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5HFHLYHG�)HEUXDU\���������
$EVWUDFW ± 7KH�HIIHFW�LPSRVHG�E\�WKH�PHWKRG�RI�WUDQVPHPEUDQH�SRWHQWLDO�FKDQJH�RQ�WKH�UDWHV�RI�$73�V\QWKHVLV�DQG� UHVSLUDWLRQ� LQ� PLWRFKRQGULD� LV� GLVFXVVHG� ZLWKLQ� WKH� IUDPHZRUN� RI� WKH� SURWRQ�FKHPLFDO� K\SRWKHVLV� RI�FRXSOLQJ�� (OHFWULFDO� DQG� PDWKHPDWLFDO� PRGHOV� DUH� SURSRVHG� WR� VLPXODWH� HQHUJ\� FRXSOLQJ�� $� WKHRUHWLFDO�GHSHQGHQFH� RI� WKH� UDWHV� RI� R[LGDWLYH� SKRVSKRU\ODWLRQ� DQG� PLWRFKRQGULDO� UHVSLUDWLRQ� RQ� WKH� WUDQVPHPEUDQH�SRWHQWLDO�ZDV�GHULYHG�RQ�WKH�EDVLV�RI�FRPSXWHU�DQDO\VLV�RI�WKH�PDWKHPDWLFDO�PRGHO��7KH�WKHRUHWLFDO�GHSHQGHQFH�ILWV�WKH�H[SHULPHQWDO�ILQGLQJV�LQFRQVLVWHQW�ZLWK�WKH�FKHPLRVPRWLF�WKHRU\�RI�HQHUJ\�FRXSOLQJ
.H\�ZRUGV� PLWRFKRQGULD��$73��WUDQVPHPEUDQH�SRWHQWLDO��HQHUJ\�FRXSOLQJ��PRGHO�

,1752'8&7,21
7KH� FKHPLRVPRWLF� WKHRU\� RI� HQHUJ\� FRXSOLQJ�DGYDQFHG�E\�0LWFKHOO� >�@� LV�ZLGHO\�UHFRJQL]HG�DV�WKH�PRVW�FRPSUHKHQVLYH� GHVFULSWLRQ� RI� WKH� PHFKDQLVP� RI� HQHUJ\�FRXSOLQJ�LQ�ELRORJLFDO�PHPEUDQHV�>�@��+RZHYHU��WKH�DFWXDO�UHVHDUFK� KDV� DFFXPXODWHG� D� ODUJH� ERG\� RI� H[SHULPHQWDO�ILQGLQJV�WKDW�DUH�HLWKHU�LQFRQVLVWHQW�RU�LQ�FOHDU�FRQWUDGLFWLRQ�ZLWK� WKLV� WKHRU\� >���@�� 7KLV� JDYH� ULVH� WR� D� QXPEHU� RI�PRGLILFDWLRQV� RI� WKH� FKHPLRVPRWLF� WKHRU\� RI� HQHUJ\�FRXSOLQJ� >�����@�� 7KH� FKHPLFDO� K\SRWKHVLV� RI� R[LGDWLYHSKRVSKRU\ODWLRQ� >�@� KDV� DOVR� EHHQ� VOLJKWO\� PRGLILHG��$FFRUGLQJ� WR� WKH� PRGLILHG� FKHPLFDO� K\SRWKHVLV�� WKHUH� LV�LQGHHG� D� SURWRQPRWLYH� IRUFH� � �+�' �� DFURVV� WKH� FRXSOLQJ�PHPEUDQH� �DV� VXJJHVWHG� E\� 0LWFKHOO��� DOWKRXJK� WKH�SURWRQPRWLYH� IRUFH SOD\V� RQO\� D� PLQRU� IXQFWLRQ� LQ� WKH�PHFKDQLVP� RI� HQHUJ\� FRXSOLQJ�� 7KH� FKHPLRVPRWLF� WKHRU\�RI� HQHUJ\� FRXSOLQJ� FDQ� KDUGO\� H[SODLQ� WKH� IROORZLQJ�H[SHULPHQWDO� REVHUYDWLRQV�� ���� WKH� UDWH� RI� R[LGDWLYH�SKRVSKRU\ODWLRQ� DV� D� IXQFWLRQ� RI� WKH� WUDQVPHPEUDQH�SRWHQWLDO� GHSHQGV� RQ� WKH� PHWKRG� RI� FKDQJLQJ� WKH�WUDQVPHPEUDQH� SRWHQWLDO� >�����@�� ���� WKH� H[WHQW� RI�

DFWLYDWLRQ� RI� PLWRFKRQGULDO� UHVSLUDWLRQ� LQGXFHG� E\� D�GHFUHDVH�LQ�WKH�SURWRQPRWLYH�IRUFH�PD\�YDU\�GHSHQGLQJ�RQ�WKH� PHWKRG� RI� UHGXFWLRQ� RI� WKH� SURWRQPRWLYH� IRUFH� �WKH�YDOXH�RI� WKH�SURWRQPRWLYH�IRUFH� UHGXFWLRQ� LV�PDLQWDLQHG�DW�WKH�VDPH�OHYHO�ZKDWHYHU�WKH�PHWKRG�RI�UHGXFWLRQ�LV�XVHG��
$FFRUGLQJ� WR� WKH� FKHPLRVPRWLF� WKHRU\� RI� HQHUJ\�FRXSOLQJ�� WKH� UDWHV� RI� ERWK� R[LGDWLYH� SKRVSKRU\ODWLRQ� DQG�UHVSLUDWLRQ�GHSHQG�RQ� WKH� �+�' YDOXH�EXW�GR�QRW�GHSHQG�RQ� WKH�PHWKRG� RI� LWV� FKDQJH�� 7KHVH�GDWD�� DV�ZHOO� DV� VRPH�RWKHU� UHVXOWV� FRQFHUQLQJ� WKH� V\VWHP� RI� R[LGDWLYH�SKRVSKRU\ODWLRQ�� FDQ� EH� FRQVLVWHQWO\� H[SODLQHG� ZLWKLQ� WKH�IUDPHZRUN�RI�WKH�SURWRQ�FKHPLFDO�K\SRWKHVLV�>�����@��7KLV�K\SRWKHVLV� LV� EDVHG� RQ� WKH� FKHPLFDO� K\SRWKHVLV� DQG�LQFOXGHV�HOHPHQWV�RI�WKH�FKHPLRVPRWLF�WKHRU\�
7KH� JRDO� RI� WKLV� ZRUN� ZDV� WR� FRQVWUXFW� D�PDWKHPDWLFDO� PRGHO� GHVLJQHG� WR� SURYLGH� D� TXDQWLWDWLYH�GHVFULSWLRQ�RI�WKH�UDWHV�RI�$73�V\QWKHVLV�DQG�UHVSLUDWLRQ�LQ�PLWRFKRQGULD� DV� IXQFWLRQV� RI� �+�' ��7KH�YDOXH�RI� �+�'FDQ�EH�YDULHG�E\�DGGLQJ�XQFRXSOHUV�RU�UHVSLUDWLRQ�LQKLELWRUV�DQG�E\�FKDQJLQJ�WKH�UDWH�RI�$73�FRQVXPSWLRQ�

$EEUHYLDWLRQ� 53��UHGR[�SRWHQWLDO�
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(/(&75,&$/�$1'�0$7+(0$7,&$/�02'(/6�2)�352721�&+(0,&$/�&283/,1*
7KH�PDWKHPDWLFDO�GHVFULSWLRQ�RI� WKH�SURWRQ�FKHPLFDO�K\SRWKHVLV� LV� EDVHG� RQ� DQ� HTXLYDOHQW� HOHFWULFDO� FLUFXLW� RI�RQH� VLWH� RI� SURWRQ�FKHPLFDO� FRXSOLQJ� RI� WKH� UHVSLUDWRU\�FKDLQ� >��@�� (QHUJ\� FRXSOLQJ� VLPXODWLRQ� ZLWK� HTXLYDOHQW�HOHFWULFDO�FLUFXLWV�ZDV�XVHG�E\�PDQ\�DXWKRUV�DV�D�PHWKRG�RI�TXDOLWDWLYH� DQG� TXDQWLWDWLYH� WHVWLQJ� RI� WKH� K\SRWKHVHV� RI�R[LGDWLYH� SKRVSKRU\ODWLRQ� >���� ���� ��@�� )RU� WKH� VDNH� RI�VLPSOLFLW\�RI�GHVFULSWLRQ�RI� WKH�HTXLYDOHQW�HOHFWULFDO�FLUFXLW�RI�WKH�FRXSOLQJ�VLWH��FRQVLGHU�WKH�WZR�PDLQ�FRQVHTXHQFHV�RI�WKH�SURWRQ�FKHPLFDO�K\SRWKHVLV�>�����@�
����7KH� HOHFWURQ� IORZ� ELIXUFDWHV� DW� WKH� FRXSOLQJ�VLWH��RQH�SDUW�RI� LW�SDVVLQJ� WKURXJK� WKH�0LWFKHOO� URXWH�� LQ�ZKLFK�WKH�HQHUJ\�RI�WKH�UHGR[�SRWHQWLDO��53��GLIIHUHQFH�LV�VSHQW�WR�JHQHUDWH� WKH� WUDQVPHPEUDQH� JUDGLHQW� RI� SURWRQV�� DQG� SDUW�RI�LW�EHLQJ�LQYROYHG�LQ�GLUHFW�FKHPLFDO�V\QWKHVLV�RI�$73�
���� ,Q� PLWRFKRQGULD�� WKH� HOHPHQWDU\� DFW� RI�ELRV\QWKHVLV� RI� RQH� PROHFXOH� RI� $73� UHTXLUHV� WKH�WUDQVPHPEUDQH� WUDQVIHU� RI�D�SURWRQ� WKURXJK�$73� V\QWKDVH�WR� WKH PDWUL[� DQG� WUDQVIHU� RI� WZR� K\GURJHQ� DWRPV� �WZR�HOHFWURQV�DQG� WZR�SURWRQV�� WKURXJK�$73� V\QWKDVH� IURP�DQ�HOHFWURQ� GRQRU� WR� DQ� HOHFWURQ� DFFHSWRU� RI� WKH� UHVSLUDWRU\�FKDLQ��7KHVH� WZR�SURFHVVHV� DUH� FRXSOHG� WR� RQH� DQRWKHU� VR�DV� WR� SURYLGH� IRU� WKH� FKHPLFDO� PHFKDQLVP� RI� $73�

V\QWKHVLV��DOWKRXJK�WKH�HQHUJ\�RI� �+�' LV�DOVR�XVHG�LQ�WKLV�UHDFWLRQ�� ,Q� DGGLWLRQ�� D� IUDFWLRQ� RI� WKH� HQHUJ\� VKRXOG� EH�VSHQW� WR� WUDQVSRUW� WKH� SKRVSKRU\ODWLRQ� VXEVWUDWHV� WKURXJK�WKH� PLWRFKRQGULDO� PHPEUDQH� �RQH� +� SHU� RQH� $73�PROHFXOH���7KXV��WKH�HQHUJ\�RI�VLPXOWDQHRXV�WUDQVIHU�RI�WZR�SURWRQV� WKURXJK� WKH�FRXSOLQJ�VLWH�DQG� WZR�K\GURJHQ�DWRPV�EHWZHHQ�WKH�UHGR[�FHQWHUV�RI�WKH�HOHFWURQ�WUDQVSRUW�FKDLQ�LV�UHTXLUHG� WR� V\QWKHVL]H� RQH� PROHFXOH� RI� $73�� 7KH�SKRVSKDWH� SRWHQWLDO� JHQHUDWHG� LQ� WKH� V\VWHP� �'*S�� LV�GHWHUPLQHG� E\� WKH� VXPPDWLRQ� RI� WKH� WZR� W\SHV� RI� HQHUJ\��� ��+� �S* ) ('  ' � ' �� ZKHUH� ) LV� WKH� )DUDGD\�
QXPEHU�� �+�' LV� WKH� WUDQVPHPEUDQH� JUDGLHQW� RI�HOHFWURFKHPLFDO� SURWRQ� SRWHQWLDO� �SURWRQPRWLYH� IRUFH�VXJJHVWHG� E\�0LWFKHOO���'( LV� WKH� GLIIHUHQFH� EHWZHHQ� WKH�53� OHYHOV� RI� WKH� HOHFWURQ� GRQRU� DQG� WKH� HOHFWURQ� DFFHSWRU�FRPSRQHQWV�RI�WKH�FRXSOLQJ�VLWH�

&RQVLGHU�WKH�PLWRFKRQGULDO�SURWRQ�FKHPLFDO�FRXSOLQJ�VLWH� LQ�PRUH� GHWDLO� �)LJ�� ���� ,Q� DFFRUGDQFH�ZLWK� WKH�PRGHO�VXJJHVWHG�LQ�WKH�SUHFHGLQJ�ZRUN�>��@��WKH�PRGHO�RI�WKH�VLWH�FRQVLVWV� RI� WZR� IXQFWLRQDO� FRPSRQHQWV� �D DQG� E��� 7KH�HOHFWURQ� WUDQVSRUW� LQ� FRPSRQHQW� D LV� FRXSOHG� RQO\� WR� WKH�SURWRQ�HIIOX[�IURP�PLWRFKRQGULD��ZKHUHDV�WKH�HOHFWURQ�IORZ�DW� SRLQW� E ELIXUFDWHV�� RQH� SDUW� RI� LW� SDVVLQJ� WKURXJK� WKH�0LWFKHOO�URXWH��LQ�ZKLFK�WKH�HOHFWURQ�WUDQVSRUW�LV�FRXSOHG�WR�SURWRQ� HIIOX[�� DQG� WKH� RWKHU� SDUW� RI� LW� EHLQJ� LQYROYHG� LQ�GLUHFW� FKHPLFDO� V\QWKHVLV� RI� $73� DQG� WUDQVPHPEUDQH�WUDQVIHU� RI� WZR� SURWRQV� WR� WKH� PDWUL[�� 5DWKHU� WULYLDO�FDOFXODWLRQV�JLYH�D�VWRLFKLRPHWULF�UDWLR�RI��+��� H SHU�RQH�FRXSOLQJ� VLWH� �FRPSRQHQW� D SOXV� FRPSRQHQW� E�� LQ� WKH�DEVHQFH�RI�$73�V\QWKHVLV�RU�O$73��H XQGHU�FRQGLWLRQV�RI�FRPSOHWHO\�FRXSOHG�$73�V\QWKHVLV��7KHUHIRUH��V\QWKHVLV�RI�RQH�$73�PROHFXOH�DW� WKH�FRXSOLQJ�VLWH�UHTXLUHV�WKH�HQHUJ\�UHOHDVHG� GXULQJ� WKH� WUDQVIHU� RI� WZR� HOHFWURQV� WKURXJK� WKH�FKHPLFDO� URXWH� �SURYLGHG� WKDW� WKH� WZR�HOHFWURQ�FKHPRV\QWKHVLV� LV� DFWLYH�� DQG� WKH� HQHUJ\� RI� WKH�WUDQVPHPEUDQH�WUDQVIHU�RI WZR�SURWRQV
,Q� WKH� SUHFHGLQJ ZRUNV� >���� ���� ��@�� WKH� SKRVSKLWH�WKLRO� PHFKDQLVP� RI� R[LGDWLYH� SKRVSKRU\ODWLRQ� ZDV�FRQVLGHUHG�DV�DQ�H[DPSOH�RI�LPSOHPHQWLQJ�WKH�SULQFLSOHV�RI�SURWRQ�FKHPLFDO� FRXSOLQJ�� $FFRUGLQJ� WR� WKLV� PHFKDQLVP��WKH� UDWH� RI� $73� V\QWKHVLV� GHFOLQHV� H[SRQHQWLDOO\� ZLWK� WKH�GHFUHDVH� LQ� WKH�PHPEUDQH� SRWHQWLDO� DQG� WKH�53�GLIIHUHQFH�

)LJ���� *HQHUDO�VFKHPH�RI�D�FRXSOLQJ�VLWH���'����%���DQG��$�� DUH� WKH� UHGR[� FHQWHUV� RI� UHVSLUDWRU\� FKDLQ��GHQRWHV�WKH�HOHFWURQ�IORZ�LQ�WKH�UHVSLUDWRU\�FKDLQ��GHQRWHV� WKH� HOHFWURQ� IORZ� LQ� WKH� FKHPLFDO� URXWH��GHQRWHV�WKH�WUDQVPHPEUDQH�WUDQVSRUW�RI�SURWRQV��$73� V\QWKHVLV� URXWH�� GHQRWHV� WKH� FRXSOLQJEHWZHHQ�IORZV�
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EHWZHHQ� WKH� HOHFWURQ� GRQRU� DQG� HOHFWURQ� DFFHSWRU�FRPSRQHQWV�RI�WKH�FRXSOLQJ�VLWH�>��@��� ���� �S ��> 3 @a a��> 3 @
$%+FRQVW (57 Q)- ��' �' � ���

ZKHUH� ��> 3 @ DQG� ��> 3 @ DUH�WKH�SKRVSKLWH�DQG�WKH�SKRVSKDWH�FRQFHQWUDWLRQV��UHVSHFWLYHO\�
7KH�HQHUJ\�HIIHFW�RI�FRPSOHWH�UHGXFWLRQ�RI�SKRVSKDWH�WR� SKRVSKLWH� LV� HVVHQWLDOO\� QHJDWLYH� >��@�� EHFDXVH� RI� WKH�YHU\�ORZ�53�YDOXH�RI�WKLV�UHGR[�SDLU�>��@��7KLV�PDNHV�YHU\�XQOLNHO\�WKH�LQYROYHPHQW�RI�SKRVSKLWH�LQ�WKH�PHFKDQLVP�RI�HQHUJ\� WUDQVIRUPDWLRQ�� DOWKRXJK� GRHV� QRW� FRPSOHWHO\�GLVFDUG� VXFK� D� SUREDELOLW\�� +RZHYHU�� LW� LV� WKH� SKRVSKLWH�PHFKDQLVP� WKDW� DOORZV� WKH� VLPSOHVW� LQWURGXFWLRQ� RI� WKH�SURWRQ�FKHPLFDO�FRXSOLQJ�>��@��7KHUHIRUH��E\�DQDORJ\�ZLWK�HTXDWLRQ� ����� WKH� H[SRQHQWLDO� GHSHQGHQFH� RI� WKH� UDWH� RI�$73�V\QWKHVLV�RQ� �+�' DQG�'( FDQ�EH�GHGXFHG�IURP�DQ\�RWKHU� UHGR[� PHFKDQLVP� RI� $73� V\QWKHVLV� DW� WKH� SURWRQ�

FKHPLFDO� FRXSOLQJ� VLWH� �LQFOXGLQJ� RQH�HOHFWURQ� RU� IUHH�UDGLFDO�PHFKDQLVPV��>��@��7KH�UDGLFDO�K\SRWKHVLV�RI�HQHUJ\�FRXSOLQJ�KDV�EHHQ�SXW� IRUZDUG� ODWHU�E\�6FKROH�DQG�6FKROH�>��@�� $FFRUGLQJ� WR� WKLV� K\SRWKHVLV�� WKH� UROH� RI� WKH�PDFURHUJLF� LQWHUPHGLDWH� LV� SOD\HG�E\�FDUGLROLSLQ��ZKLFK� LV�FRQYHUWHG� LQWR�FDUGLROLSLQ�HQRO�SKRVSKDWH�GXULQJ�WKH�UHGR[�UHDFWLRQ�
0RVW� JHQHUDOO\�� WKH� HOHFWURQ� IORZ� GLVWULEXWLRQ�EHWZHHQ� WKH� FKHPLRVPRWLF� DQG� WKH� FKHPLFDO� EUDQFKHV� RI�FRPSRQHQW�E FDQ�EH�GHVFULEHG�ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�SURWRQ�FKHPLFDO� SULQFLSOH� RI� FRXSOLQJ� DV� IROORZV�� DV� WKH�FRXSOLQJ� PHPEUDQH� LV� FKDUJHG� WR� WKH� PD[LPXP� OHYHO� E\�WKH� FKHPLRVPRWLF� PHFKDQLVP�� WKH� HOHFWULF� FXUUHQW� WKURXJK�WKH�PHPEUDQH� �L�H��� D� NLQG� RI� DQ� HOHFWULF� FDSDFLWRU�� VWRSV��DQG�WKH�5)�GLIIHUHQFH�'(%$ DW�FRPSRQHQW�E DOVR�DWWDLQV�LWV�PD[LPXP�OHYHO��7KLV�DFWLYDWHV�WKH�HOHFWURQ�WUDQVIHU�WKURXJK�WKH� FKHPLFDO� URXWH�� 7KXV�� WKH� WRJJOLQJ� LV� LQ� HVVHQFH�WKHUPRG\QDPLF�� DQG�PD\� VSHFLILFDOO\� LQYROYH� D�PROHFXODU�VZLWFKRYHU�� H�J��� RQH� RI� WKH� PHFKDQLVPV� UHJXODWLQJ� WKH�IXQFWLRQDO� DFWLYLWLHV� RI� ELRORJLFDO� PHPEUDQHV� E\� WKH�WUDQVPHPEUDQH�HOHFWULF�SRWHQWLDO�>��@�

)LJ���� (TXLYDOHQW�HOHFWULFDO�FLUFXLW�RI�WZR�SURWRQ�FKHPLFDO�FRXSOLQJ�VLWHV��H[SODQDWLRQ�LQ�WH[W��
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���$Q�HOHFWULFDO� HTXLYDOHQW� WR� WKH�GRXEOH�VLWH�RI�SURWRQ�FKHPLFDO� FRXSOLQJ� �)LJ�� ��� VHH� DOVR� >��@�� LV� VKRZQ� DV� WKH�ILYH�FLUFXLWV�LQ�)LJ�����7KH�HOHFWURQ�IORZ�LQ�D�IRUP�RI�D�IORZ�RI�K\GURJHQ�DWRPV�IURP�WKH�GRQRU�'�WR�WKH�DFFHSWRU�%��)LJ����� LV� LQGXFHG� E\� WKH� 53� GLIIHUHQFH� EHWZHHQ� '� DQG� %��'(%'��� 7KH� 53� 'LIIHUHQFH� EHWZHHQ� '� DQG� %� LV� DOVR� WKH�GULYLQJ� IRUFH� RI� WKH� R[LGDWLYH� SKRVSKRU\ODWLRQ� LQ� JHQHUDO��,Q� )LJ�� ��� WKH� HOHFWULF� FXUUHQW� LQ� ORRS� ,� FRUUHVSRQGV� WR� WKH�HOHFWURQ� IORZ� WKURXJK� WKH�HQWLUH�FRXSOLQJ�VLWH��ZKHUHDV� WKH�YROWDJH� VRXUFH�(��� ZLWK� WKH� LQWHUQDO� UHVLVWRU� U��� UHSUHVHQWV�WKH�VWHDG\�VWDWH�53�GLIIHUHQFH�'(%' EHWZHHQ�'�DQG�%��)LJ������$W�SRLQW�D��WKHUH�LV�D�VWHDG\�VWDWH�53�GLIIHUHQFH�EHWZHHQ�'�DQG�$��'($'���ZKLFK�LV�UHSUHVHQWHG�LQ�ORRS�,�DV�D�YROWDJH�VRXUFH�HD�� DQG�DW�SRLQW�E�� WKHUH� LV� WKH�53�GLIIHUHQFH�'(%$��ZKLFK� LV� UHSUHVHQWHG� LQ� ORRS� ,� DV�D�YROWDJH�VRXUFH�HE��7KH�HOHFWULF� FXUUHQW�- LQ� ORRS� ,� LV� HTXDO� WR� WKH� UDWH�RI� HOHFWURQ�WUDQVIHU�WKURXJK�WKH�FRXSOLQJ�VLWH��7KLV YDOXH�LV�GHWHUPLQHG�E\�WKH�YDULDEOHV�(�� HD DQG�HE��DV
� D E

�
( H H- U� � � ���

,W� LV� REYLRXV� IURP� )LJ�� �� WKDW� WKH� WUDQVIHU� RI� DQ�HOHFWURQ� IURP� WKH�GRQRU�'� WR� WKH� DFFHSWRU�$� LQ� SRLQW�D LV�DFFRPSDQLHG�E\�WKH�WUDQVPHPEUDQH�WUDQVIHU�RI�RQH�+� DQG�JHQHUDWLRQ�RI� �+�' ��,Q�WKH�HOHFWULFDO�FLUFXLW�VKRZQ�LQ�)LJ��
��� �+�' LV�UHSUHVHQWHG�E\�D�YROWDJH�VRXUFH�HP��RI�ORRS�,,��,Q�DGGLWLRQ�WR�HP��ORRS�,,�DOVR�LQFOXGHV�WKH�UHVLVWDQFH�5DK��RI�WKH�+��SXPS��7KH�HOHFWULF�FXUUHQW�GULYHQ� LQ� ORRS�,,�E\� WKH�YROWDJH� GLIIHUHQFH� �HD � HP�� LV� HTXDO� WR� WKH� UDWH� RI� SURWRQ�WUDQVSRUW� E\� WKH� +��SXPS� RI� SRLQW� D DQG� WR� WKH� HOHFWULF�FXUUHQW�- SDVVLQJ�WKURXJK�WKH�HQWLUH�FRXSOLQJ�VLWH�

D P
DK

H H- 5� � ���
7KH� HOHFWULF� FXUUHQW� SDVVLQJ� WKURXJK� SRLQW� E LV�GHWHUPLQHG� DV� D� VXP� RI� HOHFWULF� FXUUHQWV� SDVVLQJ� WKURXJK�WKH� FKHPLRVPRWLF� URXWH� DQG� D� SDUDOOHO� FKHPLFDO� URXWH� RI�$73�V\QWKHVLV��)LJ������,W�LV�VHHQ�LQ�ORRS�,,,�RI�WKH�HOHFWULFDO�FLUFXLW� LQ� )LJ�� �� WKDW� WKH� YROWDJH� HE GULYHV� WKH� HOHFWULF�FXUUHQW� WKURXJK� ERWK� WKH� ULJKW� �FKHPLRVPRWLF�� DQG� WKH� OHIW��FKHPLFDO��DUPV�RI�WKH�ORRS��ORRS�,,,���ZLWK�FXUUHQW�-���DQG�ORRS� ,,,��� ZLWK� FXUUHQW� -��� UHVSHFWLYHO\��� 7KH� VXP� RI�FXUUHQWV�-��� DQG�-� SDVVLQJ� WKURXJK� SRLQW�E LV� HTXDO� WR� WKH�WRWDO� HOHFWULF� FXUUHQW�- SDVVLQJ� WKURXJK� WKH�HQWLUH�FRXSOLQJ�

VLWH�LQ�ORRS�,�
� �- - - � � ���

7KH� HOHFWULF� FXUUHQW�-� LV� DVVRFLDWHG� ZLWK� WKH� DFWLYH�SURWRQ�WUDQVSRUW�WKURXJK�SRLQW�E PHGLDWHG�E\�WKH�+��SXPS��7KH� DPSOLWXGH� RI� WKH� FXUUHQW� LV�GHWHUPLQHG�E\� WKH�YROWDJH�GLIIHUHQFH��HE � HP��DQG�WKH�SXPS�UHVLVWDQFH�5EK��$FFRUGLQJ�WR�WKH�PHWKRG�RI�FLUFXLW�FXUUHQWV��ZH�FDQ�SXW�GRZQ�
E P� EK
H H- 5� � ���

,Q� DFFRUGDQFH� ZLWK� WKH� WZR�HOHFWURQ� PHFKDQLVP� RI�SURWRQ�FKHPLFDO� FRXSOLQJ� FRQVLGHUHG� LQ� WKLV� ZRUN��V\QWKHVLV� RI� RQH� PROHFXOH� RI� $73� LV� FRXSOHG� WR� D�VLPXOWDQHRXV� WUDQVIHU� RI� WZR� HOHFWURQV� DQG� WZR� SURWRQV�DORQJ� WKH� WUDQVPHPEUDQH� JUDGLHQW� RI� HOHFWURFKHPLFDO�SRWHQWLDO�� +HQFH�� WKH� DPSOLWXGH� RI� HOHFWULF� FXUUHQW�-� LQ�ORRS� ,,,��� LV� GHWHUPLQHG� E\� WKH� VXP� RI� YROWDJHV� �HE �� HP��DQG�E\�WKH�UHVLVWDQFH�5$��RI�WKH�$73�V\QWKDVH��,Q�DGGLWLRQ��WKH�UDWH�RI�FKHPLFDO�V\QWKHVLV�RI�$73�DQG�WKH�DPSOLWXGH�RI�HOHFWULF� FXUUHQW� -� GHSHQG� RQ� WKH� SKRVSKDWH� SRWHQWLDO� HS��7KLV� GHSHQGHQFH� FDQ� EH� WDNHQ� LQWR� DFFRXQW� E\� DGGLQJ� DQ�DGGLWLRQDO� VRXUFH�RI�YROWDJH�HS��� WR� ORRS�,,,���� WKH�SRODULW\�RI�WKH�DGGLWLRQDO�VRXUFH�EHLQJ�RSSRVLWH�WR�WKH�SRODULW\�RI�HEDQG� HP�� 7KH� GLYLGHU� �� EHORZ� HS UHSUHVHQWV� WKH� O$73��HVWRLFKLRPHWU\� RI� WKH� VLQJOH� VLWH� RI� WKH� SURWRQ�FKHPLFDO�FRXSOLQJ��,Q� WKLV�FDVH�� WKH�YDOXH�RI� WKH�SKRVSKDWH�SRWHQWLDO�LV�PHDVXUHG�LQ�WKH�H[WUDPLWRFKRQGULDO�VSDFH�
7KXV��DFFRUGLQJ�WR�WKH�PHWKRG�RI�FLUFXLW�FXUUHQWV��WKH�HOHFWULF�FXUUHQW�LQ�ORRS�,,,���LV

E P S� $
� �H H H- 5� � � ���

2Q�WKH�RQH�KDQG�� WKH�DPSOLWXGH�RI�FXUUHQW�-� LV�HTXDO�WR�WZLFH�WKH�UDWH�RI� WKH�FKHPLFDO�V\QWKHVLV�RI�$73��DQG�RQ�WKH�RWKHU�KDQG��LW�LV�HTXDO�WR�WKH�UDWH�RI�WKH�SURWRQ�LQIOX[�WR�WKH�PDWUL[�FRXSOHG�WR�$73�V\QWKHVLV�
5DWKHU� WULYLDO� FDOFXODWLRQV� >��@� VKRZ� WKDW� LQ� WKH�FDVH�RI� WKH� WZR�HOHFWURQ� PHFKDQLVP� RI� SURWRQ�FKHPLFDOFRXSOLQJ�� WKH� UDWH�RI�$73� V\QWKHVLV�GHFOLQHV�H[SRQHQWLDOO\�DV�WKH�YDOXHV�RI� �+�' DQG�RU�'(%$ GHFUHDVH��VHH�HTXDWLRQ������� ,Q� WKH�HOHFWULFDO�FLUFXLW�VKRZQ�LQ�)LJ����� ORRS�,,,�� WKLV�H[SRQHQWLDO� IXQFWLRQ� LV� UHSUHVHQWHG� E\� D� QRQOLQHDU� GHSHQ�
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���GHQFH�RI�WKH�$73�V\QWKDVH�UHVLVWDQFH�5$��RQ�HE DQG�HP��
E P��� �� H H

$ $5 5 �� � � ���
ZKHUH�5$� LV�WKH�VFDOLQJ�IDFWRU�

,Q�HTXLYDOHQW�HOHFWULFDO�FLUFXLWV�� �+�' LV�UHSUHVHQWHG�
E\�D�YROWDJH�VRXUFH�HP���7KH�YDOXH�RI� �+�' LV�GHWHUPLQHG�E\� WKH� UDWLR� RI� WKH� UDWH� RI� WKH� SURWRQ� HIIOX[� E\�+� SXPSV�DQG� WKH� SURWRQ� FRQGXFWDQFH� RI� WKH� FRXSOLQJ� PHPEUDQH��/RRS�,9�LQ�)LJ����UHSUHVHQWV�WKH�IDFW�WKDW�WKH�UDWH�RI�SURWRQ�HIIOX[� LV� HTXDO� WR� WKH�VXP�RI� WKH�UDWHV�RI� WKH�SURWRQ�HIIOX[�E\�+� SXPSV� DW� SRLQW�D �FXUUHQW�- LQ� ORRS� ,,�� )LJ�� ��� DQG�SRLQW�E �FXUUHQW�-� LQ�ORRS�,,,����)LJ������7KHUHIRUH��WKH�WRWDO�UDWH�RI� WKH�SURWRQ�HIIOX[� LV�- ��-��� ,Q� WKH�JHQHUDO�FDVH�� WKH�SURWRQ�FRQGXFWDQFH��ORRS�,9��)LJ�����LV�GHWHUPLQHG�E\������VSRQWDQHRXV�SURWRQ�OHDNDJH�WKURXJK�WKH�PHPEUDQH��UHVLVWRU�5/�� ���� OHDNDJH� LQGXFHG� E\� DGGLWLRQ� RI� XQFRXSOLQJ� DJHQWV��UHVLVWRU�58���DQG�����SURWRQ�WUDQVIHU�WKURXJK�$73�V\QWKDVH�DQG� SKRVSKRU\ODWLRQ� VXEVWUDWH� WUDQVSRUW� V\VWHP� �UHVXOWLQJ�UHVLVWDQFH�LV�QXPHULFDOO\�HTXDO�WR�5$��

$FFRUGLQJ� WR� WKH� WZR�HOHFWURQ�PHFKDQLVP�RI�SURWRQ�FKHPLFDO� FRXSOLQJ�� WKH� UHVXOWLQJ� WUDQVPHPEUDQH� IORZ� RI�SURWRQV��ZKLFK�LV�FRXSOHG�WR�$73�V\QWKHVLV�DQG�WUDQVSRUW�RI�SKRVSKRU\ODWLRQ� VXEVWUDWHV�� LV� QXPHULFDOO\� HTXDO� WR� WKH�FRUUHVSRQGLQJ�HOHFWURQ�IORZ�-���7KHUHIRUH��WKH�WRWDO�HOHFWULF�FXUUHQW�SDVVLQJ� WKURXJK� UHVLVWRUV�58��DQG�5/�� LQ� ORRS�,9�LV��- ��-� ± -����ZLWK� DFFRXQW�RI� HTXDWLRQ� ����� WKLV� FXUUHQW� LV�HTXDO�WR��-���2Q�WKH�RWKHU�KDQG��WKH�HOHFWULF�FXUUHQW�SDVVLQJ�WKURXJK�UHVLVWRUV�58��DQG�5/��FDQ�EH�H[SUHVVHG�DV�D�IXQFWLRQ�RI�HP�
8 /� P 8 /� 5 5- H 5 5� � ���

7KH�YDOXH�RI�WKH�SKRVSKDWH�SRWHQWLDO�LV�UHSUHVHQWHG�LQ�WKLV�FLUFXLW�E\�D�YROWDJH�VRXUFH�HS DQG�LV�GHWHUPLQHG�E\�WKH�UDWLR�RI� WKH�UDWHV�RI�$73�V\QWKHVLV�DW�WKH�FRXSOLQJ�VLWH�DQG�$73�K\GURO\VLV�LQ�HQGHUJRQLF�UHDFWLRQV��/HW�XV�DVVXPH�WKDW�DOO� HQGHUJRQLF� UHDFWLRQV�SURFHHG� LQ� WKH�H[WUDPLWRFKRQGULDO�VSDFH��7KHUHIRUH��WKH�YDOXH�RI�WKH�SKRVSKDWH�SRWHQWLDO�LQ�WKH�FDVH� FRQVLGHUHG� LV� GHWHUPLQHG� IRU� WKH� H[WUDPLWRFKRQGULDO�VSDFH�� +\GURO\VLV� RI� $73� LV� VLPXODWHG� LQ� WKH� HOHFWULFDO�FLUFXLW�E\�WKH�UHVLVWRU�5J��LQ�ORRS�9��,Q�WKH�VWHDG\�VWDWH��WKH�UDWH� RI� $73� K\GURO\VLV� LV� HTXDO� WR� WKH� UDWH� RI� $73�V\QWKHVLV�� L�H���-�����7KLV�UDWH�FDQ�DOVR�EH�H[SUHVVHG� DV� WKH�

TXRWLHQW� RI� WKH� SKRVSKDWH� SRWHQWLDO� GLYLGHG� E\� WKH�UHVLVWDQFH�5J�
S� J� � H- 5 � ���

7KLV� EULQJV� XV� WR� D� VHW� RI� HLJKW� QRQLGHQWLFDO�VLPXOWDQHRXV� HTXDWLRQV� ��������� ZKLFK� FRQWDLQ� HLJKW�XQNQRZQ�YDULDEOHV��-��-���-���HD��HE��HP��HS��DQG�5$��,Q�D�PRUH�FRQYHQLHQW� IRUP��WKLV�VHW�RI�VLPXOWDQHRXV�HTXDWLRQV�FDQ�EH�UHFDVW�DV�
� � � � DK � DK

� $ DK � $ �
� � � � �� � � @��> J- ( [ 5 [ 5 U 5U 5 5 U 5 [ � � � �� � � � ����

� � DK � $� DK �
� �( - 5 U 5- 5 U� � � � � ����
� �- - - � � ����

8 /P � 8 /� 5 5H - 5 5 � � ����
D DK PH - 5 H � � ����

E � D �H ( H -U � � � ����
S � J � �H - 5 � ����

� $ S � ���$ $� �� - 5 H5 5 �� � � ����
ZKHUH� 8 /� EK8 /� 5 5[ 55 5 �� �
5HVLVWRUV� U���5DK��5EK��58��5/��5J�� DQG�5$��� UHSUHVHQW�LQGLYLGXDO� PRGHO� SDUDPHWHUV� RI� WKH� V\VWHP� RI� HQHUJ\�FRXSOLQJ� DV� WKH\� PD\� DSSHDU� LQ� WKH� DFWXDO� H[SHULPHQWDO�VHWWLQJV�� )RU� H[DPSOH�� PDORQDWH�LQGXFHG� LQKLELWLRQ� RI�VXFFLQDWH�GHSHQGHQW� UHVSLUDWLRQ� RI� PLWRFKRQGULD� FDQ� EH�VLPXODWHG� E\� D� FKDQJH� LQ� WKH� LQWHUQDO� UHVLVWDQFH�U��� RI� WKH�YROWDJH� VRXUFH� (��� $GGLWLRQ� RI� DQ� XQFRXSOHU� WR� WKH�LQFXEDWLRQ� PHGLXP� LV� VLPXODWHG� E\� YDU\LQJ� WKH� UHVLVWDQFH�58�� ZLWKLQ� D� FHUWDLQ� UDQJH�� $FWLYDWLRQ� RI� $73� V\QWKHVLV�FDXVHG�E\�D�GHFUHDVH� LQ� WKH�SKRVSKDWH�SRWHQWLDO� �H�J���DV�D�UHVXOW�RI� DGGLWLRQ� RI�$'3�RU� KH[RNLQDVH� WR� WKH� LQFXEDWLRQ�PHGLXP��FDQ�EH�VLPXODWHG�E\�D�GHFUHDVH�LQ�UHVLVWDQFH�5J�
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6(/(&7,21�2)�3$5$0(7(56�2)�02'(/�6,08/$7,1*�7+(�352721�&+(0,&$/&283/,1*�6,7(&RQVLGHU�WKH�UDWHV�RI�$73�V\QWKHVLV�DQG�UHVSLUDWLRQ�DW�RQH� VLWH� RI� SURWRQ�FKHPLFDO� FRXSOLQJ� LQ� PLWRFKRQGULD� DV�IXQFWLRQV� RI� �+�' �� WKH� ODWWHU� EHLQJ� FKDQJHG� E\� WZR�GLIIHUHQW� PHWKRGV�� /HW� WKH� SDUDPHWHUV� RI� WKH� V\VWHP� EH�GHILQHG�DV�IROORZV�/HW� WKH�YROWDJH�(���EH�����P9�� L�H���a����RI� WKH�WRWDO�53� GLIIHUHQFH� EHWZHHQ� WKH� R[\JHQ� DQG� WKH� K\GURJHQ�HOHFWURGHV�7KH�YDOXHV�RI�UHVLVWDQFH�DUH�VHOHFWHG�XVLQJ�WKH�FULWHULD�RI� WKH� RUGHU� RI� PDJQLWXGH� RI� WKH� UHVSLUDWRU\� FRQWURO�� WKH�PD[LPXP� H[WHQW� RI� WKH� XQFRXSOHU�LQGXFHG� DFWLYDWLRQ� RI�UHVSLUDWLRQ�� WKH� ORZ� SURWRQ� FRQGXFWDQFH� RI� FRXSOLQJ�PHPEUDQH�� HWF�� 7KH� FKRLFH� RI� WKH� PRGHO� SDUDPHWHUV� ZDV�HPSLULFDO�� VXEMHFW� WR� UHILQHPHQW� E\� FRPSXWHU� VLPXODWLRQ�7KH� UHVLVWDQFH� YDOXHV� XVHG� LQ� WKH� PRGHO� ZHUH� EURXJKW� WR�QRUPDO� OHYHOV� W\SLFDO� RI� RQH� FRXSOLQJ� VLWH�� $OWKRXJK� WKH�UHVLVWDQFHV�DUH�H[SUHVVHG� LQ�RKPV�� WKHVH�DUH�UHODWLYH�UDWKHU�WKDQ�DEVROXWH�YDOXHV�
/HW� WKH� YDOXHV� RI� U��� 5DK�� DQG�5EK�� EH� HTXDO� WR� ��:HDFK��DQG�WKH�YDOXH�RI�VSRQWDQHRXV�SURWRQ�OHDNDJH�WKURXJK�PHPEUDQH�5/��EH�����: �L�H��� VLJQLILFDQWO\�KLJKHU� WKDQ�WKH�+� SXPS�UHVLVWDQFH���/HW�DOVR�WKH�VFDOLQJ�IDFWRU�5$� RI�WKH�$73� V\QWKDVH� UHVLVWDQFH�5$��EH�5$�  ��Â���� : �WKH�DFWXDO�YDOXH� RI� 5$�� GXULQJ� $73� V\QWKHVLV� LV� DERXW� ���:��� 7KH�LQLWLDO� OHDNDJH� UHVLVWDQFH� 58�� FDXVHG� E\� DGGLWLRQ� RI�XQFRXSOLQJ� DJHQWV� FDQ� EH� WDNHQ� ��� N:�� 7R� WKH� ILUVW�

DSSUR[LPDWLRQ�� WKLV� YDOXH� FDQ� EH� UHJDUGHG� DV� DQ� LQILQLWHO\�ODUJH�UHVLVWDQFH�58��LQ�WKH�DEVHQFH�RI�XQFRXSOHUV��7KH�YDOXH�RI� UHVLVWDQFH� 5J�� ZKLFK� FRUUHVSRQGV� WR� WKH� PLWRFKRQGULDO�UHVSLUDWLRQ�VWDWH����E\�&KDQFH���FDQ�EH�WDNHQ�DV�ODUJH�DV�WKH�LQLWLDO�OHDNDJH�UHVLVWDQFH�LQ�WKH�DEVHQFH�RI�XQFRXSOHUV��5J  ���� N:��� 7KLV� FRUUHVSRQGV� WR� D� QHJOLJLEOH� UDWH� RI� $73�K\GURO\VLV�LQ�WKH�H[WUDPLWRFKRQGULDO�VSDFH�
&20387(5�$1$/<6,6�2) $�02'(/�2)�352721�&+(0,&$/�&283/,1*7KH�VHW� RI� VLPXOWDQHRXV�HTXDWLRQV������� �����FDQQRW�EH�VROYHG�H[SOLFLWO\��EHFDXVH�HTXDWLRQ������LV�VHOIOLQNHG�DQG�QRQOLQHDU� �YDULDEOH� 5$�� GHSHQGV� RQ� LWV� RZQ� YDOXH� DV� DQ�H[SRQHQW� LQGH[���7KHUHIRUH�� WKH�PHWKRG�RI� LWHUDWLRQ�E\�WKH�YDULDEOH� 5$ ZDV� XVHG� WR� VROYH� WKH� VHW� RI� VLPXOWDQHRXV�HTXDWLRQV�� 7KH� LQLWLDO� SDUDPHWHUV� RI� WKH� HTXLYDOHQW�HOHFWULFDO� FLUFXLW� OLVWHG� DERYH� ZHUH� WDNHQ� DV� WKH� LQLWLDO�SDUDPHWHUV� RI� WKH� PRGHO�� &DOFXODWLRQV� ZHUH� SHUIRUPHG�QXPHULFDOO\�XVLQJ�D�FRPSXWHU��7KH�UDWHV�RI�$73� V\QWKHVLV�DQG� UHVSLUDWLRQ� ZHUH� FDOFXODWHG� DV� IXQFWLRQV� RI� WKH�WUDQVPHPEUDQH� SRWHQWLDO� �+�' �� 7KH�YDOXH� RI� �+�' IRU�WKH� WZR� GHSHQGHQFHV� ZDV� FKDQJHG� E\� WZR� GLIIHUHQW�PHWKRGV�,Q�WKH�PRGHO�DQDO\VLV�RI� WKH�FXUYH�RI�WKH�GHSHQGHQFH�RI� WKH�$73�V\QWKHVLV�UDWH�RQ�WKH� �+�' YDOXH��DV�FKDQJHG�H[SHULPHQWDOO\� E\� DGGLQJ� DQ� XQFRXSOHU�� WKH� FKDQJH� RI� WKH�WUDQVPHPEUDQH� SRWHQWLDO� YDOXH� ZDV� VLPXODWHG� E\�GHFUHDVLQJ�WKH�58 UHVLVWDQFH�IURP�WKH�LQLWLDO�OHYHO�RI����N:WR���:��7KH�ORZHU�OLPLW�RI�WKH�58��YDOXH����:��ZDV�FKRVHQ�WR�EH�WZR�RUGHUV�RI�PDJQLWXGH�OHVV�WKH�YDOXH�RI�VSRQWDQHRXV�SURWRQ�OHDNDJH�WKURXJK�WKH�PHPEUDQH��5/��7KH�YDOXH�RI�5J��ZDV�WDNHQ�HTXDO�WR���: ZKLFK�FRUUHVSRQGV�WR�'*� ���

,Q� WKH� PRGHO� DQDO\VLV� RI� WKH� FXUYH� RI� WKH� $73�V\QWKHVLV�UDWH�GHSHQGHQFH�RQ�WKH� �+�' YDOXH��DV�FKDQJHG�H[SHULPHQWDOO\�E\�WKH�DGGLWLRQ�RI�D�FRPSHWLWLYH�LQKLELWRU�RI�VXEVWUDWH� R[LGDWLRQ�� WKH� FKDQJH� LQ� WKH� WUDQVPHPEUDQH�SRWHQWLDO� YDOXH�ZDV� VLPXODWHG� E\� YDU\LQJ� WKH� YDOXH� RI� WKH�LQWHUQDO�UHVLVWDQFH�U���IURP���WR������:�
7KH�FXUYHV�RI� WKH�$73� V\QWKHVLV� UDWH�GHSHQGHQFH�RQ�
�+�' IRU�WKH�WZR�FDVHV�DUH�VKRZQ�LQ�)LJ�����,W�LV�VHHQ�WKDW�WKH� WKHRUHWLFDO� FXUYHV� GHFOLQH� H[SRQHQWLDOO\� DV� WKH�WUDQVPHPEUDQH�SRWHQWLDO�GHFUHDVHV��DQG�DUH�GLYHUJHQW��L�H���RQH�YDOXH�RI� �+�' FRUUHVSRQGV�WR�WZR�GLIIHUHQW�YDOXHV�RI�

)LJ�� �� 'HSHQGHQFH� RI� WKH� UDWH� RI� $73� V\QWKHVLV� RQ� WKH�WUDQVPHPEUDQH� SRWHQWLDO� YDOXH�� ���� WLWUDWLRQ� ZLWK�XQFRXSOHU������WLWUDWLRQ�ZLWK�UHVSLUDWLRQ�LQKLELWRU�
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WKH� $73� V\QWKHVLV� UDWH��� 7KHUH� LV� D� TXDOLWDWLYH� ILW� RI� WKH�FRPSXWHU� VLPXODWLRQ� ZLWK� WKH� H[SHULPHQWDO� GDWD� REWDLQHG�IRU�PLWRFKRQGULD�>�@�
,W�GRHV�QRW� IROORZ�IURP�WKH�FKHPLRVPRWLF� WKHRU\�WKDW�DQ�DEUXSW�GHFUHDVH�LQ�WKH�$73�V\QWKHVLV�UDWH�FDQ�EH�FDXVHG�E\� DQ� LQVLJQLILFDQW� GHFUHDVH� LQ� WKH� WUDQVPHPEUDQH�SRWHQWLDO��(YHQ� LI� WKLV�ZHUH�DVVXPHG� WR�EH�DVVRFLDWHG�ZLWK�WKH� VSHFLILF� NLQHWLF� FKDUDFWHULVWLFV� RI� WKH�$73� V\QWKDVH�� LW�ZRXOG� EH� LPSRVVLEOH� WR� H[SODLQ� ZLWKLQ� WKH� IUDPHZRUN� RI�WKH� FKHPLRVPRWLF� WKHRU\� WKH� H[LVWHQFH� RI� WZR� GLIIHULQJ�YDOXHV� RI� WKH� $73� V\QWKHVLV� UDWH� DW� WKH� VDPH� YDOXH� RI�
�+�' FKDQJHG� E\� GLIIHUHQW� PHWKRGV�� +RZHYHU�� WKLV�DUWLIDFW�LV�D�PDWKHPDWLFDOO\�ULJRURXV�FRUROODU\�WR�WKH�PRGHO�RI�SURWRQ�FKHPLFDO�FRXSOLQJ�
7ZR� PRGHV� RI� �+�' FKDQJLQJ� �WLWUDWLRQ� ZLWK� D�SURWRQRSKRUH�XQFRXSOHU�RU� WLWUDWLRQ�ZLWK�KH[RNLQDVH��ZHUH�FRQVLGHUHG�GXULQJ�WKH�WKHRUHWLFDO�VLPXODWLRQ�RI�WKH�FXUYH�RI�WKH� PLWRFKRQGULDO� UHVSLUDWLRQ� UDWH� GHSHQGHQFH� RQ� WKH�WUDQVPHPEUDQH�SRWHQWLDO��$V�QRWHG�DERYH��WLWUDWLRQ�ZLWK�DQ�XQFRXSOHU� ZDV� VLPXODWHG� E\� GHFUHDVLQJ� WKH�58�� UHVLVWDQFH�IURP�WKH�LQLWLDO�OHYHO�RI����N: WR���:��+H[RNLQDVH�WLWUDWLRQ�ZDV� VLPXODWHG� E\� GHFUHDVLQJ� WKH� 5J�� YDOXH� �UHVLVWDQFH� WR�$73� K\GURO\VLV�� IURP� WKH� LQLWLDO� OHYHO� RI� ��� N: WR� �:��7ZR� GLYHUJLQJ� VWUDLJKW� OLQHV� ZHUH� REWDLQHG� DV� D� UHVXOW� RI�VLPXODWLRQ� �)LJ�� ���� ZKLFK� LV� LQ� D� TXDOLWDWLYH� DJUHHPHQW�ZLWK� FHUWDLQ�H[SHULPHQWDO�GDWD�FRQWUDGLFWLQJ� WKH�0LWFKHOO¶V�K\SRWKHVLV�>����@�
7KH� PDWKHPDWLFDO� DQG� HOHFWULFDO� PRGHOV� RI� SURWRQ�

FKHPLFDO�FRXSOLQJ�FRQVLGHUHG�LQ�WKLV�ZRUN�DOORZ�D�QXPEHU�RI� WKHUPRG\QDPLF� SDUDPHWHUV� RI� WKH� V\VWHP� RI� R[LGDWLYH�SKRVSKRU\ODWLRQ� WR� EH� EURXJKW� LQ� FRUUHODWLRQ� ZLWK� HDFK�RWKHU�� &RPSXWHU� VLPXODWLRQ� RI� WKHVH� PRGHOV� SURYLGHV�LQWHUSUHWDWLRQ�RI�D� ODUJH�ERG\�RI�H[SHULPHQWDO� UHVXOWV� IURP�WKH� VWDQGSRLQW� RI� WKH� SURWRQ�FKHPLFDO� FRXSOLQJ�� 7KH�H[SHULPHQWDO� ILQGLQJV� LQFRQVLVWHQW� ZLWK� WKH� FKHPLRVPRWLF�WKHRU\� RI� HQHUJ\� FRXSOLQJ� FDQ� DOVR� EH� H[SODLQHG�� 7KH�SRVVLELOLW\� RI� VLPXODWLQJ� WKH� SK\VLFRFKHPLFDO�FKDUDFWHULVWLFV�RI�WKH�V\VWHP�RI�HQHUJ\�FRXSOLQJ�WKDW�FDQQRW�EH� PHDVXUHG� E\� WKH� FXUUHQWO\� DYDLODEOH� H[SHULPHQWDO�PHWKRGV� LV� DQ� DGYDQWDJH� RI� WKH� PRGHO� VXJJHVWHG� LQ� WKLV�ZRUN�
5()(5(1&(6�� 0LWFKHOO��3���1DWXUH �/RQGRQ���������YRO�������SS������������ 6NXODFKHY�� 9�3��� (QHUJHWLND� ELRORJLFKHVNLNK� PHPEUDQ�(QHUJHWLFV� RI� %LRORJLFDO� 0HPEUDQHV��� 0RVFRZ�� 1DXND��������� )HUJXVRQ�� 6�-���%LRFKHP�� %LRSK\V�� $FWD�� ������ YRO�� ����� SS���������� 6ODWHU�� (�&��� %HUGHQ�� -�$��� DQG� +HUZHLMHU�� 0�$��� %LRFKHP��%LRSK\V��$FWD� ������YRO�������SS������������ %OXPHQIHOG��/�$���3K\VLFV�RI�%LRHQHUJHWLF�3URFHVVHV��%HUOLQ��6SULQJHU��������YRO��;��SS�������� =RUDWWL��0��DQG�3HWURQLOL��9���)(%6�/HWW�� ������YRO�������SS������������ :HVWHUKRII�� +�9��� 6LPRQHWWL�� $�/�0��� DQG� 9DQ'DP�� .���%LRFKHP��-�� ������YRO�������SS������������ 3HWURQLOL�� 9��� 3LHWURERQ�� '��� =RUDWWL�� 0��� DQG� $]]RQH�� -�)���(XU��-��%LRFKHP�� ������YRO�������SS������������ $]]RQH�� *�)��� 3HWURQLOL�� 9��� DQG� =RUDWWL�� 0���%LRFKHP�� 6RF��7UDQV�� ������YRO������SS������������� 0LWFKHOO��3���-��%LRFKHP�� ������YRO������SS��O������� :HVWHUKRII�� +�9�� HW� DO���%LRFKLP�� %LRSK\V�� $FWD�� ������ YRO�������SS������������� 'H� .RXFKNRYVN\�� <��� +DUDX[�� )��� DQG� 6LJDOW� &���%LRHOHFWURFKHP��%LRHQHUJ�� ������YRO������SS������������� /HPHVKNR��9�9���'RNO��$NDG��1DXN�8665��6HU��%�� ������QR������SS����������� /HPHVKNR�� 9�9��� $EVWUDFWV� RI� 3DSHUV�� 6WHQGRY\H�VRREVKFKHQL\D �3RVWHUV���3XVKFKLQR��3XVKFK��1DXFKQ��7VHQWU�%LRO��,VVOHG���$NDG��1DXN�6665��������YRO�����S��������� /HPHVKNR��9�9���%LRIL]LND��������YRO������SS������������� /HPHVKNR�� 9�9��� %LRNKLPL\D� ]KLYRWQ\NK� L� FKHORYHND�%LRFKHPLVWU\�RI�$QLPDOV�DQG�0DQ���.LHY��1DXNRYD�'XPND��������YRO������SS����������� .RQHY�� 6�9� DQG� .DOHU�� *�9��� %LRIL]LND�� ������ YRO�� ���� SS��������������� *UDDI��5�0���9LVVFKHU��-���DQG�6FKZDUW]��$�:���1DWXUH��������YRO�������SS������������� 6FKROH�� -�� DQG� 6FKROH��&KU���-�� 7KHRU��%LRO�� ������ YRO�� �����SS����������

)LJ�� �� 'HSHQGHQFH� RI� WKH� UHVSLUDWLRQ� UDWH� RQ� WKH�WUDQVPHPEUDQH� SRWHQWLDO� YDOXH�� ���� WLWUDWLRQ� ZLWK�XQFRXSOHU������WLWUDWLRQ�ZLWK�KH[RNLQDVH�
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