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/LJKWFXUYHV�RI����QHDU�(DUWK�DVWHURLGV��1($V��REWDLQHG�
DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���IURP������
2FWREHU� WKURXJK� 'HFHPEHU� ZHUH� DQDO\]HG� IRU� URWDWLRQ�
SHULRG��SHDN�WR�SHDN�DPSOLWXGH��DQG�VLJQV�RI�VDWHOOLWHV�RU�
WXPEOLQJ�� 7KH� PLQRU� SODQHWV� �������� ����� -6��� DQG��
�����;6�ZHUH�IRXQG�WR�EH�LQ�D�WXPEOLQJ�VWDWH��

&&'�SKRWRPHWULF�REVHUYDWLRQV�RI����QHDU�(DUWK�DVWHURLGV��1($V��
ZHUH�PDGH�DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���IURP������
2FWREHU�WKURXJK�'HFHPEHU��7DEOH�,� OLVWV�WKH� WHOHVFRSHV�DQG�&&'�
FDPHUDV�WKDW�ZHUH�DYDLODEOH�WR�PDNH�REVHUYDWLRQV��

8S�WR�QLQH�WHOHVFRSHV�FDQ�EH�XVHG�EXW�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�
�����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��

$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/$6�FDWDORJ� U�� �65��PDJQLWXGHV� �7RQU\� HW� DO��� �������
7KRVH� DGMXVWPHQWV� DUH� XVXDOO\� _'_� d� ����� PDJ�� 7KH� ODUJHU�
FRUUHFWLRQV��ZKLFK�DUH�UDUH��PD\�KDYH�EHHQ�UHODWHG�LQ�SDUW�WR�XVLQJ�
XQILOWHUHG�REVHUYDWLRQV��SRRU�FHQWURLGLQJ�RI�WKH�UHIHUHQFH�VWDUV��DQG�
QRW�FRUUHFWLQJ�IRU�VHFRQG�RUGHU�H[WLQFWLRQ��$QRWKHU�FDXVH�PD\�EH�
VHOHFWLQJ� ZKDW� DSSHDUV� WR� EH� D� VLQJOH� VWDU� EXW� LV� DFWXDOO\� DQ�
XQUHVROYHG�SDLU��

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

³/&'%´�VXEVWLWXWHV�IRU�³:DUQHU�HW�DO��������´�IURP�KHUH�RQ��

�����$SROOR��$� URWDWLRQ� SHULRG� RI� DERXW� ������K� KDV� EHHQ� ORQJ�
HVWDEOLVKHG�IRU�WKLV�QDPHVDNH�RI�D�VXEFODVV�RI�1($V��H�J���+DUULV�HW�
DO����������7KH�DPSOLWXGH�GXULQJ�ODWH������REVHUYDWLRQV�������PDJ��
DW�&6��ZDV�DERXW�PLG�ZD\�EHWZHHQ�WKH�NQRZQ�H[WUHPHV�RI������WR�
�����PDJ��

�

�����3KDHWKRQ��7KHUH�DUH�QXPHURXV�URWDWLRQ�SHULRGV� OLVWHG�LQ� WKH�
/&'%��DOO�RI�DERXW������K��H�J���3UDYHF�HW�DO�������ZHE���������K���

�

�

$V�GLVFXVVHG�LQ�+DUULV�HW�DO����������WKH�ORZ�DPSOLWXGH�DQG�SKDVH�
DQJOH�PDNH�VROXWLRQV�RWKHU�WKDQ�ELPRGDO�D�SRVVLELOLW\��7KLV�LV�ERUQH�
RXW�E\�WKH�SHULRG�VSHFWUXP��ZKLFK�VKRZV�D�QXPEHU�RI�QHDUO\�HTXDO�
VROXWLRQV��7KH�������K�SHULRG�LV�FRQVLGHUHG�WR�EH�WKH�FRUUHFW�UHVXOW��

����� 2USKHXV�� :LVQLHZVNL� ������� KDV� WKH� HDUOLHVW� HQWU\� LQ� WKH�
/&'%�ZLWK�D�SHULRG�RI������K��6XEVHTXHQW�UHVXOWV��H�J���3UDYHF�HW�
DO�������ZHE��VKRUWHQHG�WKH�SHULRG�WR�QHDU�������K��7KH�UHVXOW�XVLQJ�
WKH�PRVW�UHFHQW�&6��GDWD�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�VKRUWHU�SHULRG��

�

�����1HUHXV��3UDYHF�HW�DO�������ZHE��IRXQG�1HUHXV�WR�EH�WXPEOLQJ��
ZLWK�SHULRGV�RI���������K� DQG��������K��7KHUH�ZHUH� LQVXIILFLHQW�
GDWD�WR�WU\�WR�GXSOLFDWH�WKRVH�UHVXOWV�EXW�WKH\�PD\�H[SODLQ�WKH�ORZHU�
DPSOLWXGH�QHDU�����URWDWLRQ�SKDVH�RQ�VRPH�QLJKWV��

�

�����2]H��3UHYLRXV�VROXWLRQV�IRU�2]H�KDYH�LQFOXGHG�������K��6NLII�
HW�DO���������������K��6NLII�HW�DO����������DQG�������K��WKLV�ZRUN���7KH�
SHULRG�VSHFWUXP�XVLQJ�WKH�&6��GDWD�ODFNHG�D�FOHDU�VROXWLRQ��

�
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7KH�WZR�VKRUWHU�SHULRGV�KDYH�D�FORVH�WR������RU�����UDWLR�ZLWK�WKH�
SHULRG�UHSRUWHG�KHUH��7KLV�FRXOG�EH�D�JRRG�LQGLFDWLRQ�RI�URWDWLRQDO�
DOLDVLQJ��ZKLFK�LV�ZKHQ�WKH�WUXH�QXPEHU�RI�URWDWLRQV�RYHU�WKH�WRWDO�
GXUDWLRQ�RI�D�GDWD�VHW�LV�DPELJXRXV��

������ 7XNPLW�� 7KH� RQO\� SUHYLRXV� SHULRG� LQ� WKH� /&'%� LV� IURP�
3UDYHF�HW�DO�������ZHE���ZKR�IRXQG��������K��

�

�������������<1���7KLV�DSSHDUV� WR�EH� WKH� ILUVW� UHSRUWHG� URWDWLRQ�
SHULRG� RI� ����� <1��� 'HVSLWH� WKH� ORZ� DPSOLWXGH� DQG� DOPRVW�
V\PPHWULFDO� KDOYHV� RI� WKH� OLJKWFXUYH�� WKH� KDOI� SHULRG� RI� ������ K�
GRHVQ¶W�VHHP�OLNHO\�JLYHQ�WKH�GLDPHWHU�RI�����NP��$�KLJKHU�PRGDO�
OLJKWFXUYH��DQG�ORQJHU�SHULRG��FDQQRW�EH�IRUPDOO\�H[FOXGHG��+DUULV�
HW�DO����������

�

������5REZKLWHOH\��7KH�SHULRG�VSHFWUXP�XVLQJ�WKH�ODWHVW�&6��GDWD�
VKRZV� DQ� HVVHQWLDOO\� XQLTXH� VROXWLRQ� RI� ������ K�� WKLV� LV� LQ� JRRG�
DJUHHPHQW�ZLWK�D�SUHYLRXV�UHVXOW�RI��������K��:DUQHU��������DQG�
WKDW� RI� 3UDYHF� HW� DO�� �����ZHE�� ������� K��� ZKR� DOVR� UHSRUWHG�
LQGLFDWLRQV��XQFRQILUPHG��RI�D�VDWHOOLWH��

�

�������������-6����3UDYHF�HW�DO�������ZHE��GHWHUPLQHG�WKLV�1($�
WR�EH� LQ�QRQ�SULQFLSDO�D[LV� URWDWLRQ� �13$5���RWKHUZLVH�NQRZQ�DV�
WXPEOLQJ��7KH\�UHSRUWHG�WZR�SHULRGV�RI������K�DQG������DQG�D�3$5�
RI�����VHH�3UDYHF�HW�DO����������������

�

,W� ZDV� DSSDUHQW� IURP� WKH� UDZ� GDWD� DQG� DWWHPSWV� WR� ILQG� D� VLQJOH�
SHULRG� �1R6XE�� WKDW� WKH� DVWHURLG� ZDV� WXPEOLQJ��032� &DQRSXV��
HYHQ� WKRXJK� LW� LV� QRW� SURSHUO\� GHVLJQHG� WR� KDQGOH� WXPEOLQJ�
DVWHURLGV��ZDV�XVHG�WR�WU\�WR�H[WUDFW�SRVVLEOH�WZR�SHULRG�VROXWLRQV��
,W�ZDV�RQO\�DIWHU�ILQGLQJ�WKUHH�SHULRGV�DQG�VXEWUDFWLQJ�SDLUV��H�J���
VXEWUDFW�3��DQG�3��WR�ILQG�3���WKDW�WKH�GDWD�ZRXOG�FORVHO\�ILW�)RXULHU�
FXUYHV�WKDW�GLG�QRW�KDYH�FRPSOHWHO\�LPSUREDEOH�VKDSHV��

,QWHUHVWLQJO\�� WKH� GRPLQDQW� SHULRG� LV� DOPRVW� H[DFWO\� GRXEOH� WKH�
³SULPDU\´�SHULRG�IRXQG�E\�3UDYHF�HW�DO�������ZHE���+RZHYHU��WKH�
FORVH�DV\PPHWU\�RI�WKH�WZR�KDOYHV�LQ�WKH�3��DQG�3��SORWV�PHDQV�WKH�
KDOI�SHULRGV�DUH�SRVVLEOH��7KLV�ZRXOG�SXW�WKH�GRPLQDQW�SHULRG�JLYHQ�
KHUH�FORVH�WR�WKDW�IRXQG�E\�3UDYHF�HW�DO�������ZHE���

7KH�YDOXH�RI�3�� �������K�LV�FORVH�WR�WKH�VHFRQG�SHULRG�IRXQG�E\�
3UDYHF�HW�DO�������ZHE���:KLOH�WKH�&6��UHVXOWV�GLIIHU�VLJQLILFDQWO\�
LQ� VRPH� UHVSHFWV�� WKH\�SURYLGH� LQGHSHQGHQW�FRQILUPDWLRQ� WKDW� WKH�
DVWHURLG�LV�WXPEOLQJ��
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��������� �����:0�� 7KH� RQO\� SUHYLRXVO\� UHSRUWHG� SHULRG� LQ� WKH�
/&'%� LV� ����� K� �9DGXYHVFX� HW� DO��� ������� 7KH� SHULRG� VSHFWUXP�
VKRZV�VHYHUDO�SRVVLEOH�VROXWLRQV��ZKLFK�LV�QRW�XQH[SHFWHG�IRU�D�ORZ�
DPSOLWXGH�OLJKWFXUYH�DW�PRGHUDWH�SKDVH�DQJOHV��+DUULV�HW�DO����������

7KH� PRUH� FRPPRQ� VROXWLRQV�� VKRZQ� EHORZ�� FRUUHVSRQG� WR� D�
PRQRPRGDO�OLJKWFXUYH��3� �������K��DQG�D�ELPRGDO�OLJKWFXUYH�DW�WKH�
GRXEOHG�SHULRG�RI�3� �������K��7KH�VKRUWHU�SHULRG�LV�DGRSWHG�IRU�WKLV�
ZRUN�VLQFH�LW�DQG�WKH�HVWLPDWHG�GLDPHWHU�PDNH�WKH�DVWHURLG�IDOO�MXVW�
EHORZ�WKH�VR�FDOOHG�³VSLQ�EDUULHU�´�D�PRUH�W\SLFDO�ORFDWLRQ�IRU�PDQ\�
VPDOO�1($V��

�

�

�

��������������<.���7KH�ODWHVW�VROXWLRQ�LV�LQ�IDLUO\�JRRG�DJUHHPHQW�
ZLWK� D� SUHYLRXV� UHVXOW� RI� ������ K� �:DUQHU�� ����D��� ,W� ZDV� QRW�
SRVVLEOH�WR�JHW�D�VDWLVIDFWRU\�ILW�WR�������K��$]QDU�HW�DO����������

�
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��������������34���&ROD]R�HW�DO���������DQG�%HKUHQG������ZHE��
ERWK�UHSRUWHG�SHULRGV�QHDU������K��$VVXPLQJ� WKH�$7/$6�FDWDORJ�
PDJQLWXGHV� DOORZHG� QHDU�]HUR� ]HUR�SRLQW� DGMXVWPHQWV�� D� ORQJ�
SHULRG�VROXWLRQ�RI�������K�ZDV�IRXQG�XVLQJ�WKH�&6��GDWD��

$�VKRUWHU�SHULRG�VXSHULPSRVHG�RQ�WKH�ORQJ�SHULRG�FXUYH��LI�LW�H[LVWV��
FRXOG�QRW�EH�H[WUDFWHG�IURP�WKH�QRLVH��$�GXDO�SHULRG�VROXWLRQ�ZLWK�
36KRUWHU������K��PLJKW�ILW�ZLWK�WKH�VXVSHFWHG�FODVV�RI�YHU\�ZLGH�ELQDU\�
DVWHURLGV��H�J���VHH�:DUQHU������E���

�

�����)-����7KLV�1($�ZDV�IROORZHG�IRU�IRXU�FRQVHFXWLYH�QLJKWV�LQ�
�����2FWREHU��7KLV�SURYLGHG�D�JRRG�GHPRQVWUDWLRQ�RI�WKH�HYROXWLRQ�
RI�D�OLJKWFXUYH�RYHU�D�UHODWLYHO\�VKRUW�QXPEHU�RI�GD\V��$V�WKH�SKDVH�
DQJOH�LQFUHDVHG�IURP�������RQ�2FW����WR�����RQ�2FW�����WKH�GHSWK�RI�
WKH�ILUVW�PLQLPXP��DERXW������URWDWLRQ�SKDVH��LQFUHDVHG�DV�GLG�WKH�
RYHUDOO�DPSOLWXGH�RI�WKH�OLJKWFXUYH��7KH�ODWWHU�LV�DQ�H[SHFWHG�WUDLW�
�=DSSDOD�HW�DO����������

�

�

�

�
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:KLOH� FRPELQJ� WKH� IRXU� QLJKWV� LQWR� D� VLQJOH� VHW� FRYHUHG� XS� WKH�
FKDQJHV� LQ� WKH� OLJKWFXUYH�� LW� GLG� SURYLGH� D� ORQJHU� EDVHOLQH� WR�
HVWDEOLVK�D�PRUH�SUHFLVH�V\QRGLF�SHULRG�RI����������K��RU�±�ZLWK�D�
��VLJPD�HUURU�EDU�±������������V��

�����;6��7KH�UDZ�SORW�ZDV� UHPLQLVFHQW�RI�SUHYLRXV�H[DPSOHV�RI�
WXPEOLQJ�ZKHUH�WZR�SHULRGV�FRXOG�EH�FRPELQHG�WR�ZKDW�DSSHDUHG�D�
VLQJOH�SHULRG�EXW�ZLWK�DQ�XQOLNHO\� OLJKWFXUYH�VKDSH��VHH�+DUULV�HW�
DO����������+RZHYHU��QR�VLQJOH�SHULRG�SURYLGHG�D�UHDVRQDEOH�ILW�WR�
WKH�&6��GDWD�REWDLQHG�RQ�WKH�QLJKW�RI������1RYHPEHU�����

.QRZLQJ�WKH�OLPLWDWLRQV�RI�032�&DQRSXV�IRU�DQDO\]LQJ�WXPEOLQJ�
DVWHURLGV��DQ�DWWHPSW�ZDV�PDGH�WR�ILQG�D�GXDO�SHULRG�VROXWLRQ��7KLV�
OHG� WR� D� GRPLQDQW� SHULRG� RI� ����� K� DQG� D� VHFRQGDU\� SHULRG� RI��
�����K��7KH�WZR�SHULRGV�VKRXOG�QRW�EH�WDNHQ�DV�WKH�DFWXDO�SHULRGV�RI�
URWDWLRQ�DQG�SUHFHVVLRQ��3UDYHF�HW�DO����������������
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�����-4����7KHUH�ZHUH�QR�SUHYLRXV�HQWULHV�RI�DQ\�NLQG�LQ�WKH�/&'%�
IRU�WKLV�1($�ZLWK�DQ�HVWLPDWHG�GLDPHWHU�RI�����NP��*LYHQ�WKH�QRLVH�
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