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7KHVLV�:RUNLQJ�7LWOH

8QGHUVWDQGLQJ�DV�,QWHOOHFWXDO�9LUWXH�DQG�WKH�1DWXUH�RI�6FLHQWLILF�3URJUHVV

6WDWHPHQW�RI�5HVHDUFK�7RSLF�3UREOHP

+RZ WR LGHQWLI\ WKH FKDUDFWHULVWLFV RI VFLHQWLILF SURJUHVV LQ UHDO WLPH KDV EHFRPH PRUH
GLIILFXOW EHFDXVH RI WKH VSHHG DW ZKLFK VFLHQFH LV FXUUHQWO\ EHLQJ GRQH� )RXU DFFRXQWV RI
VFLHQWLILF SURJUHVV KDYH EHHQ SUHGRPLQDQW LQ WKH SKLORVRSKLFDO OLWHUDWXUH� EXW HDFK RI WKHP
IDLOV WR DGHTXDWHO\ DGGUHVV ZKDW LV FRQVWLWXWLYH RI KRZ VFLHQFH SURFHHGV� 7KH DLP RI WKLV
WKHVLV LV WR LGHQWLI\ KRZ SUHYLRXV DFFRXQWV KDYH IDLOHG WR UHFRJQLVH WKDW WKH VFLHQWLVW DQG KHU
GLVSRVLWLRQ WR DFW YLUWXRXVO\ VHUYH DV D FDWDO\VW IRU VFLHQWLILF SURJUHVV� ZKLOH DYRLGLQJ WKH
SLWIDOOV RI SRRU VFLHQWLILF SUDFWLFH� 6FLHQWLILF SURJUHVV VKRXOG QRW EH PHDVXUHG DV D SXUHO\
FRJQLWLYH DFKLHYHPHQW EXW VKRXOG LQFRUSRUDWH D VXLWH RI LQWHOOHFWXDO YLUWXHV� DQG HVSHFLDOO\
YLUWXRXV XQGHUVWDQGLQJ� WR DFKLHYH D PRUH DFFXUDWH YLHZ RI ZKDW ZH VKRXOG DFFHSW DV
VFLHQWLILF�SURJUHVV�

6LJQLILFDQFH�RI�WKH�7RSLF

6FLHQFH JURZV HYHU PRUH LPSRUWDQW DV ZH IDFH LVVXHV OLNH WKH 6$56�&29��� L�H�� &29,'����
SDQGHPLF� HQYLURQPHQWDO GLVDVWHUV� FOLPDWH FKDQJH� IRVVLO IXHO DQG QDWXUDO UHVRXUFH GHSOHWLRQ�
IDPLQHV� DQG SRYHUW\� :H KRSH WKDW VFLHQFH ZLOO ILQG VROXWLRQV WR WKHVH SUREOHPV EHFDXVH
JRYHUQPHQWV DQG SROLF\ PDNHUV UHO\ XSRQ VFLHQWLILF UHVHDUFK WR PDNH SROLF\ GHFLVLRQV DQG
ODZ WKDW DIIHFW XV GLUHFWO\� 7KH JHQHUDO SXEOLF DOVR UHOLHV XSRQ VFLHQFH WR WHOO XV ZKDW ZH QHHG
WR NQRZ� DQG ZH H[SHFW WKDW RXU GRFWRUV DQG WKH KHDOWK VHFWRU KDYH WKH PRVW FXUUHQW DQG
DFFXUDWH UHVHDUFK WR PDNH WKH PRVW LQIRUPHG GHFLVLRQV DERXW RXU KHDOWK LVVXHV� HVSHFLDOO\
ZKHQ LW FRPHV WR NQRZ DERXW KRZ WR PDNH KHDOWKIXO GHFLVLRQV IRU RXUVHOYHV DQG IRU RXU
IDPLO\� )LQDOO\� ZH SUHVFULEH VDIH DQG HIIHFWLYH SURFHGXUHV DQG PHGLFDWLRQV� ,Q WKHVH ZD\V�
ZH�DOO�GHSHQG�XSRQ�63�

:KHQ ZH DVVHVV VFLHQWLILF SURJUHVV �63� DFURVV DOO VFLHQWLILF GLVFLSOLQHV� LQFOXGLQJ ELRORJ\�
FKHPLVWU\� SK\VLFV� DV ZHOO DV PHGLFLQH DQG HQJLQHHULQJ� ZH QHHG WR NQRZ WKDW WKH
H[SHULPHQWDO UHVXOWV RI WKHVH GLVFLSOLQHV DUH WUXVWZRUWK\� WKDW WKH VFLHQWLVWV DQG PHPEHUV RI
WKH VFLHQWLILF FRPPXQLWLHV DUH FRQGXFWLQJ UHVHDUFK LQ D UHOLDEOH DQG LQIRUPHG PDQQHU� 7KH
SURJUHVV WKDW VFLHQWLVWV DQG VFLHQWLILF FRPPXQLWLHV PDNH QHHG WR EH DVVHVVHG QRW RQO\ RQ
LQGLYLGXDO DFKLHYHPHQWV EXW DOVR RQ WKHLU DELOLW\ WR H[HUFLVH LQWHOOHFWXDO YLUWXHV� 6LQFH
UHVHDUFK PHWKRGV PD\ EH VXVFHSWLEOH WR KXPDQ HUURU� ELDVHV� DQG YLFHV� ZH QHHG DQ
H[SODQDWLRQ RI 63 WKDW WDNHV XQGHUVWDQGLQJ DV DQ LQWHOOHFWXDO DFKLHYHPHQW RI JRRG FKDUDFWHU
LQWR�DFFRXQW�

6WXG\LQJ 63 JLYHV XV LQVLJKW LQWR KRZ VFLHQWLILF UHVHDUFK VKRXOG EH FRQGXFWHG DQG SURPRWHG�
+LVWRULF FDVHV PD\ EH D JRRG UHVRXUFH WR VKRZ XV ZKDW 63 LV� DQG WKH\ FDQ VXJJHVW ZD\V RI
KRZ ZH VKRXOG MXGJH 63 DV LW KDSSHQV LQ UHDO�WLPH� UDWKHU WKDQ DIWHU VRPHWKLQJ KDV EHHQ
DFFHSWHG IRU XVH DQG FDXVHG PRUH SUREOHPV WKDQ LW VROYHV� 6WXG\LQJ 63 ZLOO VKRZ XV ZKDW ZH
H[SHFW IURP VFLHQWLVWV DQG VFLHQWLILF FRPPXQLWLHV DQG KRZ WR PDNH WKH SURFHVV RI
GHWHUPLQLQJ�63�PRUH�SHUWLQHQW�WR�FXUUHQW�FLUFXPVWDQFHV�
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$ EHWWHU DFFRXQW RI 63 ZRXOG KHOS ZLWK WKH LVVXH RI ZKLFK UHVHDUFK WR WUXVW� DQG ZKLFK
UHVHDUFK LV ZRUWK SXUVXLQJ� ,W ZRXOG SUHVHQW XV ZLWK D PRUH LQIRUPHG SLFWXUH DERXW WKH
UHVHDUFK DQG WKH VFLHQWLVWV DQG VFLHQWLILF FRPPXQLWLHV ZKR SURGXFH LW� $Q DFFRXQW RI 63 WKDW
LQFOXGHV WKH LQWHOOHFWXDO YLUWXHV ZRXOG LQFOXGH WKH DELOLW\ WR VKDUH DQG FRPPXQLFDWH LQ D
PDQQHU WKDW LV XQGHUVWDQGDEOH E\ D ZLGH DXGLHQFH� &RPPXQLFDWLRQ WR WKH PHGLD ZRXOG EH
FLUFXPVSHFW� FDUHIXO� DQG FDXWLRXV� ZLWK DFNQRZOHGJPHQW RI QRW RQO\ WKH EHQHILWV EXW WKH
SRWHQWLDO SUREOHPV WKDW WKH QHZ DGYDQFH FRXOG EULQJ WR OLJKW� $FFHVV WR UHVHDUFK ZRXOG EH
HDVLHU WR REWDLQ� DQG ZRXOG LQFOXGH PRUH UHOHYDQW LQIRUPDWLRQ� OLNH IXQGLQJ� VSRQVRUVKLS� DQG
DIILOLDWLRQV� DQG EH SURPLQHQWO\ GLVSOD\HG� 5HSOLFDWHG UHVHDUFK ZRXOG DOVR EH OLQNHG WR WKH
RULJLQDO UHVHDUFK� ZKHWKHU WKDW RULJLQDO H[SHULPHQW ZDV VXFFHVVIXO RU QRW� 6FLHQWLVWV DQG WKH
VFLHQWLILF FRPPXQLW\ ZRXOG EH UHTXLUHG WR EH PRUH WUDQVSDUHQW ZKHQ SUHVHQWLQJ QHZ
UHVHDUFK�

$ FXUUHQW WRSLF RI DFDGHPLF� DV ZHOO DV SUDFWLFDO� FRQFHUQ LV WKH &29,'��� SDQGHPLF� ,WV
VWXG\ LV DQ H[FHOOHQW RSSRUWXQLW\ WR ORRN DW VHYHUDO DVSHFWV RI 63 RYHU WKH SDVW WZHQW\�WKUHH
PRQWKV� 7KH :RUOG +HDOWK 2UJDQLVDWLRQ �:+2� ILUVW LGHQWLILHG &29,'���� RQ ��'HFHPEHU
����� WKURXJK D PHGLD VWDWHPHQW SODFHG RQ WKH :XKDQ 0XQLFLSDO +HDOWK &RPPLVVLRQ¶V
ZHEVLWH� 6XEVHTXHQWO\� WKH\ VWDUWHG LQYHVWLJDWLQJ WKH RXWEUHDN LQ :XKDQ� VHHNLQJ PRUH
LQIRUPDWLRQ DERXW WKH YLUXV� LWV V\PSWRPV� DQG PRUWDOLW\ UDWHV �7LPHOLQH� Q�G��� %\ 0DUFK
���� FDVHV ZHUH EHLQJ UHSRUWHG IXUWKHU DZD\ IURP WKH RXWEUHDN¶V RULJLQ SRLQW LQ :XKDQ�
&KLQD HYHQ WKRXJK :XKDQ KDG LVRODWHG LWVHOI IURP WKH UHVW RI WKH ZRUOG� 2Q �� 0DUFK �����
:+2�GHFODUHG &29,'��� WR�EH�D�JOREDO�SDQGHPLF��7LPHOLQH� Q�G���

$V FDVHV RI &29,'��� DQG GHDWKV IURP LW FRQWLQXHG WR FOLPE� VRPH FRXQWULHV WRRN LPPHGLDWH
DFWLRQ WR PLWLJDWH DJDLQVW LWV SURSDJDWLRQ E\ FORVLQJ WKHLU LQWHUQDWLRQDO ERUGHUV� 7KH\ DOVR SXW
WKHLU SRSXODWLRQV LQWR ORFNGRZQ LQ WKH KRSH RI FXUELQJ WKH VSUHDG RI WKH YLUXV� +RZHYHU RWKHU
FRXQWULHV GLG OLWWOH WR SUHYHQW &29,'��� IURP VSUHDGLQJ DQG FDVHV LQ WKHVH FRXQWULHV VRDUHG
EH\RQG�FRQWURO�DQG�UHVXOWHG�LQ�PLOOLRQV�RI�XQQHFHVVDU\�GHDWKV�

1HZ =HDODQG FRQILUPHG LWV ILUVW FDVH RQ �� )HEUXDU\ ���� �02+1=�� 2Q �� 0DUFK ����
1HZ =HDODQG FORVHG LWV ERUGHUV WR QRQ�UHVLGHQWV DQG QRQ�FLWL]HQV� H[FHSW IRU VRPH FDWHJRULHV�
VXFK DV HVVHQWLDO KHDOWK VWDII� 2Q �� 0DUFK ����� WKH JRYHUQPHQW UDLVHG WKH FRXQWU\¶V DOHUW
OHYHO WR �� ZKHUH HYHU\ERG\ KDG WR UHPDLQ DW KRPH XQOHVV VKRSSLQJ IRU JURFHULHV RU RWKHU
QHFHVVDU\ LWHPV� 7KLV VWUDWHJ\ ZRUNHG WR NHHS WKH &29,'��� FRQILQHG WR ERUGHU LVRODWLRQ
IDFLOLWLHV� DQG 1HZ =HDODQG ZDV PRVWO\ IUHH RI FRPPXQLW\ FDVHV RI &29,'��� XQWLO WKH PRVW
UHFHQW�RXWEUHDN�RI�WKH�GHOWD�YDULDQW�ZKLFK�RFFXUUHG�RQ����$XJXVW������

7KH KRSH QRZ LV WR GLVWULEXWH WKH &29,'��� YDFFLQH WR DV PDQ\ SHRSOH ZRUOGZLGH DQG
KRSHIXOO\ ZLSH RXW WKH YLUXV� DV LW ZLOO KDYH QRERG\ XQLPPXQLVHG WR LQIHFW� $W WKH WLPH RI
ZULWLQJ� 1HZ =HDODQG¶V YDFFLQDWLRQ GLVWULEXWLRQ KDV JRQH H[FHHGLQJO\ ZHOO� UHDFKLQJ QHDUO\
��� RI LWV SRSXODWLRQ EHLQJ IXOO\ YDFFLQDWHG E\ UHFHLYLQJ WZR ³MDEV´ RI WKH 3IL]HU YDFFLQH�
:+2 KDG RULJLQDOO\ HVWLPDWHG WKDW LW ZRXOG EH DW OHDVW �� PRQWKV EHIRUH D YDFFLQH FRXOG EH
SURGXFHG EHFDXVH RI WKH UHVHDUFK DQG H[SHULPHQWDWLRQ UHTXLUHG IRU D VDIH YDFFLQH UROORXW� ,Q
0DUFK ���� WKH\ LVVXHG ³$ FRRUGLQDWHG JOREDO UHVHDUFK URDGPDS� ���� QRYHO FRURQDYLUXV´
�:+2� 5	' %OXHSULQW DQG &29,'����� WR RXWOLQH D JOREDO UHVHDUFK SODQ IRU PDNLQJ
YDFFLQHV DQG SRVVLEO\ ILQGLQJ D FXUH� 2Q � 'HFHPEHU ����� WKH 8. ZDV WKH ILUVW FRXQWU\ WR
DSSURYH WKH XVH RI WKH QHZ 3IL]HU�%LRWHFK P51$ YDFFLQH� 2Q �UG 'HFHPEHU� :+2 UHOHDVHG
LWV�ILUVW�HPHUJHQF\�XVH�YDOLGDWLRQ�IRU�WKH�YDFFLQH��:+2��������
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,Q OHVV WKDQ RQH \HDU� D QRYHO YLUXV VSUHDG ZLGHO\ DFURVV WKH JOREH DQG NLOOHG PLOOLRQV RI
SHRSOH� ,W ZDV TXLFNO\ LGHQWLILHG E\ PRGHUQ VFLHQFH SURFHGXUHV� DQG� UHVHDUFK LQ YDFFLQHV DQG
FXUHV IRU QRYHO FRURQDYLUXVHV VXGGHQO\ DFFHOHUDWHG� EHFRPLQJ HVVHQWLDO VFLHQWLILF UHVHDUFK�
:LWKLQ HLJKW PRQWKV RI WKH &29,'��� RXWEUHDN EHLQJ LGHQWLILHG E\ :+2� D YDFFLQH KDG
EHHQ FUHDWHG DQG GHYHORSHG WR PLWLJDWH DJDLQVW WKH YLUXV� 7KLQNLQJ MXVW RI WKH SURJUHVV WKDW
ZH KDYH PDGH ZLWK RXU NQRZOHGJH� XQGHUVWDQGLQJ� DQG DSSUHFLDWLRQ RI &29,'���� ZH KDYH
ZLWQHVVHG ³63´ KDSSHQ TXLFNO\ LQ D PLFURFRVP RI WLPH� 8QGHU QRUPDO FLUFXPVWDQFHV� ZH
ZRXOG QRW QRWLFH WKDW 63 KDG WDNHQ SODFH XQWLO ORQJ DIWHU WKH WULJJHULQJ HYHQW KDG RFFXUUHG�
DQG VXIILFLHQW WLPH KDG SDVVHG IRU XV WR UHIOHFW XSRQ LPSRUWDQW VFLHQWLILF GLVFRYHULHV� 7KH
H[DPSOH RI WKH VXFFHVV RI VFLHQFH WR ILQG D YDFFLQH IRU WKH &29,'��� YLUXV TXLFNO\ JLYHV XV
DQ�RSSRUWXQLW\�WR�REVHUYH�63�LQ�UHDO�WLPH�

+RZ GR ZH QDYLJDWH 63 LQ UHDO�WLPH" :KHQ ZH ORRN DW WKH SKLORVRSKLFDO DFFRXQWV RI 63� ZH
QRWLFH WKDW WKH XVXDO H[DPSOHV HPSOR\HG E\ WKHRUHWLFLDQV DUH KLVWRULFDO FDVHV WR FODVVLI\ ZKDW
LV FRQVLGHUHG 63 DQG LWV FRQWULEXWLRQ WR FKDQJH LQ VFLHQWLILF WKHRULHV� 7R EHWWHU DSSUHFLDWH KRZ
UHDO�WLPH 63 PD\ EH FRQWUDVWHG ZLWK DQ KLVWRULF YLHZ� ZH VKRXOG UHYLHZ RQH DFFRXQW RI 63
WKDW�HPSOR\V�WKH�KLVWRULF�YLHZ�

7KRPDV .XKQ XVHV ³VFLHQWLILF UHYROXWLRQV´ WR H[SODLQ 63 WKURXJK D ³KLVWRULF´ OHQV �.XKQ�
������ /RRNLQJ DW WKH KLVWRU\ RI VFLHQFH� KH SLQSRLQWV FHUWDLQ WLPHV RU HYHQWV WKDW FOHDUO\
VKRZ 63� VXFK DV LQ SK\VLFV� (LQVWHLQ¶V WKHRUHWLFDO LPSURYHPHQWV XSRQ 1HZWRQ¶V WKHRULHV�
.XKQ¶V VWUXFWXUH RI VFLHQWLILF UHYROXWLRQV VKRZV KRZ VFLHQFH HYROYHV WR VROYH SUREOHPV RU
SX]]OHV� 7KDW HYROXWLRQDU\ DFFRXQW RI 63 LV DQ LQIRUPDWLYH SDUW RI YLHZLQJ 63� EXW LW GRHV QRW
QHFHVVDULO\ KHOS XV ZKHQ ZH ZDQW WR VHH SURJUHVV KDSSHQLQJ LQ UHDO WLPH� /RRNLQJ DW
KLVWRULFDO FDVHV ZDV D JRRG VWDUW WR ORRNLQJ DW KRZ ZH WKLQN DERXW 63 EXW VXFK DFFRXQWV RI 63
WKDW UHO\ XSRQ KLVWRULFDO FDVHV QHHG WR H[SDQG DQG LQWHJUDWH ZLWK WKH PRVW LPSRUWDQW DVSHFW RI
63 ZKLFK LV� , WKLQN� HQKDQFHG XQGHUVWDQGLQJ DQG WKH LQWHOOHFWXDO YLUWXHV WKDW VFLHQWLVWV DQG
WKHLU�FRPPXQLWLHV�SRVVHVV�

:H VKRXOG EURDGHQ RXU LQYHVWLJDWLRQ WR LQFOXGH PDWHULDO WKDW PD\ QRW TXDOLI\ DV DQ H[DPSOH
RI 63 EXW QHYHUWKHOHVV PD\ EH DQ LQVWDQFH RI SURJUHVV JHQHUDOO\� ,Q %DG 'DWD ������� 3HWHU
6FKU\YHUV JLYHV DQ H[DPSOH RI SURJUHVV WKDW XWLOLVHV VWDWLVWLFDO DQDO\VLV DQG FULPLQDO
SV\FKRORJ\ UHVHDUFK GDWD WR FUHDWH D FULPH SUHGLFWLQJ V\VWHP� 7KH SURJUDP ZDV GHVLJQHG E\
:LOOLDP %UDWWRQ DQG -DFN 0DSOH IRU XVH E\ WKH 1HZ <RUN 3ROLFH 'HSDUWPHQW �1<3'� WR
UHGXFH FULPH LQ FLW\ QHLJKERXUKRRGV� -DFN 0DSOH VWDUWHG E\ FROOHFWLQJ VWDWLVWLFV RQ FULPH LQ
WKH 1HZ <RUN 6XEZD\ ZKLOH ZRUNLQJ IRU WKH 1HZ <RUN &LW\ 7UDQVLW 3ROLFH� +H XVHG WKH GDWD
FROOHFWHG WR LGHQWLI\ SODFHV DQG WLPHV RQ WKH VXEZD\ ZKHUH FULPH ZDV PRVW SUHYDOHQW� 7KDW
SHUPLWWHG RIILFHUV WR UHGXFH WKH QXPEHU RI YLROHQW DWWDFNV� WKHIWV� PXUGHUV� GUXJ VDOHV� IDUH
DYRLGDQFH��DQG�KRPHOHVV�SHRSOH�OLYLQJ�LQ�WKH�VXEZD\�

7KLV JHRJUDSKLF EDVHG VWDWLVWLFDO ZRUN ZDV VXSSRUWHG E\ VRFLDO SV\FKRORJ\� *HRUJH .HOOLQJ
DQG -DPHV 4� :LOVRQ� IRU H[DPSOH� LQWURGXFHG WKH ³%URNHQ :LQGRZ´ DQDORJ\ ZKHUH D EURNHQ
ZLQGRZ LQYLWHV SHRSOH WR YDQGDOLVH IXUWKHU� 7KLV DQDORJ\ ZDV EDVHG RQ DQ H[SHULPHQW
SHUIRUPHG E\ 3KLOLS =LPEDUGR ZKR KDG OHIW D EURNHQ�GRZQ FDU LQ D FULPH�IUHH DUHD RI WRZQ�
7KH FDU VDW XQWRXFKHG IRU D ZHHN� GHVSLWH LWV EHLQJ DEDQGRQHG� :KHQ KH VPDVKHG RQH RI WKH
FDU¶V ZLQGRZV� LW GLG QRW WDNH ORQJ EHIRUH WKH HQWLUH FDU ZDV VWULSSHG RI LWV SDUWV� 7KH SHRSOH
VWULSSLQJ WKH FDU ZHUH PRVWO\ PLGGOH�FODVV ZKLWH SHRSOH� =LPEDUGR FRQFOXGHG WKDW HYLGHQFH
RI�GLVRUGHU�OHG�WR�PRUH�GLVRUGHU�DQG�PRUH�VHULRXV�FULPHV�EHLQJ�FRPPLWWHG�
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7KH FULPH DQDO\VLV V\VWHP DQG VRFLDO SV\FKRORJLFDO ILQGLQJV OHG WR WKH LPSOHPHQWDWLRQ RI
FRXQWHUPHDVXUHV E\ WKH 1<3'� 7KH WHFKQLTXHV HPSOR\HG E\ %UDWWRQ DQG 0DSOH UHGXFHG
FULPH DQG KRPHOHVVQHVV RQ WKH 1< VXEZD\ GUDPDWLFDOO\ EHWZHHQ ���� DQG ����� ,Q �����
WKH QHZO\ HOHFWHG 0D\RU RI 1HZ <RUN &LW\� 5XG\ *LXOLDQL� DIWHU KDYLQJ REVHUYHG KLV VXFFHVV
ZLWK 1<& 7UDQVLW 3ROLFH� DSSRLQWHG %UDWWRQ 1<3' &RPPLVVLRQHU� %UDWWRQ DQG 0DSOH
FRQWLQXHG WR UHILQH WKHLU V\VWHP� ZKLFK KDG WKH LQWHQGHG SRVLWLYH FRQVHTXHQFH RI IXUWKHU
UHGXFLQJ FULPH LQ 1HZ <RUN &LW\� 6XEVHTXHQWO\� PDQ\ RWKHU SROLFH GHSDUWPHQWV DFURVV WKH
86 DGRSWHG WKH V\VWHP� 0DSOH¶V V\VWHP RI DQDO\VLQJ FULPH KRW VSRWV HYROYHG LQWR D
VRSKLVWLFDWHG FRPSXWHU SURJUDP FDOOHG &RPS6WDW� &RPS6WDW EHJDQ E\ PHDVXULQJ PXUGHU�
IRUFLEOH UDSH� EXUJODU\� DJJUDYDWHG DVVDXOW� ODUFHQ\� DQG PRWRU YHKLFOH WKHIW UDWHV� 7KH
SURJUDP DOVR FROOHFWHG WKH QXPEHU RI DUUHVWV DQ LQGLYLGXDO SROLFHPDQ KDG KDG LQ D OLIHWLPH
DQG WKH RXWFRPHV RI LQYHVWLJDWLRQV RI UHSRUWHG FULPH� $V &RPS6WDW EHFDPH PRUH
VRSKLVWLFDWHG� LW EHJDQ WR FROOHFW LQIRUPDWLRQ SHUWDLQLQJ WR PLVGHPHDQRUV� VXFK DV GUXJ XVH�
JUDIILWL� DQG RWKHU IRUPV RI YDQGDOLVP� :KDW WKH SURJUDP GHFLSKHUHG ZDV LQ OLQH ZLWK WKH
³%URNHQ :LQGRZ´ DQDORJ\ .HOOLQJ DQG :LOVRQ KDG SURSRXQGHG� &RPS6WDW ZDV DQ
LPSUHVVLYH FULPH�ILJKWLQJ WRRO DQG VSUHDG WR SROLFH IRUFHV DFURVV WKH 86$ DQG LQWHUQDWLRQDOO\
�6FKU\YHUV��������SS�������������

7KLV DSSHDUV WR EH DQ H[DPSOH RI JRRG SURJUHVV E\ DGYDQFLQJ RXU DELOLW\ WR SUHGLFW ZKHUH
FULPHV PD\ RFFXU DQG PDNLQJ VXUH WKDW D SROLFH RIILFHU ZDV SUHVHQW WR UHGXFH WKH SUREDELOLW\
WKDW D FULPH ZRXOG RFFXU� 7DNLQJ WKLV RQ LWV RZQ ZH VHH KRZ HIIHFWLYH WKH GHYHORSPHQW RI
&RPS6WDW LV IRU WKH UHGXFWLRQ RI FULPH� :H VKRXOG ZKROHKHDUWHGO\ HQGRUVH LWV EHLQJ DQ
H[DPSOH�RI�SURJUHVV�

:LWK WKHVH WZR H[DPSOHV LQ PLQG� &29,'��� DQG &RPS6WDW� ZH VHH KRZ D VWXG\ RI 63 PD\
EH PRWLYDWHG E\ FXUUHQW� SUDFWLFDO SUREOHPV� , ZLOO QRZ WXUQ WR WKH IRXU PDMRU DFFRXQWV RI 63
WKDW KDYH HPHUJHG RYHU WKH ODVW FHQWXU\� , WKLQN DOO IRXU DFFRXQWV KDYH XVHIXO DVSHFWV EXW QRQH
RI WKHP SURYLGH D IXOO H[SODQDWLRQ RI ZKDW 63 LV EHFDXVH WKH\ DUH IRFXVHG WRR PXFK RQ WKH
KLVWRULF YLHZ� OLNH WKH RQH , RXWOLQHG DERYH E\ .XKQ� *LYHQ WKDW ZH PD\ H[SORUH FXUUHQW
DIIDLUV� VXFK DV WKH &29,'��� SDQGHPLF RU WKH 1<3' FULPH DQDO\VLV� ZLWK DQ H\H WRZDUG
DSSUHFLDWLQJ 63� ZH VKRXOG GR VR� ,W LV P\ FRQWHQWLRQ WKDW H[SORULQJ 63 LQ UHDO�WLPH ZLOO
RYHUFRPH�VRPH��LI�QRW�DOO��RI�WKH�FKDOOHQJHV�WR�HDFK�DFFRXQW�RI�63�
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/LWHUDWXUH�5HYLHZ

+RZ WR LGHQWLI\ 63 LV D UHODWLYHO\ QHZ WRSLF LQ SKLORVRSK\� VWDUWLQJ ZLWK .DUO 3RSSHU¶V
IDPRXV ERRN� 7KH /RJLF RI 6FLHQWLILF 'LVFRYHU\ ������� ,Q LW� 3RSSHU SURSRVHG WKDW 63 ZDV D
IXQFWLRQ RI JHWWLQJ FORVHU WR WKH WUXWK HYHQ LI WKH VFLHQWLILF FODLPV RI RXU EHVW VFLHQWLILF
WKHRULHV ZHUH OLNHO\ WR EH IDOVH� 3RSSHU¶V ODQGPDUN ERRN ZDV IROORZHG XS E\ 7KRPDV .XKQ¶V�
7KH 6WUXFWXUH RI 6FLHQWLILF 5HYROXWLRQV ������� ZKLFK SURSRVHG WKDW 63 RFFXUUHG ZKHQ QHZ
VFLHQWLILF WKHRULHV ZHUH DEOH WR VROYH PRUH SUREOHPV DQG SX]]OHV WKDQ SUHFHGLQJ WKHRULHV�
7ZR PRUH DFFRXQWV KDYH HPHUJHG� RQH� WKDW 63 RFFXUV ZKHQ WKHUH LV DQ LQFUHDVH LQ
DFFXPXODWHG NQRZOHGJH �%LUG� ������ RU WZR� 63 RFFXUV ZKHQ WKHUH LV DQ LQFUHDVH LQ
XQGHUVWDQGLQJ �'HOOVpQ� ������ $V , ZLOO GLVFXVV ODWHU LQ WKLV SURSRVDO WKHUH DUH DGYDQWDJHV
DQG GLVDGYDQWDJHV RI DOO RI WKHVH YLHZV� 0\ SULPDU\ DLP LQ WKLV WKHVLV LV WR UHSODFH WKHVH
GHILFLHQW DFFRXQWV ZLWK RQH WKDW VKRZV KRZ FULWLFDO LQWHOOHFWXDO YLUWXHV DUH IRU DQ DFFRXQW RI
63� 1RZ� , ZRXOG OLNH WR JLYH D EULHI RXWOLQH RI HDFK DFFRXQW RI 63� $OVR� WR DFKLHYH P\
SULPDU\ DLP� , ZLOO KDYH WR JLYH D EULHI RXWOLQH RI WKH YLUWXH HSLVWHPRORJLFDO WKHRU\ WKDW LV
PRVW UHOHYDQW WR P\ ³XQGHUVWDQGLQJ DV LQWHOOHFWXDO YLUWXH´ DFFRXQW� ,W ZLOO SURYLGH D EDVLV IRU
ORRNLQJ DW LQWHOOHFWXDO YLUWXHV DQG ZKDW FKDUDFWHU WUDLWV VFLHQWLVWV DQG WKH VFLHQWLILF FRPPXQLW\
VKRXOG�SRVVHVV�LQ�RUGHU�WR�HQVXUH�WKDW�63�LV�SURSHUO\�DVVHVVHG�DQG�XVHG�

���7KH�6HPDQWLF�$SSURDFK�RI�6FLHQWLILF�3URJUHVV

$FFRUGLQJ WR WKH VHPDQWLF DSSURDFK� VFLHQFH SURJUHVVHV ZKHQ WKHRULHV JHW FORVHU WR WKH WUXWK�
6FHSWLFV KDYH DUJXHG WKDW RXU EHVW VFLHQWLILF WKHRU\ ZLOO OLNHO\ WXUQ RXW WR EH IDOVH� 7KLV KDV
EHHQ VKRZQ WKURXJKRXW WKH KLVWRU\ RI VFLHQFH DV D QHZ WKHRU\ UHSODFHV DQRWKHU WKHRU\� ZLWK
WKH ROG WKHRU\ HLWKHU EHLQJ PRGLILHG RU GLVFDUGHG DV IDOVH� *LYHQ WKDW WKLV KDV EHHQ WUXH RI
HYHU\ SUHYLRXVO\ KHOG WKHRU\� WKLV LPSOLHV WKDW RXU FXUUHQW WKHRU\ ZLOO OLNHO\ WXUQ RXW WR EH
IDOVH� WRR� 1HZ WKHRULHV ZLOO EH DEOH WR DQVZHU PRUH TXHVWLRQV WKDQ WKH SUHYLRXV RQHV� EXW D
WKHRU\ ZLOO QHYHU EH WUXH VLPSOLFLWHU� 3KLORVRSKHUV KDYH UHIHUUHG WR WKLV DV WKH ³SHVVLPLVWLF
PHWD�LQGXFWLRQ´��1LLQLOXRWR��������

,I WKH SHVVLPLVWLF PHWD�LQGXFWLRQ LV FRUUHFW� WKHQ WKH EHVW ZH FDQ KRSH IRU LV VFLHQWLILF WKHRULHV
WR JHW FORVHU WR WKH WUXWK� .DUO 3RSSHU SURSRVHG WKDW VFLHQFH SURJUHVVHV DV HDFK QHZ WKHRU\
LQWURGXFHG LV FORVHU WR WKH WUXWK WKDQ WKH SUHYLRXV WKHRU\ RU WKHRULHV� +H SURSRVHG WKDW HDFK
QHZ WKHRU\ ZDV EXLOW RQ D SULRU WKHRU\� EXW WKDW WKH QHZ WKHRU\ FRQWDLQHG PRUH WUXH FRQWHQW
WKDQ WKH ROG RQH DQG WKDW WKH QHZ WKHRU\ JDYH XV UHDVRQ WR VHW DVLGH WKH IDOVH FRQWHQW RI WKH
ROG�WKHRU\�

3RSSHU ILUVW LQWURGXFHG KLV DFFRXQW RI YHULVLPLOLWXGH LQ KLV ERRN� 7KH /RJLF RI 6FLHQWLILF
'LVFRYHU\ ������� DQG KH H[SDQGHG XSRQ LW LQ &RQMHFWXUHV DQG 5HIXWDWLRQV ������������ 7KH
DFFRXQW WDNHV YHULVLPLOLWXGH WR EH WKH GHILQLQJ FKDUDFWHULVWLF RI 63� (DFK HSLVRGH RI 63 FDQ
KDSSHQ LQ JUHDW OHDSV� RU LQ VPDOOHU LQFUHPHQWV� DQG FDQ EH FODVVLILHG DV 63 ZKHQ D QHZ
VFLHQWLILF WKHRU\ WDNHV XV FORVHU WR WKH WUXWK WKDQ WKH WKHRU\ LW LV PHDQW WR UHSODFH �%LUG� �����
1LLQLOXRWR��������3RSSHU���������������3RSSHU¶V�GHILQLWLRQ�RI�YHULVLPLOLWXGH�LV�

$VVXPLQJ WKDW WKH WUXWK�FRQWHQW DQG WKH IDOVLW\�FRQWHQW RI WZR WKHRULHV W� DQG W� DUH
FRPSDUDEOH� ZH FDQ VD\ WKDW W� LV PRUH FORVHO\ VLPLODU WR WKH WUXWK� RU FRUUHVSRQGV
EHWWHU�WR�WKH�IDFWV��WKDQ�W���LI�DQG�RQO\�LI�HLWKHU
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D��WKH�WUXWK�FRQWHQW�EXW�QRW�WKH�IDOVLW\�FRQWHQW�RI�W� H[FHHGV�WKDW�RI�W��

E� WKH IDOVLW\�FRQWHQW RI W�� EXW QRW LWV WUXWK�FRQWHQW� H[FHHGV WKDW RI W�� �3RSSHU�
������S������

)DPRXVO\� 3RSSHU ����������� ����� SURSRVHG D GHıQLWLRQ RI DSSUR[LPDWH WUXWK WKDW ZDV
LQWHQGHG WR GHOLYHU RQ WKH LQWXLWLRQ WKDW VXEVHTXHQW VFLHQWLıF WKHRULHV ZLOO LQFOXGH FRUUHFW
FRQWHQW�RI�SUHYLRXV�WKHRULHV�DQG�H[FOXGH�VRPH�RI�WKH�LQFRUUHFW�FRQWHQW�RI�DQWHFHGHQW�WKHRULHV�

>D@Q H[SUHVVLRQ� $� LV VDLG WR EH FORVHU WR WUXWK WKDQ % MXVW LQ FDVH $ŖV WUXWK FRQWHQW
FRQWDLQV %ŖV WUXWK FRQWHQW� DQG %ŖV IDOVLW\ FRQWHQW FRQWDLQV $ŖV IDOVLW\ FRQWHQW� DQG RQH
RI�WKHVH�FRQWDLQPHQWV�LV�SURSHU���3RSSHU��������S������

,Q UHVSRQVH� 'DYLG 0LOOHU ������ DQG 3DYHO 7LFKĨ ������ VKRZHG WKDW 3RSSHUŖV GHıQLWLRQ RI
DSSUR[LPDWH WUXWK FRXOG QRW PDNH DQ\ GLVWLQFWLRQV LQ WUXWKOLNHQHVV DPRQJ WKHRULHV WKDW
LQFOXGHG PDWHULDO WKDW LV VWULFWO\ VSHDNLQJ IDOVH� $ WKHRU\ WKDW LV IDOVH FDQ RQO\ EH JLYHQ D
SUREDELOLW\ RI EHLQJ FRUUHFW RI ³��´ ,I WZR IDOVH WKHRULHV ZLWK D SUREDELOLW\ RI ³�´ DUH
FRPSDUHG� WKHQ WKH SUREDELOLW\ RI RQH RI WKHP EHLQJ FRUUHFW LV ³��´ 7KHUHIRUH� IDOVH WKHRULHV
FDQQRW EH FRPSDUHG IRU WKHLU FORVHQHVV WR WKH WUXWK� :yMFLFNL ������ ����D� ����E�� 3VLOORV
������� GH &RVWD DQG )UHQFK ������� 0LOOJUDP ������� DQG (OJLQ ������ FRQWLQXH WR
UHFRPPHQG RWKHU ZD\V LQ ZKLFK VFLHQWLILF WUXWKV PLJKW EH EHWWHU WKRXJKW RI DV DSSUR[LPDWH RU
SDUWLDO��VXFK�WKDW�KDOI�WUXWKV�RU�³WKH�QHDUO\�WUXH´�PD\�EH�FDSWXUHG�E\�D�UDQJH�RI�DOHWKLF�YDOXHV�

/DWHU� *UDKDP 2GGLH ������ WULHG WR VKRZ WKDW WKH VHPDQWLF DFFRXQW LV VWLOO DQ DFFXUDWH
DFFRXQWLQJ RI 63� EXW KH SURSRVHG WR HYDOXDWH WKHRULHV E\ EUHDNLQJ WKHP GRZQ LQWR WKHLU
FRQVWLWXHQW SDUWV DQG WKHQ FRPSDULQJ WKRVH SDUWV RI WKHRULHV ZLWK RQH DQRWKHU� 7KLV ZRXOG
KHOS LGHQWLI\ WKRVH SDUWV RI VFLHQWLILF WKHRULHV WKDW KDYH D KLJKHU GHJUHH RI WUXWK EHFDXVH WKH\
DUH PRUH OLNHO\ WR EH FRQILUPHG E\ VFLHQWLILF LQYHVWLJDWLRQ� ZKLFK ZRXOG VKRZ D SURJUHVVLRQ
HYHQ�LI�WKH�WKHRU\�DV�D�ZKROH�ZDV�IDOVH�

,ONND 1LLQLOXRWR ������ ����� ������ OLNHZLVH� GHYHORSHG 3RSSHU¶V RULJLQDO DFFRXQW WR GHIHQG
LW DJDLQVW RWKHU WKHRULHV RI YHULVLPLOLWXGH WKDW EHJDQ WR HPHUJH� 1LLQLOXRWR FRQWHQGV WKDW 63 LV
PHDVXUHG E\ KRZ FORVH WR WKH WUXWK D WKHRU\ LV FRPSDUHG ZLWK LWV SUHGHFHVVRUV� +H GRHV WKLV
E\ EUHDNLQJ GRZQ WKHRULHV LQWR WKHLU FRQVWLWXHQW SDUWV ZKLFK FDQ WKHQ EH FRPSDUHG ZLWK WKH
SUHYLRXV WKHRULHV FRQVWLWXHQW SDUWV WR ZRUN RXW ZKLFK RQHV KDYH D KLJKHU SUREDELOLW\ RI EHLQJ
FORVHU WR WKH WUXWK� 7KLV PHDQV WKDW WZR SRWHQWLDOO\ IDOVH WKHRULHV FDQ EH FRPSDUHG�
RYHUFRPLQJ WKH SUREOHP WKDW 3RSSHU KDG HQFRXQWHUHG ZLWK KLV GHILQLWLRQ RI YHULVLPLOLWXGH� 6R
HYHQ LI WKHRULHV DUH IDOVH� WKH\ DUH VWLOO FRQYHUJLQJ RQ WKH WUXWK� 6FLHQFH� WKHUHIRUH� LV DOZD\V D
ZRUN LQ SURJUHVV VR ZH ZLOO FRQWLQXDOO\ EH XSGDWLQJ RXU WKHRULHV E\ SRLQWLQJ WRZDUGV
REWDLQLQJ�WKH�WUXWK�

1LLQLOXRWR KDV GHIHQGHG KLV DFFRXQW RI YHULVLPLOLWXGH DJDLQVW 7KRPDV .XKQ¶V DFFRXQW RI
³VFLHQWLILF UHYROXWLRQV´ DQG� PRUH UHFHQWO\� KH KDV GHIHQGHG LW DJDLQVW $OH[DQGHU %LUG¶V
HSLVWHPLF DFFRXQW RI 63� 8QVXUSULVLQJO\� 1LLQLOXRWR EHOLHYHV WKDW ERWK .XKQ¶V IXQFWLRQDO
DFFRXQW DQG %LUG¶V HSLVWHPLF DFFRXQW RI 63 IDLO �1LLQLOXRWR� ������ +H DUJXHV WKDW .XKQ¶V
IXQFWLRQDO DFFRXQW KDV IDLOHG WR DGRSW D PHDQV RI PHDVXULQJ WKH GLVWDQFH D WKHRU\ LV IURP WKH
WUXWK� .XKQ¶V DFFRXQW LV RQO\ FRQFHUQHG ZLWK WKH QXPEHU RI SUREOHPV RU SX]]OHV WKDW D QHZ
WKHRU\ FDQ VROYH� $FFRUGLQJ WR 1LLQLOXRWR� .XKQ¶V YLHZ FDQQRW DGHTXDWHO\ GHWHUPLQH WKH
QXPEHU RI SUREOHPV WKDW HDFK WKHRU\ PD\ EH DEOH WR VROYH� WKXV PDNLQJ LW QHDUO\ LPSRVVLEOH
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WR GHWHUPLQH ZKHWKHU WKH VROXWLRQV PDNH KHDGZD\ LQ WKH VFRSH RI WKH SUREOHP RU SX]]OH
�1LLQLOXRWR��������������������

1LLQLOXRWR FULWLFLVHV %LUG¶V HSLVWHPLF DFFRXQW E\ VD\LQJ WKDW WKH DFFRXQW FDQQRW DFFRPPRGDWH
IDOVH WKHRULHV� ,I ZH DFFHSW WKDW SURJUHVV LV MXVW D PDWWHU RI DFFXPXODWLQJ NQRZOHGJH DQG LI
PRVW WKHRULHV ZLOO SUREDEO\ WXUQ RXW WR EH IDOVH� WKHQ LW LV GLIILFXOW WR VHH KRZ DFFXPXODWLQJ
NQRZOHGJH RI IDOVH WKHRULHV LV NQRZOHGJH� LI NQRZOHGJH LV MXVWLILHG WUXH EHOLHI� $Q
DFFXPXODWLRQ RI IDOVH WKHRULHV GRHV QRW LQFUHDVH RXU NQRZOHGJH VR LW FDQQRW EH D PHDVXUH RI
63� HYHQ LI WKH QHZ WKHRULHV DUH WKRXJKW WR EH MXVWLILHG� ,I ZH XVH WKH VHPDQWLF DFFRXQW DV D
PHDVXUH RI 63� WKHQ ZH FDQ VD\ WKDW ZKDW ZDV WUXH \HVWHUGD\ KDV QRZ EHHQ VKRZQ WR EH IDOVH
WRGD\ DQG WKLV QHZ WKHRU\ LV VHWWLQJ XV RQ FRXUVH WR FRQYHUJH XSRQ WKH WUXWK �1LLQLOXRWR�
������

���)XQFWLRQDO�$FFRXQW�RI�6FLHQWLILF�3URJUHVV

$ VHFRQG YLHZ RI 63 ZDV LQWURGXFHG E\ 7KRPDV .XKQ LQ KLV JURXQG�EUHDNLQJ ERRN 7KH
6WUXFWXUH RI 6FLHQWLILF 5HYROXWLRQV ������� .XKQ SURSRVHG WKDW 63 VKRXOG EH HYDOXDWHG E\ D
WKHRU\¶V DELOLW\ WR VROYH SX]]OHV RU SUREOHPV� ,I D QHZ WKHRU\ VROYHV PRUH SX]]OHV RU
SUREOHPV WKDQ D SUHYLRXV WKHRU\� WKHQ WKH QHZ WKHRU\ VKRZV WKHUH WR EH 63� +H SURSRVHG WKDW
WKH VFLHQWLILF FRPPXQLW\ LWVHOI ZRXOG EH WKH RQHV WR MXGJH ZKHWKHU D QHZ SDUDGLJP VROYHG
PRUH SUREOHPV DV WKH\ ZRXOG EH WKH RQHV XVLQJ RU GLVFDUGLQJ WKH QHZ WKHRU\� ,I D QHZ
SDUDGLJP ZDV DFFHSWHG� WKHQ WKH ROG SDUDGLJP ZRXOG EH HLWKHU VXEVXPHG E\ WKH QHZ RQH RU
WKURZQ�DZD\�FRPSOHWHO\�E\�WKH�VFLHQWLVWV�XVLQJ�LW��DQG�WKLV�ZRXOG�EH�FRQVLGHUHG�63�

+H WUHDWHG DGYDQFHV LQ VFLHQFH DV F\FOLFDO� 7KH F\FOH VWDUWHG ZLWK ³ZLOG´ VFLHQFH ZKHUH
VFLHQWLVWV DUH ZRUNLQJ RQ VLPLODU SUREOHPV EXW ZLWKRXW DQ\ DJUHHPHQW RQ PHWKRG RU
SDUDGLJPV� (YHQWXDOO\ D SDUDGLJP ZRXOG HPHUJH WKDW PRVW VFLHQWLVWV ZRXOG IROORZ� DQG D
SHULRG RI ³QRUPDO´ VFLHQFH ZRXOG HQVXH� ZKHUH VFLHQWLVWV H[SDQGHG RQ RU WHVWHG WKH
SDUDGLJP� (YHQWXDOO\ D FULVLV ZRXOG DULVH ZKHUH WKHUH ZHUH WRR PDQ\ SUREOHPV IRU WKH
HVWDEOLVKHG QRUPDO VFLHQFH WR VROYH� VR WKH VFLHQFH ZRXOG XQGHUJR D SHULRG RI ³UHYROXWLRQ�´
6RPHWLPHV D FULVLV PD\ EH GHOD\HG GXH WR RXWVLGH SUHVVXUHV� VXFK DV IXQGLQJ IRU UHVHDUFK�
+RZHYHU� DIWHU PXFK H[SHULPHQWDWLRQ DQG UHFRQILJXUDWLRQV� D QHZ SDUDGLJP ZRXOG HPHUJH
DQG XOWLPDWHO\ EH DFFHSWHG DIWHU LW KDV HVWDEOLVKHG LWVHOI� $ ³VFLHQWLILF UHYROXWLRQ´ RFFXUV
ZKHQ D WKHRU\ RU H[SODQDWLRQ FKDQJHV VFLHQFH LQ D ZD\ WKDW DOWHUV WKH SDUDGLJP XVHG LQ WKH
QRUPDO SHULRG RI VFLHQFH� 7KHUH FRXOG EH UHVLVWDQFH WR WKH QHZ SDUDGLJP� EXW PRUH VFLHQWLVWV
ZRXOG DGRSW WKH QHZ SDUDGLJP DV LW VROYHG PRUH SUREOHPV� DQG DQRWKHU SHULRG RI ³QRUPDO´
VFLHQFH�ZRXOG�EHJLQ�

.XKQ WKRXJKW WKDW VFLHQWLVWV GLG ³QRUPDO´ VFLHQFH PRVW RI WKH WLPH DQG WKDW UHYROXWLRQV LQ
VFLHQFH ZHUH H[FHHGLQJO\ UDUH� ,W ZDV LQ WKHVH UDUH UHYROXWLRQV ZKHUH VFLHQFH PDGH LWV PRVW
SURJUHVV� +RZHYHU� WKH\ ZHUH WKH PRPHQWV ZKHUH 63 FRXOG EH VDLG WR KDYH EHHQ PDGH DV WKH
QHZ�SDUDGLJP�VROYHG�PRUH�SUREOHPV�WKDQ�WKH�SUHYLRXV�RQH�

$Q H[DPSOH RI SDUDGLJP FKDQJH WKDW KH FRQVLGHUHG UHYROXWLRQDU\ LQ VFLHQFH ZDV WKH
WUDQVLWLRQ IURP &RSHUQLFXV WR 1HZWRQ DQG WKHQ (LQVWHLQ� (DFK VFLHQWLVW LPSURYHG RQ SDVW
WKHRU\ DQG H[SODQDWLRQ ZKLFK OHG WR EHLQJ DEOH WR VROYH PRUH SUREOHPV DQG SX]]OHV LQ
SK\VLFV� 1HZWRQ¶V LQWURGXFWLRQ RI JUDYLW\ PDGH LW SRVVLEOH WR FDOFXODWH DQG VROYH PDQ\
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SUREOHPV� OLNH WKH PRWLRQ RI WKH SODQHWV DURXQG WKH VXQ LQ PXFK JUHDWHU GHWDLO� (LQVWHLQ WKHQ
ZHQW�EH\RQG�1HZWRQ¶V�WKHRULHV�DQG�FUHDWHG�WKHRULHV�DERXW�WKH�ZRUOG�RQ�D�TXDQWXP�OHYHO�

+RZHYHU� .XKQ DOVR WKRXJKW WKDW QHZ SDUDGLJPV RI QRUPDO VFLHQFH FRXOG QRW EH FRPSDUHG
ZLWK ROG RQHV EHFDXVH WKHUH LV QR FRPPRQ PHDVXUH ZLWK ZKLFK WR DVVHVV WKHP� KH ODEHOOHG
WKLV SKHQRPHQRQ ³LQFRPPHQVXUDELOLW\´ �%LUG� ����� 3UHVWRQ� ������ )RU H[DPSOH� (LQVWHLQ¶V
WKHRU\ RI UHODWLYLW\ GHDOV ZLWK WKH ZRUOG RQ D TXDQWXP OHYHO ZKHUHDV 1HZWRQ¶V WKHRULHV GHDO
ZLWK WKH UHODWLRQVKLS EHWZHHQ ODUJH REMHFWV� %RWK WKHRULHV DUH XVHG E\ HQJLQHHUV WRGD\
GHSHQGLQJ RQ ZKDW WKH\ ZDQW WR FDOFXODWH� ,W LV WKH VDPH ZLWK JHRPHWU\� ,I \RX DUH WU\LQJ WR
FDOFXODWH DQJOHV RQ D VSKHUH \RX QHHG WR XVH GLIIHUHQW JHRPHWU\ �5HLPDQQLDQ� WR ZKDW \RX
ZRXOG XVH IRU D IODW SODLQ �(XFOLGHDQ�� 7KH WKHRULHV FDQQRW EH FRPSDUHG DV WKH\ GHDO ZLWK�

GLIIHUHQW�DVSHFWV�RI�WKH�ZRUOG��RQH�DEVWUDFW�DQG�RQH�HPSLULFDO�

.XKQ DOVR ORRNHG DW 63 KLVWRULFDOO\� LGHQWLI\LQJ ZKDW WKHRULHV DQG SUDFWLFHV FKDQJHG VFLHQFH
DQG FRXQWHG DV SURJUHVV� ,W LV HDV\ WR ORRN EDFN LQ WLPH DQG LGHQWLI\ WLPHV RI .XKQ¶V QRUPDO
VFLHQFH DQG ZKDW KH FRQVLGHUHG UHYROXWLRQV� 7RGD\ DV VFLHQFH LV FKDQJLQJ VR TXLFNO\ DQG QHZ
VSHFLDOLVDWLRQV DSSHDULQJ� DV QHZ WKHRULHV DUH LQWURGXFHG DQG LQYHVWLJDWHG� LW LV PRUH GLIILFXOW
WR�GLVWLQJXLVK�QRUPDO�VFLHQFH�IURP�UHYROXWLRQDU\�VFLHQFH��DQG�KHQFH�SVHXGRVFLHQFH�DV�ZHOO�

���(SLVWHPLF�$FFRXQW�RI�6FLHQWLILF�3URJUHVV

2Q�WKH�HSLVWHPLF�DFFRXQW��$OH[DQGHU�%LUG�ZULWHV�

6FLHQFH �RU VRPH SDUWLFXODU VFLHQWLILF ILHOG RU WKHRU\� PDNHV SURJUHVV SUHFLVHO\ ZKHQ
LW VKRZV WKH DFFXPXODWLRQ RI VFLHQWLILF NQRZOHGJH� DQ HSLVRGH LQ VFLHQFH LV
SURJUHVVLYH ZKHQ DW WKH HQG RI WKH HSLVRGH WKHUH LV PRUH NQRZOHGJH WKDQ DW WKH
EHJLQQLQJ���%LUG�������

