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$EVWUDFW� ,Q�WKH�ODVW�\HDUV�ZH�IDFHG�D�VWRULQJ�SURFHVV�RI�KXJH�TXDQWLWLHV�RI�
GDWD�� LQ� GDWDEDVHV�� GDWD� ZDUHKRXVHV�� JHRJUDSKLF� LQIRUPDWLRQ� V\VWHPV� RU� RWKHU�
IRUPV��,W�LV�REYLRXV�WKDW��FXUUHQWO\��WKHVH�GDWD�TXDQWLWLHV�LQFUHDVH�UDSLGO\��

,Q� WKH�JLYHQ�FRQWH[W�� WKH�GDWD�PLQLQJ� �'0��DQG� �NQRZOHGJH�GLVFRYHU\� LQ�
GDWDEDVHV��.''��EHFDPH�UHVHDUFK�ILHOGV�RI�KLJK�LQWHUHVW��,Q�HVVHQFH��WKHVH�LPSO\�
WKH� GLVFRYHU\� RI� LQWHUHVWLQJ� NQRZOHGJH�� XQNQRZQ� SUHYLRXVO\� DQG� LPSOLHG� IURP�
ODUJH� GDWDEDVHV� >)368��@�� DQG� DUH� ORFDWHG� DW� WKH� LQWHUVHFWLRQ� EHWZHHQ� VHYHUDO�
UHVHDUFK� ILHOGV�� LQFOXGLQJ� DXWRPDWLF� OHDUQLQJ�� GDWDEDVH� V\VWHPV�� VWDWLVWLFV��
UHFRJQLWLRQ�RI�VKDSHV�DQG�WKH�WKHRU\�RI�LQIRUPDWLRQ�

.H\ZRUGV� VSDWLDO� GDWDEDVHV� LQIRUPDWLRQ�V\VWHP�

���,QWURGXFWLRQ

0DQ\�RUJDQL]DWLRQV�KDYH�EXLOW� GDWD�ZDUHKRXVHV�DEOH� WR�VWRUH�KXQGUHGV�
RI�GDWD�WHUDE\WHV�FRQFHUQLQJ�WKH�H[SORLWDWLRQ�RI�QDWXUDO�UHVRXUFHV��WKH�GDWDEDVHV�
LQ� WKH�DVWURQRP\�DUHD�KDYH� WKH�VL]H�RI� WHUDE\WHV�� LW� LV� HVWLPDWHG� WKDW� WKH�(DUWK�
PRQLWRULQJ� V\VWHPV� FDQ� VHQG� XS� WR� ��� JLJDE\WHV� SHU� KRXU�� 7KHVH� LVVXHV�
UHSUHVHQWHG�D�FKDOOHQJH�IRU�WKH�WUDGLWLRQDO�GDWD�DQDO\VLV�PHWKRGV�DEOH�WR�H[WUDFW�
LQIRUPDWLRQ�DQG�NQRZOHGJH��


&RUUHVSRQGLQJ�DXWKRU��H�PDLO� PGDQXE#HHG�XVY�UR
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,Q�DGGLWLRQ�WR�WKH�YDULRXV�VWXGLHV�RQ�NQRZOHGJH�GLVFRYHU\�LQ�UHODWLRQDO�
GDWDEDVHV�� RU� LQ� WUDQVDFWLRQ�UHODWHG� GDWDEDVHV�� WKH� VSDWLDO� GDWD� PLQLQJ�� ZKLFK�
UHIHUV� WR� WKH� H[WUDFWLRQ� RI� LPSOLHG� NQRZOHGJH�� RI� VSDWLDO� UHODWLRQV� RU� RI� RWKHU�
SDWWHUQV� ZKLFK� DUH� QRW� H[SUHVVO\� PHPRUL]HG� LQ� WKH� VSDWLDO� GDWDEDVHV�� ZDV�
FRQWHPSODWHG�E\�VHYHUDO�UHVHDUFK�VWXGLHV��(VWHU�HW�DO���������.QRUU�	�1J��������
.RSHUVNL�	�+DQ��������<KDQJ�HW�DO���������

7KH� VSDWLDO� GDWD� KDV� D� VHULHV� RI� GLVWLQFWLYH� FKDUDFWHULVWLFV� IURP� WKH�
UHODWLRQDO�GDWDEDVHV��:H�PDLQO\�UHIHU� WR� WKH�IDFW� WKDW� WKHVH� FRQWDLQ� WRSRORJLFDO�
RU�GLVWDQFH� LQIRUPDWLRQ��XVH�PXOWLGLPHQVLRQDO�VSDWLDO�LQGH[DWLRQ�VWUXFWXUHV��DUH�
DFFHVVHG� WKURXJK� VSHFLILF� DFFHVV� PHWKRGV� DQG� RIWHQ� UHTXLUH� JHRPHWULFDO�
FRPSXWDWLRQ� DQG� NQRZOHGJH� UHSUHVHQWDWLRQ� VSDWLDO� WHFKQLTXHV�� &RQVHTXHQWO\��
WKH�VSDWLDO�GDWD�PLQLQJ�UHTXLUHV�WKH�LQWHJUDWLRQ�RI�GDWD�PLQLQJ�WHFKQRORJLHV�ZLWK�
WKRVH� VSHFLILF� IRU� VSDWLDO� GDWDEDVHV��2QH� RI� WKH� VHQVLWLYH� LVVXHV�RI� VSDWLDO� GDWD�
PLQLQJ� FRQVLVWV� RI� WKH� HIILFLHQF\� RI� XVHG� WHFKQLTXHV�� GXH� WR� WKH� ZRUN� ZLWK�
LPSRUWDQW�YROXPHV�RI�FRPSOH[�GDWD�DQG�ZLWK�VSDWLDO�DFFHVV�PHWKRGV�

7KH� VSDWLDO� GDWD� PLQLQJ� FDQ� EH� XVHG� LQ� RUGHU� WR� GLVSOD\� WKH� VSDWLDO�
GDWDEDVHV�� WR�XQGHUVWDQG� WKLV� W\SH�RI�GDWD�� WR�GLVFRYHU� WKH�VSDWLDO� OLQNV�DQG� WKH�
UHODWLRQ�EHWZHHQ�VSDWLDO�GDWD�DQG�WKH�QRQ�VSDWLDO�GDWD��WR�UHRUJDQL]H�WKH�VSDWLDO�
GDWDEDVHV�� RSWLPL]H� WKH� VSDWLDO� LQWHUURJDWLRQV� HWF��7KH� UHVXOWV�RI� VXFK� UHVHDUFK�
ZRUNV�ILQG�WKHLU�DSSOLFDWLRQ�LQ�JHRJUDSKLFDO�LQIRUPDWLRQ�V\VWHPV��LQ�PLQLQJ�WKH�
GDWDEDVHV� RI� LPDJH� W\SH�� LQ� QDYLJDWLRQ� DQG� LQ� DQ\� RWKHU� ILHOGV� RSHUDWLQJ� ZLWK�
VSDWLDO�GDWD�

7KLV� SDSHU� LQWHQGV� WR� EH� DQ� RYHUYLHZ� RI� VSDWLDO� GDWD� PLQLQJ�� XVHG�
WHFKQLTXHV�� ZLWK� WKH� SURV� DQG� FRQV� WKHUHRI�� HQIRUFHPHQW� PDQQHUV� DQG� UHODWHG�
FKDOOHQJHV�

���8VH�RI�5HODWLRQDO�'DWDEDVH�([SORUDWLRQ�7HFKQLTXHV

2QH�RI�WKH�ILUVW�DWWHPSWV�RI�VSDWLDO�GDWD�DQDO\VLV�ZDV�FRQGXFWHG�LQ������
E\�0DMRU�DQG�0DQJDQR� ZKR�XVHG�D�FRPPHUFLDO�LQVWUXPHQW�LQ�RUGHU�WR�PLQH�D�
GDWDEDVH� UHODWHG� WR� D� WURSLFDO� VWRUP�� LQ� RUGHU� WR� IRUHFDVW� ZKHWKHU� WKLV� ZRXOG�
UHDFK� WKH� 86�� 7KH� GDWD� GHVFULELQJ� WKH� KXUULFDQH� ZDV� GHFRPSRVHG� LQWR�
REVHUYDWLRQV� DW� YDULRXV� SRLQWV�� DQG� VXFK� REVHUYDWLRQV� ZHUH� PHPRUL]HG� LQ� D�
UHODWLRQDO�GDWDEDVH��$WWULEXWHV�RI�WKH�IROORZLQJ�W\SHV�ZHUH�XVHG��SRVLWLRQ�RI�WKH�
KXUULFDQH���VSHHG��FLUFXODWLRQ�GLUHFWLRQ��JUDGLHQW�IURP�WKH�FRDVW�HWF��%HFDXVH�WKH�
GHVFULSWLRQ�RI�WKH�KXUULFDQH�DW�YDULRXV�SRLQWV�ZDV�PHPRUL]HG�RI�VHYHUDO�WXSOHV��
FHUWDLQ�GDWD�ZDV�LQWHUGHSHQGHQW��6XFK�LQWHUGHSHQGHQFLHV�JHQHUDWHV�D�QXPEHU�RI�
VKRUWFRPLQJV�EHFDXVH� WKH�XVHG�DOJRULWKP�LPSOLHG� WKH� LQGHSHQGHQFH�RI�GDWD��$�
*,6�V\VWHP�ZDV�XVHG�DV�VXSSRUW�RI�WKH�VHOHFWLRQ�IRU�WKH�EHVW�UXOHV��

7KH�FRQFOXVLRQV�RI�WKLV�VWXG\�ZHUH�WKDW�LW�LV�UHTXLUHG�WR�H[WHQG�WKH�GDWD�
PLQLQJ� WUDGLWLRQDO� WHFKQLTXHV� WRZDUGV� WKH� PLQLQJ� RI� VSDWLDO� GDWD� IRU� DQ�
DSSURSULDWH�DQDO\VLV�RI�FRPSOH[�VSDWLDO�REMHFWV�DQG�SKHQRPHQD�

���3URFHVV�RI�.QRZOHGJH�'LVFRYHU\�%DVHG�RQ�6SDWLDO�'DWDEDVHV

7KH�H[SHULHQFH�RI� WKH� ODVW�\HDUV�VKRZHG�WKDW� WKH�NQRZOHGJH�GLVFRYHU\�
LQ�KXJH�GDWDEDVHV�LPSOLHV�PRUH�WKDQ�WKH�PHUH�DSSOLFDWLRQ�RI�VRSKLVWLFDWHG�GDWD�
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PLQLQJ�DOJRULWKPV�WR�D�SUHVHW�VHW�RI�GDWD��
2QH� RI� WKH� PDMRU� SUREOHPV� RI� WKH� UHVHDUFK� UHODWHG� WR� NQRZOHGJH�

GLVFRYHU\�LQ�GDWD�UHIHUV�WR�WKH�.''�XQGHUVWDQGLQJ�DV�D�³QRQ�WULYLDO�SURFHVV�RI�
LGHQWLI\LQJ� WKH� YDOLG�� QRYHO�� SRWHQWLDOO\� XVHIXO� DQG� XOWLPDWHO\� LQWHOOLJLEOH�
SDWWHUQV�IURP�GDWD�´ �)D\\DG�HW�DO�� ������

)URP�WKLV�SRLQW�RI�YLHZ��WKH�FRQFHSW�RI�SDWWHUQ�LV�XQGHUVWRRG�LQ�D�YHU\�
JHQHUDO� PDQQHU�� $� SDWWHUQ� LV� ZKDW� D� GDWD� PLQLQJ� DOJRULWKP� FDQ� H[WUDFW� RU�
JHQHUDWH� IURP� GDWD�� VXFK� DV� D� PRGHO� ZKLFK� FODVVLILHV� D� JURXS� RI� GDWD� RU� D�
PXOWLWXGH�RI�DVVRFLDWLRQ�UXOHV�EDVHG�RQ�D�GHFLVLRQ�WUHH�RU�D�QHXURQDO�QHWZRUN�

7KH�NQRZOHGJH�GLVFRYHU\�IURP�VSDWLDO�GDWD�FDQ�EH�PRGHOHG�WKURXJK�WKH�
DUFKLWHFWXUH �0DWKHXV�HW�DO���������� VHW�RXW�LQ�)LJ� ��

)LJ� ��± 0RGHO�RI�NQRZOHGJH�GLVFRYHU\�IURP�VSDWLDO�GDWD�

7KH� H[SHULHQFH� XS� WR� GDWH� OHDG� WR� WKH� FRQFOXVLRQ� WKDW� WKH� SURFHVV� RI�
NQRZOHGJH�GLVFRYHU\�LV�QRW�UHGXFHG�WR�D�³VLPSOH�WRXFK�RI�D�EXWWRQ´��EXW�RQ�WKH�
FRQWUDU\��LV�FRPSOH[��LWHUDWLYH�DQG�KLJKO\�LQWHUDFWLYH��+XPDQ��SUHVHQFH�LV�IHOW�RQ�
HDFK�VWDJH�WKHUHRI�WKURXJK�WKH�XVHU��RU�DQDO\VW��ZKR�GHFLGHV�WKH�FRQWHQWV�RI�WKH�
QH[W� VWDJH�� LI� WKH� FXUUHQW� VWDJH� LV� WR� EH� UHVXPHG� RU� LI� RQH� VKRXOG� UHYHUW� WR� D�
SUHYLRXV�VWDJH�

%ULHIO\�� WKH� NQRZOHGJH� GLVFRYHU\� WDNHV� SODFH� DV� IROORZV�� WKH�
EDFNJURXQG� NQRZOHGJH�� VXFK� DV� WKH� KLHUDUFK\� RI� VSDWLDO� DQG� QRQ�VSDWLDO�
FRQFHSWV�RU�LQIRUPDWLRQ�UHODWHG�WR�WKH�GDWDEDVH�LV�PHPRUL]HG�LQ�WKH�NQRZOHGJH�
EDVH�� 7KH� GDWD� LV� H[WUDFWHG� IURP� WKH� VWRUDJH�PHGLD� E\�PHDQV� RI� WKH� GDWDEDVH�
LQWHUIDFH�ZKLFK�HQDEOHV��LQWHU�DOLD��WR�RSWLPL]H�WKH�LQWHUURJDWLRQV��,QGH[HV�FDQ�EH�
XVHG� IRU� VSDWLDO� GDWD�� IRU� DQ� HIILFLHQW� SURFHVVLQJ� WKHUHRI�� 7KH� IRFXVLQJ�
FRPSRQHQW�GHFLGHV�ZKLFK�GDWD�SDUWV�DUH�XVHIXO� IRU� WKH�UHFRJQLWLRQ�RI�SDWWHUQV��
)RU� LQVWDQFH�� RQH� FDQ� GHFLGH� WKDW� RQO\� FHUWDLQ� DWWULEXWHV� DUH� UHOHYDQW� IRU� WKH�
NQRZOHGJH� GLVFRYHU\� WDVN�RU�PD\� H[WUDFW�REMHFWV� WKH� XVH� RI�ZKLFK� JXDUDQWHHV�
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WKH�EHVW� UHVXOWV��7KH� UXOHV� DQG�SDWWHUQV� DUH� GLVFRYHUHG� GXULQJ� WKH� GDWD�PLQLQJ�
WHFKQLTXHV�VWDJH�SHUIRUPHG�E\�WKH�PRGXOH�EHDULQJ�WKH�VDPH�QDPH��7KLV�FDQ�XVH�
VWDWLVWLFDO� SURFHGXUHV�� DXWRPDWLF� OHDUQLQJ� PHWKRGV� DQG� FODVVLILFDWLRQ� DQG�
JURXSLQJ�WHFKQLTXHV�LQ�FRQMXQFWLRQ�ZLWK�JHRPHWULFDO�FRPSXWDWLRQ�DOJRULWKPV��LQ�
RUGHU� WR� GLVFRYHU� UXOHV� RU� OLQNV�� 7KH� LPSRUWDQFH� DQG� VLJQLILFDQFH� RI� WKH�
GLVFRYHUHG�SDWWHUQV�LV�GHWHUPLQHG�E\�PHDQV RI�WKH�HYDOXDWLRQ�PRGXOH�ZKLFK�FDQ�
UHPRYH� WKH� DOUHDG\� H[LVWLQJ� RU� UHGXQGDQW� NQRZOHGJH�� 7KH� GLVFRYHUHG�
NQRZOHGJH�LV�XOWLPDWHO\�SURYLGHG�WR�WKH�XVHU�IRU�UHYLHZ�SXUSRVHV�

���([SORUDWLRQ�PHWKRGV�DQG�WHFKQLTXHV�RI�WKH�XVHG�GDWD

7KH� NQRZOHGJH� GLVFRYHUHG� LQ� VSDWLDO� GDWDEDVHV� PD\� KDYH� GLIIHUHQW�
IRUPV�� QDPHO\�� UXOHV� FKDUDFWHULVWLF� IRU� WKH� GHVFULSWLRQ� RI� VSDWLDO� GDWD��
GLVFULPLQDWLYH�UXOHV�IRU�GLIIHUHQWLDWLQJ�D�FODVV�RI�VSDWLDO�GDWD�IURP�RWKHU�FODVVHV��
DVVRFLDWLRQ�UXOHV�ZKLFK�DVVRFLDWH�RQH�RU�PRUH�FKDUDFWHULVWLFV�WR�D�GLVWLQFW�VHW�RI�
FKDUDFWHULVWLFV��GHYLDWLRQ�DQG�HYROXWLRQ�UXOHV�IRU�GHVFULELQJ�WKH�WLPH�FKDQJHV�RU�
UXOHV�ZKLFK�GHVFULEH�VSHFLDO�VWUXFWXUHV��$OO�WKHVH�FDQ�EH�VHW�RXW�LQ�YDULRXV�IRUPV�
DQG�PD\�EH�XVHG�LQ�RUGHU�WR�GHVFULEH�WKH�VSDWLDO�REMHFWV�

%HFDXVH�GDWD�PLQLQJ� UHTXLUHV�PDQ\�FKDOOHQJLQJ� LVVXHV� IRU� UHVHDUFK�� WKH�
GLUHFW�DSSOLFDWLRQ�RI�PHWKRGV�DQG� WHFKQLTXHV�GHYHORSHG�E\�UHODWHG�ILHOGV��VXFK�
DV� DXWRPDWLF� OHDUQLQJ�� VWDWLVWLFV� RU� GDWDEDVHV� FDQQRW� VROYH� WKH� SUREOHPV�� 7KLV�
UHTXLUHV� WKH� FRQGXFW� RI� GHGLFDWHG� VWXGLHV� LQ� RUGHU� WR� LGHQWLI\� QHZ� LQWHJUDWHG�
PHWKRGV� RU� WHFKQLTXHV� IRU� DQ� HIIHFWLYH� PLQLQJ�� $V� D� UHVXOW�� WKH� GDWD� PLQLQJ�
EHFDPH�D�GLVWLQFW�UHVHDUFK�ILHOG�

$V� FRPSRQHQW� RI� WKH� NQRZOHGJH� GLVFRYHU\� IURP� GDWD�� GDWD� PLQLQJ�
LPSOLHV� WKH� LWHUDWLYH� DSSOLFDWLRQ� RI� FHUWDLQ� VSHFLILF� PHWKRGV�� LQ� SDUWLFXODU� RI�
VSHFLILF�DOJRULWKPV�

7ZR� W\SHV� RI� WDUJHWV� FDQ� EH� LGHQWLILHG� IRU� WKLV� VWDJH�� QDPHO\��
YHULILFDWLRQ��LQ�ZKLFK�FDVH�WKH�V\VWHP�LV�XVHG�WR�YHULI\�WKH�SUHVXPSWLRQV�RI�WKH�
XVHU�� DQG� WKH� GLVFRYHU\�� ZKHQ� WKH� V\VWHP� DXWRQRPRXVO\� ILQGV� QHZ� SDWWHUQV��
)XUWKHUPRUH��GLVFRYHU\�FDQ�EH�GLYLGHG�LQWR��IRUHFDVW�LI�WKH�V\VWHP�ILQGV�SDWWHUQV�
LQ�RUGHU�WR�IRUHFDVW�WKH�IXWXUH�EHKDYLRU�IRU�FHUWDLQ�HQWLWLHV��RU�GHVFULSWLRQ�ZKHQ�
WKH� V\VWHP� ILQGV�SDWWHUQV� LQ� RUGHU� WR�SURYLGH� WKHVH� WR� D�XVHU�� LQ� DQ� LQWHOOLJLEOH�
IRUP�

7KH� REMHFWLYHV� RI� IRUHFDVW� DQG� GHVFULSWLRQ�� UHVSHFWLYHO\�� DUH� DFKLHYHG�
WKURXJK�WKH�IROORZLQJ�SULPDU\�GDWD�PLQLQJ�PHWKRGV�

D��FODVVLILFDWLRQ��ILQGLQJ�D�IXQFWLRQ�ZKLFK�LQFOXGHV�D�GDWD�LWHP�LQ�RQH�RI�
VHYHUDO�SUHVHW�FODVVHV�

E�� UHJUHVVLRQ�� LV� XVHG� LQ� RUGHU� WR� IRUHFDVW� WKH� YDOXH� RI� D� FRQWLQXRXV�
YDULDEOH�EDVHG�RQ�WKH�YDOXHV�RI�RWKHU�YDULDEOHV��LPSO\LQJ�D�OLQHDU�RU�QRQ�OLQHDU�
GHSHQGHQF\�PRGHO��/RJLFDO�UHJUHVVLRQ�LV�XVHG�LQ�RUGHU�WR�IRUHFDVW�WKH�YDOXH�RI�D�
ELQDU\�YDULDEOH��,W�LV�D�FODVVLILFDWLRQ�WRRO XVHG�LQ�RUGHU�WR�GHWHUPLQH�WKH�YDOXH�RI�
D�YDULDEOH��VXFK�DV��IRU�LQVWDQFH��³LV�DQ�LQGLYLGXDO�LV�D�EX\HU�RU�QRW´��DQG�LV�DOVR�
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XVHG�LQ�RUGHU�WR�GHWHUPLQH�FRQWLQXRXV�YDULDEOHV��VXFK�DV���³WKH�OLNHOLKRRG�RI�DQ�
LQGLYLGXDO�WR�JR�VKRSSLQJ´�

F��FOXVWHULQJ���LGHQWLILHV�D�ILQLWH�VHW�RI�FDWHJRULHV�RU�FOXVWHUV�LQ�RUGHU�WR�
GHVFULEH� GDWD�� &ORVHO\� UHODWHG� LV� WKH� PHWKRG� RI� HVWLPDWLQJ� WKH� SUREDELOLW\�
GHQVLW\�� ZKLFK� FRQVLVWV� RI� HVWLPDWLRQ� WHFKQLTXHV� IURP� GDWD� RI� WKH� SUREDELOLW\�
IXQFWLRQ�DVVRFLDWHG�IRU�DOO�YDULDEOHV�ILHOGV�RI�D�GDWDEDVH�

G��VXPPDU\��LGHQWLILHV�D�FRPSDFW�GHVFULSWLRQ�IRU�D�VXEVHW�RI�GDWD�
H�� GHSHQGHQFLHV� PRGHOLQJ�� LGHQWLILHV� D� PRGHO� ZKLFK� GHVFULEHV� WKH�

VLJQLILFDQW�GHSHQGHQFLHV�EHWZHHQ�YDULDEOHV�
I�� LGHQWLILFDWLRQ� RI� FKDQJHV� DQG� GHYLDWLRQ� GLVFRYHUV� WKH� PRVW�

VLJQLILFDQW� GDWD� FKDQJHV� LQ� WKH� WLPH� IUDPH� EHWZHHQ� WZR� FRQVHFXWLYH�
PHDVXUHPHQWV�

%DVHG�RQ�WKH�GDWD�PLQLQJ�IXQGDPHQW��WKH�GDWD�PLQLQJ�FDQ�EH�FODVVLILHG�
LQWR�PLQLQJ�EDVHG�RQ�JHQHUDOL]DWLRQ��PLQLQJ�EDVHG�RQ�SDWWHUQV��PLQLQJ�EDVHG�RQ�
PDWKHPDWLFDO�DQG�VWDWLVWLFDO�WKHRULHV��LQWHJUDWHG�DFFHVV�HWF�

���([SORUDWLRQ�%DVHG�RQ�*HQHUDOL]DWLRQ

7KH�GDWD�DQG� LWHPV� LQ� WKH�GDWDEDVHV�RIWHQ�FRQWDLQ�GHWDLOHG� LQIRUPDWLRQ�
DW� WKH� OHYHO�RI� UHFHLYHG�FRQFHSWV�� ,Q� WKLV�FDVH� LW�ZRXOG�EH�DGYLVDEOH� WR�PDNH�D�
VXPPDU\�RI�WKH�GDWD�VHWV�LQ�RUGHU�WR�SUHVHQW�WKHP�WKURXJK�KLJKHU�OHYHO�FRQFHSWV��
)RU� LQVWDQFH�� FDQ� EH� VXPPDUL]HG� WKH� GHWDLOHG� GDWD� R� WHPSHUDWXUHV� DQG�
SUHFLSLWDWLRQV�RI�D�UHJLRQ� LQ�RUGHU� WR�SURYLGH� WKH�JHQHUDO�FOLPDWH�SDWWHUQ��7KLV�
LPSOLHV� D� GDWD� PLQLQJ� EDVHG� RQ� JHQHUDOL]DWLRQ�� LQ� ZKLFK� FDVH� WKH� ILUVW� VWDJH�
SHUIRUPV�D�JHQHUDOL]DWLRQ� RI� D� VLJQLILFDQW� YROXPH� RI� UHOHYDQW�GDWD� IURP�D� ORZ�
OHYHO� FRQFHSW� WR� D� UHODWLYHO\� KLJK� RQH�� DQG� DIWHUZDUGV� H[WUDFWV� WKH� NQRZOHGJH�
IURP�WKH�JHQHUDOL]HG�GDWD��7KLV�LPSOLHV�WKH�H[LVWHQFH�RI�IXQGDPHQWDO�NQRZOHGJH�
LQ�WKH�IRUP�RI�D�KLHUDUFK\�RI�FRQFHSWV��H[SUHVVO\�SURYLGHG�E\�WKH�H[SHUWV�LQ�WKH�
ILHOG��ZKLFK�FDQ�EH�DXWRPDWLFDOO\�JHQHUDWHG�WKURXJK�GDWD�DQDO\VLV�

,Q�FDVH�RI�VSDWLDO� GDWDEDVHV�� WZR�FDWHJRULHV�RI� FRQFHSW�KLHUDUFKLHV�FDQ�
EH� GHILQHG��QRQ�VSDWLDO� DQG� VSDWLDO� 2QFH� WKH� FRQFHSW� KLHUDUFKLHV� LV� LPSRVHG��
WKH� LQIRUPDWLRQ� EHFRPHV�PRUH� DQG�PRUH� JHQHUDO�� EXW� VWLOO� FRQVLVWHQW� DW� ORZHU�
FRQFHSW� OHYHO�� ,Q� FDVH� RI� VSDWLDO� GDWD�� DQ� H[DPSOH� RI� KLHUDUFK\� LQ� WKH�
JHQHUDOL]DWLRQ�SURFHVV�FRXOG�EH�WKH�IROORZLQJ��WKH�UHJLRQV�UHSUHVHQWLQJ�UHJLRQDO�
DGPLQLVWUDWLYH�XQLWV�FDQ�EH�XQLWHG�LQWR�FRXQWLHV��ZKLFK�FDQ�EH�XQLWHG�LQWR�VWDWHG�
HWF�

7KH� DWWULEXWH�RULHQWHG� LQGXFWLRQ LV� DQ� HIILFLHQW� GDWD� JHQHUDOL]DWLRQ�
WHFKQLTXH� �)D\\DG� HW� DO�� ������� )LUVW� RI� DOO� LV� FRQVLGHUHG� D� GDWD� PLQLQJ�
LQWHUURJDWLRQ� H[SUHVVHG� LQ� D� 64/� VLPLODU� ODQJXDJH�� �IRU� LQVWDQFH� '064/��
ZKLFK� FROOHFWV� WKH� UHOHYDQW� VHW� RI� GDWD� LQ� D� GDWDEDVH�� $IWHUZDUGV� WKH�
JHQHUDOL]DWLRQ� WDNHV� SODFH� E\� LQFUHDVLQJ� WKH� JHQHUDOL]DWLRQ� KLHUDUFK\� DQG� E\�
VXPPDUL]LQJ�WKH�FRQQHFWLRQV�EHWZHHQ�WKH�VSDWLDO DQG�QRQ�VSDWLDO�GDWD�DW�KLJKHU�
OHYHO� FRQFHSWV�� ,Q� FDVH� RI� QRQ�VSDWLDO� GDWD�� WKLV� WDNHV�SODFH�E\�� LQFUHDVLQJ� WKH�
FRQFHSW� KLHUDUFK\� ZKHQ� WKH� YDOXHV� RI� DWWULEXWHV� LQ� D� WXSOH� DUH� UHSODFHG� ZLWK�
JHQHUDOL]HG� YDOXHV�� E\� HOLPLQDWLQJ� WKH� DWWULEXWHV� ZKHQ� LW� LV� LPSRVVLEOH� WR�
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FRQWLQXH� WKH� JHQHUDOL]DWLRQ� DQG� WKHUH� DUH� WRR� PDQ\� GLVWLQFW� YDOXHV� IRU� DQ�
DWWULEXWH�DQG�E\�FRXSOLQJ�WKH� LGHQWLFDO�WXSOHV��7KH� LQGXFWLRQ�FRQWLQXHV�XQWLO�DOO�
DWWULEXWHV�DUH�JHQHUDOL]HG�WR�WKH�LQWHQGHG�OHYHO��'XULQJ�WKH�SURFHVV�RI�XQLWLQJ�WKH�
LGHQWLFDO� WXSOHV� WKH� QXPEHU� RI� FRXSOHG� WXSOHV� LV� PHPRUL]HG� DV� D� PHWHU�� ,Q�
DGGLWLRQ�� WKH� DJJUHJDWHG� YDOXHV� RI� FHUWDLQ� TXDQWLWDWLYH� DWWULEXWHV� PD\� DOVR� EH�
PHPRUL]HG� LQ� RUGHU� WR� HQDEOH� WKH� TXDQWLWDWLYH� SUHVHQWDWLRQ� RI� WKH� DFTXLUHG�
NQRZOHGJH�

*HQHUDOL]HG�GDWD�FDQ�EH�H[SUHVVHG� LQ�WKH�IRUP�RI�JHQHUDOL]HG�IRUPXODV�
RU�GDWD�FXEHV�ZKLFK�FDQ�EH�VXEMHFW�WR�RWKHU�RSHUDWLRQV�LQ�RUGHU�WR�EH�WXUQHG�LQWR�
YDULRXV� IRUPV� RI� NQRZOHGJH�� )RU� LQVWDQFH�� WKH� ³GULOO�GRZQ´� DQG� ³UROO�XS´�
RSHUDWLRQV� HQDEOH� WKH� GLVSOD\� RI� GDWD� DW� YDULRXV� JHQHUDOL]DWLRQ� OHYHOV�� WKH�
JHQHUDOL]HG�UHODWLRQV�FDQ�EH�WUDQVSRVHG�LQWR�VXPPDU\�WDEOHV��PDSV�RU�FKDUWV�IRU�
YLHZLQJ�DQG�SUHVHQWDWLRQ�SXUSRVHV�� FKDUDFWHULVWLF� UXOHV�RU� GLVFULPLQDWLQJ� UXOHV�
PD\�EH�H[WUDFWHG�HWF�

7KH�DWWULEXWH�RULHQWHG�LQGXFWLRQ�ZDV�DOVR�H[WHQGHG�RQ VSDWLDO�GDWD��/X�HW�
DO�� ������� VHWV� RXW� WZR� JHQHUDOL]DWLRQ� DOJRULWKPV�� LQ� FDVH� RI� VSDWLDO� GDWD�
GRPLQDQFH�DQG�LQ�FDVH�RI�QRQ�VSDWLDO�GDWD�GRPLQDQFH�

7KH�JHQHUDOL]DWLRQ�DOJRULWKP�LQ�FDVH�RI�VSDWLDO�GDWD�GRPLQDQFH�HQDEOHV�
WKH�GHVFULSWLRQ�RI�VSDFH�UHJLRQV�E\ PHDQV�RI�KLJK�OHYHO�DWWULEXWHV��)LUVW�RI�DOO�WKH�
UHJLRQV�DUH�XQLWHG�LQ�FRPSOLDQFH�ZLWK�WKH�VSHFLDO�KLHUDUFKLHV�DQG�WKLV�JHQHUDWHV�
D�PDS�ZLWK�D�ORZ�QXPEHU�RI�DUHDV��$IWHUZDUGV��D�QRQ�VSDWLDO�GHVFULSWLRQ�RI�HDFK�
DUHD� LV�SHUIRUPHG��E\�PHDQV�RI� WKH�DWWULEXWH�RULHQWHG� LQGXFWLRQ� WHFKQLTXH��7KH�
UHSO\�RI�DQ�LQWHUURJDWLRQ�LV�WKH�GHVFULSWLRQ�RI�DOO�UHJLRQV�WKURXJK�WKH�GLVMXQFWLRQ�
RI�IHZ�DWWULEXWHV�ZKLFK�FKDUDFWHUL]H�HDFK�RI�WKH�JHQHUDOL]HG�UHJLRQV��

)LJ� � ± ,QWHUURJDWLRQ�DQG�REWDLQHG�UHVXOW�E\�DSSO\LQJ�WKH�JHQHUDOL]LQJ�DOJRULWKP�ZLWK�
VSDWLDO�GRPLQDQFH�

7KH� JHQHUDOL]DWLRQ� DOJRULWKP� IRU� QRQ�VSDWLDO� GRPLQDQW� GDWD� JHQHUDWH�
PDSV�ZKLFK�FRQVLVW�RI�D�ORZ�QXPEHU�RI�UHJLRQV�ZLWK�WKH�VDPH�KLHUDUFKLFDO�OHYHO�
RI�QRQ�VSDWLDO�GHVFULSWLRQ��7KLV�DOJRULWKP�EHJLQV�ZLWK� WKH�QRQ�VSDWLDO�DWWULEXWH�

PRGHUDW

ZDUP�����
RU�PRGHUDW�

([WUDFW��FKDUDFWHULVWLF�UXOH
IURP��WHPSHUDWXUHVBPDS�
ZKHUH��SURYLQFH� ³;;´�DQG
SHULRG ³VXPPHU´�DQG�\HDU� �����
LQ�UHOHYDQFH�WR�UHJLRQ�DQG�
WHPSHUDWXUH
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RULHQWHG� LQGXFWLRQ� DQG� WKH� JHQHUDOL]DWLRQ� WKHUHRI� WR� KLJKHU� FRQFHSWXDO� OHYHOV��
$IWHU� WKDW�� WKH� QHLJKERULQJ� DUHDV� ZLWK� WKH� VDPH� YDOXHV� IRU� WKH� JHQHUDOL]HG�
DWWULEXWHV� DUH� XQLWHG�� $SSUR[LPDWLRQ� FDQ� EH� XVHG� LQ� RUGHU� WR� LJQRUH� WKH� VPDOO�
UHJLRQV� ZLWK� GLIIHUHQW� QRQ�VSDWLDO� GHVFULSWLRQV�� 7KH� QH[W� ILJXUH� VKRZV� DQ�
H[DPSOH�RI�WKH�PHQWLRQHG�DSSOLHG�DOJRULWKPV��,W�VKRZV�WKH�LQWHUURJDWLRQ� LQ�WKH�
JHQHUDOL]DWLRQ�DOJRULWKP�ZLWK�VSDWLDO�GRPLQDQFH��DV�ZHOO�DV�WKH�REWDLQHG�UHVXOW�

�����0LQLQJ�RI�6SDWLDO�$VVRFLDWLRQV

7KH�DERYH�PHQWLRQHG�PHWKRG�HQDEOHV�WKH�LGHQWLILFDWLRQ�RI�FKDUDFWHULVWLF�
UXOHV�ZKLFK�GHVFULEH�VSDWLDO�REMHFWV�EDVHG�RQ�WKH�QRQ�VSDWLDO�DWWULEXWHV�WKHUHRI��
+RZHYHU�� XQGHU� FHUWDLQ� FLUFXPVWDQFHV�� LW� LV� LQWHQGHG� WR� GLVFRYHU� WKH� VSDWLDO�
DVVRFLDWLRQ�UXOHV��ZKLFK�DUH�WKRVH�UXOHV�DVVRFLDWLQJ�RQH�RU�PRUH�VSDWLDO�REMHFWV�
ZLWK�RWKHU�VSDWLDO�REMHFWV�

7KH� FRQFHSW� RI� DVVRFLDWLRQ� UXOHV� ZDV� LQWURGXFHG� E\ $JUDZDO� HW� DO��
������ LQ�RUGHU� WR�PLQH� ODUJH� WUDQVDFWLRQ�GDWDEDVHV��DQG�E\�.RSHUVNL�DQG +DQ�
������ ZDV�H[WHQGHG�WR�VSDWLDO�GDWDEDVHV�

$�VSDWLDO�DVVRFLDWLRQ�UXOH�LV�QRWHG�

;Æ <��F���

ZKHUH��;�DQG�<�DUH�VHWV�RI�VSDWLDO�DQG�QRQ�VSDWLDO�DWWULEXWH�VHWV�DQG F�� LV� WKH�
FRQILGHQFH�GHJUHH�RI�WKH�UXOH�

$Q�H[DPSOH�RI�VXFK�UXOH�LV�DV�IROORZV��
LV��[��VFKRRO��� FORVHBWR��[��VSRUWBFHQWHU��Æ FORVHBWR��[��SDUN�������
7KLV� UXOH� PHQWLRQV� WKDW� ���� RI� WKH� VFKRROV� ORFDWHG� FORVH� WR� D� VSRUW�

FHQWHU� DUH� DOVR� FORVH� WR� D� SDUN�� 7KHUH� DUH� GLIIHUHQW� W\SHV� RI� VSDWLDO� DWWULEXWHV�
ZKLFK� FDQ� JHQHUDWH� VSDWLDO� DVVRFLDWLRQ� UXOHV�� DPRQJ� ZKLFK�� WRSRORJLFDO�
UHODWLRQV�� VXFK� DV� LQWHUVHFWLRQ�� RYHUOD\LQJ�� GLVMXQFWLRQ� HWF��� RU� GLVWDQFH�
LQIRUPDWLRQ��VXFK�DV�FORVHBWR��IDUBIURP HWF�

7KH� ODUJH� GDWDEDVHV� PD\� FRQWDLQ� PDQ\� DVVRFLDWLRQV� EHWZHHQ� REMHFWV��
EXW� PRVW� RI� WKHP� HLWKHU� DSSO\� WR� DQ� H[WUHPHO\� ORZ� QXPEHU� RI� REMHFWV�� HLWKHU�
KDYH�D�ORZ�FRQILGHQFH�GHJUHH�

)RU�LQVWDQFH��D�XVHU�PD\�QRW�EH�LQWHUHVWHG�LQ�D�UHODWLRQ�ZKLFK�DVVRFLDWHV�
���RI�WKH�KRXVHV�ZLWK�D�FHUWDLQ�VFKRRO��EXW�PD\�EH� LQWHUHVWHG� LQ�D�UXOH�DSSOLHG�
WR�DW� OHDVW�����RI� WKH�KRXVHV��7KHUH�DUH� WZR�WKUHVKROGV�� WKH�PLQLPXP�VXSSRUW�
DQG� WKH� PLQLPXP� FRQILGHQFH� GHJUHH ZKLFK� DUH� XVHG� LQ� RUGHU� WR� FRQWURO� WKH�
ILOWHULQJ�RI�DVVRFLDWLRQV�GHVFULELQJ�D�VPDOO�SHUFHQW�RI�REMHFWV�RU�ORZ�FRQILGHQFH�
UXOHV��7KHVH�WKUHVKROGV�PD\�EH�GLIIHUHQW�DW�HDFK�OHYHO�RI�QRQ�VSDWLDO�GHVFULSWLRQV�
RI�REMHFWV��EHFDXVH�WKH�XVH�RI�WKH�VDPH�WKUHVKROG�PLJKW�QRW�ILQG�WKH�LQWHUHVWLQJ�
DVVRFLDWLRQV�DW� ORZ�KLHUDUFKLF� OHYHO�EHFDXVH� WKH�QXPEHU�RI�REMHFWV�ZKLFK�PHHW�
WKH�VDPH�DWWULEXWH�PD\�EH�ORZ�

7KH� PLQLQJ� SURFHVV� LV� LQLWLDWHG� WKURXJK� DQ� LQWHUURJDWLRQ� ZKLFK�
GHVFULEHV� D� FODVV� RI� REMHFWV� 6� XVLQJ� RWKHU� FODVVHV� RI� REMHFWV� UHOHYDQW� IRU� WKH�
SURSRVHG� WDVN� DQG� D� PXOWLWXGH� RI� UHOHYDQW� FRQQHFWLRQV�� )RU� LQVWDQFH�� D� XVHU�
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PLJKW� ZDQW� WR� GHVFULEH� WKH� SDUNV� RI� D� WRZQ� E\� UHSUHVHQWLQJ� WKH� FRQQHFWLRQV�
EHWZHHQ�WKH�SDUNV�DQG�RWKHU�REMHFWV��VXFK�DV��UDLOZD\V��UHVWDXUDQWV��]RRV��VWUHHWV�
HWF��,QVWHDG��WKH�XVHU�PD\�GHWHUPLQH�WKDW�LV� LQWHUHVWHG�RQO\�LQ�WKH�REMHFWV�RI�DQ�
DUHD�ZLWK�RQH�NLORPHWHU�ZLGWK�IURP�WKH�SDUN�HGJHV��,Q�RUGHU�WR�PLWLJDWH�WKH�FRVW�
RI�VSDWLDO�FRPSXWDWLRQV��WKH DOJRULWKP�XVHV�YDULRXV�DSSUR[LPDWLRQV�DQG�DSSOLHV�
WKH�PRVW�GHWDLOHG�VSDWLDO� FRPSXWDWLRQ��ZKLFK� LV�PRUH� H[SHQVLYH��RQO\� WR� WKRVH�
SDWWHUQV�ZLWK�DQ�DSSURSULDWH�VXSSRUW�DW�WKH�FRQVLGHUHG�DSSUR[LPDWLRQ�OHYHO�

�����'DWD�&OXVWHULQJ

6SDWLDO�FOXVWHULQJ��ZKLFK�DVVRFLDWHV�VLPLODU�VSDWLDO�REMHFWV�LQ�FODVVHV��LV�
DQ�LPSRUWDQW�GDWD�PLQLQJ�WHFKQLTXH��ZKLFK�FDQ�EH�XVHG�LQ�RUGHU�WR�LGHQWLI\�WKH�
VLPLODU� UHVRXUFH� PLQLQJ� DUHDV�� LQ� PHUJLQJ� WKH� UHJLRQV� ZLWK� VLPLODU� FOLPDWH�
FKDUDFWHULVWLFV�HWF���

&DQ�EH�XVHG�DV�D�IUHHVWDQGLQJ� LQVWUXPHQW� LQ�RUGHU� WR�EHWWHU�XQGHUVWDQG�
GDWD�GLVWULEXWLRQ��WR�QRWLFH�WKH�FKDUDFWHULVWLFV�RI�HDFK�FOXVWHU�DQG�WR�HDVLO\�IRFXV�
RQ�D�FHUWDLQ�VHW�RI�FOXVWHUV�IRU�IXUWKHU�DQDO\VHV��RU�PD\�EH�D�SUHSDUDWLRQ�VWHS�IRU�
WKH� FODVVLILFDWLRQ� RU� FKDUDFWHUL]LQJ� DOJRULWKPV ZKLFK� RSHUDWH� RQ� WKH� LGHQWLILHG�
FOXVWHUV�

'XH� WR� WKH� IDFW� WKDW� WKH� FOXVWHU� DQDO\VLV� ZDV� DQ� DFWLYH� GDWD� PLQLQJ�
UHVHDUFK� ILHOG�� HIILFLHQW� FOXVWHULQJ� PHWKRGV� ZHUH� GHYHORSHG� LQ� WKH� ODVW� \HDUV��
7KHVH� FDQ� EH� FODVVLILHG� LQWR�� SDUWLWLRQLQJ� PHWKRGV� �.DXIPDQ� 	� 5RXVVHHXZ��
������1J�	�+DQ��������%UDGOH\�HW�DO����������KLHUDUFKLF�PHWKRGV �.DXIPDQ�	�
5RXVVHHXZ��������<KDQJ�HW�DO���������*XKD�HW�DO�������� .DU\SLV�HW�DO����������
GHQVLW\�EDVHG�PHWKRGV �(DVWHU�HW�DO�� ������$QNHUVW�HW�DO���������+LQQHEXUJ�	�
.HLP� ������� JULG�EDVHG� PHWKRGV� �:DQJ� HW� DO��� ����� 6KHLNKROHVODPL�� HW� DO���
������$JUDZDO�HW�DO��� ����� DQG�PRGHO�EDVHG�PHWKRGV� �6KDYOLN�	�'LHWWHULFK��
������.RKRQHQ��������

�����8VH�RI�$SSUR[LPDWHV�DQG�$JJUHJDWLRQV

7KH� FOXVWHULQJ� PHWKRGV� FDQ� SURYLGH� DQVZHUV� IRU� TXHVWLRQV VXFK� DV�
³ZKLFK� LV� WKH� ORFDWLRQ�RI� FOXVWHUV� LQ�VSDWLDO� GDWDEDVHV´��+RZHYHU�� WKHUH� LV�DOVR�
DQRWKHU�DVSHFW�RI�WKH�SUREOHP��QDPHO\�³ZK\�DUH�WKH�FOXVWHUV�ORFDWHG�WKHUH´��7KLV�
FDQ�EH�UHSKUDVHG�DV�IROORZV��ZKLFK�DUH�WKH�FKDUDFWHULVWLFV�RI�FOXVWHUV��EDVHG�RQ�
WKH�IHDWXUHV�RQ�FRQWDLQHG�REMHFWV��7KH�SUREOHP�UHIHUV�WR�WKH�PHDVXULQJ�PDQQHU�
RI�WKH�DJJUHJDWLRQ�SUR[LPLW\�EHFDXVH�DQ�DOOHJDWLRQ�VXFK�DV�³����RI�WKH�FOXVWHU�
KRXVHV� PLJKW� KDYH� FKDUDFWHULVWLF� ;´� LV� PRUH� LQWHUHVWLQJ� DQG� FRQWDLQV� PRUH�
LQIRUPDWLRQ�WKDQ�WKH�DOOHJDWLRQ�³RQH�KRXVH�GHILQLWHO\�KDV�;�FKDUDFWHULVWLF´��7KH�
DJJUHJDWLRQ�SUR[LPLW\�LV�WKH�SUR[LPLW\�PHDVXUH�RI�WKH�FOXVWHU�VHW�RI�REMHFWV�WR�D�
FHUWDLQ�FKDUDFWHULVWLF�DV�RSSRVHG�WR�WKH�GLVWDQFH�EHWZHHQ�WKH�FOXVWHU�ERUGHUV�DQG�
WKH�OLPLWV�RI�D�FKDUDFWHULVWLF�

.QRUU� DQG� 1J� ������� VHWV� RXW� D� PHWKRG� ZKLFK� HQDEOHV� WKH� IDVW�
LGHQWLILFDWLRQ�RI�D�FKDUDFWHULVWLF�FORVH�WR�WKH�FOXVWHU�
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7KH� PLQLQJ� RI� UDVWHU� GDWDEDVHV�� VXFK� DV� WKH� LPDJH� W\SH� RQHV�� LV� D�
SDUWLFXODU�FDVH�RI�VSDWLDO�GDWD�PLQLQJ��7KH�VWXGLHV�LQ�WKLV�ILHOG�LQFOXGH�3266�,,�
�6HFRQG� 3DORPDU� 2EVHUYDWRU\� 6N\� 6XUYH\�� ZKLFK� XVHV� WKH� GHFLVLRQ� WUHHV� LQ�
RUGHU�WR�FODVVLI\�JDOD[LHV��RU�RWKHU�FRVPLF�REMHFWV�VWDUWLQJ�IURP�DSSUR[LPDWHO\���
WHUDE\WHV�RI�FRVPLF�LPDJHV�DQG�0DJHOODQ�VWXG\��ZKLFK�DQDO\]HV�DSSUR[LPDWHO\�
������KLJK�UHVROXWLRQ�UDGDU�LPDJHV�RI�WKH�VXUIDFH�RI�9HQXV�SODQHW�� LQ�RUGHU�WR�
LGHQWLI\�WKH�SRWHQWLDO�YROFDQRHV�

�����)XWXUH�&KDOOHQJHV

,Q�WKH�\HDUV�RI�WUDQVLWLRQ�WR�DQ�LQIRUPDWLRQ�VRFLHW\�LW�LV�XVHOHVV�WR�SURYH�
WKH� QHFHVVLW\� RI� D� UHVHDUFK� ILHOG� VXFK� DV� WKH� RQH� RI� GDWD� PLQLQJ� IURP� ODUJH�
YROXPHV�RI�JHRJUDSKLF�GDWD��

1RQHWKHOHVV�� ZKDW� VKRXOG� EH�PHQWLRQHG� LV� WKH� IDFW� WKDW� WKHUH� VWLOO� DUH�
UHVHDUFK� LVVXHV� ZKLFK� UHTXLUH� WKH� H[WHQVLRQ� RI� VWXGLHV�� 6RPH� RI� WKHVH� LVVXHV�
UHIHU� WR�� LGHQWLI\LQJ� FHUWDLQ� DGGLWLRQDO� PHWKRGV� VXFK� DV� FODVVLILFDWLRQ�� PLQLQJ�
EDVHG� RQ� SDWWHUQV� RU� VLPLODULWLHV�� VSHFLDOO\� GHGLFDWHG� WR� JHRJUDSKLF� GDWD��
DQDO\VLV�RI� LQWHUDFWLYH�GDWD�PLQLQJ�RSSRUWXQLWLHV�E\�XVLQJ�YLVXDO�UHDFWLRQV��DQG�
DQDO\VLV�RI�SRVVLELOLWLHV� WR�GHVLJQ�D� ODQJXDJH�GHGLFDWHG� WR�VSDWLDO� GDWD�PLQLQJ��
WKH�PLQLQJ� RI� GDWD� RULJLQDWLQJ� IURP� GLVWULEXWHG� VRXUFHV� �,QWHUQHW�,QWUDQHW�� DQG�
PHPRUL]HG� LQ� YDULRXV� IRUPDWV�� � $� UHDO� FKDOOHQJH� FRQVLVWV� RI� FRPELQLQJ� WKH�
VSDWLDO� GDWD� PLQLQJ� PHWKRGV� ZLWK� WKH� DGYDQFHG� VSDWLDO� GDWDEDVHV� �REMHFW�
RULHQWHG� VSDWLDO� GDWDEDVHV� RU� VSDWLDO�WHPSRUDO� GDWDEDVHV�� DQG� ZLWK� WKH�
WHFKQRORJ\� RI� H[SHUW� V\VWHPV� LQ� RUGHU� WR� JHQHUDWH� WKH� VR�FDOOHG� VPDUW� *,6�
V\VWHPV��

���&RQFOXVLRQV

,Q�WKLV�SDSHU�ZH�UHYLHZHG�WKH�PHWKRGV�XVHG�IRU�GDWD�PLQLQJ��XQGHUVWRRG�
DV�D�VWDJH�RI�WKH�NQRZOHGJH�GLVFRYHU\�SURFHVV�IURP�VSDWLDO�GDWDEDVHV��7KLV�LV�D�
FXUUHQW�WRSLF�DQG�DOVR�DQ�DWWUDFWLYH�RQH�ZKLFK�DLPV�DW�SURYLGLQJ�WKH�JHRJUDSKLF�
LQIRUPDWLRQ�V\VWHPV�ZLWK�WKH�SRZHU�WR�GLVFRYHU�NQRZOHGJH�DQG�DGMXVW�WKH�QHZ�
*,6�DSSOLFDWLRQV�WR�WKH�IXWXUH�UHTXLUHPHQWV�

5()(5(1&(6

$JUDZDO�5����,PLHOLQVNL�7�� 6ZDPL�$�� 0LQLQJ�$VVRFLDWLRQ�5XOHV�%HWZHHQ�6HWV�RI�,WHPV�
LQ�/DUJH�'DWDEDVHV� 3URF� RI�WKH�$&0�6,*02'�,QWHUQDW� &RQI� RQ�0DQDJ��RI�
'DWD����������

$JUDZDO�5���*HKUNH�-���*XQRSXORV�'���5DJKDYDQ�3�� $XWRPDWLF�6XEVSDFH��&OXVWHULQJ�RI�
+LJK� 'LPHQVLRQDO� 'DWD� � IRU� 'DWD� 0LQLQJ� $SSOLFDWLRQV�� 3URF� ����� $&0�
6,*02'� ,QWHUQDW�� &RQI�� 0DQDJ� RI� 'DWD� �6,*02'¶����� 6HDWWOH�� ������ ���
����
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$QNHUVW�0���%UHXQLJ�0���.ULHJHO�+�3���6DQGHUV�-���237,&6��2UGHULQJ�3RLQWV�WR�,GHQWLI\�
WKH�&OXVWHULQJ�6WUXFWXUH��3URF�������$&0� 6,*02'�,QWHUQDW��&RQI��0DQDJ�
RI�'DWD��6,*�02'¶���� 3KLODGHOSKLD��������������

%UDGOH\�5��� )D\\DG�8���5HLQD�&���6FDOLQJ�&OXVWHULQJ�$OJRULWKP� IRU�/DUJH�'DWDEDVHV�
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ÌQ�SHULRDGD� XOWLPLORU� DQL� DP� DVLVWDW� OD� XQ� SURFHV� � GH� VWRFDUH� D� XQRU� FDQWLWăĠL��
XULDúH��GH�GDWH��vQ�ED]H�GH�GDWH��GHSR]LWH�GH�GDWH��VLVWHPH�LQIRUPDĠLRQDOH�JHRJUDILFH�VDX��
VXE�DOWH�IRUPH��(VWH�HYLGHQW�IDSWXO�Fă�� � vQ�SUH]HQW�� �DFHVWH�FDQWLWăĠL�GH�GDWH��FUHVF�FX�R�
YLWH]ă�XOXLWRDUH��

ÌQ� FRQWH[WXO� GDW�� H[SORUDUHD� GDWHORU� �'0� ± GDWD� PLQLQJ�� úL� GHVFRSHULUHD�
FXQRúWLQĠHORU� GLQ� GDWH� �.''� ± NQRZOHGJH� GLVFRYHU\� LQ� GDWDEDVHV�� V�DX� LPSXV� FD�
GRPHQLL� GH� FHUFHWDUH� GH� PDUH� LQWHUHV�� ,Q� HVHQĠă�� DFHVWHD� LPSOLFă� GHVFRSHULUHD� GH�
FXQRúWLQĠH� LQWHUHVDQWH��DQWHULRU�QHFXQRVFXWH�úL� LPSOLFLWH�GLQ�ED]H�PDUL�GH�GDWH�� úL� � VH�
DIOă� OD� FRQIOXHQĠD� PDL� PXOWRU� GRPHQLL� GH� FHUFHWDUH�� LQFOX]kQG� vQYăĠDUHD� DXWRPDWă��
VLVWHPH�GH�ED]H�GH�GDWH��VWDWLVWLFă��UHFXQRDúWHUHD�IRUPHORU�úL�WHRULD�LQIRUPDĠLHL�




