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(QHUJ\�KDUYHVWLQJ�LV�WKH�SURFHVV�RI�FROOHFWLQJ�ORZ�OHYHO�DPELHQW�HQHUJ\�DQG�FRQYHUWLQJ�
LW�LQWR�HOHFWULFDO�HQHUJ\�XVHG�WR�SRZHU�PLQLDWXULVHG�DXWRQRPRXV�GHYLFHV��VHQVRU�QHWZRUNV��
ZHDUDEOH�HOHFWURQLFV�RU�,QWHUQHW�RI�7KLQJV�FRPSRQHQWV��7KH�FRQVLGHUHG�DPELHQW�HQHUJ\�
VRXUFHV� FRPSULVH� VRODU�OLJKW� HQHUJ\�� ZDVWH� KHDW�� NLQHWLF� HQHUJ\� DQG� UDGLR�IUHTXHQF\��
(VSHFLDOO\�LQWHUHVWLQJ�LV�WKH�XVH�RI�WKH�SHUYDVLYH�NLQHWLF�HQHUJ\�WKDW�FDQ�EH�FRQYHUWHG�LQWR�
HOHFWULFDO�HQHUJ\�YLD�WKH�HOHFWURPDJQHWLF�HIIHFW��WKH�HOHFWURVWDWLF�SULQFLSOH�RU�WKH�HOHFWUR�
PHFKDQLFDO� SLH]RHOHFWULF� HIIHFW�� 7KH� ODWWHU� SURYHV� WR� EH� DGYDQWDJHRXV� GXH� WR� GHVLJQ�
VLPSOLFLW\��PLQLDWXUL]DWLRQ�DQG�LQWHJUDWLRQ�SRWHQWLDO�DQG�KLJK�HQHUJ\�GHQVLW\�>�@��

7KLV�ZRUN�IRFXVHV�RQ�DQDO\VLQJ�WKH�SRVVLELOLW\�WR�XVH�YLEUDWLRQ�HQHUJ\��FRQYHUWHG�YLD�
WKH�SLH]RHOHFWULF�HIIHFW��DV�D�YLDEOH�SRZHU�VRXUFH��'HYLFHV�XVHG�LQ�WKLV�IUDPH�DUH�JHQHUDOO\�
EDVHG� RQ� ELPRUSK� SLH]RHOHFWULF� FDQWLOHYHUV� �)LJ�� ����7KH� PDLQ� JRDO� LQ� GHVLJQLQJ� VXFK�
GHYLFHV�LV�DFKLHYLQJ�PD[LPXP�SRZHUV�IRU�WKH�JLYHQ�H[FLWDWLRQ�DQG�YROXPH�FRQVWUDLQV��

)LJ�����7\SLFDO�SLH]RHOHFWULF�KDUYHVWLQJ�GHYLFH�

���&RXSOHG�(OHFWURPHFKDQLFDO�$QDO\VLV�

7KH�SRZHU�RXWSXW�RI�WKH�SLH]RHOHFWULF�GHYLFH�LV�WKH�KLJKHVW�ZKHQ�WKH�KDUYHVWHU�RSHUDWHV�
DW� LWV� ILUVW� HLJHQIUHTXHQF\�� 6LQFH�� GXH� WR� HOHFWURPHFKDQLFDO� SLH]RHOHFWULF� FRXSOLQJ�� WKH�
JHQHUDWLRQ�RI�HOHFWULF�FKDUJH�LQ�WKH�SLH]R�OD\HUV�DIIHFWV�WKH�PHFKDQLFDO�UHVSRQVH�RI�WKH�
GHYLFH��LWV�EHKDYLRXU�PXVW�EH�PRGHOOHG�E\�HPSOR\LQJ�WKH�UDWKHU�FRPSOH[�UHFHQWO\�GHYHO�
RSHG� DQG� YDOLGDWHG� ³FRXSOHG� PRGDO� HOHFWURPHFKDQLFDO� GLVWULEXWHG� SDUDPHWHU� PRGHO´�
�&0('0��>�@��7KH�DPSOLWXGH�DV�RI�WKH�RXWSXW�YROWDJH�RI�WKH�KDUYHVWHU�LV�WKXV��
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ZKHUH�Z� LV� WKH� H[FLWDWLRQ� IUHTXHQF\�FORVH� WR� WKH�HLJHQIUHTXHQF\�ZUߢ��௥� LV� WKH� IRUZDUG�
FRXSOLQJ�WHUPߪ��௥�LV�H[FLWDWLRQ
V�WUDQVODWLRQDO�FRPSRQHQWߞ��௥�LV�PHFKDQLFDO�GDPSLQJ��5O�LV�
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WKH�H[WHUQDO�ORDGܥ��௣෤�LV�SLH]R¶V�FDSDFLWDQFH�DQG�߯௥௦�LV�WKH�PRGDO�FRXSOLQJ�WHUP��&0('0�
LV�XVHG�QH[W�DV�D�EHQFKPDUN�WR�YHULI\�DQG�WXQH�WKH�ILQLWH�HOHPHQW��)(��QXPHULFDO�PRGHO�
WKDW�ZLOO�DOORZ�FRQVLGHULQJ�DOVR�GLIIHUHQW�KDUYHVWHU�JHRPHWULFDO�DQG�PDWHULDO�FRQILJXUD�
WLRQV��WKXV�VLPSOLI\LQJ�WKH�GHVLJQ�SURFHVV��7KH�UHJXODU�ELPRUSK�RI�)LJ����LV�WKXV�FRQVLGHUHG�
LQ�D�FRQILJXUDWLRQ�ZLWKRXW�DQG�WKH�RQH�ZLWK�WKH�WLS�PDVV��,Q�WKH�QXPHULFDO�PRGHO��SURSHU�
FRQVLGHUDWLRQ� RI� KDUYHVWHU¶V� IL[WXUH� DQG� LWV� H[FLWDWLRQ� KDV� WR� EH� LPSRVHG� >�@�� 0RGDO�
DQDO\VLV� LV� KHQFH� SHUIRUPHG� WR� ILQG� WKH� PHFKDQLFDO� HLJHQIUHTXHQF\�� IROORZHG� E\� WKH�
FRXSOHG�KDUPRQLF�DQDO\VLV�WKDW�DOORZV�GHWHUPLQLQJ�WKH�G\QDPLF�UHVSRQVH�LQ�LWV�YLFLQLW\��
,Q�WKH�ODWWHU�FDVH��WKH�FRQVLGHUDWLRQ�RI�HOHFWURPHFKDQLFDO�FRXSOLQJ�LV�QHFHVVDU\�DJDLQ��7KLV�
LV�DFKLHYHG�E\�FRQQHFWLQJ�WKH�QRGHV�RI�WKH�SLH]R�OD\HUV¶�ILQLWH�HOHPHQWV�WR�WKH�HQGV�RI�D�
FRQVWDQW�UHVLVWDQFH�FDSDFLWRU��KDYLQJ���9�DV�WKH�ERXQGDU\�FRQGLWLRQ�RQ�RQH�RI�LWV�HQGV��

���5HVXOWV�DQG�'LVFXVVLRQ��

7KH�FRPSDULVRQ�RI�WKH�&0('0�DQG�WKH�)(�UHVXOWV��LQ�WHUPV�RI�YROWDJH�RXWSXWV�DURXQG�
WKH�ILUVW�HLJHQIUHTXHQF\�RI�WKH�FRQVLGHUHG�KDUYHVWHUV¶�FRQILJXUDWLRQV��LV�VKRZQ�LQ�)LJ�����
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)LJ�����&RPSDULVRQ�RI�&0('0�DQG�)(�UHVXOWV�IRU�WKH�KDUYHVWHU�Z�R��D��DQG�ZLWK��E��WKH�WLS�PDVV��

,W�FDQ�WKXV�EH�VHHQ�WKDW�LQ�ERWK�FDVHV�WKH�)(�PRGHO�DOORZV�REWDLQLQJ�UHVXOWV�WKDW�FORVHO\�
PDWFK�WKRVH�REWDLQHG�YLD�&0('0��,Q�IDFW��WKH�)(�REWDLQHG�HLJHQIUHTXHQFLHV�PDWFK�WKH�
&0('0�RQHV�ZLWKLQ��������,Q�WHUPV�RI�WKH�PD[LPDO�YROWDJHV�WKH�)(�UHVXOWV�DUH��KRZHYHU��
KLJKHU�E\�XS�WR�������WKDQ�WKRVH�FDOFXODWHG�YLD�WKH�&0('0�DSSURDFK��7KLV�FRXOG�LPSO\�
WKH�QHHG�IRU�D�PRUH�GHWDLOHG�WXQLQJ�RI�WKH�GDPSLQJ�UDWLRV�RI�WKH�)(�PRGHO��

7KH� JLYHQ� RYHUYLHZ� RI� WKH� SRWHQWLDOV� RI� HQHUJ\� KDUYHVWLQJ� SULQFLSOHV� DQG� RI� WKH�
PRGHOOLQJ�DSSURDFKHV�WR�EH�DSSOLHG�WR�SLH]RHOHFWULF�YLEUDWLRQ�KDUYHVWHUV�LV�WKXV�VXFFHVV�
IXOO\�LOOXVWUDWHG��,Q�WKH�SURVHFXWLRQ�RI�WKH�ZRUN��WKH�GHYHORSHG�)(�PRGHO��H[WHQGHG�DOVR�
WR�FRXSOHG�QRQOLQHDU�WUDQVLHQW�DQDO\VHV��ZLOO�EH�DSSOLHG�WR�DGYDQFHG�KDUYHVWHUV¶�GHVLJQV�
DLPHG�DW� H[FLWDWLRQV�YDU\LQJ� LQ� WLPH�RU�PXOWLSOH� H[FLWDWLRQ� VRXUFHV��7KLV� VKRXOG� DOORZ�
RSWLPLVLQJ�WKH�SHUIRUPDQFHV�RI�WKLV�FODVV�RI�GHYLFHV�DQG�WKXV�HYHQWXDOO\�HPSOR\LQJ�LW�LQ�
LQQRYDWLYH�DSSOLFDWLRQV�VXFK�DV�H�J��ZHDUDEOH�GHYLFHV�IRU�WHOHPHGLFLQH��

5HIHUHQFHV�
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