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%\�5RVHPDU\�&RRN��$SSOLHG�5HVHDUFK�DQG�(QJLQHHULQJ�6FLHQFHV��$5(6��&RUSRUDWLRQ6FRWW�$ODQ�-RQHV��([HFXWLYH�93�7HFKQRORJ\��'HFLVLRQ�6\VWHPV��,QF�
5HFRJQL]LQJ� WKH� JURZLQJ� QHHG� IRU ERWK� D� XQLILHG�SUREOHP� VROYLQJ� PHWKRGRORJ\� IRU� UHVROYLQJ� DQG�KHDGLQJ�RII�RSHUDWLRQV�SUREOHPV��DQG�D�XQLILHG�V\VWHP�IRU�FDVH�DQG�VROXWLRQ�GDWD�WR�EH�DUFKLYHG�IRU�LPPHGLDWH�OHVVRQV� OHDUQHG� DFFHVV� ZLWKLQ� WKH� DHURVSDFH� LQGXVWU\��7KH� $5(6� &RUSRUDWLRQ� VWXGLHG�� WHVWHG� DQG� HYDOXDWHG�DYDLODEOH� WHFKQRORJLHV� IRU� GHSOR\PHQW�� &ULWLFDO� GDWD�TXDOLW\� HOHPHQWV� RI� YHULILDEOH� DFFXUDF\�� FRQVLVWHQF\��REMHFWLYLW\�� UHOLDELOLW\� DQG� UHOHYDQF\� GRPLQDWHG� WKHLU�FRQFHUQV�� 7KLV� SDSHU� GHWDLOV� WKH� FULWHULD� WKDW� ZHUH�GHYHORSHG� DQG� HVWDEOLVKHG� WR� VWXG\� DQG� HYDOXDWH� URRW�FDXVH� DQDO\VLV� PHWKRGRORJ\� DQG� OHVVRQV� OHDUQHG�FRQFHSWV��DQG�H[SODLQV�KRZ�WKH�QHZ�V\VWHP�VRRQ�WR�EH�

GHSOR\HG� PHHWV� WKRVH� FULWHULD� WR� LPSURYH� DQG� XQLI\�PLVVLRQ� SUREOHP� VROYLQJ� FDSDELOLWLHV�� ,Q� WKH� VWXG\��FULWHULRQ� IRU� GDWD� TXDOLW\� ZDV� UDQNHG� KLJKHVW� LQ�LPSRUWDQFH�� &ULWLFDO� HOHPHQWV� RI� GDWD� DFFXUDF\� DQG�FRPSOHWHQHVV��DQG�WKHLU�UHOHYDQFH�WR�HIIHFWLYH�VROXWLRQV�DQG�UHVSRQVH�DUH�H[DPLQHG��5HOHYDQF\�RI�WKH�FULWHULD�WR�WKH�DHURVSDFH�LQGXVWU\��DV�WKH\�LPSDFW�SURFHVVHV��JRDOV�DQG�VWUDWHJLHV�IRU�RSHUDWLRQV�UHOLDELOLW\�LV�GLVFXVVHG��7KH�PHWKRGRORJ\�DQG�OHVVRQV�OHDUQHG�GHVLJQ�FDSDELOLWLHV�RI�WKH� QHZ� 5RRW� &DXVH� $QDO\VLV� DQG� /HVVRQV� /HDUQHG�6\VWHP� DUH� H[SODLQHG� DQG� LOOXVWUDWHG� DV� WKH\� DSSO\� WR�WKH�VDWLVIDFWLRQ�RI�WKH�HYDOXDWLRQ�VWXG\�FULWHULD��DV�ZHOO�DV�WKH�DFWXDO�SUREOHP�VROYLQJ�SURFHVV�

3DSHU�������������



3DJH����
$PHULFDQ�,QVWLWXWH�RI�$HURQDXWLFV�DQG�$VWURQDXWLFV

(67$%/,6+,1*�&5,7(5,$�)25�(9$/8$7,1*�$�352%/(0�62/9,1*�6<67(0
�3UHSDUHG�IRU�SUHVHQWDWLRQ�DW�WKH�$,$$�6SDFH������&RQIHUHQFH�DQG�([SRVLWLRQ�
%\�5RVHPDU\�&RRN��$SSOLHG�5HVHDUFK�DQG�(QJLQHHULQJ�6FLHQFHV��$5(6��&RUS�+RXVWRQ��7H[DV6FRWW�$ODQ�-RQHV��([HFXWLYH�93�7HFKQRORJ\��'HFLVLRQ�6\VWHPV��,QF���/RQJYLHZ��7H[DV
5HFHQWO\�WKH�$5(6�&RUSRUDWLRQ�HVWDEOLVKHG�FULWHULD�IRU�DQ� LQGXVWU\� WHDP� WKDW� ZDV� FKDUJHG� ZLWK� WKH� WDVN� RI�HYDOXDWLQJ� WKH� YDULRXV� URRW� FDXVH DQDO\VLV� DQG� OHVVRQV�OHDUQHG��SUREOHP�VROYLQJ�DQG�HQJLQHHULQJ�V\VWHPV�WKDW�ZHUH� DYDLODEOH�� DV� ZHOO� DV� H[LVWLQJ� DQDO\VLV� PHWKRGV�EHLQJ�XVHG�ZLWKLQ� WKH�DHURVSDFH� LQGXVWU\��7KH�SURFHVV�IRU� HVWDEOLVKLQJ� FULWHULD� IRU� WKH� VHOHFWLRQ� RI� D� V\VWHP�FRQVLVWV� RI� ��� GHWHUPLQLQJ� ZKDW� LV� H[SHFWHG� IURP� WKH�V\VWHP�� DQG���� WKHQ�GHWHUPLQLQJ�ZKDW� V\VWHPV� FULWHULD�ZLOO�SURYLGH� WKH� IXQFWLRQV�WKDW�ZLOO�EHVW�SURGXFH�WKRVH�H[SHFWDWLRQV��7KH�PDQQHU�LQ�ZKLFK�WKH�V\VWHP�SURGXFHV�LWV� UHVXOWV�� DQG� WKH� TXDOLW\� RI� WKRVH� UHVXOWV� DUH� WKHQ� DIXQFWLRQ� RI� WKH� H[WHQW� WR� ZKLFK� WKH� V\VWHP�PHHWV� WKH�FULWHULD�
7KH� 7HDP� GHWHUPLQHG� IRXU� IXQGDPHQWDO� DFWLYLWLHV� LQ�ZKLFK�FULWLFDO�TXDOLW\�FRQVLGHUDWLRQV�ZRXOG� LPSDFW� WKH�VXFFHVV� RI� WKH� URRW� FDXVH� DQDO\VLV� DQG� OHVVRQV� OHDUQHG�V\VWHP�� FROOHFWLRQ� RI� GDWD�� DQDO\VLV� RI� GDWD��FRPPXQLFDWLRQ� RI� GDWD�� DQG� DUFKLYLQJ� RI� GDWD�� 7KHVH�LQWHUUHODWHG�DQG�LQWHUGHSHQGHQW�IXQFWLRQV�ZHUH�EHOLHYHG�WR� EH� HTXDOO\� FULWLFDO� WR� VXFFHVV�� 1RQH�WKH�OHVV�� D�KLHUDUFKLFDO�FULWHULD�VWUXFWXUH�ZDV�DGRSWHG��UHFRJQL]LQJ�WKDW�QR�DPRXQW�RI�DQDO\VLV�DQG�UHSRUWLQJ�ULJRU�ZRXOG�EH�DEOH� WR� UHPHG\�RU�FRPSHQVDWH� IRU� WKH� ODFN�RI�DFFXUDWH�DQG�FRPSOHWH�GDWD��
/DWHU��ZH�ZLOO�EH�H[SODLQLQJ�DQG�GHPRQVWUDWLQJ�KRZ�WKH�V\VWHP� WKDW� ZDV� VHOHFWHG� IRU� GHSOR\PHQW� PHHWV� WKH�IROORZLQJ� VHW� RI� FULWHULD�� )RU� WKH� UHDGHU�� ZH� KDYH�SURYLGHG� D� FULWHULD� GRFXPHQW� IRU� UHIHUHQFH�� DQG� DUH�SURYLGLQJ�UHIHUHQFH�FRGLQJ�LQ�WKH�WH[W�
7HFKQLFDO�$FFXUDF\�RI�'DWD���&DWHJRU\��7KH� HYDOXDWLQJ�7HDP�SODFHG� KLJKHVW� SULRULW\� XSRQ� WKH�WHFKQLFDO�DFFXUDF\�RI�WKH�GDWD�WKDW�ZHUH�WR�EH�SURGXFHG�E\� WKH� SUREOHP� VROYLQJ� PHWKRG�� 2I� WKH� FULWHULD�DVVRFLDWHG�ZLWK� GDWD� TXDOLW\�� WKH� DELOLW\� RI� WKH�SURFHVV�LWVHOI�WR�YDOLGDWH�WKH�DFFXUDF\�DQG�UHOHYDQF\�RI�WKH�GDWD�

ZDV�DVVLJQHG�WKH�KLJKHVW�SULRULW\��������7KH�XWLOLW\�RI�D�EXLOW�LQ�� SURFHGXUDO� SURFHVV� WKDW� ZRXOG� UHTXLUH�LQYHVWLJDWRUV�WR�JDWKHU�DGHTXDWH�GDWD�E\�GULYLQJ�WKHP�WR�V\VWHPLF� URRW� FDXVHV� ZDV� IHOW� WR� EH� WKH� QH[W� PRVW�VLJQLILFDQW� GHVLUHG� FDSDELOLW\� ZLWKLQ� WKH� PHWKRGRORJ\�������7KH�FDSDELOLWLHV�WR�UHOLDEO\�ILOWHU�RXW�LUUHOHYDQFLHV�WKURXJK�DSSOLFDWLRQ�RI�SURFHVV��������DQG�WR�LGHQWLI\�WKH�QHHG� WR� DFTXLUH� DGGLWLRQDO� LQIRUPDWLRQ� ZKHQ�DSSURSULDWH� ������ ZHUH� FRQVLGHUHG� LPSRUWDQW� NH\V� WR�JHQHUDWLQJ� WHFKQLFDO� DFFXUDF\� RI� WKH� GDWD�� DQG� ZHUH�DVVLJQHG�KLJK�SULRULW\�DV�ZHOO�
,Q� VXPPDU\�� UHOHYDQW� FULWHULD� IRU� WHFKQLFDO� DFFXUDF\�GHVFULEHV� D� V\VWHP� ZLWK� ULJRU� WKDW� WKURXJK� UHSHDWDEOH�SURFHVV�JHQHUDWHV�DQG�YDOLGDWHV� DFFXUDWH�DQG�FRPSOHWH�GDWD�IRU�SUREOHP�VROYLQJ�GHFLVLRQ�VXSSRUW�
8VHU�)ULHQGO\�6RIWZDUH��&DWHJRU\���1RW� VXUSULVLQJ�� WKH� HYDOXDWLRQ� 7HDP� SODFHG� WKH� QH[W�KLJKHVW RYHUDOO�SULRULW\��DIWHU�WHFKQLFDO�DFFXUDF\�RI�GDWD��RQ� WKH�QHHG� IRU� WKH�V\VWHP�WR�EH�XVHU� IULHQGO\��:LWKLQ�WKDW�FDWHJRU\��WKH\�SULRULWL]HG�(DVH�RI�8VH��������ZKLFK�WKH\�GHVFULEHG�DV�³HDV\�WR�XQGHUVWDQG�DQG�ZRUN�WKURXJK�ORJLF´�� WKH� KLJKHVW� VLQJOH� SULRULW\� FULWHULRQ� ZLWKLQ� WKH�HQWLUH� HYDOXDWLRQ� VWDQGDUG�� 7KUHH� DGGLWLRQDO� FULWHULD�ZHUH� GHYHORSHG� WR� GHVFULEH� DQG� DVVHVV� WKH� XVHU�IULHQGOLQHVV� RI� WKH� VRIWZDUH� V\VWHP�� PLQLPXP� WLPH�UHTXLUHG�WR�LQSXW�GDWD��������PLQLPXP�WLPH�WR�JHQHUDWH�UHSRUWV� ������� DQG� XQGHUVWDQGDEOH� FDXVH� FRGH� OD\RXW�������
)RU� HIILFLHQF\�� WKH�7HDP� VRXJKW� WKH� FDSDELOLW\� IRU� WKH�VRIWZDUH� V\VWHP� LWVHOI� WR� DXWRPDWLFDOO\� JHQHUDWH�DQDO\VLV� UHSRUWV�� LQFOXGLQJ� QDUUDWLYHV� ������ DQG� IDXOW�WUHHV�IORZ�FKDUWV�WR�YLVXDOO\�GLVSOD\�FDXVHV�DQG�OLQNV�LQ�HUURU� FKDLQV� ������� ,Q� VXPPDU\�� WKH� 7HDP� ZDQWHG� D�V\VWHP� WKDW� IDFLOLWDWHG� H[DFW� DQVZHUV�ZLWK� D�PLQLPXP�RI�WLPH�DQG�HIIRUW��DQG�ZLWKRXW�V\VWHP�LPSHGLPHQWV�
$QDO\VLV�RI�'DWD���&DWHJRU\���&RQILGHQW� WKDW� WKH� SUHFHGLQJ� FULWHULD� ZRXOG� TXLFNO\�SURGXFH� WKH�OHYHO�RI�GDWD QHFHVVDU\�WR�VXSSRUW�PLVVLRQ�FULWLFDO�GHFLVLRQV��WKH�7HDP�GHYLVHG�FULWHULD�GHVLJQHG�WR�SURYLGH�UHOLDEOH�GHFLVLRQ�VXSSRUW�IRU�LPPHGLDWH�UHVROYH�RI� SUREOHPV�� DV� ZHOO� DV� HDUO\� GHWHFWLRQ� RI� GHYHORSLQJ�SUREOHPV� LQ� SURFHVVHV�� 7R� IRVWHU� WKH� FDSDELOLW\� WR�UHVSRQG TXLFNO\� WR� LGHQWLILHG� LPPHGLDWH� SUREOHPV�� D�FULWHULRQ� ZDV� HVWDEOLVKHG� WKDW� FDOOHG� IRU� VRPH�SURFHGXUDO� ZD\� WR� REMHFWLYHO\� PHDVXUH� DQG� FRPSDUH�DYDLODEOH�VROXWLRQ�RSWLRQV�DQG�DFWLRQ�SODQV��LQ�RUGHU�WR�DVVHVV� WKHLU�SRWHQWLDO� IRU� LPPHGLDWH�SUHYHQWLRQ�EHQHILW�
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DQG� WKHLU� RYHUDOO� FRQWURO� LPSDFW� XSRQ� WKH� LGHQWLILHG�SUREOHP� V\VWHP� ������� 7KH� 7HDP� HVWDEOLVKHG� WZR�DGGLWLRQDO� DQDO\VLV� FULWHULD� LQWHQGHG� WR� SURYLGH� WKH�PHDQV� WR� GHWHFW� HDUO\� GHYHORSLQJ� WUHQGV�� DQDO\VLV�FDSDELOLW\� WR� LGHQWLI\� FRPPRQ� FDXVHV� ������� DQG� WKH�DELOLW\�WR�UHVHDUFK�UHVXOWV�RI�VLPLODU�XQGHVLUHG�RXWFRPHV�������
$UFKLYLQJ�DQG�&RPPXQLFDWLRQ�RI�'DWD���&DWHJRULHV���DQG���2QO\� RQH� HYDOXDWLRQ� FULWHULRQ� ZDV� HVWDEOLVKHG� IRU�DFFHVVLELOLW\�RI�GDWD��+RZHYHU��LW�ZDV�DVVLJQHG�WKH�VDPH�KLJK� SULRULW\� WKDW� ZDV� DVVLJQHG� (DVH� RI� 8VH�� 7KH�FULWHULRQ�FDOOHG� IRU�³'DWD�YLHZDEOH� WR�DOO� ORFDWLRQV�YLD�WKH�:HE´���������7KXV��WKH�WKUHH�KLJKHVW�SULRULW\�LVVXHV�SLQSRLQWHG�E\�WKH�FULWHULD�GHVFULEH�D�XVHU�IULHQGO\��HDV\�WR� XVH� V\VWHP� WKDW� ZLOO� JHQHUDWH� WHFKQLFDOO\� DFFXUDWH�GDWD� WKDW� FDQ� EH� EURDGO\� DFFHVVHG� E\� DOO� IDFLOLWLHV� DQG�SHUVRQQHO�YLD�WKH�:HE�
$V�DQ�DGMXQFW�WR�WKH�FULWHULRQ�UHTXLULQJ�HDV\�DQG�EURDG�DFFHVV�WR�WKH�GDWD��WKH�7HDP�DGRSWHG�DGGLWLRQDO�FULWHULD�IRU�D�V\VWHP�WKDW�ZRXOG�SURYLGH�DGDSWDELOLW\�WR�H[LVWLQJ�V\VWHPV�� ,QWHJUDWLRQ� ZLWK� H[LVWLQJ� GDWDEDVHV� �������([SRUW�LPSRUW� FDSDELOLWLHV� ������� DQG� ,QFRUSRUDWLRQ� RI�H[LVWLQJ�FDXVH�FRGHV�������
1RZ� OHW¶V� VHH� KRZ� WKHVH� FULWHULD� WUDQVODWH� LQWR�IXQFWLRQDO�XWLOLW\��:H�DUH�JRLQJ�WR�WDNH�\RX�WKURXJK�WKH�LQWHJUDWHG�SURFHVV�WKDW� LV�SURYLGHG�WKURXJK�DSSOLFDWLRQ�RI� WKH� VHOHFWHG� URRW� FDXVH� DQDO\VLV� V\VWHP�� $V� ZH�H[SHULHQFH� WKH� SURFHVV� WRJHWKHU�� ZH�ZLOO� QRWH� IRU� \RX�ZKHQ�WKH�IXQFWLRQ�RI�WKH�VRIWZDUH�GLUHFWO\�UHODWHV�WR�WKH�VDWLVIDFWLRQ�RI� WKH� FULWHULD� UHTXLUHPHQWV��7KHQ�ZH�ZLOO�KDYH� D� FKDQFH� WR� GLVFXVV� DQG� DGGUHVV� TXHVWLRQV�UHJDUGLQJ�WKH�ORQJ�UDQJH�LPSOLFDWLRQV�RI�WKH�FULWHULD�DQG�WKH�GDWD�SURGXFHG�E\�WKH�V\VWHP�
6DWLVI\LQJ�WKH�&ULWHULD�5HTXLUHPHQWV:H� KDYH� FKRVHQ� DQ� H[DPSOH� SUREOHP� WKDW� GHDOV� ZLWK�HYHU\GD\� HOHPHQWV� WKDW� GR� QRW� UHTXLUH� PRUH� WKDQ�HYHU\GD\�NQRZOHGJH�RU�H[SHULHQFH��DOWKRXJK�WKH�V\VWHP�DSSOLHV� MXVW� DV� YDOLGO\� WR�FRPSOH[� VSDFH� LVVXHV�� H[RWLF�

SURFHVVHV��DQG�KRVWLOH�HQYLURQPHQWV��/HW�PH�TXLFNO\�WHOO�\RX�ZKDW�KDSSHQHG��
&DVH�)DFWV�
³3DXO�� D� UHODWLYHO\� QHZ� QLJKW� VKLIW� HPSOR\HH�� DUULYHG�ODWH�IRU�ZRUN�DJDLQ���+LV�VXSHUYLVRU�ZDV�DQJU\���+H�WROG�3DXO� WKDW� WKH\�ZRXOG�QHHG� WR� GLVFXVV�KLV� UHSHDWHG� ODWH�DUULYDOV� DIWHU� WKH� VKLIW�� EXW� ILUVW�� 3DXO�QHHGHG� WR� UHIXHO�WKH� IRUNOLIW�� 7KH� 6XSHUYLVRU� H[SODLQHG� WKDW� WKHUH�ZHUH�VHYHUDO� SUREOHPV� ZLWK� WKH� IRUNOLIW�� � 7KH� OLJKWV� RQ� WKH�IRUNOLIW�GLG�QRW�ZRUN��7KH�VXSHUYLVRU�ZDUQHG�3DXO� WKDW�WKHUH�ZDV� D� OHDN� LQ� WKH� IXHO� OLQH� EHWZHHQ� WKH� IXHO� OLQH�FRXSOLQJ� DQG� WKH� WDQN�� � ,W�ZRXOG� OHDN� RQO\� GXULQJ� WKH�UHIXHOLQJ�SURFHVV��%RWK�SUREOHPV�KDG�EHHQ� WXUQHG� LQWR�PDLQWHQDQFH��EXW�WKH�IRUNOLIW�KDG�EHHQ�UHWXUQHG�ZLWKRXW�EHLQJ�UHSDLUHG��7KH�VXSHUYLVRU� WROG�3DXO� WKDW� LW�VKRXOG�QRW� EH� D� SUREOHP� EHFDXVH� WKHUH� ZHUH� OLJKWV� DW� WKH�IXHOLQJ�GHSRW�WKDW�ZRXOG�DXWRPDWLFDOO\�VZLWFK�RQ�ZKHQ�LW� EHFDPH�GDUN�� �7KH� VXSHUYLVRU�H[SODLQHG� WKH�SURFHVV�IRU� UHIXHOLQJ�� FRXSOH� XS� WR� WKH� SXPS�� SXVK� WKH� VLQJOH�VWDUW�VWRS� EXWWRQ� WR� EHJLQ� IXHOLQJ��ZDWFK� WKH� JDXJH�RQ�WKH�IRUNOLIW�DQG�SUHVV�WKH�EXWWRQ�DJDLQ�WR�VWRS�ZKHQ�WKH�WDQN�LV�IXOO���$V�3DXO�GURYH�RXW�RI�WKH�SODQW�WKURXJK�WKH�ED\� GRRUV�� KH� FRXOG� VHH� WKH� RXWOLQH� RI� WKH� UHIXHOLQJ�GHSRW� LQ� WKH� GLVWDQFH�� 7KH� VXQ�ZDV� MXVW� VHWWLQJ� DQG� LW�ZDV� JHWWLQJ� GDUN�� � 3DXO� FRQWLQXHG� WR� WKH� UHIXHOLQJ�VWDWLRQ�� � :KHQ� KH� DUULYHG� LW� ZDV� FRPSOHWHO\� GDUN��KRZHYHU� WKH� DXWR�OLJKWV� KDG� QRW� VZLWFKHG� RQ�� +H�FRXSOHG�XS�E\� IHHO�� DQG� VWDUWHG� WKH�SXPS�� �3DXO�FRXOG�QRW�VHH�WKH�JDXJH�WR�NQRZ�ZKHQ�WKH�WDQN�ZDV�IXOO���3DXO�ZDV�ZRUULHG� DERXW� KLV� MRE��ZKDW� WKH� VXSHUYLVRU�PLJKW�VD\�� WD[HV�� DQG� WKH� QHZ� EDE\� RQ� WKH� ZD\�� � $W� WKDW�PRPHQW�KH�KDG�D�GHFLVLRQ�WR�PDNH��ZRXOG�KH�JR�EDFN�WKURXJK�WKH�SLWFK�EODFN�QLJKW�WR�KLV�DQJU\�IRUHPDQ�DQG�WHOO� KLP� WKDW�KH�GLG�QRW�JHW�KLV� MRE�GRQH��RU�ZRXOG�KH�FRPH�XS�ZLWK�DQRWKHU�ZD\�WR�JHW�WKH�MRE�GRQH"� +H�WULHG�MRVWOLQJ�WKH�WDQN��WDSSLQJ�RQ�WKH�WDQN�WR�VHH�LI�KH�FRXOG�KHDU�ZKHQ�LW�ZDV�IXOO���3DXO�WKRXJKW��³LI�,�FRXOG�MXVW�JHW�HQRXJK�OLJKW�RQ�WKH�JDXJH�IRU�D�PRPHQW��WKHQ�,�ZRXOG�EH� DEOH� WR� HVWLPDWH� KRZ� ORQJ� LW�ZRXOG� WDNH� WR� ILOO� WKH�WDQN�´� � 6R�� 3DXO� OLW� D� PDWFK�� � $� IXHO� JDV� H[SORVLRQ�UHVXOWHG�� 3DXO� ZDV� VHULRXVO\� EXUQHG�´��

7R� EHJLQ�� RXU� IRFXV� ZLOO� EH� RQ WKH� &ULWHULRQ� ���� WKDW�UHTXLUHG� D�EXLOW�LQ�SURFHVV� WKDW�JXLGHV� WKH� LQYHVWLJDWRU�WR� JDWKHU� DGHTXDWH� GDWD�� 7KH� H[SHUW� V\VWHP� VRIWZDUH�VWDUWV� WKLV� SURFHVV� E\� JXLGLQJ� WKH� LQYHVWLJDWRU� WR�DFFXUDWHO\� DQG� SUHFLVHO\� H[SUHVV� WKH� SUREOHP�� DV� D�FKDQJH��RU�D�FRQGLWLRQ�RU�DQ�LQ�DFWLRQ�
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%HFDXVH� WKH� H[SORVLRQ� LV� D� GUDPDWLF� H[DPSOH� RI� D�FKDQJH��ZH�ZLOO�FOLFN�&KDQJH�
,Q�UHVSRQVH��WKH�VRIWZDUH�SURYLGHV�D�ZRUN�DUHD�WR�EHJLQ�JDWKHULQJ� UHOHYDQW� LQIRUPDWLRQ�� D� FDXVH� VHW� DUHD�� DQ�DGYLVH�DUHD�LQ�ZKLFK�TXHVWLRQV�DQG�FRXQVHO�DUH�SURYLGHG�WR�NHHS� WKH�DQDO\VLV�RQ� WUDFN��DQG�D� WHPSODWH�DUHD� WKDW�

JXLGHV� WKH�XVHU� WR�FOHDUO\�VWDWH�WKH�GDWD��7KH�LGHD�LV� WR�ORRN�RQH�VWHS�DW�D�WLPH�DW�WKH�V\VWHP�WKDW�SURGXFHG�WKH�SUREOHP��
7KH�6HW�$UHD�GLVSOD\V�WKH�VHW�RI�FDXVHV�DV�LW�LV�EHLQJ�EXLOW�

!!�7KH�$GYLFH�$UHD� ZKHUH�TXHVWLRQV�JXLGH�WKH�LQYHVWLJDWLRQ

7KH�$GYLVH�$UHD��ZKHUH�TXHVWLRQV�DQG�FRXQVHO�DUH�SURYLGHG�WR�IDFLOLWDWH�WKH�LQYHVWLJDWLRQ�

$QG� WKH� 7HPSODWH� $UHD�� ZKHUH� ZH� LQSXW� WKH� FKDQJH�LQIRUPDWLRQ�WR�VWDUW�EXLOGLQJ�WKH�ILUVW�VHW�LQ�RXU�PRGHO�RI� WKH�SUREOHP�� �³$´���>WDE@ ³IXHO�JDV�H[SORVLRQ´��>WDE@³RFFXUUHG´

7KH�$GYLVH� DUHD� WKHQ� DVNV��³$W�RQH�SRLQW� D� IXHO� JDV�H[SORVLRQ�GLG�QRW�RFFXU��WKHQ�','���:KDW�WULJJHUHG�WKLV��ZKDW�FKDQJHG"´ :H�NQRZ�WKDW� WKH�FKDQJH� WKDW�
SURGXFHG� WKH�H[SORVLRQ�ZDV�ZKHQ�3DXO� OLW�D�PDWFK��VR�ZH�ZLOO�HQWHU�WKDW�IDFW�



3DJH����
$PHULFDQ�,QVWLWXWH�RI�$HURQDXWLFV�DQG�$VWURQDXWLFV

7KH� DGYLFH� DUHD� UHVSRQGV�� ³:KHQ� 3DXO� OLW� D� PDWFK��ZDV� WKHUH�D�FRQGLWLRQ�DOUHDG\�LQ�SODFH�QHFHVVDU\�WR�H[SODLQ�ZK\�D�IXHO�JDV�H[SORVLRQ�RFFXUUHG"´�
:H� DQVZHU� \HV�� DQG� WKH $GYLVH� DUHD� QRZ� DVNV� XV��³:KHQ� 3DXO� OLW� D� PDWFK�� ZKDW� KDG� WR�$&&203$1<� WKDW� WR� H[SODLQ� ZK\� D� IXHO� JDV�H[SORVLRQ�RFFXUUHG"´

7KH�VRIWZDUH�KDV�SUHVHQWHG�D�VSHFLDO�WHPSODWH�IRU�PH�WR�DQVZHU� >WDE@ ³6XIILFLHQW� IXHO� JDV´� >WDE@ ³ZDV´� >WDE@³SUHVHQW´

7KH� DGYLFH� DUHD� QRZ� UHDGV��´:KHQ�3DXO� OLW�D�PDWFK�DQG� VXIILFLHQW� IXHO� JDV� ZDV� SUHVHQW�� ZDV� WKHUH� $127+(5� &RQGLWLRQ� QHFHVVDU\� WR� H[SODLQ� ZK\� D�IXHO�JDV�H[SORVLRQ�RFFXUUHG"´

$JDLQ��,¶OO�DQVZHU�\HV��EHFDXVH�ZH�NQRZ�WKDW�WKH�FRPEXVWLRQ�WULDQJOH�U HTXLUHV�LJQLWLRQ��IXHO�DQG�R[\JHQ�
7KH�&RQGLWLRQ�WHPSODWH�DSSHDUV�DJDLQ��DQG�,¶OO�HQWHU�³ 2[\JHQ�ZDV�SUHVHQW´

<RX�PD\�EH�VD\LQJ�WR�\RXUVHOI��³*HH�GR�ZH�UHDOO\�KDYH�WR�LQSXW�WKH�2[\JHQ"´�7KLV�LV�D�SRLQW�WKDW�GHPRQVWUDWHV�KRZ�WKH�H[SHUW�V\VWHP�VRIWZDUH�KHOSV�PHHW�WKDW�SULPDU\�&ULWHULRQ�������WKDW�FDOOV�IRU�DFFXUDF\�DQG�FRPSOHWHQHVV�RI�GDWD�7KH�V\VWHP�GRHV�QRW�OHW�XV�OHDYH�RXW�WKLQJV�WKDW�ZH�SHUVRQDOO\�EHOLHYH�PLJKW�EH�REYLRXV�RU�XQLPSRUWDQW��:LWK� WKLV� V\VWHP�� YLWDO� LQIRUPDWLRQ� GRHV� QRW� IDOO�WKURXJK� WKH� FUDFNV� EHFDXVH� VRPHRQH� WKLQNV� LW� LV� QRW�LPSRUWDQW�� 7KH� SURFHVV� LWVHOI� UHTXLUHV� XV� WR� GR� D�

WKRURXJK�DQDO\VLV��WR�FRPSOHWHO\�DQVZHU�ZKDW�KDSSHQHG�DQG�ZKDW� FDQ�EH�FKDQJHG� WR� SUHYHQW� D� UHFXUUHQFH�� �7R�DQVZHU�WKHVH�TXHVWLRQV�ZH�PXVW�LQFOXGH�DOO RI�WKH�IDFWV��<RX�ZLOO� VHH� LQ� D�PLQXWH� WKDW� LQ� WKLV� FDVH�ZH� DUH� QRW�JRLQJ�WR�VSHQG�D�ORW�RI�WLPH�RQ�WKH�IDFW�WKDW�2[\JHQ�ZDV�SUHVHQW�� EXW� ZH� DOO� NQRZ� WKDW� LQ� D� GLIIHUHQW�HQYLURQPHQW�� WKH� SUHVHQFH� RI� R[\JHQ� FRXOG�EH� FULWLFDO�DQG�FRXOG�VSHOO�GLVDVWHU�



3DJH����
$PHULFDQ�,QVWLWXWH�RI�$HURQDXWLFV�DQG�$VWURQDXWLFV

7KH� DGYLFH� DUHD LV� DVNLQJ�� ³:KHQ� 3DXO� OLW� D� PDWFK�DQG�VXIILFLHQW�IXHO�JDV�ZDV�SUHVHQW�DQG�R[\JHQ�ZDV�SUHVHQW� ZDV� WKHUH� DQRWKHU� FRQGLWLRQ� WKDW� KDG� WR�
DFFRPSDQ\�WKDW�WR�H[SODLQ�ZK\�D�IXHO�JDV�H[SORVLRQ�RFFXUUHG"´:H�ZLOO�DQVZHU�12�

1RZ�LQ�RUGHU�WR�GHPRQVWUDWH�KRZ�WKH�V\VWHP�PHHWV�WKH�FULWHULD� IRU� DFFXUDF\� DQG�FRPSOHWHQHVV� RI�GDWD��ZH�DUH�JRLQJ� WR� LQWHQWLRQDOO\� PDNH� DQ� HUURU�� � :H� ZLOO� VWUD\�DZD\� IURP� ORJLF� WR�GHPRQVWUDWH�KRZ� WKH� V\VWHP�GHDOV�ZLWK� HUURUV� LQ� WKLQNLQJ�� VR� WKDW� \RX� ZLOO� VHH� KRZ� WKH�SURFHVV� LWVHOI� KHOSV� WKH� LQYHVWLJDWRU� NHHS�RQ�FRXUVH�DV�UHTXLUHG�E\�FULWHULRQ�����

7KH� VRIWZDUH� LV� DVNLQJ�� ³5HDOLVWLFDOO\� ZDV� WKHUH�HQRXJK�WLPH�DIWHU�3DXO�OLW�D�PDWFK�DQG�EHIRUH�D�IXHO�JDV�H[SORVLRQ�RFFXUUHG�IRU�VRPHWKLQJ�WR�KDYH�NHSW�D�IXHO� JDV� H[SORVLRQ� IURP� RFFXUULQJ"´ 7KH� H[SHUW�V\VWHP�LV�WU\LQJ�WR�ILQG�RXW�LI�WKHUH�ZDV�DQ�RSSRUWXQLW\�IRU� LQVWDOOLQJ� D� EDUULHU� IRU� SUHYHQWLRQ�� RU� LI� D� EDUULHU�DOUHDG\�LQ�SODFH�GLG�QRW�IXQFWLRQ��,Q�WKLV�FDVH�WKHUH�ZDV�QRW�WKH�RSSRUWXQLW\�WR�LQWHUYHQH�RQFH�WKH�PDWFK�ZDV�OLW��EXW�ZH�DUH�JRLQJ�WR�PDNH�DQ�LQWHQWLRQDO�HUURU��:H�ZLOO�DQVZHU�\HV�

7KH� VRIWZDUH�DVNV�� �³$)7(5�3DXO� OLW�D�PDWFK��ZKDW�','� 127� KDSSHQ� WKDW� VKRXOG� RU� FRXOG� KDYH� WKDW� ZRXOG� KDYH� NHSW� D� IXHO� JDV� H[SORVLRQ� IURP�RFFXUULQJ"´

+HUH� LV�ZKHUH�ZH�DUH�JRLQJ� WR�PDNH� WKH�PLVWDNH�� �:H�DUH�JRLQJ�WR�WDNH�D�IDFW�WKDW�LV�DFWXDOO\�FDXVDO��EXW�HQWHU�LW�LQ�WKH�ZURQJ�SODFH�� 5HPHPEHU�WKRVH�DXWR�OLJKWV�WKDW�GLG�QRW�JR�RQ"�:H�KDYH�WKH�IHHOLQJ�DOUHDG\�WKDW�WKLV�ZDV�
VRPHKRZ�FDXVDO� WR� WKH�H[SORVLRQ��DQG�ZH�DUH�JRLQJ�WR�LQSXW� WKH� IDFW� WKDW� ³7KH�$XWR�OLJKWV� GLG� QRW� VZLWFK�RQ�³�



3DJH����
$PHULFDQ�,QVWLWXWH�RI�$HURQDXWLFV�DQG�$VWURQDXWLFV

1RZ� ZH� DUH� JRLQJ� WR� WHOO� WKH� VRIWZDUH� WKDW� ZH� DUH�WKURXJK� EXLOGLQJ� WKH� VHW� RI� FDXVHV� E\� VHOHFWLQJ� WKH�ILQLVK� IODJ� LFRQ�RQ� WKH�PHQX�EDU��1RWH� WKDW�GXULQJ� WKH�LQTXLU\� SURFHVV�� WKH� VRIWZDUH� DXWRPDWLFDOO\� GLVSOD\V�
\RXU� GDWD� LQ� UHDO�WLPH� PRGHO� IRUP�� VR� WKDW� \RX� DUH�DOZD\V� UHYLHZLQJ� WKH� FDXVDO� UHODWLRQVKLSV� DQG� OLQNV��7KLV� SURPRWHV� HIILFLHQF\� DQG� DFFXUDF\�DW� HDFK� VWHS�RI�WKH�LQTXLU\�SURFHVV�DQG�VXSSRUWV�WKH�&ULWHULRQ������

7KH� H[SHUW� V\VWHP� QRZ� FRQGXFWV� D� TXDOLW\� DVVXUDQFH�ORJLF� FKHFN� WR� PDNH� VXUH� WKDW� WKH� GDWD� HQWHUHG� DUH�VXIILFLHQW� WR� H[SODLQ� WKH� H[SORVLRQ�� DQG� WKDW� DOO� GDWD�HQWHUHG� DUH� QHFHVVDU\� WR� H[SODLQ� ZKDW� SURGXFHG� WKH�
H[SORVLRQ�� 7KLV� LV� ZKHUH� LQ� WKH� SURFHVV� WKH� H[SHUW�V\VWHP� PHHWV� WKH� FULWHULD� ���� DQG� ���� IRU� D� EXLOW�LQ�SURFHVV�IRU�YDOLGDWLQJ�GDWD�DFFXUDF\�DQG�FRPSOHWHQHVV��DQG�ILOWHULQJ�RXW�HUURU�

7KH�VRIWZDUH�LV�DVNLQJ�LI�WKH�OLW�PDWFK��JDV�DQG�R[\JHQ�ZLOO� SURGXFH� DQ� H[SORVLRQ� LQ� WKH� GDUN�� 2EYLRXVO\�� LW�ZLOO�
1RWH� WKDW� WKHUH� FRXOG� KDYH� EHHQ� PDQ\� RWKHU� IDFWV�LQFOXGHG�KHUH�DV�ZHOO��DQG�VWLOO�WKH�VWDWHPHQW�ZRXOG�EH�VXIILFLHQW���)RU�H[DPSOH�LW�PLJKW�KDYH�EHHQ�7KXUVGD\��LW�PLJKW� KDYH� EHHQ� WKH� VXSHUYLVRU¶V� ELUWKGD\�� DQG� 1HZ�<HDUV� (YH�� � ,Q� WKHVH� FDVHV� WKH� H[SORVLRQ� ZRXOG� VWLOO�KDYH�RFFXUUHG�� �7KLV�SDUW�RI� WKH�FKHFN�PDNHV�VXUH�WKDW�

\RXU� VHW� RI� DQVZHUV� KDV� HQRXJK� GDWD� DW� WKLV� SRLQW� WR�H[SODLQ�ZK\�WKH�H[SORVLRQ�RFFXUUHG��
1RZ�7KH�VRIWZDUH¶V�ORJLF�FKHFN�ZDQWV�WR�YDOLGDWH�HDFK�FDXVDO�IDFW� LQ�WKH�VHW�VHSDUDWHO\�WR�PDNH�VXUH�WKDW�HDFK�LV�QHFHVVDU\�DW� WKLV�SRLQW� WR�H[SODLQ�ZK\� WKH�H[SORVLRQ�RFFXUUHG�� ,W� DVNV��³,I� VXIILFLHQW� IXHO�JDV�ZDV�SUHVHQW�DQG� R[\JHQ�ZDV� SUHVHQW�� DQG�3DXO� OLW� D�PDWFK� DQG�WKH�DXWR�OLJKWV�6:,7&+('�RQ��ZRXOG�LW�VWLOO�EH�WKH�FDVH�WKDW�D�IXHO�JDV�H[SORVLRQ�RFFXUUHG"´



3DJH����
$PHULFDQ�,QVWLWXWH�RI�$HURQDXWLFV�DQG�$VWURQDXWLFV

,I� \RX� KDYH� DQ� LJQLWLRQ� VRXUFH� LQ� D� IXHO�JDV�ULFK�HQYLURQPHQW� ZLWK� 2[\JHQ�� GR� \RX� JHW� DQ� H[SORVLRQ��HYHQ� LI� WKH� OLJKWV� DUH� RQ"� 2I� FRXUVH�� ,¶OO� DQVZHU� \HV��:DWFK�KRZ�WKH�V\VWHP�KDQGOHV�WKLV�
7KH�VRIWZDUH�UHVSRQGV��³<RXU�DQVZHUV�KDYH�LQGLFDWHG�WKH�IDFW�WKDW WKH�DXWR�OLJKWV�GLG�QRW�VZLWFK�RQ�LV�127�QHFHVVDU\� WR� GLUHFWO\� H[SODLQ� ZK\� D� IXHO� JDV�H[SORVLRQ� RFFXUUHG�� � ,V� LW� RND\� WR� UHPRYH� WKLV�IDFWRU"´���

:H� DQVZHU� \HV�� 7KH� H[SHUW� V\VWHP� UHPRYHV� WKH� HUURU�IURP�WKH�PRGHO��DQG�WDNHV�PH�WR�WKH�QH[W�ORJLFDO�SRLQW�WR�FRQWLQXH�WKH�LQYHVWLJDWLRQ��6HYHUDO�RI�WKH�FULWHULD�IRU�D�URRW�FDXVH�V\VWHP�GHDO�ZLWK�WKH�XWLOLW\�DQG�HIILFLHQF\�RI�WKH�WLPH�DQG�HIIRUW�UHTXLUHG�WR�FRQGXFW�WKH�DQDO\VLV��7KLV� DFFXUDF\� FKHFN� LV� DQRWKHU� VDIHJXDUG� WKDW� DYRLGV�QHHGOHVV� WLPH� DQG� HIIRUW� EHLQJ� VSHQW� SXUVXLQJ� UHG�KHDULQJ� IDFWV� WKDW� ODWHU� SURYH� WR� EH� LUUHOHYDQW��NHHSLQJ�WKH� LQSXW� WLPH� WR�D�PLQLPXP��DV� UHTXLUHG�E\�&ULWHULRQ�����
7R� FRQWLQXH� ZLWK� WKLV� LQYHVWLJDWLRQ�� ZH�ZRXOG� IROORZ�WKH�VDPH�SURFHGXUH�XQGHU�HDFK�RI�WKHVH�IDFWRUV�LQ�RUGHU�WR�LGHQWLI\�DOO�RI�WKH�IDFWV�WKDW�KDG�WR�EH�WKHUH�WR�H[SODLQ�ZK\�HDFK�VWHS�LQ�WKH�SUREOHP�RFFXUUHG���
:KDW� GR� \RX� WKLQN� WKH� DQVZHU� WR� WKH� µ2[\JHQ� ZDV�SUHVHQW¶ IDFWRU� ZRXOG� EH"� � ,I� WKH� SUHVHQFH� RI� R[\JHQ�

ZDV� XQH[SHFWHG� RU� DFFLGHQWDO� RU� XQZDQWHG��ZH�ZRXOG�ZDQW� WR� NQRZ� H[DFWO\� KRZ� DQG� ZK\� WKH� R[\JHQ� ZDV�SUHVHQW�� EXW� LQ� WKLV� FDVH� WKH� R[\JHQ�ZDV� H[SHFWHG�DQG�ZDQWHG� LQ� WKLV� HQYLURQPHQW�� 7KH� V\VWHP� HQDEOHV� WKH�XVHU� WR� GHWHUPLQH� WKDW� WKLV� IDFWRU� LV� QRQ�FRUUHFWDEOH��1&��� � $� QRQ�FRUUHFWDEOH� IDFW� LV� VRPHWKLQJ� WKDW� ZH�HLWKHU� FDQQRW� FKDQJH�� RU� GR� QRW� ZDQW� WR� H[SHQG�UHVRXUFHV�WR�FKDQJH��7KLV�LOOXVWUDWHV�D�YDOXDEOH�IXQFWLRQ�RI� WKH� V\VWHP� VRIWZDUH�� &DXVDO� LQIRUPDWLRQ� DERXW� D�IDFWRU� WKDW� PD\� EH� FRQVLGHUHG� E\� DQ� LQGLYLGXDO� WR� EH�EH\RQG� WKH� FDSDELOLW\� RI� WKH� RUJDQL]DWLRQ� WR�FRQWURO� LV�QRW� VXEMHFWLYHO\� ILOWHUHG� RXW� RI� WKH� SURFHVV� EHIRUH� WKH�DQDO\VLV� LV� FRQGXFWHG� DQG� SUHVHQWHG� WR� PDQDJHPHQW��7KH�IDFW� LV� LQVWHDG�FDUHIXOO\�UHFRUGHG�DQG�LGHQWLILHG�DV�QRQ�FRUUHFWDEOH��7KLV�LV�DQRWKHU�SURFHVV�VDIH�JXDUG�WKDW�UHLQIRUFHV�WKH�FRPSOLDQFH�WR�WKH�&ULWHULRQ�����

7KH� V\VWHP�DOVR�DOORZV� WKH� XVHU� WR�QRWH�ZKHQ� WKHUH� LV�FXUUHQWO\� QRW� HQRXJK� LQIRUPDWLRQ� WR� DQVZHU� D� IDFWRU��%XLOGLQJ� WKH� VHWV� DQG� DSSO\LQJ� WKH� ORJLF� FKHFN� PDNH�VXUH� WKDW� WKH� GDWD� DUH� UHFRUGHG�� 'XULQJ� WKH� LQTXLU\�SURFHVV�� ZKHQ� ZH� GRQ¶W� KDYH� LPPHGLDWH� DFFHVV� WR�LQIRUPDWLRQ�� RU� LI�ZH� MXVW� GRQ¶W� NQRZ� WKH� DQVZHU� WR�D�IDFWRU�� WKH� SURFHVV� UHTXLUHV� XV� WR� PDUN� WKH� IDFWRU� DV�,QVXIILFLHQW�'DWD�� LQ� RUGHU� WR� FRPSOHWH� WKH�PRGHO� DQG�WKH�DQDO\VLV�SURFHVV��7KLV�DFWLRQ�PDUNV�WKH�DUHDV�LQ�WKH�DQDO\VLV� ZKHUH� PRUH� LQYHVWLJDWLRQ� LV� QHHGHG�� DV�UHTXLUHG� E\� &ULWHULRQ� ����� ,I� DGGLWLRQDO� LQIRUPDWLRQ� LV�REWDLQHG� ODWHU�� ZH� FDQ� TXLFNO\� LQSXW� WKH� QHZ�LQIRUPDWLRQ��DQG�UHVXPH�WKH�TXHVWLRQLQJ�SURFHVV���

1RZ�OHW¶V�ORRN�DW�VHYHUDO�FDSDELOLWLHV�RI�WKH�V\VWHP�WKDW�DUH�RQ�WKH�RXWSXW�VLGH�RI�WKH�SURFHVV���:H�DUH�JRLQJ�WR�XVH�WKH�FRPSOHWHG�FDVH�WR�GHPRQVWUDWH�KRZ�WKH�V\VWHP�GLUHFWO\� DGGUHVVHV� PDQ\� RI� WKH� FULWHULD� WKDW� LPSDFW�HIILFLHQF\�RI�WKH�URRW�FDXVH�DQDO\VLV�DQG�UHSRUWLQJ��
2QFH� WKH� GDWD� DUH� JDWKHUHG�� WKH� V\VWHP� LQVWDQWO\JHQHUDWHV� DQ� DQDO\WLFDO� PRGHO� RI� WKH� FDXVDO� V\VWHP��VKRZLQJ�KRZ�DOO�RI�WKH�FDXVHV�FRPELQHG�DQG�LQWHUDFWHG�WR�SURGXFH�WKH�SUREOHP��WKH�URRW�FDXVHV�LGHQWLILHG��DQG�WKH�RUJDQL]DWLRQDO�VROXWLRQV�IRU�FRQWURO��7KH�PRGHO�DQG�WKH� GDWD� FRQWDLQHG� E\� WKH� PRGHO� GLUHFWO\� DGGUHVV� WKH�&ULWHULD�����������DQG�����



3DJH����
$PHULFDQ�,QVWLWXWH�RI�$HURQDXWLFV�DQG�$VWURQDXWLFV

7KH�5HSRUW�*HQHUDWRU�IHDWXUH�RI�WKH�V\VWHP�SURYLGHV�DQ�DUUD\� RI� RSWLRQV� IRU� IDVW�� FXVWRPL]HG� GHFLVLRQ� VXSSRUW� DQG� FRPSOLDQFH� UHSRUWV� PHHWLQJ� WKH� UHTXLUHPHQWV�HVWDEOLVKHG�E\�FULWHULD�����«

%HFDXVH� WKH� H[SHUW� V\VWHP� KDV� EHHQ� TXDOLI\LQJ� DQG�RUGHULQJ�WKH�GDWD�LQ�UHDO�WLPH�ZKLOH�WKH�LQIRUPDWLRQ�ZDV�EHLQJ� JDWKHUHG�� WKH� 5HSRUW� *HQHUDWRU� FDQ� SURGXFH� DQ�DUUD\�RI�DQDO\VHV�WR�SUHSDUH�LQVWDQW��FXVWRPL]HG�UHSRUWV��DV�UHTXLUHG�E\�FULWHULRQ�����
-XVW�KL�OLJKW�HDFK�LWHP�WKDW�\RX�ZLVK�WR�LQFOXGH�LQ�\RXU�UHSRUW�� DQG� WKHQ� FOLFN�$GG�7R�5HSRUW��7KLV�ZLOO�PRYH�WKH� VHOHFWHG� LWHP� IURP�$YDLODEOH� 5HSRUW� (OHPHQWV� RQ�WKH�OHIW�WR�6HOHFWHG�5HSRUW�(OHPHQWV�RQ�WKH�ULJKW���

$�W\SLFDO�UHSRUW�JHQHUDWHG�LQVWDQWO\�E\�WKH�V\VWHP�PLJKW�LQFOXGH� D� FRYHU� VKHHW�� D� GHVFULSWLYH� QDUUDWLYH� WKDW�H[SODLQV� VWHS�E\�VWHS� KRZ� WKH� SUREOHP� RFFXUUHG�� DQ�LQWHUSUHWLYH� DQDO\VLV� WKDW� FRPSDUHV� RSWLRQV� IRU�SUHYHQWLRQ� EHQHILW�� DQG� D� FRVW� EHQHILW� DQDO\VLV�� ,Q�
VXPPDU\��WKH�V\VWHP�SURYLGHV�WKH�FDSDELOLW\�WR�SURGXFH�LPPHGLDWH� DQDO\VHV� DQG� UHSRUWV� WKDW� DUH� VR� FULWLFDO� WR�SURSHU� UHVSRQVH� LQ� HPHUJHQF\� VLWXDWLRQV�� PHHWLQJ� WKH�ERWK�FULWHULD�����DQG�����



3DJH�����
$PHULFDQ�,QVWLWXWH�RI�$HURQDXWLFV�DQG�$VWURQDXWLFV

1RZ�OHW¶V� ORRN�DW� WKH�DUFKLYLQJ�DQG�FRPPXQLFDWLRQ�RI�GDWD��3DUDPRXQW�WR�WKH�VHOHFWLRQ�RI�D�URRW�FDXVH�V\VWHP�ZDV� WKH� FDSDELOLW\� WR DFFHVV� WKH� LQIRUPDWLRQ� EURDGO\�DQG�LPPHGLDWHO\��7KH�7HDP¶V�FULWHULRQ�ZDV�XQTXDOLILHG��,W� UHTXLUHG� DFFHVV� WR� WKH� GDWD� E\� DOO� ORFDWLRQV� YLD� WKH�:HE��7KLV�FULWHULRQ�VSHDNV�WR�EURDG�FRPPXQLFDWLRQ�DV�UHTXLUHG� E\� &ULWHULRQ ����� 7KH� V\VWHP� VHOHFWHG� GHDOV�ZLWK�WKH�WLPH��HIIRUW�DQG�IULHQGO\�LVVXHV�LQ�UHIHUHQFH�WR�ERWK�WKH�URRW�FDXVH�DQDO\VLV�FDSDELOLWLHV�DQG�WKH�OHVVRQV�OHDUQHG�FDSDELOLWLHV��
&RPPRQ� LQ� WUDGLWLRQDO� OHVVRQV� OHDUQHG� V\VWHPV� LV� WKH�QHHG� WR� VSHQG� WLPH� SUHSDULQJ� VSHFLDO�� GRFXPHQWHG�UHSRUWV� IRU� VXEPLVVLRQ� WR� D� V\VWHP� WKDW� UHOLHV�XSRQ�DQ�LQGH[HG� ZRUG� VHDUFK� IRU� DFFHVV�� <RX� NQRZ� ZKDW�KDSSHQV� ZKHQ� D� ODUJH� YROXPH� RI� LQGH[HG� GDWD� LV�DFFHVVHG�E\�D�ZRUG�VHDUFK��7KH�UHVXOWV�RI�WKH�VHDUFK�FDQ�SURGXFH� PDQ\� ³KLWV´� WKDW� WKHQ� KDYH� WR� EH� VWXGLHG� IRU�UHOHYDQF\�� ,W� VHHPV� ZLWK� WUDGLWLRQDO� OHVVRQV� OHDUQHG�V\VWHPV�WKDW�WKH�PRUH�YDOXDEOH�WKH�GDWDEDVH�LV��WKH�OHVV�XVHU�IULHQGO\� DQG� SUDFWLFDO� WKH� V\VWHP� DSSHDUV� WR� WKH�XVHUV�� HVSHFLDOO\� LI� WKH\� DUH� UHO\LQJ� XSRQ� WKH� GDWD� LQ�WLPH�FULWLFDO� VLWXDWLRQV�� 7KH� VHOHFWHG� OHVVRQV� OHDUQHG�V\VWHP�JHWV�DURXQG�ERWK�RI�WKHVH�REVWDFOHV�E\�SURYLGLQJ�

LQVWDQW� VXEPLVVLRQ�RI� WKH� DQDO\VLV� WR� WKH�:HE�±DFFHVV�GDWDEDVH��DQG�D�XQLTXH�VHDUFK�WKDW�VHHNV�SRLQWV�LQ�WLPH�LQ� WKH� SURFHVV� DW� ZKLFK� WKH� HOHPHQWV� FRPELQHG� WR�JHQHUDWH�D�VWHS�WRZDUG�FRXQWHU�TXDOLW\��
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