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3URI�+�(�(PEH\ZD�

6FKRRO�RI�(GXFDWLRQ�

0DFKDNRV�8QLYHUVLW\�

HPEH\ZD#PNVX�DF�NH�

6FLHQWLILF� FRPSHWHQFH� KDV� ODUJHO\� EHHQ� SRUWUD\HG� LQ� WHUPV� RI� REVHUYDEOH� DWWULEXWHV� OLNH��
REVHUYDWLRQ��FODVVLILFDWLRQ��H[SHULPHQWDWLRQ��SUREOHP�VROYLQJ��H[SODQDWLRQ�DPRQJ�RWKHUV��7KLV�
FRQFHSWXDOL]DWLRQ�LJQRUHV�WKH�FRJQLWLYH�SURFHVVHV�LQYROYHG�LQ�WKH�FRQVWUXFWLRQ�DQG�DVVHVVPHQW�
RI�VFLHQWLILF�NQRZOHGJH��7KLV�SDSHU�DUJXHV�WKDW�WKH�JUHDWHU�IRFXV�VKRXOG�EH�RQ�WKH�MXVWLILFDWLRQ�RI�
WKH� FHQWUDO� FRJQLWLYH� SURFHVVHV� LI� VFLHQWLILF� FRPSHWHQFH� LV� WR� EH� WKH� JRDO� RI� DQ\� VFLHQFH�
FXUULFXOXP�

6FLHQWLILF��FRPSHWHQFH��FRUH��FRJQLWLYH��SURFHVV��FRQVWUXFWLRQ��DVVHVVPHQW�

*UHDW� VFLHQWLVWV� KDYH� GLVSOD\HG� SX]]OLQJ� PHQWDO� DELOLWLHV� LQ� FRQWULEXWLQJ� WR� WKH� JURZWK� RI�
VFLHQWLILF� NQRZOHGJH�� -RKDQQHV� .HSOHU� V\VWHPDWL]HG� WKH� ODZV� RI� SODQHWDU\� PRWLRQ�� *DOLOHR�
LQYHQWHG�WKH�WHOHVFRSH��$OH[DQGHU�*UDKDP�%HOO�LQYHQWHG�WKH�WHOHSKRQH�DQG�JUDPRSKRQH��$OEHUW�
(LQVWHLQ�IRU�H[DPSOH�IRUPXODWHG�WKH�VSHFLDO�WKHRU\�RI�UHODWLYLW\��������DQG�WKH�JHQHUDO�WKHRU\�RI�
UHODWLYLW\��������EHVLGHV�KLV�UHVHDUFK�LQ�4XDQWXP�3K\VLFV��

7KH�JUHDW�VFLHQWLVWV�KDG�D�XQLTXH�PHQWDO�IRFXV�DQG�GHPRQVWUDWHG�WKLQNLQJ�PRGHV�WKDW�QRW�RQO\�
TXHVWLRQHG�ZKDW�ZDV�NQRZQ��EXW�DOVR�SURYLGHG�QHZ�H[SODQDWRU\�LQVLJKWV�IRU�QHZ�NQRZOHGJH��
7KLV� SDSHU� FRQWHQGV� WKDW� DQ� LQVLJKW� LQWR� WKH� FHQWUDO� FRJQLWLYH� SURFHVVHV� RI� WKHLU� VFLHQWLILF�
FRPSHWHQFH�PD\�EXLOG�D�JRRG�IRXQGDWLRQ�IRU�WKH�VFLHQFH�FXUULFXOXP�

7KH�NH\�TXHVWLRQ�DUH�

�L� +RZ�GLG�JUHDW�VFLHQWLVWV�UHSUHVHQW�NQRZOHGJH�LQ�WKHLU�PLQGV"
�LL� :KDW�ORJLF�JXLGHG�WKHLU�SURFHVVLQJ�RI�QHZ�LQIRUPDWLRQ"
�LLL� :KDW�FULWHULD�GLG�WKH\�DSSO\�WR�VFLHQWLILF�H[SODQDWLRQV"
�LY� :KDW�PHWKRGRORJ\�FDQ�EH�LQIXVHG�LQWR�WKH�VFLHQFH�FXUULFXOXP�WR�GHYHORS�WKH�FRUH�

FRJQLWLYH�FRPSHWHQFHV�IRU�VFLHQWLILF�NQRZOHGJH"

:H� VKDOO� WDNH� QRWH� WKDW� ,QVWUXPHQWDO� JHQHULF� FRPSHWHQFHV� DFURVV� GLVFLSOLQHV�� 6iQFKH]�� $�� 	�
0DQXHO�3����(GV���������KDYH�EHHQ�FRQVWUXHG�WR�LQFOXGH�WKH�IROORZLQJ�
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�� KLV�LV�WKH�PHQWDO�EHKDYLRXU�WKDW�HQDEOHV�RQH�WR�GLVWLQJXLVK�DQG�
VHSDUDWH�WKH�SDUWV�RI�D�ZKROH�WR�DUULYH�DW�LWV�SULQFLSOHV�RU�HOHPHQWV��$QDO\WLFDO�WKLQNLQJ�
LV�WKLQNLQJ�LQ�GHWDLO��DFFXUDWHO\��(QXPHUDWLQJ�DQG�GLVWLQJXLVKLQJ�

�� 7KLV�LV WKH�PHQWDO�EHKDYLRXU�WKDW�HQDEOHV�RQH�WR�RUJDQL]H�DQG�
LQWHJUDWH�LQWHUUHODWHG�FRPSRQHQWV�WR�IRUP�D�ZKROH�

�� 7KLV�LV�WKH�PHQWDO�EHKDYLRXU�WKDW�TXHVWLRQV�WKLQJV�DQG�FRQFHUQV�LWVHOI�
ZLWK�WKH�IRXQGDWLRQV�RQ�ZKLFK�RXU�RZQ�DQG�RWKHUV·�LGHDV��DFWLRQV�DQG�MXGJHPHQWV�DUH�
EDVHG�

�� 7KLV�LV�WKH�PHQWDO�EHKDYLRXU�WKDW�JHQHUDWHV�VHDUFKHV�WR�ILQG�QHZ�DQG�
XQXVXDO�VROXWLRQV�WKDW�PDNH�VHQVH�LQ�GLIIHUHQW�DUHDV�RI�OLIH�

�� 7KLV LV�WKH�PHQWDO�EHKDYLRXU�WKDW�IDFLOLWDWHV�WKH�UHFRJQLWLRQ�DQG�
JURZWK�RI�WKH�PRGHV�RI�WKLQNLQJ�WKDW�ZH�XVH�LQ�VROYLQJ�SUREOHPV�RU�SHUIRUPLQJ�WDVNV�

�� 7KLV�LV�WKH�PHQWDO�EHKDYLRXU�WKDW�GHYHORSV�ZD\V�RI�WKLQNLQJ�WKDW�OHDG�
WR�NQRZOHGJH�LQ�JHQHUDO�DQG�WR�VFLHQWLILF�NQRZOHGJH�LQ�SDUWLFXODU��SD\LQJ�FORVH�
DWWHQWLRQ�WR�LWV�VWUXFWXUH��,W�PHDQV�SURFHHGLQJ�LQ�D�UHDVRQHG��VXIILFLHQWO\�DUJXHG�ZD\�

�� ,V�WKH�PHQWDO�EHKDYLRXU�WKDW�PDNHV�LW�HDVLHU�WR�VHOHFW�WKH�EHVW�FRXUVH�
RI�DFWLRQ�RQ�WKH�EDVLV�RI�DYDLODEOH�LQIRUPDWLRQ�DQG�WR�GHFLGH�KRZ�WR�SURFHHG�WR�DFKLHYH�
REMHFWLYHV�ZLWK�HIIHFWLYHQHVV�DQG�HIILFLHQF\��,W�LV�WKH�DFWLRQ�RULHQWHG�ZD\�RI�WKLQNLQJ�

�� 7KLV�LV�D�ZD\�RI�ZRUNLQJ�ZLWK�RWKHU�SHRSOH�WR�DUULYH�DW�VKDUHG�YLHZV�

�� ��,V�WKH�GLVWULEXWLQJ�RI�WLPH�ZLVHO\�DFFRUGLQJ�WR�SULRULWLHV��WDNLQJ�LQWR�
DFFRXQW�VKRUW���PHGLXP� DQG�ORQJ�WHUP�SHUVRQDO�REMHFWLYHV�DQG�WKH�DUHDV�RI�SHUVRQDO�
DQG�SURIHVVLRQDO�OLIH�WKDW�RQH�VSHQGV�PRVW�WLPH�RQ��

��� ��LGHQWLI\LQJ��DQDO\]LQJ�DQG�GHILQLQJ�WKH�VLJQLILFDQW�HOHPHQWV�
FRQVWLWXWLQJ�D�SUREOHP�LQ�RUGHU�WR�VROYH�LW�HIIHFWLYHO\�DQG�ZLWK�JRRG�FULWHULD�

��� ��FKRRVLQJ�WKH�EHVW�FRXUVH�RI�DFWLRQ��IROORZLQJ�D�V\VWHPDWLF�SURFHVV�DQG�
DVVXPLQJ�UHVSRQVLELOLW\�IRU�WKH�VFRSH�DQG�FRQVHTXHQFHV�RI�WKH�RSWLRQ�WDNHQ�

��� ��GHFLGLQJ�HIIHFWLYHO\�WKH�REMHFWLYHV��SULRULWLHV��PHWKRGV�DQG�FRQWUROV�IRU�ZRUN�
WR�EH�GRQH��E\�RUJDQL]LQJ�WDVNV�ZLWKLQ�GHDGOLQHV�DQG�DYDLODEOH�PHDQV�

��� ��XWLOL]LQJ�FRPSXWHU�VNLOOV�RU�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�
WHFKQLTXHV��,&76��DV WRROV�IRU�H[SUHVVLRQ�DQG�FRPPXQLFDWLRQ��IRU�DFFHVVLQJ�LQIRUPDWLRQ�
VRXUFHV��IRU�GDWD�DQG�GRFXPHQW�ILOLQJ��IRU�SUHVHQWDWLRQ�
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��� ��HIIHFWLYHO\�RUJDQL]LQJ��VWUXFWXULQJ��JDWKHULQJ��SURFHVVLQJ�DQG�
REWDLQLQJ�UHVXOWV�IURP��LQIRUPDWLRQ�LQ�D�VLWXDWLRQ�RU�SKHQRPHQRQ��DQG�PDNLQJ�EHVW�XVH�
RI�WKH�SRVVLELOLWLHV�DIIRUGHG�E\�FRPSXWHU�V\VWHPV�IRU�GDWDEDVH�PDQDJHPHQW�

��� ��H[SUHVVLQJ�FOHDUO\�DQG�RSSRUWXQHO\�RQH·V�LGHDV��NQRZOHGJH�DQG�
IHHOLQJV�LQ�VSHHFK��DGDSWLQJ�WR�WKH�DXGLHQFH�DQG�VLWXDWLRQ�WR�HQVXUH�JRRG�
FRPSUHKHQVLRQ�DQG�DWWHQWLRQ�

��� ��UHODWLQJ�HIIHFWLYHO\�WR�RWKHU�SHUVRQV�WKURXJK�FOHDU�ZULWWHQ�H[SUHVVLRQ�RI�
ZKDW�RQH�WKLQNV�DQG�RU�IHHOV��XVLQJ�JUDSKLF�VXSSRUW�DV�QHFHVVDU\

7KH�,QIRUPDWLRQ�3URFHVVLQJ�0RGHO�DV�D�
GHVFULEHV� UHSUHVHQWDWLRQDO� V\VWHPV� WKDW� IDOO� LQWR� WKUHH� EDVLF�

IDPLOLHV�

�D�VHW�RI�GLVFUHWH�V\PEROV�RU�SURSRVLWLRQV�HTXLYDOHQW�WR�IRUPDO�
VWDWHPHQWV��

FRUUHVSRQGHQFH� EHWZHHQ� WKH� UHSUHVHQWHG� ZRUOG� DQG� WKH�
UHSUHVHQWLQJ�ZRUOG�DV�GLUHFW�DV�SRVVLEOH�LQ�WHUPV�RI�PDSV��PRGHOV��LPDJHV�DQG�SLFWXUHV��

� ZKHUH�NQRZOHGJH�LV�UHSUHVHQWHG�LQ�WHUPV�RI�DFWLYH�SURFHVV�RU�
SURFHGXUHV�GLUHFWO\�LQWHUSUHWDEOH�E\�DQ�DFWLRQ�V\VWHP��

6FLHQWLILF�NQRZOHGJH�RQ�WKH�RWKHU�KDQG�LV�JHQHUDWHG�WKURXJK�ILYH�SURFHVVHV�
PDNLQJ�XVH�RI�WKH�ILYH�VHQVHV�WR�JDLQ�LQIRUPDWLRQ�DERXW�WKH�UHDO�ZRUOG�

WKH�V\VWHPDWLF�SURFHVV�RI�JDWKHULQJ�GDWD�LQ�RUGHU�WR�WHVW�WKH�YDOLGLW\�
RU�DXWKHQWLFLW\�RI�D�JLYHQ�K\SRWKHVLV�

WKH� SURFHVV� RI� JRLQJ� EH\RQG� DYDLODEOH� GDWD� LQ� RUGHU� WR� DQWLFLSDWH�
UHODWLRQVKLSV�WKDW�FDQ�EH�XVHG�WR�PDNH�SUHGLFWLRQV�

WKH�SURFHVV�RI�FRQVWUXFWLQJ�LPDJHV�LQ�WKH�PLQG�IRU�UHSUHVHQWLQJ�LQWHUDFWLRQV��
PHFKDQLVPV��SURFHVVHV�RU�VWUXFWXUHV�LQ�WKH�UHDO�ZRUOG�

WKH� IDFXOW\� RI� PLQG� WKDW� JHQHUDWHV� WUXH� NQRZOHGJH� ZLWKRXW� D� FOHDU� RU�
LPPHGLDWH�H[SODQDWLRQ�

2UQVWHLQ�������DVVHUWV� WKDW�� ¶·WKH� FRQWHQW�RI� RXU� FRQVFLRXVQHVV� LV� D� UHSUHVHQWDWLRQ�RI�RXWVLGH�
UHDOLW\··�DQG�WKXV�FRQVFLRXVQHVV�PXVW�LQFOXGH�D�SURFHVV�IRU�FRQVWUXFWLQJ�D�¶UHSUHVHQWDWLRQ·�RU�D�
PRGHO�RI�WKH�ZRUOG��DQG�D�PHQWDO�RSHUDWLQJ�V\VWHP�HQGRZHG�ZLWK�DFWV�RI�FUHDWLRQ«��WR�SURFHVV��
LQIHU��DV�ZHOO�DV�DQDO\]H�LQIRUPDWLRQ�WR�DUULYH�DW�D�UHOLDEOH�VROXWLRQ�WKH�SHUFHSW�
0LOOHU� ������� REVHUYHV� WKDW� 4XDQWXP� 3K\VLFV� DQG� 5HODWLYLW\� 7KHRU\� KDYH� FKDQJHG� WKH�
FRQFHSWLRQ�RI�VFLHQWLILF�YLVXDOL]DWLRQ��3UDFWLFLQJ�VFLHQWLVWV�QRZ�DGPLW�WR�WKH�XVH�RI�

�L� 0HQWDO� ,PDJHU\� DQG� 7KRXJKW� H[SHULPHQWV� DV� WRROV� IRU� DGYDQFHPHQW� RI� VFLHQWLILF�
NQRZOHGJH�

�LL� 3UREDELOLVWLF�VWDWLVWLFDO�QRWLRQV�LQ�FRQVWUXFWLQJ�H[SODQDWLRQV�
�LLL� &RQWH[WXDO� FRQVLGHUDWLRQV� LQ� FRQVWUXFWLQJ� DQ� DFFHSWDQFH� FULWHULD� IRU� VFLHQWLILF�

H[SODQDWLRQV�
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7KH�FRJQLWLYH�SURFHVV�RI�VFLHQFH�WKHUHIRUH�GHPDQGV�KLJKHU�FRPSHWHQFHV�DQG�LW�PD\�EH�QHFHVVDU\�
WR� UHYLHZ� FXUULFXOXP� IRFXV� WR� HIIHFWLYHO\� GHYHORS� VXFK� FRPSHWHQFHV�� 7KLV� WDVN� ZLOO� IXUWKHU�
UHTXLUH�DQ�LQWHJUDWLRQ�RI�PHPRU\�WKHRU\�DQG�LQIRUPDWLRQ�SURFHVVLQJ�PRGHOV�
$�EULHI�GLVFXVVLRQ�RI�D�PRGHO�RI�6FLHQWLILF�&RPSHWHQFH�E\�(PEH\ZD��������LV�SUHVHQWHG�EHORZ�
,Q�WKLV�PRGHO�WKUHH�FRJQLWLYH�FRPSHWHQFHV�DUH�LGHQWLILHG�DQG�WKHLU�LQWHUDFWLYH�QDWXUH�LV�GLVFXVVHG�
(PEH\ZD��������H[SODLQV�WKDW��

$�GHFLVLRQ�RQ�WKH�SDUW�RI�D�VFLHQWLVW�WKDW�DQ�H[SODQDWLRQ�LV�YDOLG�RU�LQYDOLG�««LV�XVXDOO\�WDNHQ�
DIWHU�D�SHULRG�RI�DFWLYH�SURFHVVLQJ�RI�WKH�LQSXW�GDWD��S�����

7KH�DFWLYH�SURFHVVLQJ�LV�HQDEOHG�E\�IRXU�FRPSHWHQFHV�

&��� $Q�DELOLW\�WR�FRQVWUXFW�FOHDU�UHSUHVHQWDWLRQ�RI�HYHQWV�GHVFULEHG�LQ�VFLHQWLILF�
ODQJXDJH�GHILQHG�DV�

&��� $Q�DELOLW\�WR�GLVFHUQ�ORJLFDO�VWUXFWXUH�LQ�VHQWHQFHV�UHODWLQJ�WR�VFLHQWLILF
.QRZOHGJH�FDOOHG� �

&��� $Q�DZDUHQHVV�RI�WKH�UROH�RI�ORJLFDO�ODZV�LQ�VFLHQFH�FDOOHG�
&�� $�UHDGLQHVV�WR�VXEMHFW�VFLHQWLILF�VWDWHPHQWV�WR�ORJLFDO�VFUXWLQ\�UHIHUUHG�WR�DV�

,Q�UHODWLRQ�WR�&���(PEH\ZD��������H[SODLQV�WKUHH�FDWHJRULHV�RI�YLVXDOL]DWLRQ�

�L� WKH FRQVWUXFWLRQ�RI�PHQWDO�SLFWXUHV��PRGHOV�DQG�LPDJHV�
�LL� WKH FRQVWUXFWLRQ� RI� SURSRVLWLRQV� DERXW� WKH� XQGHUO\LQJ�

PHFKDQLVPV�RI�QDWXUDO�HYHQWV�
�LLL� � WKH�XVH�RI�NQRZQ�IRUPDO�PDWKHPDWLFDO�PRGHOV�UHOHYDQW�WR�WKH�

VLWXDWLRQ�

7KH� RWKHU� WKUHH� FRPSHWHQFHV� DUH� SUHUHTXLVLWHV� WR�
DQG�DUH�PRUH�HQHUJL]HG�E\�

LQYROYHV�

�L� � WKH�UHFRJQLWLRQ�RI�ORJLFDO�VWUXFWXUH�LQ�GLVFRXUVH�DQG�WKH�VHDUFK�IRU�
FRQVLVWHQF\� DQG� FRPSOHWHQHVV� WR� DYRLG� HUURUV� RI� LPSOLFDWLRQ�� WDXWRORJ\� DQG�
FRQWUDGLFWLRQ�

�LL� � UHDVRQLQJ�RI�WKH�W\SH�
$�LV�WKH�FDXVH�RI�%�
$�FDXVHV�%�
$�LV�D�FDXVDO�IDFWRU�IRU�%�

�LLL� � WKH� WUDQVIHU� RI� NQRZOHGJH� WR� QHZ� VLWXDWLRQV� E\� � � WUDFLQJ�
VLPLODULWLHV� DQG� GLIIHUHQFHV� EHWZHHQ� NQRZOHGJH� UHSUHVHQWDWLRQV� WR� HQDEOH�� SDWWHUQ�
FRPSOHWLRQ��SDWWHUQ�H[WHQVLRQ��RU�SDWWHUQ�GHOHWLRQ�

LV�WKH�ILQDO�DFW�RI FRPSUHKHQVLRQ�WKDW�LQYROYHV�

�L� ([SODQDWRU\� �
�LL� ([SODQDWRU\� �
�LLL� IRU�H[SODQDWLRQV�
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,Q�������/RXLV�GH�%URJOLH��D�)UHQFK�SK\VLFLVW��SURSRVHG�D�K\SRWKHVLV�WR�H[SODLQ�WKH�WKHRU\�RI�WKH�
DWRPLF� VWUXFWXUH�� %\� XVLQJ� D� VHULHV� RI� VXEVWLWXWLRQ� GH� %URJOLH� K\SRWKHVL]HV� SDUWLFOHV� WR� KROG�
SURSHUWLHV�RI�ZDYHV��:LWKLQ�D�IHZ�\HDUV��GH�%URJOLH
V�K\SRWKHVLV�ZDV�WHVWHG�E\�VFLHQWLVWV�VKRRWLQJ�
HOHFWURQV�DQG�UD\V�RI� OLJKWV� WKURXJK�VOLWV��:KDW� VFLHQWLVWV�GLVFRYHUHG�ZDV� WKH�HOHFWURQ�VWUHDP�
DFWHG�WKH�VDPH�ZDV�DV�OLJKW�SURYLQJ�GH�%URJOLH�FRUUHFW�

$OWKRXJK�GH�%URJOLH�ZDV�FUHGLWHG�IRU�KLV�K\SRWKHVLV��KH�KDG�QR�DFWXDO�H[SHULPHQWDO�HYLGHQFH�IRU�
KLV�FRQMHFWXUH��,Q�������&OLQWRQ�-��'DYLVVRQ�DQG�/HVWHU�+��*HUPHU�VKRW�HOHFWURQ�SDUWLFOHV�RQWR�
RQWR� D� QLFNHO� FU\VWDO� :KDW� WKH\� VDZ� ZDV� WKH� GLIIUDFWLRQ� RI� WKH� HOHFWURQ� VLPLODU� WR� ZDYHV�
GLIIUDFWLRQ�DJDLQVW�FU\VWDOV��[�UD\V���,Q�WKH�VDPH�\HDU��DQ�(QJOLVK�SK\VLFLVW��*HRUJH 3��7KRPVRQ�
ILUHG� HOHFWURQV� WRZDUGV� WKLQ�PHWDO� IRLO�SURYLGLQJ�KLP�ZLWK� WKH� VDPH� UHVXOWV� DV�'DYLVVRQ�DQG�
*HUPHU�

LV�UHJDUGHG�DV�RQH�RI�WKH�SULQFLSDO�IRXQGHUV�RI�PRGHUQ�RUJDQLF�FKHPLVWU\��WKH�FKHPLVWU\�
RI�FDUERQ�EDVHG�FRPSRXQGV��,Q������KH�VKRZHG�WKDW�FDUERQ�FDQ�OLQN�ZLWK�LWVHOI�WR�IRUP�ORQJ�
FKDLQV�� ,Q������KH�UHSRUWHG�KLV�GLVFRYHU\�RI�WKH�EHQ]HQH�ULQJ�DV�WKH�EDVLV�IRU�DQRWKHU�PDMRU�
JURXS�RI�FDUERQ�PROHFXOHV�

ZDV�DZDUGHG�WKH�1REHO�3UL]H�LQ�3K\VLFV LQ�������+H�LV�EHVW�NQRZQ�IRU�KLV�
ZRUN�UHJDUGLQJ�TXDQWXP�WKHRU\��SDUWLFXODUO\�DERXW�KLV� LQ�
RUGHU�WR�H[SODLQ�WKH�IODZHG�LQWHUSUHWDWLRQ�RI�TXDQWXP�VXSHUSRVLWLRQ�
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LV� D� WKRXJKW� H[SHULPHQW�� VRPHWLPHV� GHVFULEHG� DV� D� SDUDGR[�� GHYLVHG� E\�
$XVWULDQ�SK\VLFLVW�(UZLQ�6FKU|GLQJHU LQ������,W�LOOXVWUDWHV�ZKDW�KH�VDZ�DV�WKH�SUREOHP�RI�WKH�
&RSHQKDJHQ�LQWHUSUHWDWLRQ RI�TXDQWXP�PHFKDQLFV DSSOLHG�WR�HYHU\GD\�REMHFWV��

,Q� ������ +XJK� (YHUHWW IRUPXODWHG� WKH� PDQ\�ZRUOGV� LQWHUSUHWDWLRQ� RI� TXDQWXP� PHFKDQLFV��
ZKLFK�GRHV�QRW�VLQJOH�RXW�REVHUYDWLRQ�DV�D�VSHFLDO�SURFHVV��,Q�WKH�PDQ\�ZRUOGV�LQWHUSUHWDWLRQ��
ERWK�DOLYH�DQG�GHDG�VWDWHV�RI�WKH�FDW�SHUVLVW�DIWHU�WKH�ER[�LV�RSHQHG��EXW�DUH�GHFRKHUHQW IURP�HDFK�
RWKHU��,Q�RWKHU�ZRUGV��ZKHQ�WKH�ER[�LV�RSHQHG��WKH�REVHUYHU�DQG�WKH�SRVVLEO\�GHDG�FDW�VSOLW�LQWR�
DQ�REVHUYHU�ORRNLQJ�DW�D�ER[�ZLWK�D�GHDG�FDW��DQG�DQ�REVHUYHU�ORRNLQJ�DW�D�ER[�ZLWK�D�OLYH�FDW��
%XW� VLQFH� WKH� GHDG� DQG� DOLYH� VWDWHV� DUH� GHFRKHUHQW�� WKHUH� LV� QR� HIIHFWLYH� FRPPXQLFDWLRQ� RU�
LQWHUDFWLRQ�EHWZHHQ�WKHP��

ZDV�DQ�(QJOLVK�WKHRUHWLFDO�SK\VLFLVW ZKR�LV�UHJDUGHG�DV�RQH�RI�WKH�
PRVW�VLJQLILFDQW�SK\VLFLVWV�RI�WKH���WK�FHQWXU\��

'LUDF�PDGH�IXQGDPHQWDO�FRQWULEXWLRQV�WR�WKH�HDUO\�GHYHORSPHQW�RI�ERWK�TXDQWXP�PHFKDQLFV
DQG� TXDQWXP� HOHFWURG\QDPLFV�� $PRQJ� RWKHU� GLVFRYHULHV�� KH� IRUPXODWHG� WKH� 'LUDF� HTXDWLRQ
ZKLFK� GHVFULEHV� WKH� EHKDYLRXU� RI� IHUPLRQV DQG� SUHGLFWHG� WKH� H[LVWHQFH� RI� DQWLPDWWHU�� 'LUDF�
VKDUHG� WKH� ����� 1REHO� 3UL]H� LQ� 3K\VLFV ZLWK� (UZLQ� 6FKU|GLQJHU �IRU� WKH� GLVFRYHU\� RI� QHZ�
SURGXFWLYH�IRUPV�RI�DWRPLF�WKHRU\��+H�DOVR�PDGH�VLJQLILFDQW�FRQWULEXWLRQV�WR�WKH�UHFRQFLOLDWLRQ�
RI�JHQHUDO�UHODWLYLW\ ZLWK�TXDQWXP�PHFKDQLFV��

7KH�NH\�TXHVWLRQV�LQ�WKLV�SDSHU�ZHUH�
�L� +RZ�GLG�JUHDW�VFLHQWLVWV�UHSUHVHQW�NQRZOHGJH�LQ�WKHLU�PLQGV"
�LL� :KDW�ORJLF�JXLGHG�WKHLU�SURFHVVLQJ�RI�QHZ�LQIRUPDWLRQ"
�LLL� :KDW�FULWHULD�GLG�WKH\�DSSO\�WR�VFLHQWLILF�H[SODQDWLRQV"
�LY� :KDW�PHWKRGRORJ\�FDQ�EH�LQIXVHG�LQWR�WKH�VFLHQFH�FXUULFXOXP�WR�GHYHORS�WKH�FRUH�

FRJQLWLYH�FRPSHWHQFHV�IRU�VFLHQWLILF�NQRZOHGJH"

,W�KDV�EHHQ�DUJXHG�WKDW�D�GHFLVLRQ�RQ�WKH�SDUW�RI�D�VFLHQWLVW�WKDW�DQ�H[SODQDWLRQ�LV�YDOLG�RU�LQYDOLG�
««LV�XVXDOO\�WDNHQ�DIWHU�D�SHULRG�RI�DFWLYH�SURFHVVLQJ�RI�WKH�LQSXW�GDWD��(PEH\ZD���������
7KH�DFWLYH�SURFHVVLQJ�LV�HQDEOHG�E\�IRXU�FRPSHWHQFHV�

$Q�DELOLW\�WR�FRQVWUXFW�FOHDU�UHSUHVHQWDWLRQ�RI�HYHQWV�GHVFULEHG�LQ�6FLHQWLILF�/DQJXDJH�GHILQHG�DV�
DQ�DELOLW\�WR�GLVFHUQ�ORJLFDO�VWUXFWXUH�LQ�VHQWHQFHV�UHODWLQJ�WR�VFLHQWLILF

.QRZOHGJH�FDOOHG� ��DQ�DZDUHQHVV�RI�WKH�UROH�RI�ORJLFDO�ODZV�LQ�VFLHQFH�FDOOHG�
UHDGLQHVV�WR�VXEMHFW�VFLHQWLILF�VWDWHPHQWV�WR�ORJLFDO�VFUXWLQ\�UHIHUUHG�

WR�DV�

(PEH\ZD��������H[SODLQV�WKUHH�FDWHJRULHV�RI�YLVXDOL]DWLRQ�

WKH FRQVWUXFWLRQ�RI�PHQWDO�SLFWXUHV��PRGHOV�DQG�LPDJHV�
WKH FRQVWUXFWLRQ� RI� SURSRVLWLRQV� DERXW� WKH� XQGHUO\LQJ�

PHFKDQLVPV�RI�QDWXUDO�HYHQWV�
� WKH�XVH�RI�NQRZQ�IRUPDO�PDWKHPDWLFDO�PRGHOV�UHOHYDQW�WR�WKH�

VLWXDWLRQ�
7KH�WKUHH�FRPSHWHQFHV�DUH�SUHUHTXLVLWHV�WR�
DQG�DUH�PRUH�HQHUJL]HG�E\�



����

LQYROYHV�

�LY� � WKH�UHFRJQLWLRQ�RI�ORJLFDO�VWUXFWXUH�LQ�GLVFRXUVH�DQG�WKH�VHDUFK�IRU�
FRQVLVWHQF\� DQG� FRPSOHWHQHVV� WR� DYRLG� HUURUV� RI� LPSOLFDWLRQ�� WDXWRORJ\ DQG�
FRQWUDGLFWLRQ�

�Y� � UHDVRQLQJ�RI�WKH�W\SH�
$�LV�WKH�FDXVH�RI�%�
$�FDXVHV�%�
$�LV�D�FDXVDO�IDFWRU�IRU�%�

�YL� � WKH� WUDQVIHU� RI� NQRZOHGJH� WR� QHZ� VLWXDWLRQV� E\� � � WUDFLQJ�
VLPLODULWLHV� DQG� GLIIHUHQFHV� EHWZHHQ� NQRZOHGJH� UHSUHVHQWDWLRQV� WR� HQDEOH�� SDWWHUQ�
FRPSOHWLRQ��SDWWHUQ�H[WHQVLRQ��RU�SDWWHUQ�GHOHWLRQ�

LV�WKH�ILQDO�DFW�RI�FRPSUHKHQVLRQ�WKDW�LQYROYHV�

�LY� ([SODQDWRU\� �
�Y� ([SODQDWRU\� �
�YL� IRU�H[SODQDWLRQV�

7KH� FDSWXUHV�WKH�HVVHQFH�RI�WKH�VFLHQWLILF�SURFHVV�RI�NQRZOHGJH�FRQVWUXFWLRQ�
DQG�DVVHVVPHQW��,W�LV�WKHUHIRUH�WKH�FRQFOXVLRQ�RI�WKLV�SDSHU�WKDW�3HGDJRJ\�LQ�6FLHQFH�QHHGV�WR�XVH�
WKH�DERYH�GLVFXVVHG�FRPSHWHQFHV�WR�JXLGH�ERWK�WKH�GHOLYHU\�DQG�DVVHVVPHQW�LQ�6FLHQFH��


