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7KHUH�DUH� WZR�PDLQ� LQVWDQFHV� WKDW�FDXVHD� FRQVLGHUDEOH� LQWHUHVW� LQ� OHDG� ]LUFRQDWH�WL �WDQDWH� �3=7�� VROLG� VROXWLRQV� IRU� RYHU� ��\HDUV� >�Ü�@�� )LUVW�� YDULRXV� SKDVH� WUDQVIRU �PDWLRQV� RFFXU� LQ� WKDW� V\VWHP�� WKXV�PDNLQJLW�SRVVLEOH�WR�VWXG\�FRPSUHKHQVLYHO\�WKH�QD �WXUH�RI� IHUURHOHFWULF� �)(��DQG�DQWLIHUURHOHF �WULF� �$)(�� RUGHULQJ� DV� ZHOO� DV� WKH� PHFKD �QLVPV� SURYLGLQJ� KLJK� SLH]RHOHFWULF� FKDUDF �WHULVWLFV� RI� D� PDWHULDO�� 6HFRQG�� WKHIHUURHOHFWULF�3=7� FHUDPLFV� LV�XVHG� LQ�PDQ\WHFKQLFDO�ILHOGV�GXH�WR�WKHLU�SURQRXQFHG�SLH �]RHOHFWULF� DQG� S\URHOHFWULF� SURSHUWLHV�� WKHFHUDPLFV� DSSOLFDWLRQ� EHLQJ� H[WHQGHG� FRQ �WLQXRXVO\�7KH� VROLG� SKDVH� V\QWKHVLV� EHLQJ� XVHGPDLQO\�LQ�WKH�PRGHUQ�LQGXVWULDO�SURGXFWLRQLV�VWXGLHG�ZHOO�HQRXJK��VR�WKDW�QR�VXUSULVHVRFFXU� LQ� ODERUDWRU\�FRQGLWLRQV�� ,Q� WKH�PDVV

SURGXFWLRQ� RI� WKH� FHUDPLFV�� GLIILFXOWLHVDULVH�WKDW�DUH�EHOLHYHG�WR�EH�FRQQHFWHG�ZLWKWKH� XVH� RI� GLIIHUHQW� JUDGHV� RI� ]LUFRQLXPR[LGH� �=U2��� DV� UDZ� PDWHULDOV�� 7KHUHIRUH�FRQWLQXRXV�VWXGLHV�DUH� LQ�SURJUHVV�WR�HOXFL �GDWH�IDFWRUV�LQIOXHQFLQJ�WR�D�JUHDWHVW�H[WHQWWKH�ZKROH� WHFKQRORJLF� F\FOH�RI�3=7�FHUDPLFSLHFHV� PDQXIDFWXULQJ�� 7KH� SXUSRVH� RI� WKLVZRUN�ZDV�WR�VWXG\�WKH�VROLG�SKDVH�V\QWKHWLFSURFHVV� XVLQJ� ]LUFRQLXP� R[LGH� RI� WKUHHNQRZQ� FU\VWDOOLQH� PRGLILFDWLRQV�� QDPHO\�PRQRFOLQLF� �0��� WHWUDJRQDO� �7��� DQG� FXELF�&��RQHV��=LUFRQLXP�R[LGH�LQ�VR�FDOOHG�QDQR �GLVSHUVHG� VWDWH� �WKH� SRZGHU� JUDLQ� VL]H� RI����WR�����QP��ZDV�XVHG�7KH� 3=7� V\QWKHVLV� LV� NQRZQ� WR� LQFOXGHWKUHH� VWHSV�� QDPHO\�� OHDG� WLWDQDWH� IRUPD �WLRQ�� OHDG� ]LUFRQDWH� IRUPDWLRQ�� DQG� IRUPD �WLRQ� RI� 3=7� VROLG� VROXWLRQ� GXH� WR� PXWXDO
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GLIIXVLRQ� RI� WKH� FRPSRQHQWV� >�@�� ,W� LV� MXVWWKH� VHFRQG� VWHS� WKDW� GHILQHV� WKH� SURGXFWTXDOLW\� WR� WKH� JUHDWHVW� H[WHQW�� 7KHUHIRUH�WKH�PDLQ�DWWHQWLRQ� LQ�WKLV�ZRUN�LV�JLYHQ�WROHDG�]LUFRQDWH��3=��IRUPDWLRQ�
3=�ZDV�SUHSDUHG�E\�VROLG�SKDVH�V\QWKHVLVIURP� OHDG� FDUERQDWH� DQG� ]LUFRQLXP� GLR[LGHPL[HG� LQ� VWRLFKLRPHWULF� UDWLR�� 7KH� ILQHO\GLVSHUVHG������WR�����QP��=U2� SRZGHU�ZDVREWDLQHG� E\� FR�SUHFLSLWDWLRQ� RI� ]LUFRQLXPDQG� \WWULXP� K\GUR[LGHV� IURP� VROXWLRQV� RIWKHLU�QLWUDWHV�XVLQJ�DTXHRXV�DPPRQLXP�VR �OXWLRQ� >����@�� $IWHU� ILOWUDWLRQ� DQG� GU\LQJ�WKH� =U2� SUHFLSLWDWH� ZDV� FDOFLQHG� DW� ��� �&DQG�����&��7KH�YDULRXV�FU\VWDOOLQH�PRGLILFD �WLRQV� RI� =U2� ZHUH� REWDLQHG� XVLQJ� GRSLQJZLWK� \WWULXP� R[LGH� �WHWUDJRQDO�PRGLILFDWLRQ���PROH�SHU�FHQW��FXELF�RQH����PROH�SHU�FHQW��7KH�3=�V\QWKHVLV�FRQGLWLRQV�ZHUH�VWXGLHGXVLQJ� WKHUPRJUDYLPHWU\�� GLODWRPHWU\�� DQG;�UD\� DQDO\VLV�� 7KH� GLIIHUHQWLDO� WKHUPDODQDO\VLV��'7$��ZDV�FDUULHG�RXW�XVLQJ�D�'����GHULYDWRJUDSK� �020�� ZLWKLQ� ��Ü���� �&WHPSHUDWXUH� LQWHUYDO� DW� KHDWLQJ� UDWHV� RI� �WR� ���&�PLQ�� )RU� ;�UD\� SKDVH� DQDO\VLV�;3$��� D� '521��� GLIIUDFWRPHWHU� ZLWK� ILO �WHUHG� FRSSHU� HPLVVLRQ�ZDV�XVHG� LQ� WKH� FRQ �WLQXRXV�UHFRUGLQJ�PRGH��7KH�SKDVH�FRPSRVL �WLRQ� ZDV� TXDQWLWDWLYHO\� GHWHUPLQHG� WRZLWKLQ� ±�� ��� 7KH� GLODWRPHWULF� PHDVXUH�PHQWV� ZHUH� FDUULHG� RXW� XVLQJ� D� 1(7=6&+

����('�GLODWRPHWHU�ZLWKLQ���Ü���� �&�WHP�SHUDWXUH� LQWHUYDO� DW� KHDWLQJ� UDWHV� RI� �� WR���&�PLQ�)LJ����SUHVHQWV�WKH�'7$�FXUYHV�DQG�PDVVFKDQJH� �WKHUPRJUDYLPHWULF�� RQHV� REWDLQHGDW�KHDWLQJ�RI�OHDG�FDUERQDWH�HTXLPRODU�PL[ �WXUHV�ZLWK�]LUFRQLXP�R[LGH�RI�WKUHH�FU\VWDO �OLQH� PRGLILFDWLRQV� �PRQRFOLQLF�� WHWUDJRQDO�DQG�FXELF���7KH�'7$�FXUYHV�IRU�DOO�VDPSOHVVKRZ�D�GRXEOH�VWHS�HQGRWKHUP�ZLWKLQ�����WR����&� WHPSHUDWXUH� UDQJH� FDXVHG� E\� OHDGFDUERQDWH� GHFRPSRVLWLRQ�� 7KH� IXUWKHU� WHP �SHUDWXUH� HOHYDWLRQ� JLYHV� ULVH� WR� DQ� HQ �GRWKHUP� DW� ����&� �IRU�PL[WXUHV� FRQWDLQLQJDQ\� =U2� PRGLILFDWLRQ��� ,Q� WKH� VKULQNDJHFXUYHV��)LJ�����FXUYHV��������WKLV�HQGRWKHUPLV�DFFRPSDQLHG�E\�DQ�DQRPDORXV�VDPSOH�H[ �SDQVLRQ� ZLWKLQ� ���� WR� ����&� WHPSHUDWXUHUDQJH� IRU� PRQRFOLQLF� DQG� WHWUDJRQDO� =U2�PRGLILFDWLRQV�ZKLOH�IRU�FXELF�RQH��D�EHQG�LVREVHUYHG� �VHH� )LJ����� FXUYH� ���� 7KH� DQRPD �ORXV� VDPSOH� H[SDQVLRQ� PD[LPXP� WHQGV� WRGHFUHDVH� GRZQ� WR� GLVDSSHDUDQFH�ZKHQ� SDVV �LQJ� IURP� PRQRFOLQLF� =U2� PRGLILFDWLRQ� WRFXELF�RQH��$W� HYHQ� KLJKHU� WHPSHUDWXUHV� �DERXW����&���RQH�PRUH�HQGRWKHUP�LV�VHHQ�LQ�'7$FXUYHV� IRU� WHWUDJRQDO� DQG� FXELF� =U2� PRGL�ILFDWLRQV�RQO\��)LJ�����FXUYHV��������7KLV�HI �IHFW� LQFUHDVHV� ZKHQ� SDVVLQJ� IURP� WKHWHWUDJRQDO� WR� FXELF� =U2��� 7KLV� HIIHFW� LV� DE�VHQW�ZKHQ�PRQRFOLQLF�=U2� LV�XVHG��7KH�ODVWHQGRWKHUP�LQ�WKH�'7$�FXUYHV�LV�ZLWKLQ�WKH3E2 PHOWLQJ�UDQJH��EXW�LWV�WHPSHUDWXUH�GLI �IHUV� IURP� WKH� 3E2 PHOWLQJ� SRLQW� UHIHUHQFHYDOXH�� 7R� FKDUDFWHUL]H� WKLV� KLJK�WHPSHUD �

)LJ�����'LODWRPHWULF�FXUYHV�IRU�UDZ�HTXLPRODU3E2±=U2� PL[WXUHV� ZLWK� =U2� PRGLILFDWLRQV�PRQRFOLQLF������WHWUDJRQDO������FXELF�����)LJ�����'7$� �WRS�� DQG�7*� �ERWWRP�� FXUYHV� IRUHTXLPRODU�3E2±=U2� PL[WXUHV�ZLWK�=U2� PRGL�ILFDWLRQV�� PRQRFOLQLF� ����� WHWUDJRQDO� ����� FXELF�����,QVHW��0�S��RI�=U2� VROLG�VROXWLRQ�LQ�3E2 DVIXQFWLRQ�RI�=U2� FRQFHQWUDWLRQ��PROH�SHU�FHQW��
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WXUH� HQGRWKHUP�� ZH� KDYH� GHWHUPLQHG� WKHPHOWLQJ� WHPSHUDWXUHV�RI� 3E2�=U2� VROLG� VR�OXWLRQV�� 7KH� LQVHW� LQ� )LJ���� SUHVHQWV� WKHWHPSHUDWXUH�GHSHQGHQFH�IRU�3E2 FRQWDLQLQJXS�WR���PROH�SHU�FHQW�RI�GLVVROYHG�=U2���7KHLQFUHDVLQJ�=U2� FRQWHQW�LV�VHHQ�WR�FDXVH�WKHPHOWLQJ� WHPSHUDWXUH� GRZQ� WR� YDOXHV� FRUUH �VSRQGLQJ�WR�WKH�KLJK�WHPSHUDWXUH�HQGRWKHUPVVKRZQ�LQ�)LJ����7KH�;3$�UHVXOWV�VKRZ�WKDW�WKH�H[WHQW�RIVROLG�SKDVH� 3=� IRUPDWLRQ� GHSHQGV� RQ� WKHFU\VWDOOLQH� PRGLILFDWLRQ� RI� =U2� XVHG�)LJ����VKRZV�GHSHQGHQFH�RI�3=�FRQWHQW��SHUFHQW�PDVV��RQ�WKH�V\QWKHVLV�WHPSHUDWXUH�IRUPRQRFOLQLF� DQG� WHWUDJRQDO� =U2� PRGLILFD�WLRQV��WKH�V\QWKHVLV�GXUDWLRQ�ZDV���K�LQ�DOOFDVHV��� 7KH� UHDFWLRQ� FRPSOHWLRQ� H[WHQW� LVVHHQ� WR� GHSHQG� QRW� RQO\� RQ� WKH� ]LUFRQLXPR[LGH� FU\VWDOOLQH� PRGLILFDWLRQ� EXW� DOVR� RQWKH� SUHSDUDWLRQ� FRQGLWLRQV� WKHUHRI� �FDOFLQD �WLRQ� WHPSHUDWXUH��� 6LQFH� WKH� ]LUFRQLXPR[LGH�PRGLILFDWLRQ� FDQ� EH� FKDQJHG� RQO\� E\LQWURGXFLQJ� R[LGH� GRSDQWV� �LQ� RXU� FDVH�� \W �WULXP�R[LGH���3=�ZDV�V\QWKHVL]HG�IURP�SXUH]LUFRQLXP� R[LGH� DQG� OHDG� FDUERQDWH� EXWZLWK�����PRO���\WWULXP�R[LGH�DGGHG� WR� WKHLQLWLDO� EOHQG� LQ� RUGHU� WR� UHYHDO� MXVW� WKH� HI �IHFW�RI�\WWULXP��7KH�UHVXOWV�RI�WKRVH�H[SHUL �PHQWV�DUH�VKRZQ�LQ�)LJ����7KH� UHVXOWV�REWDLQHG�VKRZ�WKDW� WKH� ILQDOUHVXOW�GHSHQGV�PDLQO\�RQ�WKH�V\QWKHVLV�WHP �SHUDWXUH�� WKH�UDZ�PDWHULDO�SUH�KLVWRU\� �FDO �FLQDWLRQ� WHPSHUDWXUH� RI� WKH� FR�SUHFLSLWDWHGK\GUR[LGH���DQG�WKH�=U2� FU\VWDOOLQH�PRGLIL�FDWLRQ��7KH�ILUVW�PHQWLRQHG�IDFWRU�LV�HDV\�WRXQGHUVWDQG� DQG� ZHOO� VWXGLHG�� ,W� VKRXOG� EHQRWHG�� KRZHYHU�� WKDW� WKH� XVH� RI�PRQRFOLQLF=U2� PRGLILFDWLRQ�ZLWK�JUDLQ�VL]H�RI�����WR����QP�SURYLGHV�WKH�ILQDO�SURGXFW�PDQXIDF �WXULQJ� DW� ORZHU� WHPSHUDWXUHV� WKDQ� DUH� UH �TXLUHG� LI� VWRFN�SURGXFHG� EDWFKHV� RI� WKDWR[LGH� DUH� XVHG�� 7KH�PRVW� LPSRUWDQW� UHVXOWRI� WKLV� ZRUN� WKDW� LV� ZRUWK� WR� HPSKDVL]HFRQVLVWV�LQ�WKDW�WKH�VROLG�SKDVH�UHDFWLRQ�UXQGHSHQGV� RQ� WKH� =U2� FU\VWDOOLQH� PRGLILFD�WLRQ� XVHG�� 7KLV� LV� D� QRQ�WULYLDO� UHVXOW�� DQGIXUWKHU� LQYHVWLJDWLRQ� DUH� QHFHVVDU\� WR� XQ �GHUVWDQG�LW��,Q� WKLV� ZRUN�� WKH� WHWUDJRQDO� DQG� FXELF]LUFRQLXP�R[LGH�PRGLILFDWLRQV�KDYH�EHHQ�RE �WDLQHG� XVLQJ� \WWULXP� R[LGH� DV� D� GRSDQW�7KXV�� WKH� H[SHULPHQWV� FDUULHG� RXW� DUH� VXE �VWDQWLDOO\� PXOWLIDFWRU� RQHV�� ,Q� SDUWLFXODU�WKH� ILQDO� UHVXOWV� PD\� EH� LQIOXHQFHG� E\� LQ �FUHDVHG� LPSHUIHFWLRQ� RI� WKH� FU\VWDO� ODWWLFHGXH� WR� GLIIHUHQW� YDOHQFHV� RI� ]LUFRQLXP� DQG\WWULXP� LRQV� DV�ZHOO� DV� LPSXULW\� HIIHFWV� DWJUDLQ�ERXQGDULHV��7KH�ERWK� IDFWRUV�PD\� UH �VXOW� LQ� FKDQJHG� HIILFLHQF\� RI� WKH� GLIIXVLRQ

WUDQVSRUW� DQG� WKXV� LQ� FKDQJHG� NLQHWLFV� RIWKH�VROLG�SKDVH�V\QWKHVLV��7KHUHIRUH��OHW�WKHVHFRQG�RUGHU� IDFWRUV� EH� GHWHUPLQHG� DW� ILUVWDQG�WKHQ�GLVUHJDUGHG�$W�ILUVW��OHW�WKH�UROH�RI�\WWULXP�R[LGH�EHFRQVLGHUHG��)LJ����SUHVHQWV�WKH�GHSHQGHQFHVRI� WKH� ILQDO� SURGXFW� \LHOG� RQ� WKH� V\QWKHVLVWHPSHUDWXUH�REWDLQHG�XVLQJ�WKUHH�]LUFRQLXPR[LGH� PRGLILFDWLRQV� �LW� LV� WR� UHPLQG� WKDWWHWUDJRQDO�DQG�FXELF�PRGLILFDWLRQ�DUH�VWDEL �OL]HG� ZLWK� �� DQG� ��� �PRO��� RI� \WWULXPR[LGH��UHVSHFWLYHO\���7R�FRPSDUH��WKH�FRUUH �VSRQGLQJ� GHSHQGHQFH� LV� VKRZQ� IRU� WKH� UDZEOHQG� REWDLQHG� ZLWK� PRQRFOLQLF� ]LUFRQLXPR[LGH� �\WWULXP� R[LGH� IUHH�� DQG� ZLWK� WKDWFRQWDLQLQJ� ��� �PRO��� SXUH� \WWULXP� R[LGHLQWURGXFHG� LQWR� WKH� EOHQG�� $OO� WKH� FXUYHFKDUDFWHUL]LQJ� WKH� EOHQGV� ZKHUH� \WWULXPR[LGH�ZDV� QRW� DGGHG� VHSDUDWHO\� DUH� VLPLODU

)LJ�����3=�FRQWHQW��SHU�FHQW�PDVV��DV�D�IXQFWLRQRI� V\QWKHVLV� WHPSHUDWXUH� DW� PRQRFOLQLF� �WRS�DQG� WHWUDJRQDO� �ERWWRP�� HTXLPRODU� 3E2±=U2�PL[WXUHV�ZLWK�=U2� PRGLILFDWLRQV��=2� FDOFLQD�WLRQ�WHPSHUDWXUH��R&��� Ü��������Ü�����
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WR� HDFK� RWKHU� DQG� GLIIHU� IURP� WKH� FXUYHFRUUHVSRQGLQJ� WR� WKH�EOHQG� FRQWDLQLQJ�SXUH\WWULXP�R[LGH��7KH�PRVW�VXEVWDQWLDO�GLIIHU �HQFH�FRQVLVWV�LQ�WKDW��LQ�WKH�ODWWHU�FDVH��WKHFRPSOHWHG�V\QWKHWLF�SURFHVV�LV�QRW�REVHUYHGHYHQ� DW� KLJK� WHPSHUDWXUHV�� ,W� LV� MXVW� WKDWHIIHFW� WKDW� FDQ� EH� UHODWHG� WR� WKH� JUDLQERXQGDU\�LPSXULW\�HIIHFW�OLPLWLQJ�WKH�GLIIX �VLRQ� SURFHVVHV�� ,Q� RXU� RSLQLRQ�� WKDW� HIIHFWGRHV� QRW� GHILQH� WKH� V\QWKHVLV� IHDWXUHV� RE �VHUYHG�LQ�WKLV�ZRUN�1RZ� OHW� XV� FRQVLGHU� KRZ� WKH� FKDQJH� LQR[\JHQ�QRQ�VWRLFKLRPHWU\��GXH�WR�]LUFRQLXPR[LGH� VWDELOL]DWLRQ� ZLWK� GLIIHUHQW� DPRXQWVRI� \WWULXP� R[LGH�� PD\� LQIOXHQFH� WKH� V\Q �WKHWLF�SURFHVV��$Q�LQFUHDVH�LQ�\WWULXP�R[LGHFRQWHQW�LV�NQRZQ�WR�UHVXOW�LQ�GHFUHDVHG�R[\ �JHQ� LQGH[� �GXH� WR� WKH� ORZHU� \WWULXP� YD �OHQFH���,Q�WKLV�FDVH��WKH�R[LGH LQ�XVH�LV�FKDU�DFWHUL]HG�DV��=U��[<[�2��δ�[� �δ�[�� ³ � DQG�LQ�FUHDVHV� LQ� SDUDOOHO� ZLWK� [��� $FFRUGLQJ� WRPRGHUQ�FRQFHSWV��WKH�LQFUHDVHG�LPSHUIHFWLRQRI� WKH� FU\VWDO� ODWWLFH� PXVW� FDXVH� LQFUHDVHGGLIIXVLRQ� FRHIILFLHQWV� DQG� LPSURYHG� HIIL �FLHQF\� RI� WKH� VROLG� V\QWKHVLV� SURFHVV�� 7KHH[SHULPHQW�� KRZHYHU�� SURYHV� WKH� RSSRVLWHHIIHFW��,W�LV�VHHQ�IURP�)LJV����DQG���WKDW�DVWKH� \WWULXP� R[LGH� FRQWHQW� LQ� WKH� EOHQGULVHV�� WKH� V\QWKHVLV� LV� VKLIWHG� WRZDUGVKLJKHU� WHPSHUDWXUHV�� 7KXV�� WKH� FKDQJHV� LQ]LUFRQLXP�R[LGH�FU\VWDO�ODWWLFH�LPSHUIHFWLRQGR� QRW� GHILQH� WKH� REVHUYHG� IHDWXUHV� RI� WKHV\QWKHVLV�SURFHVV�/HW� WKH� PHFKDQLVPV� GHILQLQJ� WKH� VROLGSKDVH� V\QWKHVLV� SURFHVVHV� LQ� 3=� EH� FRQVLG �HUHG� LQ� PRUH� GHWDLO�� 7KRVH� DUH� VLPLODU� WRWKRVH�LQ�3E7L2� DQG�%D7L2�� 7KH�SHURYVNLWH3=� VWUXFWXUH� LV� D� WKUHH�GLPHQVLRQDO� IUDPH �ZRUN�RI�>=U2�@�RFWDKHGURQV�FRXSOHG�WRJHWKHUDW� WKHLU�YHUWLFHV�ZKHUH� R[\JHQ� LRQV� DUH� DU �UDQJHG�� ,Q� WLWDQDWHV�� WKH� IUDPHZRUN� FRQ �VLVWV� RI� >7L2�@�� /HDG� LRQV� DUH� DUUDQJHG� LQGRGHFDKHGUDO�YRLGV�RI�WKH�RFWDKHGUDO�IUDPH �ZRUN�� 7KH� FU\VWDO� =U2� �RU� 7L2��� VWUXFWXUHLV�WKH�VDPH�IUDPHZRUN�RI� >=U2�@� �RU�>7L2�@�RFWDKHGURQV� FRXSOHG� WRJHWKHU� LQ� SDUW� ZLWK

HGJHV�DQG� LQ�SDUW�ZLWK�IDFHV��6XFK�R[\JHQ�RFWDKHGUDO� VWUXFWXUH� RI� R[LGHV� LV� SDFNHGPRUH�FORVHO\�WKDQ�WKDW�RI�SHURYVNLWH��,Q�WKHV\QWKHVLV�SURFHVV�RI�D�PL[WXUH�RI�]LUFRQLXP�RU� WLWDQLXP�� R[LGH� DQG� OHDG� R[LGH� DQG� WKHSHURYVNLWH� VWUXFWXUH� IRUPDWLRQ�� WKH� RFWDKH �GURQV�RI�WKH�FORVH�SDFNHG�]LUFRQLXP��RU�WLWD �QLXP�� R[LGH� VWUXFWXUH� DUH� �RSHQ�� DQG� UR �WDWHG�� 7KHQ�� OHDG� �RU� EDULXP�� LRQV� DUH� HP �EHGGHG� LQWR� WKDW� �QHZ�� VWUXFWXUH�� ,Q� WKHVROLG�SKDVH�V\QWKHVLV�RI�FRPSOH[�SHURYVNLWHW\SH�R[LGHV��WZR�PDLQ�PHFKDQLVPV�DUH�VHHQWR� EH� LQYROYHG�� EUHDNGRZQ� RI� FKHPLFDOERQGV� LQ� VLPSOH� ]LUFRQLXP� �RU� WLWDQLXP�R[LGH� ZLWK� URWDWLRQ� RI� WKH� EDVLF� VWUXFWXUHHOHPHQWV� �R[\JHQ� RFWDKHGURQV�� DQG� GLIIX �VLRQ�RI�OHDG�LRQV�WR�WKHLU��QHZ��VLWHV�LQ�WKHIRUPLQJ�SHURYVNLWH�VWUXFWXUH�,W� LV� WR� QRWH� WKDW� LQ� WKH� OHDG� ]LUFRQDWH�OHDG� WLWDQDWH� V\VWHP�� 3E=U2��3E7L2��� QRWRQO\�SHURYVNLWH�W\SH�FRPSRXQGV�EXW�DOVR�WKHS\URFKORUH� VWUXFWXUH� RQHV� PD\� EH� IRUPHG�7KH�ODWWHU�VWUXFWXUH� LV�DOVR�D�IUDPHZRUN�RI

)LJ�����3=�FRQWHQW� �PDVV����YV�V\QWKHVLV�WHP�SHUDWXUH�IRU�]LUFRQLXP�R[LGH�FDOFLQHG�DW�����R&�=U2� PRGLILFDWLRQ��� Ü�PRQRFOLQLF��� Ü WHWUDJR�QDO��� Ü�FXELF��� Ü�PRQRFOLQLF�ZLWK�WKH�DGGL�WLRQ� RI� �� PRO�� �� <�2� LQ� WKH� EOHQG� EHIRUHV\QWKHVLV��

7DEOH�� 8QERXQG� OHDG� R[LGH� �3E2�� S�F�PDVV�� FRQFHQWUDWLRQ� LQ� 3E=U2� V\QWKHVL]HG� DW� GLIIHUHQWWHPSHUDWXUHV
7V\Q���& =U2� PRGLILFDWLRQ�DQG�FDOFLQDWLRQ�WHPSHUDWXUH�� �&PRQRFOLQLF��� PRQRFOLQLF��� WHWUDJRQDO��� WHWUDJRQDO��� FXELF������ ��� �� ���� �� ����� ��� � ���� �� ����� ��� � ���� �� ����� ��� Ü Ü ��� ���

7�*�'H\QHND�HW�DO����(IIHFW�RI�]LUFRQLXP�R[LGH����

)XQFWLRQDO�PDWHULDOV������������� ��



R[\JHQ�RFWDKHGURQV�EXW�FRXSOHG�ZLWK�HGJHV�,Q� WKLV� FDVH�� WKH� V\QWKHVLV� WHPSHUDWXUH� LVPXFK� ORZHU� ����� WR� ���Å&�� WKDQ� WKDW� RISHURYVNLWH� FRPSRXQGV� �� 7KLV� IDFW� LQGLFDWHVWKDW� VXFK� WHPSHUDWXUHV� DUH�TXLWH� VXIILFLHQWWR� SURYLGH� WKH� HIIHFWLYH� GLIIXVLRQ� RI� OHDGLRQV� IURP� WKH� OHDG� R[LGH� JUDQXOHV� WR� WKHLUQHZ�VLWHV�DQG�WKHLU�HPEHGGLQJ�LQWR�LQWHU�RF �WDKHGUDO� YRLGV� ZLWK� S\URFKORUH� FU\VWDO� ODW �WLFH�� 7KRVH� WHPSHUDWXUHV� DUH�� KRZHYHU�� LQ �VXIILFLHQW� WR� EUHDN� WKH� FKHPLFDO� ERQGV� DQGWR� URWDWH� WKH� RFWDKHGURQV�� 7KH� HQHUJ\� SUR �YLGLQJ� WKH� ODWWHU� SURFHVVHV� DQG� WKHSHURYVNLWH� VWUXFWXUH� IRUPDWLRQ� LV� SURYLGHGRQO\� E\� KLJKHU� WHPSHUDWXUHV� ����Å&� DQGDERYH��,W� LV� VHHQ� IURP� WKH� DERYH� WKDW� LW� LV� QRWGLIIXVLRQ� SURFHVVHV� WKDW� DUH� FULWLFDO� LQ� WKHSHURYVNLWH� W\SH� OHDG� ]LUFRQDWH�� 7KHUHIRUH�OHW�XV�FRQVLGHU� LQ�PRUH�GHWDLO� WKH�V\QWKHVLVSURFHVV�FRQFHSW�EDVHG�RQ�WKH�EORFN�VWUXFWXUHPHFKDQLVP�RI�SHURYVNLWH� W\SH� R[LGH� IRUPD �WLRQ�� ,W� LV� VHHQ� IURP� WKH� H[SHULPHQWDO� UH �VXOWV� �)LJ�� ��� WKDW� WKH� OHDG� ]LUFRQDWH� SRZ �GHUV� FDOFLQHG� DW� ���Å&� SURYLGH� WKH� 3=� V\Q �WKHVLV� DW� ORZHU� WHPSHUDWXUHV�� 7KLV� FDQ� EHH[SODLQHG� LQ� DQ� XQDPELJXRXV� DQG� QRQ�FRQ �WUDGLFWRU\� PDQQHU� WDNLQJ� LQWR� DFFRXQW� WKHDERYH� FRQVLGHUDWLRQV�� 7KH� ;�UD\� H[DPLQD �WLRQV�KDYH�VKRZQ�WKDW�WKH�FU\VWDO�VWUXFWXUHRI� WKRVH� SRZGHUV� LV� QRW� \HW� IRUPHG� FRP �SOHWHO\� >�� @�� 7KH� SRZGHUV� FRXOG� EH� FKDUDF �WHUL]HG� DV� �DPRUSKRXV� LQ� SDUW�� �WKHUH� LV� DVKRUW�UDQJH� RUGHU�ZKLOH� WKH� ORQJ�UDQJH� RQHLV� QRW� H[SUHVVHG� FOHDUO\��� 'XULQJ� WKH� KHDWWUHDWPHQW� DW� WKH� V\QWKHVLV� WHPSHUDWXUH�VHYHUDO� SURFHVVHV� RFFXU�� LQFOXGLQJ� WKH� FRP �SOHWLRQ�RI�FU\VWDOOL]DWLRQ��IRUPDWLRQ�RI�IXOO�FU\VWDO�VWUXFWXUH�FKDUDFWHULVWLF�RI�HDFK�VSH �FLILF�=U2��<�FRPSRVLWLRQ��WKH�FKHPLFDO�ERQGEUHDNGRZQ�DQG�WKH�R[\JHQ�RFWDKHGURQ�URWD �WLRQ�� DQG� WKH� OHDG� LRQ� HPEHGGLQJ� LQWR� WKHVWUXFWXUH��UHVXOWLQJ�DW�WKH�HQG�LQ�IRUPDWLRQRI� WKH� SHURYVNLWH� FU\VWDO� VWUXFWXUH�� 6LQFHWKH� SURFHVVHV� PHQWLRQHG� UXQ� VLPXOWDQH �RXVO\�� WKH�UHTXLUHG�HQHUJ\� LV� ORZHU�WKDQ� LQWKH� FDVH�ZKHQ� SRZGHUV� RI� SUH�IRUPHG� FU\V �WDO�VWUXFWXUH��FDOFLQHG�DW����Å&��DUH�XVHG�1RZ� OHW� WKH� SKHQRPHQRQ� RI� WKH�3=� V\Q �WKHVLV� WHPSHUDWXUH� LQFUHDVH� ZKHQ� SDVVLQJIURP� WKH�PRQRFOLQLF� ]LUFRQLXP�R[LGH�PRGL �ILFDWLRQ�WR�WKH�WHWUDJRQDO�RQH�EH�FRQVLGHUHG�7KH�SKHQRPHQRQ�PHFKDQLVP�LV�QRW�FOHDU�DO �WKRXJK��LQ�RXU�RSLQLRQ��LW�LV�GHILQHG�DOVR�E\WKH� EORFN�VWUXFWXUH� IRUPDWLRQ� SURFHVV� RISHURYVNLWH� W\SH� R[LGHV�� =LUFRQLXP� R[LGH� LQYDULRXV� PRGLILFDWLRQV� LV� FKDUDFWHUL]HG� E\

