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DQG� PRUH� FRPSOH[� PROHFXODU� VWUXFWXUHV�+RZHYHU�� WKH� SUHVHQFH� RI� WKH� DERYH�QRWHGIDFWRU��WKH��M�V\PERO�ZLWK�]HUR�PRPHQW�SUR�MHFWLRQV��H[FOXGHV�WKH�SUHVHQFH�RI�SVHXGRLQ�YDULDQWV��7KLV�DOVR�DSSOLHV��LQ�SDUWLFXODU��WRHOHFWURVWDWLF� IRUFHV� �UHJDUGOHVV� RI� WKH� PR�OHFXODU� VKDSH� DQG�RU� FKDUJH� GLVWULEXWLRQRYHU�WKH�PROHFXOH���6WLOO��FKLUDO�LQWHUDFWLRQVFDQ� EH� �DQG� SUREDEO\� VKRXOG� EH�� SXUSRVHO\LQWURGXFHG� LQWR� WKH� DGGLWLYH� PRGHOV� E\PDQ\� ZD\V�� ZKHQ� WKUHH�� RU� PDQ\�SDUWLFOHGLVWULEXWLRQ� IXQFWLRQV� DUH� XVHG� LQ� RQH� RUDQRWKHU� IRUP� DV� D� UHVXOW� RI� UHFRPSXWDWLRQRI�SDLU�,0,�LQ�WKH�ILHOG�RI�D�WKLUG�PROHFXOH>��@��RU�ZKHQ�UHVWULFWLRQV�DUH�LPSRVHG��H�J��VWHULF�� XSRQ� PROHFXODU� GHJUHHV� RI� IUHHGRP>��@�� HWF�� 2XU� DVVHUWLRQ� WKDW� SVHXGRLQYDUL�DQWV�DUH�H[FOXGHG�LQ�DQLVRWURSLF�,0,�LV�DOVRLQ�DJUHHPHQW�ZLWK�FRQVLGHUDWLRQV�RI�/XEHQ�VN\� H�D�� >��@�� PROHFXODU� FKLUDOLW\� GRHV� QRWDOZD\V�LPSO\�FKLUDOLW\�RI�WKH�FRUUHVSRQGLQJLQWHUDFWLRQV�� DQG� WKH� SUHVHQFH� RI� FKLUDO� LQ�WHUDFWLRQV� LV� QRW� XQDPELJXRXVO\� UHODWHG� WRREVHUYHG� SURSHUWLHV�� H�J��� KHOLFDO� WZLVWLQJ�FKROHVWHULF�SLWFK��&RQVWUDLQWV�XSRQ�LQGH[HV��O���P���O���P��LQ� WKH�8�FRHIILFLHQWV� DUH� GXH� WR� V\PPHWU\SURSHUWLHV� RI� WKH� LQWHUDFWLQJ� PROHFXOHV�7KHVH� LQGH[HV� FRUUHVSRQG� WR� RULHQWDWLRQDORUGHULQJ� LQ� OLTXLG� DQG� PROHFXODU� FU\VWDOV�(�J���O�� �O�� ���FRUUHVSRQG�WR�PROHFXODU�RU�GHULQJ�PRGHOV� LQ� LVRWURSLF� OLTXLGV��DQG�O�� O�� ���Û� LQ� QHPDWLFV�� 7KH� LQGH[� O�� LQ� WKHH[SDQVLRQ� ���� FKDUDFWHUL]HV� WKH� V\PPHWU\�LI�SUHVHQW��RI�GLVWULEXWLRQ�RI�0&6�FHQWHUV�(�J���WKH�YDOXH�O�� ���FRUUHVSRQGV�WR�PRGHOVGHVFULELQJ� RUGHULQJ� RI� WKHVH� FHQWHUV� LQ� LVR�WURSLF�OLTXLGV�DQG�QHPDWLFV��)RU�GHVFULSWLRQRI� VPHFWLFV�� FRHIILFLHQWV�ZLWK�O��!���DUH� UH�TXLUHG�� ,Q�WKLV�UHODWLRQ��RQH�VKRXOG�UHPHP�EHU� WKDW� PXOWLSROH� H[SDQVLRQV� RI� HOHFWUR�VWDWLF� IRUFHV� FDQ� EH� GLUHFWO\� UHODWHG� WR� WKHRULHQWDWLRQDO� RUGHULQJ� LQ� PROHFXODU� ILHOGPRGHOV� RQO\� LQ� V\VWHPV� ZLWK� YLRODWLRQV� RIWUDQVODWLRQDO� V\PPHWU\� �VHH� UHIHUHQFHV� LQ>��@��� H�J��� LQ� VPHFWLFV�� FROORLGV�� LQ� WKH� YL�FLQLW\� RI� LQWHUIDFHV� DQG� SKDVH� ERXQGDULHV�DQG�� QDWXUDOO\�� LQ�PROHFXODU� FU\VWDOV�� (�J��O�� ��� FRUUHVSRQGV� WR� WKH� TXDGUXSROH�W\SHRUGHULQJ�RI�PROHFXODU�FHQWHUV��,Q�WKLV�ZRUN��ZH�OLPLW�RXUVHOYHV�WR�VWXG\�LQJ� WKH� UROH� RI� PROHFXODU� VKDSH� LQ� PHVR�JHQLF� V\VWHPV�� )RU� RXU� SUREOHP�� WKH� PRVWDSSURSULDWH� VHHP� WR� EH� �VWDQGDUG�� PRGHOVRI� PROHFXOHV� XVHG� LQ� FRPSXWHU� PRGHOLQJ�VHH�� H�J��� >��@� �� ZLWK� UHDO� JHRPHWU\�� UHDOYDOXHV� RI� DWRPLF� PDVV� �KHQFH�� FDOFXODWHGPRPHQWV� RI� LQHUWLD��� EXW� ZLWK� RQH� GLIIHU�HQFH��1DPHO\��ZH�DVVXPH�WKDW�VLPLODU�DWRPV

RI� DOO�PROHFXOHV� FUHDWH� VLPLODU� IRUFH� ILHOGV�L�H��� WKH� HQHUJ\� SDUDPHWHUV� FKDUDFWHUL]LQJDWRP�DWRP� �QRQ�YDOHQFH�� LQWHUDFWLRQV� DUHWKH�VDPH��$V�0&6��ZH�FKRVH�WKH�V\VWHPV�RISULQFLSDO�PRPHQWV�RI� LQHUWLD��6XFK�D�PRGHOZDV� DOVR� XVHG� LQ� >��Ü��@�� UHIOHFWLQJ� WKHLGHDV�DQG�SHUFHSWLRQV�RI� LQWHUDFWLRQ�RI�XQL�IRUP� ��KRPRJHQHRXV��� PROHFXOHV� >������@�7KH� DWRP� FRRUGLQDWHV� IRU� HDFK� PROHFXOHZHUH� WDNHQ� IURP�$0���PROHFXODU� G\QDPLFVFDOFXODWLRQV�� $V� LQLWLDO� DWRP�� DWRP� SRWHQ�WLDOV��ZH�KDYH� FKRVHQ�/HQQDUG�-RQHV�SRWHQ�WLDOV��IRU�QRQ�YDOHQFH�LQWHUDFWLRQV��ZLWK�WKH�HQ�HUJ\�FRQVWDQWV�v�� ������⋅�����NFDO�PROÜ��$Ü���v��� ������⋅���� �NFDO� PROÜ�� $Ü���� IRU� DOL�SKDWLF�FDUERQ�DWRPV�>��@���)URP�WKH�H[SUHV�VLRQV������DQG������RI�>�@��XVLQJ�WKH�JDPPD�IXQFWLRQ� SURSHUW\� �Γ(]+�)�=�]Γ(])�� IRU�8�FR�HIILFLHQWV� RI� WKH� ORQJ�UDQJH� SDUW� RIDQLVRWURSLF�,0,�ZH�REWDLQ��
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$V�D�UHVXOW�RI�PXOWLSOH�WULDO�FDOFXODWLRQV�ZH� KDYH� IRXQG� WKDW� IRU� RXU� PROHFXOHV� WKHYDOXH� SPD[� ����� JLYHV� WKH� DFFXUDF\� RIDERXW�������)RU�PRGHO� FDOFXODWLRQV��ZH� FKRVH� W\SLFDOPHVRJHQLF� PROHFXOHV� �� FKROHVWHU\O� DFHWDWHDQG� 0%%$�� DV� ZHOO� DV� PROHFXOHV� RI�2�� Ò+�2�� 7KUHH� SRVVLEOH� FRQIRUPDWLRQDO� VWDWHVRI�WKH�0%%$�PROHFXOH�ZHUH�FRQVLGHUHG��GLI�IHULQJ� LQ� WKHLU� DQLVRPHWU\�� 6XFK� FKRLFH� RIPROHFXODU�VWUXFWXUHV��DORQJVLGH�ZLWK�DSSUR�EDWLRQ�RI�RXU�PHWKRG��ZDV�DLPHG�DW�XQGHU�VWDQGLQJ�DQLVRWURSLF�,0,�DV�IXQFWLRQ�RI�WKHPROHFXODU�VKDSH��ILUVW�RI�DOO��RI�DQLVRPHWU\�DQG�� LQ� WKLV� VHQVH�� RI� FRQIRUPDWLRQV�� 7KHWKUHH�FRQIRUPDWLRQV�RI�0%%$�DUH�VFKHPDWL�
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FDOO\� VKRZQ� LQ� )LJ���� LQ� WKHLU� UHVSHFWLYH06&� �GLUHFWLRQV� RI� D[HV� VKRZQ� E\� GRWWHGOLQHV��� 7KH� VWDEOH� VWDWH� RI� 0%%$� PROHFXOHLQ� WKH� OLTXLG� FU\VWDOOLQH� SKDVH� LV� VKRZQ� LQ)LJ���D�� 7KH� H[FLWHG� VWDWHV� DUH� VKRZQ� LQ)LJV���E� DQG� �F� �ZH� GHQRWH� WKHVH� VWDWHV� DV0%%$��� DQG�0%%$����� 3HFXOLDU� SURSHUWLHVDQG�SK\VLFDO�HIIHFWV�WKDW�DUH�UHODWHG�WR�GLI�IHUHQW� FRQIRUPDWLRQV� RI� 0%%$� PROHFXOHVZHUH� VWXGLHG� LQ� m� >��Ü��@�� ,W� VKRXOG� EHQRWHG� WKDW� 0%%$��� GLIIHUV� IURP� 0%%$��RQO\�E\�FRQIRUPDWLRQ�RI� LWV�DON\O� WDLO��7KLVFRQIRUPDWLRQ�FDQ�H[LVW�LQ�WKH�VDPH�FRQGLWLRQVDV� 0%%$���� VLQFH� WKH� HQHUJ\� RI� FRQIRUPD�

WLRQDO� WUDQVLWLRQV� LQ� DON\O� FKDLQV� LV� VPDOO� DVFRPSDUHG� ZLWK� WKHUPDO� HQHUJ\� >��@��2XU�FDOFXODWHG�SORWV�IRU�8�FRHIILFLHQWV�DVIXQFWLRQ� RI� WKH� GLVWDQFH� 5� EHWZHHQ� WKHPROHFXOH� FHQWHUV� DUH� RI� D� FKDUDFWHULVWLFIRUP�ZLWK�D� ORFDO�PD[LPXP� �RU�PLQLPXP��$W� ODUJH�5�� WKH\� DUH� DSSURDFKLQJ� ]HUR�� UH�PDLQLQJ� SRVLWLYH� RU� QHJDWLYH�� UHVSHFWLYHO\�$W�VPDOO�LQWHUPROHFXODU�GLVWDQFHV��WKH�8�FR�HIILFLHQWV� WHQG�� UHVSHFWLYHO\�� WR� SOXV� RUPLQXV� LQILQLW\� DW� 5� �56� �����/����/���ZKHUH�/��Ò�/��DUH�PD[LPXP�GLPHQVLRQV�RIWKH�LQWHUDFWLQJ�PROHFXOHV�>�@��,Q�RXU�IROORZ�LQJ�GLVFXVVLRQV��ZH�ZLOO�FRQVLGHU�D�VSKHUH�RI
7DEOH��9DOXHV�RI�8�FRHIILFLHQWV�DW�WKH�ORFDO�H[WUHPXP�SRLQWV�
O�O�O� &KRO�&KRO &KRO�0%%$ &KRO�0%%$�� &KRO�0%%$�� &KRO��DWRP &KRO�+�2 0%%$�0%%$ 0%%$�0%%$������� Ü���� Ü���� Ü���� Ü���� Ü���� Ü���� Ü����� Ü�������� Ü������ Ü������ ������ ����� ������ ������ Ü����� ���������� Ü���� Ü����� Ü����� Ü���� Ü���� Ü���� ����� ���������� Ü���� Ü����� ����� ���� ����� ����� ����� Ü��������� Ü������ Ü������ Ü������ ����� �⋅��Ü� �⋅��Ü� Ü������ ������������ ���� ����� ���� ��� ���� Ü���� Ü��������� ���� ����� Ü����� Ü������� Ü������� ���� ����

)LJ�� ��� &DOFXODWHG� � 8����=�8�����(5)� SORWV� IRUWZR�SDLUV�RI�PROHFXOHV��D��FKROHVWHU\O�DFHWDWH�� 0%%$� �LQ� WKH� EDVLF� VWDWH��� E�� FKROHVWHU\ODFHWDWH���0%%$����LQ�WKH�H[FLWHG�VWDWH��
)LJ�� ��� 7KUHH� FRQIRUPDWLRQDO� VWDWHV� RI� WKH0%%$� PROHFXOH�� D�� WKH� PRVW� VWDEOH� �EDVLF�VWDWH��E��DQ�H[FLWHG�VWDWH�>��@��F��DQRWKHU�SRV�VLEOH� H[FLWHG� VWDWH�� ZKLFK� GLIIHUV� IURP� WKHFDVH� �E��E\� WKH�DON\O� FKDLQ�FRQIRUPDWLRQ�� UH�VXOWLQJ�LQ�ORZHU�PROHFXODU�DQLVRPHWU\�
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UDGLXV� 5V� FHQWHUHG� DW� WKH� 06&� RULJLQ�� ZHZLOO�FDOO�LW�D��VLQJXODU�VSKHUH���$V�DQ�H[DP�SOH��8�����(5)� GHSHQGHQFHV� DUH� VKRZQ� LQ�)LJ��� IRU� WZR� SDLUV� RI� PROHFXOHV�� FKROHVWHU\ODFHWDWH� Û� 0%%$� �)LJ���D�� DQG� FKROHVWHU\ODFHWDWH�Û�0%%$����)LJ���E���:H�KDYH�OLPLWHG�RXUVHOYHV�WR�FDOFXODWLRQVRI� 8�FRHIILFLHQWV� ZLWK� ORZHU� LQGH[HV� HTXDOWR� ]HUR�� IRU� EUHYLW\�� ZH� RPLW� WKHP� LQ� H[�SUHVVLRQV� EHORZ�� )RU� GLIIHUHQW� LQGH[HV� DQGPROHFXODU�SDLUV��WKHVH�SORWV�DUH�GLIIHUHQW�LQVFDOH�� .QRZLQJ� TXDOLWDWLYHO\� WKH� JHQHUDOIRUP�RI� WKH�SORWV��ZH� FDQ�UHODWH� WR�HDFK�RIWKHP� MXVW� RQH� QXPEHU�Û� WKH�8�FRHIILFLHQWYDOXH�DW�WKH�ORFDO�H[WUHPXP��5HVXOWV�RI�RXUFDOFXODWLRQV� DUH� SUHVHQWHG� LQ� 7DEOH���� 7KHWKUHH� ILJXUHV� LQ� WKH� ILUVW� FROXPQ� GHQRWH� D8�FRHIILFLHQW� ZLWK� WKHVH� LQGH[HV�� DQG� WKHILUVW� OLQH� LQGLFDWHV� WKH� SDLU� RI� LQWHUDFWLQJPROHFXOHV�$W� ILUVW��ZH� FDUULHG� RXW� FDOFXODWLRQV� IRUSDLUV� FKROHVWHU\O� DFHWDWH�Û�0%%$� �LQ� GLI�IHUHQW� FRQIRUPDWLRQ� VWDWHV���:H�QRWLFHG� DQXQXVXDO� EHKDYLRU� Û� LQYHUVLRQ� RI� WKH� GH�SHQGHQFHV� IRU�8���� Ò�8����� 7KHVH� GHSHQG�HQFHV�DUH�RI�SULPDU\�LPSRUWDQFH�IRU�PROHFX�ODU�PRGHOV�RI�PHVRSKDVHV��(�J���8����GHWHU�PLQHV� WKH� WUDQVLWLRQ� UHPSHUDWXUH� IURPLVRWURSLF�OLTXLG�WR�QHPDWLF��>�Ü�@���2XU�GDWDLQGLFDWH� WKDW�SURSHUWLHV� RI�PL[WXUHV� FDQ�EHTXDOLWDWLYHO\�FKDQJHG�XSRQ�YDULDWLRQV�LQ�DQ�LVRPHWU\� RI� RQH� RI� WKH� FRQVWLWXHQW� PROH�FXOHV�� 7R� FKHFN� XS� WKH� YDOLGLW\� RI� WKLV� RE�VHUYDWLRQ��ZH�FRPSOHPHQWHG�WKH�WDEOH�E\�WKHUHVXOWV� RI� VLPLODU� FDOFXODWLRQV� IRU� LQWHUDF�WLRQV� RI� FKROHVWHU\O� DFHWDWH�ZLWK�ZDWHU� DQGD� WZR�DWRP� PROHFXOH� �PHDQLQJ�� H�J��� 2���7KH� UHVXOWV� REWDLQHG� FDQ� EH� H[SUHVVHG� E\WKH�IROORZLQJ�UHODWLRQVKLS����8��λλ�(5)���(/�Fλ�−�/�)W���W���=�

��(PRG��)��LI�PROHFXOHV���DQG���DUH�GLIIHUHQW��λ≠��(PRG��)��LI�PROHFXOHV���DQG���DUH�LGHQWLFDO �������

ZKHUH�/�Fλ� LV�WKH�OHQJWK�RI�WKH�VHFRQG�PROH�FXOH� DW� ZKLFK�8��λλ�(5)�=���� RU� E\� D� VLPLODUUHODWLRQVKLS� ZLWK� OHQJWKV� UHSODFHG� E\� WKHFRUUHVSRQGLQJ� DQLVRPHWULHV�� � ε�� �/��D��DQG� ε�Fλ�� +HUH� D�� LV� WKH� VPDOOHVW� PROHFXODUGLPHQVLRQ� �L�H��� GLDPHWHU�� LI� WKH� PROHFXODUVKDSH�LV�DSSUR[LPDWHG�E\�D�F\OLQGHU���7KH� UHODWLRQVKLS� ����� LV� DOVR� LOOXVWUDWHGE\� )LJ�����:H� VKDOO� FDOO� WKLV� EHKDYLRU� �LQ�YHUVLRQ�RI�WKH�8�FRHIILFLHQW�GHSHQGHQFHV��RUMXVW��8�LQYHUVLRQ��$V�ZH�DOUHDG\�QRWHG�LQ�WKH�SUHYLRXV�SDUWRI� WKLV� SDSHU�� ,0,� GHSHQG� RQ� WKH� FKRLFH� RIWKH�PROHFXODU�V\VWHP�RI�FRRUGLQDWHV� �06&��

,Q� RXU� FDVH�� WKHUH� DUH� WKUHH� REYLRXV� 06&FKRLFHV�� WKH� ILUVW� RQH� LV� REWDLQHG� E\� GL�DJRQDOL]DWLRQ�RI�WKH�LQHUWLD�PRPHQW�WHQVRU�DQG�WKH�RWKHUV�DUH�REWDLQHG�IURP�WKH�GLVWUL�EXWLRQ� RI� v�� DQG� v��� IRUFH� FRQVWDQWV� RYHUWKH� PROHFXOH�� /HW� XV� FKHFN� XS� DQ� DVVXPS�WLRQ�WKDW�WKH�8�LQYHUVLRQ�LV�D�FHUWDLQ�FRQVH�TXHQFH�RI�D�UHODWLYH�VKLIW�DQG�RU�URWDWLRQ�RIWKHVH� 06&�� 3XWWLQJ� DOO� PDVVHV� HTXDO� �DVZHOO� DV� IRUFH� FRQVWDQWV��� ZH� VXSHUSRVH� DOOWKUHH�0&6��7KHQ�ZH�FDUU\�RXW�DOO�WKH�FDOFX�ODWLRQV�DJDLQ�DQG�REWDLQ�D�VLPLODU�WDEOH��7KHILJXUHV� REWDLQHG� DUH� VOLJKWO\� GLIIHUHQW�� EXWWKH� TXDOLWDWLYH� SLFWXUH� UHPDLQV� WKH� VDPH�,�H��� WKH� SKHQRPHQRQ� RI�8�LQYHUVLRQ� LV� LQ�YDULDQW�ZLWK�UHVSHFW�WR�06&�FKRLFH�7KH�IRUFH�FRQVWDQWV�RI�DWRP�DWRP�SRWHQ�WLDOV�IRU�GLIIHUHQW�DWRPV�DUH�GHWHUPLQHG�HP�SLULFDOO\�� 6R�� WKH� YDOXHV� REWDLQHG� KDYH�� LQIDFW��DEVRUEHG�HIIHFWV�RI�QRQ�DGGLWLYLW\�DQGRWKHU�SK\VLFR�FKHPLFDO�SURSHUWLHV�RI�WKH�PH�GLXP� IRUPHG� E\� WKHVH� DWRPV�� DV�ZHOO� DV� RIWKH� XVHG� PHDVXUHPHQW� PHWKRGV� DQG� DV�VXPHG�WKHRUHWLFDO�QRWLRQV�RQ�,0,��)RU�HDFKFODVV� RI� VXEVWDQFHV�� LWV� RZQ� VHW� RI� WKHVHSDUDPHWHUV� LV� GHYHORSHG� >��@�� 0D\EH� RXUFKRLFH�FRUUHVSRQGV�VRPHKRZ�WR�K\GURSKRELFLQWHUDFWLRQV� DV� D� VSHFLILF� W\SH�RI� ,0,�� WKXVPDNLQJ� WKH� 8�LQYHUVLRQ� D� SUHGHWHUPLQHGIDFW"�:H�DJDLQ� FDUULHG�RXW� VLPLODU� FDOFXOD�WLRQV� XVLQJ� DWRP�DWRP� SRWHQWLDOV� IRU� ILYHPRUH� W\SHV� RI� FDUERQ� DWRP�� DV� ZHOO� DV� IRUR[\JHQ��ZKLFK�LV�REYLRXVO\�QRW�K\GURSKRELF�JLYHQ� LQ� >��@��7KH�REWDLQHG�VL[�PRUH�WDEOHVDUH� DOVR� GLIIHUHQW� LQ� QXPHULFDO� YDOXHV�� EXWTXDOLWDWLYHO\� DUH� IXOO\� VLPLODU� WR� 7DEOH���,�H��� WKH�8�LQYHUVLRQ� LV� GHWHUPLQHG� E\� PR�OHFXODU�JHRPHWU\�� DQG�QRW�E\� VSHFLILF�SURS�HUWLHV�RI�WKH�FRQVWLWXHQW�DWRPV��/HW�XV�GHWHUPLQH�LV�VXFK�EHKDYLRU�LV�SRV�VLEOH� IRU�8�FRHIILFLHQW�VHULHV��)URP�DQDO\WL�FDO� VWUXFWXUH� RI� WKH� VHULHV� ���� RQH� FDQ� FRQ�FOXGH�WKDW�WKHLU�TXDOLWDWLYH�IHDWXUHV�DUH�HV�

)LJ�����*UDSKLF�UHSUHVHQWDWLRQ�RI�WKH�)����S�5�VXUIDFH�
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VHQWLDOO\� GHWHUPLQHG� E\� WKH� SURSHUWLHV� RI)O�O�O�(S�5)�IXQFWLRQV��7KHVH�DUH�SRO\QRPLDOV�LI�ZH� FRQVLGHU� WKH� ILUVW� �LQGH[LQJ�� YDULDEOHDV�FRQWLQXRXV��,Q�)LJ�����RQH�RI�WKHVH�IXQF�WLRQV�LV�SORWWHG�DW��O�O�O��� ��������)RU�RWKHULQGH[HV�� WKH� FRUUHVSRQGLQJ� VXUIDFHV� DUHVLPLODU��/HW�XV�GHQRWH�WKH�LQWHUQDO�VXP�LQ�����DV0P�P�O�O� �=�∑�V�+V�=S�%�V�V��O�O� UO�P��V�_____
(�)UO�P��V�_____

(�)� ����
7KH� H[SUHVVLRQ� ����� FDQ� EH� SUHVHQWHG� DVIXQFWLRQ� GHILQHG� RQ� WKH� VXUIDFH� RI� )LJ����DQG� WKH� UHVXOW� RI� VXPPDWLRQ� LQ� ���� Û� DVSDVVLQJ�DORQJ�D� FHUWDLQ� WUDMHFWRU\� �ZLWK� LQ�WHJHU�¯���)RU� WKH�JLYHQ� VHW�RI� LQGH[HV�� WKLVWUDMHFWRU\� ZLOO� EH� GHILQHG� E\� SURSHUWLHV� RI0P�P�O�O� (S����)�� L�H�� ILQDOO\�� E\� WKH�PROHFXODUVWUXFWXUH��$V�RQH�FDQ�VHH�IURP�)LJ�����WKHUHFDQ�EH� D� WUDMHFWRU\� WKDW� FRUUHVSRQGV� WR� WKH8�FRHIILFLHQW� LQYHUVLRQ�� L�H��� ZKHQ� VHYHUDOILUVW�WHUPV�RI�D�VHULHV��SRVLWLYH�DQG�ODUJH�LQPDJQLWXGH��DUH�QRW�FRPSHQVDWHG�IRU�E\�VXE�VHTXHQW� QHJDWLYH� WHUPV�� DFFRUGLQJ� WR� D� WKHR�UHP�SURYHQ�LQ�>�@��WKH�VHULHV�LV�FRQYHUJHQW��VR�WKH�WRWDO�VXP�RI�WKH�VHULHV�ZLOO�EH�SRVLWLYH��,Q� DGGLWLRQ� WR� GLIIHUHQFHV� LQ� PROHFXODUVKDSH�� DQRWKHU� LPSRUWDQW� IDFWRU� LV� WKDW� DVXIILFLHQWO\� ODUJH� QXPEHU� RI� WHUPV� LQ� WKH8�FRHIILFLHQW�VHULHV�VKRXOG�EH�DFFRXQWHG�IRU�0RVW� RI� WKH� DXWKRUV� FRQVLGHULQJ� ,0,� OLPLWWKHPVHOYHV� WR� WKH� ILUVW� �L�H���PXOWLSROH�� DS�SUR[LPDWLRQ�� ZKLFK� FDQ� OHDG� QRW� WR� MXVWTXDQWLWDWLYH��EXW�DOVR�WR�TXDOLWDWLYH�HUURUV�2QH�VKRXOG�QRWH�VHYHUDO�SHFXOLDU�IHDWXUHVWKDW� FKDUDFWHUL]H� RXU� SORWV� REWDLQHG� IRU�8�FRHIILFLHQWV�� 6LQFH� ZH� FRQVLGHU� WKH� ORQJ�UDQJH� ,0,� FRPSRQHQW�� WKH� ORFDO� H[WUHPXPSRLQWV�DUH� ORFDWHG�IDUWKHU��DQG�WKHLU�YDOXHVFDQ� EH� PXFK� ORZHU� �E\� VHYHUDO� RUGHUV� ÛGHSHQGLQJ�XSRQ� DQLVRPHWULHV� RI� ERWK� LQWHU�DFWLQJ� PROHFXOHV�� WKDQ� WKRVH� RI� WKH� FRUUH�VSRQGLQJ�DWRPV��,Q�IDFW��WKH\�DOUHDG\�FKDU�DFWHUL]H� RUGHULQJ� WHQGHQFLHV� RXWVLGH� WKHILUVW� FRRUGLQDWLRQ� VSKHUH��$FFRUGLQJ� WR� ����HDFK� 8�FRHIILFLHQW� GHVFULEHV� D� FRQWULEXWLRQWR� WKH� WRWDO� HQHUJ\�� ZKLFK� GHSHQGV� XSRQPXWXDO�RULHQWDWLRQ�RI�WKH�PROHFXOHV����

∆(P�P�O�O�O� (L�M)�=�8P�P�O�O�O� (5LM)ΘP�P�O�O�O� (ΩL�ΩM�5A LM)��������,Q�DSSURDFKLQJ�WKH�VLQJXODU�VSKHUH��8�FRHI�ILFLHQWV�DUH�WHQGLQJ�WR�+−LI�DFFRUGLQJ�WR�>�@�ZKLFK� PHDQV�� SURYLGHG� WKH� RULHQWDWLRQ� LVPXWXDOO\� SDUDOOHO�� FRQWULEXWLRQV� WR� UHSXO�VLRQ�RU�DWWUDFWLRQ��UHVSHFWLYHO\��DW�GLVWDQFHVFORVH� WR� WKH� UDGLXV� RI� WKH� VLQJXODU� VSKHUH�2QO\� WKH� LVRWURSLF� FRPSRQHQW� DOZD\V� WHQGV

WR� �∞� LUUHVSHFWLYH� RI� WKH� RULHQWDWLRQ�� 7KLVVLQJXODULW\�KDV�D�YHU\�VLPSOH�SK\VLFDO�VHQVHÛ� WKLV� LV� WKH� ODUJHVW� GLVWDQFH� EHWZHHQ� WKHPROHFXODU�FHQWHUV�DW�ZKLFK�D�GLUHFW�FRQWDFWEHWZHHQ� WKH�PROHFXOHV� LV�SRVVLEOH�XQGHU�DU�ELWUDU\� URWDWLRQV� RI�PROHFXOHV� DURXQG� WKHLUFHQWHUV�� :H� KDYH� SURYHQ� D� WKHRUHP� XQGHUZKLFK� DV\PSWRWLFV� RI� WKH� 8�FRHIILFLHQWVKDYH� WKH� VDPH� VLJQV�ZKHQ� WKH� LQWHUPROHFX�ODU� GLVWDQFH� WHQGV� WR� WKH� UDGLXV� RI� WKH� VLQ�JXODU� VSKHUH� IURP� LQVLGH� RU� IURP� RXWVLGH�WKLV� SURRI�ZLOO� EH� GHVFULEHG� HOVHZKHUH��� ,QDQ�REYLRXV�PDQQHU��IURP�,0,�SURSHUWLHV�RQHFDQ� JHW� VRPH� LQIRUPDWLRQ� RQ� WKH� GLVWULEX�WLRQ� IXQFWLRQV� �ZLWKRXW� FDOFXODWLQJ� WKHP��7KXV�� WKH� LQWHUQDO� HQHUJ\� RI� D� V\VWHP� FDQEH�FDOFXODWHG�E\�DYHUDJLQJ�SDLU�LQWHUDFWLRQVZLWK� D� WZR�SDUWLFOH� GLVWULEXWLRQ� IXQFWLRQDQG� KDV� D� ILQLWH� YDOXH�� 7KHUHIRUH�� WKHDERYH�GLVFXVVHG� IHDWXUHV� RI� DQLVRWURSLF� ,0,VKRXOG� EH� UHIOHFWHG� LQ� WKH� SDLU� GLVWULEXWLRQIXQFWLRQV��3ORWV�RI�WKHLU�62����LQYDULDQW�H[�SDQVLRQV� XVHG� LQ� WKH� WKHRU\� RI� DQLVRWURSLFOLTXLGV� ZLOO� VKRZ� QRW� RQO\� WKRVH� IHDWXUHVWKDW� DUH� GXH� WR� WKH� SKDVH� PLFURVWUXFUXUH�EXW�DOVR�VRPH�SHFXOLDU�IHDWXUHV�WKDW�DUH�GXHWR�VSHFLILF�EHKDYLRU�RI�WKH�FRUUHVSRQGLQJ�8�FRHIILFLHQWV��VHH��H�J���>��@���WKH�IHDWXUHV�RIERWK�RULJLQV�FDQ�SDUWLDOO\�FRLQFLGH��$V�QRWHG�DERYH��,0,�EHKDYLRU�LV�GLIIHUHQWIRU� V\VWHPV� IRUPHG� E\� PROHFXOHV� WKDW� DUHVLPLODU� LQ� WKHLU� OHQJWK� �DQLVRWURS\�� DQGPROHFXOHV�WKDW�DUH�GLIIHUHQW�LQ�WKLV�UHVSHFW�7KXV�� LQ�WKH�ILUVW�FDVH��DV�LQ�)LJ���D��8�FR�HIILFLHQWV� UHVSRQVLEOH� IRU� SXUHO\� RULHQWD�WLRQDO� LQWHUDFWLRQV�Û�8��λλ�(5)� Û� DUH� QHJD�WLYH� DQG� WHQGLQJ� WR� ]HUR� DW� ODUJH� LQWHUPR�OHFXODU� GLVWDQFHV�� L�H��� WKH\� FRQWULEXWH� WRDWWUDFWLRQ�SURYLGHG�WKHLU�PXWXDO�SRVLWLRQ�LVSDUDOOHO��:KHQ� WKH�PROHFXOHV�DUH�DSSURDFK�LQJ� HDFK� RWKHU�� LQ� WKH� VDPH� FRQILJXUDWLRQWKHVH� WHUPV� FRUUHVSRQG� WR� UHSXOVLRQ�� 6XFKEHKDYLRU� RI� DQLVRWURSLF� ,0,� LV�� LQ� IDFW�� DV�VXPHG�LQ�YDULRXV�PROHFXODU�PRGHOV�RI�PHVR�SKDVHV� WKDW� DFFRXQW� IRU� UHSXOVLRQ� IRUFHV�VHH���H�J��� >���������������@���7KHRUHWLFDO�UH�VXOWV� REWDLQHG� LQ� WKH� PROHFXODU� ILHOG� DS�SUR[LPDWLRQ�DUH�LQ�JRRG�DJUHHPHQW�ZLWK�H[�SHULPHQW�LQ�WKH�FDVH�ZKHQ�WKH�PROHFXOHV�DUHVLPLODU� LQ� GLPHQVLRQV�� ,Q� WKH� RWKHU� FDVH�GLVFUHSDQFLHV� EHWZHHQ� FDOFXODWHG� DQG�PHDV�XUHG� GDWD� PD\� EH� TXLWH� VXEVWDQWLDO�� )RUPROHFXOHV� RI� GLIIHUHQW� DQLVRPHWU\�� DV� LW� LVFOHDU�IURP�7DEOH��UHODWLRQVKLS������DQG�)LJ��E�� WKH�EHKDYLRU�RI�8��λλ�(5)� LV� WKH�RSSRVLWH�IRU� ODUJH� LQWHUPROHFXODU� GLVWDQFHV� DQG� SDU�DOOHO� PXWXDO� RULHQWDWLRQ� WKHVH� FRHIILFLHQWVDUH� SRVLWLYH� DQG� DUH� WHQGLQJ� WR� ]HUR�� L�H��
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FRQWULEXWH� WR� UHSXOVLRQ�� ZKLOH� ZKHQ� WKHPROHFXOHV�DUH�DSSURDFKLQJ�HDFK�RWKHU�LQ�WKHVDPH� FRQILJXUDWLRQ�� WKH\� FRUUHVSRQG� WR� DW�WUDFWLRQ�7KH�VLJQ�RI�∆(��λλ�(L�M)��FRQWULEXWLRQ�WR�WKHWRWDO� HQHUJ\� GHSHQGV� XSRQ� PXWXDO� RULHQWD�WLRQ�RI�WKH�PROHFXOHV��$W�λ� ����WKH�VLJQ�LVLQYHUVHG� LI� WKH� DQJOH� EHWZHHQ� WKHLU� ORQJD[HV�LV�π����IRU�λ� ����WKLV�DQJOH�LV�HTXDO�WR
π����7KLV�FDQ�EH�YHULILHG�E\�VXEVWLWXWLQJ�WKHYDOXHV�RI�WKHVH�DQJOHV�LQWR������7KH�UHVXOWV�REWDLQHG�SURYLGH�XV�ZLWK�EHW�WHU� XQGHUVWDQGLQJ� RI�PLFURVFRSLF� QDWXUH� RIVRPH� SKHQRPHQD� LQ� DQLVRWURSLF� OLTXLGV� UH�ODWHG� WR� YLRODWLRQV� RI� VSDWLDO� XQLIRUPLW\�L�H��� IRUPDWLRQ�RI� FOXVWHUV�� ,Q� WKH�DSSURDFKSURSRVHG�E\�/HY��%HORWVN\�H�D��>��Ü��@��WKLVZDV� VKRZQ� WR� EH� SRVVLEOH� LQ� V\VWHPV� ZLWKVKRUW�UDQJH�DWWUDFWLRQ�DQG�ORQJ�UDQJH�UHSXO�VLRQ�� ,Q� DQLVRWURSLF� OLTXLGV� �LQFOXGLQJ� FODV�VLF� /&�� WKH� VLWXDWLRQ� ZLWK� UHSXOVLRQ� GRPL�QDWLQJ�RYHU�DWWUDFWLRQ�LV�UHDOL]HG�LQ�WKH�FDVHRI� LQYHUVLRQ� RI� 8�FRHIILFLHQWV� DQG� FDQ� EH�FRPH�DSSDUHQW�DOUHDG\�DW�UDWKHU�ORZ�FRQFHQ�WUDWLRQ� RI� GRSDQW� PROHFXOHV�� :H� WXUQ� RXUDWWHQWLRQ� MXVW� WR� DQLVRWURSLF� ,0,�� VLQFH� WKHLVRWURSLF� FRPSRQHQW� FDQ� FKDQJH� RQO\� LQPDJQLWXGH�� UHPDLQLQJ� QHJDWLYH� ZLWK� LQ�FUHDVLQJ� LQWHUPROHFXODU� GLVWDQFHV� �L�H��� DW�WUDFWLRQ�LV�SUHGRPLQDQW���7KH� DERYH� FRQVLGHUDWLRQV� IRUP� D� QHZVWDQGSRLQW� IURP� ZKLFK� VRPH� WKHRUHWLFDOSUREOHPV�DQG�LQWHUSUHWDWLRQV�RI�H[SHULPHQWDOUHVXOWV�LQ�WKH�ILHOG�RI�OLTXLG�FU\VWDOV�DQG�FRP�SOH[�OLTXLGV�FDQ�EH�WUHDWHG�LQ�D�GLIIHUHQW�ZD\�VXSSOHPHQWLQJ�WKH�H[LVWLQJ�FRQFHSWV��7KXV�� LQ� WKH� /DQGDX�GH� *HQQHV� SKHQR�PHQRORJLFDO� WKHRU\� RI� QHPDWLFV� D� TXHVWLRQDULVHV� RQ� WKH� QDWXUH� RI� WKH� FXELF� WHUP� LQWKH�IUHH�HQHUJ\�H[SDQVLRQ�RYHU�RULHQWDWLRQDORUGHU� SDUDPHWHU�� ,W� KDV� EHHQ� JHQHUDOO\� DF�FHSWHG� >�@� WKDW� WKHUH� VKRXOG� EH� QR� FXELFWHUP�LQ�WKLV�H[SDQVLRQ��VLQFH�WKH�SKDVHV�GLI�IHULQJ� E\� WKH� RUGHU� SDUDPHWHU� VLJQ� ZRXOGFRUUHVSRQG� WR� GLIIHUHQW� W\SHV� RI� PROHFXODUDUUDQJHPHQW� �SDUDOOHO� DQG� SHUSHQGLFXODU��ZKLFK� DUH� QRW� UHODWHG� E\� V\PPHWU\� RSHUD�WLRQV��DQG�WKHLU�IUHH�HQHUJLHV�DUH�QRW�HTXDO�+RZHYHU��WKLV�LV�MXVW�WKH�VLWXDWLRQ�UHVXOWLQJIURP�RXU�FDOFXODWLRQV��H�J���WKH�ODVW�FROXPQLQ�7DEOH���LI�ZH�DFFRXQW�IRU�WKH�SUHVHQFH�RIGLIIHUHQW� FRQIRUPHUV� LQ� WKH� /&� SKDVH� DQGSUHWUDQVLWLRQDO�UHJLRQ�RI�0%%$�>��Ü��@��,Q�YHUVLRQ� RI� WKH� ,0,� GHSHQGHQFHV� FDQ� EH� WKHPDLQ� PLFURVFRSLFDO� UHDVRQ� IRU� FOXVWHU� IRU�PDWLRQ� LQ� VXFK� V\VWHPV�� ,Q� >��@�� LW�ZDV�DV�VXPHG�WKDW�D�QRQ�]HUR�FXELF�WHUP�FRXOG�UH�VXOW� IURP� IOXFWXDWLRQV� Û� HLWKHU� RI� DON\O

FKDLQ� FRQIRUPDWLRQV� RU� VKRUW�UDQJH� VPHFWLFRUGHU�� 7KLV� VKRXOG� SUREDEO\� OHDG� WR� SKDVHWUDQVLWLRQV� IURP� WKH� LVRWURSLF� OLTXLG� WR� WKHQHPDWLF� SKDVH� �,�1�� EHFRPLQJ� FORVHU� WR� WKHVHFRQG� RUGHU�� EXW� H[SHULPHQWDO� GDWD� DUHHLWKHU� FRQWUDGLFWRU\� RU� LQGLFDWH� D� ZHDNO\ILUVW�RUGHU� WUDQVLWLRQ�� 2XU� UHVXOWV� VXJJHVWWKDW�VPHFWLF�IOXFWXDWLRQV�FRXOG�EH�DQ�LPSRU�WDQW� IDFWRU� LQ� QHPDWLFV�� ZKLFK� LV� GHPRQ�VWUDWHG� E\� WKH� WKLUG� DQG� IRXUWK� OLQHV� RI7DEOH���� WKH� H[WUHPXPV� RI�8������DQG� �8������ZKLFK� FKDUDFWHUL]H� WKH� FRXSOLQJ� EHWZHHQWUDQVODWLRQDO�DQG�RULHQWDWLRQDO�RUGHULQJ��DUHVXIILFLHQWO\� ODUJH� DV� FRPSDUHG� ZLWK� WKH�SXUHO\�RULHQWDWLRQDO��8�������IRU�0%%$�DQGLWV� H[FLWHG� VWDWH�� ZLWK� WKLV� HQHUJ\� EHLQJPXFK�KLJKHU�IRU�WKH�0%%$�0%%$���SDLU�,Q� >��@�� GLIIHUHQFHV� ZHUH� QRWHG� LQ�GRSDQW�VROYHQW�� LQWHUDFWLRQ� SDUDPHWHUV�� SUH�GLFWHG� LQ� WKH�XQLIRUP�PL[LQJ�PRGHO� >������@�DQG� LW� ZDV� DVVXPHG� WKDW� D� SRVVLEOH� UHDVRQIRU�WKLV�FRXOG�EH�YLRODWLRQV�RI�WUDQVODWLRQDORUGHU�� ,Q� >��@�� QXPHURXV� DQRPDOLHV� ZHUHIRXQG�LQ�ELQDU\�PL[WXUHV��LQ�RUGHU�SDUDPH�WHU�� GHQVLW\�� HWF��� :KHQ� WKH� FRQFHQWUDWLRQRI� WKH� QHPDWRJHQ� ZLWK� VKRUWHU� PROHFXODUOHQJWK� LV� LQFUHDVHG�� LUUHJXODU� WHPSHUDWXUHGHSHQGHQFHV� DUH� REVHUYHG��ZKLFK� FDQQRW� EHGHVFULEHG� LQ� WHUPV� RI� H[LVWLQJ� PROHFXODUILHOG� WKHRULHV� RI� /&�� 7KH� DXWKRUV� RI� >��@H[SODLQ�WKLV�E\�WKH�HIIHFWV�RI�DON\O�WDLO�IOXF�WXDWLRQV�� %DVLQJ� RQ� RXU� FDOFXODWLRQV�� ZHWKLQN� WKDW� YLRODWLRQV� RI� VSDWLDO� XQLIRUPLW\FDQ� EH� D� FRQVHTXHQFH� RI� WKH� LQYHUVLRQ� RI8�FRHIILFLHQW� GHSHQGHQFHV�� DQG� IOXFWXDWLRQVRI�WKH�DON\O�FKDLQV�FDQ�FRQWULEXWH�WR�WKLV�E\FKDQJLQJ�WKH�PROHFXODU�DQLVRPHWU\��WKXV�LQ�GXFLQJ�WKH�8�FRHIILFLHQW�LQYHUVLRQ�,Q� H[SHULPHQWV� RQ� OLJKW� VFDWWHULQJ� >��@�DQRPDORXV� FRQFHQWUDWLRQ� GHSHQGHQFHV� ZHUHREVHUYHG�LQ�PL[WXUHV�RI�ZDWHU�ZLWK�JO\FHURODQG� WHUW�EXWDQRO� DW� UHODWLYHO\� ORZ� DOFRKROFRQFHQWUDWLRQV� �NQRZQ� DOVR� IRU� RWKHU� V\V�WHPV�� >��@��7KH�DXWKRUV�RI� >��@�UHODWHG�WKLVEHKDYLRU�ZLWK�IRUPDWLRQ�RI�FOXVWHUV��%DVLQJRQ� RXU� FDOFXODWLRQV�� ZLWKLQ� WKH� FRQWH[W� RIWKH�PRGHOV�RI�>��Ü��@�WKH�IROORZLQJ�TXDOLWD�WLYH� LQWHUSUHWDWLRQ� FDQ� EH� SURSRVHG�� 7KHFOXVWHU� IRUPDWLRQ� LWVHOI� FDQ� EH� DOVR� GXH� WRWKH� LQYHUVLRQ� RI�8�FRHIILFLHQW� GHSHQGHQFHV�,�H���LQ�WKH�YLFLQLW\�RI�WKH�GRSDQW�PROHFXOH�DW� GLVWDQFHV� RI� WKH� RUGHU� RI� WKH� VLQJXODUVSKHUH� UDGLXV� DQG� OHVV�� WKH� PROHFXOHV� RIZDWHU� VKRZ� D� WHQGHQF\� WR� RULHQWDWLRQDO� RU�GHULQJ� �DV� DQ� DQDORJ\�� VHH� )LJ���E� DQG� WKH�&KRO��DWRP��FROXPQ�LQ�7DEOH���IRUPLQJ�WKHILUVW�FRRUGLQDWLRQ�VSKHUH��RXWVLGH�ZKLFK�WKHVLWXDWLRQ� LV� TXLWH� GLIIHUHQW� Û� HLWKHU� WKHGRSDQW� WHQGV� WR� RULHQW� WKH�ZDWHU�PROHFXOHV
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RUWKRJRQDO� WR� WKHLU� ORQJ� D[HV� �DW� ZHDNHURUGHULQJ�DQG�RU�KLJKHU�WHPSHUDWXUH���RU�UH�SXOVLRQ� IRUFHV� HPHUJH� EHWZHHQ� WKH� FOXVWHUDQG� ZDWHU� PROHFXOHV� �VWURQJHU� RUGHULQJDQG�RU� ORZHU� WHPSHUDWXUHV��� 7KHVH� DVVXPS�WLRQV� DUH� DOVR� VXSSRUWHG� E\� WKH� ORZ�GRSDQWFRQFHQWUDWLRQ� YDOXHV� DQG� VPDOO� �DFFRUGLQJWR� DXWKRUV�� HVWLPDWHV�� QXPEHU�RI�PROHFXOHVLQ�WKH�FOXVWHU��,Q� >������@�� EDVLQJ� RQ� QXPHURXV� H[SHUL�PHQWDO� GDWD�� D� FRQFOXVLRQ� ZDV� PDGH� WKDWJRRG�PLVFLELOLW\� DQG� KLJK� WKHUPDO� VWDELOLW\RI� VPHFWLF� PL[WXUHV� UHTXLUHG� PLQLPDO� GLI�IHUHQFHV�LQ�PROHFXODU�OHQJWKV�RI�WKH�FRPSR�QHQWV�� 2XU� UHVXOWV� IXOO\� DJUHH� ZLWK� WKHVHIDFWV��2I�FRXUVH��DV�QRWHG�LQ�>��@��WKLV�FULWH�ULRQ� LV� QRW� WKH� RQO\� RQH� LQ� FRPSRVLQJ� WKHRSWLPXP� PL[WXUHV�� &RQWULEXWLRQV� IURPRWKHU�W\SHV�RI�LQWHUPROHFXODU�IRUFHV��DV�ZHOODV� RWKHU�PROHFXODU� SDUDPHWHUV�� VKRXOG� DOVREH�DFFRXQWHG�IRU��,Q�WKLV�UHODWLRQ��WKH�PRVWLQWHUHVWLQJ�ZRXOG�EH�HIIHFWV�RI�SRODU�W\SH�LQ�WHUDFWLRQV��$QRWKHU�ODUJHO\�XQVROYHG�SUREOHPLV� WKH� UROH� RI� PROHFXODU� ELD[LDOLW\�� )XUWKHUVWXGLHV�DUH�XQGHU�ZD\�LQ�WKHVH�GLUHFWLRQV�����$FNQRZOHGJHPHQWV�� $XWKRUV� DUH� JUDWHIXOWR� %�,�/HY� DQG� 1�3�0DORPX]K� IRU� UHSULQWVDQG� SUHSULQWV� RI� WKHLU� SDSHUV� DQG� IUXLWIXOGLVFXVVLRQ�� WR� /�'�3DWVHQNHU� IRU� FRQVXOW�DWLRQV� RQ� WKH� PROHFXODU� IRUFH� ILHOG� DQGFKRLFH� RI� LQWHUPROHFXODU� SRWHQWLDO� SDUDPH�WHUV�� DQG� WR� $�9�/X]DQRY� IRU� YDOXDEOH� UH�PDUNV�DQG�VXJJHVWLRQV��5HIHUHQFHV
� ���3�3�6KWLIDQ\XN�� $�9�'\RPLQ�� /�1�/LVHWVNL�6�(�<DNRYHQNR��)XQFWLRQDO�0DWHULDOV����������������� ���,�2�9DNDUFKXN�� ,QWURGXFWLRQ� LQWR� WKH� 0DQ\�%RG\� 3UREOHP�� � /YLY�� /YLY� 8QLYHUVLW\� 3UHVV�������>LQ�8NUDLQLDQ@�� ���6�&KDQGUDVHNKDU��/LTXLG�&U\VWDOV��&DPEULGJH8QLYHUVLW\�3UHVV��������� ���/�2QVDJHU�� $QQ��1��<��$FDG��6FL�� ���� ����������� ���:�0DLHU�� $�6DXSH�� =��1DWXUIRUVFK�� ��D�� ����������� ���5�/�+XPSKULHV�� 3�*�-DPHV�� *�5�/XFNKXUVW�-��&KHP��6RF��)DUDGD\� 7UDQV��,,�� ��� ������������ ���:�0�*HOEDUW�� %�$�%DURQ�� -��&KHP��3K\V��� ��������������� ���9�$�&RWWHU��-��&KHP��3K\V������������������� ���+�.LPXUD�� 0�+RVLQR�� +�1DNDQR�� 0RO��&U\VW�/LT��&U\VW���������������������9�9�%HO\DHY��=K��)L]��.KLP����������������������6K�.RQGR�� 0�,VKLNDZD�� 0�)XMLYDUD� HW� DO��0RO��&U\VW��/LT��&U\VW�������������������
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