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3UDYHF�� 3���:ROI��0��� 6DURXQRYD�� /�� �������� ³/LJKWFXUYHV� RI� ���
1HDU�(DUWK�$VWHURLGV�´�,FDUXV���������������

3UDYHF��3���+DUULV��$�:���6FKHLULFK��3���.XãQLUiN��3���âDURXQRYi��/���
+HUJHQURWKHU��&�:���0RWWROD��6���+LFNV��0�'���0DVL��*���.UXJO\��
<X�1���6KHYFKHQNR��9�*���1RODQ��0�&���+RZHOO��(�6���.DDVDODLQHQ��
0���*DOiG��$���%URZQ��3���'HJUDII��'�5���/DPEHUW��-�9���&RRQH\��
:�5��� )RJOLD�� 6�� �������� ³7XPEOLQJ� DVWHURLGV�´� ,FDUXV������ ����
�����

3UDYHF�� 3��� 6FKHLULFK�� 3��� 'XUHFK�� -��� 3ROORFN�� -��� .XVQLUDN�� 3���
+RUQRFK��.���*DODG��$���9RNURXKOLFN\��'���+DUULV��$�:���-HKLQ��(���
0DQIURLG��-���2SLWRP��&���*LOORQ��0���&RODV��)���2H\��-���9UDVWLO��-���
5HLFKDUW��'��� ,YDUVHQ��.���+DLVOLS�� -���/D&OX\]H��$�� �������� ³7KH�
WXPEOLQJ�VWDWH�RI���������$SRSKLV�´�,FDUXV�������������

6NLII��%�$�������ZHE���3RVWLQJ�RQ�&$//�ZHE�VLWH�� �
KWWSV���PLQRUSODQHW�LQIR�FDOO�KWPO�

7RQU\�� -�/��� 'HQQHDX�� /��� )OHZHOOLQJ�� +��� +HLQ]H�� $�1��� 2QNHQ��
&�$���6PDUWW��6�-���6WDOGHU��%���:HLODQG��+�-���:ROI��&����������³7KH�
$7/$6�$OO�6N\�6WHOODU�5HIHUHQFH�&DWDORJ�´�$S��-�������$�����

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�
/LJKWFXUYH�'DWDEDVH�´� ,FDUXV������ ���������8SGDWHG� ����� -XQH��
KWWS���ZZZ�PLQRUSODQHW�LQIR�OLJKWFXUYHGDWDEDVH�KWPO�

:DUQHU��%�'����������³1HDU�(DUWK�$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�
&6��3DOPHU�'LYLGH�6WDWLRQ�������-XQH�6HSWHPEHU�´�0LQRU�3ODQHW�
%XOO�������������

:DUQHU��%�'�� �����D���³1HDU�(DUWK�$VWHURLG�/LJKWFXUYH�$QDO\VLV�
DW� &6��3DOPHU� 'LYLGH� 6WDWLRQ�� ����� -XQH�6HSWHPEHU�´� 0LQRU�
3ODQHW�%XOO�������������

:DUQHU��%�'�������E���³1HDU�(DUWK�$VWHURLG�/LJKWFXUYH�$QDO\VLV�
DW�&6��3DOPHU�'LYLGH�6WDWLRQ�������-DQXDU\�$SULO�´�0LQRU�3ODQHW�
%XOO���������������

:DUQHU��%�'����������³1HDU�(DUWK�$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�
&6��3DOPHU�'LYLGH�6WDWLRQ�������-XO\�6HSWHPEHU�´�0LQRU�3ODQHW�
%XOO�������������

:DUQHU��%�'���%HQLVKHN��9���+DUULV��$�:����������³�����$QWHURV��
$� 3RVVLEOH�1HDU�(DUWK�%LQDU\�$VWHURLG�´�0LQRU� 3ODQHW�%XOO������
���������

:DUQHU�� %�'��� 6WHSKHQV�� 5�'�� �������� ³1HDU�(DUWK� $VWHURLG�
/LJKWFXUYH�$QDO\VLV�DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV�������
6HSWHPEHU�'HFHPEHU�´�0LQRU�3ODQHW�%XOO���������������

=DSSDOD��9���&HOOLQL��$���%DUXFFL��$�0���)XOFKLJQRQL��0���/XSLVKNR��
'�(�� �������� ³$Q� DQOD\VLV� RI� WKH� DPSOLWXGH�SKDVH� UHODWLRQVKLS�
DPRQJ�DVWHURLGV�´�$VWURQ��$VWURSK\V����������������
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%ULDQ�'��:DUQHU�
&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV���0RUH'DWD��

����6\FDPRUH�$YH��
(DWRQ��&2�������86$�

EULDQ#0LQRU3ODQHW2EVHUYHU�FRP�

5REHUW�'��6WHSKHQV�
&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV���0RUH'DWD��

5DQFKR�&XFDPRQJD��&$�������

�5HFHLYHG�������2FWREHU�����

$QDO\VLV�RI�&&'�SKRWRPHWULF�REVHUYDWLRQV�PDGH�DW� WKH�
&HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV� IURP� ����� $XJXVW�
WKURXJK�6HSWHPEHU� VXJJHVWHG�RU�FRQILUPHG� WKDW� VHYHUDO�
DVWHURLGV� ZHUH� ELQDU\�� 7KH� FDQGLGDWHV� DUH� ����� $EOHV��
����� /HZRWVN\�� ����� 6HSNRVNL�� �������� ����� 46����
�������� ����� <-���� ��������� ����� 44���� ���������
�����/-���DQG���������������+%���

'DWD�IURP�&&'�SKRWRPHWULF�REVHUYDWLRQV�PDGH�DW� WKH�&HQWHU� IRU�
6RODU�6\VWHP�6WXGLHV�LQ������$XJXVW�WKURXJK�6HSWHPEHU�ZHUH�XVHG�
WR� ORRN� IRU� LQGLFDWLRQV� RI� DQ� DVWHURLG� EHLQJ� ELQDU\�� &RQILUPHG�
ELQDULHV�DUH�WKRVH�WKDW�VKRZ�PXWXDO�HYHQWV� �RFFXOWDWLRQV�HFOLSVHV��
ZKLOH�VXVSHFWHG�ELQDULHV�LQFOXGH�WKRVH�ZLWK�WZR�SHULRGV��QR�REYLRXV�
PXWXDO�HYHQWV��DQG�SHULRGV�FRQVLVWHQW�ZLWK�ELQDU\�DVWHURLGV��3UDYHF�
HW�DO���������)LJXUH������

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� DGMXVWHG� QLJKWO\� ]HUR� SRLQWV� DQG� WKHLU� DPRXQWV�� WKH�
DQDO\VLV� RI� WKH� ����� GDWD� XVHG� WKH� $7/$6� FDWDORJ� U�� �65��
PDJQLWXGHV� �7RQU\�HW�DO����������7KH�UDUH�]HUR�SRLQW�DGMXVWPHQWV��
t�������PDJ�PD\�EH�UHODWHG�LQ�SDUW�WR�XVLQJ�XQILOWHUHG�REVHUYDWLRQV��
SRRU�FHQWURLGLQJ�RI�WKH�UHIHUHQFH�VWDUV��QRW�FRUUHFWLQJ�IRU�VHFRQG�
RUGHU�H[WLQFWLRQ��RU�VHOHFWLQJ�D�VWDU�WKDW�LV�DQ�XQUHVROYHG�SDLU��

7KH�<�D[LV�YDOXHV�DUH�$7/$6�65�³VN\´��FDWDORJ��PDJQLWXGHV��7KH�
WZR�YDOXHV�LQ�WKH�SDUHQWKHVHV�DUH�WKH�SKDVH�DQJOH��D��DQG�WKH�YDOXH�
RI�*�XVHG�WR�QRUPDOL]H�WKH�GDWD�WR�WKH�FRPSDULVRQ�VWDUV�XVHG�LQ�WKH�
HDUOLHVW� VHVVLRQ�� 7KLV�� LQ� HIIHFW�� FRUUHFWHG� DOO� WKH� REVHUYDWLRQV� WR�
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VHHP�WR�KDYH�EHHQ�PDGH�DW�D�VLQJOH�IL[HG�GDWH�WLPH�DQG�SKDVH�DQJOH��
OHDYLQJ� DQ\� YDULDWLRQV� GXH� RQO\� WR� WKH� DVWHURLG¶V� URWDWLRQ� DQG�RU�
DOEHGR�FKDQJHV��7KH�;�D[LV�VKRZV�URWDWLRQDO�SKDVH�IURP�±�����WR�
������,I�WKH�SORW�LQFOXGHV�WKH�DPSOLWXGH��H�J���³$PS������´��WKLV�LV�
WKH�DPSOLWXGH�RI� WKH�)RXULHU�PRGHO�FXUYH�DQG�QRW�QHFHVVDULO\� WKH�
DGRSWHG�DPSOLWXGH�IRU�WKH�OLJKWFXUYH��

³/&'%´�VXEVWLWXWHV�IRU�³:DUQHU�HW�DO��������´�IURP�KHUH�RQ��

�����$EOHV��:DUQHU� �����E�� UHSRUWHG� WKLV� DV� D� VXVSHFWHG� ELQDU\�
ZLWK�D�VHFRQGDU\�SHULRG�RI������K�EXW�QR�PXWXDO�HYHQWV�WR�FRQILUP�
D� VDWHOOLWH�� 7KDW� VROXWLRQ� ZDV� UHMHFWHG� LQ� D� IROORZ�XS� DQDO\VLV�
�:DUQHU���������7KH�GDWD� IURP������ VKRZ�VRPH�VLJQV�RI�PXWXDO�
HYHQWV�DQG�SHULRG�RI�������K��EXW�WKH�HYHQWV�DUH�QHDU�WKH�QRLVH�OHYHO��
$VVXPLQJ� WKHUH� LV� D� VDWHOOLWH�� WKH� HVWLPDWHG� SULPDU\�WR�VDWHOOLWH�
GLDPHWHU�UDWLR�LV�'V�'S�t��������������

�

�

�

�����/HZRWVN\��%HLQJ�D�+XQJDULD�DVWHURLG��ZKLFK�ZHUH�WDUJHWV�RI�
LQWHUHVW�IRU�PDQ\�\HDUV�DW�&6���ZH¶YH�REVHUYHG�/HZRWVN\�VHYHUDO�
WLPHV� LQ� WKH�SDVW� �VHH�:DUQHU������D�� DQG� UHIHUHQFHV� WKHUHLQ��� DOO�
ZLWK�ILQDO�UHVXOWV�RI�3� ��������������K��L�H���ZLWKRXW�LQGLFDWLRQV�RI�
D�VDWHOOLWH��7KH������GDWD�ILQDOO\�VKRZHG�ZKDW�DSSHDU�WR�EH�PXWXDO�
HYHQWV� EXW�ZLWK� XQXVXDO� VKDSHV�� QRW� WKH� W\SLFDO� VPRRWK� XS�GRZQ�
FKDQJH�LQ�WKH�RYHUDOO�OLJKWFXUYH��

��

7KH�SHULRG�VSHFWUXP�IRU� WKH�VHFRQGDU\�SHULRG�VKRZV�WKH�DGRSWHG�
VROXWLRQ�WR�EH�DPRQJ�D�VPDOO�JURXS�RI�FDQGLGDWHV��DOO�EHLQJ�QHDUO\�
FRPPHQVXUDWH�ZLWK� DQ�(DUWK� GD\�� 7U\LQJ� WR� ILW� WKH� GDWD� WR� WKRVH�
RWKHU�VROXWLRQV�SURGXFHG�XQOLNHO\�OLJKWFXUYHV��

*LYHQ�WKH�RGG�VKDSH�RI�WKH�SUHVXPHG�HYHQWV��LW�LV�GLIILFXOW�WR�JLYH�
PRUH�WKDQ�D�URXJK�HVWLPDWH�RI�WKH�GLDPHWHU�UDWLR�'V�'S��$VVXPLQJ�
WKH�VKDOORZHU�HYHQW�LV������PDJ�GHHS��WKLV�JLYHV�'V�'S��������������

�

�
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�����6HSNRVNL��7KLV�DVWHURLG�ZDV�VXVSHFWHG�RI�EHLQJ�ELQDU\�XVLQJ�
REVHUYDWLRQV� IURP� ����� �:DUQHU�� ����D�� EXW� D� VHFRQGDU\� SHULRG�
FRXOG�QRW�EH�HVWDEOLVKHG��7KH������GDWD��KDPSHUHG�E\�D�KLJK�QRLVH�
OHYHO��SURYLGHG�D�VOLJKWO\�EHWWHU�SLFWXUH��

7KH�HDUOLHU�UHVXOWV�KDG�D�SULPDU\�SHULRG�RI�DERXW�����K��)RUFLQJ�WR�
QHDU�WKDW�VROXWLRQ�SURGXFHG�D�PRQRPRGDO�OLJKWFXUYH��ZKLFK�LV�QRW�
XQH[SHFWHG��VHH�+DUULV�HW�DO����������7KH�ELPRGDO�OLJKWFXUYH�DW�WKH�
GRXEOHG�SHULRG�RI�������K�LV�YHU\�V\PPHWULFDO�EXW��EHFDXVH�RI�WKH�
QRLVH��FDQQRW�EH�IRUPDOO\�H[FOXGHG��,W�LV�ZRUWK�QRWLQJ�WKDW�WKH������
UHVXOW� RI� ������� K� LV� ����� K� ORQJHU� WKDQ� SUHYLRXV� UHVXOWV�� WKH�
GLIIHUHQFH� EHLQJ�ZHOO� EH\RQG� WKH� UHSRUWHG� HUURUV�� ,W�PD\�EH� WKDW�
LQFOXGLQJ� D� EHWWHU� VHFRQGDU\� SHULRG� DOWHUHG� WKH� SULPDU\� VROXWLRQ��
7KH�HVWLPDWHG�VDWHOOLWH�WR�SULPDU\�GLDPHWHU�UDWLR�LV��������������

�

�

�

�

�������������46����:DUQHU��������IRXQG�D�SHULRG�RI�������K�IRU�
WKLV� QHDU�(DUWK� DVWHURLG�� 6NLII� ������� UHSRUWHG� ���� K� DQG�� PRUH�
QRWDEOH��DQ�DPSOLWXGH�RI�����������PDJ��2XU�GDWD�IURP������VKRZHG�
D�OLJKWFXUYH�DPSOLWXGH�WKDW�PDWFKHG�WKH�UHVXOWV�IRXQG�E\�:DUQHU��

�

1HLWKHU� REVHUYHU� UHSRUWHG� VLJQV� RI� D� VDWHOOLWH� LQ� WKRVH� RULJLQDO�
UHVXOWV��2XU������GDWD�LQGLFDWHG�D�VHFRQGDU\�SHULRG��1R6XE�SORW��
DQG�VR�ZH�UDQ�D�GXDO�SHULRG�VHDUFK�LQ�032�&DQRSXV��7KH�HQG�UHVXOW�
ZDV�D�VHFRQGDU\�SHULRG�RI�������K�� ,I� WKH� WUXH�RUELWDO�SHULRG�RI�D�
VDWHOOLWH��LW�ZRXOG�EH�DPRQJ�WKH�VKRUWHU�SHULRGV�IRXQG�LQ�WKH�/&'%�
IRU�D�W\SLFDO�VPDOO�ELQDU\�DVWHURLG��)RUFLQJ�WKH�GDWD�WR�D�PRUH�W\SLFDO�
VROXWLRQ�RI�WKH�GRXEOH�SHULRG��������K��SURGXFHG�ZKDW�DSSHDUHG�WR�
EH�IRXU�HYHQO\�VSDFHG�PXWXDO�HYHQWV��7KLV�ZDV�UHMHFWHG��

�
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�

�������������<-����:DUQHU�HW�DO���������UHSRUWHG�WKLV�WR�EH�D�ELQDU\�
DVWHURLG� ZLWK� D� SULPDU\� SHULRG� RI� ����� K� DQG� RUELWDO� SHULRG� RI��
������K��7KH�VHFRQGDU\�OLJKWFXUYH�KDG�DQ�RYHUDOO�DPSOLWXGH�RI������
PDJ��2XU�PRVW�UHFHQW�GDWD�JDYH�PXFK�GLIIHUHQW�UHVXOWV��

)LUVW� ZDV� WKDW� D� SHULRG� RI� ����� K� ZDV� QRW� SRVVLEOH�� 7KH� SHULRG�
VSHFWUXP�VKRZV�RQO\�WKH�VOLJKWHVW�KLQW�RI�D�SHULRG�QHDU�WKDW�YDOXH�
DQG�LV�GRPLQDWHG�E\�RQH�RI�DERXW������K���

�
/RRNLQJ� DW� WKH� VLQJOH� SHULRG� VROXWLRQ� OLJKWFXUYH� �1R6XE��� WKHUH�
VHHPV�OLWWOH�HYLGHQFH�RI�D�VHFRQGDU\�SHULRG��6LQFH�WKLV�ZDV�UHSRUWHG�
WR�EH�D�ELQDU\��ZH�UDQ�WKH�GXDO�SHULRG�VHDUFK�RI�032�&DQRSXV�WR�
FRQILUP�ZKHWKHU�RU�QRW�WKHUH�PLJKW�EH�D�VHFRQG�SHULRG�SUHVHQW��7KH�
UHVXOW� LV� D� KLJKO\�DPELJXRXV� VHW� RI� VROXWLRQV�� DOO� QHDUO\�
FRPPHQVXUDWH� ZLWK� DQ� (DUWK� GD\�� 7KH� RQH� FORVHVW� WR� WKDW� IURP�
:DUQHU�HW�DO���������ZDV�WKH�RQO\�ELPRGDO�VROXWLRQ��

�

�

�

�

�����5HYLVLWHG�

*LYHQ�WKH�QHZ�UHVXOWV��ZH�UHWXUQHG�WR�WKH�GDWD�IURP�������3DUW�RI�
WKH�UHYLVHG�DQDO\VLV�ZDV�WR�FKDQJH�WKH�FRPSDULVRQ�VWDU�PDJQLWXGHV�
WR�WKH�65��6ORDQ�U���IURP�WKH�$7/$6�FDWDORJ��7RQU\�HW�DO���������
7KLV� UHPRYHG� DOPRVW� DOO� ]HUR�SRLQW� DGMXVWPHQWV� WKDW� PLJKW� KDYH�
DOWHUHG�WKH�VROXWLRQ��

�
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7KH�SHULRG�VSHFWUXP�VWLOO�VKRZV�D�VROXWLRQ�QHDU������K�EHLQJ�YLDEOH�
EXW� RQH� DW� ������ K� D� OLWWOH�PRUH� OLNHO\� �WKH� WZR� SHULRGV� KDYH� DQ�
DOPRVW�LQWHJUDO�UDWLR�RI�������7KH�WULPRGDO�OLJKWFXUYH�IRU�WKH�ORQJHU�
SHULRG� LV� QRW� XQH[SHFWHG� �+DUULV� HW� DO��� ������ JLYHQ� WKH� ORZ�
DPSOLWXGH��2Q�WKH�RWKHU�KDQG��WKH�ODUJH�SKDVH�DQJOH�PD\�KDYH�KDG�
DQ�HIIHFW�RQ�WKH�OLJKWFXUYH�VKDSH��

�

�

�

6XEWUDFWLQJ�WKH�UHYLVHG�SULPDU\�SHULRG�IURP�WKH�GDWD�IRXQG�D�ODUJH�
DPSOLWXGH�������PDJ��VHFRQGDU\�SHULRG�RI�������K��ZKLFK�LV�FORVH�
WR�WKH�RQH�GHULYHG�IURP�WKH������GDWD��*LYHQ�WKH�ODUJH�DPSOLWXGH�RI�
WKH������VROXWLRQ��ZH�FRQVLGHU�LW�WR�EH�WKH�PRUH�OLNHO\��

7KHUH�UHPDLQV�QR�VPDOO�DPRXQW�RI�XQFHUWDLQW\��7KH�3��DQG�3��SORWV�
IURP������DUH�QRW�WKH�UHVXOW�RI�VXEWUDFWLQJ�D�VLQJOH�SHULRG�IURP�WKH�
GDWD��,QVWHDG��D�WKLUG�SHULRG�RI�DERXW�����K�ZLWK�DQ�DPSOLWXGH�RI������
PDJ�ZDV�IRXQG�DQG�IDFWRUHG�LQWR�WKH�DQDO\VLV��

�

7KLV�SHULRG�LV�FORVH�WR�EHLQJ�KDUPRQLFDOO\�UHODWHG�WR�WKH�RWKHUV�DQG�
VR�PD\� EH� DQ� DUWLIDFW� RI� WKH� )RXULHU� DQDO\VLV��:H� FDQQRW� JLYH� D�
SODXVLEOH�SK\VLFDO�FDXVH�IRU�WKH�WKLUG�SHULRG��

��������� ����� 44���� 7KH� UHVXOWV� IURP� WKH� GDWD� IURP� �����
WKRURXJKO\� FRQWUDGLFW� RXU� HDUOLHU� ILQGLQJV� �:DUQHU�� ����F��� 7KH�
PRVW�UHFHQW�GDWD�VHW�SURGXFHV�D�OLJKWFXUYH�WKDW�KDV�DOO�WKH�VLJQV�RI�D�
KLJKO\�ELIXUFDWHG� ERG\� RU�� SRVVLEO\�� D�ELQDU\�ZLWK� WZR� VLPLODUO\�
VL]HG�ERGLHV�LQ�D�WLJKW�PXWXDO�RUELW��7KHUH�LV�QR�VHFRQGDU\�SHULRG�LQ�
WKLV�FLUFXPVWDQFH��

�

:LWK�VXFK�D�GHILQLWLYH�UHVXOW��ZH�UHWXUQHG�WR�WKH�GDWD�VHW�REWDLQHG�LQ�
������ZKLFK�ZDV�FRQVLGHUDEO\�OHVV�GHQVH�DQG�GLGQ¶W�FRYHU�DV�ORQJ�D�
SHULRG��7KH�EHVW�VROXWLRQ�WKDW�FRXOG�EH�REWDLQHG�ZDV�D�VKRUW�SHULRG�
VXSHULPSRVHG�RYHU�D�ORQJHU�RQ��7KLV�LV�UHPLQLVFHQW�RI�WKH�YHU\�ZLGH�
ELQDU\�FODVV��VHH�:DUQHU��������EXW�WKH������GDWD�VHW�GLVSHOV�WKDW�
SRVVLELOLW\��

7KH�UDZ�GDWD�IURP������FOHDUO\��RU�VHHPLQJO\�VR��VKRZHG�D�ORQJ�
SHULRG��:H�FRXOG�GR�RQO\�D�VHFRQG�RUGHU�)RXULHU�DQDO\VLV�EHFDXVH�
RI�WKH�VSDUVH�GDWD�VHW�DQG�WR�DYRLG�)RXULHU�FXUYHV�ZLWK�DPSOLWXGHV�
RI�KXQGUHGV� WR� WKRXVDQGV�RI�PDJQLWXGHV��2QFH�VHWWOLQJ�RQ�D� ORQJ�
SHULRG�RI�������K��D�VHDUFK�IRU�WKH�VKRUW�SULPDU\�SHULRG�SURGXFHG�
DPELJXRXV� UHVXOWV��7KH�SUHIHUHQFH� LV� IRU�3�� �������K� VLQFH� LW� LV�
PRUH�V\PPHWULFDOO\�VKDSHG�DQG�LV�OHVV�RI�D�ILW�E\�H[FOXVLRQ��
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�

�

�

��������� ����� /-��� 3UHYLRXV� ZRUN� RQ� WKLV� 1($� �3UDYHF� HW� DO���
����ZHE��*DODG�HW�DO���������DQG�:DUQHU��������SURGXFHG�SHULRGV�
EHWZHHQ�������DQG��������K��7KRVH�SUHYLRXV�UHVXOWV�GLG�QRW�LQFOXGH�
VLJQV� RI� WKH� DVWHURLG� EHLQJ� D�ELQDU\��2XU������GDWD� VHW� VHHPV� WR�
LQGLFDWH�RWKHUZLVH��

7KH� 1R6XE� SORW� FOHDUO\� VKRZV� GHYLDWLRQV� IURP� D� VLQJOH� SHULRG�
VROXWLRQ�WKDW�DUH�FRQVLVWHQW�ZLWK�D�VDWHOOLWH�EHLQJ�SUHVHQW��7KH�ILQDO�
GXDO�SHULRG� VHDUFK� XVLQJ�032� &DQRSXV� IRXQG� D� FOHDQ� SULPDU\�
OLJKWFXUYH�ZLWK�D�SHULRG�3�� ���������K��7KH�VHFRQGDU\�OLJKWFXUYH�
�3�� �������K��LV�QRW�LGHDO��EXW�VWLOO�OHDGV�WR�'V�'S�t��������������

�

�

�

��������������+%���2XU�UHVXOW�IURP�REVHUYDWLRQV�LQ�������:DUQHU��
������ZDV�3� �������K��7KLV�QRZ�VHHPV�KLJKO\�XQOLNHO\�HYHQ�WKRXJK�
0RQWHLUR�HW�DO�������E��IRXQG�D�VLPLODU�SHULRG��

7KH�PRVW�UHFHQW�GDWD�VHW��FRYHULQJ�QHDUO\����GD\V�LQ������$XJXVW��
VKRZHG�WKH�XVXDO�VLJQV�RI�D�VHFRQGDU\�SHULRG��'XDO�SHULRG�DQDO\VLV�
LQ�032�&DQRSXV�IRXQG�3�� ��������K�DQG�325%� ��������K��$PRQJ�
DOO�WKH�WDUJHWV�LQ�WKLV�ZRUN��WKLV�LV�WKH�PRVW�VHFXUH�VROXWLRQ��
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7KH�PXWXDO�HYHQWV�DUH�DERXW�WKH�VDPH�GHSWK�������PDJ��ZLWK�WKH�RQH�
QHDU� RUELWDO� SKDVH� ���� FRPLQJ� FORVH� WR� EHLQJ� IODW�� ZKLFK� ZRXOG�
LPSO\� D� WRWDO� HFOLSVH�RFFXOWDWLRQ��7KH� HVWLPDWHG� GLDPHWHU� UDWLR� LV��
'V�'S� t� ����� �� ������ 7KH� VHFRQGDU\� OLJKWFXUYH� VKRZV� D� VOLJKW�
ERZLQJ�� 7KLV� LQGLFDWHV� D� PRGHVWO\� HORQJDWHG� VDWHOOLWH� ZLWK� LWV�
URWDWLRQ�SHULRG�WLGDOO\�ORFNHG�WR�LWV�RUELWDO�SHULRG���

�

�

�

$FNQRZOHGJHPHQWV�

)XQGLQJ�ZRUN�RQ� WKH�DVWHURLG� OLJKWFXUYH�GDWDEDVH� �:DUQHU�HW�DO���
������DQG�$/&'()�GDWDEDVH��DOFGHI�RUJ��ZHUH�VXSSRUWHG� LQ�SDUW�
E\� 1$6$� JUDQW� ��166&��.������ 7KH� DXWKRUV� JUDWHIXOO\�
DFNQRZOHGJH�6KRHPDNHU�1(2�*UDQWV� IURP�WKH�3ODQHWDU\�6RFLHW\�
��������������7KHVH�ZHUH�XVHG�WR�SXUFKDVH�VRPH�RI�WKH�WHOHVFRSHV�
DQG�&&'�FDPHUDV�XVHG�LQ�WKLV�UHVHDUFK���7KLV�ZRUN�LQFOXGHV�GDWD�
IURP�WKH�$VWHURLG�7HUUHVWULDO�LPSDFW�/DVW�$OHUW�6\VWHP��$7/$6��
SURMHFW�� $7/$6� LV� SULPDULO\� IXQGHG� WR� VHDUFK� IRU� QHDU� HDUWK�
DVWHURLGV� WKURXJK�1$6$�JUDQWV�11��$5��*����166&��.������
DQG� ��166&��.������ E\SURGXFWV� RI� WKH� 1(2� VHDUFK� LQFOXGH�
LPDJHV� DQG� FDWDORJV� IURP� WKH� VXUYH\� DUHD�� 7KH� $7/$6� VFLHQFH�
SURGXFWV�KDYH�EHHQ�PDGH�SRVVLEOH�WKURXJK�WKH�FRQWULEXWLRQV�RI�WKH�
8QLYHUVLW\� RI� +DZDLL� ,QVWLWXWH� IRU� $VWURQRP\�� WKH� 4XHHQ
V�
8QLYHUVLW\�%HOIDVW��WKH�6SDFH�7HOHVFRSH�6FLHQFH�,QVWLWXWH��DQG�WKH�
6RXWK�$IULFDQ�$VWURQRPLFDO�2EVHUYDWRU\��7KLV�SDSHU�PDGH�XVH�RI�
WKH� VHUYLFHV� SURYLGHG� E\� WKH� 6$2�1$6$� $VWURSK\VLFV� 'DWD�
6\VWHP�� ZKLFK� LV� RSHUDWHG� E\� WKH� 6PLWKVRQLDQ� $VWURSK\VLFDO�
2EVHUYDWRU\� XQGHU� 1$6$� &RRSHUDWLYH� $JUHHPHQW�
��166&���0������

5HIHUHQFHV�

5HIHUHQFHV�IURP�ZHE�VLWHV�VKRXOG�EH�FRQVLGHUHG�WUDQVLWRU\��XQOHVV�
IURP�DQ�DJHQF\�ZLWK�D�ORQJ�OLIHWLPH�H[SHFWDQF\��6LWHV�UXQ�E\�SULYDWH�
LQGLYLGXDOV��HYHQ�LI�RQ�DQ�LQVWLWXWLRQDO�ZHE�VLWH��GR�QRW�QHFHVVDULO\�
IDOO�LQWR�WKLV�FDWHJRU\��

*DOiG��$���3UDYHF��3���.XãQLUiN��3���*DMGRã��â���.RUQRã��/���9LOiJL��
-�� �������� ³-RLQW� /LJKWFXUYH� 2EVHUYDWLRQV� RI� ��� 1HDU�(DUWK�
$VWHURLGV� IURP� 0RGUD� DQG� 21'�(-29�´� (DUWK�� 0RRQ�� DQG�
3ODQHWV��������������

+DUULV�� $�:��� <RXQJ�� -�:��� 6FDOWULWL�� )��� =DSSDOD�� 9�� ��������
³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�
����*\SWLV�´�,FDUXV��������������

+DUULV�� $�:��� 3UDYHF�� 3��� *DODG�� $��� 6NLII�� %�$���:DUQHU�� %�'���
9LODJL��-���*DMGRV��6���&DUERJQDQL��$���+RUQRFK��.���.XVQLUDN��3���
&RRQH\�� :�5��� *URVV�� -��� 7HUUHOO�� '��� +LJJLQV�� '��� %RZHOO�� (���
.RHKQ��%�:����������³2Q�WKH�PD[LPXP�DPSOLWXGH�RI�KDUPRQLFV�RQ�
DQ�DVWHURLG�OLJKWFXUYH�´�,FDUXV�������������

0RQWHLUR��)���6LOYD��-�6���/D]]DUR��'���$UFRYHUGH��3���0HGHLURV��+���
5RGULJXHV�� 7��� 6RX]D�� 5�� �������� ³5RWDWLRQDO� SURSHUWLHV� RI� QHDU�
HDUWK� REMHFWV� REWDLQHG� E\� WKH� ,03$&721�SURMHFW�´�3ODQ�� 6SDFH�
6FL��������������

3UDYHF��3���:ROI��0���6DURXQRYD��/�������ZHE��� �
KWWS���ZZZ�DVX�FDV�F]�aSSUDYHF�QHR�KWP�

3UDYHF��3���)DWND��3���9RNURXKOLFN\��'���6FKHHUHV��'�-���.XVQLUDN��
3���+RUQRFK��.���*DODG��$���9UDVWLO��-���3UD\��'�3���.UXJO\��<X�1���
*DIWRQ\XN�� 1�0��� ,QDVDULG]H�� 5�<D��� $\YD]LDQ�� 9�5���
.YDUDWVNKHOLD�� 2�,��� =KX]KXQDG]H�� 9�7��� +XVDULN�� 0��� &RRQH\��
:�5��� *URVV�� -��� 7HUUHOO�� '��� 9LOiJL�� -��� .RUQRV�� /��� *DMGRV�� 6���
%XUNKRQRY��2���(KJDPEHUGLHY��6K�$���'RQFKHY��=���%RULVRY��*���
%RQHY�� 7��� 5XP\DQWVHY�� 9�9��� 0RORWRY�� ,�(�� �������� ³$VWHURLG�
FOXVWHUV�VLPLODU�WR�DVWHURLG�SDLUV�´�,FDUXV���������������
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6NLII�� %�$��� 0F/HOODQG�� .�3��� 6DQERUQ�� -�-��� 3UDYHF�� 3��� .RHKQ��
%�:�� �������� ³/RZHOO� 2EVHUYDWRU\� 1HDU�(DUWK� $VWHURLG�
3KRWRPHWULF� 6XUYH\� �1($36��� 3DSHU� ��´�0LQRU� 3ODQHW� %XOO�� ����
���������

7RQU\�� -�/��� 'HQQHDX�� /��� )OHZHOOLQJ�� +��� +HLQ]H�� $�1��� 2QNHQ��
&�$���6PDUWW��6�-���6WDOGHU��%���:HLODQG��+�-���:ROI��&����������³7KH�
$7/$6�$OO�6N\�6WHOODU�5HIHUHQFH�&DWDORJ�´�$S��-�������$�����

:DUQHU��%�'����������³$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�WKH�3DOPHU�
'LYLGH�2EVHUYDWRU\�������0D\���6HSWHPEHU�´�0LQRU�3ODQHW�%XOO��
����������

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�
/LJKWFXUYH�'DWDEDVH�´� ,FDUXV������ ���������8SGDWHG� �����0D\��
KWWS���ZZZ�PLQRUSODQHW�LQIR�OLJKWFXUYHGDWDEDVH�KWPO�

:DUQHU��%�'����������³$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�WKH�3DOPHU�
'LYLGH�2EVHUYDWRU\�������0DUFK���-XQH�´�0LQRU�3ODQHW�%XOO������
���������

:DUQHU�� %�'�� �����D��� ³$VWHURLG� /LJKWFXUYH� $QDO\VLV� DW� &6��
3DOPHU�'LYLGH�6WDWLRQ�������6HSWHPEHU�'HFHPEHU�´�0LQRU�3ODQHW�
%XOO���������������

:DUQHU�� %�'�� �����E��� ³$VWHURLG� /LJKWFXUYH� $QDO\VLV� DW� &6��
3DOPHU�'LYLGH�6WDWLRQ�������-DQXDU\�0DUFK�´�0LQRU�3ODQHW�%XOO��
�������������

:DUQHU��%�'�� �����F���³1HDU�(DUWK�$VWHURLG�/LJKWFXUYH�$QDO\VLV�
DW� &6��3DOPHU�'LYLGH� 6WDWLRQ�� �����0DUFK�-XQH�´�0LQRU�3ODQHW�
%XOO���������������

:DUQHU��%�'����������³1HDU�(DUWK�$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�
&6��3DOPHU� 'LYLGH� 6WDWLRQ�� ����� -XQH�2FWREHU�´�0LQRU� 3ODQHW�
%XOO�������������

:DUQHU�� %�'��� 6WHSKHQV�� 5�'��� +DUULV�� $�:�� �������� ³$� 7ULR� RI�
%LQDU\�$VWHURLGV�´�0LQRU�3ODQHW�%XOO�������������

:DUQHU��%�'����������³7KUHH�$GGLWLRQDO�&DQGLGDWHV�IRU�WKH�*URXS�
RI�9HU\�:LGH�%LQDULHV�´�0LQRU�3ODQHW�%XO���������������

:DUQHU��%�'����������³$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�&6��3DOPHU�
'LYLGH� 6WDWLRQ�� ����� -XO\�6HSWHPEHU�´� 0LQRU� 3ODQHW� %XOO�� �����
�������

�

1XPEHU� 1DPH� ���\\�PP�GG� 3KDVH� /3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(�� *US�'U�
� ����� $EOHV� ������������ ���������� ��� ��� ������� ������� ����� ����� +���

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

� ����� /HZRWVN\� ������������ ���������� �� ��� ������� ������� ����� ����� +���

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

� ����� 6HSNRVNL� ������������ ���������� �� ��� 3������� ������� ����� ����� +���
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7DEOH�,,��2EVHUYLQJ�FLUFXPVWDQFHV��33UHIHUUHG�SHULRG�RI�DPELJXRXV�VROXWLRQ�IRU� WKH�SULPDU\��7KH�ILUVW� OLQH�JLYHV�WKH�SULPDU\�SHULRG�IRU� WKH�

V\VWHP��7KH�VHFRQG� OLQH�JLYHV� WKH�VHFRQGDU\�SHULRG��7KH�SKDVH�DQJOH� �D�� LV�JLYHQ�DW� WKH�VWDUW�DQG�HQG�RI�HDFK�GDWH� UDQJH��$Q�DVWHULVN�
LQGLFDWHV�WKDW�WKH�SKDVH�DQJOH�UHDFKHG�D�PD[LPXP�RU�PLQLPXP�GXULQJ�WKH�SHULRG��/3$%�DQG�%3$%�DUH��UHVSHFWLYHO\�WKH�DYHUDJH�SKDVH�DQJOH�
ELVHFWRU�ORQJLWXGH�DQG�ODWLWXGH��VHH�+DUULV�HW�DO���������)RU�WKH�*US�'U�FROXPQ��WKH�ILUVW�OLQH�JLYHV�WKH�JURXS�IDPLO\�EDVHG�RQ�:DUQHU�HW�DO��
��������)/25�)ORUD��+,/�+LOGD��0%�,� ,QQHU�PDLQ�EHOW��1($��1HDU�(DUWK�DVWHURLG��7KH�'U�FROXPQ�RQ�WKH�VHFRQG�OLQH� LQGLFDWHV�D�FRQILUPHG�
ELQDU\�DQG�LV�WKH�HVWLPDWHG�GLDPHWHU�UDWLR�RI�WKH�VHFRQGDU\�WR�SULPDU\��'V�'S���


