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,W� LV� IRU� WKLV� UHDVRQ� WKDW�3W�IRUPDWH�FRPSOH[HV�DUH� V\QWKHVL]HG�E\�DQ� LQGLUHFW�URXWH� WKDW�LQYROYHV�&2��LQVHUWLRQ�LQWR�D�PHWDO�K\GULGH�ERQG�$� PRUH� FRPSUHKHQVLYH� XQGHUVWDQGLQJ RI� DGVRUSWLRQ� DW� HOHFWURGH� VXUIDFHV�PDQGDWHV�WKH�DFFXPXODWLRQ�RI�D�FULWLFDO�DWRPLF�OHYHO�GDWDEDVH�RI�SURWRW\SLFDO�LQWHUIDFLDO�V\VWHPV�� 7HFKQRORJLFDO� >�����@� DQG� WKHRUHWLFDO� >�����@� VXFFHVVHV� LQ� WKH� VWXG\� RI� WKH�SK\VLFV� DQG� FKHPLVWU\� RI� WKH� JDV�VROLG� LQWHUIDFH� KDYH� SURYLGHG� WKH� LPSHWXV� IRU� WKH�FRQWLQXHG�DGDSWDWLRQ�RI�SURYHQ�VXUIDFH�VHQVLWLYH�DQDO\WLFDO�PHWKRGV�LQ� WKH�LQYHVWLJDWLRQ�RI� WKH� HOHFWURGH�VROXWLRQ� LQWHUIDFH� >������� �����@�� 6\VWHPDWLF� VWXGLHV� RI� ZHOO�GHILQHG�VLQJOH�FU\VWDO� HOHFWURGH� VXUIDFHV� LQ� FRQMXQFWLRQ� ZLWK� FRQYHQWLRQDO� DQG� QRQ�WUDGLWLRQDO�WHFKQLTXHV�DUH�QR�ORQJHU�UDUH�HSLVRGHV�� ,W� LV� WKLV� W\SH�RI�VWXGLHV�DW�SDOODGLXP�HOHFWURGHV�WKDW�LV�WKH�VXEMHFW�RI�WKH�SUHVHQW�UHYLHZ�DUWLFOH�([SHULPHQWDO,I�FKHPLVRUSWLRQ�LV�WR�EH�GHVFULEHG�LQ�WHUPV�RI�WKH�PDNLQJ�DQG�EUHDNLQJ�RI�PHWDO�RUJDQLF�VXUIDFH� FKHPLFDO� ERQGV�� H[SHULPHQWV� QHHG� WR� EH� FRQGXFWHG� LQ� VXFK� D� PDQQHU� WKDW�
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&OHDQ�DQG�2UGHUHG�6LQJOH�&U\VWDO�6XUIDFHV7ZR� SURFHGXUHV� ZHUH� XVHG� LQ� RXU� ZRUN� WR� SUHSDUH� RULHQWHG� PRQRFU\VWDOOLQH�VXUIDFHV��,Q�WKH�PRUH�FRPPRQ�PHWKRG��]RQH�UHILQHG�VLQJOH�FU\VWDO�ERXOHV�DUH�RULHQWHG�E\�WKH� /DXp� EDFN�UHIOHFWLRQ� WHFKQLTXH� >��@� DQG� WKHQ� FXW� DORQJ� WKH� GHVLUHG� FU\VWDO� IDFH��0HWDOORJUDSKLF�SROLVKLQJ�LV�VXEVHTXHQWO\�GRQH�ZLWK�VXFFHVVLYHO\�ILQHU�JUDGHV�RI�DOXPLQD�RU� GLDPRQG� SDVWH� LQ� RUGHU� WR� REWDLQ� D� XQLIRUPO\� VPRRWK� VXUIDFH�� 7KH� RULHQWHG� DQG�SROLVKHG� VLQJOH�FU\VWDO� HOHFWURGH� LV� SODFHG� LQ� D� 8+9� FKDPEHU� DQG� VXEMHFWHG� WR� QHDU�PHOWLQJ� WHPSHUDWXUHV� LQ� RUGHU� WR� VHJUHJDWH� EXON� FRQWDPLQDQWV� RQWR� WKH� VXUIDFH�� 7KH�VXUIDFH�LPSXULWLHV�FDQ�HLWKHU�EH�R[LGDWLYHO\�GHVRUEHG�E\�KLJK�WHPSHUDWXUH�R[\JHQDWLRQ�RU�EH�VSXWWHUHG�DZD\�E\�$U��LRQ�ERPEDUGPHQW��IRU�SDUDOOHOHSLSHG�VLQJOH�FU\VWDOV��SURYLVLRQV�PXVW� EH� PDGH� VXFK� WKDW� DOO� VL[� RULHQWHG� IDFHV� FDQ� EH� VXEMHFWHG� WR� LRQ� ERPEDUGPHQW��$WRPLF�VPRRWKQHVV�LV�DFKLHYHG�E\�D�ILQDO�KLJK�WHPSHUDWXUH� WUHDWPHQW�RI� WKH�FOHDQ�� LRQ�ERPEDUGHG�VXUIDFH��,Q�DFFRUGDQFH�ZLWK�VWDQGDUG�VXUIDFH�VFLHQFH�SUDFWLFH�>�����@��VXUIDFH�DQDO\VLV� WR�DVFHUWDLQ�LQWHUIDFLDO� VWUXFWXUH�DQG�FRPSRVLWLRQ� LV�DOZD\V�FDUULHG�RXW�SULRU� WR�HDFK�H[SHULPHQW�7KH�VHFRQG�SURFHGXUH�LV�EDVHG�RQ�WKH�IDFW�WKDW�ZKHQ�D�3G�ZLUH��RI�SXULW\�JUHDWHU�WKDQ����������LV�PHOWHG�LQ�DQ�R[\JHQ�ULFK�K\GURJHQ�IODPH�DQG�VORZO\�FRROHG��D�VLQJOH�FU\VWDO�EHDG�DSSUR[LPDWHO\���PP�LQ�GLDPHWHU� LV� IRUPHG�DW� WKH�HQG�RI� WKH�ZLUH�>�����@��(LJKW� IDFHWV� �����PP� LQ� GLDPHWHU��� RULHQWHG� LQ� WKH� ������ SODQH�� DQG� VL[� VPDOOHU� IDFHWV�������PP�LQ�GLDPHWHU���RULHQWHG�LQ�WKH�������SODQH��DSSHDU�RQ�WKH�VLQJOH�FU\VWDO�EHDG�LQ�RFWDKHGUDO� DQG� KH[DJRQDO� DUUDQJHPHQWV�� UHVSHFWLYHO\�� )RU� YROWDPPHWULF� H[SHULPHQWV�� D�
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)LJXUH����/RZ�HQHUJ\�HOHFWURQ�GLIIUDFWLRQ��/(('��SDWWHUQ�RI�8+9�SUHSDUHG�FOHDQ�DQG�ZHOO�RUGHUHG�3G������OHIW��DQG�3G������ULJKW��VXUIDFHV��(OHFWURQ�EHDP�HQHUJ\� ����H9��EHDP�FXUUHQW� ����$�,QWHUIDFLDO�&KDUDFWHUL]DWLRQ7KH� FOHDQOLQHVV� DQG� VLQJOH� FU\VWDOOLQLW\� RI� HOHFWURGH� VXUIDFHV� FDQQRW� VLPSO\� EH�DVVXPHG� HYHQ� LI� WKH� SUHSDUDWLYH� VWHSV� RXWOLQHG� DERYH� DUH� IROORZHG�� 7KH� LQWHUIDFLDO�FKDUDFWHUL]DWLRQ�PHWKRGV�HPSOR\HG�WR�GDWH�KDYH�EHHQ�FRQYHQLHQWO\�FODVVLILHG�LQ�WHUPV�RI�ZKHWKHU� WKH\� DUH� FRQGXFWHG� XQGHU� UHDFWLRQ� FRQGLWLRQV� �LQ� VLWX�� RU� RXWVLGH� WKH�HOHFWURFKHPLFDO�FHOO��H[�VLWX��,Q� VLWX� PHWKRGV� WKDW� KDYH� EHHQ� HPSOR\HG� LQ� RXU� VWXGLHV� LQFOXGH� F\FOLF�YROWDPPHWU\� RI� HOHFWURFKHPLFDO� �(&�� DGVRUSWLRQ�GHVRUSWLRQ� UHDFWLRQV� >�����@� DQG�VFDQQLQJ� WXQQHOLQJ�PLFURVFRS\� �670�� >�����@��(&�670�H[SHULPHQWV�ZHUH� FDUULHG� RXWZLWK�D�1DQRVFRSH�(�PLFURVFRSH��'LJLWDO�,QVWUXPHQWV��6DQWD�%DUEDUD��&$��HTXLSSHG�ZLWK�D� FXVWRP�EXLOW� .HO�)� HOHFWURFKHPLFDO� FHOO�� 7KH� WXQQHOLQJ� WLSV� ZHUH� SUHSDUHG� E\�HOHFWURFKHPLFDOO\� HWFKLQJ� D� WXQJVWHQ� ZLUH�� �����PP� LQ� GLDPHWHU�� LQ� ��0�.2+� DW� ���9$&��)XQFWLRQDOO\�VKDUS�670�WLSV�DUH�PDQLIHVWHG�ZKHQ��DW����;�PDJQLILFDWLRQ��YLVXDO�DFXLW\�RI�WKH�WLS�LV�QR�ORQJHU�DWWDLQDEOH��7KH�FKRLFH�WLSV�ZHUH�WKHQ�VHDOHG�ZLWK�QDLO�SROLVK�WR�PLQLPL]H� WKH� IDUDGDLF� FXUUHQW��5RXWLQH�(&�670� LPDJHV�� DWRPLFDOO\� UHVROYHG��RI� WKH�FOHDQ�3G�KNO��VXUIDFHV�GHPRQVWUDWHG�WKH�ODFN�RI�FRQWDPLQDWLRQ�IURP�WKH�QDLO�SROLVK�([� VLWX�PHWKRGV� DUH� EDVHG� XSRQ� WKH� DQDO\VLV� RI� HOHFWURQV�� LRQV�� PROHFXOHV� RU�DWRPV�VFDWWHUHG�UHOHDVHG�IURP�VROLG�VXUIDFHV�>�����@��7KH�VKDOORZ�HVFDSH�GHSWKV�RI�WKHVH�SDUWLFOHV PDNH� WKHLU� XVH�PRVW� VXLWDEOH� IRU� LQWHUIDFLDO� VWXGLHV� VLQFH� WKH� LQIRUPDWLRQ� WKH\�EHDU�DUH�FKDUDFWHULVWLF�RQO\�RI�WKH�QHDU�VXUIDFH�OD\HUV��RQ�WKH�RWKHU�KDQG��WKH�VKRUW�PHDQ�IUHH�SDWKV�QHFHVVLWDWH�D�KLJK�YDFXXP�HQYLURQPHQW��7KH�PDMRU�OLPLWDWLRQ�LV�WKH�SRVVLELOLW\�RI� VWUXFWXUDO� DQG� FRPSRVLWLRQDO� FKDQJHV� XSRQ� UHPRYDO� RI� WKH� HOHFWURGH� IURP� VROXWLRQ��HPHUVLRQ�� DQG� WUDQVIHU� LQWR� WKH� VXUIDFH� DQDO\VLV� FKDPEHU�� 1XPHURXV� VWXGLHV� KDYH�HVWDEOLVKHG�WKDW�WKH�FRPSDFW�OD\HU�UHPDLQV�ODUJHO\�XQSHUWXUEHG�XSRQ�HYDFXDWLRQ�>�����@�XQOHVV� WKH� HPHUVLRQ� OD\HU� FRQWDLQV� IHHEO\�ERXQG� QRQFRQGHQVHG� VSHFLHV�� 7KH� IROORZLQJ�8+9�EDVHG� PHWKRGV� ZHUH� XVHG� LQ� RXU� LQYHVWLJDWLRQV� >�����@�� /RZ�HQHUJ\� HOHFWURQ�



6XUIDFH�RUJDQRPHWDOOLF�FKHPLVWU\�RI�ZHOO�GHILQHG�SDOODGLXP�HOHFWURGHV �
GLIIUDFWLRQ��/(('��IRU�VXUIDFH�FU\VWDOORJUDSK\��$XJHU�HOHFWURQ�VSHFWURVFRS\��$(6��DQG�;�UD\ SKRWRHOHFWURQ�VSHFWURVFRS\��;36��IRU�HOHPHQWDO�DQDO\VLV��+LJKUHVROXWLRQ�HOHFWURQ�HQHUJ\� ORVV� VSHFWURVFRS\� �+5((/6�� IRU� VXUIDFH� YLEUDWLRQDO� VSHFWURVFRS\�� DQG�WHPSHUDWXUH�SURJUDPPHG�GHVRUSWLRQ��73'��IRU�DGVRUSWLRQ�HQHUJHWLFV�

)LJXUH����(OHFWURFKHPLFDO�VFDQQLQJ�WXQQHOLQJ�PLFURVFRSH��(&�670��LPDJHV�RI�IODPH�DQQHDOHG�FOHDQ�DQG�ZHOO�RUGHUHG�3G�������OHIW��DQG�3G�������ULJKW���VXUIDFHV�LQ������0�+�62���%LDV�YROWDJH� �����P9��7XQQHOLQJ�FXUUHQW� ����Q$�7\SLFDO�/(('�SDWWHUQV��(&�670�LPDJHV��DQG�$(6�VSHFWUD�IRU FOHDQ�DQG�RUGHUHG�3G�KNO��HOHFWURGH�VXUIDFHV�DUH�VKRZQ��UHVSHFWLYHO\��LQ�)LJXUHV������DQG���

)LJXUH����$XJHU�HOHFWURQ�VSHFWUXP��$(6��RI�D�8+9�SUHSDUHG�FOHDQ�DQG�ZHOO�RUGHUHG�3G������HOHFWURGH�VXUIDFH��%HDP�HQHUJ\� ���N9��EHDP�FXUUHQW� ������$�



.LP��<��*��HW�DO�
&DVH�VWXGLHV�RI�PROHFXODU�DGVRUSWLRQ$� UHYLHZ� RI� WKH� OLWHUDWXUH� UHYHDOV� WKDW� VWXGLHV� ZLWK� D� EHQW� RQ� HOHFWURFDWDO\VLV� DUH�DOPRVW�H[FOXVLYHO\�OLPLWHG�WR�*URXS�9,,,%�PHWDOV��HVSHFLDOO\�SODWLQXP��VLQFH�WKHVH�PDWHULDOV�LQWHUDFW�VWURQJO\�ZLWK�D�ZLGH�YDULHW\�RI�RUJDQLF FRPSRXQGV��WKH�FRLQDJH�PHWDOV�LQWHUDFW�RQO\�ZHDNO\�ZLWK�QRQ�VXOIXU�FRQWDLQLQJ�PROHFXOHV�>���������@��6WXGLHV�GLVFXVVHG�KHUH�DUH�OLPLWHG�WR� SRO\DWRPLF� VSHFLHV� DGVRUEHG� DW� VLQJOH�FU\VWDO� SDOODGLXP� HOHFWURGH� VXUIDFHV�� 7KH�FRPSOH[LW\�RI�WKH�VXEMHFW�FRPSRXQGV�UDQJHV�IURP�D�GLDWRPLF�VSHFLHV��FDUERQ�PRQR[LGH��WR�DQ�DQLRQLF�GLK\GUR[\VXEVWLWXWHG�DURPDWLF��K\GURTXLQRQH�VXOIRQDWH��

)LJXUH����/(('�SDWWHUQ�RI�D�FOHDQ�DQG�ZHOO�RUGHUHG�3G������HOHFWURGH�DIWHU�D�����VHFRQG�LPPHUVLRQ�LQ�D�����P0�1D)�����P0�1D2+�VROXWLRQ�VDWXUDWHG�ZLWK�&2��7KH�SDWWHUQ�LV�WKDW�IRU�D�3G������F��[���&2�DGODWWLFH��(OHFWURQ�EHDP�HQHUJ\� ����H9��EHDP�FXUUHQW� ����$�
&DUERQ�0RQR[LGH&KHPLVRUSWLRQ�RI�&2�IURP�WKH�JDV�SKDVH�RQWR�ZHOO�RUGHUHG�3G������VXUIDFHV�KDV�EHHQ�IRXQG�WR�\LHOG� WKUHH�DGODWWLFH�VWUXFWXUHV�>�����@��$W�D�VXUIDFH�FRYHUDJH�RI������&2�PROHFXOHV�SHU�VXUIDFH�3G�DWRP��4&2 { DEVROXWH�VXUIDFH�FRYHUDJH�{ *&2�*3G  ������ZKHUH�* LV� WKH� VXUIDFH� SDFNLQJ� GHQVLW\� LQ� PRO� FP����� DQ� RUGHUHG� 3G���������î���5����&2�DGOD\HU�LV�IRUPHG��'\QDPLFDO�/((' FDOFXODWLRQV�>��@�FRXSOHG�ZLWK�PHDVXUHPHQWV�RI�WKH�&�2� VWUHWFKLQJ� IUHTXHQF\� E\� LQIUDUHG� UHIOHFWLRQ�DEVRUSWLRQ� VSHFWURVFRS\� �,5$6�� >��@�LQGLFDWHG� WKDW�� DW� WKLV� FRYHUDJH��&2� LV� ERQGHG� VROHO\� DW� WKH� WKUHH�IROG� KROORZ� VLWHV��$W�4&2  � ����� D� 3G������F��î���&2� VXUIDFH� VWUXFWXUH� LV� SURGXFHG� LQ� ZKLFK� WKH� ���î����DGODWWLFH� XQGHUJRHV� FRPSUHVVLRQ� WR� DOORZ� IRU� WKH� FRRUGLQDWLRQ� RI� DGGLWLRQDO� &2�PROHFXOHV��([SHULPHQWDO� DQG� WKHRUHWLFDO� HYLGHQFH�KDV�EHHQ� LQYRNHG� WR� VXJJHVW� WKDW� WKH�PRVW� SUREDEOH�PROHFXODU� DUUDQJHPHQW� LQ� WKH� F��î��� VWUXFWXUH� LV� RQH� LQ� ZKLFK� WKH� &2�PROHFXOHV�DUH� FKHPLVRUEHG�RQ� WZR�IROG� VLWHV� >��@��$W� VWLOO�KLJKHU�FRYHUDJH��4&2 !������,5$6�PHDVXUHPHQWV�VXJJHVWHG�WKH�H[LVWHQFH�RI�&2�FKHPLVRUEHG�RQ�DWRS�VLWHV�>��@�
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)LJXUH����&XUUHQW�SRWHQWLDO�FXUYH�IRU�WKH�DQRGLF�R[LGDWLRQ�RI�&2�FKHPLVRUEHG�RQ�3G�������LQLWLDOO\�LQ�WKH�3G������F��[���&2�VWUXFWXUH��7KH�VXSSRUWLQJ�HOHFWURO\WH�FRQVLVWHG�RI�����P0�1D)�DQG�����P0�1D2+��7KH�VKRXOGHU�LQ�SHDN�,�LV�GXH�WR�SRO\FU\VWDOOLQH�HGJH�HIIHFWV��$OVR�LQGLFDWHG�DUH�WKH�SRWHQWLDO�FRYHUDJH�GHSHQGHQW�VWUXFWXUHV�GHULYHG�IURP�WKH�/(('�SDWWHUQV��7KH�SRWHQWLDO�VZHHS�UDWH�ZDV���P9�V�
,Q� FRPSDULVRQ�� LPPHUVLRQ� RI� D� FOHDQ� DQG ZHOO�RUGHUHG� 3G������ VLQJOH�FU\VWDO�HOHFWURGH� LQ� D� S+���� VROXWLRQ� VDWXUDWHG� ZLWK� &2� \LHOGV� RQO\� D� 3G������F��î���&2DGODWWLFH� >��@�� WKLV� LV�DV� LQGLFDWHG�E\� WKH�/(('�SDWWHUQ�VKRZQ�LQ�)LJXUH����$V�ZLWK� WKH�JDV�SKDVH�ZRUN��WKH�&2�PROHFXOHV�LQ�WKLV�DGODWWLFH�DUH�WKRXJKW�WR�EH�FRRUGLQDWHG�DW�WZR�IROG�VLWHV��7KH�FXUUHQW�SRWHQWLDO�FXUYH�IRU�WKH�DQRGLF�R[LGDWLRQ�RI�WKH�3G������F��î���&2�DGODWWLFH�� )LJXUH� ��� LV� FKDUDFWHUL]HG� E\� WZR�SHDNV��(,  � ������9� DQG�(,,  � �����9�� �$V�GLVFXVVHG� HOVHZKHUH� >��@�� WKH� VKRXOGHU� RI� SHDN� ,� LV� DWWULEXWHG� WR� R[LGDWLRQ� RI� &2�FKHPLVRUEHG� RQ� DWRS� VLWHV� DW� WKH� SRO\FU\VWDOOLQH� HGJHV� RI� WKH� VLQJOH�FU\VWDO HOHFWURGH���7KH�WRWDO�FKDUJH�XQGHU�WKH�DUHDV�RI�ERWK�SHDNV�,�DQG�,,� LV�FRQVLVWHQW�ZLWK�4&2  ������DV�ZRXOG� EH� H[SHFWHG� IRU� WKH� F��î��� VWUXFWXUH�� 7KH� UHODWLYH� DUHDV� DUH�� UHVSHFWLYHO\�� DERXW�����DQG�����RI�WKH�WRWDO�ZKLFK�LQGLFDWHV�WKDW�WKH�FRYHUDJH�RI�WKH�&2�OD\HU�WKDW�UHPDLQV�DIWHU� WKH� ILUVW� R[LGDWLRQ� SHDN� LV� DSSUR[LPDWHO\� ������ RQ� D� ������ VXEVWUDWH� SODQH�� WKLV�FRYHUDJH� ZRXOG� FRUUHVSRQG� WR� D� 3G���������î���5����&2� VWUXFWXUH�� )LJXUH� ���6XEVHTXHQW� R[LGDWLYH� GHVRUSWLRQ� RI� WKH� ���î���� &2� DGOD\HU� DW� (,,� \LHOGV� WKH� ��î���/(('�SDWWHUQ�GLVSOD\HG�LQ�)LJXUH���7KH�GLVFXVVLRQ� WKXV� IDU� KLQWV� WKDW�&2�R[LGDWLRQ�DW� ������9� LQGXFHV�D�F��î���WR����î���� DGODWWLFH� UHFRQVWUXFWLRQ�� ,QVLJKWV� LQWR� WKLV� TXHVWLRQ� FDQ� EH� REWDLQHG� E\�H[DPLQDWLRQ� RI� WKH� F��î��� DQG� ���î���� /(('� SDWWHUQV� LQGLYLGXDOO\� DQG� ZKHQ�VXSHULPSRVHG�� WKLV� LV� GRQH� LQ� )LJXUH� �� ZKHUH� LW� FDQ� EH� VHHQ� WKDW� WKH� VLPXOWDQHRXV�
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H[LVWHQFH�RI�F��î���DQG����î����VWUXFWXUDO�GRPDLQV�ZRXOG�EH�PDQLIHVWHG�E\�IRXU��UDWKHU�WKDQ� WKUHH�� VSRWV� DW� WKH� IUDFWLRQDO�LQGH[� SRVLWLRQV� IRU� WKH� SXUH� F��î��� DGODWWLFH�� 6XFK�FRPELQHG� SDWWHUQ�� KRZHYHU�� LV� FOHDUO\� QRW� VXEVWDQWLDWHG� E\� WKH� DFWXDO� /(('� SDWWHUQ�VKRZQ�LQ�)LJXUH����+HQFH��DQ�HVVHQWLDOO\�SXUH�WZR�IROG�&2�FRRUGLQDWLRQ�LV�LQGLFDWHG�IRU�WKH�F��î���OD\HU��DQ�DVVLJQPHQW�WKDW�LV�FRQVLVWHQW�ZLWK�WKHRUHWLFDO�DUJXPHQWV�>��@�

)LJXUH����/(('�SDWWHUQ�REWDLQHG�DIWHU�WKH�LQLWLDO�3G������F��[���&2�DGODWWLFH�ZDV�HPHUJHG�DW�SRWHQWLDOV�EHWZHHQ�������9��SHDN�,��DQG������9��SHDN�,,���7KH�QHZ�SDWWHUQ�LV�WKDW�IRU�D�3G���������[���5����&2�DGOD\HU��([SHULPHQWDO�FRQGLWLRQV�ZHUH�DV�LQ�)LJXUHV���DQG���

)LJXUH����/(('�SDWWHUQ�REWDLQHG�DIWHU�WKH�3G����������[���5����&2�DGODWWLFH�ZDV�HPHUJHG�DW�SRWHQWLDOV�MXVW�SDVW������9��7KH�SDWWHUQ�LV�WKDW�IRU�D�FOHDQ�DQG�ZHOO�RUGHUHG�3G������VXUIDFH��([SHULPHQWDO�FRQGLWLRQV�ZHUH DV�LQ�)LJXUHV���DQG���
%DVHG�XSRQ� WKH�YROWDPPHWULF��FRXORPHWULF�� DQG�/(('� HYLGHQFH�� D� VHTXHQFH� IRU�WKH�DQRGLF�R[LGDWLRQ�RI�WKH�3G������F��î���&2�DGODWWLFH�LQ�S+����1D)�HOHFWURO\WH�FDQ�EH�VXJJHVWHG�DV�VKRZQ�LQ�)LJXUH����
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7KH�DERYH�PHQWLRQHG�UHVXOWV�SRLQW�WR�WKH�IDFW�WKDW�D�FRUUHODWLRQ�H[LVWV�EHWZHHQ�WKH�HDVH� RI� DQRGLF� R[LGDWLRQ�� WKH� ELQGLQJ� VLWH�� DQG� WKH� H[WHQW� RI�PHWDO�WR�OLJDQG� è�HOHFWURQ�EDFN�ERQGLQJ��)RU�H[DPSOH��&2�DGVRUEHG�DW�WKUHH�IROG�KROORZ�VLWHV�>���î����DGODWWLFH@�LV�UDWKHU�GLIILFXOW�WR�R[LGL]H�WR�&2� JDV�EHFDXVH�WKH�PHWDO�&2�ERQG�LV�VWURQJ�DQG�WKH�&{2�ERQG�LV�ZHDN��&RPSDUDWLYHO\��&2�DWRS�VLWH�ERQGHG�RQ�WKH�SRO\FU\VWDOOLQH�VXUIDFH��LV�HDV\�WR�R[LGL]H�VLQFH�WKH�PHWDO�&2�ERQG�LV�ZHDN�DQG�&{2�ERQG�LV�VWURQJ��&2�ERQGHG�DW�WZR�IROG� VLWHV� >F��[��� VWUXFWXUH@� KDV� SURSHUWLHV� LQWHUPHGLDWH� EHWZHHQ� WKH� WZR� RWKHU� FDVHV��6XFK� FRUUHODWLRQV� EHWZHHQ� ELQGLQJ� VLWH� DQG� HOHFWURFDWDO\WLF� UHDFWLYLW\� SDUDOOHO� WKRVH�HVWDEOLVKHG�EHWZHHQ�ELQGLQJ�VLWH�DQG�Q&2 VWUHWFK�IUHTXHQF\�>��@�

)LJXUH����,GHDOL]HG�/(('�SDWWHUQV�IRU 3G�������3G����������[���5����&2��3G������F��[���&2��DQG�VXSHULPSRVHG�3G���������[���5����&2�DQG�3G������F��[���&2�DGODWWLFHV�
+\GURTXLQRQH�DQG�%HQ]RTXLQRQH)LJXUH� ��� VKRZV� WKH� +5((/� VSHFWUXP� RI� D� 3G������ VXUIDFH� DIWHU� D� ����V�H[SRVXUH�� DW� SRWHQWLDOV�ZLWKLQ� WKH� GRXEOH�OD\HU� UHJLRQ�� WR� D� ��P0� DTXHRXV� VROXWLRQ� RI�WHWUDIOXRURDFHWLF�DFLG��7)$���7KH�VSHFWUXP�LV�YLUWXDOO\�LGHQWLFDO�WR�WKDW�RI�D�IUHVKO\�8+9�SUHSDUHG�VXUIDFH��LQ�RWKHU�ZRUGV��QR�7)$�GHULYHG�VSHFLHV�DUH�FKHPLFDOO\�DGVRUEHG�RQ�WKH�3G�VXUIDFH��D�UHVXOW�SUHYLRXVO\�UHSRUWHG�IRU�3W�VXUIDFHV�>��@�7KH�+5((/�VSHFWUXP�WKDW�UHVXOWV�ZKHQ�WKH�3G������VXUIDFH�LV�HPHUJHG�IURP�DQ�DTXHRXV���P0�7)$�������P0�+�4�VROXWLRQ�LV�VKRZQ�LQ�)LJXUH�����7KUHH�IHDWXUHV�LQ�WKLV�VSHFWUXP� ZDUUDQW� H[WUD� DWWHQWLRQ�� �L�� WKH� DEVHQFH� RI� D� SHDN� DW� ����� FP�� ZKLFK�� E\�FRPSDULVRQ�ZLWK�WKH�JDV�SKDVH�+�4�VSHFWUXP�>��@��ZRXOG�KDYH�LQGLFDWHG�DQ�LQ�SODQH�Q2+VWUHWFK���LL��WKH�SUHVHQFH�RI�SHDNV������DQG���ZKLFK��LI�WKH�DGVRUEHG�PROHFXOH�UHWDLQHG�LWV�DURPDWLF�IXQFWLRQDOLW\��ZRXOG�FRUUHVSRQG�WR LQ�SODQH�EHQGLQJ��G&+��DQG�VWUHWFK��Q&& DQG�Q&+�� PRGHV�� UHVSHFWLYHO\�� >���� ��@� DQG� �LLL�� WKH� DSSHDUDQFH� RI� SHDN� �� WKDW� FRXOG� EH�DWWULEXWHG� WR� DQ�RXW�RI�SODQH�EHQGLQJ�PRGH�� J&+�� >���� ��@� WKH� LQWHQVLW\� RI�ZKLFK� LV� WKH�KLJKHVW�RI�DOO�REVHUYHG�SHDNV�7KH� DEVHQFH� RI� D� Q2+ SHDN� LQGLFDWHV� HLWKHU� WKH� DEVHQFH� RI� D� SKHQROLF� 2�+�IXQFWLRQDO� JURXS� DQG�RU� WKH� LPSRVLWLRQ� RI� D� ULJLGO\� IODW� �K��� DGVRUEHG�DURPDWLF�RULHQWDWLRQ�� LQ� WKH� ODWWHU� FRQILJXUDWLRQ�� WKH� PHWDO�VXUIDFH� GLSROH� VHOHFWLRQ� UXOH� ZRXOG�UHQGHU�WKH�2�+�VWUHWFK +5((/6�LQDFWLYH�>��@��+RZHYHU��LI�WKH�GLSROH�VHOHFWLRQ�UXOH�ZHUH�WR�EH� VWULFWO\�REVHUYHG�� SHDNV������DQG��� �LI� WKRVH�ZHUH�DFWXDOO\� LQ�SODQH�DURPDWLF�ULQJ�PRGHV��ZRXOG�OLNHZLVH�KDYH�EHHQ�+5((/6�LQDFWLYH��+HQFH�� WKH�DSSHDUDQFH�RI�SHDNV���WR���FRXOG�EH�WDNHQ DV�DQ�LQGLFDWLRQ�WKDW�WKH�DGVRUEHG�PROHFXOH�LV�QRW�FRPSOHWHO\�RULHQWHG�SDUDOOHO�WR�WKH�VXUIDFH�EXW�LV�WLOWHG��DOEHLW�RQO\�VOLJKWO\��7KDW�WKH�RII�SDUDOOHO�WLOW�LV�PLQLPDO�



.LP��<��*��HW�DO��
LV�HYLGHQFHG�E\�WKH�RXW�RI�SODQH�SHDN�EHLQJ�DW�OHDVW�WKUHH�WLPHV�PRUH�LQWHQVH�WKDQ�WKH�LQ�SODQH�PRGHV��,Q�WKH�LQIUDUHG�VSHFWUXP�RI�XQERXQG�K\GURTXLQRQH�>��@��WKH�UHYHUVH�LV�WUXH��WKH�LQ�SODQH�PRGHV�DUH�DFWXDOO\�WKUHH�WLPHV�PRUH�LQWHQVH�WKDQ�WKH�RXW�RI�SODQH�YLEUDWLRQ��,W� VKRXOG�DOVR�EH�QRWHG� WKDW�� IRU�JDV�SKDVH�K\GURTXLQRQH�� WKH�2�+�SHDN� LV�FRQVLGHUDEO\�PRUH�LQWHQVH�WKDQ�WKH�&�+�VWUHWFK��\HW�WKH�+5((/�VSHFWUXP�RI�FKHPLVRUEHG�+�4�VKRZV�RQO\� WKH�&�+��ZLWKRXW� WKH�2�+��SHDN�� ,W�PD\� WKXV�EH�SRVWXODWHG� WKDW�� DW� OHDVW�XQGHU� WKH�FRQGLWLRQV� RI� WKH� SUHVHQW� H[SHULPHQWV�� +�4� LV� R[LGDWLYHO\� FKHPLVRUEHG� RQ� 3G� DV�EHQ]RTXLQRQH��4��LQ�D�VOLJKWO\�WLOWHG�K� RULHQWDWLRQ�

3G���+�4�DT� o 3G�K��4�DGV� ��+��J� ���
$Q�REVHUYHG�³UHVW�SRWHQWLDO�VKLIW´� LQ� WKH�QHJDWLYH�GLUHFWLRQ�XSRQ�FKHPLVRUSWLRQ�RI�+�4�SURYLGHV� HYLGHQFH� IRU� DQ� R[LGDWLYH�FKHPLVRUSWLRQ� UHDFWLRQ�� 7KH� +�4�DT�� ± WR� � 4�DGV�FKHPLVRUSWLRQ�SURFHVV�KDV�SUHYLRXVO\�EHHQ�UHSRUWHG�IRU�3W�>��������@�

)LJXUH����/(('�SDWWHUQ�RI�D�3G������F��[���&2�DGODWWLFH�DW�D�GLIIHUHQW�/(('�VHWWLQJ�WKDQ�WKDW�LQ�)LJXUH����EHDP�HQHUJ\  ����H9��EHDP�FXUUHQW� ����$��WR�LVRODWH�DQG�PDJQLI\�RQO\�WKH�VSRWV�ZLWKLQ�WKH�IUDFWLRQDO�LQGH[�SRVLWLRQV��,W�LV�PRUH�FRQYHQLHQW�WR�FRPSDUH�WKLV�SDWWHUQ�ZLWK�WKDW�IRU�WKH�VXSHULPSRVHG����[����DQG�F��[���VWUXFWXUHV�LQ�)LJXUH���
7R�LQYHVWLJDWH�IXUWKHU� WKH�QDWXUH�RI� WKH�DGVRUEHG�VSHFLHV�� LGHQWLFDO�+5((/6�(&�H[SHULPHQWV�ZHUH�FDUULHG�RXW�XVLQJ�EHQ]RTXLQRQH�DQG�3G�������,W�PXVW�ILUVW�EH�PHQWLRQHG�WKDW�QR� UHVW�SRWHQWLDO� VKLIW�ZDV� REVHUYHG� XSRQ� FKHPLVRUSWLRQ� RI�4�� XQOLNH� WKH� FDVH� IRU�+�4� MXVW� GHVFULEHG� DERYH�� WKDW� LV�� RQO\� VLPSOH� FKHPLVRUSWLRQ�� QHLWKHU� R[LGDWLYH� QRU�UHGXFWLYH��RFFXUV�ZKHQ�4�LQWHUDFWV�ZLWK�3G�

3G���4�DT� o 3G�K��4�DGV� ���



6XUIDFH�RUJDQRPHWDOOLF�FKHPLVWU\�RI�ZHOO�GHILQHG�SDOODGLXP�HOHFWURGHV ��
7KH�+5((/�VSHFWUXP�REWDLQHG�DIWHU�HPHUVLRQ�RI�WKH�3G������VXUIDFH�IURP�DQ�DTXHRXV���P0�7)$�������P0�4� VROXWLRQ� LV� VKRZQ� LQ�)LJXUH����� ,W� LV� FOHDU� WKDW� WKLV� VSHFWUXP� LV�HVVHQWLDOO\� LGHQWLFDO� WR� WKDW� VKRZQ� LQ� )LJXUH� ���� 7KH� FORVH� VLPLODULW\� EHWZHHQ� WKH� WZR�VSHFWUD�LQGLFDWHV�WKDW�WKH�DGVRUEHG�VSHFLHV�GHULYHG�IURP�DTXHRXV�+�4�LV�WKH�VDPH�DV�WKDW�JHQHUDWHG� IURP� DTXHRXV�4�� 6XFK� VSHFLHV� LV� DOPRVW� FHUWDLQO\� EHQ]RTXLQRQH�� FKHPLFDOO\�ERQGHG� WR� WKH� VXUIDFH� DV� LQ� WKH�RUJDQRPHWDOOLF� FRPSOH[�� 3W/�4��ZKHUH� WKH� OLJDQG�/� LV�WULSKHQ\OSKRVSKLQH��33K���>�����@�

)LJXUH�����6XUIDFH�UHFRQVWUXFWLRQV�RI�WKH�3G������F��[���&2�DGODWWLFH�EURXJKW�DERXW�E\�VWHS�ZLVH�DQRGLF�R[LGDWLRQ�RI�WKH�FKHPLVRUEHG�&2�
6WXGLHV�RQ�WKH�LQIUDUHG�VSHFWUD�RI�3W/�4�DQG�WKH�UHODWHG�RUJDQRPHWDOOLF�FRPSOH[��=HLVH¶V�VDOW��3W/��&�+����UHYHDOV�WKDW���L�� WKH�IUHTXHQF\�RI�WKH�FDUERQ\O�& 2�VWUHWFK�FDQ�EH�ORZHUHG�IURP����WR�����FP����GHSHQGLQJ�XSRQ�WKH�PHWDO�DQG�WKH�SRVLWLRQ�RI�WKH�& 2�IXQFWLRQDO� JURXSV�� XSRQ� FRRUGLQDWLRQ� RI� WKH� TXLQRQH� >���� ��@�� DQG� �LL�� S�EDFNERQGLQJ�IURP� WKH� PHWDO� WR� WKH� S� DQWLERQGLQJ� RUELWDO� RI� WKH� ROHILQ� ZHDNHQV� WKH� & &� ERQG� LQ�=HLVH¶V� FRPSOH[�E\�XS� WR����� FP����:KHQ� WKHVH� FRRUGLQDWLRQ�LQGXFHG� IUHTXHQF\� VKLIWV�DUH� WDNHQ� LQWR�DFFRXQW�� LW�ZRXOG�QRW�EH�XQUHDVRQDEOH� WR�FRQVLGHU� WKH�+5((/�VSHFWUD� LQ�
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)LJXUHV����DQG���� WR�EH�GXH� WR�D�VOLJKWO\� WLOWHG�3G�K��4�DGV� VXUIDFH�FRPSOH[�� ,Q�VXFK�D�FDVH�� WKH� IUHTXHQF\� DVVLJQPHQWV�ZRXOG�SUREDEO\�EH�DV� IROORZV��SHDN���a�J&+��SHDN���a�Q&& DQG�RU�G&+�� SHDN� ��a�Q&2�� DQG� SHDN� ��a�Q&+��$OO� EXW� WKH� �&+��EDVHG� SHDNV� LQ� WKH�VXUIDFH�FRPSOH[�DUH�UHG�VKLIWHG�UHODWLYH�WR�WKRVH�RI�WKH�XQERXQG�4��7KH�VPDOO�RIISDUDOOHO�WLOW�DOORZV�IRU�WKH�DFWLYDWLRQ�RI�WKH�LQ�SODQH�PRGHV�

)LJXUH�����+LJK�UHVROXWLRQ�HOHFWURQ�HQHUJ\�ORVV��+5((/��VSHFWUXP�RI�D�8+9�SUHSDUHG�3G������VXUIDFH�DIWHU�HPHUVLRQ�IURP�D���P0�DTXHRXV�VROXWLRQ�RI�WULIOXRURDFHWLF�DFLG��7)$��
6XSSRUW� IRU� WKH� QRWLRQ� RI� D� VOLJKWO\� WLOWHG� IODW�RULHQWHG� TXLQRQH� FDQ� EH� JOHDQHG�IURP� (&670� H[SHULPHQWV� �)LJXUH� ���� LQ� ZKLFK� D� 3G������ VLQJOH�FU\VWDO� IDFHW� ZDV�LPDJHG�ZKLOH�LPPHUVHG�LQ�DQ�DTXHRXV�VROXWLRQ�RI������P0�+�4�LQ������0�+�62���$V�FDQ� EH� VHHQ� IURP WKH� KLJK�UHVROXWLRQ� LPDJH�� RQH� RI� WKH� SDUD�R[\JHQV� LQ� D� TXLQRQH�PROHFXOH�LV�EULJKWHU��L�H���WRSRJUDSKLFDOO\�KLJKHU��WKDQ�WKH�RWKHU��7KDW�LV��WKH�RII�SDUDOOHO�WLOW� DULVHV� EHFDXVH� RQH� RI� WKH� R[\JHQV� LV� SRLQWHG� VOLJKWO\� XSZDUGV� ZKLOH� WKH� RSSRVLWH�R[\JHQ�LV�GLUHFWHG�VOLJKWO\�GRZQZDUGV��,W�LV�QRW�XQGHUVWRRG�DW�WKLV�WLPH�ZK\�WKH�TXLQRQH�PROHFXOH� GRHV� QRW� DGRSW� D� VWULFWO\� IODW�RULHQWHG� VSHFLHV�� DOWKRXJK� WKH� VOLJKW� WLOW�PD\� EH�UHODWHG�WR�SDFNLQJ�HIILFLHQF\��,W�VKRXOG�DOVR�EH�QRWHG�WKDW��ZKHQ�FKHPLVRUEHG�RQWR�WKH�3W�JURXS�PHWDOV��WKH�EHQ]HQH�PROHFXOH�LV�QRW�ULJLGO\�IODW�EXW�LV�EHQW�LQWR�D�ERDW�OLNH�VXUIDFH�VWUXFWXUH�>��@�
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)LJXUH�����+5((/�VSHFWUXP�RI�D�3G������VXUIDFH�DIWHU�HPHUVLRQ�IURP�D�����P0�DTXHRXV�VROXWLRQ�RI�K\GURTXLQRQH�LQ���P0�7)$�
(OHFWURQ�7UDQVIHU�$FFRPSDQLHG�E\�0ROHFXODU�5HRULHQWDWLRQ:H�UHFHQWO\�IRXQG�WKDW�VLWH�VHOHFWLYH�HQKDQFHPHQW�LQ�WKH�HOHFWURQ�WUDQVIHU�NLQHWLFV�RI� WKH� 4�+�4� UHGR[� FRXSOH� RFFXUV� DW� LRGLQH�SUHWUHDWHG� SODWLQXP� PHWDOV� >��@�� ,Q�SDUWLFXODU�� ZH� IRXQG� HVVHQWLDOO\� 1HUQVWLDQ� EHKDYLRU� LQ DTXHRXV� VROXWLRQV�� UHJDUGOHVV� RI�S+��ZKHQ�WKH�VXUIDFH�FRQWDLQHG�FKHPLVRUEHG�LRGLQH�HYHQ�DW�VXEPRQROD\HU�FRYHUDJHV��,Q�WKH�DEVHQFH�RI�DGVRUEHG�LRGLQH��WKH�PHWDO�LV�FRYHUHG�ZLWK�D�IXOO�OD\HU�RI�FKHPLVRUEHG�4��DQG�D�PLQLPXP�LQ�WKH�HOHFWURGH�NLQHWLFV�LV�REVHUYHG�DW�S+����,Q�RUGHU�WR�JDLQ�LQVLJKW�LQWR�WKLV� SKHQRPHQRQ��PROHFXOH�UHVROYHG�(&�670� LPDJHV�ZHUH� REWDLQHG� RI� D�ZHOO�RUGHUHG�3G���������î���5����,�VXUIDFH�LQ�D������0�+�62� VROXWLRQ�WKDW�FRQWDLQHG������0�+�4�DW�SRWHQWLDOV�ZKHUH��L��RQO\�+�4�LV�SUHVHQW�LQ�VROXWLRQ��DQG��LL��SDUWLDO�R[LGDWLRQ�WR�4�KDV�WDNHQ�SODFH�)LJXUH����VKRZV�WKH�F\FOLF�FXUUHQW�SRWHQWLDO�FXUYH� IRU� WKH�4�+�4�UHGR[�UHDFWLRQ�DW�D�3G���������î���5����,�HOHFWURGH�VXUIDFH�LQ������0�+�62���7KH�DUURZV�LQGLFDWH�WKH�WZR�SRWHQWLDOV�DW�ZKLFK�WKH�(&�670�LPDJHV�GHVFULEHG�KHUH�ZHUH�REWDLQHG��$W�(� �����9���RQO\�+�4�LV�SUHVHQW�LQ�VROXWLRQ��DW�(� �����9���SDUWLDO�R[LGDWLRQ�WR�4�WDNHV�SODFH�
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)LJXUH�����+5((/�VSHFWUXP�RI�D�3G������VXUIDFH�DIWHU�HPHUVLRQ�IURP�D�����P0�DTXHRXV�VROXWLRQ�RI�EHQ]RTXLQRQH�LQ���P0�7)$�

)LJXUH�����+LJK�UHVROXWLRQ�HOHFWURFKHPLFDO�VFDQQLQJ�WXQQHOLQJ�PLFURVFRSH�LPDJH�RI�D�3G������IDFHW�LPPHUVHG�LQ�D������P0�DTXHRXV�VROXWLRQ�RI�K\GURTXLQRQH�LQ������0�+�62���%LDV�YROWDJH� �����P9��7XQQHOLQJ�FXUUHQW� �����Q$�
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)LJXUH�����6WHDG\�VWDWH�F\FOLF�YROWDPPRJUDP�RI�3G����������[���5����,�LQ�D������0�+�62� WKDW�FRQWDLQHG������0�K\GURTXLQRQH��+�4���7KH�SRWHQWLDO�VFDQ�UDWH�ZDV����P9�V�)LJXUH� ��� VKRZV� WKH� (&�670� LPDJH� DW� (�� ZKHUH� DQ� RUGHUHG� DGODWWLFH� LV�SURGXFHG��,W�LV�LPSRUWDQW�WR�HPSKDVL]H WKDW��VLQFH�WKH�3G�VXUIDFH�KDV�EHHQ�SDVVLYDWHG�E\�WKH� FKHPLVRUEHG� ,� OD\HU�� QR� GLUHFW� 3G�RUJDQLF� LQWHUDFWLRQV� DUH� SRVVLEOH�� WKDW� LV�� WKH�RUJDQLF�PRQROD\HU�VHOI�DVVHPEOHV�LQ�D�ZHOO�RUGHUHG�VWUXFWXUH�SULPDULO\�GXH�WR�IDYRUDEOH�DGVRUEDWH�DGVRUEDWH�LQWHUDFWLRQV��,W�LV�HYLGHQW�IURP�WKH�(&�670�LPDJH�LQ�)LJXUH����WKDW�WKH�SK\VLVRUEHG�+�4�PROHFXOHV�DUH�RULHQWHG�SDUDOOHO�WR�WKH�VXUIDFH��WKH�DGOD\HU�VWUXFWXUH�LV�����î����5������K��+�4�

)LJXUH�����0ROHFXOH�UHVROYHG�(&�670�LPDJH�RI�3G����������[���5����,�LQ�D������0+�62� VROXWLRQ�WKDW�FRQWDLQHG������0�+�4�DW�(� �����9���%LDV�YROWDJH� �����P9��7XQQHOLQJ�FXUUHQW� ���Q$�
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:KHQ�WKH�SRWHQWLDO�LV�VWHSSHG�WR�(���WKH�(&�670�LPDJH�VKRZQ�LQ�)LJXUH����ZDV�REWDLQHG��7KUHH�IHDWXUHV�DUH�QRWHZRUWK\���L��DV�DW�(���DQ�RUGHUHG�VHOI�DVVHPEOHG�DGOD\HU�LV�JHQHUDWHG���LL��D�WZR�GLPHQVLRQDO�VWUXFWXUH�LGHQWLFDO�WR�WKDW�DW�(��FDQ�EH�GHULYHG��EXW��LLL��WKH�XQLW�PHVK�FRYHUDJH� LV� WZLFH� DV� ODUJH��7KH� GRXEOLQJ�RI� WKH� FRYHUDJH�� DV�ZHOO� DV� WKH�PROHFXODU� GLPHQVLRQV� H[WUDFWHG� IURP� WKH� (&�670� LPDJH�� LQGLFDWHV� D� PROHFXODU�UHRULHQWDWLRQ�� DIWHU�SDUWLDO�R[LGDWLRQ�� RI� WKH� VHOI�DVVHPEOHG� OD\HU� LQ�ZKLFK� WKH� LQLWLDOO\�IODW�DGVRUEHG�PROHFXOHV�DGRSW�D�YHUWLFDO��HGJHZLVH��RULHQWDWLRQ��2Q�FORVHU�VFUXWLQ\��LW�FDQ�EH� QRWHG� WKDW� WKH� YHUWLFDOO\�RULHQWHG� VSHFLHV� DUH� QRW� VWUXFWXUDOO\� LGHQWLFDO�� 2QH� LV�GLVFHUQLEO\�PRUH�HORQJDWHG�WKDQ�WKH�RWKHU��LQ�DGGLWLRQ��LW�FDQ�DOVR�EH�REVHUYHG�WKDW�WKHVH�QRQ�LGHQWLFDO�VSHFLHV�DUH�DUUDQJHG�DOWHUQDWHO\��%HFDXVH��DW�(���D�IUDFWLRQ�RI�WKH�+�4�KDV�EHHQ�FRQYHUWHG�WR�4��LW�LV�QRW�XQUHDVRQDEOH�WR�DVVRFLDWH�WKH��VOLJKWO\��ORQJHU�VSHFLHV�ZLWK�+�4� DQG� WKH� �VOLJKWO\�� VKRUWHU�PROHFXOHV� ZLWK� 4�� 7KLV� RQHGLPHQVLRQDO�� DOWHUQDWLQJ� 4�+�4�DUUDQJHPHQW�LV�YHU\�VLPLODU�WR�ZKDW�H[LVWV�LQ�WKH�FU\VWDO�VWUXFWXUH�RI�TXLQK\GURQH��DQ�HTXLPRODU�PL[WXUH� RI�4� DQG�+�4 �FI��� )LJXUH� ���� >��@�� 7KH� VHOI�DVVHPEOHG� DGODWWLFH� LQ�)LJXUH� ��� FDQ� WKXV� EH� GHVLJQDWHG� DV� ����î����5������K��4+�� ZKHUH� 4+� UHSUHVHQWV�TXLQK\GURQH�

)LJXUH�����0ROHFXOH�UHVROYHG�(&�670�LPDJH�RI�3G����������[���5����,�LQ�D������0�+�62� VROXWLRQ�WKDW�FRQWDLQHG������0�+�4�DW�(� �����9��:KHQ� WKH� SRWHQWLDO� LV� UHYHUWHG� IURP�(� EDFN� WR� (��� D� VWUXFWXUH� LGHQWLFDO� WR� WKDW�VKRZQ�LQ�)LJXUH����LV�REWDLQHG��7KLV�UHVXOW�SURYLGHV�HYLGHQFH�WKDW�WKH��SDUWLDO��R[LGDWLRQ�LQGXFHG� K��WR�K� DGVRUEHG�PROHFXOH� UHRULHQWDWLRQ� LV UHYHUVLEOH�� 6XFK� UHRULHQWDWLRQ�DSSHDUV� WR� EH� GULYHQ� E\� DWWUDFWLYH� 4�+�4� ³IDFH�WR�IDFH´� LQWHUDFWLRQV�� +HQFH�� DW� PRUH�SRVLWLYH�SRWHQWLDOV�ZKHUH�RQO\�4�ZRXOG�H[LVW�LQ�VROXWLRQ��DQ�RUGHUHG�VHOI�DVVHPEOHG�OD\HU�RI� K��RULHQWHG� 4� PROHFXOHV� ZRXOG� EH� DQWLFLSDWHG�� 8QIRUWXQDWHO\�� DW� WKRVH� SRWHQWLDOV��VHYHUDO� LQWHUIDFLDO�SURFHVVHV�RFFXU� �H�J���ODUJHU� IDUDGDLF�FXUUHQWV��KLJKHU�RUJDQLF�DGOD\HU�FRYHUDJHV�� DQG� ,�DGV��FDWDO\]HG� GLVVROXWLRQ� RI� 3G� >��@�� WKDW� SUHYHQW� WKH� REVHUYDWLRQ� RI�QRLVH�IUHH�(&�670�LPDJHV�
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)LJXUH�����7KH�FU\VWDO�VWUXFWXUH�RI�TXLQK\GURQH��DQ�HTXLPRODU�PL[WXUH�RI�4�DQG�+�4�>��@�+\GURTXLQRQHVXOIRQDWH)LJXUH����$��VKRZV�WKH�+5((/�VSHFWUXP�RI�D�3G������VXUIDFH�HPHUJHG�IURP�DQ�DTXHRXV� ��P0�7)$�������P0�K\GURTXLRQHVXOIRQDWH� �+46�� VROXWLRQ��7KUHH� LPSRUWDQW�IHDWXUHV�LQ�WKH�VSHFWUXP�VKRXOG�EH�SRLQWHG�RXW��7KH�ILUVW�LV�WKH�DEVHQFH�RI�D�SHDN�DW�FD������� FP�� ZKLFK�� EDVHG� XSRQ� WKH� LQIUDUHG� VSHFWUXP� RI� EXON� GLSKHQROLF� VSHFLHV� >��@��ZRXOG�KDYH� LQGLFDWHG�DQ�2�+�VWUHWFK� �Q2+���7KH�VHFRQG� LV� WKH�SUHVHQFH�RI� WKH�SHDNV�DW���������DQG������FP����UHVSHFWLYHO\��WKHVH�FRUUHVSRQG�WR�WKH�6�2��Q6�2���&�6��Q&6��DQG�6 2��Q6 2��VWUHWFK�PRGHV�RI�WKH�VXOIRQDWH�JURXS��7KH�WKLUG�LV�WKH�SUHVHQFH�RI�WKH�SHDNV�DW������ ����� DQG� ����� FP�� ZKLFK�� LI� WKH� DGVRUEHG� PROHFXOH� UHWDLQHG� LWV� DURPDWLF�IXQFWLRQDOLW\��ZRXOG� FRUUHVSRQG�� UHVSHFWLYHO\�� WR� RQH� RXW�RI�SODQH� EHQGLQJ�PRGH� �J&+��DQG�WZR�LQ�SODQH�VWUHWFK�PRGHV��Q& & DQG�Q&+��

)LJXUH�����+5((/�VSHFWUXP�RI�D�8+9�SUHSDUHG�3G������VXUIDFH��$��$IWHU�HPHUVLRQ�IURP�DQ�DTXHRXV���P0�7)$�������P0�+46�VROXWLRQ��%��$IWHU�HPHUVLRQ�IURP�DQ�DTXHRXV���P0�7)$�������P0�+46�VROXWLRQ��7KH�FU\VWDO�ZDV�ULQVHG�ZLWK�+46�IUHH���P0�7)$�VROXWLRQ�SULRU�WR�VXUIDFH�DQDO\VLV��([SHULPHQWDO�FRQGLWLRQV��LQFLGHQW�EHDP�HQHUJ\� ���H9��,QFLGHQFH�DQG�GHWHFWLRQ�DQJOHV� �����IURP�WKH VXUIDFH�QRUPDO��%HDP�FXUUHQW� �����S$�
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0ROHFXODU�PRGHOV� VXJJHVW� WKDW� FKHPLVRUSWLRQ� RI�+46� YLD� LWV� S�HOHFWURQ� V\VWHP�ZRXOG�UHVXOW�LQ�D�WLOWHG�IODW�RULHQWDWLRQ�EHFDXVH�RI�VWHULF�KLQGUDQFH�E\�WKH�EXON\�VXOIRQDWH�JURXS��WKH�WLOW�DQJOH�ZDV�HVWLPDWHG�WR�EH������7KXV��IRU�WKLV�DGVRUEDWH��WKH�PHWDO�VXUIDFH�GLSROH� VHOHFWLRQ� UXOH� >��@�� ZLWK� UHVSHFW� WR� WKH� LQ�SODQH� PRGHV�� PD\� QRW� EH� VWULFWO\�HQIRUFHDEOH��7KDW�WKH�RII�SDUDOOHO�WLOW�LV�PLQLPDO�LV�HYLGHQFHG�E\�IDFW�WKDW�WKH�RXW�RI�SODQH�EHQG��J&+��LV�DW�OHDVW�WKUHH�WLPHV�PRUH�LQWHQVH�WKDQ�WKH�LQ�SODQH�VWUHWFK��Q&+��$Q�LPSRUWDQW�FRQVHTXHQFH�RI� WKH� LQDSSOLFDELOLW\� RI� WKH�PHWDO�VXUIDFH� GLSROH� VHOHFWLRQ� UXOH� LV� WKDW� WKH�DEVHQFH�RI�D�Q2+ SHDN�FDQ�EH�UHJDUGHG�DV�DQ�LQGLFDWLRQ�RI�WKH�DEVHQFH�RI�D�SKHQROLF�2�+�IXQFWLRQDO�JURXS�7KH�SRVWXODWH�LV�WKXV�WKDW��DW�OHDVW�XQGHU�WKH�FRQGLWLRQV�RI�WKH�SUHVHQW�H[SHULPHQWV��+46� LV� R[LGDWLYHO\� FKHPLVRUEHG� RQ� 3G������ DV� EHQ]RTXLQRQH� VXOIRQDWH� �%46�� LQ� D�VOLJKWO\�WLOWHG�K� RULHQWDWLRQ�

3G���&�+��2+��62���DT� o 3G�K�� &�+�2�62���DGV� ��+��J� ���
ZKHUH�WKH�&�+��2+��62�� DQG�&�+�2�62�� DUH� WKH�UHGXFHG��+46��DQG�R[LGL]HG��%46��IRUPV�� UHVSHFWLYHO\�� 7KH� R[LGDWLYH� FKHPLVRUSWLRQ� UHDFWLRQ� ���� LV� LGHQWLFDO� WR� WKDW� IRU�K\GURTXLQRQH�GHVFULEHG�E\�(TXDWLRQ�����DERYH�

)LJXUH�����+LJK�UHVROXWLRQ�(&�670�LPDJH�RI�D�3G������VLQJOH�FU\VWDO�IDFHW�LPPHUVHG�LQ�DQ�DTXHRXV�����P0�+46�������0�+&O2� VROXWLRQ��([SHULPHQWDO�FRQGLWLRQV��ELDV�SRWHQWLDO� �����P9��WXQQHOLQJ�FXUUHQW� ����Q$�
,I�WKH�DGVRUEHG�PROHFXOH�ZHUH�LQ�WKH�TXLQRQH�IRUP��RQH�PD\�H[SHFW�D�SHDN�DW�FD�������FP���� WKH� IUHTXHQF\� WKDW�FRUUHVSRQGV�WR� WKH�LQ�SODQH�& 2��Q& 2��VWUHWFK�>��@��7KH�DEVHQFH�RI�WKLV�SHDN�LQ�)LJXUH����$��PD\�EH�UDWLRQDOL]HG�LQ�WHUPV�RI�ZKDW�LV�NQRZQ�IURP�WKH� RUJDQRPHWDOOLF� FKHPLVWU\� OLWHUDWXUH�� 3UHYLRXV� LQIUDUHG� VSHFWURVFRSLF� VWXGLHV� RI� WKH�SODWLQXP� FRPSOH[HV� RI� TXLQRQH� DQG� HWK\OHQH� KDYH� VKRZQ� WKDW�Q& 2 DQG� Q& & DUH� UHG�VKLIWHG�� XS� WR� ���� DQG� ���� FP�� UHVSHFWLYHO\�� UHODWLYH� WR� WKRVH� IRU� WKH� XQFRPSOH[HG�PROHFXOHV��:KHQ� VXFK� FRRUGLQDWLRQ�LQGXFHG� IUHTXHQF\� VKLIWV� DUH� WDNHQ� LQWR� DFFRXQW�� LW�ZRXOG� QRW� EH� XQUHDVRQDEOH� WR� FRQVLGHU� WKH� SHDN�DW� ����� FP���� RULJLQDOO\� DVVLJQHG� WR� D�& &�VWUHWFK��WR�DULVH�IURP�D�& 2�VWUHWFK��LQ�WKH�VDPH�YHLQ��WKH�SHDN�DW������FP�� FDQ�EH�
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