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&KDSWHU�2YHUYLHZ

,Q�WKLV�FKDSWHU�ZH�VKDOO�RIIHU�D�EULHI�RYHUYLHZ�RI�ELJ�GDWD�
FKDOOHQJHV� LQ� PHGLFDO� VRFLRORJLFDO� UHVHDUFK�� 2XU�
FRQWULEXWLRQ�ZLOO�UHIOHFW�RQ�WKH�VXEMHFW�RI�ELJ�GDWD�LQ�D�
JHQHUDO� FRQWH[W� DQG� WKH� ILHOG� RI� VRFLDO� VFLHQFHV� DQG�
PHGLFDO� VRFLRORJ\� LQ�SDUWLFXODU��:H� VKDOO� GLVFXVV� WKLV�
WLWOH� XQGHU� �� WKHPHV� ZLWK� WKH� IROORZLQJ� OHDUQLQJ�
REMHFWLYHV��H[SODLQ�ZKDW�ELJ�GDWD�LV�LQ�JHQHUDO�FRQWH[W�
LQFOXGLQJ�WKH�ILHOG�RI�VRFLDO�VFLHQFHV�DQG�VRFLRORJ\�RI�
KHDOWK�LQ�SDUWLFXODU��GHVFULEH�WKH�FRQFHSW�RI�ELJ�GDWD�DQG�
WKH�GHWHUPLQDQWV�RI�LWV�YDULRXV�DSSOLFDWLRQV��GHVFULEH�WKH�
DSSOLFDWLRQV�RI�ELJ�GDWD�LQ�VRFLDO�UHVHDUFK��GLVFXVV�LVVXHV�
UHODWHG� WR� ELJ GDWD� LQ� PHGLFDO� VRFLRORJ\�� RIIHU� DQ�
H[SODQDWLRQ�RI�KRZ�ELJ�GDWD�FDQ�EH�XVHG�WR�LPSURYH�WKH�
KHDOWK�UHVHDUFK�RXWFRPHV�

+HDOWK� VRFLRORJLVWV�
DUH� H[SDQGLQJ� WKHLU�
SHUVSHFWLYHV� EH\RQG�
ERUGHU� WKDQNV� WR� GDWD�
DQDO\WLFV�� 7KURXJK�
PHWLFXORXV�DQDO\VLV�RI�
FURVV�FXOWXUDO�GDWD��VR�
FLDO�KHDOWK�H[SHUWV�DUH�
JDLQLQJ� LQYDOXDEOH� LQ�
VLJKWV� LQWR� ZRUOGZLGH�
KHDOWK� GLVSDULWLHV� DQG�
VLPLODULWLHV�� 7KH\� DUH�
VWHSSLQJ� LQWR� WKH� IX�
WXUH�RI�KHDOWK�ZLWK�EHW�
WHU�NQRZOHGJH��
+HDOWK� H[SHUWV� DUH�

HPEUDFLQJ� WKH� WUDQV�
IRUPDWLYH� V\QHUJ\� RI�
%LJ� 'DWD� DQG� +HDOWK�
VRFLRORJLFDO� UHVHDUFK�
WR� HOHYDWH� PHGLFDO�
SUDFWLFHV�� GULYH�
JURXQGEUHDNLQJ� UH�
VHDUFK�� DQG� LQIOXHQFH�
JOREDO�KHDOWK�SROLFLHV�
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,QWURGXFWLRQ

7KH�YLWDO�DQG�HIIHFWLYH�WRRO�RI�UHVHDUFK�LV�DGYDQFLQJ�KXPDQNLQG��7KHUH�ZRXOG�
KDYH�EHHQ�YHU\�OLWWOH�DGYDQFHPHQW�ZLWKRXW�RUJDQL]HG�UHVHDUFK��6FLHQFH�KDV�EHHQ�
FUHGLWHG�ZLWK�DGYDQFLQJ�VRFLHW\��7KH�HYHU�LQFUHDVLQJ�VLJQLILFDQW�UHVHDUFK�LQ�WKH�
SK\VLFDO��ELRORJLFDO��VRFLDO��DQG�SV\FKRORJLFDO�ILHOGV�KDV�OHG�WR�WKH�GHYHORSPHQW�
RI�QHZ�SURGXFWV��IDFWV��FRQFHSWV��DQG�PHWKRGV�RI�GRLQJ�WKLQJV��'LD]�%RQH�HW�
DO���������*UD\���������5HVHDUFK�FDQ�OHDG�WR�WKH�GLVFRYHU\�RI�LQIRUPDWLRQ�WKDW�
LV� DFFXUDWH�� UHDO�� WUXH�� DQG� JHQXLQHO\� KHOSIXO�� $FFRUGLQJ� WR� 1DPDQML� DQG�
6VHN\HZD���������VWXGLHV�EHQHILW�ERWK�UHVHDUFKHUV�DQG�WKH�JHQHUDO�SXEOLF�EH�
FDXVH�WKH�GDWD�DQG�ILQGLQJV�DUH�WUXVWZRUWK\�DQG�VXSSRUWHG�E\�VFLHQFH��:LWK�VR�
OXWLRQV�LQ�SODFH��WKH�XQGHUO\LQJ�FDXVHV�RI�D�VRFLDO�LVVXH�FRXOG�EH�EHWWHU�XQGHU�
VWRRG��1HZ�ILQGLQJV�DQG�ZD\V�RI�WKLQNLQJ�LQ�VRFLDO�UHVHDUFK�NHHS�LW�UHOHYDQW�DV�
D�VRXUFH�RI�NQRZOHGJH��,W�HQOLJKWHQV�WKH�UHVHDUFKHU�DERXW�KLGGHQ�WUXWKV��GLVSHOV�
LJQRUDQFH��DQG�RIIHUV�IUHVK�JXLGDQFH�IRU�VRFLDO�LQWHUDFWLRQ��7KH�FKRLFH�RI�LQIRU�
PDWLRQ� VRXUFHV� IRU� D� VWXG\�GHSHQGV�RQ� WKH� UHVHDUFKHU
V� XQGHUVWDQGLQJ�RI� WKH�
NLQG�RI�LQIRUPDWLRQ�UHTXLUHG��6DOJDQLN��������

0RVW�LQIRUPDWLRQ�LV�PDGH�XS�RI�GDWD��ZKLFK�LV�D�JURXS�RI�IDFWV�WKDW�KDYH�EHHQ�
JLYHQ�FRQWH[W��7KH�GDWD�PLJKW�EH�XQSURFHVVHG�DQG�GLVRUJDQL]HG��'DWD�SRLQWV�DUH�
XQLTXH�DQG�RFFDVLRQDOO\�XQUHODWHG��$IWHU�EHLQJ�RUJDQL]HG�DQG�SURFHVVHG��GDWD�
EHFRPHV�LQIRUPDWLRQ��$�EURDG�SHUVSHFWLYH�RI�KRZ�HYHU\WKLQJ�ILWV� WRJHWKHU�LV�
SURYLGHG�ZLWK�WKLV�GDWD�WUDQVIRUPDWLRQ�LQWR�LQIRUPDWLRQ��DOORZLQJ�IRU�PHDQLQJ�
IXO�DSSOLFDWLRQ�IRU�GHYHORSPHQWDO�SXUSRVHV��7KH�QHFHVVLW\�RI�GDWD�LQ�KXPDQ�EH�
LQJV
�GDLO\�DFWLYLWLHV�LV�WKXV�GHPRQVWUDWHG�E\�WKLV �'L0DJJLR��������*DQGRPL�
DQG�+DLGHU���������7KH�LGHD�RI��%LJ�'DWD��KDV�HPHUJHG�DV�D�UHVXOW�RI�GHYHORS�
PHQWV� LQ� FRPSXWLQJ� WHFKQRORJ\�� /DUJH� DPRXQWV� RI� GDWD�� W\SLFDOO\� RQ� WKH�
SHWDE\WH�VFDOH��DUH�UHIHUUHG�WR�DV��ELJ�GDWD��LQ�VFLHQWLILF�HQGHDYRUV��(VFREDU�HW�
DO���������DQG�(GZDUGV��������

%LJ�GDWD�KDV�UHFHLYHG�D�ORW�RI�DWWHQWLRQ�IURP�DFDGHPLFV�DQG�SUDFWLWLRQHUV�DV�D�
YLWDO�HOHPHQW�RI�LQQRYDWLRQ��%DLJ�HW�DO���������:X�DQG�/LQ��������DQG�:ROIHUW�
HW�DO����������7KHUH�KDV�EHHQ�D�ORW�RI�UHVHDUFK�GRQH�WR�GDWH�WR�XQGHUVWDQG�KRZ�
ELJ�GDWD�LV�XVHG�LQ�YDULRXV�ILHOGV�IRU�D�YDULHW\�RI�JRDOV��=KHQJ�DQG�%HQGHU��������
6KDKDW��������<DQJ�DQG�'X��������:DVVDQ���������'HWHUPLQLQJ�KRZ�ELJ�GDWD�



���

LV�XVHG�LQ�WKH�ILHOG�RI�PHGLFDO�VRFLRORJ\�LV�WKH�JRDO�RI�WKH�FXUUHQW�HIIRUW��7KLV�LV�
EHFDXVH��DPRQJ�RWKHU�WKLQJV��PHGLFDO�VRFLRORJ\�FRQWULEXWHV�WR�RXU�XQGHUVWDQG�
LQJ�RI�KRZ�VRFLDO� IDFWRUV� DIIHFW� SHRSOH
V� KHDOWK��7KH� VWUXFWXUH� DQG� VRFLRHFR�
QRPLF�FRQWH[WV�RI�WKH�KHDOWK�FDUH�V\VWHP�FDQ�WKHUHIRUH�EH�HIIHFWLYHO\�H[DPLQHG�
XVLQJ�ODUJH�VHWV�RI�GLYHUVH�KHWHURJHQHRXV�GDWD��$SSO\LQJ�ELJ�GDWD�PHWKRGROR�
JLHV�WR�WKH�XQGHUVWDQGLQJ�RI�KRZ�FXOWXUDO�LQIOXHQFHV�DIIHFW�DWWLWXGHV�WRZDUG�LOO�
QHVV�DQG�ZHOOQHVV�ZLOO�EH�H[WUHPHO\�EHQHILFLDO�LQ�OLJKW�RI�WKLV�

%LJ�'DWD��8QLTXHQHVV�DQG�)HDWXUHV

7KH�GDWD�GHILQLWLRQ�XVHV�WKH�WHUP��%LJ�'DWD��WR�UHIHU�WR�GDWD�WKDW�LV�DW�OHDVW�RQH�
SHWDE\WH�LQ�VL]H��$FFRUGLQJ�WR�,VKZDUDSSD�DQG�$QXUDGKD���������ELJ�GDWD�LV�DOVR�
UHIHUUHG�WR�DV�KDYLQJ�ILYH�FKDUDFWHULVWLFV��YDULHW\��YROXPH��YDOXH��YHUDFLW\��DQG�
YHORFLW\��,Q�WKH�PRGHUQ�HUD��ZHE�EDVHG�H�FRPPHUFH�KDV�EHFRPH�ZLGHO\�SUHYD�
OHQW��EXVLQHVV�PRGHOV�EDVHG�RQ�ELJ�GDWD�KDYH�GHYHORSHG��DQG� WKH\�QRZ�YLHZ�
GDWD�DV�DQ�DVVHW�LQ�DQG�RI�LWVHOI��%LJ�'DWD�KDV�D�ZLGH�UDQJH�RI�DGYDQWDJHV��LQ�
FOXGLQJ�GHFUHDVHG�FRVWV��LPSURYHG�SURGXFWLYLW\��LQFUHDVHG�VDOHV��HWF��%LJ GDWD�
W\SLFDOO\�LQYROYHV�GDWD�VHWV�WKDW�DUH�WRR�ODUJH�RU�LQWULFDWH�IRU�XVH�ZLWK�FRQYHQ�
WLRQDO� GDWD�SURFHVVLQJ� VRIWZDUH� �5LDKL� DQG� 5LDKL�� ������:LOOLDPVRQ�� �������
'DWD�ZLWK�PRUH�ILHOGV��URZV��SURYLGH�PRUH�VWDWLVWLFDO�SRZHU��ZKHUHDV�GDWD�ZLWK�
PRUH�DWWULEXWHV��RU�FROXPQV��PD\�UHVXOW�LQ�D�KLJKHU�IDOVH�GLVFRYHU\�UDWH��*DR�HW�
DO���������*UD\��������

6WUXFWXUHG��8QVWUXFWXUHG�� DQG� 6HPL�6WUXFWXUHG�'DWD� DUH� WKH� WKUHH� FDWHJRULHV�
LQWR�ZKLFK�ELJ�GDWD� LV�FODVVLILHG��$OOHQ��������0LVKUD�DQG�0LVUD���������%LJ�
GDWD�WKDW�FDQ EH�SURFHVVHG��DFFHVVHG��DQG�VWRUHG�LQ�D�IL[HG�IRUPDW�LV�NQRZQ�DV�
�VWUXFWXUHG��GDWD��2YHU�WLPH��FRPSXWHU�VFLHQFH�WDOHQW�KDV�KDG�PRUH�VXFFHVV�FUH�
DWLQJ�PHWKRGV�IRU�KDQGOLQJ�WKLV�W\SH�RI�GDWD��ZKHUH�WKH�IRUPDW�LV�ZHOO�NQRZQ�LQ�
DGYDQFH��DQG�DOVR�H[WUDFWLQJ�YDOXH�IURP�LW��+RZHYHU��LQ�WKH�PRGHUQ�HUD��ZH�DUH�
DQWLFLSDWLQJ�SUREOHPV�DV�WKH�VL]H�RI�VXFK�GDWD�LQFUHDVHV�WR�HQRUPRXV�SURSRU�
WLRQV�� W\SLFDO� VL]HV�DUH�QRZ� LQ� WKH� UDQJH�RI�PXOWLSOH�]HWWDE\WHV� �3UDYHHQ�DQG�
&KDQGUD��������(EHUHQGX��������



���

%LJ�GDWD�WKDW�LV�XQVWUXFWXUHG�FRQVLVWV�RI�LQIRUPDWLRQ�WKDW�LV�HLWKHU�XQGHILQHG�LQ�
WHUPV�RI�IRUP�RU�VWUXFWXUH��0LVKUD�DQG�0LVKUD��������:LHULQJD���������8QVWUXF�
WXUHG�GDWD�LV�HQRUPRXV�LQ�VL]H�DQG�SUHVHQWV�D�QXPEHU�RI�SURFHVVLQJ�FKDOOHQJHV�
WKDW�PXVW�EH�RYHUFRPH�LQ�RUGHU�WR�H[WUDFW�YDOXH�IURP�LW��$�KHWHURJHQHRXV�GDWD�
VRXUFH�ZLWK�D�PL[�RI�VLPSOH� WH[W� ILOHV�� LPDJHV��YLGHRV��HWF�� LV�DQ�H[DPSOH�RI�
XQVWUXFWXUHG�GDWD�LQ�SUDFWLFH��2UJDQL]DWLRQV�WRGD\�KDYH�D�ZHDOWK�RI�GDWD�DW�WKHLU�
GLVSRVDO��EXW�VLQFH�WKLV�GDWD�LV�LQ�LWV�UDZ�RU�XQVWUXFWXUHG�IRUP��WKH\�DUH�XQDEOH�
WR�YDOXH�DGG�IURP�LW��.XPDU�HW�DO����������%RWK�W\SHV�RI�GDWD�DUH�FRPSDWLEOH�
ZLWK�VHPL�VWUXFWXUHG�GDWD��$OWKRXJK�VHPL�VWUXFWXUHG�GDWD�LV�QRW�GHILQHG��LW�FRXOG�
EH�FDWHJRUL]HG�DV�VWUXFWXUHG��7KHUHIRUH��ELJ�GDWD�FRXOG�EH�VXPPHG�XS�DV�HQRU�
PRXVO\�ODUJHU�GDWDVHWV��YROXPH���PRUH�GLYHUVLILHG��LQFOXGLQJ�VWUXFWXUHG��VHPL�
VWUXFWXUHG��DQG�XQVWUXFWXUHG��YDULHW\��GDWD��DQG�DUULYLQJ�IDVWHU��YHORFLW\��WKDQ�
EHIRUH��PDNLQJ�ZKDW�LV�NQRZQ�DV�WKH��9��%DQLN�DQG�%DQG\RSDGK\D\��������

$SSOLFDWLRQV�RI�%LJ�'DWD

7KURXJK�WKH�DQDO\VLV�RI�YDVW�DPRXQWV�RI�GDWD�DQG�WKH�GLVFRYHU\�RI�KLGGHQ�SDW�
WHUQV��ELJ�GDWD�DSSOLFDWLRQV�RIIHU�HQRUPRXV�EHQHILWV� WR� WKH�RUJDQL]DWLRQV� WKDW�
DGRSW� WKHP� IRU�EHWWHU�EXVLQHVV�GHFLVLRQV� �&DSSD�HW� DO��� ������+DVKHP�HW�DO���
�������7KHUHLQ��GDWD�VHWV�IURP�VRFLDO�PHGLD��VHQVRU�GDWD��ZHEVLWH�ORJV��FXVWRPHU�
UHYLHZV��DQG�RWKHU�VRXUFHV�PD\�EH�LQFOXGHG��%XVLQHVVHV�DUH�LQYHVWLQJ�D�ORW�RI�
PRQH\�LQ�ELJ�GDWD�DSSOLFDWLRQV�WR�ILQG�KLGGHQ�SDWWHUQV��XQGLVFRYHUHG�DVVRFLD�
WLRQV��PDUNHW�VW\OH��FRQVXPHU�SUHIHUHQFHV��DQG�RWKHU�LPSRUWDQW�EXVLQHVV�GDWD��
7KH�IROORZLQJ�LQGXVWULHV�PD\�EHQHILW�IURP�WKH�XVH�RI�ELJ�GDWD���D��KHDOWKFDUH��
�E��PHGLD�DQG�HQWHUWDLQPHQW���F��,QWHUQHW�RI�7KLQJV���G��PDQXIDFWXULQJ��DQG��H��
JRYHUQPHQW�

+HDOWK�FDUH� 7KDQNV�WR�WKH�XVH�RI�ELJ�GDWD�V\VWHPV��SHUVRQDOL]HG�PHGLFLQH�DQG�
SUHVFULSWLYH�DQDO\WLFV�KDYH�VLJQLILFDQWO\� LPSURYHG� WKH�VWDWH�RI�KHDOWKFDUH��7R�
GHWHUPLQH�WKH�EHVW�FRXUVH�RI�WUHDWPHQW�IRU�D�VSHFLILF�GLVHDVH��GUXJ�VLGH�HIIHFWV��
IXWXUH�KHDOWK�ULVNV��HWF���UHVHDUFKHUV�DQDO\]H�WKH�GDWD��'DWD�LV�H[SDQGLQJ�H[SR�
QHQWLDOO\�WKDQNV�WR�PRELOH�DSSOLFDWLRQV�IRU�ZHDUDEOHV�DQG�WKH�KHDOWK�VHFWRU��%\�
PDSSLQJ�KHDOWKFDUH�DQG�JHRJUDSKLF�GDWD��LW�LV�SRVVLEOH�WR�DQWLFLSDWH�WKH�VSUHDG�
RI�GLVHDVHV��:KHQ�DQ�RXWEUHDN�LV�DQWLFLSDWHG��LW�FDQ�EH�FRQWUROOHG�DQG�SODQV�IRU�
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HUDGLFDWLRQ�RI� WKH� LOOQHVV�FDQ�EH�PDGH� �+DOHHP�HW�DO��&KDQJZRQ�DQG�RWKHUV��
������������.DSODQ�HW�DO��+LOEHUW�DQG�/RSH]���������������

7KH�PHGLD�DQG�HQWHUWDLQPHQW�VHFWRUV�DUH�XVLQJ�QHZ�EXVLQHVV�PRGHOV�WR�SURGXFH��
PDUNHW��DQG�GLVWULEXWH�WKHLU�FRQWHQW��'XH�WR�FXVWRPHU�GHPDQGV��GLJLWDO�FRQWHQW�
FDQ�QRZ�EH�YLHZHG�DW�DQ\�WLPH�DQG�IURP�DQ\�ORFDWLRQ��1HZ�1HWIOL[�FKDQQHOV��
RQOLQH�79�SURJUDPV��HWF��LV�GHPRQVWUDWLQJ�WKDW�QHZ�FXVWRPHUV�DUH�LQWHUHVWHG�LQ�
DFFHVVLQJ� GDWD� IURP� DQ\ZKHUH�� LQ� DGGLWLRQ� WR�ZDWFKLQJ� 79��%\� DQWLFLSDWLQJ�
ZKDW�DXGLHQFHV�ZLOO�ILQG�LQWHUHVWLQJ��GHWHUPLQLQJ�KRZ�WR�WDUJHW�DGYHUWLVHPHQWV��
PRQHWL]LQJ�FRQWHQW��HWF���PHGLD�FRPSDQLHV�DUH�DEOH�WR�WDUJHW�VSHFLILF�DXGLHQFHV��
%\�H[DPLQLQJ�YLHZHU�EHKDYLRU��ELJ�GDWD�V\VWHPV�DUH�ERRVWLQJ�WKHVH�PHGLD�FRP�
SDQLHV
�HDUQLQJV��.DW\DO��������6DOHK�HW�DO���������
,QWHUQHW�RI�7KLQJV� (YHU\GD\��GHYLFHV�IURP�WKLV�QHWZRUN�VHQG�GDWD�WR�D�VHUYHU�
LQ�D�FRQWLQXRXV�VWUHDP��7KHVH�GDWD�DUH�H[WUDFWHG�WR�HQDEOH�GHYLFH�LQWHURSHUDELO�
LW\��1XPHURXV�EXVLQHVVHV�DQG�JRYHUQPHQW�RUJDQL]DWLRQV�FDQ�EHQHILW�IURP�XVLQJ�
WKLV�PDSSLQJ�WR�LPSURYH�WKHLU�FRPSHWHQFH��0LOOHU�DQG�0RUN��������0LQHOOL�HW�
DO���������

0DQXIDFWXULQJ� %\�UHGXFLQJ�PDFKLQH�GRZQWLPH��SUHGLFWLYH�PDQXIDFWXULQJ�FDQ�
KHOS�SURGXFH�PRUH�JRRGV�DQG�ERRVW�HIILFLHQF\��)RU�VXFK�LQGXVWULHV��D�VLJQLILFDQW�
DPRXQW�RI�GDWD�LV�LQYROYHG��7KH�H[SORUDWLRQ�RI�XVHIXO�LQIRUPDWLRQ�IRU�WKHVH�GDWD�
LV�GRQH�XVLQJ�VRSKLVWLFDWHG�IRUHFDVWLQJ�WRROV�WKDW�IROORZ�D�VWUXFWXUHG�SURFHVV��
6RPH�RI�WKH�NH\�EHQHILWV�RI�XVLQJ�ELJ�GDWD�DSSOLFDWLRQV�LQ�WKH�PDQXIDFWXULQJ�
VHFWRU�LQFOXGH WKH�IROORZLQJ���D��KLJK�SURGXFW�TXDOLW\���E�� WUDFNLQJ�IDXOWV���F��
VXSSO\�SODQQLQJ���G��SUHGLFWLQJ�WKH�RXWSXW���H��LQFUHDVLQJ�HQHUJ\�HIILFLHQF\���I��
WHVWLQJ�DQG�VLPXODWLQJ�QHZ�PDQXIDFWXULQJ�SURFHVVHV��DQG��J��ODUJH�VFDOH�FXV�
WRPL]DWLRQ� RI� PDQXIDFWXULQJ� �.LPEOH� DQG�0LOROLGDNLV�� ������0LQHOOL� HW� DO���
������

*RYHUQPHQW� 7KH�JRYHUQPHQW�FDQ�DFKLHYH�HIILFLHQFLHV�LQ�WHUPV�RI�FRVW��RXWSXW��
DQG�QRYHOW\�E\�LPSOHPHQWLQJ�ELJ�GDWD�V\VWHPV��6LQFH�WKH�VDPH�GDWD�VHW�LV�XWL�
OL]HG� E\� QXPHURXV� DSSOLFDWLRQV�� QXPHURXV� GHSDUWPHQWV� FDQ� FROODERUDWH�ZLWK�
RQH�DQRWKHU��%\�LQWHUYHQLQJ�LQ�HDFK�RI�WKHVH�DUHDV��WKH�JRYHUQPHQW�FRQWULEXWHV�
VLJQLILFDQWO\�WR�LQQRYDWLRQ��%LJ�GDWD�FDQ�EH�XVHG�LQ�HYHU\�LQGXVWU\��ZKLFK�LV�DOVR�
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LPSRUWDQW�WR�QRWH��$JULFXOWXUH��DYLDWLRQ��F\EHU�VHFXULW\�DQG�LQWHOOLJHQFH��FULPH�
SUHGLFWLRQ�DQG�SUHYHQWLRQ��H�FRPPHUFH��IDNH�QHZV�GHWHFWLRQ��IUDXG�GHWHFWLRQ��
SKDUPDFHXWLFDO� GUXJ� HYDOXDWLRQ�� VFLHQWLILF� UHVHDUFK��ZHDWKHU� IRUHFDVWLQJ�� DQG�
WD[�FRPSOLDQFH�DUH�MXVW�D�IHZ�RI�WKH�PDMRU�ILHOGV�ZKHUH�ELJ�GDWD�ILQGV�DSSOLFD�
WLRQV��%UD\QH��������%UHXU��������

%LJ�'DWD�DQG�WKH�'HWHUPLQDQWV�RI�LWV�9DULRXV�$SSOLFDWLRQV

%LJ�'DWD� FDQ�EH� FDWHJRUL]HG�XVLQJ� WKH� IRXU�9V��7KHVH�9V� VWDQG� IRU� WKH� IRXU�
GLPHQVLRQV� WKDW� LQFOXGH��9ROXPH��9HORFLW\��9DULHW\� DQG�9HUDFLW\� �$UXQ� DQG�
-DEDVKHHOD���������$FFRUGLQJ�WR�HVWLPDWHV������WULOOLRQ�JLJDE\WHV�RI�GDWD�DUH�SUR�
GXFHG�HYHU\�GD\��7KH�YROXPH�DQG�WKH�GHPDQG�IRU�QHZ�GDWDEDVH�PDQDJHPHQW�
V\VWHPV�DQG�,7�SHUVRQQHO�ERWK�FRQWLQXH�WR�LQFUHDVH�TXLFNO\��0LOOLRQV�RI�QHZ�
MREV�LQ�LQIRUPDWLRQ�WHFKQRORJ\�KDYH�EHHQ�FUHDWHG�DV�D�UHVXOW�RI�WKLV�YROXPH��DQG�
PRUH�DUH�H[SHFWHG�WR�EH�FUHDWHG�LQ�WKH�FRPLQJ�\HDUV�WR�NHHS�XS�ZLWK�WKH�H[SDQ�
VLRQ�RI�WKH�%LJ�'DWD�IORZ��'DWD�DUH�VWLOO�DYDLODEOH�LQ�UHDO�WLPH��ZKLFK�LV�D�UHVXOW�
RI�ERWK�WKH�SUHVHQFH�RI�%LJ�'DWD�DQG�WKH�VSHHG�RI�WKH�LQWHUQHW�LWVHOI �=DNLU�HW�DO���
�������0RUH�GDWD�FUHDWHG�UHTXLUHV�PRUH�PHWKRGV�WR�PRQLWRU�DOO�WKLV�GDWD��6RIW�
ZDUH�ZLWK�KLJK�YHORFLW\�KDV�HPHUJHG�DV�D�UHVXOW��JUHDWO\�DFFHOHUDWLQJ�WKH�UDWH�DW�
ZKLFK�GDWD�LV�JHQHUDWHG�DQG�SURFHVVHG��*UD\��������

7KH�YDULHW\�RI�GDWD�W\SHV�LV UHODWHG�WR�WKH�KLJK�VSHHG�DQG�VL]HDEOH�YROXPH��$IWHU�
DOO��VPDUW�,QIRUPDWLRQ�7HFKQRORJ\��,7��VROXWLRQV�DUH�DYDLODEOH�WRGD\�IRU�DOO�VHF�
WRUV��IURP�WKH�PHGLFDO�ZRUOG�WR�FRQVWUXFWLRQ�DQG�EXVLQHVV��&RQVLGHU��IRU�H[DP�
SOH�� WKH� HOHFWURQLF� SDWLHQW� UHFRUGV� LQ� KHDOWKFDUH� �$X�<RQJ�2OLYHLUD�� �������
ZKLFK�FRQWULEXWH� WR�PDQ\� WULOOLRQV�RI�JLJDE\WHV�RI�GDWD��$QG� WKDW¶V�QRW�HYHQ�
WDONLQJ�DERXW�WKH�YLGHRV�ZH�ZDWFK�RQ�<RXWXEH��WKH�SRVWV�ZH�VKDUH�RQ�)DFHERRN�
DQG�WKH�EORJ�DUWLFOHV�ZH�ZULWH��7KH�YROXPH�DQG�YDULHW\�ZLOO�RQO\�JURZ�RQFH�WKH�
LQWHUQHW�LV�ZLGHO\�DYDLODEOH�WKURXJKRXW�WKH�HQWLUH�SODQHW�LQ�WKH�IXWXUH�

%LJ�GDWD�HFRV\VWHPV
� DFFHVVLELOLW\�RSHQV�XS�D�ZLGH� UDQJH�RI�SRVVLELOLWLHV� IRU�
KLJK�HQG�VHUYLFHV��&DO]DGD��������(GZDUGV��������:DPED�HW�DO����������6\V�
WHPV�WKDW�DUH�WUDLQHG�E\�WKH�DYDLODELOLW\�RI�ELJ�GDWD�DUH�DOVR�D�SRVVLELOLW\�WKDQNV�
WR�WKH�HYROXWLRQ�RI�DUWLILFLDO�LQWHOOLJHQFH��PDFKLQH�OHDUQLQJ�WHFKQLTXHV��



���

%LJ�'DWD�$SSOLFDWLRQV�LQ�6RFLDO�5HVHDUFK

'LJLWDO�V\VWHPV�FRQWLQXH�WR�VHUYH�DV�D�PHGLXP�IRU�VRFLDO�OLIH��ZKLFK�WDNHV�SODFH�
LQ�PRUH�GLJLWDO�VHWWLQJV��'L0DJJLR�HW�DO����������%LJ�GDWD�UHSUHVHQWV� WKH�GDWD�
EHLQJ�JHQHUDWHG�E\�WKH�GLJLWL]DWLRQ�RI�VRFLDO�OLIH��ZKLFK�LQ�WKH�ZRUGV�RI�/D]HU�
DQG�5DGIRUG��������ZDV�EURNHQ�GRZQ�LQWR�WKUHH�GRPDLQV�VXFK�DV�GLJLWDO�OLIH��
GLJLWDO�WUDFHV��DQG GLJLWDOL]HG�OLIH��%LJ�'DWD�SURPLVHV�WR�UHYROXWLRQLVH�WKH�SUR�
GXFWLRQ�RI�NQRZOHGJH�ZLWKLQ� DQG�EH\RQG� VFLHQFH��E\� HQDEOLQJ�QRYHO�� KLJKO\�
HIILFLHQW�ZD\V�WR�SODQ��FRQGXFW��GLVVHPLQDWH�DQG�DVVHVV�UHVHDUFK��6FKRODUV�LQ�WKH�
ILHOGV�RI�VRFLDO�VFLHQFHV��VWDWLVWLFV��DQG�FRPSXWHU�VFLHQFH�DV�ZHOO�DV�WKH�ILHOG�RI�
GDWD�VFLHQFH�DUH�QRW�UHOHQWLQJ�RQ�XQLTXH�DSSURDFKHV�WR�DSSO\LQJ�PRGHUQ�VRFLDO�
VFLHQFH�UHVHDUFK�SULQFLSOHV�DQG�FXUUHQW�DQDO\WLFDO�DQG�FRPSXWDWLRQDO�WRROV��)RV�
WHU�HW�DO����������,Q�WKH�SDVW�IHZ�GHFDGHV��QHZ�PHWKRGV�IRU�SURGXFLQJ��VWRULQJ��
DQG�DQDO\]LQJ�GDWD�KDYH�EHHQ�GHYHORSHG��7KLV�KDV�OHG�WR�WKH�HPHUJHQFH�RI�WKH�
ILHOG�RI�GDWD� VFLHQFH��ZKLFK�FRPELQHV�FRPSXWDWLRQDO�� DOJRULWKPLF�� VWDWLVWLFDO��
DQG�PDWKHPDWLFDO�WHFKQLTXHV�LQ�RUGHU�WR�H[WUDSRODWH�NQRZOHGJH�IURP�ELJ�GDWD�
�.ORFKLNKLQ�DQG�%R\G�*UDEHU��������

$V�&RPSXWHU�6FLHQWLVWV�LQ�WKHLU�FUHDWLYLW\�FRQWLQXHV�WR�GRPLQDWH�WKH�ZRUOG�RI�
GDWD� VFLHQFH�� WKH\�KDYH� JHQHUDWHG�QHZ�ZD\V�RI� FUHDWLQJ�DQG� FROOHFWLQJ�GDWD��
7KH\�HTXDOO\�VXFFHHGHG�LQ�GHYHORSLQJ�QHZ�DQDO\WLFDO�DQG�VWDWLVWLFDO�WHFKQLTXHV�
DQG� SURYLGHG� QHZ�ZD\V� RI� YLVXDOL]LQJ� DQG� SUHVHQWLQJ� LQIRUPDWLRQ� �%LHPHU��
������)RVWHU�DQG�+HXV���������7KHVH�QHZ�VRXUFHV�RI�GDWD�DQG�WHFKQLTXHV�KDYH�
WKH�SRWHQWLDO�WR�WUDQVIRUP�WKH�ZD\�DSSOLHG�VRFLDO�VFLHQFH�LV�GRQH��,Q�WKH�UHFHQW�
OLWHUDWXUH RI�ELJ�GDWD�UHVHDUFK��DQ�LQFUHDVLQJ�VHFWLRQ�LV�GHGLFDWHG�WR�WKH�FDSDFLW\�
RI�ELJ�GDWD�WR�VXSSRUW�VRFLDO�VFLHQFHV�UHVHDUFK��/\WUDV�HW�DO�������D���7KHUH�LV�
WKH�DQWLFLSDWLRQ�WKDW�ELJ�GDWD�LV�SRWHQWLDOO\�D�VRFLDO�JRRG�WKDW�PXVW�EH�VHFXUHG�
DQG�EH�XVHG�IRU�WKH�WUDQVSDUHQF\�RI�VHUYLFHV��DQG�IRU�WKH�HYROXWLRQ�RI�D�XVHU�
FHQWULF� QHZ� FXOWXUH� IRU� VXVWDLQDEOH� FRPSXWLQJ�� ,Q� SDUDOOHO�� VHYHUDO� FRQFHUQV�
KDYH�EHHQ�GRFXPHQWHG��PRVWO\�UHODWHG�WR� WUXVW��SULYDF\�DQG�WKH�SURWHFWLRQ�RI�
SHUVRQDOLWLHV�LQ�WKH�QHZ�WHFKQRORJ\�GULYHQ�GRPDLQ�RI�VHUYLFHV�DQG�DSSOLFDWLRQV�
�/\WUDV�DQG�9LVYL]L��������/\WUDV�HW�DO�������E��



���

%LJ�GDWD�ZHUH�ILUVW�FUHDWHG�RQ�WKH�,QWHUQHW��7KH\�HQDEOH�EHKDYLRU�DQDO\VLV�ZLWK�
RXW�DIIHFWLQJ�LQGLYLGXDOV��:HEE�HW�DO����������7KLV�GHPRQVWUDWHV�KRZ�DGYDQFH�
PHQWV�LQ�GDWD�DQDO\VLV�DUH�PDGH�SRVVLEOH�E\�GLJLWDO�ZHE�SODWIRUPV��2QH�LQVWDQFH�
LV�WKH�LQIRUPDWLRQ�WKDW�XVHUV�YROXQWDULO\�XSORDG�WR�ZHEVLWHV��EORJV��DQG�VRFLDO�
PHGLD�SODWIRUPV��$FFRUGLQJ�WR�(VFREDU�HW�DO�������� WKHVH�DUH�SULPDULO\�LPDJHV�
DQG�YLGHRV�WKDW�DUH�IUHTXHQWO\�XQVWUXFWXUHG��7KH�,QWHUQHW�RI�WKLQJV�DQG�WUDQVDF�
WLRQDO� GDWD� DUH� WZR� DGGLWLRQDO� H[DPSOHV�� 7KH� XVH� RI� GLJLWDO� GHYLFHV�� VXFK� DV�
VPDUWSKRQHV��VFDQQHUV��WDEOHWV��FUHGLW�FDUGV��DQG�VKRSSLQJ�FDUGV�ZLWK�HPEHGGHG�
FKLSV��WR�FRQGXFW�WUDQVDFWLRQV�IDOOV�XQGHU�WKLV�FDWHJRU\��7KHVH�GHYLFHV�SURGXFH�
GDWD�ZLWK�VRPH�VWUXFWXUH��7KHVH�GDWD�LQFOXGH�WUDQVDFWLRQ�UHODWHG�PHWDGDWD��GDWH��
WLPH��GXUDWLRQ��RU�FRVWV���7KH�,QWHUQHW�RI�7KLQJV
��,R7��FRQQHFWHG�REMHFWV�W\SL�
FDOO\�SURGXFH�VWUXFWXUHG�GDWD�WKDW�FDQ�EH�DUUDQJHG�DQG�DQDO\]HG��VXFK DV�VHQVRUV�
IRU�KRPH�DXWRPDWLRQ��GULYLQJ�DVVLVWDQFH��DQG�KHDOWK�PRQLWRULQJ��0DUUHV��������

%LJ�'DWD�DQG�+HDOWK�6RFLRORJ\�5HVHDUFK

%LJ�GDWD�KDV�EHHQ�SRUWUD\HG�LQ�SURPRWLRQDO�DQG�SRVLWLYLVW�GLVFRXUVHV�DV�D�SKH�
QRPHQRQ�WKDW�IXQGDPHQWDOO\�DOWHUV�DOO�IDFHWV�RI�VRFLDO�DQG�SHUVRQDO�OLIH��DV�ZHOO�
DV�FRQYHQWLRQDO�ZD\V�RI�NQRZLQJ�WKH�ZRUOG��5LHGHU�DQG�6LPRQ���������7KHVH�
FKDQJHV�DUH�W\SLFDOO\�VXPPHG�XS�DURXQG�WKUHH�LGHDV��HVWDEOLVKLQJ�FRUUHODWLRQV�
FDQ�WDNH�WKH�SODFH�RI�ORRNLQJ�IRU�FDXVDOLW\��GDWD
V�VKHHU�YROXPH�GHWHUPLQHV�LWV�
KHXULVWLF�YDOXH��DQG�DJJUHJDWHG�GDWDVHWV�IURP�GLYHUVH�VRXUFHV�FDQ�EH�DQDO\]HG�
LQGHSHQGHQWO\�RI� WKH�FRQWH[WV� LQ�ZKLFK� WKH\�ZHUH�FUHDWHG��GLVVHPLQDWHG��DQG�
FRQVXPHG� �'L0DJJLR�� ������*DQGRPL� DQG�+DLGHU�� ������ 6KDZ�� ������� 7KH�
ORJLFDO�FRQFOXVLRQ�LV�WKDW�FRPSXWDWLRQDO�DSSURDFKHV�FDQ�EH�XVHG�WR�DQDO\]H�VR�
FLDO�DQG�FXOWXUDO�SURFHVVHV�DV�ZHOO�DV�KXPDQ�EHKDYLRU�EHFDXVH�GLJLWDO�GDWD�DERXW�
YDULRXV�IDFHWV�RI�KXPDQ�OLIH�DUH�UHDGLO\�DYDLODEOH��1HYHUWKHOHVV��GHVSLWH�WKH�IDFW�
WKDW�WKHVH�WHFKQLTXHV�DUH�UHJDUGHG�DV�EHLQJ�KLJKO\�HIIHFWLYH�LQ�VRPH�ILHOGV�RI�
VFLHQFH�DQG�EXVLQHVV��WKH\�DSSHDU�GLIILFXOW�LQ�VRFLDO�UHVHDUFK�DQG�PDQ\�ILHOGV�RI�
SUDFWLFH��5HVQ\DQVN\��������

2QH�RI�WKH�VRFLDO�VHFWRUV�ZKHUH�WKH�GLVUXSWLYH�WUDQVIRUPDWLRQ�DVVRFLDWHG�ZLWK�
WXUQLQJ�HYHU\�SUREOHP�LQWR GDWD� LV�PRVW�DGYDQFHG�DQG�DOUHDG\�SHUFHSWLEOH� LQ�



���

LQVWLWXWLRQV�DQG�SROLFLHV�DV�ZHOO�DV�GDLO\�URXWLQHV�LV�WKH�KHDOWK�VHFWRU��:H�WKHUH�
IRUH�XVH�WKH�ILHOG�RI�KHDOWK�DV�WKH�PDLQ�H[DPSOH�WKURXJKRXW�WKLV�DUWLFOH�WR�LOOXV�
WUDWH�WKH�FKDQJLQJ�DUUDQJHPHQWV�RI�DFWRUV��GDWD�LQIUDVWUXFWXUHV��VRFLDO�DQG�HFR�
QRPLF�YDORUL]DWLRQ�RI�GDWD��DQG�HSLVWHPLF�SUDFWLFHV��YDOXHV��DQG�RULHQWDWLRQV��
7KH�FKDOOHQJH�RI�GHWHUPLQLQJ�ZKDW�FRQVWLWXWHV��JRRG�GDWD��DQG�WKH�XQLYHUVDO�
SULQFLSOHV�WKDW�VHUYH�DV�WKH�IRXQGDWLRQ�IRU�GDWD�LV�RQH�WKDW�DIIHFWV�ERWK�WKH�VRFLDO�
VFLHQFHV�DQG�WKH�ILHOG�RI�KHDOWK��'LD]�%RQH�HW�DO���������

7KHUH�DUH�PDQ\�GDWDVHWV�LQ�KHDOWKFDUH��(YHQ�WKH�VPDOOHVW�KRVSLWDOV�FDSWXUH�D�ORW�
RI�;�UD\V��VFDQV��WHVW�UHFRUGV��HWF��+RVSLWDOV�FDQ�DQDO\]H�WKH�GDWD�DQG�SURGXFH�
YDOXDEOH�LQIRUPDWLRQ�LQ�D�QXPEHU�RI�XVHIXO�VFHQDULRV��'DWD�FDSWXULQJ�LV�QRW�DQ�
LVVXH�IRU�WKHP�DV�WKH\�JHW�UHDO�WLPH�SDWLHQW�GDWD��WHVW�UHVXOWV�ZKLOH�WKH�SDWLHQW�LV�
XQGHUJRLQJ�FDUH��DQG� LPSDFW�RI�PHGLFLQHV��7KHVH�FDQ�EH�FRPSDUHG� WR� LQIRU�
PDWLRQ�DERXW�WKH�SDWLHQW
V�VRFLDO��HQYLURQPHQWDO��DQG�HFRQRPLF�FLUFXPVWDQFHV��
2QH�H[DPSOH�RI�KRZ�KHDOWKFDUH�XVHV�WKLV�LV�UHDO�WLPH�GHYLFHV�WKDW�UHFRUG�SDWLHQW�
KHDOWK�SDUDPHWHUV�XVLQJ�D�ZHDUDEOH�GHYLFH�WKDW�UHFRUGV�LPSRUWDQW�KHDOWK�SDUDP�
HWHUV�OLNH�EORRG�VXJDU�OHYHOV��EORRG�SUHVVXUH��KHDUW�UDWH��HWF��IURP�WLPH�WR�WLPH�
DORQJ�ZLWK�WKH�ERG\�DFWLYLW\�DQG�HQYLURQPHQWDO�FRQGLWLRQV��L�H��ZHDWKHU�FRQGL�
WLRQV��7KLV�GDWD�LV�DXWRPDWLFDOO\�XSORDGHG�RQ�WKH�VHUYHUV�DQG�GRFWRUV�DW�UHPRWH�
ORFDWLRQV�FDQ�KHOS�WKH�SDWLHQW�ZLWK�PHGLFDWLRQ�ZLWKRXW�WKH�QHHG�WR�WUDYHO�WR�WKH�
KRVSLWDO��0XNKHUMHH�HW�DO��������

7KH�VDPH�GDWD�VHWV�FDQ�EH�HPSOR\HG�WR�DVFHUWDLQ�WKH�YDULRXV�GLVHDVHV�WKDW�SHRSOH�
PD\�RFFDVLRQDOO\�H[SHULHQFH�XQGHU�YDULRXV�HQYLURQPHQWDO�FLUFXPVWDQFHV��7KH�
VFRSH�FDQ�EH�H[SDQGHG�WR�SURGXFH�EHWWHU�UHVXOWV�E\�FRUUHODWLQJ�WKHVH�ZLWK�DGGL�
WLRQDO� GDWD� IURP�VRFLDO�PHGLD��+RVSLWDOV� FDQ�EHWWHU�XQGHUVWDQG� WKH�HIIHFWV�RI�
WKHLU�PHGLFDWLRQV�RQ�WKHLU�SDWLHQWV�DV�ZHOO�DV�FRPSDUDEOH�UHVXOWV�IURP�RWKHU�GRF�
WRUV�DQG�KRVSLWDOV�WR�PDNH�DQ�LQIRUPHG�GHFLVLRQ�RQ�WKH�QH[W�OHYHO�RI�PHGLFDWLRQ�
DQG�WUHDWPHQW��3UL\DQND�DQG�.XOHQQDYDU��������<RXVVHI��������,URMX�DQG�,NRQR��
�������,Q�RUGHU�WR�PDNH�DQ�LQIRUPHG�GHFLVLRQ��LW�LV�LPSRUWDQW�WR�JDWKHU�WKH�H[�
SHULHQFHV�RI�YDULRXV�KRVSLWDOV�DQG�GRFWRUV��,URMX�DQG�2ODOHNH��������5DJKXSDWKL�
DQG�5DJKXSDWKL�� �������7KLV� DGGV� D�PRUH� VFLHQWLILF�SHUVSHFWLYH� WR� WUHDWPHQW�
RYHU�DQG�DERYH�WKH�GRFWRU
V�H[SHULHQFH�
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&KDOOHQJHV�RI�XVLQJ�%LJ�'DWD�LQ�+HDOWK�5HVHDUFK

,Q� PHGLFDO� ILHOG�� GDWD� DQDO\VWV� JDWKHU� DQG� H[DPLQH� LQIRUPDWLRQ� IURP� PDQ\�
VRXUFHV�LQ�RUGHU�WR�JDLQ�LQVLJKWV�LQWR�SUHYDLOLQJ�KHDOWK�LVVXHV��(OHFWURQLF�SDWLHQW�
UHFRUGV�� FOLQLFDO� GHFLVLRQ� VXSSRUW� V\VWHPV��PHGLFDO� LPDJLQJ��GRFWRU
V�ZULWWHQ�
QRWHV�DQG�SUHVFULSWLRQV��SKDUPDFLHV�� ODERUDWRULHV��FOLQLFDO�GDWD��DQG�PDFKLQH�
JHQHUDWHG�VHQVRU�GDWD�DUH�DPRQJ�WKH�VHYHUDO�VRXUFHV �5DJKXSDWKL�DQG�5DJKXSD�
WKL�� �������&OLQLFDO�� SXEOLF�KHDOWK�� DQG� EHKDYLRXUDO� GDWD� DUH� XVHG� WR� FUHDWH� D�
PRUH�HIIHFWLYH�WUHDWPHQW�V\VWHP�WKDW�FDQ�VLPXOWDQHRXVO\�ORZHU�FRVWV�DQG�UDLVH�
WUHDWPHQW� TXDOLW\� �%URZQ� HW� DO� ������� 7KH� V\PSWRPV� RI� LQGLYLGXDO� SDWLHQWV�
ZHUH�H[DPLQHG�E\�WKH�5L]]ROL�2UWKRSHGLF�,QVWLWXWH�LQ�%RORJQD��,WDO\��WR�EHWWHU�
XQGHUVWDQG�WKH�FOLQLFDO�YDULDQFHV�ZLWKLQ�D�IDPLO\��7KLV�DVVLVWHG�LQ�ORZHULQJ�WKH�
QXPEHU�RI�KRVSLWDO�DGPLVVLRQV�DQG�LPDJLQJ�E\����SHUFHQW�DQG����SHUFHQW��UH�
VSHFWLYHO\��5DJKXSDWKL DQG�5DJKXSDWKL���������

*HWWLQJ�LQIRUPDWLRQ�IURP�RXWVLGH�VRXUFHV��OLNH�VRFLDO�PHGLD��DLGV�LQ�HDUO\�HSL�
GHPLF�GHWHFWLRQ�DQG�SUHYHQWDWLYH�PHDVXUHV��)ROORZLQJ�WKH�+DLWLDQ�HDUWKTXDNH�
LQ�-DQXDU\�������DQDO\VLV�RI�WZHHWV�DVVLVWHG�LQ�PRQLWRULQJ�WKH�GHYHORSPHQW�RI�
FKROHUD�LQ�WKH�DUHD��5DJKXSDWKL�DQG�5DJKXSDWKL���������7KH�VHQVRUV
�GDWD�DUH�
WUDFNHG� DQG� H[DPLQHG� IRU� VDIHW\� PRQLWRULQJ� DQG� DGYHUVLW\� HYHQW� SUHGLFWLRQ�
�0XNKHUMHH�HW�DO����������%ORXQW�HW�DO���������FUHDWHG�WKH�$UWHPLV�V\VWHP��ZKLFK�
WUDFNV�DQG�H[DPLQHV�SK\VLRORJLFDO�GDWD�IURP�VHQVRUV�LQ�LQWHQVLYH�FDUH�XQLWV�WR�
LGHQWLI\�WKH�EHJLQQLQJ�RI�PHGLFDO�LVVXHV��SDUWLFXODUO\�LQ�WKH�FDVH�RI�QHR�QDWDO�
FDUH��)UDXG�FDQ�EH�UHGXFHG�WKURXJK UHDO�WLPH�H[DPLQDWLRQ�RI�D�ODUJH�QXPEHU�RI�
FODLP UHTXHVWV�� ,Q� VSLWH� RI� WKLV�� FHUWDLQ FKDOOHQJHV� DUH� QRWHG� DV� VHUYLQJ� FRQ�
VWUDLQWV�RQ�ELJ�GDWD��7KHVH�FKDOOHQJHV�KDYH�WKH�FDSDELOLW\�RI�DIIHFWLQJ�WKH�JHQ�
HUDO�RXWFRPH�RI�ELJ�GDWD�DQDO\VLV��7KH�YDULRXV�ZD\V�E\�ZKLFK�WKHVH�FKDOOHQJHV�
PDQLIHVW�DUH�DV�GLVFXVVHG�EHORZ�

/DFN�RI�DGHTXDWH�SURIHVVLRQDOV�ZLWK�WKH�QHFHVVDU\�NQRZOHGJH� ,W�WDNHV�VNLOOHG�
GDWD�SURIHVVLRQDOV� WR�HIIHFWLYHO\�KDQGOH�FRQWHPSRUDU\� WHFKQRORJLHV�DQG� ODUJH�
GDWD�WRROV�LQ�RUGHU�WR�SURGXFH�WKH�GHVLUHG�UHVXOWV��7R�ZRUN�ZLWK�WKH�WRROV�DQG�
PDNH�VHQVH�RI�HQRUPRXV�GDWD�VHWV��SURIHVVLRQDOV�VXFK�DV�GDWD�VFLHQWLVWV��GDWD�
DQDO\VWV��DQG�GDWD�HQJLQHHUV�DUH�UHTXLUHG��'HVSLWH�SOD\LQJ�D�FUXFLDO�UROH�LQ�WKLV�
WDVN��WKH\�ODFN�D�VXIILFLHQW�QXPEHU�RI�SHRSOH��7KLV�IUHTXHQWO\�RFFXUV�DV�D�UHVXOW�
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RI� WKH�UDSLG�HYROXWLRQ�RI�GDWD�KDQGOLQJ� WRROV��7KLV� LPSOLHV� WKDW� WKHUH�PD\�EH�
WLPHV�ZKHQ�\RX�PXVW�LPSURYLVH��:KHQ�WKLV�LV�WKH�FDVH��HVSHFLDOO\�LQ�PHGLFDO�
UHVHDUFK��WKH�UHVXOWV�PD\�QRW�DFFXUDWHO\�UHYHDO�WKH�FXUUHQW�VWDWH�RI�KHDOWK�DQG�
PD\� WKHQ� SUHVHQW� LQDFFXUDWH� SURMHFWLRQV� DQG� SUHGLFWLRQV� �(VWUDGD� DQG 5XL]��
������-LQ�HW DO���������

/DFN�RI�DGHTXDWH�XQGHUVWDQGLQJ�RI�%LJ�'DWD� 1RW�DOO�SHRSOH�ZRUNLQJ�ZLWK�ELJ�
GDWD�GR�VR�ZLWK�VXIILFLHQW�XQGHUVWDQGLQJ��(PSOR\HHV�PLJKW�QRW�EH�DZDUH�RI�WKH�
VWRUDJH��SURFHVVLQJ��VLJQLILFDQFH��DQG�VRXUFHV�RI�FHUWDLQ�W\SHV�RI�GDWD��IRU�LQ�
VWDQFH��'DWD�H[SHUWV�PLJKW�XQGHUVWDQG�ZKDW�LV�JRLQJ�RQ�ZKLOH�RWKHUV�PD\�QRW�
KDYH� D� FOHDU� SLFWXUH�� 7KH� HPSOR\HHV� ZKR� GRQ
W� UHFRJQL]H� WKH� YDOXH� RI�
NQRZOHGJH�VWRUDJH�PLJKW�QRW�EH�DEOH�WR�PDLQWDLQ�WKH�EDFNXS�RI�VHQVLWLYH�GDWD��
7KH\�PLJKW�QRW�XVH�GDWDEDVHV�IRU�VWRUDJH�LQ�WKH�ULJKW�ZD\��$V�D�UHVXOW��ZKHQ�WKLV�
FUXFLDO�LQIRUPDWLRQ�LV�QHHGHG��LW�LV�GLIILFXOW�WR�UHWULHYH��%KDGDQL�DQG�-RWKLPDQL��
������'DQLHO��������

'DWD�JURZWK�LVVXHV� 3URSHUO\�VWRULQJ�WKHVH�HQRUPRXV�VHWV�RI�GDWD�LV�RQH�RI�WKH�
PRVW�XUJHQW�SUREOHPV�ZLWK�ELJ�GDWD��'DWD�FHQWHUV�DQG�FRUSRUDWH�GDWDEDVHV�DUH�
VWRULQJ�DQ�HYHU�JURZLQJ�DPRXQW�RI�NQRZOHGJH��,W�EHFRPHV�GLIILFXOW�WR�PDQDJH�
DV�WKHVH�GDWD�VHWV�JURZ�H[SRQHQWLDOO\�RYHU�WLPH��'RFXPHQWV��YLGHRV��DXGLR��WH[W�
ILOHV��DQG�RWKHU�VRXUFHV�SURYLGH�WKH�PDMRULW\�RI�WKH�XQVWUXFWXUHG�LQIRUPDWLRQ��
$FFRUGLQJ�WR��'L0DJJLR��������.DOUD HW�DO��������� WKLV�LQGLFDWHV�WKDW�\RX�FDQ�
QRW�ILQG�WKHP�LQ�WKH�GDWDEDVH��

&RQIXVLRQ�ZLWK�%LJ�'DWD�WRRO�VHOHFWLRQ� -XVW�OLNH�DQ\�W\SH�RI�JURZLQJ�WHFKQRO�
RJ\�� WKH�PDUNHW� IRU�ELJ�GDWD�DQDO\WLFV�KDV� VR�PDQ\�RSWLRQV� WKDW�XVHUV� ILQG� LW�
FRQIXVLQJ�WR�VHWWOH�IRU�RQH�RU�D�IHZ�WKDW�WKH\�QHHG��:LWK�WRR�PDQ\�FKRLFHV��LW�
FDQ�EH�FKDOOHQJLQJ�WR�LGHQWLI\�WKH�H[DFW�ELJ�GDWD�WHFKQRORJLHV�WKDW�DUH�LQ� OLQH�
ZLWK�WKH�VWDWHG�UHVHDUFK�JRDOV��7KLV�PLVWDNH�KDSSHQV�HYHQ�WR�LQGLYLGXDOV�DQG�
PDQ\�EXVLQHVVHV�WKDW�DUH�UHODWLYHO\�ZHOO�JURXQGHG�RQ�GDWD�DGPLQLVWUDWLRQ��7KXV��
GDWD�VFLHQWLVWV�XVH�PDQ\�VWUDWHJLHV�DQG�PHWKRGV�WR�FROOHFW��VDIHJXDUG��DQDO\]H��
DQG�LQWHUSUHW�GDWD��+HQFH��WKHUH�LVQ¶W�D�RQH�VL]H�ILWV�DOO�DSSURDFK��&KHXQJ�DQG�
-DN��������$O�-DUUDK�HW�DO����������7KH�PDUNHW�IRU�ELJ�GDWD�DQDO\WLFV�KDV�VR�PDQ\�
RSWLRQV�WKDW�XVHUV�ILQG�LW�GLIILFXOW� WR�FKRRVH�MXVW�RQH�RU�D�IHZ�WKDW� WKH\�QHHG��
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VLPLODU�WR�KRZ�XVHUV�ILQG�LW�GLIILFXOW�WR�FKRRVH�D�WRRO�IRU�DQ\�RWKHU�W\SH�RI�JURZ�
LQJ�WHFKQRORJ\��,W�FDQ�EH�GLIILFXOW�WR�SLQSRLQW�WKH�SUHFLVH�ELJ�GDWD�WHFKQRORJLHV�
WKDW�DUH�LQ�OLQH�ZLWK�WKH�VWDWHG�UHVHDUFK�JRDOV�ZKHQ�WKHUH�DUH�WRR�PDQ\�RSWLRQV��
(YHQ�WKRVH�ZKR�DUH�UHDVRQDEO\�NQRZOHGJHDEOH�DERXW�GDWD�LVVXHV�FDQ�H[SHULHQFH�
WKLV�FRQIXVLRQ��&KHXQJ�DQG�-DN�������$O�-DUUDK�HW�DO���������

'DWD�6HFXULW\�DQG�,QWHJULW\��%LJ�GDWD�DOVR�IDFHV�LVVXHV�ZLWK�GDWD�VHFXULW\�DQG�
LQWHJULW\��2QH�RI�WKH�FKDOOHQJLQJ�LVVXHV�ZLWK�PDVVLYH�GDWD�LV�VHFXULQJ�HQRUPRXV�
ERGLHV�RI�NQRZOHGJH��'DWD�KDQGOHUV�IUHTXHQWO\�SODFH�WKH�JUHDWHVW�HPSKDVLV�RQ�
WKH�QHHG�WR�FRPSUHKHQG��VWRUH��DQG�DQDO\]H�WKH�GDWD�VHWV��'DWD�VHFXULW\�LV�DOZD\V�
SXVKHG�WR�ODWHU�VWDJHV��7KH�DEXQGDQFH�RI�FKDQQHOV�DQG�QRGHV�WKDW�FRQQHFW� WR�
RQH�DQRWKHU�PDNHV�LW�PRUH�OLNHO\�WKDW�KDFNHUV�ZLOO�H[SORLW�DQ\�V\VWHP�ZHDN�
QHVVHV��7KH�PRUH�LPSRUWDQW�WKH�GDWD�LV��WKH�PRUH�OLNHO\�LW�LV�WKDW�D�VPDOO�HUURU�
ZLOO�UHVXOW�LQ�VLJQLILFDQW�ORVVHV��$O�-DUUDK�HW�DO���������&KDQJZRQ�HW�DO���������

$FFXUDF\�DQG�'DWD�*RYHUQDQFH� +DQGOLQJ�GDWD� IURP�QXPHURXV� VRXUFHV� LV� D�
UHTXLUHPHQW�RI�ELJ�GDWD��0RVW�RI�WKHVH�VRXUFHV�PDNH�XVH�RI�GLVWLQFWLYH�IRUPDWV�
DQG�VSHFLDO�GDWD�FROOHFWLRQ�WHFKQLTXHV��$V�D�UHVXOW��LW�LV�FRPPRQ�WR�ILQG�LQFRQ�
VLVWHQFLHV�LQ�GDWD�HYHQ�ZKHQ�WKH�YDULDEOHV
�YDOXHV�DUH�VLPLODU��DQG�PDNLQJ�DG�
MXVWPHQWV�LV�YHU\�GLIILFXOW��,W�LV�XQFOHDU�KRZ�DFFXUDWH�ELJ�GDWD�LV��,W
V�QHYHU�HQ�
WLUHO\�DFFXUDWH��'DWD�PD\�EH�FRQWDPLQDWHG�GXULQJ�WKLV�SURFHVV�ZLWK�GXSOLFDWHV�
DQG� FRQWUDGLFWLRQV� LQ� DGGLWLRQ� WR� LQDFFXUDWH� LQIRUPDWLRQ�� 7KLV� LV� GRQH�ZKLOH�
NHHSLQJ�LQ�PLQG�WKDW�ORZ�TXDOLW\�GDWD�LV�XQOLNHO\�WR�SURYLGH�DQ\�LQVLJKWIXO�LQ�
IRUPDWLRQ�RU�DVVLVW�LQ�SLQSRLQWLQJ�RSSRUWXQLWLHV�IRU�KDQGOLQJ�PHGLFDO�UHVHDUFK�
WDVNV��&KDQJZRQ�HW�DO���������.DOUD�HW�DO���������

'DWD�LQWHJUDWLRQ� 'DWD�LQWHJUDWLRQ�LV�WKH�SURFHVV�RI�FRPELQLQJ�GDWD�IURP�YDUL�
RXV�VRXUFHV�LQWR�D�VLQJOH��DFFXUDWH�YHUVLRQ�RI�WKH�WUXWK�WKDW�LV�DFFHVVLEOH�WR�DOO�
RUJDQL]DWLRQ�PHPEHUV��'HDOLQJ�ZLWK�ELJ�GDWD�WKDW�FRPHV�IURP�QXPHURXV�GLIIHU�
HQW�VRIWZDUH�DQG�KDUGZDUH�SODWIRUPV�DQG�WDNHV�RQ�DOO�SRVVLEOH�IRUPV�LV�W\SLFDOO\�
YHU\�GLIILFXOW�IRU�WKH�LQIRUPDWLRQ�WHFKQRORJ\��,7��WHDP��,Q�DQ�HIIRUW�WR�VLPSOLI\�
WKHLU�,7�LQIUDVWUXFWXUH�DQG�DFKLHYH�VLPSOH�GDWD�KDQGOLQJ�DQG�ELJ�GDWD�SURFHVV�
IORZV��RUJDQL]DWLRQV�ILQG�LW�FKDOOHQJLQJ�GXH�WR�WKH�SUHYDOHQFH�RI�QXPHURXV�DQG�
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GLVWLQFWLYH�GDWD�SURFHVVLQJ�SODWIRUPV��7KH�,7�GHSDUWPHQWV�YLHZ�WKLV�DV�D�VLJQLI�
LFDQW�FKDOOHQJH��)RU�WKRVH�ZKR�DUH�XVLQJ�WKH�SURFHVV��OLNH�WKRVH�LQ�WKH�PHGLFDO�
ILHOG��WR�DGYDQFH�WKHLU�RZQ�SURIHVVLRQ��WKH�FKDOOHQJLQJ�VLWXDWLRQ�PD\�QRW�ERGH�
ZHOO��7KLV�XOWLPDWHO\�KDV�WKH�HIIHFW�RI�PDNLQJ�LW�GLIILFXOW�WR�SURPRWH�WKH�NLQG�RI�
EHKDYLRUDO�FKDQJH�WKDW�LV�H[SHFWHG�LQ�WKH�ILHOG�RI�PHGLFDO�VRFLRORJ\��%KDGDQL�
DQG�-RWKLPDQL��������'DQLHO��������-RWKLPDQL�HW�DO����������

%LJ�'DWD�+DQGOLQJ�&RVWV� )URP�WKH�PRPHQW�ELJ�GDWD�LV�DGRSWHG��WKHUH�DUH�VLJ�
QLILFDQW�FRVWV�DVVRFLDWHG�ZLWK�PDQDJLQJ�LW��,I�\RX GHFLGH�WR�XVH�DQ�RQ�SUHPLVHV�
VROXWLRQ��IRU�LQVWDQFH��\RX�ZLOO�KDYH�WR�SD\�IRU�QHZ�KDUGZDUH��HOHFWULFLW\��QHZ�
KLUHV�OLNH�GHYHORSHUV�DQG�DGPLQLVWUDWRUV��DV�ZHOO�DV�RWKHU�FRVWV��$OWKRXJK�WKH�
UHTXLUHG�IUDPHZRUNV�DUH�RSHQ�VRXUFH��WKLV�ZLOO�DOVR�QHFHVVLWDWH�SD\LQJ�WKH�FRVWV�
DVVRFLDWHG�ZLWK�FUHDWLQJ��LQVWDOOLQJ��FRQILJXULQJ��DQG�PDLQWDLQLQJ�QHZ�VRIWZDUH�
�/L�DQG�/X��������.DLVOHU�HW�DO����������,Q�FDVHV�ZKHUH�D�FORXG�EDVHG�VROXWLRQ�LV�
FKRVHQ��FRVWV�ZLOO�EH�LQFXUUHG�IRU�WKLQJV�OLNH�KLULQJ�QHZ�HPSOR\HHV��GHYHORSHUV�
DQG�DGPLQLVWUDWRUV��� FORXG�VHUYLFHV��GHYHORSPHQW�� DQG�FRYHULQJ� WKH�H[SHQVHV�
UHODWHG�WR�WKH�FUHDWLRQ��LQVWDOODWLRQ��DQG�XSNHHS�RI�WKH�QHFHVVDU\�IUDPHZRUNV��,Q�
WKH�HQG��WKH�GDWD�PD\�EHFRPH�VR�ODUJH�WKDW�WKHUH�LV�QR�PRUH�URRP�IRU�H[SDQVLRQ��
QHFHVVLWDWLQJ� XQIRUHVHHQ� FRVWV� WR� KDQGOH� WKH� VLWXDWLRQ� �6DEKDUZDO� DQG�0LDK��
������-LQ�HW�DO���������DQG�*DOEUDLWK��������

3UREOHPV�RI�%LJ�'DWD�LQ�0HGLFDO�6RFLRORJ\�5HVHDUFK

0HGLFDO�VRFLRORJ\�LV�FRQFHUQHG�ZLWK�KRZ�VRFLHW\��VRFLDO�VWUXFWXUHV��DQG�SRSX�
ODWLRQ� KHDOWK� DUH� UHODWHG�� (PSKDVL]LQJ� WKH� LQWHUDFWLRQV� EHWZHHQ� SDWLHQWV� DQG�
GRFWRUV�ZLWKLQ�D�KHDOWKFDUH�V\VWHP�RU�RUJDQL]DWLRQ�LV�EHQHILFLDO��6WHYH���������
,W�GHPRQVWUDWHV�KRZ�PHPEHUV�RI�D�VRFLHW\�YLHZ�WKH�FRQFHSWV�RI�KHDOWK�DQG�KHDO�
LQJ��7KH�H[SHUWV�LQ�WKLV�ILHOG�KHOS�SHRSOH�VHH�WKH�KHDOWKFDUH�V\VWHP�DV�D�FRPSR�
QHQW�RI�VRFLHW\�DQG�ZRUN�WR�LPSURYH�LW�RQ�DOO�IURQWV��3URIHVVLRQDOV�LQ�WKLV�ILHOG�
RI�VRFLDO�HQGHDYRUV�DUH�IUHTXHQWO\�LQWHUHVWHG�LQ�VRFLDO�HQYLURQPHQWV�DQG�KRZ�
WKH\�DIIHFW�KXPDQ�KHDOWK���+DIIHUW\�DQG�&DVWHOODQL�������� 7KH\�XVH�WKHRUHWLFDO�
PRGHOV�DV�WRROV�WR�LGHQWLI\�WKH�FRPSRQHQWV�RI�WKH�FRPSOH[�VRFLDO�UHDOLW\�WKDW�DUH�
LQ�FKDUJH�RI�HLWKHU�LQFUHDVLQJ�RU�GHFUHDVLQJ�WKH�KHDOWK�ULVNV�LQ�FRPPXQLWLHV�
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,Q�RUGHU�WR�H[DPLQH�DQG�LQWHUSUHW�WKHLU�IRXU�PDLQ�DUHDV�RI�LQWHUHVW��D��WKH�VRFLDO�
FRQVWUXFWLRQ�RI�KHDOWK�DQG�LOOQHVV���E��WKH�VRFLDO�SURGXFWLRQ�RI�KHDOWK�DQG�LOOQHVV��
�F��WKH�VWXG\�RI�KHDOWKFDUH�V\VWHPV�DQG�IDFLOLWLHV��DQG��G��WKH�SRVWPRGHUQ�SHU�
VSHFWLYH�RQ�KHDOWK�DQG� LOOQHVV�� WKH\� UHO\�RQ�GDWD� IURP� WKH�VWXG\�SDUWLFLSDQWV��
6LPLODU�WR�RWKHU�VRFLDO�VFLHQWLVWV��PHGLFDO�VRFLRORJLVWV�YDOXH�WKH�XVH�RI�ELJ�GDWD�
LQ�WKHLU�UHVHDUFK��+DIIHUW\�DQG�&DVWHOODQL���������+RZHYHU��GDWD�IUHTXHQWO\�UH�
GXFHV�WKH�VXEMHFW��WKH�FRQWH[W�RI�WKH�LQIRUPDWLRQ��WR�DQ�REMHFW�DQG�FRPPHUFLDO�
L]HV�SHUVRQDO�NQRZOHGJH��:KHQ�GDWD�LV�YLHZHG�DV�DQ�REMHFW��WKH�VXEMHFWLYH��FRQ�
WH[WXDO��UHODWLRQDO��DQG�VLWXDWLRQDO�HOHPHQWV� WKDW�JR�LQWR�LWV�FUHDWLRQ��PDQDJH�
PHQW��XVH��DQG�LQWHUSUHWDWLRQ�DUH�GLVUHJDUGHG��6DOHK�HW�DO����������

7KH�LGHD�RI�UHOLDELOLW\�LV�FORVHO\�UHODWHG�WR�WKH�LVVXH�RI�WUXWKIXOQHVV�EHFDXVH�ELJ�
GDWD�LV�SULPDULO\�GHULYHG�IURP�WKH�IROORZLQJ�WZR�PDMRU�FKDQQHOV���D��6HOI�SUR�
GXFWLRQ�DVVRFLDWHG�ZLWK�RQOLQH�PRYHPHQWV�GXH�WR�WKH�WUDFHDELOLW\�SURYLGHG�E\�
GLJLWDO�WHFKQRORJ\��ZKLFK�DOORZV�HYHU\�DFWLRQ��FRQVXPSWLRQ��EX\LQJ��DQG�VHH�
LQJ��WR�OHDYH�GLVWLQFWO\�GLVWLQFW�WUDFHV��*UD\����������E��7KH�SURSHQVLW\�WR�VKDUH�
SHUVRQDO�LQIRUPDWLRQ�WKURXJK�DFFHVV�WR�ERWK�SXEOLF�DQG�SULYDWH�VLWHV�DQG�RU�UH�
VRXUFHV��ZKHWKHU�YROXQWDULO\�RU�LQYROXQWDULO\��VXFK�DV�FRRNLHV��SULYDF\�PDQDJH�
PHQW��OLNHV��HWF����'XH�WR�WKH�LQFUHDVLQJO\�VXEWOH��SHUYDVLYH��DQG�XELTXLWRXV�QD�
WXUH�RI�WKH�GLJLWDO�SUHVHQFH��SHRSOH�KDUGO\�UHDOL]H�KRZ�SHUYDVLYH�GLJLWDO�WHFK�
QRORJ\�LV�LQ�WKHLU�GDLO\�DFWLYLWLHV�

$QRWKHU�DVSHFW� WKDW� LV�GLUHFWO\� UHODWHG� WR� WKH� LVVXH�RI�GDWD� DXWKHQWLFLW\� LV� WKH�
UDQGRPQHVV�ZLWK�ZKLFK�SHUVRQDO�LQIRUPDWLRQ�LV�GLVFORVHG��(YHQ�ZLWK�WKH�YRO�
XQWDU\� GLVFORVXUH�RI� LQIRUPDWLRQ� WDNHQ� LQWR� DFFRXQW� �DV� LQ� WKH� FDVH�RI� VRFLDO�
PHGLD�VLWHV�OLNH�)DFHERRN��,QVWDJUDP��HWF����WKLV�LV�VWLOO�HDVLO\�IDOVLILDEOH���,W�LV�
REYLRXV�WKDW�WKH�LQIRUPDWLRQ�LV�ILOWHUHG�DFFRUGLQJ�WR�ZKDW�WKH�SHUVRQ�ZDQWV�WR�
VD\�DQG�VKRZ�DW� WKH�PRPHQW�� L�H�� WKH�SRUWUD\DO�RI� WKHLU� LGHDO�VHOYHV��$QRWKHU�
HVVHQWLDO�HOHPHQW�LV�WKH�ILQGLQJ
V�DELOLW\�WR�EH�UHSOLFDWHG��ZKLFK�LV�NQRZQ�WR�EH�
HVVHQWLDO� WR� WKH� VFLHQWLILF�PHWKRG� �3RSSHU���������7KLV� LV� DQ� LPSRUWDQW� SRLQW�
EHFDXVH�HYHU\�GLJLWDO�WRRO��SODWIRUP��DQG�UHVRXUFH�VKRXOG�EH�FRQVLGHUHG�D�VRFLDO�
DUWLIDFW�WKDW�UHSUHVHQWV�D�VSHFLILF�ZRUOGYLHZ��$V�D�UHVXOW��LW�LV�QHYHU�QHXWUDO��UD�
WKHU��LW�LV�D��EODFN�ER[��WKDW�DOZD\V�FRQWDLQV�DQ�DV\PPHWU\�UHODWLRQVKLS�WKDW�LV�
XQGHUVWRRG�E\�WKH�IDFW�WKDW�WKH�XVHU��HYHQ�D�UHVHDUFKHU��LV�XQDZDUH�RI�DQG�ODFNV�
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DFFHVV� WR� WKH� ORJLF��JRDOV��FRQVWUDLQWV��DQG�YDULRXV�UDWLRQDOHV� WKDW�KDYH� LQIOX�
HQFHG�VSHFLILF�GHFLVLRQV��7KHUH�LV�D�SHUVLVWHQW�UHDOLW\�RI�DQ�LQHVFDSDEOH�ODFN�RI�
FODULW\�WKDW�UXQV�FRXQWHU�WR�WKH�IXQGDPHQWDO�DVVXPSWLRQ�RI�UHSURGXFLELOLW\�DQG�
FRQWURO�DORQJ�WKH�HQWLUH�FKDLQ�RI�WKHRUHWLFDO�PHWKRGRORJLFDO�FKRLFHV�WKDW�VHUYH�
DV�WKH�IRXQGDWLRQ�IRU�GDWD�FROOHFWLRQ�

6RFLDO�UHVHDUFK�ORVHV�FRQWURO�RYHU�GDWD�IRUPDWV��FRQVWUXFWLRQ�PHWKRGV��SRWHQWLDO�
GLVWRUWLRQV��DQG�RU�RWKHU�VRXUFHV�RI�LQDFFXUDF\�HYHQ�LQ�D�OHDUQLQJ�HQYLURQPHQW��
6RFLDO�VFLHQWLVWV�QHLWKHU�FUHDWH�WKH�WHFKQRORJLHV�XVHG�IRU�GDWD�FROOHFWLRQ�QRU�GR�
WKH\�KDYH�FRQWURO�RYHU� WKH�GDWD� FKDLQ� �6DOJDQLN� �������8QOLNH�FRQYHQWLRQDO�
VXUYH\V��WKH\�GR�QRW�KDYH�DQ\�FRQWURO�RYHU�KRZ�YDULDEOHV
�GLPHQVLRQV�RI�FRQ�
VWUXFWV� DUH� RSHUDWLRQDOL]HG�� ,W� LV�PDQDJHG� E\� HQJLQHHUV�� FRPSXWHU� VFLHQWLVWV��
VWDWLVWLFLDQV��DQG�RWKHU�H[SHUWV�ZLWK�H[SHULHQFH�LQ�WKH�UHJXODU�LPSOHPHQWDWLRQ�RI�
KDUGZDUH��RU�HYHQ�E\�VHQVRUV�DQG�VRIWZDUH��$SSV��HWF������PDGH�WR�DXWRPDWLFDOO\�
IHHG�WKH�VXUYH\�SODWIRUP��7KH�WKHPH�RI�YDOLGLW\��ZKLFK�LV�LOOXVWUDWHG�E\�WKH�FRQ�
FHSW
V�FRKHUHQFH�DQG�WKH�LQVWUXPHQW
V�DELOLW\�WR�PHDVXUH�ZKDW�LW�LV�LQWHQGHG�WR�
GHWHFW��LQWURGXFHV�WKH�UHODWLRQVKLS�EHWZHHQ�WKHRU\�DQG�HPSLULFLVP��2QH�FRP�
PRQ�FULWLFLVP�LV�WKDW�ELJ�GDWD�GULYHQ�UHVHDUFK�PHWKRGV�ZHUH�GHYHORSHG�UDWKHU�
WKDQ�WKHRU\�GULYHQ�UHVHDUFK��.DU�DQG�'ZLYHGL���������7KLV�UXQV�WKH�ULVN�RI�GHDO�
LQJ�ZLWK�VXSHUILFLDO�LQIRUPDWLRQ�LI WKH�LQIOXHQFHV�GHULYHG�IURP�WKH�FRQWH[W��WKH�
HQYLURQPHQW��WKH�VDPH�GDWD�FUHDWLRQ�WRRO��DQG�IURP�WKH�VSHFLILF�ILHOGV�RI�DFWLRQ�
ZLWKLQ�ZKLFK�LW�LV�GHYHORSHG�DUH�QRW�SURSHUO\�XQGHUVWRRG�

+RZ�+HDOWK�6RFLRORJLVWV�1DYLJDWH�%LJ�'DWD�&KDOOHQJHV

7KH�PDQDJHPHQW�RI�WKH�ELJ�GDWD�SUREOHP�XWLOL]HV�ERWK�TXDOLWDWLYH�DQG�TXDQWLWD�
WLYH�PHWKRGV�RI�FROOHFWLQJ�� DQDO\]LQJ�� DQG�HQFRGLQJ�GDWD� LQ�DFFRUGDQFH�ZLWK�
VRFLRORJLVWV
�SURIHVVLRQDO�FDOOLQJ��7KLV�PDNHV�PHWKRGRORJLFDO�DSSURDFKHV�OLNH�
H[SORUDWRU\� GDWD� DQDO\VLV� �ZKLFK� LQFOXGHV� YLVXDOL]LQJ��� FRQQHFWLQJ� ELJ� GDWD�
�DQDO\VLV�� WR�ZHOO�HVWDEOLVKHG�VRFLDO� UHVHDUFK�GDWD� IRUPDWV� �OLNH� VXUYH\�GDWD���
DQG� IXVLQJ�TXDOLWDWLYH�GLJLWDO� UHVHDUFK� WHFKQLTXHV�ZLWK� VWDWLVWLFDO� WRROV� HIIHF�
WLYHO\ �/XSWRQ�������0DUUHV��������,PSRUWDQW�FKRLFHV�DUH�PDGH�DV D�UHVXOW�UH�
JDUGLQJ�KRZ�WR�FRQFHSWXDOL]H�WKH�VRFLDO�SKHQRPHQRQ�LQ�WKH�WUHDWPHQW�RI�LOOQHVV�
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,Q�RUGHU�WR�DGGUHVV�V\VWHPDWLF�LUUHJXODULWLHV�DQG�ELDVHV�SUHVHQW�LQ�VRFLDO�PHGLD�
GDWD�FROOHFWLRQ�SURFHVVHV��GDWD�DUH��DOJRULWKP�UHDG\��GXULQJ�WKH�FOHDQLQJ�SUR�
FHVV��*LOOHVSLH��������*LWHOPDQ���������7KLV�LV�GXH�WR�WKH�IDFW�WKDW�XVHU�EHKDYLRU�
RQ�VRFLDO�PHGLD�SODWIRUPV�UHIOHFWV�WHFKQLFDO�SRWHQWLDO��SDUWLFXODUO\�ZLWK�UHJDUG�
WR�WKH�DOJRULWKPV�RQ�WKRVH�SODWIRUPV��%R\G�DQG�&UDZIRUG��������0DUUHV��������
5XWKV�DQG�3IHIIHU���������7KH�LPSURYHPHQWV�PDGH�WR�GHDO�ZLWK�WKLV�VLWXDWLRQ�
LQFOXGHG� WKH� LQFOXVLRQ� RI� TXDOLWDWLYHO\� HVWDEOLVKHG� LQVLJKWV� RQ� PRWLYHV� DQG�
ORJLFV�DPRQJ�RWKHUV�DQG�KRZ�WKH\�DUH�FRQQHFWHG� WR�RQH�DQRWKHU�DFURVV� WH[WV�
�0RKU�HW�DO����������7KLV�FDQ�DOVR�EH�YLHZHG�IURP WKH�SHUVSHFWLYH�RI�WKH�UDSLGO\�
JURZLQJ� GLVFLSOLQH� NQRZQ� DV� VRFLR�VHPDQWLF� QHWZRUN� DQDO\VLV�� 7KH� LQKHUHQW�
EHQHILW�RI� WKLV� LV� WKDW�FXOWXUDO� VRFLRORJ\
V� HVWDEOLVKHG�PHWKRGV�DQG�ELJ�GDWD
V�
HPHUJLQJ�PHWKRGV�FDQ�ZRUN�EULOOLDQWO\�WRJHWKHU�WR�SURGXFH�VXFFHVVIXO�RXWFRPHV�
LQ�VRFLRORJLFDO�UHVHDUFK��LQFOXGLQJ�PHGLFDO�VRFLRORJ\��%DLO��������

6RFLDO�VFLHQFH�PHWKRGV�DUH�QRZ�PRUH�LQ�DQG�RI�VRFLDO�ZRUOGV�UDWKHU�WKDQ�EHLQJ�
VHHQ�DV�REMHFWV�RU�VXEMHFWV�RI�LQTXLU\�WKDW�DUH�VHSDUDWH�IURP�WKHP��DV�KDV�EHHQ�
QRWHG�E\�UHVHDUFK�RQ�WKH�VRFLDO�OLIH�RI�PHWKRGV��0�W]HO������D��5XSSHUW���������
%LJ�'DWD�LV�EHLQJ�XVHG�WR�DGGUHVV�WKH�GLIILFXOWLHV�RI�IXVLQJ�WKHRU\�DQG�PHWKRGV�
LQ�D�PRUH�SUDFWLFDO�ZD\��6WXGHQWV�PDMRULQJ�LQ�VRFLRORJ\�DW�WKH�XQGHUJUDGXDWH�
OHYHO� DUH� XUJHG� WR� EHFRPH� LQWHUHVWHG� LQ� FRQGXFWLQJ� HPSLULFDO� UHVHDUFK� XVLQJ�
RQOLQH� VRFLDO�PHGLD� UHVRXUFHV�� %H\RQG� WKH� FRQYHQWLRQDOO\� FRQVWUDLQHG� IL[HG�
WRROV�IRU�VWDWLVWLFDO�DQDO\VLV��PHWKRG�WUDLQLQJ�LV�EHLQJ�H[SDQGHG��7KH�WUDLQLQJ�
QRZ�H[WHQGV�EH\RQG�GDWD�FRQVWUXFWLRQ�� ODUJH�GDWD�VHW�PDQLSXODWLRQ��DQG�PD�
FKLQH�OHDUQLQJ�WRRO�XVDJH�IRU� ODUJH�WH[W�FRUSRUD�DQDO\VLV�� ,Q�RUGHU�WR� WUDLQ�UH�
VHDUFKHUV� LQ�ERWK� WHFKQLFDO�VNLOOV�DQG� WKHRUHWLFDO� DSSURDFKHV��SUDFWLFH� LV�QRZ�
XQGHU�VWULFW�DQG�WKRURXJK�WKHRUHWLFDO�JXLGDQFH��0�W]HO������E���6WXGHQWV�ZKR�
DUH�SURILFLHQW�LQ�FRGLQJ�DQG�PRGHOLQJ�DUH�HQFRXUDJHG�WR�SXUVXH�DFDGHPLF�FD�
UHHUV�ZKLOH�DOVR�SDUWLFLSDWLQJ�LQ�PHGLFDO�VRFLRORJLFDO�UHVHDUFK�

&RQFOXVLRQ

0XFK�KDV�EHHQ�ZULWWHQ�RQ�WKH�EHQHILWV�RI�ELJ�GDWD�IRU�VXVWDLQDEOH�KXPDQ�OLYHOL�
KRRG���7\SLFDO�LQ�WKLV�VLWXDWLRQ�LV�WKH�DUHD�RI�KHDOWKFDUH�DQG�WKH�HIIRUWV�DW�LP�
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SURYLQJ�SDWLHQW�RXWFRPHV��SXEOLF�KHDOWK�VXUYHLOODQFH��DQG�KHDOWKFDUH�SROLF\�GH�
FLVLRQV��2YHU� WKH�\HDUV��%LJ�'DWD��DQG� WKH�GDWD�VFLHQFHV� ILHOG� LQ�JHQHUDO��KDV�
EHHQ�K\SHG�DV�WKH�H[SHFWHG�VROXWLRQ�IRU�WKH�KHDOWKFDUH�LQGXVWU\���,W�KDV�WKH�SR�
WHQWLDO� RI� JXDUDQWHHLQJ� EHWWHU� KHDOWKFDUH� RXWFRPHV� DQG� D� PRUH� HIIHFWLYH�
KHDOWKFDUH�V\VWHP��+RXVHK�DQG�$OGRVDUL���������+RZHYHU��+RXVHK�HW�DO� �������
SRLQWHG�RXW�WKDW�VPDOO�GDWD�WHFKQLTXHV�XVLQJ�WUDGLWLRQDO�VWDWLVWLFDO�PHWKRGV�DUH��
LQ�PDQ\�FDVHV��PRUH�DFFXUDWH�DQG�FDQ�OHDG�WR�PRUH�LPSURYHG�KHDOWKFDUH�RXW�
FRPHV�WKDQ�%LJ�'DWD�PHWKRGV���7KHVH�VFKRODUV�VXEPLWWHG�IXUWKHU�WKDW�%LJ�'DWD�
IRU�KHDOWKFDUH�PD\�FDXVH�PRUH�SUREOHPV�IRU�WKH�KHDOWKFDUH�LQGXVWU\�WKDQ�VROX�
WLRQV���7KHLU�SRVLWLRQ�WKHUHIRUH�FRUURERUDWHG�WKH�JHQHUDO�GLUHFWLRQ�DJDLQVW�DEVR�
OXWH�UHOLDQFH�RQ�%LJ�'DWD��WKDW�ZKHQ�LW�FRPHV�WR�WKH�XVH�RI�GDWD�LQ�KHDOWKFDUH��
VL]H�VKRXOG�QRW�EH�HYHU\WKLQJ���7KLV�WKHUHIRUH�XQGHUVFRUH�WKH�QHFHVVLW\�RI�PDN�
LQJ�XVH�RI�TXDOLWDWLYH�GDWD�WR�VXSSRUW�GDWD�LQ�PHGLFDO�UHVHDUFK�IRU�DSSUHFLDWLRQ�
RI�WKH�JHQHUDO�SRSXODFH�WKH�UHVHDUFK�LV�LQWHQGHG�WR�EHQHILW�� ,Q�RUGHU�WR�XQGHU�
VWDQGLQJ WKH�LQWHUSUHWDWLYH��QHJRWLDWLQJ��DQG�LPSOHPHQWDWLRQ�SHUVSHFWLYHV�RI�WKH�
DFWRUV�LQYROYHG�LQ�D�UHVHDUFK��LW�LV�LPSRUWDQW�WR�RYHUFRPH�WKH�FKDOOHQJHV�DVVRFL�
DWHG�ZLWK�WKH�XVH�RI�ELJ�GDWD�LQ�VRFLDO�UHVHDUFK��,Q�WKLV�UHJDUG��XQGHUVWDQG�WKH�
GLIIHUHQW�MXVWLILFDWLRQV�WKDW�VHW�XS�WKH�SURFHVVHV�DQG�WKHLU�LPSOLFDWLRQV�IRU�JURXS�
DFWLRQ�DQG�WKH�FRPPRQ�JRRG�LV�SRVVLEOH�
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5HIHUHQFHV

$O�-DUUDK�� 2�<��� <RR�� 3�'��� 0XKDLGDW�� 6��� .DUDJLDQQLGLV�� *�.�� DQG� 7DKD�
�������� (IILFLHQW�PDFKLQH� OHDUQLQJ� IRU� ELJ� GDWD�� $� UHYLHZ��%LJ�'DWD�
VHDUFK��������������

$OOHQ��5����������:KDW�DUH�WKH�7\SHV�RI�%LJ�'DWD"�6HOHFW +XE��DYDLODEOH�DW
KWWSV���ZZZ�VHOHFWKXE�FRP�ELJ�GDWD�DQDO\WLFV�W\SHV�RI�ELJ�GDWD�
DQDO\WLFV�

$UXQ��.�� DQG� -DEDVKHHOD�� /�� ��������%LJ�'DWD��5HYLHZ��&ODVVLILFDWLRQ� DQG�
$QDO\VLV� 6XUYH\�� ,QWHUQDWLRQDO� -RXUQDO� RI� ,QQRYDWLYH� 5HVHDUFK� LQ�
,QIRUPDWLRQ�6HFXULW\��,-,5,6���������������

$X�<RQJ�2OLYHLUD��0���3HVTXHLUD��$���6RXVD��0�-���'DO�0DV��)��DQG�6ROLPDQ��
0�� �������� 7KH� 3RWHQWLDO� RI� %LJ� 'DWD� 5HVHDUFK� LQ� +HDOWK&DUH� IRU�
0HGLFDO�'RFWRUV
�/HDUQLQJ��-RXUQDO�RI�0HGLFDO�6\VWHP� �������������

%DLJ��0�,���6KXLE��/��DQG�<DGHJDULGHKNRUGL��(����������%LJ�GDWD�LQ�HGXFDWLRQ��
D� VWDWH� RI� WKH� DUW�� OLPLWDWLRQV�� DQG� IXWXUH� UHVHDUFK� GLUHFWLRQV��
,QWHUQDWLRQDO�-RXUQDO�RI�(GXFDWLRQDO�7HFKQRORJ\�DQG�+LJKHU�(GXFDWLRQ
��� ���KWWSV���GRL�RUJ���������V�����������������

%DLO��&�$���ϮϬϭϰ���7KH�&XOWXUDO�(QYLURQPHQW��0HDVXULQJ�&XOWXUH�ZLWK�%LJ�
'DWD��7KHRU\�DQG�6RFLHW\������±�������±����

%DQLN�� $�� DQG� %DQG\RSDGK\D\�� 6�.�� �������� %LJ� 'DWD� ± $� 5HYLHZ� RQ�
$QDO\VLQJ��9V��-RXUQDO�RI�6FLHQWLILF�DQG�(QJLQHHULQJ�5HVHDUFK� ������
����

%KDGDQL��$�� DQG� -RWKLPDQL��'�� ��������%LJ�GDWD��&KDOOHQJHV�� RSSRUWXQLWLHV�
DQG�UHDOLWLHV��,Q�6LQJK��0�.��DQG�.XPDU��'�*���HGV����(IIHFWLYH�%LJ�'DWD�
0DQDJHPHQW� DQG� 2SSRUWXQLWLHV� IRU� ,PSOHPHQWDWLRQ�� 3HQQV\OYDQLD��
86$��,*,�*OREDO��SS�������

%LHPHU��3�3����������'DWD�4XDOLW\�DQG�,QIHUHQFH�(UURUV�LQ�)RVWHU��,���*KDQL��
5���-DUPLQ��5�6���.UHXWHU��)��DQG�/DQH��-�� �HGV����������%LJ�'DWD�DQG�
6RFLDO� 6FLHQFH�� 'DWD� 6FLHQFH� 0HWKRGV� DQG� 7RROV� IRU� 5HVHDUFK� DQG�
3UDFWLFH� 5RXWOHGJH��&KDSPDQ�DQG�+DOO�%RRNV�&5&�

%ORXQW��0���(EOLQJ��0���(NOXQG��-���-DPHV��$���0F*UHJRU��&���3HUFLYDO��1���
6PLWK�� .��� 6RZ�� '�� �������� 5HDO�WLPH� DQDO\VLV� IRU� LQWHQVLYH� FDUH��
'HYHORSPHQW�DQG�GHSOR\PHQW�RI� WKH�$UWHPLV�$QDO\WLF�6\VWHP�� ,(((�
(QJLQHHULQJ�LQ�0HGLFLQH�DQG�%LRORJ\�0DJD]LQH�����������������
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%R\G�� '�� DQG� &UDZIRUG�� .�� �������� &ULWLFDO� TXHVWLRQV� IRU� ELJ� GDWD��
3URYRFDWLRQV�IRU�D�FXOWXUDO��7HFKQRORJLFDO��DQG�6FKRODUO\�SKHQRPHQRQ��
,QIRUPDWLRQ��&RPPXQLFDWLRQ��DQG�6RFLHW\������������±����

%UD\QH��6�� ��������%LJ�'DWD�6XUYHLOODQFH��7KH�&DVH�RI�3ROLFLQJ��$PHULFDQ�
6RFLRORJLFDO�5HYLHZ���� ��������±�����

%UHXU��7����������6WDWLVWLFDO�3RZHU�$QDO\VLV�DQG�WKH�&RQWHPSRUDU\�&ULVLV�LQ�
6RFLDO� 6FLHQFHV�� -RXUQDO� RI� 0DUNHWLQJ� $QDO\WLFV� �/RQGRQ�� (QJODQG��
3DOJUDYH�0DFPLOODQ�����±������±��

%URZQ��%���&KXL��0��DQG�0DQ\LND��-����������$UH�\RX�UHDG\�IRU�WKH�HUD�RI�ELJ�
GDWD"� 0F.LQVH\� 4XDUWHUO\�� GDWD�� $YDLODEOH� DW�
KWWS���ZZZ�PFNLQVH\�FRP�LQVLJKWV�VWUDWHJ\�DUH�\RX�UHDG\�IRU�WKH�HUD�
RI�ELJ�GDWD��

%XUURZV�� 5�� DQG� 6DYDJH�� 0�� �ϮϬϭϰ��� $IWHU� WKH� FULVLV"� %LJ� 'DWD� DQG� WKH�
0HWKRGRORJLFDO�&KDOOHQJHV�RI�HPSLULFDO�VRFLRORJ\��%LJ�'DWD�	�6RFLHW\
�������±��

&DO]DGD�� ,�� ��������&LWL]HQV�IURP�'DWD�3URYLGHUV� WR�'HFLVLRQ�0DNHUV"�7KH�
&DVH�6WXG\�RI�%DUFHORQD��6XVWDLQDELOLW\������������

&DSSD�� )���2ULDQL�� 5��� 3HUXIIR�� (�� DQG�0F&DUWK\�� ,�� �������� %LJ�'DWD� IRU�
&UHDWLQJ� DQG� &DSWXULQJ� 9DOXH� LQ� WKH� 'LJLWDOL]HG� (QYLURQPHQW��
8QSDFNLQJ� WKH� (IIHFWV� RI� 9ROXPH�� 9DULHW\� DQG� 9HUDFLW\� RQ� )LUP�
3HUIRUPDQFH��-RXUQDO�RI�3URGXFW�,QQRYDWLRQ�0DQDJHPHQW���� �������±
���

&KDQJZRQ��<���5DPLUH]�� /�� DQG�/LX]]L�� -�� ��������%LJ� GDWD� DQDO\VLV� XVLQJ�
0RGHUQ� 6WDWLVWLFDO� DQG� 0DFKLQH� /HDUQLQJ� 0HWKRGV� LQ� 0HGLFLQH��
,QWHUQDWLRQDO�1HXURXURORJ\�-RXUQDO� ���������

&KHXQJ��0�:�/�� DQG� -DN�� 6�� �������� &KDOOHQJHV� RI� ELJ� GDWD� DQDO\VHV� DQG�
DSSOLFDWLRQV� LQ� SV\FKRORJ\��=HLWVFKULIW� )XU�3V\FKRO�� -�� 3V\FKRO� �����
���±�����GRL��������������������D������

'DQLHO��%����������%LJ�GDWD�DQG�DQDO\WLFV�LQ�KLJKHU�HGXFDWLRQ��RSSRUWXQLWLHV�
DQG� FKDOOHQJHV�� %U�� -�� (GXF�� 7HFKQRO� ���� ���±����� GRL��
��������EMHW������

'LD]�%RQH��5���+RUYDWK��.��DQG�&DSSHO��9����������6RFLDO�5HVHDUFK�LQ�7LPHV�
RI�%LJ�'DWD��7KH�&KDOOHQJHV�RI�1HZ�'DWD�:RUOGV�DQG�WKH�1HHG�IRU�D�
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6RFLRORJ\�RI�6RFLDO�5HVHDUFK��+LVWRULFDO�6RFLDO�5HVHDUFK� �����������
�����KWWSV���GRL�RUJ����������KVU������������������

'L0DJJLR��3����������$GDSWLQJ�FRPSXWDWLRQDO�WH[W�DQDO\VLV�WR�6RFLDO�6FLHQFH�
�DQG�YLFH�YHUVD���%LJ�'DWD�	�6RFLHW\� �������±��

'L0DJJLR�� 3���1DJ��0�� DQG�%OHL��'�� �ϮϬϭϯ��� ([SORLWLQJ� DIILQLWLHV� EHWZHHQ�
7RSLF� 0RGHOLQJ� DQG� WKH� 6RFLRORJLFDO� 3HUVSHFWLYH� RQ� &XOWXUH��
$SSOLFDWLRQ�WR�1HZVSDSHU�&RYHUDJH�RI�8�6��*RYHUQPHQW�$UWV�)XQGLQJ��
3RHWLFV� ����������±����

'XDQ��<���6KDR��/���<DQJ��;���6XQ��;���=KRX��=��DQG�<X��/�� ��������'DWD��
LQIRUPDWLRQ� DQG� .QRZOHGJH�GULYHQ�PDQLSXODWLRQ� EHWZHHQ� VWUDWHJLFDO�
SODQQLQJ� DQG� WHFKQLFDO� LPSOHPHQWDWLRQ� IRU�:LUHOHVV� 6HQVRU�1HWZRUN�
&RQVWUXFWLRQ�� ,QWHUQDWLRQDO� -RXUQDO� RI� 'LVWULEXWHG� 6HQVRU� 1HWZRUNV��
�����������

(EHUHQGX��$�&����������8QVWUXFWXUHG�'DWD��$Q�RYHUYLHZ�RI�WKH�GDWD�RI�%LJ�
'DWD�� ,QWHUQDWLRQDO� -RXUQDO� RI� &RPSXWHU� 7UHQGV� DQG� 7HFKQRORJ\�
�,-&77�� �������������

(GZDUGV��/����������3ULYDF\��6HFXULW\�DQG�'DWD�3URWHFWLRQ�LQ�6PDUW�&LWLHV��$�
&ULWLFDO� (8� /DZ� 3HUVSHFWLYH�� (XURSHDQ� 'DWD� 3URWHFWLRQ� DQG� /DZ�
5HYLHZ�� ��� ��±���� $YDLODEOH� DW�
KWWSV���SDSHUV�VVUQ�FRP�VRO��SDSHUV�FIP"DEVWUDFWBLG �������

(VFREDU��0���3ULHWR��&���%DUULRV��'��DQG�0DUWLQH]�8ULEH��/����������QHW&RLQ�
LQWHUDFWLYH� QHWZRUNV� ZLWK� 5�� DYDLODEOH� DW� KWWSV���FUDQ�U�
SURMHFW�RUJ�ZHE�SDFNDJHV�QHW&RLQ�LQGH[�KWPO

(VWUDGD��5��DQG�5XL]��,����������%LJ�'DWD��%LJ�&KDOOHQJHV��%LJ�GDWD 60$&.��
SS���±���

)RVWHU�� ,��DQG�+HXV��3�� ��������'DWDEDVHV�� LQ�)RVWHU�� ,���*KDQL��5���-DUPLQ��
5�6���.UHXWHU��)��DQG�/DQH��-���HGV����������%LJ�'DWD�DQG�6RFLDO�6FLHQFH��
'DWD�6FLHQFH�0HWKRGV�DQG�7RROV�IRU�5HVHDUFK�DQG�3UDFWLFH��5RXWOHGJH��
&KDSPDQ�DQG�+DOO�%RRNV�&5&�

)RVWHU��,���*KDQL��5���-DUPLQ��5�6���.UHXWHU��)��DQG�/DQH��-���HGV����������%LJ�
'DWD�DQG�6RFLDO�6FLHQFH��'DWD�6FLHQFH�0HWKRGV�DQG�7RROV�IRU�5HVHDUFK�
DQG�3UDFWLFH� 5RXWOHGJH��&KDSPDQ�DQG�+DOO�%RRNV�&5&�

*DOEUDLWK��-�5����������2UJDQL]DWLRQDO�GHVLJQ�FKDOOHQJHV�UHVXOWLQJ�IURP�ELJ�
GDWD��-RXUQDO�RI�2UJDQLVDWLRQDO 'HVLJQ��������±���
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*DQGRPL��$��DQG�+DLGHU��0�� ��������%H\RQG� WKH�K\SH��%LJ�GDWD�FRQFHSWV��
PHWKRGV�� DQG� DQDO\WLFV�� ,QWHUQDWLRQDO� -RXUQDO� RI� ,QIRUPDWLRQ�
0DQDJHPHQW�����������±����

*DR��+���0LDR��+��DQG�=HQJ��+����������3UHGLFWLYH�ZHE�VHUYLFH�PRQLWRULQJ�
XVLQJ� SUREDELOLVWLF� PRGHO� FKHFNLQJ�� $SSOLHG� 0DWKHPDWLFV� DQG�
,QIRUPDWLRQ� 6FLHQFH� ���/��� ���±����
*DR��+��DQG�0LDR��+����������5HVHDUFK�RQ�WKH�G\QDPLF�UHFRQILJXUDWLRQ�
RI� ZHE� DSSOLFDWLRQ� XVLQJ� WZR�SKDVH� FRPSDWLELOLW\� YHULILFDWLRQ��
,QWHUQDWLRQDO�-RXUQDO�RI�&RPSXWLQJ�0DWKHPDWLFV� ������������±�����

*LOOHVSLH�� 7�� �ϮϬϭϰ��� 7KH� UHOHYDQFH� RI� DOJRULWKPV�� LQ� *LOOHVSLH�� 7��
%RF]NRZVNL��3-��)RRW��.��HGV��0HGLD�7HFKQRORJLHV� &DPEULGJH��0$��
0,7�3UHVV��SS�����±����

*LWHOPDQ��/���ϮϬϭϯ���5DZ�'DWD�LV�DQ�2[\PRURQ��&DPEULGJH��0$��0,7�3UHVV�
*UD\��+����������7RZDUG�D�6RFLRORJ\�RI�WKH�7UDFH�(GLWLRQ� 1('� 8QLYHUVLW\�

RI�0LQQHVRWD�3UHVV�
*UD\��3�� ��������6RIWZDUH� HFRQRPLFV��+LVWRU\�� 7KHRORJ\�� ,QIRUPDWLRQ� DQG�

6\VWHP�0DQDJHPHQW� ����������±����
+DIIHUW\�� )�:�� DQG� &DVWHOODQL�� %�� �������� � 0HGLFDO� 6RFLRORJ\�� LQ� %RRN��

+DQGERRN� RI� 7ZHQW\�ILUVW� &HQWXU\� 6RFLRORJ\�� 6DJH�� SS�� ���������
����������������������Q��

+DOHHP�� $��� -DYDLG�� 0��� .KDQ�� ,�� DQG� 9DLVK\D�� 5�� �������� 6LJQLILFDQW�
$SSOLFDWLRQV�RI�%LJ�'DWD� LQ�&29,'����3DQGHPLF�� ,QGLDQ�-RXUQDO�RI�
2UWKRSDHGLFV���� ��������±����

+DVKHP��,�$�7���,EUDU��<���1RU��%�$���6DOLPDK��0���$EGXOODK��*��DQG�6DPHH��
8�.����������7KH�ULVH�RI�³ELJ�GDWD´�RQ�&ORXG�&RPSXWLQJ��5HYLHZ�DQG�
2SHQ�5HVHDUFK�LVVXHV��,QIRUPDWLRQ�6\VWHPV� �����������

+LOEHUW��0�� DQG�/ySH]��3�� ��������7KH�:RUOG¶V� 7HFKQRORJLFDO�&DSDFLW\� WR�
6KDUH��&RPPXQLFDWH�DQG�&RPSXWH�,QIRUPDWLRQ��6FLHQFH����� ��������
��±���

+RXVHK�� 0�� DQG� $OGRVDUL�� %�� �������� 7KH� +D]DUGV� RI� 'DWD� 0LQLQJ� LQ�
+HDOWKFDUH��6WXGLHV�LQ�+HDOWK�7HFKQRORJ\�,QIRUPDWLRQ� �����������

+RXVHK��0�6���$OGRVDUL��%���$ODQD]L��$���.XVKQLUXN��$�:��DQG�%RU\FNL��(�0��
��������%LJ�'DWD��%LJ�3UREOHPV��$�+HDOWKFDUH�3HUVSHFWLYH��6WXGLHV�RQ�
+HDOWK�7HFKQRORJ\�,QIRUPDWLRQ������������
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,URMX�� 2�� DQG� ,NRQR�� 5�� �������� $� VHFXULW\� EDVHG� IUDPHZRUN� IRU�
LQWHURSHUDELOLW\�RI�KHDOWKFDUH�V\VWHPV��,QWHUQDWLRQDO�-RXUQDO�RI�$SSOLHG�
,QIRUPDWLRQ�6\VWHPV������������

,URMX��2�*��DQG�2ODOHNH��-�2����������$�V\VWHPDWLF�UHYLHZ�RI�QDWXUDO�ODQJXDJH�
SURFHVVLQJ� LQ� KHDOWKFDUH�� ,QWHUQDWLRQDO� -RXUQDO� RI� ,QIRUPDWLRQ�
7HFKQRORJ\�DQG�&RPSXWHU�6FLHQFH� ���������

,VKZDUDSSD��.��DQG�$QXUDGKD��-������������$�EULHI�,QWURGXFWLRQ�RQ�%LJ�'DWD�
�9V� &KDUDFWHULVWLFV� DQG� +DGRRS� 7HFKQRORJ\�� 3URFHGLD� � &RPSXWHU�
6FLHQFH�������������

-LQ�� ;��� :DK�� %�:��� &KHQJ�� ;�� DQG� :DQJ�� <�� �������� 6LJQLILFDQFH� DQG�
&KDOOHQJHV�RI�%LJ�'DWD�5HVHDUFK��%LJ�'DWD�5HVHDUFK� ��������±����

-RWKLPDQL�� '��� %KDGDQL�� $�.�� DQG� 6KDQNDU�� 5�� �������� 7RZDUGV�
8QGHUVWDQGLQJ�WKH�&\QLFLVP�RI�6RFLDO�1HWZRUNLQJ�6LWHV��$Q�2SHUDWLRQV�
0DQDJHPHQW�3HUVSHFWLYH��3URFHGLD�� 6RFLDO�DQG�%HKDYLRUDO�6FLHQFHV��
��������±����

.DLVOHU��6���$UPRXU��)���(VSLQRVD��-��DQG�0RQH\��:����������%LJ�GDWD��,VVXHV�
DQG� FKDOOHQJHV� PRYLQJ� IRUZDUG�� ,Q�� ��WK� +DZDLL� ,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�6\VWHP�6FLHQFHV �+,&66���+DZDLL��SS�����������

.DNKDQL��0�.���.DNKDQL��6��DQG�%LUDGDU��6�5����������5HVHDUFK�LVVXHV�LQ�ELJ�
GDWD� DQDO\WLFV�� ,QWHUQDWLRQDO� -RXUQDO� RI� $SSOLFDWLRQ� RU� ,QQRYDWLRQ� LQ�
(QJLQHHULQJ�DQG�0DQDJHPHQW� ��������������

.DOUD�� %��� <DGDY�� 6�� DQG�&KDXKDQ��'�.�� ��������$�5HYLHZ� RI� ,VVXHV� DQG�
&KDOOHQJHV�ZLWK�%LJ�'DWD��,QWHUQDWLRQDO�-RXUQDO�RI�&RPSXWHU�6FLHQFH�
DQG�,QIRUPDWLRQ�7HFKQRORJ\�5HVHDUFK���������������

.DSODQ��5�0���&KDPEHUV��'�$��DQG�*ODVJRZ��5�(����������%LJ�GDWD�DQG�ODUJH�
VDPSOH�VL]H��D�FDXWLRQDU\�QRWH�RQ� WKH�SRWHQWLDO� IRU�ELDV��&OLQLFDO�DQG�
7UDQVODWLRQDO�6FLHQFH� ����������

.DU�� $�.�� DQG�'ZLYHGL�� <�.�� �������� � %LW� E\� ELW�� 6RFLDO� 5HVHDUFK� LQ� WKH�
'LJLWDO� $JH�� ,QWHUQDWLRQDO� -RXUQDO� RI� ,QIRUPDWLRQ� 0DQDJHPHQW��
��������������GRL���������M�LMLQIRPJW������������

.DW\DO��6�.����������$UWLILFLDO�,QWHOOLJHQFH��$GYHUWLVLQJ�DQG�'LVLQIRUPDWLRQ��
$GYHUWLVLQJ�	�6RFLHW\�4XDUWHUO\���� �����GRL���������DVU����������



���

.LPEOH��&��DQG�0LOROLGDNLV��*����������%LJ�'DWD�DQG�%XVLQHVV�,QWHOOLJHQFH��
'HEXQNLQJ�WKH�0\WKV��*OREDO�%XVLQHVV�DQG�2UJDQL]DWLRQDO�([FHOOHQFH��
�� �������±����DU;LY������������

.ORFKLNKLQ��(��DQG�%R\G�*UDEHU��-����������7H[W�$QDO\VLV�LQ�)RVWHU��,���*KDQL��
5���-DUPLQ��5�6���.UHXWHU��)��DQG�/DQH��-�� �HGV����������%LJ�'DWD�DQG�
6RFLDO� 6FLHQFH�� 'DWD� 6FLHQFH� 0HWKRGV� DQG� 7RROV� IRU� 5HVHDUFK� DQG�
3UDFWLFH� 5RXWOHGJH��&KDSPDQ�DQG�+DOO�%RRNV�&5&�

.XPDU��5���.XPDU��6��DQG�:DVLP��-����������%LJ�'DWD�$QDO\WLFV�$SSURDFK�
IRU� 6WUXFWXUHG� DQG� 8QVWUXFWXUHG� 'DWD�� 7XUNLVK� 2QOLQH� -RXUQDO� RI�
4XDOLWDWLYH�,QTXLU\��72-4,�� ����������������

/D]HU��'��DQG�5DGIRUG��-����������'DWD�H[�0DFKLQD��,QWURGXFWLRQ�WR�%LJ�'DWD��
$QQXDO�5HYLHZ�RI�6RFLRORJ\�����������

/L��+��DQG�/X��;����������&KDOOHQJHV�DQG�WUHQGV�RI�ELJ�GDWD�DQDO\WLFV��,Q��1LQWK�
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 3�3�� 3DUDOOHO�� *ULG�� &ORXG� DQG� ,QWHUQHW�
&RPSXWLQJ���3*&,&���*XDQJ]KRX�&KLQD��SS����������

/XSWRQ��'����������'LJLWDO�6RFLRORJ\� /RQGRQ��5RXWOHGJH�
/\WUDV�� 0�'�� DQG� 9LVYL]L�� $�� �������� %LJ� 'DWD� DQG� 7KHLU� 6RFLDO� ,PSDFW��

3UHOLPLQDU\�6WXG\��6XVWDLQDELOLW\�����������


