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6RPH�$VSHFWV�RI�%LJ�'DWD�$QDO\WLFV�IRU�&\EHU�3K\VLFDO�

6\VWHPV �6WDWLVWLFDO��0DWKHPDWLFDO��&RPSXWDWLRQDO�DQG�

/HJDO�9LHZ�

=ODWLQND�.RYDFKHYD

$EVWUDFW�� 7KLV� SDSHU� LV� IRFXVLQJ� RQ� VRPH� LPSRUWDQW� DVSHFWV� RI� ELJ� GDWD�

DQDO\WLFV� IRU� F\EHU�SK\VLFDO� V\VWHPV� IURP� VWDWLVWLFDO�� PDWKHPDWLFDO��

FRPSXWDWLRQDO�DQG�OHJDO�SRLQW�RI�YLHZ��7KH�SXUSRVH�RI�WKH�SDSHU�LV�WR�UHYLHZ�WKH�

SUREOHPV�JHQHUDWHG�E\�WKH�YHU\�IDVW�JURZWK�RI�WKH�VWUXFWXUHG�DQG�XQVWUXFWXUHG�

GDWD�LQ�WKH�PRGHUQ�F\EHU�SK\VLFDO�V\VWHPV��7KH�PDLQ�SUREOHPV�IURP�VWDWLVWLFDO��

PDWKHPDWLFDO�� FRPSXWDWLRQDO� DQG� OHJDO� SRLQW� RI� YLHZ� KDYH� EHHQ� RXWOLQHG� DQG�

VRPH�VROXWLRQV�KDYH�EHHQ�GLVFXVVHG�

.H\ZRUGV��%LJ�GDWD��F\EHU�SK\VLFDO�V\VWHPV

,7+($ .H\ZRUGV� '�����)LOH�6\VWHPV�0DQDJHPHQW

,QWURGXFWLRQ

7KH� ZRUOG� LV� ZLWQHVVLQJ� DQ� XQSUHFHGHQWHG� JURZWK� RI� F\EHU�SK\VLFDO� V\VWHPV�

�&36���ZKLFK DUH�IRUHVHHQ�WR�UHYROXWLRQL]H�RXU�ZRUOG�YLD�FUHDWLQJ�QHZ�VHUYLFHV�

DQG� DSSOLFDWLRQV� LQ� D� YDULHW\� RI� VHFWRUV VXFK� DV� HQYLURQPHQWDO� PRQLWRULQJ���

PRELOH�KHDOWK� � V\VWHPV�� � LQWHOOLJHQW WUDQVSRUWDWLRQ� � V\VWHPV� � DQG� VR� RQ� 7KH��

LQIRUPDWLRQ��DQG��FRPPXQLFDWLRQ��WHFKQRORJ\���,&7���VHFWRU��LV��H[SHULHQFLQJ��D��

VLJQLILFDQW� � JURZWK� � LQ GDWD� � WUDIILF�� � GULYHQ� � E\� � WKH� � ZLGHVSUHDG� � XVDJH� � RI��

VPDUWSKRQHV�� � WDEOHWV� � DQG� � YLGHR� � VWUHDPLQJ�� � DORQJ� � ZLWK WKH� � VLJQLILFDQW��

JURZWK��RI��VHQVRUV��GHSOR\PHQWV��WKDW��DUH��DQWLFLSDWHG��LQ��WKH��QHDU��IXWXUH���,W�

LV�H[SHFWHG�WR RXWVWDQGLQJO\� LQFUHDVH�WKH JURZWK�UDWH�RI�UDZ�VHQVHG�GDWD >$WDW�

DW�DO�������@�

7KH� DLP� RI� WKLV� SDSHU� LV� WR� IRFXV� RQ VRPH� LPSRUWDQW� DVSHFWV� RI� %LJ� 'DWD�

$QDO\WLFV�IURP�GLIIHUHQW�SRLQWV�RI�YLHZ�
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ȩ 6WDWLVWLFDO�SRLQW�RI� YLHZ�� �+RZ� WR�JHW�XVDEOH� LQIRUPDWLRQ�RXW�RI�GDWDVHWV�

WKDW� DUH� WRR� KXJH� DQG� FRPSOH[� IRU�PDQ\� RI� WKH� WUDGLWLRQDO�PHWKRGV� WR�

KDQGOH"

ȩ 0DWKHPDWLFDO�SRLQW�RI�YLHZ��+RZ�WR�IRUPDOL]H�WKH�QDWXUH�RI�%LJ�'DWD�DQG

DSSO\�IX]]\�ORJLF��QHXUDO�QHWZRUNV�DQG�RWKHU�PDWKHPDWLFDO�WRROV"

ȩ &RPSXWDWLRQDO�SRLQW�RI�YLHZ���+RZ�WR�VROYH�WKH�SUREOHPV�RI�GDWD�VWRUDJH�

DQG�PDQDJHPHQW��FRPPXQLFDWLRQ�DQG�FRPSXWDWLRQ"

ȩ /HJDO� DQG� HWKLFDO� SRLQW� RI� YLHZ�� � +RZ� WR� HQVXUH� WKH� SULYDF\� DQG�

FRQILGHQWLDOLW\�RI�WKH�GDWD"

ϭ͘ ^ŽŵĞ�ƵŶŝƋƵĞ�ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ�ŽĨ�ďŝŐ�ĚĂƚĂ ǁŚŝĐŚ�ŚĂǀĞ�ƚŽ�ďĞ�
ĐŽŶƐŝĚĞƌĞĚ�ĨƌŽŵ�ĚŝĨĨĞƌĞŶƚ�ƉŽŝŶƚƐ�ŽĨ�ǀŝĞǁ

0(7$� *URXS �QRZ� *DUWQHU�� DQDO\VW� 'RXJ� /DQH\ GHILQHG� GDWD� JURZWK�

FKDOOHQJHV�DQG�RSSRUWXQLWLHV�DV�EHLQJ�WKUHH�GLPHQVLRQDO��L�H��LQFUHDVLQJ�YROXPH

�DPRXQW�RI�GDWD���YHORFLW\ �VSHHG�RI�GDWD�LQ�DQG�RXW���DQG�YDULHW\ �UDQJH�RI�GDWD�

W\SHV�DQG�VRXUFHV���*DUWQHU��DQG�QRZ�PXFK�RI�WKH�LQGXVWU\��FRQWLQXH�WR�XVH�WKLV�

��9V��PRGHO�IRU�GHVFULELQJ�ELJ�GDWD >%H\HU�����@�

,Q�������*DUWQHU XSGDWHG�LWV�GHILQLWLRQ�DV�IROORZV���%LJ�GDWD�LV�KLJK�YROXPH��KLJK�

YHORFLW\�� DQG�RU� KLJK� YDULHW\� LQIRUPDWLRQ� DVVHWV� WKDW� UHTXLUH� QHZ� IRUPV� RI�

SURFHVVLQJ�WR�HQDEOH�HQKDQFHG�GHFLVLRQ�PDNLQJ��LQVLJKW�GLVFRYHU\�DQG�SURFHVV�

RSWLPL]DWLRQ��� *DUWQHU
V GHILQLWLRQ� RI� WKH� �9V� LV� VWLOO� ZLGHO\� XVHG�� DQG� LQ�

DJUHHPHQW�ZLWK�D�FRQVHQVXDO�GHILQLWLRQ�WKDW�VWDWHV�WKDW��%LJ�'DWD�UHSUHVHQWV�WKH�

,QIRUPDWLRQ�DVVHWV�FKDUDFWHUL]HG�E\�VXFK�D�+LJK�9ROXPH��9HORFLW\�DQG�9DULHW\�

WR�UHTXLUH�VSHFLILF�7HFKQRORJ\�DQG�$QDO\WLFDO�0HWKRGV�IRU�LWV�WUDQVIRUPDWLRQ�LQWR�

9DOXH� >'H�0DXUR�����@�

$FFRUGLQJ� WR� 25$&/(� >25$&/(� ����@�� ELJ� GDWD� GHVFULEHV� D� KROLVWLF�

LQIRUPDWLRQ�PDQDJHPHQW�VWUDWHJ\�WKDW�LQFOXGHV�DQG�LQWHJUDWHV�PDQ\�QHZ�W\SHV�

RI�GDWD�DQG�GDWD�PDQDJHPHQW�DORQJVLGH�WUDGLWLRQDO�GDWD�

%LJ�GDWD�KDV�DOVR�EHHQ�GHILQHG�E\�WKH�IROORZLQJ�IRXU�9V >25$&/(�����@ �

ȩ 9ROXPH � WKH�DPRXQW�RI�GDWD��%LJ�GDWD�UHTXLUHV�SURFHVVLQJ�KLJK�YROXPHV�

RI� ORZ�GHQVLW\��XQVWUXFWXUHG�GDWD²WKDW� LV��GDWD�RI�XQNQRZQ�YDOXH��VXFK�
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DV�7ZLWWHU�GDWD� IHHGV�� FOLFN� VWUHDPV�RQ� D�ZHE�SDJH�DQG�D�PRELOH�DSS��

QHWZRUN�WUDIILF��VHQVRU�HQDEOHG�HTXLSPHQW�FDSWXULQJ�GDWD�DW�WKH�VSHHG�RI�

OLJKW��DQG�PDQ\�PRUH�� ,W� LV� WKH�WDVN�RI�ELJ�GDWD� WR�FRQYHUW�VXFK�+DGRRS�

GDWD� LQWR� YDOXDEOH� LQIRUPDWLRQ�� )RU� VRPH� RUJDQL]DWLRQV�� WKLV� PLJKW� EH�

WHQV�RI�WHUDE\WHV��IRU�RWKHUV�LW�PD\�EH�KXQGUHGV�RI�SHWDE\WHV�

ȩ 9HORFLW\� � 7KH� IDVW� UDWH� DW� ZKLFK� GDWD� LV� UHFHLYHG� DQG� SHUKDSV� DFWHG�

XSRQ�� 7KH� KLJKHVW� YHORFLW\� GDWD� QRUPDOO\� VWUHDPV� GLUHFWO\� LQWR�PHPRU\�

YHUVXV�EHLQJ�ZULWWHQ� WR�GLVN��6RPH� ,QWHUQHW�RI�7KLQJV� �,R7��DSSOLFDWLRQV�

KDYH�KHDOWK�DQG�VDIHW\�UDPLILFDWLRQV�WKDW�UHTXLUH�UHDO�WLPH�HYDOXDWLRQ�DQG�

DFWLRQ��2WKHU�LQWHUQHW�HQDEOHG�VPDUW�SURGXFWV�RSHUDWH�LQ�UHDO�WLPH�RU�QHDU�

UHDO� WLPH�� )RU� H[DPSOH�� FRQVXPHU� H�&RPPHUFH� DSSOLFDWLRQV� VHHN� WR�

FRPELQH�PRELOH�GHYLFH�ORFDWLRQ�DQG SHUVRQDO�SUHIHUHQFHV�WR�PDNH�WLPH�

VHQVLWLYH�PDUNHWLQJ�RIIHUV��2SHUDWLRQDOO\��PRELOH�DSSOLFDWLRQ�H[SHULHQFHV�

KDYH� ODUJH� XVHU� SRSXODWLRQV�� LQFUHDVHG� QHWZRUN� WUDIILF�� DQG� WKH�

H[SHFWDWLRQ�IRU�LPPHGLDWH�UHVSRQVH�

ȩ 9DULHW\� 1HZ� XQVWUXFWXUHG� GDWD� W\SHV DSSHDU� QRZDGD\V�� 8QVWUXFWXUHG�

DQG� VHPL�VWUXFWXUHG� GDWD� W\SHV�� VXFK� DV� WH[W�� DXGLR�� DQG� YLGHR� UHTXLUH�

DGGLWLRQDO� SURFHVVLQJ� WR� ERWK� GHULYH� PHDQLQJ� DQG� WKH� VXSSRUWLQJ�

PHWDGDWD�� 2QFH� XQGHUVWRRG�� XQVWUXFWXUHG� GDWD� KDV�PDQ\� RI� WKH� VDPH�

UHTXLUHPHQWV� DV� VWUXFWXUHG� GDWD�� VXFK� DV� VXPPDUL]DWLRQ�� OLQHDJH��

DXGLWDELOLW\�� DQG� SULYDF\�� )XUWKHU� FRPSOH[LW\� DULVHV� ZKHQ� GDWD� IURP� D�

NQRZQ� VRXUFH� FKDQJHV� ZLWKRXW� QRWLFH�� )UHTXHQW� RU� UHDO�WLPH� VFKHPD�

FKDQJHV� DUH� DQ� HQRUPRXV� EXUGHQ� IRU� ERWK� WUDQVDFWLRQ� DQG� DQDO\WLFDO�

HQYLURQPHQWV�

ȩ 9DOXH� 'DWD�KDV�LQWULQVLF�YDOXH²EXW� LW�PXVW�EH�GLVFRYHUHG��7KHUH�DUH�D�

UDQJH� RI� TXDQWLWDWLYH� DQG� LQYHVWLJDWLYH� WHFKQLTXHV� WR� GHULYH� YDOXH� IURP�

GDWD²IURP�GLVFRYHULQJ�D�FRQVXPHU�SUHIHUHQFH�RU�VHQWLPHQW��WR�PDNLQJ�D�

UHOHYDQW�RIIHU�E\� ORFDWLRQ��RU� IRU� LGHQWLI\LQJ�D�SLHFH�RI�HTXLSPHQW� WKDW� LV�

DERXW� WR� IDLO�� 7KH� WHFKQRORJLFDO� EUHDNWKURXJK� LV� WKDW� WKH� FRVW� RI� GDWD�

VWRUDJH� DQG� FRPSXWH� KDV� H[SRQHQWLDOO\� GHFUHDVHG�� WKXV� SURYLGLQJ� DQ�

DEXQGDQFH�RI�GDWD�IURP�ZKLFK�VWDWLVWLFDO�DQDO\VLV�RQ� WKH�HQWLUH�GDWD�VHW�

YHUVXV� SUHYLRXVO\� RQO\� VDPSOH�� 7KH� WHFKQRORJLFDO� EUHDNWKURXJK�PDNHV�

PXFK�PRUH� DFFXUDWH� DQG� SUHFLVH� GHFLVLRQV� SRVVLEOH�� +RZHYHU�� ILQGLQJ�
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YDOXH� DOVR� UHTXLUHV� QHZ� GLVFRYHU\� SURFHVVHV� LQYROYLQJ� FOHYHU� DQG�

LQVLJKWIXO� DQDO\VWV�� EXVLQHVV� XVHUV�� DQG� H[HFXWLYHV�� 7KH� UHDO� ELJ� GDWD�

FKDOOHQJH� LV�D�KXPDQ�RQH��ZKLFK� LV� OHDUQLQJ� WR�DVN� WKH� ULJKW�TXHVWLRQV��

UHFRJQL]LQJ� SDWWHUQV�� PDNLQJ� LQIRUPHG� DVVXPSWLRQV�� DQG� SUHGLFWLQJ�

EHKDYLRU�

1RZDGD\V� VRPH� QHZ� FKDUDFWHULVWLFV� VXFK� DV� YDULDELOLW\� DQG� YLWDOLW\ FDQ� EH�

DGGHG�

,Q� >3\QH�����@�ZH�FDQ�RXWOLQH� WKH�IROORZLQJ�VSHFLILF�FKDUDFWHULVWLFV�RI�ELJ�GDWD�

ZKLFK�KDYH�WR�EH�FRQVLGHUHG���

ȩ %LJ� 'DWD� LV� RIWHQ� QRXULVKHG� E\� G\QDPLF� VRXUFHV� �LQWHQVH� QHWZRUNV� RI�

FXVWRPHUV��FOLHQWV�DQG�FRPSDQLHV��DQG�WKHUH�LV�QR�DXWRPDWLF�IORZ�RI�GDWD�

WKDW�LV�DOZD\V�DYDLODEOH�IRU�DQDO\VLV��7KHUH�LV�DOPRVW�YROXQWDU\�JHQHUDWLRQ�

RI�GDWD�

ȩ 7KH�GDWD� LQFRUSRUDWLRQ� LQ� WDVNV� OLNH� ILWWLQJ�D�VXLWDEOH�VWDWLVWLFDO�PRGHO�RU�

PDNLQJ�D�SUHGLFWLRQ�ZLWK�D�UHTXLUHG�OHYHO�RI�FRQILGHQFH�LV�FKDOOHQJLQJ�

ȩ 7KH� VSRQWDQHRXV� QDWXUH� RI� VXFK� UHDO� WLPH� SUR�DFWLYH� GDWD JHQHUDWLRQ�

FDQ�KHOS�XV� WR�FDSWXUH�FRPSOH[��G\QDPLF�SKHQRPHQD�DQG�HQDEOH�GDWD�

GULYHQ�GHFLVLRQ�PDNLQJ�SURFHVV�

ȩ $� ELJ� GDWD� JHQHUDWLQJ� PHFKDQLVP� PD\� SURYLGH� WKH� GHVLUHG� VWDWLVWLFDO�

SRZHU��EXW�WKH�VDPH�PD\�DOVR�EH�WKH�VRXUFH�RI�OLPLWDWLRQV�

ȩ %LJ�GDWD�KDYH�D�ELJ SRWHQWLDO�RI�EHLQJ�XVHG�LQ�XQLQWHQGHG�PDQQHU�± H�J��

SKRQH�UHFRUGV��VRFLDO�QHWZRUNLQJ�SDWWHUQV��HWF��7KH�XQLQWHQGHG�XVDJH�RI�

GDWD� OHDGV� WR� JHQXLQH� FRQFHUQV� DERXW� LQGLYLGXDO SULYDF\�� GDWD�

FRQILGHQWLDOLW\�DQG�HWKLFV�

ȩ ,I� WKH�GDWD�JHQHUDWLRQ�FRVWV�DUH� ORZ��WKH SHRSOH�PLJKW�JHQHUDWH�GDWD�RQ�

DV�PDQ\�VDPSOHV�DQG�DV�PDQ\�YDULDEOHV�DV�SRVVLEOH�

ȩ 7KH�KLJK�YDULHW\�DQG�KLJK�GLPHQVLRQDOLW\�RI�ELJ�GDWD�LQFUHDVH�WKH�QXPEHU�

RI�VRXUFHV�RI�XQVWUXFWXUHG�GDWD�VXFK�DV�WH[W��PDSV��LPDJHV��DXGLR��YLGHR��

QHZV��VLJQDOV�DQG�VR�RQ�
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Ϯ͘ ^ƚĂƚŝƐƚŝĐĂů�ĐŚĂůůĞŶŐĞƐ

)URP�D�VWDWLVWLFDO�SRLQW�RI�YLHZ��WKH�ODUJH�GDWD�FRXOG�DULVH�LQ�WKH�IROORZLQJ�FDVHV�

� HLWKHU�KXJH�QXPEHUV�RI�SUHGLFWRUV��KXJH�QXPEHUV�RI�VDPSOH�VL]H��RU�ERWK��1HZ�

VWDWLVWLFDO� PHWKRGV� OLNH� 6\PEROLF� 'DWD� $QDO\VLV� DQG� $SSUR[LPDWH� 6WUHDP�

5HJUHVVLRQ�KDYH�EHHQ�GHYHORSHG��$GRSWLQJ�SUDFWLFHV�VXFK�DV�G\QDPLF�SULFLQJ�

RYHUERRNLQJ�QHHGV�VWDWLVWLFDO�GHPDQG�IRUHFDVWLQJ�DQG�RSWLPL]DWLRQ�WHFKQLTXHV��

7KH� XVH� RI� VWDWLVWLFDO� WHFKQLTXHV� RQ� ODUJH� GDWD� EDVHV� IRU� EXVLQHVV� GHFLVLRQ�

PDNLQJ� LV� QRZ� D� FRPPRQ� SKHQRPHQRQ� LQ� WKH� GHYHORSHG� ZRUOG� DQG� LV� IDVW�

FDWFKLQJ�XS�LQ�HPHUJLQJ�HFRQRPLHV >3\QH�����@��

7KH�PHWKRGV�DYDLODEOH�QRZ�FDQ�EURDGO\�EH�FDWHJRUL]HG�LQWR�WKUHH�JURXSV��

ȩ 'LYLGH� DQG� FRQTXHU� PHWKRG�� )LUVW�� WKH� RULJLQDO� ELJ� GDWDVHW� LV� GLYLGHG�

LQWRܭ� VPDOO�EORFNV�WKDW�DUH�PDQDJHDEOH�WR�WKH�FXUUHQW�FRPSXWLQJ�IDFLOLW\�

XQLW�� 7KHQ�� WKH� LQWHQGHG� VWDWLVWLFDO� DQDO\VLV� LV� SHUIRUPHG�RQ�HDFK�VPDOO�

EORFN��)LQDOO\��DQ�DSSURSULDWH�VWUDWHJ\�ZLOO�EH�XVHG�WR�FRPELQH�WKH�UHVXOWV�

IURP� WKHVH� ܭ EORFNV�� $V� D� UHVXOW�� WKH� FRPSXWDWLRQ� IRU� WKH� GLYLGH� DQG�

FRQTXHU�PHWKRG�FDQ�HDVLO\�EH�GRQH�LQ�SDUDOOHO��

ȩ )LQH�WR�FRDUVH�PHWKRG��,Q�RUGHU�WR�PDNH�LQWHQGHG�DOJRULWKPV�IRU�WKH�ELJ�

GDWDVHW� VFDODEOH�� VWDWLVWLFLDQV� LQWURGXFHG� D� VLPSOH� VROXWLRQ�� URXQGLQJ�

SDUDPHWHUV�� +HQFH� WKH� FRQWLQXRXV UHDO� QXPEHUV� RI� GDWD� DUH� VLPSO\�

URXQGHG� IURP� KLJKHU� GHFLPDO� SODFHV� WR� ORZHU� GHFLPDO� SODFHV�� $�

VXEVWDQWLDO�QXPEHU�RI�REVHUYDWLRQV�DUH�GHJHQHUDWHG�WR�EH�LGHQWLFDO��7KLV�

LGHD� ZDV� VXFFHVVIXOO\� DSSOLHG� WR� WKH� IXQFWLRQDO� GDWD� DQDO\VLV� XVLQJ�

VPRRWKLQJ�VSOLQH�$129$�PRGHOV�

ȩ 6DPSOLQJ�PHWKRG��$QRWKHU�PRUH�HIIHFWLYH�DQG�PRUH�JHQHUDO�VROXWLRQ�IRU�

WKH�ELJ�GDWD�SUREOHP�LV�WKH�VDPSOLQJ�PHWKRG��7KLV�PHDQV�WKDW�ZH�WDNH�D�

VXEVDPSOH�IURP�WKH�RULJLQDO�GDWDVHW�ZLWK�UHVSHFW�WR�D�FDUHIXOO\�GHVLJQHG�

SUREDELOLW\�GLVWULEXWLRQ��DQG�XVH�WKLV�VDPSOH�DV�D�VXUURJDWH�IRU�WKH�RULJLQDO�

GDWDVHW�WR�GR�PRGHO�HVWLPDWLRQ��SUHGLFWLRQ�DV�ZHOO�DV�VWDWLVWLFDO�LQIHUHQFH��

7KH� PRVW� LPSRUWDQW� FRPSRQHQW� IRU� WKLV� PHWKRG� LV� WKH� GHVLJQ� RI�

SUREDELOLW\�GLVWULEXWLRQ�IRU�WDNLQJ�WKH�VDPSOH�

2YHUDOO��WKH�PDLQ�DGYDQWDJH�RI�WKH�VDPSOLQJ�PHWKRG�LV�LWV�JHQHUDO�DSSOLFDWLRQ�WR�

YDULRXV� PRGHO� VHWWLQJV�� 0RUHRYHU�� LW� ZLOO� DXWRPDWLFDOO\� JLYH� ULVH� WR� D� UDQGRP�
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VNHWFK�RI� WKH� IXOO�GDWD�DV�D�E\SURGXFW��ZKLFK� LV�XVHIXO� IRU� WKH�SXUSRVH�RI�GDWD�

YLVXDOL]DWLRQ�� +RZHYHU�� WKH� QRQWULYLDO� SDUW� RI� XVLQJ� VDPSOLQJ� PHWKRG� LV� WKH�

FRQVWUXFWLRQ� RI� VDPSOLQJ� SUREDELOLW\� GLVWULEXWLRQ�� ZKLFK� SOD\V� D� FUXFLDO� UROH� LQ�

VDPSOLQJ�PHWKRGV��

ϯ͘ DĂƚŚĞŵĂƚŝĐĂů�ĂƐƉĞĐƚƐ�ŽĨ��ŝŐ��ĂƚĂ

0DWKHPDWLFLDQV� KDYH� DOVR� SDLG� LQFUHDVLQJ� DWWHQWLRQ� WR� WKH� GUDPDWLF�

GHYHORSPHQW� RI� ELJ� GDWD� DQG� LWV� LPSDFW� RQ� PDWKHPDWLFV� WKURXJK� RIIHULQJ�

FRXUVHV�OLNH�PDWKHPDWLFV�RI�ELJ�GDWD�DQG�KROGLQJ�ZRUNVKRSV�LQ�PDWKHPDWLFV�RI�

ELJ�GDWD�

=K�� 6XQ� DQG� 3�� :DQJ� >6XQ� ����@� VWDUWHG� WR� IRUPXODWH� VRPH� PDWKHPDWLFDO�

IRXQGDWLRQV� RI� %LJ� 'DWD� DQG� WKH� IX]]\� ORJLF� DSSURDFK� WR� %LJ� 'DWD�� )RU� WKLV�

SXUSRVH��WKH�FRQFHSW�RI� WKH�GLVFUHWH�PDWKHPDWLFV�ZDV�XVHG�WR�FUHDWH�D�WKHRU\�

IRU� ELJ� GDWD�� 7KH� FRQFHSW� RI� OLQJXLVWLF� YDULDEOHV� LQ� IX]]\� VHW�� DQG� ORJLF� WKHRU\�

DOORZ�WR�GHDO�ZLWK�D�KLJKHU�OHYHO�RI�SODWIRUP�IRU�WKH�EHQHILW�RI�D�ELJ GDWD�WKHRU\��

,Q�WHUPV�RI�GLVFUHWH�PDWKHPDWLFV��WKH\�UHFRJQL]H�WZR�EDVLF�FKDUDFWHULVWLFV�RI�ELJ�

GDWD��WKH�ILUVW�RQH�LV�WKH�PDWKHPDWLFDO�RSHUDWRU�RI�EHLQJ�%,*��DQG�WKH�VHFRQG�LV�

WR�H[DPLQH�WKH�FDUGLQDOLW\�RI�ELJ�GDWD��7KHQ�WKH\�SURYLGH�D�PDWKHPDWLFDO�PRGHO�

IRU�VHDUFKLQJ�ELJ�GDWD�

,QWURGXFLQJ� WKH� PDWKHPDWLFDO� RSHUDWRU� ³%,*´�� WKH\� GLVFXVV� LWV� SURSHUWLHV��

9ROXPH��YHORFLW\��YDULHW\�DQG�YHUDFLW\�DUH�IRXU�YHU\�EDVLF�DWWULEXWHV�RI�GDWD�LQ�WKH�

ZRUOG�RI�ELJ�GDWD��7KLV�FDQ�EH�UHSUHVHQWHG�DV��GDWD� ��YROXPH��YHORFLW\��YDULHW\��

YHUDFLW\��XVLQJ�WKH�HQWLW\�DWWULEXWH�PHWKRG�

3HUIRUPLQJ�%,*�RSHUDWLRQ�³R´ RQ�ERWK�VLGHV�RI�WKLV�HTXDWLRQ��WKH\�KDYH

R�GDWD�� �ELJ�GDWD� ��R�YROXPH���R�YHORFLW\���R�YDULHW\���R�YHUDFLW\��

 �ELJ�YROXPH��ELJ�YHORFLW\��ELJ�YDULHW\��ELJ�YHUDFLW\�

6R�FDOOHG�%,*�RSHUDWLRQ�FDQ�EH�FRQVLGHUHG�DV�DQ�DEVWUDFWLRQ�RI� WHFKQRORJLHV��

V\VWHPV� DQG� WRROV� RI� GDWD�PDQDJHPHQW� DQG� SURFHVVLQJ� WKDW� WUDQVIRUPV� GDWD�

LQWR�ELJ�GDWD��

7KH�FKDUDFWHULVWLFV�RI�DQ�LPSRUWDQW�FRQFHSW�RI� ´LQILQLW\��ZDV�FORVHO\�DVVRFLDWHG�

ZLWK�WKH�ELJ GDWD���EDVHG�RQ�WKH�WKHRU\�RI�FDOFXOXV�DQG�WKH�VHW�WKHRU\�
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7KH� UHODWLYLW\� RI� ELJ� GDWD� LV� EDVHG� RQ� WKH� RSHUDWLRQV� RI� IX]]\� VXEVHWV� WKHRU\��

UHFRJQL]LQJ�WKDW�WKH�OLQJXLVWLF�YDULDEOH�³ELJ��LV�DSSURSULDWHO\�EHLQJ�PRGHOHG�DV�D�

PDWKHPDWLFDO�OLQJXLVWLF�YDULDEOH�VXLWDEOH�IRU�PDWKHPDWLFDO�HYDOXDWLRQ�

)X]]\� ORJLF� DQG� IX]]\� VHWV� KDYH� GHYHORSHG� D� VLJQLILFDQW� PHWKRGV� DQG�

WHFKQLTXHV� WR� DGGUHVV� DPELJXLW\� DQG� LQFRPSOHWHQHVV� RI� GDWD�� DQG� WKHUHIRUH�

WKH\�ZLOO SOD\�DQ�LPSRUWDQW�UROH�LQ�RYHUFRPLQJ�DPELJXLW\�DQG�LQFRPSOHWHQHVV�RI�

ELJ�GDWD�

7KH�RWKHU�ZLGHO\�XVHG�WRRO�IRU�%LJ�'DWD�$QDO\WLFV�LV�1HXUDO�1HWZRUNV��7KH�OD\HUV�

VL]H� �QHXURQV�� RI� WKH� DUWLILFLDO� QHXUDO� QHWZRUN� QHHGV� WR� EH� LQFUHDVHG� WR�

DFFRPPRGDWH�WKH�LQFUHDVHG�GLPHQVLRQV�RI�WKH�LQSXW�GDWDVHW��$IWHU�FHUWDLQ�SRLQW��

WKH� QHWZRUN� VL]H� EHFRPHV� VR� KXJH� WKDW� LW� EHFRPHV� DOPRVW� LQIHDVLEOH� WR� EH�

LPSOHPHQWHG�HIILFLHQWO\�EHFDXVH�RI�WKH�LQFUHDVHG�FRPSOH[LW\�LQGXFHG�GXH�WR�WKH�

H[SRQHQWLDO� JURZWK� RI� WKH� LQWHUFRQQHFWLRQV� DPRQJ� WKH�QRGHV� �QHXURQV�� LQ� WKH�

QHWZRUN�� 7KLV� SKHQRPHQRQ� LV� JHQHUDOO\� SKUDVHG� DV� WKH� �WKH� FXUVH� RI�

GLPHQVLRQDOLW\�� LQ� WKH� ILHOG� RI�PDFKLQH� OHDUQLQJ�� 7KHUHIRUH�� WKHUH� LV� D� QHHG� WR�

FRPH� RXW� ZLWK� DQ� DOJRULWKP� WR� SURFHVV� ODUJH� GDWDVHW� HIILFLHQWO\� NHHSLQJ� WKH�

QHXUDO� QHWZRUN� VL]H� FRQVLGHUDEO\� VPDOO� E\� RSWLPL]LQJ� WKH� QXPEHUV� RI� QHXURQV�

DQG�WKH�LQWHUFRQQHFWLRQ�EHWZHHQ�WKHP��7KH�IXWXUH�ZRUN�ZLOO�EH�RQ�RSWLPL]LQJ�WKH�

QHXUDO�QHWZRUNV�

�� &RPSXWDWLRQDO�VROXWLRQV

7KH�KLJK�DPRXQW�RI�WUDIILF�GULYHQ�E\�WKH�SRSXODU�XVH�RI�PRELOH�YLGHR�DQG�RQOLQH�

VRFLDO� PHGLD� DSSOLFDWLRQV� DORQJ� ZLWK� WKH� VFDUFLW\� RI� EDFNKDXO� UHVRXUFHV� KDYH�

SXVKHG�UHVHDUFKHUV�DQG�PRELOH�RSHUDWRUV�WR�ILQG�VROXWLRQV��&RQWHQW�FDFKLQJ�LQ�

&36� LV� RI� KLJK� LQWHUHVW�� HVSHFLDOO\� WKDW� D� ELJ� SURSRUWLRQ� RI� WKH� WUDIILF� ORDG��

RULJLQDWHV� � IURP� � IHWFKLQJ� � GDWD� � IURP� � GLIIHUHQW� � VRXUFHV� VXFK� DV� GDWDEDVHV��

FDFKH�VHUYHUV�DQG�QHWZRUN�JDWHZD\V >$WDW�DW�DO�������@�

)RU�FRPSXWHU�HQJLQHHUV��D�VWUDLJKWIRUZDUG�ZD\�WR�UHGXFH�FRPSXWLQJ� WLPH� LV� WR�

UHVRUW� WR�PRUH�SRZHUIXO� FRPSXWLQJ� IDFLOLWLHV��*UHDW�HIIRUWV�KDYH�EHHQ�PDGH� WR�

VROYH� WKH� SUREOHP� RI� ELJ� GDWD� E\� GHVLJQLQJ� VXSHUFRPSXWHUV�� 0DQ\�

VXSHUFRPSXWHUV�KDYH�EHHQ�EXLOW� UDSLGO\� LQ�WKH�SDVW�GHFDGH��VXFK�DV�7LDQKH����

%OXHZDWHU�DQG�%OXH�*HQH��7KH�VSHHG�DQG�VWRUDJH�RI�VXSHUFRPSXWHUV�FDQ�EH�

KXQGUHGV�RU�HYHQ� WKRXVDQGV�RI� WLPHV� IDVWHU�DQG� ODUJHU� FRPSDUHG� WR� WKDW�RI� D�
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JHQHUDO�SXUSRVH�3&��+RZHYHU�� WKH�PDLQ� SUREOHP�ZLWK� VXSHUFRPSXWHUV� LV� WKDW�

WKH\�FRQVXPH�HQRUPRXV�HQHUJ\�DQG�DUH�QRW�DFFHVVLEOH�WR�RUGLQDU\�XVHUV��7KXV��

DOWKRXJK� VXSHUFRPSXWHUV� FDQ� HDVLO\� GHDO� ZLWK� ODUJH� DPRXQWV� RI� GDWD� YHU\�

HIILFLHQWO\��WKH\�DUH�VWLOO�QRW�D�SDQDFHD��

,QVWHDG�� FORXG� FRPSXWLQJ� FDQ� SDUWLDOO\� DGGUHVV� WKLV� SUREOHP� DQG� PDNH�

FRPSXWLQJ� IDFLOLWLHV� DFFHVVLEOH� WR� RUGLQDU\� XVHUV�� 1RQHWKHOHVV�� WKH� PDMRU�

ERWWOHQHFN� HQFRXQWHUHG� E\� FORXG� FRPSXWLQJ� LV� WKH� LQHIILFLHQF\� RI� WUDQVIHUULQJ�

GDWD� GXH� WR� WKH� SUHFLRXV� ORZ�EDQGZLGWK� LQWHUQHW� XSOLQNV�� QRW� WR� PHQWLRQ� WKH�

SUREOHPV�RI�SULYDF\� DQG� VHFXULW\� FRQFHUQV� GXULQJ� WKH� WUDQVIHU� SURFHVV�� &ORXG��

FRPSXWLQJ��IDFLOLWDWHV��ELJ��GDWD��VWRUDJH���SURFHVVLQJ DQG�PDQDJHPHQW�LQ�&36��

E\� EUHDNLQJ� WKHP� GRZQ� LQWR� ZRUNIORZV�� � ZKLFK� � DUH� � WKHQ� � GLVWULEXWHG� � RYHU��

PXOWLSOH� � GHGLFDWHG VHUYHUV�� 7KLV� DOORZV� &36� WR� SURYLGH� SHUYDVLYH� VHQVLQJ�

VHUYLFHV�EH\RQG�WKH�FDSDFLWLHV�RI� LQGLYLGXDO�WKLQJV�� LQ�DGGLWLRQ�WR ORZHU� ODWHQF\�

DQG�SRZHU�FRQVXPSWLRQ�DQG�ODUJHU�VFDODELOLW\ >$WDW�DW�DO�������@�

&ORXG�FRPSXWLQJ�WHFKQLTXHV�DORQJ�ZLWK��PDFKLQH��OHDUQLQJ��WRROV���GDWD PLQLQJ���

DUWLILFLDO� � LQWHOOLJHQFH�� � DQG� � IRJ� � FRPSXWLQJ� � FDQ� � KHOS WKH� VHQVHG�GDWD� WR� EH�

HDVLO\� VWRUHG�� SURFHVVHG�� DQG� DQDO\]HG WR� XQFRYHU� KLGGHQ� SDWWHUQV�� XQNQRZQ�

FRUUHODWLRQV�DQG�RWKHU XVHIXO� LQIRUPDWLRQ� >7VDL�&��DW�DO������@��7KDW� LV�ZK\�ELJ�

GDWD�DUH�UHIHUUHG�WR DV�³WKH���VW�FHQWXU\ QHZ�RLO´�

&ORXG�FRPSXWLQJ�DORQJ��ZLWK��GDWD��FOXVWHULQJ��IDFLOLWDWHV��WKH SDUDOOHO�SURFHVVLQJ�

DQG� H[HFXWLRQ� RI� WDVNV� DQG� TXHULHV�� 0DSSLQJ� DQG� VFKHGXOLQJ� ZRUNIORZV� LQ D�

PXOWL�FORXG�HQYLURQPHQW VSHHGV�XS� WKH�SURFHVVLQJ� �DQG� �DOORZV� � IRU� �D� �EHWWHU��

ELJ� � GDWD PDQDJHPHQW� :LWK� WKH� ODUJH� YROXPH� � RI� � GDWD� � LQ� � WKH� � RUGHU� � RI��

H[DE\WH�� � LW EHFRPHV� DOPRVW� LPSUDFWLFDO� WR� SURFHVV� WKH� GDWD� RQ� LQGLYLGXDO

PDFKLQHV�� � QR� �PDWWHU� � KRZ� �SRZHUIXO� � WKH\� �DUH�� �3DUDOOHO� SURFHVVLQJ�RI� � WKH��

GDWD��FKXQNV��RQ��GHGLFDWHG��VHUYHUV�� �VXFK��DV 0DS5HGXFH�WRRO�SURSRVHG�E\�

*RRJOH��RIIHUV�DGYDQWDJHV�RYHU FRQYHQWLRQDO�SURFHVVLQJ�PHWKRGV��KRZHYHU�LW�LV�

VWLOO�QRW�YHU\ HIIHFWLYH�� WR��KDQGOH��D� � ODUJH� �DPRXQW��RI� �GDWD�� �PDLQO\� �GXH�� WR

VFDODELOLW\�� ODWHQF\�� DYDLODELOLW\�� DQG� LQHIILFLHQW� SURJUDPPLQJ WHFKQLTXHV���

LQFOXGLQJ��EXW��QRW OLPLWHG��WR��GDWDEDVH��PDQDJHPHQW�V\VWHPV�>.UDVND�����@��

>'H:LWW ����@��

2QH�DWWUDFWLYH�VROXWLRQ�WR�GHGLFDWHG VHUYHUV�LV�WKH SURFHVVLQJ�RQ�FORXG�FHQWHUV��

ZKLFK�RIIHUV�XVHUV WKH�DELOLW\��WR��UHQW��FRPSXWLQJ��DQG��VWRUDJH��UHVRXUFHV��LQ��D
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SD\�DV�\RX�JR�PDQQHU� >:DQJ� ����@�� ,Q� DGGLWLRQ�� HYHQ� WKRXJK� XVHUV ZLOO� � EH��

VKDULQJ� � D� � FRPPRQ� � KDUGZDUH�� � WKH� � VKDUHG� � UHVRXUFHV DSSHDU� H[FOXVLYH� WR�

WKHP�WKURXJK�PDFKLQH�YLUWXDOL]DWLRQ�YLD KLGLQJ�WKH�SODWIRUP�GHWDLOV�>$UPEUXVW DW�

DO������@��+RZHYHU��WKLV�DSSURDFK�FDQ FUHDWH��SUREOHPV��LQ��WKH��SD\�DV�\RX�JR��

HQYLURQPHQW� � GXH� � WR XQWUXWKIXOQHVV�� XQIDLUQHVV� DQG� LQHIILFLHQF\� RI� UHVRXUFHV�

DQG ZRUNORDG�WUDQVDFWLRQV�>7DQJ�����@�

(YHQ� WKRXJK� FORXG� FRPSXWLQJ� LV� DQ� DWWUDFWLYH� DQDO\WLFV� WRRO IRU� ELJ� GDWD�

DSSOLFDWLRQV�� LW� FRPHV� ZLWK� VHYHUDO� FKDOOHQJHV� PDLQO\� � FRQFHUQLQJ VHFXULW\���

SULYDF\��DQG��GDWD�RZQHUVKLS >$WDW�DW�DO�������@�

'DWD� FOXVWHULQJ� � UHIHUV WR� � SDUWLWLRQLQJ� � D� � VHW� � RI� � REMHFWV� � FRPSULVLQJ� RI�

DWWULEXWHV� LQWR�GLIIHUHQW� JURXSV�RI� VLPLODU� REMHFWV DQG� IHDWXUHV��'DWD� FOXVWHULQJ�

EHFRPHV� YHU\� XVHIXO� LQ ELJ� GDWD� DSSOLFDWLRQV�� ZKHUH� WKHUH� LV� D� KLJK� QHHG� WR�

SURFHVV DQG� DQDO\]H� � ODUJH� � YROXPH� � RI� � GDWD�� � (VWLPDWLQJ� � WKH� � QXPEHU RI��

FOXVWHUV� �EHFRPHV�� LPSRUWDQW� �DV� �FOXVWHULQJ� � IDFLOLWDWHV� � WKH GLVWULEXWLRQ�RI� WKH�

GDWD�VWRUDJH��WDVNV�H[HFXWLRQ��SDUDOOHO�FRPSXWLQJ��DQG�TXHULHV�UHTXHVWV

>$WDW�DW�DO������@�

$QRWKHU�UHODWLYHO\�QHZ�FRPSXWDWLRQDO�IDFLOLW\�SURSRVHG�LV�WKH�JUDSKLF�SURFHVVLQJ�

XQLW��*38���ZKLFK�LV�SRZHUIXO�RQ�SDUDOOHO�FRPSXWLQJ��+RZHYHU��D�UHFHQWO\�

FRQGXFWHG�FRPSDULVRQ�IRXQG�WKDW�HYHQ�KLJK�HQG�*38V�DUH�VRPHWLPHV�

RXWSHUIRUPHG�E\�JHQHUDO�SXUSRVH�PXOWL�FRUH�SURFHVVRUV��PDLQO\�GXH�WR�WKH�KXJH�

GDWD�WUDQVIHUULQJ�WLPH��

,Q�EULHI��QRQH�RI�WKH�VXSHUFRPSXWHU��WKH�FORXG�FRPSXWLQJ��*38V�VROYHV�WKH�ELJ�

GDWD�SUREOHP�HIILFLHQWO\�DW� WKLV�SRLQW��(IILFLHQW�VWDWLVWLFDO�VROXWLRQV�DUH� UHTXLUHG��

ZKLFK�PDNHV�ELJ�GDWD�SUREOHP�PDQDJHDEOH�RQ�JHQHUDO�SXUSRVH�3&V�

�� %LJ 'DWD $QDO\WLFDO 7RROV

$IWHU��WKH��GDWD���DUH��WUDQVIRUPHG��LQWR��PDQDJHDEOH���VL]HV��GDWD��PLQLQJ��WRROV��

�H�J�� +')6� 0DS5HGXFH� 5� 6��� � UHDO�WLPH� � ELJ� � GDWD� � DQDO\WLF� � WRROV� � �H�J��

6WRUP�� � 6�SOXQN��� � DQG� � FORXG�EDVHG� � ELJ� � GDWD� � DQDO\WLF� � WRROV� � �H�J�� *)6���

%LJ7DEOH���0DS5HGXFH���FDQ��EH��XVHG��WR��H[WUDFW�XVHIXO�LQIRUPDWLRQ�DQG�PDNH�

VHQVH�RI�GDWD��ZKLFK�ZRXOG�UHYROXWLRQL]H�WKH�ILHOG�RI�VPDUW�FLWLHV��HQYLURQPHQWDO�

PRQLWRULQJ�DQG�RWKHUV >$WDW�DW�DO������@�



��

:H� FDQ� IRFXV� RQ� VRPH� W\SLFDO� WRROV� XVHG� IRU WKH� WKUHH�PHWKRGV� RI� ELJ� GDWD�

DQDO\WLFV� GDWD� PLQLQJ�� UHDO�WLPH� ELJ� GDWD� DQDO\WLFV� DQG� FORXG�EDVHG� ELJ GDWD�

DQDO\WLFV�

����� 7RROV�IRU�'DWD�0LQLQJ

$SDFKH�+DGRRS� LV� D� SRSXODU� VROXWLRQ� WR� ELJ� GDWD� SUREOHPV�� ,W� LV� RI� DQ� RSHQ�

VRXUFH�VRIWZDUH�IUDPHZRUN�IRU�GLVWULEXWHG�VWRUDJH�DQG�GLVWULEXWHG�SURFHVVLQJ�RI�

YHU\�ODUJH�GDWD�VHWV�RQ�FRPSXWHU�FOXVWHUV��7KH�FRUH�RI�$SDFKH�+DGRRS�FRQVLVWV�

RI� D� VWRUDJH�SDUW� �+DGRRS�'LVWULEXWHG�)LOH�6\VWHP� � +')6��DQG�D� SURFHVVLQJ�

SDUW� �0DS5HGXFH��� +DGRRS� VSOLWV� ILOHV� LQWR� ODUJH� EORFNV� DQG� GLVWULEXWHV� WKHP�

DPRQJVW�WKH�QRGHV�LQ�WKH�FOXVWHU >.RYDFKHYD������@�

+')6�LV�GHYHORSHG��IURP��DQ��LQVSLUDWLRQ��RI��*)6���DQG��LW��LV��D�VFDODEOH�DQG�

GLVWULEXWHG� VWRUDJH� V\VWHP��ZKLFK� LV� DQ�DSSURSULDWH� VROXWLRQ� IRU�GDWD�LQWHQVLYH�

DSSOLFDWLRQV��VXFK�DV�*LJDE\WH�DQG�7HUDE\WH�VFDOH�

7R�SURFHVV�WKH�GDWD��+DGRRS�0DS5HGXFH�WUDQVIHUV�SDFNDJHG�FRGH�IRU�QRGHV�WR�

SURFHVV� LQ�SDUDOOHO��EDVHG�RQ� WKH�GDWD�HDFK�QRGH�QHHGV� WR�SURFHVV��7KH�WHUP�

0DS5HGXFH� DFWXDOO\� UHIHUV� WR� WZR� VHSDUDWH� DQG� GLVWLQFW� WDVNV� WKDW� +DGRRS�

SURJUDPV� SHUIRUP�� 7KH� ILUVW� LV� WKH� PDS� MRE�� ZKLFK� WDNHV� D� VHW� RI� GDWD� DQG�

FRQYHUWV�LW�LQWR�DQRWKHU�VHW�RI�GDWD��ZKHUH�LQGLYLGXDO�HOHPHQWV�DUH�EURNHQ�GRZQ�

LQWR� WXSOHV� �NH\�YDOXH� SDLUV��� 7KH� UHGXFH� MRE� WDNHV� WKH� RXWSXW� IURP�D�PDS� DV�

LQSXW�DQG�FRPELQHV� WKRVH�GDWD� WXSOHV� LQWR D�VPDOOHU�VHW�RI� WXSOHV� >.RYDFKHYD��

�����

5�LV��DOVR��DQ��RSHQ�VRXUFH��VRIWZDUH��HQYLURQPHQW��IRU��GDWD�PLQLQJ�GHYHORSHG�

E\�$7	7�%HOO�/DEV� >)DQ������@��$FWXDOO\��5� LV�D� UHDOL]DWLRQ�RI� WKH�6� ODQJXDJH�

XVHG�WR�H[SORUH�GDWD�� LPSOHPHQW�VWDWLVWLFDO�DQDO\VLV�DQG GUDZ�SORWV��&RPSDUHG�

ZLWK� 6�� 5� LV� PRUH� SRSXODU� DQG� VXSSRUWHG� E\� D� ODUJH� QXPEHU� RI� GDWDEDVH�

PDQXIDFWXUHUV��VXFK�DV�7HUDGDWD�DQG�2UDFOH�

������7RROV�IRU�5HDO�7LPH�%LJ�'DWD�$QDO\WLFV

6WRUP� >)DQ�� ����@ LV� D� GLVWULEXWHG� UHDO�WLPH� FRPSXWLQJ� V\VWHP� IRU� ELJ� GDWD�

DQDO\VLV�� &RPSDUHG� ZLWK� +DGRRS�� 6WRUP� LV� HDVLHU� WR� � RSHUDWH� � DQG� � PRUH��

VFDODEOH� � WR� �SURYLGH� �FRPSHWLWLYH� �DQG�HIILFLHQW�VHUYLFHV��6WRUP�PDNHV�XVH�RI�

GLVWLQFW� WRSRORJLHV� IRU� GLIIHUHQW� � VWRUP� � WDVNV� � LQ� � WHUPV� � RI� � VWRUP� � FOXVWHUV���

ZKLFK� �DUH FRPSRVHG� �RI PDVWHU� � QRGHV� �DQG� �ZRUNHU� � QRGHV�� �7KH� �PDVWHU�
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QRGHV� DQG� ZRUNHU� QRGHV� SOD\� WZR� NLQGV� RI� UROHV� LQ� WKH� ILHOGV� RI� ELJ� GDWD�

DQDO\VLV�� QDPHO\� QLPEXV� DQG� VXSHUYLVRU�� UHVSHFWLYHO\�� 7KH� IXQFWLRQV� RI� WKHVH�

WZR� UROHV� DUH� LQ� DJUHHPHQW� ZLWK� MREWUDFNHU� � DQG� � WDVNWUDFNHU� � RI� � WKH��

0DS5HGXFH��IUDPHZRUN >$WDW�DW�DO������@�

1LPEXV� � WDNHV� � FKDUJH� �RI� � FRGH� �GLVWULEXWLRQ� �DFURVV� � WKH� � VWRUP�FOXVWHU�� WKH�

VFKHGXOH� DQG� DVVLJQPHQW� RI� ZRUNHU� QRGHV� WDVNV�� DQG� WKH� ZKROH� V\VWHP�

VXUYHLOODQFH��7KH�XSHUYLVRU�FRPSLOHV�WDVNV�JLYHQ�E\�QLPEXV��6SOXQN�>=DGUR]Q\��

����@� LV�DOVR�D�UHDO�WLPH�SODWIRUP��GHVLJQHG��IRU��ELJ��GDWD��DQDO\WLFV���%DVHG��RQ��

WKH��ZHE�LQWHUIDFH��6SOXQN�LV�DYDLODEOH�WR�VHDUFK��PRQLWRU�DQG�DQDO\]H�PDFKLQH�

JHQHUDWHG�ELJ�GDWD��DQG�WKH�UHVXOWV�DUH�H[KLELWHG�LQ�GLIIHUHQW��YDULHWLHV��LQFOXGLQJ��

JUDSKV�� � UHSRUWV�� �DOHUWV� �DQG� �VR�RQ��&RPSDUHG�ZLWK�RWKHU� UHDO�WLPH�DQDO\WLFDO�

WRROV�� 6SOXQN� SURYLGHV� YDULRXV� VPDUW� VHUYLFHV� IRU� FRPPHUFLDO� RSHUDWLRQV��

V\VWHP�SUREOHP�GLDJQRVLV��DQG�VR�RQ >$WDW�DW�DO������@�

�����7RROV�IRU�&ORXG�%DVHG�%LJ�'DWD�$QDO\WLFV

7KH� �PRVW� � SRSXODU� � WRRO� � IRU� � FORXG�EDVHG� � ELJ� � GDWD� � DQDO\WLFV� LV� �*RRJOH¶V��

FORXG� � FRPSXWLQJ� � SODWIRUP�� *)6� � LV� � D� � GLVWULEXWHG� � ILOH� V\VWHP� DQG� LW� LV�

HQFKDQFHG�WR�PHHW�WKH�UHTXLUHPHQWV�RI�ELJ�GDWD��VWRUDJH��DQG��XVDJH��GHPDQGV��

RI� �*RRJOH� � ,QF�� � ,Q� �RUGHU� WR� �GHDO� �ZLWK� � WKH� �FRPPRGLW\� �FRPSRQHQW� � IDLOXUH��

SUREOHP�� *)6� IDFLOLWDWHV� FRQWLQXRXV� VXUYHLOODQFH�� HUURUV� GHWHFWLRQ� DQG�

FRPSRQHQW�IDXOWV�WROHUDQFH��*)6�DGRSWV�FOXVWHUHG�DSSURDFK�WKDW��GLYLGHV��GDWD��

FKXQNV� � LQWR� ����.%��EORFNV� �DQG��VWRUHV� �D����ELW�KHFNVXP��IRU� �HDFK� �EORFN���

%LJ7DEOH� VXSSOLHV� � KLJKO\� DGDSWDEOH�� UHOLDEOH�� DSSOLFDEOH� DQG� G\QDPLF� FRQWURO�

DQG� PDQDJHPHQW� � LQ� � WKH� � ILHOG� � RI� � ELJ� � GDWD� � SODFHPHQW�� � UHSUHVHQWDWLRQ��

LQGH[LQJ�DQG�FOXVWHULQJ�IRU�HQRUPRXV�DQG�GLVWULEXWHG�FRPPRGLW\�VHUYHUV��DQG�LW�

FRQVWLWXWHV�RI�D�URZ��FROXPQ��UHFRUG�WDEOHW�DQG�WLPH�VWDPS�>$WDW�DW�DO������@�

�� /HJDO�DQG�HWKLFV�DVSHFWV�RI�%LJ�'DWD

,Q� WKH� UHDOP� RI� F\EHU� SK\VLFDO� V\VWHPV�� WKH� WLJKW� LQWHUDFWLRQ� DPRQJ� � SK\VLFDO��

REMHFWV��ZKLFK��FROOHFW��DQG��WUDQVPLW��D��ODUJH�YROXPH��RI��GDWD��SODFH��VHFXULW\��

WKUHDWV��XQGHU��WKH��VSRWOLJKW�RI��DWWHQWLRQ���:LWK�WKH��HQRUPRXV��DPRXQW��RI��GDWD��

WKDW��DUH�FRQVWDQWO\�IORZLQJ�WKURXJK�WKH�QHWZRUN��LW�EHFRPHV�HVVHQWLDO�WR�SURWHFW�

WKH�V\VWHP�IURP�F\EHU�DWWDFNV�
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:KLOH� GDWD VWRUDJH� LQ� WKH� FORXG� RIIHUV� VHYHUDO� DGYDQWDJHV� LQ WHUPV� RI� GDWD�

VWRUDJH�� DYDLODELOLW\�� VFDODELOLW\� DQG� SURFHVVLQJ� LW� LQFUHDVHV� WKH� FKDQFH� RI�

PDOLFLRXV� DWWDFNV�� WKDW� LQ� DGGLWLRQ WR� SRWHQWLDO� SULYDF\� LQYDVLRQ� E\� FORXG�

RSHUDWRUV� ZKR� FDQ� KDYH DFFHVVHV� WR� VHQVLWLYH� GDWD�� $OO� WKLV� SXWV� D� TXHVWLRQ�

PDUN�RQ ZKHWKHU��FORXG��GDWD��VWRUDJH��LV IHDVLEOH���HVSHFLDOO\��IRU��JRYHUQPHQWDO��

DJHQFLHV��DQG��ILQDQFLDO��LQGXVWULHV >$WDW�DW�DO������@��

6HYHUDO��ZRUNV KDYH��DWWHPSWHG��WR��VROYH��WKH��VHFXULW\��FKDOOHQJHV��RI��FORXG

VWRUDJH�� )RU� LQVWDQFH�� *DL HW� DO� SURSRVHG� D� PHWKRG� WKDW� VSOLWV ILOHV� LQWR�

HQFU\SWHG�SDUWV�DQG�VWRUH�WKHP�LQ�GLVWULEXWHG�FORXG VHUYHUV�ZLWKRXW�XVHUV¶�GDWD�

EHLQJ�GLUHFWO\� UHDFKHG�E\�FORXG VHUYLFH�RSHUDWRUV� >*DL�����@�� ,Q� >.DQJ�����@��

WKH�DXWKRUV�RSWLPL]HG�WKH�GDWD�SODFHPHQW�RQ�FORXG�VHUYHUV� WKDW�PLQLPL]HV� WKH�

UHWULHYDO�WLPH��RI��GDWD��ILOHV��ZKLOH��JXDUDQWHHLQJ��WKHLU��VHFXULW\��EDVHG�RQ��WKH��

GLVWDQFH��EHWZHHQ��QRGHV��WKDW��VWRUH��WKH��GDWD��FKXQNV��VXFK�WKDW�WKH�PDOLFLRXV�

DWWDFNHU�FDQQRW�JXHVV�WKH�ORFDWLRQV�RI�DOO�WKH�GDWD�FKXQNV��,Q�>6HNDU�����@��WKH�

DXWKRUV� VXJJHVWHG� WKDW GDWD� � VKRXOG� � EH� � HQFU\SWHG� � DQG� � GHFU\SWHG� � EHIRUH��

EHLQJ��VHQW WR��FORXGV >$WDW�DW�DO������@���

:H� FDQ� RXWOLQH� WKH� IROORZLQJ� FULWLFDO� IDFWRUV� IRU� WKH� VXFFHVV� RI� WKH� %LJ� 'DWD�

SURMHFWV�

ȩ 8QGHUVWDQGLQJ�WKH�OHJDO�IUDPHZRUN�IRU�%LJ�'DWD�DQG�KRZ�LW�DSSOLHV�WR�WKH�

RUJDQL]DWLRQ�FRQFHUQHG��

ȩ (IIHFWLYHO\�EULQJLQJ� WRJHWKHU� WKH�RUJDQL]DWLRQ
V� ,7�DQG� OHJDO� IXQFWLRQV� LQ�

WKH�%LJ�'DWD�SURMHFW��

ȩ $� FOHDU� XQGHUVWDQGLQJ� RI� WKH� RUJDQL]DWLRQ
V� REMHFWLYHV� IRU� LWV� %LJ� 'DWD�

RSHUDWLRQV��

ȩ $�VWUXFWXUHG�DSSURDFK�WR�WKH�VWUDWHJ\��SROLF\�DQG�SURFHVV�DVSHFWV�RI�%LJ�

'DWD�JRYHUQDQFH�

%LJ�GDWD�DQG�LQWHOOHFWXDO�SURSHUW\�ULJKWV�DQG�GDWD�SURWHFWLRQ�DUH�WKH�NH\�LVVXHV�

ZKLFK�KDYH�WR�EH�FRQVLGHUHG�

*HQHUDO�'DWD�3URWHFWLRQ�5HJXODWLRQ���(8������������*'35�� �1,6�5HJXODWLRQV��

�KWWSV���HXU�OH[�HXURSD�HX�OHJDO�FRQWHQW�(1�7;7�3')�"XUL &(/(;������5������
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FDPH�LQWR�HIIHFW�RQ����0D\������SXUVXDQW�WR WKH &\EHU�VHFXULW\�'LUHFWLYH �DOVR�

NQRZQ�DV�WKH�1HWZRUN�DQG�,QIRUPDWLRQ�6HFXULW\�RU�1,6�'LUHFWLYH��

$Q\�RUJDQL]DWLRQDO�FRQYHUVDWLRQ�DERXW�ELJ�GDWD�HWKLFV�VKRXOG�UHODWH�WR�IRXU�EDVLF�

SULQFLSOHV�WKDW�FDQ�OHDG�WR�WKH�HVWDEOLVKPHQW�RI�ELJ�GDWD�QRUPV�

ȩ 3ULYDF\�

ȩ &RQILGHQWLDOLW\�

ȩ 7UDQVSDUHQF\�

ȩ ,GHQWLW\�

(QDEOLQJ�VHFXULW\�DQG�SULYDF\�DVSHFWV�RI�ELJ�GDWD�DQDO\WLFV KDV�DWWUDFWHG�D�JUHDW�

DWWHQWLRQ�IURP�WKH�VFLHQWLILF�FRPPXQLW\ PDLQO\��GXH��WR��GLIIHUHQW��UHDVRQV���)LUVW���

WKH� � GDWD� � DUH� � PRUH OLNHO\� VWRUHG�� SURFHVVHG� DQG� DQDO\]HG� LQ� VHYHUDO� FORXG�

FHQWHUV OHDGLQJ� WR� VHFXULW\� LVVXHV� GXH� WR� WKH� WKH� UDQGRP� ORFDWLRQV� RI GDWD��

6HFRQG��ELJ�GDWD�DQDO\WLFV� WUHDWV�VHQVLWLYH�GDWD� LQ�VLPLODU ZD\� � WR� �RWKHU� �GDWD��

ZLWKRXW��WDNLQJ��VHFXULW\��PHDVXUHV��VXFK DV��HQFU\SWLRQ��RU��EOLQG� SURFHVVLQJ��

LQWR��FRQVLGHUDWLRQ�� >*DKL�����@� 7KLUG�� �ELJ��GDWD��FRPSXWDWLRQV��QHHG��WR� �EH��

SURWHFWHG��IURP PDOLFLRXV��DWWDFNV��LQ��RUGHU��WR��SUHVHUYH��WKH��LQWHJULW\��RI��WKH

H[WUDFWHG�UHVXOWV��,Q�WKH�UHDOP�RI�&36��DQ�HQRUPRXV�DPRXQW RI�GDWD�PDNH�WKH�

VXUYHLOODQFH� RI� VHFXULW\�UHODWHG� LQIRUPDWLRQ IRU� � DQRPDO\� � GHWHFWLRQ� � D��

FKDOOHQJLQJ��WDVN��IRU��DQDO\VWV���,Q KHDOWKFDUH��IRU�LQVWDQFH��WKH�VHFXULW\�LVVXHV�

RI� LQIRUPDWLRQ� H[WUDFWLRQ� IURP�PDVVLYH� DPRXQW� RI� GDWD� DQG�DFFXUDWH� DQDO\WLFV

DUH� RI� KLJK� LPSRUWDQFH� 6HQVLWLYH� GDWD� UHFRUGHG� LQ� GDWDEDVHV QHHG� WR� EH�

SURWHFWHG�YLD�PRQLWRULQJ�ZKLFK�DSSOLFDWLRQV�DQG XVHUV�JHW�DFFHVVHV�WR�WKH�GDWD�

>5DR� ����@�� ,Q� RUGHU� WR� JXDUDQWHH� D VWURQJ� VHFXUH� ELJ� GDWD� DQDO\WLFV�� WKH�

IROORZLQJ�WDVNV�FDQ�EH SHUIRUPHG�>0DKPRRG�����@�

ȩ 6XUYHLOODQFH�DQG�PRQLWRULQJ�RI�UHDO�WLPH�GDWD�VWUHDPV�

ȩ ,PSOHPHQWDWLRQ� � RI� � DGYDQFHG� � VHFXULW\� � FRQWUROV� � VXFK� � DGGLWLRQDO�

DXWKHQWLFDWLRQ�DQG�EORFNLQJ�VXVSLFLRXV�WUDQVDFWLRQV�

ȩ $QRPDO\�GHWHFWLRQ�LQ�EHKDYLRU��XVDJH��DFFHVV�DQG�QHWZRUN�WUDIILF�

ȩ 'HIHQGLQJ�WKH�V\VWHP DJDLQVW�PDOLFLRXV�DWWDFNV�LQ�UHDO WLPH�
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ȩ $GRSWLRQ� � RI� � YLVXDOL]DWLRQ� � WHFKQLTXHV� � WKDW� � JLYH� � D� � IXOO� RYHUYLHZ� � RI��

QHWZRUN��SUREOHPV��DQG��SURJUHVV��LQ��UHDO WLPH�

&RQFOXVLRQ

$V� D� UHVXOW� RI� XQSUHGLFWDEOH� JURZWK� RI� GDWD�� JHQHUDWHG� E\� PDQ\� VRXUFHV��

QRZDGD\V� WKH�DWWHQWLRQ�RI�WKH�PDQDJHUV��VFLHQWLVWV��DQDO\VWV��HWF��LV�PRUH�DQG�

PRUH�GLUHFWHG�WR�WKH�PHWKRGV�IRU�UHWULHYDO�DQG�DQDO\]LQJ�WKH�UHOHYDQW�DQG�XVHIXO�

LQIRUPDWLRQ�LQVWHDG�RI�GDWD�JDWKHULQJ�DQG�VWRUDJH��7KLV SDSHU�FRQVLGHUV�D�YHU\�

ODUJH�VXEMHFW�DUHD�UHODWHG�WR�WKH�SUREOHPV�FRQFHUQLQJ WKH�%LJ�'DWD�$QDO\WLFV IRU�

&\EHU�3K\VLFDO� 6\VWHPV� 7KH� DLP�RI� WKH� SUHVHQWHG� UHYLHZ� LV� WR� IRFXV� RQ� WKH�

PRVW� LPSRUWDQW� DVSHFWV� RI� WKLV� VXEMHFW� IURP� GLIIHUHQW� SRLQWV� RI� YLHZ�� 6RPH�

VROXWLRQV�RI�WKH�SUREOHPV�KDYH�EHHQ�SRLQWHG�RXW�DQG�GLVFXVVHG��,W�ZLOO�EH�XVHIXO�

IRU�IXWXUH�UHVHDUFK�DQG�PRUH�GHWDLOHG�DQDO\VHV�RI�WKH�SUREOHPV�

$FNQRZOHGJHPHQWV

7KLV SDSHU LV SDUWLDOO\ VXSSRUWHG E\ WKH 7DVN ����� RI WKH %XOJDULDQ 1DWLRQDO 6FLHQWLILF 3URJUDP
�,&7 LQ 6FLHQFH� (GXFDWLRQ DQG 6HFXULW\´� IXQGHG E\ WKH 0LQLVWU\ RI (GXFDWLRQ DQG 6FLHQFH
�0(6� �&RQWUDFW 0(6 '2,�����������������

%LEOLRJUDSK\

>$WDW�DW�DO�������@ $WDW�5��/LX�/��:X�-��DW�DO���%LJ�'DWD�0HHW�&\EHU�3K\VLFDO�

6\VWHPV��$�3DQRUDPLF�6XUYH\��'2,����������$&&(66�������������

KWWSV���ZZZ�UHVHDUFKJDWH�QHW�SXEOLFDWLRQ����������B%LJB'DWDB0HHWB&\EHU�

3K\VLFDOB6\VWHPVB$B3DQRUDPLFB6XUYH\ >DFFHVVHG�6HS��������@

>%H\HU�����@�%H\HU��0DUN� *DUWQHU�6D\V�6ROYLQJ�
%LJ�'DWD
�&KDOOHQJH�,QYROYHV�

0RUH�7KDQ�-XVW�0DQDJLQJ�9ROXPHV�RI�'DWD�*DUWQHU��$UFKLYHG IURP�WKH�RULJLQDO�

RQ����-XO\�������5HWULHYHG����-XO\������

>'H�0DXUR�����@�'H�0DXUR $QGUHD��*UHFR 0DUFR��*ULPDOGL 0LFKHOH��$�)RUPDO�

GHILQLWLRQ�RI�%LJ 'DWD�EDVHG�RQ�LWV�HVVHQWLDO�)HDWXUHV� /LEUDU\�5HYLHZ �������±

�����GRL���������/5��������������

>25$&/(� ����@�� $Q� (QWHUSULVH� $UFKLWHFW¶V� *XLGH� WR� %LJ� 'DWD�� 5HIHUHQFH�

$UFKLWHFWXUH� 2YHUYLHZ�� 25$&/(� (QWHUSULVH� $UFKLWHFWXUH� ZKLWH� SDSHU�� 0DUFK�
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������ KWWSV���ZZZ�RUDFOH�FRP�WHFKQHWZRUN�WRSLFV�HQWDUFK�DUWLFOHV�RHD�ELJ�GDWD�

JXLGH���������SGI

>3\QH�����@�3\QH�6���5DR�%�/�6��5DR��6�%���(GV���%LJ�'DWD�$QDO\WLFV��0HWKRGV�

DQG�$SSOLFDWLRQV��6SULQJHU������

KWWSV���ZZZ�VSULQJHU�FRP�XV�ERRN��������������

>6XQ�����@��6XQ�=K���:DQJ�3���$�0DWKHPDWLFDO� )RXQGDWLRQ� RI�%LJ�'DWD��1HZ�

0DWKHPDWLFV� DQG� 1DWXUDO� &RPSXWDWLRQ� ������ɪ� -XO\ ������ ������� '2,�� ���

�����6������������������

KWWSV���ZZZ�UHVHDUFKJDWH�QHW�SXEOLFDWLRQ����������B$B0DWKHPDWLFDOB)RXQGDW

LRQBRIB%LJB'DWD

>7VDL�&��DW�DO������@�&��:��7VDL��&��)��/DL��0��&��&KLDQJ��DQG�/��7��<DQJ��³'DWD�
PLQLQJ�IRU LQWHUQHW�RI�WKLQJV��$�VXUYH\�´�,(((�&RPPXQLFDWLRQV�6XUYH\V�
7XWRULDOV��YRO������QR�����SS����±����)LUVW�����

>.UDVND�����@�7��.UDVND��³)LQGLQJ�WKH�QHHGOH�LQ�WKH�ELJ�GDWD�V\VWHPV�KD\VWDFN�´�
,((( ,QWHUQHW�&RPSXWLQJ��YRO������QR�����SS����±����-DQ������

>'H:LWW ����@���'��-��'H:LWW�DQG�0��6WRQHEUDNHU��0DSUHGXFH��$�PDMRU�VWHS�
EDFNZDUGV� $FFHVVHG�RQ�-XO\�����������>2QOLQH@��
KWWS���GDWDEDVHFROXPQ�YHUWLFD�FRP�GDWDEDVH�LQQRYDWLRQ�PDSUHGXFH�D�PDMRU�
VWHS�EDFNZDUGV

>:DQJ� ����@�'���:DQJ��DQG��-���/LX���³2SWLPL]LQJ��ELJ��GDWD��SURFHVVLQJ��
SHUIRUPDQFH��LQ WKH�SXEOLF�FORXG��RSSRUWXQLWLHV�DQG�DSSURDFKHV�´�,(((�1HWZRUN��
YRO����� QR�����SS����±����6HSWHPEHU������

>$UPEUXVW DW�DO������@���0��$UPEUXVW��$��)R[��5��*ULIILWK��$��'��-RVHSK��5��.DW]��
$��.RQZLQVNL� *��/HH��'��3DWWHUVRQ��$��5DENLQ��,��6WRLFD��DQG�0��=DKDULD��³$�
YLHZ�RI FORXG�FRPSXWLQJ�´�&RPPXQ��$&0��YRO������QR�����SS����±����$SU�������
�2QOLQH���KWWS���GRL�DFP�RUJ������������������������

>7DQJ�����@ 6��7DQJ��%��6��/HH��DQG�%��+H��³7RZDUGV�HFRQRPLF�IDLUQHVV�IRU�
ELJ�GDWD SURFHVVLQJ�LQ�SD\�DV�\RX�JR�FORXG�FRPSXWLQJ�´�LQ�3URF�������,(((��WK
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&ORXG�&RPSXWLQJ�7HFKQRORJ\�DQG�6FLHQFH
�&ORXG&RP���'HF�������SS�����±���

>.RYDFKHYD������@�.RYDFKHYD�=O���1D\GHQRYD��,���.DOR\DQRYD��.���0DUNRY��.U���
%LJ�'DWD�0LQLQJ��,Q�'DWDEDVH�2UDFOH�'DWD�0LQLQJ�RYHU�+DGRRS��$,3�
&RQIHUHQFH�3URFHHGLQJV�RI�,&1$$0�������5KRGHV��*UHHFH������������
$PHULFDQ�,QVWLWXWH�RI�3K\VLFV��������,6%1��������������������,661������
���;��'2,������������������
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>)DQ������@�:��)DQ�DQG�$��%LIHW��³0LQLQJ�ELJ�GDWD��&XUUHQW�VWDWXV��DQG�IRUHFDVW�
WR WKH�IXWXUH�´�6,*.''�([SORU��1HZVO���YRO������QR�����SS���±���$SU�������
�2QOLQH���KWWS���GRL�DFP�RUJ������������������������

>=DGUR]Q\������@�3���=DGUR]Q\��DQG��5���.RGDOL���%LJ��GDWD��DQDO\WLFV��XVLQJ��
6SOXQN���'HULYLQJ RSHUDWLRQDO LQWHOOLJHQFH�IURP�VRFLDO�PHGLD��PDFKLQH�GDWD��
H[LVWLQJ�GDWD ZDUHKRXVHV��DQG�RWKHU�UHDO�WLPH�VWUHDPLQJ�VRXUFHV��$SUHVV������

>*DL�����@�.��*DL��0��4LX��DQG�+��=KDR��³6HFXULW\�DZDUH�HIILFLHQW�PDVV�
GLVWULEXWHG VWRUDJH�DSSURDFK�IRU�FORXG�V\VWHPV�LQ�ELJ�GDWD�´�LQ�3URF�������,(((�
�QG ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�%LJ�'DWD 6HFXULW\�RQ�&ORXG��%LJ'DWD6HFXULW\����
,(((��,QWHUQDWLRQDO��&RQIHUHQFH��RQ��+LJK��3HUIRUPDQFH��DQG��6PDUW
&RPSXWLQJ���+36&����DQG��,(((��,QWHUQDWLRQDO��&RQIHUHQFH��RQ��,QWHOOLJHQW
'DWD�DQG�6HFXULW\��,'6���$SULO�������SS�����±���

>.DQJ�����@�6���.DQJ���%���9HHUDYDOOL���DQG��.���0���0���$XQJ���³$��VHFXULW\�DZDUH��
GDWD SODFHPHQW��PHFKDQLVP��IRU��ELJ��GDWD��FORXG��VWRUDJH��V\VWHPV�´��LQ��3URF�
�����,(((��QG�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�%LJ�'DWD�6HFXULW\�RQ�&ORXG
�%LJ'DWD6HFXULW\���,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�+LJK�3HUIRUPDQFH
DQG�6PDUW�&RPSXWLQJ��+36&���DQG�,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ
,QWHOOLJHQW�'DWD�DQG�6HFXULW\��,'6���$SULO�������SS�����±���

>6HNDU�����@�.���6HNDU��DQG��0���3DGPDYDWKDPPD�� ³&RPSDUDWLYH��VWXG\��RI��
HQFU\SWLRQ DOJRULWKP�RYHU�ELJ�GDWD�LQ�FORXG�V\VWHPV�´�LQ�3URF��������UG�
,QWHUQDWLRQDO &RQIHUHQFH�RQ�&RPSXWLQJ�IRU�6XVWDLQDEOH�*OREDO�'HYHORSPHQW�
�,1',$�&RP���0DUFK�������SS������±����

>*DKL�����@���<��*DKL��0��*XHQQRXQ��DQG�+��7� 0RXIWDK��³%LJ�GDWD�DQDO\WLFV��
6HFXULW\ DQG�SULYDF\�FKDOOHQJHV�´�LQ������,(((�6\PSRVLXP�RQ�&RPSXWHUV�DQG
&RPPXQLFDWLRQ �,6&&���-XQH�������SS�����±���

>5DR�����@���6���5DR���6���1���6XPD���DQG��0���6XQLWKD���³6HFXULW\��VROXWLRQV��IRU��
ELJ��GDWD DQDO\WLFV�LQ�KHDOWKFDUH�´�LQ�$GYDQFHV�LQ�&RPSXWLQJ�DQG
FRPPXQLFDWLRQ (QJLQHHULQJ��,&$&&(��������6HFRQG�,QWHUQDWLRQDO�&RQIHUHQFH�
RQ��0D\ ������SS�����±���

>0DKPRRG�����@ 7���0DKPRRG��DQG��8���$I]DO���³6HFXULW\��DQDO\WLFV���%LJ��GDWD��
DQDO\WLFV��IRU F\EHUVHFXULW\��$�UHYLHZ�RI�WUHQGV��WHFKQLTXHV�DQG�WRROV�´�LQ�
,QIRUPDWLRQ $VVXUDQFH���1&,$�����������QG��1DWLRQDO��&RQIHUHQFH��RQ���'HF��
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