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7KH� DQDO\VLV� RI� REVHUYDWLRQV� PDGH� DW� WKH� &HQWHU� IRU�

6RODU� 6\VWHP� 6WXGLHV� IURP� ����� 6HSWHPEHU� WR� �����

-DQXDU\� OHG� WR� WKH� GLVFRYHU\� WKDW� WKH� 9HVWRLG� DVWHURLG�

����� /LQGEORRP� LV� D� IXOO\� V\QFKURQRXV� ELQDU\�� 7KH�

RUELWDO� SHULRG� LV��������K� DQG� WKH� UDWLR�RI� WKH� HIIHFWLYH�

GLDPHWHUV� LV� ����� d� 'V�'S� d� ����� $VVXPLQJ� D� EXON�

GHQVLW\�RI���J�FP��'S�d�����NP��'V�t�����NP��DQG� WKH�

FHQWHU�WR�FHQWHU� VHSDUDWLRQ� LV� ��� NP�� 2WKHU� REMHFWV�

SUHVHQWHG� KHUH� ZHUH� IRXQG� WR� KDYH� VHFRQGDU\��

SHULRGV�� ����� &OHREXOXV�� �������� ����� $8���� ������

5DMDJRSDODQ���������������0=�����������������74����

�����3<��� DQG� ����� 3'���2I� WKRVH�� RQO\� �����0=���

DQG������3<��PLJKW�EH�VDLG�WR�VKRZ�PXWXDO�HYHQWV�GXH�

WR�D�VDWHOOLWH��

&&'� SKRWRPHWULF� REVHUYDWLRQV� DW� WKH� &HQWHU� IRU� 6RODU� 6\VWHP�

6WXGLHV�LQ������6HSWHPEHU�WR�HDUO\������-DQXDU\�OHG�WR�GLVFRYHU\�

DW� OHDVW� RQH� FRQILUPHG�ELQDU\� DVWHURLG�� �����/LQGEORRP��6HYHUDO�

RWKHU�DVWHURLGV�WKDW�ZHUH�REVHUYHG�FRXOG�QRW�EH�DGHTXDWHO\�GHILQHG�

ZLWK� D� VLQJOH� SHULRG� VROXWLRQ�� 7ZR� RI� WKRVH� DGGLWLRQDO� REMHFWV��

�������������0=���DQG������3<���FDPH�FORVHVW� WR�VKRZLQJ� WKH�

UHTXLVLWH�PXWXDO�HYHQWV��RFFXOWDWLRQV�HFOLSVHV��GXH�WR�D�VDWHOOLWH��

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

WR�PDNH�WKH�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��

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�DGMXVWHG�QLJKWO\�]HUR�SRLQWV�DQG�WKHLU�DPRXQWV��ZH�XVH�

WKH�$7/$6�FDWDORJ�U���65��PDJQLWXGHV��7RQU\�HW�DO����������7KLV�

PDNHV�PRVW�]HUR�SRLQW�DGMXVWPHQWV�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�

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��

�����/LQGEORRP��7KHUH�ZDV�RQO\�RQH�SUHYLRXVO\�UHSRUWHG�URWDWLRQ�

SHULRG� IRXQG� LQ� WKH� /&'%� IRU� WKLV� ��NP�9HVWRLG�� 3UDYHF� HW� DO��

�����ZHE���ZKR� IRXQG�3� ������K��$� ������PDJ��2XU�H[WHQVLYH�

GDWD�VHW��REWDLQHG������1RY�������OHG�WR�D�PXFK�GLIIHUHQW�VROXWLRQ��

�

7KH�ILQDO�OLJKWFXUYH�KDV�D�SHULRG�RI��������K�DQG�FOHDUO\�VKRZV�WKH�

VKRXOGHUV� �VXGGHQ� FKDQJHV� LQ� VORSH� LQ� WKH� GHVFHQGLQJ�DVFHQGLQJ�

VHFWLRQV��DVVRFLDWHG�ZLWK�D�IXOO\�V\QFKURQRXV�ELQDU\�ZLWK�WKH�WZR�

ERGLHV�VHSDUDWHG�E\�D�VPDOO�GLVWDQFH��

7KH�GHSWK�RI�WKH�OLJKWFXUYH�RXWVLGH�WKH�PXWXDO�HYHQWV�LV������PDJ��

,I�ERWK�ERGLHV�KDYH�WKH�VDPH�HORQJDWLRQ��DQG�DVVXPLQJ�D�VPRRWKHG�

HOOLSVRLG�� WKLV� ZRXOG� LPSO\� DQ� D�E� UDWLR� RI� �������� 7KH� PXWXDO�

HYHQWV� WKHPVHOYHV� DUH� ����� PDJ� DQG�� VLQFH� WKH\� SUHVHQW� VKDUS�

PLQLPXPV�� WKH� HYHQWV� DUH� QRW� WRWDO�� )URP� WKLV�� WKH� HVWLPDWHG�

HIIHFWLYH�GLDPHWHU�UDWLR�LV������d�'V�'S�d������

0DLQ]HU� HW� DO�� ������� JLYH� DQ� HIIHFWLYH� GLDPHWHU� �� NP� IRU� WKH�

V\VWHP�� $VVXPLQJ� D� EXON� GHQVLW\� RI� �� J�FF� IRU� ERWK� ERGLHV� VHWV��

'��d�����NP��'��t�����NP��DQG�WKH�FHQWHU�WR�FHQWHU�VHSDUDWLRQ�RI�

���NP��7KHVH�QXPEHUV�DUH�FRQVLVWHQW�ZLWK�WKH�QDUURZ�HYHQWV� WKDW�

DUH������URWDWLRQ�SKDVH�ZLGH��
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�����&OHREXOXV��7KLV�1($�KDV�DQ�HVWLPDWHG�HIIHFWLYH�GLDPHWHU�RI�

���� NP� �/&'%��:DUQHU� HW� DO��� ������� 7KH� /&'%� OLVWV� RQO\� RQH�

SUHYLRXV�URWDWLRQ�SHULRG��WKDW�EHLQJ������K�IURP�:LVQLHZVNL�HW�DO��

��������

7KH� GDWD� VHW� DSSHDUHG� WR� EH� H[FHVVLYHO\� QRLV\�� HYHQ� WKRXJK� WKH�

HUURUV�IRU�LQGLYLGXDO�GDWD�SRLQWV�ZHUH�RQ�WKH�RUGHU�RI���������PDJ��

:H¶YH�IRXQG�WKDW�WKH�H[FHVVLYH�QRLVH�FDQ�EH�GXH�WR�WKH�SUHVHQFH�RI�

D� VHFRQG� SHULRG� DQG� VR� ZH� WULHG� D� GXDO�SHULRG� VHDUFK� XVLQJ��

032� &DQRSXV�� 7KH� 3�� SHULRG� VSHFWUXP� VKRZV� WKDW� VHYHUDO�

VROXWLRQV� VWRRG� RXW�� VRPH� LQ� DGGLWLRQ� WR� RXU� DGRSWHG� SHULRG� RI�

DERXW� ����� K�� ZKLFK� ZH� XVHG� DV� WKH� EDVLV� LQ� WKH� VHDUFK� IRU� WKH�

VHFRQG�SHULRG��

7KH�3��SHULRG�VSHFWUXP�VKRZHG�SRWHQWLDO�VROXWLRQV�QHDU����K�DQG�

���K��$IWHU�VHYHUDO� LWHUDWLRQV�RI� ILQGLQJ�RQH�SHULRG��VXEWUDFWLQJ�LW�

WR�ILQG�D�VHFRQG�SHULRG��DQG�VXEWUDFWLQJ�WKDW�WR�ILQG�D�UHYLVHG�ILUVW�

SHULRG�� RXU� ILQDO� UHVXOW� ZDV� 3��  � ������� K� DQG� 3��  � ����� K���

7KH� 3�� OLJKWFXUYH� GRHV� QRW� VKRZ� HYLGHQFH� RI� PXWXDO� HYHQWV�

�RFFXOWDWLRQV�HFOLSVHV���ZKLFK� DUH� UHTXLUHG� WR� HOHYDWH� WKH� DVWHURLG�

WR�D�FRQILUPHG�ELQDU\��,W�LV�DOVR�VXIILFLHQWO\�DV\PPHWULFDO�WR�UDLVH�

DW�OHDVW�VRPH�GRXEW�DERXW�WKH�YDOLGLW\�RI�WKH�VROXWLRQ��+RZHYHU��DV�

VHHQ�LQ�WKH�3��OLJKWFXUYH��VXEWUDFWLQJ�3��UHPRYHV�D�ODUJH�SRUWLRQ�RI�

WKH�QRLVH�IURP�D�VLQJOH�SHULRG�OLJKWFXUYH��

�

�

�

�

�

8QIRUWXQDWHO\�� WKH�1($� UHPDLQV�ZHOO� EHORZ�9� a� ����� IRU� VRPH�

WLPH��7KH�QH[W�EHVW�FKDQFH�IRU�IROORZ�XS�REVHUYDWLRQV�LV�QRW�XQWLO�

�����1RYHPEHU�ZKHQ�LW�ZLOO�EH�DERXW�����PDJ�EULJKWHU� �������DW�

�����GHFOLQDWLRQ���

�������� ����� $8���� 7KLV� LV� D� -XSLWHU� WURMDQ� ZLWK� DQ� HVWLPDWHG�

GLDPHWHU�RI����NP��0DLQ]HU�HW�DO����������5\DQ�HW�DO�� �������DQG�

6]DEy�HW�DO���������REVHUYHG�WKH�DVWHURLG�LQ������$XJXVW��ILQGLQJ�

SHULRGV�RI�����K�DQG�����K��UHVSHFWLYHO\��2XU�GDWD�VHW��HYHQ�WKRXJK�

VSDUVH�LQ�FRYHUDJH��OHG�WR�D�VLJQLILFDQWO\�GLIIHUHQW�UHVXOW��
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7KH�³5DZ´�SORW�VKRZV�WKH�GDWD�VHW�DV�PDJQLWXGH�YHUVXV�-'��ZLWK�

WKH�PDJQLWXGHV�EHLQJ�QRUPDOL]HG�WR�WKH�1RY���REVHUYDWLRQV�XVLQJ��

*� �������7DNHQ�DW�IDFH�YDOXH��LW�LPSOLHV�D�SHULRG�RQ�WKH�RUGHU�RI�

DERXW� ��� GD\V�� RU� ���� KRXUV�� +RZHYHU�� LW� FDQ� KDSSHQ� WKDW� WKH��

���KRXU� VDPSOLQJ� LQWHUYDO� LV� DFWXDOO\� FDWFKLQJ� VOLJKWO\� GLIIHUHQW�

SRUWLRQV�RI�D�OLJKWFXUYH�ZLWK�D�PXFK�VKRUWHU�SHULRG��.HHSLQJ�WKLV�

PLQG��D�SHULRG�VHDUFK�EH\RQG�����K�IRXQG�D�PRUH�OLNHO\�VROXWLRQ�

WR�EH�XQGHU�����KRXUV��

�

�

�

7KH� HYHQWXDO� 3�� OLJKWFXUYH�� IRXQG� XVLQJ� WKH� GXDO�SHULRG� VHDUFK�

IHDWXUH� RI�032� &DQRSXV�� KDV� D� KLJKO\� DV\PPHWULFDO� VKDSH� GXH�

H[FOXVLYHO\� WR� WKH� GDWD� IURP� 1RY� ��� 5HPRYLQJ� WKRVH� IURP� WKH�

DQDO\VLV� IRXQG� D� VLPLODU� SHULRG� DQG� D� PRUH� V\PPHWULFDO� VKDSH��

$IWHU�UHYLHZLQJ�WKH�1RY���GDWD��WKH�]HUR�SRLQW�DGMXVWPHQW�UHTXLUHG�

WR�EULQJ�WKHP�³LQWR�OLQH´�ZLWK�WKH�UHVW�RI�WKH�GDWD�ZDV�GHHPHG�WRR�

H[FHVVLYH� DQG� ZLWK� QR� DSSDUHQW� V\VWHPDWLF� FDXVH�� ,WV� SK\VLFDO�

FDXVH�LV�D�PDWWHU�RI�VSHFXODWLRQ��

5HPRYLQJ� WKH� 3�� UHVXOW� IURP� WKH� GDWD� IRXQG� WZR� YHU\� VWURQJ�

VROXWLRQV�RI�DERXW�����K�DQG����K��:H�KDYH�DGRSWHG�3�� �������K��

ZKLFK� SURGXFHV� D� V\PPHWULFDO� OLJKWFXUYH� DORQJ� WKH�;�D[LV�� 2QH�

VXJJHVWHG�PRGHO�RI�WKH�V\VWHP�LV�D�ZLGH�ELQDU\�ZLWK�DQ�HORQJDWHG�

VHFRQGDU\�DQG�DQ�RUELWDO�LQFOLQDWLRQ�WKDW�PD\�DOORZ�VHHLQJ�PXWXDO�

HYHQWV�� 7KLV�� RI� FRXUVH�� UHTXLUHV� YDOLGDWLRQ� ZLWK� KLJKHU� TXDOLW\�

GDWD��

������5DMDJRSDODQ��D�PHPEHU�RI� WKH�)ORUD� IDPLO\�JURXS��KDG�QR�

SUHYLRXV�HQWULHV�RI�DQ\�NLQG�LQ�WKH�/&'%��7KH�HVWLPDWHG�GLDPHWHU�

LV�����NP��7KH�GDWD�VHW�ZDV�QRLV\�EXW��KHUH�DJDLQ��D�VLQJOH�SHULRG�

VROXWLRQ� GLG� QRW� SURYLGH� DQ� DFFHSWDEOH� ILW�� RU� DW� OHDVW� FRXOG� EH�

FRQVLGHUDEO\�LPSURYHG�E\�UHPRYLQJ�D�VHFRQGDU\�SHULRG��

7KH�LQLWLDO�SHULRG�VHDUFK�IRXQG�3�a����K�WKDW�ZDV�IXUWKHU�UHILQHG�WR�

�����K��7KH�OLJKWFXUYH�KDV�VRPH�KLQWV�RI�PXWXDO�HYHQWV�QHDU������

DQG������URWDWLRQ�SKDVH��3��SORW���7KH�DGGLWLRQDO�DWWHQXDWLRQ�QHDU�

�����SKDVH�LV�PRVW�OLNHO\�DQ�DUWLIDFW�RI�WKH�)RXULHU�DQDO\VLV�VLQFH�LW�

KDV� QR� FRXQWHUSDUW� QHDU� ����� SKDVH�� 6XEWUDFWLQJ� 3�� OHDG� WR� DQ�

DPELJXRXV�VROXWLRQ�IRU�D�ZHDN�VHFRQGDU\�SHULRG�RI�HLWKHU�������K�

RU�������K��WKH�IRUPHU�EHLQJ�WKH�SUHIHUUHG�VROXWLRQ�HYHQ�WKRXJK�LW�

UHVXOWV�LQ�D�WULPRGDO�OLJKWFXUYH��

7KH� SXUSRUWHG� HYHQWV� LQ�3�� DUH� DERXW� �����PDJ�GHHS�� OHDGLQJ� WR�

'V�'S�t��������������*LYHQ�WKH�TXDOLW\�RI�WKH�OLPLWHG�GDWD�VHW��WKH�

UHVXOWV�SUHVHQWHG�KHUH�VKRXOG�EH�FRQVLGHUHG�WR�EH�QR�PRUH�WKDQ�DQ�

DOHUW�WR�IXWXUH�REVHUYHUV�RI�WKH�SRVVLELOLW\��DGPLWWHGO\�D�VPDOO�RQH��

WKDW�WKH�DVWHURLG�LV�ELQDU\��

�

�
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�������� ����� 0=���� :DUQHU� ������� REVHUYHG� WKLV� ��NP� 0DUV�

FURVVHU�LQ������$XJXVW�DQG�IRQG�D�SHULRG�RI�������K��7KHUH�ZHUH�

QR�LQGLFDWLRQV�RI�D�VDWHOOLWH�DW�WKDW�WLPH��6WHSKHQV��������REVHUYHG�

LW�LQ�������ILQGLQJ�D�URWDWLRQ�SHULRG�RI������K�DQG��DJDLQ��QR�VLJQV�

RI� D� VDWHOOLWH�� 2XU� REVHUYDWLRQV� LQ� ����� ZHUH� FORVH� WR� EHLQJ�

GLDPHWULFDOO\� RSSRVHG� LQ� HFOLSWLF� ORQJLWXGH� IURP� WKH� �����

REVHUYDWLRQV�� ���� YHUVXV� ������ 2Q� WKH� RWKHU� KDQG�� WKH� HFOLSWLF�

ODWLWXGH� RI� WKH� SKDVH� DQJOH� ELVHFWRU� GLIIHUHG� E\� DERXW� ����� 7KLV��

DORQJ�ZLWK�D� ORQJHU�REVHUYLQJ�FDPSDLJQ��PD\�EH�ZK\�VLJQV�RI� D�

VDWHOOLWH�ZHUH�IRXQG�LQ�������

�

�

1XPEHU� 1DPH� ������PP�GG� 3KDVH� /3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(�� *US�'U�
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7DEOH� ,,�� 2EVHUYLQJ� FLUFXPVWDQFHV��
)6
3HULRG� LV� RUELWDO� DQG� URWDWLRQ� IRU� HDFK� ERG\��

$���
3UHIHUUHG� DQG� DOWHUQDWH� SHULRG� RI� DQ� DPELJXRXV�

VROXWLRQ��7KH�ILUVW�OLQH�JLYHV�WKH�SULPDU\�SHULRG�IRU�WKH�V\VWHP��7KH�VHFRQG�OLQH�JLYHV�WKH�VHFRQGDU\�SHULRG��7KH�SKDVH�DQJOH��D��LV�JLYHQ�DW�
WKH�VWDUW�DQG�HQG�RI�HDFK�GDWH�UDQJH��$Q�DVWHULVN�LQGLFDWHV�WKDW�WKH�SKDVH�DQJOH�UHDFKHG�D�PD[LPXP�RU�PLQLPXP�GXULQJ�WKH�SHULRG��/3$%�
DQG�%3$%�DUH��UHVSHFWLYHO\�WKH�DYHUDJH�SKDVH�DQJOH�ELVHFWRU�ORQJLWXGH�DQG�ODWLWXGH��VHH�+DUULV�HW�DO���������)RU�WKH�*US�'U�FROXPQ��WKH�ILUVW�
OLQH�JLYHV�WKH�JURXS�IDPLO\�EDVHG�RQ�:DUQHU�HW�DO����������)/25�)ORUD��0&�0DUV�FURVVHU��1($��1HDU�(DUWK�DVWHURLG��75�-�-XSLWHU�WURMDQ��9�
9HVWRLG��'U�FROXPQ�RQ�WKH�VHFRQG�OLQH�LQGLFDWHV�D�FRQILUPHG�ELQDU\�DQG�LV�WKH�HVWLPDWHG�GLDPHWHU�UDWLR�RI�WKH�VHFRQGDU\�WR�SULPDU\��'V�'S���
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7KH�VLQJOH�SHULRG�OLJKWFXUYH��3���VFDWWHU�LV�FRQVLGHUDEO\�LQ�H[FHVV�

RI�WKH�LQGLYLGXDO�HUURUV�RI�WKH�REVHUYDWLRQV��ZKLFK�SURPSWHG�D�GXDO�

SHULRG� VHDUFK� XVLQJ�032� &DQRSXV�� $IWHU� VHYHUDO� LWHUDWLRQV�� ZH�

IRXQG�3�� ���������K�DQG�3�� ������K��

$�³VLPSOH´� OLJKWFXUYH�VKRZLQJ�PXWXDO�HYHQWV� LV�PRVWO\� IODW� VDYH�

WKH� HYHQWV� WKHPVHOYHV�� ,Q� WKLV� FDVH�� WKH� FRQWLQXDOO\� FKDQJLQJ�

DPSOLWXGH� LPSOLHV� DQ� HORQJDWHG� VHFRQGDU\� WKDW� LV� OLNHO\� WLGDOO\�

ORFNHG�WR�WKH�RUELWDO�SHULRG��L�H���LWV�URWDWLRQ�DQG�RUELWDO�SHULRGV�DUH�

WKH�VDPH��

)RU� VRXWKHUQ� REVHUYHUV�� WKH� QH[W� RSSRUWXQLW\� IRU� FRQILUPDWLRQ�

FRPHV�LQ������-XQH�ZLWK�9� ������DQG�±����GHFOLQDWLRQ��1RUWKHUQ�

REVHUYHUV� QHHG� WR� ZDLW� XQWLO� ����� 1RYHPEHU� ZKHQ� WKH� DVWHURLG�

UHDFKHV�9� ������DW������GHFOLQDWLRQ��

��������������74����7KHUH�ZHUH�QR�SUHYLRXVO\�UHSRUWHG�URWDWLRQ�

SHULRGV� LQ� WKH� /&'%� IRU� ����� 74���� ZKLFK� KDV� DQ� HVWLPDWHG�

GLDPHWHU�RI�����P��7KH�VLJQV�RI�D�VHFRQGDU\�SHULRG�LQ�WKH�1R6XE�

SORW� DUH�ZHDN�EXW�ZHUH� VXIILFLHQW� WR� WU\� VHDUFKLQJ� IRU� D�EHWWHU� ILW�

WKDQ� RQH� WR� D� VLQJOH�SHULRG� VROXWLRQ�� :H� HYHQWXDOO\� DGRSWHG��

3��  � ������ K� ZLWK� D� VLJQLILFDQW� DPSOLWXGH� RI� ����� PDJ�� 7KLV� LV�

VRPHZKDW�VXUSULVLQJ�VLQFH�VXEWUDFWLQJ�WKH�VHFRQG�SHULRG�SURGXFHV�

YHU\�OLWWOH�FKDQJH�LQ�WKH�ILW�RI�WKH�3��OLJKWFXUYH�DQG�LWV�SHULRG��

�

�

�

,W¶V�SRVVLEOH�WKDW�3��LV�VRPH�VRUW�RI�V\VWHPDWLF�DUWLIDFW�RI�WKH�GDWD�

VHW�DQG�WKH����KRXU�VDPSOLQJ�LQWHUYDOV��$VVXPLQJ�LW¶V�QRW��WKH�WZR�

SHULRGV� GRQ¶W� ILW� WKH� XVXDO� PRGHOV� IRU� D� ELQDU\� DVWHURLG�� ,Q� WKDW�

FDVH�� WKH�SRVVLELOLW\� IDOOV� WR� WKH� WZR�EHLQJ� WKH�SHULRGV�RI� URWDWLRQ�

DQG� SUHFHVVLRQ� RI� D� WXPEOLQJ� DVWHURLG�� RU� WKHLU� IUHTXHQFLHV� ���3��

EHLQJ�LQWHJUDO�PXOWLSOHV�RI�WKH�WUXH�SHULRGV��7KH�UXOH�RI�WKXPE�IRU�

GDPSLQJ� WLPH� JLYHQ� LQ� 3UDYHF� HW� DO�� ������� LV� DERXW� ���� *D�� VR�

WXPEOLQJ�LV�QRW�XQH[SHFWHG��

�����3<���7KHUH�ZHUH�QR�SUHYLRXV�HQWULHV�RI�DQ\�NLQG�WKH�/&'%�

IRU� WKLV� ����P� 1($�� 7KH� LQLWLDO� GDWD� VKRZHG� LQGLFDWLRQV� RI� D�

VHFRQG� SHULRG�� EHFDPH� PRUH� FHUWDLQ� DV� DGGLWLRQDO� GDWD� ZHUH�

REWDLQHG��2XU�ILQDO�DQDO\VLV� IRXQG�3�� ��������K��$�� ������PDJ�

IRU�WKH�SULPDU\�RI�WKH�DVVXPHG�ELQDU\�DVWHURLG��7KH�OLJKWFXUYH�IRU�

WKH�VHFRQGDU\�SHULRG��3�� ��������K��VKRZV�VLJQV�RI�PXWXDO�HYHQWV�

DW�DERXW������DQG������URWDWLRQ�SKDVH��8VLQJ�WKH�VKDOORZHU�HYHQW��

ZH�GHULYHG�DQ�HIIHFWLYH�GLDPHWHU�UDWLR�RI�'V�'S�t��������������

7KH� GDWD� VHW� FRYHUHG� D� VXIILFLHQW� UDQJH� RI� SKDVH� DQJOHV� WR� ILQG�

SUHOLPLQDU\� YDOXHV� RI�+65�  � ������ �� ����� DQG�*�  � ����� �� ������

%DVHG� RQ� :DUQHU� HW� DO�� �������� WKH� YDOXH� IRU� *� LPSOLHV� D� ORZ�

DOEHGR� REMHFW�� ZKLFK� LV� QRW� HQWLUHO\� XQFRPPRQ� ZLWK� WKH� 1($�

SRSXODWLRQ��
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7R�WUDQVIRUP�IURP�+65�WR�+�UHTXLUHV�XVLQJ�NQRZQ�YDOXHV�RI��

�6*�65�6XQ� �������5RGJHUV�HW�DO���������

9� �65��������6*�65���)XNXJLWD�HW�DO���������

DQG� DVVXPLQJ� WKDW� �6*�65�$VWHURLG�  � �6*�65�6XQ� EHFDXVH� LWV�

SUHVXPHG�ORZ�DOEHGR�LV�FRQVLVWHQW�ZLWK�W\SH�'�DVWHURLG��:DUQHU�HW�

DO��� ������ DQG� D� W\SH� '� DVWHURLG� LV� VLPLODU� LQ� FRORU� WR� WKH� 6XQ�

�'DQG\�HW�DO����������6XEVWLWXWLQJ�YDOXHV�

9� �������������������� �������

7KH�03&2UE� ILOH� �03&��������JLYHV�+� �������:H�FDXWLRQ� WKDW�

GHULYLQJ�D�UHVXOW�IURP�VHYHUDO�³LIV´��DVVXPSWLRQV��PDNHV�WKH�UHVXOW�

OHVV� WKDQ� IXOO\�UHOLDEOH�� )XUWKHUPRUH�� LW� VKRXOG� EH� QRW� EH�XVHG� DV�

WKH�IRXQGDWLRQ�IRU�DQRWKHU�VHULHV�RI�DVVXPSWLRQV��

�����3'���7KH�VLQJOH�SHULRG�VROXWLRQ�IRU�WKLV�����P�1($�VKRZHG�

WKH� W\SLFDO� VLJQV� RI� D� VHFRQGDU\� SHULRG�� 8VLQJ� WKH� GXDO�SHULRG�

VHDUFK� IHDWXUH� RI�032� &DQRSXV�� ZH� IRXQG� 3��  � ������� K� DQG��

3�� ������K��

�

�

7KH�3�� OLJKWFXUYH� GRHVQ¶W� VKRZ� VLJQV� RI�PXWXDO� HYHQWV� EXW� LW� LV�

FRQVLVWHQW�ZLWK�D� VOLJKWO\�HORQJDWHG�VDWHOOLWH� WKDW� LV� WLGDOO\� ORFNHG�

WR� LWV� RUELW�� &RQILUPDWLRQ� ZLOO� EH� D� ORQJ�WLPH� FRPLQJ�� 7KH�

EULJKWHVW�WKH�DVWHURLG�JHWV�WKURXJK������LV�9�a������LQ������1RY��

2WKHUZLVH��LW�UDQJHV�IURP�DERXW������WR�������

$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&��.������

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��
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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\��

5HIHUHQFHV�

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\��

'DQG\�� &�/��� )LW]VLPPRQ�� $��� &ROODQGHU�%URZQ�� 6�-�� ��������

³2SWLFDO� FRORUV� RI� ��� QHDU�(DUWK� REMHFWV�� WUHQGV� ZLWK� VL]H� DQG�

RUELW�´�,FDUXV���������������

)XNXJLWD��0��� ,FKLNDZD��7���*XQQ�� -�(���'RL��0���6KLPDVDNX��.���

6FKQHLGHU�� '�3�� �������� ³7KH� 6ORDQ� 'LJLWDO� 6N\� 6XUYH\�

3KRWRPHWULF�6\VWHP�´�$VWRQ��-�������������

+DUULV�� $�:��� <RXQJ�� -�:��� 6FDOWULWL�� )��� =DSSDOD�� 9�� ��������

³/LJKWFXUYHV�DQG�SKDVH�UHODWLRQV�RI�WKH�DVWHURLGV����$ONPHQH�DQG�

����*\SWLV�´�,FDUXV��������������

0DLQ]HU��$�.���%DXHU��-�0���&XWUL��5�0���*UDY��7���.UDPHU��(�$���

0DVLHUR�� -�5��� 1XJHQW�� &�5��� 6RQQHWW�� 6�0��� 6WHYHQVRQ�� 5�$���

:ULJKW��(�/�� �������� ³1(2:,6(�'LDPHWHUV� DQG�$OEHGRV�9����´�

1$6$�3ODQHWDU\�'DWD�6\VWHP��� �

($5�$�&203,/���1(2:,6(',$0�9�����

03&� �������� 0LQRU� 3ODQHW� &HQWHU� ZHE� VLWH�� 03&25%� SDJH���

KWWSV���PLQRUSODQHWFHQWHU�QHW�LDX�03&25%�KWPO�

3UDYHF��3���:ROI��0���6DURXQRYD��/�������ZHE��� �

KWWS���ZZZ�DVX�FDV�F]�aSSUDYHF�QHR�KWP�

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���������

����

5RGJHUV�� &�7��� &DQWHUQD�� 5��� 6PLWK�� -�$��� 3LHUFH�� 0�-��� 7XFNHU��

'�/�� �������� ³,PSURYHG� X�J�U�L�]�� WR� 8%95&,&� 7UDQVIRUPDWLRQ�

(TXDWLRQV�IRU�0DLQ�6HTXHQFH�6WDUV�´�$VWURQ��-����������������

5\DQ�� (�/��� 6KDUNH\�� %�1�/��� :RRGZDUG�� &�(�� �������� ³7URMDQ�

$VWHURLGV�LQ�WKH�.HSOHU�&DPSDLJQ���)LHOG�´�$VWURQ��-�������$�����

6WHSKHQV��5�'����������³$VWHURLGV�2EVHUYHG�IURP�&6��������-XO\�

��6HSWHPEHU�´�0LQRU�3ODQHW�%XOO�������������

6]DEy��*\�0���3iO��$���.LVV��&V���.LVV��/�/���0ROQiU��/���+DQ\HF]��

2���3ODFK\��(���6iUQHF]N\��.���6]DEy��5����������³7KH�KHDUW�RI�WKH�

VZDUP��.��SKRWRPHWU\�DQG�URWDWLRQDO�FKDUDFWHULVWLFV�RI����-RYLDQ�

7URMDQ�DVWHURLGV�´�$VWURQ��$VWURSK\V�������$����

7RQU\�� -�/��� 'HQQHDX�� /��� )OHZHOOLQJ�� +��� +HLQ]H�� $�1��� 2QNHQ��

&�$��� 6PDUWW�� 6�-��� 6WDOGHU�� %��� :HLODQG�� +�-��� :ROI�� &�� ��������

³7KH� $7/$6� $OO�6N\� 6WHOODU� 5HIHUHQFH� &DWDORJ�´� $S�� -�� �����

$�����

:DUQHU��%�'����������³$VWHURLG�/LJKWFXUYH�$QDO\VLV�DW�WKH�3DOPHU�

'LYLGH�2EVHUYDWRU\�������-XQH���6HSWHPEHU�´�0LQRU�3ODQHW�%XOO��

�����������

:DUQHU�� %�'��� +DUULV�� $�:��� 3UDYHF�� 3�� �������� ³7KH� $VWHURLG�

/LJKWFXUYH�'DWDEDVH�´� ,FDUXV� ����� ���������8SGDWHG� �����$XJ��

KWWS���ZZZ�PLQRUSODQHW�LQIR�OLJKWFXUYHGDWDEDVH�KWPO�

:LVQLHZVNL��:�=���0LFKDORZVNL�� 7�0���+DUULV��$�:���0F0LOODQ��

5�6����������³3KRWRPHWULF�2EVHUYDWLRQV�RI�����$VWHURLGV�´�,FDUXV�

��������������

�


