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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
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: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�

�



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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5(&83(5$7,1* *,6 '$7$ )520
(;&$9$7,216
2Q�WKH�XVH� RU�ODFN�RI�XVH� RI
GLJLWDO�DUFKDHRORJLFDO�LQIRUPDWLRQ

'DQLHO�/|ZHQERUJ
'HSDUWPHQW�RI�$UFKDHRORJ\�DQG�$QFLHQW�+LVWRU\� 8SSVDOD�8QLYHUVLW\

,QWURGXFWLRQ
+RZ�PDQ\�VHWWOHPHQWV�IURP�WKH�(DUO\�,URQ�$JH�KDYH�EHHQ�WRXFKHG

E\�H[FDYDWLRQV�LQ�8SSODQG" +RZ�PDQ\�EXULDO�JURXQGV�DQG�KRZ
PDQ\�WUDFHV�RI�DJULFXOWXUH" +RZ�PDQ\�VTXDUH�PHWHUV�KDYH�VHHQ
VRPH�IRUP�RI�DUFKDHRORJLFDO�LQYHVWLJDWLRQ�LQ�gVWHUJ|WODQG� DQG�ZKHUH
ZHUH�WKH�WUHQFKHV�SXW" 7KHVH�NLQGV�RI�TXHVWLRQV�DUH�IXQGDPHQWDO�WR
DOO�DUFKDHRORJLFDO�HQTXLUHV�FRQFHUQLQJ�WKHVH�UHJLRQV� EXW�WKH�DQVZHUV
DUH�YHU\�KDUG�WR�FRPH�E\� VLQFH�WKH�LQIRUPDWLRQ�LV�ODUJHO\�PLVVLQJ�RU
XQDYDLODEOH� :KLOH�LW�PD\�EH�SRVVLEOH�WR�JDWKHU�UHOHYDQW�LQIRUPDWLRQ
WR�DQVZHU�VLPLODU�TXHVWLRQV�RI�D�OLPLWHG�VFRSH� ZLWKLQ�D�VSHFLÀF�UH�
JLRQ� LW�LV�XVXDOO\�WRR�WLPH�FRQVXPLQJ�WR�JHW�DQ�RYHUYLHZ�LI�RQH�DLPV
DW�PRUH�FRPSUHKHQVLYH�ODUJH�VFDOH�SURMHFWV� 7KLV�LV�UHJUHWIXO�VLQFH
WKH�LQIRUPDWLRQ�SURGXFHG�LQ�WKH�QXPHURXV�DUFKDHRORJLFDO�H[FDYD�
WLRQV�WKDW�DUH�FDUULHG�RXW�HYHU\�\HDU�LV�WKH�IRXQGDWLRQ�IRU�DOO�HPSLULFDO
DUFKDHRORJLFDO�NQRZOHGJH� 7KHVH�DUH�WKH�SLHFHV�RI�WKH�SX]]OH�WKDW�DU�
FKDHRORJLVW�ZRXOG�QHHG�LQ�RUGHU�WR�H[SDQG�NQRZOHGJH�RQ�SUHKLVWRULF

��



GHYHORSPHQW� $OVR�IRU�FXOWXUDO�UHVRXUFH�PDQDJHPHQW��&50���WKLV�LV
FUXFLDO�LQIRUPDWLRQ�

7KH�FXUUHQW�VLWXDWLRQ�LQ�6ZHGHQ�ZKHQ�WKH�UHVXOWV�RI�H[FDYDWLRQV
DUH�GLVVHPLQDWHG�DQG�DUFKLYHG�DV�UHSRUWV�DQG�SHUKDSV�DUWHIDFWV�LQ�PX�
VHXP�FROOHFWLRQV�LV�XQVDWLVIDFWRU\� 5HSRUWV�FDQ�RQO\�FRQYH\�D�OLP�
LWHG�VHW�RI�DOO�WKH�LQIRUPDWLRQ�SURGXFHG� IURP�D�À[HG�VHW�RI�TXHVWLRQV
DQG�SHUVSHFWLYHV� 7KDW�PHDQV�WKDW�WKH�LQIRUPDWLRQ�LV�XQVXLWHG�IRU�UH�
QHZHG�H[DPLQDWLRQ�DQG�LQFOXVLRQ�LQ�EURDGHU�RYHUYLHZV�DQG�DJJUHJ�
DWHG�IRUPV�ZKHUH�WKH�UHVXOWV�IURP�GLIIHUHQW�SURMHFWV�FDQ�EH�FRPELQHG�
$Q\RQH�ZKR�ZDQWV�WR�ÀQG�LQIRUPDWLRQ�RQ�D�FHUWDLQ�W\SH�RI�IHDWXUH�LV
OHIW�WR�UHDG�WKURXJK�D�YDVW�QXPEHU�RI�UHSRUWV�WKDW�PD\�RU�PD\�QRW�KDYH
WKH�LQIRUPDWLRQ�UHTXLUHG�LQ�D�IRUP�WKDW�LV�HDVLO\�UHFRJQLVDEOH� 7KH
PRGHUQ�DUFKDHRORJLVW�ZLOO�ZDQW�WKH�LQIRUPDWLRQ�DYDLODEOH�LQ�D�IRUPDW
WKDW�FDQ�EH�DXWRPDWLFDOO\�VHDUFKHG�DQG�TXHULHG�LQ�D�VWUXFWXUHG�ZD\�
XVLQJ�WKH�WRROV�WKDW�LQIRUPDWLRQ�WHFKQRORJ\�DQG�WKH�,QWHUQHW�SURYLGHV�
ZKHUH�LQIRUPDWLRQ�VKRXOG�EH�KDUYHVWHG�IURP�QXPHURXV�VRXUFHV�VLP�
XOWDQHRXVO\�DQG�PDGH�LQVWDQWO\�DYDLODEOH� :KLOH�WKLV�VLWXDWLRQ�PD\
VWLOO�EH�VRPH�\HDUV�DZD\� JRRG�WHFKQLFDO�VROXWLRQV�IRU�GLVVHPLQDWLQJ
GLJLWDO�LQIRUPDWLRQ�KDYH�EHHQ�DYDLODEOH�IRU�VRPH�WLPH� )RU�PRUH�WKDQ
D�GHFDGH� DUFKDHRORJLFDO�LQIRUPDWLRQ�KDV�EHHQ�PRVWO\�´ERUQ�GLJLWDOµ�
$UFKDHRORJLVWV�KDYH�EHHQ�XVLQJ�WRWDO�VWDWLRQV�DQG�*36��URXWLQHO\�FUH�
DWLQJ�KLJK�TXDOLW\�GLJLWDO�LQIRUPDWLRQ�DV�SDUW�RI�WKHLU�HYHU\GD\�ZRUN�
:KDW�LV�PLVVLQJ�WRGD\�LV�DQ�LQIUDVWUXFWXUH�WKDW�FDQ�IDFLOLWDWH�WKH�GLV�
WULEXWLRQ�RI�WKH�GDWD�VR�WKDW�LW�FDQ�EH�UHXVHG�E\�RWKHUV� 6LQFH�QR�LQ�
IUDVWUXFWXUH�LV�JHQHUDOO\�DFFHSWHG�DQG�XVHG�IRU�DUFKDHRORJLFDO�GDWD�
WKH�PRVW�RI�WKH�GDWD�LV�OHIW�ZLWK�WKH�FRQWUDFWRU� DQG�WKXV�GLIÀFXOW�WR
DFFHVV�E\�RWKHUV� 7KLV�DOVR�UDLVHV�TXHVWLRQV�UHJDUGLQJ�WKH�VHFXULW\�RI
WKH�GDWD� DQG�WR�ZKDW�H[WHQW�WKH�GDWD�LV�SURSHUO\�FXUDWHG�DQG�PDLQ�
WDLQHG�VR�WKDW�LW�ZLOO�EH�DYDLODEOH�DQG�UHDGDEOH�LQ�WKH�IXWXUH� VKRXOG
VRPHRQH�ZLVK�WR�ORRN�DW�LW�DJDLQ� :RUNLQJ�RQ�PDNLQJ�ODUJH�GDWDVHWV
DYDLODEOH�IRU�UHVHDUFK�LV�VRPHWKLQJ�WKDW�FDUULHV�LPSRUWDQW�SRWHQWLDO
IRU�WKH�IXUWKHU�GHYHORSPHQW�RI�D�GLVFLSOLQH� +RZHYHU� WKH�ZRUN�LV�WH�
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GLRXV�DQG�WLPH�FRQVXPLQJ� HVSHFLDOO\�IRU�PDQXDOO\�FRQYHUWLQJ�GDWD
IRUPDWV� DQG�WKHUH�LV�RIWHQ�D�GLVFUHSDQF\�EHWZHHQ�WKH�ZRUNORDG�EHLQJ
SHUIRUPHG�DQG�WKH�DFDGHPLF�UHFRJQLWLRQ�LW�PHULWV��(LWHOMRUJ� ������

7KH�XQVDWLVIDFWRU\�VLWXDWLRQ�RXWOLQHG�DERYH�LV�QRZ�DERXW�WR�FKDQJH
IRU�WKH�EHWWHU� DV�WKHUH�DUH�LQLWLDWLYHV�WKDW�DLP�DW�HVWDEOLVKLQJ�WKH�LQ�
IUDVWUXFWXUH�WKDW�LV�QHHGHG� DQG�LQ�WKLV�SDSHU�, ZLVK�WR�GLVFXVV�VRPH
RI�WKHVH�GHYHORSPHQWV� ZKDW�LV�FXUUHQWO\�EHLQJ�GRQH�LQ�6ZHGLVK�DU�
FKDHRORJ\�DQG�ZKDW�ZH�FDQ�H[SHFW�LQ�WKH�IXWXUH�

7KH�*DPOD�8SSVDOD�UHVHDUFK�SURMHFW
2QH�RI�WKH�ÀUVW�6ZHGLVK�LQLWLDWLYHV�WRZDUGV�FROOHFWLQJ�DUFKDHROR�

JLFDO�JHRGDWD�IURP�H[FDYDWLRQV� DW�WKH�OHYHO�RI�LQGLYLGXDO�IHDWXUHV
DQG�ÀQGV� DQG�KDUPRQLVLQJ�WKLV�LQIRUPDWLRQ�RYHU�VHYHUDO�SURMHFWV�WR
IDFLOLWDWH�UHXVH� ZDV�WKH�SURMHFW�*DPOD�8SSVDOD��WKH�GHYHORSPHQW
RI�D�P\WKLFDO�VLWH�� IXQGHG�E\�WKH�6ZHGLVK�1DWLRQDO�+HULWDJH�%RDUG
������������ 7KH�VFRSH�RI�WKLV�SURMHFW�ZDV�WR�JDWKHU�DOO�DYDLODEOH�LQ�
IRUPDWLRQ�IURP�H[FDYDWLRQV�LQ�*DPOD�8SSVDOD� WR�HVWDEOLVK�DQ�RYHU�
YLHZ�RI�ZKDW�KDV�EHHQ�IRXQG�WKHUH� 7KH�DLP�ZDV�ERWK�WR�VXSSRUW
IXUWKHU�UHVHDUFK�LQ�WKLV�DUHD�DQG�DOVR�WR�PDNH�WKH�LQIRUPDWLRQ�DYDLO�
DEOH�WR�D�ZLGHU�SXEOLF� 'XULQJ�WKH�FROOHFWLRQ�RI�LQIRUPDWLRQ� GLJLWDO
GDWD�ZDV�XVHG�ZKHQ�DYDLODEOH� DQG�RWKHUZLVH�SODQV�IURP�SDSHU�ZHUH
JHRUHIHUHQFHG�DQG�GLJLWLVHG� $OO�LQIRUPDWLRQ�ZDV�WUDQVIRUPHG�LQWR
D�XQLIRUP�GDWD�VWUXFWXUH�VR�WKDW�LW�FRXOG�EH�LQWHJUDWHG�VHDPOHVVO\�WR
SURYLGH�GHWDLOHG�LQIRUPDWLRQ�RQ�H[DFWO\�ZKHUH�WKHUH�KDG�EHHQ�H[�
FDYDWLRQV�DQG�ZKDW�KDG�EHHQ�IRXQG�LQ�ZKHUH� $V�SDUW�RI�WKH�SUR�
MHFW�D�:HE*,6 SODWIRUP�ZDV�GHYHORSHG�WKDW�SURYLGHV�DQ�HDV\�ZD\
WR�GLVSOD\�WKH�LQIRUPDWLRQ�YLD�WKH�,QWHUQHW� 7KLV�ZDV�FRPSOHPHQWHG
ZLWK�JHRUHFWLÀHG�KLVWRULFDO�PDSV�DQG�ODVHU�VFDQQHG�HOHYDWLRQ�GDWD�
WRJHWKHU�SURYLGLQJ�D�GHWDLOHG�EDFNJURXQG�RI�WKH�ODQGVFDSH�DQG�WKH
KLVWRULFDO�GHYHORSPHQW�RI�WKH�DUHD� 7KH�:HE*,6 SODWIRUP�LV�DYDLO�
DEOH�IURP�ZZZ�DUNHRORJL�XX�VH�ZHEJLV�
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)LJXUH � �� 6FUHHQVKRW � RI � WKH � :HE*,6 GHYHORSHG� DYDLODEOH � IURP
ZZZ�DUNHRORJL�XX�VH�:HE*,6
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2QH�RI�WKH�ÀUVW�TXHVWLRQV�WR�EH�DGGUHVVHG�ZKHQ�WKLV�SURMHFW�ZDV
VWDUWHG�ZDV�KRZ�WR�GHVFULEH�WKH�DUFKDHRORJLFDO�LQIRUPDWLRQ� ZKDW�WR
LQFOXGH�DQG�LQ�ZKDW�IRUPDW� 6LQFH�WKLV�ZDV�D�OLPLWHG�SURMHFW�IRFXV�
LQJ�RQ�RQH�FRPSOH[� WKHUH�ZDV�QR�DPELWLRQ�WR�GHVLJQ�D�VWDQGDUG�IRU
GLJLWDO�H[FDYDWLRQ�GDWD� EXW�OLPLWHG�WR�FUHDWLQJ�VRPHWKLQJ�WKDW�ZRXOG
ZRUN�IRU�WKDW�VSHFLÀF�SURMHFW� DQG�WKH�UHVHDUFK�QHHGV�HQYLVLRQHG� $
VHW�RI�EDVLF�JHRGDWD�OD\HUV�ZHUH�VXJJHVWHG�WR�DFW�DV�D�JHQHUDOLVHG
GDWDVHW�ZKLFK� DOWKRXJK�VLPSOH� FRXOG�GHVFULEH�WKH�UHVXOW�IURP�DQ\
DUFKDHRORJLFDO�H[FDYDWLRQ�DW�D�OHYHO�ZKHUH�WKH\�FRXOG�EH�FRPSDUHG
DQG�FRPELQHG� 7KHVH�WHPSODWHV�KDYH�EHHQ�IXUWKHU�PRGLÀHG�DORQJ�WKH
ZD\� DQG�KDYH�FRQWLQXHG�WR�EH�PRGLÀHG�DV�SDUW�RI�FRQWLQXHG�SURMHFWV�
DV�GHVFULEHG�EHORZ� 0RVW�PRGLÀFDWLRQV�ZHUH�GHVLJQHG�WR�PDNH�WKH
ÀOHV�HYHQ�PRUH�JHQHUDOLVHG� L�H� FRPELQLQJ�SRLQW�OD\HU�RI�´ÀQGVµ
DQG�´VDPSOHVµ�LQWR�RQH�VLQJOH�´SRLQWµ�ÀOH� 7KH�SKLORVRSK\�IRU�PDN�
LQJ�WKH�ÀOHV�HDVLHU�WR�FRPSDUH�DQG�PRUH�VXLWDEOH�IRU�FRPELQDWLRQ�
´KDUPRQLVHGµ�LQ�*,6 ODQJXDJH� ZDV�ERUURZHG�IURP�WKH�,163,5(
(8 GLUHFWLYH��KWWS���LQVSLUH�HF�HXURSD�HX��� 7KXV� D�À[HG�VHW�RI�LQL�
WLDO�DWWULEXWHV�ZHUH�GHÀQHG�IRU�HDFK�OD\HU�W\SH� ZKLFK�FRQVLVWV�RI�WKH
IXQGDPHQWDO�DQG�UHTXLUHG�DWWULEXWHV�WKDW�DOO�ÀOHV�RI�WKDW�W\SH�VKRXOG
KDYH� LQFOXGLQJ�D�IUHH�WH[W�DWWULEXWH�IRU�DQ\�DX[LOLDU\�LQIRUPDWLRQ�
7KLV�PHDQV�WKDW�HYHU\�ÀOH�LQ�D�FROOHFWLRQ�FDQ�EH�FRPELQHG�LQWR�D
VLPSOH�DJJUHJDWHG�ÀOH�WKDW�VWLOO�FRQWDLQV�HQRXJK�LQIRUPDWLRQ�WR�EH
PHDQLQJIXO�LQ�PRVW�VLWXDWLRQV� +RZHYHU� LI�ZH�UHFHLYHG�GLJLWDO�GDWD
WKDW�FRQWDLQHG�PRUH�LQIRUPDWLRQ� WKHQ�DOO�DGGLWLRQDO�LQIRUPDWLRQ�ZDV
PDLQWDLQHG� 7KHUH�LV�WKXV�QR�XSSHU�OLPLW�WR�KRZ�PDQ\�DWWULEXWHV�PD\
EH�SUHVHQW�LQ�D�ÀOH� DQG�WKH�DGGLWLRQDO�GDWD�LV�RQO\�DV�VWUXFWXUHG�DV
WKH�RULJLQDO�GDWD�ZDV�ZKHQ�LW�ZDV�GHOLYHUHG�WR�WKH�SURMHFW� 7KLV�LV
LPSRUWDQW� VLQFH�LW�PHDQV�WKDW�QR�GDWD�KDV�EHHQ�VRUWHG�RXW�DQG�GH�
OHWHG�LQ�WKH�SURFHVV�RI�KDUPRQLVLQJ�WKH�GDWD� 6LQFH�WKH�ÀUVW�DWWULEXWHV
DUH�WKH�VDPH� WKH�GDWD�LV�DW�WKH�VDPH�WLPH�ZHOO�VWUXFWXUHG�DQG�HDV\�WR
PDQDJH� DQG�´FRPSOHWHµ�DQG�WUXH�WR�WKH�RULJLQDO�GDWD�
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3URMHFW 0HWDGDWD�DERXW�HDFK�SURMHFW�LQ�D�SRO\JRQ
VKDSHÀOH

7UHQFK ([FDYDWHG�DUHDV
$UFK�REMHFWV $UFKDHRORJLFDO�REMHFWV�DV�SRO\JRQV
/LQHV /LQH�IHDWXUHV� ERWK�DUFKDHRORJLFDO�REMHFWV�DQG

RWKHU
3RLQWV 3RLQW�IHDWXUHV� ERWK�DUFKDHRORJLFDO�REMHFWV�DQG

RWKHU
0XOWL�SRLQWV 0XOWL�SRLQWV� W\SLFDOO\�WRSRJUDSK\
2WKHU 1RQ�DUFKDHRORJLFDO�SRO\JRQV

7DEOH ��� 2YHUYLHZ�RI � WKH �*,6 ÀOHV �DIWHU �KDUPRQLVDWLRQ� $OO �ÀOHV �DUH �(65,
VKDSHÀOHV�LQ�WKH�FRRUGLQDWH�V\VWHP�6:(5()���70��)RU�D�IXOO�WHFKQLFDO�GHVFULSWLRQ
RI�WKH�GDWD�VWUXFWXUH�XVHG� SOHDVH�FRQWDFW�WKH�DXWKRU�

7KH�GDWD�RI�WKH�*DPOD�8SSVDOD�SURMHFW�LV�DYDLODEOH�ERWK�IURP�WKH
:HE*,6 SODWIRUP�GHYHORSHG� DQG�DOVR�DV�WKH�KDUPRQLVHG�*,6�GDWD
LQ�(65, 6KDSHÀOH�IRUPDW� 6LQFH�WKH�DUHD�KDV�VHHQ�FRQVLGHUDEOH�DU�
FKDHRORJLFDO�DFWLYLWLHV�LQ�UHFHQW�\HDUV� WKLV�LQIRUPDWLRQ�KDV�DOUHDG\
SURYHQ�WR�EH�RI�JUHDW�XVH�ERWK�IRU�UHVHDUFK� SODQQLQJ�DQG�IRU�WKH�UH�
QHZHG�H[FDYDWLRQV�DV�SDUW�RI�WKH�FRQVWUXFWLRQ�RI�WXQQHO�IRU�D�QHZ
UDLOURDG�WKURXJKZD\�

gVWHUJ|WODQG�DQG�2VWOlQNHQ
$IWHU�WKH�*,6 ZRUN�RI�WKH�*DPOD�8SSVDOD�SURMHFW�ZDV�ÀQDOLVHG�

LW�ZDV�WHPSWLQJ�WR�WU\�WR�DSSO\�WKH�VDPH�PHWKRGV�WR�GDWD�IURP�RWKHU
H[FDYDWLRQV� VLQFH�LW�LV�YHU\�UDUH�WKDW�LQIRUPDWLRQ�LV�GLVVHPLQDWHG�DQG
UHXVHG�RXWVLGH�WKH�SURGXFLQJ�RUJDQLVDWLRQ� GHVSLWH�LWV�DSSDUHQW�YDOXH
IRU�ERWK�UHVHDUFK�DQG�&50��,Q������FROODERUDWLRQ�ZDV�LQLWLDWHG�ZLWK
WKH�&RXQW\�$GPLQLVWUDWLYH�%RDUG��&$%� LQ�gVWHUJ|WODQG�IRU�D�SUR�
MHFW�RQ�WKH�XVH�RI�WKH�UHVXOWV�IURP�FRQWUDFW�DUFKDHRORJ\�ÀQDQFHG�E\
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WKH�6ZHGLVK�1DWLRQDO�+HULWDJH�%RDUG� 3DUW�RI�WKLV�ZDV�WR�SURYLGH�WKH
&$% ZLWK�DFFHVV�WR�*,6 GDWD�IURP�H[FDYDWLRQV�WR�IDFLOLWDWH�LQIUD�
VWUXFWXUDO�SODQQLQJ�LQ�WKH�FRXQW\� $ VLPLODU�PHWKRG�DQG�GDWD�VWUXF�
WXUH�DV�ZHUH�XVHG�IRU�WKH�*DPOD�8SSVDOD�SURMHFW�ZDV�DGRSWHG� DQG
WZR�PDVWHU·V�VWXGHQWV�ZHUH�HPSOR\HG�IRU�WZR�PRQWKV�HDFK�WR�ZRUN
RQ�WKH�GDWD� 7KH�IRFXV�ZDV�RQ�FROOHFWLQJ�GLJLWDO�*,6 GDWD�DQG�KDU�
PRQLVLQJ�LW�WR�IDFLOLWDWH�UHXVH� 6LQFH�WKH�SURMHFW�XVHG�GLJLWDO�GDWD�DQG
HIÀFLHQW�PHWKRGV�WR�FXW�DQG�SDVWH�WKLV�LQIRUPDWLRQ�LQWR�WKH�WHPSODWHV
ZHUH�DOUHDG\�GHYHORSHG� WKH�SURMHFW�ZDV�YHU\�VXFFHVVIXO�DQG�ZLWKLQ
WKH�OLPLWHG�WLPH�����SURMHFWV�ZHUH�LQWHJUDWHG�LQWR�WKH�GDWDVHW� ,Q
�����WKLV�FROODERUDWLRQ�ZLWK�WKH�&$% LQ�gVWHUJ|WODQG�FRQWLQXHG�RQ
D�VRPHZKDW�VPDOOHU�VFDOH�DQG�DQRWKHU�����SURMHFWV�ZHUH�LQFOXGHG�

$ FKDOOHQJH�ZLWK�WKLV�SURMHFW�ZDV�WKDW�ÀYH�GLIIHUHQW�FRQWUDFWRUV
KDYH�EHHQ�PRUH�RU�OHVV�DFWLYH�LQ�WKH�DUHD� 1RQH�RI�WKHP�KDG�KDG
PXFK�H[SHULHQFH�LQ�SURYLGLQJ�WKHLU�GDWD�WR�DQ�H[WHUQDO�ERG\� DQG�LW
FRXOG�EH�TXLWH�WLPH�FRQVXPLQJ�IRU�WKHP�WR�ORFDWH�WKH�GDWD�DQG�H[�
SRUW�LW�LQ�D�PHDQLQJIXO�IRUP� 0RVW� EXW�IDU�IURP�DOO� RI�WKH�GDWDVHWV
ZHUH�LQ�WKH�,QWUDVLV�IRUPDW� ZKLFK�PXVW�EH�H[SRUWHG�IURP�ZLWKLQ�,Q�
WUDVLV�VRIWZDUH�EHIRUH�LW�FDQ�EH�XVHG�LQ�RWKHU�*,6 SURJUDPV� ([SRUW�
LQJ�UHTXLUHV�DQ�DYDLODEOH�OLFHQFH�DQG�LQVWDOODWLRQ�RI�,QWUDVLV� 7KLV�LV
VRPHZKDW�FXPEHUVRPH� EXW�ZKHQ�WKH�GDWD�IURP�,QWUDVLV�KDV�EHHQ�H[�
SRUWHG� LW�LV�IDLUO\�ZHOO�VWUXFWXUHG�DQG�ULFK�LQ�FRQWHQW� DOWKRXJK�D�ORW
RI�WKH�LQWHUQDO�UHODWLRQV�EHWZHHQ�GLIIHUHQW�GDWD�REMHFWV�DUH�QRW�IXOO\
PDLQWDLQHG�LQ�WKH�H[SRUW�DQG�ZRXOG�QHHG�WR�EH�À[HG� VRPHWKLQJ�WKDW
ZDV�QRW�GRQH� ,W�LV�WKXV�D�´EDVLFµ�YHUVLRQ�RI�WKH�,QWUDVLV�GDWDEDVH�WKDW
FDQ�EH�XVHG�RQFH�LW�LV�H[SRUWHG�WR�RWKHU�IRUPDWV�

,Q������D�VHULHV�RI�SROLWLFDO�GHFLVLRQV�ZHUH�PDGH�WR�VWDUW�D�PD�
MRU�QHZ�LQIUDVWUXFWXUH�SURMHFW�RI�EXLOGLQJ�D�QHZ�UDLOZD\�ZRXOG�UXQ
IURP�WKH�6WRFNKROP�DUHD�WR�/LQN|SLQJ�LQ�FHQWUDO�gVWHUJ|WODQG� 7KLV
LV�WKH�VR�FDOOHG�2VWOlQNHQ�SURMHFW� ZKLFK�ZLOO�FRYHU�����NLORPHWUHV
DQG�EH�WKH�ÀUVW�KLJK�VSHHG�WUDLQ�FRQQHFWLRQ�LQ�6ZHGHQ��KWWS����ZZZ�
WUDÀNYHUNHW� VH��2VWODQNHQ��� 7KH�&$% UHDOLVHG�DW�DQ�HDUO\�VWDJH
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)LJXUH��� $Q�RYHUYLHZ�RI�WKH�����SURMHFWV�FROOHFWHG�LQ�gVWHUJ|WODQG�LQ������
�����
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WKDW�WKLV�SURMHFW�ZRXOG�DIIHFW�D�ODUJH�QXPEHU�RI�DUFKDHRORJLFDO�VLWHV�
DQG�ZRXOG�EH�D�PDMRU�XQGHUWDNLQJ�IRU�WKHP�LQ�WKH�\HDUV�WR�FRPH�
7R�JHW�EHWWHU�VSDWLDO�FRQWURO�RI�ZKHUH�SUHYLRXV�H[FDYDWLRQV�KDG�EHHQ
FDUULHG�RXW� D�FRQWLQXHG�SURMHFW�ZRUNLQJ�DORQJ�WKH�SULQFLSOHV�GH�
VFULEHG�DERYH�ZDV�GHVLJQHG�WKDW�ZRXOG�FROOHFW�DOO�H[FDYDWLRQV�IURP
�����DQG�ODWHU�WKDW�KDG�EHHQ�GRQH�ZLWKLQ�DQG�QHDU�WKH�FRUULGRU�RI�WKH
UDLOZD\�ZLWK�D�����PHWHU�EXIIHU�]RQH� 7KLV�SURMHFW�ZDV�IXQGHG�E\
WKH�6ZHGLVK�7UDQVSRUW�$GPLQLVWUDWLRQ��7UDÀNYHUNHW�� WKH�DJHQF\�UH�
VSRQVLEOH�IRU�WUDQVSRUW�V\VWHPV�LQ�6ZHGHQ�LQFOXGLQJ�2VWOlQNHQ�DQG
WKXV�WKH�ÀQDQFHU�RI�DOO�WKH�QHFHVVDU\�DUFKDHRORJLFDO�H[FDYDWLRQV�LQ
WKH�UDLOZD\�OLQH� :KLOH�LW�FRQWLQXHG�DORQJ�WKH�VDPH�OLQH�RI�ZRUN�DV
EHIRUH� WKH�2VWOlQNHQ�SURMHFW�SRVHG�D�QXPEHU�RI�QHZ�FKDOOHQJHV� ,Q
FRQWUDVW�WR�WKH�HDUOLHU�ZRUN� WKH�SURMHFW�FRYHUHG�D�À[HG�VHW�RI�H[�
FDYDWLRQV� DQG�WKH�ÀUVW�WDVN�ZDV�WR�LGHQWLI\�ZKDW�H[FDYDWLRQV�KDG
EHHQ�FRQGXFWHG�LQ�WKH�DUHD� 6LQFH�WKHUH�LV�QR�FRPSUHKHQVLYH�UHJLVWU\
IRU�H[FDYDWLRQV� WKLV�HQWDLOHG�WLPH�FRQVXPLQJ�VHDUFKHV�LQ�GLIIHUHQW
DUFKLYHV�LQLWLDWHG�LQ�HDUO\������ 7KH�GLJLWLVDWLRQ�ZRUN�ZDV�GRQH�E\
ÀYH�DUFKDHRORJLVWV�ZRUNLQJ�IXOO�WLPH�LQ�-DQXDU\�DQG�)HEUXDU\������
,Q�DGGLWLRQ� WZR�LQWHUQV�PDGH�PDMRU�FRQWULEXWLRQV�WR�WKH�SURMHFW�

$ WHFKQLFDO�FKDOOHQJH�ZDV�WR�JHRUHIHUHQFH�SODQV�WKDW�KDG�EHHQ�UH�
FRUGHG�LQ�D�IHZ�GLIIHUHQW�UHJLRQDO�FRRUGLQDWH�V\VWHPV� $ SURJUDP
FDOOHG�0DS7UDQV�SURYLGHG�WKH�DOJRULWKPV�QHHGHG�WR�PDNH�FRUUHFW
VSDWLDO�UHODWLRQVKLSV�EHWZHHQ�WKHVH�V\VWHPV�DQG�6:(5() ���70�
ZKLFK�ZDV�XVHG�LQ�WKH�ÀQDO�GDWDVHW� +RZHYHU� TXLWH�D�IHZ�RI�WKH
H[FDYDWLRQ�UHSRUWV�JDYH�RQO\�WKH�WKUHH�ODVW�GLJLWV�LQ�WKH�FRRUGLQDWHV�
ZKHUHDV�D�IXOO�FRRUGLQDWH�GHÀQLWLRQ�ZRXOG�EH�VHYHQ�RU�HLJKW�GLJLWV� ,Q
RUGHU�WR�JHRUHIHUHQFH�WKH�SODQV� WKHVH�FRRUGLQDWHV�ÀUVW�KDG�WR�EH�UH�
FRQVWUXFWHG� :KLOH�WKLV�LV�VRPHZKDW�VWUDLJKWIRUZDUG�LQ�DUHDV�ZKHUH
WKH�ORFDWLRQ�RI�WKH�H[FDYDWHG�FDQ�EH�HVWLPDWHG�IURP�RYHUYLHZ�PDSV�
LW�SURYHG�PXFK�PRUH�GLIÀFXOW�LQ�DUHDV�ZKHUH�WKH�ODQGVFDSH�KDG�XQ�
GHUJRQH�FRQVLGHUDEOH�FKDQJH� RU�ZKHUH�WKH�RYHUYLHZ�PDSV�ZHUH�RI
SRRU�TXDOLW\� ,Q�WKH�PDMRULW\�RI�FDVHV�LW�ZDV�QHYHWKHOHVV�SRVVLEOH
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)LJXUH��� 7KH�*,6 GDWD�JHQHUDWHG�IRU�WKH�2VWOlQNHQ�SURMHFW� ����DGGLWLRQDO�SUR�
MHFWV�LQ�WRWDO� LQ�WKH�FRXQWLHV�RI�gVWHUJ|WODQG� 6|GHUPDQODQG�DQG�6WRFNKROP�

WR�XVH�WKH�FRRUGLQDWHV�WR�JHRUHIHUHQFH�WKH�SODQV�ZLWK�KLJK�DFFXUDF\�
7KH�PHWKRGV�XVHG�ZHUH�GRFXPHQWHG�DORQJ�ZLWK�VWDQGDUG�HUURUV�RI
WKH�DFFXUDF\�RI�WKH�SODQV�LQ�WKH�PHWDGDWD�

$FKLHYLQJ�DQG�GLVVHPLQDWLQJ�WKH�GDWD
)URP�WKH�RXWVHW� LW�ZDV�GHFLGHG�WKDW�WKH�GDWD�FROOHFWHG�LQ�WKH�SUR�

MHFW�ZRXOG�EH�VXEPLWWHG�WR�WKH�6ZHGLVK�1DWLRQDO�'DWD�6HUYLFH��61'��
VR�WKDW�WKH\�FRXOG�DUFKLYH�DQG�GLVVHPLQDWH�WKH�GDWD� 61' LV�ÀQDQFHG
E\�WKH�6ZHGLVK�5HVHDUFK�&RXQFLO�DQG�WKH�8QLYHUVLW\�RI�*RWKHQEXUJ�
DQG�LV�D�UHVHDUFK�GDWD�DUFKLYH�IRU�UHVHDUFKHUV�ZRUNLQJ�ZLWK�WKH�VR�
FLDO�VFLHQFHV� KXPDQLWLHV�DQG�KHDOWK�VFLHQFHV� 61' LV�D�IDFLOLW\�IRU
UHVHDUFK�DQG�UHVHDUFKHUV�DQG�WKXV�KDV�DQ�LQIUDVWUXFWXUH�VXLWDEOH�IRU
WKLV� DQG�LW�DOVR�ZRUNV�FORVHO\�ZLWK�UHVHDUFKHUV�ZKR�ZLVK�WR�GHSRVLW
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GDWD�ZLWK�WKHP� )URP�HDUO\�RQ�ZH�KDG�D�GLDORJXH�IRU�KRZ�WKH�LQIRUP�
DWLRQ�ZRXOG�EH�PDQDJHG�DQG�ZKDW�VWUXFWXUHV�ZRXOG�EH�XVHG� 6RPH
RI�WKH�FKDQJHV�WKDW�FDPH�DERXW�IURP�WKHVH�GLVFXVVLRQV�ZHUH�H[WHQ�
GHG�PHWDGDWD�IRU�ORFDWLRQV� ERWK�LQ�KRZ�ORFDWLRQ�ZDV�GHVFULEHG�LQ�D
QXPEHU�RI�VHSDUDWH�ÀHOGV� EXW�DOVR�WKURXJK�ÀHOGV�ZLWK�PD[LPXP�DQG
PLQLPXP�FRRUGLQDWHV� LQ�RUGHU�WR�FUHDWH�PDS�VHDUFK�LQWHUIDFHV�XVLQJ
D�ERXQGLQJ�ER[�VHDUFK�IXQFWLRQ� 6LQFH�61' KDG�QR�SUHYLRXV�H[SHU�
LHQFH�ZLWK�*,6 WKH\�QHHGHG�WR�PRGLI\�WKHLU�URXWLQHV�DQG�V\VWHPV�WR
IDFLOLWDWH�WKLV� DQG�61' KDV�GRQH�D�ORW�RI�ZRUN�WR�VWDUW�LPSOHPHQW�
LQJ�JHRJUDSKLFDO�VHDUFK�IXQFWLRQV�DQG�EHWWHU�VWUXFWXUHV�IRU�GHVFULE�
LQJ�FKURQRORJ\� 8OI�-DNREVVRQ�GHVFULEHV�VRPH�RI�WKH�ZRUN�61' KDV
GRQH�ZLWK�DUFKDHRORJLFDO�GDWD�LQ�-DNREVVRQ��LQ�SUHVV��

2XWORRN�DQG�IXWXUH�GHYHORSPHQW
7KHUH�LV�FHUWDLQO\�D�JURZLQJ�LQWHUHVW�LQ�KDYLQJ�*,6 GDWD�DYDLO�

DEOH�IRU�IXUWKHU�DQDO\VLV� 6LQFH�WKHUH�DUH�PRUH�GDWD�DQG�EHWWHU�WHFK�
QLTXHV�IRU�DQDO\VLQJ�WKHVH� WKH�DFDGHPLF�LQWHUHVW�LQ�WKLV�LQIRUPDWLRQ
ZLOO�VXUHO\�JURZ�RYHU�WKH�FRPLQJ�\HDUV� 7KLV�ZLOO�RSHQ�XS�IRU�QHZ
OLQHV�RI�UHVHDUFK�DQG�SUREDEO\�D�UHYLWDOLVHG�PHWKRGRORJLFDO�GLVFXV�
VLRQ� ZKHUH�TXDQWLWDWLYH�PHWKRGV�WKDW�KDYH�ODUJHO\�EHHQ�RXW�RI�IDVK�
LRQ�LQ�DFDGHPLF�DUFKDHRORJLFDO�UHVHDUFK�IRU�WKH�ODVW�IHZ�GHFDGHV�ZLOO
SUREDEO\�DWWUDFW�QHZ�LQWHUHVW� 7R�HQVXUH�WKH�ZLGH�DYDLODELOLW\�RI�GDWD
LW�LV�QHFHVVDU\�WR�NHHS�LQ�PLQG�WKDW�PRGHUQ�QDWLRQDO�ERUGHUV�DUH�RIWHQ
RI�OLWWOH�RU�QR�UHOHYDQFH� DQG�WKHUH�LV�WKXV�D�QHHG�IRU�LQIUDVWUXFWXUHV
WKDW�FDQ�DFFRPPRGDWH�HIÀFLHQW�LQWHUQDWLRQDO�FURVV�VHDUFKHV� 7KH
(8 UHVHDUFK�LQIUDVWUXFWXUH�SURMHFW�$5,$'1( �KWWS���ZZZ�DULDGQH�
LQIUDVWUXFWXUH�HX���DLPV�DW�IDFLOLWDWLQJ�WKLV�GHYHORSPHQW� %HFDXVH
61' LV�D�6ZHGLVK�SDUWQHU�LQ�$5,$'1(��WKH�2VWOlQNHQ�GDWDEDVH�ZLOO
EHFRPH�DYDLODEOH�IRU�TXHULHV�ZLWKLQ�WKLV�QHZ�LQIUDVWUXFWXUH�

7KH�6ZHGLVK�7UDQVSRUW�$GPLQLVWUDWLRQ�LV�DOVR�VKRZLQJ�LQFUHDVLQJ
LQWHUHVW�LQ�KRZ�WKH\�FDQ�KDYH�DFFHVV�WR�WKH�GDWD�WKDW�LV�EHLQJ�SURGXFHG
LQ�H[FDYDWLRQV� 6LQFH�WKH�DJHQF\�LV�SURYLGLQJ�WKH�IXQGLQJ�IRU�WKH
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PDLQ�SDUW�RI�DOO�UHVFXH�DUFKDHRORJ\�SURMHFWV�WKDW�DUH�FDUULHG�RXW�HDFK
\HDU� WKH\�KDYH�DQ�HFRQRPLF�LQWHUHVW�LQ�EHLQJ�DEOH�WR�SUHGLFW�DQG�SODQ
WKLV�DVSHFW�RI�WKHLU�RSHUDWLRQV� 7KHUH�LV�DOVR�D�JUHDW�LQWHUHVW�LQ�PDNLQJ
VXUH�WKDW�WKH�IXQGLQJ�LV�XVHG�LQ�WKH�EHVW�ZD\V� DQG�WKDW�WKH�LQIRUPDWLRQ
SURGXFHG�FDQ�EH�PDGH�DYDLODEOH�ERWK�IRU�&50 DQG�UHVHDUFK� 6LPLODU
LGHDV�DUH�RI�FRXUVH�D�PDMRU�FRQFHUQ�IRU�PDQ\�RI�WKH�&$%V�DV�ZHOO�

,Q�DGGLWLRQ� DIWHU�VRPH�\HDUV�RI�SUHSDUDWRU\�ZRUN� LQ�HDUO\�����
WKH�6ZHGLVK�1DWLRQDO�+HULWDJH�%RDUG�IRUPDOO\�LQLWLDWHG�WKH�SURMHFW
'$3 ²�WKH�'LJLWDO�$UFKDHRORJLFDO�3URFHVV� 7KH�'$3 SURMHFW�DLPV
WR�DGGUHVV�D�QXPEHU�RI�LVVXHV�LQ�WKH�PDQDJHPHQW�RI�DUFKDHRORJLFDO
LQIRUPDWLRQ�LQ�6ZHGHQ� LQFOXGLQJ�WKH�ODFN�RI�D�UHJLVWU\�RI�H[FDYD�
WLRQV� SRRU�DYDLODELOLW\�RI�DUFKDHRORJLFDO�JUH\�OLWHUDWXUH� ODFN�RI�LQ�
IUDVWUXFWXUH�IRU�DUFKDHRORJLFDO�GDWD� GLIÀFXOWLHV�LQ�OLQNLQJ�LQIRUPD�
WLRQ�IURP�GLIIHUHQW�VRXUFHV�DQG�LQHIÀFLHQW�FRPPXQLFDWLRQ�RI�LQIRUP�
DWLRQ�EHWZHHQ�UHOHYDQW�DJHQFLHV�DQG�ERGLHV��KWWS����ZZZ�UDD�VH��NXO�
WXUDUYHW��DUNHRORJL��IRUQODPQLQJDU��RFK�I\QG��GLJLWDOD��DUNHRORJLVND�
SURFHVVHU��� '$3 LV�D�YHU\�DPELWLRXV�SURMHFW�WKDW�ZLOO�UHVROYH�PDQ\
RI�WKH�LVVXHV�LQ�LQIRUPDWLRQ�PDQDJHPHQW�LQ�DUFKDHRORJ\�LQ�6ZHGHQ
WRGD\� DQG�KRSHIXOO\�WKLV�ZLOO�WLH�LQ�ZHOO�ZLWK�WKH�ZRUN�DOUHDG\�EHLQJ
GRQH�LQ�gVWHUJ|WODQG� SURYLGLQJ�HYHQ�EHWWHU�SRVVLELOLWLHV�IRU�UHVHDUFK
DQG�&50 LQ�WKH�IXWXUH�

5HIHUHQFHV
(LWHOMRUJ� +DUULVRQ�������� :KDW�DUH�RXU�&ULWLFDO�'DWD�3UHVHUYDWLRQ
1HHGV"� ,Q� .DQVD� (ULF�&KULVWRSKHU� .DQVD� 6DUDK�:KLWFKHU
	�:DWUDOO� (WKDQ��UHG�� ������� $UFKDHRORJ\����� QHZ�DS�
SURDFKHV�WR�FRPPXQLFDWLRQ�DQG�FROODERUDWLRQ� /RV�$QJHOHV�
&RWVHQ�,QVWLWXWH�RI�$UFKDHRORJ\�3UHVV� 8QLYHUVLW\�RI�&DOLIRU�
QLD
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-DNREVVRQ� 8OI� �LQ�SUHVV��6ZHGLVK�1DWLRQDO�'DWD�6HUYLFHV
�61'���WKH�2$,6 UHIHUHQFH�PRGHO�DQG�DUFKDHRORJLFDO�GDWD�
*RWKHQEXUJ� 61'�

��





$5&+$(2/2*,676 $1' 7+(,5
,1)250$7,21 6285&(6

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

,QWURGXFWLRQ
7KH�LQIRUPDWLRQ�QHHGV� EHKDYLRXU�DQG�SUDFWLFHV�RI�UHVHDUFKHUV

KDYH�EHHQ�D�WRSLF�RI�FRQWLQXRXV�VFKRODUO\�LQWHUHVW�VLQFH�WKH�����V
�&DVH������� 7KH�OLWHUDWXUH�VKRZV�WKDW�WKHUH�DUH�FRQVLGHUDEOH�GLI�
IHUHQFHV�EHWZHHQ�VFKRODUO\�DQG�VFLHQWLÀF�GLVFLSOLQHV��H�J� 7DOMD�	
0DXOD������ 7HQRSLU�	�5RZODQGV������ 7HQRSLU�HW�DO� ����� 0HKR
	�7LEER������ 7LEER������� +XPDQLWLHV�VFKRODUV�DQG�VRFLDO�VFLHQW�
LVWV�KDYH�EHHQ�VWXGLHG�WR�D�OHVVHU�H[WHQW�WKDQ�VFLHQWLVWV� HYHQ�WKRXJK
WKH�QXPEHU�RI�VWXGLHV�RQ�WKH�XVH�RI�LQIRUPDWLRQ�LQ�WKH�KXPDQLWLHV
DQG�VRFLDO�VFLHQFHV�KDV�LQFUHDVHG�VWHDGLO\�LQ�WKH�ODVW�WZHQW\�\HDUV
�H�J� 2FKROOD������ :HLQWUDXE������ 6WLHJ������ 6WRQH������ %URDG�
EHQW������ %DNHZHOO�HW�DO� ����� /|QQTYLVW������ -��:LEHUOH\�6�
(��	�-RQHV������ :LEHUOH\�-U� ����� $KOElFN������ 7LEER�������
������ ����� 0��%DWHV�HW�DO� ����� %URFNPDQ�HW�DO� ����� /|Q�
QTYLVW������ 7DOMD�	�0DXOD������ 'DOWRQ�	�&KDUQLJR������� ,Q
VSLWH�RI�WKH�VOLJKWO\�JURZLQJ�JHQHUDO�LQWHUHVW� WKHUH�LV�RQO\�D�OLWWOH
UHVHDUFK�RQ�FHUWDLQ�GLVFLSOLQHV�OLNH�DUFKDHRORJ\� $FDGHPLF�DUFKDH�
RORJLVWV�KDYH�EHHQ�LQFOXGHG�LQ�WKH�JURXS�RI�LQIRUPDQWV�VWXGLHG�E\
H�J� &RUNLOO�������� 6WRQH�������� DQG�/|QQTYLVW���������DOO�WKH�LQ�

��



IRUPDQWV�ZHUH�FODVVLFDO�DUFKDHRORJLVWV��DQG������� �����VL[�DUFKDH�
RORJLVWV� QRQH�UHSUHVHQWLQJ�FODVVLFDO�DUFKDHRORJ\�� EXW�WKH\�WHQG�WR
UHSUHVHQW�D�FOHDU�PLQRULW\�LQ�WKH�VWXGLHV� $QRWKHU�VKRUWFRPLQJ�LQ
WKH�HDUOLHU�OLWHUDWXUH�LV�WKDW�WKH�VWXGLHV�IRFXV�RQ�DFDGHPLF�DUFKDHROR�
JLFDO�UHVHDUFK�HYHQ�WKRXJK�LQ�SUDFWLFH� WKH�YDVW�PDMRULW\�RI�DUFKDH�
RORJLFDO�LQYHVWLJDWLRQV�DUH�FRQGXFWHG�E\�JRYHUQPHQW�DJHQFLHV�DQG
SULYDWH�FRQVXOWDQFLHV�LQ�PDQ\�FRXQWULHV��H�J� .RUNHDNRVNL�9lLVlQHQ
����� $LWFKLVRQ������� $V�D�UDUH�H[DPSOH� 6XÀDQ��������KDV�FRQ�
GXFWHG�D�VWXG\�RI�DUFKDHRORJLVWV·�DQG�KHULWDJH�PDQDJHPHQW�SURIHV�
VLRQDOV·�LQIRUPDWLRQ�EHKDYLRXU� EXW�WKH�SULQFLSDO�IRFXV�RI�WKH�VWXG\
LV�RQ�WKH�VHUYLFHV�RI�D�VLQJOH�,QGLDQ�OLEUDU\� 7KH�RQO\�FRPSUHKHQVLYH
VWXG\�RI�WKH�LQIRUPDWLRQ�ZRUN�RI�DUFKDHRORJ\�SURIHVVLRQDOV�VR�IDU
ZDV�SXEOLVKHG�E\�WKH�DXWKRU�RI�WKLV�DUWLFOH��+XYLOD� ������

7KH�DLP�RI�WKLV�FKDSWHU�LV�WR�SURYLGH�D�UHWURVSHFWLYH�RI�WKH�SDWWHUQV
RI�LQIRUPDWLRQ�VRXUFH�XVH�RI�DUFKDHRORJ\�SURIHVVLRQDOV�LQ�WKH�ZDYH
RI�GLJLWDOLVDWLRQ�LQ�RUGHU�WR�IRUP�D�EDVHOLQH�IRU�IXWXUH�VWXGLHV�DQG�WR
LQIRUP�WKH�PDQDJHPHQW�RI�DUFKDHRORJLFDO�LQIRUPDWLRQ�SURFHVVHV�DQG
GHYHORSPHQW�RI�LQIRUPDWLRQ�VHUYLFHV�IRU�WKH�DUFKDHRORJLFDO�GRPDLQ�
,Q�WKLV�FKDSWHU� WKH�QRWLRQ�RI�LQIRUPDWLRQ�VRXUFH�LV�XVHG�EURDGO\�WR
GHQRWH�LQIRUPDWLRQ�FKDQQHOV� FRQVXOWHG�VRXUFHV�DQG�LQIRUPDWLRQ�RE�
MHFWV��L�H� VRXUFHV��FRQWULEXWHG�DQG�FUHDWHG�E\�WKH�LQIRUPDQWV� 3HU�
KDSV� LQ�FRQWUDVW�WR�RWKHU�FKDSWHUV� WKLV�GLVFXVVLRQ�LV�PRUH�DERXW�WKH
SDVW�WKDQ�WKH�IXWXUH� EXW�KHUH�DV�HOVHZKHUH�LQ�WKLV�YROXPH� WKH�SXUSRVH
LV�WR�XQGHUOLQH�WKH�VLJQLÀFDQFH�RI�WKH�OLQNV�EHWZHHQ�WKH�SDVW�SUDFWLFHV
DQG�WKH�FXUUHQW�DQG�IXWXUH�VWDWH�RI�WKH�DUW�

,W�LV�UDWKHU�VDIH�WR�SRVLW�WKDW�WKH�LPSRUWDQFH�RI�XQGHUVWDQGLQJ�RI
KRZ�DUFKDHRORJLVWV�XVH�LQIRUPDWLRQ�KDV�LQFUHDVHG�GXULQJ�WKH�ODVW�WZR
GHFDGHV� 'LJLWDOLVDWLRQ�RI�LQIRUPDWLRQ�SURFHVVHV�KDV�KDG�D�PDMRU
LPSDFW�RQ�DUFKDHRORJLFDO�ZRUN��/RFN������� 7KH�H[WHQW�RI�DUFKDH�
RORJLFDO�ÀHOGZRUN�KDV�H[SORGHG�LQ�PDQ\�SDUWV�RI�WKH�ZRUOG�EHFDXVH
RI�LQFUHDVHG�ODQG�XVH�DQG�XUEDQ�GHYHORSPHQW� 7KH�JURZWK�RI�FRP�
PHUFLDO�FRQWUDFW�DUFKDHRORJ\�LV�DQRWKHU�IDFWRU�WKDW�KDV�FKDQJHG�WKH
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ODQGVFDSH�RI�DUFKDHRORJLFDO�ZRUN��$LWFKLVRQ������� ,Q�GHYHORSLQJ
FRXQWULHV� WKH�JURZWK�RI�SRSXODWLRQ� H[SDQGLQJ�ODQG�XVH�DQG�SRRUO\
UHVRXUFHG�DQG�GHYHORSHG�FXOWXUDO�KHULWDJH�DGPLQLVWUDWLRQ�SRVH�GLUHFW
WKUHDWV�WR�DUFKDHRORJLFDO�VLWHV��.DUOVWU|P������� ,Q�PDQ\�SDUWV�RI
WKH�GHYHORSLQJ�ZRUOG� UDSLG�HFRQRPLF�JURZWK�KDV�SXW�LQFUHDVLQJ�GH�
PDQGV�RQ�WKH�HIÀFLHQF\�RI�DUFKDHRORJLFDO�ZRUN� %HVLGHV�WKH�KLJKHVW
SULRULW\� WKH�TXDOLW\�RI�ÀHOGZRUN�DQG�GRFXPHQWDWLRQ� WKH�HIIHFWLYH�
QHVV�RI�LQIRUPDWLRQ�XVH�FDQ�KDYH�DOVR�D�PDMRU�HFRQRPLF�LPSDFW��%UDW�
WOL������ 6NHDWHV�������

(PSLULFDO�VWXG\
7KLV�FKDSWHU�DQG�LWV�REVHUYDWLRQV�RQ�WKH�LQIRUPDWLRQ�VRXUFH�XVH

DQG�QRQ�XVH�LV�EDVHG�RQ�DQ�HPSLULFDO�LQYHVWLJDWLRQ�RI�WKH�LQIRUPDWLRQ
ZRUN�RI�1RUGLF�DUFKDHRORJLVWV� 7KH�PDWHULDO�FRQVLVWV�RI����WKHPDWLF
LQWHUYLHZV�RI�)LQQLVK�DQG�6ZHGLVK�DUFKDHRORJ\�SURIHVVLRQDOV�FRQ�
GXFWHG�LQ������ $ W\SLFDO�LQWHUYLHZ�WRRN�����PLQXWHV� 7KH�VKRUWHVW
ODVWHG�����PLQXWHV�DQG�WKH�WZR�ORQJHVW�����PLQXWHV� :RUN�GXWLHV�RI
WKH�LQIRUPDQWV�UDQJH�IURP�HGXFDWLRQ�WR�ÀHOG�DUFKDHRORJ\� PXVHXP
ZRUN�DQG�FXOWXUDO�KHULWDJH�PDQDJHPHQW� 7KH�HPSLULFDO�GDWD�ZHUH
FROOHFWHG�XVLQJ�DQ�DGDSWHG�YHUVLRQ�RI�D�VHPL�VWUXFWXUHG�DSSURDFK
FDOOHG�WKHPDWLF�LQWHUYLHZ��+LUVMlUYL�	�+XUPH������ ������� 7KH
TXDOLWDWLYH�QDWXUH�RI�WKH�VWXG\�DQG�IDFW�WKDW�WKH�LQIRUPDQWV�UHSUHVHQW
6ZHGLVK�DQG�)LQQLVK�DUFKDHRORJLVWV�OLPLW�WKH�JHQHUDOL]DELOLW\�RI�WKH
UHVXOWV�EH\RQG�WKH�VSHFLÀF�FRQWH[W�RI�WKH�VWXG\� 7KH�ULFKQHVV�RI�WKH
GDWD�DOORZHG� KRZHYHU� WKH�PDNLQJ�RI�DQDO\WLFDO�LQIHUHQFHV�WKDW�DUH
OLNHO\�WR�EH�UHOHYDQW�RXWVLGH�WKH�VSHFLÀF�FRQWH[W�RI�WKH�SUHVHQW�VWXG\�

7KH�LQWHUYLHZ�GDWD�ZDV�DQDO\VHG�RQ�WKH�EDVLV�RI�GLJLWLVHG�WDSH�UH�
FRUGLQJV�DQG�GUDIW�WUDQVFULSWLRQV� 7KH�XVH�RI�GLJLWDO�WUDQVFULSWLRQ
VRIWZDUH�DOORZHG�D�VLPXOWDQHRXV�SURFHVVLQJ�RI�WKH�DXGLR�WUDFN�DQG
WKH�WH[W� 7KH�HQWLUH�WUDQVFULSWLRQ�DQG�FRGLQJ�ZRUN�ZDV�FRQGXFWHG�E\
WKH�DXWKRU� ZKLFK�HOLPLQDWHV�WKH�ELDV�FDXVHG�E\�D�SRVVLEOH�ODFN�RI
LQWHUFRGHU�UHOLDELOLW\� 7KH�VLPXOWDQHRXV�SURFHVVLQJ�RI�WUDQVFULSWLRQ
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DQG�DXGLR�GDWD�UHGXFHG�WKH�QHHG�WR�FRPSOHWH�D�FRPSUHKHQVLYH�WUDQ�
VFULSWLRQ�RI�HYHU\�XWWHUDQFH�DQG�\HW�PDGH�LW�SRVVLEOH�WR�ZRUN�ZLWK
D�FRPSOHWH�VHW�RI�GDWD��UHIHUHQWLDO�DGHTXDF\�/LQFROQ�	�*XED������
��������� )RU�WKH�SXUSRVHV�RI�FLWDWLRQ� HDFK�RI�WKH����LQGLYLGXDOV
ZHUH�DVVLJQHG�D�UDQGRP�OHWWHU�EHWZHHQ�$ DQG�= ZULWWHQ�EHWZHHQ
EUDFNHWV�LQ�WKH�SUHVHQW�DUWLFOH� IRU�LQVWDQFH�>$@��)XUWKHUPRUH� WKH
DSSURDFK�DOORZHG�D�FRQWLQXRXV�HYDOXDWLRQ�DQG�UHYLVLRQ�RI�WKH�WUDQ�
VFULSWLRQV�LQ�RUGHU�WR�LQFUHDVH�WKHLU�UHOLDELOLW\� 7KH�GDWD�DQDO\VLV�ZDV
EDVHG�RQ�D�FRPELQDWLRQ�RI�WKH�FRQVWDQW�FRPSDUDWLYH�PHWKRG��6WUDXVV
����� &RUELQ�	�6WUDXVV�������DQG�VFKHPD�EDVHG�DSSURDFKHV�5\DQ
	�%HUQDUG������� ��������� 7KH�DQDO\VLV�ZDV�HODERUDWHG�LQ�WKH�ODWHU
VWDJHV�XVLQJ�ZULWLQJ�DV�DQ�H[SOLFLW�IRUP�RI�LQTXLU\��5LFKDUGVRQ�������

,QIRUPDWLRQ�ZRUN�LQ�DUFKDHRORJ\
$UFKDHRORJ\�FDQ�EH�GHVFULEHG�WR�EH�DQ�LQIRUPDWLRQ�LQWHQVLYH�VFKRO�

DUO\�GLVFLSOLQH�DQG�SURIHVVLRQ�WKDW�KDV�D�VSHFLÀF�DLP�RI�H[SOLFDWLQJ
SDVW�KXPDQ�DFWLYLW\�RQ�WKH�EDVLV�RI�LWV�PDWHULDO�UHPDLQV��UHIHUUHG�DV
·DUFKDHRORJLFDO�PDWHULDO·���0DQDFRUGD������ ����� $ JURXQGHG�WKH�
RU\��*ODVHU�	�6WUDXVV�������EDVHG�VFKHPD�DQDO\VLV��5\DQ�	�%HUQ�
DUG������ ���������RI�WKH�LQWHUYLHZ�GDWD�IURP�WKH�LQWHUYLHZV�LQGLF�
DWHG�WKDW�DUFKDHRORJLFDO�ZRUN�PD\�EH�VWUXFWXUHG�LQ�VHYHQ�PDMRU�QRQ�
H[FOXVLYH�FDWHJRULHV� OLVWHG�LQ�7DEOH���

7KH�EDVLF�REMHFWLYH�RI�DUFKDHRORJLFDO�ZRUN�PD\�EH�GHVFULEHG�DV
SUHVHUYLQJ�DQG�PDQDJLQJ�NQRZQ�DQG�SURVSHFWLYH�VLWHV��D�SODFH�ZKHUH
VRPH�WUDFHV�RI�SDVW�KXPDQ�DFWLYLW\�KDYH�EHHQ�SUHVHUYHG��DQG�DUHDV
RI�DUFKDHRORJLFDO�LQWHUHVW� LQYHVWLJDWLQJ�WKHP�DQG�PDLQWDLQLQJ�WKH
LQIRUPDWLRQ�DFTXLUHG�IRU�SUHVHQW�DQG�IXWXUH�XVH� H�J� IRU�WKH�SXUSRVHV
RI�UHVHDUFK�DQG�SXEOLF�LQWHUHVW��'DUYLOO������ 7ULJJHU������ 5HQIUHZ
	�%DKQ������� $UFKDHRORJ\�LQFRUSRUDWHV�ERWK�DFDGHPLF�UHVHDUFK
DQG�SURIHVVLRQDO�FUDIWVPDQVKLS� DQG�LQ�SUDFWLFH� LW�LV�RIWHQ�GLIÀFXOW
WR�GLVWLQJXLVK�WKH�WZR�
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&DWHJRU\ :RUN�SURÀOH
$FDGHPLF�WHDFKLQJ (GXFDWLRQ�RI�IXWXUH�DUFKDHRORJLVWV�DW

XQLYHUVLWLHV�
)LHOG�DUFKDHRORJ\ ([FDYDWLRQV�DQG�DUFKDHRORJLFDO

ÀHOGZRUN�
$QWLTXDULDQ &ROOHFWLRQ�PDQDJHPHQW�DQG�DUWHIDFW

DQDO\VLV�GXWLHV�DW�DUFKDHRORJLFDO
PXVHXPV�DQG�UHVHDUFK�LQVWLWXWLRQV�

3XEOLF
GLVVHPLQDWLRQ

3RSXODUL]DWLRQ�RI�DUFKDHRORJLFDO
NQRZOHGJH�LQ�GLIIHUHQW�IRUPV� ERRNV�
ÀOPV� PXVHXP�H[KLELWLRQV�DQG
ZRUNVKRSV�

$FDGHPLF�UHVHDUFK $FDGHPLF�UHVHDUFK�LQ�DUFKDHRORJ\�
&XOWXUDO�KHULWDJH
DGPLQLVWUDWLRQ

&XOWXUDO�KHULWDJH�PDQDJHPHQW�GXWLHV�LQ
VWDWH�RUJDQL]DWLRQV�UHVSRQVLEOH�IRU�WKH
SUHVHUYDWLRQ�RI�DUFKDHRORJLFDO�KHULWDJH�

,QIUDVWUXFWXUDO
GHYHORSPHQW

'HYHORSPHQW�RI�PHWKRGV�DQG
WHFKQLTXHV�IRU�DUFKDHRORJLFDO�ZRUN� H�J�
DQDO\VLV�PHWKRGV� LQIRUPDWLRQ�V\VWHPV
RU�EHVW�SUDFWLFHV�

7DEOH��� &DWHJRULHV�RI�DUFKDHRORJLFDO�ZRUN

��



7KH�HPSLULFDO�ÀQGLQJV�VXSSRUW�WKH�YLHZ�RI�*DUGLQ������� �����RI
WKH�OD\RXW�RI�WKH�DUFKDHRORJLFDO�LQIRUPDWLRQ�SURFHVV� +H�GHVFULEHV
DUFKDHRORJLVWV·�LQWHOOHFWXDO�SURFHVV�DV�DQ�LWHUDWLYH�F\FOH�RI�REVHUYD�
WLRQ� HODERUDWLRQ�DQG�SXEOLFDWLRQ� ,W�LV�W\SLFDO�WKDW�WKH�LQWHOOHFWXDO
UHDVRQLQJ�DQG�DOO�WKUHH�SKDVHV�RI�WKH�F\FOH�RFFXU�LQ�DOO�RI�WKH�FDW�
HJRULHV�RI�DUFKDHRORJLFDO�ZRUN��7DEOH���� ERWK�LQ�WKH�¶PRUH·�SURIHV�
VLRQDOO\�DQG�¶PRUH·�DFDGHPLFDOO\�RULHQWHG�RQHV� 7KH�VFRSH�DQG�H[�
WHQW�RI�WKH�SURFHVV�YDU\�EHWZHHQ�LQGLYLGXDOV�DQG�FDWHJRULHV�RI�ZRUN�
DQG�WKH\�WHQG�WR�EH�VXERUGLQDWHG�WR�WKH�SUHPLVHV�DQG�REMHFWLYHV�RI
WKH�LQIRUPDWLRQ�DFWLYLW\�WKDW�UHODWHV�WR�WKH�LPPHGLDWH�JRDOV�RI�WKH�DV�
VLJQPHQWV�DQG�GXWLHV�DW�KDQG�

7KH�HPSLULFDO�PDWHULDO�VKRZV�WKDW�WKH�SULQFLSDO�VRXUFH�RI�DUFKDH�
RORJLFDO�LQIRUPDWLRQ�IRU�DOO�LQWHUYLHZHG�DUFKDHRORJ\�SURIHVVLRQDOV
LV�DUFKDHRORJLFDO�PDWHULDO�DQG��ÀUVW�KDQG��LQYHVWLJDWLRQ�UHSRUWV� 7KH
GDLO\�XVH�RI�DUFKDHRORJLFDO�PDWHULDO�DV�D�GLUHFW�VRXUFH�RI�LQIRUPDWLRQ
YDULHV�DFURVV�GLIIHUHQW�FDWHJRULHV�RI�DUFKDHRORJLFDO�ZRUN� EXW�DOO�LQ�
IRUPDQWV�ZHUH�YHU\�H[SOLFLW�DERXW�WKH�RULJLQV�RI�WKH�LQIRUPDWLRQ�WKH\
XVH� $UFKDHRORJLFDO�PDWHULDO�FRQVLVWV�RI�D�YDULHW\�RI�PDWHULDO�REMHFWV
WKDW�DUH�FDSDEOH�RI�VKHGGLQJ�OLJKW�WR�SDVW�KXPDQ�DFWLYLW\� ,W�FRPSULVHV
LQGLYLGXDO�REMHFWV��H�J� VKDUGV�RI�SRWWHU\� WRROV�DQG�UHOHYDQW�QDWXUDO
REMHFWV�� EXLOGLQJV� DQG�GLIIHUHQW�NLQGV�RI�VWUXFWXUHV�VXFK�DV�ÀHOGV�
URDGV�DQG�WKHLU�UHPDLQV��5HQIUHZ�	�%DKQ������� 7KH�LQWHUYLHZHHV·
GHVFULSWLRQV�RI�WKH�DUFKDHRORJLFDO�LQYHVWLJDWLRQ�SURFHVV�IROORZ�WKH
GHVFULSWLRQV�IRXQG�LQ�WKH�DUFKDHRORJLFDO�OLWHUDWXUH��H�J� 5RVNDPV
����� -RXNRZVN\������� $UFKDHRORJLFDO�VLWHV�DUH�LQYHVWLJDWHG�E\
H[FDYDWLQJ�RU�VXUYH\LQJ� DUFKDHRORJLVWV�GRFXPHQW�WKHLU�ÀQGLQJV�DQG
WKH�LQYHVWLJDWLRQ�SURFHVV�DQG�GXULQJ�D�SRVW�LQYHVWLJDWLRQ�SKDVH� ZULWH
XS�DQG�GUDIW�WKH�ÀQDO�DUFKLYDEOH�YHUVLRQV�RI�WKHLU�VNHWFKHV�DQG�QRWHV�
DQG�SUHSDUH�DQ\�UHWULHYHG�ÀQGV�IRU�VWRUDJH�

7KH�DUFKDHRORJLFDO�PDWHULDO�LV�XVHG�DV�EXLOGLQJ�EORFNV�LQ�D�SURFHVV
RI�FRQVWUXFWLQJ�DQ�XQGHUVWDQGLQJ�RI�WKH�SDVW�KXPDQ�DFWLYLW\�DW�KDQG�
7KH�SURFHVV�FRPELQHV�LQIRUPDWLRQ�IURP�WKH�DUFKDHRORJLFDO�UHPDLQV
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ZLWK�VHFRQGDU\�LQIRUPDWLRQ�DYDLODEOH�IURP�D�YDULHW\�RI�VRXUFHV��H�J�
/LWHUDWXUH� SHUVRQDO�FRPPXQLFDWLRQ�� 7KH�QDWXUH�RI�DUFKDHRORJLFDOO\
UHOHYDQW�LQIRUPDWLRQ�YDULHV�FRQVLGHUDEO\�DQG�FRPSULVHV�ERWK�TXDQW�
LWDWLYH�VFLHQWLÀF�LQIRUPDWLRQ� DQG�TXDOLWDWLYH�DQG�FRPSDUDWLYH�LQIHU�
HQFHV� 'XH�WR�WKH�KHWHURJHQHLW\�RI�WKH�LQIRUPDWLRQ�DQG�WKH�GLVWDQFH
EHWZHHQ�WKH�SUHVHQW�GD\�DUFKDHRORJ\�SURIHVVLRQDO�DQG�SDVW�KXPDQ
EHLQJV� WKH�SURFHVVHV�RI�LQIRUPDWLRQ�VHHNLQJ� XVH�DQG�SURGXFWLRQ�DUH
KLJKO\�FRPSOH[�DQG�SODFH�D�VSHFLDO�HPSKDVLV�RQ�WKH�FRQWH[WV�RI�WKH
VWXG\�DQG�RI�WKH�VWXGLHG�SDVW�

,QIRUPDWLRQ�VRXUFHV
$UFKDHRORJLFDO�PDWHULDO

$UFKDHRORJLFDO�PDWHULDO��DUWHIDFWV� IHDWXUHV� VWUXFWXUHV� QRQ��DUWH�
IDFWXDO�RUJDQLF�RU�HQYLURQPHQWDO�UHPDLQV� 5HQIUHZ�	�%DKQ�������LV
XVHG�LQ�ÀHOG�DUFKDHRORJ\�DQG�DQWLTXDULDQ�ZRUN�UROHV�DV�DQ�LQIRUPD�
WLRQ�VRXUFH�RQ�DQ�HYHU\GD\�EDVLV� 7KH�XVH�RI�DUFKDHRORJLFDO�PDWHULDOV
LV�IUHTXHQW�DOVR�LQ�DFDGHPLF�UHVHDUFK�DQG�SXEOLF�GLVVHPLQDWLRQ� 7KH
LQIRUPDQWV�HPSKDVLVHG�WKH�QHFHVVLW\�RI�DGHTXDWH�PHWD�LQIRUPDWLRQ
DERXW�WKH�ORFDWLRQ�DQG�WKH�GDWH�RI�D�ÀQG� DQG�D�GHVFULSWLRQ�RI�LWV�DS�
SHDUDQFH� PDWHULDO�DQG�PHDVXUHV�>$OO@� 7KH�GHVFULSWLYH�LQIRUPDWLRQ
LV�QHHGHG�IRU�LGHQWLÀFDWLRQ� DQG�LW�DOVR�VHUYHV�DV�D�EDVLF�FRQWH[W�IRU
VWXG\LQJ�DQG�HYDOXDWLQJ�WKH�ÀQG�DQG�LWV�IXQFWLRQ� :LWKRXW�WKH�PHWD�
LQIRUPDWLRQ� WKH�LQIRUPDWLRQ�YDOXH�RI�WKH�ÀQGV�ZRXOG�EH�VLJQLÀFDQWO\
ORZHU�

,QIRUPDQWV�IHOW�WKDW�RULJLQDO�DUFKDHRORJLFDO�PDWHULDO�ZRXOG�EH�GLI�
ÀFXOW�WR�VXEVWLWXWH�ZLWK�DJJUHJDWHV�VXFK�DV�WH[WXDO�GHVFULSWLRQV� GUDZ�
LQJV� SKRWRJUDSKV�RU�WKUHH�GLPHQVLRQDO�PRGHOV� 9LVLWLQJ�WKH�PX�
VHXPV�DQG�DUFKDHRORJLFDO�FROOHFWLRQV�LQ�SHUVRQ�ZDV�SHUFHLYHG�WR�EH
LPSRUWDQW�E\�DOO�RI�WKH�LQWHUYLHZHHV� 7KH�LQIRUPDQWV�VDZ�WKH�FROOHF�
WLRQV�FOHDUO\�DV�D�IRUP�RI�·FDSLWDO·��%URFNPDQ�HW�DO� ������
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+RZHYHU� WKH�DJJUHJDWHV�ZHUH�LQGLFDWHG�WR�EH�EHWWHU�WKDQ�QRWK�
LQJ�LI�WKH�RULJLQDO�PDWHULDOV�SURYHG�WR�EH�LQDFFHVVLEOH� 2I�WKH�DJ�
JUHJDWHV� WKH�LQIRUPDQWV�WHQGHG�WR�SUHIHU�WKUHH�GLPHQVLRQDO�PRGHOV�
SKRWRJUDSKV�DQG�GUDZLQJV��LQ�WKDW�RUGHU�RI�SUHIHUHQFH�� 6HFRQGDU\
SXEOLFDWLRQV�ZHUH�FRQVLGHUHG�WR�EH�XVHIXO� EXW�WKH\�ZHUH�JHQHUDOO\
VHHQ�WR�ODFN�FRPSUHKHQVLYHQHVV�DQG�QHFHVVDU\�GHWDLOV��FI� /|QQTYLVW
����� ���� ,Q�FRQWUDVW�ZLWK�/|QQTYLVW·V�VWXG\��FI� /|QQTYLVW������
���� WKH�EXUHDXFUDWLF�SUREOHPV�GLG�QRW�VHHP�WR�EH�D�GHFLVLYH�LVVXH
IRU�WKH�LQIRUPDQWV�LQWHUYLHZHG�IRU�WKH�SUHVHQW�VWXG\� 7KH�GLIIHUHQFH
PD\�EH�H[SODLQHG�E\�WKH�EHWWHU�DFFHVVLELOLW\�RI�WKH�1RUGLF�FROOHFWLRQV
�PDMRULW\�LQ�WKH�FXUUHQW�VWXG\��FRPSDUHG�WR�WKH�FROOHFWLRQV�ORFDWHG�LQ
WKH�6RXWKHUQ�(XURSH��PDMRULW\�LQ�/|QQTYLVW������ ����

/LWHUDWXUH
7KH�VFKRODUO\�DQG�SURIHVVLRQDO�OLWHUDWXUH�SOD\V�D�FHQWUDO�UROH�IRU

WKH�LQIRUPDQWV� $UWLFOHV�ZHUH�SUHIHUUHG�E\�WKRVH�LQWHUYLHZHHV�ZKR
ZRUNHG�ZLWK�VSHFLÀF�TXHVWLRQV�DQG�GXWLHV�>H�J� %��&��,��/@ WKDW�GLG
QRW�HQFRPSDVV�WKH�SULQFLSDO�FUHDWLRQ�RI�SULPDU\�LQIRUPDWLRQ� ,QWHU�
YLHZHHV�WHQGHG�WR�UHVRUW�WR�WKH�LQVWLWXWLRQDO�UHSRVLWRULHV�DQG�SHUVRQDO
FRQWDFWV�LQ�DFTXLULQJ�DUWLFOHV�>H�J� $��&��)��+��,��/��0@��0RVW�RI�WKH�LQ�
IRUPDQWV�ZHUH�PHPEHUV�RI�WKH�QDWLRQDO�DUFKDHRORJLFDO�DVVRFLDWLRQV�
VSHFLDOLVHG�DVVRFLDWLRQV� VXFK�DV�D�VRFLHW\�IRU�PHGLHYDO�RU�PDULWLPH
DUFKDHRORJ\� RU�WKH\�VXEVFULEHG�WR�WKHLU�MRXUQDOV�

$V�D�ZKROH� WKH�VLJQLÀFDQFH�RI�MRXUQDOV��ERWK�SULQWHG�DQG�HOHF�
WURQLF��LQ�DUFKDHRORJ\�LV�FOHDUO\�ORZHU�WKDQ�LQ�WKH�VFLHQFHV� ,Q�WKLV�UH�
VSHFW�WKH�SUHVHQW�VWXG\�VXSSRUWV�WKH�HDUOLHU�ÀQGLQJV��/|QQTYLVW������
����FI� &RUNLOO�	�0DQQ������� 7KLV�FRPSDUHV�WR�WKH�JHQHUDO�SDWWHUQV
REVHUYHG�LQ�WKH�KXPDQLWLHV��$KOElFN������ 7LEER������ 7KRPSVRQ
����� 6��(��:LEHUOH\������ /DULYLqUH�HW�DO� ������ 7KH�JHQHUDO�RE�
VHUYDWLRQ�RQ�WKH�SUHYDOHQFH�RI�PRQRJUDSKV��H�J� 7KRPSVRQ������
LQ�WKH�KXPDQLWLHV�GLG�QRW� KRZHYHU� UHFHLYH�XQHTXLYRFDO�VXSSRUW�LQ
WKLV�VWXG\� 6RPH�RI�WKH�LQIRUPDQWV�LQGLFDWHG�WKDW�WKH\�SUREDEO\�XVHG
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PRUH�PRQRJUDSKV�WKDQ�DUWLFOHV�>9��6@��EXW�D�VLJQLÀFDQW�JURXS�RI�WKHP
VDLG�WKDW�WKH\�DFWXDOO\�XVHG�PRUH�DUWLFOHV�>H�J� $��*��4@��7KH�ÀQGLQJV
RI�WKH�SUHVHQW�LQYHVWLJDWLRQ�VHHP�WR�LQGLFDWH�WKDW�WKH�DFWXDO�SUHIHUHQFH
EHWZHHQ�DUWLFOHV�DQG�PRQRJUDSKV�GHSHQGV�SULPDULO\�RQ�WKH�SUHFLVH
QDWXUH�RI�WKH�SXUSRVHV�RI�WKH�LQIRUPDWLRQ�ZRUN�>$��2��3��6��8��;@�
-RXUQDOV�SURYLGH�IRFXVHG�DQG�RIWHQ�WHFKQLFDO�GHVFULSWLRQV�DQG�VWXGLHV
RI�UHODWLYHO\�UHVWULFWHG�WKHPHV�>$��%��&��)��*��,��0��2��4��9@��$UWLFOHV
ZHUH�SHUFHLYHG�WR�EH�PRUH�XS�WR�GDWH�>*��3��4@ 7KHLU�VLJQLÀFDQW�UROH
LQ�VXSSRUWLQJ�WKH�JHQHUDO�DZDUHQHVV�IXQFWLRQ�LV�DOVR�RI�FRQVHTXHQFH
>$��2@�

0RVW�RI�WKH�DUFKDHRORJLFDO�MRXUQDOV�WHQG�WR�EH�VSHFLDOLVHG�ERWK
LQ�WHUPV�RI�WKHLU�VXEMHFW�DQG�JHRJUDSKLFDO�FRYHUDJH� ,Q�VSLWH�RI�WKH
LQWHUQDWLRQDOLVDWLRQ�RI�WKH�UHVHDUFK�FRPPXQLW\�DQG� HVSHFLDOO\� GHV�
SLWH�WKH�EURDGHQLQJ�RI�WKH�WKHRUHWLFDO�GHEDWH� DUFKDHRORJ\�LV�VWLOO�D
VLJQLÀFDQWO\�QDWLRQDO�SURMHFW�LQ�WKH�1RUGLF�FRXQWULHV� 6RPH�LQGL�
YLGXDO�ÀHOGV�VXFK�DV�FODVVLFDO�DUFKDHRORJ\�RU�DUFKDHRORJLFDO�VFLHQFH
PD\�FODLP�WKH�H[LVWHQFH�RI�D�EURDGHU�LQWHUQDWLRQDO�FRPPXQLW\�RI�UH�
VHDUFKHUV� (YHQ�WKHQ� KRZHYHU� WKH�WRWDO�QXPEHU�RI�SDUWLFLSDWLQJ
UHVHDUFKHUV�UHPDLQV�UHODWLYHO\�ORZ�LQ�FRPSDULVRQ�WR�WKH�HPSKDWLF�
DOO\�LQWHUQDWLRQDO�GLVFLSOLQHV�VXFK�DV�WKH�JHQHWLF�VFLHQFH��FI� 6WDU�	
5XKOHGHU�������

0DQ\�RI�WKH�VSHFLDOLVW�WKHPHV�DQG�VXE�GLVFLSOLQHV�RI�DUFKDHRORJ\
KDYH�WKHLU�RZQ�MRXUQDOV��H�J� 0(7$ DQG�6.$6 IRU�PHGLHYDO�DUFKDH�
RORJ\�DQG�,QWHUQDWLRQDO�-RXUQDO�RI�1DXWLFDO�$UFKDHRORJ\�IRU�QDXWLFDO
DQG�PDULWLPH�DUFKDHRORJ\�� %HVLGHV�WKHLU�LPSRUWDQFH�ZLWKLQ�WKH�VSH�
FLÀF�VXE�GLVFLSOLQHV� VRPH�RI�WKH�LQGLYLGXDO�MRXUQDOV�ZHUH�LQGLFDWHG
WR�KDYH�VLJQLÀFDQFH�DOVR�IRU�WKH�LQIRUPDQWV� ZKR�ZHUH�RFFDVLRQDOO\
LQ�QHHG�RI�VSHFLDOLVW�LQIRUPDWLRQ�RXWVLGH�WKH�SUHFLVH�IRFXV�RI�WKHLU
RZQ�H[SHUWLVH��H�J� DQWLTXDULDQV�DQG�ÀHOG�DUFKDHRORJLVWV�� 7KH�VWDWXV
RI�WKHVH�SXEOLFDWLRQV�YDULHG�FRQVLGHUDEO\� KRZHYHU� $V�ZLWK�MRXUQ�
DOV� VRPH�RI�WKH�QDWLRQDOO\�RU�WKHPDWLFDOO\�GLVWLQFWLYH�VHULHV�ZHUH
FRQVLGHUHG�WR�EH�PRUH�UHOHYDQW�WKDQ�WKH�RWKHUV��H�J� )HQQRVFDQGLD

��



$UFKDHRORJLFD�� 7KHLU�QXPEHU�DQG�JHQHUDO�VLJQLÀFDQFH�VHHPHG�WR
EH�UDWKHU�ORZ�

$ VLPXOWDQHRXV�UHDVRQ�DQG�H[SODQDWLRQ�IRU�WKH�GLYHUVLW\�RI�WKH
SXEOLFDWLRQV�LV�WKH�KLJK�SURSRUWLRQ�RI�DUFKDHRORJLFDO�SHULRGLFDOV�DQG
OLWHUDWXUH�WKDW�DUH�SXEOLVKHG�LQ�QDWLRQDO�ODQJXDJHV� 7KLV�SDWWHUQ�LV
UHODWHG�WR�WKH�VRFLDO�RUJDQLVDWLRQ�RI�DUFKDHRORJ\� ZKLFK�LV�UDWKHU
QDWLRQ�FHQWULF� %HVLGHV�EHLQJ�DQ�H[SUHVVLRQ�RI�¶WULEDOLVP·� WKH�SDW�
WHUQV�RI�SXEOLFDWLRQ�FRQWULEXWH�WR�WKH�FRQWLQXDQFH�RI�VPDOO�VFDOH�FR�
RSHUDWLRQ�E\�UHGXFLQJ�WKH�LQWHUQDWLRQDO�FLUFXODWLRQ�RI�WKH�LQIRUPD�
WLRQ� 7KH�6ZHGLVK�LQIRUPDQWV�UHJUHWWHG�WKHLU�ODFN�RI�VNLOOV�LQ�)LQQLVK�
ZKLOH�ERWK�WKH�)LQQLVK�DQG�WKH�6ZHGLVK�LQWHUYLHZHHV�PHQWLRQHG�WKH
SUREOHPV�FDXVHG�E\�WKHLU�LQVXIÀFLHQW�NQRZOHGJH�RI�WKH�QHLJKERXULQJ
6ODYLF�ODQJXDJHV�>H�J� +��2��7��:@��6XFK�ODQJXDJH�VNLOOV�ZRXOG�EH
KLJKO\�UHOHYDQW�GXH�WR�WKH�SUR[LPLW\�DQG�VLPLODULW\�RI�WKH�DUFKDHROR�
JLFDO�PDWHULDOV�DQG�PDWHULDO�FXOWXUHV�LQ�1RUWK�HDVWHUQ�(XURSH�

0RQRJUDSKV�DUH�W\SLFDOO\�IDYRXUHG�E\�WKRVH�ZKR�VHHN�H[WHQVLYH
LQIRUPDWLRQ�RQ�D�UHODWLYHO\�QRQ�VSHFLÀF�WRSLF�>H�J� 2��4@ RU�ZRUN
LQ�WHDFKLQJ�RU�LQ�SXEOLF�GLVVHPLQDWLRQ� DQG�E\�WKRVH�ZKR�QHHG�WR
FRQQHFW�D�VSHFLÀF�SLHFH�RI�LQIRUPDWLRQ�WR�D�ODUJHU�FRQWH[W� $ JRRG
PRQRJUDSK�LV�D�FRPSUHKHQVLYH�RYHUYLHZ�H�J� RI�D�VLWH�RU�D�WKHPH�
+LJK�TXDOLW\�LOOXVWUDWLRQV�DQG�GHWDLOHG�LQIRUPDWLRQ�DGG�WR�WKHLU�YDOXH
DV�UHIHUHQFHV�>+@��7KH�QRYHOW\�RI�ERWK�WKH�PRQRJUDSKV�DQG�DUWLFOHV
SOD\�D�FHQWUDO�UROH�LQ�WKHLU�XVDELOLW\�DV�LQIRUPDWLRQ�VRXUFHV� HYHQ
WKRXJK�WKLV�DVSHFW�LV�QRW�DV�LPSRUWDQW�DV�LQ�WKH�VFLHQFHV��7HQRSLU�HW
DO� ������ &RPSDUHG�WR�WKH�DUWLFOHV� WKH�XVH�RI�WKH�PRVW�LPSRUWDQW
VWDQGDUG�PRQRJUDSKV�LV�OLNHO\�WR�EH�PRUH�LQWHQVLYH� 7KH�LQWHUYLHZV
DOVR�LQGLFDWHG�WKDW�WKH�LQIRUPDQWV�ZHUH�PRUH�OLNHO\�WR�UHWXUQ�WR�D
PRQRJUDSK�WKDQ�WR�DQ�DUWLFOH� (VSHFLDOO\�REVHUYDWLRQV�DQG�H\HZLW�
QHVV�UHSRUWV�RQ�SDVW�LQYHVWLJDWLRQV�DQG�YLVLWV�WKDW�KDYH�EHHQ�SXEOLVKHG
LQ�D�PRQRJUDSK�UHWDLQ�WKHLU�YDOXH�RYHU�WLPH� HYHQ�WKRXJK�VRPH�RI�WKH
LQWHUSUHWDWLRQV�DQG�SURSRVLWLRQV�PD\�XWOLPDWHO\�EH�UHMHFWHG�
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,Q�FRPSDULVRQ�WR�VFLHQWLVWV�DQG� WR�D�GHJUHH� VRFLDO�VFLHQWLVWV��H�J�
(UGHOH]�	�0HDQV������ 7HQRSLU�HW�DO� ����� +HUPDQ������� WKH�LQ�
IRUPDQWV�ZHUH�UDWKHU�LQIUHTXHQW�XVHUV�RI�HOHFWURQLF�OLWHUDWXUH� 7KH
PRVW�RI�WKH�LQIRUPDQWV�DFNQRZOHGJHG�WKH�LQFUHDVLQJ�VLJQLÀFDQFH�RI
HOHFWURQLF�UHVRXUFHV�DQG�ZHUH�DZDUH�RI�WKH�JURZLQJ�QXPEHU�RI�WKH
UHOHYDQW�MRXUQDOV�DQG�GDWD�VRXUFHV�DYDLODEOH�RQOLQH�>H�J� *��0@ �0�
-��%DWHV�������EXW�XVHG�WKHP�RQO\�VSRUDGLFDOO\� 7KH�VLWXDWLRQ�KDV
OLNHO\�FKDQJHG�VLQFH�WKH�LQWHUYLHZV� DOWKRXJK�QRW�DV�VLJQLÀFDQWO\�DV
PLJKW�EH�H[SHFWHG� EHFDXVH�WKH�PDMRULW\�RI�WKH�MRXUQDOV�DQG�PRQR�
JUDSK�VHULHV�OLVWHG�E\�WKH�LQIRUPDQWV�DUH�VWLOO�DYDLODEOH�LQ�SULQW�RQO\
YHUVLRQV�

%HVLGHV�WKH�DSSDUHQW�SHUVLVWHQFH�RI�WKH�KDELWV�RI�WKH�LQIRUPDQWV�
DQRWKHU�FOHDU�H[SODQDWLRQ�IRU�WKH�FRPSDUDWLYHO\�ORZ�XVDJH�RI�HOHF�
WURQLF�PDWHULDOV�LV�WKHLU�UHODWLYH�VFDUFLW\�LQ�VHYHUDO�VSHFLDOLVW�ÀHOGV
RI�DUFKDHRORJ\� 7KH�LQIRUPDQWV�ZKR�KDG�FURVV�GLVFLSOLQDU\�FRQWDFWV
DQG�UHVHDUFK�LQWHUHVWV�WKDW�FRLQFLGHG�ZLWK�WKH�QDWXUDO�VFLHQFHV�HP�
SKDVLVHG�WKH�LPSRUWDQFH�DQG�YDOXH�RI�HOHFWURQLF�GDWD�VHUYLFHV� 7KH\
DOVR�FRQWUDVWHG�WKH�DEXQGDQFH�RI�HOHFWURQLF�GDWD�VRXUFHV�LQ�WKH�VFL�
HQFHV�WR�WKHLU�VFDUFLW\�LQ�DUFKDHRORJ\�>'��1��9@��7KH�SUHVHQW�HYRO�
XWLRQDU\�SKDVH�RI�WKH�HOHFWURQLF�MRXUQDO�XVH�PLJKW�EH�UHODWHG�WR�WKH
´HYROYLQJµ�SKDVH�LQ�WKH�FDWHJRULVDWLRQ�SURSRVHG�E\�7HQRSLU�HW�DO�
������� HYHQ�WKRXJK�WKH�SUHVHQW�VWXG\�GRHV�QRW�SURYLGH�GDWD�IRU�FRP�
SDUDEOH�ORQJLWXGLQDO�FRPSDULVRQV�

5HSRUWV
$UFKDHRORJLFDO�LQYHVWLJDWLRQ�UHSRUWV��D�IRUPDO�UHSRUW�ZULWWHQ�WR

GRFXPHQW�WR�DQ�LQYHVWLJDWLRQ�SURFHVV�DQG�ÀQGLQJV��ZHUH�LQWHUHVW�
LQJO\�PHQWLRQHG�DV�EHLQJ�LPSRUWDQW�IDU�PRUH�RIWHQ�WKDQ�WKH\�ZHUH
XVHG�DQG�DFWXDOO\�UHSRUWHG�DV�EHLQJ�XVHIXO� $ W\SLFDO�FRPPHQW�ZDV�
´, XVH�WKHP�OHVV�WKDQ�, FRXOGµ�>H�J� 2��4@��7KH�W\SLFDO�SUREOHPV�ZLWK
WKH�UHSRUWV�LQFOXGHG�WKDW�WKH\�XVXDOO\�DUH�WRR�VSHFLÀF�WR�VPDOO�H[FDY�
DWLRQV�RU�WRR�JHQHUDO�DERXW�ODUJH�RQHV� DQG�WKDW�WKH�UHSRUWHG�UHVXOWV
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DUH�QRW�YHU\�ZHOO�WLHG�LQWR�D�ODUJHU�IUDPH�RI�UHIHUHQFH� 2Q�VHYHUDO�RF�
FDVLRQV�WKH�UHSRUWV�ZHUH�VWDWHG�WR�EH�GLIÀFXOW�WR�DFFHVV� EHFDXVH�WKH
FRQVXOWDWLRQ�UHTXLUHG�WUDYHOOLQJ�WR�WKH�FDSLWDO�FLW\�RU�DQRWKHU�GLVWDQW
SODFH�

5HJDUGOHVV�RI�WKH�SUREOHPV� D�UHSRUW�ZDV�VHHQ�DV�D�SULPDU\�VRXUFH
RI�DUFKDHRORJLFDO�LQIRUPDWLRQ�RQ�D�SDUWLFXODU�H[FDYDWLRQ�DQG�VLWH�
6HFRQGDU\�SXEOLFDWLRQV�ZHUH�RIWHQ�VHHQ�DV�DEULGJHPHQWV� ZKLFK�GLG
QRW�JLYH�HQRXJK�LQIRUPDWLRQ�RQ�WKH�VXEMHFW�PDWWHU�WR�EH�XVHIXO�LQ
IXUWKHU�VFKRODUO\�FRQVLGHUDWLRQV� 7KH�SULQFLSDO�LPSRUWDQFH�RI�WKH�UH�
SRUWV�DV�ÀUVW�KDQG�DFFRXQWV�ZDV�DOVR�HPSKDVLVHG�E\�WKH�DFDGHPLF
HGXFDWRUV� 7KH\�DOVR�XQGHUOLQHG�WKDW�LW�LV�QHFHVVDU\�WKDW�WKHLU�VWXGHQWV
XVH�RULJLQDO�UHSRUWV�LQ�RUGHU�WR�EHFRPH�DFTXDLQWHG�ZLWK�WKLV�SDUWLFX�
ODU�W\SH�RI�LQIRUPDWLRQ�VRXUFH�>0��=@���VHH�DOVR�5DQLQHQ�������

$FDGHPLF�WKHVHV
7KH�SHUFHLYHG�UROH�RI�WKHVHV�DQG�GLVVHUWDWLRQV�DV�LQIRUPDWLRQ�VRXUFHV

VKRZV�VRPH�YDULDWLRQ� 0RVW�RI�WKH�LQIRUPDQWV�DJUHHG�WKDW�WKH�YDOXH
RI�D�WKHVLV�GHSHQGV�RQ�LWV�FRQWHQWV� 7KH�VFKRODUO\�QDWXUH�RI�D�WKHVLV
GRHV�QRW�DIIHFW�LWV�TXDOLW\�DV�D�VRXUFH�RI�LQIRUPDWLRQ� )LHOG�DUFKDH�
RORJLVWV�WHQGHG�WR�EH�LQWHUHVWHG�LQ�HYHU\WKLQJ�WKDW�PLJKW�WRXFK�XSRQ
WKH�VXEMHFW�RI�WKHLU�UHVHDUFK� 7KH\�ZHUH�JHQHUDOO\�QRW�HPSKDWLFDOO\
FRQFHUQHG�DERXW�WKH�IRUPDO�TXDOLÀFDWLRQV�RU�OHYHO�RI�WKH�WKHVHV� $Q
XQGHUJUDGXDWH�HVVD\�ZDV�DVVHVVHG�WR�EH�SRWHQWLDOO\�XVHIXO� QRW�XQ�
OLNH�D�GRFWRUDO�GLVVHUWDWLRQ� $FDGHPLFV�DQG� LQWHUHVWLQJO\� \RXQJHU
DUFKDHRORJLVWV�WHQGHG�WR�EH�PRUH�VHQVLWLYH�WR�JRRG�IRUPDO�TXDOLÀFD�
WLRQV��L�H� JUDGH��DQG�WKH�KLJK� SUHIHUDEO\�GRFWRUDO� OHYHO�RI�WKH�WKHVHV
>'��*��4��9��=@��&RQVLGHULQJ�WKH�XVHIXOQHVV�RI�WKH�WKHVHV� VRPH�RI
WKH�LQWHUYLHZHHV�UHPDUNHG�WKDW�WKH�IRUPDO�VFKRODUO\�FULWHULD�GLG�RF�
FDVLRQDOO\�PDNH�D�WKHVLV�GLIÀFXOW�WR�UHDG�>&��1��3��:@��8QSXEOLVKHG
WKHVHV�DUH�RIWHQ�DOVR�UDWKHU�GLIÀFXOW�WR�REWDLQ� ZKLFK�ZDV�QRWHG�WR
UHGXFH�WKHLU�XVDELOLW\�DV�DQ�LQIRUPDWLRQ�VRXUFH�>H�J� ,��.@�
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5HIHUHQFH�ZRUNV
6SHFLDOLVHG�UHIHUHQFH�ZRUNV�DUH�UHODWLYHO\�VFDUFH�LQ�WKH�1RUGLF

DUFKDHRORJ\�DQG�LQ�PDQ\�RI�LWV�VSHFLDO�ÀHOGV�>=@��7KH�DQQXDO�1RU�
GLF�$UFKDHRORJLFDO�$EVWUDFWV��1$$� PRQRJUDSKV�ZHUH�WKH�SUHYDLO�
LQJ�JHQHUDO�UHIHUHQFH�PHQWLRQHG�E\�WKH�LQWHUYLHZHHV� .XOWXUKLVWRU�
LVN�OH[LNRQ�I|U�QRUGLVN�PHGHOWLG��(QJ� 7KH�/H[LFRQ�RI�WKH�&XO�
WXUDO�+LVWRU\�RI�WKH�0LGGOH�$JHV�LQ�WKH�1RUGLF�&RXQWULHV��ZDV�PHQ�
WLRQHG�E\�VHYHUDO��SULPDULO\��6ZHGLVK�UHVSRQGHQWV�DV�D�EDVLFDOO\�QRQ�
DUFKDHRORJLFDO� EXW�VWLOO�LPSRUWDQW�JHQHUDO�UHIHUHQFH�ZRUN�RQ�HDUO\�
PHGLHYDO�DQG�PHGLHYDO�FXOWXUH�LQ�6ZHGHQ�>2��5��6��*��9��-��.��1@��,Q
VSLWH�RI�WKH�VFDUFLW\�RI�DUFKDHRORJLFDO�UHIHUHQFH�ZRUNV� WKH�LQIRUP�
DQWV�FRXOG�UHO\�RQ�WKH�UHOHYDQW�UHIHUHQFH�ZRUNV�IURP�UHODWHG�GLVFLS�
OLQHV� VXFK�DV�VKLSEXLOGLQJ�LQ�PDULWLPH�DUFKDHRORJ\� ,Q�PDQ\�FDVHV
VRPH�PHWLFXORXVO\�FRPSLOHG�VWDQGDUG�ZRUNV�VXFK�DV�FRPSUHKHQVLYH
GLVVHUWDWLRQV�RU�PRQRJUDSKV�PD\�VHUYH�DV�D�UHIHUHQFH�ZRUN�>+��9@��,Q
FRQWUDVW�WR�FODVVLFDO�DUFKDHRORJ\��/|QQTYLVW������ ���� PRVW�RI�WKH
VSHFLDO�ÀHOGV�RI�DUFKDHRORJ\�ODFN�D�VLPLODU�FRPSUHKHQVLYH�DSSDUDWXV
RI�UHIHUHQFH�ZRUNV�

'DWDEDVHV
7KH�LQWHUYLHZHHV�ZHUH�UHODWLYHO\�DFWLYH�XVHUV�RI�VPDOO�VFDOH�GDWD�

EDVHV�WKDW�DUH�VSHFLÀFDOO\�EXLOW�IRU�WKHLU�SHUVRQDO�QHHGV�RU�IRU�WKHLU
KRPH�LQVWLWXWLRQ� 0RVW�RI�WKH�LQIRUPDQWV�GHVFULEHG�WKDW�WKH\�ZRUN
ZLWK�WKH�SURSULHWDU\�GDWDEDVHV�RI�WKHLU�RZQ�LQVWLWXWLRQ�RU�VPDOO�GDWD�
EDVHV�PDGH�E\�WKHPVHOYHV�IRU�WKHLU�YHU\�VSHFLÀF�UHVHDUFK�DQG�UHSRUW�
LQJ�QHHGV�>H�J� $��%��&��'��,��-��1��3��4��:@��7KH�QDWLRQDO�KHULWDJH�DX�
WKRULWLHV�KDYH�FHQWUDOLVHG�FROOHFWLRQ�DQG�VLWH�UHJLVWHUV�DOWKRXJK�WKH\
WHQG�WR�EH�IDU�IURP�FRPSUHKHQVLYH� 2OG�OHJDF\�V\VWHPV�H[LVW�DQG�DUH
EHLQJ�XVHG�WRJHWKHU�ZLWK�WKH�QHZ�V\VWHPV� %HVLGHV�WKH�VHYHUDO�FHQW�
UDO�UHSRVLWRULHV� DGGLWLRQDO�FDWDORJXLQJ�PD\�EH�GRQH�LQ�\HW�DQRWKHU
V\VWHP�LQ�RUGHU�WR�VHUYH�VRPH�VSHFLDO�QHHGV� VXFK�DV�WKH�PDLQWHQDQFH
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RI�D�ORDQV�LQYHQWRU\�>H�J� )��,@��7KH�H[LVWHQFH�RI�PXOWLSOH�GDWDEDVHV
LV�ODUJHO\�H[SODLQHG�E\�D�FKURQLF�ODFN�RI�IXQGLQJ�IRU�LQWHJUDWLRQ� FRQ�
YHUVLRQV�DQG�FDWDORJXLQJ�RI�WKH�XQUHJLVWHUHG�GDWD� 0RVW�LQVWLWXWLRQV
KDYH�EHJXQ�WR�UHJLVWHU�WKHLU�QHZ�GDWD�LQ�HOHFWURQLF�UHSRVLWRULHV� W\SLF�
DOO\�IURP�WKH�ODWH�����·V�RQZDUGV� 7KH�GDWDEDVH�LV�W\SLFDOO\�SDUDOOHO
WR�D�SK\VLFDO�DUFKLYH�>2��3��4��5��9��:��$��&��'��)��,��-��1@�

8QIRUWXQDWHO\� WKH�TXDOLW\�RI�WKH�UHSRVLWRULHV�DOVR�VKRZV�FRQVLG�
HUDEOH�YDULDWLRQ� $V�RQH�RI�WKH�LQIRUPDQWV�SRLQWHG�RXW� QRW�DOO�RI�WKH
GDWD�HQWU\�ZRUN�KDV�EHHQ�SURIHVVLRQDO�DQG�FRQVLVWHQW�>'@��,Q�VSLWH
RI�WKH�LPPDQHQW�VKRUWFRPLQJV� WKH�GDWDEDVHV�ZHUH�FRQVLGHUHG�WR�EH
YLWDO�WRROV�HVSHFLDOO\�LQ�FXOWXUDO�KHULWDJH�DGPLQLVWUDWLRQ� ,Q�JHQHUDO�
WKH�DUFKDHRORJLVWV�ZRUNLQJ�LQ�FXOWXUDO�KHULWDJH�DGPLQLVWUDWLRQ�ZHUH
PRVW�DFWLYH�LQ�WKHLU�XVDJH�RI�GDWDEDVHV�DQG�HOHFWURQLF�LQIRUPDWLRQ
UHVRXUFHV� ,QGLYLGXDO�UHVSRQGHQWV�LQGLFDWHG�WKDW�WKH\�PRVWO\�XVH
GDWDEDVHV�WKDW�DUH�SXEOLVKHG�DQG�PDLQWDLQHG�E\�WKHLU�KRPH�LQVWLWX�
WLRQV�>H�J� $@��0RVW�RI�WKH�UHOHYDQW�H[WHUQDO�GDWDEDVHV�FRYHU�VHFRQG�
DU\�VXEMHFWV�VXFK�DV�WKH�QDWXUDO�VFLHQFHV� QRW�DUFKDHRORJ\� /LEUDU\
23$&V�DQG�ZHE�SDJHV�ZLWK�FRQWDFW�LQIRUPDWLRQ�ZHUH�DOVR�PHQWLRQHG
DV�XVHIXO�GDWDEDVHV�>H�J� 3��4��5��7��9��:��;��=@��7KH�RYHUDOO�ODFN�RI
XVHIXO�DQG�FRPSOHWH�DUFKDHRORJLFDO�GDWDEDVHV�ZDV�ZLGHO\�DFNQRZ�
OHGJHG� 7KH�VDPH�QRWLRQ�DSSOLHV�WR�DOO�IRUPV�RI�HOHFWURQLF�PHGLD�
2QO\�RQH�LQIRUPDQW� ZKR�ZRUNV�ZLWK�D�VSHFLDOLVHG�QDWXUDO�VFLHQFH
WRSLF�LQ�WKH�ÀHOG�RI�DUFKDHRORJLFDO�UHVHDUFK� ZDV�D�KHDY\�XVHU�RI�HOHF�
WURQLF�UHVRXUFHV� ,Q�VSLWH�RI�WKH�VFDUFLW\�RI�VXFK�UHVRXUFHV� PDQ\�RI
WKH�LQWHUYLHZHHV�ZHUH�HQWKXVLDVWLF�DERXW�WKHP��FI� /|QQTYLVW������
���� 3DUW�RI�WKH�HQWKXVLDVP�PD\�EH�FUHGLWHG�WR�WKH�DWWHPSWV�WR�VDW�
LVI\�WKH�LQWHUYLHZHU� EHFDXVH�WKH�LQYLWDWLRQ�WR�WKH�LQWHUYLHZ�FRXOG�EH
UHDG�DV�DQ�LQGLFDWLRQ�RI�D�VSHFLDO�LQWHUHVW�LQ�FRPSXWHULVHG�LQIRUPD�
WLRQ�V\VWHPV� 7KH�WHQGHQF\�RI�VDWLVI\LQJ�WKH�LQWHUYLHZHU�LV� KRZHYHU�
XQOLNHO\�WR�JURXQG�DOO�RI�WKH�RSWLPLVP� 7KH�LQWHUYLHZV�JDYH�D�FOHDU
LQGLFDWLRQ�RI�WKH�JHQHUDOO\�SRVLWLYH�H[SHULHQFHV�RI�DQG�H[SHFWDWLRQV
IRU�HOHFWURQLF�GDWD�DQG�LQIRUPDWLRQ�UHVRXUFHV� 7KHUHIRUH� LW�PD\�EH
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VXJJHVWHG�WKDW�WKHVH�SRVLWLYH�DWWLWXGHV�VKRXOG�EH�WDNHQ�DV�DQ�H[SOLFLW
LPSHWXV�WR�ZRUN�IXUWKHU�ZLWK�FRPSXWHULVHG�LQIRUPDWLRQ�PDQDJHPHQW
DQG�WKH�GHYHORSPHQW�RI�HOHFWURQLF�LQIRUPDWLRQ�UHVRXUFHV�IRU�DUFKDH�
RORJLFDO�XVH�

3ODQV�DQG�PDSV
7RSRJUDSKLF�DQG�WKHPDWLF�FKDUWV�DQG�H[FDYDWLRQ�DQG�VLWH�PDSV

DV�ZHOO�DV�SURÀOH�SODQV�ZHUH�XVHG�E\�DOO�LQIRUPDQWV� 7KHLU�LPSRUW�
DQFH�DSSHDUHG�WR�EH�ORZHU�LQ�DUWHIDFW�FHQWULF�ZRUN�>%��*��,��=@ WKDQ�LQ
ÀHOGZRUN� FXOWXUDO�KHULWDJH�DGPLQLVWUDWLRQ�RU�ODQGVFDSH�UHODWHG�VWXG�
LHV� 7KH�LQWHUYLHZHHV�H[SUHVVHG� KRZHYHU� WKDW�DQ�XQGHUVWDQGLQJ�RI
VSDWLDO�UHODWLRQV�DQG�GLPHQVLRQV�LV�QHFHVVDU\�LQ�DOO�DUFKDHRORJLFDO
ZRUN� DQG�LW�LV�EDVHG�RQ�PDSV�DQG�SODQV� 7KH�FDUWRJUDSKLF�PDWHU�
LDO�SURYLGHV�YLWDO�LQIRUPDWLRQ�RQ�WKH�VWUDWLJUDSKLF�DQG�VXEVHTXHQWO\
FKURQRORJLFDO�UHODWLRQV� VSDWLDO�GLVWULEXWLRQV�DQG�UHODWLRQV�RI�WKH�SRLQWV
RI�LQWHUHVW� $ PDS�DOVR�KHOSV�WR�VLWXDWH�DQG�FRQWH[WXDOLVH�WKH�HQWLUH
LQWHOOHFWXDO�SURFHVV�WKDW�LV�UHODWHG�WR�D�VSHFLÀF�VLWH� 7KH�HVVHQWLDOLW\
RI�SODQV�DQG�PDSV�LV�DFFHQWXDWHG�LQ�WKH�ÀHOG�DUFKDHRORJ\� ([FDYDW�
LQJ�DUFKDHRORJLVWV�XVH�PXOWLSOH�VPDOO�VFDOH�SODQV�DQG�PDSV�WR�GRFX�
PHQW�WKH�H[FDYDWLRQ�ZRUN� 6XUYH\RUV�XVH�D�YDULHW\�RI�GHWDLOHG�DQG
ODUJHU�VFDOH�WRSRJUDSKLF� KLVWRULFDO�DQG�WKHPDWLF�PDSV�IRU�LGHQWLI\�
LQJ�SRWHQWLDO�VLWHV�>)��1@�

3KRWRJUDSKV�DQG�WKH�PRYLQJ�LPDJH
3KRWRJUDSKV�DUH�DQRWKHU�FHQWUDO�LQVWUXPHQW�RI�DUFKDHRORJLFDO�FRP�

PXQLFDWLRQ��FI� XQOLNH�LQ�/|QQTYLVW������ ��������� (YHU\�VLQJOH�DU�
FKDHRORJLVW�DOPRVW�LQYDULDEO\�XVHV�SKRWRJUDSKV� $SDUW�IURP�D�YLVLW
WR�DQ�DUFKDHRORJLFDO�VLWH�RU�D�ÀUVW�KDQG�FRQWDFW�ZLWK�D�ÀQG� SKRWR�
JUDSKV�DUH�WKH�PRVW�LPSRUWDQW�LQVWUXPHQW�IRU�PHGLDWLQJ�LQIRUPDWLRQ
RQ�SULPDU\�PDWHULDOV�
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$ FRXSOH�RI�LQIRUPDQWV�KDG�FRQVLGHUHG�XVLQJ�PRYLQJ�LPDJHV�LQ
ÀHOG�GRFXPHQWDWLRQ�>1��)@��2QO\�D�IHZ�LQGLYLGXDOV�KDG�KDG�DQ\�GLUHFW
H[SHULHQFHV� DQG�IRU�PRVW�WKH�LGHD�RI�XVLQJ�D�YLGHR�DV�DQ�LQIRUPDWLRQ
VRXUFH�LQ�DUFKDHRORJ\�ZDV�D�QHZ�RQH� 0RVW�RI�WKH�GLVFXVVHG�WUL�
DOV�DFWXDOO\�GRQH�LQ�ODQG�DUFKDHRORJ\�ZHUH�SXUHO\�H[SHULPHQWDO�DQG
SULPDULO\�GLUHFWHG�WRZDUGV�SURGXFLQJ�YLGHR�IRRWDJH�IRU�SXEOLF�GLV�
VHPLQDWLRQ�SXUSRVHV�>3��1@��1R�RQH�KDG�PDGH�DQ\�PDMRU�DWWHPSWV�WR
XVH�YLGHR�LQ�SKRWRJUDPPHWULFDO�GRFXPHQWDWLRQ��&RVPDV�HW�DO� �����
RI�VLWHV�RU�LQ�WKH�GRFXPHQWDWLRQ�RI�WKH�H[FDYDWLRQ�SURFHVV��+RGGHU
������ ,Q�FRQWUDVW�WR�ODQG�DUFKDHRORJLVWV� PDULWLPH�DUFKDHRORJLVWV
XVH�YLGHR�H[WHQVLYHO\� 7KH�SULPDU\�UHDVRQ�WR�UHVRUW�WR�WKH�PRYLQJ
LPDJH�LV�WKH�OLPLWHG�WLPH�WKDW�FDQ�EH�VSHQW�RQ�DQ�XQGHUZDWHU�VLWH� 7KH
XVH�RI�D�YLGHR�FDPHUD�DOORZV�FRQWLQXRXV�GRFXPHQWDWLRQ�WKURXJKRXW
WKH�GLYH�DQG�WKXV�PD[LPLVHV�WKH�LQSXW�>$OO�PDULWLPH�DUFKDHRORJLVWV@�
7KH�WKHRUHWLFDO�SRVVLELOLW\�RI�FRYHULQJ�DQ�LQYHVWLJDWLRQ�FRPSOHWHO\
E\�ÀOPLQJ�DQG�ODWHU�UHZLQGLQJ�WKH�SURFHVV� DWWUDFWHG�VHYHUDO�ODQG�DU�
FKDHRORJLVW�LQIRUPDQWV�>H�J� (��3@��7KH�SUREOHPV�RI�DUFKLYLQJ�DQG
EURZVLQJ� KRZHYHU� ZRXOG�OLPLW�WKH�XVDELOLW\�RI�VXFK�FRPSUHKHQV�
LYH�YLGHR�GRFXPHQWDWLRQ�

6RFLDO�SUDFWLFHV�RI�LQIRUPDWLRQ�VKDULQJ
,Q�VSLWH�RI�WKH�LPSRUWDQFH�RI�SK\VLFDO�DQG�OLWHUDU\�VRXUFH�PDWHU�

LDOV� WKH�PRVW�VLJQLÀFDQW�VRXUFH�RI�LQIRUPDWLRQ�IRU�WKH�LQWHUYLHZHHV
ZDV�WKH�VRFLDO�FRQWDFWV�ZLWK�FROOHDJXHV�DQG�H[SHUWV�RI�VHYHUDO�UHODWHG
GLVFLSOLQHV� %HFDXVH�RI�WKH�FRQYHUJHQFH�RI�SUDFWLFDO�ZRUN�DQG�DFD�
GHPLF�UHVHDUFK� WKH�DUFKDHRORJLVWV�RQO\�VHOGRP�ZRUN�HQWLUHO\�DORQH
�XQOLNH�H�J� KLVWRULDQV�LQ�7LEER������� 7KH�VWHUHRW\SH�RI�¶ORQH�KX�
PDQLWLHV�UHVHDUFKHUV·�LV�QRW�DFFXUDWH�LQ�WKH�FRQWH[W�RI�DUFKDHRORJ\�

(YHQ�LI�DQ�DFDGHPLF�DQG�UHVHDUFK�RULHQWHG�DUFKDHRORJLFDO�DFWLYLW\
LWVHOI�ZHUH�WR�LQYROYH�FRQVLGHUDEOH�SHULRGV�RI�LQGHSHQGHQW�ZRUN� WKLV
GRHV�QRW�LPSO\�WKDW�WKH�UHVHDUFKHUV�ZRXOG�QRW�XVH�RU�EHQHÀW�IURP�LQ�
IRUPDO�FRPPXQLFDWLRQ��UHI� /|QQTYLVW������� ����� ([FDYDWLRQV�DUH
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D�JURXS�HIIRUW�ERWK�SUDFWLFDOO\�DQG�LQWHOOHFWXDOO\� DOWKRXJK�WKH�XOWL�
PDWH�LQWHOOHFWXDO�DXWKRULW\�LV�KHOG�E\�WKH�GLUHFWRU�RI�WKH�LQYHVWLJDWLRQ�
$FDGHPLF�UHVHDUFK�LQ�DUFKDHRORJ\�LV�SDUWO\�DQ�LQGLYLGXDO�HQWHUSULVH�
DOWKRXJK�WKH�FURVV�GLVFLSOLQDULW\�RI�WKH�GDWD�WHQGV�WR�UHTXLUH�RFFD�
VLRQDO�FRQVXOWDWLRQ�RI�FROOHDJXHV�DQG�RWKHU�VSHFLDOLVWV� 6LPLODUO\�
ZRUN�LQ�SXEOLF�GLVVHPLQDWLRQ� DFDGHPLF�HGXFDWLRQ� LQIUDVWUXFWXUDO
GHYHORSPHQW�DQG�FXOWXUDO�KHULWDJH�DGPLQLVWUDWLRQ�LV�D�FROOHFWLYH�HI�
IRUW� ,QGLYLGXDOV�DUH�IUHH�WR�PDNH�WKHLU�RZQ�GHFLVLRQV� EXW�FROOHDJXHV
DUH�FRQVXOWHG�ZLWK�VXFK�IUHTXHQF\�WKDW�WKH\�PDLQWDLQ�VWULFW�FROOHFWLYH
FRQWURO�RI�WKH�LQWHOOHFWXDO�ZRUN� &ROOHDJXHV�SURYLGH�GLUHFW�LQIRUPD�
WLRQ� SRLQWHUV�WR�WKLQJV�WKH\�DUH�DZDUH�RI� DIÀUPDWLRQ�DQG�FRQÀUPD�
WLRQ�>$OO@� 7KH�UROH�RI�WKH�FRPPXQLW\�RI�FROOHDJXHV�DV�DQ�LPSRUWDQW
VRXUFH�RI�LQIRUPDWLRQ�LV�HPSKDVLVHG� EHFDXVH�WKH�IRUPDO�SXEOLFDWLRQ
FKDQQHOV�DUH�UHODWLYHO\�VFDUFH� UHVRXUFHV�IRU�DGHTXDWH�DQG�WKRURXJK
SXEOLFDWLRQ�RI�UHVHDUFK�UHVXOWV�DUH�JHQHUDOO\�ODFNLQJ� DQG�WKH�QXP�
EHU�RI�DFWLYH�SUDFWLWLRQHUV�LQ�DUFKDHRORJ\�LV�UHODWLYHO\�VPDOO�LQ�ERWK
)LQODQG�DQG�6ZHGHQ�

7KH�FRPSOH[LW\�DQG�LPSRUWDQW�UROH�RI�VRFLDO�LQIRUPDWLRQ�VKDULQJ
ZDV�PDGH�DSSDUHQW�LQ�WKH�LQWHUYLHZV� 7KH�VWUDWHJLHV�RI�VKDULQJ�XWLO�
LVHG�LQ�SURIHVVLRQDO�DUFKDHRORJLFDO�ZRUN�JURXSV� DQG�WHDPV�HQJDJHG
LQ�ÀHOG�DUFKDHRORJ\�SURMHFWV�DQG�RWKHU�VLPLODU�XQGHUWDNLQJV� GR�VHHP
WR�EHDU�D�QRWLFHDEOH�UHVHPEODQFH�WR�WKH�VWUDWHJLHV�DQG�UHVRQV�IRU�VKDU�
LQJ�GHVFULEHG�E\�&URQLQ�������� 7KH�UHFLSURFDO�VKDULQJ�RI�LQIRUPD�
WLRQ�UHVHPEOHV�D�V\VWHP�RI�JLYLQJ�DQG�UHFHLYLQJ�JLIWV��0DXVV������
&URQLQ������ 7DOMD������ +DOO������� 6RFLDO�H[FKDQJH�LV�EDVHG�PRUH
RQ�DQ�H[SHFWDWLRQ�RI�HPHUJLQJ�EHQHÀWV�WKDQ�RQ�GLUHFW�QHHGV�DQG�WKH
VHWWLQJ�RI�JRDOV�

2QO\�D�IHZ�DFDGHPLF�UHVHDUFK� WHDFKLQJ�DQG�ÀHOG�DUFKDHRORJ\�
RULHQWHG�DUFKDHRORJLVWV�VDLG�WKDW�WKH\�IUHTXHQWO\�UHOLHG�RQ�LQIRUPD�
WLRQ�VSHFLDOLVWV�VXFK�DV�OLEUDULDQV� 7KHVH�UHVXOWV�FRQIRUP�ZLWK�VHYHUDO
RWKHU�LQYHVWLJDWLRQV�DQG�REVHUYDWLRQV�RQ��DFDGHPLF��LQIRUPDWLRQ�EH�
KDYLRXU��H�J� .XKOWKDX������ ��� +M¡UODQG������ 6LPPRQGV�	�$Q�
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GDOHHE������� 7KH�VLWXDWLRQ�ZDV�VOLJKWO\�GLIIHUHQW�ZLWK�WKH�LQIRUPDQWV
ZKR�ZRUNHG�ZLWK�SXEOLF�GLVVHPLQDWLRQ� FROOHFWLRQ�PDQDJHPHQW�DQG
FXOWXUDO�KHULWDJH�DGPLQLVWUDWLRQ�UHODWHG�GXWLHV� EXW�WKH�RYHUDOO�SLF�
WXUH�PD\�ZHOO�EH�GHVFULEHG�DV�´GLVDSSRLQWLQJµ��+M¡UODQG�������IURP
D�OLEUDU\�DQG�LQIRUPDWLRQ�VHUYLFH�SURWDJRQLVW·V�SRLQW�RI�YLHZ� 6HY�
HUDO�LQIRUPDQWV�LQGLFDWHG�WKDW�WKH\�IUHTXHQWO\�FRQVXOWHG�LQIRUPDWLRQ
WHFKQRORJ\�VSHFLDOLVWV�DQG�VSHFLDOLVWV�LQ�D�SDUWLFXODU�W\SH�RI�LQIRUP�
DWLRQ� VXFK�DV�QDWXUDO�VFLHQFH� JHRJUDSKLFDO�RU�VWDWLVWLFDO�GDWD�>H�J�
&��(��0��6��:��;@��7KRVH�LQIRUPDQWV�ZKR�GLG�LQGLFDWH�WKDW�WKH\
FRQVXOWHG�LQIRUPDWLRQ�VSHFLDOLVWV�GXULQJ�WKHLU�H[SOLFLW�LQIRUPDWLRQ�
VHHNLQJ� VKDUHG�WKH�FKDUDFWHULVWLFV�RI�EHLQJ�W\SLFDOO\�HOGHUO\�DQG�OHVV
FRPSXWHU�OLWHUDWH� DQG�RI�ZRUNLQJ�LQ�D�UHODWLYHO\�ODUJH�SXEOLF�RUJDQ�
LVDWLRQ�>(��0��3��6��:@��$FDGHPLFV�FRQVXOWHG�VSHFLDOLVWV�PRVW�LQIUH�
TXHQWO\� 7KH�UHOXFWDQFH�WR�FRQVXOW�DQ�LQIRUPDWLRQ�VSHFLDOLVW�VHHPV
WR�FRUUHODWH�ZLWK�D�UDWKHU�QDUURZ�SHUFHLYHG�KRUL]RQ�RI�UHOHYDQW�LQ�
IRUPDWLRQ� H[LVWHQFH�RI�ZHOO�HVWDEOLVKHG�DQG�VWDEOH�SXEOLFDWLRQ�DQG
LQIRUPDWLRQ�GLVVHPLQDWLRQ�FKDQQHOV� WKH�VPDOO�VL]H�RI�WKH�FORVHO\�UHO�
HYDQW�DUFKDHRORJLFDO�FRPPXQLW\� DQG�WKH�WUDGLWLRQV�DQG�KDELWV�RI�HV�
WHHPLQJ�SHUVRQDO�LQIRUPDWLRQ�VHHNLQJ�DQG�DFFHVV� 6HYHUDO�LQIRUP�
DQWV�DFNQRZOHGJHG�WKDW�WKH\�PLJKW�EHQHÀW�IURP�FRQVXOWLQJ�DQ�H[SHUW
LQ�LQIRUPDWLRQ�VHHNLQJ�PDWWHUV� EXW�ZHUH�DOWRJHWKHU�UDWKHU�GXELRXV
ZKHWKHU�WKH\�ZRXOG�GR�VR�LQ�WKH�IXWXUH� 7KH�UHVXOWV�DUH�FRPSDUDEOH
ZLWK�WKH�REVHUYDWLRQV�RI� IRU�LQVWDQFH� 6WHLQHURYi��������DQG�6LQJK
������ ���������WKDW�OLEUDULHV�DQG�LQIRUPDWLRQ�SURIHVVLRQDOV�QHHG�WR
VWUXJJOH�ZLWK�WKH�SUREOHPV�RI�QHZ�LQIRUPDWLRQ�HQYLURQPHQWV� WKH�VHU�
YLFH�HQFRXQWHU� DQG�LGHQWLWLHV�DQG�YLVLELOLW\�LQ�WKH�UDSLGO\�HYROYLQJ
SURFHVVHV�RI�LQIRUPDWLRQ�DFFHVV� ZKLFK�KDYH�VKLIWHG�WKH�IRFXV�WR�WKH
XVHUV·�GHVNWRSV�DQG�PDGH�WKH�LQIRUPDWLRQ�DFFHVV�SURYLGHUV�LQFUHDV�
LQJO\�WUDQVSDUHQW�LQ�WKH�SURFHVV�RI�LQIRUPDWLRQ�VHHNLQJ�DQG�XVH�
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'LVFXVVLRQ
7KH�ÀQGLQJV�RI�WKH�SUHVHQW�VWXG\�VKRZ�WKDW�WKH�FRUH�VRXUFHV�XVHG

E\�WKH�DUFKDHRORJLVWV�LQWHUYLHZHG�LQ�WKH�PLG�����V�FRQVLVW�RI�DUFKDH�
RORJLFDO�SULPDU\�PDWHULDOV��H�J� ÀQGV�DQG�VLWHV�� VFKRODUO\�OLWHUDWXUH
DQG�SHUVRQDO�FRPPXQLFDWLRQ� 5HJLVWHUV� FDWDORJXHV�DQG�GDWDEDVHV
ZHUH�LQGLFDWHG�WR�EH�RI�D�GLUHFW�LPSRUWDQFH� EXW�PRVW�RI�WKH�LQIRUP�
DQWV�UHSRUWHG�WKDW�WKH�UHFRUGV�WHQG�WR�EH�ODFNLQJ�LQ�FRPSUHKHQVLYH�
QHVV�DQG�RIWHQ�DOVR�LQ�UHOHYDQW�LQIRUPDWLRQ� 7KH�JHQHUDO�SDWWHUQV
RI�LQIRUPDWLRQ�VRXUFH�XVH�DUH�LQ�OLQH�ZLWK�WKH�ÀQGLQJV�RI�WKH�HDUOLHU
DQG�FRQWHPSRUDU\�VWXGLHV�RQ�WKH�KXPDQLWLHV�VFKRODUV� 7KH�FURVV�
GLVFLSOLQDU\�DQG�VFLHQWLÀF�WHQGHQFLHV�RI�WKH�DUFKDHRORJLFDO�SUDFWLFH
EHFDPH�DSSDUHQW�RQ�WKH�OHYHO�RI�LQGLYLGXDO�LQIRUPDWLRQ�VRXUFHV�DQG
LQIRUPDWLRQ�VHHNLQJ�DUFKDHRORJLVWV� 7KH�JHQHUDO�WHQGHQF\�WR�PDNH
GLVWLQFWLRQ�EHWZHHQ�SULPDU\�DQG�VHFRQGDU\�PDWHULDOV� D�YDULHW\�RI
LQIRUPDWLRQ�VRXUFHV�XWLOLVHG� DQG�WKH�ORQJ�OLIHVSDQ�RI�WKH�UHOHYDQW�OLW�
HUDWXUH�VHHP�WR�EH� KRZHYHU� D�FRPPRQ�FKDUDFWHULVWLF�VKDUHG�E\�WKH
DUFKDHRORJLVWV�DQG�WKH�PDMRULW\�RI�KXPDQLWLHV�VFKRODUV��H�J� 7LEER
������ ������ ,Q�WKLV�UHVSHFW� DUFKDHRORJ\�LV�FOHDUO\�RQH�RI�WKH�KX�
PDQLWLHV�LQ�)LQODQG�DQG�LQ�6ZHGHQ� DV�DOVR�WKH�SODFLQJ�RI�WKH�GHSDUW�
PHQWV�ZLWKLQ�WKH�XQLYHUVLW\�IDFXOWLHV�VXJJHVWV� 7KLV�LV�LQ�FRQWUDVW
ZLWK�WKH�1RUWK�$PHULFDQ�FRQFHSWLRQ�RI�DUFKDHRORJ\�DV�D�VRFLDO�VFL�
HQFH�DQG�D�EUDQFK�RI�DQWKURSRORJ\��'DUYLOO������ 5HQIUHZ�	�%DKQ
������

7KH�XVH�RI�LQIRUPDWLRQ�VRXUFHV�E\�WKH�DUFKDHRORJLVWV�LQWHUYLHZHG
ZDV�KLJKO\�VSHFLÀF�WR�WKH�SXUSRVHV�RI�WKH�ZRUN�DW�KDQG� ,W�YDULHV
DFFRUGLQJ�WR�WKH�VLWXDWLRQ�DQG�FRQWH[W�RI�WKH�LQIRUPDWLRQ�ZRUN� %H�
VLGHV�EHLQJ�GHSHQGHQW�RQ�SHUVRQDO�KDELWV�RI�LQIRUPDWLRQ�VRXUFH�XVH�
WKH�FKRLFH�RI�VRXUFHV�VKRZV�GLVWLQFW�ZRUN�SURÀOH�VSHFLÀF�YDULDWLRQ
RQ�WKH�OHYHO�RI�WKH�FKDUDFWHULVWLFV�DQG�WKH�VSHFLÀFLW\�RI�WKH�UHVRXUFHV�
7KH�LQIRUPDWLRQ�VRXUFH�XVH�WHQGV�WR�EH�PRUH�VSHFLÀF�ZKHQ�WKH�ZRUN
GXWLHV�LQFRUSRUDWHG�DFDGHPLF�UHVHDUFK� FROOHFWLRQ�PDQDJHPHQW� ÀHOG

��



DUFKDHRORJ\� GHYHORSPHQW�RI�PHWKRGV�DQG�WRROV�DQG�FXOWXUDO�KHULW�
DJH�DGPLQLVWUDWLRQ� ,Q�FRQWUDVW� DUFKDHRORJLVWV�ZRUNLQJ�ZLWK�SXEOLF
GLVVHPLQDWLRQ�RI�DUFKDHRORJLFDO�LQIRUPDWLRQ�DQG�DFDGHPLF�WHDFKLQJ
ZHUH�OLNHO\�WR�XVH�JHQHUDO�VRXUFHV�RI�LQIRUPDWLRQ� 6LPLODUO\� WKH
VRXUFHV�DUH�FRQVXOWHG�WR�H[WUDFW�GLIIHUHQW�W\SHV�RI�LQIRUPDWLRQ�GH�
SHQGLQJ�RQ�WKH�ZRUN�GXWLHV� HYHQ�LI�WKH�VRXUFH�LWVHOI�LV�WKH�VDPH�RQH�

$FDGHPLF�UHVHDUFK�VHHPV�WR�EH�WKH�RQO\�H[FHSWLRQ�WR�WKH�JHQHUDO
UXOH� )RU�UHVHDUFKHUV� WKHLU�XVH�RI�LQIRUPDWLRQ�VRXUFHV�WHQGV�WR�EH
VSHFLÀF�WR�FXUUHQW�UHVHDUFK�WRSLFV� EXW�DW�WKH�VDPH�WLPH� WKH�LQIRUP�
DWLRQ�LWVHOI�PD\�VHUYH�PXOWLSOH�IXQFWLRQV�LQ�LWV�YDULRXV�FRQWH[WV�DQG
VLWXDWLRQV� 7KH�QDWXUH�RI�WKH�LQIRUPDWLRQ�LV�GHWHUPLQHG�E\�WKH�VSH�
FLÀF�UHVHDUFK�TXHVWLRQV� WKHLU�PHDQLQJ� SXUSRVHV�DQG�YDOXHV� QRW�WKH
KRUL]RQ�RI�WKH�ZRUN�LWVHOI�

%DVLFDOO\�DOO�VRXUFH�PDWHULDOV� LQFOXGLQJ�DUFKDHRORJLFDO�PDWHULDO�
VHUYH�D�GXDO�SXUSRVH�RI�EHLQJ�ERWK�LQIRUPDWLRQ�FRQWDLQHUV�DQG�SRLQW�
HUV�WR�QHZ�LQIRUPDWLRQ� 6RXUFHV�PD\�FRQWDLQ�GLUHFW�OLQNV�VXFK�DV
ELEOLRJUDSKLFDO�UHIHUHQFHV� EXW�DOVR�LQGLUHFW�UHIHUHQFHV�WR�SRWHQWLDOO\
LQWHUHVWLQJ�IROORZ�XSV� VXFK�DV�WKH�PDWHULDO� WKH�ÀQG�VSRW�DQG�WKH
IRUP�RI�DQ�REMHFW� *HQHUDO�QRQ�VFKRODUO\�LQIRUPDWLRQ�VRXUFHV�VXFK
DV�QHZVSDSHUV� WHOHYLVLRQ�DQG�PDJD]LQHV�ZHUH�FRQVLGHUHG�WR�EH�RI
D�UHODWLYHO\�OLWWOH�XVH� ,QIRUPDQWV�ZKR�ZRUN�DV�FXOWXUDO�KHULWDJH�DG�
PLQLVWUDWRUV�JDYH�VRPH�ZHLJKW�WR�QHZV�EURDGFDVWV�DQG�QHZVSDSHUV
IRU�NHHSLQJ�DEUHDVW�RI�WKH�SXEOLF�GHEDWH�DQG�YDULRXV�SXEOLF�PDWWHUV�
VXFK�DV�FXUUHQW�ODQG�XVH�SODQV�>H�J� &��:@��2WKHUZLVH�WKHLU�UHOHY�
DQFH�ZDV�FRQVLGHUHG�ORZ� ZLWK�WKH�H[FHSWLRQ�RI�SURYLGLQJ�RFFDVLRQDO
SRLQWHUV�WR�RWKHU�VRXUFHV�

$ JHQHUDO�UHPDUN�PDGH�E\�VHYHUDO�LQIRUPDQWV�LV�WKDW�SXEOLVKHG�
DFFHVVLEOH�DQG�DOWRJHWKHU�H[LVWLQJ�DUFKDHRORJLFDO�LQIRUPDWLRQ�LV�RQO\
VSRUDGLFDOO\�DYDLODEOH� 7KH�SUREOHP�LV�HVSHFLDOO\�LPPDQHQW�LQ�ÀHOG
DUFKDHRORJ\� 5HSRUWV�RQ�HDUOLHU�LQYHVWLJDWLRQV�PD\�EH�HQWLUHO\�QRQ�
H[LVWHQW�RU�FRQVLVW�RI�VRPH�VFDWWHUHG�QRWHV� XQFDWDORJXHG�ÀQGV�DQG
IUDJPHQWDU\�GDWD��H�J� 5tPRQ��������7KH�RFFDVLRQDOO\�ODFNLQJ�GRF�
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XPHQWDWLRQ� WKH�VPDOO�QXPEHU�RI�UHVHDUFKHUV� DQG�FRQVHTXHQWO\�RI
WKH�SXEOLFDWLRQV� LQ�PDQ\�VSHFLDO�ÀHOGV�RI�DUFKDHRORJ\� OLPLWV�WKH
WRWDO�DPRXQW�DQG�TXDOLW\�RI�WKH�LQIRUPDWLRQ�UHVRXUFHV� 7KHVH�NLQGV
RI�VKRUWFRPLQJV�VKRZ�D�VWULNLQJ�UHVHPEODQFH�WR�WKH�REVHUYDWLRQV�RI
2FKROOD��������LQ�D�WKLUG�ZRUOG�FRQWH[W� /LNH�WKH�DFDGHPLFV�LQ�D
WKLUG�ZRUOG�XQLYHUVLW\� WKH�DUFKDHRORJLVWV�DUH�IRUFHG�WR�UHVRUW�WR�DO�
WHUQDWLYH�LQIRUPDWLRQ�DFTXLVLWLRQ�PHWKRGV� $UFKDHRORJLVWV�QHHG�WR
FRQJUHJDWH�DURXQG�WKH�DYDLODEOH�UHVRXUFHV�DQG�FKDQQHOV��FI� WKH�OLE�
UDU\�LQ�2FKROOD·V������VWXG\��DQG�WR�IRUJH�WKHP�WR�ÀOO�WKH�SODFH�RI�WKH
QRQ�H[LVWHQW�UHVRXUFHV�LQ�WKHLU�FRPPXQDO�GLVFRXUVH� 7KLV�W\SH�RI�D
IRUPDWLRQ�RI�WKH�LQIRUPDWLRQ�XVH�EHKDYLRXU�LV�QDWXUDO� EXW�LW�VLJQDOV
RI�DQ�LQHIÀFLHQF\�LQ�WKH�JHQHUDO�LQIRUPDWLRQ�SURFHVV�LQ�WKH�SURIHV�
VLRQ� ,I�WKH�ÀQDQFLDO�DQG�SUDFWLFDO�SRVVLELOLWLHV�DUH�DYDLODEOH�WR�FRQ�
GXFW�LQYHVWLJDWLRQV� WKHUH�VKRXOG�EH�HQRXJK�UHVRXUFHV�DQG�SUHVVXUH
WR�ÀQLVK�WKH�GRFXPHQWDWLRQ�SURFHVV�DGHTXDWHO\�DQG�WR�PDQDJH�WKH
LQIRUPDWLRQ�SURSHUO\�

7KH�DUFKDHRORJLVWV·�LQIRUPDWLRQ�ZRUN�UHVHPEOHV�DQ�XQQHFHVVDU\
GHJUHH�DUFKDHRORJLFDO�ZRUN�LWVHOI� $UFKDHRORJLVWV�QHHG�WR�·H[FDYDWH·
WKHLU�LQIRUPDWLRQ�IURP�LQDGHTXDWHO\�RUJDQLVHG�UHVRXUFHV� FRPELQH
VHYHUDO�VRXUFHV�DQG�LQIRUPDWLRQ�FKDQQHOV�DQG�UHO\�KHDYLO\�RQ�VRFLDO
LQIRUPDWLRQ�DFTXLVLWLRQ�HYHQ�IRU�UDWKHU�VLPSOH�WDVNV� 7KH�IXQFWLRQDO
DQG�HFRQRPLF�UHDVRQV�GR�QRW� KRZHYHU� SURYLGH�D�FRPSUHKHQVLYH�H[�
SODQDWLRQ�RI�WKH�SDWWHUQV�RI�LQIRUPDWLRQ�XVH� 7KH�NLQG�RI�WULEDOLVP
DQG�LQIRUPDWLRQ�XVH�GHVFULEHG� ZKLFK�UHVHPEOHV�WKH�DUFKDHRORJLFDO
ZRUN�LWVHOI� LV�QRW�D�GLUHFW�FRQVHTXHQFH�RI�DQDORJ\�EHWZHHQ�DUFKDH�
RORJLFDO�ÀHOGZRUN�DQG�LQIRUPDWLRQ�ZRUN� 1RW�HYHQ�WKH�VFDUFLW\�RI
UHVRXUFHV�QHFHVVDULO\�EHJHWV�VXFK�EHKDYLRXU�RXWVLGH�D�VRFLDO�PLOLHX
ZKHUH�VKDUHG�LQIRUPDWLRQ�VRXUFHV�DUH�D�SUHFRQGLWLRQ�SHU�VH�

:KHQ�LQWHUSUHWLQJ�WKH�ÀQGLQJV� LW�LV�QHFHVVDU\�WR�FRQVLGHU�WKHLU
UHWURVSHFWLYH�QDWXUH� 6HYHUDO�DVSHFWV� ERWK�WHFKQLFDO�DQG�DGPLQLV�
WUDWLYH�RQHV� KDYH�FKDQJHG�VLQFH�WKH�HPSLULFDO�PDWHULDO�ZDV�JDWKHUHG
D�GHFDGH�DJR� 0RUH�DUFKDHRORJLFDO�OLWHUDWXUH�DQG�HVSHFLDOO\�GDWD�LV
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DYDLODEOH�LQ�GLJLWDO�IRUPDWV� WKRXJK�VHOGRP�LQ�FHQWUDOLVHG�GLJLWDO�UH�
SRVLWRULHV� $OVR� WKH�XVH�RI�FRPSXWHUV�DQG�GLJLWDO�WRROV�KDV�EHFRPH
PRUH�FRPPRQ�LQ�ERWK�ÀHOGZRUN�DQG�ODWHU�VWDJHV�RI�WKH�ZRUN�SURFHVV�
)URP�D�VWUXFWXUDO�SRLQW�RI�YLHZ� WKH�FRPPHUFLDOLVDWLRQ�RI�UHVFXH�DU�
FKDHRORJ\�KDV�KDG�FRQVHTXHQFHV�IRU�WKH�DYDLODELOLW\�DQG�SURGXFWLRQ
RI�LQIRUPDWLRQ� HYHQ�WKRXJK�WKH�VLWXDWLRQ�LV�VWLOO�YHU\�PXFK�LQ�D�VWDWH
RI�GHYHORSPHQW� DQG�LW�LV�GLIÀFXOW�WR�VD\�KRZ�WKH�UHVSRQVLELOLWLHV�ZLOO
EH�GHÀQHG�LQ�WKH�IXWXUH�

(YHQ�LI�DUFKDHRORJLFDO�ZRUN�KDV�FKDQJHG�GXULQJ�D�GHFDGH� LW�LV
KDUG�WR�VHH�WKDW�DQ\�RI�WKH�REVHUYDEOH�FKDQJHV�ZRXOG�KDYH�EHHQ�UDG�
LFDO�HQRXJK�WR�KDYH�UHYROXWLRQLVHG�WKH�JHQHUDO�SLFWXUH�RI�LQIRUPD�
WLRQ�VRXUFH�XVH�LQ�DUFKDHRORJ\� 7KH�GHYHORSPHQW�RI�FHQWUDOLVHG�DU�
FKDHRORJLFDO�GDWD�DUFKLYHV� IRU�LQVWDQFH� LQ�WKH�8. DQG�WKH�1HWK�
HUODQGV� DQG�VLPLODU�SURMHFWV�LQ�RWKHU�FRXQWULHV� DQG�WKH�ZRUN�IRU�D
(XURSHDQ�DUFKDHRORJLFDO�UHVHDUFK�LQIUDVWUXFWXUH�LQ�WKH�(&�IXQGHG
$5,$'1( LQIUDVWUXFWXUH�SURMHFW�FDQ�EH�IDFWRUV�WKDW�KDYH�WKH�FDS�
DELOLW\�WR�IXQFWLRQ�DV�VLJQLÀFDQW�JDPH�FKDQJHUV� )URP�D�VWUXFWXUDO
SRLQW�RI�YLHZ� WKH�RUJDQLVDWLRQ�RI�UHVFXH�DUFKDHRORJ\�DQG�WKH�DG�
GUHVVLQJ�RI�TXHVWLRQV�RI�DUFKLYLQJ�DUFKDHRORJLFDO�PDWHULDOV�DUH�WZR
RWKHUV�LVVXHV�WKDW�PD\�FDXVH�PDMRU�FKDQJHV�LQ�KRZ�DUFKDHRORJLVWV
XVH�LQIRUPDWLRQ�VRXUFHV�LQ�WKH�IXWXUH�

&RQFOXVLRQV
,Q�FRQFOXVLRQ� WKH�ÀQGLQJV�VKRZ�WKDW�WKH�LQIRUPDWLRQ�XVH�SDWWHUQV

DQG�VRXUFH�VHOHFWLRQ�RI�WKH�LQIRUPDQWV�ZDV�DW�WKH�VDPH�WLPH�GHSHQG�
HQW�RQ�WKH�GHPDQGV�RI�WKH�PXOWLIDFHWHG�QDWXUH�RI�DUFKDHRORJLFDO�ZRUN
DQG�WKH�OLPLWDWLRQV�LPSRVHG�E\�KRZ�LQIRUPDWLRQ�LV�PDQDJHG�DQG�GLV�
VHPLQDWHG�LQ�DUFKDHRORJ\� 7ULEDOLVWLF�DQG�UDWLRQDOLVLQJ�LQIRUPDWLRQ
VRXUFH�XVH�SDWWHUQV�DUH�D�FRQVHTXHQFH�RI�WKH�H[LVWHQFH�RI�PXOWLSOH
VPDOO�VSHFLDOLVW�ÀHOGV� EXW�DOVR�RI�WKH�SHUVLVWHQFH�RI�WKH�IRUPDOLW�
LHV�DQG�WUDGLWLRQV�RI�SURGXFLQJ�DUFKDHRORJLFDO�DQG�SXEOLVKLQJ�UHV�
XOWV�SULPDULO\�LQ�QDWLRQDO�ODQJXDJHV� 7KH�UHWURVSHFW�VKRZV�WKDW�PRUH

��



RSHQ�IRUPV�DQG�SURFHVVHV�RI�GLVVHPLQDWLQJ�LQIRUPDWLRQ�DQG�V\VWHP�
DWLF�GHYHORSPHQW�RI�UHOHYDQW�ÀQGLQJ�ZRXOG�FRQWULEXWH�WR�LQFUHDVLQJ
WKH�LPSDFW�RI�DUFKDHRORJLFDO�LQIRUPDWLRQ�DQG�IDFLOLWDWH�WKH�ZRUN�RI
ERWK�DUFKDHRORJLVWV�DQG�RWKHU�VWDNHKROGHUV�RI�DUFKDHRORJLFDO�LQIRUP�
DWLRQ� $W�WKH�VDPH�WLPH� WKH�ÀQGLQJV�LPSO\�WKDW�WKH�GHYHORSPHQW
RI�VXFK�V\VWHPDWLF�SURFHVVHV�LV�QRW�PHUHO\�DQ�DGPLQLVWUDWLYH�RU�D
WHFKQRORJLFDO�WDVN� 7KH�FKRLFH�RI�LQIRUPDWLRQ�VRXUFHV�DQG�WKH�HPHU�
JHQFH�RI�LQIRUPDWLRQ�SUDFWLFHV�LQ�DUFKDHRORJ\�DUH�VRFLDO�SUDFWLFHV
ZLWK�D�EURDG�UDQJH�SUHPLVHV�WKDW�DUH�RQO\�LQGLUHFWO\�UHODWHG�WR�KRZ
DUFKDHRORJLFDO�LQIRUPDWLRQ�VKRXOG�DQG�FRXOG�EH�GLVVHPLQDWHG� PDGH
DYDLODEOH�DQG�XVHG�

5HIHUHQFHV
$KOElFN� 7��������� +XPDQLWLHV�LQIRUPDWLRQ�²�FXOWXUDO�KHULW�
DJH�DQG�KXPDQLWLHV�UHVHDUFK� 3UREOHPV�DQG�SRVVLELOLWLHV�LQ�WKH
OLJKW�RI�QHZ�WHFKQRORJ\�²�SURFHHGLQJV�RI�WKH�IRXUWK�$QJOR�
1RUGLF�VHPLQDU� KHOG�LQ�&RSHQKDJHQ�RQ�����-XQH������ ,Q�5�
(QPDUN��(G��� �S� ��������� +HOVLQNL� 1RUGLQIR�

$LWFKLVRQ� .�������� 6HSWHPEHU�� 3URÀOLQJ�WKH�SURIHVVLRQ� D
VXUYH\�RI�DUFKDHRORJLFDO�MREV�LQ�WKH�8. �7HFK� 5HS��� &RXQ�
FLO�IRU�%ULWLVK�$UFKDHRORJ\� (QJOLVK�+HULWDJH� WKH�,QVWLWXWH�RI
)LHOG�$UFKDHRORJLVWV�

%DNHZHOO� (�� %HHPDQ� :��2�� 	�5HHVH� &��������� 2EMHFW�
LPDJH� LQTXLU\� 7KH�DUW�KLVWRULDQ�DW�ZRUN� 5HSRUW�RQ�D�FRO�
ODERUDWLYH�VWXG\�E\�WKH�*HWW\�$UW�+LVWRU\�,QIRUPDWLRQ�3UR�
JUDP��$+,3� DQG�WKH�,QVWLWXWH�IRU�5HVHDUFK�LQ�,QIRUPDWLRQ�DQG
6FKRODUVKLS��,5,6���%URZQ�8QLYHUVLW\��7HFK� 5HS��� 6DQWD
0RQLFD� &$��$+,3�

%DWHV� 0�� :LOGH� '��1�� 	�6LHJIULHG� 6��������� 5HVHDUFK
SUDFWLFHV�RI�KXPDQLWLHV�VFKRODUV�LQ�DQ�RQOLQH�HQYLURQPHQW� 7KH

��



*HWW\�2QOLQH�6HDUFKLQJ�3URMHFW�5HSRUW�1R� �� /LEUDU\�DQG�,Q�
IRUPDWLRQ�6FLHQFH�5HVHDUFK� ��� �����

%DWHV� 0��-�������� )DOO�� /HDUQLQJ�DERXW�WKH�LQIRUPDWLRQ�VHHN�
LQJ�RI�LQWHUGLVFLSOLQDU\�VFKRODUV�DQG�VWXGHQWV� /LEUDU\�7UHQGV�
������ ��������

%UDWWOL� 7��������� 0DQDJLQJ�WKH�DUFKDHRORJLFDO�ZRUOG�FXOWXUDO
KHULWDJH� &RQVHQVXV�RU�UKHWRULF" 1RUZHJLDQ�$UFKDHRORJLFDO
5HYLHZ� ������ ��²���

%URDGEHQW� (��������� $ VWXG\�RI�KXPDQLWLHV�IDFXOW\�OLEUDU\�LQ�
IRUPDWLRQ�VHHNLQJ�EHKDYLRU� &DWDORJLQJ�	�&ODVVLÀFDWLRQ�4XDUW�
HUO\� ����� ������

%URFNPDQ� :��6�� 1HXPDQQ� /�� 3DOPHU� &��/�� 	�7LGOLQH� 7�
-�������� 'HFHPEHU�� 6FKRODUO\�ZRUN�LQ�WKH�KXPDQLWLHV�DQG
WKH�HYROYLQJ�LQIRUPDWLRQ�HQYLURQPHQW��7HFK� 5HS��� :DVK�
LQJWRQ�'�&�� 'LJLWDO�/LEUDU\�)HGHUDWLRQ� &RXQFLO�RQ�/LEUDU\
DQG�,QIRUPDWLRQ�5HVRXUFHV�

&DVH� '��2��������� /RRNLQJ�IRU�LQIRUPDWLRQ� $ VXUYH\�RI
UHVHDUFK�RQ�LQIRUPDWLRQ�VHHNLQJ� QHHGV� DQG�EHKDYLRU��6HFRQG
HG��� %XUOLQJWRQ� 0$��$FDGHPLF�3UHVV�

&RUELQ� -��0�� 	�6WUDXVV� $��������� *URXQGHG�WKHRU\�UH�
VHDUFK� 3URFHGXUHV� FDQRQV� DQG�HYDOXDWLYH�FULWHULD� 4XDOLW�
DWLYH�6RFLRORJ\� ������ �²���

&RUNLOO� &�� 	�0DQQ� 0��������� 'RFWRUDO�VWXGHQWV�LQ�KXPDQ�
LWLHV� D�VPDOO�VFDOH�SDQHO�VWXG\�RI�LQIRUPDWLRQ�QHHGV�DQG�XVHV
���������9RO� ��� 6KHIÀHOG� 8QLYHUVLW\�RI�6KHIÀHOG�

&RVPDV� -�� ,WHJDNL� 7�� *UHHQ� '�� -RVHSK� 1�� *RRO� /��9�� =D�
OHVQ\� $�� HW�DO� ������� 3URYLGLQJ�PXOWLPHGLD�WRROV�IRU�UHFRUG�
LQJ� UHFRQVWUXFWLRQ� YLVXDOLVDWLRQ�DQG�GDWDEDVH�VWRUDJH�DFFHVV

��



RI�DUFKDHRORJLFDO�H[FDYDWLRQV� ,Q�'��$UQROG� $��&KDOPHUV� 	
)��1LFFROXFFL��(GV��� 9$67 ������WK�LQWHUQDWLRQDO�V\PSRVLXP
RQ�YLUWXDO�UHDOLW\� DUFKDHRORJ\�DQG�LQWHOOLJHQW�FXOWXUDO�KHULWDJH�

&URQLQ� %��������� 7KH�VFKRODU·V�FRXUWHV\� 7KH�UROH�RI�DF�
NQRZOHGJHPHQWV�LQ�WKH�SULPDU\�FRPPXQLFDWLRQ�SURFHVV� 7D\ORU
*UDKDP�

'DOWRQ� 0��6�� 	�&KDUQLJR� /��������� +LVWRULDQV�DQG�WKHLU
LQIRUPDWLRQ�VRXUFHV� &ROOHJH�DQG�5HVHDUFK�/LEUDULHV� ������
��������

'DUYLOO� 7��������� $UFKDHRORJ\� 7KH�&RQFLVH�2[IRUG�'LF�
WLRQDU\�RI�$UFKDHRORJ\�

(UGHOH]� 6�� 	�0HDQV� 7��������� 0HDVXULQJ�FKDQJHV�LQ�LQ�
IRUPDWLRQ�VKDULQJ�DPRQJ�OLIH�VFLHQFH�UHVHDUFKHUV� ,Q�6��+DZDP�
GHK��(G��� .QRZOHGJH�PDQDJHPHQW� 1XUWXULQJ�FXOWXUH� LQQRY�
DWLRQ�DQG�WHFKQRORJ\� 3URFHHGLQJV�RI�WKH������LQWHUQDWLRQDO
FRQIHUHQFH�RQ�NQRZOHGJH�PDQDJHPHQW��S� ������� 6LQJDSRUH�
:RUOG�6FLHQWLÀF�

*DUGLQ� -��&��������� $UFKDHRORJLFDO�FRQVWUXFWV� DQ�DVSHFW�RI
WKHRUHWLFDO�DUFKDHRORJ\� &DPEULGJH�8QLYHUVLW\�3UHVV�

*ODVHU� %��*�� 	�6WUDXVV� $��/��������� 7KH�GLVFRYHU\�RI�JURXQ�
GHG�WKHRU\� 6WUDWHJLHV�IRU�TXDOLWDWLYH�UHVHDUFK� +DZWKRUQH�
$OGLQH�

+DOO� +�������� $XWXPQ�� %RUURZHG�WKHRU\� $SSO\LQJ�H[�
FKDQJH�SUHYLRXV�WHUPWKHRULHVQH[W�WHUP�LQ�LQIRUPDWLRQ�VFLHQFH
UHVHDUFK� /LEUDU\�	�,QIRUPDWLRQ�6FLHQFH�5HVHDUFK� ������ ����
����

��



+HUPDQ� (��������� 5HVHDUFK�LQ�3URJUHVV�3DUW���²�VRPH�SUH�
OLPLQDU\�LQVLJKWV�LQWR�WKH�LQIRUPDWLRQ�QHHGV�RI�D�FRQWHPSRUDU\
DFDGHPLF�UHVHDUFKHU� $VOLE�3URFHHGLQJV� ������ ��������

+LUVMlUYL� 6�� 	�+XUPH� +��������� 7HHPDKDDVWDWWHOX� +HO�
VLQNL� <OLRSLVWRSDLQR�

+M¡UODQG� %��������� 'RPDLQ�DQDO\VLV�LQ�LQIRUPDWLRQ�VFLHQFH�
(OHYHQ�DSSURDFKHV�²�WUDGLWLRQDO�DV�ZHOO�DV�LQQRYDWLYH� -RXUQDO
RI�'RFXPHQWDWLRQ� ������ ��������

+RGGHU� ,��������� 7KH�LQWHUSUHWDWLRQ�RI�GRFXPHQWV�DQG�PD�
WHULDO�FXOWXUH� ,Q�1��.��'HQ]LQ�	�<��6��/LQFROQ��(GV��� +DQG�
ERRN�RI�TXDOLWDWLYH�UHVHDUFK���QG�HG�� SS� ���²����� 7KRXVDQG
2DNV� &$��6DJH�

-RXNRZVN\� 0��������� $ FRPSOHWH�PDQXDO�RI�ÀHOG�DUFKDH�
RORJ\� /RQGRQ� 3UHQWLFH�+DOO�

.DUOVWU|P� $��������� 3UHVHUYLQJ�LPSHUPDQHQFH�� 7KH�FUH�
DWLRQ�RI�KHULWDJH�LQ�9LHQWLDQH� /DRV� 8QSXEOLVKHG�GRFWRUDO�GLV�
VHUWDWLRQ� 8SSVDOD�8QLYHUVLW\� $IULFDQ�DQG�&RPSDUDWLYH�$U�
FKDHRORJ\� 8SSVDOD�

.RUNHDNRVNL�9lLVlQHQ� .��������� $UNHRORJLD�WDUYLWVHH�KX�
PDQLVWLVLD�WLHWHLWl� OXRQQRQWLHWHLWl� \KWHLVNXQWDWLHWHLWl� OllNH�
WLHGHWWl��� PLWl�DUNHRORJL�WDUYLWVHH" 0XLQDLVWXWNLMD���� ������

.XKOWKDX� &��������� $ 3ULQFLSOH�RI�8QFHUWDLQW\�IRU�,QIRUPD�
WLRQ�6HHNLQJ� -RXUQDO�RI�'RFXPHQWDWLRQ� ������ ���²���

/DULYLqUH� 9�� $UFKDPEDXOW� (�� *LQJUDV� <�� 	�9LJQROD�*DJQp�
(��������� 7KH�SODFH�RI�VHULDOV�LQ�UHIHUHQFLQJ�SUDFWLFHV� &RP�
SDULQJ�QDWXUDO�VFLHQFHV�DQG�HQJLQHHULQJ�ZLWK�VRFLDO�VFLHQFHV
DQG�KXPDQLWLHV� -RXUQDO�RI�WKH�$PHULFDQ�6RFLHW\�IRU�,QIRUP�
DWLRQ�6FLHQFH�DQG�7HFKQRORJ\� ������ ���²�����

��



/LQFROQ� <��6�� 	�*XED� (��*��������� 1DWXUDOLVWLF�LQTXLU\�
%HYHUO\�+LOOV� 6DJH�

/RFN� *��������� 8VLQJ�FRPSXWHUV�LQ�DUFKDHRORJ\� 7RZDUGV
YLUWXDO�SDVWV� 5RXWOHGJH�

/|QQTYLVW� +��������� +XPDQLVWHU�V|NHU�LQIRUPDWLRQ�HOOHU�µP|WHW
PHG�GHQ�OLWDXLVNH�VNRSXWVDUHQµ��9RO� ���� (VER� 125',1)2�

/|QQTYLVW� +��������� +XPDQLVWLVND�IRUVNQLQJVSURFHVVHU�RFK
LQIRUPDWLRQVV|NDUH� 8QSXEOLVKHG�GRFWRUDO�GLVVHUWDWLRQ�

0DQDFRUGD� '��������� 3ULPD�OH]LRQH�GL�DUFKHRORJLD� 5RPD�²
%DUL� /DWHU]D�

0DXVV� 0��������� (VVDL�VXU�OH�'RQ� IRUPH�HW�UDLVRQ�GH�OpFKDQJH
GDQV�OHV�VRFLpWpV�DUFKDwTXHV� $QQpH�VRFLRORJLTXH� 6HU� �� ���
����

0HKR� /��,�� 	�7LEER� +��5��������� 0RGHOLQJ�WKH�LQIRUPDWLRQ�
VHHNLQJ�EHKDYLRU�RI�VRFLDO�VFLHQWLVWV� (OOLV·V�VWXG\�UHYLVLWHG�
-RXUQDO�RI�WKH�$PHULFDQ�6RFLHW\�IRU�,QIRUPDWLRQ�6FLHQFH�DQG
7HFKQRORJ\� ������ ���²����

2FKROOD� '��1��������� ,QIRUPDWLRQ�VHHNLQJ�EHKDYLRXU�E\�DFD�
GHPLFV� $ SUHOLPLQDU\�VWXG\� ,QWHUQDWLRQDO�,QIRUPDWLRQ�	
/LEUDU\�5HYLHZ� ������ ��������

5DQLQHQ� 6��������� 7XVNDQ�WHDWWHUL�7XUXQ�.lUVlPlHVVl� 0XLQDLV�
WXWNLMD���� ������

5HQIUHZ� &�� 	�%DKQ� 3��������� $UFKDHRORJ\� 7KHRULHV� PHWK�
RGV�DQG�SUDFWLFH���QG�HG��� 7KDPHV�DQG�+XGVRQ�

5LFKDUGVRQ� /��������� +DQGERRN�RI�TXDOLWDWLYH�UHVHDUFK� ,Q
1��.��'HQ]LQ�	�<��6��/LQFROQ��(GV��� �S� ��������� 7KRXVDQG
2DNV� &$��6DJH�

��



5tPRQ� ,��������� $UNHRORJLVWD�DDOWROLLNHWWl�²�3RUZRRQ�WXWNLPXV�
KLVWRULDD������OXYXOWD�Q\N\SlLYllQ� 6.$6���� ������

5RVNDPV� 6��������� ([FDYDWLRQ� &DPEULGJH� &DPEULGJH
8QLYHUVLW\�3UHVV�

5\DQ� *��:�� 	�%HUQDUG� +��5��������� +DQGERRN�RI�TXDOLW�
DWLYH�UHVHDUFK� ,Q�1��.��'HQ]LQ�	�<��6��/LQFROQ��(GV��� �SS�
���²����� 7KRXVDQG�2DNV� &$��6DJH�

6LPPRQGV� 3��/�� 	�$QGDOHHE� 6��6�������� 6SULQJ�� 8VDJH�RI
DFDGHPLF�OLEUDULHV� 7KH�UROH�RI�VHUYLFH�TXDOLW\� UHVRXUFHV� DQG
XVHU�FKDUDFWHULVWLFV� /LEUDU\�7UHQGV� ������ ��������

6LQJK� 5��������� 0DUNHWLQJ�FXOWXUH�RI�)LQQLVK�UHVHDUFK�OLEUDU�
LHV� 8QSXEOLVKHG�GRFWRUDO�GLVVHUWDWLRQ� ,QIRUPDWLRQ�6WXGLHV�
cER�$NDGHPL�8QLYHUVLW\� cER�

6NHDWHV� 5��������� 'HEDWLQJ�WKH�DUFKDHRORJLFDO�KHULWDJH� /RQ�
GRQ� 'XFNZRUWK�

6WDU� 6��/�� 	�5XKOHGHU� .��������� 6WHSV�WRZDUGV�DQ�HFRORJ\
RI�LQIUDVWUXFWXUH� FRPSOH[�SUREOHPV�LQ�GHVLJQ�DQG�DFFHVV�IRU
ODUJH�VFDOH�FROODERUDWLYH�V\VWHPV� ,QIRUPDWLRQ�6\VWHPV�5H�
VHDUFK� �� ��������

6WHLQHURYi� -�������� -DQXDU\�� +XPDQ�LVVXHV�RI�OLEUDU\�DQG
LQIRUPDWLRQ�ZRUN� ,QIRUPDWLRQ�5HVHDUFK� �����

6WLHJ� 0��)��������� 7KH�LQIRUPDWLRQ�RI�>VLF@�QHHGV�RI�KLVWRUL�
DQV� &ROOHJH�	�5HVHDUFK�/LEUDULHV� ��� ��������

6WRQH� 6�������� 'HFHPEHU�� +XPDQLWLHV�VFKRODUV� ,QIRUPD�
WLRQ�QHHGV�DQG�XVHV� -RXUQDO�RI�'RFXPHQWDWLRQ� ������ ����
����

��



6WRQH� 6��������� ,QWHU�OLEUDU\�ORDQV�� D�VWXG\�RI�DQWHFHGHQWV
DQG�RXWFRPHV�RI�LQWHU�OLEUDU\�ORDQ�UHTXHVWV��9RO� ��� 6KHIÀHOG�
8QLYHUVLW\�RI�6KHIÀHOG�

6WUDXVV� $��/��������� 4XDOLWDWLYH�DQDO\VLV�IRU�VRFLDO�VFLHQWLVWV�
&DPEULGJH� &DPEULGJH�8QLYHUVLW\�3UHVV�

6XÀDQ� $��������� ,QIRUPDWLRQ�VHHNLQJ�EHKDYLRXU�RI�DUFKDH�
RORJ\�DQG�KHULWDJH�PDQDJHPHQW�SURIHVVLRQDOV�RI�'HOKL� $ VWXG\�
3HDUO� $ -RXUQDO�RI�/LEUDU\�DQG�,QIRUPDWLRQ�6FLHQFH� �����

7DOMD� 6��������� ,QIRUPDWLRQ�VKDULQJ�LQ�DFDGHPLF�FRPPXQLW�
LHV� 7\SHV�DQG�OHYHOV�RI�FROODERUDWLRQ�LQ�LQIRUPDWLRQ�VHHNLQJ
DQG�XVH� 1HZ�5HYLHZ�RI�,QIRUPDWLRQ�%HKDYLRXU� �� ��������

7DOMD� 6�� 	�0DXOD� +��������� 5HDVRQV�IRU�WKH�XVH�DQG�QRQ�
XVH�RI�HOHFWURQLF�MRXUQDOV�DQG�GDWDEDVHV� $ GRPDLQ�DQDO\WLF
VWXG\�LQ�IRXU�VFKRODUO\�GLVFLSOLQHV� -RXUQDO�RI�'RFXPHQWDWLRQ�
������ ��������

7HQRSLU� &�� .LQJ� '��:�� %R\FH� 3�� *UD\VRQ� 0�� 	�3DXOVRQ�
.��/�������� -XQH�� 5HO\LQJ�RQ�HOHFWURQLF�MRXUQDOV� 5HDGLQJ
SDWWHUQV�RI�DVWURQRPHUV� -RXUQDO�RI�WKH�$PHULFDQ�6RFLHW\�IRU
,QIRUPDWLRQ�6FLHQFH�DQG�7HFKQRORJ\� ������ ��������

7HQRSLU� &�� .LQJ� '��:�� %R\FH� 3�� *UD\VRQ� 0�� =KDQJ� <��
	�(EXHQ� 0�������� 0D\�� 3DWWHUQV�RI�MRXUQDO�XVH�E\�VFLHQWLVWV
WKURXJK�WKUHH�HYROXWLRQDU\�SKDVHV� '�/LE�0DJD]LQH� �����

7HQRSLU� &�� 	�5RZODQGV� ,��������� ,QIRUPDWLRQ�%HKDYLRXU
RI�WKH�5HVHDUFKHU�RI�WKH�)XWXUH� :RUN�3DFNDJH�,,��$JH�UHODWHG
,QIRUPDWLRQ�%HKDYLRXU��7HFK� 5HS��� /RQGRQ� &,%(5��8&/�

7KRPSVRQ� -��:��������� 7KH�GHDWK�RI�WKH�VFKRODUO\�PRQR�
JUDSK�LQ�WKH�KXPDQLWLHV" &LWDWLRQ�SDWWHUQV�LQ�OLWHUDU\�VFKRODU�
VKLS� /LEUL� ��� ���²����

��



7LEER� +��5��������� $EVWUDFWLQJ� LQIRUPDWLRQ�UHWULHYDO� DQG
WKH�KXPDQLWLHV� SURYLGLQJ�DFFHVV�WR�KLVWRULFDO

OLWHUDWXUH��1R� ���� $PHULFDQ�/LEUDU\�$VVRFLDWLRQ�

7LEER� +��5��������� ,QGH[LQJ�IRU�WKH�KXPDQLWLHV� -RXUQDO�RI
WKH�$PHULFDQ�6RFLHW\�IRU�,QIRUPDWLRQ�6FLHQFH� ������ ���²����

7LEER� +��5��������� +RZ�KLVWRULDQV�ORFDWH�SULPDU\�UHVRXUFH
PDWHULDOV� (GXFDWLQJ�DQG�VHUYLQJ�WKH�QH[W�JHQHUDWLRQ�RI�VFKRO�
DUV� ,Q�$&5/ ��WK�1DWLRQDO�&RQIHUHQFH�3DSHUV�

7ULJJHU� %��*��������� $ KLVWRU\�RI�DUFKDHRORJLFDO�WKRXJKW�
&DPEULGJH�8QLYHUVLW\�3UHVV�

:HLQWUDXE� .��-��������� 7KH�KXPDQLVWLF�VFKRODU�DQG�WKH�OLE�
UDU\� /LEUDU\�4XDUWHUO\� ��� ������

:LEHUOH\� -�� 6��(�� 	�-RQHV� :��*��������� 3DWWHUQV�RI�LQIRUP�
DWLRQ�VHHNLQJ�LQ�WKH�KXPDQLWLHV� &ROOHJH�	�5HVHDUFK�/LEUDULHV�
��� ��������

:LEHUOH\� 6��(��������� $ PHWKRGRORJLFDO�DSSURDFK�WR�GHYHO�
RSLQJ�ELEOLRPHWULF�PRGHOV�RI�W\SHV�RI�KXPDQLWLHV�VFKRODUVKLS�
/LEUDU\�4XDUWHUO\� ������ ���²����

:LEHUOH\�-U�� 6��(��������� +DELWV�RI�KXPDQLVWV� 6FKRODUO\
EHKDYLRU�DQG�QHZ�LQIRUPDWLRQ�WHFKQRORJLHV� /LEUDU\�+L�7HFK�
�� ������

��



�' 02'(/6 $1'
$5&+$(2/2*,&$/ ,19(67,*$7,21

1LFROy�'HOO·8QWR
'HSDUWPHQW�RI�$UFKDHRORJ\�DQG�$QFLHQW�+LVWRU\� /XQG�8QLYHUVLW\

%DFNJURXQG
'XULQJ�WKH���WK�FHQWXU\� EHIRUH�WKH�LQWURGXFWLRQ�RI�FRPSXWHU�JUDSK�

LFV�DQG�YLUWXDO�UHDOLW\�DV�PDLQ�V\VWHPV�RI�WKUHH�GLPHQVLRQDO�VLPXOD�
WLRQ� FRQVWUXFWHG�WKUHH�GLPHQVLRQDO�PRGHOV�LQ�ZD[� SODVWHU�RU�ZRRG
ZHUH�DOUHDG\�UHDOL]HG�ZLWK�WKH�SXUSRVH�RI�HGXFDWLQJ�DQG�HQWHUWDLQ�
LQJ� 7KRVH�SURWRW\SHV�ZHUH�XVHG�WR�GRFXPHQW�DQG�UHYLVLWHG�ZKDW�ZDV
RQFH�REVHUYHG�RQ�VLWH��-HQVHQ� �����S����� DQG�GHVSLWH�WKH�SDXFLW\�RI
H[WDQW�H[DPSOHV� WKRVH�REMHFWV�VWLOO�WRGD\�UHSUHVHQW�DQ�LPSRUWDQW�UHI�
HUHQFH�IRU�PDQ\�DUFKDHRORJLFDO�SURMHFWV�

$Q�LQWHUHVWLQJ�H[DPSOH�FDQ�EH�IRXQG�LQ�WKH�PRGHO�RI�WKH�DUFKDH�
RORJLFDO�VLWH�RI�3RPSHLL� UHDOL]HG�EHWZHHQ�WKH�ODWH���WK�FHQWXU\�DQG
WKH�HDUO\���WK�FHQWXU\�E\�)HOLFH�3DGLJOLRQH�DQG�FXUUHQWO\�GLVSOD\HG
DW�WKH�DUFKDHRORJLFDO�PXVHXP�RI�1DSOHV� ,WDO\� 7KLV�PRGHO�UHSUHV�
HQWV�D�UHSOLFD�RQ�D�VFDOH�RI�������RI�WKH�VWDWH�RI�WKH�DUW�RI�WKH�VLWH
GXULQJ�WKH���WK�FHQWXU\� DQG�LW�GLVSOD\V� ZLWK�LQFUHGLEOH�DFFXUDF\�RI
GHWDLO� VWUXFWXUHV�DQG�IUHVFRV�YLVLEOH�DW�WKH�PRPHQW�RI�LWV�FRQVWUXF�
WLRQ��)LJ� ���� 'XH�WR�WKH�UDSLG�SURFHVV�RI�GHWHULRUDWLRQ� PRVW�RI
WKH�IUHVFRV�DQG�SDUW�RI�WKH�VWUXFWXUHV�UHSUHVHQWHG�LQ�WKH�PRGHO�DUH�QR
ORQJHU�GHWHFWDEOH�RQ�VLWH� 7KH�LQFUHGLEOH�DFFXUDF\�RI�WKLV�UHSOLFD�LQ
GLVSOD\LQJ�D�KROLVWLF�DQG�FRPSOHWH�UHSUHVHQWDWLRQ�RI�WKH�VLWH�PDNHV

��



WKLV�PRGHO�D�XQLTXH�RSSRUWXQLW\�WR�UHYLVLW�LQIRUPDWLRQ�QR�ORQJHU�DF�
FHVVLEOH� )RU�WKLV�UHDVRQ� WKLV�ZRUN�KDV�EHHQ�XVHG�LQ�VHYHUDO�VWXG�
LHV��.RFNHO� ������ DQG�²�DV�D�SRLQW�RI�UHIHUHQFH�²�LW�KDV�EHHQ�HP�
SOR\HG�E\�GLIIHUHQW�UHVHDUFK�SURMHFWV� $Q�H[DPSOH�ZKHUH�WKH�XVH�RI
WKLV�PRGHO�UHSUHVHQWHG�DQ�LPSRUWDQW�UHIHUHQFH�IRU�WKH��' LQWHUSUHWD�
WLRQ�RI�VHYHUDO�3RPSHLDQ�KRXVHV�FDQ�EH�IRXQG�LQ�WKH�6ZHGLVK�3RP�
SHLL�3URMHFW��KWWS���ZZZ�SRPSHMLSURMHNWHW�VH��� 7KH�6ZHGLVK�3RP�
SHLL�3URMHFW�ZDV�VWDUWHG�LQ������E\�WKH�6ZHGLVK�,QVWLWXWH�LQ�5RPH
DV�D�UHVHDUFK�DQG�ÀHOGZRUN�DFWLYLW\� 7KH�DLP�ZDV�WR�UHFRUG�DQG
DQDO\VH�DQ�HQWLUH�3RPSHLDQ�FLW\�EORFN� ,QVXOD�9 �� 6LQFH�DXWXPQ
�����D�QHZ�EUDQFK�RI�DGYDQFHG�GLJLWDO�DUFKDHRORJ\� LQYROYLQJ��'
UHFRQVWUXFWLRQV�DQG�GRFXPHQWDWLRQ�PHWKRGV� ZDV�DGGHG�WR�WKH�SUR�
MHFW�DJHQGD� ,Q�WKH�IUDPHZRUN�RI�WKLV�QHZ�DFTXLVLWLRQ�DFWLYLW\�WKH
LQVXOD�ZDV�FRPSOHWHO\�GLJLWL]HG�E\�PHDQV�RI�ODVHU�VFDQQHU�WHFKQR�
ORJ\�DQG�LPDJH�EDVHG��' UHFRQVWUXFWLRQ�WHFKQLTXHV� 7KH�UHVXOWV�RI
WKLV�DFTXLVLWLRQ�ZHUH�HPSOR\HG�WR�GHYHORS�GLIIHUHQW�UHVHDUFK�DFWLY�
LWLHV�LQ�WKH�DUHD�RI�GLJLWDO�YLVXDOL]DWLRQ� 'XH�WR�WKH�ODFN�RI�PDWHULDO
UHIHUHQFHV�LQ�VLWX�DQG�WR�WKH�SUHVHQFH�RI�IHZ�KLVWRULFDO�GRFXPHQWV�DW�
WHVWLQJ�WKH�RULJLQDO�IUHVFRV� WKH�ZRUN�UHDOL]HG�E\�3DGLJOLRQH�KDV�EHHQ
ODUJHO\�XVHG�DV�D�UHIHUHQFH�WR�DQDO\VH�DQG�UHFRQVWUXFW�WKH�RULJLQDO�DV�
SHFW�RI�VHYHUDO�VWUXFWXUHV�WKDW�FKDUDFWHUL]HG�WKH�LQVXOD�9 �� ZKLFK�DUH
QR�ORQJHU�YLVLEOH�RQ�VLWH��'HOO·8QWR�HW�DO� ������

7KH�LQWURGXFWLRQ�DQG�WKH�GLIIXVLRQ�RI�GLJLWDO�WHFKQRORJ\�KDYH�VWU�
RQJO\�DIIHFWHG�WKH�ZD\�DUFKDHRORJLVWV�PDQDJH�DQG�SHUFHLYH�WKH�LQ�
IRUPDWLRQ�GHWHFWHG�GXULQJ�WKH�ÀHOG�LQYHVWLJDWLRQ�SURFHVV� ,Q�WKH�ODVW
WZR�GHFDGHV�GLJLWDO�LQVWUXPHQWV�KDYH�EHHQ�XVHG�LQ�DUFKDHRORJ\�DW�DQ\
OHYHO� DQG�WKHLU�FRQVWDQW�HPSOR\PHQW�LQFUHDVHG�WKH�RSSRUWXQLWLHV�IRU
UHVHDUFKHUV�DQG�VFKRODUV�WR�GHWHFW� GRFXPHQW� DQDO\VH�DQG�YLVXDOL]H
DOPRVW�DOO�WKH�LQIRUPDWLRQ�FROOHFWHG�GXULQJ�WKH�ÀHOG�LQYHVWLJDWLRQ�
,Q�SDUWLFXODU� LQ�WKH�IUDPHZRUN�RI�DUFKDHRORJLFDO�SUDFWLFH� WKH�LQWUR�
GXFWLRQ�DQG�GLIIXVLRQ�RI�LQVWUXPHQWV�GHGLFDWHG�WR�GRFXPHQWDWLRQ�DQG
PDSSLQJ� DQG�WKH�GHYHORSPHQW�RI�SRZHUIXO�YLVXDOL]DWLRQ�SODWIRUPV�

��



)LJXUH��� 0RGHO�RI�WKH�DUFKDHRORJLFDO�VLWH�RI�3RPSHLL�ORFDWHG�DW�WKH�$UFKDHROR�
JLFDO�1DWLRQDO�0XVHXP�RI�1DSOHV�DQG�UHDOL]HG�E\�)HOLFH�3DGLJOLRQH�EHWZHHQ�WKH
HQG�RI���WK�DQG�WKH�EHJLQQLQJ�RI�WKH���WK�FHQWXU\� 7KLV�GHWDLO�VKRZV�WKH�KRXVH
RI�WKH�7RUHOOR�GL�%URQ]R� ORFDWHG�LQ�WKH�6RXWK�(DVW�SDUW�RI�LQVXOD�9 �� 7KH�LPDJH
SUHVHQWV�IUHVFRV�DQG�VWUXFWXUHV�UHSUHVHQWHG�ZLWK�JUHDW�OHYHO�RI�GHWDLO� 7RGD\� PRVW
RI�WKH�IUHVFRV�GRFXPHQWHG�LQ�WKLV�PRGHO�DUH�QR�ORQJHU�YLVLEOH�LQ�WKH�KRXVH� 3LF�
WXUH�WDNHQ�E\�+DQV�7KRUZLG� DQG�XVHG�WKURXJK�WKH�FRXUWHV\�RI�WKH�6ZHGLVK�3RPSHLL
3URMHFW��ZZZ�VZHGLVKSRPSHLLSURMHFW�VH��

��



VXFK�DV�WKH�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHP��*,6���KDYH�FUHDWHG�WKH
RSSRUWXQLW\�WR�UHFRQVWUXFW�DQG�YLVXDOL]H� ZLWK�KLJK�DFFXUDF\� WKH�VSD�
WLDO�DQG�WHPSRUDO�UHODWLRQV�EHWZHHQ�WKH�GLIIHUHQW�GDWD�GHWHFWHG�GXULQJ
WKH�ÀHOG�LQYHVWLJDWLRQ�SURFHVV��.D]WDQLV�HW�DO�� ������ ,Q�SDUWLFXODU�
WKH�LPSOHPHQWDWLRQ�RI�VXFK�WRROV�DQG�WKH�GHYHORSPHQW�RI�QHZ�LQWHJ�
UDWHG�GLJLWDO�WHFKQLTXHV�DOORZHG��L��WKH�V\VWHPDWLF�SURGXFWLRQ�RI�GL�
JLWDO�UHIHUHQFHG�PDSV�UHSUHVHQWLQJ�WKH�RQ�JRLQJ�LQYHVWLJDWLRQ�DFWLY�
LW\�SHUIRUPHG�RQ�VLWH��LL��DQG�WKH�SRVVLELOLW\�RI�QRQ�SURIHVVLRQDO�XVHUV
HPSOR\LQJ�PDWKHPDWLFDO�WRROV�WR�SURFHVV�WKH�GDWD�LPSRUWHG�LQWR�WKH
*,6 DQG�JHQHUDWLQJ�QHZ�DUFKDHRORJLFDO�LQIRUPDWLRQ��&RQQROO\�DQG
/DNH� ������

$Q�LQWHUHVWLQJ�SHUVSHFWLYH�RQ�KRZ�GLJLWDO�WHFKQRORJLHV�DIIHFWHG
WKH�ÀHOG�LQYHVWLJDWLRQ�KDV�EHHQ�SURYLGHG�E\�(]UD�=XEURZ��������
ZKR�LQ�KLV�DUWLFOH�´'LJLWDO�$UFKDHRORJ\� $ KLVWRULFDO�FRQWH[Wµ�GH�
VFULEHV�KRZ�FRPPXQLFDWLRQ�DQG�YLVXDOL]DWLRQ�WHFKQRORJLHV�KDYH�LU�
UHYHUVLEO\�FKDQJHG�WKH�G\QDPLFV�WKDW�FKDUDFWHUL]H�WKH�DUFKDHRORJLFDO
H[FDYDWLRQ� WUDQVIRUPLQJ�DQ�HQYLURQPHQW�WUDGLWLRQDOO\�FRQVLGHUHG�LVRO�
DWHG��WKH�H[FDYDWLRQ��LQWR�DQ�DFWLYH�DQG�FRQQHFWHG�´GLJLWDO�YLOODJHµ�
ZKHUH�WKH�LQIRUPDWLRQ�LV�VKDUHG�LQ�UHDO�WLPH�ZLWK�D�ODUJHU�FRPPXQLW\
RI�UHVHDUFKHUV�DQG�VFKRODUV�FRQQHFWHG�IURP�GLIIHUHQW�JHRJUDSKLFDO
ORFDWLRQV��=XEURZ�������

,Q�KLV�ERRN�´7KH�DUFKDHRORJLFDO�SURFHVVµ�,DQ�+RGGHU�������SS�
���������H[SODLQV�KRZ�WKH�SURGXFWLRQ�RI�GLJLWDO�GDWDVHWV�DOORZV�DQ
HDVLHU�FRQQHFWLRQ�EHWZHHQ�WKH�IUDJPHQWHG�LQIRUPDWLRQ�GHWHFWHG�RQ
VLWH� DQG�KLJKOLJKWV�KRZ�WKH�XVH�RI�GLJLWDO�WHFKQRORJLHV�SURPRWHV�UH�
ÁH[LYLW\� PXOWLYRFDOLW\� LQWHUDFWLYLW\�DQG�FRQWH[WXDOLW\� 1HZ�WHFKQR�
ORJLHV�RIIHU�D�ODUJH�QXPEHU�RI�QHZ�RSWLRQV�IRU�UHFRUGLQJ�DUFKDHROR�
JLFDO�GDWD� DQG�WKHLU�XVH�GXULQJ�WKH�RQ�JRLQJ�DUFKDHRORJLFDO�LQYHVW�
LJDWLRQ�LV�VWURQJO\�UHODWHG�WR�WKH�WHFKQRORJLHV·�DELOLW\�WR�ÀW�ZLWKLQ
WKH�ORJLVWLF�IUDPHZRUN�DQG�WLPH�FRQVWUDLQWV�RI�WKH�ÀHOG�FDPSDLJQ
�'HOO·8QWR� ������

��



$V�SUHYLRXVO\�PHQWLRQHGDW�WKH�EHJLQQLQJ�RI�WKLV�SDUDJUDSK� DQ�LP�
SRUWDQW�LPSURYHPHQW� LQ�WHUPV�RI�YLVXDOL]DWLRQ�DQG�DQDO\VLV� KDV�EHHQ
DFKLHYHG�E\�WKH�LQWURGXFWLRQ�RI�GLJLWDO�WKUHH�GLPHQVLRQDO�PRGHOV�IRU
WKH�GRFXPHQWDWLRQ�DQG�DQDO\VLV�RI�DUFKDHRORJLFDO�FRQWH[WV� 7KH�XVH
RI�WKLV�W\SRORJ\�RI�LQIRUPDWLRQ�KDV�DOZD\V�EHHQ�FRQVLGHUHG�DQ�LP�
SRUWDQW�RSSRUWXQLW\�LQ�DUFKDHRORJ\�WR�UHSUHVHQW� ZLWK�DFFXUDF\�RI�GH�
WDLOV� �' LQWHUSUHWDWLRQV�RI�WKH�SDVW�

�' PRGHOV�DQG�LQWUD�VLWH�LQYHVWLJDWLRQ
6LQFH�WKH�����V�WKH�LQWURGXFWLRQ�RI�FRPSXWHU�WHFKQRORJLHV�WR�UHDO�

L]H�YLUWXDO�LQWHUSUHWDWLRQV�RI�DUFKDHRORJLFDO�VLWHV�KDV�DOORZHG�WKH�VWDUW
RI�VHYHUDO�SURMHFWV�IRFXVHG�RQ�XVLQJ�DQG�FRPELQLQJ�DUFKDHRORJLFDO
DQG�KLVWRULFDO�GDWD�WR�EXLOG��' VLPXODWLRQV�RI�WKH�SDVW� 7KLV�DSSURDFK
ZDV�QRW�GHYHORSHG�LQ�GLUHFW�FRQQHFWLRQ�ZLWK�WKH�ÀHOG�LQYHVWLJDWLRQ�
DQG�LW�ZDV�PDLQO\�XVHG�WR�FRPPXQLFDWH�²�WR�D�SXEOLF�RI�QRQ�H[SHUWV
²�WKH�UHVXOWV�RI�DUFKDHRORJLFDO�LQYHVWLJDWLRQV�WKURXJK�WKH�XVH�RI�D
GLJLWDO�YLVXDO�ODQJXDJH�

'HVSLWH�WKHLU�REYLRXV�SRWHQWLDOV�LQ�WKH�DUHD�RI�FXOWXUDO�KHULWDJH�DQG
DUFKDHRORJ\� WKH�LQWURGXFWLRQ�RI�WKHVH�QHZ�VLPXODWLRQ�WRROV�ZDV�DQ\�
WKLQJ�EXW�HDV\� ,Q�SDUWLFXODU�WKH�PDLQ�REVWDFOHV�LQ�XVLQJ��' PRGHOV
WR�YLVXDOL]H�DQG�VLPXODWH�DUFKDHRORJLFDO�LQWHUSUHWDWLRQV�FRQVLVWHG�RI�
�L��WKH�ODFN�RI�WHFKQLFDO�FRPSHWHQFHV�LQ�XVLQJ�VSHFLDOL]HG�VRIWZDUH
�LL��WKH�ODFN�RI�DQ�LQWHUGLVFLSOLQDU\�ODQJXDJH�FDSDEOH�RI�EULGJLQJ�UH�
VHDUFKHUV�DQG�VFKRODUV�IURP�GLIIHUHQW�DUHDV� VXFK�DV�WHFKQLFDO�DQG
KXPDQLVWLF�GLVFLSOLQHV� �LLL��WKH�WHFKQLFDO�OLPLWDWLRQV�RI�WKH�VRIWZDUH
DQG�KDUGZDUH�DYDLODEOH�DW�WKDW�WLPH�DQG��LY��WKH�DEVHQFH�RI�LQIUDVWUXF�
WXUHV�DEOH�WR�KRVW�DQG�SUHVHQW�WKH�UHVXOWV�RI�WKHVH�UHVHDUFK�DFWLYLWLHV�

7KH�V\VWHPDWLF�WHFKQRORJLFDO�LPSOHPHQWDWLRQ�DQG�WKH�LQFUHDVH�XVH
RI�FRPSXWHU�EDVHG�YLVXDOL]DWLRQ�WHFKQLTXHV�WR�YLVXDOL]H�WKH�UHVXOWV�RI
DUFKDHRORJLFDO�DQG�KLVWRULFDO�LQWHUSUHWDWLRQV�DOORZHG�WKH�FUHDWLRQ�RI
LQWHUGLVFLSOLQDU\�SURMHFWV�DQG�QHWZRUNV� ZKLFK�DUH�GHVLJQHG�WR�VWLP�
XODWH�D�FULWLFDO�DQG�FRQVWUXFWLYH�GLVFXVVLRQ�WR�GHÀQH�WKH�UROH�DQG�WKH

��



SURSHU�XVH�RI�FRPSXWHU�EDVHG�YLVXDOL]DWLRQ�WRROV�DV�LQVWUXPHQWV�RI
LQWHUSUHWDWLRQ�DQG�YLVXDOL]DWLRQ�

$Q�H[DPSOH�RI�WKLV�SKHQRPHQRQ�FDQ�EH�UHFRJQL]HG�LQ�WKH�/RQGRQ�
FKDUWHU�IRU�FRPSXWHU�EDVHG�YLVXDOL]DWLRQ�RI�FXOWXUDO�KHULWDJH��KWWS���
ZZZ� ORQGRQFKDUWHU�RUJ���

7KLV�GRFXPHQW�LV�WKH�UHVXOW�RI�DQ�LQLWLDWLYH�FRQFHLYHG�LQ�����
ZKLFK�DLPHG�WR�LQVWLO�UREXVW�PHWKRGRORJLFDO�ULJRU�LQ�WKH�XVH�RI�FRPS�
XWHU�EDVHG�YLVXDOL]DWLRQ�WR�YLVXDOL]H�DQG�FRPPXQLFDWH�FXOWXUDO�KHULW�
DJH�LQIRUPDWLRQ��KWWS���ZZZ� ORQGRQFKDUWHU�RUJ��LQWURGXFWLRQ�KWPO��

7KH�JUDGXDO�GLIIXVLRQ�RI�QHZ�LQVWUXPHQWV�RI�GRFXPHQWDWLRQ� VXFK
DV�WHUUHVWULDO�ODVHU�VFDQQHUV� SKRWRJUDPPHWU\�DQG�LPDJH�EDVHG��'
PRGHOOLQJ� UHSUHVHQWHG�D�FUXFLDO�VWHS�IRU�WKH�LQWHJUDWLRQV�RI�WKH��'
PRGHOV�LQ�WKH�IUDPHZRUN�RI�WKH�DUFKDHRORJLFDO�LQYHVWLJDWLRQ�SURFHVV�
0RUHRYHU�WKH�FRQVWDQW�GHYHORSPHQW�RI�PRUH�XVHU�IULHQGO\�LQWHUIDFHV
DQG�WKH�FRQVWUXFWLRQ�RI�HIÀFLHQW�ZRUNÁRZ�RI�GDWD�DFTXLVLWLRQ�DQG
DQDO\VLV�HVWDEOLVKHG�WKH�FRQGLWLRQV�WR�H[SHULPHQW�DQG�GLVFXVV�WKH�XVH
RI�WKUHH�GLPHQVLRQDO�PRGHOV��DV�UHVXOW�RI��' VXUYH\V��DOVR�LQ�WKH
IUDPHZRUN�RI�WKH�RQ�JRLQJ�LQYHVWLJDWLRQ�DFWLYLWLHV� 7KH�LQFUHGLEOH
SRVVLELOLWLHV�RIIHUHG�E\�WKHVH�WRROV�LQ�UHDOL]LQJ�DFFXUDWH�DQG�UHVROXWH
GLJLWDO�UHSOLFDV�RI�WKH�VLWHV�DQG�PRQXPHQWV�KLJKOLJKWHG�WKH�LPSRUW�
DQFH�DQG�WKH�XUJHQF\�LQ�UHVHDUFKLQJ�QHZ�PHWKRGRORJLHV�WKDW�ZRXOG
HQDEOH�DUFKDHRORJLVWV�XVLQJ�WKH�GDWD�UHDOL]HG�E\�WKHVH�LQVWUXPHQWV�WR
DQVZHU�VSHFLÀF�UHVHDUFK�TXHVWLRQV��&DPSDQD� ������

2QO\�UHFHQWO\� H[SHULPHQWV�KDYH�EHHQ�SHUIRUPHG�WR�WHVW�WKH�SUR�
GXFWLRQ�DQG�XVH�RI��' PRGHOV�LQ�VXSSRUW�RI�DQ�RQ�JRLQJ�LQYHVWLJD�
WLRQ� ,Q�WKH�FRQWH[W�RI�WKHVH�UHVHDUFK�DFWLYLWLHV� TXHVWLRQV�KDYH�EHHQ
GLVFXVVHG�FRQFHUQLQJ�WKH�FDSDFLW\�RI�WKHVH�GDWD�WR�LQFUHDVH�WKH�SHU�
FHSWLRQ�RI�DUFKDHRORJLFDO�LQIRUPDWLRQ��&DOOLHUL�HW�DO�� ����� 'HOOHSL�
DQH�HW�DO�� ����� 2SLW]� ������DQG�VHYHUDO�H[DPSOHV�KDYH�EHHQ�SUHVHQ�
WHG�LQ�RUGHU�WR�GHPRQVWUDWH�KRZ�WKH�SURGXFWLRQ�RI��' PRGHOV�FDQ
EH�HPSOR\HG�LQ�VXSSRUW�RI�DUFKDHRORJLFDO�GRFXPHQWDWLRQ�PHWKRGV
�'RQHXV�	�1HXEDXHU� ����� .D]WDQLV�HW�DO�� ����� 'HOO·8QWR� �����

��



'H�5HX�HW�DO� ����� )RUWH�HW�DO�� ����� 'RQHXV�HW�DO� ����� /RVLHU�HW
DO����

2QH�RI�WKH�ÀUVW�DSSURDFKHV�LQ�WKLV�GLUHFWLRQ�KDV�EHHQ�WHVWHG�DQG
GHVFULEHG�E\�'RQHXV�DQG�1HXEDXHU�LQ�WKH�IUDPHZRUN�RI�VHYHUDO�UH�
VHDUFK�DFWLYLWLHV� ZKHUH�D�WHUUHVWULDO�ODVHU�VFDQQHU�KDV�EHHQ�V\VWHPDW�
LFDOO\�XVHG�WR�UHFRUG�LQ�WKUHH�GLPHQVLRQV�WKH�H[FDYDWLRQ�VWUDWLJUDSK\
GHWHFWHG�GXULQJ�WKH�VLWH�LQYHVWLJDWLRQ��'RQHXV� 1HXEDXHU�	�6WXG�
QLFND� ����� 'RQHXV�	�1HXEDXHU� ����� 'RQHXV�	�1HXEDXHU� ������

'HVSLWH�WKH�HQFRXUDJLQJ�UHVXOWV�DFKLHYHG�LQ�WKH�IUDPHZRUN�RI�WKLV
UHVHDUFK�DFWLYLW\� YHU\�IHZ�VLPLODU�H[SHULPHQWV�KDYH�EHHQ�UHDOL]HG
DIWHUZDUGV�LQ�WKLV�GLUHFWLRQ� DQG�LW�LV�SUREDEO\�SRVVLEOH�WR�UHFRJQL]H
WKH�UHDVRQV�IRU�WKLV�UHWLFHQFH�LQ��L��WKH�KLJK�FRVWV�RI�WKH�LQVWUXPHQWV
DYDLODEOH�DW�WKDW�WLPH� LQ��LL��WKH�H[SHUWLVH�UHTXLUHG�WR�PDQDJH�WKHVH
QHZ�WRROV� DQG�LQ�WKH��LLL��VNLOOV�DQG�WLPH�QHFHVVDU\�WR�SRVW�SURFHVV
WKRVH�GDWD�

$Q�HQFRXUDJLQJ�VLJQDO�LQ�WKLV�GLUHFWLRQ�FRPHV�ZLWK�WKH�LQWURGXF�
WLRQ�RI�LPDJHG�EDVHG��' PRGHOOLQJ�WHFKQLTXHV� 8QOLNH�ODVHU�VFDQ�
QHU�WHFKQRORJ\�RU�SKRWRJUDPPHWU\� ZKHUH�FRVW�DQG�RSHUDWLRQ�WLPH
XVXDOO\�GLVFRXUDJH�WKHLU�HPSOR\PHQW�GXULQJ�ÀHOG�DFWLYLWLHV� WKHVH
WHFKQLTXHV�DOORZ�GRFXPHQWLQJ�WKH�VWUDWLJUDSKLF�XQLWV�GHWHFWHG�GXU�
LQJ�WKH�ÀHOG�DFWLYLW\�WKURXJK�WKH�JHQHUDWLRQ�RI�WH[WXUL]HG��' PRGHOV�
7KLV�PHWKRG�DOORZV�SURYLGLQJ� ZLWKLQ�WKH�WLPH�IUDPH�RI�WKH�H[FDY�
DWLRQ�DQG�ZLWK�D�ORZ�EXGJHW� DQ�DFFXUDWH��' GHVFULSWLRQ�RI�WKH�RQ�
JRLQJ�LQYHVWLJDWLRQ�SURFHVV��)LJ�����FRPELQLQJ�DOJRULWKPV�RI�VWUXF�
WXUH�IURP�PRWLRQ�DQG�PXOWL�YLHZ�VWHUHR�UHFRQVWUXFWLRQ�WR�EXLOG�DQ
DFFXUDWH�WKUHH�GLPHQVLRQDO�PRGHO�RI�D�VFHQH�VWDUWLQJ�IURP�DQ�XQ�
FDOLEUDWHG�VHW�RI�LPDJHV��'HOOHSLDQH� HW�DO�� ����� 9HUKRHYHQ�HW�DO�
������

,Q�D�ÀUVW�VWDJH� WKH�VRIWZDUH�HVWLPDWHV�WKH�FDPHUD�SDUDPHWHUV�DVVR�
FLDWHG�ZLWK�HDFK�SLFWXUH�DQG�H[WUDFWV�DQG�PDWFKHV�FRPPRQ�IHDWXUHV
EHWZHHQ�HDFK�SDLU�RI�LPDJHV��6I0���7KHQ�LW�FDOFXODWHV�WKHLU�FRUUHV�
SRQGLQJ�SRVLWLRQ�DQG�RULHQWDWLRQ�LQ�VSDFH� 7KH�UHVXOWV�RI�WKLV�ÀUVW

��



SURFHVV�DOORZ�WKH�DVVRFLDWLRQ�RI�HDFK�IHDWXUH�SRLQW�H[WUDFWHG�IURP
WKH�LPDJHV�WR�D��' SRLQW�LQ�VSDFH� SURYLGLQJ� �L��D�SRLQW�FORXG�RI
D�IHZ�WKRXVDQG�SRLQWV� DQG��LL��WKH�HVWLPDWLRQ�RI�WKH�LQWULQVLF�DQG
H[WULQVLF�FDPHUD�SDUDPHWHUV�DVVRFLDWHG�ZLWK�HDFK�LPDJH�RI�WKH�VHW�
7KHQ� XVLQJ�WKH�SUH�HVWLPDWHG�FDPHUD�SDUDPHWHUV� PXOWL�YLHZ�VWHUHR
DOJRULWKPV�DUH�DSSOLHG�LQ�RUGHU�WR�FUHDWH�D�GHWDLOHG�PRGHO�RI�WKH�VFHQH
�9HUKRHYHQ� ����� 9HUKRHYHQ�HW�DO�� ����� 'H�5HX�HW�DO�� ������

'HVSLWH�WKH�HQFRXUDJLQJ�UHVXOWV�²�LQ�WHUPV�RI�TXDOLW\�DQG�VXVWDLQ�
DELOLW\�²�LQ�DFTXLULQJ�DQG�JHQHUDWLQJ�WKHVH�GDWD�LQ�WKH�IUDPHZRUN�RI
WKH�DUFKDHRORJLFDO�ÀHOG�FDPSDLJQ��'HOOHSLDQH�HW�DO�� ����� &DOOLHUL
HW�DO�� ����� )RUWH�HW�DO�� ������ WKH�REVWDFOHV�WR�XVLQJ��' PRGHOV�LQ�D
GLUHFW�VSDWLDO�UHODWLRQ�ZLWK�DOO�WKH�RWKHU�LQIRUPDWLRQ�DFTXLUHG�GXULQJ
WKH�GRFXPHQWDWLRQ�SURFHVV�KDYH�DOZD\V�SUHVHQWHG�DQ�HQRUPRXV�OLP�
LWDWLRQ� ,Q�RUGHU�WR�EULGJH�WKLV�JDS�VHYHUDO�H[SHULPHQWV�KDV�EHHQ�SHU�
IRUPHG�DQG�GLVFXVVHG�LQ�WKH�OLWHUDWXUH� $Q�LQWHUHVWLQJ�H[DPSOH�WKDW
JRHV�LQ�WKLV�GLUHFWLRQ�FDQ�EH�IRXQG�LQ�WKH�IUDPHZRUN�RI�WKH�DUFKDHROR�
JLFDO�H[FDYDWLRQ�RI�WKH�$EEH\�RI�%RXGHOR� %HOJLXP� ZKHUH��' PRG�
HOV�²�JHQHUDWHG�XVLQJ�WKLV�WHFKQLTXH�²�KDYH�EHHQ�H[WHQVLYHO\�XVHG�WR
H[WUDFW�KRUL]RQWDO�RUWKR�SKRWRV� DQG�YHUWLFDO�RUWKR�LPDJHV�WR�EH�LP�
SRUWHG�DQG�XVHG�LQ�D��' *,6 HQYLURQPHQW� 7KH�JRDO�RI�WKLV�ZRUN�ZDV
WR�WHVW�WKH�HIÀFLHQF\�RI�WKLV�WHFKQLTXH�LQ�UHDOL]LQJ�D�FRPSOHWH�GRFX�
PHQWDWLRQ�RI�WKH�ÀHOG�LQYHVWLJDWLRQ��'H�5XH�HW�DO�� ������ 2WKHU�H[�
SHULPHQWV� HQJDJLQJ�D�PRUH�GLUHFW�FRQQHFWLRQ�EHWZHHQ�*HRJUDSKLF
,QIRUPDWLRQ�6\VWHPV�DQG�WH[WXUL]HG��'PRGHOV� KDYH�EHHQ�SUHVHQWHG
DQG�GLVFXVVHG�LQ�WKH�OLWHUDWXUH� ,Q�SDUWLFXODU�LQ�WKH�IUDPHZRUN�RI�UH�
VHDUFK�DFWLYLWLHV�VXFK�DV� ´*DELL�JRHV�GLJLWDOµ��KWWS���JDELLVHUYHU� DG�
VURRW�LWFV�XPLFK�HGX��JDELLJRHVGLJLWDO��LQGH[�KWPO�� ´dDWDOK|\�N�UH�
VHDUFK�SURMHFWµ��KWWS���ZZZ�FDWDOKR\XN�FRP��� ´�''LJJLQJ�DW�dDWDO�
K|\�Nµ��KWWS���ZZZ�FDWDOKR\XN�FRP��XF PHUFHG�KWPO��DQG�́ 8SSnNUD
SURMHFWµ��KWWS���ZZZ�DUN�OX�VH��SURMHNW������ $OO�WKHVH�UHVHDUFK�DFWLY�
LWLHV�DUH�FXUUHQWO\�HPSOR\LQJ��'PRGHOV��JHQHUDWHG�LQ�WKH�IUDPHZRUN
RI�WKH�ÀHOG�DFWLYLWLHV��GLUHFWO\�LQWR�D�VSDWLDO�GDWDEDVH�ZLWK�WKH�DLP�RI

��



)LJXUH��� 7KLV�LPDJH�VKRZV�WKH�VHTXHQFH�RI�WKH�H[FDYDWLRQ�SURFHVV�UHFRUGHG�LQ
8SSnNUD�GXULQJ�WKH�H[FDYDWLRQ�RI�D�ODWH�1HROLWKLF�JUDYH�LQYHVWLJDWHG�LQ�WKH�DXWXPQ
VHDVRQ������ 7KH�VWUDWLJUDSKLF�VHTXHQFH�KDV�EHHQ�UHFRUGHG�LQ�WKH�ÀHOG�E\�WKH�DU�
FKDHRORJLVWV�DQG�XVHG�LQ�WKH�IUDPHZRUN�RI�WKH�H[FDYDWLRQ�WR�SODQ�WKH�LQYHVWLJDWLRQ
VWUDWHJ\�LQ�WKH�ÀHOG� 7KRVH�PRGHOV�KDYH�EHHQ�XVHG�WR�DFKLHYH�D�EHWWHU�XQGHUVWDQGLQJ
RI�WKH�UHODWLRQV�WKDW�FKDUDFWHUL]H�WKH�GLIIHUHQW�VWUDWLJUDSKLF�XQLWV�

��



DFKLHYLQJ�D�EHWWHU�GHVFULSWLRQ�RI�WKH�H[FDYDWLRQ�FRQWH[W� DQG�PDS�
SLQJ�KRZ�WKHVH�QHZ�W\SRORJLHV�RI�GDWD�DIIHFW�WKH�SHUFHSWLRQ�RI�WKH
DUFKDHRORJLFDO�LQIRUPDWLRQ�

7KH�SRVVLELOLW\�RI�FUHDWLQJ�DQG�PDQDJLQJ�ODUJH�GDWDVHWV�RI�WH[WXU�
L]HG��' JHRPHWULHV�LQWR�D�VSDWLDO�JHR�GDWDEDVH�DOORZV�WKH�H[SHULHQ�
FLQJ�RI�QHZ�ZD\V�WR�YLVXDOL]H�FRPSOH[�LQIRUPDWLRQ�DQG�WKH�WHVWLQJ
RI�QHZ�PHWKRGRORJLHV�WR�GHVFULEH�DQG�FRQQHFW�WR�HDFK�RWKHU�WKH�IUDJ�
PHQWHG�DUFKDHRORJLFDO�GDWD�GHWHFWHG�GXULQJ�DQ\�LQYHVWLJDWLRQ�

2Q�WKH�RWKHU�KDQG� WKLV�DSSURDFK�UDLVHG�QHZ�TXHVWLRQV�FRQQHFWHG
WR�WKH�ZD\�LQIRUPDWLRQ�ZLOO�EH�VWRUHG�DQG�VKDUHG�LQ�WKH�IXWXUH� DQG
FRQFHUQLQJ�WKH�HIIHFWV�WKDW�WKLV�DSSURDFK��WKH�IDVW�SURGXFWLRQ�RI��'
PRGHOV�LQ�WKH�UDQJH�RI�WKH�DUFKDHRORJLFDO�H[FDYDWLRQ��ZLOO�KDYH�RQ
WKH�LQWHUSUHWDWLRQ�SURFHVV�SHUIRUPHG�GXULQJ�DQG�DIWHU�WKH�LQYHVWLJD�
WLRQ�DFWLYLWLHV�

7KH�XVH�RI��' PRGHOV�LQ�8SSnNUD
6LQFH������D�WHDP�RI�DUFKDHRORJLVWV�IURP�/XQG�8QLYHUVLW\�KDYH

EHHQ�WHVWLQJ�WKH�XVH�RI�WKHVH�PHWKRGV�RQ�D�UHJXODU�EDVLV� ZLWKLQ�WKH
IUDPHZRUN�RI�WKH�DUFKDHRORJLFDO�H[FDYDWLRQ�RI�8SSnNUD� 6ZHGHQ�

7KH�DUFKDHRORJLFDO�VLWH�RI�8SSnNUD�LV�FRQVLGHUHG�RQH�RI�WKH�PRVW
LPSRUWDQW�H[DPSOHV�RI�DQ�,URQ�$JH�FHQWUDO�SODFH�LQ�6ZHGHQ� 7KH
VLWH�LV�ORFDWHG���NLORPHWUHV�VRXWK�RI�/XQG�DQG�KDV�DQ�H[WHQVLRQ�RI
DSSUR[LPDWHO\�����DFUHV� 6R�IDU�WKH�DUFKDHRORJLFDO�LQYHVWLJDWLRQ�KDV
UHYHDOHG�WKH�SUHVHQFH�RI�D�VHWWOHPHQW�HVWDEOLVKHG�DW�WKH�EHJLQQLQJ
RI�WKH��VW�FHQWXU\�%& DQG�H[LVWLQJ�WLOO�WKH�HQG�RI�WKH���WK�FHQWXU\
$'��7KLV�VHWWOHPHQW�KDV�PDQ\�GLIIHUHQW�W\SRORJLHV�RI�VWUXFWXUHV�DQG
ÀQGV� 7KH�VLWH� ZKLFK�ZDV�GLVFRYHUHG�LQ������ KDV�EHHQ�WKH�VXEMHFW�RI
DUFKDHRORJLFDO�LQYHVWLJDWLRQV�VLQFH������ ,W�KDV�SURYHQ�IURP�WKH�YHU\
EHJLQQLQJ�WR�EH�DQ�H[WUDRUGLQDULO\�ULFK�VLWH� 'XULQJ�WKH�LQLWLDO�SKDVH
RI�WKH�LQYHVWLJDWLRQ������������� D�PHWDO�GHWHFWRU�VXUYH\�KLJKOLJKWHG
WKH�SUHVHQFH�RQ�VLWH�RI�DSSUR[LPDWHO\��������ÀQGV� ZKLFK�VXSSRUWHG

��



WKH�FRQWLQXLW\�RI�KXPDQ�DFWLYLWLHV�DW�WKLV�VLWH�IURP�WKH�3UH�5RPDQ
,URQ�$JH�XQWLO�WKH�9LNLQJ�$JH��/DUVVRQ� ������

)URP�WKH�YHU\�EHJLQQLQJ�WKLV�VLWH�UHSUHVHQWHG�DQ�LGHDO�HQYLURQ�
PHQW�IRU�FRQGXFWLQJ�RXU�UHVHDUFK� 7KH�ULFK�VWUDWLJUDSK\�DQG�WKH�ODUJH
YDULHW\�RI�VWUXFWXUHV�GLVFRYHUHG�GXULQJ�WKH�\HDUV�DOORZHG�IRU�WKH�WHVW�
LQJ�RI�WRROV�DQG�LQVWUXPHQWV�DFURVV�D�ODUJH�YDULHW\�RI�DUFKDHRORJLFDO
VLWXDWLRQV�

$IWHU�DQ�LQLWLDO�SKDVH�RI�H[SHULPHQWV�EDVHG�RQ�WKH�HPSOR\PHQW
RI�GLIIHUHQW�LQVWUXPHQWV�DQG�PHWKRGV�WR�WHVW�LQ�WKH�ÀHOG�WKH�FUHDWLRQ
DQG�XVH�RI�UHVROXWH��' UHSOLFDV�RI�WKH�VLWH� WKH�WHDP�VWDUWHG�D�V\VWHP�
DWLF�XVH�RI�LPDJH�EDVHG��' PRGHOOLQJ�WHFKQLTXHV�WR�PDS�WKH�OLPLWV
DQG�WKH�SRWHQWLDOV�LQ�UHDOL]LQJ�JHR�UHIHUHQFHG�WKUHH�GLPHQVLRQDO���'�
PRGHOV�LQ�VXSSRUW�RI�WKH�RQ�JRLQJ�ÀHOG�LQYHVWLJDWLRQ��'HOOHSLDQH�HW
DO�� ������ 6LQFH������ WH[WXUL]HG��' PRGHOV�KDYH�EHHQ�V\VWHPDWLF�
DOO\�LPSRUWHG�LQWR�D��' *HRJUDSKLF�,QIRUPDWLRQ�6\VWHP��*,6���ZLWK
WKH�DLP�RI��L��XVLQJ�WKH��' PRGHOV�LQ�GLUHFW�VSDWLDO�UHODWLRQ�ZLWK�WKH
GDWD�UHFRUGHG�GXULQJ�WKH�H[FDYDWLRQ� RI��LL��DFKLHYLQJ�D�EHWWHU�NQRZ�
OHGJH�RI�WKH�FXOWXUDO�UHODWLRQV�DPRQJ�WKH�GLIIHUHQW�VWUDWD�GHWHFWHG�GXU�
LQJ�WKH�LQYHVWLJDWLRQ�SURFHVV� DQG�RI��LLL��EXLOGLQJ��' GRFXPHQWD�
WLRQ�RI�WKH�GLDFKURQLF�LQYHVWLJDWLRQ�RI�WKH�VLWH� LQ�RUGHU�WR�YLVXDOL]H
ZLWK�GHWDLOHG�DFFXUDF\�WKH�VSHFLÀF�´PRPHQWXPµ�RI�WKH�LQYHVWLJDWLRQ
DFWLYLW\��'HOO·8QWR� �������)LJ� ���

7KLV�RQ�JRLQJ�UHVHDUFK�DFWLYLW\�SURYHG�WKLV�DSSURDFK�WR�EH�VXVWDLQ�
DEOH�DQG�HDV\�WR�LQWHJUDWH�ZLWK�WKH�WUDGLWLRQDO�GRFXPHQWDWLRQ�PHWK�
RGV�WKXV�IDU�SHUIRUPHG�LQ�8SSnNUD��'HOOHSLDQH� ������ 0RUHRYHU
WKH�SRVVLELOLW\�RI�KDYLQJ�DFFHVV�WR�WKH��' PRGHOV�RI�WKH�VLWH�GXULQJ
WKH�H[FDYDWLRQ�SURFHVV�HQKDQFHG�WKH�RSSRUWXQLWLHV�IRU�WKH�DUFKDHROR�
JLVWV�WR�JDLQ�D�PRUH�FRPSOHWH�RYHUYLHZ�RI�WKH�RQ�JRLQJ�LQYHVWLJDWLRQ
DFWLYLW\�DQG�WR�UH�YLVLW�WKH�H[FDYDWLRQ�GXULQJ�GLIIHUHQW�VWDJHV�RI�WKH
LQYHVWLJDWLRQ�SURFHVV��&DOOLHUL� ����� 'HOO·8QWR� ������

'HVSLWH�WKHVH�HQFRXUDJLQJ�UHVXOWV� WKLV�ZRUN�UDLVHG�TXHVWLRQV�FRQ�
FHUQLQJ�WKH�VWRUDJH�RI�WKLV�QHZ�W\SRORJ\�RI�GDWD�DQG�KLJKOLJKWHG�WKH

��



)LJXUH��� 7KLV�LPDJH�VKRZV�WKH�LQWHJUDWLRQ�RI�WKH��'�VXUIDFHG�PRGHOV�UHDOL]HG
LQ�8SSnNUD�GXULQJ�WKH�ÀHOG�H[FDYDWLRQ�FDPSDLJQ�LQWR��' *,6�

��



ODFN�RI�LQIUDVWUXFWXUHV�IRU�WKH�VKDULQJ�RI�WKHVH�QHZ�NLQGV�RI�YLVXDO
V\VWHPV�

&RQFOXVLRQV
�' PRGHOV��GLJLWDO�DQG�QRQ�GLJLWDO��KDYH�DOZD\V�SURYHG�WR�EH�DQ

LQFUHGLEOH�LQVWUXPHQW�WR�GRFXPHQW�DQG�YLVXDOL]H�DUFKDHRORJLFDO�LQ�
IRUPDWLRQ� 1RZDGD\V�WKH�SRVVLELOLW\�RI�EXLOGLQJ�ODUJH�OLEUDULHV�RI��'
JHR�UHIHUHQFH�PRGHOV�RI�WKH�VLWH�DW�GLIIHUHQW�VWDJHV�RI�WKH�LQYHVWLJ�
DWLRQ�DOORZV�WKH�VLPXODWLRQ�RI�GLIIHUHQW�DUFKDHRORJLFDO�VFHQDULRV�UH�
FRPELQLQJ�DQG�EUDLQVWRUPLQJ�WKH�LQIRUPDWLRQ�LQ�D�XQLTXH�ZD\� H�J�
FRPELQLQJ�PRGHOV�RI�WKH�VLWH�EHORQJLQJ�WR�WKH�VDPH�WHPSRUDO�SKDVH�
EXW�DFTXLUHG�DQG�VWRUHG�LQ�WKH�V\VWHP�GXULQJ�GLIIHUHQW�DUFKDHRORJLFDO
FDPSDLJQV�

+RZHYHU�WKH�SRVVLELOLW\�RI�FRQQHFWLQJ�DQG�YLVXDOL]LQJ��' PRGHOV
WRJHWKHU�ZLWK�DOO�WKH�RWKHU�W\SRORJLHV�RI�GDWD�UHFRUGHG�LQ�WKH�ÀHOG
LQ�WKH�VDPH�JHR�UHIHUHQFHG�HQYLURQPHQW�UHTXLUHV�WKDW�ZH��L��HQJDJH
LQ�D�GHHSHU�GLVFXVVLRQ�LQ�RUGHU�WR�GHÀQH�WKH�OLPLWV�DQG�SRWHQWLDOV�LQ
HPSOR\LQJ��'PRGHOV�LQ�WKH�IUDPHZRUN�RI�WKH�LQWHUSUHWDWLRQ�SURFHVV�
DQG��LL��GHÀQH�JXLGHOLQHV�DQG�VWDQGDUGV�WR�PDNH�WKLV�QHZ�GDWD�PRUH
DYDLODEOH�LQ�ERWK�ÀHOG�DFWLYLWLHV�DQG�WKH�SRVW�LQWHUSUHWDWLRQ�SKDVH�

0RUHRYHU�WKH�ZRUN�VR�IDU�GHYHORSHG�DQG�GHVFULEHG�LQ�WKH�OLWHUDWXUH
KLJKOLJKWV�WKH�LPSRUWDQFH�RI�VWDUWLQJ�WR�GHÀQH�QHZ�ZD\V�WR�GHVFULEH
WKLV�LQIRUPDWLRQ�XVLQJ�PHWDGDWD�FDSDEOH�RI�SURYLGLQJ�D�FRPSOHWH�GH�
VFULSWLRQ�RI�WKH�GLIIHUHQW�IHDWXUHV�GLVSOD\HG�LQ�WKH��' PRGHOV�

5HIHUHQFHV
&DOOLHUL�0�� 'HOO·8QWR�1�� 'HOOHSLDQH�0�� 6FRSLJQR�5�� 6RGHU�
EHUJ�%�� /DUVVRQ�/�� ������� 'RFXPHQWDWLRQ�DQG�,QWHUSUHWDWLRQ
RI�DQ�DUFKDHRORJLFDO�H[FDYDWLRQ� DQ�H[SHULHQFH�ZLWK�GHQVH�VWH�
UHR�PDWFKLQJ� 9$67��7KH���WK�,QWHUQDWLRQDO�6\PSRVLXP�RQ

��



9LUWXDO�5HDOLW\� $UFKDHRORJ\�DQG�&XOWXUDO�+HULWDJH� SS� ���
���

&DPSDQD�6�� ������� $UFKDHRORJLFDO�QHHGV� , &DPSDQD� 6��	
5HPRQGLQR� )���5HG�� �' VXUYH\LQJ�DQG�PRGHOLQJ�LQ�DUFKDH�
RORJ\�DQG�FXOWXUDO�KHULWDJH� 7KHRU\�DQG�EHVW�SUDFWLFHV� %$5
LQWHUQDWLRQDO�VHULHV�2[IRUG�

&RQROO\� -�� DQG�/DNH� 0���HGV�� ������� *HRJUDSKLFDO�,Q�
IRUPDWLRQ�6\VWHPV�LQ�$UFKDHRORJ\� &DPEULGJH�0DQXDOV�LQ
$UFKDHRORJ\� &DPEULGJH�8QLYHUVLW\�3UHVV� 8QLWHG�.LQJGRP�

'H�5HX�-�� 'H�6PHGW�3�� +HUUHPDQV�'�� 9DQ�0HLUYHQQH�0��
/DORR�3�� 'H�&OHUFT�:��������� 2Q�LQWURGXFLQJ�DQ�LPDJH�
EDVHG��' UHFRQVWUXFWLRQ�PHWKRG�LQ�DUFKDHRORJLFDO�H[FDYDWLRQ
SUDFWLFH� -RXUQDO�RI�$UFKDHRORJLFDO�6FLHQFH�

'H�5HX�-�� 3OHWV�*�� 9HUKRHYHQ�*�� 'H�6PHGW�3�� %DWV�0��
&KHUUHWWp�%�� 'H�0DH\HU�:�� 'HFRQ\QFN�-�� +HUUHPDQV�'��
/DORR�3�� 9DQ�0HLUYHQQH�0�� 'H�&OHUFT�:�� ������� 7RZDUGV
D�WKUHH�GLPHQVLRQDO�FRVW�HIIHFWLYH�UHJLVWUDWLRQ�RI�WKH�DUFKDH�
RORJLFDO�KHULWDJH� -RXUQDO�RI�$UFKDHRORJLFDO�6FLHQFH�

'HOO·8QWR� 1��������� 7KH�8VH�RI��' 0RGHOV�IRU�,QWUD�6LWH
,QYHVWLJDWLRQ�LQ�$UFKDHRORJ\� , &DPSDQD� 6��	�5HPRQGLQR� )�
�HGV�� �' VXUYH\LQJ�DQG�PRGHOLQJ�LQ�DUFKDHRORJ\�DQG�FXOWXUDO
KHULWDJH� 7KHRU\�DQG�EHVW�SUDFWLFHV� %$5 LQWHUQDWLRQDO�VHULHV
2[IRUG�

'HOO·XQWR� 1�� &DOOLHUL� 0�� 'HOOHSLDQH� 0�� /HDQGHU�7RXDWL�
$�� /LQGJUHQ� 6��DQG�/DUVVRQ� &��������� 3RPSHL�UHYLYHG�
6FDQQLQJ�0LVVLRQ��LQVXOD�9 �� ,Q�(DUO� *�� 6O\� 7�� &KU\VDQWKL�
$�� 0XUULHWD�)ORUHV� 3�� 3DSDGRSRXORV� &�� 5RPDQRZVND� ,�

��



DQG�:KHDWOH\� '���HGV�� 7KH�&RPSXWHU�$SSOLFDWLRQV�DQG�4XDQW�
LWDWLYH�0HWKRGV�LQ�$UFKDHRORJ\��&$$���6RXWKDPSWRQ� �����
0DUFK������ $PVWHUGDP�8QLYHUVLW\�3UHVV�

'HOO·8QWR� 1�� )HUGDQL� '�� /HDQGHU�7RXDWL� $�� 'HOOHSLDQH�
0�� &DOOLHUL� 0��	�/LQGJUHQ� 6��������� 'LJLWDO�UHFRQVWUXFWLRQ
DQG�YLVXDOL]DWLRQ�LQ�DUFKDHRORJ\�&DVH�VWXG\�GUDZQ�IURP�WKH
ZRUN�RI�WKH�6ZHGLVK�3RPSHLL�3URMHFW� $GGLVRQ� $�� *XLGL� *��
'H�/XFD� /��DQG�3HVFDULQ� 6���HGV�� 'LJLWDO�+HULWDJH�,QWHUQD�
WLRQDO�&RQJUHVV��SS� ��������

'HOOHSLDQH�0�� 'HOO·8QWR�1�� &DOOLHUL�0�� /LQGJUHQ�6�� 6FRSLJQR
5�� �������$UFKHRORJLFDO�H[FDYDWLRQ�PRQLWRULQJ�XVLQJ�GHQVH
VWHUHR�PDWFKLQJ�WHFKQLTXHV� -RXUQDO�RI�&XOWXUDO�+HULWDJH�

'RQHXV� 0��	�1HXEDXHU� :��	�6WXGQLFND� 1�� ������� 'L�
JLWDO�5HFRUGLQJ�RI�6WUDWLJUDSKLF�([FDYDWLRQV� ,Q� 3URFHHGLQJV
RI�WKH�;,;WK�,QWHUQDWLRQDO�6\PSRVLXP�&,3$ �����µ1HZ�3HU�
VSHFWLYHV�WR�6DYH�&XOWXUDO�+HULWDJHµ� 7KH�&,3$ ,QW� $UFKLYHV
IRU�'RFXPHQWDWLRQ�RI�&XOWXUDO�+HULWDJH� 9RO� ;,;������� SS�
��������

'RQHXV� 0��	�1HXEDXHU� :�� ������� 'LJLWDO�5HFRUGLQJ�RI
6WUDWLJUDSKLF�([FDYDWLRQV� ,Q� $XVVHUHU� .�)��	�%|UQHU� :��	
*RULDQ\� 0��	�.DUOKXEHU�9|FNO� /���HGV�� (QWHU�WKH�3DVW� 7KH
(�ZD\�LQWR�WKH�IRXU�'LPHQVLRQV�RI�&XOWXUDO�+HULWDJH� &$$
����� &RPSXWHU�$SSOLFDWLRQV�DQG�4XDQWLWDWLYH�0HWKRGV�LQ�$U�
FKDHRORJ\� %$5 ,QWHUQDWLRQDO�6HULHV������ $UFKDHRSUHVV� 2[�
IRUG�

'RQHXV� 0��	�1HXEDXHU� :�� ������� /DVHU�VFDQQHUV�IRU��'
GRFXPHQWDWLRQ�RI�VWUDWLJUDSKLF�H[FDYDWLRQV� ,Q� ,QWHUQDWLRQDO
:RUNVKRS�RQ�5HFRUGLQJ� 0RGHOLQJ�DQG�9LVXDOL]DWLRQ�RI�&XO�
WXUDO�+HULWDJH� $VFRQD� 0D\������� 7D\ORU	)UDQFLV������

��



)RUWH� 0�� 'HOO·8QWR� 1�� ,VVDYL� -�� 2QVXUH]� /��DQG�/HUFDUL� 1�
������� �' $UFKDHRORJ\�DW�dDWDOK|\�N� ,QWHUQDWLRQDO�-RXUQDO
RI�+HULWDJH�LQ�WKH�'LJLWDO�(UD� ��QXPEHU�������� ��������

+RGGHU� ,�� ������� 7KH�$UFKDHRORJLFDO�3URFHVV� $Q�,QWURGXF�
WLRQ� :LOH\�%ODFNZHOO�

-HQVHQ� 2��������� +LVWRULHV�RI�DUFKDHRORJLFDO�SUDFWLFHV� 7KH
1DWLRQDO�+LVWRULFDO�0XVHXP�6WRFNKROP� 6WXGLHV���� 6WRFN�
KROP�

.DWVLDQLV� 0�� 6��7VLSLGLV� .��.RWVDNLV� DQG�$��.RXVRXODNRX�
������� $ �' 'LJLWDO�:RUNÁRZ�IRU�$UFKDHRORJLFDO�,QWUD�VLWH
5HVHDUFK�8VLQJ�*,6��-RXUQDO�RI�$UFKDHRORJLFDO�6FLHQFH�������
���²����

.RFNHO� 9�� ������� 7RZQV�DQG�7RPEV� 7KUHH�'LPHQVLRQDO
'RFXPHQWDWLRQ�RI�$UFKDHRORJLFDO�6LWHV�LQ�WKH�.LQJGRP�RI�1DSOHV
LQ�WKH�/DWH���WK�DQG�(DUO\���WK�&HQWXU\� LQ� ,��%LJQDPLQL
�+UVJ��� $UFKLYHV�	�([FDYDWLRQV� /RQGRQ������ ��������

/DUVVRQ� /������� 7KH�LURQ�DJH�ULWXDO�EXLOGLQJ�DW�8SSnNUD�
VRXWKHUQ�6ZHGHQ� $QWLTXLW\���� SS� ������

/RVLHU� /��0�� 3RXOLRW� -�� DQG�)RUWLQ� 0�� ������� �' JHRPHW�
ULFDO�PRGHOLQJ�RI�H[FDYDWLRQ�XQLWV�DW�WKH�DUFKDHRORJLFDO�VLWH�RI
7HOO�¶$FKDUQHK��6\ULD�� -RXUQDO�RI�$UFKDHRORJLFDO�6FLHQFH����
�SS� ��������

2SLW]� 5�� 	1RZOLQ� -��������� 3KRWRJUDPPHWULF�PRGHOLQJ
*,6��%HWWHU�PHWKRGV�IRU�ZRUNLQJ�ZLWK�PHVK�GDWD� $UF8VHU�
5HVRXUFH�GRFXPHQW� KWWS����ZZZ�HVUL�FRP�QHZV��DUFXVHU�������ÀOHV�
DUFKDHRORJ\��LQYHQWRU\�SGI� $FFHVVHG����0DUFK������

9HUKRHYHQ�*�� ������� 7DNLQJ�FRPSXWHU�YLVLRQ�DORIW�DUFKDH�
RORJLFDO�WKUHH��GLPHQVLRQDO�UHFRQVWUXFWLRQ�IURP�DHULDO�SKRWR�

��



JUDSKV�ZLWK�SKRWRVFDQ� $UFKDHRORJLFDO�SURVSHFWLRQ���� �SS�
�������

9HUKRHYHQ� *�� 7DHOPDQ� '�� 9HUPHXOHQ� )�� ������� &RP�
SXWHU�YLVLRQ�EDVHG�RUWKRSKRWR�PDSSLQJ�RI�FRPSOH[�DUFKDHROR�
JLFDO�VLWHV� WKH�DQFLHQW�TXDUU\�RI�3LWDUDQKD��3RUWXJDO�6SDLQ��
$UFKDHRPHWU\�������� ����²�����

9HUKRHYHQ� *�-�� 'RQHXV� 0�� %ULHVH� &�� 9HUPHXOHQ� )�� �������
0DSSLQJ�E\�PDWFKLQJ� D�FRPSXWHU�YLVLRQ�EDVHG�DSSURDFK�WR
IDVW�DQG�DFFXUDWH�JHRUHIHUHQFLQJ�RI�DUFKDHRORJLFDO�DHULDO�SKR�
WRJUDSKV� -RXUQDO�RI�$UFKDHRORJLFDO�6FLHQFH�������� ����²�����

=XEURZ� (�� ������� 'LJLWDO�DUFKDHRORJ\� DQ�KLVWRULFDO�FRQWH[W�
, (YDQV� 7�� DQG�'DO\� 3�� �HGL�� 'LJLWDO�$UFKDHRORJ\� %ULGJLQJ
0HWKRG�DQG�7KHRU\� 5RXWOHGJH�7D\ORU�	�)UDQFLV� 1<��86$

:HEVLWHV
KWWS���ZZZ�FDWDOKR\XN�FRP�

KWWS���ZZZ�ORQGRQFKDUWHU�RUJ�

KWWS���ZZZ�SRPSHMLSURMHNWHW�VH�

KWWS���JDELLVHUYHU�DGVURRW�LWFV�XPLFK�HGX�JDELLJRHVGLJLWDO�

��





'$1&(6 :,7+ 3(752*/<3+6
2Q�'LJLWDO�$JHQGDV� 'LJLWDO�7RROV
DQG�+HULWDJH�&RPPXQLFDWLRQ

%RGLO�3HWHUVVRQ
'HSDUWPHQW�RI�&XOWXUDO�6FLHQFHV� /LQQDHXV�8QLYHUVLW\

'DQFHV�ZLWK�3HWURJO\SKV
7KH�GD\�, JRW�LQWR�DUFKDHRORJ\�, QHYHU�WKRXJKW�RI�WKH�SRVVLELOLW\

RI�RQH�GD\�JHWWLQJ�WKH�FKDQFH�WR�GDQFH�ZLWK�SHWURJO\SKV� 7KLV�SRV�
VLELOLW\�ZDV�UHFHQWO\� LQ������DQG������ UHDOLVHG�DW�D�ORFDO�6ZHGLVK
PXVHXP�LQ�6LPULVKDPQ� LQ�VRXWKHUQ�6ZHGHQ� +HUH�\RX�FDQ�VZLQJ
DQG�VZD\�WRJHWKHU�ZLWK�ELUG�OLNH�SURFHVVLRQ�SDUWDNHUV�LQ�D�IXQHUDO
GDQFH� 7KH�VRXUFH�PDWHULDO�IRU�WKLV�DUWLVWLF�LQWHUSUHWDWLRQ� PDGH�E\
�' DUWLVW�DQG�UHVHDUFKHU�0DJDOL�/MXQJDU�&KDSHORQ� LV�WKH�VR�FDOOHG
.LQJ·V�JUDYH�IURP�WKH�%URQ]H�$JH�LQ�WKH�QHDUE\�PXQLFLSDOLW\�RI
.LYLN� ,W�LV�DQ�H[WUDRUGLQDU\�H[SHULHQFH�WR�KDYH�WKH�RSSRUWXQLW\�WR
WDNH�SDUW�LQ�D�SURFHVVLRQ�OLNH�WKLV� ,W�LV�PDGH�SRVVLEOH�E\�WKH�XVH�RI
PRWLRQ�FDSWXUH�WHFKQRORJ\� ZKLFK�DOORZV�\RXU�RZQ�PRYHPHQWV�WR
EH�UHJLVWHUHG�E\�D�FDPHUD�DQG�WUDQVIRUPHG�LQWR�DQ�LQWHUDFWLYH�VFUHHQ�
<RXU�PRYHPHQWV�EHFRPH�SDUW�RI�DQ�DFW� LQ�WKLV�FDVH�D�IXQHUDO�SUR�
FHVVLRQ�WR�KRQRXU�WKH�GHDG�LQGLYLGXDO�V�WKDW�DUH�WR�EH�EXULHG�LQ�WKH
.LYLN�WRPE� <RX�DUH�JLYHQ�WKH�RSSRUWXQLW\�WR�LQWHUDFW�ZLWK�D�VHWWLQJ
WKDW�LQWHUSUHWV�SHWURJO\SKV�DQG�WKHLU�PHDQLQJ�EDVHG�XSRQ�ERWK�WKH
DUFKDHRORJLFDO�UHFRUG�DQG�UHFHQW�LQVLJKWV�DERXW�ERG\�JHVWXUHV� 7KLV

��



KDSSHQLQJ�ZRXOG�SUREDEO\�QRW�KDYH�EHHQ�UHDOLVHG�DW�D�PXVHXP�LI�WKLV
VSHFLÀF�GLJLWDOO\�EDVHG�PRWLRQ�FDSWXUH�WHFKQLTXH�KDG�QRW�PDGH�WKH
DSSURDFK�SRVVLEOH� %XW�ZK\�GR�ZH�ÀQG�WKLV�WHFKQLTXH�LQ�XVH�DW�D
FXOWXUDO�KLVWRULFDO�PXVHXP�WRGD\"

$ 'LJLWDO�$JHQGD
)RU�D�GHFDGH�RU�VR�WKH�GLVFXVVLRQ�DERXW�GLJLWL]DWLRQ�DQG�LWV�HI�

IHFWV�KDV�LQWHQVLÀHG�LQ�GLIIHUHQW�ÀHOGV� $OVR�DW�PXVHXPV�WKLV�GLJLW�
L]DWLRQ�GLVFXVVLRQ�LV�LQWHQVH� DQG�HFRQRPLF�DGYDQWDJHV�DUH�RIIHUHG
WR�WKRVH�ZKR�GHFLGH�WR�SURPRWH�WKH�GHYHORSPHQW�RI�QHZ�GLJLWDOO\
EDVHG�WHFKQLTXHV�E\�LQWHJUDWLQJ�WKHP�LQ�GRFXPHQWDWLRQ�DV�ZHOO�DV
GLVSOD\� 0XVHXPV�WKDW�DOUHDG\�KDYH�WHFKQRORJ\�RQ�WKHLU�DJHQGD�IRU
GLVSOD\�KDYH�KDG�D�JHQHUDO�DGYDQWDJH� DV�WHFKQLFDO�PXVHXPV� IRU
H[DPSOH� WKDW�ZLVK�WR�FRQYH\�WHFKQRORJLFDO�DFKLHYHPHQWV�LQ�UHFHQW
\HDUV�KDYH�EHHQ�DEOH�WR�SUHVHQW�WKHVH�GLUHFWO\�LQ�WKHLU�H[KLELWLRQV
IRU�WKH�VDNH�RI�WHFKQRORJ\�LQ�LWVHOI� 7HFKQRORJ\�LQ�GLIIHUHQW�VHW�
WLQJV�LV�GLVSOD\HG�IRU�H[DPSOH�DW�1RUUN|SLQJ�9LVXDOLVHULQJVFHQWHU
&��6ZHGHQ��ZZZ�YLVXDOLVHULQJVFHQWHU�VH�� 6KRZQ�KHUH�DUH�DSSOLFD�
WLRQV�RI�GLIIHUHQW�WHFKQLTXHV�WKDW�FDQ�EH�XVHG�LQ�VFLHQWLÀF� WHFKQLFDO�
PHGLFDO� DUFKLWHFWXUDO� VRFLDO�DQG�FRPPXQLW\�SODQQLQJ�VHFWRUV�

,I� LQVWHDG� \RX�JR�WR�PXVHXPV�RI�FXOWXUDO�KLVWRU\�RU�YLHZ�SUHVHQW�
DWLRQV�WKDW�GHDO�ZLWK�WKH�GLVWDQW�SDVW�LQ�DUFKDHRORJLFDO�KLVWRULFDO�VHW�
WLQJV� WKH�XVH�RI�GLJLWDO�WHFKQRORJLHV�LV�QRW�DOZD\V�REYLRXV� +HUH�WKH
IRFXV�KDV�EHHQ�RQ�H[KLELWLQJ�DXWKHQWLF�UHPDLQV�RI�WKH�SDVW� ,Q�RUGHU�WR
RIIHU�D�IXUWKHU�GLPHQVLRQ�ZLWK�WKH�DLG�RI�QHZ�WHFKQRORJLHV� VRPH�H[�
WUD�WKRXJKW�DQG�LQQRYDWLRQ�DUH�UHTXLUHG� 7KHUH�LV�QR�LPPHGLDWH�SRLQW
LQ�UHSODFLQJ�DXWKHQWLF�REMHFWV�ZLWK�WKUHH�GLPHQVLRQDO�FRPSXWHU�VLP�
XODWLRQV�LI�WKH�SXUSRVH�LV�QRW�FOHDUO\�WR�FRQWULEXWH�WR�WKH�UHYLWDOL]DWLRQ
RI�RXU�XQGHUVWDQGLQJ�DQG�RU�H[SHULHQFH�RI�VRPH�NLQG�

��



0XVHXPV�LQ�D�'LJLWDO�$JH
$ IHZ�ERRNV�DQG�DUWLFOHV�SXEOLVKHG�GXULQJ�WKH�ODVW�GHFDGH�SURYLGH

LQVLJKW�LQWR�WKH�FKDOOHQJHV�WKDW�PXVHXPV�RI�WRGD\�IDFH�ZKHQ�WKH\
WDNH�RQ�GLJLWDO�WHFKQRORJ\�IRU�SXUSRVHV�RI�ERWK�SUHVHUYDWLRQ�DQG�SXE�
OLF�GLVSOD\� 6XFK�SHUVSHFWLYHV�DUH�UHSUHVHQWHG�E\�WKH�ERRNV�7KHRU�
L]LQJ�'LJLWDO�&XOWXUDO�+HULWDJH�²�$ &ULWLFDO�'LVFRXUVH��&DPHURQ�	
.HQGHUGLQH������� 5HFRGLQJ�WKH�0XVHXP��3DUU\� ������DQG�0X�
VHXPV�LQ�D�'LJLWDO�$JH��3DUU\� ������ 7KHVH�ERRNV�KDYH�WKH�DP�
ELWLRQ�ERWK�WR�WU\�WR�H[SORUH�WKH�KLVWRU\�RI�PXVHXP�GLJLWL]DWLRQ�DQG
WR�JR�EH\RQG�WKH�VWDWH�RI�WKH�DUW�DQG�ORRN�LQWR�WKH�IXWXUH� %HFDXVH
RI�WKH�FRQWLQXRXV�DQG�UDSLG�GHYHORSPHQW�RI�WHFKQRORJ\� VXFK�ERRNV
WHQG�WR�EHFRPH�REVROHWH� EXW�VRPH�IXQGDPHQWDO�LVVXHV�UHPDLQ�UHO�
HYDQW�RYHU�WLPH� VXFK�DV�KRZ�WR�UHODWH�WR�WKH�XVH�RI�WHFKQRORJ\�LQ
D��KLVWRULFDO��PXVHXP�FRQWH[W�DQG�KRZ�WR�UHODWH�WR�WKH�FRQFHSW�RI
DXWKHQWLFLW\�ZKHQ�RULJLQDO�REMHFWV�DUH�GLJLWL]HG� 7KH�PDLQ�FRQFHUQ
ZKHQ�GHVFULSWLRQV�DUH�PDGH�RI�WKH�KLVWRU\�RI�GLJLWL]LQJ�LQ�PXVHXP
FRQWH[WV�LV�PRVW�RIWHQ�WKDW�RI�GRFXPHQWLQJ�DQG�SUHVHUYLQJ�FROOHF�
WLRQV� ,Q�FRPSDULVRQ�YHU\�OLWWOH�GLVFXVVLRQ�KDV�IRFXVHG�RQ�WKH�XVH
RI�GLJLWDO�WRROV�LQ�H[KLELWLRQV�IRU�WKH�FDXVH�RI�VWRU\WHOOLQJ�LQ�SXEOLF
GLVSOD\� 7KLV�KDV�EHHQ�OHIW�DV�DQ�LVVXH�SULPDULO\�RI�LQWHUHVW�WR�WKRVH
ZRUNLQJ�ZLWK�FRPPXQLFDWLRQ�DVSHFWV��FI� 5RXVVRX� ������

4XHVWLRQV
0\�TXHVWLRQV�LQ�WKLV�VWXG\�LQ�UHODWLRQ�WR�WKH�GLJLWL]DWLRQ�SURFHVV�LQ

PXVHXP�GLVSOD\�VLWXDWLRQV�H[HPSOLÀHG�E\�WKH�3HWURJO\SKLF�H[KLEL�
WLRQ�LQ�6LPULVKDPQ�DUH�WKH�IROORZLQJ�

:KR�DUH�WKH�DFWRUV�LQ�GLJLWL]DWLRQ�ZRUN�UHODWLQJ�WR�WKLV�VSHFLÀF
ORFDO�PXVHXP�RI�gVWHUOHQ� LQ�VRXWKHUQ�6ZHGHQ"

:KDW�DUH�WKH�DLPV�RI�GLJLWDO�VROXWLRQV�DW�WKH�PXVHXP"
��



+RZ�DUH�WKH�FKRVHQ�VROXWLRQV�XVHG�WR�HQKDQFH�YLVLWRUV·�H[SHU�
LHQFH"

:K\�KDYH�WKH\�FKRVHQ�WR�DSSO\�WKHVH�VSHFLÀF�GLJLWDO�WHFK�
QLTXHV"

7R�ZKDW�H[WHQW�GR�WKH�SUHVHQWDWLRQV�LQ�WKH�H[KLELWLRQ�UHO\�RQ
H[LVWLQJ�DUFKDHRORJLFDO�GLJLWDO�GDWD�GRFXPHQWDWLRQ"

$W�WKLV�VWDJH�, KDYH�QRW�SHUIRUPHG�DQ\�DQDO\VLV�RI�WKH�YLVLWRUV·�H[�
SHULHQFH� VLQFH�WKLV�KDV�EHFRPH�VHFRQGDU\�WR�WKH�DLP�RI�P\�WH[W� $Q
RQ�JRLQJ�HYDOXDWLRQ�RI�YLVLWRUV·�H[SHULHQFH�LV�EHLQJ�FRQGXFWHG�E\
0DJDOL�/MXQJDU�&KDSHORQ� WKH�FUHDWRU�RI�WKH�LGHD�RI�LPPHUVLYH�SUR�
FHVVLRQ�LQWHUSUHWDWLRQ�WKURXJK�ERG\�PRYHPHQWV�DW�WKH�PXVHXP��VHH
/MXQJDU�&KDSHORQ� ����� IRUWKFRPLQJ��

0\�RYHUDOO�DLP�LQ�VWXG\LQJ�WKLV�VSHFLÀF�H[KLELWLRQ�LQ�WKH�OLJKW
RI�GLJLWL]DWLRQ�LQ�VRFLHW\�KDV�EHHQ�WR�DQDO\VH�WKH�LPSDFW�RI�JHQHUDO
GLJLWDO�DJHQGDV�WKURXJK�WKH�H[DPSOH�RI�D�ORFDO�PXVHXP�WKDW�KDV�SHU�
IRUPHG�GLJLWL]DWLRQ�RI�H[KLELWLRQV�ZLWK�WKH�DLG�RI�UHJLRQDO�JRYHUQ�
PHQWDO�IXQGLQJ�

7KH�&RQFHSW�RI�'LJLWL]DWLRQ�LQ�D�0XVHXP�([KLEL�
WLRQ�&RQWH[W

+RZ�FDQ�WKH�FRQFHSW�RI�µGLJLWL]DWLRQµ�EH�GHÀQHG�LQ�D�PXVHXP�H[�
KLELWLRQ�FRQWH[W" 'LJLWDO�FRPHV�IURP�WKH�/DWLQ�µGLJLWµ�ZKLFK�PHDQV
µÀQJHUµ�RU�µWRHµ� ,Q�D�ÀJXUDWLYH�VHQVH� LW�LV�DERXW�KRZ�GDWD�DUH�UHS�
UHVHQWHG�E\�QXPEHUV�LQ�D�QXPEHU�V\VWHP� ,Q�D�FRPSXWHUL]HG�FRQWH[W
WKLV�UHIHUV�WR�KRZ�LQIRUPDWLRQ�LV�FRQYHUWHG�LQWR�FRPSXWHU�ODQJXDJH
DQG�WKHQ�SUHVHQWHG�ZLWK�QHZ�WHFKQRORJ\�DV�LPDJHV� WH[W�DQG�VRXQG�
'LJLWL]DWLRQ�DV�D�FRQFHSW�LQ�WKLV�FRQWH[W�WKHUHIRUH�UHIHUV�WR�FRPSXWHU�
L]HG�WHFKQRORJ\�JDLQLQJ�JURXQG�LQ�RXU�GDLO\�OLIH�DW�ZRUN�DQG�LQ�RXU
OHLVXUH�WLPH� 'LJLWDO�WRROV�ERWK�FRQWURO�DQG�IDFLOLWDWH�RXU�OLYHV�WRGD\�

��



0XVHXPV�KDYH�PDLQO\�ZRUNHG�ZLWK�WKH�GLJLWL]DWLRQ�RI�FROOHFWLRQV
WKDW�KDYH�EHHQ�VXFFHVVLYHO\�WUDQVIHUUHG�LQWR�D�GLJLWDO�IRUPDW� L�H� WUD�
GLWLRQDO�GRFXPHQWDWLRQ�LQ�WKH�IRUP�RI�WH[WV� LPDJHV�DQG�REMHFWV�KDV
EHHQ�FRQYHUWHG�WR�GLJLWDO�IRUPDW�IRU�XVH�RQ�3&V� DQG�YLD�ZHEVLWHV
RQ�WKH�,QWHUQHW� 7UDGLWLRQDOO\�WKLV�NLQG�RI�LQ�GHSWK�GRFXPHQWDWLRQ
LQIRUPDWLRQ�KDV�EHHQ�XVHG�LQ�H[KLELWLRQV�DV�H[WHQGHG�LQIRUPDWLRQ
DFFHVVLEOH�YLD�FRPSXWHU�VFUHHQV�

7KHUH�LV�D�ZLGHVSUHDG�YLHZ�RI�GLJLWL]DWLRQ�DV�D�ZD\�RI�GLVVHPLQ�
DWLQJ�FXOWXUDO�KHULWDJH�GLJLWDOO\�UHJDUGOHVV�RI�WKH�JHRJUDSKLF�ORFDWLRQ
RI�WKH�RULJLQDO��VHH�IRU�H[DPSOH�WKH�DLPV�IRU�WKH�(8�IXQGHG�9LUWXDO
0XVHXP�7UDQVQDWLRQDO�1HWZRUN� 9�0XVW� ZZZ�Y�PXVW�QHW�� +RZ�
HYHU� LQ�WKH�H[DPSOH�RI�WKH�.LQJ·V�JUDYH�LQ�.LYLN� ZH�VHH�JHRJUDSK�
LFDO�LQGHSHQGHQFH�RI�WKH�VLWH�EXW�D�GHSHQGHQFH�RQ�WKH�PXVHXP�DV�D
ORFDWLRQ� VLQFH�GLJLWL]DWLRQV�FDUULHG�RXW�IRU�H[KLELWLRQV�LQ�PXVHXPV
DUH�XVXDOO\�QRW�PDGH�DYDLODEOH�WKURXJK�WKH�,QWHUQHW� DV�WKH�PXVHXP
VSDFH�LV�QHHGHG�IRU�WKH�SHUIRUPDQFH�

3HWURJO\SKLF�DQG�LWV�&RQWHQWV
,I�ZH�QRZ�UHWXUQ�WR�gVWHUOHQ�0XVHXP�LQ�VRXWKHUQ�6ZHGHQ�WR�GH�

VFULEH�WKH�VHWWLQJ�DQG�H[KLELWLRQ�FRQWHQWV�PRUH�WKRURXJKO\� WKH�PX�
VHXP�GHFLGHG�DV�HDUO\�DV������WR�VWDUW�ZRUNLQJ�ZLWK�WKH�LGHD�RI�DQ
H[KLELWLRQ�ZLWK�GLJLWDO�WRROV�DQG�FRQWHQW� 7KH�ÀQDO�UHVXOW�ZDV�WKH
H[KLELWLRQ�FDOOHG�µ3HWURJO\SKLFµ�WKDW�RSHQHG�WR�WKH�JHQHUDO�SXEOLF�LQ
0D\������ 7KH�H[KLELWLRQ�LV�WR�EH�VKRZQ�DW�WKH�PXVHXP�XQWLO�WKH
DXWXPQ�RI������ DQG�WKH�ZLVK�IURP�WKH�PXVHXP�LV�WKDW�WKH�H[KLEL�
WLRQ�FRXOG�KDYH�D�IXWXUH�OLIH�DW�D�UHJLRQDO�FHQWUH�IRU�URFN�FDUYLQJV�LI
WKHUH�LV�WKH�SROLWLFDO�ZLOO�WR�ZRUN�LQ�WKLV�GLUHFWLRQ� 7KLV�SRVVLELOLW\
LV�VWLOO�K\SRWKHWLFDO� VLQFH�WKHUH�LV�QR�GHÀQLWLYH�SROLWLFDO�VXSSRUW�IRU
WKHVH�LGHDV�\HW�

7KH�H[KLELWLRQ�LV�ORFDWHG�LQ�D�ODUJH�URRP�RQ�WKH�JURXQG�ÁRRU�RI�WKH
PXVHXP� :LWK�WKH�DLG�RI�WHPSRUDU\�SDUWLWLRQV� WKLV�URRP�KDV�EHHQ
GLYLGHG�LQWR�VPDOOHU�SDUWV� :LWKLQ�WKH�URRP�RI�WKH�H[KLELWLRQ�WKHUH�LV

��



D�PRWLRQ�FDSWXUH�URRP� WRXFKVFUHHQV�RI�GLIIHUHQW�IRUPDWV�IURP�L3DGV
WR�D�IXOO�WDEOH� DQG�D�URRP�IRU�H[SHULHQFLQJ�VWRULHV�UHODWLQJ�WR�%URQ]H
$JH�P\WKRORJ\�ZLWK�SLFWXUHV�DQG�VRXQGV� (YHU\�VLQJOH�VWDWLRQ�LV
GLJLWDO�LQ�WKH�VHQVH�WKDW�GLJLWDO�WRROV�DUH�XVHG�LQ�HDFK�FDVH�

6RPH�RI�WKH�WHFKQLFDO�VROXWLRQV�ZHUH�FUHDWHG�LQ�FROODERUDWLRQ�ZLWK
VPDOO�,7 FRPSDQLHV� DQG�WKH�PXVHXP�DOVR�FROODERUDWHG�ZLWK�WKH�/XQG
8QLYHUVLW\�+XPDQLWLHV�/DE��ZZZ�KXPODE�OX�VH��

$W�WKH�YHU\�HQWUDQFH�RI�WKH�H[KLELWLRQ�WKH�YLVLWRU�HQFRXQWHUV�D
SUREDEO\�UDWKHU�ZHOO�NQRZQ�WHFKQLTXH� WKH�L3DG�GLVSOD\LQJ�WKUHH�GLI�
IHUHQW�%URQ]H�$JH�REMHFWV�WKDW�DUH�GLVSOD\HG�LQ��' IRUPDW� 7KH�RE�
MHFWV�FDQ�EH�URWDWHG�DQG�]RRPHG�WR�FKHFN�GHWDLOV�PRUH�WKRURXJKO\
�)LJ� ��� 7KH�RQ�VFUHHQ��' VROXWLRQV�DUH�D�SHUIHFW�H[DPSOH�RI�KRZ
YLVLWRUV�FDQ�JHW�FORVHU�WR�WKH�REMHFWV�DQG�HYHQ�WRXFK�WKHP�LQ�D�VHQVH
ZLWKRXW�GDPDJLQJ�WKHP� DQG�LW�LV�DOVR�D�WHFKQLTXH�WKDW�LV�LQ�XVH�DW
PDQ\�PXVHXPV�QRZDGD\V�WR�PDNH�FROOHFWLRQV�PRUH�DFFHVVLEOH�WKURXJK
WKH�LQGLYLGXDO�PXVHXP·V�,QWHUQHW�VLWH�RU�YLD�RWKHU�FROODERUDWLYH�VLWHV
IRU�PXVHXPV�DQG�WKHLU�FROOHFWLRQV��VHH�H�J� ZZZ�GLJLWDOWPXVHXP�VH��
%XW�RI�FRXUVH�QRW�HYHU\�VLQJOH�REMHFW�LQ�D�FROOHFWLRQ�FDQ�EH�VFDQQHG�LQ
WKLV�ZD\� VR�WKHUH�LV�DQ�H[SOLFLW�IRFXV�RQ�GLVSOD\LQJ�PRUH�HODERUDWHG
RU�ZHOO�NQRZQ�DQG�DSSUHFLDWHG�REMHFWV�WR�VWDUW�ZLWK�

,Q�RQH�RI�WKH�H[SHULHQFH�URRPV�D�SURFHVVLRQ�LQ�FRQQHFWLRQ�ZLWK
D�%URQ]H�$JH�EXULDO�LV�SRUWUD\HG� 7KH�WHFKQLTXH�LQ�WKH�H[KLELWLRQ
LV�D�PRWLRQ�EDVHG�H[SHULHQFH� 7KH�YLVLWRU�SDUWLFLSDWHV�LQ�WKH�SURFHV�
VLRQ�ZLWK�WKH�KHOS�RI�D�WHFKQLTXH�WKDW�PDNHV�LW�SRVVLEOH�WR�UHFRUG
PRYHPHQWV�DQG�PDNH�WKH�YLVLWRU·V�PRYHPHQWV�EHFRPH�SDUW�RI�WKH
SURFHVVLRQ� 7KH�FRORXU�RI�WKH�SURFHVVLRQ�SDUWDNHU�VKLIWV� VR�WKDW�WKH
YLVLWRU�FDQ�VHH�LI�KH�RU�VKH�PRYHV�LQ�OLQH�RU�RXW�RI�VWHS�ZLWK�WKH�UHVW
RI�WKH�SURFHVVLRQ� ,I�\RX�PRYH�WRJHWKHU�ZLWK�WKH�RWKHUV·�PRYHPHQWV�
WKH�ÀJXUH�SURMHFWHG�RQ�WKH�VFUHHQ�UHPDLQV�UHG� EXW�LI�\RX�PRYH�GLI�
IHUHQWO\� WKH�ÀJXUH�LQVWHDG�WXUQV�ZKLWH��)LJ� ���

,Q�DQRWKHU�SDUW�RI�WKH�H[KLELWLRQ� LW�LV�SRVVLEOH�IRU�YLVLWRUV�WR�FUHDWH
WKHLU�RZQ�SHWURJO\SKV�RQ�D�GLJLWDO�URFN� 7HFKQLFDOO\�LW�LV�D�NLQG�RI

��



)LJXUH��� 7KH�L3DGV�ZLWK�VFDQQHG��' REMHFWV�DW�WKH�HQWUDQFH�RI�WKH�H[KLELWLRQ�
3KRWR� -HV�:LHQEHUJ������

��



)LJXUH��� ,QJULG�:LHQEHUJ�VKRZLQJ�KRZ�WR�DFW�LQ�WKH�%URQ]H�$JH�SURFHVVLRQ�
3KRWR� -HV�:LHQEHUJ������

��



)LJXUH��� $VJHU�DQG�,QJULG�:LHQEHUJ�VKRZLQJ�KRZ�WHPSRUDU\�URFN�FDUYLQJV�DUH
PDGH� 3KRWR� -HV�:LHQEHUJ������

GLJLWDO�VFUHHQ�ZLWK�D�FRRUGLQDWH�V\VWHP� ZKHUH�\RX�FUHDWH�\RXU�RZQ
µURFN�FDUYLQJVµ�ZLWK�GHVLJQV�\RX�FKRRVH�\RXUVHOI� 2Q�DQ�DGMDFHQW
ZDOO�D�QXPEHU�RI�ZRUNV�RI�DUW�DUH�KXQJ�WKDW�VHHP�WR�EH�FDVWV�RI�H[LVW�
LQJ�SHWURJO\SKV� 7KHVH�FDVWV�FDQ�VHUYH�DV�LQVSLUDWLRQ�IRU�WKH�YLVLWRUV·
RZQ�URFN�FDUYLQJ�DWWHPSWV� $IWHU�D�VKRUW�WLPH�WKH�WHPSRUDU\�VFUHHQ
FDUYLQJV�DUH�HUDVHG� DQG�LW�LV�SRVVLEOH�WR�VWDUW�RYHU�DJDLQ��)LJ� ���

,Q�D�VPDOO�URRP�WKH�YLVLWRUV�DUH�JLYHQ�WKH�RSSRUWXQLW\�WR�VLW�RQ
FKDLUV�RU�RQ�D�ODUJH�VRIW�SDG�WR�YLHZ�DW�D�VOLGHVKRZ�DQG�KHDU�WKH
YRLFH�RI�D�VWRU\WHOOHU�DV�WKH�SLFWXUHV�VKLIW� $V�\RX�HQWHU�WKH�URRP
WKH�VOLGHVKRZ�EHJLQV� GHSLFWLQJ�WKH�%URQ]H�$JH�P\WKRORJLFDO�ZRUOG
DQG�D�VWRU\�DERXW�KRZ�WKH�VXQ�LV�EURXJKW�DURXQG�SDUWO\�LQ�WKH�VN\�
SDUWO\�GRZQ�EHORZ�WKH�VXUIDFH�RI�WKH�VHDV� 7KH�P\WK�SUHVHQWHG�LV�DQ
LQWHUSUHWDWLRQ�RI�%URQ]H�$JH�P\WKRORJ\�PDGH�LQ�RXU�WLPH� EXW�WKH

��



)LJXUH��� 2Q�WKH�VRIW�SDG�LQ�WKH�VWRU\WHOOLQJ�URRP� 3KRWR� -HV�:LHQEHUJ������

ZD\�WKH�VWRU\�LV�WROG�DOORZV�LW�WR�EH�SHUFHLYHG�DV�FUHGLEOH� DQG�LW�LV�DOVR
UHODWHG�WR�YDULRXV�DXWKHQWLF�%URQ]H�$JH�REMHFWV�DQG�LQWHUSUHWDWLRQV
PDGH�E\�DUFKDHRORJLVWV��)LJ� ����.DXO�������

$ JHQHUDOO\�LQIRUPDWLYH�VWDWLRQ�LV�SUHVHQW�WKURXJK�D�KRUL]RQWDO
WRXFKVFUHHQ�WDEOH�DW�D�FRPIRUWDEOH�KHLJKW�IRU�VWDQGLQJ� +HUH�WKH
YLVLWRU�ÀQGV�IDFWV�EHKLQG�YDULRXV�REMHFWV�DQG�WKHPHV�UHODWLQJ�WR�WKH
1RUGLF�%URQ]H�$JH� +HUH� WKH�WHFKQLTXH�LV�QRW�SULPDULO\�D�EDVLV�IRU
H[SHULHQFH� EXW�UDWKHU�D�ZD\�WR�VHDUFK�IRU�PRUH�LQ�GHSWK�LQIRUPDWLRQ�
7KH�WHFKQRORJ\�FRQVLVWV�RI�D�FRPSXWHU�WKDW�SURYLGHV�VHDUFK�IXQFWLRQV
DQG�PRUH�GHWDLOHG�LQIRUPDWLRQ�WKURXJK�WKH�WRXFKVFUHHQ��)LJ� ��� ,W
LV�DOVR�SRVVLEOH�WR�XVH�D�45 FRGH�IXQFWLRQ�WR�GRZQORDG�WKH�GHWDLOHG
LQIRUPDWLRQ�WR�D�FHOO�SKRQH� 7RXFKVFUHHQV�PLJKW�RIIHU�PRUH�LQWXLWLYH

��



)LJXUH��� 0XVHXP�FXUDWRU�-HDQHWWH�*LPPHUVWDP�VKRZLQJ�WKH�WRXFK�VFUHHQ�
3KRWR� %RGLO�3HWHUVVRQ������

LQWHUDFWLRQ�ZLWK�FRQWHQWV� EXW�ZKHWKHU�\RX�SUHIHU�WKLV�RU�WUDGLWLRQDO
FRPSXWHU�VROXWLRQV�LV�SUREDEO\�D�TXHVWLRQ�RI�ZKDW�\RX�DUH�XVHG�WR�

7R�VXSSOHPHQW�DQG�H[SODLQ�WKH�GLIIHUHQW�SDUWV�RI�WKH�H[KLELWLRQ�
WH[WLOH�SULQWV�DUH�KDQJLQJ�RQ�WKH�ZDOOV�ZLWK�LPDJHV�DQG�O\ULFV�WKDW
SUHVHQW�WKH�EDFNJURXQG�IRU�LQWHUSUHWDWLRQV�PDGH�WKURXJK�WKH�H[KLEL�
WLRQ� 7KHUH�DUH�DOVR�D�IHZ�H[KLELWLRQ�FDVHV�ZLWK�VHOHFWHG�LWHPV�IURP
WKH�%URQ]H�$JH� 7KHVH�FDVHV�FRQWDLQ�WKH�UHODWLYHO\�VPDOO�QXPEHU�RI
DXWKHQWLF�REMHFWV�SUHVHQW�LQ�WKH�FXUUHQW�H[KLELWLRQ��)LJ� ���

7KH�PXVHXP�VWDII�KDYH�SURGXFHG�D�µWUDYHO�JXLGHµ�OHDÁHW�HQWLWOHG
7KH�5RFN�FDUYHUV�*XLGH�WR�WKH�%URQ]H�$JH�������� 7KLV�OHDÁHW�LV�WKH
VWDUWLQJ�SRLQW�RI�D�MRXUQH\�LQ�WLPH�WR�WKH�%URQ]H�$JH� ZKHUH�VKRS�
SLQJ� DFFRPPRGDWLRQ� DGYHQWXUH�DQG�HQWHUWDLQPHQW�DUH�GHVFULEHG�WR
WKH�YLVLWRU�

��



)LJXUH��� ,QJULG�:LHQEHUJ�FKHFNLQJ�RXW�RQH�RI�WKH�H[KLELWLRQ�FDVHV� 3KRWR� -HV
:LHQEHUJ������

��



&ROODERUDWLRQ
7KH�PXVHXP�VWDII�RI�DQWLTXDULDQV�KDYH�EHHQ�FROODERUDWLQJ�ZLWK

ERWK�XQLYHUVLW\�UHVHDUFKHUV�LQ�WKH�ÀHOGV�RI�DUWLVWLF�H[SUHVVLRQ�DQG�DU�
FKDHRORJ\� WHFKQLFDOO\�VNLOOHG�XQLYHUVLW\�ODEV� ,7 HQJLQHHUV�LQ�VPDOO
FRPSDQLHV�DQG�SURIHVVLRQDO�VWRU\WHOOHUV� 7KHVH�FROODERUDWLRQ�SDUW�
QHUV�DUH�SUHVHQWHG�RQ�D�WH[WLOH�SULQW�LQ�WKH�H[KLELWLRQ�

5HIOHFWLRQV�RQ�WKH�([KLELWLRQ
,Q�JHQHUDO�WKH�WHFKQLFDO�VROXWLRQV�LQ�WKH�H[KLELWLRQ�DW�gVWHUOHQ�0X�

VHXP�DUH�RI�WZR�NLQGV� H[SHULHQFH�EDVHG�DQG�IDFWXDO� 3UREDEO\�WKLV
LV�D�JRRG�VWUDWHJ\�WKDW�SURYLGHV�WKH�YLVLWRU�ZLWK�D�YDULHG�H[SHULHQFH�
7KH�WHFKQRORJLHV�XVHG�DUH�DOVR�JRRG�IRU�GLIIHUHQW�SXUSRVHV� ZLWK
VRPH�SURYLGLQJ�PRUH�GHWDLOHG�NQRZOHGJH�DQG�RWKHUV�RIIHULQJ�ERG�
LO\�H[SHULHQFH�

7KH�WHFKQLTXHV�XVHG�LQ�WKH�H[KLELWLRQ�DUH�GHVFULEHG�ZLWKLQ�WKH�PX�
VHXP�FRQWH[W�ZLWK�H[SUHVVLRQV�VXFK�DV�µSURMHFWLRQVµ� µIXOO�ERG\�PR�
WLRQ�FDSWXUHµ� µGLJLWDO�SHQµ�DQG�µPXOWL�WRXFK�VFUHHQµ��ZZZ� VLP�
ULVKDPQ�VH��PXVHXP�� 7KHVH�WHFKQLFDO�WHUPV�WDUJHW�WKH�WHFKQLFDOO\
LQLWLDWHG�YLVLWRU�ZKR�DOUHDG\�NQRZV�WKH�QDPHV�RI�GHYLFHV� $V�D�WKRXJKW
H[SHULPHQW� LI�RQH�ZHUH�WR�FKRRVH�WR�JR�WKH�RWKHU�GLUHFWLRQ�DQG�LQ�
VWHDG�GHVFULEH�ZKDW�KDSSHQV�ZKHQ�\RX�H[SHULHQFH�VRPHWKLQJ� WKH
GHVFULSWLRQ�LWVHOI�ZRXOG�SUREDEO\�EH�GLIIHUHQWO\�IRUPXODWHG� ZLWK�D
IRFXV�RQ�WKH�H[SHULHQFH�LWVHOI�UDWKHU�WKDQ�WKH�WHFKQRORJ\�XVHG� 7KH
IRFXV�RQ�WHFKQRORJ\�LV�SUREDEO\�DQ�HIIHFW�RI�WKH�UHDVRQ�ZK\�WKH�H[�
KLELWLRQ�ZDV�FUHDWHG�LQ�WKH�ÀUVW�SODFH� DV�DQ�LQYHVWPHQW�LQ�QHZ�WHFK�
QLTXHV�IRU�WKH�SXUSRVH�RI�HQKDQFLQJ�GLJLWL]DWLRQ�LQ�VRFLHW\�

'LJLWDO�7RROV�LQ�([KLELWLRQV
1HZ�WHFKQLTXHV�DUH�LQFUHDVLQJO\�EHLQJ�DGRSWHG�LQ�H[KLELWLRQV� DORQJ�

VLGH�RWKHU�PRGHV�RI�H[KLELWLQJ� :KHQ�GLG�GLJLWDO�WHFKQLTXHV�VWDUW�WR
EH�XVHG�LQ�6ZHGLVK�H[KLELWLRQV� DQG�KRZ�ZHUH�WKH\�XVHG�LQLWLDOO\"
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&RPSXWHU�VFUHHQV�VWDUWHG�WR�DSSHDU�LQ�H[KLELWLRQV�LQ�WKH�����V��UHI���
6FUHHQV�DQG�NH\ERDUGV�RIIHUHG�WKH�YLVLWRUV�DQ�RSSRUWXQLW\�WR�ÀQG�H[�
WHQGHG�NQRZOHGJH�UHODWLQJ�WR�WKH�H[KLELWHG�REMHFWV�DQG�WKHPHV� 7KLV
ZD\�RI�XVLQJ�FRPSXWHUV�LQ�H[KLELWLRQV�KDV�EHHQ�D�FRPPRQ�VROXWLRQ
IRU�D�ORQJ�WLPH� EXW�WKH�WHFKQRORJ\�GRHV�QRW�LQ�LWVHOI�SURYLGH�DQ�HQ�
KDQFHG�H[SHULHQFH�RI�WKH�H[KLELWLRQ�EXW�VKRXOG�LQVWHDG�EH�YLHZHG�DV
DQ�H[WHQGHG�RSSRUWXQLW\�WR�SODFH�IXUWKHU�LQIRUPDWLRQ�ZLWKLQ�WKH�H[�
KLELWLRQ�FRQWH[W� 7KHVH�VFUHHQV�KDYH�WKHQ�EHHQ�XVHG�IRU�GLVSOD\LQJ
GLJLWL]HG�PDWHULDO�EHLQJ�GLVSOD\HG�LQ�WKH�H[KLELWLRQ� +HUH�D�GLUHFW
UHODWLRQVKLS�FDQ�EH�VHHQ�EHWZHHQ�GLJLWL]DWLRQ�IRU�SUHVHUYDWLRQ�DQG
GLJLWL]DWLRQ�IRU�FRPPXQLFDWLRQ� DQG�LW�EHFRPHV�FOHDU�KRZ�WKHVH�GLI�
IHUHQW�DLPV�KDYH�EHFRPH�PRUH�FORVHO\�FRQQHFWHG�LQ�UHFHQW�\HDUV�

$QRWKHU�H[SRQHQW�RI�WKH�XVH�RI�QHZ�WHFKQLTXHV�LQ�PXVHXP�FRQWH[W
LV�3HU�6WHQERUJ·V�H[SHULPHQW�ZLWK�D�WLPH�WUDYHO�H[KLELWLRQ�DW�/|G|VH
PXVHXP�LQ�ZHVWHUQ�6ZHGHQ� 7KH�DLP�ZDV�SULPDULO\�WR�PDNH�WKH
PXVHXP�H[KLELWLRQ�DFFHVVLEOH�LQ�VHYHUDO�ZD\V�E\�LQYROYLQJ�GLIIHUHQW
VHQVHV� 2QH�H[SHULPHQW�ZDV�D�WDEOH�ZKHUH�FKDQJHV�LQ�ODQGVFDSH�LQ�D
ORQJ�WHUP�SHUVSHFWLYH�ZHUH�VKRZQ�LQ�D�WDFWLOH�ZD\�VR�WKDW�WKH\�FRXOG
EH�IHOW�E\�WRXFK� 7KLV�ZDV�D�ZD\�WR�H[SHULPHQW�ZLWK�HQKDQFHPHQW�RI
YLVLWRUV·�H[SHULHQFH�IRU�SHRSOH�ZKR�KDYH�D�QHHG�IRU�FRPSOHPHQWDU\
LQIRUPDWLRQ� EHFDXVH�RI�SRRU�YLVLRQ� IRU�H[DPSOH� :KHQ�WKH�H[SHUL�
PHQW�ZDV�FDUULHG�RXW� LW�DOVR�EHFDPH�REYLRXV�WKDW�DOO�YLVLWRUV�IRXQG
WKH�WDFWLOH�H[SHULHQFH�HQULFKLQJ��6WHQERUJ�������

,Q�RXU�WLPH� ZKHQ�WKH�JDPLQJ�LQGXVWU\�KDV�GHYHORSHG�WHFKQLTXHV
IRU�LPPHUVLYH�H[SHULHQFH�LQ�FRPSXWHU�JDPHV�RI�DOO�NLQGV� WKH�KHU�
LWDJH�VHFWRU�KDV�DGDSWHG�DQG�IRXQG�LPPHUVLYH�WHFKQRORJLHV�XVHIXO
LQ�H[KLELWLRQ�FRQWH[WV� 7KHUH�LV�D�JHQHUDO�FXULRVLW\�DV�WR�KRZ�LP�
PHUVLRQ�FDQ�EH�UHDOLVHG� EXW�DV�\HW�WKHUH�KDV�EHHQ�QR�H[SORVLRQ�RI
VXFK�WHFKQRORJ\�XVH�LQ�H[KLELWLRQV� ,QVWHDG� DQ�HPHUJLQJ�LQWHUHVW�FDQ
EH�GLVFHUQHG� VOLJKWO\�LQFUHDVLQJ�DV�LPPHUVLYH�WHFKQLTXHV�EHFRPH
PRUH�ZLGHVSUHDG�DQG�WKHUHIRUH�PRUH�DIIRUGDEOH� $QRWKHU�LPSRUWDQW
UHDVRQ�IRU�WKH�HPHUJLQJ�LQWHUHVW�LQ�WKH�KHULWDJH�VHFWRU�LV�WKDW�\RX�DOVR
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FDQ�PDNH�FRQWDFW�ZLWK�LQWHUHVWHG�,7 GHYHORSHUV�ZKR�DUH�SUHSDUHG�WR
ZRUN�ZLWKLQ�WKH�VHFWRU�EXW�ZKR�XVXDOO\�GR�QRW�KDYH�PDQ\�ÀQDQFLDO
UHVRXUFHV�DW�WKHLU�GLVSRVDO� 2QH�LPSRUWDQW�UHDVRQ�ZK\�,7 GHYHORSHUV
ZLVK�WR�ZRUN�ZLWK�KHULWDJH�LV�SUREDEO\�WKH�PRQH\�DYDLODEOH�IURP
DXWKRULWLHV�ZDQWLQJ�WR�HQKDQFH�WHFKQLFDO�GHYHORSPHQW�LQ�JHQHUDO�LQ
VRFLHW\�

2QH�XSFRPLQJ�HYHQW�ZKHUH�GLJLWDO�WRROV�DUH�XVHG�LQ�D�KLVWRULFDO
H[KLELWLRQ�LV�DW�WKH�0HGLWHUUDQHDQ�0XVHXP��0HGHOKDYVPXVHHW��LQ
6WRFNKROP� ZKHUH�WKH\�KDYH�PDGH�XVH�RI�WKH�VR�FDOOHG�́ GLJLWDO�DXWRSV\
WDEOHµ�IRU�GLVSOD\LQJ�LQ��' RQH�RI�WKH�PXPPLHV�EHORQJLQJ�WR�WKH
PXVHXP� $FWXDOO\�WKH�GLJLWDO�DXWRSV\�WDEOH�KDV�EHHQ�H[KLELWHG�DW
WKH�9LVXDOLVHULQJVFHQWHU�& LQ�1RUUN|SLQJ�IRU�VRPH�WLPH�QRZ� LQVSLU�
LQJ�FXOWXUH�KLVWRULFDO�PXVHXPV�DQG�WKHLU�VWDII�WR�DGRSW�WKH�WHFKQR�
ORJ\� 7KLV�VSHFLÀF�PXPP\�GLVSOD\�LV�PDGH�LQ�FROODERUDWLRQ�ZLWK
9LVXDOLVHULQJVFHQWHU�& �ZZZ� YDUOGVNXOWXUPXVHHUQD�VH��PHGHOKDYV�
PXVHHW�� $QRWKHU�H[DPSOH�LV�DW�WKH�+LVWRULFDO�0XVHXP�LQ�6WRFN�
KROP� ZKHUH�DQ�H[KLELWLRQ�RQ�WKH������EDWWOH�RI�9LVE\�RSHQHG�LQ
0DUFK������DQG�FRQWDLQV�D��' GLVSOD\�RI�ZRXQGV�RQ�ERGLHV�RI�WKRVH
ZKR�WRRN�SDUW�LQ�WKH�EDWWOH� :LWK�WKH�DLG�RI�PRWLRQ�FDSWXUH�UHFRUG�
LQJ�WHFKQRORJ\� WKH\�DUH�DEOH�WR�VKRZ�KRZ�ZRXQGV�ZHUH�FDXVHG�RQ
ERGLHV� ,W�LV�REYLRXV�WKDW�IRUPHUO\�H[SHQVLYH�WHFKQRORJLHV�DUH�QRZ
FKHDSHU� DYDLODEOH�DQG�VXIÀFLHQWO\�ZHOO�GHYHORSHG�IRU�XVH�LQ�FXOWXUH
KLVWRU\��KLVWRULFDO�PXVHXPV�

6XSHUVWUXFWXUH� 'LJLWDO�$JHQGDV� LQ�(XURSH� DQG
6ZHGHQ

7KH�DPELWLRQ�WR�LQFUHDVH�WKH�XVH�RI�GLJLWDO�WRROV�LQ�GLIIHUHQW�VRFLDO
FRQWH[WV�LV�HYLGHQW�LQ�VRFLHW\·V�JHQHUDO�IRUPXODWLRQV�DQG�REMHFWLYHV
UHJDUGLQJ�GLJLWDO�WHFKQRORJ\�DQG�LWV�EHQHÀWV� ,Q�UHFHQW�\HDUV�RIÀ�
FLDO�DQG�QRUPDWLYH�GRFXPHQWV�KDYH�EHHQ�SURGXFHG�E\�FRPPLWWHHV�DW
(XURSHDQ� QDWLRQDO�DQG�UHJLRQDO�OHYHOV� ZKHUH�GLJLWL]DWLRQ�IDFLOLWLHV
DUH�GHVFULEHG�LQ�SRVLWLYH�WHUPV� ,W�LV�REYLRXV�WKDW�WKHUH�LV�YLUWXDOO\
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QR�SDUW�RI�VRFLHW\�WKDW�FDQ�GR�ZLWKRXW�GLJLWL]DWLRQ� DV�LW�VHHPV�WR
UHPHG\�DOPRVW�HYHU\WKLQJ�IURP�VHJUHJDWLRQ�WR�H[FOXVLRQ�DQG�GLVDE�
LOLW\��(XURSHDQ�&RXQFLO�RI�0LQLVWHUV�LQ������ &DELQHW�2IÀFH�����D��
7KH�DJHQGDV�DQG�WKHLU�FRXUVH�IURP�RYHUDOO�JXLGDQFH�DW�(XURSHDQ�DQG
QDWLRQDO�OHYHOV�WR�QDWLRQDO� UHJLRQDO�DQG�ORFDO�SUDFWLFHV�LQ�PXVHXP
H[KLELWLRQV� IRU�H[DPSOH� LV�PDGH�H[SOLFLW�LQ�D�VWXG\�OLNH�WKLV� +HUH
, ZLVK�WR�HOXFLGDWH�VRPH�RI�WKH�VXSHUVWUXFWXUHV�WKDW�VHHP�WR�VXSSRUW
DFWLYLWLHV�VXFK�DV�WKHVH�LQ�WKH�PDNLQJ�RI�H[KLELWLRQV�RI�WKH�3HWUR�
JO\SKLF�NLQG�

'LJLW#O�+HULWDJH� D�1DWLRQDO�6WUDWHJ\
7KH�JHQHUDO�QDWXUH�RI�WKH�RIÀFLDO�6ZHGLVK�1DWLRQDO�'LJLWDO�$JHQGD

PDNHV�LW�QHFHVVDU\�IRU�YDULRXV�EXVLQHVVHV� VHFWRUV�DQG�IXQFWLRQV�WR
FUHDWH�WKHLU�RZQ�DJHQGDV�DQG�VWUDWHJLHV� DQG�IRU�WKH�FXOWXUDO�KHULW�
DJH�VHFWRU�D�QDWLRQDO�JRYHUQPHQWDO�VWUDWHJ\�FDOOHG�'LJLW#O�+HULW�
DJH��LQ�6ZHGLVK� 'LJLW#OW�.XOWXUDUY��ZDV�IRUPXODWHG� ZLWK�WKH�SXU�
SRVH�RI�VXSSRUWLQJ�WKH�ZRUN�RI�GLJLWL]LQJ� GLJLWDO�SUHVHUYDWLRQ�DQG�GL�
JLWDO�DYDLODELOLW\�RI�KHULWDJH�PDWHULDO�DQG�KHULWDJH�LQIRUPDWLRQ� 7KH
VWUDWHJ\�ZDV�IRUPXODWHG�IRU�WKH�����²���SHULRG��5HJHULQJVNDQVOLHW
����E�� ,W�HQFRPSDVVHV����ORFDO�DQG�UHJLRQDO�JRYHUQPHQWV�DQG�LQVWL�
WXWLRQV�HQJDJHG�LQ�WKH�FXOWXUDO�KHULWDJH�VHFWRU�LQ�6ZHGHQ� DQG�WKHVH
KDYH�EHHQ�GLUHFWHG�WR�SODQ�IRU�WKH�ZRUN�RI�GLJLWL]LQJ�DQG�PDNLQJ
DYDLODEOH�DUFKLYHV� FROOHFWLRQV�DQG�OLEUDULHV� 6RPH�RI�WKH�PXVHXPV
DQG�DQWLTXDULDQ�LQVWLWXWLRQV�WKDW�DUH�RQ�WKH�OLVW�RI����SDUWLFLSDQWV
LQ�WKLV�LQLWLDWLYH�DUH�WKH�6ZHGLVK�1DWLRQDO�+LVWRULFDO�0XVHXPV� WKH
6ZHGLVK�1DWLRQDO�+HULWDJH�%RDUG� WKH�1RUGLVND�0XVHHW�)RXQGDWLRQ
DQG�WKH�6NDQVHQ�2SHQ�DLU�0XVHXP�)RXQGDWLRQ� $OO�RI�WKHVH�FXO�
WXUDO�KHULWDJH�LQVWLWXWLRQV�DUH�VHHQ�DV�FRYHULQJ�QDWLRQDOO\�UHOHYDQW
SHUVSHFWLYHV� L�H� WKH\�DUH�QRW�UHJDUGHG�SULPDULO\�DV�ORFDO�RU�UHJLRQDO
DFWRUV�

7KH�REMHFWLYH�RI�'LJLW#O�+HULWDJH�LV�IRUPXODWHG�DV�IROORZV�
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7KH�JRDO�RI�WKH�VWUDWHJ\�LV�WKDW�FXOWXUDO�DFWLYLWLHV� FROOHFWLRQV�DQG
DUFKLYHV�DUH�LQFUHDVLQJO\�WR�EH�SUHVHUYHG�GLJLWDOO\�DQG�PDGH�DYDLO�
DEOH�HOHFWURQLFDOO\�WR�WKH�JHQHUDO�SXEOLF� $OO�VWDWH�LQVWLWXWLRQV�WKDW
FROOHFW� SUHVHUYH�DQG�PDNH�DYDLODEOH�KHULWDJH�PDWHULDO�DQG�KHULW�
DJH�LQIRUPDWLRQ�PXVW�KDYH�D�SODQ�IRU�GLJLWL]DWLRQ�DQG�DFFHVVLELOLW\�
�5HJHULQJVNDQVOLHW�����E� S� �� DXWKRU·V�WUDQVODWLRQ�

7KH�VWUDWHJ\�JRDOV�WR�GLJLWDOO\�SUHVHUYH�DQG�PDNH�KHULWDJH�DYDLO�
DEOH�LV�QRW�LGHQWLFDO�ZLWK�WKH�NLQG�RI�GLJLWL]DWLRQ�, H[DPLQH�LQ�WKLV�DUW�
LFOH� QDPHO\� KRZ�GLJLWL]DWLRQ�DOVR�DIIHFWV�H[KLELWLRQ�SUHVHQWDWLRQV�
, DP�WKHUHIRUH�LQ�D�ZD\�JRLQJ�EH\RQG�WKH�WKHPHV�DJUHHG�LQ�WKLV�JRY�
HUQPHQWDO�VWUDWHJ\� QDPHO\�WKDW�KHULWDJH�PDWWHUV�LQ�JHQHUDO�VKRXOG�EH
SUHVHUYHG�DQG�PDGH�DFFHVVLEOH� 0\�H[SORUDWLRQ�KHUH�FRQFHUQV�KRZ
GLJLWL]DWLRQ�DOVR�DIIHFWV�SXEOLF�SUHVHQWDWLRQV�RI�FXOWXUDO�KHULWDJH�VXFK
DV�H[KLELWLRQV� :LWKLQ�WKLV�EUDQFK�RI�GLJLWL]DWLRQ� WKH�H[SOLFLW�IRFXV
LV�RQ�DUWLVWLF�H[SUHVVLRQ�DQG�LQQRYDWLRQ�LQ�UHODWLRQ�WR�D�GLJLWDO�FXOWXUH
WKDW�KDV�LQFUHDVLQJO\�EHHQ�HPSKDVL]HG�DV�WKH�RQO\�VXVWDLQDEOH�ZD\
LQWR�WKH�IXWXUH�

$ 5HJLRQDO�'LJLWDO�$JHQGD
:KHQ�ZH�JR�IXUWKHU�GRZQ�WKH�ODQH�DQG�DSSURDFK�UHJLRQDO�VWUDWHJLHV�

LW�LV�SRVVLEOH�WR�ÀQG�UHJLRQDO�DJHQGDV�DV�ZHOO� )RU�H[DPSOH� LQ�WKH
\HDU������5HJLRQ�6NnQH� WKH�UHJLRQDO�JRYHUQPHQW�RI�VRXWKHUQ�6ZHGHQ�
EHJDQ�DQ�LQYHVWPHQW�LQ�GLJLWL]DWLRQ�LQ�UHODWLRQ�WR�FXOWXUH� 7KLV�LQYHVW�
PHQW�HQFRXUDJHG�UHJLRQDO�DQG�ORFDO�FXOWXUH�GHYHORSHUV�WR�IRFXV�RQ
WKH�XVH�RI�QHZ�WHFKQLTXHV�LQ�WKHLU�GLIIHUHQW�DUHDV�RI�ZRUN��5HJLRQ
6NnQH������ 5HJLRQ�6NnQH������� 7KH�LQLWLDWLYH�LV�VWLOO�RQ�JRLQJ�
2QH�RI�WKH�DUHDV�RI�LQYHVWPHQW�ZDV�WKH�3HWURJO\SKLF�H[KLELWLRQ� 7KLV
UHJLRQDO�LQLWLDWLYH�LV�D�GLUHFW�UHVXOW�RI�WKH�6ZHGLVK�1DWLRQDO�'LJLWDO
$JHQGD� ,I�D�PXVHXP�RU�FXOWXUDO�LQVWLWXWLRQ�FKRRVHV�WR�LQLWLDWH�GL�
JLWL]DWLRQ�SURMHFWV�ZLWKLQ�WKH�UHJLRQ� LW�LV�SRVVLEOH�WR�EH�SDUWO\�ÀQ�
DQFHG�E\�WKH�UHJLRQDO�JRYHUQPHQW� 7KH�H[DPSOH�RI�5HJLRQ�6NnQH�LV
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MXVW�RQH�RI�VHYHUDO�H[DPSOHV�LQ�6ZHGHQ�ZKHUH�UHJLRQV�DUH�ZRUNLQJ
ZLWK�GLJLWDO�LQLWLDWLYHV�RQ�D�UHJLRQDO�OHYHO�DV�D�FRQVHTXHQFH�RI�JHQ�
HUDO�QDWLRQDO�DQG�(XURSHDQ�DJHQGDV� 7KH�H[KLELWLRQ�3HWURJO\SKLF�DW
gVWHUOHQ�0XVHXP�LQ�6NnQH�LV�RQO\�RQH�RI�VHYHUDO�SURMHFWV�WKDW�KDYH
UHFHLYHG�UHJLRQDO�IXQGLQJ�IRU�GLJLWL]DWLRQ� 7KLV�H[KLELWLRQ�LV�D�GLUHFW
LQYHVWPHQW�LQ�D�FDVH�VWXG\�IRU�HQKDQFHG�XVH�RI�GLJLWDO�WHFKQLTXHV�IRU
WKH�IXWXUH� )XQGLQJ�IURP�WKH�UHJLRQ�KDV�DOVR�EHHQ�DOORFDWHG�IRU�DQ
HYDOXDWLRQ�WR�EH�H[HFXWHG�E\�0DJDOL�/MXQJDU�&KDSHORQ�

,Q�WKLV�ZD\�LW�LV�HDV\�WR�VHH�WKDW�(XURSHDQ�DQG�QDWLRQDO�DJHQGDV
KDYH�DQ�HIIHFW�RQ�D�UHJLRQDO�DQG�ORFDO�OHYHO� EXW�LW�LV�IDU�IURP�VHOI�
HYLGHQW�ZKDW�IRUP�GLJLWL]DWLRQ�ZLOO�WDNH�ZKHQ�LW�LV�ODXQFKHG� ,W�FDQ
FRPSULVH�WUDGLWLRQDO�DFFHVVLELOLW\�HIIRUWV�YLD�GDWDEDVHV� ,W�FDQ�DOVR�EH
LQ�WKH�VKDSH�RI�LQQRYDWLYH�LQWHUSUHWDWLRQ�WKURXJK�GLJLWDO�VWRU\WHOOLQJ�
7KH�LQLWLDWLYHV�DW�D�UHJLRQDO�DQG�ORFDO�OHYHO�ZRXOG�SUREDEO\�QHYHU
KDYH�EHHQ�UHDOLVHG�KDG�WKHUH�QRW�EHHQ�GLJLWDO�DJHQGDV�SDLUHG�ZLWK
HFRQRPLF�VXSSRUW�DYDLODEOH�IURP�UHJLRQDO�DXWKRULWLHV� 7KHUHIRUH�D
ODUJH�SDUW�RI�WKH�LQFHQWLYH�IRU�JRLQJ�GLJLWDO�LV�DJHQGDV�DQG�DYDLODEOH
IXQGLQJ� ,W�DOVR�KHOSV�WKDW�VSHFLDO�FRPSHWHQFH�IURP�,7 HQJLQHHUV�FDQ
EH�DIIRUGHG�DQG�UHDOLVHG�LQ�FROODERUDWLYH�IRUP�WRGD\�

$QVZHUV�WR�4XHVWLRQV
1RZ�LW�LV�WLPH�WR�UHWXUQ�WR�WKH�TXHVWLRQV�SRVHG�DW�WKH�VWDUW�RI�WKLV

WH[W� %\�JRLQJ�WKURXJK�WKH�DQDO\VLV�RI�WKH�PXVHXP�H[KLELWLRQ�DQG
DVNLQJ�TXHVWLRQV�WR�WKH�VWDII� VRPH�IDFWV�KDYH�EHFRPH�DSSDUHQW�

:KR�DUH�WKH�DFWRUV�ZLWKLQ�GLJLWL]DWLRQ�ZRUN�DW�WKLV�VSHFLILF
ORFDO�PXVHXP�RI�gVWHUOHQ� LQ�VRXWKHUQ�6ZHGHQ" 7KH�DFWRUV
DW�WKH�PXVHXP�DUH�D�PL[�RI�PXVHXP�VWDII� DQWLTXDULDQV� SHGDJRJLFDO
VWDII� WHFKQLFLDQV�DQG�UHFHSWLRQLVWV� ZRUNLQJ�WRJHWKHU�ZLWK�DUWLVWV�DQG
,7 HQJLQHHUV�DQG�VWRU\WHOOLQJ�H[SHUWV�WR�FUHDWH�DQ�H[KLELWLRQ�ZLWK�WKH
DPELWLRQ�RI�ERWK�FRQYH\LQJ�NQRZOHGJH�DERXW�WKH�%URQ]H�$JH�DQG
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FUHDWLQJ�LPPHUVLYH�H[SHULHQFH�DQG�GLVFXVVLRQV�UHODWLQJ�WR�FRQWHP�
SRUDU\�LVVXHV�

:KDW� DUH� WKH� DLPV� RI� XVLQJ� GLJLWDO� VROXWLRQV� DW� WKH�PX�
VHXP" 7KH�DLP�LV�WR�IXOÀO�WKH�WHUPV�XQGHU�ZKLFK�IXQGLQJ�ZDV
SURYLGHG�E\�WKH�UHJLRQDO�JRYHUQPHQW� QDPHO\�WR�VHUYH�DV�D�JXLGH�IRU
XSFRPLQJ�LQLWLDWLYHV�RI�WKH�VDPH�NLQG� VKRZLQJ�KRZ�QHZ�WHFKQRORJ\
FDQ�EH�XVHG�LQ�LQQRYDWLYH�ZD\V�LQ�FRQQHFWLRQ�ZLWK�FXOWXUDO�KHULWDJH
FRPPXQLFDWLRQ�

+RZ�DUH�WKH�FKRVHQ�VROXWLRQV�XVHG�WR�HQKDQFH�YLVLWRUV
�H[�
SHULHQFH" (VSHFLDOO\�WKH�PRWLRQ�FDSWXUH�URRP�ZLWK�WKH�IXQHUDO
SURFHVVLRQ�LV�DQ�LPPHUVLYH�H[SHULHQFH�SDUWO\�EDVHG�RQ�DUFKDHROR�
JLFDO�IDFWV� SDUWO\�EHLQJ�D�SHUVRQDO�H[SHULHQFH�WRGD\� 7KH�VWRU\WHOOLQJ
URRP�DOVR�KDV�DQ�LPPHUVLYH�DVSHFW� EXW�WKH�UHVW�RI�WKH�SUHVHQWDWLRQV
DUH�PDLQO\�IDFWXDO�

:K\�KDYH�WKH\�FKRVHQ�WR�DSSO\�WKHVH�VSHFLILF�GLJLWDO�WHFK�
QRORJLHV" 3ULPDULO\�WKH�FKRLFH�LV�GULYHQ�E\�HFRQRPLF�IDFWRUV� DV
IXQGLQJ�IRU�FUHDWLQJ�DQ�H[KLELWLRQ�ZDV�DYDLODEOH�IRU�WKH�GLJLWL]DWLRQ
RI�FXOWXUH� 7KH�DYDLODELOLW\�RI�,7 FRPSDQLHV�ZLOOLQJ�WR�ZRUN�ZLWK�FXO�
WXUDO�KHULWDJH�PDWWHUV�LV�FUXFLDO� &RQWDFWV�ZHUH�HVWDEOLVKHG�WKURXJK
FURVV�ERUGHU�ZRUN�HPDQDWLQJ�IURP�FROODERUDWLRQ�EHWZHHQ�WKH�PX�
VHXP�DQG�/XQG�8QLYHUVLW\�WHFKQLFDO�HGXFDWLRQ�DQG�UHVHDUFK� ZKHUH
DQ�LQIUDVWUXFWXUH�RI�FRQWDFWV�KDV�EHHQ�HVWDEOLVKHG�LQ�UHFHQW�\HDUV�

7R�ZKDW�H[WHQW�GR�WKH�SUHVHQWDWLRQV�LQ�WKH�H[KLELWLRQ�UHO\
RQ�H[LVWLQJ�DUFKDHRORJLFDO�GLJLWDO�GDWD�GRFXPHQWDWLRQ" ,W
LV�FOHDU�WKDW�PRVW�RI�WKH�GDWD�LQ�WKH�3HWURJO\SKLF�FDVH�ZDV�SURGXFHG
IRU�WKH�H[KLELWLRQ�LWVHOI� 6RPH�WH[WV�ZHUH�H[WUDFWHG�IURP�H[LVWLQJ
PDWHULDO�EXW�WKH�SURGXFWLRQ�ODUJHO\�UHOLHV�RQ�QHZO\�SURGXFHG�PDWHU�
LDO� 7KLV�LV�QRW�WR�VD\�WKDW�HDUOLHU�UHFRUGHG�PDWHULDO�LV�XQQHFHVVDU\

��



IRU�SXWWLQJ�WRJHWKHU�DQ�H[KLELWLRQ� PHUHO\�WKDW�WKH�GLJLWDO�´LQIUDVWUXF�
WXUHµ�LQ�WKLV�FDVH�GRHV�QRW�FRYHU�WKH�ZKROH�SURFHVV�IURP�H[DPLQDWLRQ
RI�D�VSHFLÀF�VLWH��WKH�.LQJ·V�JUDYH�LQ�WKLV�FDVH��WR�LWV�GLVSOD\�DW�WKH
PXVHXP�

'LJLWL]DWLRQ�DV�D�0HDQV�IRU�&RQYH\LQJ�.QRZOHGJH�
([SHULHQFH�DQG�$UWLVWLF�([SHULPHQW

7KH�GUHDPV�RI�WKH�KHULWDJH�PDQDJHPHQW�VRFLHW\� LQFOXGLQJ�DUFKDH�
RORJLVWV� DUH�JOREDO�

����� YHU\�IHZ�SURMHFWV�VKRXOG������ EH�FDUULHG�RXW�LQ�LVRODWLRQ� RQH
VSHFLDOL]HG�WHDP�ZRUNLQJ�ZLWKRXW�WKH�KHOS�RU�LQSXW�IURP�RWKHU�GLVFLS�
OLQHV� 'LJLWDO�KHULWDJH�LV�LQGHHG�D�WUDQVGLVFLSOLQDU\�WHDP�HQGHDYRXU
WKDW�FDQ�RQO\�VXFFHHG�WKURXJK�WKH�PHHWLQJ�RI�PLQGV�DQG�WKH�VKDULQJ
RI�LGHDV�DQG�UHVHDUFK�IURP�DURXQG�WKH�ZRUOG�DQG�DFURVV�FXOWXUHV�µ
�7KZDLWHV������ S� ����

7KH�JHQHUDO�DPELWLRQ� DV�FDQ�EH�UHDG�LQ�WKLV�TXRWH� LV�WR�EH�FRYHU�
LQJ�HYHU\WKLQJ�HYHU\ZKHUH�LQ�D�YHU\�JOREDO�VHQVH� DQG�WKH�KRSH�LV�WR
EH�VXSSRUWHG�E\�WKH�JUHDW�GDWDEDVH�WKDW�LV�ERWK�JOREDO�DQG�WUDQVJHQ�
HUDWLRQDO�

����� WKH�IRUPDOL]DWLRQ�RI�D�GLJLWDO�KHULWDJH�GDWDEDVH� HVWDEOLVK�
PHQW�RI�D�JOREDO�LQIUDVWUXFWXUH� LQVWLWXWLRQDOL]HG�DUFKLYDO�VWDQGDUGV
IRU�GLJLWDO�KHULWDJH�DQG�PRVW�LPSRUWDQWO\�WKH�RQ�JRLQJ�FXUDWLRQ�RI
ZRUN�IRUZDUG�LQ�WLPH�DV�WKH�WHFKQRORJ\�HYROYHV�VR�WKDW�RXU�FXU�
UHQW�GLJLWDO�KHULWDJH�SURMHFWV�ZLOO�QRW�EH�ORVW�WR�IXWXUH�JHQHUDWLRQV�
�7KZDLWHV������ S� ����

0RUH�WKDQ�PLUURULQJ�WKH�DFWXDO�FDSDFLW\�RI�WKH�WHFKQRORJ\� WKHVH
DPELWLRQV�IRUPXODWH�WKH�JOREDO�DPELWLRQV�LQ�JHQHUDO�RI�RXU�WLPH�LQ
UHODWLRQ�WR�GLJLWL]DWLRQ�DV�D�SKHQRPHQRQ� ,W�LV�QRW�VHHQ�DV�JRRG�LQ

��



LWVHOI�WR�EH�´ORFDOµ� DQG�D�PRUH�JHQHUDO�YLHZ�RQ�PDWWHUV�LV�WKHUHIRUH
SURPRWHG� ,Q�WKH�FDVH�RI�WHFKQRORJ\� WKH�LQKHUHQW�YDOXH�RI�GLJLWL]D�
WLRQ�DV�D�SURFHVV�LV�WR�EH�JHQHUDO�LQ�QDWXUH� %XW�WKHQ�WKH�GDWD�LQSXW
VKRXOG�DOVR�EH�´JHQHUDOµ�DQG�SRVVLEOH�WR�FRPSDUH�ZLWK�RWKHU�GDWD
VHWV�DFURVV�WKH�JOREH� ,Q�UHODWLRQ�WR�WKLV�JHQHUDOLVLQJ�JRDO�, DP�UDWKHU
VFHSWLFDO� 7KH�H[DPSOH�RI�3HWURJO\SKLF�VKRZV�LQVWHDG�KRZ�XQLTXH�
QHVV�DQG�LQGLYLGXDOLW\�DUH�SURPRWHG�DQG�VXSSRUWHG�E\�WHFKQRORJ\�
QRW�LQ�D�JHQHUDO�VHQVH�EXW�LQ�D�YHU\�SHUVRQDO�DQG�QRQ�JHQHUDOLVLQJ
ZD\�

)LQDOO\�, ZRXOG�OLNH�WR�HVWDEOLVK�WKDW�WKH�XVH�RI�GLJLWDO�WRROV�LQ�PX�
VHXP�H[KLELWLRQV�KDV�WKH�SRWHQWLDO�RI�UHQHZLQJ�WKH�H[SHULHQFH�DQG
H[SHULPHQWDO�WUDGLWLRQ�RI�PXVHXPV�LQ�VHYHUDO�ZD\V� (YHQ�LI�ZH�VHH
D�PDVVLYH�WXUQ�WRZDUGV�GLJLWL]DWLRQ�LQ�WKH�ZKROH�RI�VRFLHW\� LQ�VRPH
FDVHV�ZLWKRXW�UHDOO\�KDYLQJ�WKH�WRROV�\HW�WR�XVH�WKLV�PDWWHU�LQ�JRRG
ZD\V� ZH�FDQ�VHH�WKURXJK�WKH�H[DPSOH�IURP�3HWURJO\SKLF�D�UHQHZDO
RI�PXVHXP�FRPPXQLFDWLRQ�ZKHQ�VNLOOHG�VSHFLDOLVWV�LQ�WKH�ÀHOG�RI
DUWLVWLF�LQWHUSUHWDWLRQ�DQG�,7 HQJLQHHULQJ�DUH�GHOLEHUDWHO\�LQYROYHG
DQG�FROODERUDWH�ZLWK�WKH�PXVHXP�VWDII� ,W�PD\�EH�WKDW�QRW�DOO�DUFKDH�
RORJLVWV�RU�KLVWRULDQV�IHHO�FRPIRUWDEOH�ZLWK�IUHHO\�PDGH�LQWHUSUHWD�
WLRQV�FRQVFLRXVO\�GLUHFWHG�WRZDUGV�RXUVHOYHV�LQ�RXU�WLPH� EXW�LW�LV
REYLRXV�WKDW�DQ\�LQWHUSUHWDWLRQ�PDGH�FDQ�ERWK�LQVSLUH�QHZ�LQWHUSUHW�
DWLRQV�DQG�SURYRNH�GHEDWH�

2EMHFW�FHQWUHG�RU�6WRU\�FHQWUHG�3UHVHQWDWLRQ"
$Q�LQWHUHVWLQJ�FLUFXPVWDQFH�WKDW�KDV�EHFRPH�REYLRXV�LV�WKDW�RI

PXVHXP�GDWD�DQG�REMHFWV�DQG�WKHLU�GLJLWDO�DFFHVVLELOLW\�FRPSDUHG�WR
WKDW�RI�GLJLWL]DWLRQ�IRU�GLJLWDO�VWRU\WHOOLQJ� %RWK�WKHVH�HQGHDYRXUV�
REMHFW�DFFHVVLELOLW\�DQG�VWRU\WHOOLQJ� DUH�VHHQ�DW�PXVHXPV�WRGD\� EXW
WKH\�UHSUHVHQW�WZR�GLIIHUHQW�WUDFNV�DQG�DWWLWXGHV�ZLWKLQ�WKH�DUHD�RI
GLJLWDO�KHULWDJH�FRPPXQLFDWLRQ�DW�PXVHXPV� 2QH�LV�FHQWUHG�RQ�RE�
MHFWV� WKHLU�SUHVHUYDWLRQ�DQG�DXWKHQWLFLW\� WKH�RWKHU�LV�FRQFHUQHG�ZLWK
WKH�VWRULHV�WKDW�FDQ�EH�WROG� 'LJLWDO�KHULWDJH�PLJKW�HPDQDWH�IURP�PD�

��



WHULDO�EDFNJURXQGV� EXW�LW�LV�DOVR�D�SURFHVV�DQG�D�UHGHÀQLWLRQ�WR�WHOO
VWRULHV�ÀOWHUHG�WKURXJK�RXU�RZQ�FXOWXUDO�SHUFHSWLRQ�

$FNQRZOHGJHPHQWV
7KDQNV�WR�-HV�:LHQEHUJ�IRU�UHDGLQJ�DQG�FRQVWUXFWLYHO\�FRPPHQW�

LQJ�RQ�WKH�WH[W� 7KDQNV�WR�DOO�SURMHFW�FR�ZRUNHUV�ZLWKLQ�$5.',6 IRU
FRQVWUXFWLYH�FRPPHQWV�RQ�WKH�PDQXVFULSW� 7KDQNV�WR�/HQD�$OHER�
-HDQHWWH�*LPPHUVWDP�DQG�0DJDOL�/MXQJDU�&KDSHORQ� VWDII�DQG�SUR�
GXFHUV�RI�WKH�3HWURJO\SKLF�H[KLELWLRQ�DW�gVWHUOHQ�0XVHXP� 6LPULVKDPQ�
IRU�WKHLU�LQLWLDWHG�DQG�LQWHUHVWLQJ�FRPPHQWV�RQ�WKH�H[KLELWLRQ�DQG�LWV
FRQWH[W�

5HIHUHQFHV
/LWHUDWXUH

&DPHURQ� )LRQD�	�6DUDK�.HQGHUGLQH��HGV�� ������� 7KHRUL]�
LQJ�GLJLWDO�FXOWXUDO�KHULWDJH� D�FULWLFDO�GLVFRXUVH� &DPEULGJH�
0$��0,7 3UHVV�

&DPHURQ� )LRQD�������� %H\RQG�WKH�&XOW�RI�WKH�5HSOLFDQW�
0XVHXPV�DQG�+LVWRULFDO�'LJLWDO�2EMHFWV�²�7UDGLWLRQDO�&RQ�
FHUQV� 1HZ�'LVFRXUVHV� ,Q� )��&DPHURQ�	�6��.HQGHUGLQH
�HGV�� 7KHRUL]LQJ�GLJLWDO�FXOWXUDO�KHULWDJH� D�FULWLFDO�GLVFRXUVH�
&DPEULGJH� 0$��0,7 3UHVV� SS� ��²���

&K·QJ� (XJHQH� 9LQFHQW�*DIIQH\�	�+HQU\�&KDSPDQ��HGV��
������� 9LVXDO�+HULWDJH�LQ�WKH�'LJLWDO�$JH� /RQGRQ� 6SULQJHU�

(XURSHLVND�0LQLVWHUUnGHW�������� (XURSHDQD�6WUDWHJLF�3ODQ
�����²�����

(XURSHDQ�8QLRQ�������� 'LJLWDO�$JHQGD�IRU�(XURSH��'$(�
�����

��



.DXO� )OHPPLQJ�������� %URQ]HDOGHUHQV�UHOLJLRQ� VWXGLHU�DI
GHQ�QRUGLVNH�EURQ]HDOGHUV�LNRQRJUDÀ� 1RUGLVNH�IRUWLGVPLQGHU
6HULH�%���� .¡EHQKDYQ� 'HW�.RQJHOLJH�1RUGLVNH�2OGVNULIWVHO�
VNDE�

/MXQJDU�&KDSHORQ� 0DJDOL�������� $FWRU�6SHFWDWRU�LQ�D�9LU�
WXDO�5HDOLW\�$UWV�3OD\� 7RZDUGV�QHZ�DUWLVWLF�H[SHULHQFHV�LQ
EHWZHHQ�LOOXVLRQ�DQG�UHDOLW\�LQ�LPPHUVLYH�YLUWXDO�HQYLURQPHQWV�
*|WHERUJ� 8QLY�

/MXQJDU�&KDSHORQ� 0DJDOL��IRUWKFRPLQJ�� 7KH�.LYLN�*UDYH�
9LUWXDO�ERGLHV�LQ�ULWXDO�SURFHVVLRQ

7RZDUGV�QHZ�DUWLVWLF�H[SHULHQFHV�IRU�WLPH�WUDYHOOHUV� ,Q�&RU�
QHOLXV�+ROWRUI�	�%RGLO�3HWHUVVRQ��HGV�� 7KH�$UFKDHRORJ\�RI
7LPH�7UDYHO� %$5 ,QWHUQDWLRQDO�6HULHV� 2[IRUG� $UFKDHR�
SUHVV�

3HVFDULQ� 6RÀD� $OIRQVLQD�3DJQDQR� 0DWWLDV�:DOOHUJnUG� :LP
+XSSHUHW]�	�&KULVWLH�5D\�������� (YDOXDWLQJ�9LUWXDO�0X�
VHXPV� $UFKDHRYLUWXDO�FDVH�VWXG\� &$$ �����3URFHHGLQJV�RI
WKH���WK�&RQIHUHQFH�LQ�&RPSXWHU�$SSOLFDWLRQV�DQG�4XDQWLWDW�
LYH�0HWKRGV�LQ�$UFKDHRORJ\� 6RXW�KDPSWRQ� 8QLWHG�.LQJGRP�
��²���0DUFK������

3DUU\� 5RVV�������� 5HFRGLQJ�WKH�PXVHXP� 'LJLWDO�KHULWDJH
DQG�WKH�WHFKQRORJLHV�RI�FKDQJH� /RQGRQ� 5RXWOHGJH�

3DUU\� 5RVV��HG�� ������� 0XVHXPV�LQ�D�'LJLWDO�$JH� /HLFHVWHU
UHDGHUV�LQ�PXVHXP�VWXGLHV� /RQGRQ�1HZ�<RUN� 5RXWOHGJH�

5HJHULQJVNDQVOLHW������D�� ,7 L�PlQQLVNDQV�WMlQVW�²�HQ�GLJLWDO
DJHQGD�I|U�6YHULJH� 6WRFNKROP� 1lULQJVGHSDUWHPHQWHW�

5HJLRQ�6NnQH�������� 6WUDWHJL�I|U�GLJLWDO�NXOWXU� .XOWXUPlPQGHQ�
��



5HJLRQ�6NnQH�������� +DQGOLQJVSODQ�I|U�GLJLWDO�NXOWXU�����²�����
.XOWXUQlPQGHQ�

5RXVVRX� 0DULD�������� ,QWHUDFWLYLW\�DQG�FROODERUDWLRQ� QHZ
IRUPV�RI�SDUWLFLSDWLRQ�LQ�PXVHXPV� JDOOHULHV�DQG�VFLHQFH�FHQWUHV�
,Q� 5RVV�3DUU\��HG�� 0XVHXPV�LQ�D�'LJLWDO�$JH� /HLFHVWHU
UHDGHUV�LQ�PXVHXP�VWXGLHV� /RQGRQ�1HZ�<RUN� 5RXWOHGJH�

6WHQERUJ� 3HU�������� 'LJLWDOD�WLGVUHVRU� 1\D�VWUDWHJLHU�I|U
DUNHRORJLQ�RFK�NXOWXUPLOM|YnUGHQ" *RWDUF�6HULH�' 1U�����
,QVWLWXWLRQHQ�I|U�+LVWRULVND�6WXGLHU� *|WHERUJV�XQLYHUVLWHW�

7KH�5RFN�FDUYHUV�JXLGH�WR�WKH�%URQ]H�$JH������ 0XVHXP
OHDÁHW�

7KZDLWHV� +DUROG�������� 'LJLWDO�+HULWDJH� :KDW�+DSSHQV
:KHQ�:H�'LJLWL]H�(YHU\WKLQJ" ,Q� &K·QJ�HW�DO� �HGV�� �����
9LVXDO�+HULWDJH�LQ�WKH�'LJLWDO�$JH� /RQGRQ� 6SULQJHU�

,QWHUQHW�VRXUFHV

'LJLWDOW0XVHXP� ZZZ�GLJLWDOWPXVHXP�VH� ZZZ�GLJLWDOWPXVHXP�QR
$FFHVVHG�-DQXDU\���� ����

/XQG�8QLYHUVLW\�+XPDQLWLHV�/DE� ZZZ�KXPODE�OX�VH�$FFHVVHG
0DUFK���� ����

0HGHOKDYVPXVHHW� ZZZ�YDUOGVNXOWXUPXVHHUQD�VH�PHGHOKDYVPXVHHW
$FFHVVHG�0DUFK���� ����

9LUWXDO�0XVHXPV�WUDQVQDWLRQDO�1HWZRUN��9�0XV7���KWWS���ZZZ�Y�
PXVW�QHW�$FFHVVHG�-DQXDU\���� ����

9LVXDOLVHULQJVFHQWHU�& ZZZ�YLVXDOLVHULQJVFHQWHU�VH�$FFHVVHG
-DQXDU\���� �����

gVWHUOHQV�PXVHXP� ZZZ�VLPULVKDPQ�VH�PXVHXP�$FFHVVHG
-DQXDU\���� �����

��



9HUEDO�LQIRUPDWLRQ
,QWHUYLHZ�ZLWK�/HQD�$OHER� gVWHUOHQ�0XVHXP� 'HFHPEHU���
�����

,QWHUYLHZ�ZLWK�-HDQHWWH�*LPPHUVWDP� gVWHUOHQ�0XVHXP� 'HFHP�
EHU��� �����

��





7+(',*,7$/7,0(�75$9(/6352-(&7
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3HU�6WHQERUJ
'HSDUWPHQW�RI�+LVWRULFDO�6WXGLHV� 8QLYHUVLW\�RI�*RWKHQEXUJ

,QWURGXFWLRQ
´'LJLWDO�7LPH�7UDYHOV� 1HZ�6WUDWHJLHV�IRU�$UFKDHRORJLVWV�DQG�&XO�

WXUDO�+HULWDJH�0DQDJHPHQWµ��KWWS���ZZZ�WLPH�WUDYHOV�RUJ��ZDV�DQ
LQWHUGLVFLSOLQDU\�UHVHDUFK�DQG�GHYHORSPHQW�SURMHFW�DLPLQJ�DW�GHYHO�
RSLQJ� WHVWLQJ�DQG�HYDOXDWLQJ�GLJLWDO�DQG�FRPSXWHU�DLGHG�IRUPV�RI
PHGLDWLRQ�DQG�FRPPXQLFDWLRQ�RI�FXOWXUDO�KHULWDJH�LQIRUPDWLRQ��6WHQ�
ERUJ�HW�DO� ����� ����D� ����E� 7KXYDQGHU�HW�DO� ������ 7KH�SURMHFW
ZDV�IXQGHG�E\�WKH�6ZHGLVK�1DWLRQDO�+HULWDJH�ERDUG�DQG�ZDV�RUJDQ�
L]HG�DV�D�MRLQW�YHQWXUH�EHWZHHQ�WKH�'HSDUWPHQW�RI�+LVWRULFDO�6WXG�
LHV�DW�WKH�8QLYHUVLW\�RI�*RWKHQEXUJ� WKH�'HSDUWPHQW�RI�$UFKLWHFWXUH
DW�&KDOPHUV�8QLYHUVLW\�RI�7HFKQRORJ\�DQG�WKH�'HSDUWPHQW�RI�6RLO
6FLHQFHV�DW�WKH�6ZHGLVK�8QLYHUVLW\�RI�$JULFXOWXUDO�6FLHQFHV� 7KLV
SURMHFW�H[SORUHG�SRVVLELOLWLHV�RI�FRPELQLQJ�GLIIHUHQW�NLQG�RI�SUHVHQW�
DWLRQ�WHFKQLTXHV�DGGUHVVLQJ�WKH�TXHVWLRQ�RI�DFFHVVLELOLW\� (PSKDVLV
ZDV�SODFHG�RQ�H[SORULQJ�RSWLRQV�WR�XVH�GLJLWDO�GDWD�DQG�WHFKQROR�
JLHV�IRU�FRPELQLQJ�YLVXDO� DXGLWRU\�DQG�WDFWLOH�IRUPV�RI�SUHVHQWDWLRQ�
7KH�PDLQ�PHGLDWLRQ�DQG�FRPPXQLFDWLRQ�ZRUN�WRRN�SODFH�LQ�D�PX�
VHXP�HQYLURQPHQW�DQG�ZDV�GHVLJQHG�DV�DQ�H[KLELWLRQ� ,Q�DGGLWLRQ
WR�WKH�JHQHUDO�PXVHXP�DXGLHQFH�WKH�PHGLDWLRQ�DQG�FRPPXQLFDWLRQ
KDG�WZR�SDUWLFXODU�WZR�VSHFLÀF�WDUJHW�JURXSV� VFKRROFKLOGUHQ�DQG

��



YLVXDOO\�LPSDLUHG�PXVHXP�YLVLWRUV� 3DUWV�RI�WKH�H[KLELWLRQ�FRQWHQW
ZHUH�DOVR�XVHG�IRU�PHGLDWLRQ�LQ�VFKRRO�HQYLURQPHQW� )HHGEDFN�ZDV
FROOHFWHG�IURP�GLIIHUHQW�JURXSV�RI�XVHUV�DQG�WKH�HYDOXDWLRQ�LQFOXGHG
HGXFDWLRQDO� VFLHQWLÀF�DQG�SXEOLF�SHUVSHFWLYHV�

7KH�H[KLELWLRQ
7KH�H[KLELWLRQ�´7KH�5LYHU�-RXUQH\µ��´bOYUHVDQµ��ZDV�GHVLJQHG

WR�IXQFWLRQ�DV�D�FRPSOHPHQW�WR�/|G|VH�0XVHXP·V�SHUPDQHQW�H[KLE�
LWLRQ��´%LOGHU�DY�YnUD�I|UIlGHUµ��RQ�KLVWRULFDO�DQG�DUFKDHRORJLFDO�UH�
VHDUFK�LQ�WKH�UHJLRQ�RI�WKH�*|WD�ULYHU�YDOOH\�LQ�:HVW�6ZHGHQ� 7KH
FRQVWUXFWLRQ�SKDVH�ZDV�FDUULHG�RXW�LQ�FROODERUDWLRQ�ZLWK�WKH�PXVHXP
SHGDJRJXHV�DQG�WKH�UHSUHVHQWDWLYH�RI�WKH�6ZHGLVK�$VVRFLDWLRQ�RI�WKH
9LVXDOO\�,PSDLUHG�

$ FRPELQHG�DXGLR�YLVXDO�DQG�WDFWLOH�PRGHO�RI�WKH�YDOOH\�UHJLRQ
ZDV�GHVLJQHG�DQG�XVHG�LQ�WKH�H[KLELWLRQ�WR�GHVFULEH�DQG�H[SODLQ�WKH
QDWXUDO�DQG�FXOWXUDO�ODQGVFDSH�GHYHORSPHQW�IURP�WKH�HQG�RI�WKH�ODVW
,FH�$JH��F� �������%�3���WR�WKH�SUHVHQW��)LJXUH���� 7KH�PRGHO�ZDV
EDVHG�RQ�GDWD�IURP�YDULRXV�VRXUFHV� EDVLF�LQIRUPDWLRQ�LQFOXGHG�D
GLJLWDO�HOHYDWLRQ�PRGHO��'(0� IRU�:HVWHUQ�6ZHGHQ� GDWDVHWV�JHQ�
HUDWHG�E\�D�PDWKHPDWLFDO�DOJRULWKP�IRU�ODQG�ULVH�DQG�VKRUHOLQH�GLV�
SODFHPHQW�LQ�:HVW�6ZHGHQ��.OLQJEHUJ�HW�DO�� ����� 3nVVH� �����
3nVVH�	�$QGHUVVRQ� ������DQG�H[FHUSWV�IURP�WKH�6ZHGLVK�1DWLRQDO
5HFRUG�RI�6LWHV�DQG�0RQXPHQWV��)0,6���,Q�RUGHU�WR�KHOS�YLVXDOO\
LPSDLUHG�YLVLWRUV�WR�DFFHVV�WKH�LQIRUPDWLRQ�WKH�YLVXDO�UHSUHVHQWDWLRQ
ZDV�FRPELQHG�ZLWK�DXGLWRU\�DQG�WDFWLOH�IRUPV�RI�SUHVHQWDWLRQ� $Q
DQLPDWLRQ�RI�WKH�ODQGVFDSH�GHYHORSPHQW�ZDV�SURMHFWHG�RQWR�D�WKUHH�
GLPHQVLRQDO�PRGHO�ZKLFK�VHUYHG�DV�WKH�SURMHFWLRQ�VFUHHQ� 7KH�SK\V�
LFDO�PRGHO�ZDV�EDVHG�RQ�WKH�VDPH�JHRGDWD�DV�WKH�DQLPDWLRQ�LWVHOI�
DQG�WKH�VKRUHOLQH�GLVSODFHPHQW�SURFHVV��KHQFH�WKH�WHPSRUDO�GLPHQ�
VLRQ��ZDV�LQWHJUDWHG�ZLWK�WKH�SK\VLFDO�PRGHO�E\�JLYLQJ�ODQG�VXU�
IDFHV�RI�GLIIHUHQW�DJHV�GLIIHUHQW�VXUIDFH�VWUXFWXUHV��JORVV\� UDVWHU�
L]HG� URXJKHQHG� HWF��� %UDLOOH�ZDV�XVHG�WR�FRQYH\�VLWH�QDPHV�DQG

���



)LJXUH��� $ FRPELQHG�DXGLR�YLVXDO�DQG�WDFWLOH�PRGHO�RI�WKH�YDOOH\�UHJLRQ�

RWKHU�LQIRUPDWLRQ�WDFWLOHO\� 7KH�DQLPDWLRQ�ZDV�V\QFKURQL]HG�ZLWK�D
VRXQGWUDFN�ZKLFK�GHVFULEHG�DQG�VXSSOHPHQWHG�WKH�YLVXDO�SUHVHQWD�
WLRQ�

7KH�ODQGVFDSH�PRGHO�GHPRQVWUDWHG�KRZ�WKH�6FDQGLQDYLDQ�ODQG�
VFDSH�GHYHORSPHQW�VLQFH�WKH�ODVW�,FH�$JH�LV�WKH�UHVXOW�RI�WKH�VKRUHOLQH
GLVSODFHPHQW�SURFHVV� 6KRUHOLQH�GLVSODFHPHQW�LV� LQ�WXUQ� WKH�SURGXFW
RI�WKH�FRPELQDWLRQ�RI�D�UHODWLYHO\�UDSLG�XSOLIW��LVRVWDVL��DQG�D��VORZHU�
ULVH�LQ�VHD�OHYHO��HXVWDVL�� 7KH�ODQG�KDG�EHHQ�GHSUHVVHG�E\�WKH�LFH
PDVVHV�GXULQJ�WKH�ODVW�,FH�$JH� $V�WKH�LFH�PHOWHG�DZD\�D�ODQG�XSOLIW
SURFHVV�EHJDQ� DQG�VWLOO�FRQWLQXHV�WRGD\� ´5HJUHVVLRQµ�LPSOLHV�D�SUR�
FHVV�ZKHUH�QHZ�ODQG�ULVHV�DERYH�WKH�VHD�DQG�WKH�PDULQH�VKRUHOLQH�UH�
WUHDWV� 'XULQJ�WKH�SHULRG�IURP�������WR�������\HDUV�DJR�WKH�VKRUHOLQH
ZLWKGUDZDO�VWDJQDWHG� 7KLV�ZDV�OLQNHG�WR�D�FOLPDWH�FKDQJH�WRZDUGV
ZDUPHU�FOLPDWH�WKDW�JDYH�ULVH�WR�WKH�UDSLG�PHOWLQJ�RI�JODFLHUV�IXU�

���



WKHU�QRUWK��HXVWDVLV�H[FHHGHG�WHPSRUDULO\�LVRVWDVLV�� 7KH�VHD�OHYHO
WKHUHIRUH�WHPSRUDULO\�LQFUHDVHG�DW�D�IDVWHU�UDWH�WKDQ�WKDW�RI�WKH�ODQG
XSOLIW� 7KLV�SKHQRPHQRQ�LV�FDOOHG�µWUDQVJUHVVLRQµ��XQOLNH�WKH�DIRUH�
PHQWLRQHG�µUHJUHVVLRQµ�� 7UDQVJUHVVLRQ�ZDV�RI�JUHDW�LPSRUWDQFH�LQ
IRU�H[DPSOH�WKH�*RWKHQEXUJ�DUHD�ZKHUH�WKH�VHD�URVH�IURP����PHWHUV
DERYH�WKH�SUHVHQW�OHYHO�XS�WR�DERXW����PHWHUV�DERYH�WRGD\·V�OHYHO
�WKH�SRVWJODFLDO�PD[LPXP�� DQG�WKHQ�²�IURP�WKH�DERXW�������\HDUV
DJR�XQWLO�WRGD\�WKH�VKRUHOLQH�EHJXQ�WR�ZLWKGUDZ�DJDLQ��UHJUHVVLRQ�
�FI� .OLQJEHUJ�HW�DO� ������ ,Q�WKLV�SHUVSHFWLYH� WKHUHIRUH� D�IXWXUH
LQFUHDVH�LQ�WKH�PHDQ�OHYHO�RI�WKH�VXUIDFH�RI�WKH�VHD�PD\�OHDG�WR�QHZ
HSLVRGHV�RI�WUDQVJUHVVLRQV�LQ�6ZHGHQ� 7KH�VSHHG�RI�WKH�ODQG�XSOLIW
YDULHV�DFURVV�GLIIHUHQW�DUHDV� KHQFH� UHJUHVVLRQ�PD\�FRQWLQXH�LQ�RQH
DUHD� ZKLOH�DQRWKHU�DUHD�LV�H[SHULHQFLQJ�WUDQVJUHVVLRQ�

,Q�DGGLWLRQ�WR�WKH�ODQGVFDSH�PRGHO�WKH�H[KLELWLRQ�LQFOXGHG�WZR
WRXFKVFUHHQ�FRQWUROOHG�VWDWLRQV�ZKHUH�WKH�YLVLWRUV�FRXOG�ORRN�IRU�LQ�
IRUPDWLRQ�RQ�VLWHV��)LJXUH����DQG�DUWHIDFWV�DQG�GLJLWDO�DQG�SK\VLFDO
PRGHOV�RI�WKH�9LWWHQH�JROG�REMHFWV��)LJXUH���� 7KH�PRGHOV�RI�WKH�JROG
REMHFWV�ZHUH�FUHDWHG�IURP��' VFDQV�RI�WKH�DUWHIDFWV� ZKLFK�DUH�NHSW
LQ�VDIH�FXVWRG\�DW�WKH�0XVHXP�RI�1DWLRQDO�$QWLTXLWLHV�LQ�6WRFNKROP�

0HWKRGV
7*,6

7KH�PRGHOV�RI�ODQGVFDSH�GHYHORSPHQW�ZHUH�SULPDULO\�EDVHG�RQ
7HPSRUDO�*,6��,Q�D�JHRJUDSKLF�LQIRUPDWLRQ�V\VWHP��*,6���GDWD�DUH
VWRUHG�WKHPDWLFDOO\� L�H� WKH�VSDWLDO�REMHFWV�DUH�VHSDUDWHG�EDVHG�RQ
FDWHJRULHV�RI�WKHPDWLF�OD\HUV� %RWK�VSDWLDO�UHODWLRQVKLSV�DQG�SURSHU�
WLHV��DWWULEXWHV��RI�REMHFWV�LQ�*,6 GDWDEDVHV�PD\�EH�DQDO\VHG� ZKLFK
KDV�PDGH�*,6ZLGHO\�XVHG�LQ�PDQ\�DUHDV�RI�VRFLHWDO�PDQDJHPHQW�DQG
EXVLQHVV�GHYHORSPHQW� 7KH�LQIRUPDWLRQ�LQ�D�*,6��XQOLNH�WKH�LQIRUP�
DWLRQ�RQ�WUDGLWLRQDO�SDSHU�PDSV� FDQ�EH�FRQWLQXRXVO\�XSGDWHG�DQG

���



)LJXUH��� 7RXFKVFUHHQ�FRQWUROOHG�VWDWLRQV�ZKHUH�WKH�YLVLWRUV�FRXOG�ORRN�IRU�LQ�
IRUPDWLRQ�RQ�VLWHV�

���



)LJXUH��� 'LJLWDO�DQG�SK\VLFDO�PRGHOV�RI�WKH�9LWWHQH�JROG�REMHFWV�

���



XSJUDGHG� EXW�WKH�µWUDGLWLRQDO�*,6µ�XVXDOO\�UHÁHFWV�WKH�FRQGLWLRQV�DW
D�JLYHQ�SRLQW�LQ�WLPH�

7KH�WHPSRUDO�GLPHQVLRQ�PXVW�VRPHKRZ�EH�LQWHJUDWHG�LQWR�WKH�*,6
WR�DOORZ�IRU�YLVXDOL]DWLRQ�RI�SURFHVVHV�RI�FKDQJH� 7KLV�FDQ�EH�GRQH
LQ�VHYHUDO�ZD\V� EXW�RQH�FRPPRQ�VROXWLRQ�LV�WR�DGG�DWWULEXWHV�WR
RQH�RU�PRUH�ÀHOGV�WKDW�GHVFULEH�WKH�SHULRG�IRU�ZKLFK�LQIRUPDWLRQ
RQ�WKH�ORFDWLRQ� WRSRORJ\�HWF� LV�YDOLG��WKLV�FDQ�EH�FDOOHG�´WHPSRUDO
GDWDµ�� $ *,6 WKDW�FDQ�KDQGOH�WKH�GLPHQVLRQ�RI�WLPH� H�J� ´WLPH
GHSWKµ�FDQ�EH�UHIHUUHG�WR�DV�7HPSRUDO�*,6 �7*,6��VHH�&KULVWDNRV�HW
DO� ������ 6SDWLRWHPSRUDO�*,6��DQG�7LPH�LQWHJUDWLYH�*,6 �VHH�2WW
DQG�6ZLDF]Q\������� ,Q�WKH�VDPH�PDQQHU�DV�7*,6 FDQ�EH�GLVWLQ�
JXLVKHG�IURP�ZKDW�FDQ�EH�FDOOHG�µWUDGLWLRQDO�*,6µ� LW�PD\�EH�XVHIXO
WR�GLVWLQJXLVK�EHWZHHQ�YLVXDOL]DWLRQV�EDVHG�RQ�7*,6 DQG�*,6��UH�
VSHFWLYHO\� 3URFHVVHV�DQG�FKDQJH�RYHU�WLPH�FDQ�EH�GHVFULEHG�DV�D
PRGHO�RI�VSDWLRWHPSRUDO�FRQGLWLRQV� ZKLOH�WKH�YLVXDOL]DWLRQ�EDVHG
RQ�WUDGLWLRQDO�*,6 GDWD�LV�QRUPDOO\�GHVLJQHG�WR�LOOXVWUDWH�WKH�VSDWLDO
UHODWLRQVKLSV�RI�YDULRXV�W\SHV�RI�REMHFWV�DW�D�JLYHQ�SRLQW�LQ�WLPH��FI�
2WW�DQG�6ZLDF]Q\�������

$V�WKH�ODQGVFDSH�LQ�UHDOLW\�LV�LQ�FRQVWDQW�WUDQVIRUPDWLRQ� LW�LV�GH�
VLUDEOH�IURP�D�VRFLHWDO�SURWHFWLRQ�DQG�HPHUJHQF\�SRLQW�RI�YLHZ�WR
LQFOXGH�WKLV�YDULDELOLW\�LQ�WKH�DVVHVVPHQW�RI�IXWXUH�ULVNV�

$SSOLFDWLRQ�RI�VSDWLRWHPSRUDO�DQDO\VLV�IRU�VLPXODWLRQ� SUHGLFWLRQ
DQG�SODQQLQJ�RI�ODQGVFDSH�DQG�HQYLURQPHQWDO�GHYHORSPHQW�KDV�EHHQ
H[DPLQHG�LQ�(XURSH�DQG�WKH�86��IRU�H[DPSOH�E\�%|UMHVRQ�HW�DO� �������
6FKURW�HW�DO� ������� ,Q�6ZHGHQ� WKH�RIÀFLDO�LQYHVWLJDWLRQ�RI�WKH
WKUHDW�RI�FOLPDWH�FKDQJH��.OLPDW��RFK�VnUEDUKHWVXWUHGQLQJHQ� �����
������ WR�VRPH�H[WHQW�PDGH�XVH�RI�7*,6 WHFKQRORJ\�WR�SURYLGH�GDWD
IRU�WKH�UHSRUW�

$Q�LQWHUDFWLYH�LQWHUIDFH
$Q�LQWHUDFWLYH� WRXFKVFUHHQ�EDVHG�LQWHUIDFH�ZDV�GHYHORSHG�IRU�SUHVHQW�

LQJ�LQIRUPDWLRQ�RQ�SDUWLFXODU�DUHDV�DQG�DUFKDHRORJLFDO�VLWHV�ZLWKLQ
���



WKH�UHJLRQ�GHDOW�ZLWK�LQ�WKH�H[KLELWLRQ� 7KH�VSDWLDO�H[WHQVLRQ�RI�WKH
VWDUW�YLHZ�RQ�WKH�WRXFKVFUHHQ�ZDV�WKH�VDPH�DV�WKDW�RI�WKH�ODQGVFDSH
PRGHO� ,Q�WKLV�FDVH� KRZHYHU� WKH�XVHU�FRXOG�PRYH�D�SRLQWHU�DORQJ�D
WLPH�D[LV�WR�VHH�WKH�UHODWLRQVKLS�EHWZHHQ�ODQG�DQG�VHD�DW�D�SDUWLFXODU
WLPH� %\�SRLQWLQJ�DW�RQH�RI�WKH�VLWHV�PDUNHG�E\�ÁRDWLQJ�LFRQV�RQ�WKH
PDS� WKH�YLHZ�VZLWFKHG�WR�WKDW�RI�WKH�VLWH�DUHD�DQG�WKH�XVHU�FRXOG�WKHQ
FKRRVH�WR�VHDUFK�IRU�YDULRXV�NLQGV�RI�LQIRUPDWLRQ�DERXW�WKH�VHOHFWHG
DUHD�

'LJLWDO�PRGHOV�RI�DUWHIDFWV�DV�D�EDVLV�IRU�SK\VLFDO
UHSURGXFWLRQ

�' VFDQQLQJ�WHFKQLTXHV�ZHUH�XVHG�LQ�FUHDWLQJ�GLJLWDO�PRGHOV�RI
JROG�DUWHIDFWV� 6XEVHTXHQWO\�WKH�GLJLWDO�PRGHOV�KDYH�EHHQ�XVHG�DV
WKH�EDVLV�IRU�FUHDWLQJ�SK\VLFDO�FRSLHV�RI�WKH�RULJLQDO�DUWHIDFWV�

5HVXOWV
7KH�HYDOXDWLRQ�RI�WKLV�SLORW�H[KLELWLRQ�ZDV�GHVLJQHG�WR�WDNH�LQWR

DFFRXQW�ERWK�WKH�YLVLWRUV·�GHFODUHG�YLHZV�RQ�WKH�H[KLELWLRQ�DV�WKHLU
DFWXDO�XVH�RI�WKH�H[KLELWLRQ�DUHD�DQG�LWV�µVWDWLRQVµ� 9LVLWRUV·�IHHG�
EDFN�ZDV�FROOHFWHG�WKURXJK�D�TXHVWLRQQDLUH��LQ�6ZHGLVK�DQG�(QJ�
OLVK��ZKHUH�WKH�UHVSRQGHQWV�QRW�RQO\�ZHUH�DVNHG�WR�UDWH�WKH�H[KLE�
LWLRQ·V�FDSDFLW\�RI�FRQYH\LQJ�FXOWXUDO�DQG�QDWXUDO�KHULWDJH�LQIRUPD�
WLRQ� EXW�DOVR�KDG�WR�FRQVLGHU�KRZ�IXWXUH�GLJLWDO�H[KLELWLRQV�VKRXOG�EH
GHVLJQHG� )HHGEDFN�ZDV�DOVR�FROOHFWHG�IURP�PXVHXP�VWDII� UHSUHV�
HQWDWLYHV�RI�WKH�YLVXDOO\�LPSDLUHG� WKH�SURMHFW�JURXS�PHPEHUV� DQG
WKURXJK�DQ�H[WHUQDO�VWXG\�RI�WKH�SRVVLELOLWLHV�RI�XVLQJ�SDUWV�RI�WKH
H[KLELWLRQ�FRQWHQWV�LQ�VHFRQGDU\�HGXFDWLRQ��$QGHUVVRQ�������

7KH�UHVXOWV�RI�WKH�VXUYH\�VKRZHG�WKDW�WKH�PDMRULW\�������RI�WKH
YLVLWRUV�IHOW�WKDW�WKH�H[KLELWLRQ�KDG�JLYHQ�WKHP�D�EHWWHU�XQGHUVWDQGLQJ
RI�WKH�KLVWRU\�RI�WKH�*|WD�5LYHU�5HJLRQ�DQG�WKDW�WKH�H[KLELWLRQ�IRUPDW
RIIHUHG�QHZ�SHUVSHFWLYHV�RQ�WLPH�DQG�VSDFH�

���



6RPH�FRPSRQHQWV�RI�WKH�H[KLELWLRQ� VXFK�DV�WKH�´QDUUDWRU·V�YRLFHµ
DQG�WKH�SRVVLELOLW\�RI�LQYHVWLJDWLQJ�REMHFWV�DQG�ODQGVFDSH�PRGHOV
ZLWK�\RXU�KDQGV� ZHUH�SULPDULO\�LQWHQGHG�DV�DQ�DLG�IRU�YLVXDOO\�LP�
SDLUHG�PXVHXP�YLVLWRUV�LQ�WKHLU�SHUFHSWLRQ�RI�WKH�H[KLELWLRQ� ,QWHU�
HVWLQJO\� D�JUHDW�PDMRULW\�RI�WKH�VLJKWHG�PXVHXP�YLVLWRUV�������LQ�
GLFDWHG�WKDW�WKHVH�FRPSRQHQWV�HQKDQFHG�WKHLU�H[SHULHQFH�RI�WKH�H[�
KLELWLRQ�

&RQFOXVLRQV�DQG�D�GLVFXVVLRQ�RI�WKH�SRVVLELOLWLHV�WR
XVH�WKH�UHVXOWV�LQ�IXWXUH�ZRUN

,Q�WKH�FDVH�VWXG\�XVHG�LQ�WKH�'LJLWDO�7LPH�7UDYHOV�SURMHFW�WKH�DXGL�
HQFH�RI�WKH�H[KLELWLRQ�ZDV�TXLWH�HDVLO\�GHÀQDEOH�DV�WKH�PXVHXP�YLV�
LWRUV�RI�WKH�/|G|VH�0XVHXP�DQG�IROORZHG�WKH�PXVHXP·V�IRFXV�RQ
VSHFLÀF�JURXSV��YLVXDOO\�LPSDLUHG�YLVLWRUV�DQG�VFKRROFKLOGUHQ�� $V
WKH�PXVHXP��DQG�H[KLELWLRQ��ZDV�SK\VLFDOO\�VLWXDWHG�LQVLGH�WKH�UH�
JLRQ�WKDW�WKH�H[KLELWLRQ�GHDOW�ZLWK� WKH�JHRJUDSKLFDO�IUDPH�GLG�QRW
KDYH�WR�EH�VSHFLDOO\�GHÀQHG�RU�HVWDEOLVKHG�DQG�DOVR�FRUUHVSRQGHG�WR
WKDW�RI�RWKHU�H[KLELWLRQV�DW�WKH�PXVHXP� 7KH�WHPSRUDO�H[WHQW�RI�WKH
LQIRUPDWLRQ�LQ�WKH�H[KLELWLRQ�ZDV�GHFLGHG�WR�FRYHU�WKH�WLPH�IURP�WKH
HQG�RI�WKH�ODVW�,FH�$JH�XS�WR�ZKDW�ZDV�WKHQ�WKH�SUHVHQW��F� ������
%�3��²���%�3��� IROORZHG�WKH�JHRORJLFDO�SHUFHSWLRQ�RI�WKH�GDWH�ZKHQ
WKH�UHJLRQ�EHFDPH�IUHH�RI�LFH�

3ULQFLSDOO\� WKHQ� WKH�5LYHU�-RXUQH\�H[KLELWLRQ�ZDV�GHVLJQHG�WR
PHHW�WKH�LQWHUHVW�RI�D�UHJLRQDO�DXGLHQFH�DQG�ZDV�UHVWULFWHG�FRQFHUQLQJ
LWV�VSDWLDO�DQG�WHPSRUDO�VFRSH� 7KH�PHWKRGV�RI�SUHVHQWLQJ�LQIRUPD�
WLRQ�WKDW�ZHUH�XVHG�IRU�WKH�H[KLELWLRQ� KRZHYHU� ZHUH�GHYHORSHG�ZLWK
WKH�LQWHQWLRQ�WKDW�WKH\�VKRXOG�EH�DSSOLFDEOH�LQ�RWKHU�FRQWH[WV� DW�RWKHU
VFDOHV�DQG�IRU�RWKHU�DXGLHQFHV� $V�GHVFULEHG�DERYH� WKH�SURMHFW�XVHG
D�YDULHW\�RI�WHFKQLTXHV�LQ�FUHDWLQJ�WKH�GLJLWDOO\�EDVHG�H[KLELWLRQ�´7KH
5LYHU�-RXUQH\µ� $VVHVVPHQWV�RI�WKH�XVHIXOQHVV�RI�WKH�PHWKRGV�XVHG
LQ�WKH�H[KLELWLRQ�LQ�RWKHU�FRQWH[WV�DQG�IRU�RWKHU�SXUSRVHV�WKHUHIRUH
YDU\�EHWZHHQ�WKH�GLIIHUHQW�PHWKRGV�

���



7KH�PHWKRGV�IRU�WKH�YLVXDO�VLPXODWLRQ�RI�HQYLURQPHQWDO�DQG�ODQG�
VFDSH�FKDQJHV�RYHU�WLPH�DUH�XQGRXEWHGO\�DSSOLFDEOH�LQ�QXPHURXV
RWKHU�KLVWRULFDO�FDVHV� /DFN�RI�SRVLWLYH�DQG�GHWDLOHG�GDWD�RQ�WKH
VKRUHOLQH�SRVLWLRQ� YHJHWDWLRQ�GLVWULEXWLRQ�HWF� FRQFHUQLQJ�PDQ\�SDUWV
RI�WKH�UHJLRQ�HQIRUFHG�FRQVLGHUDEOH�JHQHUDOL]DWLRQ�DQG�UHQGHUHG�WKH
7*,6 PRGHO�D�VLPXODWLRQ� UDWKHU�WKDQ�D�UHFRQVWUXFWLRQ� $V�ZLWK�DQ\
VLPXODWLRQ� WKH�RXWSXW�GHSHQGV�RQ�WKH�LQSXW� 7KLV�DOVR�LPSOLHV�WKDW�²
PHWKRGRORJLFDOO\�²�WKH�VDPH�7*,6 WHFKQLTXHV�FRXOG�EH�XVHG�WR�DQD�
O\VH�DQG�YLVXDOL]H�GLIIHUHQW�IXWXUH�VFHQDULRV�EDVHG�RQ�²�IRU�H[DPSOH
²�GLIIHUHQW�HVWLPDWHV�RI�FOLPDWH�GHYHORSPHQWV� $ IXWXUH�ULVH�LQ�DY�
HUDJH�WHPSHUDWXUH�ZRXOG�OHDG�WR�LQFUHDVHG�PHOWLQJ�RI�JODFLHUV�DQG
D�ULVH�LQ�VHD�OHYHOV��DV�KDSSHQHG�LQ�:HVW�6ZHGHQ�GXULQJ�WKH�SHULRG
EHWZHHQ�������DQG�������%�3 DFFRUGLQJ�WR�RXU�H[KLELWHG�PRGHO�� )X�
WXUH�VKRUHOLQH�GLVSODFHPHQWV�ZLOO�DOVR�GHSHQG�XSRQ�FKDQJHV�LQ�ERWK
VHD�OHYHO�DQG�ODQG�HOHYDWLRQ� VR�VXFK�VLPXODWLRQV�VKRXOG�EH�YDOXDEOH
DV�WRROV�LQ�HQYLURQPHQWDO�DQG�FOLPDWH�ZRUN�LQ�RUGHU�WR�DVVHVV�WKH�LP�
SOLFDWLRQV�RI�GLIIHUHQW�SRVVLEOH�IXWXUH�GHYHORSPHQWV� DQG�LQ�LGHQWLI\�
LQJ�SDUWLFXODUO\�YXOQHUDEOH�HQYLURQPHQWV�DQG�DUHDV�DV�ZHOO�

7KH�XVHV�RI�WDFWLOH�DQG�DXGLDO�IRUPV�RI�SUHVHQWDWLRQ�SURYHG�WR�QRW
RQO\�VHUYH�DV�VXSSRUW�IRU�YLVXDOO\�LPSDLUHG�PXVHXP�YLVLWRUV�²�EXW
DOVR�WR�HQULFK�WKH�H[SHULHQFHV�RI�IXOO\�VLJKWHG�YLVLWRUV� 7KLV�WKHQ
VXJJHVW�WKDW�HIIRUWV�WR�LPSURYH�WKH�DFFHVVLELOLW\�RI�LQIRUPDWLRQ�IRU
SDUWLFXODU�JURXSV�PD\�EH�GHVLJQHG�LQ�ZD\V�WKDW�DUH�DOVR�DSSUHFL�
DWHG�E\�WKH�SXEOLF�LQ�JHQHUDO� %\�GHYHORSLQJ�LQQRYDWLYH�ZD\V�RI
SUHVHQWDWLRQ�LQWHQGHG�IRU�GLIIHUHQW�KXPDQ�VHQVHV�²�DV�ZDV�WKH�FDVH
ZLWK�WKH�PXOWLPRGDO�ODQGVFDSH�PRGHO�LQ�RXU�H[KLELWLRQ� LW�LV�SRVVLEOH
WR�DGGUHVV�DXGLHQFHV�ZLWK�YDU\LQJ�FDSDFLWLHV�IRU�DVVLPLODWLQJ�ZKDW�LV
SUHVHQWHG� 6XFK�DQ�DSSURDFK�PD\�EH�WHUPHG�´LQFOXVLYHµ�DQG�LW�KDV
VHYHUDO�DGYDQWDJHV�FRPSDUHG�ZLWK�VROXWLRQV�LQYROYLQJ�WKH�FUHDWLRQ�RI
VHYHUDO�SDUDOOHO�H[KLELWLRQV�WDUJHWLQJ�GLIIHUHQW�JURXSV� 1HYHUWKHOHVV�
H[KLELWV�VSHFLDOO\�GHVLJQHG�IRU�SDUWLFXODU�JURXSV�QDWXUDOO\�RIIHU�VSH�

���



FLDO�SHGDJRJLFDO�RSSRUWXQLWLHV�EH\RQG�WKRVH�WKDW�FDQ�EH�LQFRUSRUDWHG
LQ�D�PXOWLPRGDO�PRGHO� VR�WKH\�DUH�VWLOO�SUHIHUDEOH�LQ�FHUWDLQ�FRQWH[WV�

7KH�LQWHUDFWLYH� WRXFKVFUHHQ�EDVHG� LQWHUIDFH�FRXOG�EH�XVHG�DV�SDUW
RI�RWKHU�H[KLELWLRQV��ZLWK�RWKHU�FRQWHQW�� RU�LQ�VFKRRO�HQYLURQPHQWV
DQG�WKH�OLNH� :RUN�RQ�DQ�RQOLQH�YHUVLRQ�RI�WKH�LQWHUIDFH�ZDV�LQLWLDWHG
ZLWKLQ�WKH�'LJLWDO�7LPH�7UDYHOV�SURMHFW�EXW�RZLQJ�WR�WLPH�FRQVWUDLQWV
FRXOG�QRW�EH�ÀQLVKHG� $ WUDQVIHU�RI�WKH�LQWHUIDFH�WR�DQ�RQOLQH�YHUVLRQ
ZRXOG�PDNH�LW�XVHIXO�IRU�D�PXFK�ODUJHU�QXPEHU�RI�FDVHV�²�EXW�ZRXOG
DOVR�SODFH�QHZ�GHPDQGV�RQ�WKH�LQWHUIDFH� DV�LW�ZRXOG�KDYH�WR�IXQFWLRQ
LQ�DQ�HQYLURQPHQW�RXWVLGH�DQ�H[KLELWLRQ�RU�D�FXUULFXOXP� $ JUDSKLF
LQWHUIDFH�FRXOG�EH�XVHG�DV�D�WRRO�IRU�DQ�DXGLHQFH�WR�JHW�DFFHVV�WR�LQ�
IRUPDWLRQ�DERXW�PDWHULDOV�WKDW�DUH�QRW�SK\VLFDOO\�ORFDWHG�LQ�WKH�VDPH
SODFH�EXW�ZKLFK�VKDUH�D�FRPPRQ�SURYHQDQFH� 7KLV�ZRXOG�EH�SDUWLF�
XODUO\�XVHIXO�LQ�FDVHV�ZKHUH�D�UHJLRQ·V�FXOWXUDO�KHULWDJH�LV�VFDWWHUHG
DPRQJ�PXVHXPV�LQ�YDULRXV�SDUWV�RI�WKH�ZRUOG�

7KH�LQLWLDO�ZRUN�ZLOO�VXUYH\�SUHYLRXV�DQG�RQ�JRLQJ�DWWHPSWV�WR�XVH
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,VWR�+XYLOD
'HSDUWPHQW�RI�$/0��8SSVDOD�8QLYHUVLW\�DQG�6FKRRO�RI�%XVLQHVV�DQG�(FRQRPLFV�
cER�$NDGHPL�8QLYHUVLW\

,W�LV�LPSRVVLEOH�WR�VLQJOH�RXW�WKH�VLQJOH�PRVW�VLJQLÀFDQW�LPSOLFD�
WLRQ�RI�WKH�GLJLWLVDWLRQ�RI�DUFKDHRORJLFDO�ZRUN�DQG�LQIRUPDWLRQ�ÁRZ�
$OO�RI�WKH�FKDSWHUV�LQ�WKLV�YROXPH�VKRZ�WKDW�RQH�RI�WKH�NH\ZRUGV�LV
FKDQJH� FKDQJH�WKDW�SHUPHDWHV�GLIIHUHQW�VWDJHV�RI�FUHDWLQJ� UHFUHDW�
LQJ� RUJDQLVLQJ�DQG�XVLQJ�DUFKDHRORJLFDO�GDWD�DQG�LQIRUPDWLRQ� 7KLV
FKDQJH�LV�QRW�DOZD\V�D�GLUHFW�FRQVHTXHQFH�RI�GLJLWLVDWLRQ�RU�WKH�DYDLO�
DELOLW\�RI�WHFKQRORJLHV� 7KHUH�DUH�PRUH�LQJUHGLHQWV�WR�FRQVLGHU� $W
WKH�VDPH�WLPH� KRZHYHU� WKH�GLJLWDO�WRROV�DUH�WUXH�JDPH�FKDQJHUV�LQ
WKH�ZD\�WKH\�FDWDO\VH�YDULRXV�ZDQWV� OLNHV�DQG�QHHGV�RI�DUFKDHROR�
JLVWV�

$V�+XYLOD�VKRZV� GLJLWDO�SXEOLVKLQJ�DQG�WKH�DYDLODELOLW\�RI�GDWD
DQG�OLWHUDWXUH�LV�FKDQJLQJ�WKH�ZD\V�LQ�ZKLFK�DUFKDHRORJLVWV�XVH�DQG
ÀQG�LQIRUPDWLRQ� 'HOO·8QWR�DQG�/|ZHQERUJ�VKRZ�IXUWKHU�KRZ�GL�
JLWDO�WRROV�DQG�WKH�SUROLIHUDWLRQ�RI�ERUQ�GLJLWDO�DQG�GLJLWLVHG�LQIRUP�
DWLRQ�RSHQ�QHZ�RSSRUWXQLWLHV�WR�FRQGXFW�DUFKDHRORJLFDO�UHVHDUFK�DQG
VHHN�DQVZHUV�WR�DUFKDHRORJLFDO�UHVHDUFK�TXHVWLRQV�IURP�QHZ�SHU�
VSHFWLYHV�DQG�LQGHHG� WR�FKDQJH�WKH�TXHVWLRQV�DOWRJHWKHU� ,W�LV�QR
FRLQFLGHQFH�WKDW�'HOO·8QWR�ZULWHV�DERXW��' WHFKQRORJLHV�DQG�YLVX�
DOLVDWLRQV�DQG�/|ZHQERUJ�DERXW�*,6 DQG�GDWD� :LWKRXW�GRZQSOD\LQJ
WKH�VLJQLÀFDQFH�RI�GLJLWDO�WRROV�IRU�WKH�HQWLUH�VSHFWUXP�RI�DUFKDHROR�
JLFDO�UHVHDUFK�TXHVWLRQV�DQG�DSSURDFKHV� WKHVH�WZR�EURDG�DQG�SDU�
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WKH�ÀQDO�WZR�FKDSWHUV�RI�WKLV�YROXPH� 3HWHUVVRQ�DQG�6WHQERUJ�GLVFXVV
KRZ�WKH�GLJLWDO�LQIRUPDWLRQ�DQG�LQWHUHVWLQJO\�HQRXJK� YLVXDOLVDWLRQ
DQG�*,6�EDVHG�WRROV�KDYH�LQÁXHQFHG�WKH�SUHVHQWDWLRQ�RI�DUFKDHRORJ\
LQ�PXVHXPV� 7KH�FDSDELOLW\�WR�SXW�WRJHWKHU�GDWD�DQG�WR�VHH�DQG�H[�
SHULHQFH�DVSHFWV�RI�WKH�SDVW�LV�MXVW�DV�XVHIXO�IRU�D�SURIHVVLRQDO�DUFKDH�
RORJLVWV�DV�LW�LV�IRU�WKH�JHQHUDO�SXEOLF�

,Q�DGGLWLRQ�WR�KLQWLQJ�DW�WKH�PDJQLWXGH�RI�FKDQJH�LQ�RSSRUWXQLWLHV
DQG�WKH�GDLO\�SUDFWLFH�RI�DUFKDHRORJ\� WKH�WH[WV�SRLQW�WR�DQ�H[SOL�
FLW�QHHG�IRU�FULWLFDO�UHÁHFWLRQ�RQ�WKH�FRQVHTXHQFHV�RI�WKH�WHFKQROR�
JLFDO�FKRLFHV� 7HFKQRORJ\�DOORZV�UHVHDUFKHUV�DQG�SUDFWLWLRQHUV�WR�GR
WKLQJV� EXW�DW�WKH�VDPH�WLPH� LW�LV�SUREOHPDWLF�LI�ODUJH�DJJUHJDWH�GDWD
VHWV�FRQWDLQ�RQO\�SDUW�RI�WKH�RULJLQDO�LQIRUPDWLRQ� 6LPLODUO\� ZKLOH
WKH�XVH�RI�GLJLWDO�LQIRUPDWLRQ�VRXUFHV�PD\�DOORZ�DUFKDHRORJLVWV�WR�GR
FHUWDLQ�WKLQJV� EXW�LW�FDQ�DOVR�PDUJLQDOLVH�WKH�XVH�RI�KLJKO\�UHOHYDQW
QRQ�GLJLWDO�PDWHULDOV� )XUWKHU� HYHQ�LI�WKH�YLVXDOLVDWLRQ�RI�DUFKDH�
RORJLFDO�VLWHV�DQG�SURFHVVHV�LV�XQGRXEWHGO\�DQ�DVVHW�IRU�ERWK�SURIHV�
VLRQDOV�DQG�PXVHXP�YLVLWRUV� FULWLFDO�UHÁHFWLRQ�RQ�WKDW�ZKDW�LV�EHLQJ
REVHUYHG�DQG�ZK\�LV�D�QHFHVVDU\�SDUW�RI�WKH�SURFHVV� ,I�WKH�YLVXDO
VWRU\�HPDQDWHV�IURP�D�SROLWLFDO�DJHQGD�EDVHG�RQ�WKH�LQWULQVLF�YDOXH
RI�WHFKQRORJ\�RU�DQ�XQFULWLFDO�DGPLUDWLRQ�RI�VSHFWDFXODU�YLVXDOO\�DW�
WUDFWLYH�LPDJHV� WKH�RXWFRPH�PLJKW�TXLWH�GLIIHUHQW�IURP�WKH�SRVLWLYH
DVSLUDWLRQV�H[SUHVVHG�E\�WKH�DXWKRUV�RI�WKLV�YROXPH�DQG�WKRVH�H[�
SUHVVHG�LQ�WKH�OLWHUDWXUH�

)LQDOO\� WKH�WH[WV�LQ�WKLV�YROXPH�VKRZ�D�WHQGHQF\�WKDW�DUFKDHRORJ\
LV�EHFRPLQJ�PRUH�DQG�PRUH�HPEHGGHG�LQ�RXU�FRQWHPSRUDU\�SROLWLFDO
DQG�VRFLHWDO�SURFHVVHV� $UFKDHRORJ\�KDV�DOZD\V�EHHQ�SDUW�RI�VRFL�
HW\� EXW�LW�VHHPV�IDLU�WR�VD\�WKDW�WKH�FRQQHFWLRQ�LV�EHFRPLQJ�PRUH
PXOWL�IDFHWHG�DQG�FRPSOH[�WKDQ�EHIRUH� 7KH�UROH�RI�WKH�SXEOLF�DQG
WKH�VRFLHW\�LV�DQ�LQFUHDVLQJO\�FHQWUDO�SUHPLVH�RI�DUFKDHRORJLFDO�ZRUN�
,Q�6ZHGHQ� WKH�YDVW�PDMRULW\�RI�DUFKDHRORJLFDO�GRFXPHQWDWLRQ�LV�SUR�
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GXFHG�LQ�WKH�FRQWH[W�RI�UHVFXH�DUFKDHRORJ\� ,Q�VSLWH�RI�WKH�UHODWLYH
IUHHGRP�RI�DFDGHPLF�UHVHDUFK� WKH�SROLWLFDO�FOLPDWH�RI�WKH�VRFLHW\�KDV
DQ�LQÁXHQFH�RQ�ZKDW�LV�EHLQJ�VWXGLHG�DQG�ZKDW�NLQGV�RI�SURMHFWV�UH�
FHLYH�IXQGLQJ� )XUWKHU� WKH�SUHVHQWDWLRQ�RI�DUFKDHRORJ\�DQG�WKH�UROH
RI�WKH�DUFKDHRORJLVW�DV�D�PHGLDWRU�DUH�DIIHFWHG�E\�WKH�VDPH�VRFLHWDO
FRQWH[W� 7KH�LQFUHDVLQJ�VLJQLÀFDQFH�RI�VWRU\WHOOLQJ�DQG�KDQGV�RQ�H[�
SHULHQFHV�DV�D�SDUW�RI�SXEOLF�DUFKDHRORJ\�LV�EULQJLQJ�FRQWHPSRUDU\
FXOWXUH�DQG�DUFKDHRORJLFDO�VFKRODUVKLS�FORVHU�WR�HDFK�RWKHU� 7KHUH�LV
D�QHHG�WR�EH�FULWLFDO�RI�WKHVH�LQÁXHQFHV�DQG�WR�XQGHUVWDQG�WKH�LPSOLF�
DWLRQV�RI�WKHVH�GHYHORSPHQWV� EXW�DW�WKH�VDPH�WLPH� DV�WKLV�YROXPH
VKRZV� WKH�GLJLWDO�VRFLHW\�FDQ�DOVR�EH�VHHQ�DV�D�SRWHQWLDOO\�SRVLWLYH
IUDPH�RI�UHIHUHQFH�WKDW�RIIHUV�RSSRUWXQLWLHV�IRU�LQFUHDVLQJ�WKH�XQ�
GHUVWDQGLQJ�RI�WKH�SDVW� SURGXFLQJ�DQG�XVLQJ�EHWWHU�DUFKDHRORJLFDO
LQIRUPDWLRQ�DQG�FRQGXFWLQJ�EHWWHU�DUFKDHRORJLFDO�UHVHDUFK�
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