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H[SORUHU� DYHF�XQ� VXFFqV�PLWLJp�� GHSXLV� OD� ILQ�GHV� DQQpHV� ����&H� Q
HVW� SDV� VXUSUHQDQW�� YX� TXH� OHV� SHUVRQQHV� LPSOLTXpHV�GDQV� FH� GRPDLQH� Q
DYDLHQW� SDV� JpQpUDOHPHQW� GHV� PR\HQV� VXIILVDQWV� SRXU�PRQWHU� GHV� H[SpULHQFHV� UHSURGXFWLEOHV� HW� QRQ� FRQWHVWDEOHV�� 0DLV� DXVVL�SDUFH�TX
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REMHW�G
XQ�FRQVHQVXV��1RXV�SURSRVRQV�XQ�PRGqOH�IRQGp�VXU��O
pFUDQWDJH��GH� GHX[� QR\DX[� HQ� FROOLVLRQ�� SDU� XQH� DFFXPXODWLRQ� G
pOHFWURQV�� &HW��pFUDQWDJH��HVW�REWHQX�GH�GLYHUVHV�IDoRQV��0DLV��TXHO�TXH�VRLW�OH�SURFpGp��FHOD� SHXW� SURGXLUH� GHV� SURFHVVXV� GLYHUV� GH� UpDFWLRQ� QXFOpDLUH�� TXL� VRQW�VRXYHQW�LQDWWHQGXV��SDUWLFXOLqUHPHQW�HQ�IXVLRQ�

� ,QWURGXFWLRQ6LQFH� WKH� ILIWLHV� RI� WKH� ��WK FHQWXU\�� RQH�ZRXOG� FRQVLGHU� WKDW� WKHUH� LV� DQ�XQLTXH� ZD\� IRU� REWDLQLQJ� WKH� QXFOHDU� IXVLRQ� EHWZHHQ� OLJKW� QXFOHL�� IRU�H[DPSOH��W\SLFDOO\��EHWZHHQ�'HXWHULXP�QXFOHL��,W�LV�IDPHG�WKDW��DFFRUGLQJ�WR�
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WKH�WKHUPRQXFOHDU�H[SORVLYH�VFKHPH��LW�LV�QHFHVVDU\�WR�ZDUP�XS�WKH�PHGLXP�WR� HQHUJLHV LQ� WKH� UDQJH� RI� VRPH�0HY� SHU� QXFOHRQ�� DQG� WKDW� WKHUH� DUH� WZR�PDLQ�FKDQQHOV�RI�UHDFWLRQ��WKH�RQH�SURGXFLQJ��DQ�LQWHUPHGLDWH�VWHS�D�KHOLXP��QXFOHXV��WKH�RWKHU�D�7ULWLXP�QXFOHXV��+HOLXP���SURGXFWLRQ�LV�WKXV�SHUIRUPHG�LQ�WZR�VWHSV� '���'���+H���1HXWURQ'���'� �+���3URWRQ�+H���'����+H���3URWRQ�+���'����+H���1HXWURQ2XU�DLP� LV� WR� VKRZ� WKDW� WKHUH� LV�DQ�DOWHUQDWLYH�ZD\�ZKLFK� OHDGV� WR�PDNH�GHXWHURQV� WR� UHDFW� LQ�D�FROG�DQG�GHQVH�SODVPD�� L�H��ZKRVH�WHPSHUDWXUH�LV�QR�PRUH� WKDQ� LQ� WKH� NH9� UDQJH�� RU� OHVV�� SHU� QXFOHXV� 7KLV� FROG� SODVPD� LV� WKH�UHVXOW�RI� D�JRRG� LRQL]DWLRQ�RI�D�FRQGHQVHG�PHGLXP�� ,W� LV� LPSRUWDQW� WR�JHW�D�SODVPD� DV� ³SHUIHFW´� DV� SRVVLEOH�� 6R�� RQH� FDQ� DVVXPH� WKDW� LQ� WKH� SODVPD�PHGLXP� WKHUH� H[LVW� RQO\� ZHOO� VWULSSHG� QXFOHL� DQG� IUHH� HOHFWURQV�� $W� ILUVW�VLJKW�� WKLV� SRLQW� RI� YLHZ� FDQ� EH� FRQVLGHUHG� DV� EHLQJ� WRR� PXFK� LGHDO�� EXW�WDNLQJ�LQWR�DFFRXQW�YDULRXV�H[SHULPHQWV��LW�VHHPV�RQ�WKH�FRQWUDU\�WR�EH�UDWKHU�UHDOLVWLF�� $V� LW� LV� VKRZQ�� HOHFWURQV� SOD\� D� IXQGDPHQWDO� UROH� LQ� WKH� QXFOHDU�SURFHVV��WKH\�DUH�ORZHULQJ�VR�PXFK�WKH &RXORPE�EDUULHU�WKDW�LW�LV�SUDFWLFDOO\�VXSSUHVVHG�� 7KLV� UHPRYDO�OLNH� RI� WKH� &RXORPE� EDUULHU� OHDGV� DOVR� WR� WKH�SRVVLELOLW\� RI� D� ODUJH� QXPEHU� RI� XQXVXDO� QXFOHDU� UHDFWLRQV�� OLNH� WKH�VWUDLJKWIRUZDUG�RQH�VWHS�+HOLXP���SURGXFWLRQ��IURP�WZR�'HXWHULXP�QXFOHL�
� 7KH QRQ�WKHUPRQXFOHDU�IXVLRQ�SURFHVV�ZRXOG�RFFXU�LQ�YDULRXV�FLUFXPVWDQFHV�:H� KDYH� WR� TXRWH� VRPH� ZD\V� RI� SXWWLQJ� WKH�PHGLXP� LQWR� FRQGLWLRQ�� WR�VKRZ�KRZ�ODUJH�DUH�WKH�SRVVLELOLWLHV�RI�VXFK�D�SURFHVV�DQG�KRZ�LW�OHDGV�WR�D�VLPSOH�DQG�UDWLRQDO�PRGHOLQJ��,W�LV�LPSRUWDQW��ZLWK�WKLV�WDVN�LQ�PLQG��WR�WDNH�LQWR� DFFRXQW� VRPH� W\SLFDO� H[SHULPHQWV�� ZKLFK� KDYH� UDLVHG� D� FRQWURYHUVLHV��HDUO\� GXULQJ� WKH� QLQHWHHQWK¶V�� (DFK� W\SH� RI� H[SHULPHQW� XQYHLO� D� SRVVLELOLW\�DQG�D�SDUWLFXODU�DVSHFW�RI�WKH�JHQHUDO�SURFHVV�FRQVLVWLQJ�WR�JHW�QXFOHDU�IXVLRQ�ZLWKRXW� XVLQJ� WKHUPRQXFOHDU� WHPSHUDWXUHV�� 7KH� ILUVW� ZD\� KDV� FRQVLVWHG��KLVWRULFDOO\�� RI� XVLQJ� DQ� HOHFWURO\VLV� FHOO�� 7KH� HOHFWURO\WH� LV� VXSSRVHG� WR�FRQWDLQ� IXVLEOH� LRQV��7KH�FDWKRGH� LV�PDGH� W\SLFDOO\�RI�3DOODGLXP�RU�1LFNHO��:KHQ�IXVLEOH� LRQV�SHQHWUDWH� LQWR� WKH�FDWKRGH�PHGLXP��LW� LV�ZHOO�NQRZQ�WKDW�WKH\� WUDQVIRUP� LQWR� FRPSOHWHO\� VWULSSHG� QXFOHL�� DQG� WKDW� VRPH� ³DEQRUPDO´�SKHQRPHQD� PD\� RFFXU� GXULQJ� WKH� LRQ� SHQHWUDWLRQ�� DEQRUPDO� KHDW� TXDQWLW\��SDUWLFOH� SURGXFWLRQ�� OLNH� QHXWURQV�� WULWRQV� �+�� +HOLXP���� +HOLXP����([SHULPHQWV�VKRZ�WKDW�WKRVH�SKHQRPHQD�ZRXOG�RFFXU�SUHIHUDEO\�ZKHQ�VRPH�
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WUDQVLWRU\� FKDQJH� RI� SDUDPHWHU� OLNH� YROWDJH� FKDQJH� GRHV� RFFXU�� 7KH�FRQWURYHUV\�� DW� WKH� EHJLQQLQJ��ZDV� SDUWLFXODUO\� IRXQGHG�RQ� WKH�GLIILFXOW\� WR�JHW�DQ�HYLGHQFH�DERXW�WKH�RULJLQ�RI�WKH�DEQRUPDO�KHDW�TXDQWLW\�>�@�:LWK� WKH� HOHFWURO\VLV� FHOO� VWUXFWXUH�� LW� KDV� EHHQ� VKRZQ� WKDW� LW� FDQ�H[LVW� D�FRUUHODWLRQ� EHWZHHQ� WKH� KHDW� UHOHDVH� DW� WKH� FDWKRGH� DQG� WKH� UDWH� RI� QXFOHDU�UHDFWLRQV� SURGXFLQJ� GLUHFWO\� DQ� +HOLXP��� QXFOHXV�� ZLWK� ���0HY� RI NLQHWLF�HQHUJ\��

'���'�� +H�� ���
7KLV� GLUHFW� UHDFWLRQ� LV� DEQRUPDO� LQDVPXFK� WKHUH� LV� JHQHUDOO\� QR� DQJXODU�PRPHQWXP�SUHVHUYDWLRQ��,W�PHDQV�WKDW�WKH�SURFHVV�LV�YHU\�GLIIHUHQW�IURP�WKH�RQH�RI�WZR�QXFOHL�FROOLVLRQ��ZKLFK�LV�WHPSHUHG�E\ WKH�&RXORPE�EDUULHU��7KH�PRVW� LPSRUWDQW� LVVXH�RI� WKRVH�H[SHULPHQWV� LV�SUREDEO\� WKLV�GLUHFW�+HOLXP���SURGXFWLRQ�� DQ� DQRWKHU� ZD\� RI� JHWWLQJ� QXFOHDU� IXVLRQ� ZLWKRXW� XVLQJ�WKHUPRQXFOHDU�WHPSHUDWXUHV�*HQHUDOO\�WKRVH��DEQRUPDO��SKHQRPHQD�KDYH�QRW�EHHQ�UREXVW�LQ IXQFWLRQ�RI�PDQ\�SDUDPHWHUV��7R�EH� VXFFHVVIXO�QHHGV�D�YHU\�JRRG� WHFKQRORJ\��7KXV�WKH�VHFRQG�DVSHFW�RI�FRQWURYHUV\�FRUUHVSRQGV�WR�WKH�REMHFWLRQV�DERXW�WKH�VR�FDOOHG�QRQ�UHSURGXFLELOLW\�RI�DQ\�SURFHVV�%XW�WKHUH�LV�DW�OHDVW�RQH�GHYLFH�ZKLFK�JLYHV�D�SHUIHFW�UHSURGXFLELOLW\��,W�LV�FRQVWLWXWHG� RI� D� YDFXXP� FKDPEHU� ZKHUH� RQH� XVH� WR� SODFH� D� VPDOO�PRQRFU\VWDO� RI� R[LGH� WXQJVWHQ� EURQ]H� �1D[:2���� IRU� H[DPSOH�� ZKLFK� KDV�EHHQ� VXEPLWWHG�EHIRUH� WR� DQ� HIILFLHQW� SXPSLQJ�� IRU� KRXUV��$�GHXWHULXP�JDV�ERWWOH�LV�OLQNHG�ZLWK�WKH�YDFXXP�FKDPEHU�WKURXJK�D�ORFN��$�JRRG�YDFXXP�LV�REWDLQHG�E\�XVLQJ�D�YDFXXP�SXPS��:KHQ�RQH�RSHQV�WKH�ORFN��D�QHXWURQ�EXUVW�LV� GHWHFWHG� GXULQJ� VRPH� PLQXWHV�� LW� FRUUHVSRQGV� WR� GHXWHULXP� QXFOHL�SHQHWUDWLQJ� LQWR� WKH� FKDPEHU��2QH�JHWV� D� VLPLODU� UHVXOW�ZKHQ�RQH� FORVH� WKH�ORFN�DQG�WKH�YDFXXP�SXPS�LV�SXW�LQWR�UXQQLQJ�>�@��7KLV�SURFHVV�LV�SHUIHFWO\�UHSURGXFLEOH�� EXW� YHU\� VORZ� DV� RQH� KDV� WR� ZDLW� IRU� KRXUV� WLOO� WKH� SLHFH� RI�SDOODGLXP�LV�ZHOO�HPSWLHG�RI�LWV�LPSXULWLHV��%XW�WKLV��ROG��H[SHULPHQW�ZLSHV�RXW�DQ\�UHSURDFK�RI QRQ�UHSURGXFLELOLW\�RI�WKH�SURFHVV��2QH�KDV�WR�XQGHUOLQH�WKDW�QHXWURQV�DUH�XVXDOO\�GHWHFWHG��EHFDXVH�LW�LV�WKH�PRVW�GLUHFW�ZD\�WR�GHWHFW�QXFOHDU�UHDFWLRQV��EXW� LW� LV�SUREDEO\�� OLNH�LV�GLVFXVVHG�IXUWKHU��WKDW�+HOLXP���QXFOHL� DUH� DOVR� SURGXFHG�� LQ� D� ODUJHO\ JUHDWHU� QXPEHU�� WKH� SURGXFHG� QXFOHL�QXPEHU�EHLQJ�GLIILFXOW�WR�GHWHFW�JLYHQ�WKH�QDWXUDO�+HOLXP���QRLVH�6LPLODU� IURP� WKH� UHSURGXFLELOLW\� SRLQW� RI� YLHZ� LV� WKH� JORZ� GLVFKDUJH�GHYLFH�� D� UHDFWLRQ� FKDPEHU� EHLQJ� ILOOHG� ZLWK� GHXWHULXP� JDV�� $� FRQWLQXRXV�YROWDJH� RI W\SLFDOO\� VRPH� KXQGUHG� YROWV�� DSSOLHG� EHWZHHQ� DQ� DQRGH� DQG� D�FDWKRGH��PDGH�RI� SDOODGLXP�PDNHV� D� ORZ�FXUUHQW� WR� IORZ��2QH�JHWV� D� ODUJH�
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VSHFWUXP� RI� QXFOHDU� IXVLRQV� DQG� ILVVLRQV�� GHWHFWHG� ZLWK� WKH� KHOS� RI� KLJK�UHVROXWLRQ�JHUPDQLXP�GHWHFWRU�$PRQJ�PDQ\� H[SHULPHQWV� ZKLFK� DLPHG� WR� XQGHUVWDQG�ZKDW� LV� JRLQJ� RQ�GXULQJ�FROOLVLRQV�RI�FOXVWHUV�RI� IXVLEOH�SDUWLFOHV�� LW� LV� LPSRUWDQW� WR�TXRWH� WKH�RQHV�SHUIRUPHG�DW�WKH�%URRNKDYHQ�1DWLRQDO�/DERUDWRU\�E\�5�-��%HXKOHU�HW�DO��7KH\� FRQVLVWHG� RI� PDNLQJ� D� VLQJO\� FKDUJHG� FOXVWHU� RI� ��� WR� ����� '�2�PROHFXOHV�� RQH� WLPH� SOXV� FKDUJHG� >�@�� 7KRVH� FOXVWHUV� DUH� DFFHOHUDWHG� WR�DSSUR[LPDWHO\� ���� NHY�� DQG� DUH� LPSLQJLQJ� RQ� D� 7L'� WDUJHW�� 'HXWHURQV�HMHFWHG�LQ�WKH�FROOLVLRQ�KDYH�D�W\SLFDO�HQHUJ\�RI�����H9�RU�D�OLWWOH�PRUH��WRR�ORZ� IRU� SURGXFLQJ�GLUHFWO\� IXVLRQ� UHDFWLRQV��1HYHUWKHOHVV�� WKHUH� LV� HYLGHQFH�IRU�QXFOHDU�UHDFWLRQV����0HY�SURWRQV�DQG���0HY�7ULWRQV�EHLQJ�GHWHFWHG�ZLWK�D� VLOLFRQ� GHWHFWRU�� $SSDUHQWO\� WKLV� GHYLFH� KDG� QR� SRVVLELOLW\� RI� GHWHFWLQJ�+HOLXP� �� DQG� +HOLXP� ��� WKHLU� ³VLJQDOV´� EHLQJ� XQGHU� WKH� QRLVH� OHYHO�� 7KH�UHFRUGV� RI� SURWRQ� \LHOG� YHUVXV� WKH� QXPEHU� RI� '�2� LQ� WKH� +HDY\� :DWHU�0ROHFXOHV� �+:0�� FOXVWHU� LV� REWDLQHG� E\� DGGLQJ� WKH� FRXQWLQJ� RI� D� JUHDW�QXPEHU�RI�VKRWV��WKH�UHVXOW�RI�WKLV�DGGLWLRQ�KDV�D�PD[LPXP�DSSUR[LPDWHO\�LQ�WKH�UDQJH�RI���������+:0�SHU�FOXVWHU��)LJXUH�����2XU�LQWHUSUHWDWLRQ�LV�WKDW�IRU� D� ORZ� QXPEHU� �LQIHULRU� RU� HTXDO� WR� ���� DSSUR[LPDWHO\�� RI�+:0�� RQO\�RQH� GHXWHURQ�GHXWHURQ� FROOLVLRQ� FHQWHU� LV� SURGXFHG� E\� WKH�+:0�PROHFXOH�FOXVWHU�LPSLQJLQJ�RQ�WKH�7L'�WDUJHW��)RU�D�+:0�HTXDO�DSSUR[LPDWHO\�WR�����+90�� LW� DSSHDUV� UDQGRPO\� D� VHFRQG� '�'� FROOLVLRQ� FHQWHU�� %XW� DV� WKH�DYDLODEOH� HOHFWURQ¶V� QXPEHU� LV� OLPLWHG� LQ� WKH� +:0� FROOLVLRQ�� WKH� HOHFWURQ�QXPEHU�Q DURXQG� D�'�'� FROOLVLRQ� FKDQJHV� UDQGRPO\� IURP� RQH� FROOLVLRQ� WR�DQRWKHU��7KH�UHVXOW�LV�D�FXW�RI�WKH�FRXQWLQJ��ZKHUHDV��IRU�+:0�QXPEHU�OHVV�WKDQ������ LW�RFFXUV� WKH� LQFUHDVH�RI�FRXQWLQJ�YHUVXV� WKH�+:0�QXPEHU�� ,W� LV�SUREDEOH� WKDW� WKH�FRXQWLQJ�ZRXOG� LQFUHDVH�DJDLQ�IRU�+:0�QXPEHUV�JUHDWHU�DSSUR[LPDWHO\�WKDQ�������)LJXUH����
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)LJXUH�� ��'HWHFWHG�SURWRQ�QXPEHU�YV�WKH�'¶2PROHFXOHV�QXPEHU�LQ�WKH�FOXVWHU��VKRZLQJ�WKH�PD[LPXP�IRU�WKH�FRXQWLQJ
,I� RQH� UHPDUNV� WKDW� WR� D� GHILQLWH� +:0� QXPEHU�� LW� FRUUHVSRQGV� DQRWKHU�GHILQLWH� QXPEHU�� WKH�Q QXPEHU� RI� HOHFWURQV� DURXQG� WZR� FROOLGLQJ�QXFOHRQV��WKH�ILJXUH���GHSLFWV�WKH�YDULDWLRQ�RI�FRXQWLQJ�LQ�IXQFWLRQ�RI�FOXVWHU�HQHUJ\��LQ�ORJDULWKPLF�VFDOH��LW�LV�D�VWUDLJKW�OLQH��,W�LV�LQ�DJUHHPHQW�ZLWK�WKH�IXQGDPHQWDO�SRLQW�RI�YLHZ��GHYHORSHG�IXUWKHU�%XW� LW� VHHPV� WKDW� DQ� HOHFWULFDO� FXUUHQW� SXOVH� FRXOG� EH� WKH�PRVW� HIILFLHQW�DQG� VWUDLJKWIRUZDUG� ZD\� WR� JHW� QXFOHDU� IXVLRQ� ZLWKRXW� ZDUPLQJ� XS� WKH�PHGLXP�WR� WKHUPRQXFOHDU� WHPSHUDWXUHV�� ,Q� WKH�FKDQQHO�RI�FXUUHQW�SXOVH�� WKH�PHGLXP�FRQWDLQLQJ�QXFOHL�FDSDEOH�RI�IXVLRQ�UHDFWLRQV�LV�ILUVWO\�ZHOO�LRQL]HG��WKH� QXFOHL� EHLQJ� FRPSOHWHO\� VWULSSHG� IURP� WKHLU� HOHFWURQ� OD\HUV� ZKHQ� WKH�FXUUHQW� DSH[� LV� UHDFKHG�� ([SHULPHQWV� VKRZ� WKDW� QXFOHDU� UHDFWLRQV� EHJLQ� WR�DSSHDU� LQ� WKH� FRQGXFWLQJ� ]RQH� SUHFLVHO\� DW� WKH� FXUUHQW� DSH[�� ,W� FDQ� EH�H[SODLQHG� E\� WKH� VXGGHQ� FKDQJH� RI� VWUHQJWKV� DQG� GLUHFWLRQV� RI�HOHFWURPDJQHWLF� IRUFHV� ZKLFK� SXW� WKH� PHGLXP� LQWR� D� FRPSOH[� V\VWHP� RI�UHVRQDQFH� ZKLFK� ZH� FDOO�� DFFRUGLQJ� WKH� ,O\D� 3ULJRJLQH� WKHRU\�� D� ³/DUJH�
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3RLQFDUp�6\VWHP´�>�@��0RUHRYHU�LW�GRHV�RFFXU��GXULQJ�WKH�FXUUHQW�GHFUHDVH��D�SODVPD� LQVWDELOLW\�� ZKLFK� KDV� EHHQ� VRPHWLPHV� FDOOHG� ³VDXVDJH� LQVWDELOLW\´��WKH�PHGLXP�EHLQJ�FXW�LQWR�DSSDUHQW�VOLFHV��7KH�SODVPD�LQVWDELOLW\�ZKLFK�LV�DQ�KDQGLFDS� LQ� WKH� WKHUPRQXFOHDU� VFKHPH�� DSSHDUV� DV� EHLQJ� KHUH� D� QHFHVVDU\�DQG� EHQHILFLDO� FKDUDFWHULVWLF� RI� WKH� FRQGHQVHG� PHGLXP� ZKHUH� WKH� HOHFWULF�FXUUHQW� LV� IORZLQJ��'XULQJ� WKH�FXUUHQW�GHFUHDVH�� LW�RFFXUV�PHHWLQJV�EHWZHHQ�WZR� FROOLGLQJ� QXFOHL�� W\SLFDOO\� GHXWHULXP� QXFOHL�� DQG� DQ� HOHFWURQ�DFFXPXODWLRQ� RU� FOXVWHU�� $QG� WKH� FRQGLWLRQV� RI� WZR� QXFOHL� FROOLVLRQ� DUH�GUDVWLFDOO\�FKDQJHG��6R�EHJLQ�WKH�GHVFULSWLRQ�RI�WKH�³FROG´�IXVLRQ�SURFHVV��LQ�DJUHHPHQW�ZLWK�H[SHULPHQWV�� DV� LW� LV� VKRZQ� IXUWKHU��2QH�KDV� WR� UHPDUN� WKDW�QHXWURQV��DQG�VRPHWLPHV�SURWRQV��DUH�JHQHUDOO\�GHWHFWHG��,W�ZRXOG�EH�EHWWHU�LI�RQH�FRXOG�GHWHFW�DOVR��+H���+H���+��%XW�DOO�H[SHULPHQWHUV�KDYH�QRW�KDG��VLQFH������� DW� WKHLU� GLVSRVDO� VXIILFLHQW� PHDQV� WR� SHUIRUP� D� FRUUHFW� IXQGDPHQWDO�UHVHDUFK�LQ�WKLV�ILHOG��ZKHUH�WKHUH�DUH�PDQ\��WKLQJV�WR�GR��
� 6RPH�HOHPHQWV��ZKLFK�DUH�FRPPRQ�WR�WKH�GLIIHUHQW�ZD\V�RI�JHWWLQJ�&ROG�)XVLRQ�)LUVWO\� WKH� ORZHULQJ� RI� &RXORPE� EDUULHU�� FKDQJLQJ� W\SLFDOO\� IURP� VRPH�0HY�WR�VRPH�NH9�RU�VRPH�H9��DFFRUGLQJ�WKH�FDVH��7KLV�LV�GXH�WR�D�FROOHFWLYH�EHKDYLRU�RI�DQ�HOHFWURQ�FOXVWHU�DURXQG�WZR�FROOLGLQJ�QXFOHL��7KLV�FOXVWHU�LV�D�IDVW� WUDQVLWRU\�DFFXPXODWLRQ�RI�HOHFWURQV�DURXQG� WKRVH� IXVLEOH�QXFOHRQV��6R��RQO\�D�ORZ�HQHUJ\�LV�QHFHVVDU\�IRU�WKH�QXFOHL�WR�UHDFW�6HFRQGO\�� WKH� /DUJH� 3RLQFDUp� 6\VWHP�� DFFRUGLQJ� WKH� FRQFHSW� RI� ,O\D�3ULJRJLQH� >�@�� 7KH� 1� QXPEHU� RI� SDUWLFOHV�� LQYROYHG� LQ� LQWHUDFWLRQV� LQ� WKH�YROXPH�9�LV�JUHDW�HQRXJK�IRU�WKH�UDWLR�1�9�WR�EH�FRQVWDQW��ZKDWHYHU�WKH�VL]H�RI� WKH�9�YROXPH��,W� LV�D��6\VWHP��EHFDXVH�LQWHUDFWLRQV�DUH�SHUPDQHQW�LQ�WKH�ZKROH� 9� YROXPH�� ,W� LV� �/DUJH�� EHFDXVH� WKH� PHDQ� GLVWDQFH� EHWZHHQ� LWV�FRQVWLWXWLQJ�SDUWV�LV�ORZ�LQ�FRPSDULVRQ�ZLWK�LWV�WRWDO�GLPHQVLRQV��7KH�V\VWHP�LV�FKDUDFWHUL]HG�E\�FRQWLQXRXV�VSHFWUD��RZLQJ�WR�D�UDQGRP�GLVWULEXWLRQ�RI�WKH�SDUWLFOH� SDUDPHWHUV� �)RU� H[DPSOH�� (OHFWURQV�� 'HXWHURQV�� 2[\JHQ� 1XFOHL��'HXWHURQV�� LQ� WKH� FDVH� RI� LQLWLDO�+HDY\�:DWHU���7KLV�PRGHO� LPSO\� WKDW� LRQV�DUH�TXDVL�IUHH�LQ�WKH��'�VSDFH�7KLUGO\��D�VSHFLILF�GLPHQVLRQDO�UHODWLRQVKLS�EHWZHHQ�WKH�EDVLF�SDUDPHWHUV�GHVFULELQJ� WKH� QXFOHDU� IXVLRQ� SURFHVV� LQ� D� ORZ� HQHUJ\� FRQGHQVHG�PHGLXP��ZKLFK�UHSODFHV�WKH�KDELWXDO��/DZVRQ�FULWHULRQ���DV�EHLQJ�RQO\�VSHFLILF�IRU�WKH�WKHUPRQXFOHDU K\SRWKHVLV�>����	���@�7KH�FULWHULRQ�ZKLFK�LV�VXLWHG�WR�SURFHVV�ZLWK�DQ�HOHFWURQ�FOXVWHU��LV�WKXV�

5� ��Qð�����V)H�W��T ���



(OHFWURQ�&OXVWHUV�DQG�1XFOHDU�)XVLRQ ����
5���(YHQWV�QXPEHU�GXULQJ�WKH�WLPH�TQ���)XVLEOH�QXFOHL�QXPEHU��DEOH�WR�EH�LQYROYHG�LQ�D�IXVLRQ�SURFHVVV ���*HRPHWULFDO��FURVV�VHFWLRQ�RI�D�IXVLEOH�QXFOHXVH ��:LGWK�RI�WKH�&RXORPE�EDUULHU�EHWZHHQ�WZR�'HXWHURQVW ��%DUULHU�FURVVLQJ�GXUDWLRQT ��3XWWLQJ�LQWR�FRQGLWLRQ�GXUDWLRQ�RI�WKH�IXVLEOH�PHGLXP)���%DUULHU�WUDQVIHU�IDFWRU��DQ�HOHFWURQ�DFFXPXODWLRQ��FOXVWHU��VXUURXQGLQJ�WKH�WZR�FROOLGLQJ�QXFOHL��6FKU|GLQJHU�FDOFXODWLRQV�7KH� HOHFWURQ� DFFXPXODWLRQ�� RU� FOXVWHU� LV� D� PDFURVFRSLF� HQWLW\� SXW� LQWR�HYLGHQFH� ILUVWO\� LQ� 5XVVLD� E\� *�$�0HV\DWV� >����@� DV� HDUO\� DV� GXULQJ� WKH�VL[WLHV� RI� WKH� WZHQWLHWK� FHQWXU\��ZKLFK� KH� QDPHG� �(FWRQ��� 6HFRQGO\� LQ� WKH�8QLWHG�6WDWHV��GXULQJ�WKH�HLJKWLHV��E\�.HQQHWK�6KRXOGHU�>�����@�DQG�QDPHG�E\�/DWLQ�ZRUGV��(OHFWUXP�YDOLGXP����6WURQJ�(OHFWURQ����$FFRUGLQJ�VSHFLILF�H[SHULPHQWV� LWV� VKDSH� LV� VSKHULFDO� DQG� D� W\SLFDO� FOXVWHU� RI� UDGLXV� �PP��FRQWDLQV� �[���� HOHFWURQV� >��@�� %XW� IRU� SHUIRUPLQJ� &RXORPE� EDUULHU�VFUHHQLQJ�� DQG� REWDLQLQJ� QXFOHDU� IXVLRQV�� VRPH� ��� HOHFWURQV� PD\� EH�VXIILFLHQW� >��	� ��@�� 7KH�PHDQ� GLVWDQFH� EHWZHHQ� HOHFWURQV� LQ� WKH� FOXVWHU� LV�W\SLFDOO\�LQ�WKH�UDQJH�RI�WKH�HOHFWURQ�&RPSWRQ�ZDYH�OHQJWK������������� P���7KH� PRVW� W\SLFDO� ZD\� RI� REWDLQLQJ� HOHFWURQ� FOXVWHUV� VHHPV� WR� XVH� URXJK�VXUIDFHV� RI� HOHFWURGHV� LQ� WKH� GLVFKDUJH� GHYLFH� >�@�� )RU� DFFRXQWLQJ� WKH�WUDQVLWRU\� FRKHVLRQ� RI� HOHFWURQ� FOXVWHUV�� LW� VHHPV� VXIILFLHQW� WR� WDNH� LQWR�DFFRXQW� WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�VSLQ�RI�HOHFWURQV��DQRWKHU�FDXVH�VXFK�DV�WKH�&DVLPLU�HIIHFW�VHHPLQJ�WR�EH�UXOHG�RXW�>��@�
� 7KH�4XDQWXP�SRLQW�RI�YLHZ�OHDGV�WR�D�IUDFWDO�GLPHQVLRQ�K\SRWKHVLV�$�VLPSOH�FDOFXODWLRQ�XVLQJ� WKH�6FKU|GLQJHU�HTXDWLRQ� OHDGV� WR�D�V\QWKHWLF�YLHZ�RQ�WKH�SURFHVV��,QLWLDOO\�WZR�PRYLQJ�GHXWHURQV�DUH�VXSSRVHG�WR�EH�DW�D�PXWXDO�GLVWDQFH�ZKLFK�LV�LQ�WKH�UDQJH RI�WKH�%RKU�DWRP�UDGLXV������[���� P���6FKU|GLQJHU�HTXDWLRQ�JLYHV�WKH�ZDYH�IXQFWLRQ�RI�RQH�RI�WKH�WZR�GHXWHURQV��LQ�IXQFWLRQ� RI� WLPH�� DSSURDFKLQJ� WKH� RWKHU�� LQ� VXFFHVVLYH� VOLFHV� RI� WLPH�� $�W\SLFDO� QXPEHU� RI� IXVLEOH� QXFOHL� GHQVLW\� �� Q�  � ���� �FP� IRU� H[DPSOH�� KDV�JLYHQ�DQ�LPSRUWDQW�UHVXOW��LQ�WKH�SODQH��/RJ�(���/RJ�5����(�EHLQJ�WKH�HQHUJ\�RI�WKH�LQFLGHQW�GHXWHURQ��WKH�UHSUHVHQWDWLYH�SRLQWV�DUH�RQ�D�VWUDLJKW�OLQH�IRU�QFRQVWDQW� >�@�� 7KH� FRQVHTXHQFH� RI� &RXORPE� EDUULHU� ORZHULQJ� LV� ILUVWO\� WR�PDNH� WKDW� QXFOHL�PHHW� WRJHWKHU��3UDFWLFDOO\��RQO\� VWURQJ� LQWHUDFWLRQ� UHPDLQV�HIILFLHQW��(OHFWURQ�FOXVWHU�IDYRXUV�D�V\PPHWULFDO�VWURQJ�LQWHUDFWLRQ��DQG�LW� LV�SUREDEO\� DQ� LPSRUWDQW� UHPDUN� IRU� XQGHUVWDQGLQJ� ZK\� WKH� QXFOHDU� UHDFWLRQ�EHWZHHQ�WZR�GHXWHULXP�QXFOHL���VFUHHQHG��E\�DQ�HOHFWURQ�FOXVWHU��JLYHV�YHU\�SUHGRPLQDQWO\� +HOLXP��� ,I� RQH� UHSODFHV� 7KH� (� HQHUJ\� WHUP� E\� D�



���� 0��5DPEDXW
FKDUDFWHULVWLF� GLPHQVLRQ� RI� WKH� FROOLGLQJ� V\VWHP� L�H�� WKH� 'H� %URJOLH� ZDYH�OHQJWK�O��RQH�UHDGV��IRU�Q FRQVWDQW��'�EHLQJ�WKH�VORSH�RI�WKH�VWUDLJKW�OLQH��

/RJ�5�5
� �'�/RJ�(�(
� �'�/RJ�O�O
 ���
'� LV� DOVR� WKH� IUDFWDO� GLPHQVLRQ� RI� WKH� VSDFH� >��@�� ZKHUH� FROOLVLRQV� GR�RFFXU�� 7R� YHULI\� WKLV� K\SRWKHVLV�� RQH� KDV� WR� DGRSW� D� SUREDELOLVWLF� SRLQW� RI�YLHZ�

)LJXUH�� ��(VWLPDWHG�SRVLWLRQ�RI�WKH�.LHO��15/�DQG�%URRNKDYHQ�UHVSUHQWDWLYH�SRLQWV�RI�H[SHULPHQWV��(DFK�VWUDLJKW�FRUUHVSRQGV�WR�D�FRQVWDQW�HOHFWURQ�QXPEHU�1X�



(OHFWURQ�&OXVWHUV�DQG�1XFOHDU�)XVLRQ ����
� 3UREDELOLVWLF�SRLQW�RI�YLHZ8VLQJ�DQ�LPSRUWDQW�SURSHUW\�RI�D�ODUJH�3RLQFDUp�V\VWHP��WKH�GHXWHURQV�DUH�VXSSRVHG�TXDVL�IUHH�LQ�WKLV�FRPSOHWHO\�LRQLVHG�PHGLXP�>�@��7KHLU��'�VSDWLDO�GLVWULEXWLRQ�LV�VXSSRVHG�WR�REH\�WKH�3RLVVRQ�ODZ��7KXV�WKH�3S SUREDELOLW\�IRU�D� PLFUR�YROXPH� 9�� FRQWDLQLQJ� S� GHXWHURQV��P EHLQJ� WKH� PHDQ� QXPEHU� RI�'HXWHURQV�UHDGV�

3S �H�P �PS�S�� ���
7KH� SUREDELOLW\� IRU� WKH� HOHPHQWDU\� 9� YROXPH� FRQWDLQLQJ� WZR� FROOLGLQJ�QXFOHL�WKXV�UHDGV�

3� �H�P �Pð���� ���
$QG�WKH�UDWLR�EHWZHHQ�WKH�SUREDELOLW\�RI�ILOOLQJ�D�9�PLFUR�YROXPH�E\�RQH�XQLTXH�'HXWHURQ��DQG�WKH�SUREDELOLW\�RI�ILOOLQJ�LW�E\�WZR�'HXWHURQV�LV�HTXDO�WR� WKH� QXPEHU� RI� HOHFWURQV�Q VXUURXQGLQJ� WZR� FROOLGLQJ� 'HXWHURQV� �ZKRVH�GLVWDQFH�LV�LQIHULRU�WR�WKH�%RKU�DWRP�UDGLXV�

Q  ��P ���
&DOFXODWLRQV�KDYH�EHHQ�FDUULHG�RXW�ZLWK�

9� ��%RKU�UDGLXV ��  �������[���� FP��
DQG
Q� ����� GHXWpURQV�FP� P ����� Q  ��[���Q� ����� GHXWpURQV�FP� P ��[���� Q  ����

7KHUH� LV� DJUHHPHQW� IRU� WKH� UDQJH� RI� Q QXPEHUV�� EHWZHHQ� 6FKU|GLQJHU�TXDQWXP� FDOFXODWLRQV� DQG� WKH� SUREDELOLVWLF� SRLQW� RI� YLHZ�� JURXQGHG� RQ� WKH��/DUJH�3RLQFDUp�6\VWHP��K\SRWKHVLV�



���� 0��5DPEDXW
� )UDFWDO�'LPHQVLRQ�RI�FROOLVLRQ�VSDFH7KH� FROOLVLRQ� VSDFH� LV�PDGH�XS�RI� WKH� VLWHV� RI� WZR�'HXWHURQV� FROOLVLRQV��GHWHUPLQHG�E\�WKH�GLPHQVLRQV�RI�WKH�FXELF�HOHPHQWDU\�9�YROXPHG ��6LGH�RI�WKH�YROXPH�9��VXSSRVHG�FXELF�1G ��1XPEHU�RI�9�YROXPHV�FRQWDLQLQJ�RQH�FROOLVLRQ�VLWH��SHU�YROXPH�XQLW�:H�XVH�WKH��%R[�&RXQWLQJ�'LPHQVLRQ��DOJRULWKP�

�
ORJOLP ORJ��1' GG Go ���

%XW�G LV�SK\VLFDOO\�ILQLWH��2QH�FKRRVH�D�G YDOXH�FORVH�WR�WKH�%RKU�UDGLXV��LQVWHDG�RI�]HUR�
G � ���� FP��Q� ����� � �����FP���H�P � ��

:LWK�WKLV�G YDOXH��GLIIHUHQW�IURP�]HUR��'�LV�D�IXQFWLRQ�RI�G DQG�Q��2QH�JHWV�WKLV� UHVXOW�� E\� H[SUHVVLQJ� ILUVWO\� WKH� SUREDELOLW\� 3� IRU� D� FXEH� RI� VLGH� GFRQWDLQLQJ�RQH�XQLTXH�GHXWHURQ�
3�  PH�P  �G� Q ���

$QG�WKH�SUREDELOLW\�3� IRU�D�FXEH�FRQWDLQLQJ�WZR�'HXWHURQ�
3�  �ò�Pð�H�P  �ò�G� Q� ���

7KH�QXPEHU�1G RI�FXEHV�FRQWDLQLQJ�WZR�'HXWHURQV��LQ�RQH�YROXPH�XQLW��LV�WKXV�
1G  �ò�G� Q� ����

$QG�WKH�IUDFWDO�GLPHQVLRQ�LQ�IXQFWLRQ RI�G DQG�Q�
� �ORJ�� �� ORJ�� Q' GG ����



(OHFWURQ�&OXVWHUV�DQG�1XFOHDU�)XVLRQ ����
G � ���� FP��Q� ����� � �����FP���H�P � ��5HSODFLQJ�G E\�LWV�H[SUHVVLRQ�LQ�IXQFWLRQ�RI�Q�DQG�Q�

Q  ���P� ����
G  ��P�Q���� ����

7KH�)UDFWDO�'LPHQVLRQ�UHDGV�
�ORJ � ��� �ORJ � �Q Y' QY ����

7KH�VORSHV�RI�WKH�VWUDLJKW�OLQHV�IRU�FRQVWDQW�Q DUH�YHU\�FORVH�WR�WKH�RQHV�RI�6FKU|GLQJHU� FDOFXODWLRQ� UHVXOWV�� )RU� H[DPSOH�ZLWK� Q �����FP��� FDOFXODWLRQV�XVLQJ� 6FKU|GLQJHU� HTXDWLRQ� JLYHV�'� ������� IRU�Q ���[��� HOHFWURQV� LQ� WKH�FOXVWHU� ZKHUHDV� WKH� '�IRUPXOD� LQ� IXQFWLRQ� RI� Q� HW�X JLYHV�� '�  ������ 7KH�GLIIHUHQFH� LV� VXIILFLHQWO\� ORZ� IRU� SXWWLQJ� LQWR� HYLGHQFH� WKH� DJUHHPHQW�EHWZHHQ� WZR�GHVFULSWLRQV�RI�D�SKHQRPHQRQ�ZKLFK� LV�GUDVWLFDOO\�GLIIHUHQW�RI�DQ\��WKHUPRQXFOHDU��RQH�



���� 0��5DPEDXW
I,5

)LJXUH�� ��)UDFWDO�GLPHQVLRQ�'��LQ�IXQFWLRQ�RI�IXVLEOH�PHGLXP�GHQVLW\�IRU���YROXPHV�RI�WKH�HOHFWURQ�QXPEHU�1X
7KH� UDWH� 5� RI� QXFOHDU� UHDFWLRQV� LV� WKXV� UXOHG� E\� WKH� ORJDULWKPLF�UHODWLRQVKLS�ZKLFK�LV�OLQHDU�LQ�ORJDULWKPLF�VFDOH�

/RJ�5
�5� �'�/RJ��(
�(� ����
(�EHLQJ�WKH�HQHUJ\�RI�WKH�PRYLQJ�GHXWHURQ�
� ([SHULPHQWDO�HYLGHQFHV)RU� JHWWLQJ� FOHDU� HYLGHQFHV�� RQH� KDV� WR� WDNH� LQWR� DFFRXQW� H[SHULPHQWV�ZKHUH� WKH� UHDOLVDWLRQ� SUREDELOLWLHV� RI� WKH� DERYH� IXQGDPHQWDO� FRQGLWLRQV��/36�� 3RLVVRQ� VSDWLDO� GLVWULEXWLRQV�� PD\� EH� DSSUHFLDWHG� DV� EHLQJ� QRQ�QHJOLJLEOH��)RU�H[DPSOH�RQH�FDQ�FRQVLGHU�H[SHULPHQWV�SHUIRUPHG� LQ�8QLWHG�6WDWHV� 1DYDO� 5HVHDUFK� /DERUDWRU\� �15/�� >��@�� 7KH� TXRWHG� H[SHULPHQWV�



(OHFWURQ�&OXVWHUV�DQG�1XFOHDU�)XVLRQ ����
FRQVLVWHG� RI� PDNLQJ� D� FXUUHQW� SXOVH� WR� IORZ� ZLWK� D� SHDN� FXUUHQW� EHWZHHQ��[��� $PSV�WR��[��� $PSV�DQG�OHDGLQJ�DQG�WUDLOLQJ�HGJHV�RI�W\SLFDOO\���������QDQRVHFRQGV�LQWR�D�ZLUH�RI�IUR]HQ�'HXWHULXP����.���RU�LQWR�D�ZLUH�PDGH�RI� D�PDWHULDO� FRQWDLQLQJ� GHXWHURQV�� 7KH� QHXWURQ� QXPEHU� IRU� RQH� SXOVH�ZDV�EHWZHHQ�WZR�OLPLWV�������± �������IRU�D�HQHUJ\�RI������0HY��FRUUHVSRQGLQJ�WR�WKH� FODVVLFDO� IXVLRQ� UHDFWLRQ� '� �'�� Q�� +H� �� 2QH� KDV� WR� QRWLFH� WKDW� WKH�QHXWURQV�ZHUH�GHWHFWHG�RQO\�GXULQJ�WKH�FXUUHQW�GHFUHDVH��IURP�SHDN�YDOXH�,F ��WKLV� FXUUHQW� GHFUHDVH� FRUUHVSRQGV� DSSDUHQWO\� WR� WKH� JRRG� IXQFWLRQLQJ� RI� D�/DUJH�3RLQFDUp�6\VWHP��7KH�QXPEHU�RI�GHWHFWHG�QHXWURQV��LV�SURSRUWLRQDO�WR�WKH����SRZHU�RI�WKH�FXUUHQW�SHDN� ��F, ��)RU�DFFRXQWLQJ�RI�WKLV�SRZHU�ZLWK�WKH�KHOS�RI�RXU�IUDFWDO�PRGHO���RQH�KDV�WR�EULQJ�RXW�WKH�IROORZLQJ�UHPDUNV�� )LUVWO\��WKH�PHDQ�'HXWHURQ�YHORFLW\��GXH�WR�WKH�WKHUPDO�GLVVLSDWLRQ�GXULQJ�WKH�OHDGLQJ�HGJH��LV�SURSRUWLRQDO�WR�WKH�FXUUHQW�SHDN�a,F� 6HFRQGO\�� WKH�PHDQ�'HXWHURQ� YHORFLW\�� DIWHU� WKH� FXUUHQW� SHDN�� LV� GXH� WR�WKH HOHFWURG\QDPLFV�IRUFHV��LW�LV�REWDLQHG�E\�LQWHJUDWLQJ�DQ�H[SUHVVLRQ�RI�WKH�LQWHUDFWLRQ�EHWZHHQ�FXUUHQW�HOHPHQWV��ZKLFK�KDV�LQ�IDFWRU�,Fð��7KH�UHVXOWLQJ�GHXWHURQ�YHORFLW\�LV�WKXV�SURSRUWLRQDO�WR�,F� ��DQG�LWV�HQHUJ\�LV�SURSRUWLRQDO�WR�,F� �



���� 0��5DPEDXW

)LJXUH�����*URZWK�RI�WKH�QHXWURQV�EXUVW��FRPLQJ�RXW�GXULQJ�WKH�FXUUHQW�GHFUHDVH��YV�WKH�SHDN�FXUUHQW�,��7KH�H[SHULPHQWHUV�ZHUH�FODLPLQJ�D�JURZWK�SURSURWLQDO�WR�,��7KH� HTXDWLRQ� RI� D� VWUDLJKW� OLQHV� KDYLQJ� LWV� VORSH� HTXDO� WR� WKH� IUDFWDO�GLPHQVLRQ�'��WKH�UDWH�5�RI�QXFOHDU�SURGXFWLRQ�LV�IXQFWLRQ�RI�WKH�SHDN�FXUUHQW�
/RJ�5
�5� ��'�/RJ��,
F�,F� ����



(OHFWURQ�&OXVWHUV�DQG�1XFOHDU�)XVLRQ ����
2QH� JHWV� D� UHODWLRQVKLS� FORVH� WR� ��F, �*LYHQ� WKH� XQFHUWDLQWLHV� DERXW� WKH�SDUDPHWHUV�� RQH� FDQ� VSHDN� RI� DJUHHPHQW� EHWZHHQ� PRGHO� DQG� H[SHULPHQWV��7KLV�H[SHULPHQW�KDV�EHHQ�FKRVHQ�DV�EHLQJ�GHPRQVWUDWLYH�RI�WKH�PRGHO�ZKLFK�LV� SURSRVHG� IRU� DFFRXQWLQJ� RI� QXFOHDU� IXVLRQ� ZKHUHDV� WKH� SUHUHTXLVLWHV� IRU�WKHUPRQXFOHDU�SURFHVV�DUH�QRW�IXOILOOHG��$QG�DOVR�EHFDXVH�WKH�SXOVHG�FXUUHQW�ZD\�VHHPV�PRUH�SURPLVLQJ�LQ�WKH�IXWXUH WKDQ�VLPSOH�HOHFWURO\VLV�FHOOV�%XW� RQH�KDV�DOVR� WR� UHPLQG� WKH�5�-��%HXKOHU� H[SHULPHQWV��TXRWHG�DERYH��ZKLFK�FRQILUP�WKH�HOHFWURQ�FOXVWHU�PRGHO�IURP�D�YHU\�GLIIHUHQW�H[SHULPHQWDO�SRLQW� RI� YLHZ�� ,W� VKRZV� WKH� SUH� HPLQHQW� UROH� RI� HOHFWURQV� LQ� WKH� FROOLVLRQ�EHWZHHQ� D� DJJUHJDWH� RI� VRPH� KXQGUHG� RI� 'ð2�PROHFXOHV� ZLWK� D� 7LWDQLXP�WDUJHW� VDWXUDWHG� ZLWK� KHDY\� ZDWHU� >�@�� 7KH� 3URWRQ� GHWHFWLRQ� VKRZV� FOHDUO\�WKDW� RQH� QHHGV� D� PLQLPXP� QXPEHU� RI� KHDY\� ZDWHU� PROHFXOHV� DQG� WKXV� D�PLQLPXP�QXPEHU�RI�HOHFWURQV�LQ�WKH�FOXVWHU�IRU SURGXFLQJ�QXFOHDU�UHDFWLRQV��0DNLQJ� WKH�'ð2�PROHFXOHV� DJJUHJDWH� JURZLQJ�� RQH� JHWV� ILUVWO\� RQH� XQLTXH�FOXVWHU�� EXW� LI� RQH� PDNHV� WKH� DJJUHJDWH� PRUH� JURZLQJ�� WKH� 3URWRQ� QXPEHU�GHFUHDVHV�ILUVWO\��VKRZLQJ�D�SDUWLWLRQ�RI�IUHH�HOHFWURQV�EHWZHHQ�WZR�FROOLVLRQ�LRQV�VLWHV��$V�WKH�HOHFWURQV�QXPEHU�LV�LQVXIILFLHQW�IRU�WZR�FROOLVLRQ�VLWHV��WKHLU�HIILFLHQF\� IRU� VFUHHQLQJ� LV� LQVXIILFLHQW� IRU� SURGXFLQJ� WZR� 3URWRQV�� ,I� WKH�H[SHULPHQWHUV�KDG�PDGH�WKH�'ð2�QXPEHU�WR�JURZ�PRUH��WZR�3URWRQV�ZRXOG�EH�JURZLQJ�DJDLQ�EHLQJ�SURGXFHG LQ�WZR�DJJUHJDWHV��)LJXUH����

� *HQHUDOLW\�RI�WKH�³(OHFWURQ�)UDFWDO´�PRGHO�,Q�WKH�FDVH�ZKHUH�WKHUH�DUH�GLIIHUHQW�NLQGV�RI�LRQV�LQ�WKH�/36��HYHU\WKLQJ�LV� DSSUR[LPDWHO\� JRLQJ� RQ� DV� LI� HDFK� W\SH� RI� LRQ� ZRXOG� FRUUHVSRQG� WR� D�VSHFLILF�FROOLVLRQ�VSDFH��WKH�FROOLVLRQ�VLWHV�EHLQJ�UDUH�LQ�FRPSDULVRQ�ZLWK�WKH�VLWHV�FRQWDLQLQJ�RQO\�RQH�LRQ��%XW�RQH�KDV�WR�HPSKDVL]H�RQ�WKH�IDFW�WKDW�WKH�IUDFWDO� GLPHQVLRQ� RI� WKH� FROOLVLRQ� VSDFH� RI� RQH� W\SH� RI� LRQ� LV� PDLQO\�GHWHUPLQHG� E\� LWV� GHQVLW\� SHU� YROXPH� XQLW� DQG� E\� WKH� VDPH�Q QXPEHU� RI�HOHFWURQV�DURXQG�WKH�WZR�FROOLGLQJ�LRQV��DV�LI�WKHUH�ZRXOG�EH�RQO\�WKLV�W\SH�RI�LRQ�LQ�WKH�/36��)URP�D�PRUH�JHQHUDO�SRLQW�RI�YLHZ�WKH�QXFOHDU�UHDFWLRQ�RQH�JHWV� GHSHQGV� RI� WKH� QDWXUH� RI� WKH� FROOLGLQJ� QXFOHL�� EXW� WKH\� FDQ� EH� YHU\�GLIIHUHQW� IURP� WKH� KDELWXDO� RQHV�� )RU� H[DPSOH�� DFFRUGLQJ� H[SHULPHQWV�SHUIRUPHG�LQ�D�HOHFWURO\VLV�FHOO�>�@��WKH�PRVW�SUREDEOH�UHDFWLRQ�SURGXFHV�ZLWK�VFUHHQLQJ�� GLUHFWO\� �+H�� LQ� WKH� FDVH� ZKHUH� WKH� LQLWLDO� PHGLXP� FRQWDLQV�GHXWHULXP� QXFOHL�� 0DNLQJ� D� MRNH� 2QH� FRXOG� VD\�� �1R� &ROG� )XVLRQ� EXW�(OHFWURQLF�)XVLRQ�"
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