
���

� 0LQRU�3ODQHW�%XOOHWLQ�����������

1($5�($57+�$67(52,'�/,*+7&859(�$1$/<6,6��
$7�7+(�&(17(5�)25�62/$5�6<67(0�678',(6���

�����$8*867�2&72%(5�

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

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

EULDQ#0LQRU3ODQHW2EVHUYHU�FRP�

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

5DQFKR�&XFDPRQJD��&$�

�5HFHLYHG�������2FWREHU�����
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DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���IURP������
-XO\� WKURXJK� HDUO\� 2FWREHU� ZHUH� DQDO\]HG� IRU� URWDWLRQ�
SHULRG��SHDN�WR�SHDN�DPSOLWXGH��DQG�VLJQV�RI�VDWHOOLWHV�RU�
WXPEOLQJ��:H�KDYH�JRRG�UHDVRQ�WR�EHOLHYH�WKDW������8'��
LV�LQ�D�WXPEOLQJ�VWDWH��

&&'�SKRWRPHWULF�REVHUYDWLRQV�RI����QHDU�(DUWK�DVWHURLGV��1($V��
ZHUH�PDGH�DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV��&6���IURP������
$XJXVW�WKURXJK�HDUO\�2FWREHU��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�

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��

�����$QWHURV��:DUQHU�HW�DO���������UHSRUWHG�WKLV�WR�EH�D�VXVSHFWHG�
ELQDU\� ZLWK� DQ� RUELWDO� SHULRG� RI� ������� K�� :H� �:DUQHU� DQG�
6WHSKHQV�� ������ IRXQG� LQFRQFOXVLYH� UHVXOWV�� ILQGLQJ� D� VXVSHFWHG�
VHFRQGDU\�SHULRG�RI������K��7KH������GDWD�VKRZHG�QR�VLJQV�RI�D�
VDWHOOLWH��,I�QRWKLQJ�HOVH��WKH�QHJDWLYH�UHVXOWV�KHOS�FRQVWUDLQ�WKH�SROH�
VROXWLRQV�IRU�WKH�SULPDU\�VSLQ�D[LV�DQG�VDWHOOLWH�RUELW��

�

������������9.��3UDYHF�HW�DO���������IRXQG�D�SHULRG�RI��������K��
2XU�SUHYLRXV�UHVXOW�RI�������K��:DUQHU�������� LV� WKH�VDPH�IRXQG�
ZLWK�WKH�PRVW�UHFHQW�REVHUYDWLRQV�DIWHU�DSSO\LQJ�D�QRLVH�ILOWHU��

�

�
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7KH�³1R6XE´�SORW�VKRZV�WKH�GDWD�SKDVH�WR�D�VLQJOH�SHULRG�EXW�WKH�
VFDWWHU�LV�D�ELW�H[FHVVLYH��$�GXDO�SHULRG�VHDUFK�IRXQG�VHYHUDO��ORZ�
DPSOLWXGH� SRVVLELOLWLHV� EXW� QRQH� RI� WKH� SKDVHG� SORWV� VKRZHG�
LQGLFDWLRQV�RI� D� VDWHOOLWH�� )XUWKHUPRUH�� WKH� FRPELQDWLRQ�RI� SHULRG�
DQG�HVWLPDWHG�VL]H����NP���PDNH�LW�YHU\�XQOLNHO\�WKDW�DQ\�RI�WKRVH�
VHFRQGDU\�SHULRGV�FDQ�EH�DWWULEXWHG�WR�WXPEOLQJ��3UDYHF�HW�DO���������
�������:H� DSSOLHG� WKH� PRVW� GRPLQDQW� VHFRQGDU\� VROXWLRQ� WR� WKH�
RULJLQDO�GDWD�WR�DFW�DV�D�QRLVH�ILOWHU��7KLV�SURGXFHG�D�FXUYH�ZLWK�OHVV�
VFDWWHU� �³)LOWHUHG´� SORW��� 7KH� XQILOWHUHG� GDWD� ZHUH� VXEPLWWHG� WR�
$/&'()��KWWSV���DOFGHI�RUJ���

������������&6��7KH�SUHYLRXVO\�UHSRUWHG�SHULRGV�DUH�DOO�YHU\�FORVH�
WR� ����� K�� LQFOXGLQJ� RXU� WZR� SUHYLRXV� UHVXOWV� RI� ������ K��
�:DUQHU�� ����D�� DQG� ������ K� �:DUQHU�� ����E��� DV� ZHOO� DV��
3UDYHF�HW�DO�� �������������K���%HKUHQG� �����ZHE���������K��� DQG�
.OLQJOHVPLWK� HW� DO�� ������� ������ K��� 7KH� DPSOLWXGH� KDV� UDQJHG��
IURP������WR������PDJ��

,W�VKRXOG�EH�QRWHG�WKDW�WKH�ODUJHU�DPSOLWXGHV�ZHUH�REVHUYHG�DW�PRUH�
H[WUHPH�SKDVH�DQJOHV��D�!������ZKLFK�H[DJJHUDWHV� WKH�DPSOLWXGH�
GXH�WR�VKDSH�DORQH�WKDW�LV�VHHQ�DW�ORZ�SKDVH�DQJOHV��=DSSDOD�HW�DO���
�������

�

�������������5+��6NLII������ZHE��UHSRUWHG�D�SHULRG�RI�������K���
EXW� QR� OLJKWFXUYH� LV� DYDLODEOH��:H� FRXOG� QRW� JHW� RXU� GDWD� WR� ILW�
DQ\WKLQJ�FORVH�WR�WKDW�SHULRG��DV�VHHQ�LQ�WKH�SHULRG�VSHFWUXP��

�

�

7KH�RGG�VKDSH�RI�WKH�OLJKWFXUYH�OHQGV�GRXEW�WR�RXU�SHULRG�RI������K�
GHVSLWH�LWV�SURPLQHQFH�LQ�WKH�SHULRG�VSHFWUXP��$WWHPSWV�WR�IRUFH�D�
VROXWLRQ�QHDU�VRPH�RI�WKH�DOWHUQDWHV�LQ�WKH�SHULRG�VSHFWUXP�SURGXFHG�
XQVDWLVIDFWRU\�UHVXOWV��

��������������+$����+D\HV�*HKUNH�HW�DO���������UHSRUWHG�D�SHULRG�
RI��������K�EXW�LW�LV�UDWHG�8� ��±�LQ�WKH�/&'%��PHDQLQJ�WKDW�WKHUH�
LV�D�JRRG�FKDQFH�WKDW�WKH�UHVXOW�LV�LQFRUUHFW��,W�WXUQHG�RXW�WKDW�WKH\�
ZHUH�FORVH��0RQWHLUR�HW�DO�� �������IRXQG�3� �������K�DQG�3UDYHF��
HW� DO�� �����ZHE�� IRXQG� 3�  � ������� K�� 2XU� UHVXOW� RI� ������ K� LV�
FRQVLVWHQW�ZLWK�WKH�ORQJHU�SHULRGV��

�

��������� ����� ):��� 9DULRXV� FLUFXPVWDQFHV� GLG� QRW� DOORZ�
REVHUYLQJ�WKH�DVWHURLG�WR�ZKHUH�WKH�OLJKWFXUYH�FRXOG�EH�HYHQ�PRVWO\�
ILOOHG��'HVSLWH�WKH�KLJK�SKDVH�DQJOH��ZKLFK�FDQ�GLVWRUW�WKH�OLJKWFXUYH�
VKDSH��+DUULV�HW�DO����������LW¶V�YHU\�OLNHO\�WKDW�WKH�DVWHURLG�VKRXOG�
SURGXFH�D�ELPRGDO�OLJKWFXUYH��

3URFHHGLQJ�RQ�WKDW�DVVXPSWLRQ��ZH�VHDUFKHG�IRU�D�OLNHO\�KDOI�SHULRG��
7KLV� ZRXOG� SURYLGH� PRUH� FRYHUDJH� RI� WKH� OLJKWFXUYH� DQG� DOORZ�
ILQGLQJ� D� JRRG� HVWLPDWH� IRU� DPSOLWXGH�� 7KDW� VHDUFK� IRXQG��
3� ������K�DQG�DPSOLWXGH�RI�$� ������PDJ��%DVHG�RQ�WKLV��ZH�WULHG�
WR�ILQG�D�VROXWLRQ�QHDU����K��7KH�VORSHV�RI�WKH�OLJKWFXUYH�ZHUH�IDU�
WRR�VWHHS�WR�FRQVLGHU�WKDW�SRVVLELOLW\��
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8VLQJ�GDWD�IURP�������:DUQHU���������ZH�IRXQG�D�UHOLDEOH�VROXWLRQ�
RI�������K��EXW�ZLWK�DQ�DPSOLWXGH�RQO\�KDOI�RI�ZKDW�ZDV�VXJJHVWHG�
E\�WKH������GDWD��³����´�SORW���:H�IRUFHG�WKH�ODWHVW�GDWD�VHW�WR�D�
SHULRG�EHWZHHQ�������K�DQG�IRXQG�RQH�WKDW�LV�UHDVRQDEO\�FORVH�WR�
WKH�HDUOLHU�UHVXOW�ZKHQ�WDNLQJ�LQWR�DFFRXQW�WKH�JDSV�LQ�WKH�OLJKWFXUYH��

�

�

,Q�WKH�IUHTXHQF\�GLDPHWHU�SORW�IURP�WKH�/&'%��WKH�DVWHURLG�LV�MXVW�
EHORZ� WKH� ���� 0\U� GDPSLQJ� DQG� FROOLVLRQDO� OLIH�WLPH� OLQHV�� %\�
JHQHUDO�UXOH�RI�WKXPE��3UDYHF�HW�DO����������������WKHUH�LV�D�FKDQFH�
WKDW�WKH�DVWHURLG�FRXOG�EH�WXPEOLQJ��7KHUH�ZDV�QR�FOHDU�VLJQ�RI�VXFK�
LQ������QRU��ZLWKLQ�WKH�OLPLWV�DOORZHG�E\�WKH�VSDUVH�GDWD�VHW��LQ�������

+RZHYHU�� ³DEVHQFH� RI� HYLGHQFH� LV� QRW� HYLGHQFH� RI� DEVHQFH�´� VR�
IXWXUH�REVHUYDWLRQV�ZLWK�ORZ�HUURUV�DUH�HQFRXUDJHG�WR�KHOS�FRQILUP�
WKH�URWDWLRQDO�VWDWXV�RI������):���

�
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��������� ����� 3'��� 3UDYHF� HW� DO�� �����ZHE�� IRXQG� D� SHULRG� RI�
������ K��ZKLFK� LV� UDWHG�8�  � �� LQ� WKH�/&'%��$IWHU� WKH� ILUVW� IHZ�
VHVVLRQV�� LW� VHHPHG� DSSDUHQW� WKDW� WKH� FRUUHFW� SHULRG� ZDV� PXFK�
ORQJHU��,W�WRRN�VHYHUDO�ZHHNV�RI�ILJKWLQJ�ZHDWKHU�DQG�WKH�PRRQ�WR�
REWDLQ�ZKDW�ZH�FRQVLGHU�D�UHOLDEOH�SHULRG��GHVSLWH�WKH�VRPHZKDW�RGG�
VKDSH�RI� WKH� OLJKWFXUYH��7KH�SHULRG�VSHFWUXP�VKRZHG�D�YHU\� ORZ�
OLNHOLKRRG�WKDW�D�SHULRG�RI�DERXW������K�FRXOG�EH�VXSSRUWHG�E\�WKH�
GDWD��

�

��������������45����3UDYHF�HW�DO�������ZHE��GHWHUPLQHG�D�URWDWLRQ�
SHULRG�RI�������KRXUV��EXW�WKLV�LV�UDWHG�8� ��±�LQ�WKH�/&'%��2XU�
GDWD�VHW�DOORZHG�ILQGLQJ�D�PRUH�UHOLDEOH�SHULRG�WKDW�ZDV�QRW�WRR�IDU�
UHPRYHG�IURP�3UDYHF�HW�DO��

�

�����<4����7KHUH�ZH�QR�SUHYLRXV�UHVXOWV�RI�DQ\�NLQG�LQ�WKH�/&'%�
IRU�WKLV�����NP�1($��6RPH�JXLGDQFH�IURP�WKH�SDVW�ZRXOG�KDYH�EHHQ�
KHOSIXO�VLQFH�RXU�UHVXOWV�DUH�KDUGO\�FRQFOXVLYH��

7KH� SHULRG� VSHFWUXP� IRU� WKH� ����� GDWD� VKRZV� IRXU� QHDUO\� HTXDO�
VROXWLRQV� UDQJLQJ� IURP��� WR� ���K�� 7KH� VWURQJHVW� RQH�� DW� ������ K��
SURGXFHV� DQ�RGG� VKDSH� �³$´��EXW� WKH�REVHUYDWLRQV�ZHUH� DW� SKDVH�
DQJOHV�QHDU������VR�VKDGRZLQJ�PD\�KDYH�FRPH�LQWR�SOD\��

�

�

:KHQ�DVVXPLQJ�DQ�DOWHUQDWH�VROXWLRQ�QHDU�����K��WKH�)RXULHU�FXUYH�
UHDFKHG�XQUHDVRQDEOH�YDOXHV��³%´���:H�FOLSSHG�WKH�FXUYH��UHGXFHG�
WKH�PDJQLWXGH�UDQJH��VR�WKDW�WKH�GDWD�FRXOG�VWLOO�EH�VHHQ�WR�KDYH�D�
VKDSH�� )RU� WKDW� VROXWLRQ� WR� EH� JLYHQ� FRQVLGHUDWLRQ�� D� PLQLPXP�
VKRXOG�EH�VHHQ�QHDU�����URWDWLRQ�SKDVH��7KH�GDWD�GRQ¶W�FRYHU�WKDW�
SRLQW�� EXW� WKRVH� MXVW� EHIRUH� VXJJHVW� EXW� GRQ¶W� FRQILUP� WKDW� WKDW�
PLQLPXP�ZRXOG�QRW�H[LVW�HYHQ�ZLWK�PRUH�GDWD��

��



���

� 0LQRU�3ODQHW�%XOOHWLQ�����������

3ORWWLQJ�WR�WKH�GRXEOH�SHULRG�RI�³$´��³�
$´��������K��SURGXFHG�DQ�
LQWULJXLQJ� OLJKWFXUYH�VXJJHVWLYH�RI�D�VKRUW�SHULRG�ELQDU\�DVWHURLG��
+RZHYHU��WKH�KDOYHV�DUH�LGHQWLFDO�LQ�D�VSOLW�KDOYHV�SORW��WKH�VHFRQG�
KDOI� VXSHULPSRVHG� RQ� WKH� ILUVW� KDOI��� 6XFK� V\PPHWU\� LV� XQOLNHO\��
(YHQ�VR��D�VHDUFK�IRU�D�UHTXLVLWH�VKRUW�SHULRG�GXH�WR�WKH�URWDWLRQ�RI�
WKH�SULPDU\�RU�WKH�VDWHOOLWH�IRXQG�QRWKLQJ�EXW�D�ORZ�DPSOLWXGH��IODW��
UHVXOW��7KLV�IXUWKHU�FRQILUPHG�WKH�XQOLNHO\�V\PPHWU\��

�

:H� DGRSW� WKH� SHULRG� RI� ������ K� DV� WKH� EHVW� VROXWLRQ��:H�ZRXOG�
VXJJHVW�DGGLWLRQDO�REVHUYDWLRQV�WR�FRQILUP�RU�UHIXWH�WKDW�SHULRG�EXW�
WKH������DSSDULWLRQ�ZDV�WKH�RQO\�RQH�IURP�����������ZLWK�9������
DQG�WKH�EULJKWHVW�LW�ZLOO�EH�WKURXJK������LV�9�a������LQ�������

�����8'���7KHVH�DSSHDU�WR�EH�WKH�ILUVW�UHVXOWV�IRU�WKLV����P�DVWHURLG��
ZKLFK�ZH�VXVSHFW�LV�LQ�D�WXPEOLQJ�VWDWH��

�

�

�

7KH� ³1R6XE´� SORW��PHDQLQJ� D� VLQJOH�SHULRG� VROXWLRQ�� VKRZV� MXVW�
HQRXJK�GHYLDWLRQV�RXWVLGH�WKH�QRLVH�WR�SURPSW�D�GXDO�SHULRG�VHDUFK��
$IWHU�VHYHUDO� LWHUDWLRQV��ZH�IRXQG�D�VHFRQG�SHULRG�RI������K� WKDW��
ZKHQ� VXEWUDFWHG� IURP� WKH� UDZ� GDWD�� SURGXFHG� D� FOHDQ� UHVXOW� RI��
�����K��³3�´���7KH�OLJKWFXUYH�IRU������K��³3�´��LV�PXOWLPRGDO�DQG�
YHU\�QRLV\��ZKLFK�LV�QRW�XQXVXDO�JLYHQ�WKDW�032�&DQRSXV�GRHV�QRW�
LPSOHPHQW�DQ�DOJRULWKP�WKDW�SURSHUO\�DQDO\]HV�WXPEOLQJ�DVWHURLGV��

�

,I� WXPEOLQJ�� WKHUH¶V� D� JRRG� FKDQFH� WKDW� RQH� RI� WUXH� SHULRGV��
SUHFHVVLRQ�RU�URWDWLRQ��PDWFKHV�RXU������K��RU�WKDW�RXU�UHVXOW��WDNHQ�
DV�D�IUHTXHQF\��LV�DQ� LQWHJUDO� IUDFWLRQ�PXOWLSOH�RI� WKH� WUXH�SHULRG��
7KH�RWKHU�SHULRG�UHPDLQV�XQUHVROYHG��

7KH�/&'%�IUHTXHQF\�GLDPHWHU�SORW�VKRZV�WKH�DVWHURLG¶V�ORFDWLRQ��
:KLOH� DERYH� WKH� WKUHH� WXPEOLQJ� GDPSLQJ� OLQHV� �VXJJHVWLQJ� QR�
WXPEOLQJ���VXFK�VPDOO�DVWHURLGV�DUH�PXFK�PRUH�OLNHO\�WR�EH�LQYROYHG�
LQ� FROOLVLRQV� WKDW� KDYH� D� VLJQLILFDQW� LPSDFW� RQ� WKHLU� URWDWLRQDO�
FKDUDFWHULVWLFV��

�����-+��������/1����7KHUH�ZHUH�QR�SUHYLRXV�UHVXOWV�LQ�WKH�/&'%�
IRU�HLWKHU�RI� WKHVH�1($V�������-+��KDV�DQ�HVWLPDWHG�GLDPHWHU�RI�
����P�ZKLOH�WKH�HVWLPDWHG�GLDPHWHU�IRU������/1���LV�DERXW�����P��
5HIHUULQJ�WR�WKH�IUHTXHQF\�GLDPHWHU�SORW�XQGHU������8'���WKH\�DUH�
ERWK�QHDU�WKDW�DVWHURLG¶V�ORFDWLRQ��'HVSLWH�WKDW��WKHUH�ZHUH�QR�VLJQV�
RI�WXPEOLQJ�LQ�HLWKHU�GDWD�VHW��RU�DW�OHDVW�QRQH�WKDW�FDPH�FORVH�WR�RU�
DERYH�WKH�QRLVH�OHYHO��
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2XU�FDOFXODWLRQV�VKRZ�WKDW������-+��ZLOO�EH�9�a����LQ������DQG�
�����/1���ZLOO�EH�9�a������LQ�������2WKHU�WKDQ�WKRVH�DSSDULWLRQV��
WKH�WZR�ZLOO�EH�ZHOO�EHORZ�9� ����WKURXJK�������

�

�

$FNQRZOHGJHPHQWV�

)XQGLQJ�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\��7KLV�SDSHU�PDGH�XVH�RI�
WKH� VHUYLFHV� SURYLGHG� E\� WKH� 6$2�1$6$� $VWURSK\VLFV� 'DWD�
6\VWHP�� ZKLFK� LV� RSHUDWHG� E\� WKH� 6PLWKVRQLDQ� $VWURSK\VLFDO�
2EVHUYDWRU\� XQGHU� 1$6$� &RRSHUDWLYH� $JUHHPHQW�
��166&���0������

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�

+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�������������

+D\HV�*HKUNH��0��� GH� /D� %HDXMDUGLHUH�� -��� .RWJLUH�� 3��� 3LHO�� $���
.LQJ��0���7UDQ��.���.HQ\RQ��-���+DJHQ��'���)XOOLQJ��/���:DOWHUV��-���
$FXQD��$�� �������� ³/LJKWFXUYH�$QDO\VLV� IRU�1HDU�(DUWK�$VWHURLG�
��������������+$���´�0LQRU�3ODQHW�%XOO�����������

.OLQJOHVPLWK�,,,��'�$���+HQGULFN[��6���0DGGHQ��.���0RQWJRPHU\��
6�� �������� ³$VWHURLG� /LJKWFXUYHVV� IURP� (VWFRUQ� 2EVHUYDWRU\�´�
0LQRU�3ODQHW�%XOO���������������

0RQWHLUR��)���$UFRYHUGH��3���0HGHLURV��+���5RQGRQ��(���6RX]D��5���
5RGULJXHV�� 7��� /D]]DUR�� '�� �������� ³5RWDWLRQDO� 3HULRG�
'HWHUPLQDWLRQ�IRU����1HDU�(DUWK�$VWHURLGV�´�0LQRU�3ODQHW�%XOO������
���������

3UDYHF�� 3��� :ROI�� 0��� 6DURXQRYD�� /�� �����ZHE�� ����ZHE��
����ZHE���KWWS���ZZZ�DVX�FDV�F]�aSSUDYHF�QHR�KWP�
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3UDYHF�� 3���:ROI��0��� 6DURXQRYD�� /�� �������� ³/LJKWFXUYHV� RI� ���
1HDU�(DUWK�$VWHURLGV�´�,FDUXV���������������

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�������������

6NLII��%�$�������ZHE���3RVWLQJ�RQ�&$//�ZHE�VLWH�� �
KWWSV���PLQRUSODQHW�LQIR�FDOO�KWPO�

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

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

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

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

:DUQHU��%�'���%HQLVKHN��9���+DUULV��$�:����������³�����$QWHURV��
$� 3RVVLEOH�1HDU�(DUWK�%LQDU\�$VWHURLG�´�0LQRU� 3ODQHW�%XOO������
���������

:DUQHU�� %�'��� 6WHSKHQV�� 5�'�� �������� ³1HDU�(DUWK� $VWHURLG�
/LJKWFXUYH�$QDO\VLV�DW�WKH�&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV�������
6HSWHPEHU�'HFHPEHU�´�0LQRU�3ODQHW�%XOO���������������

=DSSDOD��9���&HOOLQL��$���%DUXFFL��$�0���)XOFKLJQRQL��0���/XSLVKNR��
'�(�� �������� ³$Q� DQOD\VLV� RI� WKH� DPSOLWXGH�SKDVH� UHODWLRQVKLS�
DPRQJ�DVWHURLGV�´�$VWURQ��$VWURSK\V����������������
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&HQWHU�IRU�6RODU�6\VWHP�6WXGLHV���0RUH'DWD��

5DQFKR�&XFDPRQJD��&$�������

�5HFHLYHG�������2FWREHU�����

$QDO\VLV�RI�&&'�SKRWRPHWULF�REVHUYDWLRQV�PDGH�DW� WKH�
&HQWHU� IRU� 6RODU� 6\VWHP� 6WXGLHV� IURP� ����� $XJXVW�
WKURXJK�6HSWHPEHU� VXJJHVWHG�RU�FRQILUPHG� WKDW� VHYHUDO�
DVWHURLGV� ZHUH� ELQDU\�� 7KH� FDQGLGDWHV� DUH� ����� $EOHV��
����� /HZRWVN\�� ����� 6HSNRVNL�� �������� ����� 46����
�������� ����� <-���� ��������� ����� 44���� ���������
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'DWD�IURP�&&'�SKRWRPHWULF�REVHUYDWLRQV�PDGH�DW� WKH�&HQWHU� IRU�
6RODU�6\VWHP�6WXGLHV�LQ������$XJXVW�WKURXJK�6HSWHPEHU�ZHUH�XVHG�
WR� ORRN� IRU� LQGLFDWLRQV� RI� DQ� DVWHURLG� EHLQJ� ELQDU\�� &RQILUPHG�
ELQDULHV�DUH�WKRVH�WKDW�VKRZ�PXWXDO�HYHQWV� �RFFXOWDWLRQV�HFOLSVHV��
ZKLOH�VXVSHFWHG�ELQDULHV�LQFOXGH�WKRVH�ZLWK�WZR�SHULRGV��QR�REYLRXV�
PXWXDO�HYHQWV��DQG�SHULRGV�FRQVLVWHQW�ZLWK�ELQDU\�DVWHURLGV��3UDYHF�
HW�DO���������)LJXUH������

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�
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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�� WKH�
DQDO\VLV� RI� WKH� ����� GDWD� XVHG� WKH� $7/$6� FDWDORJ� U�� �65��
PDJQLWXGHV� �7RQU\�HW�DO����������7KH�UDUH�]HUR�SRLQW�DGMXVWPHQWV��
t�������PDJ�PD\�EH�UHODWHG�LQ�SDUW�WR�XVLQJ�XQILOWHUHG�REVHUYDWLRQV��
SRRU�FHQWURLGLQJ�RI�WKH�UHIHUHQFH�VWDUV��QRW�FRUUHFWLQJ�IRU�VHFRQG�
RUGHU�H[WLQFWLRQ��RU�VHOHFWLQJ�D�VWDU�WKDW�LV�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�


