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0XWXDO� HYHQWV� DSSHDULQJ� LQ� WKH� OLJKWFXUYH� RI� �����

.LUULOODYURY� XQDPELJXRXVO\� VKRZ� WKDW� LW� LV� D� ELQDU\�

DVWHURLG�ZLWK�D�URWDWLRQ�SHULRG�RI���������������K��DQG�DQ�

RUELWDO�SHULRG�RI��������������K��)ROORZ�XS�REVHUYDWLRQV�

FRQGXFWHG�GXULQJ�WKH������RSSRVLWLRQ�GLG�QRW�GHWHFW�WKH�

PXWXDO� HYHQWV� GXH� WR� XQIDYRUDEOH� YLHZLQJ� JHRPHWU\��

)XUWKHU�REVHUYDWLRQV� GXULQJ� VXEVHTXHQW�RSSRVLWLRQV� DUH�

HQFRXUDJHG��

:KLOH� WKH� SULPDU\� SXUSRVH� RI� WKH� 7UDQVLWLQJ� ([RSODQHW� 6XUYH\�

6DWHOOLWH� �7(66�� LV� GHWHFWLRQ� RI� H[RSODQHWV�� LWV� LPDJHV� DUH� DOVR�

XVHIXO� IRU� WKH� FRQVWUXFWLRQ� RI� OLJKWFXUYHV� IRU� DVWHURLGV�� 3iO� HW� DO��

�������REWDLQHG������VXFK�OLJKWFXUYHV��,Q�DGGLWLRQ�WR�VXSSO\LQJ����

GRFXPHQWV�FRQWDLQLQJ�UDZ�DQG�SKDVHG�OLJKWFXUYHV� IRU�DOO�RI� WKHVH�

REMHFWV��WKH�DXWKRUV�PDGH�DYDLODEOH�WKH�UDZ�SKRWRPHWU\�GDWD��

0DLQ�EHOW� DVWHURLGV� W\SLFDOO\� VSHQG� �� WR� �� ZHHNV� LQ� WKH� 7(66�

IUDPHV��ZKLFK�DUH�JDWKHUHG�ZLWK�D�FDGHQFH�RI����PLQXWHV��7KLV�LV�

RIWHQ� VXIILFLHQW� FRYHUDJH� IRU� GHWHUPLQDWLRQ� RI� URWDWLRQDO� SHULRGV��

6LQFH�WKHVH�SHULRGV�DUH�VKRZQ�LQ�7KH�$VWHURLG�/LJKWFXUYH�'DWDEDVH�

�/&'%�� :DUQHU� HW� DO��� ������� WKH\� IRUP� D� VXLWDEOH� EDVLV� IRU�

FRPSDULQJ�UHVXOWV��

7KLV� SULQFLSDO� DXWKRU¶V� GLVFRYHU\� RI� WKH� ELQDU\� QDWXUH� RI� �����

=ZLFN\��3RODNLV��������OHG�WR�DQ�LQVSHFWLRQ�RI�WKH�7(66�UDZ�DQG�

SKDVHG�GDWD��3iO�HW�DO��SXEOLVKHG�RQO\� WKH�VKRUW� URWDWLRQ�SHULRG�RI�

URXJKO\� ���� KRXUV�� EXW� WKHLU� UDZ� OLJKWFXUYH� FRQWDLQHG� D� FOHDU�

VLJQDWXUH� RI� GHHS�� PXWXDO� HYHQWV� RFFXUULQJ� ZLWK� DQ� LQWHUYDO� RI�

JUHDWHU�WKDQ����KRXUV��7KLV�SURPSWHG�D�UHYLHZ�RI�WKRXVDQGV�RI�UDZ�

7(66� OLJKWFXUYHV� IRU� VLPLODU� PXWXDO� HYHQW� VLJQDWXUHV� WKDW� WKH�

DXWKRUV�PD\�KDYH�PLVVHG��

7KH� UDZ�7(66� OLJKWFXUYH� RI������.LULOODYURY��JDWKHUHG� RYHU� WKH�

FRXUVH�RI����GD\V��FRQWDLQV�VXFK�D�VLJQDWXUH��3iO�HW�DO��SXEOLVKHG�D�

URWDWLRQ�SHULRG�RI������������������K��7KHLU�GDWD�VKRZQ�LQ�)LJXUH�

�� ZDV� GRZQORDGHG�� DQG� D� GXDO�SHULRG� VHDUFK� LQ�032� &DQRSXV�

�:DUQHU�������UHYHDOHG�WKDW�WKLV�LV�LQ�IDFW�DQ�RUELWDO�SHULRG�RYHUODLG�

RQ�D�VKRUWHU�URWDWLRQ�SHULRG�RI� OHVVHU�DPSOLWXGH��7KH�URWDWLRQ�DQG�

RUELWDO�SHULRGV�GHULYHG�IURP�WKH�7(66�GDWD�DUH���������������K�DQG�

�������������K��DQG�DPSOLWXGHV�DUH������DQG������PDJ��UHVSHFWLYHO\��

7KHVH�URWDWLRQ�DQG�RUELWDO�OLJKWFXUYHV�DSSHDU�LQ�)LJXUHV���DQG����

)LJXUH����7(66�GDWD��UDZ�OLJKWFXUYH��

)LJXUH����7(66�GDWD��SKDVHG�OLJKWFXUYH�VKRZLQJ�URWDWLRQ�SHULRG��

)LJXUH����7(66�GDWD��SKDVHG�OLJKWFXUYH�VKRZLQJ�RUELWDO�SHULRG��

%ULDQ�6NLII��SULYDWH�FRPPXQLFDWLRQ��SURYLGHG�DQ�DJUHHLQJ�URWDWLRQ�

SHULRG�RI���������������K��XVLQJ�GDWD�DFTXLUHG�LQ������0DUFK��7KH�

/&'%� VKRZV� WKH� RUELWDO� SHULRG� RI� %HKUHQG� HW� DO�� �����ZHE����

�������������K��7KHLU�ZHE�VLWH�VWDWHV��³3URYLVLRQDO��ELQDU\�DVWHURLG�

LQ�VHDVRQ�RI�HFOLSVHV�´�
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�����.LULOODYURY�FDPH�WR�RSSRVLWLRQ�LQ������0D\�DW�PDJQLWXGH�����

8QIRUWXQDWHO\� IRU� QRUWKHUQ� REVHUYHUV�� WKH� GHFOLQDWLRQ� ZDV� ���h��

2EVHUYHUV� LQ� WKH� 6RXWKHUQ� +HPLVSKHUH� ZHUH� VROLFLWHG� IRU�

REVHUYDWLRQV�� -XOLDQ� 2H\� LQ� $XVWUDOLD� DQG� 0LODJURV� &ROD]R� LQ�

$UJHQWLQD�NLQGO\�REOLJHG��SURYLGLQJ�GDWD�IURP�WHQ�QLJKWV��

&&'� SKRWRPHWULF� REVHUYDWLRQV� E\� 2H\� �03&� FRGH� 4���� ZHUH�

FRQGXFWHG� RQ� VL[� QLJKWV� EHWZHHQ� �����$SULO� ��� DQG� ���� XVLQJ� D�

����P�6FKPLGW�&DVVHJUDLQ�WHOHVFRSH��6%,*�67�;0(�FDPHUD��DQG�

D�FOHDU�ILOWHU��,PDJH�VFDOH�ZDV������DUFVHF�SL[HO��([SRVXUH�WLPH�ZDV�

��PLQXWHV��

&ROD]R� �03&� FRGH������SHUIRUPHG�KHU�REVHUYDWLRQV� GXULQJ� IRXU�

QLJKWV� IURP� ����� $SULO� ��� WKURXJK� ��� ZLWK� D� ���P� 1HZWRQLDQ�

WHOHVFRSH�� $SRJHH� $OWD� )��0� FDPHUD�� DQG� ZLWKRXW� ILOWHU�� +HU�

LPDJHV�KDYH�D�VFDOH�RI������DUFVHF�SL[HO��6KH�XVHG�DQ�H[SRVXUH�WLPH�

RI����VHFRQGV��

%RWK� REVHUYHUV� SURYLGHG� DOO� RI� WKHLU� SKRWRPHWULF� GDWD� WR� WKH�

SULQFLSDO� DXWKRU� IRU� UHGXFWLRQ�� 7KH� GDWD� UHGXFWLRQ� DQG� SHULRG�

DQDO\VLV�ZHUH�GRQH�XVLQJ�032�&DQRSXV��:DUQHU���������7KH�FOHDU�

ILOWHUHG� LPDJHV� ZHUH� UHGXFHG� WR� 6ORDQ� U�� WR�PLQLPL]H� HUURU�ZLWK�

UHVSHFW�WR�D�FRORU�WHUP��&RPSDULVRQ�VWDU�PDJQLWXGHV�ZHUH�REWDLQHG�

IURP�WKH�$7/$6�FDWDORJ��7RQU\�HW�DO����������ZKLFK�LV�LQFRUSRUDWHG�

GLUHFWO\�LQWR�032�&DQRSXV��3HULRG�GHWHUPLQDWLRQ�ZDV�GRQH�XVLQJ�

WKH�032�&DQRSXV�)RXULHU�W\SH�)$/&�ILWWLQJ�PHWKRG��FI��+DUULV�HW�

DO��� �������3KDVHG� OLJKWFXUYHV� VKRZ� WKH�PD[LPXP�DW� SKDVH� ]HUR��

0DJQLWXGHV�LQ�WKHVH�SORWV�DUH�DSSDUHQW�DQG�VFDOHG�E\�032�&DQRSXV�

WR�WKH�ILUVW�QLJKW��

$�UDZ�SORW�RI�WKH�IXOO�GDWDVHW�LV�SURYLGHG�LQ�)LJXUH����IROORZHG�E\�D�

SKDVHG�OLJKWFXUYH�LQ�)LJXUH����

)LJXUH����&ROD]R�DQG�2H\�GDWD��UDZ�OLJKWFXUYH��

)LJXUH���������&ROD]R�DQG�2H\�GDWD��SKDVHG�OLJKWFXUYH��

:LWKLQ�WKH�GDWD�VFDWWHU��PXWXDO�HYHQWV�ZHUH�QRW�GHWHFWHG�GXULQJ�WKH�

WHQ� QLJKWV� GXULQJ� ZKLFK� GDWD� ZDV� JDWKHUHG�� 7KH� GXUDWLRQ� DQG�

IUHTXHQF\�RI�WKHVH�GDWD�ZHUH�PRUH�WKDQ�VXIILFLHQW�WR�FDSWXUH�VRPH�

PXWXDO� HYHQWV�� ,W� FDQ� RQO\� EH� FRQFOXGHG� WKDW� WKH� XQIDYRUDEOH�

YLHZLQJ� JHRPHWU\� UHVXOWHG� LQ� PLVVHV� UDWKHU� WKDQ� HFOLSVHV� DQG�

RFFXOWDWLRQV��DW�OHDVW�ZLWKLQ�WKH�SUHFLVLRQ�RI�WKH�VFDWWHU��7KH�GHQVH�

FRYHUDJH� GRHV� HQDEOH� D� UHILQHPHQW� RI� WKH� URWDWLRQ� SHULRG� WR��

������ �� ������ K�� ZLWK� DQ� 506� VFDWWHU� RQ� WKH� ILW� RI� ������PDJ��

5HVXOWV�DUH�VXPPDUL]HG�LQ�7DEOH�,��

6LQFH�������ZH�QRZ�KDYH�IRXU�GDWD�VHWV�IRU�WKLV�DVWHURLG��ZLWK�WZR�

RI�WKHP�H[KLELWLQJ�PXWXDO�HYHQWV��7DEOH�,,�VXPPDUL]HV�3$%�YDOXHV�

IRU� WKH� IRXU� VHWV�� 1RWH� WKDW� WKH� 6NLII� GDWD� ZDV� VSDUVH�� VR� LW� LV�

LQVXIILFLHQW�WR�FRQFOXGH�WKDW�PXWXDO�HYHQWV�GLG�QRW�RFFXU��

7DEOH�,,��9LHZLQJ�JHRPHWU\�IRU�IRXU�GDWDVHWV�

/RRNLQJ� IRUZDUG�� WKH� QH[W� WZR� RSSRVLWLRQV� ZLOO� IDYRU� QRUWKHUQ�

REVHUYHUV�� $� VXPPDU\� RI� IXWXUH� RSSRVLWLRQV� WKURXJK� ����� LV�

SUHVHQWHG� LQ� 7DEOH� ,,,�� )ROORZ�XS� REVHUYLQJ� ZLWK� WKH� DLP� RI�

GHWHFWLQJ�PXWXDO�HYHQWV�LV�HQFRXUDJHG��

1XPEHU� 1DPH� � \\�PP�GG�� ����3KDVH� � /3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(�� *US�
����� .LULOODYURY� ������������������������ ���� ��� ������ ������ ����� ����� )/25�
� � � � � � � � � ������ ����� ����� �����

7DEOH� ,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG� UHVXOWV��7KH� ILUVW� OLQH�JLYHV�WKH�SULPDU\� �DGRSWHG��SHULRG� IRU� WKH�V\VWHP��7KH�VHFRQG� OLQH�JLYHV� WKH�
VHFRQGDU\�SHULRG��7KH�SKDVH�DQJOH�LV�JLYHQ�IRU�WKH�ILUVW�DQG�ODVW�GDWH��,I�SUHFHGHG�E\�DQ�DVWHULVN��WKH�SKDVH�DQJOH�UHDFKHG�DQ�H[WUHPD�GXULQJ�
WKH�SHULRG��/3$%�DQG�%3$%�DUH�WKH�DSSUR[LPDWH�SKDVH�DQJOH�ELVHFWRU�ORQJLWXGH�ODWLWXGH�DW�PLG�GDWH�UDQJH��VHH�+DUULV�HW�DO����������*US�LV�WKH�
DVWHURLG�IDPLO\�JURXS��:DUQHU�HW�DO����������
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7DEOH�,,,��2EVHUYLQJ�FLUFXPVWDQFHV�IRU�XSFRPLQJ�RSSRVLWLRQV�

$FNQRZOHGJHPHQWV�

7KH�DXWKRUV�ZRXOG�OLNH�WR�H[SUHVV�JUDWLWXGH�WR�%ULDQ�6NLII�IRU�KLV�

LQGLVSHQVDEOH�PHQWRULQJ�LQ�GDWD�DFTXLVLWLRQ�DQG�UHGXFWLRQ��7KDQNV�

DOVR� JR� RXW� WR� %ULDQ� :DUQHU� IRU� VXSSRUW� RI� KLV�032� &DQRSXV�

VRIWZDUH� SDFNDJH�� 3HWU� 3UDYHF� SURYLGHG� KHOSIXO� JXLGDQFH�� 7KH�

UHVHDUFK�ZRUN�DW�%OXH�0RXQWDLQV�2EVHUYDWRU\�LV�VXSSRUWHG�E\�WKH�

�����6KRHPDNHU�1(2�*UDQW��

5HIHUHQFHV�

%HKUHQG��5�������ZHE���2EVHUYDWRLUH�GH�*HQHYH�ZHE�VLWH�� �

KWWS���REVZZZ�XQLJH�FK�aEHKUHQG�SDJHBFRX�KWPO�

+DUULV�� $�:��� <RXQJ�� -�:��� 6FDOWULWL�� )��� =DSSDOD�� 9�� ��������

³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�

����*\SWLV�´�,FDUXV��������������

+DUULV��$�:���<RXQJ��-�:���%RZHOO��(���0DUWLQ��/�-���0LOOLV��5�/���

3RXWDQHQ��0���6FDOWULWL��)���=DSSDOD��9���6FKREHU��+�-���'HEHKRJQH��

+���=HLJOHU��.�:����������³3KRWRHOHFWULF�2EVHUYDWLRQV�RI�$VWHURLGV�

����������������DQG�����´�,FDUXV��������������

3iO��$���6]DNiWV��5���.LVV��&���%yGL��$���%RJQiU��=���.DOXS��&���.LVV��

/�/���0DUWRQ��*���0ROQiU�� /��� 3ODFK\�� (��� 6iUQHF]N\��.��� 6]DEy��

*�0��� 6]DEy�� 5�� �������� ³6RODU� 6\VWHP� 2EMHFWV� 2EVHUYHG� ZLWK�

7(66���)LUVW�'DWD�5HOHDVH��%ULJKW�0DLQ�EHOW�DQG�7URMDQ�$VWHURLGV�

IURP�WKH�6RXWKHUQ�6XUYH\�´�$S��-�������$����

3RODNLV��7����������³�����=ZLFN\��$�&RQILUPHG�%LQDU\�$VWHURLG�´�

0LQRU�3ODQHW�%XOO���������������

7RQU\�� -�/��� 'HQQHDX�� /��� )OHZHOOLQJ�� +��� +HLQ]H�� $�1��� 2QNHQ��

&�$���6PDUWW��6�-���6WDOGHU��%���:HLODQG��+�-���:ROI��&����������³7KH�

$7/$6� $OO�6N\� 6WHOODU� 5HIHUHQFH� &DWDORJ�´� $VWURSK\V�� -�� �����

$�����

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�

/LJKWFXUYH�'DWDEDVH�´� ,FDUXV� ����� ���������8SGDWHG� �����$XJ��

KWWS���ZZZ�PLQRUSODQHW�LQIR�OLJKWFXUYHGDWDEDVH�KWPO�

:DUQHU��%�'����������032�&DQRSXV�VRIWZDUH�� �

KWWS���EGZSXEOLVKLQJ�FRP�

�
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$7�7+(�&(17(5�)25�62/$5�6<67(0�678',(6���

�����2&72%(5�'(&(0%(5�

%ULDQ�'��:DUQHU��

&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���

����6\FDPRUH�$YH��

(DWRQ��&2�������86$�

EULDQ#0LQRU3ODQHW2EVHUYHU�FRP�

5REHUW�'��6WHSKHQV�

&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���

5DQFKR�&XFDPRQJD��&$�

�5HFHLYHG�������-DQXDU\�����

/LJKWFXUYHV�RI����QHDU�(DUWK�DVWHURLGV��1($V��REWDLQHG�

DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���IURP������

2FWREHU� WKURXJK� 'HFHPEHU� ZHUH� DQDO\]HG� IRU� URWDWLRQ�

SHULRG��SHDN�WR�SHDN�DPSOLWXGH��DQG�VLJQV�RI�VDWHOOLWHV�RU�

WXPEOLQJ�� 7KH� PLQRU� SODQHWV� �������� ����� -6��� DQG��

�����;6�ZHUH�IRXQG�WR�EH�LQ�D�WXPEOLQJ�VWDWH��

&&'�SKRWRPHWULF�REVHUYDWLRQV�RI����QHDU�(DUWK�DVWHURLGV��1($V��

ZHUH�PDGH�DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���IURP������

2FWREHU�WKURXJK�'HFHPEHU��7DEOH�,� OLVWV�WKH� WHOHVFRSHV�DQG�&&'�

FDPHUDV�WKDW�ZHUH�DYDLODEOH�WR�PDNH�REVHUYDWLRQV��

8S�WR�QLQH�WHOHVFRSHV�FDQ�EH�XVHG�EXW�VHYHQ�LV�PRUH�FRPPRQ��$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� &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�

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�

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

RI� QHDU� VRODU�FRORU� IRU� GLIIHUHQWLDO� SKRWRPHWU\�� 7R� UHGXFH� WKH�

QXPEHU�RI�WLPHV�DQG�DPRXQWV�RI�DGMXVWLQJ�QLJKWO\�]HUR�SRLQWV��ZH�

XVH� WKH�$7/$6�FDWDORJ� U�� �65��PDJQLWXGHV� �7RQU\� HW� DO��� �������

7KRVH� DGMXVWPHQWV� DUH� XVXDOO\� _'_� d� ����� PDJ�� 7KH� ODUJHU�

FRUUHFWLRQV��ZKLFK�DUH�UDUH��PD\�KDYH�EHHQ�UHODWHG�LQ�SDUW�WR�XVLQJ�

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

QRW�FRUUHFWLQJ�IRU�VHFRQG�RUGHU�H[WLQFWLRQ��$QRWKHU�FDXVH�PD\�EH�

VHOHFWLQJ� ZKDW� DSSHDUV� WR� EH� D� VLQJOH� VWDU� EXW� LV� DFWXDOO\� DQ�

XQUHVROYHG�SDLU��

7KH�<�D[LV�YDOXHV�DUH�$7/$6�65�³VN\´��FDWDORJ��PDJQLWXGHV��7KH�

WZR�YDOXHV�LQ�WKH�SDUHQWKHVHV�DUH�WKH�SKDVH�DQJOH��D��DQG�WKH�YDOXH�

RI�*�XVHG�WR�QRUPDOL]H�WKH�GDWD�WR�WKH�FRPSDULVRQ�VWDUV�XVHG�LQ�WKH�

HDUOLHVW� VHVVLRQ�� 7KLV�� LQ� HIIHFW�� FRUUHFWHG� DOO� WKH� REVHUYDWLRQV� WR�

VHHP�WR�KDYH�EHHQ�PDGH�DW�D�VLQJOH�IL[HG�GDWH�WLPH�DQG�SKDVH�DQJOH��

OHDYLQJ� DQ\� YDULDWLRQV� GXH� RQO\� WR� WKH� DVWHURLG¶V� URWDWLRQ� DQG�RU�


