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����1R�ORDG�UHVXOWV([SHULPHQWDO� WHVWV� DUH� SHUIRUPHG� ZLWK� D� ��+]�� ���� $� 506�� IXQGDPHQWDO� FXUUHQW� WR� FRQWURO� WKHLQGXFWLRQ�PRWRU��7KH�H[SHULPHQWDO�UHVXOWV�VXPPDULVHG�LQ�)LJXUH���VKRZ�WKH�VSHFWUD�RI�WKH�YLEUDWLRQVPHDVXUHG�RQ�WKH�VWDWRU�ZLWK�DQ�DFFHOHUDWRU�VHQVRU��7KH�ILUVW�VZLWFKLQJ�IUHTXHQF\�������+]��LV�FKRVHQWR�VKRZ�WKH�UHVRQDQFH�FDVH��,Q�IDFW��D������+]�FXUUHQW�KDUPRQLF��WZR�WLPHV�WKH�IXQGDPHQWDO�IUHTXHQF\DGGHG�ZLWK�WKH�VZLWFKLQJ�IUHTXHQF\��OHDGV�WR�DQ�H[FLWDWLRQ�IUHTXHQF\�RI������+]�WKURXJK�WKH�UHODWLRQSUHVHQWHG�ILUVW�LQ�VHFWLRQ����� ����������� 3 V5WQWQ ��� ZZ ��7KLV�H[FLWDWLRQ�IUHTXHQF\�LV�YHU\�FORVH�WRWKH�PHFKDQLFDO�UHVRQDQFH��7KH�VHFRQG�VZLWFKLQJ�IUHTXHQF\�������+]��OHDGV�WR�H[FLWDWLRQ�IRUFHV� WKDWDYRLG�PHFKDQLFDO� UHVRQDQFH�� WKH�ZRUVW�RQH�KDV�D� IUHTXHQF\�RI������+]��:LWK� WKH�ZHDN�GLVWDQFH�RIWKHVH�WZR�VZLWFKLQJ�IUHTXHQFLHV��WKH�FXUUHQW�7+'�LV�VLPLODU�IRU�WKH�WZR�QDWXUDO�VDPSOLQJ�FDVHV�
)LJXUH���VKRZV�FRPSXWLQJ�WLPH�IRU�WKH�GLIIHUHQW�3:0�VWUDWHJLHV�WRR������PV�IRU�WKH�QDWXUDO�VDPSOLQJDQG� ���� PV� IRU� WKH� UDQGRP� 3:0�� %HFDXVH� RI� WLPH� FRQVWDQWV� RI� WKH� VWXGLHG� PDFKLQH�� D� 7 ���PVSURFHVV� VDPSOLQJ� SHULRG� LV� VXIILFLHQW� WR� FRQWURO� WKLV� PDFKLQH�� 7KH� '63� LPSOHPHQWDWLRQ� DOORZVSURYLGLQJ�D�3:0�VLJQDO�DV�TXLFNO\�DV�UHTXLUHG��,Q�IDFW��WKH�UDWLR�EHWZHHQ�WKH�SURFHVV�VDPSOLQJ�SHULRGDQG�WKH�WLPH�RI�3:0�JHQHUDWLRQ�LV�DERXW����IRU�WKH�QDWXUDO�VDPSOLQJ�DQG����IRU�WKH�UDQGRP�VDPSOLQJ�7KLV�ODVW�UDWLR�LV�SDUWLFXODUO\�LQWHUHVWLQJ�EHFDXVH�LW�DOORZV�HQYLVDJLQJ�HDVLO\�WKH�XVH�RI�DGYDQFHG�3:0VWUDWHJLHV�WR�LPSURYH�WKH�FRQYHUWHU�PDFKLQH�LQWHUDFWLRQV�
,Q� WKH� )�� VZLWFKLQJ� IUHTXHQF\� FDVH�� WKH� VSHFWUXP� IRU� QDWXUDO� VDPSOLQJ� VKRZV�� DV� SUHGLFWHG� E\� WKHPHFKDQLFDO� UHVSRQVH� VWXG\�� WKH� KLJKHU� YLEUDWLRQ� SHDN� DURXQG� ����+]�ZLWK� DPSOLWXGH� RI� ±�G%9��$�����+]�VZLWFKLQJ�IUHTXHQF\�EULQJV�WR�DQ�H[FLWDWLRQ� IRUFH�QHDU� WKH�PHFKDQLFDO� UHVRQDQFH�� WKHUHIRUHWKH�SHDN�DPSOLWXGH�LV�VR�KLJK��7KH�FRUUHVSRQGLQJ�VSHFWUXP�ZLWK�UDQGRP�3:0�SUHVHQWV�D�VLJQLILFDQWLPSURYHPHQW�ZLWK�WKH�GLPLQXWLRQ�RI�±��G%9�RI�WKH�KLJKHU�SHDN�DPSOLWXGH��6R��UDQGRP�3:0�VHHPVWR�EH� WKH�JRRG�ZD\�RI�QRLVH� UHGXFWLRQ� LQ� WKLV� IUHTXHQF\� UDQJH�EXW� WKH�QH[W�H[SHULHQFH�EULQJV� WR� DQRWKHU�SRLQW�RI�YLHZ�ZLWK�QDWXUDO�VDPSOLQJ�FDSDELOLWLHV�
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V̂UDQG�W����������� ��UDQGRP�IXQFWLRQ�LQLWLDOLVDWLRQ��U UDQG����SODJPRGDOHDW��������������� ��UDQGRP�QXPEHU�OLPLWHG�LQ�PRGXODWLRQ�IUHTXHQFLHV�DUHD��)G �IG�SODJPRGDOHDW����U������ ��VZLWFKLQJ�IUHTXHQF\�GHILQLWLRQ��`HOVH�)G IG �����GI�SHULRG� ��6<6&/.B)5(4�)G�������������XVH�RI�V\VWHP�FORFN�IUHTXHQF\�WR�GHILQH�SHULRG��7�35� �SHULRG��� ��VZLWFKLQJ�SHULRG�UHJLVWHU�DOORFDWLRQ�
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����(IIHFW�RI�ORDG7HVWV� LQ� ORDG� FRQGLWLRQ� KDYH� EHHQ� UHDOLVHG� WR� VKRZ� WKH� LQIOXHQFH� RI� ORDG� RQ� YLEURU\� EHKDYLRXU�([SHULPHQWDO�WHVWV�DUH�QRZ�SHUIRUPHG�ZLWK�D���+]�����$�506��IXQGDPHQWDO�FXUUHQW��2QH�FDQ�YHULI\RQ� WKH�VSHFWUD�)LJXUH��� DQ� LQFUHDVH�RI� DPSOLWXGH� IRU� WKH�ZKROH� IUHTXHQF\�DUHD�� HYHQ� IRU� UDQGRP�RUQDWXUDO� VDPSOLQJ� DQG� IRU� WKH� WZR�GLIIHUHQW� VZLWFKLQJ� IUHTXHQFLHV��+RZHYHU�� WKH� IDFW� WKDW� WKH� KLJKHUSHDN�KDV�QRW� LQFUHDVHG�D� ORW�PXVW�EH�KLJKOLJKWHG� �7DEOH� ,,���7KH� LQFUHDVH�RI� WKH�KLJKHU�SHDN� LV� OHVVLPSRUWDQW�WKDQ�WKH�LQFUHDVH�RI�WKH�RWKHUV��7KLV�FDQ�EH�H[SODLQHG�E\�WKH�DXJPHQWDWLRQ�RI�WKH�URWRU�VOLSZLWK�WKH�ORDG��HTXDWLRQ����DQG�>��������������@��,Q�IDFW��WKH�URWRU�VOLS�DXJPHQWDWLRQ�FDXVHV�GLPLQXWLRQRI�WKH�PHFKDQLFDO�H[FLWDWLRQ�IUHTXHQF\�ZKLFK�JRHV�DZD\�IURP�WKH�UHVRQDQFH�IUHTXHQF\��7KXV��D�ORDGFRQGLWLRQ� LV� QRW� QHFHVVDULO\� VR� VHYHUH� DV� LW� FRXOG� EH� WKRXJKW� DW� ILUVW� LI� WKH� URWRU� VOLS� HIIHFW� DQG� WKHSULQFLSDO�UHVRQDQFH�DUH�NQRZQ�
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7DEOH�,,��9LEUDWLRQ�DPSOLWXGH��G%9��RI�WKH�KLJKHU�SHDN�
7DEOH�,,�VXPPDULVHG�WKH�YLEUDWLRQ�DPSOLWXGH�RI�WKH�KLJKHU�SHDN�LQ�ORDG�DQG�QR�ORDG�FRQGLWLRQ�IRU�WKHWZR�3:0�VWUDWHJLHV�DQG�WKH�WZR�IUHTXHQFLHV�VWXGLHG��2QH�FDQ�QRWLFH�WKH�HIIHFWLYQHVV�RI�UDQGRP�3:0HLWKHU� LQ� ORDG� DQG� QR� ORDG� FRQGLWLRQ� IRU� WKH� ����+]� VZLWFKLQJ� IUHTXHQF\�� +RZHYHU�� WKHUH� LV� QRGLIIHUHQFH�EHWZHHQ�WKH�WZR�3:0�VWUDWHJLHV�IRU�WKH�����+]�VZLWFKLQJ�IUHTXHQF\��7KH�DGYDQWDJH�JLYHQE\�UDQGRP�3:0�ZLWK�WKH�PLQLPLVDWLRQ�RI�WKH�FXUUHQW�KDUPRQLFV�LV�ORVW�EHFDXVH�WKH�PXOWLSOLFDWLRQ�RIKDUPRQLFV�OHDGV�WR�PHHW�WKH�PHFKDQLFDO�UHVRQDQFH��2QH�FDQ�QRWLFH�WRR��WKH�UHODWLYHO\�ORZ�GLIIHUHQFHEHWZHHQ�ORDG�DQG�QR�ORDG�FRQGLWLRQ�
�� &RQFOXVLRQ
,Q�WKLV�SDSHU�D�FRPSDULVRQ�RI�QDWXUDO�VDPSOLQJ�DQG�UDQGRP�3:0�IRU�UHGXFLQJ�DFRXVWLF�DQQR\DQFHV�LVSHUIRUPHG��7KH�FRPSDULVRQ�VKRZV�WKH�FUXFLDO�LPSRUWDQFH�RI�VWDWRU�PHFKDQLFDO�UHVSRQVH��6R��WKLV�VWXG\EULQJV� WR� D� QHZ�SRLQW� RI� YLHZ�� WKH� NQRZOHGJH� RI�PRVW� LPSRUWDQW� UHVRQDQFH�PRGHV� DQG� IUHTXHQFLHVSHUPLWV� D� YHU\� JRRG� HIIHFWLYHQHVV� RI� D� QRQ� UDQGRP� VDPSOLQJ� 3:0� HYHQ� ZLWK� D� ORZHU� VZLWFKLQJIUHTXHQF\��)XUWKHUPRUH�WKH�IDFW�WKDW�WKH�PDFKLQH�LV�ORDGHG�LV�QRW�QHFHVVDULO\�VR�VHYHUH�DV�LW�FRXOG�EHWKRXJKW�DW�ILUVW�IRU�DFRXVWLF�FRQVLGHUDWLRQV�
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5DQGRP�3:0�NHHSV�LQWHUHVW�LQ�D�QXPEHU�RI�VLWXDWLRQV��$�VSHFLDO�RQH�LV�WKH�XVH�RI�UDQGRP�3:0�WRILQG� WKH�PRVW� LPSRUWDQW� UHVRQDQFH� IUHTXHQFLHV�ZKHQ� WKHUH� LV� QR� D� SULRUL� NQRZOHGJH� RI�PHFKDQLFDOUHVSRQVH�RI�WKH�PDFKLQH�XQGHU�VWXG\��'63�LPSOHPHQWDWLRQ�ZLWK�&�ODQJXDJH�DOORZV�JUHDW�IOH[LELOLW\�LQSURJUDPPLQJ��ZKLFK�LV�YHU\�LQWHUHVWLQJ�IRU�WKH�SHUIRUPDQFHV�FRPSDULVRQ�RI�3:0�FRQWURO�VWUDWHJLHV�1HZ�'63� V\VWHPV� DOORZ� YHU\� HDV\� SURJUDPPLQJ� RI� HIILFLHQW� FRQWURO� VWUDWHJLHV� ZLWK� UHODWLYHO\� ORZFRPSXWLQJ� WLPHV� DQG� VR� PD\� LPSURYH� HIILFLHQWO\� WKH� DVVRFLDWLRQ� RI� SRZHU� FRQYHUWHU� DQG� HOHFWULFPDFKLQH�)XUWKHUPRUH�� WKH� DFRXVWLF� QRLVH� SURGXFHV� E\� UDQGRP� 3:0� LV� QRW� VR� SOHDVDQW� WR� HDU� DQG� JLYHV� DVHQVDWLRQ� RI� EDG� TXDOLW\� RI� WKH� PRWRU�� 7KLV� ODVW� SRLQW� LV� YHU\� HPEDUUDVVLQJ� IRU� ORWV� RI� LQGXVWULDODSSOLFDWLRQV��7KHUHIRUH�RWKHU�WRROV�VKRXOG�EH�XVHG�WR�WDNH�LQWR�DFFRXQW�WKH�KXPDQ�SHUFHSWLRQ�RI�VRXQG�6RPH�WRROV�DUH�VWLOO�H[LVWLQJ�LQ�SV\FKR�DFRXVWLF��WKH�XVHG�RI�WKHVH�WRROV�VKRXOG�EH�YHU\�LQWHUHVWLQJ�IRUHOHFWURPHFKDQLFDO�GRPDLQ�LQ�WKH�IXWXUH�
5HIHUHQFHV
>�@�0��/,:6&+,7=��µ)LHOGV�KDUPRQLFV�LQ�LQGXFWLRQ�PRWRUV�¶�(OHFWULFDO�HQJLQHHULQJ�WUDQVDFWLRQV������1RY������>�@�3�/��$/*(5��µ,QGXFWLRQ�0DFKLQHV���WKHLU�EHKDYLRU�DQG�XVHV¶���*RUGRQ�	�%UHDFK�6FLHQFH�3XEOLVKHUV��������>�@� 3�/�� 7,0$5�� µ(IIHFW� RI� DSSOLFDWLRQ� RI� VHPL�FRQGXFWRUV� RQ� YLEUDWLRQV� DQG� QRLVH� RI� VOLS� ULQJ� LQGXFWLRQPRWRUV¶��(OHNWURWHFKQLND���������0DUFK������>�@�6�-��<$1*��µ/RZ�QRLVH�HOHFWULFDO�PRWRUV¶���&ODUHQGRQ�3UHVV��2[IRUG�8QLYHUVLW\�3UHVV��������>�@� 0�0�� %(&+�� -�.�� 3('(5621�� DQG� )� %/$$-%(5*�� µ5DQGRP� PRGXODWLRQ� WHFKQLTXHV� LQ� SRZHUFRQYHUVLRQ�DQ�XSGDWH¶��,Q�3(0&
����YROXPH ���SDJHV���������������>�@�$�0��75=<1$'/2:6.,��)� %/$$-%(5*��DQG�2WKHUV��µ5DQGRP�SXOVH�ZLGWK�PRGXODWLRQ�WHFKQLTXHV�IRUFRQYHUWHU�IHG�GULYH�V\VWHPV��D�UHYLHZ¶��,(((�,�$�6����������6HSW��2FW�������>�@�7�*��+$%(7/(5��'�0��',9$1�� µ$FRXVWLF� QRLVH� UHGXFWLRQ� LQ� VLQXVRLGDO�3:0�GULYHV� XVLQJ� D� UDQGRPO\PRGXODWHG�FDUULHU¶� ,(((�7UDQV�RQ�3RZHU�(OHF��YRO����1������MXO�������SS���������>�@�$��+8%(57��*��)5,('5,&+��µ$�PHWKRG�IRU�FKRRVLQJ� WKH�SRZHU�FRQYHUWHU�FRQWURO�VWUDWHJ\� WR� UHGXFH� WKHDFRXVWLF�QRLVH�E\�WDNLQJ�LQWR�DFFRXQW�WKH�PHFKDQLFDO�VWUXFWXUH�UHVSRQVH¶��(3(¶������&'�520�&RQI�5HF�>�@�$��+8%(57��*��)5,('5,&+��µ,QIOXHQFH�RI�SRZHU�FRQYHUWHU�RQ�PRWRU�DFRXVWLF�QRLVH�� LQWHUDFWLRQ�EHWZHHQFRQWURO�VWUDWHJ\�DQG�PHFKDQLFDO�VWUXFWXUH¶��,((�3URF�3RZHU�$SSO��YRO�����1����PDUFK������>��@�=�4��=+8��/��;8��'��+2:(���µ(IIHFW�RI�ORDG�RQ�DFRXVWLF�QRLVH�UDGLDWHG�IURP�3:0�FRQWUROOHG�LQGXFWLRQPDFKLQHV¶���(3(¶������&'�520�&RQI�5HF�>��@� $�� +8%(57�� *�� )5,('5,&+�� �9LEUDWLRQ� DQG� DFRXVWLF� QRLVH� UHGXFWLRQ� LQ� $&� HOHFWULFDO� GULYHV�� 8VH� RIDQDO\WLFDO�DQG�H[SHULPHQWDO�PRGDO�WHFKQLTXHV��,60$��������������VHSWHPEHU�������ORXYDLQ��%HOJLXP��&'�520SURFHHGLQJV�>��@�$��+8%(57��*�)5,('5,&+���&RPSRUWHPHQW�YLEUDWRLUH�GHV�PDFKLQHV�pOHFWULTXHV�DV\QFKURQHV�DOLPHQWpHVSDU�FRQYHUWLVVHXU�VWDWLTXH�3:0���5HYXH�LQWHUQDWLRQDOH�GH�*pQLH�pOHFWULTXH��9ROXPH���±�Q�������������������>��@� $�� +8%(57�� �&RQWULEXWLRQ� j� O
pWXGH� GHV� EUXLWV� DFRXVWLTXHV� JpQpUpV� ORUV� GH� O
DVVRFLDWLRQ� PDFKLQHVpOHFWULTXHV�±�FRQYHUWLVVHXUV�VWDWLTXHV�GH�SXLVVDQFH��$SSOLFDWLRQ�j�OD�PDFKLQH�DV\QFKURQH��7KqVH�GH�GRFWRUDW�GHO
8QLYHUVLWp�GH�7HFKQRORJLH�GH�&RPSLqJQH�����GpFHPEUH�������'�����
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