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,QWURGXFWLRQ7KH�DGYHQW�RI�IUHH�HOHFWURQ�ODVHUV�DQG�OD�VHUV� EDVHG� XSRQ� KLJK� KDUPRQLF� JHQHUDWLRQSURGXFLQJ� LQWHQVH�IHPWRVHFRQG�SXOVHV�LQ� WKH989� RSHQHG� XS� QHZ� SRVVLELOLWLHV� LQ� SKR�WRLRQL]DWLRQ�VWXGLHV��,Q�SDUWLFXODU��WKH�DWRPLFDQG�PROHFXODU� LRQL]DWLRQ�SURFHVVHV� FDQ�QRZEH� LQYHVWLJDWHG� DQG� FRQWUROOHG� LQ� WKH� WLPHGRPDLQ�� 7KH� FRUUHVSRQGLQJ� H[SHULPHQWV� RI�WHQ� XVH� WKH� SXPS�SUREH� PHWKRG�� ZKHQ� WZRHOHFWURPDJQHWLF�SXOVHV�DFW� RQ� D� V\VWHP�VXE�VHTXHQWO\�� ,Q� WKLV� FRQWULEXWLRQ�� ZH� FRQVLGHUWKHRUHWLFDOO\� SKRWRLRQL]DWLRQ� LQ� WKH� SXPS�SUREH� SURFHVV� ZLWK� RQH� LRQL]LQJ� 989�µSUREH¶�� SXOVH� DQG� RQH� FRXSOLQJ� RSWLFDO�µGUHVVLQJ¶�� SXOVH�� 7KH� 989� IHPWRVHFRQGSXOVH�WUDQVIHUV�DQ�DWRP�IURP�WKH�JURXQG�VWDWHWR� WKH� FRQWLQXXP�� ZKLOH� WKH� RSWLFDO� SXOVHFRXSOHV� WKLV� UHJLRQ� RI� WKH� FRQWLQXXP� HLWKHUZLWK� DQRWKHU� FRQWLQXXP� RU� ZLWK� DQ� LQLWLDOO\

XQSRSXODWHG� GLVFUHWH� VWDWH�� WKHUHE\� VOLJKWO\PRGLI\LQJ� WKH� FRQWLQXXP�� 7KHUH� DUH� PDQ\SXEOLFDWLRQV�WUHDWLQJ�VXFK�VFKHPHV��DOWKRXJKPDLQO\� LQ�VWDWLRQDU\�RU�DGLDEDWLF� DSSURDFKHVDQG� IRU� PRGHO� V\VWHPV� �VHH�� IRU� H[DPSOH�>���@� DQG� UHIHUHQFHV� WKHUHLQ��� ,Q� WKLV� SDSHU�ZH�PDNH� WKHRUHWLFDO� SUHGLFWLRQV� IRU� SDUWLFX�ODU� DWRPLF� V\VWHPV�� OLWKLXP� DQG� KHOLXP�� ,QWKH� QH[W� VHFWLRQ�� ZH� H[WHQG� RXU� UHFHQWPHWKRG� RI� WKH� GLUHFW� QXPHULFDO� VROXWLRQ� RIWKH� WLPH�GHSHQGHQW� 6FKU|GLQJHU� HTXDWLRQ�7'6(��IRU�K\GURJHQ�>�@�WR�WKH�OLWKLXP�DWRP�2XU�JRDO�LV�WR�FRQVLGHU�WKH�HIIHFW�RI�FRXSOLQJEHWZHHQ�WKH�LRQL]DWLRQ�FRQWLQXXP�DQG�D�GLV�FUHWH� VWDWH� E\� WKH� RSWLFDO� ILHOG� RQ� WKH� QHDU�WKUHVKROG�LRQL]DWLRQ�IURP�WKH�JURXQG�VWDWH��,QWKH�VXEVHTXHQW�VHFWLRQ��ZH�DQDO\]H� WKH� LRQL�]DWLRQ�RI�WKH�KHOLXP�DWRP�E\�WKH�989�SXOVHIDU� IURP� WKUHVKROG� ZLWK� WKH� RSWLFDO� SXOVH�FRXSOLQJ� GLIIHUHQW� FRQWLQXD�� 6XFK� D� SURFHVVKDV�EHHQ�DOUHDG\� VWXGLHG�H[SHULPHQWDOO\� DQG
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WKHRUHWLFDOO\�>�@�FRQFHQWUDWLQJ�RQ�WKH�LRQL]D�WLRQ� FURVV� VHFWLRQ�� +HUH� ZH� FRQVLGHU� D� QHZDVSHFW�� WKH� SRODUL]DWLRQ� GHSHQGHQFH� RI� WKHLRQL]DWLRQ� FURVV� VHFWLRQ�� )RU� WUHDWLQJ� WKLVSURFHVV��ZH�DSSO\� WKH�VHFRQG�RUGHU� WLPH�GH�SHQGHQW� SHUWXUEDWLRQ� WKHRU\� LQ� DFFRUGDQFHZLWK�WKH�FKDUDFWHULVWLFV�RI� WKH�SXOVH�SDUDPH�WHUV� XVHG� LQ� WKH� H[SHULPHQW�� ,Q� ERWK� SURF�HVVHV�� LQYROYLQJ� OLWKLXP� DQG� KHOLXP��ZH� DV�VXPH�PRGHUDWH�ILHOG�LQWHQVLWLHV�
,RQL]DWLRQ�RI�OLWKLXP,Q� >�@�ZH� QXPHULFDOO\� VROYHG� WKH�7'6(IRU�K\GURJHQ�LQ�D�ELFKURPDWLF�ILHOG��ZKHQ�WKH989�DQG�WKH�RSWLFDO�SXOVH�IUHTXHQFLHV�ZHUHWXQHG� WR� FRXSOH� WKH� VDPH� UHJLRQ� RI� WKH� K\�GURJHQ� FRQWLQXXP�ZLWK� WKH� JURXQG�� �V�� DQGH[FLWHG��Q ���VWDWHV��UHVSHFWLYHO\��7KH�RSWLFDOSXOVH� RI� KLJKHU� LQWHQVLW\� JHQHUDWHV� WKH� VR�FDOOHG� µODVHU� LQGXFHG� FRQWLQXXP� VWUXFWXUH¶�/,&6��� ,W� ZDV� VKRZQ� WKDW� LQ� WKH� QHDU�WKUHVKROG� UHJLRQ� WKH� SKRWRHOHFWURQ� DQJXODUGLVWULEXWLRQV��3$'��DQG�WKH�VSHFWUDO�VKDSH�RIWKH� PDLQ� SKRWROLQH� FRXOG� EH� FRQWUROOHG� E\WKH�WLPH�GHOD\�EHWZHHQ�WKH�WZR�SXOVHV�DQG�E\WKH� WZR�SKRWRQ� GHWXQLQJ�� $� VLPLODU� VFKHPHIRU� WKH� OLWKLXP� DWRP� LV� VKRZQ� LQ� ILJXUH� ��7KH�OLQHDU�SRODUL]DWLRQV�RI�WKH�WZR�ILHOGV�DUHFROOLQHDU�� 7KH� WDVN� RI� VROYLQJ� WKH� 7'6(� LVGUDVWLFDOO\� VLPSOLILHG� ZKHQ� D� VLQJOH� DFWLYHDWRPLF� HOHFWURQ� LV� FRQVLGHUHG�� 7KLV� ZDV� WKHH[DFW� PRGHO� IRU� K\GURJHQ�� EXW� LW� LV� DQ� DS�SUR[LPDWLRQ� IRU� LRQL]DWLRQ� IURP� WKH� �V� VWDWHRI� OLWKLXP�� 7KH� SRWHQWLDO� IRU� WKH� YDOHQFHHOHFWURQ� LQ� OLWKLXP�ZDV� WDNHQ� IURP� WKH� ORFDODSSUR[LPDWLRQ� WR� WKH�+DUWUHH�)RFN� SRWHQWLDOZLWK� DGGLWLRQDO� SRODUL]DWLRQ� WHUPV�� WKHUHE\UHSURGXFLQJ�ZLWK�DQ�DFFXUDF\�RI����� H9�WKHHQHUJLHV� RI� WKH� 5\GEHUJ� H[FLWHG� VWDWHV� DQGWKH� LRQL]DWLRQ� WKUHVKROG�� &DOFXODWLRQVVKRZHG�WKDW�WKH�RQH�HOHFWURQ�PRGHO�ZLWK�WKLVSRWHQWLDO� DOVR� YHU\� ZHOO� UHSURGXFHV� WKH� H[�SHULPHQWDO� SKRWRLRQL]DWLRQ� FURVV� VHFWLRQ� >�@QHDU� WKH� WKUHVKROG�� 7KH� PHWKRG� RI� VROYLQJWKH�7'6(�IRU�WKH�OLWKLXP�DWRP�LQLWLDOO\�LQ�WKHJURXQG�VWDWH� LQ� WKH�WZR�ILHOGV�ZLWK�*DXVVLDQHQYHORSHV� �):+0�  � ��� IV�� ZDV� VLPLODU� WRWKDW� IRU� WKH�K\GURJHQ�DWRP�DQG� LV�GHVFULEHGLQ�GHWDLO�LQ�>�@�

)LJ�����6FKHPH�RI�OHYHOV�DQG�GULYLQJ�ILHOGV�IRU�/L�([FLWDWLRQ� HQHUJLHV� LQ� H9� DUH� JLYHQ� IRU� WKH� /LVWDWHV�
)LJXUH� �� VKRZV� RXU� ILUVW� OLWKLXP� UHVXOWVIRU� WKH� LQWHJUDO� SKRWRHOHFWURQ� VSHFWUD� ZLWKDQG�ZLWKRXW� WKH� FRXSOLQJ� RSWLFDO� SXOVH�� 7KHSHDN�LQWHQVLWLHV�RI�WKH�SUREH�DQG�WKH�GUHVVLQJILHOGV� ZHUH� WDNHQ� DV� ���� DQG� ���� :�FP��UHVSHFWLYHO\�� VLPLODU� WR� >�@�� 7KH� VSHFWUXPZLWK�WKH�WZR�VZLWFKHG�SXOVHV�FRQVLVWV�RI�DG�GLWLRQDO� OLQHV�GXH� WR� WKH�PXOWLSKRWRQ� LRQL]D�WLRQ�IURP�WKH�JURXQG�VWDWH�� LQFOXGLQJ�DERYH�WKUHVKROG� LRQL]DWLRQ� �$7,�� SHDNV�� 2ZLQJ� WRWKH� VPDOOHU� LRQL]DWLRQ� SRWHQWLDO� DQG� ODUJHUSKRWRQ�HQHUJ\�RI�WKH�GUHVVLQJ�ILHOG�� WKH�OLWK�LXP� VSHFWUXP�� LQ� FRQWUDVW� WR� K\GURJHQ� >�@�FRQWDLQV� D� VWURQJ� OLQH� GXH� WR� WKUHH�SKRWRQLRQL]DWLRQ� IURP� WKH� JURXQG� VWDWH� DV� ZHOO� DVWKH� IRXU�SKRWRQ�$7,� SHDN��7KH�PDLQ�SKRWR�OLQH� LQ� OLWKLXP� FKDQJHV� RQO\� VOLJKWO\� ZKHQVZLWFKLQJ�RQ�WKH�GUHVVLQJ�SXOVH��7KH�3$'�LQWKH� PDLQ� SKRWROLQH� LV� VHQVLWLYH� WR� WKH� WLPHGHOD\�EHWZHHQ�WKH�SXOVHV��7KH�3$'�IURP�WKHSUREH� SXOVH� RQO\� LV� GHVFULEHG� E\� �DWRPLFXQLWV�DUH�XVHG�KHUH�DQG�EHORZ�> @��FRV�� �

� TES 3:G(G:G (
N � : ���������������

ZKHUH�E LV�WKH�DQLVRWURS\�FRHIILFLHQW�ZLWK�WKHYDOXH� E  � �� ZLWKLQ� RXU� QRQUHODWLYLVWLF� DS�SURDFK��T LV� WKH�DQJOH�EHWZHHQ� WKH�GLUHFWLRQRI� WKH�SKRWRHPLVVLRQ�ZLWK� WKH�PRPHQWXP�N�HQHUJ\� ( N����� DQG� FROOLQHDU� SRODUL]DWLRQVRI� WKH� 989� DQG� RSWLFDO� ILHOGV��3��[�� LV� WKH
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/HJHQGUH� SRO\QRPLDO�� 6ZLWFKLQJ� RQ� WKHGUHVVLQJ� SXOVH� OHDGV� WR� DGGLWLRQDO� /HJHQGUHSRO\QRPLDOV� RI� WKH� HYHQ� RUGHU� LQ� HT�� ����
&DOFXODWLRQV� VKRZ� WKDW� WKH� QRQ�QHJOLJLEOHFRQWULEXWLRQ� RQO\� FRPHV� IURP� SRO\QRPLDOVXS�WR�WKH�RUGHU�VL[BBBBBBBBBBBBBBBBBBBBBBBBBBB> @��FRV��FRV��FRV�� ������

� TETETES 333:G(G:G (
N ��� : ���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBB
ZLWK� WKH� FRUUHVSRQGLQJ� DQLVRWURS\� FRHIIL�FLHQWV�E/��7KH��WK�SRO\QRPLDO�FRUUHVSRQGV�WRRXWJRLQJ� I�ZDYHV� RI� WKH� SKRWRHOHFWURQV�� )RUWKH� PDLQ� SKRWROLQH�� WKLV� LV� LQWHUSUHWHG� DVSRSXODWLRQ� WUDQVIHU� WR� WKH� I�FRQWLQXXP� IURPWKH�S�FRQWLQXXP�WKURXJK�WKH��G�OLWKLXP�VWDWH�VHH� ILJ������7KH�GHOD\HG�RSWLFDO�SXOVH� OHDGVWR�VWURQJHU�PRGLILFDWLRQ�RI�WKH�3$'�WKDQ�DQ\RWKHU� WLPH�RUGHULQJ�RI� WKH�SXOVHV��$V�DQ�H[�DPSOH�� IRU� D� WLPH�GHOD\�RI���� IV�� WKH� FRHIIL�FLHQWV�LQ�����WDNH�WKH�YDOXHV�E�  ��������E�  ������� E�  � ������ DW� WKH� SKRWRHOHFWURQ� HQ�HUJ\�LQ�WKH�PD[LPXP�RI�WKH�PDLQ�SKRWROLQH�

)LJ�����([DPSOHV�RI�WKH�SKRWRHOHFWURQ�VSHFWUD�RI/L�ZLWK�DQG�ZLWKRXW�WKH�GUHVVLQJ�ILHOG���VHH�WH[W��7KH� GHQVLW\� RI� VWDWHV� LQWHJUDWHG� RYHU� WKH�ZKROHVSHFWUXP��LQFOXGLQJ�LWV��GLVFUHWH�SDUW��JLYHV�XQLW\�
7KHVH� RXU� ILUVW� FDOFXODWLRQV� IRU� OLWKLXP�WRJHWKHU� ZLWK� WKH� SUHFHGLQJ� UHVXOWV� IRU� K\�GURJHQ�>�@��SRLQW�WR�D�JHQHUDO�FKDUDFWHU�RI�WKHSKHQRPHQRQ� RI� FRQWUROOLQJ� WKH� 3$'� LQ� WKH