GLIIHUHQW� VWUHVV� OHYHOV� RI� FKHPLFDO� ERQGV�:KHQ� SDVVLQJ� IURP� WKH�PRQRFOLQLF�PRGLIL �FDWLRQ� WR� WKH� WHWUDJRQDO� RQH�� WKH� XQLW� FHOOV\PPHWU\�LV�ORZHUHG�DQG�WKH�UHGXFHG�VWUDLQSDUDPHWHU�LQFUHDVHV��7KH�ERQGV�RI�GLIIHUHQWOHQJWKV� �EXW� HTXLYDOHQW� FU\VWDOORJUDSKLFDOO\LQ�WKH�LQLWLDO�FXELF�PRGLILFDWLRQ��FDQ�EH�FRQ �VLGHUHG�DV� WKRVH�UHVXOWLQJ�IURP� WKH� WHQVLRQRU�FRPSUHVVLRQ�RI�ERQGV�H[LVWLQJ�ZLWKLQ�WKHKLJK�WHPSHUDWXUH� FXELF� PRGLILFDWLRQ�� 7KHFKHPLFDO� ERQG� VWUDLQLQJ� �WKH� LRQ� VSDFLQJFKDQJHV�� SURYLGHV� DQ� DGGLWLRQDO�PHFKDQLFDOHQHUJ\� LQKHUHQW� LQ� WKH� ORZ�V\PPHWU\� FU\V �WDO�ODWWLFH�7KH� PHFKDQLFDO� VWUHVVHV� �RU� UDWKHU� WKHH[FHVV� HODVWLF� HQHUJ\� �� LQ� WKH� GLVWRUWHG� 3=ODWWLFH��RI�PRQRFOLQLF�DQG�WHWUDJRQDO�PRGLIL �FDWLRQ�� IDYRU� WKH� ERQG� EUHDNGRZQ� LQ� WKHR[\JHQ�RFWDKHGUDO� IUDPHZRUN�� $V� D� UHVXOW�WKH�3=�V\QWKHVLV�WHPSHUDWXUH�EHFRPHV�ORZHUZKHQ�SDVVLQJ�IURP�WKH�PRQRFOLQLF�PRGLILFD �WLRQ�WR�WKH�WHWUDJRQDO�RQH��7KH�PHFKDQLVPVFRQVLGHUHG� �GLIIXVLRQ� DQG� EORFN�VWUXFWXUH�DUH�FRPSHWLWLYH�LQ�WKH�HIIHFW�RQ�WKH�V\QWKH �VLV� WHPSHUDWXUH� FKDQJH�� 8QIRUWXQDWHO\�WKHUH� DUH� QR� UHOLDEOH� PHWKRGV� �DV� ZHOO� DVVXLWDEOH� SK\VLFDO� PRGHOV�� WR� GLVFULPLQDWHWKH� FRQWULEXWLRQV� IURP� ERWK� PHFKDQLVPV�([SHULPHQWDO�GDWD�VKRZ��KRZHYHU��WKDW�LW�LVWKH�VHFRQG�PHFKDQLVP�WKDW�SUHGRPLQDWHV�LQWKH�3=�V\QWKHVLV�7KXV��UHDFWLYLW\�RI�WKUHH�]LUFRQLXP�R[LGHFU\VWDOOLQH�PRGLILFDWLRQV� LQ� 3=� SUHSDUDWLRQKDV� EHHQ� VWXGLHG�� 7KH� FDOFLQDWLRQ� WHPSHUD �WXUH�HOHYDWLRQ�DW�=U2� SUHSDUDWLRQ�UHVXOWV�LQD� GHFUHDVHG� FKHPLFDO� DFWLYLW\�� )RU� VROLG�SKDVH�3=�V\QWKHVLV��XVH�RI�PRQRFOLQLF� =U2�PRGLILFDWLRQ� LV� WR� EH� SUHIHUUHG��7KH�XVH� RIVXFK�EOHQG�UHVXOWV�LQ�ORZHUHG�VLQWHULQJ�WHP �SHUDWXUH�RI�FHUDPLF�VDPSOHV�5HIHUHQFHV���%�� -DIIH��:�5��&RRN��+�� -DIIH��3LH]RHOHFWULF&HUDPLFV��$FDGHPLF��/RQGRQ�����������(�$�=DYDGVNL\��9�0�,VFKXN��0HWDVWDEOH�6WDWHVLQ� )HUURHOHFWULFV�� 1DXNRYD� 'XPND�� .LHY�������>LQ�5XVVLDQ@����-�&�� %XUIRRW�*�:�7D\ORU�� 3RODU� 'LHOHFWULFVDQG� WKHLU� $SSOLFDWLRQV�� 0F0LOODQ� 3UHVV� /WG����������.�2ND]DNL�� &HUDPLF� (QJLQHHULQJ� IRU� 'LHOHF�WULFV��7RNLR�����������<X�0�3ROH]KDHY�� 7�0�%DUELQD�� '�6�5XWPDQ�<X�6�7RURSRY��2JQHXSRU\��1R�����������������1�,�3LOLSHQNR�� ,�$�'DQLOHQNR�� 7�(�.RQVWDQWL�QRYD� HW� DO��� )XQFWLRQDO� 0DWHULDOV�� ��� �����������

7�*�'H\QHND�HW�DO����(IIHFW�RI�]LUFRQLXP�R[LGH����

�� )XQFWLRQDO�PDWHULDOV�������������
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