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,QYLWHG�SDSHU��VSHFLDO�LVVXH�RQ�'LJLWDO�/LEUDULHV��&:,�4XDUWHUO\��&HQWUXP�YRRU�:LVNXQGH
HQ�,QIRUPDWLFD��$PVWHUGDP�1HWKHUODQGV�
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&DWKHULQH�+RXVWLV��&KULVWRV�1LNRODRX��6S\URV�/DOLV
�&RPSXWHU�6FLHQFH�'HSDUWPHQW�8QLYHUVLW\�RI�&UHWH�	�,QVWLWXWH�RI�&RPSXWHU

6FLHQFH�)RXQGDWLRQ�IRU�5HVHDUFK�DQG�7HFKQRORJ\
KRXVWLV#LFV�IRUWK�JU��QLNRODX#LFV�IRUWK�JU��ODOLV#LFV�IRUWK�JU

6DUDQWRV�.DSLGDNLV��9DVVLOLV�&KULVWRSKLGHV
,QVWLWXWH�RI�&RPSXWHU�6FLHQFH��)RXQGDWLRQ�IRU�5HVHDUFK�DQG�7HFKQRORJ\

VDUDQWRV#LFV�IRUWK�JU��FKULVWRS#LFV�IRUWK�JU

�(ULF�6LPRQ��$QWKRQ\�7RPDVLF
)UHQFK�1DWLRQDO�,QVWLWXWH�IRU�5HVHDUFK�LQ�&RPSXWHU�6FLHQFH�DQG�&RQWURO��,15,$�

(ULF�6LPRQ#LQULD�IU��$QWKRQ\�7RPDVLF#LQULD�IU

$EVWUDFW

6FLHQWLILF� UHSRVLWRULHV� IRXQG� LQ� LQVWLWXWLRQV� DQG� RUJDQL]DWLRQV� FRQVLVW� RI� GDWD� DQG
SURJUDPV�� � 'DWD� FRQVLVWV� SULQFLSDOO\� RI� QXPHULF� GDWD�� LPDJHV�� DQG� WH[W� GRFXPHQWV�
3URJUDPV�FRQVLVW�SULQFLSDOO\�RI�VRIWZDUH�PHWKRGV�IRU�YLVXDOL]LQJ�DQG�SURFHVVLQJ�GDWD�DQG
VLPXODWRUV�RI��QDWXUDO�SURFHVVHV����'DWD�UHSUHVHQWV�ERWK�PHDVXUHG��SK\VLFDO�EHKDYLRU�DQG
WKH�UHVXOWV�RI�VLPXODWLRQV���7KH�LQWHJUDWLRQ�DQG�YLVXDOL]DWLRQ�RI�VFLHQWLILF�UHSRVLWRULHV�LQWR
DQ� HDVLO\� DFFHVVHG� LQWHURSHUDEOH� QHWZRUNHG� HQYLURQPHQW� LV� QHHGHG� LQ�PDQ\� GLVFLSOLQHV
IRU�ERWK�VFLHQWLILF�DQG�PDQDJHPHQW�SXUSRVHV��7R�VDWLVI\�WKHVH�QHHGV�ZH�SUHVHQW�DQ�RSHQ
K\EULG� DUFKLWHFWXUH�� ZKLFK� FRPELQHV� GLJLWDO� OLEUDU\� WHFKQRORJ\�� LQIRUPDWLRQ� LQWHJUDWLRQ
PHFKDQLVPV� DQG� ZRUNIORZ�EDVHG� V\VWHPV�� 2XU� H[SHULHQFH� LV� EDVHG� RQ� WKH� 7+(7,6�

SURMHFW�� D� GLVWULEXWHG� FROOHFWLRQ�RI� VFLHQWLILF� UHSRVLWRULHV� IRFXVHG� RQ� VXSSRUWLQJ�&RDVWDO
=RQH�0DQDJHPHQW�RI�WKH�0HGLWHUUDQHDQ�5HJLRQ�LQ�(XURSH��,W�ZLOO�GHPRQVWUDWH�LWV�DELOLW\
WR� UHVSRQG� WR� XVHUV� VXFK� DV� VFLHQWLVWV� DQG� SXEOLF� DGPLQLVWUDWLRQ� DXWKRULWLHV� WKDW� XVH
VFLHQWLILF�LQIRUPDWLRQ�IRU�GHFLVLRQ�PDNLQJ�

��� ,QWURGXFWLRQ

6FLHQWLILF� GDWD� UHSRVLWRULHV�� PDLQWDLQHG� E\� YDULRXV� LQVWLWXWLRQV�� KDYH� H[LVWHG� IRU� PDQ\
\HDUV� PRVWO\� LQ� LVRODWLRQ�� 7KH� LPSURYHPHQW� RI� FRPPXQLFDWLRQ� WHFKQRORJLHV� DQG� WKH
HPHUJHQFH� RI� WKH� ,QWHUQHW� DQG� WKH� :::� >/HH��@� KDYH� PDGH� IHDVLEOH� WKH� HOHFWURQLF
DYDLODELOLW\� DQG� LQWHUFRQQHFWLRQ� RI� KLVWRULFDOO\� LQGHSHQGHQW� LQIRUPDWLRQ� VRXUFHV� DFURVV
QDWLRQDO� ERUGHUV��'HVSLWH� WKH� JOREDO� QHWZRUN� LQIUDVWUXFWXUH� WKDW� RSHQV� WKH�ZD\� WRZDUGV
DGYDQFHG� GDWD� H[FKDQJH�� WKH� ORFDWLRQ�� UHWULHYDO� DQG� HYHQ� PRUH� WKH� FRPELQDWLRQ� RI

������������������������������ ����������������������������
��7+(7,6�LV�IXQGHG�E\�WKH�5HVHDUFK�RQ�7HOHPDWLFV�SURJUDPPH�RI�WKH�(8��SURMHFW�QU��)������$SULO������
&RQWDFW��&DWKHULQH�+RXVWLV��,QVWLWXWH�RI�&RPSXWHU�6FLHQFH��)257+��32�%R[�������*5�������+HUDNOLRQ�
*UHHFH��3KRQH������������������)D[�����������������(�PDLO��KRXVWLV#LFV�IRUWK�JU
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LQIRUPDWLRQ�IURP�GLVWULEXWHG�VRXUFHV�SURYHV�WR�EH�D�FRPSOH[�DQG�D�WLPH�FRQVXPLQJ�WDVN�
,Q�IDFW��HYHQ�H[SHUW�XVHUV�DUH�QRW�DZDUH�RI�ZKHUH��ZKDW�DQG�KRZ�WR�ORRN�IRU�LQIRUPDWLRQ�
,W�DSSHDUV� WKDW���QRZ�PRUH�WKDQ�HYHU���PDQDJLQJ��DFFHVVLQJ�DQG�LQWHJUDWLQJ� LQIRUPDWLRQ
IURP�PXOWLSOH�VFLHQWLILF�GDWD�VRXUFHV�LV�D�PDMRU�FKDOOHQJH�

)RU� H[DPSOH�� HQYLURQPHQWDO� VFLHQWLVWV� DQG� SXEOLF� LQVWLWXWLRQV�ZRUNLQJ� RQ�&RDVWDO�=RQH
0DQDJHPHQW� �&=0�� QHHG� WR� H[WUDFW� DQG� YLVXDOL]H� GDWD� PDWFKLQJ� WKHLU� LQWHUHVWV� IURP
VHYHUDO� UHSRVLWRULHV�� LQYROYLQJ� GLIIHUHQW� VFLHQWLILF� GLVFLSOLQHV� VXFK� DV� PDULQH� ELRORJ\�
RFHDQRJUDSK\��FKHPLVWU\��JHRORJ\��DQG�HQJLQHHULQJ��6FLHQWLVWV�DUH�IDFLQJ�WRGD\�DQ�DUUD\
RI�FRPPHUFLDO�DQG�FXVWRP�GDWDEDVH�LQWHUIDFHV��FRPSXWHU�RSHUDWLQJ�V\VWHPV�DQG�QHWZRUN
SURWRFROV���7KHVH�WHFKQRORJLHV�PXVW�EH�PDVWHUHG�LQ�RUGHU�WR�H[DPLQH�SRWHQWLDOO\�UHOHYDQW
GDWD�� 6FLHQWLVWV� DOVR� KDYH� WR� GHDO� ZLWK� DOPRVW� DOO� WKH� DVSHFWV� RI� WKH� LQIRUPDWLRQ� WKH\
UHFHLYH�� IURP�LGHQWLI\LQJ�ZKDW� LV�XVHIXO�� UHOLDEOH��RU�FRPSOHWH� WR�KRZ�WKH\�ZRXOG�SXW� LW
WRJHWKHU�ZLWK�RWKHU�LQIRUPDWLRQ�LQ�RUGHU�WR�IXUWKHU�SURGXFH�VFLHQWLILF�GDWD�

7KH�YROXPH�RI�GDWD�UHVXOWLQJ�IURP�H[SHULPHQWDO�REVHUYDWLRQV�DQG�SRVW�SURFHVVLQJ�FDQ�EH
VWDJJHULQJ��7KH�DPRXQW�RI�GDWD�FROOHFWHG�RYHU�VHYHUDO�\HDUV�LQ�D�FRQYHQWLRQDO�LQIRUPDWLRQ
V\VWHP� FDQ� EH� JHQHUDWHG� ZLWKLQ� D� IHZ� KRXUV� LQ� D� VFLHQWLILF� HQYLURQPHQW� �H�J�� VDWHOOLWH
SLFWXUHV���'RZQORDGLQJ�HQWLUH�VFLHQWLILF�GDWD�VHWV�RYHU�WKH�QHWZRUN�LV�VLPSO\�XQUHDOLVWLF�
(YHQ� DG�KRF� EURZVLQJ� DQG� UHWULHYDO� HQJLQHV� FDQ� HDVLO\� UHVXOW� LQ� KXJH� DPRXQWV� RI
LQIRUPDWLRQ�� FDXVLQJ� XQDFFHSWDEO\� ORQJ� GHOD\V� LQ� ODUJH� VFDOH� GLVWULEXWHG� V\VWHPV�
'DWDEDVH� WHFKQRORJ\� VXSSRUW� WR� VFLHQWLILF� DSSOLFDWLRQV� PD\� DOOHYLDWH� RQO\� VRPH� RI� WKH
SUREOHPV� LQYROYHG� LQ� VFLHQWLILF� GDWD� FRPSXWLQJ� �VXFK� DV� WKH� SHUVLVWHQFH� RI� ODUJH� GDWD
YROXPHV� DQG� GHFODUDWLYH� TXHU\LQJ� IDFLOLWLHV��� 7KH� PDLQ� UHDVRQ� LV� WKDW� VFLHQWLILF� GDWD
PDQDJHPHQW�DQG�SURFHVVLQJ�GLIIHUV�FRQVLGHUDEO\�IURP�EXVLQHVV�DSSOLFDWLRQV�VXSSRUWHG�E\
FRPPHUFLDO�V\VWHPV�

6FLHQWLILF�GDWD�VHWV�DUH�TXLWH�FRPSOH[��FRQWDLQLQJ�D�PXOWLWXGH�RI�YDULDEOHV�DFURVV�VHYHUDO
GLPHQVLRQV� �� XVXDOO\� �EXW� QRW� QHFHVVDULO\�� ORQJLWXGH�� ODWLWXGH�� GHSWK�� DQG� WLPH�� +HQFH�
PXOWLGLPHQVLRQDO� VFLHQWLILF� GDWD� FDQQRW� EH� UHSUHVHQWHG� HIILFLHQWO\� DQG� GLUHFWO\� XVLQJ
GDWDEDVH� PRGHOV� �H�J�� � UHODWLRQDO��� 0RUHRYHU�� VFLHQWLILF� HQYLURQPHQWV� GR� QRW� FRPSULVH
RQO\� GDWD�� $� PXOWLWXGH� RI� SURJUDPV� LV� XVHG� WR� SHUIRUP� VRSKLVWLFDWHG� VLPXODWLRQV� RI
SK\VLFDO�� FKHPLFDO� DQG� ELRORJLFDO� SURFHVVHV� RU� LPSOHPHQW� GDWD� SURFHVVLQJ� IXQFWLRQV�
8QOLNH� FRQYHQWLRQDO� WUDQVDFWLRQDO� DSSOLFDWLRQV�� WKHVH� SURJUDPV� DUH� H[WUHPHO\� FRPSOH[�
XVXDOO\�UXQ�RQ�VSHFLDO�SXUSRVH�KDUGZDUH�DQG�KDYH�ORQJ�H[HFXWLRQ�WLPHV��VHYHUDO�KRXUV��
7KH\� UDQJH� IURP� OHJDF\� VRIWZDUH� RSHUDWHG� XQGHU� VWULFW� OLFHQVLQJ� DJUHHPHQWV� WR� SXEOLF
GRPDLQ�SURJUDPV�WKDW�KDYH�EHHQ�FXVWRPL]HG�E\�KDQG�WR�WKH�QHHGV�RI�HDFK�RUJDQL]DWLRQ�
*HQHUDOO\�WKHVH�V\VWHPV�DUH�VWLOO�VWDQG�DORQH�DQG�GR�QRW�LQWHURSHUDWH�HDVLO\�ZLWK�H[LVWLQJ
H[WHUQDO�GDWD�DQG�SURJUDPV�

'DWD� PDQDJHPHQW� DQG� LQWHJUDWLRQ� LV� IXUWKHU� FRPSOLFDWHG� IRU� GLVWULEXWHG� VFLHQWLILF
UHSRVLWRULHV��VLQFH�HDFK�OHJDF\�VRXUFH�RU�SURJUDP�XQGHUVWDQGV�LWV�RZQ�V\QWD[��VHPDQWLFV
DQG�VHW�RI�RSHUDWLRQV��DQG�KDV�GLIIHUHQW�UXQWLPH�UHTXLUHPHQWV��6FLHQWLILF�GDWD�LV�W\SLFDOO\
UHSUHVHQWHG�LQ�D�YDULHW\�RI�IRUPV�DQG�IRUPDWV�IURP�IODW�ILOHV�WR�REMHFW�'%06V��7UDGLWLRQDO
PXOWLGDWDEDVHV�DUH�WRR�ULJLG�DQG�ODERU�LQWHQVLYH�WR�DGDSW� WR�DQ�RSHQ�HQYLURQPHQW�ZKHUH
QHZ� VRXUFHV� DUH� LQWHJUDWHG� G\QDPLFDOO\� DQG� WKH\� GR� QRW� SUHGLFW� DQG� DFFHVV� WR� GDWD
UHVLGLQJ� RXWVLGH� GDWDEDVHV�� $OVR�� FRQWUDU\� WR� WKH� H[SOLFLW� GHVFULSWLRQ� RI� WKH
FRQFHSWXDOL]DWLRQ� SURYLGHG� E\� D� GDWDEDVH� �L�H��� D� VFKHPD��� WKH� LQIRUPDWLRQ� UHTXLUHG� IRU
LQWHUSUHWLQJ� VFLHQWLILF� GDWD� LV� IDU� OHVV� SUHFLVH�� ,W� LV� W\SLFDOO\� SDUW� RI� WKH� GLVFLSOLQH
V
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QRPHQFODWXUH�GRFXPHQWHG�LQ�VRPH�IRUP�RI�IUHH�WH[W�RU�KLGGHQ�LQ�WKH�YDULRXV�SURFHVVLQJ
SURJUDPV� DQG� DQDO\WLFDO� WRROV�� )XUWKHUPRUH�� VFLHQWLILF� GDWD� LV� FRQWLQXDOO\� HYROYLQJ
WRJHWKHU� ZLWK� WKHLU� FRQFHSWXDOL]DWLRQV�� %HFDXVH� WKH� VFLHQWLVW
V� FRQFHSWXDOL]DWLRQ� RI� WKH
GDWD� LV� KLJKO\� G\QDPLF�� WKH� XQGHUO\LQJ� ORJLFDO� VFKHPD� RI� D� GDWD� VRXUFH� WHQGV� WR� EH
PRGLILHG� IUHTXHQWO\�� )RU� WKHVH� UHDVRQV� WKH� FRVW� DQG� HIIRUW� UHTXLUHG� WR� PDLQWDLQ� D
IXQFWLRQDO��FRQYHQWLRQDO�ZDUHKRXVH�EHFRPHV�SURKLELWLYH�

7KHVH� SUREOHPV� DUH� PXOWLSOLHG� ZKHQ� FRQVLGHULQJ� ODUJH� HQYLURQPHQWDO� LQIRUPDWLRQ
V\VWHPV�� (QYLURQPHQWDO� TXHVWLRQV� WRXFK� XSRQ� D� ODUJH� QXPEHU� RI� GLIIHUHQW� NQRZOHGJH
GRPDLQV� WKDW� DUH� DGGUHVVHG� E\� VHYHUDO� DXWRQRPRXV� VXEV\VWHPV�ZLWK� UDGLFDOO\� GLIIHUHQW
VHPDQWLF� GDWD� PRGHOV�� $OVR�� WKH� VHUYLFHV� RI� HQYLURQPHQWDO� LQIRUPDWLRQ� V\VWHPV� DUH
RIIHUHG� WR�D�ZLGHO\�KHWHURJHQHRXV�XVHU� FRPPXQLW\�� UDQJLQJ� IURP�SXEOLF� DGPLQLVWUDWLRQ
DXWKRULWLHV�ZLWK�YDU\LQJ� WHFKQLFDO�DQG�HQYLURQPHQWDO� H[SHUWLVH� DV�ZHOO� DV� WR� WKH�SXEOLF�
)LQDOO\��VFLHQWLVWV�DQG�UHVHDUFKHUV�DUH�WKHPVHOYHV�XVHUV�RI�WKH�V\VWHP��DFFHVVLQJ�GDWD�WKDW
KDV� DOUHDG\� EHHQ� SURGXFHG� E\� RWKHUV� DQG� UHXVLQJ� DYDLODEOH� FRPSRQHQWV� WR� LPSOHPHQW
PRUH�FRPSOH[�GDWD�SURFHVVLQJ�DQG�VLPXODWLRQV�

,Q� WKLV� SDSHU� ZH� IRFXV� RQ� WKH� DUFKLWHFWXUDO� LVVXHV� LQYROYHG� LQ� WKH� QH[W� JHQHUDWLRQ� RI
VFLHQWLILF� GDWD� UHSRVLWRULHV� DQG� VHUYLFHV�� :H� SURSRVH� DQ� RSHQ� HQYLURQPHQW� ZLWK
DSSURSULDWH�PLGGOHZDUH�DUFKLWHFWXUH�WKDW�FRPELQHV�GLJLWDO�OLEUDU\�WHFKQRORJ\��LQIRUPDWLRQ
LQWHJUDWLRQ�PHFKDQLVPV� DQG�ZRUNIORZ�EDVHG� V\VWHPV� WR� DGGUHVV� VFDODELOLW\� ERWK� DW� WKH
GDWD� UHSRVLWRULHV� OHYHO� DQG� WKH� XVHU� OHYHO�� $� K\EULG� DSSURDFK� LV� DGYRFDWHG� ZKHUH� WKH
PLGGOHZDUH�LQIUDVWUXFWXUH�FRQWDLQV�D�G\QDPLF�VFLHQWLILF�FROODERUDWLYH�ZRUN�HQYLURQPHQW
WR�SURYLGH�ERWK� WKH� VFLHQWLVWV�DQG�VLPSOH�XVHUV� WKH�PHDQV� WR�DFFHVV�JOREDOO\�GLVWULEXWHG
KHWHURJHQHRXV�VFLHQWLILF�LQIRUPDWLRQ��,Q�WKLV�HQYLURQPHQW��LQWHJUDWLRQ�DQG�YLVXDOL]DWLRQ�RI
VFLHQWLILF� LQIRUPDWLRQ�LV�D�FROODERUDWLYH�DQG�LQWHUDFWLYH�SURFHVV��6FLHQWLVWV�DUH� LQYLWHG� WR
�SOXJ�DQG�SOD\��� E\� VHOHFWLQJ� ZKLFK� VRXUFHV� WR� DFFHVV�� ZKDW� SDUW� RI� WKH� GDWD� VHWV� WR
H[WUDFW�� KRZ� WR� FRQVROLGDWH� DQG� DJJUHJDWH� GDWD� DW� D� KLJKHU� OHYHO� RI� DEVWUDFWLRQ�� ZKLFK
VFLHQWLILF�PRGHOV� WR� HPSOR\� IRU� DQDO\]LQJ� GDWD�� DQG�ZKDW� SURJUDPV� WR� LQYRNH� IRU� GDWD
YLVXDOL]DWLRQ��0HGLDWLRQ� LV�XVHG�WR�RIIHU�UREXVW�GDWD�DEVWUDFWLRQ�ZLWK�DGYDQFHG�TXHU\LQJ
FDSDELOLWLHV�� ZKLFK� LV� UHTXLUHG� WR� EXLOG� KHDY\�ZHLJKW� DSSOLFDWLRQV� VXFK� DV� GHFLVLRQ
PDNLQJ�WRROV��7KH�FROODERUDWLYH�ZRUN�HQYLURQPHQW�LV�DGGUHVVLQJ�PDLQO\�WKH�QHHGV�RI�WKH
VFLHQWLILF� FRPPXQLW\� IRU� IOH[LEOH� H[SHULPHQWDWLRQ� ZLWK� WKH� V\VWHP� FRPSRQHQWV�� DW� UXQ
WLPH�

7KH�UHPDLQLQJ�RI�WKLV�SDSHU�LV�RUJDQL]HG�DV�IROORZV��,Q�6HFWLRQ���WKH�QHZ�WUHQGV�LQ�JOREDO
LQIRUPDWLRQ� V\VWHPV� DUH� UHYLHZHG�� DORQJ� ZLWK� H[LVWLQJ� LQIRUPDWLRQ� V\VWHPV� EXLOW
DFFRUGLQJ�WR�WKHVH�WUHQGV��� ,Q�6HFWLRQ���ZH�SUHVHQW�XVHU�UHTXLUHPHQWV��� ,Q�6HFWLRQ����ZH
SUHVHQW� D� K\EULG� DUFKLWHFWXUH� WKDW� DGGUHVVHV� WKH�PDLQ� SUREOHPV� RI� QHWZRUNHG� VFLHQWLILF
UHSRVLWRULHV��ERWK�IRU�VLPSOH�XVHUV�DQG�VFLHQWLVWV��7KH�GLVFXVVLRQ�LV�E\�QR�PHDQV�FRPSOHWH
DQG�LW�LV�VWLOO�RQ�JRLQJ��7KH�SURSRVHG�GHVLJQ�LV�FXUUHQWO\�EHLQJ�LPSOHPHQWHG�LQ�7+(7,6��D
:::�EDVHG� V\VWHP� IRU� &RDVWDO� =RQH� 0DQDJHPHQW� RI� WKH� 0HGLWHUUDQHDQ� 6HD
>+RXVWLV��@��IXQGHG�E\�WKH�(XURSHDQ�8QLRQ��,Q�6HFWLRQ����ZH�FRPSDUH�ZLWK�UHODWHG�ZRUN�
)LQDOO\��LQ�6HFWLRQ����ZH�FRQFOXGH�DQG�VHW�IXWXUH�GLUHFWLRQV�
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��� 7UHQGV�LQ�*OREDO�,QIRUPDWLRQ�6\VWHPV

5HVHDUFK�RQ�DFFHVV�DQG�LQWHJUDWLRQ�RI�KHWHURJHQHRXV� LQIRUPDWLRQ�VSUHDG�RYHU�D�QXPEHU
RI� GLVWULEXWHG� VRXUFHV� KDV� DWWUDFWHG� D� JUHDW� DWWHQWLRQ� GXULQJ� SDVW� \HDUV�� 3URYLGLQJ� WKH
QHFHVVDU\� LQIUDVWUXFWXUH� IRU� LQIRUPDWLRQ� KLJKZD\V� KDV� EHFRPH� D� PDMRU� FKDOOHQJH� RI
FRPSXWHU� VFLHQWLVWV� ZRUNLQJ� LQ� WKH� DUHDV� RI� ,QIRUPDWLRQ� 5HWULHYDO� 6\VWHPV� �,56��
'DWDEDVH�0DQDJHPHQW��'%06��DQG�.QRZOHGJH�5HSUHVHQWDWLRQ�DQG�5HDVRQLQJ�6\VWHPV
�.556��� ,Q� SDUWLFXODU� LQ� WKH�86�ZRUN� LQ� WKHVH� DUHDV� KDV� EHHQ� DFWLYHO\� VXSSRUWHG� E\� D
QXPEHU� RI� LQLWLDWLYHV�� QRWDEO\� WKH� 'LJLWDO� /LEUDU\� ,QLWLDWLYH� >'/,@�� WKH� ,QWHOOLJHQW
,QWHJUDWLRQ�RI�,QIRUPDWLRQ�,QLWLDWLYH�>,�@�DQG�.QRZOHGJH�6KDULQJ�HIIRUW�>.6,@�

'LVWULEXWHG� V\VWHPV� DUFKLWHFWV¶� ZRUN� RQ� PLGGOHZDUH� VRIWZDUH� DUFKLWHFWXUHV� DQG� WRROV
DSSURSULDWH� IRU� QHWZRUN�FHQWULF� DSSOLFDWLRQV� GHSHQG� RQ� WKH� YDULRXV� GHJUHHV� RI
LQWHURSHUDELOLW\�DQG�LQWHJUDWLRQ�LQWHOOLJHQFH�QHHGHG�EHWZHHQ�WKH�XVHU�DSSOLFDWLRQV�DQG�WKH
GDWD� UHSRVLWRULHV� >:LHGHUKROG��@�� 6RPH� RI� WKH� PRVW� UHFHQW� ZRUN� DGGUHVVHV� VFLHQWLILF
FROODERUDWLYH� ZRUN� HQYLURQPHQWV�� ZKLFK� HPSKDVL]H� G\QDPLF� DUFKLWHFWXUHV�� DQG� VDWLVI\
XVHU� VHUYLFHV� RQ� GHPDQG� >0DUD]DNLV���� 1LNRODRX��@�� ,Q� WKLV� FDVH�� WKH� SUREOHP� RI
LGHQWLI\LQJ� �UHOHYDQW�� GDWD� VHWV� DQG� PRGHOV� LV� UHGXFHG� WR� D� PDWFKPDNLQJ� SURFHVV�� DQ
DSSURDFK� WKDW� FDQ� EH� XVHG� IRU� RWKHU� ODUJH�VFDOH� GLVWULEXWHG� DSSOLFDWLRQV�� HOHFWURQLF
FRPPHUFH� HQYLURQPHQWV�� GLVWULEXWHG� V\VWHPV� PDQDJHPHQW� HQYLURQPHQWV�� DQG� RIILFH
DXWRPDWLRQ�ZRUNIORZ�

+RZHYHU�� LW� LV� GLJLWDO� OLEUDU\� DQG� PHGLDWLRQ� EDVHG� V\VWHPV� WKDW� KDYH� DWWUDFWHG� WKH
DWWHQWLRQ� RI� UHVHDUFKHUV�� 7KH� IRUPHU� IRFXVHV� PDLQO\� RQ� LQWHURSHUDELOLW\� DQG� RSHQQHVV
ZKLOH� WKH� ODWWHU� HPSKDVL]HV� LQWHJUDWLRQ� DQG� LQFUHPHQWDO� GHYHORSPHQW�� $OVR�� ZKLOH
PHWDGDWD� SOD\V� D� FHQWUDO� UROH� LQ� ERWK� FDVHV�� LQ� GLJLWDO� OLEUDULHV� PHWDGDWD� DUH� VHDUFKHG
GLUHFWO\�E\�NH\ZRUG�RU�IXOO�WH[W�UHWULHYDO�WRROV��ZKLOH�PHGLDWRU�EDVHG�V\VWHPV�PRVWO\�XVH
D� GHFODUDWLYH� TXHU\� ODQJXDJH� >%XQHPDQ��@� IRU� H[SUHVVLQJ� VHDUFKHV�� DJDLQVW� GDWDEDVH
VFKHPDWD� RU� GDWD� JXLGHV�� 7KH� VHFRQG� DSSURDFK� LV� XVXDOO\� SUHVHQW� LQ� PHGLDWRU� EDVHG
DUFKLWHFWXUHV�

'LJLWDO� /LEUDU\� SURMHFWV� DGGUHVV� VHYHUDO� LVVXHV� UHODWHG� WR� WKH� PDQDJHPHQW� RI� ODUJH
FROOHFWLRQV� RI� GRFXPHQWV� GLVWULEXWHG� RYHU� WKH� ,QWHUQHW�� 7KHVH� LVVXHV� FRQFHUQ� WKH
KHWHURJHQHLW\�RI�XVHUV�� LQIRUPDWLRQ� UHSRVLWRULHV�� VHUYLFHV�� DQG� SD\PHQW�PHFKDQLVPV�� DV
ZHOO�DV�LQ�PHWDGDWD�IRUPV�DQG�IRUPDWV�XVHG�WR�LQGH[�GRFXPHQWV�E\�VWUXFWXUH��VHPDQWLFV�
DQG� FRQWHQW� �LQFOXGLQJ� PXOWLPHGLD� LQIRUPDWLRQ� VXFK� DV� LPDJHV�� PDSV�� YLGHR�� HWF���
6HYHUDO�GLJLWDO� OLEUDU\�SURMHFWV�DUH�DOUHDG\�FRPLQJ� WR� WKH�HQG�RI� WKHLU� ILUVW�GHYHORSPHQW
SKDVH� DW� VHYHUDO� 8QLYHUVLWLHV� RI� 86� DQG� 1HZ� =HDODQG�� ,OOLQRLV� >,OOLQRLV'/@�� %HUNHOH\
>%HUNHOH\'/@�� 6WDQIRUG� >6WDQIRUG'/@�� 0LFKLJDQ� >0LFKLJDQ'/@�� &DUQHJLH�0HOORQ
>&08'/@��6DQWD�%DUEDUD�>8&6%'/@�DQG�:DLNDWR�>:DLNDWR'/@�

7KH�SURMHFWV�RI�,OOLQRLV�DQG�%HUNHOH\�DUH�GHYHORSLQJ�'/�VHUYLFHV�IRU�PXOWLSOH�XVHU�JURXSV
�L�H��IRU�HGXFDWLRQDO��HQWHUWDLQPHQW�QHHGV��HWF����,OOLQRLV�'/�IRFXVHV�RQ�VHPDQWLF�LQGH[LQJ
DQG� UHWULHYDO� RI� 6*0/� GRFXPHQWV� XVLQJ� DSSURSULDWH� FRQFHSW� VSDFHV�� %HUNHOH\
V� '/
IRFXVHV�RQ�QDWXUDO�ODQJXDJH��RSWLFDO�UHFRJQLWLRQ�DQG�JHRUHIHUHQFH�WHFKQLTXHV�WR�LPSURYH
QDWLYH� LQGH[LQJ� RI� ORFDO� VRXUFHV� HVSHFLDOO\� IRU� PXOWLPHGLD� GRFXPHQWV�� $� SURMHFW� ZLWK
VLPLODU� PRWLYDWLRQV� LV� WKH� $OH[DQGULD� '/�� FXUUHQWO\� XQGHUZD\� DW� WKH� 8QLYHUVLW\� RI
&DOLIRUQLD� DW� 6DQWD� %DUEDUD�� &RPSRXQG� GRFXPHQW� SURFHVVLQJ� DQG� UHXVDELOLW\� RI
LQIRUPDWLRQ� DQG� DSSOLFDWLRQV� LV� RQH� RI� WKH� %HUNHOH\� '/� REMHFWLYHV�� 7KH� SURMHFWV� RI
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0LFKLJDQ� DQG� 6WDQIRUG� IRFXV� RQ� WKH� GHYHORSPHQW� RI� DSSURSULDWH� JDWHZD\�PHGLDWLRQ
VHUYLFHV��7KH\�DFKLHYH�LQWHURSHUDELOLW\�EHWZHHQ�GLIIHUHQW�QHWZRUN��H�J���+773��7(/1(7�
HWF��� RU� WDVN� VSHFLILF� SURWRFROV� �=������� 2'%&�� HWF��� HPSOR\HG� E\� WKH� LQIRUPDWLRQ
VRXUFHV�DV�ZHOO�DV�EHWZHHQ�FR�RSHUDWLYH�DJHQWV��7KH\�HOLFLW�WKH�UHSUHVHQWDWLRQV�UHTXLUHG�WR
KDQGOH� KHWHURJHQHLW\� RI� GDWD� �DQG� PHWDGDWD�� IRUPV� DQG� IRUPDWV� IRU� GLIIHUHQW� VHDUFK
VHUYLFHV�� 0RUHRYHU�� WKH\� KDQGOH� UHSUHVHQWDWLRQV� IRU� WKH� LGHQWLILFDWLRQ� DQG� ORFDWLRQ� RI
UHOHYDQW� LQIRUPDWLRQ� VRXUFHV� WR� XVHU� UHTXHVWV�� )LQDOO\�� WKH� :DLNDWR� '/� SURMHFW� KDV
GHYHORSHG�D�V\VWHP�IRU�IXOO�WH[W�LQGH[LQJ�DQG�UHWULHYDO�RI�YHU\�ODUJH�FROOHFWLRQV�RI�WH[WV�
$� FROODERUDWLYH�ZRUN� WHFKQLTXH� HQDEOHV� FROODERUDWLRQ� GXULQJ� ORFDWLRQ� DQG� JDWKHULQJ� RI
GRFXPHQWV�

,QIRUPDWLRQ� ,QWHJUDWLRQ� 6\VWHPV� IRFXV� RQ� WKH� GHVLJQ� DQG� LPSOHPHQWDWLRQ� RI�PHGLDWRU�
EDVHG� DUFKLWHFWXUHV� EHWZHHQ� HQG�XVHUV� DQG� GDWD� VRXUFHV�� YDU\LQJ� IURP� GRFXPHQW
UHSRVLWRULHV� WR� UHODWLRQDO� RU� REMHFW�RULHQWHG� GDWDEDVHV� DQG� NQRZOHGJH� EDVHV�� 0RUH
SUHFLVHO\�� WKH� HPSKDVLV� LV� JLYHQ� WR� PHGLDWRU� PRGHOV� DQG� ODQJXDJHV�� DGYDQFHG� TXHU\
SURFHVVLQJ� DQG� RSWLPL]DWLRQ�� DV� ZHOO� DV� VSHFLILFDWLRQV� RI� ZUDSSLQJ� LQWHUIDFHV� IRU� WKH
WUDQVODWLRQ� RI� TXHULHV� DQG� UHVXOWV� EHWZHHQ� WKH� PHGLDWRU� DQG� VRXUFHV�� 5HODWHG� WR� WKLV
DSSURDFK�DUH�SURMHFWV�OLNH�76,00,6�>76,00,6@��,QIRUPDWLRQ�0DQLIROG�>,0@��*$5/,&
>*$5/,&@�� ',6&2� >',6&2@��:HE6HPDQWLFV� >:HE6HPDQWLFV@�� +(50(6� >+(50(6@�
6,06� >6,06@�� DQG� ,QIR6OHXWK� >,1)26/(87+@�� ZKLFK� DUH� GHYHORSHG� DW� VHYHUDO
8QLYHUVLWLHV�DQG�5HVHDUFK�,QVWLWXWHV�RI�WKH�86�DQG�(XURSH�

*$5/,&�DQG�',6&2�UHO\�RQ�WKH�REMHFW�PRGHO�DQG�TXHU\�ODQJXDJH�RI�WKH�2'0*��2'/
DQG� 24/�� VWDQGDUG� ZLWK� WKH� IRUPHU� IRFXVLQJ� RQ� XQLIRUP� DFFHVV� RI� KHWHURJHQHRXV
PXOWLPHGLD�GDWD� VRXUFHV�� DQG� WKH� ODWWHU�RQ�TXHU\�SURFHVVLQJ�ZKHQ�GDWD� VRXUFHV�PD\�EH
XQDYDLODEOH�GXH�IRU� LQVWDQFH�WR�QHWZRUN�SUREOHPV��,QIRUPDWLRQ�0DQLIROG�DQG�76,00,6
HOLFLW� WZR� DOWHUQDWLYH� LQWHJUDWLRQ� DUFKLWHFWXUHV� DV� IDU� DV� WKH� FRQVLGHUDWLRQ� RI� VRXUFHV
YLHZHG�E\�WKH�PHGLDWRU�>+XOO��@�DQG�WKH�UHODWHG�TXHU\�SURFHVVLQJ�VWUDWHJLHV�>8OOPDQ��@�
7KH� IRUPHU� H[WHQGV� D� GHVFULSWLRQ� ORJLF� PRGHO� �&/$66,&�� WR� LQWHJUDWH� VWUXFWXUHG
UHODWLRQDO� GDWDEDVHV� DQG� OHJDF\� V\VWHPV� EHVLGHV�:HE� LQWHUIDFHV�� 7KH� ODWWHU� SURSRVHV� D
VHOI�GHVFULELQJ� PRGHO� DQG� TXHU\� ODQJXDJH� �2(0� DQG� /25(/�� IRU� WKH� LQWHJUDWLRQ� RI
VWUXFWXUHG�DQG�VHPL�VWUXFWXUHG�GDWD�VRXUFHV�VXFK�DV�YDULRXV�GRFXPHQW�UHSRVLWRULHV��KWPO
SDJHV�� :$,6� VRXUFHV�� HWF���� ,W� PXVW� EH� VWUHVVHG� WKDW� WKH� DERYH� V\VWHPV� HQFRPSDVV
RSHUDWLRQDO�GLVFUHSDQFLHV�RI�LQIRUPDWLRQ�VRXUFHV��L�H���KHWHURJHQHLW\�RI�TXHU\�ODQJXDJHV�
E\� GHVFULELQJ� DQG� XVLQJ� WKH� YDULRXV� QDWLYH� TXHU\� FDSDELOLWLHV� RI� WKH� VRXUFHV� DW� WKH
PHGLDWRU� OHYHO�� ,Q� WKLV� ZD\� WKH\� DYRLG� WKH� �OHDVW� FRPPRQ� GHQRPLQDWRU� DSSURDFK�� LQ
VRXUFH
V� IXQFWLRQDOLW\� IROORZHG� LQ� PRVW� RI� WKH� GLJLWDO� OLEUDULHV� V\VWHPV� GHVFULEHG
SUHYLRXVO\��:HE6HPDQWLFV�FRPELQHV�VRPH�RI�WKH�IXQFWLRQDOLW\�RI�GLJLWDO�OLEUDU\�V\VWHPV
DQG� PHGLDWLRQ� V\VWHPV�� � 4XHULHV� WKDW� PL[� LQIRUPDWLRQ� UHWULHYDO� DQG� GDWD� DFFHVV� DUH
SRVVLEOH���)LQDOO\��+(50(6��DQG�6,06�DGGUHVV�PDLQO\�GRPDLQ�PRGHOLQJ�DQG�UHDVRQLQJ
LVVXHV� XVLQJ� DSSURSULDWH� .556� WHFKQRORJ\� �H�J��� +.%�� /220��� 7KH\� SURYLGH� DQ
LQWHOOLJHQW� LQWHJUDWLRQ�RI� LQIRUPDWLRQ�>:LHGHUKROG��@�E\� LQIHUULQJ�QHZ�NQRZOHGJH� IURP
H[LVWLQJ� GDWD�� 7KH\� DOVR� G\QDPLFDOO\� VHOHFW� UHOHYDQW� LQIRUPDWLRQ� VRXUFHV�� DQG� SHUIRUP
VHPDQWLF�TXHU\�UHZULWLQJ� LQ�RUGHU� WR�RSWLPL]H� WKH�H[HFXWLRQ�RI�TXHULHV� LQ� ORFDO�VRXUFHV�
7R� DFKLHYH� G\QDPLF� ORFDWLRQ� RI� UHOHYDQW� LQIRUPDWLRQ� VRXUFHV�� ,QIR6OHXWK� LQWHJUDWHV� WKH
WHFKQRORJ\�RI�,QWHOOLJHQW�$JHQWV�DQG�HPHUJLQJ�VWDQGDUGV�VXFK�DV�.40/�.,)�>3DWLO��@�
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���8VHU�5HTXLUHPHQWV�RI�(QYLURQPHQWDO�6\VWHPV

7KH�YDULHW\�RI�XVHU�UHTXLUHPHQWV�RI�HQYLURQPHQWDO�V\VWHPV�LV�LOOXVWUDWHG�E\�WKH�H[DPSOH
RI�&RDVWDO�=RQH�0DQDJHPHQW��&=0��RI�VFLHQWLILF�GDWD�UHSRVLWRULHV�DV�HQFRXQWHUHG�LQ�WKH
7+(7,6� V\VWHP�� &=0� LV� D� PHWKRGRORJ\� IRU� WKH� KROLVWLF� PDQDJHPHQW� RI� DOO� FRDVWDO
UHVRXUFHV� ZLWK� WKH� XOWLPDWH� DLP� RI� SURPRWLQJ� VXVWDLQDEOH� GHYHORSPHQW� RI� WKH� FRDVWDO
]RQHV��,W�UHFRJQL]HV�WKDW�SROOXWLRQ�SUREOHPV�WUDQVFHQG�SROLWLFDO�ERXQGDULHV�DQG�VR��WR�EH
HIIHFWLYH�� &=0� UHTXLUHV� WKH� LQWHJUDWLRQ� RI� PXOWLQDWLRQDO� GDWD� UHSRVLWRULHV�� GDWD
PDQDJHPHQW� DQG� GDWD� YLVXDOL]DWLRQ� DFURVV� PDQ\� VFLHQWLILF� GLVFLSOLQHV� VXFK� DV� PDULQH
ELRORJ\��RFHDQRJUDSK\��FKHPLVWU\�DQG�HQJLQHHULQJ�

(YHQ�DW�LWV�VLPSOHVW�IRUP��&=0�LQYROYHV�WKUHH�PDMRU�XVHUV�>7RPDVLF��@�

$Q�(QG�8VHU��H�J���JHQHUDO�SXEOLF��SROLF\�PDNHU��ZKR�QHHGV�WR�ORFDWH�DQG�H[WUDFW�GDWD�WKDW
PDWFKHV�KLV� LQWHUHVW�� RU� DSSURSULDWH�GDWD� VHUYHUV� WR� UHWULHYH� GDWD� RI� WKH� GHVLUHG� OHYHO� RI
TXDOLW\��)RU�H[DPSOH��D�XVHU�PD\�QHHG�WR�DFFHVV�WKH�UDWLQJ�RI�EHDFKHV�LQ�KLV�WRZQ��7KHQ�
KH�DVNV�ZK\�KLV�WRZQ�LV�QRW�FRQVLGHUHG�D�VDIH�EHDFK��$V�D�UHVXOW�KH�JHWV�D�GHILQLWLRQ�RI�D
VDIH�EHDFK� WKDW� LV�XQGHUVWDQGDEOH� WR�KLP�� L�H��� DW� WKH� DSSURSULDWH� OHYHO�RI�GHWDLO�� DQG� WKH
GDWD�WKDW�WKH�GHILQLWLRQ�GHSHQGV�RQ��)RU�LQVWDQFH��VDIHW\�PD\�EH�GHILQHG�DV�D�FROOHFWLRQ�RI
FULWHULD�VXFK�DV�H[SHFWHG�KHLJKW�RI�ZDYHV��DQG�WKH�SUHVHQFH�RI�VKDUNV��7KHQ�WKLV�XVHU�PD\
ZDQW�WR�ILQG�RXW�ZKR��DQG�ZKHQ��FROOHFWHG�WKH�GDWD�DERXW�WKH�SUHVHQFH�RI�VKDUNV�QHDU�KLV
EHDFKHV��+H�SXWV�D�KLJK�YDOXH�RQ�WKH�DFFHVVLELOLW\��LQWHUSUHWDELOLW\�DQG�XVHIXOQHVV�RI�GDWD�

$�%URNHU��H�J���HQYLURQPHQWDO�VFLHQWLVW��DQG�SXEOLF�DGPLQLVWUDWLRQ�DXWKRULW\��PDLQWDLQV�WKH
VHUYHUV� IRU� HQG� XVHUV�� )RU� LQVWDQFH�� D� EURNHU� PD\� KDYH� WR� ZULWH� SURJUDPV� WR� DFFHVV
PHDVXUHPHQW�GDWDEDVHV��DGPLQLVWUDWLYH� LQTXLULHV�� UHPRWH�VHQVLQJ�GDWD�� DQG�JHRJUDSKLFDO
GDWDEDVHV� WR� FRQVWUXFW� D�PDS�RI� )UDQFH� WKDW� LQGLFDWHV� WKH� TXDOLW\� RI� EHDFKHV��$OVR�� VKH
ZULWHV� SURJUDPV� WR� LPSURYH� WKH� UHOLDELOLW\� RI� GDWD� XVLQJ� FRQVROLGDWLRQ� WHFKQLTXHV�
*HQHUDOO\�� D�EURNHU�PXVW� ILQG� WKH�GDWD�QHFHVVDU\� IRU� HDFK�QHZ�SURJUDP�� DQG�HDFK� QHZ
SURJUDP�PD\�XVH�PXOWLSOH�GDWD�VRXUFHV��(DFK�GDWD�VRXUFH�UHTXLUHV�D�XQLTXH�SURJUDP�WR
H[WUDFW�WKH�GDWD�IRU�WKH�QHZ�SURJUDP�IURP�WKH�GDWD�VRXUFH�

$�'DWD�3URYLGHU� �H�J���ELRORJLVW��JHRORJLVW��SK\VLFLVW��RFHDQRJUDSKHU�� HWF��� FROOHFWV�GDWD�
DQG� ZDQWV� WR� GLVWULEXWH� LW� DV� ZLGHO\� DV� SRVVLEOH�� )RU� LQVWDQFH�� D� GDWD� SURYLGHU� PD\
PDQXDOO\� DGG� KLV� GDWD� WR� DQ� H[LVWLQJ� GDWDEDVH� WKURXJK� D� VWDQGDUG� IRUP�EDVHG� HQWU\
SURJUDP��'DWD�FDQ�DOVR�EH�FROOHFWHG�XVLQJ�DXWRPDWLF�VHQVRUV� WKDW�GLUHFWO\� WUDQVPLW� WKHLU
GDWD� WR�DQ�DVVRFLDWHG�V\VWHP�� ,Q� WKLV�FDVH�� WKH�SURYLGHU�KDV� WR�YHULI\� WKH�TXDOLW\�RI�GDWD
DQG�HOLPLQDWH�HUURQHRXV�PHDVXUHPHQWV��7R�GR�WKLV��KH�QHHGV�WR�XVH�VSHFLILF�SURJUDPV�IRU
GDWD�DQDO\VLV�DQG�LQWHUSUHWDWLRQ�DQG�DFFHVV�RWKHU�V\VWHPV�IRU�FRPSDULQJ�GDWD�ZLWK�RWKHU
UHODWHG�GDWD�

8VHUV�RI�HQYLURQPHQWDO�V\VWHPV�KDYH�ZLGHO\�GLIIHUHQW�H[SHUWLVH�DQG�UHTXLUHPHQWV��'DWD
SURYLGHUV� PD\� KDYH� QR� SDUWLFXODU� NQRZOHGJH� LQ� WKH� HQYLURQPHQWDO� SUREOHP� EHLQJ
DGGUHVVHG� EXW� VWLOO� RIIHU� GDWD� WKDW� LV� XVHG� WR� FDOFXODWH� LPSRUWDQW� HYDOXDWLRQ� SDUDPHWHUV�
+HQFH�� LW� LV� LPSRUWDQW� IRU� WKH� V\VWHP� WR� VXSSRUW� LQFOXVLRQ�RI�QHZ�GDWD� FROOHFWLRQV�� LQ� D
VWUDLJKWIRUZDUG�ZD\��%URNHUV�PD\�QRW�EH�FRQFHUQHG�ZLWK�WKH�PDQDJHPHQW�DQG�FDOLEUDWLRQ
RI� LQGLYLGXDO� GDWD� VRXUFHV� EXW� FRPELQH� VHYHUDO� VRXUFHV� WR� SURGXFH� YDOXH� DGGHG
LQIRUPDWLRQ� QHFHVVDU\� E\� DGYDQFHG� GHFLVLRQ� VXSSRUW� DSSOLFDWLRQV�� 7KXV� SRZHUIXO
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DEVWUDFWLRQ� PHFKDQLVPV� DUH� QHHGHG�� ZKLFK� VLPSOLI\� GHYHORSPHQW� DQG� PDLQWHQDQFH� RI
LQWHUPHGLDWH� GDWD� PDQLSXODWLRQ� FRPSRQHQWV�� 2Q� WKH� RWKHU� KDQG�� VFLHQWLVWV� ZKR� DUH
VWURQJO\� LQWHUHVWHG� LQ� XVLQJ� DYDLODEOH� GDWD� LQ� DQ� DG�KRF�PDQQHU�� RU�ZLVK� WR� H[SHULPHQW
ZLWK�VLPXODWLRQV�DQG�YLVXDOL]DWLRQ�WRROV��YDOXH�IOH[LELOLW\�DQG�RSHQQHVV��)LQDOO\��HQG�XVHUV
PHUHO\�ZDQW� WR�JHW�VSHFLILF� LQIRUPDWLRQ�RXW�RI� WKH� V\VWHP�XVLQJ�ZHOO�GHILQHG� LQWHUIDFHV
DQG�ZLWKRXW�EHLQJ�DZDUH�RI�WKH�XQGHUO\LQJ�FRPSOH[LW\�

���$Q�$UFKLWHFWXUH�IRU�(QYLURQPHQWDO�6\VWHPV

6WDQGDUGL]DWLRQ� HIIRUWV� KDYH� EHHQ� LQWHQVLILHG� WR� SURYLGH� EXLOGLQJ� EORFNV� IRU� JOREDO
LQIRUPDWLRQ�H[FKDQJH��7KH�UHFRPPHQGDWLRQV�RI�WKH�ZRUNVKRSV�RUJDQL]HG�E\�16)�DERXW
VFLHQWLILF� GDWDEDVH�PDQDJHPHQW� DQG� SURMHFWV� >)UHQFK���� &KX��@�� ZDV� D� ILUVW� LPSRUWDQW
VWHS� WRZDUGV� VWDQGDUGL]DWLRQ� RI� VRPH� DVSHFWV� RI� PRGHUQ� VFLHQWLILF� FRPSXWLQJ�� ,W� KDV
DGRSWHG�VWDQGDUGV�IRU�ELQDU\�GDWD�HQFRGLQJ�DQG�$3,V��OLNH�166'&�&')�>&')@��8QLGDWD
1HW&')� >1HW&')@�� RU� 1&6$� +')� >+')@�� ,W� KDV� DOVR� EHFRPH� HYLGHQW� WKDW
LQWHURSHUDELOLW\�� LQWHJUDWLRQ�� DQG� FROODERUDWLRQ�� L�H��� WKH� DELOLW\� WR� LQWHUSUHW�� VKDUH� DQG
PDQLSXODWH� GDWD� DQG� SURJUDPV� IURP�PXOWLSOH� DXWRQRPRXV� VRXUFHV� WUDQVSDUHQWO\�� LV� WKH
PDLQ� UHTXLUHPHQW� WRZDUGV�*OREDO� 6FLHQWLILF�'DWD�5HSRVLWRULHV� DQG� 6HUYLFHV� RYHU� WKHVH
UHSRVLWRULHV�>12$$����.DUS����'DYLQVRQ����/HWRVN\����0DLHU��@�

7R�DGGUHVV�WKH�LQWHURSHUDELOLW\��LQIRUPDWLRQ�LQWHJUDWLRQ�DQG�PDQDJHPHQW�LVVXHV�HPHUJLQJ
LQ�WKH�QH[W�JHQHUDWLRQ�RI�VFLHQWLILF�GDWD�UHSRVLWRULHV�DQG�VHUYLFHV��D�K\EULG�DUFKLWHFWXUH�LV
SURSRVHG�� ,W� FRPELQHV� HOHPHQWV� IURP� WKH� GLJLWDO� OLEUDU\� WHFKQRORJ\�� PHGLDWRU�EDVHG
V\VWHPV� DQG� UDSLG� SURWRW\SLQJ� HQYLURQPHQWV� WR� DFKLHYH� WKH� GHVLUHG� IXQFWLRQDOLW\�� 7KH
V\VWHP�DUFKLWHFWXUH�FRQVLVWV�RI� WKUHH�PDLQ�REMHFW� W\SHV��GDWD�FROOHFWLRQV��PHGLDWRUV��DQG
SURJUDPV��7KH�UROH�RI�HDFK�REMHFW�DQG�WKH�ZD\�LQ�ZKLFK�WKH\�LQWHUDFW�ZLWK�HDFK�RWKHU�LV
GHVFULEHG�LQ�WKH�IROORZLQJ�

7KLV�DGYRFDWHG�DUFKLWHFWXUH�LV�FXUUHQWO\�EHLQJ�LPSOHPHQWHG�WR�EXLOG�WKH�7+(7,6�V\VWHP
IRU� PDQDJLQJ� FRDVWDO� ]RQHV� RI� WKH� 0HGLWHUUDQHDQ� 6HD� >+RXVWLV��@�� 7+(7,6� FDQ� EH
YLHZHG� DV� D� GLJLWDO� OLEUDU\� RI� VFLHQWLILF� GDWD� UHSRVLWRULHV�� ,W� DGGUHVVHV� WKH� IUHTXHQW
UHTXLUHPHQW�RI�VFLHQWLVWV��HQJLQHHUV�DQG�GHFLVLRQ�PDNHUV�WR�DFFHVV��SURFHVV��FRPELQH�DQG
VXEVHTXHQWO\�YLVXDOL]H�GDWD�FROOHFWHG�DQG�VWRUHG�LQ�GLIIHUHQW�IRUPDWV�ZLWK�SURJUDPV�WKDW
PRGHO�SK\VLFDO�SURFHVVHV�RU�SURFHVV�GDWD�DQG�DUH�DOO�KHOG�DW�GLIIHUHQW�ORFDWLRQV�

����'DWD�&ROOHFWLRQV

'DWD�FROOHFWLRQV�UHSUHVHQW�GDWD�WKDW�DUH�SK\VLFDOO\�DYDLODEOH��DQG�ZKLFK�DUH�KRXVHG�LQ�WKH
V\VWHP¶V�UHSRVLWRULHV��)LJXUH�����$V�WKH�QDPH�VXJJHVWV��D�GDWD�FROOHFWLRQ�LV�QRW�D�VLPSOH
GDWD�REMHFW�EXW�FRPSULVHV�QXPHURXV�GDWD� LWHPV�� ,WHPV�EHORQJLQJ� WR� WKH� VDPH�FROOHFWLRQ
KDYH� FRPPRQ� VWUXFWXUDO� DQG� VHPDQWLF� SURSHUWLHV� WKDW� DOORZ� WKHP� WR� EH� WUHDWHG� LQ� D
FROOHFWLYH� ZD\�� UDWKHU� WKDQ� DV� VHSDUDWH� REMHFWV�� +RZHYHU�� LQGLYLGXDO� GDWD� LWHPV� RI� D
FROOHFWLRQ�FDQ�KDYH�GLIIHUHQW�FRQWHQWV��'DWD�FROOHFWLRQV�DUH�VWULFWO\� ORFDO� WR�D�UHSRVLWRU\�
KHQFH� DOO� GDWD� LWHPV� EHORQJLQJ� WR� D� FHUWDLQ� GDWD� FROOHFWLRQ� DUH� VWRUHG� LQ� WKH� VDPH
UHSRVLWRU\��$�VLQJOH�UHSRVLWRU\�PD\�FRQWDLQ�VHYHUDO�GDWD�FROOHFWLRQV�
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(DFK�GDWD� FROOHFWLRQ� DOVR� FRPHV�ZLWK� D� VHW� RI�RSHUDWLRQV��ZKLFK�SURYLGH� WKH�PHDQV� IRU
DFFHVVLQJ� LWV� FRQWHQWV�� 7KH� $FFHVV� 2SHUDWLRQV� �$2�� HVVHQWLDOO\� FRPELQH� WKH� PRGHO
DFFRUGLQJ�WR�ZKLFK�LWHPV�DUH�RUJDQL]HG�ZLWKLQ�WKH�FROOHFWLRQ�DQG�WKH�PHFKDQLVPV�XVHG�WR
HIIHFWLYHO\� UHWULHYH�GDWD��$FFHVV�RSHUDWLRQV�DUH� FROOHFWLRQ�VSHFLILF� VR� WKDW�GLIIHUHQW�GDWD
FROOHFWLRQV� DUH� OLNHO\� WR� KDYH� GLIIHUHQW� RSHUDWLRQV�� 7KLV� KROGV� HYHQ� IRU� GDWD� FROOHFWLRQV
WKDW�UHVLGH�LQ�WKH�VDPH�UHSRVLWRU\�

'DWD�FROOHFWLRQV�W\SLFDOO\�FRQWDLQ�QXPEHUV��YDOXHV��DQG�WH[W��GHVFULSWLRQV���1XPEHUV�DUH
XVXDOO\�VWULFWO\�RUGHUHG�VHWV�RI�YDOXHV��UHSUHVHQWLQJ�PHDVXUHPHQWV��SDUWV�RI�SLFWXUHV��HWF�
(YHU\�YDOXH�KDV�DQ�H[DFW�PHDQLQJ�WKDW�PD\�GHSHQG�RQ�LWV�SRVLWLRQ�LQ�WKH�GDWD��7KHVH�GDWD
LWHPV� DUH� VWULFWO\� VWUXFWXUHG� DQG� FDQ� EH� UHDG� DQG� XVHG� GLUHFWO\� E\� SURJUDPV� WKDW� NQRZ
WKHLU� IRUPDW�� 7H[WV� DUH� XQVWUXFWXUHG� RU� ORRVHO\� VWUXFWXUHG� LQIRUPDWLRQ� WKDW� PD\� EH
SDUWLDOO\�SDUVHG�E\�SURJUDPV�� WR�GHULYH�LQIRUPDWLRQ��EXW�DUH�PRVWO\�XVHG�DV�GHVFULSWLRQV
GLUHFWHG� WR� WKH� XVHU�� 7KH� PRVW� XVXDO� FRPSXWHU� XVH� RI� WKHLU� FRQWHQW� LV� GLVSOD\� DQG
SDUWLFLSDWLRQ�RQ�VHDUFK�EDVHG�DFFRUGLQJ�WR�VRPH�FULWHULD�

����0HGLDWRUV

0HGLDWRUV� DUH� LQWHUPHGLDU\� VRIWZDUH� FRPSRQHQWV� WKDW� VWDQG� EHWZHHQ� DSSOLFDWLRQV� DQG
GDWD� FROOHFWLRQV�� 7KH\� HQFDSVXODWH� RQH� RU� PRUH� GDWD� FROOHFWLRQV�� SRVVLEO\� UHVLGLQJ� LQ
GLIIHUHQW�UHSRVLWRULHV��DQG�SURYLGH�DSSOLFDWLRQV�ZLWK�KLJKHU�OHYHO�DEVWUDFW�GDWD�PRGHOV�DQG
TXHU\LQJ�IDFLOLWLHV��)LJXUH����

DFFHVV

5HSRVLWRU\��
5HSRVLWRU\��

)LJXUH����'DWD�FROOHFWLRQV�DQG�UHSRVLWRULHV

FROOHFWLRQ�$
FROOHFWLRQ�%

FROOHFWLRQ�&

$2
$2

$2
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7KH�QHZ�IXQFWLRQDOLW\� LV� LQWURGXFHG� LQ�D� WUDQVSDUHQW�ZD\�� L�H���E\�KLGLQJ� DOO�RSHUDWLRQDO
LQFRPSDWLELOLWLHV� DQG� IXQFWLRQDO� GLIIHUHQFHV� DPRQJ� WKH� YDULRXV� GDWD� FROOHFWLRQV�� 7R
DFKLHYH� WKLV�� HDFK� TXHU\� VXEPLWWHG� WR� D� PHGLDWRU� LV� WUDQVODWHG� LQWR� VHYHUDO� ORZ�OHYHO
TXHULHV��XVLQJ�WKH�QDWLYH�TXHU\�PRGHOV�RI�WKH�XQGHUO\LQJ�GDWD�FROOHFWLRQV��7KHQ��WKH�VXE�
TXHULHV� DUH� IRUZDUGHG� WR� WKH� GDWD� FROOHFWLRQV�� DQG� WKH� UHVXOWV� DUH� FROOHFWHG�� )RU� GDWD
FROOHFWLRQV�ZLWK�ZHDN�TXHU\LQJ�FDSDELOLWLHV��VHYHUDO�FRQVHFXWLYH�TXHULHV�PD\�EH�UHTXLUHG
WR�SURGXFH�D�UHVXOW�WKDW�FDQ�EH�FRPELQHG��DW�D�VHPDQWLF�OHYHO��ZLWK�WKH�UHVXOWV�IURP�RWKHU
GDWD� FROOHFWLRQV�� 0RUHRYHU�� FRQYHUVLRQV� DW� WKH� GDWD� OHYHO� DQG� DGGLWLRQDO� SURFHVVLQJ� LV
W\SLFDOO\�QHHGHG�WR� LQWHJUDWH� WKH� UHVXOWV� UHFHLYHG�IURP�WKH� LQGLYLGXDO�GDWD�FROOHFWLRQV� LQ
RUGHU�WR�SURGXFH�WKH�ILQDO�DQVZHU��ZKLFK�LV�UHWXUQHG�WR�WKH�DSSOLFDWLRQ�

0HGLDWRUV� DUH� LQWURGXFHG� WR� HQFRGH� FRPSOH[� WDVNV� RI� FRQVROLGDWLRQ�� DJJUHJDWLRQ�
DQDO\VLV�� DQG� LQWHUSUHWDWLRQ�� LQYROYLQJ� VHYHUDO� GDWD� FROOHFWLRQV�� 7KXV� PHGLDWRUV
LQFRUSRUDWH� FRQVLGHUDEOH� H[SHUWLVH� UHJDUGLQJ� QRW� RQO\� WKH� NLQG� RI� GDWD� WKDW� LV� WR� EH
FRPELQHG�WR�REWDLQ�YDOXH�DGGHG�LQIRUPDWLRQ��EXW�DOVR�WKH�H[DFW�WUDQVIRUPDWLRQ�SURFHGXUH
WKDW�KDV�WR�EH�IROORZHG�WR�DFKLHYH�VHPDQWLF�FRUUHFWQHVV��,Q�WKH�VLPSOHVW�FDVH��D�PHGLDWRU
GHJHQHUDWHV� LQWR� D� WUDQVODWRU� WKDW� PHUHO\� FRQYHUWV� TXHULHV� DQG� UHVXOWV� EHWZHHQ� WZR
GLIIHUHQW�GDWD�PRGHOV�

%HFDXVH�RI�WKH�DEVWUDFWLRQ�RIIHUHG�E\�PHGLDWRUV��PHGLDWRUV�WKHPVHOYHV�PD\�EH�YLHZHG�DV
DEVWUDFW�GDWD�FROOHFWLRQV��&RQVHTXHQWO\��QRYHO�DQG�PRUH�GHPDQGLQJ�GDWD�DEVWUDFWLRQV�FDQ
EH� EXLOW� LQFUHPHQWDOO\�� E\� LPSOHPHQWLQJ� QHZ�PHGLDWRUV� RQ� WRS� RI� RWKHU�PHGLDWRUV� DQG

)LJXUH����$�KLHUDUFK\�RI�PHGLDWRUV

$2 $2
$2

DSSOLFDWLRQV

WUDQVODWRU WUDQVODWRUWUDQVODWRU

PHGLDWRU

PHGLDWRU
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GDWD�FROOHFWLRQV��7KLV�DSSURDFK�LV�ZHOO�VXLWHG�IRU�ODUJH�V\VWHPV��EHFDXVH�QHZ�IXQFWLRQDOLW\
FDQ�EH�LQWURGXFHG�ZLWKRXW�PRGLI\LQJ�RU�DIIHFWLQJ�H[LVWLQJ�FRPSRQHQWV�DQG�DSSOLFDWLRQV�

����3URJUDPV

�3URJUDPV� DUH� SURFHGXUHV�� GHVFULEHG� LQ� D� FRPSXWHU� ODQJXDJH� WKDW� LPSOHPHQW� SXUH� GDWD
SURFHVVLQJ� IXQFWLRQV�� 7KH\� PD\� EH� XVHG� LQ� FRPELQDWLRQ� ZLWK� RWKHU� GDWD� WR� SHUIRUP
FRPSOH[�FDOFXODWLRQV�DQG�SURGXFH� UHVXOWV� WKDW�FDQ�HLWKHU�EH�XVHG�E\�RWKHU�SURJUDPV��RU
FDQ�EH�VKRZQ�WR�WKH�XVHU�

,W�LV�LPSRUWDQW�WR�QRWLFH�WKDW�SURJUDPV�DUH�IXQFWLRQDOO\�GLIIHUHQW�IURP�PHGLDWRUV��)LUVW�RI
DOO� SURJUDPV� GR� QRW� RIIHU� D� TXHU\� PRGHO� WKURXJK� ZKLFK� GDWD� FDQ� EH� DFFHVVHG� LQ� DQ
RUJDQL]HG�ZD\��LQVWHDG�WKH\�JHQHUDWH�GDWD�LQ�YHU\�SULPLWLYH�IRUPV��H�J��VWUHDPV�RU�ILOHV��

6HFRQG��SURJUDPV�XVXDOO\�SHUIRUP�FRPSXWDWLRQDOO\� LQWHQVLYH�FDOFXODWLRQV�DQG� WKXV�PD\
H[KLELW� ORQJ�H[HFXWLRQ� WLPHV��H�J��VHYHUDO�KRXUV��� ,Q�FRQWUDVW��GDWD�PDQLSXODWLRQV�ZLWKLQ
PHGLDWRUV� DUH� GRQH� LQVWDQWO\� DQG� TXHULHV� DUH� DQVZHUHG� ZLWKLQ� D� IHZ� VHFRQGV�� ,W� LV
WKHUHIRUH�FRVWO\�WR�SHUIRUP�WKH�VDPH�FDOFXODWLRQ�PRUH�WKDQ�RQFH��ZKHUHDV�D�TXHU\�FDQ�EH
VXEPLWWHG�WR�D�PHGLDWRU�VHYHUDO�WLPHV�ZLWKRXW�LQIOLFWLQJ�D�JUHDW�SHUIRUPDQFH�SHQDOW\�

7KLUG��SURJUDP�FRPSRQHQWV�FDQ�EH�YHU\�GLIILFXOW� WR� WUDQVSRUW�DQG�H[HFXWH�RQ�SODWIRUPV
RWKHU� WKDQ�WKH�RQH�ZKHUH� WKH\�DUH�DOUHDG\� LQVWDOOHG��1XPHULFDO�SURFHVVLQJ�VRIWZDUH� WKDW
UXQV�RQ� VSHFLDO�SXUSRVH�KDUGZDUH� OLNH�PXOWLSURFHVVRUV� RU� YHFWRU� FRPSXWHUV� LV� D� W\SLFDO
H[DPSOH��0HGLDWRUV��RQ�WKH�RWKHU�KDQG��DUH�SRUWDEOH�DQG�FDQ�EH�LQVWDOOHG�RQ�DQ\�VHUYHU�RI
WKH� V\VWHP�� +HQFH�� SURJUDP� FRPSRQHQWV� DUH� PRUH� OLNH� DEVWUDFW� SURFHVVRUV� UDWKHU� WKDQ
DEVWUDFW�GDWD�FROOHFWLRQV��,Q�IDFW��VHYHUDO�SURJUDP�FRPSRQHQWV�FDQ�EH�FRPELQHG�ZLWK�HDFK
RWKHU�WR�SHUIRUP�FRPSOH[�SURFHVVLQJ�IXQFWLRQV��7KLV�LV�DFKLHYHG�E\�GLUHFWLQJ�WKH�RXWSXW
SRUW�RI�RQH�SURJUDP�LQWR� WKH� LQSXW�SRUW�RI�DQRWKHU�� WKHUHE\�FUHDWLQJ� D�SURJUDP�SLSHOLQH
�)LJXUH����
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1RWDEO\��SURJUDPV�FDQ�XVH�H[LVWLQJ�GDWD�FROOHFWLRQV��PHGLDWRUV��DV�ZHOO�DV�RWKHU�SURJUDPV
WR�UHDG�LQSXW�GDWD��6SHFLDO�YLHZHU�SURJUDPV�FDQ�EH�SXW�DW�WKH�HQG�RI�SLSHOLQHV�WR�SUHVHQW
WKH� UHVXOW� WR� WKH� XVHU�� XVLQJ� DSSURSULDWH� YLVXDOL]DWLRQ� PHWKRGV�� +HQFH�� WKH� VLPSOHVW
SLSHOLQH�LV�IRUPHG�ZLWK�D�VLQJOH�YLHZHU�SURJUDP�WKDW�PHUHO\�UHDGV�GDWD�IURP�D�VRXUFH�DQG
GLVSOD\V� LW� RQ� WKH� VFUHHQ�� 9LHZHU� SURJUDPV� XVXDOO\� UXQ� RQ� WKH� XVHU
V� PDFKLQH� DV
G\QDPLFDOO\�ORDGHG�EURZVHU�DSSOHWV�

����0HWDGDWD

0HWDGDWD�PHDQV� �GDWD� DERXW� GDWD�� RU� �LQIRUPDWLRQ� DERXW� LQIRUPDWLRQ��� ,Q� JHQHUDO�� ZH
FODVVLI\�PHWDGDWD�LQWR�WZR�W\SHV�

)XOO\�PDFKLQH�SDUVDEOH�DQG�XVDEOH�LQIRUPDWLRQ�RU��PDFKLQH�XQGHUVWDQGDEOH�LQIRUPDWLRQ��
7KHVH�PHWDGDWD�ILHOGV�FDQ�EH�GLIIHUHQW�LQ�QDWXUH��6RPH�ILHOGV��OLNH�WLWOHV��FRQWDLQ�PRVWO\
WHUPLQRORJ\��VRPH�ILHOGV�FRQWDLQ�XQLQWHUSUHWHG�NH\ZRUGV��H�J��QDPHV�OLNH�D�FUHDWRU�QDPH�
DQG� RWKHU� ILHOGV� FRQWDLQ�PRUH� VWUXFWXUHG� RU� DFFXUDWH� LQIRUPDWLRQ� �H�J�� QXPHULF� YDOXHV�
GDWHV��DQG�IRUPDW�RU�SURWRFRO�VSHFLILFDWLRQV��

)UHH�IRUPDW��DGGLWLRQDO��LQIRUPDWLRQ��)LHOGV�WKDW�PDLQO\�FRQWDLQ�IUHH�WH[W��OLNH�D�IUHH�WH[W
GHVFULSWLRQ�ILHOG���DUH�XVXDOO\�QRW�PDFKLQH�SDUVHG��EXW�FDQ�EH�VHDUFKHG�IRU�NH\ZRUGV��)RU
H[DPSOH��LQ�DQ�H[SHULPHQW�ZH�FDQ�VWRUH�H[SHULPHQWDO�FRQGLWLRQV�WKDW�FDQQRW�EH�FODVVLILHG
XQGHU�WKH�RWKHU�H[LVWLQJ�PHWDGDWD�ILHOGV��ZKLFK�GHVFULEH�WKH�H[SHULPHQW��7KH�IUHH�IRUPDW
LQIRUPDWLRQ� FDQ� DOVR� EH� VHDUFKHG� E\� WKH� FRPSXWHU� SURJUDPV�� 7KH� UHVXOWV� IURP� WKHVH

GLVSOD\

)LJXUH����$�SURJUDP�SLSHOLQH

$2 $2
$2

WUDQVODWRU WUDQVODWRUWUDQVODWRU

PHGLDWRU

SURJUDP

3URJUDP�QRGHV
SURJUDP

SURJUDP
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VHDUFKHV�DUH�QRW�YHU\�DFFXUDWH��EXW�DUH�VWDWLVWLFDOO\�XVDEOH��IRU�H[DPSOH��WKH�H[LVWHQFH�RI
WKH�ZRUG��WHPSHUDWXUH���RU�D�VSHFLILF�WH[W�SDWWHUQ�FRQWDLQLQJ�WKH�ZRUG��PD\�LQGLFDWH�ZLWK
VRPH� FHUWDLQW\� WKDW� WKHUH� LV� WHPSHUDWXUH� LQIRUPDWLRQ�� ,QIRUPDWLRQ� GHULYHG� IURP� IUHH�
IRUPDW� ILHOGV� FDQ� HLWKHU� EH� SURFHVVHG� RQFH� DQG� EH� VWRUHG� LQ� RWKHU�� GHULYHG�� PDFKLQH
SDUVDEOH�ILHOGV��RU�EH�VHDUFKHG�G\QDPLFDOO\�HYHU\�WLPH�LW�LV�QHHGHG�

2I�PRVW� LPSRUWDQFH� WR� FRPSXWHUV� LV� WKH�PDFKLQH� XQGHUVWDQGDEOH� LQIRUPDWLRQ�� EHFDXVH
SURJUDPV� FDQ� GLUHFWO\� SURFHVV� DQG� XVH� LW� HIILFLHQWO\�� ZKLOH� IUHH�IRUPDW� LQIRUPDWLRQ� LV
QRUPDOO\� RQO\� SUHVHQWHG� WR� WKH� XVHU�� )RU� WKLV� UHDVRQ�� V\VWHP� GHVLJQHUV� DOZD\V� WU\� WR
VWUXFWXUH�WKH�PHWDGDWD� LQIRUPDWLRQ� LQWR�DV�PDQ\� ILQH�JUDLQHG�SLHFHV�DV�SRVVLEOH��VR� WKDW
SURJUDPV�FDQ�PDNH�EHWWHU�XVH�RI�LW�

7KH�DYDLODELOLW\�RI�ILQH�JUDLQHG�PHWDGDWD�JLYHV�EHWWHU�TXDOLW\�UHVXOWV�RQ�VHDUFKLQJ��XVLQJ
WKH�VDPH�KXPDQ�HIIRUW�EXW�UHTXLUHV�PRUH�KXPDQ�HIIRUW�RQ�WKH�PHWDGDWD�FUHDWLRQ�

7KH�QHHG�IRU�PRUH�IXQFWLRQDOLW\�EDVHG�RQ�PHWDGDWD�DQG�VWUXFWXUH�WR�WKH�GDWD�KDV�OHDG�WR
PDQ\��HYROYLQJ�DSSURDFKHV��7KH�PRUH�VWUXFWXUHG�WKH�PHWDGDWD�DUH��WKH�PRUH�IOH[LEOH�DQG
DFFXUDWH� LQIRUPDWLRQ�UHWULHYDO�PHWKRGV�DUH�SRVVLEOH� ��EXW� DOVR� WKH�PRUH�GLIILFXOW� LW� LV� WR
FODVVLI\�DQG�KDQGOH�WKH�PHWDGDWD�DQG�GDWD��'HSHQGLQJ�RQ�WKH�GHVLUHG�V\VWHP�IXQFWLRQDOLW\�
DQG�WKH�DYDLODEOH�VXSSRUWLQJ�HIIRUW��WKH�PRVW�DSSURSULDWH�FRPSURPLVH�LQ�VWUXFWXUH�LV�XVHG�

7KH� 'XEOLQ� &RUH� DQG� WKH� :DUZLFN� )UDPHZRUN� >'&�� /DJRVH��@� DUH� D� ILUVW� VWHS� RQ
PHWDGDWD�FODVVLILFDWLRQ���7KH\�GHILQH�D�ORRVH�VWUXFWXUH�WKDW�LV�QRW�GLIILFXOW�WR�PDLQWDLQ��DQG
JLYHV�UHDVRQDEOH�JRRG�VHDUFK�UHVXOWV�

+RZHYHU�� ;0/� >;0/@� LV� EHFRPLQJ� LQFUHDVLQJO\� DGRSWHG� DV� D� FRPPRQ� V\QWD[� IRU
H[SUHVVLQJ�VWUXFWXUH�LQ�GDWD��1RZ�WKH�5HVRXUFH�'HVFULSWLRQ�)UDPHZRUN��5')���D�OD\HU�RQ
WRS� RI�;0/�� SURYLGHV� D� FRPPRQ�EDVLV� IRU� H[SUHVVLQJ� VHPDQWLFV� E\� SURYLGLQJ� D� VHW� RI
VSHFLILFDWLRQV�ZKLFK�DOORZ�PHWDGDWD�DSSOLFDWLRQV�WR�EH�FRPELQHG��DQG�WR�RSHUDWH�ZLWK�D
FRPPRQ�ZD\�RI�H[SUHVVLQJ�WKH�VHPDQWLFV�ZKLFK�WKH\�VKDUH�� �$SSOLFDWLRQV��ZKLFK�DOORZ
SURJUDPV� WR�FRPELQH�GDWD� ORJLFDOO\�� DUH�EXLOW�XVLQJ�5')��DQG� WKHUHIRUH�;0/��DQG� WKLV
HQKDQFHV�WKH�PRGXODULW\�DQG�H[WHQVLELOLW\�RI�WKH�:HE��7KLV�LV�HVVHQWLDO�WR�LWV�UDSLG�IXWXUH
JURZWK��PXOWLSO\LQJ�WRJHWKHU�WKH�VWUHQJWKV�RI�QHZ��LQGHSHQGHQWO\�GHYHORSHG��DSSOLFDWLRQV�

7KHQ�� VHDUFKLQJ� LV� EDVHG� H[FOXVLYHO\�� RU� SULPDULO\�� RQ� PHWDGDWD�� 7KH� XVHU� VSHFLILHV
NH\ZRUGV� RU� RWKHU� YDOXHV� WKDW� VKRXOG� PDWFK� VSHFLILF� ILHOGV� RI� LQWHUHVW�� H[SUHVVLQJ� KLV
SUHIHUHQFHV��DQG�WKH�VHDUFK�HQJLQH�ORFDWHV�WKH�FRUUHVSRQGLQJ�REMHFWV�PDWFKLQJ�WKHP�

)RU�H[DPSOH��D�XVHU�PD\�KDYH�GDWD�IRU�WKH�KHLJKW�RI� WKH�ZDYHV�LQ�&UHWH�� �7KH�GDWD�PD\
FRQVLVW�RI�TXDGUXSOHV�RI�QXPEHUV�� WKH� WLPH�RI� WKH�PHDVXUHPHQW�� WKH� WZR�FRRUGLQDWHV�RI
WKH�PHDVXUHPHQW�DQG�WKH�KHLJKW�RI�WKH�ZDYH�DW�WKLV�VSHFLILF�SRVLWLRQ�DQG�WLPH��RU�D�UHODWHG
WLPH�LQWHUYDO���7KH�PHWDGDWD�IRU�WKHVH�VSHFLILF�GDWD�VWRUH�ORFDWLRQ��WKH\�DOO�UHIHU�WR�&UHUH��
W\SH��WKH\�H[SUHVV�KHLJKW�RI�ZDYHV���TXDOLW\��ZKDW�LV�WKH�PHDVXUHPHQW�SUHFLVLRQ��TXDOLW\
DQG�FRQGLWLRQ�RI�WKH�LQVWUXPHQWV��KRZ�RIWHQ�GLG�ZH�WDNH�PHDVXUHPHQWV���VWRUDJH�PHWKRG
�DVFLL�RU�SURSULHWDU\��YDOXH�DOLJQPHQW���HWF�

0HWDGDWD�LV�XVHG�WR�LQWURGXFH�WKH�QRWLRQ�RI�FRQWH[W�DVVRFLDWHG�ZLWK�D�SDUWLFXODU�REMHFW��$
IRUPDO�GHILQLWLRQ�RI�FRQWH[W�UHTXLUHV�D�IRUPDO�ORJLF�DSSURDFK��ZKLFK�LV�QRW�VXLWHG�IRU�XVH
E\�DQ�LQWHUGLVFLSOLQDU\�JURXS�RI�VFLHQWLVWV��7KXV��LQ�DGGLWLRQ�WR�D�IRUPDO�FRQWH[W��ZKLFK�LV
XQGHUVWRRG�E\�WKH�PDFKLQH��HDFK�LQVWDQFH�RI�GDWD��PHGLDWRU��RU�SURJUDP�LV�SDLUHG�ZLWK�D
SLHFH�RI�WH[W�WKDW�SURYLGHV�DQ�LQIRUPDO�LQWHUSUHWDWLRQ��,Q�7+(7,6��HDFK�VXFK�SDLU�LV�FDOOHG
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D� G\DG� >7RPDVLF��@� �)LJXUH� ���� '\DGV� WKDW� SDLU� PHWDGDWD� LQVWDQFHV� ZLWK� WH[W� DUH
SDUWLFXODUO\�XVHIXO�IRU�VHDUFKLQJ��,Q��>0LOODUG��@�D�VHW�RI�FODVVHV�LV�RIIHUHG�WR�GHVFULEH�WKH
VWUXFWXUH� RI� W\SLFDO� HQYLURQPHQWDO� GDWD� REMHFWV� VXFK� DV� PDSV�� PHDVXULQJ� VHULHV
VLPXODWLRQV��HWF��$GGLWLRQDO�XVHU�GHILQHG�FODVVHV�FDQ�EH�GHILQHG�DQG�LQKHULW�WKH�SURSHUWLHV
RI�WKH�V\VWHP�GHILQHG�FODVVHV��7KHUHIRUH��QHZ�FODVVHV�FDQ�EH�DGGHG�DFFRUGLQJ�WR�VSHFLILF
DSSOLFDWLRQ� QHHGV�� VXFK� DV� FRDVWDO� ]RQHV�� WR� RIIHU� D� PRUH� GHWDLOHG� GHVFULSWLRQ� RI� GDWD
VRXUFHV�

(YHU\� REMHFW� LQ� WKH� V\VWHP� KDV� PHWDGDWD� DVVRFLDWHG� ZLWK� LW�� 7KXV� WKH� XVHU� �RU� DQ\
SURJUDP�� FDQ� EURZVH� WKURXJK� DOO� UHJLVWHUHG� REMHFWV�� E\� LVVXLQJ� FRUUHVSRQGLQJ� PHWD�
VHDUFKHV�H[SUHVVLQJ�WKH�SURSHUWLHV�RI�WKH�REMHFWV�WR�EH�UHWULHYHG��6LQFH�SURJUDPV�DUH�DOVR
FRQVLGHUHG�DV�REMHFWV��WKH\�DUH�DOVR�GHVFULEHG�YLD�PHWDGDWD��0HWDGDWD�DUH�WKH�NH\�LVVXH�LQ
FRPELQLQJ� GDWD� DQG� SURGXFLQJ� LQWHUHVWLQJ� UHVXOWV�� RQO\� ZKHQ� ZH� NQRZ� DOO� VLJQLILFDQW
GHWDLOV�DERXW�RXU�GDWD�ZH�ZLOO�EH�DEOH�WR�FRPELQH�WKHP�DQG�XVH�WKHP�ZLWK�PLQLPDO�H[WUD
KXPDQ�HIIRUW�

7KH�KXPDQ�UHDGDEOH�PHWDGDWD�FRPSRQHQW�RI�HDFK�REMHFW�LV�DQ�;0/�GRFXPHQW�GHVFULELQJ
WKH� FRPSRQHQW� DQG� WKH� LPSOHPHQWDWLRQ� RI� WKH� GDWD�� PHGLDWLRQ� DQG� FRPSXWDWLRQ�� 7KH
;0/� GRFXPHQW� SURYLGHV� D� PHDQV� �WKURXJK� LQGH[LQJ� HQJLQHV�� IRU� ORFDWLQJ� WKH
FRUUHVSRQGLQJ�REMHFWV��$�GDWD�VRXUFH��IRU�LQVWDQFH�D�GDWDEDVH�V\VWHP��H[SRUWV�D�VFKHPH�
GDWD��DQG�TXHU\�SURFHVVLQJ�HQFDSVXODWHG�DV�FRQWH[W��$OO�RI�WKHVH�HOHPHQWV�DUH�GHVFULEHG�LQ
WKH�DVVRFLDWHG�;0/�GRFXPHQW��7KH�GRFXPHQW�KDV�VXIILFLHQW�LQIRUPDWLRQ�WR�SHUPLW�GLUHFW
EURZVLQJ� RI� WKH� GDWD� E\� DQ� �LQWHOOLJHQW�� EURZVHU� WKDW� XQGHUVWDQGV� WKH� TXHU\� ODQJXDJH
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VXSSRUWHG�E\� WKH�GDWD� VRXUFH��$� WUDQVODWRU�SURYLGHV� FRQYHUVLRQ�RI�TXHULHV�EHWZHHQ� WZR
GLIIHUHQW�TXHU\�ODQJXDJHV�WKH�ODQJXDJH�VXSSRUWHG�E\�WKH�GDWD�VRXUFH��DQG�WKH�ODQJXDJH�LQ
ZKLFK� D� PHGLDWRU� H[SUHVVHV� TXHULHV� WR� WKH� GDWD� VRXUFH�� 7KLV� IXQFWLRQDOLW\� LV� DJDLQ
FDSWXUHG� E\� FRQWH[W� HOHPHQWV� WKDW� DUH� DOVR� GHVFULEHG� LQ� WKH� FRUUHVSRQGLQJ� ;0/
GRFXPHQW�� 0HGLDWRUV� HQFRGH� WKH� WDVNV� RI� FRQVROLGDWLRQ�� DJJUHJDWLRQ�� DQDO\VLV� DQG
LQWHUSUHWDWLRQ��7KH�DVVRFLDWHG�;0/�GRFXPHQW�GHVFULEHV�WKH�LQWHJUDWLRQ�SURFHVV�XVHG�DQG
WKH� W\SH�RI� WKH� UHVXOWV��6RPH�PHGLDWRUV�PD\�VXSSRUW� WKH� LQYRFDWLRQ�RI� WKH� FRPSXWDWLRQ
XVHG� WR� JHQHUDWH� WKH� GDWD�� $OO� PHGLDWRUV� FRQIRUP� WR� WKH� VDPH� ODQJXDJH� IRU� TXHULHV�
PHWDGDWD��DQG�GDWD��3URJUDP�REMHFWV�DUH�GHVFULEHG� LQ� WKH�VDPH�ZD\��DOORZLQJ� WKH�;0/
SDUW�WR�GHVFULEH�WKH�VFLHQWLILF�PRGHOV�XVHG��WKH�UXQ�WLPH�UHTXLUHPHQWV�RI� WKH�H[HFXWDEOH�
DQG�WKH�W\SH�RI�WKH�LQSXW�DQG�RXWSXW�

����(QG�8VHU�)XQFWLRQDOLW\��1DYLJDWLRQ��:RUNIORZV�DQG�$SSOLFDWLRQV

$FFHVV� WR� WKLV� QHWZRUNHG� V\VWHP�� FRPSULVLQJ� VHYHUDO� DXWRQRPRXV� VXEV\VWHPV� WKDW
SURYLGH� WKH�YDULRXV�GDWD�FROOHFWLRQV��PHGLDWRUV� DQG�SURJUDPV�� LV�JLYHQ� WKURXJK�D� VLQJOH
ZHE�EDVHG� LQWHUIDFH�� +RZHYHU�� WKH� IRUP� RI� WKH� LQWHUIDFH� FKDQJHV� DV� WKH� XVHU� DFWLYDWHV
YDULRXV�IXQFWLRQDO�HOHPHQWV�

1DYLJDWLRQ� LV�D�NH\�IXQFWLRQ� LQ� WKH�V\VWHP�DOORZLQJ�XVHUV� WR�EURZVH� WKURXJK� WKH�REMHFW
FROOHFWLRQV� LQ� RUGHU� WR� ORFDWH� REMHFWV� RI� LQWHUHVW�� ZKLFK� PD\� EH� GDWD� VHWV�� PHGLDWRUV�
DSSOLFDWLRQV��RU�SURJUDPV��7KLV�LV�DFKLHYHG�E\�LQYRNLQJ�WKH�PHWDGDWD�VHDUFK�HQJLQH�WKDW
ORFDWHV�REMHFWV�EDVHG�RQ�WKHLU�PHWDGDWD�GHVFULSWLRQV�DQG�SURYLGHV�WKH�XVHU�ZLWK�D� OLVW�RI
GHVFULSWLRQV� DQG� OLQNV� WR� WKH� FRUUHVSRQGLQJ� REMHFWV�� ,I� WKH� XVHU� VHOHFWV� WKH� OLQN� WR� DQ
REMHFW��DOO�DYDLODEOH�LQIRUPDWLRQ��PHWDGDWD��DERXW�WKH�REMHFW�LV�SUHVHQWHG��WRJHWKHU�ZLWK�D
OLVW�RI�DYDLODEOH�RSWLRQV�WKDW�FDQ�EH�XVHG�WR�DFFHVV�RU�DFWLYDWH�LW��)RU�LQVWDQFH��LI�WKH�REMHFW
LV�D�GDWD�FROOHFWLRQ��D�GHWDLOHG�GHVFULSWLRQ�RI�LWV�SURSHUWLHV�LV�JLYHQ��DORQJ�ZLWK�WKH�PHWKRG
SURYLGHG�IRU�UHWULHYLQJ�LWV�FRQWHQWV��,I�WKH�REMHFW�LV�D�PHGLDWRU��WKH�GDWD�PRGHO�DFFRUGLQJ
WR�ZKLFK�GDWD�FDQ�EH�TXHULHG�LV�UHWXUQHG��,Q�ERWK�FDVHV��WKH�V\VWHP�LQWHUIDFH�G\QDPLFDOO\
DGDSWV� LWVHOI� DFFRUGLQJ� WR� WKH� VHOHFWHG� REMHFWV�� HQDEOLQJ� WKH� XVHU� WR� DFFHVV� �SDUW� RI� WKH�
GDWD�ORFDWHG�LQ�WKH�XQGHUO\LQJ�UHSRVLWRULHV�LQ�D�WUDQVSDUHQW�ZD\�

'DWD� FROOHFWLRQV�� PHGLDWRUV� DQG� SURJUDPV� DUH� DOVR� SXW� WRJHWKHU� WR� RIIHU� WKH� XVHU� WZR
DGYDQFHG�PRGHV�RI�XVH��DSSOLFDWLRQV�DQG�ZRUNIORZV��:RUNIORZV�DUH�HVVHQWLDOO\�SURJUDP
SLSHOLQHV� WKDW� FDQ� EH� VHW� XS� DW� UXQ� WLPH�� 7R� FUHDWH� D�ZRUNIORZ�� FRPSRQHQWV� RI� LQWHUHVW
KDYH� WR� EH� GLVFRYHUHG� XVLQJ� WKH� V\VWHP� QDYLJDWLRQ� DQG� VHDUFKLQJ� IDFLOLWLHV�� 6HYHUDO
VHDUFKHV� FDQ� EH� SHUIRUPHG�� XVLQJ� YDULRXV� VHOHFWLRQ� FULWHULD�� WR� QDUURZ� WKH� VFRSH� RI
SUHYLRXV�VHDUFKHV��RU�WR�ILQG�DGGLWLRQDO�FRPSRQHQWV�ZLWK�GLIIHUHQW�IXQFWLRQDOLW\��:KHQ�WKH
DSSURSULDWH� FRPSRQHQWV� KDYH� EHHQ� LGHQWLILHG�� D� ZRUNIORZ� LV� GHILQHG� E\� LQWHUDFWLYHO\
OLQNLQJ�WKH�FRUUHVSRQGLQJ�KDQGOHV�ZLWK�HDFK�RWKHU�RQ�WKH�VFUHHQ��%DVHG�RQ�WKH�GDWD�IORZ
LQGLFDWHG� DQG� WKH� W\SH� RI� WKH� FRPSRQHQWV� VHOHFWHG�� WKH� V\VWHP� FKHFNV� IRU
LQFRPSDWLELOLWLHV� DQG� UHVWULFWLRQV�� ,W� WKHQ� FUHDWHV� DQ� H[HFXWLRQ� FRQWH[W� IRU� UXQQLQJ� WKH
ZRUNIORZ�� VHWV� XS� WKH� QHWZRUN� FRQQHFWLRQV� DPRQJ� WKH� YDULRXV� FRPSRQHQWV�� DQG� VWDUWV
H[HFXWLRQ�
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$SSOLFDWLRQV� DUH� VRIWZDUH� V\VWHPV� WDLORUHG� WR� D� VSHFLILF� LQIRUPDWLRQ�SURFHVVLQJ� WDVN�
(DFK� DSSOLFDWLRQ� XVHV� D�ZHOO�GHILQHG� VXEVHW� RI� WKH� V\VWHP
V� GDWD� FROOHFWLRQV�� FRPELQHV
WKHLU�FRQWHQW�LQ�D�FHUWDLQ�ZD\��DQG�SURYLGHV�YDOXH�DGGHG�VHUYLFHV�WR�D�NQRZQ�XVHU�JURXS�
'DWD� IORZ� DQG� GDWD� SURFHVVLQJ� RI� DSSOLFDWLRQV� LV� VWDWLF�� EHFDXVH� LW� LV� GHVLJQHG� DW
LPSOHPHQWDWLRQ� WLPH�� DQG� LV� QRW� PRGLILHG� XQOHVV� WKH� UHTXLUHPHQWV� RI� WKH� DSSOLFDWLRQ
FKDQJH��&RQVHTXHQWO\��DOO�GDWD�RULHQWHG�DSSOLFDWLRQ�IXQFWLRQV�DUH�LQWURGXFHG�YLD�FDUHIXOO\
GHVLJQHG�PHGLDWRUV��$SSOLFDWLRQV�� MXVW� OLNH�DOO�RWKHU� V\VWHP�FRPSRQHQWV��KDYH�PHWDGDWD
DQG�FDQ�EH�VHDUFKHG�IRU�LQ�D�VLPLODU�PDQQHU�

7KLV� DSSURDFK� JUHDWO\� HQKDQFHV� IOH[LELOLW\�� 2Q� RQH� KDQG�� UREXVW� GDWD� DEVWUDFWLRQ� ZLWK
SRZHUIXO�TXHU\LQJ�FDSDELOLWLHV��ZKLFK�LV�SURYLGHG�E\�PHGLDWRUV��VLPSOLILHV�LQWHJUDWLRQ�RI
LQIRUPDWLRQ� DQG� SURPRWHV� LQFUHPHQWDO� GHYHORSPHQW� RI� FRPSOH[� DSSOLFDWLRQV�� � 2Q� WKH
RWKHU�KDQG��ZLWK�ZRUNIORZV��VHYHUDO�LQGHSHQGHQW�FRPSRQHQWV�FDQ�EH�G\QDPLFDOO\�OLQNHG
WRJHWKHU��DW�UXQ�WLPH��WR�H[SHULPHQW�ZLWK�QRYHO�FRPELQDWLRQV��ZKLFK�DUH�QRW�VXSSRUWHG�E\
WKH� PDLQ� PHGLDWLRQ� DUFKLWHFWXUH�� ,Q� IDFW�� ZRUNIORZV� FDQ� EH� XVHG� WR� WHVW� SURFHVVLQJ
SDWWHUQV�WKDW�DUH�XVHIXO�IRU�D�SDUWLFXODU�XVHU�FRPPXQLW\��EHIRUH�HPERG\LQJ�WKHP�LQWR�WKH
V\VWHP�DV�PHGLDWRUV�DQG�DSSOLFDWLRQV�
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$2 $2
$2

WUDQVODWRU WUDQVODWRU

PHGLDWRU

DSSOLFDWLRQ

1

0HWDGDWD
6HDUFK�(QJLQH

SURJUDP

SURJUDP

1

:RUNIORZ
5XQWLPH



��

���5HODWHG�:RUN

:LWK�WKH�ZLGHVSUHDG�XVH�RI�WKH�,QWHUQHW�DQG�WKH�LQFUHDVLQJ�FRQFHUQ�IRU�WKH�HQYLURQPHQW�
VHYHUDO�V\VWHPV�KDYH�EHHQ�GHYHORSHG�WR�VLPSOLI\�DFFHVV�RI�VFLHQWLILF�GDWD��DQG�WR�VXSSRUW
HQYLURQPHQWDO�PDQDJHPHQW�SURFHVVHV��$�IHZ�W\SLFDO�DSSURDFKHV�DUH�RXWOLQHG�EHORZ�

7KH� )(55(7� V\VWHP� >+DQNOLQ@� RIIHUV� RQ�OLQH� DFFHVV� WR� DQ� H[WHQVLYH� FOLPDWRORJLFDO
GDWDEDVH�FRQWDLQLQJ�GDWD�VHWV�WKDW�QXPHURXV�LQVWLWXWLRQV�KDYH�FROOHFWHG�RU�FDOFXODWHG�RYHU
VHYHUDO� \HDUV�� 'DWD� LQFOXGHV� JOREDO� VXUIDFH� PDULQH� REVHUYDWLRQV�� XSSHU� DLU� DQDO\VHV�
VDWHOOLWH�REVHUYDWLRQV�� VKLS�GULIW�GHULYHG�VXUIDFH�RFHDQ� FXUUHQWV��KHDW� IOX[�FOLPDWRORJLHV�
UDLQIDOO� UHFRUGV�� DQG� RWKHU� REVHUYHG� DQG� GHULYHG� ILHOGV�� :HE� DFFHVV� WR� WKH� )(55(7
SURJUDP�LV�DFKLHYHG�YLD�DQ�+70/�JUDSKLFDO�XVHU�LQWHUIDFH�WKDW�VHQGV�XVHU�VHOHFWLRQ�RYHU
WKH�QHWZRUN�WR�WKH�ZHE�VHUYHU��,Q�WXUQ��WKH�VHUYHU�LQYRNHV�D�VHW�RI�&*,�VFULSWV�WR�DFWLYDWH
WKH�)(55(7�SURJUDP�WKDW�SHUIRUPV�WKH�QHFHVVDU\�FDOFXODWLRQV�DQG�UHWXUQV�WKH�UHVXOW�� LQ
WKH� IRUP� RI� DQ� +70/� GRFXPHQW�� WR� WKH� EURZVHU�� )(55(7� VXSSRUWV� LQWHUDFWLYH� GDWD
YLVXDOL]DWLRQ�DQG�H[WUDFWLRQ�WKURXJK�RSWLRQ�PHQXV��SXVK�EXWWRQV��UDGLR�EXWWRQV��DQG�WH[W
LQSXW�ILHOGV��:LWK�WKHVH�FRQWUROV�D�XVHU�FDQ�VSHFLI\�WKH�FKRLFH�RI�GDWD�VHW��YDULDEOH�QDPH�
YLHZ��DQG� ORFDWLRQ�RI� LQWHUHVW� LQ� VSDFH� DQG� WLPH��7KH� ORFDWLRQ� DQG� WLPH�PD\�EH� IXUWKHU
UHILQHG�WKURXJK�D�PDS�EDVHG�JUDSKLFDO�SDQ�DQG�]RRP�RSWLRQ�DQG�WKURXJK�WH[W�LQSXW�ILHOGV
XVHG�WR�VSHFLI\�SUHFLVH�ORFDWLRQV��)(55(7�LV�DQ�H[FHOOHQW�HQYLURQPHQW�IRU�XQLI\LQJ�DQG
EURZVLQJ�JULGGHG�GDWD�WKDW�PD\�EH�GHILQHG�RQ�GLIIHUHQW�JULGV��*UDSKLFDO�GLVSOD\V�PD\�EH
FUHDWHG� LQ� D� VWUDLJKWIRUZDUG� ZD\� E\� FRPELQLQJ� ILHOGV� RI� WKH� DYDLODEOH� GDWD� VHWV�� $
FROOHFWLRQ�RI�EDVLF�WUDQVIRUPDWLRQV���ILOWHUV���LV�SURYLGHG��LQFOXGLQJ�GHULYDWLYHV��LQWHJUDOV�
VWDWLVWLFV��PLVVLQJ�YDOXH�ILOOHUV��VPRRWKHUV��YDOXH�ORFDWRUV��DQG�RWKHUV��WKDW�PD\�EH�DSSOLHG
V\PPHWULFDOO\�DORQJ�DQ\�D[LV�RI�D�YDULDEOH��1HZ�YDULDEOHV�FDQ�EH�GHILQHG�LQWHUDFWLYHO\�DV
PDWKHPDWLFDO�WUDQVIRUPDWLRQV�RI�YDULDEOHV�IURP�GDWD�VHWV��DQG�PRUH�FRPSOH[�H[SUHVVLRQV
FDQ�EH�EXLOW�WKURXJK�KLHUDUFKLFDO�YDULDEOH�GHILQLWLRQV��0XOWLGLPHQVLRQDO�FRPPDQG�V\QWD[
LV� DOVR� XVHG� WR� GHVLJQDWH� DUELWUDU\� UHFWDQJXODU� UHJLRQV� LQ� VSDFH� DQG� �LI�WKHQ�HOVH�� ORJLF
SHUPLWV�FDOFXODWLRQV�WR�EH�DSSOLHG�RYHU�DUELWUDULO\�VKDSHG�UHJLRQV��$Q�DVVRUWPHQW�RI�GDWD
VPRRWKHUV� DQG�GDWD� JDS� ILOOHUV� FRPSOLPHQWV� WKH� QRUPDO� UDQJH� RI�PDWKHPDWLFDO� DQDO\VLV
WRROV��7KXV�)(55(7�LV�HVVHQWLDOO\�D�VRSKLVWLFDWHG�LQWHUIDFH�IRU�YLVXDOL]LQJ�ORFDO�GDWD�VHWV�
,W� GRHV� QRW� VXSSRUW� GHYHORSPHQW� RI� PHGLDWRUV� DQG� DSSOLFDWLRQV� QRU� GRHV� LW� DOORZ� IRU
VLPXODWLRQ�SURJUDPV�WR�EH�FRPELQHG�ZLWK�HDFK�RWKHU�

7KH�(QYLURQPHQWDO�'HFLVLRQ�6XSSRUW�6\VWHP��('66��>)LQH��@�LV�D� IXOO�IOHGJHG�V\VWHP�
ZKLFK� VXSSRUWV� DLU� TXDOLW\� PRGHOLQJ� DQG� PDQDJHPHQW�� 7KH� PDLQ� FRPSRQHQW� RI� WKH
V\VWHP��WKH�FKHPLVWU\�DQG�WUDQVSRUW�PRGHO�PLPLFV�WKH�FKHPLFDO�UHDFWLRQV�WKDW�WDNH�SODFH
DPRQJ� FKHPLFDO� VSHFLHV� LQ� WKH� DWPRVSKHUH� DQG� IROORZV� WKHVH� HOHPHQWV� DV� WKH\� PRYH
DERXW��7KLV�FRPSRQHQW� LV�QRW� MXVW�D�PRGHO��EXW�D�FRPSOHWH�PRGHOLQJ� IUDPHZRUN��ZKHUH
PDMRU� SK\VLFDO� DQG� FKHPLFDO� SKHQRPHQD� ILW� LQWR� ZHOO�GHILQHG� FODVVHV� RU� FDWHJRULHV�
&RQWULEXWLQJ� VFLHQWLVWV� ZULWH� VFLHQFH� �PRGXOHV�� DV� D� FROOHFWLRQ� RI� UHODWHG� VXEURXWLQHV�
7KLV� LV� GRQH� LQ� D� FRQYHQWLRQDO� SURJUDPPLQJ� ODQJXDJH�� REVHUYLQJ� VLPSOH� JXLGHOLQHV� WR
JXDUDQWHH� FRPSDWLELOLW\� ZLWK� RWKHU� PRGXOHV� RI� WKH� VDPH� FODVV�� $Q� ,QSXW�2XWSXW
DSSOLFDWLRQV�SURJUDPPLQJ�LQWHUIDFH�SURYLGHV�DQ�HDV\�WR�OHDUQ��HDV\�WR�XVH�SURJUDPPLQJ
LQWHUIDFH�WR�ILOHV�IRU�WKH�DLU�TXDOLW\�PRGHO�GHYHORSHU�DQG�PRGHO�UHODWHG�WRRO�GHYHORSHU��,W
SURYLGHV� D� YDULHW\� RI� GDWD� VWUXFWXUH� W\SHV� IRU� RUJDQL]LQJ� WKH� GDWD�� DQG� D� VHW� RI� DFFHVV
URXWLQHV�WKDW�RIIHU�VHOHFWLYH�GLUHFW�DFFHVV�WR�WKH�GDWD�LQ�WHUPV�PHDQLQJIXO�WR�WKH�PRGHOHU�
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('66� XVHUV� FDQ� FUHDWH� QHZ� PRGHOV� E\� SODFLQJ� WKH� PRGXOHV� WR� EH� XVHG� LQWR� D
FRQILJXUDWLRQ� ILOH�� 7KH� VHOHFWHG� PRGXOHV� DUH� WKHQ� REWDLQHG�� FRPSLOHG� DQG� OLQNHG
DXWRPDWLFDOO\��7R� VXSSRUW� WKH� GHILQLWLRQ� RI� FRPSOH[� VLPXODWLRQV� LQYROYLQJ� KXQGUHGV� RI
SURJUDPV�� ('66� DOORZV� WKH� XVHU� WR� VSHFLI\� WKH� OLQNV� DPRQJ� SURJUDPV� YLD� D� JUDSKLFDO
SRLQW�DQG�FOLFN� LQWHUIDFH�� 7KH� SURJUDPV� DQG� WKH� ILOHV� XVHG� DQG� SURGXFHG� E\� WKHP� FDQ
H[LVW� RQ� DOPRVW� DQ\� FRPSXWHU� DFFHVVLEOH� RYHU� WKH� QHWZRUN�� )RU� H[DPSOH�� D� XVHU�PLJKW
FKRRVH�WR�UXQ�FRPSXWDWLRQDOO\�GHPDQGLQJ�VLPXODWLRQ�SURJUDPV�RQ�D�&UD\�VXSHUFRPSXWHU�
ZKLOH� UXQQLQJ� VRPH� VFLHQWLILF� YLVXDOL]DWLRQ� SURJUDPV� RQ� D� ORFDO� 6*,� ZRUNVWDWLRQ�� 7KH
V\VWHP� LQVWUXFWV� WKH� YDULRXV� FRPSXWHUV� WR� UXQ� WKH� SURJUDPV�� HLWKHU� VLPXOWDQHRXVO\� RU
VHTXHQWLDOO\� DV� GHWHUPLQHG� E\� WKH� FRQILJXUDWLRQ� RI� WKH� OLQNV� DPRQJ� WKH� SURJUDPV�� 7KH
XVHU�LV�LQIRUPHG�RI�WKH�VLPXODWLRQ
V�SURJUHVV�E\�WKH�FKDQJLQJ�FRORUV�DQG�LFRQ�VW\OHV��7KH
UHVXOWV�RI�VLPXODWLRQV�FDQ�EH�YLVXDOL]HG�E\�VHOHFWLQJ�YDULDEOHV�IURP�D�VXLWDEO\�IRUPDWWHG
GDWD� ILOH�� $� YDULHW\� RI� WKH� PRVW� RIWHQ� XVHG� YLVXDOL]DWLRQV� FDQ� EH� XVHG�� VXFK� DV� FRORU
FRQWRXU�DWODV�SORWV�� WKUHH�GLPHQVLRQDO�PHVK�SORWV��DQG� OLQH��EDU��DQG�VFDWWHU�JUDSKV��7KH
V\VWHP�VXSSRUWV�DQLPDWLRQ�RI�VHYHUDO�YLVXDOL]DWLRQV�DW�WKH�VDPH�WLPH��,W�LV�DOVR�SRVVLEOH�WR
VHOHFW� GDWD� EDVHG� RQ� UHJLRQV� DQG� WLPHV� RI� LQWHUHVW�� DQG� WR� XVH� VLPXODWLRQ� YDULDEOHV� LQ
IRUPXODV�WR�FUHDWH�PRUH�FRPSOH[�H[SUHVVLRQV��6HYHUDO��VWDQGDUG��DQDO\VLV�SURJUDPV�DUH
DOVR�DYDLODEOH�WR�H[DPLQH�PRGHO�GDWD��)LQDOO\��('66�IHDWXUHV�D�VWUDWHJ\�GHYHORSPHQW�WRRO
WKDW� GHPRQVWUDWHV� KRZ� DLU� TXDOLW\� PRGHOV�� RSWLPL]DWLRQ�� DQG� YDULRXV� FRPSXWHU�EDVHG
DQDO\VLV�WRROV�FDQ�EH�XVHG�WR�PDNH�WKH�GHVLJQ�RI�DLU�TXDOLW\�PDQDJHPHQW�VWUDWHJLHV�PRUH
HIILFLHQW�DQG�DOORZ�PRUH�FRPSUHKHQVLYH�FRQVLGHUDWLRQ�RI�VXFK�LVVXHV�DV�FRVW��HTXLW\��DQG
XQFHUWDLQW\�� 7KH� WRRO� SURYLGHV� IRXU� PDMRU� FDSDELOLWLHV�� LQYHQWRU\� DQG� FRQWURO� VWUDWHJ\
DQDO\VLV�� LQWHUDFWLYH� VWUDWHJ\� GHYHORSPHQW�� VWUDWHJ\� SHUIRUPDQFH� WHVWLQJ�� DQG
RSWLPL]DWLRQ�EDVHG� VWUDWHJ\� GHYHORSPHQW�� ('66� H[KLELWV� VLPLODU� IXQFWLRQDOLW\� DV� WKH
ZRUNIORZV� SURSRVHG� LQ� RXU� DUFKLWHFWXUH�� EXW� LQ� D� FRQWUROOHG� HQYLURQPHQW�� 7KHUH� DUH
FHUWDLQ�JXLGHOLQHV�WR�EH�IROORZHG�ZKHQ�LPSOHPHQWLQJ�PRGXOHV�WKDW�DUH�LQFRUSRUDWHG�LQWR
WKH�SURJUDP�FROOHFWLRQV�DQG�WKH�V\VWHP
V�PDFKLQHV�KDYH�EHHQ�FRQILJXUHG�WR�DOORZ�UHPRWH
LQVWDOODWLRQ��H[HFXWLRQ�DQG�PRQLWRULQJ�RI�SURJUDPV�� ,Q� FRQWUDVW� WR�('66��RXU�JRDO� LV� WR
VXSSRUW� ZRUNIORZV� LQ� DQ� RSHQ� HQYLURQPHQW�� XVLQJ� FRPSOHWHO\� DXWRQRPRXV� VXEV\VWHPV
FRQQHFWHG� WR� HDFK� RWKHU� YLD� WKH� ,QWHUQHW�� $OVR�� ('66� IRFXVHV� KHDYLO\� RQ� WKH� G\QDPLF
FRPELQDWLRQ�RI�VLPXODWLRQ�SURJUDPV�ZKHUHDV� WKH�7+(7,6�DUFKLWHFWXUH� HTXDOO\� VXSSRUWV
WKH�GHVLJQ�RI�YDOXH�DGGHG�GDWD�DEVWUDFWLRQV�DQG�WKH�LQFUHPHQWDO�GHYHORSPHQW�LQIRUPDWLRQ
LQWHJUDWLRQ�DSSOLFDWLRQV�

7KH� 'LVWULEXWHG� 2FHDQRJUDSKLF� 'DWD� 6\VWHP� �'2'6�� >*DOODJHU��@� DOVR� GHDOV� ZLWK
VHYHUDO� KHWHURJHQHRXV� UHSRVLWRULHV�� (VVHQWLDOO\� LW� GHILQHV� D� GDWD� DFFHVV� SURWRFRO� WKDW
LQFOXGHV� ERWK� D� IXQFWLRQDO� LQWHUIDFH� WR� GDWD� V\VWHPV� DQG� D� GDWD�PRGHO� IRU� UHSUHVHQWLQJ
GDWD�RQ� WKHVH� V\VWHPV�� ,W� LV�GHVLJQHG� WR� LQWHJUDWH�DOUHDG\�H[LVWLQJ�XVHU� DSSOLFDWLRQV� DQG
UHVRXUFH�PDQDJHPHQW� V\VWHPV��'2'6�PRGHOV�GDWD� DQDO\VLV�SURJUDPV�DV� VRPH�ERG\�RI
XVHU�ZULWWHQ�FRGH�OLQNHG�ZLWK�RQH�RU�PRUH�$3,�OLEUDULHV�WKDW�SUHVHQW�VSHFLDOL]HG�LQWHUIDFHV
WKURXJK�ZKLFK�GDWD� DFFHVV� LV� DFKLHYHG��8VHU�SURJUDPV�DUH� VSOLW� DW� WKH� OLEUDU\� LQWHUIDFH�
DQG�E\�DGGLQJ�VXLWDEOH�LQWHUSURFHVV�FRPPXQLFDWLRQ�OD\HUV��D�FOLHQW�VHUYHU�DUFKLWHFWXUH�LV
LQWURGXFHG� WR� KLGH� WKH� GLIIHUHQFHV� RI� WKH� XQGHUO\LQJ� GDWD� VRXUFHV� DQG� SURYLGH� WKH� XVHU
WUDQVSDUHQW� DFFHVV� WR� WKLV� GDWD�� &DOOV� WR� DQ� $3,� DUH� IRUZDUGHG� WR� '2'6� GDWD� VHUYHUV�
ZKLFK� DUH� LPSOHPHQWHG� DV�ZHE� VHUYHUV�� (DFK� GDWD� VHW� LV� UHIHUUHG� WR� YLD� D�85/��ZKLFK
FRQWDLQV�WKH�QDPH�RI�D�&*,�VFULSW�WR�EH�H[HFXWHG�ZKHQ�D�UHTXHVW�DUULYHV��'HSHQGLQJ�RQ
WKH� UHTXHVW� W\SH�� WKH� VHUYHU� UHWXUQV� D� WH[WXDO� GHVFULSWLRQ� RI� WKH� GDWD� VHW� FRQWHQWV� RU� WKH
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YDOXHV�RI�GDWD�YDULDEOHV�LQ�ELQDU\�IRUP��7KH�SULPDU\�UROH�RI�WKH�WH[WXDO�GHVFULSWLRQV�LV�WR
SURYLGH�D�FOLHQW�OLEUDU\�ZLWK�LQIRUPDWLRQ�FRQFHUQLQJ�WKH�RSHUDWLRQV�WKDW�FDQ�EH�DSSOLHG�WR
GDWD�DQG�WKH�ZD\�ELQDU\�GDWD�LV�WR�EH�GHFRGHG��7KLV�LQIRUPDWLRQ�LV�SDUVHG��DW�UXQ�WLPH��WR
GHWHUPLQH�WKH�LQYRFDWLRQV�DQG�GDWD�FRQYHUVLRQV��ZKLFK�QHHG�WR�EH�GRQH�IRU�HDFK�$3,�FDOO�
8VHUV�YLD�D�VWDQGDUG�EURZVHU�FDQ�DOVR�YLHZ�LW��+HQFH��'2'6�DGRSWV�D�VLPLODU�DSSURDFK
IRU� LQWURGXFLQJ� PHWDGDWD� LQIRUPDWLRQ� DV� SURSRVHG� LQ� RXU� DUFKLWHFWXUH�� 7KH� PDLQ
GLIIHUHQFH� LV� WKDW� WKH� '2'6� VXSSRUWV� D� SRLQW�WR�SRLQW� FRPPXQLFDWLRQ� EHWZHHQ
DSSOLFDWLRQV� DQG� GDWD� UHSRVLWRULHV�� VR� WKDW� DJJUHJDWLRQ� DQG� FRQVROLGDWLRQ� RI� GDWD� LV
SHUIRUPHG� E\� WKH� DSSOLFDWLRQ� UDWKHU� WKDQ� E\� PHGLDWRUV�� +RZHYHU�� WKH� SULPDU\� JRDO� RI
'2'6�LV�WR�UHXVH�D�ZLGH�UDQJH�RI� OHJDF\�DQDO\VLV�DQG�GDWD�SURFHVVLQJ�DSSOLFDWLRQV�WKDW
DUH�DOUHDG\�LPSOHPHQWHG�IRU� ORFDO�GDWD�� ,Q� WKH�7+(7,6�V\VWHP��RQO\�D� IHZ�DSSOLFDWLRQV
H[LVW�VR�WKDW�WKH�FRVW�RI�UHZULWLQJ�FRGH�WR�WDNH�DGYDQWDJH�RI�PHGLDWRUV�LV�DFFHSWDEOH�

2WKHU�IHGHUDWHG�DUFKLWHFWXUHV�IRU�HQYLURQPHQWDO�LQIRUPDWLRQ�V\VWHPV�KDYH�EHHQ�SURSRVHG�
WKDW� LPSOHPHQW� WKH� PLGGOHZDUH� OD\HU� XVLQJ� D� FRPELQDWLRQ� RI� :::� DQG� &25%$
WHFKQRORJ\�>.RVFKHO��@��&25%$�LV�XVHG�WR�GHDO�ZLWK�WKH�OLPLWDWLRQV�RI�:::��QDPHO\
VWDWHOHVVQHVV�DQG�WKH�LQDELOLW\�WR�TXHU\�PRUH�WKDQ�RQH�VRXUFH�DW� WKH�VDPH�WLPH��%URZVHU
UHTXHVWV� DUH� VHQW� WR� ZHE� VHUYHUV� DFWLQJ� DV� &25%$� FOLHQWV�� ZKLFK� LQ� WXUQ� DFFHVV� WKH
XQGHUO\LQJ�UHSRVLWRULHV��SHUIRUP�WKH�GHVLUHG�GDWD�PDQLSXODWLRQ�DQG�SURFHVVLQJ�IXQFWLRQV�
DQG�UHWXUQ�UHVXOWV�EDFN�WR�WKH�EURZVHU�DV�+70/�GRFXPHQWV��&RPPXQLFDWLRQ�DPRQJ�WKH
&25%$� FOLHQW� DQG� &25%$� VHUYHU� REMHFWV�� KLGLQJ� WKH� LQWHUQDO� LPSOHPHQWDWLRQ� RI
UHSRVLWRULHV�� LV� DFKLHYHG� YLD� H[WHUQDO�&� IXQFWLRQ� FDOOV�ZLWK� HPEHGGHG� 64/�� 7KH� HQWLUH
ORFDOL]DWLRQ�DQG�LQYRFDWLRQ�SURFHVV�RI�WKH�PLGGOHZDUH�REMHFWV�LV�KDQGOHG�WUDQVSDUHQWO\�E\
WKH� &25%$� V\VWHP�� +HQFH�� LQ� WKLV� FDVH�� &25%$� FOLHQWV� DFW� DV� PHGLDWRUV�� ,Q� RXU
DSSURDFK��KRZHYHU��PHGLDWRU�FRPSRQHQWV�DUH�QRW�PHUH� WUDQVODWRUV�� WKH\�KDYH� WKHLU�RZQ
GDWD�PRGHOV�WKDW�FDQ�SURYLGH�IRU�QHZ��SRZHUIXO�GDWD�DEVWUDFWLRQV�ZLWK�DGYDQFHG�TXHU\LQJ
FDSDELOLWLHV� WKDW� QHHG� QRW� EH� LQYRNHG� WKURXJK� IXQFWLRQV�� 0RUHRYHU�� ZH� DGYRFDWH
WUDQVSDUHQW�� LQVWHDG� RI� KLGGHQ�� PHGLDWLRQ�� 6LQFH� PHGLDWRUV� FDUU\� ZLWK� WKHP� PHWDGDWD
GHVFULELQJ�WKHLU�FDSDELOLWLHV��GHYHORSHUV�DQG�VFLHQWLVWV�FDQ�LQWHUDFWLYHO\�GLVFRYHU�DQG�XVH
IXQFWLRQDOLW\� WKDW� LV�DYDLODEOH� LQ� WKH�V\VWHP��2Q� WKH�FRQWUDU\�� WKLV� LV�GLIILFXOW� WR�DFKLHYH
IRU�&25%$�REMHFWV�ZKRVH�LQWHUIDFH�LV�NQRZQ�RQO\�WR�WKH�SURJUDPV�WKDW�XVH�WKHP�

���&RQFOXVLRQ

,QWHJUDWHG�LQIRUPDWLRQ�V\VWHPV�KDYH�WKH�FDSDFLW\�RI�VSXUULQJ�QHZ�HFRQRPLF�JURZWK�DQG
GHYHORSPHQW� WKDW� LV� XQSUHFHGHQWHG� LQ� WKH� DUHDV� IRU� ZKLFK� WKH\� DUH� EXLOW�� 7KLV� LV� GXH
SULPDULO\� WR� WKHLU� DELOLW\� WR�SURYLGH�QHZ�VHUYLFHV��7KH�ZD\� WKH� ,QWHUQHW� DQG� WKH�:::
KDYH�FKDQJHG�RXU�ZD\V�RI�WKLQNLQJ�DQG�DSSURDFKLQJ�JURZWK��LQWHJUDWLRQ��LQ�WKLV�WHUP�ZH
FRPSUHVV� WKH� HQWLUH� V\VWHP� DUFKLWHFWXUH�� LV� D� QHZ� YHKLFOH� IRU� HFRQRPLF� JURZWK� LQ� WKH
LQIRUPDWLRQ� PDUNHW� SODFH�� ,W� KDV� WDNHQ� D� VL]HDEOH� LQYHVWPHQW� VR� IDU� WR� EXLOG� WKH� GDWD
UHSRVLWRULHV� �GDWD�� GDWD� PRGHOV�� DQG� GDWD� DQDO\VLV� DQG� LQWHUSUHWDWLRQ� PRGHOV�� DQG� WKH
H[SHUWLVH��SHRSOH�DQG�RUJDQL]DWLRQV��WR�FRPSOHWH�WKLV�WDVN��1RZ�ZH�DOVR�KDYH�DYDLODEOH�D
FRPPRQ�FRPPXQLFDWLRQ�QHWZRUN��,QWHUQHW��DQG�D�FRPPRQ�SODWIRUP��:::���LQ�DGGLWLRQ
WKH� H[SHUWLVH�� DQG� VWDWH� RI� WKH� DUW� VRIWZDUH� WRROV� WR� LQWHJUDWH��7KXV� LW�PDNHV� YHU\� JRRG
HFRQRPLF�VHQVH�WR�HIILFLHQWO\�SXW�WR�XVH�DOO�RI�WKHVH�E\�PHDQV�RI�LQWHJUDWLRQ�ZKLFK�DW�WKH
VDPH�WLPH�KDV�WKH�FDSDFLW\�RI�PDNLQJ� LQIRUPDWLRQ�HDVLO\�DYDLODEOH� WR�D�JUHDW�GHDO�PRUH
XVHUV�WKDQ�LQ�WKH�SDVW�
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%XLOGLQJ�V\VWHPV�WKDW�LQWHJUDWH�VFLHQWLILF�UHSRVLWRULHV�WR�SURYLGH�YDOXH�DGGHG�LQIRUPDWLRQ
DQG� WR� SURPRWH� FRPELQDWLRQ� RI� UHVRXUFHV� LV� D� GLIILFXOW� WDVN�� /HJDF\� V\VWHPV�
FRPSXWDWLRQDOO\� LQWHQVLYH� VLPXODWLRQ� SURJUDPV�� DQG� GDWD� LQWHQVLYH� DQDO\VLV� DQG
YLVXDOL]DWLRQ� WRROV�PDLQO\� GXH� WR� WKH� FRPSOH[LW\� RI� VFLHQWLILF� GDWD�� WKH� LQKRPRJHQHRXV
GHVLJQ� RI� UHSRVLWRULHV� DQG� WKH� OLPLWDWLRQV� SRVH� GLIILFXOW� SUREOHPV�� 7R� DGGUHVV� WKHVH
SUREOHPV�� D� K\EULG� DUFKLWHFWXUH� KDV� EHHQ� SURSRVHG� WKDW� FRPELQHV� GLJLWDO� OLEUDU\
WHFKQLTXHV� ZLWK� PHGLDWLRQ� DSSURDFKHV� DQG� ZRUNIORZ� V\VWHPV�� ,W� DOORZV� YDULRXV
IXQFWLRQDO�FRPSRQHQWV�WR�EH�DGGHG�LQ�D�VWUDLJKWIRUZDUG�ZD\��ZLWKRXW�PRGLI\LQJ�H[LVWLQJ
FRPSRQHQWV� DQG� DSSOLFDWLRQV�� 0HGLDWLRQ� LV� XVHG� WR� DFKLHYH� LQFUHPHQWDO� LQIRUPDWLRQ
LQWHJUDWLRQ� DQG� WR� SURYLGH� HQG�XVHU� DSSOLFDWLRQV�ZLWK� WKH� DSSURSULDWH� GDWD� DEVWUDFWLRQV�
'LJLWDO� OLEUDU\� DQG� ZRUNIORZ� WHFKQRORJ\� LV� XVHG� WR� VXSSRUW� GLVFRYHU\� DQG� IOH[LEOH
FRPELQDWLRQ� RI� WKH� H[LVWLQJ� V\VWHP� FRPSRQHQWV�� LQ� D� �PL[� DQG�PDWFK�� HQYLURQPHQW� RI
PHGLDWRUV�DQG�SURJUDPV��7KLV�DUFKLWHFWXUH� LV�FXUUHQWO\�EHLQJ� LPSOHPHQW� LQ� WKH�7+(7,6
V\VWHP��D�FRDVWDO�]RQH�PDQDJHPHQW�HQYLURQPHQW�IRU�WKH�0HGLWHUUDQHDQ�6HD�
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