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$LU��OLTXLG�LQWHUIDFH�DVVLVWHG�VHOI�DVVHPEO\�RI�SRO\LQGROH�
YLD�/DQJPXLU�%ORGJHWW�V\VWHP

��� ,QWURGXFWLRQ

7KH� DGYHQW� LQ� QHFHVVLW\� RI� SRO\PHU� EDVHG� WKLQ� ILOPV� GHYLFHV� LQ� PRGHUQ� IOH[LEOH�

HOHFWURQLFV�SURPLQHQWO\�UHO\�RQ�WKH�KLJK�SHUIRUPDQFH�DQG�XELTXLWRXV�IXQFWLRQDOLW\�RI�S�

FRQMXJDWHG� VHPLFRQGXFWLQJ� SRO\PHUV�� +RZHYHU�� WKH� PDMRU� KXUGOH� LQ� WKHLU� SUDFWLFDO�

H[HFXWLRQ LV�WKHLU�SRRU�SHUIRUPDQFH�LQ�FRPSDULVRQ�WR�FRQYHQWLRQDO�VLOLFRQ�EDVHG�GHYLFHV��

8SGDWLQJ�ZLWK�WKH�WUHQG�RI�SHUIRUPDQFH�UHILQHPHQW�RI�FRQGXFWLYH�SRO\PHU�EDVHG�GHYLFHV��

WKH� LPSRUWDQFH�RI� WDLORULQJ� WHFKQLTXH�RU�PROHFXODU� HQJLQHHULQJ�DSDUW� IURP�HPSOR\LQJ�

VXLWDEOH� V\QWKHWLF� URXWH� FDQQRW� EH� XQGHUYDOXHG� DW� DQ\� FRVW�� 3RVW�V\QWKHVLV� PROHFXODU�

HQJLQHHULQJ�WHFKQLTXH�UHJXODWHV�FKDUJH�PRELOLW\�JRYHUQLQJ�IDFWRUV�VXFK�DV�IXQFWLRQDOLW\��

VWUXFWXUDO�RUGHU��RULHQWDWLRQ�DQG�DOLJQPHQW�RI�SRO\PHU�FKDLQV�WR�D�ODUJH�H[WHQW��VR�LW�XUJHV�

IRU� LWV�VPDUWHU�VHOHFWLRQ�>��������������������@� $V�LV�ZHOO�NQRZQ�IDFW�� WKDW�SRO\PHULF�

PDWHULDOV�DUH�DOUHDG\�PHULWHG�ZLWK�HFRQRPLFDO�V\QWKHVLV�VWHSV��+HUH��ZH�DUH�KLJKOLJKWLQJ�

WKH�VLJQLILFDQFH�RI�SRVW�V\QWKHVLV� IDEULFDWLRQ� WHFKQLTXHV� WKDW�FDQ�SUHFLVHO\�FRQWURO� WKH�

FKDLQ�RUGHULQJ�RI�SRO\PHULF�PDWHULDOV�DQG�VLPXOWDQHRXVO\�PRQLWRU�WKHLU�ILOP�PRUSKRORJ\�

WR�REWDLQ�DQ�RULHQWDWHG�ODUJH�DUHD�WKLQ�ILOPV�

6XSUHPDF\� RI� /%� WHFKQLTXH� RYHU� RWKHU� IDEULFDWLRQ� WHFKQLTXHV� VXFK� DV� GURS�

FDVWLQJ�� VSLQ� FRDWLQJ�� HWF�� KDV� EHHQ� XQGRXEWHGO\� DFFHSWHG�ZRUOGZLGH��'HVLUH� IRU� VHOI�

DVVHPEO\�RI�RUJDQLF�PROHFXOHV�ZLWK�D�JUHDWHU�OHYHO�RI�VWUXFWXUDO�FRQWURO�WR�REWDLQ�RUGHUHG�

ILOP�RYHU�D�ODUJH�DUHD�KDV�EHHQ�YHU\�ZHOO�VDWLVILHG�H[SORLWLQJ�WKLV�WHFKQLTXH�LQ�ODVW�IHZ�

GHFDGHV�>�����@� ,Q�DGGLWLRQ� WR�SRVLWLRQLQJ�FHUWDLQ�PROHFXOHV�DW�SUHFLVH�GLVWDQFHV�ZLWK�

UHVSHFW� WR� QHLJKERXULQJ�PROHFXOHV�� WKLV� WHFKQLTXH� HQGRZV� DQ� RSSRUWXQLW\� WR� H[HUFLVH�

PROHFXODU�OHYHO�FRQWURO�RYHU�WKH�RULHQWDWLRQ�RI�PROHFXOHV�LQ�PRQROD\HU�WKDW�DIIHFWV�WKH�
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VWUXFWXUH� DQG� WKLFNQHVV� RI� WKH� ILOPV� >�����������������@� 7KLV�SUHVVXUH�FRQWUROOHG� WKLQ�

ILOP�IDEULFDWLRQ�/%�WHFKQLTXH�XQORFNV�D�ZLGH�UDQJH�RI�DSSOLFDWLRQ�IRU�&3 WKLQ�ILOPV�VXFK�

DV� FDSDFLWRUV�� ELRVHQVRUV�� ILHOG� HIIHFW� WUDQVLVWRUV�� JDV� VHQVRUV�� FKHPLFDO� VHQVRU�� HWF��

>�����������@� 7R�WKH�EHVW�RI�RXU�NQRZOHGJH��ZH�DUH�WKH�ILUVW�WR�H[SORUH�WKH�VHOI�RUJDQL]LQJ�

SURSHUWLHV�RI�XQVXEVWLWXWHG�3,Q�ZLWK�VPDUW�/%�WHFKQLTXH�WR�REWDLQ�LWV�RUGHUHG�ILOPV�IRU�

YDULRXV�FKDUDFWHUL]DWLRQV�DQG�FKDUJH�WUDQVSRUW�VWXG\�

,W�LV�ZHOO�NQRZQ�IDFW��WKDW�JUHDWHU�WKH�DPSKLSKLOLFLW\�RI�PDWHULDO�IRU�/%�ILOP��HDVLHU

LV�LWV�PROHFXODU�RULHQWDWLRQ�DQG�JUHDWHU�LV�WKH�ILOP�VWDELOLW\��7KLV�XWPRVW�UHTXLUHPHQW�IRU�

/%�LV�IXOILOOHG�E\�WKH�SUHVHQFH�RI�KHWHURDWRP�1�LQ�WKH�LQGROH�PRQRPHULF�XQLW�SURYLGLQJ�

LW� SRODULW\� WKXV� UHQGHULQJ� LW� K\GURSKLOLF��/%� ILOP�TXDOLW\� RI� FRQGXFWLYH� SRO\PHUV� WKDW�

GRQRW�SRVVHVV�DON\O�VXEVWLWXHQW�IDOO�VKRUW�RI�VWDELOLW\�DQG�XQLIRUPLW\��WUDQVIHU�UDWLR������

7KLV�LVVXH�FDQ�EH�DGGUHVVHG�E\�WZR�ZD\V��ILUVW�E\�PL[LQJ�ZLWK�D�VPDOO�TXDQWLW\��a�������

RI�ORQJ�FKDLQ�IDWW\�DFLG��VXUIDFWDQW��WR�REWDLQ�VWDEOH�PL[HG�PRQROD\HU�ILOP�DQG�VHFRQG�

YLD� SUHFXUVRU� URXWH� L�H�� GHULYDWL]DWLRQ� RI� PRQRPHU� ZLWK� DON\O� FKDLQ� SULRU� WR�

SRO\PHUL]DWLRQ�>��������@� %RWK�WKH�DERYH�PHWKRGV�HQKDQFH�WKH�VROXELOLW\�RI�WKH�SRO\PHU�

SULRU�WR�/%�ILOP�SUHSDUDWLRQ�DQG�WKH�ILOP�VWDELOLW\�DV�ZHOO��0HDQZKLOH��UHVROYLQJ�VWDELOLW\�

DQG�VROXWLRQ�SURFHVVDELOLW\�LVVXHV��WKHVH�ILOPV�DUH�FXUVHG�ZLWK�D�GHPHULW�L��H��WKHVH�FKDLQV�

VWDUW� DFWLQJ� DV� JRRG� LQVXODWRUV� WKDW� FDQ� SRVH� VHULRXV� REVWUXFWLRQ� LQ� FKDUJH� WUDQVSRUW�

SHUSHQGLFXODU�WR�WKH�ILOP�DQG�GLOXWH�WKH�HIIHFW�RI�IXQFWLRQDO�JURXSV�LQ�WKH�ILOP��,Q�VRPH�

UHSRUWV��WKH�DON\O�FKDLQV�HPEHGGHG�LQWR�PDWHULDO�YLD�V\QWKHWLF�URXWH�KDYH�EHHQ�UHPRYHG�

WKHUPDOO\� DIWHU� GHSRVLWLRQ� RI�/%� ILOPV� >��������@� %XW� SRVW� KHDW� WUHDWPHQW�PD\�KDUP�

IXQFWLRQDO�LQWHJULW\�RI�WKH�PROHFXOH�LQ�FDVH�RI�FRQGXFWLYH�SRO\PHUV��.HHSLQJ�WKLV�LQ�YLHZ��

ZH�KDYH�DYRLGHG�LQFRUSRUDWLRQ�RI�DQ\�VXUIDFWDQW�RU�SRVW�KHDW�WUHDWPHQW�WR�REWDLQ�WKH�/%�

ILOPV�RI�XQPRGLILHG��XQVXEVWLWXWHG�3,Q�ZLWKRXW�FRPSURPLVLQJ�ZLWK�LWV�FRQGXFWLYLW\�DQG�
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WR�SURWHFW� WKH�IXQFWLRQDO� LQWHJULW\�RI�WKH�PDWHULDO�ZLWK�FRQVLGHUDWLRQ�RI�YDULRXV�IDFWRUV�

QHFHVVDU\�IRU�LWV�ILOP�VWDELOLW\�

5HFHQWO\�� 3,Q� �LQVHW� RI� )LJXUH� ����D��� DQG� LWV� GHULYDWLYHV� EHLQJ� D� QHZ�FODVV� RI�

FRQGXFWLYH� SRO\PHUV�� KDYH� DWWUDFWHG� VLJQLILFDQW� VFLHQWLILF� LQWHUHVW� GXH� WR� LWV� HDVH� LQ�

V\QWKHVLV� YLD� FKHPLFDO� DQG� HOHFWURFKHPLFDO� URXWH�� H[FHOOHQW� UHGR[� DFWLYLW\�� WKHUPDO�

VWDELOLW\�� ORZ� WR[LFLW\�� JRRG� HOHFWURFKURPLF� SURSHUWLHV�� HOHFWURFDWDO\WLF� SURSHUWLHV��

HOHFWURQLF� SURSHUW\� DQG� VHQVLQJ� SURSHUW\� >�����@� +RZHYHU�� WKHLU� WZR�PRVW� LPSRUWDQW�

GRZQVLGHV�L��H��SRRU�FRQGXFWLYLW\�DQG�SRRU�VROXELOLW\�LQ�FRPPRQ�YRODWLOH�RUJDQLF�VROYHQWV�

KDYH�SODJXHG�WKHP�IRU�SUDFWLFDO�DSSOLFDWLRQV�DQG�IDEULFDWLRQ�RI�GHYLFHV��7KRXJK��YDULRXV�

QDQRFRPSRVLWHV�RI�3,Q�KDYH�EHHQ�SUHSDUHG�ZKLFK�H[KLELW�JRRG�HOHFWUR�FDWDO\WLF�DFWLYLW\��

SKRWRHOHFWURFKHPLFDO�SURSHUW\�DV�ZHOO�DV�EHWWHU�HOHFWULFDO�SURSHUWLHV�>��������@� 6WLOO��WKH�

LVVXH�RI�VROXWLRQ�SURFHVVDELOLW\�DQG�SRRU�FRQGXFWLYLW\�KDQJ�RQ�WKH�PDMRU�OLPLWLQJ�IDFWRU�

IRU�LWV�EURDG�SUDFWLFDO�DSSOLFDWLRQV�

,Q�WKH�SUHVHQW�ZRUN��ZH�WULHG�WR�UHVROYH�WKH�SURFHVVDELOLW\�LVVXH�RI�XQVXEVWLWXWHG�

3,Q�WR�PXFK�H[WHQW�E\�HPSOR\LQJ�WKH�FRQFHSW�RI�FR�VROYHQW�PHWKRGRORJ\�L��H��GLVVROYLQJ�

LQ�RQH�VROYHQW�'062 ZKLFK�DFWV�DV�JRRG�VROYHQW�IROORZHG�E\�WUDQVIHU�LQ�RWKHU�FRPPRQ�

YRODWLOH�RUJDQLF� VROYHQW� �FKORURIRUP���$IWHU� WKDW��ZH�RSWHG�/%� WHFKQLTXH� WR�REWDLQ� LWV�

VWDEOH�DQG�ZHOO�RUGHUHG�ILOP��ZLWKRXW�XWLOL]LQJ�DQ\�H[WHUQDO�WHPSODWH��ZLWK�YHU\�VPRRWK�

VXUIDFH�DQG�IXUWKHU�LQYHVWLJDWHG LWV�OD\HU�GHSHQGHQW�FKDUJH�WUDQVSRUW�SURSHUW\�DQG�EHWWHU�

HOHFWURQLF GHYLFH�SDUDPHWHU�

��� 5HVXOWV�DQG�'LVFXVVLRQ

������0ROHFXODU�6WXGLHV

(OHFWURFKHPLFDOO\�V\QWKHVL]HG�3,Q�ZDV�FKDUDFWHUL]HG�YLD��+�105�DQG�)7�,5
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VSHFWURVFRS\�IRU�LWV�����OLQNDJH�DQG�1+�ERQG�H[LVWHQFH��)LJXUH���� �D��LQGLFDWHV�SURWRQ�

FKHPLFDO�VKLIW��Ƥ�YDOXH��DW�������SSP�YDOLGDWLQJ WKH�H[LVWHQFH�RI�1+�ERQG�>�����@� 2WKHU�

SHDNV�DW�Ƥ�YDOXHV�DURXQG������������������DQG�����������SSP�FRUUHVSRQG�WR�+����+����+�

��DQG�+���DURPDWLF�SURWRQV�RI�PRQRPHULF�XQLW� WKDW�DUH�SHUVLVWHQW� LQ�3,Q� UHVSHFWLYHO\��

7KHVH�YDOXHV�DUH�LQ�DFFRUGDQFH�WR�SUHYLRXV�UHSRUWV��WKXV�YHULI\LQJ�WKH�����OLQNDJH�LQ�3,Q�

>��������@� 9LEUDWLRQDO�VSHFWUXP�IRU�HOHFWUSRO\PHUL]HG�3,Q��DV�VKRZQ�LQ�)LJXUH���� �E���

GLVSOD\V� D� EURDG� SHDN� DW� a����� FP�� GHSLFWLQJ� 1+� ERQG� VWUHWFK�� $OVR�� 1+� ERQG�

GHIRUPDWLRQ� DW� ����� FP�� YDOLGDWH� LWV� SHUVLVWHQFH� DIWHU� SRO\PHUL]DWLRQ�� 3HDNV� DURXQG�

����������FP�� UHJLRQ�SHDNV�DULVH�GXH�WR�&�&�VWUHWFKLQJ�PRGHV�RI�EHQ]HQH�ULQJ�>��@�3HDN�

DW������FP�� GHVLJQDWHV�WR�DURPDWLF�&�1�VWUHWFK�DQG�SHDN�DW�����FP�� �&�+�EHQG��RXW�

RISODQH� GHIRUPDWLRQ�� YDOLGDWHV� QRQ�LQYROYHPHQW� RI� EHQ]HQH� ULQJ� LQ� SRO\PHUL]DWLRQ�

>��������@� ,Q� FRQFOXVLRQ�� 1�+� SHDN� SUHVHQFH� YHULILHV� WKDW� QLWURJHQ� LV� QRW� WKH�

SRO\PHUL]DWLRQ�VLWH���+�105�DORQJ�ZLWK�)7�,5�VSHFWUD�LV�YHULI\LQJ�WKH������OLQNDJH�RI�

LQGROH�PRLHW\�GXULQJ�HOHFWURFKHPLFDO�SRO\PHUL]DWLRQ� 0DVV�VSHFWUXP�RI�3,Q��DV�VKRZQ�

LQ�)LJXUH������ZDV�H[DPLQHG�YLD�)$%�PDVV�WHFKQLTXH�WKDW�UHYHDOHG�WKH�KHDYLHVW�LRQ�WR�

KDYH�P�]� YDOXH� RI� ������ 6LQFH� WKH� ODUJHVW�P�]� YDOXH� UHSUHVHQWV� WKH� ODUJHVW� LRQ� JRLQJ�

WKURXJK�WKH�PDVV�VSHFWURPHWHU�DQG�KHQFH�LW�ZDV�WKH�PROHFXODU�LRQ��7KHUHIRUH�WKH�PDVV�RI�

3,Q�ZDV�FRQVLGHUHG�WR�EH������ZKLFK�LQGLFDWHV�WKH�DVVRFLDWLRQ�RI�����PRQRPHU�XQLWV�LQ�

WKH�SRO\PHU�FKDLQ�

����� ,VRWKHUP�VWXGLHV

7KH�IRUPDWLRQ�RI�SRO\PHU�ILOPV�DW� WKH�DLU�ZDWHU� LQWHUIDFH�LV�YHU\�VHQVLWLYH�DQG�ODUJHO\�

GHSHQGV� RQ� SUHSDUDWLRQ� FRQGLWLRQV� VXFK� DV� VROYHQW�� FRQFHQWUDWLRQ�� WHPSHUDWXUH� RI

VXESKDVH�� FRPSUHVVLRQ� VSHHG�� HWF�� >��������@�� )LJXUH� ���� GHSLFWV� WKH� W\SLFDO� /%� ʌ�$

LVRWKHUP�IRU�3,Q�PROHFXOHV�DW�URRP�WHPSHUDWXUH�GHSLFWLQJ�GHFUHDVH�LQ�PHDQ�PRQRPHULF
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)LJXUH� ��� �D�� �+�105� VSHFWUXP� DQG� �E�� )7�,5� VSHFWUXP� RI� HOHFWURFKHPLFDOO\�

V\QWKHVL]HG�3,Q�

)LJXUH���� )$%�0DVV�VSHFWUXP�RI�HOHFWURFKHPLFDOO\�V\QWKHVL]HG�3,Q�

DUHD�ZLWK�LQFUHDVH�LQ�SUHVVXUH��$�YHU\�GLOXWH�VROXWLRQ��GLVSHUVLRQ������P/�RI�����PJ�P/��

RI�3,Q��VKRZQ�LQ� LQVHW�)LJXUH������ZDV�VSUHDG�XVLQJ�+DPLOWRQ�PLFUROLWHU� V\ULQJH�RYHU�

ZDWHU� VXESKDVH�DQG�ZDV� OHIW�RYHU� IRU����PLQ� IRU�FRPSOHWH�SRO\PHULF� FKDLQ�H[WHQVLRQ�

DORQJ�ZLWK�VROYHQW�HYDSRUDWLRQ��7KHQ�DIWHU��WKH�EDUULHUV�ZHUH�FRPSUHVVHG�DW����PP�PLQ�

VSHHG� DQG� WKH�63�ZDV�PRQLWRUHG� YLD�:LOKHP\� SODWH�PHWKRG� WR� H[SORUH� WKH� LVRWKHUP��

,VRWKHUP� LQYHVWLJDWLRQ� ZDV� UHSHDWHG� ���� WLPHV� NHHSLQJ� YDULRXV� SDUDPHWHUV� VXFK� DV�

WHPSHUDWXUH��FRQFHQWUDWLRQ��S+�RI�VXESKDVH�DQG�FRPSUHVVLRQ�VSHHG�FRQVWDQW��(DFK�WLPH�
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ZH� REWDLQHG� WKH� VLPLODU� UHVXOWV� ZLWK� QHJOLJLEOH� GLIIHUHQFHV� HQVXULQJ� WKH� VWDELOLW\� RI�

PRQROD\HU�DW�WKH�ZDWHU�VXESKDVH�

)LJXUH���� 3UHVVXUH�YV��DUHD��ʌ�$��LVRWKHUP�RI�3,Q�DW�URRP�WHPSHUDWXUH��PDUNHG�SRLQWV�

GLVSOD\�GLIIHUHQW�SUHVVXUHV��������DQG����P1�P�XQGHU�VWXG\���,QVHW�VKRZV�SKRWRJUDSK�RI�

3,Q�VROXWLRQ�SUHSDUHG�IRU�/%�VWXG\�

7KH�ʌ�$�LVRWKHUP�VWDUWHG�OLIWLQJ�RII�DW��������c����UHSHDW�XQLW�DURXQG������P1�P�DQG�63�

FRQWLQXHG�WR�LQFUHDVH�XSWR�������P1�P�DIWHU�ZKLFK�LW�VWDUWHG�GHFUHDVLQJ�ZKLFK�FDQ�EH�

DOORFDWHG� DV� WKH� FROODSVH� SRLQW�� 7KHUH� DUH� �� VORSH� FKDQJHV� RFFXUULQJ� DW� WKH� DUHD� SHU�

PRQRPHU�RI��������������DQG�������c�� REVHUYHG�LQ�)LJXUH���� GHQRWLQJ�SKDVH�WUDQVLWLRQ�

SKHQRPHQD��2Q�WKLV�EDVLV��WKH�HQWLUH�LVRWKHUP�FDQ�EH�DOORFDWHG�LQWR�IRXU�GLVWLQFW�VHFWLRQV�

DV�PHQWLRQHG�LQ�VRPH�SUHYLRXV�UHSRUWV�>��������������@� 7KH�UHJLRQ�,��XSWR������P1�P��

LV�DOORFDWHG�DV�JDVHRXV�VWDWH��ZKHUH�WKHUH LV�DOPRVW�QR�DOWHUDWLRQ�LQ�WKH�63��)XUWKHU��IURP�

�����P1�P�WR����P1�P�LV�DVVLJQHG�DV�OLTXLG�SKDVH�PDUNHG�DV�UHJLRQ�,,��)XUWKHU�ULVH�LQ�

SUHVVXUH�IURP����P1�P�WR���P1�P�LV�PDUNHG�DV�UHJLRQ�,,,��SODWHDX�UHJLRQ��DQG�DOORFDWHG�

DV� D� FROODSVHG� OLTXLG FRQGHQVHG� SKDVH��$� VWHHS� ULVH� LQ� WKH� 63� LV� REVHUYHG� RQ� IXUWKHU

FRPSUHVVLRQ�RI�EDUULHU�DQG�DVVLJQHG�DV�UHJLRQ�,9��VROLG�SKDVH��WKDW�H[WHQGV�XSWR����P1�P�
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�FROODSVH�SUHVVXUH���+HUH��LW�LV�ZRUWK�PHQWLRQLQJ�WKDW�WKH�DUHD�PRQRPHU�LV�YHU\�OHVV�LQ�

FRPSDULVRQ� WR� DFWXDO DUHD� RI� PRQRPHU�� $FFRUGLQJ� WR� SUHYLRXV� VWXGLHV�� DURPDWLF

PROHFXOHV�ZLWKRXW�DQ\�K\GURFDUERQ�WDLO�GR�QRW�IRUP�WUXH PRQROD\HUV�>�����@� 7KHUHIRUH��

LW� LV� TXLWH� REYLRXV� WKDW� WKH� 3,Q PRQROD\HU� IRUPLQJ� RYHU� ZDWHU� VXUIDFH� LV� SVHXGR�

PRQROD\HU FRQVLVWLQJ�RI�VHYHUDO�PROHFXOH�WKLFNQHVVHV��7KHVH�SVHXGRPRQROD\HUV�IRUP�=�

W\SH�GHSRVLWLRQ� ILOPV�ZLWK�XSVWURNH� OLIWLQJ RQ�K\GURSKLOLF� VXEVWUDWH� >�����@� %DVHG�RQ�

QXPEHU�RI�OD\HUV�WUDQVIHUUHG RQ�,72�VXEVWUDWH��WKH\�KDYH�EHHQ�QDPHG�DV�VLQJOH�OD\HU����

DQG� �� OD\HUV� WR� LQYHVWLJDWH� WKHLU� FKDUJH� WUDQVSRUW� SURSHUW\ GLVFXVVHG� ODWHU�� $UHD� SHU�

PRQRPHU�YDOXHV�DW��������DQG����P1� P�DUH�������������DQG������P1�P��LQWHUVHFWLRQ�RI�

GRWWHG�OLQH�RQ�[�D[LV�LQ�)LJXUH�������$PRQJVW�WKH�ORZHVW�63�VHOHFWHG�IRU�ILOP�LQYHVWLJDWLRQ�

L�� H�� ���P1�P�� WKH� ODUJHVW� DUHD� SHU�PRQRPHU� REVHUYHG� FRUUHVSRQGV� WR� ORZHVW� VXUIDFH�

GHQVLW\��$V�WKH�63�LV LQFUHDVHG��VXUIDFH�GHQVLW\�LQFUHDVHV�XSWR�VRPH�H[WHQW�DIWHU ZKLFK�

WKH� ILOP�VWDUWV�RYHUODSSLQJ�� IROGLQJ�EH\RQG����P1�P��7KLV�ZDV�FOHDUO\�HYLGHQFHG�YLD�

)LJXUH���� $)0�DQG�6(0�PLFURJUDSKV GLVFXVVHG�ODWHU�

������6XUIDFH�PRUSKRORJ\�VWXGLHV�DW�GLIIHUHQW�SUHVVXUHV

7KH�VXUIDFH�URXJKQHVV��KHLJKW�SURILOH��VXUIDFH�PRUSKRORJ\��HWF��RI�WUDQVIHUUHG�ILOPV�ZHUH�

FKDUDFWHUL]HG�DQG�HVWLPDWHG�XVLQJ�$)0�DQG�6(0��)LJXUH���� �D��F�DQG�H��VKRZV�WKH�$)0�

WRSRJUDSK\��WDSSLQJ�PRGH��DQG�)LJXUH���� �E��G�DQG�I��VKRZV�WKH�6(0�LPDJH�RI�3,Q�/%�

ILOP�WUDQVIHUUHG�DW��������DQG����P1�P�63��UHVSHFWLYHO\��/%�ILOP�$)0�LPDJH�DW����P1�P�

LQ�)LJXUH����D��GLVSOD\V�ORQJ�JURRYHV�ZKLFK�LV�FOHDUO\�VKRZQ�E\�EUHDNV�LQ�FRUUHVSRQGLQJ�

6(0�LPDJH��)LJXUH���� �E����7KH�LQVHW�RI�ODWHU�GLVSOD\V�WKH�PDJQLILHG�LPDJH�UHYHDOLQJ�

WKDW� 3,Q� PROHFXOHV� IRUP� LVODQGV� RQ� ZDWHU� VXESKDVH� ZLWK� JDSV� LQ� EHWZHHQ�� WKXV� ILOP�

GHSRVLWHG�DW�WKLV�SUHVVXUH�LV�QRW�FRPSDFW�HQRXJK��)LJXUH���� �F��$)0�LPDJH�RI�/%�ILOP�

OLIWHG�DW����P1�P�LQGLFDWHV�YHU\�FOHDUO\��WKH�IRUPDWLRQ�RI�YHU\�VPRRWK��FRQWLQXRXV�DQG�
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FRQGHQVH�ILOP�ZKLFK�LV�VXSSRUWHG�E\�LWV�6(0�LPDJH��)LJXUH���� �G���>�����@� ,Q�RUGHU�WR�

FKHFN�WKH�ILOP�FRPSDFWQHVV�DW�KLJKHU�SUHVVXUHV��WKH�ILOP�ZDV�DOVR�OLIWHG�DW����P1�P��7KHLU�

$)0��)LJXUH���� �H��� DQG�6(0��)LJXUH���� �I��� LPDJHV� FOHDUO\� H[KLELW� WKH� IROGLQJ�RU�

FROODSVH�RI�WKH�ILOP�RQ�DSSOLFDWLRQ�RI�KLJKHU�SUHVVXUH�ZKLFK�LV�DOVR�REVHUYHG�DV�VWHHS�ULVH�

LQ�LVRWKHUP�REWDLQHG�IRU�3,Q�GLVFXVVHG�HDUOLHU�>�����@� 7KXV��$)0�DQG�6(0�LPDJHV�

)LJXUH� ��� 7DSSLQJ� PRGH� $)0� DQG� 6(0� LPDJHV� RI� PRQROD\HU� /%� ILOP� RI� 3,Q� DW�

GLIIHUHQW�GHSRVLWLRQ�SUHVVXUHV��DV�PDUNHG�LQ�LVRWKHUP���D�	�E��#����P1�P���F�	�G��#�

���P1�P�� �H�	� I��#� ���P1�P� UHVSHFWLYHO\�� (DFK� LQVHW� VKRZV� WKH�PDJQLILHG� LPDJH�

HQFLUFOHG�UHJLRQ�
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WRJHWKHU�YHU\�ZHOO�MXVWLI\����P1�P�SUHVVXUH��DV�REWDLQHG�LQ�LVRWKHUP��)LJXUH������DV�WKH�

RSWLPXP�RQH�WR�REWDLQ�PRVW�FRPSDFW�3,Q�/%�ILOPV�IRU�WKH�FKDUJH�WUDQVSRUW�VWXG\�

,QYHVWLJDWLRQ�RI�XQLIRUPLW\�DQG�VPRRWKQHVV�RI�ODUJH�DUHD�VLQJOH�OD\HU�/%�ILOP��DW�

���P1�P��ZDV�DOVR GRQH�YLD�6(0�DQG�$)0�LPDJH �DV�VKRZQ�LQ�)LJXUH���� �D��DQG��E����

,Q�DGGLWLRQ��)LJXUH�����GLVSOD\V�WRSRJUDSKLF�$)0��'�LPDJHV�RI�WKH�VDPH�$)0�VXEVWUDWHV�

DV�REVHUYHG�LQ�)LJXUH������D��F�DQG�H���)LJXUH������D��UHYHDOV�WKH�JDS�IRUPHG�DW�ORZHU�63�

����P1�P��DQG�)LJXUH������E�	�F��GLVSOD\�VRPH�VSLNHV�WKDW�DUH�PRUH�IRU�WKH�ODWHU�FDVH��

)LJXUH���� �D��6(0�LPDJH�RI�VLQJOH� OD\HU�/%�ILOP�RI�3,Q�� ,QVHW�VKRZV� WKH�PDJQLILHG�

LPDJH�HQFLUFOHG�UHJLRQ��E��$)0�LPDJH�RI�VLQJOH�OD\HU�/%�ILOP�RI�3,Q�

)LJXUH���� 7RSRJUDSKLF�$)0��'�LPDJHV�RI�PRQROD\HU�3,Q�/%�ILOP�GHSRVLWHG�DW�GLIIHUHQW�

63��D�����P1�P���E�����P1�P���F�����P1�P�UHVSHFWLYHO\�
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7DEOH�����FRPSDUHV�506�URXJKQHVV�YDOXHV�IRU�)LJXUH������D�F��LPDJHV��+LJKHVW�506�

URXJKQHVV�YDOXHV�IRU����P1�P�GHSRVLWHG�ILOP�FOHDUO\�MXVWLI\�WKH�SUHVHQFH�RI�PRUH�VSLNHV�

>�����@�� 7KLV� OHG� WR� WKH� FRQFOXVLRQ� WKDW� PRVW� KRPRJHQRXV� PRUSKRORJLFDO� SDWWHUQ� LV�

REWDLQHG�IRU����P1�P��)LJXUH������E����7KXV��VPRRWK�DQG�FRPSDFW�ODUJH�DUHD��a����[�����

PP���3,Q�/%�ILOP�PLFURJUDSKV YHU\�PXFK�PRWLYDWH�IRU� WKHLU� LPSOHPHQWDWLRQ� LQ� ODUJH�

DUHD�DSSOLFDWLRQ�GHYLFHV�

7DEOH���� 5RXJKQHVV��506��DQG�DYHUDJH�KHLJKW�PHDVXUHPHQW�RI�3,Q�/%�PRQROD\HU�ILOP�

/%�ILOP�VDPSOH 506�URXJKQHVV��QP�

�D�����P1�P �����

�E�����P1�P �����

�F�����P1�P �����

%DVHG�RQ�DERYH�UHVXOWV��ZH�GHVLJQHG�D�VFKHPDWLF�UHSUHVHQWDWLRQ��DV�VKRZQ�LQ�)LJXUH������

RI�/%�WURXJK�HTXLSSHG�ZLWK�GRXEOH�EDUULHUV�ZKHUH�3,Q�VROXWLRQ�LV�VSUHDG�GURSZLVH�RQWR�

ZDWHU�VXESKDVH��,W�UHSUHVHQWV�WKH�SODXVLEOH�DUUDQJHPHQW�RI�3,Q�PROHFXOHV�RQ�VXESKDVH�DW�

GLIIHUHQW�63���������DQG����P1�P���3,Q�PROHFXOHV�EHLQJ�DSDUW�DW����P1�P�VWDUW�FRPLQJ�

FORVHU�RQ�IXUWKHU�EDUULHU�FRPSUHVVLRQ��$W����P1�P��WKH\�DUH�HTXLGLVWDQW� WR�HDFK�RWKHU�

IRUPLQJ�FRPSDFW�DUUDQJHPHQW��2Q�IXUWKHU�LQFUHDVLQJ�SUHVVXUH��DW����P1�P��PROHFXOHV�

RYHUODS�HDFK�RWKHU��WKXV�GLVUXSWLQJ�WKH�ILOP�FRQWLQXLW\�

������6SHFWUDO�VWXGLHV

)LJXUH� ���� �D�� VKRZV� WKH� W\SLFDO� 89�9LV� DEVRUSWLRQ� VSHFWUXP� RI� 3,Q� LQ� VROXWLRQ�

�GLVSHUVLRQ��DQG�3,Q�/%�ILOP�FRDWHG�RQ�RSWLFDOO\�WUDQVSDUHQW�TXDUW]�VXEVWUDWH�DW����P1�P��

6LQFH�� WKH�PRQRPHU�XQLW� RI�3,Q� FRQVLVWV�RI� ULQJV�KDYLQJ�ʌ�FRQMXJDWLRQ�HOHFWURQV�ZLWK�

QLWURJHQ�DV�KHWHUR�DWRP�FRQVLVWLQJ�RI�QRQ�ERQGLQJ�RUELWDO��7KLV�W\SH�RI�PROHFXOH�VKRZV

Q�ʌ�H[FLWDWLRQ�DV�D�ORZHVW�HQHUJ\�WUDQVLWLRQ�OHYHO� +RZHYHU��R[LGDWLYH�SRO\PHUL]DWLRQ�RI�
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)LJXUH� ��� 6FKHPDWLF� UHSUHVHQWDWLRQ� RI� SODXVLEOH� DUUDQJHPHQW� RI� 3,Q�PROHFXOHV RQWR�

ZDWHU�VXESKDVH�DW�GLIIHUHQW�63���������DQG����P1�P��

)LJXUH���� �D��89�9LV�DEVRUSWLRQ�VSHFWUD�RI�3,Q��VROXWLRQ��DQG�/%�ILOP�RI�3,Q�ZLWK�LQVHW�

GHSLFWLQJ�LWV�EDQG�JDS��E��5DPDQ�VSHFWUD�RI�3,Q��3RZGHU��V\QWKHVL]HG�HOHFWURFKHPLFDOO\�

DQG�3,Q�/%�ILOP��PRQROD\HU�DQG���OD\HUV���UHVSHFWLYHO\�

WKHVH�PROHFXOHV FDXVHV�JHQHUDWLRQ�RI�GHIHFWV�RYHU�SRO\PHU�FKDLQV�LQ�WKH�IRUP�RI�SRODURQV��

7KH�SRODURQ�VKRZV�ORZHU�HQHUJ\ WUDQVLWLRQ�LQ�FRPSDULVRQ�WR�ʌ�ʌ�DQG�Q�ʌ���7KHUHIRUH��

WKH�SHDNV REVHUYHG�IRU�3,Q�LQ�VROXWLRQ�DQG�LWV�/%�ILOP�ERWK�FDQ�EH�DVVLJQHG�DV�ʌ�ʌ������

����QP���Q�ʌ����������QP��DQG���������QP�DV�D�SRODURQLF�H[FLWDWLRQ >�����������@� $V�

FRPSDUHG� WR� OLTXLG SKDVH� VSHFWUD�� WKHUH� LV� EDWKRFKURPLF� VKLIW� IRU� /%� ILOP� FOHDUO\�

LQGLFDWLQJ�WKH�HQKDQFHG�VHOI�DVVHPEO\�DQG�VWUXFWXUDO�RUGHULQJ�LQ�WKH�ILOP��/%�WHFKQLTXH�
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DOORZV DPSOH� WLPH� DQG� VSDFH� IRU� 3,Q PROHFXOHV� WR� RULHQW� WKHPVHOYHV� VXFK� WKDW�ZKHQ�

EDUULHUV�DUH JUDGXDOO\�FRPSUHVVHG��QRQ�FRYDOHQW�IRUFHV�FRPH�LQWR�DFWLRQ�IDFLOLWDWLQJ�WKHLU�

RUGHUHG� DUUD\�� 7KHQDIWHU�� EDQG� JDS� �(J�� RI� 3,Q /%� ILOP� ZDV� FDOFXODWHG� IURP� WKH�

DEVRUEDQFH VSHFWUD�RI�WKH�3,Q �LQVHW�RI�)LJXUH���� �D����,I�DEVRUSWLRQ�FRHIILFLHQW�LV�GHQRWHG�

E\�D� HQHUJ\�RI�DEVRUEHG�OLJKW�LV�GHQRWHG�E\�KY�WKHQ�RSWLFDO�EDQGJDS�RI�WKH�SRO\PHU�LV�

HVWLPDWHG�E\�IXQGDPHQWDO�UHODWLRQ JLYHQ�E\�>������@

ࣰ݄ߙ ൌ ሺࣰ݄ܤ െ ሻܧ
 ሺ͵Ǥͳሻ

:KHUHߙ� DQG� Kࣰ GHQRWH� DEVRUSWLRQ� FRHIILFLHQW� DQG� HQHUJ\RI� LQFLGHQW� DEVRUEHG� OLJKW��

Q ����IRU�GLUHFW�EDQG�JDS�WUDQVLWLRQ��DQG�%�GHQRWHV�WKH�SURSRUWLRQDOLW\�FRQVWDQW��(QHUJ\�

JDS��(J�LV�SUHGLFWHG�E\�SORWWLQJ ሺࣰ݄ߙ�� YV��Kࣰ DQG H[WUDSRODWLQJ�WKH�OLQHDU�SRUWLRQ�WR�]HUR��

DV�VKRZQ�LQ�LQVHW�RI�)LJXUH���� �D���7KH�EDQG�JDS�RI�3,Q�/%�ILOP�LV�SUHGLFWHG�WR�EH�����H9�

XVLQJ�WKLV�PDQQHU��

5DPDQ�VSHFWURVFRS\�ZDV�XVHG�WR�LQYHVWLJDWH�WKH�VHOIDVVHPEO\�DQG�SRVVLEOH�LPSURYHPHQW�

LQ�RUGHULQJ�RI�WKH�3,Q�ILOPV�GHSRVLWHG�E\�WKH�/%�WHFKQLTXH�DQG�FRQWHPSRUDULO\�FRPSDUHG�

ZLWK�WKH�HOHFWURSRO\PHUL]HG�3,Q�DV�VKRZQ�LQ�)LJXUH���� �E���,W�LV�LPSRUWDQW�WR�QRWH�WKDW��

EDUH� ,72� GLG� QRW� VKRZ� DQ\�ZHOO� UHVROYHG� SHDNV� �YHU\� ORZ� LQWHQVLW\� SHDNV�� ZKLFK� LV�

FRQVLVWHQW�ZLWK�RXU�SUHYLRXV�UHSRUW� >��@� +RZHYHU��RQO\� WZR�EURDG�SHDNV�DW������DQG�

�����FP�� ZHUH�REVHUYHG�IRU�HOHFWURSRO\PHUL]HG�3,Q�RYHU� WKH�VDPH�,72�FRDWHG�JODVV��

>�����@� 3,Q�/%�ILOP��VLQJOH�DQG���OD\HUV��GLVSOD\V�WZR�PDMRU�SHDNV�ZLWK�VOLJKW�VKLIW��a���

���FP����WRZDUGV�KLJKHU�ZDYHQXPEHU�LQ�FRPSDULVRQ�WR�HOHFWURSRO\PHUL]HG�3,Q�ZLWK�VRPH�

DGGLWLRQDO�VPDOO�SHDNV�RQ�VKRXOGHUV�RI�WKH�PDMRU�SHDNV�

7KH�DFTXLUHG�RXWFRPHV�IRU�/%�3,Q ILOPV�DQG�HOHFWURSRO\PHUL]HG�3,Q�FDQ�EH�GHIHQGHG�RQ�

WKH�EDVLV�RI�HQOLJKWHQPHQWV�WKDW�HOHFWURSRO\PHUL]DWLRQ�LV�D�UHODWLYHO\�IDVWHU�WHFKQLTXH��OHVV�

WKDQ����V�DW�a����9���7KXV��SRO\PHU�FKDLQV�GR�QRW�JHW�HQRXJK�WLPH�WR�DVVHPEOH�LQ�DQ�

RUGHUHG� IDVKLRQ� WKDW� VWHP LQWR� DPRUSKRXV� VWDWH� H[KLELWLQJ� RQO\� WZR� EURDG� SHDNV��
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:KHUHDV��D�QXPEHU�RI�VKRXOGHU�SHDNV�REVHUYHG�LQ�WKH�FDVH�RI�WKH�/%�ILOP��ERWK�VLQJOH�

DQG���OD\HUV��DSSHDUHG�GXH�WR�VWURQJ�LQWHUDFWLRQV�EHWZHHQ�WKH�RUGHUHG�FKDLQV�>��@� 5HG�

VKLIW�ZDV�REVHUYHG�PRUH�IRU�� OD\HUV�DV�GXULQJ�ILUVW�OD\HU�GHSRVLWLRQ��WKH�VXEVWUDWH�QDWXUH

GHFLGHV� WKH� DGKHVLRQ� SDWWHUQ� RI� PDWHULDO� RQWR� LW�� %XW� LQ� WKH� FDVH� RI� PXOWLOD\HUV�� WKH�

SRO\PHU�ILOP�LWVHOI�DFWV�DV�VXEVWUDWH�WKDW�KDV�EHWWHU�FRKHVLRQ�SURSHUW\��WKXV�LPSURYLQJ�WKH�

RUGHULQJ�>��@� 3LZRZDU�HW�DO��DQG�0XUSK\�HW� DO��KDYH�DOUHDG\�HVWLPDWHG� WKH�FKDQJH� LQ�

FRQILJXUDWLRQ�DQG�VWUXFWXUH�YLD�VSHFWURVFRSLF�PHDVXUHPHQWV�>������@� 7KH�SUHVHQFH�RI�

VKRXOGHU�SHDNV�FDQ�EH�HQOLJKWHQHG�YLD�LQYHVWLJDWLQJ�WKH LQWHUDFWLRQ�DW�PROHFXODU�OHYHO�WKDW�

ZDV� H[SORUHG�YLD� LVRWKHUP� VWXG\�SULRU� WR� ILOP�GHSRVLWLRQ�YLD�/%� WHFKQLTXH�� ,W� LV� YHU\�

LPSRUWDQW�WR�HPSOR\�D�YHU\�GLOXWH�3,Q�VROXWLRQ��a�������PJ�P/��IRU�VSUHDGLQJ�DW�DLU�ZDWHU�

LQWHUIDFH� LQ� RUGHU� WR� SURYLGH� VXIILFLHQW� URRP� IRU� SRO\PHULF� FKDLQ� H[WHQVLRQ�� 7KH�

FRPSUHVVLRQ� VSHHG� ���� PP�PLQ�� RI� WKH� EDUULHUV� ZDV� DOVR� NHSW� H[WUHPHO\� ORZ� WR�

FRPSOHPHQW�WKH�VHOI�RUJDQL]LQJ�SURSHUW\�RI�3,Q�FKDLQV�DW�PROHFXODU�OHYHO��%RWK�SUHVHQFH�

RI��1+�JURXS�LQ�PRQRPHULF�XQLW�RI�3,Q�DQG�SRVVLELOLW\�RI�ʌ�ʌ LQWHUDFWLRQ�SOD\�D�YLWDO�UROH�

LQ�GLUHFWLQJ�WKH�RULHQWDWLRQ�DQG�RUGHULQJ�RI�3,Q RYHU�WKH�VXESKDVH�>�����@� 7KH��1+�JURXS�

EHLQJ�SRODU�DLGV� LQ�GHILQLWH�RULHQWDWLRQ�RI�3,Q� FKDLQ�RYHU� WKH�ZDWHU� VXUIDFH� DQG� LV� WKH�

GULYLQJ� IRUFH� IRU� VROYHQW� VSUHDGLQJ�� 7KH� WZR� IRUFHV� L�H�� FRKHVLYH� �YDQ GHU� :DDOV�

LQWHUDFWLRQ��DWWUDFWLRQ�DPRQJVW�3,Q�PROHFXOHV�DQG�WKH�DWWUDFWLYH�LQWHUDFWLRQ�EHWZHHQ�SRODU�

HQG�RI�3,Q�DQG�VXESKDVH�GHWHUPLQHV�WKH�PRQROD\HU�FKDUDFWHULVWLF��,Q�WKLV�FLUFXPVWDQFH��

WKH� SRO\PHU� FKDLQV� PD\� FRPH� FORVHU� UHWDLQLQJ� D� GHILQLWH� DOLJQPHQW� GXH� WR� VORZ�

FRPSUHVVLRQ�WKXV�JHWWLQJ�HQRXJK�WLPH�WR�IRUP�DQ�RUGHUHG�DUUD\��DV�VKRZQ�LQ�)LJXUH�������

,W�LV�DOVR�ZRUWK�PHQWLRQLQJ�KHUH�WKDW�RQH�JURXS�L��H��&KDQJ�HW�DO KDV�UHSRUWHG�DERXW�WKH�

GHSHQGHQF\�RI�VHOI�DVVHPEO\�RI�SRO\PHU�FKDLQ�RQ�ERLOLQJ�SRLQW�DQG�GU\LQJ�WLPH�RI�VROYHQW

>���@��,Q�WKHLU�UHSRUW��WKH\�KDYH�FOHDUO\�PHQWLRQHG�WKH�HIIHFW�RI�WLPH�RQ�FU\VWDOOLQLW\�DQG�

RUGHULQJ�RI�SRO\PHU�ILOP�
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������&KDUJH�7UDQVSRUW�DQG�HOHFWURQLFV�SDUDPHWHU�DQDO\VLV

