
(QVXULQJ�4XDOLW\��$�&RUH�&RPSHWHQF\�RI�)HGHUDWHG�(+5�'DWD�1HWZRUNV
-HIIUH\�*��.ODQQ��3K'�������'DUUHQ�:��+HQGHUVRQ�� 6K\DP 9LVZHVZDUDQ��0'��3K'��

+RVVHLQ�(VWLUL��3K'�����6KDZQ�1��0XUSK\��0'��3K'�����

�/DE�RI�&RPSXWHU�6FLHQFH��0DVVDFKXVHWWV�*HQHUDO�+RVSLWDO� %RVWRQ��0$� �+DUYDUG
0HGLFDO�6FKRRO��%RVWRQ��0$� �5HVHDUFK�,QIRUPDWLRQ 6FLHQFH�DQG�&RPSXWLQJ�

0DVVDFKXVHWWV�*HQHUDO�+RVSLWDO��%RVWRQ��0$� �8QLYHUVLW\ RI�.HQWXFN\��/H[LQJWRQ��.<�
�8QLYHUVLW\�RI�3LWWVEXUJK��3LWWVEXUJK��3$

$EVWUDFW
7KH JURZLQJ SUHYDOHQFH RI &OLQLFDO 'DWD 5HVHDUFK 1HWZRUNV VXSSRUWV QDWLRQ� DQG HYHQ ZRUOG�ZLGH UHVHDUFK RQ

HOHFWURQLF KHDOWK UHFRUG GDWD� $OWKRXJK QDWLRQDO SURJUDPV OLNH 3&25QHW DQG $&7 KDYH GHYHORSHG QHWZRUN
UHVRXUFHV RYHU \HDUV� &29,'��� DFFHOHUDWHG GHYHORSPHQW RI LQQRYDWLYH QHZ DSSURDFKHV� LQFOXGLQJ WKH &RQVRUWLXP
IRU &OLQLFDO &KDUDFWHUL]DWLRQ RI &29,'��� E\ (+5 ��&(�� DQ LQQRYDWLYH GHFHQWUDOL]HG QHWZRUN ZLWK PXOWLSOH
VRXUFH GDWD IRUPDWV� 7KH SDQHOLVWV KDYH EHHQ LQYROYHG LQ PHWKRGV DQG WRRO GHYHORSPHQW IRU ERWK $&7 DQG �&( DQG
ZLOO LGHQWLI\ FRUH QHWZRUN FRPSRQHQWV WKDW HQVXUH GDWD TXDOLW\ DQG LQWHURSHUDELOLW\� 7KHVH LQFOXGH� FRQVLVWHQW
RUJDQL]DWLRQ DQG WHUP QDPLQJ �L�H�� D ELRPHGLFDO RQWRORJ\�� PXOWL�VLWH HYDOXDWLRQV RI GDWD FRPSOHWHQHVV� DQG� GHHS
KDUPRQL]DWLRQ DFURVV VLWHV WKURXJK FKDUW UHYLHZ DQG YDOLGDWLRQ� 7RJHWKHU� WKHVH HQDEOH ODUJH�VFDOH GDWD DQDO\WLFV
LQFOXGLQJ PDFKLQH OHDUQLQJ LQ WKHVH QHWZRUNV� 7KLV SDQHO ZLOO GLVFXVV WKHVH FRPSRQHQWV �QDPLQJ� FRPSOHWHQHVV�
GHHS KDUPRQL]DWLRQ� DQG LPSDFW RQ DQDO\VHV� ZLWK SUDFWLFDO H[DPSOHV WKDW DOORZ WKHVH QHWZRUNV WR WUDQVFHQG
SUHYLRXV�DFFRPSOLVKPHQWV�

,QWURGXFWLRQ�DQG�%DFNJURXQG

7KH SURPLVH RI &OLQLFDO 'DWD 5HVHDUFK 1HWZRUNV LV WKH DELOLW\ WR KDUQHVV (+5 GDWD WR PDNH JHQHUDOL]DEOH
GLVFRYHULHV XVLQJ GDWD RQ ODUJH VZDWKV RI WKH SRSXODWLRQ� 6RPH QHWZRUNV� OLNH WKH 3DWLHQW &HQWHUHG 2XWFRPHV
5HVHDUFK 1HWZRUN �3&25QHW� >���@ DQG WKH $FFUXDO WR &OLQLFDO 7ULDOV 1HWZRUN �$&7� >�@� KDYH EHHQ LQ
GHYHORSPHQW IRU \HDUV DQG KDYH \LHOGHG PDQ\ PHWKRGRORJLFDO LPSURYHPHQWV LQ GDWD TXDOLW\ DQG LQWHURSHUDELOLW\�
2WKHUV� VXFK DV WKH &RQVRUWLXP IRU &OLQLFDO &KDUDFWHUL]DWLRQ RI &29,'��� E\ (+5 ��&(� KDYH EHHQ EXLOW LQ
UHVSRQVH WR &29,'��� DQG UHVSRQG ZLWK JUHDW DJLOLW\ WR WKH FRQWLQXLQJ SDQGHPLF� >�@ :LWK WKH HVWDEOLVKPHQW RI GDWD
UHVHDUFK QHWZRUNV DV DQ HPHUJLQJ FRPPRGLW\� ZH EHOLHYH LW LV SRVVLEOH WR LGHQWLI\ FRUH FRPSRQHQWV QHHGHG WR HQVXUH
QHWZRUN�GDWD�TXDOLW\�DQG�WKH�JHQHUDOL]DELOLW\�RI�ILQGLQJV�
7R HQVXUH TXDOLW\� D QHWZRUN PXVW LQFOXGH WKH IROORZLQJ WKUHH FRPSRQHQWV� )LUVW� VLWHV QHHG WR DGRSW FRQVLVWHQW

QDPLQJ LQ DQ RUJDQL]HG PDQQHU DFURVV WKH QHWZRUN� 1HWZRUN VLWHV PXVW DJUHH RQ WKH ELRPHGLFDO RQWRORJ\ XVHG IRU
GDWD LQ WKH QHWZRUN ZKLFK PXVW EH DGDSWHG WR HDFK VLWH WKURXJK PDSSLQJV� >�@ 6HFRQG� GDWD PXVW EH HYDOXDWHG IRU
FRPSOHWHQHVV� 0DQ\ H[LVWLQJ GDWD TXDOLW\ FKHFNV IRFXV RQ FRPSOHWHQHVV >�@ �H�J�� ³ZKDW SHUFHQW RI GLDEHWLF SDWLHQWV
ZLWK D SUHVFULSWLRQ KDYH DQ $�& WHVW"´�� $ QHZHU DSSURDFK LV WR LGHQWLI\ VXEVHWV RI SDWLHQWV ZKR DUH µOR\DO¶ � L�H��
KDYH FRPSOHWH GDWD EHFDXVH WKH\ UHFHLYH PRVW RI WKHLU FDUH DW DQ LQVWLWXWLRQ WKDW LV D PHPEHU RI WKH QHWZRUN� >�@
7KLUG� GDWD PXVW EH KDUPRQL]HG DFURVV VLWHV� :H FDOO WKLV ³GHHS KDUPRQL]DWLRQ´ EHFDXVH LW JRHV GHHSHU WKDQ MXVW
PDSSLQJ FRGHV� :H DGYRFDWH FRPSDULQJ GDWD GLVWULEXWLRQV DFURVV VLWHV WR HQVXUH FRQVLVWHQW PDSSLQJ� DQG YDOLGDWLRQ
WKURXJK ERWK FKDUW UHYLHZ DQG FRPSDULVRQ RI WKH XQGHUO\LQJ GDWD DQG FRGHV ZKHQ DSSO\LQJ SKHQRW\SLQJ DOJRULWKPV�
&RGH�PDSSLQJV�FDQ�GUDPDWLFDOO\�YDU\�IURP�VLWH�WR�VLWH� >�@

3DQHO�'HVFULSWLRQ

'U� 6KDZQ 0XUSK\ ZLOO OHDG WKH SDQHO GLVFXVVLRQ RQ WKH FRUH FRPSRQHQWV RI TXDOLW\ LQ GDWD UHVHDUFK QHWZRUNV�
DQG LQ GRLQJ VR ZLOO KHOS WKH DXGLHQFH EHWWHU XQGHUVWDQG WKH PHWKRGRORJLHV WKDW FDQ HQDEOH KLJK�TXDOLW\ FOLQLFDO GDWD
UHVHDUFK ZLWKLQ WKH 8�6� DQG LQWHUQDWLRQDOO\� 'U� 0XUSK\ LV D 3URIHVVRU RI 1HXURORJ\ DQG %LRPHGLFDO ,QIRUPDWLFV DW
+DUYDUG 0HGLFDO 6FKRRO� &KLHI 5HVHDUFK ,QIRUPDWLRQ 2IILFHU DW 0DVV *HQHUDO %ULJKDP� DQG WKH $VVRFLDWH 'LUHFWRU
RI WKH /DE RI &RPSXWHU 6FLHQFH DW 0*+� +H LV RQH RI WKH 3ULQFLSDO ,QYHVWLJDWRUV IRU WKH 'DWD 5HVRXUFH &RUH RI WKH
ODUJH�1,+�5(&29(5�SURJUDP�WKDW�IRFXVHV�RQ�WKH�VWXG\�RI�SRVW�DFXWH�VHTXHODH�RI�&29,'����LQIHFWLRQ�
7KH SDQHOLVWV ZLOO GLVFXVV WKHVH FRUH TXDOLW\�HQDEOLQJ FRPSRQHQWV ZLWK SHUVSHFWLYHV DQG WRROV IURP WKH �&(

&RQVRUWLXP DQG WKH $&7 QHWZRUN� 7KH $&7 QHWZRUN LV D ZHOO�HVWDEOLVKHG QDWLRQDO UHVHDUFK QHWZRUN HPERG\LQJ
HVWDEOLVKHG EHVW SUDFWLFHV >�@� ,Q FRQWUDVW� �&( LV DQ DJLOH GHFHQWUDOL]HG FRQVRUWLXP GHYHORSHG DW WKH EHJLQQLQJ RI WKH
&29,'��� RXWEUHDN WKDW KDV SXVKHG WKH HQYHORSH RI QHZ PHWKRGRORJLFDO DSSURDFKHV DQG WRROV� >�@ $&7 KDV
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GHPRQVWUDWHG WKH DELOLW\ WR LQWHUFKDQJH GDWD DW VFDOH WKURXJK PDSSLQJV WR VWDQGDUGL]HG RQWRORJLHV� >�@ 7KH �&(
SKLORVRSK\ LV WKDW UHVHDUFKHUV PXVW VWD\ DV FORVH WR WKH GDWD DV SRVVLEOH DW HDFK VLWH� 7KLV ZD\� VWXGLHV FDQ UHVSRQG WR
WKH DFWXDO FRPSOH[LWLHV RI WKH GDWD LQ LPSOHPHQWDWLRQ� ,Q �&(� UHVHDUFK TXHVWLRQV DQG PHWKRGRORJLHV DUH UHILQHG E\
JRLQJ EDFN WR WKRVH ZKR NQRZ WKH GDWD EHVW� GLUHFWO\ LQYROYLQJ WKH UHVHDUFKHUV DQG DQDO\VWV DW HDFK VLWH LQ
QHWZRUN�ZLGH�DQDO\WLFV�
7KLV SDQHO LV WLPHO\ DQG QHHGHG EHFDXVH RI WKH JURZLQJ XUJHQF\ WR XWLOL]H WKH EXUJHRQLQJ ZHDOWK RI (+5 GDWD�

HVSHFLDOO\ LQ UHVSRQVH WR WKH SXEOLF KHDOWK QHHGV RI WKH RQJRLQJ SDQGHPLF� 7KLV JURXS RI SDQHOLVWV KDYH
PXOWL�LQVWLWXWLRQDO H[SHULHQFH ZLWK WZR SURPLQHQW IODJVKLS GDWD QHWZRUNV� *LYHQ WKH QDWLRQDO VFRSH RI $&7 DQG
LQWHUQDWLRQDO�VFRSH�RI��&(��WKH�SURSRVHG�SDQHO�LV�ZHOO�VXLWHG�IRU�WKH�$0,$�PHPEHUV�DQG�DXGLHQFH�

3UHVHQWHUV

1DPLQJ�WKH�'DWD��9LVZHVZDUDQ�
'U� 6K\DP 9LVZHVZDUDQ LV DQ $VVRFLDWH 3URIHVVRU RI %LRPHGLFDO ,QIRUPDWLFV DQG LV WKH 'LUHFWRU RI WKH &76,¶V

%LRPHGLFDO ,QIRUPDWLFV &RUH DW WKH 8QLYHUVLW\ RI 3LWWVEXUJK LQ 3HQQV\OYDQLD� +H OHDGV WKH 'DWD +DUPRQL]DWLRQ
:RUNJURXS WKDW GHYHORSV WKH RQWRORJLHV IRU WKH $&7 QHWZRUN� +H ZLOO GLVFXVV ELRPHGLFDO RQWRORJLHV LQ
L�E��6+5,1( GDWD UHVHDUFK QHWZRUNV� ZLWK D IRFXV RQ WKH $&7 QHWZRUN DQG WKH HQKDQFHG RQWRORJ\ IXQFWLRQDOLW\
GHYHORSHG IRU &29,'��� UHVHDUFK� 2QWRORJLHV RIIHU QRW RQO\ D ZD\ WR TXHU\ WKH GDWD EXW DOVR DQ LQIRUPDWLRQ PRGHO
WR RUJDQL]H WKH GDWD� 7KH L�E��6+5,1( RQWRORJLHV KDYH D WUHH�OLNH KLHUDUFKLFDO VWUXFWXUH LQ ZKLFK FRQFHSWV FORVHU WR
WKH URRW DUH PRUH JHQHUDO WKDQ FRQFHSWV ORFDWHG QHDU WKH OHDYHV� 7KH WUHH�OLNH VWUXFWXUH HQDEOHV WKH LQYHVWLJDWRU WR
QDYLJDWH WKH FRQFHSWV DQG FRQVWUXFW VXFFLQFW TXHULHV E\ XVLQJ WKH PRVW JHQHUDO FRQFHSWV WKDW DUH DSSOLFDEOH� 7KH
$&7 QHWZRUN UDSLGO\ GHYHORSHG DQG YDOLGDWHG D VSHFLDOL]HG &29,'��� RQWRORJ\ DQG GHSOR\HG LW RQ WKH QHWZRUN�
DQG $&7 VLWHV DXJPHQWHG WKHLU GDWD WR VXSSRUW WKH RQWRORJ\� 7KH ODWHVW YHUVLRQ RI WKH $&7 &29,'��� RQWRORJ\�
9HUVLRQ �� FRQVLVWV RI ������ FRGHV LQ WKH GRPDLQV RI GLDJQRVLV� SURFHGXUHV� PHGLFDWLRQV� DQG ODERUDWRU\ WHVWV� 7KH
&29,'��� RQWRORJ\ KDV VHYHUDO XQLTXH IHDWXUHV� ,W KDV FDWHJRUL]HG HPHUJLQJ WHUPV IURP ,&'���� &37��� +&3&6�
DQG /2,1& WHUPLQRORJLHV WKDW ZHUH LQWURGXFHG LQ UHVSRQVH WR 6$56�&R9��� ,W LQFOXGHV FRPSXWDEOH SKHQRW\SHV WR
FKDUDFWHUL]H WKH FRXUVH RI LOOQHVV DQG RXWFRPHV LQ &29,'��� WKDW LQFOXGH LOOQHVV VHYHULW\� UHVSLUDWRU\ WKHUDS\
PDQDJHPHQW� DQG OHYHO RI FDUH� $QG LW FRQWDLQV KDUPRQL]HG YDOXH VHWV IRU WKH JURZLQJ QXPEHU RI 6$56�&R9��
QXFOHLF�DFLG�DQWLJHQ�DQG�DQWLERG\�WHVWV� >�@

$VVHVVLQJ�&RPSOHWHQHVV�E\�)LQGLQJ�/R\DO�3DWLHQWV��+HQGHUVRQ�

'DUUHQ : +HQGHUVRQ LV D 'DWDEDVH $GPLQLVWUDWRU DW WKH 8QLYHUVLW\ RI .HQWXFN\ IRFXVHG RQ GDWD ZDUHKRXVH
GHYHORSPHQW DQG SHUIRUPDQFH WXQLQJ� +H FROODERUDWHG RQ WKH GHYHORSPHQW RI D WRRO WR LGHQWLI\ ZKHWKHU SDWLHQWV DUH
³OR\DO´ � PHDQLQJ WKH\ JHW PRVW RI WKHLU FDUH ZLWKLQ D KHDOWKFDUH V\VWHP DQG DUH WKXV OLNHO\ WR KDYH ORQJLWXGLQDOO\
FRPSOHWH GDWD� 7KLV WRRO LPSOHPHQWV D SUHYLRXVO\�YDOLGDWHG DOJRULWKP ZKLFK UHOLHV RQ WKH SUHVHQFH RI SUR[LHV IRU
OR\DOW\ VXFK DV SURVWDWH�VSHFLILF DQWLJHQ �36$� WHVWV� SDS VPHDUV� DQG UHFHQW YLVLWV� >�@ 7KLV DOJRULWKP KDV EHHQ
VKRZQ WR HQKDQFH WKH SHUIRUPDQFH RI PDFKLQH OHDUQLQJ PHWKRGV E\ FKRRVLQJ WKLV ³HQULFKHG´ FRKRUW� 0U� +HQGHUVRQ
ZLOO GLVFXVV WKH OR\DOW\ PHWKRGRORJ\ DQG UHODWHG DSSURDFKHV SUHVHQWO\ EHLQJ XVHG WR HQKDQFH GDWD QHWZRUN
FRPSOHWHQHVV�

'HHS�+DUPRQL]DWLRQ�$FURVV�6LWHV��.ODQQ�

'U� .ODQQ LV DQ $VVLVWDQW 3URIHVVRU RI 0HGLFLQH LQ WKH 0*+ /DERUDWRU\ RI &RPSXWHU 6FLHQFH DQG +DUYDUG
0HGLFDO 6FKRRO� 'DWD KDUPRQL]DWLRQ PXVW LQFOXGH GDWD PDSSLQJ WR FRPPRQ WHUPLQRORJLHV� %XW HYHQ ZKHQ WKLV LV
DFFRPSOLVKHG� FRGLQJ GLIIHUHQFHV DFURVV VLWHV FDQ VWLOO DERXQG� 7KHUH DUH PDQ\ /2,1& FRGHV IRU WKH VDPH WHVW� DQG
LI LQVWLWXWLRQV FKRRVH GLIIHUHQW �EXW HTXDOO\ YDOLG� FRGHV� LW FRXOG FDXVH SKHQRW\SLQJ DOJRULWKPV WR IDLO� )RU GDWD WR EH
WUXO\ KDUPRQL]HG� WKH XQGHUO\LQJ FRGHV LQ WKH GDWD PXVW EH H[DPLQHG� 7R HQVXUH QHWZRUN KDUPRQL]DWLRQ� LW LV
HVVHQWLDO WR H[SORUH WKH QHWZRUN�ZLGH GLVWULEXWLRQ RI FRGHV XVHG WR UHSUHVHQW D JLYHQ FRQFHSW� $GGLWLRQDOO\� FKDUW
UHYLHZ RQ D VXEVHW RI SDWLHQWV PXVW EH SHUIRUPHG WR FKDOOHQJH DVVXPSWLRQV DQG GLVFRYHU LQWULFDFLHV LQ GDWD HQFRGLQJ
SUDFWLFHV� 'U� .ODQQ ZLOO GLVFXVV KLV ZRUN LQ WZR UHODWHG SURMHFWV� FRPSDULQJ FRXQW GLVWULEXWLRQV LQ WKH $&7
QHWZRUN��DQG�HQKDQFLQJ�DQ�LQWHUQDWLRQDO�SKHQRW\SH�RI�&29,'����VHYHULW\�LQ�WKH��&(�QHWZRUN� >�@

,PSDFW�RI�'DWD�&RPSOHWHQHVV�RQ�'RZQVWUHDP�0DFKLQH�/HDUQLQJ��(VWLUL�

'U� +RVVHLQ (VWLUL LV DQ $VVLVWDQW 3URIHVVRU RI 0HGLFLQH DW 0*+ /DE RI &RPSXWHU 6FLHQFH DQG +DUYDUG 0HGLFDO
6FKRRO� 'U� (VWLUL GHYHORSV QRYHO FRPSXWDWLRQDO SKHQRW\SLQJ DQG SUHGLFWLYH DOJRULWKPV XVLQJ FOLQLFDO GDWD� ,Q KLV
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SUHVHQWDWLRQ� 'U� (VWLUL ZLOO GLVFXVV ZD\V LQ ZKLFK ORQJLWXGLQDO FRPSOHWHQHVV RI SDWLHQW UHFRUGV LQ (+5V PD\ LPSDFW
WKH SHUIRUPDQFH RI PDFKLQH OHDUQLQJ �0/� DOJRULWKPV PHDVXUHG E\ GLVFULPLQDWLRQ SRZHU� UHOLDELOLW\� DQG ELDV� ,Q
ELQDU\ FODVVLILFDWLRQ WDVNV� ZKLFK DUH ZLGHO\ H[HUFLVHG LQ KHDOWKFDUH UHVHDUFK� VWDQGDUG 0/ SHUIRUPDQFH HYDOXDWLRQ
LV RIWHQ IRFXVHG RQ GHVFULPLQDWLRQ PHWULFV� VXFK DV WKH FRQIXVLRQ PDWUL[� DUHD XQGHU WKH UHFHLYHU RSHUDWLQJ DQG�RU
SUHFLVLRQ�UHFDOO FXUYHV� 5HOLDELOLW\ RI SUHGLFWLRQV DUH DOVR HYDOXDWHG IURP WLPH WR WLPH� HVSHFLDOO\ LQ WKH FRQWH[W RI
SUHGLFWLYH PRGHOV� 'U� (VWLUL KDV GHYHORSHG WKH 0/+2 SLSHOLQH >��@� DQ HQG�WR�HQG 0/ SLSHOLQH� WKDW RXWSXWV D
FRPSUHKHQVLYH VHW RI 0/ SHUIRUPDQFH PHWULFV� LQFOXGLQJ GLVFULPLQDWLRQ DQG UHOLDELOLW\� DV ZHOO DV DOJRULWKP�OHYHO
DQG SDWLHQW�OHYHO PHDVXUHPHQWV RI ELDV� 'U� (VWLUL ZLOO VKRZFDVH KRZ GLIIHUHQW OHYHOV RI ORQJLWXGLQDO GDWD
FRPSOHWHQHVV �TXDQWLILHG WKURXJK WKH OR\DOW\ PHWKRGRORJ\� FDQ SURVSHFWLYHO\ DOWHU GLVFULPLQDWLRQ� UHOLDELOLW\� DQG
ELDV�LQ�0/+2¶V�SUHGLFWLRQV�RI�PRUWDOLW\��YHQWLODWLRQ��DQG�,&8�DQG�KRVSLWDO�DGPLVVLRQ�GXH�WR�&29,'����

'LVFXVVLRQ�4XHVWLRQV

�� +RZ FDQ ELRPHGLFDO RQWRORJLHV DLG LQ GDWD TXDOLW\" :KDW DUH WKH XQLTXH IHDWXUHV RI WKH &29,'���
RQWRORJ\�WKDW�HQDEOH�SKHQRW\SLQJ"

�� (YHQ ZKHQ VLWHV DUH ZRUNLQJ LQ WKH VDPH GDWD PRGHO� GLIIHUHQFHV LQ VHW VL]H� SDWLHQW SRSXODWLRQ GLVSDULWLHV�
DQG KDUGZDUH�GDWDEDVH GLIIHUHQFHV FDQ VW\PLH SURJUHVV LQ GHYHORSLQJ UHSURGXFLEOH DOJRULWKPV� :KDW
WHFKQLTXHV�FDQ�PLWLJDWH�WKHVH�LVVXHV"

�� +RZ�FDQ�FKDUW�UHYLHZ�EH�XVHG�WR�DXJPHQW�WKH�VWUXFWXUHG�GDWD�FRPLQJ�IURP�(+5V"
�� +RZ FDQ ORQJLWXGLQDO GDWD FRPSOHWHQHVV LPSDFW PDFKLQH OHDUQLQJ SHUIURPDQFH LQ WHUPV RI GLVFULPLQDWLRQ�

UHOLDELOLW\��DQG�ELDV"

3DQHO 2UJDQL]HU 6WDWHPHQW� $OO SDUWLFLSDQWV KDYH DJUHHG WR WDNH SDUW LQ WKH SDQHO DQG GLVFXVV WKH WRSLFV DV RXWOLQHG
DERYH�

5HIHUHQFHV

� &ROOLQV�)6��+XGVRQ�./��%ULJJV�-3� HW�DO� 3&25QHW� WXUQLQJ�D�GUHDP�LQWR�UHDOLW\� -�$P�0HG�,QIRUP�$VVRF
�����������±��

� %LDQ�-��/\X�7��/RLDFRQR�$� HW�DO� $VVHVVLQJ�WKH SUDFWLFH�RI�GDWD�TXDOLW\�HYDOXDWLRQ�LQ�D�QDWLRQDO�FOLQLFDO�GDWD
UHVHDUFK�QHWZRUN�WKURXJK�D�V\VWHPDWLF�VFRSLQJ�UHYLHZ�LQ�WKH�HUD�RI�UHDO�ZRUOG�GDWD� -�$P�0HG�,QIRUP�$VVRF
������������±�����

� 9LVZHVZDUDQ�6��%HFLFK�0-��'¶,WUL�96� HW�DO� $FFUXDO WR�&OLQLFDO�7ULDOV��$&7���$�&OLQLFDO�DQG�7UDQVODWLRQDO
6FLHQFH�$ZDUG�&RQVRUWLXP�1HWZRUN� -$0,$�2SHQ �������������±���

� %UDW�*$��:HEHU�*0��*HKOHQERUJ�1� HW�DO� ,QWHUQDWLRQDO HOHFWURQLF�KHDOWK�UHFRUG�GHULYHG�&29,'����FOLQLFDO
FRXUVH�SURILOHV��WKH��&(�FRQVRUWLXP� 13-�'LJLW�0HG �����������

� .ODQQ�-*��$EHQG�$��5DJKDYDQ�9$� HW�DO� 'DWD�LQWHUFKDQJH XVLQJ�L�E�� -�$P�0HG�,QIRUP�$VVRF
�����������±���

� 4XDOOV�/*��3KLOOLSV�7$��+DPPLOO�%*� HW�DO� (YDOXDWLQJ )RXQGDWLRQDO�'DWD�4XDOLW\�LQ�WKH�1DWLRQDO
3DWLHQW�&HQWHUHG�&OLQLFDO�5HVHDUFK�1HWZRUN��3&25QHW��� (*(06��:DVK�'&� ���������

� /LQ�.-��5RVHQWKDO�*(��0XUSK\�61� HW�DO� ([WHUQDO 9DOLGDWLRQ�RI�DQ�$OJRULWKP�WR�,GHQWLI\�3DWLHQWV�ZLWK�+LJK
'DWD�&RPSOHWHQHVV�LQ�(OHFWURQLF�+HDOWK�5HFRUGV�IRU�&RPSDUDWLYH�(IIHFWLYHQHVV�5HVHDUFK� &OLQ�(SLGHPLRO
�����������±���

� .ODQQ�-*��(VWLUL�+��:HEHU�*0� HW�DO� 9DOLGDWLRQ RI�DQ�LQWHUQDWLRQDOO\�GHULYHG�SDWLHQW�VHYHULW\�SKHQRW\SH�WR
VXSSRUW�&29,'����DQDO\WLFV�IURP�HOHFWURQLF�KHDOWK�UHFRUG�GDWD� -�$P�0HG�,QIRUP�$VVRF ������������±���

� 9LVZHVZDUDQ�6��6DPD\DPXWKX�0-��0RUULV�0� HW�DO� 'HYHORSPHQW�RI�D�&RURQDYLUXV�'LVHDVH�������&29,'����
$SSOLFDWLRQ�2QWRORJ\�IRU�WKH�$FFUXDO�WR�&OLQLFDO�7ULDOV��$&7��QHWZRUN� -$0,$�2SHQ �������RRDE����

�� (VWLUL�+��6WUDVVHU�=+��0XUSK\�61��,QGLYLGXDOL]HG SUHGLFWLRQ�RI�&29,'����DGYHUVH�RXWFRPHV�ZLWK�0/+2� 6FL
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