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'DWD�IURP�&&'�SKRWRPHWULF�REVHUYDWLRQV�PDGH�DW� WKH�&HQWHU� IRU�

6RODU�6\VWHP�6WXGLHV� LQ������-DQXDU\� WKURXJK�0DUFK�DORQJ�ZLWK�

OHJDF\�GDWD�UHFRYHUHG�IROORZLQJ�D�KDUG�GULYH�IDLOXUH�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������

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

WR�PDNH�WKH�REVHUYDWLRQV��$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��
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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�VKRZV�WKH�FDWDORJ��³VN\´��PDJQLWXGHV�IRU�WKH�³SULPDU\´�

SHULRG� �3���ZKLOH� WKH� ³VHFRQGDU\´� �3��� SORWV�JLYH� WKH�GLIIHUHQWLDO�

IURP�WKH�DYHUDJH�PDJQLWXGH�LQ�WKH�3��SORW��³65´�LQGLFDWHV�WKDW�WKH�

$7/$6�FDWDORJ�ZDV�XVHG��³9´�RU�³5´�FDPH�IURP�RWKHU�FDWDORJV��

H�J��� $3$66� �+HQGHQ� HW� DO��� ������ RU� 0326&�� WKDW� FRQYHUWHG�

�0$66�-�.�WR�%95,��:DUQHU���������

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�DV�ZHOO�DV�WKH�PLG�GDWH�WLPH�RI�WKDW�VHVVLRQ��

,GHDOO\��WKLV�OHDYHV�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��

)URP�KHUH�RQ��³/&'%´�UHIHUV� WR� WKH�DVWHURLG� OLJKWFXUYH�GDWDEDVH�

�:DUQHU�HW�DO����������

����� 0ROGDYLD� �)ORUD��� %LUODQ� HW� DO�� ������� IRXQG� D� SHULRG� RI��

������K��2XU�GDWD�IURP���������IRXQG�D�YHU\�VLPLODU�SHULRG�IRU�D�

SULPDU\�SHULRG�GHULYHG�IURP�D�GXDO�SHULRG�VHDUFK�LQ�032�&DQRSXV��

:H�DOVR�IRXQG�D�VHFRQGDU\�SHULRG�RI��������K��7KH�/&'%�LQFOXGHV�

WKUHH�FRQILUPHG�ELQDULHV�ZLWK������d�325%�d����K��,I�FRQILUPHG��WKLV�

ZRXOG� EH� WKH� VKRUWHVW� RUELWDO� SHULRG� DQG�� WR� EH� FRQVLVWHQW� ZLWK�

3UDYHF�HW�DO����������KDYH�WKH�VDWHOOLWH�GLDPHWHU�EH�'V������'S��

�

�
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�����%LQ]HO��9DFKLHU�HW�DO���������GLVFRYHUHG�WKLV�)ORUD�DVWHURLG�WR�

EH�ELQDU\��ILQGLQJ�3�� ���������K�DQG�325%� �������K��7KH�HVWLPDWHG�

WKH�HIIHFWLYH�GLDPHWHUV�UDWLR�WR�EH�'V�'S�t�������:H�ZHUH�DEOH�WR�

UHFRYHU� GDWD� REWDLQHG� LQ� ������ 7KHUH� GDWDVHW� ZDV� LQVXIILFLHQW� WR�

FRQILUP� WKH� 9DFKLHU� HW� DO�� UHVXOWV�� 7KH� WZR� SORWV� VKRZ� WKH� GDWD�

IRUFHG�WR�WKRVH�HDUOLHU�UHVXOWV��)URP�WKH�QHDUO\�IODW�3��SORW��LW�DSSHDUV�

WKDW�WKH�DVWHURLG�ZDV�RXW�RI�HFOLSVH�VHDVRQ��

�

�

�����'HYLQH��%LQ]HO�HW�DO���������UHSRUWHG�D�SHULRG�RI������K�IRU�WKLV�

+LOGD�DVWHURLG��$QDO\VLV�RI�RXU������GDWD� LQLWLDOO\� IRXQG�D�SHULRG�

QHDU����K��8VLQJ�WKLV�DV�WKH�LQLWLDO�YDOXH�LQ�D�GXDO�SHULRG�VHDUFK��ZH�

HYHQWXDOO\� IRXQG� D� VRPHZKDW� ZHDN�� EXW� REYLRXV�� VKRUWHU� SHULRG�

FRPSRQHQW� ZLWK� D� OLJKWFXUYH� DPSOLWXGH� RI� ����� PDJ�� *LYHQ� WKH�

DEVHQFH�RI�PXWXDO�HYHQWV��RXU�FRQFOXVLRQ�LV�WKDW�3�� �������K�LV�PRVW�

OLNHO\�WKH�RUELWDO�SHULRG�RI�DQ�HORQJDWHG�VDWHOOLWH��D�E�a����������

�

�

�����6XUXJD��:DUQHU��������ILUVW�UHSRUWHG�WKH�ELQDU\�VWDWXV�RI�WKLV�

DVWHURLG��ILQGLQJ�3�� ��������K�DQG�325%� ��������K��7KH�GLDPHWHUV�

UDWLR� ZDV� 'V�'S� t� ������ 7KH� H[WUDFWHG� OHJDF\� GDWD� IURP� �����

FRQILUPV�WKH�LQLWLDO�UHVXOWV��LQFOXGLQJ�WKH�VL]H�UDWLR��

�

�

�����'LHW]��7KHUH�DUH�VHYHUDO�HQWULHV�LQ�WKH�/&'%�JLYLQJ�D�SULPDU\�

�RU� VROH� SHULRG� LI� QRW� VDLG� WR� EH� ELQDU\�� FORVH� WR� ����� K� �H�J���

%HKUHQG������ZHE���������K��3UDYHF�HW�DO�������ZHE����������K���

)URP�REVHUYDWLRQV�LQ�������3UDYHF�HW�DO�������ZHE��VXVSHFWHG�WKH�

DVWHURLG�WR�EH�ELQDU\��ILQGLQJ�D�WHQWDWLYH�325%� �������K��$GGLQJ�WKH�

3UDYHF� HW� DO�� GDWD� IURP� ����� DQG� ������2H\� HW� DO�� ������� IRXQG��

325%� ������K�DQG�'V�'S�t�������7KHUH�ZDV�DOVR�D�SRVVLELOLW\�IRU�D�

WKLUG�SHULRG��
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6WHSKHQV��WKLV�ZRUN��REVHUYHG�DW�WKH�VDPH�WLPH�LQ�������+LV�GDWD�

\LHOG�HVVHQWLDOO\�WKH�VDPH�UHVXOWV��3�� ��������K��325%� �������K��

DQG�'V�'S�t�������

�

�

7KH� H[WUDFWHG� OHJDF\� GDWD� IURP� ����� VKRZHG� WKDW� WKH� ELQDU\�

GLVFRYHU\�PLJKW�KDYH�EHHQ�SRVVLEOH�LQ�������7KH�³�����3�´�SORW�

VKRZV� WKH� ILQDO� UHVXOW�RI� D�GXDO�SHULRG� VHDUFK� RQ� WKH�GDWDVHW� WKDW�

VSDQQHG� RQO\� WKUHH� GD\V�� 1RWH� WKDW� HYHQ� DIWHU� UHILQLQJ� 325%� WR��

���K�RU����K��WKHUH�DUH�VLJQV�RI�D�WKLUG�SHULRG��+RZHYHU��WKH�GDWDVHW�

ZDV�WRR�VSDUVH�WR�PDNH�D�XVHIXO�VHDUFK��

7KHUH�DUH�WZR�SODXVLEOH�VROXWLRQV�IRU�325%��2QH��325%��� �������K��

LV� VRPHZKDW� QHDU� WKDW� UHSRUWHG� E\� 3UDYHF� HW� DO�� �����ZHE��� 7KH�

DOWHUQDWH�VROXWLRQ�ZDV�IRUFHG�WR�QHDU� WKH�2H\�HW�DO�� �������UHVXOW��

JLYLQJ�325%��� ������K��

�

�

�

7KH�VKRUWHU����K�OLJKWFXUYH�FRXOG�KDYH�HDVLO\�EHHQ�LQWHUSUHWHG�DV�

VKRZLQJ�PXWXDO�HYHQWV�� OHDGLQJ� WR�'V�'S�t�������*LYHQ� WKH�QHDU�

FRPPHQVXUDELOLW\�RI�ERWK�SRWHQWLDO�RUELWDO�VROXWLRQV�ZLWK�DQ�(DUWK�

GD\��D�PRUH�H[WHQGHG�GDWDVHW�PLJKW�KDYH�EHHQ�DEOH�WR�FRQILUP�WKH�

ELQDULW\�DQG� UHPRYH� WKH�DPELJXLW\� IRU�325%�� HVSHFLDOO\�ZLWK�KHOS�

IURP�DQ�REVHUYHU�DW�D�GLIIHUHQW�ORQJLWXGH��

������6KXPDULQDLNR��:DUQHU�DQG�&ROH\��������UHSRUWHG�WKLV�LQQHU�

PDLQ�EHOW� DVWHURLG� WR� EH� ELQDU\�� ILQGLQJ� 3��  � ������� K� DQG��

325%� ��������K��7KHUH�ZHUH�VLJQV�RI�PXWXDO�HYHQWV��EXW�PDLQO\�WKH�

325%� OLJKWFXUYH� VKRZHG� WKH� W\SLFDO� ³ERZHG´� VKDSH� RI� D� WLGDOO\�

ORFNHG�DQG�HORQJDWHG�VDWHOOLWH��

�



� ����

� 0LQRU�3ODQHW�%XOOHWLQ�����������

�

�

:H�ZHUH�DEOH�WR�H[WUDFW�D�YHU\�OLPLWHG�GDWDVHW�IURP������ZLWK�IHZHU�

WKDQ� ���� GDWD� SRLQWV� REWDLQHG� RYHU� WZR� QLJKWV�� (YHQ� VR�� ZH�

DWWHPSWHG� WR� GXSOLFDWH� WKH� UHVXOWV� IURP� WKH� ����� REVHUYDWLRQV��

:KLOH�WKH�³1R6XE´�SORW�VHHPHG�WR�VKRZ�DQ�DWWHQXDWLRQ�DQG�ZH�GLG�

HYHQWXDOO\� H[WUDFW� D� VLPLODU� SULPDU\� SHULRG� RI� 3��  � ����� K�� WKH�

GDWDVHW�ZDV� WRR�VSDUVH�WR� ILQG�DQ�DFFXUDWH�VROXWLRQ�IRU� WKH�RUELWDO�

SHULRG��7KH�3��SORW� VKRZV� WKH�EHVW� ILW� WKDW�ZH�FRXOG� ILQG�XVLQJ�D�

VHFRQG�RUGHU�)RXULHU�ILW��

�������� ����� ;+���� %HKUHQG� �����ZHE�� UHSRUWHG� D� SHULRG� RI��

�����K��EXW�LW�LV�UDWHG�DV�XQUHOLDEOH�LQ�WKH�/&'%��*DODG�HW�DO���������

UHSRUWHG�D�UHOLDEOH�SHULRG�RI��������K��

�

7KH� UDZ� SORW� RI� RXU� ����� GDWD� VHHPHG� WR� VKRZ� D� ORQJ�SHULRG�

FRPSRQHQW� DIWHU� UHVHWWLQJ� WKH� ]HUR�SRLQW� DGMXVWPHQWV� WKDW� ZHUH�

PDGH� WR� JHW� D� VLQJOH� SHULRG� VROXWLRQ� EDFN� WR� ��� 7KH� GXDO�SHULRG�

VHDUFK�IRXQG�D�IHZ�ORQJ�SHULRG�VROXWLRQV��ZH�DGRSWHG�WKH�RQH�WKDW�

ILW�WR�D�ELPRGDO�OLJKWFXUYH��L�H���3�� �����K��7KLV�VHHPV�WR�ILW�ZLWK�

WKH� UDZ� GDWD� SORW� EXW� WKHUH� DUH� FDYHDWV� WR� WKDW� FRPSDULVRQ� WKDW�

GHSHQG�RQ�WKH�WUXH�SHULRG�DQG�WKH�VDPSOLQJ�UDWH�RI�WKH�VHVVLRQV��

�

�

�

7KH�GXDO�SHULRG�VHDUFK�DOVR�IRXQG�D�ZHDN�3�� ������K��EXW�LW�FRXOG�

MXVW�DV�ZHOO�EH�WKH�UHVXOW�RI�WKH�)RXULHU�DQDO\VLV�ORFNLQJ�RQWR�QRLVH�

LQ�WKH�GDWDVHW��,I�WKH�SHULRG�DFWXDOO\�KDV�D�SK\VLFDO�FDXVH��L�H���D�VPDOO�

VDWHOOLWH�DW�D�VLJQLILFDQW�GLVWDQFH�IURP�WKH�SULPDU\��WKHQ�WKH�DVWHURLG�

ZRXOG� EH� D� FDQGLGDWH� IRU� D� YHU\� ZLGH� ELQDU\� �VHH�� H�J���:DUQHU��

�������
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��������������<5����7KHUH�ZHUH�QR�SUHYLRXVO\�UHSRUWHG�SHULRGV�LQ�

WKH�/&'%�IRU�WKH�QHDU�(DUWK�DVWHURLG��0DLQ]HU�HW�DO���������IRXQG�

D�GLDPHWHU�RI�����NP�XVLQJ�+� �������7KLV�OHDGV�WR�D�GHULYHG�DOEHGR�

RI�������ZKLFK�LV�DW\SLFDOO\�ORZ�IRU�1($V��ZKLFK�SUHVXPHV�WKDW�WKH\�

DUH�W\SH�6�DQG�KDYH�DQ�DOEHGR�RI��������������:DUQHU�HW�DO����������

7KH�KLJKHU�DOEHGR�YDOXH�ZRXOG�OHDG�WR�D�GLDPHWHU�RI�����P��

$�SORW�RI�WKH�UDZ�GDWD�IURP�RXU������REVHUYDWLRQV��QRW�VKRZQ�KHUH��

LQGLFDWHG�WKDW�D�SHULRG�RI�DERXW����K��RU����K��ZDV�SUREDEOH��6LQFH�

WKLV�LV�LQ�WKH�UHDOP�IRU�YHU\�ZLGH�ELQDU\�DVWHURLGV��:DUQHU���������

ZH�XVHG�WKH�GXDO�SHULRG�VHDUFK�LQ�032�&DQRSXV�WR�VHH�LI�D�VKRUW�

SHULRG�FRPSRQHQW�ZDV�KLGLQJ�LQ�WKH�GDWD��

'HVSLWH�WKH�YHU\�QRLV\�GDWDVHW��WKH�HIIRUW�ZDV�VXFFHVVIXO��ILQGLQJ�D�

ZHOO�GHILQHG�VHFRQG�SHULRG�RI�3�� �������K�EDVHG�RQ�3�� ������K��

:KLOH� 3�� a� ��� K� FDQQRW� EH� IRUPDOO\� H[FOXGHG�� WKH� UHVXOWLQJ�

OLJKWFXUYH�ZRXOG�KDYH�D�VLJQLILFDQWO\�ODUJHU�DPSOLWXGH��HQRXJK�VR�

WKDW�ZH�DUH�FRPIRUWDEOH�ZLWK�DGRSWLQJ�3�� ������K��DV� WKH�FRUUHFW�

VROXWLRQ��

�

�

�����50����3UDYHF�HW�DO���������ZHUH�ILUVW�WR�UHSRUW�WKDW�WKLV�1($�

LV�D�ELQDU\�DVWHURLG��7KH\�IRXQG�3�� ��������K��325%� ��������K��

DQG�'V�'S�t�������

2XU�LQGHSHQGHQW�REVHUYDWLRQV�ZHUH�PDGH�DERXW�WKH�VDPH�WLPH��7KH�

GDWD� FOHDUO\� VKRZHG� D�SHULRG�RI�DERXW������ K� DQG�ZKDW� FRXOG� EH�

LQWHUSUHWHG� DV� PXWXDO� HYHQWV� FDXVHG� E\� DQ� HORQJDWHG� VDWHOOLWH��

+RZHYHU�� WKH�GDWDVHW�ZDV� LQVXIILFLHQW� WR� ILQG�D�PRUH�UHILQHG�DQG�

FHUWDLQ�SHULRG�EH\RQG�3�� �������K��

7KH� GDWDVHW�ZDV� QRW� RQO\� WRR� VSDUVH� EXW� WRR� QRLV\� WR� H[WUDFW� WKH�

SHULRG�IRXQG�E\�3UDYHF�HW�DO����������$�UHSHDWHG�LWHUDWLRQ�XVLQJ�RXU�

3�� DQG� IRUFLQJ� D� VROXWLRQ� QHDU� ����� K� IRXQG� WZR�� XQFRQYLQFLQJ�

VROXWLRQV�RI�3�� �������K�RU�������K��ZKLFK�KDYH�D�FORVH�WR������

UDWLR��7KH�VKRUWHU�3�� �������K�LV�FORVH�WR�3UDYHF�HW�DO���������DQG�

VR�LV�ODEHOHG�³3��3´��SUHIHUUHG��HYHQ�WKRXJK�WKH�ILW�RI�RXU�GDWD�WR��

3�� �������K�ZDV�EHWWHU��

�

�

�
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$FNQRZOHGJHPHQWV�

)XQGLQJ� IRU� REVHUYDWLRQV� DW� &6�� DQG� ZRUN� RQ� WKH� DVWHURLG�

OLJKWFXUYH� GDWDEDVH� �:DUQHU� HW� DO��������� DQG�$/&'()�GDWDEDVH�

�DOFGHI�RUJ��DUH�VXSSRUWHG�E\�1$6$�JUDQW���166&��.������7KH�
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