
,QWHUQDWLRQDO�(QYLURQPHQWDO�0RGHOOLQJ�DQG�6RIWZDUH�6RFLHW\��L(06V��
�WK�,QWO��&RQJUHVV�RQ�(QY��0RGHOOLQJ�DQG�6RIWZDUH��6DQ�'LHJR��&$��86$�

'DQLHO�3��$PHV��1LJHO�:�7��4XLQQ�DQG�$QGUHD�(��5L]]ROL��(GV���
KWWS���ZZZ�LHPVV�RUJ�VRFLHW\�LQGH[�SKS�LHPVV������SURFHHGLQJV�

�
�

�
�

6+$5(�*HRQHWZRUN��D�V\VWHP�IRU�FOLPDWH�DQG�
SDOHRFOLPDWH�GDWD�VKDULQJ�

�
0DULD��7HUHVD�0HOLV������)LOLSSR�/RFFL�����)UDQFHVFR�'HVVu���,YDQ�)ULJHULR���'DQLHOH�6WULJDUR���

(OLVD�9XLOOHUPR]���
��'LSDUWLPHQWR�6FLHQ]H�&KLPLFKH�H�*HRORJLFKH��8QLYHUVLWj�GL�&DJOLDUL���

9LD�7UHQWLQR����±�,WDO\��WHOHJLV#XQLFD�LW�
�(Y�.��&15��9LD�6DQ�%HUQDUGLQR�������%HUJDPR���,WDO\��

�*HRPDWLF�/DERUDWRU\��8QLYHUVLW\�RI�0LODQR�%LFRFFD��0LODQR��,WDO\�
�

$EVWUDFW�� � 7KLV� VWXG\� LV� GHGLFDWHG� WR� WKH� GHYHORSPHQW� RI� D� ZHE*,6� VHUYLFH� SODWIRUP� IRU� WKH�
HQYLURQPHQW� GDWD� VKDULQJ�� 7KLV� QHZ� VHUYLFH� LV� LQWHJUDWHG� LQWR� QDWLRQDO� DQG� LQWHUQDWLRQDO� SURMHFWV�
VXSSRUWHG�E\�(Y.��&15�&RPPLWWHH�DQG�PDLQO\� IRFXVHG�RQ�FOLPDWH�FKDQJH�VWXGLHV��7KH�V\VWHP� LV�
EDVHG� RQ� WKH� LQWHJUDWLRQ� RI� WKH� PHWDGDWD� FDWDORJXH� *HRQHWZRUN� DQG� D� GHGLFDWHG� GDWDEDVH�
:'%3$/(2��7KH�VFLHQWLILF�LQWHUHVW�RI�WKLV�VHUYLFH�LV�WKH�SRVVLELOLW\�WR�DFFHVV�LQWR�WKH�VDPH�VLWH�WR�WKH�
GDWD�DFTXLUHG� IURP� WKH�QHWZRUN�RI�KLJKHVW�DOWLWXGH�VWDWLRQV� IRU�DFWXDO�FOLPDWH�DQDO\VLV�DQG�SURYLVLRQ�
DQG�GDWD� IURP�SDOHRFOLPDWH�VDPSOHV�DFTXLUHG� IURP� LFH�DQG�VHD�FRUHV��7KH�VHUYLFH� IRU� WKH� ILUVW� WLPH�
VKDUHV� WKHVH� GDWD� LQ� D� GRZQORDGDEOH� VWDQGDUG� IRUPDW� IRU� DOO� UHVHDUFKHUV� DQG� GHVFULEHV� ZLWK� WKH�
PHWDGDWD�FDWDORJXH�DOO� WKH�QHFHVVDU\� LQIRUPDWLRQ�IRU� WKH�FRUUHFW�XVH�RI� WKHVH�GDWD��6LQFH������� WKH�
(Y�.��&15�&RPPLWWHH�KDV�SURPRWHG�DQ�LQWHJUDWHG�HQYLURQPHQWDO�SURMHFW�QDPHG�6+$5(��6WDWLRQ�DW�
+LJK� $OWLWXGH� IRU� 5HVHDUFK� RQ� WKH� (QYLURQPHQW�� IRFXVHG� RQ� WKH� PRXQWDLQ� UHJLRQV� DV� SULPDU\�
LQGLFDWRUV�RI�FOLPDWH�FKDQJH��2ULJLQDOO\�ODXQFKHG�DV�D�V\VWHP�RI�PHDVXUHPHQWV�LQ�HQYLURQPHQWDO�DQG�
HDUWK�VFLHQFHV�LQ�WKH�+LPDOD\D�.DUDNRUXP�UHJLRQ��6+$5(�KDV�ODWHU�H[SDQGHG�LWV�QHWZRUN�WR�(XURSH�
�$SHQQLQHV� DQG� $OSV��� $IULFD� �5ZHQ]RUL�� DQG�PRUH� UHFHQWO\� WR� 6RXWK� $PHULFD� �$QGHV��� 7KH� ,WDOLDQ�
SURMHFW�1H[W'DWD��VXSSRUWHG�E\�0LQLVWU\�RI�(GXFDWLRQ��8QLYHUVLWLHV�DQG�5HVHDUFK�KDV�SURSRVHG� WKLV�
V\VWHP� IRU� WKH� GHYHORSPHQW� RI� D� QDWLRQDO� VHUYLFH� RI� HQYLURQPHQW� GDWD� DQG� PHWDGDWD� VKDULQJ�
GHGLFDWHG�WR�WKH�VWXG\�RI�FOLPDWH�FKDQJH�LQ�WKH�ODVW������\HDUV�LQ�WKH�0HGLWHUUDQHDQ�EDVLQ��
�
.H\ZRUGV�� :HDWKHU� 'DWDEDVH�� 6SDWLDO� 'DWDEDVH�� 2SHQ� 6RXUFH�� +LJK� 0RXQWDLQV�� 6+$5(��
*HRQHWZRUN��SDOHRFOLPDWH��LFH�FRUHV��PDULQH�FRUHV��
�
��� ,1752'8&7,21�

�
6FRSH� RI� WKLV� ZRUN� LV� WR� VKRZ� WKH� GHVLJQ�� WKH� GHYHORSPHQW� DQG� WKH� LPSOHPHQWDWLRQ� RI� WKH�
(QYLURQPHQWDO�'DWD�6\VWHP��('6��IRU�WKH�6+$5(�*HRQHWZRUN�:HE�3ODWIRUP��LQ�WKH�IUDPHZRUN�RI�WKH�
1(;7'$7$�SURMHFW�� 7KH�('6� LV� GHVLJQHG�XS� WR� QRZ� WR� VWRUH� GDWD� IURP� WZR� VRXUFHV�� KLJK� DOWLWXGH�
DXWRPDWLF�VWDWLRQV�DQG�QRQ�SRODU�LFH�FRUHV�DQG�PDULQH�VHGLPHQW�FRUHV��0HOLV�HW�DO�����������
7KH�('6� LV�VSOLW� LQ� WZR�SDUWV��:'%�DQG�:'%3$/(2�GDWDEDVH�V\VWHP�� WKH� ILUVW� LV�GHGLFDWHG� WR� WKH�
VWRULQJ� RI� KLJK� DOWLWXGH� GDWD� IURP� $XWRPDWLF� :HDWKHU� 6WDWLRQV� �$:6�� RI� 6+$5(� �6WDWLRQ� DW� +LJK�
$OWLWXGH�IRU�5HVHDUFK�RQ�WKH�(QYLURQPHQW��1HWZRUN��DQG�WKH�VHFRQG�WR�SDOHRFOLPDWH�GDWD� IURP�QRQ�
SRODU�LFH�FRUHV�DQG�PDULQH�VHGLPHQW�FRUHV��
7KHVH� WZR�GDWD�VRXUFHV� �$:6�DQG�FRUHV��ZRXOG�EH� WKH�EDVH�RI�D� WLPHOLQH�KLVWRU\� IRU�D�JOREDO�SDVW�
FOLPDWH� UHFRQVWUXFWLRQ�� 0RXQWDLQV� DUH� VHQWLQHOV� RI� FOLPDWH� DQG� HQYLURQPHQWDO� FKDQJH� DQG� PDQ\�
PDULQH�UHJLRQV�SURYLGH�LQIRUPDWLRQ�RQ�SDVW�FOLPDWH�YDULDWLRQV��7KH�,WDOLDQ�3URMHFW�RI�,QWHUHVW�1H[W'DWD�
ZLOO�IDYRU�WKH�LPSOHPHQWDWLRQ�RI�PHDVXUHPHQW�QHWZRUNV�LQ�UHPRWH�PRXQWDLQ�DQG�PDULQH�DUHDV�DQG�ZLOO�
GHYHORS� HIILFLHQW� ZHE� SRUWDOV� WR� DFFHVV� PHWHR�FOLPDWLF� DQG� DWPRVSKHULF� FRPSRVLWLRQ� GDWD�� SDVW�
FOLPDWH�LQIRUPDWLRQ�IURP�LFH�DQG�VHGLPHQW�FRUHV��ELRGLYHUVLW\�DQG�HFRV\VWHP�GDWD��PHDVXUHPHQWV�RI�
WKH�K\GURORJLFDO�F\FOH��PDULQH�UHDQDO\VHV�DQG�FOLPDWH�SURMHFWLRQV�DW�JOREDO�DQG�UHJLRQDO�VFDOH��1HZ�
GDWD� RQ� WKH� SUHVHQW� DQG� SDVW� FOLPDWLF� YDULDELOLW\� DQG� IXWXUH� FOLPDWH� SURMHFWLRQV� LQ� WKH� $OSV�� WKH�
+LPDOD\D�.DUDNRUDP��WKH�0HGLWHUUDQHDQ�UHJLRQ�DQG�RWKHU�DUHDV�RI�LQWHUHVW�ZLOO�EH�REWDLQHG�DQG�PDGH�
DYDLODEOH��KWWS���ZZZ�QH[WGDWDSURMHFW�LW���
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�������� 6725,1*�$3352$&+��
�
7KH�GDWDEDVH�VWUXFWXUH�SURSRVHG�LQ�WKLV�SDSHU�LV�RQH�RI�WKH�PDLQ�SURGXFWV�RI�WKH�1(;7'$7$�SURMHFW�
DQG� LW� LV� FDOOHG�:'%3$/(2��7KH� DLP�RI� WKLV� GDWDEDVH� LV� WR� VWRUH� VSDWLDO� DQG� WHPSRUDO� LQIRUPDWLRQ�
DERXW�LFH�FRUHV�DQG�PDULQH�VHGLPHQW�FRUHV��GDWD�GHULYHG�IURP�FKHPLFDO�DQG�SK\VLFDO�FKDUDFWHUL]DWLRQ�
RI�WKH�LFH�FRUHV�DQG�D�YDULHW\�RI�PHWDGDWD�LQFOXGLQJ�LQIRUPDWLRQ�DERXW�WKH�GDWD�SURYLGHU��
:'%3$/(2� LV� D� JHRJUDSKLFDO� GDWDEDVH� DQG� WKH� VSDWLDO� LQIRUPDWLRQ� LV� GHILQHG� E\� D� FRXSOH� RI�
JHRUHIHUHQFHG�FRRUGLQDWHV�WKDW� LGHQWLI\�D�SRLQW�ZKHUH�WKH�FRUHV�DUH�GULOOHG��$OO�FRRUGLQDWHV�IRU�HYHU\�
VLQJOH�FRUH�DUH�VWRUHG�LQ�WKH�GDWDEDVH�LQ�ORQJLWXGH�ODWLWXGH�ZLWK�:*6���GDWXP��(36*���������
7KH� :'%3$/(2� VWUXFWXUH� LV� EDVHG� RQ� :'%� �:DWHU� DQG� :HDWKHU� 'DWDEDVH� 6\VWHP�� �,QVWLWXWH�
7�1�0���������DUFKLWHFWXUH��D�GDWDEDVH�GHYHORSHG�E\�WKH�1RUZHJLDQ�0HWHRURORJLFDO�,QVWLWXWH�IRU�WKHLU�
RSHUDELOLW\� GDWD�FHQWUH� WR� VWRFN� K\GUR�PHWHRURORJLFDO� GDWD�� 7KLV� W\SH� RI� VWUXFWXUH� KDV� EHHQ� FKRVHQ�
EHFDXVH� FRUHV� FDQ� EH� FRPSDUHG� WR� D� ZHDWKHU� VWDWLRQ�� ,Q� IDFW�� WKHVH� WZR� HQWLWLHV�� IURP� FRQFHSWXDO�
SRLQW�RI�YLHZ��KDYH�WZR�FRPPRQ�SULQFLSOH�DVSHFWV��

��� %RWK��FRUHV�DQG�ZHDWKHU�VWDWLRQV�DUH�UHSUHVHQWHG�JHRJUDSKLFDOO\�ZLWK�D�FRXSOH�RI�FRRUGLQDWHV�
WKDW�LQ�D�*,6�HQYLURQPHQW�FDQ�EH�WUHDWHG�DV�D�JHRPHWULFDO�YHFWRU�SRLQW��

��� %RWK�UHFRUG�FOLPDWH�GDWD�EXW��PRUH�VSHFLILFDOO\��FRUHV�JLYH�LQIRUPDWLRQ�DERXW�WKH�SDVW�FOLPDWH�
WUHQG�DQG�WKH�ZHDWKHU�VWDWLRQV�JLYH�LQIRUPDWLRQ�DERXW�WKH�FXUUHQW�FOLPDWLF�V\VWHP��,Q�IDFW�WKH\�
VWRUH�WKH�VDPH�W\SH�RI�GDWD��FKDUDFWHUL]HG�E\�D�QXPHULFDO�YDOXH�ZLWK�D�SDUDPHWHU�UHODWHG�WR�
WHPSRUDO�LQIRUPDWLRQ��

)XUWKHUPRUH��:'%�LV�UHOHDVHG�DFFRUGLQJ�WR�WKH�*18�*HQHUDO�3XEOLF�/LFHQVH�DQG�VR�LW� LV�FRPSOHWHO\�
FRQILJXUDEOH��FXVWRPL]DEOH�DQG�VKDUDEOH��
�
����� :'%�6WUXFWXUH�
�
:'%�LV�DQ�RSHQ�VRXUFH��*18�3XEOLF�/LFHQVH��GDWD�VWRUDJH�VROXWLRQ�IRU�PHWHRURORJLFDO��K\GURORJLFDO��
DQG� RFHDQRJUDSKLF� GDWD� EDVHG� RQ� WKH� 3RVWJUH64/� REMHFW�UHODWLRQDO� GDWDEDVH� V\VWHP�� UXQQLQJ� RQ�
/LQX[��'HYHORSHG�E\�WKH�352))�SURJUDP�DW�1RUZHJLDQ�0HWHRURORJLFDO�,QVWLWXWH��PHW�QR��LQ������DQG�
QRZ�:'%�LW� LV�DYDLODEOH�ZLWK�WKH�������YHUVLRQ��KWWSV���JLWKXE�FRP�ZGE���EDVHG�RQ�WKH�52$'��60+,�
6ZHGLVK�0HWHRURORJLFDO�DQG�+\GURORJLFDO�,QVWLWXWH��DUFKLWHFWXUH��7KH�V\VWHP�XWLOL]HV�3RVW*,6�IRU�*,6�
�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHPV��VXSSRUWV�DQG�KDQGOHV�*ULGV��H�J��� IRUHFDVW�ILHOGV��DQG�3RLQW��H�J���
REVHUYDWLRQ��GDWD��
:'%� VHUYHU� DUFKLWHFWXUH� LV� FRPSRVHG� E\� D�:'%� FRUH� �3RVWJUH64/��� D�&RPPDQG� ,QWHUIDFH� �:&,��
DQG� D� VHULHV� RI� ORDGLQJ� SURJUDPV� �ZGE�IDVWORDG�� ZGE�JULEORDG�� HFF�� WR� ORDG� GDWD� IURP� WKH� 'DWD�
6WRUDJH�6\VWHP��
:'%�LV�GHVLJQHG�WR�EH��
��� UREXVW�HQRXJK�WR�KDQGOH�KLJK�YROXPH�RI�GDWD�
��� IOH[LEOH�WR�KDQGOH�IRU�H[DPSOH�QHZ�W\SH�RI�GDWD�
��� VXSSRUWLQJ�TXDOLW\�DQG�FRQVLVWHQF\�RI�GDWD�
��� VLPSOH�WR�XVH���HDV\�WR�PDLQWDLQ�DQG�RSHUDWH��
/RDGLQJ� SURJUDPV� DUH� GHSOR\HG� WR� ORDG� GLIIHUHQW� RI� W\SH� RI� GDWD�� SURYLGLQJ� D� GLUHFW� FRQQHFWLRQ� WR�
:'%��DOVR�ZLWK�WKH�SRVVLELOLW\�WR�KDQGOH�ODUJH�DPRXQW�RI�GDWD�XVLQJ�WKHP�LQ�EDWFK�SURJUDPV��
7KH�FRUH�RI�:'%�LV�D�OLVW�RI����64/�IXQFWLRQV�WR�VHW�XS�WKH�HQWLUH�VFKHPD��VFKHPD'HILQLWLRQ�VTO��DQG�
IXQFWLRQDOLW\�RI�WKH�GDWDEDVH�V\VWHP��DGPLQLVWUDWLRQ��JHRPHWU\��SDUDPHWHUV��HWF����
7KH�³VFKHPD�GHILQLWLRQ´�LQLWLDOL]HV�PDLQO\��
�� :'%B6&+(0$� �XVXDOO\�ZGEBLQW�� LV� WKH� FRUH� VFKHPD�RI� WKH�:'%�V\VWHP�� ,W� FRQWDLQV� WKH� FRUH�

GDWD�WDEOHV��IXQFWLRQV��DQG�YLHZV��
�� :&,B6&+(0$� �XVXDOO\� ZFLBLQW�� LV� D� VFKHPD� WKDW� FRQWDLQV� WKH� LQWHUQDO� IXQFWLRQV�� YLHZV�� DQG�

WDEOHV�XWLOL]HG�E\�WKH�:&,��
�� :&,�LV�WKH�VFKHPD�WKDW�FRQWDLQV�WKH�H[WHUQDO�IXQFWLRQV�RI�WKH�:'%�&DOO�,QWHUIDFH��
�� WHVW� LV�D�VFKHPD�WKDW�FRQWDLQV�YLHZV�� IXQFWLRQV�DQG�WDEOHV�WKDW�DUH�VSHFLILF� IRU� WKH�WHVWLQJ�RI� WKH�

:'%�V\VWHP��
�� :'%�&RPPDQG�,QWHUIDFH��:&,��LV�WKH�GDWD�UHWULHYDO�$3,�IRU�:'%��LW�DOORZV�WKH�H[WUDFWLRQ�RI�HQWLUH�

ILHOGV� RU� SRLQWV� �WLPH�VHULHV�� IURP� WKH� GDWDEDVH� XVLQJ� DQ�64/�EDVHG� IXQFWLRQ� LQWHUIDFH��:&,� LV�
FRPSDWLEOH�ZLWK�&���DQG�LW�FRXOG�EH�XVDEOH�LQ�&��-DYD��3HUO��3\WKRQ��DQG�)RUWUDQ�DV�ZHOO��

�� :&,�LV�D�XVHIXO�SURJUDPPLQJ�VWUDWHJ\�WR�UHWULHYH�GDWD�IURP�:'%�WR�SUHYHQW�WKH�NQRZOHGJH�RI�WKH�
XQGHUO\LQJ�GDWD�PRGHO� �WDEOHV�YLHZV��E\� WKH�XVHU�DQG� WKH�XVH�RI� OLEUDU\� ILOHV� �H�J���FKDQJHV� LQ�D�
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OLEUDU\�UHTXLUH� WKDW� WKH�DSSOLFDWLRQV�XVLQJ� WKDW� OLEUDU\�DUH�UHFRPSLOHG�DQG�HDFK�RSHUDWLQJ�V\VWHP�
KDV�LWV�RZQ�OLEUDU\���:&,�LV�GHVLJQHG�LQ�WKHRU\�IRU�SRUWDELOLW\�WR�RWKHU�RSHUDWLQJ�V\VWHPV��

�
����� :'%3$/(2��
�
:'%�LV�GHVLJQHG�WR�DUFKLYH�ZHDWKHU�GDWD��EXW�LWV�JHQHUDO�VWUXFWXUH�FRXOG�EH�DOVR�DSSURSULDWH�WR�VWRFN�
GDWD�GHULYHG� IURP�DQDO\VLV�DERXW� LFH�FRUHV�DQG�VHGLPHQW� FRUHV��)URP�DQ�DFFXUDWH� VWXG\�DERXW� WKH�
GDWDEDVH� DUFKLWHFWXUH�� ZH� FDQ� LGHQWLI\� WKUHH� DUHDV� ZKHUH� LQIRUPDWLRQ� DQG� PHWDGDWD� DERXW� GDWD�
SURYLGHUV��SDUDPHWHUV�DQG�FRUHV�FDQ�EH�DUFKLYHG��7KH�FRUH� LV� WKH�WDEOH�ZKHUH�WKH�QXPHULF�YDOXH�RI�
FRUH�SDUDPHWHUV�LV�LQVHUWHG�LQ��,Q�IDFW��LW�KDV�D�ORW�RI�IRUHLJQ�NH\V�WKDW�UHFDOOV�WKH�WKUHH�SDUWV�SUHYLRXVO\�
GHVFULEHG�� ,Q� WKLV� ZD\� ZH� FDQ� DUFKLYH� DOO� GDWD� LQ� WKH� WDEOH� RI� WKH� GDWDEDVH� ZKHUH� YDOXHV� RI� WKH�
SDUDPHWHUV�DUH�GHULYHG� IURP�FKHPLFDOV�DQG�SK\VLFDOV�PHDVXUHPHQWV�� ,Q�VSLWH�RI� WKLV��SDOHR�FOLPDWH�
GDWD�DUH�SHFXOLDUO\�GLIIHUHQW�IURP�ZHDWKHU�GDWD��RQH�RI�WKH�PRVW�LPSRUWDQW�GLIIHUHQFHV�LV�WKH�WHPSRUDO�
IDFWRU�� 7KH� ILUVW�ZHDWKHU� REVHUYDWLRQV� GDWH� EDFN� WR� ������ VR�:'%�DOORZV� VWRULQJ� GDWD� WKDW� DUH� QRW�
ROGHU�WKDQ�WKH�;9,,WK�FHQWXU\��7KLV�LV�QRW�WKH�VDPH�LQ�WKH�LFH�DQG�PDULQH�FRUH�VHGLPHQWV��
$QWDUFWLF�DQG�*UHHQODQG�LFH�FRUHV��EXW�DOVR�PDULQH�VHGLPHQW�FRUHV�SURYLGH�YHU\�XVHIXO�SUR[\�DUFKLYHV�
IRU�SDOHRFOLPDWH�VWXG\��)RU�H[DPSOH�WKH�$QWDUFWLF�9RVWRN�LFH�FRUH�KDV�SURYLGHG�FOLPDWLF�GDWD�RYHU�WKH�
SDVW���������\HDUV��3HWLW�-�5���HW�DO���������7KH�GHHS�LFH�FRUH�IURP�'RPH�&��$QWDUFWLFD��SURYLGHV�D�
FOLPDWH�UHFRUG�IRU�WKH�SDVW���������\HDUV��/DPEHUW�)���HW�DO���������6R��WKH�SUREOHP�RI�³WLPH�ILHOG´�KDV�
EHHQ�GHDO�ZLWK�WKH�DLP�WR�VWUXFWXUH�D�GDWDEDVH�WKDW�VKRXOG�DOVR�DUFKLYHG�SDOHR��FOLPDWLF�GDWD��VXFK�DV�
IURP�LFH�FRUHV�DQG�PDULQH�VHGLPHQW�GDWD�FRUHV���
�
���� µ7LPH�)LHOG¶�SUREOHP�
�
'DWD�WLPH�ILHOG�LQ�3RVWJUH64/�FDQ�JLYH�VRPH�SUREOHPV��DQG�PDLQO\�LQ�WKH�UHFRUGLQJ�RI�HQYLURQPHQWDO�
FOLPDWH�GDWD�EHFDXVH� LW�XVHV� WKH�%RRVW� OLEUDU\� IRU� WLPH�GDWD�ZLWK�DQ� LQIHULRU� OLPLW�RI�DERXW������%&���
+HUH�ZH�SUHVHQW� WKH�DGRSWHG�VROXWLRQ�RI� WKLV�SUREOHP��)LUVW�ZH�XVHG� WKH� 
WLPHVWDPS�ZLWK� WLPH�]RQH
�
ILHOG��ZLWK�D�VWRUDJH�VL]H�RI���E\WHV��7KLV�ILHOG�W\SH�FDQ�DUFKLYH�WHPSRUDO�GDWD�IURP������%&�WR��������
$'��6R�ZH�KDG�SUREOHPV�ZKHQ�ZH�VWDUWHG�WR�LQVHUW�GDWD�WKDW�UHIHUUHG�WR�D�SHULRG�EHIRUH������%&���
7R� VROYH� WKH� SUREOHP�ZLWK� 3RVWJUH64/� WLPH� ILHOG�� ZH� KDYH�PRGLILHG� D� SDUW� RI� WKH� VRXUFH� FRGH� E\�
LQVHUWLQJ�QHZ�IXQFWLRQV�WR�ZULWH�GDWD�LQWR�,'%��ZLWKRXW�WLPH�OLPLWV��7KLV�LPSURYHPHQW�KDV�LQFUHDVHG�WKH�
YDOXH�RI�WHPSRUDO�GDWD��ZKLFK�LV�HVVHQWLDO�IRU�SDOHR�FOLPDWLF�DQDO\VLV��:H�XVHG�D�
UHDO
�GDWD�W\SH�ILHOG��
3RVLWLYH�QXPEHUV�DUH�\HDUV�DIWHU�&KULVW�DQG�QHJDWLYH�QXPEHUV�DUH�UHIHUUHG�WR�\HDUV�EHIRUH�&KULVW��7KH�

UHDO
�ILHOG�W\SH�FDQ�DUFKLYH�D���E\WHV�LQIRUPDWLRQ�DQG�FDQ�EH�SRVLWLYH��QHJDWLYH�DQG�ZLWK�D�SUHFLVLRQ�RI�
VL[�GHFLPDOV��
�
���� 5HIHUHQFH�6\VWHP��
�
7KH�SUHGHILQHG�5HIHUHQFH�6\VWHP��56��LQ�:'%�LV�WKH������(36*��7KLV�56�LV�EDVHG�RQ�WKH�:*6���
HOOLSVRLG�EXW� LW�KDV�DQ�XQNQRZQ�GDWXP�� ,Q�D�JHRVSDWLDO�GDWDEDVH�WKH� LQIRUPDWLRQ�DERXW�JHRJUDSKLFDO�
SRVLWLRQ�LV�EDVLF���7R�RIIHU�DQG�WR�ZRUN�ZLWK�JHR��VSDWLDO�FRUUHFW�LQIRUPDWLRQ�ZH�ZRUNHG�ZLWK�WKH�(36*�
�����WKDW�LV�XVHG�E\�WKH�*36�VDWHOOLWH�QDYLJDWLRQ�V\VWHP�DQG�IRU�1$72�PLOLWDU\�JHRGHWLF�VXUYH\LQJ��
�
�� /2$',1*�'$7$�
�
7KH�IXQFWLRQ�ZFL�ZULWH���LV�XVHG�WR�ORDG�GDWD��LW�H[HFXWHV�DQ�64/�VWDWHPHQW�DQG�ORDGV�GDWD�SRLQW�LQ�WKH�
GDWDEDVH��VHH�)LJXUH������

�
�
��
)LJXUH����:'%�ORDGLQJ�VFULSW��ZFL�ZULWH���
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�
%HIRUH�VWDUWLQJ�DQ\�ORDGLQJ�RSHUDWLRQ�WKH�YHULILFDWLRQ�WKDW�DOO�WKH�PHWDGDWD�LQIRUPDWLRQ�DUH�SURSHUO\�VHW�
LQ�WKH�GDWDEDVH�LV�UHTXLUHG��´GDWD�SURYLGHU´��DQG�´SODFHQDPH´�KDV�EHHQ�VHW� LQ�DGDSWDWLRQ�VWHS��ZKLOH�
³YDOXH³�� ³UHIHUHQFHWLPH³�� ³YDOLGWLPHIURP´�� ´YDOLGWLPHWR³�� ´OHYHOSDUDPHWHU´�� ´OHYHOIURP´�DQG� ´OHYHOWR´�DUH�
SLFNHG� XS� GLUHFWO\� IURP� GDWD� ILOHV�� 8VLQJ� D� VFULSW� GHYHORSHG� DW� PHW�QR� �ZGE�IDVWORDG� XWLOLW\�� LW� LV�
SRVVLEOH�WR�ORDG�D�ODUJH�DPRXQW�RI�GDWD��WKDW�WDNHV�D�WH[W�GDWD�IRUPDW�IURP�VWDQGDUG�LQSXW�DQG�FRSLHV�LW�
LQWR�WKH�GDWDEDVH���
5DZ�RU�YDOLGDWHG�'DWD�KDYH�D�ZHOO�GHILQHG�IRUPDW��KHQFH��EHIRUH�VWDUWLQJ�ORDGLQJ�GDWD��SUH�SURFHVVLQJ�
LV�UHTXLUHG��7KH�SUH�SURFHVVLQJ�FRUH�LV�D�3\WKRQ�VFULSW�WKDW�WDNHV�WKH�UDZ�RU�YDOLGDWHG�ILOH�DV�LQSXW�DQG�
FRQYHUWV�LW�LQ�D�ZGE�IDVWORDG�IRUPDW��,Q�RUGHU�WR�PDNH�WKH�ORDGLQJ�RSHUDWLRQV�VLPSOH�DQG�IDVW��ZH�KDYH�
GHYHORSHG�D�3\WKRQ�*8,�XVLQJ� WKH�SURJUDP�*ODGH� �VHH�)LJXUH�����:LWK� WKLV� ORDGLQJ� WRRO� LV�SRVVLEOH�
DGGLQJ�QHZ�GDWD�SURYLGHU�LQ�WKH�GDWDEDVH��RQO\�IRU�DGPLQLVWUDWRU�XVHUV���FRQYHUW�ILOHV�LQ�ZGE�IDVWORDG�
IRUPDW��QRZ�IRU�ILIWHHQ�GDWD�IRUPDW�FRUUHVSRQGLQJ�WR�WKH�$:6�GDWD�ORJJHU��DQG�WKHQ�ORDG�WKH�VHOHFWHG�
DQG�FRQYHUWHG�ILOH�LQ�WKH�GDWDEDVH���
�

�

)LJXUH����3\WKRQ�*8,�IRU�ORDGLQJ�GDWD�DQG�PHWDGDWD�LQWR�WKH�GDWDEDVH�
�
7KH�ILUVW�ORDGLQJ�GDWD�VWHS�FRQFHUQV�WKH�JHRJUDSKLF�LQIRUPDWLRQ��,Q�PRVW�FDVHV��WKH�SDSHUV�ZKHUH�WKH�
VSDWLDO�LQIRUPDWLRQ�DUH�ZULWWHQ��UHSRUWHG�WKH�LGHQWLFDO�FRRUGLQDWH�IRU�GLIIHUHQW�FRUHV�GULOOHG�LQ�WKH�VDPH�
SODFH��7KLV�SUREOHP�LV�GXH�WR�WKH�IDFW�WKDW�WKH�*36�FRRUGLQDWHV�ZHUH�WDNHQ�ZLWK�SRRU�SUHFLVLRQ�DQG�LW�
UHIHU�WR�WKH�GULOOLQJ�VLWH�DQG�QRW�WR�D�VLQJOH�FRUH��7R�UHVSHFW�WKH�WRSRORJLFDO�UXOHV��LQ�RUGHU�WR�LQVHUW�WKH�
JHRJUDSKLF� GDWD� LQ� WR�:'%3$/(2��D�*,6�RSHUDWLRQ� �VKLIW� SRLQWV��ZDV�DSSOLHG�� WKLV� IXQFWLRQ�PRYHV�
RYHUODSSHG�SRLQWV�ZLWK�WKH�VDPH�FRRUGLQDWHV�LQ�D�FLUFOH�DURXQG�WKH�RULJLQDO�SRVLWLRQ��$W�WKH�HQG�RI�WKLV�
RSHUDWLRQ��DOO�SRLQWV�ZLWK�FRUH�QDPH�DQG�GULOOLQJ�VLWH�DWWULEXWHV�ZHUH�VWRUHG��
$IWHU�WKLV�VWHS�LW�LV�QHFHVVDU\�WR�LQSXW�WKH�'DWD�3URYLGHU��7KH�'DWD�3URYLGHU�LGHQWLILHV�WKH�VRXUFH�RI�WKH�
GDWD�� OLWHUDOO\�� WKH�HQWLW\� WKDW�SURYLGHV� WKH�GDWD�� ,W�FDQ�EH� WKH�SHUVRQ� LQ�FKDUJH�RI�FRUH�GULOOLQJ�RU� WKH�
SULQFLSDO� LQYHVWLJDWRU�DERXW� WKH�FRUHV�DQDO\VLV��$�'DWD3URYLGHU1DPH�WKDW� LV�XVHG�WR�VHDUFK�WKH�GDWD�
LQWR�WKH�GDWDEDVH�LGHQWLILHV�D�GDWD�SURYLGHU���
7KH�F3DUDPHWHU� LQ�:'%3$/(2�LGHQWLILHV� WKH�FKDUDFWHULVWLF�RU�PHDVXUDEOH� IDFWRU�RI� WKH�YDOXH�EHLQJ�
SDUDPHWHUL]HG�� 3DUDPHWHUV� SURYLGH� D� GHILQLWLYH� GHVFULSWLRQ� RI� ZKDW� WKH� GDWD� UHSUHVHQWV�� LQFOXGLQJ�
FKHPLFDO�DQG�SK\VLFDO�SURSHUWLHV��:KHQ�FRUHV�DUH�GULOOHG�WKH\�DUH�FXW�DQG�SUHSDUHG�WR�EH�FDWDORJXHG�
DQG�VWRUHG� IRU�DQDO\VLV��&RUHV�FRQWDLQ�PDQ\�SUR[\�SDUDPHWHUV� WR�KHOS�VFLHQWLVWV� WR� UHFRQVWUXFW�SDVW�
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FOLPDWHV�� )RU� H[DPSOH�� UHJDUGLQJ� FKHPLFDO� DQDO\VLV�� WKH� FRQFHQWUDWLRQ� RI� DWPRVSKHULF� WUDFH� JDVHV�
VXFK� DV� QLWURXV� R[LGH� �1�2��� PHWKDQH� �&+��� DQG� FDUERQ� GLR[LGH� �&2��� SURYLGH� LQIRUPDWLRQ� DERXW�
QDWXUDO�YDULDWLRQ�DQG�PDQ�PDGH�FKDQJH�RI�DWPRVSKHULF�FRPSRVLWLRQ��
$IWHU� DQ� DFFXUDWH� LQYHVWLJDWLRQ� DERXW� WKH� PDLQ� SK\VLFDO� DQG� FKHPLFDO� IDFWRUV�� RYHU� DERXW� �����
SDUDPHWHUV�ZLWK�D�SURSHU�PHDVXUHPHQW�XQLW�ZHUH�VHOHFWHG��7R�VWDQGDUGL]H�WKH�GDWD��HDFK�SDUDPHWHU�
ZDV�GHILQHG�E\�D�,83$&�QDPH�IRU�FKHPLFDO�YDOXH�DQG�6,��,QWHUQDWLRQDO�6\VWHP�RI�8QLWV��IRU�XQLWV�RI�
PHDVXUHPHQWV��$IWHUZDUG��GDWD�ZHUH�VWRUHG�LQ�WKH�:'%3$/(2��³SDUDPHWHUQDPH´�WDEOH��
3DUDPHWHUV� DUH� H[SUHVVHG� E\� YDOXHV�� )RU� UDZ� QXPHULF� YDOXH� KHUH�ZH� LQWHQG� WKH� QXPEHU� REWDLQHG�
IURP�D�VSHFLILF�FKHPLFDO�RU�SK\VLFDO�DQDO\VLV�RQ� LFH�FRUH�VDPSOH��)RU�H[DPSOH�� �������G��2�� ������
7DQRP�RU������QJ�O�3E��7KLV� VWHS�ZDV�FULWLFDO� DV�HDFK� UDZ�QXPHULF� YDOXH�RI� FKHPLFDO�DQG�SK\VLFDO�
PHDVXUH�DUH�OLQNHG�WR�WKH�WKUHH�SDUWLHV�PHQWLRQHG�DERYH��FRUH��GDWD�SURYLGHU�DQG�SDUDPHWHUV���
)LUVW��EHIRUH�ORDGLQJ�GDWD�LQWR�:'%3$/(2��WKH�RULJLQDO�W[W�DQG�[OV�ILOHV�ZHUH�PRGLILHG�LQ�&69�IRUPDW�
ZLWK�D�SUHFLVH�IRUPDWWLQJ��$�EDVK�VKHOO�VFULSW�ZDV�ZULWWHQ�LQ�RUGHU�WR�VLPSOLI\�WKH�ORDGLQJ�SURFHGXUH��,W�
UHDGV�&69�ILOH��ZKHUH�FRUH�GDWD�ZHUH�EHHQ�DQWHFHGHQWO\�SUHSDUHG�ZLWK�D�SUHFLVH�FROXPQ�RUGHU�DQG�
WKHQ� FRQQHFWLQJ� WR� WKH� GDWDEDVH�� 7KHQ�� LW� UHFDOOV� D� 64/� IXQFWLRQ� WKDW� FDQ� GLVWULEXWH� HDFK� DWWULEXWH�
LQVLGH�WKH�ULJKW�WDEOHV�ILHOGV��7KLV�VRIWZDUH�KDV�WKH�DLP�WR�KHOS�IXWXUH�XVHUV�LQ�ORDGLQJ�QHZ�GDWD��7KH�
64/�IXQFWLRQ�XVHG�WR�ZULWH�GDWD�LQ�WKH�GDWDEDVH�ZDV�EXLOW�ZLWK�LGHD�WR�FKHFN�WKH�GDWD�WKDW�ZHUH�JRLQJ�
WR�EH�LQVHUW�LQ�WKH�GDWDEDVH�WR�DYRLG�UHGXQGDQF\�DQG�RWKHU�HUURUV���
1RZDGD\V� ���� QRQ�SRODU� LFH� FRUHV� DQG� ���� PDULQH� VHGLPHQW� FRUHV� KDYH� EHHQ� ORDGHG� LQWR�
:'%3$/(2���VHH�)LJXUH��D�DQG�)LJXUH��E���
�
�
�
�
�
�
�
�
�
�
�
�
�
�

)LJXUH��D�'LVWULEXWLRQ�RI�QRQ�SRODU�LFH�JODFLHUV�
�

�
)LJXUH��E��0DULQH�VHGLPHQW�FRUHV�SRLQWV��
�
�
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�
��� *HRQHWZRUN��PHWDGDWD�VKDULQJ�
�
7KH�6KDUH�*HRQHWZRUN�SODWIRUP�IRU�ZHE�VHUYLFHV� LV�EDVHG�RQ�WKH�DUFKLWHFWXUH�RI�*HRQHWZRUN�2SHQ�
6RXUFH�IRU�WKH�GHYHORSPHQW�RI�WKH�GDWD�DQG�PHWDGDWD�FDWDORJ�GHGLFDWHG�WR�WKH�KLJK�DOWLWXGH�UHVHDUFK�
UHODWHG� WR� WKH� 6+$5(� SURMHFW� �/RFFL� HW� DO��� ������� 1H[WW'DWD� SURMHFW� DOVR� FKRRVH� WR� IROORZ� WKH�
,163,5(� �,QIUDVWUXFWXUH� IRU� 6SDWLDO� ,QIR5PDWLRQ� LQ� (XURSH�� �,163,5(�� ������� (XURSHDQ� IUDPHZRUN�
WKDW�LV�DQ�LQIUDVWUXFWXUH�IRU�VSDWLDO�LQIRUPDWLRQ�LQ�(XURSH�WKDW�ZLOO�KHOS�WR�PDNH�VSDWLDO�RU�JHRJUDSKLFDO�
LQIRUPDWLRQ�PRUH�DFFHVVLEOH�DQG� LQWHURSHUDEOH� IRU�D�ZLGH� UDQJH�RI�SXUSRVHV�VXSSRUWLQJ�VXVWDLQDEOH�
GHYHORSPHQW�� 7KH� 6KDUH� *HRQHWZRUN� SODWIRUP� IRU� ZHE� VHUYLFHV� LV� EDVHG� RQ� WKH� DUFKLWHFWXUH� RI�
*HRQHWZRUN�2SHQ�6RXUFH� IRU� WKH� GHYHORSPHQW� RI� WKH� GDWD� DQG�PHWDGDWD� FDWDORJ� GHGLFDWHG� WR� WKH�
KLJK�DOWLWXGH�UHVHDUFK�UHODWHG�WR�WKH�6+$5(�SURMHFW��
�
����� *HRQHWZRUN�EDFNJURXQG�
�
$�SURWRW\SH�RI�WKH�*HRQHWZRUN�FDWDORJXH�ZDV�GHYHORSHG�E\�WKH�)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ�RI�
WKH� 8QLWHG� 1DWLRQV� �)$2�� LQ� ����� WR� V\VWHPDWLFDOO\� FROOHFW� DQG� SXEOLVK� WKH� JHRJUDSKLF� GDWDVHWV�
SURGXFHG�ZLWKLQ�WKH�RUJDQL]DWLRQ��0RUHRYHU��WKH�:RUOG�)RRG�3URJUDPPH��:)3��MRLQHG�WKH�SURMHFW�DQG�
ZLWK� LWV� FRQWULEXWLRQ� WKH� ILUVW� YHUVLRQ� RI� WKH� VRIWZDUH� ZDV� UHOHDVHG� LQ� ������ *HRQHWZRUN� KDV� EHHQ�
GHYHORSHG� IROORZLQJ� WKH� SULQFLSOHV� RI� )UHH� DQG� 2SHQ� 6RXUFH� 6RIWZDUH� �)266�� DQG� EDVHG� RQ�
,QWHUQDWLRQDO� DQG� 2SHQ� 6WDQGDUGV� IRU� VHUYLFHV� DQG� SURWRFROV�� OLNH� WKH� ,62�7&���� DQG� WKH� 2SHQ�
*HRVSDWLDO�&RQVRUWLXP� �2*&��VSHFLILFDWLRQV� �2&*���������&XUUHQWO\�� WKHUH� LV�D�ELJ� FRPPXQLW\� WKDW�
XVHV�DQG�GHYHORSV�WKH�*HRQHWZRUN�VRIWZDUH��*HRQHWZRUN�2SHQ�6RXUFH�FRQVLVWV�RI��

•� DGYDQFHG�VHDUFK�GLVFRYHU\�WRROV���
•� PHWDGDWD�FDWDORJXH��GHVFULSWLYH�UHFRUGV�IRU�GDWDVHW���
•� JHRJUDSKLF�GDWD�DQG�PDS�YLHZHU�
,PSURYLQJ�VKDULQJ�DQG�DFFHVV�WR�GDWD�DQG�LQIRUPDWLRQ�E\�WKH�XVH�RI�WKLV�RSHQ�VRXUFH�V\VWHP�LW�LV�

SRVVLEOH�� DOVR� DGRSWLQJ� WZR� LQWHUQDWLRQDO� VWDQGDUGV�� '8%/,1� &25(� IRU� JHQHUDO� GRFXPHQWV� DQG�
,62������IRU�JHRJUDSKLF�GDWD��7KH�XVH�RI�WKHVH�VWDQGDUGV�HQVXUHV�WKDW�PHWDGDWD�FDQ�EH�LQWHUSUHWHG�
E\� VRIWZDUH� DQG� XVHUV� DQG�PDNH� GDWD� DQG� LQIRUPDWLRQ� UHVRXUFHV� HDVLHU� WR� ILQG� WKURXJK� WKH�:RUOG�
:LGH�:HE��
�
���� 0HWDGDWD�VWRULQJ�
�
,Q�6+$5(�*HRQHWZRUN�LW�LV�SRVVLEOH�DUFKLYH�WKH�PHWDGDWD�RI�FRUHV�VWRUHG�LQ�:'%3$/(2��7R�FUHDWH�D�
EHWWHU�VWUXFWXUH��ZH�FKRRVH�WR�DUFKLYH�PHWDGDWD�IROORZLQJ�D�KLHUDUFKLFDO�VWUXFWXUH�3DUHQW�&KLOG��)LJXUH�
����6WDUWLQJ� IURP� WKH�SURMHFW� GRPDLQ� �SDUHQW�� WKDW� FRQWDLQV� LQIRUPDWLRQ�DERXW� WKH�SHUIRUDWLRQ�SURMHFW�
VXFK�DV��6FRSH�ZRUN�RI� WKH�SURMHFW��JHRJUDSKLF� UHJLRQ�DQG�SRLQW�RI�FRQWDFW�RI�SULQFLSDO� LQYHVWLJDWRU��
$IWHU�WKH�SDUHQW��WKHUH�LV�WKH�'ULOOLQJ�FDPSDLJQ��)LUVW�FKLOG�KDYH�WR�FRQWDLQ�WKH�QDPH�RI�WKH�FDPSDLJQ��
WKH�UHIHUHQFH�WLPH��WKH�PHWKRGV�XVHG�IRU�GULOO��QXPEHU�RI�,FH�FRUH�WDNHQ�IURP�HDFK�H[WUDFWLRQ��7KH�ODVW�
LV�WKH�,FH�&RUH��,W�FRQWDLQV��,'�RI�WKH�&RUH��GHYLFH��FRUHU��EHQQH��DEVWUDFW�RI�WKH�SULQFLSDO�SDSHU�ZURWH�
DERXW�WKDW�LFH�FRUH��LQIRUPDWLRQ�DERXW�WKH�SRLQW�RI�FRQWDFW�DQG�ODVW�WKH�VSDWLDO�LQIRUPDWLRQ��FRRUGLQDWHV��
RI�WKH�LFH�FRUH���
0HWDGDWD� DUH� XSGDWHG� ZKHQHYHU� QHZ� GDWD� DUH� ORDGHG� RU� D� FKDQJH� RQ� GDWD�� RQ� VHQVRUV�� RQ�
LQVWUXPHQWV� DQG� LQ� LQIRUPDWLRQ� UHODWHG� RQ� GDWD� RFFXUV��$OVR�� QHZ�PHWDGDWD� VFKHPH�DUH� GHYHORSHG�
ZKHQHYHU�QHZ�W\SH�RI�HQYLURQPHQWDO�GDWD�QHHG�WR�EH�DGGHG�WR�WKH�ZHE�VHUYLFH�SODWIRUP��
$� V\VWHP� RI� KLHUDUFKLFDO� SULYLOHJHV�� UROHV�� DQG� XVHU� JURXSV� WR� PDQDJH� XVHUV� DQG� SHUPLVVLRQV� WR�
DFFHVV��PRGLILFDWLRQ�DQG�GDWD�GRZQORDGLQJ�KDV�EHHQ�GHVLJQHG��)RU�WKH�DFFHVV�WR�SXEOLF�LQIRUPDWLRQ�
WKHUH� DUH� QR� UHVWULFWLRQV�� ZKLOH� LQ� RUGHU� WR� KDYH� DFFHVV� WR� VSHFLILF� LQIRUPDWLRQ� RU� IXQFWLRQDOLW\�� DQ�
DFFRXQW�WKDW�ZLOO�EH�SURYLGHG�E\�WKH�V\VWHP�DGPLQLVWUDWRU�ZLOO�EH�UHTXLUHG��$OVR�� LW�ZLOO�EH�SRVVLEOH�WR�
UHDG� WKH� LQIRUPDWLRQ� DERXW� D� UHVRXUFH�� GRZQORDG� RU� EURZVH� LQWHUDFWLYHO\� GDWD� IRU� WKDW� UHVRXUFH�
GHSHQGLQJ� RQ� WKH� UROH� RI� DQ� DXWKHQWLFDWHG� XVHU� DQG� SULYLOHJHV� VHW� IRU� WKH� PHWDGDWD� UHFRUG��
$XWKHQWLFDWHG� XVHUV� �DQG� GHSHQGLQJ� RQ� SULYLOHJHV�� FDQ� FUHDWH�� LPSRUW� DQG� HGLW� PHWDGDWD� UHFRUGV��
7KH\� FDQ� DOVR� XSORDG� DQG� FRQILJXUH� GDWD� OLQNV� IRU� LQWHUDFWLYH� PDS�� (DFK� DXWKHQWLFDWHG� XVHU� LV�
DVVLJQHG�WR�D�SDUWLFXODU�ZRUNLQJ�JURXS�DQG�LW�LV�DEOH�WR�YLHZ�WKH�GDWD�ZLWKLQ�WKDW�JURXS��7KH�FRUH�RI�WKH�
LQIRUPDWLRQ�V\VWHP�LV� LQVWDOOHG� LQ�D�VHUYHU� ORFDWHG�DW� WKH�(Y�.��&15�&RPPLWWHH�&HQWUH� LQ�%HUJDPR�
�PDLQ� QRGH��� EXW� WKHUH� LV� WKH� SRVVLELOLW\� WR� LQVWDOO� UHORFDWHG� VXEV\VWHPV� EDVHG� RQ� WKH� VDPH�
WHFKQRORJ\�� QDPHG� IRFDO� SRLQW� RI� 6+$5(�� ZKLFK� ZLOO� FRQWDLQ� PHWDGDWD� DQG� GDWD� FRQQHFWHG� WR� WKH�
PDLQ� QRGH�� (DFK� IRFDO� SRLQW� KDV� LWV� RZQ� UHJLRQ� RI� LQWHUHVW� DQG� WKH� V\VWHP�ZLOO� EH� DEOH� WR�PDNH� D�
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VHDUFK�RQ�DOO�QRGHV�VLPXOWDQHRXVO\��7KLV�GLVWULEXWHG�V\VWHP�HQKDQFHV�WKH�HIILFLHQF\�LQ�WHUP�RI�VSHHG�
RI�DFFHVV�WR�UHVRXUFHV��
��
�

�
)LJXUH����([DPSOH�RI�KLHUDUFKLFDO�VWUXFWXUH�3DUHQW�&KLOG�RI�PHWDGDWD�IRU�LFH�FRUHV��
�
�
����� ,QWHUDFWLYH�PDSV��
*HRQHWZRUN�RSHQ�VRXUFH�SURYLGHV�,QWHUQHW�DFFHVV�WR� LQWHUDFWLYH�PDSV��VDWHOOLWH� LPDJHU\�DQG�UHODWHG�
VSDWLDO� GDWDEDVHV� ZLWK� WKH� SRVVLELOLW\� RI� OD\HUV� PDQDJHPHQW� DQG� TXHULHV� WKURXJK� DQ� LQWHJUDWHG�
:HE*,6� EDVHG� RQ� *HR6HUYHU� VRIWZDUH� �3XPSKUH\�� ������� 7KH� LQWHJUDWLRQ� RI� *RRJOH� 0DSV�
FDUWRJUDSKLF� GDWD� LQ� WKH�*HR6HUYHU� KDV� EHHQ�GHYHORSHG�PDNLQJ� DYDLODEOH� DGYDQFHG�DQG� FRPSOHWH�
VDWHOOLWH� LPDJHV�� VWUHHW�PDSV��SK\VLFDO�PDSV�DQG�K\EULG�PDSV��7KH�V\VWHP�ZDV�GHHSO\�PRGLILHG� WR�
EULQJ� WKH� FRQILJXUDWLRQV� WR� WKH� SXEOLFDWLRQ� RI� WKH� *RRJOH¶V� OD\HUV�� WKH� PDLQ� LVVXH� LV� UHODWHG� WR� WKH�
FKDQJH�RI�WKH�FDUWRJUDSKLF�SDUDPHWHUV�WR�PDNH�WKHP�FRPSDWLEOH�ZLWK�WKH�SXEOLFDWLRQ�LQ�*RRJOH��7KH�
LQWHUIDFH� RI� 6+$5(�*HRQHWZRUN� ZDV� WKHQ� FKDQJHG� LQ� WKH� FRQILJXUDWLRQ� ILOHV� DQG� VFULSWV� ZLWK� WKHLU�
GHSHQGHQFLHV�WKDW�FRQFHUQ�WKH�VHJPHQW�PDSSLQJ��
�
��� �',6&866,21�$1'�&21&/86,216�
�
7KH� 6+$5(� SURMHFW� DQG� WKH� 6+$5(� *HRQHWZRUN� LQ� SDUWLFXODU�� ZHUH� ERUQ� IURP� WKH� QHFHVVLW\� WR�
LPSURYH� WKH� NQRZOHGJH� RI�PRXQWDLQV� HFRV\VWHP�DQG� VKDULQJ� GDWD� DQG�PHWDGDWD�ZLWK� WKH� VFLHQWLILF�
FRPPXQLW\�� 7KLV� LQIRUPDWLRQ� DUH� FROOHFWHG� E\� GLUHFW� REVHUYDWLRQV� IURP� FOLPDWLF� DQG� PHWHRURORJLFDO�
KLJK� PRXQWDLQ� VWDWLRQV�� 7KH� VDOLHQW� IHDWXUHV� RI� WKLV� SURMHFW� LV� DFFHVV� WR� DQG� FROOHFWLRQ� RI� KLJK�
PRXQWDLQV� UHVHDUFK� GDWD� LQ� VHQVLWLYH� DQG� UHPRWH� DUHDV� �VXFK� DV� $IULFD� DQG� $VLD�$OSV� DQG� $QGH���
FDUULHG� RXW� LQ� FROODERUDWLRQ� ZLWK� ORFDO� DQG� JRYHUQPHQWDO� LQVWLWXWLRQ� IRU� WKH� DLP� RI� SUHVHUYLQJ� WKHVH�
IUDJLOH�HFRV\VWHPV��6DOHUQR�HW�DO����������,Q�WKLV�ZRUN�WKH�RULJLQDO�GDWDEDVH�:'%�KDV�EHHQ�PRGLILHG�
DQG�DGDSWHG� WR� FROOHFW� GDWD� IURP� LFH�DQG�PDULQH� FRUHV��:'%3$/(2�� ,Q� WKLV�ZD\�� D� VLQJOH�SRLQW� RI�
DFFHVV�IRU�DFWXDO��UHFHQW�DQG�SDOHR�FOLPDWH�GDWD�LV�DYDLODEOH�IRU�WKH�UHVHDUFKHUV�DQG�IRU�DOO�LQWHUHVWHG�
FRPPXQLW\���
$� QHZ� GDWDEDVH� VWUXFWXUH� KDV� EHHQ� SURSRVHG� WR� VWRUH� DQG� VKDUH� GDWD� GHULYHG� IURP� FKHPLFDO� DQG�
SK\VLFDO�FRUHV�FKDUDFWHUL]DWLRQ��$FWXDOO\�� WKLV� LV�WKH�ILUVW�JHRGDWDEDVH�ZKHUH�WKH�UDZ�QXPHULF�YDOXHV�
GHULYHG�IURP�WKH�PHDVXUHPHQW�RQ�FRUHV�VDPSOHV�ZHUH�VWRUHG�DQG�DYDLODEOH��8QOLNH�RWKHU�GDWDEDVHV��
:'%3$/(2�DOORZV�XVHUV� WR�VHDUFK� WKH�QXPHULF�YDOXH�RI�D�VSHFLILF�FKHPLFDO�DQG�SK\VLFDO�DQDO\VLV��
VWDUWLQJ�IURP�D�SDUWLFXODU�GDWD�SURYLGHU�QDPH�RU�SDUDPHWHU��7KLV�LV�HVVHQWLDO�EHFDXVH�LW�SHUPLWV�D�UDSLG�
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GDWD� VHDUFK� DQG� TXLFNO\� FRPSDULVRQ� RI� GLIIHUHQW� FRUH� YDULDEOHV�� 0RUHRYHU� WKH� DEVHQFH� RI� VWRUDJH�
WHPSRUDO�OLPLWDWLRQ��DOORZ�WKH�XSJUDGH�RI�GDWDEDVH�ZLWK�FRUHV�IURP�RWKHU�SURYLGHUV���
7KH� VWUXFWXUH� WR� VWRUH� DQG� VKDUH� GDWD�� IURP� GDWDEDVH� WR� :HE� *,6� DSSOLFDWLRQ�� LV� EDVHG� RQ� RSHQ�
VRXUFH�VRIWZDUH�WRROV�DQG�WKH\�DUH�IUHH��XVHIXO�DQG�YHU\�FDSDEOH��7KH�SUHVHQW�GDWDEDVH�LV�UHOHDVHG�
ZLWK�*18�OLFHQVH�DQG�LW�FRXOG�SRWHQWLDOO\�EH�FXVWRPL]HG�DQG�VKDUHG�LW�ZLWKRXW�OLPLWDWLRQV���
7KH� DGGHG� YDOXH� RI� WKLV� SURMHFW� LV� WKH� LQWHUDFWLRQ� EHWZHHQ� FRUHV� GDWD� FKDUDFWHUL]DWLRQ�� WKHLU�
JHRJUDSKLF�LQIRUPDWLRQ�DQG�PHWDGDWD��7KURXJK�WKH�GHYHORSPHQW�RI�ZHE�*,6�DSSOLFDWLRQ�LW�LV�SRVVLEOH�
WR� VKDUH� HQYLURQPHQWDO� GDWDVHWV� DQG� IXUWKHUPRUH� SURYLGH� HDV\� DFFHVV� IRU� XVHUV� ZLWK� ODFNLQJ� *,6�
NQRZOHGJH��
7KH� 6+$5(� *HRQHWZRUN� SODWIRUP� SURYLGHV�� D� IXUWKHU� LPSHWXV� WR� KLJK� PRXQWDLQV� UHVHDUFK��
FRPSOHPHQWLQJ� RWKHU� SURMHFWV� VXFK� DV� */25,$� �*OREDO� 2EVHUYDWLRQ� 5HVHDUFK� ,QLWLDWLYH� LQ� $OSLQH�
(QYLURQPHQWV�� �*UDEKHUU�HW�DO���������DQG� WKH� UHFHQW�FUHDWLRQ�RI�D�GDWDEDVH� IRU�VWRULQJ��SURFHVVLQJ�
DQG� VKDULQJ� JODFLRORJLFDO� GDWD� LQ� ,WDO\� �1LJUHOOL� DQG� 0DULQR�� ������� D� PHWKRGRORJ\� WR� LPSOHPHQW� D�
FOLPDWRORJLFDO�JHRJUDSKLFDO�LQIRUPDWLRQ�V\VWHP�XVLQJ�RSHQ�VRXUFH�WRROV��
�
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