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�$U\D�7KRSDWH���3URI��9DUVKD�%DEDU

�6WXGHQW���$VVLVWDQW�3URIHVVRU
���'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH�(QJLQHHULQJ�

���$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD
�DU\D�WKRSDWH#G\SLF�LQ���YDUVKD�EDEDU#G\SLF�LQ

$EVWUDFW

7KH�QXPEHU�RI�SDSHUV�LV�VXFK�WKDW�LW¶V�LPSRVVLEOH�WR�UHDG�WKHP�DOO��(YHU\ERG\�ZKR�FDUULHV�RXW�D�OLWHUDWXUH�
UHYLHZ�LV�DZDUH�RI�WKLV��)RU�HDFK�VWXG\�\RX�KDYH�WR�GHWHUPLQH�LWV�DLP��WKH�PHWKRGV�LW�HPSOR\HG��WKH�GDWD�
DQG�PHWULFV�LW�XVHG��WKH�OLPLWDWLRQV�RU�RPLVVLRQV�LW�KDG��DQG�ZKDW�WKH�DXWKRUV�EHOLHYH�VKRXOG�KDSSHQ�QH[W��
7KLV�SURFHVV�LV�YHU\�WLPH�FRQVXPLQJ��&XUUHQWO\��PRVW�$,�WRROV�DUH�RQO\�FDSDEOH�RI�KHOSLQJ�ZLWK�ORFDWLQJ�
SDSHUV��VXPPDULVLQJ�WKHP��RU�DQVZHULQJ�TXHVWLRQV��7KH\�EDUHO\�GHDO�ZLWK�WKH�WDVN�RI�FRPSDULQJ�VWXGLHV�LQ�
DQ�RUJDQLVHG�PDQQHU�RU�LGHQWLI\LQJ�DUHDV�ZKHUH�IXUWKHU�UHVHDUFK�LV�QHHGHG��,Q�WKLV�VHPLQDU�ZH�SUHVHQW�DQ�
$,�SRZHUHG�5HVHDUFK�'HFLVLRQ�6XSSRUW�6\VWHP��7KH�V\VWHP�FRPELQHV�1DWXUDO�/DQJXDJH�3URFHVVLQJ��/DUJH�
/DQJXDJH�0RGHOV��DQG�LQWHOOLJHQW�GRFXPHQW�DQDO\VLV�DQG�H[DPLQHV�D�QXPEHU�RI�SDSHUV�WRJHWKHU��,W�H[WUDFWV�
WKH�NH\�SRLQWV�IURP�HDFK�SDSHU�DQG�SUHVHQWV�WKHP�LQ�D�VWUXFWXUHG�IRUPDW��,W�WKHQ�FRPSDUHV�WKH�ILQGLQJV�RI�
WKH�VWXGLHV�DQG�FRPSLOHV�WKH�HYLGHQFH�VR�WKDW� OLPLWDWLRQV�ZKLFK�UHFXU�IUHTXHQWO\�DQG�WUHQGV�WKDW�DUH�MXVW�
EHJLQQLQJ�WR�DSSHDU�EHFRPH�REYLRXV��,W�DOVR�DWWHPSWV�WR�LGHQWLI\�SRVVLEOH�UHVHDUFK�JDSV�DQG�UDQN�WKHP��7KH�
FULWHULD�XVHG�DUH� LQWHQGHG� WR�EH� WUDQVSDUHQW�DQG�EDVHG�RQ�HYLGHQFH��2XU�DLP�LV� WR� UHGXFH� WKH�DPRXQW�RI�
PDQXDO�ZRUN�LQYROYHG�LQ�D�OLWHUDWXUH�UHYLHZ�DQG�WR�SURYLGH�UHVHDUFKHUV�ZLWK�D�ZHOO�RUJDQLVHG�UHVRXUFH�RQ�
ZKLFK�WR�EDVH�WKHLU�SODQQLQJ�DQG�GHFLVLRQ�PDNLQJ�

.H\ZRUGV� $UWLILFLDO� ,QWHOOLJHQFH�� ,QWHOOLJHQW� 'RFXPHQW� $QDO\VLV�� /DUJH� /DQJXDJH� 0RGHOV�� 1DWXUDO�
/DQJXDJH�3URFHVVLQJ��5HVHDUFK�'HFLVLRQ�6XSSRUW��5HVHDUFK�*DS�'HWHFWLRQ��6FLHQWLILF�/LWHUDWXUH�$QDO\VLV�

,��,QWURGXFWLRQ

7KH�UDSLG�LQFUHDVH�LQ�VFLHQWLILF�SXEOLFDWLRQV�KDV�PDGH�LW�LQFUHDVLQJO\�GLIILFXOW�IRU�UHVHDUFKHUV�WR�FRQGXFW�
OLWHUDWXUH�UHYLHZV�HIILFLHQWO\��,W� LV�QRZ�GLIILFXOW�IRU�UHVHDUFKHUV�WR�NHHS�XS�ZLWK�WKH�ODWHVW� OLWHUDWXUH��7KH�
SULPDU\�UHDVRQ�IRU�WKLV�LV�WKDW�DQ�H[FHVVLYH�QXPEHU�RI�SDSHUV�DUH�EHLQJ�SXEOLVKHG��:KHQ�FDUU\LQJ�RXW�D�
QRUPDO�UHYLHZ��RQH�KDV�WR�UHDG�D�ODUJH�QXPEHU�RI�VWXGLHV�DQG�FRPSDUH�WKHP�VWXG\�E\�VWXG\��ORRNLQJ�DW�WKHLU�
REMHFWLYHV��PHWKRGV��GDWDVHWV��UHVXOWV��OLPLWDWLRQV��DQG�IXWXUH�SURVSHFWV��&DUU\LQJ�RXW�VXFK�D�WDVN�E\�KDQG�LV�
VORZ�DQG�WKH�SUREOHP EHFRPHV�HYHQ�JUHDWHU�DV�WKH�QXPEHU�RI�SDSHUV�LQFUHDVHV��7KHUHIRUH��ZH�QHHG�WRROV�
ZKLFK�FDQ�DVVLVW�UHVHDUFKHUV�LQ�JRLQJ�WKURXJK�DQG�XQGHUVWDQGLQJ�DOO�WKLV�NQRZOHGJH�
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5HFHQWO\��SURJUHVV�LQ�1DWXUDO�/DQJXDJH�3URFHVVLQJ��1/3��DQG�/DUJH�/DQJXDJH�0RGHOV��//0V��KDV�EHHQ�
PDGH��WR�WKH�SRLQW�ZKHUH�VRPH�OLWHUDWXUH�DQDO\VLV�FDQ�QRZ�EH�FDUULHG�RXW�DXWRPDWLFDOO\��//0V�DUH�DSSOLHG�
LQ�FDUU\LQJ�RXW�OLWHUDWXUH�UHYLHZV��LQ�LQIRUPDWLRQ�H[WUDFWLRQ��DQG�LQ�WKH�DQDO\VLV�RI�VFLHQWLILF�WH[W�>�@��>�@��
6WXGLHV�LQYROYLQJ�WKH�H[WUDFWLRQ�RI�NH\�LQVLJKWV�RU�GDWD�LQGLFDWH�WKDW�//0V�FDQ�VDYH�HIIRUW��EXW�DFFXUDF\�
DQG� UHOLDELOLW\� UHPDLQ� FRQFHUQV� >�@�� >�@�� 6RPH� UHVHDUFKHUV� KDYH� IRFXVHG� RQ� FRPSDUDWLYH� OLWHUDWXUH�
VXPPDUL]DWLRQ� DQG� RQ� GHYHORSLQJ� VWUXFWXUHG� PHWKRGV� IRU� UHSUHVHQWLQJ� VFLHQWLILF� LQIRUPDWLRQ� >�@±>�@��
2SHQ6FKRODU�PDNHV�XVH�RI�UHWULHYDO�LQ�RUGHU�WR�VXSSRUW�VFLHQWLILF�V\QWKHVLV�RQ�WKH�EDVLV�RI�HYLGHQFH�>�@�

<HW�WKH�PDMRULW\�RI�VXFK�V\VWHPV�FDUU\�RXW�RQO\�D�VLQJOH�IXQFWLRQ��WKH\�UHWULHYH��H[WUDFW��RU�VXPPDUL]H��2QO\�
D�VPDOO�QXPEHU�DWWHPSW�WR�LGHQWLI\�UHVHDUFK�JDSV�IURP�EHJLQQLQJ�WR�HQG��7KLV�LV�D�PRUH�GLIILFXOW�SUREOHP�
VLQFH�D�WUXH�JDS�RQO\�EHFRPHV�DSSDUHQW�ZKHQ�WKH�PHWKRGV��ILQGLQJV��OLPLWDWLRQV��DQG�IXWXUH�GLUHFWLRQV�RI�D�
QXPEHU�RI�VWXGLHV�DUH�OLQNHG�WRJHWKHU��3HRSOH�KDYH�DSSOLHG�//0V�WR�WKH�WDVN�RI�OLWHUDWXUH�VFRSLQJ�DQG�JDS�
GHWHFWLRQ�>�@��7KH�LVVXHV�RI�JURXQGLQJ�FODLPV�LQ�HYLGHQFH��UHOLDEO\�H[WUDFWLQJ�LQIRUPDWLRQ��DQG�JHWWLQJ�D�
SHUVRQ�WR�YHULI\�WKH�UHVXOWV�KDYH�QRW�\HW�EHHQ�VROYHG�

:H� WKXV� VXJJHVW� DQ� LQWHJUDWHG� GHFLVLRQ�VXSSRUW� DSSURDFK� ZKLFK� FRPELQHV� VWUXFWXUHG� LQIRUPDWLRQ�
H[WUDFWLRQ��PXOWL�SDSHU�FRPSDULVRQ��HYLGHQFH�V\QWKHVLV��DQG�WKH�LGHQWLILFDWLRQ�RI�JDSV�LQWR�D�VLQJOH�SURFHVV��
7KH�SDSHUV�DUH�H[DPLQHG�XVLQJ�WKH�VDPH�FULWHULD��2Q�WKLV�EDVLV��WKH�V\VWHP�LGHQWLILHV�UHFXUULQJ�OLPLWDWLRQV��
DUHDV�WKDW�KDYH�QRW�EHHQ�H[SORUHG��DQG�SRWHQWLDO�UHVHDUFK�RSSRUWXQLWLHV��7KHQ�D�SHUVRQ�UHYLHZV�WKH�UHVXOWV�

7KH�IROORZLQJ�SRLQWV�DUH�SURYLGHG�E\�WKLV�SDSHU���L��WKH�VWUXFWXUHG�H[WUDFWLRQ�RI�WKH�LPSRUWDQW�LQIRUPDWLRQ�
FRQWDLQHG�LQ�VFLHQWLILF�SDSHUV���LL��D FRPSDUDWLYH�DQDO\VLV�RI�D�QXPEHU�RI�VWXGLHV���LLL��WKH�LGHQWLILFDWLRQ�RI�
UHFXUULQJ�OLPLWDWLRQV�DQG�SRVVLEOH�UHVHDUFK�JDSV��DQG��LY��D�GHFLVLRQ�VXSSRUW�PHWKRG��JURXQGHG�LQ�HYLGHQFH��
ZKLFK�DVVLVWV�UHVHDUFKHUV�LQ�UHDGLQJ�WKH�H[LVWLQJ�OLWHUDWXUH�

7KH�SDSHU�LV SXW�WRJHWKHU�LQ�WKH�IROORZLQJ�ZD\��6HFWLRQ�,,�GHDOV�ZLWK�UHODWHG�ZRUN��6HFWLRQ�,,,�VHWV�RXW�WKH�
SUREOHP�DQG�WKH�REMHFWLYHV��6HFWLRQ�,9�RXWOLQHV�WKH�DUFKLWHFWXUH��6HFWLRQ�9�GHVFULEHV�WKH�PHWKRGRORJ\��DQG�
6HFWLRQ�9,�SUHVHQWV�D�XVH�FDVH��)ROORZLQJ�WKHVH�VHFWLRQV�DUH�WKH�H[SHFWHG�RXWFRPHV��D�FRPSDULVRQ�ZLWK�
H[LVWLQJ�DSSURDFKHV��WKH�HYDOXDWLRQ��WKH�IXWXUH�VFRSH��DQG�WKH�FRQFOXVLRQ�

,,��5HODWHG�:RUN

$��//0�%DVHG�/LWHUDWXUH�5HYLHZ�DQG�$QDO\VLV

$Q�LQFUHDVLQJ�QXPEHU�RI�UHVHDUFKHUV�DUH�QRZ�FRQVLGHULQJ�WKH�XVH�RI�//0V�DV�DLGV�LQ�OLWHUDWXUH�UHYLHZV��
$JDUZDO�DQG�FROOHDJXHV�H[DPLQHG�ZKDW�LV�SRVVLEOH�DQG�ZKDW�LV�QRW�SRVVLEOH�ZLWK�UHJDUG�WR�WKLV�DSSOLFDWLRQ��
7KH\�GLVFRYHUHG�WKDW�//0V�DUH�KHOSIXO�IRU�V\QWKHVLVLQJ�LQIRUPDWLRQ��EXW�UHOLDELOLW\�DQG�HYDOXDWLRQ�UHPDLQ�
LVVXHV�>�@��6FKHUEDNRY�DQG�FR�ZRUNHUV�LQYHVWLJDWHG�WKH�ZD\�LQ�ZKLFK�//0V�DUH�EHLQJ�LQFRUSRUDWHG�LQWR�
V\VWHPDWLF�UHYLHZ�ZRUNIORZV��7KH\�VWDWHG�WKDW�WKH�PRGHOV�DUH�XVHIXO�DW�D�QXPEHU�RI�VWDJHV�RI�WKH�SURFHVV�
>�@��%RWK�RI�WKHVH�VWXGLHV�LQGLFDWH�SURPLVH��$W�WKH�VDPH�WLPH��ERWK�RI�WKHP�DVVHUW�WKDW�KXPDQV�ZLOO�VWLOO�KDYH�
WR�VXSHUYLVH�WKH�UHVXOWV�

%��6FLHQWLILF�,QIRUPDWLRQ�([WUDFWLRQ

,I�\RX�ZDQW�WR�FRQYHUW�XQVWUXFWXUHG�SDSHUV�LQWR�VWUXFWXUHG�NQRZOHGJH�WKHQ�\RX�QHHG�LQIRUPDWLRQ�H[WUDFWLRQ��
6RQJ�HW� DO��GHYHORSHG�DQ�V\VWHP�EDVHG�RQ� ODQJXDJH�PRGHOV�ZKLFK�H[WUDFWV�NH\� LQVLJKWV� IURP�VFLHQWLILF�
DUWLFOHV�DQG�WKXV� LW� LV�FOHDU�WKDW� ODQJXDJH�PRGHOV�FDQ�DXWRPDWLFDOO\�DQDO\VH�VFLHQWLILF� WH[W�>�@��/HH�HW�DO��
FDUULHG�RXW�WHVWV�RQ�ODQJXDJH�PRGHOV�ZLWK�D�YLHZ�WR�H[WUDFWLQJ�LQIRUPDWLRQ�IRU�V\VWHPDWLF�UHYLHZV�DQG�WKH\�
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ZHUH�FRQFHUQHG�DERXW�DFFXUDF\�DQG�FRQVLVWHQF\�>�@��$OWKRXJK�DXWRPDWLF�H[WUDFWLRQ�FDQ�UHGXFH�WKH�QHHG�IRU�
PDQXDO�ZRUN�WKH�RXWSXW�VKRXOG�VWLOO�EH�YHULILHG�EHIRUH�DQ\RQH�PDNHV�DQ�HYLGHQFH�EDVHG�GHFLVLRQ�RQ�LW�

&��&RPSDUDWLYH�/LWHUDWXUH�$QDO\VLV

,QVWHDG��PRUH�UHFHQW�UHVHDUFK�LQYROYHV�FRPSDULQJ�WKH�LQIRUPDWLRQ�IURP�GLIIHUHQW�VWXGLHV�UDWKHU�WKDQ�UHDGLQJ�
HDFK� SDSHU� LQGLYLGXDOO\�� /L� HW� DO�� GHYHORSHG� &KDW&LWH�� FRPELQLQJ� //0�EDVHG� FRPSDUDWLYH� OLWHUDWXUH�
VXPPDUL]DWLRQ�ZLWK�DGYLFH�IURP�D�KXPDQ ZRUNIORZ�>�@��*DUFLD�HW�DO��WRR�FDUULHG�RXW�ZRUN�RQ�FRPSDUDWLYH�
VXPPDUL]DWLRQ��XVLQJ�UHIOHFWLYH�PHFKDQLVPV�WR�LPSURYH�WKH�ZD\�LQIRUPDWLRQ�IURP�GLIIHUHQW�GRFXPHQWV�LV�
DQDO\VHG� >�@��$OWKRXJK� WKHVH�PHWKRGV� GR� DVVLVW� LQ� FRPSDULQJ� SDSHUV�� WKH\� DUH�PDLQO\� FRQFHUQHG�ZLWK�
VXPPDUL]DWLRQ�DQG�GR�QRW�DWWHPSW�WR�LGHQWLI\�DQG�SULRULWL]H�UHVHDUFK�JDSV�LQ�D�V\VWHPDWLF�PDQQHU�

'��6WUXFWXUHG�5HSUHVHQWDWLRQ�RI�6FLHQWLILF�/LWHUDWXUH

,W¶V� VLPSOHU� WR� FRPSDUH� LQIRUPDWLRQ� IURP� SDSHUV� ZKHQ� LW¶V� JLYHQ� D� VWUXFWXUHG� IRUPDW�� :DQJ� HW� DO��
LQYHVWLJDWHG�KRZ�WR�JHQHUDWH�WDEXODU�VXPPDULHV�RI�VFLHQWLILF�SDSHUV�XVLQJ�$5;,9�7$%/(�>�@��:LWK�VXFK�
D�WDEOH��WKH�PHWKRGV��WKH�ILQGLQJV��DQG�RWKHU�GHWDLOV�FDQ�EH�SODFHG�XQGHU�FRPPRQ�KHDGLQJV��+RZHYHU��WKH�
WDEOH� GRHVQ¶W� VKRZ� ZKLFK� OLPLWDWLRQV� RFFXU� UHSHDWHGO\� RU� ZKLFK� DUHDV� UHSUHVHQW� JHQXLQH� UHVHDUFK�
RSSRUWXQLWLHV�

(��5HWULHYDO�$XJPHQWHG�6FLHQWLILF�6\QWKHVLV

$QRWKHU�PHWKRG�RI�GHDOLQJ�ZLWK�VFLHQWLILF� OLWHUDWXUH� LV� WKURXJK� WKH�XVH�RI� UHWULHYDO�DXJPHQWHG� ODQJXDJH�
PRGHOV��2SHQ6FKRODU�ZDV�VXJJHVWHG�E\�$VDL�HW�DO��DQG�OLQNV�UHWULHYDO�WR�VFLHQWLILF�V\QWKHVLV�YLD�D�ODQJXDJH�
PRGHO�>�@��6LQFH�WKH�DQVZHUV�DUH�GHULYHG�IURP�WKH�SDSHUV�WKDW�KDYH�EHHQ�UHWULHYHG��WKH\�DUH�PRUH�FORVHO\�
JURXQGHG�� +RZHYHU�� UHWULHYDO� DQG� V\QWKHVLV� HVVHQWLDOO\� LQYROYH� LGHQWLI\LQJ� DQG� FRPELQLQJ UHOHYDQW�
HYLGHQFH�� HYHQ� VR�� 6\VWHPDWLFDOO\� LGHQWLI\LQJ� UHVHDUFK� JDSV� UHTXLUHV� PRUH� WKDQ� WKLV�� 7KH� OLPLWDWLRQV��
PHWKRGV��ILQGLQJV��DQG�IXWXUH�GLUHFWLRQV�KDYH�WR�EH�FRPSDUHG�DFURVV�GLIIHUHQW�VWXGLHV�

)��/LWHUDWXUH�6FRSLQJ�DQG�*DS�,GHQWLILFDWLRQ

&HUWDLQ�ZRUN�PDNHV�XVH�RI� ODUJH� ODQJXDJH�PRGHOV�GLUHFWO\� LQ� WKH�DUHD�RI� OLWHUDWXUH�VFUHHQLQJ�DQG� LQ� WKH�
LGHQWLILFDWLRQ� RI� UHVHDUFK� JDSV�� 3LHWURERQ� HW� DO�� DSSOLHG� WKLV� DSSURDFK� WR� FOLQLFDO� UHVHDUFK� >�@�� 7KLV� LV�
LPSRUWDQW�IRU�GHFLVLRQ�VXSSRUW�VLQFH�LW�JRHV�EH\RQG�VLPSOH�VXPPDULVLQJ�DQG�LQGLFDWHV�DUHDV�LQ�ZKLFK�IXUWKHU�
VWXG\�LV�UHTXLUHG��<HW�LQ�RUGHU�WR�REWDLQ�D�UHOLDEOH�UHVXOW�LW�LV�QHFHVVDU\�WR�FDUU\�RXW�DFFXUDWH�H[WUDFWLRQ��WR�
FRPSDUH�WKH�HYLGHQFH�SURSHUO\��DQG�WR�UHDG�WKH�LQIRUPDWLRQ�IURP�D�QXPEHU�RI�VWXGLHV�WRJHWKHU�

*��6FLHQWLILF�/DQJXDJH�0RGHOV

$�ODQJXDJH�PRGHO�GHVLJQHG�IRU�XVH�LQ�VFLHQWLILF�FRQWH[WV�LV�XVHIXO�DV�D�IRXQGDWLRQ�IRU�WHFKQLFDO�ZULWLQJ��
%HOWDJ\� HW� DO�� GHYHORSHG� 6FL%(57�� D� PRGHO� WKDW� ZDV� WUDLQHG� RQ� VFLHQWLILF� WH[W�� 7KH\� IRXQG� WKDW�
UHSUHVHQWDWLRQV� WDLORUHG� WR� D�SDUWLFXODU�GRPDLQ�DUH�KHOSIXO�ZKHQ� LW� FRPHV� WR� VFLHQWLILF�QDWXUDO� ODQJXDJH�
SURFHVVLQJ�WDVNV�>��@��6LQFH�WKHVH�PRGHOV�DUH�EHWWHU�DW�XQGHUVWDQGLQJ�VFLHQWLILF�WHUPLQRORJ\�DQG�WKH�VW\OH�
RI�VFLHQWLILF�ZULWLQJ��WKH\�DVVLVW�ODWHU�SURFHVVHV�VXFK�DV�LQIRUPDWLRQ�H[WUDFWLRQ�DQG�GRFXPHQW�DQDO\VLV�

+��//0�%DVHG�/LWHUDWXUH�6FRSLQJ�DQG�*DS�,GHQWLILFDWLRQ

3LHWURERQ�DQG�RWKHUV�H[DPLQH�WKH�XVH�RI�/DUJH�/DQJXDJH�0RGHOV�IRU�FDUU\LQJ�RXW�OLWHUDWXUH�UHYLHZV�DQG�IRU�
LGHQWLI\LQJ� UHVHDUFK� JDSV�� 7KH\� GHPRQVWUDWH� WKDW� VXFK� //0V� FDQ� DVVLVW� UHVHDUFKHUV� LQ� RUJDQLVLQJ� WKH�
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HYLGHQFH�DQG� LQ� ORFDWLQJ�DUHDV� WKDW� UHTXLUH� IXUWKHU� LQYHVWLJDWLRQ�>�@��7KHLU�VWXG\� LQGLFDWHV� WKDW� ODQJXDJH�
PRGHOV�DUH�FDSDEOH�RI�JRLQJ�EH\RQG�VLPSOH�VXPPDULVDWLRQ��+RZHYHU��JDS�LGHQWLILFDWLRQ�VWLOO�UHOLHV�RQ�WKH�
TXDOLW\�RI�WKH�HYLGHQFH�WKDW�LV�H[WUDFWHG�DQG�RQ�KRZ�WKH�UHODWLRQVKLSV�EHWZHHQ�WKH�VWXGLHV�DUH�LQWHUSUHWHG��
2XU�5HVHDUFK�*DS�'LVFRYHU\�6\VWHP�DGGUHVVHV�WKLV�E\�ILUVW�FDUU\LQJ�RXW�VWUXFWXUHG�H[WUDFWLRQ��FRPSDULQJ�
PXOWLSOH�SDSHUV��DQG�V\QWKHVLVLQJ�WKH�HYLGHQFH�EHIRUH�LW�HYHQ�VXJJHVWV�DQ\�SRWHQWLDO�UHVHDUFK�JDSV�

,��6FLHQWLILF�/DQJXDJH�0RGHOV�DQG�'RFXPHQW�$QDO\VLV

6FL%(57��ZKLFK�ZDV�LQWURGXFHG�E\�%HOWDJ\�DQG�RWKHUV��LV�D�ODQJXDJH�PRGHO�GHVLJQHG�IRU�XVH�ZLWK�VFLHQWLILF�
WH[W��,W�KDV�GHPRQVWUDWHG�WKDW�GRPDLQ�DGDSWHG�UHSUHVHQWDWLRQV�DUH�XVHIXO�IRU�VFLHQWLILF�1/3�WDVNV�>��@��6LQFH�
D�VFLHQWLILF�ODQJXDJH�PRGHO�LV�DEOH�WR�GHDO�ZLWK�WHFKQLFDO�WHUPLQRORJ\�DQG�FRPSOH[�UHVHDUFK�GRFXPHQWV��LW�
SURYLGHV�D�EDVLV�IRU�H[WUDFWLRQ�DQG�DQDO\VLV��+RZHYHU��RQ�LWV�RZQ�LW�GRHV�QRW�FRQVWLWXWH�D�IXOO�ZRUNIORZ�IRU�
FRPSDULQJ�VWXGLHV�RU� IRU� LGHQWLI\LQJ� UHVHDUFK�RSSRUWXQLWLHV��2XU� V\VWHP� LV�EDVHG�RQ�VFLHQWLILF�1/3�DQG�
PDNHV�XVH�RI�LW�ZLWKLQ�D�VWUXFWXUHG�ZRUNIORZ�IRU�OLWHUDWXUH�DQDO\VLV�DQG�JDS�GLVFRYHU\

-��6XPPDU\ RI�5HVHDUFK�*DSV

7KH�PHWKRGRORJ\��FRQWULEXWLRQ�DQG�UHPDLQLQJ�UHVHDUFK�JDS�IRU�HDFK�RI�WKH�VWXGLHV�WKDW�ZH�H[DPLQHG�DUH�
JLYHQ� LQ� 7DEOH� ,�� 7KUHH� JDSV� UHSHDWHGO\� DSSHDU�� 7KH� ILUVW� LV� WKDW�$,�EDVHG� OLWHUDWXUH� V\VWHPV� JHQHUDOO\�
FRQFHQWUDWH�RQ�D� VLQJOH� WDVN�� IRU�H[DPSOH� UHWULHYDO�� H[WUDFWLRQ�RU� VXPPDUL]DWLRQ��DQG�GR�QRW�DGGUHVV�DQ�
LQWHJUDWHG�ZRUNIORZ�VSDQQLQJ�PDQ\�SDSHUV�>�@±>�@��7KH�VHFRQG�LV�WKDW�FRPSDUDWLYH�DQG�VWUXFWXUHG�DQDO\VLV�
GRHV�QRW�DOZD\V�UHVXOW�LQ�D�V\VWHPDWLF�GHWHUPLQDWLRQ�RI�UHFXUULQJ�OLPLWDWLRQV�DQG�UHVHDUFK�RSSRUWXQLWLHV�>�@±
>�@�� 7KH� WKLUG� LV� WKDW� //0�EDVHG� JDS� GHWHFWLRQ� VWLOO� KDV� GLIILFXOW\� ZLWK� HYLGHQFH� JURXQGLQJ�� UHOLDEOH�
H[WUDFWLRQ�DQG�KXPDQ�YHULILFDWLRQ�>�@��>�@��,W�LV�WKHVH�JDSV�WKDW�OHDG�WR�WKH�GHYHORSPHQW�RI�WKH�5HVHDUFK�*DS�
'LVFRYHU\�6\VWHP��ZKLFK�RYHUFRPHV�WKHP�E\�PHDQV�RI�D�VLQJOH�ZRUNIORZ�FRPELQLQJ�VWUXFWXUHG�H[WUDFWLRQ��
FRPSDUDWLYH�DQDO\VLV��HYLGHQFH�V\QWKHVLV�DQG�JDS�LGHQWLILFDWLRQ�

7$%/(�,

6XPPDU\�RI�/LWHUDWXUH�6XUYH\�DQG�5HVHDUFK�*DSV

5HI�
$XWKRU�V����
<HDU

0HWKRGRORJ\ .H\�&RQWULEXWLRQ 5HVLGXDO�5HVHDUFK�*DS

>�@ $JDUZDO�HW�DO��
������

//0�EDVHG�OLWHUDWXUH�
UHYLHZ�DQG�V\QWKHVLV

,QYHVWLJDWHG�WKH�FDSDELOLWLHV�
RI�//0V�IRU�VXSSRUWLQJ�
OLWHUDWXUH�UHYLHZ�WDVNV�DQG�
VFLHQWLILF�NQRZOHGJH�
V\QWKHVLV

5HTXLUHV�UHOLDEOH�
HYDOXDWLRQ��HYLGHQFH�
YHULILFDWLRQ��DQG�KXPDQ�
RYHUVLJKW

>�@ 6FKHUEDNRY�HW�
DO��������

//0�DVVLVWHG�
V\VWHPDWLF�OLWHUDWXUH�
UHYLHZ�ZRUNIORZ

([DPLQHG�WKH�XVH�RI�//0V�
DFURVV�GLIIHUHQW�VWDJHV�RI�
V\VWHPDWLF�OLWHUDWXUH�
UHYLHZV

/LPLWHG�LQWHJUDWLRQ�RI�
PXOWL�SDSHU�FRPSDULVRQ�
ZLWK�V\VWHPDWLF�UHVHDUFK�
JDS�LGHQWLILFDWLRQ
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5HI�
$XWKRU�V����
<HDU

0HWKRGRORJ\ .H\�&RQWULEXWLRQ 5HVLGXDO�5HVHDUFK�*DS

>�@ 6RQJ�HW�DO��
������

)LQH�WXQHG�RSHQ�VRXUFH�
//0V�IRU�VFLHQWLILF�
NH\�LQVLJKW�H[WUDFWLRQ

$XWRPDWLFDOO\�H[WUDFWHG�
LPSRUWDQW�LQVLJKWV�IURP�
VFLHQWLILF�DUWLFOHV

)RFXVHV�RQ�H[WUDFWLRQ�
UDWKHU�WKDQ�FRQQHFWLQJ�
HYLGHQFH�DFURVV�PXOWLSOH�
VWXGLHV

>�@ /HH�HW�DO��
������

(YDOXDWLRQ�RI�//0�
EDVHG�GDWD�H[WUDFWLRQ�
IRU�V\VWHPDWLF�UHYLHZV

$VVHVVHG�WKH�DFFXUDF\�DQG�
UHOLDELOLW\�RI�//0V�LQ�
H[WUDFWLQJ�UHVHDUFK�
LQIRUPDWLRQ

([WUDFWLRQ�HUURUV�DQG�
LQFRQVLVWHQFLHV�FDQ�DIIHFW�
GRZQVWUHDP�DQDO\VLV

>�@ /L�HW�DO�������� &KDW&LWH��//0�EDVHG�
FRPSDUDWLYH�OLWHUDWXUH�
VXPPDUL]DWLRQ�ZLWK�
KXPDQ�ZRUNIORZ�
JXLGDQFH

6XSSRUWHG�FRPSDUDWLYH�
DQDO\VLV�DQG�VXPPDUL]DWLRQ�
RI�PXOWLSOH�UHVHDUFK�SDSHUV

3ULPDULO\�IRFXVHV�RQ�
FRPSDUDWLYH�
VXPPDUL]DWLRQ�UDWKHU�
WKDQ�V\VWHPDWLF�JDS�
LGHQWLILFDWLRQ

>�@ *DUFLD�HW�DO��
������

//0�EDVHG�
FRPSDUDWLYH�OLWHUDWXUH�
VXPPDUL]DWLRQ�ZLWK�
UHIOHFWLYH�PHFKDQLVPV

,PSURYHG�FRPSDULVRQ�RI�
LQIRUPDWLRQ�DFURVV�PXOWLSOH�
VFLHQWLILF�GRFXPHQWV

'RHV�QRW�SURYLGH�D�
FRPSOHWH�IUDPHZRUN�IRU�
VWUXFWXUHG�JDS�GHWHFWLRQ�
DQG�RSSRUWXQLW\�DQDO\VLV

>�@ :DQJ�HW�DO��
������

$5;,9�7$%/(��
//0�JHQHUDWHG�WDEXODU�
VXPPDULHV�RI�VFLHQWLILF�
SDSHUV

&RQYHUWHG�VFLHQWLILF�SDSHU�
LQIRUPDWLRQ�LQWR�VWUXFWXUHG�
WDEXODU�UHSUHVHQWDWLRQV�IRU�
FRPSDULVRQ

6WUXFWXUHG�VXPPDULHV�GR�
QRW�GLUHFWO\�LGHQWLI\�
UHFXUULQJ�OLPLWDWLRQV�RU�
UHVHDUFK�RSSRUWXQLWLHV

>�@ $VDL�HW�DO��
������

5HWULHYDO�DXJPHQWHG�
ODQJXDJH�PRGHOV�IRU�
VFLHQWLILF�OLWHUDWXUH�
V\QWKHVLV

&RPELQHG�VFLHQWLILF�
UHWULHYDO�ZLWK�//0�EDVHG�
HYLGHQFH�V\QWKHVLV

(PSKDVL]HV�UHWULHYDO�DQG�
V\QWKHVLV�UDWKHU�WKDQ�
V\VWHPDWLF�UHVHDUFK�JDS�
GLVFRYHU\

>�@ 3LHWURERQ�HW�DO��
������

//0�EDVHG�OLWHUDWXUH�
VFRSLQJ�DQG�UHVHDUFK�
JDS�LGHQWLILFDWLRQ

([SORUHG�//0V�IRU�
OLWHUDWXUH�VFRSLQJ�DQG�
LGHQWLILFDWLRQ�RI�SRWHQWLDO�
UHVHDUFK�JDSV

*DS�LGHQWLILFDWLRQ�
UHPDLQV�GHSHQGHQW�RQ�
HYLGHQFH�TXDOLW\�DQG�
KXPDQ�YHULILFDWLRQ

>��@ %HOWDJ\��/R�	�
&RKDQ�������

6FL%(57��GRPDLQ�
DGDSWHG�ODQJXDJH�
PRGHO�IRU�VFLHQWLILF�WH[W

'HPRQVWUDWHG�WKH�
XVHIXOQHVV�RI�VFLHQWLILF�
GRPDLQ�ODQJXDJH�
UHSUHVHQWDWLRQV�IRU�1/3�
WDVNV

'RHV�QRW�SURYLGH�DQ�
LQWHJUDWHG�PXOWL�SDSHU�
FRPSDULVRQ�RU�UHVHDUFK�
JDS�GLVFRYHU\�ZRUNIORZ
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,,,��3UREOHP�6WDWHPHQW�DQG�'HVLJQ�2EMHFWLYHV

7KH�DQDO\VLV�RI�VFLHQWLILF�OLWHUDWXUH�VWLOO�SODFHV�JUHDW�UHOLDQFH�RQ�SHRSOH�KDYLQJ�WR�UHDG�DQG�FRPSDUH�UHVHDUFK�
SDSHUV� WKHPVHOYHV�� D� SURFHVV�ZKLFK� FDQ� WDNH� D� ORW� RI� WLPH�SDUWLFXODUO\�ZKHQ� WKH� UHYLHZ� FRYHUV� D� ODUJH�
QXPEHU�RI� VWXGLHV�DQG�ZKLFK�PD\�PDNH� LW�KDUG� WR� VSRW�FRQQHFWLRQV�RU� UHSHDWHG�SDWWHUQV� LQ� WKH�YDULRXV�
SDSHUV�� ,Q� RUGHU� WR� FDUU\� RXW� VXFK� DQ� DQDO\VLV�� UHVHDUFKHUV� KDYH� WR� ORRN� DW� WKLQJV� OLNH� WKH� DLPV�� WKH�
PHWKRGRORJLHV��WKH�GDWDVHWV��WKH�ILQGLQJV��WKH�OLPLWDWLRQV��DQG�WKH�IXWXUH�GLUHFWLRQV��EXW�WKHVH�GHWDLOV�DUH�QRW�
DOZD\V�JLYHQ�RU�FRPSDUHG�LQ�D�FRQVLVWHQW�PDQQHU��$Q�DSSURDFK�WKDW�LQYROYHV�WKH�XVH�RI�$,�FRXOG EH�RI�KHOS�
E\�H[WUDFWLQJ�WKH�UHOHYDQW�LQIRUPDWLRQ��FRPSDULQJ�WKH�ILQGLQJV�DFURVV�WKH�GLIIHUHQW�VWXGLHV��RUJDQLVLQJ�WKH�
VXSSRUWLQJ�HYLGHQFH��DQG�SRLQWLQJ�RXW�SRVVLEOH�UHVHDUFK�JDSV��$W�WKH�VDPH�WLPH��WKH�UHVHDUFKHU�PXVW�VWLOO�EH�
LQ�FKDUJH�RI�LQWHUSUHWLQJ�DQG�YHULI\LQJ�WKH�UHVXOWV�DQG�QRW�GHSHQG�FRPSOHWHO\�RQ�DXWRPDWHG�GHFLVLRQV��6LQFH�
WKLV�LV�WKH�FDVH��WKH�5HVHDUFK�*DS�'LVFRYHU\�6\VWHP�SURSRVHG�KHUH�LV�EDVHG�RQ�WKH�IROORZLQJ�REMHFWLYHV�

�� 6WUXFWXUHG�,QIRUPDWLRQ�([WUDFWLRQ²([WUDFW�IURP�VFLHQWLILF�SDSHUV�WKH�NH\�UHVHDUFK�GHWDLOV�VXFK�DV�WKH�
REMHFWLYHV��WKH�PHWKRGRORJLHV��WKH�GDWDVHWV��WKH�ILQGLQJV��WKH�OLPLWDWLRQV��DQG�WKH�IXWXUH�GLUHFWLRQV�

�� 0XOWL�3DSHU�&RPSDULVRQ ²ZKHQ�XVLQJ�FRPPRQ�DQDO\WLFDO�FULWHULD�WR�H[DPLQH�D�QXPEHU�RI�VWXGLHV��LW�
LV�SRVVLEOH�WR�LGHQWLI\�VLPLODULWLHV��GLIIHUHQFHV��DQG�SDWWHUQV�ZKLFK�PLJKW�QRW�EH�DSSDUHQW�LI�WKH�SDSHUV�
ZHUH�ORRNHG�DW�LQGLYLGXDOO\�

�� (YLGHQFH�6\QWKHVLV² DUUDQJH�WKH�UHOHYDQW�LQIRUPDWLRQ�IURP�D�QXPEHU�RI�UHVHDUFK�SDSHUV�DQG�FRPELQH�
WKH�VXSSRUWLYH�HYLGHQFH�E\�XVLQJ�VWUXFWXUHG�DQG�UHWULHYDO�VXSSRUWHG�PHWKRGV�

�� 5HVHDUFK�*DS� ,GHQWLILFDWLRQ ²ORRN� WKURXJK� WKH� OLWHUDWXUH� WKDW� KDV� EHHQ� DQDO\VHG� WR� ILQG� UHFXUULQJ�
OLPLWDWLRQV��DUHDV�WKDW�KDYH�EHHQ�OHVV�H[SORUHG��DQG�SRWHQWLDO�RSSRUWXQLWLHV�IRU�IXUWKHU�UHVHDUFK�

�� 5HOLDEOH�$QDO\VLV ²HQKDQFH�WKH�UHOLDELOLW\�RI�DXWRPDWHG�DQDO\VLV�E\�NHHSLQJ�OLQNV�WR�WKH�VXSSRUWLQJ�
HYLGHQFH�DQG�WDNLQJ�LQWR�DFFRXQW�SRVVLEOH�HUURUV�DQG�LQFRQVLVWHQFLHV�LQ�WKH�H[WUDFWLRQ�

�� +XPDQ�$,�&ROODERUDWLRQ²8VH�$,�DV�D�VXSSRUW�WRRO�IRU�UHVHDUFKHUV��PDNLQJ�VXUH�WKDW�KXPDQ�MXGJPHQW�
LV�VWLOO�LQYROYHG�LQ�WKH�UHYLHZ��LQWHUSUHWDWLRQ��DQG�YDOLGDWLRQ�RI�WKH�ILQGLQJV�LGHQWLILHG�DQG�WKH�SRWHQWLDO�
UHVHDUFK�JDSV�

$W� WKLV� VWDJH� WKH� SRLQWV� LQ� TXHVWLRQ� HVWDEOLVK� WKH� GHVLJQ� REMHFWLYHV� RI� WKH� V\VWHP� LQ� TXHVWLRQ��+RZ� WKH�
REMHFWLYHV�DUH�DFWXDOO\�LPSOHPHQWHG�DQG�HPSLULFDOO\�HYDOXDWHG�ZLOO�EH�GHDOW�ZLWK�LQ�WKH�ODWHU�GHYHORSPHQW�
DQG�WHVWLQJ�SKDVHV�

,9��3URSRVHG�6\VWHP�$UFKLWHFWXUH

$��$UFKLWHFWXUH�2YHUYLHZ

7KH�5HVHDUFK�*DS�'LVFRYHU\�6\VWHP�WKDW�KDV�EHHQ�SURSRVHG�FRPSULVHV� ILYH�NH\�VWDJHV�ZKLFK�IXQFWLRQ�
WRJHWKHU�LQ�RUGHU�WR�FDUU\�RXW�DQ�DQDO\VLV�RI�VFLHQWLILF�OLWHUDWXUH��7KHVH�VWDJHV�DUH�WKH�/LWHUDWXUH�,QSXW�/D\HU��
WKH�'RFXPHQW�3URFHVVLQJ�DQG�,QIRUPDWLRQ�([WUDFWLRQ�/D\HU��WKH�&RPSDUDWLYH�$QDO\VLV�/D\HU��WKH�(YLGHQFH�
6\QWKHVLV�DQG�*DS�'HWHFWLRQ�/D\HU��DQG�WKH�+XPDQ�9HULILFDWLRQ�/D\HU��7KH�UHVHDUFK�SDSHUV�DUH�KDQGOHG�LQ�
D�VWHS�E\�VWHS�PDQQHU��VWDUWLQJ�ZLWK�WKH�RULJLQDO�GRFXPHQWV�DQG�SURJUHVVLQJ�WRZDUGV�VWUXFWXUHG�LQIRUPDWLRQ��
WKH�FRPSDULVRQ�RI�VWXGLHV��DQG�WKH�LGHQWLILFDWLRQ�RI�SRVVLEOH�UHVHDUFK�JDSV��)LJ������$OWKRXJK�WKH�ILQDO�UHVXOWV�
DUH�SUHVHQWHG��WKH�UHVHDUFKHU�KDV�WKH�RSSRUWXQLW\�WR�H[DPLQH�WKH�LQIRUPDWLRQ�ZKLFK�KDV�EHHQ�H[WUDFWHG�DQG�
WR�JLYH�YHULILFDWLRQ�RU�IHHGEDFN�LQ�RUGHU�WR�PDNH�VXUH�WKDW�WKH�FRQFOXVLRQV�DUH�VXLWDEOH�
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)LJ�����5HVHDUFK�*DS�'LVFRYHU\�6\VWHP�DUFKLWHFWXUH��6FLHQWLILF�SDSHUV�IORZ�WKURXJK�H[WUDFWLRQ��
FRPSDULVRQ��HYLGHQFH�V\QWKHVLV��DQG�JDS�GHWHFWLRQ�VWDJHV��ZLWK�KXPDQ�YHULILFDWLRQ�DSSOLHG�WR�WKH�

JHQHUDWHG�ILQGLQJV�

%��,QSXW�DQG�'RFXPHQW�3URFHVVLQJ�/D\HU

7KH�V\VWHP�WDNHV�DV�LQSXW�UHOHYDQW�VFLHQWLILF�SDSHUV�DQG�JHWV�WKHP�UHDG\�IRU�IXUWKHU�DQDO\VLV��7R�GR�WKLV��WKH�
GRFXPHQWV�DUH�H[DPLQHG� LQ�RUGHU� WR� LGHQWLI\� WKH� LPSRUWDQW�SDUWV�DQG� WR�H[WUDFW� LQIRUPDWLRQ�VXFK�DV� WKH�
UHVHDUFK�REMHFWLYHV��WKH�PHWKRGRORJLHV��WKH�GDWDVHWV��WKH�ILQGLQJV��WKH�OLPLWDWLRQV��DQG�WKH�IXWXUH�GLUHFWLRQV��
7KH�SURFHVVLQJ�DQG�XQGHUVWDQGLQJ�RI�WKH�WHFKQLFDO�FRQWHQW�RI�WKHVH�UHVHDUFK�GRFXPHQWV�DUH�EDVHG�RQ�1/3�
WHFKQLTXHV�DQG�VFLHQWLILF�ODQJXDJH�PRGHOV�>�@��>�@��>��@�

&��,QIRUPDWLRQ�([WUDFWLRQ�DQG�&RPSDUDWLYH�$QDO\VLV�&RUH

7KH�PDLQ�SDUW�RI�WKH�V\VWHP�FDUULHV�RXW�PXOWL�SDSHU�DQDO\VLV�WKURXJK�IRXU�FRQQHFWHG�VWDJHV��)LJ�����
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� ([WUDFW ²$�PRGXOH�EDVHG�RQ�QDWXUDO�ODQJXDJH�SURFHVVLQJ�DQG�ODUJH�ODQJXDJH�PRGHOV�H[WUDFWV�IURP�
HDFK� UHVHDUFK� SDSHU� WKH� LQIRUPDWLRQ� UHOHYDQW� WR� LWV� REMHFWLYHV�� PHWKRGRORJ\�� GDWDVHWV�� ILQGLQJV��
OLPLWDWLRQV��DQG�IXWXUH�GLUHFWLRQV�>�@��>�@�

� &RPSDUH ²7KH� LQIRUPDWLRQ H[WUDFWHG� IURP� WKH� YDULRXV� SDSHUV� LV� RUJDQL]HG� EDVHG� RQ� FRPPRQ�
DQDO\WLFDO�GLPHQVLRQV��ZKLFK�PDNHV�LW�VLPSOHU�WR�VSRW�WKH�VLPLODULWLHV��GLIIHUHQFHV��DQG�SDWWHUQV�EHWZHHQ�
WKH�VWXGLHV�>�@��>�@�

� 6\QWKHVL]H ²7KH� LQIRUPDWLRQ� DQG� VXSSRUWLQJ� HYLGHQFH� IURP� WKH� VHOHFWHG� SDSHUV� DUH� FRPELQHG� WR�
SURGXFH�VWUXFWXUHG�VXPPDULHV�DQG�FRPSDUDWLYH�SUHVHQWDWLRQV��WKH�V\QWKHVLV�SURFHVV�EHLQJ�VXSSRUWHG�
E\�UHWULHYDO�EDVHG�DSSURDFKHV�>�@��>�@�

� ,GHQWLI\ ²7KH�V\VWHP�ORRNV�DW�WKH�FRPELQHG�LQIRUPDWLRQ�WR�LGHQWLI\�UHFXUULQJ�OLPLWDWLRQV��DUHDV�WKDW�
KDYH� QRW� EHHQ� H[WHQVLYHO\� H[SORUHG�� DQG� WKH� FRQQHFWLRQV� EHWZHHQ� WKH� VWXGLHV�� DQG� RQ� WKLV� EDVLV� LW�
VXJJHVWV�SRVVLEOH�UHVHDUFK�JDSV�DQG�RSSRUWXQLWLHV�>�@�

)LJ�����7KH�([WUDFW�&RPSDUH�6\QWKHVL]H�,GHQWLI\�ZRUNIORZ�RI�WKH�SURSRVHG�V\VWHP��WUDQVIRUPLQJ�
LQGLYLGXDO�UHVHDUFK�SDSHUV�LQWR�VWUXFWXUHG�HYLGHQFH�DQG�SRWHQWLDO�UHVHDUFK�JDSV�

'��(YLGHQFH�DQG�5HVHDUFK�*DS�'HWHFWLRQ�/D\HU

7KH�DUWLFOH�ORRNV�DW�WKH�HYLGHQFH�IURP�YDULRXV�VWXGLHV�WR�GHWHUPLQH�LI�UHFXUULQJ�OLPLWDWLRQV�RU�DUHDV�WKDW�KDYH�
EHHQ�OHVV WKRURXJKO\�H[SORUHG�PLJKW�SRLQW�WR�SRVVLEOH�UHVHDUFK�JDSV��,W�H[DPLQHV�SDWWHUQV�LQFOXGLQJ�UHSHDWHG�
OLPLWDWLRQV��GLIIHUHQFHV�LQ�WKH�PHWKRGV�DQG�UHVXOWV�RI�WKH�VWXGLHV��DQG�WKH� WRSLFV�ZKLFK�WKH�DXWKRUV�KDYH�
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SURSRVHG�IRU�IXWXUH�UHVHDUFK��7KH�HDUOLHU�UHVHDUFK FRQFHUQLQJ�WKH�XVH�RI�//0V�IRU�OLWHUDWXUH�VFUHHQLQJ�DQG�
IRU�LGHQWLI\LQJ�JDSV�IRUPV�WKH�EDVLV�IRU�WKLV�SKDVH�>�@��0RUHRYHU��UHWULHYDO�DXJPHQWHG�V\QWKHVLV�FDQ�EH�XVHG�
WR�OLQN�WKH�JDSV�LGHQWLILHG�WR�WKH�UHOHYDQW�HYLGHQFH�IURP�WKH�OLWHUDWXUH�WKDW�KDV�EHHQ�DQDO\VHG�>�@�

(��+XPDQ�9HULILFDWLRQ�DQG�'HFLVLRQ�6XSSRUW�/D\HU

7KH�ODVW�VWDJH�PDNHV�WKH�H[WUDFWHG�LQIRUPDWLRQ��WKH�FRPSDULVRQV��WKH�VXSSRUWLQJ�HYLGHQFH�DQG�WKH�SRVVLEOH�
UHVHDUFK�JDSV�DYDLODEOH�WR�WKH�UHVHDUFKHU�IRU�LQVSHFWLRQ��7KH�UHVHDUFKHU�LV�WKHQ�DEOH�WR�FKHFN�WKH�UHVXOWV��
UHMHFW�RU�DOWHU�DQ\�LQFRUUHFW�ILQGLQJV�DQG�ORRN�LQWR�SDUWLFXODU�DUHDV�LI�QHHGHG��,W�LV�LPSRUWDQW�WR�KDYH�WKLV�
KXPDQ�LQ�WKH�ORRS�PHWKRG� VLQFH� DXWRPDWHG� LQIRUPDWLRQ� H[WUDFWLRQ� DQG� DQDO\VLV� EDVHG� RQ�//0V�FDQ� DW�
WLPHV�OHDG�WR�HUURUV�RU�LQFRQVLVWHQW�LQWHUSUHWDWLRQV�>�@��7KH�V\VWHP�LV�WKHUHIRUH�PHDQW�WR�DVVLVW�WKH�UHVHDUFKHU�
LQ�PDNLQJ�GHFLVLRQV�UDWKHU�WKDQ�WDNH�RYHU�KXPDQ�MXGJPHQW�

9��0HWKRGRORJ\

$��'DWD�5HSUHVHQWDWLRQ

$OO�UHVHDUFK�SDSHUV�DUH�DUUDQJHG�XVLQJ�D�VWDQGDUG�FROOHFWLRQ�RI�ILHOGV��IRU�H[DPSOH�WKH�UHVHDUFK�REMHFWLYH��
WKH�PHWKRGRORJ\��WKH�GDWDVHW��WKH�DOJRULWKPV��WKH�HYDOXDWLRQ�PHWULFV��WKH�ILQGLQJV��WKH�OLPLWDWLRQV��DQG�WKH�
IXWXUH�GLUHFWLRQV��7KH�GHWDLOV�H[WUDFWHG�DUH�VWRUHG�LQ�D�VWUXFWXUHG�IRUPDW�LQ�RUGHU�WKDW�LW�PD\�EH�HDVLHU�WR�
FRPSDUH LQIRUPDWLRQ�IURP�GLIIHUHQW�SDSHUV��$W�WKH�VDPH�WLPH��UHOHYDQW�VHFWLRQV�RI�WKH�RULJLQDO�WH[W�DUH�NHSW�
LQ�RUGHU�WR�SURYLGH�FRQWH[W�IRU�DQDO\VLV�EDVHG�RQ�ODQJXDJH�PRGHOV��7KLV�PHWKRG�LV�LQ�OLQH�ZLWK�HDUOLHU�ZRUN�
FRQFHUQLQJ� VWUXFWXUHG� VFLHQWLILF� LQIRUPDWLRQ� DQG� ODQJXDJH�PRGHO�EDVHG� LQIRUPDWLRQ� H[WUDFWLRQ� >�@�� >�@��
>��@�

%��,QIRUPDWLRQ�([WUDFWLRQ�3URFHVV

7KH� FRPSRQHQW� UHVSRQVLEOH� IRU� LQIRUPDWLRQ� H[WUDFWLRQ� ORRNV� DW� HDFK� UHVHDUFK� SDSHU� DQG� SXOOV� RXW� WKH�
SUHGHILQHG�UHVHDUFK�DWWULEXWHV��$Q�//0�LV�HPSOR\HG�WR�LQWHUSUHW�WKH�VFLHQWLILF�WH[W�DQG�WXUQ�WKH�UHOHYDQW�
LQIRUPDWLRQ�LQWR�D�VWUXFWXUHG�IRUPDW��LQ�DFFRUGDQFH�ZLWK�WKH�NH\�LQVLJKW�H[WUDFWLRQ�DSSURDFK�PHQWLRQHG�LQ�
>�@��%HFDXVH�WKH�LQIRUPDWLRQ�JHQHUDWHG�E\�WKH�//0�LV�QRW�DOZD\V�DFFXUDWH�RU�FRQVLVWHQW��WKH�V\VWHP�DOVR
WDNHV�LQWR�DFFRXQW� WKH�UHOLDELOLW\�RI�WKH�H[WUDFWHG� LQIRUPDWLRQ��DV�SRLQWHG�RXW� LQ� WKH�HYDOXDWLRQ�RI�//0�
EDVHG�H[WUDFWLRQ�IRU�V\VWHPDWLF�UHYLHZV�>�@�

&��&RPSDUDWLYH�$QDO\VLV�DQG�(YLGHQFH�6\QWKHVLV

7KH�DQDO\WLFDO� GLPHQVLRQV� LQ�TXHVWLRQ�DUH�XVHG� WR� FRPSDUH� WKH� LQIRUPDWLRQ�REWDLQHG� IURP� WKH� UHVHDUFK�
SDSHUV�� 7KLV� HQDEOHV� VLPLODULWLHV� DQG� GLIIHUHQFHV� LQ� YDULRXV� DUHDV²VXFK� DV� PHWKRGRORJLHV�� GDWDVHWV��
ILQGLQJV�� OLPLWDWLRQV�� DQG� IXWXUH� GLUHFWLRQV²WR� EH� LGHQWLILHG�� WKXV� PDNLQJ� LW� HDVLHU� WR� H[DPLQH� WKH�
UHODWLRQVKLSV�EHWZHHQ� WKH�GLIIHUHQW�VWXGLHV��&RPSDUDWLYH�VXPPDUL]DWLRQ�PHWKRGV�>�@�� >�@�DQG�VWUXFWXUHG�
UHSUHVHQWDWLRQV�RI�VFLHQWLILF�LQIRUPDWLRQ�>�@�IRUP�WKH�EDVLV�IRU�RUJDQL]LQJ�WKH�UHVXOWV��0RUHRYHU��UHWULHYDO�
DXJPHQWHG� V\QWKHVLV� FDQ� EH� XVHG� WR� OLQN� WKH� DQDO\VLV� ZLWK� WKH� UHOHYDQW� VXSSRUWLQJ� HYLGHQFH� IURP� WKH�
OLWHUDWXUH�>�@�

'��5HVHDUFK�*DS�,GHQWLILFDWLRQ�3URFHGXUH

,Q� WKH� UHVHDUFK�JDS� LGHQWLILFDWLRQ� SKDVH�� WKH� V\QWKHVL]HG� LQIRUPDWLRQ� LV� H[DPLQHG� LQ� RUGHU� WR� LGHQWLI\�
UHFXUULQJ� OLPLWDWLRQV�� LQFRQVLVWHQFLHV� EHWZHHQ� WKH� YDULRXV� VWXGLHV�� DUHDV� WKDW� KDYH� QRW� EHHQ� H[SORUHG�
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DGHTXDWHO\�� DQG� SRVVLEOH� DYHQXHV� IRU� IXWXUH� UHVHDUFK�� 7KH� JHQHUDO� SURFHGXUH� HPSOR\HG� WR� DQDO\]H� WKH�
OLWHUDWXUH�DQG�WR�LGHQWLI\�SRVVLEOH�UHVHDUFK�JDSV�LV�JLYHQ�LQ�$OJRULWKP���

$OJRULWKP��

5HVHDUFK�*DS 'LVFRYHU\�:RUNIORZ

6WHS 2SHUDWLRQ

,QSXW 5HVHDUFK�SDSHUV�3��DQDO\VLV�FULWHULD�&

� SDSHUV�ĸ�3UHSURFHVV�3�

� LQIRUPDWLRQ�ĸ�([WUDFW�SDSHUV��&������//0�EDVHG�H[WUDFWLRQ�>�@��>�@

� VWUXFWXUHG'DWD�ĸ�2UJDQL]H�LQIRUPDWLRQ�

� FRPSDULVRQ�ĸ�&RPSDUH�VWUXFWXUHG'DWD������FRPSDUDWLYH�DQDO\VLV�>�@��>�@

� HYLGHQFH�ĸ�6\QWKHVL]H�FRPSDULVRQ������VWUXFWXUHG�V\QWKHVLV�>�@��>�@

� SDWWHUQV�ĸ�,GHQWLI\5HFXUULQJ3DWWHUQV�HYLGHQFH�

� JDSV�ĸ�,GHQWLI\*DSV�SDWWHUQV��OLPLWDWLRQV��IXWXUH�GLUHFWLRQV������>�@

� HYLGHQFH�ĸ�9HULI\6XSSRUWLQJ(YLGHQFH�JDSV�

� 3UHVHQW��JDSV��HYLGHQFH��FRPSDULVRQ��WR�UHVHDUFKHU

�� UHVHDUFKHU�ĸ�9DOLGDWH�JDSV�

2XWSXW 6WUXFWXUHG�FRPSDULVRQ��HYLGHQFH�VXSSRUWHG�UHVHDUFK�JDSV��DQG�SRWHQWLDO�UHVHDUFK�
RSSRUWXQLWLHV

(��+XPDQ�9HULILFDWLRQ�0HFKDQLVP

,Q�WKH�ILQDO�VWDJH��WKH�UHVHDUFKHU�LV�JLYHQ�WKH�H[WUDFWHG�LQIRUPDWLRQ��WKH�FRPSDUDWLYH�UHVXOWV��WKH�VXSSRUWLQJ�
HYLGHQFH��DQG�WKH�SRWHQWLDO�UHVHDUFK�JDSV�IRU�YHULILFDWLRQ��7KH\�KDYH�WKH�RSSRUWXQLW\�WR�JR�WKURXJK�HDFK�
ILQGLQJ�DQG�GHFLGH�ZKHWKHU�WR�DFFHSW�LW��PDNH�PRGLILFDWLRQV�WR�LW��RU�UHMHFW�LW�EHIRUH�WKH�UHVXOWV�DUH�XVHG�IRU�
IXUWKHU�LQYHVWLJDWLRQ��7KLV�VWDJH�LV�HVSHFLDOO\�LPSRUWDQW�VLQFH�//0�EDVHG�H[WUDFWLRQ�DQG�WKH�LGHQWLILFDWLRQ�
RI�JDSV�PD\�DW�WLPHV�OHDG�WR�LQFRQVLVWHQFLHV�RU�PD\�QHFHVVLWDWH�DGGLWLRQDO�FRQWH[W�LQ�RUGHU�WR�EH�LQWHUSUHWHG�
FRUUHFWO\�>�@��>�@��7KH�V\VWHP�WKXV�DFWV�DV�D�GHFLVLRQ�VXSSRUW�WRRO��ZLWK�WKH�DXWRPDWHG�DQDO\VLV�KHOSLQJ�WR�
RUJDQLVH�DQG�H[DPLQH�WKH�OLWHUDWXUH�ZKLOH�WKH�ILQDO�LQWHUSUHWDWLRQ�LV�OHIW�WR�WKH�UHVHDUFKHU�

9,��,OOXVWUDWLYH�&DVH�6WXG\��5HVHDUFK�*DS�'LVFRYHU\

7R� LOOXVWUDWH� KRZ� WKH� V\VWHP� LV� LQWHQGHG� WR� IXQFWLRQ�� OHW� XV� ORRN� DW� D� K\SRWKHWLFDO� VWXG\� RI�$,�GULYHQ�
SUHGLFWLYH�PDLQWHQDQFH�LQ�,R7�V\VWHPV��7KLV�H[DPSOH�RQO\�GHSLFWV� WKH�ZRUNIORZ�DQG�LV�QRW�EDVHG�RQ�DQ�
DFWXDO�LPSOHPHQWHG�RU�HYDOXDWHG�V\VWHP��ZLWK�QR�UHVXOWV�EHLQJ�UHSRUWHG�

,PDJLQH�WKDW�D�UHVHDUFKHU�XSORDGV�D�JURXS�RI�SDSHUV�ZKLFK�GHDO�ZLWK�PDFKLQH�OHDUQLQJ�EDVHG�SUHGLFWLYH�
PDLQWHQDQFH�� ,R7�VHQVRU�V\VWHPV��DQG�HGJH�DQDO\WLFV��7KH�/LWHUDWXUH� ,QSXW�/D\HU WDNHV� WKHP�LQ�DQG� WKH�
'RFXPHQW�3URFHVVLQJ�/D\HU�H[WUDFWV�IURP�HDFK�SDSHU�LWV�REMHFWLYHV��WKH�GDWDVHWV�LW�XVHG��WKH�PHWKRGV�DQG�
DOJRULWKPV�HPSOR\HG�� WKH�HYDOXDWLRQ�PHWULFV�� WKH�ILQGLQJV�� WKH�OLPLWDWLRQV��DQG�WKH�IXWXUH�GLUHFWLRQV�WKDW�
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ZHUH�VWDWHG��,Q�WKH�&RPSDUDWLYH�$QDO\VLV�VWDJH��WKHVH�DWWULEXWHV�DUH�WKHQ�SUHVHQWHG�VLGH�E\�VLGH��PDNLQJ�LW�
HDV\�WR�VHH�WKH�GLIIHUHQFHV�LQ�WKH�GDWDVHWV��WKH�PRGHO�FKRLFHV��DQG�WKH�GHSOR\PHQW�HQYLURQPHQWV�

(YLGHQFH�6\QWKHVLV�EULQJV�WRJHWKHU�WKH�ILQGLQJV�DQG�WKHLU�OLPLWDWLRQV�IURP�WKH�YDULRXV�VWXGLHV�LQ�RUGHU�WR�
LGHQWLI\�SDWWHUQV�LQ�WKH�H[LVWLQJ�OLWHUDWXUH��$OWKRXJK�D�QXPEHU�RI�WKH�VWXGLHV�PD\�VKRZ�VWURQJ�SUHGLFWLYH�
SHUIRUPDQFH��VHYHUDO�RI�WKHP�DFNQRZOHGJH�WKH�VDPH�GUDZEDFNV��D�ODFN�RI�UHDO�ZRUOG�GDWD�GLYHUVLW\��KLJK�
FRPSXWDWLRQDO�GHPDQGV��RU�QR�WHVWLQJ�XQGHU�FKDQJLQJ�RSHUDWLQJ�FRQGLWLRQV��,QGLYLGXDOO\��WKHVH�DGPLVVLRQV�
DSSHDU�WR�EH�PLQRU��EXW�ZKHQ�UHDG�DV�D�JURXS�WKH\�LQGLFDWH�D�FRPPRQ�SUREOHP�

5HFRJQLVLQJ� WKLV�� *DS� 'HWHFWLRQ� VXJJHVWV� DQ� RSSRUWXQLW\²IRU� LQVWDQFH�� D� OLJKWZHLJKW� SUHGLFWLYH�
PDLQWHQDQFH�DSSURDFK�ZKLFK�RSHUDWHV�RQ�HGJH�GHYLFHV�ZLWK�OLPLWHG�UHVRXUFHV�DQG�LV�WUDLQHG�XVLQJ�PRUH�
GLYHUVH� UHDO�ZRUOG�GDWD��7KH�V\VWHP� WKHQ�GLVSOD\V� WKH�SURSRVHG�JDS�DORQJ�ZLWK� WKH� UHOHYDQW�SDSHUV�� WKH�
H[WUDFWHG�OLPLWDWLRQV��DQG�WKH�FRPSDULVRQ�UHVXOWV��7KH�UHVHDUFKHU�FDQ�H[DPLQH�WKLV�HYLGHQFH��HLWKHU�DFFHSW�
RU�DOWHU�WKH�LQWHUSUHWDWLRQ��DQG�GHWHUPLQH�LI�WKH�JDS�LV�ZRUWK�SXUVXLQJ�

7KDW�LV�WKH�IXQFWLRQ�ZKLFK�WKH�V\VWHP�LV�GHVLJQHG�WR�FDUU\�RXW��5HVHDUFKHUV�QR�ORQJHU�QHHG�WR�PDQXDOO\�
FRPSDUH�GR]HQV�RI�SDSHUV�LQ�RUGHU�WR�LGHQWLI\�UHFXUULQJ�OLPLWDWLRQV��VLQFH�WKH�V\VWHP�DUUDQJHV�WKH�HYLGHQFH�
DQG�KLJKOLJKWV�SRWHQWLDO�JDSV��,W�LV�XS�WR�WKH�UHVHDUFKHU�WR�GHFLGH�ZKHWKHU�D�JDS�LV�D�ZRUWKZKLOH�GLUHFWLRQ�

9,,��([SHFWHG�2XWFRPHV�DQG�'LVFXVVLRQ

7KH�5HVHDUFK�*DS�'LVFRYHU\�6\VWHP�KDV�QRW�\HW�EHHQ�IXOO\�LPSOHPHQWHG�RU�VXEMHFW�WR�HPSLULFDO�HYDOXDWLRQ��
ZKLFK�LV�ZK\�WKLV�SDSHU�LQFOXGHV�QR�PHDVXUHG�SHUIRUPDQFH�ILJXUHV��7KH�EHQHILWV�PHQWLRQHG�KHUH�DUH�EDVHG�
RQ�H[SHFWDWLRQV�GHULYHG�IURP�SUHYLRXV�ZRUN��VWXGLHV�LQYROYLQJ�WKH�XVH�RI�ODQJXDJH�PRGHOV�IRU�OLWHUDWXUH�
UHYLHZV�LQGLFDWH�WKDW�VXFK�PRGHOV�FDQ�DVVLVW�ZLWK�VFLHQWLILF�DQDO\VLV�DQG�V\QWKHVLV�>�@��>�@��DQG�UHVHDUFK�LQWR�
DXWRPDWHG�LQIRUPDWLRQ�H[WUDFWLRQ�VKRZV�WKDW�LW�LV�SRVVLEOH�WR�H[WUDFW�UHOHYDQW�GHWDLOV�IURP�VFLHQWLILF�SDSHUV�
DQG�SXW�WKHP�LQ�D�VWUXFWXUHG�IRUPDW�>�@�

2WKHU� UHODWHG� ZRUN� LQGLFDWHV� WKH� VDPH� WKLQJ�� &KDW&LWH� GHPRQVWUDWHV� WKDW� LW� LV� SRVVLEOH� WR� FRPSDUH�
LQIRUPDWLRQ� IURP� D� QXPEHU� RI� VWXGLHV� >�@��$5;,9�7$%/(� LOOXVWUDWHV� KRZ� VFLHQWLILF� FRQWHQW� FDQ� EH�
V\VWHPDWLFDOO\�RUJDQLVHG�>�@�� DQG�UHWULHYDO�DXJPHQWHG�DSSURDFKHV�DLG� LQ� OLQNLQJ� WKH�DQDO\VLV� WR� UHOHYDQW�
HYLGHQFH� >�@��5HVHDUFK� LQWR� WKH� XVH� RI� ODQJXDJH�PRGHOV� IRU� OLWHUDWXUH� VFRSLQJ� DQG� IRU� LGHQWLI\LQJ� JDSV�
VXJJHVWV�WKDW�WKH\�FDQ�DVVLVW�LQ�ILQGLQJ�DUHDV�WKDW�UHTXLUH�IXUWKHU�VWXG\�>�@�

7KH�IDFW�WKDW�UHOLDELOLW\�SUREOHPV�KDYH�EHHQ�UHSRUWHG�LQ�WKH�H[WUDFWLRQ�OLWHUDWXUH�>�@�LV�DOVR�WKH�UHDVRQ�ZK\�
WKH� ZRUNIORZ� LQFOXGHV� D� KXPDQ� SDUWLFLSDQW��$OO� RI� WKHVH� ILQGLQJV� LQGLFDWH� WKDW� FRPELQLQJ� VWUXFWXUHG�
H[WUDFWLRQ�� PXOWL�SDSHU� FRPSDULVRQ�� HYLGHQFH� V\QWKHVLV�� DQG� JDS� LGHQWLILFDWLRQ� FRXOG� XVHIXOO\� DVVLVW�
UHVHDUFKHUV�ZKHQ�WKH\�DUH�FDUU\LQJ�RXW�D�OLWHUDWXUH�DQDO\VLV��,W�LV�RQO\�E\�SXWWLQJ�WKH�V\VWHP�LQWR�SUDFWLFH�
DQG�WHVWLQJ�LW�HPSLULFDOO\�WKDW�ZH�FDQ�GHWHUPLQH�ZKHWKHU�LW�LV�DFWXDOO\�HIIHFWLYH��DFFXUDWH�DQG�UHOLDEOH�

9,,,��&RPSDULVRQ�ZLWK�([LVWLQJ�$SSURDFKHV

7DEOH�,,�FRPSDUHV�WKH�SURSRVHG�5HVHDUFK�*DS�'LVFRYHU\�6\VWHP�ZLWK�WKH�DSSURDFKHV�GLVFXVVHG�LQ�6HFWLRQ�
,,�EDVHG�RQ�ILYH�NH\�FDSDELOLWLHV�UHTXLUHG�IRU�V\VWHPDWLF�VFLHQWLILF�OLWHUDWXUH�DQDO\VLV��VWUXFWXUHG�LQIRUPDWLRQ�
H[WUDFWLRQ�� FRPSDULVRQ� RI� PXOWLSOH� SDSHUV�� HYLGHQFH� V\QWKHVLV�� UHVHDUFK�JDS� LGHQWLILFDWLRQ�� DQG� KXPDQ�
YHULILFDWLRQ�
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7$%/(�,,

4XDOLWDWLYH�&RPSDULVRQ�RI�6FLHQWLILF�/LWHUDWXUH�$QDO\VLV�$SSURDFKHV

$SSURDFK
6WUXFWXUHG�
,QIRUPDWLRQ�
([WUDFWLRQ

0XOWL�3DSHU�
&RPSDULVRQ

(YLGHQFH�
6\QWKHVLV

5HVHDUFK�*DS�
,GHQWLILFDWLRQ

+XPDQ�
9HULILFDWLRQ

//0�/LWHUDWXUH�
5HYLHZ�>�@��>�@

<HV 3DUWLDO <HV 3DUWLDO <HV

6FLHQWLILF�.H\�
,QVLJKW�([WUDFWLRQ�
>�@

<HV 1R 3DUWLDO 1R 3DUWLDO

//0�'DWD�
([WUDFWLRQ�IRU�
5HYLHZV�>�@

<HV 3DUWLDO 1R 1R <HV

&KDW&LWH�>�@ 3DUWLDO <HV <HV 3DUWLDO <HV

&RPSDUDWLYH�
/LWHUDWXUH�
6XPPDUL]DWLRQ�>�@

3DUWLDO <HV <HV 3DUWLDO 3DUWLDO

$5;,9�7$%/(�>�@ <HV <HV 3DUWLDO 1R 3DUWLDO

2SHQ6FKRODU�>�@ 3DUWLDO <HV <HV 3DUWLDO 3DUWLDO

//0�/LWHUDWXUH�
6FRSLQJ�	�*DS�
,GHQWLILFDWLRQ�>�@

3DUWLDO <HV <HV <HV <HV

6FL%(57�>��@ <HV 1R 1R 1R 1R

3URSRVHG�5HVHDUFK�
*DS�'LVFRYHU\�
6\VWHP

<HV <HV <HV <HV <HV

,;��(WKLFDO��6DIHW\��DQG�([SODLQDELOLW\�&RQVLGHUDWLRQV

6LQFH�WRROV�XVHG�LQ�WKH�DQDO\VLV�RI�OLWHUDWXUH�FDQ�LQIOXHQFH�WKH�ZD\�WKDW�UHVHDUFKHUV�UHDG�DQG�LQWHUSUHW�WKH�
H[LVWLQJ�HYLGHQFH��LW�LV�HVVHQWLDO�WKDW�WKH\�DUH�UHOLDEOH�DQG�XVHG�UHVSRQVLEO\��7KH�V\VWHP�LV�EDVHG�RQ�IRXU�
SULQFLSOHV��HDFK�RI�ZKLFK�VWHPV�IURP�SUREOHPV�PHQWLRQHG�LQ�WKH�UHYLHZHG�OLWHUDWXUH�

7KHUH�LV�KXPDQ�RYHUVLJKW�VLQFH�WKHUH�DUH�NQRZQ�UHOLDELOLW\�FRQFHUQV�UHJDUGLQJ�OLWHUDWXUH�DQDO\VLV�EDVHG�RQ�
//0V�>�@��>�@��WKHUHIRUH��WKH�V\VWHP�DVVLVWV�UHVHDUFKHUV�DQG�GRHV�QRW�RQ�LWV�RZQ�GHWHUPLQH�ZKHWKHU�D�JDS�LV�
YDOLG�RU�VLJQLILFDQW��,W�LV�XS�WR�WKH�UHVHDUFKHU�WR�UHDFK�D�ILQDO�LQWHUSUHWDWLRQ�

$�MXVWLILFDWLRQ�EDVHG�RQ�HYLGHQFH�LV�UHTXLUHG��DQG�HDFK�SURSRVHG�JDS�PXVW�EH�OLQNHG�WR�WKH�SDSHUV�DQG�WR�
WKH�VSHFLILF�ILQGLQJV�RU�OLPLWDWLRQV�IURP�ZKLFK�LW�RULJLQDWHG��>�@�5HWULHYDO�DXJPHQWHG�V\QWKHVLV�FDQ�EH�XVHG�
WR�FRQQHFW�WKH�DQDO\VLV�WKDW�LV�JHQHUDWHG�WR�WKH�VRXUFH�OLWHUDWXUH�
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7KH�H[SODLQDELOLW\�DQG�WUDFHDELOLW\�IHDWXUHV�HQVXUH�WKDW�HDFK�JDS�LV�DFFRPSDQLHG�E\�WKH�ILQGLQJV�WKDW�VXSSRUW�
LW��DORQJ�ZLWK�LWV�OLPLWDWLRQV�DQG�WKH�VRXUFH�SDSHUV��WKLV HQDEOHV�UHVHDUFKHUV�WR�XQGHUVWDQG�ZK\�D�JDS�ZDV�
LGHQWLILHG�DQG�WR�WUDFH�WKH�FRQFOXVLRQ�EDFN�WR�LWV�RULJLQDO�VRXUFHV�

9HULILFDWLRQ�LV�UHTXLUHG�EHIRUH�DGRSWLRQ��6LQFH�//0�EDVHG�H[WUDFWLRQ�DQG�DQDO\VLV�PD\�UHVXOW�LQ�LQDFFXUDWH�
RU�LQFRQVLVWHQW�RXWSXW�>�@��UHVHDUFKHUV�VKRXOG�YHULI\�WKH�JHQHUDWHG�UHVXOWV�EHIRUH�SURFHHGLQJ�ZLWK�IXUWKHU�
ZRUN�RQ�WKHP�

7KHVH� SULQFLSOHV� WRJHWKHU� HQVXUH� WKDW� WKH� V\VWHP� UHPDLQV� WUDQVSDUHQW� DQG� LV� XQGHU� WKH� FRQWURO� RI� WKH�
UHVHDUFKHU�� LW� VHUYHV� DV� D� GHFLVLRQ�VXSSRUW� WRRO� UDWKHU� WKDQ� DV� DQ� LQGHSHQGHQW� VRXUFH� RI� VFLHQWLILF�
FRQFOXVLRQV�

;��(YDOXDWLRQ�3ODQ�DQG�)XWXUH�:RUN

7KH�V\VWHP�ZLOO�EH�GHYHORSHG�DV�D�SURWRW\SH�DQG�ZLOO�EH�WHVWHG�XVLQJ�D�VDPSOH�RI�VFLHQWLILF�SXEOLFDWLRQV��
7KH�HYDOXDWLRQ�ZLOO�FRQVLVW�RI�VHYHUDO�FRPSRQHQWV��7KH�ILUVW�RI�WKHVH�LV�H[WUDFWLRQ�DFFXUDF\��ZKLFK�LQYROYHV�
FKHFNLQJ�WKH�REMHFWLYHV��PHWKRGV��GDWDVHWV��ILQGLQJV��OLPLWDWLRQV��DQG�IXWXUH�GLUHFWLRQV�DJDLQVW�DQQRWDWLRQV�
WKDW�KDYH�EHHQ�YHULILHG�E\�UHVHDUFKHUV�>�@��>�@��7KH�VHFRQG�FRPSRQHQW�LV�FURVV�SDSHU�DQDO\VLV��DQG�WKLV�ZLOO�
EH�MXGJHG�DFFRUGLQJ�WR�KRZ�HIIHFWLYHO\�LW�LGHQWLILHV�UHODWLRQVKLSV��GLIIHUHQFHV��DQG�UHFXUULQJ�SDWWHUQV�DPRQJ�
WKH�VWXGLHV�>�@��>�@�

:H� VKDOO� DOVR� ORRN� DW� KRZ� UHOLDEO\� WKH� V\VWHP� FRPELQHV� HYLGHQFH�� LQ� SDUWLFXODU� E\� FKHFNLQJ� WKDW� WKH�
FRQFOXVLRQV�DQG�WKH�VXJJHVWHG�RSSRUWXQLWLHV�FDQ�EH�OLQNHG�WR�WKH�FRUUHFW�VRXUFH�SDSHUV�>�@��7KH�TXDOLW\�RI�
JDS�LGHQWLILFDWLRQ�ZLOO�EH�DVVHVVHG�E\�FRPSDULQJ�WKH�JDSV�DQG�XQGHUH[SORUHG�DUHDV�LGHQWLILHG�E\�WKH�V\VWHP�
ZLWK� WKRVH� SRLQWHG� RXW� E\� UHVHDUFKHUV� RU� GRPDLQ� H[SHUWV� >�@�� /DVWO\�� ZH� ZLOO� LQYHVWLJDWH� ZKHWKHU� WKH�
H[SODQDWLRQ�DQG�YHULILFDWLRQ�IHDWXUHV�DUH�RI�DQ\�UHDO�KHOS�� WKDW� LV� WR�VD\��ZKHWKHU� UHVHDUFKHUV�DUH�DEOH�WR�
HDVLO\�H[DPLQH�WKH�HYLGHQFH�DQG�WKHQ�DFFHSW��DOWHU��RU�UHMHFW�ZKDW�WKH�V\VWHP�SURGXFHV�>�@��>�@�

)XWXUH�UHVHDUFK�ZLOO�IRFXV�RQ�ILQGLQJ�LPSURYHG�PHWKRGV�IRU�EDVLQJ�WKH�RXWSXW�RQ�HYLGHQFH�IURP�WKH�VRXUFH��
RQ� XVLQJ� VFLHQWLILF�GRPDLQ� ODQJXDJH� PRGHOV� VXFK� DV� 6FL%(57� >��@�� DQG� RQ� UDQNLQJ� WKH� SRWHQWLDO�
RSSRUWXQLWLHV�DFFRUGLQJ� WR� WKHLU�FRQVLVWHQF\�DFURVV�VWXGLHV�� WKHLU� UHOHYDQFH� WR� WKH�UHVHDUFK�DUHD��DQG� WKH�
VWUHQJWK�RI�WKH�HYLGHQFH�VXSSRUWLQJ�WKHP�

;,��&RQFOXVLRQ

7KH� SDSHU� GHVFULEHV� DQ�$,�GULYHQ� 5HVHDUFK� 'HFLVLRQ� 6XSSRUW� 6\VWHP� ZKRVH� SXUSRVH� LV� WR� PDNH� WKH�
SURFHVVHV�RI�FDUU\LQJ�RXW� OLWHUDWXUH�UHYLHZV�DQG�LGHQWLI\LQJ�UHVHDUFK�JDSV�PRUH�V\VWHPDWLF�DQG�HDVLHU� WR�
PDQDJH�� 7KH� OLWHUDWXUH� H[DPLQHG� LQFOXGHV� //0�DVVLVWHG� UHYLHZ� DQG� V\QWKHVLV� >�@�� >�@�� VFLHQWLILF�
LQIRUPDWLRQ�H[WUDFWLRQ�>�@��>�@��FRPSDUDWLYH�DQDO\VLV�RI�SDSHUV�>�@��>�@��VWUXFWXUHG�VFLHQWLILF�UHSUHVHQWDWLRQV�
>�@��UHWULHYDO�DXJPHQWHG�V\QWKHVLV�>�@��OLWHUDWXUH�VFRSLQJ�DQG�JDS�LGHQWLILFDWLRQ�>�@��DQG�VFLHQWLILF�ODQJXDJH�
PRGHOV�>��@��$�FRPPRQ�OLPLWDWLRQ�DSSOLHV�WR�WKHVH�PHWKRGV�LQ�WKDW�PRVW�RI�WKHP�IRFXV�RQ�D�VLQJOH�WDVN�DQG�
GR�QRW�SURYLGH�DQ�LQWHJUDWHG�ZRUNIORZ�ZKLFK�OLQNV�H[WUDFWLRQ��PXOWL�VWXG\�FRPSDULVRQ��HYLGHQFH�EDVHG�JDS�
LGHQWLILFDWLRQ��DQG�UHVHDUFKHU�YHULILFDWLRQ��7KH�SURSRVHG�V\VWHP�RYHUFRPHV�WKLV�VKRUWFRPLQJ�E\�PHDQV�RI�
D� SLSHOLQH� FRQVLVWLQJ� RI� GRFXPHQW� SURFHVVLQJ�� VWUXFWXUHG� H[WUDFWLRQ��PXOWL�SDSHU� FRPSDULVRQ�� HYLGHQFH�
V\QWKHVLV�� JDS� LGHQWLILFDWLRQ�� DQG� KXPDQ� YDOLGDWLRQ�� 7KH� SDSHU� DOVR� LQFOXGHV� D� FRQFHSWXDO� H[DPSOH�
LOOXVWUDWLQJ�KRZ�WKH�ZRUNIORZ�PLJKW�EH�FDUULHG�RXW��WRJHWKHU�ZLWK�D�SODQ�IRU�HYDOXDWLQJ�D�IXWXUH�SURWRW\SH�
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7R� VXP�XS�� WKH� IUDPHZRUN�SURYLGHV� D� SUDFWLFDO�PHDQV� RI� FRPELQLQJ�1/3� DQG�//0� WHFKQLTXHV�ZLWK� D�
VWUXFWXUHG�DQDO\VLV�RI�HYLGHQFH�DQG�KXPDQ�VXSHUYLVLRQ��,W�LV�QRW�LQWHQGHG�WR�UHSODFH�WKH�UHVHDUFKHU��VLQFH�LW�
KHOSV�WR�RUJDQL]H�WKH�OLWHUDWXUH��PDNHV�LW�HDVLHU�WR�H[DPLQH�WKH�UHODWLRQVKLSV�EHWZHHQ�GLIIHUHQW�VWXGLHV��DQG�
LQ� D�PRUH� WUDFHDEOH� DQG� V\VWHPDWLF�PDQQHU� LGHQWLILHV� SRVVLEOH� UHVHDUFK� RSSRUWXQLWLHV��+RZHYHU�� IXUWKHU�
LPSOHPHQWDWLRQ� DQG� HPSLULFDO� HYDOXDWLRQ� DUH� UHTXLUHG� LQ� RUGHU� WR� GHPRQVWUDWH� KRZ�ZHOO� WKH� DSSURDFK�
SHUIRUPV�LQ�DFWXDO�UHVHDUFK�VHWWLQJV�

$FNQRZOHGJPHQW

7KH�DXWKRU�WKDQNV�3URI��-D\VKUHH�6XU\DZDQVKL�IRU�KHU�JXLGDQFH�GXULQJ�WKH�OLWHUDWXUH�VXUYH\�DQG�FRQFHSWXDO�
GHVLJQ� RI� WKLV� SURMHFW�� DQG� WKH� 'HSDUWPHQW� RI�$UWLILFLDO� ,QWHOOLJHQFH� DQG� 'DWD� 6FLHQFH� (QJLQHHULQJ� DW�
$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��IRU�LWV�LQVWLWXWLRQDO�VXSSRUW�
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