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%ULDQ�'��:DUQHU

OLJKWFXUYHV� DUH� XVXDOO\� GLIIHUHQWLDO� PDJQLWXGHV� ZLWK� ����

FRUUHVSRQGLQJ�WR�WKH�DYHUDJH�PDJQLWXGH�RI�WKH�SULPDU\�FXUYH�

'XULQJ� SHULRG� DQDO\VLV�� WKH� PDJQLWXGHV� ZHUH� QRUPDOL]HG� WR� WKH�

&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV���0RUH'DWD�

����6\FDPRUH�$YH�

(DWRQ��&2���������86$

EULDQ#0LQRU3ODQHW2EVHUYHU�FRP

FRPSDULVRQ�VWDUV�XVHG�LQ�WKH�HDUOLHVW�VHVVLRQ�DQG�WR�WKH�SKDVH DQJOH�

JLYHQ�LQ�SDUHQWKHVHV�XVLQJ�*  �������7KH�;�D[LV�VKRZV�URWDWLRQDO�

SKDVH�IURP�±�����WR�������,I�WKH�SORW�LQFOXGHV�WKH�DPSOLWXGH��H�J���

³$PS������´��WKLV�LV�WKH�DPSOLWXGH�RI�WKH�)RXULHU�PRGHO�FXUYH�DQG�

QRW�QHFHVVDULO\�WKH�DGRSWHG�DPSOLWXGH�IRU�WKH�OLJKWFXUYH�
5REHUW�'��6WHSKHQV

&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV���0RUH'DWD�

5DQFKR�&XFDPRQJD��&$�������

$ODQ�:��+DUULV

QRW�QHFHVVDULO\�WKH�DGRSWHG�DPSOLWXGH�IRU�WKH�OLJKWFXUYH�

2XU� LQLWLDO� VHDUFK� IRU� SUHYLRXV� UHVXOWV� VWDUWHG� ZLWK� WKH� DVWHURLG�

OLJKWFXUYH�GDWDEDVH��/&'%��:DUQHU�HW�DO� � ������IRXQG�RQ�OLQH�DW�

KWWS���ZZZ�PLQRUSODQHW�LQIR�OLJKWFXUYHGDWDEDVH�KWPO��5HDGHUV� DUH�

VWURQJO\� HQFRXUDJHG� WR� REWDLQ�� ZKHQ� SRVVLEOH�� WKH� RULJLQDO�$ODQ�:��+DUULV

0RUH'DWD�

/D�&DxDGD��&$�������

�5HFHLYHG�������$SULO�����5HYLVHG�������$XJXVW���

VWURQJO\� HQFRXUDJHG� WR� REWDLQ�� ZKHQ� SRVVLEOH�� WKH� RULJLQDO�

UHIHUHQFHV� OLVWHG� LQ� WKH� /&'%�� )URP� KHUH� RQ�� ZH¶OO� XVH� RQO\�

³/&'%´�WR�UHIHUHQFH�WKH�SDSHU�E\�:DUQHU�HW�DO���������

�����6XRPL��6WHSKHQV��������REVHUYHG�WKLV�+XQJDULD�LQ������DQG�

:H� UHSRUW� RQ� WKH� GLVFRYHU\� DW� WKH� &HQWHU� IRU� 6RODU�

6\VWHP�6WXGLHV�RI�IRXU�FRQILUPHG�ELQDU\�DVWHURLGV�������

6XRPL�� �������� ����� /<�� �������� ����� .9��� DQG�

��������������+:��DORQJ�ZLWK�WKH�VXVSHFWHG�FDQGLGDWH�

�����6XRPL��6WHSKHQV��������REVHUYHG�WKLV�+XQJDULD�LQ������DQG�

IRXQG�D�SHULRG�RI������K��7KHUH�ZHUH�QR�LQGLFDWLRQV�RI�D�VDWHOOLWH��

6XEVHTXHQW�REVHUYDWLRQV�E\�%ULQVILHOG��������DQG�:DUQHU��������

����D�� ������ DOVR�SURGXFHG�QHJDWLYH� UHVXOWV��2Q� WKH� RWKHU� KDQG��

REVHUYDWLRQV�E\�:DUQHU������D��LQ������KLQWHG�DW�D�VHFRQG�SHULRG�

RI� ������ K�� EXW� QR� REYLRXV�PXWXDO� HYHQWV� �RFFXOWDWLRQV�HFOLSVHV����������������+:��DORQJ�ZLWK�WKH�VXVSHFWHG�FDQGLGDWH�

��������������.(���

&&'� SKRWRPHWULF� REVHUYDWLRQV� DW� WKH� &HQWHU� IRU� 6RODU� 6\VWHP�

6WXGLHV�LQ������$SULO�WR�-XO\�RI�IRXU�QHDU�(DUWK�DQG�RQH�+XQJDULD�

RI� ������ K�� EXW� QR� REYLRXV�PXWXDO� HYHQWV� �RFFXOWDWLRQV�HFOLSVHV��

GXH�WR�D�VDWHOOLWH�ZHUH�QRWHG�

7KH� REVHUYDWLRQV� LQ� ����� DOPRVW� LPPHGLDWHO\� VKRZHG� ZKDW�

DSSHDUHG� WR� EH� DWWHQXDWLRQV� �GHYLDWLRQV� IURP� D� VLQJOH� SHULRG�

OLJKWFXUYH��EXW�WKH\�ZHUH�VHHQ�RQO\�RFFDVLRQDOO\��7KLV�VXJJHVWHG�D�6WXGLHV�LQ������$SULO�WR�-XO\�RI�IRXU�QHDU�(DUWK�DQG�RQH�+XQJDULD�

DVWHURLG� OHG� WR� ILQGLQJ� IRXU� FRQILUPHG� ELQDULHV� DQG� RQH� VWURQJ�

FDQGLGDWH��7DEOH�,�OLVWV�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�WKDW�ZHUH�

FRPELQHG�WR�PDNH�WKH�REVHUYDWLRQV�

$OO� WKH� FDPHUDV� XVH� &&'� FKLSV� IURP� WKH� .$)� EOXH�HQKDQFHG�

OLJKWFXUYH��EXW�WKH\�ZHUH�VHHQ�RQO\�RFFDVLRQDOO\��7KLV�VXJJHVWHG�D�

ORQJ�VHFRQGDU\�SHULRG�

$OO� WKH� FDPHUDV� XVH� &&'� FKLSV� IURP� WKH� .$)� EOXH�HQKDQFHG�

IDPLO\�DQG�VR�KDYH�HVVHQWLDOO\�WKH�VDPH�UHVSRQVH��7KH�SL[HO�VFDOHV�

UDQJHG�IURP�����������DUFVHF�SL[HO�

7HOHVFRSHV &DPHUDV7HOHVFRSHV &DPHUDV
�����P�I�����6FKPLGW�&DVV )/,�0LFUROLQH�����(

�����P�I�����6FKPLGW�&DVV )/,�3UROLQH�����(

�����P�I�����6FKPLGW�&DVV 6%,*�67/�����(

�����P�I�����6FKPLGW�&DVV

�����P�I�����5LWFKH\�&KUpWLHQ

7DEOH�,�� /LVW�RI�DYDLODEOH�WHOHVFRSHV�DQG�&&'�FDPHUDV�DW�&6���7KH�
H[DFW�FRPELQDWLRQ� IRU�HDFK� WHOHVFRSH�FDPHUD�SDLU�FDQ�YDU\�GXH� WR�
PDLQWHQDQFH�RU�VSHFLILF�QHHGV�

$OO�OLJKWFXUYH�REVHUYDWLRQV�ZHUH�XQILOWHUHG�VLQFH�D�FOHDU�ILOWHU�FDQ�$OO�OLJKWFXUYH�REVHUYDWLRQV�ZHUH�XQILOWHUHG�VLQFH�D�FOHDU�ILOWHU�FDQ�

FDXVH�D���������PDJ�ORVV��7KH�H[SRVXUH�GXUDWLRQ�YDULHG�GHSHQGLQJ�

RQ� WKH� DVWHURLG¶V� EULJKWQHVV� DQG� VN\� PRWLRQ�� *XLGLQJ� RQ� D� ILHOG�

VWDU�VRPHWLPHV�UHVXOWHG�LQ�D�WUDLOHG�LPDJH�IRU�WKH�DVWHURLG�

0HDVXUHPHQWV�ZHUH�PDGH� XVLQJ�032�&DQRSXV��7KH�&RPS�6WDU�0HDVXUHPHQWV�ZHUH�PDGH� XVLQJ�032�&DQRSXV��7KH�&RPS�6WDU�

6HOHFWRU� XWLOLW\� LQ�032� &DQRSXV IRXQG� XS� WR� ILYH� FRPSDULVRQ�

VWDUV� RI� QHDU� VRODU�FRORU� IRU� GLIIHUHQWLDO� SKRWRPHWU\�� &RPS� VWDU�

PDJQLWXGHV�ZHUH�WDNHQ�IURP�$7/$6�FDWDORJ��7RQU\�HW�DO����������

ZKLFK� KDV� 6ORDQ� JUL] PDJQLWXGHV� WKDW� ZHUH� GHULYHG� IURP� WKH�

*$,$� DQG� 3DQ�67$55� FDWDORJV�� DPRQJ� RWKHUV�� DQG� DUH� WKH�*$,$� DQG� 3DQ�67$55� FDWDORJV�� DPRQJ� RWKHUV�� DQG� DUH� WKH�

³QDWLYH´�PDJQLWXGHV�RI�WKH�FDWDORJ�

7R� UHGXFH� WKH� QXPEHU� RI� WLPHV� DQG� DPRXQW� RI� UHVHWWLQJ� QLJKWO\�

]HUR� SRLQWV�� ZH� XVH� WKH� $7/$6� U r� �65�� PDJQLWXGHV�� 7KRVH�]HUR� SRLQWV�� ZH� XVH� WKH� $7/$6� U r� �65�� PDJQLWXGHV�� 7KRVH�

DGMXVWPHQWV� DUH�PRVWO\�d �����PDJ�� 7KH� RFFDVLRQV�ZKHUH� ODUJHU�

FRUUHFWLRQV�ZHUH� UHTXLUHG�PD\�KDYH�EHHQ� UHODWHG� LQ�SDUW� WR�XVLQJ�

XQILOWHUHG� REVHUYDWLRQV�� SRRU� FHQWURLGLQJ� RI� WKH� UHIHUHQFH� VWDUV��

DQG�QRW�FRUUHFWLQJ�IRU�VHFRQG�RUGHU�H[WLQFWLRQ�WHUPV�

0LQRU�3ODQHW�%XOOHWLQ��� ������

7KH� <�D[LV� RI� WKH� SULPDU\� OLJKWFXUYHV� JLYHV� $7/$6� 65� ³VN\´�

�FDWDORJ��PDJQLWXGHV��7KH�YDOXHV�RQ� WKH�<�D[LV�RI� WKH� VHFRQGDU\�



���

$IWHU�IROORZLQJ�WKH�DVWHURLG�IRU�PRUH�WKDQ�D�PRQWK��PXWXDO�HYHQWV�$IWHU�IROORZLQJ�WKH�DVWHURLG�IRU�PRUH�WKDQ�D�PRQWK��PXWXDO�HYHQWV�

ZHUH�FRQILUPHG��7KH�FRYHUDJH�RI�HDFK�HYHQW�LV�QRW�FRPSOHWH�EXW�LW�

LV�VXIILFLHQW�WR�FRQILUP�DQ�RUELWDO�SHULRG�RI�������K��%DVHG�RQ�WKH�

�����PDJ�HYHQWV��WKH�HVWLPDWHG�UDWLR�RI�WKH�HIIHFWLYH�VHFRQGDU\�WR�

SULPDU\� GLDPHWHUV� LV� 'V�'S� t ����� �� ������ $� &%(7� �&HQWUDO�

%XUHDX�(OHFWURQLF�7HOHJUDP��VXEPLVVLRQ�ZDV�PDGH�LQ�HDUO\������%XUHDX�(OHFWURQLF�7HOHJUDP��VXEPLVVLRQ�ZDV�PDGH�LQ�HDUO\������

-XO\�WR�WKH�&HQWUDO�%XUHDX�IRU�$VWURQRPLFDO�7HOHJUDPV��&%$7��

7KH� ORQJ� SHULRG� VXJJHVWV� DQ� RUELW� RI� DERXW� VL[� SULPDU\� UDGLL��$W�

���� SKDVH� DQJOH�� WKH� LPDJH� DQG� WKH� VKDGRZ� DUH� ZHOO� VHSDUDWHG������ SKDVH� DQJOH�� WKH� LPDJH� DQG� WKH� VKDGRZ� DUH� ZHOO� VHSDUDWHG��

'HSHQGLQJ� RQ� JHRPHWU\�� WKLV� FRXOG� OHDG� WR� GRXEOH� HYHQWV� DW� WKH�

SULPDU\�DQG�VHFRQGDU\�HYHQWV�RU�PLVVLQJ�RQH�RI�WKH�WZR�HQWLUHO\��

7KH� QDUURZHU� HYHQW� �GXUDWLRQ� DERXW� �� K�� LV� SUREDEO\� D� VLQJOH�

�HFOLSVH�RU� WUDQVLW�� HYHQW�ZKLOH� WKH�EURDGHU� HYHQW� �GXUDWLRQ� DERXW�

���K��LV�SHUKDSV�DQ�HFOLSVH�FRPELQHG�ZLWK�D�WUDQVLW�RU�RFFXOWDWLRQ����K��LV�SHUKDSV�DQ�HFOLSVH�FRPELQHG�ZLWK�D�WUDQVLW�RU�RFFXOWDWLRQ�

HYHQW�

�������� ����� /<��%DVHG� RQ� DQ� H[WHQVLYH� GDWD� VHW�� 3UDYHF� HW� DO��

�����ZHE��SULYDWH�FRPPXQLFDWLRQV��UHSRUWHG�D�SHULRG�RI��������K�

DQG� D� VXVSHFWHG� VHFRQGDU\� SHULRG� ����� K�� %ULQVILHOG� �������

�������������.9���:DUQHU������E��ILUVW�REVHUYHG�WKLV���NP�1($�

LQ������$SULO��ILQGLQJ�D�SULPDU\�SHULRG�RI�������K�EXW�QR�VLJQV�RI�

DWWHQXDWLRQV� LQ� WKH� OLJKWFXUYH�� )ROORZ�XS� REVHUYDWLRQV� LQ� �����DQG� D� VXVSHFWHG� VHFRQGDU\� SHULRG� ����� K�� %ULQVILHOG� �������

UHSRUWHG�D�SHULRG�RI��������K�EDVHG�RQ�GDWD�REWDLQHG�DW�DERXW�WKH�

VDPH� WLPH� DV� 3UDYHF� HW� DO�� EXW� GLG� QRW� LQGLFDWH� VHHLQJ� PXWXDO�

HYHQWV�RU�DWWHQXDWLRQV�

DWWHQXDWLRQV� LQ� WKH� OLJKWFXUYH�� )ROORZ�XS� REVHUYDWLRQV� LQ� �����

)HEUXDU\� WR�0D\� �:DUQHU� ����E�� ����F��ZHUH� DOVR� QHJDWLYH� IRU�

LQGLFDWLRQV� RI� D� VDWHOOLWH�� 7KH� ����� -XQH� REVHUYDWLRQV� �:DUQHU��

������OHG�WR�D�SHULRG�RI�������K�DQG�D�VXVSHFWHG�VHFRQGDU\�SHULRG�

RI�������K�RI�������K�

&RQFOXVLYH�HYLGHQFH�RI�D�VDWHOOLWH�ZDV�IRXQG�ZLWK�WKH������$SULO�

REVHUYDWLRQV��ZLWK�WKH�GDWD�OHDGLQJ�WR�DQ�RUELWDO�SHULRG�RI��������K�

DQG�PXWXDO�HYHQWV�UDQJLQJ�IURP�����������PDJ�WKDW�JLYH�'V�'S�t

������������������������

2XU� REVHUYDWLRQV� ZHUH� PDGH� EHWZHHQ ����� -XO\� ���� VKRZHG�2XU� REVHUYDWLRQV� ZHUH� PDGH� EHWZHHQ ����� -XO\� ���� VKRZHG�

REYLRXV�DWWHQXDWLRQV�HDUO\�RQ��'HVSLWH�WKH�VHFRQGDU\�SHULRG�EHLQJ�

FORVH�WR�FRPPHQVXUDWH�ZLWK�DQ�(DUWK�GD\��ZH�ZHUH�DEOH�WR�JHW�IXOO�

FRYHUDJH� RI� WKH� VDWHOOLWH¶V� OLJKWFXUYH�� $QDO\VLV� E\� 3HWU� 3UDYHF�

�SULYDWH�FRPPXQLFDWLRQV��FRQILUPHG�WKDW�RXU�GDWD�VHW�VXSSRUWHG�D�

VHFRQG�SHULRG�RI�DERXW������K��$GGLWLRQDO�GDWD�IURP�-XO\����± $XJ�

0LQRU�3ODQHW�%XOOHWLQ��� ������

VHFRQG�SHULRG�RI�DERXW������K��$GGLWLRQDO�GDWD�IURP�-XO\����± $XJ�

��FRQILUPHG�DQG�UHILQHG�WKH�UHVXOWV��7KH�HYHQW�GHSWKV�UDQJH�IURP�

����������PDJ��ZKLFK�OHDGV�WR�DQ�HVWLPDWHG�'V�'S�t ������������



���

%RWK�SHULRGV�DUH�LQ�WKH�H[SHFWHG�UDQJH�IRU�D�VPDOO�ELQDU\�DVWHURLG�

EXW�WKH�VKDSH�RI�WKH�3� OLJKWFXUYH�LV�SX]]OLQJ��2QH�LQWHUSUHWDWLRQ�LV�

D�YHU\�HORQJDWHG�VDWHOOLWH�WKDW�PD\ EH�SURGXFLQJ�PXWXDO�HYHQWV�RQ�

WKH�RUGHU�RI�����������PDJ��,I�VR��WKHQ�WKLV�JLYHV�'V�'S�t �������WKH�RUGHU�RI�����������PDJ��,I�VR��WKHQ�WKLV�JLYHV�'V�'S�t �������

�����

,W¶V�LQWHUHVWLQJ�WR�QRWH�WKDW�D�JRRG�SDUW�RI�WKH�LQFRPSOHWH�%HKUHQG�

�����ZHE��OLJKWFXUYH�EHDUV�VRPH�UHVHPEODQFH�WR�WKH�3� OLJKWFXUYH�

JLYHQ� KHUH�� 7KH� QH[W� IROORZ�XS� RSSRUWXQLW\� LV� LQ� PLG������JLYHQ� KHUH�� 7KH� QH[W� IROORZ�XS� RSSRUWXQLW\� LV� LQ� PLG������

�9a������G  �����

��������������+:���3UDYHF�HW�DO�������ZHE��REVHUYHG�WKLV�1($�

LQ� ����� )HEUXDU\� DQG� $SULO� DQG� IRXQG� D� SULPDU\� SHULRG� RI�

������� K�� 7KH\� DOVR� UHSRUWHG� D� VXVSHFWHG� VHFRQGDU\� SHULRG� RI�

3UDYHF�HW�DO�������ZHE��LQGHSHQGHQWO\�GLVFRYHUHG�WKH�VDWHOOLWH�EXW�

������� K�� 7KH\� DOVR� UHSRUWHG� D� VXVSHFWHG� VHFRQGDU\� SHULRG� RI�

������K�EXW�GLG�QRW�JHW�FRQFOXVLYH�HYLGHQFH�RI�D�VDWHOOLWH�

3UDYHF�HW�DO�������ZHE��LQGHSHQGHQWO\�GLVFRYHUHG�WKH�VDWHOOLWH�EXW�

GLG� QRW� KDYH� FRPSOHWH� FRYHUDJH� RI� WKH� VDWHOOLWH� OLJKWFXUYH��7KH\�

XVHG� RXU� RUELWDO� SHULRG� WR� GHULYH� 3�  � ������� �� ������� K� 7KH�

GLVFRYHU\�ZDV�DQQRXQFHG�LQ�&%(7������

��������� ����� .(���� %HKUHQG� �����ZHE�� UHSRUWHG� D� SHULRG� RI���������� ����� .(���� %HKUHQG� �����ZHE�� UHSRUWHG� D� SHULRG� RI�

������ K� EDVHG� RQ� REVHUYDWLRQV� IURP�PLG�-XQH� ������ 6NLII� HW� DO��

�����E��IRXQG�D�ORZ�TXDOLW\�UHVXOW�RI������K��2XU�REVHUYDWLRQV�LQ�

�����0D\� OHG� WR� D�SURSRVHG�SULPDU\�SHULRG�RI� �������K��RU�KDOI�

WKDW�JLYHQ�E\�%HKUHQG�DQG�6NLII��$�VHFRQGDU\�SHULRG�RI��������K�WKDW�JLYHQ�E\�%HKUHQG�DQG�6NLII��$�VHFRQGDU\�SHULRG�RI��������K�

ZDV�DOVR�IRXQG�

0LQRU�3ODQHW�%XOOHWLQ��� ������
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1XPEHU 1DPH �����PP�GG 3KDVH /3$% %3$% 3HULRG�K� 3�(� $PS $�(� *US�'U

���� 6XRPL ����������� ��������� ��� �� ������ ������ ���� ���� +

����� ���� ���� ���� ����

����� �����/< ����������� ��������� ��� �� ������� ������� ���� ���� 1($����� �����/< ����������� ��������� ��� �� ������� ������� ���� ���� 1($

������� ������ ���� ���� ����

����� �����.9� ����������� ��������� ��� �� ������ ������ ���� ���� 1($

������ ����� ���� ���� ����

������ �����.(�� ����������� 
��������� ��� �� ������ ������ ���� ���� 1($

������ ����� ���� ���� ���������� ����� ���� ���� ����

������ �����+:� ����������� ��������� ��� �� ����� ����� ���� ���� 1($

���� ��� ���� ���� ����

7DEOH�,,��2EVHUYLQJ�FLUFXPVWDQFHV��7KH�VHFRQG OLQH�JLYHV�WKH�RUELWDO�SHULRG�RI�WKH�VDWHOOLWH�DQG�PD[LPXP�GHSWK�RI�WKH�PXWXDO�HYHQWV��7KH�

SKDVH�DQJOH��D��LV�JLYHQ�DW�WKH�VWDUW�DQG�HQG�RI�HDFK�GDWH�UDQJH��,I�WKHUH�LV�DQ�DVWHULVN�EHIRUH�WKH�ILUVW�SKDVH�YDOXH��WKH�SKDVH�DQJOH�UHDFKHG�

2XU�REVHUYDWLRQV�WRZDUG�WKH�HQG�RI������$SULO�FRQILUPHG�PXWXDO� 6NLII�� %�$��� 0F/HOODQG�� .�3��� 6DQERUQ�� -��� 3UDYHF�� 3��� .RHKQ��

SKDVH�DQJOH��D��LV�JLYHQ�DW�WKH�VWDUW�DQG�HQG�RI�HDFK�GDWH�UDQJH��,I�WKHUH�LV�DQ�DVWHULVN�EHIRUH�WKH�ILUVW�SKDVH�YDOXH��WKH�SKDVH�DQJOH�UHDFKHG�
D�PD[LPXP�RU�PLQLPXP GXULQJ� WKH�SHULRG��/3$% DQG�%3$% DUH�� UHVSHFWLYHO\� WKH�DYHUDJH�SKDVH�DQJOH�ELVHFWRU� ORQJLWXGH�DQG� ODWLWXGH� �VHH�
+DUULV�HW�DO���������)RU�WKH�*US�'U�FROXPQ��WKH�ILUVW�OLQH�JLYHV�WKH�JURXS�IDPLO\�EDVHG�RQ�:DUQHU�HW�DO����������+��+XQJDULD��7KH�VHFRQG�OLQH�
JLYHV�WKH�UDWLR�RI�WKH�PLQLPXP�HIIHFWLYH�VHFRQGDU\�SULPDU\�GLDPHWHUV��'V�'S��

2XU�REVHUYDWLRQV�WRZDUG�WKH�HQG�RI������$SULO�FRQILUPHG�PXWXDO�

HYHQWV�DQG�OHG�WR�D�SULPDU\�SHULRG�RI�������K��$�SHULRG�RI�������K�

FDQQRW� EH� IRUPDOO\� H[FOXGHG� EXW� LW� GRHV� QRW� ILW� ZLWK� WKH� JHQHUDO�

WUHQG�RI�RWKHU�ELQDU\�DVWHURLGV�RI�VLPLODU�VL]H�DQG�RUELWDO�SHULRGV��
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