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)LJXUH� ��� 3�� PRGHO� UHQGHULQJ� RI� ������� 5XSSLQD�� IXOO\� LOOXPLQDWHG�
XVLQJ� DQ� DUWLILFLDO� VFDWWHULQJ� ODZ� WR� EHWWHU� YLVXDOL]H� WKH� VKDSH�� ,Q�
DEVHQFH�RI�LQIRUPDWLRQ�LQ�WKH�OLJKWFXUYHV�WR�VFDOH�WKH�PRGHO�DORQJ�WKH�
SRODU�D[LV��RQO\�WKH�SROH�RQ�YLHZ�VKRZQ�LV�FRQVWUDLQHG��

5HIHUHQFHV�

$UUHGRQGR��$���+DUWW��$���<D]GL��6�.����������³5RWDWLRQ�3HULRGV�DQG�
5�0DJQLWXGHV�RI�7KUHH�.RURQLV�)DPLO\�0HPEHUV�´�0LQRU�3ODQHW�
%XOO���������������

'UXPPRQG�� -�'��� :HLGHQVFKLOOLQJ�� 6�-��� &KDSPDQ�� &�5��� 'DYLV��
'�5�� �������� ³3KRWRPHWULF� JHRGHV\� RI� PDLQ�EHOW� DVWHURLGV�� ,,��
$QDO\VLV�RI�OLJKWFXUYHV�IRU�SROHV��SHULRGV��DQG�VKDSHV�´�,FDUXV�����
�������

.DDVDODLQHQ��0���7RUSSD��-���0XLQRQHQ��.����������³2SWLPL]DWLRQ�
PHWKRGV�IRU�DVWHURLG�OLJKWFXUYH�LQYHUVLRQ��,,��7KH�FRPSOHWH�LQYHUVH�
SUREOHP�´�,FDUXV�������������

1HXJHQW�� .�)��� 6OLYDQ�� 6�0�� �������� ³5RWDWLRQ� 3HULRGV� DQG� +�
0DJQLWXGHV�RI�7ZR�.RURQLV�)DPLO\�0HPEHUV�´�0LQRU�3ODQHW�%XOO��
�������������

6OLYDQ��6�0���%LQ]HO��5�3���%RURXPDQG��6�&���3DQ��0�:���6LPSVRQ��
&�0��� 7DQDEH�� -�7��� 9LOODVWULJR�� 5�0��� <HQ�� /�/��� 'LWWHRQ�� 5�3���
3UD\��'�3���6WHSKHQV��5�'����������³5RWDWLRQ�5DWHV�LQ�WKH�.RURQLV�
)DPLO\��&RPSOHWH�WR�+�§������´�,FDUXV���������������

6OLYDQ��6�0����������³(SRFK�'DWD�LQ�6LGHUHDO�3HULRG�'HWHUPLQDWLRQ��
,��,QLWLDO�&RQVWUDLQW�IURP�&ORVHVW�(SRFKV�´�0LQRU�3ODQHW�%XOO������
���������

6OLYDQ��6�0����������³(SRFK�'DWD�LQ�6LGHUHDO�3HULRG�'HWHUPLQDWLRQ��
,,��&RPELQLQJ�(SRFKV�IURP�'LIIHUHQW�$SSDULWLRQV�´�0LQRU�3ODQHW�
%XOO�������������

6OLYDQ��6�0����������³6LGHUHDO�3KRWRPHWULF�$VWURPHWU\�DV�(IILFLHQW�
,QLWLDO�6HDUFK�IRU�6SLQ�9HFWRU�´�0LQRU�3ODQHW�%XOO���������������

6OLYDQ��6�0����������³&DYHDW�(PSWRU��6SXULRXV�6SLQ�9HFWRUV�IURP�
,QFRUUHFW�6LGHUHDO�3HULRGV�´�0LQRU�3ODQHW�%XOO���������������

6WHSKHQV��5�'����������³$VWHURLGV�2EVHUYHG�IURP�&6��������-XO\�
6HSWHPEHU�´�0LQRU�3ODQHW�%XOO��������±����

6WHSKHQV�� 5�'��� :DUQHU�� %�'�� �������� ³0DLQ�%HOW� $VWHURLGV�
2EVHUYHG�IURP�&6��������$SULO�WR�-XQH�´�0LQRU�3ODQHW�%XOO������
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EULDQ#0LQRU3ODQHW2EVHUYHU�FRP�

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

5DQFKR�&XFDPRQJD��&$�

'DQLHO�5��&ROH\�
&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV�

&RURQD��&$�

�5HFHLYHG�������-XO\�����

1HZ�&&'�SKRWRPHWULF�REVHUYDWLRQV�RI�WKH�+LOGD�PHPEHU�
�����7XFNLD�ZHUH�PDGH�DW� WKH�&HQWHU�IRU�6RODU�6\VWHP�
6WXGLHV� LQ� ����� )HEUXDU\� DQG� 0DUFK�� $QDO\VLV� RI� WKH�
UHVXOWLQJ�GDWD� LQGLFDWH� WKDW� WKH� DVWHURLG�PD\�EH� LQ�QRQ�
SULQFLSDO�D[LV�URWDWLRQ��13$5���L�H���WXPEOLQJ��

&&'�SKRWRPHWULF�WKH�+LOGD�DVWHURLG������7XFNLD�ZHUH�PDGH�DW�WKH�
&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���DV�SDUW�RI�DQ�RQJRLQJ�VWXG\�
RI�WKLV�IDPLO\�JURXS�WKDW�LV�ORFDWHG�EHWZHHQ�WKH�RXWHU�PDLQ�EHOW�DQG�
-XSLWHU�7URMDQV�LQ�D�����RUELWDO�UHVRQDQFH�ZLWK�-XSLWHU��7KH�JRDO�LV�
WR�GHWHUPLQH�WKH�VSLQ�UDWH�VWDWLVWLFV�RI�WKH�+LOGDV�DQG�WR�ILQG�SROH�
DQG� VKDSH� PRGHOV� ZKHQ� SRVVLEOH�� :H� DOVR� ORRN� WR� H[DPLQH� WKH�
GHJUHH� RI� LQIOXHQFH� WKDW� WKH� <253� �<DUNRYVN\±2
.HHIH±
5DG]LHYVNLL±3DGGDFN�� HIIHFW� �5XELQFDP�� ������ KDV� RQ� GLVWDQW�
REMHFWV�DQG�WR�FRPSDUH�WKH�VSLQ�UDWH�GLVWULEXWLRQ�DJDLQVW�WKH�-XSLWHU�
7URMDQV�� ZKLFK� FDQ� SURYLGH� HYLGHQFH� WKDW� WKH� +LOGDV� DUH� PRUH�
³FRPHW�OLNH´�WKDQ�PDLQ�EHOW�DVWHURLGV��

7HOHVFRSHV� &DPHUDV�
�����P�I�����6FKPLGW�&DVV� )/,�0LFUROLQH�����(�

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

�����P�I�����6FKPLGW�&DVV� 6%,*�67/�����(�

�����P�I�����6FKPLGW�&DVV� �

�����P�I�����5LWFKH\�&KUpWLHQ��

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��

7DEOH�,�OLVWV�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�WKDW�DUH�FRPELQHG�WR�
PDNH�REVHUYDWLRQV��8S�WR�QLQH�WHOHVFRSHV�DUH�FRPPRQO\�XVHG�IRU�
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�� $OO� OLJKWFXUYH�
REVHUYDWLRQV�ZHUH�XQILOWHUHG�VLQFH�D�FOHDU�ILOWHU�FDQ�UHVXOW�LQ�D�����
���� PDJQLWXGH� ORVV�� 7KH� H[SRVXUHV� YDULHG� GHSHQGLQJ� RQ� WKH�
DVWHURLG¶V�EULJKWQHVV��

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

�����7XFNLD��'DKOJUHQ�HW�DO���������UHSRUWHG�D�VLQJOH�SHULRG�UHVXOW�
RI������K��FORVH�WR�EHLQJ�(DUWK�GD\�FRPPHQVXUDWH��2EVHUYDWLRQV�ZH�
PDGH� LQ� ����� �:DUQHU� DQG� 6WHSKHQV�� ������ OHG� WR� D� SHULRG� RI��
�������K�DQG�DPSOLWXGH�RI������PDJ��
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7KH������GDWD�IURP�0DUFK�WR�$SULO�OHG�WR�WKH�FRQFOXVLRQ�WKDW�WKH�
DVWHURLG�LV�WXPEOLQJ��3UDYHF�HW�DO����������������7KH�WZR�SHULRGV�DUH�
EHVW� JXHVVHV� VLQFH�032�&DQRSXV� FDQQRW� IXOO\� DQDO\]H� WXPEOLQJ�
DVWHURLGV��
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7DEOH�,,��2EVHUYLQJ�FLUFXPVWDQFHV��7�7KH�GRPLQDQW�SHULRG�RI�D�WXPEOLQJ�DVWHURLG��7KH�SKDVH�DQJOH��D��LV�JLYHQ�DW�WKH�VWDUW�DQG�HQG�RI�HDFK�
GDWH�UDQJH��/3$%�DQG�%3$%�DUH�WKH�DYHUDJH�SKDVH�DQJOH�ELVHFWRU�ORQJLWXGH�DQG�ODWLWXGH��VHH�+DUULV�HW�DO����������
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7KHVH� UHVXOWV� SURPSWHG� D� UHWXUQ� WR� WKH� �����GDWD��ZKLFK�XVHG�9�
PDJQLWXGHV�GHULYHG�IURP�6ORDQ�6*�DQG�65�PDJQLWXGHV��7KH�YDOXHV�
IRU�WKH�FRPSV�ZHUH�UHVHW� WR�XVH�65�PDJQLWXGHV�IURP�WKH�$7/$6�
FDWDORJ��7RQU\�HW�DO���������DQG�UHVHW�WKH�QLJKWO\�]HUR�SRLQWV�WR����
$V�D�UHVXOW��QRQH�RI�WKH�LQGLYLGXDO�VHVVLRQV�QHHGHG�PRUH�WKDQ������
PDJ�DGMXVWPHQW�WR�WKH�]HUR�SRLQW��

7KH� QXPEHU� RI�GDWD� LQ� �����ZDV� DERXW� ����RI� WKDW� LQ� ������ VR�
JHWWLQJ� VLPLODU� UHVXOWV� ZDV� YHU\� XQOLNHO\�� HVSHFLDOO\� VLQFH� WKH�
)RXULHU�DQDO\VLV�ZDV�OLPLWHG�WR�RQO\�VHFRQG�RUGHU��)RUFLQJ�WKH������
GDWD�WR�WKH�PRVW�UHFHQW�UHVXOWV�JDYH�XQFRQYLQFLQJ�ILWV��,QVWHDG��ZH�
IRXQG� D� GRPLQDQW� SHULRG� RI� 3��  � ������ K� DQG� D� VHFRQG� SHULRG��
3�� ������K��

7KH�����KRXU�SHULRG�FRXOG�EH�WKH�UHVXOW�RI�D�ILW�E\�H[FOXVLRQ�DQG�VR�
D�VROXWLRQ�EHWZHHQ�������K��VWLOO�ELPRGDO��PLJKW�DOVR�EH�SRVVLEOH��
:KHQ�OLPLQJ�WKH�VHDUFK�WR�WKDW�UDQJH��WKH�ILWV�RI�WKH�VORSHV�RI�WKH�
GDWD� WR� WKH� )RXULHU� FXUYH�RQ� LQGLYLGXDO� QLJKWV�ZHUH� FRQVLGHUDEO\�
ZRUVH��HYHQ�LI�WDNLQJ�WXPEOLQJ�LQWR�DFFRXQW��

$FNQRZOHGJHPHQWV�

)XQGLQJ� IRU� REVHUYDWLRQV� DW� &6�� DQG� ZRUN� RQ� WKH� DVWHURLG�
OLJKWFXUYH� GDWDEDVH� �:DUQHU� HW� DO��������� DQG�$/&'()�GDWDEDVH�
�DOFGHI�RUJ�� ZHUH� VXSSRUWHG� LQ� SDUW� 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�
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,FDUXV���������������

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

3UDYHF��3���+DUULV��$�:���6FKHLULFK��3���.XãQLUiN��3���âDURXQRYi��/���
+HUJHQURWKHU��&�:���0RWWROD��6���+LFNV��0�'���0DVL��*���.UXJO\��
<X�1���6KHYFKHQNR��9�*���1RODQ��0�&���+RZHOO��(�6���.DDVDODLQHQ��
0���*DOiG��$���%URZQ��3���'HJUDII��'�5���/DPEHUW��-�9���&RRQH\��
:�5��� )RJOLD�� 6�� �������� ³7XPEOLQJ� DVWHURLGV�´� ,FDUXV������ ����
�����

3UDYHF�� 3��� 6FKHLULFK�� 3��� 'XUHFK�� -��� 3ROORFN�� -��� .XVQLUDN�� 3���
+RUQRFK��.���*DODG��$���9RNURXKOLFN\��'���+DUULV��$�:���-HKLQ��(���
0DQIURLG��-���2SLWRP��&���*LOORQ��0���&RODV��)���2H\��-���9UDVWLO��-���
5HLFKDUW��'��� ,YDUVHQ��.���+DLVOLS�� -���/D&OX\]H��$�� �������� ³7KH�
WXPEOLQJ�VWDWH�RI���������$SRSKLV�´�,FDUXV�������������

5XELQFDP��'�3����������³5HODWLYH�6SLQ�XS�DQG�6SLQ�GRZQ�RI�6PDOO�
$VWHURLGV�´�,FDUXV������������

7RQU\�� -�/��� 'HQQHDX�� /��� )OHZHOOLQJ�� +��� +HLQ]H�� $�1��� 2QNHQ��
&�$���6PDUWW��6�-���6WDOGHU��%���:HLODQG��+�-���:ROI��&����������³7KH�
$7/$6� $OO�6N\� 6WHOODU� 5HIHUHQFH� &DWDORJ�´� $VWURSK\V�� -�� �����
$�����

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

:DUQHU�� %�'��� 6WHSKHQV�� 5�'�� �������� ³/LJKWFXUYH� $QDO\VLV� RI�
+LOGD� $VWHURLGV� DW� WKH� &HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV�� �����
-DQXDU\�0DUFK�´�0LQRU�3ODQHW�%XOO���������������
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