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�9HGDQW�.DPEOH���3URI��*HHWD�.RGDEDJL���3URI��$UYLQG�5��*DXWDP���'U��9LVKDO�
3XUDQLN���3URI��-D\VKUHH�6XU\DZDQVKL

�6WXGHQW��7�(��8QGHUJUDGXDWH����0HQWRU���&RRUGLQDWRU���&RRUGLQDWRU���&RRUGLQDWRU
�'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH�
�$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD

�(PDLO��YHGDQW�NDPEOH#G\SLF�LQ���(PDLO��JHHWDNRGDEDJL#G\SLF�LQ���(PDLO��JDXWDUYLQG#JPDLO�FRP�
�(PDLO��YLVKDOSXUD#JPDLO�FRP���(PDLO��MD\DVKUHH\RJ#JPDLO�FRP

$EVWUDFW

'HDG�VSDFHFUDIW�DQG�EXUQW�RXW�URFNHW�ERGLHV�DQG�WKH�SLHFHV�RI�VSDFHFUDIW�DQG�URFNHW�WKDW�IUDJPHQWV�IURP�
ROG�VSDFHFUDIW�FROOLVLRQV�PDNH�DUH�JHWWLQJ�PRUH�DQG�PRUH�FURZGHG�LQ�RUELW�DURXQG�WKH�SODQHW��7KH�VPDOOHVW�
DQG� IDLQWHVW� RI� WKHVH�REMHFWV� LV� KDUG� WR�GHWHFW�ZLWK� VXUYH\V�EDVHG�RQ� UDGDU�RU� WKH� FODVVLFDO� SLSHOLQHV�RI�
WHOHVFRSHV�� ,Q� WKLV� DUWLFOH�� ZH� ZLOO� H[SORUH� KRZ� WKH� FXUUHQW� VWDWH� RI� WKH� DUW� QHXUDO�QHWZRUN� YLVLRQ�
WHFKQRORJLHV� FRXOG� EH� OHYHUDJHG� WR� DGGUHVV� WKDW� FKDOOHQJH� DQG� RXWOLQH� D� ILYH�VWDJH� SURFHVVLQJ� IORZ��
&DOLEUDWLRQ�� VLPXODWHG�GDWD� DXJPHQWDWLRQ�� PXOWL�VFDOH� IHDWXUH� OHDUQLQJ�� IUDPH�WR�IUDPH� GHWHFWLRQ� DQG�
WUDFNLQJ��7KH� UHFDOO�� IDOVH�DODUPV��HWF�� DQG�FRPSXWLQJ�FRVW� WHVW�SODQV�DUH� DOVR�GHVFULEHG��7KH�FKDLQ� LV� D�
SURSRVDO�DQG�KDVQ¶W�EHHQ�WHVWHG�H[SHULPHQWDOO\��DV�WKHUH�LV�QR�FRPPRQ�VHW�RI�DQQRWDWHG�UHDO�GHEULV�LPDJHV�

.H\ZRUGV� 2UELWDO�GHEULV��QHXUDO�QHWZRUNV��VPDOO�REMHFW�GHWHFWLRQ��VLPXODWHG�LPDJHU\��VSDFH�VLWXDWLRQDO�
DZDUHQHVV�

,��,QWURGXFWLRQ

6LQFH�WKH�EHJLQQLQJ�RI�VSDFH�ODXQFKHV��VSDFH�RUELW�KDV�EHFRPH�SROOXWLRQ�ZLWK�VR�PDQ\�H[LVWLQJ�REMHFWV�
ZKLFK�DUH�QR�ORQJHU�XVHIXO�DQG�WKXV�SRVH�D�WKUHDW�WR�RSHUDWLRQDO�VDWHOOLWHV�>�@��>��@��7KH�RUELWDO�VSHHG�LV�
VRPHZKHUH�EHWZHHQ��±��NP�V�ZKLFK�LV�HQRXJK�HQHUJ\�IRU�D�FHQWLPHWUH�VL]HG�IUDJPHQW�WR�FUDVK�D�VSDFHFUDIW�

(DFK� WLPH� WKHUH� LV� D�FROOLVLRQ�� LW� UHOHDVHV�PRUH�RI� WKHVH�DQG� LQFUHDVHV� WKH� OLNHOLKRRG�RI�PRUH�FROOLVLRQV�
RFFXUULQJ�LQ�WKH�IXWXUH��D�SURFHVV�WKDW�FDPH�WR�EH�NQRZQ�DV�.HVVOHU�V\QGURPH�>��@�DIWHU�.HVVOHU�DQG�&RXU�
3DODLV�

/HDUQLQJ�IURP�SL[HOV�DUH�WKH�WRROV�RI�FKRLFH�IRU�PDQ\�LPDJLQJ�WDVNV�>��@�DQG�WRGD\��ERWK�UHJLRQ�EDVHG�DQG�
VLQJOH�SDVV�GHWHFWRUV�DUH�DEOH�WR�ILQG�REMHFWV�RYHU�D�ZLGH�UDQJH�RI�VFDOHV�>��@��7KHVH�WRROV�KDYH�DOUHDG\�
EHHQ�DGRSWHG�IRU�VSDFHFUDIW�SRVH�HVWLPDWLRQ�UHVHDUFK�>�@��>�@��+RZHYHU��GHEULV�VHDUFKLQJ�LV�PRUH�GLIILFXOW�
GXH�WR�WKH�VPDOO�VL]H�DQG�WKH�GLVWDQFH�RI�WKH�WDUJHWV��ZKLFK�DOVR�RIWHQ�DSSHDU�LQ�WKH�VWDUULHU�VN\�DQG�QRLVH�
SROOXWLRQ�
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7KH�DUWLFOH�WKHQ�KDV�WKUHH�REMHFWLYHV��WR�VXPPDULVH�WKH�WHFKQLTXHV�WKDW�PRVW�FORVHO\�DSSO\�WR�VPDOO�REMHFW�
GHWHFWLRQ��WR

,,��%$&.*5281'

$��&RUH�,GHDV

7KUHH� LGHDV�XQGHUSLQ� WKH�SURSRVDO�� WR�RXWOLQH� WKH�SURSRVDO¶V�SUHPLVHV�� DQG� WR�SURYLGH� WKH�EDVLV� IRU� WKH�
VXEVHTXHQW�GHYHORSPHQW��2Q�RQH�KDQG��FRQYROXWLRQDO�QHWZRUNV�OHDUQ�D�KLHUDUFK\�RI�UHSUHVHQWDWLRQV��IURP�
HGJHV�WR�EULJKW�VSRWV�WR�ZKROH�VKDSHV�>��@��UHVLGXDO�FRQQHFWLRQV�DOORZ�YHU\�GHHS�QHWZRUNV�WR�OHDUQ�HDVLO\�
>��@��6HFRQGO\��DV�LPDJHV�DUH�FRQWLQXDOO\�UHGXFHG��VRPH RI�WKH�PRVW�XVHIXO�IHDWXUHV�RI�WKH�LPDJH�EHFRPH�
WRR� VPDOO� WR� GHWHFW� HIILFLHQWO\�� WKXV� GHWHFWRUV� FDQ� EH� LPSURYHG� E\�PHUJLQJ� ILQH�UHVROXWLRQ� DQG� FRDUVH�
UHVROXWLRQ� IHDWXUHV�� DV� LV� RIWHQ�GRQH� LQ� IHDWXUH�S\UDPLGV� >��@��7KLUG�� WKHUH� DUH� UHODWLYHO\� IHZ�DQQRWDWHG
RUELWDO�LPDJHV�WR�EHJLQ�D�QHWZRUN�ZLWK��DQG�ZH�FDQ�XVH�GLIIHUHQW�VLPXODWHG�LPDJHV�WR�VXSSOHPHQW�H[LVWLQJ�
ZHLJKWV�WKDW�DUH�GHULYHG�IURP�OHDUQLQJ�RQ�FRPPRQ�LPDJHV�>��@�

%��:K\�'HEULV�,V�+DUG�WR�6HH

7KH�HVWLPDWHV�E\�(6$�SUHVHQWHG�LQ�7DEOH�,�>�@�LQGLFDWH�WKDW WKH�YDVW�PDMRULW\�RI�WKH�VPDOO�SDUWLFOHV�DUH�QRW�
WUDFNHG��ZKLOH�WKH�ODUJHU�RQHV�DUH�WUDFNHG�RQO\�UHJXODUO\�

7$%/(�,

$3352;,0$7(�'(%5,6�3238/$7,21�%<�6,=(� �528*+�(67,0$7(�2)�'(%5,6�6,=(�)25�$�
*,9(1�3238/$7,21�6,=(�

6L]H 2EMHFWV 2EVHUYDWLRQ

!���FP a������ 5DGDU�DQG�RSWLFDO�WUDFNLQJ

�±���FP a��PLOOLRQ 0RVWO\�VWDWLVWLFDO�PRGHOV

��PP±��FP a����PLOOLRQ 0RGHOOHG��LPSDFW�GDWD

0RPHQWV� UHPDLQ� XQFKDQJHG�� EXW� WKH� SRSXODWLRQV� RI� REMHFWV� \LHOG� URXQGHG� QXPEHUV�� )LJXUHV� ����� DQG�
XQGHUJRQH�VHYHUDO�PRGLILFDWLRQ�GXH�WR�WKH�UHYLVLRQ�RI�WKH�UHVSHFWLYH�PRPHQWV�

,Q�DQ�LPDJH��D�SDUWLFOH�FDQ�DSSHDU�DV�D�EULJKW�SRLQW��RU�HORQJDWHG�LQ�WKH�GLUHFWLRQ�RI�PRYHPHQW��GHSHQGLQJ�
RQ�WKH�PRYHPHQW�RI�WKH�SDUWLFOH�DQG�LWV�H[SRVXUH�OHQJWK��/RRNDOLNHV�IURP�WKHVH�SURGXFH�PDUNV��WKHLU�OLJKW�
OHYHOV� YDU\� ZLWK� WKH� FRQH� JHRPHWU\� RI� WKH� OLJKW�� DQG� UHDO� GHWHFWLRQV� DUH� PXFK� H[FHHGHG� E\� HPSW\�
EDFNJURXQG�

&��(VWDEOLVKHG�DQG�/HDUQHG�'HWHFWRUV

7UDGLWLRQDO�SLSHOLQHV�RQO\�VHOHFW�WKH�EDFNJURXQG�DQG�WKUHVKROG��9HU\ JRRG�DW�JURXSLQJ�EULJKW�SL[HOV�DQG�
ILWWLQJ�OLQHV�WR�WKHP�VRPHWLPHV�ZLWK�D�+RXJK��WUDQVIRUP��)RU�YHU\�IDLQW�WDUJHWV��VKLIW�DQG�VWDFN�DQG�0DNH�
VXPV�DQG�DGG�DORQJ�SUHGLFWHG�WUDFNV��'HWHFWRUV�IDOO�LQWR�VHYHUDO�JURXSV�RI�OHDUQHG�GHWHFWRUV��5HJLRQ�EDVHG�
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QHWZRUNV�PDNH�ILQH�WXQHG�FDQGLGDWH�ER[HV�DQG�WHQG�WR�EH�FRUUHFW�EXW�VORZHU��PDVN�EUDQFK�LV�EHWWHU�IRU�WKLQ�
ORQJ�>��@�� ORQJHU� LV�RSWLRQDO� >��@�/RQJHU� LV�RSWLRQDO� ORQJHU� >��@��VORZHU��PDVN�EUDQFK� LV�EHWWHU� IRU� WKLQ�
HORQJDWHG�>��@��VKDSHV�>�@��7KH�VLQJOH�SDVV�PRGHOV HOLPLQDWH�WKH�SURSRVDO�VWHS�DQG�7R�GLUHFWO\�SUHGLFW�IURP�
IHDWXUH�PDSV��DW�WKH�FRVW�RI�VRPH�DFFXUDF\��VSHHG�>��@��$�PRGLILHG�ORVV��IRFDO�ORVV��RU�GRZQ�ZHLJKWV�WKH�
ORVV�� DEXQGDQW� HDV\� QHJDWLYHV� >��@�� DQG� GHIRUPDEOH�DWWHQWLRQ� ,Q� RUGHU� WR� DGDSW� WKH� WUDQVIRUPHUV� WR� WKH�
VHOHFWHG�LPDJH��WKH�FRPSXWDWLRQ�LV�OLPLWHG�MXVW�WR�WKH�VHOHFWHG�LPDJH�DQG�LWV�YLFLQLW\�SURSHUWLHV��ORFDWLRQV�
>�@��'��7UDLQLQJ�'DWD�DQG�7HPSRUDO�/LQNLQJ

,W�LV�SRVVLEOH�WR�XVH�DXJPHQWDWLRQ�WR�H[SDQG�VPDOO�GDWDVHWV�>�@��3DVWLQJ�REMHFWV�LQWR�QHZ�VFHQHV�ZRUNHG�ZHOO�
IRU�VHJPHQWDWLRQ�>�@��DQG�WKH�7KH�VDPH�WHFKQLTXH�FRXOG�DOVR�EH�XVHG�WR�VXSHULPSRVH�FRPSXWHU�JHQHUDWHG�
VWUHDNV�RQWR�UHDO�VWDUV��7KH�PRVDLF�PL[LQJ�LV�WKH�PL[LQJ�RI�VHYHUDO�PRVDLF�LPDJHV��DQG�WKH�ILHOGV�LV�WR�PL[�
WKH�ILHOGV�ZLWK�LPDJHV��'HWHFWLQJ�FDQ�WKHQ�EH�FKDQQHOHG�EDFN�DQG�IRUWK�LQ�WLPH�EDVHG�RQ�IUDPH�WR�IUDPH�
6RUWLQJ� UHFRJQLWLRQ� DQG�RU� ILOWHULQJ� XVLQJ� WKH�6257�DOJRULWKP� DQG�RU� WKH�'HHS6257�H[WHQVLRQ��7KHVH�
FRXOG�EH�XVHG�DV�LQSXW�IRU�RUELW�GHWHUPLQDWLRQ�WKURXJK�WUDMHFWRULHV�

(��*DSV�DQG�4XHVWLRQV

7KUHH�JDSV�VWDQG�RXW��QR�FRPPRQ�EHQFKPDUN�RI�UHDO��UHOLDEO\�0XOWLSOH�LPDJHV�WKDW�KDYH�EHHQ�ODEHOHG��WKHUH�
LV� D� SUREOHP� ZLWK� WKH� XQLWV� XVHG� WR� PHDVXUH� WKH� PLQLPDO� UHFDOO� RI� LQFRUUHFW� DVSHFWV� RI� WKH� SDVW�� DQG�
LQFRPSOHWH�UHFDOO�DJDLQVW�WKH�LQFRUUHFW�DVSHFWV�RI�WKH�SDVW��+H�NHSW�ZULWLQJ�DODUPV�IRU�UXQ�WLPH��SDUWLFXODUO\�
RQ�ERDUG�HTXLSPHQW��7KH�SUREOHP�LQ�WKH�VWXG\�LV�WKXV��JLYHQ�����KRZ�WKH�GHWHFWRU�IDPLOLHV�&RPSDUH�ZLWK�
FODVVLFDO�PHWKRGV�RI�VPDOO�IDLQW�WDUJHWV������([WHQGV�WKH�UDQJH�RI�V\QWKHWLF�DXJPHQWDWLRQ�DQG�PXOWL�VFDOH�
IXVLRQ�KRZ�IDU�FDQ�LW�JR"�2�WUDGHRIIV�FRXOG�EH�DFKLHYHG�LQ�UHDOLW\":KDW�SRVVLEOH�DFFXUDF\±FRVW�WUDGHRIIV�
PLJKW�DULVH�LQ�SUDFWLFH"�/RRN�XS�LQWR�WKH�VN\�$UUD\V�RI�VXLWV�JURXQG�YV�RQERDUG��7KH�FRUUHVSRQGLQJ�7KH�
QXOO�K\SRWKHVHV�DUH�WKDW�WKH�OHDUQHG�GHWHFWRUV�UHFRYHU�QRWKLQJ�PRUH�WKDQ��0RUH�IDLQW�REMHFWV�WKDQ�ZRXOG�EH�
REWDLQHG�E\�WKUHVKROGLQJ�DW�WKH�VDPH�IDOVH�DODUP�UDWH��$�PXOWL�VFDOH�DWWHQWLRQ�PRGHOV�RXWSHUIRUPV�QR�EHWWHU�
WKDQ�D�VLQJOH�VFDOH�PRGHO��7R�JHW�D�JUDVS�RQ�WKLQJV��RQH�PXVW�IHDU�EDVHOLQHV��DQG�WKDW�V\QWKHWLF�GDWD�GRHV�
QRW�KHOS�RQ�UHDO�LPDJHU\�

,,,��352326('�)5$0(:25.

&KDLQ�LQ�)LJ����LV�IURP�LPDJH�FDSWXUH�WR�D�FDWDORJXH��HQWU\��7KH�FDOLEUDWLRQ�RI�WKH�UDZ�IUDPHV�LQFOXGHV�ELDV�
FDOLEUDWLRQ��GDUN�FRUUHFWLRQ�DQG�,QFRUSRUDWHV�D�IODW�ILHOG FRUUHFWLRQ��KDV�EHHQ�VXEWUDFWHG�IURP�WKH�FRVPLF�
UD\�DQG�KRW�SL[HO��KLWV��DQG�EDFNJURXQGQRUPDOLVHG��7KHQ�WUDLQLQJ�LPDJHV�DUH�FKRVHQ�IRU�WUDLQLQJ�WKH�PRGHO��
WKXV�� (QODUJHG�� KDYLQJ� SDVWHG� VWUHDNV�� QRLVLQHVV� DQG� EULJKWQHVV�� 9DULRXV� FKDQJHV� >�@�� >�@�� >�@� DQG�
UDQGRPLVHG�UHQGHULQJ�VHWWLQJ��$�UHVLGXDO�EDFNERQH�WKDW�H[WUDFW�IHDWXUHV�ZLWK�IHDWXUH�S\UDPLG�>��@��>��@��
DQG�WKH�GHWHFWLRQ�KHDG��ZKHWKHU�WKH\�DUH�RQH�VWDJH�RU�WZR�VWDJH�RU�DWWHQWLRQ�EDVHG�>�@��>��@��>��@��RXWSXWV�
ER[HV��DQG�0DVNV�RU�VWUHDN�HQG�SRLQWV��3RVWSURFHVVLQJ�ILOWHUV�ORZ�FRQILGHQFH�UHVXOWV��WUDFNV�REMHFWV�WKURXJK�
WLPH�>��@��>��@
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)LJ�����7KH�SURSRVHG�HQG�WR�HQG�GHEULV�GHWHFWLRQ�IUDPHZRUN�LV�VKRZQ�RQ�WKH�ILJXUH���

'DWD�ZLOO�EH�JDWKHUHG�E\�JURXQG�EDVHG�WHOHVFRSHV�DQG�VXUYH\V�ZRXOG�EH�XQGHUWDNHQ�FDPHUDV��WKHLU�SXEOLF�
WZR�OLQH�FDWDORJXHV�LPPHGLDWHO\�EHLQJ�XVHG�WR��DQWLFLSDWH�WKH�ORFDWLRQ�RI�IDPLOLDU�REMHFWV��ODEHO�VHTXHQFHV��
6LPXODWHG�VWDU�ILHOGV�ZLWK�DGGHG�VWUHDNV�RI�YDULHG�7KHLU�OHQJWK��GLUHFWLRQ�DQG�EULJKWQHVV�ZRXOG�FRPSOHPHQW�
WKHP��,W�LV�DOZD\V�YHULILHG�DJDLQVW�REVHUYDWLRQV�>��@�

$��3ODQQHG�([SHULPHQWV

7KH�GDWD�DUH�VSOLW�RQ�DQ�REVHUYDWLRQ�VFDOH�OHYHO�WR�DYRLG��'LVWRUWLRQ�LQ�WKH�WUDLQLQJ�DQG�WHVW�VHWV��3UH�WUDLQHG�
GHWHFWRUV�DUH�RSWLPL]HG�XVLQJ�$GDP�RSWLPL]DWLRQ�>��@�DQG�IRFDO�ORVV�>��@��$EODWLRQ�:KHQ�DQ DXJPHQWDWLRQ�
LV� UHPRYHG� V\QWKHWLFDOO\�� WKH� IHDWXUH� LV� SURYLGHG� E\� 7KH� DWWHQWLRQ� KHDG� DQG� IRFDO� ORVV� WDNH� WXUQV� WR�
S\UDPLG�3\UDPLG�WXUQV�WKH�DWWHQWLRQ�KHDG�DQG�WKH�IRFDO�ORVV��)LQDO�,Q�WKH�WHVWLQJ��KROG�RXW�UHDO�VHTXHQFHV�
ZHUH�XVHG�IROORZHG�E\�WKH�WUDFNLQJ��7KH�GHVLUHG�UHVXOWV�DUH�GHPRQVWUDWHG�LQ�WKH�VLPXODWLRQ�RQ�)LJ����
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)LJ�����6LPXODWHG�VWDU�ILHOG�IUDPH��D��DQG�GHWHFWLRQV��E���IRU�LOOXVWUDWLRQ�RQO\

5HVXOWV�ZLOO� EH� UHSRUWHG� LQ� D�&2&2�VW\OH� DYHUDJH��SUHFLVLRQ�DQG� UHOLDELOLW\� �)$5��DW� D� VSHFLILHG�)$5��
1XPEHU�RI�IDOVH�DODUPV�SHU�IUDPH��LQIHUHQFH�ODWHQF\�DQG�FHQWURLG��SRVLWLRQ�HUURU��6RPH�UDQGRP�QXPEHUV�
DQG�SDLUHG�VWDWLVWLFDO�WHVWV�GHWHFW�WUXH�OHDUQLQJ�IURP�µQRLVH¶�LQ�OHDUQLQJ

,9��&203$5$7,9(�$66(660(17

6LQFH� WKHUH� LV� QR� VKDUHG� UHDO�LPDJH�EHQFKPDUN�� WKLV� FRPSDULVRQ� LV� D�TXDOLWDWLYH� V\QWKHVLV�RI�SXEOLVKHG�
ZRUN��QRW�QHZ�PHDVXUHPHQWV�

&ODVVLFDO�PHWKRGV�DUH�IDVW�EXW�UHO\�RQ�KDQG�VHW�WKUHVKROGV�WKDW�DUH�VHQVLWLYH�WR�LPDJLQJ�FRQGLWLRQV��5HJLRQ�
EDVHG�QHWZRUNV�VXLW�RIIOLQH�FDWDORJXLQJ�>��@��ZKLOH�VLQJOH�SDVV�QHWZRUNV�ZLWK�S\UDPLGV�DQG�IRFDO�ORVV�VXLW�
WLPH�FULWLFDO�ZRUN�>��@��>��@��>��@��'HIRUPDEOH�WUDQVIRUPHUV�VKRZ�SURPLVH�IRU�WLQ\�WDUJHWV��DW�WKH�FRVW�RI�
PRUH�GDWD�DQG�FRPSXWDWLRQ�>�@��0XOWL�VFDOH�IXVLRQ��SDVWHG�VWUHDN�DXJPHQWDWLRQ�DQG�IRFDO�ORVV�HDFK�DGGUHVV�
D�SDUWLFXODU�ZHDNQHVV��EXW�WKHLU�FRPELQHG�HIIHFW�RQ�UHDO�GHEULV�LV�XQWHVWHG��*URXQG�VWDWLRQV�FDQ�DIIRUG�*38V�
DQG�GHOD\V�RI�D�IHZ�VHFRQGV��ZKHUHDV�VSDFHFUDIW�PXVW�RSHUDWH�ZLWKLQ�WLJKW�SRZHU�DQG�PHPRU\�OLPLWV��ZKHUH�
OLJKWZHLJKW�EDFNERQHV�>��@�DQG�LQWHJHU�TXDQWLVDWLRQ�>�@�KHOS��3ULRU�HYLGHQFH�VXJJHVWV� WKDW�DOO� WKUHH�QXOO�
K\SRWKHVHV�ZRXOG�EH�UHMHFWHG��EXW�WKLV�UHPDLQV�DQ�H[SHFWDWLRQ�XQWLO�UHDO�GDWD�DUH�DYDLODEOH�

9��',6&866,21

7KH� VPDOOHVW� WDUJHWV� DUH� WKH� JUHDWHVW� FKDOOHQJH�� EHFDXVH� WKH\� FDQ� GLVDSSHDU� GXULQJ� GRZQ�VDPSOLQJ��
5HPHGLHV�LQFOXGH�IHDWXUH�IXVLRQ�>��@��KLJKHU�UHVROXWLRQ�RU�WLOHG�LQSXWV��DQG�DWWHQWLRQ�WKDW�SUHVHUYHV�GHWDLO�
>�@��ZKLOH�VHJPHQWDWLRQ�PDVNV�RU�HQG�SRLQW�SUHGLFWLRQ�GHVFULEH�ORQJ�WUDLOV�EHWWHU�WKDQ�ER[HV�>�@��6\QWKHWLF�
GDWD�LV�DSSHDOLQJ�EHFDXVH�ODEHOV�DUH�IUHH��EXW�D�PRGHO�PD\�OHDUQ�TXLUNV�RI�WKH�VLPXODWRU��YDULHG�UHQGHULQJ��
PL[LQJ�LQ�UHDO�IUDPHV�DQG�ILQH�WXQLQJ�RQ�UHDO�GDWD�OHVVHQ�WKDW�ULVN�>��@�

9,��/,0,7$7,216

1R�QHZ�H[SHULPHQWV�ZHUH�FRQGXFWHG��$OO�FRPSDULVRQV�FRPH�IURP�JHQHUDO�SXUSRVH�EHQFKPDUNV�DQG�UHODWHG�
VWXGLHV��VR�SHUIRUPDQFH�LQ�UHDO�RUELWDO�FRQGLWLRQV�PD\�GLIIHU�

9,,��&21&/86,21

7KH�DUWLFOH�RXWOLQHG�D�SURFHVVLQJ�FKDLQ�IRU�LGHQWLI\LQJ�VPDOO��IDLQW�GHEULV�LQ�LPDJHV��WRJHWKHU�ZLWK�D�SODQ�
IRU�WHVWLQJ�LW��2Q�FXUUHQW�HYLGHQFH��VLQJOH�VWDJH�GHWHFWRUV�ZLWK�PXOWL��VFDOH�IHDWXUHV�DQG�UHDOLVWLF�V\QWKHWLF�
WUDLQLQJ� ORRN� OLNH� D� VHQVLEOH� VWDUWLQJ� SRLQW� ZKHQ� VSHHG� DQG� UHFDOO� ERWK� PDWWHU�� ZKLOH� WZR�VWDJH� DQG�
WUDQVIRUPHU�PRGHOV�PD\�VXLW�RIIOLQH�SURFHVVLQJ��7KHVH�UHPDLQ�H[SHFWDWLRQV��QRW�UHVXOWV�

3ULRULWLHV�IRU�IXWXUH�ZRUN�DUH�DQ�RSHQ��PXOWL�VHQVRU��ODEHOOHG�EHQFKPDUN��UHFDOO�UHSRUWHG�DW�IL[HG�IDOVH�DODUP�
UDWHV�RQ�KHOG�RXW�UHDO�VHTXHQFHV��GLUHFW�FRPSDULVRQ�RI�V\QWKHWLF�DQG�UHDO�VHQVRU�GDWD��WHPSRUDO�WUDFNLQJ�WR�
VXSSUHVV�LVRODWHG�IDOVH�DODUPV��DQG�FRPSDFW��TXDQWLVHG�PRGHOV�IRU�RQERDUG�XVH�
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5()(5(1&(6

΀ϭ΁ (6$�6SDFH�'HEULV�2IILFH��³(6$¶V�DQQXDO�VSDFH�HQYLURQPHQW�UHSRUW�´�(XURSHDQ�6SDFH�$JHQF\�������

΀Ϯ΁ *��*KLDVL�HWDO���³6LPSOH�FRS\�SDVWH�LV�D�VWURQJ�GDWD�DXJPHQWDWLRQ�PHWKRG�IRU�LQVWDQFH�VHJPHQWDWLRQ�´�
LQ�3URF�,(((�&9)&RQI�&RPSXW�9LV�3DWWHUQ5HFRJQLW���&935���������SS������±�����

΀ϯ΁ ;��=KX��:��6X��/��/X��%��/L��;��:DQJ��DQG�-��'DL��³'HIRUPDEOH�'(75��'HIRUPDEOH�WUDQVIRUPHUV�IRU�
HQG�WR�HQG�REMHFW�GHWHFWLRQ�´�LQ�3URF��,QW��&RQI��/HDUQ��5HSUHVHQWDWLRQV�,&/5��������

΀ϰ΁ $��%RFKNRYVNL\��&��<��:DQJ��DQG�+��<��0��/LDR��³<2/2Y���2SWLPDO�VSHHG�DQG�DFFXUDF\�RI�REMHFW�
GHWHFWLRQ�´�DU;LY������������������

΀ϱ΁ 0��.LVDQWDO��6��6KDUPD��7��+��3DUN��'��,]]R��0��0lUWHQV��DQG�6��'¶$PLFR��³6DWHOOLWH�SRVH�HVWLPDWLRQ�
FKDOOHQJH��'DWDVHW��FRPSHWLWLRQ�GHVLJQ��DQG�UHVXOWV�´�,(((7UDQV��$HURVS�(OHFWURQ�6\VW���YRO������QR��
���SS������±�����������

΀ϲ΁ &�� 6KRUWHQ� DQG�7��0�� .KRVKJRIWDDU�� ³$� VXUYH\� RQ� LPDJH� GDWD� DXJPHQWDWLRQ� IRU� GHHS� OHDUQLQJ�´�
-�%LJ'DWD��YRO�����QR�����S�����������

΀ϳ΁ %�� -DFRE� HWDO��� ³4XDQWL]DWLRQ� DQG� WUDLQLQJ� RI� QHXUDO� QHWZRUNV� IRU� HIILFLHQW� LQWHJHUDULWKPHWLF�RQO\�
LQIHUHQFH�´�LQ�3URF��,(((�&RQI��&RPSXW�9LV��3DWWHUQ�5HFRJQLW���&935���������SS������±�����

΀ϴ΁ 6��6KDUPD��&��%HLHUOH��DQG�6��'¶$PLFR��³3RVH�HVWLPDWLRQ�IRU�QRQ�FRRSHUDWLYH�VSDFHFUDIW�UHQGH]YRXV�
XVLQJ�FRQYROXWLRQDO�QHXUDO�QHWZRUNV�´�LQ�3URF�,((($HURVS��&RQI���������SS���±���

΀ϵ΁ .�� +H�� *�� *NLR[DUL�� 3�� 'ROOiU�� DQG� 5�� *LUVKLFN�� ³0DVN� 5�&11�´� LQ� 3URF�,(((,QW�&RQI��
&RPSXW�9LV��,&&9���������SS������±�����

΀ϭϬ΁ $�� *�� +RZDUG� HWDO��� ³0RELOH1HWV�� (IILFLHQW� FRQYROXWLRQDO� QHXUDO� QHWZRUNV� IRU� PRELOH� YLVLRQ�
DSSOLFDWLRQV�´�DU;LY������������������

΀ϭϭ΁ 7��<��/LQ��3��'ROOiU��5��*LUVKLFN��.��+H��%��+DULKDUDQ��DQG�6��%HORQJLH��³)HDWXUH�S\UDPLG�QHWZRUNV�
IRU� REMHFW� GHWHFWLRQ�´� LQ� 3URF�,(((&RQI�&RPSXW�9LV�3DWWHUQ� 5HFRJQLW��&935��� ������ SS�� ����±
�����

΀ϭϮ΁ 7��<��/LQ��3��*R\DO��5��*LUVKLFN��.��+H��DQG�3��'ROOiU�� ³)RFDO� ORVV� IRU�GHQVH�REMHFW�GHWHFWLRQ�´� LQ�
3URF�,(((,QW�&RQI�&RPSXW�9LV��,&&9���������SS������±�����

΀ϭϯ΁ 6��5HQ��.��+H��5��*LUVKLFN��DQG�-��6XQ�� ³)DVWHU�5�&11��7RZDUGV� UHDO�WLPH�REMHFW�GHWHFWLRQ�ZLWK�
UHJLRQ�SURSRVDO�QHWZRUNV�´�,(((7UDQV�3DWWHUQ$QDO�0DFK�,QWHOO���YRO������QR�����SS������±�����������

΀ϭϰ΁ -��7RELQ�HWDO���³'RPDLQ�UDQGRPL]DWLRQ�IRU�WUDQVIHUULQJ�GHHS�QHXUDO�QHWZRUNV�IURP�VLPXODWLRQ�WR�WKH�
UHDO�ZRUOG�´�LQ�3URF�,(((�56-,QW�&RQI�,QWHOO�5RERWV6\VW��,526���������SS����±���

΀ϭϱ΁ 1��:RMNH��$��%HZOH\��DQG�'��3DXOXV��³6LPSOH�RQOLQH�DQG�UHDOWLPH�WUDFNLQJ�ZLWK�D�GHHS�DVVRFLDWLRQ�
PHWULF�´�LQ�3URF�,(((,QW�&RQI�,PDJH3URFHVV��,&,3���������SS������±�����

΀ϭϲ΁ $�� %HZOH\�� =�� *H�� /�� 2WW�� )�� 5DPRV�� DQG� %�� 8SFURIW�� ³6LPSOH� RQOLQH� DQG� UHDOWLPH� WUDFNLQJ�´� LQ�
3URF�,(((,QW�&RQI�,PDJH3URFHVV��,&,3���������SS������±�����
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΀ϭϳ΁ .�� +H�� ;�� =KDQJ�� 6� 5HQ�� DQG� -�� 6XQ�� ³'HHS� UHVLGXDO� OHDUQLQJ� IRU� LPDJH� UHFRJQLWLRQ�´� LQ�
3URF�,(((&RQI�&RPSXW�9LV�3DWWHUQ5HFRJQLW��&935���������SS�����±����

΀ϭϴ΁ -��5HGPRQ��6��'LYYDOD��5��*LUVKLFN��DQG�$��)DUKDGL��³<RX�RQO\�ORRN�RQFH��8QLILHG��UHDO��WLPH�REMHFW�
GHWHFWLRQ�´�LQ�3URF�,(((&RQI�&RPSXW�9LV�3DWWHUQ5HFRJQLW��&935���������SS�����±����

΀ϭϵ΁ '�� 3�� .LQJPD� DQG� -�� %D�� ³$GDP�� $� PHWKRG� IRU� VWRFKDVWLF� RSWLPL]DWLRQ�´� LQ� 3URF�,QW��
&RQI�/HDUQ�5HSUHVHQWDWLRQV�,&/5��������

΀ϮϬ΁ <��/H&XQ��<��%HQJLR��DQG�*��+LQWRQ��³'HHS�OHDUQLQJ�´�1DWXUH��YRO�������QR��������SS�����±����������

΀Ϯϭ΁ 7��<�� /LQ� HWDO��� ³0LFURVRIW� &2&2�� &RPPRQ� REMHFWV� LQ� FRQWH[W�´� LQ� 3URF�(XU�&RQI��
&RPSXW�9LV��(&&9���������SS�����±����

΀ϮϮ΁ -��&��/LRX�DQG�1��/��-RKQVRQ��³5LVNV�LQ�VSDFH�IURP�RUELWLQJ�GHEULV�´�6FLHQFH��YRO�������QR��������SS��
���±����������

΀Ϯϯ΁ '��-��.HVVOHU�DQG�%��*��&RXU�3DODLV��³&ROOLVLRQ�IUHTXHQF\�RI�DUWLILFLDO�VDWHOOLWHV��7KH�FUHDWLRQ�RI�D�
GHEULV�EHOW�´�-�*HRSK\V�5HV���YRO������QR��$���SS������±�����������


