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)LJXUH����7KH�OLJKWFXUYH�SKDVHG�XVLQJ�WKH�QHZ�SHULRG�RI���������K��

$FNQRZOHGJHPHQWV�

75$33,67�6RXWK� LV� D� SURMHFW� IXQGHG� E\� WKH� %HOJLDQ� )RQGV�
�1DWLRQDO�� GH� OD� 5HFKHUFKH� 6FLHQWLILTXH� �)�5�6��)156�� XQGHU�
JUDQW�3'5�7����������75$33,67�1RUWK�LV�D�SURMHFW�IXQGHG�E\�WKH�
8QLYHUVLW\� RI� /LqJH�� LQ� FROODERUDWLRQ� ZLWK� WKH� &DGL� $\\DG�
8QLYHUVLW\� RI� 0DUUDNHFK� �0RURFFR��� (�� -HKLQ� LV� )156� 6HQLRU�
5HVHDUFK�$VVRFLDWH��7KH�ZHEVLWH�RI�WKH�75$33,67�SURMHFW�FDQ�EH�
YLVLWHG�DW�KWWSV���ZZZ�WUDSSLVW�XOLHJH�EH��

5HIHUHQFHV�

)HUUDLV��0���-HKLQ��(���0RXODQH��<���3R]XHORV��)�-���%DUNDRXL��.���
%HQNKDOGRXQ�� =�� �������� ³7UDSSLVW�1RUWK� DQG� �6RXWK� &RPELQHG�
/LJKWFXUYHV�RI�1HDU�(DUWK�$VWHURLG������)ORUHQFH�´�0LQRU�3ODQHW�
%XOO�������������

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

+DUULV��$�:���<RXQJ��-�:���%RZHOO��(���0DUWLQ��/�-���0LOOLV��5�/���
3RXWDQHQ�� 0��� 6FDOWULWL�� )��� =DSSDOD�� 9��� 6FKREHU�� +�-���
'HEHKRJQH��+���=HLJOHU��.�:����������³3KRWRHOHFWULF�2EVHUYDWLRQV�
RI�$VWHURLGV�����������������DQG�����´�,FDUXV��������������

-HKLQ�� (��� *LOORQ�� 0��� 4XHOR]�� '��� 0DJDLQ�� 3��� 0DQIURLG�� -���
&KDQWU\� 9��� /HQGO�� 0��� +XWVHPpNHUV�� '��� 8GU\�� 6�� ��������
³75$33,67�� 75$QVLWLQJ� 3ODQHWV� DQG� 3ODQHWHV,PDOV� 6PDOO�
7HOHVFRSH�´�7KH�0HVVHQJHU�����������

3LOFKHU��)����������³/LJKWFXUYHV�DQG�URWDWLRQ�SHULRGV�RI����+\JLHD��
���$JODMD������%UXFKVDOLD������/ROD��DQG�����(PDQXHOD�´�0LQRU�
3ODQHW�%XOO���������������

7RG\�� '�� �������� ³7KH� ,5$)� 'DWD� 5HGXFWLRQ� DQG� $QDO\VLV�
6\VWHP�´�3URF��63,(�,QVWUXPHQWDWLRQ�LQ�$VWURQRP\�9,�����������

9DQPXQVWHU��7����������3HUDQVR�VRIWZDUH�� �
ZZZ�FEDEHOJLXP�FRP�SHUDQVR��

9HUQD]]D�� 3��� %UR]��0��� 'URXDUG�� $��� DQG� ��� FROOHDJXHV� ��������
³7KH� LPSDFW�FUDWHU�DW� WKH�RULJLQ�RI� WKH�-XOLD�IDPLO\�GHWHFWHG�ZLWK�
9/7�63+(5("´�$VWURQRP\�	�$VWURSK\VLFV������������

9HUQD]]D��3���-RUGD��/���âHYHþHN��3���DQG����FROOHDJXHV���������³$�
EDVLQ�IUHH� VSKHULFDO� VKDSH� DV� DQ� RXWFRPH� RI� D� JLDQW� LPSDFW� RQ�
DVWHURLG�+\JLHD�´�1DWXUH�$VWURQRP\�������������

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

/,*+7&859(�$1$/<6,6�2)�/��752-$1�$67(5,2'6�
$7�7+(�&(17(5�)25�62/$5�6<67(0�678',(6���

�����2&72%(5�72�'(&(0%(5�

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

������0RXQW�-RKQVRQ�&W���5DQFKR�&XFDPRQJD��&$�������86$�
UVWHSKHQV#IR[DQGVWHSKHQV�FRP�

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

(DWRQ��&2�

�5HFHLYHG�������-DQ����

/LJKWFXUYHV� IRU� VL[� /�� -RYLDQ� 7URMDQ� DVWHURLGV� ZHUH�
REWDLQHG� DW� WKH�&HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV� �&6���
IURP������2FWREHU�WR�'HFHPEHU��

&&'�SKRWRPHWULF�REVHUYDWLRQV�RI�VL[�7URMDQ�DVWHURLGV�IURP�WKH�/��
�*UHHN�� /DJUDQJH� SRLQW� ZHUH� REWDLQHG� DW� WKH� &HQWHU� IRU� 6RODU�
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�
DQG�FDQ�EH�VXSSOHPHQWHG�ZLWK�UHOLDEOH�VSDUVH�GDWD�IRU�WKH�EULJKWHU�
7URMDQ� DVWHURLGV�� )RU� WZR� 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\�
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�
KDG�PDVWHU�IODWV�DQG�GDUNV�DSSOLHG��7KH�H[SRVXUHV�GHSHQGHG�XSRQ�
YDULRXV�IDFWRUV�LQFOXGLQJ�PDJQLWXGH�RI�WKH�WDUJHW��VN\�PRWLRQ��DQG�
0RRQ�LOOXPLQDWLRQ��

,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�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�
³QDWLYH´�PDJQLWXGHV�RI�WKH�FDWDORJ��

7R�UHGXFH�WKH�UHVHWWLQJ�QLJKWO\�]HUR�SRLQWV��ZH�XVH�WKH�$7/$6�U��
�65��PDJQLWXGHV��7KRVH�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��

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���
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8QOHVV� RWKHUZLVH� LQGLFDWHG�� WKH� <�D[LV� RI� OLJKWFXUYHV� JLYHV�
$7/$6� 65� ³VN\´� �FDWDORJ��PDJQLWXGHV��'XULQJ� SHULRG� DQDO\VLV��
WKH�PDJQLWXGHV�ZHUH�QRUPDOL]HG�WR�WKH�SKDVH�DQJOH�DQG�YDOXH�IRU�
*� JLYHQ� LQ� WKH� SDUHQWKHVHV�� 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��

7DUJHWV�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�� )RU� EUHYLW\�� RQO\� VRPH� RI� WKH�
SUHYLRXVO\� UHSRUWHG� URWDWLRQDO� SHULRGV� PD\� EH� UHIHUHQFHG�� $�
FRPSOHWH� OLVW� LV� DYDLODEOH� DW� WKH� 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�
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� $/&'()� DVWHURLG� SKRWRPHWU\�
GDWDEDVH� �KWWS���ZZZ�DOFGHI�RUJ��� XVLQJ� 032� /&,QYHUW�� �%GZ�
3XEOLVKLQJ��� 7KLV� :LQGRZV�EDVHG� SURJUDP� LQFRUSRUDWHV� WKH�
DOJRULWKPV� GHYHORSHG� E\� .DVVDODLQHQ� DQG� 7RUSSD� ������� DQG�
.DVVDODLQHQ�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��

�����$QWLORFKXV��:H�REWDLQHG�URWDWLRQDO�UDWHV�IRU�WKLV�7URMDQ�ILYH�
WLPHV� LQ� WKH� SDVW� �6WHSKHQV� DQG� :DUQHU�� ������ DQG� UHIHUHQFHV�
WKHUHLQ���HDFK�WLPH�ILQGLQJ�D�SHULRG�QHDU������K��7KH������UHVXOWV�
DUH� LQ� JRRG� DJUHHPHQW�� ,Q� DGGLWLRQ� WR� RXU� VL[� GHQVH� OLJKWFXUYHV���
ZH� XVHG� VSDUVH� GDWD� IURP� WKH� $VW'\6��� VLWH� WR� ILQG� D��
SUHOLPLQDU\� VKDSH� PRGHO� ZLWK� D� VLGHUHDO� URWDWLRQDO� SHULRG� RI��
��������������������K��

�

�����3DODPHGHV��:H� KDG� RQO\� REVHUYHG� WKLV� 7URMDQ� RQFH� LQ� WKH�
SDVW� �6WHSKHQV� ������� ILQGLQJ� D� URWDWLRQDO� SHULRG� RI� ����� K��
0RWWROD� HW� DO�� ������� IRXQG� D� VLPLODU� SHULRG� RI� ������ K��
2EVHUYDWLRQV� ZHUH� PDGH� LQ� ����� LQ� KRSH� RI� EHLQJ� DEOH� WR�
GHWHUPLQH�D�VKDSH�PRGHO�DQG�SROH�VROXWLRQ��2XU�SHULRG�LV�LQ�JRRG�
DJUHHPHQW�ZLWK�SUHYLRXV�UHVXOWV��

�

�����$XWRPHGRQ��:H�KDYH�REVHUYHG�WKLV�7URMDQ�WKUHH�WLPHV�LQ�WKH�
SDVW� �6WHSKHQV� DQG� :DUQHU�� ������ DQG� UHIHUHQFHV� WKHUHLQ��� ,Q�
DGGLWLRQ�WR�WKHVH�GHQVH�OLJKWFXUYHV��ZH�XVHG�VSDUVH�GDWD� IURP�WKH�
$VW'\6���VLWH�WR�FUHDWH�D�SUHOLPLQDU\�VKDSH�PRGHO�ZLWK�D�VLGHUHDO�
URWDWLRQDO�SHULRG�RI���������������������K��

�

����� 0DNKDRQ�� :H� REVHUYHG� WKLV� /�� 7URMDQ� WZLFH� LQ� WKH� SDVW�
�)UHQFK�HW�DO���������6WHSKHQV�HW�DO����������0RWWROD�HW�DO�� �������
DOVR� REVHUYHG� LW� WZLFH�� 2XU� UHVXOWV� IURP� ����� DUH� LQ� JRRG�
DJUHHPHQW� ZLWK� WKRVH� ILQGLQJV�� 'HVSLWH� KDYLQJ� RQO\� WKUHH� GHQVH�
OLJKWFXUYHV�DQG�VRPH�VSDUVH�GDWD�IURP�WKH�$VW'\6���VLWH��ZH�ZHUH�
DEOH�WR�FUHDWH�D�SUHOLPLQDU\�VKDSH�PRGHO�ZLWK�D�VLGHUHDO�URWDWLRQDO�
SHULRG�RI������������������K��

�
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�����3RO\SRLWHV��:H� KDYH� REVHUYHG� WKLV� 7URMDQ� VL[� WLPHV� LQ� WKH�
SDVW� �6WHSKHQV� DQG� :DUQHU�� ������ DQG� UHIHUHQFHV� ZLWKLQ��� 7KH�
UHVXOW� IURP� WKH� ����� GDWD� LV� D� OLWWOH� IDVWHU� WKDQ� WKHVH� SUHYLRXV�
ILQGLQJV�� QR� GRXEW� QRLVH� IURP� WKH� QHDUO\� IODW�� IRXU� H[WUHPD�
OLJKWFXUYH��(YHQ�ZLWK� WKLV� VOLJKWO\�GLIIHUHQW�SHULRG��ZH�ZHUH�DEOH�
WR�XVH� RXU� VHYHQ� GHQVH� OLJKWFXUYHV� WR� FUHDWH� D� SUHOLPLQDU\� VKDSH�
PRGHO�ZLWK�D�VLGHUHDO�URWDWLRQDO�SHULRG�RI���������������������K��

�

�����/HRQWHXV��7KLV� LV� DQRWKHU�/��7URMDQ� WKDW�ZH�KDYH�REVHUYHG�
VL[�WLPHV�LQ�WKH�SDVW��6WHSKHQV�DQG�:DUQHU��������DQG�UHIHUHQFHV�
WKHUHLQ���$GGLQJ�RXU�VHYHQWK�GHQVH�OLJKWFXUYH�DOORZHG�XV�WR�FUHDWH�
D� SUHOLPLQDU\� VKDSH� PRGHO� ZLWK� D� VLGHUHDO� URWDWLRQDO� SHULRG� RI�
������������������K��

�

$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�SXUFKDVH�RI�D�)/,�
����(� &&'� FDPHUD� ZDV� PDGH� SRVVLEOH� E\� D� ����� *HQH�
6KRHPDNHU�1(2�*UDQWV�IURP�WKH�3ODQHWDU\�6RFLHW\��

5HIHUHQFHV�

$VW'\6����������$VWHURLGV�±�'\QDPLF�6LWH�� �
KWWSV���QHZWRQ�VSDFHG\V�FRP�DVWG\V��

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

)UHQFK��/�0���6WHSKHQV��5�'���/HGHUHU��6�0���&ROH\��'�5���5KRO��
'�$�� �������� ³3UHOLPLQDU\� 5HVXOWV� IURP� D� 6WXG\� RI� 7URMDQ�
$VWHURLGV�´�0LQRU�3ODQHW�%XOO���������������

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

+DUULV��$�:���<RXQJ��-�:���%RZHOO��(���0DUWLQ��/�-���0LOOLV��5�/���
3RXWDQHQ�� 0��� 6FDOWULWL�� )��� =DSSDOD�� 9��� 6FKREHU�� +�-���
'HEHKRJQH��+���=HLJOHU��.�:����������³3KRWRHOHFWULF�2EVHUYDWLRQV�
RI�$VWHURLGV�����������������DQG�����´�,FDUXV��������������

.DVVDODLQHQ�� 0��� 7RUSSD� -�� �������� ³2SWLPL]DWLRQ� 0HWKRGV� IRU�
$VWHURLG� /LJKWFXUYH� ,QYHUVLRQ�� ,�� 6KDSH� 'HWHUPLQDWLRQ�´� ,FDUXV�
������������

.DVVDODLQHQ��0���7RUSSD�-���0XLQRQHQ��.�� ��������³2SWLPL]DWLRQ�
0HWKRGV� IRU� $VWHURLG� /LJKWFXUYH� ,QYHUVLRQ�� ,,�� 7KH� &RPSOHWH�
,QYHUVH�3UREOHP�´�,FDUXV�������������

0RWWROD�� 6��� 'L� 0DUWLQR�� 0��� (ULNVRQ�� $��� *RQDQR�%HXUHU�� 0���
&DUERJQDQL��$���&DUVHQW\��8���+DKQ��*���6FKREHU��+���/DKXOOD��)���
'HOEz��0���/DJHUNYLVW��&����������³5RWDWLRQDO�3URSHUWLHV�RI�-XSLWHU�
7URMDQV��,��/LJKW�&XUYHV�RI����2EMHFWV�´�$VWURQ��-�������$�����

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

� ����� $QWLORFKXV� ������������ �������� ��� ��� ������ ����� ����� �����

� ����� 3DODPHGHV� ������������ ���������� ���� �� ������ ������ ����� �����

� ����� $XWRPHGRQ� ������������ �������� �� ��� ������� ������ ����� �����
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7R�6HSWHPEHU�´�0LQRU�3ODQHW�%XOO�������������
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&�$��� 6PDUWW�� 6�-��� 6WDOGHU�� %��� :HLODQG�� +�-��� :ROI�� &�� ��������
³7KH� $7/$6� $OO�6N\� 6WHOODU� 5HIHUHQFH� &DWDORJ�´� $VWURSK\V�� -��
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:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�
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ISLOFKHU��#JPDLO�FRP�

2EVHUYHUV� ZKR� KDYH� PDGH� YLVXDO�� SKRWRJUDSKLF�� RU� &&'�
PHDVXUHPHQWV�RI�SRVLWLRQV�RI�PLQRU�SODQHWV�LQ�FDOHQGDU�\HDU������
DUH� HQFRXUDJHG� WR� UHSRUW� WKHP� WR� WKLV� DXWKRU� RQ� RU� EHIRUH� �����
$SULO�����7KLV�ZLOO�EH�WKH�GHDGOLQH�IRU�UHFHLSW�RI�UHSRUWV��IRU�ZKLFK�
UHVXOWV� FDQ� EH� LQFOXGHG� LQ� WKH� ³*HQHUDO� 5HSRUW� RI� 3RVLWLRQ�
2EVHUYDWLRQV�IRU������´�WR�EH�SXEOLVKHG�LQ�03%�9RO������1R�����
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EULDQ#0LQRU3ODQHW2EVHUYHU�FRP�

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

5DQFKR�&XFDPRQJD��&$�

�5HFHLYHG�������-DQ�����

/LJKWFXUYHV�RI����1HDU�(DUWK�DVWHURLGV��1($V��REWDLQHG�
DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���IURP������
2FWREHU� WR� HDUO\� ����� -DQXDU\� ZHUH� DQDO\]HG� IRU�
URWDWLRQ� SHULRG�� SHDN�WR�SHDN� DPSOLWXGH�� DQG� VLJQV� RI�
VDWHOOLWHV�RU�WXPEOLQJ��

&&'�SKRWRPHWULF�REVHUYDWLRQV�RI����QHDU�(DUWK�DVWHURLGV��1($V��
ZHUH� PDGH� DW� WKH� &HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV� �&6��� IURP�
�����6HSWHPEHU�WR�HDUO\������-DQXDU\��7DEOH�,�OLVWV�WKH�WHOHVFRSHV�
DQG�&&'�FDPHUDV�WKDW�ZHUH�FRPELQHG�WR�PDNH�REVHUYDWLRQV��

8S� WR� QLQH� WHOHVFRSHV� FDQ� EH� XVHG� IRU� WKH� FDPSDLJQ�� DOWKRXJK�
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�
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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�WLPHV�DQG�DPRXQWV�RI�DGMXVWLQJ�QLJKWO\�]HUR�SRLQWV��ZH�
XVH� WKH�$7/$6�FDWDORJ� U�� �65��PDJQLWXGHV� �7RQU\� HW� DO����������
7KRVH� DGMXVWPHQWV� DUH� XVXDOO\� d� ������ 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�� $QRWKHU� FDXVH� PD\� EH�
VHOHFWLQJ� ZKDW� DSSHDUV� WR� EH� D� VLQJOH� VWDU� EXW� LV� DFWXDOO\� 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�� KDG� DOO� WKH� REVHUYDWLRQV�
PDGH� DW� D� VLQJOH� IL[HG� GDWH�WLPH� DQG� SKDVH� DQJOH�� OHDYLQJ� DQ\�
YDULDWLRQV� GXH� RQO\� WR� WKH� DVWHURLG¶V� URWDWLRQ� DQG�RU� DOEHGR�


