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*  � ������ XQOHVV� DQRWKHU� YDOXH� LV� JLYHQ�� 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�

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

����6\FDPRUH�$YH�
(DWRQ��&2���������86$

EULDQ#0LQRU3ODQHW2EVHUYHU�FRP

PRGHO� FXUYH� DQG� QRW� QHFHVVDULO\� WKH� DGRSWHG� DPSOLWXGH� IRU� WKH�
OLJKWFXUYH�

2XU� LQLWLDO� VHDUFK� IRU� SUHYLRXV� UHVXOWV� VWDUWHG� ZLWK� WKH� DVWHURLG�
OLJKWFXUYH�GDWDEDVH��/&'%��:DUQHU�HW�DO� � ������IRXQG�RQ�OLQH�DW�
KWWS���ZZZ�PLQRUSODQHW�LQIR�OLJKWFXUYHGDWDEDVH�KWPO��5HDGHUV� DUH�EULDQ#0LQRU3ODQHW2EVHUYHU�FRP

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

5DQFKR�&XFDPRQJD��&$�������

KWWS���ZZZ�PLQRUSODQHW�LQIR�OLJKWFXUYHGDWDEDVH�KWPO��5HDGHUV� DUH�
VWURQJO\� HQFRXUDJHG� WR� REWDLQ�� ZKHQ� SRVVLEOH�� WKH� RULJLQDO�
UHIHUHQFHV� OLVWHG� LQ� WKH� /&'%�� )URP� KHUH� RQ�� ZH¶OO� XVH� RQO\�
³/&'%´�WR�UHIHUHQFH�WKH�SDSHU�E\�:DUQHU�HW�DO���������

�����7RUR��7KH�HVWLPDWHG�VL]H�RI�WKLV�ZHOO�VWXGLHG�1($�LV�DERXW���
�5HFHLYHG�������-XO\����

/LJKWFXUYHV�IRU����QHDU�(DUWK�DVWHURLGV��1($V��REWDLQHG�
DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���IURP������
$SULO�WR�-XQH�ZHUH�DQDO\]HG�IRU�URWDWLRQ�SHULRG��SHDN�WR�

�����7RUR��7KH�HVWLPDWHG�VL]H�RI�WKLV�ZHOO�VWXGLHG�1($�LV�DERXW���
NP�� +LJJLQV� ������� UHSRUWHG� D� SHULRG� RI� �������� K� EDVHG� RQ�
REVHUYDWLRQV� LQ�������+LV�DPSOLWXGH�RI������PDJ�DW�/3$%  ������
DQG� SKDVH� DQJOH�D  � ����� LV� WKH� VPDOOHVW� UHSRUWHG� WR�GDWH� LQ� WKH�
/&'%�� 7KH� ODUJHVW� DPSOLWXGH� WR�GDWH�� ����� PDJ�� ZDV� IRXQG� E\�

$SULO�WR�-XQH�ZHUH�DQDO\]HG�IRU�URWDWLRQ�SHULRG��SHDN�WR�
SHDN�DPSOLWXGH��DQG�VLJQV�RI�VDWHOOLWHV�RU�WXPEOLQJ�

&&'�SKRWRPHWULF�REVHUYDWLRQV�RI����QHDU�(DUWK�DVWHURLGV��1($V��

/&'%�� 7KH� ODUJHVW� DPSOLWXGH� WR�GDWH�� ����� PDJ�� ZDV� IRXQG� E\�
:DUQHU������D��LQ������$XJXVW�ZLWK�/ 3$%  �����DQG�D  ��������$�
GLUHFW�FRPSDULVRQ�RI�WKH�WZR�DPSOLWXGHV�DW�GLIIHUHQW�/3$% YDOXHV�LV�
FRPSOLFDWHG�EHFDXVH�WKH�SKDVH�DQJOHV�DUH�VLJQLILFDQWO\�GLIIHUHQW�

=DSSDOD�HW�DO���������GHYHORSHG�(T����WR�GHWHUPLQH�WKH�DPSOLWXGH�
&&'�SKRWRPHWULF�REVHUYDWLRQV�RI����QHDU�(DUWK�DVWHURLGV��1($V��
ZHUH� PDGH� DW� WKH� &HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV� �&6��� IURP�
�����$SULO�WR�-XQH��7DEOH�,�OLVWV�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�
WKDW�DUH�FRPELQHG�WR�PDNH�REVHUYDWLRQV�

8S� WR� QLQH� WHOHVFRSHV� FDQ� EH� XVHG� IRU� WKH� FDPSDLJQ�� DOWKRXJK�

=DSSDOD�HW�DO���������GHYHORSHG�(T����WR�GHWHUPLQH�WKH�DPSOLWXGH�
DW����SKDVH�DQJOH�EDVHG�RQ�WKH�DPSOLWXGH�DW�D�JLYHQ�DQJOH��D��

$����� �$�D�������PD� �(T����

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

ZKHUH� P LV� D� FRHIILFLHQW� GHSHQGLQJ� RQ� DSSUR[LPDWH� WD[RQRPLF�
FODVV��%LQ]HO�HW�DO���������GHWHUPLQHG�7RUR�WR�EH�D�W\SH�6T�DQG�VR�
WKH�=DSSDOD�HW�DO��YDOXH�RI�P  �������ZDV�XVHG�LQ�(T����WR�FRPSDUH�
WKH�UHVXOWLQJ�$�����YDOXHV�

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

$����� �$�����������������
����� ������PDJ
$����� �$������������������
������ ������PDJ

*LYHQ�WKH�XQFHUWDLQWLHV�LQ�WKH�YDOXH�IRU�P DQG�WKH�DPSOLWXGHV��WKH�
WZR�UHVXOWV�DUH�LQ�JRRG�DJUHHPHQW������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�

$OO�OLJKWFXUYH�REVHUYDWLRQV�ZHUH�XQILOWHUHG�VLQFH�D�FOHDU�ILOWHU�FDQ�

WZR�UHVXOWV�DUH�LQ�JRRG�DJUHHPHQW�

7KH� ����� REVHUYDWLRQV� DW� &6�� OHG� WR� D� SHULRG� RI� �������� K� DQG�
DPSOLWXGH������PDJ�DW�D  ��������$����� ������PDJ���7KHVH�GDWD�
ZHUH� FRPELQHG� ZLWK� RXU� GHQVH� GDWD� VHWV� IURP� SDVW� DSSDULWLRQV�

$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�

ZHUH� FRPELQHG� ZLWK� RXU� GHQVH� GDWD� VHWV� IURP� SDVW� DSSDULWLRQV�
�$/&'()�� ������ DQG� VSDUVH� GDWD� IURP� WKH�&DWDOLQD� 6N\�6XUYH\�
�&66��������GRZQORDGHG�IURP�WKH�$VW'\V��������ZHE�VLWH� WR� WU\�
WR� PRGHO� WKH� VSLQ� D[LV� DQG� VKDSH� :H� XVHG� 032� /&,QYHUW WR�
LPSOHPHQW�WKH�OLJKWFXUYH�LQYHUVLRQ�PHWKRGV�GHYHORSHG�E\�WKH�ODWH�
0LNNR�.DDVDODLQHQ��.DDVDODLQHQ�DQG�7RUSD��������.DDVDODLQHQ�HW�

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\�� &RPS� VWDU�
PDJQLWXGHV�ZHUH�WDNHQ�IURP�$7/$6�FDWDORJ��7RQU\�HW�DO����������
ZKLFK� KDV� 6ORDQ� JUL] PDJQLWXGHV� WKDW� ZHUH� GHULYHG� IURP� WKH�

0LNNR�.DDVDODLQHQ��.DDVDODLQHQ�DQG�7RUSD��������.DDVDODLQHQ�HW�
DO��� ������� 7KH� UHVXOWV� DUH� VKRZQ� LQ� )LJ� ���� LQ� WKH� FDOORXW� ER[�
EHORZ�

ZKLFK� KDV� 6ORDQ� JUL] PDJQLWXGHV� WKDW� ZHUH� GHULYHG� IURP� WKH�
*$,$� DQG� 3DQ�67$55� FDWDORJV�� DPRQJ� RWKHUV�� 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 r� �65�� PDJQLWXGHV�� 7KRVH�
DGMXVWPHQWV� DUH�PRVWO\�d �����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�DQG�QRW�FRUUHFWLQJ�IRU�VHFRQG�RUGHU�H[WLQFWLRQ�WHUPV�

8QOHVV� RWKHUZLVH� LQGLFDWHG�� WKH�<�D[LV� RI� OLJKWFXUYHV� LV�$7/$6�
65� ³VN\´� �FDWDORJ�� PDJQLWXGHV�� 'XULQJ� SHULRG� DQDO\VLV�� WKH�
PDJQLWXGHV�ZHUH�QRUPDOL]HG� WR� WKH� FRPSDULVRQ� VWDUV� XVHG� LQ� WKH�
HDUOLHVW�VHVVLRQ�DQG�WR�WKH�SKDVH�DQJOH�JLYHQ�LQ�SDUHQWKHVHV�XVLQJ�

0LQRU�3ODQHW�%XOOHWLQ��� ������

HDUOLHVW�VHVVLRQ�DQG�WR�WKH�SKDVH�DQJOH�JLYHQ�LQ�SDUHQWKHVHV�XVLQJ�
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)LJXUH����7KH�LQLWLDO�SHULRG�VHDUFK�UHVXOWV� )LJXUH����7KH�SROH�VHDUFK�IRXQG�WZR�SUREDEOH�VROXWLRQV�

)LJXUH����7KH�VKDSH�RI�WKH�DVWHURLG�EDVHG�RQ�WKH�SUHIHUUHG�SROH�VROXWLRQ�

)LJXUH������7KH�FRPSDULVRQ�SORWV�DUH�DJDLQVW� WKH�DGRSWHG�SROH�VROXWLRQ��7KH�UHG�GRWV� LQGLFDWH�WKH�GDWD�XVHG�IRU�PRGHOLQJ�ZKLOH� WKH�
EODFN�OLQH�LV�WKH�VPRRWKHG�OLJKWFXUYH�IRU�JHQHUDWHG�E\�WKH�VKDSH�DW�WKH�WLPH�RI�WKH�REVHUYDWLRQV��7KH�PDWFK�LV�YHU\�FORVH�LQ������EXW�
QRW�TXLWH�VR�PXFK�IRU�������7KH�ILW�WR�WKH������GDWD�LV DOVR�QRW�LGHDO��(YHQ�VR��ZKHQ�WDNLQJ�LQWR�DFFRXQW�WKH�SRVVLELOLW\�RI�WKH�<253�

7KH�JUHHQ�OLQH�LQ�)LJ����UHSUHVHQWV�D�YDOXH�WKDW�LV�����JUHDWHU�WKDQ�
WKH� VPDOOHVW� F� YDOXH�� :LWK� RQO\� WKH� RQH� SRLQW� EHORZ� WKH� OLQH�
WKH� IL[HG� SHULRG� VROXWLRQ� �VHH� EHORZ�� VHHPHG� VHFXUH�� DV�

�O��E�� � ������ �������7KH� UHILQHG�VHDUFK� OHG� WR�D� ILQDO� VROXWLRQ�RI�
�O��E��3��  � ������ ������ ���������� K���7KLV� LV� LQ� JRRG� DJUHHPHQW�
ZLWK� �XUHFK� HW� DO�� �������� ZKR� IRXQG� �O�� E�� 3��  � ������ ������

QRW�TXLWH�VR�PXFK�IRU�������7KH�ILW�WR�WKH������GDWD�LV DOVR�QRW�LGHDO��(YHQ�VR��ZKHQ�WDNLQJ�LQWR�DFFRXQW�WKH�SRVVLELOLW\�RI�WKH�<253�
HIIHFW�FKDQJLQJ�WKH�VSLQ�UDWH�RI�WKH�DVWHURLG��WKH�RYHUDOO�PRGHO�LV�JRRG�

0LQRU�3ODQHW�%XOOHWLQ��� ������

WKH� IL[HG� SHULRG� VROXWLRQ� �VHH� EHORZ�� VHHPHG� VHFXUH�� DV�
ZDV� WKH� SROH� VHDUFK�� ZKLFK� IRXQG� D� VLQJOH� VROXWLRQ� QHDU�

ZLWK� �XUHFK� HW� DO�� �������� ZKR� IRXQG� �O�� E�� 3��  � ������ ������
���������K��(SRFK������-XO\������
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1RWLQJ� WKH� HSRFK� LV� LPSRUWDQW� ZKHQ� WU\LQJ� WR� GHWHUPLQH� LI� WKH�
<253�HIIHFW� �5XELQFDP�������� LV�FDXVLQJ� WKH�DVWHURLG¶V� URWD WLRQ�
UDWH�WR�FKDQJH�RYHU�WLPH��%DVHG�RQ�GDWD�WKURXJK�������WKH\�IRXQG�
DQ�LQFRQFOXVLYH�UHVXOW�WKDW�WKH�VSLQ�UDWH�ZDV�GHFUHDVLQJ��WKH�SHULRG�

DSSUR[LPDWH� 9� PDJQLWXGHV�� WKH� UHVXOW� ZDV�+  � ������� ZKLFK� LV�
FORVH�WR�WKH�YDOXH�RI�+  ������OLVWHG�LQ�WKH�03&2UE�ILOH�IURP�WKH�
0LQRU�3ODQHW�&HQWHU��03&��������

DQ�LQFRQFOXVLYH�UHVXOW�WKDW�WKH�VSLQ�UDWH�ZDV�GHFUHDVLQJ��WKH�SHULRG�
LQFUHDVLQJ�� VXFK� WKDW� WKHUH� ZRXOG� EH� D� SKDVH� VKLIW� RI� DERXW� ����
RYHU�WKH����\HDUV�FRYHUHG�E\�WKHLU�GDWD��:KHQ�UHPRYLQJ�GDWD�IRUP�
������ WKH� GLIIHUHQFH� EHWZHHQ� D� IL[HG� SHULRG� VROXWLRQ� DQG� RQH�
LQIOXHQFHG� E\� <253� EHFDPH� DOPRVW� QHJOLJLEOH�� ,W¶V� KRSHG� WKDW�
WKHVH�ODWHVW�GDWD�FDQ�KHOS�OHDG�WR�D�PRUH�FHUWDLQ�UHVXOW�

6RPHWKLQJ�WR�EHDU�LQ�PLQG�LV�WKDW�WKH�+�*�V\VWHP�LV�QRW�DV�ZHOO�
GHILQHG�DW�SKDVH�DQJOHV�!�a����DQG�VR�WKH�ORZ�YDOXH�IRU�*��ZKLFK�
ZRXOG�EH�LQGLFDWLYH�RI�D�ORZ�DOEHGR��GDUN��DVWHURLG��:DUQHU�HW�DO���
������� LV� VXVSHFW��$OVR�QRW� WDNHQ� LQWR� DFFRXQW� LV� WKH�ZHOO�NQRZQ�
EXW� RIWHQ� LJQRUHG� SKDVH� UHGGHQLQJ� HIIHFW� �$ODQ� +DUULV�� SULYDWH�WKHVH�ODWHVW�GDWD�FDQ�KHOS�OHDG�WR�D�PRUH�FHUWDLQ�UHVXOW�

�����2QGDDWMH��3UDYHF�HW�DO���������UHSRUWHG�D�SHULRG�RI�������K��
:DV]F]DN� HW� DO�� ������� IRXQG� D� VLPLODU� SHULRG� RI� ������ K� XVLQJ�
VSDUVH�ZLGH�ILHOG�VXUYH\�GDWD��7KH������GDWD�VHW�IURP�&6��IRXQG�D�
VLPLODU� SHULRG�� EXW� RQO\� LI� XVLQJ� D� ORRVHU�ILWWLQJ� )RXULHU� VROXWLRQ�

EXW� RIWHQ� LJQRUHG� SKDVH� UHGGHQLQJ� HIIHFW� �$ODQ� +DUULV�� SULYDWH�
FRPPXQLFDWLRQV���ZKLFK�FDXVHV�DQ�DVWHURLG¶V�FRORU�WR�EH PRUH�UHG�
DV� WKH� SKDVH� DQJOH� LQFUHDVHV�� ,I� UHGGHQLQJ� KDG� EHHQ� WDNHQ� LQWR�
DFFRXQW�� WKH� YDOXH� IRU�* PLJKW� EH� ODUJHU� DQG� VR� FRPH� FORVHU� WR�
YDOXHV�W\SLFDO�RI�W\SH�6�DVWHURLGV��:DUQHU�HW�DO���������

VLPLODU� SHULRG�� EXW� RQO\� LI� XVLQJ� D� ORRVHU�ILWWLQJ� )RXULHU� VROXWLRQ�
��WK RUGHU���*LYHQ�WKH�ODUJH�DPSOLWXGH�RI������PDJ��D�KLJKHU�RUGHU�
)RXULHU� VROXWLRQ� ��WK RUGHU�� VHHPHG�PRUH� DSSURSULDWH�� ,W� IRXQG� D�
VLJQLILFDQWO\�GLIIHUHQW�SHULRG�RI�������K�

+RZHYHU�� LW� LV�QRW�DXWRPDWLF� WKDW� W\SH�6�DVWHURLGV�KDYH�PRGHUDWH�
DOEHGRV�� 7KH� /&'%� IHDWXUHV� DW� OHDVW� VHYHQ� DVWHURLGV� ZKHUH� WKH�
PHDVXUHG� WD[RQRPLF� FODVV� LV� LQ� WKH�6�FRPSOH[� DQG� WKH�PHDVXUHG�
DOEHGR�LV���������H�J�������6XVDQQD��S9  ���������7KROHQ�W\SH�6��

:H�KDYH�DGRSWHG�WKH�VKRUWHU�SHULRG�IRU�WKLV�SDSHU�EDVHG�RQ����WKH�
ORQJHU�SHULRG�VROXWLRQ�KDV�D�VLJQLILFDQW�JDS� LQ� WKH� OLJKWFXUYH� WKDW�
KLQWV� DW� D� ILW� E\� H[FOXVLRQ�� ZKLFK� LV� ZKHUH� WKH� )RXULHU� DQDO\VLV�
ILQGV�D�ORFDO�PLQLPXP�E\�PLQLPL]LQJ�WKH�QXPEHU�RI�RYHUODSSLQJ�
GDWD�SRLQWV��DQG����WKH�GDWD�IURP�0D\����GR�QRW�KDYH�D�JRRG�ILW�WR�

DOEHGR�LV���������H�J�������6XVDQQD��S9  ���������7KROHQ�W\SH�6��

GDWD�SRLQWV��DQG����WKH�GDWD�IURP�0D\����GR�QRW�KDYH�D�JRRG�ILW�WR�
WKH� )RXULHU� FXUYH�� 7KH� VKRUWHU� SHULRG� ZLWK� WKH� KLJKHU�RUGHU�
VROXWLRQ��KRZHYHU��KDV�QR�QRWHZRUWK\�JDSV�LQ�FRYHUDJH�DQG�PRUH�
DFFXUDWHO\�IROORZV�WKH�GHHS�PLQLPXPV�

�������������25���7KH�HVWLPDWHG�GLDPHWHU�RI������0)�LV�DERXW���
NP� �5DGDU� 7HDP�� ������� %HW]OHU� DQG� 1RYDHV� ������� IRXQG� D�
SHULRG�RI�������K��$�PRUH�OLNHO\�VROXWLRQ�RI�������K�ZDV�UHSRUWHG�
E\�.RHKQ�HW�DO���������EDVHG�RQ�REVHUYDWLRQV�PDGH�VKRUWO\�EHIRUH�E\�.RHKQ�HW�DO���������EDVHG�RQ�REVHUYDWLRQV�PDGH�VKRUWO\�EHIRUH�
WKRVH�E\�%HW]OHU�DQG�1RYDHV�

2XU������GDWD�VHW�VKRZHG�D�VLJQLILFDQW�HYROXWLRQ�RI�WKH�OLJKWFXUYH�
RYHU�MXVW�D�IHZ�GD\V��7KH�SORW�IRU�$SULO���VKRZV�WZR�³GLSV´�ZLWK�
QRWLFHDEO\� GLIIHUHQW� GHSWKV� DQG� VKDSHV��$ERXW� D� ZHHN� ODWHU�� WKH�

������������0)��7KHUH�ZHUH�QR�SUHYLRXV�HQWULHV�LQ�WKH�/&'%�IRU�
WKLV�����PHWHU�1($��7KH�QLJKWO\�UXQV�ZHUH�VKRUW�LQ�FRPSDULVRQ�WR�
WKH�GHULYHG�SHULRG��7KH�KLJK�FRQILGHQFH�LQ�WKH�QLJKWO\�]HUR�SRLQWV�
XVLQJ� WKH�$7/$6� FDWDORJ� �7RQU\� HW� DO��� ������ ZDV� YLWDO� LQ� WKLV�

QRWLFHDEO\� GLIIHUHQW� GHSWKV� DQG� VKDSHV��$ERXW� D� ZHHN� ODWHU�� WKH�
WZR� ZHUH� PRUH� HTXDO� LQ� GHSWK� DQG� WKH� RYHUDOO� DPSOLWXGH� RI� WKH�
OLJKWFXUYH�ZDV������PDJ�VPDOOHU�

7KH� GLIIHUHQFHV� DUH� PRUH� GUDPDWLF� ZKHQ� WU\LQJ� WR� ILQG� D� SHULRG�
XVLQJ� WKH�HQWLUH�GDWD�VHW��'HVSLWH� WKRVH�GLIIHUHQFHV�� WKH�FRPELQHG�

0LQRU�3ODQHW�%XOOHWLQ��� ������

XVLQJ� WKH�$7/$6� FDWDORJ� �7RQU\� HW� DO��� ������ ZDV� YLWDO� LQ� WKLV�
FDVH��7KH�+�*�SORW� VKRZV� D�JRRG� ILW� WR� WKH� OLQHDU� SRUWLRQ�RI� WKH�
VROXWLRQ��:KHQ� WKH� 6ORDQ� U�� �65��PDJQLWXGHV�ZHUH� FRQYHUWHG� WR�

XVLQJ� WKH�HQWLUH�GDWD�VHW��'HVSLWH� WKRVH�GLIIHUHQFHV�� WKH�FRPELQHG�
VHW�VWLOO�DOORZHG�ILQGLQJ�D�UHILQHG�V\QRGLF�SHULRG�RI��������K�



���

:H�WULHG�IRUFLQJ�WKH�VROXWLRQ�WR�����3 ����K��7KH�UHVXOW�ZDV�D�QRLV\�
³IODW� OLQH´�ZLWK� HVVHQWLDOO\�QR� VLJQDO� LQ� WKH�SHULRG� VSHFWUXP��2XU�
GDWD� DUH� QRW� WKH� KLJKHVW� TXDOLW\�� ZKLFK�PD\� WDLQW� WKH� DQDO\VLV� WR�
VRPH� GHJUHH�� DQG� LW¶V� SRVVLEOH� WKDW� WKH� GLIIHUHQW� YLHZLQJ�VRPH� GHJUHH�� DQG� LW¶V� SRVVLEOH� WKDW� WKH� GLIIHUHQW� YLHZLQJ�
FLUFXPVWDQFHV� �3UDYHF� HW� DO��� /3$%  � ���� D  � ����� WKLV� ZRUN��
/3$%  �������D  �����SOD\HG�D�UROH�DV�ZHOO�

$�JRRG�FKDQFH�WR�VROYH�WKH�P\VWHU\�FRPHV�LQ������-XQH��9a������
G a�����DQG�LQ������6HSWHPEHU��9a������G a������G a�����DQG�LQ������6HSWHPEHU��9a������G a������

�������� ����� -*��� 7KLV� 1($� ZDV� ZHOO� VRXWK� RI� WKH� HTXDWRU� LQ�
HDUO\� ����� 0D\�� %\� WKH� WLPH� LW� ZDV� REVHUYDEOH� DW� &6��� LW� ZDV�
IDGLQJ�DQG�KHDGLQJ�IRU�KLJK�GHFOLQDWLRQV��$V�WKH�SHULRG�VSHFWUXP�
VKRZV��DOO�WKH�SRWHQWLDO�VROXWLRQV�ZHUH�QHDUO\�FRPPHQVXUDWH�ZLWK�
DQ� (DUWK� GD\�� ZKLFK� PDGH� ILQGLQJ� D� VROXWLRQ� QHDUO\� LPSRVVLEOH�
IURP�D�VLQJOH�VWDWLRQ��

3UDYHF�HW�DO�������ZHE��UHSRUWHG�D�SHULRG�RI�������K��7KLV�LV FORVH�
WR� ZKDW� ZH� IRXQG�� ZLWK� WKH� VROXWLRQ� FKDQJLQJ� VOLJKWO\� EDVHG� RQ�WR� ZKDW� ZH� IRXQG�� ZLWK� WKH� VROXWLRQ� FKDQJLQJ� VOLJKWO\� EDVHG� RQ�
ZKLFK�VXEVHW�RI�GDWD� WKDW�ZDV�XVHG��*LYHQ� WKH�DPSOLWXGH�DQG�QRW�
WRR� H[WUHPH� SKDVH� DQJOH�� D� ELPRGDO� OLJKWFXUYH� ZDV� YHU\� OLNHO\�
�+DUULV�HW�DO���������DQG�VR�ZH�DGRSWHG�D�SHULRG�RI�������K�IRU�WKLV�
ZRUN�� 7KLV� LV� EDVHG� RQ� XVLQJ� WKH� HQWLUH� GDWDVHW�� 7KH� DGGLWLRQDO�
OLJKWFXUYHV� VKRZ� WKH� DSSDUHQW� HYROXWLRQ� RI� VKDSH� DQG� DPSOLWXGH�OLJKWFXUYHV� VKRZ� WKH� DSSDUHQW� HYROXWLRQ� RI� VKDSH� DQG� DPSOLWXGH�
GXULQJ�WKH�DSSDULWLRQ�

�������� �����*-��� 3UDYHF� HW� DO�� �����ZHE�� UHSRUWHG� D SHULRG�RI�
������� K� EXW� WKHLU� OLJKWFXUYH� LV� QRW� DYDLODEOH�� 3ROLVKRRN� �������
UHSRUWHG� D� ORZ�TXDOLW\� VROXWLRQ�RI� ����K��7KH������GDWD� VHW� IURP�UHSRUWHG� D� ORZ�TXDOLW\� VROXWLRQ�RI� ����K��7KH������GDWD� VHW� IURP�
&6��GRHV�QRW�VXSSRUW�D�VKRUW�SHULRG�EXW��LQ�IDFW��OHDGV�WR�D�SHULRG�
RI������K�ZKHQ�VHWWLQJ�DOO�QLJKWO\�]HUR�SRLQWV�WR������L�H���DVVXPLQJ�
WKDW�WKH�$7/$6�FDWDORJ�PDJQLWXGHV�ZHUH�JRRG�WR����� ������PDJ�

0LQRU�3ODQHW�%XOOHWLQ��� ������
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�������������-'���7KLV�����NP�1($�KDV�EHHQ�ZRUNHG�QXPHURXV��������������-'���7KLV�����NP�1($�KDV�EHHQ�ZRUNHG�QXPHURXV�
WLPHV�LQ�WKH�SDVW��H�J���3UDYHF�HW�DO�������ZHE��������K���3ROLVKRRN�
DQG�%URVFK���������������K���DQG�:DUQHU��������������K��

�������� �����)2���� 3ROLVKRRN� DQG�%URVFK� ������� IRXQG� D� ORZ�
TXDOLW\� VROXWLRQ�RI� ���K��8VLQJ�*  ������JDYH� D�EHWWHU� ILW� WR� RXU�
GDWD�ZLWKRXW�KDYLQJ�XQXVXDOO\ ODUJH�]HUR�SRLQW�DGMXVWPHQWV��:LWK�GDWD�ZLWKRXW�KDYLQJ�XQXVXDOO\ ODUJH�]HUR�SRLQW�DGMXVWPHQWV��:LWK�
VRPH�PLQRU�DGMXVWPHQWV����VHVVLRQV�DW���_����_�PDJ���WKH�ILW�WR�WKH�
)RXULHU�FXUYH�ZDV�HYHQ�WLJKWHU�

0LQRU�3ODQHW�%XOOHWLQ��� ������
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��������������:3���3UDYHF�HW�DO�� �����ZHE��REVHUYHG� WKLV�����

��������� ����� )+���7KLV� DSSHDUV� WR� EH� WKH� ILUVW� UHSRUWHG�
OLJKWFXUYH� URWDWLRQ� SHULRG� LQ� WKH� /&'%�� 7KH� SHULRG� VSHFWUXP
VKRZV� WZR� VWURQJ� SRVVLELOLWLHV� ZLWK� WKH� SUHIHUUHG� VROXWLRQ� EHLQJ�

��������������:3���3UDYHF�HW�DO�� �����ZHE��REVHUYHG� WKLV�����
PHWHU� 1($� DERXW� WKH� VDPH� DV� ZH� GLG�� PLG�$SULO�� 7KHUH� ZDV�
HQRXJK�GLIIHUHQFH�LQ�YLHZLQJ�DVSHFWV��KRZHYHU��WR�VKRZ�WKH�SKDVH�
DQJOH�DPSOLWXGH� UHODWLRQVKLS� �=DSSDOD� HW� DO��� ������� 7KH� SKDVH�
DQJOH� IRU� 3UDYHF� HW� DO�� ZDV� DERXW� ����� DQG� DPSOLWXGH� �����PDJ��
2XU�REVHUYDWLRQV�ZHUH�QHDU�����SKDVH�DQJOH�DQG��DV�H[SHFWHG��WKH�

VKRZV� WZR� VWURQJ� SRVVLELOLWLHV� ZLWK� WKH� SUHIHUUHG� VROXWLRQ� EHLQJ�
WKH�ORQJHU�RQH�RI�������K��7KH�VSOLW�KDOYHV�SORW��VHH�+DUULV�HW�DO���
������VKRZV�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�KDOYHV��ZKLFK�
KHOSHG�H[FOXGH��EXW�QRW�TXLWH�IRUPDOO\��WKH�KDOI�SHULRG RI�������K�

2XU�REVHUYDWLRQV�ZHUH�QHDU�����SKDVH�DQJOH�DQG��DV�H[SHFWHG��WKH�
DPSOLWXGH�ZDV�ODUJHU�������PDJ�

��������������.;���2XU�SUHYLRXV�REVHUYDWLRQV��:DUQHU������E��
OHG�WR�D�SHULRG�RI�������K��ZKLFK�LV�QHDUO\�WKH�VDPH�DV�RXU�UHVXOW�
IURP� WKH� PRVW� UHFHQW� REVHUYDWLRQV�� ,Q� FRQWUDVW�� GDWD� IURP� �����
'HFHPEHU��:DUQHU�DQG�6WHSKHQV��������OHG�WR�D�SHULRG�RI�������K��'HFHPEHU��:DUQHU�DQG�6WHSKHQV��������OHG�WR�D�SHULRG�RI�������K��
ZKLFK�LV�ZHOO�RXWVLGH�WKH�HUURU�EDUV�IRU�WKH�WZR�GDWD�VHWV�

7KH�VLJQLILFDQW�GLIIHUHQFH�PD\�EH�GXH�WR�WKH�ODUJH�FKDQJH�LQ�SKDVH�
DQJOH� ELVHFWRU� ORQJLWXGH� �/3$%��� ZKLFK� ZDV� ����� LQ� �����DQJOH� ELVHFWRU� ORQJLWXGH� �/3$%��� ZKLFK� ZDV� ����� LQ� �����
'HFHPEHU� DQG� ����� LQ� �����0D\�� ,Q� DGGLWLRQ�� WKH� IDFW� WKDW� WKH�
URWDWLRQ� SHULRG� GHFUHDVHG� DV� WKH� DVWHURLG� PRYHG� DZD\� IURP�
RSSRVLWLRQ� �DQG� SUHVXPDEO\� LQFUHDVHG� DV� LW� PRYHG� WRZDUGV�
RSSRVLWLRQ�� LV� D� OLNHO\� LQGLFDWRU� WKDW� WKH� DVWHURLG¶V� VSLQ� D[LV�
URWDWLRQ�LV�UHWURJUDGH�URWDWLRQ�LV�UHWURJUDGH�
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��������� ����� 8.�� 7KHUH� ZHUH� QR� URWDWLRQ� SHULRGV� SUHYLRXVO\���������� ����� 8.�� 7KHUH� ZHUH� QR� URWDWLRQ� SHULRGV� SUHYLRXVO\�
OLVWHG� LQ� WKH� /&'%�� 7KH� SHULRG� VSHFWUXP� VKRZV� VHYHUDO�
SRVVLELOLWLHV��QRQH�RI�WKHP�RYHUO\�FRQYLQFLQJ�EHFDXVH�RI�WKH�ORZ�
TXDOLW\� GDWD� DQG� SRRU� FRYHUDJH� RI� WKH� OLJKWFXUYH� DW� DQ\� RI� WKH�
SRWHQWLDO�SHULRGV�SRWHQWLDO�SHULRGV�

:H� KDYH� DGRSWHG� D� SHULRG� RI� ����� K� EDVHG� RQ� WKH� VRPHZKDW�
PDUJLQDO� HYLGHQFH� RI� KRZ� WKH� VORSH�RI� WKH� GDWD� IRU� HDFK� VHVVLRQ�
FRPSDUHG�WR�WKH�VORSH�RI�WKH�)RXULHU�PRGHO�FXUYH��'HVSLWH�WKH�RGG�
VKDSH� RI� WKH� OLJKWFXUYH� IRU� ����� K�� WKH� GDWD� VORSHV� PDWFK� WKH�VKDSH� RI� WKH� OLJKWFXUYH� IRU� ����� K�� WKH� GDWD� VORSHV� PDWFK� WKH�
)RXULHU� VORSHV��7KH� ODUJH� SKDVH� DQJOH� DQG� DVVRFLDWHG� VKDGRZLQJ�
HIIHFWV�SUREDEO\�FRPELQHG�WR�PDNH�IRU�WKH�XQXVXDO�VKDSH�

/RRNLQJ�DW�WKH�3  ������K�VROXWLRQ��³$OW�´���WKH�VORSH�RI�WKH�WZR�
PDUNHG� VHVVLRQV� DSSHDU� WR� EH� SRVLWLYH� ZKLOH� WKH� VORSH� RI� WKH�PDUNHG� VHVVLRQV� DSSHDU� WR� EH� SRVLWLYH� ZKLOH� WKH� VORSH� RI� WKH�
)RXULHU� FXUYH� DW� WKRVH�SRLQWV� LV�QHJDWLYH��7KH�RSSRVLWH� DUJXPHQW�
FDQ�EH�PDGH�IRU�WKH����KRXU�VROXWLRQ��³$OW�´���+HUH�WKH�HYLGHQFH�
LV� PXFK� WKLQQHU� DQG�� VLQFH� WKH� OLJKWFXUYH� VKDSH� LV� PRUH�
V\PPHWULFDO�� LW¶V� DERXW� HTXDOO\� SRVVLEOH� WKDW� WKH� ���KRXU� GRXEOH�V\PPHWULFDO�� LW¶V� DERXW� HTXDOO\� SRVVLEOH� WKDW� WKH� ���KRXU� GRXEOH�
SHULRG�PLJKW�EH�WKH�EHWWHU�FKRLFH�IRU�WKH�SUHIHUUHG�SHULRG��/RRNLQJ�
DKHDG�� WKH� QH[W� WLPH� ����� 8.�PDNHV� DQ� DSSHDUDQFH�9� �� ��� LV�
�����0D\��ZKHQ�LW�SDVVHV�RQO\������DX�IURP�(DUWK�DQG�UHDFKHV�9�
a������DW�G  �±���� ��������������(&�����7KLV�ZDV� WKH�ILUVW� URWDWLRQ�SHULRG�HQWU\� LQ�

WKH� /&'%� IRU� WKLV� ����P�1($�� )RUWXQDWHO\�� LW� ZDV� D� UHODWLYHO\�WKH� /&'%� IRU� WKLV� ����P�1($�� )RUWXQDWHO\�� LW� ZDV� D� UHODWLYHO\�
HDV\�WDUJHW�DQG�WKH�VROXWLRQ�LV�FRQVLGHUHG�VHFXUH�

0LQRU�3ODQHW�%XOOHWLQ��� ������
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��������������4<���$�JHQHUDO�UXOH�RI�WKXPE��3UDYHF�HW�DO���������
������IRU�WKH�VKRUWHU�RI�WZR�GDPSLQJ�WLPHV��IURP�WXPEOLQJ�WR�QRQ�
WXPEOLQJ��IDYRUV� WKLV�DVWHURLG� WR�EH� LQ�QRQ�SULQFLSDO�D[LV� URWDWLRQ�
�13$5�� WXPEOLQJ��� 7KH� IDFW� WKDW� 032� &DQRSXV IRXQG� WZR��13$5�� WXPEOLQJ��� 7KH� IDFW� WKDW� 032� &DQRSXV IRXQG� WZR�
GRPLQDQW� SHULRGV�� QHLWKHU RQH� LQGLFDWLYH� RI� D� VDWHOOLWH�� DGGV�
FUHGHQFH� WR� WKH� DUJXPHQW� IRU� WXPEOLQJ�� 032� &DQRSXV FDQQRW�
GLUHFWO\� DQDO\]H� WXPEOLQJ� DVWHURLGV�� VR� WKHVH� WZR�SHULRGV�PD\�RU�
PD\�QRW� EH� WKH� DFWXDO� RQHV�RI� URWDWLRQ� DQG�SUHFHVVLRQ�� DVVXPLQJ�
WKH�DVWHURLG�LV WXPEOLQJ�WKH�DVWHURLG�LV WXPEOLQJ�

��������� ����� 7&��� 7KH� VLWXDWLRQ� IRU� WKLV� ����PHWHU� 1($� LV���������� ����� 7&��� 7KH� VLWXDWLRQ� IRU� WKLV� ����PHWHU� 1($� LV�
VLPLODU� WR������;$�DERYH�� L�H���ZKLOH�RQH�SHULRG�VHHPV�WR�EH� WKH�
OLNHO\� FKRLFH� RWKHUV� FDQQRW� EH� IRUPDOO\� H[FOXGHG�� 7KH� SHULRG�
VSHFWUXP� PD\� QRW� LQGLFDWH� LW�� EXW� WKH� DGRSWHG� OLJKWFXUYH� KDV� D�
QRWLFHDEO\� EHWWHU� ILW� WR� WKH� )RXULHU� FXUYH� WKDQ� WKRVH� IRU� QHDUE\�
VROXWLRQV�VROXWLRQV�

)RUWXQDWHO\�� WKHUH� LV� FRUURERUDWLQJ� HYLGHQFH�� 3UDYHF� HW� DO��
�����ZHE�� IRXQG� D� SHULRG� RI� ������ K� EDVHG� RQ� REVHUYDWLRQV� DW�
QHDUO\�WKH�VDPH�WLPH�DV�RXUV�QHDUO\�WKH�VDPH�WLPH�DV�RXUV�

��������������;$��7KH�SHULRG�3  �������K� LV�PRVWO\�VHFXUH�EXW�
WZR�VROXWLRQV�WKDW�GLIIHU�E\�RQH�KDOI�URWDWLRQ�RYHU����KRXUV�FDQQRW�WZR�VROXWLRQV�WKDW�GLIIHU�E\�RQH�KDOI�URWDWLRQ�RYHU����KRXUV�FDQQRW�
EH�IRUPDOO\�H[FOXGHG��HVSHFLDOO\�VLQFH�WKH�WKUHH�OLJKWFXUYHV�GLIIHU�
PLQLPDOO\�DPRQJ�RQH�DQRWKHU��7KH�SUHIHUUHG�SHULRG�LV�WKH�UHVXOW�RI�
WKH� GDWD� EHWWHU� PDWFKLQJ� WKH� VORSHV� RI� WKH� )RXULHU� FXUYH� DQG�
SODFHPHQW�DJDLQVW�WKH�WZR�PD[LPXPV�

0LQRU�3ODQHW�%XOOHWLQ��� ������
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��������������5(���7KHUH�ZHUH�QR�SUHYLRXV�HQWULHV�LQ�WKH�/&'%�
IRU������5(��ZKLFK�KDV�DQ�HVWLPDWHG�GLDPHWHU�RI�����P��:KLOH�WKH�
OLJKWFXUYH�KDV� ODUJH� JDSV�� UHDVRQDEOH� FRYHUDJH�QHDU WKH� H[WUHPD��
DORQJ� ZLWK� WKH� ODUJH� DPSOLWXGH� DW� D� UHODWLYHO\� ORZ� SKDVH� DQJOH�DORQJ� ZLWK� WKH� ODUJH� DPSOLWXGH� DW� D� UHODWLYHO\� ORZ� SKDVH� DQJOH�
PDNH�WKH�VROXWLRQ�JRRG�HQRXJK�IRU�URWDWLRQ�VWDWLVWLFDO�VWXGLHV�

��������������1<����7KLV�1($�KDV�EHHQ�SUREOHPDWLF�IRU�XV�RYHU�
WKH� \HDUV�� 7KH� ILUVW� REVHUYDWLRQV� �:DUQHU� ������ ������ IRXQG� D�
SHULRG�QHDU������K��'DWD�REWDLQHG�LQ�������:DUQHU�DQG�6WHSKHQV��
������OHG�WR�D�SHULRG�RI�������K��ZKLFK�LV�DERXW�RQH�URWDWLRQ�OHVV�������OHG�WR�D�SHULRG�RI�������K��ZKLFK�LV�DERXW�RQH�URWDWLRQ�OHVV�
RYHU� ��� KRXUV��7KH� GDWD� IURP� WKH� HDUOLHU� GDWHV� FRXOG� EH� ILW� WR� D�
SHULRG�QHDU������K�DQG�VR�WKH�������K�SHULRG�ZDV�DGRSWHG�

7KH�SHULRG�VSHFWUXP�IRU�RXU������REVHUYDWLRQV�IDYRUV�WKH�����KRXU�
VROXWLRQ� DV� DQ� DOWHUQDWH VROXWLRQ�� WKH� GRPLQDQW� VROXWLRQ� EHLQJ�VROXWLRQ� DV� DQ� DOWHUQDWH VROXWLRQ�� WKH� GRPLQDQW� VROXWLRQ� EHLQJ�
������K��2QFH�DJDLQ��ZH�UHGLG�WKH�DQDO\VLV�RQ�SUHYLRXV�GDWD�VHWV�

:H� KDYH� DGRSWHG� D� SHULRG� RI� 3  � ������ K� IRU� WKLV�ZRUN�� ZKLFK�
FORVHO\�PDWFKHV�RXU�RULJLQDO�UHVXOWV�EHFDXVH�WKH�SUHYLRXV�GDWD�VHWV�
SURGXFH�OLJKWFXUYHV�IRUFHG�WR�QHDU�����K�WKDW�DUH�WRR�V\PPHWULFDO�SURGXFH�OLJKWFXUYHV�IRUFHG�WR�QHDU�����K�WKDW�DUH�WRR�V\PPHWULFDO�
DERXW�WKHLU�WZR�KDOYHV��7KLV�LV�DQ�LQGLFDWLRQ�WKDW�WKH�KDOI�SHULRG�LV�
SRVVLEOH�DQG��LQ�PDQ\�FDVHV��PRUH�OLNHO\�

7KH� UHVXOWV� RI� RXU� UH�DQDO\VLV� RI� WKH� HDUOLHU� GDWD� VHWV� DUH� VKRZQ�
EHORZ�ZLWKRXW�FRPPHQW�EHORZ�ZLWKRXW�FRPPHQW�
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��������������-7���3UDYHF�HW�DO�� �����ZHE��UHSRUWHG�D�SHULRG�RI�
������K�EDVHG�RQ�REVHUYDWLRQV�WRZDUGV�WKH�HQG�RI������-XQH��2XU
REVHUYDWLRQV�DERXW�D�PRQWK�HDUOLHU�OHG�WR�D�VOLJKWO\�VKRUWHU�SHULRG�

�����.$��3UDYHF�HW�DO�������ZHE��IRXQG�D�SHULRG�RI�������K��2XU�
UHVXOW LV� DERXW� GRXEOH� WKDW�� ������ K��7KH� ILW� WR� WKH� ORQJHU� SHULRG�
FRXOG�EH�D�ILW�E\�H[FOXVLRQ �PLQLPL]HG�RYHUODSSLQJ�GDWD�SRLQWV��EXW�
ZKHQ� WKH�GDWD� DUH� IRUFHG� WR� WKH�KDOI�SHULRG�� WKH�GLYHUJHQFH� IURP�ZKHQ� WKH�GDWD� DUH� IRUFHG� WR� WKH�KDOI�SHULRG�� WKH�GLYHUJHQFH� IURP�
����WR�����URWDWLRQ�SKDVH�SODFHV�GRXEW�RQ�WKDW�VROXWLRQ�

��������� ����� 34����� ��������� ����� 50����7KHUH� ZHUH� QR�
SUHYLRXV�HQWULHV�LQ�WKH�/&'%�IRU�WKHVH�WZR�1($V�������34���KDV�
DQ� HVWLPDWHG� GLDPHWHU� RI� ���� P�� ����� 50���� KDV� DQ� HIIHFWLYH�
GLDPHWHU� RI� DERXW� ���� P�� 'HVSLWH� WKH� JDS� LQ� WKH� OLJKWFXUYH� IRU�
�����50�����WKH�VROXWLRQ�LV�UHDVRQDEO\�EXW�QRW�FRPSOHWHO\�VHFXUH������50�����WKH�VROXWLRQ�LV�UHDVRQDEO\�EXW�QRW�FRPSOHWHO\�VHFXUH�
JLYHQ�WKH�DPSOLWXGH�DQG�SKDVH�DQJOH��+DUULV�HW�DO���������

�����*6���(YHQ�WKH�ORQJHU�GDPSLQJ�WLPH�IRU�WKLV�1($�WR�JR�IURP������*6���(YHQ�WKH�ORQJHU�GDPSLQJ�WLPH�IRU�WKLV�1($�WR�JR�IURP�
WXPEOLQJ�WR�VLQJOH�D[LV�URWDWLRQ�LV�PXFK�JUHDWHU�WKDQ�WKH�DJH�RI�WKH�
6RODU�6\VWHP��3UDYHF�HW�DO����������������7KLV�QHJOHFWV��KRZHYHU��
WKH� FROOLVLRQDO� OLIH� WLPH� �&/7�� IRU� WKLV� DVWHURLG�� ZKLFK� OLHV� ZHOO�
EHORZ� WKH� &/7� OLQH� LQ� WKH� IUHTXHQF\�GLDPHWHU� SORW� IURP� WKH�EHORZ� WKH� &/7� OLQH� LQ� WKH� IUHTXHQF\�GLDPHWHU� SORW� IURP� WKH�
/&'%��

6LQFH�032�&DQRSXV GRHV�QRW�SURSHUO\�KDQGOH�WXPEOLQJ�DVWHURLGV��
WKH� SORWV� UHSUHVHQW� WKH� GRPLQDQW� SHULRGV� IRXQG� E\� WKH� SURJUDP��
7KH\� PD\� RU� PD\� QRW� EH� WKH� WUXH� SHULRGV� RI� URWDWLRQ� DQG�

0LQRU�3ODQHW�%XOOHWLQ��� ������

7KH\� PD\� RU� PD\� QRW� EH� WKH� WUXH� SHULRGV� RI� URWDWLRQ� DQG�
SUHFHVVLRQ�



���

����� /8��� ����� 05��� ����� ;$���� 7KHUH� ZHUH� QR� SUHYLRXV�
HQWULHV� LQ� WKH� /&'%� IRU� ����� /8��� D� ���� P� 1($� ZLWK� DQ�
XQXVXDOO\�VKDSHG� OLJKWFXUYH�� 7KH� VKDSH�� KRZHYHU�� VHHPV� WR� EH�
DFFXUDWH�VLQFH�WKH�SHULRG�VSHFWUXP�VKRZV�QR�RWKHU�VROXWLRQ�ZLWK�D�DFFXUDWH�VLQFH�WKH�SHULRG�VSHFWUXP�VKRZV�QR�RWKHU�VROXWLRQ�ZLWK�D�
VLPLODUO\�ORZ�506�

7KHUH� ZHUH� DOVR� QR� SUHYLRXV� HQWULHV� IRU� ����� 05�� DQG� �����
;$���� 7KH� HVWLPDWHG� GLDPHWHU� IRU� �����05�� LV� ���� P� DQG� LWV�
SHULRG�RI�������K�LV�FRQVLGHUHG�VHFXUH��/LNHZLVH��WKH�SHULRG�IRU�WKH�SHULRG�RI�������K�LV�FRQVLGHUHG�VHFXUH��/LNHZLVH��WKH�SHULRG�IRU�WKH�
���P������;$���LV�FRQVLGHUHG�XQDPELJXRXV�

0LQRU�3ODQHW�%XOOHWLQ��� ������
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����� ++���� 7KH� SHULRG� VSHFWUXP� VKRZV� VHYHUDO�� QHDUO\� HTXDO�
VROXWLRQV� LQ� WZR� GLVWLQFW� JURXSV�� 7KRVH� QHDU� ���� K� UHSUHVHQW� WKH�
KDOI�SHULRGV�RI�WKH�WZR�SHULRGV�DGRSWHG�IRU�WKLV�SDSHU��7KH�DGRSWHG�
VROXWLRQ� LV�������K�EXW�WKH�RQH�DW�������K��ZKLFK�HTXDWHV� WR�RQH�

����� *'��� ����� .%��� 7KHUH� ZHUH� QR� SUHYLRXV� HQWULHV� LQ� WKH�
/&'%� IRU� HLWKHU�1($�� �����*'�� KDV� DQ� HVWLPDWHG� GLDPHWHU� RI�
����P�

VROXWLRQ� LV�������K�EXW�WKH�RQH�DW�������K��ZKLFK�HTXDWHV� WR�RQH�
KDOI� PRUH� URWDWLRQV� RYHU� ��� KRXUV�� FDQ� EH� VDLG� WR� EH� HTXDOO\�
SRVVLEOH�

,W¶V�LQWHUHVWLQJ�WR�QRWH�WKDW�WKH�SHULRG�VSHFWUXP�VOLJKWO\�IDYRUV�WKH�
KDOI�SHULRG� IRU� ������K��*LYHQ� WKH� QRLV\� GDWD�� LW¶V� KDUG� WR� VD\� LI�KDOI�SHULRG� IRU� ������K��*LYHQ� WKH� QRLV\� GDWD�� LW¶V� KDUG� WR� VD\� LI�
RQH�RI�WKH�WZR���K�VROXWLRQV�LV�D�ILW�E\�H[FOXVLRQ��L�H���LW�PLQLPL]HV�
WKH�506�HUURU�E\�PLQLPL]LQJ�RYHUODSSLQJ�GDWD�SRLQWV�

����� .%�� KDV� D� SHULRG� RI� RQO\� ���� VHFRQGV�� ,WV HVWLPDWHG�
GLDPHWHU�LV����P�GLDPHWHU�LV����P�

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

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�

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&��.������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�7HOHVFRSH�6FLHQFH� ,QVWLWXWH�� DQG� WKH�6RXWK�$IULFDQ�$VWURQRPLFDO�
2EVHUYDWRU\�

0LQRU�3ODQHW�%XOOHWLQ��� ������
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7DEOH�,,��2EVHUYLQJ�FLUFXPVWDQFHV�
$
$OWHUQDWH�SHULRG�LQ�DPELJXRXV�VROXWLRQ��

7
6HFRQG�SHULRG�LQ�D�VXVSHFWHG�WXPEOHU��7KH�SKDVH�DQJOH��D��LV�

JLYHQ�DW�WKH�VWDUW�DQG�HQG�RI�HDFK�GDWH�UDQJH��,I�WKHUH�LV�DQ�DVWHULVN�EHIRUH�WKH�ILUVW�SKDVH�YDOXH��WKH�SKDVH�DQJOH�UHDFKHG�D�PD[LPXP�RU�

5HIHUHQFHV %LQ]HO�� 5�3��� 'H0HR�� )�(��� 7XUWHOERRP�� (�9��� %XV�� 6�-���
7RNXQDJD��$���%XUELQH��7�+���/DQW]��&���3ROLVKRRN��'���&DUU\��%���

JLYHQ�DW�WKH�VWDUW�DQG�HQG�RI�HDFK�GDWH�UDQJH��,I�WKHUH�LV�DQ�DVWHULVN�EHIRUH�WKH�ILUVW�SKDVH�YDOXH��WKH�SKDVH�DQJOH�UHDFKHG�D�PD[LPXP�RU�
PLQLPXP�GXULQJ�WKH�SHULRG��/3$% DQG�%3$% DUH��UHVSHFWLYHO\�WKH�DYHUDJH�SKDVH�DQJOH�ELVHFWRU�ORQJLWXGH�DQG�ODWLWXGH��VHH�+DUULV�HW�DO��������

5HIHUHQFHV�IURP�ZHE�VLWHV�VKRXOG�EH�FRQVLGHUHG�WUDQVLWRU\��XQOHVV�
IURP� DQ� DJHQF\� ZLWK� D� ORQJ� OLIHWLPH� H[SHFWDQF\�� 6LWHV� UXQ� E\�
SULYDWH� LQGLYLGXDOV�� HYHQ� LI� RQ� DQ� LQVWLWXWLRQDO� ZHE� VLWH�� GR� QRW�
QHFHVVDULO\�IDOO�LQWR�WKLV�FDWHJRU\�

7RNXQDJD��$���%XUELQH��7�+���/DQW]��&���3ROLVKRRN��'���&DUU\��%���
0RUELGHOOL��$��� %LUODQ��0���9HUQD]]D�� 3��� %XUW�� %�-���0RVNRYLW]��
1���6OLYDQ��6�0���7KRPDV��&�$���5LYNLQ��$�6���+LFNV��0�'���'XQQ��
7��� 5HGG\�� 9��� 6DQFKH]�� -�$��� *UDQYLN�� 0��� .RKRXW�� 7�� ��������
³&RPSRVLWLRQDO� GLVWULEXWLRQV� DQG� HYROXWLRQDU\� SURFHVVHV� IRU� WKH�

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

$VW'\V�����������$VWHURLGV�� '\QDPLF�6LWH�ZHE�ORFDWLRQ�

³&RPSRVLWLRQDO� GLVWULEXWLRQV� DQG� HYROXWLRQDU\� SURFHVVHV� IRU� WKH�
QHDU�(DUWK�REMHFW�SRSXODWLRQ��5HVXOWV�IURP�WKH�0,7�+DZDLL�1HDU�
(DUWK� 2EMHFW� 6SHFWURVFRSLF� 6XUYH\� �0,7+1(26��´� ,FDUXV �����
������

&66���������&DWDOLQD�6N\�6XUYH\�ZHE�VLWH�$VW'\V�����������$VWHURLGV�� '\QDPLF�6LWH�ZHE�ORFDWLRQ�
KWWSV���QHZWRQ�VSDFHG\V�FRP�DVWG\V��

%HW]OHU��$�6���1RYDHV��$�%����������³3KRWRPHWULF�2EVHUYDWLRQV�RI�
�����25��������$4���� DQG������7&��´�0LQRU�3ODQHW�%XOO������
��������

&66���������&DWDOLQD�6N\�6XUYH\�ZHE�VLWH�
KWWSV���FDWDOLQD�OSO�DUL]RQD�HGX�

�XUHFK�� -���9RNURXKOLFNê��'��� 3UDYHF�� 3���+DQXã�� -��� )DUQRFFKLD��
'��� .UXJO\�� <�1��� ,QDVDULG]H�� 5�<��� $\YD]LDQ�� 9�5��� )DWND�� 3���
&KLRUQ\��9�*��� *DIWRQ\XN�� 1��� *DOiG��$��� *URRP�� 5��� +RUQRFK���������� &KLRUQ\��9�*��� *DIWRQ\XN�� 1��� *DOiG��$��� *URRP�� 5��� +RUQRFK��
.���.XþiNRYi��+���.XãQLUiN�� 3��� /HKNê��0���.YDUDWVNKHOLD��2�,���
0DVL��*���0RORWRY��,�(��2H\��-���3ROORFN��-�7���6KHYFKHQNR��9�*���
9UDãWLO��-���:DUQHU��%�'����������³<253�DQG�<DUNRYVN\�HIIHFWV�LQ�
DVWHURLGV� ������� 7RUR�� ������� 5D�6KDORP�� ������� (JHU�� DQG�

0LQRU�3ODQHW�%XOOHWLQ��� ������

DVWHURLGV� ������� 7RUR�� ������� 5D�6KDORP�� ������� (JHU�� DQG�
���������&DFXV�´�$VWURQ��$VWURSK\V�������$���



���

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

5DGDU� 7HDP� �������� ³$VWHURLG� 9LVLWLQJ� (DUWK¶V� 1HLJKERUKRRG�
%ULQJV�LWV�RZQ�)DFH�0DVN�´
KWWSV���ZZZ�XFI�HGX�QHZV�DVWHURLG�YLVLWLQJ�HDUWKV�QHLJKERUKRRG�

EULQJV�LWV�RZQ�IDFH�PDVN�

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

.RHKQ��%�:�� ��������³2Q� WKH�PD[LPXP�DPSOLWXGH�RI�KDUPRQLFV�
RQ�DQ�DVWHURLG�OLJKWFXUYH�´�,FDUXV������������

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

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

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

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

:DUQHU�� %�'�� �����D��� ³$VWHURLG� /LJKWFXUYH� $QDO\VLV� DW� WKH�
3DOPHU� 'LYLGH� 2EVHUYDWRU\�� ����� -XQH� ± 6HSWHPEHU�´� 0LQRU�
3ODQHW�%XOO� ����������

:DUQHU�� %�'�� �����E��� ³$VWHURLG� /LJKWFXUYH� $QDO\VLV� DW� WKH�
3DOPHU�'LYLGH�2EVHUYDWRU\� �����-DQXDU\�± 0DUFK�´�0LQRU�3ODQHW�
%XOO��������������

:DUQHU��%�'����������³1HDU �(DUWK�$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�
,QYHUVH�3UREOHP�´�,FDUXV �����������

.RHKQ�� %�:��� %RZHOO�� (�/�*��� 6NLII�� %�$��� 6DQERUQ�� -�-���
0F/HOODQG�� .�3��� 3UDYHF�� 3��� :DUQHU�� %�'�� �������� ³/RZHOO�
2EVHUYDWRU\�1HDU�(DUWK�$VWHURLG�3KRWRPHWULF�6XUYH\��1($36�� �
����� -DQXDU\� WKURXJK� ����� -XQH�´�0LQRU� 3ODQHW� %XOO�� ���� ����
����

03&���������0LQRU�3ODQHW�&HQWHU��03&2UE�HOHPHQWV�ILOH�
KWWSV���PLQRUSODQHWFHQWHU�QHW�LDX�03&25%�KWPO

3ROLVKRRN�� '�� �������� ³/LJKWFXUYHV� DQG� 6SLQ� 3HULRGV� RI� 1HDU�
(DUWK� $VWHURLGV�� 7KH� :LVH� 2EVHUYDWRU\�� ����� ± �����´� 0LQRU�
3ODQHW�%XOO��������������

:DUQHU��%�'����������³1HDU �(DUWK�$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�
&6��3DOPHU� 'LYLGH� 6WDWLRQ�� ����� 0DUFK�-XQH�´� 0LQRU� 3ODQHW�
%XOO��������������

:DUQHU��%�'����������³1HDU �(DUWK�$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�
&6��3DOPHU�'LYLGH�6WDWLRQ�������$SULO�-XO\�´�0LQRU�3ODQHW�%XOO�
������������

:DUQHU�� %�'�� �������� ³1HDU �(DUWK� $VWHURLG� /LJKWFXUYH� DW� &6��
3DOPHU�'LYLGH�6WDWLRQ�������$SULO�WKUX�-XQH�´�0LQRU�3ODQHW�%XOO�
������������

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�
/LJKWFXUYH�'DWDEDVH�´� ,FDUXV ����� ���������8SGDWHG������ -XQH��

3ROLVKRRN��'���%URVFK��1����������³3KRWRPHWU\�RI�$WHQ�DVWHURLGV�±
0RUH�WKDQ�D�KDQGIXO�RI�ELQDULHV�´�,FDUXV �������������

3UDYHF�� 3��� 6DURXQRYD�� /��� :ROI� 0�� �������� ³/LJKWFXUYHV� RI� ��
1HDU�(DUWK�$VWHURLGV�´�,FDUXV �������������

3UDYHF�� 3��� :ROI�� 0��� 6DURXQRYD�� /�� �����ZHE�� ����ZHE��
����ZHE���KWWS���ZZZ�DVX�FDV�F]�aSSUDYHF�QHR�KWP
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