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VWDFNLQJ�PRUSKRORJ\�RI�JUDLQV�FRQVLVWLQJ�RIWKLQ� SODWHV� FRPSULVLQJ� WZLQV� DQG� SRO\PRU �SKRXV� SKDVHV� DOWHUQDWLQJ� DORQJ� WKH� QRUPDOWR�FORVHO\�SDFNHG�SODQV�>�@��3HUKDSV�WKHUH�LVD� UHODWLRQ� EHWZHHQ� WKH� DERYH�PHQWLRQHGVWUXFWXUH�SKHQRPHQD�DQG�HOHFWULF�RQHV��7DN �LQJ� WKH� DERYH� LQWR� DFFRXQW�� WKLV� ZRUN� LVDLPHG�DW�WKH�VWXG\�RI�G\QDPLF�GHWDLOV�RI�WKHVZLWFKLQJ�DQG�PHPRU\�HIIHFWV�WKDW�PLJKW�EHXVHIXO�WR�LQWHUSUHW�VWUXFWXUDOO\�WKH�NLQHWLFVRI�WKH�SKHQRPHQRQ�7KH�9&&�ZLWK�6�VKDSHG�1'5��WKH�UHYHUV�LEOH� HOHFWULF� VZLWFKLQJ� DQG� PHPRU\� HIIHFWVLQ��� WR���µP�WKLFN�&G6 ILOPV�ZHUH� VWXGLHGLQ� H[SHULPHQW� XVLQJ� D� VWDQGDUG� PHDVXULQJGHYLFH�PDNLQJ�LW�SRVVLEOH�WR�REWDLQ�WKH�9&&ERWK� LQ� VWDWLF� DQG�G\QDPLF�PRGHV�SURYLGHGE\� OLWWOH� PRGLILFDWLRQV� LQ� WKH� PHDVXULQJVFKHPH��)LJ������0RO\EGHQXP�DQG�SDOODGLXPSRLQW� FRQWDFWV� ZHUH� XVHG� DW� WKH� VDPSOHV�7KH�YROWDJH�DSSOLHG� WR� WKH� VDPSOH�ZDV� FRQ �WUROOHG�E\�UHVLVWRU�5���7R�FRQWURO�WKH�EDOODVWOLQH��D�WKH�UHVLVWRU�5Q ZDV�XVHG�EHLQJ�YDULHGZLWKLQ���WR����NΩ UDQJH��$�3&�ZDV�XVHG�DVWKH�UHFRUGHU��7KH�VLJQDO�WDNHQ�RII�IURP�WKHYROWDJH�GLYLGHU�5���5� �5� !�5���ZDV�DSSOLHGWR�WKH�DQDORJ�WR�GLJLWDO�FRGHU�RI�WKH�3&�DQG

)XQFWLRQDO�0DWHULDOV�����1R��������� �������²�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

)XQFWLRQDO�PDWHULDOV������������� ���



UHFRUGHG�LQ�WKH�ZDZ�IRUPDW�DW�WKH�VDPSOLQJIUHTXHQF\����N+]�XVLQJ�D�VXLWDEOH�VRIWZDUH�7KH� VLJQDO� ZDV� SURFHVVHG� XVLQJ� WZR� FKDQ �QHOV� VLPXOWDQHRXVO\��7KLV�PDNHV� LW� SRVVLEOHWR�WUDFH�WKH�VZLWFKLQJ�G\QDPLFV�LQ�WLPH�DQGWR�HYDOXDWH� WKH�VZLWFKLQJ�UDWH��7KH�YROWDJHDPSOLWXGH�YDOXH�ZDV�FRQWUROOHG�XVLQJ�D�PXO �WLPHWHU�� 7KH� &G6 ILOP� VXUIDFH� DUHDV� FRUUH�VSRQGLQJ� WR� MXQFWLRQV� ZLWK� SRLQW� FRQWDFWVZHUH� H[DPLQHG� XVLQJ� D� UDVWHU� HOHFWURQ� PL �FURVFRSH�7KH� VZLWFKLQJ� SHULRGV� IURP� +5� WR� /5VWDWH� DQG�YLFH�YHUVD�DUH�RI� FRQVLGHUDEOH� LQ �WHUHVW�WR�XQGHUVWDQG�WKH�SK\VLFDO�DQG�VWUXF �WXUH�QDWXUH�RI�WKH�VZLWFKLQJ�SKHQRPHQD��7RGHWHUPLQH� WKHVH� SDUDPHWHUV�� WKH�PHDVXULQJGHYLFH� ZDV� XVHG� �)LJ����� DOORZLQJ� XV� WR� UH �FRUG�VLPXOWDQHRXVO\�WKH�$&�YROWDJH�FKDQJHVDW�WKH�VDPSOH�DQG�WKH�FLUFXLW�FXUUHQW�XVLQJWKH�YROWDJH�GURS�DFURVV�WKH�EDOODVW�UHVLVWRU�$V�WR�WKH�VZLWFKLQJ�SHULRG�HYDOXDWLRQ��WKHUHLV�D�OLPLWDWLRQ�DVVRFLDWHG�ZLWK�WKH�VDPSOLQJIUHTXHQF\�RI� WKH� VLJQDO�WR�EH�UHFRUGHG�WKDWLV����N+]�LQ�RXU�FDVH��7KXV��WKH�ORZHU�OLPLWRI�WKH�WLPH�UHFRUG�LV������µV�/HW�VRPH�YROWDJH�8VS DQG�FXUUHQW�, WLPH�EDVHG�VZHHSV�EH�FRQVLGHUHG�WKDW�DUH� W\SLFDORI�WKH�VDPSOHV�XQGHU�VWXG\��7KH�$&�YROWDJHDW� WKH� VDPSOH� ZDV� YDULHG� LQ� VWHS�E\�VWHSIDVKLRQ�ZLWK� DQ� H[SRVXUH� RI� �� WR� �� V� DIWHUHDFK� YROWDJH� LQFUHPHQW�� $V� WKH� WKUHVKROGYROWDJH�8WK LV�DWWDLQHG��D�MXPS�OLNH�YROWDJHGURS�DQG�FLUFXLW�FXUUHQW�LQFUHDVH�WDNH�SODFH�)LJ������ 7KH� WUDQVLWLRQ� WR� WKH� VWDEOH� /5VWDWH�LWVHOI�RFFXUV�GXULQJ���RU���$&�YROWDJHSHULRGV�� 7KH� VDPSOH� UHVLVWDQFH� LQ� WKH� +5VWDWH� LV�DERXW��⋅��� Ω ZKLOH�LQ�WKH�/5�RQH�DERXW�����Ω��WKDW�LV��WKH�/5�WR�+5�FXUUHQWUDWLR�DPRXQWV������7KH�FDOFXODWHG�GLIIHUHQ�WLDO�UHVLVWDQFH�5G LV�DERXW������Ω��(IIHFW�RIWKH�DSSOLHG�YROWDJH�SRODULW\�RQ� WKH�VDPSOHVDW�GLIIHUHQW�YROWDJH�DPSOLWXGH�ZDV�VWXGLHG�7KH� VZLWFKLQJ� HIIHFWV� KDYH� EHHQ� IRXQG� WRWDNH� SODFH� DOVR� DW� WKH� YROWDJH� VLJQ� FKDQJH�

%HVLGHV�� WKH� HIIHFW� RI� WKH� SLQ� SUHVVHG� HOHF �WURGH�PDWHULDO�RQ�WKH�VZLWFKLQJ�SDUDPHWHUVZDV�DOVR�D�SUREOHP�XQGHU�FRQVLGHUDWLRQ��7RWKDW�HQG��WKH�PRO\EGHQXP�SUHVVHG�HOHFWURGHZDV� FKDQJHG� E\� WKH� SDOODGLXP� RQH�� 7KLVFKDQJH�� KRZHYHU�� GLG� QRW� HIIHFW� WKH� UHJLV �WHUHG�VZLWFKLQJ�SDWWHUQV�,Q�)LJ���E��WKH�$�VHFWLRQ�RI�WKH�VZLWFKLQJGLDJUDP� SUHVHQWHG� LQ� )LJ���D� LV� VKRZQ� DWWKH� PD[LPXP� SRVVLEOH� H[SDQVLRQ� RI� WKHWLPH�VFDOH��)URP�WKH�)LJXUH��WKH�+5�WR�/5VZLWFKLQJ� SHULRG� WVZ FDQ� EH� HVWLPDWHG� DV�����µV�� ,Q� WKLV� H[SDQGHG� VFDOH�� WKH� GDPS�LQJ�RVFLOODWLRQV�SUHFHGLQJ�WKH�VWDEOH�8VS DQG, VHFWLRQV�DUH�FOHDU�WR�VHH��,Q�)LJ���D��D�WLPHLQWHUYDO� IROORZLQJ� WKH� VZLWFKLQJ�PRPHQW� LVVHHQ�ZKHUH�WKH�FXUUHQW�FKDQQHO�ZRUNV�LQ�WKHYROWDJH� VWDELOL]DWLRQ� PRGH� DW� YDU\LQJ� FXU �UHQW��WKH�%�VHFWLRQ���)LJ���D�SUHVHQWV�D�GLD �JUDP�VLPLODU�TXDOLWDWLYHO\�WR�WKDW�RI�)LJ����+HUH��RI�LQWHUHVW�LV�WKH�/5�WR�+5�VZLWFKLQJSHULRG�WKDW� LV�VKRUWHU�WKDQ������ µV��,Q�)LJ��E�� D� VLQJOH�WKUHVKROG� +5� WR� /5� VZLWFKLQJIROORZHG�E\�WKH�VSRQWDQHRXV�UH�VZLWFKLQJ�WR+5��,W�IROORZV�IURP�FRQVLGHUDWLRQ�RI�QXPHU �RXV� GLDJUDPV� WKDW� WKH� VSRQWDQHRXV� VZLWFK �LQJ� HIIHFWV�PD\� DOVR� EH�PXOWLSOH�� 7KH� QH[WGLDJUDP� �)LJ���F�� LV� DOVR� RI� D� FRQVLGHUDEOHLQWHUHVW�� 7KH� VDPSOH� LV� VZLWFKHG� IURP� WKH+5�WR�/5� VWDWH�WKDW�LV�XQVWDEOH��VLQFH�8VSDPSOLWXGH�YDULDWLRQV�DUH�VHHQ��)XUWKHU��WKLVLQWHUPHGLDWH� /5� VWDWH� LV� VZLWFKHG� VSRQWD�QHRXVO\� LQWR� D� ORZHU�UHVLVWDQFH� /5� RQH�

)LJ����� 7LPH� GHSHQGHQFHV� RI� YROWDJH� DW� &G6VDPSOH�DQG�FLUFXLW� FXUUHQW��JHQHUDO�YLHZ� �D��VHFWLRQ�$�LQ�HQODUJHG�WLPH�VFDOH��E��
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7KXV�� D� WZR�VWDJH� VZLWFKLQJ� RFFXUV�� 7KH/5� WR�/5� VZLWFKLQJ� SHULRG� FDQ� EH� HYDOX�DWHG� WR� EH� VKRUWHU� WKDQ� ����� µV�� 7KH� /5�VWDWH� LV� PDLQWDLQHG� IRU� VRPH� WLPH� EXW� WKHRSSRVLWH� /5� WR� /5� VZLWFKLQJ� WDNHV� SODFHDIWHU�DQ�RVFLOODWLRQ�SHULRG��7KH�HOHFWURQ�PL �FURVFRS\� KDV� VKRZQ� WKDW� WKH� FRQWDFW� DUHDVRI� WKH� SLQ� HOHFWURGH� ZLWK� WKH� ILOP� VXUIDFHDIWHU� WKH� VZLWFKLQJ� ORRN� DV� WKRVH� ZLWK� GLI �IHUHQW�H[WHQW�RI�HOHFWURQ�HPLVVLRQ��7KLV�HYL �GHQFHV� DQ� LQFUHDVHG� VWUXFWXUH� LQKRPR �JHQHLW\� GXH� WR� WKH� VZLWFKLQJ� LQ� WKH� QHDU�VXUIDFH� ILOP� DUHD� FRQWDFWLQJ� LPPHGLDWHO\ZLWK�WKH�SLQ�FRQWDFW�7KH�ZRUN�UHVXOWV�DUH�LQ�RXU�RSLQLRQ�RI�DFRQVLGHUDEOH� LPSRUWDQFH� IRU� WKH� XQGHU �VWDQGLQJ� RI� WKH� VZLWFKLQJ� SKHQRPHQD� QD �WXUH��7R�H[SODLQ�WKH�VZLWFKLQJ�DQG�PHPRU\HIIHFWV�� OHW� WKH� FU\VWDO�FKHPLFDO� IHDWXUHV� RI&G6 FRPSRXQG� EH� FRQVLGHUHG��$�KLJK� HTXL �OLEULXP� YDSRU� SUHVVXUH� RI� &G DV� FRPSDUHGWR�6 UHVXOWV� LQ� WKDW� WKH� FRQGHQVDWLRQ� IURPWKH�YDSRU�IORZ�RFFXUV�DW�D�&G H[FHVV��0RUH�RYHU��WKH�FRQVLGHUDEOH�LQFRQVLVWHQF\�EHWZHHQWKH� OLTXLGXV� DQG� VROLGXV� OLQHV� LQ� WKH� SKDVHGLDJUDP�RI�WKH�&G±6 V\VWHP�>�@�UHVXOWV�LQ�DVLJQLILFDQW�VHJUHJDWLRQ�RI�&G DQG�&G6 FRP�SRQHQWV�GXULQJ�WKH�FU\VWDOOL]DWLRQ��7KH�WUD �GLWLRQDO�PRGHO�RI�&G6�±[ QRQ�VWRLFKLRPHWULFFRPSRXQG� VXSSRVHV� WKH� SUHVHQFH� RI� SRLQWGHIHFWV� KRPRJHQHRXVO\� GLVWULEXWHG� LQ� WKHFU\VWDO� EXON� DV� LQWHUVWLWLDO� FDGPLXP� DWRPVDQG�VXOIXU�YDFDQFLHV��6XFK�GHIHFWV�LQIOXHQFHVLJQLILFDQWO\� WKH� FRQGXFWLYLW\� RI� WKH� QRQ�
VWRLFKLRPHWULF� FRPSRXQG�� $� QHZ� QRQ�VWRLFKLRPHWULF� FRPSRXQG� PRGHO� GLVWLQFWIURP�WKH�FRPPRQO\�DGRSWHG�RQH�LV�SURSRVHG

)LJ����� 6WUXFWXUH� PRGHO� RI� &G6 ILOP� LQ� WKH+5� �D�� DQG� /5� �E�� VWDWHV�� SRLQW� FRQWDFW� ����FRXQWHUHOHFWURGH� �����&G6 OD\HUV� �����&G OD\�HUV� �����&G6�±[ UHJLRQ� ����� SRLQW� GHIHFWV� ����JUDLQ�ERXQGDULHV�����

)LJ�����8VS DQG�, WLPH�GHSHQGHQFHV�ZLWK�WKH�DV\QFKURQRXV�VHFWLRQ��D���ZLWK�VSRQWDQHRXV�VZLWFKLQJ�E���DQG�ZLWK�WZR�VWDJH�VZLWFKLQJ�WR�/5�VWDWH��F��
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WR�H[SODLQ�WKH�VZLWFKLQJ�HIIHFWV��7KH�PRGHOLV�SUHVHQWHG�LQ�)LJ����$FFRUGLQJ� WR� WKH� &G6±6 V\VWHP� SKDVHGLDJUDP� >�@�� WKH� QRQ�VWRLFKLRPHWULF� FRP�SRXQG� FU\VWDOOL]DWLRQ� RFFXUV� DV� IROORZV�� $VWKH� WHPSHUDWXUH� GHFUHDVHV� ORZHU� WKDQ� WKHOLTXLGXV� OLQH�� &G6 JUDLQV� VWDUW� WR� FU\VWDO�OL]H�� 7KH� H[FHVV� &G LV� GULYHQ� DZD\� E\� WKHFU\VWDOOL]DWLRQ�IURQW��EHLQJ�UHPDLQLQJ�LQ�WKHOLTXLG�SKDVH��7KLV�GULYLQJ�DZD\�RI� &G ODVWVXQWLO�LWV�DPRXQW�EHFRPHV�D�VHULRXV�REVWDFOHIRU�WKH�IXUWKHU�JURZWK�RI�&G6 FU\VWDO��7KLVIDFWRU�KLQGHULQJ�WKH�IUHH�HQHUJ\�GHFUHDVH�RIWKH� V\VWHP� EHLQJ� XQGHU� FRROLQJ� LV� HOLPL �QDWHG� GXH� WR� WKH� /H� &KDWHOLHU� SULQFLSOH�7KDW�LV��WKH�DFFXPXODWHG�&G DWRPV�DUH�FU\V�WDOOL]HG� LQ� HSLWD[LDO� IDVKLRQ� RQ� WKH� FORVH�SDFNHG��������SODQH�RI�&G6 DQG�IRUP�RQH�RUPRUH�SXUH�&G OD\HUV��7KLV�LV�IROORZHG�E\�WKHIXUWKHU�&G6 JURZWK��$V�WKH�QH[W�&G6 OD\HUDWWDLQV� D� FHUWDLQ� WKLFNQHVV�� WKH� &G LQWHU�OD\HU� LV� IRUPHG� DJDLQ�� 7KXV�� WKH� VWDFNV� RIFU\VWDOORJUDSKLF�SODQHV�FRQVLVWLQJ�RI�WKH�H[ �FHVV� FRPSRQHQW� DWRPV� JURZ� DW� WKH� LQWHU �OD\HU�ERXQGDULHV�EHWZHHQ�WKH�VWRLFKLRPHWULF&G6 JUDLQV�� 1RWH� WKDW� VXFK� D� PRGXODWHG�WZR�SKDVH�� VWUXFWXUH�� DFFRUGLQJ� WR� WKHSKDVH� GLDJUDP� >�@�� DQVZHUV� WR� WZR�SKDVHHTXLOLEULXP�IRU�PDWHULDOV�KDYLQJ�D�FRPSRVL �WLRQ� VKLIWHG� WR� OHIW� IURP�WKH� VWRLFKLRPHWULFRQH� RQ� WKH� FRQFHQWUDWLRQ� D[LV� RI� WKH� GLD �JUDP�,QLWLDOO\��VXFK�D�VDPSOH�LV�LQ�WKH�KLJK�UH �VLVWDQFH� �+5�� VWDWH� �)LJ���D��� $� EDOODVW� UH �VLVWRU� 5Q  �5Q� LV� VZLWFKHG� LQ� VHULHV� ZLWKWKH� VDPSOH�� 7KH� YROWDJH� 8F DSSOLHG� WR� WKHFLUFXLW�LV�GLVWULEXWHG�EHWZHHQ�WKH�VDPSOH�UH �VLVWDQFH�5VS DQG�5Q��� 7KH� ILOP� LV� VXSSRVHGWR� EH� VRPHZKDW� ORFDOO\� KHWHURJHQHLW\�� IRUH[DPSOH�� RYHU� LWV� WKLFNQHVV�� ,I� WKH� HOHFWULFSRZHU�:HO  �,×8 DSSOLHG�WR�VXFK�DQ�DFWLYH�UH�JLRQ�H[FHHGV�WKH�VFDWWHUHG�SRZHU��:HO !�:VF��WKDW� LV�� D� FHUWDLQ� WKUHVKROG� YROWDJH� LV� DW �WDLQHG�� D� ORFDO� WHPSHUDWXUH� LQFUHDVH� RFFXUVLQ� WKH� DFWLYH� UHJLRQ�� 6XFK� WHPSHUDWXUH� LQ �FUHDVH��DFFRUGLQJ�WR�WKH�SKDVH�GLDJUDP��)LJ����� UHVXOWV� LQ� D� UHDFWLRQ�EHWZHHQ� WKH� OLTXLG&G SKDVH� DQG� VROLG� &G6 RQH�� &G/ �&G66 → �&G6�±[�/��$W�WKH�IXUWKHU�WHPSHUD�WXUH� LQFUHDVH�� WKH� DPRXQW� RI� WKHVWRLFKLRPHWULF�VROLG�&G6 SKDVH�ZLOO�GHFUHDVHZKLOH� WKDW� RI� WKH� QRQ�VWRLFKLRPHWULF� OLTXLG&G6�±[�RQH��LQFUHDVH��7KH�OLTXLG�SKDVH�FRP�SRVLWLRQ� ZLOO� YDU\� DFFRUGLQJ� WR� WKH� OHIWFRQRGH� HQG� DORQJ� WKH� OLTXLGXV� OLQH� DV� WKHFRQRGH� PRYHV� XS� DORQJ� WKH� WHPSHUDWXUHD[LV�� 7KXV�� DV� WKH� WHPSHUDWXUH� LQFUHDVHVIURP� WKH� VROLGXV� SRLQW� XS� WR� WKH� OLTXLGXVRQH�� WKH� GLIIXVLRQ�LQGXFHG� KRPRJHQL]DWLRQ

RI� WKH� V\VWHP� RFFXUV� IURP� WKH &G ��&G6FRPSRVLWLRQ� WR� WKH� &G6�±[ RQH�� ,Q� DFFRUG�DQFH�WR� WKDW� VWUXFWXUH�YDULDWLRQ�� WKH�DFWLYHUHJLRQ�� WKDW� LV�� WKH� PDWHULDO� LQ� D� ORFDO� UH �JLRQ� RI� WKH� LQWHUHOHFWURGH� VSDFH�� LV� WUDQV �IRUPHG� IURP�WKH�+5� VWDWH� RI� &G6 LQWR� WKH/5�RQH�RI�&G6�±[��7KH�VWUXFWXUH�KRPRJHQL�]DWLRQ� SURFHVV� DQG� WKH� DFFRPSDQ\LQJ� UHVLV �WLYLW\� FKDQJH�RI� WKH�DFWLYH�UHJLRQ� LV�SURSD �JDWHG� RYHU� WKH� ZKROH� ILOP� WKLFNQHVV�� 7KHLQLWLDO� +5� VWDWH� RI� WKH� DFWLYH� UHJLRQ� LVFKDQJHG� WR� WKH� /5� RQH� �)LJ���E��� 7KH� /5VWDELOL]DWLRQ� RFFXUV� GXH� WR� GHFUHDVH� RI� WKHYROWDJH� GURS� RQ� WKH� DFWLYH� UHJLRQ� RI� WKHILOP� FDXVHG� E\� D� GUDPDWLF� LQFUHDVH� RI� LWVSURSRUWLRQ� RQ� WKH� EDOODVW� UHVLVWRU�� 7KH� DF �WLYH� UHJLRQ� LV� FRROHG� LQVWDQWO\� DQG� WKH�KHW �HURJHQHRXV� QRQ�VWRLFKLRPHWULF� &G6�±[ VWDWHEHFRPHV��IUR]HQ��WKHUHLQ�7KH� UHYHUVH� /5�WR�+5� VZLWFKLQJ� RFFXUVLQ� DQRWKHU� WKHUPDO� UHJLPH� VHW� E\� VHOHFWLRQRI�DQRWKHU�5Q YDOXH�5Q� �5Q���:KLOH�DW�WKHIRUZDUG� VZLWFKLQJ� �+5→/5�� WKH�UHVLVWLYLW\
ρ RI� WKH� DFWLYH� UHJLRQ� ZDV� FKDQJHG� E\� DIDFWRU� RI� ��� GXH� WR� LWV� KRPRJHQL]DWLRQ�QRZ��XQGHU�WKH�KRPRJHQHRXV�/5�VWDWH�KHDW �LQJ�DQG�PHOWLQJ��WKH�ρ FKDQJH�DPRXQWV�LV�DVVPDOO�DV� VHYHUDO� WHQV�SHU�FHQW�RQO\�� ,Q� WKLVFDVH�� WKH� YROWDJH� GURS� UHGLVWULEXWLRQ� EH �WZHHQ� WKH� &G6 ILOP� DFWLYH� UHJLRQ� DQG� WKHEDOODVW� UHVLVWRU� UHVXOWV� LQ� VXFK� D� UHODWLRQEHWZHHQ�WKH�KHDW�UHOHDVH�:HO DQG�KHDW�VFDW�WHULQJ�:VF WKDW�D�UDWKHU�VORZ�FRROLQJ�RI�WKHFXUUHQW� FKDQQHO� WDNHV� SODFH� LQVWHDG� RI� LWVTXHQFKLQJ��,Q�WKLV�FDVH��D�TXDVL�HTXLOLEULXPWZR�SKDVH� FU\VWDOOL]DWLRQ� RFFXUV�� $FFRUGLQJ

)LJ�����3KDVH�GLDJUDP�RI�&G±6 V\VWHP�
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WR� WKH� SKDVH� GLDJUDP�� WKH� &G6 SKDVH� LVFU\VWDOOL]HG�ILUVW��WKDW�LV��WKH�+5�SKDVH�ILOOVWKH� FXUUHQW� FKDQQHO�� 7KH� OLTXLG� SKDVH� RIGHFUHDVLQJ�YROXPH�ZLOO�JHW�ULFK�LQ�FDGPLXPDFFRUGLQJ�WR�GLVSODFHPHQW�RI�WKH�OHIW�FRQRGHHQG� WRZDUGV� WKH� VROLGXV� OLQH�� $V� D� UHVXOW�WKH� &G LQWHUOD\HUV� EHWZHHQ� VWRLFKLRPHWULF&G6 EORFNV� ZLOO� EH� UHVWRUHG�� WKXV�� WKH� +5VWDWH�ZLOO�EH�IRUPHG��)LJ���D��%DVLQJ� RQ� WKH� SURSRVHG� VWUXFWXUH�PRGHORI� WKH� VZLWFKLQJ� DQG�PHPRU\�� WKH� IHDWXUHVRI�WKH�SURFHVV�G\QDPLFV�REVHUYHG�LQ�RXU�H[ �SHULPHQWV� DUH� HDV\� WR� H[SODLQ�� 7KH� VSRQWD �QHRXV� UHYHUVLEOH� VZLWFKLQJ� �)LJ���F�� FDQ� EHREVHUYHG�UHSHDWHGO\�LI�WKH�EDOODVW�UHVLVWRU�LVVHOHFWHG� VR� WKDW� WKH� ORDGLQJ� OLQH� FRLQFLGHVZLWK�WKH�6�VKDSHG�1'5�VHFWLRQ�RI�WKH�9&&>��@�� ,Q� WKLV�FDVH�� WKH�+5→/5�WUDQVIRUPD�WLRQ� LV�DFFRPSDQLHG�E\�WKH�YROWDJH�LQFUHDVHDW� 5Q�� 7KH� HOHFWULF� SRZHU� DSSOLHG� WR� WKHFXUUHQW� FKDQQHO� EHFRPHV� GHFUHDVHG� DV� FRP �SDUHG�WR�WKH�VFDWWHUHG�RQH��VR�WKDW�WKH�FKDQ �QHO� VORZ� FRROLQJ� PRGH� RFFXUV�� WKXV�� WKHWUDQVLWLRQ� WR� +5�� WKDW� LV�� WR� WKH� LQLWLDOVWDWH�� ,Q� WKDW� IDVKLRQ�� F\FOLF� SKDVH� WUDQVL �WLRQV�LQ�WKH�DFWLYH�UHJLRQ�DQG�SHULRGLF�RVFLO �ODWLRQV� RI� WKH� FLUFXLW� FXUUHQW� DUH� UHDOL]HG�,Q� GLDJUDPV� SUHVHQWHG� LQ� )LJV���� DQG� �D�WKHUH�LV�DQ�XQXVXDO�VHFWLRQ�%�HYLGHQFLQJ�WKHVR�FDOOHG�ODWHQW�VZLWFKLQJ�SHULRG��7KH�HVWDE �OLVKLQJ�RI�VWDEOH�FRQGXFWLYLW\�FKDUDFWHULVWLFVLQ�ERWK�+5�DQG�/5�VWDWHV�LV�VHHQ�WR�EH�QRWDQ� LQVWDQWDQHRXV�SURFHVV��7KXV�� WKH� V\VWHPH[KLELWV� D� FHUWDLQ� LQHUWLD� LQ� WKDW� LW� UH �VSRQVHV� WR�WKH�HOHFWULF�UHJLPH�FKDQJHV�ZLWKVRPH� GHOD\�� ,Q� RXU� RSLQLRQ�� WKLV� IDFW� HYL �GHQFHV� WKDW� WKH� VZLWFKLQJ� DQG� PHPRU\� HI �IHFWV�DUH�EDVHG�QRW�RQ�HOHFWURQ�UH�EXLOGLQJVEXW�RQ�DWRPLF�VWUXFWXUH�RQHV��7KH�VHFWLRQ�%LQ� )LJV���� DQG� �D� GHPRQVWUDWHV� D� GLVWRUWHGV\QFKURQLFLW\�LQ�WKH�8�W��DQG�,�W��FKDQJHV�LQWKH� DFWLYH� ]RQH�� ,Q� RXU� RSLQLRQ�� WKLV� WLPHLQWHUYDO�� ZKHQ� EHLQJ� UHFRUGHG� DQG� PHDV �XUHG��PDNHV� LW�SRVVLEOH� WR�REWDLQ�VRPH�QHZSK\VLFDO�GDWD�RQ�WKH�VZLWFKLQJ�SURFHVV��7KHV\QFKURQLFLW\� YLRODWLRQ� EHWZHHQ� 8 DQG� ,FKDQJHV� LQ� WKH� DFWLYH� UHJLRQ� LV�GXH� WR� WKDWWKHUPDO� SURFHVVHV� VKRZ� D� WLPH� ODJ� DV� FRP �SDUHG� WR� WKH� XVHG� DOWHUQDWLQJ� YROWDJH� SH �ULRG�� 7KH� VWUXFWXUH� FKDQJHV� LQ� WKH� DFWLYHUHJLRQ� GR� QRW� WUDFH� WKH� DOWHUQDWLQJ�YROWDJHSKDVH� FKDQJHV� EXW� WKH� WKHUPDO� HIIHFW� G\ �QDPLFV�� 6R�� IRU� H[DPSOH�� LW� LV� VHHQ� LQ� )LJ��D� WKDW� WKH� VZLWFKLQJ� WRRN� SODFH� LQ� D� PR �PHQW� 8 �8DPS�� 7KXV�� WKH� GXUDWLRQ� RI� WKH+5→/5�WUDQVLWLRQV�DQVZHUV�WR�WKH�WLPH�ODJEHWZHHQ� ,�W�� DQG� 8�W��� ,Q� WLPHEDVH� GHIOHF�WLRQV� RI� 8VS�W�� DQG� ,�W�� �)LJ������ D� GRXEOH�WKUHVKROG� +5→/5�→/5� VZLWFKLQJ� LV� RE�

VHUYHG�� ,W� FDQ� EH� H[SODLQHG� DOVR� XVLQJ� WKHPRGHO� SURSRVHG�� $W� FHUWDLQ� GLVWDQFH� UDWLRVEHWZHHQ� WKH� QRQ�XQLIRUPO\� GLVWULEXWHG� H[ �FHVV� FDGPLXP� LQWHUOD\HUV�� D� VLWXDWLRQ� EH �FRPHV�SRVVLEOH�ZKHQ�WKH�WUDQVLWLRQ� LQWR�/5GXH�WR�WKH�DSSOLHG�HOHFWULF�SRZHU�WDNHV�SODFHRQO\�LQ�D�SDUW�RI�WKH�ILOP�WKLFNQHVV��,Q�WKLVFDVH�� WKH� WRWDO� UHVLVWDQFH� RI� WKH� UHJLRQ� GH �FUHDVHV� VRPHZKDW�� WKDW� LV�� DQ� LQWHUPHGLDWH/5� VWDWH� DULVHV��$V�:HO LQFUHDVHV�� WKH�/5PD\� EHFRPH� SURSDJDWHG� WKURXJK� WKH� ZKROH&G6 ILOP�WKLFNQHVV��WKXV��WKH�/5� RFFXUV�7R� FRQFOXGH�� OHW� VRPH� DGYDQWDJH� RI� WKHQRYHO� VWUXFWXUH� PRGHO� EH� SRLQWHG� WR�� ,QVRPH� WUDGLWLRQDO� PRGHOV�� WKH� ELVWDEOHVZLWFKLQJ� LV� H[SODLQHG� XVLQJ� FRQFHSWV� RIHOHFWURGLIIXVLRQ� RI� WKH�PHWDO� FRQWDFW� SDUWL �FOHV� LQWR� WKH� VDPSOH� DFWLYH� UHJLRQ� >��@�� ,QWKLV� FDVH�� LW� LV� RI� LPSRUWDQFH� WR� WDNH� LQWRDFFRXQW�WKH�SRODULW\�RI�WKH�DSSOLHG�UHFWLILHGYROWDJH��7KH� UHIUDFWRULQHVV� RI� WKH� HOHFWURGHPDWHULDO�LV�DOVR�YHU\�LPSRUWDQW��2XU�H[SHUL �PHQWV�KDYH�VKRZQ�WKDW�QHLWKHU�WKH�HOHFWURGHPDWHULDO� FKDQJHV� QRU� WKH� SRODULW\� FKDQJHVRI�WKH�UHFWLILHG�YROWDJH�UHVXOW�LQ�VXEVWDQWLDOFKDQJHV� LQ� WKH� VZLWFKLQJ� SURSHUWLHV� RI� WKHVHPLFRQGXFWRU� ILOPV� VWXGLHG�� 7KHVH� UHVXOWVDUH�GLIILFXOW�WR�H[SODLQ�ZLWKLQ�WKH�IUDPH�RIWKH�WUDGLWLRQDO�VZLWFKLQJ�DQG�PHPRU\�PRG �HOV��,Q�FRQWUDVW��LQ�RXU�PRGHO��ERWK�WKH�HOHF �WURGH�PDWHULDO�FKDQJHV�DQG�WKH�DSSOLHG�YROW �DJH� SRODULW\� FKDQJHV� VKRXOG� QRW� LQIOXHQFHWKH� VZLWFKLQJ� SURFHVVHV�� 6LQFH� WKHUH� LV� DQLQWHUQDO� VXEVWDQFH� UHVRXUFH� LQ� WKH� VHPLFRQ �GXFWRU�OD\HU��WKH�GLIIXVLRQ�WUDQVIHU�RI�PHWDOSDUWLFOHV� RXW� RI� WKH� HOHFWURGH�� DV� VXSSRVHGLQ� >��@�� LV� XQQHFHVVDU\�� $� VXEVWDQWLDO� DG �YDQWDJH�RI�WKH�PRGHO�SURSRVHG�FRQVLVWV�LQ�DFRQVLGHUDEOH� VKRUWHQLQJ� RI� WKH� GLIIXVLRQSDWK�GXULQJ� WKH� FXUUHQW�FKDQQHO� FRQGXFWLY �LW\� WUDQVIRUPDWLRQV� DV� FRPSDUHG� WR� WKHVHPLFRQGXFWRU� PHWDOOL]DWLRQ� E\� WKH� HOHF �WURGH� >��@��$V�KDV�EHHQ�VKRZQ� LQ�RXU�VWXG �LHG� RI� WKH� JUDLQ�PRUSKRORJ\� LQ� &G6 ILOPV�DW�WKH�JUDLQ�VL]H�RI����µP�DORQJ�WKH�QRUPDOWR�WKH�ILOP�VXUIDFH��WKH�DYHUDJH�WKLFNQHVV�RIVWDFNHG�SODWHV�LV����WR����QP�7KXV��D�WHFKQLTXH�KDV�EHHQ�SURSRVHG�DQGFKHFNHG�IRU�UHFRUGLQJ�G\QDPLF�SDUDPHWHU�RIWKH� FXUUHQW� LQVWDELOLW\� SKHQRPHQRQ� ZKLFKPDGH� LW� SRVVLEOH� WR� GHWHUPLQH� D� VHW� RI� NL �QHWLF�DQG�SK\VLFDO�FKDUDFWHULVWLFV�DV�ZHOO�DVQHZ�IHDWXUHV�RI�WKH�VZLWFKLQJ�SKHQRPHQRQ�LQFOXGLQJ� WKH� WUDQVLWLRQ� SURFHVV� GXUDWLRQV�WKH� VZLWFKLQJ� ODWHQF\� WLPH�� WKH� SRVVLELOLW\RI�LQWHUPHGLDWH�FRQGXFWLYLW\�VWDWHV��WKH�V\Q �FKURQLFLW\�YLRODWLRQ�EHWZHHQ�WKH�FKDQJHV�RIYROWDJH� DW� WKH� VDPSOH� DQG� FLUFXLW� FXUUHQW�WKH� LQGHSHQGHQFH� RI� WKH� VZLWFKLQJ� FKDUDF �
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WHULVWLFV� RI� WKH� HOHFWURGH� PDWHULDO� DQG� WKHYROWDJH�SRODULW\��DQG�WKH�SRVVLELOLW\�RI�VSRQ �WDQHRXV� UHYHUVLEOH� PXOWLSOH� VZLWFKLQJ�� $QRYHO�VWUXFWXUH�PRGHO�KDV�EHHQ�SURSRVHG�IRUWKH� VZLWFKLQJ� DQG� PHPRU\� LQ� &G6 ILOPVWKDW� PDNHV� LW� SRVVLEOH� WR� H[SODLQ� D� ODUJHQXPEHU�RI�H[SHULPHQWDO�IDFWV�EDVLQJ�RQ�WKHFRPPRQ� FRQFHSW�� LQ� FRQWUDVW� WR� WKH� WUDGL �WLRQDO�PRGHO�RI�WKDW�SKHQRPHQRQ�5HIHUHQFHV
���6�$�.XWROLQ�� 9�3�.RWHQNR�� 9�/�6KXUPDQ�*�*�9HUNKRGDQRYD��6ZLWFKLQJ�(IIHFW�LQ�$PRU�SKRXV�6HPLFRQGXFWRUV� DQG�$SSOLFDWLRQ� )LHOGV7KHUHRI�� &1,,(OHNWURQLND��0RVFRZ� ������� >LQ5XVVLDQ@����-�'HDUQOD\�� $�6WRQHKDP��'�0RUJDQ��8VS��)L]�1DXN�������1R��������������

���:�)UDQ]�� 'LHOHFWULVFKHU� 'XUFKVKODJ�� 6SULQJHU�9HUODJ��%HUOLQ�*RWWLQJHQ�+HLGHUEHUJ�����������1�)�0RWW��0HWDOO�,QVXODWRU�7UDQVLWLRQ��7D\ORUDQG�)UDQFLV�/7'��/RQGRQ�����������.�6HHJHU�� 6HPLFRQGXFWRU� 3K\VLFV�� 6SULQJHU�9HUODJ��:LHQ�1HZ�<RUN�����������9�3�=DOLYD��9�3�=DNKDURY��)L]��7HNKQ��3ROXSURY�����������������������%�7�%R\NR��3�$�3DQFKHNKD��9�5�.RSDFK�HW�DO��8NU��)L]��=K������������������������3�$�3DQFKHNKD��7HOHFRPPXQLFDWLRQV�DQG�5DGLR(QJLQHHULQJ������1R�����������������+�+�:RRGEXU\��-��3K\V��DQG�&KHP��6ROLGV��������������������,�0�9LNXOLQ��9�,�6WDIHHY��3K\VLFV�RI�6HPLFRQ�GXFWRU�'HYLFHV��6RY�5DGLR��0RVFRZ��������>LQ5XVVLDQ@�����(�0�*DWHY��<D�%�'PLWULHY��LQ��$PRUSKRXV�6HPL�FRQGXFWRUV��6WLLQWD��.LVKLQHY��������>LQ�5XVVLDQ@�
fzéyrzyétj�uvlns��iLxzjiLs�tvmv�wnénuqrjtt¹xzéyuy�y�wsLkrj}�&G6
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