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6LQFH� ������ WKH� DVWHURLG� OLJKWFXUYH� GDWDEDVH� �/&'%��

:DUQHU�HW�DO���������XVHG�RVFXODWLQJ�RUELWDO�HOHPHQWV� WR�

DVVLJQ� IDPLO\�JURXS� PHPEHUVKLS�� ,QFOXGLQJ� VSHFLDO�

VXEJURXSV�� H�J��� LQQHU� PDLQ�EHOW� �0%�,�� YHUVXV� LQQHU�

PDLQ�EHOW� FRPHWV� �0%�,&��� WKHUH� ZHUH� IHZHU� WKDQ� ���

IDPLOLHV�JURXSV�� 7KH� /&'%� UHOHDVH� H[SHFWHG� LQ� �����

$SULO� RU� 0D\�� ZLOO� LQFRUSRUDWH� IDPLOLHV� GHILQHG� E\�

1HVYRUQ\� HW� DO�� �������1HVYRUQ\�� ������ DQG� DGGLWLRQDO�

IDPLOLHV�GHILQHG�RQ�WKH�$VW'\V�ZHE�VLWH��7KH�FKDQJH�ZLOO�

LQFOXGH�UHYLVHG�GHIDXOW�DOEHGR�DQG�SKDVH�VORSH�SDUDPHWHU�

�*�RQ�+�*�V\VWHP��YDOXHV� IRU�HDFK�IDPLO\�� ,Q�DGGLWLRQ��

WKH�/&'%�ZLOO�LQFOXGH�SURYLVLRQV�IRU�GDWD�RQ�WKH�+�*���

RU�+�*�*�� V\VWHP� �0XLQRQHQ� HW� DO����������ZKLFK�KDV�

EHHQ�IRUPDOO\�DGRSWHG�E\�WKH�,QWHUQDWLRQDO�$VWURQRPLFDO�

8QLRQ��7KH�GHWDLOV�RI�WKHVH�FKDQJHV�DUH�H[SODLQHG�KHUH��

%DUULQJ� VSHFLILF� GDWD� RWKHUZLVH�� WKH� DVWHURLG� OLJKWFXUYH� GDWDEDVH�

�:DUQHU� HW� DO��� ������ XVHV� RVFXODWLQJ� RUELWDO� HOHPHQWV� WR� GHILQH�

EURDG�DVWHURLG�IDPLOLHV�JURXSV��7KLV�LV�GRQH�WR�KHOS�DVVLJQ�GHIDXOW�

WD[RQRPLF�FODVV��DOEHGR��DQG�GHULYHG�GLDPHWHU�IRU�DQ�REMHFW�ZKHQ�

DFWXDO�YDOXHV�ZHUH�QRW�DYDLODEOH��7KLV�DOORZV�WKH�/&'%�WR�EH�XVHG�

IRU� LWV� PRVW� FRPPRQ� SXUSRVH�� WR� FRPSDUH� URWDWLRQ� IUHTXHQFLHV�

�SHULRGV��DJDLQVW�GLDPHWHU��)LJXUH�����

�

)LJXUH����7KLV�IUHTXHQF\�GLDPHWHU�SORW�IURP�WKH�/&'%�������$SU����
VKRZV� DOO� REMHFWV�ZLWK� D� VWDWLVWLFDOO\� XVHIXO� SHULRG�� LQFOXGLQJ� WKRVH�
IURP�GHQVH�DQG�VSDUVH�ZLGH�ILHOG�VXUYH\V��

:KLOH� WKHVH� EURDG� IDPLO\�JURXS� DVVLJQPHQWV� ZHUH� JHQHUDOO\�

VXIILFLHQW��WKH\�GLGQ¶W�DOORZ�PRUH�UHILQHG�VWDWLVWLFDO�VWXGLHV�RI�WKH�

PXFK�ODUJHU�QXPEHU�RI�WUXH�DVWHURLG�IDPLOLHV��D�QXPEHU�WKDW�LV�RIWHQ�

XQGHU�UHYLHZ�DQG�FKDQJH��

,Q�WKH������$SULO�0D\�UHOHDVH�RI�WKH�/&'%��WKHVH�EURDG�JURXSV�ZLOO�

EH� UHSODFHG� E\� DGRSWLQJ� WKH� G\QDPLFDO� IDPLOLHV� GHILQHG� XQGHU�

1HVYRUQ\� ������� DQG�1HVYRUQ\�HW� DO�� ��������1HVYRUQ\� UHIHUV� WR�

ERWK�UHIHUHQFHV�IURP�KHUH�RQ��DQG�$VW'\V��������ZHE�VLWH��VHH�WKH�

QXPHURXV�UHIHUHQFHV�DYDLODEOH�WKHUH���7KH�PRVW�LPSRUWDQW�HOHPHQW�

RI� WKH� UHYLVLRQ� LV� WKDW� IDPLO\� PHPEHUVKLS� LV� EDVHG� RQ� SURSHU�

HOHPHQWV��ZKLFK�DUH�LQYDULDEOH�RYHU�YHU\�ORQJ�SHULRGV�RI�WLPH��

0RUH�VR��1HVYRUQ\�XVHG�6'66�FRORUV� DQG�:,6(��0DLQ]HU�HW�DO���

������DOEHGRV�DORQJ�ZLWK�D�SDUDPHWHU�&M�WR�LVRODWH�REMHFWV�WKDW�ZHUH�

PRUH�OLNHO\�WKDQ�QRW�WUXH�IDPLO\�PHPEHUV��IURP�WKH�VDPH�SDUHQW��

DQG� WKRVH�MXVW�RFFXS\LQJ�WKH�RUELWDO�VSDFH�RI�D�IDPLO\��ZKDW� WKH\�

FDOOHG�G\QDPLF�LQWHUORSHUV��)RU�H[DPSOH��WKHLU�OLVW�IRU�WKH�+XQJDULD�

IDPLO\�LQFOXGHV������REMHFWV�EXW����RI�WKRVH�ZHUH�IODJJHG�E\�WKH�&M�

SDUDPHWHU�WR�E\�G\QDPLF�LQWHUORSHUV��

,Q�WKH�/&'%��DQ\�REMHFW�QRW�ZLWKLQ�RQH�RI�WKH�GHILQHG�IDPLOLHV�LV�

JLYHQ� DQ� /&'%�GHILQHG� IDPLO\� LGHQWLILFDWLRQ� QXPEHU� �),1�� VHH�

1HVYRUQ\�IRU�D�GLVFXVVLRQ�DERXW�WKH�QHHG�DQG�XVH�RI�),1V��LQ�WKH�

UDQJH������������

:KHWKHU�D�WUXH�IDPLO\�PHPEHU�RU�D�JURXS�PHPEHU��D�GHIDXOW�DOEHGR��

WD[RQRPLF� FODVV�� DQG�*� �RQ� WKH�+�*� V\VWHP�� DUH� DVVLJQHG� WR� DQ�

REMHFW�ZKHQ�DGGHG�WR�WKH�/&'%��H[FHSW�LQ�WKRVH�FDVHV�ZKHQ�RQH�RU�

PRUH�RI�WKH�DFWXDO�YDOXHV�DUH�NQRZQ��7KHVH�WKUHH�YDOXHV�FDQ�KDYH�D�

FRPSOH[� UHODWLRQVKLS� ZKHQ� WKH� FODVV� DQG� DOEHGR� DUH� QRW� GLUHFWO\�

REWDLQHG��

1HVYRUQ\�DVVLJQHG�GHIDXOW�DOEHGRV�DQG�WD[RQRPLF�FODVV�IRU�PRVW�RI�

WKH�IDPLOLHV�LQ�WKHLU�OLVW��$V�SUHYLRXVO\�PHQWLRQHG��WKH�DOEHGRV�DUH�

EDVHG� RQ� :,6(� REVHUYDWLRQV�� L�H��� WKHLU� +� DQG� WKH� PHDVXUHG�

GLDPHWHU�ZHUH�XVHG�WR�GHULYH�WKH�DOEHGR��ZKLOH�WKH�WD[RQRPLF�FODVV�

ZDV�WDNHQ�IURP�WKH�OLWHUDWXUH��:KHQ�QR�DFWXDO�YDOXHV�DUH�DYDLODEOH��

WKH�GHIDXOWV�DUH�XVHG��+RZHYHU��1HVYRUQ\�GLG�QRW�SURYLGH�D�GHIDXOW�

YDOXH�IRU�*��7KLV�YDOXH�LV�DVVLJQHG�EDVHG�RQ�WKH�DGRSWHG�DOEHGR�DV�

JLYHQ�LQ�7DEOH����

7D[RQRPLF�&ODVVHV� $OEHGR� *�

&��*��%��)��3��7��'� ������������� ������������
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7DEOH� ��� ,QWHU�UHODWLRQ� RI� GHIDXOW� WD[RQRPLF� FODVV�� DOEHGR�� DQG� *��
�+�*��IURP�:DUQHU�HW�DO���������

%H\RQG�WKLV��7DEOH����RULJLQDOO\�LQ�:DUQHU�HW�DO���������LV�XVHG�WR�

DVVLJQ�GHIDXOW�YDOXHV�ZKHQ�DW�OHDVW�RQH�RI�WKH�WKUHH�SDUDPHWHUV� LV�

NQRZQ��7KHVH�GHIDXOWV�ZHUH�EDVHG�RQ�REMHFWV�ZLWK�NQRZQ�YDOXHV�IRU�

DOO�WKUHH�SDUDPHWHUV�DW�WKH�WLPH��

,W�VKRXOG�EH�QRWHG�WKDW�LI�WKHUH�LV�D�PHDVXUHG�+�WKDW�LV�FRQVLGHUHG�

UHOLDEOH�� LW� ZLOO� EH� XVHG� LQ� OLHX� RI� YDOXH� LQ� WKH� 03&25%� ILOH��

/LNHZLVH��LI�WKHUH�LV�D�UHOLDEOH�GLDPHWHU��H�J���IURP�D�VSDFHFUDIW�RU�

RFFXOWDWLRQ��LW�ZLOO�EH�XVHG�LQ�OLHX�RI�D�GHIDXOW�YDOXH�RU�WKDW�PHDVXUHG�

E\�DQ�,5�VXUYH\��7KH�DVVRFLDWHG�YDOXHV�IRU�+�DQG�DOEHGR�DGMXVWHG�

DFFRUGLQJO\��,Q�RWKHU�ZRUGV��ZKHQHYHU�SRVVLEOH��D�PHDVXUHG�YDOXH�

WDNHV�SUHFHGHQFH�RYHU�LWV�FRUUHVSRQGLQJ�GHIDXOW�YDOXH��

7KH�1HVYRUQ\�IDPLO\�QXPEHUV�ZHUH�XVHG�IRU�WKH�LQLWLDO�DVVLJQPHQWV��

LQFOXGLQJ� IRU� WKRVH� LQ� $VW'\V� IDPLOLHV� FRPPRQ� WR� 1HVYRUQ\���

+RZHYHU��WKHUH�ZHUH����IDPLOLHV�LQ�WKH�$VW'\V�OLVW�WKDW�ZHUH�QRW�LQ�

1HVYRUQ\��7KHVH�ZHUH�DVVLJQHG�FXVWRP�IDPLO\�QXPEHUV�LQ�WKH�UDQJH�
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7DEOH����DIWHU�WKH�5HIHUHQFHV�VHFWLRQ��JLYHV�D�IXOO�OLVWLQJ�RI�WKH�����

IDPLO\�RU�RUELWDO�JURXS�DVVLJQPHQWV�DQG�GHIDXOW�YDOXHV�XVHG�LQ�WKH�

�����$SULO�0D\�UHOHDVH�RI�WKH�/&'%��

7KH�1XPEHU�FROXPQ�LV�WKH�IDPLO\�QXPEHU�WKDW�DSSHDUV�LQ�WKH�/&'%�

WH[W� UHSRUWV�� 1HVYRUQ\� QXPEHUV� UDQJH� IURP� ��������� )DPLO\�

QXPEHUV�����������DUH�G\QDPLFDO�IDPLOLHV�WKDW�DSSHDU�RQO\�LQ�WKH�

OLVW�RQ�WKH�$VW'\V��������ZHE�VLWH��1XPEHUV�!������DUH�³FDWFK�DOO´�

RUELWDO�JURXSV�IRU�WKRVH�REMHFWV�WKDW�FRXOG�QRW�EH�WLHG�WR�D�G\QDPLF�

IDPLO\��7KH�IDPLO\�QDPH�LV�DSSHQGHG�ZLWK�DQ�DVWHULVN��

7KH� 3DUHQW� LV� WKH� 03&�DVVLJQHG� QXPEHU� RI� WKH� SDUHQW� �RIWHQ�

ODUJHVW��ERG\�RI�D�IDPLO\��7KH�1DPH�FROXPQ�JLYHV�WKH�QDPH�RI�WKH�

SDUHQW�ERG\��7KH�$OEHGR�FROXPQ�YDOXH�LV�XVXDOO\�WKDW�RI�WKH�SDUHQW�

ERG\� DV� LQIHUUHG� E\�:,6(� �0DLQ]HU� HW� DO��� ������RU�� IRU� D� VPDOO�

QXPEHU� RI� IDPLOLHV�� WKH� DYHUDJH� RI� VHYHUDO� DOEHGRV� RI� IDPLO\�

PHPEHUV��DJDLQ�XVLQJ�DOEHGRV�LQIHUUHG�IURP�:,6(�GDWD��

,I� WKHUH�LV�DQ�DVWHULVN�DIWHU�D�FODVV�� LW� LV�DVVXPHG�EDVHG�RQ�RUELWDO�

ORFDWLRQ��2WKHUZLVH��LW�LV�WKH�PHDVXUHG�WD[RQRPLF�FODVV�RI�WKH�SDUHQW�

ERG\��&RXQW�LV�WKH�QXPEHU�RI�G\QDPLF�IDPLO\�PHPEHUV�WDNHQ�IURP�

WKH�1HVYRUQ\�RU�$VW'\V�OLVWV��

7DEOH� �� �DIWHU� 5HIHUHQFHV� VHFWLRQ�� JLYHV� WKH� RVFXODWLQJ� RUELWDO�

HOHPHQWV�UDQJHV�IRU�WKH�EURDG�JURXSV�ZLWK�IDPLO\�QXPEHUV�!�������

)RU� HDFK� FRUH� HOHPHQWV� �D�� H�� L��� WKH� WZR� FROXPQV� UHSUHVHQW� WKH�

PLQLPXP�DQG�PD[LPXP�YDOXHV��4�LV�WKH�DSKHOLRQ�GLVWDQFH�DQG�T�LV�

WKH�SHULKHOLRQ�GLVWDQFH��

&DYH�8VRU�±�8VHU�%HZDUH�

:H�ZLVK�WR�PDNH�LW�FOHDU�DV�SRVVLEOH�WKDW�DQ�REMHFW�EHLQJ�LQ�WKH�VDPH�

RUELWDO� VSDFH�GHILQHG� IRU� D� IDPLO\�GRHV�QRW� QHFHVVDULO\�PDNH� LW� D�

PHPEHU� RI� WKDW� IDPLO\� EXW�� LQVWHDG�� WKDW� LW� FRXOG� EH� D� G\QDPLF�

LQWHUORSHU��7KH�+XQJDULD�IDPLO\�LV�MXVW�RQH�H[DPSOH�ZKHUH�WKHUH�DUH�

QXPHURXV�LQWHUORSHUV��

7KH�WUXH�GHWHUPLQDWLRQ�RI�IDPLO\�PHPEHUVKLS�LV�SRVVLEOH�RQO\�ZKHQ�

LWV� SURSHU� HOHPHQWV� DQG� WD[RQRPLF� VSHFWUXP� �QRW� MXVW� EURDG�

WD[RQRPLF�FODVV��FORVHO\�PDWFK�WKRVH�RI�D�NQRZQ�IDPLO\�SDUHQW��7KH�

DVVLJQPHQWV�LQ�WKH�/&'%�DUH�PHDQW�WR�EH�JRRG�VWDUWLQJ�SRLQWV�DQG�

PD\�EH�XVHIXO� LQ�PDQ\�FDVHV�EXW� WKH\� DUH�QRW� WKH� ILQDO�ZRUG� IRU�

FULWLFDO�VWXGLHV��

7KH� WDEXODWLRQ�RI�DEVROXWH�PDJQLWXGH��+���SKDVH�VORSH�SDUDPHWHU�

�*���DQG�DOEHGR��S9�RU�RWKHU�EDQG��DUH�XVHG�WR�GRFXPHQW�KRZ�WKH�

YDOXH� IRU� GLDPHWHU� �'�� ZDV� GHWHUPLQHG�� 7KHVH� YDOXHV� DUH� QRW�

LQWHQGHG� WR� EH� IXQGDPHQWDO� RU� DOO� WKDW� FDUHIXOO\� HGLWHG�� )RU� WKH�

/&'%�SXUSRVHV��DQ�HUURU�RI�HYHQ�����LQ�GLDPHWHU�LV�LQVLJQLILFDQW�

LQ�D�SORW�OLNH�)LJXUH����ZKLFK�VSDQV�ILYH�RUGHUV�RI�PDJQLWXGH��

$�&DVH�LQ�3RLQW�

)RU� VRPH� WLPH�����0LQHUYD�ZDV�FRQVLGHUHG� WKH�PDLQ� �QDPHVDNH��

ERG\�IRU� WKH�0LQHUYD�IDPLO\��6SHFWURVFRSLF�REVHUYDWLRQV�VKRZHG�

WKDW� LW� ZDV� DFWXDOO\� DQ� LQWHUORSHU� DPRQJ�ZKDW� LV� QRZ� FDOOHG� WKH�

*HILRQ�IDPLO\��DIWHU������*HILRQ���:KDW�GLVWLQJXLVKHV�WKH�*HILRQ�

PHPEHUV� LV� WKHLU� KLJKHU� WKDQ� XVXDO� DOEHGR� IRU� RXWHU� PDLQ�EHOW�

REMHFWV��S9�a�������LQVWHDG�RI�WKH�PRUH�W\SLFDO�S9�a�������

7KH�$VW'\V�IDPLOLHV�OLVW�KDV�RQO\�WKH�0LQHUYD�JURXS�DQG�FRQWDLQV�

RQO\� D� UHODWLYHO\� IHZ�PHPEHUV� FRPPRQ� WR� WKH�1HVYRUQ\� *HILRQ�

IDPLO\� �������7KH�1HVYRUQ\�*HILRQ� IDPLO\� LV�XVHG� LQ� WKH�/&'%��

0HPEHUV�RI�WKH�$VW'\V�OLVW�QRW�LQ�WKH�1HVYRUQ\�OLVW�ZHUH�SODFHG�LQ�

WKH�FDWFK�DOO�RXWHU�PDLQ�EHOW�JURXS���������+RZHYHU��WKH\�ZHUH�QRW�

DOO� VHW� WR� XVH� WKH� GHIDXOWV� RI� FODVV�  � &
��*�  � ����� �� ������ DQG��

S9� ��������

,QVWHDG��ZKHUH� DYDLODEOH��:,6(��$.$5,�� DQG�RU� 6,036� DOEHGRV�

ZHUH� DYHUDJHG� DQG� WKDW� YDOXH�ZDV� DVVLJQHG�ZLWK� WKH� µ/¶� �GHWDLOV�

UHFRUG��IODJ��%DVHG�RQ�7DEOH����REMHFWV�ZLWK�DOEHGRV��������ZHUH�VHW�

WR� W\SH� ³&
�´� 7\SH� ³6&
´� ZDV� DVVLJQHG� WR� REMHFWV� ZLWKLQ��

�����d�S9�d������EXW� WKH�DYHUDJHG�DOEHGR�ZDV�XVHG� LQ�OLHX�RI� WKH�

GHIDXOW� RI� S9�  � ����� 2EMHFWV� ZLWK� S9� !� ����� ZHUH� DVVLJQHG� WKH��

³6
´�FODVV��

$QRWKHU�&DVH�LQ�3RLQW�

:KLOH�WKHUH�DUH�VRPH�VSHFLILF�IDPLOLHV�ZLWKLQ�WKH�FRPPRQ�RUELWDO�

VSDFH�IRU�WKH�QHDU�(DUWK�DVWHURLGV��+LOGDV��-XSLWHU�WURMDQV��&HQWDXUV��

DQG�712�.%2�REMHFWV��LQ�JHQHUDO�WKHVH�JURXSV�DUH�WUHDWHG�ZLWKRXW�

GLVWLQFWLRQ�EHWZHHQ� IDPLO\� DQG�JURXS�PHPEHUV� VLQFH� WKHUH� LV� QR�

VLQJOH�SDUHQW�ERG\�IRU�HDFK�JURXS��

)RU� H[DPSOH�� ZKHQ� VHDUFKLQJ� WKH� 03&25%� ILOH� XVLQJ� WKH�

RVFXODWLQJ�HOHPHQWV�OLPLWV�IRU�JURXS�������+LOGD�VSDFH�LQ�7DEOH�����

D�WRWDO�RI������REMHFWV�ZHUH�IRXQG��+RZHYHU��ORRNLQJ�GHHSHU������

RI� WKRVH� REMHFWV� ZHUH� LQ� IDPLOLHV� RU� VXEIDPLOLHV� GHILQHG� E\�

1HVYRUQ\�DQG�RU�$VW'\V�RWKHU�WKDQ�WKH�+LOGDV��H�J���1HVYRUQ\������

6FKXEDUW��$VW'\V�������'HYLQH��DQG�$VW'\V�������0HFNOHQEXUJ���

7KH������0DUFK����VQDSVKRW�RI�WKH�/&'%�VXPPDU\� WDEOH�IRXQG�

������REMHFWV��UHJDUGOHVV�RI�8�UDWLQJ��ZLWKLQ�WKH�+LOGD�RUELWDO�VSDFH�

GHILQHG� LQ� 7DEOH� ��� 2I� WKRVH�� ���� ZHUH� DVVLJQHG� WR� ³RXWVLGHU´�

IDPLOLHV�VXFK�DV�WKRVH�LQ�WKH�SUHYLRXV�SDUDJUDSK��

7KHVH� DUH� MXVW� VRPH� RI� WKH� PDQ\� H[DPSOHV� RI� WKH� LQGHILQLWH�

GHILQLWLRQV� RI� DVWHURLG� IDPLOLHV� DQG� WKH� SRVVLELOLW\� IRU� QXPHURXV�

LQWHUORSHUV�ZLWK�³RXWO\LQJ´�YDOXHV�LQ�D�SUHVXPHG�IDPLO\��,I�WU\LQJ�WR�

GR� FULWLFDO� VWXGLHV� EDVHG� RQ� WUXH� IDPLO\� PHPEHUVKLS�� WKH� /&'%�

VKRXOG�EH�FRQVLGHUHG�D�VWDUWLQJ�SRLQW�EXW�QRW�WKH�ILQDO�GHVWLQDWLRQ��

³&DYH�8VRU�´�

7KH�+�*��+�*����DQG�+�*�*��6\VWHPV�

7R�SUHGLFW� WKH�PDJQLWXGH�RI�DQ�DVWHURLG�DQG�KRZ�LW�FKDQJHV�ZLWK�

SKDVH� DQJOH� YHUVXV� D� OLQHDU� JHRPHWULFDO� UHODWLRQVKLS�� WKH� +�*�

V\VWHP��%RZHOO�HW�DO���������ZDV�DGRSWHG�E\�WKH�,$8�LQ�������$�

QHZ�V\VWHP�LQYROYLQJ�WKUHH�SDUDPHWHUV��0XLQRQHQ�HW�DO���������ZDV�

DGRSWHG�E\�WKH�,$8��DOWKRXJK�WKH�+�*�V\VWHP�VWLOO�UHPDLQV�LQ�ZLGH�

XVH��(YHQ�VR��WKH�XVH�RI�+�*���V\VWHP�LV�EHFRPLQJ�PRUH�FRPPRQ�

DV�ODUJH�VXUYH\�FRQWULEXWH�ODUJH�EXONV�RI�GDWD��$V�D�UHVXOW��WKH�/&'%�

WDEOHV�KDYH�EHHQ�DOWHUHG�WR�DFFRXQW�IRU�WKH�QHZ�GDWD�IRUPDW��

7KH�+�*��� V\VWHP�XVHV� RQO\� WKH� ILUVW� WHUP�RI� WKH� WZR�XQGHU� WKH��

+�*��*��V\VWHP�DQG�LV�PRVW�RIWHQ�XVHG�ZKHQ�WKHUH�DUH�OLPLWHG�GDWD�

IRU� ILQGLQJ� D� SKDVH� FXUYH�� 7KH� +�*��*�� V\VWHP� XVHV� WZR�

SDUDPHWHUV�WKDW�PRUH�HIIHFWLYHO\�GHVFULEH�WKH�DVWHURLG¶V�EULJKWQHVV�

DW� ODUJH�DQG�VPDOO� SKDVH�DQJOHV�� ,W�KDV�DOVR�EHHQ�VKRZQ� WR�EH�DQ�

HIIHFWLYH�WRRO�IRU�WD[RQRPLF�FODVVLILFDWLRQ��6KHYFKHQNR�HW�DO��������

0DKONH�HW�DO����������

$�VWURQJ�GLVFRQWLQXLW\�H[LVWV�DURXQG�*�� �����IRU�WKH�+�*���DQG��

+�*��*�� V\VWHPV�� 6HH� WKH� 0XLQRQHQ� HW� DO�� ������� SDSHU� IRU� D�

GLVFXVVLRQ�RI�WKLV�LVVXH��

7KH�ODUJH�PDMRULW\�RI�*�YDOXHV�JLYHQ�LQ� WKH�/&'%�DUH�XQGHU�WKH��

+�*�V\VWHP��+RZHYHU��VRPH�VXUYH\V�WKDW�SURGXFHG�ODUJH�QXPEHUV�

RI�URWDWLRQ�SHULRGV�DOVR�IRXQG�*��XQGHU�+�*���DV�SDUW�RI�WKHLU�GDWD�

UHGXFWLRQ��7R�DFFRPPRGDWH�ERWK�V\VWHPV��WKH�6XPPDU\�DQG�'HWDLOV�

RI�WKH�/&'%�WDEOHV�LQFOXGH�D�³*´�DQG�³*�´�ILHOG��
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� 0LQRU�3ODQHW�%XOOHWLQ�����������

,Q�ERWK�WDEOHV��LI�WKH�*6RXUFH�ILHOG�KDV�QR�YDOXH�RU�RQH�RWKHU�WKDQ�

µ*¶��WKH�*�GDWD�ILHOG�LV�RQ�WKH�+�*�V\VWHP��,I�WKH�*6RXUFH�ILHOG�KDV�

µ*¶��WKHQ�WKH�YDOXH�LQ�WKH�*�ILHOG�LV�*��RQ�WKH�+�*���RU�+�*��*��

V\VWHP��,I�WKH�*��ILHOG�KDV�D�YDOXH��WKHQ�WKH�*�ILHOG�LV�*��RQ�WKH��

+�*��*��V\VWHP��

2Q�OLQH�5HVRXUFH�

7KH�OLQN�EHORZ��WR�EH�XSGDWHG�SULRU� WR�SXEOLFDWLRQ��DOORZV�\RX� WR�

UHWULHYH� LQIRUPDWLRQ� DERXW� D� VLQJOH� REMHFW�� LQFOXGLQJ� WKH� QHZ�

IDPLO\�JURXS�PHPEHUVKLS��

PLQRUSODQHW�LQIR�3+3�2QH$VWHURLG,QIR�SKS�

7KH� VHDUFK� UHWXUQV� HQWULHV� LQ� WKH�/&'%� DQG�GDWHV� RI�RSSRVLWLRQ��

FORVHVW��DQG�EULJKWHVW�WKURXJK������IRU�WKH�VHOHFWHG�REMHFW��LI�IRXQG�

LQ�WKH�/&'%�DQG�RU�RSSRVLWLRQ�GDWDEDVH��DQG�D����GD\�HSKHPHULV�

�WRSRFHQWULF�� EDVHG� RQ� XQSHUWXUEHG� HOHPHQWV� IURP� D� UHFHQW�

03&25%�ILOH��

$FNQRZOHGJHPHQWV�

'HYHORSPHQW�DQG�PDLQWHQDQFH�RI�WKH�FXUUHQW�YHUVLRQ�/&'%��L�H���D�

UHODWLRQDO�GDWDEDVH�LQVWHDG�RI�VLQJOH�IODW�WH[W�ILOH��KDV�EHHQ�FDUULHG�

RXW� XQGHU� ILYH� 1$6$� DQG� IRXU� 16)� JUDQWV� VLQFH� ������ :H�

JUDWHIXOO\� DFNQRZOHGJH� WKH� VXSSRUW� RI� WKH� WZR� DJHQFLHV� RYHU� WKH�

SDVW� ��� \HDUV�� 7KH� ����� $SULO�0D\� UHOHDVH�� FDUULHG� RXW� XQGHU�

��166&��.������ZLOO�EH�WKH�ODVW�RQH�XQGHU�WKH�DXVSLFHV�RI�HLWKHU�

DJHQF\�� :H� LQWHQG� WR� FDUU\� RQ� ZLWK� /&'%� PDLQWHQDQFH� LQ� WKH�

IRUHVHHDEOH� IXWXUH� EXW� DW� D� PRUH� ³OHLVXUHO\´� SDFH�� 7KLV� LQFOXGHV�

SURYLGLQJ�D�YHUVLRQ�RI�WKH������$SULO�0D\�UHOHDVH�IRU�WKH�1$6$�

3ODQHWDU\�'DWD�6\VWHP��3'6��DQG�� LI�SRVVLEOH��RQ� WKH�9L]LH5�VLWH�

�KWWS���YL]LHU�X�VWUDVEJ�IU���� 7KH� ODWWHU�� KRZHYHU�� XVXDOO\� UHTXLUHV�

WKH�FDWDORJ�EH�WLHG�WR�D��SUHIHUDEO\�UHFHQW��SXEOLVKHG�SDSHU��

:H� DOVR� WKDQN� WKH�PDQ\� XVHUV� RI� WKH� /&'%� IRU� WKHLU� IHHGEDFN��

*LYHQ� WKH�QXPEHU�RI� WLPHV�ZH¶YH�VHHQ�D�YHUVLRQ�RI�)LJXUH���DQG�

SDSHUV�EDVHG�RQ�/&'%�GDWD��ZH¶UH�JUDWLILHG�WR�NQRZ�WKDW�WKH�HIIRUW�

RYHU� WKH� \HDUV� KDV� SURYLGHG� D� XVHIXO� DQG� HYHQ� LPSRUWDQW� WRRO� LQ�

DVWHURLG�UHVHDUFK��

�
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5HIHUHQFHV�

$VW'\V���������$VWHURLGV���'\QDPLF�VLWH�� �

KWWSV���QHZWRQ�VSDFHG\V�FRP�DVWG\V��

%RZHOO��(���+DSNH��%���'RPLQJXH��'���/XPPH��.���3HOWRQLHPL��-���

+DUULV�� $�:�� �������� ³$SSOLFDWLRQ� RI� SKRWRPHWULF� PRGHOV� WR�

DVWHURLGV�´�LQ�$VWHURLGV�,,��3URFHHGLQJV�LQ�WKH�&RQIHUHQFH��7XFVRQ��

$=��0DU��������������8QLYHUVLW\�RI�$UL]RQD�3UHVV��SS�����������

0DKONH��0���&DUU\��%���'HQQHDX��/����������³$VWHURLG�SKDVH�FXUYHV�

IURP�$7/$6�GXDO�EDQG�SKRWRPHWU\�´�,FDUXV������LG����������

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

6RQQHWW��6���:ULJKW��(��� (GV�� �������� ³1(2:,6(�'LDPHWHUV� DQG�

$OEHGRV�9����´�1$6$�3ODQHWDU\�'DWD�6\VWHP�� �

XUQ�QDVD�SGV�QHRZLVHBGLDPHWHUVBDOEHGRV������� �

KWWSV���GRL�RUJ������������6���=���

0XLQRQHQ��.���%HOVND\D��,�1���&HOOLQR��$���'HOER��0���/HYDVVHXU�

5HJRXUG�� $��&��� 3HQWWWLOD�� $��� 7HGHVFR�� (�)�� �������� ³$� WKUHH�

SDUDPHWHU� PDJQLWXGH� SKDVH� IXQFWLRQ� IRU� DVWHURLGV�´� ,FDUXV� �����

���±�����

1HVYRUQ\��'����������³1HVYRUQ\�+&0�$VWHURLGV�)DPLOLHV�9����´�

1$6$� 3ODQHWDU\� 'DWD� 6\VWHPV�� LG�� ($5�$�9$5*%(7���

1(69251<)$0�9�����

1HVYRUQ\��'��� %UR]��0��� &DUUXED��9�� �������� ³,GHQWLILFDWLRQ� DQG�

'\QDPLFDO� 3URSHUWLHV� RI� $VWHURLG� )DPLOLHV�´� ,Q� $VWHURLGV� ,9� �3��

0LFKHO��)��'H0HR��:�)��%RWWNH��5��%LQ]HO��(GV����8QLY��RI�$UL]RQD�

3UHVV��7XFVRQ��DOVR�DYDLODEOH�RQ�DVWUR�SK��

6KHYFKHQNR�� 9�*��� %HOVDN\D�� ,�1��� 0XLQRQHQ�� .��� 3HQWWLOD�� $���

.UXJO\�� <�1��� 9HOLFKNR�� )�3��� &KLRUQ\�� 9�*��� 6O\XVDUHY�� ,�*���

*DIWRQ\XN�� 1�0��� 7HUHVFKHQNR�� ,�$�� �������� ³$VWHURLG�

REVHUYDWLRQV�DW� ORZ�SKDVH�DQJOHV��,9��$YHUDJH�SDUDPHWHUV�IRU�WKH�

QHZ� +�� *��� *�� PDJQLWXGH� V\VWHP�´� 3ODQHW�� 6SDFH� 6FL�� ������

���������

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

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

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