXVW�DV�RXU�H[SHULPHQWDO�PDJQHWV�GR�WR�HDFK�RWKHU��%XW�EHFDXVH�WKH�0DJQRFUDIW�KDVDQ LQVLJQLILFDQWO\�VPDOOHU�PDVV�WKDQ�WKDW�RI�WKH�(DUWK��LQVWHDG�RI�WXUQLQJ�WKH�(DUWK�WKLV�YHKLFOHIOLHV�DURXQG�LW��%HFDXVH RI� WKH� OLPLWHG� SRZHUV� RI� WKH� ILHOGV� SURGXFHG� E\� RUGLQDU\� PDJQHWV�� DVXFFHVVIXO FRPSOHWLRQ�RI�WKH�H[SHULPHQW�H[SODLQHG�KHUH�UHTXLUHV�D�KLJK�GHJUHH�RI�SUHFLVLRQLQ�WKH�EDODQFLQJ�RI�ERWK�PDJQHWV�DQG�LQ�WKH�VHQVLWLYLW\�RI�WKHLU�EHDULQJV�7KHUH LV�DOVR�D�SRVVLELOLW\�RI�FRPSOHWLQJ�D�VLPSOLILHG�H[SHULPHQW�ZKLFK�DOVR�SURYHV�WKHH[LVWHQFH RI�WKH��3DM�N�HIIHFW��GHVFULEHG�KHUH��EXW�ZKLFK�GRHV�QRW�UHTXLUH�DQ\�VSHFLDO�GHYLFHWR EH�EXLOW��,Q�WKLV�H[SHULPHQW�D�VLQJOH�PDJQHW�DQG�D�PDJQHWLF�FRPSDVV�DUH�XVHG�LQVWHDG�RIWZR�PDJQHWV�IURP�WKH�SUHYLRXV�H[SHULPHQW��,I�ZH�SODFH�D�VLQJOH�PDJQHW�LQ�WKH�YLFLQLW\�RI�VXFKD FRPSDVV�� DQG� WKHQ� URWDWH� LW� ZLWK� RXU� KDQGV�� LWV� ILHOG� IRUPV� WKH� �PDJQHWLF� WUDQVPLVVLRQ�GHVFULEHG DERYH��,Q�WKLV�ZD\�WKH�KDQG�URWDWLRQ�RI�WKH�PDJQHW�LV�WUDQVPLWWHG�RQWR�WKH�QHHGOHRI WKH�FRPSDVV�ZKLFK�DOVR�VWDUWV� WR�URWDWH�� ,Q�WXUQ�WKH�IDFW�RI�PDJQHWLF�WUDQVPLVVLRQ�RI� WKHWRUTXH�ZKLFK�URWDWHV�WKH�QHHGOH�RI�WKH�FRPSDVV�LV�WKH�H[SHULPHQWDO�SURRI�IRU�WKH�DFWLRQ�RI�WKHHIIHFW�GHVFULEHG�KHUH�
*�������7KH�GHGXFWLRQ�WKDW�H[SODLQV�WKH�SULQFLSOHVRI�WKH�ODWLWXGLQDO�WKUXVW�IRUFH�IRUPDWLRQ
7KH DXWKRU�KDV�DOVR�GHYHORSHG�D�IRUPDO�GHGXFWLRQ�ZKLFK�VXSSRUWV�KLV�K\SRWKHVLV�WKDWLQ PDJQHWLVP� D�YHUVLRQ�RI�WKH�0DJQXV�(IIHFW�PXVW�DSSHDU��7KLV�GHGXFWLRQ�LV�EDVHG�RQ�WKHLOOXVWUDWLRQ�IURP�)LJXUH�*����,WV�SUHVHQWDWLRQ�LV�DV�IROORZV��7KH GHQVLW\�RI�WKH�PDJQHWLF�ILHOG�ZKLFK�LV�FUHDWHG�E\�WKH�(DUWK��6XQ�RU�RWKHU�SODQHWV�DQGVWDUV GHSHQGV�RQ LWV�UDGLDO�GLVWDQFH�IURP�WKH�VRXUFH�RI�WKH�ILHOG��,I�D�SRLQW��+��LV�DERYH�WKH(DUWK
V VXUIDFH�DW�D�KHLJKW�JUHDWHU�WKDQ�SRLQW��/���IRU�FRQYHQLHQFH��+�DQG�/�DUH�DVVXPHG�WREH�DERYH�WKH�HTXDWRU���WKHQ�WKH�GHQVLW\�RI�WKH�(DUWK
V�ILHOG�LV�JUHDWHU�DW�/�WKDQ�DW�+��L�H��) !�) �/ +,I WKHVH�SRLQWV�DUH�DW� WKH�VDPH�UDGLDO�GLVWDQFH�IURP�WKH�FHQWUH�RI� WKH�0DJQRFUDIW�� WKHQ�WKHZKLUOLQJ PDJQHWLF� ILHOG�PXVW� LQGXFH� ORFDO� HOHFWULFDO� ILHOGV� 8 DQG� 8 �� ZKHUH� 8  � 8 �� 7KH/ + / +YDOXHV RI�8 DQG�8 DUH�GHWHUPLQHG�E\�0D[ZHOO
V� HTXDWLRQ��7KH�&RQWUDGLFWRU\�5XOH�ZKLFK/ +DSSOLHV WR�HOHFWUR�PDJQHWLVP�VWDWHV� WKDW� WKHVH�HOHFWULFDO� ILHOGV�PXVW�FUHDWH� WKHLU�RZQ� ORFDOPDJQHWLF ILHOGV�ZKLFK�WKHQ�UHDFW�DJDLQVW�WKH�URWDWLRQ�RI�WKH�YHKLFOH
V�ILHOG��7KH�ZKLUOLQJ�ILHOGRI WKH�0DJQRFUDIW�LQWHUDFWV�ZLWK�WKHVH�ORFDOO\�LQGXFHG�ILHOGV�DQG�WULHV�WR�FDXVH�WKHP�WR�URWDWH�+RZHYHU� WKH\�DUH�SUHYHQWHG�IURP�URWDWLQJ�EHFDXVH�RI�WKHLU�LQWHUDFWLRQ�ZLWK�WKH�(DUWK
V�ILHOG�7KH IRUFHV�SUHYHQWLQJ�WKH�ORFDO�ILHOGV�IURP�URWDWLQJ�DUH�SURSRUWLRQDO�WR�WKH�ORFDO�GHQVLW\�RI�WKH(DUWK
V PDJQHWLF�ILHOG��7KH�UHDFWLRQ�IRUFH�7 DW�/�LV�WKXV�JUHDWHU�WKDQ�WKH�UHDFWLRQ�IRUFH�7 DW/ ++� L�H�� 7 !� 7 �� 7KHVH� HOHPHQWDO� IRUFHV� UHSUHVHQW� WKH� PDJQHWLF� UHVLVWDQFH� ZKLFK� WKH/ +
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HQYLURQPHQWDO ILHOG� JLYHV� DJDLQVW� WKH� PDJQHWLF� ZKLUO�� $V� WKH� HOHPHQWDO� UHDFWLRQ� IRUFHVGLIIHUHQWLDWH ZLWK�KHLJKW��DQ�HOHPHQWDO�WKUXVW�IRUFH�DFWLQJ�RQ�WKH�0DJQRFUDIW�LV�SURGXFHG��,WVPDJQLWXGH LV� JLYHQ�DV� G3� �7 ��7 �� 7KLV� IRUFH� DFWV� DORQJ�DQ� HTXLSRWHQWLDO� VXUIDFH� RI� WKH/ +HQYLURQPHQWDO ILHOG��SHUSHQGLFXODUO\�WR�WKH�ZKLUO
V�D[LV��7KH�UHVXOWDQW�WKUXVW�IRUFH��3��FDQ�EHFDOFXODWHG E\� VXPPDUL]LQJ� WKH� HOHPHQWDO� WKUXVW� IRUFHV� �G3�� DORQJ� HDFK� IRUFH� OLQH� RI� WKH0DJQRFUDIW
V�ILHOG��I��RYHU�WKH�QXPEHU�RI�WKHVH�IRUFH�OLQHV��Q��
3� �, , G3 �*���I�Q,W FDQ� EH� REVHUYHG� WKDW� VLPLODULWLHV� WR� WKH� �3DM�N� (IIHFW�� DOVR� H[LVW� LQ� HYHU\� RWKHU� NLQG� RIKHWHURJHQHRXV�ILHOG��H�J��D�SUHVVXUH�ILHOG��7KHUH�LV�RQO\�RQH�FRQGLWLRQ�QHFHVVDU\�IRU�WKLV�HIIHFWWR RFFXU��D�ZKLUO�PXVW�EH�IRUPHG�IURP�WKH�PHGLXP�ZKLFK�LV�FUHDWLQJ�WKH�ILHOG��DQG�WKH�D[LV�RIWKH ZKLUO
V�URWDWLRQ�PXVW�OLH�RQ�WKH�HTXLSRWHQWLDO�VXUIDFH��)RU�WKLV�UHDVRQ��WKH�PDJQHWLF�WKUXVWIRUFH �3��LQ�WKH�DWPRVSKHULF�SUHVVXUH�ILHOG��RU�LQ�WKH�RFHDQ��LV�LQFUHDVHG�E\�DQ�DHURG\QDPLF�RU K\GUDXOLF��YHUVLRQ�RI�WKH��3DM�N�(IIHFW��GXH�WR�WKH�0DJQRFUDIW�SURGXFLQJ�D�ZKLUOLQJ�RI�WKHHQYLURQPHQWDO�PHGLXP�7KH �3DM�N (IIHFW��GHVFULEHG�DERYH�LV�VLPLODU�WR�WKH�PHFKDQLVP�ZKLFK�LV�WKH�EDVLV�RID QXPEHU� RI� RWKHU� SKHQRPHQD� WKDW� DUH� DOUHDG\� ZHOO� XQGHUVWRRG�� 2QH� H[DPSOH� RI� VXFKSKHQRPHQD LV� WKH� /RUHQW]� IRUFH�� ,I� DQ� HOHFWULFDOO\� FKDUJHG� SDUWLFOH� LQ� DQ� HQYLURQPHQWDOPDJQHWLF�ILHOG�PRYHV��LW�SURGXFHV�LWV�RZQ�YRUWH[�PDJQHWLF�ILHOG��7KLV�YRUWH[�PDJQHWLF�ILHOG��E\LQWHUDFWLQJ ZLWK�WKH�HQYLURQPHQWDO�ILHOG��FDXVHV�DQ�DFWLRQ�VLPLODU�WR�WKH��3DM�N�(IIHFW���DQG�DVD UHVXOW�WKH�SDWK�RI�DQ�HOHFWULFDOO\�FKDUJHG�SDUWLFOH�LV�EHQW�LQ�D�GLUHFWLRQ�SHUSHQGLFXODU�WR�WKHIRUFH OLQHV� RI� WKH� HQYLURQPHQWDO� PDJQHWLF� ILHOG�� $QRWKHU� H[DPSOH� RI� WKLV� LV� )OHPLQJ
VULJKW�KDQG�UXOH��RU�LWV�RSSRVLWH�YHUVLRQ��WKH�OHIW�KDQG�UXOH���RIWHQ�FDOOHG�WKH�PRWRU�HIIHFW���:KHQDQ HOHFWULF�FXUUHQW�IORZV�WKURXJK�D�VWUDLJKW�ZLUH��D�YRUWH[�PDJQHWLF�ILHOG�ZKLFK�VXUURXQGV�WKLVZLUH�LV�SURGXFHG��VHH�VXEVHFWLRQ�'������7KLV�YRUWH[�ILHOG��E\�LQWHUDFWLRQ�ZLWK�DQ�HQYLURQPHQWDOPDJQHWLF ILHOG��SURGXFHV�D�IRUFH�ZKLFK�WULHV�WR�PRYH�WKH�ZLUH�LQ�D�GLUHFWLRQ�SHUSHQGLFXODU�WRWKH IRUFH� OLQHV� RI� WKH� HQYLURQPHQWDO� ILHOG�� 7KHVH�H[DPSOHV� SURYH� WKDW� VLPSOH� IRUPV�RI� WKH�3DM�N�(IIHFW��DUH�DOUHDG\�NQRZQ��WKHUHIRUH�XVLQJ�WKLV�HIIHFW�IRU�WKH�FUHDWLRQ�RI�WKH�WKUXVW�IRUFHLQ�WKH�0DJQRFUDIW�LV�MXVW�DSSO\LQJ�WKHP�LQ�D�GLIIHUHQW�DQG�PRUH�JHQHUDO�ZD\��
*�������+RZ�WR�GHWHUPLQH�WKH�GLUHFWLRQ�RI�WKH�WKUXVW�IRUFHFUHDWHG�E\�WKH�PDJQHWLF�ZKLUO��WKH��UROOLQJ�VSKHUH�UXOH��
7KH�PDJQHWLF�ZKLUO VSLQQLQJ�DURXQG�WKH�0DJQRFUDIW�LV�DEOH�WR�IRUP�D�WKUXVW�IRUFH�ZKLFKFDQ DFW�LQ�WKH�VDPH�GLUHFWLRQ�DV�WKDW�IROORZHG�E\�WKH�6XQ��,Q�VXFK�D�FDVH�LW�FDQ�EH�FDOOHG�D�VRODU� WKUXVW��7KLV��VRODU��WKUXVW�SURSHOV�WKH�YHKLFOH�IURP�HDVW�WR�ZHVW��7KH�0DJQRFUDIW�FDQDOVR SURGXFH�D��FRXQWHU�VRODU��WKUXVW�ZKLFK�SURSHOV�WKH�YHKLFOH�IURP�ZHVW�WR�HDVW��7KHUH�LV�DVLPSOH PHWKRG��FDOOHG�WKH��UROOLQJ�VSKHUH�UXOH���ZKLFK�DOORZV�IRU�D�YHU\�HDV\�GHWHUPLQDWLRQ�RIWKH�GLUHFWLRQ�LQ�ZKLFK�WKH�SDUWLFXODU�URWDWLRQ�RI�D�PDJQHWLF�ZKLUO�SXVKHV�WKH�0DJQRFUDIW��,Q WKH��UROOLQJ�VSKHUH�UXOH��WKH�VSLQQLQJ�PDJQHWLF�ILHOG�RI�WKH�0DJQRFUDIW�LV�UHSODFHGE\ DQ�LPDJLQDU\�VSKHUH�ZKLFK�DOVR�VSLQV�DURXQG�WKH�VDPH�D[LV�DQG�LQ�WKH�VDPH�GLUHFWLRQ�DVGRHV WKH� ILHOG�RI� WKH�YHKLFOH��7KH�GLDPHWHU�RI� WKLV�VSKHUH� LV�VR�DVVXPHG� WKDW� LWV� LPDJLQDU\VXUIDFH WRXFKHV�WKH�JURXQG��%HFDXVH�WKH�VSKHUH�VSLQV��DIWHU�LWV�VXUIDFH�PDNHV�FRQWDFW�ZLWKWKH JURXQG�LW�PXVW�UROO�IRUZDUG��7KH�GLUHFWLRQ�LQ�ZKLFK�LW�UROOV�LV�DOVR�WKH�GLUHFWLRQ�LQ�ZKLFK�WKHWKUXVW�IRUFH�FUHDWHG�E\�WKH�0DJQRFUDIW
V�PDJQHWLF�ZKLUO�SXVKHV�WKLV�YHKLFOH���VHH�)LJXUH�*���
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7KH �UROOLQJ�VSKHUH�UXOH��DOVR�DOORZV�XV�WR�GHWHUPLQH�WKH�GLUHFWLRQ�LQ�ZKLFK�D�SDUWLFXODUW\SH RI�ZKLUO�IODWWHQV�SODQWV�RQ�WKH�ODQGLQJ�VLWHV�RI�WKH�0DJQRFUDIW��VHH�VXEVHFWLRQ�*�����7KLVLV YHU\ XVHIXO� LQ�GHGXFLQJ� WKH�GLUHFWLRQ�RI� WKH�YHKLFOH
V� IOLJKW� IURP� WKH�PDUNV� OHIW� E\� LW�DW�DODQGLQJ VLWH��7KH�PHWKRG�XVHG�LQ�VXFK�D�FDVH�LV�LGHQWLFDO�WR�WKH�RQH�DSSOLHG�IRU�GHWHUPLQLQJD IOLJKW� GLUHFWLRQ��ZLWK� WKH�RQH�GLIIHUHQFH� WKDW� WKH� LPDJLQDU\� VSKHUH� LV�QRW� UROOHG�DORQJ� WKHJURXQG EXW� VZLUOV� WKH� SODQWV� DV� WKH� HIIHFW� RI� LWV� URWDWLRQ� LQ� RQH� SODFH��:KHQ� DSSO\LQJ� WKLVPHWKRG ZH�QRWLFH� WKDW� WKH��VRODU��ZKLUO� LQ� WKH�6RXWKHUQ�KHPLVSKHUH�FDXVHV�FORFNZLVH�VZLUOSDWWHUQV LQ�DQ\�SODQWV�WKDW�PD\�KDYH�EHHQ�IODWWHQHG�RQ�WKH�ODQGLQJ�VLWH�E\�WKH�ZKLUO�LQGXFHGZLQGV� 7KH� VDPH� �VRODU�� ZKLUO� LQ� WKH� 1RUWKHUQ� KHPLVSKHUH� IRUPV� FRXQWHU�FORFNZLVH� VZLUOSDWWHUQV��$��FRXQWHU�VRODU��ZKLUO�UHYHUVHV�WKH�GLUHFWLRQ�RI�VZLUO�SDWWHUQV�DOUHDG\�GHVFULEHG�
*�����7KH�URWDWLRQ�RI�WKH�0DJQRFUDIW
7KH PDJQHWLF�ZKLUO�� EHFDXVH� RI� WKH� DFWLRQ� RI� WKH� �3DM�N�(IIHFW��� FDXVHV� D� UHDFWLRQWRUTXH �7 ��WR�DFW�RQ�WKH�0DJQRFUDIW�GXULQJ�IOLJKW��7KLV�WRUTXH�WULHV�WR�URWDWH�WKH�YHKLFOH�LQ�D5GLUHFWLRQ RSSRVLWH� IURP� WKH� GLUHFWLRQ� RI� URWDWLRQ� RI� WKH� PDJQHWLF� ZKLUO� �� VHH� )LJXUH� *���VLPLODUO\ DV�WKH�URWDWLRQ�RI�WKH�PDLQ�SURSHOOHU�LQ�D�KHOLFRSWHU�WULHV�WR�URWDWH�WKH�KHOLFRSWHU�LQ�DQRSSRVLWH GLUHFWLRQ��7R�SUHYHQW�WKLV��WKH�YHKLFOH�PXVW�SURGXFH�LWV�RZQ�VWDELOL]DWLRQ�WRUTXH��7 �VZKLFK NHHSV� LWV� SRVLWLRQ� VWDEOH� GXULQJ� IOLJKW� �VHH� )LJXUH� *����� ,Q� KHOLFRSWHUV� VXFK� DVWDELOL]DWLRQ WRUTXH�LV�DFKLHYHG�WURXJK�SODFLQJ�D�VPDOO�SURSHOOHU�DW�WKH�HQG�RI�WKHLU�WDLOV��7KLVVWDELOL]DWLRQ�WRUTXH�LV�FUHDWHG�E\�YDU\LQJ�WKH�RXWSXW�IOX[��$��DQG�LQFOLQDWLRQ�DQJOH��,��RI�WKH�VLGHSURSXOVRUV ORFDWHG� RQ� WKH� HDVW� DQG� ZHVW� VLGHV� RI� WKH� YHKLFOH�� 7KH� YDOXHV� RI� WKHVH� WZRSDUDPHWHUV ��$��DQG��,���DUH�FKRVHQ�VR�WKDW�WKH�YHUWLFDO�FRPSRQHQWV��9��RI�WKH�VWDELOL]DWLRQIRUFHV �$��FUHDWHG�E\�WKH�VLGH�SURSXOVRUV�DUH�HTXDO��7KLV�HQVXUHV�WKH�VWDELOLW\�RI�WKH�YHUWLFDORULHQWDWLRQ RI� WKH� YHKLFOH�� $W� WKH� VDPH� WLPH�� WKH� KRUL]RQWDO� FRPSRQHQWV� �+�� RI� WKH� IRUFHVFUHDWHG E\� WKHVH� SURSXOVRUV� GLIIHU� IURP� RQH� DQRWKHU�� 7KH� GLIIHUHQFH� EHWZHHQ� WKHVHFRPSRQHQWV� PXOWLSOLHG�E\�WKH�UDGLXV��5��RI�WKH�YHKLFOH��SURGXFHV�WKH�QHFHVVDU\�VWDELOL]DWLRQ�URWDU\��WRUTXH�7  �5Â�+ ��+ � �*���V ( :7KH YDOXH�RI�WRUTXH��7 ��LV�FRQWUROOHG�E\�WKH�ORJFRPSXWHU�RI�WKH�0DJQRFUDIW��7R�NHHS�LW�DW�DVUHTXLUHG OHYHO��WKH�SURSXOVRUV�ORFDWHG�RQ�WKH�HDVWHUQ�RU�DQG�ZHVWHUQ�VLGHV�RI�WKH�0DJQRFUDIWVKRXOG�XVXDOO\�KDYH�D�PXFK�JUHDWHU�RXWSXW�WKDQ�WKH�RXWSXW�RI�WKH�RWKHU�VLGH�SURSXOVRUV�RI�WKLVYHKLFOH� 'XULQJ�ODQGLQJV�VXFK�D�JUHDWHU�RXWSXW�ZLOO�EH�LQGLFDWHG�E\�DGGLWLRQDO�PDUNLQJV�OHIW�RQWKH�JURXQG��VHH�PDUNV��7V��LQ�)LJXUH�*����7KH�URWDU\�WRUTXH�PDNHV�LW�SRVVLEOH�QRW�RQO\�WR�IO\�WKH�0DJQRFUDIW�LQ�D�VWDEOH�RULHQWDWLRQ�EXW DOVR�IRU�WKH�FUHZ�WR�FRQWURO�WKH�URWDWLRQ�RI�WKH�YHKLFOH��6XFK�URWDWLRQ�LV�XWLOL]HG�WR�RULHQWDWHWKH SLORW
V� VHDW� LQ� WKH�GLUHFWLRQ�RI� IOLJKW�� WR� IDFLOLWDWH� WKH� FUHZ
V�REVHUYDWLRQ�RI� WKH� YHKLFOH
VVXUURXQGLQJV� DQG�WR�RULHQWDWH�WKH�SURSXOVRUV
�RXWOHWV�GXULQJ�D�FRXSOLQJ�PDQRHXYUH�� ,Q�IUHHVSDFH��VXFK�FRQWUROOHG�URWDWLRQ�FRXOG�FUHDWH�DQ�DUWLILFLDO�JUDYLW\�LQVLGH�WKH�FUHZ�FDELQ��,W VKRXOG�DOVR�EH�PHQWLRQHG�KHUH�WKDW�SULQFLSOHV�VLPLODU�WR�WKRVH�GHVFULEHG�DERYH�DUHLQYROYHG�LQ�VZD\LQJ�WKH�0DJQRFUDIW�DURXQG�D�KRUL]RQWDO�D[LV��)RU�WKLV��WKH�RXWSXW�IURP�WKH�VLGHSURSXOVRUV ORFDWHG�DW�RQH�HQG�RI�D�JLYHQ�YHKLFOH�PD\�VRPHWLPHV�QHHG� WR�EH�H[WLQJXLVKHGSDUWLDOO\�RU�FRPSOHWHO\��7KHUHIRUH�RQ�VRPH�RFFDVLRQV��HVSHFLDOO\�GXULQJ�ODQGLQJV�RQ�WKH�VORSHRI D�KLOO�ZKHQ� WKH�0DJQRFUDIW� WULHV� WR�RULHQW� LWV�EDVH�SDUDOOHO� WR� WKH�JURXQG�� WKH�SURSXOVRUVORFDWHG RQ�RQH�VLGH�RI�WKH�YHKLFOH�FDQ�EH�FRPSOHWHO\�H[WLQJXLVKHG��$V�D�UHVXOW��RQO\�KDOI�ULQJVDUH�VFRUFKHG�RQ�VXFK�ODQGLQJ�VLWHV��VHH�VXEVHFWLRQ�*���DQG�)LJXUH�.����
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*���7KH�PDJQHWLF�ZKLUO
,Q WKH�0DJQRFUDIW��WKH�QDPH��PDJQHWLF�ZKLUO��LV�DVVLJQHG�WR�WKH�HIIHFWV�RI�IDVW�URWDWLRQRI�WKH�ILHOG
V�IRUFH�OLQHV�DURXQG�WKH�FHQWUDO�D[LV��=��RI�WKH�YHKLFOH��7KH PDLQ� IXQFWLRQ� RI� WKH� PDJQHWLF� ZKLUO� LV� WR� SURGXFH� D� WKUXVW� IRUFH� DFWLQJ� LQ� DODWLWXGLQDO �L�H�� DQ� HDVW�ZHVW� RU� ZHVW�HDVW�� GLUHFWLRQ�� %XW� LW� DOVR� SHUIRUPV� VRPH� DGGLWLRQDOIXQFWLRQV� VXFK�DV�WKH�SURWHFWLRQ�RI�WKH�YHKLFOH�IURP�DQ\�PLVVLOH�RU�PHWHRULWH�DWWDFN��L�H��WKHIRUPDWLRQ RI�DQ��LQGXFWLYH�VKLHOG���� WKH�FUHDWLRQ�RI�D�ZKLUOLQJ��SODVPD�VDZ��WKDW�HYDSRUDWHVVROLG�EDUULHUV��WKH�LOOXPLQDWLRQ�RI�VXUURXQGLQJV��WKH�HPLVVLRQ�RI�RSWLF��OLJKW��VLJQDOV��HWF�7KH PDJQHWLF�ZKLUO� LV� UHVSRQVLEOH� IRU� WKH� FUHDWLRQ� RI� D� XQLTXH� �LRQLF� SLFWXUH�� RI� WKH0DJQRFUDIW DQG� DOVR� IRU� SXWWLQJ� WKLV� YHKLFOH� LQWR� D� VSHFLILF� VWDWH� RI� RSHUDWLRQ�� FDOOHG� D�PDJQHWLF ZKLUO�PRGH���,Q�DGGLWLRQ�WR�WKH�PDJQHWLF�ZKLUO�PRGH��WKH�0DJQRFUDIW
V�SURSXOVLRQPD\ DOVR� RSHUDWH� LQ� D� �WKUREELQJ�PRGH�� ��ZKLOH� LWV� ILHOG� LV� QRQ�ZKLUOLQJ��EXW� VKULQNLQJ� DQGH[SDQGLQJ LQ�D�PDQQHU� OLNH� WKH�DFWLRQ�RI�D�KHDUW��DQG� LQ�D��PDJQHWLF� OHQV�PRGH����ZKLOH�DFRQVWDQW��L�H��QRQ�SXOVDWLQJ�DQG�QRQ�ZKLUOLQJ��ILHOG�LV�SURGXFHG��7KH�FUHDWLRQ�RI�WKH�PDJQHWLF�ZKLUO�LQ�WKH�0DJQRFUDIW�XWLOL]HV�DOPRVW�WKH�VDPH�SULQFLSOHVDV WKRVH� DSSOLHG� GXULQJ� WKH� FUHDWLRQ� RI� D� VLPLODU� ZKLUO� LQ� DV\QFKURQRXV� HOHFWULF�PRWRUV�� ,WLQYROYHV D� UDWKHU� FRPSOLFDWHG� PHFKDQLVP� LQLWLDWHG� E\� WKH� DSSURSULDWH� VHTXHQFLQJ� RI� WKHSXOVDWLQJ RXWSXWV�IURP�WKH�VLGH�SURSXOVRUV��7KH�PDJQHWLF�FLUFXLWV�RI�WKH�0DJQRFUDIW�FRQYHUWWKHVH SXOVDWLRQV� RI� RXWSXWV� LQWR� WKH� URWDWLRQ� RI� WKH� ILHOG
V� IRUFH� OLQHV� DURXQG� WKH� YHKLFOH
VFHQWUDO�D[LV��7KLV�VXEVHFWLRQ�H[SODLQV�WKH�PHFKDQLVP�RI�WKH�PDJQHWLF�ZKLUO�IRUPDWLRQ��
*�����7KH�PDJQHWLF�FLUFXLWV�LQ�WKH�0DJQRFUDIW
7KH�WHUP��PDJQHWLF�FLUFXLW��LV�LQWURGXFHG�LQ�WKLV�WUHDWLVH�WR�GHVFULEH�GLIIHUHQW�SDWKV�WKDWVWUDQGV RI�PDJQHWLF�IRUFH�OLQHV�SURGXFHG�E\�YDULRXV�0DJQRFUDIW
V�SURSXOVRUV�PD\�WDNH��7KHWHUP �PDJQHWLF�FLUFXLWV��RULJLQDWHV�IURP�WKH�DQDORJ\�RI�WKH�PDJQHWLF�IRUFH�OLQHV�WR�WKH�SDWKVRI HOHFWULF�FXUUHQWV�LQ�FRQGXFWLYH�ZLUHV��,Q�WKH�VDPH�ZD\�DV�HOHFWULF�FXUUHQWV�SURGXFHG�E\�DJLYHQ FHOO�FLUFXODWH�DORQJ�FORVHG�SDWKV��L�H��DIWHU�OHDYLQJ�IURP�RQH�SROH�RI�WKLV�FHOO�WKH\�DOZD\VUHWXUQ EDFN�WR�WKH�RWKHU�SROH��WKH�PDJQHWLF�IRUFH�OLQHV�DUH�DOVR�HQGOHVV��L�H��DIWHU�OHDYLQJ�RQHRXWOHW�IURP�D�SURSXOVRU�WKH\�DOZD\V�UHWXUQ�WR�WKH�RSSRVLWH�RXWOHW�RI�WKH�VDPH�SURSXOVRU�LQ�RUGHUWR MRLQ� WKHPVHOYHV� LQ� WKH� PLGGOH� RI� LW�� 7KH� PDJQHWLF� ILHOG� IRUFH� OLQHV� WKDW� OHDYH� D� JLYHQSURSXOVRU WHQG� WR� JURXS� WKHPVHOYHV� LQ� FRPSDFW� VWUDQGV�� HDFK� RI�ZKLFK� IROORZV� D� GLIIHUHQWFORVHG SDWK��7KH�SDWK�PD\�SDVV� WKURXJK� WKH�HQYLURQPHQW�DQG�RU�DQRWKHU�SURSXOVRU��(DFKVHSDUDWH VWUDQG� WKDW� ORRSV� �SDVVHV�� WKURXJK� VXFK� D� GLIIHUHQW� SDWK� LV� GLVWLQJXLVKHG� DV� DVHSDUDWH�PDJQHWLF�FLUFXLW��7KH PXWXDOO\� RSSRVLWH� RULHQWDWLRQ� RI� WKH� PDJQHWLF� SROHV� LQ� WKH� PDLQ� PDJQHWLFSURSXOVRU �0�� LQ� UHODWLRQ� WR� DOO� WKH� VLGH� SURSXOVRUV� �8�� 9��:�� ;�� FKDQQHOV� WKH� ILHOG� RI� WKH0DJQRFUDIW�LQWR�WKUHH�VHSDUDWH�JURXSV�RI�PDJQHWLF�FLUFXLWV���VHH�)LJXUH�*����7KHVH�DUH�FDOOHGWKH�PDLQ��0��FHQWUDO��&��DQG�VLGH��6��FLUFXLWV��� 7KH�PDLQ�PDJQHWLF�FLUFXLWV �0��DUH�IRUPHG�IURP�WKDW�SDUW�RI�WKH�PDLQ�SURSXOVRU
VRXWSXW ZKLFK� LV� LQWHUFHSWHG� DQG� ERQGHG� E\� WKH� VLGH� SURSXOVRUV�� 7KHUHIRUH� WKH� IRUFH� OLQHVEHORQJLQJ WR�WKLV�JURXS�RI�FLUFXLWV�ORRS��FLUFXODWH��WKURXJK�WKH�PDLQ�DQG�VLGH�SURSXOVRUV��1RWHWKDW LQ�HDFK�0DJQRFUDIW�WKHUH�DUH�DV�PDQ\�PDLQ�FLUFXLWV�DV�WKH�YHKLFOH�KDV�RSHUDWLRQDO�VLGHSURSXOVRUV�
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� 7KH�VLQJOH�FHQWUDO�PDJQHWLF�FLUFXLW �&��LV�IRUPHG�IURP�WKH�QRQ�ERQGHG�SDUW�RI�WKHPDLQ SURSXOVRU
V�RXWSXW�DQG�WKHUHIRUH�DSDUW� IURP�WKH�HQYLURQPHQW�� LW� ORRSV��FLUFXODWHV��RQO\WKURXJK�WKH�WZLQ�FKDPEHU�FDSVXOH�RI�WKLV�PDLQ�SURSXOVRU��� 7KH�VLGH�PDJQHWLF�FLUFXLWV �6��DUH�IRUPHG�IURP�WKH�QRQ�ERQGHG�SDUWV�RI�WKH�VLGHSURSXOVRUV
 RXWSXW�DQG�WKH\�ORRS��DSDUW�IURP�WKH�HQYLURQPHQW��RQO\�WKURXJK�WKH�WZLQ�FKDPEHUFDSVXOHV�RI�WKHVH�VLGH�SURSXOVRUV��7KH�SDWKV�RI�WKH�PDJQHWLF�FLUFXLWV�GHVFULEHG�DERYH�DSSO\�RQO\�WR�D�VLQJOH�YHKLFOH��:KHQD QXPEHU� RI� 0DJQRFUDIW� DUH� FRXSOHG� LQWR� YDULRXV� FRQILJXUDWLRQV�� WKHVH� SDWKV� PXVW� EHDSSURSULDWHO\ PRGLILHG�LQ�RUGHU�WR�LQFOXGH�WKH�SURSXOVRUV�RI�RWKHU�YHKLFOHV��$V�ZDV�H[SODLQHGLQ VXEVHFWLRQ� *������ DQG� LOOXVWUDWHG� LQ� )LJXUH� *���� GHSHQGLQJ� RQ� WKH� VKDSH� RI� D� ILQDODUUDQJHPHQW� WKH�IXQFWLRQV�DQG�SDWKV�RI�WKH�VDPH�FLUFXLWV�FDQ�EHFRPH�GUDVWLFDOO\�GLIIHUHQW�7KH FRXUVH� RI� WKH�PDJQHWLF� FLUFXLWV� VKRZQ� LQ� )LJXUH�*��� DSSHDUV� RQO\� LI� WKH� ILHOGSURGXFHG�E\�D�JLYHQ�VLQJOH�YHKLFOH�LV�VWDWLRQDU\��L�H��GRHV�QRW�IRUP�D�PDJQHWLF�ZKLUO��:KHQ�WKHILHOG EHJLQV� WR�ZKLUO�� WKH�GHVFULEHG�FRXUVH�EHFRPHV�G\QDPLFDOO\�GHIRUPHG�DQG� WKH�FLUFXLWVWUDQVIRUP WKHPVHOYHV� LQWR� WKH� VKDSHV� LOOXVWUDWHG� LQ� )LJXUH� *���� 7KH� ODUJHVW� GHIRUPDWLRQRFFXUV LQ� WKH�FHQWUDO�FLUFXLW��7KLV� LV�EHFDXVH� WKH�HQYLURQPHQWDO�PDJQHWLF� ILHOG� LV�VWDWLRQDU\DQG�LV�RSSRVHG�WR�WKH�ZKLUOLQJ�RI�WKH�IRUFH�OLQHV�RI�WKH�YHKLFOH
V�ILHOG��7KH�FHQWUDO�FLUFXLW��ZKLFKFRQWDLQV WKH�VPDOOHVW�SDUW�RI�WKH�PDLQ�SURSXOVRU
V�SRZHU�DQG�ZKRVH�IRUFH�OLQHV�SHQHWUDWH�WKHODUJHVW YROXPH�RI�VSDFH�� UHFHLYHV�PRVW�RI� WKLV�RSSRVLQJ�HQYLURQPHQWDO� ILHOG��7KHUHIRUH�WKHURWDWLRQ�RI�LWV�OLQHV�LV�VWRSSHG�DW�D�FHUWDLQ�GLVWDQFH�IURP�ERWK�HQGV�RI�WKH�FUDIW��DQG�IXUWKHU�RXWIURP WKH YHKLFOH� WKHVH� OLQHV� UHPDLQ� VWDWLRQDU\��%XW�ZLWKLQ� WKLV� GLVWDQFH� WKH� IRUFH� OLQHV� DUHZKLUOLQJ� 7KH�ZKLUOLQJ�IRUFH�OLQHV�RI�WKH�FHQWUDO�FLUFXLW�DUH�FRQQHFWHG�WR�WKH�VWDWLRQDU\�SDUW�RIWKLV VDPH�FLUFXLW�DW�WKH�WZR�HQG�SRLQWV�RI�WKH�URWDWLQJ�ILHOG
V�D[LV��7KHVH�DUH�FDOOHG�WKH��VOLS�SRLQWV��,W�VKRXOG�DOVR�EH�QRWHG�WKDW�WKH�PDQRHXYULQJ�RI�WKH�0DJQRFUDIW�UHTXLUHV�FKDQJHV�LQ�WKHUHODWLRQ EHWZHHQ�WKH�RXWSXWV�IURP�WKH�PDLQ�DQG�VLGH�SURSXOVRUV��6XFK�FKDQJHV�ZLOO�DIIHFW�WKHSURSRUWLRQV RI�PDJQHWLF�HQHUJ\�HQJDJHG�ZLWKLQ� WKH�SDUWLFXODU�FLUFXLWV�� ,Q�JHQHUDO��ZKHQ� WKH0DJQRFUDIW GHVFHQGV� �L�H�� LW� FUHDWHV�QR� OLIWLQJ� IRUFH�� WKH� FHQWUDO� FLUFXLW� WHQGV� WR�GLVDSSHDU�ZKHUHDV�WKH�VLGH�FLUFXLWV�EHFRPH�UHLQIRUFHG���VHH�)LJXUH�*����'XULQJ�DVFHQGLQJ�WKH�VLWXDWLRQLV UHYHUVHG�� L�H�� WKH� FHQWUDO� FLUFXLW� EHFRPH� YHU\� VWURQJ�� ZKHUHDV� WKH� VLGH� RQHV� DOPRVWGLVDSSHDU��
*�����&UHDWLRQ�RI�D�PDJQHWLF�ZKLUO
7KH�PDJQHWLF�ZKLUO�LV�IRUPHG�IURP�WKH�ZDYHV�RI�D�PDJQHWLF�ILHOG�ZKLFK�FLUFXODWH�DURXQGWKH 0DJQRFUDIW��7KHVH�PDJQHWLF�ZDYHV�DUH�SURGXFHG�LQ�D�ZD\�YHU\�VLPLODU�WR�ZDYHV�RQ�WKHVXUIDFH RI�WKH�VHD�� L�H��WKURXJK�WKH�DSSURSULDWH�VHTXHQFLQJ�RI�ULVHV�DQG�IDOOV�RI�WKH�RXWSXWVIURP WKH� YHKLFOH
V� VLGH� SURSXOVRUV�� 7R� DFKLHYH� VXFK� ULVHV� DQG� IDOOV� RI� WKHVH� RXWSXWV�� WKHSXOVDWLRQV RI� WKH�PDJQHWLF� ILHOG�SURGXFHG�E\�VXEVHTXHQW�VLGH�SURSXOVRUV�DUH�DSSURSULDWHO\VKLIWHG LQ� SKDVH�� %HORZ� LV� H[SODLQHG� WKH� PHFKDQLVP� LQYROYHG� LQ� VXFK� SKDVH� VKLIWLQJ� DQGVHTXHQFLQJ�RI�RXWSXWV�IURP�WKH�0DJQRFUDIW
V�VLGH�SURSXOVRUV�WR�SURGXFH�D�PDJQHWLF�ZKLUO�7KH SULQFLSOH�RI�PDJQHWLF�ZKLUO�SURGXFWLRQ�LV�LOOXVWUDWHG�LQ�)LJXUH�*����$V�WKLV�)LJXUHVKRZV� WKH�0DJQRFUDIW
V�VLGH�SURSXOVRUV�DUH�DUUDQJHG� LQ� UHSHDWHG�VHWV�RI� IRXU�XQLWV��HDFKODEHOOHG ZLWK�WKH�OHWWHUV�8��9��:�DQG�;��7KH�PDLQ�SURSXOVRU�LV�ODEHOOHG�0���VHH��E��DQG��F��LQ)LJXUH *��� VKRZLQJ� WZR�RYHUKHDG� YLHZV�RI� WKH�0DJQRFUDIW�� (DFK� VHFWLRQ� RI� WKH� YHKLFOH
VIODQJH ZKLFK�FRQWDLQV�RQH�VHW�RI�IRXU�VXEVHTXHQW�VLGH�SURSXOVRUV��PDUNHG�8��9��:�DQG�;��LV
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FDOOHG D��VHFWRU���7KHUH�LV��.����VHFWRUV� LQ�HDFK�YHKLFOH��7KH�.��W\SH�RI�0DJQRFUDIW��ZKLFKSRVVHVVHV HLJKW�VLGH�SURSXOVRUV��KDV� WZR�VXFK�VHFWRUV��(DFK�VXFFHVVLYH� W\SH�RI�FUDIW� KDVRQH�VHFWRU�PRUH�WKDQ�WKH�SUHFHGLQJ�W\SH��)RU�H[DPSOH��WKH�.��W\SH�KDV�WKUHH�VHFWRUV�DQG�WKH.��W\SH�KDV�ILYH�VHFWRUV��VHH�)LJXUH�*�����,Q HDFK�VHFWRU�WKH�VDPH�OHWWHU�ODEHOV�D�SURSXOVRU�WKDW�LV�WR�SXOVDWH�ZLWK�D�JLYHQ�SKDVHVKLIW� $OO�SURSXOVRUV�RI�WKH�0DJQRFUDIW�WKDW�DUH�ODEHOOHG�ZLWK�WKH�VDPH�OHWWHU�PXVW�DOVR�SXOVDWHZLWK H[DFWO\�WKH�VDPH�SKDVH�VKLIW��L�H��LQ�KDUPRQ\�ZLWK�RQH�DQRWKHU���)RU�WKLV�UHDVRQ�DOO�VLGHSURSXOVRUV PDUNHG�ZLWK�WKH�VDPH�OHWWHU�DUH�FDOOHG�D��JURXS���7KXV�LQ�WKH�0DJQRFUDIW�WKHUH�LVD �8�JURXS���D��9�JURXS���D��:�JURXS��DQG�DQ��;�JURXS��RI�VLGH�SURSXOVRUV��7KH�QXPEHU�RISURSXOVRUV�LQ�HDFK�JURXS�LV�HTXDO�WR��.�����L�H��WR�WKH�QXPEHU�RI�VHFWRUV�LQ�WKH�YHKLFOH��3URSXOVRUV RI�WKH�VDPH�JURXS�SXOVDWH�LQ�V\QFKURQL]DWLRQ�WRZDUGV�HDFK�RWKHU���VHH��D�LQ )LJXUH�*����%XW�EHWZHHQ�WKH�RXWSXW�RI�WKH�SURSXOVRUV�WKDW�EHORQJ�WR�GLIIHUHQW�JURXSV�WKHUHLV D�FXPXODWLYH�SKDVH�VKLIW�RI�RQH�TXDUWHU�RI�D�SHULRG���7���RU���( IRU�D�F\FOLF�IXQFWLRQ��1RWHWKDW�WR�IXOILO�WKH�FRQGLWLRQ�H[SODLQHG�LQ�VXEVHFWLRQ�*�����WKH�SKDVH�VKLIW�PXVW�KDYH�H[DFWO\�WKLVYDOXH�DQG�FDQ�QRW�EH�HYHQ�VOLJKWO\�ODUJHU�RU�VPDOOHU��$V�D�UHVXOW�RI�WKLV�SKDVH�VKLIW��HDFK�JURXSRI VLGH�SURSXOVRUV�KDV�D�PDJQHWLF�IOX[��)��RI�D�GLIIHUHQW�YDOXH�DW�D�SDUWLFXODU�PRPHQW�RI�WLPH�W�� 7KH� YDULDWLRQ� �FKDQJH�� RI� WKLV� YDOXH� LQ� WLPH� LV� UHIOHFWHG� E\� WKH� FRXUVH� RI� DSSURSULDWHVLQXVRLGV�LOOXVWUDWHG�LQ�SDUW��D��RI�)LJXUH�*����$V DQ� H[DPSOH�� OHW� XV� DQDO\]H� WKH� GLVWULEXWLRQ� RI� WKH� PDJQHWLF� IOX[� DURXQG� WKH0DJQRFUDIW�DW�D�PRPHQW�RI�WLPH�W� ��7��7KLV�GLVWULEXWLRQ�LV�LOOXVWUDWHG�LQ�SDUW��E��RI�)LJXUH�*��ZKLFK�VKRZV�WKH�0DJQRFUDIW�IURP�DQ�RYHUKHDG�YLHZ��OHWWHUV�0��DQG�8��9��:��;�ODEHO�WKH�PDLQDQG VLGH�SURSXOVRUV�RI�WKLV�YHKLFOH���$W�WKLV�VSHFLILF�WLPH�WKH�YDOXH�RI�WKH�PDJQHWLF�IOX[�LQ�WKH�8� SURSXOVRU�RI�DQ\�VHFWRU�LV�GHFUHDVLQJ���9��LV�DW�LWV�PD[LPXP�YDOXH���:��LV�LQFUHDVLQJ��DQG�;� LV�DW� LWV�PLQLPXP�YDOXH��7KH� ILHOG� IURP� WKH� �8��SURSXOVRU� LQ� WKH�QH[W�VHFWRU� LV� OLNHZLVHGHFUHDVLQJ� DQG�VR�RQ��7KH�HIIHFW�RI�WKHVH�RXWSXWV�VR�VHTXHQFHG�LV�WR�SURGXFH�WZR�PDJQHWLFZDYHV DURXQG�WKH�0DJQRFUDIW��7KHVH�ZDYHV�DUH�PRYLQJ�DOO�WKH�WLPH��7KHLU�PRYHPHQW�FDQ�EHUHDOL]HG E\�REVHUYLQJ�WKH�FKDQJH�RI�WKH�ZDYHV
�SRVLWLRQ�DIWHU�D�IXUWKHU�TXDUWHU�RI�D�SHULRG�RIILHOG SXOVDWLRQ��L�H��IURP�W� ��7�WR�W� ��7��ZKLFK�LV�LOOXVWUDWHG�LQ�SDUW��F��RI�)LJXUH�*����$W�DPRPHQW RI�WLPH�W� ��7�WKH��:��SURSXOVRUV�DUH�QRZ�DW�WKHLU�PD[LPXP�YDOXH��DQG�WKH�RWKHUSURSXOVRUV DUH�VLPLODUO\�SURJUHVVHG��7R�PHDVXUH�WKH�PRYHPHQW�RI�WKH�ZDYHV��WKH�IDFWRU��$�ZKLFK UHSUHVHQWV� WKH� DQJXODU� SRVLWLRQ� RI� WKH� PD[LPXP� RI� D� ILUVW� ZDYH� LV� LQWURGXFHG�� ,WLOOXVWUDWHV WKDW� ZLWK� WKH� HODSVH� RI� WLPH�� WKH� DQJXODU� SRVLWLRQ� �$�� RI� WKH� ZDYHV� LV� DOVRSURJUHVVHG LQ�DFFRUGDQFH�ZLWK�WKH�ILHOG�SXOVDWLRQ��$IWHU�WKH�WLPH�W �7�WKH�ZDYHV�FRPSOHWHO\FLUFXODWH DURXQG�WKH�.��YHKLFOH�� ,Q�VXFK�D�ZD\�� WKH�KLJK�IUHTXHQF\�URWDWLRQ�RI� WKHVH�ZDYHVSURGXFHV�WKH�UHTXLUHG�PDJQHWLF�ZKLUO��7KH�SHULRG�7 RI�WKH�ZDYHV
�URWDWLRQ�LV�GHVFULEHG�E\�WKH:IROORZLQJ�HTXDWLRQ�7  ��.���Â7� �����ÂQÂ7 �*���:7KLV SHULRG� LV� D� IXQFWLRQ� RI� WKH� WRWDO� QXPEHU� �Q�� RI� VLGH� SURSXOVRUV� DQG� WKH� SHULRG� �7�� RISXOVDWLRQ RI�WKH�PDJQHWLF�ILHOG�JHQHUDWHG�E\�WKHVH�SURSXOVRUV��WKH�YDOXH�RI�7�LV�H[SUHVVHG�E\HTXDWLRQ�)����7KH�DPSOLWXGH�RI�WKH�ZDYHV�FLUFXODWLQJ�DURXQG�WKH�0DJQRFUDIW��VR�DOVR�WKH�SRZHU�RI�WKHZKLUO� LV� FRQWUROOHG� E\� DGMXVWLQJ� WKH� DPSOLWXGH� RI� WKH� ILHOG
V� SXOVDWLRQV� ZLWKLQ� WKH� VLGHSURSXOVRUV� %XW�WKH�DPSOLWXGLQDO�ZDYHV�IRUPHG�IURP�WKH�RXWSXWV�RI�WKH�VLGH�SURSXOVRUV�DIIHFWWKH�IRUFH�OLQHV�RI�WKH�PDLQ�PDJQHWLF�FLUFXLW�VKRZQ�LQ�)LJXUH�*����7KH�SDUW�RI�WKH�ILHOG�SURGXFHGE\ WKH� PDLQ� SURSXOVRU�� ZKLFK� SUHYLRXVO\� ZDV� FRQQHFWHG� WR� WKH� VLGH� SURSXOVRUV� ZKLFKGHFUHDVH WKHLU�RXWSXW��PXVW�MXPS�DQG�FRQQHFW�WR�WKH�QH[W�VLGH�SURSXOVRUV�ZKRVH�RXWSXWV�DUHLQFUHDVLQJ��,Q�WKLV�PDQQHU��WKH�FLUFXODWLRQ�RI�WKH�DPSOLWXGH�ZDYHV�DFWLYDWHV�WKH�FKDQJHV�LQ�WKH
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SDWKV RI� WKH�PDJQHWLF�FLUFXLWV�E\�SXVKLQJ� WKHP�WR� MRLQ� WKH�QH[W�SURSXOVRUV��DQG� LQ� WKLV�ZD\FDXVLQJ WKH� IRUFH� OLQHV�RI� WKHVH�FLUFXLWV� WR� URWDWH�DOVR��7KXV� WKH�VHTXHQW�SXOVDWLRQV�RI� WKHRXWSXWV IURP� WKH� VLGH� SURSXOVRUV� SURGXFH� D� PDJQHWLF� ZKLUO� ZKLFK� PDQLIHVWV� LWVHOI� DV� WKHZKLUOLQJ�RI�WKH�0DJQRFUDIW
V�IRUFH�OLQHV�DURXQG�WKH�YHKLFOH
V�FHQWUDO�D[LV��1RWLFH WKDW�WKH�ZKLUO�LV�SURGXFHG�IRU�DQ\�V\QFKURQL]HG�WLPH�YDU\LQJ�RXWSXW�RI�WKH�VLGHSURSXOVRUV DQG�QRW�MXVW�IRU�WKH�VLQXVRLGDO�YDULDWLRQ��VKRZQ�IRU�FRQYHQLHQFH�LQ�)LJXUH�*����$VZDV H[SODLQHG�LQ�VXEVHFWLRQ�)�����WKH�0DJQRFUDIW
V�SURSXOVRUV�LQ�UHDOLW\�SURGXFH�D�ILHOG�ZLWKD�YDULDWLRQ�ZKLFK�IROORZV�D�NLQG�RI��EHDW�W\SH��FXUYH��URXJKO\�UHSUHVHQWHG�E\�) LQ�)LJXUH�)��5

*�����7KH�LRQLF�SLFWXUH�RI�D�ZKLUO
7KH PDJQHWLF�FLUFXLWV�RI� WKH�0DJQRFUDIW�GXULQJ�WKHLU�ZKLUOLQJ�FUHDWH�D�XQLTXH�SLFWXUHFDOOHG WKH� �LRQLF�SLFWXUH�RI�D�ZKLUO��� ,W� LV�VKRZQ� LQ�)LJXUH�*����%HFDXVH�DLU� LRQL]HG�E\� WKHPDJQHWLF ZKLUO� HPLWV� FRORXUHG� OLJKWV�� WKH� SLFWXUH� LV� YLVLEOH� ZKHQ� WKH�0DJQRFUDIW� IOLHV�� 7KHVXEVHFWLRQ WKDW� IROORZV� H[SODLQV� WKH� PHFKDQLVP� RI� LWV� IRUPDWLRQ� DQG� DOVR� LWV� PDLQFKDUDFWHULVWLFV��)LJXUH *��� JLYHV� WKH� RXWOLQHV� RI� WKH� 0DJQRFUDIW� �VHH� EURNHQ� OLQHV�� DQG� WKHFKDUDFWHULVWLF HOHPHQWV� RI� LWV� PDJQHWR�LRQLF� ZKLUO�� 7KHVH� HOHPHQWV� LQFOXGH� WKH� PDJQHWLFFLUFXLWV �DOVR�SUHVHQWHG�LQ�)LJXUHV�*���DQG�*����DQG�WKH�WUDFHV�FUHDWHG�IURP�WKH�DLU�LRQL]HGE\ WKHVH�FLUFXLWV��&RQWLQXRXV�OLQHV�LQ�)LJXUH�*���LQGLFDWH�WKH�FHQWUDO�PDJQHWLF�FLUFXLW��&���WKHPDLQ PDJQHWLF� FLUFXLWV� �0��� DQG� WKH� VLGH� PDJQHWLF� FLUFXLWV� �6��� :KHQ� WKHVH� FLUFXLWV� DUHZKLUOLQJ WKH\� IRUP�D�SDWWHUQ�ZKLFK� LV�YLVLEOH�GXH� WR� WKH� LRQL]DWLRQ��VKRZQ� LQ�)LJXUH�*���DVEODFNHQHG DUHDV�� ,Q� WKLV� LRQLF� SLFWXUH� RI� D� ZKLUO�� VHYHUDO� FKDUDFWHULVWLF� IHDWXUHV� FDQ� EHGLVWLQJXLVKHG� 7KH� PRVW� VLJQLILFDQW� RI� WKHVH� DUH�� WKH� FHQWUDO� VZLUOLQJ� SLOODU� ����� WKH� PDLQVZLUOLQJ EORFN������DQG�WKH�IODQJH�����RI�VLGH�VZLUOLQJ��7KHVH�IHDWXUHV
�LQWHQVLW\�RI�FRORXU�LQ�WKHSLFWXUH�GHSHQGV�RQ�WKH�ORFDO�GHQVLW\�RI�WKH�LRQL]HG�OD\HU��)RU�H[DPSOH��WKH�FXUYLQJ�RI�WKH�ORZHUSDUW RI� WKH�PDLQ� VZLUOLQJ� EORFN� IRUPV� WZR� EXOJHV� ���� EHORZ� WKH� VLGH� VZLUOLQJ� IODQJH� ����� $QRWDEOH�IHDWXUH�RI�WKLV�SLFWXUH�LV�WKH��XSSHU�VOLS�SRLQW������RI�WKH�FHQWUDO�SLOODU��$W�WKLV�SRLQW��WKHZKLUOLQJ VHFWLRQ�RI� IRUFH� OLQHV�RI� WKH�FHQWUDO�FLUFXLW� �&��PHHW� WKH�VWDWLRQDU\�VHFWLRQ�RI� WKHVHOLQHV� $ERYH� WKH� VOLS� SRLQW� WKH�ZKLUOLQJ�PRYHPHQW� RI� WKH� OLQHV� RI� WKH� FHQWUDO� FLUFXLW� VWRSV�7KHUHIRUH�WKH�DLU�FHDVHV�WR�JORZ�DQG�WKH�FLUFXLW�EHFRPHV�LQYLVLEOH��7KH�FHQWUDO�FLUFXLW�DOVR�KDVD��ORZHU�VOLS�SRLQW�������EXW�XVXDOO\�LW�LV�FRQFHDOHG�EHKLQG�WKH�PDLQ�DQG�VLGH�VZLUOLQJV�7KH�LRQLF�SLFWXUH�RI�D�ZKLUO�GHVFULEHG�KHUH PD\�FKDQJH��GHSHQGLQJ�RQ�WKH�0DJQRFUDIW
VIOLJKW SKDVH�� DQG� WKH� YHKLFOH
V� W\SH�� 7KH� ZKLUO� VKDSH� LOOXVWUDWHG� KHUH� UHODWHV� RQO\� WR� DPRWLRQOHVV �H�J��ODQGHG��FUDIW�RI�D�VPDOO�W\SH��H�J��.��RU�.����%XW�GXULQJ�IOLJKW�WKH�PRYHPHQWRI DLU�FKDQJHV WKH�VKDSH�RI�WKH�ZKLUO��GHSHQGLQJ�RQ�WKH�RULHQWDWLRQ�RI�WKH�YHKLFOH�LQ�UHODWLRQWR WKH�GLUHFWLRQ�RI�LWV�IOLJKW��$OVR��RWKHU�W\SHV�RI�0DJQRFUDIW��DQG�RWKHU�FRQILJXUDWLRQV��FUHDWHD�VOLJKWO\�GLIIHUHQW�VKDSH�RI�WKH�ZKLUO��*HQHUDOO\��DV�WKH��.URWQR�ü��IDFWRU��VHH�VXEVHFWLRQ�*����LQFUHDVHV�LWV�YDOXH��WKXV�IODWWHQLQJ�WKH�YHKLFOH
V�ERG\��DOVR�WKH�PDLQ�VZLUOLQJ�EORFN�IODWWHQV�DQGJUDGXDOO\�GLVDSSHDUV�EHKLQG�WKH�IODQJH�RI�VLGH�VZLUOLQJ��
*���7KUHH�PRGHV�RI�WKH�0DJQRFUDIW
V�RSHUDWLRQ
7KH�0DJQRFUDIW
V�PDJQHWLF�ILHOG�FDQ�EH�LQ�RQH�RI�WKUHH�GLIIHUHQW�VWDWHV������ZKLUOLQJ�����WKUREELQJ� DQG�����FRQVWDQW��7KXV�GHSHQGLQJ�RQ�WKH�VWDWH�WKLV�ILHOG�WDNHV��WKH�0DJQRFUDIW�FDQ
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RSHUDWH LQ RQH�RI�WKUHH�SRVVLEOH�PRGHV��7KH�VXEVHFWLRQ�WKDW�IROORZV�GHVFULEHV�HDFK�RI�WKHVHPRGHV�DQG�H[SODLQV�WKHLU�SURSHUWLHV�DQG�FDSDELOLWLHV�7KH VWDWH�RI�WKH�0DJQRFUDIW
V�ILHOG�ZKLOH�D�PDJQHWLF�ZKLUO�LV�EHLQJ�SURGXFHG�LV�FDOOHGLQ�WKLV�WUHDWLVH�WKH��PDJQHWLF�ZKLUO�PRGH�RI�RSHUDWLRQ���7KH�FKDUDFWHULVWLF�DWWULEXWH�RI�WKLV�PRGHLV WKDW� WKH VLGH�SURSXOVRUV�RI� WKH� YHKLFOH�SURGXFH�D�SXOVDWLQJ�PDJQHWLF� ILHOG�ZLWK�D� VWULFWO\FRQWUROOHG PXWXDO�SKDVH�VKLIW��$�GLIIHUHQW�PRGH��ZKHQ�WKH�VLGH�SURSXOVRUV�RI�WKH�0DJQRFUDIWVWLOO SURGXFH�D�SXOVDWLQJ�PDJQHWLF�ILHOG�EXW�HOLPLQDWH�WKHLU�PXWXDO�SKDVH�VKLIW�� LV�FDOOHG�KHUHD �WKUREELQJ�PRGH���,Q�WKH�WKUREELQJ�PRGH�RI�RSHUDWLRQ�WKH�PDJQHWLF�ZKLUO�LV�QRW�SURGXFHG�DWDOO� %XW� WKH� ILHOG�VKULQNV�DQG�H[SDQGV� LQ�D�PDQQHU�VLPLODU� WR� WKH�EHDWLQJ�RI� WKH�KHDUW��7KHSXOVDWLQJ RXWSXW�IURP�WKH�SURSXOVRUV�RI�WKH�0DJQRFUDIW�FDQ�DOVR�EH�FKDQJHG�LQWR�D�FRQVWDQW�L�H� QRQ�SXOVDWLQJ��RQH��,Q�VXFK�D�FDVH�WKH�YHKLFOH
V�SURSXOVLRQ�RSHUDWHV�LQ�D��PDJQHWLF�OHQVPRGH�� 1RWLFH�WKDW�WKH�0DJQRFUDIW
V�FUHZ�PD\�VPRRWKO\�WUDQVIRUP�DQ\�RQH�RI�WKHVH�PRGHVLQWR DQ\�RWKHU�PRGH��$OVR��EHFDXVH�WKH�SDUDPHWHUV�RI�WKH�SURGXFHG�ILHOG�LQ�WKLV�YHKLFOH�FDQEH VPRRWKO\�FRQWUROOHG��WKHUH�DUH�YHU\�IOH[LEOH�SRVVLELOLWLHV�IRU�SDVVLQJ�IURP�RQH�PRGH�WR�DQ\RWKHU��ZKHQ�DQ\�LQWHQVLW\�IRU�HDFK�RI�WKHVH�PRGHV�FDQ�EH�DFKLHYHG��7KH PRVW� IUHTXHQWO\� XVHG�PRGH� RI� RSHUDWLRQ� LV� WKH�PDJQHWLF�ZKLUO�PRGH�� 7KLV� LVEHFDXVH WKH�VSLQQLQJ�PDJQHWLF�ILHOG�SURYLGHV�WKH�0DJQRFUDIW�ZLWK�WKH�ODWLWXGLQDO�FRPSRQHQWRI WKH�WKUXVW�IRUFH��L�H��WKH�FRPSRQHQW�ZKLFK�DFWV�LQ�DQ�HDVW�ZHVW�RU�ZHVW�HDVW�GLUHFWLRQ��,W�LVQHFHVVDU\ WR�FRPELQH�WKLV�ODWLWXGLQDO�FRPSRQHQW�ZLWK�WKH�PHULGLRQDO�FRPSRQHQW��IRUPHG�E\VODQWLQJ�WKH�SURSXOVRUV���VHH�VXEVHFWLRQ�*�����LQ�RUGHU�WR�DFKLHYH�IOLJKWV�LQ�DQ\�RWKHU�GLUHFWLRQH[FHSW�WKDW�RI�SUHFLVHO\�PHULGLRQDO�RQHV���0HULGLRQDO�IOLJKWV�DUH�WKRVH�ZKLFK�H[DFWO\�IROORZ�WKHPDJQHWLF QRUWK�VRXWK� RU� VRXWK�QRUWK� GLUHFWLRQ��� 2I� FRXUVH� WKH� LQWHQVLW\� RI� WKH� SURGXFHGPDJQHWLF ZKLUO�YDULHV�GHSHQGLQJ�RQ� WKH�GLUHFWLRQ�RI� IOLJKW�DQG� LV� WKH�VWURQJHVW� IRU�SUHFLVHO\ODWLWXGLQDO�IOLJKWV�DQG�GHFUHDVHV�JUDGXDOO\�ZKHQ�WKH�GLUHFWLRQ�RI�IOLJKW�EHFRPHV�FORVHU�WR�EHLQJPHULGLRQDO� )RU� SUHFLVHO\� PHULGLRQDO� IOLJKWV� WKH� PDJQHWLF� ZKLUO� PXVW� EH� H[WLQJXLVKHGFRPSOHWHO\�7KH WKUREELQJ� PRGH RI� RSHUDWLRQ� KDV� D� UDWKHU� OLPLWHG� XVH�� 7KLV� LV� EHFDXVH� WKHWKUREELQJ PRGH�DOORZV�RQO\�IRU�YHUWLFDO�DQG�VWULFWO\�PHULGLRQDO�IOLJKWV��%XW�LW�SURYLGHV�WKH�FUHZZLWK�SHUIHFW�YLVLELOLW\�RI�WKH�YHKLFOH
V�VXUURXQGLQJV��7KHUHIRUH�LW�LV�PDLQO\�XVHG�IRU�REVHUYDWLRQDOSXUSRVHV RU� IRU� OHLVXUH�� $OVR�� DV� LW� FDXVHV� WKH� OHDVW� GDPDJH� WR� WKH� HQYLURQPHQW�� LW� LVSDUWLFXODUO\ XVHIXO� IRU� ODQGLQJ� DQG� IRU� WDNH� RII��%HFDXVH�RI� WKH� OHVV� KDUPIXO� HIIHFWV� RI� WKLVPRGH� IRU�WKH�SXUSRVH�RI� ODQGLQJ�D�VSHFLDO��VDIHU�YHUVLRQ�RI� LW� LV� LQWURGXFHG��7KLV�YHUVLRQ�LVFDOOHG�KHUH�WKH��IRXU�FLUFXLWV��PRGH RI�RSHUDWLRQ��,Q�WKH�IRXU�FLUFXLWV�PRGH��LQGHSHQGHQWO\�RIWKH�W\SH�RI�0DJQRFUDIW��RQO\�IRXU�RI�LWV VLGH�SURSXOVRUV�DUH�OHIW�RSHUDWLRQDO��ZKHUHDV�WKH�RXWSXWIURP�WKH�UHVW�RI�WKHP�LV�H[WLQJXLVKHG��VHH�)LJXUH�*�����3UDFWLFDOO\�WKLV�PHDQV�WKDW�WKH�YHKLFOHIRUPV�RQO\�IRXU�PDLQ�PDJQHWLF�FLUFXLWV��ZKLFK�DIIHFW�WKH�HQYLURQPHQW�WR�D�PXFK�VPDOOHU�H[WHQWWKDQ ZRXOG� EH� WKH� FDVH� ZKHQ� WKH� FLUFXLWV� RI� DOO� WKH� �Q�� VLGH� SURSXOVRUV� DUH� DFWLYH� �VHHVXEVHFWLRQ *�����2I�FRXUVH��WKH�IRXU�FLUFXLWV�PRGH�OLPLWV�VLJQLILFDQWO\�WKH�RSHUDWLRQDO�DELOLWLHVRI WKH�0DJQRFUDIW�WKHUHIRUH�LW�LV�XVHG�DOPRVW�H[FOXVLYHO\�IRU�WKH�SXUSRVHV�RI�ODQGLQJ�DQG�WDNHRII�� 7KH�PDJQHWLF�OHQV�PRGH RI�RSHUDWLRQ��VLPLODUO\�WR�WKH�WKUREELQJ�PRGH��DOVR�KDV�OLPLWHGXVH�DV�LW�RQO\�DOORZV�IRU�VWULFWO\ PHULGLRQDO�DQG�YHUWLFDO�IOLJKWV��0RUHRYHU��LW�PDNHV�LW�LPSRVVLEOHIRU�WKH�FUHZ�WR�REVHUYH�WKH�HQYLURQPHQW�YLVXDOO\�DQG�UHTXLUHV�DOO�REVHUYDWLRQV�WR�EH�FRQGXFWHGZLWK LQVWUXPHQWV��%XW�EHFDXVH�WKLV�PRGH�PDNHV�WKH�0DJQRFUDIW� LQYLVLEOH�� LW�FDQ�EH�XVHG�LQDOO WKRVH�FDVHV�ZKHQ� WKH� FUHZ�GRHV�QRW�ZLVK� WR�EH�QRWLFHG� �H�J�� LQ�DOO� VS\LQJ�DQG�PLOLWDU\PLVVLRQV� IRU� WKH� REVHUYDWLRQ� RI� WKH� XQLQWHUUXSWHG� EHKDYLRXU� RI� SHRSOH�� RU� GXULQJ� YLVLWV� WRSODQHWV�ZLWK�KRVWLOH�FLYLOL]DWLRQV���
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*�����9LVXDO�UHFRJQLWLRQ�RI�WKH�PRGH
'XULQJ�HDFK�PRGH�RI�WKH�0DJQRFUDIW
V�RSHUDWLRQ��WKH�DWWULEXWHV�RI�WKLV�YHKLFOH��LQFOXGLQJYLVXDO RQHV�� DUH� YHU\� GLIIHUHQW�� $� VXPPDU\� RI� WKHVH� DWWULEXWHV� LV� SUHVHQWHG� LQ� WKH� QH[WVXEVHFWLRQV��2QO\�WKRVH�DWWULEXWHV�DUH�H[DPLQHG�KHUH�ZKLFK�LPSDFW�RQ�WKH�YLVXDO�DSSHDUDQFHRI WKH�0DJQRFUDIW��2QH� RI� WKH�PDLQ� UHDVRQV� IRU�ZKLFK� LW� LV� YLWDO� WKDW� SHRSOH� NQRZ� KRZ� WRUHFRJQL]H WKH� 0DJQRFUDIW
V� PRGH� RI� RSHUDWLRQ� LV� VDIHW\�� ,Q� WKH� PDJQHWLF� ZKLUO� PRGH� RIRSHUDWLRQ WKH�0DJQRFUDIW�LV�H[WUHPHO\�GDQJHURXV�DV�LW�FDQ�FDXVH�LQVWDQW�GHDWK��WKURXJK�WKHPDJQHWLF EXUQLQJ� RI� WLVVXHV�� RI� SHRSOH� ZKR� DSSURDFK� LW�� DQG� WKH� PHOWLQJ� RU� LQGXFWLYHH[SORVLRQ RI�PHWDOOLF�YHKLFOHV� WKDW�FRPH� WRR�FORVH��%XW� LQ� WKH� WKUREELQJ�DQG�PDJQHWLF� OHQVPRGH RI�RSHUDWLRQ�WKH�0DJQRFUDIW�LV�UHDVRQDEO\�VDIH��DSDUW�IURP�WKH�GLUHFW�H[SRVXUH�WR�WKHRXWOHWV�IURP�LWV�SURSXOVRUV��DQG�FDQ�EH�DSSURDFKHG�DQG�HYHQ�WRXFKHG�ZLWKRXW�IHDU��7KHUHIRUHLW LV� LPSRUWDQW� WKDW� LQGLYLGXDOV��DV�ZHOO� DV�VSHFLDO�VHUYLFHV� �SROLFH��SLORWV��DUH�DEOH� WR�HDVLO\GLVWLQJXLVK EHWZHHQ�WKH�GDQJHURXV�DQG� WKH�VDIH�RSHUDWLRQ�RI� WKLV�YHKLFOH��HVSHFLDOO\� LQ� WKHOLJKW�RI�WKH�IRUPDO�SURRI�SUHVHQWHG�LQ�FKDSWHU�.��7KH�PRGH�RI�WKH�0DJQRFUDIW
V�RSHUDWLRQ�FDQ�EH�GHWHUPLQHG�GXULQJ�D�YLVXDO�REVHUYDWLRQRI WKLV�YHKLFOH�RU�GXULQJ�DQ�H[DPLQDWLRQ�RI�LWV�SKRWRJUDSKV��,Q�WKH�PDJQHWLF�ZKLUO�PRGH RIRSHUDWLRQ��WKH�YHKLFOH�LV�KLGGHQ�LQVLGH�D�FORXG�RI�LRQL]HG DLU�IRUPHG�E\�WKH�PDJQHWLF�ZKLUO��7KLVFORXG� ZKHQ�REVHUYHG�E\�WKH�QDNHG�H\H�RU�SKRWRJUDSKHG�ZLWK�D�ORQJ�WLPH�H[SRVXUH��GLVSOD\VD QXPEHU RI� IHDWXUHV�FKDUDFWHULVWLF�RI� WKH� LRQLF�SLFWXUH�RI�D�ZKLUO� �ZKLFK�DUH� LOOXVWUDWHG�DQGH[SODLQHG LQ )LJXUH�*�����,I�WKLV�FORXG�LV�SKRWRJUDSKHG�ZLWK�D�YHU\�VKRUW�WLPH�H[SRVXUH��WKHSLFWXUH UHYHDOV�RQO\�WKH�VWUDQGV�RI�DLU�LRQL]HG�ZLWKLQ�WKH�PDJQHWLF�FLUFXLWV���VHH�)LJXUH�*����1RWLFH WKDW� VXFK� VSLQQLQJ� VWUDQGV� RI� WKH�PDLQ�PDJQHWLF� FLUFXLW� ORRN� OLNH� VWUHDPV� RI�ZDWHUGLVSHUVHG IURP�D�URWDWLQJ�VSULQNOHU��%XW�WKH�GLUHFWLRQ�RI�WKH�ZKLUO�URWDWLRQ�RI�WKH�0DJQRFUDIW
VILHOG LV�RSSRVLWH�IURP�WKDW�RI�WKH�ZDWHU�MHWV�IURP�VSULQNOHUV�RI�D�VLPLODU�VKDSH��7KLV�LV�EHFDXVHWKH PRWLRQ�RI WKH�0DJQRFUDIW
V�ILHOG�LV�IRUFHG�DW�WKH�YHKLFOH
V�HGJH��ZKHUHDV�WKH�VSULQNOHU�LVSURSHOOHG�DW�LWV�D[LV��,Q WKH�WKUREELQJ�PRGH RI�RSHUDWLRQ�WKH�VXUIDFH�RI�WKH�0DJQRFUDIW�FDQ�EH�FOHDUO\�YLVLEOH�%XW GXULQJ� SRRU� OLJKW� FRQGLWLRQV�� DW� WKH� RXWOHWV� IURP� WKH� SURSXOVRUV� DQG� DOVR� DORQJ� WKHPDJQHWLF FLUFXLWV�VRPH�JORZLQJ�DUHDV�PD\�EH�QRWLFHG��7KHVH�JORZLQJ�DUHDV�PD\� WDNH� WKHVKDSH VKRZQ�LQ�)LJXUH�*����ZKHQ�REVHUYHG�E\�WKH�QDNHG�H\H�RU�ZKHQ�SKRWRJUDSKHG�ZLWK�DORQJ WLPH�H[SRVXUH�IURP�D�PRWLRQOHVV�VSDFHFUDIW��,W�LV�ZRUWK�VWUHVVLQJ�KHUH�WKDW�EHFDXVH�WKHRSSRVLWH PDJQHWLF� SROHV� RI� WKH� 0DJQRFUDIW
V� SURSXOVRUV� FDXVH� WKH� LRQL]HG� DLU� WR� JORZ� LQGLIIHUHQW FRORXUV�� SDWWHUQV� VKRZQ� LQ� )LJXUH� *��� DOORZ� XV� WR� GHWHUPLQH� WKH� SRODULW\� RI� WKHYHKLFOH
V SURSXOVRUV��,Q�JHQHUDO��D�UHG�\HOORZ�JORZ�LV�HPLWWHG�E\�WKH�DLU�LRQL]HG�DW�WKH�RXWOHWVZKHUH WKH�QRUWK�PDJQHWLF�SROH��1��SUHYDLOV��ZKHUHDV�D�EOXH�JUHHQ�FRORXU�LV�HPLWWHG�E\�WKHDLU LRQL]HG�DW�WKH�SURSXOVRUV
�RXWOHWV�ZKHUH�WKH�VRXWK�PDJQHWLF�SROH��6��SUHYDLOV��:KHQ�WKH0DJQRFUDIW PRYHV�IDVW�RU�ZKHQ�LW�LV�WDNHQ�ZLWK�D�VKRUW�WLPH�RI�H[SRVXUH��LQGLYLGXDO�SXOVDWLRQVRI LWV�PDJQHWLF�ILHOG�SURGXFH�D�YDULHW\�RI�SDWWHUQV�WKDW�UHIOHFW�D�PXOWLSOH�LPDJH�RI�WKH�YHKLFOH
VFLUFXLWV� 7KH�SULQFLSOHV�RI�IRUPDWLRQ�RI�WKHVH�PXOWLSOH�LPDJHV�RI�WKH�0DJQRFUDIW
V�FLUFXLWV�DUHH[SODLQHG�LQ�)LJXUH�*����7KH�VKDSHV�RI�WKH�SDWWHUQV�UHYHDOHG�LQ�VXFK�FDVHV�GHSHQG�RQ�PDQ\IDFWRUV� VXFK�DV�WKH�RULHQWDWLRQ�RI� WKH�FUDIW� �L�H�� WKH�VHFWLRQ�RI� LWV�PDJQHWLF�FLUFXLWV�GLUHFWHGWRZDUGV�WKH�REVHUYHU���WKH�GLUHFWLRQ�RI�LWV�PRYHPHQW��WKH�OLJKW�DQG�ZHDWKHU�FRQGLWLRQV��HWF�7KHUH PD\�RFFXU�VRPH�SUREOHPV�ZLWK�UHFRJQLWLRQ�RI�WKH�PDJQHWLF�OHQV�PRGH RI�WKH0DJQRFUDIW
V RSHUDWLRQ�� DV� WKH� YHKLFOH� LV� WKHQ� FRPSOHWHO\� LQYLVLEOH� WR� WKH� QDNHG� H\H� DQGXQGHWHFWDEOH E\�D�UDGDU�EHDP��EXW�VOLJKWO\�UHJLVWUDEOH��DV�D�NLQG�RI�XQIRFXVHG�VKDSH��RQ�D
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VHQVLWLYH�SKRWRJUDSKLF�ILOP��6XFK�SKRWRJUDSKV�RQO\�UHYHDO�WKH�OLJKW�SURGXFHG�E\�WKH�VSDFHFUDIWLWVHOI �L�H��QRW�WKH�OLJKW�UHIOHFWHG�IURP�LW��DV�RQO\�WKLV�OLJKW�LV�DEOH�WR�SDVV�RXWZDUGV�WKURXJK�WKHPDJQHWLF OHQV��2I�FRXUVH�WKH�FUHZ�PD\�LQWHQWLRQDOO\�HOLPLQDWH�DQ\�HPLVVLRQ�RI�OLJKW�IURP�WKHVSDFHFUDIW��
*�����7KH�68%�V\VWHP�IRU�LQGLFDWLQJ�WKH�0DJQRFUDIW
V�PRGH�RI�RSHUDWLRQ
%HFDXVH RI� UHDVRQV� RI� VDIHW\�� WKH� DFWXDO� PRGH� LQ� ZKLFK� WKH� SURSXOVRUV� RI� WKH0DJQRFUDIW�ZRUN�PXVW�EH�NQRZQ�QRW�RQO\�E\�WKH�FUHZ�RI D�JLYHQ�YHKLFOH��EXW�DOVR�E\�SHRSOH�RQWKH JURXQG�DQG�E\�FUHZV�RI�DQ\�RWKHU�YHKLFOHV�ZKLFK�DUH�LQ�WKH�YLFLQLW\��7KLV�LV�YHU\�LPSRUWDQWIRU DYRLGLQJ� DFFLGHQWV�� IRU� VSDFH� WUDIILF� FRQWURO�� DQG� IRU� FRXSOLQJ�GHFRXSOLQJ� DFWLYLWLHV�7KHUHIRUH� WR� LQGLFDWH� WKH� DFWXDO� VWDWH� RI� SURSXOVLRQ�� D� VSHFLDO� V\VWHP� RI� ODPSV� PXVW� EHLQVWDOOHG LQ� WKH�0DJQRFUDIW�� 7KLV� V\VWHP� UHSUHVHQWV� DQ� DGYDQFHG� YHUVLRQ� RI� WKH� SRVLWLRQDO�QDYLJDWLRQ��OLJKWV�XVHG�LQ�PRGHUQ�DHURSODQHV� ,W�LV�FDOOHG�KHUH�WKH��68%�V\VWHP��IURP�WKH�ILUVWOHWWHUV RI�LWV�3ROLVK�QDPH���V\VWHP�6\JQDOL]DFML�8NáDGDPL�%DUZQ\PL���L�H��V\VWHP�RI�VLJQDOOLQJWKURXJK FRORXU� SDWWHUQV��� 7KLV� VXEVHFWLRQ� H[SODLQV� LWV� FRPSRQHQWV�� RSHUDWLRQ�� DQG� PDLQIXQFWLRQV��7KH FRPSRQHQWV�RI�WKH�68%�V\VWHP�DUH�VKRZQ�LQ�)LJXUH�*����,W�FRQVLVWV�RI�IRXU��RU�DPXOWLSOH RI� IRXU�� ODUJH� VLJQDOOLQJ� ODPSV� �OLJKWV�� LQVWDOOHG� DURXQG� WKH� YHKLFOH
V� SHULPHWHU�XVXDOO\ RQ WKH�RXWHU� WLS�RI� LWV� IODQJH��SOXV�D� IXUWKHU� IRXU�VPDOO� ODPSV� LQVWDOOHG�RQ� WKH�SLORW
VFRQWURO SDQHO�LQ�WKH�FUHZ�FDELQ��7KH�ODUJH�ODPSV�IURP�WKH�YHKLFOH
V�IODQJH�DUH�SRVLWLRQHG�ZLWKHTXDO�VSDFLQJ�EHWZHHQ�WKHPVHOYHV��7KH\�DUH�PDUNHG�ZLWK�WKH�OHWWHUV�8��9��:�DQG�;��7KH�IRXUVPDOO OLJKWV�RQ�WKH�SLORW
V�FRQWURO�SDQHO�DUH�SRVLWLRQHG�LQ�D�URZ�DQG�PDUNHG�ZLWK�WKH�OHWWHUV�X �LY � Z ��DQG�[ ��7KHVH�OLJKWV�RQ�WKH�FRQWURO�SDQHO�DUH�GXSOLFDWHV�RI�WKH�OLJKWV�RQ�WKH�IODQJH�DQGL L LDUH LQVWDOOHG�IRU�WKH�SLORW
V�XVH��L�H��WKH\�OLJKW�XS�LQ�DQ�LGHQWLFDO�PDQQHU�WR�WKH�OLJKWV�IURP�WKHIODQJH WKDW�DUH�PDUNHG�ZLWK�D�FRUUHVSRQGLQJ�OHWWHU��(DFK�ODPS�RI�WKH�68%�V\VWHP�HPLWV�WKHFRORXU RI� OLJKW�ZKLFK�FRUUHVSRQGV� WR� WKH�YDULDWLRQ� LQ� WKH�PDJQHWLF� ILHOG�RI� WKH�JURXS�RI�VLGHSURSXOVRUV�PDUNHG�ZLWK�WKH�VDPH�OHWWHU��VHH�)LJXUH�*�����7KHUHIRUH�WKH�FRORXU�SDWWHUQ�FUHDWHGE\ WKH� OLJKWV� LV�GHSHQGHQW�RQ� WKH� ILHOG�SXOVDWLRQ� LQ� WKH�SDUWLFXODU�VLGH�SURSXOVRUV��7KH� OLJKWHPLWWHG E\� WKH� 68%� V\VWHP� XVHV� WKUHH� PDLQ� FRORXUV� ZKRVH� SUHFLVH� VKDGHV� DUH� FORVHO\FRQWUROOHG ��VHH�7DEOH�*���7KHVH�VKDGHV�ZLWKLQ�WKH�OLJKW
V�PDLQ�FRORXU�PD\�YDU\�GHSHQGLQJRQ WKH SROH�RI�WKH�PDJQHWLF�ILHOG�DQG�WKH�LQWHQVLW\��DPSOLWXGH��RI�WKH�ILHOG
V�SXOVDWLRQ��2Q�WKHRWKHU KDQG��WKH�PDLQ�FRORXUV�RI� WKH� ODPSV
�JORZ�GHSHQG�RQ�WKH�DFWXDO�VWDWH�RI� WKH�RXWSXW
VDPSOLWXGH IURP WKLV� JURXS� RI� SURSXOVRUV�ZKLFK� DUH� VLJQDOOHG� E\� D� JLYHQ� VHW� RI� ODPSV�� )RUH[DPSOH� LI�WKH�YDOXH�RI�D�SXOVDWLQJ�RXWSXW�LQ�WKH��9��SURSXOVRUV�UHDFKHV�WKH�PD[LPXP�RI�LWVDPSOLWXGH��DOO�WKH��9��ODPSV�HPLW�UHG�OLJKW���VHH�7DEOH�*���:KHQ�WKH�YDOXH�RI�WKH�ILHOG�LQ WKH��9�SURSXOVRUV UHDFKHV�WKH�PLGGOH�RI�LWV�DPSOLWXGH��WKHQ�DOO�WKH��9��OLJKWV�FKDQJH�FRORXU�WR�EULJKW\HOORZ �FRPSDUH�WKH�GLDJUDP�LQ�)LJXUH�*���ZLWK�7DEOH�*����:KHQ�WKH�YDOXH�RI�WKH�ILHOG�LQ�WKH�9� SURSXOVRUV�UHDFKHV� LWV�PLQLPXP��WKH��9�� ODPSV�HPLW�D�EOXH�FRORXU�� ,Q�D�VLPLODU�PDQQHUFRORXUV DOVR�FKDQJH�LQ�WKH�ODPSV�WKDW�UHIOHFW�WKH�RXWSXW�IURP�WKH��8����:��DQG��;��JURXSV�RISURSXOVRUV��7KH DERYH�H[SODQDWLRQ�LOOXVWUDWHV�WKDW�WKH�FKDQJLQJ�RI�FRORXU�SDWWHUQV�LQ�HDFK�OLJKW�LVD YLVXDO� LQGLFDWLRQ�RI�WKH�ILHOG�YDULDWLRQ�RI�WKH�SDUWLFXODU�JURXS�RI�SURSXOVRUV��7KXV�WKH�68%OLJKWV JLYH�FRPSOHWH�LQIRUPDWLRQ�DERXW�WKH�VWDWH�RI�WKH�YHKLFOH
V�PDJQHWLF�ILHOG��7KH\�LQGLFDWHWKH PRGH�RI�RSHUDWLRQ�RI�WKH�SURSXOVRUV��E\�VKRZLQJ��WKH�URWDWLRQ�RI�FRORXUV�IRU�WKH�PDJQHWLFZKLUO�PRGH��WKH�VWDWLRQDU\�RQ�RII�IODVKLQJ�IRU�WKH�WKUREELQJ�PRGH��RU�WKH�FRQWLQXRXV�RQH�FRORXU
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JORZ IRU�WKH�PDJQHWLF�OHQV�PRGH�RI�WKH�SURSXOVRUV
�RSHUDWLRQ���WKH�GLUHFWLRQ�RI�ZKLUO�URWDWLRQ�E\�WKH�GLUHFWLRQ�LQ�ZKLFK�JLYHQ�FRORXUV�DSSDUHQWO\�PRYH���WKH�RULHQWDWLRQ�RI WKH�PDJQHWLF�SROHV�ZKLFK FRORXU�LV�GRPLQDQW���WKH�DPSOLWXGH�RI�SXOVDWLRQ��E\�GLIIHUHQWLDWLRQ�EHWZHHQ�WKH�GHSWKVRI WKH�FRORXUV�DW�H[WUHPH�SRLQWV�RI�SXOVHV���DQG�WKH�OHYHO�RI�WKH�FRQVWDQW�FRPSRQHQW�LQ�WKHSURSXOVRUV
 RXWSXW��E\�D�PHDQ�VKDGH�RI�PDLQ�FRORXUV���6R�LQ�WKLV�ZD\�WKH�OLJKWV�RI�WKH�68%V\VWHP ZDUQ� WKH� FUHZV� RI� RWKHU� YHKLFOHV� DQG� SHRSOH� RQ� WKH� JURXQG� DERXW� WKH� ILHOGFRQILJXUDWLRQ DQG�SDUDPHWHUV�WKDW�SUHYDLO�DURXQG�D�JLYHQ�0DJQRFUDIW��,W�LV�YLWDO�WKDW�RUGLQDU\SHRSOH DOVR� OHDUQ� WR� UHFRJQL]H� WKHVH�ZDUQLQJV� �VHH�DOVR� WKH� LQFLGHQW�TXRWHG� LQ�VXEVHFWLRQ-����RI�>�@��
*���7KH�SURSHUWLHV�RI�WKH�0DJQRFUDIW
7KH 0DJQRFUDIW�LV�DQ�XQXVXDO�YHKLFOH��,WV�FRPSOHWLRQ�ZLOO�LQWURGXFH�WR�RXU�FLYLOL]DWLRQ�DWHFKQRORJLFDO�DGYDQFHPHQW�WKDW�KDV�QHYHU�RFFXUUHG�EHIRUH��7KLV�FUDIW�ZLOO�VHQG�XV�WR�WKH�VWDUVDQG FDUU\ XV�WR�WKH�FHQWUH�RI�WKH�(DUWK��ZLOO�IO\�ZLWK�D�VSHHG�FORVH�WR�WKH�VSHHG�RI�OLJKW�RU�ZLOOKRYHU PRWLRQOHVV�RYHU�RXU�JDUGHQV��ZLOO�VDYH�FRXQWOHVV�OLYHV�EXW�FDQ�DOVR�EH�XVHG�DV�D�WRRORI�GHVWUXFWLRQ��7KH XQLTXH�RSHUDWLRQ�RI�WKH�0DJQRFUDIW�LV�WKH�VRXUFH�RI�LWV�XQXVXDO�SURSHUWLHV��0DQ\RI WKHVH�DUH�XQNQRZQ�WR�XV��DV�QR�RWKHU�KXPDQ�GHYLFH�KDV�SUHYLRXVO\�EHHQ�DEOH�WR�FUHDWHWKHP� 6XFK�DWWULEXWHV�DV� WKH�PDJQHWLF� IUDPHZRUN�� LQGXFWLYH�VKLHOG��PDJQHWLF�ZKLUO��SODVPDVDZ� YDFXXP�EXEEOH��PDJQHWLF�OHQV��HWF���DUH�FRPSOHWHO\�XQIDPLOLDU��VR�WKH\�PD\�EH�GLIILFXOWWR FRPSUHKHQG�DV�PDQ\�SHRSOH�KDYH�QR�IUDPH�RI�UHIHUHQFH�WR�ZKLFK�WKHVH�SURSHUWLHV�FRXOGEH�FRPSDUHG��7KH GHVFULSWLRQV�WKDW�IROORZ�UHYHDO�WKH�EDVLF�DWWULEXWHV�RI�WKH�0DJQRFUDIW�DV�LW�DSSHDUVLQ DOO�WKUHH�PRGHV�RI�RSHUDWLRQ��,W�VKRXOG�EH�VWUHVVHG�WKDW�WKHVH�DUH�YHU\�EULHI�GHVFULSWLRQV�DQG WKDW� WKH� OLPLWHG� VL]H� RI� WKLV� WUHDWLVH� IRUFHV� WKH� DXWKRU� WR� LQWURGXFH� VKRUW� FXWV� LQ� WKHH[SODQDWLRQV SURYLGHG��%XW�IXUWKHU�GHWDLOV�FDQ�EH�GHGXFWHG�IURP�WKH�PDWHULDO�SUHVHQWHG�KHUH�$OVR WKH� DXWKRU�ZHOFRPHV�TXHVWLRQV�� LQTXLULHV�� DQG�FRPPHQWV� FRQFHUQLQJ�DQ\�SDUW�RI� WKLVWUHDWLVH��
*�����7KH�SURSHUWLHV�RI�WKH�0DJQRFUDIW�GXULQJ�WKH�PDJQHWLF�ZKLUO�PRGH�RI�RSHUDWLRQ
7KH SRZHUIXO�ZKLUOLQJ�PDJQHWLF� ILHOG� FUHDWHV� D� FLUFXODWLQJ� HOHFWULFDO� ILHOG� DURXQG� WKH0DJQRFUDIW
V VXUIDFH�ZKLFK� VZHHSV�DZD\�DQ\� LRQL]HG�PROHFXOHV�SUHVHQW� LQ� WKH�DLU��7KHVHPROHFXOHV FROOLGH�ZLWK�RQH�DQRWKHU��FDXVLQJ�FXPXODWLYH�LRQL]DWLRQ�RI�WKH�DLU�QHDU�WKH�YHKLFOH�DQG FUHDWLQJ�D�SODVPD�ZKLUO�ZKLFK� IROORZV� WKH�ZKLUOLQJ�PDJQHWLF� ILHOG��6R� WKH� ILUVW�SURSHUW\FDXVHG E\�WKH�PDJQHWLF�ZKLUO�LV�D�SODVPD�ZKLUO�ZKLFK�DOVR�FLUFXODWHV�DURXQG�WKH�0DJQRFUDIW
VVXUIDFH� 7KLV� VZLUOHG� SODVPD� FUHDWHV� DQ� LRQLF� SLFWXUH� RI� WKH�ZKLUO ZKLFK� LV� H[SODLQHG� LQVXEVHFWLRQ *�����7KH�SDUWLFOHV�IURP�WKH�SODVPD�ZKLUO�WKDW�URWDWH�DURXQG�WKH�YHKLFOH�DUH�DFWHGXSRQ E\� FHQWULIXJDO� IRUFHV�� 7KHVH� IRUFHV� FDXVH� WKH� UHMHFWLRQ� RI� DLU� IURP� WKH�0DJQRFUDIW
VVXUIDFH�DQG�WKH�FUHDWLRQ�RI�D�ORFDO�YDFXXP�EXEEOH DURXQG�LWV�ERG\��6R�ZKHQ�WKH�0DJQRFUDIWIOLHV�LQ�WKH DLU�RU�ZDWHU��LW�LQ�IDFW�IOLHV�LQ�D�VPDOO�KROH�RI�WKH�ORFDO�YDFXXP�WKDW�LW�FUHDWHG�DURXQGLWVHOI� 7KLV�YDFXXP�EXEEOH�HOLPLQDWHV�YLVFRXV�IULFWLRQ�EHWZHHQ�WKH�FUDIW�DQG�WKH�DWPRVSKHUH�PDNLQJ LW�SRVVLEOH�WR�UHDFK�VSHHGV�PXFK�KLJKHU� WKDQ�ZRXOG�QRUPDOO\�EH�SRVVLEOH�EHFDXVHRI WKH�KHDW�EDUULHU��$�URXJK�HVWLPDWLRQ�RI�WKHVH�VSHHGV�JLYHV�WKH�YDOXH�RI�DURXQG��������NP
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SHU KRXU�LQ�WKH�DLU��DQG�DERXW�����NLORPHWUHV�SHU�KRXU�IRU�IOLJKWV�XQGHU�ZDWHU��,Q�IUHH�VSDFHDZD\ IURP�WKH�DWPRVSKHUH��WKLV�YHKLFOH�FDQ�DWWDLQ�D�VSHHG�RQO\�D�VPDOO�IUDFWLRQ�RI�D�SHUFHQWVPDOOHU�WKDQ�WKH�VSHHG�RI�OLJKW��7KH VHFRQG�LPSRUWDQW�SURSHUW\�RI�WKH�0DJQRFUDIW�LV�WKH�HOLPLQDWLRQ�RI�VRXQG�ZDYHV�E\WKH SODVPD�ZKLUO��7KLV�SULQFLSOH�LQYROYHV�WKH�EUHDNLQJ�RI�WKH�SUHVVXUH�FRQH�ZKLFK� LV�IRUPHGLQ IURQW� RI� DOO� IO\LQJ� YHKLFOHV�DQG�ZKLFK� LV� WKH� VRXUFH�RI� VRXQG�FDXVHG�E\� WKHLU� IOLJKW�� 7KLVHQDEOHV�WKH�0DJQRFUDIW�WR�IO\�QRLVHOHVVO\��$LU SODVPD� HPLWV� D� OLJKW�� 7KHUHIRUH� WKH� WKLUG� SURSHUW\� LV� WKH� HPLVVLRQ� RI� D� VWURQJLQFDQGHVFHQW OLJKW�IURP�WKH�LRQL]HG�DLU��,Q�WKH�PDJQHWLF�ZKLUO�PRGH�RI�RSHUDWLRQ��WKH�ERG\�RIWKH 0DJQRFUDIW�LV�FRPSOHWHO\�KLGGHQ�LQVLGH�D�LRQL]HG�FORXG��)RU�SUHFLVH�PDQRHXYULQJ�LQ�WKLVPRGH� LW�LV�QHFHVVDU\�WR�XVH�VSHFLDO�SHULVFRSHV��VHH�����LQ�)LJXUH�*���ZKLFK�H[WHQG�EH\RQGWKH UDQJH�RI�WKH�LRQL]HG�DLU��%HFDXVH�WKH�PDLQ�FRQVWLWXHQWV�RI�DLU�DUH�QLWURJHQ�DQG�R[\JHQ�ZKRVH�LRQV�JORZ�UHG��\HOORZ��JUHHQ�DQG�YLROHW��GHSHQGLQJ�RQ�WKH�FRQGLWLRQV��WKHVH�FRORXUV�DUHGRPLQDQW�LQ�WKH�SODVPD�FORXG�SURGXFHG�DURXQG�WKH�0DJQRFUDIW��+LJK HQHUJ\�SODVPD�FDQ�GHVWUR\�DOO�KDUG�PDWHULDOV��DV�LV�VKRZQ�LQ�WKH�DSSOLFDWLRQ�RISODVPD ODQFHWV��7KHUHIRUH�WKH�SODVPD�ZKLUO�RI�D�0DJQRFUDIW� IRUPV�D�NLQG�RI�FLUFXODU�VDZ�RIHQRUPRXV�SRZHU��ZKLFK�LQ�WKLV�WUHDWLVH�LV�FDOOHG�WKH��SODVPD�VDZ���7KLV�SODVPD�VDZ�SURYLGHVDQRWKHU SURSHUW\��ZKHUHE\�WKH�YHKLFOH�LV�DEOH�WR�FXW�LQWR�WKH�KDUGHVW�URFN�DQG�WXQQHO�WKURXJKLW� 'XULQJ�WKHVH�IOLJKWV�RI�WKH�0DJQRFUDIW�WKURXJK�VROLG�PDWHULDOV��VXFK�DV�URFNV��EXLOGLQJV�RUPDFKLQHU\� LW� OHDYHV� EHKLQG� WXQQHOV� ZLWK� D� JHRPHWULFDO� VKDSH� DQG� YLWUHRXV� VXUIDFH� �� VHH)LJXUH�*����7KH�DWWULEXWHV�RI�WKHVH�WXQQHOV�DUH�GHVFULEHG�LQ�WKH�VXEVHFWLRQ�WKDW�IROORZV�%RWK WKH�ZKLUOLQJ�PDJQHWLF�ILHOG�RI�WKH�0DJQRFUDIW�DQG�WKH�SODVPD�VDZ�WKDW�IROORZV�LW�ERWK�FUHDWH�D�VRUW�RI�LQGXFWLYH�VKLHOG WKDW�SURWHFWV�WKH�YHKLFOH�IURP�RXWVLGH�DWWDFN��7KHUHIRUHWKH�QH[W�SURSHUW\�WKH�0DJQRFUDIW�KDV�LV�WKH�DELOLW\�WR�GHVWUR\�DQG�UHSXOVH�DQ\�REMHFWV�LQ�LWV�SDWKZKLFK DUH�PDGH�RI�HOHFWULFDO�FXUUHQW�FRQGXFWRUV��VXFK�DV�PLVVLOHV��DHURSODQHV��PHWHRULWHV�RU FRVPLF�GXVW���7KH�GHVWUXFWLRQ�RI�VXFK�REMHFWV� LV�DFKLHYHG�E\� LQGXFLQJ� LQ� WKHP�SRZHUIXOHOHFWULF FXUUHQWV� WKDW� FDXVH� WKH�PDWHULDO� IURP� WKHVH� REMHFWV� WR� LQVWDQWO\� YDSRUDWH� IURP� WKHLQVLGH XQWLO�WKH\�H[SORGH�DQG�WKHQ�EXUQ�XS�LQ�WKH�SODVPD�ZKLUO��6SOLQWHUV�IURP�VXFK�H[SORGLQJREMHFWV DUH�SRURXV�DQG� IXOO� RI� YDSRXU�EXEEOHV��:KHQ� WKH�GLVWDQFH� IURP� WKH�0DJQRFUDIW� LVVXIILFLHQWO\ JUHDW�� WKH�ZKLUOLQJ�FXUUHQWV� LQGXFHG� LQ�DQ\�HOHFWULFDO� FLUFXLWV�SUHYHQW� WKH� IORZ�RIHOHFWULFDO SRZHU��7KLV� FXWV� WKH� FLUFXLWV� RII� IURP�DQ\� HOHFWULFLW\� VXSSO\�� ,Q� WKH� HIIHFW�� FHUWDLQHOHFWULFLW\ FRQVXPHUV� RU� HQWLUH� SRZHU� VWDWLRQV� IRXQG� LQ� WKH� YLFLQLW\� RI� VXFK� D� YHKLFOH�� DUHGHSULYHG�RI�WKHLU�VXSSO\�RI�HOHFWULF�SRZHU�7KH�PDJQHWLF�ZKLUO DOVR�SURGXFHV�EHDPV�RI�HOHFWURPDJQHWLF�ZDYHV�ZKLFK�PD\�GHVWUR\WHOHYLVLRQ�WUDQVPLVVLRQ��UDGLR�FRQQHFWLRQV��WHOHFRPPXQLFDWLRQV��HWF��
*�������3URSHUWLHV�RI�WKH�WXQQHOV�PDGH�LQ�URFNV�E\�WKH�0DJQRFUDIW
7KH SURSHUWLHV�RI�WKH�WXQQHOV�KROORZHG�RXW�LQ�URFN�E\�WKH�0DJQRFUDIW
V��SODVPD�VDZ�UHPDLQ LQ�VWULFW�FRUUHODWLRQ�WR�WKH�SULQFLSOHV�RI�RSHUDWLRQ�RI�WKLV�YHKLFOH��7KLV�PHDQV�WKDW�WKHDFWLRQ RI�HDFK�SULQFLSOH�DSSOLHG�E\�WKH�YHKLFOH�FDXVHV�WKH�DSSHDUDQFH�RI�D�SDUWLFXODU�VHW�RISURSHUWLHV ZLWKLQ� WKH� WXQQHO�� 7R� KLJKOLJKW� WKLV� FRUUHODWLRQ�� WKH� PDLQ� SULQFLSOHV� RI� WKH0DJQRFUDIW
V RSHUDWLRQ��LQGLFDWHG�E\�WKH�OHWWHUV��$���%��������)��DUH�OLVWHG�ILUVW��IROORZHG�E\�WKHVSHFLILFDWLRQ RI� WKH� SURSHUWLHV� RI� WKH� WXQQHOV� WKDW� UHVXOW� IURP� WKHVH� SULQFLSOHV� �WKHVHVXEVHTXHQW�SURSHUWLHV�DUH�LQGLFDWHG�E\�WKH�QXPEHUV�����������������
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�$��7KH�0DJQRFUDIW�IOLHV�LQ�D�PDJQHWLF��QRQ�DHURG\QDPLF��PDQQHU��ZKLFK�FKDUDFWHULVWLFIHDWXUHV LQFOXGH��IROORZLQJ�VWUDLJKW�OLQHV��UDSLG��DOPRVW�ULJKW�DQJOH��FKDQJHV�RI�IOLJKW�GLUHFWLRQZLWKRXW�WKH�EHQHILW�RI�D�FXUYH�UDGLXV��DQG�VXVSHQGLQJ�PRWLRQOHVVO\�LQ�WKH�VDPH�SRVLWLRQ�����7KH�WXQQHOV�HYDSRUDWHG�LQ�URFN�GXULQJ�IOLJKWV�RI�WKLV�YHKLFOH�FRPSULVH�ORQJ��VWUDLJKWVHFWLRQV�ZKLFK�DUH�MRLQHG�WRJHWKHU�E\�VKDUS�FRUQHUV����,Q�ORFDWLRQV�ZKHUH�WKH�0DJQRFUDIW�UHPDLQV�PRWLRQOHVV��WKH�URXQGHG��GUXP�VKDSHGFDYHV�PRGHOOLQJ�WKH�PDJQHWLF�ZKLUO�RXWOLQHV��H�J��WKH�LRQLF�SLFWXUH�RI�D�ZKLUO���VHH�)LJXUH�*���VKRXOG DSSHDU� LQ� WKH�PLGGOH�RI� WKHVH�WXQQHOV��7KHVH�FDYHV�VKRXOG�VKRZ�HYLGHQFH�WKDW� WKHPDJQHWLF�ZKLUO�KDV�UHPRYHG�VXUURXQGLQJ�URFN�E\�YDSRUL]DWLRQ���%��3URSHOOLQJ�DQG�VWDELOL]LQJ�IRUFHV�DUH�REWDLQHG�E\�WKH�LQWHUDFWLRQ�RI�WKH�0DJQRFUDIW
VPDJQHWLF�ILHOG�ZLWK�D�ILHOG�SURGXFHG�E\�WKH�(DUWK��SODQHWV��6XQ��RU�*DOD[\����'LVWXUEDQFHV�LQ�WKH�GLUHFWLRQ�RI�WKH�(DUWK
V�PDJQHWLF�ILHOG�VKRXOG�EH�IUR]HQ�LQ�WKHURFNV VXUURXQGLQJ� WKH� WXQQHOV� �D� PDJQHWLF� FRPSDVV� XVHG� ZLWKLQ� WKH� WXQQHOV� FDQ� UHJLVWHUIDOVH�UHDGLQJV��YDU\LQJ�GLUHFWLRQV�IURP�SODFH�WR�SODFH����&� 'XULQJ�LWV�IOLJKW�WKH�VDXFHU�VKDSHG�0DJQRFUDIW�PXVW�DOO�WKH�WLPH�EH�RULHQWHG�LQ�WKHVDPH GLUHFWLRQ��L�H��LQ�VXFK�D�PDQQHU�WKDW�LWV�EDVH�UHPDLQV�DOPRVW�SHUSHQGLFXODU�WR�WKH�ORFDOFRXUVH�RI�WKH�IRUFH�OLQHV�RI�WKH�(DUWK
V�PDJQHWLF�ILHOG��7KHUHIRUH��GHSHQGLQJ�RQ�ZKLFK�GLUHFWLRQLW IOLHV��WKH�VKDSH�RI�WKH�WXQQHOV�WKDW�LW�OHDYHV�EHKLQG�PXVW�HLWKHU�UHIOHFW�WKH�YHKLFOH
V�FLUFXODURYHUKHDG�RXWOLQH�RU�LWV�WULDQJXODU�VLGH�RXWOLQH����� :KHQ� WKH� 0DJQRFUDIW� IOLHV� LQ� WKH� GLUHFWLRQ� RI� PDJQHWLF� QRUWK�WR�VRXWK� RUVRXWK�WR�QRUWK� WKH�VKDSH�RI�WKH�WXQQHOV�OHIW�EHKLQG�LV�HOOLSWLFDO�LQ�FURVV�VHFWLRQ��7KH�ORQJ�D[LVRI WKLV�HOOLSVH� LV�KRUL]RQWDO��DQG� WKH�UDWLR�RI� WKH� ORQJ� WR� WKH�VKRUW�D[LV� LV�SURSRUWLRQDO� WR� WKHLQFOLQDWLRQ�DQJOH�RI�WKH�(DUWK
V�PDJQHWLF�ILHOG��L�H��RQ�WKH�PDJQHWLF�HTXDWRU�WKH�WXQQHOV�VKRXOGEH�FLUFXODU�LQ�FURVV�VHFWLRQ����VHH�)LJXUH�*����E����� :KHQ�WKH�0DJQRFUDIW�IOLHV�LQ�DQ�HDVW�ZHVW�RU�ZHVW�HDVW�GLUHFWLRQ��WKH�VKDSH�RI�WKHWXQQHOV PDWFKHV�WKH�RXWOLQHV�RI�WKH�VDXFHU��L�H��LW�URXJKO\�UHVHPEOHV�WKH�VKDSH�RI�DQ�REWXVHWULDQJOH����VHH�)LJXUH�*����F������:KHQ�WKH�SDWKV�RI�WKH�WXQQHOV�FKDQJH�GLUHFWLRQ��WKHLU�VKDSH�VKRXOG�FKDQJH�IURPHOOLSWLFDO�LQWR�WULDQJXODU��RU�YLFH�YHUVD��GHSHQGLQJ�RQ�WKH�JHRJUDSKLFDO�GLUHFWLRQ�RI�WKH�YHKLFOH
VFRXUVH���'� 7KH�WXQQHOV�DUH�FXW�E\�D�VDXFHU�VKDSHG�VSLQQLQJ�FORXG�RI�SODVPD��L�H��WKH�SODVPDVDZ� ZKLFK� WLJKWO\�VXUURXQGV�WKH�0DJQRFUDIW
V�ERG\��7KXV�WKH�DSSHDUDQFH�RI� WKHVH�WXQQHOVPXVW URXJKO\� UHIOHFW� WKH� VKDSH� REWDLQHG� E\� WKH� LQWHUVHFWLRQ� RI� WKH� YHKLFOH� ZLWK� WKH� VROLGPDWHULDO�WKDW�VXUURXQGV�LW�����7KH�WXQQHOV�DUH�JHRPHWULFDOO\�VKDSHG��HYHQ��DQG�RI�D�WHFKQRORJLFDO�DSSHDUDQFH�����7KH�VKDSH��GLPHQVLRQV��DQG�SDWWHUQV��ULSSOHV��RQ�WKH�ZDOOV�RI�WKH�WXQQHOV�VKRXOGUHPDLQ WKH�VDPH�DV�ORQJ�DV�WKH�VSDFHFUDIW�ZKLFK�PDGH�WKHP�ZDV�PDLQWDLQLQJ�DQ�XQFKDQJHGVSHHG DQG� GLUHFWLRQ� RI�PRYHPHQW� DQG�GLG� QRW� FURVV� WKH� SDWK� RI� DQRWKHU� WXQQHO� �L�H�� HDFKVWUDLJKW�VHFWLRQ�RI�WKH�WXQQHOV�VKRXOG�ORRN�DSSUR[LPDWHO\�WKH�VDPH�DORQJ�LWV�HQWLUH�OHQJWK���(� 7KH�URFN�LQ�WKH�YHKLFOH
V�SDWK�LV�UHPRYHG�WKURXJK�WKH�PHOWLQJ�DQG�HYDSRUDWLRQ�E\WKH�SODVPD�VDZ�����7KH�WXQQHOV�VKRXOG�KDYH�D�VPRRWK��JORVV\�VXUIDFH��UHVXOWLQJ�IURP�WKH�PHOWLQJ�RI�WKHURFNV�E\�WKH�SODVPD�ZKLUO�RI�WKH�YHKLFOH������7KH�SODVPD�ZKLUO�VKRXOG�OHDYH�VRPH�FKDUDFWHULVWLF��UHSHWLWLYH�LQGHQWDWLRQV��ULSSOHV�RQ WKH�VXUIDFHV�RI�WKH�WXQQHOV��7KH�VKDSH��FRXUVH��DQG�LQWHQVLW\�RI�WKHVH�ULSSOHV�GHSHQG�RQWKH PXWXDO�SRVLWLRQLQJ�RI�WKH�WXQQHOV
�ZDOOV�DQG�WKH�GLUHFWLRQ�RI�WKH�ZKLUO�URWDWLRQ��,Q�HOOLSWLFDOWXQQHOV� IRUPHG�GXULQJ�QRUWK�VRXWK�IOLJKWV�RI�WKH�0DJQRFUDIW��WKH�LQGHQWDWLRQV�VKRXOG�WDNH�WKH
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IRUP RI�VKDOORZ�JURRYHV�UXQQLQJ�DURXQG�WKH�SHULSKHU\�RI�WKH�WXQQHO�DW�HYHQ�GLVWDQFHV�IURPRQH DQRWKHU� �WKH� GLVWDQFH� EHWZHHQ� VXFFHVVLYH� JURRYHV� GHSHQGV� RQ� WKH� VSHHG� RI� WKH0DJQRFUDIW ZKLFK�SURGXFHG�WKHP���7KH�DSSHDUDQFH�RI�WKHVH�ULSSOHV�VKRXOG�UHVHPEOH�WKRVHOHIW�E\�GULOOLQJ�WRROV��$W WKH�HQGV�RI�WKH�GUXP�VKDSHG�FDYHV�IRUPHG�E\�PRWLRQOHVV�YHKLFOHV��WKHLQGHQWDWLRQV VKRXOG�EH�VKDSHG�LQ�FOHDU�VSLUDOV�ZKRVH�IOXWHV�UHFHGH�WRZDUGV�WKH�FHQWUH�RI�WKHYHKLFOH
V ZKLUO� URWDWLRQ�� 6XFK� VSLUDOV� VKRXOG� UHVHPEOH� WKH� VKDSH� RI� D� PDJQHWLF� ZKLUOLOOXVWUDWHG�LQ�WKH�ORZHVW�SDUW�RI�)LJXUH�*������� 7KH�WXQQHOV�VKRXOG�KDYH�D�URXJK�DQG�FUDJJ\�DSSDUHQW�IORRU��WKH��DSSDUHQW�IORRU��LVWKH RQH�WKDW�FDQ�EH�VHHQ�ZKHQ�VRPHRQH�HQWHUV�WKHVH�WXQQHOV��WKH��RULJLQDO�IORRU��LV�KLGGHQXQGHU WKLV� DSSDUHQW� RQH��� 7KLV� VKRXOG� KDYH� EHHQ� FUHDWHG� E\� WKH� IDOOLQJ� DQG� VXEVHTXHQWKDUGHQLQJ�RQ�WKH�RULJLQDO�IORRU��RI�WKH�URFN�SDUWLFOHV�PHOWHG�GXULQJ�WKH�IOLJKW�RI�WKH�0DJQRFUDIW���� 7KH�VKDSH�RI� WKH�WXQQHOV
� ORZHVW�VXUIDFH���RULJLQDO� IORRU����ZKLFK� LV�KLGGHQ�XQGHUWKH OD\HU�RI�KDUGHQHG�URFN�SDUWLFOHV�FUHDWLQJ�DQ�DSSDUHQW�IORRU�RI�WKH�WXQQHOV��LV�V\PPHWULFDOWR�WKH�VKDSH�RI�WKH�WXQQHOV
�FHLOLQJ���� 7KH� WKHUPDOO\� LQGXFHG� FKDQJHV� LQ� WKH� FU\VWDOORJUDSKLF�SURSHUWLHV� RI� QDWLYH� URFNORFDWHG FORVH� WR� WKH� WXQQHO
V�VXUIDFH�VKRXOG�EH�GHWHFWDEOH��6XFK�FKDQJHV��GLVDSSHDULQJ�DWVRPH GLVWDQFH�IURP�WKH�WXQQHO
V�VXUIDFH��GR�QRW�DSSHDU�LQ�WKH�URFNV�RI�WKH�FDYHV�FUHDWHG�E\K\GUDXOLF�RU�PHFKDQLFDO�LQWHUDFWLRQV���)� 7KH�YROXPH�RI� URFNV��HYDSRUDWHG�ZKHQ�DFWHG�XSRQ�E\� WKH�0DJQRFUDIW
V�SODVPDZKLUO� IRUP�D�NLQG�RI�VXSHU�KRW��KLJKO\�FRPSUHVVHG�YDSRXU�ZKLFK�H[SDQGV�DORQJ�WKH�DUHD�RIWKH�WXQQHO�FUHDWHG�EHKLQG�WKH�YHKLFOH����� 7KH� SDUWLFOHV� RI� YDSRUL]HG� URFN�� ZKHQ� KDUGHQLQJ� RQ� WKH� VXUIDFHV� RI� WKH� WXQQHO�HVSHFLDOO\ RQ� LWV� IORRU���PXVW� IRUP�D�PRQRWURSLF� VWUXFWXUH�ZKRVH�DUUDQJHPHQW� UHIOHFWV� WKHGLUHFWLRQ�RI�PRYHPHQW�RI�WKLV�PHGLXP����� $W�VKDOORZ�ORFDWLRQV�RI�WKH�ORQJ�WXQQHOV��WKH�H[SDQGLQJ�JDVHV�FDXVH�EUHDFKHV�WRWKH ODQG
V�VXUIDFH��VHH�����LQ�)LJXUH�*�����7KHVH�EUHDFKHV�DQG�FUDFNV�WDNH�DGYDQWDJH�RI�WKHRFFDVLRQDO�ZHDN�VSRWV�ZLWKLQ�QDWLYH�URFN�DQG�FDQ�EH�IRUPHG�DW�UDQGRP�ZLWKRXW�GLVSOD\LQJ�DQ\UHJXODULW\�LQ�VKDSH�RU�FRXUVH����� $W� FURVVLQJ� SRLQWV� RI� WKH� WXQQHOV� WKH� PRYHPHQW� RI� H[SDQGLQJ� YDSRXUV� FUHDWHVKDUGHQLQJ�GULIWV�ZKLFK�PD\�EORFN�WKH�HQWUDQFH�WR�WKH�WXQQHO�ZKLFK�KDG�EHHQ�PDGH�HDUOLHU����� 3DUWLFOHV�RI� KDUGHQHG�YDSRUL]HG� URFN� VKRXOG�EH�VSUHDG�RYHU� D�ZLGH�DUHD� LQ� WKHYLFLQLW\ RI�WKH�HQWUDQFH��QRW�WKH�H[LW��WR�D�WXQQHO��L�H��WKH�SODFH�ZKHUH�WKH�0DJQRFUDIW�GHVFHQGHGEHORZ�WKH�VXUIDFH�RI�WKH�JURXQG��DV�ZHOO�DV�LQ�WKH�YLFLQLW\�RI�WKH�RXWOHWV�IURP�EUHDFKHV�IRUPHGE\�WKH�H[SDQVLRQ�RI�YDSRXU�IURP�D�ORQJ�DQG�VKDOORZ�WXQQHO��7KH�HIIHFWV�FDXVHG�E\�WKLV�VKRXOGEH�VLPLODU�WR�WKH�UDLQLQJ�GRZQ�RI�YROFDQLF�DVK�DIWHU�D�VPDOO�HUXSWLRQ���,W VKRXOG�EH�PHQWLRQHG�KHUH� WKDW�QXPHURXV� WXQQHOV�ZKLFK�GLVSOD\�SURSHUWLHV�H[DFWO\FRUUHVSRQGLQJ WR�WKRVH�OLVWHG�DERYH�KDYH�DOUHDG\�EHHQ�IRXQG�RQ�(DUWK��([DPSOHV�DUH�OLVWHGDQG�GLVFXVVHG�LQ�FKDSWHU�.��VHH�VXEVHFWLRQ�.�����
*�����7KH�SURSHUWLHV�RI�WKH�0DJQRFUDIW�GXULQJ�WKH�WKUREELQJ�PRGH�RI�RSHUDWLRQ
'XULQJ WKH� WKUREELQJ� PRGH� RI� WKH� 0DJQRFUDIW
V� RSHUDWLRQ�� PRVW� RI� WKH� SURSHUWLHVFKDUDFWHULVWLF IRU� WKH�PDJQHWLF�ZKLUO�PRGH�GLVDSSHDU��7KXV� WKH� YHKLFOH�EHFRPHV�VDIH�DQGQRQ�GHVWUXFWLYH� %XW�DOVR�WKH�ODWLWXGLQDO�FRPSRQHQW�RI�WKH�WKUXVW�IRUFH�QR�ORQJHU�H[LVWV��7KH0DJQRFUDIW LQ� WKLV�PRGH� LV� RQO\� DEOH� WR� IO\� YHUWLFDOO\� DQG� LQ� WKH� GLUHFWLRQ� RI� WKH�PHULGLDQ�
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%HFDXVH WKH�PDJQHWLF�ZKLUO� GRHV� QRW� H[LVW�� WKH� FORXG� RI� OXPLQRXV� DLU� GLVDSSHDUV� DV�ZHOO�7KXV GXULQJ� WKH�GD\��REVHUYDWLRQ�RI� WKH�0DJQRFUDIW
V�VXUIDFH� LV�SRVVLEOH� �LQ� WKLV�PRGH� WKH0DJQRFUDIW
V�FUHZ�DUH�DOVR DEOH�WR�REVHUYH�YLVXDOO\�^L�H��ZLWKRXW�DQ\�LQVWUXPHQWV`�WKH�YHKLFOH
VHQYLURQPHQW�� %HFDXVH�WKHUH�LV�D�ORFDO�DLU�LRQL]DWLRQ�DW�WKH�RXWOHWV�IURP�WKH�SURSXOVRUV��VHH)LJXUH�*�����VRPH�JORZLQJ�DUHDV�FDQ�EH�YLVLEOH�RQ�D�FORXG\�GD\�DQG�DW�QLJKW��$V�WKH�PDJQHWLFILHOG VHSDUDWHV�WKH�LRQV��WKH�OLJKW�IURP�WKHVH�DUHDV�KDV�WZR�GLIIHUHQW�FRORXUV��GHSHQGLQJ�RQWKH ILHOG
V�GRPLQDQW�SROH��1HDU� WKH�QRUWK��1��SROH�RI�HDFK�SURSXOVRU�� WKH� OLJKW� LV�UHG�\HOORZ�ZKHUHDV QHDU� WKH� VRXWK� �6��PDJQHWLF� SROH� RI� WKH� SURSXOVRUV�� LW� LV� EOXH�JUHHQ� �VHH� )LJXUH*����� 7KH SXOVDWLQJ�ILHOG�JHQHUDWHG�E\�WKH�0DJQRFUDIW�GXULQJ�WKH�WKUREELQJ�PRGH�KDV�VRPHFKDUDFWHULVWLFV VLPLODU� WR� WKH� ILHOG� LQ� RXU� HOHFWULFLW\� WUDQVIRUPHUV�� 7KHUHIRUH� LQ� WKLV� PRGHHOHFWULFDO�FXUUHQWV�DUH�LQGXFHG�LQ�HYHU\�FORVHG�FLUFXLW�ZKLFK�LV�SUHVHQW�LQ�WKH�ILHOG
V�UDQJH��7KLVLV HVSHFLDOO\�HIIHFWLYH�ZKHUH�WKHUH�LV�D�WUDQVIRUPHU�DW� WKH�EHJLQQLQJ�RI� WKH�FLUFXLW��7KXV�WKHQHDUE\�IOLJKW�RI�WKH�0DJQRFUDIW�PD\�FDXVH�WKH�DFWLYDWLRQ�RI�UDGLR�DQG�WHOHYLVLRQ�VHWV�DQG�RWKHULWHPV RI�HOHFWULFDO�HTXLSPHQW��H�J��FRPPXWDWRU�HOHFWULF�PRWRUV��ZKLFK�DUH�GLVFRQQHFWHG�IURPWKH�HOHFWULFDO�SRZHU�VXSSO\��,W�VKRXOG�EH�QRWLFHG�WKDW�WKH�HIIHFW�RI�WKH�0DJQRFUDIW�DFWLQJ�LQ�WKLVWKUREELQJ PRGH� RQ� HOHFWULFDO� HTXLSPHQW� LV� RSSRVLWH� IURP� WKH�PDJQHWLF� ZKLUO� PRGH�� ZKHQHOHFWULFDO�GHYLFHV�FHDVH�ZRUNLQJ�EHFDXVH�WKH\�DUH�FXW�RII�IURP�WKH�HOHFWULFLW\�VXSSO\��
*�����+XPPLQJ�QRLVHV�DSSHDULQJ�LQ�ERWK�WKH�PDJQHWLF�ZKLUODQG�WKUREELQJ�PRGHV�RI�RSHUDWLRQ
7KHUH DOVR� H[LVWV� D� QXPEHU� RI� HIIHFWV� FDXVHG� E\� WKH�0DJQRFUDIW�� LQGHSHQGHQWO\� RIZKLFKHYHU PRGH�RI�RSHUDWLRQ�GHVFULEHG�DERYH� LV� LQ� IRUFH��7KH�PRVW�FRPPRQ�RI� WKHVH�DUH�KXPPLQJ QRLVHV���7KHVH�QRLVHV�DUH�VLPLODU�WR�WKH�EX]]LQJ�RI�KLJK�YROWDJH�WUDQVIRUPHUV��EXWZLWK D�KLJKHU� WRQH��UDWKHU� OLNH�D�IO\LQJ�EXPEOHEHH��EHFDXVH�RI� WKH�KLJKHU� IUHTXHQF\�RI� ILHOGSXOVDWLRQ� 7KH�JHQHUDWLQJ�RI�VXFK�VRXQGV�GHSHQGV�RQ�WKH�LQGXFWLRQ�RI�HOHFWULFDO�FXUUHQWV�LQFRQGXFWLYH REMHFWV�IRXQG�ZLWKLQ� WKH�UDQJH�RI� WKH�SXOVDWLQJ� ILHOG��7KH�FXUUHQWV�DURXQG�WKHVHFRQGXFWLYH REMHFWV� SURGXFH� WKHLU� RZQ�PDJQHWLF� ILHOG�ZKLFK� LQWHUDFWV�ZLWK� WKH�0DJQRFUDIW
VSXOVDWLQJ ILHOG�� DQG�DV� D� UHVXOW� WKH� REMHFWV� YLEUDWH� DW� WKH� VDPH� IUHTXHQF\�DV� WKH� YHKLFOH
VSXOVDWLQJ�ILHOG��$FFRUGLQJO\��WKHVH�VRXQG�ZDYHV�DUH�SURGXFHG�E\�WKH�FRQGXFWLYH�REMHFWV�ZKLFKDUH�SUHVHQW�LQ�WKH�0DJQRFUDIW
V�HQYLURQPHQW��QRW�E\�WKH�0DJQRFUDIW�LWVHOI��WKLV�YHKLFOH�LV�PDGHRI PDWHULDO�ZKLFK� LV�UHVLVWDQW�WR�WKH�LQGXFWLRQ�RI�FXUUHQWV���2QH�RI�WKH�XQXVXDO�SURSHUWLHV�RIWKHVH�KXPPLQJ�QRLVHV�LV�WKDW�WKH\�VSUHDG�HOHFWUR�PDJQHWLFDOO\�ZLWK�WKH�VSHHG�RI�OLJKW �QRWWKH�VSHHG�RI�VRXQG��DQG�WKXV�WKH\�FDQ�EH�KHDUG�LQVWDQWO\��UHJDUGOHVV�RI�WKH�GLVWDQFH�DW�ZKLFKD�0DJQRFUDIW�DSSHDUV�6RPH SHRSOH�PD\�GHYHORS�D�K\SHU�VHQVLWLYLW\�RI�D�QHUYH�LQVLGH�WKHLU�HDUV�ZKLFK�DOORZVWKHP WR�SHUFHLYH�WKH�PDJQHWLF�YLEUDWLRQV�RI�D�0DJQRFUDIW�DW�D�ORQJ�GLVWDQFH��SHRSOH�ZKR�DWVRPH VWDJH� ILQG� WKHPVHOYHV� YHU\� FORVH� WR� DQ� RSHUDWLRQDO� 0DJQRFUDIW� FDQ� EH� HVSHFLDOO\VHQVLWLYH�� 7KHVH�SHRSOH�PD\�KHDU�KXPPLQJ�VRXQGV�ZKHQ�D�0DJQRFUDIW�DSSURDFKHV��HYHQLI WKH\�FDQ
W�VHH�LW�DQG�QR�RQH�HOVH�KHDUV�DQ\�QRLVH��$OWKRXJK�LQ�WKH�PDMRULW\�RI�FDVHV�WKHVHSHRSOH�PD\�EHOLHYH�WKDW�WKH�QRLVHV�WKH\�XQH[SHFWHGO\�H[SHULHQFH�UHVXOW�IURP�DQ�XQUHFRJQL]HGPHGLFDO SUREOHP��NQRZOHGJH�RI�WKHLU�FDSDELOLW\�FDQ�EH�H[WUHPHO\�XVHIXO�DV�LW�JLYHV�WKHP��DQGRWKHU�SHRSOH�QHDUE\��D�UHPRWH�VHQVLQJ�RI�WKH�DSSURDFKLQJ�0DJQRFUDIW�
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*�����7KH�SURSHUWLHV�RI�WKH�0DJQRFUDIW�GXULQJ�WKH�PDJQHWLF�OHQV�PRGH�RI�RSHUDWLRQ
7KH 0DJQRFUDIW
V�2VFLOODWRU\�&KDPEHUV�FDQ�DOVR�EH�VR�FRQWUROOHG�WKDW�WKH\�SURGXFH�DFRQVWDQW �L�H��QRQ�SXOVDWLQJ��DQG�VWDEOH�PDJQHWLF�ILHOG���VHH�VXEVHFWLRQ�)�����,Q�VXFK�D�FDVHWKH YHKLFOH�GLVSOD\V�D�PDQRHXYUDELOLW\�LGHQWLFDO�WR�WKDW�SUHVHQW�GXULQJ�WKH�WKUREELQJ�PRGH�RIRSHUDWLRQ �L�H��LW�LV�RQO\�FDSDEOH�RI�PHULGLRQDO�DQG�YHUWLFDO�IOLJKWV���EXW�LW�IRUPV�DGGLWLRQDOO\�WKHVR�FDOOHG��PDJQHWLF�OHQV���%\ WKH�WHUP��PDJQHWLF�OHQV��WKH�FRPELQDWLRQ�RI�WZR�GLIIHUHQW�RSWLFDO�HIIHFWV�LV�GHVFULEHG�7KH ILUVW�DQG�WKH�PRVW�VLJQLILFDQW�RI�WKHVH�LV�EHQGLQJ�WKH�SDWK�RI�OLJKW�ZLWK�WKH�HQHUJ\�GHQVLW\RI WKH�YHKLFOH
V�FRQFHQWUDWHG�PDJQHWLF� ILHOG��7KLV�HIIHFW�RULJLQDWHV� IURP� WKH�HTXLYDOHQFH�RIPDVV WR�HQHUJ\��L�H��IURP�WKH�IDPRXV�HTXDWLRQ��(� �PÂF ��H[SUHVVHG�E\�WKH�WKHRU\�RI�JHQHUDO�UHODWLYLW\��7KH�HQRUPRXV�FRQFHQWUDWLRQ�RI�HQHUJ\�ZLWKLQ�WKH�0DJQRFUDIW
V�ILHOG��VHH�VXEVHFWLRQ*���� LV�HTXLYDOHQW�WR�WKH�FRQFHQWUDWLRQ�RI�DGGLWLRQDO�WUDQVSDUHQW�PDWWHU�DURXQG�WKH�YHKLFOH
VVXUIDFH� 7KLV�PDWWHU��DOWKRXJK�LW�LV�LQYLVLEOH��LQFUHDVHV�WKH��GHQVLW\��RI�WKH�DLU��WKXV�FKDQJLQJLWV�RSWLFDO�SURSHUWLHV��$Q�HIIHFW�RI�WKLV�LV�VLPLODU�WR�VXUURXQGLQJ�WKH�0DJQRFUDIW�ZLWK�D�WKLFN�OD\HURI LQYLVLEOH JODVV�ZKLFK�KDV�DQ� LQGH[�RI� UHIUDFWLRQ�GLIIHUHQW� IURP� WKDW�RI�DLU��7KHUHIRUH�� WKHHOHFWURPDJQHWLF UDGLDWLRQ�HQWHULQJ� WKH�UDQJH�RI� WKH�YHKLFOH
V�GHQVH�ILHOG�PXVW�EH�GHIOHFWHGVLJQLILFDQWO\��6XFK�GHIOHFWLRQ�FDQ�EH�FRPSDUDEOH�WR�WKDW�FDXVHG�E\�RSWLFDO�OHQVHV��7KH VHFRQG�HIIHFW�WKDW�FRQWULEXWHV�WR�WKH�IRUPDWLRQ�RI�WKH�PDJQHWLF�OHQV�UHVXOWV�IURPWKH PRQRWURSLF�QDWXUH�RI�PDJQHWLF� ILHOGV��7KLV�QDWXUH�FDXVHV� WKDW� LQ� WKH�PDJQHWLF� ILHOGV�RIH[WUHPH GHQVLW\ OLJKW�FDQ�RQO\�SDVV�DORQJ�WKH�ILHOGV
�IRUFH�OLQHV��EXW�LV�VWRSSHG�RU�EHQW�ZKHQSDVVLQJ DFURVV�WKHVH�OLQHV��7KLV�FDXVHV�WKH�0DJQRFUDIW�WR�KDYH�D�WHQGHQF\�WR�EHQG�OLJKW�VRWKDW�LW�IROORZV�WKH�SDWK�RI�WKHLU�PDJQHWLF�FLUFXLWV��7KH PDJQHWLF� OHQV� DOORZV� WKH� 0DJQRFUDIW
V� FUHZ� WR� PDNH� WKH� YHKLFOH� FRPSOHWHO\LQYLVLEOH WR� UDGDU� REVHUYDWLRQ� DQG� WR� WKH� QDNHG� H\H�� ,W� DOVR� GHIOHFWV� WKH� EHDPV� RI�PLOLWDU\ODVHUV IURP�WDUJHWV��VKLHOGV�WKH�FUHZ�IURP�WKH�DFWLRQ�RI�HOHFWURPDJQHWLF�UDGLDWLRQ�FDXVHG�E\D QXFOHDU� H[SORVLRQ�� VFUHHQV� WKH� YHKLFOH� IURP� KHDW� UDGLDWLRQ�� HWF�� 7KHUHIRUH� LW� PDNHV� WKH0DJQRFUDIW�QRW�RQO\�LQYLVLEOH��EXW�DOVR�LQGHVWUXFWLEOH�E\�DQ\�KLJK�HQHUJ\�HPLVVLRQV��&RQWUDU\ WR WKH� RSWLFDO� OHQVHV�� WKH� PDJQHWLF� OHQV� GRHV� QRW� KDYH� DQ\� FOHDUO\GLVWLQJXLVKDEOH�VXUIDFHV�WKDW�PD\�UHIOHFW�OLJKW��,W�GLVSOD\V�D�WUDQVSDUHQF\�LGHQWLFDO�WR�WKDW�RI�DLU�EXW LWV� PDVV� GHQVLW\� DQG� VDWXUDWLRQ� RI� VSDFH� ZLWK� PDJQHWLF� IRUFH� OLQHV� JUDGXDOO\� FKDQJH�7KHUHIRUH WKH�PDJQHWLF� OHQV� PD\� UHPDLQ� XQQRWLFHDEOH� HYHQ� LI� DQ� REVHUYHU� LV� RQO\� D� IHZPHWHUV�IURP�LW��7KH FRPSOHWH� YHUVLRQ� RI� WKH� PDJQHWLF� OHQV� DSSHDUV� RQO\� ZKHQ� WKH� 0DJQRFUDIWSURGXFHV D�FRQVWDQW��L�H��QRQ�SXOVDWLQJ��PDJQHWLF�ILHOG��+RZHYHU��ZKHQ�RWKHU� W\SHV�RI� ILHOGVXUURXQG WKLV�YHKLFOH��HVSHFLDOO\�WKH�WKUREELQJ�RQH��D�SDUWLDO�PDJQHWLF�OHQV�HIIHFW�FDQ�DOVR�EHFUHDWHG� ,Q�VXFK�FDVHV� WKH� OLJKW�EHQGV�QHDU� WKH�RXWOHWV� IURP�WKH�YHKLFOH
V�SURSXOVRUV�� WKXVGLVWRUWLQJ�WKH�DSSDUHQW�VKDSH�RI�WKH�0DJQRFUDIW
V�VKHOO���1RWH�WKDW�WKH�FRPSOHWH�PDJQHWLF�OHQVFDQQRW EH� SURGXFHG� E\� WKH� SXOVDWLQJ� PDJQHWLF� ILHOG� EHFDXVH� DW� PRPHQWV� ZKHQ� WKH� ILHOGH[WLQJXLVKHV LWVHOI�GXULQJ�UHDFKLQJ�PLQLPXPV�RI�SXOVHV��WKH�OHQV�HIIHFW�PXVW�FHDVH�WR�H[LVW��7KHUH LV�DOVR�D�VSHFLDO�FDVH�ZKHQ�VXFK�D�SDUWLDO�HIIHFW�RI�D�PDJQHWLF� OHQV�EHFRPHV�KLJKO\QRWLFHDEOH� 7KLV�FDVH�UHYHDOV�LWVHOI�ZKHQ�D�0DJQRFUDIW�DVFHQGV��%HFDXVH�LW�UHSUHVHQWV�RQHRI WKH�PRVW� FRPPRQ� RFFDVLRQV� ZKHQ� WKH� DFWLRQ� RI� D�PDJQHWLF� OHQV� EHFRPHV� REYLRXV� WRRXWVLGH�REVHUYHUV��LW�UHTXLUHV�D�VHSDUDWH�H[SODQDWLRQ��
*�������7KH�PDJQHWLF�OHQV�DFWLRQ�LQ�DVFHQGLQJ�0DJQRFUDIW
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7KH�FHQWUDO�PDJQHWLF�FLUFXLWV�RI�DVFHQGLQJ�0DJQRFUDIW�SURGXFH�D�XQLTXH�PDJQHWLF�OHQVHIIHFW�EDVHG�RQ�WKH�FRXUVH�RI�PDJQHWLF�IRUFH�OLQHV��7KLV�HIIHFW�IDFLOLWDWHV�WKH�YLVXDO�REVHUYDWLRQRI WZLQ�FKDPEHU� FDSVXOHV� IURP� WKH� PDLQ� SURSXOVRUV� RI� WKHVH� YHKLFOHV�� EXW� REVWUXFWV� WKHYLVLELOLW\ RI� UHPDLQLQJ�SDUWV�RI� WKHVH�YHKLFOHV��7KXV� LW� DOORZV�RXWVLGH�REVHUYHUV� WR� VHH�DQGSUHFLVHO\ GHVFULEH� WKH� PDLQ� WZLQ�FKDPEHU� FDSVXOH� IURP� WKH� 0DJQRFUDIW�� DQG� HYHQ� WRSKRWRJUDSK WKLV�FDSVXOH��7KH�PHFKDQLVP�LQYROYHG�LQ�SURGXFLQJ�WKLV�SDUWLFXODU�PDJQHWLF�OHQVHIIHFW�LV�DV�IROORZV�,Q WKH�DVFHQGLQJ�0DJQRFUDIW�� WKH�SRZHU�RI�D�PDJQHWLF� ILHOG� LQYROYHG� LQ� WKH�YHKLFOH
VFHQWUDO�PDJQHWLF�FLUFXLW�H[FHHGV�PDQ\�WLPHV�WKH�SRZHU�LQYROYHG�LQ�WKH�PDLQ�DQG�VLGH�FLUFXLWV�)RU WKLV�UHDVRQ�IRUFH�OLQHV�RI�WKH�FHQWUDO�PDJQHWLF�FLUFXLW�KHUPHWLFDOO\�VXUURXQG�QRW�RQO\�WKHHQWLUH ERG\�RI�VXFK�DQ�DVFHQGLQJ�YHKLFOH��EXW�DOVR�LWV�PDLQ�DQG�VLGH�PDJQHWLF�FLUFXLWV�ZKLFKEHFRPH ZUDSSHG� LQWR� D� NLQG� RI� D� PDJQHWLF� GRXJKQXW� �L�H�� ORRSLQJ� PDJQHWLF� IRUFH� OLQHV��3ULQFLSOHV�LQYROYHG�LQ�WKH�IRUPDWLRQ�RI�WKLV�GRXJKQXW�DUH�LOOXVWUDWHG�LQ�)LJXUH�*����$V�ZDV�VWUHVVHG�LQ�WKH�SUHYLRXV�VXEVHFWLRQ��WKH�H[WUHPHO\�FRQFHQWUDWHG�PDJQHWLF�ILHOGRI WKH�0DJQRFUDIW� LQWHUIHUHV�ZLWK� OLJKW�� 7KLV� LQWHUIHUHQFH�PDQLIHVWV� LWVHOI�PRVW� HYLGHQWO\� E\DOORZLQJ WKH�OLJKW�WR�SDVV�HDVLO\�DORQJ�WKH�ILHOG�IRUFH�OLQHV��EXW�EHQGLQJ�WKH�SDWKV�RI�WKH�OLJKWZKLFK WU\� WR� SDVV� DFURVV� WKHVH� OLQHV�� 7KH� DERYH� PHQWLRQHG� PDJQHWLF� GRXJKQXW� IRUPHGDURXQG�WKH�DVFHQGLQJ�0DJQRFUDIW�PHDQV�WKDW�WR�UHDFK�WKH�YHKLFOH
V�VKHOO��WKH�OLJKW�ZRXOG�QHHGWR�SDVV�DFURVV�WKH�GRXJKQXW
V�ILHOG�IRUFH�OLQHV��7KHUHIRUH�DQ\WKLQJ�FRQWDLQHG�LQVLGH�WKLV�GRQXWEHFRPHV LQYLVLEOH� WR� DQ� REVHUYHU� ORRNLQJ� IURP� XQGHUQHDWK�� DV� WKH� SLFWXUH� RI� LW� �L�H�� OLJKWUHIOHFWHG IURP�LW��ZRXOG�QHHG�WR�FURVV�WKH�ILHOG���VHH�SDWK�����LQ�)LJXUH�*����%XW�LQ�RUGHU�WRUHDFK WKH�PDLQ�SURSXOVRU��WKH�OLJKW�QHHGV�WR�IROORZ�WKHVH�OLQHV���VHH�SDWK�����LQ�)LJXUH�*���)RU WKLV� UHDVRQ��RXWVLGH�ZLWQHVVHV�ZKR�REVHUYH�VXFK�DQ�DVFHQGLQJ�0DJQRFUDIW�FDQ�HDVLO\VHH D�WZLQ�FKDPEHU�FDSVXOH�IURP�WKH�PDLQ�SURSXOVRU��EXW�WKH\�DUH�XQDEOH�WR�VHH�DQ\�RWKHUSDUW�RI�WKH�YHKLFOH
V�VKHOO��:KLOH�ORRNLQJ�DW�DQ�DVFHQGLQJ�0DJQRFUDIW��WKHVH�SHRSOH�QRWLFH�WKDWDW D�FHUWDLQ�DQJOH�WKH�HQWLUH�VLGHV�RI�WKH�YHKLFOH�JUDGXDOO\�GLVDSSHDU�IURP�YLHZ��DQG�WKH�RQO\HOHPHQW UHPDLQLQJ�YLVLEOH�EHFRPHV�D�VPDOO��GLDPRQG�VKDSHG��GHYLFH�ORFDWHG� LQ�WKH�FHQWUHRI WKH� YHKLFOH�� 7KLV� GHYLFH� LV� LQ� IDFW� WKH� WZLQ�FKDPEHU� FDSVXOH� IURP� WKH� YHKLFOH
V� PDLQPDJQHWLF SURSXOVRU��VRPH�ZLWQHVVHV��XQDZDUH�RI�WKH�SULQFLSOHV�GHVFULEHG�KHUH��FDQ�ZURQJO\WDNH�WKLV��GLDPRQG��IRU�D�QHZ�NLQG�RI�YHKLFOH�ZKRVH�VKDSH�GLIIHUV�IURP�WKDW�RI�WKH�0DJQRFUDIW��7KH FXELFDO� HGJHV� RI� WKLV� FDSVXOH�� ZKHQ� ORRNHG� DW� IURP� DQ� DQJOH�� WDNH� WKH� VKDSH� RI� DGLDPRQG� 1RWLFH�WKDW�WKH�VLWXDWLRQ�GHVFULEHG�DERYH�FKDQJHV�GUDVWLFDOO\�ZKHQ�WKH�0DJQRFUDIWWHUPLQDWH WKHLU�DVFHQW��:KLOH�WKH\�DUH�KRYHULQJ�RU�GHVFHQGLQJ�� WKHLU�PDLQ�PDJQHWLF�FLUFXLWVVWRS EHLQJ�GRPLQDQW�RYHU�RWKHU�FLUFXLWV��WKXV�WKH�HQWLUH�YHKLFOH�PXVW�DSSHDU�YLVLEOH�DJDLQ�WRREVHUYHUV�
*����7KH�ODQGLQJ�VLWHV�RI�WKH�0DJQRFUDIW
:KHQ D YHKLFOH� FRQWDFWV� WKH� VROLG� JURXQG� LW� PXVW� OHDYH� UHFRJQL]DEOH� PDUNV�� )RUH[DPSOH��WKH�ZKHHOV�RI�D�FDU�OHDYH�UDWKHU�FKDUDFWHULVWLF�WUDFNV��ZKHUHDV�D�KRYHUFUDIW�SURGXFHVD EDQG� RI VZLUOHG� DQG� IODWWHQHG� YHJHWDWLRQ�� 7KH� 0DJQRFUDIW
V� SURSXOVLRQ� XWLOL]HV� D� YHU\SRZHUIXO�PDJQHWLF�ILHOG�ZKLFK�LV�FDSDEOH�RI�FRRNLQJ�WKH�VRLO�LQ�D�PDQQHU�VLPLODU�WR�WKDW�XWLOL]HGLQ PLFURZDYH�RYHQV��7KHUHIRUH�ZKHQ�WKH�0DJQRFUDIW� ODQGV��LWV�SURSXOVRUV�PXVW�DOVR�VFRUFKRQ�WKH�JURXQG�D�QXPEHU�RI�GLVWLQFWLYH�PDUNV��7KHVH�PDUNV�FDQ�SURYLGH�YLWDO�LQIRUPDWLRQ�DERXWWKH�YHKLFOH�ZKLFK�SURGXFHG�WKHP��7KH\�UHIOHFW�WKH�W\SH�RI�YHKLFOH��LWV RULHQWDWLRQ��FRQILJXUDWLRQ�PRGH�RI�RSHUDWLRQ��HWF��7R�HQDEOH�WKH�FRUUHFW�LQWHUSUHWDWLRQ�RI�VXFK�PDUNV��WKH�VXEVHFWLRQ�WKDW
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IROORZV LV�GHYRWHG�WR�WKH�GHVFULSWLRQ�RI�WKH�PDLQ�DWWULEXWHV�RI�WKH�0DJQRFUDIW
V�ODQGLQJ�VLWHV�,W LV�ZRUWK�HPSKDVL]LQJ�KHUH�WKDW� WKH�SRSXODU�XQGHUVWDQGLQJ�RI� WKH�WHUP��ODQGLQJ�� LVLQVSLUHG E\�WKH�RSHUDWLRQ�RI�KHOLFRSWHUV�DQG�DHURSODQHV��7KHVH�PDFKLQHV�OHDG�XV�WR�EHOLHYHWKDW LI� D� IO\LQJ� YHKLFOH� ODQGV�� WKH� EXUQLQJ� RI� LWV� IXHO�PXVW� EH� VKXW� GRZQ�DQG� LWV� SURSXOVLRQV\VWHP PXVW� JR� LQWR� D� GHDG�� SDVVLYH� VWDWH�� +RZHYHU� WKH� SULQFLSOHV� RI� WKH� 0DJQRFUDIW
VRSHUDWLRQ DUH�PRUH�OLNH�WKRVH�RI�D�EDOORRQ�RU�DLUVKLS�WKDQ�WKRVH�RI�RXU�KHOLFRSWHUV�RU�DLUFUDIW�7KHUHIRUH ZKHQ�DSSO\LQJ�WKH�WHUP��ODQGLQJ��WR�WKH�0DJQRFUDIW��FRQVLGHUDWLRQ�PXVW�EH�JLYHQWR WKH� IDFW� WKDW� WKLV� YHKLFOH� GRHV� QRW� GLVVLSDWH� LWV� HQHUJ\� UHVRXUFHV� GXULQJ� PRWLRQOHVVKRYHULQJ��7KHUHIRUH�WKH�0DJQRFUDIW
V�ODQGLQJ�PRUH LQYROYHV�KRYHULQJ�FORVH�WR�WKH�JURXQG��ZLWKLWV SURSXOVLRQ�VWLOO�UHPDLQLQJ�RSHUDWLRQDO��VR�WKDW� LWV�FUHZ�DQG�SDVVHQJHUV�DUH�DEOH�WR�OHDYHRU HQWHU� WKH� GHFN�� UDWKHU� WKDQ� DQ� DFWXDO� �VLWWLQJ�� RQ� WKH� JURXQG� DQG� H[WLQJXLVKLQJ� RI� LWVSURSHOOLQJ�ILHOG��
*������(QYLURQPHQWDO�GDPDJH FDXVHG�E\�WKH�ODQGHG�0DJQRFUDIW�RI�WKH�ILUVW�JHQHUDWLRQ
)LYH PDMRU� FDWHJRULHV� RI� HQYLURQPHQWDO� GDPDJH� VKRXOG� EH� GLVWLQJXLVKDEOH� LQ� WKH0DJQRFUDIW
V ODQGLQJ� VLWHV�� 7KHVH� FDWHJRULHV� FDQ� EH� FODVVLILHG� DV�� ���� VFRUFKLQJ�� ���ELRORJLFDO LPSDFW�� ���� FKDQJHV� LQ� HQHUJ\� OHYHO�� ���� FKHPLFDO� FKDQJHV�� DQG� ���� PHFKDQLFDOGHVWUXFWLRQ� 7KH�SULPDU\�FDXVH�IRU�DOO�RI�WKHP�LV�WKH�DFWLRQ�RI�D�KLJKO\�FRQFHQWUDWHG�PDJQHWLFILHOG�WKDW�LV�\LHOGHG�IURP�WKH�SURSXOVRUV�RI�D�ODQGHG�YHKLFOH��%XW�VRPH�W\SHV�RI�GDPDJH�DSSHDUDV WKH HIIHFW�RI�DQ�LQGLUHFW�DFWLRQ�RI�WKLV�ILHOG��H�J��LWV�DELOLW\�WR�SURGXFH�D�KLJKO\�DJJUHVVLYHR]RQH WKDW�DWWDFNV�WKH�FKHPLFDO�FRPSRQHQWV�RI�VRLO�DQG�DLU��$OWKRXJK�UHDO�ODQGLQJ�VLWHV�PXVWLQFRUSRUDWH WKH�VLPXOWDQHRXV�DFWLRQ�RI�D�QXPEHU�RI�FDXVHV�GLVFXVVHG�EHORZ��IRU�WKH�FODULW\RI�DQDO\VLV�WKLV�VXEVHFWLRQ�GHVFULEHV�VHSDUDWHO\�HDFK�PDMRU�FDWHJRU\�RI�GDPDJH��� 6FRUFKLQJ LV�WKH�PRVW�GRPLQDQW�W\SH�RI�GDPDJH�FDXVHG�E\�WKH�PDJQHWLF�FLUFXLWV�RID ODQGHG�0DJQRFUDIW��,W�RFFXUV�EHFDXVH�D�KLJKO\�FRQFHQWUDWHG�PDJQHWLF�ILHOG�SDVVHV�WKURXJKVROLG PDWWHU��7KH� UHVXOW� LV�VLPLODU� WR� WKDW�FDXVHG�E\�DQ�RYHU�DFWLYH�PLFURZDYH�RYHQ�� ,Q� WKHHIIHFW� DOO RUJDQLF�PDWWHU��H�J��SODQWV��DQLPDOV��LQVHFWV��LQ�WKH�UDQJH�RI�WKH�YHKLFOH
V�PDJQHWLFILHOG�LV�FRRNHG��H�J��ZRRG LV�FRPSOHWHO\�EOHDFKHG���LQFLQHUDWHG��RU�WXUQHG�LQWR�EURZQ�JUH\�DVK�7KH�QRQ�RUJDQLF�PDWWHU��H�J��VRLO��LV�SDUFKHG��GHPLQHUDOL]HG�DQG�HPDFLDWHG�2QH RI�WKH�XQXVXDO�DWWULEXWHV�RI�VXFK�PDJQHWLF�VFRUFKLQJ�LV�WKDW�LW�GLIIHUV�LQ�SULQFLSOHIURP VFRUFKLQJ� E\� D� ILUH� RU� E\� R[LGDWLRQ�� 7KHUHIRUH� DVKHV� RI� WKH� RUJDQLF�PDWWHU� SURGXFHGGXULQJ VXFK�VFRUFKLQJ�FDQ�EH�EXUQHG�ODWHU�ZLWK�D�KLJK�LQWHQVLW\��XQOLNH�WKH�DVKHV�IURP�D�ILUH��2Q WKH�RWKHU�KDQG��KLJKO\� IODPPDEOH�PDWHULDOV� WKDW�GLVSOD\�VLJQV�RI�VXFK�VFRUFKLQJ�GR�QRWLJQLWH�D�ILUH�ZKHQ�WKH�VFRUFKLQJ�RFFXUV��� %LRORJLFDO� GHVWDELOL]DWLRQ LV� WKH� PRVW� QRWLFHDEOH� DQG� ORQJ�ODVWLQJ� W\SH� RIHQYLURQPHQWDO GDPDJH� UHVXOWLQJ� IURP� WKH� ODQGLQJ� RI� WKH� 0DJQRFUDIW�� ,W� LV� FDXVHG� E\� WKHH[WHUPLQDWLRQ RI� DOO�PLFUR�RUJDQLVPV� IRXQG� LQ� WKH� UDQJH� RI� WKH� YHKLFOH
V�PDJQHWLF� FLUFXLWV�7KXV� ZLWKLQ� WKH� IRUPHU� 0DJQRFUDIW
V� ODQGLQJ� VLWHV�� DOO� WKH� SDUDVLWLF� PLFUR�RUJDQLVPV� WKDWQRUPDOO\ ZRXOG� NHHS� WKH�SRSXODWLRQ�RI�PXVKURRPV�XQGHU� FRQWURO� DUH�NLOOHG��7KH�ELRORJLFDOHIIHFW RI�VXFK�DQ�H[WHUPLQDWLRQ�LV�DQ�H[DFW�HTXLYDOHQW�WR�WKDW�RI�D�WKHUPDO�VWHULOL]DWLRQ�RI�WKHFRPSRVW XWLOL]HG�E\�PXVKURRP�JURZHUV��2I�FRXUVH�DIWHU�D�YHKLFOH�DVFHQGV�� WKH�PXVKURRPVSRUHV SUHVHQW�LQ�IUHH�DLU�LQVWDQWO\�WDNH�DGYDQWDJH�RI�VXFK�LGHDO�JURZWK�FRQGLWLRQV�DQG�WDNHRYHU WKH�VWHULOL]HG�VRLO��7KH�ELRORJLFDO�EDODQFH��RQFH�VR�GLVWXUEHG��LV�WKHQ�H[WUHPHO\�GLIILFXOWWR UHVWRUH�� 7KHUHIRUH��ZLWKLQ� WKH�0DJQRFUDIW
V� IRUPHU� ODQGLQJ� VLWHV�� DQ� H[SORVLYH�JURZWK� RIPXVKURRPV LV�REVHUYHG�ZKLFK�PD\�ODVW�IRU�PDQ\�GHFDGHV��WKH�DXWKRU�HVWLPDWHV�WKDW�LQ�WKH
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FDVH RI�QRQ�FXOWLYDWHG�VRLO�RI�D� ORZ�YLWDOLW\� ��H�J��VXFK�DV� WKLV�H[LVWLQJ� LQ�1HZ�=HDODQG�� WKHQDWXUDO UHVWRUDWLRQ�RI�D�ELRORJLFDO�EDODQFH�DW�WKH�IRUPHU�0DJQRFUDIW
V�ODQGLQJ�VLWHV�PD\�WDNHHYHQ�XS�WR�����\HDUV��LQ�PRUH�G\QDPLF�VRLOV�OLNH�WKHVH�IURP�WURSLFDO�FRXQWULHV�RU�IURP�(XURSHWKH UHVWRUDWLRQ�WLPH�ZLOO�RI�FRXUVH�EH�PXFK�VKRUWHU���%HFDXVH�VXFK�D�WHFKQRORJLFDOO\�LQGXFHGJURZWK�PXVW�RXWOLQH�WKH�FLUFXODU�SDWWHUQ�RI�WKH�YHKLFOH
V�SURSXOVRUV��VHH�)LJXUHV�*����*���DQG%����WKHVH�PXVKURRP�FLUFOHV�DUH�FDOOHG�KHUH�E\�WKHLU�IRON�QDPH�RI��IDLU\�ULQJV��,W VKRXOG�EH VWUHVVHG�WKDW� LQ�RUGHU� WR�ELRORJLFDOO\�GHVWDELOL]H�WKH�VRLO�� WKH�0DJQRFUDIWPXVW KRYHU LQ�WKH�VDPH�SODFH�RYHU�D�SHULRG�RI�WLPH�WKDW�H[FHHGV�WKH�VR�FDOOHG��FULWLFDO�WLPH��7KLV�FULWLFDO�WLPH�LV�WKH�GXUDWLRQ�UHTXLUHG�IRU�WKH�YHKLFOH
V�PDJQHWLF�ILHOG�WR�FRPSOHWHO\�FRRN�DOOPLFURRUJDQLVPV IURP� WKH� VRLO�� ,W� FDQ� EH� FRPSDUHG� WR� WKH�PLQLPDO� WLPH� QHHGHG� WR� FRRN� DSDUWLFXODU SURGXFW�LQ�D�PLFURZDYH�RYHQ��)RU�WKH�.��W\SH�RI�0DJQRFUDIW�WKH�DXWKRU�HVWLPDWHV�WKLVFULWLFDO WLPH�WR�H[FHHG�DW�OHDVW�WHQ�PLQXWHV��,I�D�YHKLFOH�KRYHUV�DERYH�D�SDUWLFXODU�ODQGLQJ�VLWHVKRUWHU WKDQ�WKLV�FULWLFDO�WLPH��WKHQ�WKH�VRLO�LV�QRW�GHVWDELOL]HG�DQG�D�ORQJ�ODVWLQJ�IDLU\�ULQJ�LVQRW HVWDEOLVKHG� LQ� LW��7KXV�DOO� VLJQV�RI�VXFK�D�VKRUW�GXUDWLRQ� ODQGLQJ�ZRXOG�GLVDSSHDU�DIWHURQO\�D�FRXSOH�RI�PRQWKV�7KH��IDLU\�ULQJV��SURGXFHG�E\�WKH�HIIHFW�RI�WKH�0DJQRFUDIW
V�ORQJ�GXUDWLRQ�ODQGLQJV�PXVWGLVSOD\ D�QXPEHU�RI�XQLTXH�DWWULEXWHV ZKLFK�DUH�DEVHQW�LQ�QDWXUDO�PXVKURRP�JURZWKV��7KHPRVW LPSRUWDQW�RI�WKHVH�DWWULEXWHV��ZKLFK�FDQ�EH�XVHG�DV�LGHQWLILFDWLRQ�FKDUDFWHULVWLFV�RI�WKH0DJQRFUDIW
V�ODQGLQJ�VLWHV��DUH�OLVWHG�EHORZ��$� 7KH�GLPHQVLRQV�ZKLFK�H[DFWO\� FRUUHVSRQG� WR� WKH� �G��GLDPHWHUV� �QRPLQDO��RI� WKHYHKLFOHV WKDW�PDGH�WKHP��7KHVH��G��GLDPHWHUV�DUH�WKH�0DJQRFUDIW
V�HTXLYDOHQW�WR�WKH�ZLGWKVRI�ZKHHO�WUDFNV�PDGH�E\�PRWRU�FDUV���VHH�)LJXUHV�*���DQG�*����7KXV�WKH�QRPLQDO�GLDPHWHUVRI IDLU\�ULQJV��ZKHQ�GHWHUPLQHG�DFFRUGLQJ�WR�WKH�UXOHV�GHVFULEHG�LQ�VXEVHFWLRQ�*��������PXVWIXOILO WKH� HTXDWLRQ� �*���� DQG�PXVW� FRUUHVSRQG� WR� WKH� GDWD� IURP� FROXPQ� �G�� RI� 7DEOH�*��3UDFWLFDOO\ WKLV� PHDQV� WKDW� WKH� VL]HV� RI� IDLU\� ULQJV� FRPSULVH� WKH� WHUPV� RI� D� JHRPHWULFSURJUHVVLRQ ZLWK� UDWLR� WZR�� DQG� WKDW� WKHVH� ULQJV� UHSHDW� WKH� ELQDU\� SURJUHVVLRQ� RI� WKH� �G�GLDPHWHUV IURP�.��WR�.���W\SHV�RI�WKH�0DJQRFUDIW��L�H��HYHU\�VXEVHTXHQW�ULQJ�LV�WZLFH�DV�ELJDV�WKH�SUHYLRXV�RQH��1RWH�WKDW�WKH�QRPLQDO�GLDPHWHUV�RI�WKH�IDLU\�ULQJV�GHSHQG RQO\�RQ�WKH�W\SHRI YHKLFOHV�WKDW�SURGXFHG�WKHP��DQG�IRU�WKH�VDPH�W\SH�WKH\�PXVW�UHPDLQ�H[DFWO\� WKH�VDPHLQGHSHQGHQWO\ RI��VRLO�FRQGLWLRQV��VSHFLHV�RI�PXVKURRPV�WKDW�SRSXODWH�WKH�ODQGLQJ�VLWH��DUHD�FRXQWU\�RU�FRQWLQHQW�ZKHUH�WKH�VLWHV�DUH�IRXQG��HWF��%� 7KH� UHSHWLWLYH� JURZWK� LQ� SUHFLVHO\� WKH� VDPH� ORFDWLRQV� \HDU� DIWHU� \HDU� IRU� PDQ\GHFDGHV� 1R� VORZ� GULIWLQJ� DZD\� RU� WUDQVIRUPDWLRQV�� VR� W\SLFDO� RI� QDWXUDO� JURZWKV�� ZLOO� EHREVHUYHG��&� 5HPDLQLQJ�H[DFWO\�WKH�VDPH�VL]H�IURP�\HDU�WR�\HDU��1RWH�WKDW�LI�WKH�ULQJV�ZHUH�WRJURZ QDWXUDOO\�WKH\�ZRXOG�LQFUHDVH�WKHLU�GLDPHWHU�E\�QRW�OHVV�WKDQ�DERXW���PHWUHV�HDFK�\HDU��'� 5HPDLQLQJ� LQ� D� SHUIHFW� FLUFXODU� RU� HOOLSWLFDO� VKDSH�� LQGHSHQGHQWO\� RI� VRLO� DQGWRSRJUDSKLF�FRQGLWLRQV�WKDW�PD\�VWLPXODWH�D�PRQRWURSLF�JURZWK��(� $� FRPSOHWH� WDNLQJ� RYHU� RI� WKH� HQWLUH� VWHULOL]HG� VRLO� E\�PXVKURRP�VSDZQ�� DV� WKHQDWXUDO VHOI�GHIHQVH�PHFKDQLVPV�RI�WKLV�VRLO�DUH�WRWDOO\�GHVWUR\HG�E\�WKH�PDJQHWLF�FLUFXLWV�RID�ODQGHG�YHKLFOH��7KXV��PXVKURRP�VSDZQ�FRPSOHWHO\�FKRNHV XS�HYHU\�SRUH�RI�WKH�VRLO��OHDYLQJQR�DLU�RU�VSDFH�IRU�SDUDVLWHV�DQG�RWKHU�PLFUR�RUJDQLVPV��$OVR��LI�D�VXUIDFH�OD\HU�RI�WKH�DIIHFWHGVRLO LV�UHSODFHG��WKH�VSRUH�VKRXOG�WDNH�LW�RYHU�DJDLQ�E\�DWWDFNLQJ�IURP�EHORZ��L�H��WKH�ULQJV�DUHH[WUHPHO\�GLIILFXOW�WR�UHPRYH����)� 7KH�XQGHUJURXQG�GLVWULEXWLRQ�RI�PXVKURRP�VSDZQ�VR�WKDW�LW�UHIOHFWV�WKH�FRXUVH�RIWKH PDJQHWLF�FLUFXLWV�RI�D�ODQGHG�YHKLFOH��7KLV�PHDQV�WKDW�LQVLGH�WKH�VRLO�WKH�SDWWHUQ�IRUPHGE\�VSDZQ�PXVW�H[KLELW�DOO�WKH�HOHPHQWV�FKDUDFWHULVWLF�RI�WKH�0DJQRFUDIW
V�ODQGLQJ�VLWH��L�H��PXVW
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FRQVLVW�RI�D�FHQWUDO�SDWFK IRUPHG�E\�WKH�PDLQ�SURSXOVRU��ZKLFK�LV�VXUURXQGHG�E\�D�ULQJ�IRUPHGE\�WKH�VLGH�SURSXOVRUV���VHH�)LJXUH�*���0RUHRYHU�VXFK��IDLU\�ULQJV��PD\�VRPHWLPHV�EH�DFFRPSDQLHG�E\�LPSULQWV�RI�WKH�YHKLFOH
VOHJV O\LQJ�ZLWKLQ�WKH�FLUFOH��LI�WKH�0DJQRFUDIW�GLG�QRW�KRYHU�MXVW�DERYH�WKH�JURXQG��EXW�XVHG�LWVOHJV�ZKLOH�ODQGLQJ��,W VKRXOG�EH�VWUHVVHG�WKDW�WKH�ELRORJLFDO�FRQVHTXHQFHV�RI�IDLU\�ULQJV�LQYROYH�D�YDULHW\RI HIIHFWV�ZKLFK�DUH�VWURQJO\�GHSHQGDEOH�RQ� WKH�VHDVRQ�RI� WKH�\HDU��)RU�H[DPSOH� LQ�VRPHVHDVRQV �H�J�� VSULQJ�� WKH� PXVKURRPV� PD\� VWLPXODWH� D� IDVWHU� JURZWK� RI� JUDVV�� LQ� RWKHUVHDVRQV��H�J��DXWXPQ��WKH\�PD\�WHQG�WR�NLOO�WKH�JUDVV��%HFDXVH�RI�WKHLU�DELOLW\�WR�KHDW�WKH�VRLO�VXFK PXVKURRP�ULQJV�DOVR�HQFRXUDJH�DQLPDOV�DQG�ELUGV�WR�JDWKHU�DQG�UHVW�RQ�WKHLU�VXUIDFHV��� 7KH�LQFUHDVH�LQ�HQHUJ\�OHYHO FDXVHV�WKH�GDPDJH�GRQH�WR�DOO�VXEVWDQFHV�DIIHFWHGE\ WKH�0DJQRFUDIW
V�PDJQHWLF�ILHOG��,W�LV�DOUHDG\�HVWDEOLVKHG�WKDW�VROLG�PDWWHU�H[SRVHG�WR�WKHDFWLRQ�RI�DQ�H[WUHPHO\�VWURQJ�PDJQHWLF�ILHOG�FKDQJHV�LWV�HQHUJ\�UHODWHG�SURSHUWLHV�DQG�EHJLQVWR EHKDYH� LQ�D�FRPSOHWHO\�GLIIHUHQW�PDQQHU��)RU�H[DPSOH�VXFK�PDJQHWLF� LPSDFW� LV�DOUHDG\XWLOL]HG FRPPHUFLDOO\� IRU� PDNLQJ� D� FRQFUHWH� VWURQJHU� WKDQ� VWHHO�� IRU� SURGXFLQJ� DQRQ�GHVWUXFWLEOH UXEEHU�� IRU� JURZLQJ�PRQRFU\VWDOV�� HWF�� ,Q� WKH�0DJQRFUDIW
V� ODQGLQJ� VLWHV� LWPXVW�VLPLODUO\�DIIHFW�WKH�HQYLURQPHQW��FKDQJLQJ�WKH�SURSHUWLHV�RI�WKH�VRLO�LQ�D�ZD\�WKDW�PD\�ODVWIRU�PDQ\�\HDUV�7KH FKDQJHV� LQ�HQHUJ\� OHYHO�RI� WKH�VRLO�DIIHFWHG�E\�D� ODQGHG�0DJQRFUDIW�VKRXOG�EHGHWHFWDEOH E\� D� QXPEHU� RI� LQVWUXPHQWV� DQG� WHFKQLTXHV�� 7KH� PRVW� VLPSOH� RI� WKHVHWHFKQLTXHV LQYROYHV� WKH�PHDVXUHPHQW�RI� WKH�HOHFWULF� UHVLVWDQFH�RI� WKH�DIIHFWHG�VRLO�ZLWK�DQRUGLQDU\ �RKPPHWHU���7KLV�UHVLVWDQFH�VKRXOG�EH�PDQ\�WLPHV�KLJKHU�WKDQ�WKH�UHVLVWDQFH�RI�WKHQRQ�DIIHFWHG VRLO�IURP�WKH�VDPH�ODQGLQJ�VLWH���1RWH�WKDW�RUGLQDU\�VRLO�WKDW�LV�RQO\�DIIHFWHG�E\PXVKURRP VSRUH�ZKLOH�LWV�HQHUJ\�OHYHO�UHPDLQV�XQFKDQJHG��KDV�LWV�HOHFWULF�UHVLVWDQFH�PXFKVPDOOHU WKDQ� IURP� WKH� VDPH� VRLO� ZKLFK� LV� IUHH� RI� PXVKURRPV��� 6LPLODUO\�� ;�UD\� GLIIUDFWLRQWHFKQLTXHV VKRXOG�SURGXFH�UHVXOWV�WKDW�GLIIHU�IURP�WKRVH�IRU�QRQ�DIIHFWHG�VRLO��7KH�LQFUHDVHGHQHUJ\ OHYHO� RI� WKH� VRLO� PXVW� DOVR� EH�PDQLIHVWHG� WKURXJK� WKH� FKDQJHV� WR� LWV� LQWHU�SDUWLFOH�VXUIDFH��WHQVLRQ��7KLV�PHDQV�WKDW�WKH�VRLO�DIIHFWHG�E\�WKH�0DJQRFUDIW
V�ILHOG�UHIXVHV�WR�DEVRUEZDWHU� 7KXV WKH�RUGLQDU\�PHDVXUHPHQWV�RI� WKH�ZDWHU� DEVRUSWLRQ�FDSDELOLW\� �RU�KXPLGLW\��RIVXFK VRLO� VKRXOG� SURYLGH� UHVXOWV� WKDW� GLIIHU� IURP� WKRVH� RI� XQDIIHFWHG� VRLO�� 7KH� DFWLRQ� RI� DWXUEXOHQW PDJQHWLF�ILHOG�RQ�WKH�VRLO�VKRXOG�DOVR�DOWHU�LWV�PDJQHWLF�SURSHUWLHV��H�J��SRODULW\�DQGWKH OHYHO� RI� PDJQHWL]DWLRQ��� 7KXV� VHQVLWLYH� PDJQHWRPHWHUV� VKRXOG� LQGLFDWH� DQRPDOLHV� LQUHDGLQJV DW� WKH�0DJQRFUDIW
V� ODQGLQJ� VLWHV�� )LQDOO\�� WKH� H[SRVXUH� WR� D� KLJKO\� FRQFHQWUDWHGPDJQHWLF HQHUJ\� WRJHWKHU� ZLWK� WKH� ERPEDUGPHQW� E\� DLU� LRQV� PD\� DOVR� FDXVH� VKRUW�WHUPUDGLRDFWLYLW\�RI�WKH�ODQGLQJ�VLWH��7KLV�UDGLRDFWLYLW\�VKRXOG�EH�UHJLVWUDEOH�E\�YDULRXV�UDGLRPHWHUVDQG�UDGLDWLRQ�GHWHFWRUV���� &KHPLFDO� FKDQJHV DUH� WKH� QH[W� W\SH� RI� GDPDJH� DSSHDULQJ� DW� WKH�0DJQRFUDIW
VODQGLQJ VLWHV��7KHVH�FKDQJHV�LQYROYH�KLJKO\�FRPSOH[�SKHQRPHQD�RFFXUULQJ�LQ�WZR�VWHSV��,QWKH�ILUVW�VWHS��FLUFXLWV�RI�WKH�YHKLFOH
V�PDJQHWLF�ILHOG�DFW�RQ�WKH�SDUWLFOHV�RI�R[\JHQ�IRXQG�LQ�WKHILHOG
V UDQJH�DQG� WUDQVIRUP�WKLV�R[\JHQ� LQWR�D�KLJKO\�DFWLYH�R]RQH�� ,Q� WKH�VHFRQG�VWHS�� WKHR]RQH VR� REWDLQHG� DWWDFNV� DOO� VXEVWDQFHV� LQ� WKH� YLFLQLW\�� SURGXFLQJ� D�PL[WXUH� RI� FKHPLFDOSURGXFWV �XVXDOO\� YDULRXV� VDOWV���7KHQ� WKHVH�FKHPLFDO� SURGXFWV�HLWKHU� ILOO� XS�SRUHV� H[LVWLQJZLWKLQ�WKH�VRLO��LI�WKH�R]RQH�ZDV�IRUPHG�ZLWKLQ�WKH VRLO���RU�IDOO�GRZQ�FRYHULQJ�WKH�VXUIDFH�RI�WKHVFRUFKHG�PDUNV��LI�WKH�R]RQH�ZDV�IRUPHG�LQ�IUHH�DLU�DERYH�WKH�JURXQG���� 0HFKDQLFDO� GHVWUXFWLRQ LV� WKH� ODVW� FDWHJRU\� RI� GDPDJH� FDXVHG� E\� D� ODQGHG0DJQRFUDIW� 7KUHH�IRUPV�RI�GHVWUXFWLRQ�RULJLQDWLQJ� IURP�WKH�YHKLFOH
V�PDJQHWLF�ILHOG�FDQ�EHFODVVLILHG LQWR� WKLV� FDWHJRU\�� L�H�� �D�� IODWWHQLQJ� RI� SODQWV�� �E�� VRLO� FRPSUHVVLRQ�� DQG� �F�� VRLO
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H[WUDFWLRQ� ,Q�DGGLWLRQ�� WKH�PHFKDQLFDO�GDPDJH�FDQ�DOVR�EH�FDXVHG�E\�YDULRXV�SDUWV�RI� WKHYHKLFOH �H�J�� LWV� OHJV��ZKLFK� WRXFK�WKH�JURXQG��%XW�EHFDXVH�WKH�GDPDJH�IURP�VXFK�SDUWV� LVUDWKHU�REYLRXV��HODERUDWLRQ�KHUH�ZRXOG�EH�XQQHFHVVDU\�DQG�VR�LV�RPLWWHG��D��)ODWWHQLQJ�RI�SODQWV FDQ�EH�FDXVHG�E\�WZR�GLIIHUHQW�PHFKDQLVPV��7KH�ILUVW�RI�WKHVHLQYROYHV WKH�VSLQQLQJ�PDJQHWLF�FLUFXLWV�RI�D�YHKLFOH��,W�DSSHDUV�DW�VLWHV�ZKHUH�WKH�0DJQRFUDIWKRYHUHG DW� ORZ�KHLJKW�IRU�D�YHU\�VKRUW�GXUDWLRQ��L�H��VKRUWHU�WKDQ�WKH��FULWLFDO� WLPH����,Q�VXFKFDVHV WKH�YHKLFOH
V�ILHOG�KDG�LQVXIILFLHQW�WLPH�WR�VFRUFK�WKH�YHJHWDWLRQ��EXW�VSLQQLQJ�PDJQHWLFFLUFXLWV KDYH�H[HUWHG�HQRXJK�IRUFH�WR�SXVK�GRZQ�HYHU\�VLQJOH�EODGH�RI�JUDVV��7KH�VWUDQGV�RIIRUFH OLQHV�RI�WKHVH�FLUFXLWV�DFW�OLNH�KXJH�FRPEV�ZKLFK�EUXVK�GRZQ�WKRURXJKO\�DOO�YHJHWDWLRQZLWKLQ WKH�FLUFXLWV
�SDWK��$�FKDUDFWHULVWLF�DWWULEXWH�RI�VLWHV�IRUPHG�LQ�VXFK�D�PDQQHU�LV�WKDW�DOOWKH EODGHV� RI� JUDVV� �RU� FURSV�� DUH� IODWWHQHG� ZLWK� DVWRQLVKLQJ� SUHFLVLRQ�� 7KH\� DOO� OLH� GRZQSDUDOOHO WR�HDFK�RWKHU��SHUIHFWO\�VWUDLJKW�DQG�HYHQO\�GLVWULEXWHG��IRUPLQJ�D�NLQG�RI�PLUURU�ZKLFKUHIOHFWV�WKH�OLJKW��,I�ORRNHG�DW��RU�SKRWRJUDSKHG��IURP�D�GLVWDQFH�WKH�VLWH�ORRNV�DV�LI�LW�LV�IORRGHGZLWK ZDWHU��,Q�IRONORUH�QHVWV�RI�IODWWHQHG�YHJHWDWLRQ�GLVSOD\LQJ�WKH�DERYH�DWWULEXWHV�DUH�FDOOHG�GHYLO�FLUFOHV���7KH VHFRQG�PHFKDQLVP�RI�WKH�IODWWHQLQJ�RI�WKH�SODQWV�LV�FDXVHG�VROHO\�E\�WKH�DLU�WKDWVSLQV DURXQG�WKH�0DJQRFUDIW�GXULQJ�WKH�PDJQHWLF�ZKLUO�PRGH�RI�RSHUDWLRQ��RU�E\�WKH�SODVPDZKLUO WKDW�VXUURXQGV�D� ODQGHG�YHKLFOH��7KLV� W\SH�RI�GDPDJH�IUHTXHQWO\�DSSHDUV�DW� WKH�VLWHVZKHUH D�YHKLFOH�KRYHUHG�DW�D�VLJQLILFDQW�KHLJKW�VR�WKDW�LWV�PDJQHWLF�FLUFXLWV�ORRSHG�HQWLUHO\�LQWKH DLU��VHH�)LJXUH�*���DQG�GHVFULSWLRQ�IURP�VXEVHFWLRQ�*�������0RVW�IUHTXHQWO\�LW�WDNHV�WKHIRUP RI�D�VZLUOLQJ�DQG�IODWWHQLQJ�RI�FKDRWLF�FLUFXODU�QHVWV�RI�JUDVV�RU�FURSV��,Q�VRPH�LQVWDQFHVWUHHV�FDQ�EH�FXW�GRZQ�E\�D�SODVPD�ZKLUO��E��:KHQ�D�KHDY\�0DJQRFUDIW�KRYHUV�VXVSHQGHG�QHDU�WKH�JURXQG��WKH�PDJQHWLF�FLUFXLWVRI WKLV� YHKLFOH� WUDQVPLW� LWV� ZHLJKW� RQWR� WKH� VRLO�� 7KLV� LQ� WXUQ� PXVW� FDXVH� WKH� GHWHFWDEOHFRPSUHVVLRQ RI�VRLO ZLWKLQ�WKH�ODQGLQJ�VLWH��%HFDXVH�LQ�DGGLWLRQ�WR�VXFK�D�FRPSUHVVLRQ�WKHVRLO LV� VFRUFKHG�� PDJQHWLFDOO\� HQHUJHWL]HG�� DQG� LWV� SRUHV� DUH� FKRNHG� ZLWK� WKH� PXVKURRPVSDZQ��WKH�VRLO�WKXV�EHFRPHV�DOPRVW�WRWDOO\�LPSHUYLRXV�WR�ZDWHU��F� 6RLO� H[WUDFWLRQ RFFXUV� ZKHQ� WKH� YHKLFOH
V� PDJQHWLF� FLUFXLWV� UDSLGO\� SXOO� XS� WKHPDWHULDO WKH\�HQYHORSH��%HFDXVH�WKHVH�FLUFXLWV�VLPXOWDQHRXVO\�PDJQHWL]H�WKH�PDWHULDO� WKH\DFW XSRQ��WKH\�DUH�DEOH�WR�H[WUDFW�LW�IURP�WKH�VXUURXQGLQJ�VRLO�DQG�OLIW�LW�LQWR�WKH�DLU��$�SHUIHFWH[DPSOH RI� VXFK� D�PHFKDQLFDO� H[WUDFWLRQ� RI� VRLO� ZRXOG� EH� WKH� FDVH�ZKHUH� D�0DJQRFUDIW�KRYHULQJ PRWLRQOHVV�ZLWK� LWV�PDJQHWLF� FLUFXLWV� ORRSHG� XQGHU� WKH� JURXQG� �VHH� )LJXUH�*����UDSLGO\ LQLWLDWHV�D�YHU\�IDVW�DVFHQW��,Q�WKH�WKUREELQJ�PRGH�RI�RSHUDWLRQ��VXFK�D�UDSLG�DVFHQWZRXOG FDXVH�OXPSV�RI�VRLO�FRQWDLQHG�ZLWKLQ�WKH�PDJQHWLF�FLUFXLWV�WR�EH�H[WUDFWHG��SXOOHG�DZD\DQG GURSSHG� LQ� RWKHU� DUHDV�� ,Q� WKH� PDJQHWLF� ZKLUO� PRGH� RI� RSHUDWLRQ�� WKH� HQWLUHF\OLQGHU�VKDSHG�YROXPH�RI�JURXQG�SODFHG�ZLWKLQ�WKH�VSLQQLQJ�PDJQHWLF�FLUFXLWV�PD\�EH�FXW�RXWIURP�LWV�VXUURXQGLQJV DQG�WUDQVSRUWHG�WR�DQRWKHU�SODFH��1RWLFH�WKDW�GXULQJ�VORZ�DVFHQWV�RI�WKH0DJQRFUDIW�WKLV�NLQG�RI�GDPDJH�ZLOO�QRW�RFFXU�,W LV�ZRUWK�PHQWLRQLQJ�WKDW�WKH�UDSLG�DVFHQW�RI�D�0DJQRFUDIW�WKDW�KRYHUHG�MXVW�DERYH�DZDWHU UHVHUYRLU�ZRXOG�FDXVH�WKH�H[WUDFWLRQ�RI�ZDWHU�DV�ZHOO��7KH�SULQFLSOHV�LQYROYHG�KHUH�DUHVLPLODU WR�WKRVH�IRU�WKH�H[WUDFWLRQ�RI�VRLO��7KHUHIRUH�H\H�ZLWQHVVHV�PD\�VRPHWLPHV�VHH�WKLVYHKLFOH�GHSDUWLQJ�LQWR�VSDFH�ZLWK�KXJH�EDOORRQV�RI�ZDWHU�DWWDFKHG�WR�WKH�XQGHUQHDWK�RI�LW��RQHFDQ LPDJLQH ZKDW�NLQG�RI�VSHFXODWLRQV� WKLV�ZRXOG� LQGXFH� LQ�ZLWQHVVHV�ZKR�DUH�XQDZDUH�RIWKH�SULQFLSOHV�H[SODLQHG�KHUH���



G-60

*������7KUHH�PDLQ�FDVHV�RI�WKH�0DJQRFUDIW
V�ODQGLQJV
7KHUH DUH�WZR�IDFWRUV�ZKLFK�GHILQH�WKH�DWWULEXWHV�RI�WKH�PDUNV�OHIW�RQ�WKH�JURXQG�E\�DODQGHG 0DJQRFUDIW��7KHVH�DUH������WKH�PXWXDO�SRVLWLRQLQJ�RI�WKH�0DJQRFUDIW�DQG�WKH�JURXQGOHYHO�DW�D�SDUWLFXODU�ODQGLQJ�VLWH��DQG�����WKH�G\QDPLF�VWDWH�RI�WKH�YHKLFOH
V�PDJQHWLF�ILHOG��7KLVVXEVHFWLRQ UHYLHZV�WKH�PDLQ�FODVVHV�RI� ODQGLQJ�VLWHV�RI� WKH�0DJQRFUDIW�� IRUPHG�DV�D�UHVXOWRI�YDULDWLRQV�RQ�WKH�DERYH�IDFWRUV�)LJXUH�*�� LOOXVWUDWHV�WKH�LPSDFW�WKDW�WKH�KHLJKW�DW�ZKLFK�D�SDUWLFXODU�0DJQRFUDIW�KRYHUVKDV�RQ�WKH�W\SH�RI�PDUNV�WKDW�WKLV�YHKLFOH�OHDYHV�RQ�WKH�JURXQG�'HSHQGLQJ RQ� WKH� WRWDO� GLVWDQFH� �K �� IURP� WKH� YHKLFOH
V� EDVH� WR� WKH� HQG� RI� WKHW0DJQRFUDIW
V PDJQHWLF� FLUFXLWV� �L�H�� �VSDQ�� RI� WKH� YHKLFOH
V� FLUFXLWV��� WKHUH� DUH� RQO\� WKUHHSRVVLEOH SRVLWLRQV� RI� WKH�0DJQRFUDIW� LQ� UHODWLRQ� WR� WKH� JURXQG� OHYHO�� ,Q� WKHVH�SRVLWLRQV� WKHYHKLFOH
V�PDJQHWLF�FLUFXLWV�LQ�UHODWLRQ�WR�WKH�JURXQG�OHYHO�FDQ�EH�VXFK�WKDW������7KH�PDJQHWLF�FLUFXLWV�RI�WKH�0DJQRFUDIW�DUH�ORRSHG�XQGHU�WKH�VXUIDFH�RI�WKH�JURXQG��7KH WHUP��DUH�ORRSHG��PHDQV�WKDW�WKH�FLUFXLWV�ILUVW�HQWHU�XQGHUJURXQG�DQG�WKHQ�WXUQ�EDFN�WRWKH�VXUIDFH���7KLV�RFFXUV�ZKHQ�WKH�KHLJKW��K ��DW�ZKLFK�WKH�YHKLFOH�KRYHUV�LV�OHVV�WKDQ�WKH�WRWDO[OHQJWK��K ��RI�WKH�YHKLFOH
V�PDJQHWLF�FLUFXLWV��VHH�)LJXUHV�*���	�*�����W��� 7KH�ORRSLQJ�RI�WKHVH�FLUFXLWV�RFFXUV�DORQJ�OLQHV�H[DFWO\�OHYHO�ZLWK�WKH�VXUIDFH�RI�WKHJURXQG��7KLV�RFFXUV�ZKHQ�WKH�0DJQRFUDIW�KRYHUV�H[DFWO\�DW�WKH�KHLJKW��K ���VHH�)LJXUH�*����W��� 7KH�PDJQHWLF�FLUFXLWV�RI�WKH�0DJQRFUDIW�DUH�ORFDWHG�WRWDOO\�LQ�WKH�DLU�DQG�VR�GR�QRWWRXFK WKH VXUIDFH�RI�WKH�JURXQG��7KLV�RFFXUV�ZKHQ�WKH�0DJQRFUDIW�KRYHUV�DW�D�KHLJKW�WKDW�LVPXFK�JUHDWHU�WKDQ�WKH�WRWDO�OHQJWK��K��RI�WKH�YHKLFOH
V�PDJQHWLF�FLUFXLWV��VHH�)LJXUH�*�����6LQFH WKH� PDUNV� OHIW� LQ� HDFK� RI� WKH� DERYH� FDVHV� PXVW� GLIIHU�� WKH\� DUH� GLVFXVVHGVHSDUDWHO\�LQ�WKH�VXEVHFWLRQV�WKDW�IROORZ�:KHUH WKH�G\QDPLF�VWDWHV�RI�WKH�YHKLFOH
V�PDJQHWLF�ILHOG�DUH�FRQFHUQHG��WZR�RI�WKHVHFDQ EH�GLVWLQJXLVKHG��L�H������D�VWDWLRQDU\��QRQ�ZKLUOLQJ��ILHOG���ZKLFK�SUHYDLOV�LQ�WKH�WKUREELQJDQG WKH�PDJQHWLF�OHQV�PRGH�RI�WKH�0DJQRFUDIW
V�RSHUDWLRQ��DQG�����D�ILHOG�ZKRVH�IRUFH�OLQHVDUH VSLQQLQJ�DURXQG�WKH�VSDFHFUDIW���WKLV�SUHYDLOV�ZKHQ�WKH�YHKLFOH�RSHUDWHV�LQ�WKH�PDJQHWLFZKLUO PRGH��7KH�LPSDFW�WKDW�WKHVH�WZR�PRGHV�KDYH�RQ�WKH�PDUNV�OHIW�RQ�WKH�JURXQG�PDLQO\FRQFHUQV WKH�PXWXDO� FRQQHFWLRQ� EHWZHHQ� VXEVHTXHQW� PDUNV�� ,Q� JHQHUDO�� WKH� QRQ�ZKLUOLQJPDJQHWLF ILHOG�SURGXFHV�D�VHULHV�RI�PXWXDOO\�VHSDUDWHG�PDUNV��VHH�SDUW��E��RI�)LJXUH�*����HDFK�RI�ZKLFK�LV�OHIW�E\�D�GLIIHUHQW�VLGH�SURSXOVRU��ZKHUHDV�WKH�ZKLUOLQJ�ILHOG�MRLQV�DOO�WKH�PDUNVIURP�WKH�VLGH�SURSXOVRUV�LQWR�RQH�FRQWLQXRXV�ULQJ��VHH�SDUW��F��RI�)LJXUH�*����
*������7KH�ODQGLQJ�VLWHV�IRU�WKH�PDJQHWLF�FLUFXLWV�ORRSHG�XQGHU�WKH�JURXQG
,Q�)LJXUH�*�� LV�VKRZQ�DQ�H[DPSOH�RI�WKH�0DJQRFUDIW�KRYHULQJ�VR�FORVH�WR�WKH�VXUIDFHRI WKH�JURXQG�WKDW�LWV�PDJQHWLF�FLUFXLWV�DUH�ORRSLQJ��WXUQLQJ�EDFN��XQGHU�WKH�VXUIDFH��,Q�VXFKD FDVH� WKH� FROXPQV� RI� D� VWURQJ�� SXOVDWLQJ� PDJQHWLF� ILHOG� SURGXFHG� E\� WKH� SDUWLFXODUSURSXOVRUV KDYH�QR�RSSRUWXQLW\� WR�VSUHDG�RXW�EHIRUH�WKH\�HQWHU�WKH�JURXQG��7KHUHIRUH�WKHLUDFWLRQ XSRQ�SODQWV�DQG�VRLO� LV� YHU\� FRQFHQWUDWHG��DQG�DIIHFWV�RQO\� WKH� VPDOO� DUHDV� ORFDWHGH[DFWO\ RSSRVLWH� WKH� RXWOHWV� IURP� WKH� SURSXOVRUV� �� VHH� SDUW� �E�� LQ� )LJXUH� *���� 0RUHRYHU�EHWZHHQ WKH�SODFH�ZKHUH�WKH�FROXPQ�IURP�WKH�PDLQ�SURSXOVRU�����DQG�WKH�SODFHV�ZKHUH�WKHFROXPQV IURP�WKH�VLGH�SURSXOVRUV�����HQWHU�XQGHUJURXQG�LV�DQ�DUHD�RI�XQDIIHFWHG�YHJHWDWLRQ�%HFDXVH WKLV� DUHD� LV� ZLWKLQ� WKH� UHYHUVLEOH� SDUWV� RI� WKH� PDJQHWLF� FLUFXLWV�� WKH� KLJKO\
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FRQFHQWUDWHG�PDJQHWLF�ILHOG�GRHV�QRW�DFW�XSRQ�LW�GLUHFWO\�$V DQ�HIIHFW�RI�WKH�0DJQRFUDIW
V�ILHOG�DFWLQJ�XSRQ�SODQWV�DQG�VRLO�ORFDWHG�DW�WKH�RXWOHWVIURP WKH�SURSXOVRUV��D�YHU\�FKDUDFWHULVWLF�SDWWHUQ�RI�PDUNV�LV�IRUPHG��7KLV�SDWWHUQ�FRQVLVWV�RID FHQWUDO�PDUN�����VXUURXQGHG�E\�D� ULQJ�RI�VLGH�PDUNV������7KH�VLGH�PDUNV�����DUH� ORFDWHGH[DFWO\ XQGHU WKH�RXWOHWV�IURP�WKH�VLGH�SURSXOVRUV��DV�WKH�PDJQHWLF�D[HV�RI�WKHVH�SURSXOVRUVDUH NHSW�SHUSHQGLFXODU�WR�WKH�0DJQRFUDIW
V�EDVH�GXULQJ�ODQGLQJ��7KH�QRPLQDO�GLDPHWHU��G��RIWKH FLUFOH�RQ�ZKLFK�WKHVH�PDUNV�DUH�ORFDWHG�LV�GHSHQGHQW�RQ�WKH�W\SH�RI�ODQGHG�YHKLFOH��DQGFRUUHVSRQGV WR WKH� GDWD� FROOHFWHG� LQ�7DEOH�*���$OVR� WKH� QXPEHU� RI�PDUNV� LV� HTXDO� WR� WKHQXPEHU �Q��RI�VLGH�SURSXOVRUV�LQ�WKLV�W\SH�RI�0DJQRFUDIW��RU�LV�HTXDO�WR�IRXU���LI�WKH�YHKLFOH�LVODQGLQJ�ZLWK�RQO\�WKH��IRXU�FLUFXLWV��PRGH�RI�RSHUDWLRQ��VHH�VXEVHFWLRQ�*����2Q�IODW�JURXQG��WKHORFDWLRQ�RI�WKH�FHQWUDO�PDUN�����PXVW�EH�VKLIWHG�IURP�WKH�JHRPHWULFDO�FHQWUH�RI�WKH�ODQGLQJ�VLWH�7KLV�VKLIWLQJ�LV�FDXVHG�E\�WKH�VODQWLQJ�RI�WKH�PDJQHWLF�D[LV�RI�WKH�PDLQ�SURSXOVRU�WR�D�SRVLWLRQWDQJHQWLDO WR�WKH�ORFDO�FRXUVH�RI�WKH�IRUFH�OLQHV�RI�WKH�(DUWK
V�PDJQHWLF�ILHOG��7KHUHIRUH�IRU�DVLQJOH YHKLFOH�� WKH� FHQWUDO� PDUN� ���� LV� GLVSODFHG� LQ� WKH� GLUHFWLRQ� RI� PDJQHWLF� QRUWK� LQ� WKH1RUWKHUQ KHPLVSKHUH�DQG� LQ� WKH�GLUHFWLRQ�RI�PDJQHWLF�VRXWK� LQ� WKH�6RXWKHUQ�KHPLVSKHUH��VHH )LJXUH *��� �E��� 7KH� GHJUHH� RI� LWV� GLVSODFHPHQW� IURP� WKH� FHQWUDO� ORFDWLRQ� RQ� WKH� VLWHGHSHQGV RQ� WKH LQFOLQDWLRQ�DQJOH� �,��RI� WKH�(DUWK
V�PDJQHWLF� ILHOG�DQG�RQ� WKH�KHLJKW�RI� WKHVXVSHQVLRQ�RI�WKH�PDLQ�SURSXOVRU�DERYH�WKH�OHYHO�RI�WKH�JURXQG��7KLV�DOORZV�WKH�0DJQRFUDIW
VORJ FRPSXWHU WR�XWLOL]H�WKLV�GLVSODFHPHQW�IRU�WKH�GHWHFWLRQ�DQG�PDLQWHQDQFH�RI�WKH�YHKLFOH
VGLVWDQFH IURP�WKH�JURXQG��VLPLODUO\�DV�ERDWV�GR�ZLWK� WKHLU��DFRXVWLF�GHSWK�VRXQGHU����:KHQWKLV �VRXQGHU�� LV� VZLWFKHG� RQ�� DOO� W\SHV� RI� ODQGHG� 0DJQRFUDIW� SURGXFH� VLPLODUO\�VKDSHGODQGLQJV LQ�ZKLFK� WKH� FHQWUDO�PDUN� WRXFKHV� WKH� ULQJ� RI�PDUNV� IURP� WKH� VLGH� SURSXOVRUV� �LQVXFK D�ORFDWLRQ�WKH�PDLQ�PDJQHWLF�FLUFXLWV�UHVSRQG�WKH�PRVW�WR�HYHQ�D�VPDOO�FKDQJH�LQ�WKHYHKLFOH
V�KHLJKW���)RU WKH�WKUREELQJ�PRGH�RI�WKH�0DJQRFUDIW
V�RSHUDWLRQ��WKH�DERYH�PDUNV�DUH�WKH�RQO\RQHV OHIW� DW� WKH� ODQGLQJ� VLWH�� %XW� LI� WKH� YHKLFOH
V� SURSXOVLRQ� GXULQJ� ODQGLQJ� UHPDLQV� LQ� DPDJQHWLF ZKLUO�PRGH�RI�RSHUDWLRQ��WKHQ�WKH�FLUFXODWLRQ�RI�WKH�PDJQHWLF�ILHOG�FDXVHV�DGGLWLRQDOVFRUFKLQJ RI�WKH�FLUFXODU�WUDLO��VHH�����LQ�)LJXUH�*����F���MRLQLQJ�WRJHWKHU�WKH�LQGLYLGXDO�PDUNVIURP WKH�VLGH�SURSXOVRUV��7KLV�WUDLO�LV�IRUPHG�E\�WKH�IRUFH�OLQHV�RI�WKH�PDLQ�PDJQHWLF�FLUFXLWVMXPSLQJ�IURP�HDFK�VLGH�SURSXOVRU�WR�WKH�RWKHU�GXULQJ�WKH�IRUPDWLRQ�RI�D�PDJQHWLF�ZKLUO�7KH FRQILJXUDWLRQ� RI� WKH� ODQGLQJ� VLWH� SUHVHQWHG� LQ� SDUWV� �E�� DQG� �F�� RI� )LJXUH� *��DSSHDUV�RQO\�ZKHQ WKH�0DJQRFUDIW�KRYHUV�MXVW�DERYH�WKH�JURXQG�DW�D�KHLJKW��K ��OHVV�WKDQ�WKH\VR�FDOOHG �FULWLFDO�KHLJKW���K ��EXW�JUHDWHU�WKDQ�WKH�VSDQ��K ��RI�WKH�YHKLFOH
V�VLGH�FLUFXLWV��VHHF VSDUW �E��RI�)LJXUH�*�����)RU�KHLJKWV��K ��JUHDWHU�WKDQ�WKLV�FULWLFDO�RQH��K ���WKH�FXUYDWXUH�RI�WKH[ FYHKLFOH
V�PDJQHWLF�FLUFXLWV�FDXVHV�D�SDWFK�RI�WKH�FHQWUDO�PDUN�����WR�H[SDQG�LQWR�DQ�LQQHU�FLUFOHORFDWHG�ZLWKLQ�WKH�RXWHU�FLUFOH������7KH�LOOXVWUDWLRQ�RI�WKLV�FXUYDWXUH�DQG�WKH�HIIHFW�WKDW�LW�KDV�RQWKH VKDSH�RI� WKH� ODQGLQJ�PDUNV� LV�VKRZQ� LQ�SDUW� �D��RI�)LJXUH�*����2Q� WKH�RWKHU�KDQG� IRUKHLJKWV �K ��OHVV�WKDQ�WKH�VSDQ��K ��RI�VLGH�FLUFXLWV��WKH�VLGH�PDJQHWLF�FLUFXLWV��6��SURGXFH�DQ] VDGGLWLRQDO ULQJ�DSSHDULQJ�RXWVLGH�RI� WKH�RXWHU�FLUFOH������7KH� LOOXVWUDWLRQ�RI� WKLV�ULQJ�DQG� WKHHIIHFW�WKDW�LW�KDV�RQ�WKH�VKDSH�RI�WKH�ODQGLQJ�PDUNV�LV�VKRZQ�LQ�SDUW��F��RI�)LJXUH�*���
*��������'HWHUPLQDWLRQ�RI�WKH�0DJQRFUDIW
V�GLPHQVLRQVIURP�WKH�VFRUFK�PDUNV�OHIW�DW�ODQGLQJ�VLWHV
,W�ZDV�SURYHQ�LQ�VXEVHFWLRQ�*��WKDW�WKH�VKDSH�DQG�GLPHQVLRQV�RI�WKH�0DJQRFUDIW�PXVW
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IROORZ VWULFWO\�D�VHW�RI�HTXDWLRQV� OLVWHG� LQ�)LJXUH�*����7KXV�D�NQRZOHGJHDEOH�REVHUYHU�ZKRDSSOLHV�WKHVH�HTXDWLRQV�VKRXOG�EH�DEOH�WR�GHWHUPLQH�HYHU\�GHWDLO�RI�WKH�0DJQRFUDIW
V�VWUXFWXUHLI KH�VKH�NQRZV�RQO\�WKH�GLDPHWHU��G��RQ�ZKLFK�WKH�YHKLFOH
V�VLGH�SURSXOVRUV�DUH�ORFDWHG��7KHGHVFULSWLRQV IURP�VXEVHFWLRQ�*�����KDYH�VKRZQ�WKDW� WKH�GLDPHWHU��G�� LV�SUHFLVHO\�UHIOHFWHGE\ WKH�GLPHQVLRQV�RI�D�VFRUFKHG�FLUFOH�OHIW�DW�WKH�ODQGLQJ�VLWH�E\�D�YHKLFOH�ZKRVH�PDJQHWLFFLUFXLWV ORRSHG� XQGHU� WKH� JURXQG� �VHH� )LJXUH�*����� 7KLV� MXVWLILHV� WKH� VHDUFK� IRU� D� VLPSOHWHFKQLTXH ZKLFK�ZRXOG�DOORZ�WKH�H[DFW�GLDPHWHU��G��RI�D�0DJQRFUDIW�WR�EH�GHWHUPLQHG�E\�WKHPHDVXUHPHQW RI� WKH� PDUNV� WKDW� WKH� VSDFHFUDIW� OHDYHV� DIWHU� ODQGLQJ�� 6XFK� D� WHFKQLTXH� LVGHVFULEHG�EHORZ��7KH�HTXDWLRQ�IRU�WKH�WKHRUHWLFDO�YDOXH�RI�WKH�GLDPHWHU��G��FDQ�EH�REWDLQHG�E\�FRPELQLQJWZR HTXDWLRQV� �*��� DQG� �*���� DOUHDG\� GHULYHG� LQ� VXEVHFWLRQ� *��� 7KH� ILQDO� HTXDWLRQ� WKDWH[SUHVVHV�WKLV�GLDPHWHU�WDNHV�WKH�IROORZLQJ�IRUP�
&FG� ����#� ^ZKHUH�&  �������>PHWUHV@` �*���. F��

7KH�FRQVWDQW��& ��IURP�WKH�HTXDWLRQ��*����LV�FDOOHG�D��FRVPLF�FXELW��DQG�LW�UHSUHVHQWV�WKH�XQLWFRI OHQJWK� XVHG� E\� EXLOGHUV� RI� WKH� 0DJQRFUDIW� IRU� GHILQLQJ� DOO� LWV� GLPHQVLRQV�� 7KXV� �& �FUHSUHVHQWV D� NLQG� RI� �&RVPLF� 0HWHU��� 7KHUH� LV� D� VWURQJ� MXVWLILFDWLRQ� IRU� EHOLHYLQJ� WKDW� DOOFLYLOL]DWLRQV WKDW�DUH�PDWXUH�HQRXJK�WR�EXLOG�WKH�0DJQRFUDIW��VWDQGDUGL]H�WKHLU�XQLWV�RI�OHQJWK�XVLQJ�WKH�VDPH�FXELW��7KHUHIRUH��LQ�DOO�LQVWDQFHV�RI�D�ODQGHG�0DJQRFUDIW��SUREDEO\�WKH�XQLW��& �FPXVW WDNH�H[DFWO\�WKH�VDPH�YDOXH��,Q�WKH�FDOFXODWLRQV�IURP�WKLV�WUHDWLVH�WKLV�YDOXH�LV�DOZD\VHTXDO�WR�&  �������>PHWUHV@�F,I LW� LV�DVVXPHG� WKDW� WKH�EXLOGHUV�RI�D�SDUWLFXODU�0DJQRFUDIW�XVH� WKH�DERYH�VSHFLILHGFXELW��&  �������>PHWUHV@���WKHQ�GHWHUPLQLQJ�WKH�W\SH�RI�0DJQRFUDIW�WKDW�KDV�ODQGHG�EHFRPHVFTXLWH DQ�HDV\�WDVN��,W�LQYROYHV�RQO\�WKH�IROORZLQJ�VWHSV������PHDVXUHPHQW�RI�WKH�GLDPHWHU��G�RI WKH�FLUFOH�VFRUFKHG�E\�WKH�YHKLFOH�RQ�WKH�JURXQG��DQG�����GHWHUPLQLQJ�IURP�WKH�HTXDWLRQ�*����RU�IURP�FROXPQ��G��RI�7DEOH�*��WKH�W\SH�RI�YHKLFOH�ZKLFK�PDGH�WKH�FLUFOH�7KH SUREOHP�EHFRPHV�PRUH�FRPSOH[��DOWKRXJK�VWLOO�UHVROYDEOH��LI�ZH�GR�QRW�NQRZ�WKHOHQJWK RI�WKH�FXELW�XVHG�E\�WKH�EXLOGHUV�RI�D�SDUWLFXODU�0DJQRFUDIW��RU�LI�ZH�ZLVK�WR�YHULI\�WKHFXELW WKDW�ZDV�GHWHUPLQHG�E\�VRPHRQH�HOVH��,Q�VXFK�FDVHV�WKH�H[DPLQDWLRQ�RI�VFRUFK�PDUNVOHIW�E\�D�ODQGHG�YHKLFOH�PXVW�HVWDEOLVK�WZR�GLIIHUHQW�YDOXHV��L�H��WKH�QXPEHU�RI�VLGH�SURSXOVRUV�Q��DQG�WKH�GLDPHWHU��G���.QRZLQJ�WKHVH�WZR�YDOXHV��WKH�W\SH��.��RI�WKH�ODQGHG�YHKLFOH�FDQ�EHHVWDEOLVKHG IURP�WKH�HTXDWLRQ��*���RU�HTXDWLRQ��%����DQG�WKHQ�WKH�YDOXH�RI�WKH�FXELW�XVHG�E\LWV�EXLOGHUV�FDQ�EH�FDOFXODWHG�IURP�WKH�HTXDWLRQ��*����7KH GHWHUPLQDWLRQ�RI�WKH�QXPEHU��Q��RI�VLGH�SURSXOVRUV�LQ�D�SDUWLFXODU�ODQGHG�YHKLFOHLV TXLWH�DQ HDV\�WDVN��DV�HDFK�RQH�RI�WKHVH�SURSXOVRUV�VKRXOG�VFRUFK�D�FOHDUO\�YLVLEOH�PDUNRQ WKH�JURXQG�RSSRVLWH�LWV�RZQ�RXWOHW���VHH�����IURP�)LJXUH�*����7KHVH�PDUNV�VFRUFKHG�E\LQGLYLGXDO VLGH�SURSXOVRUV�DUH�XVXDOO\�PRUH�H[WHQVLYHO\�GDPDJHG�WKDQ� WKH�FLUFXODU� WUDLO� WKDWMRLQV WKHP�WRJHWKHU��DV�WKH�VFRUFKLQJ�RFFXUULQJ�MXVW�XQGHU�WKH�RXWOHWV�IURP�WKH�SURSXOVRUV�LVWKH PRVW�LQWHQVLYH��H�J�� WKH�JUDVV�EHORZ�VKRXOG�EH�EXUQHG�WR�H[SRVH�EDUH�VRLO���7KHUHIRUH�LQ PRVW� FDVHV� WKH� GHWHUPLQLQJ� RI� �Q�� GHSHQGV� RQ� WKH� VLPSOH� FRXQWLQJ� RI� WKH� QXPEHU� RIH[WHQVLYHO\�VFRUFKHG�SDWFKHV�DSSHDULQJ�DW�WKH�ODQGLQJ�VLWH�XQGHU�H[DPLQDWLRQ�$ PRUH�GLIILFXOW�WDVN�LV�WKH�SUHFLVH�PHDVXUHPHQW�RI�WKH�GLDPHWHU��G���HVSHFLDOO\�DV�WKHDFFXUDF\�RI�GHWHUPLQLQJ�WKH�YDOXH�RI�FXELW��& ��GHSHQGV�RQ�WKH�SUHFLVLRQ�RI�WKLV�PHDVXUHPHQW�F7KH FRPSOLFDWLRQ�RI�WKLV�PHDVXUHPHQW�FRPHV�IURP�WKH�XQNQRZQ�KHLJKW�DW�ZKLFK�D�SDUWLFXODU
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YHKLFOH KRYHUHG�� $V� FDQ� EH� VHHQ� IURP� )LJXUH� *���� WKH� PDJQHWLF� FLUFXLWV� WKDW� VFRUFK� WKHODQGLQJ�VLWH�DUH�FXUYHG�LQZDUGV��7KHUHIRUH�WKH�KLJKHU�D�YHKLFOH�KRYHUV��WKH�VPDOOHU�LV�WKH�RXWHUGLDPHWHU �G ��RI�WKH�VFRUFKHG�VLWH��DQG�WKH�JUHDWHU�WKH�GLIIHUHQFH�EHWZHHQ�WKLV�GLDPHWHU��G �R RDQG WKH�QRPLQDO�GLDPHWHU��G�� WKDW�ZH� LQWHQG� WR�GHWHUPLQH��2QO\�D�0DJQRFUDIW�ZKRVH�EDVHWRXFKHV WKH� JURXQG� ZRXOG� FDXVH� VFRUFK� PDUNV� ZLWK� GLPHQVLRQV� WKDW� ZRXOG� H[DFWO\FRUUHVSRQG�WR�WKH�GLPHQVLRQV�RI�WKH�YHKLFOH�)RUWXQDWHO\��WKHUH�LV�D�GLVWLQFWLYH�UHJXODULW\�LQ�WKH�FXUYDWXUH�RI�WKH�0DJQRFUDIW
V�PDJQHWLFFLUFXLWV ZKLFK�DOORZV�XV�WR�GHYHORS�D�FRUUHFWLRQ�WHFKQLTXH�IRU�DQ��XQGHU��HUURU��WR�EH�DSSOLHGLQ GHWHUPLQLQJ� WKH�H[DFW�YDOXH�RI��G��GLDPHWHU��DQ��XQGHU��HUURU�DSSHDUV�ZKHQ��G �G���7KLVRUHJXODULW\ LV� LOOXVWUDWHG� LQ� )LJXUH� *���� $� 0DJQRFUDIW� VKRZQ� LQ� )LJXUH� *��� KRYHUV� DW� DQXQNQRZQ KHLJKW��K ��ZKLFK�LV�JUHDWHU�WKDQ�WKH�KHLJKW��K ���)RU�VXFK�D�KHLJKW�WZR�FLUFOHV��QRW[ FRQH� PXVW�EH�VFRUFKHG�RQ�WKH�JURXQG��WKH�LQQHU�RQH�RI�ZKLFK�LV�DQ�HTXLYDOHQW�RI�WKH�FHQWUDOPDUN ����VKRZQ�LQ�)LJXUH�*����7KH�UHJXODULW\�GLVFXVVHG�KHUH�GHSHQGV�RQ�VXFK�FXUYLQJ�RI�WKHYHKLFOH
V PDJQHWLF�FLUFXLWV�VR�WKDW� WKH�FKDQJHV�LQ�WKH� LQQHU��G ��DQG�RXWHU��G ��GLDPHWHUV�RIL RWKHVH WZR� VFRUFKHG� FLUFOHV� DUH� V\PPHWULFDO� IRU� D� SDUWLFXODU� KHLJKW�� 7KLV� PHDQV� WKDW� WKHGLVWDQFH EHWZHHQ�WKH�RXWHU�GLDPHWHU��G ��RI�WKH�RXWHU�VFRUFKHG�FLUFOH�DQG�WKH�GLDPHWHU��G��RIRWKH�YHKLFOH�DUH�HTXDO�WR�WKH�GLVWDQFH�EHWZHHQ�WKH�LQQHU�GLDPHWHU��G ��RI�WKH�LQQHU�FLUFOH�DQG�WKHLVLWH
V�FHQWUDO�SRLQW��7KLV�FDQ�EH�H[SUHVVHG�PDWKHPDWLFDOO\�E\�WKH�IROORZLQJ�HTXDWLRQ�G���G  �G ��]HUR �*���R L1RWH WKDW� �]HUR�� LQ� WKLV� HTXDWLRQ� UHSUHVHQWV� WKH� GLDPHWHU� RI� WKH� VLWH
V� FHQWUDO� SRLQW�� ,I� WKLVHTXDWLRQ �*���� LV� FKDQJHG� VR� DV� WR� GHILQH� WKH� YDOXH� RI� WKH� �G�� GLDPHWHU�� LW� ZLOO� WDNH� WKHIROORZLQJ�ILQDO�IRUP�G� �G ��G �*���R L7KH�DERYH HTXDWLRQ��*����H[SUHVVHV�WKH�HVVHQFH�RI�WKH�FRUUHFWLRQ�WHFKQLTXH�GHVFULEHG�KHUHIRU DQ��XQGHU��HUURU��L�H��WKH�HUURU�GLVWLQFWLYH�IRU�WKH�VLWHV�ZKLFK�FRQWDLQ�WZR�FRQFHQWULF�ULQJV��,W VWDWHV�WKDW LI�ZH�PHDVXUH�SUHFLVHO\�WKH�RXWHU�GLDPHWHU��G ��RI�WKH�RXWHU�ULQJ�VFRUFKHG�E\�DRODQGHG 0DJQRFUDIW��DQG�DOVR�WKH�LQQHU�GLDPHWHU��G ��RI�WKH�LQQHU�ULQJ�VFRUFKHG�RQ�WKH�VDPHLVLWH� WKH�DOJHEUDLF� VXP�RI� WKHVH� WZR�GLDPHWHUV�PXVW�\LHOG� WKH�H[DFW� YDOXH� IRU� WKH�QRPLQDOGLDPHWHU��G��WKDW�ZH�DUH�VHDUFKLQJ�IRU��,Q DOO�FDVHV�ZKHUH�D�0DJQRFUDIW�KRYHUV�DW�D�KHLJKW�VPDOOHU�WKDQ��K ��VR�WKDW�LWV�FHQWUDOFPDUN LV�QRW�VKDSHG�LQWR�D�FLUFOH��WKH�PHDVXUHG�YDOXH�RI��G ��PXVW�OLH�EHWZHHQ��G��DQG���G�D��R� VHH�SDUW��E��RI�)LJXUH�*����,Q�WKHVH�FDVHV�WKH�PHDVXUHPHQW�RI��G ��GLDPHWHU�LQYROYHV�DQR�RYHU� HUURU��L�H��DQ��RYHU��HUURU�DSSHDUV�ZKHQ��G !G���)RU�VXFK�ODQGLQJ�VLWHV�WKH�DSSURSULDWHRFRUUHFWLRQ WHFKQLTXH�FDQ�EH�GHYHORSHG�DV�ZHOO��7KH�SULQFLSOH�RI�WKLV�WHFKQLTXH�IRU�DQ��RYHU�HUURU LV� VKRZQ� LQ� SDUW� �E�� RI� )LJXUH�*���� ,W� GHSHQGV� RQ� WKH� SUHFLVH�PHDVXUHPHQW� RI� WKHGLDPHWHU �G ��RI�WKH�PRVW�LQWHQVLYHO\�VFRUFKHG�SDWFK�LQ�WKH�VLQJOH�FHQWUDO�PDUN�OHIW�EHORZ�WKHDPDLQ SURSXOVRU��.QRZLQJ�WKLV�GLDPHWHU��G ��DQG�WKH�RXWHU�GLDPHWHU��G ��RI�WKH�RXWHU�ULQJ��WKHD RH[DFW�YDOXH�IRU��G��FDQ�EH�GHWHUPLQHG�IURP�WKH�IROORZLQJ�HTXDWLRQ�G� �G ��G �*���R D7KH�PDQQHU�RI�GHULYLQJ�WKH�HTXDWLRQ��*����LV�VLPLODU�WR�WKDW�DOUHDG\�GHVFULEHG�IRU�WKH�HTXDWLRQ�*���� ��$W�WKLV�SRLQW�LW�VKRXOG�EH�PHQWLRQHG�WKDW�LQ�YDULRXV�SDUWV�RI�WKH�ZRUOG��HVSHFLDOO\�LQ�1HZ=HDODQG DQG� (QJODQG�� P\VWHULRXV� FLUFOHV� RI� VFRUFKHG� YHJHWDWLRQ� NHHS� DSSHDULQJ�� $OO� WKHDWWULEXWHV RI�WKHVH�FLUFOHV�FRUUHVSRQG�WR�WKRVH�IURP�WKH�0DJQRFUDIW
V�ODQGLQJ�VLWHV���VHH�WKHGHVFULSWLRQ�IURP�VXEVHFWLRQ�*������7KH�DXWKRU�KDV�FRQGXFWHG�ILHOG�PHDVXUHPHQWV�IRU�D�ODUJHQXPEHU RI�VXFK�FLUFOHV��XVLQJ� WKH�FRUUHFWLRQ� WHFKQLTXHV�GHVFULEHG� LQ� WKLV�VXEVHFWLRQ��$V�D
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UHVXOW KH�KDV�HVWDEOLVKHG�WKDW�WKH�GLDPHWHUV�RI�WKHVH�FLUFOHV�H[DFWO\�IXOILO�WKH�HTXDWLRQ��*����DQG WKDW�WKH�FXELW�XVHG�IRU�WKHLU�IRUPDWLRQ�FRUUHVSRQGV�WR�WKH�RQH�DSSOLHG�LQ�WKLV�WUHDWLVH��L�H�&� ��������>PHWUHV@���7KH�VXPPDU\�RI�UHVXOWV�REWDLQHG�GXULQJ�WKHVH�PHDVXUHPHQWV��WRJHWKHUZLWK�SKRWRJUDSKV�RI�WKH�FLUFOHV��DUH�SUHVHQWHG�LQ�FKDSWHU�.�DQG�WUHDWLVH�>�)@��
*������7KH�ODQGLQJ�VLWHV�ZLWK�PDJQHWLF�FLUFXLWVORRSHG�DORQJ�WKH�VXUIDFH�RI�WKH�JURXQG
)LJXUH *�� SUHVHQWV�D�0DJQRFUDIW�ZKLFK�KRYHUV�LQ�WKH�LQYHUWHG�SRVLWLRQ��,WV�KHLJKW�LVVXFK WKDW� WKH�PDLQ�PDJQHWLF�FLUFXLWV�DUH�ORRSLQJ�EDFN� MXVW�DV�WKH\�WRXFK�WKH�VXUIDFH�RI� WKHJURXQG��,Q�WKLV�FDVH��WKH�SDWWHUQ�RI�PDUNV�IRUPHG�LQ�WKH�WKUREELQJ�PRGH�RI�RSHUDWLRQ�WDNHV�WKHIRUP�RI�RQH�FHQWUDO�VSRW��&��DQG�D�QXPEHU�RI�FRQFHQWULF�WUDLOV��0����VHH�SDUW��E��RI�)LJXUH�*���7KH�VSRW��&��LV�IRUPHG�E\�WKH�SLOODU�RI�WKH�FHQWUDO�PDJQHWLF�FLUFXLW��ZKHUHDV�HDFK�VHSDUDWH�WUDLO�0� LV�VFRUFKHG�E\�RQH�RI�WKH�PDLQ�FLUFXLWV��VXFK�PDLQ�FLUFXLWV�MRLQ�WKH�PDLQ�SURSXOVRU�ZLWKHYHU\�RSHUDWLYH�VLGH�SURSXOVRU���,Q WKH�PDJQHWLF�ZKLUO�PRGH�RI� RSHUDWLRQ�� WKH�KRYHULQJ�0DJQRFUDIW� FDXVHV�D� VOLJKWO\GLIIHUHQW SDWWHUQ���VHH�SDUW��F��RI�)LJXUH�*����,Q�WKLV�FDVH��RQH�FLUFXODU��ZLGH�VWULS�RI�GDPDJHGVRLO UHSODFHV� WKH�SUHYLRXV�FRQFHQWULF� WUDLOV�� ,Q� WKLV�VWULS�QRW�RQO\�GDPDJH�RULJLQDWLQJ� IURP�DPDJQHWLF ILHOG� RFFXUV� �GHVFULEHG� LQ� GHWDLO� LQ� VXEVHFWLRQ� *������� EXW� DOVR� PHFKDQLFDOGHVWUXFWLRQ�FDXVHG�E\�D�VSLQQLQJ�RI�LRQL]HG�DLU�WKDW�IROORZV�WKH�PDJQHWLF�ZKLUO��,W VKRXOG� EH� QRWHG� WKDW� WKH� ZLGWK� RI� D� VFRUFKHG� WUDLO� IRU� WKH� ODQGLQJ� LQ� DQ� LQYHUWHGSRVLWLRQ�LV�PXFK�QDUURZHU�WKDQ�IRU�WKH�XSULJKW�0DJQRFUDIW��7KLV�UHVXOWV�EHFDXVH�RQO\�D�FHQWUDOSDUW RI�HDFK�PDLQ�PDJQHWLF�FLUFXLW�WRXFKHV�WKH�JURXQG��ZKHUHDV�WKH�VLGH�FLUFXLWV�GR�QRW�OHDYHDQ\ PDUNV�DW�DOO��,I�WKH�0DJQRFUDIW�ZHUH�WR�KRYHU�LQ�DQ�XSULJKW�SRVLWLRQ��WKHQ�WKH�VLGH�FLUFXLWVZRXOG DOVR�FDXVH�GDPDJH��DQG�WKHUHIRUH�WKH�VL]H�RI� WKH�VLWH�ZRXOG�DSSUR[LPDWHO\�EH�FORVHWR WKH�VL]H�RI�WKH�YHKLFOH��%XW�LQ�WKLV�SRVLWLRQ�WKH�FHQWUDO�VSRW��&��ZRXOG�QRW�EH�IRUPHG��DV�WKHORZHU�VOLS�SRLQW�ZRXOG�EH�IDU�DERYH�WKH�VXUIDFH�RI�WKH�JURXQG���VHH�DOVR�)LJXUH�*���)LJXUH�*���SUHVHQWV�WKH�VLWXDWLRQ�ZKHUH�WKH�LQFOLQDWLRQ�DQJOH��,��RI�WKH�(DUWK
V�PDJQHWLFILHOG LV�HTXDO�WR����GHJUHHV��7KHUHIRUH�DOO�PDUNV�LOOXVWUDWHG�DUH�V\PPHWULFDOO\�ORFDWHG��%XW�LQUHDOLW\ WKH�YDOXH�RI�WKLV�DQJOH�FKDQJHV�ZLWK�WKH�JHRJUDSKLF�ODWLWXGH�DW�ZKLFK�WKH�0DJQRFUDIWODQGV� 7KHUHIRUH� WKH�SDWWHUQ�RI�PDUNV�SUHVHQWHG� LQ�)LJXUH�*���PXVW�DOVR�EH�DSSURSULDWHO\DOWHUHG��GHIRUPHG��
*������7KH�ODQGLQJ�VLWHV�IRU�FLUFXLWV�ORRSHG�LQ�WKH�DLU
,I WKH�PDJQHWLF� FLUFXLWV� DUH� QRW� WRXFKLQJ� WKH� JURXQG�� VFRUFK�PDUNV� DUH� QRW� IRUPHG�+RZHYHU� GXULQJ� WKH�PDJQHWLF�ZKLUO� PRGH� RI� RSHUDWLRQ� D�ZKLUO� RI� DLU� �VRPHWLPHV� FDOOHG� D�GHYLO
V ZKLUO��� LV�SURGXFHG��7KLV�ZKLUO� LV�DEOH�WR� IODWWHQ�SODQWV� ORFDWHG�HYHQ�D� ORQJ�GLVWDQFHXQGHU WKH�EDVH�RI�WKH�0DJQRFUDIW��7KHUHIRUH�WKH�DWWULEXWH�RI�WKH�ODQGLQJ�VLWHV�GLVFXVVHG�KHUHLV D� FRPSOHWH� FLUFOH� �QRW� MXVW� D� ULQJ�� RI� SODQWV� DHURG\QDPLFDOO\� ODLG� IODW� DQG� VZLUOHG� LQ� WKHGLUHFWLRQ RI�WKH�PDJQHWLF�ZKLUO�URWDWLRQ���VHH�)LJXUH�*����7KH�GHVWUXFWLRQ�RI�WKHVH�SODQWV�LVFDXVHG PDLQO\� E\� D� PHFKDQLFDO� EUHDNLQJ�� DOWKRXJK� ZKHQ� DFWHG� RQ� IRU� D� ORQJ� WLPH� E\� DPDJQHWLF�ILHOG�RI�WKH�YHKLFOH
V�FHQWUDO�FLUFXLW�WKH\�FDQ�DOVR�EH�VOLJKWO\�VFRUFKHG��,W VKRXOG�EH�PHQWLRQHG�KHUH� WKDW�SDWFKHV��FRPSOHWH�FLUFOHV��RI�VZLUOHG�DQG�IODWWHQHGYHJHWDWLRQ FDQ�DOVR�EH�SURGXFHG�VRPHWLPHV�ZKHQ�D�YHKLFOH�KRYHUV�ZLWK� LWV�FLUFXLWV� ORRSHG
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XQGHU WKH�JURXQG��)RU�H[DPSOH�IO\LQJ�FOXVWHUV�SURGXFH�WKLV�NLQG�RI�ODQGLQJ���VHH�)LJXUH�*���+RZHYHU�WKHUH�LV�D�GLIIHUHQFH�LQ�DSSHDUDQFH�EHWZHHQ�WKH�YHJHWDWLRQ�VZLUOHG�DHURG\QDPLFDOO\E\ ZKLUOLQJ�DLU��DQG�WKH�YHJHWDWLRQ�VZLUOHG�PDJQHWLFDOO\�E\�VSLQQLQJ�PDJQHWLF�FLUFXLWV��,Q�WKHODWWHU FDVH� LQGLYLGXDO� JUDVV� EODGHV� DUH� SHUIHFWO\� DOLJQHG� ZLWK� RQH� DQRWKHU� DQG� VSUHDGKRUL]RQWDOO\� OLNH�DIWHU�EHLQJ�EUXVKHG�WKRURXJKO\�ZLWK�D�KXJH�URWDWLQJ�FRPE��6R�ZKHQ�ORRNHGDW RU�SKRWRJUDSKHG�IURP�D�GLVWDQFH��VXFK�D�PDJQHWLFDOO\�EUXVKHG�VLWH�ORRNV�VKLQ\��DV�WKRXJKFRYHUHG�ZLWK�ZDWHU��
*������7KH�ODQGLQJ�VLWHV�IRUPHG�E\�DUUDQJHPHQWV�RI�WKH�0DJQRFUDIW
$OO FODVVHV�RI� WKH�0DJQRFUDIW
V� ODQGLQJ�VLWHV�GLVFXVVHG�DERYH�DUH�PDGH�E\�D�VLQJOHYHKLFOH� %XW�YDULRXV�DUUDQJHPHQWV�RI� WKH�0DJQRFUDIW�FDQ�DOVR�SURGXFH�DSSURSULDWH� ODQGLQJVLWHV ZKRVH� SURSHUWLHV� FDQ� GLIIHU� IURP� WKRVH� OHIW� E\� VROR� IO\LQJ� YHKLFOHV�� 7KLV� VXEVHFWLRQGLVFXVVHV�WKH�SURSHUWLHV�RI�WKH�ODQGLQJ�VLWHV�SURGXFHG�E\�VXFK�DUUDQJHPHQWV��,Q JHQHUDO��WKH�ODQGLQJ�VLWHV�SURGXFHG�E\�YDULRXV�DUUDQJHPHQWV�RI�WKH�0DJQRFUDIW�FDQEH GLYLGHG�LQWR�WZR�JURXSV������WKRVH�ZKLFK�ORRN�YHU\�VLPLODU�WR�WKH�ODQGLQJ�VLWHV�OHIW�E\�VLQJOHYHKLFOHV��H�J��VLWHV�SURGXFHG�E\�VSKHULFDO�DQG�FLJDU�VKDSHG�FRPSOH[HV���DQG�����WKRVH�ZKRVHDSSHDUDQFH LV�XQLTXH�WR�D�JLYHQ�DUUDQJHPHQW��H�J��VLWHV�SURGXFHG�E\�IO\LQJ�V\VWHPV�DQG�E\IO\LQJ FOXVWHUV���:KHUH� WKH� VLWHV� ZKLFK� ORRN� VLPLODU� WR� WKRVH�PDGH� E\� VLQJOH� YHKLFOHV� DUHFRQFHUQHG� PRVW� RI� WKH� LQIRUPDWLRQ� IURP� WKH� SUHYLRXV� VXEVHFWLRQV� DOVR� DSSOLHV�� %XW� WZRGHWDLOV�GLIIHU�IURP�WKRVH�SURYLGHG�VR�IDU��7KH�ILUVW�RI�WKHVH�LV�WKDW�WKH�VLWHV�FHQWUDO�VFRUFK�PDUNLV GLVSODFHG�IURP�WKH�FHQWUH�RI�WKH�VLWH�LQWR�WKH�RSSRVLWH�GLUHFWLRQ�IURP�ZKDW�LW�ZRXOG�EH�LQ�DWWKH VLWH�ZKHQ�SURGXFHG�E\�D�VLQJOH�YHKLFOH��L�H��LQ�WKH�6RXWKHUQ�KHPLVSKHUH��VLQJOH�YHKLFOHVGLVSODFH WKLV� FHQWUDO� PDUN� WRZDUGV� D� VRXWK� GLUHFWLRQ�� ZKHUHDV� DUUDQJHPHQWV� RI� WKH0DJQRFUDIW GLVSODFH� WKH� VDPH� FHQWUDO� PDUN� WRZDUGV� D� QRUWK� GLUHFWLRQ��� 6XFK� DQ� RSSRVLWHGLVSODFHPHQW RI� WKH�FHQWUDO�PDUN�UHVXOWV�IURP�WKH�XVH�E\�IO\LQJ�DUUDQJHPHQWV�RI�D�GLIIHUHQWSULQFLSOHV IRU�EDODQFLQJ�WKHLU�PRWLRQOHVV�ZHLJKW�GXULQJ�KRYHULQJ��7KH�VHFRQG�GLIIHUHQW�GHWDLOLV WKDW WKH�PDJQHWLF�ILHOG�SURGXFHG�E\�IO\LQJ�DUUDQJHPHQWV�LV�PXFK�PRUH�SRZHUIXO�WKDQ�WKDWSURGXFHG E\�VLQJOH�YHKLFOHV��7KHUHIRUH�LQ�WKH�VLWHV�ZKHUH�VXFK�DUUDQJHPHQWV�KDYH�ODQGHG�GDPDJH�WR�WKH�VRLO�PXVW�DOVR�EH�PXFK�PRUH�H[WHQVLYH��7KH DUUDQJHPHQWV�RI�WKH�0DJQRFUDIW�ZKRVH�ODQGLQJV�VLJQLILFDQWO\�GLIIHU�IURP�WKRVH�IRUVLQJOH YHKLFOHV�DUH�IO\LQJ�FOXVWHUV��$Q�H[DPSOH�RI� WKHLU� ODQGLQJ� LV�SUHVHQWHG� LQ�)LJXUH�*���1RWH WKDW�VXFK�D�ODQGLQJ�PXVW�WDNH�WKH�VKDSH�RI�D�FKDLQ�RI�VFRUFKHG�FLUFOHV�MRLQHG�WRJHWKHUZLWK D�OLQHDU�FHQWUDO�EXUQLQJ��(YHU\�VHFRQG�FLUFOH�RI�WKLV�FKDLQ�WDNHV�WKH�GLVWLQFWLYH�VKDSH�RID FRQFHQWULF�ULQJ��RU�ULQJV��VXUURXQGLQJ�D�FHQWUDO�FLUFOH��7KLV�GLVWLQFWLYH�VKDSH�LV�FDXVHG�E\WKH XQLTXH� ILHOG� GLVWULEXWLRQ� XQGHU� HDFK� XQVWDEOH� XQLW� RI� WKH� FOXVWHU�� 1RWH� WKDW� IRU� OLQHDUFOXVWHUV�DOO�FLUFOHV�RI�WKH�FKDLQ�DUH�SODFHG�DORQJ�D�VWUDLJKW�OLQH�H[WHQGLQJ�WRZDUGV�WKH�GLUHFWLRQRI�IOLJKW��H�J��IRU�PHULGLRQDO�IOLJKWV�DSSUR[LPDWHO\�DORQJ�PDJQHWLF�VRXWK�QRUWK�GLUHFWLRQ���)LJXUH.���� ZKHUHDV�IRU�WZR�GLPHQVLRQDO�FOXVWHUV�VXEVHTXHQW�VFRUFKHG�ULQJV�IRUP�D�QHW��RU�PHVK�H[WHQGLQJ�DORQJ�WZR�RU�WKUHH�VHWV�RI�PXWXDOO\�FURVVLQJ�OLQHV�7KH DUUDQJHPHQWV�RI�WKH�0DJQRFUDIW�ZKLFK�SURGXFH�WKH�PRVW�GLVWLQFW�ODQGLQJ�VLWHV�DUHIO\LQJ V\VWHPV��)LJXUH�*�� VKRZV�WKUHH�H[DPSOHV�RI�VXFK�ODQGLQJV��7KH�PRVW�FKDUDFWHULVWLFSDWWHUQ OHIW�RQ�WKH�JURXQG�E\�D�IO\LQJ�V\VWHP�LV�WKH�RQH�SURGXFHG�E\�D�VLQJOH�FHOO��LOOXVWUDWHGLQ )LJXUH�*����6XFK�D�FHOO�VFRUFKHV�D�XQLTXH�SDWWHUQ�WKDW�UHVHPEOHV�D��IRXU�OHDI�FORYHU����VHH)LJXUH *��� �$��� $Q� DQDO\VLV� RI� WKH� ODQGLQJ� SURGXFHG� E\� VXFK� D� FHOO� VKRZV� WKDW� LW� LVFKDUDFWHUL]HG E\� WZR� GLIIHUHQW� GLPHQVLRQV�� PDUNHG� DV� �G  '�G �'��/�� DQG� �G �G��� 7KHX L
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YDOXHV RI� WKHVH�GLPHQVLRQV�FDQ�HDVLO\�EH�GHWHUPLQHG� LI� WKH�GLDPHWHUV� �'��DQG� �G�� �SOXV� DOHQJWK��/���RI�WKH�YHKLFOHV�ZKLFK�VFRUFKHG�D�JLYHQ�VLWH�DUH�NQRZQ��$V WKLV� LV� H[SODLQHG� LQ� VXEVHFWLRQ� *������ DQG� LOOXVWUDWHG� LQ� )LJXUH� *���� DQ� DOPRVWXQOLPLWHG QXPEHU� RI� YDULRXV� VKDSHV� FDQ� EH� DFKLHYHG� E\� MRLQLQJ� 0DJQRFUDIW� LQWR� IO\LQJV\VWHPV� )RU�WKLV�UHDVRQ��DSDUW�IURP�WKH��IRXU�OHDI�FORYHU��SDWWHUQ�GHVFULEHG�DERYH��WKHUH�LVDOPRVW QR�FKDQFH� WKDW� WZR� ODQGLQJ� VLWHV�SURGXFHG�E\� VXFK�V\VWHPV�FDQ�KDYH�DQ� LGHQWLFDOVKDSH� 7KXV�DOVR�DQ�DQDO\VLV�RI�WKH�ODQGLQJ�VLWHV�OHIW�E\�VXFK�V\VWHPV�FDQ�QRW�UHODWH�WR�WKHLUVKDSHV��EXW�PXVW�FRQFHUQ�JHQHUDO�UHJXODULWLHV�H[LVWLQJ�LQ�WKHP��7KHUH�DUH�WZR�UHJXODULWLHV�WKDWVXFK VLWHV�GLVSOD\������WKHLU�GLPHQVLRQV��G ��DQG��G ���DQG�����WKH�FKDUDFWHULVWLF�FRQILJXUDWLRQX LRI�FXUYDWXUHV�WKDW�LV�UHSHDWHG�DORQJ�WKHLU�HGJHV��*HQHUDO�SULQFLSOHV�WKDW�DSSO\�WR�ERWK�RI�WKHVHUHJXODULWLHV�FDQ�EH�ZRUNHG�RXW�IURP�)LJXUH�*���
*����([SORVLRQ�VLWHV�RI�WKH�0DJQRFUDIW
,W�ZDV�GHWHUPLQHG�LQ�VXEVHFWLRQ�*����WKDW�WKH�DPRXQW�RI�PDJQHWLF�HQHUJ\�DFFXPXODWHGZLWKLQ WKH�SURSXOVRUV�RI� WKH�VPDOOHVW�.��W\SH�RI� WKH�0DJQRFUDIW� LV�DQ�HTXLYDOHQW�RI�DERXW��0HJDWRQ RI� 717�� 7KXV� D� UDSLG� UHOHDVH� RI� DOO� WKLV� HQHUJ\� �H�J�� WKURXJK� WKH� H[SORGLQJ� RI� DYHKLFOH��PXVW�SURGXFH�DQ�HQRUPRXV�DUHD�RI�GHVWUXFWLRQ�7KH�VLWHV�ZKHUH�DQ\�PDJQHWLFDOO\�SURSHOOHG��L�H��0DJQRFUDIW�OLNH��YHKLFOH�KDYH�H[SORGHGPXVW EH�FKDUDFWHUL]HG�E\�D�QXPEHU�RI�XQLTXH�DWWULEXWHV�ZKLFK�DUH�DEVHQW�LQ�ODQG�IRUPDWLRQVRI�D�QDWXUDO�RULJLQ��7KH�XQLTXHQHVV�RI�WKHVH�DWWULEXWHV�GLUHFWO\�UHVXOWV�IURP�WKH�XQFRQYHQWLRQDOFRQVWUXFWLRQ DQG�RSHUDWLRQ�RI�WKH�0DJQRFUDIW��7KH�PRVW�GLVWLQFWLYH�RI�WKHVH�DWWULEXWHV�FDQ�EHXVHG�IRU�LGHQWLILFDWLRQ�RI�WKH�0DJQRFUDIW
V�H[SORVLRQ�VLWHV�DQG�IRU�GLVWLQJXLVKLQJ�WKHP�IURP�DQ\RWKHU FDWDVWURSKLF� IRUPDWLRQV�� VXFK� DV� PHWHRULWH� LPSDFW� FUDWHUV�� YROFDQLF� HUXSWLRQV�� HWF�7KHVH�GLVWLQFWLYH�DWWULEXWHV�DUH�DV�IROORZV���� $Q� HQHUJ\� \LHOG� FRPSDUDEOH� WR� WKDW� RI� WKH�PRVW� SRZHUIXO� WKHUPRQXFOHDU� ERPE�0DJQRFUDIW
V H[SORVLRQ�VLWHV�PXVW�VKRZ�DQ�HQRUPRXV�\LHOG�RI�HQHUJ\�ZKLFK�VKRXOG�DOZD\VH[FHHG���0HJDWRQ�RI�717��L�H����0HJDWRQ�RI�717�LV�WKH�PLQLPDO�HQHUJ\�FRQWHQW�RI�WKH�VPDOOHVWW\SH .�� RI� WKH� 0DJQRFUDIW�� 7KLV� PHDQV� WKDW� WKH� EODVWLQJ� RI� WKH� VPDOOHVW� 0DJQRFUDIW� LVHTXLYDOHQW WR�WKH�VLPXOWDQHRXV�H[SORVLRQ�RI�DERXW����DWRPLF�ERPEV�RI� WKH�VL]H�GURSSHG�DW+LURVKLPD�� 6XFK�DQ�HQRUPRXV�HQHUJ\�\LHOG�RQ�WKH�RQH�KDQG�ZLOO�127�EH�DFFRPSDQLHG�E\D�GHWHFWDEOH�UDGLRDFWLYH�SROOXWLRQ�RI�WKH�DUHD��DV�ZRXOG�EH�WKH�FDVH�ZLWK�D�QXFOHDU�H[SORVLRQ��RQ WKH� RWKHU� KDQG� LW� :,//� EH� DFFRPSDQLHG� E\� D� VWURQJ�� WXUEXOHQW� PDJQHWL]DWLRQ� RI� WKHVXUURXQGLQJ�DUHD��VHH�������� 'HYDVWDWLRQ�WKDW�LV�GLVWLQFWLYH�IRU�DQ�H[SORVLRQ��QRW�IRU�WKH�LPSDFW�RI�D�VSDFH�REMHFWRU IRU�DQ�HUXSWLRQ��7KH�GHVWUXFWLRQ�DW�WKH�0DJQRFUDIW
V�H[SORVLRQ�VLWH�LV�FDXVHG�E\�WKH�HIIHFWVRI D�SRZHUIXO�H[SORVLRQ�LQ�PLG�DLU�RU�QHDU�DW�WKH�JURXQG�OHYHO��6R�VXFK�D�VLWH�ZLOO�127�GLVSOD\DQ\ DWWULEXWHV�RI�DQ�LPSDFW�FUDWHU��L�H��DOLHQ�GHEULV��XSOLIWHG�UHMHFWLRQ�ULP��HWF���RU�DQ�HUXSWLRQFUDWHU� ,I�WKH�YHKLFOH�H[SORGHG�LQ�PLG�DLU��WKH�HIIHFWV�ZLOO�EH�VLPLODU�WR�WKDW�RI�DQ�DHULDO�QXFOHDUH[SORVLRQ �L�H��QR�FUDWHU�SUHVHQW��WUHHV�VWLOO�VWDQGLQJ�EHORZ�WKH�]HUR�SRLQW��HWF����,I�WKH�YHKLFOHH[SORGHG RQ�RU�QHDU� WKH�JURXQG��D� ULPOHVV�HOOLSWLFDO�FUDWHU�RI�VKRFNZDYH�RULJLQ� �QRW� LPSDFWRULJLQ��ZLOO�EH�IRUPHG���� 6HTXHQFH� RI� GHWRQDWLRQV��(DFK�2VFLOODWRU\�&KDPEHU� FRQWDLQHG� LQ� DQ� H[SORGLQJYHKLFOH FRQVWLWXWHV�D�VHSDUDWH�ERPE�KHDYLO\�ORDGHG�ZLWK�PDJQHWLF�HQHUJ\��7KXV��WKHUH�PXVWDSSHDU VKRUW�WLPH�GHOD\V�EHWZHHQ�WKH�H[SORVLRQV�RI�VXEVHTXHQW�2VFLOODWRU\�&KDPEHUV��,I�WKHH[SORGLQJ YHKLFOH�FRQVLVWV�RI�D�FLJDU�VKDSHG�IO\LQJ�FRPSOH[��VHH�)LJXUH�*����WKH�EODVWLQJ�RI
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ZKLFK VSUHDG�IURP�RQH�RI�LWV�HQGV�WR�WKH�RWKHU��VOLJKWO\�ORQJHU�WLPH�GHOD\V�VKRXOG�DOVR�DSSHDUEHWZHHQ WKH�H[SORVLRQV�RI�VXEVHTXHQW�YHKLFOHV��7KHUHIRUH�H\H�ZLWQHVVHV�ZKR�VXUYLYHG�VXFKDQ H[SORVLRQ� RI� D� FLJDU�VKDSHG� FRQILJXUDWLRQ� RI� WKH�0DJQRFUDIW� VKRXOG�127� GHVFULEH� WKHH[SORVLRQ DV� D� VLQJOH� �EDQJ��� 7KH\� UDWKHU� VKRXOG� UHFDOO� LW� DV� D� IHZ� VHSDUDWH� VHULHV� RIGHWRQDWLRQV� (DFK�RQH�RI�WKHVH�VHULHV�ZRXOG�LQGLFDWH�D�GLIIHUHQW�YHKLFOH�H[SORGLQJ�DQG�WKXVZRXOG FRPSULVH� D� IDVW� VHTXHQFH� RI� EDQJV� IURP� WKH� H[SORVLRQV� RI� LQGLYLGXDO� 2VFLOODWRU\&KDPEHUV LQVLGH�WKLV�YHKLFOH��$Q�DSSURSULDWH�FRXQWLQJ�RI�LQGLYLGXDO�EDQJV�VKRXOG�DOORZ�WKHPWR GHWHUPLQH�WKH�W\SH�RI�YHKLFOH��EHFDXVH�RI�WKHLU��Q��QXPEHU���ZKHUHDV�FRXQWLQJ�WKH�QXPEHURI�VHULHV�DOORZV�WKHP�WR�GHWHUPLQH�WKH�QXPEHU�RI�YHKLFOHV�WKDW�H[SORGHG�$Q XQXVXDO�IHDWXUH�RI�WKH�DFRXVWLF�HIIHFWV�FDXVHG�E\�WKH�H[SORVLRQV�RI�WKH�0DJQRFUDIWLV�WKDW�WKHLU�VRXQG�LV�FDUULHG�E\�WZR�LQGHSHQGHQW�PHGLD��L�H��PDJQHWLF�ILHOG�ZDYHV�DQG�DFRXVWLFZDYHV� 7KH�GLVWXUEDQFH�RI� WKH�PDJQHWLF� ILHOG�PRYHV�ZLWK� WKH�VSHHG�RI� OLJKW�DQG�FDXVHV�DVKDNLQJ RI� WKH� LQGLYLGXDO� LRQV� FRQWDLQHG� LQ� WKH� DLU�� 7KXV�EDQJV� FDUULHG� E\� WKHVH�PDJQHWLFZDYHV�PXVW�EH�KHDUG�VLPXOWDQHRXVO\�ZLWK�WKH IODVK�RI�WKH�H[SORVLRQ��DQG�DUH�QRW�DEOH�WR�UHDFKZLWQHVVHV ZKR�DUH�EH\RQG�WKH�KRUL]RQ��7KH�DFRXVWLF�ZDYHV�PRYH�VORZHU��GHSHQGLQJ�RQ�WKHGLVWDQFH IURP�WKH�H[SORGLQJ�0DJQRFUDIW��WKH\�ZLOO�DUULYH�DSSURSULDWHO\�ODWHU��DQG�WKH\�DUH�DEOHWR�UHDFK�EH\RQG�WKH�KRUL]RQ����� &XPXODWLYH�H[SORVLRQ��&RQWHPSRUDU\�PLOLWDU\� WHFKQRORJ\�XVHV�DQ�DGYDQFHG�W\SHRI PLVVLOH�FRQWDLQLQJ�VR�FDOOHG��FXPXODWLYH�FKDUJHV���6XFK�FXPXODWLYH�H[SORVLYH�FKDUJHV�DUHIRUPHG LQWR�D�SDUDEROLF�FRQFDYH�VKDSH�WKDW�UHVHPEOHV�WKH�PLUURU�IURP�D�VSRW�OLJKW��7KH\�DUHGHVLJQHG WR� SURGXFH� GLUHFWHG� VKRFNZDYHV�� VR� WKDW� FUXVKLQJ� RI� RWKHUZLVH� LQGHVWUXFWLEOHREMHFWV �VXFK�DV�WDQNV��EXQNHUV��VKLHOGV��HWF���FDQ�EH�DFKLHYHG��7KH�SODFHPHQW�RI�2VFLOODWRU\&KDPEHUV ZLWKLQ�WKH�0DJQRFUDIW�DOVR�UHVHPEOHV�WKH�SDUDEROLF�PLUURU�IURP�D�VSRW�OLJKW��7KXVWKLV SODFHPHQW� LV�HTXLYDOHQW� WR�WKH�GLVWULEXWLRQ�RI�H[SORVLYHV�ZLWKLQ�PLVVLOHV�ZLWK�FXPXODWLYHFKDUJHV� 7KHUHIRUH�WKH�H[SORVLRQ�RI�WKH�0DJQRFUDIW�PXVW�DOVR�GLVSOD\�D�FXPXODWLYH�FKDUDFWHULQ�ZKLFK�VKRFNZDYHV�DUH�FKDQQHOOHG�LQ�WKH�GLUHFWLRQ�SHUSHQGLFXODU�WR�WKH�YHKLFOH
V�EDVH���� )RUPDWLRQ� RI� D� WULDQJXODU� GHYDVWDWLRQ� DUHD�� %HFDXVH� D�0DJQRFUDIW� IOLHV� DOPRVWDOZD\V ZLWK� LWV� D[LV� VODQWHG� WRZDUGV� WKH�JURXQG� �LQ�RUGHU� WR�PDWFK� WKH� ORFDO� FRXUVH�RI� WKH(DUWK
V PDJQHWLF�ILHOG���WKH�VKRFNZDYHV�RI� LWV�FXPXODWLYH�H[SORVLRQV�PXVW�KLW�WKH�JURXQG�DWDQ�DQJOH��7KHUHIRUH�WKH�DUHD�RI�GHVWUXFWLRQ�FDXVHG�E\�DQ�H[SORVLRQ�RI�WKLV�YHKLFOH�VKRXOG�KDYHD URXJKO\� WULDQJXODU� �EXWWHUIO\��VKDSH��7KH�H[SORVLRQ� VLWH� LWVHOI�� L�H�� WKH�DUHD� LQWR�ZKLFK� WKHHQHUJ\ RI� H[SORVLRQ� ZDV� GLUHFWHG� �H�J�� D� FUDWHU�� VKRXOG� KDYH� DQ� HOOLSWLFDO� VKDSH� ZLWK� DWULDQJXODU�HQWU\��7KH�JHRPHWULFDO�D[LV�RI�WKH�GHVWUXFWLRQ�DUHD�DQG�H[SORVLRQ�VLWH�PXVW�OLH�DORQJWKH�OLQH�WKDW�DW�WKH�WLPH�RI�H[SORVLRQ�ZDV�RFFXSLHG�E\�WKH�PDJQHWLF�VRXWK�QRUWK�GLUHFWLRQ���� 0DJQHWLF�VRXWK�QRUWK�RULHQWDWLRQ�RI�WKH�VLWH��7KH�D[LV�RI�WKH�H[SORVLRQ�VLWH�DQG�WKHGHYDVWDWLRQ DUHD�PXVW� DOZD\V� EH� RULHQWHG� WRZDUGV� D�PDJQHWLF� QRUWK�VRXWK� RU� VRXWK�QRUWKGLUHFWLRQ� %HFDXVH�WKURXJKRXW�WKH�\HDUV�WKH�SRVLWLRQV�RI�WKH�PDJQHWLF�SROHV�DUH�FKDQJHDEOH�WKH�H[SORVLRQ�VLWH�LV�DOZD\V�RULHQWHG�DFFRUGLQJ�WR�WKH�GDWH�RI�WKH�H[SORVLRQ��WKXV�WKLV�GDWH�FDQEH�PRUH�HDVLO\�GHWHUPLQHG��� ,I� WKH� GLUHFWLRQ� RI� IOLJKW� RI� WKH� YHKLFOH� WKDW� H[SORGHG� KDV� EHHQ� REVHUYHG� E\� H\HZLWQHVVHV� WKH�RULHQWDWLRQ�RI�WKLV�D[LV�PD\�GUDVWLFDOO\�FRQWUDGLFW�WKH�H[SHFWHG�GLUHFWLRQ�RI�WKHYHKLFOH
V LPSDFW� �H�J�� H\H� ZLWQHVVHV� PD\� KDYH� VHHQ� D� YHKLFOH� GHVFHQGLQJ� ZHVWZDUG�H[SHFWLQJ WKH� LPSDFW� WR� DOVR� EH� FKDQQHOOHG� LQ� WKH� VDPH� GLUHFWLRQ�� ZKHUHDV� LQ� IDFW� WKHH[SORVLRQ�LV�GLUHFWHG�VRXWKZDUG����,I�WKH�FRQVLGHUHG�VLWH�LV�VXVSHFWHG�WR�EH�PDGH�E\�D�PHWHRULWH�LPSDFW��WKH�DERYH�GRHVQRW DJUHH� ZLWK� WKH� JHQHUDO� GLUHFWLRQ� RI� WKH� IOLJKWV� RI� PHWHRULWHV� �LW� LV� NQRZQ� WKDW� WKHFRQILJXUDWLRQ RI�RXU�VRODU�V\VWHP�FDXVHV�WKH�GLUHFWLRQ�RI�PHWHRULWH�IDOOV�WR�FRLQFLGH�ZLWK�WKH
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HDVWZDUG�ZHVWZDUG�YHUWLFDO�SODQH��7KH DWWULEXWHV����DQG����OLVWHG�DERYH�UHVXOW�IURP�WKH�JHQHUDO�SULQFLSOH�WKDW�WKH�FHQWUDOD[LV RI� D� PDJQHWLFDOO\� SURSHOOHG� YHKLFOH� VKRXOG� DOZD\V� EH� DOLJQHG� WRZDUGV� WKH� (DUWK
VPDJQHWLF ILHOG�IRUFH�OLQHV��7KXV�WKLV�D[LV�PXVW�DOVR�EH�GLUHFWHG�WR�WKH�(DUWK�LQ�WKH�SODQH�RI�DPDJQHWLF�VRXWK�QRUWK�GLUHFWLRQ�IRU�WKH�WLPH�RI�WKH�H[SORVLRQ���� 7XUEXOHQW�PDJQHWL]DWLRQ�RI�WKH�VLWH��7KH�HQWLUH�DUHD�RI�WKH�H[SORVLRQ�VLWH�PXVW�EHVWURQJO\ PDJQHWL]HG�LQ�D�WXUEXOHQW��L�H��GLVRUJDQL]HG��PDQQHU��6XFK�WXUEXOHQW�PDJQHWL]DWLRQRULJLQDWHV IURP�D� UDSLG� UHOHDVH�RI� WKH�PDJQHWLF� HQHUJ\� FRQWDLQHG� LQ� WKH� SURSXOVRUV�RI� WKHPDJQHWLFDOO\�SURSHOOHG�IO\LQJ�YHKLFOH��,W�VKRXOG�PDQLIHVW�LWVHOI�WKURXJK�� 7KH� DQRPDOLHV� LQ� WKH� GLUHFWLRQ� DQG� VWUHQJWK� RI� WKH� ORFDO� PDJQHWLF� ILHOG�� 7KXV� DVHQVLWLYH PDJQHWLF� FRPSDVV� XVHG� LQ� WKH� DUHD� VKRXOG� LQGLFDWH�ZURQJ� GLUHFWLRQV�� LWV� QHHGOHVKRXOG�VSLQ��DQG�WKH�UHDGLQJV�VKRXOG�YDU\�IURP�SODFH�WR�SODFH��� 8QXVXDO� UDGLR�FRPPXQLFDWLRQ� SUREOHPV� �H�J�� VHOI�YRFDOL]DWLRQ� RI� UDGLR� VLJQDOV�GLPLQLVKLQJ�UHFHSWLRQ���� 7KH� DSSHDUDQFH� RI� XQXVXDO� ZHDWKHU� DQRPDOLHV�� HVSHFLDOO\� WKRVH� ZKLFK� DUHSHUSHWXDWHG RU� FRQGLWLRQHG� E\� WKH� HOHFWURPDJQHWLF�PHFKDQLVP� �H�J�� WKXQGHU� VWRUPV�� LRQLFZLQGV��WRUQDGRHV�������0DJQHWLF�VWLPXODWLRQ RI�WKH�HQYLURQPHQW��7KH�VWURQJ�HOHFWUR�PDJQHWLF�GLVWXUEDQFHVIUR]HQ LQ�WKH�H[SORVLRQ�VLWHV�VKRXOG�OHDG�WR�WKH�GHVWUXFWLRQ�RI�WKH�VXEWOH�PDJQHWLF�EDODQFH�RIWKH VRLO��7KLV�LQ�WXUQ��ZKHQ�FRPELQHG�ZLWK�WKH�ORQJ�WHUP�DFWLRQ�RI�LQFUHDVHG�PDJQHWLF�DFWLYLW\�FRXOG�FDXVH�XQSUHGLFWDEOH�ELRORJLFDO�FRQVHTXHQFHV��)RU�H[DPSOH���0XWDWLRQ�RI�VRPH�SODQWV��LQVHFWV��DQG�DQLPDOV�� 'HILFLHQF\�RI�VRPH�VHQVLWLYH�PLFURHOHPHQWV��H�J��VHOHQLXP���7KLV�GHILFLHQF\�PD\�LQWXUQ DIIHFW WKH� KHDOWK� RI� RUJDQLVPV� OLYLQJ� LQ� WKH� DUHD�� FDXVLQJ� VRPH� XQXVXDO� LOOQHVVHV� WRDSSHDU��HWF����� 7KH�SUHVHQFH�RI�IUDJPHQWV�IURP�WKH�YHKLFOH
V�VWUXFWXUH��PRVW�SUREDEO\�PDGH�RI��RUFRQVLVWLQJ RI��PHWDOV���'XULQJ�WKH�H[SORVLRQ�WKLV�VWUXFWXUH�LV�WRUQ�DSDUW�DQG�SDUWLDOO\�PHOWHG�RUHYDSRUDWHG� ,W�DOVR�PD\�PL[�ZLWK� ORFDO�PDWHULDOV� OLIWHG� IURP�WKH�JURXQG��FUHDWLQJ� IRUPV� WKDWFRQWDLQ�SDUWV�RI�WKH�VWUXFWXUH�IURP�WKH�H[SORGLQJ�YHKLFOH�DQG�D�FRQJHDOHG�VLOLFDWH�IURP�WKH�VRLO�1RWH WKDW GXULQJ�WKH�H[SORVLRQ�DOO� IHUURPDJQHWLF�PHWDOV�EHFRPH�PDJQHWL]HG�� WKHUHIRUH�LURQUHPDLQV�RI�WKH�YHKLFOH�VKRXOG�DSSHDU�DV��PDJQHWLWH���L�H��PDJQHWL]HG�LURQ�R[LGH�SDUWLFOHV������ 7KH�SUHVHQFH�DW� WKH�VLWH�RI� VRPH�PLQHUDOV�RULJLQDWLQJ� IURP� WKH� OLTXLGDWLRQ�DQGVXEVHTXHQW KDUGHQLQJ�RI�WKH�VLWH
V�QDWLYH�VRLO��OLIWHG��VXFNHG��RU�UHMHFWHG�DV�WKH�UHVXOW�RI�WKHH[SORVLRQ� 7KHVH�PLQHUDOV�PD\� WDNH�HLWKHU� WKH� IRUP�RI� WULQLWLWH�W\SH�GXVW� IDOOV�RU�FKLQD�W\SH�FHUDPLF��VWRQHV��7KH �WULQLWLWH��GXVW�IDOOV�RULJLQDWH�IURP�WKH�VXFNLQJ�RI�ORRVH�VRLO�GXVW�E\�WKH�H[SORVLRQ�WKH PHOWLQJ� RI� WKLV� GXVW�� DQG� VXEVHTXHQW� GURSSLQJ� RI� LW� DIWHU� EHLQJ� KDUGHQHG�� ,W� FRQWDLQVQXPHURXV JOREXOHV�RI�VLOLFDWH�LQ�VPDOO��JODVV\�GURSOHWV�RU�EXOEV��OLNH�WKH�FRQJHDOHG�SDUWLFOHVRI��WULQLWLWH��IRXQG�LQ������DW�WKH�DWRPLF�WHVW�VLWH�DW�$ODPRJRUGR��1HZ�0H[LFR��7KH ODUJHU� FHUDPLF� �FKLQD� VWRQHV�� DUH� IRUPHG� IURP� ELJ� OXPSV� RI� FOD\� DQG� VRLORULJLQDWLQJ IURP�DQ�H[SORVLRQ�VLWH�WKDW�ZHUH�EODVWHG�LQWR�WKH�DLU��FRPSUHVVHG�E\�WKH�SUHVVXUHRI WKH�H[SORVLRQ��DHURG\QDPLFDOO\�VKDSHG�E\�WKH�IOLJKW��EDNHG�E\�WKH�KHDW��DQG�WKHQ�GURSSHGDORQJ WKH� GLUHFWLRQ� RI� WKH� VKRFNZDYHV�� 7KXV� WKH\� WDNH� DHURG\QDPLF� VKDSHV�� DQG� WKHLUSURSHUWLHV UHVHPEOH�WKRVH�RI�FKLQD��6RPHWLPHV�FKLQD�VWRQHV�PD\�LQFRUSRUDWH�RUJDQLF�PDWWHU�OHDYHV� EUDQFKHV��JUDVV��HWF���WKDW�GXULQJ�WKH�H[SORVLRQ�PL[HG�ZLWK� ORFDO�VRLO��&KLQD�VWRQHVFDQ EH� IRUPHG RQO\�GXULQJ�QHDU�JURXQG�RU�JURXQG� OHYHO� �L�H��QRW�PLG�DLU��H[SORVLRQV�ZKRVHVKRFNZDYHV�VSUD\�OXPSV�RI�VRLO�LQWR�WKH�DLU�
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���� (\H ZLWQHVV�UHSRUWV��/RFDO�VWRULHV�GHVFULELQJ�WKH�H[SORVLRQ�VKRXOG�FRQWDLQ�VRPHH\H�ZLWQHVV�DFFRXQWV�ZKLFK�LQGLFDWH�WKDW�D�IO\LQJ�YHKLFOH�KDG�EHHQ�VHHQ�MXVW�EHIRUH�WKH�DFWXDOH[SORVLRQ�WRRN�SODFH������ ,QWHUHVW� LQ� WKH�VLWH�GLVSOD\HG�E\�SLORWV�RI�RWKHU�PDJQHWLFDOO\�SURSHOOHG�YHKLFOHV�7KLV�LQWHUHVWV�RULJLQDWHV�IURP�WKH�WKUHH�IROORZLQJ�VRXUFHV��D� 2SHUDWLRQDO�� 7KH� VWURQJ� PDJQHWL]DWLRQ� RI� WKH� H[SORVLRQ� VLWH� PXVW� GLVWXUE� WKHHQYLURQPHQWDO�PDJQHWLF�ILHOG��WKXV�LQWHUDFWLQJ�ZLWK�WKH�YHKLFOHV
�SURSXOVLRQ�V\VWHPV��,Q�HIIHFW�VRPH UHDFWLRQ�RQ�WKH�SDUW�RI�WKH�FRQWUROOLQJ�FRPSXWHUV�LV�IRUFHG��7KLV�LQ�WXUQ�PXVW�GUDZ�WKHDWWHQWLRQ�RI�WKH�FUHZV�RI�VXFK�YHKLFOHV�WR�WKH�VLWH��DV�D�VOLSSHU\�URDG�GUDZV�WKH�DWWHQWLRQ�RI�FDUGULYHUV� 2I�FRXUVH��WKH�VFLHQWLILFDOO\�PLQGHG�PHPEHUV�RI�WKH�FUHZV�VKRXOG�WU\�WR�FKHFN�ZKDWWKH�FDXVH�RI�WKHVH�IOLJKW�GLVWXUEDQFHV�LV���E� 3V\FKRORJLFDO��7KH�SODFH�ZKHUH�D�PDJQHWLFDOO\�SURSHOOHG�YHKLFOH�H[SORGHG�PXVWIDVFLQDWH SLORWV�RI�RWKHU�VLPLODU�YHKLFOHV��7KLV�IDVFLQDWLRQ�FRUUHVSRQGV� WR� WKDW�RI�FDU�GULYHUVZKR DUH�GUDZQ�WR�WKH�VLWHV�RI�IDWDO�FDU�DFFLGHQWV��7KHUHIRUH��MXVW�IRU�SXUH�FXULRVLW\��SLORWV�RIVLPLODU YHKLFOHV�PD\�WDNH�WKH�RSSRUWXQLW\�RI� IO\LQJ�QHDUE\�WR�KDYH�D�FORVH� ORRN�DW� WKH�SODFHZKHUH�WKHLU�FROOHDJXHV�GLHG�VR�VSHFWDFXODUO\���F� 6FLHQWLILF�� %HFDXVH� RI� WKH� FDWDFO\VPLF� FRQVHTXHQFHV� RI� HDFK� 0DJQRFUDIW
VH[SORVLRQ� WKH�GHVLJQHUV�RI�WKLV�YHKLFOH�PXVW�GR�HYHU\WKLQJ�SRVVLEOH�WR�SUHYHQW�D�UHFXUUHQFHRI VXFK� D� FDWDVWURSKH�� 7KHUHIRUH�� WKHUH� ZLOO� QRW� EH� PDQ\� SODFHV� ZKHUH� VXFK� D� YHKLFOHH[SORGHG� %XW�LI�DQ�H[SORVLRQ�LQ�IDFW�RFFXUV��LWV�VLWH�PXVW�EH�WKH�VXEMHFW�RI�LQWHQVLYH�VFLHQWLILFUHVHDUFK�WR�LQYHVWLJDWH�WKH�FDXVHV��FRXUVH��DQG�FRQVHTXHQFHV�RI�VXFK�DQ�H[SORVLRQ�2I FRXUVH��DQ\�PRUH�QRWLFHDEOH�LQWHUHVW�LQ�D�SDUWLFXODU�DUHD�E\�SLORWV�RI�VXFK�DGYDQFHGYHKLFOHV DV�WKH�0DJQRFUDIW�PXVW�EH�QRWLFHG�E\�WKH�ORFDO�SRSXODWLRQ��0RUHRYHU��DOO�ODQGLQJV�RIWKHVH YHKLFOHV�PXVW� OHDYH�PDUNV� RQ� WKH� JURXQG�� ZKLFK� DUH� GHVFULEHG� LQ� VXEVHFWLRQ�*���7KHUHIRUH� UHSRUWV�RI�ORFDO�FLWL]HQV�RI�WKH�IUHTXHQW�VLJKWLQJV�RI�WKH�0DJQRFUDIW��VXSSRUWHG�E\WKH SUHVHQFH�RI�QXPHURXV�ODQGLQJ�PDUNV��ZLOO�SURYLGH�IXUWKHU�GLVWLQFWLYH�DWWULEXWHV�WKDW�VKRXOGKHOS�WR�LGHQWLI\�D�0DJQRFUDIW
V�H[SORVLRQ�VLWH���,W LV�ZRUWK�PHQWLRQLQJ�DW�WKLV�VWDJH�WKDW�WZR�VLWHV�ZKRVH�DWWULEXWHV�H[DFWO\�FRUUHVSRQGWR WKRVH� OLVWHG� DERYH� KDYH� DOUHDG\� EHHQ� GLVFRYHUHG� DQG� LQYHVWLJDWHG�� 7KHVH� DUH�� WKH7XQJXVND %ODVW�6LWH� �IRUPHG�RQ���� -XQH������ LQ� WKH�7XQJXVND� UHJLRQ�RI�&HQWUDO�6LEHULD�8665� DQG�WKH�7DSDQXL�&UDWHU��IRUPHG�RQ����-XQH������LQ�:HVW�2WDJR��1HZ�=HDODQG���$IXUWKHU GHVFULSWLRQ�RI�ERWK�WKHVH�VLWHV�LV�SURYLGHG�LQ�FKDSWHU�.��VHH�VXEVHFWLRQ�.�����DQG�LQVHSDUDWH�WUHDWLVH�>�@�
*����6XPPDU\�RI�WKH�DWWULEXWHV�RI�WKH�0DJQRFUDIW
7KLV VXEVHFWLRQ� VXPPDUL]HV� DOO� WKH� DWWULEXWHV� RI� WKH� 0DJQRFUDIW� WKDW� KDYH� EHHQGLVFXVVHG RU�UHYHDOHG�LQ�SUHYLRXV�SDUWV�RI� WKLV�FKDSWHU��$�UHYLHZ�RI� WKHP�PDNHV�XV�UHDOL]HKRZ D�SRZHUIXO� YHKLFOH� WKH�0DJQRFUDIW� LV� DQG�ZKDW� W\SH�RI� SKHQRPHQD� LWV� REVHUYHUV�DQGXVHUV PD\�HQFRXQWHU��)RU� WKH� FRQVLVWHQF\�RI� WKH� UHYLHZ��YDULRXV�DWWULEXWHV�DUH�JURXSHG� LQFODVVHV GHSHQGLQJ� RQ� WKHLU� PXWXDO� UHODWLRQVKLS� �QRW� RQ� WKH� RUGHU� RI� WKHLU� SUHVHQWDWLRQ� LQSUHYLRXV�VXEVHFWLRQV���7KHVH�FODVVHV�DUH�QXPEHUHG�IURP����WR���������7KH�XQLTXH��GLVF�OLNH�VKDSH�VLPLODU�WR�WKDW�RI�DQ�LQYHUWHG�VDXFHU��7KH�FKDUDFWHULVWLFDWWULEXWHV�RI�WKLV�VKDSH�DUH��D� ,WV�IODWWHQLQJ�UDWLR��. '�+���H[SUHVVHG�E\�WKH�GHVLJQ�IDFWRU�FDOOHG��.URWQR�ü���LV�D
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PDWKHPDWLFDO IXQFWLRQ�RI�WKH�QXPEHU��Q��RI�VLGH�SURSXOVRUV��VHH�HTXDWLRQ�*���DQG�WDNHV�WKHLQWHJHU�YDOXH�IURP�WKH�UDQJH�. ��WR�. ����E� ,W�IRUPV�WKH�HLJKW�EDVLF�W\SHV�RI�WKH�0DJQRFUDIW�ZKLFK�FDQ�EH�UHFRJQL]HG�IURP�WKLVVKDSH� RU�IURP�WKH�YDOXH�RI�WKHLU�GHVLJQ�IDFWRU��.���GLDPHWHUV��'��DQG��G���RU�WKH�QXPEHU�RISURSXOVRUV��Q���VHH�)LJXUH�*������F� ,W� UHSHDWV� WKH� VDPH�PDLQ� HOHPHQWV� LQ� WKH� VKHOOV� RI� DOO� W\SHV� RI� WKH�0DJQRFUDIW�DOWKRXJK WKH�VKDSH�DQG�PXWXDO�FRQILJXUDWLRQV�RI�WKHVH�HOHPHQWV�PD\�GLIIHU�VOLJKWO\�LQ�YDULRXVW\SHV� �G��,W�LV�VWULFWO\�GHILQHG�E\�WKH�VHW�RI�HTXDWLRQV�OLVWHG�LQ�)LJXUH�*�������$Q�DELOLW\�WR�FRXSOH�D�QXPEHU�RI�0DJQRFUDIW�LQWR�YDULRXV�IO\LQJ�DUUDQJHPHQWV�ZKLFKDSSHDU�DV�HVVHQWLDOO\�GLIIHUHQW�VKDSHV��7KH�PDQLIHVWDWLRQ�RI�WKLV�DELOLW\�LV�WKDW��D� $SDUW�IURP�WKH�VDXFHU�OLNH�VKDSH�RI�D�VLQJOH�XQLW��WKH�IO\LQJ�0DJQRFUDIW�FDQ�DOVR�EHREVHUYHG WDNLQJ�DOPRVW�DQ\�VKDSH� WKDW� FDQ�EH� LPDJLQHG��H�J��VSKHUH��FLJDU��FRQH�� ILU�WUHH�EHDGV��VSRRO��IRXU�OHDI�FORYHU��KRQH\FRPE��SODWIRUP��FURVV���E� 7KH 0DJQRFUDIW�LV�DEOH�WR�IRUP�VL[�GLIIHUHQW�FODVVHV�RI�IO\LQJ�DUUDQJHPHQWV��7KHVHDUH� ���� IO\LQJ�FRPSOH[HV������VHPL�DWWDFKHG�FRQILJXUDWLRQV������GHWDFKHG�FRQILJXUDWLRQV�����FDUULHU�SODWIRUPV������IO\LQJ�V\VWHPV��DQG�����IO\LQJ�FOXVWHUV��VHH�)LJXUH�*�����F� $UUDQJHPHQWV�RI�D�QXPEHU�RI�0DJQRFUDIW�DUH�DEOH�WR�FRXSOH�DQG�GHFRXSOH�GXULQJIOLJKW� �G� 7KH� JHODWLQRXV� K\GUDXOLF� VXEVWDQFH� ZKLFK� ILOOV� WKH� VSDFH� EHWZHHQ� WZR� YHKLFOHV�DQJHO
V KDLU��GURSV�WR�WKH�(DUWK
V�VXUIDFH�DW�WKH�PRPHQW�RI�WKH�GLVFRQQHFWLRQ�RI�D�VSKHULFDOIO\LQJ�FRPSOH[�RU�D�GRXEOH�HQGHG�FLJDU�VKDSHG�FRPSOH[�����7KH�ODFN�RI�SDUWV�FRRSHUDWLQJ�PHFKDQLFDOO\�ZKLFK�FRXOG�EHFRPH�ZRUQ�RXW�ZLWK�ZHDUDQG�WHDU��7KH�UHDVRQV�IRU�WKLV�DUH���D��7KH�SULQFLSOHV�RI�WKH�0DJQRFUDIW
V�RSHUDWLRQ�GR�QRW�UHTXLUH�DQ\�PRYLQJ�SDUWV��E��7KH�PRYLQJ�SDUWV�WKDW�DUH�LQWURGXFHG�IRU�WKH�FRQYHQLHQFH�RI�WKH�FUHZ�DUH�GHVLJQHGLQ D PDQQHU� LQ� ZKLFK� PHFKDQLFDO� FRRSHUDWLRQ� LV� XQQHFHVVDU\� �VHH� WKH� IUHH�IORDWLQJVXVSHQVLRQ�RI�WKH�2VFLOODWRU\�&KDPEHUV�ZLWKLQ�WKH�SURSXOVRUV���VXEVHFWLRQ�*������7KH�HIIHFWV�JDLQHG�E\�WKLV�DUH��$��$Q�DOPRVW�XQOLPLWHG�WLPH�IRU�XVH�RI�WKH�YHKLFOH���%��$Q�H[WUHPHO\�ORZ�SRWHQWLDO�IRU�IDLOXUH���&��$�ORZ�FRVW�RI�SURGXFWLRQ����� 7KH�SURSXOVLRQ�XQLW�RI�WKH�0DJQRFUDIW�LV�FRQVWLWXWHG�DV�WKH�EDODQFHG�DUUDQJHPHQWRI�WZR�GLIIHUHQW�W\SHV�RI�SURSXOVRUV�SURGXFLQJ�FRXQWHU�DFWLQJ�IRUFHV��WKH�ILUVW�RI�ZKLFK�VXSSRUWVWKH�YHKLFOH�ZKLOH�WKH�RWKHU�VWDELOL]HV�LW��7KH�LPSRUWDQW�SRLQWV�DVVRFLDWHG�ZLWK�VXFK�D�IRUPDWLRQRI�WKH�SURSXOVLRQ�DUH���D� 7KH�FRQILJXUDWLRQ�RI�SURSXOVRUV�WKDW�IRUP�D�EHOO�VKDSH��L�H��ZKHUH�RQH�SURSXOVRU�LVXSOLIWHG DW�WKH�FHQWUH�RI�WKH�YHKLFOH��DQG�WKH�RWKHUV�SRVLWLRQHG�DURXQG�LW�EXW�VOLJKWO\�EHORZ�WKHFHQWUDO�SURSXOVRU���E��7KH�IRUPDWLRQ�RI�PDJQHWLF�FLUFXLWV��F� $Q� XQLTXH� OD\RXW� RI� WKH� EXUQW�PDUNV� OHIW� DW� ODQGLQJ� VLWHV� WKDW� FRUUHVSRQG� WR� WKHORFDWLRQ�RI�WKH�SURSXOVRUV���G��7KH H[LVWHQFH�RI�WKH��PDJQHWLF�IUDPHZRUN��ZKLFK�VWUHQJWKHQV�WKH�UHVLVWDQFH�RI�WKHYHKLFOH
V�VKHOO��H� 7KH� FRQWUROODELOLW\� RYHU� WKH� PDJQHWLF� LQWHUDFWLRQV� ZLWK� RWKHU� YHKLFOHV�� 7KHVHLQWHUDFWLRQV�FDQ�EH�FKDQJHG�VPRRWKO\�IURP�DWWUDFWLRQ�LQWR�UHSXOVLRQ��VHH�)LJXUH�)������ 7KH�XWLOL]DWLRQ�RI�PDJQHWLF�LQWHUDFWLRQV�ZLWK�WKH�HQYLURQPHQWDO�ILHOG�IRU�SURGXFLQJ
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SURSHOOLQJ�IRUFHV��7KLV�SURYLGHV��D��1RLVHOHVVQHVV�LQ�IOLJKW��E��7KH�DFKLHYHPHQW�RI�VSHHGV�LQ�D�YDFXXP�FORVH�WR�WKH�VSHHG�RI�OLJKW��F��7KH�DELOLW\�WR�SURGXFH�SURSHOOLQJ�IRUFHV�LQ�DOO�HQYLURQPHQWV���G��0DJQHWLF�FKDQJHV�IRUFHG�RQ�VXUURXQGLQJ�DUHDV��VXFK�DV������EXUQ�PDUNV�RQ�SODQWV�DQG�RQ�WKH�JURXQG������SURSHUWLHV�RI�WKH�VRLO�FKDQJHG�E\�WKH�PDJQHWLF�DFWLRQ������GLVWXUEDQFH�RI�WKH�(DUWK
V�PDJQHWLF�ILHOG������QHXWUDOL]DWLRQ�RI�WKH�QDWXUDO�PDJQHWLVP�RI�PDWHULDOV����� HUDVXUH�RI�WDSH�UHFRUGLQJV�DQG�WKH�UHFRUGLQJ�RQ�WKHP�RI�D�SXOVDWLQJ�VLJQDO��H��0DJQHWLF�IRUFHV�DFWLQJ�RQ�PHWDO�REMHFWV��6XFK�IRUFHV�PD\�FDXVH������WKH�PRPHQWDU\MRLQLQJ WRJHWKHU�RI�DGMDFHQW�SDUWV�RI�PDFKLQHV��ZKLFK�LQ�WXUQ�FDXVHV�HQJLQHV�WR�VWRS�ZRUNLQJ�WXUELQHV�WR�VWRS�URWDWLQJ��HWF��������WKH�SXVKLQJ�RU�SXOOLQJ��GHSHQGLQJ�RQ�WKH�ZLVKHV�RI�WKH�FUHZ� VHH� )LJXUH� )��� RI� FRPSOHWH� REMHFWV� IURP� WKH� SXOVDWLQJ� PDJQHWLF� ILHOG� JHQHUDWHG� E\� WKH0DJQRFUDIW� ����WKH�KXPPLQJ�RI�FRQGXFWLYH�REMHFWV��ZKHQ�WKH\�DUH�VXSSRUWHG�E\�DQ\�IOH[LEOHPDWHULDO���I� 7KH� SK\VLFDO� HIIHFWV� RQ� OLYLQJ� RUJDQLVPV�� 7KHVH�PD\� DSSHDU� DV�� ���� DQ� XQXVXDOLPSUHVVLRQ RI� D� KXPPLQJ� VRXQG� VHQVHG� E\� D� SHUVRQ� XQGHU� WKH� LQIOXHQFH� RI� WKH� ILHOG� EXWZKLFK LQ� UHDOLW\� GRHV� QRW� H[LVW�� ���� D� PHWDOOLF� WDVWH� LQ� WKH� PRXWK� WKDW� GRHVQ
W� KDYH� DQ\FRQQHFWLRQ�ZLWK�ZKDW�KDV�EHHQ�HDWHQ������D�VSHFLDO�NLQG�RI�SDUDO\VLV�WKDW�QXPEV�WKH�PLQG�DQGDFWLRQV�RI�D�SHUVRQ�LQ�WKH�UDQJH�RI�WKH�0DJQRFUDIW
V�ILHOG�����7KH�DELOLW\�WR�FUHDWH�D�PDJQHWLF�ZKLUO��,WV�HIIHFWV�FDQ�EH��D� $�ZKLUO�RI�DLU�RU�ZDWHU�ZKLFK�IROORZV�WKH�ZKLUOLQJ�PDJQHWLF�ILHOG��WKLV�ZKLUO�EUHDNV�DVRXQG�ZDYH�SURGXFHG�E\�WKH�YHKLFOH���E� 7KH�FUHDWLRQ�RI�D�ORFDO�YDFXXP�EXEEOH�QHDU�WKH�VXUIDFH�RI�WKH�FUDIW��ZKLFK�PDNHVSRVVLEOH WKH�QRLVHOHVV�IOLJKW�RI�WKH�0DJQRFUDIW�LQ�DLU�RU�ZDWHU��ZLWK�VSHHGV�PXFK�KLJKHU�WKDWWKRVH�SRVVLEOH�ZLWK�WKH�KHDW�EDUULHU��F��$�IODWWHQLQJ�RI�SODQWV�LQ�VZDWKV�DURXQG�WKH�0DJQRFUDIW
V�ODQGLQJ�VLWHV��G� &UHDWLRQ�RI�WKH��3DM�N�(IIHFW��ZKLFK�SURGXFHV�D�WKUXVW�IRUFH�DFWLQJ�LQ�WKH�ODWLWXGLQDOGLUHFWLRQ���H��7KH�IRUPDWLRQ�RI�DQ�LQGXFWLYH�VKLHOG�DURXQG�WKH YHKLFOH��ZKLFK�LV�DEOH�WR�GHVWUR\�DQ\REMHFWV PDGH�RI�JRRG�HOHFWULF�FRQGXFWRUV�LQ�LWV�SDWK��7KH�HIIHFWV�RI�XVLQJ�VXFK�D�VKLHOG�FDQLQFOXGH� ����DOO�REMHFWV�WKDW�DUH�PDGH�RI�PHWDO�H[SORGH�ZKHQ�WKH\�FRPH� LQ�FRQWDFW�ZLWK� WKH0DJQRFUDIW� ����VSOLQWHUV�IURP�WKH�H[SORGLQJ�REMHFWV�DUH�SRURXV�DQG�KDYH�DQ�XQHYHQ�VXUIDFH���� WKH�WHPSHUDWXUH�RI�DOO�PHWDOOLF�REMHFWV�HQWHULQJ�WKH�UDQJH�RI�WKH�VKLHOG�UDSLGO\�LQFUHDVHV��I��7KH�IRUPDWLRQ�RI�WXQQHOV�DQG�FUDWHUV�RI�JHRPHWULF�VKDSHV�LQ�VROLG�REMHFWV�DQG�LQ�WKH(DUWK
V�FUXVW�����7KH�DELOLW\�WR�RSHUDWH�LQ�WKUHH�GLIIHUHQW�PRGHV�FDOOHG��WKH�PDJQHWLF�ZKLUO�PRGH��WKHWKUREELQJ PRGH��DQG�WKH�PDJQHWLF�OHQV�PRGH��7KH�PDQLIHVWDWLRQ�RI�WKH�XVH�RI�WKHVH�PRGHVLV� �D��7KH�DSSHDUDQFH�WR�H\H�ZLWQHVVHV�RQ�RQH�RFFDVLRQ�DV�PDWHULDO�YHKLFOHV�ZLWK�FOHDUO\GLVWLQJXLVKDEOH VXUIDFHV��DQG�RQ�DQRWKHU�DV�FORXGV�RI� LRQL]HG�DLU��)URP�ERWK�RI� WKH�DERYHPRGHV WKH\� FDQ� DOVR� EH� UH�FRQWUROOHG� LQWR� D� PDJQHWLF� OHQV� PRGH�� WKXV� GLVDSSHDULQJFRPSOHWHO\�IURP�YLHZ��E��7KH�GLVSOD\LQJ�RI�RSSRVLWH�DQG�UHFLSURFDOO\�QHJDWLQJ�SURSHUWLHV��IRU�H[DPSOH���LQ�WKH�PDJQHWLF�ZKLUO�PRGH������WKH�EXUQLQJ��GHVWUR\LQJ�DQG�IDOOLQJ�GRZQ�RI�HYHU\WKLQJZLWKLQ�WKH�YLFLQLW\�RI�WKH�0DJQRFUDIW������LQGXFWLRQ�RI�DQ�HOHFWULFDO��FRUN��ZKLFK�FXWV�RII�WKH�IORZ
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RI�FXUUHQW�LQ�HOHFWULF�SRZHU�PDLQV�� LQ� WKH� WKUREELQJ� PRGH�� ���� VDIH� DQG� QRQGHVWUXFWLYH� ZRUN� RI� WKH� SURSXOVRUV�� ���JHQHUDWLRQ RI�WKH�IORZ�RI�FXUUHQW�LQ�HOHFWULFDO�GHYLFHV�ZKLFK�DUH�GLVFRQQHFWHG�IURP�VRXUFHV�RIHQHUJ\���� 7KH� LQGXFWLRQ� RI� HOHFWULF� FXUUHQWV�� 7KH� HIIHFWV� RI� WKHVH� FXUUHQWV� SURGXFH� WKHIROORZLQJ�SKHQRPHQD��D��7KH�HOHFWULFDO�FKDUJLQJ�RI�QRQ�FRQGXFWLYH�PDWHULDOV��H�J��KDLU��FORWKLQJ��SODQWV���E��&DXVLQJ�WKH�RSHUDWLRQ�RI�DSSOLDQFHV�WKDW�KDYH�EHHQ�GLVFRQQHFWHG�IURP�WKHLU�VRXUFHRI�HOHFWULFLW\��H�J��UDGLR�DQG�WHOHYLVLRQ�UHFHLYHUV��YDFXXP�FOHDQHUV��HWF�����F� ,RQL]DWLRQ�RI� WKH�VXUURXQGLQJ�PHGLXP�DQG� WKH�SURGXFWLRQ�RI�KLJKO\�DFWLYH�R]RQH�:KHQ�WKH�0DJQRFUDIW�LV�IO\LQJ�LQ�WKH�DLU� WKLV�FDXVHV������D�VPHOO�RI�R]RQH�QHDU�WKH�0DJQRFUDIWLWVHOI DQG�RQ�LWV�SDWK�RI�IOLJKW������WKH�IRUPDWLRQ�RI�FKHPLFDO�FRPSRQHQWV��VDOWV��IURP�WKH�FORVHFRQWDFW RI�PDWHULDOV�DQG�WKH�LRQL]HG�DLU���WKHVH�VDOWV�DUH�SURGXFHG�EHFDXVH�RI�WKH�UHDFWLRQ�RIHQYLURQPHQWDO VXEVWDQFHV� �VRLO�� DLU�� SROOXWLRQ�� HWF���ZLWK� YHU\� DFWLYH� R]RQH�� ���� HPLVVLRQ� RIUDGLDWLRQ� FDXVHG� E\� WKH� ERPEDUGPHQW� RI� KDUG� PDWHULDOV� ZLWK� KLJK� HQHUJ\� LRQV�� ���FRQGHQVDWLRQ�RI�VWHDP�LQ�WKH�ZDNH�RI�WKH�IO\LQJ�0DJQRFUDIW���� 7KH�HPLVVLRQ�RI�YDULRXV�OLJKW�VLJQDOV��7KH�VRXUFHV�RI�WKHVH�VLJQDOV��UHVXOWLQJ�IURPWKH�YHKLFOH
V�RSHUDWLRQ��L�H���QDWXUDO��VRXUFHV�RI�OLJKW��DUH��D��,Q�WKH�PDJQHWLF�ZKLUO�PRGH�RI�RSHUDWLRQ��WKH�LRQLF�SLFWXUH�RI�WKH�ZKLUO��7KH�OLJKW�IURPWKH�ZKLUO GLVSOD\V�DSSUR[LPDWHO\�WKH�VDPH�FRORXU�DQG�WKH�VDPH�LQWHQVLW\�LQ�WKH�ZKROH�YROXPH�7KH�OXPLQRXV�IOX[�SURGXFHG�LV�YHU\�KLJK��E� ,Q� WKH� WKUREELQJ�PRGH�RI�RSHUDWLRQ��D�JORZLQJ�RI� WKH�VXUURXQGLQJ�PHGLXP�LQ� WZR�RSSRVLWH� FRORXUV�DW�WKH�SURSXOVRU�RXWOHWV��L�H��LQ�WKH�DLU��D�\HOORZ�UHG�QHDU�WKH�QRUWK��1��SROHDQG D�EOXH�JUHHQ�QHDU�WKH�VRXWK��6��PDJQHWLF�SROH�RI�HDFK�SURSXOVRU���&KDUDFWHULVWLF�IRU�WKLVJORZ�DUH������WKH��RSSRVLWH��FRORXUV�RI�WKH�OLJKW�DUH�HPLWWHG�IURP�WKH�PDLQ�DQG�VLGH�SURSXOVRUV
RXWOHWV�VLWXDWHG�RQ�WKH�VDPH�VLGH��RQ�WRSVLGH�RU�XQGHUVLGH��RI�WKH�YHKLFOH������WKH�FRORXUV�WKDWWKH VDPH�SURSXOVRUV�JORZ�DUH�UHYHUVHG�ZKHQ�YLHZHG�IURP�EHORZ�DQG�DERYH�WKH�YHKLFOH�����WKH FKDQJH�RI FRORXUV�LQWR��RSSRVLWH��RQHV�DIWHU�WKH�0DJQRFUDIW�IOLHV�RYHU�RQH�RI�WKH�(DUWK
VPDJQHWLF�SROHV��WKLV�FKDQJH�LV�FDXVHG�E\�WKH�QHHG�WR�UHRULHQWDWH�WKH�SURSXOVRUV���F� ,Q� WKH�PDJQHWLF� OHQV�PRGH��D�YHU\�VHQVLWLYH�SKRWRJUDSKLF� ILOP�VKRXOG�EH�DEOH� WRGHWHFW D�OLJKW�IURP�WKH�FUHZ�FDELQ��LI�DQ\�LV�SURGXFHG��SDVVLQJ�WKURXJK�WKH�OHQV�IURP�LQZDUGV�7KH�QDNHG�H\H�RU�UDGDU�LV�QRW�DEOH�WR�GHWHFW�WKH�SUHVHQFH�RI�WKH�YHKLFOH�7KH�VRXUFHV�RI�WKH��DUWLILFLDO��OLJKW�VLJQDOV�HPLWWHG�E\�WKH�0DJQRFUDIW�DUH��G��7KH�68%�V\VWHP�SHUIRUPLQJ�WKH�IXQFWLRQ�RI�QDYLJDWLRQ�ODPSV��H� 7KH�SURSXOVRUV�XVHG�E\�WKH�FUHZ�DV�VHDUFKOLJKWV�IRU�OLJKWLQJ�D�FKRVHQ�DUHD�XQGHUWKH�YHKLFOH������,QWHUIHUHQFH�ZLWK�WKH�SDWKV�RI�HOHFWURPDJQHWLF�UDGLDWLRQ��7KLV�LQWHUIHUHQFH�PD\�WDNHRQH�RI�WKH�IROORZLQJ�IRUPV��D��$��PDJQHWLF�OHQV��ZKLFK�GHIOHFWV�HOHFWURPDJQHWLF�UDGLDWLRQ�IURP�WKH�YHKLFOH��PDNLQJLW WRWDOO\�LQYLVLEOH�WR�YLVXDO�DQG�UDGDU�REVHUYDWLRQ��7KH�OHQV�LV�REWDLQHG�ZKHQ�WKH�0DJQRFUDIW
VILHOG LV�FRQVWDQW�DQG�IRUPV�WKH�VKDSH�RI�WKH�OHQV�ZKRVH�ERXQGDULHV�GLVSOD\�D�VPRRWK�FKDQJHLQ�WKH�ILHOG
V�GHQVLW\��$�SDUWLDO�OHQV�FDQ�DOVR�DSSHDU�ZKHQ�WKH�YHKLFOH
V�ILHOG�LV�SXOVDWLQJ��6XFKD SDUWLDO�PDJQHWLF�OHQV�PD\�REVWUXFW�RU�GHIRUP�WKH�YLVLELOLW\�RI�WKH�VKHOO�QHDU�WKH�RXWOHWV�IURPWKH�0DJQRFUDIW
V�SURSXOVRUV��E� $Q� HQKDQFHPHQW� RI� WKH� REVHUYDWLRQ� RI� WKH� PDLQ� WZLQ�FKDPEHU� FDSVXOH� LQ� DQDVFHQGLQJ�0DJQRFUDIW��FRQQHFWHG�ZLWK�WKH�VLPXOWDQHRXV�GLPLQLVKLQJ�RI�WKH�ZKROH�ERG\�RI�WKHYHKLFOH�
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�F� �%ODFN�EDUV��MRLQLQJ�WKH�RXWOHWV�RI�WKH�IDFLQJ�SURSXOVRUV�LQ�VRPH�DUUDQJHPHQWV�RIFRXSOHG 0DJQRFUDIW� �H�J�� VHPL�DWWDFKHG� DQG� GHWDFKHG� FRQILJXUDWLRQV�� FLJDU�VKDSHGFRPSOH[HV� HWF���DQG�EODFN�DUHDV�YLVLEOH�LQVLGH�WKH�WZLQ�FKDPEHU�FDSVXOHV��7KHVH�EDUV�DQGDUHDV DUH�REWDLQHG�ZKHQ�WKH�FROXPQV�RI�D�KLJKO\�FRQFHQWUDWHG�SXOVDWLQJ�PDJQHWLF�ILHOG�ZLWKFOHDUO\ GLVWLQJXLVKDEOH�ERXQGDULHV��H�J��SURGXFHG�EHWZHHQ�IDFLQJ�SURSXOVRUV�RI�WKH�FRXSOHGYHKLFOHV��DUH�REVHUYHG�IURP�WKH�GLUHFWLRQ�SHUSHQGLFXODU�WR�WKH�PDJQHWLF�ILHOG�IRUFH�OLQHV��G� 'LVWXUEDQFHV� LQ� UDGLR� UHFHSWLRQ�� WHOHYLVLRQ� EURDGFDVWV�� UDGDU� LPDJHV�� DQGWHOHSKRQH VLJQDOV��7KHVH�DUH� LQGXFHG�ZKHQ� WKH�0DJQRFUDIW
V�ZKLUOLQJ�PDJQHWLF� ILHOG�HPLWVLWV�RZQ�HOHFWURPDJQHWLF�ZDYHV����� )XOO\� FRQWUROODEOH�� DQG� UHYHUVLEOH�� HQHUJ\�PDQDJHPHQW�� ,W� LV�PDQLIHVWHG� LQ� WKHIROORZLQJ�ZD\V��D� 7KH� FKDUDFWHU� DQG� SDUDPHWHUV� RI� WKH� YHKLFOH
V� ILHOG� DUH� IRUPHG� H[DFWO\� DV� DUHQHFHVVDU\�IRU�WKH�IOLJKW�FRQGLWLRQV���E� 7KH�SURGXFHG�ILHOG�FDQ�EH�UHGXFHG�ZLWKRXW�DQ\�FKDQJH�LQ� WKH�DPRXQW�RI�HQHUJ\DFFXPXODWHG�LQ�WKH�SURSXOVRUV��F� 7KH�0DJQRFUDIW�FDQ�KRYHU�PRWLRQOHVV�QHDU�WKH�JURXQG�OLNH�D�EDOORRQ�IRU�DQ\�SHULRGRI�WLPH�ZLWKRXW�GHFUHDVLQJ�WKH�DPRXQW�RI�LWV�HQHUJ\���G��7KH�YHKLFOH
V�PDJQHWLF�ILHOG�DFFXPXODWHV��EHIRUH�IOLJKW��WKH�HQWLUH�HQHUJ\�QHFHVVDU\IRU�D�ORQJ�GLVWDQFH�WULS���H� 7KH�YHKLFOH
V�HQHUJ\�UHVRXUFHV�DUH�VHOI�UHFKDUJHDEOH��,I�WKH�IOLJKW�GRHV�QRW�LQYROYHIULFWLRQ� WKH�HQHUJ\�UHVRXUFHV�DW�WKH�PRPHQW�RI�ILQLVKLQJ�D�URXQG�WULS�DUH�WKH�VDPH�DV�DW�WKHPRPHQW�RI�VWDUWLQJ�WKLV�WULS������ 7KH�PDJQHWLF��QRQ�DHURG\QDPLF��PDQQHU�RI�IO\LQJ�ZKLFK�DGKHUHV�WR�WKH�ODZV�RIPDJQHWLVP��7KLV�LV�FKDUDFWHUL]HG�E\��D� )OLJKWV�ZLWK�WKH�EDVH�DOPRVW�SHUSHQGLFXODU�WR�WKH�IRUFH�OLQHV�RI�WKH�HQYLURQPHQWDOPDJQHWLF ILHOG��7KLV�PHDQV�WKDW�WKH�0DJQRFUDIW�DOZD\V�PDLQWDLQV�WKH�VDPH�RULHQWDWLRQ��L�H�LWV�EDVH�IDFHV�URXJKO\�D�QRUWK�VRXWK�GLUHFWLRQ���LQGHSHQGHQWO\�RI�WKH�GLUHFWLRQ�RI�LWV�PRYHPHQWDQG�WKH�W\SH�RI�PDQRHXYUH�LW�LV�SHUIRUPLQJ��0RUHRYHU��WKH�0DJQRFUDIW�PRYHV�LQ�GLUHFWLRQV�WKDWDUH LQGHSHQGHQW� IURP� LWV� RULHQWDWLRQ�� HYHQ� LI� WKHVH� GLUHFWLRQV� SURGXFH� WKH� KLJKHVWDHURG\QDPLF�UHVLVWDQFH�RI�LWV�VKHOO��E� )O\LQJ�DORQJ�VWUDLJKW�OLQHV��ZLWK�UDSLG�FKDQJHV�RI�GLUHFWLRQ�ZLWKRXW�WKH�EHQHILW�RI�DFXUYH�UDGLXV���F� 5DSLG�MXPSV�LQWR�UDQGRP�GLUHFWLRQV�PL[HG�ZLWK�IUHTXHQW�VWRSV��ZKLFK�WR�REVHUYHUVUHVHPEOH�WKH�EHKDYLRXU�RI�D��GUDJRQ�IO\����G� 7KH�DELOLW\�WR�KRYHU�PRWLRQOHVVO\�LQ�RQH�SODFH�IRU�H[WHQVLYHO\�ORQJ�SHULRGV�RI�WLPH�H�J��KRXUV��GD\V��RU�HYHQ�ORQJHU��
*����0LOLWDU\�DVSHFWV�RI�WKH�0DJQRFUDIW
,W�PXVW�EH�HPSKDVL]HG�WKDW�EXLOGLQJ�D�0DJQRFUDIW�ZLOO�SURPRWH�SHDFH�WKURXJK�SURYLGLQJWKH IDFLOLWLHV� IRU� LQWHUVWHOODU�H[SDQVLRQ�DQG� IRU� WKH�XWLOL]DWLRQ�RI�XQOLPLWHG�FRVPLF� UHVRXUFHV�+RZHYHU� LQ�RXU�KLJKO\�PLOLWDUL]HG�ZRUOG�LW�LV�LPSRVVLEOH�WR�FUHDWH�D�QHZ�NLQG�RI�YHKLFOH�ZKLFKSRWHQWLDOO\ ZRXOG�QRW�EH�XVHG�IRU�PLOLWDU\�SXUSRVHV��7KHUHIRUH��WR�FRPSOHWH�WKH�SLFWXUH�RI�WKLVYHKLFOH� LWV� EDVLF� PLOLWDU\� FDSDELOLWLHV� PXVW� DOVR� EH� KLJKOLJKWHG�� 7KLV� LV� EHFDXVH� WRGD\
VSUHGLFWLRQV RI� WKH� 7KHRU\� RI� WKH� 0DJQRFUDIW� PD\� LQ� WKH� QRW�WRR�GLVWDQW� IXWXUH� EHFRPH� DVXUSULVLQJ UHDOLW\�IRU�WKRVH�FLWL]HQV�RI�RXU�SODQHW�ZKRVH�WD[HV�PDLQWDLQ�VFKRODUV�SUHRFFXSLHG
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ZLWK FRQGHPQLQJ�VXEMHFWV�ZKLFK� LQ� WKHLU�RSLQLRQ�DUH�XQEHFRPLQJ� WR�VFLHQWLVWV�� WR�VWLOO�KDYHWLPH�IRU�REVHUYLQJ�ZKDW�LV�KDSSHQLQJ�DURXQG�WKHP��7KH�PRVW�VLPSOH�PLOLWDU\�DSSOLFDWLRQ�RI�WKH�0DJQRFUDIW�LV�D�UDSLG�UHOHDVLQJ��IRU�H[DPSOHWKURXJK D� GHWRQDWLRQ�� RI� WKH� KXJH� DPRXQW� RI� HQHUJ\� DFFXPXODWHG� LQ� LWV� SURSXOVRUV�� 7KHH[SORVLRQ FDXVHG�LQ�WKLV�ZD\�LQ�LWV�HIIHFWV�DQG�UDQJH�FRXOG�EH�FRPSDUHG�RQO\�WR�WKH�IDPRXV7XQJXVND �8665�� EODVW�� ZKLFK� RQ� ��� -XQH� ����� GHYDVWDWHG� RYHU� D� WKRXVDQG� VTXDUHNLORPHWUHV�RI�WDLJD�LQ�WKH�7XQJXVND�UHJLRQ�RI�&HQWUDO�6LEHULD��$V�ZDV�WKH�FDVH�ZLWK�WKLV�HYHQW�WKH�H[SORGLQJ�RI�WKH�0DJQRFUDIW�ZRXOG�QRW�SROOXWH�WKH�HQYLURQPHQW�UDGLRDFWLYHO\��7KHUHIRUH�WKHDIIHFWHG�DUHD�ZRXOG�LPPHGLDWHO\�EH�DYDLODEOH�IRU�RFFXSDWLRQ�DQG�FRORQL]DWLRQ��+RZHYHU� XVLQJ�WKH�0DJQRFUDIW�DV�D�IO\LQJ�ERPE�ZRXOG�EH�D�ZDVWH�RI�LWV�KXJH�PLOLWDU\SRWHQWLDO��7KH�RWKHU�SRVVLEOH�DSSOLFDWLRQV�RI�WKLV�YHKLFOH�RIIHU�HYHQ�JUHDWHU�DGYDQWDJHV��,W�FDQDFW�DV�D�WUDQVSRUWDWLRQ�IDFLOLW\�FDUU\LQJ�ZHDSRQV�DQG�PLOLWDU\�IRUFHV�IRU�DWWDFNLQJ�WKH�FRPPDQGFHQWUHV�DQG�JRYHUQPHQW�ORFDWLRQV�RI�WKH�RSSRVLWH�VLGH��RU�DV�D�YHU\�VHOHFWLYHO\�DFWLQJ�ZHDSRQIRU FRQWUROOHG�GHVWUXFWLRQ��7KLV�VXEVHFWLRQ�UHYLHZV�WKH�FDSDELOLWLHV�RI�WKH�0DJQRFUDIW�LQ�ERWKRI�WKHVH�DSSOLFDWLRQV��
*������8VH�RI�WKH�0DJQRFUDIW�DV�D�ZHDSRQV�SODWIRUP�RU�WUDQVSRUWDWLRQ�IDFLOLW\
,Q WKH� WUDQVSRUWDWLRQ�RU�ZHDSRQV�SODWIRUP�PRGH�� WKH� IROORZLQJ� FKDUDFWHULVWLFV�RI� WKH0DJQRFUDIW�FDQ�EH�VLJQLILFDQW���� 9HU\�KLJK�VSHHGV��,Q�H[FHVV�RI��������NP�SHU�KRXU�LQ�WKH�DWPRVSKHUH�DQG�DOPRVWDW�WKH�VSHHG�RI�OLJKW�ZKHQ�WUDYHOOLQJ�LQ�WKH�QHDU�YDFXXP�RI�VSDFH����� 7KH�FDSDELOLW\�WR�PRYH�WKURXJK�DQ\�PHGLXP��L�H��VSDFH��DLU��ZDWHU��VROLG�PDWHULDOV�VXFK DV�VRLO��URFNV��EXLOGLQJV��RU�EXQNHUV��DQG�DOVR�PROWHQ�PHGLD�VXFK�DV�WKH�(DUWK
V�QXFOHLRU WKH�FHQWUHV�RI�VWDUV�� ,W�FDQ�DOVR�PRYH�IURP�RQH�PHGLXP� WR�DQRWKHU�ZLWK�QR�SUHSDUDWLRQQHFHVVDU\����� 7KH� FDSDELOLW\� WR� PRYH� GLUHFWO\� WR� WKH� WDUJHW� GHVSLWH� DQ\� PDQ�PDGH� RU� QDWXUDOREVWDFOHV LQ� LWV� SDWK�� 7KH� 0DJQRFUDIW� FDQ� WXQQHO� WKURXJK� WKH� (DUWK
V� VXUIDFH�� EXLOGLQJV�SLOOER[HV� EDUULHUV�DQG�DQ\WKLQJ�HOVH�WKDW�FDQ�EH�XVHG�IRU�WKH�SURWHFWLRQ�RI�FRPPDQG�FHQWUHVDQG�XQGHUJURXQG�EXQNHUV����� 7KH�0DJQRFUDIW�� ZKHQ� IO\LQJ�� LV� FRPSOHWHO\� QRLVHOHVV� DQG� KDV� WKH� FDSDELOLW\� WRVZLWFK�RQ�RSWLFDO�DQG�UDGDU�LQYLVLELOLW\����� 6SHFLDO�FKDUDFWHULVWLFV�HQDEOLQJ�D�0DJQRFUDIW�WR�ZLWKVWDQG�DQ\�ZHDSRQ�WKDW�FRXOGEH�XVHG�DJDLQVW�LW��7KH�IHDWXUHV�ZKLFK�SURWHFW�WKH�YHKLFOH�DJDLQVW�ZHDSRQV�DUH��D� $ VSLQQLQJ�PDJQHWLF�ILHOG�WKDW�FUHDWHV�DQ��LQGXFWLYH�VKLHOG���D�GHVWUXFWLYH��SODVPDVDZ� PDGH�IURP�LRQL]HG�DLU�PROHFXOHV�WKDW�IROORZ�WKH�VSLQQLQJ�PDJQHWLF�IRUFH�OLQHV��DQG�WKHUHSHOOLQJ DFWLRQ�RI�D�SXOVDWLQJ�PDJQHWLF�ILHOG��VHH�)LJXUH�)����7KHVH�HIIHFWV�DFW�RQ�PLVVLOHV�JXQV��DQG�RWKHU�SURMHFWLOH��QRQ�HQHUJ\��ZHDSRQV���E� $� �PDJQHWLF� IUDPHZRUN�� IRUPHG�ZLWKLQ� WKH� YHKLFOH�ZKLFK�SURYLGHV�VXSSRUW�PDQ\WLPHV VWURQJHU� WKDQ� DQ\� SK\VLFDO� ERG\� FDQ�� 7KLV� IUDPHZRUN� LV� DEOH� WR� ZLWKVWDQG� WKHVKRFNZDYHV�RI�QHDUE\�H[SORVLRQV���F� $��PDJQHWLF�OHQV��ZKLFK�GHIOHFWV�ODVHU�EHDPV�DQG�RWKHU�HQHUJ\�EHDP�ZHDSRQV�DVZHOO�DV�WKH�WKHUPDO�UDGLDWLRQ�IURP�D�QXFOHDU�H[SORVLRQ������$Q�HIIHFWLYH�UHVLVWDQFH�WR�H[WUHPH�HQYLURQPHQWDO�FRQGLWLRQV��D� 9HU\� KLJK� WHPSHUDWXUHV�� +HDW� WUDQVIHU� LV� PDGH� LPSRVVLEOH� EHFDXVH� WKHHQYLURQPHQWDO PHGLXP�LV�NHSW�DZD\�IURP�WKH�0DJQRFUDIW
V�VXUIDFH�E\�WKH�SODVPD�ZKLUO�ZKLFK
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XVHV�WKH�FHQWULIXJDO�IRUFH�WR�UHMHFW�DOO�DOLHQ�SDUWLFOHV��E��9HU\�KLJK�SUHVVXUHV��7KHVH�DUH�QHXWUDOL]HG�E\�WKH��PDJQHWLF�IUDPHZRUN��ZKLFK�FDQZLWKVWDQG�DQ\�SRVVLEOH�H[WHUQDO�SUHVVXUH���F� +LJK� HQHUJ\� HOHFWURPDJQHWLF� UDGLDWLRQ�� 7KLV� LV� GHIOHFWHG� E\� WKH� �PDJQHWLF� OHQV�ZKLFK�LV�SURGXFHG�E\�WKH�FRQVWDQW�RXWSXW�IURP�WKH�0DJQRFUDIW
V�SURSXOVRUV����� 7KH�DELOLW\�WR�VZLWFK�RQ�D��ILHOG�RI�DWWUDFWLRQ��ZKLFK�ZRXOG�LQWHUFHSW�DQG�QHXWUDOL]H�DQ\QHDUE\ REMHFWV� WKDW� DUH�FRQVWUXFWHG�RI� IHUURPDJQHWLF�PDWHULDOV��7KLV�DSSOLHV� WR� FDUV�� ODUJHJXQV��WDQNV��DQG�HYHQ�DHURSODQHV��7KH�DWWUDFWLRQ�IRUFH�LV�FUHDWHG�E\�WKH�FRQVWDQW�FRPSRQHQWRI WKH PDJQHWLF� ILHOG� \LHOG� IURP� WKH� YHKLFOH
V� SURSXOVRUV� �� VHH� )LJXUH� )��� ,WV� UDQJH� DQGDWWUDFWLRQ HIIHFW�FDQ�EH�FRQWUROOHG�E\�EDODQFLQJ�ZLWK�WKH�UHSXOVLRQ�IRUFH�ZKLFK�LV�SURGXFHG�E\WKH�SXOVDWLQJ�FRPSRQHQW�RI�WKH�YHKLFOH
V�PDJQHWLF�ILHOG��
*������8VH�RI�WKH�0DJQRFUDIW�DV�D�VHOHFWLYHO\�DFWLQJ�ZHDSRQ
7R XVH� WKH 0DJQRFUDIW� DV� D� VHOHFWLYHO\� DFWLQJ� ZHDSRQ� IRU� FRQWUROOHG� GHVWUXFWLRQFRQFHQWUDWLQJ LWV� LPSDFW�RQ�WKH�PHWDOOLF�REMHFWV�RI�WKH�RWKHU�VLGH��WKH�GHVWUXFWLYH�SURSHUWLHVRI LWV� �LQGXFWLYH� VKLHOG�� DUH� XWLOL]HG�� 6LPXOWDQHRXVO\� WKH� �SODVPD� ZKLUO��� DOZD\V� DSSHDULQJWRJHWKHU ZLWK� WKH� LQGXFWLYH� VKLHOG�� LV� SUHYHQWHG� IURP� DFWLQJ� RQ� SHRSOH� DQG� RQ� RUJDQLFVXEVWDQFHV�VR�WKDW�WKH\�VWD\�XQLQMXUHG��7KH�PHWKRG�E\�ZKLFK�WKH�0DJQRFUDIW�FDQ�EH�XVHG�IRUPLOLWDU\�RSHUDWLRQV��DLPHG�DW�WKH�GHVWUXFWLRQ�RI�WKH�HQHP\
V�HTXLSPHQW�RQO\��LV�DV�IROORZV�6WHS ��� 6ZLWFKLQJ� WR� PD[LPXP� SRZHU� WKH� VSLQQLQJ� PDJQHWLF� ILHOG� WKDW� IRUPV� WKHPDJQHWLF ZKLUO� FLUFXODWLQJ�DURXQG� WKH� YHKLFOH��7KH� IRUFH� OLQHV�RI� WKDW� ILHOG�SDVVLQJ� WKURXJKQHDUE\�FRQGXFWLYH�REMHFWV�LQGXFH�LQ�WKHP�SRZHUIXO�HOHFWULF�FXUUHQWV�WKDW�H[SORVLYHO\�HYDSRUDWHWKHLU�PDWHULDO��6WHS �� )RUPLQJ� IURP� WKLV� VSLQQLQJ� ILHOG� D� EURDG� LQGXFWLYH� VKLHOG� ZLWK� D� UDQJH� RIHYDSRUDWLRQ�WR�DERXW�����PHWUHV�IURP�WKH�YHKLFOH
V�VXUIDFH��ZKHQ�WKH�GHVWUXFWLYH�SODVPD�ZKLUOKDV�D�UDQJH�RI�RQO\�DERXW���PHWUHV��6WHS ���)O\LQJ�DW�DQ�DOWLWXGH�RI�DURXQG����WR����PHWUHV�DERYH�DQ�HQHP\
V�WHUULWRU\��$VD�UHVXOW�RI�VXFK�D�IOLJKW��HYHU\ REMHFW�ZKLFK�LV�FRQVWUXFWHG�IURP�HOHFWULFDOO\�FRQGXFWLQJ�PDWHULDOZLOO�H[SORGH��7KLV�HIIHFW�KDV�D�UDGLXV�RI�DERXW�����PHWUHV�IURP�WKH�FUDIW��7KH�GLVLQWHJUDWLRQ�RIWKHVH�PDWHULDOV�ZLOO�FDXVH�LQ�WXUQ��D��&RPSOHWH�GHVWUXFWLRQ�RI�HYHU\�REMHFW�PDGH�RI�PHWDO��VXFK�DV��ZHDSRQV��PDFKLQHU\�IDFWRULHV DQG� WKHLU� HTXLSPHQW�� LURQ� EULGJHV�� HOHFWULF�SRZHU� FRQQHFWLRQV�� XQGHUJURXQGLQVWDOODWLRQV�PDGH�RI�PHWDO��VWRUDJH�IDFLOLWLHV��HWF��E� 'HVWUXFWLRQ�RU�GDPDJH�RI�REMHFWV�FRQWDLQLQJ�VRPH�SDUWV�PDGH�RI�PHWDO��VXFK�DV�EXLOGLQJV��FRQFUHWH�EULGJHV��EXQNHUV��URDGV��DLUILHOGV��SRUWV��HWF�6WHS ���8QGHUWDNLQJ�D�V\VWHPDWLF�IOLJKW�FRYHULQJ�HYHU\�SDUW�RI�WKH�WDUJHW�DUHD��VLPLODU�WRWKH�ZD\�D�IDUPHU�SORXJKV�D�ILHOG�,W VKRXOG�EH�QRWHG�WKDW�WKH�YHU\�KLJK�VSHHG�DQG�PDQRHXYUDELOLW\�RI�WKH�0DJQRFUDIW�ZRXOGDOORZ RSHUDWLRQ� LQ� VXFK�D�PDQQHU�DV� WR� UHQGHU� WRWDOO\�SRZHUOHVV�D�PLGGOH�VL]HG�(XURSHDQFRXQWU\��ZLWK�RQO\�RQH�0DJQRFUDIW��LQ�DERXW����KRXUV��7KH PLOLWDU\�SURSHUWLHV�RI�WKH�0DJQRFUDIW�XVHG�DV�D�ZHDSRQ�KDYH�QR�HTXLYDOHQW�LQ�DQ\RWKHU ILJKWLQJ�IDFLOLW\�PDGH�E\�PDQ�WR�GDWH��7KHUH�DUH�QHLWKHU�ZHDSRQV�QRU�GHIHQVH�PHWKRGVWKDW FDQ�RSSRVH�WKLV�YHKLFOH��+RZHYHU��WKHUH�LV�D�PDMRU�GLIIHUHQFH�EHWZHHQ�WKH�DFWLRQ�RI�WKH0DJQRFUDIW DQG� WKH� HIIHFWV� RI� RWKHU� PHDQV� RI� PDVV� GHVWUXFWLRQ�� 7KH� 0DJQRFUDIW� DFWVVHOHFWLYHO\�DJDLQVW�WKH�ZHDSRQV��HTXLSPHQW��DQG�WHFKQRORJ\�RI�WKH�RWKHU�VLGH��EXW�QRW�DJDLQVW
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SHRSOH� 6R�LW�GLVDUPV�WKH�HQHP\�EXW�OHDYHV�WKH�SRSXODWLRQ�DOLYH��7KHUHIRUH�HYHQ�ZKHQ�XVHGDV�D�WRRO�RI�GHVWUXFWLRQ��LW�FDQ�VWLOO�SURPRWH�SHDFH�DQG�VHUYH�KXPDQLW\�
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7DEOH *���7KH�FRORXU�FKDQJHV�LQ�WKH�OLJKWV�RI�WKH�68%�V\VWHP�RI�ODPSV �WKH�ORFDWLRQ�RIWKHVH ODPSV RQ� WKH�0DJQRFUDIW
V� VKHOO� LV� SUHVHQWHG� LQ� )LJXUH�*����� 7KH�68%� V\VWHPLQGLFDWHV WKH�0DJQRFUDIW
V�PRGH�RI�RSHUDWLRQ��7KH�VHTXHQFH�RI�FRORXUV�HPLWWHG�E\�HDFKODPS�RI�WKLV�V\VWHP�DQG�VKRZQ�E\�WKLV�WDEOH�LV�FKDUDFWHULVWLF�IRU�WKH�PDJQHWLF�ZKLUO�PRGHRI WKH�0DJQRFUDIW
V� RSHUDWLRQ� �WKLV� SDUWLFXODU� WDEOH� LOOXVWUDWHV� FRORXU� VLJQDOV� WKDW�ZRXOGDFFRPSDQ\ WKH�PDJQHWLF�ZKLUO� IURP�)LJXUH�*�����6\PEROV�� W� �� WLPH�� 7� �� SHULRG� RI� WKHSURSXOVRU
V RXWSXW�SXOVDWLRQ��Q��R��V���RXWSXW�OHYHOV�RI�DPSOLWXGH�LQ�D�SDUWLFXODU�SURSXOVRU�L�H��PD[LPDO��PLGGOH��PLQLPDO��7KH URZV�LQ�WKLV�WDEOH�VKRZ�WKH�VXEVHTXHQW�FRORXUV�WKDW�HDFK�ODPS��UHSUHVHQWHGE\ WKH�FROXPQ�ODEHOOHG�8��9��:��RU�;��HPLWV�DW�D�JLYHQ�PRPHQW�RI�WLPH�WR�GHVFULEH�WKHRSHUDWLRQ RI�SURSXOVRUV�ZKLFK�DUH� ODEHOOHG�ZLWK�D� OHWWHU�FRUUHVSRQGLQJ� WR� WKDW� ODPS��L�H�8� 9��:��;���%\�REVHUYLQJ�RQO\�RQH�ODPS��H�J��WKDW�ODEHOOHG�9��LW�LV�HYLGHQW�WKDW�LWV�FRORXUVFKDQJH DFFRUGLQJ�WR�D�VLQXVRLGDO�FXUYH�WKDW�VLPXODWHV�WKH�FKDQJH�RI�WKH�PDJQHWLF�ILHOGLQ D�JLYHQ��H�J��9��JURXS�RI�SURSXOVRUV���H�J��FRPSDUH�WKH�FKDQJHV�RI�FXUYH�9�LQ�)LJXUH�*��ZLWK WKH�FKDQJHV�RI�FRORXUV�IRU�9�ODPS�LQ�WKH�DERYH�WDEOH��,Q�WKLV�ZD\�WKH�RVFLOODWLRQ�RIFRORXUV�VLPXODWH�WKH�SXOVDWLRQ�RI�WKH�PDJQHWLF�ILHOG��%XW�E\�REVHUYLQJ�RQO\�RQH�FRORXU��H�J�UHG��WKLV�WDEOH�VKRZV�WKDW�ZLWK�WKH�HODSVH�RI�WLPH��L�H��DIWHU�HDFK�TXDUWHU�RI�WKH�SURSXOVRUV
SHULRG�RI�SXOVDWLRQV��HDFK�FRORXU�PRYHV�WR�WKH�QH[W�ODPS��,Q�WKLV�ZD\�WKH�DSSDUHQW�PRWLRQRI FRORXUV�LQ�WKH�68%�V\VWHP�RI�ODPSV�UHIOHFWV�WKH�PRWLRQ�RI�WKH�PDJQHWLF�ZDYHV�DURXQGWKH�0DJQRFUDIW�1RWH WKDW� IRU� WKH� WKUREELQJ�PRGH RI� RSHUDWLRQ� WKH� FRORXUV� RI� WKH� OLJKWV� ZRXOGFKDQJH LQ�WKH�VDPH�ZD\� LQ�HDFK�ODPS��L�H��DOO� ODPSV�ZRXOG�VLPXOWDQHRXVO\�FKDQJH�LQWRWKH VDPH� FRORXU���ZKHUHDV� LQ� WKH�PDJQHWLF� OHQV�PRGH DOO� ODPSV�ZRXOG� HPLW� D� \HOORZFRORXU�DW�DOO�WLPHV�



7DEOH *���7KH�FRUUHODWLRQ�EHWZHHQ�WKH�YDOXH�RI�WKH��.��IDFWRU�DQG�WKH��'�+��UDWLR�IRU�PDLQFRQILJXUDWLRQV RI� WKH� FRXSOHG�0DJQRFUDIW�� ,W� DOORZV� WR� GHWHUPLQH� WKH� W\SH�RI� LQGLYLGXDOYHKLFOHV�DUUDQJHG�LQWR�D�JLYHQ�FRQILJXUDWLRQ�



)LJ� *��� 7KLV� GLDJUDP�GHPRQVWUDWHV� WKH�SULQFLSOH�RI� WLOWLQJ�D�FROXPQ�RI� WKH�PDJQHWLF� ILHOG WKDW� LV� \LHOGHG� IURPD K\SRWKHWLFDO�SURSXOVRU�� ,Q� WKH�SURSXOVRU� LOOXVWUDWHG�� WKH�PDJQHWLF�D[LV� �P��RI�D� WZLQ�FKDPEHU�FDSVXOH�ZKLFK�\LHOGVWKLV ILHOG�LV�FRQWUROOHG�E\�WZR�VHWV�RI�PHFKDQLFDO�UROOHUV��7KH�XSSHU�SDUW��$�$��RI�WKH�GLDJUDP�SUHVHQWV�WKLV�SURSXOVRUIURP WZR�SRVLWLRQV��DV�DQ�RYHUKHDG�YLHZ��L�H��WKH�ULJKW�KDOI�RI�WKH�GLDJUDP��DQG�DV�WKH�KRUL]RQWDO�FURVV�VHFWLRQ�DORQJLWV WRS�KDOI��L�H� WKH�OHIW�KDOI�RI�WKH�GLDJUDP���7KH�ORZHU�SDUW��%�%��VKRZV�WKH�VDPH�SURSXOVRU�LQ�YHUWLFDO�FURVV�VHFWLRQ�L�H� LQ� WKH FURVV� VHFWLRQ� SDVVLQJ� WKURXJK� WKH�PDJQHWLF� D[LV� �P�� DQG� WKH� WLOWLQJ� SODQH� �[���� ,OOXVWUDWHG� DUH�� �� �� WKHVSKHULFDO FDVLQJ RI� WKH� SURSXOVRU� �WKH� GLDPHWHU� �'V�� RI� WKLV� FDVLQJ� LV� HTXDO� WR�� '  D Â����� �� �� RQH� RI� IRXU� UROOHUVV RRSHUDWLQJ LQ� WKH� YHUWLFDO� SODQH� �[�� �DV�ZHOO� DV� WKHVH�� WKH� SURSXOVRU� DOVR� FRQWDLQV� DQRWKHU� VHW� RI� IRXU� VLPLODU� UROOHUVRSHUDWLQJ LQ�WKH�YHUWLFDO�SODQH��\��������WKH�FDUU\LQJ�VWUXFWXUH��WLOWHG�E\�UROOHUV��ZKLFK�KROGV�WKH�WZLQ�FKDPEHU�FDSVXOH�� �� WKH� LQQHU FXELFDO�2VFLOODWRU\�&KDPEHU�RI� WKH� WZLQ�FKDPEHU�FDSVXOH��ZKRVH�VLGH�HGJH� LV�PDUNHG�DV��D����� �� WKHLRXWHU FXELFDO�2VFLOODWRU\�&KDPEHU�RI� WKH� WZLQ�FKDPEHU� FDSVXOH�ZKRVH� VLGH�GLPHQVLRQ� �D �� LV� HTXDO� WR�� D  DÂ����PR R L� PDJQHWLF� D[LV� RI� WKH�SURSXOVRU� �WKLV� D[LV� UHSUHVHQWV� WKH�GLUHFWLRQ� LQ�ZKLFK� WKH�SURSXOVRU
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)LJ� *����7KH�SULQFLSOHV�LQYROYHG�LQ�WKH�PHVKLQJ�RI�IODQJHV�LQ�IO\LQJ�V\VWHPV��7KHVHSULQFLSOHV DUH�LOOXVWUDWHG�ZLWK�H[DPSOHV�RI�YHUWLFDO�FURVV�VHFWLRQV�RI�SDLUV�RI�FRRSHUDWLQJFLJDUV WDNLQJ� SDUW� LQ� WKH� IRUPDWLRQ� RI� VXFK� V\VWHPV�� $V� VKRZQ�� WKH� FLJDUV� FRXSOHGULP�WR�ULP DUH�RULHQWHG�LQ�UHYHUVH�RI�HDFK�RWKHU��VHH�)LJXUH�*�����7KH�MRLQLQJ�IRUFHV�DUHFUHDWHG E\�WKH�SRVLWLRQLQJ�RI�WKH�VLGH�SURSXOVRUV�RI�WKH�FRXSOHG�VSDFHFUDIW� LQ�D�VWUDLJKWOLQH VR�WKDW�HDFK�LV�DEOH�WR�DWWUDFW�WKH�SURSXOVRU�RI�LWV�FRXQWHUSDUW��7KH�GLDJUDP�SUHVHQWVWKH�FRXSOLQJ�RI�WKH�IROORZLQJ�W\SHV�RI�0DJQRFUDIW���D��.����E��.���DQG��F��.��



)LJ� *���� $� FRPSHQGLXP� RI� EDVLF� HTXDWLRQV ZKLFK� FRPELQH� WKH� PRVW� LPSRUWDQWSDUDPHWHUV GHVFULELQJ� WKH� VKDSH� RI� WKH� 0DJQRFUDIW
V� VKHOO�� $Q� LQWHUSUHWDWLRQ� RI� WKHGLPHQVLRQV LQYROYHG�LV�VKRZQ�LQ�DQ�RXWOLQH�RI�WKH�.���W\SH�RI�WKLV�YHKLFOH��6\PEROV���+�LV WKH� KHLJKW� RI� WKH� FUDIW� �EDVH� WR� WRS��� �'�� LV� WKH� RXWHU� GLDPHWHU� RI� WKH� YHKLFOH� �LW� LVH[SUHVVHG E\�WKH�HTXDWLRQ�' ������Â� ��WKXV�IRU�WKH�0DJQRFUDIW�W\SH�.���LW�LV�HTXDO�WR.' �������PHWUHV����' ��DQG��' ��DUH�WKH�GLDPHWHUV�RI�WKH�VSKHULFDO�FDVLQJV�WKDW�FRYHU�WKH0 VPDLQ�DQG�VLGH�SURSXOVRUV���.��UHSUHVHQWV�WKH��.URWQR�ü��IDFWRU�ZKLFK�LQ�FRQVHFXWLYH�W\SHVRI�0DJQRFUDIW�WDNHV�WKH�LQWHJHU�YDOXHV�UDQJLQJ�IURP�. ��WR�. ����IRU�WKH�YHKLFOH�W\SH�.��WKLV�IDFWRU�WDNHV�WKH�YDOXH�. ������Q��UHSUHVHQWV�WKH�QXPEHU�RI�VLGH�SURSXOVRUV�



)LJ��*����6LGH�RXWOLQHV�RI�HLJKW�EDVLF�W\SHV�RI�0DJQRFUDIW��7KHVH�RXWOLQHV�DUH�REWDLQHGZKHQ HTXDWLRQV�GHVFULELQJ� WKH�0DJQRFUDIW� �OLVWHG� LQ�)LJXUH�*����DUH�UHVROYHG�IRU�HDFKLQGLYLGXDO�YDOXH RI�WKH��.��IDFWRU��6KRZQ�DUH�WKH�VKDSHV�RI�WKH�FUHZ�FDELQ��WKH�IODQJH�ZLWKVLGH SURSXOVRUV�� DQG� WKH� WUDQVSDUHQW� WRS� ERZO�ZLWK� WKH�PDLQ� SURSXOVRU��%HFDXVH�HDFKW\SH RI� 0DJQRFUDIW� ORRNV� GLIIHUHQW�� NQRZOHGJH� RI� WKH� DERYH� RXWOLQHV� DOORZV� IRU� IDVWLGHQWLILFDWLRQ RI�WKH�W\SH�RI�YHKLFOH�LQ�TXHVWLRQ��$OWKRXJK�WKLV�GLDJUDP�GRHV�QRW�LOOXVWUDWHWKH�YHKLFOHV
�XQGHUQHDWK��HDFK�W\SH�RI 0DJQRFUDIW�KDV�D�V\PPHWULFDO�FRQFDYLW\�LQ�LWV�EDVHZKLFK FRUUHVSRQGV�H[DFWO\�WR�WKH�WRSVLGH�FRQYH[LW\��LQ�WKLV�ZD\�0DJQRFUDIW�RI�WKH�VDPHW\SH DUH�DEOH� WR�VWDFN�RQH�RQ� WRS�RI� WKH�RWKHU�� IRUPLQJ�FLJDU�VKDSHG�FRQILJXUDWLRQV�DVVKRZQ LQ�)LJXUH�*����1RWH�WKDW�LQ�RUGHU�WR�VKRZ�DOO�YHKLFOHV�ZLWK�UHDVRQDEOH�FODULW\��WKH\DUH QRW� GUDZQ� WR� WKH� VDPH� VFDOH� �L�H�� LQ� WKLV� LOOXVWUDWLRQ� WKH� RXWHU� GLDPHWHUV� '� RIVXEVHTXHQW YHKLFOHV�DUH� OLQHDUO\� LQFUHDVHG�ZLWK� WKH�YDOXH�RI� WKHLU�.� IDFWRU��ZKHUHDV� LQUHDOLW\�WKHVH�GLDPHWHUV�DUH�GHVFULEHG�E\�WKH�H[SRQHQWLDO�HTXDWLRQ��' ������Â� ��.



)LJ� *����&RPSHQGLXP�RI�HDV\�WR�XVH�PHWKRGV�RI�LGHQWLI\LQJ�WKH�W\SH�RI�0DJQRFUDIW WKURXJKGHWHUPLQLQJ�LWV�W\SH�IDFWRU��.����%HFDXVH�DOO�WHFKQLFDO�GHWDLOV�RI�WKLV�VSDFHVKLS�DUH�GHULYHG�IURP��.��ZKHQ�WKLV�IDFWRU�LV�NQRZQ��WKH�UHVW�RI�WKH�YHKLFOH
V�GLPHQVLRQV�DQG�SDUDPHWHUV�FDQ�EH�OHDUQHG�IURP7DEOH�*��RU�FDOFXODWHG�IURP�D�VHW�RI�DSSURSULDWH�HTXDWLRQV�OLVWHG�LQ�)LJXUH�*�������� 7KH�PHWKRG�LQYROYLQJ�SURSRUWLRQ�RI�PDLQ�GLPHQVLRQV��,W�DOORZV�IRU�WKH�GLUHFW�GHWHUPLQDWLRQRI WKH�YHKLFOH
V�W\SH�IDFWRU��.���WKURXJK�PHDVXUHPHQW�RI�WKH�DSSDUHQW�KHLJKW��+��RI�WKH�REVHUYHGVSDFHFUDIW �EDVH�WR�WRS��DQG�WKHQ�GHWHUPLQLQJ�KRZ�PDQ\�WLPHV�WKLV�KHLJKW�LV�FRQWDLQHG�ZLWKLQ�WKHRXWHU GLDPHWHU��'��RI�WKH�YHKLFOH
V�IODQJH��WKH�UHVXOW�RI�WKH�GLYLVLRQ�. '�+�UHSUHVHQWV�WKH�YDOXH�RI��.�ZKLFK PXVW WDNH�RQH�RI�WKH�IROORZLQJ��LQWHJHU��QXPEHUV��. ���. ���. ���. ���. ���. ���. ���RU. ���� ,Q�WKH�DERYH�H[DPSOH�WKH�DSSDUHQW�KHLJKW��+��LV�FRQWDLQHG�WKUHH�WLPHV�LQ�WKH�YHKLFOH
V�DSSDUHQWGLDPHWHU��'���WKXV�WKH�LOOXVWUDWHG�YHKLFOH�LV�W\SH�.���L�H��LWV�W\SH�IDFWRU�LV�HTXDO�WR��. �������7KH PHWKRG�LQYROYLQJ�FRXQWLQJ�WKH�QXPEHU��Q��RI�WKH�YHKLFOH
V�VLGH�SURSXOVRUV��7KH��.�IDFWRU�LV�WKHQ�GHWHUPLQHG�IURP�WKH�IROORZLQJ�HTXDWLRQ��. ��Q����VHH�HTXDWLRQV�%��DQG�*������� 7KH�PHWKRG�LQYROYLQJ�FRXQWLQJ�WKH�QXPEHU��&UHZ��RI�WKH�YHKLFOH
V�FUHZ�PHPEHUV��7KH�.��IDFWRU�LV�HTXDO�WR�WKLV�QXPEHU��. &UHZ��VHH�7DEOH�*������� 7KH�PHWKRG�LQYROYLQJ�PHDVXUHPHQW�RI�WKH�QRPLQDO�GLDPHWHU��G��RI�WKH�FLUFXODU�PDUNVVFRUFKHG�GXULQJ�ODQGLQJV RQ�WKH�JURXQG�E\�WKH�YHKLFOH
V�VLGH�SURSXOVRUV��7KH�UHODWLRQVKLS�EHWZHHQWKLV�GLDPHWHU�DQG�WKH��.��IDFWRU�LV��G �����������Â� >PHWUHV@��VHH�HTXDWLRQ *�����7KXV�NQRZLQJ��G��.WKH�YDOXH�RI��.��FDQ�HLWKHU�EH�FDOFXODWHG�IURP�WKLV�HTXDWLRQ�RU�OHDUQHG�IURP�7DEOH�*������7KH�PHWKRG�LQYROYLQJ�LGHQWLILFDWLRQ�RI�WKH�YHKLFOH
V�RXWOLQHV�E\�PDWFKLQJ�ZLWK�WKH�VKDSHVRI�DOO�HLJKW�W\SHV�RI�0DJQRFUDIW�OLVWHG�LQ�)LJXUH�*����.�LV�GHWHUPLQHG�WKURXJK�WKLV�LGHQWLILFDWLRQ��



)LJ� *���� 7KH� SULQFLSOH� LQYROYHG� LQ� WKH� FUHDWLRQ� RI� D� ODWLWXGLQDO� WKUXVW� IRUFH E\� WKHPDJQHWLF ZKLUO�RI�WKH�0DJQRFUDIW��,Q�WZR�SRLQWV��KLJKHU��+��DQG�ORZHU��/���D�GLIIHUHQW�GHQVLW\RI�WKH�HQYLURQPHQWDO�PDJQHWLF�ILHOG�SUHYDLOV��7KLV�HQYLURQPHQWDO�ILHOG�RSSRVHV�WKH�URWDWLRQRI�WKH�PDJQHWLF�ZKLUO��,W�IRUPV�HOHPHQWDO�IRUFHV�RI�PDJQHWLF�UHVLVWDQFH��7 ��DQG��7 ��ZKLFK+ /FRXQWHUDFW WKH� URWDWLRQ� RI� WKH� YHKLFOH
V� ILHOG� �WKLV� UHVLVWDQFH� FDQ� EH� FRPSDUHG� WR� WKDWSRVHG E\� WKH� JURXQG� WR� D� URWDWLQJ� ZKHHO��� 7KH� YDOXH� RI� WKHVH� HOHPHQWDO� IRUFHV� LVSURSRUWLRQDO WR� WKH� ORFDO� GHQVLWLHV� RI� WKH� HQYLURQPHQWDO�PDJQHWLF� ILHOG�� 7KHUHIRUH� WKHLULQWHJUDWLRQ DORQJ�WKH�SHULPHWHU�RI�WKH�YHKLFOH
V�ZKLUO�SURGXFHV�WKH�UHVXOWDQW�WKUXVW�IRUFH�3��DFWLQJ�RQ�WKH�0DJQRFUDIW��FDXVLQJ�LWV�ODWLWXGLQDO�IOLJKW�



)LJ� *����7KH�PHWKRG�FDOOHG�WKH��UROOLQJ�VSKHUH�UXOH� IRU�GHWHUPLQLQJ�WKH�GLUHFWLRQ� LQZKLFK�WKH�0DJQRFUDIW�LV�SURSHOOHG�E\�D�SDUWLFXODU�VSLQ�RI�LWV�PDJQHWLF�ZKLUO��,Q�WKLV�PHWKRG�WKH YHKLFOH
V�ZKLUOLQJ�PDJQHWLF� ILHOG� LV� UHSODFHG� E\� DQ� LPDJLQDU\� VSKHUH�ZKLFK� URWDWHVDURXQG WKH�YHKLFOH
V�FHQWUDO�D[LV�DQG�ZKRVH�VXUIDFH�WRXFKHV� WKH�JURXQG��7KH�GLUHFWLRQWKLV VSKHUH�ZRXOG� UROO� LV�DOVR� WKH�GLUHFWLRQ� LQ�ZKLFK�D�JLYHQ�PDJQHWLF�ZKLUO� SURSHOV� WKH0DJQRFUDIW��,Q�WKH�LOOXVWUDWHG�H[DPSOH��WKH�GLUHFWLRQ�RI�WKH�ZKLUO
V�VSLQQLQJ�ZRXOG��UROO��WKHLPDJLQDU\�VSKHUH�IURP�HDVW�WR�ZHVW��7KHUHIRUH�WKH�GLDJUDP�SUHVHQWV�WKH��VRODU��PDJQHWLFZKLUO ZKLFK� FUHDWHV� WKH� WKUXVW� IRUFH� �3�� WKDW� SURSHOV� WKH� VSDFHFUDIW� LQ� DQ� HDVW�WR�ZHVWGLUHFWLRQ�



)LJ� *����7KH�SULQFLSOH� IRU� WKH�FUHDWLRQ�RI�D�URWDU\�WRUTXH �7 ��ZKLFK�FRXQWHUDFWV� WKH�PDJQHWLF�ZKLUO� UHDFWLRQ�DQGVDOORZV IRU� FRQWURO� RYHU� WKH� URWDWLRQ� RI� WKH�0DJQRFUDIW�� 7KH� YHKLFOH� LV� LOOXVWUDWHG� IO\LQJ� LQ� D� GLUHFWLRQ� IURP� VRXWK� WRQRUWK� 7KH�PHULGLRQDO� WKUXVW� IRUFH� �5 �� LV�SURGXFHG�E\� WKH�PDLQ�SURSXOVRU� �0���7KH�VLGH�SURSXOVRUV� ORFDWHG�RQ� WKH+HDVWHUQ �(��DQG�ZHVWHUQ��:��VLGHV�RI�WKH�0DJQRFUDIW�SURGXFH�VWDELOL]DWLRQ�IRUFHV��$ ��DQG��$ ��ZKLFK�DUH�JUHDWHU�WKDQ( :VXFK IRUFHV� IURP� WKH� RWKHU� VLGH� SURSXOVRUV�� 7KH� LQFOLQDWLRQ� DQJOHV� �, �� DQG� �, �� RI� WKHVH� VLGH� SURSXOVRUV� DUH� VR( :FRQWUROOHG WKDW�HDFK�SURSXOVRU�SURGXFHV�WKH�VDPH�YDOXH�RI� WKH�YHUWLFDO�FRPSRQHQW�RI� WKH�VWDELOL]DWLRQ�IRUFHV�� L�H��9( 9 ��%XW�WKH�KRUL]RQWDO�FRPSRQHQWV�RI�WKH�VWDELOL]DWLRQ�IRUFHV�DUH�QRW�HTXDO��DQG�WKXV�WKH�VLGH�SURSXOVRU�ORFDWHG�LQ:WKH HDVWHUQ�SDUW� RI� WKH�YHKLFOH�GRPLQDWHV�RYHU� WKH�ZHVWHUQ�RQH�� L�H��+ !�+ ��7KH�GLIIHUHQFH� LQ� WKH�YDOXHV�RI�ERWK( :WKHVH�KRUL]RQWDO�FRPSRQHQWV�DFWLQJ�RQ�WKH�UDGLXV��5��SURGXFHV�WKH�URWDU\�WRUTXH��7  5Â�+ ��+ ��V ( :�D� 7KH�RYHUKHDG�YLHZ�RI� WKH�IO\LQJ�0DJQRFUDIW� LOOXVWUDWLQJ�WKH�IRUFHV�DFWLQJ� LQ� WKH�KRUL]RQWDO�SODQH�DQG�WKHSURSXOVRUV ZKLFK� SURGXFH� WKHP�� )RU� VLPSOLFLW\�� RQO\� WZR� VLGH� SURSXOVRUV�� YLWDO� IRU� SURGXFLQJ� WKH� URWDU\� WRUTXH�� DUHVKRZQ� 2I�FRXUVH��GXULQJ�WKH�DFWXDO�IOLJKW��DOO�WKH�VLGH�SURSXOVRUV�ZRXOG�XVXDOO\�EH�RSHUDWLRQDO��H[FHSW�WKDW�WKH�RXWSXWIURP�WKH�RWKHU�VLGH�SURSXOVRUV�ZRXOG�QRW�EH�VR�KLJK����E� 7KH�YHUWLFDO�FURVV�VHFWLRQ�RI�WKH�VLGH�SURSXOVRU�ORFDWHG�LQ�WKH�ZHVWHUQ��:��SDUW�RI�WKH�0DJQRFUDIW��1RWHWKDW WKH�WRWDO�VWDELOL]DWLRQ�IRUFH��$ ��SURGXFHG�E\�WKLV�SURSXOVRU�FDQ�EH�UHVROYHG�LQWR�WKH�YHUWLFDO�FRPSRQHQW��9 ��DQG: :KRUL]RQWDO�FRPSRQHQW��+ ���:�F� 7KH� YHUWLFDO� FURVV�VHFWLRQ� RI� WKH� VLGH� SURSXOVRU� LQ� WKH� HDVWHUQ� SDUW� RI� WKH� 0DJQRFUDIW�� 1RWH� WKDW� E\FRQWUROOLQJ�WKH�LQFOLQDWLRQ�DQJOH��, ���D�FKDQJH�LQ�WKH�UHODWLRQ�+ �9 FDQ�EH�REWDLQHG�( ( (



)LJ� *���� 7KH� PDJQHWLF� FLUFXLWV IRUPHG� E\� WKH� .�� W\SH� RI� 0DJQRFUDIW� SURGXFLQJ� DVWDWLRQDU\��L�H��QRQ�ZKLUOLQJ��PDJQHWLF�ILHOG��$OO�WKUHH�W\SHV�RI�FLUFXLWV�DUH�LOOXVWUDWHG��L�H��WKHFHQWUDO �&��� PDLQ� �0��� DQG� VLGH� �6��� 6\PEROV�� 1�� 6� �� PDJQHWLF� SROHV� RI� WKH� YHKLFOH
VSURSXOVRUV���D� $� YHUWLFDO� FURVV�VHFWLRQ� RI� WKH� 0DJQRFUDIW� LOOXVWUDWLQJ� WKH� SDWK� RI� SDUWLFXODUFLUFXLWV�DQG�WKH�SRODULW\�RI�YHKLFOH
V�SURSXOVRUV���E� $Q�RYHUKHDG�YLHZ�RI�WKH�0DJQRFUDIW�LOOXVWUDWLQJ�WKH�GLVWULEXWLRQ�RI�WKH�PDJQHWLFFLUFXLWV DURXQG� WKH� YHKLFOH
V� VKHOO�� 7KH� YHKLFOH� LV� VKRZQ� DV� LI� LW� LV� RSHUDWHG� LQ� WKH�IRXU�FLUFXLW�PRGH��



)LJ� *���� 7KH� VSLQQLQJ� PDJQHWLF� FLUFXLWV� RI� WKH� 0DJQRFUDIW� W\SH� .��� 7KH� IRUPDWLRQ� RI� D� PDJQHWLF� ZKLUO� LVLOOXVWUDWHG� 7KH�VWUDQGV�RI�WKH�PDJQHWLF�ILHOG�SUHVHQWHG�KHUH�VKRXOG�EH�YLVLEOH�RQ�SKRWRJUDSKV�WDNHQ�ZLWK�D�YHU\�VKRUWWLPH RI�H[SRVXUH�� L�H��ZKHQ� WKH�PRWLRQ�RI� WKH�VWUDQGV� LV�XQQRWLFHDEOH�RQ�D�VLQJOH� IUDPH��$OO� WKUHH�PDJQHWLF�FLUFXLWVDUH SUHVHQW� ,Q� WKH�FHQWUDO�PDJQHWLF�FLUFXLW� WZR��VOLS�SRLQWV��DUH� LQGLFDWHG��%HFDXVH�WKH�QRQ�ZKLUOLQJ�PDJQHWLF� IRUFHOLQHV GR�QRW�LRQL]H�DLU��RXWZDUGV�IURP�WKHVH�VOLS�SRLQWV�WKH�FHQWUDO�FLUFXLW�EHFRPHV�LQYLVLEOH��6\PEROV��1��6���PDJQHWLFSROHV�LQ�WKH�YHKLFOH
V�SURSXOVRUV���D� $� YHUWLFDO� FURVV�VHFWLRQ� RI� WKH� 0DJQRFUDIW� LOOXVWUDWLQJ� WKH� SRODUL]DWLRQ� RI� SURSXOVRUV� DQG� WKH� YHUWLFDOFRXUVH�RI�WKH�ZKLUOLQJ�PDJQHWLF�FLUFXLWV���E� $� VLGH� YLHZ� RI� WKH� 0DJQRFUDIW� LOOXVWUDWLQJ� WKH� PDLQ� DQG� VLGH� PDJQHWLF� FLUFXLWV� LQ� RQH� RI� WKHLU� PDQ\SRVVLEOH�SRVLWLRQV��7KH�ORFDWLRQ�RI�WKH�ILHOG
V�VWUDQGV�UHIOHFWV�WKH�VLWXDWLRQ�VKRZQ�LQ�GLDJUDP��F���F� $Q� RYHUKHDG� YLHZ� RI� WKH� 0DJQRFUDIW� SUHVHQWLQJ� WKH� VSLQQLQJ� PDJQHWLF� FLUFXLWV� IUR]HQ� LQ� RQH� RI� WKHLUPDQ\ SRVLWLRQV�� 1RWLFH� WKDW� WKH� WKLFNQHVV� RI� WKH� VXFFHVVLYH� VWUDQGV� RI� WKH� ILHOG� KDV� D� VLQXVRLGDO� GLVWULEXWLRQ�� L�H�LI WKH�VLGH�SURSXOVRUV��9��KDYH�WKHLU�PD[LPDO�RXWSXW��WKH�SURSXOVRUV�QH[W�WR�WKHP��L�H���8��DQG��:���DUH�LQ�WKH�PHDQYDOXH�RI�WKHLU�RXWSXW��ZKHUHDV�SURSXOVRUV��;��SURGXFH�QR�RXWSXW�DW�DOO���VHH�DOVR�)LJXUH�*����E��



)LJ��*����7KH�SULQFLSOH�RI�WKH�PDJQHWLF�ZKLUO�IRUPDWLRQ �LOOXVWUDWHG�RQ�DQ�H[DPSOH�RI�D.��W\SH�RI�0DJQRFUDIW����D� 7KH�SXOVDWLRQ�FXUYHV�IRU�WKH�RXWSXWV�IURP�WKH�VLGH�SURSXOVRUV��7KH�VHTXHQFHRI SKDVH�VKLIWLQJ� LQ� WKH�SXOVDWLRQ�RI� RXWSXW� LQ� VXFFHVVLYH�VLGH�SURSXOVRUV� LV� LOOXVWUDWHG�7KH EURNHQ� OLQHV� LQGLFDWH� WZR�PRPHQWV� RI� WLPH� IRU�ZKLFK� WKH� SDUWV� �E�� DQG� �F�� RI� WKLV)LJXUH�SUHVHQW�WKH�GLVWULEXWLRQ�RI�D�PDJQHWLF�ILHOG��6\PEROV��)���YDOXH�RI�WKH�PDJQHWLF�IOX[�W���WLPH��7���SHULRG�RI�WKH�ILHOG�SXOVDWLRQ��$���DQJXODU�SRVLWLRQ�RI�D�PDJQHWLF ZDYH�PD[LPXP�8��9��:��;���FXUYHV�RI�WKH�RXWSXW�WLPH�YDULDWLRQ�IRU�VXFFHVVLYH�VLGH�SURSXOVRUV���E� 7KH�GLVWULEXWLRQ�RI�D�PDJQHWLF� ILHOG�DURXQG� WKH�.�� W\SH�RI�0DJQRFUDIW�DW� WKHPRPHQW�RI�WLPH�W �7��7KH RXWOLQHV�RI�WKH�YHKLFOH�DUH�VKRZQ�IURP�DQ�RYHUKHDG�YLHZ��7KHOHQJWKV RI�UDGLDO�EURNHQ�OLQHV�FRPLQJ�RXWZDUGV�IURP�WKH�VLGH�SURSXOVRUV�DUH�SURSRUWLRQDOWR WKH�YDOXH�RI�RXWSXW�SURGXFHG�E\�WKHVH�SURSXOVRUV��7KH�WKLFN�FRQWLQXRXV�OLQH�LQGLFDWHVWKH�GLVWULEXWLRQ�RI�D�PDJQHWLF�ILHOG�DURXQG�WKH�YHKLFOH��7KH�LOOXVWUDWLRQ�VKRZV�WKH�SRVLWLRQVRI�WZR�PDJQHWLF ZDYHV�IRUPHG�E\�WKH�RXWSXW�IURP�WKH�VLGH�SURSXOVRUV��6\PEROV��0���PDLQSURSXOVRU� 8� 9��:��;���VLGH�SURSXOVRUV��$���DQJXODU�SRVLWLRQ�RI�WKH�PDJQHWLF�ZDYH�XQGHUREVHUYDWLRQ���KHUH�WKLV�ZDYH�LV�DW���(���F��7KH�GLVWULEXWLRQ�RI�D�PDJQHWLF�ILHOG�DW�WKH�PRPHQW�RI�WLPH�W �7��1RWLFH�WKDW�WKHPD[LPXP�RI�WKH�PDJQHWLF�ZDYH�QRZ�RFFXSLHV�WKH�DQJXODU�SRVLWLRQ�$ ��(�



)LJ� *���� $Q� H[DPSOH� RI� WKH� �LRQLF� SLFWXUH� RI� D� ZKLUO��� 7KLV� SLFWXUH� UHSUHVHQWV� WKHDSSDUHQW VKDSH�RI�WKH�PDJQHWLF�ZKLUO�VXUURXQGLQJ�DQ�RSHUDWLRQDO�0DJQRFUDIW��LOOXVWUDWHGDERYH�LV�D�ZKLUO�IRUPHG�E\�D�PRWLRQOHVV�VLQJOH�0DJQRFUDIW�W\SH�.����7KH�YLVLEOH�SDUW�RI�WKHLRQLF SLFWXUH� LV� IRUPHG� IURP�SDUWLFOHV� RI� LRQL]HG�DLU� �ZKRVH� VSLQ� IROORZV� WKH� URWDWLRQ� RIIRUFH OLQHV�RI�WKH�PDJQHWLF�ILHOG�DURXQG�WKH�FHQWUDO�D[LV�RI�WKH�VSDFHFUDIW���7KH�RXWOLQH�RIWKH YHKLFOH�LV�LQGLFDWHG�E\�D�EURNHQ�OLQH��&RQWLQXRXV�OLQHV�LOOXVWUDWH�WKH�SDWK�RI�WKH�WKUHHW\SHV RI�PDJQHWLF�FLUFXLWV�IRUPHG�IURP�WKH�RXWSXW�RI�WKH�0DJQRFUDIW
V�SURSXOVRUV��L�H��&��FHQWUDO FLUFXLW�ORRSLQJ�WKURXJK�WKH�PDLQ�SURSXOVRU�RQO\��0���PDLQ�FLUFXLWV�SDVVLQJ�WKURXJKWKH PDLQ�DQG�VLGH�SURSXOVRUV��DQG�6���VLGH�FLUFXLWV�ORRSLQJ�WKURXJK�WKH�VLGH�SURSXOVRUVRQO\��7KH�IRUFH�OLQHV�RI�WKHVH�FLUFXLWV�DUH�NHSW�VSLQQLQJ�SHUPDQHQWO\��7KH�EODFNHQHG�DUHDVLQGLFDWH WKH�VKDSH�ZKLFK�DSSHDUV�WR�DQ�H\H�ZLWQHVV��7KH�FKDUDFWHULVWLF�IHDWXUHV�RI�WKLVVKDSH DUH������WKH��XSSHU�VOLS�SRLQW��RI�WKH�FHQWUDO�SLOODU������WKH�SLOODU�RI�FHQWUDO�VZLUOLQJ���� WKH�EORFN�RI�PDLQ�VZLUOLQJ������WKH�IODQJH�RI�VLGH�VZLUOLQJ������WKH�EXOJHV�RI�WKH�ORZHU�SDUWRI WKH�PDLQ�VZLUOLQJ������WKH��ORZHU�VOLS�SRLQW��XVXDOO\�FRQFHDOHG�EHKLQG�WKH�PDLQ�DQG�VLGHVZLUOLQJV��1RWH�WKDW�WKH�PRWLRQ�RI�WKH�0DJQRFUDIW�PD\�FKDQJH��GLVSHUVH��WKH�YLVLEOH�VKDSHRI�WKH�PDJQHWLF�ZKLUO�SUHVHQWHG�KHUH�



)LJ� *����*HQHUDO�YLHZ�ORRNLQJ�XSZDUG�DW�D�.��W\SH�0DJQRFUDIW��/D\HUV�RI�LRQL]HG�DLU�DWWKH RXWOHWV� RI� WKH� SURSXOVRUV� DUH� LQGLFDWHG�� 7KHVH� RXWOHWV� DUH� VKRZQ� DV� LI� WKHWZLQ�FKDPEHU FDSVXOHV�RI�DOO�SURSXOVRUV�RSHUDWH�LQ�WKH�LQQHU�IOX[�SUHYDOHQFH�PRGH��VHHDOVR )LJXUH�)����:KHQ� WKH� OLJKW� LV� VXEGXHG� WKHVH� OD\HUV� VKRXOG� EH� YLVLEOH�� %ODFNHQHGDUHDV�LQGLFDWH�WKH�RXWOHWV�RI�WKH�VLGH�PDJQHWLF�SURSXOVRUV��PDUNHG�8��9��:��;���:KHQ�WKH0DJQRFUDIW IOLHV� LQ� WKH� 6RXWKHUQ� +HPLVSKHUH�� WKH� VLGH� SURSXOVRUV� VKRXOG� HPLW� DUHGGLVK�\HOORZ OLJKW� EHFDXVH� WKHLU� 1RUWK� �1�� PDJQHWLF� SROHV� DUH� RULHQWHG� GRZQZDUGV�&URVVHG OLQHV VKRZ�WKH�RXWOHW�RI�WKH�PDLQ�SURSXOVRU��PDUNHG�0���ZKLFK�LQ�WKH�6RXWKHUQ+HPLVSKHUH VKRXOG�HPLW�D�EOXH�JUHHQ�OLJKW�EHFDXVH�LWV�6RXWK��6��PDJQHWLF�SROH�SRLQWVGRZQZDUGV� 1RWH� WKDW� WKHVH� FRORXUV� DUH� UHYHUVHG� �L�H�� D� UHGGLVK�\HOORZ� UHSODFHV� DEOXH�JUHHQ DQG�YLFH�YHUVH��ZKHQ�WKH�0DJQRFUDIW�IOLHV�LQ�WKH�LQYHUWHG�SRVLWLRQ�RU�FKDQJHVKHPLVSKHUHV��$OVR��ZKHQ�YLHZHG�IURP�RYHUKHDG��WKH�RXWOHWV�RI�WKH�VDPH�SURSXOVRUV�KDYHFRORXUV�ZKLFK�DUH�WKH�UHYHUVH�RI�WKRVH�VHHQ�IURP�EHORZ�7KH VTXDUH�VKDSH�RI� WKH�SURSXOVRU
V�RXWOHWV�DV� LQGLFDWHG�DERYH� LV�FKDUDFWHULVWLFRQO\ WR� WKH� FDVH�ZKHQ� WKH� YHKLFOH
V�PDJQHWLF� ILHOG� LV� VWDWLRQDU\� �L�H�� QRQ�ZKLUOLQJ���%XWZKHQ WKLV�ILHOG�EHJLQV�WR�VSLQ�WKH�JORZLQJ�SDWFKHV�RI�WKH�LRQL]HG�DLU�EHFRPH�URXQGHG�DQGWDNH�WKH�DSSHDUDQFH�DV�LW�LV VKRZQ�LQ�SDUW��$��RI�)LJXUH�.���$V�WKH�VSHHG�RI�WKHLU�VSLQQLQJLQFUHDVHV� WKH�ZKROH�DLU�DURXQG�WKH�YHKLFOH�JUDGXDOO\�VWDUWV�WR�JORZ�DQG�WKH�SLFWXUH�ILUVWO\WUDQVIRUPV�LQWR�VLPLODU�WR�WKDW�VKRZQ�LQ�SDUWV��G��DQG��H��RI�)LJXUH�.���DQG�WKHQ�WUDQVIRUPVLQWR�WKDW�VKRZQ�LQ�)LJXUH�*���



)LJ� *����7KH�SULQFLSOH�RI� IRUPLQJ�D�PXOWLSOH� LPDJH�RI�JORZLQJ�PDJQHWLF�FLUFXLWV�LQQLJKW�WLPH SKRWRJUDSKV�RI�D�0DJQRFUDIW WDNHQ�ZKHQ�WKLV�YHKLFOH�IOLHV�ZLWK�D�WKUREELQJPRGH�RI�RSHUDWLRQ���D� 2XWOLQH�RI� WKH�0DJQRFUDIW�ZLWK�DQ� LQGLFDWLRQ�RI� WKH�JORZLQJ�DLU�ZKLFK� IODVKHVZKHQ EHLQJ� LRQL]HG�DORQJ�D�VLGH�PDJQHWLF�FLUFXLW� �L�H�� DORQJ� WKH�SDWK�RI�PDJQHWLF� ILHOGIRUFH OLQHV�ZKLFK�MRLQ�WKH�RSSRVLWH�RXWOHWV�RI�D�VLGH�SURSXOVRU���3UHYLRXV�IODVKHV�RI� WKLVJORZLQJ DLU�DUH�DOVR�LQGLFDWHG��6\PEROV��9���VSHHG�YHFWRU��7���SHULRG�RI�PDJQHWLF�IOX[��)�SXOVDWLRQ��W���WLPH��E� 3KRWRJUDSK� RI� WKLV� VSDFHFUDIW� WDNHQ� DW� QLJKW�� 2QO\� WKH� IODVKHV� IURP� WKH� DLULRQL]HG E\�WKH�PDJQHWLF�FLUFXLW�RI�D�VLGH�SURSXOVRU�DUH�YLVLEOH�LQ�GDUNQHVV��7KH�VSUHDGLQJRI�WKHVH�IODVKHV�LQGLFDWHV�WKH�PRYHPHQW RI�WKH�SURSXOVRU�GXULQJ�WKH�WLPH�RI�ILOP�H[SRVXUH��F� &XUYH�RI�D�YDULDWLRQ� LQ� WLPH��W��RI� WKH�PDJQHWLF� IOX[��)��SURGXFHG�E\� WKH�VLGHSURSXOVRU RI�WKH�0DJQRFUDIW��7KLV�YDULDWLRQ�FRUUHVSRQGV�WR�WKH�EHDW�W\SH�FXUYH�H[SODLQHGLQ )LJXUH� )��� 6XFK� D� ILHOG� LRQL]HV� WKH� DLU� RQO\�ZKHQ� LWV� YDOXH� JRHV� WKURXJK� D� �SHDN��7KHUHIRUH OD\HUV�RI�DLU�LRQL]HG�E\�D�YHKLFOH
V�PDJQHWLF�FLUFXLWV�PXVW�DSSHDU�DV�LQGLYLGXDOIODVKHV��LQVWHDG�RI�D�FRQWLQXRXV�JORZ��



)LJ� *����7KH�68%�V\VWHP�RI�ODPSV WKDW�LQGLFDWH�WKH�0DJQRFUDIW
V�PRGH�RI�RSHUDWLRQ�7KLV V\VWHP�LV�DQ�DGYDQFHG�YHUVLRQ�RI�WKH�QDYLJDWLRQ�OLJKWV�XVHG�LQ�SUHVHQW�DHURSODQHV�7KH�FRORXU�SDWWHUQ�RI�WKH�OLJKW�IODVKHG�E\�HDFK�ODPS�UHIOHFWV�WKH�VWDWH�RI�WKH�PDJQHWLF�ILHOGSURGXFHG E\� WKH�JURXS�RI� VLGH�SURSXOVRUV�PDUNHG�ZLWK� WKH� VDPH� OHWWHU�ZLWK�ZKLFK� WKLVODPS LV� ODEHOOHG� �VHH�DOVR�)LJXUH�*�����ZKHUHDV� WKH�G\QDPLF�VWDWH�RI�FRORXUV� IURP�DOOODPSV�VLPXODWH�WKH�JHQHUDO�VWDWH�RI�WKH�ILHOG�SURGXFHG�E\�WKH�ZKROH�YHKLFOH��D� 7KH�ORFDWLRQ�RI�68%�V\VWHP�ODPSV�LQ�WKH�0DJQRFUDIW��7KH�FDSLWDO�OHWWHUV�8��9�:� ;�DUH�DVVLJQHG�WR�WKH�ODPSV�LQVWDOOHG�RQ�WKH�YHKLFOH
V�IODQJH��7KH�VPDOO�OHWWHUV�X ��Y �L LZ DQG� [ ODEHO� WKH� IRXU� VPDOOHU� YHUVLRQV� RI� WKHVH� ODPSV� LQVWDOOHG� RQ� WKH� SLORW
V� FRQWUROL LSDQHO� �E� $� WDEOH� VKRZLQJ� WKH� VHTXHQFH�RI� FRORXUV�HPLWWHG�E\�HDFK� ODPS�RI� WKH�68%V\VWHP GXULQJ� WKH�PDJQHWLF�ZKLUO�PRGH�RI� WKH�0DJQRFUDIW
V� RSHUDWLRQ�� �7KLV� SDUWLFXODUWDEOH LOOXVWUDWHV� FRORXU� VLJQDOV� WKDW� ZRXOG� DFFRPSDQ\� WKH� PDJQHWLF� ZKLUO� IURP� )LJXUH*���� 7KH� WDEOH
V� URZV�VKRZ� WKH�VXEVHTXHQW� FRORXUV� WKDW� HDFK� ODPS�HPLWV�DW� D�JLYHQPRPHQW RI� WLPH� WR� GHVFULEH� WKH� RSHUDWLRQ� RI� WKH� SURSXOVRUV� ODEHOOHG� ZLWK� D� OHWWHUFRUUHVSRQGLQJ�WR�WKDW�ODPS��2EVHUYLQJ�RQO\�RQH�ODPS��LW�LV�HYLGHQW�WKDW�LWV�FRORXUV�FKDQJHDFFRUGLQJ WR�D�VLQXVRLGDO�FXUYH�WKDW�VLPXODWHV�WKH�FKDQJH�RI�WKH�PDJQHWLF�ILHOG�LQ�D�JLYHQJURXS RI�SURSXOVRUV��%XW�REVHUYLQJ�RQO\�RQH�FRORXU��H�J��UHG���WKLV�WDEOH�VKRZV�WKDW�ZLWKWKH HODSVH�RI� WLPH� �L�H��DIWHU�HDFK�TXDUWHU�RI� WKH�SURSXOVRUV
�SHULRG�RI�SXOVDWLRQV��HDFKFRORXU PRYHV� WR� WKH�QH[W� ODPS�� ,Q� WKLV�ZD\� WKH�DSSDUHQW�PRWLRQ�RI�FRORXUV�UHIOHFWV� WKHPRWLRQ RI�WKH�PDJQHWLF�ZDYHV�DURXQG�WKH�0DJQRFUDIW��1RWH�WKDW�IRU�WKH�WKUREELQJ�PRGHRI RSHUDWLRQ�� WKH� FRORXUV� RI� WKH� OLJKWV� ZRXOG� FKDQJH� LQ� WKH� VDPH� ZD\� LQ� HDFK� ODPS�ZKHUHDV LQ�WKH�PDJQHWLF�OHQV�PRGH�DOO�WKH�ODPSV�ZRXOG�HPLW�D�\HOORZ�FRORXU�DOO�WKH�WLPH�



)LJ� *����7KH�ORFDWLRQ�RI�68%�V\VWHP�ODPSV�LQ�WKH�0DJQRFUDIW��7KH�FDSLWDO�OHWWHUV�8��9�:� ;�DUH�DVVLJQHG�WR�WKH�ODPSV�LQVWDOOHG�RQ�WKH�YHKLFOH
V�IODQJH��7KH�VPDOO�OHWWHUV�X ��Y �L LZ DQG� [ ODEHO� WKH� IRXU� VPDOOHU� YHUVLRQV� RI� WKHVH� ODPSV� LQVWDOOHG� RQ� WKH� SLORW
V� FRQWUROL LSDQHO��7KH 68%� V\VWHP� RI� ODPSV� LQGLFDWHV� WKH� 0DJQRFUDIW
V� PRGH� RI� RSHUDWLRQ�� 7KLVV\VWHP LV�DQ�DGYDQFHG�YHUVLRQ�RI�WKH�QDYLJDWLRQ�OLJKWV�XVHG�LQ�SUHVHQW�DHURSODQHV��7KHFRORXU SDWWHUQ�RI� WKH� OLJKW� IODVKHG�E\�HDFK� ODPS�UHIOHFWV� WKH�VWDWH�RI� WKH�PDJQHWLF� ILHOGSURGXFHG E\� WKH�JURXS�RI� VLGH�SURSXOVRUV�PDUNHG�ZLWK� WKH� VDPH� OHWWHU�ZLWK�ZKLFK� WKLVODPS LV� ODEHOOHG� �VHH�DOVR�)LJXUH�*�����ZKHUHDV� WKH�G\QDPLF�VWDWH�RI�FRORXUV� IURP�DOOODPSV VLPXODWH� WKH� JHQHUDO� VWDWH� RI� WKH� ILHOG� SURGXFHG� E\� WKH� ZKROH� YHKLFOH�� 7KHVHTXHQFH RI�FRORXU�FKDQJHV� LQ� WKHVH� OLJKWV��FKDUDFWHULVWLF� IRU� WKH�PDJQHWLF�ZKLUO�PRGHRI�WKH�0DJQRFUDIW
V�RSHUDWLRQ��LV�LOOXVWUDWHG�LQ�7DEOH�*��



)LJ��*����7XQQHOV�IRUPHG�GXULQJ�XQGHUJURXQG�IOLJKWV�RI�WKH�0DJQRFUDIW��LOOXVWUDWHG�DVWKH\�ZRXOG�EH�REVHUYHG�LI�WKH�JURXQG�ZHUH�WUDQVSDUHQW���D� 3ULQFLSOH�RI�SHQHWUDWLRQ�RI�WKH�QDWLYH�URFN�E\�D��SODVPD�VDZ��RI�WKH�0DJQRFUDIWIO\LQJ LQ DQ�HDVW�ZHVW�GLUHFWLRQ��6\PEROV������WKH�0DJQRFUDIW�ZKRVH�PDJQHWLF�ILHOG�VSLQVDQG WKXV� SURGXFHV� D�ZKLUOLQJ� SODVPD� VDZ�� �� �� WKH� EUHDFK� IRUPHG� E\� WKH� FRPSUHVVHGYDSRXUV�H[SDQGLQJ�WR�WKH�VXUIDFH�RI�WKH�JURXQG���E��6KDSH�RI�WKH�WXQQHO�OHIW�E\�WKH�0DJQRFUDIW�IO\LQJ�LQ�D�QRUWK�VRXWK�RU�VRXWK�QRUWKGLUHFWLRQ���F� 6KDSH�RI�WKH�WXQQHO�IRUPHG�E\�WKH�0DJQRFUDIW�IO\LQJ�LQ�DQ�HDVW�ZHVW�RU�ZHVW�HDVWGLUHFWLRQ� 6\PEROV�� �� �� WKH� VPRRWK�� JORVV\� ZDOOV�� �� �� WKH� URXJK� DQG� FUDJJ\� IORRU�� �� �KDUGHQHG SDUWLFOHV�RI�QDWLYH�URFN�ZKLFK�EXU\�WKH�ORZHU�SDUW�RI�WKH�WXQQHO������WKH�UDQJH�RIPDJQHWLF DQG�FU\VWDOORJUDSKLF�FKDQJHV� LQ� WKH�QDWLYH�URFN�� ,� �� WKH�DQJOH�RI� WKH�YHKLFOH
VLQFOLQDWLRQ�UHIOHFWLQJ�WKH�FRXUVH�RI�WKH�IRUFH�OLQHV�RI�WKH�(DUWK
V�PDJQHWLF�ILHOG�



)LJ� *����7KH�H[SODQDWLRQ�IRU�D�PDJQHWLF�OHQV�HIIHFW�SURGXFHG�E\�WKH�FHQWUDO�PDJQHWLFFLUFXLWV RI�DQ�DVFHQGLQJ�0DJQRFUDIW��7KLV�HIIHFW�PHDQV�WKDW�DQ�REVHUYHU�ZKR�ZDWFKHVVXFK DQ�DVFHQGLQJ�0DJQRFUDIW� IURP�EHORZ�VHHV�RQO\�D�WZLQ�FKDPEHU�FDSVXOH�IURP�WKHPDLQ SURSXOVRU��ZKHUHDV�WKH�HQWLUH�VKHOO�RI�WKH�YHKLFOH�UHPDLQV�LQYLVLEOH�WR�KLP�KHU��7KLVLV EHFDXVH�LQ�WKH�DVFHQGLQJ�0DJQRFUDIW��WKH�SRZHU�RI�WKH�PDJQHWLF�ILHOG�LQYROYHG�LQ�WKHFHQWUDO PDJQHWLF� FLUFXLW� H[FHHGV�PDQ\� WLPHV� WKH� SRZHU� LQYROYHG� LQ� WKH�PDLQ� DQG�VLGHFLUFXLWV��7KXV�IRUFH�OLQHV�RI�WKH�FHQWUDO�PDJQHWLF�FLUFXLW�KHUPHWLFDOO\�VXUURXQG�QRW�RQO\�WKHHQWLUH ERG\�RI� WKH�YHKLFOH��EXW�DOVR� LWV�PDLQ�DQG�VLGH�PDJQHWLF�FLUFXLWV��7KH�H[WUHPHO\FRQFHQWUDWHG PDJQHWLF� ILHOG�IURP�WKLV�FHQWUDO�FLUFXLW� LQWHUIHUHV�ZLWK� OLJKW� UHIOHFWHG� WR� WKHREVHUYHU� 7KLV� LQWHUIHUHQFH�PDQLIHVWV� LWVHOI� LQ� WKH� IROORZLQJ� WZR�ZD\V�� ����SDWKV�RI� OLJKWZKLFK SDVV�DFURVV�WKH�ILHOG�IRUFH�OLQHV�DUH�EHQW��L�H��WKH�OLJKW�UHIOHFWHG�IURP�WKH�YHKLFOH
VERG\ LV�GHIOHFWHG�VR� WKDW� LW�GRHV�QRW� UHDFK�WKH�H\H�RI�DQ�REVHUYHU���EXW� ���� OLJKW�ZKLFKSDVVHV DORQJ� WKH� ILHOG� IRUFH� OLQHV� LV� XQDIIHFWHG� �L�H�� WKH� OLJKW� UHIOHFWHG� IURP� WKHWZLQ�FKDPEHU FDSVXOH� UHDFKHV� WKH� H\H� RI� DQ� REVHUYHU��� 7KHUHIRUH� WKH� REVHUYHU�� ZKRZDWFKHV VXFK� DQ� DVFHQGLQJ� 0DJQRFUDIW� IURP� EHORZ�� FDQ� HDVLO\� VHH� D� WZLQ�FKDPEHUFDSVXOH IURP�WKH�PDLQ�SURSXOVRU��EXW�KH�VKH� LV�XQDEOH�WR�VHH�DOO� WKH�RWKHU�SDUWV�RI� WKHYHKLFOH ZKLFK�DUH�KHUPHWLFDOO\�VHDOHG�LQ�PDJQHWLF�IRUFH�OLQHV��VHH�DOVR�)LJXUHV�)���/��DQG�/����6\PEROV������SDWK�DORQJ�ZKLFK�OLJKW�LV�XQDEOH�WR�SDVV�WKURXJK������XQDIIHFWHG�SDWKRI�OLJKW�



)LJ� *����7KH�GHSHQGHQFH�RI�WKH�VKDSH�RI�ODQGLQJ�VLWH�IURP�WKH�KHLJKW �K ��K ��K ��DW�ZKLFK�D�VLQJOH�0DJQRFUDIW[ \ ]KRYHUV� 7KH� LOOXVWUDWHG� VKDSHV� DUH� W\SLFDO� IRU� WKH� IROORZLQJ� VLWXDWLRQ�� WKH� EDVH� RI� D� VLQJOH� YHKLFOH� LV� SDUDOOHO� WR� WKHVXUIDFH RI�WKH�JURXQG��WKH�D[LV�RI�WKH�PDLQ�SURSXOVRU�LV�SDUDOOHO�WR�WKH�FHQWUDO�D[LV�RI�WKH�YHKLFOH��WKH�SRVLWLRQ�RI�WKHYHKLFOH LV� XSULJKW�� WKH� PDJQHWLF� FLUFXLWV� DUH� VSLQQLQJ�� :KHQ� DQ\� RI� WKH� DERYH� IDFWRUV� FKDQJH�� WKH� VKDSH� RI� WKHODQGLQJ VLWH PXVW�DOVR�DOWHU��)RU�H[DPSOH�D�0DJQRFUDIW�ZLWK�D�VODQWHG�EDVH�SURGXFHV�DQ�HOOLSWLFDO� ODQGLQJ��WKH�WLOWLQJRI LWV� PDLQ� SURSXOVRU� VKLIWV� WKH� FHQWUDO� VFRUFKLQJ� �G �G�� WRZDUGV� WKH� PDJQHWLF� QRUWK� RU� VRXWK� �VHH� )LJXUH� .��%��D LWXUQLQJ WKH� YHKLFOH�XSVLGH�GRZQ�HOLPLQDWHV� WKH� ULQJ� IURP�VLGH�FLUFXLWV� �6���ZKHUHDV�D� VWDWLRQDU\� �QRQ�ZKLUOLQJ�� ILHOGSURGXFHV�D�FLUFOH�RI�HYHQO\�VSDFHG�VFRUFKHG�SDWFKHV�ORFDWHG�XQGHU�RXWOHWV�IURP�VLGH�SURSXOVRUV�D� 7KH�VKDSH�RI�PDUNV�IRUPHG�ZKHQ�WKH�KHLJKW�RI�KRYHULQJ��K ��LV�JUHDWHU�WKDQ�WKH�FULWLFDO�VSDQ��K ��DW�ZKLFK[ FWKH FHQWUDO�FROXPQ�RI�PDLQ�PDJQHWLF�FLUFXLWV��0��VHSDUDWHV�LQWR�WZR�ORRSV��,Q�WKH�XSSHU�SDUW�RI�WKH�GUDZLQJ�D�YHKLFOH
VPDJQHWLF FLUFXLWV�DUH� LOOXVWUDWHG��$�VLQJOH�0DJQRFUDIW�KDV� WKUHH�NLQGV�RI�VXFK�FLUFXLWV��PDUNHG�DV��FHQWUDO� �&���PDLQ�0�� DQG�VLGH��6���H�J��WKH�PDLQ�FLUFXLWV��0��MRLQ�WKH�RXWOHWV�RI�WKH�PDLQ�SURSXOVRU�ZLWK�WKH�RXWOHWV�RI�DOO�VLGH�SURSXOVRUV�VHH )LJ��*����� ,Q� WKH� ORZHU� SDUW� RI� WKH� GUDZLQJ� WKH� ODQGLQJ� VLWH� VFRUFKHG� E\� WKHVH� FLUFXLWV� LV� VKRZQ�� 7KH� GLVWLQFWIHDWXUHV RI� WKLV� VLWH� DUH� WZR� FRQFHQWULF� ULQJV�� WKH� RXWHU� KDYLQJ� WKH� PD[LPDO� GLDPHWHU� �G �� FORVH� WR� WKH� QRPLQDORGLDPHWHU �G��RI� WKH�YHKLFOH��DQG�WKH�LQQHU�ULQJ�ZLWK� WKH�LQQHU�GLDPHWHU��G���%HFDXVH�RI�WKH�V\PPHWU\�LQ�EHQGLQJ�WKHLPDJQHWLF FLUFXLWV��WKHLU�LQWHUVHFWLRQ�ZLWK�WKH�VXUIDFH�RI�WKH�JURXQG��*�*��IXOILOV�WKH�FRQGLWLRQ��*�����G�G  G�]HUR��$IWHUR LWKH WUDQVIRUPDWLRQ� WKLV� FRQGLWLRQ� OHDGV� WR� DQ� H[WUHPHO\� LPSRUWDQW� FRUUHFWLYH� HTXDWLRQ� �*����� G G �G��ZKLFK�PDNHVR LWKH GHWHUPLQDWLRQ�RI�QRPLQDO�GLDPHWHU��G��RI�WKH�PDUNV�VFRUFKHG�RQ�WKH�JURXQG�LQGHSHQGHQW�IURP�WKH�KHLJKW��K ��DW[ZKLFK WKH� YHKLFOH� KRYHUHG�� 7KHUHIRUH� VXFK� ODQGLQJ� VLWHV� �)LJ�� .��$�� DOORZ� IRU� SUHFLVH� PHDVXUHPHQW� RI� WKHVHYHKLFOHV�E� $�PDUN�VFRUFKHG�ZKHQ�WKH�YHKLFOH�KRYHUV�DW�KHLJKW��K ��ZKLFK�LV�VPDOOHU�WKDQ��K ��EXW�ODUJHU�WKDQ�WKH�VSDQ\ F�K � RI�WKH VLGH�FLUFXLWV��$SDUW�IURP�WKH�ULQJ�RI�GLDPHWHU��G ���VPDOOHU�WKDQ��G���D�IXUWKHU�SDWFK�ZLWK�WKH�LQWHQVLYH�FHQWUHV RRI WKH�GLDPHWHU� �G �� LV�VFRUFKHG��7KH�FRUUHFWLYH�HTXDWLRQ� �*���� IRU� WKLV� ODQGLQJ� WDNHV� WKH� IRUP�G G �G �VHH�)LJXUHD R D.��%�� F� &RQFHQWULF� ULQJV�VFRUFKHG�ZKHQ�D�JLYHQ�YHKLFOH� ODQGHG�RQ� LWV�EDVH��RU�KRYHUHG�DW�D�KHLJKW� �K ��VPDOOHU]WKDW�VSDQ��K ���,Q�WKLV�FDVH�WKH�LQQHU�GLDPHWHU�RI�WKH�RXWHU�ULQJ�LV�HTXDO�WR�WKH�RXWHU�GLDPHWHU�'�RI�WKH�YHKLFOH�V



)LJ� *����7\SLFDO� ODQGLQJ�PDUNV� OHIW�E\� WKH�0DJQRFUDIW�KRYHULQJ�FORVH� WR� WKH�JURXQG �L�H��ZKHQ� WKH� YHKLFOH
VPDLQ PDJQHWLF�FLUFXLWV��0��SHQHWUDWH�WKH�VRLO�DQG�UHYHUVH�WKHLU�SDWKV�XQGHUJURXQG���6HH�DOVR�FDVH��E��LQ�)LJXUH�*����D� &URVV�VHFWLRQ�RI� D� W\SH�.��0DJQRFUDIW� DQG� WKH�JURXQG� VKRZLQJ�GLVWULEXWLRQ�RI� WKH�PDJQHWLF� ILHOG� IURPWKH PDLQ�FLUFXLWV��0���1RWH�WKDW�ZKHQ�WKH�VSDFHFUDIW�LV�KRYHULQJ�VR�FORVH�WR�WKH�JURXQG��GDPDJH�WR�YHJHWDWLRQ�RFFXUVRQO\ DW�SRLQWV�ZKHUH�PDJQHWLF�FLUFXLWV�HQWHU�WKH�VRLO��6\PEROV��3 ��WKH�PDLQ�SURSXOVRU��0���WKH�PDLQ�PDJQHWLF�FLUFXLWV0ZKRVH IRUFH� OLQHV� ORRS�WKURXJK�WKH�PDLQ�DQG�VLGH�SURSXOVRUV��.���� WKH�FUHZ�FDELQ��3 ��RQH�RI�VLGH�SURSXOVRUV��*��8WKH�VXUIDFH�RI�WKH�JURXQG��,���WKH�LQFOLQDWLRQ�DQJOH�RI�WKH�(DUWK
V�PDJQHWLF�ILHOG���E� $Q�RYHUKHDG�YLHZ�RI�WKH�ULQJ�RI�VFRUFK�PDUNV�OHIW�E\�WKLV�YHKLFOH�GXULQJ�WKH�WKUREELQJ�PRGH�RI�RSHUDWLRQ�6\PEROV� �� �� WKH� PDUN� IURP� WKH� FROXPQ� RI� WKH� PDJQHWLF� ILHOG� SURGXFHG� E\� WKH� PDLQ� SURSXOVRU� �LQ� WKH� 1RUWKHUQ+HPLVSKHUH WKLV�PDUN�LV�GLVORFDWHG�WRZDUGV�PDJQHWLF�QRUWK�IURP�WKH�FHQWUH�RI�WKH�ODQGLQJ�VLWH�������RQH�RI�WKH�EXUQPDUNV SURGXFHG� E\� VLGH� SURSXOVRUV�� G� �� WKH� QRPLQDO� GLDPHWHU� RI� WKH� YHKLFOH
V� SURSXOVLRQ� XQLW� �L�H�� GLDPHWHU� RI� WKHFLUFOH�WKDW�SDVVHV�WKURXJK�WKH�FHQWUH�RI�WKH�VLGH�SURSXOVRUV����F� $Q�RYHUKHDG�YLHZ�RI�PDUNV�IRUPHG�GXULQJ�WKH�PDJQHWLF�ZKLUO�PRGH�RI�RSHUDWLRQ��$SDUW�IURP�WKH�VFRUFKSDWFKHV ���� DQG� ���� DOVR� IRUPHG�GXULQJ� WKH� WKUREELQJ�PRGH�RI� RSHUDWLRQ�� WKH�PDJQHWLF�ZKLUO� DGGLWLRQDOO\� EXUQV� WKHFLUFXODU WUDLO������1RWH�WKDW�ZKHQ�WKH�YHKLFOH�KRYHUV�DW�D�KHLJKW�JUHDWHU�WKDQ�WKH�FULWLFDO��K ���VHH�)LJXUH�*����WKHQ�WKHFFHQWUDO�VFRUFK�SDWFK�����H[SDQGV�LQWR�DQ�LQQHU�VFRUFK�ULQJ��VKRZQ�LQ�)LJXUH�*����D���



)LJ� *���� 7KH� PDUNV� OHIW� RQ� ODQGLQJ� VLWHV� E\� WKH� LQYHUWHG� 0DJQRFUDIW KRYHULQJ� MXVW� DW� WKH� KHLJKW� ZKHUH� LWVPDJQHWLF FLUFXLWV�DUH�WDQJHQWLDO�WR�WKH�VXUIDFH�RI�WKH�JURXQG��7KH�LOOXVWUDWHG�SDWWHUQ�RI�PDUNV�LV�QRW�GLVWRUWHG�E\�DQ\VODQWLQJ RI�WKH�PDJQHWLF�D[HV�RI�WKH�SURSXOVRUV��DV�ZRXOG�EH�WKH�FDVH�GXULQJ�D�UHDO�ODQGLQJ���6\PEROV��&���WKH�SLOODURI WKH�FHQWUDO PDJQHWLF�FLUFXLW�DQG�WKH�PDUN�FDXVHG�E\�LW��0���WKH�PDLQ�PDJQHWLF�FLUFXLWV�DQG�PDUNV�FDXVHG�E\�WKHP�6���WKH�VLGH�PDJQHWLF�FLUFXLWV��QRWH�WKDW�LQ�WKLV�RULHQWDWLRQ�RI�WKH�YHKLFOH�WKH\�GR�QRW�UHDFK�WKH�JURXQG����D� $� FURVV�VHFWLRQ�RI� WKH�YHKLFOH�DQG�JURXQG��VKRZLQJ� WKH�FRXUVH�RI� WKH�PDJQHWLF�FLUFXLWV�DQG� WKH� UDQJHRI�JURXQG�DIIHFWHG�E\�WKHP��E� 7KH VHULHV�RI�FRQFHQWULF�OLQHV�VFRUFKHG�E\�LQGLYLGXDO�PDJQHWLF�FLUFXLWV�GXULQJ�WKH�WKUREELQJ�PRGH�RI�WKH0DJQRFUDIW
V�RSHUDWLRQ���F� $Q� RYHUKHDG� YLHZ� RI� WKH� DOPRVW� FRPSOHWH� VFRUFKHG� FLUFOH� GHYDVWDWHG� GXULQJ� WKH�PDJQHWLF�ZKLUO�PRGHRI�WKLV�0DJQRFUDIW
V�RSHUDWLRQ�



)LJ��*����7KH�IRUPDWLRQ�RI�D�FLUFOH�RI�VZLUOHG�SODQWV�FDXVHG�E\�D�ORZ�KRYHULQJ�VLQJOH0DJQRFUDIW ZKRVH� PDJQHWLF� FLUFXLWV� ORRS� HQWLUHO\� LQ� WKH� DLU�� ,OOXVWUDWHG� DUH�� �� �� WKHVWDWLRQDU\ 0DJQRFUDIW�W\SH�.��ZKRVH�SURSXOVLRQ�V\VWHP�RSHUDWHV�LQ�WKH�PDJQHWLF�ZKLUOPRGH� � ��WKH�VSLQQLQJ�PDJQHWLF�FLUFXLWV�RI�WKH�YHKLFOH��WKHVH�VSLQQLQJ�FLUFXLWV�LRQL]H�WKHDLU� FDXVLQJ�LW�WR�URWDWH�DOVR�������WKH�ZKLUOZLQG�RI�DLU��VRPHWLPHV�FDOOHG�WKH��GHYLO
V�ZKLUO��IRUPHG E\� WKH�YHKLFOH
V�VSLQQLQJ�PDJQHWLF� ILHOG���� �� WKH�QHVW�RI�SODQWV�DHURG\QDPLFDOO\IODWWHQHG�DQG�VZLUOHG�LQ�WKH�GLUHFWLRQ�RI�WKH�ZKLUOZLQG
V�URWDWLRQ�



)LJ� *���� ([DPSOHV� RI� YDULRXV� ODQGLQJ� SDWWHUQV� VFRUFKHG� RQ� WKH� JURXQG� E\0DJQRFUDIW�OLNH YHKLFOHV� DUUDQJHG� LQ� IO\LQJ� V\VWHPV�� 7KH� SDWWHUQ� �$�� UHVHPEOLQJ� D�IRXU�OHDI FORYHU��LV�IRUPHG�E\�WKH�VLQJOH�FHOO�RI�VXFK�D�V\VWHP��VLPLODU�WR�WKH�FHOO�VKRZQLQ )LJXUH�*����D����3DWWHUQ��%��LV�VFRUFKHG�E\�D�IO\LQJ�SODWIRUP�VL[�URZV�ZLGH��LQ�WKLV�FDVHFRQVLVWLQJ RI� IRUW\�VL[� FLJDU�VKDSHG� FRQILJXUDWLRQV� FRXSOHG� WRJHWKHU� ZLWK� WKHLU� VLGHSURSXOVRUV� 3DWWHUQ� �&�� UHSUHVHQWV� D� FLUFXODU� IO\LQJ� V\VWHP� HLJKW�URZV� ZLGH�� )RU� HDFKH[DPSOH�RI�WKH�ODQGLQJ�SDWWHUQ�VKRZQ�DUH�� D FRPSOLFDWHG� FXUYH� �RXWOLQH�� RI� VFRUFKHG� YHJHWDWLRQ� OHIW� E\� VLGH� SURSXOVRUVDURXQG WKH� SHULSKHUDO� RI� DQ� HQWLUH� V\VWHP� �VHH� D� WKLFN� OLQH FRPSRVHG� RI� VPDOOKDOI�FLUFOHV��� RXWHU� RXWOLQHV� RI� WKH� FLJDU�VKDSHG� VWDFNV� RI� YHKLFOHV� WKDW� SDUWLFLSDWHG� LQ� DFRQILJXUDWLRQ ZKLFK�VFRUFKHG�D�SDWWHUQ�LOOXVWUDWHG��L�H��FRPSOHWH�FLUFOHV�GUDZQ�ZLWK� WKLQOLQHV UHSUHVHQW� RYHUKHDG� RXWOLQHV� RI� FLJDU�VKDSHG� DUUDQJHPHQWV� WKDW� DUH� SRVLWLRQHGXSULJKW ��VHH�DOVR�)LJXUHV�*���DQG�*����WKHVH�RXWOLQHV�DUH�VKRZQ�WR�UHDOL]H�WKH�QXPEHUDQG PXWXDO� SRVLWLRQLQJ� RI� WKH� LQGLYLGXDO� YHKLFOHV� WKDW� VFRUFK� D� JLYHQ� SDWWHUQ�� EXW� �� RIFRXUVH���WKH\�ZRXOG�QRW�EH�YLVLEOH�LQ�UHDO�ODQGLQJV�� D� QHW�OLNH� SDWWHUQ� RI�PDUNV� �WKLFN� GRWV�� VFRUFKHG� RQ� WKH� JURXQG� E\� WKH�PDLQSURSXOVRUV�RI�HDFK�FLJDU�VKDSHG�DUUDQJHPHQW�� WKH�SULQFLSOHV� IRU�GHWHUPLQLQJ�HTXDWLRQV� WKDW�GHVFULEH� WZR�EDVLF�GLPHQVLRQV�RIHDFK IO\LQJ�V\VWHP��WKHVH�GLPHQVLRQV�DUH�PDUNHG�ZLWK�V\PEROV �G ��DQG��G ���DQG�WKH\X LVKRXOG�EH�PHDVXUHG�LQ�GLUHFWLRQV�VODQWHG����GHJUHHV�WRZDUGV�HDFK�RWKHU��
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7KLV FKDSWHU�LV�WR�SUHVHQW�WKH�QH[W�YHKLFOH�WKH�SURSXOVLRQ�RI�ZKLFK�XWLOL]HV�2VFLOODWRU\&KDPEHUV� 7KLV�YHKLFOH�LV�FDOOHG�WKH��)RXU�3URSXOVRU�0DJQRFUDIW���RU�WKH��)RXU�3URSXOVRU6SDFHFUDIW�� ,Q� RUGHU� WR� FOHDUO\� GLVWLQJXLVK� LW� IURP� WKH� YHKLFOH� GHVFULEHG� LQ� FKDSWHU�*�� WKDWSUHYLRXVO\ GHVFULEHG�YHKLFOH�ZLOO�EH�UHIHUUHG�KHUH�WR�DV�WKH��GLVFRLGDO�0DJQRFUDIW��RU�VLPSO\WKH �0DJQRFUDIW���7KH�)RXU�3URSXOVRU�6SDFHFUDIW��DIWHU�WKH�GLVFRLGDO�0DJQRFUDIW��UHSUHVHQWVWKH VHFRQG EDVLF� DSSOLFDWLRQ� RI� PDJQHWLF� SURSXOVRUV�� :KLOH� WKH� RSHUDWLRQ� RI� WKH� ILUVWSURSXOVLRQ V\VWHP� LV� WKH�PRVW�RSWLPDO� LI�XWLOL]LQJ� WKH�VR�FDOOHG��WZLQ�FKDPEHU�FDSVXOH��� WKLVVHFRQG EDVLF�VSDFHFUDIW�UHTXLUHV�WKH�XVH�RI�D�VHFRQG�DUUDQJHPHQW�RI�2VFLOODWRU\�&KDPEHUV�FDOOHG WKH��VSLGHU�FRQILJXUDWLRQ����VHH�VXEVHFWLRQ�)�����(DFK�SURSXOVRU�RI�WKH�)RXU�3URSXOVRU6SDFHFUDIW FRQVLVWV� RI� RQH� VXFK� VSLGHU� FRQILJXUDWLRQ�� $� PDJQHWLF� ILHOG� SURGXFHG� E\� WKLVFRQILJXUDWLRQ�GLVSOD\V�DOO�WKH�DWWULEXWHV�UHTXLUHG�IRU�IOLJKW�DQG�IRU�PDQRHXYULQJ�D�VSDFH�YHKLFOH�7KLV LV�WKH�UHDVRQ�ZK\�WKH�)RXU�3URSXOVRU�6SDFHFUDIW�FDQ�OLPLW� LWV�HQWLUH�SURSXOVLRQ�V\VWHPWR IRXU� SURSXOVRUV� RQO\� �FRQWUDU\� WR� WKH� HLJKW� VLGH� SURSXOVRUV� SOXV� RQH� PDLQ� SURSXOVRUPLQLPXP UHTXLUHG� IRU� WKH� IOLJKW� RI� WKH� GLVFRLGDO� 0DJQRFUDIW��� %HFDXVH� WKH� QXPEHU� RISURSXOVRUV LV�WKH�PRVW�GLVWLQFW�IHDWXUH�RI�WKLV�VSDFHFUDIW��LWV�QDPH�LQFRUSRUDWHV�WKLV�QXPEHU�(DFK RI�LWV�SURSXOVRUV�LV�DWWDFKHG�WR�WKH�FRUQHU�RI�FUHZ�FDELQ��7KXV��WKH�IRXU�EDUUHO�VKDSHGSURSXOVRUV SURWUXGLQJ�RXWVLGH�WKH�PDLQ�ERG\�RI�WKH�VSDFHFUDIW�DOVR�IRUP�D�YLVXDO�IHDWXUH�YHU\FKDUDFWHULVWLF�RI�WKLV�W\SH�RI�YHKLFOH��:KHUH�WKH�FKURQRORJ\�RI�FRPSOHWLRQ�RI�VXEVHTXHQW�0DJQRFUDIW�LV�FRQFHUQHG��WKH�)RXU�3URSXOVRU 6SDFHFUDIW� PRVW� SUREDEO\� ZLOO� EH� EXLOW� DV� WKH� WKLUG� YHKLFOH� XWLOL]LQJ� 2VFLOODWRU\&KDPEHUV �DIWHU�WKH�GLVFRLGDO�0DJQRFUDIW�EDVHG�RQ�VSLGHU�FRQILJXUDWLRQV��DQG�WKH�GLVFRLGDO0DJQRFUDIW EDVHG� RQ� WZLQ�FKDPEHU� FDSVXOHV� DUH� FRPSOHWHG� �� VHH� SHULRG� �&� LQ� WKHFODVVLILFDWLRQ SURYLGHG� LQ� VXEVHFWLRQ� -���� 7KH� UHDVRQ� IRU� WKLV� LV� WKDW� WKH� )RXU�3URSXOVRU6SDFHFUDIW UHTXLUHV�PXFK�PRUH�DGYDQFHG�FRQWUROOLQJ�V\VWHPV�WKDQ�WKH�RUGLQDU\�0DJQRFUDIW�7KXV VXFK DGYDQFHG�FRQWURO�V\VWHPV�EHFRPH�GHYHORSHG�RQO\�DIWHU�RXU�FLYLOL]DWLRQ�H[SORLWVGLVFRLGDO�0DJQRFUDIW�IRU�VRPH�WLPH�DQG�WKXV�JDWKHUV�DSSURSULDWH�NQRZOHGJH�DQG�H[SHULHQFHVDERXW YHKLFOHV� ZLWK� PDJQHWLF� SURSXOVLRQ�� $OWKRXJK� VSLGHU� FRQILJXUDWLRQV� XVHG� LQ� )RXU�3URSXOVRU 6SDFHFUDIW� DUH� PXFK� VLPSOHU� WR� EXLOG� IURP� WZLQ�FKDPEHU� FDSVXOHV� XVHG� LQ� WKHSURSXOVRUV RI�GLVFRLGDO�0DJQRFUDIW��WKHVH�KLJKHU�FRQWURO�UHTXLUHPHQWV�ZLOO�FDXVH�WKH�YHKLFOHGLVFXVVHG�KHUH�WR�ZDLW�VOLJKWO\�ORQJHU�IRU�LWV�WXUQ�WR�EH�FRPSOHWHG�
+���7KH�JHQHUDO�GHVLJQ�RI�WKH�)RXU�3URSXOVRU�6SDFHFUDIW
7KH JHQHUDO� GHVLJQ� RI� WKH� )RXU�3URSXOVRU� 6SDFHFUDIW� LV� VKRZQ� LQ�)LJXUH� +��� 7KLVYHKLFOH�LV�FRPSRVHG�RI�WZR�EDVLF�FRPSRQHQWV��L�H��ERG\�����DQG�SURSXOVRUV�����7KH PDLQ�ERG\�����UHSUHVHQWV�WKH�PRVW�DSSDUHQW�SDUW�RI�WKLV�YHKLFOH��8VXDOO\�LW�WDNHVWKH IRUP�RI�D�FXELFOH��RU�D�KXW��2Q�WKH�WRS�RI�WKLV�FXELFOH��RU�KXW��D�JDEOH�URRI�����VKDSHG�DV�DVPDOO S\UDPLG� LV� SODFHG�� 7KLV� URRI� SURYLGHV� WKH� YHKLFOH� ZLWK� WKH� UHTXLUHG� DHURG\QDPLFDOSURSHUWLHV� DQG�VLPXOWDQHRXVO\�LW�DOORZV�IRU�WKH�UHFRJQLWLRQ�DW�D�GLVWDQFH�WKH�W\SH�RI�WKH�)RXU�3URSXOVRU�6SDFHFUDIW�7KH PDLQ� ERG\� ���� RI� WKLV� YHKLFOH� LV� RFFXSLHG� E\� LWV� OLYLQJ� FRPSDUWPHQW�� 7KLV



H-2FRPSDUWPHQW�LV�KHUPHWLFDOO\�FRYHUHG�ZLWK�D�VKHOO�PDGH�RI�PDWHULDO�PDJQHWLFDOO\�LPSHQHWUDEOH�L�H��GLVSOD\LQJ�WKH�SURSHUW\�FDOOHG��PDJQHWRUHIOHFWLYHQHVV����7KHUHIRUH�WKH�LQWHULRU�RI�WKH�)RXU�3URSXOVRU 6SDFHFUDIW� LV� VFUHHQHG� IURP� WKH�DFFHVV�RI� GDQJHURXV�PDJQHWLF� ILHOG�� 7KH� OLYLQJFRPSDUWPHQW KRXVHV�WKH�FUHZ�FDELQ��OLIH�VXSSRUW�V\VWHP��SDVVHQJHU�GHFNV��FDUJR�KROGV��ORJFRPSXWHU��FRQWURO�GHYLFHV��QDYLJDWLRQ�LQVWUXPHQWV��HTXLSPHQW�XWLOLWLHV��HWF�7KH ZDOOV RI� WKH� OLYLQJ� FRPSDUWPHQW� DUH�PDGH�RI� D�PLUURU�OLNH� WUDQVSDUHQW�PDWHULDO�ZKRVH GHJUHH� RI� WUDQVSDUHQF\� DQG� OLJKW� UHIOHFWLYHQHVV� FDQ� EH� UHJXODWHG� E\� WKH� FUHZ�7KHUHIRUH GXULQJ�IOLJKWV�DW�QLJKW�WKH�FUHZ�FDQ�PDNH�WKHVH�ZDOOV�FRPSOHWHO\�WUDQVSDUHQW��WKXVPDNLQJ�WKH�YHKLFOH�ORRN�OLNH�LW�LV�PDGH�RI�JODVV��2Q�WKH�RWKHU�KDQG��GXULQJ�IOLJKWV�QHDU�WKH�6XQWKH\ FDQ�WUDQVIRUP�WKH�ZDOOV��PDNLQJ�WKHP�FRPSOHWHO\�UHIOHFWLYH�VR�WKDW�LQVLGH�WKH�VSDFHVKLSD SOHDVDQW�VKDGH�FDQ�SUHYDLO��,Q�RWKHU�FDVHV�RI�IOLJKWV�WKH�ZDOOV�FDQ�EH�VPRRWKO\�FRQWUROOHGDW DQ\�GHJUHH�RI�WUDQVSDUHQF\�EHWZHHQ�WKHVH�WZR�H[WUHPHV��7KHUHIRUH�WKHUH�ZLOO�EH�QR�QHHGWR�SURYLGH WKH�YHKLFOH�ZLWK�ZLQGRZV��+RZHYHU��WR�HQDEOH�FUHZ�DQG�SDVVHQJHUV�WR�JR�LQWR��DQGIURP��WKH�GHFN��WKH�)RXU�3URSXOVRU�6SDFHFUDIW�PXVW�FRQWDLQ�D�GRRU��$W DOO� IRXU�FRUQHUV�RI�WKH�OLYLQJ�FRPSDUWPHQW�� LQGLYLGXDO��EDUUHO�VKDSHG�RU�MXJ�VKDSHGSURSXOVRUV ����DUH�SODFHG��(DFK�RI�WKHVH�SURSXOVRUV�SURGXFHV�LWV�RZQ�FROXPQ�RI�D�VSLQQLQJPDJQHWLF ILHOG��ZKRVH�FRUH�LV�PDUNHG�DV�����LQ�)LJXUH�+���:LWKLQ�HDFK�FROXPQ��D�GDUN�FRUH����DQG�OLJKWHU�FUXVW������RU�YLFH�YHUVD���GHSHQGLQJ�LI�SURSXOVRUV�RSHUDWH�ZLWK�WKH�LQQHU�RU�RXWHUIOX[ SUHYDOHQFH��FDQ�EH�GLVWLQJXLVKHG��)RU�UHDVRQV�GHVFULEHG�LQ�WKH�ODWHU�SDUW�RI�WKLV�FKDSWHU�VHH�VXEVHFWLRQ�+����WKHVH�FROXPQV�ZLOO�EH�FOHDUO\�YLVLEOH�IRU�RXWVLGH�REVHUYHU��ZKR�SHUFHLYHVWKHP�DV�NLQG�RI�EODFN��IDVW�VSLQQLQJ��GULOOV�7KH�JHQHUDO�GHVLJQ�RI�D�SURSXOVRU�IRU�WKH�)RXU�3URSXOVRU�6SDFHFUDIW�LV�VKRZQ�LQ�)LJXUH+�� ,W�FRQVLVWV�RI�ILYH�2VFLOODWRU\�&KDPEHUV�DUUDQJHG�WRJHWKHU�LQWR�WKH��VSLGHU�FRQILJXUDWLRQ�DQG FRYHUHG�ZLWK�D�PDJQHWLFDOO\�SHQHWUDEOH�VKHOO��7KH�SURSXOVRU
V�VKHOO�FDQ�WDNH�HLWKHU� WKHVKDSH RI�D�EDUUHO��VHH�����LQ�SDUW��D��RI�)LJXUH�+���RU�WKH�VKDSH�RI�D�MXJ��VHH�����LQ�SDUW��E��RI)LJXUH +���� 7KH� SURSXOVRU
V� VSLGHU� FRQILJXUDWLRQ� LV� FRPSRVHG� RI� WKH� PDLQ� 2VFLOODWRU\&KDPEHU��0��ZKLFK�LV�VXUURXQGHG�E\�IRXU�VLGH�FKDPEHUV��8��9��:��DQG�;���
+���7KH�RSHUDWLRQ�RI�WKH�)RXU�3URSXOVRU�6SDFHFUDIW
7KH RSHUDWLRQ�RI�WKH�)RXU�3URSXOVRU�6SDFHFUDIW�LV�VOLJKWO\�GLIIHUHQW�IURP�WKH�RSHUDWLRQRI ERWK� RI� WKH� PDJQHWLF� SURSXOVLRQ� V\VWHPV� XWLOL]LQJ� 2VFLOODWRU\� &KDPEHUV�� L�H�� IURP� WKHGLVFRLGDO 0DJQRFUDIW� DQG� 3HUVRQDO� 3URSXOVLRQ� 6\VWHP�� %XW� WKLV� RSHUDWLRQ� LV� DOVR� TXLWHVLPLODU��,Q�WKH�)RXU�3URSXOVRU�6SDFHFUDIW��HDFK�RI�LWV�IRXU�SURSXOVRUV�IRUPV�D�NLQG�RI�PLQLDWXUH0DJQRFUDIW� 7KLV� PHDQV� WKDW� HDFK� RI� LWV� SURSXOVRUV� LV� FDSDEOH� RI� LQGHSHQGHQW� IOLJKW� DQGPDQRHXYULQJ� 7KHUHIRUH�WKH� OLYLQJ�FRPSDUWPHQW�RI� WKH�)RXU�3URSXOVRU�6SDFHFUDIW� LV�FDUULHGE\ VRPHWKLQJ� OLNH� IRXU� LQGHSHQGHQW��PLQLDWXUH�0DJQRFUDIW�� IO\LQJ�RQ�SDUDOOHO�SDWKV��HDFK�RIWKHP MRLQHG� WR� WKH�PDLQ�ERG\��(YHU\�SURSXOVRU�SURGXFHV� LWV�RZQ�FROXPQ�RI�PDJQHWLF� ILHOG�7KXV GXULQJ� ODQGLQJV�HYHU\�SURSXOVRU� FDQ�PDNH� LWV� RZQ�VFRUFK�PDUN�RQ� WKH� JURXQG�� 7KLVPDUN� GHSHQGLQJ�RQ�WKH�PRGH�RI�SURSXOVRUV
�RSHUDWLRQ��L�H��LQQHU�RU�RXWHU�IOX[�SUHYDOHQFH���LVHLWKHU FRPSRVHG� RI� D� FKDUDFWHULVWLF� ZHOO�VFRUFKHG� FHQWUDO� PDUN� DQG� D� OHVV� YLVLEOH� ULQJ� RISHULSKHUDO VFRUFKLQJ� �VHH� �� LQ� )LJXUH� +���� RU� FRQWDLQ� D� VOLJKWO\� VFRUFKHG� FHQWUDO� PDUNVXUURXQGHG�ZLWK�D�PRUH�DSSDUHQW�ULQJ�RI�SHULSKHUDO�VFRUFKLQJ�7KH DUUDQJHPHQW� RI� WKH� 2VFLOODWRU\� &KDPEHUV� LQWR� VSLGHU� FRQILJXUDWLRQV� JLYHV� WRSURSXOVRUV RI� WKH�)RXU�3URSXOVRU�6SDFHFUDIW�DOO� WKH�DWWULEXWHV�WKDW�SUHYLRXVO\�ZHUH�SURYLGHG



H-3E\ WKH�HQWLUH�SURSXOVLRQ�XQLW�RI� WKH�0DJQRFUDIW� ��FRPSDUH�VXEVHFWLRQV�)����DQG�*�����)RUH[DPSOH� LW� LV� DEOH� WR� SURGXFH� D� VSLQQLQJ� PDJQHWLF� ILHOG�� ZKRVH� SDUDPHWHUV� DUH� VWULFWO\FRQWUROOHG� 7KHUHIRUH� HYHQ� ZKHQ� DFWLQJ� LQ� LVRODWLRQ� IURP� WKH� UHVW� RI� WKH� VSDFHFUDIW�� WKLVFRQILJXUDWLRQ ZRXOG� EH� DEOH� WR� IXOO\� FRQWURO� LWV� IOLJKW� DQG�PDQRHXYUHV�� 7KXV�� ZLWK� D� ODUJHVLPSOLILFDWLRQ� WKH�IO\LQJ�RI� WKH�)RXU�3URSXOVRU�6SDFHFUDIW�FRXOG�EH�GHVFULEHG�DV�GHSHQGLQJPDLQO\ RQ�DQ�DSSURSULDWH�FRRUGLQDWLRQ�RI�WKH�DFWLRQV�RI�DOO� IRXU�SURSXOVRUV��VR�WKDW�WKH�WRWDOHIIHFW LV� WR� SXOO� WKH� VSDFHFUDIW� LQ� WKH� GHVLUHG� GLUHFWLRQ�� +RZHYHU�� DV� UHDGHUV�ZLOO� SUREDEO\UHDOL]H IURP�WKH�FRQWHQW�RI�WKLV�FKDSWHU��GHWDLOHG�SULQFLSOHV�RI�FRQWUROOLQJ�WKLV�YHKLFOH�DUH�PRUHFRPSOH[�WKDQ�SULQFLSOHV�RI�FRQWUROOLQJ�WKH�GLVFRLGDO�0DJQRFUDIW�7KH SURSXOVRUV�RI�WKH�)RXU�3URSXOVRU�6SDFHFUDIW�DUH�FDSDEOH�RI�SURGXFLQJ�WZR�NLQGVRI PDJQHWLF�ZKLUOV��ORFDO�DQG�YHKLFOH��(DFK�SURSXOVRU�SURGXFHV�D�ORFDO PDJQHWLF�ZKLUO�ZKLFKLQYROYHV LWV�RZQ�RXWSXW�VSLQQLQJ�DURXQG�LWV�RZQ�D[LV��P���,Q�)LJXUH�+��WKHVH�IRXU�ORFDO�ZKLUOVDUH PDUNHG�DV�VSLQQLQJ�FROXPQV�����RI�PDJQHWLF�ILHOG��6LPXOWDQHRXVO\�DOO�IRXU�SURSXOVRUV�FDQFRRSHUDWH LQ� SURGXFLQJ� DQ� DPSOLWXGLQDO� PDJQHWLF� ZKLUO� WKDW� FLUFXODWHV� DURXQG� WKH� HQWLUHYHKLFOH� %XW� WKLV�ZKLUO� LV� QRW� DV� HIILFLHQW� DV� WKH� RQH� IRUPHG�E\� WKH�0DJQRFUDIW�� 7KXV� LW� LVVZLWFKHG RQ�RQO\�LQ�VSHFLDO�FLUFXPVWDQFHV��H�J��GXULQJ�IDVW�IOLJKWV�DW�KLJK�DOWLWXGHV�RU�LQ�IUHHVSDFH�� $Q�HQWLUHO\�GLIIHUHQW�SULQFLSOH�LV�HPSOR\HG�LQ�WKH�FUHDWLRQ�RI�WKLV�ZKLUO�WKDQ�WKDW�XVHGLQ DQ�RUGLQDU\�0DJQRFUDIW��$�URWDWLRQ�RI�DPSOLWXGH��EXR\DQF\�� LV�HPSOR\HG�KHUH� LQVWHDG�RIURWDWLRQ�RI�WKH�PDJQHWLF�FLUFXLWV�XVHG�LQ�WKH�0DJQRFUDIW��$OVR�LW�URWDWHV�DURXQG�D�GLIIHUHQW�SDWK�7KHUHIRUH��WKH�ZKLUO�MXVW�VXIILFHV�WR�FUHDWH�DQ�LQGXFWLYH�VKLHOG�WKDW�SURWHFWV�WKH�)RXU�3URSXOVRU6SDFHFUDIW�IURP�PDWHULDO�REMHFWV�GLUHFWHG�DW�LW��H�J��PLVVLOHV�RU�PHWHRULWHV���EXW�LW�LV�LQVXIILFLHQWWR SURGXFH�DQ�HIIHFWLYH�YDFXXP�EXEEOH��)RU�WKLV�UHDVRQ��DV�WKLV�ZLOO�EH�H[SODLQHG�ODWHU�LQ�WKLVFKDSWHU� WKH�)RXU�3URSXOVRU�6SDFHFUDIW�ZLOO�QRW�GLVSOD\�DQ\�RI�WKH�DWWULEXWHV�ZKLFK�GHSHQG�RQWKH�FUHDWLRQ�RI�DQ�HIIHFWLYH�YDFXXP�EXEEOH�$OO SURSXOVRUV�LQ�WKH�)RXU�3URSXOVRU�6SDFHFUDIW�SURGXFH�D�YHU\�KLJK�PDJQHWLF�RXWSXW�$W WKH�VDPH�WLPH��WKH�OLNH�SROHV�RI�WKHVH�SURSXOVRUV�DUH�RULHQWHG�LQ�WKH�VDPH�GLUHFWLRQ��H�J��1� SROHV�RI�HDFK�SURSXOVRU� WRZDUGV� WKH� URRI�RI� WKH�YHKLFOH���7KHUHIRUH�� LI� WKHLU�RXWSXW�ZDVQRQ�VSLQQLQJ� WKH\�ZRXOG� UHSHO�RQH�DQRWKHU�ZLWK�D�SRZHUIXO� IRUFH��+RZHYHU��EHFDXVH� WKHLURXWSXW VSLQV�� WKH\� FUHDWH� WKH� UHODWLYLVWLF� SKHQRPHQRQ� GHVFULEHG� EHORZ��ZKLFK� VLJQLILFDQWO\UHGXFHV WKH� IRUFHV� RI� WKLV� UHFLSURFDO� UHSXOVLRQ�� 0RUHRYHU�� WKH� PDJQHWR�G\QDPLF� HIIHFWGHVFULEHG LQ� VXEVHFWLRQ� *������ SURGXFHV� IRUFHV� DFWLQJ� LQ� WKH� RSSRVLWH� GLUHFWLRQV�� DQGWKHUHIRUH IXUWKHU� QHXWUDOL]LQJ� WKH� UHSXOVLYH� LQWHUDFWLRQV� DPRQJ� SURSXOVRUV�� ,Q� WKLV�ZD\�� WKHIRUFH�VWDELOLW\�RI�WKH�)RXU�3URSXOVRU�6SDFHFUDIW�LV�DFKLHYHG�LQ�D�G\QDPLF�PDQQHU��7R�PDLQWDLQWKLV VWDELOLW\�� WKH�RXWSXW� IURP�WKH�VSDFHFUDIW
V�SURSXOVRUV�PXVW�DOZD\V�EH�VSLQQLQJ��)RU� WKLVUHDVRQ� WKH� EDVLF� UHTXLUHPHQW� RI� WKH� PXWXDO� QHXWUDOL]DWLRQ� RI� LQWHU�SURSXOVRU� LQWHUDFWLRQVH[SODLQHG DERYH�LV�WKDW�WKH�PDJQHWLF�ILHOG�SURGXFHG�E\�HDFK�SURSXOVRU�PXVW�VSLQ�DOO�WKH�WLPH�HYHQ�ZKHQ�WKH�YHKLFOH�LV�PRWLRQOHVV��7KH UHODWLYLVWLF� SKHQRPHQRQ� HPSOR\HG� LQ� QHXWUDOL]DWLRQ� RI� LQWHUDFWLRQV� EHWZHHQSURSXOVRUV RI� WKH� )RXU�3URSXOVRU� 6SDFHFUDIW� LV� TXLWH� ZHOO� NQRZQ� DPRQJVW� H[SHUWV� LQPDJQHWLVP��,W�GHSHQGV�RQ�H[WHQGLQJ�WKH�HIIHFWLYH�OHQJWK�RI�D�EDU�PDJQHW�DV�WKH�UHVXOW�RI�D YHU\IDVW VSLQQLQJ�RI�LWV�IRUFH�OLQHV�DURXQG�WKH�PDJQHW
V�FHQWUDO�D[LV���VHH�VXEVHFWLRQ�*�����,I�WKHIRUFH OLQHV�VSLQ�IDVW�HQRXJK�DURXQG�WKH�PDJQHW
V�FHQWUDO�D[LV��WKHLU�FXUYDWXUH�FRQWUDFWV��DQGDV D UHVXOW�WKH�IOX[�LV�OLPLWHG�WR�DQ�DUHD�MXVW�DURXQG�WKH�PDJQHW��7KLV�WUDQVIRUPV�D�VKRUW�EDUPDJQHW VR�WKDW�LW�DFWV�OLNH�D�YHU\�ORQJ�WKLQ�RQH��2I�FRXUVH��LW�LV�QRW�SRVVLEOH�WR�PHFKDQLFDOO\VSLQ D� PDJQHW� IDVW� HQRXJK� WR� REWDLQ� WKH� GHVLUHG� UHVXOWV�� %XW� WKH� VSLGHU� FRQILJXUDWLRQVLPXODWHV WKLV�VSLQQLQJ�E\�IRUPLQJ�D�URWDWLQJ�PDJQHWLF�ZDYH�VLPLODU�WR�WKH�ZDYH�SURGXFHG�E\WKH VLGH�SURSXOVRUV�RI�WKH�0DJQRFUDIW��VHH�H[SODQDWLRQ�LQ�VXEVHFWLRQV�*����DQG�)������7KLV



H-4ZDYH LV�IRUPHG�GXH�WR�WKH�V\QFKURQL]DWLRQ�RI�VXEVHTXHQW�RXWSXWV�IURP�IRXU�VLGH�2VFLOODWRU\&KDPEHUV� ,W�VSLQV�DURXQG�WKH�SURSXOVRU
V�PDLQ�PDJQHWLF�D[LV��P���,W�FDQ�UHDFK�DQ\�GHVLUHGDQJXODU YHORFLW\�� FDXVLQJ� WKH� IRUPDWLRQ� RI� WKH� UHODWLYLVWLF� SKHQRPHQRQ� ZKLFK� NHHSV� WKH)RXU�3URSXOVRU�6SDFHFUDIW�VWDEOH�
+���7KH�SURSHUWLHV�RI�WKH�)RXU�3URSXOVRU�6SDFHFUDIW
7KH�GLIIHUHQFHV�LQ�WKH�RSHUDWLRQ�RI�WKH�)RXU�3URSXOVRU�6SDFHFUDIW��LQ�FRPSDULVRQ�WR�WKHRSHUDWLRQ RI� WKH�0DJQRFUDIW�� FDXVH�GLIIHUHQFHV� LQ� WKH�SURSHUWLHV�RI�ERWK� WKHVH�YHKLFOHV�� ,QJHQHUDO� WKH� )RXU�3URSXOVRU� 6SDFHFUDIW� LV� QRW� DEOH� WR� FUHDWH� DQ� HIIHFWLYH� YDFXXP� EXEEOHDURXQG LWV� VXUIDFH� �VHH� VXEVHFWLRQ� *������ 7KHUHIRUH� DOO� SURSHUWLHV� FRQQHFWHG� ZLWK� WKHH[LVWHQFH RI�WKH�SURWHFWLYH�YDFXXP�EXEEOH�GR�QRW�DSSO\�WR�WKLV�YHKLFOH��)RU�H[DPSOH�LWV�IOLJKWVDUH DFFRPSDQLHG�E\� IULFWLRQ�ZLWK� WKH�DWPRVSKHUH�DQG�E\� WKH�VRXQG�HIIHFWV�SURGXFHG� IURPVXFK IULFWLRQ��H�J��E\�D� ORXG�EDQJ DIWHU�SDVVLQJ� WKH�VRXQG�EDUULHU���7KHUHIRUH�WKH�YHKLFOH
VVSHHG LQ�WKH�DWPRVSKHUH�ZLOO�DOVR�EH�OLPLWHG�E\�WKH�KHDW�EDUULHU��+RZHYHU��LQ�IUHH�VSDFH��LWVVSHHG�PD\�VWLOO�EH�FORVH�WR�WKH�VSHHG�RI�OLJKW��7KH�DEVHQFH�RI�D�YDFXXP�EXEEOH�SURWHFWLQJ�WKLVVSDFHFUDIW ZLOO� DOVR� PDNH� LWV� IOLJKWV� WKURXJK� VROLG� PDWWHU� LPSRVVLEOH� �H�J�� LQ� URFNV��� 7KHPDQRHXYUDELOLW\ RI� WKH� )RXU�3URSXOVRU� 6SDFHFUDIW� ZLOO� EH� RQ� WKH� VDPH� OHYHO� DV� WKHPDQRHXYUDELOLW\ RI�WKH�0DJQRFUDIW��%XW�LWV�LRQLF�SLFWXUH�ZLOO�KDYH�TXLWH�D�GLIIHUHQW�VKDSH�DQGIHDWXUHV��'XULQJ�WKH�DVFHQW�RI�WKLV�YHKLFOH�WKH�SLFWXUH�ZLOO�FRQWDLQ�IRXU�YHU\�GLVWLQFWLYH�FROXPQVRI LRQL]HG�DLU��SODFHG�DURXQG�WKH�SHULPHWHU�RI�WKH�DPSOLWXGLQDO�PDJQHWLF�ZKLUO�WKDW�VXUURXQGVWKH VSDFHFUDIW
V� VKDSH� �H�J�� D� JDEOH�URRIHG� KXW��� 7KLV� KXW�VKDSHG�ZKLUO� ZLOO� EH�PXFK� OHVVLQWHQVLYH WKDQ� WKH� IRXU� ORFDO�ZKLUOV� SURGXFHG�E\� WKH�SURSXOVRUV��'XULQJ� WKH�GHVFHQW� RI� WKH)RXU�3URSXOVRU 6SDFHFUDIW�� WKH� ORFDO� ZKLUOV� IURP� LWV� SURSXOVRUV� FDQ� GLPLQLVK�� WKXV� RQO\� DUHVXOWDQW�KXW�VKDSHG�ZKLUO�PD\�UHPDLQ�YLVLEOH�$�QXPEHU�RI�)RXU�3URSXOVRU�6SDFHFUDIW�DUH�DEOH�WR�FRXSOH�ZLWK�RQH�DQRWKHU�LQWR�VHYHUDOFRQILJXUDWLRQV NQRZQ�IURP�WKH�0DJQRFUDIW��7ZR�RU�PRUH�RI�WKHVH�YHKLFOHV�FDQ�MRLQ�WRJHWKHUIRUPLQJ DQ�HTXLYDOHQW�RI�WKH�FLJDU�VKDSHG�IO\LQJ�FRPSOH[��VHH�)LJXUH�*���RU�DQ�HTXLYDOHQW�RIWKH VSKHULFDO�IO\LQJ�FRPSOH[��VHH�)LJXUH�*����$OVR��WKH�VHW�RI�IO\LQJ�FLJDUV�IRUPHG�LQ�WKLV�ZD\PD\ MRLQ�IXUWKHU� LQWR�D�KLJKHU�UDQNLQJ�DUUDQJHPHQW��UHSUHVHQWLQJ�DQ�HTXLYDOHQW� WR�WKH�IO\LQJV\VWHP�RU�IO\LQJ�FOXVWHU�RI�WKH�0DJQRFUDIW��VHH�)LJXUH�*���7KH )RXU�3URSXOVRU� 6SDFHFUDIW� PD\� DOVR� IRUP� FRQILJXUDWLRQV� ZLWK� WKH� GLVFRLGDO0DJQRFUDIW��,Q�WKHVH�FRQILJXUDWLRQV�WKH�VSDFHFUDIW�FOLQJV�WR�WKH�0DJQRFUDIW�LQ�VXFK�D�ZD\�WKDWWKH RXWOHWV IURP� LWV� IRXU� SURSXOVRUV� H[DFWO\� DOLJQ�ZLWK� WKH� RXWOHWV� RI� WKH�0DJQRFUDIW
V� VLGHSURSXOVRUV� ,Q�RUGHU�WR�HQDEOH�VXFK�DQ�DOLJQPHQW��WKH�)RXU�3URSXOVRU�6SDFHFUDIW�ZLOO�RQO\�EHEXLOW LQ�VXFK�VL]HV�ZKLFK�FRUUHVSRQG�WR�WKH�VL]HV�RI�WKH�0DJQRFUDIW��L�H��ZKLFK�DOORZ�IRU�WKHH[DFW DOLJQPHQW� RI� RXWOHWV� IURP� SURSXOVRUV� RI� ERWK� WKHVH� YHKLFOHV��� )RU� WKLV� UHDVRQ�� HLJKWVHSDUDWH W\SHV�RI�WKH�)RXU�3URSXOVRU�6SDFHFUDIW�ZLOO�DOVR�EH�GLVWLQJXLVKHG��7KHLU�GLPHQVLRQVDUH SURYLGHG�LQ�7DEOH�+���7KH�VXEVHTXHQW�W\SHV�RI�WKLV�VSDFHFUDIW�DUH�PDUNHG�DV�7���7�������DQG�7����(DFK�RI�WKHVH�W\SHV�FRUUHVSRQGV�WR�DQ�DSSURSULDWH�W\SH�RI�0DJQRFUDIW��H�J��W\SH�7�RI�WKH�)RXU�3URSXOVRU�6SDFHFUDIW�FRUUHVSRQGV�WR�W\SH�.��RI�WKH�0DJQRFUDIW��7��WR�.���HWF���
+���7KH�H[WHUQDO�DSSHDUDQFH�RI�WKH�)RXU�3URSXOVRU�6SDFHFUDIW
7KH H[WHUQDO� DSSHDUDQFH� RI� WKH� )RXU�3URSXOVRU� 6SDFHFUDIW� LV� VKRZQ� LQ� )LJXUH� +��



H-5%HFDXVH RI� WKH� G\QDPLF� QHXWUDOL]DWLRQ� RI� PDJQHWLF� IRUFHV� DFWLQJ� EHWZHHQ� VXEVHTXHQWSURSXOVRUV� WKH� VKDSH� DQG� GLPHQVLRQV� RI� WKH� OLYLQJ� FRPSDUWPHQW� LQ� WKH� )RXU�3URSXOVRU6SDFHFUDIW�LV�QRW�OLPLWHG�E\�VWULFW�VWDELOLW\�FRQGLWLRQV��DV ZDV�WKH�FDVH�ZLWK�WKH�0DJQRFUDIW��VHHVXEVHFWLRQ *����7KHUHIRUH�� WKH�PDLQ�GHVLJQ�FULWHULD�IRU�WKLV�VSDFHVKLS�DUH�� ����HQDEOLQJ�WKHPDJQHWLF�FRXSOLQJ�RI�D�JLYHQ�YHKLFOH�ZLWK�GLVFRLGDO�0DJQRFUDIW������DOORZLQJ�IRU�WKH�IDVWHVW�DQGVLPSOHVW LGHQWLILFDWLRQ�RI�D�JLYHQ�YHKLFOH������SURYLGLQJ�WKH�KLJKHVW�FRPIRUW�IRU�WKH�FUHZ�DQGSDVVHQJHUV� ���� HQVXULQJ� WKH� HDVLHVW� ODQGLQJ�� ���� VXSSRUWLQJ� WKH� HDVLHVW� FDUU\LQJ� DQGXQORDGLQJ�RI�WKH�WUDQVSRUWHG�FDUJR�7KH DERYH FULWHULD� DOORZ� IRU� D� UHODWLYH� IUHHGRP� LQ� GHVLJQLQJ� WKH� VKDSH�RI� WKH�)RXU�3URSXOVRU 6SDFHFUDIW��+RZHYHU��EHFDXVH�RI�WKH�KLJKHVW�XVHIXOQHVV�RI�D�FXELFDO�VKDSH�IRU�WKHWUDQVSRUWLQJ RI�SHRSOH�DQG�FDUJR��PRVW�IUHTXHQWO\�WKLV�YHKLFOH�ZLOO�EH�EXLOW�DV�D�FXELFOH�ZLWK�DURRI UHVHPEOLQJ�D�VPDOO�S\UDPLG���VXFK�DV�VKRZQ�LQ�)LJXUH�+���2Q�VRPH�RFFDVLRQV� LW�FDQWDNH�WKH�VKDSH�RI�D�KXW�OLNH VKDSH�DOVR�ZLWK�D�S\UDPLGDO�URRI��2I�FRXUVH��RQ�VSHFLDO�RFFDVLRQVPDQ\�RWKHU�IRUPV�FDQ�EH�XVHG��IRU�H[DPSOH�VSKHULFDO��URFNHW�OLNH��RU�FRQH�OLNH��EHFDXVH�WKHVHRWKHU VKDSHV�ZLOO�EH�XVHG�UDWKHU�UDUHO\��DQ�LOOXVWUDWLRQ�RI�WKHLU�FKDUDFWHULVWLFV�LV�QRW�SURYLGHGKHUH�� &ULWHULD QXPEHU�����DQG�����OLVWHG�DERYH�VXSHULPSRVH�VHYHUDO�PDWKHPDWLFDO�FRQGLWLRQVRQ WKH�GLPHQVLRQV�RI�WKH�)RXU�3URSXOVRU�6SDFHVKLS��,Q�RUGHU�WR�VDWLVI\�WKHVH�FRQGLWLRQV�WKHGLPHQVLRQV PXVW� IXOILO� YDULRXV� HTXDWLRQV� WKH� GHGXFWLRQ� RI� ZKLFK� ZLOO� EH� RPLWWHG� KHUH�� EXWZKLFK DUH�OLVWHG�DW�WKH�ERWWRP�RI�7DEOH�+���%HFDXVH�RI�WKHVH�HTXDWLRQV��WKH�GLPHQVLRQV�RIDOO W\SHV RI� WKH�)RXU�3URSXOVRU�6SDFHVKLS�ZLOO�EH�VWULFWO\�GHILQHG��7KHLU�YDOXHV�DUH� OLVWHG� LQ7DEOH +���7KH�DYDLODELOLW\�RI�WKLV�WDEOH�DOORZV�IRU�DQ�LQVWDQW�GHWHUPLQLQJ�RI�DOO�WKH�GHWDLOV�RI�DJLYHQ YHKLFOH��H�J��GLPHQVLRQV��ZHLJKW��SURSXOVRUV��LI�RQO\�RQH�RI�LWV�GDWD��H�J��WKH�QXPEHU�RIFUHZ�PHPEHUV��EHFRPHV�NQRZQ�7KH YLWDO�HOHPHQWV�RI�WKH�DSSHDUDQFH�RI�WKH�)RXU�3URSXOVRU�6SDFHVKLS�DUH�ORQJ��WKLQFROXPQV RI WKH�VSLQQLQJ�PDJQHWLF�ILHOG�SURGXFHG�E\�HDFK�SURSXOVRU��%HFDXVH�WKHVH�FROXPQVSRVVHV�FOHDUO\�GHILQHG�ERXQGDULHV�DQG�WKH�PDJQHWLF�ILHOG�ZKLFK�IRUPV�WKHP�LV�SXOVDWRU\��WKH\ZLOO UHSUHVHQW�D�NLQG�RI�WUDS�IRU�WKH�OLJKW��'XULQJ�WKH�GD\�WR�WKH�FDVXDO�ZLWQHVV�WKH\�ZLOO�DSSHDUDV FROXPQV�RI�D�EODFN�PDWHULDO��L�H��EODFN�EDUV���VHH�VXEVHFWLRQ�*������%HFDXVH�WKH\�ZLOO�EHLQ�D�SHUPDQHQW�VSLQ��WKH\�ZLOO�JLYH�DQ�REVHUYHU�WKH�LPSUHVVLRQ�RI�ORRNLQJ�DW�D�VHW�RI�IRXU�EODFNGULOOV�URWDWLQJ�ZLWK�HQRUPRXV�YHORFLW\�7KHVH FROXPQV�ZLOO�DVVXPH�DQ�HQWLUHO\�GLIIHUHQW�VKDSH�LI�ZLWQHVVHG�GXULQJ� WKH�QLJKW�%HFDXVH WKH\� LRQL]H� DLU�� WKHLU� DSSHDUDQFH� RQ� WKH� EDFNJURXQG� RI� D� EODFN� HQYLURQPHQW� ZLOOUHVHPEOH D��ZKLWH�QRLVH��XVXDOO\�VHHQ�RQ�VFUHHQV�RI�79�VHWV��WKLV��ZKLWH�QRLVH��LV�WKH�SLFWXUHFRPSRVHG RI�ZKLWH�DQG�EODFN�PRYLQJ�GRWV�ZKLFK�DSSHDUV�RQ�WKH�VFUHHQ�RI�D�79�VHW�LI�WKLV�VHWUHPDLQV�VZLWFKHG�RQ�EXW�LW�GRHV�QRW�UHFHLYH�DQ\�VWDWLRQ��,Q HYHU\� FROXPQ� RI� WKH� PDJQHWLF� ILHOG� \LHOG� IURP� SURSXOVRUV� RI� WKH� )RXU�3URSXOVRU6SDFHVKLS�WR�WKH�HQYLURQPHQW�WZR�DUHDV�FDQ�EH�GLVWLQJXLVKHG��L�H��WKH�GDUNHU�FRUH�����DQG�WKHOLJKWHU FUXVW� ���� �� VHH� )LJXUH�+��� 7KH� FRUH� ���� LV� IRUPHG� EHFDXVH� WKH� RXWSXW� RI� WKH�PDLQ2VFLOODWRU\ &KDPEHU� �PDUNHG�0� LQ�)LJXUH�+���RI� WKH�SURSXOVRU
V�VSLGHU�FRQILJXUDWLRQ�VSLQVDURXQG LWV�RZQ�PDJQHWLF�D[LV��P���%XW�WKH�IRXU�VHJPHQWV�RI�WKH�FUXVW�����DUH�IRUPHG�EHFDXVHWKH IRXU�FROXPQV�RI�PDJQHWLF�ILHOG�SURGXFHG�E\�WKH�VLGH�2VFLOODWRU\�&KDPEHUV��PDUNHG�8��9�: DQG�;�LQ�)LJXUH�+���URWDWH�DW�VRPH�GLVWDQFH�IURP�WKH�PDJQHWLF�D[LV��P���7KHVH�IRXU�VLGHFUXVW�VHJPHQWV�DQG�WKHLU�FHQWUDO�FRUH�DSSHDU�OLNH�HOHPHQWV�RI�D�GDUN�GULOO��WKLV�LV�EHFDXVH�WKH\DUH DWWDFKHG�WR�HDFK�RWKHU�DQG�VSLQ�WRJHWKHU�DURXQG�WKH�VDPH�FHQWUDO�D[LV��P��MXVW�OLNH�ERG\RI�D�GULOO��$V�LW�ZDV�H[SODLQHG�DERYH��IRU�DQ�RXWVLGH�REVHUYHU�GXULQJ�WKH�GD\WLPH�WKH�DSSHDUDQFH



H-6RI WKHVH� WZR�SDUWV� RI� WKH� ILHOG
V� FROXPQV�PDNH� WKHP� ORRN� OLNH� VSLQQLQJ�EODFN�GULOOV�� ,Q� WXUQWKHVH GULOOV�EHDU�VRPH�UHVHPEODQFH�WR�KHOLFRSWHU�EODGHV��H[FHSW� WKDW� WKH\�DUH�TXLWH�QDUURZDQG�ORQJ�LQVWHDG�RI�ZLGH�DQG�VKRUW��7KLV��FRPELQHG�ZLWK�WKH�UHFWDQJXODU��KHOLFRSWHU�OLNH�VKDSHRI WKH� YHKLFOH�� FRXOG� FDXVH� WKDW� VRPH� DPDWHXU� ZLWQHVVHV� QRW� DFTXDLQWHG� ZLWK� WKH� ODWHVWDLUFUDIW WHFKQRORJ\� PD\� RFFDVLRQDOO\� FRQIXVH� WKH� )RXU�3URSXOVRU� 6SDFHFUDIW� ZLWK� DPXOWLSOH�URWRU�KHOLFRSWHU�
+���,GHQWLILFDWLRQ�RI�WKH�W\SH�RI�)RXU�3URSXOVRU�6SDFHFUDIW
7R DOORZ�RWKHU�VSDFH�WUDYHOOHUV�WR�LGHQWLI\�IURP�D�GLVWDQFH�WKH�W\SH�RI�)RXU�3URSXOVRU6SDFHFUDIW WKH\�DUH�DSSURDFKLQJ��VLJQLILFDQW�JHRPHWULFDO�IHDWXUHV�RI�WKLV�YHKLFOH�DUH�EXLOW� LQDSSURSULDWH�SURSRUWLRQV��7KHUHIRUH WKH�LGHQWLILFDWLRQ�RI�LWV�W\SH�LV�YHU\�VLPSOH�DQG�FDQ�EH�GRQHE\ D FRPSXWHU�� ,W� RQO\� UHTXLUHV� WR� GHWHUPLQH� WKH�PXWXDO� SURSRUWLRQ� EHWZHHQ� WKH� YHKLFOH
VVLJQLILFDQW GLPHQVLRQV�� ,Q� WXUQ�� WKHVH� SURSRUWLRQV� GHVFULEH� WKH� W\SH� IDFWRU� �7�� RI� D� JLYHQ)RXU�3URSXOVRU 6SDFHFUDIW��7KH�YDOXH�RI�WKLV��7��IDFWRU�LV�HTXDO�WR�WKH�UDWLR�RI�WKH�FUHZ�FDELQWRWDO�KHLJKW��+��WR�WKH�KHLJKW��=��RI�WKH�URRI��RU�WR�WKH�KHLJKW��K��RI�D�SURSXOVRU��VHH�)LJXUH�+���7� �+�=� �+�K �+��(DFK�W\SH�RI�)RXU�3URSXOVRU�6SDFHFUDIW�KDV�D�FRUUHVSRQGLQJ�W\SH�RI�GLVFRLGDO�0DJQRFUDIW��H�J�7� KDV� .��� ����� 7��� KDV� .����� )RU� WKLV� UHDVRQ�� WKH� VKDSH� DQG� GLPHQVLRQV� RI� WKH)RXU�3URSXOVRU 6SDFHVKLS�ZHUH�VR�GHVLJQHG��WKDW�WKH\�DOVR�DOORZ�IRU�WKH�GHWHUPLQLQJ�RI�WKHW\SH�IDFWRU��.��RI�WKH�0DJQRFUDIW�WR�ZKLFK�D�JLYHQ�VSDFHVKLS�FRUUHVSRQGV��7KLV��.��IDFWRU�FDQDOVR EH�GHWHUPLQHG�WKURXJK�GLYLGLQJ�WKH�WRWDO�KHLJKW��+��RI�WKLV�VSDFHFUDIW�E\�WKH�KHLJKW��=��RILWV�URRI��RU�E\�WKH�KHLJKW��K��RI�LWV�SURSXOVRUV��L�H��.� �+�=� �+�K �+��:KHQ D� JLYHQ )RXU�3URSXOVRU� 6SDFHFUDIW� UHYHDOV� WKH� YDOXH� RI� LWV� IDFWRUV� 7� RU� .�� DOO� LWVUHPDLQLQJ GDWD FDQ�HLWKHU�EH�OHDUQHG�IURP�DSSURSULDWH�WDEOHV��H�J��VHH�7DEOH�+���RU�FDQ�EHGHWHUPLQHG IURP�DSSURSULDWH�PDWKHPDWLFDO�UHODWLRQVKLSV�GHVFULELQJ�WKHVH�YHKLFOHV��H�J��VHHHTXDWLRQV�OLVWHG�XQGHU�WKH�7DEOH�+���



7DEOH
+���'

DWD�V
KHHW�

RI�FR
QVWUX

FWLRQ
�SDUD

PHWH
UV�IR

U�HLJK
W�EDV

LF�W\S
HV�RI

�WKH�
)RXU

�3URS
XOVRU

�0DJ
QRFUD

IW��7K
H�LQWH

USUHWD
WLRQ�R

I
V\PE

ROVXV
HG�LV�

VKRZ
Q�LQ�)

LJXUH
�+���

7KH�G
LPHQV

LRQV�R
I�WKH�

VTXDU
H�EDV

H�YHU
VLRQ�R

I�WKHV
H�YHK

LFOHV�
�FXELF

OHV��D
UH�GH

WHUPL
QHG�R

Q�WKH
DVVXP

SWLRQ
WKDW�W

KH�P
XWXDO�

GLVWDQ
FH��O�

�EHWZ
HHQ�P

DJQH
WLF�D[

HV�RI
�WKH�

VXEVH
TXHQ

W�SUR
SXOVR

UV�LV�
GHVFU

LEHG�
E\�WK

H�HTX
DWLRQ�

�O� 
�����

�#�
>PHWH

UV@���$
OO�OLQH

DU�GLP
HQVLR

QV�IUR
P�WKLV

�WDEOH
�DUH�H

[SUHV
VHG�LQ

�PHWH
UV�

�7���
���/���/�����/��������������������������/���

�������������������������������/�����������/
��/��������

�7\�'
LVFR&

UHZ�F
DELQ�G

LPHQV
LRQV�I

RU'LV
WDQFH

�EHWZ
HHQ�S

URSXO
VRUV
�

D[HV�
'LPH

QVLRQ
V�&�

�
�SH��

LGDO
VTXDU

H�EDV
H�YHK

LFOHV�
�����������������������������������

���RI�
����U�:

HLJKW�
�

�1R
W\SH�


�FXELF

OHV����
�����G

���5HF
WDQJX

ODU�ED
VH�YH

�VTXD
UHSUR

SXOVR
UV�H�

RI����
���������������������������������

�����������
������������������������������������Z

�YHKLF
OH�

�7�
.��:

���*
��=��

+��
G O��

�$1
*�OZ

��OE�
�O OZ�

EK��
D��Q

R
�

���3���3�����3������3������3�����3������3���
���3������3������3������3������3�����3�����3

��3��������
�����

���P
���P

��P�
�P�

�P��
�(

P��
P��P

���P
��P�

��WRQ
QH��

���3���3�����3������3������3�����3������3���
���3������3������3������3������3�����3�����3

��3��������
���7��

.���
����

����
����

����
����

�����
����

����
����

����
����

��
���

.�������������������������������������������
��������������������������������������������

����������0
���7��

.���
����

����
����

����
����

�����
����

����
����

����
����

�
��

.�������������������������������������������
��������������������������������������������

����������0
���7��

.���
����

����
����

����
�����

����
����

���
����

����
����

����
��

�
.�������������������������������������������

��������������������������������������������
����������0

���7��
.���

�����
����

����
����

����
����

�����
����

����
�����

����
����

��
���

.�������������������������������������������
��������������������������������������������

����������0
���7��

.���
�����

����
����

����
����

����
�����

����
�����

����
����

����
���

�����
.�������������������������������������������

��������������������������������������������
����������0

���7��
.���

�����
����

����
����

����
����

����
�����

����
����

����
�����

����
����

���
.�������������������������������������������

��������������������������������������������
����������0

���7��
.����

�����
�����

�����
����

�����
�����

�����
�����

����
����

�����
����

����
����

�����
.�������������������������������������������

��������������������������������������������
����������0

�









�

���7��
.���

�����
����

�����
�����

�����
�����

�����
�����

����
�����

�����
����

�����
����

����
�

�









�



���1���1�����1������1������1�����1������1���
���1������1������1������1������1�����1�����1

��1��������
7KH�O

LVW�RI�
HTXD

WLRQV�
WKDW�G

HVFULE
H�WKH

�PXWX
DO�LQWH

UUHODW
LRQV�R

FFXUU
LQJ�EH

WZHHQ
�YDULD

EOHV�S
UHVHQ

WHG�LQ
�WKH�D

ERYH�
WDEOH�

7 +�
=����7

 .����
�= K�

������G
 O����

��������
�������D

 K���
����G 

O�O
 �#O

O ����
��#�

>P@
�

�
�

�
�7���

Z
E

= +�7
����+ 

O�����=
 O�7��

���$1
* DU

FWDQ�
OE�OZ�

�����K 
O�7����

�:HLJ
KW ��

��#O#+
������&

UHZ 7
 .

�



)LJ� +���$�)RXU�3URSXOVRU�0DJQRFUDIW ZKLFK��DIWHU�WZR�VXEVHTXHQW�LPSOHPHQWDWLRQV�RID GLVFRLGDO� 0DJQRFUDIW� �� VHH� VXEVHFWLRQ� -��� UHSUHVHQWV� WKH� WKLUG� EDVLF� DSSOLFDWLRQ� RIPDJQHWLF SURSXOVRUV� �WKH� IRXUWK� EDVLF� DSSOLFDWLRQ� RI� WKHVH� SURSXOVRUV� LV� 0DJQHWLF3HUVRQDO 3URSXOVLRQ� 6\VWHP� GHVFULEHG� LQ� FKDSWHU� ,��� ,OOXVWUDWHG� DUH�� WKH� DSSHDUDQFH�FRPSRQHQWV� DQG� EDVLF� GLPHQVLRQV� RI� WKLV� YHKLFOH�� 6\PEROV�� �� �� D� JDEOH� URRI�� � �� �� DFXELFDO�OLYLQJ�FRPSDUWPHQW�FRQWDLQLQJ�FUHZ�FDELQ������RQH�RI�WKH�IRXU�SURSXOVRUV������D�FRUHRI KLJK� GHQVLW\� VSLQQLQJ� PDJQHWLF� ILHOG� \LHOG� IURP� WKH� 0� FKDPEHU� RI� WKH� YHKLFOH
VSURSXOVRUV��VHH��0��LQ�)LJXUH�+��������D�FUXVW�RI�VSLQQLQJ�VHJPHQWV�RI�PDJQHWLF�ILHOG�\LHOGIURP WKH�8��9��:�DQG�;�FKDPEHUV�RI�HDFK�YHKLFOH
V�SURSXOVRU������RQH�RI�WKH�IRXU�VFRUFKPDUNV�OHIW�RQ�WKH�JURXQG�E\�D�ORZ�KRYHULQJ�YHKLFOH��'LPHQVLRQV��+��=��*��:���GHVFULEH�WKHVL]H RI�D�FXELFDO�OLNH�FUHZ�FDELQ��L�H��WRWDO�KHLJKW��URRI�KHLJKW��ZDOO�KHLJKW��ZLGWK���G��O  O  OZ E��GHVFULEH�WKH�VSDQ�RI�WKH�YHKLFOH
V�PDJQHWLF�D[HV��K���GHVFULEH�KHLJKW�RI�SURSXOVRUV�



)LJ� +��� 7KH� VKDSH�� GLPHQVLRQV�� DQG� FRPSRQHQWV� RI� SURSXOVRUV� XWLOL]HG� LQ� WKH)RXU�3URSXOVRU 0DJQRFUDIW�� 7KHVH� SURSXOVRUV� XWLOL]H� WKH� DUUDQJHPHQW� RI� 2VFLOODWRU\&KDPEHUV FDOOHG�WKH��VSLGHU�FRQILJXUDWLRQ���IRU�GHWDLOV�VHH�)LJXUH�)����6\PEROV��0��8��9� VXEVHTXHQW�FKDPEHUV�RI�WKH�VSLGHU�FRQILJXUDWLRQ������EDUUHO�OLNH�DHURG\QDPLF�VKHOO�WKDWPD\ FRYHU� WKH�SURSXOVRU� �QRWH� WKDW� WKLV�VKHOO�FDQ� WDNH�DQ\� IRUP�� IURP�EDUUHO�VKDSHG�WRUHFWDQJXODU� QRW� MXVW� WKH�VKDSH�VKRZQ�LQ�WKLV� LOOXVWUDWLRQ������� MXJ�OLNH�DHURG\QDPLF�VKHOOWKDW�PD\�FRYHU�WKH�SURSXOVRU��D���VLGH�GLPHQVLRQV�RI�FXELFDO�2VFLOODWRU\�&KDPEHUV��K���WKHKHLJKW RI�WKH�SURSXOVRU��1��6���WKH�RULHQWDWLRQ�RI�PDJQHWLF�SROHV�LQ�VXEVHTXHQW�2VFLOODWRU\&KDPEHUV��P���PDJQHWLF�D[LV�RI�WKH�SURSXOVRU���D��7KH�EDUUHO�VKDSHG�SURSXOVRU��E��7KH�MXJ�VKDSHG�SURSXOVRU�



I-1&KDSWHU�,�
0$*1(7,&�3(5621$/�35238/6,21

$OPRVW�HYHU\RQH�DW�VRPH�VWDJH�GUHDPV�DERXW�IO\LQJ��/HW�XV�QRZ�UHPLQG�RXUVHOYHV�KRZWKLV GUHDPLQJ� ORRNV� OLNH�� 2XU� EUDLQ� VZHOOV� ZLWK� WKH� GHFLVLRQ� RI� DVFHQGLQJ�� DQG� WKH� ERG\REHGLHQWO\ DQG�ZHLJKWOHVVO\�IROORZHG�GLUHFWLYHV�RI�WKH�PLQG��:H�KDYH�QR�QHHG�WR�IODS�ZLWK�RXUKDQGV�RU�ILGJHW�ZLWK�RXU�OHJV��:KDWHYHU�ZH�WKRXJKW�RI��LW�ZDV�LPPHGLDWHO\�FRPSOHWHG�,W LV�LQWHUHVWLQJ�ZKHUH�WKLV�GLYHUJHQFH�RI�RXU�GUHDPV�ZLWK�ORJLF�RULJLQDWHV�IURP��$IWHU�DOOWKH ORJLF�VD\V�WKDW�IO\LQJ�VKRXOG�UHTXLUH�HQHUJHWLF�IODSSLQJ��DV�DOO�ELUGV�DOZD\V�HDUQ�WKHLU�IOLJKWZLWK KHDY\�ZLQJV�ZDYLQJ��7KH�DXWKRU�EHOLHYHV�WKDW�RXU�LQWXLWLRQ�DOUHDG\�NQRZV�ZKDW�LV�JRLQJWR FRPH� LQ� D QRW�WRR�GLVWDQW� IXWXUH�� 7KXV� WKH� HIIRUWOHVV�GUHDPV�RI� RXU� IOLJKWV� SUREDEO\�DUHLQWXLWLYH�SLFWXUHV�RI�WKH�SURSHOOLQJ�GHYLFHV�WKH�FRPSOHWLRQ�RI�ZKLFK�LV�DERXW�WR�RFFXU�+RZ RXU GHVFHQGDQWV� ZLOO� FRPSOHWH� WKHLU� IOLJKWV� FDQ� DOUHDG\� EH� GHGXFWHG� IURP� WKHRSHUDWLRQ RI�GLVFRLGDO�0DJQRFUDIW� IO\LQJ�LQ�WKH�LQYHUWHG�SRVLWLRQ��7KLV�RSHUDWLRQ�LV�LOOXVWUDWHGLQ )LJXUH�,���D����VHH�DOVR�)LJXUH�*���E���/HW�XV�UHFDS�LW�EULHIO\��7KH�HLJKW�VLGH�SURSXOVRUV��8�9��:��;��UHSHO�WKH�YHKLFOH�IURP�WKH�HQYLURQPHQWDO�PDJQHWLF�ILHOG�WKXV�SURGXFLQJ�WKH�OLIWLQJ�IRUFHZKLFK FDUULHV� LW� LQWR� WKH� VSDFH�� 6LPXOWDQHRXVO\� D� VLQJOH�PDLQ� SURSXOVRU� �0�� SODFHG� LQ� WKHFHQWUH� LV� DWWUDFWHG� E\� WKH� HQYLURQPHQWDO�PDJQHWLF� ILHOG� WKXV� SURGXFLQJ� D� VWDELOL]LQJ� IRUFHZKLFK IL[HV�WKH�RULHQWDWLRQ�RI�WKH�0DJQRFUDIW�LQ�VSDFH�DQG�FRQWUROV�LWV�DVFHQW��KRYHULQJ�DQGGHVFHQW�,W
V�HDV\�WR�SUHGLFW�WKDW�RQH�GD\�2VFLOODWRU\�&KDPEHUV�ZLOO�EH�PLQLDWXUL]HG�WR�WKH�VL]H�RIRQO\ D� IHZ� PLOOLPHWUHV�� ZLWKRXW� DQ\� VLJQLILFDQW� GHFUHDVH� LQ� WKH� RXWSXW�� 7KHUHIRUH�� WKHSURSXOVRUV RI� WKH� 0DJQRFUDIW� FDQ� EH� EXLOW� VPDOO� HQRXJK� WR� DOORZ� IRU� WKHLU� DVVHPEO\� LQWRDUWLFOHV RI�KXPDQ�DSSDUHO� �L�H�� EHOWV�DQG�VKRHV��ZLWKRXW�FDXVLQJ�DQ\�QRWLFHDEOH�GLVFRPIRUWRU�FKDQJH�LQ�WKH�VL]H�DQG ZHLJKW�RI�WKHVH�DUWLFOHV��,Q�WKLV�PDQQHU�D�QHZ�W\SH�RI�WKH�SURSXOVLRQV\VWHP ZLOO�EH�REWDLQHG��ZKLFK� LV�FDOOHG�KHUH� �PDJQHWLF�SHUVRQDO�SURSXOVLRQ�V\VWHP���7KLVQHZ SURSXOVLRQ�V\VWHP�ZLOO�SURYLGH�DOO�WKH�DGYDQWDJHV�RI�WKH�0DJQRFUDIW��VLPXOWDQHRXVO\�LWVSURSXOVRUV KLGGHQ� LQVLGH� RI� WKH� JDUPHQW� ZLOO� UHPDLQ� DOPRVW� XQQRWLFHDEOH� IRU� DQ� RXWVLGHREVHUYHU� 7KXV��ZLWKRXW�WKH�XVH�RI�DQ\�YLVLEOH�YHKLFOH��LW�ZLOO�SURYLGH�WKH�ZHDUHU�ZLWK�WKH�DELOLW\WR�IO\�LQ�WKH�DLU�RU�VSDFH�ZLWK�D�VSHHG�OLPLWHG�RQO\�E\�WKH�SHUIRUPDQFH�RI�SK\VLRORJLFDO�IXQFWLRQV�HVSHFLDOO\ EUHDWKLQJ���ZLWK�HQRUPRXV�SK\VLFDO�VWUHQJWK��ZLWK� LQYLVLELOLW\��DQG�ZLWK�SURWHFWLRQIURP�WKH�DFWLRQ�RI�DQ\�ZHDSRQ�WKDW�FRXOG�EH�XVHG�DJDLQVW�KLP�KHU��7KH SURSXOVLRQ�XQLW�XWLOL]HG� LQ�PDJQHWLF�SHUVRQDO�SURSXOVLRQ�V\VWHP� UHSUHVHQWV�RQO\D�VOLJKWO\�PRGLILHG�XQLW�RI�WKH�0DJQRFUDIW��,W�LV�VKRZQ�LQ�)LJXUH�,� �E���7KH�PDLQ�FKDUDFWHULVWLFRI WKLV�QHZ�XQLW� LV� WKDW� LWV� IUDPHZRUN�FUHDWHV�D�KXPDQ�VKDSHG�VWUXFWXUH��6LPLODUO\�DV� LV� WKHFDVH ZLWK� WKH�0DJQRFUDIW��SHUVRQDO�SURSXOVLRQ�DOVR�FRQWDLQV�D�VHW�RI�HLJKW�VLGH�SURSXOVRUV�PDUNHG 8��9��:��DQG�;��DQG�D�VHW�RI�WZR�PDLQ�SURSXOVRUV��LQ�)LJXUH�,���E��PDUNHG�0 ��0 ��/ 5%RWK WKHVH�VHWV�DUH�FRQQHFWHG�E\�WKH�ERG\�RI�WKH�XVHU�LQWR�RQH�HIIHFWLYH�SURSXOVLRQ�V\VWHP�7KH ERG\�SHUIRUPV�WKH�IXQFWLRQ�RI�D��FDUU\LQJ�VWUXFWXUH��RU�D�IUDPHZRUN��(DFK�SURSXOVRU�IURPERWK VHWV� FRQWDLQV� D� VLQJOH� WZLQ�FKDPEHU� FDSVXOH�� RQO\�D� IHZ�PLOOLPHWUHV� LQ� VL]H��ZKLFK� LVDVVHPEOHG LQVLGH�RI�D�VSKHULFDO�FDVLQJ��7KH�FDVLQJ�DQG�LWV�FDSVXOH�DUH�VLPLODU�WR�WKDW�XVHGLQ WKH� 0DJQRFUDIW� �VHH� )LJXUH� *���� RQO\� WKH\� DUH� GUDVWLFDOO\� PLQLDWXUL]HG�� (DFK� RI� WKHWZLQ�FKDPEHU FDSVXOHV�LV�FRPSRVHG�RI�WZR�VPDOO�2VFLOODWRU\�&KDPEHUV�LQVHUWHG�RQH�LQVLGHWKH�RWKHU��DV�ZDV�GHVFULEHG�LQ�VXEVHFWLRQ�)����:KHUH WKH� RUGHU� RI� FRPSOHWLRQ� RI� VXEVHTXHQW� SURSXOVLRQ� V\VWHPV� LV� FRQFHUQHG�



I-2PDJQHWLF SHUVRQDO� SURSXOVLRQ� ZLOO� EH� EXLOG� DV� IRXUWK� V\VWHP� RQ� (DUWK� XWLOL]LQJ� 2VFLOODWRU\&KDPEHUV �VHH�SHULRG��'� LQ� WKH�FODVVLILFDWLRQ�H[SODLQHG� LQ�VXEVHFWLRQ�-����7KH� UHDVRQ� IRUWKLV ZLOO� EH� WKH� LQLWLDO� WHFKQRORJLFDO� GLIILFXOWLHV� ZLWK� WKH� PLQLDWXUL]DWLRQ� RI� WZLQ�FKDPEHUFDSVXOHV�WR�WKH�VL]HV�VPDOO�HQRXJK�WR�EH�DSSOLFDEOH�IRU�WKLV�W\SH�RI�SURSXOVLRQ�V\VWHP�
,���7KH�VWDQGDUG�JDUPHQW�RI�SHUVRQDO�SURSXOVLRQ
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V�ZHDUHU��WKLV�VPHOO�FDQ�EH�FRQIXVHG�ZLWK�WKH�VPHOO�RI�VXOSKXUE\�WKRVH�QRW�DFFXVWRPHG�WR�LW���HWF� ��$V WKH�LPSRUWDQW�DGGLWLRQ�WR�WKH�DERYH�LQIRUPDWLRQ�LW�VKRXOG�EH�VWUHVVHG�WKDW�WKH�XVHUVRI PDJQHWLF� SHUVRQDO� SURSXOVLRQ� V\VWHPV� RI� WKH� ILUVW� JHQHUDWLRQ� REWDLQ� DOO� WKHLU� VSHFLDODELOLWLHV�RQO\�LQ�WKH�FDVH�LI�WKH\�ZHDU�WKH�JDUPHQW RI�WKLV�SURSXOVLRQ�DQG�ZKHQ�LWV�SURSXOVRUVUHPDLQ VZLWFKHG�RQ��7KXV�WKH�SUDFWLFDO��DQG�WKH�RQO\��PHWKRG�RI�RYHUSRZHULQJ�WKHVH�XVHUVZRXOG GHSHQG�RQ�GHDOLQJ�ZLWK�WKHP�DW�WKH�PRPHQW�ZKHQ�IRU�VRPH�UHDVRQV�WKH\�XQGUHVVHGWKLV JDUPHQW� �H�J�� WR� WDNH� D� EDWK���2I� FRXUVH�� DIWHU� EHLQJ� XQGUHVVHG� WKHVH� XVHUV� EHFRPHSURQH WR�GDQJHUV�DV�DOO�RWKHU�PRUWDOV�GR��DQG�WKHLU�RQO\�GHIHQFH�WKHQ�EHFRPHV�WKH�RUGLQDU\SK\VLFDO�ILWQHVV�DQG�WKHLU�LQWHOOLJHQFH�



)LJ��,���6LPLODULWLHV�RI�WKH�0DJQRFUDIW�DQG�PDJQHWLF�SHUVRQDO�SURSXOVLRQ�V\VWHP��D��7KH�0DJQRFUDIW�W\SH�.��IO\LQJ�LQ�DQ�LQYHUWHG�RULHQWDWLRQ��VHH�DOVR�)LJXUH�*���E����E� 7KH PDJQHWLF�SURSXOVLRQ�XQLW�FRPSRVHG�LQWR�D�KXPDQ�VKDSHG�VWUXFWXUH��7KLV�XQLWSURYLGHV WKH�SULQFLSOH� IRU� WKH� IRUPDWLRQ�RI�D�PDJQHWLF�SHUVRQDO�SURSXOVLRQ�V\VWHP��+XPDQILJXUHV VXSSRUWHG�ZLWK�VXFK�D�SURSXOVLRQ�XQLW�ZLOO�EH�DEOH�WR�IO\�LQ�WKH�DLU�ZLWKRXW�XVLQJ�DQ\DSSDUHQW YHKLFOH��7KLV�SURSXOVLRQ�XQLW� FRQWDLQV�HLJKW�VLGH�SURSXOVRUV� �ODEHOOHG�8��9��:��;�DVVHPEOHG LQVLGH�WKH�EHOW��7KHVH�SURGXFH�WKH�OLIWLQJ�IRUFHV��5���0RUHRYHU��WKH�XQLW�FRQWDLQVDOVR WZR�PLQLDWXUL]HG�PDLQ�SURSXOVRUV��ODEHOOHG�0 ��0 ��DVVHPEOHG�LQ�WKH�ULJKW�DQG�OHIW�VROHV5 /RI WKH� VKRHV�� 7KHVH� SURGXFH� VWDELOL]LQJ� IRUFHV� �$��� 7KH� ERG\� ���� RI� WKH� SURSXOVLRQ
V� XVHUSURYLGHV�D��FDUU\LQJ�VWUXFWXUH��WKDW�FRPELQHV�DOO�WKHVH�SURSXOVRUV�WRJHWKHU�



)LJ� ,���&RPSRQHQWV�DQG�JHQHUDO�DSSHDUDQFH�RI�WKH�VWDQGDUG�SHUVRQDO�SURSXOVLRQ�JDUPHQW�:HDUHUV RI�VXFK�SURSXOVLRQ�ZLOO�EH�DEOH�WR�IO\�QRLVHOHVVO\�LQ�WKH�DLU��ZDON�RQ�WKH�VXUIDFH�RIZDWHU� EHFRPH�UHVLVWDQW�WR�JXQILUH��EH�LQYLVLEOH��HWF��7KLV�JDUPHQW�FRQWDLQV������VKRHV��ZKRVHVROHV FRQWDLQ� WKH�PDLQ�SURSXOVRUV�� ���� WKH�HLJKW�VHJPHQW�EHOW�FDUU\LQJ� WKH�VLGH�SURSXOVRUV���� WKH�RQH�SLHFH�JDUPHQW�PDGH�RI�PDJQHWRUHIOHFWLYH�PDWHULDO��ZKLFK�LQFOXGHV�D�KRRG�����RUD KHOPHW�� ���� WKH� JORYHV� ZLWK� ZHE�OLNH� FRQQHFWRUV� EHWZHHQ� WKH� ILQJHUV�� $OO� RI� WKLV� LVFRPSOHPHQWHG ZLWK�WKH�JUDSKLWH�EDVHG�FUHDP�WKDW�FRDWV�WKH�XQFRYHUHG�SDUWV�RI�WKH�VNLQ�WRSURWHFW�WKHP�IURP�WKH�VWURQJ�PDJQHWLF�ILHOG��DQG WKH�FRQWUROOLQJ�FRPSXWHU�IDVWHQHG�WR�WKH�EDFNRI WKH�QHFN��ZKLFK�UHDGV�WKH�ELR�VLJQDOV�DQG�FRQYHUWV�WKHP�LQWR�SURSHOOLQJ�DFWLRQV��:KHQ�DKHDY\ MRE�QHHGV�WR�EH�GRQH��DGGLWLRQDO�EUDFHOHWV�FRQWDLQLQJ�HQKDQFHPHQW�SURSXOVRUV�FDQ�EHZRUQ RQ�WKH�ZULVW�MRLQWV��VKRZQ�DV�����LQ�)LJXUH�,���D����7KHVH�SURSXOVRUV�ZLOO�FRRSHUDWH�ZLWKWKRVH IURP WKH� EHOW� DQG� VKRHV�� WKXV� JLYLQJ� WKH� XVHU� DOPRVW� VXSHUQDWXUDO� VWUHQJWK�� H�J�HQDEOLQJ�KLP�KHU�WR�WHDU�WUHHV�XS�E\�WKH�URRWV��FDUU\�KXJH�ERXOGHUV��NQRFN�GRZQ�EXLOGLQJV��HWF�



)LJ��,���([WHUQDO�DQG�LQWHUQDO�PDJQHWLF�IRUFHV�IRUPHG�ZLWKLQ�WKH�SHUVRQDO�SURSXOVLRQ �VHHWKH OHIW�DQG�WKH�ULJKW�SDUW�UHVSHFWLYHO\���1RWH�WKDW�ERWK�WKHVH�VHWV�RI� IRUFHV�QHXWUDOL]H�HDFKRWKHU��:KLOH�IRUFHV��5��DQG��$��DFWLQJ�LQ�RSSRVLWH�GLUHFWLRQV�WHQVH�WKH�XVHU
V�ERG\��IRUFHV��4�VLPXOWDQHRXVO\ FRPSUHVV�KLV�KHU�ERG\��2QO\�IRUFHV��%��UHPDLQ�XQEDODQFHG��WKXV�FDXVLQJ�WKHXVHU�WR�NHHS�KLV�KHU�OHJV�DSDUW���OHIW� 7KH�VHW�RI�H[WHUQDO�IRUFHV�IRUPHG�EHFDXVH�WKH�SURSXOVRUV�RI�SHUVRQDO�SURSXOVLRQLQWHUDFW ZLWK� WKH�HQYLURQPHQWDO�PDJQHWLF� ILHOG��7KLV�VHW�RI� IRUFHV� LQFOXGHV��5��� OLIWLQJ� IRUFHVSURGXFHG�DV�WKH�UHVXOW�RI�UHSXOVLYH�LQWHUDFWLRQV��$���VWDELOL]DWLRQ�IRUFHV�SURGXFHG�DV�WKH�UHVXOWRI�DWWUDFWLYH�LQWHUDFWLRQV��LQGH[HV��5���ULJKW��/���OHIW����ULJKW� 7KH� VHW� RI� LQWHUQDO� IRUFHV� IRUPHG� EHFDXVH� DOO� SURSXOVRUV� DOVR� LQWHUDFWPDJQHWLFDOO\ EHWZHHQ�WKHPVHOYHV��7KHVH�IRUFHV�LQFOXGH��%���WKH�IRUFHV�RI�UHODWLYH�UHSXOVLRQRI ERWK� RI� WKH� PDLQ� SURSXOVRUV� IURP� HDFK� RWKHU� �WKHVH� FDXVH� D� SHUPDQHQW� VHSDUDWLRQ^VWUDGGOH` RI� WKH� OHJV���(� �� WKH� IRUFHV�RI�PXWXDO� UHSXOVLRQ�RI� WKH�VLGH�SURSXOVRUV� IURP�HDFKRWKHU��WKHVH�FDXVH�WKH�RXWZDUG�WHQVLQJ�RI�WKH�EHOW���4���WKH�IRUFHV�RI�PXWXDO�DWWUDFWLRQ�EHWZHHQHDFK PDLQ�DQG�HDFK�VLGH�SURSXOVRU��LI�SXW�RII�EDODQFH�E\�EHQGLQJ�WKH�OHJV�WKHVH��4��IRUFHVFDXVH�WKH�XVHU�WR�IO\�LQ�D�FURVV�OHJJHG�VTXDW�SRVLWLRQ��



)LJ��,���([DPSOHV�RI�WZR�XVHIXO�PRGLILFDWLRQV�RI�WKH�VWDQGDUG�SHUVRQDO�SURSXOVLRQ��D� 7KH� YHUVLRQ� RI� SHUVRQDO� SURSXOVLRQ� ZLWK� WKH� PDLQ� SURSXOVRUV� LQ� WKH� HSDXOHWWHV�6KRZQ DUH����� RQH�RI�WKH�WZR�PDLQ�SURSXOVRUV������WKH�HLJKW�VHJPHQW�EHOW�KRXVLQJ�WKH�VLGHSURSXOVRUV� ����RQH�RI� WKH� WZR�EUDFHOHWV�SODFHG�RQ�WKH� MRLQWV�RI� WKH�ZULVWV��7KHVH�EUDFHOHWVFRQWDLQ WKH�DGGLWLRQDO�HQKDQFHPHQW�SURSXOVRUV��QRW�XVHG�IRU�IOLJKWV��ZKLFK�PXOWLSO\�WKH�XVHU
VSK\VLFDO VWUHQJWK�ZKHQ�KH�VKH�SHUIRUPV�KHDY\�ZRUN��1RWH� WKDW� WR�VWUHQJWKHQ� WKH�JDUPHQW�VRPHWLPHV WZR�FURVVHG�EUDFHV�VXVSHQGHUV�FDQ�DGGLWLRQDOO\�MRLQ�WKH�EHOW�ZLWK�WKH�HSDXOHWWHV��E� 7KH�YHUVLRQ�RI�SHUVRQDO�SURSXOVLRQ�ZLWK�D�KHOPHW�DQG�SURWHFWLYH�FXVKLRQV�DURXQGWKH�KLSV��6KRZQ�DUH������WKH�FXVKLRQV�SURWHFWLQJ�WKH�XVHU
V�KDQGV�IURP�WKH�PDJQHWLF�ILHOG�DQGHOHFWURVWDWLF FKDUJHV�� ���� WKH� PDJQHWLFDOO\� LPSHQHWUDEOH� VFUHHQ� DQG� DQWL�HOHFWURVWDWLFLQVXODWLRQ DURXQG� WKH� RXWHU� SHULPHWHU� RI� WKH� FXVKLRQV�� ���� D� VLQJOH� VHJPHQW� RI� WKHHLJKW�VHJPHQW EHOW� FRQWDLQLQJ� WKH� VLGH� SURSXOVRUV�� ���� RQH�RI� WKH� SDUWLWLRQV� WKDW� GLYLGH� WKHFXVKLRQ LQWR�HLJKW�VHSDUDWH�FKDPEHUV��HDFK�RI�WKHVH�FKDPEHUV�KRXVHV�RQH�VLGH�SURSXOVRU��



J-1

&KDSWHU�-�
0$*12&5$)7�2)�7+(�6(&21'�$1'�7+,5'�*(1(5$7,216

,Q FKDSWHU�%�RI�WKLV�PRQRJUDSK�D�ODZ�GLVFRYHUHG�E\�WKH�DXWKRU�DQG�FDOOHG�D��3HULRGLF3ULQFLSOH� ZDV� GHVFULEHG�� 7KLV� 3ULQFLSOH� UHYHDOV� WKDW� RXU� SURJUHVV� LQ� WKH� PHDQV� RIWUDQVSRUWDWLRQ ZLOO�QRW�EH�OLPLWHG�WR�EXLOGLQJ�RQO\�WKH�0DJQRFUDIW�DQG�WR�FRQVWUXFWLQJ�YDULRXVSURSHOOLQJ GHYLFHV�GHULYHG�IURP�WKLV�YHKLFOH��DV�GHVFULEHG�LQ�FKDSWHUV�*�WR�,���,W�DOVR�LQGLFDWHVWKDW DIWHU� WKH� 0DJQRFUDIW� WZR� HYHQ� PRUH� DGYDQFHG� YHKLFOHV� ZLOO� EH� EXLOW� RQ� (DUWK�� 7KHSURSXOVLRQ RI�WKHVH�YHKLFOHV�ZLOO�VLPLODUO\�XWLOL]H�WKH�FLUFXODWLRQ�RI�PDJQHWLF�ILHOG�IRUFH�OLQHV��VHH WZR�KLJKHVW�URZV�LQ�7DEOH�%���%XW�WKHLU�RSHUDWLRQ�ZLOO�EH�EDVHG�RQ�WZR�SKHQRPHQD�QRW\HW FRPSOHWHO\�ZRUNHG�RXW�E\�(DUWK
V�VFLHQFH��7KHVH�DUH�WKH�PDJQHWLF�HTXLYDOHQWV�WR�LQHUWLDDQG WR� LQWHUQDO� HQHUJ\��$OWKRXJK� WKHVH� WZR�SKHQRPHQD�DUH�DOUHDG\�ZHOO� NQRZQ� IRU�DOO� WKHSK\VLFDO VXEVWDQFHV��IRU�WKH�PDJQHWLF�ILHOGV�DW�WKH�SUHVHQW�OHYHO�RI�NQRZOHGJH�WKHLU�PHDQLQJFDQ RQO\�EH�GHGXFWHG�WKHRUHWLFDOO\�ZLWK�WKH�XVH�RI�WKH�DXWKRU
V�WKHRU\�FDOOHG�WKH�&RQFHSW�RI'LSRODU *UDYLW\�ZKLFK�LV�GHVFULEHG�LQ�FKDSWHU�'�DQG�IXUWKHU�HODERUDWHG�LQ�WUHDWLVHV�>�@�DQG�>�@�VRPH RI� WKH� ILQGLQJV� RI� WKLV� WKHRU\�ZHUH� DOVR� SXEOLVKHG� LQ� WKH� DUWLFOH� >�-@ E\� WKH� DXWKRU�HQWLWOHG��*UDYLWDWLRQ�DOV�'LSRODUH�)HOGHU���SXEOLVKHG�LQ�WKH�:HVW�*HUPDQ�-RXUQDO�5DXP�	�=HLW�1U� ����-XQL�-XOL�������SDJHV����WR������$FFRUGLQJ�WR�WKLV�WKHRU\�WKH�PDJQHWLF�HTXLYDOHQW�WRLQHUWLD�LV�WKH��7HOHNLQHWLF�(IIHFW��GHVFULEHG�LQ�PRUH�GHWDLOV�LQ�FKDSWHU�&��ZKHUHDV�WKH�PDJQHWLFHTXLYDOHQW WR�LQWHUQDO�HQHUJ\�LV�WKH��PDJQHWLF�FRQFHSW�RI�WLPH��VWHPPLQJ�IURP�WKH�&RQFHSW�RI'LSRODU�*UDYLW\���IRU�PRUH�GHWDLOV�VHH�VXEVHFWLRQ�'��7KHVH WZR�DGYDQFHG�PDJQHWLF�SKHQRPHQD��L�H��WKH�7HOHNLQHWLF�(IIHFW�DQG�WKH�HODSVHRI�WLPH�DFFRUGLQJ�WR�WKH�PDJQHWLF�FRQFHSW�RI�WLPH��FDQ�EH�XWLOL]HG�IRU�SURSHOOLQJ�SXUSRVHV��7KHXWLOL]DWLRQ RI� WKH� 7HOHNLQHWLF� (IIHFW� EHFRPH� UHDOLW\� ZKHQ� RXU� FLYLOL]DWLRQ� GHYHORSV� GHYLFHVFDSDEOH RI FDXVLQJ�D�WHOHNLQHWLF�PRWLRQ��7KHUH�DUH�WZR�NLQGV�RI�PRWLRQ�WKDW�D�WHFKQRORJLFDOYHUVLRQ RI� WHOHNLQHVLV�FDQ�SURGXFH�� L�H�� UHODWLYH�DQG�DEVROXWH��VHH�VHFWLRQV�%��DQG�&����$OOSURSHOOLQJ GHYLFHV� WKDW� HPSOR\� WHFKQRORJLFDO� WHOHNLQHVLV� WR� SURGXFH� D� UHODWLYH� PRWLRQ� DUHFDOOHG KHUH��WHOHNLQHWLF�PRWRUV���EXW�DOO�VXFK�GHYLFHV�SURGXFLQJ�DQ�DEVROXWH�PRWLRQ�DUH�FDOOHG�WHOHSRUWDWLYH SURSXOVRUV��� ,Q� WKLV� WUHDWLVH� WKH� WHUP��WHOHSRUWDWLRQ�� LV�GHILQHG�DV�DQ�DEVROXWHYHUVLRQ RI� WHOHNLQHWLF� PRWLRQ� XWLOL]HG� IRU� WKH� SXUSRVHV� RI� WUDQVSRUWDWLRQ�� 7KXV� WKH� QDPHWHOHSRUWDWLYH SURSXOVRUV�RULJLQDWHV� IURP�WKLV� WHUP��$Q�DGYDQFHG�IO\LQJ�YHKLFOH�ZKLFK�XWLOL]HVWHOHSRUWDWLYH SURSXOVRUV�LV�FDOOHG�KHUH�WKH��7HOHSRUWDWLRQ�9HKLFOH���,WV�GHVFULSWLRQ�LV�FRQWDLQHGLQ WKH�ILUVW�VXEVHFWLRQ�RI�WKLV�FKDSWHU��WHOHNLQHWLF�PRWRUV�DUH�GHVFULEHG�LQ�VXEVHFWLRQ�&�����DQG�LQ�D�VHSDUDWH�WUHDWLVH�>�@��7KH XWLOL]DWLRQ� RI� WKH�PDJQHWLF� FRQFHSW� RI� WLPH�EHFRPH� UHDOLW\�ZKHQ�RXU� FLYLOL]DWLRQIXUWKHU LPSURYHV� WKH� WHOHNLQHWLF� SURSXOVRUV� DQG� DGGV� WKHP� D� FDSDELOLW\� WR� DOWHU� WKH� QDWXUDOHODSVH�RI�WLPH��7KH�YHKLFOHV�UHFHLYHG�LQ�WKDW�PDQQHU�ZLOO�EH�FDOOHG��7LPH�9HKLFOHV��$W WKLV�SRLQW�LW�VKRXOG�EH�VWUHVVHG�DJDLQ�WKDW�IRU�D�SHUVRQ�XQIDPLOLDU�ZLWK�DSSURSULDWHWKHRUHWLFDO IRXQGDWLRQV�WKH�DSSHDUDQFH�RI�7HOHSRUWDWLRQ�9HKLFOHV�DQG�7LPH�9HKLFOHV�ZLOO�EHLGHQWLFDO WR�WKH�DSSHDUDQFH�RI�DQ�RUGLQDU\�0DJQRFUDIW��7KHUHIRUH�VXFK�D�SHUVRQ�ZLOO�QRW�EHDEOH WR�GLVWLQJXLVK�EHWZHHQ�WKHVH�YHKLFOHV�RI�GLIIHUHQW�JHQHUDWLRQV��DQG�WKXV�DOVR�WR�SUHSDUHKLP�KHUVHOI WR� D� W\SH� RI� SKHQRPHQD� WKDW� KH�VKH� PD\� IDFH� LQ� WKHLU� SUHVHQFH�� $OO� WKUHHJHQHUDWLRQV�RI�WKHVH�YHKLFOHV�ZLOO�KDYH�H[DFWO\�WKH�VDPH�VKDSHV��GLPHQVLRQV��UDQJH�RI�W\SHV�DQG ZLOO� DOVR�EH�FRQVWUXFWHG� IURP�PDWHULDOV�GLVSOD\LQJ� WKH�VDPH�YLVXDO� FKDUDFWHULVWLFV��)RUWKH GXUDWLRQ�RI�IOLJKWV�DOO�WKHVH�YHKLFOHV�ZLOO�DOVR�FRXSOH�LQWR�WKH�VDPH�IO\LQJ�DUUDQJHPHQWV��VHH )LJXUH�*���)XUWKHUPRUH��WKHLU�PXWXDO�VLPLODULW\�ZLOO�EH�UHLQIRUFHG�DGGLWLRQDOO\�E\�WKH�IDFW
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WKDW WKH�0DJQRFUDIW�RI�WKH�VHFRQG�DQG�WKLUG�JHQHUDWLRQ�ZLOO�EH�DEOH�WR�VZLWFK�WKHLU�RSHUDWLRQRQWR�WKH�PDJQHWLF�FRQYHQWLRQ�WKXV�GLVSOD\LQJ�WKH�VDPH�UDQJH�RI�SKHQRPHQD�WKDW�DQ�RUGLQDU\0DJQRFUDIW GRHV��7KH�GLIIHUHQFHV�H[LVWLQJ�EHWZHHQ�WKHP�EHFRPH�DSSDUHQW�RQO\�ZKHQ�WKH\VZLWFK RQ WKHLU� PRVW� DGYDQFHG� FRQYHQWLRQ� RI� IOLJKW�� LQGXFLQJ� LQ� WKDW� ZD\� WKH� SKHQRPHQDFKDUDFWHULVWLF IRU�MXVW�WKH�VHFRQG�RU�WKH�WKLUG�JHQHUDWLRQ�RI�PDJQHWLF�SURSXOVLRQ�V\VWHPV��)RUDQ H[SHUW�WKLV�GLIIHUHQFH�ZLOO�EHFRPH�DOVR�YLVLEOH�IURP�VRPH�WHFKQLFDO�GHWDLOV��H�J��IURP�WKHVKDSH�RI�WKHLU�2VFLOODWRU\�&KDPEHUV���VHH�VXEVHFWLRQ�-����7KH�DLP�RI�WKLV�FKDSWHU�LV�WR�SURYLGHWKHRUHWLFDO IRXQGDWLRQ� ZKLFK� H[SODLQ� WKH� XQLTXH� SKHQRPHQD� DQG� WHFKQLFDO� GHWDLOVFKDUDFWHULVWLF�IRU�WKH�WZR�PRVW�DGYDQFHG�JHQHUDWLRQV�RI�WKH�0DJQRFUDIW�
-���7HOHSRUWDWLRQ�9HKLFOH�DV�WKH�0DJQRFUDIW�RI�WKH�VHFRQG�JHQHUDWLRQ
:H�VKRXOG�H[SHFW�WKH�ILUVW�7HOHSRUWDWLRQ�9HKLFOH�WR�EH�EXLOW�DURXQG�WKH�\HDU�������ZKHQWKH 0DJQRFUDIW
V� PDJQHWLF� SURSXOVRUV� ZLOO� EH� VXSSOLHG� ZLWK� WKH� DGGLWLRQDO� FDSDELOLW\� RISURGXFLQJ WKH�7HOHNLQHWLF�(IIHFW��$FFRUGLQJ�WR�WKH�RPQLEXV�WUHQG�GLVFXVVHG�LQ�VXEVHFWLRQ�%��WKLV YHKLFOH�ZLOO�EH�GHYHORSHG�DV�D�PRUH�DGYDQFHG�PRGLILFDWLRQ�RI�WKH�RUGLQDU\�0DJQRFUDIW�FDSDEOH�RI�RSHUDWLQJ�LQ�HLWKHU�WKH�PDJQHWLF�RU�WHOHSRUWDWLYH�FRQYHQWLRQ��7KLV�H[SODLQV�WKH�RWKHUQDPH�IRU�WKH�7HOHSRUWDWLRQ�9HKLFOH��ZKLFK�LV�WKH�0DJQRFUDIW�RI�WKH�VHFRQG�JHQHUDWLRQ�7KH RSHUDWLRQ� RI� WKH� 0DJQRFUDIW� RI� WKH� VHFRQG� JHQHUDWLRQ� ZLOO� EH� EDVHG� RQ� WKHXWLOL]DWLRQ RI� WKH� 7HOHNLQHWLF� (IIHFW� DOUHDG\� GLVFXVVHG� LQ� FKDSWHU� &�� $Q� H[SODQDWLRQ� RI� WKLVRSHUDWLRQ VKRXOG� EH� VWDUWHG� IURP� UHPLQGLQJ� WKDW� SURSXOVRUV� RI� HYHU\�0DJQRFUDIW� SURGXFHSXOVDWLQJ PDJQHWLF�ILHOG��2I�FRXUVH��WKH�YHU\�QDWXUH�RI�SXOVDWLRQV�LV�VXFK�WKDW�WKH�PDJQHWLFILHOG ZKLFK�LV�VXEMHFWHG�WR�WKHP��GXULQJ�VXEVHTXHQW�YDULDWLRQV�LQ�WLPH�PXVW�XQGHUJR�WKURXJKVHTXHQFHV RI�DFFHOHUDWLRQV�DQG�GHFHOHUDWLRQV��7KHUHIRUH�LQ�HYHU\�0DJQRFUDIW�SXOVDWLRQV�RIWKH ILHOG� PXVW� FUHDWH� VRPH� WHOHNLQHWLF� SXOO�� 8QIRUWXQDWHO\� LQ� WKH� 0DJQRFUDIW� RI� WKH� ILUVWJHQHUDWLRQ WKLV� SXOO� LV� WRR� VPDOO� DQG�ZURQJO\� GLUHFWHG� LQ� RUGHU� WR� SURGXFH� DQ\�PHDQLQJIXOSURSHOOLQJ WKUXVW��%XW� LI� WKHVH�DFFHOHUDWLRQV�DQG�GHFHOHUDWLRQV�RI� WKH�0DJQRFUDIW
V� ILHOG�DUHDSSURSULDWHO\ FRQWUROOHG�WKHQ�WKH\�DUH�DEOH�WR�SURYLGH�WKH�VLJQLILFDQW�WHOHNLQHWLF�WKUXVW�WR�WKHYHKLFOH�FRQWDLQHG�LQ�WKHLU�UDQJH��2I�FRXUVH��LQ�RUGHU�WR�DFKLHYH�VXFK�VRSKLVWLFDWHG�FRQWURO�RYHUWKH �YDULDWLRQ�LQ�WLPH��RI�WKH�ILHOG�SURGXFHG�E\�WKH�0DJQRFUDIW
V�SURSXOVRUV��D�QHZ�JHQHUDWLRQRI 2VFLOODWRU\� &KDPEHUV� PXVW� EH� EXLOG�� 7KHVH� QHZ� �RFWDJRQDO�� FKDPEHUV� RI� WKH� VHFRQGJHQHUDWLRQ�ZLOO�KDYH�HLJKW�VLGH�ZDOOV��L�H��WZLFH�DV�PDQ\�DV�LQ�WKH�VTXDUH�FKDPEHUV�RI�WKH�ILUVWJHQHUDWLRQ�� )RU� WKLV� UHDVRQ�� WKH� 0DJQRFUDIW� RI� WKH� VHFRQG� JHQHUDWLRQ� ZLOO� EH� HDVLO\LGHQWLILDEOH E\�LWV�RFWDJRQDO�2VFLOODWRU\�&KDPEHUV�RI�WKH�VHFRQG�JHQHUDWLRQ��ZKLFK�LW�HPSOR\VLQ�DOO�LWV�SURSXOVRUV�'HSHQGLQJ RQ�WKH�SRODU�RULHQWDWLRQ�LQ�UHODWLRQ�WR�WKH�HQYLURQPHQWDO�PDJQHWLF�ILHOG��L�H�LQ UHODWLRQ�WR�WKH�ILHOG�RI�(DUWK��6XQ��RU�*DOD[\���WKH�SURSXOVRUV�RI�HYHU\�0DJQRFUDIW�FDQ�EHVXEGLYLGHG�LQWR�WZR�FDWHJRULHV���VHH�)LJXUH�%���D���7KH�ILUVW�RI�WKHP��0��LV�RULHQWHG�DV�WR�UHSHOWKH HQYLURQPHQWDO�PDJQHWLF�ILHOG��ZKHUHDV�WKH�VHFRQG�RQH��8����DV�WR�DWWUDFW��7KH�SURSXOVRUVRULHQWHG DV�WR�DWWUDFW� WKH�HQYLURQPHQWDO�PDJQHWLF�ILHOG�LQ�FKDSWHU�*�ZHUH�FDOOHG��VWDELOL]LQJSURSXOVRUV�� )URP�WKH�PDJQHWLVP�LW�LV�NQRZQ�WKDW�HYHU\�WZR�VRXUFHV�RI�PDJQHWLF�ILHOGV�ZKLFKPXWXDOO\ DWWUDFW�HDFK�RWKHU�PXVW�FUHDWH�FRPPRQ�PDJQHWLF�FLUFXLWV��,Q�WKHVH�FLUFXLWV�WKH�VDPHIRUFH OLQHV�RI�PDJQHWLF�ILHOG�ZLOO� ORRS�WKURXJK�ERWK�VRXUFHV��VHH�)LJXUH�.����7KHUHIRUH�DOVRD�VLJQLILFDQW�SDUW�RI�WKH�IRUFH�OLQHV�RI�PDJQHWLF�ILHOG�FUHDWHG�E\�WKH�VWDELOL]LQJ�SURSXOVRUV�RI�WKH0DJQRFUDIW�PXVW�EH�VLPSO\�DQ�H[WHQVLRQ�RI�IRUFH�OLQHV�RI�WKH�HQYLURQPHQWDO��(DUWK
V��PDJQHWLFILOHG� 7KLV� LQ� WXUQ� PHDQV� WKDW� WKH� IO\LQJ� 0DJQRFUDIW� LV� �ZUDSSHG�� LQWR� WKH� HQYLURQPHQWDO
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PDJQHWLF�ILHOG��WKH�IRUFH�OLQHV�RI�ZKLFK SDVV�WKURXJK�WKH�SURSXOVRUV�RI�WKLV�YHKLFOH��7KXV��LI�WKHFXUYHV�RI�YDULDWLRQV�LQ�WLPH�RI�WKH�SXOVDWLQJ�ILHOG�SURGXFHG�E\�WKH�SURSXOVRUV�RI�WKH�0DJQRFUDIWDUH DSSURSULDWHO\�FRQWUROOHG��WKLV�PXVW�DOVR�FRQWURO�WKH�SXOVDWLRQV�RI�WKH�HQYLURQPHQWDO�ILHOGLQ�ZKLFK�D�JLYHQ�0DJQRFUDIW�LV��ZUDSSHG���7KH�FRQWUROOHG�SXOVDWLRQV�RI�WKH�HQYLURQPHQWDO�ILHOGZLOO FUHDWH�YHFWRUV�RI�DFFHOHUDWLRQ�DQG�GHFHOHUDWLRQ�RI� WKLV� ILHOG�GLUHFWHG�DW� WKH�VKHOO� RI� WKHYHKLFOH��,Q�WXUQ�WKHVH�YHFWRUV�ZLOO�FUHDWH�WKH�7HOHNLQHWLF�(IIHFW�WKH�SXOO�RI�ZKLFK�ZLOO�SURGXFH�WKHWKUXVW�IRUFH�SURSHOOLQJ�WKH�YHKLFOH�LQWR�D�GHVLUHG�GLUHFWLRQ�7KH PHFKDQLVP�IRU�SURGXFLQJ�WKH�WHOHNLQHWLF�SXOO�GHVFULEHG�DERYH�UHDOL]HV�WKDW�LQ�WKH0DJQRFUDIW RI�WKH�VHFRQG�JHQHUDWLRQ�WKH�SURSHOOLQJ�WKUXVW�LV�IRUPHG�E\�WKH�IRUFHG�SXOVDWLRQVRI�WKH�HQYLURQPHQWDO�PDJQHWLF�ILHOG��L�H��WKH�ILHOG�RI�(DUWK��6XQ��RU�*DOD[\��QRW�E\�WKH�ILHOG�RI�DJLYHQ YHKLFOH��7KH�ILHOG�RI�WKH�YHKLFOH
V�SURSXOVRUV�LV�RQO\�XVHG�DV�WKH�DJHQW�ZKLFK�PDNHV�WKHHQYLURQPHQWDO ILHOG� WR� ZUDS� DURXQG� WKH� YHKLFOH� DQG� WR� SXOVDWH�� QRW� DV� WKH� FUHDWRU� RI� WKHSURSHOOLQJ IRUFHV��7KLV� LQ� WXUQ� LQWURGXFHV�D�QXPEHU�RI�YHU\� LPSRUWDQW�FRQVHTXHQFHV� WR� WKHPDJQHWLF ILHOG� SURGXFHG� E\� WKH� 7HOHSRUWDWLRQ� 9HKLFOHV�� 7KH� PRVW� LPSRUWDQW� RI� WKHVHFRQVHTXHQFHV LV� WKDW� WKH� PHDQ� GHQVLW\� RI� WKH� ILHOG� SURGXFHG� E\� WKH� SURSXOVRUV� RI7HOHSRUWDWLRQ�9HKLFOHV�GRHV�QRW�QHHG�WR�GLIIHU�IURP�WKH�GHQVLW\�RI�WKH�HQYLURQPHQWDO�PDJQHWLFILHOG� 7KHUHIRUH��IRU�RXU�SUHVHQW�UHVHDUFK�LQVWUXPHQWV�WKH�PDJQHWLF�ILHOG�RI�VXFK�YHKLFOHV�FDQEH�DEVROXWHO\�XQGHWHFWDEOH��3UDFWLFDOO\�VSHDNLQJ�WKLV�PHDQV�WKDW�DW�RXU�SUHVHQW��UHODWLYHO\�ORZ�OHYHO RI�DGYDQFHPHQW�ZH�PD\�QRW�KDYH�DQ\� LQVWUXPHQWV�FDSDEOH�RI� LQIRUPLQJ�XV�DERXW� WKHH[LVWHQFH�RI�VXFK�YHKLFOHV�LQ�RXU�FORVH�SUR[LPLW\�7KH VDPH QXPEHU�RI� WHFKQLFDO�YHUVLRQV�RI� WKH�7HOHSRUWDWLRQ�9HKLFOH�FDQ�EH�EXLOW�DVWKHVH�RI�WKH�RUGLQDU\�0DJQRFUDIW��7KHUHIRUH��H[FHSW�IRU�WKH�GLVN�VKDSHG�IO\LQJ�YHVVHO��UHIHU�WRWKH GLVN�VKDSHG�0DJQRFUDIW�GHVFULEHG�LQ�FKDSWHU�*���WKH�7HOHSRUWDWLRQ�9HKLFOH�FDQ�DOVR�EHSURGXFHG�DV�D�7HOHSRUWDWLYH�)RXU�3URSXOVRU�6SDFHFUDIW��UHIHU�WR�FKDSWHU�+���DQG�7HOHSRUWDWLYH3HUVRQDO�3URSXOVLRQ��UHIHU�WR�FKDSWHU�,���,Q�HDFK�RI�WKHVH�WHFKQLFDO�YHUVLRQV��WKH�7HOHSRUWDWLRQ9HKLFOH ZLOO� NHHS� DOO� LWV� PDMRU� FKDUDFWHULVWLFV�� ZKLFK� DUH� VXPPDUL]HG� DW� WKH� HQG� RI� WKLVVXEVHFWLRQ�$W WKLV� SRLQW� LW� VKRXOG� EH�PHQWLRQHG� WKDW� WKH� HIIHFW� RI� RSHUDWLRQ� RI� WKH� WHOHSRUWDWLYHSURSXOVRUV ZLOO�QRW�DIIHFW�SHRSOH
V�KHDOWK�DV�PXFK�DV�WKH�XVH�RI�PDJQHWLF�SURSXOVRUV�ZLOO���$QH[DFWO\�RSSRVLWH�SKHQRPHQRQ�ZLOO�RFFXU���DV�WKH�FDUULHU�RI�WKH�7HOHNLQHWLF�(IIHFW�WKH�PDJQHWLFILHOG RI� WKHVH�SURSXOVRUV�ZLOO�VWLPXODWH� WKH� LPSURYHPHQW�RI�KHDOWK�RI�DOO�RUJDQLVPV�IURP�WKHYLFLQLW\�� )RU�WKLV�UHDVRQ�WKH�IXWXUH�XVHUV�RI�7HOHSRUWDWLYH�3HUVRQDO�3URSXOVLRQ�ZLOO�QRW�QHHGWR ZHDU�WKH�SURWHFWLYH�JDUPHQWV�WKDW�DUH�QHFHVVDU\�IHDWXUHV�RI�PDJQHWLF�SHUVRQDO�SURSXOVLRQ�VHH�)LJXUHV�,��DQG�,����2Q�WKH�RWKHU�KDQG��LQ�WKH�DJH�RI�WHOHSRUWDWLYH�SURSXOVLRQ�V\VWHPV��WKHSURFHVV RI� PLQLDWXUL]DWLRQ� ZLOO� EH� PRUH� DGYDQFHG� ZKHQ� FRPSDUHG� ZLWK� WKDW� RI� PDJQHWLFSHUVRQDO SURSXOVLRQ��%RWK�WKH�DERYH�IDFWRUV�WRJHWKHU�� L�H��QR�GHWULPHQWDO�KHDOWK�HIIHFWV�DQGDGYDQFHG PLQLDWXUL]DWLRQ�� ZLOO�PDNH� LW� SRVVLEOH� IRU� WKH� HOHPHQWV� RI� 7HOHSRUWDWLYH�3HUVRQDO3URSXOVLRQ WR� EH� LQVHUWHG� VXUJLFDOO\� LQWR� WKH� ERGLHV� RI� SHRSOH�� LQVWHDG�RI� EHLQJ� FDUULHG� DVDGGLWLRQDO HTXLSPHQW��6XFK�D�VXUJLFDO�LQVHUWLRQ�ZLOO�HQVXUH�WKDW�WKH\�ZLOO�QRW�IRUJHW�WR�WDNH�WKLVSURSXOVLRQ ZLWK�WKHP�ZKHUHYHU�WKH\�JR��PDNLQJ�LW�DOZD\V�DYDLODEOH�ZKHQHYHU�QHHGHG��$V�WKHFDSDELOLWLHV�RI�7HOHSRUWDWLYH�3HUVRQDO�3URSXOVLRQ�DUH�H[WUDRUGLQDU\��UHIHU�WR�WKH�ODVW�SDUDJUDSKLQ WKLV�VXEVHFWLRQ���KDYLQJ� LW� UHDG\� IRU�XVH� LQ�DQ\�VLWXDWLRQ�FRXOG�VDYH�QXPHURXV� OLYHV�DQGSUHYHQW�FRXQWOHVV�WUDJHGLHV��)RU�H[DPSOH��WKH�PDMRULW\�RI�DFFLGHQWV�ZRXOG�EH�DYRLGHG�LI�YLFWLPVFRXOG KDYH� WHOHSRUWDWLYH� SURSXOVRUV� EXLOW� LQWR� WKHLU� ERGLHV�� ,Q� DGGLWLRQ� WR� WKLV� SXUSRVH�� WKH7HOHSRUWDWLYH 3HUVRQDO�3URSXOVLRQ�ZLOO�SURYLGH�LWV�XVHUV�ZLWK�QXPHURXV�HYHU\GD\�DGYDQWDJHV�7R JLYH�VRPH�LGHD�DV�WR�ZKDW�FRXOG�EH�DFKLHYHG�ZLWK�VXFK�D�EXLOW�LQ�ERG\�SURSXOVLRQ�V\VWHP�LW�LV�VXIILFLHQW�WR�YLHZ�WKH�WHOHYLVLRQ�VHULHV��7KH�0DJLF�RI�'DYLG�&RSSHUILHOG���&%��'LUHFWRU��6WDQ
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+DUULV���$OO�WKH�H[WUDRUGLQDU\�DFKLHYHPHQWV�WKDW�WKH�PDJLFLDQ�'DYLG�&RSSHUILHOG�GHPRQVWUDWHV�VXFK DV�ZDONLQJ� WKURXJK�ZDOOV�� SDVVLQJ� WKURXJK� LURQ� JDWHV�� VXUYLYLQJ� WKH� LPSDFW� RI� GHDGO\REMHFWV� IO\LQJ� LQ� WKH�DLU� �WKURXJK� WKH�*UHDW�&DQ\RQ���HWF��� LQ� WKH� IXWXUH�FDQ�EH�SDUW� RI� WKHHYHU\GD\ DFWLYLWLHV� RI� RUGLQDU\� SHRSOH� HTXLSSHG� ZLWK� 7HOHSRUWDWLYH� 3HUVRQDO� 3URSXOVLRQ6\VWHP��7KH ORZ� GHQVLW\� RI� WKH� PDJQHWLF� ILHOG� SURGXFHG� E\� WKH� 0DJQRFUDIW� RI� WKH� VHFRQGJHQHUDWLRQ� FRPELQHG�ZLWK�WKH�FDSDELOLW\�RI�WKH�WHOHNLQHWLF�FRPSRQHQW�RI�WKLV�ILHOG�WR�VWLPXODWHELRORJLFDOO\�WKH�VRLO��FDXVH�WKDW�WKH�ODQGLQJ�VLWHV�RI�WKH�0DJQRFUDIW�RI�WKH�VHFRQG��DQG�DOVR�WKHWKLUG��JHQHUDWLRQ�ZLOO�GLIIHU�IURP�WKH�ODQGLQJV�RI�WKH�0DJQRFUDIW�RI�WKH�ILUVW�JHQHUDWLRQ��7KH�PDLQRI WKHVH�GLIIHUHQFHV�ZLOO�GHSHQG�RQ�WKH�IDFW�WKDW�WKH�0DJQRFUDIW�RI�WKH�VHFRQG��DQG�DOVR�WKHWKLUG� JHQHUDWLRQ�ZKLFK� ODQGHG� LQ� WKHLU�PRVW� DGYDQFHG� FRQYHQWLRQ� RI� IOLJKW� ZLOO� XVXDOO\� QRWFDXVH DQ\�VFRUFKLQJ�QRU�ELRORJLFDO�VWHULOL]DWLRQ�RI�WKH�VRLO��&RQWUDU\��LQ�DUHDV�ZKHUH�WKLV�VRLOZDV H[SRVHG�LQWR�WKH�DFWLRQ�RI�WKHLU�PDJQHWLF�ILHOG��LW�EHFRPHV�VWLPXODWHG�ELRORJLFDOO\��,Q�WKHHIIHFW RI� WKLV�VWLPXODWLRQ�DOO� WKH�YHJHWDWLRQ��DQG�DOVR�RWKHU� OLYLQJ�RUJDQLVPV��JURZLQJ� LQ� WKHDUHD VDWXUDWHG�ZLWK� WKH� WHOHNLQHWLF� ILHOG� RI� D� JLYHQ� YHKLFOH� UDSLGO\� H[SHULHQFH�DQ� H[SORVLYHLQFUHDVH RI�WKH�LQWHQVLW\�DQG�VSHHG�RI�WKH�JURZWK��)XUWKHUPRUH��WKH�KHDOLQJ�DWWULEXWHV�RI�WKHWHOHNLQHWLF ILHOG�IUR]HQ�LQ�WKLV�VRLO�ZLOO�DWWUDFW�LOO�DQLPDOV�IURP�WKH�YLFLQLW\�ZKLFK�ZLOO�GLVSOD\�WKHLQVWLQFWLYH WHQGHQF\�WR�LPSURYH�WKHLU�KHDOWK�E\�O\LQJ�RQ�VXFK�WHOHNLQHWLF�ODQGLQJ�VLWHV��)LQDOO\WKH VRLO� RI� VXFK� ODQGLQJ� VLWHV� PD\� GLVSOD\� D� GLIIHUHQW� SURSRUWLRQ� RI� HOHPHQWV� WKDQ� WKHVXUURXQGLQJ VRLO� �H�J�� WKH� FRQWHQW� RI� FDOFLXP�PD\� LQFUHDVH� HYHQ� XS� WR� VHYHQ� WLPHV� �� VHHVXEVHFWLRQ &����$OO�WKH�DERYH�SKHQRPHQD�ZLOO�DSSHDU�LQ�WKH�HIIHFW�RI�VWLPXODQWV�H[SODLQHG�LQVXEVHFWLRQ &���7KH�ELRORJLFDO�VWLPXODWLRQ�RI� WKH� ODQGLQJ�VLWHV�RI� WKHVH�YHKLFOHV�PD\�FDXVHHYHQ XS� WR� WZHOYH� WLPHV� IDVWHU� DQG�PRUH� LQWHQVLYH� JURZWK� RI� YHJHWDWLRQ� LQ� UHODWLRQ� WR� WKHVXUURXQGLQJ VRLO��%HFDXVH�RI�WKH�LQFUHDVHG�KHDOWK�RI�WKLV�YHJHWDWLRQ�DOVR�LWV�FRORXU�EHFRPHPRYH�YLYLG��KHDOWK\��WKDQ�WKH�FRORXU�RI�WKH�VXUURXQGLQJ�YHJHWDWLRQ�RI�WKH�VDPH�W\SH��%HFDXVHRI�DOO�WKLV��WKH�ODQGLQJ�VLWHV�RI�WKH�0DJQRFUDIW�RI�WKH�VHFRQG��DQG�DOVR�WKH�WKLUG��JHQHUDWLRQ�FDQEH LGHQWLILHG�DV�ULQJV�RQ�WKH�VRLO�ZKHUH�YHJHWDWLRQ�JURZ�IDVWHU�DQG�PRUH�LQWHQVLYHO\�WKDQ�WKHYHJHWDWLRQ IURP�WKH�VXUURXQGLQJ�DUHD��DQG�DOVR�ZKHUH�WKH�FRORXU�RI�WKLV�YHJHWDWLRQ�LV�VOLJKWO\GLIIHUHQW��7KH�VKDSH�RI�WKHVH�ULQJV�ZLOO�FORVHO\�UHVHPEOH�WKH�VKDSH�RI�VFRUFKHG�DUHDV�OHIW�DIWHUODQGLQJV RI� WKH� 0DJQRFUDIW� RI� WKH� ILUVW� JHQHUDWLRQ�� 2I� FRXUVH�� DV� WLPH� HODSVHV� DOVR� WKHELRORJLFDO VWLPXODWLRQ� RI� WKH� VRLO� LQ� IRUPHU� ODQGLQJ� VLWHV� RI� WKH� 0DJQRFUDIW� RI� WKH� VHFRQGJHQHUDWLRQ�ZLOO�JUDGXDOO\�GLPLQLVK�DFFRUGLQJ�WR�WKH��UDGLRDFWLYH��FXUYH�RI��KDOI�OLIH��$OWKRXJK WKH�SURSHUWLHV�RI�WKH�7HOHSRUWDWLRQ�9HKLFOH�GR�QRW�FRUUHVSRQG�WR�WKRVH�RI�DQ\RWKHU GHYLFH� DOUHDG\� NQRZQ� RQ�(DUWK�� WKH� FKDUDFWHULVWLFV� RI� WKLV� IXWXUH� VSDFHFUDIW� FDQ� EHGHGXFHG IURP WKH� &RQFHSW� RI� 'LSRODU� *UDYLW\�� 7KH� DXWKRU� KDV� FRPSOHWHG� WKLV� SURFHVV� RIGHGXFWLRQ� DQG�WKH�FRQFOXVLRQV�GHULYHG�DUH�VXPPDUL]HG�EHORZ��$V�WKH�OLPLWHG�VSDFH�LQ�WKLVWUHDWLVH DOORZV� RQO\� IRU� WKH� PRUH� LPSRUWDQW� LGHDV� WR� EH� HODERUDWHG� LQ� GHWDLO�� UHDGHUV� DUHZHOFRPH WR�FRQWDFW� WKH�DXWKRU�DERXW�DQ\�VSHFLILF� LQTXLU\� WKH\�PD\�KDYH�UHJDUGLQJ�PDWWHUVZKLFK�DUH�GLVFXVVHG�7KH NH\�WR�XQGHUVWDQGLQJ�WKH�H[WUDRUGLQDU\�SURSHUWLHV�RI�7HOHSRUWDWLRQ�9HKLFOHV�LV�WRXQGHUVWDQG WKH� XQLTXH� VWDWH� RI� PDWWHU� VXEMHFWHG� WR� WHOHNLQHWLF� PRWLRQ�� FDOOHG� KHUH� D�WHOHNLQHWLF VWDWH���7KH�WHOHNLQHWLF�VWDWH�RI�D�PDWHULDO�REMHFW��H�J��D�YHKLFOH�RU�D�SHUVRQ��LV�DUHYHUVDO�RI�WKH�SK\VLFDO�VWDWH�RI�WKDW�REMHFW��DQG�DSSHDUV�RQO\�IRU�WKH�GXUDWLRQ�RI�LWV�WHOHNLQHWLFPRWLRQ� *HQHUDOO\�VSHDNLQJ�WKLV�VWDWH�LV�FDXVHG�E\�WKH�XQLTXH�PHFKDQLVP�RI�WKH�WHOHNLQHWLFPRWLRQ �RU� VWULFWO\�� E\� WKH� ZD\� LQ� ZKLFK� FRXQWHU�PDWHULDO� FRPSRQHQWV� SXOO� WKHLU� PDWHULDOGXSOLFDWHV ��VHH�VHFWLRQ�&����7KXV��HYHU\�WHOHNLQHWLFDOO\�PRYHG�REMHFW�UHPDLQV�LQ�WKH�SK\VLFDOVWDWH EHIRUH�DQG�DIWHU�WKLV�PRWLRQ�RFFXUV��DQG�LV�WUDQVIRUPHG�LQWR�WKH�WHOHNLQHWLF�VWDWH�IRU�WKH
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H[DFW�GXUDWLRQ�RI�WKH�WHOHNLQHWLF�PRWLRQ��$IWHU�DSSO\LQJ�WKH�DERYH�WR�7HOHSRUWDWLRQ�9HKLFOHV��WKHWHOHNLQHWLF VWDWH�ZLOO�DSSHDU�ZKLOH�WKHVH�YHKLFOHV�RSHUDWH�LQ�WKH�WHOHSRUWDWLYH�FRQYHQWLRQ��DQGZLOO FHDVH WR�H[LVW�ZKHQ�WKHVH�YHKLFOHV�RSHUDWH�WKHLU�SURSXOVRUV�LQ�WKH�PDJQHWLF�FRQYHQWLRQ�2I FRXUVH�WKLV�VWDWH�DOVR�DSSHDUV�GXULQJ�ELRORJLFDO�WHOHNLQHVLV��DOWKRXJK�LWV�DWWULEXWHV�DUH�QRWVR�REYLRXV��H�J��RQH�RI�LWV�PDQLIHVWDWLRQV�LV�UHFRUGHG�RQ�VRPH�SKRWRJUDSKV�RI�REMHFWV�PRYHGLQ D�SV\FKRNLQHWLF�PDQQHU�D�SUHYLRXVO\�XQH[SODLQHG�WUDQVSDUHQF\�RI�WKHVH�REMHFWV���VHH�SDUW�D��RI�)LJXUH�'���7KH PDWHULDO� FRPSRQHQW�RI�HDFK�REMHFW� �H�J��YHKLFOH��SHUVRQ�� URWRU� LQ� WKH� WHOHNLQHWLFPRWRU���XQGHUJRHV�WKH�IROORZLQJ�WKUHH�WUDQVIRUPDWLRQV�ZKHQ�SXW�LQWR�WKH�WHOHNLQHWLF�VWDWH�����'HFRPSRVLWLRQ IURP�D�PDWHULDO��KDUGZDUH��IRUP LQWR�D�QRQ�PDWHULDO��VRIWZDUH��RQH�7KH QRQ�PDWHULDO� �VRIWZDUH�� IRUP� FDQ� EH� H[SODLQHG� DV� D� NLQG� RI� HQHUJ\� SDWWHUQ� ZKLFK� LVHQWLUHO\ VWULSSHG�RI�SK\VLFDO�DWWULEXWHV�VXFK�DV�PDVV��GHQVLW\��LQHUWLD��RSWLFDO�SURSHUWLHV��DQGVR�RQ� ��� 7KH�VKLIW WR�D�QHZ� ORFDWLRQ�GHWHUPLQHG�E\�D� WHOHNLQHWLF�PRWLRQ� WKDW� WKH�REMHFW� LVVXEMHFWHG WR��'XULQJ�WKLV�VKLIWLQJ�WKH�PDWHULDO�SDUW�RI�WKLV�REMHFW�H[LVWV�RQO\�LQ�LWV�QRQ�PDWHULDO�VRIWZDUH��IRUP�DV�DQ�HQHUJ\�SDWWHUQ���� 5HFRPSRVLWLRQ EDFN� LQWR� WKH�RULJLQDO��PDWHULDO� IRUP��$IWHU� WKLV� UHFRPSRVLWLRQ� LVFRPSOHWHG� WKH� PDWHULDO� FRPSRQHQW� RI� WKH� REMHFW� EHJLQV� WR� H[LVW� DJDLQ� LQ� LWV� SK\VLFDO�KDUGZDUH� IRUP��$OO�LWV�SURSHUWLHV�UHWXUQ�WR�H[DFWO\�WKH�VDPH�VWDWH�DV�WKH\�ZHUH�LQ�EHIRUH�WKHWHOHNLQHWLF�WUDQVIRUPDWLRQV�EHJDQ�,W VKRXOG�EH�VWUHVVHG�WKDW�WKH�WUDQVIRUPDWLRQV�RFFXUULQJ�ZLWKLQ�WKH�WHOHNLQHWLF�VWDWH�GRQRW FKDQJH�WKH�OHYHO�RI�WKH�REMHFW
V�HQHUJ\��7KXV�DQ\�ZRUN�FRPSOHWHG�LQ�WKLV�VWDWH�PXVW�EHDFFRPSDQLHG E\�WKH�DEVRUSWLRQ�RI�WKHUPDO�HQHUJ\�IURP�WKH�HQYLURQPHQW�FRPELQHG�ZLWK�WKHHPLVVLRQ�RI�WKH�H[WUDFWLRQ�JORZ�7KH WKUHH� WUDQVIRUPDWLRQV� GHVFULEHG� DERYH� DUH� WKH� FDXVH� RI� WKH� H[WUDRUGLQDU\SURSHUWLHV RI� REMHFWV� FKDQJHG� LQWR� WKH� WHOHNLQHWLF� VWDWH�� � 6XFK� REMHFWV� ORVH� PRVW� RI� WKHDWWULEXWHV DQG� OLPLWDWLRQV� FKDUDFWHULVWLF� RI� WKH� SK\VLFDO� VWDWH� RI�PDWWHU�� DQG� VLPXOWDQHRXVO\JDLQ DQRWKHU� VHW� RI� DWWULEXWHV� PRUH� FKDUDFWHULVWLF� RI� VRPH� QRQ�PDWHULDO� IRUPV�� VXFK� DVGHVLJQV��DOJRULWKPV��LQIRUPDWLRQ��HWF��7KH�QHZ�SURSHUWLHV�RI�REMHFWV�WXUQHG�LQWR�WKH�WHOHNLQHWLFVWDWH�DUH�DV�IROORZ��D� 7KH� DELOLW\� WR� SHQHWUDWH� WKURXJK� RWKHU� PDWHULDO� REMHFWV� ZLWKRXW� GLVWXUELQJ� RUGDPDJLQJ�LQ�DQ\�ZD\�WKH�VWUXFWXUH�RU�FRQVLVWHQF\�RI�HLWKHU�REMHFW��E� 7KH�DELOLW\�WR�EH�SHQHWUDWHG�E\�RWKHU�PDWHULDO�REMHFWV�ZLWKRXW�FDXVLQJ�DQ\�GDPDJHWR�HLWKHU�RI�WKHVH�REMHFWV��F� 7KH� ORVV� RI� EDVLF� SK\VLFDO� SURSHUWLHV�� VXFK� DV� LQHUWLD�� GHQVLW\�� ZHLJKW�� H[WHUQDOIULFWLRQ��HWF��G� 7KH�QRQ�DEVRUSWLRQ�DQG�QRQ�UHIOHFWLRQ�RI� OLJKW��WKXV�EHFRPLQJ�WRWDOO\�WUDQVSDUHQW��H��7KH�H[FKDQJLQJ�RI�WKHUPDO HQHUJ\�ZLWK�WKH�HQYLURQPHQW��7KH�DPRXQW�RI�H[FKDQJHGHQHUJ\ LV DQ� H[DFW� HTXLYDOHQW� RI� WKH� HQHUJ\� FRQVXPSWLRQ� �RU� \LHOG�� QHFHVVDU\� IRU� WKHVXVWDLQLQJ�RI�WKH�WHOHNLQHWLF�PRWLRQ��VHH�VHFWLRQ�&����I� 7KH�HPLVVLRQ�RI�D�ZKLWH��H[WUDFWLRQ�JORZ���RU�D�ZKLWH�JORZ�ZLWK�D�JUHHQ�WLQJH�FDOOHGKHUH WKH��GLVSHUVLRQ�JORZ���7KH�LQWHQVLW\�RI�WKLV�HPLVVLRQ�LV�SURSRUWLRQDO�WR�WKH�FRQVXPSWLRQ�RU SURGXFWLRQ��RI� WKHUPDO�HQHUJ\�FDXVHG�E\� WKH�ZRUN�GRQH� WHOHNLQHWLFDOO\��7KH�DUHD�RI� WKHHPLVVLRQ�H[DFWO\�UHIOHFWV�WKH�REMHFW
V�RXWOLQHV�,W VKRXOG� EH VWUHVVHG� WKDW� DOO� WKH� DERYH� SURSHUWLHV� ZLOO� EH� GLVSOD\HG� E\� HYHU\7HOHSRUWDWLRQ�9HKLFOH�RSHUDWLQJ�LQ�WKH�WHOHSRUWDWLYH�FRQYHQWLRQ�7KUHH EDVLF�WUDQVIRUPDWLRQV�FRQVWLWXWLQJ�WKH�WHOHNLQHWLF�VWDWH��L�H��GHFRPSRVLWLRQ��VKLIW�
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UHFRPSRVLWLRQ� DUH� FRPSOHWHG� GXULQJ� H[WUHPHO\� VKRUW� SXOVHV�� (DFK� VXFK� SXOVH� SUREDEO\UHTXLUHV RQO\� WKUHH� VHSDUDWH� H[HFXWLRQ� FRPPDQGV� LVVXHG� E\� WKH� VRIWZDUH� PRGHO� RI� DWHOHNLQHWLFDOO\ PRYHG�REMHFW��)URP�WKH�LQWHUSUHWDWLRQ�RI�WLPH�LQ�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\�UHIHU�WR�VHFWLRQ�'���ZH�NQRZ�WKDW�D�VLQJOH�H[HFXWLRQ�FRPPDQG�FRQVWLWXWHV�DQ�HOHPHQWDU\�XQLWRI WLPH�IRU�WKH�REMHFW�VXEMHFWHG�WR�WKLV�FRPPDQG��7KHUHIRUH�D�VLQJOH�SXOVH�RI�WKH�WHOHNLQHWLFVWDWH ZLOO�H[WHQG�RQO\�IRU�DQ�H[WUHPHO\�VKRUW�SHULRG�RI�WLPH��WRR�VPDOO�WR�HYHQ�EH�UHJLVWHUHG�E\RXU�LQVWUXPHQWV�7KH FRPSOH[�PDQRHXYUHV�RI�WKH�7HOHSRUWDWLRQ�9HKLFOH�FDQ�QRW�DOZD\V�EH�DFKLHYHG�LQRQH VLQJOH� SXOVH� RI� WKH� WHOHNLQHWLF� VWDWH�� )RU� WKLV� UHDVRQ� WKH� WHOHSRUWDWLYH� SURSXOVRUV� ZLOOPDLQWDLQ WKH�F\FOLFDO�UHSHWLWLRQ�RI�VXFK�LQGLYLGXDO�SXOVHV��LQ�WKLV�ZD\�H[WHQGLQJ�WKH�WHOHNLQHWLFVWDWH�IRU�DQ\�UHTXLUHG�OHQJWK�RI�WLPH��7KHUH�DUH�WZR�ZD\V�RI�UHSHDWLQJ�WKH�VLQJOH�SXOVHV�RI�WKHWHOHNLQHWLF VWDWH�� L�H�� SURJUHVVLYH� DQG� RVFLOODWLYH�� 7KH� SURJUHVVLYH PDQQHU� GHSHQGV� RQVXEMHFWLQJ�WKH�SURSHOOHG�REMHFW�LQWR�D�VHULHV�RI�WHOHNLQHWLF�VKLIWV�KDYLQJ�FRQWUROOHG�UDQJHV��7KLVPDQQHU ZLOO�EH�XVHG�ZKHQ�D�7HOHSRUWDWLRQ�9HKLFOH�LV�UHTXLUHG�WR�IO\�ZLWK�D�SUHGHILQHG�VSHHGDORQJ D� VSHFLILF� WUDMHFWRU\�� 7KH� RVFLOODWLYH PDQQHU� GHSHQGV� RQ� WKH� UHSHWLWLYH� VKLIWLQJ�RVFLOODWLQJ� RI� WKH�SURSHOOHG�REMHFW�EHWZHHQ�WZR�H[WUHPHO\�FORVH�GHVWLQDWLRQV��7KLV�PDQQHUZLOO EH XVHG�ZKHQ�D�7HOHSRUWDWLRQ�9HKLFOH�LV�UHTXLUHG�WR�KRYHU��VXVSHQGHG�PRWLRQOHVV�DERYHWKH�RQH�SODFH��7KH�ORQJ�SHULRGV�RI�WKH�WHOHNLQHWLF�VWDWH��DFKLHYHG�GXH�WR�WKH�F\FOLFDO�UHSHWLWLRQRI�VXFK�VLQJOH�SXOVHV��ZLOO�EH�FDOOHG�KHUH�WKH��VXVWDLQHG�WHOHNLQHWLF�VWDWH��7KH FKDUDFWHULVWLF�IHDWXUH�RI�WKH�VXVWDLQHG�WHOHNLQHWLF�VWDWH LV�WKDW�D�PDWHULDO�REMHFW�H�J� D�YHKLFOH��VXEMHFWHG�WR�LW�DSSHDUV�DOWHUQDWHO\�LQ�WZR�RSSRVLWH�VWDWHV��L�H��WHOHNLQHWLF�DQGSK\VLFDO� 7KH�WHOHNLQHWLF�VWDWH�WDNHV�SODFH�ZKLOH�WKH�VLQJOH�SXOVHV�DUH�H[HFXWHG��ZKHUHDV�WKHSK\VLFDO VWDWH�H[LVWV�IRU�WKH�OHQJWK�RI�WLPH�HODSVLQJ�EHWZHHQ�FRQVHFXWLYH�SXOVHV��'HSHQGLQJRQ WKH IUHTXHQF\�ZLWK�ZKLFK�WKH�HOHPHQWDU\�SXOVHV�DUH�UHSHDWHG��WKH�GXUDWLRQ�RI�WKH�SK\VLFDOVWDWH�PD\�GLIIHU��%HFDXVH�LQ�ERWK�WKHVH�VWDWHV�WKH�RSWLFDO�SURSHUWLHV�RI�WKH�REMHFW�DUH�RSSRVLWH�L�H� LQ�WKH�WHOHNLQHWLF�VWDWH�WKH�REMHFW� LV�FRPSOHWHO\�WUDQVSDUHQW�DQG�WKXV� LQYLVLEOH��ZKHUHDVLQ WKH�SK\VLFDO VWDWH�LW�LV�FOHDUO\�YLVLEOH��WKH�YLVXDO�DSSHDUDQFH�RI�DQ�REMHFW�VXEMHFWHG�WR�WKHVXVWDLQHG WHOHNLQHWLF� VWDWH� LV� FRQWLQXDOO\� FKDQJHDEOH� IURP� FRPSOHWH� YLVLELOLW\�� WKURXJK� DOOJUDGHV RI�SDUWLDO�WUDQVSDUHQF\��LQWR�IXOO�LQYLVLELOLW\��7KH�UDWLR�RI�LQYLVLELOLW\�LV�UHJXODWHG�E\�WKHIUHTXHQF\ LQ�ZKLFK�HOHPHQWDU\�SXOVHV�RI� WKH�WHOHNLQHWLF�VWDWH�DUH�UHSHDWHG��)RU�H[DPSOH�WREHFRPH FRPSOHWHO\� LQYLVLEOH�WR�KXPDQ�H\HV� WKH�7HOHSRUWDWLRQ�9HKLFOHV�QHHG�WR�WZLQNOH� LQWRWKH SK\VLFDO�VWDWH�ZLWK�WKH�IUHTXHQF\�H[FHHGLQJ�WKDW�IRU�WKH�FKDQJHV�RI�LQGLYLGXDO�IUDPHV�LQPRWLRQ�SLFWXUHV��L�H��RYHU����F\FOHV�SHU�VHFRQG���,I�WKH\�JOLPPHU�ZLWK�D�IUHTXHQF\�JUHDWHU�WKDQWKDW QRWLFHDEOH WR� RXU� H\HV�� ZH� DUH� XQDEOH� WR� VHH� WKHP�� DOWKRXJK� WKHLU� FUHZ� FDQ� VHH� XVSHUIHFWO\� 7KH�OHYHO�RI�YLVLELOLW\�LQ�WKH�VXVWDLQHG�WHOHNLQHWLF�VWDWH�FDQ�EH�VPRRWKO\�UHJXODWHG�E\WKH IUHTXHQF\�ZLWK�ZKLFK� WKH�HOHPHQWDU\�SXOVHV�DUH�UHSHDWHG��7KH�DERYH� UHDOL]HV� WKDW� WKH7HOHSRUWDWLRQ 9HKLFOHV�DUH�FDSDEOH�RI�EHFRPLQJ� LQYLVLEOH� LQ� WZR�GLIIHUHQW�ZD\V��7KH� ILUVW�RIWKHVH LV� WKH� SKHQRPHQRQ� FDOOHG� WKH� �PDJQHWLF� OHQV�� ZKLFK� WKH� 0DJQRFUDIW� RI� DOO� WKUHHJHQHUDWLRQV�DUH�DEOH�WR�VZLWFK�RQ��7HOHSRUWDWLRQ�9HKLFOHV�FDQ�VKLHOG�WKHPVHOYHV�ZLWK�WKLV�OHQVLQ DOO� FDVHV�ZKHQ� WKHUH� LV� D� QHHG� WR� EHFRPH� LQYLVLEOH�ZLWKRXW� VZLWFKLQJ� RQ� WKH� WHOHNLQHWLFFRQYHQWLRQ�RI�IOLJKW��7KH�VHFRQG�ZD\�GHSHQGV�RQ�WKH�IDVW��JOLPPHULQJ��IURP�WKH�PDWHULDO�VWDWHLQWR WKH�WHOHNLQHWLF�RQH��DQG�YLFH�YHUVD��ZKLFK�DOORZV�WKH�7HOHSRUWDWLRQ�9HKLFOHV�WR�EHFRPHSDUWLDOO\ WUDQVSDUHQW��OLNH�EHLQJ�PDGH�RI�D�PLVW��RU�FRPSOHWHO\�LQYLVLEOH��DQG�DOVR�WR�JUDGXDOO\IDGH�DZD\�ZKLOH�UHPDLQLQJ�PRWLRQOHVV�7KH DELOLW\�WR�GLVDSSHDU�YLD�D�IDVW�WZLQNOLQJ��FRPELQHG�ZLWK�WKH�FDSDELOLW\�RI�WHOHNLQHWLFSURSXOVLRQ WR� IO\� WKURXJK� VROLG� REMHFWV�� SURYLGHV� WKH� 7HOHSRUWDWLRQ� 9HKLFOHV� ZLWK� DQH[WUDRUGLQDU\�SURSHUW\��7KH\�DUH�DEOH�WR�IO\�GLUHFWO\�LQWR�RXU�KRXVHV ZLWKRXW�HYHQ�EHLQJ�QRWLFHG�
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,Q WKDW� ZD\ LQ� VRPH� KRXVHV�� DSDUW� IURP� WKH� IXUQLWXUH� DQG� XVXDO� LQKDELWDQWV�� VRPHWLPHV� DZKROH LQWHUVWHOODU� VSDFHVKLS� ZLWK� LWV� FUHZ�� HTXLSPHQW�� UHVHDUFK� ODERUDWRULHV�� DQG� PHGLFDOLQVWUXPHQWV FRXOG�DSSHDU�DQG�QR�RQH� OLYLQJ� WKHUH�ZRXOG�QRWLFH� LWV�SUHVHQFH��7KH�RQO\�VLJQRI LWV DFWLYLW\��ZKLFK�PRVW�SUREDEO\�FRXOG�RQO\�EH�UHDOL]HG�E\�SHRSOH�ZKR�DUH�PDGH�VHQVLWLYHWR WKH�PDQLIHVWDWLRQV�RI�WKH�RSHUDWLRQ�RI�WKHVH�YHKLFOHV��ZRXOG�EH�D�VHQVDWLRQ�RI�D�FROGQHVVVOLJKWO\�JUHDWHU�WKDQ�XVXDOO\��DQG�WKH�IDFW�WKDW�VRPH�HOHFWURQLF�GHYLFHV�XQH[SHFWHGO\�FRXOG�VWDUWWR EHKDYH� LQ� D� VWUDQJH�PDQQHU� �� VHH� VXEVHFWLRQ�3���+RZHYHU�� LI� LQ� VXFK� FDVHV� VRPHRQHZRXOG GHFLGH� WR� WDNH� D� SKRWRJUDSK�� WKHQ� KH�VKH� FRXOG� H[SHULHQFH� D� VKRFN� ORRNLQJ� DW� WKHVWUDQJH�SLFWXUH�UHFRUGHG�RQ�LW��WKRXJK�SHRSOH�ZRXOG�WHQG�WR UDWLRQDOL]H�WKLV�SLFWXUH�E\�EHOLHYLQJWKDW�WZR�XQIRFXVHG�SKRWRV�ZHUH�VRPHKRZ�UHFRUGHG�DW�D�VLQJOH�IUDPH��7KH DELOLW\� WR� JUDGXDOO\� IDGH� DZD\� JDLQV� D� VSHFLDO� VLJQLILFDQFH� ZKHQ� DSSOLHG� WR7HOHSRUWDWLYH 3HUVRQDO� 3URSXOVLRQ�� :H� FDQ� HDVLO\� LPDJLQH� WKH� VKRFN� DQG� FRQIXVLRQH[SHULHQFHG�E\�VRPHRQH��NQRZLQJ�QRWKLQJ�DERXW�WKH�WHOHNLQHWLF�VWDWH��EHLQJ�FRQIURQWHG�E\�DQDGYDQFHG DOLHQ�XVLQJ�7HOHNLQHWLF�3HUVRQDO�3URSXOVLRQ��6XFK�DQ�DOLHQ�ZRXOG�EH� FDSDEOH�RIIORDWLQJ LQ�PLG�DLU��SHQHWUDWLQJ�D�ZDOO�RU�FHLOLQJ��DQG�LWV�ERG\�ZRXOG�DSSHDU�WR�EH�WUDQVSDUHQWJLYLQJ DQ�LPSUHVVLRQ�RI�D�PLVW��'HDGO\�REMHFWV��EXOOHWV��NQLYHV��VZRUGV��D[HV��HWF���GLUHFWHGDW WKH�DOLHQ�ZRXOG�SHQHWUDWH�WKURXJK�LWV�ERG\�ZLWKRXW�FDXVLQJ�GDPDJH��7KLV�VLWXDWLRQ�LV�QRWVR K\SRWKHWLFDO�DV�VRPH�VFHSWLFV�ZRXOG�FODLP��7KURXJKRXW�WKH�FHQWXULHV�D�ODUJH�QXPEHU�RISHRSOH KDYH�UHSRUWHG�FORVH�HQFRXQWHUV�ZLWK�P\VWHULRXV�EHLQJV�ZKRVH�DSSHDUDQFH�PDWFKHVH[DFWO\�WKH DERYH�GHVFULSWLRQ��VHH�VXEVHFWLRQ�1����$OWKRXJK�QDPHV�DVVLJQHG�WR�WKHVH�EHLQJVKDYH YDULHG� WKURXJKRXW� WKH�DJHV� �� IURP�DQJHOV�DQG�GHYLOV� WKRXJK�WR�VXFFXELHV�DQG� IDLULHV�ILQLVKLQJ ZLWK� FRQWHPSRUDU\� 8)2QDXWV� �� WKH� EDVLF� DWWULEXWHV� DVVRFLDWHG� ZLWK� WKHP� DOZD\VFRUUHVSRQG�WR�WKRVH�RI�7HOHSRUWDWLYH�3HUVRQDO�3URSXOVLRQ�)URP WKH�PHFKDQLVP�RI� WKH� WHOHNLQHWLF� VWDWH� VWHP� WZR�RWKHU� LPSRUWDQW�SURSHUWLHV�RIWHOHSRUWDWLYH SURSXOVRUV��L�H��WKH�UDQJH�RI�D�VLQJOH�VKLIW�DQG�WKH�VSHHG�RI�WKH�UHVXOWDQW�PRWLRQ�7KH UDQJH�RI�D�VLQJOH�VKLIW�LV�WKH�GLVWDQFH�WKDW�DQ�REMHFW��H�J��D�YHKLFOH�RU�D�SHUVRQ��LV�PRYHGWHOHNLQHWLFDOO\ GXULQJ�DQ� LQGLYLGXDO�SXOVH�RI� WKH�WHOHNLQHWLF�VWDWH�� ,WV�TXLWH�JRRG�LOOXVWUDWLRQ� LVSURYLGHG LQ�)LJXUH�2���7KLV�UDQJH�ZLOO�GHSHQG�RQ�WKH�DPRXQW�RI�PDJQHWLF�SRZHU�LQYROYHG�IRUWKH�FUHDWLRQ�RI�D�WHOHNLQHWLF�HIIHFW��DQG�DOVR�RQ�WKH�VL]H�RI�WKH�VKLIWHG�REMHFW��7KH�PRUH�SRZHUIXOD�SDUWLFXODU�WHOHSRUWDWLYH�SURSXOVRU��WKH�JUHDWHU�WKH�UDQJH�RI�LWV�VLQJOH�VKLIW��7KH�VDPH�SRZHUIXOSURSXOVRUV�ZLOO�VKLIW�VPDOOHU�REMHFWV�WR�D�JUHDWHU�UDQJH�$V KDV�DOUHDG\�EHHQ�H[SODLQHG��WKH�GXUDWLRQ�RI�D�VLQJOH�SXOVH�RI�WKH�WHOHNLQHWLF�VWDWH�LVLPPHDVXUDEO\ VKRUW�� 7KHUHIRUH� IRU� D� VLQJOH� WHOHNLQHWLF� VKLIW� WKH� SUHVHQW� FRQFHSW� RI� VSHHGORRVHV LWV� YDOLGLW\�� � 7KLV� LV� EHFDXVH� WKH� VLQJOH� VKLIW�� LQGHSHQGHQWO\� RI� WKLV� UDQJH�� ZLOO� EHFRPSOHWHG LQVWDQWDQHRXVO\�� ,I� LW� LV� WHFKQLFDOO\� SRVVLEOH� WR� EXLOG� WHOHSRUWDWLYH� SURSXOVRUVSRZHUIXO�HQRXJK�WR�KDYH�D�UDQJH�H[WHQGLQJ�WR�DQ�LQWHUVWHOODU�GLVWDQFH��VXFK�SURSXOVRUV�ZRXOGEH�FDSDEOH�RI�LQVWDQWO\�VKLIWLQJ�D�7HOHSRUWDWLRQ�9HKLFOH�IURP�RQH�VWDU�WR�DQRWKHU��2I�FRXUVH�WKHVSHHG RI� VXFK� D� VLQJOH� LQWHUVWHOODU� VKLIW� FDQQRW� EH� GHVFULEHG�� DV� LW� ZRXOG� EH� FORVH� WR� DQLQILQLWLYH YDOXH��,W�VKRXOG�EH�VWUHVVHG�KHUH�WKDW�WKLV�DSSOLHV�WR�D�VLQJOH�VKLIW�RI�WKH�WHOHNLQHWLFPRWLRQ�RQO\�+RZHYHU��WKH�SUHVHQW FRQFHSW�RI�VSHHG��GHYHORSHG�IRU�SK\VLFDO�PRWLRQ��FDQ�EH�DSSOLHGWR WKH�VORZ�IOLJKWV�RI�WKH�7HOHSRUWDWLRQ�9HKLFOHV�FRPSOHWHG�LQ�WKH�VXVWDLQHG�WHOHNLQHWLF�VWDWH�$OWKRXJK LQ� VXFK� IOLJKWV� DOO� VLQJOH� WHOHNLQHWLF� VKLIWV� ZLOO� EH� FRPSOHWHG� LQVWDQWDQHRXVO\�EHWZHHQ WKHVH�VKLIWV�VKRUW� WLPH�GHOD\V��JDSV��ZLOO�DSSHDU�WKDW�FDQ�EH�SK\VLFDOO\�GHVFULEHG�7KURXJK GLYLGLQJ�WKH�UDQJH�RI�D�VLQJOH�VKLIW�E\�WKH�GXUDWLRQ�RI�VXFK�DQ�LQWHU�VKLIW�GHOD\��WKHVSHHG RI WKH�UHVXOWDQW�VXVWDLQHG�WHOHNLQHWLF�PRWLRQ�FDQ�EH�GHWHUPLQHG��7KH�DERYH�H[SODLQVZK\ 7HOHSRUWDWLRQ�9HKLFOHV��LQGHSHQGHQWO\�RI�WKH�LQVWDQW�VKLIWLQJ��FDQ�DOVR�IO\�DW�DQ\�GHVLUHG
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VSHHG��RU�FDQ�HYHQ�KRYHU�PRWLRQOHVVO\�LQ�RQH�SODFH�/HW XV�QRZ�VXPPDUL]H�WKH�PDMRU�FKDUDFWHULVWLFV�RI�WKH�SURSXOVLRQ�V\VWHPV�RSHUDWLQJLQ WKH�WHOHSRUWDWLYH�FRQYHQWLRQ��$OO�WKH�REMHFWV�WUDQVSRUWHG�LQ�WKH�WHOHSRUWDWLYH�PDQQHU�ZLOO�EHFDSDEOH RI� LQVWDQWO\� VKLIWLQJ� WR� DQ\� GHVWLQDWLRQ� O\LQJ� ZLWKLQ� WKH� UDQJH� RI� WKH� WHOHSRUWDWLYHSURSXOVRUV ZKLFK� FDXVH� WKHLU�VKLIW��0RUHRYHU�� WKH\�ZLOO� EH�FDSDEOH�DOVR�RI�FRPSOHWLQJ�VORZIOLJKWV RI D� FKRVHQ� VSHHG�� RU� HYHQ� WR� KRYHU� PRWLRQOHVV� LQ� RQH� SODFH�� 7KH� WHOHSRUWDWLYHSURSXOVRUV ZLOO�SURYLGH�WKHVH�V\VWHPV�ZLWK�WKH�DELOLW\�WR�SHQHWUDWH�WKURXJK�VROLG�REMHFWV�VXFKDV IXUQLWXUH��ZDOOV��EXLOGLQJV��PRXQWDLQV��SODQHWV��ZLWKRXW�FDXVLQJ�DQ\�GDPDJH�WR�WKHPVHOYHVRU WKH REMHFWV�WKH\�ZLOO�SDVV�WKURXJK���1RWH�WKDW�WKH�RUGLQDU\�0DJQRFUDIW��ZKHQ�IO\LQJ�WKURXJKVROLG REMHFWV� ZLOO� DOZD\V� OHDYH� LQ� LWV� SDWK� WXQQHOV�ZLWK� D� JOD]HG� VXUIDFH� �� VHH� VXEVHFWLRQ*������ :KLOH� LQ� WKH� WHOHNLQHWLF� VWDWH�� WKH� UHYHUVH� VLWXDWLRQ� FDQ� DOVR� EH� DSSOLHG� WR� DOO7HOHSRUWDWLRQ 9HKLFOHV��L�H��WKHLU�VWUXFWXUHV�FDQ�EH�SHQHWUDWHG�ZLWKRXW�GDPDJH�E\�RWKHU�VROLGREMHFWV VXFK�DV�NQLYHV��EXOOHWV��PLVVLOHV��SHRSOH��DQLPDOV�DQG�VR�RQ��:KLOH�WUDYHOOLQJ� LQ�WKHWHOHSRUWDWLYH FRQYHQWLRQ�� WKH�0DJQRFUDIW� RI� WKH� VHFRQG� JHQHUDWLRQ�ZLOO� FRQVXPH� �RU� \LHOG�WKHUPDO�HQHUJ\ IURP��RU�WR��WKH�HQYLURQPHQW�DQG�HPLW�D�VWURQJ�H[WUDFWLRQ��RU�GLVSHUVLRQ��JORZ�7KH FRQVXPSWLRQ� �RU� \LHOGLQJ�� RI� KHDW� ZLOO� FDXVH� WKH� UDSLG� FRROLQJ� �RU� KHDWLQJ�� RI� WKHHQYLURQPHQW��7KLV�LQ�WXUQ�DOORZV�WKH�SHRSOH�IDPLOLDU�ZLWK�WKH�WKHRULHV�SUHVHQWHG�KHUH�WR�GHWHFWWKH SUHVHQFH� RI� 7HOHSRUWDWLRQ� 9HKLFOHV� �LQ� VSLWH� RI� WKH� DELOLW\� RI� WKHVH� YHKLFOHV� WR� PDNHWKHPVHOYHV LQYLVLEOH��VLPSO\�E\�PRQLWRULQJ�WKH�HQYLURQPHQWDO� WHPSHUDWXUH��)RU� WKH�YHKLFOHVWKHPVHOYHV� WKH�DELOLW\� WR�DEVRUE�HQYLURQPHQWDO� HQHUJ\�SUDFWLFDOO\�PHDQV� WKDW� QRQH�RI� WKH7HOHSRUWDWLRQ 9HKLFOHV�ZLOO�QHHG�DQ\�HQHUJ\�VXSSO\�WR�VXVWDLQ�WKHLU�PRWLRQ��,QVWHDG�RI�HQHUJ\VXSSO\ WKH\� ZLOO� DEVRUE� WKH� UHTXLUHG� HQHUJ\� IURP� WKHLU� HQYLURQPHQW� �IRU� PRUH� GHWDLOV� VHHH[SODQDWLRQV SURYLGHG�LQ�FKDSWHU�&�RU�PRQRJUDSK�>�@���7KH�WKLQ�OD\HU�RI�WKH�H[WUDFWLRQ�JORZHPLWWHG�GXH�WR�WKH�XVH�RI�WHOHSRUWDWLYH�SURSXOVRUV�ZLOO�H[DFWO\�UHIOHFW�WKH�RXWOLQHV�RI�WKH�REMHFWVWUDQVSRUWHG LQ�D�WHOHSRUWDWLYH�PDQQHU��ZKHUHDV�WKH�ZKLWH�FRORXU�RI�WKH�OLJKW�ZKLFK�LV�HPLWWHGZLOO JLYH�WKHP�D�JKRVWO\��XQUHDO�DSSHDUDQFH��LQ�IRONORUH�WKLV�W\SH�RI�WKH�ZKLWH�OLJKW�LV�XVXDOO\FRQVLGHUHG WR� RULJLQDWH� IURP� �VXSHUQDWXUDO�� VRXUFHV��� :KHQ� REVHUYHG� GXULQJ� IOLJKW�� WKRVHVXUIDFHV�ZKLFK�DUH�FRYHUHG�E\�D�OD\HU�RI�ZKLWH�H[WUDFWLRQ�JORZ�ZLOO�JLYH�WKH�LPSUHVVLRQ�RI�EHLQJ�RLOHG�ZLWK�OLJKW���7KXV�D�WKLQ��ZKLWH��JKRVWO\�H[WUDFWLRQ�JORZ�ZLOO�EH�WKH�PHDQV�RI�LGHQWLI\LQJ�WKHRSHUDWLRQ LQ� WKH� WHOHSRUWDWLYH� FRQYHQWLRQ�� PDNLQJ� LW� HDVLO\� GLVWLQJXLVKDEOH� IURP� WKH� ULFK�FRORXUIXO�DQG�YROXPLQRXV�OLJKWLQJ�HIIHFWV�SURGXFHG�LQ�WKH�PDJQHWLF�FRQYHQWLRQ�
-���7KH�0DJQRFUDIW�RI�WKH�WKLUG�JHQHUDWLRQ��FDOOHG�DOVR��7LPH�9HKLFOHV��
:KLOH GLVFXVVLQJ� 0DJQRFUDIW� RI� WKH� ILUVW� DQG� VHFRQG� JHQHUDWLRQ� LW� LV� DOVR� ZRUWKPHQWLRQLQJ�WKDW�WKH�HYROYHPHQW�RI�WKHVH�YHKLFOHV�ZLOO�QRW�WHUPLQDWH�RQ�WKH�GHYHORSPHQW�RI�WKH7HOHSRUWDWLRQ 9HKLFOH��7KH�3HULRGLF�7DEOH�ZRUNHG�RXW�IRU�WKH�SURSXOVLRQ�V\VWHPV��VHH�7DEOH%�� VWDWHV� WKDW� LQ� DERXW� ���� \HDUV� DIWHU� WKH� ILUVW� 7HOHSRUWDWLRQ� 9HKLFOH� LV� FRPSOHWHG� RXUFLYLOL]DWLRQ VKRXOG�GHYHORS�DQ�HYHQ�PRUH�DGYDQFHG�VSDFHVKLS��ZKLFK�FDQ�EH�FDOOHG�WKH�7LPH9HKLFOH RU� WKH�0DJQRFUDIW� RI� WKH� WKLUG� JHQHUDWLRQ�� 7KLV� YHKLFOH� EHFRPHV� UHDOLW\� ZKHQ� WKH0DJQRFUDIW�RI�WKH�VHFRQG�JHQHUDWLRQ�REWDLQV�WKH�DGGLWLRQDO�FDSDELOLW\�RI�LQIOXHQFLQJ�WKH�HODSVHRI�WLPH�7DEOHV�%��DQG�&��UHYHDO�WKDW�WKH�SKHQRPHQD�DSSOLHG�E\�WKHVH�PRVW�DGYDQFHG�YHKLFOHVZLOO EH�XWLOL]LQJ�D��GHIRUPDWLRQ��RI�PDJQHWLF�ILHOGV��$SDUW�IURP�WKH�DOWHULQJ�D��QRUPDO��HODSVHRI WLPH��L�H� IO\LQJ�DV��7LPH�9HKLFOHV����WKHVH�PRVW�DGYDQFHG�0DJQRFUDIW�ZLOO�EH�FDSDEOH�RIIO\LQJ DV�7HOHSRUWDWLRQ�9HKLFOHV�GXULQJ�ZKLFK�H[DFWO\�WKH�VDPH�SULQFLSOHV�DV�WKRVH�GHVFULEHG
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LQ WKH� SUHYLRXV�VXEVHFWLRQ�ZLOO� EH�XWLOL]HG��2I� FRXUVH� WKH� YHKLFOHV
� FUHZV�ZLOO� GHFLGH�ZKLFKPRGH RI�RSHUDWLRQ�VKRXOG�EH�DFWLYDWHG�LQ�D�SDUWLFXODU�VLWXDWLRQ��,Q�WKLV�ZD\�7LPH�9HKLFOHV�ZLOODOORZ WKHLU� FUHZV� WR� WUDYHO� QRW� RQO\� WKURXJK� VSDFH� EXW� DOVR� WKURXJK� WLPH�� 7LPH� WUDYHO� ZLOOWKHUHIRUH EH SRVVLEOH�LQ�DOO�GLUHFWLRQV��DOORZLQJ�IRU�IDVW�PRYHPHQW�LQWR�WKH�IXWXUH��DV�ZHOO�DVWKH�VKLIWLQJ�RI�WLPH�EDFN�WR�WKH�SDVW�/HW LV� EULHIO\� UHYLHZ� WKH� SULQFLSOHV� LQYROYHG� LQ� VXFK� WLPH� WUDYHO�� 7KH� PDJQHWLFLQWHUSUHWDWLRQ RI�WLPH�JLYHQ�E\�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\��VHH�VXEVHFWLRQ�'���LQGLFDWHVWKDW WKH�FRXQWHU�PDWHULDO�SDUWV�RI�SK\VLFDO�REMHFWV��ZKLFK�DUH�FRQWDLQHG�LQ�WKH�FRXQWHU�ZRUOG�EHKDYH OLNH� UHDO�WLPH� FRPSXWHU� SURJUDPV�� 7KHVH� SDUWV� LVVXH� VHTXHQFHV� RI� FRQWUROFRPPDQGV WKDW�H[HFXWH�WKH�FRXUVH�RI�HYHQWV�WDNLQJ�SODFH�LQ�RXU��PDWHULDO��ZRUOG��,Q�RXU�VHWRI GLPHQVLRQV�WKLV�IORZ�RI�WKH�H[HFXWLRQ�VHTXHQFH�LV�SHUFHLYHG�DV�DQ�HODSVH�RI�WLPH��7KXV�DFFRUGLQJ�WR�WKH�&RQFHSW�RI�'LSRODU�*UDYLW\��WLPH�LV�GHILQHG�DV�WKH��H[HFXWLRQ�FRQWURO�ZKLFK�LQWKH FRXQWHU�ZRUOG�IORZV�WKURXJK�WKH�FRXQWHU�PDWHULDO��VRIWZDUH��SDUWV�RI�REMHFWV���7KHUHIRUHWLPH GRHV� QRW PRYH�� LW� LV� WKH� VHTXHQFH� RI� H[HFXWLRQ� FRPPDQGV� WKDW� FDXVH� RXU� SDVVLQJWKURXJK�WLPH�7KH DERYH�GHILQLWLRQ�VKRZV�WKDW�WLPH�GHPRQVWUDWHV�WKH�DELOLW\�RI�WKH�FRXQWHU�ZRUOG�WRH[HFXWH�SUH�SURJUDPPHG�FKDQJHV�LQ�RXU�ZRUOG��7KXV�WLPH�KDV�H[DFWO\�WKH�VDPH�LQWHUSUHWDWLRQWKDW�LQ�RXU�ZRUOG�LV�DWWULEXWHG�WR�HQHUJ\��3XWWLQJ�WKLV�LQ�GLIIHUHQW�ZRUGV��WLPH�LQ WKH�FRXQWHU�ZRUOG�ZKLFK VRPHWLPHV�ZH�FDOO�DOVR�WKH��ZRUOG�RI�VRIWZDUH���LV�HTXLYDOHQW�WR�HQHUJ\�LQ�RXU�ZRUOG�6XEVHFWLRQ '��VKRZV�WKDW�WKH�VHTXHQFH�RI�WKH�H[HFXWLRQ�FRPPDQGV�WKDW�FRQVWLWXWH�WLPH�LVLVVXHG E\� WKH�VDPH�PHGLXP��VXEVWDQFH�� WKDW� IRUPV�PDJQHWLF� ILHOGV��7KLV�PHDQV� WKDW� WLPHLV DOVR�D�EDVLF�DWWULEXWH�RI�PDJQHWLF�ILHOGV��DQG�WKDW�LQ�WKH�PDJQHWLF�SURSXOVLRQ�V\VWHPV�DQ\PDQLSXODWLRQ RI�WLPH�KDV�H[DFWO\�WKH�VDPH�IXQFWLRQ�DV�WKH�XWLOL]DWLRQ�RI�LQWHUQDO�HQHUJ\�KDV�LQWKH PDWWHU�FLUFXODWLQJ�SURSXOVLRQ�V\VWHPV��7KHUHIRUH��VKRZLQJ�WLPH�DV�WKH�WKLUG�HQHUJ\�FDUULHULQ WKH�PDJQHWLF�SURSXOVLRQ�V\VWHPV� LQ�7DEOH�%��PDNHV� WKLV� WDEOH�V\PPHWULFDO� IRU�DOO� WKUHHPDMRU�W\SHV�RI�ZRUNLQJ�PHGLD�7KH LQWHUSUHWDWLRQ� RI� WLPH� UHVXOWLQJ� IURP� WKH�&RQFHSW� RI�'LSRODU�*UDYLW\� RSHQV� QHZSRVVLELOLWLHV IRU� PDJQHWLF� SURSXOVLRQ� V\VWHPV�� ,W� VKRZV� WKDW� WHFKQLFDO� GHYLFHV� FDQ� EHFRPSOHWHG ZKLFK�DUH�FDSDEOH�RI�DOWHULQJ�WKH��QRUPDO��HODSVH�RI�WLPH��$OWKRXJK�LQ�WKH�PDWHULDOZRUOG ZH�DUH�RQO\�DEOH�WR�SDVV�WKURXJK�WLPH�LQ�RQH�GLUHFWLRQ�DQG�ZLWK�D�VSHHG�SUHGHILQHG�LQDGYDQFH� LQ�WKH�FRXQWHU�PDWHULDO�ZRUOG�WKH�HODSVH�RI�WLPH�FDQ�EH�DFFHOHUDWHG��VORZHG�GRZQ�VWRSSHG RU� HYHQ� UHYHUVHG� LQ� WKH� RSSRVLWH� GLUHFWLRQ�� 6XFK� PDQLSXODWLRQV� RI� WLPH� FDQ� EHDFKLHYHG WKURXJK� LQWURGXFLQJ� DOWHUDWLRQV� LQWR� WKH� VHTXHQFH�RI� H[HFXWLRQ� FRPPDQGV� LQ� WKHFRQWURO VLJQDOV� LVVXHG�E\� WKH� VRIWZDUH�PRGHOV�RI� WKH� VHOHFWHG� REMHFWV�� 7KH� LQWURGXFWLRQ� RIVXFK DOWHUDWLRQV�ZLOO�LQYROYH�YHU\�VRSKLVWLFDWHG�PDJQHWLF�SKHQRPHQD��ZKLFK�DUH�PXFK�PRUHFRPSOH[ WKDQ� WKRVH� IRU� WHFKQRORJLFDO� WHOHNLQHVLV�� %XW� DIWHU� WHFKQRORJ\� EHFRPHV� PRUHDGYDQFHG��PDQLSXODWLRQ�RI�WLPH�ZLOO�EHFRPH�DV�VLPSOH�DV�WKH�PDQLSXODWLRQ�RI�KHDW�RU�WKH�OHYHORI�LRQL]DWLRQ�LV�DW�SUHVHQW�7KH IOLJKW� FKDUDFWHULVWLFV� DQG� SKHQRPHQD� XWLOL]HG� GXULQJ� WKH� RSHUDWLRQ� RI� WKH0DJQRFUDIW RI� WKH� WKLUG� JHQHUDWLRQ� ZLOO� VLJQLILFDQWO\� GLIIHU� IURP� WKRVH� FKDUDFWHULVWLF� RI� WKH0DJQRFUDIW RI�WKH�ILUVW�DQG�WKH�VHFRQG�JHQHUDWLRQV��)RU�H[DPSOH��WKH�0DJQRFUDIW�RI�WKH�WKLUGJHQHUDWLRQ �7LPH�9HKLFOHV��LQVWHDG�RI�PRYLQJ�FDQ�MXVW�GLVDSSHDU�IURP��RU�DSSHDU�DW��D�JLYHQSODFH VLPSO\�E\�VKLIWLQJ�RQWR�D�GLIIHUHQW�WLPH�SODQH��7KH\�FDQ�DOVR�DOWHU�WKH�QDWXUDO�HODSVH�RIWLPH IRU�FKDQFH�ZLWQHVVHV��:KHQ�REVHUYHG�GXULQJ�IOLJKW��WKH\�ZLOO�EH�VXUURXQGHG�E\�SHUIHFWO\URXQG VSKHUHV�RI�H[FLWHG�VSDFH�LQ�ZKLFK�WKH�PDJQHWLF�HTXLYDOHQW�RI�LQWHUQDO�HQHUJ\�LV�URXVHGDW D�KLJKHU�OHYHO��7KH�GLDPHWHU�RI�WKHVH�VSKHUHV�ZLOO�EH�HTXDO�WR�DERXW�WZR�RXWHU�GLDPHWHUVRI D� YHKLFOH�KLGGHQ� LQVLGH�� L�H�� DURXQG���PHWUHV� IRU� WKH� VPDOOHVW�0DJQRFUDIW� W\SH�.���7KH
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VSKHUHV ZLOO� HPLW� RUDQJH�UHG� RU� EOXH�JUHHQ� JORZV�� %HFDXVH� RI� WKHLU� DSSHDUDQFH�� DQGEHFDXVH WKH�0DJQRFUDIW
V�ERG\�WKDW�WKHVH�VSKHUHV�KRXVH�LQVLGH�ZLOO�EH�KLGGHQ�IURP�WKH�H\HVRI REVHUYHUV��VRPH�ZLWQHVVHV�RI�7LPH�9HKLFOHV�ZKR�KDYH�QR�NQRZOHGJH�RI�WKH�0DJQRFUDIW
VWKHRU\�PD\�LQWHUSUHW�WKHP�LQFRUUHFWO\�DV�KXJH�EDOO�OLJKWQLQJV�6LPLODUO\ DV� WKLV� LV� WKH� FDVH� ZLWK� 7HOHSRUWDWLRQ� 9HKLFOHV�� DOVR� QXPHURXV� WHFKQLFDOYHUVLRQV�RI�WKH�7LPH�9HKLFOH�FDQ�EH�EXLOW��,W�VKRXOG�EH�PHQWLRQHG�KHUH�WKDW�FRPSRQHQWV�RI�WKHSHUVRQDO YHUVLRQ�RI�WKH�7LPH�9HKLFOH�ZLOO�SUREDEO\�DOVR�EH�LQVHUWHG�VXUJLFDOO\�LQWR�ERGLHV��LQWKH PDQQHU� ZKLFK� LQ� VXEVHFWLRQ� -�� ZDV� GHVFULEHG� IRU� WKH� SHUVRQDO� YHUVLRQ� RI� WKH7HOHSRUWDWLRQ 9HKLFOH�� ,Q� WKLV� ZD\�� WKH� SHUVRQDO� YHUVLRQ� RI� WKH� 7LPH� 9HKLFOH� ZLOO� EHFRPHLPPHGLDWHO\ DYDLODEOH�ZKHQHYHU� LW� LV� QHHGHG�� DQG� FDQ� QRW� EH� UHPRYHG� HYHQ� LI� LWV� XVHU� LVVWULSSHG�RI�KLV�KHU�FORWKHV�E\�VRPH�KRVWLOH�QDWLYHV�)RU D�FLYLOL]DWLRQ�OLNH�RXUV��ZKLFK�KDV�QRW�\HW�GHYHORSHG�WKH�FDSDELOLW\�WR�WUDYHO�LQ�WLPH�LW LV�LPPHQVHO\�LPSRUWDQW�WR�DFFXPXODWH�WKH�NQRZOHGJH�QHHGHG�WR�GHWHFW�WKH�DFWLYLW\�RI�7LPH9HKLFOHV EXLOG�E\�RWKHU�FLYLOL]DWLRQV��7KH�&RQFHSW�RI�'LSRODU�*UDYLW\�DOUHDG\�DOORZV�WR�IRUHVHHRI IHZ�GLVWLQFW�SKHQRPHQD�ZKLFK�ZLOO�EH�REVHUYDEOH�E\�RXWVLGH�ZLWQHVVHV��DQG�WKH�QRWLFLQJRI�ZKLFK�LV�D�VLJQ�RI�WKH�XVH�RI�D�7LPH�9HKLFOH�LQ�D�FORVH�SUR[LPLW\��7ZR�GLVWLQFWLYH�SKHQRPHQDFDQ�EH�FDOOHG�����WKH��VWDWH�RI�VXVSHQGHG�DQLPDWLRQ�������WKH��RQH�ZD\�WULS���DQG�����WKH��HIIHFWRI�WLPH�GXSOLFDWLRQ���7KH�H[WHUQDO�PDQLIHVWDWLRQV�RI�WKHVH�WKUHH�SKHQRPHQD�ZLOO�EH�SUHVHQWHGEHORZ�7KH �VWDWH�RI�VXVSHQGHG�DQLPDWLRQ��FDQ�RQO\�EH�REVHUYHG�E\�VRPHRQH�ZKRVH�WLPHHODSVH LV�DFFHOHUDWHG�E\�D�7LPH�9HKLFOH��VR�WKDW�WKH�HYHQWV�KH�VKH�H[SHULHQFHV�WDNH�PXFKORQJHU WKDQ�WKH�OHQJWK�RI�WLPH�WKDW�DFWXDOO\�HODSVHG�DURXQG�WKLV�SHUVRQ��7R�H[SODLQ�WKLV�VWDWHRI�VXVSHQGHG�DQLPDWLRQ�EHWWHU��WKH�IROORZLQJ�H[DPSOH�LV�JLYHQ��/HW�XV�LPDJLQH�WKDW�WKH�UHDGHULV DW�WKLV PRPHQW�LQ�D�EXV\�RIILFH��DQG�WKDW�KH�VKH�LV�XQH[SHFWHGO\�YLVLWHG�E\�XVHUV�RI�D�7LPH9HKLFOH� ,Q�RUGHU�WR�UHPDLQ�XQQRWLFHG�ZKLOH�GLVFXVVLQJ�WKH�PDWWHU�WKH\�KDYH�FRPH�DERXW��WKHYLVLWRUV FKDQJH�WKH�VSHHG�RI� WLPH��7KH\�DFFHOHUDWH�WKH� ODSVH�RI� WKHLU�RZQ�DQG�WKH�UHDGHU
VWLPH� OHDYLQJ�WKH�WLPH�RI�WKH�UHVW�RI�WKH�RIILFH�WR�HODSVH�DW�LWV�QRUPDO�VSHHG��7KHUHIRUH��ZKLOHIRU�WKH�HQWLUH�RIILFH�RQO\�D�IHZ�PLFURVHFRQGV�SDVVHV��WKH�UHDGHU�H[SHULHQFHV�HYHQWV�WKDW�PD\RFFXS\ VHYHUDO�KRXUV��,Q�WKLV�ZD\�QR�RQH�HOVH�KDV�D�FKDQFH�WR�QRWLFH�WKH�YLVLWRUV
�SUHVHQFH�ZKLOH WKH�UHDGHU�SDUWLFLSDWHV�LQ�D�ORQJ�FRQYHUVDWLRQ�ZLWK�WKHP��:KLOH�KDYLQJ�WKLV�WDON��KH�VKHZRXOG EH� VXUSULVHG� WR� QRWLFH� WKDW� HYHU\WKLQJ� LQ� WKH� RIILFH� DSSHDUV� VWUDQJHO\� VXVSHQGHG� LQPRWLRQ��WKH�ERVV��MXVW�FRPLQJ�WKURXJK�WKH�GRRU��KDV�RQH�OHJ�OLIWHG�LQ�WKH�DLU��ORRNLQJ�JURWHVTXHVWDQGLQJ RQ�WKH�RWKHU��WKH�IDVW�W\SLVW�LV�IUR]HQ�PRWLRQOHVV�ZLWK�ILQJHUV�VXVSHQGHG�DERYH�WKHNH\V��WKH�ZDWHU�WKDW�VRPHRQH�SRXUV�IUHH]HV�KDOI�ZD\�EHWZHHQ�WKH�WHDSRW�DQG�D�FXS��WKH�SDSHUEDOO WKURZQ� E\� D� FROOHDJXH� VXVSHQGV� D� IHZ� FHQWLPHWUHV� DERYH� WKH� UXEELVK� WLQ��:KHQ� WKHYLVLWRUV ILQLVK� WKHLU�PLVVLRQ�DQG�GHSDUW��HYHU\WKLQJ� UDSLGO\� UHWXUQV� WR�QRUPDO��$OO� WKH�HYHQWVGHVFULEHG�DERYH�FRQWLQXH�WKHLU�FRXUVH�IURP�WKH�SRLQW�DW�ZKLFK�WKH\�ZHUH�VXVSHQGHG��7KH�RQO\UHFRUG WKDW�DQ\WKLQJ�DW�DOO�RFFXUUHG� UHPDLQV� LQ� WKH� UHDGHU
V�PHPRU\� �LI� WKLV�PHPRU\� LV�QRWLQWHQWLRQDOO\ HUDVHG�E\�WKH�GHSDUWLQJ�YLVLWRUV��DQG�LQ�KLV�KHU�SHUVRQDO�ZDWFK��ZKLFK�WRJHWKHUZLWK�WKH�UHDGHU
V�ERG\��ZRXOG�DOVR�EH�DFFHOHUDWHG�LQ�WLPH�7KH VWDWH�RI�VXVSHQGHG�DQLPDWLRQ�GHVFULEHG�DERYH�UHYHDOV�WKDW�WKH�0DJQRFUDIW�RI�WKHWKLUG JHQHUDWLRQ�DUH�FDSDEOH�RI�EHFRPLQJ�LQYLVLEOH�LQ�DV�PDQ\�DV�WKUHH�GLIIHUHQW�ZD\V��$SDUWIURP WKH� �PDJQHWLF� OHQV�� ZKLFK� WKH\� FDQ� VZLWFK� RQ� DIWHU� WXUQLQJ� WKHLU� SURSXOVLRQ� LQWR� WKHPDJQHWLF FRQYHQWLRQ�� DQG� �WHOHNLQHWLF� WZLQNOLQJ�� DEOH� WR� EH� VZLWFK� RQ� DIWHU� WXUQLQJ� WKHLUSURSXOVLRQ LQWR�WKH�WHOHSRUWDWLYH�FRQYHQWLRQ��WKH\�DGGLWLRQDOO\�DUH�DEOH�WR�XVH�YDULRXV�IRUPV�RIWKH�PDQLSXODWLRQ�RQ�WLPH��2I�FRXUVH��WKH�VWDWH�RI�VXVSHQGHG�DQLPDWLRQ�LV�RQO\�WKH�ILUVW�RI�PDQ\VXFK SRVVLELOLWLHV� RI�PDQLSXODWLQJ� WKH� WLPH� WR� EHFRPH� LQYLVLEOH� ZKLOH� UHPDLQLQJ� LQ� D� JLYHQ
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SODFH� 2WKHU�VXFK�SRVVLELOLWLHV�LQYROYH�IRU�H[DPSOH��RVFLOODWLQJ�EHWZHHQ�WZR�GLIIHUHQW�WLPHV��DQG WKH�PDQLSXODWLRQ�GHSHQGLQJ�RQ�D�SKDVH�VKLIW�EHWZHHQ�WKH�YHKLFOH
V�WLPH�DQG�D�ORFDO�WLPH�GXH WR�WKLV�SKDVH�VKLIW�D�7LPH�9HKLFOH�DSSHDUV�LQ�D�JLYHQ�SRLQW�D�IUDFWLRQ�RI�VHFRQG�DIWHU�WKHOLJKW�DOUHDG\�SDVVHG�WKURXJK�WKLV�SRLQW��,Q�WKH�PDQQHU�VLPLODU�WR�WKDW�GHVFULEHG�DERYH��WKH�7LPH 9HKLFOHV�DUH�DEOH�DOVR�WR�FDXVHWKH �VWDWH�RI�DFFHOHUDWHG�DQLPDWLRQ��ZKHQ�WKH�HODSVH�RI�WLPH�RI�WKH�SHUVRQ�EHLQJ�YLVLWHG�LVVORZHG GRZQ�LQ�FRPSDULVRQ�WR�WKH�HODSVH�RI�WLPH�LQ�KLV�KHU�VXUURXQGLQJ��WKXV�DOO�WKH�DFWLYLWLHVKH�VKH�REVHUYHV�LQ�WKLV�HQYLURQPHQW�ZLOO�ORRN�DV�LI�VRPHRQH�DFFHOHUDWHG�WKHLU�VSHHG��7KH VWDWH� RI� VXVSHQGHG� DQLPDWLRQ� LV� RQO\� WKH� ILUVW� RI� QXPHURXV� H[WUDRUGLQDU\DGYDQWDJHV RIIHUHG�E\�7LPH�9HKLFOHV�LQ�FRPSDULVRQ�WR�FRQYHQWLRQDO�RU�WHOHSRUWDWLYH�PHDQVRI WUDYHO��$QRWKHU�YHU\�LPSRUWDQW�WKHLU�DELOLW\�LV�WKH��RQH�ZD\�WULS��DGYDQWDJH��7KLV�SDUWLFXODUFDSDELOLW\�RI�7LPH�9HKLFOHV�GHSHQGV�RQ�WKH�FRPSOHWLRQ�RI�SK\VLFDO�WUDYHO�LQ�RQH�GLUHFWLRQ�RQO\�L�H� WR�D�FKRVHQ�GHVWLQDWLRQ��ZKHUHDV�WKH�UHWXUQ�WULS�LV�REWDLQHG�QRW�E\�PHDQV�RI�DFWXDO�WUDYHO�EXW�E\�VKLIWLQJ�WLPH�EDFN�WR�WKH�SRLQW�ZKHQ�WKH�ZKROH�WULS�EHJDQ��,Q�RUGHU�WR�H[SUHVV�WKH�DERYHLQ VLPSOH�ZRUGV��WKH�RQH�ZD\�WULS�GHSHQGV�RQ�SK\VLFDO�WUDYHOOLQJ�LQ�RQH�GLUHFWLRQ�RQO\�DQG�RQWKH PDQLSXODWLQJ�WLPH��VKLIWLQJ� LW�EDFN�� LQ�RUGHU� WR�EULQJ�D�SHUVRQ�WR�WKH�SRLQW� IURP�ZKLFK�DJLYHQ�WULS�ZDV�VWDUWHG�,Q RUGHU�WR�XQGHUVWDQG�WKH�SULQFLSOHV�LQYROYHG�LQ�VXFK��RQH�ZD\�WULSV���LW�LV�QHFHVVDU\WR UHPLQG�RXUVHOYHV� WKH� GHILQLWLRQ� RI� WLPH�SURYLGHG�E\� WKH�&RQFHSW� RI�'LSRODU�*UDYLW\� DQGUHSHDWHG�DW�WKH�EHJLQQLQJ�RI�WKLV�VXEVHFWLRQ��7KLV�GHILQLWLRQ�VD\V�WKDW�WKH��WLPH�LV�WKH�IORZ�RIH[HFXWLRQ�FRQWURO�WKURXJK�RXU�FRXQWHU�PDWHULDO��VRIWZDUH��GXSOLFDWHV���7KH�XQGHUVWDQGLQJRI WKLV�GHILQLWLRQ�LV�PRUH�HDV\�LI�WKH�UHDGHU�LV�DZDUH�RI�WKH�VLPLODULW\�RI�RXU�FRXQWHU�PDWHULDOGXSOLFDWHV FRQWDLQHG�LQ�DQRWKHU�SDUDOOHO�ZRUOG� WR�FRQWHPSRUDU\�FRPSXWHU�SURJUDPV�ZRUNLQJLQ WKH VR�FDOOHG� UHDO�WLPH�� $V� ZH� NQRZ� VXFK� SURJUDPV� DUH� FRPSRVHG� RI� VHTXHQFHV� RILQGLYLGXDO LQVWUXFWLRQV�� ZKLFK� DUH� H[HFXWHG� E\� WKH� FRPSXWHU� RQH� DIWHU� WKH� RWKHU�� %XW� LW� LVSRVVLEOH WR�UHWXUQ�WR�DQ\�SRLQW�RI�H[HFXWLRQ�VLPSO\�E\�SODFLQJ�D��ODEHO��DW�WKH�EHJLQQLQJ�RI�DJLYHQ VHTXHQFH�RI�RSHUDWLRQV��DQG� WKHQ�E\�FRPSOHWLQJ�DQ�XQFRQGLWLRQDO� MXPS� WR� WKLV� ODEHO�7KH�VDPH�KDSSHQV�ZLWK�WKH 7LPH�9HKLFOHV��7KH\�ODEHO�D�FHUWDLQ�SRLQW�LQ�VRPHRQH
V�H[HFXWLRQVHTXHQFH �L�H�� D� FHUWDLQ� SRLQW� LQ� WLPH��� DQG� WKHQ� WKH\� H[HFXWH� WKH� VKLIW� RI� WKLV� SHUVRQ
VH[HFXWLRQ FRQWURO�EDFN�WR�WKDW�ODEHO��7KH�SHUVRQ�ZKRVH�VRIWZDUH�PRGHO�LV�VXEMHFWHG�WR�VXFKD SURFHVV� SHUFHLYHV� LW� VLPSO\� DV� WKH� VKLIWLQJ� EDFN� RI� WLPH�� 7KHUHIRUH�� LI� VRPH� DGYDQFHGFUHDWXUHV�ZKR�KDYH D�7LPH�9HKLFOH�DW�WKHLU�GLVSRVDO�ZLVK�WR�WDNH�D�SDUWLFXODU�SHUVRQ�IRU�D�WULS�WKH\ RQO\�QHHG�WR�DWWDFK�D��ODEHO��WR�KLV�KHU�H[HFXWLRQ�VHTXHQFH�DQG�WKHQ���ZKHQ�WKH�WULS�LVFRPSOHWHG �� LQVWHDG�RI� WUDYHOOLQJ� EDFN�ZLWK� WKLV� SHUVRQ�� WKH\� VLPSO\� VKLIW� KLV�KHU� H[HFXWLRQFRQWURO�WR�WKDW�ODEHO��,Q�WKH�ILQDO�HIIHFW�D�SHUVRQ�ZKR�FRPSOHWHG�VXFK�D�WULS�ZLOO�UHPHPEHU�RQO\WKH�ZD\�LQ�RQH�GLUHFWLRQ��WKLV�LV�EHFDXVH�WKH�ZD\�EDFN�GRHV�QRW RFFXU�DW�DOO���DQG�DOVR�DIWHU�WKHUHWXUQ�KH�VKH�ZLOO�GLVFRYHU�ZLWK�D�VXUSULVH�WKDW�WKH�DFWXDO�WLPH�LV�WKH�VDPH�RU�HYHQ�HDUOLHU�WKDQWKH�H[DFW�WLPH�ZKHQ�D�JLYHQ�WULS�EHJDQ�7KH DERYH� DQDORJ\� DOVR� HDVLO\� H[SODLQV� WKH� SULQFLSOHV� LQYROYHG� LQ� VORZLQJ� DQGDFFHOHUDWLQJ WKH�HODSVH�RI�WLPH�RFFXUULQJ�H�J��GXULQJ�WKH��VWDWH�RI�VXVSHQGHG�DQLPDWLRQ���L�H�VXFK DFWLRQV DUH� VLPLODU� WR� OLYLQJ�ZLWK� D� �QRUPDO�� VSHHG�� H[FHSW� WKDW� WKH� H[HFXWLRQ� FRQWUROSDVVHV�VORZHU�RU�IDVWHU�WKURXJK�RXU�FRXQWHU�PDWHULDO�GXSOLFDWHV��7KH �RQH�ZD\�WULS��FDSDELOLW\�RI�7LPH�9HKLFOHV�DOORZV�IRU�DQ�DEGXFWLRQ�ZKLFK�WDNHV�XSQR UHFRUGDEOH� SHULRG� RI� WLPH�� ,Q� WKLV� DEGXFWLRQ� D� FKRVHQ� LQGLYLGXDO� LV� WDNHQ� RQ� D� MRXUQH\ZKLFK� UHJDUGOHVV� RI� WKH� GXUDWLRQ�� ILQLVKHV� DW� H[DFWO\� WKH� VDPH� WLPH� DV� LW� VWDUWHG�� 7KXV�� LIGXULQJ VXFK�DQ�DEGXFWLRQ�VRPHRQH�ZRXOG�FRQWLQXRXVO\�REVHUYH�WKH�DEGXFWHH��RU�HYHQ�KROGKLV�KHU�KDQG��WKH�REVHUYHU�ZRXOG�QRW�EH�DEOH�WR�QRWLFH�WKH�DEVHQFH��EHFDXVH�IRU�WKH�VLJKW�DQG
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VHQVHV RI�WKLV�REVHUYHU�WKH�DEGXFWHH�ZRXOG�FRQWLQXH�WKH�SUHVHQFH�WKURXJK�WKH�SRLQW�LQ�WLPHZKHQ WKH� DEGXFWLRQ� DFWXDOO\� WRRN� SODFH�� 7KH� RFFXUUHQFH� RI� VXFK� DQ� DEGXFWLRQ� ZRXOG� EHYLJRURXVO\ GHQLHG� E\� LQYHVWLJDWRUV�� DV� DFNQRZOHGJLQJ� LW� ZRXOG� FRQWUDGLFW� WKH� PRVWIXQGDPHQWDO WKHRULHV� RI� FRQWHPSRUDU\� VFLHQFH� �ZKLFK� DVVXPH� WKDW� LW� LV� WLPH� WKDW� IORZV�ZKHUHDV ZH�VWD\�PRWLRQOHVV�ZLWKLQ�WKLV�IORZ��WKXV�PRYLQJ�LQ�WLPH�LV�SUHVHQWO\�XQH[SODLQDEOH��7KHUHIRUH� LW�LV�SRVVLEOH�WKDW�YDULRXV�SHRSOH�KDYH�DOUHDG\�H[SHULHQFHG�VXFK�DEGXFWLRQV��EXWEHFDXVH�WKHLU�PHPRULHV�KDYH�EHHQ�HUDVHG�DW�WKH�SRLQW�RI�UHWXUQ��QHLWKHU�WKH\�QRU�DQ\RQH�HOVHDUH DEOH� WR� KDYH� DQ\� NQRZOHGJH� RI� WKH� HYHQWV� WKDW� RFFXUUHG�� (YHQ� LI� VRPHWLPHV� WKH� ILQDOPHPRU\ HUDVXUH�PD\�IDLO�RU�LV�LQFRPSOHWH��WKH�LQFUHGLEOH�UHSRUWV�RI�DEGXFWHHV�DUH�QRW�WDNHQVHULRXVO\ DV�QR�RQH�LV�SUHSDUHG�WR�EHOLHYH�WKHLU�FODLPV�RI�KDYLQJ�YLVLWHG�GLVWDQW�SODQHWV�IURPRWKHU VWDUV� ZKLOH�SHRSOH�FORVH�WR�WKHP�KDG�LQVXIILFLHQW�WLPH�WR�EOLQN�WKHLU�H\HV��(VSHFLDOO\�DVWKH SHUVRQ�ZKR�WHOOV�WKH�VWRU\�H[SODLQV�ZLWK�GHWDLOV�WKH�WULS�LQ�RQH�GLUHFWLRQ��EXW�LV�XQDEOH�WRH[SODLQ�KRZ�KH�VKH�UHWXUQHG�,I�WUHHV�ZHUH�WKH�PRVW�DGYDQFHG�OLIH�IRUP�RQ�(DUWK�DQG�FRXOG�GHYHORS�LQWHOOLJHQFH��PRVWSUREDEO\ WKH\�ZRXOG�VSHFXODWH�DERXW�WKH�SRVVLELOLWLHV�RI�RUGLQDU\�WUDYHO��%XW�ZLWKRXW�NQRZLQJWKH ODZV LQYROYHG�LQ�PRYLQJ�IURP�SODFH�WR�SODFH��WKHLU�VSHFXODWLRQV�ZRXOG�KDYH�QR�OLPLW�DQGZRXOG SUREDEO\� EH� IXOO� RI� SDUDGR[HV� DQG� XQUHDO� LGHDV�� 6WXG\LQJ� WKHVH� VSHFXODWLRQV� RQHSHUKDSV FRXOG�OHDUQ�WKDW�D�WUHH�ZKLFK�PRYHV�WR�WKH�RSSRVLWH�KHPLVSKHUH�PXVW�GLH��EHFDXVHLWV URRWV� ZRXOG EH� SRLQWHG� LQWR� WKH� DLU� ZKLOH� LWV� OHDYHV� ZRXOG� EH� VXEPHUJHG� LQ� VRLO�� WKDWH[FHHGLQJ WKH� VSHHG� RI� VRXQG� LV� LPSRVVLEOH� EHFDXVH� WKLV� VSHHG� UHSUHVHQWV� D� OLPLWDWLYHFRQVWDQW RI�QDWXUH��RU�WKDW�D�WUHH�ZKLFK�PRYHV�LQWR�D�GLIIHUHQW�ORFDWLRQ�PXVW�VLPXOWDQHRXVO\H[LVW LQ�WZR�UHDOLWLHV��L�H��WKH�ROG�DQG�D�QHZ�RQH���7KH�VDPH�KDSSHQV�ZLWK�RXU�SUHVHQW�LGHDVRQ WLPH�WUDYHO��%HFDXVH�ZH�DUH�QRW�DZDUH�RI�WKH�ODZV�DQG�UHVWULFWLRQV�WKDW�JRYHUQ�WKLV�PHDQVRI WUDYHO��ZH�WHQG�WR�PLVXVH�RXU�LPDJLQDWLRQ�DQG�LPSRVH�QR�OLPLWV�RQ�RXU�VSHFXODWLRQV��,Q�WKLVZD\ YDULRXV� HQWKXVLDVWLF� VFLHQFH� ILFWLRQ� FUHDWRUV� LQWURGXFHG� VXFK� LQFRQVLVWHQW� LGHDV� DV�JUDQGSDUHQW SDUDGR[��RU��SDUDOOHO�UHDOLWLHV��ZKLFK�GHYLDWH�DQG�FRQIXVH�RXU�XQGHUVWDQGLQJ�RIWLPH WUDYHO�� �7KH� �JUDQGSDUHQW�SDUDGR[��FRQVLGHUV�WKH�VLWXDWLRQ�RI�D� WLPH� WUDYHOOHU�ZKR�NLOOVKLV�KHU RZQ� JUDQGSDUHQW�� $IWHU� FRPLQJ� EDFN� WR� KLV�KHU� RZQ� WLPH�� WKLV� WUDYHOOHU� FRXOG� ILQGKLPVHOI�KHUVHOI�WR�EH�QRQ�H[LVWHQW��7KH�LGHD�RI��SDUDOOHO�UHDOLWLHV��FODLPV�WKDW�HYHU\�DFWLRQ�WDNHQGXULQJ WLPH�WUDYHO�LQLWLDWHV�DQRWKHU�UHDOLW\�ZKRVH�FRXUVH�RI�HYHQWV�ZRXOG�GLIIHU�IURP�UHDOLWLHVDOUHDG\ LQ�H[LVWHQFH���+RZHYHU��LW�VKRXOG�EH�HPSKDVL]HG�KHUH�WKDW�WKH�GHILQLWLRQ�RI�WLPH�IORZLQ WKH�&RQFHSW�RI�'LSRODU�*UDYLW\��L�H���WLPH�LV�PRWLRQOHVV��EXW�ZH�PRYH�WKURXJK�LW���DQG�WKHWHFKQLFDO UHVWULFWLRQV� LPSRVHG� RQ� WLPH� WUDYHO� HOLPLQDWH� GLOHPPDV� DQG� SDUDGR[HV� VXFK� DVWKRVH OLVWHG�DERYH��7R�XQGHUVWDQG�WKHVH�UHVWULFWLRQV�LW� LV�HQRXJK�WR�DSSO\�WR�WLPH�WUDYHO�WKH�DQDORJ\�RI�VKLIWLQJ�D�SURJUDP�FRQWURO���L�H��WR�FRQVLGHU�WLPH�WUDYHO�DV�HTXLYDOHQW�WR�WKH�VKLIW�RIH[HFXWLRQ FRQWURO�WR�D�JLYHQ�ODEHO�ZLWKLQ�D�FRQWHPSRUDU\�FRPSXWHU�SURJUDP���6LPLODUO\�DV�WKHFKDQJH RI�WKH H[HFXWLRQ�FRQWURO��MXPSLQJ�WR�D�JLYHQ�ODEHO��LQ�VXFK�D�SURJUDP�LV�QRW�DEOH�WRFKDQJH WKH� RSHUDWLRQV� �DOJRULWKP�� FRQVWLWXWLQJ� WKLV� SURJUDP� �DOWKRXJK� LW� FDQ� LPSDFW� WKHGDWD�W\SH UHVXOWV�\LHOG�E\�WKLV�SURJUDP���DOVR�WKH�WLPH�WUDYHO�LV�XQDEOH�WR�FKDQJH�WKH�FRQWHQWRI PRWLRQOHVV�WLPH��DOWKRXJK�LW�FDQ�DOWHU�WKH�IDWH�SDWK�RI�D�JLYHQ�SHUVRQ�PRYLQJ�WKURXJK�WKHWLPH�� 7KH�HIIHFW�RI�WKHVH�UHVWULFWLRQV�LV�WKDW�VXFK�PRWLRQOHVV�WLPH�HOLPLQDWHV�WKH�FKDQFH�IRUSDUDOOHO UHDOLWLHV�DQG�IRU�JUDQGSDUHQW�SDUDGR[��0RUHRYHU��WKLV�DQDORJ\�LQGLFDWHV�DOVR�WKDW�IRU�LQWHUDFWLYH�WUDYHO�LQ�WLPH���L�H��IRU�WUDYHO�LQ�ZKLFK�WKH�WUDYHOOHU�FDQ�WDNH�SDUW�LQ�WKH�HYHQWV�KH�VKHREVHUYHV� D�VLJQLILFDQW� OLPLWDWLRQ� LV� LPSRVHG�ZKLFK�DOORZV� WR�VKLIW�RQO\�EHWZHHQ�WLPH�SRLQWVWKURXJK ZKLFK�D�JLYHQ�SHUVRQ�DOUHDG\�OLYHG�LQ�KLV�KHU�OLIH��7R�H[SODLQ�WKLV�OLPLWDWLRQ��LQ�RUGHUWR�LQVWDQWO\�VKLIW�WLPH�EDFNZDUG�RU�IRUZDUG��DQ�DSSURSULDWH�WLPH��ODEHO��LV�QHHGHG��OLNH�D�FRQWUROODEHO LQ� FRQWHPSRUDU\� FRPSXWHU� SURJUDPV��� 7KHUHIRUH�� WR� SXW� VXFK� D� �ODEHO�� LQ� SODFH� LW� LV



J-13

QHFHVVDU\ IRU� VRPHRQH� WR� DOUHDG\� OLYH� �QRUPDOO\�� WKURXJK� WKH� WLPH� SRLQWV� LQ� ZKLFK� WKHVHODEHOV DUH�SODFHG��7KLV�SUDFWLFDOO\�PHDQV�WKDW�ZH�DUH�XQDEOH�WR�VKLIW�VRPHRQH
V�WLPH�EH\RQGOLIH�VSDQ RI�WKLV�SHUVRQ��DQG�WKDW�DOO�VKLIWV�FDQ�EH�DFKLHYHG�RQO\�EHWZHHQ�WLPH�SRLQWV�ZKLFKZH KDYH�DOUHDG\�UHDFKHG�LQ�RXU�SUHFHGLQJ�OLIH�DQG�ODEHOOHG�DV�WLPH�WUDYHO�GHVWLQDWLRQ�SRLQWVIRU�IXWXUH�XVH�$W WKLV�VWDJH� LW� LV�ZRUWK�PHQWLRQLQJ� WKDW� WKH�&RQFHSW�RI�'LSRODU�*UDYLW\� UHYHDOV�DOVRPHDQV IRU� DQRWKHU� NLQG� RI� WLPH� WUDYHO� ZKLFK� FRXOG� EH� FDOOHG� �WKH� SDVVLYH� UHSOD\� RI� WLPHO\GLVWDQW HYHQWV���7KLV�NLQG�RI�WLPH�WUDYHO�GRHV�QRW�LPSRVH�DQ\�UHVWULFWLRQV�UHJDUGLQJ�WKH�WLPHGLVWDQFH WR�ZKLFK�D�JLYHQ�REVHUYHU�JRHV��EXW�LW�OLPLWV�WKH�WUDYHOOHU�WR�WKH�UROH�RI�DQ�REVHUYHU�ZLWQHVV� RQO\�� ,Q� WKH� �DQDORJ\� RI� VKLIWLQJ� D� SURJUDP� FRQWURO�� GHVFULEHG� DERYH�� WKLV� RWKHUPHDQV RI�WLPH�WUDYHO�FRXOG�EH�FRPSDUHG�WR�WKH�UH�UXQQLQJ�D�VHTXHQFH�RI�D�JLYHQ�SURJUDP�E\VRPH RWKHU� SURJUDP�� 7KXV� WKLV� RWKHU� SURJUDP� FRXOG� VKRZ� ZKDW� UHVXOWV� D� JLYHQ� SURJUDPZRXOG \LHOG��EXW�LW�LV�XQDEOH�WR�DFWXDOO\�LGHQWLI\�LWVHOI��EHFRPH��WKH�SURJUDP�WKDW�LV�EHLQJ�UXQ�7R SXW�WKLV�LQWR�DQRWKHU�ZRUGV��LQ�WKLV�SDVVLYH�WLPH�WUDYHO�WKH�WUDYHOOHU�FDQ�RQO\�REVHUYH�WKHFRXUVH�RI�HYHQWV�WKDW�RFFXUUHG��RU�DUH�JRLQJ�WR�RFFXU���EXW�KH�VKH�LV�XQDEOH�WR�WDNH�SDUW�LQ�WKHPRU�WR�LPSDFW�WKHLU�ILQDO�RXWFRPH��3UDFWLFDOO\�VXFK��SDVVLYH�UHSOD\�RI�WLPHO\�GLVWDQW�HYHQWV��ZRXOGRQO\ DOORZ�RQH�WR�REVHUYH�KLV�KHU�RZQ�JUDQGSDUHQW�LQ�DFWLRQ��EXW�LW�ZRXOG�QRW�DOORZ�WR�NLOO�WKHJUDQGSDUHQW� 7KHUHIRUH�DOVR� WKLV� NLQG�RI� WLPH� WUDYHO� HOLPLQDWHV� WKH� FKDQFH� IRU�JUDQGSDUHQWSDUDGR[�DQG�IRU�SDUDOOHO�UHDOLWLHV�7KH SULQFLSOHV� RI� WLPH� WUDYHO� GHVFULEHG� SUHYLRXVO\� DSSO\� WR� WKH� VLWXDWLRQ� ZKHQ� WLPHUHPDLQV PRWLRQOHVV�EXW�DQ�DFWLYH� WUDYHOOHU�PRYHV� WKURXJK� LW��+RZHYHU��DQ�RSSRVLWH�ZD\�RIWUDYHOOLQJ LV�DOVR�SRVVLEOH�DOWKRXJK� WHFKQLFDOO\�PRUH�GLIILFXOW�� ,W�GHSHQGV�RQ�PDNLQJ� WLPH� WR�ZDYH� ZKLOH�D�WUDYHOOHU�UHPDLQV�PRWLRQOHVV��$Q�H[DPSOH�RI�WKLV�NLQG�RI�WLPH�WUDYHO�ZRXOG�EHSKHQRPHQD RFFXUULQJ� GXULQJ� WKH� H[SORVLRQ� RU� VWDUWLQJ� WLPH� YHKLFOHV�� 2QH� RI� WKH� PRVWIUHTXHQWO\ RFFXUULQJ�RI�WKHVH�W\SH�RI�SKHQRPHQD�LV�DQRWKHU�PDQLIHVWDWLRQ�RI�7LPH�9HKLFOHVFDOOHG KHUH�WKH��HIIHFW�RI�WLPH�GXSOLFDWLRQ���7KLV�HIIHFW�FDQ�PRVW�VLPSO\�EH�H[SODLQHG�E\�WKHH[DPSOH RI�D�PRWRUERDW�UHVWLQJ�LQ�D�ZDYHOHVV�ODNH��WKH�VXUIDFH�RI�WKLV�ODNH�UHSUHVHQWV�WLPH��,I WKLV�PRWRUERDW�UDSLGO\�EHJLQV�WR�PRYH��LW� LQGXFHV�ZDYHV�RQ�WKH�ODNH��7KHVH�ZDYHV�ZRXOGDOVR WRVV�DERXW�DQ�RXWVLGH�REVHUYHU�WKDW�ZDV�IORDWLQJ�LQ�WKH�ZDWHU�DQG�ZDWFKLQJ�WKH�ERDW��7RLQWHUSUHW WKH�DERYH�DQDORJ\�WR�7LPH�9HKLFOHV��LI�VXFK�D�YHKLFOH�FDXVHV�D�UDSLG��GHIRUPDWLRQ�RI WLPH��WKHQ�DQ�REVHUYHU�IURP�WKH�YLFLQLW\�RI�WKLV�YHKLFOH�ZLOO�EH�LQFOXGHG�LQWR�WLPH�ZDYHV�VRLQGXFHG� )RU� WKH�REVHUYHU� WKHVH�WLPH�ZDYHV�ZLOO�EH�SHUFHLYHG�DV�PXOWLSOH�UHSHWLWLRQV�RI� WKHVDPH VHTXHQFH�RI�HYHQWV��)RU�H[DPSOH��LI�WKH�REVHUYHU�KHDUG�LQ�D�UDGLR�D�VSHFLILF�VRQJ�DQGVLPXOWDQHRXVO\ VDZ�D�VSHFLILF�FDU�SDVVLQJ�E\�KLV�KHU�ZLQGRZ��DIWHU�D�ZKLOH�KH�VKH�ZLOO�KHDUDJDLQ�WKH�VDPH�VRQJ�DQG�ZLOO�VHH�DJDLQ�WKH�VDPH�FDU�%HFDXVH�RI�WKH�SULQFLSOHV�LQYROYHG�LQ�WKH�RSHUDWLRQ�RI�7LPH�9HKLFOHV�ZKLFK H[HFXWH�WKHLUFKDQJHV RI� WLPH�E\� D� �GHIRUPDWLRQ�� RI� WKH� HQYLURQPHQWDO�PDJQHWLF� ILHOG�� WKH� XVH� RI� WKHVHYHKLFOHV LV�PDQLIHVWHG�RQO\�ZLWKLQ�WKH�VSDFH�ZKHUH�WKH�HQYLURQPHQWDO�ILHOG�LV�H[FLWHG�E\�WKHLUPDJQHWLF FLUFXLWV�� �7KXV�� WKH� GLDPHWHU� RI� VXFK� VSKHUH� RI� LQIOXHQFH� LV� DURXQG� �� SK\VLFDOGLDPHWHUV RI� WKHVH�YHKLFOHV���7KHUHIRUH�DOO�VLGH�HIIHFWV�GHVFULEHG�LQ�WKLV�VXEVHFWLRQ�FDQ�EHQRWLFHG E\�FKDQFH�REVHUYHUV�ZKRVH�GLVWDQFH�IURP�D�7LPH�9HKLFOH�LV�VOLJKWO\�VPDOOHU�IURP�WKLVVSKHUH RI�LQIOXHQFH��)RU�WKH�FDVH�ZKHQ�XVHG�DUH�SHUVRQDO�7LPH�9HKLFOHV��L�H��WKRVH�LQVHUWHGVXUJLFDOO\�LQWR�XVHUV
�ERG\���WKH�VSKHUH�RI VXFK�LQIOXHQFH�ZLOO�QRW�H[FHHG�DURXQG���PHWHUV�IURPWKH DOLHQ�XVHU��7KXV�D�SHUVRQ�ZKR�H[SHULHQFHV�RQH�RI� WKH�HIIHFWV�GHVFULEHG�HDUOLHU�FDQ�EHVXUH�WKDW�D�WLPH�WUDYHOOLQJ�YLVLWRU�LV�UHDOO\�FORVH�7KH FRPSOHWLRQ�RI� WKH�7LPH�9HKLFOH�ZLOO�FRQFOXGH�WKH�GHYHORSPHQW�RI� WKH�QXPHURXV0DJQRFUDIW�EDVHG VSDFHVKLSV�� 7KH� FKDUDFWHULVWLFV� RI� DOO� WKHVH� VSDFHFUDIW� SUHVHQWHG� KHUH
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VKRZ WKDW RXU�SUHVHQW�NQRZOHGJH�RI�ZKDW�ZH�FDOO�WKH��PDJQHWLF�ILHOG��FDQ�EH�OLNHQHG�WR�WKHWRXFKLQJ�LQ�WKH�GDUNQHVV�RI�WKH�WLS�RI�D�PRXQWDLQ�RI�JROG��DQG�QRW�UHDOL]LQJ�WKDW�ZLWKLQ�D�KDQG
VJUDVS�WKHUH�LV�LPPHQVH�ZHDOWK�ZDLWLQJ�WR�EH�GLVFRYHUHG�
-���7KUHH�JHQHUDWLRQV�RI�0DJQRFUDIW�DQG�WKHLU�LGHQWLILFDWLRQ
7R VXPPDUL]H� WKLV� FKDSWHU�� WRJHWKHU� ZLWK� WKH� 0DJQRFUDIW� RI� WKH� ILUVW� JHQHUDWLRQGHVFULEHG LQ� FKDSWHU� *�� RXU� FLYLOL]DWLRQ� ZLOO� FRPSOHWH� DV� PDQ\� DV� WKUHH� VXEVHTXHQWJHQHUDWLRQV RI�WKH�0DJQRFUDIW��HPSOR\LQJ�LQ�HDFK�RI�WKHP�LQFUHDVLQJO\�DGYDQFHG�SURSHUWLHVRI�PDJQHWLF�ILHOGV��,Q�WKH�0DJQRFUDIW�RI�WKH�ILUVW�JHQHUDWLRQ��VKRZQ�LQ�)LJXUHV�*��WR�*����RQO\WKH UHSXOVLYH� DQG� DWWUDFWLYH� LQWHUDFWLRQV� EHWZHHQ� PDJQHWLF� ILHOGV� DUH� HPSOR\HG�� 7KHVHLQWHUDFWLRQV DUH� HTXLYDOHQW� WR� WKH� PHFKDQLFDO� IRUFHV� SURGXFHG� E\� FDU� ZKHHOV�� RU� WR� DLUSUHVVXUH XWLOL]HG� LQ� VDLOV� �VHH� 7DEOH� %���� 7KH�0DJQRFUDIW� RI� WKH� VHFRQG� JHQHUDWLRQ� �DOVRFDOOHG WKH�7HOHSRUWDWLRQ�9HKLFOH��� LQ�DGGLWLRQ� WR� WKHVH�IRUFH� LQWHUDFWLRQV��ZLOO�DOVR�XWLOL]H�WKH7HOHNLQHWLF�(IIHFW��WKH�PDJQHWLF�LQHUWLD��WULJJHUHG�YLD�DFFHOHUDWLRQ�RU�GHFHOHUDWLRQ�RI�PDJQHWLFILHOG�IRUFH�OLQHV�ZKLFK�HQFLUFOH�WKH�VKHOO�RI�WKH�YHKLFOH� 7KXV�WKH�IOLJKWV�RI�WKH�0DJQRFUDIW�RI�WKHVHFRQG JHQHUDWLRQ�ZLOO�HPSOR\�H[DFWO\�WKH�VDPH�SULQFLSOHV�ZKLFK�DUH� LQYROYHG�LQ�WHOHNLQHWLFPRWLRQ� ,Q� WKLV�ZD\� WKH�RSHUDWLRQ�RI� WKLV�YHKLFOH�ZLOO� EH�V\PPHWULFDO� WR�DOO�RWKHU�SURSXOVLRQV\VWHPV�ZKRVH�RSHUDWLRQ�LV�EDVHG�RQ�DFFHOHUDWLRQ�DQG�LQHUWLD��H�J��WR�D�KRYHUFUDIW�RU�IO\ZKHHO�VHH 7DEOH�%���7KH�0DJQRFUDIW�RI�WKH�WKLUG�JHQHUDWLRQ�ZLOO�HPSOR\�DV�PDQ\�DV�WKUHH�GLIIHUHQWSURSHUWLHV RI�PDJQHWLF� ILHOGV�� L�H��� ���� IRUFHV� RI�PDJQHWLF� LQWHUDFWLRQV�� ����PDJQHWLF� LQHUWLD�DFFHOHUDWLRQ RI� PDJQHWLF� ILHOGV��� DQG� ���� PDJQHWLF� LQWHUQDO� HQHUJ\� �WKH� GHIRUPDWLRQ� RIPDJQHWLF ILHOGV�� ZKLFK� ZLOO� DOORZ� WKH� PDQLSXODWLRQ� RI� WLPH�� %HFDXVH� WKH� PDVWHULQJ� RI� WKHPDJQHWLF HTXLYDOHQW�WR�LQWHUQDO�HQHUJ\�ZLOO�DOORZ�IRU�WKH�PDQLSXODWLRQ�RI�WLPH��WKH�0DJQRFUDIWRI�WKH�WKLUG�JHQHUDWLRQ�FDQ�DOVR�EH�FDOOHG�WKH�7LPH�9HKLFOH�(DFK RQH�RI�WKH�WKUHH�JHQHUDWLRQV�RI�WKH�0DJQRFUDIW�GHVFULEHG�DERYH�FDQ�EH�EXLOW�LQWKUHH YHUVLRQV�� L�H�� HLWKHU� DV� D� GLVFRLGDO� YHKLFOH�� DV� D� )RXU�3URSXOVRU� 6SDFHVKLS�� RU� DV3HUVRQDO 3URSXOVLRQ��)RU�WKH�ILUVW�JHQHUDWLRQ�RI�WKH�0DJQRFUDIW��3HUVRQDO�3URSXOVLRQ�ZLOO�WDNHWKH�IRUP�RI�DQ�DSSURSULDWH�FRVWXPH�ZRUQ�E\�WKH�XVHU��%XW�IRU�WKH�VHFRQG�DQG�WKLUG�JHQHUDWLRQVRI WKH�0DJQRFUDIW�3HUVRQDO�3URSXOVLRQ�ZLOO�WDNH�WKH�IRUP�RI�D�PLQLDWXUL]HG�GHYLFHV�ZKLFK�ZLOOEH VXUJLFDOO\�LPSODQWHG�LQWR�WKH�XVHU
V�ERG\��DQG�ZKLFK�ZLOO�FRRSHUDWH�ZLWK�XVHU
V�V\VWHP�RIQHUYHV�DQG�PXVFOHV�,Q�DUFKDHRORJ\�WKHUH�LV�D�PDQQHU�RI�FODVVLI\LQJ�YDULRXV�FLYLOL]DWLRQV�E\�WKH�WHFKQRORJLFDOOHYHO WKH\�DFKLHYHG��,Q�WKLV�PDQQHU�ZH�GHVFULEH�D�JLYHQ�FLYLOL]DWLRQ�WKDW�IRU�H[DPSOH�LW�ZDV�LQWKH VWRQH�� EURQ]H� RU� LURQ� DJH�� $OVR� WKH� FRPSOHWLRQ� RI� VXEVHTXHQW� SURSHOOLQJ� GHYLFHVGHVFULEHG KHUH� UHTXLUHV� IURP� D� JLYHQ� FRVPLF� FLYLOL]DWLRQ� WR� UHDFK� DSSURSULDWH� OHYHO� RIWHFKQRORJLFDO DGYDQFHPHQW��7KXV�WKH�W\SH�RI�SURSXOVLRQ�V\VWHPV�WKDW�DUH�LQ�WKH�GLVSRVDO�RID JLYHQ�FLYLOL]DWLRQ�LV�DOVR�D�EHVW�LQGLFDWRU�RI�WKH�OHYHO�RI�WHFKQRORJLFDO�DGYDQFHPHQW�WKDW�WKLVFLYLOL]DWLRQ DFKLHYHG�� 7KHUHIRUH� LW� LV� SRVVLEOH� WR� LQWURGXFH� D� YHU\� REMHFWLYH� FODVVLILFDWLRQ� RIVXEVHTXHQW FLYLOL]DWLRQV� MXVW� EDVHG�RQ� WKH� W\SH�RI� SURSHOOLQJ�GHYLFHV� WKDW� WKH\�KDYH�� ,I�ZHFODVVLI\�LQ�WKLV�PDQQHU�WKH�DJHV�SHULRGV�LQ�WKH�GHYHORSPHQW�RI�VXEVHTXHQW�FLYLOL]DWLRQV��WKHVHDJHV�ZLOO�XQIROG�DV�IROORZV��� 7KH�DJH�RI�SURSXOVLRQ�V\VWHPV�EDVHG�RQ�WKH�FLUFXODWLRQ�RI�IRUFH�DQG�WKH�FLUFXODWLRQRI PDWWHU��VHH�7DEOH�%����7KH�FLYLOL]DWLRQV��IRU�H[DPSOH�RXUV��ZKLFK�DUH�VWLOO� LQ�WKLV�DJH��DUHSUDFWLFDOO\ OLPLWHG� WR� WKH� RSHUDWLRQ� ZLWKLQ� WKHLU� RZQ� SODQHW�� 7KXV� LW� FDQ� EH� DOVR� FDOOHG� WKHSODQHWDU\ DJH��,W�FDQ�EH�IXUWKHU�VXEGLYLGHG�LQWR�DW�OHDVW�VL[�GHYHORSPHQWDO�SHULRGV��LQ�ZKLFK



J-15

VXEVHTXHQW JHQHUDWLRQV� RI� SURSHOOLQJ� GHYLFHV� ZHUH� LQWURGXFHG� LQWR� WKH� XVH�� DV� WKLV� LVLOOXVWUDWHG�LQ�WKH�VL[�ORZHVW�URZV�RI�7DEOH�%���� 7KH�DJH�RI�WKH�PDJQRFUDIW RI�WKH�ILUVW�JHQHUDWLRQ��XWLOL]LQJ� WKH�VTXDUH�RVFLOODWRU\FKDPEHU� %HFDXVH� DIWHU� UHDFKLQJ� WKLV� DJH� D� JLYHQ� FLYLOL]DWLRQ� DFKLHYHV� WKH� FDSDELOLW\� WRRSHUDWH LQ�LQWHUVWHOODU�GLPHQVLRQV��LW�FDQ�EH�DOVR�FDOOHG�WKH�ILUVW�LQWHUVWHOODU�DJH��,Q�WKLV�DJHIROORZLQJ IXUWKHU� GHYHORSPHQWDO� SHULRGV� FDQ� EH� GLVWLQJXLVKHG� �IRU� PRUH� GHWDLOV� VHH� DOVRVXEVHFWLRQV�)�����)�����)������$��'LVFRLGDO�0DJQRFUDIW�XWLOL]LQJ�VSLGHU�FRQILJXUDWLRQ��%��'LVFRLGDO�0DJQRFUDIW�XWLOL]LQJ�WZLQ�FKDPEHU�FDSVXOH��&��)RXU�3URSXOVRU�0DJQRFUDIW��'��0DJQHWLF�3HUVRQDO�3URSXOVLRQ��LQ�WKH�IRUP�RI�D�VXLW�����7KH�DJH�RI�WHOHSRUWDWLYH�SURSXOVLRQ V\VWHPV��PDJQRFUDIW�RI�WKH�VHFRQG�JHQHUDWLRQ�XWLOL]LQJ WKH� RFWDJRQDO�2VFLOODWRU\�&KDPEHU�� ,W� FDQ� EH� IXUWKHU� VXEGLYLGHG� LQWR� WKH� IROORZLQJSHULRGV� �$��'LVFRLGDO�7HOHSRUWDWLYH�9HKLFOHV��%��)RXU�3URSXOVRU�7HOHSRUWDWLYH�9HKLFOHV��&� 3HUVRQDO�7HOHSRUWDWLYH�3URSXOVLRQ� LQVHUWHG�VXUJLFDOO\� LQWR�ERGLHV�RI�XVHUVDQG�XQQRWLFHDEOH�IRU�RXWVLGH�REVHUYHU��'��7HOHSRUWDWLYH�EHDPLQJ�XS�GHYLFHV���� 7KH�DJH�RI�WLPH�YHKLFOHV �0DJQRFUDIW�RI�WKH�WKLUG�JHQHUDWLRQ��XWLOL]LQJ�WKH��VH[WR�JRQDO� 2VFLOODWRU\� &KDPEHU� �L�H�� WKH� FKDPEHU� ZLWK� VL[WHHQ� VLGH� ZDOOV��� ,W� FDQ� EH� IXUWKHUVXEGLYLGHG�LQWR��$��'LVFRLGDO�7LPH�9HKLFOHV��%��)RXU�3URSXOVRU�7LPH�9HKLFOHV�&� 3HUVRQDO�7LPH�9HKLFOHV� LQVHUWHG�VXUJLFDOO\� LQWR�ERGLHV�RI� WKHLU�XVHUV�DQGXQQRWLFHDEOH�WR�DQ�RXWVLGH�REVHUYHU��'� 7KH�WLPH�EHDP�FDUU\LQJ�WKH�DELOLW\�WR�DOWHU�DW�D�GLVWDQFH�WKH�HODSVH�RI�WLPH�,W VKRXOG�EH VWUHVVHG�WKDW�D�FLYLOL]DWLRQ�ZKLFK�LQ�D�JLYHQ�WLPH�LV�DW��OHW
V�VD\���$�SHULRGRI LWV�GHYHORSPHQW��IRU�H[DPSOH�DV�WKLV�LV�WKH�FDVH�ZLWK�WKH�FLYLOL]DWLRQ�ZKLFK�DEGXFWHG�0LVV1RVERFDM �� VHH� $SSHQGL[� =��� KDV� DOUHDG\� LQ� LWV� GLVSRVDO� DOO� WKH� SURSHOOLQJ� GHYLFHV� WKHFRPSOHWLRQ RI�ZKLFK�RFFXUUHG�LQ�WKH�HDUOLHU�SHULRGV��H�J��WHOHNLQHWLF�WUDQVSRUWLQJ�EHDP��SHULRG�&�� 7HOHNLQHWLF�3HUVRQDO�3URSXOVLRQ��SHULRG��&���HWF��+RZHYHU��LW�GRHV�QRW�KDYH�SURSHOOLQJGHYLFHV IURP�WKH�GHYHORSPHQWDO�SHULRGV�KLJKHU�WKDQ�WKH�SHULRG�DFWXDOO\�DFKLHYHG��H�J��)RXU�3URSXOVRU�7LPH�9HKLFOHV��SHULRG��%��RU�3HUVRQDO�7LPH�9HKLFOHV��SHULRG��&��6R�IDU RXU�FLYLOL]DWLRQ�KDV�QRW�GHYHORSHG�DQ\�RI�WKH�0DJQRFUDIW�GHVFULEHG�KHUH��%XW�WKHUHLV YDVW�HYLGHQFH�DFFXPXODWHG�ZKLFK� LQGLFDWHV� WKDW�VLQFH�DQFLHQW� WLPHV�RXU�SODQHW� LV�YLVLWHGE\ D QXPEHU� RI� FLYLOL]DWLRQV� KDYLQJ� GLIIHUHQW� OHYHOV� RI� GHYHORSPHQW�� ZKLFK� DOUHDG\� KDYHRSHUDWLRQDO 0DJQRFUDIW� �VHH� FKDSWHUV� .� WR� 2� WR� IROORZ��� )RU� WKLV� UHDVRQ� LW� LV� H[WUHPHO\LPSRUWDQW IRU�RXU�UHVHDUFKHUV�DQG�REVHUYHUV�WR�EH�DEOH�WR�GLVWLQJXLVK�ZLWK�ZKLFK�JHQHUDWLRQRI WKH�SURSXOVLRQ�V\VWHPV�WKH\�KDYH�WR�GHDO�LQ�D�JLYHQ�VLWXDWLRQ��,I�WKLV�JHQHUDWLRQ�LV�LGHQWLILHGWKDQ RQ RQH� KDQG� WKLV� DOORZV� WR� IRUHVHH� WKH� W\SH� RI� SKHQRPHQD� ZLWK� ZKLFK� WKH\� FDQ� EHFRQIURQWHG ZLWK��RQ�WKH�RWKHU�KDQG�LW�DOORZV�WR�HVWLPDWH�WKH�OHYHO�RI�GHYHORSPHQW�DFKLHYHG�E\D FLYLOL]DWLRQ� XQGHU� FRQVLGHUDWLRQ�� 7KHUH� DUH� VHYHUDO� NH\V� WR� LGHQWLI\� WKH� JHQHUDWLRQ� RISURSXOVLRQ V\VWHPV�ZLWK�ZKLFK�ZH�GHDO� LQ�D�JLYHQ�VLWXDWLRQ��/HW�XV�OLVW�KHUH�DQG�VXPPDUL]HWKH�WZR�PRVW�LPSRUWDQW�RI�WKHP��D� 7KH�SKHQRPHQD� LQGXFHG�GXULQJ� WKH�RSHUDWLRQ�RI� HDFK�RI� WKH�SURSHOOLQJ�GHYLFHVGHVFULEHG�KHUH��,Q�RUGHU�WR�JLYH�H[DPSOHV�RI�VRPH�RI�WKHP��IRUPLQJ�D�FORXG�RI�DLU�SODVPD�DQG
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FDXVLQJ HOHFWURPDJQHWLF�SKHQRPHQD�IRU�WKH�0DJQRFUDIW�RI� WKH�ILUVW�JHQHUDWLRQ�� WKH�ZDONLQJWKURXJK ZDOOV�DQG� IXUQLWXUH�� IO\LQJ� WKURXJK�EXLOGLQJV��DQG�SHQHWUDWLQJ�RWKHU�VROLG�REMHFWV�E\EHLQJV RU� YHKLFOHV� ZKLFK� VXUIDFH� ZDV� UDGLDWLQJ� ZLWK� D� SRZHUIXO� ZKLWH� ��VXSHUQDWXUDO���H[WUDFWLRQ JORZ�� IRU� WKH� SURSHOOLQJ� GHYLFHV� RI� WKH� VHFRQG� JHQHUDWLRQ�� DQG� UDSLGGLVDSSHDUDQFHV� �VWDWHV�RI�VXVSHQGHG�DQLPDWLRQ���HIIHFWV�RI�GXSOLFDWLQJ�WKH�WLPH���DQG�PDQ\RWKHU�SKHQRPHQD�WKDW�PXVW�DFFRPSDQ\�D�QHDUE\�SDVV�RI�7LPH�9HKLFOHV��E� 7KH�VKDSH�RI�WKH�2VFLOODWRU\�&KDPEHU��)RU�WKH�YHKLFOHV�RI�WKH�ILUVW�JHQHUDWLRQ�WKLVFKDPEHU ZLOO�KDYH�D�VTXDUH�FURVV�VHFWLRQ�� IRU� WKH�YHKLFOHV�RI� WKH�VHFRQG�JHQHUDWLRQ� LW�ZLOOKDYH RFWDJRQDO� FURVV�VHFWLRQ�� ZKHUHDV� WKH� 7LPH� 9HKLFOHV� ZLOO� XWLOL]H� WKH� �VH[WR�JRQDO�2VFLOODWRU\ &KDPEHUV��LW�VKRXOG�EH�QRWHG�WKDW�WKHVH�FKDPEHUV�ZLWK�VL[WHHQ�VLGH�ZDOOV��GXULQJQRW�YHU\�FDUHIXO�REVHUYDWLRQ�FDQ�EH�SHUFHLYHG�DV�DOPRVW�FLUFXODU�URGV�PDGH�RI�FU\VWDO��$W WKLV�SRLQW�WKH�DXWKRU�SURSRVHV�UHDGHUV�WR�FRPSOHWH�DQ�LQWHUHVWLQJ�H[SHULPHQW��7KHQH[W�WLPH�WKH\�GLJHVW�DQ�DUWLFOH�RU�D�ERRN�GHVFULELQJ�VRPHRQH
V�DEGXFWLRQ�RU�DQ�H[WUDRUGLQDU\H[SHULHQFH� WKH\�WU\�WR�DQDO\VH�WKH�DWWULEXWHV�RI�SKHQRPHQD�EHLQJ�GHVFULEHG��DQG�WKHQ�WU\�WRGHWHUPLQH WKH�JHQHUDWLRQ�DQG�SHULRG�WR�ZKLFK�PRVW�SUREDEO\�EHORQJHG�WKH�SURSHOOLQJ�GHYLFHVZKLFK�LQGXFHG�WKH�HYHQWV�GHVFULEHG�WKHUH�


