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&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���
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%ULDQ�'��:DUQHU�
&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6�����0RUH'DWD��

(DWRQ��&2�

�5HFHLYHG�������$SULO����

&&'�SKRWRPHWULF�REVHUYDWLRQV�RI����PDLQ�EHOW�DVWHURLGV�
ZHUH� REWDLQHG� DW� WKH� &HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV�
�&6��� IURP� ����� -DQXDU\� WR� 0DUFK�� ,Q� DGGLWLRQ�� ���
GDWDVHWV�GDWLQJ�EDFN�WR�������WKRXJKW�WR�KDYH�EHHQ�ORVW�WR�
D�FUDVKHG�KDUG�GULYH��ZHUH�UHFRYHUHG�ZKHQ�D�86%�GULYH�
FRQWDLQLQJ�WKH�UHGXFHG�PHDVXUHPHQWV�ZDV�IRXQG��)LQDOO\��
��SROH�VKDSH�PRGHOV�DUH�SUHVHQWHG��

7KH� &HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV� �&6��� KDV� QLQH� WHOHVFRSHV�
ZKLFK�DUH�QRUPDOO\�XVHG� LQ�SURJUDP�DVWHURLG� IDPLO\� VWXGLHV��7KH�
IRFXV�LV�RQ�QHDU�(DUWK�DVWHURLGV��EXW�ZKHQ�VXLWDEOH�WDUJHWV�DUH�QRW�
DYDLODEOH��-RYLDQ�7URMDQV�DQG�+LOGDV�DUH�REVHUYHG��:KHQ�D�QHDUO\�
IXOO�PRRQ�LV�WRR�FORVH�WR�WKH�IDPLO\�WDUJHWV�EHLQJ�VWXGLHG��WDUJHWV�RI�
RSSRUWXQLW\�DPRQJVW�WKH�PDLQ�EHOW�IDPLOLHV�ZHUH�VHOHFWHG��

7DEOH�,�OLVWV�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�WKDW�ZHUH�XVHG�WR�PDNH�
WKH� REVHUYDWLRQV�� ,PDJHV� ZHUH� XQELQQHG� ZLWK� QR� ILOWHU� DQG� KDG�
PDVWHU� IODWV� DQG� GDUNV� DSSOLHG�� 7KH� H[SRVXUHV� GHSHQGHG� XSRQ�
YDULRXV�IDFWRUV�LQFOXGLQJ�PDJQLWXGH�RI�WKH�WDUJHW��VN\�PRWLRQ��DQG�
0RRQ�LOOXPLQDWLRQ��
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��7DEOH�,��/LVW�RI�&6��WHOHVFRSH�&&'�FDPHUD�FRPELQDWLRQV��

,PDJH� SURFHVVLQJ�� PHDVXUHPHQW�� DQG� SHULRG� DQDO\VLV� ZHUH� GRQH�
XVLQJ�032� &DQRSXV� �%GZ� 3XEOLVKLQJ��� ZKLFK� LQFRUSRUDWHV� WKH�
)RXULHU� DQDO\VLV� DOJRULWKP� �)$/&�� GHYHORSHG� E\� +DUULV� �+DUULV��
HW� DO��� ������� )RU� WKH� LPDJHV� UHGXFHG� LQ� ������ WKH� &RPS� 6WDU�
6HOHFWRU�IHDWXUH�LQ�032�&DQRSXV�ZDV�XVHG�WR�OLPLW�WKH�FRPSDULVRQ�
VWDUV�WR�QHDU�VRODU�FRORU��1LJKW�WR�QLJKW�FDOLEUDWLRQ�ZDV�GRQH�XVLQJ�
ILHOG�VWDUV�IURP�WKH�$7/$6�FDWDORJ��7RQU\�HW�DO����������ZKLFK�KDV�
6ORDQ�JUL]�PDJQLWXGHV�WKDW�ZHUH�GHULYHG�IURP�WKH�*$,$�DQG�3DQ�
� �

67$55�FDWDORJV�DQG�DUH�³QDWLYH´�PDJQLWXGHV�RI�WKH�FDWDORJ��7KRVH�
DGMXVWPHQWV�DUH�XVXDOO\���������PDJ��7KH�UDUH�JUHDWHU�FRUUHFWLRQV�
PD\�KDYH�EHHQ�UHODWHG�LQ�SDUW�WR�XVLQJ�XQILOWHUHG�REVHUYDWLRQV��SRRU�
FHQWURLGLQJ�RI� WKH� UHIHUHQFH� VWDUV�� DQG�QRW� FRUUHFWLQJ� IRU� VHFRQG�
RUGHU� H[WLQFWLRQ��)RU� WKH� UHFRYHUHG�PHDVXUHPHQWV�GDWLQJ�EDFN� WR�
������PRVW�XVHG� ILHOG� VWDUV� IURP� WKH�0326&�� FDWDORJ��ZKLFK� LV�
EDVHG�RQ�WKH��0$66�FDWDORJ��KWWS���ZZZ�LSDF�FDOWHFK�HGX��PDVV��
EXW�ZLWK�PDJQLWXGHV�FRQYHUWHG�IURP�-�.�WR�%95,�XVLQJ�IRUPXODH�
GHYHORSHG� E\�:DUQHU� �������� 7KH� QLJKWO\� ]HUR� SRLQWV� XVLQJ� WKLV�
FDWDORJ�KDYH�EHHQ�IRXQG�WR�EH�FRQVLVWHG�WR�DERXW��������PDJQLWXGH��
EXW�DUH�RFFDVLRQDOO\�KLJKHU��

7KH�<�D[LV� YDOXHV� DUH�$7/$6�65� ³VN\´�RU� -RKQVRQ�9� �FDWDORJ��
PDJQLWXGHV��7KH�WZR�YDOXHV�LQ�WKH�SDUHQWKHVHV�DUH�WKH�SKDVH�DQJOH�
�D��DQG�WKH�YDOXH�RI�*�XVHG�WR�QRUPDOL]H�WKH�GDWD�WR�WKH�FRPSDULVRQ�
VWDUV� XVHG� LQ� WKH� HDUOLHVW� VHVVLRQ�� 7KLV�� LQ� HIIHFW�� PDGH� DOO� WKH�
REVHUYDWLRQV�VHHP�WR�EH�PDGH�DW�D�VLQJOH�IL[HG�GDWH�WLPH�DQG�SKDVH�
DQJOH�� OHDYLQJ� DQ\� YDULDWLRQV� GXH� RQO\� WR� WKH� DVWHURLG¶V� URWDWLRQ�
DQG�RU� DOEHGR� FKDQJHV�� 7KH� ;�D[LV� VKRZV� URWDWLRQDO� SKDVH� IURP��
±�����WR�������,I�WKH�SORW�LQFOXGHV�WKH�DPSOLWXGH��H�J���³$PS������´��
WKLV�LV�WKH�DPSOLWXGH�RI�WKH�)RXULHU�PRGHO�FXUYH�DQG�QRW�QHFHVVDULO\�
WKH�DGRSWHG�DPSOLWXGH�IRU�WKH�OLJKWFXUYH��

)RU�EUHYLW\��RQO\�VRPH�RI�WKH�SUHYLRXVO\�UHSRUWHG�URWDWLRQDO�SHULRGV�
PD\� EH� UHIHUHQFHG�� $� FRPSOHWH� OLVW� LV� DYDLODEOH� DW� WKH� DVWHURLG�
OLJKWFXUYH�GDWDEDVH��/&'%��:DUQHU�HW�DO����������

����7KXOH�� 7KLV� LV� WKH� ILUVW� RI� VHYHUDO� DVWHURLGV�ZH�ZHUH� DEOH� WR�
UHFRYHU� IURP� DQ� ROG� FUDVKHG� FRPSXWHU� KDUG� GULYH�� $� QXPEHU� RI�
UHVXOWV�SULRU�WR������IRU�WKLV�RXWHU�PDLQ�EHOW�DVWHURLG�FDQ�EH�IRXQG�
LQ�WKH�/&'%��7KHUH�LV�VRPH�XQFHUWDLQW\�DV�WR�WKH�SHULRG��%HKUHQG��
����ZHE��3UDYHF�HW�DO�������ZHE��6DWÀ��������DQG�WKH�VXVSLFLRQ�RI�
D�VDWHOOLWH��+DPDQRZD�DQG�+DPDQRZD���������:H�REVHUYHG�LQ������
�:DUQHU� HW� DO��� ������� ILQGLQJ� D�SHULRG�RI�������K��+RZHYHU��ZH�
QRWHG�GXH�WR�WKH�ORZ�DPSOLWXGH�WKH�SRVVLELOLW\�RI�D�������K�SHULRG��

6XEVHTXHQW� WR�RXU������REVHUYDWLRQV��REVHUYDWLRQV�RI�7KXOH�IURP�
�����E\�3LOFKHU��������ZHUH�UHSRUWHG�DJDLQ�ZLWK�DPELJXRXV�SHULRGV�
RI� ������K� RU�������� K�� 7KHQ�0DUFLQLDN� HW� DO�� ������� UHSRUWHG� D�
SHULRG� RI� ������� K�� D� ���� DOLDV� RI� WKH� SUHYLRXVO\� UHSRUWHG� ���� K�
SHULRGV�DQG�����DOLDV�RI�WKH�UHSRUWHG������K�SHULRGV��

2XU�UHFRYHUHG������GDWD�GLG�QRW�VROYH� WKH�HQLJPDWLF�SHULRG��7KH�
SHULRG�VSHFWUXP�DJDLQ�VKRZV�SRVVLEOH�SHULRGV�QHDU���K�����K��DQG�
��� K�� RI� QHDU� HTXDO� ZHLJKWLQJ�� %HFDXVH� WKH� ��� K� SHULRG� LV�
FRPPHQVXUDWH�ZLWK�DQ�(DUWK¶V�GD\��D�FRPSOHWH�OLJKWFXUYH�FDQQRW�EH�
REWDLQHG� IURP� D� VLQJOH� ORQJLWXGH�� %HFDXVH� WKH� ����� FDPSDLJQ�
LQYROYHG�REVHUYHUV�IURP�ZLGHO\�VHSDUDWHG�ORQJLWXGHV�DQG�H[FOXGHG�
D����K�SHULRG�DV�D�SRVVLELOLW\��ZH�VWLOO�IDYRU�WKH�������K�SHULRG�DV�
EHLQJ�WKH�PRVW�OLNHO\��
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����&DOLIRUQLD��7KLV�PHPEHU�RI�WKH�)ORUD�IDPLO\�JURXS�ZDV�DQRWKHU�
RI� WKH� UHFRYHUHG� GDWDVHWV�� 3ULRU� WR� WKH� UHFRYHU\� RI� RXU� GDWD�� WZR�
JURXSV� SXEOLVKHG� UHVXOWV� VKRZLQJ� &DOLIRUQLD� WR� EH� D� ORQJ� SHULRG�
DVWHURLG� ZKLFK� ZDV� WXPEOLQJ�� 8VLQJ� REVHUYDWLRQV� IURP� ����� WR�
������3RODNLV�DQG�6NLII�� �������IRXQG�D�SULPDU\�SHULRG�RI�����K�
ZLWK� REYLRXV� VLJQV� RI� WXPEOLQJ�� 3LOFKHU� HW� DO�� �������� XVLQJ� ����
VHVVLRQV�EHWZHHQ������-XQH�DQG�'HFHPEHU�IRXQG�D�SULPDU\�SHULRG�
RI�����K�DQG�D�FDQGLGDWH�IRU�D�VHFRQGDU\�SHULRG�RI�����K��

2XU� VL[�ZHHN� UXQ� VWDUWLQJ� LQ� ����� -DQXDU\� DOVR� VKRZHG� VLJQV� RI�
WXPEOLQJ�� 8VLQJ� WKH� UXOHV� RI� WKXPE� IRU� WXPEOLQJ� GDPSLQJ� WLPH�
�3UDYHF�HW�DO���������������� WKH�GLDPHWHU�DQG�SHULRGV�PDNH� WKLV�D�
JRRG�FDQGLGDWH�IRU�WXPEOLQJ��7KH�EHVW�VLQJOH�SHULRG�ILW�ZDV�����K��
032�&DQRSXV� FDQQRW� SURSHUO\�KDQGOH� WKH� GDWD� IURP� D� WXPEOLQJ�
DVWHURLG�VLQFH�LW�GRHV�QRW�GR�D�VLPXOWDQHRXV�VHDUFK�IRU�WZR�SHULRGV��
:H� DWWHPSWHG� D� GXDO� SHULRG� VHDUFK� XVLQJ� WKH� �������� K� SHULRGV�
IRXQG�E\�3LOFKHU�HW�DO���EXW�WKH�UHVXOW�ZDV�QRW�DQ�LPSURYHPHQW�RYHU�
RXU�VLQJOH�SHULRG�VHDUFK��

�

����� .REROGD�� 7KLV� PHPEHU� RI� WKH� 3KRFDHD� IDPLO\�JURXS� ZDV�
REVHUYHG�VHYHUDO�WLPHV�LQ�WKH�SDVW��+LJJLQV�DQG�2H\���������6DXSSH�
HW� DO�� ��������+LJJLQV� �������� DQG�:DUQHU� �����D�� HDFK� IRXQG� D�
SHULRG�QHDU������K��2XU�UHVXOW�WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW��

�

%HFDXVH�RI�WKH�DYDLODELOLW\�RI�WKH�GHQVH�GDWD�IURP�+LJJLQV�HW�DO��DQG�
:DUQHU�LQ�WKH�$VWHURLG�/LJKWFXUYH�'DWD�([FKDQJH�)RUPDW�GDWDEDVH�
�$/&'()��������DQG�VSDUVH�GDWD�DW�WKH�$VWHURLGV���'\QDPLF�ZHE�
VLWH��$VW'\6�����������ZH�DWWHPSWHG�WR�VROYH�IRU�WKH�VLGHUHDO�SHULRG�
DQG� SROH� SRVLWLRQ� DQG� FUHDWH� D� VKDSH� PRGHO�� 7KHVH� GDWD� ZHUH�
FRPELQHG�XVLQJ�032�/&,QYHUW��%GZ�3XEOLVKLQJ���7KLV�:LQGRZV�
EDVHG� SURJUDP� LQFRUSRUDWHV� WKH� DOJRULWKPV� GHYHORSHG� E\�
.DDVDODLQHQ�DQG�7RUSSD��������DQG�.DDVDODLQHQ�HW�DO� �������DQG�
FRQYHUWHG�E\�-RVHI��XUHFK�IURP�WKH�RULJLQDO�)2575$1�WR�&��$�
SHULRG� VHDUFK�ZDV�PDGH�RYHU� D� VXIILFLHQWO\�ZLGH� UDQJH� WR� DVVXUH�
ILQGLQJ�D�JOREDO�PLQLPXP�LQ�F��YDOXHV��:H�IRXQG�RQH�SRVVLEOH�SROH�
VROXWLRQ�� �O�� E�� 3��  � ����q�� ���q�� ��������� K��� 7KH� IXOO� VHW� RI�
LQYHUVLRQ�JUDSKLFV�DUH�DW�WKH�HQG�RI�WKLV�SDSHU��

����� 6ROYHMJ�� 7KLV� RXWHU� PDLQ�EHW� DVWHURLG� ZDV� REVHUYHG� E\�
*DUFHUDQ�HW�DO���������ZKR�UHSRUWHG�D�SHULRG�RI�������K��8VLQJ�GDWD�
IURP�WKH�3DORPDU�7UDQVLHQW�)DFWRU\�6XUYH\��:DV]F]DN�HW�DO���������
IRXQG�D�SHULRG�RI��������K��8VLQJ�GDWD�IURP�:,6(�DQG�WKH�/RZHOO�
3KRWRPHWULF�'DWDEDVH���XUHFK� HW� DO�� �����D�� IRXQG� WZR� SRVVLEOH�
SROH�VROXWLRQV����q� DSDUW�� �O��E��3�� � ���q�� ���q����������K��DQG�
����q�����q����������K���7KHLU�SUHIHUUHG�VROXWLRQ�LV����q�����q���:H�
UHFRYHUHG� WKLV� GDWDVHW� IURP� ������ ILQGLQJ� D� SHULRG� RI� ������ K��
FRQVLVWHQW�ZLWK�WKRVH�SULRU�UHVXOWV��



����

� 0LQRU�3ODQHW�%XOOHWLQ�����������

�

�����5RXFDULH��:H�RULJLQDOO\�REVHUYHG� WKLV�PHPEHU�RI� WKH�(26�
IDPLO\�JURXS� LQ� ����� $SULO� ILQGLQJ� D� SHULRG� RI� ������ K� �&ROH\��
�������:H�REVHUYHG�LW�DJDLQ�LQ������)HEUXDU\�ILQGLQJ�D�SHULRG�RI�
������ K�� :H� DOVR� UHFRYHUHG� PRUH� GDWD� IURP� ����� ZKLFK� DUH�
FRQVLVWHQW�ZLWK�WKH������UHVXOW��7KLV�FDXVHG�XV�WR�UHYLVLW�WKH������
SHULRG�� ,Q� ������ ZH� RQO\� REWDLQHG� WZR� VHVVLRQV�� ��� GD\V� DSDUW��
7KHUHIRUH��WKHUH�ZHUH�D�PDQ\�SRVVLEOH�DOLDVHV��DOO�RI�HTXDO�ZHLJKW��
$�SHULRG�RI�������K�ILWV�WKH������GDWD�DV�ZHOO�DV�DQ\�RI�WKH�RWKHU�
DOLDVHV��,Q�OLJKW�RI�WKH�PRUH�UHFHQW�UHVXOWV��ZH�DUH�DGRSWLQJ�WKDW�DV�
RXU�SUHIHUUHG�SHULRG�IRU�WKH������GDWD��

��

�

�

8VLQJ�VSDUVH�GDWD�IURP�WKH�/RZHOO�3KRWRPHWULF�'DWDEDVH�DQG�:,6(�
GDWD�� �XUHFK� HW� DO�� �����D�� UHSRUWHG� D� VSLQ� D[LV� PRGHO� ZLWK��
�O��E�� �����q���q��RU�����q���q��DQG�D�VLGHUHDO�SHULRG�RI���������K��
,Q�DGGLWLRQ� WR�RXU�GHQVH�GDWD�IURP�WKH�WKUHH�DSSDULWLRQV��ZH�XVHG�
VSDUVH�GDWD�IURP�WKH�$VW'\6����������VLWH�WR�VROYH�IRU�WKH�VLGHUHDO�
SHULRG�DQG�SROH�SRVLWLRQ�DQG�FUHDWH�D�VKDSH�PRGHO��

:H� IRXQG� WZR� SRVVLEOH� SROV� VROXWLRQV� ���q� DSDUW�� �O�� E�� 3��  ��
����q����q�����������K��DQG�����q����q�����������K���2XU�SUHIHUUHG�
VROXWLRQ� LV� ����q�� ��q��� 7KLV� LV� LQ� YHU\� JRRG� DJUHHPHQW�ZLWK� WKH�
�XUHFK�HW�DO��PRGHO��7KH�IXOO�VHW�RI�LQYHUVLRQ�JUDSKLFV�DUH�HOVHZKHUH�
WKLV�SDSHU��

����� $LVOHHQ�� 7KLV� PHPEHU� RI� WKH� 3KRFDHD� IDPLO\�JURXS� ZDV�
REVHUYHG�E\�0DOFROP� �������ZKR� IRXQG�D�SHULRG�RI� ����� K��:H�
REVHUYHG� LW� �:DUQHU������D�� ILQGLQJ�D�SHULRG�RI�������K��)LQDOO\��
%HKUHQG������ZHE��UHSRUWHG�D�SHULRG�RI��������K��2XU�SHULRG�WKLV�
\HDU� LV� LQ� JRRG� DJUHHPHQW� ZLWK� WKRVH� SULRU� UHVXOWV�� +DQXã� HW� DO��
������� UHSRUWHG� D� VSLQ� D[LV�PRGHO� ZLWK� �O��E��  � ����q�� ���q�� RU�
����q���q��DQG�D�VLGHUHDO�SHULRG�RI���������K��

�

�����6DUPLHQWR��:H�KDYH�REVHUYHG� WKLV�PHPEHU�RI� WKH�+XQJDULD�
IDPLO\�JURXS�WKUHH�WLPHV�LQ�WKH�SDVW��:DUQHU��������������6WHSKHQV�
HW�DO����������HDFK�WLPH�ILQGLQJ�D�SHULRG�QHDU������K��7KH�SHULRG�ZH�
IRXQG�WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW�ZLWK�RXU�SULRU�UHVXOWV��
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����� 7LWLXV�� :H� REVHUYHG� WKLV� 9HVWRLG� WZLFH� EHIRUH� �6WHSKHQV��
�������������ILQGLQJ�SHULRGV�QHDU������K��8VLQJ�GDWD�IURP�7(66��
0F1HLO� HW� DO�� ������� DQG� 3iO� HW� DO�� ������� IRXQG� SHULRGV� QHDU��
�����K��2XU�UHVXOWV�WKLV�\HDU�DUH�LQ�JRRG�DJUHHPHQW��

�

,Q�DGGLWLRQ� WR�RXU�GHQVH�GDWD�IURP�WKH�WKUHH�DSSDULWLRQV��ZH�XVHG�
VSDUVH�GDWD�IURP�WKH�$VW'\6����������VLWH�WR�VROYH�IRU�WKH�VLGHUHDO�
SHULRG�DQG�SROH�SRVLWLRQ�DQG�FUHDWH�D�VKDSH�PRGHO��2XU�SROH�PRGHO�
VKRZHG�WZR�VROXWLRQV����q�DSDUW���O��E��3�� �����q���q�����������K��
DQG����q����q�����������K���2XU�SUHIHUUHG�VROXWLRQ�LV�����q���q���7KH�
IXOO�VHW�RI�LQYHUVLRQ�JUDSKLFV�DUH�JLYHQ�HOVHZKHUH�WKLV�SDSHU��

����� .X]QHWVRY�� 7KLV� PHPEHU� RI� WKH� )ORUD� IDPLO\�JURXS� ZDV�
REVHUYHG� E\� 'LWWHRQ� DQG� :HVW� ������� ZKR� IRXQG� D� SHULRG� RI��
������K�DQG�E\�6WHSKHQV��������ILQGLQJ�D�SHULRG�RI�������K��7KLV�
\HDU¶V�UHVXOW�LV�LQ�JRRG�DJUHHPHQW��

�

,Q� DGGLWLRQ� WR� RXU� GHQVH� GDWD� IURP� WKH� WZR� DSSDULWLRQV��ZH� XVHG�
VSDUVH�GDWD�IURP�WKH�$VW'\6����������VLWH�WR�VROYH�IRU�WKH�VLGHUHDO�
SHULRG�DQG�SROH�SRVLWLRQ�DQG�FUHDWH�D�VKDSH�SROH�PRGHO��XVLQJ�032�
/&,QYHUW��%GZ�3XEOLVKLQJ���

2XU� SROH� PRGHO� VKRZHG� WZR� SRVVLEOH� VROXWLRQV� ���q� DSDUW���
�O��E��3�� ����q���q�����������K��DQG�����q���q�����������K���2XU�
SUHIHUUHG�VROXWLRQ�LV����q���q���ZKHUH�WKH�D�F�UDWLR�LV�����DQG�WKH�E�F�
UDWLR������7KH�RWKHU�VROXWLRQ�KDV�VLPLODU�UDWLRV��

�����(VSLQHWWH��7KLV�0DUV�FURVVHU�ZDV�REVHUYHG�VHYHUDO� WLPHV� LQ�
WKH�SDVW��%HKUHQG������ZHE��UHSRUWHG�D�SHULRG�RI�������K��6WHSKHQV�
�������UHSRUWHG�������K��DQG�6NLII�HW�DO���������UHSRUWHG�D�SHULRG�RI�
�������K��2XU�UHVXOW�WKLV�\HDU�FRQILUPV�WKRVH�SULRU�UHVXOWV��

�

����� 5HSLQ�� 7KLV� PHPEHU� RI� WKH� )ORUD� IDPLO\�JURXS� KDV� EHHQ�
REVHUYHG�WZLFH�LQ�WKH�SDVW��:H�REVHUYHG�LW��6WHSKHQV��������ILQGLQJ�
D�SHULRG�RI�������K��2H\�HW�DO���������GLG�DQ�H[WHQVLYH�REVHUYLQJ�
FDPSDLJQ� GXH� WR� LWV� DV\PPHWULFDO� OLJKWFXUYH�� ILQGLQJ� SHULRGV� RI�
������� K�� ������� K�� �������� K�� DQG� ������� K� RYHU� D� IRXU�PRQWK�
FDPSDLJQ��2XU� UHVXOWV� WKLV� \HDU� LV� LQ� JRRG� DJUHHPHQW�ZLWK� WKRVH�
SULRU� UHVXOWV�� ,Q� DOO� WKHVH� FDVHV�� WKH� VHFRQGDU\� PLQLPXP� LV�
VXEVWDQWLDOO\�OHVV�WKDQ�WKH�SULPDU\�PLQLPXP��

�

�����3DWWHUVRQ��7KHUH�DUH�QXPHURXV�UHVXOWV�SRVWHG�LQ�WKH�/&'%�IRU�
WKLV�WKLV���NP�VL]HG�PHPEHU�RI�WKH�9HVWRLG�IDPLO\�JURXS��-XDUH]�HW�
DO�� ������� VHHPV� WR� EH� WKH� ILUVW� WR� KDYH�GHWHUPLQHG� LWV� URWDWLRQDO�
SHULRG� DV� ������ K�� +DVHJDZD� HW� DO�� ������� IRXQG� D� SHULRG� RI��
������ K��:LWK� VXEVWDQWLDOO\� VSDUVHU� GDWD��:DV]F]DN� HW� DO�� �������
IRXQG�D�VLPLODU�SHULRG���XUHFK�HW�DO�������E��UHSRUW�D�VLGHUHDO�SHULRG�
RI���������K�XVLQJ�VSDUH�DQG�GHQVH�GDWD��)LQDOO\��ZH��6WHSKHQV�DQG�
:DUQHU������D��IRXQG�D�SHULRG�RI�������K��7KH�UHVXOWV�ZH�IRXQG�WKLV�
\HDU�DUH�LQ�JRRG�DJUHHPHQW��
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�

7KH��XUHFK�HW�DO��VLGHUDO�SHULRG�UHVXOWV�IURP�D�VSLQ�D[LV�PRGHO�ZLWK�
�O��E�� �����q����q��RU����q����q���7KDW�PRGHO�XVHG�VSDUVH�GDWD�LQ�
SXEOLFO\�DYDLODEOH�GDWDEDVHV�DQG�GHQVH�GDWD�IURP�D�VLQJOH�QLJKW�LQ�
�����'HFHPEHU�IURP�WKH�%OXH(\H����URERWLF�REVHUYDWRU\��

,Q� DGGLWLRQ� WR� RXU� GHQVH� GDWD� IURP� WKH� WZR� DSSDULWLRQV��ZH� XVHG�
VSDUVH�GDWD�IURP�WKH�$VW'\6����������VLWH�WR�VROYH�IRU�WKH�VLGHUHDO�
SHULRG�DQG�SROH�SRVLWLRQ�DQG�WR�FUHDWH�D�VKDSH�PRGHO��XVLQJ�032�
/&,QYHUW��%GZ�3XEOLVKLQJ���:H�QDUURZHG�WKH�SHULRG�VHDUFK�EDVHG�
RQ�WKH��XUHFK�HW�DO��VLGHUDO�SHULRG��

2XU� SROH� PRGHO� VKRZHG� WZR� SRVVLEOH� VROXWLRQV� ���q� DSDUW���
�O��E��3�� �����q�� ���q�����������K��DQG����q�� ���q�����������K���
2XU�SUHIHUUHG�VROXWLRQ� LV� ����q�� ���q���ZKHUH� WKH�D�F�UDWLR� LV������
DQG�WKH�E�F�UDWLR�������7KH�RWKHU�VROXWLRQ�LV�VLPLODU�ZLWK�DQ�D�F�UDWLR�
RI������

$OWKRXJK�RXU�VLGHUHDO�SHULRG�LV�FORVH�WR�WKH��XUHFK�HW�DO��UHVXOW��WKHLU�
ODWLWXGH�LV�VXEVWDQWLDOO\�GLIIHUHQW��EHLQJ�FORVHU�WR�WKH�HTXDWRU��7KH�
GLVFUHSDQF\� PLJKW� UHVXOW� IURP� RXU� GHQVHU� GDWDVHWV�� ZKLFK� FRYHU�
VHYHQ�QLJKWV�RYHU�WZR�DSSDULWLRQV��ZKHUHDV�WKH�%OXH(\H����URERWLF�
REVHUYDWRU\� ZDV� REWDLQHG� RQ� D� VLQJOH� QLJKW�� :H� HQFRXUDJH�
UHDQDO\VLV�LQ�WKH�IXWXUH�ZLWK�PRUH�GHQVH�GDWD�DQG�VSDUVH�GDWD�IURP�
RQJRLQJ�VXUYH\V��7KH�IXOO�VHW�RI�LQYHUVLRQ�JUDSKLFV�DUH�JLYHQ�DW�WKH�
HQG�RI�WKLV�SDSHU��

�����6DQGHUV��7KHUH�DUH�WZR�SHULRGV�UHSRUWHG�LQ�WKH�/&'%�IRU�KLV�
PHPEHU�RI�WKH�)ORUD�IDPLO\�JURXS��(UDVPXV�HW�DO���������UHSRUWHG�D�
SHULRG� RI� ������ K� DQG� %HQLVKHN� �����D�� UHSRUWHG� D� SHULRG� RI��
������K��7KH�SHULRG�ZH�IRXQG�WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW�ZLWK�
WKRVH�SULRU�UHVXOWV��

�

����� .RQGUDW\XN�� 7KLV� ZDV� DQRWKHU� FDVH� RI� UHFRYHUHG� GDWD��:H�
REVHUYHG� LW� LQ� ����� REWDLQLQJ� D� SDUWLDO� OLJKWFXUYH�� E\� LWVHOI� QRW�
VXIILFLHQW�WR�GHWHUPLQH�WKH�SHULRG��

�

�

�

�
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+RZHYHU��ZH�ZHUH�DEOH�WR�SORW�D�KDOI�SHULRG�RI�������K�DQG�WKHUHIRUH�
GHWHUPLQH�WKH�SHULRG�IRU�WKH������GDWD�WR�EH�������K��:H�UHREVHUYHG�
LW� LQ������DQG������� ILQGLQJ�SHULRGV�QHDU������K��:H�SORWWHG� WKH�
�����GDWD�WR�WKH�SHULRGV�IRXQG�LQ������DQG�������

����� :DOORQLD�� 7KLV� 0DUV�FURVVHU� KDV� SHULRGV� UHSRUWHG� LQ� WKH�
/&'%�WKUHH�WLPHV�LQ�WKH�SDVW��%HKUHQG������ZHE�������K��:DUQHU��
�����������K��6WHSKHQV��������������K���2XU� UHVXOW� WKLV�\HDU� LV� LQ�
JRRG�DJUHHPHQW�ZLWK�WKH�SUHYLRXV�UHVXOWV��

8VLQJ�RXU�SULRU�GHQVH�GDWDVHWV�IURP������DQG������DQG�VSDUVH�GDWD�
DW� WKH� $VWHURLGV� �� '\QDPLF� ZHE� VLWH� �$VW'\6���� ������� ZH�
DWWHPSWHG�WR�VROYH�IRU�WKH�VLGHUHDO�SHULRG�DQG�SROH�SRVLWLRQ�DQG�WR�
FUHDWH�D�VKDSH�PRGHO��$�SHULRG�VHDUFK�ZDV�PDGH�RYHU�D�VXIILFLHQWO\�
ZLGH�UDQJH�WR�DVVXUH�ILQGLQJ�D�JOREDO�PLQLPXP�LQ�F��YDOXHV��

2XU� SROH� PRGHO� VKRZHG� WZR� SRVVLEOH� VROXWLRQV� ���q� DSDUW���
�O��E��3�� �����q�����q�����������K��DQG�����q�����q�����������K���
2XU� SUHIHUUHG� VROXWLRQ� LV� ����q�� ���q��� 7KH� IXOO� VHW� RI� LQYHUVLRQ�
JUDSKLFV�DUH�JLYHQ�DW�WKH�HQG�RI�WKLV�SDSHU��

�

����� )DULQHOOD�� 7KLV� RXWHU� PDLQ�EHOW� DVWHURLG� KDV� EHHQ� REVHUYHG�
PDQ\� WLPHV�� 'LWWHRQ� HW� DO�� ������� RULJLQDOO\� IRXQG� D� SHULRG� RI��
������ K�� +RZHYHU�� XSRQ� UHREVHUYDWLRQ�� 'LWWHRQ� HW� DO�� �������
FRQFOXGHG� D� KDOI� SHULRG� RI� ������ K� ZDV� D� EHWWHU� ILW�� 8VLQJ� GDWD��
IURP� 7(66�� 3iO� HW� DO�� ������� IRXQG� D� SHULRG� RI� ������� K�� 2XU��
UHVXOW�WKLV�\HDU�LV�D�JRRG�PDWFK�WR�WKH�RULJLQDO�'LWWHRQ�HW�DO��SHULRG�
DQG�WKH�3iO�HW�DO��UHVXOW��

�

����B7UHVKQLNRY��7KLV�RXWHU�PDLQ�EHOW�DVWHURLG�ZDV�ODVW�REVHUYHG�
LQ������-XQH��2ZLQJV���������ZKR�IRXQG�D�SHULRG�RI���������K��:H�
ZHUH�DEOH�WR�UHFRYHU�WKLV�GDWD�IURP�������ZKLFK�LV�FRQVLVWHQW�ZLWK�
WKH�2ZLQJV�UHVXOW��

�

�����)UHQFK��7KLV�PHPEHU�RI�WKH�(26�IDPLO\�JURXS�ZDV�DQRWKHU�
µGXVW\� ILOH� FDELQHW¶� ILQG�� KDYLQJ�EHHQ� REVHUYHG� LQ� �����2FWREHU��
/DWHU��:DV]F]DN�HW�DO���������UHSRUWHG�D�SHULRG�RI��������K�XVLQJ�
VSDUVH� GDWD� IURP� WKH� 3DORPDU� 7UDQVLHQW� )DFWRU\� 6XUYH\�� 7KH�
:DV]F]DN�HW�DO��GDWD�ZDV�FRLQFLGHQWO\�REWDLQHG�WZR�ZHHNV�DIWHU�RXU�
GDWD�� 2XU� GHQVHU� GDWD� DQG� ��WK� RUGHU� OLJKWFXUYH� UHVXOWHG� LQ� DQ�
DPSOLWXGH� ����PDJQLWXGH� KLJKHU� WKDQ� WKH�:DV]F]DN� HW� DO�� UHVXOW��
ZKLFK�RQO\�XVHG�WZR�RUGHUV�LQ�WKHLU�DQDO\VLV��

�

�����5DELQRZLW]��7KLV�PHPEHU�RI� WKH�3KRFDHD�IDPLO\�JURXS�ZDV�
REVHUYHG� WKUHH� WLPHV� LQ� WKH� SDVW�� 3UDYHF� �����ZHE�� UHSRUWHG� D�
SHULRG�RI��������K��:H�REVHUYHG�LW�LQ�������6WHSKHQV�DQG�&ROH\��
������ILQGLQJ�D�SHULRG�RI�������K��

)LQDOO\��&ODUN��������REVHUYHG�LW�LQ������ILQGLQJ�D�SHULRG�RI�������
K��7KH�&ODUN�REVHUYDWLRQV�ZHUH�REWDLQHG�RYHU�D�VL[�ZHHN�VSDQ�DQG�
VKRZHG� VXEVWDQWLDO� FKDQJHV� LQ� WKH� DPSOLWXGH� RI� WKH� OLJKWFXUYH��
SHUKDSV�H[SODLQLQJ�WKH�GLIIHUHQFH�LQ�WKH�URWDWLRQDO�SHULRG�IURP�WKH�
RWKHU� UHVXOWV�� 7KHVH� GDWD� IURP� ����� ZHUH� SDUW� RI� WKH� UHFRYHUHG�
GDWDVHW��7KH�SHULRG�ZH�IRXQG�IRU������DJUHHV�ZLWK�3UDYHF¶V�DQG�RXU�
SUHYLRXV�UHVXOW��

%HFDXVH�RI�RXU�GHQVH�GDWD��DQG�WKH�DYDLODELOLW\�RI�VRPH�GHQVH�GDWD�
IURP� .OLQJOHVPLWK� LQ� WKH� $VWHURLG� /LJKWFXUYH� 'DWD� ([FKDQJH�
)RUPDW�GDWDEDVH��$/&'()��������DQG�VSDUVH�GDWD�DW�WKH�$VWHURLGV�
��'\QDPLF�ZHE�VLWH��$VW'\6�����������ZH�DWWHPSWHG�WR�VROYH�IRU�
WKH�VLGHUHDO�SHULRG�DQG�SROH�SRVLWLRQ�DQG�WR�FUHDWH�D�VKDSH�PRGHO��
:H�IRXQG�RQH�SRVVLEOH�SROH���O��E��3�� �����q����q�����������K���
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�

�����/X]LQ��7KLV�9HVWRLG�KDV�EHHQ�REVHUYHG�WKUHH�WLPHV�LQ�WKH�SDVW��
.OLQJOHVPLWK� HW� DO�� �������� %HQLVKHN� �����E��� DQG� 6WHSKHQV� DQG�
:DUQHU������E���HDFK�WLPH�ILQGLQJ�D�URWDWLRQDO�SHULRG�QHDU������K��
7KH�UHVXOW�ZH�IRXQG�WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW��

��

%HFDXVH�RI�WKH�DYDLODELOLW\�RI�WKH�.OLQJOHVPLWK�HW�DO��DQG�%HQLVKHN�
GDWD� LQ� WKH�$VWHURLG� /LJKWFXUYH�'DWD�([FKDQJH� )RUPDW� GDWDEDVH�
�$/&'()���������VSDUVH�GDWD�DW�WKH�$VWHURLGV���'\QDPLF�ZHE�VLWH�
�$VW'\6���� ������� DQG� RXU� GHQVH� GDWD� IURP� WZR� DSSDULWLRQV��ZH�
DWWHPSWHG�WR�VROYH�IRU�WKH�VLGHUHDO�SHULRG�DQG�SROH�SRVLWLRQ�DQG�WR�
FUHDWH�D�VKDSH�PRGHO��

2XU� SROH� PRGHO� VKRZHG� WZR� SRVVLEOH� VROXWLRQV� ���q� DSDUW���
�O��E��3�� ����q����q�����������K��DQG�����q����q�����������K���2XU�
SUHIHUUHG�VROXWLRQ�LV����q����q���

������������&2���2XU�UHFRYHUHG�GDWD�ILOHV�LQFOXGHG�WKLV�PHPEHU�RI�
WKH�3KRFDHD� IDPLO\��:H�REVHUYHG� LW� RQFH� EHIRUH� �:DUQHU�� ������
UHSRUWLQJ�D�SHULRG�RI������K�ZLWK�DQ�DPSOLWXGH�RI������PDJ��7KDW�
OLJKWFXUYH� KDG� RQO\� SDUWLDO� FRYHUDJH� IURP� VL[� VHVVLRQV� RYHU� ���
QLJKWV��7KLV�PXFK�PRUH�FRPSOHWH�GDWDVHW�KDV����VHVVLRQV�VSDQQLQJ�
D�PRQWK��6HYHUDO�RI�WKRVH�VHVVLRQV�KDYH�DQ�DPSOLWXGH�H[FHHGLQJ�WKH�
DPSOLWXGH�RI�RXU�RULJLQDO� OLJKWFXUYH��$OWKRXJK� WKH�PDJQLWXGHV�DW�
WKH�WLPH�ZHUH�GHWHUPLQHG�XVLQJ�ILHOG�VWDUV�FRQYHUWHG�WR�DSSUR[LPDWH�
-RKQVRQ� 9� PDJQLWXGHV� EDVHG� RQ� �0$66� -�.� FRORUV� �:DUQHU��
�������YHU\�IHZ�]HUR�SRLQW�DGMXVWPHQWV�ZHUH�QHHGHG�WR�GHWHUPLQH�
WKH�SHULRG� WR�EH��������K��:LWK� WKLV� LQ�PLQG��ZH� UHDQDO\]HG�RXU�
�����GDWDVHW��:H�IRXQG�PDQ\�]HUR�SRLQW�DGMXVWPHQWV�ZHUH�DSSOLHG�
WR� WKH� QLJKWO\� VHVVLRQV�� 8SRQ� UHPRYLQJ� WKRVH�� ZH� IRXQG� D� ODUJH�
DPSOLWXGH�� VORZO\� URWDWLQJ� DVWHURLG�� 7KH� ����� UXQ� ZDV� QRW� ORQJ�
HQRXJK�FRPSOHWH�WKH�OLJKWFXUYH��EXW�ZH�ZHUH�DEOH�WR�GHWHUPLQH�WKH�
KDOI�SHULRG��ZKLFK�JLYHV�XV�D�SHULRG�RI�������K��

�

�

�

$OWKRXJK�WKLV�DVWHURLG�LV�D�JRRG�FDQGLGDWH�IRU�WXPEOLQJ�DFFRUGLQJ�
WR� WKH� UXOHV� RI� WKXPE� IRU� WXPEOLQJ� GDPSLQJ� WLPH� �3UDYHF� HW� DO���
������������� WKHUH�DUH�QR�REYLRXV�VLJQV�RI� WXPEOLQJ� LQ�HLWKHU� WKH�
�����RU������OLJKWFXUYHV��

�����'DWHPDVDPXQH��,W�KDV�DOZD\V�EHHQ�D�SUREOHP�GHWHUPLQLQJ�WKH�
URWDWLRQDO� SHULRG� RI� WKLV� PHPEHU� RI� WKH� +XQJDULD� IDPLO\�JURXS�
EHFDXVH� LWV� DPSOLWXGH� QHYHU� H[FHHGV� ����� PDJ�� :H� REVHUYHG�
'DWHPDVDPXQH�LQ�������������������������DQG�������6WHSKHQV�DQG�
:DUQHU�� ����� DQG� UHIHUHQFHV� WKHUHLQ��� UHVXOWLQJ� LQ� DQ� DPELJXRXV�
OLJKWFXUYH�ZLWK�SRVVLEOH�SHULRGV�EHWZHHQ������K�DQG������K��ZLWK�
������K�EHLQJ�RXU�SUHIHUUHG�SHULRG��:H�UHFRYHUHG�DGGLWLRQDO�GDWD�
IURP�������ZKLFK�GLG�QRW�VROYH�WKH�GLVFUHSDQF\��:LWK�RQO\�WKUHH�
QLJKWV� RI� GDWD� IURP� ������ WKH� SHULRG� HUURU� VSDQV� PRVW� RI� WKHVH�
SRVVLEOH�SHULRGV��
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�

����� 5R\ELVKRS�� :H� REVHUYHG� WKLV� PHPEHU� RI� WKH� +XQJDULD�
IDPLO\�JURXS�LQ�������������������DQG�������6WHSKHQV�DQG�:DUQHU��
����D� DQG� UHIHUHQFHV� WKHUHLQ��� ILQGLQJ� DPELJXRXV� VROXWLRQV� DV� D�
UHVXOW� RI� LWV� ORZ� DPSOLWXGH� ����������� PDJ��� OLJKWFXUYHV�� :H�
VXEVHTXHQWO\�UHFRYHUHG�PRUH�GDWD�IURP�������ZKLFK�GLG�QRW�VROYH�
WKH�DPELJXLW\��$OWKRXJK�RXU�SUHIHUUHG�SHULRG�RI�������K�DJUHHV�ZLWK�
RXU������UHVXOWV��LW�LV�RQO\�D�SDUWLDO�OLJKWFXUYH��2XU�DOWHUQDWLYH������
UHVXOW�RI�������K�VWLOO�FDQQRW�EH�UXOHG�RXW��

�

�

�����$OH[DQGHUZLOVRQ��:H�REVHUYHG�WKLV�PHPEHU�RI�WKH�+XQJDULD�
IDPLO\�JURXS�IRXU�WLPHV�LQ�WKH�SDVW��6WHSKHQV�HW�DO���������:DUQHU��
����D������E���������HDFK�WLPH�ILQGLQJ�D�SHULRG�QHDU������K��:H�
UHFRYHUHG� GDWD� IURP�������ZKLFK� OHG� WR� D� SHULRG� WKDW� LV� LQ� JRRG�
DJUHHPHQW�ZLWK�WKH�SUHYLRXV�UHVXOWV��+DQXã�HW�DO���������UHSRUWHG�D�
VSLQ�D[LV�PRGHO�ZLWK��O��E��3�� �����q����q��DQG�D�VLGHUHDO�SHULRG�RI�
��������K��

�

�������������(3����:H�FRXOG�QRW� ILQG�DQ\�SHULRGV�SRVWHG� LQ� WKH�
/&'%� IRU� WKLV� PHPEHU� RI� WKH� 7KHPLV� IDPLO\�JURXS�� 7KLV� ZDV�
DQRWKHU�UHFRYHUHG�GDWDVHW�IURP�������

�

������%DUWHOV��7KLV� LQQHU�PDLQ�EHOW�DVWHURLG�ZDV�REVHUYHG�E\�WKH�
3DORPDU� 7UDQVLHQW� )DFWRU\� 6XUYH\� �:DV]F]DN� HW� DO��� ������ ZKR�
IRXQG�D�SHULRG�RI�������K��3iO�HO�DO����������XVLQJ�GDWD�IURP�7(66��
IRXQG�D�SHULRG�SI���������K��:H�ZHUH�DEOH�WR�UHFRYHU�PXFK�GHQVHU�
GDWDVHWV�IURP������ZKLFK�VKRZV�WKH�SHULRG�WR�EH�������K��FORVH�WR�
WKH�VSDUVHU�3DORPDU�GDWD��

�
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�������������9-��+DQ�HW�DO���������UHSRUWHG�D�SHULRG�RI�������K�IRU�
WKLV�9HVWRLG��2XU�UHVXOW�WKLV�\HDU�LV�LQ�JRRG�DJUHHPHQW��

�

�������� �����0&��:H� FRXOG� QRW� ILQG� DQ\� SHULRGV� SRVWHG� LQ� WKH�
/&'%�IRU�WKLV�RXWHU�PDLQ�EHOW�DVWHURLG��7KLV�GDWDVHW�ZDV�UHFRYHUHG�
IURP� ������ 7KLV� WDUJHW�ZDV� IROORZHG� IRU� D�PRQWK� GXH� WR� LWV� ORZ�
DPSOLWXGH�DQG�SHULRG�EHLQJ�FRPPHQVXUDWH�ZLWK�RQH�KDOI�DQ�(DUWK¶V�
GD\��

7KH� VROXWLRQ� SURGXFHG� D� ELPRGDO� OLJKWFXUYH�� EXW� WKH� SHULRG�
VSHFWUXP� VKRZV� WKH� SRVVLELOLW\� RI� D�PRQRPRGDO� RU� TXDGULPRGDO�
OLJKWFXUYH�� *LYHQ� WKH� UHODWLYHO\� ORZ� DQG� DPSOLWXGH�� D� ELPRGDO�
VROXWLRQ�LV�QRW�DVVXUHG��+DUULV�HW�DO����������

�

�

�������� ����� )8���� 7KHUH� DUH� QR� HQWULHV� LQ� WKH� /&'%� IRU� WKLV�
PHPEHU�RI�WKH�)ORUD�IDPLO\�JURXS��,W�ZDV�D�WDUJHW�RI�RSSRUWXQLW\�LQ�
WKH�ILHOG�RI�������������'(��IRU�RQO\�WKUHH�QLJKWV��7KH�VORSH�RI�WKH�
LQGLYLGXDO� QLJKWV� VXJJHVWV� D� ORQJ� SHULRG� DVWHURLG�� 7KHUH� ZHUH�
LQVXIILFLHQW� GDWD� WR� GHILQLWHO\� ILQG� D� SHULRG�� EXW� D� KDOI� SHULRG� RI��
���K�SRLQWV�WR�D�IXOO�SHULRG�RI������K��

�

�

�������� �����&5���7KLV�PHPEHU� RI� WKH� )ORUD� IDPLO\�JURXS�ZDV�
REVHUYHG�E\�&KDQJ�HW�DO���������DQG�:DV]F]DN�HW�DO���������XVLQJ�
WKH�3DORPDU�7UDQVLHQW�)DFWRU\�6XUYH\�� HDFK� ILQGLQJ�SHULRGV�QHDU�
�����K��:H�UHFRYHUHG�WKLV�GHQVH�GDWD�IURP�������ILQGLQJ�D�SHULRG�
QHDU�WKRVH�SULRU�UHVXOWV��

�

������ 6KLRPLQHPRWR�� :H� KDYH� REVHUYHG� WKLV� PHPEHU� RI� WKH�
+XQJDULD�IDPLO\�JURXS�IRXU�WLPHV�LQ�WKH�SDVW��:DUQHU��������������
����E��6WHSKHQV���������HDFK�WLPH�ILQGLQJ�D�SHULRG�QHDU������K��:H�
UHFRYHUHG�WKLV�GDWD�IURP�������ZKLFK�SURGXFHG�D�SHULRG�WKDW�LV�LQ�
JRRG� DJUHHPHQW� ZLWK� RXU� SULRU� UHVXOWV�� �XUHFK� HW� DO�� �����E��
UHSRUWHG�D�VSLQ�D[LV�PRGHO�ZLWK��O��E��3�� �����q����q����������K���
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�

�������� ����� (7��� :H� REVHUYHG� WKLV� PHPEHU� RI� WKH� +XQJDULD�
IDPLO\�JURXS� RQFH� LQ� WKH� SDVW� �6WHSKHQV� HW� DO��� ������ ILQGLQJ� D�
SHULRG�RI�������K��6LQFH�WKHQ��ZH�KDYH�UHFRYHUHG�REVHUYDWLRQV�IURP�
����� DQG� ������ $ORQJ� ZLWK� RXU� QHZ� ����� UHVXOWV�� DOO� KDYH� D�
URWDWLRQDO�SHULRG�LQ�JRRG�DJUHHPHQW�ZLWK�WKH������UHVXOW��

�

�

�

�������������;$����7KLV�PHPEHU�RI� WKH�(26�IDPLO\�JURXS�ZDV�
REVHUYHG�E\�:DV]F]DN�HW� DO�� ������� XVLQJ� WKH�3DORPDU�7UDQVLHQW�
)DFWRU\�6XUYH\��ILQGLQJ�D�SHULRG�RI�������K��2XU�UHVXOW�WKLV�\HDU�LV�
LQ�DJUHHPHQW��

�

�������������)7���7KLV�0DUV�FURVVHU�ZDV�REVHUYHG�LQ������E\�3UD\�
HW�DO���������ZKR�IRXQG�D�SHULRG�RI������K��2XU�UHVXOW�WKLV�\HDU�LV�LQ�
JRRG�DJUHHPHQW��

�
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������� &KXFNVKDZ�� 7KHUH� DUH� QR� HQWULHV� LQ� WKH� /&'%� IRU� WKLV�
PHPEHU� RI� WKH� (XQRPLD� IDPLO\�JURXS�� 7KLV� ZDV� DQRWKHU� VHW� RI�
UHFRYHUHG�GDWD�RULJLQDOO\�REWDLQHG�LQ������0D\��

�

$FNQRZOHGJHPHQWV�

2EVHUYDWLRQV� DW� &6�� DQG� FRQWLQXHG� VXSSRUW� RI� WKH� DVWHURLG�
OLJKWFXUYH�GDWDEDVH��/&'%��:DUQHU�HW�DO���������DUH�VXSSRUWHG�E\�
1$6$�JUDQW���166&��.������

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\��

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��

5HIHUHQFHV�

$/&'()� �������� $VWHURLG� /LJKWFXUYH� 'DWD� ([FKDQJH� )RUPDW�
GDWDEDVH��KWWS���ZZZ�DOFGHI�RUJ��

$VW'\V�����������$VWHURLGV���'\QDPLF�VLWH�� �
KWWSV���QHZWRQ�VSDFHG\V�FRP�DVWG\V��

%HKUHQG�� 5��� �����ZHE�� ����ZHE�� ����ZHE��� 2EVHUYDWRLUH� GH�
*HQHYH�ZHE�VLWH��KWWS���REVZZZ�XQLJH�FK�aEHKUHQG�SDJHBFRX�KWPO�

%HQLVKHN��9�������D���³$VWHURLG�3KRWRPHWU\�DW�6RSRW�$VWURQRPLFDO�
2EVHUYDWRU\�������-XQH�2FWREHU�´�0LQRU�3ODQHW�%XOO�������������

%HQLVKHN�� 9�� �����E��� ³3KRWRPHWU\� RI� ��� $VWHURLGV� DW� 6RSRW�
$VWURQRPLFDO�2EVHUYDWRU\�������6HSWHPEHU��������0DUFK�´�0LQRU�
3ODQHW�%XOO���������������

&KDQJ��&��.���,S��:��+���/LQ��+��:���&KHQJ��<��&���1JHRZ��&��&���
<DQJ��7��&���:DV]F]DN��$���.XONDUQL��6�5���/HYLWDQ��'���6HVDU��%���
/DKHU��5���6XUDFH��-���3ULQFH��7�$����������³$VWHURLG�6SLQ�UDWH�6WXG\�
8VLQJ� WKH�,QWHUPHGLDWH�3DORPDU�7UDQVLHQW�)DFWRU\�´�$S��-��6XSSO��
6HU�������$����

&ODUN�� 0�� �������� ³$VWHURLG� 3KRWRPHWU\� IURP� WKH� 3UHVWRQ� *RWW�
2EVHUYDWRU\�´�0LQRU�3ODQHW�%XOO���������������

&ROH\��'����������³$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�WKH�'DQKHQJH�
2EVHUYDWRU\�$SU���$XJ������´�0LQRU�3ODQHW�%XOO�������������

'LWWHRQ��5���:HVW��-����������³$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�WKH�
2DNOH\� 6RXWKHUQ� 2EVHUYDWRU\�� ����� -DQXDU\� WKUX� $SULO�´�0LQRU�
3ODQHW�%XOO���������������

'LWWHRQ��5���+RUQ��/���.DPSHUPDQ��$���9RUMRKDQ��%���.LUNSDWULFN��
(����������³$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�WKH�2DNOH\�6RXWKHU�6N\�
2EVHUYDWRU\�������$SULO�0D\�´�0LQRU�3ODQHW�%XOO�������������

'LWWHRQ�� 5��� -RKQVRQ�� '��� /LQ�� :��� :DQJ�� =��� =KDR�� %�� ��������
³/LJKWFXUYH� $QDO\VLV� RI� 0LQRU� 3ODQHWV� 2EVHUYHG� DW� WKH� 2DNOH\�
6RXWKHUQ� 6N\� 2EVHUYDWRU\�� ����� $XJXVW�6HSWHPEHU�´� 0LQRU�
3ODQHW�%XOO���������������

�XUHFK�� -��� +DQXã�� -��� $Ot�/DJRD�� 9�� �����D��� ³$VWHURLG� PRGHOV�
UHFRQVWUXFWHG� IURP� WKH� /RZHOO� 3KRWRPHWULF� 'DWDEDVH� DQG�:,6(�
GDWD�´�$VWURQ��$VWURSK\V�������$����

�XUHFK��-���+DQXã��-���%UR]��0���/HKN\��0���%HKUHQG��5���$QWRQLQL��
3���&KDUERQQHO��6���&ULSSD��5���'XEUHXLO��3���)DUURQL��*���.REHU��*���
/RSH]��$���0DQ]LQL�� )��� 2H\�� -��� 3RQF\�� 5��� 5LQQHU�� &��� 5R\�� 5��
�����E��� ³6KDSH� PRGHOV� RI� DVWHURLGV� EDVHG� RQ� OLJKWFXUYH�
REVHUYDWLRQV� ZLWK� %OXH(\H���� URERWLF� REVHUYDWRU\�´� ,FDUXV� �����
���������

(UDVPXV�� 1��� 1DYDUUR�0H]D�� 6��� 0F1HLOO�� $��� 7ULOOLQJ�� '�(���
6LFNDIRRVH��$�$���'HQQHDX��/���)OHZHOOLQJ��+���+HLQ]H��$���7RQU\��
-�/�� �������� ³,QYHVWLJDWLQJ� 7D[RQRPLF�'LYHUVLW\� ZLWKLQ� $VWHURLG�
)DPLOLHV�WKURXJK�$7/$6�'XDO�EDQG�3KRWRPHWU\�´�$S��-�������$����

*DUFHUDQ�� $�&��� $]QDU�� $��� 0DQVHJR�� (�$��� 5RGULJXH]�� 3�%��� GH�
+DUR��-�/���6LOYD��$�)���6LOYD��*�)���0DUWLQH]��9�0���&KLQHU��2�5��
�������� ³1LQHWHHQ� $VWHURLGV� /LJKWFXUYHV� DW� $VWHURLGV� 2EVHUYHUV�
�2%$6����033'�������$SULO���6HSWHPEHU�´�0LQRU�3ODQHW�%XOO������
�������

+DPDQRZD��+���+DPDQRZD��+�� ��������+DPDQRZD�$VWURQRPLFDO�
2EV��:HE�VLWH��KWWS���ZZZ��RFQ�QH�MS�aKDPDWHQ�DVWFMDWD�KWP�

+DQ��;�/���/L��%���=KDR��+���/LX��:���6XQ��/���6KL��-���*DR��6���:DQJ��
6���3DQ��;���-LDQJ��3���=KRX��+����������³3KRWRPHWULF�2EVHUYDWLRQV�
RI�����0RQWHILRUH�������+DUODQVPLWK������0RIIDWW�������*LIX��DQG�
�������������9-�´�0LQRU�3ODQHW�%XOO��������������

+DQXã��-����XUHFK��-���%URå��0���:DUQHU��%�'���3LOFKHU��)���6WHSKHQV��
5���2H\��-���%HUQDVFRQL��/���&DVXOOL��6���%HKUHQG��5���3ROLVKRRN��'���
+HQ\FK��7���/HKNê��0���<RVKLGD��)��� ,WR��7�� �������� ³$� VWXG\�RI�
DVWHURLG�SROH�ODWLWXGH�GLVWULEXWLRQ�EDVHG�RQ�DQ�H[WHQGHG�VHW�RI�VKDSH�
PRGHOV� GHULYHG� E\� WKH� OLJKWFXUYH� LQYHUVLRQ� PHWKRG�´� $VWURQ��
$VWURSK\V�������$�����

+DQXã�� -����XUHFK�� -���2V]NLHZLF]��'�$���%HKUHQG��5���&DUU\��%���
'HOER�� 0��� $GDP�� 2��� $IRQLQD�� 9��� $QTXHWLQ�� 5��� $QWRQLQL�� 3���
$UQROG��/���$XGHMHDQ��0���$XUDUG��3���%DFKVFKPLGW��0���%DGXHO��%���
%DUERWLQ�� (��� %DUUR\�� 3��� %DXGRXLQ�� 3��� %HUDUG�� /��� %HUJHU�� 1��
��������³1HZ�DQG�XSGDWHG�FRQYH[�VKDSH�PRGHOV�RI�DVWHURLGV�EDVHG�
RQ� RSWLFDO� GDWD� IURP� D� ODUJH� FROODERUDWLRQ� QHWZRUN�´� $VWURQ��
$VWURSK\V�������$�����

+DUULV�� $�:��� <RXQJ�� -�:��� 6FDOWULWL�� )��� =DSSDOD�� 9�� ��������
³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�
����*\SWLV�´�,FDUXV��������������
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+DUULV��$�:���<RXQJ��-�:���&RQWUHLUDV��/���'RFNZHLOHU��7���%HONRUD��
/���6DOR��+���+DUULV��:�'���%RZHOO��(���3RXWDQHQ��0���%LQ]HO��5�3���
7KROHQ�� '�-��� :DQJ�� 6�� �������� ³3KDVH� UHODWLRQV� RI� KLJK� DOEHGR�
DVWHURLGV��7KH�XQXVXDO�RSSRVLWLRQ�EULJKWHQLQJ�RI����1\VD�DQG����
$QJHOLQD�´�,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�������������

+DVHJDZD��6���0L\DVDND��6���0LWR��+���6DUXJDNX��<���2]DZD��7���
.XURGD��'���1LVKLKDUD��6���+DUDGD��$���<RVKLGD��0���<DQDJLVDZD��
.��� 6KLPL]X��<���1DJD\DPD��6���7RGD��+���2NLWD��.���.DZDL��1���

0RUL��0���6HNLJXFKL��7���,VKLJXUR��0���$EH��0����������³/LJKWFXUYH�
6XUYH\�RI�9�7\SH�$VWHURLGV��2EVHUYDWLRQV�8QWLO������´�$&0�������
3URFHHGLQJV�RI�WKH�FRQIHUHQFH�KHOG�0D\�������������,G��������

+LJJLQV�� '��� 2H\�� -�� �������� ³$VWHURLG� /LJKWFXUYH� $QDO\VLV� DW�
+XQWHUV�+LOO�2EVHUYDWRU\�DQG�&ROODERUDWLQJ�6WDWLRQV� ��'HFHPEHU�
�������$SULO������´�0LQRU�3ODQHW�%XOO�������������

+LJJLQV�� '�� �������� ³3HULRG� 'HWHUPLQDWLRQ� RI� $VWHURLG� 7DUJHWV�
2EVHUYHG� DW� +XQWHUV� +LOO� 2EVHUYDWRU\�� 0D\� ����� �� 6HSWHPEHU�
�����´�0LQRU�3ODQHW�%XOO�������������

-XDUH]�� 5�$��� 0DUWLQH]�� &�7��� 5\DQ�� :�+��� 5\DQ�� (�9�� ��������
³3K\VLFDO�3URSHUWLHV�RI�WKH�9HVWD�IDPLO\�DVWHURLG������3DWWHUVRQ�´�
%XOOHWLQ�RI�$PHU��$VWURQ��6RF������������

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