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�5HFHLYHG�������2FWREHU����

$QDO\VLV� RI�&&'�SKRWRPHWULF� REVHUYDWLRQV� REWDLQHG� LQ�

�����-XQH�WR�$XJXVW�RI�WKH�LQQHU�PDLQ�EHOW�DVWHURLG������

7R\RWD�DQG�QHDU�(DUWK�DVWHURLG��������������:4��DW�WKH�

&HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV� LQGLFDWH� WKDW� ERWK�

DVWHURLGV� DUH� OLNHO\� ELQDU\�� )RU� ������ ZH� IRXQG��

3�� ��������K�DQG�325%� ��������K�EXW��IRU�WKH�ODWWHU��

VROXWLRQV�RI��������K�DQG���������K�FDQQRW�EH�IRUPDOO\�

H[FOXGHG�� �������� ����� :4�� KDV� 3��  � ������� K� DQG�

325%� �������K��7KH�HVWLPDWHG�GLDPHWHU�UDWLR�RI�WKH�WZR�

ERGLHV�LV�!������

&&'� SKRWRPHWULF� REVHUYDWLRQV� RI� LQQHU� PDLQ�EHOW� DVWHURLG� �����

7R\RWD�DQG�QHDU�(DUWK�DVWHURLG��������������:4��ZHUH�PDGH�DW�

WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV�LQ������-XQH�WR�$XJXVW��'DWD�

DQDO\VLV�PDNHV� LW�YHU\�OLNHO\� WKDW�ERWK�REMHFWV�DUH�ELQDU\��7KLV� LV�

EDVHG�RQ�WKHUH�EHLQJ�D�VXIILFLHQWO\�GLVWLQFW�VHFRQGDU\�SHULRG�ZLWK�

LWV� OLJKWFXUYH� VKRZLQJ� ZKDW� DSSHDU� WR� EH� PXWXDO� HYHQWV�

�RFFXOWDWLRQV�HFOLSVHV�� RU� D� VOLJKWO\� HOOLSWLFDO� ERG\� ZKHUH� WKH�

URWDWLRQDO�DQG�RUELWDO�SHULRGV�DUH�WKH�VDPH��

7KH�REVHUYDWLRQV�ZHUH�PDGH�ZLWK�D������P�6FKPLGW�&DVVHJUDLQ�DQG�

HLWKHU�DQ�)/,�3UROLQH�RU�0LFUROLQH�&&'�FDPHUD�DV�ZHOO�DV�D������P�

6FKPLGW�&DVVHJUDLQ�ZLWK�)/,�3UROLQH�&&'�FDPHUD��$OO�FDPHUDV�XVH�

D�.$)�����(� FKLS��ZKLFK�KDV� D�SL[HO� DUUD\�RI�����î����î��P��

7KH� ILHOG�RI�YLHZ� DQG� LPDJH� VFDOH�ZHUH� DERXW���î���DUFPLQXWHV�

DQG�����DUFVHF�SL[HO�� UHVSHFWLYHO\�� IRU� WKH������P� WHOHVFRSHV��7KH�

����P�YDOXHV�ZHUH���î���DUFPLQXWHV�DQG�����DUFVHF�SL[HO��

$OO� OLJKWFXUYH� REVHUYDWLRQV�ZHUH� XQILOWHUHG� RU�ZLWK� D� FOHDU� ILOWHU��

HYHQ� WKRXJK� WKH� FOHDU� ILOWHU� FDQ� FDXVH� D� �������� PDJ� ORVV�� 7KH�

H[SRVXUHV� YDULHG� GHSHQGLQJ�RQ� WKH� DVWHURLG¶V� EULJKWQHVV� DQG� VN\�

PRWLRQ�� :KHWKHU� JXLGLQJ� RQ� D� ILHOG� VWDU� RU� QRW�� VRPHWLPHV� WKH�

DVWHURLG�ZDV�WUDLOHG�RQ�WKH�LPDJH��

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� RI��

t�������PDJ�PD\�EH�UHODWHG�WR�XVLQJ�XQILOWHUHG�FOHDU�REVHUYDWLRQV��

SRRU�FHQWURLGLQJ�RI�WKH�UHIHUHQFH�VWDUV��QRW�FRUUHFWLQJ�IRU�VHFRQG�

RUGHU�H[WLQFWLRQ��RU�VHOHFWLQJ�D�FRPS�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�

DSSHDU� WKDW�WKH\�ZHUH�PDGH�DW�D�VLQJOH�IL[HG�GDWH�WLPH�DQG�SKDVH�

DQJOH��SUHVXPDEO\�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��

5HIHUHQFHV� WR� SUHYLRXV� ZRUNV� ZHUH� WDNHQ� IURP� WKH� DVWHURLG�

OLJKWFXUYH�GDWDEDVH��:DUQHU�HW�DO����������NQRZQ�DV�³/&'%´�IURP�

KHUH�RQ��6LQFH�PRVW�OLVWHG�URWDWLRQ�SHULRGV�IRU�WKH�SULPDU\�ZHUH�YHU\�

VLPLODU��RQO\�D�IHZ�RI�WKH�/&'%�UHIHUHQFHV�KDYH�EHHQ�XVHG��

�����7R\RWD��7KHUH�DUH�VHYHUDO�SUHYLRXVO\�UHSRUWHG�SHULRGV�IRU�WKLV�

DVWHURLG��DOO�ZLWK�D�VLQJOH�SHULRG�FORVH�RI������K��L�H���QR�LQGLFDWLRQV�

RI� D� VDWHOOLWH�� %HKUHQG� �����ZHE��� 3UDYHF� HW� DO�� �����ZHE��

����ZHE���+LJJLQV������ZHE���DQG�%HQLVKHN����������

$IWHU� VHYHUDO� VHVVLRQV�� LW� ZDV� DSSDUHQW� WKDW� D� VHFRQG� SHULRG�ZDV�

LQYROYHG��8VLQJ�WKH�GXDO�SHULRG�VHDUFK�LQ�032�&DQRSXV��ZH�IRXQG�

D� SULPDU\� SHULRG� RI�3��  � ������� K� DQG� WKUHH� SRVVLEOH� VHFRQGDU\�

SHULRGV��HDFK�FRPPHQVXUDWH�ZLWK�DQ�(DUWK�'D\�����KRXUV���
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)LQGLQJ� D� XQLTXH� SHULRG� IRU� DQ� (DUWK�GD\� FRPPHQVXUDWH� SHULRG�

IURP�D� VLQJOH� VWDWLRQ� LV�GLIILFXOW� DW� EHVW��$IWHU�QHDUO\� D�PRQWK� RI�

REVHUYDWLRQV�� ZH� DGRSWHG�325%� � ������� K�� SULPDULO\� EHFDXVH� LW�

SURGXFHV� D� QHDUO\� VLQXVRLGDO� ELPRGDO� OLJKWFXUYH�� ZKLFK� FDQ� EH�

H[SHFWHG�LI�WKH�VDWHOOLWH�LV�D�VOLJKWO\�HORQJDWHG�ERG\�ZLWK�LWV�URWDWLRQ�

DQG�RUELWDO�SHULRGV�EHLQJ�WKH�VDPH��7KHUH�DUH�QR�REYLRXV�VLJQV�RI�

PXWXDO�HYHQWV��L�H���RFFXOWDWLRQV�DQG�RU�HFOLSVHV��VR�ZH�FDQQRW�JLYH�

DQ� HVWLPDWH� RI� WKH� UHODWLYH� GLDPHWHUV� EHWZHHQ� WKH� SULPDU\� DQG�

VHFRQGDU\�ERGLHV��

�������������:4���2H\��������UHSRUWHG�D�SHULRG�RI��������K�IRU�

WKLV� 1($�ZKLOH� +LJJLQV� �����ZHE�� IRXQG� ����� K�� 2XU� SUHYLRXV�

ZRUN��:DUQHU��������JDYH�D�SHULRG�RI�������K��$QDO\VLV�RI�RXU������

GDWD�UHMHFWHG�DOO�WKUHH�UHVXOWV��

7KH�³1R6XE´�SORW� VKRZV� WKH�GDWD�SKDVHG� WR� D� VLQJOH�SHULRG��7KH�

QXPHURXV�SRLQWV�EHORZ�WKH�³PDLQ´�FXUYH�DUH�RIWHQ�D�JRRG�VLJQ�RI�D�

VHFRQGDU\�SHULRG��PRVW�OLNHO\�D�VDWHOOLWH��

2QFH�DJDLQ��D�PRQWK¶V�ZRUWK�RI�REVHUYDWLRQV�ZDV�QHHGHG�WR�UHVROYH�

WKH� V\VWHP�FKDUDFWHULVWLFV� WR�RXU� VDWLVIDFWLRQ��7KH�SULPDU\�SHULRG�

VHHPHG� WR� UHVROYH� LWVHOI� DIWHU� D� VKRUW� WLPH�� +RZHYHU�� EHLQJ�

PRQRPRGDO�DW��������K��DIWHU�VXEWUDFWLQJ�WKH�SURSRVHG�VHFRQGDU\�

SHULRG���WKHUH�ZDV�D�SRVVLELOLW\�WKH�WUXH�YDOXH�ZDV�WKH�GRXEOH�SHULRG��

RU�DERXW������K��VHH�+DUULV�HW�DO����������6LQFH�D�JRRG�PDMRULW\�RI�

VPDOO�ELQDU\�DVWHURLGV�KDYH�SULPDU\�URWDWLRQ�SHULRG�RQ�WKH�RUGHU�RI�

����KRXUV��ZH�KDYH�DGRSWHG�3�� ��������K�IRU�WKH�SULPDU\��

2QFH� WKLV� ZDV� VHWWOHG�� WKH� VHDUFK� IRU� WKH� VHFRQGDU\� SHULRG�

FRQWLQXHG�� VRPHWLPHV� FKDQJLQJ� VLJQLILFDQWO\�ZLWK� WKH� DGGLWLRQ�RI�

DQRWKHU�VHVVLRQ¶V�GDWD��(YHQWXDOO\��ZH�ZHUH�OHG�WR�325%� �������K��

6LQFH�WKHUH�DUH�QHDUO\�IODW�VHFWLRQV�RI�WKH�VHFRQGDU\�SHULRG�EHWZHHQ�

WKH�PLQLPD��ZH� WDNH� WKRVH�DWWHQXDWLRQV�WR�EH� WKH�UHVXOW�RI�PXWXDO�

HYHQWV�DQG�QRW�MXVW�WKH�URWDWLRQ�RI�DQ�HOOLSWLFDO�VDWHOOLWH��

:H�HVWLPDWH�WKH�DWWHQXDWLRQV�WR�EH������PDJ�DQG������PDJ�LQ�GHSWK��

8VLQJ� WKH� VPDOOHU�YDOXH�DOORZV� ILQGLQJ�WKH�DSSUR[LPDWH�HIIHFWLYH�

UHODWLYH�GLDPHWHUV�RI�WKH�WZR�ERGLHV��'V�'S���,Q�WKLV�FDVH��WKH�UDWLR�

LV�RQ�WKH�RUGHU�RI��������������7KLV�LV�D�PLQLPXP�YDOXH�VLQFH�QHLWKHU�

PLQLPXP�LV�IODW�ERWWRPHG��L�H���WKH�PXWXDO�HYHQW�ZRXOG�EH�WRWDO��
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7DEOH�,,��2EVHUYLQJ�FLUFXPVWDQFHV��7KH�ILUVW�OLQH�IRU�DQ�DVWHURLG�JLYHV�WKH�SULPDU\�RU�GRPLQDQW�SHULRG��7KH�VHFRQG�OLQH�JLYHV�WKH�VHFRQGDU\�

SHULRG��
�,QGLFDWHV�WKH�SUHIHUUHG�VROXWLRQ�IRU�WKH�VHFRQGDU\�SHULRG�ZKHQ�PRUH�WKDQ�RQH�LV�IRXQG���7KH�SKDVH�DQJOH��D��LV�JLYHQ�DW�WKH�VWDUW�DQG�
HQG�RI�HDFK�GDWH�UDQJH��/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\��0%�,��LQQHU�PDLQ�EHOW��1($��QHDU�(DUWK�DVWHURLG��7KH�FRGH�³8'´�RQ�WKH�VHFRQG�OLQH�LQ�
WKH�*US�'U�FROXPQ�PHDQV�³XQGHWHUPLQHG�´�SULPDULO\�EHFDXVH�WKHUH�ZHUH�QR�PXWXDO�HYHQWV��2WKHUZLVH��WKH�YDOXH�LV�WKH�UDWLR�RI�WKH�VHFRQGDU\�
WR�SULPDU\�HIIHFWLYH�GLDPHWHUV��
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$FNQRZOHGJHPHQWV�

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�

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

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

%HQLVKHN��9����������³$VWHURLG�3KRWRPHWU\�DW�6RSRW�$VWURQRPLFDO�

2EVHUYDWRU\�������6HSWHPEHU��������0DUFK�´�0LQRU�3ODQHW�%XOO��

�����������

+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�������������

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

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

����*\SWLV�´�,FDUXV��������������

+LJJLQV��'�-�������ZHE���� �

KWWS���ZZZ�GDYLG�KLJJLQV�FRP�$VWURQRP\�DVWHURLG��

OLJKWFXUYHV�KWP��QR�ORQJHU�DFWLYH���

2H\�� -�� �������� ³/LJKWFXUYH� DQDO\VLV� RI� ��� DVWHURLGV� IURP�/HXUD�

2EVHUYDWRU\�´�0LQRU�3ODQHW�%XOO�������������

3UDYHF��3���:ROI��0���6DURXQRYD��/�������ZHE������ZHE��� �

KWWS���ZZZ�DVX�FDV�F]�aSSUDYHF�QHR�KWP�

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

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

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

:DUQHU��%�'����������³1HDU�(DUWK�$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�

&6��3DOPHU� 'LYLGH� 6WDWLRQ�� ����� 2FWREHU�'HFHPEHU�´� 0LQRU�

3ODQHW�%XOO���������������

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

/LJKWFXUYH� 'DWDEDVH�´� ,FDUXV� ����� ��������� 8SGDWHG� ����� 'HF��

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

�


