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)LJ���� 7KH�HIIHFW�RI�FZ�OLJKW�RQ�VWLPXODWLRQ�RI�'1$�V\QWKHVLV�LQH[SRQHQWLDOO\�JURZLQJ�+H/DFHOOV�������O  �����QP������O  ����QP�� ��� O  �����QP������O  �����QP������K�DIWHU�LUUDGLDWLRQ�
��



)LJ������7KH�HIIHFW�RI�FZ�OLJKW�LUUDGLDWLRQ�GRVH�RQ�VWLPXODWLRQ�RI�'1$�V\QWKHVLV�LQ�H[SRQHQWLDOO\JURZLQJ�+H/D�FHOOV�����O �����QP��R��O  �����QP��� ��O  �����QP��~ ��O  �����QP�} ��O �����QP������K�DIWHU�LUUDGLDWLRQ�

)LJ���� 7KH�LQIOXHQFH�RG�FZ�OLJKW�LQWHQVLW\�DW�?� ����UXQ��'� ����-�P�  �FRQVW���RQ� WKH�UDWH�RI�'1$V\QWKHVLV� LQ�H[SRQHQWLDOO\�JURZLQJ�+H/D�FHOOV� �+� �� WK\PLGLQH� LQFRUSRUDWLRQ�ZDV�PHDVXUHG�����K�DIWHULUUDGLDWLRQ�
��



H[SHULPHQWV�ZLWK�FZ�OLJKW�DW� O  �����QP�WKH�UDGLDWLRQ�GRVH�'� �,�[� W UHFHLYHG�E\� WKH�FHOOV�ZDVFKDQJHG�E\�YDU\LQJ�WKH�LQWHQVLW\�RI�OLJKW�,�DQG�WKH�GXUDWLRQ�RU�LUUDGLDWLRQ�7���$�SRVVLEOH�LQIOXHQFHRI�WKH�GXUDWLRQ�RU�RI�WKH�UDGLDWLRQ�LQWHQVLW\�RQ�WKH�VWLPXODWLRQ�HIIHFW�LQ�WKH�FDVH�RI�D�IL[HG�GRVH�LVTXLWH�SRVVLEOH���7KLV�PHDVXUHPHQW�ZDV�YHULILHG�E\�XVLQJ�+H�1H�ODVHU�UD GLDWLRQ��,�PD[  ����:�P��DV�ZHOO�DV�UDGLDWLRQ�IURP�D�FZ�G\H�ODVHU�SXPSHG�E\�DQ�DUJRQ�ODVHU�� ORXW ����QP��,PD[  ���:�P���7KH� LQWHQVLW\� RI� OLJKW�ZDV� DWWHQXDWHG�ZLWK� FDOLEUDWHG�QHXWUDO� GHQVLW\� ILOWHUV�� �7KH� UDGLDWLRQ�GRVHUHFHLYHG�E\�WKH�FHOOV�ZDV�FRQVWDQW�DQG�DPRXQWHG�WR�����-�P ���ZKLFK�ZDV�RSWLPDO�IRU�WKH�UDWH�RI'1$�V\QWKHVLV�LQ�D�FXOWXUH�RI�SUROLIHUDWLQJ�+H/D�FHOOV��)LJXUH����7KH� UHVXOWV� RI�PHDVXUHPHQWV�RI� WKH� LQIOXHQFH�RI� WKH� LQWHQVLW\� RI� OLJKW�RQ� WKH� UDWH� RI�'1$V\QWKHVLV�DUH�SUHVHQWHG�LQ�)LJXUH�����,W�LV�FOHDU�IURP�WKLV�ILJXUH�WKDW�WKH�'1$�V\QWKHVLV�VWLPXODWLRQZDV�YHU\�VHQVLWLYH�WR�WKH�LUUDGLDWLRQ�WLPH�DQG�WR�WKH�LQWHQVLW\� RI��OLJKW�ZKHQ�WKH�OLJKW�LQWHQVLW\�ZDV�����:�P� RU�ZKHQ�WKH�LUUDGLDWLRQ�WLPH�ZDV�������VHF���,W�GHFUHDVHG�YHU\�UDSLGO\�ZLWK�DQ�LQFUHDVHLQ� WKH� LUUDGLDWLRQ� WLPH� RU� D� UHGXFWLRQ� LQ� WKH� OLJKW� LQWHQVLW\�� EHLQJ� REVHUYHG� FOHDUO\� GXULQJ� DQLUUDGLDWLRQ�WLPH�IURP���WR����VHF�LQ�RXU�H[SHULPHQWDO�FRQGLWLRQV�

)LJ���� $FWLRQ� VSHFWUD� RI� YLVLEOH� PRQRFKURPDWLF� OLJKW� RQ� �D�� '0$� DQG�� �E�� 51$V\QWKHVLV�LQ�H[SRQHQWLDOO\�JURZLQJ� +H/D�FHOOV��PHDVXUHG�����K� DIWHU�LUUDGLDWLRQ�
��



'HSHQGHQFH�RQ�ZDYHOHQJWK� )LJXUH���VKRZV�WKH�UHVXOWV�REWDLQHG�IURP�PHDVXULQJ�WKH�DFWLRQVSHFWUD�RI�OLJKW��RQ�WKH�QXFOHLF�DFLG�V\QWKHVLV�UDWH�����K�DIWHU�WKH�LUUDGLDWLRQ�RI�SUROLIHUDWLQJ�+H/DFHOOV���)URP�WKHVH�ILJXUHV��)LJXUHV��D�DQG��E��LW�IROORZV�WKDW�WKH�V\QWKHVLV�UDWH�RI�'1$�DQG�51$LQFUHDVHV� LQ� VRPH� VSHFWUDO� LQWHUYDOV�� � 6WLPXODWLRQ� RI� '1$� V\QWKHVLV� FDQ� EH� REVHUYHG� LQ� DZDYHOHQJWK�UDQJH�RI�DERXW�����WR����������WR����������WR����������WR�����QP�ZLWK�PD[LPD�QHDUE\��������������DQG�����QP���,Q�WKH�LQIUDUHG�UHJLRQ�WKHUH�LV�D�VWUXFWXUH�LQ�WKH�IRUP�RI�D�SHDN�QHDU���� QP�� � 7KH� DFWLRQ� VSHFWUXP� RI� 51$� V\QWKHVLV� LV� YHU\� FORVH� WR� WKH� FRUUHVSRQGLQJ� DFWLRQVSHFWUXP�RI�OLJKW�RQ�'1$�V\QWKHVLV���7KH�PD[LPD�LQ�WKH�VWLPXODWLRQ�RI�51$�V\QWKHVLV�FRUUHVSRQGDSSUR[LPDWHO\�WR�WKH�ZDYHOHQJWKV�RI��������������������DQG�����QP���,Q�WKH�UDQJH�IURP�����WR����QP��ZH�KDYH�QRW�REVHUYHG�VWDWLVVWLFDOO\�YDOLG�FKDQJHV�LQ�WKH�'1$�DQG�51$�V\QWKHVLV�UDWH�XQGHUWKHVH� H[SHULPHQWDO� FRQGLWLRQV�� � 6XFK� DQ� HIIHFW� PLJKW� EH� GHWHFWDEOH� ZKHQ� RWKHU� SDUD PHWHUV�LUUDGLDWLRQ�WLPH��LQWHQVLW\��DUH�XVHG���,W�LV�TXLWH�SRVVLEOH�WKDW�LQWHQVLW\�GHSHQGHQFHV�DUH�QRW�VLPLODUIRU�DOO�VSHFWUDO�UHJLRQV�,9�����3ODWHDX�SKDVH�+H/D�FHOOV$V�FRQFHUQLQJ�WKH�SODWHDX�SKDVH�+H/D�FHOOV��WKH�LUUDGLDWLRQ�FDXVHV�FKDQJHV�LQ�'1$�DQG�51$V\QWKHVLV�EHJLQQLQJ���WR�����K�DIWHU�WKH�LUUDGLDWLRQ��)LJXUH������7KH�PD[LPXP��HIIHFW�LV�REVHUYHG��WR���K�DIWHU�LUUDGLDWLRQ��$�FRPSDULVRQ�RI�UHVXOWV�IRU�'1$�DQG�51$�V\QWKHVLV��)LJXUHV���DQG����JLYHV�JURXQGV�IRU�DVVXPLQJ�WKDW�WKH�FKDQJHV�LQ�WKH�V\QWKHVLV�UDWH�RI�'1$�GXULQJ�WKH�ILUVW� ��K�DIWHULUUDGLDWLRQ�RFFXU�IDVWHU�WKDQ�IRU�51$���7KLV�FRQFOX VLRQ��KRZHYHU��QHHGV�IXUWKHU�LQYHVWLJDWLRQ���7KHUHVXOWV�RI�WKH�PHDVXUHPHQWV�VKRZ�WKDW�WKH�VWLPXODWLRQ�RI�'1$�DQG�51$�V\QWKHVLV�LV� PD[LPXP�DWLUUDGLDWLRQ�GRVHV�����-�P���SUDFWLFDOO\�WKH�VDPH�DV�IRU�SUROLIHUDWLQJ�FHOOV�7KH�DFWLRQ�VSHFWUD�RI�'1$�DQG�51$�V\QWKHVLV�VWLPXODWLRQ�LQ�SODWHDX�SKDVH�+H/D�FHOOV�ZHUHPHDVXUHG�IRU�D�GRVH�����-�P� � LQ�WKH�UDQJH�RI�ZDYHOHQJWKV�IURP�����WR�����QP��)LJXUH������7KHVHDFWLRQ�VSHFWUD�REWDLQHG�DUH�YHU\� VLPLODU�WR� WKH�RQHV� REVHUYHG�HDUOLHU� IRU�SUROLIHUDWLQJ�+H/D�FHOOV�)LJXUH����7KH�EDVLF�GLIIHUHQFH�LQ�WKH�UHDFWLRQ�RI�FHOOV�RI�WKH�SODWHDX�FXOWXUH�DV�FRPSDUHG�ZLWK�WKDW�RIH[SRQHQWLDOO\�JURZLQJ�FHOOV�LV�WKDW�WKHLU�VWLPX ODWLRQ�DIWHU�LUUDGLDWLRQ�RFFXUV�VHYHUDO�KRXUV�ODWHU�WKDQLQ� WKH� FDVH� RI� SUROLIHUDWLQJ� FHOOV�� � 7KLV� UHVXOW� FDQ� EH� H[SODLQHG� E\� WKH� GHFHOHUDWLRQ� RI� PDQ\PHWDEROLF�SURFHVVHV�LQ�WKH�SODWHDX�SKDVH�FHOOV�
9���&+$1*(6�,1�&(//�&<&/(�3$5$0(7(56�$)7(5�,55$',$7,21)URP� H[SHULPHQWV� SHUIRUPHG� ZLWK� UDGLRDFWLYH� SUHFXUVRUV�� LW� ZDV� QRW� FOHDU� ZKHWKHU� WKHLQFUHDVHG�LQFRUSRUDWLRQ�RI�+�WK\PLGLQH��ZDV�FRQQHFWHG�ZLWK�WKH�HQKDQFHPHQW�RI�'1$�V\QWKHVLVLQ�WKH�6�SKDVH�FHOOV��ZLWK�FKDQJHV�LQ�WKH�SUROLIHUDWLRQ�NLQHWLFV�RI�SRSXODWLRQ��H�J��VKRUWHQLQJ�RI�WKHGXUDWLRQ�RI�WKH�*� SKDVH�RI�WKH�FHOO�F\FOH�RI�FHOOV�RI�WKH�SUROLIHUDWLYH�SRRO��RU�ZLWK�DQ�LQFUHDVH�LQWKH�SUROLIHUDWLYH�SRRO���7R�DQVZHU�WKHVH�TXHVWLRQV�ZH�FRQGXFWHG�WKH�IROORZLQJ�DXWRUDGLRJUDSKLFDOH[SHULPHQWV

�7R�GHWHUPLQH�WKH�FKDQJHV�LQ�WKH�QXPEHU�RI�6�SKDVH�FHOOV�DQG�0�SKDVH�FHOOV�DIWHU�LUUDGLDWLRQ�WKH�FXOWXUHV�ZHUH�SXOVH�ODEHOHG�DW�YDULRXV�WLPHV�DIWHU�WKH�LUUDGLDWLRQ�DQG�IL[HG���7KH�UHVXOWV�RI�WKHVHH[SHULPHQWV�ZLWK� H[SRQHQWLDOO\�JURZLQJ�FXOWXUHV� LQGLFDWH� �)LJXUH����� WKDW� WKH�QXPEHU�RI�'1$�V\QWKHVL]LQJ�FHOOV�LQFUHDVHV�GXULQJ�ILUVW�����K�DIWHU�LUUDGLDWLRQ�DQG�WKHQ�GLPLQLVKHV�WR�WKH�FRQWUROOHYHO�� �2Q� WKH� EDVLV� RI� WKLV� FXUYH�� RQH� FDQ� VXSSRVH� WKDW� WKH� LQFUHDVHG� QXPEHU� RI� 6�SKDVH� FHOOVRULJLQDWHV�IURP�D�SDUW�RI�WKH�*��SKDVH�SRSXODWLRQ�WKDW�LV�UHDG\�WR�SDVV�LQWR�WKH�6�SKDVH�

��



)LJ���� 7KH�LQIOXHQFH�RI�LUUDGLDWLRQ�ZLWK�UHG��O  �����QP��DQG�IDU�UHG��O  �����QP�OLJKW�RQ�'1$�RU�51$�V\QWKHVLV�LQ�SODWHDX�SKDVH�+H/D�FHOOV��'RVHV�ZHUH� ��R�R�R������-�P� RU���x�x�x�������-�P� �

)LJ����� 7KH�GHSHQGHQFH�RI��D��'1$�DQG���E��51$�V\QWKHVLV�VWLPXODWLRQ�E\�DQ�LUU DGLDWLRQ�GRVHRI�����-�P���IRU�WLPHV�����K���R�R�R���� ���� K� ��~�~�~��� DQG� �� K� ��x�x�x��� DIWHU� LUUDGLDWLRQ�3ODWHDX�SKDVH�+H/D�FHOOV��LUUDGLDWHG�ZLWK�UHG�OLJKW�DW�O  �����QP�
��



)LJ����$FWLRQ�VSHFWUD�RI�YLVLEOH�PRQRFKURPDWLF�OLJKW�RQ��D��'1$�DQG�� �E�� 51$� V\QWKHVLV� LQSODWHDX�SKDVH�+H/D�FHOOV�IRU�DQ�LUUDGLDWLRQ�GRVH�RI�����-�P� ���PHDVXUHG�����K�DIWHU�LUUDGLDWLRQ�,Q�FDVH�RI�SODWHDX�SKDVH�FHOOV��)LJXUH������WKH�LQFUHDVH�RI� WV DERYH�WKH�EDVHOLQH�OHYHO�RQO\�VWDUWV���� K� DIWHU� LUUUDGLDWLRQ�� DQG� LV� SUREDEO\� FRQQHFWHG� ZLWK� * � o 6� WUDQVLWLRQ� RI� WKH� FHOOV� RI� WKHSUROLIHUDWLQJ�IUDFWLRQ�RI�WKH�SRSXODWLRQ��EHFDXVH���K LV�QRW�VXIILFLHQW�WLPH�IRU�D�* R o6�WUDQVLWLRQ��7KH�VWLPXODWLYH�HIIHFW�RI� WKH� LUUDGLDWLRQ�RQ� WKH�SURJUHVVLRQ�RI�* ��SKDVH�FHOOV� LQWR�6�SKDVH�ZDVFRQILUPHG� LQ� DXWRUDGLRJUDSKLF� H[SHULPHQWV� ZLWK� FRQWLQXRXV� ODEHOLQJ� �)LJXUH� ����� � :KHQ� D� FHOOSRSXODWLRQ��LPPHGLDWHO\�DIWHU�WKH�LUUDGLDWLRQ��LV�WUHDWHG�ZLWK�+ ��WK\PLGLQH�DQG�FRQWLQXRXVO\�LQFXEDWHGZLWK� LW� IRU� KRXUV�� WKH� IUDFWLRQ� LQLWLDOO\� ODEHOHG� UHSUHVHQWV� WKH� FHOOV� LQ� 6�SKDVH� DW� WKH� PRPHQW� RILUUDGLDWLRQ��ZKLOH�WKH�VXEVHTXHQW�LQFUHDVH�LQ�WKH�,J�UHIOHFWV�WKH�IORZ�RI�WKH�FHOOV�IURP�* � LQWR�6�GXULQJWKH�LQWHUYDO�VWXGLHG���,W�LV�REYLRXV�IURP�)LJXUH����WKDW�WKH�SHUFHQW�RI�ODEHOHG�FHOOV�LQFUHDVHV�DIWHU�WKHLUUDGLDWLRQ�RI�ERWK�ORJ�SKDVH�DQG�SODWHDX�SKDVH�SRSXODWLRQV�7R�DQVZHU�WKH�TXHVWLRQ��GRHV�WKH�LUUDGLDWLRQ�LQIOXHQFH�WKH�UDWH�RI�'1$�V\QWKHVLV�LQ�6�SKDVH�FHOOV �WKH�QXPEHU�RI�JUDLQV�ZDV�FRXQWHG�RQ� WKH�ODEHOHG�QXFOHL�� �$V� VHHQ� LQ�)LJXUH���E�� WKH� DYHUDJH�JUDLQFRXQW�LQ�WKH�QXFOHL�RI�FHOOV�LQFUHDVHV�DIWHU�WKH�LUUDGLDWLRQ��EHLQJ�GHWHFWDEOH�DERYH�WKH�FRQWURO�OHYHO����K�DIWHU� WKH� LUUDGLDWLRQ�� �7KH�DYHUDJH�JUDLQ�FRXQW�GRHV�QRW�DOORZ�XV� WR�GHWHUPLQH�KRZ� WKH� LQGLYLGXDOFHOOV� DUH� LQIOXHQFHG� E\� LUUDGLDWLRQ�� � ,Q� )LJXUH� ���� ZH� VKRZ� WKH� GLVWULEXWLRQV� RI� JUDLQ� QXPEHU� SHUQXFOHXV�DIWHU�WKH�LUUDGLDWLRQ���7KH�EHKDYLRU�RI�WKH�FXPXODWLYH�FXUYHV�LQGLFDWHV�WKDW�WKH�QXPEHU�RI�FHOOVZLWK�KLJKHU�JUDLQ�FRXQWV�LQFUHDVHV�IROORZLQJ�LUUDGLDWLRQ�7KH�SHUFHQWDJH�RI�FHOOV�LQ�PLWRVLV��,P��GRHV�QRW�FKDQJH�GXULQJ�WKH�ILUVW�IHZ�KRXUV�DIWHU�LUUDGLDWLRQ�7DEOH������7KH�RQO\�VLJQLILFDQW�GLIIHUHQFH�IURP�FRQWURO�OHYHO�ZDV�QRWLFHG���K�DIWHU�WKH�LUUDGLDWLRQ�2Q� WKH� EDVLV� RI� WKHVH� GDWD� LW� LV� SRVVLEOH� WR� FRQFOXGH� WKDW� WKH� HQ KDQFHG� LQFRUSRUDWLRQ� RI� +��WK\PLGLQH�LQWR�'1$�IRXQG�HDUOLHU�FRXOG�EH�GXH�WR�LQWHQVLILFDWLRQ�RI�'1$�V\QWKHVLV�LQ�6�SKDVH�FHOOV�DV�ZHOO�DV�GXH�WR�DQ

��



3LJ����� &KDQJHV�LQ���D��ODEHOLQJ�LQGH[�DQG���E��DYHUDJH�JUDLQ�FRXQW�LQ� ��R�R�R��H[SRQHQWLDOO\�JURZLQJ�DQG���x�x�x���SODWHDX�SKDVH� +H/D� FHOOV�� SXOVH� ODEHOHG� ZLWK� +��WK\PLGLQH�DW�YDULRXV�WLPHV� DIWHU�LUUDGLDWLRQ�ZLWK�D�+H�1H�ODVHU�DW�D�GRVH�RI�����-�P ��
HQKDQFHG�*� o 6�WUDQVLWLRQ�IRU�D�SDUW�RI�WKH�SRSXODWLRQ��� 'LIIHUHQW�NLQHWLFV�RI�ERWK�WKHVH�SURFHVVHVDIWHU�LUUDGLDWLRQ�PDNHV�LW�SRVVLEOH�WR�VXJJHVW�WKDW�LQ�WKH�ILUVW�KRXUV�DIWHU�WKH�LUUDGLDWLRQ�WKH�LQFUHDVHRI�+��WK\PLGLQH�LV�FDXVHG�PDLQO\�E\�DQ�LQFUHDVHG�QXPEHU�RI�6�SKDVH�FHOOV��EXW�DW�ORQJHU�WLPHV�DIWHULUUDGLDWLRQ��H�J����K�LQ�RXU�H[SHULPHQWV��E\�HQKDQFHG�'1$�V\QWKHVLV�LQ�6�SKDVH�FHOOV�7DEOH����&KDQJHV�LQ�PLWRWLF�LQGH[�RI�H[SRQHQWLDOO\�JURZLQJ�+H/D�FXOWXUH�DW�YDULRXV�WLPHV�DIWHULUUDGLDWLRQ��'� �����-�P���O �������QP�

7LPH�DIWHU�LUUDGLDWLRQ��K ,0������ ����� ������ ������������ ������������� ���������
���



9,���,1)/8(1&(�2)�',&+520$7,&�,55$',$7,217KH�H[SHULPHQWV�GHVFULEHG�DERYH�VKRZHG�WKDW�WKH�HIIHFWV�ZHUH�FDXVHG�E\�UHODWLYHO\�QDUURZ�EDQG�UDGLDWLRQ�����QP�����7KHUHIRUH�LW�LV�RI�LQWHUHVW�WR�LQYHVWLJDWH�WKH�VWLPXODWLRQ�HIIHFW�ZKHQ�WKHUDGLDWLRQ�VSHFWUXP�LV�ZLGHQHG�EH\RQG�WKH�ELRORJLFDOO\�DFWLYH�VSHFWUDO�LQWHUYDOV��JRLQJ�LQ�WKH�OLPLWWR�ZKLWH�OLJKW�$�PRQROD\HU�RI�FHOOV�DW�WKH�ERWWRP�RI�D�VFLQWLOODWLRQ�IODVN�ZDV�LU UDGLDWHG�ZLWK�VWLPXODWLQJ�UHGOLJKW��O  ���������QP��WKURXJK�WKH�ERWWRP�RI�WKH�IODVN�DQG�ZLGH�EDQG�UDGLDWLRQ�ZDV�GLUHFWHG�WR�WKHFHOOV� WKURXJK� WKH� RSHQ� QHFN� RI� WKH� IODVN� �DUULYLQJ� IURP� WKH� RSSRVLWH� VLGH� �)LJXUH� ����� $FRPSDULVRQ�ZDV�PDGH�RI�WKH�HIIHFWV�RI�VLPXOWDQHRXV�LUUDGLDWLRQ�RI�FHOOV�ZLWK�UHG�DQG�ZLGH�EDQGOLJKW�ZLWK�WKH�HIIHFWV�RI�VHSDUDWH�LUUDGLDWLRQV��7KH�UHG�OLJKW�GRVH�ZDV�RSWLPDO� IRU�'1$�V\QWKHVLV�����-�P���DQG�WKH�GRVH�RI�RI�ZLGH�EDQG�UDGLDWLRQ�ZDV�VHOHFWHG�WR�EH�DERXW���WLPHV�JUHDWHU���7KLVUDWLR�RI�GRVHV� FRUUHVSRQGV�DSSUR[LPDWHO\� WR� WKH� IUDFWLRQ�RI� WKH� UHG� OLJKW� ���������QP�� �������QP��LQ�QDWXUDO�VRODU�UDGLDWLRQ�WR�ZKLFK�WKH�YDULRXV�ELRORJLFDO�REMHFWV�KDYH�EHFRPH�DGDSWHG�LQ�WKHFRXUVH�RI�WKHLU�HYROXWLRQ�

)LJ� ���7KH�YDULDWLRQ�RI�WKH�SHUFHQWDJH�RI�ODEHOHG�FHOOV�GXULQJ�FRQWLQXRXV�ODEHOLQJ�ZLWK�+ ��WK\PLGLQH�LQ���������WKH�H[SRQHQWLDOO\�JURZLQJ�DQG���������WKH�SODWHDX�SKDVH��+H/D�FHOOV��������ZLWKRXW�LUUDGLDWLRQ�RU���������DIWHU�LUUDGLDWLRQ�ZLWK�+H�1H�ODVHU�ZLWK�D�GRVH�RI�����-�P ��
���



)LJ����� $XWRUDGLRJUDSKLFDOO\�PHDVXUHG�GLVWULEXWLRQ�RI� VLOYHU�JUDLQV�SHU�QXFOHXV�RI�H[SRQHQWLDOO\JURZLQJ�+H/D�FHOOV�LQ������FRQWURO�FXOWXUH�DQG���������D�FXOWXUH�LUUDGLDWHG�ZLWK�D�+H�1H�ODVHU������-�P����IRU��������PLQ��������K��������K�DIWHU�LUUDGLDWLRQ�
)LJXUH����VKRZV�WKH�UHVXOWV�REWDLQHG��,UUDGLDWLRQ�RI�FHOOV�ZLWK�MXVW�ZLGH�EDQG�OLJKW��LQFOXGLQJWKH�UHG�LQWHUYDO��LQ�WKHVH�H[SHULPHQWDO�FRQGL WLRQV�UHVXOWHG�LQ�SUDFWLFDOO\�QR�VWDWLVWLFDOO\�VLJQLILFDQWYDULDWLRQV�LQ�'1$�V\QWKHVLV�DV�FRPSDUHG�ZLWK�WKH�QRQLUUDGLDWHG�FRQWURO�7KH�GLVDSSHDUDQFH�RI�WKH�'1$�VWLPXODWLRQ�HIIHFW� �FDXVHG�E\� LUUDGLDWLRQ�ZLWK� OLJKW����� � �QP��ZKHQ�LUUDGLDWLQJ�VLPXOWDQHRXVO\�ZLWK�WKH�QDUURZ�EDQG�DQG�WKH�ZLGH�EDQG�OLJKW�IURP�WKH�EOXH�\HOORZ�UHJLRQ�FDQ�EH�H[SODLQHG�TXDOL WDWLYHO\�DV�IROORZV�/LJKW�RI�WKH�LQYHVWLJDWHG�UDQJH�RI�ZDYHOHQJWKV�LV�QRW�DEVRUEHG�GLUHFW O\�E\�'1$��7KHUHIRUH��LWLV� QDWXUDO� WR� DVVXPH� WKDW� OLJKW� LV� ILUVW� DEVRUEHG� E\� VRPH�RWKHU�PROHFXOH� RU�PROHFXOHV�0�� � 7KHSKRWRSURGXFWV� IRUPHG� DV� D� UHVXOW� RI� UHDFWLRQV� RI� DQ� H[FLWHG� PROHFXOH�0� ZKLFK� DFWV� DV� D� OLJKWDFFHSWRU� �GLVVRFLDWLRQ�DQG� LVRPHUL]DWLRQ�SURGXFWV�� FRPSOH[HV�ZLWK�RWKHU�PROHFXOHV�� HWF��� VKRXOGFOHDUO\�LQIOXHQFH�WKH�PHWDEROLF�SURFHVVHV�LQ�FHOOV�:H� VKDOO� DVVXPH� WKDW� OLJKW� LQ� WKH� EOXH�\HOORZ� UHJLRQ� LV� DEVRUEHG�PRUH� HIIHFWLYHO\� E\� WKHSKRWRSURGXFWV� RI�0� WKDQ�E\� WKH� LQLWLDO�PROHFXOH�0� LW VHOI�� �&RQVHTXHQWO\�� IROORZLQJ� WKH�SURFHVV0o 0SURG�� DV� D� UHVXOW� RI� WKH� VXEVHTXHQW� SKRWRUHDFWLRQV�� WKH� FRQFHQWUDWLRQ� RI� WKH� ELRORJLFDOO\DFWLYH�PROHFXOHV�0SURG GHFUHDVHV�� �7KH�GLIIHUHQW�HIILFLHQFLHV�RI� WKH� WZR�SURFHVVHV�LQ� WKH�VSHFWUDOUDQJH�XQGHU�FRQVLGHUDWLRQ�PD\�EH�GXH�WR�GLIIHUHQFHV�EHWZHHQ�WKH�DEVRUSWLRQ�RI�WKH�0�DQG�0�SURGPROHFXOHV� RU� GXH� WR� WKH� VSHFWUDO� GHSHQGHQFHV� RI� WKH� TXDQWXP� HIILFLHQFLHV� �\LHOGV�� RI� WKHSKRWRUHDFWLRQV�LQYROYHG�:H�PD\� DVVXPH� � WKDW� D� UHGXFWLRQ� LQ� WKH� UDWH�RI�'1$�V\QWKHVLV� DV� D� UH VXOW�RI� GLFKURPDWLFLUUDGLDWLRQ� LV� QRW� GXH� WR� WKH� ZLGH�EDQG� QDWXUH� RI� OLJKW� EXW� GXH� WR� WKH� VSHFLILFDWLRQ� RI� WKRVHZDYHOHQJWKV�ZKLFK�DUH�ZLWKLQ�WKH�LQYHVWLJDWHG�VSHFWUDO�UDQJH�
���



)LJ������(IIHFWV�RI�EURDGHQLQJ� WKH�VSHFWUXP�RI� WKH�LUUDGLDWLQJ� OLJKW� LQ� VLPXOWDQHRXV�GLFKURPDWLFLUUDGLDWLRQ� ZLWK� UHG� �O��� DQG� ZLGHEDQG� �O��� OLJKW�� RQ� '1$� V\QWKHVLV� LQ� H[SRQHQWLDOO\JURZLQJ�+H/D� FHOOV�� � 6LPSOLILHG� VSHFWUD�RI� WKH�ZLGH�EDQG� YLVLEOH� OLJKW� � O��� DQG� RI� WKHQDUURZ�EDQG�VWLPXODWLQJ�UHG�OLJKW��O���VUH� VKRZQ�RQ�WKH�OHIW�� �7KH�FRUUHVSRQGLQJ�'1$V\QWKHVLV�UDWHV�DUH�VKRZQ�RQ�WKH�ULJKW���7KH�GDVKHG�OLQH�LV�WKH�FRQWURO�OHYHO��WDNHQ�DV�� ��
7KXV�� LW� PD\� EH� VWDWHG� WKDW� ORZ�LQWHQVLW\� YLVLEOH� ODVHU� UDGLDWLRQ� FDXVHV� FOHDUO\� REVHUYDEOHFKDQJHV� LQ� WKH� ELRFKHPLFDO� SURFHVVHV� LQ� D� FHOO� LQYROYLQJ� ELRPROHFXOHV� ZKLFK� GR� QRW� GLUHFWO\DEVRUE� ODVHU� UDGLDWLRQ��0RQRFKURPDWLF� OLJKW� LV�QHHGHG�EXW� WKH� VSHFWUDO�EDQG� FDQ�EH��������QP�7KLV� EDQGZLGWK� LV�PRUH� RU� OHVV� ��� WLPHV�ZLGHU� WKDQ� WKH� VSHFWUDO� EDQGZLGWK� RI� ODVHU� UDGLDWLRQ�H�J�G O RI�+H�1H�ODVHU����� QP��� �7KDW� LV�ZK\� WKH�FRUUHODWLRQ�EHWZHHQ� WKH�VWLPXODWLYH�HIIHFW�RIOLJKW�DQG�LWV�PRQRFKURPDWLFLW\�LQ�WKH�UDQJH�'O!! GO ODVHU�LV�QRW�QHJOLJLEOH�6LQFH�WKHUH�DUH�VHYHUDO�PD[LPD�LQ�WKH�DFWLRQ�VSHFWUD�RI�OLJKW�QXFOHLF�DFLGV�V\QWKHVLV�UHVSRQVH�)LJXUHV� �� DQG� ���� LQ� RXU� QH[W� H[SHULPHQWV� ZLWK� GLFKURPDWLF� LUUDGLDWLRQ�� ZH� XVHG� WKRVHZDYHOHQJWKV�WKDW�KDG�EHHQ�IRXQG�WR�JLYH�PD[LPDO�UHVSRQVHV���'LFKURPDWLF�LUUDGLDWLRQ�H[SHULPHQWVFDQ� DQVZHU� WKH� TXHVWLRQ� RI� ZKHWKHU� WKH� K\SRWKHVL]HG� SKRWRDFFHSWRU� PROHFXOHV� DUH� SKRWRUH�YHUVLEOH�SLJPHQWV���,Q�WKLV�ZD\�DOVR��LW�LV�SRVVLEOH�WR�GHWHUPLQH�WKRVH�UDGLDWLRQ�ZDYHOHQJWKV�LQ�WKHYLVLEOH� OLJKW� VSHFWUXP�ZKLFK�PDGH� WKH� VWLPX ODWLYH� HIIHFW� RI� WKH� UHG�FRPSRQHQW� RI� WKH� VSHFWUXPGLVDSSHDU��)LJXUH�����+H/D�FHOOV�LQ�WKH�H[SRQHQWLDO�JURZWK�SKDVH�ZHUH�FXOWLYDWHG�DQG�LUUDGL�

���



DWHG������A���� 7KH�UDWH�RI�'1$�DQG�51$�V\QWKHVLV�ZDV�HVWLPDWHG�����K�DIWHU�LUUDGLDWLRQ�E\�DUDGLRPHWULF�WHFKQLTXH���,Q�WKH�ILUVW�VHULHV�RI�H[SHULPHQWV����+H/D�FHOOV�LQ�WKH�IRUP�RI�D�PRQROD\HU�FXOWXUH�RQWKH�ERWWRP�RI�D� VFLQWLOODWLRQ�YLDO�ZHUH�VLPXOWDQHRXVO\� LUUDGLDWHG�ZLWK� UHG� OLJKW�� O  ������QP�� WKURXJK� WKH� RSHQ� QHFN� RI� WKH� IODVN� DQG� D� YDULDEOH� ZDYHOHQJWK� PRQRFKURPDWLF� OLJKW�ODGG�� WKURXJK� WKH�ERWWRP� RI� WKH� IODVN� IURP� WKH� RSSRVLWH� VLGH� �)LJXUH� ����� � 7KH� UHG� OLJKWLUUDGLDWLRQ�GRVH�ZDV�DOZD\V�NHSW� IL[HG�DW� ����-�P ��� �7KH� LUUDGLDWLRQ� GRVH� IRU� WKH�YDULDEOHZDYHOHQJWK�OLJKW�ZDV�WDNHQ�DW�����-�P� LQ�WKH�UDQJH�����������QP�DQG����RU����-�P � LQ�WKHUDQJH�����������QP���)LJXUH����SUHVHQWV�WKH�DFWLRQ�VSHFWUD�RI�GLFKURPDWLF�LUUDGLDWLRQ�IRU�WKHV\QWKHVLV�RI�'1$�DQG�51$���,Q�WKH�UHG�DQG� IDU�UHG�UHJLRQV�RI�WKH�VSHFWUXP��O DGG  �������QP��� WKH�PD[LPXP�DW�����QP�UHPDLQHG�WKH�VDPH�DV� LQ� WKH�FDVH�RI�PRQRFKURPDWLF� LUUDGL�DWLRQ� �)LJXUH� ��� ZKHUHDV� WKDW� DW� ���� QP� GLVDSSHDUHG�� �:LWK� WKH� LUUDGLDWLRQ� GRVH� IRU� WKHYDULDEOH� �ZDYHOHQJWK� OLJKW� ODGG� VHW� DW� ��� -�P� WKH� PD[LPXP� LQ� WKH� EOXH� UHJLRQ� RI� WKHVSHFWUXP��ZKLFK�ZDV�REVHUYHG�DW�����QP�LQ�)LJXUH����QRZ�RFFXUUHG�DW�����QP��L�H��LW�VKLIWHGLQWR�D�UHJLRQ�RI�ORQJHU�ZDYHOHQJWKV���:LWK�WKH�LUUDGLDWLRQ�GRVH�IRU�ODGG LQFUHDVHG�WR����-�P��WKH�PD[LPXP�LQ�WKH�EOXH�UHJLRQ�YDQLVKHG�DQG�D�QHZ�PD[LPXP�DSSHDUHG�LQ�WKH�JUHHQ� UHJLRQ��O  ���������QP����7KH�V\QWKHVLV�RI�ERWK�'1$�DQG�51$�ZDV�REVHUYHG�WR�EH�LQKLELWHG�LQWKH�JUHHQ�UHJLRQ�ZKHQ�WKH�LUUDGLDWLRQ�GRVH�IRU�ODGG�ZDV�VHW�DW����-�P���:KHQ�WKH�FHOOV�ZHUH�VXEMHFWHG�WR�FRQVHFXWLYH�GLFKURPDWLF�LUUDGLDWLRQ�LQ�WKH�VHTXHQFHODGG ������QUR�ZLWK�D����PLQ�LQWHUYDO�EHWZHHQ�WKH�VXFFHVVLYH�LUUDGLDWLRQ�HYHQWV��)LJXUH�����WKHVH�HIIHFWV�YDQLVKHG�DQG�WKH�UHVSHFWLYH�DFWLRQ�VSHFWUD�IRU�WKH�V\QWKHVLV�RI�'1$�DQG�51$EHFDPH�VLPLODU�WR�WKRVH�REWDLQHG�HDUOLHU��)LJXUH����IRU�WKH�ZDYHOHQJWKV�HTXDO�WR� ODGG�LQ�WKLVVSHFWUDO�UHJLRQ� 7KLV�PHDQV�WKDW�RQO\�WKH�ILUVW�LUUDGLDWLRQ�HYHQW�SURYHG�HI IHFWLYH��DQG��E\�WKHRQVHW�RI�WKH�VHFRQG�LUUDGLDWLRQ�HYHQW�ZLWK� O  �����QP��WKH�V\VWHP�KDG�FKDQJHG�LQWR�DQRWKHUVWDWH�IURP�ZKLFK�QR�IXUWKHU�FKDQJH�ZDV�SRVVLEOH�9,�����$FWLRQ�RI�UHG�DQG�IDU�UHG�OLJKW�XSRQ�+H/D�FHOOV
,W� LV� FOHDU� IURP� UHVXOWV� RI� WKH� DERYH� H[SHULPHQWV� WKDW� WKH� WLPH� LQWHU�

)LJ����� $FWLRQ� VSHFWUD� RI� FRQFXUUHQW�GLFKURPDWLF� LUU DGLDWLRQ�ZLWK� O  � ������ QP� DQG� ODGG� RQ� WKH� V\QWKHVLV� RI'1$�DQG�51$�LQ�H[SRQHQWLDOO\�JURZLQJ�+H/D�FHOOV��PHDVXUHG�����K�DIWHU�LUUDGLDWLRQ��'������ �����-�P ���'ODGG� �����-�P� ��R�R�R�������-�P� ���������� ���-�P����H�H�H������



)LJ������$FWLRQ�VSHFWUD�RI�FRQVHFXWLYH�GLFKURPDWLF�LUUDGLDWLRQ��LQ�WKH�VHTXHQFH� ODGG ��������QP��RQWKH�V\QWKHVLV�RI�'1$�DQG�51$�LQ�H[SRQHQWLDOO\�JURZLQJ�+H/D�FHOOV������K�DIWHU�WKH�ODVWLUUDGLDWLRQ�HYHQW���' �����  �����-�P���'�ODGG� ����-�P��
YDO�EHWZHHQ� WKH�VXFFHVVLYH�LUUDGLDWLRQ� HYHQWV� LQ�GLFKURPDWLF� LUUDGLDWLRQ�SOD\V�DQ� LPSRUWDQW�SDUW�:H�SHUIRUPHG�FRQVHFXWLYH�GLFKURPDWLF�LUUDGLDWLRQ�ZLWK� O  �����QP�DQG�����UXQ��YDU\LQJ�WKH�WLPHLQWHUYDO�EHWZHHQ�WKH�LUUDGLDWLRQ�HYHQWV�RYHU�D�EURDG�UDQJH��IURP���VHF�WR���K���)LJXUH�������7KH�LU�UDGLDWLRQ�GRVHV�ZHUH�DOZD\V�WDNHQ�DW�����-�P ���ZKLFK�FRUUHVSRQGHG�WR�WKH�PD[LPXP�VWLPXODWLYHHIIHFWV�IRU�WKHVH�ZDYHOHQJWKV��)LJXUH������5HFDOO�WKDW�WKH�FRQFXUUHQW�GLFKURPDWLF�LUUDGLDWLRQ�ZLWK� O ����QP�DQG�����QP�FDXVHG�QR�FKDQJHV�LQ�WKH�UDWH�RI�V\QWKHVLV�RI�'1$�DQG�51$��)LJXUH�����)LJXUH����VKRZV�WKH�UDWH�RI� V\QWKHVLV�RI�'1$�DQG�51$�DV� D� IXQFWLRQ�RI� WKH� WLPH�LQWHUYDOEHWZHHQ�WKH�VXFFHVVLYH�LUUDGLDWLRQ�HYHQWV�� �:LWK�VKRUW������VHF��WLPH�LQWHUYDOV�� WKH� UDWH�RI�'1$V\QWKHVLV�GRHV�QRW�GHYLDWH�IURP�WKH�FRQWURO�OHYHO���$V�WKH�LQWHUYDO�JURZV�ORQJHU��WKH�UDWH�RI�'1$V\QWKHVLV� FKDQJHV�� WKH� VHQVH�RI� WKH� HIIHFW�GHSHQGLQJ� RQ� WKH� VHTXHQFH� RI� GLFKURPDWLF� LUUDGLDWLRQZDYHOHQJWKV���,UUDGLDWLRQ�ILUVW�ZLWK�WKH�IDU�UHG�OLJKW��O  �����QP��DQG�WKHQ�ZLWK�WKH�UHG�OLJKW��O  ����QP��VWLPXODWHG�'1$�V\QWKHVLV��ZKHUHDV�WKDW�LQ�WKH�UHYHUVH�RUGHU������������QP��LQKLELWHG�LW�7KHVH�HIIHFWV�UHDFK�WKHLU�PD[LPD�ZKHQ�WKH�WLPH�LQWHUYDO�EHWZHHQ�WKH�VXFFHVVLYH�LU UDGLDWLRQ�HYHQWVEHFRPHV� �� WR� �� PLQ� DQG� EHFRPHV� SURJUHVVLYHO\� OHVV� SUR QRXQFHG ZLWK� IXUWKHU� LQFUHDVHV� LQ� WKHLQWHUYDO�� � ,W� VKRXOG� EH� QRWHG� WKDW� WKH� HIIHFWV� LQ� WKHLU� PD[LPD� DUH� QRW� HTXDO� LQ� PDJQLWXGH�VWLPXODWLRQ�DPRXQWV�WR������ZKLOH�LQKLELWLRQ�LV�RQO\�����9DULDWLRQV�LQ�WKH�UDWH�RI�51$�V\QWKHVLV�FDXVHG�E\�FRQVHFXWLYH�GLFKURP DWLF�LUUDGLDWLRQ�GR�QRWIROORZ� WKH�SDWWHUQ�GHVFULEHG�DERYH�IRU�'1$�� �51$�V\QWKHVLV� LV�REVHUYHG� WR�EH� VWLPXODWHG�ZLWKHLWKHU� RI� WKH� WZR� LUUDGLDWLRQ� ZDYHOHQJWK� VHTXHQFHV� ����� �� ���� QP� RU� ���� �� ���� QP��� EXW� WKHPD[LPXP� RI� WKH� VWLPXODWLYH� HIIHFW� IRU� WKH� VHTXHQFH� ���� �� ���� QP� LV� REVHUYHG� WR� SUDFWLFDOO\YDQLVK� �)LJXUH� ����� � 7KLV� IDFW� SURYLGHV� HYHU\� UHDVRQ� WR� VHDUFK� IRU� VRPH� SRVVLEOH� FRQQHFWLRQEHWZHHQ�WKHVH�WZR�ZDYHOHQJWKV�,Q�WKH�FDVH�RI�FRQVHFXWLYH�GLFKURPDWLF�LUUDGLDWLRQ�ZLWK� O  �����QP�DQG�����QP��YDULDWLRQV�LQWKH� UDWH� RI� '1$� V\QWKHVLV� �VWLPXODWLRQ� RU� LQKLELWLRQ� RI� WKH� V\QWKHVLV�� GHSHQG� RQ� ERWK� WKHLUUDGLDWLRQ�ZDYHOHQJWK� VHTXHQFH� DQG� WKH� WLPH� LQWHUYDO� EHWZHHQ� WKH� VXFFHVVLYH� LUUDGLDWLRQ� HYHQWV�)LJXUH����� ���



)LJ������5DWH�RI�'1$�DQG�51$�V\QWKHVLV������K�DIWHU�ODVW�LUUDGLDWLRQ�HYHQW��RI�H[SRQHQWLDOO\JURZLQJ�+H/D�FHOOV��LUUDGLDWHG��'� �����-�P���FRQVHFXWLYHO\�ZLWK�O  �����QP�DQG�O � ������ QP�� DV� D� IXQFWLRQ� RI� WKH� LUUDGLDWLRQ� ZDYHOHQJWK� VHTXHQFH� DQG� WKH� WLPHLQWHUYDO�EHWZHHQ�WKH�VXFFHVVLYH�LUUDGLDWLRQ�HYHQWV�
7KHVH� GDWD� SRLQW� WR� WKH� SRVVLELOLW\� WKDW� WKH� SKRWRDFFHSWRU� PD\� H[LVW� LQ� WZR� LQWHUFRQYHUWLEOHIRUPV�KDYLQJ�WKHLU�DEVRUSWLRQ�PD[LPD�ORFDWHG�LQ�WKH�UHG�DQG� IDU�UHG�UHJLRQV�RI�WKH�VSHFWUXP�$� ZHOO� NQRZQ� H[DPSOH� RI� VXFK� D� SKRWRFKURPDWLF� SKRWRUHYHUVLEOH� SLJPHQW� LVSK\WRFKURPH�����7KHUH�DUH�QR�SXEOLVKHG�H[SHULPHQWDO�GDWD�WKDW�ZRXOG�FRQ ILUP�WKH�H[LVWHQFH�RI�DVLPLODU�V\VWHP�LQ�PDPPDO�FHOOV���7KHUH�DUH�RQO\�GDWD�RQ�WKH�DQWDJRQLVWLF�DFWLRQ�RI�UHG�DQG�IDUUHG� OLJKW�RQ� WKH�SURFHVV�RI�R[LGL]LQJ�SKRVSKRU\ODWLRQ� LQ�PLWRFKRQGULD ���� DQG�RQ�FKURPRVRPHDEHUUDWLRQV�LQ�PDPPDOLDQ�FHOOV� ����,Q�H[SHULPHQWV�GHVFULEHG�LQ�5HIHUHQFH�����WKH�SKRWRUHYHUVDORI�VWLPXODWLRQ�DQG�LQKLELWLRQ�RI�$73�V\QWKHVLV�LQ�LVRODWHG�UDW�OLYH�PLWRFKRQGULD�ZDV�UHDOL]HG�IRUWZR�F\FOHV�9,�����$FWLRQ�RI�EOXH�DQG�UHG�OLJKW�XSRQ�+H/D�FHOOV7KH�QH[W� VHULHV�RI� H[SHULPHQWV� IROORZV�D�PHWKRG� VLPLODU� WR� WKH�SUHFHG LQJ�RQH�� WKH�RQO\GLIIHUHQFH�EHLQJ�WKDW�LQVWHDG�RI�IDU�UHG�OLJKW�ZH�XVHG�EOXH�OLJKW�ZLWK�D�ZDYHOHQJWK�RI�����QP��' ����-�P����ZKLFK�LV�FORVH�WR�RQH�RI�WKH�PD[LPD�LQ�WKH�DFWLRQ�VSHFWUXP��)LJXUH������5HFDOO�WKDWFRQFXUUHQW� LUUDGLDWLRQ�ZLWK� O  � ���� QP� DQG� ���� QP� SUDFWLFDOO\� GRHV� QRW� FKDQJH� WKH� UDWH� RIV\QWKHVLV� RI�'1$� DQG�51$� DV� FRPSDUHG� ZLWK� WKH� FRQWURO� OHYHO� �)LJXUH� ����� ,Q� WKH� FDVH� RIFRQVHFXWLYH�GLFKURPDWLF�LUUDGLDWLRQ��)LJXUH�����ZLWK�VKRUW�������VHF��WLPH�LQWHUYDOV�EHWZHHQ�WKHLUUDGLDWLRQ� HYHQWV�� WKH� UDWH� RI� '1$� V\QWKHVLV� UHPDLQV� DW� WKH� FRQWURO� OHYHO� QR� PDWWHU� ZKDWLUUDGLDWLRQ�ZDYHOHQJWK�VHTXHQFHV�DUH�XVHG���,QFUHDVLQJ�WKH�WLPH�LQWHUYDO�EHWZHHQ�WKH�LUUD GLDWLRQHYHQWV�LQ�WKH�FDVH�RI�WKH�VHTXHQFH������������QP��HQKDQFHV�WKH�UDWH�RI�'1$�V\QWKHVLV��ZKHUHDVWKH�UHYHUVH�LUUDGLDWLRQ�ZDYHOHQJWK�VHTXHQFH�KDV�IRU�DOO�FDVHV�QR�HIIHFW�RQ�WKH�V\QWKHVLV���51$V\QWKHVLV� LV� REVHUYHG� WR� EH� VWLPXODWHG� ZLWK� ERWK� LUUDGLDWLRQ� ZDYHOHQJWK� VHTXHQFHV�� WKHPD[LPXP�RI� WKH�VWLPXODWLYH�HIIHFW�EHLQJ�KLJKHU�LQ� WKH�FDVH�RI� WKH�VHTXHQFH�������������QP�7KLV�HIIHFW�DOUHDG\�DSSHDUV�DW�VKRUW�������VHF��WLPH�LQWHUYDOV�EHWZHHQ�WKH�LUUDGLDWLRQ�HYHQWV���$VWKH�LQWHUYDO�LV�LQFUHDVHG��XS�WR���K�LQ�RXU�H[SHULPHQWV��WKH�HIIHFW�UHDFKHV�LWV�PD[LPXP�DQG�WKHQUHPDLQV�SUDFWLFDOO\�XQFKDQJHG��

���



)LJ�� ���� 6WLPXODWLRQ� RI� '1$� DQG� 51$� V\QWKHVLV� ����� K� DIWHU� ODVW� LUUDGL DWLRQ� HYHQW�� RIH[SRQHQWLDOO\�JURZLQJ�+H/D�FHOOV��LUUDGLDWHG�FRQVHFXWLYHO\�ZLWK� O  �����QP�DQG�O  ���QP� �'���  � ���� -�P��� '� ����  ��� -�P���� DV� D� IXQFWLRQ� RI� WKH� LUUDGLDWLRQ� ZDYHOHQJWKVHTXHQFH�DQG�WKH�WLPH�LQWHUYDO�EHWZHHQ�WKH�VXFFHVVLYH�LUUDGL DWLRQ�HYHQWV�,Q�RXU�H[SHULPHQWV��FRQVHFXWLYH�GLFKURPDWLF�LUUDGLDWLRQ�ZLWK�UHG�DQG�EOXH�OLJKW�ZLWK�GLIIHUHQWWLPH�LQWHUYDOV�EHWZHHQ�WKH�VXFFHVVLYH�LUUDGL DWLRQ�HYHQWV�DQG�LQ�GLIIHUHQW�ZDYHOHQJWK�VHTXHQFHV� KDVGLIIHUHQW�HIIHFWV�RQ�WKH�V\QWKHVLV�RI�PDFURPROHFXOHV�� �,UUDGLDWLRQ�LQ� WKH�VHTXHQFH�����������QPKDV�HLWKHU�QR�HIIHFW�DW�DOO� �LQ� WKH�FDVH�RI�'1$��RU�D�FRQVLGHUDEO\�ZHDNHU�HIIHFW��LQ� WKH�RI�51$�)LJXUH�����DV�FRPSDUHG�ZLWK�WKDW�LQ�WKH�VHTXHQFH�����������QP���,UUDGLDWLRQ�LQ�WKLV�ODWWHU�VHTXHQFH�����������QP��LV�REVHUYHG�WR�VWLPXODWH�WKH�V\QWKHVLV�RI�ERWK�'1$�DQG�51$��LUUHVSHFWLYH�RI�WKHWLPH� LQWHUYDO� EHWZHHQ� WKH� LUUDGLDWLRQ� HYHQWV�� � 2XU� GDWD� DJUHH� ZLWK� WKH� GDWD� RQ� WKH� FRQVHFXWLYHGLFKURPDWLF�LUUDGLDWLRQ�RI�D�FXOWXUH�RI�KXPDQ�HPEU\RQLF�VNLQ�PXVFXODU�ILEUREODVWV �����1R�FKDQJHVKDYH�EHHQ�QRWLFHG�LQ�WKH�PLWRWLF�DFWLYLW\�RI�WKH�FHOOV�LQ�WKH�FDVH�RI�LUUDGLDWLRQ�LQ�WKH�VHTXHQFH���������QP��ZKHUHDV��LQ�WKH�FDVH�RI�LUUDGLDWLRQ�LQ�WKH�VHTXHQFH�����������QP��WKH�PLWRWLF�LQGH[�ZDVREVHUYHG� WR� LQFUHDVH�E\� ��� WR� �����ZLWKLQ� D� ��PLQ� LQWHUYDO� EHWZHHQ� WKH� VXFFHVVLYH� LUUDGLDWLRQHYHQWV�� �1RQ�DGGLWLYH�VWLPXODWLRQ�ZDV�DOVR�QRWLFHG� LQ� FDVHV� LQ�ZKLFK�RQH�RI� WKH� WZR�LUUDGLDWLRQFRPSRQHQWV�KDV�D�LQKLELWLYH�HIIHFW�ZKHQ�XVHG�LQGLYLGXDOO\�,Q� RXU� H[SHULPHQWDO� FRQGLWLRQV�� ZH� IDLOHG� WR� REVHUYH� LQ� WKH� DFWLRQ� VSHFWUD� IRU� WKH� UDWH� RIV\QWKHVLV�RI�'1$�DQG�51$�DQ\�VWDWLVWLFDOO\�VLJQLI LFDQW�GHYLDWLRQV� IURP� WKH�FRQWURO� OHYHO� LQ� WKHJUHHQ�UHJLRQ�RI�WKH�VSHFWUXP��)LJXUH������$�EOXH�PD[LPXP�ZDV�IRXQG�DW�DURXQG�����QP��ZKLFKZDV� DSSUR[LPDWHO\� ��� WLPHV� DV� VHQVLWLYH� DV� WKH� UHG� DQG� IDU� UHG� PD[LPD� �PD[LPXP� HIIHFWV� DWLUUDGLDWLRQ�GRVHV����DQG�����-�P���UHVSHFWLYHO\���VHH�)LJXUH������&RQFXUUHQW�GLFKURPDWLF�LUUDGLDWLRQZDV� IRXQG� WR�DIIHFW� WKH� DFWLRQ� VSHFWUD�� WKH�EOXH�PD[LPXP� VKLIWHG� IURP�����QP� WR� ���� QP�DQGFKDQJHV�ZHUH�REVHUYHG�LQ�WKH�JUHHQ�UHJLRQ�RI�WKH�VSHFWUXP��)LJXUH�������7KHVH�FKDQJHV�GHSHQG�RQWKH�LUUDGLDWLRQ�GRVH�RI�WKH�EOXH�RU�JUHHQ�OLJKW��WKH�UHG�OLJKW�LUUDGLDWLRQ�GRVH�ZDV�NHSW�IL[HG�DW����-�P�����7KXV��WKH�OLJKW�RI�WKHVH�ZDYHOHQJWKV�LV��ELRORJLFDOO\�DFWLYH����)RU�WKHVH�HIIHFWV�WR�RFFXU��LWLV�QHFHVVDU\�WKDW�WKH�LUUDGLDWLRQ�GRVHV�VKRXOG�EH�ORZ�DQG�WKH�LUUDGLDWLRQ�WLPHV�VKRUW�+HUH� ZH� DUH� GHDOLQJ� ZLWK� VRPH� SKRWRUHFHSWRU�V �� ZKLFK� FDQ� LQLWLDWH� FKDQJHV� LQ� WKH� ILQDOSKRWRUHVSRQVH�� �2QH�PD\� DVVXPH� WKDW� FRQFXUUHQW� GLFKURPDWLF� LUUDGLDWLRQ� �)LJXUH� ���� VKLIWV� WKHHTXLOLEULXP�RI�WKH�HOHFWURQ�WUDQV�
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IHU�FKDLQ��UHVSLUDWRU\�FKDLQ����LQ�VXFK�D�ZD\�WKDW�WKH�DFWLRQ�VSHFWUXP�UHIOHFWV�WKH�RWKHU�UHGR[�VWDWHRI�D�FKURPRSKRUH�DEVRUELQJ�DW�O  �����QP�DV�ZHOO�DV�RI�WKDW�FKURPRSKRUH�DEVRUELQJ�LQ�WKH�JUHHQUHJLRQ� �SUREDEO\� F\WRFKURPHV��� �$W� ���� QP�� WKH�R[LGL]HG� IRUP� RI� IODYLQ� IHDWXUHV� DQ� DEVRUSWLRQPD[LPXP���� �7KH�RQH� HOHFWURQ� UHGXFWLRQ� RI� R[LGL]HG� IODYLQV� OHDGV� WR� WKH� IRUPDWLRQ� RI� HLWKHU� DQDQLRQLF�IRUP�RI�VHPLTXLQRQH�KDYLQJ�LWV�DEVRUSWLRQ�PD[LPD�ORFDWHG�DW����������DQG�����QP��ZLWK�DFRQWLQXDWLRQ�XS�WR�����QP��RU�QHXWUDO�VHPLTXLQRQH�ZKLFK�DEVRUEV�OLJKW�ZLWKLQ�DOPRVW�WKH�ZKROH�RIWKH�YLVLEOH�OLJKW�UHJLRQ��XS�WR�����QP��� �7KH�WZR�HOHFWURQ�UHGXFWLRQ�RI�IODYLQ�PROHFXOH�UHVXOWV�LQDOPRVW�FRPSOHWH�GLVDSSHDUDQFH�RI�WKH�DEVRUSWLRQ�EDQG�DW�����QP�� � ,W� LV�TXLWH�SRVVLEOH�WKDW�VRPHIODYRSURWHLQ�LV�WKH�SULPDU\�SKRWR�DFFHSWRU�IRU�ZKLFK�ZH�VHDUFK���)ODYRSURWHLQV�SOD\�D�NH\�SDUW�LQUHGR[� UHJXODWLRQ� RI� PLWRFKRQGULDO� DFWLYLW\�� � 'XH� WR� WKHLU� DELOLW\� WR� IRUP� D� VWDEOH� LQWHUPHGLDWHVHPLTXLQRQH� IRUP�� WKH\� VHUYH� DV� FRQQHFWLQJ� OLQNV� EHWZHHQ� RQH� DQG� WZR� HOHFWURQ� UHGXFWLRQ�R[LGDWLRQ�V\VWHPV�LQ�WKH�UHVSLUDWRU\�FKDLQ�7KH� SLFWXUH� KHUH� LV� FRPSOLFDWHG� E\� WKH� IDFW� WKDW� KHPRSURWHLQV� WR� ZKLFK� WKH� F\WRFKURPHVEHORQJ�DOVR�DEVRUE�OLJKW�LQ�WKH�EOXH��O  �����QP��DQG�JUHHQ�UHJLRQV�RI�WKH�VSHFWUXP�����7KHUHIRUHFKDQJHV�LQ�WKH�ILQDO�PDFURHIIHFW�PD\�RFFXU��DV�LQ�IDFW�LV�VKRZQ�E\�WKH�VHQVLWLYLW\�RI�QXFOHLF�DFLGV\QWKHVLV� WR� WKH� LUUDGLDWLRQ�GRVH� RI�O DGG �)LJXUHV� ��� DQG� ����� � ,W� FDQ� EH� H[SHFWHG� WKDW� IRU�RWKHUUDWLRV�EHWZHHQ�WKH�LUUDGLDWLRQ�GRVHV�RI�WKH�UHG�OLJKW�DQG� O��WKH�DFWLRQ�VSHFWUD�ZLOO�EH�GLIIHUHQW�7KXV��SURFHHGLQJ�IURP�WKH�GDWD�RQ�GLFKURPDWLF�LUUDGLDWLRQ��IODYRSURWHLQV�FDQ�EH�WKRXJKW�RI�DVD� SKRWRVHQVLWLYH� UHJXODWRU\� V\VWHP� LQ� ZKLFK� WKH� FKURPRSKRUHV� DUH� IODYLQ HGXFHGoIODYLQVHQLTXLQRQHoIODYLQR[LGLHG���7KHUH�LV�LQIRUPDWLRQ�LQ�WKH�OLWHUDWXUH�VKRZLQJ�WKDW�LUUDGLDWLRQ�ZLWK�YLVLEOH�OLJKW�DW� O  ����QP�DOWHUV�WKH�UHGXFWLRQ�R[LGDWLRQ�VWDWH�RI�IODYLQV���,W�KDV�DOVR�EHHQ�GHPRQVWUDWHG�WKDW�WKHUH�LV�DIXQFWLRQDO� UHODWLRQVKLS� EHWZHHQ� WKH� GHJUHH� RI� R[LGDWLRQ� RI� IODYLQ� FRHQ]\PHV� DQG� WKH� $73V\QWKHVLV�DFWLYLW\�RI�PLWRFKRQGULD� LQ�YLYR ���5HJXODWLRQ�LV�WKRXJKW�WR�RFFXU�WKURXJK�FKDQJHV�LQ�WKHVSDWLDO�FRQIRUPDWLRQ�RI�IODYRSURWHLQV��ZKLFK�LV�GHWHUPLQHG�E\�WKH� UHGXFWLRQ�R[LGDWLRQ�VWDWH�RI�WKHFKURPRSKRUH���� � 3UREOHPV� FRQQHFWHG� ZLWK� SRVVLEOH� SULPDU\� SKRWRDFFHSWRUV� DQG� OLJKW� VLJQDOWUDQVGXFWLRQ� FKDLQV� LQ� FHOOV� �H�J�� IURP� UHVSLUDWRU\� FKDLQ� WR�'1$� DUH� GLVFXVVHG� LQ� GHWDLO� LQ� WKH5HIHUHQFHV����DQG����
9,,���67,08/$7,21�$1'�,1+,%,7,21,Q� H[SHULPHQWV� GHVFULEHG� DERYH�� WKH� SRVLWLYH� �VWLPXODWLQJ�� HIIHFWV� RI� LUUDGLDWLRQ� ZHUHGHVFULEHG�� � +RZHYHU�� WKHUH� DOVR� H[LVWV� D� WUHPHQGRXV� DPRXQW� RI� GDWD� GHVFULELQJ� LQKLELWRU\�� DQGHYHQ�OHWKDO��HIIHFWV�RI�OLJKW��HVSHFLDOO\�EOXH�DQG�IOXRUHVFHQW�OLJKW��RQ�YDULRXV�W\SHV�RI�FHOOV���7DEOH�� VKRZV� VRPH� OLJKW�JURZWK� UHVSRQVHV� RI� PDPPDOLDQ� FHOO� FXOWXUHV ��� � $Q� DQDO\VLV� RI� WKLV� GDWDVXJJHVWV� WKDW� WKH�GRVH�DQG� WKH�LQWHQVLW\�RI� WKH�OLJKW�XVHG� GHWHUPLQH� WKH�VHQVH�VWLPXODWLQJ�YHUVXVLQKLELWRU\�RI�WKH�HQG�PDFURHIIHFW��7KH�VWLPXODWLYH�GRVHV�DUH�����RUGHUV�ORZHU�WKDQ�LQKLELWRU\�RQHV�7R� YHULI\� WKH� LPSRUWDQFH� RI� OLJKW� GRVH� RQ� WKH� VHQVH� RI� WKH� ILQDO� HI IHFW�� WZR� VHULHV� RIH[SHULPHQWV�ZLWK�+H/D�FHOOV�ZHUH�SHUIRUPHG�,Q�WKH�ILUVW�VHULHV�RI�H[SHULPHQWV��ZH�VWXGLHG�WKH�GRVH�UHVSRQVH�GH SHQGHQFHV�IRU�OHWKDO�HIIHFWRI� GLIIHUHQW� YLVLEOH� OLJKW� ZDYHOHQJWKV�� � +H/D� FHOOV� ZHUH� FXOWLYDWHG� DV� XVXDO� DQG� WDNHQ� IRU� WKHH[SHULPHQW����K DIWHU�SODWLQJ��GXULQJ�WKH�ORJ�SKDVH�FXOWXUH��� �7KH�FXOWXUH�ZDV� WU\SVLQL]HG��DQG�DVXVSHQVLRQ�RI��[���� FHOOV�LQ���PO�RI�+DQN
V�VROXWLRQ�ZDV�SUHSDUHG�IRU�LU UDGLDWLRQ���7KH�LUUDGLDWLRQZDV�SHUIRUPHG�LQ�D�VSHFLDO�TXDUW]�FXYHWWH�ZLWK�YROXPH���� PO�RU�����PO� �6� LUUDG  ������[����� DQG����[���� FP���UHVSHFWLYHO\���)RU�LUUDGLDWLRQ��D�5KRGDPLQH�6�G\H�ODVHU�SXPSHG�ZLWK�FZ�$U�ODVHU�� O �������



7DEOH� ��� $FWLRQ� RI� YDULRXV� EDQGV� RI� OLJKW� RQ� SUROLIHUDWLRQ� DFWLYLW\� RI� PDPPDOLDQ� FHOOXODUFXOWXUHV� 6WLPXODWLRQ ,QKLELWLRQ:DYHOHQJWK�UXQ&XOWXUH
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)LJ�� ���� �D�� 6XUYLYDO� RI� SUROLIHUDWLQJ� +H/D� FHOOV� LUUDGLDWHG� ZLWK� D� G\H� ODVHU� DW� GLIIHUHQWZDYHOHQJWKV�DQG�ZLWK�GLIIHUHQW� LUUDGLDWLRQ�PRGHV��FZ�RU� UHSHWLWLYHO\�SXOVHG� OLJKW�� DQG�� �E�FKDQJH�RI�QXPEHU�RI� FORQLJHQLF�FHOOV� DV� D� IXQFWLRQ�RI�+H1H� ODVHU� UD GLDWLRQ� GRVH� �SODWHDX�SKDVH�+H/D�FHOOV�ZHUH�LUUDGLDWHG�DV�D�PRQROD\HU��DQG�WKHLU�FORQLJHQLF�DELOLW\�ZDV�HYDOXDWHGE\�WKH�3XFN�WHFKQLTXH�DIWHU�UHSODWLQJ��
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RU�����QP���DQG�2[D]LQ�����G\H�ODVHU�SXPSHG�E\�FRSSHU�YDSRU�ODVHU� �O  ��������DQG�����QP�KLJK� UHSHWLWLRQ� UDWH� QDQRVHFRQG� SXOVHV�� ZHUH� XVHG�� � -XVW� DIWHU� WKH� LUUDGLDWLRQ�� FHOO� YLDELOLW\� ZDVHYDOXDWHG�E\�WU\SDQ�EOXH�H[FOXXVLYH�WHVW���7KH�YLDELOLW\�RI�FHOOV�LQ�QRQH[SRVHG�VDPSOHV�ZDV���� r ��� $V�VHHQ�LQ�)LJXUH���D��WKH�GRVH�HIIHFW�GHSHQGHQFHV�DUH�YHU\�VLPLODU�IRU�DOO�ZDYHOHQJWKV�XVHGLQ� RXU� H[SHULPHQWV�� � 7KHUH� DUH� QR� OHWKDO� HIIHFWV� WLOO� DSSUR[LPDWHO\� �� � -�P��� EH\RQG� ZKLFKLQFUHDVLQJ�GRVHV�JLYH�DQ�LQFUHDVLQJ�OHWKDO�HIIHFW�,Q� WKH� W\SH� RI� WHVW� MXVW� GHVFULEHG� LW� LV� LPSRVVLEOH� WR� LQYHVWLJDWH� WKH� SRVLWLYH� DQG� QHJDWLYHHIIHFWV�LQ�RQH�H[SHULPHQW���)RU�WKDW�UHDVRQ�ZH�SHU IRUPHG�WKH�QH[W�VHULHV�RI�H[SHULPHQWV�XVLQJ�WKHW\SH� RI� H[SHULPHQW� GHVFULEHG� DW� WKH� EHJLQQLQJ� RI� WKLV� FKDSWHU�� � 3ODWHDX�SKDVH� +H/D� FHOOV� ZHUHLUUDGLDWHG�ZLWK�D�+H�1H�ODVHU�LQ�GLIIHUHQW� GRVHV��WU\SVLQL]HG���K�DIWHU�LUUDGLDWLRQ�DQG�UHSODWHG���7KHQXPEHU�RI�YLDEOH�FHOOV�ZDV�GHWHUPLQHG�E\�FRXQWLQJ�WKH�QXPEHU�RI�FORQHV�)LJXUH���E�VKRZV�WKH�UHVXOWV�REWDLQHG��$V�VHHQ�LQ�)LJXUH���E��WKHUH�LV�D�UDWKHU�DEUXSW�VZLWFKIURP�D�SRVLWLYH�WR�D�QHJDWLYH�HIIHFW�XSRQ�LQFUHDVLQJ�WKH�OLJKW�GRVH�� �$�VLPLODU�W\SH�RI�FXUYH�ZDVREWDLQHG�HDUOLHU�ZKHQ�LQYHVWLJDWLQJ�WKH�LQIOXHQFH�RI�QHDU�,5�OLJKW�DW� O  �����QP�RQ�WKH�JURZWK�RI(��FROL����DQG�DW�O  ����QP�RQ�$73�SURGXFWLRQ�LQ�6DFFKDURP\FHV�FDOEHUJHQVLV� ���2Q�WKH�RWKHU�KDQG��WKH�QHJDWLYH�HIIHFW�VHHPV�QRW� WR� LQFUHDVH�PRQRWRQLFDOO\�ZLWK� LQFUHDVLQJLUUDGLDWLRQ�GRVH��,UUDGLDWLRQ�RI�6DFFKDURP\FRGHV�OXGZLJLL�ZLWK�+H�1H�ODVHU�GLG�QRW�FDXVH�JURZWKLQKLELWLRQ�PRUH�WKDQ������HYHQ�ZKHQ�WKH�GRVH�ZDV�LQFUHDVHG�E\���RUGHUV�RI�PDJQLWXGH ������,Q� H[SODLQLQJ� WKH� SRVLWLYH� �VWLPXODWLQJ�� HIIHFWV� RI� YLVLEOH� OLJKW�� WKH� UHVSLUDWRU\� FKDLQFRPSRQHQWV�ZHUH�SURSRVHG�WR�EH�WKH�SULPDU\�SKRWRDFFHS�WRUV �������� ���$OVR��LQ�WKH�FDVH�RI�QHJDWLYHHIIHFWV� �ZKLFK� LQKLELW� FHOOXODU�PHWDEROLVP�RU� DUH� OHWKDO��� WKH� UHVSLUDWRU\� FKDLQ� FRPSRQHQWV� KDYHEHHQ� VKRZQ� WR� EH� SULPDU\� SKRWRDFFHSWRUV� ���
�� �� )RU� H[DPSOH�� LW� KDV� EHHQ� GHPRQVWUDWHG�� WKDWF\WRFKURPHV� F� DQG� F� IDLOHG� WR� DFW� DV� K\GURJHQ� DFFHSWRUV� IROORZLQJ� ��� SXOVHV� RI� ��P:�FP � RIJUHHQ�ODVHU�OLJKW�DW�����QP��DQG�F\WRFKURPH�D�D � VKRZHG�D�VLPLODU�UHVSRQVH�ZKHQ�LUUDGLDWHG�DW� O  ������RU�������QP�7KHVH�GDWD�LOOXVWUDWH�WKH�SULQFLSOH�WKDW�ODVHU� ZDYHOHQJWKV�ZKLFK�DUH�DSSURSULDWHO\�PDWFKHG�WRWKH�DEVRUSWLRQ�FKDUDFWHULVWLFV�RI�WDUJHW�PROHFXOHV�FDQ�QRW�RQO\�VWLPXODWH�EXW�DOVR�VHOHFWLYHO\�LQKLELWVSHFLILF�PROHFXODU�FRPSRQHQWV�LQ�FHOOV���7KH�ODFN�RI�ZDYHOHQJWK�VSHFLILFLW\�LQ�RXU�H[SHULPHQWV�FDQEH�SUREDEO\�H[SODLQHG�E\�DEVRUSWLRQ�DQG�UHVXOWLQJ�FKDQJHV�LQ�YDULRXV�PROHFXOHV�LQ�WKH�UHVSLUDWRU\FKDLQ��WKH�ILQDO�UHVXOWV�EHLQJ�RYHUDOO�LQKLELWLRQ�RI�WKH�HOHFWURQ�WUDQVIHU�FKDLQ�
5()(5(1&(6���-� 3DUULVK���3KRWRPHGLFLQH��D�VWDWXV�UHSRUW���3KRWRFKHP��3KRWRELRO ������6���������������(� 0HVWHU�� �2EHU�GLH� VWLPXOLHUHQGH�:LUNXQJ� GHU�/DVHUVWUDKOXQJ� DXI� GLH�:HQGKHLOXQJ��� ,Q�'HU�/DVHU��.��'LQVWL�DQG�3�/��)LVFKHU��(GV ���%HUOLQ�+HLGHOEHUJ�1HZ�<RUN��6SULQJHU��SS������������������1� )��*DPDOH\D���/DVHU�ELRPHGLFDO�UHVHDUFK�LQ�WKH�8665���LQ��/DVHU�$SSOLFDWLRQ�LQ�0HGLFLQHDQG�%LRORJ\��0��/��:RKOEDUVKW��(G���1HZ� <RUN��/RQGRQ��3OHQXP�������������������7� ,��.DUX��/��9��3\DWLEUDW�DQG�*��6��.DOHQGR���%LRVWLPXODWLRQ�RI�+H/D� FHOOV� E\� ORZ�LQWHQVLW\�YLVLEOH�OLJKW��<�6WLPXODWLRQ�RI�FHOO�SUROLIHUDWLRQ� LQ�YLWUR E\�+H�1H�ODVHU�LUUDGLDWLRQ���,,1XRYR�&LPHQWR��'��������������������
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���$� +��:��1LDV���&ORQH�VL]H�DQDO\VLV��D�SDUDPHWHU�LQ�WKH�VWXG\�RI�HHO� SRSXODWLRQ� NLQHWLFV��&HOO��7LVVXH�.LQHW����������������������)�0DXUR��%��)DOSR��*��%ULJDQWL��5��(OOL�DQG�*��=XSL���(IIHFWV�RI�DQWLQHRSODVWLF�GUXJV�RQ�SODWHDXSKDVH�FXOWXUHV�RI�PDPPDOLDQ�FHOOV�� ,�� 'HVFULSWLRQ� RI� WKH� SODWHDX�SKDVH� V\VWHP��� -�1DWO��&DQFHU� ,QVWLWXWH����������������������0�+DKQ� DQG� -��%�� /LWWOH�� �3ODWHDX�SKDVH� FXOWXUHV� RI�PDPPDOLDQ� FHOOV �$Q� LQ� YLWUR PRGHO� IRUKXPDQ�FDQFHU���,Q �&XUUHQW�7RSLFV�LQ�5DG�� 5HV���� 0�� (EHUW�� (G��� $PVWHUGDP�/RQGRQ��1RUWK�+ROODQG��������������������� ,��(SLIDQRYD��,��1��6PROHQVND\D�DQG�9��$��3ROXQRYVN\���5HVSRQVHV�RI� SUROLIHUDWLQJ� DQGQRQ�SUROLIHUDWLQJ�&KLQHVH�KDPVWHU�FHOOV�WR�F\WR� WR[LF� DJHQWV���%U�� -��&DQFHU�� �������������������7� ,�� .DUX�� �(IIHFWV� RI� YLVLEOH� UDGLDWLRQ� RQ� FXOWXUHG� FHOOV��� 3KRWRFKHP�� 3KRWRELRO ��� ���� 1�����������7� ,��.DUX�DQG�9��6��/HWRNKRY���%LRORJLFDO�DFWLRQ�RI�ORZ�LQWHQVLW\� PRQRFKURPDWLF� OLJKW� LQWKH�YLVLEOH�UDQJH���,Q��/DVHU�3KRWRELRORJ\� DQG� 3KRWRPHGLFLQH�� 6�� 0DUWHOOXFFL� DQG� $�� 1�&KHVWHU��(GV���1HZ� <RUN�/RQGRQ�3OHQXP�3UHVV��SS������������������7� ,��.DUX���3KRWRELRORJLFDO�IXQGDPHQWDOV�RI�ORZ�SRZHU�ODVHU�WKHUDS\��� ,(((� -�� 4XDQW�(OHFWU���4(�������������������������7� ,�� .DUX�� �3KRWRELRORJ\� RI� /RZ�3RZHU� /DVHU� 7KHUDS\��� &KXU�� /RQGR Q�� 1HZ� <RUN�+DUZRRG�$FDGHPLF�3XEO������������5� %DVHUJD�� �0XOWLSOLFDWLRQ� DQG�'LYLVLRQ� LQ�0DPPDOLDQ�&HOOV���1HZ�<RUN�� %DVHO��0DUFHO'HNNHU�,QF������������-�&��6FKDHU��/��5DPVLHU�DQG�5��6FKLQGOHU���6WXGLHV�RQ�WKH�GLYLVLRQ�F\FOH�RI�PDPPDOLDQ�FHOOV�,,,��,QFRUSRUDWLRQ�RI�ODEHOHG�SUHFXUVRUV� LQWR� '1$� RI� V\QFKURQRXVO\� GLYLGLQJ� FHOOV� LQFXOWXUH���([S��&HOO�� 5HV����������������������6� (��3IHLIIHU�DQG�/��$��7ROPDFK���51$�V\QWKHVLV�LQ�V\QFKURQRXVO\�JURZLQJ�SRSXODWLRQV�RI+H/D�6�FHOOV��,��5DWH�RI�WRWDO�51$�V\QWKHVLV� DQG�LWV�UHODWLRQVKLS�WR�'1$�V\QWKHVLV���-�&HOO�3K\VLRO������������ ����������6� '��.D]PLQ���%LRFKHPLVWU\�RI�0LWRWLF�&\FOH� RI�7XPRXU�&HOOHV���.LHY��1DXNRYD�'XPND�LQ�5XVVLDQ������������7� ,��.DUX��*��6��.DOHQGR��9��9��/RENR�DQG�/��9��3\DWLEUDW���. LQHWLFV�RI�WXPRXU�+H/D�FHOOJURZWK�XQGHU�VXEFXOWLYDWLRQ�DIWHU�LUUDGLDWLRQ� E\� ORZ� LQWHQVLW\� UHG� OLJKW� DW� WKHVWDWLRQDU\�JURZWK�SKDVH���(NVSHULPHQWDOQD\D�2QFRORJL\D�����1�������������������7� ,��.DUX��*��6��.DOHQGR��9��6��/HWRNKRY�DQG�9��9��/RENR���%LRVWL PXODWLRQ�RI�+H�/D�FHOOVE\�ORZ�LQWHQVLW\�YLVLEOH�OLJKW���,,�1XRYR� &LPHQWR�'����������������������7� ,��.DUX��*��6��.DOHQGR��9��6��/HWRNKRY�DQG�9��9��/RENR���%LRVWLPXODWLRQ�RI�+H�/D�FHOOVE\�ORZ�LQWHQVLW\�YLVLEOH�OLJKW��,,��6WLPXOD WLRQ� RI� '1$� DQG� 51$� V\QWKHVLV� LQ� D� ZLGHVSHFWUDO�UDQJH���,,�1XRYR�&LPHQWR�'����������������������7� ,��.DUX��*��6��.DOHQGR��9��6��/HWRNKRY�DQG�9��9��/RENR���%LRVWLPXODWLRQ�RI�+H�/D�FHOOVE\�ORZ�LQWHQVLW\�YLVLEOH�OLJKW��,,,��6WLPX ODWLRQ� RI� QXFOHLF� DFLG� V\QWKHVLV� LQ� SODWHDX� SKDVHFHOOV���,,�1XRYR� &LPHQWR�'����������������������*� 6��.DOHQGR���(DUO\�5HVSRQVHV�RI�&HOOV�WR�,RQL]LQJ�5DGLDWLRQ�DQG� 7KHLU� 5ROH� LQ5DGLRSURWHFWLRQ�DQG�6HQVLELOL]DWLRQ���0RVFRZ� (QHUJRL]GDW��LQ�5XVVLDQ������������7� 7��3XFN��3��,��0DUFXV�DQG�6��-��&LHFLXUD���&ORQDO�JURZWK�RI�PDPPDOLDQ�FHOOV�LQ�YLWUR���-�([S��0HGLFLQH�������������������������7� ,��.DUX��*��6��.DOHQGR�DQG�9�6��/HWRNKRY���&RQWURO�RI�51$�V\QWKHVLV� UDWH� LQ� WXPRXUFHOOV�+H/D�E\�DFWLRQ�RI�D�ORZ�LQWHQVLW\�YLVLEOH� OLJKW�RI�D�FRSSHU�ODVHU���/HWWHUH�DO�1XRYR&LPHQWR��������������������
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