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7KHUH�LV� KRZHYHU��D�VHULRXV�GLIILFXOW\�DVVR �FLDWHG�ZLWK�WKH�HVVHQWLDOO\�KLJKHU�HIILFLHQF\RI�SKRWRUHDFWLRQ�LQ�( → = GLUHFWLRQ�WKDQ�LQ= → ( RQH� >�@�� 7KLV� FDXVHV� D� VXEVWDQWLDOHQULFKPHQW�RI�WKH�UDSLGO\�DFKLHYDEOH�SKRWR �VWDWLRQDU\�VWDWH�ZLWK�WKH�SKRWRSURGXFW�KDY �LQJ�ORZ�+73��)XUWKHUPRUH��VPDOO�GLIIHUHQFHLQ� WKH� 89� VSHFWUD� RI� WKH� LVRPHUV� >�@� GRHVQRW�DOORZ�VHOHFWLRQ�RI�DQ�89�UHJLRQ�VXLWDEOHIRU�DQ�HIIHFWLYH�UHYHUVH�SKRWRFKHPLFDO�SURF �HVV�� $� FRPSDUDEOH� HIILFLHQF\� RI� WKH� GLUHFWDQG�UHYHUVH�UHDFWLRQV�FRXOG�RQO\�EH�DFKLHYHGE\�XVH�RI�D�WULSOHW�VHQVLWLVLQJ�G\H�>�@��+RZ �HYHU�� WKHUH� DUH� VRPH� SUREOHPV� FRQFHUQLQJWKH� FKRLFH� RI� VXFK� D� VHQVLWL]HU� DV� ZHOO� DVXQDYRLGDEOH�QHJDWLYH�LQIOXHQFH�RI�WKLV�FRP �SRXQG�DV�D�QRQ�PHVRPRUSKLF�GRSDQW�RQ�LVR �WURSLF� SKDVH� WUDQVLWLRQ� WHPSHUDWXUH� DQGPHVRPRUSKLF� UDQJH� RI� WKH� /&�PL[WXUH� >�@�6HDUFK�DQG�LQYHVWLJDWLRQ�RI�QHZ�/&�V\VWHPVFRQWDLQLQJ� FKLUDO� α�β�XQVDWXUDWHG� NHWRQHVFDSDEOH� RI� SKRWRLVRPHUL]DWLRQ� DQG� SRVVHVV �LQJ� RWKHU� UDWLRV� RI� TXDQWXP� \LHOGV� IRU� WKHGLUHFW�DQG�UHYHUVH�UHDFWLRQV�DV�ZHOO�DV�RWKHU+73� UDWLRV� EHWZHHQ� SKRWRLVRPHUV� LV� DFWXDOSUREOHP� QRZ�� $PRQJ� WKHVH� V\VWHPV�� WKRVHSRWHQWLDOO\� SRVVHVVLQJ� SKRWRLQGXFHGFKROHVWHULF�KHOL[�LQYHUVLRQ�DUH�RI�VSHFLDO�LQ �WHUHVW�� 6RPH� SUHFRQGLWLRQV� IRU� WKH� UHDOLVD �WLRQ�RI�WKLV�HIIHFW�IROORZ�IURP�WKH�UHVXOWV�RIUHFHQW�LQYHVWLJDWLRQV�>��������@��)RU�VRPH�RIWKH�p��DQG�=�LVRPHUV�RI�� VHULHV��+73�VLJQVLQ� QHPDWLF� 1����PHWKR[\EHQ]\OLGHQH����EXW\ODQLOLQH� �0%%$�� DUH� RSSRVLWH� >����@�� $VLPLODU�HIIHFW�ZDV�REVHUYHG�UHFHQWO\�IRU�WKHHVWHU� GHULYDWLYH� RI� ��5��PHWK\O���DU\OLGHQHF\FORKH[DQRQH�� >��@��+RZHYHU�� LQWHUPHGLDWH� VWDWHV� RI� WKHVHV\VWHPV�XQGHU�89�LUUDGLDWLRQ�KDYH�QRW�EHHQ
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7KH� SKRWRLVRPHULVDWLRQ� RI� FKLUDO� FRP �SRXQG��F LQ�/&�PHGLXP�ZDV�VWXGLHG�E\�WKHLUUDGLDWLRQ�RI�D�FKLUDO�QHPDWLF�PL[WXUH�SUH �SDUHG� E\� WKH� XVXDO� PHWKRG� ZKHQ� D� FKLUDOGRSDQW�LV�GLVVROYHG�LQ�WKH�LVRWURSLF�SKDVH�RID� QHPDWLF� ��&%�� LQ� RXU� FDVH�� DQG� FRROHGGRZQ� WR� WKH� FKROHVWHULF� VWDWH��$� KLJK�SUHV �VXUH� PHUFXU\� ODPS� '5.����� ZDV� XVHG� DVWKH�89�OLJKW�VRXUFH��7KH�KHOLFDO�SLWFK��3��RIWKH�FKROHVWHULF�PL[WXUH�XQGHU�VWXG\�DQG�LWVFKDQJHV� GXULQJ� LUUDGLDWLRQ� ZHUH� PHDVXUHGXVLQJ� WKH� FRQYHQWLRQDO� *UDQGMHDQ�&DQRWHFKQLTXH� DV� GHVFULEHG� LQ� WKH� SUHYLRXV� UH �SRUW�>��@��7KH�ZHGJH�VKDSHG�FHOO�ZDV�SXW�LQD� VSHFLDOO\� FRQVWUXFWHG� KRW�VWDJH� DUUDQJH �PHQW�ZKLFK�KDG�D�±���� WHPSHUDWXUH�FRQWURODFFXUDF\��$�UDWLR�EHWZHHQ�(��DQG�=�LVRPHUVLQ�SKRWRVWDWLRQDU\�VWDWH�ZDV�GHWHUPLQHG�E\DQDO\VLV�RI�WKH�FKROHVWHULF�PL[WXUH�GLVVROYHGLQ� FKORURIRUP� XVLQJ� +3/&� PHWKRG� �D� %LV �FKRII� /DPEGD� ����� FKURPDWRJUDSK�� 3URQ �WRVLO�������&���DFH�(36�FROXPQ��7KH� UHYHUVH� SLWFK�� 3Ü� �DV� WKH� WZLVWPHDVXUH��GHSHQGHQFH�RQ�LUUDGLDWLRQ�WLPH�IRU/&� FRPSRVLWLRQ� RI� �&%� ZLWK� FKLUDO� GRSDQW�F �WKH� GRSDQW� PROH� IUDFWLRQ� �������� LV

VKRZQ� LQ� )LJ���D�� 7KH� 3Ü� YDOXH� GHFUHDVHVVWHHSO\�GXULQJ�WKH�LQLWLDO� LUUDGLDWLRQ�SHULRGWKDW� FRUUHVSRQGV� WR� WKH� XQZLQGLQJ� KHOL[�UHDFKHV�]HUR��WKH�LQYHUVLRQ�SRLQW���DQG�WKHQULVHV� XS� WR� WKH� 3Ü� FRQVWDQW� YDOXH� RI�����µPÜ� WKDW� FRUUHVSRQGV� WR� D� UDWKHUVPDOO�3 YDOXH� ������ µP���7KLV� KHOLFDO� SLWFKYDOXH� UHPDLQV�XQFKDQJHG�XQGHU� WKH� IROORZ �LQJ� 89� OLJKW� DFWLRQ� RYHU� D� ORQJ� SHULRG� RI
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WLPH� �GXULQJ� ��� K�� WKDW� FRQILUPV� UHDFKLQJSKRWRVWDWLRQDU\�VWDWH��6XFK�DQ�LQIOXHQFH�RI�89�UDGLDWLRQ�RQ�WKH3Ü� YDOXH�FDQ�EH�HOXFLGDWHG� LI�VXSSRVH�WKDWWKH� LQLWLDO�(�LVRPHU� DQG� IRUPLQJ� =�RQH� LQ�GXFH� LQ� QHPDWLF� �&%� FKROHVWHULF� KHOLFHV� RIWKH�RSSRVLWH�VLJQV�DQG�GHWHUPLQHG�WZLVW�H[ �WHQW��3Ü���LV�WKH�ZHLJKWHG�DYHUDJH�YDOXH�3−� = &WRWDO(;pβp + ;=β=)�� ���
ZKHUH�βp��β= DQG�;p��;= DUH�+73�YDOXHV�DQGPROH� IUDFWLRQV� RI� (�� DQG� =�LVRPHUV� LQ� WKHFKROHVWHULF�PL[WXUH��UHVSHFWLYHO\��;p ��;=  ����8VLQJ� WKH� UHYHUVH� SLWFK� YDOXH� PHDVXUHGIRU�WKH�PL[WXUH�LQ�WKH�SKRWRVWDWLRQDU\�VWDWH�3Ü�  ������µPÜ��� DQG�PROH� IUDFWLRQV� RI� (�DQG�=�LVRPHUV�DFFRUGLQJ�WR�+3/&�DQDO\VLV�IRUWKLV� PL[WXUH� �;p  �������� ;=  ��������� DW&WRWDO  �������� PROH� IUDFWLRQV�� DV� ZHOO� DVPHDVXUHG� β YDOXH� IRU� (�LVRPHU� �F �β( LV� Ü���±����µPÜ��PROH�IUDFWLRQV�>��@��ZH�HVWLPDWHGK\SRWKHWLFDO� +73� IRU� WKH� UHVSHFWLYH� =�IRUP�=��F��DV�SRVVLEOH�SKRWRSURGXFW��RQ�(T�����

β= = (3−� − &WRWDO;pβp) ⁄ &WRWDO;=� ���
7KH� _β=_� YDOXH� FDOFXODWHG� E\� WKLV�PHWKRGH[FHHGV� WKH� LQLWLDO� _β(_� PRUH� WKDQ� E\� WKUHHWLPHV��7DEOH����$W�WKH�VDPH�WLPH��D�PRQRWRQRXV�GHFUHDVHRI� 3Ü� YDOXH� �L�H�� XQZLQGLQJ� KHOL[�� XQGHULUUDGLDWLRQ�LV�W\SLFDO�RI�����LVRPHQWKRQH�GH �ULYDWLYHV�� �VHH�)LJ���E���7KDW� LV� FRQVLVWHQWZLWK� D� PXFK� ORZHU� +73� RI� =�LVRPHUV� IRUWKHVH�FRPSRXQGV�>����@��7KH�SKRWRVWDWLRQDU\PL[WXUH� RI� �&%� ZLWK� FKLUDO� GRSDQW� �F LVSURYHG�WR�EH�VWDEOH�QRW�RQO\�XQGHU�WKH�SUR �ORQJHG� 89� OLJKW� LUUDGLDWLRQ�� EXW� DOVRDJDLQVW� D� WKHUPDO� HIIHFW�� 7KH� KHOLFDO� SLWFKYDOXH� IRU� WKLV� PL[WXUH� UHPDLQHG� XQFKDQJHGDIWHU�LWV�KHDWLQJ�DW����� GXULQJ�RQH�KRXU�IRO�ORZHG�E\�FRROLQJ�GRZQ�WR�WKH�FKROHVWHULF�VWDWH�7KH� IRUPDWLRQ� RI� SKRWRGLPHUV� ��D DQG�E�� DV� SURGXFWV� RI� >���@�F\FORDGGLWLRQ

VKRXOG� EH� QRWHG� WR� EH� DOVR� SRVVLEOH� EHVLGHV(�=�LVRPHULVDWLRQ� XQGHU� 89� LUUDGLDWLRQ� RI
α�β�XQVDWXUDWHG�NHWRQHV�6XFK� D� SURFHVV� LV� NQRZQ� WR� UXQ� HIIL �FLHQWO\�XQGHU�LUUDGLDWLRQ�LQ�ERWK�FU\VWDOOLQHH[DPSOHV� >��@� DQG� VROXWLRQV� >��@�� 6LQFH� DSRVVLELOLW\�RI�WKH�VLPLODU�SKRWRLQGXFHG�UHDF �WLRQ� IRU� FRPSRXQGV� � FDQQRW� EH� H[FOXGHGIXOO\��LQ�FRQWUDVW�WR�����LVRPHQWKRQH�GHULYD �WLYHV�� >����@��D�GHWDLOHG�QDWXUH�FODULILFDWLRQRI� WKH� SKRWRWUDQVIRUPDWLRQ� SURGXFW� IRU(�LVRPHU��F LV�TXLWH�QHFHVVDU\��,Q�WKLV�FRQ�QHFWLRQ��WKH�SKRWRUHDFWLRQ�SURGXFW�IRU�FRP �SRXQG�(��E EHLQJ� D�PRUH� DYDLODEOH� EXW� WKHQHDUHVW� KRPRORJXH� RI� (��F ZDV� LQYHVWL�JDWHG��,W�ZDV�SUHSDUHG�E\�LUUDGLDWLRQ�RI�WKH
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UHVSHFWLYH� (�IRUP� �(��E�� ����� J�� GLVVROYHGLQ� KHSWDQH� �����PO��ZLWK� QRQ�ILOWHUHG� OLJKWRI� WKH� KLJK�SUHVVXUH� PHUFXU\� ODPS� '5.����� XQGHU� PL[LQJ� XS� WR� UHDFKLQJ� SKRWR �VWDWLRQDU\�VWDWH� �FRQWURO�E\�+3/&���7KH�VR �OXWLRQ� REWDLQHG� ZDV� HYDSRUDWHG� WR� GU\QHVVDQG�WKH�UHVLGXH�ZDV�SXULILHG�E\�WKH�UH�FU\V �WDOOLVDWLRQ� IURP� D� PLQLPDO� DPRXQW� RIPHWKDQRO� DW� Ü��&�� 7KH� SXULW\� ��������� RIWKH� LVRODWHG� SKRWRSURGXFW� ZDV� FKHFNHG� E\+3/&�� &RPSRXQG� =��E LV� QRQ�PHVRJHQLF�P�S�� ����Ü���&�� 7KH�=�LVRPHU� VWUXFWXUH� RIWKLV� SURGXFW� ZDV� GHWHUPLQHG� E\� �+� 105VSHFWURVFRS\� �9DULDQ� 0HUFXU\� 9;��������� l+]�� &'&O���� 7KH� SURWRQ� FKHPLFDOVKLIW� YDOXHV� LQ� VSHFWUD� RI� WKH� �E (�� DQG=�LVRPHUV�GLIIHU�VLJQLILFDQWO\��7DEOH�����7KHKLJKHVW�DEVROXWH�YDOXHV� ∆δ DUH�REVHUYHG�IRUWKH�DU\OLGHQH�+����DQG�HTXDWRULDO�+����SUR �WRQV��7KHVH�GLVWLQFWLRQV�DUH�VLPLODU�WR�HVWDE �OLVKHG�IRU�p��DQG�=�LVRPHUV�RI�FRPSRXQGV��>��@��$W�WKDW��WKH�UHVRQDQFH�RI�WKH�DU\OLGHQHSURWRQ� IRU� WKH� SKRWRSURGXFW� XQGHU� VWXG\�δ  ������ SSP�� LV� REVHUYHG� LQ� WKH� UDQJHVEHLQJ� W\SLFDO� RI� =�IRUPV� RI� RWKHU� α�β�XQ�VDWXUDWHG� NHWRQHV� �δ ���� WR� ���� SSP>��Ü��@���,W�LV�RI�LPSRUWDQFH�WKDW�WKH�VLJQDORI� WKLV� SURWRQ� LV� VKLIWHG� WR� WKH� ORZ� ILHOG

ZLWK� UHVSHFW� WR� WKH� QRQ�HTXLYDOHQW� SURWRQVRI� WKH� F\FOREXWDQH� ULQJ� IRU� WKH�SKRWRGLPHURI� W\SH� � ������ DQG� ����� SSP�� REWDLQHGVWDUWLQJ� IURP� ��EHQ]\OLGHQH���EHQ]\OF\FOR �KH[DQRQH�>��@��6LPLODUO\��LQ�WKH�FDVH�RI�WKHSKRWRGLPHUV� RI� VRPH� DURPDWLF� α�β�XQVDWX�UDWHG� NHWRQHV� >��@�� PROHFXODU� VWUXFWXUH� RIZKLFK� ZDV� GHWHUPLQHG� E\� ;�UD\� DQDO\VLV�WKH�FKHPLFDO�VKLIW�RI�WKH�F\FOREXWDQH�SURWRQQHDUHVW�WR�EHQ]HQH�ULQJ�LV������WR������SSP�6XFK�D�SRVLWLRQ�RI�WKH�SURWRQ�VLJQDOV�IRU�WKHSKRWRGLPHUV� RI� W\SH� � GLIIHUV� VLJQLILFDQWO\IURP� WKH� RQH� IRU� WKH� SKRWRWUDQVIRUPDWLRQSURGXFW�RI�(��E��7KXV�� LW� FDQ�EH�FRQFOXGHGIURP�WKHVH�GDWD�WKH�SKRWRSURGXFW� LV� LQGHHGFRUUHVSRQGLQJ� =�LVRPHU�� $V� DQ� DGGLWLRQDOSURRI�� PDVV�VSHFWURPHWULF� DQDO\VLV� SHU �IRUPHG� LQ� WKH� OLTXLG�PDWUL[� RI�P�QLWUREHQ�]\O�DOFRKRO�XVLQJ�WKH�PDJQHWLF�VHFWRU�D�PDVVVSHFWURPHWHU� 0,�����(� HTXLSSHG� ZLWK� SUL �PDU\�)$%�LRQ�VRXUFH�IRU�JHQHUDWLQJ�D�ERP �EDUGLQJ� EHDP� RI� DUJRQ� DWRPV�� KDV� VKRZQWKH� SKRWRSURGXFW� PROHFXODU� PDVV� �>0��@��P�]  ������FRLQFLGHQW�ZLWK�WKDW�RI�WKH�UHVSHF�WLYH�=�LVRPHU�7KH� PDJQLWXGH� DQG� VLJQ� RI� +73� IRU� RE�WDLQHG� =��E ZHUH� PHDVXUHG� H[SHULPHQWDOO\VLPLODU� WR� DV�GHVFULEHG� LQ� >��@�� ,WV� β YDOXH� LVSRVLWLYH� DQG� H[FHHGV� RQ� DEVROXWH� PDJQLWXGH

7DEOH���� &KHPLFDO� VKLIWV� �δ�� DQG� GLIIHUHQFH� LQ� WKH� �+� 105� VSHFWUD� RI� (�� DQG� =�LVRPHUV� RIFRPSRXQG��E LQ�&'&O�

3URWRQ δ��SSP ∆δ��SSP(�LVRPHU =�LVRPHU��HTXDWRULDO ���� ���� ������HTXDWRULDO ���� ���� ����� ���� ���� ������D[LDO ���� ���� ������HTXDWRULDO ���� ���� ������D[LDO ���� ���� Ü������HTXDWRULDO ���� ���� Ü�����&+� ���� ���� ����� ���� ���� Ü����R� ���� ���� �P� ���� ���� Ü����R′� ���� ���� Ü����P′� ���� ���� Ü����
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WKDW� IRU� WKH� UHVSHFWLYH� p�LVRPHU�� 7KDW� H[�SHULPHQWDO� YDOXH� LV� LPSRUWDQW� WR�FRLQFLGH�XQ �FRPPRQO\�ZLWK�WKH�β YDOXH�RI�=��F ZKLFK�ZDVHVWLPDWHG�DERYH�EDVLQJ�RQ�WKH�GDWD�RQ�UHODWLRQRI� LVRPHUV� LQ� SKRWRVWDWLRQDU\� VWDWH� �7DEOH����7KH�VRPHZKDW�GLIIHUHQW�OHQJWK�RI�WKH�WHUPLQDODON\O� FKDLQ� LQ� PROHFXOHV� �E DQG� �F GRHV� QRWLQIOXHQFH�+73��DV�ZDV�REVHUYHG�IRU�PDQ\�VH �ULHV�RI�FKLUDO�FRPSRXQGV��VHH��H�J��>��@��7KLV� DOORZV� WR� FRQFOXGH� ZLWK� WKH� ILQDOZRUG� WKDW� (�=�LVRPHUL]DWLRQ� RI� FRPSRXQGV� RFFXUV�VHOHFWLYHO\�ZKHQ�WKHLU�VROXWLRQV�LQLVRWURSLF� �DFHWRQLWULOH� DQG� KHSWDQH�� DV� ZHOODV�LQ�QHPDWLF�VROYHQWV���&%��DUH�89�LUUDGL �DWHG�� 7KH� VHOHFWLYLW\� H[WHQW� LV� LQGHSHQGHQWRI� WKH� VROYHQW� FRQFHQWUDWLRQ� DQG� QDWXUH�7KH� IRUPDWLRQ� RI� PL[WXUH� RI� WKH� (�� DQG=�LVRPHUV� IRU� � XQGHU� 89� LUUDGLDWLRQ� RIWKHLU� �&%� VROXWLRQV� UHVXOWV� LQ� WKHFKROHVWHULF�KHOL[�LQYHUVLRQ��7KH�KHOLFDO�SLWFKYDOXH�LQ�WKH�SKRWRVWDWLRQDU\�VWDWH�RI�VXFK�DV\VWHP� GRHV� QRW� FKDQJH� XQGHU� IXUWKHU� 89OLJKW�DFWLRQ��7KLV�PDNHV�WKHVH�V\VWHPV�WR�EHUDWKHU�DSSOLFDEOH�IRU�WKH�SKRWRVWDEOH�/&�PD �WHULDOV� HODERUDWLRQ��+LJK�+73�RI� WKH� =�LVR�PHUV� RI� � LQ� �&%� DOORZV� WR� UHDFK� VHOHFWLYHYLVLEOH�OLJKW�UHIOHFWLRQ��ZKLFK�FDQ�EH�XVHG�LQWKH� GHYHORSPHQW� RI� PXOWLFRORXU� UHIOHFWLYHFKROHVWHULF� GLVSOD\V�� 2ULJLQV� RI� WKH� JUHDWGLIIHUHQFH� UHYHDOHG� EHWZHHQ� +73� DEVROXWHYDOXHV� IRU� WKH� =�LVRPHUV� RI� FRPSRXQGV� �DQG�� DUH�QRZ�XQGHU�LQYHVWLJDWLRQ�5HIHUHQFHV���7�6DJLVDND�� <�<RNR\DPD�� %XOO��&KHP��6RF�-DS������������������

���&�5XVOLP�� .�,FKLPXUD�� -��0DWHU��&KHP��� ������������������/�.RPLWRY�� 2�7VXWVXPL�� &�5XVOLP�� -��$SSO�3K\V����������������������-�=�9ODKDNLV�� 0�'�:DQG�� 5�3�/HPLHX[�� -�$P��&KHP��6RF�����������������������6�1�<DUPROHQNR��/�9�&KHSHOHYD��/�$�.XWXO\D�HWDO���=K��2EVKFK��.KLP���������������������6�1�<DUPROHQNR��/�$�.XWXO\D��9�9�9DVKFKHQNR�/�9�&KHSHOHYD��/LT��&U\VW���������������������/�$�.XWXO\D��6�1�<DUPROHQNR��9�9�9DVKFKHQNRHW�DO���=K��)L]��.KLP��������������������/�$�.XWXO\D��9�9�9DVKFKHQNR��$�2�'RURVKHQ�NR�HW�DO���3URF��63,(���������������������/�$�.XWXO\D�� ,�%�1HPFKHQRN�� 6�6�2OHLQLN�.ULVWDOORJUDSKLD����������������������-�/XE�� :�7HQ� +RHYH�� :�3�0�1LMVVHQ�� /LT�&U\VW����������������������/�9�&KHSHOHYD�� $�2�'RURVKHQNR�� 7�*�'UXVK�O\DN�HW�DO���3URF��63,(����������������������$�,�.ULYRVKH\�� /�$�.XWXO\D�� 9�9�9DVKFKHQNRHW�DO���3URF��63,(����������������������/�$�.XWXO\D�� *�3�6HPHQNRYD�� 6�1�<DUPR�OHQNR�HW�DO���.ULVWDOORJUDIL\D���������������������/�$�.XWXO\D��1�6�3LYQHQNR��1�,�6KNROQLNRYD�=K��6WUXFW��.KLP����� ����������*�&�)RUZDUG�� '�$�:KLWLQJ�� -��&KHP��6RF��&������ �����������)�5�&LELQ��1�'L�%HOOR��*�'RGGL�HW�DO���7HWUDKH�GURQ����������������������1�6�3LYQHQNR�� 9�9�9DVKFKHQNR�� /�$�.XWXO\DHW�DO���5XVV��&KHP��%XOO�����������������������$�+DVVKHU�� 7�&�0HDG��7HWUDKHGURQ������ ���������������'�%DVV��+�&HUIRQWDLQ��7HWUDKHGURQ������ ���������������(�0HQD�� 3�9DQ� GH� :LWWH�� -�/XE�� /LT��&U\VW�����������������
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