7KH�FKDUJH�WUDQVSRUW�DQG�HOHFWURQLF�SDUDPHWHU�RI�OD\HU�E\�OD\HU�GHSRVLWHG�/%�ILOPV�RI�3,Q�

ZHUH�VWXGLHG�DFURVV�WKH�ILOP�XVLQJ�VDQGZLFKHG�VWUXFWXUH�RI $O�3,Q�,72��LQVHW�RI�)LJXUH�

��� �D��� YLD� FRQGXFWLQJ� WKH� -�9�PHDVXUHPHQW� LQ� GDUN� FRQGLWLRQ��0HDVXUHPHQWV ZHUH�

SHUIRUPHG�DW�URRP�WHPSHUDWXUH������&��LQ�DLU XQGHU�GDUN�FRQGLWLRQV�DV�VKRZQ�LQ�)LJXUH�

�����D�E���LQ�ZKLFK )LJXUH���� �E��VKRZV�WKH�VHPLORJ�SORW�RI�ORJ�-�YV��9�GHSLFWLQJ KLJK�

UHFWLILFDWLRQ�EHKDYLRXU�RI�GLRGH��7KH�UHFWLI\LQJ�EHKDYLRXU RI� WKH�VDQGZLFKHG�VWUXFWXUH�

GHYLFHV�$O�3,Q�,72�ZHUH�DQDO\VHG E\�DVVXPLQJ�WKH�VWDQGDUG�WKHUPLRQLF�HPLVVLRQ�WKHRU\�

DQG GLRGH�SDUDPHWHU�ZHUH�H[WUDFWHG�EDVHG�RQ�WKHVH�HTXDWLRQV�>�������@�

 ൌ ܬ ��� ൬
��

Ʉ��
൰ െ ͳ൨ ሺ͵Ǥʹሻ

:KHUH�Ș�DQG�-� GHQRWH�LGHDOLW\�IDFWRU�DQG�VDWXUDWLRQ�FXUUHQW�GHQVLW\��$W�URRP�WHPSHUDWXUH��

WKH�YDOXH�RI�-� FDQ�EH�LJQRUHG��VR�WKH�HTXDWLRQ�EHFRPHV�
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:KHUH�$�GHQRWHV�HIIHFWLYH�5LFKDUGVRQ�FRQVWDQW�ZKLFK�LV�HTXDO�WR�����$�FP� IRU�IUHH�

HOHFWURQ��5HFWLILFDWLRQ�UDWLR�LV�GHILQHG�DV�IRUZDUG�FXUUHQW�UHYHUVH�FXUUHQW��7KH�FDOFXODWHG�

HOHFWURQLF� SDUDPHWHUV� VXFK� DV� VDWXUDWLRQ� FXUUHQW� GHQVLW\� -��� EDUULHU� KHLJKW� ĳ%�� LGHDOLW\�

IDFWRU�Ș�DQG�UHFWLILFDWLRQ�UDWLR�OLVWHG�LQ�7DEOH������

,W�LV�LPSRUWDQW�WR�QRWH�WKDW�PD[LPXP�IRUZDUG�FXUUHQW�GHQVLW\�ZDV�REVHUYHG�LQ�VLQJOH�OD\HU�

/%�ILOP�KRZHYHU��OD\HU�E\�OD\HU�GHSRVLWLRQ�RI�/%�ILOP�FDXVH�UHGXFWLRQ�LQ�FXUUHQW��)LJXUH�

�����D���ZLWK�LQFUHPHQHW�LQ�WXUQ�RQ�YROWDJH��7DEOH������ZLWK�LQFHDVLQJ�WKH�QXPEHU�RI�
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7DEOH�����(OHFWURQLF�SDUDPHWHUV�RI�GHYLFHV�

OD\HUV��,W�LV�DOVR�REVHUYHG�WKDW�WKHUH�LV�VKDUS�GHFUHPHQW�LQ�PD[LPXP�IRUZDUG�FXUUHQW�DV�

FRPSDUH�WR�QXPEHU�RI�OD\HUV�DV�VKRZQ�LQ�)LJXUH������D���2UGHUHG�SRO\PHU�FKDLQV�ZHUH�

REWDLQHG�LQ�VLQJOH�OD\HU�3,Q�/%�ILOP�ZKLFK�FDXVH�VLJQLILFDQW�HQKDQFHPHQW�LQ�FXUUHQW�GXH�

WR� ZHOO� HOHFWURQLFDOO\� FRXSOHG� FKDLQ�� )XUWKHU�� LW� LV� QRWHZRUWK\� WKDW� OD\HU� E\� OD\HU�

GHSRVLWLRQ�RI�3,Q�/%�ILOP�RFFXU�YLD�RQO\�SK\VLFDO�DGVRUSWLRQ�L�H�WKHUH�LV�QR�HOHFWURQLF�

FRXSOLQJ�EHWZHHQ� OD\HUV�DQG�SRO\PHU�RI� WZR� OD\HUV�� ,W� LV� DOVR�QRWHZRUW\� WKDW� OD\HU�E\�

OD\HU�GHSRVWLRQ�FDXVH�UHRULHQWDWLRQ�RI�PROHFXOH�EHFDXVH�RI�FKDQJH�RI�QDWXUH�RI�VXEVWUDWH�

DIWHU�ILUVW�OD\HU�GHSRVWLRQ��5DPDQ�VSHFWUD�DV�VKRZQ�LQ�)LJXUH������E��DOVR�FRQILUPV�WKH�

FKDQJH� LQ�RULHQWDWLRQ�RI�PROHFXOH��7KHUHIRUH�� WKHUH�H[LVW�D�HQHUJ\�EDUULHU�EHWZHHQ� WKH�

OD\HUV� ZKLFK� LQFUHDVH� WKH� UHVLVWDQHFH� DFURVV� WKH� ILOP�� 7KXV�� WKLV� VKDUS� GHFUHPHQW� LQ�

FXUUHQW� DFURVV� WKH� ILOP� DULVHV� GXH� WR� IRUPDWLRQ� RI� HQHUJ\� EDUULHU� DW� LQWHUIDFH� RI� WZR�

VXFFHVVLYH�GHSRVLWHG�VHOI�DVVHPEOHG�ILOP�GXULQJ�GHSRVLWLRQ�DQG�FKDQJH�LQ�RULHQWDWLRQ�RI�

ILOP�LQ�OD\HU�E\�OD\HU�GHSRVLWLRQV�DV�FRQILUPHG�E\�5DPDQ�VSHFWUD��)LJXUH������E����6LPLODU�

REVHUYDWLRQ�ZHUH�DOVR�VHHQ�LQ�RXU�SUHYLRXV�UHSRUW >�����@�

)XUWKHU��WKH�LGHDOLW\�IDFWRU�RI�GHYLFHV�$O�3,Q�,72�IDEULFDWHG�E\�XVLQJ�/%�ILOPV�DUH�KLJKHU�

LQ�FRPSDULVRQ�WR�LGHDO�GLRGH�LGHDOLW\�IDFWRU�� ����,Q�JHQHUDO��FDUULHU�GULIW�GLIIXVLRQ SURFHVV�

DQG�WKH�6DK±1R\FH±6KRFNOH\�JHQHUDWLRQ�UHFRPELQDWLRQ�SURFHVV�SURGXFH�LGHDOLW\�IDFWRUV�

EHWZHHQ�����DQG����� >���@� 7KH�H[FHHGLQJ�YDOXH�RI� LGHDOLW\� IDFWRU� IURP�����RULJLQDWHV�

3DUDPHWHUĺ

'HYLFHV�Ļ

7XUQ�RQ�
YROWDJH��9�

Ǿ -� �$�FP�� ĭ%

�H9�
5HFWLILFDWLR

Q������������������������������������
UDWLR

��OD\HU ���� ��� ����[����� ���� ��

��OD\HUV ���� ��� ����[����� ���� ��

� OD\HUV ���� ��� ����[����� ���� ���
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IURP� VHYHUDO� SKHQRPHQD� VXFK� DV� WUDS�DVVLVWHG� WXQQHOOLQJ�� FDUULHU� OHDNDJH�� DQG� EDUULHU�

LQKRPRJHQHLW\�HWF��/D\HU�E\�OD\HU�GHSRVLWLRQ�RI�3,Q�/%�ILOP�FDXVH�LQFRUSRUDWLRQ�RI�VRPH�

RWKHU�UHFRPELQDWLRQ�FHQWUH�DV�PHQWLRQHG�VXFK�DV�WUDS�DVVLVWHG�WXQQHOOLQJ��FDUULHU�OHDNDJH��

DQG�EDUULHU�LQKRPRJHQHLW\�HWF�H[FOXGLQJ�FDUULHU�GULIIW�GLIIXVLRQ�DQG�6DK�1R\FH�6KRFOH\��

7KHUIRUH��PXOWLOD\HU�/%�ILOPV�GHYLFHV�VKRZ�LGHDOLW\�IDFWRU�PRUH�WKDQ���SUREDEO\�GXH�WR�

LQFUHDVH�LQ�WUDS�DVVLVWHG�WXQQHOOLQJ��FDUULHU�OHDNDJH��DQG�EDUULHU�LQKRPRJHQHLW\�UHVXOWHG�

RQ�PXOWLOD\HU�IRUPDWLRQ�GXULQJ�OD\HU�E\�OD\HU�GHSRVLWLRQ�DV�VKRZQ�LQ�)LJXUH������E��>���@�

7KHUHIRUH��PXOWLOD\HU� GHSRVLWHG� 3,Q� /%� ILOPV� GHYLFHV� VKRZ� WKH� GHYLDWLRQ� IURP� LGHDO�

EHKDYLRXU�ZKLFK�LV�FRQVLVWHQW�ZLWK�RXU�SUHYLRXV�DVVXPSWLRQV�>��@�

7KH�FXUUHQW�REWDLQHG�IRU�$O�3,Q�,72�FRQILJXUDWLRQV��VLQJOH�OD\HU��LV�KLJKHU�WKDQ�PXOWL�

OD\HUHG�3,Q�/%�GHYLFHV��/%�ILOP�GHYLFHV�VKRZ�KLJK�FXUUHQW�GHQVLW\��2UGHUHG�SRO\PHU�

FKDLQV�FDXVH�VLJQLILFDQW�HQKDQFHPHQW�LQ�FXUUHQW��)RUPHQW�HW�DO��KDV�UHSRUWHG�WKDW�EDUULHU�

KHLJKW�ZLOO�UHGXFH�ZLWK�WKH�VPRRWKQHVV�RI�VXUIDFH��6LQFH��OD\HU�E\�OD\HU�GHSRVLWLRQ�RI�3,Q�

/%� ILOPV� FDXVH� UHGXFWLRQ� LQ� VPRRWKQHVV� WKDW� UHVXOWV� LQ� LQFUHDVH� LQ� EDUULHU� KHLJKW� DQG�

UHYHUVH�VDWXUDWLRQ�FXUUHQW >���@��

)LQDOO\��LW�LV�LPSRUWDQW�WR�QRWH�WKDW�WKH�UHFWLILFDWLRQ�UDWLR�RI�3,Q�/%�ILOP�ULVHV�ZLWK�

LQFUHDVH�LQ�QXPEHU�RI�OD\HUV��7KH�LQFUHPHQW�LQ�UHFWLILFDWLRQ�UDWLR�FDQ�EH�MXVWLILHG�GXH�WR�

IRUPDWLRQ�RI�LVODQG�RYHU�VXESKDVH�DQG�GXH�WR�WKLV�SKHQRPHQRQ��OHDNDJH�FXUUHQW�LV�KLJK�

LQ� UHYHUVH�ELDV�FRQGLWLRQ�� ,QFUHDVLQJ� WKH�QXPEHU�RI� OD\HUV�FDXVHV� UHGXFWLRQ� LQ� OHDNDJH�

FXUUHQW��UHVXOWLQJ LQ�KLJKHU�UHFWLILFDWLRQ�UDWLR�ZLWK�GHFUHDVH�LQ�IRUZDUG�FXUUHQW��

7KXV�� /%� WHFKQLTXH� IRU� IRUPDWLRQ� RI� 3,Q� WKLQ� ILOPV� RYHU� VXEVWUDWHV� IRU�

FRQVWUXFWLRQ�RI�GHYLFHV�H[KLELWV�JUHDW�SRWHQWLDO�IRU�EURDG�DUHD�HOHFWURQLF�DSSOLFDWLRQV�DQG�

PD\�EH�XVHIXO�IRU�RWKHU�SRO\PHUV�WRR� 7KH�OD\HU�E\�OD\HU�GHSRVLWLRQ�RI�SRO\PHU�ILOPV�
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)LJXUH���� �D��-�9�FKDUDFWHULVWLFV�RI�/%�ILOP�RI�3,Q�VLQJOH�OD\HU����/�����OD\HUV����/���DQG�

��OD\HUV����/��UHVSHFWLYHO\��E��VHPLORJ�SORW�RI�VLQJOH�OD\HU����OD\HUV�DQG���OD\HUV�

FDXVH�WKH�LQFRUSRUDWLRQ�RI�DQ�DGGLWLRQDO�FRQGXFWLRQ�PHFKDQLVP�EHWZHHQ�WKH�OD\HUV�WKDW�

QRW�RQO\�LQFUHDVHV�WKH�EDUULHU�KHLJKW�DORQJ ZLWK�UHGXFWLRQ�LQ�UHYHUVH�VDWXUDWLRQ�FXUUHQW�

DQG�OHDNDJH�FXUUHQW��EXW�DW�WKH�VDPH�WLPH�DOVR�LQFUHDVHV�WKH�GLRGH�WXUQ�RQ�YROWDJH�ZLWK�

GHFUHDVH�LQ�LGHDOLW\�IDFWRU�

����&RQFOXVLRQ

:H� KDYH� VXFFHVVIXOO\� IDEULFDWHG� 3,Q� ILOPV� RYHU� YDULRXV� VXEVWUDWHV� YLD� /%� WHFKQLTXH�

H[SORULQJ�LWV�VHOI�RUJDQL]LQJ�SURSHUW\�LQ�RUGHU�WR�REWDLQ�LWV�RUGHUHG��XQLIRUP�DQG�FRPSDFW�

ILOP�� :H� REWDLQHG� VWDEOH� WKLQ� ILOPV� RI� XQVXEVWLWXWHG� 3,Q� RYHU� ODUJH� DUHD� ZLWKRXW�

LQFRUSRUDWLQJ�DQ\�LQVXODWLQJ�VXUIDFWDQW�WHPSODWH�WKDW�FRXOG�FDPRXIODJH�LWV�FRQGXFWLYLW\��

:H�UHDVRQDEO\�MXVWLILHG�WKH�LVRWKHUP�REWDLQHG�IRU�3,Q�YLD�$)0�DQG�6(0�FKDUDFWHUL]DWLRQ�

DQG�YDOLGDWHG����P1�P�63�DV� WKH�RSWLPXP�SRLQW� IRU�GHSRVLWLRQ�RI�XQLIRUP�/%�ILOPV�

$EVRUSWLRQ�VSHFWUD�RI�/%�ILOP�GLVFORVHV�FKDUDFWHULVWLFV�DEVRUSWLRQV�RI�3,Q�ZLWK�����H9�

EDQG�JDS�ZKHUHDV�5DPDQ�VSHFWUD�UHYHDOV�WKH�HQKDQFHG�RUGHULQJ�LQ�/%�ILOP��)XUWKHUPRUH��

OD\HU�GHSHQGHQW�������DQG���OD\HUV��VWXG\�RI�FKDUJH�WUDQVSRUW�GLVFORVHV�WKH�GHYLDWLRQ�LQ�

HOHFWULFDO�SDUDPHWHU�VXFK�DV�LGHDOLW\�IDFWRU��EDUULHU�KHLJKW�DQG�PD[LPXP�UHFWLILFDWLRQ�UDWLR�
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IRU� �� OD\HUV� GXH� WR� UHGXFWLRQ� LQ� OHDNDJH� FXUUHQW�� 7KXV�� RXU� VWXG\� SUHVHQWV� LQWHUDFWLRQ�

SURSHUW\�RI�XQVXEVWLWXWHG�3,Q�RYHU�ZDWHU�VXUIDFH��DWWDLQPHQW�RI�VWDEOH�DQG�ODUJH�DUHD�WKLQ�

ILOPV�DQG�OD\HU�GHSHQGHQW�FKDUJH�WUDQVSRUW�ZLWK�LPSURYHPHQW�LQ�GHYLFH�SHUIRUPDQFH��7KH�

DXWKRUV�IHHO�WKLV�ZRUN�DV�PRWLYDWLRQ�IRU�/%�ILOP�SUHSDUDWLRQ�RI�RWKHU�FRQGXFWLYH�SRO\PHUV�

GHYRLG�RI�DON\O�FKDLQ�WKDW�ZHUH�JHWWLQJ�RXW�RI�UHVHDUFK�DWWHQWLRQ�


