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)LJ����,5DEVRUSWLRQ�VSHFWHU�IRU�$FHW\OFKROLQH�LQ�WKH�DEVHQW�RI�(OHFWURPDJQHWLF�ILHOG�DW�WKH�WHPSHUDWXUH��� �

)LJ����,5�5HODWLYH�DEVRUSWLRQ�RI�WKH�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�(OHFWURPDJQHWLF�ILHOG��IUHTXHQF\����+]��DQG�0DJQHWLF�ILHOG����� 7��DW�WKH�WHPSHUDWXUH��

)LJ���,5�5HODWLYH�DEVRUSWLRQ�RI�WKH�$FHW\OFKROLQH�LQ�WKH�SUHVHQW�RI�(OHFWURPDJQHWLF�ILHOG��IUHTXHQF\�����+]��DQG�0DJQHWLF�ILHOG������ 7��DW�WKH�WHPSHUDWXUH��
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&RQFOXVLRQ�5HPDUNV�([WUHPHO\� /RZ� )UHTXHQF\� �(/)�HOHFWURPDJQHWLF� ILHOG�LQGXFHG� FXUUHQWV	� HOHFWURPDJQHWLF� ILHOG� LQ� ELRORJLFDO�V\VWHPV�GHSHQGLQJ�WR�WKH�ZDYHV�LQWHQVLW\�WKDW�PD\�EH�YHU\�VPDOO� DQG� VRPHWLPHV� UHJDUGOHVV�>�@� LQ� D� VSHFLDO� UDQJH� RI�WKH�ZDYHV� �,I� IUHTXHQF\� LQ� WKH�(/)� UDQJH� LQFUHDVHG�PRUH�WKH�QRWLFHDEO\�DEVRUSWLRQ�RI�ZDYHV�SUHVHQWHG>�@��0ROHFXODU�H[FLWDWLRQ� GXULQJ�KLJK� DPRXQWV� DEVRUSWLRQ�RI� UDGLDWLRQ� LQ�SK\VLFDO�ZRUGV� LV�D�SURRI�RI� LQFUHDVHG�RI�HQWURS\�DQG� WKH�LQFUHDVLQJ�RI�PROHFXODU�LPSDFWV�>�@��$OWKRXJK�KLJK�DPRXQW�RI�UDGLDWLRQ�DEVRUSWLRQ�PD\�WHQG�WR�VWUHVV��WLUHGQHVV�LQ�RQH�KDQG��LW�PD\�LQ�WXUQ�WHQG�WR�LQFUHDVHG�DFHW\OFKROLQH�DPRXQW��LQ� WKH� EUDLQ� RI� SDWLHQWV� LQ� RWKHU� KDQG�� LQFUHDVLQJ�$FHW\OFKROLQH� LQ� WKH� EUDLQ� FHOOV� RI� $O]KHLPHU� SDWLHQWV�FRXOG�WHQG�WR�UHODWLYH��UHOLHI��RI�WKH�$O]KHLPHU�GLVHDVH��2XU�VWXGLHV� VKRZV� � WKDW� WKH� EHVW� DEVRUSWLRQ� RFFXUUHG� LQ� WKH�ZDYH� OHQJWK�VHH� SOHDVH� )LJV�����RI���QP����QP� RQ� WKH�VSHFWURVFRSLF�VWXGLHV� WKDW�EHORQJV� � WR� WKH�ZDYH� IUHTXHQF\��.+]���ZLWK�������7�PDJQHWLF�ILHOG�DQG�WKH���PLQXWH�WLPH�RI� H[SRVXUH� �� :H� DJUHHG� WKDW� VRPH� ELRORJLFDO� DFWLRQ��UHDFWLRQ� PD\� EH� EHFDXVH� RI� HOHFWURPDJQHWLF� ZDYH�DEVRUSWLRQ�DW�WKH�WLPH�RI�H[SRVXUH�ZKLFK�WHQGV�WR�LQFUHDVHG�RI� WKH� DFHW\OFKROLQH� LQ� WKH� EUDLQ� FHOOV� RI� WKH� SDWLHQWV� WKDW�DUH� XQNQRZQ� \HW�� 7KH� ORZHU� OLPLW� RI� (/)� ZDYHV� DQG�H[FHHGLQJ� WLPH� RI� H[SRVXUH� GLG� QRW� WHQG� WR� LQFUHDVH�QRWLFHDEOH�DPRXQWV�RI�WKH�DFHW\OFKROLQH��$OVR�RXU�UHVHDUFK�VKRZHG�WKDW�WKH�ZDYHV�DEVRUSWLRQ�LQ�WKH�YLVLEOH�UDQJH�LV�QRW�VR�PDQ\�LPSRUWDQW��DV�DOO�)LJV�VKRZHG��EHFDXVH�LQ�DOO�(/)�ZDYH� OHQJWK� YHU\� ORZ� DPRXQWV� RI� WKH� DEVRUSWLRQ� RI�UDGLDWLRQ�LQ�WKH�ZDYHOHQJWK�JUHDWHU�WKDQ�WKH�89�RFFXUUHG���
5HIHUHQFHV����>�@��3ULFH��'�/���6LVRGLD��6�6���DQG�%RUFKHOW��'�5�� ���������*HQHWLF�1HXURGHJHQHUDWLYH�'LVHDVHV�� �7KH�+XPDQ� ,OOQHVV�DQG�7UDQVJHQLF�0RGHOV���6FLHQFH�����������������

>�@�� 9DVVDU�� 5��� DQG� %HQQHW�� %�'�� � ������� %HWD�VHFUHWDVH�FOHDYDJH� RI� DO]KHLPHU¶V� DP\ORLG� SUHFXUVRU� SURWHLQ� E\� WKH�WUDQVPHPEUDQH� DVSDUWLF� SURWHDVH� %$&(�6FLHQFH� ���������������>�@�� � /D)HUOD�� )�0�� � ������� &DOFLXP� G\VKRPHRVWDVLV� DQG�LQWUDFHOOXODU� VLJQDOOLQJ� LQ� DO]KHLPHU¶V� GLVHDVH�� 1DWXUH�5HYLHZV�1HXURVFLHQFH�������������>�@���*UHJHUVHQ��1���%URVV��3���DQG�$QGUHVHQ��%�6�����������WKH� UROH� RI� FKDSHURQH�DVVLVWHG� IROGLQJ� DQG�TXDOLW\� FRQWURO�LQ� LQERUQ�HUURUV�RI�PHWDEROLVP��3URWHLQ� IROGLQJ�GLVRUGHUV���-RXUQDO�RI�,QKHULWHG�0HWDEROLF�'LVRUGHUV��������������>�@�� 0DF&DOPDQ� &�� %ODVFKXN� 2:� ������� HIIHFW�HOHFWURPDJQHWLF�ZDYH�RQ�KXPDQ��(QGRFULQRORJ\��������������>�@��3ULFH��'�/���6LVRGLD��6�6���DQG�%RUFKHOW��'�5�����������*HQHWLF�1HXURGHJHQHUDWLYH�'LVHDVHV�� �7KH�+XPDQ� ,OOQHVV�DQG�7UDQVJHQLF�0RGHOV���6FLHQFH������������������>�@�� 9HUWHVV\� *�� 6]ROORV\� -� ������� +LJK� VHQVLWLYLW\�PDJQHWLF� ILHOG� PHWHU�� ,Q� 6LPXQLF� '� HG��� 0RELOH�FRPPXQLFDWLRQ� DQG� H[WUHPHO\� ORZ� IUHTXHQF\ILHOGV	�LQVWUXPHQWDWLRQ� DQG� PHDVXUHPHQWV� LQ� ELRHOHFWURPDJQHWLF�UHVHDUFK�>�@�5�3�� /LEXUG\�� '�(��&DOODKDQ�� -��+DUODQG�� (��'XQKDP��7�5��6ORPD�� 3�<DVZHQ��([SHULPHQWDO� HYLGHQFH� IRU� ���+]�PDJQHWLF� ILHOGV� RSHUDWLQJ� WKURXJK� WKH� VLJQDO� WUDQVGXFWLRQ�FDVFDGH��(IIHFWV�RQ�$32(/HWW����������������±������>�@��'H�6H]H�5��/DKLWWH�$��0RUHDX� -0��9H\UHW�%� �������*HQHUDWLRQ� RI� H[WUHPHO\� ORZ� IUHTXHQF\� PDJQHWLF� ILHOGV�ZLWK� VWDQGDUG� DYDLODEOH� FRPPHUFLDO� HTXLSPHQW��,PSOLFDWLRQV� IRU� H[SHULPHQWDO�ELRHOHFWURPDJQHWLFZRUN�%LRHOHFWURFKHP%LRHQHUJ� ������������
������������


