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6XSS��)LJ�����7KH�KLJK�FKHPLFDO�VWDELOLW\�RI�VHULQH�$'3�ULERV\ODWLRQ�� 

D��'HFRQYROXWHG�06�VSHFWUD�RI�ELRWLQ\ODWHG�+LVWRQH�+��������������6����$'3ULERV\ODWHG�SHSWLGH�

XQWUHDWHG��WRS���WUHDWHG�ZLWK������IRUPLF�DFLG�LQ�ZDWHU�IRU���K�DW����Û&��PLGGOH��RU�WUHDWHG�ZLWK�

UHFRPELQDQW�$5+��IRU���K�DW�57��ERWWRP���$V�GHSLFWHG��WKH� LQ�YLWUR�$5+��UHDFWLRQ�SURGXFHV�D�

PDVV�VKLIW�RI��������'D��FRUUHVSRQGLQJ�WR�WKH�ORVV�RI�$'3U��&RQYHUVHO\��QR�DSSUHFLDEOH�ORVV�RI�

$'3U�LV�REVHUYHG�LQ�WKH�IRUPLF�DFLG�WUHDWHG�VDPSOH��E��'HFRQYROXWHG�06�VSHFWUD�RI�ELRWLQ\ODWHG�

3$53����������&��6�$'3ULERV\ODWHG�SHSWLGH�XQWUHDWHG��WRS���WUHDWHG�ZLWK������IRUPLF�DFLG�LQ�

ZDWHU� IRU���K�DW���� Û&��PLGGOH��RU� WUHDWHG�ZLWK� UHFRPELQDQW�$5+��IRU���K�DW�57��ERWWRP���$V�

GHSLFWHG��WKH�LQ�YLWUR�$5+��UHDFWLRQ�SURGXFHV�D�PDVV�VKLIW�RI��������'D��FRUUHVSRQGLQJ�WR�WKH�ORVV�

RI�$'3U��&RQYHUVHO\��QR�DSSUHFLDEOH�ORVV�RI�$'3U�LV�REVHUYHG�LQ�WKH�IRUPLF�DFLG�WUHDWHG�VDPSOH�� 
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6XSS��)LJ�����3UHVHUYDWLRQ�RI�HVWHU�OLQNHG�PRGLILFDWLRQV�UHYHDOV�'1$�GDPDJH�LQGXFHG�

PRQR�$VS�*OX�$'3U�� 

D��,PPXQREORWWLQJ�LPDJHV�VKRZLQJ�WKH�HIIHFW�RI�WKH�GHQDWXULQJ�DJHQW�6'6�RQ�UHFRPELQDQW�3$53��

DQG� 3$5*��/HIW�� 3$53��ZDV� DXWRPRGLILHG� DV� GHVFULEHG� LQ� WKH�0HWKRGV� DQG� LQFXEDWHG� LQ� WKH�

SUHVHQFH�RU�DEVHQFH�RI����6'6�IRU����PLQ��WKHQ� LPPXQREORWWHG�ZLWK�WKH� LQGLFDWHG�DQWLERGLHV��

5LJKW��$XWRPRGLILHG�3$53���LQKLELWHG�E\�2ODSDULE��ZDV�LQFXEDWHG�ZLWK�3$5*�DQG�����6'6��DV�

LQGLFDWHG��IRU����PLQXWHV��6KRZQ�D�UHSUHVHQWDWLYH�RI�WZR�LQGHSHQGHQW�H[SHULPHQWV��E��+3)�.2�

FHOOV�ZHUH� WUHDWHG�ZLWK� +�2��� WKHQ� KDUYHVWHG� DQG� O\VHG� DW� URRP� WHPSHUDWXUH�ZLWK� O\VLV� EXIIHU�

FRQWDLQLQJ�����6'6�DQG��ZKHUH�LQGLFDWHG��3$53��DQG�3$5*�LQKLELWRUV��6KRZQ�LV�D�UHSUHVHQWDWLYH�

RI� WZR� LQGHSHQGHQW� H[SHULPHQWV�� F�� ,PPXQREORWWLQJ� LPDJHV� VKRZLQJ� WKH� HIIHFW� RI� S+� GXULQJ�

VDPSOH�SURFHVVLQJ�RQ�PRQR�$'3U�VLJQDO��+3)�.2�8�26�FHOOV�ZHUH�WUHDWHG�ZLWK���P0�+�2��IRU�

���PLQ��IROORZHG�E\�KDUYHVWLQJ�DQG�O\VLV�DW�S+�����RU����������6'6�����P0�+(3(6�S+�����RU������

���� P0� 1D&O�� �� P0� 0J&O���� SURFHVVHG� DW� URRP� WHPSHUDWXUH� DQG� WUHDWHG� ZLWK� EHQ]RQDVH��

IROORZHG�E\�LPPXQREORWWLQJ�ZLWK�WKH�LQGLFDWHG�DQWLERGLHV�DQG�VWDLQHG�ZLWK�3RQFHDX�6�WR�VKRZ�

WRWDO�SURWHLQ�ORDG��6KRZQ�LV�D�UHSUHVHQWDWLYH�RI�IRXU�LQGHSHQGHQW�H[SHULPHQWV��G��,PPXQREORWWLQJ�

LPDJHV�VKRZLQJ�WKH�HIIHFW�RI�S+�XSRQ�DGGLWLRQ�RI��;�1X3$*(�/'6�VDPSOH�ORDGLQJ�EXIIHU���;�

1X3$*(�EXIIHU�KDV�D�S+�RI������UHVXOWLQJ�LQ�D�ILQDO�VDPSOH�S+�RI�DSSUR[LPDWHO\�����ZKHQ�DGGHG�

DV� �;� ILQDO� FRQFHQWUDWLRQ� LQ� S+� ���� O\VLV� EXIIHU�� DQG� LQFXEDWLRQ� DW� URRP� WHPSHUDWXUH� IRU� WKH�

LQGLFDWHG�WLPHV�EHIRUH�ORDGLQJ�IRU�6'6�3$*(�JHO��6KRZQ�LV�D�UHSUHVHQWDWLYH�RI�WKUHH�LQGHSHQGHQW�

H[SHULPHQWV��H��5HODWHG�WR�)LJ���F��WKH�VDPH�VDPSOHV�ZHUH�DOVR�VWDLQHG�ZLWK�WKH�$E'������+53�

DQWL�PRQR�$'3U�DQWLERG\��VKRZQ�KHUH��I��,PPXQREORWWLQJ�LPDJHV�VKRZLQJ�FRPSDULVRQ�EHWZHHQ�

,J*� DQG� +53�FRXSOHG� IRUPDWV� IRU� WKH�$E'������ DQWLERG\�� ���IROG� KLJKHU� DPRXQWV� RI� ,J*�

DQWLERG\�����J�PO�IRU�,J*�IRUPDW�DQG������J�PO�IRU�+53�IRUPDW��0:�IRU�ERWK�DW�DSSUR[������

N'D���%RWK�PHPEUDQHV�GHULYH�IURP�WKH�VDPH�VDPSOHV�DQG�ZHUH�SURFHVVHG�DQG�LPDJHG�WRJHWKHU��

ZLWK�WKH�H[FHSWLRQ�RI�WKH�DQWLERG\�LQFXEDWLRQ�VWHS��J��+3)�.2�8�26�VDPSOHV�ZHUH�WUHDWHG�DQG�

LPPXQREORWWHG� DV� LQGLFDWHG��$IWHU� RYHUQLJKW� LQFXEDWLRQ� ZLWK�$E'������� WKH� PHPEUDQH� ZDV�

ZDVKHG�LQ�3%6�7��WKHQ�FXW�LQ�WZR��2QH�PHPEUDQH�ZDV�IXUWKHU�LQFXEDWHG�IRU���K�DW�URRP�WHPS��LQ�

3%6�7��ZKLOH� WKH� RWKHU�PHPEUDQH�ZDV� NHSW� DW� �� Û&� IRU� WKH� VDPH� DPRXQW� RI� WLPH�� )ROORZLQJ�

LQFXEDWLRQ��ERWK�PHPEUDQHV�ZHUH�LPDJHG�WRJHWKHU��%RWK�PHPEUDQHV�GHULYH�IURP�WKH�VDPH�VDPSOHV�

DQG�ZHUH�SURFHVVHG�WRJHWKHU�ZLWK�WKH�H[FHSWLRQ�RI�WKH�DQWLERG\�LQFXEDWLRQ�VWHS��)RU�I��J�VKRZQ�LV�

D�UHSUHVHQWDWLYH�RI�WZR�LQGHSHQGHQW�H[SHULPHQWV� 
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6XSS�� )LJ�� ��� 6KRUW� DFLGLF� SURWHLQ� GLJHVWLRQ� ZLWK� $UJ�&� 8OWUD� SUHVHUYHV��������������������������������������������������

PRQR�$VS�*OX$'3U�IRU�SURWHRPLF�DQDO\VHV� 

D��6'6�3$*(�VKRZLQJ�K\GURO\VLV�RI�VHULQH�OLQNHG�XELTXLWLQDWLRQ�DFURVV�D�VSHFWUXP�RI�LQFXEDWLRQ�

FRQGLWLRQV� IRU� SURWHDVH�GLJHVWLRQ��5HFRPELQDQW�8%(�'��6��5�&��6� �(��� LV� OLQNHG� WR� WKH�&��

WHUPLQXV�RI�XELTXLWLQ��8E��ZLWK�WKH�&��6�UHVLGXH��8%(�'��6��5�&��.�OLQNHG�WR�WKH�&�WHUP�RI�

8E�ZLWK�D�FDQRQLFDO�LVRSHSWLGH�ERQG�ZDV�XVHG�DV�D�FRQWURO��(DFK�(�a8E�FRQVWUXFW�ZDV�LQFXEDWHG�

DWࡈ����&�IRU���K�RU����K�DW�S+�������P0�VRGLXP�DFHWDWH���S+�������P0�+(3(6���RU�S+�������P0�

75,6�+&O���UXQ�RQ�6'6�3$*(�JHO�DQG�YLVXDOL]HG�ZLWK�&RRPDVVLH�VWDLQ��6KRZQ�LV�D�UHSUHVHQWDWLYH�

RI�WZR�LQGHSHQGHQW�H[SHULPHQWV��E��SHUFHQWDJH�RI�PLVVHG�FOHDYDJHV�IURP�/&�06�06�DQDO\VHV�RI�

UHFRPELQDQW�3$53�(���4�VDPSOHV�GLJHVWHG�ZLWK�VWDQGDUG�³7U\SVLQ´�RU�ZLWK�RXU�RSWLPL]HG�³$UJ�

&�8OWUD� �� /\V�&´� SURWRFRO� �VHH� )LJ�� �D��� F�� 6FKHPDWLF� LOOXVWUDWLRQ� RI� 3$53�(���4� VHTXHQFH�

FRYHUDJH��/HIW��³7U\SVLQ´�SURFHVVHG�VDPSOH��ULJKW��³$UJ�&�8OWUD���/\V�&´�VDPSOH��(DFK�JUH\�EDU�

UHSUHVHQWV�DQ�LGHQWLILHG�SHSWLGH�DORQJ�WKH�FRUUHVSRQGLQJ�3$53��VHTXHQFH��[�D[LV��DQG�DW�D�JLYHQ�

QXPEHU�RI�06�06�VSHFWUDO�FRXQWV��\�D[LV���G��5HFRPELQDQW�3$53�(���4�ZDV�DXWRPRGLILHG�DQG�

WKHQ�GLJHVWHG�ZLWK�WKH�RSWLPL]HG�GLJHVWLRQ�SURWRFRO��IROORZHG�E\�PDVV�VSHFWURPHWU\�DQDO\VLV��7KH�

VFDWWHUSORW�GHSLFWV�WKH�ORJ��,QWHQVLW\�RI�LGHQWLILHG�$VS�*OX�$'3U�VLWHV��LQ�F\DQ��RU�QRQ�$VS�*OX�

$'3U�VLWHV��LQ�JUH\��SORWWHG�DV�D�IXQFWLRQ�RI�WKHLU�UHODWLYH�SRVLWLRQ�DFURVV�WKH�3$53��VHTXHQFH��H��

,PPXQREORWWLQJ�LPDJHV�RI�*)3�3$53��SXOOGRZQ��:7�RU�(�$��(���$��(���$��(���$��(���$��

(���$�� 3$53��ZDV� LPPXQRSUHFLSLWDWHG�ZLWK� D� VWULQJHQW� SURWRFRO� LQYROYLQJ� XUHD�ZDVKHV� WKDW�

JHQHUDWHV� D� KLJKO\� SXUH� HOXDWH�� WKHQ� LPPXQREORWWHG� ZLWK� WKH� LQGLFDWHG� DQWLERGLHV�� I�� $V� LQ�

6XSSOHPHQWDU\�)LJ���H��*)3�3$53��:7�RU�(�$�PXWDQW�ZDV�LPPXQRSUHFLSLWDWHG�ZLWK�D�KLJKO\�

VWULQJHQW� SURWRFRO�� GLJHVWHG� ZLWK� WKH� RSWLPL]HG� SURWRFRO�� DQG� VXEMHFWHG� WR� PDVV�VSHFWURPHWU\�

DQDO\VLV��%DU�SORW�r�6(0�RI�WKH�$'3U�LQWHQVLW\�RI�HDFK�PRGLILHG�VLWH��VKRZLQJ�WKDW�ZKLOH�LQ�WKH�

3$53�(�$�PXWDQW�WKHUH�LV�QR�DXWRPRGLILFDWLRQ�RQ�WKH�(���$��(���$��(���$��(���$��(���$�

VLWHV��WKLV�LV�DFFRPSDLQHG�E\�D�FRUUHVSRQGLQJ�LQFUHDVH�LQ�$'3U�VWDWXV�RI�(�����(����DQG�(�����Q�

 ���LQGHSHQGHQW�UHSOLFDWHV�VKRZQ�DV�LQGLYLGXDO�GRWV��J���%DU�SORW�r�6(0�RI�WKH�$'3U�LQWHQVLW\�RI�

HDFK�PRGLILHG�VLWH��IURP�*)3�3$53��SXOOGRZQ�LQ�:7�FHOOV�WUHDWHG�ZLWK�+�2��IRU����PLQXWHV��Q� �

��LQGHSHQGHQW�UHSOLFDWHV�VKRZQ�DV�LQGLYLGXDO�GRWV 
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SUHVHUYDWLRQ 

D�� 3HUFHQWDJH� RI� PLVVHG� FOHDYDJHV� IURP� /&�06�06� DQDO\VHV� RI� ZKROH�FHOO� O\VDWHV� VDPSOHV�

GLJHVWHG�ZLWK�YDU\LQJ�UDWLRV��Z�Z�SURWHDVH�WR�SURWHLQ�UDWLR��RI�$UJ�&�8OWUD�IRU���K�DW����Û&�LQ�DFLGLF�

EXIIHU�����P0�VRGLXP�DFHWDWH�S+��������P0�'77���Q� ���LQGHSHQGHQW�H[SHULPHQWV��E��$VS�*OX�

$'3U�VLWHV�LGHQWLILHG�LQ�RXU�VWXG\�UDQNHG�E\�FXPXODWLYH�LQWHQVLW\��F��7RS��FRPSOHWH�OLVW�RI�PRQR�
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6XSS�� )LJ�� ���(7'� DQG�+&'� VSHFWUD� RI�$'3�ULERV\ODWHG� SHSWLGHV� LGHQWLILHG� XSRQ�PRQR�

$'3U�HQULFKPHQW 

D�F�� /HIW�� KLJK�UHVROXWLRQ� +LJK�HQHUJ\� &ROOLVLRQDO� 'LVVRFLDWLRQ� �+&'�� VSHFWUD�� ULJKW�� KLJK�

UHVROXWLRQ� (OHFWURQ�7UDQVIHU� 'LVVRFLDWLRQ� �(7'�� VSHFWUD� IRU� D�� +�%(�$'3U� E��

:'5��(����$'3U� F��+0*1�(��$'3U��+&'� IUDJPHQWDWLRQ� RI� WKH�$VS�*OX�$'3U� SHSWLGH�

OHDGV�WR�ORVV�RI�$03��¨PDVV� ����������'D��DQG�OHDYHV�SKRVSKRULERVH�+�2��¨PDVV� ����������DV�

D� GLDJQRVWLF� IUDJPHQW� WKDW� FDQ� EH� XVHG� WR� LGHQWLI\� WKH� VLWH� RI� $'3ULERV\ODWLRQ�� ,Q� (7'�

IUDJPHQWDWLRQ�WKH�IXOO�$'3�ULERVH�LV�SUHVHUYHG�RQ�WKH�IUDJPHQW�LRQV��¨PDVV� �����������'D���'DWD�

IURP�WKH�VDPH�H[SHULPHQWV�VKRZQ�LQ�)LJ����� 
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6XSS��)LJ�����+XPDQ�3$5*�FDQ�K\GURO\VH�PRQR�$VS�*OX�$'3U�LQ�FHOOV� 

D��$XWRPRGLILHG�3$53�(���4�ZDV�LQFXEDWHG�ZLWK�2ODSDULE�DQG����0�UHFRPELQDQW�3$5*�IRU�WKH�

LQGLFDWHG�WLPHV��WKHQ�VXEMHFWHG�WR�LPPXQREORWWLQJ�ZLWK�WKH�LQGLFDWHG�DQWLERGLHV��E��$XWRPRGLILHG�

3$53�(���4�ZDV�LQFXEDWHG�ZLWK�UHFRPELQDQW�3$5*�IRU���K�DW�WKH�LQGLFDWHG�FRQFHQWUDWLRQ��WKHQ�

VXEMHFWHG� WR�LPPXQREORWWLQJ�ZLWK�WKH�LQGLFDWHG�DQWLERGLHV��F��$XWRPRGLILHG�3$53�(���4�ZDV�

LQFXEDWHG�ZLWK����0�UHFRPELQDQW�3$5*�IRU���K�ZLWK�RU�ZLWKRXW�3$5*L��3''����������6LJPD���

WKHQ�VXEMHFWHG�WR�LPPXQREORWWLQJ�ZLWK�WKH�LQGLFDWHG�DQWLERGLHV��G��3RO\�$VS�*OX�$'3ULERV\ODWHG�

3$53���:7��ZDV�LQFXEDWHG�ZLWK�2ODSDULE�DQG����0�3$5*�IRU�WKH�LQGLFDWHG�WLPHV��WKHQ�VXEMHFWHG�

WR� LPPXQREORWWLQJ�ZLWK� WKH� LQGLFDWHG� DQWLERGLHV�� H��7RS�� VFKHPDWLF� RI� WKH� H[SHULPHQWDO� VHWXS��
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K�DW�URRP�WHPS��3$5*�WUHDWPHQW�RI�LQWDFW�3$53�(���4��EHIRUH�GLJHVWLRQ��ZRXOG�OHDG�WR�ODUJH�

DPRXQWV�RI�3$5*�SHSWLGHV�XSRQ�GLJHVWLRQ��ZKLFK�ZRXOG�VLJQLILFDQWO\�FRPSURPLVH�WKH�DQDO\VLV�RI�

$'3U�SHSWLGHV��%RWWRP��DYHUDJH�$'3U�LQWHQVLW\�r�6(0�IRU�WKH�SHSWLGHV�LGHQWLILHG�LQ�WKH�FWUO�DQG�

3$5*�WUHDWHG�VDPSOHV��6HH�DOVR�UHODWHG�6XSSOHPHQWDU\�)LJ���I��Q� ��� LQGHSHQGHQW�H[SHULPHQWV�

VKRZQ�DV�LQGLYLGXDO�GRWV��I��6DPH�H[SHULPHQW�DV�LQ�6XSSOHPHQWDU\�)LJ���H��VKRZLQJ�WKH�LQWHQVLW\�
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H[SHULPHQWV�VKRZQ�DV�LQGLYLGXDO�GRWV��)RU�DOO�H[SHULPHQWV�D�I��WR�FRQWURO�IRU�FKHPLFDO�K\GURO\VLV�

RI�$VS�*OX�$'3U�ERWK�FRQWURO�DQG�3$5*�WUHDWHG�VDPSOHV�ZHUH�LQFXEDWHG�WRJHWKHU�IRU�WKH�VDPH�

WRWDO�SURFHVVLQJ�WLPH��6KRZQ�LV�D�UHSUHVHQWDWLYH�RI�WKUHH�LQGHSHQGHQW�UHSOLFDWHV�� 
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