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FRQWLQXHG��7KH� WKLFNQHVV�RI� WKH�XSSHU� SDUWRI�WKH�HSLWD[LDO�OD\HU�DQG�WKH�QRPLQDO�YDOXHRI�IUHH�KROH�FRQFHQWUDWLRQ�WKHUHLQ�ZHUH���RU����µP�� DQG� �⋅���� RU� �⋅���� FP���� UHVSHF�WLYHO\�� �VDPSOHV� 3W$ DQG� 3W%��� VHOHFWHG� VRWKDW� WKH� 3W QDQRSDUWLFOHV� ZRXOG� EH� RXWVLGHRI� WKH� GHSOHWLRQ� OD\HU� DW� ]HUR� ELDV�� 7ZRW\SHV� RI� UHIHUHQFH�ZDIHUV�ZHUH�DOVR� JURZQ�2QH�ZLWKRXW�EUHDNLQJ�WKH�HSLWD[LDO�JURZWK�ZLWK� QRPLQDO� IUHH� KROH� FRQFHQWUDWLRQ�⋅���� FP�� �VDPSOH� 5HI���� DQG� WZR� ZDIHUVZLWK� LQWHUUXSWLRQ� RI� WKH� HSLWD[LDO� JURZWK�EXW� ZLWK� QRPLQDO� IUHH� KROH� FRQFHQWUDWLRQVRI� �⋅���� DQG� �⋅���� FP�� �VDPSOHV� 5HI�$DQG�5HI�%��UHVSHFWLYHO\���7KH�JURZWK�FRQGL �WLRQV�DUH�VXPPDUL]HG�LQ�7DEOH�$X±6Q�$X RKPLF� FRQWDFWV�ZHUH� SUHSDUHGRQ� WKH� EDFNVLGH� RI� WKH� ZDIHUV� E\� WKHUPDOHYDSRUDWLRQ� IROORZHG�E\�DQQHDOLQJ�DW���� �&IRU����V��$X�6FKRWWN\�FRQWDFWV�RI������PPGLDPHWHU�ZHUH�HYDSRUDWHG�WKURXJK�D�VKDGRZPDVN� RQ� WKH� IURQW� VLGH� RI� WKH� ZDIHUV�7KH� HOHFWULFDO� FKDUDFWHULVWLFV� ZHUH� VWXGLHGE\�G�F��FXUUHQW�YROWDJH��,�9��DQG�FDSDFLWDQFHYROWDJH� �&�9�� PHDVXUHPHQWV� LQ� GDUNQHVV
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ZLWKLQ� WKH� WHPSHUDWXUH� UDQJH� RI� ��� WR����.�� 7KH� ,�9� FKDUDFWHULVWLFV� ZHUH� HYDOX �DWHG�EDVLQJ�RQ�WKH�WKHUPLRQLF�HPLVVLRQ�WKH �RU\�� 7KH�ZDIHUV�ZHUH� DOVR� VWXGLHG� E\� VFDQ �QLQJ�HOHFWURQ�PLFURVFRS\�,W� ZDV� IRXQG� E\� WKH� VFDQQLQJ� HOHFWURQPLFURVFRSH�VWXG\�WKDW�WKHUH�ZHUH�VRPH�SLQ �KROHV� LQ�WKH�HSLWD[LDO� OD\HU�RQ�ZDIHU� 5HI���EXW� WKHLU� HVWLPDWHG� GHQVLW\� ZDV� OHVV� WKDQ����FP���� ,Q� FRQWUDVW�� WKH�ZDIHUV�SUHSDUHGZLWK� EUHDNLQJ� WKH� HSLWD[LDO� JURZWK� H[KLE �LWHG� D� ODUJH�GHQVLW\� RI� GHIHFWV�DV� VKRZQ� LQ)LJ���� IRU�ZDIHUV� 5HI�% DQG� 3W%�� 7KH� HVWL�PDWHG� GHIHFW� GHQVLW\� LV� ��� WR� �� ⋅��� FP��DQG� ��� WR� ��⋅��� FP�� IRU� ZDIHUV� 5HI�$�5HI�% DQG�3W$��3W%��UHVSHFWLYHO\��GHSHQGLQJRQ�WKH�DFWXDO�ZDIHU�DUHD��7KHVH�GHIHFWV�DUHDOVR�SLQKROHV��EXW�WKURXJK�WKH�XSSHU�SDUW�RIWKH� HSLWD[LDO� OD\HU� JURZQ� DIWHU� WKH� EUHDN�7KH\� DUH� SUREDEO\� RULJLQDWHG� IURP� WKHEUHDNLQJ�WKH�HSLWD[LDO�JURZWK��:DIHUV�ZLWK3W QDQRSDUWLFOHV�� KRZHYHU�� DOVR� FRQWDLQHG

VRPH� GHHS� SLQKROHV� SUREDEO\� WKURXJK� WKHZKROH�HSLWD[LDO�OD\HU��DV�VKRZQ�LQ�)LJ���E�$OO�WKH�GLRGHV�H[KLELWHG�UHFWLI\LQJ�EHKDY �LRU� DW� URRP� WHPSHUDWXUH�� 7KH� SDUDPHWHUVREWDLQHG� IURP� WKH� URRP� WHPSHUDWXUH� ,�9DQG� &�9� FKDUDFWHULVWLFV�� DUH� DOVR� SUHVHQWHGLQ� 7DEOH���� -XQFWLRQV� SUHSDUHG� ZLWK� EUHDN �LQJ� WKH� HSLWD[LDO� JURZWK� H[KLELWHG� KLJKOHDNDJH�FXUUHQWV�GXH�WR�GHIHFWV��DV�VKRZQ�LQ)LJ���� WKDW� SUHVHQWV� ,�9� FKDUDFWHULVWLFV� RIUDQGRPO\� FKRRVHQ� GLRGHV� SUHSDUHG� RQ� ZD �IHUV�3W%��5HI� DQG�5HI�%��7KH� OHDNDJH�FXU�UHQWV�KDG�D�ODUJH�VFDWWHU�IRU�GLIIHUHQW�LQGL �YLGXDO� ZDIHUV�� DV� LQGLFDWHG� E\� WKH� ODUJHVFDWWHU� RI� WKH� UHFWLI\LQJ� UDWLR� SUHVHQWHG� LQ7DEOH�7KH�REWDLQHG�IUHH�KROH�FRQFHQWUDWLRQ�SUH �VHQWHG� LQ� 7DEOH� IRU�ZDIHU� 5HI� DJUHHV�ZHOOZLWK� WKH� QRPLQDO� GRSLQJ� OHYHO�� EXW� LW� LVPXFK� ORZHU� IRU� RWKHU� MXQFWLRQV�� 7KLV� SKH �QRPHQRQ�LV�DOVR�FRQQHFWHG�ZLWK�WKH�SUHVHQFH

7DEOH��7KH�JURZWK�FRQGLWLRQV��WKH�QRPLQDO�GRSLQJ�OHYHO��1G���WKH�DSSDUHQW�IUHH�KROH�FRQFHQWUDWLRQ�Q��DQG�WKH�DSSDUHQW�EDUULHU�KHLJKW��TϕEΧ) REWDLQHG�IURP�WKH�FDSDFLWDQFH�YROWDJH�PHDVXUHPHQWV�WKH� DSSDUHQW�EDUULHU�KHLJKW� �TϕE,��� WKH� LGHDOLW\� IDFWRU� �Q��DQG�WKH�UHFWLI\LQJ�UDWLR��5U��REWDLQHGIURP�WKH�FXUUHQW�YROWDJH�PHDVXUHPHQWV�DW�����.��IRU�WKH�VWXGLHG� S�,Q3 ZDIHUV
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RI�GHIHFWV�DFWLQJ�DV�FRPSHQVDWLQJ�GHHS� OHY �HOV�LQ�WKH�XSSHU�SDUW�RI�WKH�HSLWD[LDO�OD\HUV�7KH�DSSDUHQW�,�9�DQG�&�9�EDUULHU�KHLJKWVDUH� YHU\� FORVH� IRU� ZDIHU� 5HI��� ZKLOH� IRURWKHU� ZDIHUV�� WKH� DSSDUHQW� &�9� EDUULHUKHLJKWV�DUH�PXFK�KLJKHU� WKDQ� WKH�DSSDUHQW,�9�RQHV��7KLV�HIIHFW� LV�DOVR�FRQQHFWHG�ZLWKWKH�GRSLQJ�OHYHO�UHGXFWLRQ�QHDU�WKH� ,Q3 VXU�IDFH� GXH� WR� FRPSHQVDWLQJ� GHHS� OHYHOV� >�@�7KH�DSSDUHQW�EDUULHU�KHLJKWV�DUH�KLJKHU�IRUZDIHUV� ZLWK� QRPLQDO� GRSLQJ� OHYHO� RI�⋅���� FP����7KH�RULJLQ�RI�WKLV�SKHQRPHQRQLV�QRW�XQGHUVWRRG�\HW��7KH�KLJK�LGHDOLW\�IDF �WRUV� REWDLQHG� IRU� WKH� MXQFWLRQV� 3W$��5HI�$�DQG� 5HI�% VKRXOG� EH� FRQQHFWHG� ZLWK� WKHOHDNDJH� FXUUHQWV� >�������@�� 7KH� ZDIHU� 3W%H[KLELWHG� PXFK� OHVV� OHDNDJH� FXUUHQWV�� WKDWLV�ZK\�LW�KDV�ORZHU�LGHDOLW\�IDFWRUV�7KH� ,�9� FKDUDFWHULVWLFV� IRU� ZDIHUV� 5HI��5HI�$��DQG�5HI�% DUH�SUHVHQWHG�LQ�)LJ����DVD� IXQFWLRQ�RI� WKH� WHPSHUDWXUH��7KH� OHDNDJHFXUUHQWV�WKURXJK�MXQFWLRQV�5HI�$ DQG�5HI�%UHVSRQVLEOH� IRU� WKH� UHYHUVH� ,�9� FKDUDF �WHULVWLFV� DQG� IRU� WKH� H[FHVV� FXUUHQWV� LQ� WKHIRUZDUG�EUDQFKHV�DW�ORZ�ELDVHV��H[KLELW�YHU\ZHDN� WHPSHUDWXUH� GHSHQGHQFH�� 7KLV� LQGL �FDWHV� WKDW� WKH� OHDNDJH� FXUUHQWV� DUH� GXH� WRWKH� ILHOG�HPLVVLRQ� �)(���7KH�KLJKHU� OHDNDJHFXUUHQW� OHYHO� IRU� MXQFWLRQV� 5HI�% ZLWKKLJKHU� QRPLQDO� GRSLQJ� OHYHO� FRQILUPV� WKH)(� SUHGRPLQDWLRQ�� )RU� MXQFWLRQV� 5HI��� WKH

FXUUHQW�LV�DOVR�GRPLQDWHG�E\�)(�LQ�WKH�WHP �SHUDWXUH� UDQJH� RI� ��� WR� ����.�� DV� VHHQ� LQ)LJ�����$� VLPLODU� SKHQRPHQRQ�ZDV� UHFHQWO\REVHUYHG� IRU� 6FKRWWN\� MXQFWLRQV� RQ� Q�W\SH,Q3 >�@��,W�KDV�WR�EH�PHQWLRQHG�WKDW�OHDNDJHFXUUHQWV� ZHUH� QRW� UHSURGXFLEOH�� GLIIHUHQWOHDNDJH� FXUUHQW� OHYHOV� KDYH� EHHQ� REWDLQHGIRU� WKH� VDPH� GLRGH� DW� UHSHDWHG� PHDVXUH �PHQWV��$�VLPLODU�SKHQRPHQRQ�ZDV�REWDLQHGUHFHQWO\� E\� XV� IRU� ,Q$V�*D$V TXDQWXP� GRWVWUXFWXUHV�DQG�$O�$O$V�*D$V 6FKRWWN\�MXQF�WLRQV��ZKHUH�WKLV�HIIHFW�ZDV�DOVR�LQWHUSUHWHGZLWK�WKH�SUHVHQFH�RI�GHIHFWV�>����@�
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)LJ����� 7KH� DSSDUHQW� ,�9� EDUULHU� KHLJKWV� ϕEDQG� LGHDOLW\� IDFWRUV� Q� DV� IXQFWLRQV� RI� WHP�SHUDWXUH�� 5HI� ²� RSHQ� WULDQJOHV�� 5HI�$ ²VROLG�VTXDUHV��3W$ ²�RSHQ�VTXDUHV��5HI�% ²VROLG�FLUFOHV��3W% ²�RSHQ�FLUFOHV�
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7KH�DSSDUHQW�,�9�EDUULHU�KHLJKWV�DQG�LGH �DOLW\� IDFWRUV� DV� IXQFWLRQV� RI� WHPSHUDWXUHDUH�SUHVHQWHG�LQ�)LJ�����7KH�WHPSHUDWXUH�GH �SHQGHQFHV� RI� WKHVH� SDUDPHWHUV� FDQ� EH� FRQ �QHFWHG� HLWKHU� ZLWK� WKH� ODWHUDO� LQKRPR �JHQHLW\�RI�EDUULHU�KHLJKW�>����@�RU�ZLWK�WKHGRPLQDWLRQ� RI� WKH� FXUUHQW� E\� WKH� WKHU �PLRQLF�ILHOG� HPLVVLRQ� �7)(�� >�����@�� +RZ�HYHU��WKH�GRPLQDWLRQ�RI�WKH�FXUUHQW�E\�7)(FDQ� EH� FRQQHFWHG� ZLWK� WKH� ODWHUDO� LQKRPR �JHQHLW\� RI� WKH� MXQFWLRQ�� WKDW� LV�� ZLWK� WKHORFDO� LQFUHDVH� RI� WKH� HOHFWULF� ILHOG� >������@�7KH� ZHDNHVW� WHPSHUDWXUH� GHSHQGHQFH� KDYHEHHQ�REWDLQHG�IRU�ZDIHU�5HI���WKH�VWURQJHVW�IRU� ZDIHUV� 5HI�$ DQG�5HI�%�� 7KH� WHPSHUD�WXUH�GHSHQGHQFH�ZDV�VWURQJHU�IRU�VWUXFWXUHVZLWK� KLJKHU� QRPLQDO� GRSLQJ� �5HI�% DQG3W%��� WKDQ� IRU� ORZHU� QRPLQDO� GRSLQJ� OHYHO�5HI�$ DQG�3W$���7KLV� LQGLFDWHV� WKDW� LQ� WKHVWXGLHG�VWUXFWXUHV��WKH�WHPSHUDWXUH�GHSHQG �HQFH�RI�WKH�DSSDUHQW�EDUULHU�KHLJKW�DQG�LGH �DOLW\�IDFWRU�LV�PDLQO\�GXH�WR�WKH�7)(�7KH�DSSDUHQW�&�9�EDUULHU�KHLJKW�VOLJKWO\GHFUHDVHV� ZLWK� LQFUHDVLQJ� WHPSHUDWXUH� IRUZDIHUV� 5HI��� 5HI�$ DQG� 3W$ LQ� DJUHHPHQWZLWK� WKH� WHPSHUDWXUH� GHSHQGHQFH� RI� WKHEDQG�JDS�� �:DIHUV�5HI�% DQG�3W% KDYH�QRW\LHOG� UHOLDEOH� &�9� UHVXOWV� EHFDXVH� RI� KLJKOHDNDJH� FXUUHQWV��� 7KLV� EHKDYLRU� LV� W\SLFDORI� Q�W\SH� 6FKRWWN\� MXQFWLRQV�� EXW� XQXVXDOIRU� S�W\SH� RQHV�� ,W� LQGLFDWHV� WKDW� LQWHUIDFHVWDWHV� DUH� ERXQG� WR� WKH� FRQGXFWDQFH� EDQGHGJH���$�GHWDLOHG�DQDO\VLV�KDV�EHHQ�SXEOLVK �HG�HOVHZKHUH�>��@��6WHS�OLNH� FDSDFLWDQFH�YROWDJH� FKDUDF �WHULVWLFV�KDYH�EHHQ�REWDLQHG�IRU�VRPH�GLRGHVRQ�ZDIHU�3W% DV�VKRZQ�LQ�)LJ�����6XFK�FKDU �DFWHULVWLFV� DUH� W\SLFDO� RI� TXDQWXP� VWUXF �WXUHV� >�����@� DQG� ZHUH� DOVR� REWDLQHG� UH�FHQWO\� E\� XV� IRU� ,Q$V�*D$V TXDQWXP� ZHOODQG�TXDQWXP�GRW�VWUXFWXUHV� >��@��+RZHYHU�DV� WKLV� IHDWXUH� LV� QRW� W\SLFDO� RI� WKH� ZKROHZDIHU�� LW� FDQ� EH� FRQFOXGHG� WKDW� LW� LV� FRQ �QHFWHG� ZLWK� WKH� GHIHFWV� GHWHFWHG� E\� VFDQ �QLQJ�HOHFWURQ�PLFURVFRS\�7R� FRQFOXGH�� WKH� GHIHFW� VWUXFWXUH� DQGHOHFWULFDO� FKDUDFWHULVWLFV� RI� S�W\SH� $X�,Q36FKRWWN\� MXQFWLRQV� ZLWK� 3W QDQRSDUWLFOHVVDQGZLFKHG�LQ�WKH�HSLWD[LDO�OD\HU�KDYH�EHHQVWXGLHG� DQG� FRPSDUHG� ZLWK� UHIHUHQFH� VDP �SOHV��,W�KDV�EHHQ�IRXQG�WKDW�WKH�EUHDN�RI�WKHHSLWD[LDO� JURZWK� \LHOGV� SLQKROH�OLNH� GHIHFWVLQ� WKH� HSLWD[LDO� OD\HU��$OWKRXJK� VRPH� HOHF �WULFDO� IHDWXUHV� REWDLQHG� IRU� WKH� VWUXFWXUHVZLWK�3W QDQRSDUWLFOHV�DUH�VLPLODU�WR�WKH�EH �KDYLRU� RI� TXDQWXP� GRW� VWUXFWXUHV�� LW� KDVEHHQ� FRQFOXGHG� WKDW� WKH� REWDLQHG� HOHFWULFDODQRPDOLHV� DUH� FRQQHFWHG�ZLWK�GHIHFWV� RULJL �

QDWHG�IURP�WKH�LQWHUUXSWLRQ�LQ�WKH�HSLWD[LDOOD\HU�SUHSDUDWLRQ�$FNQRZOHGJHPHQW�� 7KLV� ZRUN� KDV� EHHQVXSSRUWHG� E\� WKH� �+XQJDULDQ��1DWLRQDO�5H �VHDUFK� )XQG� �27.$�� XQGHU� *UDQW1R�7������� 5HIHUHQFHV���1�-�:X�� 7�+DVKL]XPH�� +�+DVHJDZD�<�$PHPL\D�� -DS��-��$SSO��3K\V��� ���� ��������������=V�-�+RUYDWK�� 9�5DNRYLFV�� %�6]HQWSDOL�6�3XVSRNL��3K\V��6WDW��6RO���&���������������������=V�-�+RUYDWK��9�5DNRYLFV��=�3DV]WL��LQ��3URF�,QW��&RQI��RQ� 6ROLG� 6WDWHV� &U\VWDOV�0DWHULDOV6FLHQFH� DQG� $SSOLFDWLRQV�� 2FW�������� =DN�RSDQH��3RODQG�����������=V�-�+RUYDWK��0DW��5HV��6RF��6\PS��3URF��� ������������������=V�-�+RUYDWK�� 9R� 9DQ� 7X\HQ�� LQ�� 3URF����WK,QW��&RQI��RQ�0LFURHOHFWURQLFV��0,(/¶���� DQG��QG�6\PS��RQ�'HYLFHV�DQG�0DWHULDOV��6'¶���HG��E\�,�6RUOL��6�$PRQ��0�.RVHF��0,'(0�6R�FLHW\� IRU�0LFURHOHFWURQLFV�� (OHFWURQLF� &RPSR�QHQWV�DQG�0DWHULDOV��/MXEOMDQD���������S��������=V�-�+RUYDWK��.�-DUUHQGDKO��0�$GDP�HW�DO���$SSO�6XUI��6FL����������������������=V�-�+RUYDWK�� 6�)UDQFKL�� $�%RVDFFKL� HW� DO��6ROLG�6WDWH�3KHQRPHQD�����������������������=V�-�+RUYDWK��3�)ULJHUL�� 6�)UDQFKL� HW� DO��� $SSO�6XUI��6FL����������������������-�3�6XOOLYDQ��5�7�7XQJ��0�5�3LQWR��:�5�*UD�KDP��-��$SSO��3K\V�����������������������(�'REURFND�� -�2VYDOG�� $SSO��3K\V��/HWW��� �������������������=V�-�+RUYDWK�� LQ�� 3K\VLFV� RI� 6HPLFRQGXFWRU'HYLFHV�� HG�� E\� 9�.XPDU�� 6�.�$JDUZDO�1DURVD� 3XEOLVKLQJ�+RXVH��1HZ�'HOKL� �������S����������=V�-�+RUYDWK��0DW��5HV��6RF��6\PS��3URF��� ����������������
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