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,VWR�+XYLOD
'HSDUWPHQW�RI�$/0��8SSVDOD�8QLYHUVLW\�DQG�6FKRRO�RI�%XVLQHVV�DQG�(FRQRPLFV�
cER�$NDGHPL�8QLYHUVLW\

2QH�RI�WKH�FRUQHUVWRQHV�RI�WKH�GLJLWDO�VRFLHW\�GHEDWH�RQ�WKH�QD�
WLRQDO� (XURSHDQ�DQG�JOREDO�OHYHOV�LV�WKH�GLJLWLVDWLRQ�RI�FXOWXUDO�KHU�
LWDJH�DVVHWV� $UFKDHRORJ\�DQG�PDWHULDO�FXOWXUDO�KHULWDJH�KDYH�RIWHQ
HQMR\HG�D�SDUWLFXODU�VWDWXV�DV�D�IRUP�RI�KHULWDJH�WKDW�KDV�VSDUNHG�WKH
LPDJLQDWLRQ�RI�SROLWLFLDQV�DQG�WKH�JHQHUDO�SXEOLF� 7KH�SK\VLFDOLW\
RI�REMHFWV�DQG�VWUXFWXUHV� WKH�PRQXPHQWDOLW\�RI�WKH�PDMRU�DUFKDHROR�
JLFDO�VLWHV�DQG�WKH�SRSXODU�LQWHUHVW�LQ�WKH�SDVW�DUH�RQO\�D�IHZ�RI�WKH
UHDVRQV�ZK\�DUFKDHRORJ\�KDV�LQ�PDQ\�FDVHV�EHFRPH�D�OLQFKSLQ�LQ
WKH�GLVFXVVLRQV�RQ�QHZ�GLJLWDO�WHFKQRORJLHV�DQG�GLJLWDOLVDWLRQ�RI�WKH
VRFLHW\�

+RZHYHU� HYHQ�WKRXJK�QDWLRQV�KDYH�PDGH�FRQVLGHUDEOH�LQYHVW�
PHQWV�LQ�FUHDWLQJ�WHFKQRORJLHV� LQIUDVWUXFWXUHV�DQG�VWDQGDUGV�IRU�GL�
JLWDOLVDWLRQ� SUHVHUYDWLRQ�DQG�GLVVHPLQDWLRQ�RI�DUFKDHRORJLFDO�KHULW�
DJH� WKHUH�LV�YHU\�OLWWOH�LQ�GHSWK�UHVHDUFK�RQ�WKH�FRQVHTXHQFHV� RSSRU�
WXQLWLHV�DQG�LPSOLFDWLRQV�RI�GLJLWDOLVDWLRQ�IRU�DUFKDHRORJLFDO�ZRUN�
WKH�HPHUJHQFH�RI�DUFKDHRORJLFDO�NQRZOHGJH�DQG�KRZ�LW�LV�XVHG�E\
GLYHUVH�VWDNHKROGHU�JURXSV�IURP�RUGLQDU\�FLWL]HQV�WR�UHVHDUFKHUV� PX�
VHXP�SURIHVVLRQDOV� ODQGRZQHUV�DQG�SURSHUW\�GHYHORSHUV� 7KH�6ZHG�
LVK�)RUQV|N��ZZZ� IRUQVRN�VH��GDWDEDVH�KDV�LQIRUPDWLRQ�RQ�RYHU����
PLOOLRQ�HQWLWLHV� WKH�'XWFK�DUFKDHRORJ\�GDWD�VHUYLFH�KDV�RYHU�������
GDWDVHWV�DQG�UHSRUWV�DQG�WKH�,WDOLDQ�PLQLVWU\�RI�FXOWXUH�KDV�EHHQ�HV�
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WLPDWHG�WR�KDYH�DERXW���PLOOLRQ�UHFRUGV�LQ�WKHLU�GLJLWDO�DUFKDHRORJLFDO
DUFKLYH� :H�NQRZ�D�ORW�DERXW�WHFKQLFDO�DQG�SUDFWLFDO�FKDOOHQJHV�LQ
WKH�GLIIHUHQW�SKDVHV�RI�SURGXFLQJ�DQG�XVLQJ�DUFKDHRORJLFDO�LQIRUP�
DWLRQ� EXW�VLJQLÀFDQWO\�OHVV�DERXW�KRZ�WKH�SUDFWLFHV�DQG�WHFKQLFDO�
WKHRUHWLFDO�DQG�DGPLQLVWUDWLYH�GHFLVLRQV�DIIHFW�DQG�LQÁXHQFH�FRQVHF�
XWLYH�XVH�DQG�UHXVH�RI�LQIRUPDWLRQ� 3DXO�-��&ULSSV�UHPDUNHG�DW�WKH
&RPSXWHU�$SSOLFDWLRQV�DQG�4XDQWLWDWLYH�0HWKRGV�LQ�$UFKDHRORJ\
�����FRQIHUHQFH�WKDW�´LQIRUPDWLRQ�WKDW�JRHV�LQWR�GDWDEDVHV�LV�IDU�WRR
SHUIHFW�DQG�WRR�RIWHQ�D�SHUIHFW�YLHZ�RI�WKH�ZRUOGµ� DQ�DSW�UHPDUN
RQ�WKH�FXUUHQW�VWDWH�RI�DIIDLUV�ZKLFK�KDV�REYLRXV�EXW�SRRUO\�NQRZQ
FRQVHTXHQFHV� 7KLV�VHHPV�WR�LQGLFDWH�WKH�SRVVLELOLW\�WKDW�PRGHOV�RI
UHDOLW\�PD\�EHFRPH�FRQYLQFLQJ�HQRXJK�WR�EH�PLVWDNHQ�DV�´UHDOµ� ,W�LV
WKHUHIRUH�FUXFLDO�WR�KLJKOLJKW�WKH�FKRLFHV�DQG�FRQVLGHUDWLRQV�LQYROYHG
LQ�GDWD�FROOHFWLQJ�DQG�LQ�GLJLWDO�SUHVHQWDWLRQ� ZKDW�LV�VHOHFWHG" ZKDW
LV�H[FOXGHG" ZKDW�LPSOLFDWLRQV�ZLOO�WKLV�KDYH�IRU�NQRZOHGJH�SURGXF�
WLRQ�DQG�PHGLDWLRQ"

7KH�DLP�RI�WKLV�VPDOO�ERRN�LV�WR�EULHÁ\�GLVFXVV�VRPH�RI�WKH�SUHPLVHV
IRU�VWXG\LQJ�WKH�LPSOLFDWLRQV�DQG�RSSRUWXQLWLHV�RI�WKH�GLJLWDOLVDWLRQ
RI�LQIRUPDWLRQ�DQG�LQIRUPDWLRQ�ZRUN�LQ�WKH�GRPDLQ�RI�DUFKDHRORJ\
DQG�PDWHULDO�FXOWXUDO�KHULWDJH� 7KLV�ERRN�KDV�EHHQ�ZULWWHQ�XQGHU�WKH
DXVSLFHV�RI�WKH�UHVHDUFK�SURMHFW�$UFKDHRORJLFDO�,QIRUPDWLRQ�LQ�WKH
'LJLWDO�6RFLHW\��$5.',6� IXQGHG�E\�WKH�6ZHGLVK�5HVHDUFK�&RXQFLO
DV�D�SDUW�RI�WKH�ZRUN�RI�WKH�SURMHFW�WR�VHW�WKH�VWDJH�IRU�UHVHDUFKLQJ�WKH
SURGXFWLRQ�DQG�XVH�RI�DUFKDHRORJLFDO�NQRZOHGJH� 7KH�WH[WV�SUHVHQW
D�FRPELQDWLRQ�RI�PXVLQJV�DQG�UHFDSLWXODWLRQV�RQ�WKH�HDUOLHU�ZRUN�RI
WKH�DXWKRUV�DV�ZHOO�UHÁHFWLRQV�DQG�HQWULHV�WR�WKHLU�RQ�JRLQJ�ZRUN�
,QVWHDG�RI�DWWHPSWLQJ�WR�SXW�WRJHWKHU�D�VLQJOH�DUJXPHQW� WKH�DXWKRUV
KDYH�EHHQ�JLYHQ�DQ�RSSRUWXQLW\�WR�ZULWH�DERXW�DVSHFWV�RI�DUFKDHROR�
JLFDO�LQIRUPDWLRQ�WKH\�FRQVLGHU�WR�EH�LPSRUWDQW�DW�WKH�PRPHQW�IURP
WKH�SHUVSHFWLYH�WKH\�VHH�DV�LPSRUWDQW�DQG�LQ�D�VW\OH�WKDW�EHVW�ÀWV�WKH
VSHFLÀF�SXUSRVH�RI�WKHLU�WH[W�
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5DWKHU�WKDQ�D�FRQFOXVLRQ� WKH�WH[WV�LQ�WKH�YROXPH�DUH�D�QHZ�VWDUW
LQ�ZRUNLQJ�WRZDUGV�XQGHUVWDQGLQJ�WKH�FRPSOH[LWLHV�RI�ZRUNLQJ�ZLWK
DUFKDHRORJLFDO�GRFXPHQWDWLRQ�DQG�LQIRUPDWLRQ� 7KH�LQWULFDFLHV�RI
PDQDJLQJ�DUFKDHRORJLFDO�LQIRUPDWLRQ�DQG�GRFXPHQWDWLRQ�KDYH�EHHQ
DFNQRZOHGJHG�IRU�D�ORQJ�WLPH��5HLOO\�DQG�5DKW]� ������ EXW�WKH�UDSLG
FKDQJHV�LQ�SUHPLVHV� WRROV�DQG�WKH�LGHD�RI�KRZ�DUFKDHRORJ\�VKRXOG
EH�FRQGXFWHG�LQ�WKH�GLJLWDO�DJH�KDYH�VKLIWHG�PDQ\�RI�WKH�SDUDPHWHUV
RI�WKH�SURFHVV� 7KH�LQWURGXFWLRQ�RI�FRPSXWHUV�LQWR�DUFKDHRORJLFDO
ZRUN�KDV�IDFLOLWDWHG�WKH�SURFHVVLQJ�RI�LQIRUPDWLRQ�DQG�WKH�LQWHJUD�
WLRQ�RI�LVRODWHG�GDWDVHWV�LQWR�PDVVLYH�GDWD�LQIUDVWUXFWXUHV� $W�WKH
VDPH�WLPH� QHZ�GRFXPHQWDWLRQ�LQVWUXPHQWV�KDYH�HQDEOHG�DUFKDHROR�
JLVWV�WR�FDSWXUH�PRUH�SUHFLVH�GDWD�WKDQ�EHIRUH� 7KH�QHZ�WHFKQROR�
JLHV�KDYH�QRW� KRZHYHU� SURYLGHG�DQ\�REYLRXV�DXWRPDWLF�VROXWLRQV
WR�PHHW�WKH�IXQGDPHQWDO�FKDOOHQJHV�RI�DQ�HIIHFWLYH�XVH�RI�WKH�GDWD�
2Q�WKH�FRQWUDU\� WKH�LQWURGXFWLRQ�RI�WHFKQRORJLHV�KDV�LQFUHDVHG�WKH
DPRXQW�RI�DYDLODEOH�GDWD�DQG�XQGHUOLQHG�IXUWKHU�WKH�QHFHVVLW\�RI�LWV
HIIHFWLYH�PDQDJHPHQW��/RFN� ����� %URZQ�������DQG�WKH�QHHG�WR�GH�
YHORS�QHZ�DSSURDFKHV�DQG�WHFKQLTXHV�WR�WDNH�DGYDQWDJH�RI�WKH�SUR�
FHVVLQJ�SRZHU� GDWD�LQIUDVWUXFWXUHV�DQG�GRFXPHQWDWLRQ�HTXLSPHQW�
7KH�%LJ�'DWD�LVVXHV�LGHQWLÀHG�LQ�WKH������UHSRUW�RI�(QJOLVK�+HULW�
DJH�DQG�8. $UFKDHRORJ\�'DWD�6HUYLFH�DUH�EHFRPLQJ�LQFUHDVLQJO\
WRSLFDO�IRU�WKH�PDQDJHPHQW�RI�DUFKDHRORJLFDO�LQIRUPDWLRQ��$XVWLQ
	�0LWFKDP� ������ $W�WKH�VDPH�WLPH� WKH�VRFLHWDO�H[SHFWDWLRQV�RI
LQFUHDVHG�FRRSHUDWLRQ�WRJHWKHU�ZLWK�WKH�DSSDUHQW�RSSRUWXQLWLHV�DQG
EHQHÀWV�RI�ODUJHU�LQWHJUDWHG�GDWD�VSDFHV�DQG�H�6FLHQFH�LQIUDVWUXFWXUHV
KDYH�VSXUUHG�DUFKDHRORJLVWV�WR�DGGUHVV�WKH�FKDOOHQJHV�UHODWLQJ�WR�WKH
HIIHFWLYH�PDQDJHPHQW�DQG�LQQRYDWLYH�DQG�DSSURSULDWH�XVH�RI�DUFKDH�
RORJLFDO�LQIRUPDWLRQ�E\�GLIIHUHQW�VWDNHKROGHU�JURXSV� 7KH�QHFHVVLW\
RI�EHWWHU�XQGHUVWDQGLQJ�WKH�IXQGDPHQWDOV�RI�DUFKDHRORJLFDO�LQIRUPD�
WLRQ�SURFHVV�KDV�EHHQ�GLVFXVVHG�LQ�VHYHUDO�VWXGLHV�WKDW�KDYH�SURYLGHG
VHYHUDO�H[DPSOHV�RI�KRZ�LW�LV�QHFHVVDU\�WR�FRPELQH�WHFKQLFDO�LQQRY�
DWLRQV��VXFK�DV�WKUHH�GLPHQVLRQDO�UHSUHVHQWDWLRQ�RI�GDWD�RU�6HPDQWLF

�



:HE�WHFKQRORJLHV� H�J�� +XYLOD������ ������ZLWK�LQVWLWXWLRQDO�DQG
SDUDGLJPDWLF�FKDQJH�

7KH�QHFHVVLW\�RI�GHYHORSLQJ�QHZ�VWUDWHJLHV�IRU�DGGUHVVLQJ�WKH�XVH
DQG�PDQDJHPHQW�RI�DUFKDHRORJLFDO�DQG�RWKHU�FXOWXUDO�KHULWDJH�GDWD
LQ�WKH�UDSLGO\�GLJLWDOLVLQJ�FRQWH[WV�RI�LQIRUPDWLRQ�XVH�RI�WKH�VWDNH�
KROGHUV�WKH�LQIRUPDWLRQ�KDV�EHHQ�XQGHUOLQHG�LQ�WKH�UHFHQW�OLWHUDW�
XUH� 7KH�UHVHDUFK�DJHQGD�VHW�E\�WKH�(XURSHDQ�QHWZRUN�RI�H[FHO�
OHQFH�LQ�RSHQ�FXOWXUDO�KHULWDJH�(32&+ �$UQROG�	�*HVHU� ������UH�
YROYHV�DURXQG�WKHVH�WZR�LVVXHV�ZLWK�D�VSHFLÀF�IRFXV�RQ�LQWHJUDW�
LYH�VRFLHWDO�DSSURDFKHV�WR�FXOWXUDO��LQFOXGLQJ�DUFKDHRORJLFDO��KHU�
LWDJH� LQFUHDVHG�HQJDJHPHQW�DQG�HPSRZHUPHQW�RI�WUDGLWLRQDO�DQG
QRQ�WUDGLWLRQDO�VWDNHKROGHU�JURXSV�DQG�VWUDWHJLHV�DQG�WHFKQRORJLHV�RI
NQRZOHGJH�WUDQVIHU�DQG�PDQDJHPHQW� 9�0867 1R( KDV�VLPLODUO\
HPSKDVLVHG�WKH�ODFN�RI�LQWHJUDWLYH�DSSURDFKHV�DQG�XQGHUVWDQGLQJ�LQ
WKH�ÀHOG�RI�YLUWXDO�PXVHXPV��9�0867��������DQG�WKH�$5,$'1(
LQIUDVWUXFWXUH�LQ�WKH�ÀHOG�RI�WKH�PDQDJHPHQW�RI�DUFKDHRORJLFDO�GDWD
�3DSDWKHRGRURX� ������ 7KH�6ZHGLVK�1DWLRQDO�+HULWDJH�%RDUG�SXE�
OLVKHG�LQ������D�ZKLWH�SDSHU�RQ�¶QHW�SUHVHQFH·��6ZH� QlWQlUYDUR�
LQ�WKH�GLJLWDO�VRFLHW\��6XPPDQHQ� ������WKDW�VHHV�WKH�SUHVHQFH�LQ
WKH�GLJLWDO�VSKHUH�DV�DQ�XQDYRLGDEOH�QHFHVVLW\�LQ�WKH�IXWXUH� )XUWKHU�
WKH�ZKLWH�SDSHU�LGHQWLÀHV�WKUHH�FKDOOHQJHV�IDFLQJ�WKH�PDQDJHPHQW�RI
KHULWDJH�LQIRUPDWLRQ�LQ�WKH�GLJLWDO�VRFLHW\� ���WKH�DPRXQW�RI�LQIRUP�
DWLRQ�DQG�WKH�QHHG�IRU�QHZ�PHWKRGV�WR�PDQDJH�LW� ���WKH�EURDGHQLQJ
XVH�RI�LQIRUPDWLRQ�E\�D�JURZLQJ�QXPEHU�RI�VWDNHKROGHU�JURXSV� DQG
���WKH�FKDQJLQJ�UROHV�RI�SURGXFHUV�DQG�XVHUV�RI�LQIRUPDWLRQ� %RWK
RWKHU�QDWLRQDO�DUFKDHRORJLFDO�LQVWLWXWLRQV�DQG�UHVHDUFKHUV�KDYH�PDGH
VLPLODU�UHPDUNV�

(YHQ�LI�WKH�HDUOLHU�OLWHUDWXUH�GLVFXVVHV�VRPH�RI�WKH�FKDOOHQJHV�RI
WKH�PDQDJHPHQW�DQG�XVH�RI�DUFKDHRORJLFDO�LQIRUPDWLRQ�E\�GLIIHUHQW
VWDNHKROGHU�JURXSV� WKH�PDLQ�ERG\�RI�OLWHUDWXUH�UHODWHV�WR�WKH�LVVXHV
DQG�RSSRUWXQLWLHV� DQG�SUDFWLFDO�GHYHORSPHQW�RI�WHFKQRORJLHV�DQG
WRROV�IRU�GDWD�PDQDJHPHQW�DQG�H[SORLWDWLRQ� $V�5RVV��������KDV
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QRWHG�RI�WKH�VWDWH�RI�WKH�DUW�RI�SUHVHUYDWLRQ�UHVHDUFK� WKH�EXON�RI�WKH
QHFHVVDU\�WHFKQRORJLHV�DQG�SULQFLSDO�DSSURDFKHV�H[LVW� EXW�WKHUH�LV
D�ODFN�RI�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�DQG�GHPRQVWUDWLRQ�RI�WKHLU
SUDFWLFDO�XVDELOLW\� $V�WKH�UHSRUW�E\�$UQROG�DQG�*HVHU�VKRZV��������
WKHUH�DUH�WHFKQRORJLFDO�FKDOOHQJHV� EXW�WKH�PDMRU�IRFXV�RI�IXWXUH�UH�
VHDUFK�VKRXOG�EH�RQ�WKH�LQWHUIDFH�RI�LQIRUPDWLRQ�DQG�WKH�SURFHVVHV�RI
LWV�XVH� 7KH�86�EDVHG�W'$5 GDWD�DUFKLYH��KWWSV���ZZZ�WGDU�RUJ�� WKH
'XWFK�'$16 GDWD�DUFKLYH��KWWS���GDQV�NQDZ�QO��DQG�WKH�SLRQHHU�LQ
WKH�ÀHOG� WKH�$UFKDHRORJ\�'DWD�6HUYLFH��8.� KDYH�HQJDJHG�LQ�GHYHO�
RSLQJ�SUDFWLFDO�GLJLWDO�PHWKRGV�DQG�WHFKQLTXHV�IRU�WKH�SUHVHUYDWLRQ
DQG�SXEOLFDWLRQ�RI�DUFKDHRORJLFDO�GDWD� $ QXPEHU�RI�SURMHFWV�DQG�LQL�
WLDWLYHV�ERWK�LQ�(XURSH�DQG�WKH�86��LQFOXGLQJ�67$5 �KWWS����K\SHUPH�
GLD� UHVHDUFK�VRXWKZDOHV�DF�XN�NRV�VWDU��� 67(//$5 �KWWS����K\SHU�
PHGLD�UHVHDUFK� VRXWKZDOHV�DF�XN��NRV�VWHOODU��� &$5$5( �KWWS���ZZZ�
FDUDUH�HX��� $5(1$ �KWWS����DGV�DKGV�DF�XN�DUHQD��� '$5,$+ �KWWS���
ZZZ� GDULDK�HX��� 'LJLWDO�$QWLTXLW\��KWWS���ZZZ� GLJLWDODQWLTXLW\�
RUJ��� �'&2)250 �KWWS����ZZZ��GFRIRUP�HX���DQG�$5,$'1( UH�
VHDUFK�LQIUDVWUXFWXUH�SURMHFW� KDYH�FRQGXFWHG�SUDFWLFDO�ZRUN�RQ�GH�
YHORSLQJ�GLIIHUHQW�DVSHFWV�RI�GDWD�PDQDJHPHQW�DQG�SURYLVLRQ�RI�DF�
FHVV�WR�WKH�GDWD�H�J�� LQ�WKH�FDVH�RI�&$5$5(��E\�LQWHJUDWLQJ�DUFKDH�
RORJLFDO�GDWD�WR�WKH�(XURSHDQD�JDWHZD\� 7KHUH�LV�DOVR�D�JURZLQJ
ERG\�RI�PRVWO\�WHFKQRORJ\�RULHQWHG�6HPDQWLF�:HE�EDVHG�UHVHDUFK
RQ�GHYHORSLQJ�WKH�PDQDJHPHQW� DFFHVVLELOLW\�DQG�XVDELOLW\�RI�GLJLWDO
DUFKDHRORJLFDO�DVVHWV��,VDNVHQ� ������

,Q�DGGLWLRQ�WR�WKH�ODUJH�VFDOH�UHVHDUFK�RQ�WKH�PDQDJHPHQW�RI�DU�
FKDHRORJLFDO�GDWD� WKHUH�DUH�D�ODUJH�QXPEHU�RI�H[DPSOHV�RI�GHYHORS�
LQJ�WKH�XVH�RI�DUFKDHRORJLFDO�GDWD�LQ�YDULRXV�VLWHV�DURXQG�WKH�ZRUOG
IRU�SXEOLF�SUHVHQWDWLRQ� SUHVHUYDWLRQ� PDQDJHPHQW��7VLSRSRXORX� �����
&DUDYDOH� ������DQG�WR�SURPRWH�WKH�DFFHVVLELOLW\�RI�DUFKDHRORJLFDO
GDWD�DQG�LQIRUPDWLRQ� RIWHQ�ZLWK�PXVHXP��DQG�FXOWXUDO�KHULWDJH�RULHQW�
HG�XQGHUSLQQLQJV� 7KH�3XEOLF�$UFKDHRORJ\��6NHDWHV�HW�DO�� �����
PRYHPHQW�KDV�IXUWKHU�SURPRWHG�WKH�SULQFLSOH�RI�RSHQQHVV�DQG�SDU�
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WLFLSDWLRQ�LQ�DUFKDHRORJLFDO�FRQWH[WV� ,Q�VSLWH�RI�WKH�FRQVLGHUDEOH
SROLWLFDO�LQWHUHVW�LQ�WKH�SXEOLF�DUFKDHRORJ\�LQLWLDWLYHV� DUFKDHRORJLFDO
DQG�FXOWXUDO�KHULWDJH�GDWD�DQG�WKH�QXPEHU�RI�ORFDO�FDVH�VWXGLHV� WKHUH
LV�VWLOO�UHODWLYHO\�OLWWOH�UHVHDUFK�RQ�WKH�TXDOLWDWLYH�LPSDFW�RI�WKHVH�HI�
IRUWV�EH\RQG�LQGLYLGXDO�VWDNHKROGHU�JURXSV�DQG�FRQWH[WV� DQG�WKHLU
EURDGHU�LPSOLFDWLRQV�WR�WKH�XVH�DQG�UHXVH�RI�DUFKDHRORJLFDO�LQIRUP�
DWLRQ�LQ�WKH�GLJLWDO�VRFLHW\�

7KH�OLWHUDWXUH�RQ�WKHRUHWLFDO�DUFKDHRORJ\�KDV�DGGUHVVHG�VRPH�RI
WKH�FHQWUDO�LVVXHV�RI�DUFKDHRORJLFDO�LQWHUSUHWDWLRQ�DQG�UHDVRQLQJ� DQG
KRZ�DUFKDHRORJLVWV�XVH�DQG�VKRXOG�XVH�DUFKDHRORJLFDO�GDWD�WR�PDNH
LQIHUHQFHV�RI�WKH�KXPDQ�DFWLYLW\�SDUW� EXW�LW�VHHPV�WKDW�WKH�WKHRUHWLFDO
GLVFXVVLRQ�KDV�KDG�RQO\�D�OLPLWHG�LPSDFW�RQ�WKH�VWDNHKROGHU�SUDFWLFHV
�7KRPDV� ������ 7KH�VDPH�OLPLWDWLRQ�DOVR�DSSOLHV�WR�WKH�UHODWLYHO\
VPDOO�FRUSXV�RI�HWKQRJUDSKLFDO�OLWHUDWXUH�RQ�WKH�SUDFWLFHV�RI�DUFKDH�
RORJLFDO�ZRUN�DQG�NQRZOHGJH�SURGXFWLRQ� �(GJHZRUWK� ����� 'DY�
LGRYLF� ����� 3\EXUQ� ����� DQG�RWKHU�DUWLFOHV�LQ�3XEOLF�$UFKDHRORJ\
������� 6RPH�RI�WKH�ÀQGLQJV�KDYH�EHHQ�WDNHQ�EDFN�WR�ÀHOG�LQ�VRPH
LQGLYLGXDO�FDVHV��(GJHZRUWK� ������ EXW�WKHUH�LV�D�FOHDU�ODFN�RI�D�FRP�
SUHKHQVLYH�IHHGEDFN�ORRS�DQG�JHQHUDOLVDWLRQ�RI�WKH�UHODWLYHO\�LVRODWHG
ÀQGLQJV�RI�WKH�LQGLYLGXDO�SURMHFWV� 7KH�UHPDUN�E\�/|QQ��������RQ
