
5HODWLRQ�EHWZHHQ�VWUXFWXUH�LQKRPRJHQHLWLHVDQG�UHOD[DWLRQ�SURFHVVHV�LQ�H[FLWHG�VLOLFRQFU\VWDOV
9�$�0DNDUD��$�0�.RORPLHWV
��<X�/�.ROFKHQNR�6�0�1DXPHQNR��2�9�5XGHQNR��/�3�6WHEOHQNR

3K\VLFV�'HSDUWPHQW��7�6KHYFKHQNR�.\LY�1DWLRQDO�8QLYHUVLW\���$FDG�*OXVKNRY�$YH���������.\LY��8NUDLQH
0�.RWV\XE\QVN\�9LQQLWVD�6WDWH�3HGDJRJLFDO�8QLYHUVLW\����2VWUR]VN\�6W���������9LQQLWVD��8NUDLQH
7KH�SDUW�SOD\HG�E\�HOHFWULF�FXUUHQW�SXOVHV�LQ�IRUPDWLRQ�RI�UHVLGXDO�HOHFWURSODVWLF�HIIHFWDQG�WKH��HOHFWULF�PHPRU\��HIIHFW�LQ�GLVORFDWLRQ�FRQWDLQLQJ�VLOLFRQ�FU\VWDOV�KDV�EHHQ�LQYH V�WLJDWHG��7KH�FKDUDFWHU�RI�WKH�REVHUYHG�HIIHFWV�KDV�EHHQ�IRXQG�WR�EH�GHILQHG�E\�SDUDPHWHUVRI� HOHFWURQLF� H[FLWDWLRQ� DQG� WR� UHVXOW� IURP� UHODWLRQVKLS�EHWZHHQ� WKH�FKDUJH� VWDWH� DQG� LWVUHOD[DWLRQ�LQ�PRWLRQOHVV�DQG�PRELOH�GLVORFDWLRQV�
Êxxsnlvkjtj� évs�� quwys�xtvmv� ësnrzéq·nxrvmv� zvrj� k� {véuqévkjtqq� vxzjzv·tvmvësnrzévwsjxzq·nxrvmv� ë{{nrzj� q� ë{{nrzj� �ësnrzéq·nxrvp� wju¹zq�� lqxsvrj|qvtt�}réqxzjssvk� rénutq¹�� Ïxzjtvksntv�� ·zv� }jéjrzné� tjplntt�}� ë{{nrzvk� énmysqéynzx¹wjéjunzéjuq� ësnrzévttvmv� kvoiy lntq¹� q� viyxsvksqkjnzx¹� xk¹o�í� un ly� ojé¹lvk�uxvxzv¹tqnu�q�nmv�énsjrxj|qnp�k�tnwvlkq t�}�q�wvlkq t�}�lqxsvrj|q¹}�

%RWK� H[SHULPHQWDO� VWXGLHV� DQG� WKHRUHWL �FDO� SULQFLSOHV� RI� QRQHTXLOLEULXP� SURFHVVHVDUH� QRZ� LQ� SURJUHVV� >����@�� 7KH� SURFHVVHVUHVXOWLQJ� LQ� VHPLFRQGXFWRU� PHPRU\� DVVRFL �DWHG�ZLWK�WKH�DSSHDUDQFH�RI�QRQHTXLOLEULXPVWLPXODWHG�FRQGXFWLRQ� �6&��RU� UHVLGXDO� FRQ �GXFWLRQ� �5&�� DV� ZHOO� DV� WKH� ORQJ�WLPH� FRQ �GXFWLRQ� UHOD[DWLRQ� �/&5�� LQ� VHPLFRQGXFWRUVDUH� XQGHU� LQWHQVH� LQYHVWLJDWLRQ�� 7KH� VORZ5&� UHOD[DWLRQ� �RU� LWV� HVVHQWLDO� DEVHQFH�� LVHOXFLGDWHG�E\�KLQGHUHG�UHFRPELQDWLRQ�RI�WKHFXUUHQW�FDUULHUV� WKDW�PD\�WDNH�SODFH� LQ�WKHIROORZLQJ� FDVHV�� �L�� WKH� SUHVHQFH� RIPDFURVFDOH�SRWHQWLDO�EDUULHU�VHSDUDWLQJ�VSD �WLDOO\� WKH�UHFRPELQLQJ�FDUULHUV���LL��FDSWXUH�RIRQH�FDUULHU�E\�GHHS�DWWDFKPHQW�OHYHOV��DQG��LLL�WUDQVLWLRQ�LQWR�D�TXDVL�QRQHTXLOLEULXP�VWDWH�LQWKH� H[WULQVLF� EDQG�� 7KH� FDUULHU� WUDQVIHU� LQWRWKH�5&�VWDWH�RFFXUV�LQ�WKH�LQWULQVLF�FRQGXFWLRQEDQG�RU�LQ�WKH�H[WULQVLF�RQH��WKH�GULIW�SRWHQWLDOEDUULHUV�DUH�WDNHQ�LQWR�DFFRXQW��WRR�7KH�SUHVHQFH�RI�D�SRWHQWLDO�UHOLHI�LQ�VDP �SOHV�H[KLELWLQJ�6&��RU�5&��LV�FRQILUPHG�E\�DQXPEHU� RI� DGGLWLRQDO� IDFWV�� ,Q� PRVW� FDVHV�

WKH� VDPSOHV� VKRZLQJ� VXFK� SURSHUWLHV� DUHVXEMHFWHG�SUHOLPLQDULO\� HLWKHU�QHXWURQ� LUUD �GLDWLRQ� RU� D� VSHFLDO� GRSLQJ�� RU� KHDW� WUHDW �PHQW� LQ� D� VSHFLILHG� DWPRVSKHUH�� $OO� WKRVHLQIOXHQFHV� IDYRU� WKH� IRUPDWLRQ� RI� LQKRPR �JHQHLWLHV��6RPH�RWKHU� WUHDWPHQWV�WKDW�IRUPLQKRPRJHQHLWLHV� LQ� WKH� VDPSOH�DQG�VLPXOWD �QHRXVO\� LPSDUW�WKH�6&�DQG�/&5�WKHUHWR�DUHDOVR�ZRUWK�WR�QRWH��7KRVH�LQFOXGH�JHQHUDWLRQRI� GLVORFDWLRQV� E\� SODVWLF� VWUDLQLQJ�� IRUPD �WLRQ� RI� VWUXFWXUH� GLVWRUWLRQV� DQG� LQKRPR �JHQHLWLHV�E\�ODVHU�WUHDWPHQW��HWF��7KH�SRWHQ �WLDO� EDUULHUV� DSSHDU�� LQ� SDUWLFXODU�� GXH� WRPDFURGHIHFWV�� 6XFK�GHIHFWV� LQFOXGH�� IRU� H[ �DPSOH�� LQWHUFU\VWDOOLWH� ERXQGDULHV�� GLVORFD �WLRQV� WRJHWKHU�ZLWK� WKHLU� VXUURXQGLQJV�� DF �FXPXODWLRQV�RI�SRLQW�GHIHFWV��FOXVWHUV���VHJ �UHJDWLRQ� RI� DOLHQ� SKDVHV� DV� PHWDOOLF� DQGGLHOHFWULF� SDUWLFOHV�� ILQDOO\�� WKH� GRSHG� UH �JLRQ� ERXQGDULHV� DQG� WKH� VDPSOH� VXUIDFH�7KHUH�DUH�DOVR�GDWD�RQ�UHFRPELQDWLRQ�LQ�HOH �PHQWDU\�*H DQG�6L VHPLFRQGXFWRUV�FRQWDLQ�LQJ� GLVORFDWLRQV� DQG� RQ� WKH� LQIOXHQFH� RI&RXORPE� GLVORFDWLRQ� EDUULHU� GXH� WR� DQ� H[ �
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FHVV�FKDUJH�DW�GLVORFDWLRQV�RQ�WKH�PDMRU�DQGPLQRU� FDUULHU� OLIHWLPH� >���@�� 7KH� VFLHQWLILFDFWLYLW\� LQ� LQYHVWLJDWLRQV� RI� WKH� ORQJ�WLPHUHOD[DWLRQ�RI�VWUXFWXUH�GHIHFW�FKDUJH�VWDWHVLV�H[SODLQHG�E\�WKH�KRSH�WKDW�WKHVH� LQYHVWL �JDWLRQV� IDYRU� WKH� XQGHUVWDQGLQJ� RI� WKHPHPRU\�HIIHFW�LQ�VHPLFRQGXFWRUV�&RQVLGHUDWLRQ� RI� OLWHUDWXUH� GDWD� RQ� /5DQG�5&� DOORZV� WR� VXSSRVH� WKDW� QRQ�HTXLOLE �ULXP� HOHFWURQ� VWDWHV� PD\� DULVH� LQ� GLVORFD �WLRQ�FRQWDLQLQJ� 6L FU\VWDOV� XQGHU� HOHFWULFFXUUHQW� SXOVHV�� 7KHVH� QRQ�HTXLOLEULXP� HOHF �WURQ�VWDWHV�DUH�FRQQHFWHG�ZLWK�WKH�SUHVHQFHRI�VSDFH�FKDUJH�DERXW�WKH�GLVORFDWLRQ�DV�ZHOODV� ZLWK� HIIHFW� RI� WKH� &RXORPE� GLVORFDWLRQEDUULHU�� 7KH� LQYHVWLJDWLRQV� RI� WKH� FXUUHQWSXOVH� HIIHFW� FDQ� EH� LQWHQGHG� WR� FUHDWH� SUH �FRQGLWLRQV�IRU�UHYHDOLQJ�WKH�FKDUJH�VWDWH�RIGHIHFWV� �LQFOXGLQJ� GLVORFDWLRQV�� DV� ZHOO� DVUHYHDOLQJ� WKH� UHOD[DWLRQ� SURFHVVHV� RI� WKDWFKDUJH�VWDWH��7KDW�LV��WKH��HOHFWULF�PHPRU\�RI�GHIHFWV�FDQ�EH�UHYHDOHG�WKURXJK�WKH�QRQ�HTXLOLEULXP�SURFHVV�VWXG\�2XU� VXJJHVWLRQV� ZHUH� FRQILUPHG� LQ� H[ �SHULPHQW�� 6R�� LQ� >�@�� ZH� KDYH� REVHUYHG� HI �IHFWV�VLPLODU�WR�WKH�5&�RQHV��7KH�HVVHQFH�RIWKH� HIIHFWV� UHYHDOHG� FRQVLVWV� LQ� ZKDW� IRO �ORZV�� ,I� VLOLFRQ� FU\VWDOV� DUH� VXEMHFWHG� ILUVWWR�D�FRPELQHG�HOHFWULF�DQG�PHFKDQLFDO�SXOVHWR� WHDU� RII� WKH� GLVORFDWLRQ� IURP� LWV� VWDUWSRVLWLRQ� DQG� WKHQ� WKH� PRELOH� GLVORFDWLRQVDUH�H[SRVHG�WR�FRQWLQXHG�PHFKDQLFDO� VWUHVVHVRQO\��WKH�FKDUJH�UHOD[DWLRQ�FDQ�EH�REVHUYHG�DVZHOO�DV�FKDQJHV�LQ�WKH�GLVORFDWLRQ�NLQHWLFV�DQGG\QDPLFV�UHODWHG�WKHUHWR��WKDW�LV��WKH��HOHFWULFPHPRU\�� DQG� UHVLGXDO� HOHFWURSODVWLF� HIIHFW�5(3(��RQ�PRELOH�GLVORFDWLRQV�7KH� PDWWHUV� UHODWHG� WR� WKH� HIIHFW� RI� GL �UHFW� HOHFWULF� FXUUHQW� RQ� PRWLRQOHVV� GLVORFD �WLRQV� DUH� RI� LQWHUHVW�� 7R� WKDW� HQG�� ZH� FDU �ULHG�RXW�H[SHULPHQWV�ZLWK�PRWLRQOHVV�GLVOR �FDWLRQV�� 6LOLFRQ� FU\VWDOV� ZLWK� LQWURGXFHGGLVORFDWLRQV� ZHUH� H[SRVHG� ILUVW� WR� HOHFWULFFXUUHQW�SXOVHV�DW�GLIIHUHQW�GHQVLW\�YDOXHV� MRI� ��� WR� ��� $�P� DQG� GXUDWLRQ� τLPS RI���� WR���� V��DV�WKH�HOHFWURQ�H[FLWDWLRQ�ZDVRYHU�� PHFKDQLFDO� VWUHVV� σ  ������03D� ZDVDSSOLHG�� 7KH� SUHOLPLQDU\� WUHDWPHQW� RI� VLOL �FRQ� FU\VWDOV� FRQWDLQLQJ� GLVORFDWLRQV� ZLWKHOHFWULF�FXUUHQW�SXOVHV�UHVXOWHG�LQ�D�FRQVLG �HUDEOH� ��������KDUGHQLQJ� RI� VXUIDFH� OD\HUVXQGHU� WKH� IROORZLQJ� PHFKDQLFDO� ORDGLQJ�)LJXUH���$FFRUGLQJ�WR�>����@��D�VWURQJ�KDUG �HQLQJ� GXH� WR� LOOXPLQDWLRQ� RU� HOHFWULF� ILHOGDSSOLFDWLRQ��SKRWR��RU�HOHFWURSODVWLF�HIIHFWV��LVFRQQHFWHG�ZLWK�FKDQJHV�QRW�RQO\�LQ�WKH�FU\V �WDO�VWUXFWXUH�EXW�DOVR�LQ�HOHFWURQ�VXEV\VWHP�7KH�SUHVHQFH�RI�EURNHQ�GLVORFDWLRQ�ELQG �LQJV� LQ� WKH�GLVORFDWLRQ� QXFOHXV� FDXVHV� HOHF �

WURQ� FDSWXUH� DW� WKRVH� ELQGLQJV�� ULVH� RI� WKHGLVORFDWLRQ� HQHUJ\� OHYHO� (G LQ� WKH� VHPLFRQ�GXFWRU�EDQG�JDS�DQG�HOHFWULF�FKDUJH�DSSHDU �DQFH�DORQJ�WKH�GLVORFDWLRQ��7KH� (G OHYHO�DV�FHQGV�GXH� WR�&RXORPELDQ�HOHFWURQ�UHSXOVLRQWKHUHDW� DV� LWV� HOHFWURQ� RFFXSDQF\� LQFUHDVHVDQG�DWWDLQV�YHU\�IDVW�WKH�FKHPLFDO�SRWHQWLDO
µ YDOXH�� WKHQ� LWV� RFFXSDQF\� SURFHVV� FHDVHV�$FFRUGLQJ� WR� >�@�� WKLV� OLPLWDWLRQ� UHVXOWV� LQORZ�YDOXHV� RI� H[SHULPHQWDO� RFFXSDQF\� FRHI �ILFLHQW� IRU� PRWLRQOHVV� GLVORFDWLRQV� DV� FRP �SDUHG�WR�PRELOH�RQHV�7KH� GLVORFDWLRQ� FKDUJH� T LV� NQRZQ� WR� EHFRQQHFWHG� ZLWK� WKH� RFFXSDQF\� FRHIILFLHQW� IE\� WKH� UHODWLRQ� TE�H  �I �ZKHUH� WKH�GLVORFD�WLRQ� FKDUJH� T LV�QRUPDOL]HG� WR� WKH� HOHFWURQFKDUJH� H DQG� PXOWLSOLHG� E\� WKH� GLVWDQFH� EEHWZHHQ� WKH� EURNHQ� ELQGLQJV��� 7KXV�� WKHPRWLRQOHVV� GLVORFDWLRQ� FKDUJH� FDQ� EH� VXS �SRVHG�WR�EH�ORZHU�WKDQ�WKDW�RI�PRELOH�RQHV�$VVXPLQJ�WKDW�WKH�UDGLXV�RI�WKH�5HHG�F\OLQ �GHU�VXUURXQGLQJ�D�GLVORFDWLRQ��5VKLHOG��LV�GH�ILQHG� E\� WKH� RFFXSDQF\� FRHIILFLHQW� DQG� WKHGHQVLW\� RI� ORFDO� H[WULQVLF� FHQWHUV� ZLWK� HQ �HUJ\�(W �5VKLHOG a��I�πQD������ZKHUH�Q LV� WKHFHQWHU� GHQVLW\��� WKH� IROORZLQJ� FRQFOXVLRQFDQ�EH�GUDZQ��6LQFH�WKH�PRWLRQOHVV�GLVORFD �WLRQV�DUH�FKDUDFWHUL]HG�E\�WKH�RFFXSDQF\�FR �HIILFLHQW� RI� GLVORFDWLRQ� EURNHQ� ELQGLQJV�'%%�� I PXFK� ORZHU� WKDQ� WKDW� RI� EURNHQELQGLQJV� RI� PRELOH� RQHV�� WKH� VKLHOGLQJ� UD �GLXV� RI� PRWLRQOHVV� GLVORFDWLRQV� ZLOO� EH

)LJ��'HSHQGHQFH� RI� GLVORFDWLRQ� PHDQ� IUHHSDWK� RQ� WKH� GXUDWLRQ� RI� ���03D�PHFKDQLFDOVWUHVV�DFWLRQ�DW�����.�IRU�LQLWLDO�VLOLFRQ�VDP�SOHV� ���� DQG� WKRVH� SDVVHG� E\� HOHFWULF� FXUUHQWDW� WKH� GHQVLW\� M �$�P���� �⋅��� ����� �⋅��� �����⋅��� ����� 7KH� VDPSOHV� ��� ��� DQG� ��ZHUH� GH�IRUPHG� LQ� VWDWLRQDU\� PRGH�� WKH� FXUUHQW� DF�WLRQ�GXUDWLRQ�EHLQJ�HTXDO�WR�WKDW�RI�PHFKDQL�FDO� ORDGLQJ�� 7KH� VDPSOH� �
�ZDV� GHIRUPHG� LQSXOVH� PRGH�� WKH� GHIRUPLQJ� ZDV� FDUULHG� RXWDIWHU�WKH�VDPSOH�WUHDWPHQW�E\�FXUUHQW�SXOVHV�
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VPDOOHU�WKDQ�WKDW�RI�PRELOH�RQHV��&RQVLGHU �LQJ� WZR� FKDUDFWHULVWLF� GLVWDQFHV� RI� DQ� H[ �WULQVLF�FHQWHU�IURP�D�GLVORFDWLRQ��5� DQG�5��DVVRFLDWHG�ZLWK�GLIIHUHQW�'&&�RFFXSDQF\�H[ �WHQWV��WKH�IROORZLQJ�FRQFOXVLRQ�KDV�EHHQ�PDGHLQ� >�@�� ,I� WKH� UDGLXV� 5� DQVZHUV� WR� D� ORZ� IYDOXH�DQG�5��� WR�KLJK� I�� WKDW� LV�� LI�5� ��5��WKHQ� WKH�HOHFWURQ�WUDQVLWLRQ�SUREDELOLW\� IURPWKH�H[WULQVLF�FHQWHU�WR�WKH�GLVORFDWLRQ�H[FHHGVWKH�UHYHUVH�SURFHVV�SUREDELOLW\�$SSO\LQJ�WKH�FRQFOXVLRQV�IURP�>�@�WR�RXUH[SHULPHQWDO� UHVXOWV�� LW� FDQ� EH� VXSSRVHGWKDW�ZKHQ�D�FXUUHQW�DFWV�RQ�VLOLFRQ�FU\VWDOVZLWK� PRWLRQOHVV� GLVORFDWLRQV�� WKH� VKLHOGLQJUDGLXV� RI� WKRVH� GLVORFDWLRQV� LV� VXFK� WKDW�VWDUWLQJ� IURP� D� FHUWDLQ� YDOXH� ≤5VKLHOG�� WKHHOHFWURQ�WUDQVLWLRQ�SUREDELOLW\�IURP�WKH�LP �SXULW\�WR�WKH�GLVORFDWLRQ�EHFRPHV�FORVH�WR���7KLV�ZLOO�UHVXOW�LQ�D�FRQVLGHUDEOH�LQFUHDVH�RIWKH� GLVORFDWLRQ� FKDUJH� DQG� WKH� FRUUHVSRQG �LQJ� LQFUHDVH� RI� WKH� &RXORPE� EDUULHU�� 3HU �KDSV�WKDW�LV�ZK\�WKH�PRWLRQOHVV�GLVORFDWLRQV�EH �FDPH�XQDEOH� WR�PRWLRQ�ZKHQ� WUHDWHG�ZLWK�HOHF �WULF�FXUUHQW��2WKHU�VXSSRVLWLRQV�FDQ�EH�PDGH�RQWKH�FXUUHQW�HIIHFW�RQ�PRWLRQOHVV�GLVORFDWLRQV�7KH� GLVORFDWLRQ� PRELOLW\� GHSHQGV� RQ� WKHHOHFWULF� ILHOG� FRQILJXUDWLRQ� QHDU� WKHLU� QX �FOHL�� ,Q� WKH� FDVH� RI�PRWLRQOHVV�GLVORFDWLRQV�LQ� WKH� RSLQLRQ� H[SUHVVHG� LQ� >��@�� WKH� SLH �]RSRODUL]DWLRQ�PD\�EH�RI�LPSRUWDQFH�IRU�WKHGLVORFDWLRQ� QXFOHXV� FKDUJH�� ,W� FDQ� EH� DV �VXPHG� WKDW� WKH� VXUIDFH� OD\HU� KDUGHQLQJ� RIVLOLFRQ� FU\VWDOV� GXH� WR� SUHYLRXV� FXUUHQW� DF �WLRQ� PD\� EH� DVVRFLDWHG� ZLWK� PHFKDQLVPPHQWLRQHG� LQ� >��@��7KH�VWRUH�RI�HOHFWULF�H[ �FLWDWLRQ� ��HOHFWULF� PHPRU\��� LV� GXH� WR� WKHSUHVHQFH� RI� GHHS� FDSWXULQJ� VWDWHV� LQ� WKHFU\VWDO�YROXPH��%RWK�PRWLRQOHVV�GLVORFDWLRQVDQG�SRLQW�GHIHFWV�PD\�EH�VXFK�VWDWHV��7KXV�D� FKDQJH� LQ� WKH� FKDUJH� VWDWH� RI� VWDEOH� GH �IHFWV� LV�FKDUDFWHULVWLF�IRU�WKH�KDUGHQLQJ�HI �IHFWV�REVHUYHG�E\�XV��7KH�KDUGHQLQJ�HIIHFWVFDXVHG�E\�WKH��HOHFWULF�PHPRU\��VWRUDJH�DUH
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