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F��(IIHFW�RI�WKH�SRO\PHU�VWUXFWXUH�LQ�WKH�HOHFWURFKHPLFDO�UHOD[DWLRQ�>��@,Q� RUGHU� WR� LQYHVWLJDWH� WKH� HIIHFW� RI� WKH� SRO\PHU� VWUXFWXUH� ZH� VWXGLHG� WKH�HOHFWURFKHPLFDO� UHOD[DWLRQ� HIIHFW� RQ� SRO\PHUV� HOHFWURV\QWKHVL]HG� IURP� PRQRPHUV� RI�ULQJ�VXEVWLWXWHG�DPLQHV��$PRQJ�WKHVH�W\SHV�RI�SRO\PHUV�ZH�KDYH�PHQWLRQHG�32$3��3%�



<EDUUD��*��HW�DO���
DQG�323'��,Q�WKHVH�SRO\PHUV��QR�UHOD[DWLRQ�HIIHFW�RFFXUV�ZKHQ�WKH�SRWHQWLDO� LV�KHOG�D�QHJDWLYH�YDOXHV��RQO\�D�YHU\�VPDOO�UHOD[DWLRQ� LV�REVHUYHG�ZKHQ�WKH�SRWHQWLDO� LV�KHOG�DW�SRVLWLYH�YDOXHV�� ,W� LV�ZHOO�NQRZQ�WKDW� WKHVH�SRO\PHUV�KDYH�D�³ODGGHU´� VWUXFWXUH�DV� WKDW�GHSLFWHG� RQ� )LJXUH� ��� ,W� LV� FOHDU� WKDW� VXFK� VWUXFWXUH�ZLOO� SUHYHQW� VXFK� SRO\PHUV� IURP�VXIIHULQJ�FRQIRUPDWLRQDO�FKDQJHV�GXULQJ�WKH�SRWHQWLDO�KROGLQJ�

)LJXUH�����D��9ROWDPPHWULF�UHVSRQVH��L' YV��('��RI�D�3DQL�ILOP�LQ���0�+&O2� DW�WKH�GLVN�HOHFWURGH��:  �������UDG�V����Y� ������9�V�����E��6LPXOWDQHRXV�UHFRUGLQJ�RI�WKH�FXUUHQW�FKDQJHV�DW�WKH�ULQJ�HOHFWURGH��'L5�YV��('��7KH�ULQJ�SRWHQWLDO�ZDV�VHW�WR�DERXW������9�YV��1&(��$UURZV�LQGLFDWH�WKH�SRWHQWLDO�VZHHS�GLUHFWLRQ���{��)LUVW�VZHHS���z��6HFRQG�VZHHS�
G 3URWRQ�H[FKDQJH�GXULQJ�WKH�UHOD[DWLRQ�RI�3DQL�ILOP�HOHFWURGHV >��@,W� LV� ZHOO� NQRZQ� WKDW� GXULQJ� WKH� UHGR[� VZLWFKLQJ� RI� HOHFWURGHV� PRGLILHG� ZLWK�3DQL�� DQG� RWKHU� DU\O� DPLQH� GHULYHG� SRO\PHUV�� LRQ� H[FKDQJH� ZLWK� WKH� VXUURXQGLQJ�HOHFWURO\WLF�PHGLD�RFFXUV��$QLRQ�H[FKDQJH�KDV�EHHQ�PHDVXUHG�E\�VHYHUDO�PHWKRGV�VXFK�DV�UDGLRWUDFHUV�>�����@��HOHFWURFKHPLFDO�TXDUW]�PLFUREDODQFH� �(40%��>�����@��H[� VLWX,5�>��@��(OHFWURFKHPLFDO�7XQQHOLQJ�0LFURVFRSH�>��@�DQG�3UREH�%HDP�'HIOHFWLRQ��3%'��



&RQIRUPDWLRQDO�FKDQJHV�GXULQJ�WKH�UHGR[�VZLWFKLQJ�RI�HOHFWURDFWLYH�SRO\PHUV ���
>�����@�� 7KHVH� H[SHULPHQWV� VKRZ� WKDW� GXULQJ� WKH� SRVLWLYH� KDOI� SRWHQWLDO� F\FOH�� DQLRQ�LQVHUWLRQ�WDNHV�SODFH��7KH�DQLRQ�LQVHUWLRQ�ODJV�WKH�HOHFWURFKHPLFDO�FXUUHQW�VKRZLQJ�WKDW�LW� VWDUWV� DIWHU� WKH�SRO\PHU�KDV�EHJXQ�EHLQJ�R[LGL]HG��3%'�H[SHULPHQWV� DOVR� VKRZ� WKDW�SULRU�WR�DQLRQ�LQVHUWLRQ��SURWRQV�EHJLQ�WR�EH�HMHFWHG IURP�WKH�ILOP��EXW�WKLV�WHFKQLTXH�LV�XQDEOH� WR� VHSDUDWH� ERWK� FRQWULEXWLRQV�� 8QIRUWXQDWHO\�� QR� PHDVXUHPHQWV� RI� DQLRQ�H[FKDQJH�DIWHU�SRO\PHU�UHOD[DWLRQ�KDV�EHHQ�UHSRUWHG�:H� KDYH� PHDVXUHG� WKH� GLIIHUHQFHV� EHWZHHQ� SURWRQ� H[FKDQJH� DW� VWHDG\� VWDWH�F\FOLQJ� DQG� DIWHU� UHOD[DWLRQ�� 7KLV� ZDV� GRQH� ZLWK� D� WHFKQLTXH� RI� 5RWDWLQJ� 5LQJ� 'LVN�(OHFWURGH�VLPLODU�WR�WKDW�SURSRVHG�E\�$OEHU\�DQG�&DOYR�>��@��7KH�H[SHULPHQWDO�UHVXOWV�VKRZ��)LJXUH���� WKDW�GXULQJ� WKH�SRVLWLYH�JRLQJ�SRWHQWLDO� VZHHS� WKH�DPRXQW�RI�SURWRQV�HMHFWHG� LV�DERXW� WHQ� WLPHV�JUHDWHU� DIWHU� UHOD[DWLRQ�DV�FRPSDUHG� WR� WKDW�H[SHOOHG�GXULQJ�WKH�VWHDG\�VWDWH��7KLV�PHDQV�WKDW�GXULQJ�UHOD[DWLRQ�SURWRQV�HQWHU�LQWR�WKH�ILOP��+RZHYHU��ZH�KDYH�VKRZQ�WKDW�WKLV�LV�QRW�WKH�UDWH�FRQWUROOLQJ�VWHS��VHH�VHFWLRQ�D���7KHUHIRUH�SURWRQ�HQWUDQFH�LV�WKH�FRQVHTXHQFH�RI�RWKHU�SURFHVV��ZKLFK�DW�WKLV�VWDJH�ZH�SRVWXODWH�DV�VORZ�FRQIRUPDWLRQDO�FKDQJHV�LQ�WKH�UHGXFHG�SRO\PHU�

)LJXUH����5HODWLYH�DUHD�FKDQJHV��D��DQG�F\FOLF�YROWDPPRJUDPV��E��DV�D�IXQFWLRQ�RI�HOHFWURGH�SRWHQWLDO�IRU�D�����P&�FP�� 327�ILOP�LQ���0�+�62����BB��)LUVW�F\FOH�DIWHU�FRPSOHWH�UHGXFWLRQ�DQG�UHOD[DWLRQ�DW�WKH�QHJDWLYH�OLPLW���«���6WHDG\�VWDWH�YROWDPPRJUDPV��6ZHHS�UDWH�Y� �������9�V���
H��9ROXPH�FKDQJHV�GXULQJ�WKH�UHOD[DWLRQ�RI�327�DQG�2V�%3393��>��������@



<EDUUD��*��HW�DO���
5HFHQWO\�ZH�KDYH�GHYHORSHG�D� WHFKQLTXH�E\�ZKLFK� WKH�YROXPH�FKDQJHV�GXULQJ�WKH�UHGR[�VZLWFKLQJ�RI�HOHFWURDFWLYH�SRO\PHUV�FDQ�EH�GRQH�>��@�� ,Q� WKH�ILUVW�YHUVLRQ�RI�WKHVH�H[SHULPHQWV�>��@�RQO\�WKH�UHODWLYH�FKDQJH�RI�DUHD�FRXOG�EH�PHDVXUHG�DQG�IRU WKLV�UHDVRQ�ZH�ZLOO�VKRZ�WKH�UHODWLYH�FKDQJHV�RI�DUHD��7KLV�WHFKQLTXH�LV�HVVHQWLDOO\�EDVHG�RQ�FDSWXULQJ�WKH�PLFURVFRSLF�LPDJH�RI�D�YHU\�WKLFN�SRO\PHU�ILOP�RQ�WRS�DQ�HOHFWURGH�RI�F�D�����PP�GLDPHWHU��,Q�)LJXUH���WKH�UHODWLYH�FKDQJHV�RI�WKH�SURMHFWHG�DUHD�RI�WKH�SRO\PHU�LV�VKRZQ� WRJHWKHU�ZLWK� WKH� YROWDPPHWULF� UHVSRQVH� IRU� VWHDG\� VWDWH� F\FOLQJ� �GDVKHG� OLQH��DQG�DIWHU�UHOD[DWLRQ��IXOO�OLQH��LQ�VXOIXULF�DFLG��,W�LV�FOHDU�WKDW�GXULQJ�UHOD[DWLRQ�WKH�DUHD��DQG� WKHUHIRUH� WKH� YROXPH�� RI� WKH� SRO\PHU� KDV� GHFUHDVHG� VXEVWDQWLDOO\�� 7KHVH�H[SHULPHQWV�KDYH�EHHQ�H[WHQGHG�WR�3DQL�LQ�GLIIHUHQW�HOHFWURO\WLF�PHGLD�>��@�3UHOLPLQDU\� H[SHULPHQWV� KDYH� EHHQ� SHUIRUPHG� GXULQJ� WKH� UHGR[� VZLWFKLQJ� RI�2V�%3393���$OWKRXJK�QRW�VR�PDUNHG�DV�LQ�WKH�FDVH�RI�327�>��@�DOVR�YROXPHV�FKDQJHV�KDYH EHHQ�REVHUYHG�

I��6ZHOOLQJ�RI�2V�,,��%3393��DV�D�IXQFWLRQ�RI�WKH�S+�RI�WKH�H[WHUQDO�PHGLXP�>��@$V�D�SDUW�RI�RWKHU�ZRUN��ZH�KDYH�PHDVXUHG�WKH�HIIHFW�RI�WKH�H[WHUQDO�HOHFWURO\WH�RQ� WKH� VZHOOLQJ�RI�2V�,,��%3393��� WKDW� LV�� RQ� WKH� UHGXFHG� IRUP�RI� WKLV� SRO\PHU��7KLV�SRO\PHU�FDQ�EH�FDVW�RQ�VROLG�VXEVWUDWHV�LQ�GLIIHUHQW�IRUPV��2QH�RI�WKHQ�FRQVLVW�VLPSO\�LQ�GHSRVLWLQJ�D�GURS�RI� WKH�FRPSOH[�VROXWLRQ�RQ�D� FRQYHQLHQW� VXEVWUDWH�DQG�DOORZLQJ� WKH�VROYHQW� WR� HYDSRUDWH�� ,Q� WKLV�ZD\� D� JOREXODU� GHSRVLW� LV� REWDLQHG��7KH� WKLFNQHVV� RI� WKH�ILOP�LQFUHDVHV�DV�WKH�S+�RI�WKH�VROXWLRQ�GHFUHDVHV��$�FXUYH�RI�WKH�GHSHQGHQFH�RI�WKH�ILOP�WKLFNQHVV� RQ� WKH� S+�RI� WKH� H[WHUQDO�PHGLXP� LV� VKRZQ� LQ�)LJXUH� ��� ,W� LV� LQWHUHVWLQJ� WR�SRLQW�RXW�WKDW�WKH�VZHOOLQJ�RI�WKH�SRO\PHU�DOVR�GHSHQGV�RQ�WKH�QDWXUH�RI�WKH�DQLRQ�RI�WKH�HOHFWURO\WH� LQ� WKH�H[WHUQDO�PHGLXP��)XUWKHU�ZRUN� LQ� WKLV�GLUHFWLRQ� LV� LQ�SURJUHVV�DW� WKH�WLPH�EHLQJ�

)LJXUH����2V�,,���3%393��ILOP�WKLFNQHVV�DV�D�IXQFWLRQ�RI�WKH�S+�RI�WKH�H[WHUQDO�PHGLXP�
J��&KDQJHV�RI�WKH�³LQ� VLWX´�89�9LV�VSHFWUDO�UHVSRQVH�RI�3DQL�GXULQJ�UHOD[DWLRQ� >��@



&RQIRUPDWLRQDO�FKDQJHV�GXULQJ�WKH�UHGR[�VZLWFKLQJ�RI�HOHFWURDFWLYH�SRO\PHUV ���
,Q�WKLV�ZRUN��HPSOR\LQJ�DQ�LQ�VLWX WHFKQLTXH�VLPLODU�WR�WKDW�GHVFULEHG�LQ�>��@��ZH�PHDVXUHG� WKH� DEVRUEDQFH� FKDQJHV� RI� 3DQL� DQG� 327�� LQ� GLIIHUHQW� HOHFWURO\WLF� PHGLD�GXULQJ� WKH�SRO\PHU� UHOD[DWLRQ��7KH� VSHFWUXP� RI�327� LQ�����0�+�62� LQ� VWHDG\� VWDWH��WKDW�LV�DW�WZ  ����LV�VKRZQ�LQ�)LJXUH����7KHUH�DUH�REVHUYHG�WZR�FRPSOH[�EDQGV�FHQWHUHG�DW�DURXQG�����DQG�����QP��7KH\�DUH�DVVRFLDWHG�ZLWK�WKH�S� HOHFWURQ�V\VWHP�RI�EHQ]HQH��,Q�)LJXUH���DUH�VKRZQ�WKH�GLIIHUHQFH�VSHFWUD�RI�327�LQ�����0�+�62���ZLWK�UHVSHFW�WR�WKDW�REWDLQHG�DW�WZ  ����REWDLQHG�DW�GLIIHUHQW�ZDLWLQJ�WLPHV��WZ���ZKLOH�WKH�SRO\PHU�LV�UHOD[LQJ�DW�(Z  � ����9�� 7KHUH�� LW� FDQ� EH� VHHQ� WKDW�� DV� WKH� SRO\PHU� SURJUHVVLYHO\� UHOD[HV�� WKH�DEVRUSWLRQ�EDQGV�DW�����DQG�����LQFUHDVH�LQ�LQWHQVLW\��WKH�ILUVW�RQH�VKLIWV�WR�WKH�UHG�DQG�WKH�FRPSOH[�EDQG�FHQWHUHG�DW�����QP�GRHV�QRW�VKLIW�GXULQJ�WKH�UHOD[DWLRQ�SURFHVV��$OVR��GXULQJ�WKH�UHOD[DWLRQ�VKRZ�XS�D�WKLUG�EDQG�DW�DURXQG�����QP�WKDW�LQFUHDVHV�LQ�LQWHQVLW\�GXULQJ� WKH� SURFHVV�� 2QH� RI� WKH� UHDVRQV� LQYRNHG� LQ� WKH� ELEOLRJUDSK\�� WR� H[SODLQ� WKHVH�VSHFWUDO�FKDQJHV��LV�WKH�RFFXUUHQFH�RI�FRQIRUPDWLRQDO�FKDQJHV�LQ�WKH�PDFURPROHFXOH��7R�YHULI\� WKLV� K\SRWKHVLV� ZH� KDYH� PDGH� VRPH� VHPLHPSLULFDO� =,1'2� +)� FDOFXODWLRQV�HPSOR\LQJ�GLIIHUHQW�FRQIRUPDWLRQ�RI�SRO\PHULF�XQLWV��IRUPHG�E\�IRXU�SRO\PHU�PRQRPHU�XQLWV�� 7KH� UHVXOWV� RI� WKHVH� FDOFXODWLRQV� VKRZ� WKDW� WKH� VSHFWUDO� WUDQVLWLRQV� XQGHUJR�VXEVWDQWLDO�FKDQJHV��VLPLODU�WR�WKRVH�UHSRUWHG�DERYH��GXULQJ�WKH�FRQIRUPDWLRQDO�FKDQJHV��6R�WKDW��DW�OHDVW�LQ�YDFXXP��FRQIRUPDWLRQDO�FKDQJHV�ZRXOG�H[SODLQ�WKH�VSHFWUDO�FKDQJHV�REVHUYHG�GXULQJ�WKH�UHOD[DWLRQ�SURFHVV��7KLV�RSHQV�VHYHUDO�H[SHULPHQWV�WR�PDNH�

)LJXUH����6SHFWUD�RI���D������������0�+�62����E���«���327�LQ�����0�+�62� LQ�WKH�VWHDG\�VWDWH���WZ ����DQG��F���BB��'LIIHUHQFH�VSHFWUXP�



<EDUUD��*��HW�DO���'LVFXVVLRQ,Q� ZKDW� IROORZV� ZH� VNHWFK� WKH� EDVLV� RI� D� YHU\� JHQHUDO� PRGHO� WKDW� DOORZV�H[SODLQLQJ� WKH� H[SHULPHQWDO� ILQGLQJV�RQ� WKH� EDVLV� RI�ZKDW� LV� DOUHDG\� NQRZQ� IURP� WKH�SK\VLFDO�FKHPLVWU\�RI�PDFURPROHFXOHV��0RUHRYHU��WKLV�PRGHO�ZRXOG�DOORZ�XV�WR�H[SODLQ�ZKDW� KDSSHQV� GXULQJ� WKH� UHGR[� VZLWFKLQJ� RI� HOHFWURDFWLYH� SRO\PHUV�� 'HWDLOV� RI� WKLV�PRGHO�DV�ZHOO�DV�WKH�UHVXOWV�RI�VRPH�FDOFXODWLRQV��PDGH�IURP�WKH�H[SHULPHQWDO UHVXOWV�RI�WKH� YROXPH� FKDQJHV� GXULQJ� WKH� UHGR[� VZLWFKLQJ� DQG� WKH� UHOD[DWLRQ� ZLOO� EH� SXEOLVKHG�HOVHZKHUH� >��@�� 7KLV� PRGHO� LV� KHDYLO\� EDVHG� RQ� DQRWKHU� PXFK� PRUH� VLPSOHU� DOUHDG\�SXEOLVKHG�>��@�%HIRUH�GHVFULELQJ� WKH�PRGHO��DQG�IRU� WKH�VDNH�RI�FRPSOHWHQHVV��ZH�ZLOO�EULHIO\�GHVFULEH� WKH� PHFKDQLVP� RI� WKH� ILUVW� FRXSOH� RI� WKH� UHGR[� VZLWFKLQJ� RI� 3DQL� OLNH�SRO\PHUV��

)LJXUH����'LIIHUHQFH�VSHFWUD��UHFRUGHG�DW�GLIIHUHQW�ZDLWLQJ�WLPHV�W� � WZ ������PLQ��ZKLOH�WKH�327�ILOP�LV�UHOD[LQJ�DW�(Z� �����9��LQ�����0�+�62��7KH�UHGXFHG�IRUP�RI�3DQL�LV�WKH�/HXFRHPHUDOGLQH�IRUP��/(��LQVXODWRU���:KHQ�LW�LV� VXEPLWWHG� WR� D� FRQYHQLHQW� SRVLWLYH� SRWHQWLDO� LW� LV� R[LGL]HG� WR� WKH� (PHUDOGLQH� IRUP��(0��FRQGXFWRU��DFFRUGLQJ�WR�UHDFWLRQ�����
��%�1+�%�1+�%�1+�%�1+��Q l ��%�1+�%�1+�%�1 4 1��Q ���Q+� ���QH ���

ZKHUH��1+� UHSUHVHQW�QRQ�SURWRQDWHG�DPLQH�JURXSV���1 �QRQ�SURWRQDWHG�LPLQR�JURXSV��%�UHSUHVHQWV�EHQ]RLF�ULQJV�DQG�4�TXLQRQLF�ULQJV��%RWK�IRUPV��/(�DQG�(0�DUH�SURWRQDWHG�WR� GLIIHUHQW� GHJUHHV� OHDGLQJ� WR� /+� DQG� (0+� IRUPV� >��@�� 7KH� SRO\PHU�� LQ� ERWK�



&RQIRUPDWLRQDO�FKDQJHV�GXULQJ�WKH�UHGR[�VZLWFKLQJ�RI�HOHFWURDFWLYH�SRO\PHUV ���
R[LGDWLRQ� VWDWHV�� DOVR� FRQWDLQV� GLIIHUHQW� DPRXQW� RI� DQLRQV�� DFFRUGLQJ� WR� LWV� R[LGDWLRQ�GHJUHH��LQ�RUGHU�WR�PDLQWDLQ�WKH�FKDUJH�FRPSHQVDWLRQ�>�����������������@�%RWK�� WKH� UHGXFHG� IRUP��/(��DQG� WKH�KDOI�R[LGL]HG�IRUP��(��RI� WKHVH�SRO\PHUV�FRQVWLWXWH�D�QHW�RI�SDUWLDOO\�FKDUJHG�SRO\HOHFWURO\WH�FKDLQV��:KHQ�VXFK�D�SRO\HOHFWURO\WH�LV�EURXJKW�LQ�FRQWDFW�ZLWK�DQ�HOHFWURO\WLF�VROXWLRQ�WKH�IROORZLQJ�FRQWULEXWLRQV�WR�WKH�IUHH�HQHUJ\�RI�WKH�SRO\PHU��VKRXOG�EH�FRQVLGHUHG�>�����@��L��:KHQ�WKH�SRO\PHU� LQWHUDFWV�ZLWK� WKH�VROYHQW��FKDQJLQJ� LWV�FRQIRUPDWLRQDO�VWUXFWXUH�DQG�LQFRUSRUDWLQJ�VROYHQW�PROHFXOHV��VZHOOLQJ���WKH�IUHH�HQHUJ\�LQYROYHG�LQ�WKH�SURFHVV�ZLOO� KDYH� D� WHUP� RI� IUHH� HQHUJ\� RI�PL[WXUH�� '$P�� SOXV�� DQG� DV� D� FRQVHTXHQFH� RI� WKH�VZHOOLQJ�� D� WHUP� RI� IUHH� HQHUJ\� RI� GHIRUPDWLRQ� RI� WKH� SRO\PHU�� 6LQFH� WKLV� ODVW�FRQWULEXWLRQ�LV�SXUHO\�HQWURSLF��ZH�ZLOO�FDOO�LW���7'6G���LL��$V�WKH�SRO\PHU�EHDUV�D�QHW�FKDUJH��WKHUH�ZLOO�DOVR�EH�D IUHH�HQHUJ\�RI�D�FRXQWHULRQ�LRQLF�DWPRVSKHUH�IRUPDWLRQ��'$HO���LLL��7KH�SRO\PHU DOVR�XQGHUJRHV�D�ELQGLQJ�HTXLOLEULXP�SURFHVV�GXH�WR�WKH�SRVVLELOLW\�RI�H[FKDQJLQJ�SURWRQV�ZLWK�WKH�VROXWLRQ��7KLV�SURFHVV�GHSHQGV�RQ�WKH�FKHPLFDO�SRWHQWLDO�RI�WKH� SURWRQV� LQ� VROXWLRQ� DQG� VR� WKHUH� ZLOO� EH� D� ERQGLQJ� IUHH� HQHUJ\� LQYROYHG� LQ� WKH�SURFHVV��'$ELQG��([SUHVVLRQV� IRU� WKHVH�FRQWULEXWLRQV�KDYH�EHHQ�ZRUNHG�RXW�DQG�FDQ�EH� IRXQG� LQ�WKH�OLWHUDWXUH��VHH�IRU�LQVWDQFH�>�����@��:H�ZLOO�FRQVLGHU� WKH�SRO\PHU�DV�D�VHSDUDWH�SKDVH�� ,W� LV� LQ�FRQWDFW��RQ�RQH�VLGH�ZLWK�D�VROXWLRQ��WKH�H[WHUQDO�VROXWLRQ��2Q�WKH�RWKHU�VLGH�LW� LV� LQ�FRQWDFW�ZLWK�D�PHWDOOLF�FRQGXFWRU� FDSDEOH� RI� SURYLGLQJ� KROHV� RU� HOHFWURQV� IRU� WKH� SRO\PHU� WR� EH� R[LGL]HG� RU�UHGXFHG��:H�ZLOO�FRQVLGHU�DQ�HOHFWURFKHPLFDO�SURFHVV�E\�ZKLFK�D�UHGXFHG�HOHFWURDFWLYH�SRO\PHU� LV� FRQYHUWHG� LQWR� DQ�R[LGL]HG�RQH��7KH�SRO\PHU� FRQWDLQV�1R[ DQG�1UHG� UHGR[�FHQWHUV��WKH�WRWDO�QXPEHU�RI�WKHP��1� �1R[ ��1UHG��LV�FRQVWDQW��7KH�FRQYHUVLRQ�RI�5HG�WR�2[�RFFXUV�WKURXJK�WKH�UHDFWLRQ���

5HG�l 2[� ��H��������������������������������������������������������������������������
:H ZLOO� DOVR� FRQVLGHU� WKDW� WKH� SRO\PHU� LQ� LWV� UHGXFHG� VWDWH� WR� FRQVLVW� RI� 1��UFKDLQV�HDFK�FRQWDLQLQJ��RQ�WKH�DYHUDJH��0��U� PRQRPHU�XQLWV��7KH�WRWDO�QXPEHU�RI�XQLWV�EHLQJ�0U  �1��U 0��U��6LPLODUO\��IRU�WKH�R[LGL]HG�IRUP�RI�WKH�SRO\PHU�ZH�GHILQH�1��R DQG�0R� UHVSHFWLYHO\�� )XUWKHUPRUH�� LQ� �DW�� DQ\� VWDWH� RI� R[LGDWLRQ�� WKH� SRO\PHU� IRUPV� D�QHWZRUN�RI�HQWDQJOHG�RU�FURVV� OLQNHG�FKDLQV��7KLV�QHWZRUN�LV�LQ�FRQWDFW�ZLWK�DQ�H[WHUQDO�VROXWLRQ�� DQG� LQ� HOHFWURFKHPLFDO� HTXLOLEULXP�ZLWK� WKH� VROYHQW�PROHFXOHV� DQG�ZLWK� WKH�GLIIHUHQW�LRQLF�VSHFLHV�SUHVHQW�WKHUH�7KH�SRO\PHU�LV�ERXQG�WR�VROYHQW�PROHFXOHV�WKURXJK�DQ�RVPRWLF�HTXLOLEULXP��:H�ZLOO�GHQRWH� WKH�QXPEHU�RI�ERXQG�VROYHQW�PROHFXOHV�DV�1�U DQG�1�R WR�WKH�UHGXFHG�DQG�R[LGL]HG�SRO\PHU��UHVSHFWLYHO\��)RU�VLPSOLFLW\��ZH�ZLOO�FRQVLGHU�WKDW�WKH�PRODU�YROXPH�RI�HDFK�PRQRPHU�XQLW�LV�RI�WKH�RUGHU�RI�PDJQLWXGH�RI�WKH�PRODU�YROXPH�RI�WKH�VROYHQW��Y���7KH�YROXPH�IUDFWLRQV�RI�SRO\PHU��I���RI�HDFK�W\SH�RI�SRO\PHU�DUH��I��U  �0U ���0U ��1�U��DQG�I��R  �0R ���0R ��1�R���,Q�D�VLPLODU�ZD\�DUH�GHILQHG�WKH�YROXPH�IUDFWLRQV�IRU�WKH�VROYHQW��2EYLRXVO\��I��R ��I��R  ���DQG�I��U ��I��U  ���
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ZKHUH� I LV� WKH� IUDFWLRQ�RI�RFFXSLHG�ELQGLQJ�VLWHV��F LV� WKH� LQWHUDFWLRQ�SDUDPHWHU�RI� WKH�SRO\PHU�ZLWK� WKH� VROYHQW�� , LV� WZLFH� WKH� LRQLF� VWUHQJWK� DQG� Y LV� WKH� QXPEHU� RI� FKDLQV�SDUWLFLSDWLQJ�LQ�WKH�GHIRUPDWLRQ��WKH�RWKHU�V\PEROV�KDYH�DOUHDG\�EHHQ�GHILQHG��1RWH�WKDW�DOO� WKHVH� FKHPLFDO� SRWHQWLDOV� UHVXOW� LQGHSHQGHQW� RI�0�� GHSHQGLQJ� RQO\� RQ� I��� 7KLV� LV�ORJLFDO� VLQFH� LW� KDV� EHHQ� DVVXPHG� WKDW� WKH� FKHPLFDO� QDWXUH� RI� WKH� SRO\PHU� GRHV� QRW�FKDQJH�2EYLRXVO\��WKH�FKHPLFDO�SRWHQWLDO�RI�HDFK�NLQG�RI�SRO\PHU�LV�WKH� VXP�RI�DOO�WKH�FRQWULEXWLRQV�
PSRO  �PELQG ��PHO ��PP ��PG ���

,Q� RUGHU� WR� ILQG� WKH� HOHFWURGH� SRWHQWLDO� ZH� SURFHHG� DV� EHIRUH� >��@� E\� ZULWLQJ� WKH�H[SUHVVLRQ� RI� WKH� GLIIHUHQWLDO� RI� IUHH� HQHUJ\� RI� WKH� V\VWHP� DQG� GLIIHUHQWLDWLQJ� ZLWK�UHVSHFW�WR�WKH�QXPEHU�RI�HOHFWURQV��1HOHF�
G$  �P
R[ G1R[ ��P
UHG G1UHG ��P
HOHF G1HOHF ��PSRO�R[ G0 SRO�R[ ��PSRO�UHG G0 SRO�UHG ���
ZKHUH�P
R[��P
UHG DQG�P
HOHF DUH�WKH�HOHFWURFKHPLFDO�SRWHQWLDOV�RI�WKH�UHGR[�FHQWHUV�DQG�RI�WKH�HOHFWURQV��:H�KDYH�VKRZQ�EHIRUH� WKDW� WKH�HOHFWURGH�SRWHQWLDO��(�� �D�GLIIHUHQFH�RI�D�FRQVWDQW��&��WKDW�GHSHQGV�RQ�WKH�UHIHUHQFH�HOHFWURGH��FDQ�EH�ZULWWHQ�DV�

)�( ��&�� ��w$�w1HOHF� 1�1R[�7 ����
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:KHUH� PR[ �� PUHG DQG� PHOHF DUH� WKH� FKHPLFDO SRWHQWLDOV� RI� WKH� UHGR[� FHQWHUV� DQG� WKH�HOHFWURQV�� 'HILQLQJ� WKH� IUDFWLRQ� RI� R[LGL]HG� FHQWHUV� DV� T  � 1R[�1 DQG� UHSODFLQJ� WKH�FKHPLFDO�SRWHQWLDOV�RI�WKH�UHGR[�FHQWHUV�ZULWWHQ�DV�PR[  �P� R[ ��57 OQ�T DQG�PUHG  �P�UHG��57 OQ����T���ZH�REWDLQ�
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$OO� WKH� FRQVWDQW� FKHPLFDO� SRWHQWLDOV� FDQ� EH� OXPSHG� LQ� D� IRUPDO� DSSDUHQW� VWDQGDUG�SRWHQWLDO��)(�¶� �P�R[ � P�UHG ��P�HOHF ��D �PSRO�R[ � PSRO�UHG���VR�WKDW�
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7KLV�LV�WKH�UHODWLRQ�EHWZHHQ�WKH�SRWHQWLDO�DQG�WKH�FKDUJH��7R�REWDLQ�WKH�FXUUHQW��SRWHQWLDO�UHODWLRQVKLS�LW�ZRXOG�VXIILFH�WR�WDNH�WKH�GHULYDWLYH�RI�WKLV�UHODWLRQ��:LWKLQ�WKH�DSSUR[LPDWLRQV�PDGH�LQ�WKLV�PRGHO�WKH�FKDUDFWHULVWLFV�RI�WKH�SRO\PHU�HQWHU�RQO\�LQ�WKH�DSSDUHQW� IRUPDO� SRWHQWLDO�� $FFRUGLQJ� WR� WKLV�� WKH� LQWHUDFWLRQ� RI� WKH� SRO\PHU� ZLWK� WKH�VROYHQW��WKH�HIIHFW�RI�WKH�LRQLF�VWUHQJWK�DQG�RI�WKH�FRQFHQWUDWLRQ�RI�ELQGLQJ�LRQV�VKRXOG�EH� UHIOHFWHG� RQ� (�¶�� ,W� LV� REVHUYHG� H[SHULPHQWDOO\� WKDW� WKH� IRUPDO� DSSDUHQW� SRWHQWLDO�GHSHQGV�RQ�WKLV�YDULDEOHV7KH�LQJUHVV��HJUHVV�RI�VROYHQW�PROHFXOHV�FDQ�EH�HDVLO\�H[SODLQHG�ZLWK�WKLV�PRGHO��/HW�XV�DVVXPH�WKDW�WKH�YROXPH�IUDFWLRQ�RI�WKH�XQLWV�RI�WKH�UHGXFHG�IRUP��I��U LV�VPDOOHU�WKDQ�WKDW�RI�WKH�R[LGL]HG�IRUP��7KHQ��DV�WKH�UHGXFHG�IRUP�LV�FRQYHUWHG�LQWR�WKH�R[LGL]HG�IRUP�VRPH�VROYHQW�PROHFXOHV�PXVW�FRPH�LQ�LQWR�WKH�SRO\PHU��,Q�D�VLPLODU�ZD\�LW�FDQ�EH�H[SODLQHG�WKH�LRQ�LQJUHVV��HJUHVV�GXULQJ�WKH�UHGR[�VZLWFKLQJ��1RZ��ZH�ZLOO�DVVXPH�WKDW�WKH�GHJUHH�RI�SURWRQDWLRQ�RI�WKH�UHGXFHG�IRUP�LV�VPDOOHU�WKDQ�WKDW�RI�WKH�R[LGL]HG�IRUP�7KHQ�� DV� WKH� SRO\PHU� LV� R[LGL]HG� VRPH� LRQV� PXVW� LQJUHVV� LQ� RUGHU� WR� PDLQWDLQ� WKH�HOHFWURQHXWUDOLW\� RI� WKH� SRO\PHU�� $OVR�� LI� WKH� GHJUHH� RI� SURWRQDWLRQ� RI� WKH� UHGXFHG�SRO\PHU� LV� VPDOOHU� WKDQ� WKDW� RI� WKH� R[LGL]HG� RQH�� VRPH� SURWRQV�PXVW� LQJUHVV� LQWR� WKH�SRO\PHU��+RZHYHU��LW�VKRXOG�EH�WDNHQ�FDUH�DW�WKLV�SRLQW�VLQFH�WKH�R[LGDWLRQ�UHDFWLRQ�RI�WKH� SRO\PHU� DOVR� SURGXFHV� SURWRQV�� ,Q� WKLV� FDVH�� WKH� QHW� UHVXOW� ZLOO� EH� WKH� GLIIHUHQFH�EHWZHHQ� WKH� SURWRQV� SURGXFHG�E\� WKH� HOHFWURFKHPLFDO� UHDFWLRQ� DQG� WKRVH� QHFHVVDU\� WR�SURGXFH�WKH�FKDQJHV�LQ�SURWRQ�ELQGLQJ�&RQFOXVLRQV:H� KDYH� SUHVHQWHG� HYLGHQFHV� WKDW� HOHFWURDFWLYH� SRO\PHUV� GR� VZHOO� DQG�� WKDW�GXULQJ�LWV�UHGR[�VZLWFKLQJ�WKH\�FKDQJH�WKH�VWDWH�RI�VZHOOLQJ�DQG�LWV�FRQIRUPDWLRQ�� ,W�LV�FOHDU�WKDW�ZKHQ�WKH�SRO\PHU�LV�R[LGL]HG�LW�EHFRPHV�RWKHU�FKHPLFDO�HQWLW\�DQG�WKHUHIRUH�LWV�LQWHUDFWLRQ�ZLWK�WKH�H[WHUQDO�PHGLXP�PXVW�FKDQJH�DQG��DV�D�FRQVHTXHQFH�RI�WKLV��LWV�
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