WKH�QHHG�IRU�GHYHORSLQJ�D�WKHRUHWLFDOO\�LQGXFWLYH�ZD\�RI�ZRUNLQJ�LQ
DUFKDHRORJ\�LV�YDOLG�ZHOO�EH\RQG�LWV�RULJLQDO�VFRSH�RI�DUFKDHRORJLFDO
ÀHOGZRUN�

2Q�WKH�EDVLV�RI�WKH�V\QWKHVLV�RI�WKH�HDUOLHU�OLWHUDWXUH�LQ�WKH�ÀHOG�
LW�LV�SRVVLEOH�WR�OLVW�VRPH�DSSDUHQW�FKDOOHQJHV�LQ�WKH�ZD\�RI�PDWFK�
LQJ�WKH�HPHUJLQJ�WHFKQRORJLHV�ZLWK�WKH�SUDFWLFHV�RI�DUFKDHRORJLVWV
DQG�RWKHU�VWDNHKROGHUV�RI�DUFKDHRORJLFDO�LQIRUPDWLRQ� $Q�REYLRXV
FKDOOHQJH�LV�WKH�FRPSOH[LW\�RI�WKH�GLIIHUHQW�W\SHV�RI�DUFKDHRORJLFDO
GDWD�DQG�LWV�XQHYHQ�TXDOLW\�DQG�DFFXUDF\� 7KH�ERG\�RI�UHOHYDQW�LQ�
IRUPDWLRQ�FRQVLVWV�H�J�� RI�PHDVXUHPHQWV� VFLHQWLÀF�DQDO\VLV�UHVXOWV�
REMHFWV� VDPSOHV� GUDZLQJV�DQG�SKRWRJUDSKV� 7KH�GLIIHUHQW�W\SHV�RI
PDWHULDOV�DUH�VHOGRP�FRPSDUDEOH�SHU�VH� DQG�EHFDXVH�RI�WKH�YDU\�
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LQJ�WHFKQLFDO�IRUPDWV�RI�UHSUHVHQWDWLRQ� WKHLU�PDQDJHPHQW�DQG�XVH
LQ�D�VLQJOH�V\VWHP�ZLWKRXW�WKH�XVH�RI�PXOWLSOH�SDUDOOHO�GDWD�VWUXFWXUHV
DQG�FRQFHSWXDO�VHSDUDWLRQ�RI�WKH�GDWD�PRGHOV�UHTXLUH�QHZ�WHFKQLTXHV
DQG�UHVHDUFK�DSSURDFKHV��6LJQRUH� ������ 7KH�FRGLÀFDWLRQ�DQG�UHS�
UHVHQWDWLRQ�RI�GLIIHUHQW�W\SHV�RI�DUFKDHRORJLFDO�GDWD�LV�DQ�LQWULFDWH
SUREOHP��2UODQGL� ������ %\�DOORZLQJ�DUWLÀFLDOO\�KLJK�OHYHOV�RI�SUH�
FLVLRQ� FRPSXWHUV�KDYH�EHHQ�REVHUYHG�WR�IHHG�WKLV�SURSHQVLW\�DQG�WR
VXSSRUW�D�IDOVH�VHQVH�RI�DFFXUDF\�HYHQ�ZLWK�WHFKQLFDOO\�LQDFFXUDWH
GDWD��.DQWQHU� ������

6RPH�DXWKRUV� HVSHFLDOO\�LQ�WKH�ÀHOG�RI�WKHRUHWLFDO�DUFKDHRORJ\�
KDYH�UDLVHG�WKH�TXHVWLRQ�RI�WKH�FRQVHTXHQFHV�DQG�LPSOLFDWLRQV�RI
YDULRXV�DQDO\VLV�DQG�LQIRUPDWLRQ�PDQDJHPHQW�SUDFWLFHV� EXW�WKH�VFRSH
RI�WKHVH�UHPDUNV�WHQGV�WR�EH�UHODWLYHO\�OLPLWHG� 6RPH�DXWKRUV� LQFOXG�
LQJ�*DIIQH\�DQG�YDQ�/HXVHQ�������� 5DMDOD��������DQG�+DFLJXH]HOOHU
������� KDYH�GLVFXVVHG�WKH�LPSOLFDWLRQV�RI�*,6 WHFKQRORJLHV�IRU�DU�
FKDHRORJLFDO�UHDVRQLQJ� EXW�DV�+DFLJXH]HOOHU��������SRLQWV�RXW� WKHVH
W\SHV�RI�FRQVLGHUDWLRQV�KDYH�WHQGHG�IDOO�LQWR�WKH�PDUJLQV�RI�WKH�JHQ�
HUDOO\�UDWKHU�XQSUREOHPDWLVLQJ�PDLQVWUHDP�XVH�RI�WKH�WHFKQRORJLHV�
$ FHQWUDO�FKDOOHQJH�RI�WKH�XVH�DQG�LQWHJUDWLRQ�RI�GDWD�LV�WKH�LQFRP�
SOHWHQHVV�RI�DYDLODEOH�DUFKDHRORJLFDO�LQIRUPDWLRQ�DQG�WKH�DPELJX�
RXV�UHODWLRQVKLS�EHWZHHQ�SULPDU\�GDWD�DQG�WKH�FRQVHTXHQWLDOO\�HPHU�
JLQJ�DUFKDHRORJLFDO�NQRZOHGJH��7KRPDV� ������ ,Q�VSLWH�RI�WKH�LQ�
FUHDVHG�SUHFLVLRQ�RI�PHDVXUHPHQWV�DQG�WKH�JURZLQJ�DPRXQW�RI�DYDLO�
DEOH�GDWD� WKH�GRFXPHQWHG�DQG�GRFXPHQWDEOH�GDWD�DOZD\V�UHSUHVHQW
DQ�XQNQRZQ�VDPSOH�RI�WKH�RULJLQDO�GDWD� $QRWKHU�FKDOOHQJH�LV�WKDW
HYHQ�WKH�WKHRUHWLFDO�·FRPSOHWH�FRUSXV�RI�RULJLQDO�GDWD·�FRQVLVWV�RI
PLVFHOODQHRXV�UHPQDQWV�RI�SDVW�KXPDQ�DQG�QDWXUDO�SURFHVVHV�DQG�LV
FDSDEOH�RI�SURYLGLQJ�RQO\�LQGLUHFW�HYLGHQFH�RI�WKH�SDVW�KXPDQ�DFWLY�
LW\�

3UHVHQW�DUFKDHRORJLFDO�LQIRUPDWLRQ�SUDFWLFHV�KDYH�DOVR�EHHQ�VXJ�
JHVWHG�WR�OHDG�WR�PDMRU�GLVFRQWLQXLWLHV�LQ�WKH�LQIRUPDWLRQ�SURFHVV
�*UHHQH� ������DQG�DEUXSW�EUHDNV�LQ�WKH�LQIRUPDWLRQ�FRQWLQXXP��2OLYHU�
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������ ,Q�PDQ\�FDVHV�RQO\�WKH�ÀHOG�GLUHFWRU�DQG�GHSXW\�GLUHFWRUV
KDYH�WKH�GLUHFW�UHVSRQVLELOLW\�DQG�SRVVLELOLW\�RI�GHYHORSLQJ�D�JHQHUDO
LGHD�RI�WKH�H[FDYDWLRQ� EXW�LQ�SUDFWLFH� WKHUH�LV�RIWHQ�YHU\�OLWWOH�WLPH
DQG�RSSRUWXQLWLHV�IRU�DQ�H[WHQGHG�V\QWKHVLV�RI�WKH�GDWD�GXULQJ�WKH
ÀHOG�VHDVRQ��+XYLOD� ������ 7KH�GLVFRQWLQXLWLHV�GR�QRW�HQG�ZLWK�WKH
HQG�RI�WKH�DUFKDHRORJLFDO�LQYHVWLJDWLRQ� )URP�WKH�SHUVSHFWLYH�RI�FXO�
WXUDO�KHULWDJH�PDQDJHUV�DQG� IRU�LQVWDQFH� PXVHXP�SURIHVVLRQDOV� WKH
DYDLODEOH�GDWD�LQ�UHSRUWV�DQG�SXEOLFDWLRQV�LV�QRW�QHFHVVDULO\�KLJKO\
XVHIXO�IRU�WKHLU�SXUSRVHV��+XYLOD� ������ $V�D�UHVXOW� WKHUH�LV�RIWHQ
D�PDMRU�JDS�EHWZHHQ�WKH�FDSWXUH�RI�GDWD� WKH�DQDO\VLV�DQG�UHSRUWLQJ
DQG�WKH�XVH�RI�WKH�ÀQGLQJV�E\�WKH�GLIIHUHQW�VWDNHKROGHU�JURXSV�RI�DU�
FKDHRORJLFDO�LQIRUPDWLRQ� $ UHODWHG�SUREOHP�RI�WKH�HIIHFWLYH�XVH�RI
DUFKDHRORJLFDO�GDWD�LV�WKDW�LI�WKH�UHVXOWV�DUH�SXEOLVKHG��PRVW�RI�WKH
GDWD� HVSHFLDOO\�IURP�UHVFXH�H[FDYDWLRQV�LV�QHYHU�DQDO\VHG�RU�SXE�
OLVKHG�SURSHUO\� *UHHQH� ����� ������� HYHQ�WKHQ�WKH�GLIIHUHQW�JURXSV
RI�PDWHULDOV�DQG�DVSHFWV�RI�H[FDYDWLRQ�DUH�YHU\�RIWHQ�UHSRUWHG�VHSDU�
DWHO\� 7KRPDV������� ����KDV�PDGH�WKH�REYLRXV�DUJXPHQW�WKDW�WKHVH
GLVFRQWLQXLWLHV�DUH�D�PDMRU�SUREOHP�DQG�HVVHQWLDOO\�OHDG�WR�D�VXERS�
WLPDO�GRFXPHQWDWLRQ�RI�DUFKDHRORJLFDO�VLWHV�DQG�LQYHVWLJDWLRQ�SUR�
FHVVHV� 7KH�IXQGDPHQWDO�SUREOHP�ZLWK�WKH�EURNHQ�FRQWLQXXP�LV�WKDW
WKH�JDSV�ZLOO�EH�H[WUHPHO\�GLIÀFXOW�WR�EULGJH�LQ�WKH�IXWXUH��+XYLOD�
����� ������ %HFDXVH�DUFKDHRORJLFDO�ÀHOGZRUN�DQG�WKH�XVH�RI�DU�
FKDHRORJLFDO�GDWD�DUH�LQWHUSUHWLYH�LQ�DOO�VWDJHV��7KRPDV� ����� ����
GLVFRQWLQXLWLHV�WHQG�WR�EHFRPH�FXPXODWLYH�DQG�DUH�GLIÀFXOW�WR�UHPHG\
DIWHUZDUGV�

)URP�WKH�SRLQW�RI�YLHZ�RI�WKLV�YROXPH� WKH�LQWHUHVWLQJ�LVVXH�LV�WR
WUDFH�EDFN�VRPH�RI�WKH�GLVFRQWLQXLWLHV�LQ�GLIIHUHQW�DUHDV�RI�DUFKDHROR�
JLFDO�ZRUN�DQG�VWDJHV�RI�DUFKDHRORJLFDO�LQIRUPDWLRQ�SURFHVV� 7KLV
YROXPH�FRQWDLQV�DOWRJHWKHU�ÀYH�WH[WV�IURP�ÀYH�DXWKRUV�ZRUNLQJ�LQ
WKH�$5.',6 SURMHFW� 'DQLHO�/|ZHQERUJ·V�FKDSWHU�RQ�WKH�UH�XVH�RI
*,6 GDWD�VWDUWV�WKH�YROXPH�ZLWK�D�IRFXV�RQ�WKH�H[SORLWDWLRQ�RI�WKH�GDWD
JDWKHUHG�LQ�HDUOLHU�H[FDYDWLRQV� ,Q�WKH�VHFRQG�FKDSWHU� ,VWR�+XYLOD
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GLVFXVVHV�LQ�UHWURVSHFW�WKH�ÀQGLQJV�RI�D�VWXG\�RI�DUFKDHRORJLFDO�LQ�
IRUPDWLRQ�SUDFWLFHV�RQ�WKH�YHUJH�RI�GLJLWDOLVDWLRQ�LQ������ DQG�KRZ
WKHVH�ÀQGLQJV�FDQ�KHOS�XV�WR�XQGHUVWDQG�WKH�FKDQJLQJ�ODQGVFDSH�RI
LQIRUPDWLRQ�SUDFWLFHV�DQG�LQIUDVWUXFWXUHV�D�GHFDGH�ODWHU� 7KH�WKLUG
FKDSWHU�E\�1LFROz�GHOO·8QWR�GLVFXVVHV�WKH�UROH�RI�WKUHH�GLPHQVLRQDO
PRGHOV�LQ�DUFKDHRORJLFDO�UHDVRQLQJ�ZLWK�D�VSHFLÀF�IRFXV�RQ�KLV�ZRUN
LQ�WKH�8SSnNUD�SURMHFW�FRQGXFWHG�QHDU�/XQG�LQ�VRXWKHUQ�6ZHGHQ�DQG
LQ�3RPSHLL� 7KH�IROORZLQJ�FKDSWHU� ZULWWHQ�E\�%RGLO�3HWHUVVRQ� GLV�
FXVVHV�WKH�LQÁXHQFH�RI�GLJLWDO�DJHQGDV�DQG�GLJLWDO�WRROV�RQ�KHULWDJH
FRPPXQLFDWLRQ� 7KH�ÀQDO�FKDSWHU�E\�3HU�6WHQERUJ�ORRNV�EDFN�WR
WKH�SUHVHQWDWLRQ�RI�DUFKDHRORJ\�LQ�WKH�'LJLWDO�7LPH�7UDYHOV�SURMHFW
IXQGHG�E\�WKH�1DWLRQDO�+HULWDJH�%RDUG��6ZHGHQ��DQG�FRQGXFWHG�LQ
FRRSHUDWLRQ�ZLWK�WKH�8QLYHUVLW\�RI�*RWKHQEXUJ� &KDOPHUV�8QLYHUVLW\
RI�7HFKQRORJ\�DQG�WKH�6ZHGLVK�8QLYHUVLW\�RI�$JULFXOWXUDO�6FLHQFHV�

$V�D�UHDGHU�RI�WKLV�ERRN� \RX�DUH�IUHH�WR�SHUXVH�WKLV�YROXPH�IURP
WKH�EHJLQQLQJ�WR�WKH�HQG� RU�WR�UHDG�LW�LQ�DQ\�RWKHU�RUGHU�RI�\RXU
FKRRVLQJ� ,I�\RX�WKLQN�\RX�KDYH�PRUH�TXHVWLRQV�DIWHU�\RX�DUH�ÀQ�
LVKHG�UHDGLQJ�WKLV�VPDOO�YROXPH� ZH�FRQWULEXWRUV�WR�WKLV�YROXPH�ZLOO
KDYH�DFKLHYHG�RXU�JRDO�ZLWK�WKLV�VPDOO�FROOHFWLRQ�RI�WH[WV� 6HHLQJ�WKH
FRPSOH[LW\�DQG�RSHQ�TXHVWLRQV�LV�RQO\�WKH�EHJLQQLQJ�RI�PDNLQJ�VHQVH
RI�DUFKDHRORJ\�DQG�DUFKDHRORJLFDO�LQIRUPDWLRQ�LQ�WKH�GLJLWDO�VRFLHW\�
:KDW�WKH�DQVZHUV�PLJKW�EH�LV�EH\RQG�WKH�VFRSH�RI�WKLV�VPDOO�FROOHF�
WLRQ�RI�WH[WV� 7KH\�DUH�WKH�IRFXV�RI�WKH�ZRUN�ZH�DUH�FXUUHQWO\�HQJDJHG
LQ�DQG�WRSLFV�RI�IXWXUH�VWXGLHV�WKDW�QRW�RQO\�ZH� EXW�DOVR�PDQ\�RWKHU
UHVHDUFKHUV�QHHG�WR�H[SORUH�DQG�VWXG\�
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