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65� ³VN\´� �FDWDORJ�� PDJQLWXGHV�� 'XULQJ� SHULRG� DQDO\VLV�� WKH�

PDJQLWXGHV� ZHUH� QRUPDOL]HG� WR� WKH� SKDVH� DQJOH� JLYHQ� LQ�

SDUHQWKHVHV� XVLQJ�*  � ������ 7KH� ;�D[LV� URWDWLRQDO� SKDVH� UDQJHV�
5REHUW�'��6WHSKHQV

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

������0RXQW�-RKQVRQ�&W���5DQFKR�&XFDPRQJD��&$�������86$

UVWHSKHQV#IR[DQGVWHSKHQV�FRP

SDUHQWKHVHV� XVLQJ�*  � ������ 7KH� ;�D[LV� URWDWLRQDO� SKDVH� UDQJHV�

IURP�±�����WR������

7KH� DPSOLWXGH� LQGLFDWHG� LQ� WKH� SORWV� �H�J�� $PS�� ������ LV� WKH�

DPSOLWXGH� RI� WKH� )RXULHU� PRGHO� FXUYH� DQG� QRW� QHFHVVDULO\� WKH�

DGRSWHG�DPSOLWXGH�RI�WKH�OLJKWFXUYH�
%ULDQ�'��:DUQHU

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

(DWRQ��&2

�5HFHLYHG�������-XO\����

DGRSWHG�DPSOLWXGH�RI�WKH�OLJKWFXUYH�

7DUJHWV�ZHUH�VHOHFWHG�IRU�WKLV�/� REVHUYLQJ�FDPSDLJQ�ZHUH�PRVWO\�

EDVHG� XSRQ� WKH� DYDLODELOLW\� RI� GHQVH� OLJKWFXUYHV� DFTXLUHG� LQ�

SUHYLRXV� \HDUV��:H� REWDLQHG� WZR� WR� IRXU� OLJKWFXUYHV� IRU�PRVW� RI�

WKHVH�7URMDQV�DW�SUHYLRXV�RSSRVLWLRQV��5HFHLYHG�������-XO\����

/LJKWFXUYHV� IRU� QLQH� /� -RYLDQ� 7URMDQ� DVWHURLGV� ZHUH�

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

IURP������$SULO�WR�-XQH�

WKHVH�7URMDQV�DW�SUHYLRXV�RSSRVLWLRQV�

)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���������

&&'�3KRWRPHWULF�REVHUYDWLRQV�RI�QLQH�7URMDQ�DVWHURLGV� IURP� WKH�

/� �7URMDQ��/DJUDQJH�SRLQW�ZHUH�REWDLQHG�DW� WKH�&HQWHU� IRU�6RODU�

6\VWHP�6WXGLHV��&6���03&�8�����)RU�VHYHUDO�\HDUV��&6��KDV�EHHQ�

DVWHURLG�OLJKWFXUYH�GDWDEDVH��/&'%��:DUQHU�HW�DO���������

7R�HYDOXDWH�WKH�TXDOLW\�RI�WKH�GDWD�REWDLQHG�DQG�WR�GHWHUPLQH�KRZ�

PXFK� PRUH� GDWD� PLJKW� EH� QHHGHG�� SUHOLPLQDU\� SROH� DQG� VKDSH�

PRGHOV� ZHUH� FUHDWHG� IRU� DOO� RI� WKHVH� WDUJHWV�� 6SDUVH� GDWD�

REVHUYDWLRQV� ZHUH� REWDLQHG� IURP� WKH� &DWDOLQD� 6N\� 6XUYH\� DQG�6\VWHP�6WXGLHV��&6���03&�8�����)RU�VHYHUDO�\HDUV��&6��KDV�EHHQ�

FRQGXFWLQJ�D�VWXG\�RI�-RYLDQ�7URMDQ�DVWHURLGV��7KLV�LV�DQRWKHU�LQ�D�

VHULHV� RI� SDSHUV� UHSRUWLQJ� GDWD� DQDO\VLV� EHLQJ� DFFXPXODWHG� IRU�

IDPLO\�SROH�DQG�VKDSH�PRGHO�VWXGLHV��,W�LV�DQWLFLSDWHG�WKDW�IRU�PRVW�

-RYLDQ� 7URMDQV�� WZR� WR� ILYH� GHQVH� OLJKWFXUYHV� SHU� WDUJHW� DW�

RSSRVLWLRQV�ZHOO� GLVWULEXWHG� LQ� HFOLSWLF� ORQJLWXGHV�ZLOO� EH�QHHGHG�

REVHUYDWLRQV� ZHUH� REWDLQHG� IURP� WKH� &DWDOLQD� 6N\� 6XUYH\� DQG�

8612�)ODJVWDII� VXUYH\� XVLQJ� WKH� $VW'\6��� VLWH� �������� 7KHVH�

VSDUVH� GDWD� ZHUH� FRPELQHG� ZLWK� RXU� GHQVH� GDWD� DV� ZHOO DV� DQ\�

RWKHU�GHQVH�GDWD�IRXQG�LQ�WKH�$VWHURLG�/LJKWFXUYH�'DWD�([FKDQJH�

)RUPDW� GDWDEDVH� �$/&'()�� ������ XVLQJ� 032� /&,QYHUW�� �%GZ�

3XEOLVKLQJ��� 7KLV� :LQGRZV�EDVHG� SURJUDP� LQFRUSRUDWHV� WKH�RSSRVLWLRQV�ZHOO� GLVWULEXWHG� LQ� HFOLSWLF� ORQJLWXGHV�ZLOO� EH�QHHGHG�

DQG�FDQ�EH�VXSSOHPHQWHG�ZLWK�UHOLDEOH�VSDUVH�GDWD�IRU�WKH�EULJKWHU�

7URMDQ� DVWHURLGV�� )RU� VL[� RI� WKHVH� WDUJHWV� ZH� ZHUH� DEOH� WR� JHW�

SUHOLPLQDU\ SROH� SRVLWLRQV� DQG� FUHDWH� VKDSH� PRGHOV� IURP� VSDUVH�

GDWD�DQG�WKH�GHQVH�OLJKWFXUYHV�REWDLQHG�WR�GDWH��7KHVH�SUHOLPLQDU\�

3XEOLVKLQJ��� 7KLV� :LQGRZV�EDVHG� SURJUDP� LQFRUSRUDWHV� WKH�

DOJRULWKPV� GHYHORSHG� E\� .DDVDODLQHQ� DQG� 7RUSSD� �����D�� DQG�

.DDVDODLQHQ�HW�DO�������E��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�GDWD�DQG�WKH�GHQVH�OLJKWFXUYHV�REWDLQHG�WR�GDWH��7KHVH�SUHOLPLQDU\�

PRGHOV� ZLOO� EH� LPSURYHG� DV� PRUH� GDWD� DUH� DFTXLUHG� DW� IXWXUH�

RSSRVLWLRQV�DQG�ZLOO�EH�SXEOLVKHG�DW�D�ODWHU�GDWH�

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

PDNH� WKH�REVHUYDWLRQV�� ,PDJHV�ZHUH�XQELQQHG�ZLWK�QR� ILOWHU� DQG�

VXIILFLHQWO\�ZLGH�UDQJH� WR�DVVXUH�ILQGLQJ�D�JOREDO�PLQLPXP�LQ�F

YDOXHV�

����� &HEULRQHV�� 5HOLDEOH� URWDWLRQDO� UDWHV� IRU� WKLV� 7URMDQ� ZHUH�

REWDLQHG�IRXU�WLPHV�LQ�WKH�SDVW��*DODG�DQG�.RUQRV��������0RWWROD�

HW�DO���������6NLII�HW�DO���������6WHSKHQV�DQG�:DUQHU�����E���HDFK�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�

HW�DO���������6NLII�HW�DO���������6WHSKHQV�DQG�:DUQHU�����E���HDFK�

WLPH� ILQGLQJ� D� SHULRG� QHDU� ����� K��7KH� ����� UHVXOWV� DUH� LQ� JRRG�

DJUHHPHQW�� � 8VLQJ� VSDUVH� GDWD� IURP� WKH� $VW'\V��� ������� DQG�

$/&'()��������VLWHV��D�SUHOLPLQDU\�VKDSH�PRGHO�ZLWK�D�VLGHUHDO�

URWDWLRQDO�SHULRG�RI���������������������K�ZDV�FUHDWHG�URWDWLRQDO�SHULRG�RI���������������������K�ZDV�FUHDWHG�

,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����������7KH�&RPS�6WDU�6HOHFWRU�IHDWXUH�LQ�032�&DQRSXV ZDV�DO����������7KH�&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$55�FDWDORJV�DQG�DUH�WKH�ZHUH�GHULYHG�IURP�WKH�*$,$�DQG�3DQ�67$55�FDWDORJV�DQG�DUH�WKH�

³QDWLYH´�PDJQLWXGHV�RI�WKH�FDWDORJ�

7R� UHGXFH� WKH� QXPEHU� RI� WLPHV� DQG� DPRXQW� RI� UHVHWWLQJ� QLJKWO\�

]HUR� SRLQWV�� ZH� XVH� WKH� $7/$6� U�� �65�� PDJQLWXGHV�� 7KRVH�

DGMXVWPHQWV� DUH�PRVWO\� �� �����PDJ�� 7KH� RFFDVLRQV�ZKHUH� ODUJHU� ����� 3HLURRV�� :H� REVHUYHG� 3HLURRV� IRXU� WLPHV� LQ� WKH� SDVW��

7HOHVFRSH &DPHUD
�����P�I����6FKPLGW�&DVV )/,�3UROLQH�����(

�����P�I����6FKPLGW�&DVV )OL�0LFUROLQH�����(

�����P�I����6FKPLGW�&DVV )OL�0LFUROLQH�����(

7DEOH�,��/LVW�RI�WHOHVFRSHV�DQG�&&'�FDPHUDV�XVHG�DW�&6��7DEOH�,��/LVW�RI�WHOHVFRSHV�DQG�&&'�FDPHUDV�XVHG�DW�&6��

DGMXVWPHQWV� DUH�PRVWO\� �� �����PDJ�� 7KH� RFFDVLRQV�ZKHUH� ODUJHU�

FRUUHFWLRQV�ZHUH� UHTXLUHG�PD\�KDYH�EHHQ� UHODWHG� LQ�SDUW� WR�XVLQJ�

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

DQG�QRW�FRUUHFWLQJ�IRU�VHFRQG�RUGHU�H[WLQFWLRQ�WHUPV�

����� 3HLURRV�� :H� REVHUYHG� 3HLURRV� IRXU� WLPHV� LQ� WKH� SDVW��

/LJKWFXUYHV� ZHUH� REWDLQHG� LQ� ������ ������ ����� DQG� �����

�6WHSKHQV� DQG�:DUQHU�� ����D� DQG� UHIHUHQFHV� WKHUHLQ��� 7KH� GDWD�

FROOHFWHG� WKLV� \HDU�� ZKHQ� FRPELQHG� ZLWK� RXU� SUHYLRXV� GDWD� DQG�

DYDLODEOH� VSDUVH� GDWD�� ZHUH� XVHG� WR� FUHDWH� D� SUHOLPLQDU\� VKDSH�

0LQRU�3ODQHW�%XOOHWLQ��� ������

DYDLODEOH� VSDUVH� GDWD�� ZHUH� XVHG� WR� FUHDWH� D� SUHOLPLQDU\� VKDSH�

PRGHO�ZLWK�D�VLGHUHDO�URWDWLRQDO�SHULRG�RI�������������������K�
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1XPEHU 1DPH ���� PP�GG 3KDVH /3$% %3$% 3HULRG�K� 3�(� $PS $�(�
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���� $FKDWHV ����������� ������� ��� �� ����� ����� ���� ����
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7DEOH�,,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�UHVXOWV��7KH�SKDVH�DQJOH�LV�JLYHQ�IRU�WKH�ILUVW�DQG�ODVW�GDWH��/ 3$% DQG�%3$% DUH�WKH�DSSUR[LPDWH�SKDVH�
DQJOH�ELVHFWRU�ORQJLWXGH�ODWLWXGH�DW�PLG�GDWH�UDQJH��VHH�+DUULV�HW�DO���������

�����0HPQRQ��7KH�V\QRGLF�SHULRG�ZH�IRXQG�WKLV�\HDU�DJUHHV�ZLWK� ����� 0HQWRU�� :H� REVHUYHG� WKLV� 7URMDQ� IRXU� WLPHV� LQ� WKH� SDVW������0HPQRQ��7KH�V\QRGLF�SHULRG�ZH�IRXQG�WKLV�\HDU�DJUHHV�ZLWK�

SUHYLRXV�V\QRGLF�UHVXOWV��%LQ]HO�DQG�6DXWHU��������0RWWROD�HW�DO���

������)UHQFK� HW� DO��� ������ 6WHSKHQV� HW� DO��� ������ ������ 6WHSKHQV�

DQG�&ROH\�� ������ 6WHSKHQV� DQG�:DUQHU�� �������7KHVH� GDWD�ZHUH�

FRPELQHG�ZLWK� DYDLODEOH� VSDUVH� GDWD� WR� ILQG� D� SUHOLPLQDU\� VKDSH�

PRGHO�ZLWK�D�VLGHUHDO�URWDWLRQDO�SHULRG�RI��������������������K�

����� 0HQWRU�� :H� REVHUYHG� WKLV� 7URMDQ� IRXU� WLPHV� LQ� WKH� SDVW�

�6WHSKHQV� DQG� &ROH\�� ����� DQG� UHIHUHQFHV� WKHUHLQ��� HDFK� WLPH�

ILQGLQJ�D�SHULRG�QHDU������K��7KH������GDWD�UHVXOWHG�LQ�D�ELPRGDO�

OLJKWFXUYH�ZLWK� D� SHULRG� WKDW� LQ�JRRG� DJUHHPHQW�ZLWK� WKRVH�SULRU�

UHVXOWV��:H�ZHUH�DEOH�WR�FUHDWH�D�SUHOLPLQDU\�VKDSH�PRGHO�ZLWK�D�

VLGHUHDO� URWDWLRQDO� SHULRG� RI� ���������� �� ��������� K� DQG� DQ�PRGHO�ZLWK�D�VLGHUHDO�URWDWLRQDO�SHULRG�RI��������������������K� VLGHUHDO� URWDWLRQDO� SHULRG� RI� ���������� �� ��������� K� DQG� DQ�

HFOLSWLF�ORQJLWXGH�ODWLWXGH�RI���q���q��,Q�WKH�'DWDEDVH�RI�$VWHURLG�

0RGHOV� IURP� ,QYHUVLRQ� 7HFKQLTXHV� �'$0,7�� ������ ZHEVLWH��

'XUHFK� UHSRUWV� DQ� HFOLSWLF� ORQJLWXGH�ODWLWXGH� RI� ��q���q�� FORVH� WR�

RXU�SUHOLPLQDU\�PRGHO�RXU�SUHOLPLQDU\�PRGHO�

����� 3DULV�� 7KH V\QRGLF� SHULRG� IRXQG� LQ� ����� DJUHHV� ZLWK�

SUHYLRXV� V\QRGLF� UHVXOWV� �0RWWROD� HW� DO��� ������ 6WHSKHQV� DQG�

:DUQHU�� ����D� DQG� UHIHUHQFHV� WKHUHLQ��� $OO� RI� WKHVH� SUHYLRXV�

SHULRGV� ZHUH� QHDU� ����� K�� 7KH� UHVXOWV� LQ� ����� DUH� LQ� JRRG�

DJUHHPHQW� DQG�� ZKHQ� FRPELQHG� ZLWK� RXU� SUHYLRXV� GDWD� DQG�
�����$FKDWHV�� 7KLV� 7URMDQ� ZDV� REVHUYHG� ILYH� WLPHV� LQ� WKH� SDVW�

DJUHHPHQW� DQG�� ZKHQ� FRPELQHG� ZLWK� RXU� SUHYLRXV� GDWD� DQG�

DYDLODEOH� VSDUVH� GDWD�� ZHUH� XVHG� WR� FUHDWH� D� SUHOLPLQDU\� VKDSH�

PRGHO�ZLWK�D�VLGHUHDO�URWDWLRQDO�SHULRG�RI�������������������K�

�����$FKDWHV�� 7KLV� 7URMDQ� ZDV� REVHUYHG� ILYH� WLPHV� LQ� WKH� SDVW�

�0ROQDU� HW� DO��� ������0RWWROD� HW�DO��� ������6WHSKHQV� HW� DO��� ������

6WHSKHQV� DQG�:DUQHU�� ������ ����D��� HDFK� WLPH� ILQGLQJ� D� SHULRG�

QHDU������K��7KH������UHVXOWV�DUH�LQ�JRRG�DJUHHPHQW�DQG�ZHUH�XVHG�

WR� FUHDWH� D� SUHOLPLQDU\ VKDSH� PRGHO� ZLWK� D� VLGHUHDO� URWDWLRQDO�

SHULRG�RI�������������������K�

0LQRU�3ODQHW�%XOOHWLQ��� ������

SHULRG�RI�������������������K�
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������������72����2QO\�RQH�SULRU�URWDWLRQDO�SHULRG�LV�UHSRUWHG�LQ�

WKH� OLJKWFXUYH�GDWDEDVH� �/&'%��:DUQHU� HW� DO��� �������0RWWROD� HW�WKH� OLJKWFXUYH�GDWDEDVH� �/&'%��:DUQHU� HW� DO��� �������0RWWROD� HW�

DO�� ������� UHSRUWHG� D� URWDWLRQDO� SHULRG� RI� ������ K� IURP�

REVHUYDWLRQV�REWDLQHG�LQ�������2XU�UHVXOW�WKLV�\HDU�RI�������K�KDV�

D� GHQVHU� GDWDVHW� RYHU� IRXU� FRQVHFXWLYH� QLJKWV� DQG� LV� LQ� JRRG�

DJUHHPHQW�

������3URWKRRQ��)URP�RXU�GDWD� LQ������ �)UHQFK�HW�DO���������ZH�

UHSRUWHG�D� URWDWLRQDO�SHULRG�RI�������K��7KH�GDWD ZH�FROOHFWHG� LQ�UHSRUWHG�D� URWDWLRQDO�SHULRG�RI�������K��7KH�GDWD ZH�FROOHFWHG� LQ�

����� ZHUH� D� UHDVRQDEOH� ILW� WR� WKDW� URWDWLRQDO� SHULRG�� 8VLQJ� GDWD�

IURP�WKH�7UDQVLWLQJ�([RSODQHW�6XUYH\�6DWHOOLWH� �7(66���3iO�HW�DO��

������� IRXQG� D� URWDWLRQDO� SHULRG� RI� ������ K�� D� ���� DOLDV� RI� RXU�

SHULRG�� 7KH� SHULRG� VSHFWUXPV� IRU� ERWK� WKH� ����� DQG� ����� GDWD�SHULRG�� 7KH� SHULRG� VSHFWUXPV� IRU� ERWK� WKH� ����� DQG� ����� GDWD�

VKRZ� SHULRGV� QHDU� ��� K�� 7KH� ����� OLJKWFXUYH� UHSKDVHG� WR�

DSSUR[LPDWHO\����K�KDV�D�EDG�ILW�DQG�WKH������UHSKDVHG�OLJKWFXUYH�

KDV�DQ�XQOLNHO\�VKDSH�ZLWK�WKH�H[WUHPD�EHLQJ�RQO\�����SKDVH�DSDUW�

�������� ����� 7=��� 7KLV� /� -RYLDQ� 7URMDQ� KDV� EHHQ� REVHUYHG�

VHYHUDO�WLPHV�LQ�WKH�SDVW��0RXOOHW�HW�DO���������REVHUYHG�LW�LQ������

UHSRUWLQJ� D� URWDWLRQDO� SHULRG� RI� ����� K� IURP� VSDUVH� GDWD� RYHU� ���

QLJKWV��7KH�UHVXOWLQJ�OLJKWFXUYH�ZDV�D�SRRU�ILW��2YHU�VHYHQ�QLJKWV�

0LQRU�3ODQHW�%XOOHWLQ��� ������

QLJKWV��7KH�UHVXOWLQJ�OLJKWFXUYH�ZDV�D�SRRU�ILW��2YHU�VHYHQ�QLJKWV�

LQ� ������ 0RWWROD� HW� DO�� ������� XVHG� VSDUVH� GDWD� DQG� IRXQG� D�

URWDWLRQDO�SHULRG�RI��������K�ZLWK�D�VLQJOH�H[WUHPXP��7KLURXLQ�HW�
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DO�� ������� XVHG� VSDUVH� GDWD� RYHU� VL[� QLJKWV� LQ� ����� WR� ILQG� WZR�

DPELJXRXV� SHULRGV�� D� ELPRGDO� ������ K� SHULRG� DQG� D� ������� K�
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