PDLQ� SKRWROLQH� E\� WKH� WLPH� GHOD\� RI� WKHGUHVVLQJ�SXOVH��ZKLFK�SURGXFHV� WKH� ODVHU� LQ�GXFHG�FRQWLQXXP�VWUXFWXUH�
,RQL]DWLRQ�RI�KHOLXP7KH� GLUHFW� QXPHULFDO� VROYLQJ� RI� WKH7'6(�KDV�REYLRXV�GUDZEDFNV��LW�LV�WLPH�FRQ�VXPLQJ�DQG�WKH�QXPEHU�RI�VSDWLDO�GLPHQVLRQVLQ�WKH�SUREOHP�LV�FULWLFDO��WKH�WLPH�DQG�VSDFHSURSDJDWLRQ�FDQ�EH�SHUIRUPHG�ZLWKLQ�FHUWDLQOLPLWV�� WKH� GHSHQGHQFH� RI� WKH� UHVXOW� RQ� WKHLQSXW� SDUDPHWHUV� �H�J�� WKH� ILHOG� SDUDPHWHUV�UHPDLQV�XQNQRZQ�DQG�FDQQRW�EH� HVWDEOLVKHGZLWKRXW� DGGLWLRQDO� UXQV� RI� WKH� FRGH�� 7KHUH�IRUH��LW�LV�DGYDQWDJHRXV�WR�XVH�RWKHU��OHVV�DF�FXUDWH�� PHWKRGV�� ZKLFK� FDQ� VLPSOLI\� WKHSUREOHP�DQG�HYHQ� OHDG� WR� �SDUWO\��DQDO\WLFDOVROXWLRQV�� 2QH� RI� VXFK� VLWXDWLRQV� FRQFHUQVUHFHQW� H[SHULPHQWV� RQ� LRQL]DWLRQ� RI� WKH� KH�OLXP� DWRP� E\� D� IHPWRVHFRQG� SXOVH� RI� WKHIUHH�HOHFWURQ� ODVHU� )/$6+� DW� '(6<� �+DP�EXUJ��ZLWK�D�VLPXOWDQHRXV�DFWLRQ�RI�DQ�LQIUD�UHG� GUHVVLQJ� SXOVH� >�@�� 7KH� VFKHPH� RI� WKHFRXSOLQJ� ILHOGV� LV� VKRZQ� LQ� ILJ�� ��� 7KH� H[�SHULPHQW� ZDV� SHUIRUPHG� ZLWK� SHDN� LQWHQVL�WLHV� RI� �u���� :�FP� IRU� WKH� IUHH�HOHFWURQODVHU� DQG� ZLWK� WKH� IUHTXHQF\�GRXEOHG1G�</)� ODVHU� DV� D� VRXUFH� RI� WKH� FRXSOLQJRSWLFDO� ILHOG�� 7KH� LRQL]DWLRQ� VLJQDO� VKRZVRQO\� WKH� ILUVW� VLGHEDQG��ZKLFK� LV� WZR� RUGHUVRI� PDJQLWXGH� ZHDNHU� WKDQ� WKH� PDLQ� SKRWR�OLQH�� ,W�SRLQWV� WR� WKH�DSSOLFDELOLW\�RI�VHFRQG�RUGHU�SHUWXUEDWLRQ� WKHRU\� IRU� WKH�GHVFULSWLRQRI�WKH�VLGHEDQGV��:H�XVH�WKLV�DSSUR[LPDWLRQIRU� WKH� DQDO\VLV� RI� WKH� SRODUL]DWLRQ� GHSHQG�HQFH�RI�WKH�VLGHEDQGV��L�H��WKH�PRGXODWLRQ�RIWKH�VLGHEDQG�LRQL]DWLRQ�VLJQDO�ZLWK�FKDQJLQJWKH�DQJOH�EHWZHHQ�WKH�GLUHFWLRQV�RI�WKH�OLQHDUSRODUL]DWLRQ� RI� WKH� WZR� ILHOGV�� 'HYLDWLRQ
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IURP�WKH�D[LDO�V\PPHWU\��ZKHQ�WKH�ILHOGV�DUHQRW� SDUDOOHO��PDNHV� WKH� GLUHFW� QXPHULFDO� VR�OXWLRQ�RI�WKH�7'6(�YHU\�GLIILFXOW�

)LJ�����([DPSOHV�RI�WKH�SKRWRHOHFWURQ�VSHFWUD�RI/L�ZLWK�DQG�ZLWKRXW�WKH�GUHVVLQJ�ILHOG���VHH�WH[W��7KH� GHQVLW\� RI� VWDWHV� LQWHJUDWHG� RYHU� WKH�ZKROHVSHFWUXP��LQFOXGLQJ�LWV��GLVFUHWH�SDUW��JLYHV�XQLW\�

,Q� VHFRQG�RUGHU� SHUWXUEDWLRQ� WKHRU\�� WKHLRQL]DWLRQ�SUREDELOLW\�LV�JLYHQ�E\
���� �__��� ¦ ²¢ /0 I( 8/0/(:G(G: A AS ��������

ZKHUH�/I LV�WKH�RUELWDO�DQJXODU�PRPHQWXP�RIWKH�UHVLGXDO�LRQ��WKH�VXPPDWLRQ�LV�WDNHQ�RYHUWKH�SDUWLDO�ZDYHV�RI�WKH�SKRWRHOHFWURQ�����DQGWKH�WRWDO�RUELWDO�PRPHQWXP�RI�WKH�V\VWHP�LRQ��SKRWRHOHFWURQ�DQG�LWV�SURMHFWLRQ��/0���:HDVVXPH� *DXVVLDQ� HQYHORSHV� IRU� WKH� HOHFWUR�PDJQHWLF� SXOVHV��$IWHU� LGHQWLFDO� WUDQVIRUPD�WLRQV�ZLWKLQ�WKH�URWDWLQJ�ZDYH�DSSUR[LPDWLRQDQG� VXPPLQJ� RYHU�PDJQHWLF� TXDQWXP� QXP�EHUV��WKH�UHVXOW�FDQ�EH�FDVW�LQWR�WKH�IRUP> @T������ FRV��������� 66666G(G: ���� �����(TXDWLRQ� ���� SURYLGHV� WKH� H[SOLFLW� GH�SHQGHQFH� RI� WKH� VLGHEDQG� LQWHQVLW\� RQ� WKHDQJOH� EHWZHHQ� WKH� SRODUL]DWLRQV��:KHQ� DQ� VHOHFWURQ� LV� LRQL]HG� IURP� WKH� LQLWLDO� DWRPLF�6VWDWH�� OLNH� LQ� KHOLXP�� WKH� FRHIILFLHQW�6� YDQ�LVKHV��)RU�WKH�KHOLXP�FDVHBBBBBBBBBBBBBBBBBBBBBBBBBBB
���

�
��� �
��
����
��H[S����� ¦³u»»¼º««¬ª ¸̧¹·¨̈©§ ��� ('((']G('EDW56 S AA A Z[ � ���

BBBBBBBBBBBBBBBBBBBBBBBBBBBBB
+HUH�D DQG�E DUH� WKH� WLPH�ZLGWKV�RI� WKHRSWLFDO� DQG� WKH� 989� SXOVHV� �):+0  �OQ�D DQG� �OQ�E ��� UHVSHFWLYHO\��[��  D���D��E���� SW LV� WKH� WLPH�GHOD\�RI� WKH�989SXOVH� ZLWK� UHVSHFW� WR� WKH� RSWLFDO� RQH�5 SDE(�(� ��� ZLWK� (� DQG� (� EHLQJ� WKH*DXVVLDQ� HQYHORSH� ILHOG� DPSOLWXGHV� RI� WKH989� DQG� WKH� RSWLFDO� SXOVH�� UHVSHF�WLYHO\� ���� ��� ZZ B�� ((' LV� WKH� WZR�SKRWRQ�GHWXQLQJ��ZKHUH�(� LV�WKH�HQHUJ\�RIWKH� JURXQG� VWDWH� DQG� Z��Z��� LV� WKH� IUH�TXHQF\�RI� WKH�989��RSWLFDO��SKRWRQ��VXP�PDWLRQ�LQWHJUDWLRQ� LV� WDNHQ� RYHU� WKH� LQWHU�PHGLDWH� GLVFUHWH� DQG� FRQWLQXXP� VWDWHV�

Z�]��  � H[S��]��� HUIF��L]�� LV� WKH� )DGGHYDIXQFWLRQ� RI� WKH� FRPSOH[� DUJXPHQW
DWL'D] S[G[[ �� ��� � �� ZKHUH�G (��(��Z��7KH� UHGXFHG� GLSROH� PDWUL[� HOHPHQWV� DUHGHILQHG� DV� �
�
� SS(('  DQGS(S(((' 
�
�� AA  �� ZKHUH� (� GHQRWHVHOHFWURQ�LQ�FRQWLQXXP�ZLWK�WKH�HQHUJ\�( DQG�WKHRUELWDO�DQJXODU�PRPHQWXP�� ��  ���IRU�(S���DQG³f� � 

 ����

 GUU43U3L%(S( (( AAAA ZLWK

WKH� RSHUDWRU� U&GUG4 �� DQG� 3(��U�� EHLQJWKH�UDGLDO�ZDYH�IXQFWLRQ�RI�WKH�HOHFWURQ��7KH



GZmdh\bc�\�kgbd�M`]hjh^kvdh]h�mg�\_jkbl_lm��K_j�y�N�abdZ��<bimkd �����± ����

���

SDUDPHWHUV� % DQG� & WDNH� WKH� YDOXHV��
� A% 
�A� & IRU� �
� AA DQG�
A� % �
� � A& IRU� �
� AA �� &DOFX�ODWLQJ� WKH� GLSROH� PDWUL[� HOHPHQWV� EHWZHHQ
WKH�FRQWLQXXP�VWDWHV�LV�D�QRQ�WULYLDO�WDVN��)RUWKLV�SXUSRVH�ZH�XVH�D�UHFLSH�GHYHORSHG�LQ�>�@DQG�SUHVHQW�WKH�FRUUHVSRQGLQJ�LQWHJUDO�LQ�WKHIRUP

BBBBBBBBBBBBBBBBBBBBBBBBBBB
(( (()(((()GUU43U3((, (( ���� { ³f 
 ��

��
���

������

�� ��� 

 AAAAAA AA G ���BBBBBBBBBBBBBBBBBBBBBBBBBBBBB

ZLWK� HDVLO\� FDOFXODWHG� VPRRWK� IXQFWLRQV��
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�� AA (() �VHH� >�@� IRUGHWDLOV��:LWK� DGGLWLRQDO� DVVXPSWLRQV�� D� IXUWKHUVLPSOLILFDWLRQ�RI� WKH�G\QDPLFDO� IDFWRUV�6� LVSRVVLEOH��2XU�WZR�SULQFLSDO�DVVXPSWLRQV�DUH��D��7KH�RSWLFDO�SXOVH�LV�PXFK�ORQJHU�WKDQ�WKH989�SXOVH�

�E�� ,RQL]DWLRQ� SURFHHGV� IDU� IURP� WKH� WKUHVK�ROG��ZKHUH� WKH� FRQWLQXXP� LV� VPRRWK� DQGWKH�PDWUL[�HOHPHQWV�GR�QRW�FKDQJH�PXFKRYHU� WKH� LQWHUYDO� WKDW� JLYHV� WKH� GRPLQDW�LQJ�FRQWULEXWLRQ�WR�WKH�DPSOLWXGH�7KH� SURSHUWLHV� DQG� WKH� DV\PSWRWLF� IRUPRI�WKH�Z�]��IXQFWLRQ�DUH�XVHG�LQ�IXUWKHU�WUDQV�IRUPDWLRQV�� .HHSLQJ� WKH� OHDGLQJ� WHUPV�� WKHILQDO�UHVXOW�FDQ�EH�FDVW�LQWR�WKH�IRUP��IRU�WKHXSSHU�VLGHEDQG�BBBBBBBBBBBBBBBBBBBBBBBBBBB
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ZKHUH� �Z� � (( ��7KH�ILUVW�WHUP�XQGHU�WKHDEVROXWH�VTXDUH�LQ�HT�� ����FRUUHVSRQGV�WR�WKHSROH�FRQWULEXWLRQ��ZKLOH�WKH�VHFRQG�DQG�WKLUGWHUPV� FRUUHVSRQG� WR� WKH� FRQWULEXWLRQV� IURPWKH�FRQWLQXXP�DQG�IURP�GLVFUHWH�H[FLWDWLRQV�UHVSHFWLYHO\�� ,Q� WKLV� ILUVW� DSSUR[LPDWLRQ�� WKHLQWHQVLW\� RI� WKH� VLGHEDQG� DV� IXQFWLRQ� RI� WKHWLPH� GHOD\� LV� *DXVVLDQ�� 7KH� ZLGWK� RI� WKLV*DXVVLDQ� LV� LQGHSHQGHQW� RI� WKH� WUDQVLWLRQDPSOLWXGHV�� 6LQFH� WKH A6 DUH� SRVLWLYHO\� GHIL�QLWH��WKH�LQWHQVLW\�RI�WKH�VLGHEDQG�DV�IXQFWLRQRI�WKH�DQJOH��HT�������H[KLELWV�D�PD[LPXP�IRUSDUDOOHO� SRODUL]DWLRQV� DQG� D� PLQLPXP� IRUSHUSHQGLFXODU�SRODUL]DWLRQV��7KH�GHSWK�RI�WKHVLJQDO� PRGXODWLRQ� GRHV� QRW� GHSHQG� RQ� WKHWLPH�GHOD\�WS��EXW�LW�JHQHUDOO\�GHSHQGV�RQ�WKHWZR�SKRWRQ� GHWXQLQJ� ' DQG� WKH� SXOVH�GXUDWLRQ�SDUDPHWHU�[�

1XPHULFDO�FDOFXODWLRQV�ZHUH�SHUIRUPHG�IRUKHOLXP� ZLWK� WKH� DWRPLF� SRWHQWLDO� RI� WKH� IRUP�������H[S������������� UUUU9 ���� �ZKLFK�SURYLGHV�D�JRRG�GHVFULSWLRQ�RI�WKH�H[�FLWHG� KHOLXP� VWDWHV� DQG� WKH� FRQWLQXXP�� :HWRRN� WKH� WLPH� GXUDWLRQ� RI� WKH� SXOVHV� DV�D� ���� IV�� E  � ��� IV� DQG� WKH� IUHTXHQFLHV«Z�� ������H9� ������ QP��� «Z�� ������H9�����QP���ZKLFK�FRUUHVSRQG� WR� WKH� ILUVW� WHVWPHDVXUHPHQWV� DW� WKH� IUHH�HOHFWURQ� ODVHU)/$6+��1LQH� GLVFUHWH� LQWHUPHGLDWH� S� VWDWHVRI�+H�ZHUH�DFFRXQWHG�IRU� LQ� WKH�VXP�RYHU�NLQ�HT�������7KH�FRQWULEXWLRQ�IURP�WKH�GLVFUHWHVWDWHV� WXUQHG� RXW� WR� EH� PXFK� VPDOOHU� WKDQIURP�WKH�RWKHU�WZR�WHUPV�LQ������,Q�DJUHHPHQWZLWK� WKH� SUHVHQW� WKHRU\�� WKH� H[SHULPHQWDOGDWD�VKRZ�D�PD[LPXP�RI� WKH�LRQL]DWLRQ�VLJ�QDO� DW� SDUDOOHO� SRODUL]DWLRQV� DQG� D�PLQLPXPDW� SHUSHQGLFXODU� SRODUL]DWLRQV�� 7KH� UHODWLYH
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FRQWULEXWLRQ� RI� WKH� RXWJRLQJ� V�ZDYH� RI� WKHSKRWRHOHFWURQ� LV� ODUJHU� WKDQ� RI� WKH� G�ZDYH�7KH� H[SHULPHQWDO� UDWLR� ���� �� |66 DQG� LWVFDOFXODWHG� YDOXH� DW� WKH� GHWXQLQJ� '�  � ������� �� |66 ��DUH�LQ�D�JRRG�DJUHHPHQW�,Q� FRQFOXVLRQ�� ZH� FRQVLGHUHG� WZR� QRQ�VWDWLRQDU\�SXPS�SUREH�SKRWRLRQL]DWLRQ�SURF�HVVHV�LQ�OLWKLXP�DQG�KHOLXP�DWRPV��DFFHVVLEOHZLWK�PRGHUQ�H[SHULPHQWDO� IDFLOLWLHV��DQG�DS�SOLHG� WZR�GLIIHUHQW� WKHRUHWLFDO� DSSURDFKHV�� DGLUHFW� QXPHULFDO� VROXWLRQ� RI� WKH� 7'6(� DQGVHFRQG�RUGHU� SHUWXUEDWLRQ� WKHRU\�� ,Q� ERWKFDVHV�RQH�RI�WKH�UDGLDWLRQ�SXOVHV�LV�GXH�WR�WKH

989� LRQL]LQJ� ILHOG�� ZKLOH� WKH� RSWLFDO� ODVHUGUHVVLQJ� ILHOG� FRXSOHV� WKH� LRQL]DWLRQ� FRQWLQ�XXP� WR� RWKHU� FKDQQHOV�� )RU� OLWKLXP� ZHVKRZHG� WKDW� WKH� DQJXODU� GLVWULEXWLRQ� RI� WKHSKRWRHOHFWURQV� FDQ� EH� FRQWUROOHG� E\� PD�QLSXODWLQJ�WKH�WLPH�SDUDPHWHUV�RI� WKH�IHPWR�VHFRQG�SXOVHV��8VLQJ�WKH�H[DPSOH�RI�KHOLXP�ZKHUH� ILUVW� WHVW� H[SHULPHQWDO� UHVXOWV� DUHDYDLODEOH� IURP� WKH� )/$6+� IDFLOLW\�� ZHVKRZHG� WKDW� VHFRQG�RUGHU� WLPH�GHSHQGHQWSHUWXUEDWLRQ� WKHRU\� LV� D� SUDFWLFDO� PHWKRG� WRFRQVLGHU� WKH� SRODUL]DWLRQ� GHSHQGHQFH� RI� WKHILUVW�LRQL]DWLRQ�VLGHEDQGV�
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yaZgbf�a��a[m^`_gbf��G�klZghf�� �hg�aZp�y�ZlhfZ+H� a�� a\
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