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)DW/LP�LV�DQ�RSHQ�GDWDEDVH�DFFHVVLEOH�WR�DQ\�YLVLWRU�RQ�KWWS���ZZZ�SUDJWLF�FRP�H[SHULPHQWV�SKS��7KH�GDWDEDVH�
SURYLGHV�H[SHULPHQWDOO\�VHW�IDWLJXH�OLPLWV�XQGHU�PXOWLD[LDO�ORDGLQJ�DQG�DOVR�WKH�FRPSXWDWLRQ�UHVXOWV�RI�DQ�HTXLYDOHQW�
XQLD[LDO�ORDG�XQGHU�XQLD[LDO�DQG�PXOWLD[LDO�ORDGLQJ�DW�WKH�IDWLJXH�OLPLW��$W�WKH�WLPH�RI�ZULWLQJ��LW�FRQWDLQV�D�VHW�RI�����
H[SHULPHQWV�ZLWK����GLIIHUHQW�FRPSXWDWLRQDO�YDULDQWV��7KH�GDWDEDVH�LV�FXUUHQWO\�HTXLSSHG�ZLWK�D�VLPSOH�VHOHFWLRQ�IHDWXUH��
HQDEOLQJ�WKH�XVHU�WR�UHILQH�WKH�VHDUFK�IRU�D�JURXS�RI�WHVWV�RI�D�VLPLODU�QDWXUH��8VH�RI�WKH�GDWDEDVH�V\VWHP�LV�DEVROXWHO\�IUHH��
ZLWKRXW�DQ\�IHHV��7KH�ZHDN�SRLQWV�RI�WKH�VROXWLRQ�SUHVHQWHG�KHUH��DV�UHJDUGV�ERWK�WKH�V\VWHP�DQG�LWV�FRQWHQWV��DUH�
GHVFULEHG�DQG�GLVFXVVHG��
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1RPHQFODWXUH�

&� >03D@� VKHDU�VWUHVV�RQ�DQ�H[DPLQHG�SODQH�

'),� >�@� IDWLJXH�LQGH[�HUURU��VHH�(T�������

I ^D_ � >03D@� IDWLJXH�OLPLW�LQ�IXOO\�UHYHUVHG�D[LDO�ORDGLQJ�

W ^D_ � >03D@� IDWLJXH�OLPLW�LQ�IXOO\�UHYHUVHG�WRUVLRQ�

1� >03D@� QRUPDO�VWUHVV�RQ�DQ�H[DPLQHG�SODQH�

��� ,QWURGXFWLRQ�

$�ZLGH�UDQJH�RI�PHWKRGV�KDYH�EHHQ�SURSRVHG�IRU�FRPSDULQJ�ORFDO�FRQVWDQW�DPSOLWXGH�ORDGV�ZLWK�D�IDWLJXH�
OLPLW�XQGHU�VLPSOH�XQLD[LDO�ORDGLQJ��$OWKRXJK�WKH�UHILQLQJ�SURFHVV�KDV�DOUHDG\�WDNHQ�PRUH�WKDQ����\HDUV��LW�
GRHV�QRW�VHHP�WR�KDYH�UHDFKHG�D�VDWLVIDFWRU\�FRQFOXVLRQ��DQG�QHZ�FULWHULD�DUH�VWLOO�EHLQJ�SURSRVHG�HYHU\�\HDU��
,W�LV�WKHUHIRUH�DSSURSULDWH�WR�DVN�ZK\�WKHUH�DUH�VR�PDQ\�PHWKRGV��DQG�ZKHWKHU�WKHUH�LV�QRW�RQH�WKDW�FDQ�EH�
UHFRPPHQGHG�DV�WKH�EHVW�IRU�VRPH�VSHFLILF�VLWXDWLRQ�RU�XQGHU�VRPH�VSHFLILF�FRQGLWLRQV��VR�WKDW�QHZO\�
LQWURGXFHG�PHWKRGV�FDQ�XVH�LW�DV�D�EHQFKPDUN��

&XUUHQW�DSSURDFKHV�VXIIHU�IURP�WKH�IROORZLQJ�LVVXHV��

��� 7UDGLWLRQ��$OWKRXJK�VR�PDQ\�PHWKRGV�RI�YDULRXV�DJHV�EHORQJ�WR�WKLV�FDWHJRU\��VXEVWDQWLDO�
FRPSDULVRQV�ZLWK�QHZHU�PHWKRGV�DUH�ODFNLQJ��1HZ�PHWKRGV�DUH�XVXDOO\�FRPSDUHG�ZLWK��DQG�
FRPSHWH�ZLWK��RQO\�WKH�VLPSOHVW��ROGHVW�RU�ZHDNHVW�PHWKRGV��W\SLFDOO\�WKH�FULWHULD�E\�3DSDGRSRXORV�
>�@��0F'LDUPLG�>�@��6LQHV�>�@��&URVVODQG�>�@�RU�0DWDNH�>�@���SUREDEO\�GXH�WR�WKH�KLJK�GHPDQGV�RQ�
WKH�FRPSOH[LW\�RI�PXOWLD[LDO�VROXWLRQV��ZKHUH�DQ�HDV\�DQDO\WLFDO�VROXWLRQ�LV�RQO\�UDUHO\�DYDLODEOH���

��� 1DUURZ�VFRSH��7KH�QXPEHU�RI�H[SHULPHQWDO�GDWD�SRLQWV�XVHG�IRU�WKH�HYDOXDWLRQ�WHQGV�WR�EH�YHU\�
VPDOO�±�XVXDOO\�RQO\�������H[SHULPHQWV��>�@��>�@��>�@�RU�>�@���,I�WKH�WHVWLQJ�VHW�LV�ODUJHU��WKHUH�LV�QR�
GHWDLOHG�GHVFULSWLRQ�RI�WKH�H[SHULPHQWV��>�@��ZKLFK�FODLPV�WR�PDNH�XVH�RI�����H[SHULPHQWV���

��� /DFN�RI�ULJRXU��7KH�H[SHULPHQWDO�GDWD�XVHG�IRU�WKH�HYDOXDWLRQ�LV�RIWHQ�RI�D�W\SH�WKDW�HQDEOHV�PRVW�
PHWKRGV�WR�EHKDYH�QLFHO\��7\SLFDO�UHSUHVHQWDWLYHV�RI�VXFK�PLOG�H[SHULPHQWDO�GDWD�DUH�WKRVH�
SXEOLVKHG�E\�1LVKLKDUD�DQG�.DZDPRWR�>��@�RU�E\�*RXJK��H[FHVVLYHO\�FLWHG�DPRQJ�DQ�RWKHUZLVH�
DSSHDOLQJ�QXPEHU�RI�����H[SHULPHQWV�LQ�>��@���([SHULPHQWV�ZKHUH�WKH�SUHGLFWLRQ�UHVXOWV�DUH�OHVV�
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�&RUUHVSRQGLQJ�DXWKRU��7HO���������������������ID[��������������������(�PDLO�DGGUHVV��
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HDVLO\�FRUUHODWHG�ZLWK�PHDVXUHPHQWV�DUH�QRW�WUDQVPLWWHG�WR�RWKHU�SDSHUV��RU�WKH�GDWD�LV�HYHQ�UHPRYHG�
IURP�WKH�H[SHULPHQWDO�GDWD�VHW��VRPH�RI�)LQGOH\¶V�H[SHULPHQWV�IURP�>��@�DV�UHIHUUHG�WR�LQ�>��@���

��� &DUHOHVVQHVV��7KHUH�DUH�WRR�PDQ\�HUURUV�LQGXFHG�E\�FDUHOHVV�UHSURGXFWLRQ�RI�WKH�H[SHULPHQWDO�GDWD�
�H�J��1LQLF�LQ�>��@�V\VWHPDWLFDOO\�FRQIXVHV�%ULWLVK�DQG�86�WRQV���7KH�GDPDJH�DFFXPXODWLRQ�ODZ�LV�DV�
YDOLG�KHUH�DV�LW�LV�LQ�IDWLJXH�DVVHVVPHQW�±�DQ\�QHZ�HUURU�LQGXFHG�E\�FDUHOHVV�WUDQVFULSWLRQ�LV�
UHSURGXFHG�IXUWKHU�WR�RWKHU�SDSHUV��8QGHU�JLYHQ�FRQGLWLRQV��LW�LV�HVVHQWLDO�WR�FKHFN�ZLWK�WKH�RULJLQDO�
GDWD�VRXUFH��

,I�UHVHDUFK�LQ�WKH�DUHD�RI�IDWLJXH�FRPSXWDWLRQ�LV�WR�SURJUHVV��QHZ�FULWHULD�VKRXOG�EH�VXEMHFWHG�WR�LQFUHDVHG�
GHPDQGV��,Q�RUGHU�WR�HQKDQFH�WKH�TXDOLW\�RI�QHZ�FULWHULD��WKH�FULWLFDO�H[SHULPHQWDO�UHVXOWV�VKRXOG�EH�HDVLO\�
DYDLODEOH�DQG��LI�SRVVLEOH��IUHH�RI�HUURU��

��� 7KH�FRQFHSW�RI�)DW/LP�

8VH�RI�WKH�3UDJ7LF
_
�IUHHZDUH��GHYHORSHG�E\�WKH�DXWKRU��LV�D�ZD\�WR�GHDO�ZLWK�SRLQW����DERYH��DV�LW�HQDEOHV�

UDSLG�LPSOHPHQWDWLRQ�RI�QHZ�FULWHULD�LQWR�LWV�H[LVWLQJ�KLJKO\�VRSKLVWLFDWHG�VWUXFWXUH��&DUHIXO�H[DPLQDWLRQ�DQG�
ORQJ�WHUP�FROOHFWLRQ�RI�WKH�RULJLQDO�SDSHUV�GHVFULELQJ�H[SHULPHQWDO�UHVXOWV�FRYHUV�WKH�RWKHU�SRLQWV�PHQWLRQHG�
DERYH��6XFK�D�FRPSOH[�VROXWLRQ�FDQ�ZRUN�LQ�WKH�VKRUW�DQG�PHGLXP�WHUP��EXW�LW�LV�QRW�VXVWDLQDEOH�RYHU�D�
ORQJHU�SHULRG�RI�UHVHDUFK��,W�ODFNV�FRQWLQXLW\��EHFDXVH�LW�GHSHQGV�RQ�LQGLYLGXDO�UHVHDUFKHUV��$Q\�FORVHG�
SHUVRQDO�GDWDEDVH�FDQ�EH�JLYHQ�WR�RWKHU�UHVHDUFKHUV��EXW�WKLV�FDQ�OHDG�WR�D�VHW�RI�QRQ�FRPSDWLEOH�GDWDEDVHV�RI�
H[SHULPHQWDO�UHVXOWV�GHYHORSHG�LQ�YDULRXV�SDUWV�RI�WKH�ZRUOG��,Q�DGGLWLRQ��LW�LV�KDUG�WR�UHSURGXFH�GDWD�RQ�VXFK�
D�VFDOH�±�WKH�RQO\�VROXWLRQ�LV�VRPH�NLQG�RI�KDQGERRN��7KLV��LQ�WXUQ��FDQ�OHDG�WR�D�GHDG�HQG��LI�QR�IXUWKHU�
FKDQJHV�DQG�PRGLILFDWLRQV�DUH�DOORZHG��

$�IUHHO\�DFFHVVLEOH�,QWHUQHW�GDWDEDVH�VHHPV�WR�EH�DQ�DSSHDOLQJ�VROXWLRQ��6HYHUDO�LPSRUWDQW�FRQVLGHUDWLRQV�
KDYH�WR�EH�WDNHQ�LQWR�DFFRXQW��

��� 0DNH�LW�DFFHVVLEOH�WR�DQ\�SHUVRQ�RQ�WKLV�SODQHW�WKDW�LV�FRQQHFWHG�WR�WKH�,QWHUQHW���

��� (QDEOH�QHZ�GDWD�WR�EH�LQSXWWHG��LQ�RUGHU�WR�HQKDQFH�FRQWLQXLW\��

��� 5HVHUYH�VXFK�LQSXW�ULJKWV�IRU�VHOHFWHG�SHUVRQV��D�FRPPLWWHH���RU�DZDUG�WKHP�WR�DQ\ERG\�ZKR�
YROXQWHHUV��

��� (QVXUH�WKDW�WKH�GDWD�LWHPV�JDWKHUHG�LQ�WKH�GDWDEDVH�DUH�FRUUHFW��DQG�WKDW�WKHUH�DUH�QR�P\VWLILFDWLRQV��

��� )DW/LP�LPSOHPHQWDWLRQ�

)DW/LP�LV�DQ�DFURQ\P�VWDQGLQJ�IRU�WKH�'DWDEDVH�RI�)DWLJXH�/LPLWV��,W�DQG�DOO�WKH�RWKHU�GDWDEDVHV�DGMRLQHG�WR�LW�
DUH�DYDLODEOH�RQ�WKH�WRS�ULJKW�FRUQHU�RI�WKH�KWWS���ZZZ�SUDJWLF�FRP�ZHEVLWH��

�����6FRSH�

$W�WKH�WLPH�RI�ZULWLQJ��)DW/LP�FRYHUV�H[SHULPHQWDO�UHVXOWV�IURP�����H[SHULPHQWV��7KHVH�DUH�HLWKHU�XQLD[LDO�
H[SHULPHQWV�ZLWK�QRQ�]HUR�PHDQ�VWUHVV��RU�PXOWLD[LDO�H[SHULPHQWV��,W�ZDV�RULJLQDOO\�DVVXPHG�WKDW�WKH�
FROOHFWHG�H[SHULPHQWV�KDG�EHHQ�SHUIRUPHG�RQ�VPRRWK�XQQRWFKHG�VSHFLPHQV��LQ�RUGHU�WR�H[FOXGH�WKH�HIIHFW�RI�
WKH�QRQ�KRPRJHQHRXV�VWUHVV�ILHOG�DURXQG�WKH�QRWFK��DQG�WKH�HIIHFWV�RI�GLIIHUHQW�VXUIDFH�WUHDWPHQWV��8QWLO�
IXUWKHU�H[SDQVLRQ�WR�WKH�DUHD�RI�QRWFKHG�FRPSRQHQWV�RFFXUV��WKLV�OLPLWDWLRQ�VKRXOG�EH�REVHUYHG a ���
7KH�ORDGV�DUH�GHVFULEHG�E\�WKH�DPSOLWXGH�DQG�PHDQ�VWUHVV�RQ�HDFK�ORDG�FKDQQHO��WZR�D[LDO��RQH�LQ�WRUVLRQ���
WKHLU�SKDVH�DQG�SHULRG��$V�KDUPRQLF�ORDGLQJ�LV�WKH�SUHYDOHQW�ORDGLQJ�LQ�VXFK�H[SHULPHQWV��WKLV�LV�WKH�RQO\�
RSWLRQ��H[FHSW�IRU�WKH�VWDWLF�ORDGLQJ�WKDW�IRUPV�WKH�PHDQ�VWUHVV��1R�OLPLWDWLRQ�LV�LPSRVHG�RQ�WKH�PDWHULDO��EXW��
WKH�GHILQLWLRQ�DVVXPHV�WKDW�WKH�PDWHULDO�LV�LVRWURSLF��

7KH����FRPSXWDWLRQDO�PHWKRGV�XVHG�IRU�WKH�FDOFXODWLRQ�LWVHOI�DUH�GHVFULEHG�LQ�+HOS�IRU�3UDJ7LF b ��1HZ�
PHWKRGV�FDQQRW�EH�DGGHG�IURP�WKH�LQWHUIDFH��EXW�KDYH�WR�EH�LQVHUWHG�E\�WKH�ZHEVLWH�DGPLQLVWUDWRU��

�����������������������������������������������������������_
�3UDJ7LF�LV�D�IUHHZDUH�IRU�IDWLJXH�GDPDJH�FRPSXWDWLRQ��ZKLFK�FDQ�DOVR�ZRUN�RQ�)(0�GDWD��,W�FDQ�EH�
GRZQORDGHG�IURP�KWWS���ZZZ�SUDJWLF�FRP�SURJUDP�SKS��

a �$V�WKH�GDWD�ZDV�RULJLQDOO\�LQFOXGHG�IURP�YDULRXV�DYDLODEOH�VRXUFHV��WKH�GDWD�SURYLGHG�E\�6LPE�UJHU�>��@�IRU�
QRWFKHG�VSHFLPHQV�ORDGHG�LQ�EHQGLQJ�DQG�WRUVLRQ�ZDV�DOVR�LQFOXGHG��DQG�WKLV�IDFW�ZDV�GLVFRYHUHG�RQO\�ODWHU��
7KH�VFDWWHU�RI�WKH�UHVXOWV�RI�YDULRXV�PHWKRGV�LV�QRW�YHU\�KLJK�IRU�WKLV�GDWD�VHW��DQG�WKH�UHVXOWV�ZHUH�WKHUHIRUH�
DOORZHG�WR�UHPDLQ��DOWKRXJK�WKH\�IDOO�RXWVLGH�WKH�RULJLQDO�VFRSH�RI�WKH�SURMHFW��

b �+HOS�IRU�3UDJ7LF�VRIWZDUH�FDQ�EH�DFFHVVHG�WKURXJK�WKH�LQWHUIDFH�RQ�KWWS���ZZZ�SUDJWLF�FRP�SURJUDP�SKS��
ZKHUH�LW�FDQ�EH�HLWKHU�GLUHFWO\�YLHZHG�RU�GRZQORDGHG�
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�����6WUXFWXUH�

7KH�EDVLF�VWUXFWXUH�WKDW�KDV�WR�EH�UHIHUUHG�WR�LV�5HIHUHQFHV��VHH�)LJ������,W�LV�QHFHVVDU\�WR�NHHS�WKH�GDWDEDVH�
FOHDQ�IURP�HUURQHRXV�GDWD�RI�YDULRXV�W\SHV��WR�VSHFLI\�WKH�RULJLQ�RI�WKH�GDWD��DQG�WR�DYRLG�RIIHQGLQJ�DJDLQVW�
FRS\ULJKWV��$OO�LWHPV�FRQFHUQLQJ�H[SHULPHQWDO�RU�PDWHULDO�GDWD�PXVW�WKHUHIRUH�UHIHU�WR�WKH�RULJLQDO�SDSHU�LQ�
ZKLFK�LW�ZDV�SXEOLVKHG��7KH�LQWHUIDFH�RI�WKH�UHIHUHQFH�V\VWHP�DOORZV�SDSHUV�LQ�MRXUQDOV�RU�SURFHHGLQJV��RI�
ERRNV��WKHVHV�WR�EH�LQSXWWHG�DQG�DOVR�VRPH�EDVLF�VHDUFKHV��

�
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)LJ�����$�VHW�RI�WKH�PRVW�LPSRUWDQW�GDWDEDVHV�RQ�ZZZ�SUDJWLF�FRP�DQG�WKHLU�PXWXDO�
GHSHQGHQFLHV��7KH�GDWDEDVHV�ZLWK�URXQGHG�FRUQHUV�DUH�GLUHFWO\�DFFHVVLEOH�IURP�WKH�ZHEVLWH�
LQWHUIDFH��7KH�GDWDEDVHV�ZLWK�VKDUS�FRUQHUV�DUH�KLGGHQ�±�WKH\�DUH�HLWKHU�VHW�KDUG�RU�XVH�D�
FRPPRQ�XVHU�LQWHUIDFH��)DW/LP�'%�KHUH���

7KH�VHFRQG�OHYHO�LV�IRUPHG�E\�WKH�GDWDEDVH�RI�PDWHULDO�SDUDPHWHUV��0DWHULDO�'%���+HUH�WKH�EDVLF�VWDWLF�DQG�
IDWLJXH�FKDUDFWHULVWLFV�RI�LQGLYLGXDO�PDWHULDOV�DUH�JDWKHUHG��DV�UHSRUWHG�LQ�YDULRXV�SDSHUV��DFFRPSDQLHG�E\�D�
GHVFULSWLRQ�RI�WKH�FKHPLFDO�FRPSRVLWLRQ�DQG�UHIHUHQFHV�WR�WKH�SDSHUV�LQ�ZKLFK�WKH\�ZHUH�IRXQG��$�SUREOHP�
FDQ�RFFXU�KHUH��EHFDXVH�VRPH�RI�WKH�PDWHULDO�SURSHUWLHV�IRU�D�SDUWLFXODU�PDWHULDO�PD\�EH�GHVFULEHG�LQ�D�VHULHV�
RI�SDSHUV��XQIRUWXQDWHO\�VRPHWLPHV�DOVR�VWDWLQJ�GLIIHUHQW�YDOXHV�IRU�D�PDWHULDO�WKDW�QHYHUWKHOHVV�DSSHDUV�WR�EH�
RI�WKH�VDPH�RULJLQ�DQG�FKDUJH��)RU�WKLV�UHDVRQ��WKUHH�UHIHUHQFHV�FDQ�EH�VHW�IRU�D�VLQJOH�PDWHULDO�GDWD�VHW�DQG�D�
IXUWKHU�FRPPHQWDU\�FDQ�EH�LQSXWWHG��

2QFH�WKH�PDWHULDO�SURSHUWLHV�IRU�WKH�VHW�RI�H[SHULPHQWV�DUH�GHILQHG��LWV�RZQ�GHILQLWLRQ�FDQ�SURFHHG��)DW/LP�

'%���(DFK�JURXS�RI�H[SHULPHQWV�LV�RQFH�DJDLQ�UHODWHG�WR�D�UHIHUUHG�SDSHU��DQG�DOVR�WR�D�VSHFLILF�PDWHULDO�
DOUHDG\�GHILQHG�LQ�WKH�GDWDEDVH��2QO\�ZKHQ�WKH�LQGLYLGXDO�H[SHULPHQWV�LQ�WKH�JURXS�KDYH�EHHQ�GHILQHG�FDQ�WKH�
FRPSXWDWLRQDO�UHVXOWV�IRU�HDFK�FULWHULRQ�EH�GHVFULEHG�RQ�WKH�VSHFLILHG�H[SHULPHQWDO�SRLQW���

�����7KH�GHFLVLYH�YDULDEOH�

0RVW�RI�WKH�PHWKRGV�GHILQHG�LQ�WKLV�FDWHJRU\�FDQ�EH�GHVFULEHG�DV�DQ�LQHTXDOLW\��ZKHUH�WKH�OHIW�KDQG�VLGH�
FRQWDLQV�WKH�ORDG�SDUDPHWHUV�±�PRVW�RIWHQ�D�FRPELQDWLRQ�RI�VKHDU�DQG�QRUPDO�VWUHVVHV�RQ�D�SODQH��$V�
PHQWLRQHG�LQ�>��@��WKH�XQLTXH�PDWHULDO�SDUDPHWHU�VKRXOG�EH�SODFHG�RQ�WKH�ULJKW�KDQG�VLGH�LQ�RUGHU�WR�DOORZ�D�
FRPSDULVRQ�ZLWK�RWKHU�FULWHULD��7KH�FULWHULD�FDQ�EH�WUDQVIRUPHG�WR�VXFK�D�IRUP�WKDW�WKH�ULJKW�KDQG�VLGH�
FRQWDLQV�RQO\�RQH�PDWHULDO�YDULDEOH�±�WKH�IDWLJXH�OLPLW�LQ�IXOO\�UHYHUVHG�D[LDO�ORDGLQJ��

�������������� c PDWHULDO6+5I1JE&IDORDG6+/  d��� d �� ���� ��

7KH�PDWHULDO�SDUDPHWHUV�D�DQG�E�JLYHQ�KHUH��RU�VRPH�RWKHU�SDUDPHWHUV��UHODWH�WKH�ZHLJKWV�RI�WKH�GDPDJH�
HIIHFWV�RI�WKH�VKHDU�&�DQG�QRUPDO�1�VWUHVVHV��

7KH�DXWKRU�LQWHQWLRQDOO\�ZULWHV�D�JHQHUDO�IXOO\�UHYHUVHG�D[LDO�ORDGLQJ��,Q�RUGHU�WR�PLQLPL]H�WKH�QXPEHU�RI�
LQWHUDFWLQJ�HIIHFWV�LQ�WKH�HYDOXDWLRQ��WKH�W\SH�RI�D[LDO�ORDGLQJ�XQGHU�XQLD[LDO�WHVWLQJ��UXQ�IRU�UHWULHYDO�RI�WKH�
PDWHULDO�SDUDPHWHU��DQG�XQGHU�PXOWLD[LDO�WHVWLQJ�VKRXOG�FRLQFLGH��,GHDOO\��ZKHQ�HYDOXDWLQJ�WKH�FDVH�RI�
EHQGLQJ��WKH�VDPH�FRQGLWLRQ�VKRXOG�DOVR�EH�YDOLG�IRU�WKH�GLDPHWHUV�RI�WKH�VSHFLPHQV��

$Q�LGHDO�YDOXH�RI�XQLW\�VKRXOG�EH�REWDLQHG�IRU�DOO�WHVWV�FROOHFWHG�LQ�WKH�)DW/LP�GDWDEDVH��LI�WKH�H[SHULPHQWDO�
PXOWLD[LDO�ORDGLQJ�LV�HTXLYDOHQW�WR�WKH�IDWLJXH�OLPLW��7KLV�LV�XVXDOO\�QRW�WKH�FDVH�±�QHLWKHU�WKH�FDOFXODWLRQV�QRU�
WKH�H[SHULPHQWV�DUH�LGHDO�±�DQG�WKXV�WKH�IDWLJXH�LQGH[�HUURU�LV�GHILQHG�DV��
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%HFDXVH�WKH�ORDG�LQIOXHQFH�LV�SODFHG�RQ�WKH�OHIW�KDQG�VLGH��IDWLJXH�LQGH[�HUURU�YDOXHV�EHORZ�]HUR�GHQRWH�WKDW�
WKH�FULWHULRQ�GRHV�QRW�SUHGLFW�IUDFWXUH��DOWKRXJK�LW�DFWXDOO\�RFFXUUHG�GXULQJ�WKH�H[SHULPHQW��6XFK�D�SUHGLFWLRQ�
KDV�WR�EH�UDQNHG�DV�QRQ�FRQVHUYDWLYH��9DOXHV�WKDW�DUH�KLJKHU�WKDQ�]HUR�FRUUHVSRQG�WR�FRQVHUYDWLYH�
SUHGLFWLRQV��7KH�IDWLJXH�LQGH[�HUURU�GHILQHG�LQ�(T������FDQ�EH�LQWHUSUHWHG�DV�WKH�UHODWLYH�GHYLDWLRQ�RI�DQ�
HTXLYDOHQW�ORDG�DW�WKH�PXOWLD[LDO�IDWLJXH�OLPLW�IURP�WKH�XQLD[LDO�IDWLJXH�OLPLW�LQ�IXOO\�UHYHUVHG�D[LDO�ORDGLQJ��

7KH�SUHGLFWLRQ�UHVXOWV�VWDWHG�LQ�)DW/LP�DUH�DOO�REWDLQHG�IURP�WKH�FRPSXWDWLRQ�UHDOL]HG�LQ�3UDJ7LF�IUHHZDUH��
7KH�WRRO�XVHG�IRU�WKH�FRPSXWDWLRQ�KDV�WR�EH�QRWHG�ZKHQ�WKH�UHVXOWV�DUH�LQSXWWHG�LQWR�)DW/LP��7KHUH�LV�DOVR�DQ�
RSWLRQ�WR�XVH��H�J���DQ�DQDO\WLFDO�IRUPXOD��7KH�XVH�RI�DQ\�RWKHU�FRPSXWDWLRQDO�V\VWHP�KDV�WR�EH�DQQRXQFHG�WR�
WKH�DGPLQLVWUDWRU�RI�WKH�ZHEVLWH��VR�WKDW�KH�FDQ�DGG�LW�WR�WKH�DYDLODEOH�FRPSXWDWLRQDO�WRROV��

�����6DIHW\�PHDVXUHV�±SRVLWLRQ�RI�WKH�PDQDJHU��HGLWLQJ��VLJQLQJ�

7R�ERRVW�XS�WKH�IXUWKHU�JURZWK�RI�WKH�GDWDEDVHV��LW�LV�GHVLUDEOH�WR�DOORZ�DQ\�YROXQWHHU�WR�LQSXW�QHZ�YDOXHV��
+RZHYHU��WKHUH�QHHGV�WR�EH�VRPH�VDIHW\�SROLF\�WKDW�HQVXUHV�WKDW�WKH�GDWD�LQSXWWHG�LQWR�WKH�V\VWHP�LV�FRUUHFW�
DQG�WKDW�WKHUH�DUH�QR�PLVWDNHV��HLWKHU�LQWHQWLRQDO�RU�FDVXDO���

7KH�ILUVW�UXOH�LQ�WKH�V\VWHP�LV�WKDW�RQO\�VR�FDOOHG�SULYLOHJHG�XVHUV�DUH�DOORZHG�WR�FKDQJH�WKH�FRQWHQW�RI�WKH�
GDWDEDVHV��3ULYLOHJHG�XVHUV�GLIIHU�IURP�DQRQ\PRXV�XVHUV�E\�WKH�IDFW�WKDW�WKH\�DJUHH�WR�D�EULHI�GHVFULSWLRQ�RI�
WKHLU�EDFNJURXQG�LQ�WKH�8VHUV�VHFWLRQ��7KLV�LV�QRW�RI�FRXUVH�D�VXUH�VROXWLRQ��EHFDXVH�LW�LV�QR�SUREOHP�WR�IDNH�
DQ�,QWHUQHW�LGHQWLW\�WRGD\���

,I�VRPHERG\�LQSXWV�D�QHZ�GDWD�LWHP�LQWR�WKH�V\VWHP��VKH�KH�DXWRPDWLFDOO\�DFFHSWV�WKH�IXQFWLRQ�RI�LWV�
PDQDJHU��)URP�QRZ�RQ��VKH�KH�LV�WKH�RQO\�SHUVRQ��H[FHSW�IRU�WKH�DGPLQLVWUDWRU��WKDW�LV�DOORZHG�WR�GLUHFWO\�
PRGLI\�WKH�GDWD��DQG�KHU�KLV�XVHUQDPH�LV�FOHDUO\�DWWDFKHG�WR�DOO�KHU�KLV�LWHPV��2WKHU�XVHUV�FDQ�PDUN�WKH�
YDOLGLW\�RI�WKH�LQSXW�GDWD�E\�VLJQLQJ�LW��WKXV�LQGLFDWLQJ�WKHLU�DSSURYDO�WKURXJK�VSHFLILF�UHFRUGV��VWDWLQJ�WKDW�
WKH\�KDYH�VHHQ�WKH�RULJLQDO�SDSHU�DQG�FRPSDUHG�LW�WR�WKH�,QWHUQHW�UHSUHVHQWDWLRQ��DQG�WKDW�HYHU\WKLQJ�
FRLQFLGHV��/RJLFDOO\��WKH�QXPEHU�RI�VLJQV�LV�GLUHFWO\�UHODWHG�WR�WKH�OHYHO�RI�YHULW\��

7KLV�LV�WKH�FXUUHQW�VWDWH��EXW�LW�LV�QRW�WKH�ILQDO�YHUVLRQ��,I�DQ\�XVHU�ILQGV�GDWD�WKDW�LV�HYLGHQWO\�ZURQJ��VKH�KH�
PXVW�KDYH�WKH�RSSRUWXQLW\�WR�UHSRUW�GRXEWV�WR�RWKHU�XVHUV��RU�WR�SURSRVH�D�GLIIHUHQW�YHUVLRQ��$�ILQDO�VWDWH�RI�
)DW/LP�LV�HQYLVDJHG�LQ�ZKLFK�WKH�XVHU�FDQ�UHFRUG�D�FRXQWHU�SURSRVDO�WKDW�ZLOO�EH�VDYHG�WR�WKH�V\VWHP�DQG�ZLOO�
UHPDLQ�DYDLODEOH�WR�DQ\�XVHU�ZKR�YLVLWV�WKH�FRQWURYHUVLDO�LWHP��7KH�PDQDJHU�RI�WKH�GLVSXWDEOH�LWHP�ZLOO�EH�
QRWLILHG�DERXW�WKH�FRXQWHU�SURSRVDO�E\�H�PDLO��DQG�ZLOO�KDYH�D�OLPLWHG�SHULRG�RI�WLPH�����GD\V��WR�HLWKHU�
DFFHSW�LW�RU�UHMHFW�LW��,I�KH�UHMHFWV�LW��WKH�SURSRVHU�FDQ�HLWKHU�UHSHDW�WKH�SURFHVV�RU�WDNH�WKH�FDVH�WR�WKH�)RUXP�
VHFWLRQ��LQ�RUGHU�WR�SRVW�WKH�SUREOHP�WR�RWKHU�XVHUV��,I�WKH�PDQDJHU�WDNHV�QR�DFWLRQ��WKH�PDQDJHULDO�ULJKW�LV�
SDVVHG�RQ�WR�WKH�SURSRVHU�DQG�KHU�KLV�SURSRVDO�LV�DFFHSWHG��7KLV�UXOH�LV�LPSRUWDQW��DV�LW�PDNHV�LW�SRVVLEOH�WR�
DGRSW�LWHPV�DEDQGRQHG�E\�XVHUV�QRW�ORQJHU�DFWLYH�LQ�WKH�)DW/LP�V\VWHP��

�����+DQGOLQJ�WKH�GDWDEDVHV�

$Q\�QHZ�GDWD�FDQ�EH�LQSXWWHG�LQWR�WKH�V\VWHP�RQO\�E\�D�UHJLVWHUHG�SHUVRQ��ZKLFK�LV�FXUUHQWO\�ORJJHG�LQ��$IWHU�
FKHFNLQJ�WKDW�WKH\�DUH�QRW�DOUHDG\�WKHUH��WKH�ILUVW�VWHS�LV�WR�LQSXW�WKH�UHIHUHQFHV�WR�DOO�WKH�RULJLQDO�SDSHUV�IURP�
ZKLFK�WKH�GDWD�LV�H[FHUSWHG�WKURXJK�WKH�LQWHUIDFH�RQ�WKH�5HIHUHQFHV�ZHEVLWH��,I�WKH�UHIHUHQFHV�UHODWH�WR�D�
SDSHU�LQ�D�MRXUQDO�RU�LQ�SURFHHGLQJV��WKH�MRXUQDO�RU�SURFHHGLQJV�VKRXOG�DOUHDG\�KDYH�EHHQ�GHILQHG��,I�WKLV�KDV�
QRW�DOUHDG\�EHHQ�GRQH��WKHVH�UHIHUHQFHV�PXVW�EH�LQSXWWHG�EHIRUH�WKH�SDSHU�FDQ�EH�LQSXWWHG���

2QFH�WKH�UHIHUHQFHV�DUH�GHILQHG��WKH�XVHU�FDQ�JR�RQ�WR�GHILQH�WKH�PDWHULDO�SDUDPHWHUV�UHIHUUHG�WR�LQ�WKH�SDSHU�
RQ�WKH�0DWHULDO�'%�ZHESDJH��7KH�GDWDEDVH�LV�EXLOW�RQ�WKH�DVVXPSWLRQ�WKDW�RQO\�GDWD�GLUHFWO\�UHSRUWHG�LQ�WKH�
UHIHUUHG�SDSHUV�LV�LQSXWWHG��1R�IXUWKHU�SRVW�SURFHVVLQJ�RU�DVVHPEOLQJ�RI�D�FRPSOHWH�PDWHULDO�GHVFULSWLRQ�IURP�
RWKHU�SDSHUV�LV�DFFHSWHG��6XFK�FRPSLODWLRQ�LV�WKH�UHVSRQVLELOLW\�RI�XVHUV�RI�WKH�GDWDEDVHV��

�
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)LJ�����$�VFUHHQ�FRS\�RI�WKH�)DW/LP�'%�ZHE�SDJH�ZLWK�WKH�GHGLFDWHG�VHOHFWLRQ�LQWHUIDFH��

7KH�QH[W�VWHS�LV�WR�GHILQH�D�JURXS�RI�H[SHULPHQWV�RQ�WKH�)DW/LP�'%�ZHESDJH��7KLV�LV�GRQH�LQ�WZR�SKDVHV��
)LUVW��WKH�QDPH�RI�WKH�WHVW�JURXS�LV�VHW��$�FRPELQDWLRQ�RI�VHYHUDO�FKDUDFWHUV�GHULYHG�IURP�WKH�QDPHV�RI�WKH�
DXWKRUV�LV�SUHIHUUHG��WR�HQDEOH�TXLFN�RULHQWDWLRQ�DPRQJ�WKH�YDULRXV�H[SHULPHQWDO�VHWV��7KH�PDWHULDO�DQG�WKH�
DSSURSULDWH�SDSHU�DUH�UHIHUUHG�WR��DQG�WKH�QXPEHU�RI�LQGLYLGXDO�H[SHULPHQWV�LQ�WKH�SDUWLFXODU�GDWD�VHW�LV�JLYHQ��
$�GHILQLWLRQ�RI�WKH�LQGLYLGXDO�LWHPV�SURFHHGV�DIWHU�FRQILUPDWLRQ�RI�WKH�GDWD�JURXS�SURSHUWLHV�WKDW�KDYH�DOUHDG\�
EHHQ�VHW��

7KLV�LV�WKH�HQG�RI�WKH�GHILQLWLRQ�RI�WKH�H[SHULPHQWDO�GDWD�VHW��7R�FRPSOHWH�WKH�)DW/LP�FRQWHQW��WKH�LPSDFW�RI�
WKH�LQGLYLGXDO�PHWKRGV�RQ�WKH�H[SHULPHQWDO�UHVXOWV�DOVR�KDV�WR�EH�LQSXWWHG��7KLV�LV�DOVR�GRQH�IURP�WKH�
LQWHUIDFH�RI�WKH�)DW/LP�'%�ZHEVLWH��7KH�DFURQ\P�RI�WKH�WHVW�JURXS�LV�VHOHFWHG��DQG�WKH�DGMDFHQW�6KRZ�

*URXS�EXWWRQ�LV�SUHVVHG��7KLV�FRPPDQG�RSHQV�D�QHZ�SDJH��VHH�)LJ�����ZLWK�D�GHWDLOHG�GHVFULSWLRQ�RI�WKH�
VHOHFWHG�WHVW�JURXS��ZKHUH�WKH�SUHGLFWLRQ�UHVXOWV�FDQ�EH�RSHQHG�IRU�HGLWLQJ�E\�FOLFNLQJ�RQ�WKH�(�EXWWRQ�LQ�WKH�
URZ�FRUUHVSRQGLQJ�WR�WKH�FKRVHQ�FDOFXODWLRQ�PHWKRG��7KH�JURXS�RI�H[SHULPHQWV�DQG�WKH�FDOFXODWLRQ�UHVXOWV�
FDQ�EH�VLJQHG�IURP�WKLV�LQWHUIDFH��
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)LJ�����'HVFULSWLRQ�RI�WKH�WHVW�JURXS�ZLWK�H[SHULPHQWV�SURYLGHG�E\�%DLHU�>��@��1RWH�WKH�(��6�
DQG�56�EXWWRQV�XVHG�IRU�HGLWLQJ��VLJQLQJ�RU�VLJQ�UHPRYDO��

��� 'LVFXVVLRQ�

�����7HFKQRORJ\�

7KLV�SDSHU�GRHV�QRW�DLP�WR�DQDO\]H�WKH�UHVXOWV�DYDLODEOH�IURP�WKH�VWDWLVWLFDO�GDWD�JDWKHUHG�LQ�WKH�)DW/LP�
GDWDEDVH��1RW�DOO�GDWD�LV�FXUUHQWO\�DGRSWHG�IURP�SULPDU\�VRXUFHV�±�VRPH�KDV�EHHQ�UHDG�IURP�SDSHUV�WKDW�RQO\�
TXRWH�IURP�WKH�RULJLQDO��RU�HYHQ�IURP�DQRWKHU�VRXUFH��,Q�DGGLWLRQ��QRW�DOO�WKH�FRPSXWDWLRQDO�UHVXOWV�DUH�
DYDLODEOH��)LQDOO\��WKH�DXWKRU�LV�XQWLO�QRZ�WKH�RQO\�PDQDJHU�DFWLYH�LQ�WKH�GDWDEDVH��DQG�RQO\�KLV�VLJQDWXUHV�FDQ�
EH�IRXQG�HYHU\ZKHUH��,I�WKH�V\VWHP�LV�WR�ZRUN�SURSHUO\��FRQVLGHUDEOH�SDUWLFLSDWLRQ�E\�RWKHU�XVHUV�LV�GHVLUDEOH���

7KLV�SDSHU�UHIHUV�DERYH�DOO�WR�WKH�WHFKQRORJ\�IRU�GLVWULEXWHG�VKDULQJ�RI�H[SHULPHQWDO�UHVHDUFK�GDWD��7KH�
PHWKRGRORJ\�GHVFULEHG�KHUH�DLPV�WR�GHDO�ZLWK�WKH�ZHDN�SRLQWV�PHQWLRQHG�DW�WKH�EHJLQQLQJ�RI�WKH�SDSHU��7KH�
XVHU�FDQ�TXLFNO\�XQGHUVWDQG�WKH�OLPLWV�RI�H[LVWLQJ�PHWKRGV��DQG�WKH�V\VWHP�SURYLGHV�D�JRRG�VWDUWLQJ�SRLQW�IRU�
DQ\�QHZ�VWXG\��H�J��E\�D�3K'�VWXGHQW��$QRWKHU�LPSRUWDQW�FRQVLGHUDWLRQ�IRU�QHZ�UHVHDUFKHUV�LV�WKDW�WKH�
QHFHVVDU\�LQIRUPDWLRQ�LV�SURYLGHG�IUHH�RI�FKDUJH��)LQDOO\��WKH�LQIRUPDWLRQ�LV�UHODWLYHO\�FOHDUO\�VWUXFWXUHG��DQG�
LV�DOVR�DFFHVVLEOH�IRU�SHRSOH�ZRUNLQJ�LQ�LQGXVWU\��7KH\�FDQ�TXLFNO\�XQGHUVWDQG�ZKHWKHU�WKH�PHWKRGV�WKDW�WKH\�
KDYH�EHHQ�XVLQJ��H�J��LQ�FRPPHUFLDO�IDWLJXH�SRVW�SURFHVVRUV��FDQ�SURYLGH�VDWLVIDFWRU\�UHVXOWV��RU�ZKHWKHU�WKH\�
VKRXOG�FKDQJH�WKHLU�FXUUHQW�SUDFWLFHV��

$Q�DSSDUHQW�ZHDN�SRLQW�RI�WKH�FXUUHQW�V\VWHP�LV�UHODWHG�WR�LWV�IUHH�DYDLODELOLW\��7R�NHHS�WKH�V\VWHP�LQWDFW��LW�LV�
QHFHVVDU\�WR�ZRUN�RQ�PDLQWDLQLQJ�DQG�GHYHORSLQJ�LW��+RZHYHU��WKLV�LV�QRW�D�FULWLFDO�SUREOHP��DV�WKH�FRVWV�DUH�
QRW�YHU\�KLJK��0RUH�LPSRUWDQW�LV�WKH�QHHG�IRU�YROXQWHHUV�WR�UHSOHQLVK�WKH�FRQWHQW�RI�WKH�GDWDEDVHV��2QO\�LQ�
WKLV�ZD\�FDQ�WKH�RULJLQDO�SXUSRVH�RI�WKH�GDWDEDVH�±�GDWD�VKDULQJ��±�EH�DFKLHYHG��

�����)DWLJXH�OLPLW�

7KH�FRPSOHWH�HYDOXDWLRQ�RI�D�IDWLJXH�OLPLW�LV�D�WLPH�FRQVXPLQJ��GHPDQGLQJ�DQG�H[SHQVLYH�WDVN��)RU�WKLV�
UHDVRQ��RQO\�D�SDUW��SUREDEO\�D�VPDOO�SDUW��RI�WKH�GDWD�JDWKHUHG�LQ�)DW/LP�FRQVLVWV�RI�UHDO�IDWLJXH�OLPLWV��DV�
HYDOXDWHG�E\�WKH�VWDLUFDVH�PHWKRG���

2WKHU�VROXWLRQV�DUH�PRUH�RIWHQ�XVHG��6HYHUDO�SRLQWV�RQ�WKH�LQFOLQHG�VORSH�RI�WKH�6�1�FXUYH�DUH�VHW�
H[SHULPHQWDOO\�DQG�WKH�QXPEHU�RI�F\FOHV�FRUUHVSRQGLQJ�WR�WKH�IDWLJXH�OLPLW�LV�VHW�KDUG��7KLV�VROXWLRQ�FDQ�OHDG�
WR�SUREOHPV��VLQFH�WKH�QXPEHU�RI�F\FOHV�DW�WKH�IDWLJXH�OLPLWV�IRU�SXVK�SXOO�DQG�IRU�WRUVLRQ�FDQ�GLIIHU��VHH�H�J��
>��@���,W�LV�WKHQ�GHEDWDEOH�ZKHWKHU�WKH�PHFKDQLVPV�OHDGLQJ�WR�WKH�GDPDJH��ZKLFK�LQ�WKLV�FDVH�DUH�HQWLUHO\�
GLIIHUHQW�IRU�WKH�WZR�W\SHV�RI�ORDGLQJV��FDQ�EH�XVHG�IRU�WKH�ILQDO�DVVHPEO\�RI�WKH�HTXLYDOHQW�XQLD[LDO�ORDG��
8QGHU�KLJK�PHDQ�D[LDO�ORDGV��PRUHRYHU��WKH�IDWLJXH�OLPLWV�VKLIW�FRQVLGHUDEO\�WR�D�PXFK�ORZHU�QXPEHU�RI�
F\FOHV�>��@��,Q�VRPH�RWKHU�SDSHUV��WKH�DXWKRUV�IRFXV�RQ�WKH�LQFOLQHG�SDUW�RI�WKH�6�1�FXUYH�RQO\��DQG�GR�QRW�
GHDO�ZLWK�WKH�SDUWLFXODU�YDOXH�RI�WKH�IDWLJXH�OLPLW���

6R�IDU��WKHUH�KDV�EHHQ�QR�GLVFXVVLRQ�DERXW�WKH�ZD\�RI�UHWULHYLQJ�WKH�IDWLJXH�OLPLWV�IRU�DOO�WKH�GDWD�UHSULQWHG�VR�
RIWHQ�LQ�YDULRXV�UHVHDUFK�SDSHUV��+RZHYHU��WKLV�LV�HVVHQWLDO��LQ�RUGHU�WR�HQVXUH�WKH�YDOLGLW\�RI�)DW/LP��7KH�
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ILQDO�VROXWLRQ�DFFHSWHG�LQ�)DW/LP�LQ�VXFK�FDVHV�LV�WKDW�D�VHFWLRQ�LV�OHG�WKURXJK�WKH�DSSURSULDWH�6�1�FXUYHV��
HQVXULQJ�WKDW�WKH�EDVLF�IDWLJXH�FXUYHV��IXOO\�UHYHUVHG�D[LDO�ORDGLQJ��IXOO\�UHYHUVHG�WRUVLRQ�ORDGLQJ��UHSHDWHG�
D[LDO�ORDGLQJ��DUH�DOO�HYDOXDWHG�LQ�WKH�LQFOLQHG�SDUW�QRW�IDU�IURP�WKH�IDWLJXH�OLPLW��

7KHUH�DUH�DOVR�YDULRXV�H[SHULPHQWV�ZLWK�PXOWLD[LDO�ORDGLQJ�DW�GLIIHUHQW�IUHTXHQFLHV��VHH�H�J��>��@���6XFK�
H[SHULPHQWDO�SRLQWV�DUH�DOVR�FRYHUHG�LQ�)DW/LP��DQG�WKH�VHOHFWRU��)LJ�����GLUHFWO\�HQDEOHV�WKHVH�H[SHULPHQWV�WR�
EH�VHSDUDWHG�IURP�DOO�WKH�RWKHU�H[SHULPHQWV��+RZHYHU��WKHLU�LQFOXVLRQ�LQ�)DW/LP�LV�FRQWURYHUVLDO��7KH�
FRPSOH[�ORDG�SDWK�GHILQHG�E\�PRUH�WKDQ�RQH�ORDG�FKDQQHO�DFWLQJ�ZLWK�GLIIHUHQW�IUHTXHQFLHV�LV�OLNHO\�WR�EH�
VHJPHQWHG�WR�PRUH�WKDQ�RQH�ORDG�F\FOH��'DPDJH�VXPPDWLRQ�FDQQRW�ZRUN�KHUH��EHFDXVH�RQO\�RQH�YDULDEOH�RI�
WKH�6�1�FXUYH�±�WKH�IDWLJXH�OLPLW�±�LV�VHW��7KH�DXWKRUV�RI�>��@�DUH�DZDUH�RI�WKLV�SUREOHP��DQG�FRPSDUH�WKH�
UHVXOWV�RI�VXFK�WHVWV�RQO\�LQ�UHODWLRQ�WR�WKH�EDVLF�H[SHULPHQWV�ZLWK�DQ�LVR�IUHTXHQF\�ORDGLQJ��

6HYHUDO�SUREOHPV�KLJKOLJKWHG�LQ�WKH�GLVFXVVLRQ�QHHG�WR�EH�UHVROYHG��7KH�FULWHULD�VKRXOG�QRW�EH�HYDOXDWHG�DW�
WKH�IDWLJXH�OLPLW�EXW�ZLWK�WKH�6�1�FXUYH�ZLWKLQ�WKH�KLJK�F\FOH�IDWLJXH�UHJLRQ��ZKHUH�WKH�SODVWLFLW\�HIIHFW�LV�QRW�
VR�SURQRXQFHG��+RZHYHU��WKLV�LQWURGXFHV�SUREOHPV�ZLWK�WKH�VHOHFWLRQ�RI�D�SURSHU�GDPDJH�DFFXPXODWLRQ�ODZ��
DQG�ZLWK�WKH�EHKDYLRU�RI�WKH�6�1�FXUYH�EHORZ�WKH�IDWLJXH�OLPLW�OHYHO��

�����&RPSOHWHQHVV�

$OWKRXJK�WKH�LQGLYLGXDO�LWHPV�RI�)DW/LP�DQG�DOVR�WKH�RYHUDOO�VWDWLVWLFV�RQ�DOO�WKH�SUHGLFWLRQ�UHVXOWV�DUH�QRW�
GLVFXVVHG�KHUH��LW�LV�QHFHVVDU\�WR�HPSKDVLVH�WKH�OLPLWDWLRQV�RI�WKH�FXUUHQW�FRQWHQW�DV�UHJDUGV�FRPSOHWH�
FRYHUDJH�RI�YDULRXV�PDWHULDOV�DQG�ORDG�HIIHFWV��2QO\�KDUPRQLF�RU�VWDWLF�ORDGLQJ�LV�DOORZHG�RQ�DQ\�ORDG�
FKDQQHO��(YHQ�LI�WKH�LQWHUIDFH�DQG�WKH�GDWDEDVH�VWUXFWXUH�ZLOO�EH�GHYHORSHG�IXUWKHU��WKH�DXWKRU�KDV�IRXQG�OLWWOH�
GDWD�ZLWK�IDWLJXH�OLPLWV�REWDLQHG�ZLWK�DQRWKHU�W\SH�RI�ORDG�FRXUVH��

$�SUREOHP�RI�KLJKHU�SULRULW\�LV�WKH�UHSUHVHQWDWLRQ�RI�YDULRXV�PDWHULDOV��7KH�RQO\�FRQGLWLRQ�HQIRUFHG�E\�WKH�
)DW/LP�VWUXFWXUH�LV�WKDW�WKH�PDWHULDO�LV�LVRWURSLF��%XW�ZKHQ�WKH�REVHUYHU�JRHV�WKURXJK�WKH�FRQWHQW��D�VWDUWOLQJ�
IDFW�LV�WKDW�PRVW�RI�WKH�PDWHULDOV�GHVFULEHG�DUH�VWHHOV�ZLWK�D�UDWLR�RI�IDWLJXH�OLPLWV�LQ�IXOO\�UHYHUVHG�D[LDO�
ORDGLQJ�I e _ �WR�IXOO\�UHYHUVHG�WRUVLRQ�W e _ �FORVH�WR�I e _ �W e _ � ������7KHUH�DUH�DOPRVW�QR�H[WUD�GXFWLOH�VWHHOV��7KH�
QXPEHU�RI�WHVWV�RQ�FDVW�LURQV�LV�KLJKHU��EXW�D�PRUH�WKRURXJK�ORRN�UHYHDOV�WKDW�WKHUH�DUH�RQO\�D�IHZ�WHVWV�ZLWK�
UHDO�QRQ�SURSRUWLRQDO�ORDGV��DQG�WKDW�WKHUH�LV�DOVR�QR�HYDOXDWLRQ�RI�WKH�HIIHFW�RI�KLJKHU�PHDQ�VWUHVVHV��7KH�
DOXPLQXP�DOOR\V�WKDW�DUH�XVHG�LQFUHDVLQJO\�PDVVLYHO\�QRZDGD\V�HQG�XS�ZLWK�WKH�VDPH�VFRUH��:KLOH�WKH�
SUHVHQW�VWDWH�RI�)DW/LP�FDQ�KHOS�XV�WR�XQGHUVWDQG�WKH�EHKDYLRU�RI�YDULRXV�IDWLJXH�FRPSXWDWLRQDO�FULWHULD�RQ�
VWHHOV��WKH�DFWXDO�UHVSRQVH�IRU�QRQ�IHUURXV�DOOR\V�DV�ZHOO�FDVW�LURQV�FDQ�EH�RQO\�HVWLPDWHG���

�����'DWD�VHWV�IRU�EHQFKPDUN�

7KH�)DW/LP�GDWDEDVH�LV�QRW�FRPSOHWH�DV�UHJDUGV�FKHFNLQJ�ZLWK�LQGLYLGXDO�RULJLQDO�GDWD�VRXUFHV��DQG�DOVR�WKH�
FRPSXWDWLRQDO�UHVXOWV�RI�VRPH�PHWKRGV��7KHVH�WZR�SRLQWV�QHHG�WR�EH�ILQDOL]HG��LQ�RUGHU�WR�GHILQH�D�EHQFKPDUN�
ZLWK�D�OHVVHU�VFRSH��6XFK�D�JURXS�RI�H[SHULPHQWV�LV�DQ�DSSURSULDWH�VROXWLRQ�IRU�D�VLPSOH�WHVW�RI�WKH�QHZO\�
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