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/LJKWFXUYHV�RI�IRXU�QHDU�(DUWK�DVWHURLGV��1($V��REWDLQHG�
DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���IURP������
0DUFK� WKURXJK�$SULO�ZHUH�DQDO\]HG�IRU�URWDWLRQ�SHULRG��
SHDN�WR�SHDN� DPSOLWXGH�� DQG� VLJQV� RI� VDWHOOLWHV� RU�
WXPEOLQJ��

&&'�SKRWRPHWULF�REVHUYDWLRQV�RI�IRXU�QHDU�(DUWK�DVWHURLGV��1($V��
ZHUH�PDGH�DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���IURP������
0DUFK�WKURXJK�$SULO��7DEOH�,�OLVWV�WKH�WHOHVFRSHV�DQG�&&'�FDPHUDV�
WKDW�ZHUH�FRPELQHG�WR�PDNH�REVHUYDWLRQV��

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�
�����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��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��

³/&'%´�UHIHUV�WR�:DUQHU�HW�DO���������IURP�KHUH�RQ��

������������84��:DUQHU������E��IRXQG�D�SHULRG�RI�������K�EDVHG�
RQ� REVHUYDWLRQV� LQ� ����� 1RYHPEHU�� :H� �:DUQHU� DQG� 6WHSKHQV��
������IRXQG�D�VLPLODU�SHULRG�RI�������K�XVLQJ�GDWD�IURP�������'tD]�
9DFKLHU� DQG�&RWWR�)LJXHURD� ������� UHSRUWHG� D� SHULRG� RI� ������ K�
XVLQJ�GDWD�REWDLQHG�LQ�������2H\��������IROORZHG�WKH�DVWHURLG�IURP�
�����6HSWHPEHU����WR�2FWREHU����'XH�WR�D�FKDQJLQJ�YLHZLQJ�DVSHFW��
KH�UHSRUWHG�DPSOLWXGHV�UDQJH�IURP�����±�����PDJ��$W�WKH�WLPH��KH�
DOVR�VXVSHFWHG�WKDW�WKH�DVWHURLG�PLJKW�EH�ELQDU\��

:H� REVHUYHG� WKH� DVWHURLG� DJDLQ� LQ� ����� DQG�GHULYHG� D�SHULRG� RI�
������K��%HKUHQG������ZHE��UHSRUWHG�D�SHULRG�������K�DQG�3UDYHF�
HW�DO�������ZHE���REVHUYLQJ�VL[�ZHHNV�HDUOLHU�IRXQG��������K��$Q�
LQFUHDVLQJ� V\QRGLF� SHULRG� DV� WKH� DVWHURLG� DSSURDFKHV� RSSRVLWLRQ�
XVXDOO\�LQGLFDWHV�WKDW�WKH�DVWHURLG�KDV�UHWURJUDGH�URWDWLRQ��D�QHJDWLYH�
HFOLSWLF�ODWLWXGH���7KLV�ZDV�VXSSRUWHG�E\�RXU�VKDSH�PRGHO�WKDW�IRXQG�
D�SROH�RI��O��E��3�� �������±�������������K���7KH�IXOO�UHVXOWV�RI�WKDW�
DQDO\VLV�DUH�SUHVHQWHG�LQ�D�ILJXUH�DW�WKH�HQG�RI�WKLV�SDSHU��
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������=HSK\U��7KH�RQO\�SUHYLRXVO\�UHSRUWHG�SHULRG�LV�IURP�3UDYHF�
HW�DO�������ZHE��ZKR�IRXQG�������K��2XU�REVHUYDWLRQV�LQ�HDUO\������
$SULO�OHG�WR�3� �������K��ZKLFK�DJUHHV�ZLWK�3UDYHF�HW�DO��
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��������������7&���:DUQHU������D��IRXQG�D�SHULRG�RI�������K�IRU�
WKLV�����P�1($��0DLQ]HU�HW�DO����������7KH�VROXWLRQ�ZDV�QRW�IXOO\�
VHFXUH� �8� � �����2XU�REVHUYDWLRQV� LQ� ����� OHG� WR��ZH� EHOLHYH�� D�
VHFXUH�SHULRG�RI�������K��7KH�ELPRGDO�OLJKWFXUYH�DW�������K�ZLWK�DQ�
DPSOLWXGH�RI������PDJ�LV�WRR�DV\PPHWULFDO��DV�VKRZQ�LQ�WKH�VSOLW�
KDOYHV� SORW�� WR� DGRSW� D� VKRUWHU�� PRQRPRGDO� VROXWLRQ� �VHH� +DUULV��
HW�DO����������

:LWK� WKLV� LQ� PLQG�� ZH� UH�H[DPLQHG� WKH� GDWD� IURP� ����� DIWHU�
UHVHWWLQJ�WKH�FRPSDULVRQ�VWDU�PDJQLWXGHV�WR�WKRVH�IURP�WKH�$7/$6�
FDWDORJ��7RQU\�HW�DO���������:H�WULHG�ILWWLQJ�WKH�GDWD�QHDU�WKH�RULJLQDO�
SHULRG� EXW� WKH� ILW� ZDV� XQVDWLVIDFWRU\�� :H� HYHQWXDOO\� IRXQG��
3� �������K��ZKLFK�LV�QRW�GRXEOH�WKH�VKRUWHU�SHULRG�EXW�FORVH�WR�D�
���� UDWLR�� VXJJHVWLQJ� WKDW� URWDWLRQDO� DOLDVLQJ� DQG�RU� RYHU]HDORXV�
]HUR�SRLQW�DGMXVWPHQWV�OHG�WR�WKH�VKRUWHU�SHULRG��
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��������������);����0DLQ]HU�HW�DO���������XVHG�:,6(�GDWD�WR�ILQG�
D�GLDPHWHU�RI�����P�XVLQJ�+� �������ZKLFK�OHG�WR�DQ�DOEHGR�RI��������
7KLV�LV�RQ�WKH�KLJK�HQG�RI�WKH�UDQJH�IRU�6�FRPSOH[�DVWHURLGV��:DUQHU�
HW�DO����������8QIRUWXQDWHO\��WKH�/&'%�KDV�QR�HQWULHV�IRU�WD[RQRPLF�
FODVV�RWKHU�WKDQ�WKH�DVVXPHG�W\SH�6�IRU�QHDU�(DUWK�DVWHURLGV��

,W�VHHPV�OLNHO\�WKDW�WKLV�LV�D�WXPEOHU��LQ�QRQ�SULQFLSDO�D[LV�URWDWLRQ��
VHH�3UDYHF�HW�DO����������������032�&DQRSXV�FDQQRW�IXOO\�DQDO\]H�
WKLV� W\SH�RI�REMHFW��(YHQ� VR��ZH�ZHUH� DEOH� WR� H[WUDFW� D�GRPLQDQW�
SHULRG�RI������K��6XEWUDFWLQJ�WKDW�IRXQG�VHFRQGDU\�SHULRG�RI������K��
*LYHQ�WKH�VRIWZDUH�GHILFLHQFLHV��ORZ�615��DQG�REVHUYDWLRQV�EHLQJ�
IURP�D�VLQJOH�ORQJLWXGH��WKHVH�SHULRGV�VKRXOG�QRW�EH�WDNHQ�DW�IDFH�
YDOXH� EXW� PD\� VHUYH� IXWXUH� REVHUYDWLRQV�� 7KH� QH[W� DSSDULWLRQ� LV�
����� 6HSWHPEHU� ZKHQ� ����� );��� ZLOO� UHDFK� 9� a� ����� DW� ±���
GHFOLQDWLRQ��
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$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&��.������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&��.������
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\��

%HKUHQG��5�������ZHE��2EVHUYDWRLUH�GH�*HQHYH�ZHE�VLWH�� �
KWWS���REVZZZ�XQLJH�FK�aEHKUHQG�SDJHBFRX�KWPO�

'tD]�9DFKLHU�� ,���&RWWR�)LJXHURD��'�� ��������³7KH�5RWDWLRQ�5DWHV�
RI� 7KUHH� 1HDU�(DUWK� $VWHURLGV� DQG� D� 0DUV�&URVVLQJ� $VWHURLG�´�
0LQRU�3ODQHW�%XOO���������������

+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�RQ�
DQ�DVWHURLG�OLJKWFXUYH�´�,FDUXV�������������

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���=���

2H\�� -�� �������� ³/LJKWFXUYH�$QDO\VLV� RI�1HDU�(DUWK�$VWHURLGV� LQ�
�����IURP�%02�DQG�-%/�´�0LQRU�3ODQHW�%XOO���������������

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

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�������������

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

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

:DUQHU��%�'�� �����D���³1HDU�(DUWK�$VWHURLG�/LJKWFXUYH�$QDO\VLV�
DW�&6��3DOPHU�'LYLGH�6WDWLRQ�������-XO\�7KURXJK�2FWREHU�´�0LQRU�
3ODQHW�%XOO�������������

:DUQHU��%�'�������E���³1HDU�(DUWK�$VWHURLG�/LJKWFXUYH�$QDO\VLV�
DW�&6��3DOPHU�'LYLGH�6WDWLRQ�������2FWREHU���'HFHPEHU�´�0LQRU�
3ODQHW�%XOO���������������

:DUQHU�� %�'��� 6WHSKHQV�� 5�'�� �������� ³1HDU�(DUWK� $VWHURLG�
/LJKWFXUYH�$QDO\VLV�DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV�������
-DQXDU\���$SULO�´�0LQRU�3ODQHW�%XOO���������������
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1XPEHU� 1DPH� ������PP�GG� 3KDVH� /3$%� %3$%� 3HULRG�K�� 3�(�� $PS� $�(��

� ����� �����84� ������������ ���������� ���� �� ������ ������ ����� �����

������� =HSK\U� ������������ ���������� ���� �� ������ ������ ����� �����

������� �����7&�� ������������ 
���������� ���� ��� ������ ������ ����� ������

������� �����);��� ������������ ���������� ���� ��� 7����� ���� ����� �����

� � � � � � � ����� ���� ����� �����

7DEOH�,,��2EVHUYLQJ�FLUFXPVWDQFHV�DQG�DQDO\VLV�UHVXOWV��77XPEOLQJ�DVWHURLG��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�PLQLPXP�GXULQJ�WKH�SHULRG��/3$%�DQG�%3$%�
DUH��UHVSHFWLYHO\�WKH�DYHUDJH�SKDVH�DQJOH�ELVHFWRU�ORQJLWXGH�DQG�ODWLWXGH��VHH�+DUULV�HW�DO���������

1XPEHU� 1DPH� O� E� 3HULRG� 3�(�� D�E�UDWLR� D�F�UDWLR�

� ����� �����84� ���� ���� ��������� ��������� ���� ����

7DEOH�,,,��7KH�SROH�VROXWLRQ�IRU�������������84��7KH�SROH�FRRUGLQDWHV�DUH�-�������HFOLSWLF��7KH�D�E�DQG�D�F�UDWLRV�DUH�EDVHG�RQ�F� �����LQ�D�
WULD[LDO�HOOLSVRLG��
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