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'HGXFWLYH�'DWD�0LQLQJ��8QFHUWDLQW\�0HDVXUHV

IRU�%DQGLQJ�WKH�6HDUFK�6SDFH

'U��/XFLDQ�5XVVHOO

([SHUW�'HFLVLRQV�,QF��DQG�$UJRQQH�1DWLRQDO�/DERUDWRU\

OUXVVHOO#[GHFLVLRQ�FRP

$EVWUDFW

2QH�RI�WKH�LQWHUDFWLRQV�EHWZHHQ�NQRZOHGJH�EDVHV
DQG�ODUJH�GDWDEDVHV�LV� WKH�SURFHVV�RI�DXJPHQWLQJ
WKH�NQRZOHGJH�EDVH�WKURXJK�GDWD�PLQLQJ��([LVWLQJ
WHFKQLTXHV� IRU� WKLV� KDYH� VHULRXV� UHVWULFWLRQV�� DQG
WKH� SUREOHP� LV� FRPSRXQGHG� E\� HUURQHRXV� GDWD�
$XJPHQWLQJ� H[LVWLQJ� WHFKQLTXHV� ZLWK� GHGXFWLYH
GDWD� PLQLQJ� FRXOG� LPSURYH� WKH� TXDQWLW\� DQG
TXDOLW\� RI� GDWD� PLQLQJ� UHVXOWV�� 7KH� DSSURDFK� RI
GHYHORSLQJ�EDQGV�RI�GDWD�XQFHUWDLQW\�LV�SURSRVHG�

����,QWURGXFWLRQ

&RPSXWHUL]HG�NQRZOHGJH�V\VWHPV� UHTXLUH� UHSUHVHQWDWLRQV
RI�WKH�UHDO�ZRUOG������WKHVH�DUH�PRGHOV��+DYLQJ�NQRZOHGJH
DOORZV�RQH�WR�VHDUFK�WKH�GDWDEDVH�IRU�GDWD�VDWLVI\LQJ��$��
DQG�VXEVHTXHQWO\�DSSO\� WKH� UXOH�$�→�%� WR� JHQHUDWH� GDWD
YDOXHV� IRU� LQVWDQFHV� RI� %�� RU� DOWHUQDWLYHO\� JHQHUDWH� GDWD
YDOXHV�)�$��IRU�VRPH�IXQFWLRQ�)��,Q�D�3ODWRQLF�LGHDO�ZRUOG
WKLV� LV� HQRXJK�� EXW� LQ� WKH� UHDO� ZRUOG� WKH� LGHDO
UHSUHVHQWDWLRQV� RIWHQ� DUH� VHHQ� RQO\� DSSUR[LPDWHO\�� ,Q
3ODWR
V� WHUPV�ZH�VHH� WKH� LGHDO�DV� LI� LW�ZHUH�DQ�HSKHPHUDO�
LQGLVWLQFW� SURMHFWLRQ� RQ� WKH� URXJK�ZDOO� RI� D� FDYH�� ,Q� WKH
FDVH� RI� LQGXFWLRQ�� GLVFRYHULQJ� SDWWHUQV� IURP� GDWD�� WKH
PRGHOV� DUH� JHQHUDWHG� E\� GLOLJHQW� TXHU\� RI� WKH� GDWD�� ,Q
FRPSXWHUL]HG� GDWD�� WKLV� PHDQV� TXHU\LQJ� D� GDWDEDVH�� DQG
WKH�IOLFNHUV�RQ�WKH�ZDOO�DUH�FRUUXSWLRQV�RI�GDWD��1RW�SD\LQJ
DWWHQWLRQ�WR�WKH�IOLFNHUV�FDQ�OHDG�WR�LQFRUUHFW�LQGXFWLRQ�DQG
DQ�HUURQHRXV�PRGHO

��.QRZOHGJH�LQ�,PSHUIHFW�'DWDEDVHV

$OWKRXJK�PDQ\� UHVHDUFKHUV� ZRXOG� SD\� OLS� VHUYLFH� WR� WKH

DERYH�FDXWLRQ�DQG�WKHQ�SURFHHG� WR� LJQRUH� LW�� WKH�SUREOHP

FDQQRW� EH� GLVPLVVHG� VR� HDVLO\�� 7KHUH� LV� DQ� XQGHUO\LQJ

DVVXPSWLRQ� DPRQJ� VXFK� UHVHDUFKHUV� WKDW� WKHUH� LV� QR

SUREOHP�ZLWK�GDWD�TXDOLW\��DQG�LI�WKHUH�LV�LW�LV�GXH�WR�IDXOW\

RSHUDWLRQDO�SURFHGXUHV��,W�FDQ�EH�IL[HG��WKH\�ZRXOG�DUJXH�

E\� DGGLQJ� GDWD� LQWHJULW\� UXOHV� WR� WKH� GDWDEDVH�� 6XFK

DVVXPSWLRQV��KRZHYHU�� DUH� QRW� YDOLGDWHG�E\� UHDOLW\��)LUVW�

WKH�&$&0�����GHYRWHG�D�UHFHQW�LVVXH�WR�WKH�'DWD�4XDOLW\

SUREOHP�� VR� LW� LV� UHDO�� 6HFRQG�� �EXVLQHVV� UXOHV��� WKDW� DUH

VXSSRVHG� WR� HQVXUH� GDWD� LQWHJULW\�� FKDQJH� RYHU� WLPH�

HVSHFLDOO\� LQ� LQGXVWULHV� VXEMHFW� WR� JRYHUQPHQWDO

UHJXODWLRQ�� 7KLV� PHDQV� WKDW� D� KLVWRULFDO� GDWDEDVH� �H�J�� D

GDWD�ZDUHKRXVH��PD\�FRQWDLQ�VHHPLQJO\�LQFRQVLVWHQW�GDWD�

7KLV�SUREOHP� LV�D� V\PSWRP�RI�D�PRUH�JHQHUDO� FRQGLWLRQ�

KRZHYHU�� 7KDW� FRQGLWLRQ� LV� WKDW� DQ\� GDWD� LQWHJULW\� UXOHV

DSSOLHG�WR�D�GDWDEDVH�DUH�RQO\�UHOHYDQW�WR�WKH�XVHV�PDGH�RI

WKH� GDWDEDVH�� :KHQ� DQ� XQDQWLFLSDWHG� XVH� RI� WKH� GDWD

RFFXUV��WKH�GDWD�PD\�ODFN�LQWHJULW\�ZLWK�UHVSHFW�WR�WKH�QHZ

FRQGLWLRQV�� +RZ� PDQ\� GDWDEDVH� RI� $PHULFDQ� DGGUHVVHV�

IRU�H[DPSOH��FRQWDLQ���GLJLW�]LS�FRGHV�IRU�DOO�HQWULHV"�7KH

ILYH� GLJLW� =LS� &RGH� LV� YDOLG� IRU� GHOLYHU\�� EXW� PDLOLQJ

GLVFRXQWV�UHTXLUH�WKH�IXOO���GLJLWV���D�QHZ�XVH�

��'DWD�&RUUXSWLRQ�DQG�.QRZOHGJH

*HQHUDWLRQ

'DWD� PLQLQJ� VHHNV� WR� JHQHUDWH� NQRZOHGJH� IURP� GDWD�

KRSHIXOO\� ILQGLQJ� SUHYLRXVO\� XQNQRZQ� UHODWLRQVKLSV�� %XW

GDWD�PLQLQJ� ILQGV� UXOHV� WKDW� DUH� QRW� WUXH�RQ� �����RI� WKH

GDWD��,Q�RWKHU�ZRUGV�VRPH�GDWD�VXSSRUWV�3�→�4�DQG�VRPH

3�→�a4�DW� WKH�VDPH�WLPH��7KLV�LV�D�GLIILFXOW�SUREOHP�IRU

NQRZOHGJH� JHQHUDWLRQ�� EXW� QRW� RQH� WKDW� FDQQRW� EH

RYHUFRPH��)RU�H[DPSOH��4�PD\�EH�UHGHILQHG�DV�D�YDULDEOH

4
�ZLWK�D�SUREDELOLW\�HVWLPDWHG�E\� WKH�UHOHYDQW� IUHTXHQF\

IRU�WKH�YDOXHV�4�DQG�4
�

,W� ZRXOG� EH� EHWWHU�� RI� FRXUVH�� LI� LW� FRXOG� EH� DVFHUWDLQHG

ZKHWKHU� 4� RU� 4
� ZHUH� D� VLQJOH� FRUUHFW� DQVZHU�� :LWK

XQFOHDU� �H�J�� FRQWUDGLFWRU\�� LQIRUPDWLRQ� LQ� WKH� GDWDEDVH

WKH� FKDQFH� RI� GRLQJ� WKLV� LV� QRW� JRRG�� ,W� LV� SRVVLEOH�

KRZHYHU��WKDW�RQH�RI�WKH�UHDVRQV�WKDW�UHODWLRQVKLSV�DUH�QRW

FOHDUHU� LV� WKDW� WKHUH� DUH� HUURUV� LQ� WKH� GDWD�� 7KLV� SDSHU

H[DPLQHV� D� PHWKRG� RI� EDQGLQJ� GDWD� ZLWK� FHUWDLQW\

PHDVXUHV�� DQG� GRLQJ� GDWD� PLQLQJ� ILUVW� RQ� RQO\� WKH� PRVW

SUREDEOH�EDQGV��7KLV�LPSDFWV�VFDODELOLW\�DQG�WKH

7KH� FRS\ULJKW� RI� WKLV� SDSHU� EHORQJV� WR� WKH� SDSHU¶V� DXWKRUV�� 3HUPLVVLRQ� WR� FRS\
ZLWKRXW�IHH�DOO�RU�SDUW�RI�WKLV�PDWHULDO�LV�JUDQWHG�SURYLGHG�WKDW�WKH�FRSLHV�DUH�QRW
PDGH�RU�GLVWULEXWHG�IRU�GLUHFW�FRPPHUFLDO�DGYDQWDJH�

3URFHHGLQJV�RI�WKH��WK�.5'%�:RUNVKRS

6HDWWOH��:$�����0D\�����
�$��%RUJLGD��9��&KDXGKUL��0��6WDXGW��HGV��
KWWS���VXQVLWH�LQIRUPDWLN�UZWK�DDFKHQ�GH�3XEOLFDWLRQV�&(85�:6�9RO����
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OLNHOLKRRG� RI� ILQGLQJ� PHDQLQJIXO� UHODWLRQVKLSV� DPRQJ

GDWD��

��7KH�,QGXFWLYH�3DUDGLJP��5XOH�'LVFRYHU\

7R�XQGHUVWDQG�EDQGLQJ��ILUVW�FRQVLGHU�WKH�FDVH�RI�LQGXFWLYH

UHDVRQLQJ�� VSHFLILFDOO\� WKH� WHFKQLTXHV� RI� UXOH� GLVFRYHU\

�GDWD� PLQLQJ� YLD� DQ� XQVXSHUYLVHG� OHDUQLQJ� WHFKQLTXH��

$OWKRXJK�LW�DSSHDUV�WR�HPERG\�WKH�HVVHQFH�RI�GDWD�PLQLQJ�

H[WUDFWLQJ�NQRZOHGJH�IURP�GDWD��LW�LV�QRW�DOO�LW�VHHPV��/HW

WKH�GDWDEDVH�KDYH�D�UHODWLRQDO�YLHZ�ZLWK�DWWULEXWHV��$�%�&

«�'���DQG�OHW�WKH�JRDO�EH�WR�ILQG�D�ORJLFDO�FRQGLWLRQ�3�RQ

WKHVH�DWWULEXWHV�DQG�WKHLU�YDOXHV�WKDW�DVVHUWV�4��L�H��WKDW�WKH

GDWDEDVH� KDV� YDOXHV� �RU� UDQJHV�� IRU� DWWULEXWHV� �(�)�*�«

+���7KH�UXOH�GLVFRYHUHG�LV�3�→�4��L�H��4�9�a3�EXW�UHDOO\

RQO\� WKH� LQWHUVHFWLRQ�ZKHUH�3� ∧ �4� LV� WUXH� LV� RI� LQWHUHVW��

0RGHOLQJ� WKH� ORJLFDO� DVVHUWLRQ� YLD� VHWV� SURYLGHV� WKH

GLDJUDP� VKRZQ� LQ� )LJXUH� ��� %HFDXVH� WKLV� UXOH� GRHV� QRW

KROG�IRU�DOO�FDVHV��WKH�RYDO�IRU�3�LV�QRW�HQWLUHO\�LQVLGH�WKH

RYDO� IRU� 4�� :KHQ� SHUIRUPLQJ� GDWD� PLQLQJ� XVLQJ� UXOH�

GLVFRYHU\� WHFKQLTXHV�� WKHUH� LV� D� FRQILGHQFH� IDFWRU� �&)�

WKDW�TXDQWLILHV�WKH�SHUFHQWDJH�RI� WKH� WLPH� WKH�UXOH� LV� WUXH�

7KHUH� LV� DQRWKHU� PHDVXUH�� WKH� JRDO� FRYHUDJH� �*&�� WKDW

TXDQWLILHV�WKH�DUHD�3�∧ �4�ZLWK�UHVSHFW�WR�WKH�DUHD�ZKHUH
��3� ∨ � 4�� LV� WUXH�� ,QGXFWLYH� UXOH� JHQHUDWRUV� ILQG� ODUJH
QXPEHUV�RI�VXFK�UXOHV��HVSHFLDOO\�ZKHQ�WKUHVKROGV�IRU�&)

DQG�*&�DUH�VPDOO�

,W�ZRXOG� VHHP� IURP� WKH� DERYH� WKDW� GDWD�PLQLQJ�� SHUKDSV

UHVWULFWHG� WR� UXOHV� ZLWK� KLJK� FRQILGHQFH�� LV� D� JRRG

WHFKQLTXH� IRU� NQRZOHGJH� PLQLQJ� IURP� GDWDEDVHV�� ,Q

SUDFWLFH�� KRZHYHU�� WKLV� SXUH� LQGXFWLYH� GDWD� PLQLQJ

������������������������������ ����������������������������
��7KH�DXWKRU�UHFHQWO\�VSHQW�PRQWKV�ZRUNLQJ�ZLWK�D

)RUWXQH�����FRPSDQ\�LQ������ZKHUH�D�ODFN�RI�FHUWDLQW\

DERXW�WKH�GDWD�LPSHGHG�WKH�LQYHVWLJDWLRQ�

WHFKQLTXH� KDV� LPSRUWDQW� QRQ�REYLRXV� SURFHVV� GHSHQGHQW

GHFLVLRQV�

��� 1RWH� WKDW�4� LV� QRW� DQ� DWWULEXWH� LQ� WKH� GDWDEDVH� EXW

UDWKHU� D� ORJLFDO� DVVHUWLRQ� DERXW� GDWDEDVH� DWWULEXWHV

�(�)�*�«�+��DQG�WKHLU�YDOXHV�

��� 0RUHRYHU��GXH� WR�FRPSXWDWLRQDO�FRPSOH[LW\� LVVXHV� LW

LV�QRW�DERXW�DOO�WKHLU�YDOXHV��EXW�D�UDWKHU�VPDOO�VHW�RI

VXEVHWV�RI�WKHP��ZKHQ�FRQWLQXRXV�YDULDEOHV�DUH�XVHG�

FRPSXWDWLRQDO� FRQVLGHUDWLRQV� UHTXLUH� D� UHODWLYHO\

VPDOO�QXPEHU�RI�UDQJHV�RI�YDOXHV��

)RU�SXUSRVHV�RI�GLVFXVVLRQ�WKHVH�FDQ�EH�FDOOHG�FDQ�EH

FDOOHG�EDQGV��$Q�H[DPSOH�LV�VKRZQ�ZLWK�WKH�WKUHH�GLIIHUHQW

FRQFOXVLRQ�YDOXHV�4���4��DQG�4���H�J��KLJK��PHGLXP�DQG

ORZ����WKUHH�EDQGV�IRU�WKH�DWWULEXWH�YDOXHV��(�)�*�«�+��

5XOH�GLVFRYHU\�WKHQ�ORRNV�DW�ZKDW�ERXQGV�RI�WKH�YDULDEOHV

�$�%�&�«'��FDQ�EH�DVVRFLDWHG�ZLWK�WKH�4L���7KLV

UHGXFWLRQ�LV�ZKDW�PDNHV�UXOH�GLVFRYHU\�PRUH

FRPSXWDWLRQDOO\�WUDFWDEOH��PRGHOLQJ�LW�DV�D�OLQN�DQDO\VLV�RU

DVVRFLDWLRQ�W\SH�RI�SURFHVV��VHH�����IRU�EDVLF�GHILQLWLRQV��

,Q�VKRUW��LQGXFWLYH�UXOH�GLVFRYHU\�PXVW�EH�PDGH�RQO\�RQ

OLPLWHG��DUELWUDULO\�FKRVHQ�UDQJHV��L�H��EDQGV��RI�GDWD��,I

DOWHUQDWLYH�UDQJHV�DUH�H[DPLQHG�WKH�VHDUFK�WLPH�LQFUHDVHV

JUHDWO\��DQG�H[SDQGLQJ�WR�D�IXOO�VHDUFK�RI�WKH�GDWDEDVH�LV

FRPSXWDWLRQDOO\�LQWUDFWDEOH��,I�WKH�ZURQJ�YDOXHV�DUH

SURYLGHG�IRU�+LJK�0HGLXP�DQG�/RZ�WKHUH�LV�QR�SURYLVLRQ

IRU�WU\LQJ�RWKHU�YDOXHV�RI��(�)�*�«+���7KH�NQRZOHGJH�LV

MXVW�QRW�IRXQG��,Q�FRQFOXVLRQ��NQRZOHGJH�JHQHUDWLRQ�LQ

UXOH�GLVFRYHU\�V\VWHPV�LV�SHUIRUPHG�XVLQJ�EDQGV�RI

YDOXHV��DQG�LQGXFWLRQ�LV�PDGH�RQ�WKH�GDWD�LQ�WKRVH�EDQGV�

:H�ZLOO�QRZ�ORRN�DW�D�WHFKQLTXH�ZH�FDOO�GHGXFWLYH�GDWD

PLQLQJ�DQG�FRPSDUH��)LUVW��KRZHYHU��ZH�FRQVLGHU�KRZ

LQGXFWLRQ�DQG�GHGXFWLRQ�WRJHWKHU�DUH�XVHG�IRU�NQRZOHGJH

JHQHUDWLRQ�

������������������������������ ����������������������������
��,Q�WKH�GLDJUDP�4���4��DQG�4��DUH�127�PHDQW�WR

LQGLFDWH�QHVWLQJ�EXW�UDWKHU�SDUWLWLRQLQJ�

)LJXUH����&RQILGHQFH�DQG�*RDO�&RYHUDJH�RI�D�5XOH
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��7KH�.''�3DUDGLJP

$FFRUGLQJ�WR�8��)D\\DG��LQ�����WKH�SURFHVV�FDOOHG

.QRZOHGJH�'LVFRYHU\�LQ�'DWDEDVHV��.''��LV�D�GLVFLSOLQH

WKDW�LQFOXGHV��GDWD�ZDUHKRXVLQJ��WDUJHW�GDWD�VHOHFWLRQ�

FOHDQLQJ��SUH�SURFHVVLQJ��WUDQVIRUPDWLRQ�DQG�UHGXFWLRQ�

GDWD�PLQLQJ��PRGHO�VHOHFWLRQ��RU�FRPELQDWLRQ���HYDOXDWLRQ

DQG�LQWHUSUHWDWLRQ��DQG�ILQDOO\�FRQVROLGDWLRQ�DQG�XVH

������ �)LJXUH����7KUHH�9DOXH�UDQJHV�IRU�WKH�&RQFOXVLRQ
V�$WWULEXWH�(

RI� WKH� H[WUDFWHG� NQRZOHGJH��� 'DWD� PLQLQJ� VSHFLILFDOO\
�LQYROYHV� ILWWLQJ�PRGHOV� WR� RU� GHWHUPLQLQJ� SDWWHUQV� IURP
REVHUYHG�GDWD��7KH�ILWWHG�PRGHOV�SOD\�WKH�UROH�RI�LQIHUUHG
NQRZOHGJH���&$&0�9RO������1R������3������/HIW�XQVDLG�LV
ZKDW� SDUDGLJP� LV� XVHG� WR� EULQJ� RUGHU� WR� WKLV� FRPSOH[
SURFHVV��+RZHYHU��LW�GRHV�EXLOG�NQRZOHGJH�IURP�GDWD�

,Q�DFWXDO�SUDFWLFH�WKH�GDWDEDVHV�XVHG�IRU�GDWD�PLQLQJ�KDYH

EHHQ� FUHDWHG� DV� SDUW� RI� WKH� DFWLYLW\� VKRZQ� LQ� )LJXUH� ��

7KHUH�DUH�PDQ\�K\SRWKHVHV�WKDW�DUH�LQ�WKH�PLQG�RI�WKH�XVHU

ZKHQ� WKH�.''�SURFHVV� LV� EHJXQ�� DQG� WKH� WUDQVIRUPDWLRQ

RI� YDULDEOHV� �H�J�� FRVW�ZHLJKW� LQVWHDG� RI� FRVW� DQG� ZHLJKW

VHSDUDWHO\�� DUH� LQLWLDWHG� EHFDXVH� RI� WKHVH� K\SRWKHVHV�

7KHUHIRUH�� WKH� ORQJ�� DUGXRXV� SUHSDUDWRU\� ZRUN� WKH� LV

SHUIRUPHG� SULRU� WR� KDYLQJ� D� GDWD� VHW� IRU� PLQLQJ�� WKH

LQGXFWLRQ�LQ�WKH�.''�SURFHVV��VKRXOG�EH�FRQVLGHUHG�DV�WKH

REYHUVH�RI�DQ�HDUOLHU�GHGXFWLYH� VWDJH�RI� WKH�SURFHVV��7KH

UHVXOWV�IURP�WKH�LQGXFWLRQ�DUH�H[DPLQHG�DQG�QHZ�ZRUNLQJ

K\SRWKHVHV� IRUPHG�� 2QH� W\SH� RI� GHGXFWLYH

WUDQVIRUPDWLRQV��LQIHUULQJ�GDWD�YDOLGLW\��FDQ�EH�FRPELQHG

ZLWK�LQGXFWLRQ�WR�FRQWURO�WKH�UHJLRQ�RI�WKH�VHDUFK�VSDFH�VR

DV�WR�HOLPLQDWH�VSXULRXV�UHVXOWV�

��'HGXFWLYH�,QGXFWLYH�&\FOH�IRU�.QRZOHGJH

*HQHUDWLRQ

7R�XQGHUVWDQG�GHGXFWLYH�GDWD�PLQLQJ��ILUVW�FRQVLGHU�WKH

F\FOH�LQ�)LJXUH����,Q�����WKH�DXWKRUV�SRVHG�DQ

LQGXFWLYH�GHGXFWLYH�F\FOH��DQG�VKRZHG�KRZ�WKH�ODWWHU

FRXOG�EH�VXSSRUWHG�E\�WKH�XVH�RI�WKH�/RJLFDO�'DWD

/DQJXDJH��/'/����GHYHORSHG�DW�WKH�0LFURHOHFWURQLFV�DQG

&RPSXWHU�&RQVRUWLXP��7KLV�LV�SRVVLEOH�EHFDXVH�5��5HLWHU

VKRZHG�LQ�����WKDW�LQ�D�UHODWLRQDO�GDWDEDVH�HYHU\�TXHU\�LV

HTXLYDOHQW�WR�D�ORJLFDO�GHGXFWLRQ��7KXV�HDFK�TXHU\�FDQ�EH

FRQVLGHUHG�D�SURRI�DERXW�D�K\SRWKHVLV��7KH�GHGXFWLYH

TXHU\�ILQGV�WKH�GDWD�WKDW�VXSSRUWV�D�K\SRWKHVLV�

8VHU

'DWDEDVH

.QRZOHGJH
%DVH(ODERUDWH

,QGXFWLRQ'HGXFWLRQ

'%�4XHU\LQJ

3DWWHUQ

$QDO\VLV

'LVFRYHUHG
5HVXOWV

34�
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)LJXUH����'HGXFWLYH�LQGXFWLYH�F\FOH�IRU�NQRZOHGJH�GLVFRYHU\�LQ�GDWDEDVHV
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)LJXUH����%DQGLQJ�WKH�VSDFH�E\�8QFHUWDLQW\�0HDVXUHV

7KLV� WHFKQLTXH�� KRZHYHU�� KDQGOHV� RQO\� H[DFW� GHGXFWLYH

UHDVRQLQJ�� 'HGXFWLYH� GDWD� PLQLQJ� LV� WKH� WHFKQLTXH� WKDW

H[WHQGV� GHGXFWLYH� TXHU\� WHFKQLTXHV� WR� KDQGOH� XQFHUWDLQ

GHGXFWLYH� UHDVRQLQJ�� 7KLV� LV� GRQH� E\� LGHQWLI\LQJ� GDWD

YDOXHV� WKDW� VXSSRUW� D� FKDLQ� RI� GHGXFWLYH� UHDVRQLQJ

VWDWHPHQWV�� XS� WR� D� FHUWDLQ� OHYHO� RI� XQFHUWDLQW\

PHDVXUHPHQW� �H�J�� SUREDELOLW\��� 7KLV� LV� GRQH� E\

LGHQWLI\LQJ� GDWD� YDOXHV� WKDW� VXSSRUW� D� FKDLQ� RI� GHGXFWLYH

UHDVRQLQJ�VWDWHPHQWV�� XS� WR� D� FHUWDLQ� OHYHO� RI� XQFHUWDLQW\

PHDVXUHPHQW� �H�J�� SUREDELOLW\��� 7KXV� HDFK� TXHU\� FDQ� EH

FRQVLGHUHG�D�SURRI�DERXW�D�K\SRWKHVLV��DQG�HDFK�UHDVRQLQJ

VWHS� LQYROYHV� YDOLGDWLQJ� GDWD�� DW� VRPH� XQFHUWDLQW\� OHYHO�

QHHGHG� WR� VXSSRUW� WKH� VWHS�� ,Q� SUDFWLFH�� XQFHUWDLQW\

PHDVXUHV�RI�GDWD�ZLOO�EH�VHW�XS�LQ�EDQGV��H�J���������������

�����HWF���ZKLFK�WKHQ�FRUUHVSRQG�WR�GDWDEDVH�VXEVHWV��7KLV

VHDUFKLQJ�IRU�GDWD�WR�VXSSRUW�K\SRWKHVHV�LV�DOVR�NQRZQ�DV

UHWURGXFWLRQ�� 7KLV� GLUHFWO\� PDQDJHV� WKH� SUREOHP� RI

FRUUXSW�GDWD�DV�ZHOO��'HGXFWLYH�'DWD�0LQLQJ

��'HGXFWLYH�'DWD�0LQLQJ

&RQVLGHU�WKH�YDULDWLRQ�RI�)LJXUH���VKRZQ�LQ�)LJXUH����$Q

XQFHUWDLQW\�PHDVXUH�KDV�EHHQ�DSSOLHG�WR�WKH�GDWD�LQ�3�DQG

4�� JULGGLQJ� WKH� VSDFH� RI� 3� DQG�4��7KH� UDWLRV� RI� WKH�&)

DQG� *&� DUH� WRWDOO\� DOWHUHG�� GHSHQGLQJ� RQ� WKH� YDOLGLW\

WKUHVKROGV� FKRVHQ� IRU� DFFHSWLQJ� GDWD� DV� YDOLG�� 7KH

GHGXFWLYH� DSSURDFK� DVVXPHV� D� K\SRWKHVLV� �D� GDWDEDVH

TXHU\���DQG�ORRNV�DW�WKH�SUREDELOLW\�RI�GDWD�VXSSRUWLQJ�LW�

7KH� XQFHUWDLQW\� LQIRUPDWLRQ� LV� PRGHOHG� E\� DGGLQJ

SUREDELOLW\� RI� D� YDOXH� LQ� WKH� GDWDEDVH� DV� D� FROXPQ� RI

GHULYHG�GDWD��5HWXUQLQJ� WR� WKH�3�→4� H[DPSOH�� GRLQJ� VR

VXEVHWV� WKH� 3� GDWD� E\� URZ� VHOHFWLRQ�� DQG� DGGV� DQ

XQFHUWDLQW\�YDOXDWLRQ�WR�WKH�YDOXHV�IRU�4��H�J����(� ���RU�)

 ����∧ ���S�( ���!�����∧ �S�) ���!�������

1RWLFH�� KRZHYHU�� WKDW� H[SDQGLQJ� WKH� UDQJH� RI� WKH

SUREDELOLW\� VHDUFK� PD\� RQO\� VOLJKWO\� H[SDQG� WKH� VHDUFK

VSDFH�� 7KLV� PHDQV� WKDW� DV� PRUH� OLNHO\� GDWD� LQGLFDWHV� D

VHDUFK�� WKH� VFRSH� RI� WKH� VHDUFK� PD\� LQFUHDVH� LQ� D

FRQWUROOHG� PDQQHU�� FULWLFDO� WR� PDNLQJ� WKH� DSSURDFK

VFDODEOH�� 7KLV� WHFKQLTXH� LV� FDOOHG� GHGXFWLYH� GDWD� PLQLQJ

EHFDXVH� LW� XQFRYHUV� WKH� GDWD� WKDW� VXSSRUWV� D� FKDLQ� RI

UHDVRQLQJ��7KH�SURFHVV� LV� VWUXFWXUDOO\� VLPLODU� EHFDXVH�� DV

ZLWK� WKH� LQGXFWLYH�GDWD�PLQLQJ�� WKH�SURFHVV� UHTXLUHV� XVHU

LQSXW��)XUWKHU��WKH�XVHU�LQSXW�LV�XVHG�WR�JURXS�GDWD�YDOXHV�

WR�SURYLGH�EDQGV�RI�GDWD�

��$�0LOLWDU\�([DPSOH

7KLV� DSSURDFK� SURYLGHV� WKH� VWUXFWXUH� LQ� ZKLFK� EHWWHU

NQRZOHGJH� GLVFRYHU\� FDQ� RFFXU�� 7KH� GDWD� WKDW� LV� PRVW

SUREDEOH� FDQ� VXJJHVW� WKDW� DGGLWLRQDO� GDWD�� DW� WKUHVKROG

OHYHOV� EHORZ� ZKDW� ZDV� RULJLQDOO\� FRQVLGHUHG�� PD\� KDYH

YDOXHV� RI� LQWHUHVW�� � )URP� D� IXQFWLRQDO� SHUVSHFWLYH�� WKH

IOH[LELOLW\� RI� WKH� DGDSWLYH� WHFKQLTXH� LV� LOOXVWUDWHG� E\

)LJXUH� ��� 5HODWLRQ� (�� FRQWDLQV� UDGDU� GDWD� IURP� D� KLOOWRS

DQG� 5HODWLRQ� (�� FRQWDLQV� RSWLFDO� LPDJH� GDWD� REVHUYHG

IURP�DQ�DLUERUQH�SODWIRUP��7KH�LQLWLDO�;�LV�DW�WLPH�7��DQG

WKH�ILQDO�;�DW� WLPH�7���7KH�REMHFWV�DUH�VORZ�PRYLQJ��H�J�

HQHP\� DUWLOOHU\� XQLWV��� 7KH� RSWLFDO� GDWD� LV� VXEMHFW� WR

GLVWRUWLRQ��VKRZQ�DV�EDQGV�RI�UHVROXWLRQ��7KH�UDGDU�KDV

������������������������������ ����������������������������
��,�H��LQVWHDG�RI�MXVW�ORRNLQJ�DW�VLPSOH�DVVRFLDWLRQ�UXOHV

OLNH�( F��→�) F��RQH�VKRXOG�WU\�WR�GHGXFH�UXOHV�OLNH�( F�

→) F����SUREDELOLW\� �F���DQG�WR�GR�VR��RQH�VHDUFKHV�D

QHZ��VOLJKWO\�ULFKHU�VSDFH��( F�����������( F�����

���������HWF�
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%DQGLQJ�WKH�GDWD
VSDFH�E\
SUREDELOLW\
VLJQLILFDQWO\
FKDQJHV�WKH�&)V
DQG�*&V�IRU�DQ\
UXOH��HVS��LQFUH�
0HQWDOO\�
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VLPLODU� EDQGV�� 7KUHVKROGV� DUH� LQLWLDOO\� FKRVHQ� E\� WKH

FRPPDQGHU�� IRU� H[DPSOH� ���� IRU� UDGDU� DQG� IRU� RSWLFDO

UHFRJQLWLRQ��7KH�GDWD�LV�XVHG�IRU�WKH�K\SRWKHVLV�WKDW�WKHUH

LV�QR�WKUHDW�EHFDXVH�WKH�ULJKW�IODQN�LV�QRW�WKUHDWHQHG��7KH

SHUFHQWDJHV�DUH�WKH�FDOLEUDWHG�OLNHOLKRRG�RI�GLVWLQJXLVKLQJ

DQ�REMHFW�FRUUHFWO\��$V� WKH�GDWD� LV�XSGDWHG��GRWWHG� OLQHV��

WKH�OHIWPRVW�REMHFW�SDVVHV�WKURXJK�WKH�GLIIHUHQW�]RQHV��DQG

FDXVHV�D�QHZ�K\SRWKHVLV� WR�EH� VXSSRUWHG��D� WKUHDW� WR� WKH

ULJKW�IODQN�PD\�QRZ�H[LVW��'HWHUPLQLQJ� LI� WKH�SRWHQWLDO� LV

DQ� DFWXDO� WKUHDW� GHSHQGV� RQ� PHDVXULQJ� WKH� RSWLFDO� DQG

UDGDU� GDWD� UHODWLYH� WR� WKHLU� FDOLEUDWLRQ� SURILOHV�� GLIIHUHQW

VFDOHV� IRU� GLIIHUHQW� SK\VLFDO� UHDOLWLHV� �(OHFWURPDJQHWLF

UDGLDWLRQ�YV��2SWLFV���EDQGLQJ�LW�DQG�PLQLQJ�LW�

&RQVLGHU�PLGGOH�REMHFW�;��ZKLFK�WKH�FRPPDQGHU�QRWLFHV

DW�WLPH�7���7KH�V\VWHP�QRZ�LQLWLDWHV�G\QDPLF�GDWD�PLQLQJ�

7KH�V\VWHP�GHFLGHV�WR�LGHQWLI\�WKH�RULJLQ�RI�WKH�REMHFW�

FURVVLQJ�WR�WKH�GDWDEDVH
V�EDQG�IRU�WKH�RSWLFDO�V\VWHP
V

PLG�OHYHO�UHVROXWLRQ�GDWD�>�������@��+HUH�D�VHFRQG

REMHFW�;�RQ�WKH�IDU�ULJKW�LV�QRZ�LGHQWLILHG��7UDFNLQJ�ERWK

REMHFWV�EDFN�LQ�WLPH�OHDGV�WR�]RQHV�RI�PXFK�ORZHU

SUREDELOLW\�IRU�UDGDU�DQG�RSWLFDO�UHVROXWLRQ��+RZHYHU��WKH

SURFHVV�GHWHFWV�WKDW�WZR�HQHP\�XQLWV�KDYH�EHHQ�PRYLQJ�WR

WKH�ULJKW�IODQN��FRQVWLWXWLQJ�D�WKUHDW�

��&RQFOXVLRQ

*HQHUDWLQJ�.QRZOHGJH�%DVHV�IURP�'DWDEDVHV�WKURXJK

GDWD�PLQLQJ�LV�D�WHFKQLTXH�EHLQJ�DSSOLHG�ZLWK�PXFK

HQWKXVLDVP��EXW�ZLWK�GLVDSSRLQWLQJ�UHVXOWV��7KH�SRWHQWLDO

VHDUFK�VSDFH�LV�ODUJH��DQG�FXUUHQW�UXOH�GLVFRYHU\

WHFKQLTXHV�DUH�ZHDN��&XUUHQW�NQRZOHGJH�JHQHUDWLRQ

WHFKQRORJ\��UXOH�JHQHUDWLRQ�WKURXJK�LQGXFWLYH�GDWD�PLQLQJ�

FDQQRW�GLVFRYHU�NQRZOHGJH�H[FHSW�ZLWKLQ�EDQGV�SUH�

VSHFLILHG�E\�WKH�XVHU��7KH�WHFKQLTXH�DOVR�LV�SURQH�WR

GLVFRYHULQJ��IDOVH�SRVLWLYHV��RI�NQRZOHGJH�GXH�WR�WKH�XVH

RI�GDWD�WKDW�LV�FRUUXSW��L�H��QRW�YDOLGDWHG�E\�DSSURSULDWH

GDWD�LQWHJULW\�UXOHV��,Q�WKLV�FRQWH[W�WKH�GHGXFWLYH�GDWD

PLQLQJ�DSSURDFK�LV�WKH�HTXLYDOHQW�RI�PDNLQJ�OHPRQDGH

IURP�OHPRQV��LQ�WKDW�WKH�GDWD�LV�ILUVW�FRQGLWLRQHG�ZLWK

UHVSHFW�WR�D�TXHU\��D�ZRUNLQJ�K\SRWKHVLV��7KLV�SURYLGHV

EDQGV�RI�XQFHUWDLQW\�LQ�ZKLFK�LQGXFWLYH�GLVFRYHULHV�PD\

EH�PDGH�PRUH�UHDGLO\��)RU�GDWD�PLQLQJ�WKLV�PHDQV�WKDW

UDWKHU�WKDQ�WU\LQJ�WR�H[WUDFW�D�SDWWHUQ�LQ�D��VHD�RI�QRLVH��

TXHULHV�FDQ�EH�XVHG�WR�GLYLGH�D�GDWDEDVH�LQWR�EDQGV��TXLHW

�FRYHV�RI�LQFUHDVLQJO\�SUREDEOH�GDWD���:LWKLQ�WKH�EDQGV�RI

SUREDELOLW\�WKH�YROXPH�RI�GDWD�WR�EH�DFFHVVHG�LV�UHGXFHG�

VR�LQGXFWLYH�PLQLQJ�WHFKQLTXHV�KDYH�D�EHWWHU�FKDQFH�RI

XQFRYHULQJ�NQRZOHGJH�

���$FNQRZOHGJHPHQW

7KLV�ZRUN�LV�EHLQJ�VXSSRUWHG�DW�([SHUW�'HFLVLRQV�,QF��E\

6PDOO�%XVLQHVV�,QQRYDWLYH�5HVHDUFK�JUDQWV�IURP�WKH�8�6�

$UP\�DQG�8�6��$LU�)RUFH��7KH�DXWKRU�LV�RQ�OHDYH�IURP

$UJRQQH�1DWLRQDO�/DERUDWRU\�

���%LEOLRJUDSK\

�� 0DUN�6WHILN�,QWURGXFWLRQ�WR�.QRZOHGJH�6\VWHPV�

0RUJDQ�.DXIPDQQ��6DQ�0DWHR��&DOLIRUQLD������

�� &RPPXQLFDWLRQV�RI�WKH�$&0��)HEUXDU\������

9ROXPH�����1XPEHU��

�� )D\DDG��8���3LDWHWVN\�6KDSLUR��*��DQG�6P\WK��3��(GV�

'DWD�0LQLQJ�WR�.QRZOHGJH�'LVFRYHU\��DQ�2YHUYLHZ

LQ�$GYDQFHV�LQ�.QRZOHGJH�'LVFRYHU\�DQG�'DWD

0LQLQJ���0,7�3UHVV������

�� .HUR��5����5XVVHOO�/��6��7VXU��:�0�6KLQ��$Q

2YHUYLHZ�RI�'DWDEDVH�0LQLQJ��3URFHHGLQJV�RI�WKH

.'22'�:RUNVKRS��6LQJDSRUH�'HFHPEHU������

�� 5HLWHU��5��$�/RJLFDO�5HODWLRQDO�'DWDEDVH�7KHRU\��LQ

2Q�&RQFHSWXDO�0RGHOLQJ��%URGL�0���0\ORSRXORV�-�

DQG�6FKPLGW�)�:���6SULQJHU�9HUODJ��1HZ�<RUN�������
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)LJXUH����7ZR�W\SHV�RI�GDWD�QHHG�PLQLQJ
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