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IRU�FRPSOH[�DQG�PXOWL�VWDJH�SUREOHPV� ,W�DSSHDUV�WKHQ�WKDW�UDWLRQDO�,7�VROXWLRQV�LQ�WKLV�DUHD�VKRXOG�EH�VRXJKW�
ZLWKLQ�WKH�LQWHJUDWHG�V\VWHPV�RI�LQWHOOLJHQW�GDWDEDVHV��VXSSOHPHQWHG�ZLWK�GDWD�IX]]LQJ�PHFKDQLVPV�DQG�DF�
WLYH�GDWD�VXSSRUW��DQG��DGGLWLRQDOO\��HQDEOLQJ�WKH�H[FKDQJH�RI�GDWD�ZLWK�KHXULVWLF�UHDVRQLQJ�V\VWHPV��LQ�SDU�
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UHDVRQLQJ�V\VWHPV�

��,QWURGXFWLRQ

&RPSXWHU�DLGHG�VXSSRUW�IRU�LQIRUPDWLRQ�DQG�GHFLVLRQ�SUR�
MHFWV LQ�EULGJH� FRQVWUXFWLRQ� UHTXLUHV� WKH� HPSOR\PHQW�RI�
LQFUHDVLQJO\� H[WHQVLYH� LQIRUPDWLRQ� UHVRXUFHV�� 7KH� SUR�
MHFWV LQ�WKLV�DUHD��DW�HYHU\�VWDJH�RI�WKHLU�H[HFXWLRQ��GHVLJQ��
RUJDQL]DWLRQ�RI�FRQVWUXFWLRQ��PRQLWRULQJ�RU�SUHGLFWLRQ�RI�
WKH�WHFKQLFDO�FRQGLWLRQ�RI�WKH�EULGJH�� FDQ�EH�FODVVLILHG�DV�
WDVNV�RI�KLJK�FRPSOH[LW\��7KLV�FRPSOH[LW\�WUDQVODWHV�LQWR�
ERWK�WKH�DPRXQW�RI�LQIRUPDWLRQ�UHVRXUFHV�WKDW�QHHG�WR EH
FROOHFWHG DQG�SURFHVVHG��DV�ZHOO�DV�WKHLU�VLJQLILFDQW�GLYHU�
VLW\� 7KH�SUREOHP�LV�QRW�LQ�WKH�DEVHQFH�RI�VRIWZDUH�PHFK�
DQLVPV� RU� XQIDPLOLDULW\� ZLWK� WKH� PHWKRGV� �WHFKQLTXHV��
WKDW� VKRXOG� EH� HPSOR\HG WR� FROOHFW� DQG� SURFHVV� LQIRU�
PDWLRQ�DQG�NQRZOHGJH��EXW�LQ�VXFK�D�ODUJH�KHWHURJHQHLW\�
RI�PHFKDQLVPV��PHWKRGV��WRROV��ZKLFK�QHHG�WR EH�DSSOLHG
WKDW�WKHLU�FRPSOHPHQWDU\�XVH�EHFRPHV�D�PDMRU FKDOOHQJH�

,Q�D�VLWXDWLRQ�ZKHUH�VRPH�RI�WKH�LQIRUPDWLRQ�UHVRXUFHV�
DYDLODEOH�DUH�LQ�WKH�IRUP�RI�SUHFLVH�GDWD��ZKHUHDV�RWKHUV�
DUH�H[SUHVVHG�E\�OLQJXLVWLF�YDULDEOHV��DUH�FKDUDFWHUL]HG�E\�
YDJXHQHVV �IX]]LQHVV��� DQG� VRPHWLPHV� DUH� DOVR� LQFRP�
SOHWH��D�TXHVWLRQ�DERXW� UDWLRQDO�PHWKRGV�DQG� WRROV� WR�EH�
XVHG�IRU� WKHLU�FROOHFWLRQ�DQG�SURFHVVLQJ�EHFRPHV�KLJKO\
VLJQLILFDQW��,Q�FRQVHTXHQFH��WKH�WKHQ�HPHUJLQJ�QHFHVVLW\�
RI VLPXOWDQHRXVO\�PDNLQJ XVH�RI�VHYHUDO�GLIIHUHQW�,7�DS�
SOLFDWLRQV�IUHTXHQWO\�PHDQV�WKDW�RQH�KDV�WR�OLPLW�RQHVHOI�
WR�VXSSRUWLQJ RQO\�VHOHFWHG�VWDJHV�RI�WKH�HQWLUH�SURMHFW�RU�
LV� PDGH� WR VLJQLILFDQWO\� VLPSOLI\ WKH� GHVFULSWLRQ� RI� WKH�

SUREOHP� VLWXDWLRQ�� ZKLFK� PD\� FRQVLGHUDEO\ DIIHFW� WKH�
TXDOLW\��HIIHFWLYHQHVV� RI�WKH�ILQDO�HIIHFW�
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��7KH�VSHFLILFLW\�RI�LQIRUPDWLRQ�DQG�GH�
FLVLRQ�UHVRXUFHV�LQ�EULGJH�FRQVWUXFWLRQ�
SURMHFWV

$ VROXWLRQ�WR D�SUREOHP�VLWXDWLRQ�LQ�EULGJH�FRQVWUXFWLRQ�LV�
SURYLGHG�DV�D�UHVXOW�RI�WKH�DQDO\VLV�RI�YDULRXV�IDFWRUV��VXFK�
DV��QHHGV�UHJDUGLQJ�WKH�XVH�RI�WKH�IDFLOLW\��VWRFNV�RI�ORFDO�
PDWHULDOV��RU� WKH� VL]H�RI�SRWHQWLDOV�RI� YDULRXV�FDWHJRULHV�
�KXPDQ��KDUGZDUH�� WKDW� FDQ� EH�PDGH�XVH�RI� LQ� WKH� FRQ�
VWUXFWLRQ�UHFRQVWUXFWLRQ� RI� WKH� IDFLOLW\��1RW� RQO\� VKRXOG�
WKH�LQIOXHQFH�RI�HDFK�IDFWRU�RQ�WKH�DUHD�RI�DFFHSWDEOH�VR�
OXWLRQV�EH�WDNHQ�LQWR�DFFRXQW��EXW�DOVR�WKH�LQWHUUHODWLRQVKLS�
EHWZHHQ�LQGLYLGXDO�IDFWRUV��)RU�LQVWDQFH��ZKHQ�VHHNLQJ UD�
WLRQDO� VROXWLRQV� LQ� WKH� FDVH� RI� GHVLJQLQJ� D� WHPSRUDU\�
EULGJH�LQ�D�FULVLV�VLWXDWLRQ��H�J� DIWHU�D�IORRG�HYHQW���RQH�
VKRXOG�XVH�D W\SRORJ\�RI�VXFK EULGJHV�DV�ZHOO�DV�UHOHYDQW�
VROXWLRQV�UHODWHG�WR�FRQVWUXFWLRQ��WHFKQRORJ\�DQG�RUJDQL�
]DWLRQ� $ FRQVWDQW�ZLOO�RQO\�EH� WKH�UHTXLUHG�EULGJH� ORDG�
FDSDFLW\��ZKLOH�WKH�YDULDEOHV�LQ�WLPH�ZLOO�EH�WKH�SDUDPH�
WHUV�RI�WKH�ZDWHU�REVWDFOH��DQG�WKXV�WKH�GLIIHUHQW�SRVVLELOL�
WLHV�RI�GHWRXU��7KHQ��DORQJ�ZLWK�WKH�FKDQJH�RI�WKRVH�SD�
UDPHWHUV�� WKH� IROORZLQJ�ZLOO� DOVR�XQGHUJR� D� FKDQJH�� WKH�
QXPEHU�DQG�W\SH�RI�VXSSRUWV��DQG�WKH�QXPEHU�DQG�EUHDGWK
RI�EULGJH�VSDQV��$�VLPLODU�VLWXDWLRQ�ZLOO�EH�FRQQHFWHG ZLWK�
WKH�DYDLODELOLW\�RI�WKH�DVVHPEO\�\DUG��ZKHQ�XVLQJ�IROGDEOH
VWUXFWXUHV���ZKLFK� LQ�WXUQ� DIIHFWV�WKH�RUJDQL]DWLRQ�RI�WKH�
DVVHPEO\�RI WKH�VSDQ�VWUXFWXUH�DQG�EULGJH�VXSSRUWV��,W�ZLOO�
DOVR� UHTXLUH� WKH� VHOHFWLRQ� RI� VSHFLDO� FRQVWUXFWLRQ� HTXLS�
PHQW��H�J� RQ�D�WUDFNHG�FKDVVLV��GXH�WR�WKH�GLIILFXOWLHV�UH�
ODWHG�WR DFFHVVLQJ WKH�SODFH�ZKHUH�EULGJH�ZRUNV�DUH�EHLQJ�
FDUULHG�RXW��(DFK�RI�WKHVH�IDFWRUV DIIHFWV�WKH�DGRSWLRQ�RI�
WKH�SURSHU��SUHIHUDEO\�UDWLRQDO��VWUXFWXUDO�OD\RXW�RI�WKH�ID�
FLOLW\�DV�ZHOO�DV LWV� WHFKQRORJ\�DQG�RUJDQL]DWLRQ�RI�FRQ�
VWUXFWLRQ�

7KH�FRPSOH[LW\�DQG�KHWHURJHQHLW\�RI�LQIRUPDWLRQ�DQG�
GHFLVLRQ�SURFHVVHV�LQ�WKLV�DUHD�QHFHVVLWDWHV�WKH�XVH RI�KHW�
HURJHQHRXV�DQG�FRPSOH[�LQIRUPDWLRQ�UHVRXUFHV��7KLV�KHW�
HURJHQHLW\�FRQFHUQV�WKH�GDWD�W\SHV�XVHG��EXW� DERYH�DOO� LW�
LV�YLVLEOH� LQ� WKH�GLYHUVLILFDWLRQ�RI� WKH�FDWHJRULHV�RI�GDWD�
DQG�NQRZOHGJH UHVRXUFHV��$ GDWD�W\SH�VSHFLILHV�WKH�UDQJH�
RI�YDOXHV��WKH�GRPDLQ�RI�WKH�DWWULEXWH��WKDW�FDQ�EH�XVHG�WR�
LGHQWLI\�WKH�VWDWH�RI�D�YDULDEOH� ,QIRUPDWLRQ�DQG�GHFLVLRQ
SURMHFWV� LQ�EULGJH� FRQVWUXFWLRQ PDNH�XVH�RI� DOO� WKH� GDWD�
W\SHV�WKDW�DUH�FXUUHQWO\�UHFRJQL]HG�DQG�XVHG�SURJUDPPDW�
LFDOO\��LQ�GLIIHUHQW�SURJUDPPLQJ�ODQJXDJHV���LQ�SDUWLFXODU�
WH[WXDO�GDWD��QXPHULFDO�GDWD��GDWHV�DQG� WLPHV��DQG��PRUH
DQG�PRUH IUHTXHQWO\��PXOWLPHGLD�GDWD��LQFOXGLQJ�LPDJHV��
VRXQGV�DQG�YLGHR�VHTXHQFHV��,Q�WKH�FRQWH[W�RI�WKH�VSHFL�
ILFLW\�RI�WKH�WDVNV�XQGHU�GLVFXVVLRQ��D OLWWOH�PRUH�DWWHQWLRQ�
VKRXOG�EH�JLYHQ�WR�WKH�WHUP��GDWD�FDWHJRU\��7KLV�LV�QRW�DQ�
XQDPELJXRXV� WHUP� DQG� FDQ� UHIHU� WR� ERWK� GDWD� W\SH� �GH�
WDLOHG��DJJUHJDWHG��SUHFLVH��IX]]\� DV�ZHOO�DV�GDWD�VSHFLILF�
LW\�� FXVWRPDULO\ H[SUHVVHG� WKURXJK� DGGLWLRQDO� WRROV� IRU�
WKHLU� GHVFULSWLRQ� �DFWLYH� GDWD�� WHPSRUDO� GDWD�� 7KH�PRVW�
ZLGHO\�XVHG�GDWD�FDWHJRU\�LQ�EULGJH�FRQVWUXFWLRQ�LV�SUHFLVH�
GHWDLOHG�GDWD�RI�D�VWDWLF�QDWXUH��0RVW�QXPHULFDO�GDWD�DQG�
VRPH�WH[WXDO�GDWD UHODWHG�WR��IRU�LQVWDQFH��ZDWHU�REVWDFOH�
SDUDPHWHUV RU� DVVHPEO\� W\SH� �GHSWK�  � �P�� ERWWRP� VRLO�
W\SH� �µVWRQ\¶��W\SH�RI�LQWHUPHGLDWH�VXSSRUW� �µ3���¶��FDQ�
EH�LQFOXGHG�LQ�WKLV�FDWHJRU\��+RZHYHU��LW�LV�HQRXJK�WR�UHIHU�

WKH�GHVFULSWLRQ�RI�WKH�SUREOHP�VLWXDWLRQ�WR�WKH�FULVLV�VLWXD�
WLRQ� �IORRG� FRQGLWLRQV��� DQG� LW� ZLOO� WUDQVSLUH WKDW� LQ� WKH�
VDPH� H[DPSOH� �VSHFLILFDWLRQ� RI� ZDWHU� REVWDFOH� SDUDPH�
WHUV� WKH�GDWD�ZLOO�QRW�EH�VWDWLF��H�J� WKH�YDULDEOH�ZLOO�EH�
WKH�ZLGWK�RI�WKH�ZDWHU�REVWDFOH�� DQG��LQ�DGGLWLRQ��LQ�DQD�
O\WLFDO DQG�GHFLVLRQ SURFHVVHV��WKH��KLVWRU\�RI�YDULDELOLW\��
RI�WKLV�SDUDPHWHU�ZLOO�EHFRPH�VLJQLILFDQW� ,Q�WKLV�VLWXDWLRQ��
WKH�GDWD�UHSUHVHQWLQJ�WKH�ZLGWK�RI�WKH�ZDWHU�REVWDFOH�FDQ�
WKHUHIRUH�EH�LQFOXGHG�LQ�WKH�WHPSRUDO�GDWD�FDWHJRU\� )RU�
WKLV�GDWD�FDWHJRU\��LQ�DGGLWLRQ�WR�WKH�DWWULEXWH�YDOXH�LWVHOI��
WLPHVWDPSV� VKRXOG�EH�XVHG�� VSHFLI\LQJ�ERWK� WKH� WLPH�RI�
PHDVXUHPHQW�DQG�WKH�WLPH�ZKHQ�LW�VWRSV�EHLQJ�FXUUHQW��,W�
LV�ZRUWK�QRWLQJ��KRZHYHU� WKDW�D�VLJQLILFDQW�QXPEHU�RI�DW�
WULEXWHV� GHSLFWLQJ WKH� SUREOHP� VLWXDWLRQ� FDQ� EH� UHSUH�
VHQWHG�ZLWK� WKH� VR�FDOOHG� OLQJXLVWLF� YDULDEOHV� IRU�ZKLFK�
FHUWDLQ�YDULDEOH�FDWHJRULHV�DUH�VSHFLILHG��H�J��ERWWRP�VRLO�
W\SH�� µVWRQ\¶�� µFRKHVLYH�FRKHVLYH DQG�YHU\¶��HWF��� ,Q� WKH�
PDMRULW\�RI�VLWXDWLRQV��W\SLFDO�GLYDOHQW�ORJLF��ERWWRP�VRLO�
W\SH��VWRQ\��<(6�12��LV�VXIILFLHQW�WR�H[SUHVV�WKH�YDOXHV�
RI�YDULDEOHV��EXW� LQ� VRPH�FDVHV� FOHDU�FXW�ERXQGDULHV�EH�
WZHHQ�VHYHUDO�FDWHJRULHV�RI�OLQJXLVWLF�YDOXHV� DVVLJQHG�WR�
D�YDULDEOH� DUH� WRR�IDU�UHDFKLQJ�D�VLPSOLILFDWLRQ�� ,Q�VXFK�
FDVHV��IX]]\�GDWD��HPSOR\LQJ PXOWLYDOXHG�ORJLF��VKRXOG�EH�
XVHG��ZLWK�ZKLFK�WKH�DFWXDO�VLWXDWLRQ�FDQ�EH�UHIOHFWHG�PRUH�
DFFXUDWHO\ >�@��7KLV�PHDQV�WKDW�E\�XVLQJ�DSSURSULDWH�IX]]�
LQJ�IXQFWLRQV��ERWWRP�VRLO�W\SH�FDQ��IRU�LQVWDQFH� EH�FODV�
VLILHG�DV�VWRQ\�ZLWK�D�SUREDELOLW\�RI���� DQG�DV�FRDUVH ZLWK�
D�SUREDELOLW\ RI ����

$�VLJQLILFDQW�YDULDELOLW\�RI�WKH�VLWXDWLRQ�RQH�PD\�GHDO�
ZLWK� LQ�EULGJH�FRQVWUXFWLRQ�SURMHFWV�� WUDQVODWLQJ� LQWR� WKH�
YDULDELOLW\�RI�GDWD�YDOXHV��PD\�UHTXLUH�DQ�DXWRPDWHG��QRW�
KXPDQ�LQLWLDWHG��GDWD�XSGDWH�LQ�UHDO�WLPH��$�EULGJH PRQL�
WRULQJ� V\VWHP� PD\� EH� DQ� H[DPSOH� RI� VXFK PHFKDQLVP��
2QH RI�WKH�VLJQLILFDQW�ULVN�IDFWRUV LV�WKH�IDWLJXH�IDFWRU��,I�
D�WHPSRUDO�YDULDEOH�LV�XVHG�WR�VWRUH�WKH�YDOXH�UHDG�IURP�D�
VHQVRU��LW�ZLOO�EH�HQRXJK�LQ�WKH�VR�FDOOHG�DFWLYH�UXOH��DVVR�
FLDWHG�ZLWK�WKLV�YDULDEOH��WKLV�UXOH�LV�UHIHUUHG�WR�DV�WKH�WULJ�
JHU���WR�ZULWH��IRU�LQVWDQFH��WKDW�LI�D WULSOH�UHDGLQJ�IURP�WKH�
VHQVRU�LQ�WKH�EULGJH�PRQLWRULQJ�V\VWHP�H[FHHGV�WKH�OLPLW�
YDOXH��WKH�DODUP�IRU�WKH�V\VWHP VKRXOG�EH�DFWLYDWHG��7KH�
GDWD SURYLGHG�ZLWK�PHFKDQLVPV� IRU� WKHLU�DXWRPDWHG�XS�
GDWLQJ LV�UHIHUUHG�WR�DV�DFWLYH�GDWD�

7KH� VSHFLILFLW\� RI� WKH� VHOHFWHG� FDWHJRULHV� RI� LQIRU�
PDWLRQ�XVHG�LQ�EULGJH�FRQVWUXFWLRQ�LV�SUHVHQWHG�LQ�)LJ����

,QIRUPDWLRQ�UHVRXUFHV�XVHG�LQ�LQIRUPDWLRQ�DQG�GHFL�
VLRQ�SURFHVVHV�LQ�EULGJH�FRQVWUXFWLRQ�DUH�QRW�OLPLWHG�RQO\�
WR�WKH�FDWHJRULHV�RI�SULPDU\�RU�SURFHVVHG�GDWD��LQIRU�
PDWLRQ���$�VLJQLILFDQW�SDUW�RI�WKHVH�SURFHVVHV�UHTXLUH�UH�
VRXUFHV�LQ�WKH�IRUP�RI�NQRZOHGJH��XQGHUVWRRG�DV�D�VHW�RI�
UHOLDEOH�DQG�LQWHUUHODWHG�LQIRUPDWLRQ >�@��.QRZOHGJH�FDQ�
EH�UHSUHVHQWHG��VWUXFWXUHG��LQ�YDULRXV�IRUPV��LQFOXGLQJ��
GHFLVLRQ�UXOHV��FDVH�GHVFULSWLRQ��GHFLVLRQ�WUHHV��RU�QHXUDO�
QHWZRUNV���7KH�PRVW�ZLGHO\�XVHG�IRUP�RI�NQRZOHGJH�
UHSUHVHQWDWLRQ�LV�WKH�UXOH�EDVHG�UHSUHVHQWDWLRQ��UHIOHFWHG�
LQ�WKH�IRUP�RI�GHFLVLRQ�UXOHV�
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)LJ���� ,QIRUPDWLRQ�FDWHJRULHV��LQ�WKH�QRWDWLRQ��HQWLW\�DWWULEXWH�
YDOXH��FKDUDFWHULVWLF�IRU�EULGJH�FRQVWUXFWLRQ�
6RXUFH��2ZQ�HODERUDWLRQ

7KH�HOHPHQWDU\�SRUWLRQV�RI�UXOH�EDVHG NQRZOHGJH�DUH�
UHFRUGHG�ZLWK WKH� IROORZLQJ� VWUXFWXUH�� LI«WKHQ«� �� )RU�
LQVWDQFH��RQH�RI�WKH�UXOHV�GHILQLQJ�WKH�ZD\�RI�DVVHPEOLQJ
D�WHPSRUDU\�EULGJH�PD\�WDNH�WKH� IROORZLQJ�IRUP��,) DV�
VHPEO\BFRPSDUWPHQWV $1' �QXPEHUBFUDQHV�  � ³QRQH´
25 QXPEHUBFUDQHV� �³RQH´��7+(1 DVVHPEO\� �³QR�DV�
VHPEO\´ >�@�

7KH� HIIHFWLYHQHVV� RI� UXOH�EDVHG� UHDVRQLQJ� LV VLJQLIL�
FDQWO\�OLPLWHG�E\ WKH�UHTXLUHPHQW�WKDW�WKH�NQRZOHGJH�DF�
FXPXODWHG�LQ�D�UXOH�EDVH�DQG�D�IDFW�EDVH PXVW�EH�FRPSOHWH��
,Q� VLWXDWLRQV� ZKHUH NQRZOHGJH� LV� LQFRPSOHWH� �DQG� WKLV�
PD\�RIWHQ�EH�WKH�FDVH��IRU� LQVWDQFH� LQ�FULVLV�VLWXDWLRQV���
RWKHU�PHWKRGV�DQG�WRROV�RI KHXULVWLF�UHDVRQLQJ VKRXOG�EH�
XVHG� WR� ZRUN� RXW� FRQFOXVLRQV�� &DVH�%DVHG� 5HDVRQLQJ�
�&%5��V\VWHPV�DUH�DQ�HIIHFWLYH�DQG�UHODWLYHO\�HDVLO\�VFDO�
DEOH� WRRO�� $ FDVH� EDVH� LQ VXFK� D� V\VWHP� FROOHFWV� LQIRU�
PDWLRQ�RQ�SUREOHP�VLWXDWLRQV WKDW�KDYH�RFFXUUHG �H�J��UH�
JDUGLQJ� WKH� VHOHFWLRQ� RI� VSDQ� VWUXFWXUHV� RI� WHPSRUDU\�
EULGJHV���5HDVRQLQJ��FRQVLVWLQJ�LQ�WKH�QHFHVVLW\�RI�VROYLQJ�
WKH�FXUUHQW�SUREOHP�VLWXDWLRQ��LV�SHUIRUPHG E\�VHDUFKLQJ�
WKH�FDVH�EDVH�IRU�WKH�VLWXDWLRQ�WKDW�LV�WKH�PRVW�VLPLODU�WR�
WKH�RQH�XQGHU�FRQVLGHUDWLRQ� DQG�LI�WKH�VLPLODULW\�LV�VXIIL�
FLHQW�� WKH�FRQFOXVLRQ� LV�DGDSWHG� WR� WKH�FXUUHQW� VLWXDWLRQ��
EDVHG�RQ�WKH FDVH�WKDW�LV�VLPLODU�HQRXJK��,QIRUPDWLRQ UH�
VRXUFHV�LQFOXGH�KHUH�D�IRUPDOL]HG�ZD\�RI�WKH WH[WXDO GH�
VFULSWLRQ�RI�FDVHV��DQG�WKH�PHFKDQLVP�RI�FDVH�FRPSDULVRQ�
XVHV�VHOHFWHG�VLPLODULW\�IXQFWLRQV��H�J� WKH�ZHLJKWHG�DYHU�
DJH�RI�LQGLYLGXDO�DWWULEXWHV�GHSLFWLQJ WKH�FRPSDUHG�FDVHV��

(DFK� RI� WKH� DERYH�PHQWLRQHG FDWHJRULHV� RI� LQIRU�
PDWLRQ� UHVRXUFHV�� LQFOXGLQJ� SRUWLRQV� RI� GDWD� RU�
NQRZOHGJH��DSSHDUV�WR�EH�VLJQLILFDQW�IRU�WKH�TXDOLW\�RI�LQ�
IRUPDWLRQ� DQG� GHFLVLRQ� SURFHVVHV�� EXW� LW� VKRXOG� DOVR� EH�
QRWHG�WKDW� WKH�SRVVLELOLW\�RI�XVLQJ�HDFK�RI�WKHP�UHTXLUHV�
WKH�DSSOLFDWLRQ RI�VSHFLILF DQG�GHGLFDWHG�,7�WRROV�WKDW�HQ�
VXUH�WKHLU�HIILFLHQW�FROOHFWLRQ�DQG�SURFHVVLQJ�

��'HWHUPLQDQW� IDFWRUV�RI� ,7� VXSSRUW� IRU�
LQIRUPDWLRQ� DQG� GHFLVLRQ SURMHFWV LQ�
EULGJH�FRQVWUXFWLRQ

)RU� ,7� VXSSRUW� RI LQIRUPDWLRQ� DQG� GHFLVLRQ� SURMHFWV� LQ�
EULGJH�FRQVWUXFWLRQ��PRVW�IUHTXHQWO\�FODVVLF�GDWDEDVH�V\V�
WHPV� �XVLQJ� WKH� VR�FDOOHG� WUDQVDFWLRQDO� GDWDEDVHV�� DUH�
PRVW�IUHTXHQWO\ XVHG�

7UDQVDFWLRQDO�GDWDEDVHV�FDQ�EH�XVHG�WR�PHPRUL]H YDO�
XHV� RI� GLIIHUHQW� W\SHV�� DOSKDQXPHULF� HQWULHV�� JUDSKLFV��
VRXQG�PDWHULDO�RU�YLGHR�UHFRUGLQJ��7KHLU�LPSOHPHQWDWLRQV�
PD\�LQFOXGH��IRU�LQVWDQFH��OLEUDULHV�RI�WHFKQLFDO�DQG�RSHU�
DWLRQDO�SDUDPHWHUV�RI�EULGJHV��VSDQV��HWF���RU�GLUHFWRULHV RI�
FURVVLQJ�HTXLSPHQW��7KLV�FDWHJRU\�PD\�DOVR� LQFRUSRUDWH
GDWD�VHWV�WKDW LQFOXGH EULGJH�DQG�URDG�VWUXFWXUHV�DORQJ�ZLWK�
WKHLU�SDUDPHWHUV��RU�WKH�SDUDPHWHUV�RI�WHPSRUDU\�FURVVLQJV�
DVVHPEO\�

7UDQVDFWLRQDO� GDWDEDVHV� KDYH� VLJQLILFDQW� OLPLWDWLRQV�
ERWK� LQ� WHUPV�RI� WKH�IRUP�RI�GDWD�FROOHFWHG�DQG� WKH�SUR�
FHVVHV� RI� WKHLU� SURFHVVLQJ�� 7KH� SULQFLSDO� OLPLWDWLRQV� LQ�
FOXGH�WKH�IROORZLQJ�

x GHWDLOHGQHVV�RI�VWRUHG�GDWD�
x H[SOLFLWQHVV �VKDUSQHVV��RI�DWWULEXWH�YDOXHV�
x RSHUDWLRQV�RQ�VWDWLF�DWWULEXWH�YDOXHV�
x XVH�RI�WKH�+$'3��+XPDQ�$FWLYH�'DWDEDVH�

3DVVLYH��PRGHO�
7KHVH�SURSHUWLHV�GR�QRW�PDNH�WKHP�WKH�ULJKW�WRRO�IRU�

SURFHVVLQJ� GDWD� RWKHU� WKDQ� GHWDLOHG�� H[SOLFLW� DQG� VWDWLF��
7KH\�DOVR�GR�QRW�DOORZ�WKH�FROOHFWLRQ�DQG�SURFHVVLQJ�RI�
GDWD�� WKH� GHVFULSWLRQ� RI� ZKLFK� ZRXOG� EH� VXSSOHPHQWHG�
ZLWK�WKH�WLPH�DWWULEXWH��WHPSRUDO�GDWD�VHTXHQFH���'HVSLWH�
WKHVH�OLPLWDWLRQV��WUDQVDFWLRQDO�GDWDEDVHV�DUH�FXUUHQWO\�WKH�
PRVW�IUHTXHQWO\�XVHG�WRROV�IRU�,7�VXSSRUW�RI�LQIRUPDWLRQ�
DQG�DQDO\WLFDO�SURMHFWV LQ�EULGJH�FRQVWUXFWLRQ��7KHLU�ZLGH�
VSUHDG�XVH�LV��KRZHYHU��PDLQO\�GXH�WR�WKH�KLJK�DYDLODELOLW\�
DQG� SRSXODULW\� RI� UHODWLRQDO� GDWDEDVH� WHFKQRORJLHV�� QRW�
WKHLU�XQLYHUVDOLW\��/LPLWLQJ�RQHVHOI RQO\ WR WUDQVDFWLRQDO�
GDWDEDVHV�HQWDLOV� KDYLQJ� WR�JLYH�XS� DOO� WKH�FDWHJRULHV�RI�
LQIRUPDWLRQ�WKDW�DUH�QRW�FRQVLVWHQW�ZLWK�WKH�GDWD�PRGHO�DF�
FHSWHG�E\�WUDQVDFWLRQDO�GDWDEDVHV��H�J� IX]]\�RU�WHPSRUDO�
GDWD���+RZHYHU�� VLQFH�VXFK�GDWD�FDQ�FRQVWLWXWH�D FUXFLDO�
SDUW�RI�WKH�SUREOHP�VLWXDWLRQ�GHVFULSWLRQ�WKDW�DQ�HQJLQHHU
KDV�DW�KLV�GLVSRVDO��RQH�VKRXOG�H[SHFW�WKDW�JLYLQJ�WKHP�XS
PD\�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�WKH�TXDOLW\�RI�DQDO\WLFDO�
DQG GHFLVLRQ�SURFHVVHV��$Q�DOWHUQDWLYH�VROXWLRQ� LV� DQ DW�
WHPSW�WR�DSSO\�DGGLWLRQDO��RIWHQ�LQQRYDWLYH��GDWDEDVH�WHFK�
QRORJLHV�

$Q�DSSURSULDWH� ,7� WRRO� IRU� JDWKHULQJ� DQG�SURFHVVLQJ�
YDJXH�GDWD� DUH� WKH� VR�FDOOHG� IX]]\�GDWDEDVHV��6XFK� V\V�
WHPV�HQVXUH�QRW�RQO\�GDWD�IX]]LILFDWLRQ�EDVHG�RQ�DSSURSUL�
DWHO\�VHOHFWHG�IXQFWLRQV��H�J��D�WUDSH]RLGDO�RQH���EXW�DOVR�
IX]]LILFDWLRQ� RI� GDWDEDVH� TXHULHV�� )RU� LQVWDQFH�� IRU� D�
EULGJH�PRQLWRULQJ�V\VWHP��WKH�XVH�RI� IX]]\�TXHULHV�HQD�
EOHV�WKH�SHUIRUPDQFH�RI�VXFK�WDVNV�

���6HDUFK�IRU WKH�HOHPHQWV�RI� WKH VWUXFWXUH�IRU�ZKLFK�
WKH�PRQLWRUHG�SDUDPHWHUV�DUH�FKDQJLQJ WRR�IDVW�

���6HDUFK�IRU�VWUXFWXUDO�HOHPHQWV�IRU�ZKLFK�WKH�YDOXHV�
RI�WKH�PRQLWRUHG�SDUDPHWHUV�DUH�DSSURDFKLQJ WKH�ZDUQLQJ�
OHYHO�

7KH�SURJUDPPLQJ�ODQJXDJH�XVHG�WR�FUHDWH�IX]]\�GDWD�
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EDVHV�DQG WR�PDQDJH�WKHP�LV�64/I��D�YDULDWLRQ�RI�WKH�FODV�
VLF�64/��6WUXFWXUHG�4XHU\�/DQJXDJH��GDWDEDVH�ODQJXDJH�

7KH� WUDGLWLRQDO� DSSURDFK� WR� WKH� SURFHVVLQJ� RI� GDWD�
�ERWK�SUHFLVH� DQG� IX]]\�RQHV�� DVVXPHV� D� VWDWLF� YDOXH�RI�
HDFK�DWWULEXWH�DQG� LV�HPSOR\HG� LQ�PRVW�RI� WKH� UHFRUGLQJ�
DQG�DQDO\WLFDO�V\VWHPV��,Q�QXPHURXV�FDVHV�LQ�EULGJH�FRQ�
VWUXFWLRQ��LW�LV�QHFHVVDU\�WR�WDNH�DFFRXQW�RI�WKH�G\QDPLFV�
RI�WKH�VWUXFWXUH¶V�SDUDPHWHUV��EHKDYLRXUV���ZKLFK�QHFHVVL�
WDWHV�WKH�DVVLJQPHQW�RI�WLPHVWDPSV�WR�GDWD�DQG�WKH�XVH�RI�
WKHVH� VWDPSV LQ� GDWD� SURFHVVLQJ� SURFHVVHV�� 6XFK� FKDO�
OHQJHV�DUH�DGGUHVVHG�E\�WHPSRUDO�GDWDEDVHV��$ WHPSRUDO�
GDWDEDVH�LV�D�YDULDWLRQ�RI�D UHODWLRQDO�GDWDEDVH� LQ�ZKLFK�
HDFK�HQWU\�KDV�D�WLPHVWDPS��VSHFLI\LQJ�WKH�WLPH�LQ�ZKLFK�
LWV�YDOXH�UHPDLQV�WUXH��WKH�WLPH�RI�DFWLYDWLQJ�WKH�GDWD�YDOXH�
DQG�WKH�WLPH�RI�LWV�H[SLUDWLRQ���,W�DOVR�KDV�EXLOW�LQ�PHFKD�
QLVPV�WKDW�DOORZ�RQH WR�PDQLSXODWH�WHPSRUDO�GDWD��UHWULHYH�
GDWD�KLVWRULHV���7KH�SRVVLELOLW\�RI�WKH�WHPSRUDU\�YDULDWLRQ�
RI�GDWD�IORZLQJ�LQWR�WKH�V\VWHP�DSSHDUV WR�EH�SDUWLFXODUO\�
VLJQLILFDQW IRU�EULGJH�FRQVWUXFWLRQ�V\VWHPV�PDQDJHPHQW�
LQ� FULVLV� VLWXDWLRQV��)RU� LQVWDQFH�� VHOHFWLRQ RI� D� IROGDEOH�
EULGJH� VWUXFWXUH� �XQGHU� IORRG� FRQGLWLRQV�� ZLOO� EH� LQIOX�
HQFHG� E\� QXPHURXV IDFWRUV� GHVFULELQJ� WKH� G\QDPLFDOO\�
FKDQJLQJ�VLWXDWLRQ��H�J� LQ�WHUPV�RI�ZDWHU�REVWDFOH SDUDP�
HWHUV��EDQN FRQGLWLRQV��URDG�SDVVDEOHQHVV��HWF��$Q DELOLW\�
WR�VWRUH�D�VHTXHQFH�RI�WHPSRUDO�DWWULEXWH�YDOXHV��RIIHUHG�
E\�WHPSRUDO�GDWDEDVHV��LV�RQO\�RQH�RI�WKH�GHVLUHG�IDFWRUV�
KHUH��,Q�DGGLWLRQ��WLPHVWDPSV�DVVRFLDWHG�ZLWK�HDFK�HQWU\�
LQWR�VXFK�D�GDWDEDVH�DOORZ�IRU�WKH DXWRPDWLRQ�RI�PDQ\�DF�
WLYLWLHV�WKDW�LQ�RWKHU�FDVHV�KDYH�WR�EH LQLWLDWHG�E\�PDQ��$Q�
H[DPSOH�PD\� LQFOXGH WLPHVWDPSV�GHVFULELQJ� WKH�H[SLUD�
WLRQ�GDWH�RI�WKH SDUDPHWHU WKDW�GHWHUPLQHV�WKH�GHSWK�RI�D�
ZDWHU REVWDFOH��$IWHU�WKH�H[SLU\�RI�WKH�YDOLGLW\�RI�WKLV�DW�
WULEXWH YDOXH�� WKH�GDWDEDVH� FDQ� DXWRPDWLFDOO\� JHQHUDWH� D�
TXHU\�IRU�LWV QH[W�YDOXH��HQVXULQJ�WKH�FRQWLQXLW\�RI�UHDG�
LQJV�DW�D�VSHFLILHG�WLPH�LQWHUYDO��7KH�VHTXHQFHV�RI�UHJLV�
WHUHG�HQWULHV��VXFFHVVLYH�DWWULEXWH�YDOXHV��PDNH�XS�WKH�KLV�
WRU\�RI�WKH�VWUXFWXUH��V\VWHP� GHVFULSWLRQ�LQ�WLPH�DQG�FDQ�
EH�XVHG�WR�SHUIRUP YDULRXV�DQDO\WLFDO�DQG�GHFLVLRQ�WDVNV
�H�J� SURJQRVWLF�DQDO\VLV��RSWLPL]DWLRQ�GHFLVLRQV�UHODWHG�WR�
WKH VFKHGXOLQJ� RI� WHPSRUDU\� EULGJH� FRQVWUXFWLRQ� WDVNV���
7KH�SURJUDPPLQJ� ODQJXDJH� WKDW� HQDEOHV� WKH� FUHDWLRQ�RI�
WHPSRUDO� GDWDEDVHV� LV� D� YDULDWLRQ� RI� WKH� 64/� ODQJXDJH��
FDOOHG�74/��7HPSRUDO�4XHU\�/DQJXDJH��

7KH�PRGHO�RI�RSHUDWLRQ�DV�LQGLFDWHG�DERYH��LQ�ZKLFK�
WKH� DFWLYLW\� DVVRFLDWHG�ZLWK� LQLWLDWLQJ� GDWD� RSHUDWLRQV� LV�
WUDQVIHUUHG� IURP�PDQ� WR�GDWDEDVH�� LV�FDOOHG�+3'$��+X�
PDQ�3DVVLYH�'DWDEDVH�$FWLYH��DQG�UHTXLUHV�WKH�XVH�RI�VSH�
FLDO� VROXWLRQV� DSSURSULDWH� WR� WKH� VR�FDOOHG� DFWLYH� GDWD�
EDVHV�

$Q�DFWLYH�GDWDEDVH�V\VWHP�LV�FKDUDFWHUL]HG�E\�WKH DELO�
LW\�WR�FKDQJH WR�WKH�DFWLYH�VWDWH��HYHQ�ZKHQ�QR�UHTXHVWV�DUH�
H[SOLFLWO\�GLUHFWHG�WR�LW��&KDQJLQJ�WKH�VWDWH�RI�WKH�GDWDEDVH�
�IURP�SDVVLYH�WR�DFWLYH��PD\�RFFXU�DV�D�UHVXOW�RI�D�VSHFLILF�
H[WHUQDO�HYHQW��EXW�DOVR�

x FRPSOHWLRQ�RI�D�VSHFLILF�VHW�RI�WUDQVDFWLRQV�VHQW�
WR�WKH�'%06�

x SDVVDJH�RI�D�JLYHQ�TXDQWXP�RI�WLPH�
x FRPELQDWLRQ�RI�WKH�DERYH�FDVHV�

$Q�DXWRPDWHG�FKDQJH�RI�SDUDPHWHU�YDOXH��H�J��FRQVLVW�
LQJ�LQ�WKH�DVVLJQPHQW�RI�WKH�YDULDEOH��([FHHGHG�OHYHO�RI�
VWUHVV�YDOXH�µ<(6¶��DV�D�UHVXOW�RI�WKH�DQDO\VLV�RI�WKH�YDOXH�

RI�DQRWKHU�YDULDEOH��6WUHVV�OHYHO��FRPLQJ�IURP�VHQVRUV��LV�
PDGH�RQ�WKH�EDVLV�RI�DFWLYH�GHFLVLRQ�UXOHV�� WKH�VR�FDOOHG�
WULJJHUV�� EDVHG� RQ� WKH� (&$� �(YHQW�&RQGLWLRQ�$FWLRQ��
PHFKDQLVP��$�VSHFLILF�HYHQW� LQ�WKH�V\VWHP��UHWULHYLQJ�D�
SDUDPHWHU� YDOXH� IURP� D� VHQVRU�� WULJJHUV� DQ� DXWRPDWLF
FKHFN� RI� WKH� FRQGLWLRQ� DVVRFLDWHG� ZLWK� WKLV� SDUDPHWHU��
VWRUHG�LQ�DQ DFWLYH�UXOH��DQG�WKHQ�LQLWLDWHV�WKH�DFWLRQ��FRQ�
GLWLRQDO�XSRQ WKH�UHVXOW�RI�WKH�FKHFN��

7KH�LVVXHV�LQ�ZKLFK�WKLV�DSSURDFK�DSSHDUV�HVVHQWLDO�LQ�
FOXGH� WKH�PDMRULW\�RI� WDVNV� UHODWHG� WR� WKH�PRQLWRULQJ�RI�
EULGJH�FRQVWUXFWLRQ�V\VWHPV��WUDIILF�DQDO\VLV�RQ�EULGJHV��
GLDJQRVLV�DQG�SUHGLFWLRQ�RI�WKH�FRQGLWLRQ�RI�EULGJH�VWUXF�
WXUHV��

7KH� SRVVLELOLWLHV� RI� LQFRUSRUDWLQJ� UXOH�EDVHG� VWUXF�
WXUHV�LQWR�GDWD�SURFHVVLQJ�SURFHVVHV��RIIHUHG�E\�DFWLYH�GD�
WDEDVHV��KDYH�EHFRPH�WKH�SUHPLVH�IRU�VHDUFKLQJ�IRU�XQL�
YHUVDO�VROXWLRQV�LQ�WKH�ILHOG�RI�GDWDEDVHV��ZKLFK�ZRXOG�HQ�
DEOH�ERWK�DGYDQFHG�GDWD�SURFHVVLQJ�DQG�WKH�SURFHVVLQJ�RI�
UXOH�EDVHG�NQRZOHGJH��6XFK�WRROV�DUH�UHIHUUHG�WR�DV�LQWHO�
OLJHQW� GDWDEDVHV�� ,Q� DGGLWLRQ� WR� WKH� WUDGLWLRQDO� UHODWLRQDO�
GDWDEDVH� PRGXOH� �WKH� VR�FDOOHG� H[WHQVLRQDO GDWDEDVH���
WKHVH�V\VWHPV�FRQWDLQ�D�GDWDEDVH�RI�GHFLVLRQ�UXOHV��DQG�WKH�
DWWDFKHG�VRIWZDUH� WRROV�DOORZ� IRU� WKH� LPSOHPHQWDWLRQ�RI�
WKH�UHDVRQLQJ SURFHVV�LQ�ZKLFK�ERWK�WKH�UXOHV�VWRUHG�LQ�WKH�
LQWHQVLRQDO�GDWDEDVH�DQG�WKH�GDWD�VWRUHG�LQ�WKH H[WHQVLRQDO
GDWDEDVH�FDQ�EH�XVHG >�@�

7KH�SURJUDPPLQJ�WRRO�WKDW�HQDEOHV�WKH�LPSOHPHQWD�
WLRQ� RI� GHGXFWLYH� GDWDEDVH� V\VWHPV� LV� WKH� ODQJXDJH� RI�
ORJLF��H�J��3URORJ RU�'DWDORJ��XVHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�
WUDGLWLRQDO�ODQJXDJH�RI�FUHDWLQJ�DQG�RSHUDWLQJ�GDWDEDVHV�±
64/�

1HLWKHU� DFWLYH� QRU� LQWHOOLJHQW� GDWDEDVHV� DUH� DEOH� WR�
FRPSOHWHO\�UHSODFH�KHXULVWLF�UHDVRQLQJ V\VWHPV��*HQHUDW�
LQJ� D� VLQJOH� DFWLRQ�RQ�GDWD� DQG�GHYHORSLQJ� UXOHV� RQ� WKH�
EDVLV RI WKH�GDWD�SRVVHVVHG�LV QRW�HTXLYDOHQW�WR�WKH�LPSOH�
PHQWDWLRQ�RI�D�FRPSUHKHQVLYH� UHDVRQLQJ SURFHVV��ZKLFK�
HQDEOHV ZRUNLQJ�RXW�D�FRQFOXVLRQ�IRU D�VSHFLILF�FDWHJRU\�
RI�SUREOHP�VLWXDWLRQV��,Q�WKLV�UHVSHFW��WKHUH�LV�VWLOO�QR�DO�
WHUQDWLYH�WR�H[SHUW�V\VWHPV�WKDW�XVH�D NQRZOHGJH�EDVH��7KH�
SURFHVV�RI�ZRUNLQJ�RXW FRQFOXVLRQV�IRU�D GHFLVLRQ�SUREOHP�
LQ�H[SHUW�V\VWHPV�LV�LPSOHPHQWHG�E\�WKH�VR�FDOOHG�UHDVRQ�
LQJ PHFKDQLVP� ZKLFK�� LQ� DGGLWLRQ� WR� UHDVRQLQJ�� DOORZV�
H[SODLQLQJ�KRZ�WR�ZRUN�RXW FRQFOXVLRQV��7KH�DGYDQWDJH�
RI�VXFK�V\VWHPV��H�J� LQ�FRPELQDWLRQ�ZLWK�DUWLILFLDO�QHXUDO�
QHWZRUN�V\VWHPV��LV�WKH�PHWKRG�RI�NQRZOHGJH�UHSUHVHQWD�
WLRQ��(�$�9��(QWLW\�$WWULEXWH�9DOXH���ZKLFK� LV�FRPSDWL�
EOH�ZLWK�WKH�EDVLF�PHWKRG�RI�GDWD�UHFRUGLQJ��7KLV�FRPSDW�
LELOLW\� IDFLOLWDWHV� FRPPXQLFDWLRQ� LQ� WKH� LQIRUPDWLRQ� UH�
VRXUFHV� OD\HU� EHWZHHQ� GDWDEDVHV� DQG� NQRZOHGJH� SUR�
FHVVLQJ� V\VWHPV��2QH H[DPSOH�RI� DQ� H[SHUW� V\VWHP� WKDW�
DLGV UHDVRQLQJ LQ�EULGJH�FRQVWUXFWLRQ LV�WKH�V\VWHP�IRU�WKH
VHOHFWLRQ RI VXSSRUWV�LQ�WKH�³6('23´ URDG�EULGJH >�@��7KH�
V\VWHPV�XVHG�LQ�SUDFWLFH WKDW�SHUIRUP�UHDVRQLQJ�EDVHG�RQ�
H[SHUW�NQRZOHGJH UHODWLYHO\�ZHOO�GHDO�ZLWK�WKH�XQFHUWDLQW\�
RI LQIRUPDWLRQ�UHVRXUFHV��7KH�PRVW�ZLGHO\ XVHG�PHFKD�
QLVP� WDNLQJ� DFFRXQW� RI� WKH� OHYHO� RI� WKH� XQFHUWDLQW\� RI�
NQRZOHGJH�LV�WKH�&HUWDLQW\�)DFWRU��&)���ZKLFK�PHDVXUHV
DQ H[SHUW
V�EHOLHI�DERXW�WKH�DFFXUDF\�RI�WKH�FRQFOXVLRQ�GH�
ULYHG�IURP�JLYHQ�SUHPLVHV�

$�PXFK�ODUJHU�SUREOHP�LV�HQFRXQWHUHG�LQ�WKH�FDVH�RI�
LQFRPSOHWH�NQRZOHGJH��$V�D�UHVXOW�RI�XQNQRZQ DWWULEXWH
YDOXHV��DQ LQDELOLW\�WR�GHWHUPLQH�WKH�YDOXH�RI�IDFWV��H�J��LQ�
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WKH�FRQVXOWDWLRQ�SURFHVV��RU� WKH� ODFN�RI� UXOHV�GHVFULELQJ�
DW\SLFDO� VLWXDWLRQV�� WKH� UHDVRQLQJ�SURFHVV�PD\� UHDFK� WKH�
VWDWH�RI�WKH�VR�FDOOHG�GHDGORFN��LQ�ZKLFK�WKH�V\VWHP�LV�QRW�
LQ�D�SRVLWLRQ WR�DFWLYDWH�DQ\�VXEVHTXHQW�UXOH��WKH�YDOXHV�RI�
YDULDEOHV�DSSHDULQJ�LQ�WKH�SUHPLVHV�RI�WKHVH�UXOHV�DUH�QRW�
NQRZQ���7KLV��LQ�WXUQ� PHDQV�WKDW�LW�LV�LPSRVVLEOH�WR�ZRUN�
RXW D�ILQDO�FRQFOXVLRQ�

7R�VROYH�WKH�SUREOHPV�IRU�ZKLFK�LW�LV�QRW�SRVVLEOH�WR�
REWDLQ� IXOO� LQIRUPDWLRQ�� &%5� �&DVH�%DVHG� 5HDVRQLQJ��
V\VWHPV�FDQ�EH�XVHG >�@��,Q�EULGJH�FRQVWUXFWLRQ��WKH\ FDQ�
EH�XVHG��IRU�LQVWDQFH��WR�VHOHFW WKH�W\SH�RI�FURVVLQJ��EULGJH��
IHUU\��FRPELQHG�� RU�WR�VHOHFW D�VSDQ�VWUXFWXUH�LQ�IORRG�FRQ�
GLWLRQV�

%\�FRPSLOLQJ��EDVHG�RQ�WKH�DERYH�GHVFULSWLRQ��OLVWV�RI�
DSSOLFDEOH ,7� WRROV� VXSSRUWLQJ� LQIRUPDWLRQ� DQG�GHFLVLRQ�
WDVNV LQ�EULGJH�FRQVWUXFWLRQ�DQG�DOORZLQJ�WKH�XVH�RI�YDUL�
RXV�FDWHJRULHV�RI�LQIRUPDWLRQ�UHVRXUFHV�� LW� LV�SRVVLEOH�WR�
GHVLJQDWH� WKH� WRROV� WKDW� VXSSRUW�GDWD�FROOHFWLRQ�DQG�SUR�
FHVVLQJ�DQG�WKH�RQHV�WKDW�FDQ�EH�XVHG�LQ�KHXULVWLF�UHDVRQ�
LQJ� SURFHVVHV �WRROV� IRU� NQRZOHGJH� FROOHFWLRQ� DQG� SUR�
FHVVLQJ��± )LJ�����2QO\�IHZ�RI�WKH�GHVFULEHG�,7�VROXWLRQV�
FDQ�TXDOLI\�IRU�ERWK�JURXSV�DW�WKH�VDPH�WLPH >�@�

7KH�FDWHJRULHV�RI�,7�VROXWLRQV�VKRZQ�LQ�)LJ����FDQ�EH�
XVHG�RQO\�DV�LVRODWHG��QRW�FRRSHUDWLQJ�ZLWK�HDFK�RWKHU��RU�
FRRSHUDWLQJ�WR�D�YHU\�OLPLWHG�H[WHQW�

)LJ���� &DWHJRULHV�RI�,7�VROXWLRQV�VXSSRUWLQJ�GDWD�DFNQRZOHGJH�
SURFHVVLQJ�LQ�EULGJH�FRQVWUXFWLRQ�
6RXUFH��2ZQ�HODERUDWLRQ

,Q�DGGLWLRQ��WKHLU�LQGHSHQGHQW RI�HDFK�RWKHU�XVH�GRHV�
QRW�VXSSRUW�FRPSOH[�WDVNV�LQ ZKLFK�GDWD�DQG�NQRZOHGJH�
IURP�GLIIHUHQW�FDWHJRULHV�DUH� LQFOXGHG� LQ� WKH�GHVFULSWLRQ�
RI�WKH SUREOHP�VLWXDWLRQ��7KHUHIRUH��LW�DSSHDUV WKDW�ZKHQ�
DWWHPSWLQJ�WR�GHWHUPLQH�SRWHQWLDO�GLUHFWLRQV�RI�WKH�GHYHO�
RSPHQW�RI�GDWD�DQG�NQRZOHGJH�SURFHVVLQJ�WHFKQRORJLHV�LQ�
EULGJH�FRQVWUXFWLRQ��LW�LV�QHFHVVDU\�WR�FRQVLGHU�PDLQO\�WKH�
SRVVLELOLWLHV�RI�LQWHJUDWLQJ�ERWK�WKH�GLIIHUHQW�FDWHJRULHV�RI�
LQIRUPDWLRQ�UHVRXUFHV�DQG�WKH�PRGXOHV�WKDW�VXSSRUW�WKHVH�
UHVRXUFHV��)LJ�����

)LJ���� 7KH�LGHD�RI�DQ�LQWHJUDWHG�GDWDEDVH�V\VWHP�WKDW�ZRUNV�
ZLWK�UHDVRQLQJ�V\VWHPV�LQ�EULGJH�FRQVWUXFWLRQ�
6RXUFH��2ZQ�HODERUDWLRQ

7KH�IXQGDPHQWDO�FRPSRQHQW�RI�VXFK�D�V\VWHP�VKRXOG�
LQFOXGH�DQ�LQWHJUDWHG�GDWDEDVH�V\VWHP��FRQWDLQLQJ�D�GDWD�
EDVH� �GDWDEDVHV�� VWRULQJ� GDWD� IURP� D� VHOHFWHG� DUHD� RI�
EULGJH�FRQVWUXFWLRQ��DQG�DQ�LQWHJUDWHG�GDWDEDVH�PDQDJH�
PHQW�V\VWHP >�@��,Q�DGGLWLRQ�WR�WKH�EDVLF�RSHUDWLRQDO�GDWD�
EDVH� PDQDJHPHQW� PRGXOH�� LW� PXVW� FRQWDLQ� PHFKDQLVPV�
IRU�KDQGOLQJ�DFWLYH�UXOHV�DQG�D�PRGXOH�IRU�FROOHFWLQJ�IX]]\�
GDWD�DQG�PDQDJLQJ�VXFK�GDWD��7KH�SRVVLELOLWLHV�RI�WKH�VRIW�
ZDUH�LQWHJUDWLRQ�RI�GDWDEDVH�PHFKDQLVPV�ZLWK�NQRZOHGJH�
JDWKHULQJ� DQG� SURFHVVLQJ� WRROV� DUH QRZ� YHU\� OLPLWHG��
+RZHYHU��LW�LV�SRVVLEOH�WR�XVH�KHXULVWLF�UHDVRQLQJ V\VWHPV�
DV�H[WHUQDO�V\VWHPV�WKDW�ZLOO�WUDQVIHU WR�WKH�XVHU��HQJLQHHU��
WKH� FRQFOXVLRQV� GHYHORSHG� IRU� VSHFLILHG GHFLVLRQ� SURE�
OHPV�LQ�WKH�(�$�9 IRUPDW��(QWLW\�$WWULEXWH�9DOXH���YLD D
GDWDEDVH� PDQDJHPHQW� V\VWHP LQWHUIDFH�� 7KH� SURSRVHG�
LGHD�RI�DQ�LQWHJUDWHG�GDWDEDVH�V\VWHP�IRU�EULGJH�FRQVWUXF�
WLRQ�SURMHFWV DOORZV�WKH�XVH�RI�YDULRXV�FDWHJRULHV�RI�GDWD�
DQG�NQRZOHGJH�LQ�LQIRUPDWLRQ�DQG�GHFLVLRQ�SURFHVVHV��EXW�
DW�WKLV VWDJH�RI�LQIRUPDWLRQ�WHFKQRORJ\�GHYHORSPHQW�LW�HQ�
FRXQWHUV�VLJQLILFDQW�GLIILFXOWLHV�UHODWHG�WR�WKH�QHHG�WR�XVH�
VRIWZDUH�PHFKDQLVPV�DSSURSULDWH�IRU�GLIIHUHQW�ODQJXDJHV�
RI�GDWDEDVH�KDQGOLQJ �64/��64/I��764/��DQG�WKH�QHFHV�
VLW\�RI�XVLQJ�VRIWZDUH�PHFKDQLVPV�IRU PDSSLQJ�UHDVRQLQJ
UHVXOWV��H�J� &%5��WR�WKH�OHYHO�RI�GDWD�GHVFULSWLRQ��+RZ�
HYHU��JLYHQ��RQ�WKH�RQH�KDQG��WKH�QHHGV�RI�,7 V\VWHPV�VXS�
SRUWLQJ�LQIRUPDWLRQ�DQG�GHFLVLRQ�SURFHVVHV�LQ�EULGJH�FRQ�
VWUXFWLRQ�� DQG� RQ� WKH� RWKHU KDQG� WUHQGV� LQ� LQIRUPDWLRQ�
WHFKQRORJLHV WR�LQWHJUDWH�GDWD�DQG�SURFHVVHV��LW�FDQ�EH�DV�
VXPHG�WKDW�LQWHJUDWHG�GDWDEDVH�V\VWHPV�FRRSHUDWLQJ�ZLWK�
NQRZOHGJH� EDVH� V\VWHPV� ZLOO� EHFRPH� DQ� LQFUHDVLQJO\�
PRUH�VLJQLILFDQW�VRIWZDUH�JURXS�LQ�WKLV�DUHD�
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���&RQFOXVLRQ

&RPSXWHU�DLGLQJ�IRU�FRPSOH[�DQG�KHWHURJHQHRXV�DQDO\WL�
FDO�DQG�GHFLVLRQ�SURMHFWV LQ�EULGJH�FRQVWUXFWLRQ�UHTXLUHV�
WKH�HPSOR\PHQW�RI�YDULRXV� LQIRUPDWLRQ� WHFKQRORJLHV�� ,Q�
SDUWLFXODU��D�VLJQLILFDQW�UROH�LV�SOD\HG�E\�GDWDEDVH�V\VWHPV�
WKDW�HQDEOH�HIILFLHQW�VHDUFK�DQG�SURFHVVLQJ�RI�LQIRUPDWLRQ�
UHVRXUFHV� +RZHYHU��FXUUHQWO\�WKHUH�DUH�QR�VXFK�GDWDEDVH�
WHFKQRORJLHV� WKDW� ZRXOG� HQVXUH� HIILFLHQW� SURFHVVLQJ� RI�
ERWK�SUHFLVH�DQG�IX]]\�GDWD��DQG�DW�WKH�VDPH�WLPH�ZRXOG�
DOORZ�WLPHVWDPSLQJ�DQG�DXWRPDWHG�LQLWLDWLRQ�RI�GDWD�RS�
HUDWLRQV��$Q�DWWHPSW�WR�GHYHORS�DQ�LQWHJUDWHG�GDWDEDVH�
WKDW� DOORZV� VLPXOWDQHRXV� VWRUDJH� DQG� SURFHVVLQJ� RI� GH�
WDLOHG��VWDWLF���IX]]\��WHPSRUDO�DQG�DFWLYH�GDWD��ZLWK�D�VHS�
DUDWH�PRGXOH�IRU LQWHQVLRQDO DQG�H[WHQVLRQDO�GDWD��DSSHDUV�
WR�EH�WKH�RQO\�UDWLRQDO�VROXWLRQ��PHHWLQJ�WKH�FRPSOH[LW\�RI�
LQIRUPDWLRQ�DQG�GHFLVLRQ�SURFHVVHV�LQ�EULGJH�FRQVWUXFWLRQ�
SURMHFWV��$Q�DGGLWLRQDO�FKDOOHQJH�LV�SRVHG�E\�WKH�QHHG�WR�
HQVXUH� FRRSHUDWLRQ�EHWZHHQ� WKHVH� V\VWHPV� DQG�KHXULVWLF�
UHDVRQLQJ�V\VWHPV��$OWKRXJK�DW�WKH�FXUUHQW�VWDJH�RI�GDWD�
EDVH�VRIWZDUH�GHYHORSPHQW�WKHUH�LV�QR�KRPRJHQRXV�DQG�
LQWHJUDWHG�ODQJXDJH�RI�GDWDEDVHV�VXSSRUWLQJ�YDULRXV�GDWD�
FDWHJRULHV��JLYHQ WKH�JHQHUDO�WUHQGV WRZDUGV LQWHJUDWLQJ ,7�
V\VWHPV�ZLWK WRROV�IRU WKHLU�GHYHORSPHQW��LQFOXGLQJ�SUR�
JUDPPLQJ� ODQJXDJHV� LQWHJUDWLRQ��� LW� VKRXOG� EH� DVVXPHG�
WKDW�,7�VROXWLRQV�VXSSRUWLQJ�LQIRUPDWLRQ�DQG�GHFLVLRQ�SUR�
FHVVHV�LQ�EULGJH�FRQVWUXFWLRQ�ZLOO�EH�KHDGLQJ LQ�WKLV�YHU\�
GLUHFWLRQ�
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