%LUG WKLQNV WKDW LI WKH DLP RI VFLHQFH LV WR LQFUHDVH RXU NQRZOHGJH� WKHQ WKH DFFXPXODWLRQ RI
NQRZOHGJH VKRXOG EH WKH FULWHULD ZH XVH WR DVVHVV ZKHWKHU VRPHWKLQJ LV FRQVLGHUHG 63 �%LUG�
������ +H DSSHDUV WR WKLQN WKH LGHD RI LQFUHDVLQJ NQRZOHGJH LV LQWXLWLYH� VR LW GRHV QRW QHHG WR
EH�H[SODLQHG��%LUG�IROORZV�WKH�WUDGLWLRQDO�GHILQLWLRQ�RI�NQRZOHGJH�DV�MXVWLILHG�WUXH�EHOLHI�

%LUG¶V HSLVWHPLF DSSURDFK VKRXOG EH FRQWUDVWHG ZLWK WKH VHPDQWLF DQG WKH
IXQFWLRQDO�LQWHUQDOLVW DFFRXQW� +H WKLQNV WKDW DQ LQFUHDVH LQ WUXWK RU DQ LQFUHDVH LQ
SUREOHP�VROYLQJ PD\ EH QHFHVVDU\ EXW LQVXIILFLHQW IRU 63� +H FULWLFLVHV WKH VHPDQWLF DFFRXQW
E\ VKRZLQJ KRZ DFFXPXODWLQJ NQRZOHGJH E\ GHIDXOW ZLOO WDNH XV FORVHU WR WKH WUXWK� PXFK
OLNH WKH VHPDQWLF DSSURDFK� VLQFH NQRZOHGJH LV MXVWLILHG WUXH EHOLHI� 6R� LI ZH VXSSRUW DQ\
DFFRXQW RI 63� LW VKRXOG EH WKH HSLVWHPLF DSSURDFK� +H FULWLFLVHV .XKQ¶V SUREOHP�VROYLQJ
PRGHO WR DVVHVV ZKHWKHU WKH QHZ WKHRU\ LV DQ LPSURYHPHQW RQ WKH ROG WKHRU\ DQG SRLQWV RXW LW
LV KDUG WR HVWDEOLVK KRZ PDQ\ SUREOHPV RU SX]]OHV D QHZ WKHRU\ VROYHV XQOHVV \RX GHILQH
³SUREOHPV´�DQG�³SX]]OHV�´

� ,W VKRXOG EH QRWHG WKDW ZLWKLQ WKH KLVWRU\ RI SKLORVRSK\ D GHEDWH RYHU WKH UHOHYDQFH RI .DQW¶V WUDQVFHQGHQWDO
YLHZ LQ WKH &ULWLTXH RI 3XUH 5HDVRQ ����������� RULJLQDWHG IURP KLV QRW GLVWLQJXLVKLQJ EHWZHHQ SXUH DQG
DSSOLHG JHRPHWU\� DQ LPSRUWDQW GLVWLQFWLRQ WR VKRZ WKDW DEVWUDFW PDWKHPDWLFDO VWUXFWXUHV PD\ EH XVHG DV D PHDQV
RI GHSLFWLQJ WKH HPSLULFDO ZRUOG� :KLOVW VRPH VFKRODUV KDYH VXSSRUWHG WKDW .DQW¶V GHSHQGHQFH XSRQ (XFOLGHDQ
VSDFH VKRXOG QRW GLVFRXQW WKH LPSRUWDQFH RI KLV WKHRU\ �FI� )HUQiQGH] ������ RWKHUV KDYH VXJJHVWHG WKDW ZH
FDQQRW�OHDUQ�PXFK�IURP�.DQW�EHFDXVH�RI�WKH�GLVFRYHU\�RI�5HLPDQQLDQ�JHRPHWU\��FI� +HOPKROW]�������

��



2QH SRLQW RI IUXVWUDWLRQ ZLWK %LUG¶V DFFRXQW LV KLV VSHQGLQJ PRUH WLPH VKRZLQJ ZK\ WKH
VHPDQWLF DQG IXQFWLRQDO DSSURDFKHV DUH LQDGHTXDWH DFFRXQWV RI 63� LQVWHDG RI H[SODLQLQJ
H[DFWO\ ZKDW NLQG RI ³NQRZOHGJH´ LV EHLQJ DFFXPXODWHG� 2Q WKH WUDGLWLRQDO DFFRXQW
NQRZOHGJH LV MXVWLILHG WUXH EHOLHI� KRZHYHU� LQ OLJKW RI *HWWLHU FRXQWHUH[DPSOHV ZKHUH \RX
FDQ KDYH D MXVWLILHG WUXH EHOLHI OXFNLO\� WKH HSLVWHPLF DSSURDFK ZLOO QHHG WR GHILQH NQRZOHGJH
PRUH�SUHFLVHO\��1LLQLOXRWR��������

%LUG GRHV FRQFHGH WKDW PRVW WKHRULHV ZLOO HYHQWXDOO\ EH IRXQG WR EH LQFRUUHFW DQG HQG XS
EHLQJ GHFODUHG IDOVH ZKHQ D QHZ WKHRU\ LV GLVFRYHUHG WR RXU NQRZOHGJH� %\ FKRRVLQJ WR XVH
DFFXPXODWHG NQRZOHGJH DV D PHDVXUH RI 63 LW PHDQV WKDW ROG WKHRULHV QRZ FRQVLGHUHG IDOVH
UHPDLQ LQ RXU NQRZOHGJH EDVH EHFDXVH ZH QRZ NQRZ WKDW WKDW WKHRU\ LV IDOVH� :H QRZ KDYH
HYLGHQFH�WKDW�WKH�ROG�WKHRU\�LV�IDOVH�DQG�WKHUHIRUH�KROG�D�MXVWLILHG�WUXH�EHOLHI�DERXW�WKH�WKHRU\�

6HXQJEDH 3DUN DJUHHV ZLWK WKH HSLVWHPLF DFFRXQW EXW GHIHQGV WKH 0HDQV�HQG 7KHRU\ �0(� WR
FRQWHQG ZLWK GHILFLHQFLHV WKDW DSSHDU IRU WKH HSLVWHPLF DFFRXQW �3DUN� ������ 7KLV LV ZKHUH DQ
HYHQW RU LQFLGHQW FRQWULEXWHV WR RU SURPRWHV DQ HSLVRGH WKDW LV FRQVLGHUHG DQ DGYDQFH LQ 63�
WKH\ EHFRPH WKH PHDQV E\ ZKLFK SURJUHVV LV PDGH� 7KLV WKHQ FDSWXUHV DOO WKH VPDOO
LQFLGHQFHV ZKLFK DUHQ¶W VHHQ DV PDMRU FKDQJHV LQ RXU NQRZOHGJH� EXW DOO FRQWULEXWH WR
LQFUHDVLQJ�RXU�NQRZOHGJH�DERXW�WKH�QDWXUDO�ZRUOG�

3DUN DOVR RIIHUV D GHIHQFH RI NQRZOHGJH DFFXPXODWLRQ DJDLQVW WKH FRQFHSW RI LQFUHDVHG
XQGHUVWDQGLQJ �3DUN� ����� ������ +H VXSSRUWV %LUG¶V NQRZOHGJH DFFXPXODWLRQ WKHRU\ DQG
GHIHQGV WKH 0( WKHRU\ DJDLQVW 'HOOVpQ¶V FKDOOHQJHV WKDW 63 RQO\ RFFXUV ZKHQ WKHUH LV DQ
LQFUHDVH RI XQGHUVWDQGLQJ D WKHRU\� .QRZOHGJH DQG XQGHUVWDQGLQJ RQ WKLV DFFRXQW DUH
VHSDUDEOH� DQG WKH\ VKRXOG QRW EH VHHQ DV FRQQHFWHG� 'HOOVpQ SUHIHUV WKH LQFUHDVH LQ
XQGHUVWDQGLQJ� WKH QRHWLF DFFRXQW� DV KH EHOLHYHV WKDW DFFXPXODWLQJ NQRZOHGJH ZLWKRXW
XQGHUVWDQGLQJ�ZRXOG�QRW�EH�D�OHJLWLPDWH�FDVH�RI�63��'HOOVpQ��������

���1RHWLF�$FFRXQW�RI�6FLHQWLILF�3URJUHVV

7KH UHODWLYHO\ QHZ IRXUWK DFFRXQW KDV LW WKDW 63 LV D PDWWHU RI DQ LQFUHDVH LQ XQGHUVWDQGLQJ
�'HOOVpQ� ������ 'HOOVpQ DUJXHV WKDW DQ LQFUHDVH LQ XQGHUVWDQGLQJ LV GLIIHUHQW IURP DQ LQFUHDVH
LQ NQRZOHGJH� +H H[SODLQV WKDW VRPHRQH FDQ KDYH NQRZOHGJH EXW QRW QHFHVVDULO\ XQGHUVWDQG
LW� 3HRSOH FDQ DOVR XVH NQRZOHGJH WR EXLOG VRPHWKLQJ ZLWKRXW DFWXDOO\ XQGHUVWDQGLQJ KRZ LW
ZRUNV� 'HOOVpQ WDNHV ³XQGHUVWDQGLQJ´ DV DSSOLHG LQ WKH FRQFHSW RI 63 WR EH XVHG LQ D
VWLSXODWHG�VHQVH�

DQ HSLVRGH LQ VFLHQFH LV SURJUHVVLYH SUHFLVHO\ ZKHQ VFLHQWLVWV JUDVS KRZ WR FRUUHFWO\
H[SODLQ RU SUHGLFW PRUH DVSHFWV RI WKH ZRUOG DW WKH HQG RI WKH HSLVRGH WKDQ DW WKH
EHJLQQLQJ� , ZLOO UHIHU WR WKLV DV WKH QRHWLF DFFRXQW RI VFLHQWLILF SURJUHVV� �'HOOVpQ�
�����

6R� ZLWK WKLV GHILQLWLRQ ZH FDQ DOUHDG\ SRVVHVV NQRZOHGJH DERXW DQ DVSHFW RI WKH ZRUOG� IRU
H[DPSOH� WUHHV KDYH JUHHQ OHDYHV� EXW DQ DGYDQFH LQ VFLHQFH ZRXOG EH ZKHQ ZH FRXOG H[SODLQ
ZK\ WUHHV KDYH JUHHQ OHDYHV� -XVW KDYLQJ WKH NQRZOHGJH WKDW OHDYHV DUH XVXDOO\ JUHHQ GRHV QRW
WHOO�XV�DQ\WKLQJ�DERXW�KRZ�RU�ZK\�WKH�SODQW�KDV�JUHHQ�OHDYHV�

8QGHUVWDQGLQJ IRU 'HOOVpQ LV PRUH WKDQ MXVW EHLQJ DEOH WR H[SODLQ VRPHWKLQJ� LW FDQ DOVR EH DQ
LPSURYHPHQW LQ D WKHRU\
V SUHGLFWLYH SRZHU� 7KLV LV QRW XVXDOO\ D IHDWXUH RI XQGHUVWDQGLQJ

��



XVHG E\ RWKHUV� 2WKHU RSLQLRQV DUH WKDW XQGHUVWDQGLQJ LV D VSHFLHV RI NQRZOHGJH LWVHOI �%LUG�
������'HOOVpQ��������

+H DUJXHV WKDW WKH DFFXPXODWLRQ RI NQRZOHGJH IRU NQRZOHGJH¶V VDNH GRHV QRW PHDQ 63 KDV
WDNHQ SODFH� )RU H[DPSOH� \RX FRXOG FRXQW DOO WKH JUDLQV RI VDQG RQ D EHDFK ZKLFK ZRXOG JLYH
\RX NQRZOHGJH� EXW LW GRHV QRW LQFUHDVH \RXU XQGHUVWDQGLQJ RI WKH ZRUOG LQ DQ\ ZD\� (YHQ LI
\RX ZHUH WR FRXQW WKH JUDLQV RI VDQG RQ HYHU\ EHDFK LQ WKH ZRUOG WR FRPSDUH WKHP LW ZRXOG
EH GLIILFXOW WR XQGHUVWDQG KRZ WKLV ZRXOG EH RI EHQHILW WR DQ\RQH LQ OLJKW RI 63� �,W PLJKW KHOS
HQYLURQPHQWDO SODQQLQJ FRPPLWWHHV ZLWK UHVRXUFH PDQDJHPHQW EXW VWLOO ZRXOG QRW EH
FODVVLILHG DV 63�� 8QGHU %LUG DQG 3DUN¶V YHUVLRQ RI NQRZOHGJH WKH\ ZRXOG DUJXH FRXQWLQJ WKH
JUDLQV RI VDQG PD\ EH DQ LQFUHDVH LQ NQRZOHGJH� LQ WHUPV RI FROOHFWLQJ GDWD DERXW D
SKHQRPHQRQ� EXW VXEVHTXHQWO\ ZRXOG QRW DPRXQW WR DQ\ IRUP RI XQGHUVWDQGLQJ �%LUG� ������
'HOOVpQ LV QRW DJDLQVW WKH QHHG WR FROOHFW GDWD� DV LW LV UHTXLUHG� EXW WKH PHUH FROOHFWLRQ RI GDWD
LV�QRW�63��'HOOVpQ��������

'HOOVpQ DOVR WKLQNV WKDW LQFUHDVLQJ XQGHUVWDQGLQJ GRHV QRW UHTXLUH MXVWLILHG WUXH EHOLHI LQ WKH
ZD\ WKDW WKH DFFXPXODWLRQ RI NQRZOHGJH GRHV� +H FRQVLGHUV WKDW VFLHQWLVWV GR QRW QHHG WR
KROG D WUXH EHOLHI DERXW ZKDW WKH\ DUH ZRUNLQJ RQ EHFDXVH PRVW WKHRULHV HQG XS EHLQJ IDOVH�
RU LQFRUUHFW LQ VRPH ZD\� DQG VFLHQWLVWV DUH DZDUH WKH\ DUH ZRUNLQJ ZLWK DQ DSSUR[LPDWLRQ RU
WKH ³EHVW´ FXUUHQW WKHRU\� $OVR� KLVWRU\ VKRZV WKDW D ORW RI VFLHQWLVWV ZHUH QRW MXVWLILHG LQ
EHOLHYLQJ WKDW WKHLU WKHRU\ ZDV WUXH XQWLO LW FRXOG EH SURYHG DW D ODWHU GDWH� IRU H[DPSOH�
(LQVWHLQ DQG %URZQLDQ PRWLRQ� DQG :HJHQHU¶V WKHRU\ RI FRQWLQHQWDO GULIW �3DUN� �����
'HOOVpQ� ������ 'HOOVpQ DOVR IHHOV WKDW WKH 1RHWLF DFFRXQW FDQ H[SODLQ PLQLPDOLVW
LGHDOLVDWLRQV��SUDJPDWLF�YLUWXHV�DQG�HSLVWHPLF�YDOXH�PRUH�HDVLO\�WKDQ�WKH�HSLVWHPLF�DFFRXQW�

$OWKRXJK 'HOOVpQ FDSWXUHV VRPH LQWHUHVWLQJ DVSHFWV RI 63 DV LQFUHDVHG XQGHUVWDQGLQJ , IHHO
VRPH RI KLV DUJXPHQWV ZHUH D ELW FRQIXVHG DQG PLVVHG LPSRUWDQW DVSHFWV RI KDYLQJ D QRHWLF
PRGHO� +H PDNHV VRPH JRRG SRLQWV DERXW WKH LQDGHTXDFLHV RI WKH RWKHU DFFRXQWV ZKLFK D
QRHWLF DFFRXQW ZRXOG KHOS VROYH EXW WKH RWKHU DFFRXQWV DOVR KDYH SRLQWV ZKLFK QHHG WR EH
LQFRUSRUDWHG�LQ�DQ�LPSURYHG�DFFRXQW�RI�LQFUHDVHG�XQGHUVWDQGLQJ�

���9LUWXH�(SLVWHPRORJ\

1RZ WKDW , KDYH VXPPDULVHG WKH IRXU DFFRXQWV RI 63 FXUUHQWO\ RQ RIIHU� , ZRXOG OLNH WR JLYH D
EULHI VXPPDU\ RI YLUWXH HSLVWHPRORJ\� DQG RQH WKHRU\ WKDW ZLOO SOD\ D YLWDO UROH LQ P\ YLHZ�
,QWHOOHFWXDO YLUWXH ZDV ILUVW LQWURGXFHG E\ (UQHVW 6RVD LQ KLV ODQGPDUN HVVD\� ³7KH 5DIW DQG
WKH 3\UDPLG´ �6RVD� ������ ,Q LW� KH DUJXHG WKDW WKH FRQFHSW RI LQWHOOHFWXDO YLUWXH ZRXOG
UHVROYH WKH GHEDWH EHWZHHQ WKH IRXQGDWLRQDOLVWV DQG FRKHUHQWLVWV LQ DQDO\WLF HSLVWHPRORJ\� ,W
ZDV WKURXJK KLV SLRQHHULQJ ZRUN WKDW WKH OLWHUDWXUH RQ YLUWXH HSLVWHPRORJ\ EHJDQ WR WDNH
VKDSH��%DWWDO\��������

:KHUHDV DQDO\WLF HSLVWHPRORJ\ ODUJHO\ IRFXVHG XSRQ WUXH EHOLHIV DQG WKHLU MXVWLILFDWLRQ� YLUWXH
HSLVWHPRORJ\ KDV DV LWV WDUJHW WKH LQWHOOHFWXDO FKDUDFWHU RI DJHQWV DQG FRPPXQLWLHV LQ
HSLVWHPLF HYDOXDWLRQV� 9LUWXH HSLVWHPRORJ\ GLIIHUV IURP YLUWXH HWKLFV� ZKLFK LV IRFXVHG RQ WKH
PRUDO YLUWXHV� E\ IRFXVLQJ RQ ZKHWKHU DJHQWV DQG FRPPXQLWLHV KDYH FXOWLYDWHG WKH
LQWHOOHFWXDO YLUWXHV LQ VXFK D ZD\ VR DV WR SURPRWH NQRZOHGJH� :KHWKHU WKH DJHQW DFWHG
YLUWXRXVO\ RU QRW PDWWHUV PRVW IRU NQRZLQJ� VR WKH YLUWXH HSLVWHPRORJLVW GHWHUPLQHV WKH
RXWFRPHV�RI�DFWLRQ�LQ�WHUPV�RI�WKH�DJHQW¶V�SURSHUWLHV�

��



7KHUH DUH WZR GLIIHUHQW SRVLWLRQV ZLWKLQ YLUWXH HSLVWHPRORJ\� YLUWXH UHOLDELOLVP� ZKLFK
IRFXVHV RQ WKH DJHQWV¶ VWDEOH DQG UHOLDEOH IDFXOWLHV� VXFK DV WKH VHQVHV� YLVLRQ� KHDULQJ�
LQWHOOLJHQFH� DQG PHPRU\� WR XQGHUVWDQG LQWHOOHFWXDO YLUWXHV �*ROGPDQ� ����� *UHFR� �����
6RVD� ������ DQG YLUWXH UHVSRQVLELOLVP� ZKLFK KDV LW WKDW LQWHOOHFWXDO YLUWXHV DUH IHDWXUHV RU
SURSHUWLHV RI DQ DJHQW WKDW ZH KDYH WR ZRUN IRU DQG GHYHORS RYHU WLPH� $ YLUWXH UHVSRQVLELOLVW
FRQWHQGV WKDW WKH LQWHOOHFWXDO YLUWXHV DUH WKH UHVXOW RI FXOWLYDWLQJ WKH DSSURSULDWH YLUWXRXV
FKDUDFWHU WUDLWV� VXFK DV RSHQ�PLQGHGQHVV� LQWHOOHFWXDO FRXUDJH� LQWHOOHFWXDO DXWRQRP\�
FRQVFLHQWLRXVQHVV� DQG LQWHOOHFWXDO KXPLOLW\ �%DWWDO\� ����� &RGH� ����� +RRNZD\� �����
0RQWPDUTXHW��������=DJ]HEVNL��������

7KH FKDUDFWHULVWLFV DQG WUDLWV UHTXLUHG WR EH LQWHOOHFWXDOO\ YLUWXRXV DSSHDU WR PH WR EH WKH
HVVHQWLDO TXDOLWLHV WKDW ZH VKRXOG H[SHFW RXU VFLHQWLVWV �LQGLYLGXDOO\� DQG VFLHQWLILF
FRPPXQLWLHV �FROOHFWLYHO\� WR SRVVHVV� 6FLHQWLVWV DUH HLWKHU GLVSRVHG QDWXUDOO\ WR EHKDYH LQ
ZD\V FRQVLVWHQW ZLWK WKHVH LQWHOOHFWXDO YLUWXHV RU WKH\ QHHG WR EH WDXJKW WR GHYHORS WKHP RYHU
WLPH� , ZRXOG DUJXH WKDW PRVW RI WKH FKDUDFWHU WUDLWV LQFOXGHG XQGHU WKH LQWHOOHFWXDO YLUWXHV
PD\ EH D FKDUDFWHURORJLFDO GLVSRVLWLRQ RI VRPH VFLHQWLVWV EXW WKDW DOO VFLHQWLVWV VKRXOG
XQGHUWDNH WR GHYHORS WKHVH FKDUDFWHULVWLFV DQG WUDLWV IXOO\� 7KH VFLHQWLILF FRPPXQLWLHV WR
ZKLFK VFLHQWLVWV EHORQJ VKRXOG UHLQIRUFH WKHVH YLUWXHV DV WKH FRPPXQLW\ DOVR VWULYHV WR DWWDLQ
WKH�KLJKHVW�OHYHO�RI�EHKDYLQJ�FRQVLVWHQWO\�ZLWK�WKH�LQWHOOHFWXDO�YLUWXHV�

:LWK DOO WKH FRPSOLFDWLRQV RI FRQGXFWLQJ XQELDVHG� LQGHSHQGHQW UHVHDUFK� DQG WKHQ SXEOLVKLQJ
LW� PDNLQJ VXUH LW LV XQGHUVWRRG� DQG XVHG FRUUHFWO\ LV D KXJH H[SHFWDWLRQ RI VFLHQWLVWV DQG
WKHLU FRPPXQLWLHV� +RZHYHU� LI WKH\ ZHUH WR GHYHORS LQWHOOHFWXDO YLUWXHV LQ DVVRFLDWLRQ ZLWK
WKHLU LQWHOOHFWXDO SXUVXLW RI XQGHUVWDQGLQJ� WKH\ PD\ EH DEOH WR DYRLG PRVW RI WKH SLWIDOOV
FXUUHQWO\�DWWULEXWHG�WR�UHVHDUFK�DQG�LWV�GDPDJLQJ�HIIHFWV�LQ�WKH�SXEOLF�GRPDLQ�

��



6WDWHPHQW�RI�5HVHDUFK�4XHVWLRQV

,QWURGXFWLRQ�WR�5HVHDUFK�4XHVWLRQV

)URP RXU GLVFXVVLRQ RI GLIIHUHQW DFFRXQWV RI 63� ZH FDQ DSSUHFLDWH WKDW WKHUH LV D GLIIHUHQFH
EHWZHHQ NQRZOHGJH DQG XQGHUVWDQGLQJ� VR PXFK RI P\ FRQWULEXWLRQ WR WKH ILHOG ZLOO EH WR
DGGUHVV�KRZ�XQGHUVWDQGLQJ�LV�QRQ�IDFWLYH�EXW�WKDW�LW�FRQWULEXWHV�WR�D�EHWWHU�FRQFHSWLRQ�RI�63�

7KH SULPDU\ TXHVWLRQ GULYLQJ WKH UHVHDUFK LQ P\ WKHVLV LV� 6KRXOG VFLHQWLILF SURJUHVV DV
XQGHUVWDQGLQJ EH LQIRUPHG E\ VFLHQWLVWV¶ FXOWLYDWLRQ RI LQWHOOHFWXDO YLUWXHV" ,I ZH EHJLQ ZLWK
WKH DVVXPSWLRQ WKDW , FDQ KDYH NQRZOHGJH RI VRPHWKLQJ EXW QRW QHFHVVDULO\ XQGHUVWDQG LW DQG
WKH PDLQ LPSHWXV IRU GRLQJ VFLHQFH LV WR HQOLJKWHQ XV DERXW WKH ZRUOG DURXQG XV� WKHQ ZH KDYH
WR UHYLVH RXU SLFWXUH RI 63 DV D PDWWHU RI XQGHUVWDQGLQJ UDWKHU WKDQ WKH DFFXPXODWLRQ RI
NQRZOHGJH� /HW PH XVH D WR\ H[DPSOH WR FODULI\ ZKDW , PHDQ KHUH� ,I , ZDQW WR EXLOG D UDGLR� ,
FRXOG EX\ D ERRN WKDW ZRXOG JLYH PH WKH LQVWUXFWLRQV IRU KRZ WR EXLOG RQH� , ZRXOG QHHG WR
XQGHUVWDQG KRZ WR UHDG WKH ERRN DQG KRZ WR IROORZ LQVWUXFWLRQV LQ DGGLWLRQ WR NQRZLQJ ZKDW
D ERRN LV DQG ZKDW LQVWUXFWLRQV DUH� EXW , ZRXOG QRW QHFHVVDULO\ QHHG WR XQGHUVWDQG KRZ WKH
GLIIHUHQW SDUWV RI WKH UDGLR ZRUN WRJHWKHU RU KRZ WKH FRPSRQHQW SDUWV RI D UDGLR FRQYHUW
ZDYHV LQWR VRXQG� 6R� LI , ZHUH D UDGLR VFLHQWLVW ORRNLQJ WR FUHDWH D UDGLR ZLWK FOHDUHU VRXQG
WKDQ LWV FRPSHWLWRUV� , ZRXOG QHHG WR XQGHUVWDQG ZKDW WKH FRPSRVLWLRQ RI WKH EHVW UDGLRV DUH
DQG KRZ WKRVH UDGLRV DUH DEOH WR FRQYHUW UDGLR ZDYHV LQWR VRXQG� 7R GR WKDW , ZRXOG KDYH WR
EH DQ H[SHUW LQ UDGLR HQJLQHHULQJ DQG UDGLR ZDYH VFLHQFH� )RU PH WR IDFLOLWDWH EHWWHU
XQGHUVWDQGLQJ LQ WKHVH DUHDV� , ZRXOG KDYH WR EH RSHQ�PLQGHG� FRQVFLHQWLRXV� DQG KXPEOH
HQRXJK WR UHDOLVH WKDW , DP QRW DOUHDG\ DQ H[SHUW� ,Q WKLV VHQVH� P\ FKDUDFWHU PXVW EH GLVSRVHG
LQ D FHUWDLQ ZD\ WR EH D EHWWHU UDGLR VFLHQWLVW� 2QFH , XQGHUVWRRG KRZ WKH UDGLR ZRUNHG WKHQ ,
FRXOG VWDUW FKDQJLQJ FHUWDLQ HOHPHQWV RI WKH UDGLR WR DFKLHYH P\ JRDO RI D FOHDUHU VRXQG EHLQJ
SURGXFHG�

7KLV LV DQ H[DPSOH RI XQGHUVWDQGLQJ DV D PDWWHU RI LQWHOOHFWXDO YLUWXH� ,W LV ODUJHO\ EXLOW RQ
NQRZOHGJH� RU ZKDW \RX KDYH OHDUQW RYHU WLPH� 7KLV ZRXOG EH DQ H[DPSOH RI KLJK�JUDGH
NQRZOHGJH �%DWWDO\� ������ +RZHYHU� \RX FDQ DFFXPXODWH D ORW RI NQRZOHGJH LQ D OLIHWLPH�
EXW \RX PD\ QRW XQGHUVWDQG DOO WKDW NQRZOHGJH� , WKLQN WKDW KLJK�JUDGH NQRZOHGJH DQG
YLUWXH�UHVSRQVLELOLVP VKRXOG EH LQFOXGHG LQ WKH DFFRXQW RI 63 DV XQGHUVWDQGLQJ ZKHQ
XQGHUVWDQGLQJ LV EHVW XQGHUVWRRG DV DQ LQWHOOHFWXDO YLUWXH� ,W LV QRW HQRXJK WR MXVW DFFXPXODWH
NQRZOHGJH LI \RX GR QRW KDYH D IXOO XQGHUVWDQGLQJ RI LW� DQG RQH¶V XQGHUVWDQGLQJ LV IRXQGHG
LQ RQH¶V EHLQJ LQWHOOHFWXDOO\ YLUWXRXV� 6FLHQWLVWV DUH RQO\ KXPDQ� DQG WKH\ OLNHO\ SRVVHVV
YLUWXHV DQG YLFHV DV HYHU\RQH HOVH GRHV� 6WLOO� LW LV LQFXPEHQW XSRQ VFLHQWLVWV WR FXOWLYDWH DQ
HSLVWHPLF UHSHUWRLUH WKDW LV LQWHOOHFWXDOO\ YLUWXRXV IRU VFLHQFH WR SURJUHVV� 'HVSLWH WKLV� ZH
PXVW DVN KRZ GR ZH GHWHUPLQH ZKDW YLUWXHV D VFLHQWLVW RU VFLHQWLILF FRPPXQLW\ VKRXOG
SRVVHVV�VR�WKDW�ZH�FDQ�WKHQ�DVVHVV�ZKDW�SURJUHVV�WKH\�FODLP�WR�EH�PDNLQJ�LV�63�DQG�JRRG"

,W LV P\ LQWHQWLRQ WR ORRN DW VHYHUDO TXHVWLRQV WKDW H[DPLQH RXU FRQFHSWV RI NQRZOHGJH DQG
XQGHUVWDQGLQJ LQ UHODWLRQ WR 63� , ZLOO ORRN DW ZKDW LV UHTXLUHG IRU LQWHOOHFWXDO XQGHUVWDQGLQJ
DV D YLUWXH� DQG ZKDW FKDUDFWHULVWLFV LW ZRXOG HQWDLO� 7KLV ZLOO OHDG PH WR D GHHSHU DFFRXQW RI
63�DQG�LWV�REOLJDWLRQV�

��



���:KDW�LV�WKH�FRQQHFWLRQ�EHWZHHQ�XQGHUVWDQGLQJ�DQG�NQRZOHGJH"

*LYHQ WKH DERYH VWRU\ FRQFHUQLQJ UDGLRV� XQGHUVWDQGLQJ DSSHDUV WR EH D FUXFLDO SDUW RI
SURJUHVV� SDUWLFXODUO\ VSHFLDOLVHG IRUPV RI SURJUHVV OLNH 63� 'HVSLWH WKLV� WKH TXHVWLRQ LV KRZ
GHSHQGHQW XQGHUVWDQGLQJ LV RQ NQRZOHGJH" 2QH PD\ EH WHPSWHG WR VD\ WKDW \RX FDQQRW
XQGHUVWDQG VRPHWKLQJ RI ZKLFK \RX KDYH QR NQRZOHGJH� 6R� VRPH SKLORVRSKHUV ZRXOG VD\
XQGHUVWDQGLQJ LV D VSHFLHV RI NQRZOHGJH �FI� *ULPP� ������ +RZHYHU� NQRZOHGJH LV DOVR
VXSSRVHG WR EH IDFWXDO� L�H� WUXH RU FRUUHFW� EXW DV WKH YHULVLPLOLWXGH DFFRXQW RI 63 VKRZV WUXWK
LV D TXHVWLRQ RI GHJUHH QRW NLQG� ZKDW LV WUXH WRGD\ PD\ EH IXUWKHU IURP WKH WUXWK WRPRUURZ�
7R PRYH WR DQ DFFRXQW WKDW LQFOXGHV LQWHOOHFWXDO XQGHUVWDQGLQJ ZH ZRXOG EH DEOH WR IDFWRU LQ
WKLV�SKHQRPHQRQ�

:H XVXDOO\ VWDUW ZLWK VRPH NQRZOHGJH� L�H�� MXVWLILHG WUXH EHOLHIV� DERXW VRPH SKHQRPHQD� DW
OHDVW RQ D VHQVRU\ OHYHO� EXW WKH PRUH FRPSOH[ WKH WDUJHW RI NQRZOHGJH LV� WKH JUHDWHU WKH
OLNHOLKRRG LV WKDW ZH GR QRW IXOO\ XQGHUVWDQG LW� +RZHYHU� RXU LJQRUDQFH RI XQGHUVWDQGLQJ WKH
SKHQRPHQD OHDGV XV WR DVN PRUH TXHVWLRQV DERXW LW� DQG ZH DFFXPXODWH PRUH NQRZOHGJH
�FXULRVLW\�� (YHQWXDOO\ ZH JDLQ HQRXJK NQRZOHGJH DERXW WKH SKHQRPHQD WKDW ZH XQGHUVWDQG
WKH SKHQRPHQD� 7KLV PD\ WKHQ JLYH ULVH WR QHZ TXHVWLRQV WKDW ZH ZDQW DQVZHUV WR� VR WKH
SURFHVV FRQWLQXHV� %XW LV LW FRUUHFW WR FDOO WKH LQIRUPDWLRQ ZH KDYH GLVFRYHUHG RU FROOHFWHG
³NQRZOHGJH´" 'RHV LW RQO\ EHFRPH NQRZOHGJH RQFH ZH XQGHUVWDQG LW" :KHQ GRHV LW EHFRPH
DQ DFFHSWHG IDFW" 7KHUH LV DQ XQFHDVLQJ DGYDQFH� ZLWK HDFK LQFUHDVH LQ XQGHUVWDQGLQJ DGGLQJ
WR NQRZOHGJH� KRZHYHU� DQ LQFUHDVH LQ NQRZOHGJH DORQH GRHV QRW DOZD\V PHDQ DQ LQFUHDVH LQ
XQGHUVWDQGLQJ�

:H FDQ FROOHFW HQRUPRXV DPRXQWV RI GDWD EXW XQOHVV ZH XQGHUVWDQG ZKDW ZH DUH ORRNLQJ IRU
RU ZDQW WR DFKLHYH WKH GDWD LV MXVW DFFXPXODWHG NQRZOHGJH� ZKLFK GRHV QRW QHFHVVDULO\
FRQWULEXWH WR 63� $FFXPXODWLQJ NQRZOHGJH PXVW EH DFFRPSDQLHG E\ XQGHUVWDQGLQJ IRU 63 WR
RFFXU� 7KLQN DERXW WKH DQFLHQW GLVFRYHU\ RI OLJKWLQJ D ILUH E\ VWULNLQJ D IOLQW VWRQH ZLWK DQ
LURQ S\ULWH VWRQH� 7KLV ZDV D NLQG RI SURJUHVV EXW SXUHO\ D FKDQFH GLVFRYHU\ DQG ZDV
WKRXVDQGV RI \HDUV EHIRUH VFLHQFH FRXOG H[SODLQ ZK\ VWULNLQJ IOLQW ZLWK LURQ FDXVHG D VSDUN�
6R� ZH FRXOG VD\ WKDW WKH GLVFRYHUHUV KDG ³NQRZOHGJH´ RI ZKDW WKH WZR URFNV FRXOG GR ZKHQ
VWUXFN WRJHWKHU� EXW ZH ZRXOG QRW DVFULEH WR WKHP DQ\ IRUP RI XQGHUVWDQGLQJ� 6LPLODUO\� WKH
PHUH DFFXPXODWLRQ RI NQRZOHGJH LQ $OH[DQGHU %LUG¶V VHQVH ZRXOG EH TXLWH GLIIHUHQW IURP
XQGHUVWDQGLQJ�

���'RHV�WKH�WKHRU\�ILW�LQWR�WKH�ODUJHU�QDUUDWLYH"

,Q P\ YLHZ� 63 LQFOXGHV DQ LQFUHDVH LQ XQGHUVWDQGLQJ EXW LQ D ZD\ WKDW LV PRUH GHYHORSHG
WKDQ ZKDW 'HOOVpQ SURPRWHV� 8QGHUVWDQGLQJ LV QRW D VSHFLHV RI NQRZOHGJH EXW LQVWHDG
NQRZOHGJH LV D SDUW RI XQGHUVWDQGLQJ IRU WKH SXUSRVHV RI DVVHVVLQJ 63� 7KH LGHD RI PHDVXULQJ
XQGHUVWDQGLQJ DV DQ LQWHOOHFWXDO YLUWXH IDOOV VKRUW EHFDXVH ZH ZRXOG EH DWWHPSWLQJ WR PHDVXUH
VRPHWKLQJ WKDW FDQQRW EH TXDQWLILHG� 7UXWK� NQRZOHGJH� DQG XQGHUVWDQGLQJ FDQQRW EH
PHDVXUHG E\ D UXOHU RU DQ\ QXPEHULQJ V\VWHP� 8VLQJ SUREDELOLW\ WR WU\ DQG ZRUN RXW ZKHWKHU
VRPHWKLQJ LV SUREDEO\ EHWWHU WKDQ VRPHWKLQJ HOVH IDLOV DV D PHDVXUHPHQW� $GGLQJ LQWHOOHFWXDO
YLUWXHV DQG WKH GHVLUDEOH FKDUDFWHULVWLFV DQG WUDLWV RI VFLHQWLVWV DQG WKH VFLHQWLILF FRPPXQLW\
PD\ KHOS ZLWK WKH PHDVXUHPHQW SUREOHP� 5DWKHU WKDQ WKLQNLQJ VWULFWO\ LQ WHUPV RI
TXDQWLILDEOH SURJUHVV ZH PD\ QHHG WR WKLQN LQ WHUPV RI TXDOLWDWLYH FKDQJH� ZKDW GRHV WKLV
UHVHDUFK�FKDQJH�DQG�KDV�LW�LPSURYHG�WKH�ZRUOG��LV�LW�D�EHQHILFLDO�FKDQJH�RU�QRW"
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8QGHUVWDQGLQJ DOVR QHHGV WR EH H[SDQGHG WR LQFOXGH KRZ QHZ WKHRULHV� GLVFRYHULHV� DQG
PHWKRGV ILW LQWR WKH QDUUDWLYH RI VFLHQFH� 5DWKHU WKDQ MXVW ORRNLQJ DW RQH SLHFH LQ D SX]]OH� DQ\
FKDQJH QHHGV WR EH YLHZHG KROLVWLFDOO\� QRW MXVW LQGLYLGXDOO\� 7KLV ZRXOG LQFOXGH FROODERUDWLQJ
ZLWK RWKHU VFLHQWLILF GLVFLSOLQHV WR GHYHORS D KROLVWLF YLHZ RI ZKDW WKH QHZ UHVHDUFK DIIHFWV
DQG LPSDFWV EH\RQG LWV RZQ VSKHUH� 6FLHQWLVWV QRW RQO\ QHHG WR NQRZ KRZ VRPHWKLQJ ZRUNV
EXW DOVR ZKHWKHU LW LV DSSURSULDWH WR XVH� :KDW PLJKW VHHP D JRRG WKHRU\ LQ RQH VFLHQWLILF
FRQWH[W PD\ EH FRQVLGHUHG GDPDJLQJ LQ DQRWKHU GLVFLSOLQH� 7KDW PHDQV VFLHQWLVWV ZLOO KDYH WR
EH WUDLQHG WR DFW XSRQ ZHOO�GHYHORSHG YLUWXRXV GLVSRVLWLRQV RI ZKDW LV H[SHFWHG LQ VFLHQWLILF
SUDFWLFH�DQG�WKHRULVLQJ��DQG�LQ�ZRUNLQJ�WRJHWKHU�LQ�YDULRXV�GLIIHUHQW�VFLHQWLILF�FRPPXQLWLHV�

���6KRXOG�QHZ�SX]]OHV�DULVH�IURP�ROG�RQHV"

8QGHUVWDQGLQJ PRUH DERXW RXU ZRUOG VROYHV PDQ\ SUREOHPV DQG SX]]OHV EXW LW DOVR
FUHDWHV QHZ SUREOHPV DQG SX]]OHV� ,W ZRXOG VHHP WKH PRUH ZH NQRZ� ZH UHDOLVH WKDW ZH
KDYH IDU PRUH WR OHDUQ WKDQ FDQ HYHU EH DFFRPSOLVKHG LQ RQH OLIHWLPH �LQWHOOHFWXDO KXPLOLW\��
7KLV KDV OHG VFLHQFH WR EHFRPH K\SHU�VSHFLDOLVHG� 7KH SDWWHUQ RI VFLHQWLILF GLVFRYHU\ WKDW
.XKQ GLVFXVVHG ZDV KRZ LW DSSHDUHG ORRNLQJ DW VFLHQWLILF GHYHORSPHQW UHWURVSHFWLYHO\�
'XULQJ WLPHV ZKHQ VFLHQFH ZDV ³QRUPDO´� LW ZDV HDVLHU WR WHOO LI VRPHWKLQJ ZDV D JUHDW
GLVFRYHU\ RU QRW� 1RZ� QHZ GLVFRYHULHV DUH PDGH VR TXLFNO\ WKDW QHZ EUDQFKHV RI VFLHQFH
DSSHDU DOPRVW LPPHGLDWHO\� 6RPH EUDQFKHV RI VFLHQFH DUH ³QRUPDO´ VFLHQFH� WDNLQJ WKH QHZ
SDUDGLJP DQG H[SDQGLQJ RQ LW� RU WKH EUDQFK FRXOG EH VFLHQWLVWV EXLOGLQJ RQ LW WR ILQG QHZ
SDUDGLJPV� 2QH LV WU\LQJ WR XQGHUVWDQG KRZ WKH QHZ EUDQFK ILWV ZLWK WKH HVWDEOLVKHG
SDUDGLJP DQG WKH RWKHU LV WU\LQJ WR ILQG RXW ZK\ WKH SDUDGLJP ZRUNV LI WKHUH LVQ¶W VRPHWKLQJ
HYHQ�EHWWHU�

/HW¶V UHWXUQ WR WKH HDUOLHU H[DPSOH RI WKH 1<3' &RPS6WDW SURJUDP� :KLOH LW ZDV DW ILUVW D
YHU\ HIIHFWLYH WRRO IRU DLGLQJ SROLFH LQ ILJKWLQJ FULPH� LWV XVH HYHQWXDOO\ H[SDQGHG LQWR DUHDV
WKDW LW ZDV QRW LQWHQGHG IRU� ZLWK GHWULPHQWDO DQG GUDPDWLF HIIHFW� )LUVW� FLW\ RIILFLDOV XVHG
&RPS6WDW GDWD WR VHW ³DUUHVW´ JRDOV IRU SROLFH FRPPDQGHUV DQG WKHLU RIILFHUV� 3DWURO RIILFHUV
ZHUH H[SHFWHG WR PDNH D FHUWDLQ QXPEHU RI DUUHVWV SHU VKLIW� 7R DFKLHYH WKHVH WDUJHWV� WKH\
VWDUWHG DUUHVWLQJ SHRSOH� HVSHFLDOO\ FRORXUHG RU HWKQLF PLQRULWLHV� RQ ³VXVSLFLRQ´ RI LQWHQGLQJ
WR�FRPPLW�D�FULPH�

6HFRQG� SROLFH KDG UHGXFHG FULPH WR WKH SRLQW ZKHUH WKHUH FRXOG EH QR VWDWLVWLFDOO\ VLJQLILFDQW
GLIIHUHQFH LQ UHGXFLQJ LW DQ\ IXUWKHU� 7KH GHSOR\PHQW RI &RPS6WDW HIIHFWLYHO\ XQGLG D ORW RI
WKH JRRG ZRUN WKH SROLFH KDG EHHQ GRLQJ WR UHGXFH FULPH VLQFH WKH SURJUDP DOVR GLG QRW WDNH
LQWR FRQVLGHUDWLRQ HYHQWV WKDW FRXOG QRW EH FRXQWHG� )RU H[DPSOH� KDYLQJ D SROLFH RIILFHU
SUHVHQW LQ D FULPH KRWVSRW ZRXOG RIWHQ UHGXFH WKH DPRXQW RI FULPH EHFDXVH RI D YLVLEOH SROLFH
SUHVHQFH� 6LQFH LW LV QRW SRVVLEOH WR UHFRUG DQ HYHQW WKDW KDV QRW KDSSHQHG� WKHUH ZDV QR
PHDQV RI UHFRUGLQJ D FULPH WKDW KDG EHHQ SUHYHQWHG E\ WKH SROLFH¶V SUHVHQFH� 5HODWHGO\� DV
FULPH ZHQW GRZQ� LW EHFDPH PRUH GLIILFXOW IRU SROLFH WR KLW WKHLU DVVLJQHG WDUJHWV� 7KH
&RPS6WDW SURJUDP GLG QRW DGMXVW WDUJHWV EDVHG XSRQ WKH UHGXFWLRQ RI FULPH WKDW KDG DOUHDG\
WDNHQ SODFH� $V WKH SROLWLFLDQV ZHUH DOZD\V SURPLVLQJ ³OHVV´ FULPH� PRUH DQG PRUH SUHVVXUH
ZDV SXW RQ WKH SROLFH IRUFH WR VKRZ KRZ WKH 0D\RU KDG XSKHOG KLV SURPLVH WR ³GHFUHDVH
FULPH´�

)LQDOO\� SROLFH RIILFHUV DFWLYHO\ GLVFRXUDJHG YLFWLPV RI VHULRXV FULPHV� VXFK DV WKHIW� DVVDXOW�
DQG UDSH� QRW WR ILOH FKDUJHV� 6RPHWLPHV� RIILFHUV ZRXOG GRZQJUDGH WKH VHYHULW\ RI WKH
UHSRUWHG LQFLGHQW� 6LQFH SROLFH VWDUWHG XVLQJ &RPS6WDW JRDOV WR HYDOXDWH LQGLYLGXDO SROLFH
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RIILFHU¶V MRE SHUIRUPDQFH DQG VLQFH LW EHFDPH PRUH DQG PRUH GLIILFXOW IRU SROLFH RIILFHUV WR
PHHW�WKHVH�WDUJHWV��PRUDOH�LQ�WKH�SROLFH�EHJDQ�WR�GHFOLQH�

(YHQWXDOO\ $GULDQ 6FKRROFUDIW� DQ 1<3' SROLFH RIILFHU� PDQDJHG WR H[SRVH WKH ZD\ WKH
SROLFH ZHUH EHLQJ LQVWUXFWHG WR ZRUN� /DZVXLWV ZHUH ILOHG DJDLQVW WKH &LW\ RI 1HZ <RUN� E\
WKH &HQWUH IRU &RQVWLWXWLRQDO 5LJKWV� IRU EUHDFK RI ULJKWV LQ UHODWLRQ WR WKH ³VWRS�DQG�IULVNV´
RUGHU��7KH�FRXUW�UXOHG�WKDW�WKH�1<3'�KDG�YLRODWHG�WKH�&RQVWLWXWLRQ��DQG�DOVR

,W KDG SHUYHUWHG WKH JRDO RI XVLQJ VWRS�DQG IULVN DJDLQVW ³WKH ULJKW SHRSOH� WKH ULJKW
WLPH� WKH ULJKW ORFDWLRQ´ LQWR D WRRO RI GLVFULPLQDWLRQ DJDLQVW SRRU SHRSOH RI FRORXU�
�6FKU\YHUV�������

$Q�LQYHVWLJDWLRQ�LQWR�6FKRROFUDIW¶V�FODLPV�UHVXOWHG�LQ�D�UHSRUW�ZKLFK�VWDWHG�

:KHQ YLHZHG LQ WKHLU WRWDOLW\� D GLVWXUELQJ SDWWHUQ LV SUHYDOHQW DQG JLYHV FUHGHQFH WR
WKH DOOHJDWLRQ WKDW FULPHV DUH EHLQJ LPSURSHUO\ UHSRUWHG LQ RUGHU WR DYRLG LQGH[ FULPH
FODVVLILFDWLRQ� 7KLV LV LQGLFDWLYH RI D FRQFHUWHG HIIRUW WR GHOLEHUDWHO\ XQGHU�UHSRUW
FULPH�LQ�WKH���VW�3UHFLQFW���6FKU\YHUV�������

6R� LV WKLV DQ H[DPSOH RI JRRG 63" &RPS6WDW XQGRXEWHGO\ UHGXFHG FULPH LQ WKH FRPPXQLW\�
EXW LQ GRLQJ VR LW KDG VLPXOWDQHRXVO\ FUHDWHG VRPH XQIRUHVHHQ SUREOHPV IRU WKH SROLFH DQG
WKH SXEOLF� ,I ZH PHUHO\ IRFXV XSRQ VROYLQJ SUREOHPV DQG SX]]OHV DV D PHDVXUH RI SURJUHVV�
WKHQ WKH LQWURGXFWLRQ RI &RPS6WDW PD\ EH D JRRG H[DPSOH RI SURJUHVV� <HW� LI VRPH
DGYDQFHPHQW FUHDWHV PRUH SUREOHPV WKDQ LW VROYHV� WKHQ VXUHO\ WKH SURSRVHG DGYDQFHPHQW LV
DQ�H[DPSOH�RI�D�UHJUHVV�DQG�QRW�SURJUHVV�

:KLOH WKH DELOLW\ RI WKHRULHV DQG PHWKRGV WR VROYH SUREOHPV DQG SX]]OHV FDQ EH XVHG DV DQ
LQGLFDWRU RI 63� LW WDNHV D IXOOHU DQG PRUH FRPSOHWH XQGHUVWDQGLQJ RI WKH ZKROH SLFWXUH WR
UHDOO\ MXGJH WKH SURJUHVV WKDW FRXOG EH PDGH �RSHQ�PLQGHGQHVV�� 6FLHQWLVWV DQG VFLHQWLILF
FRPPXQLWLHV QHHG WR PRQLWRU ZKDW WKHLU UHVHDUFK LV EHLQJ XVHG IRU DQG LI LW LV DQ DSSURSULDWH
XVH� 7KH PHQ ZKR GHYHORSHG &RPS6WDW ZHUH QRW VFLHQWLVWV� EXW WKH\ XVHG VWDWLVWLFDO PHWKRGV
DQG D VPDOO SLHFH RI SV\FKRORJ\ UHVHDUFK DERXW FRPPXQLWLHV ZLWKRXW WDNLQJ LQWR DFFRXQW DQ\
RI WKH RWKHU DYDLODEOH UHVHDUFK� 6RPH VXEGLVFLSOLQHV RI SV\FKRORJ\ UHVHDUFK� OLNH VRFLDO
SV\FKRORJ\� KDYH D KLVWRU\ RI ILQGLQJ WKDW RULJLQDO� QRYHO UHVHDUFK ZDV LQFRUUHFW RU QRW
UHSOLFDEOH� 6FLHQWLVWV DQG WKH VFLHQWLILF FRPPXQLW\ QHHG WR PRQLWRU PRUH FORVHO\ ZKDW WKHLU
UHVHDUFK LV XVHG IRU LQVWHDG RI SXEOLVKLQJ VRPHWKLQJ DQG PRYLQJ RQ WR WKH QH[W SUREOHP� , VHH
WKLV DV DQ LQWHOOHFWXDO YLUWXH RI UHVSRQVLELOLW\� WDNLQJ FDUH WKDW RQH¶V UHVHDUFK LV QRW
PDQLSXODWHG�RU�H[SORLWHG�E\�SHRSOH�IRU�WKHLU�RZQ�DGYDQWDJH�

���6KRXOG�VFLHQFH�EH�VXEMHFW�WR�UHVRXUFH�FRQVWUDLQWV�DQG�UHVWULFWLRQV"

$Q\WKLQJ WKDW VHHPV OLNH DQ LPSURYHPHQW� WKDW LQFUHDVHV RXU XQGHUVWDQGLQJ RI VRPH
SKHQRPHQD� RU WKDW DOORZV XV WR EXLOG EHWWHU WHFKQRORJ\ DSSHDUV WR XV DV 63� 6RPHWLPHV
KRZHYHU LW LV QRW D PDWWHU RI WKH EHVW SDUDGLJP ZLQQLQJ EXW WKDW ZKLFK KDV WKH EHVW
ILQDQFLDO EDFNLQJ DQG SURPRWLRQ� WKH SDUDGLJP ZLWK WKH EHVW SXEOLF UHODWLRQV� 6FLHQFH
VHHPV WR KDYH EHFRPH WKH QHZ :LOG :HVW IURQWLHU ZLWK HYHU\WKLQJ DYDLODEOH WR EH XVHG DQG
UHVHDUFKHG E\ VFLHQFH� EXW WKH 6KHULII KDV OHIW WRZQ� ,I \RX KDYH WKH VFLHQWLILF UHVHDUFK WR EDFN
\RXU FODLPV� RU HYHQ MXVW UDLVH D UHDVRQDEOH GRXEW LQ VRPHRQH HOVH¶V UHVHDUFK� WKHUH LV QRWKLQJ
LQ SODFH WR SUHYHQW \RX IURP GRLQJ VR� (YHQ EHLQJ SHHU UHYLHZHG KDV LWV OLPLWDWLRQV� ,I \RX
KDYH WKH PHDQV WR SURPRWH \RXU WKHRU\ RYHU RWKHUV� HLWKHU WKURXJK ILQDQFLDO EDFNLQJ� SUHVWLJH
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ELDV� DFDGHPLF LQIOXHQFH� PDQLSXODWLQJ VRFLHWDO WKLQNLQJ� WKHQ \RXU WKHRU\ PD\ VXFFHHG
ZKHUH�RWKHU�EHWWHU�WKHRULHV�DUH�LJQRUHG�DW�EHVW�DQG�ULGLFXOHG�DW�ZRUVW�

$ JRRG FDVH RI D VFLHQWLVW ZKR KDG D JUHDW GHDO RI XQGHUVWDQGLQJ� QRW RQO\ RI KRZ KLV QHZ
WKHRULHV DERXW HOHFWULFLW\ ZRUNHG� EXW DOVR D JUHDW XQGHUVWDQGLQJ DERXW WKHLU SRVVLEOH HIIHFW RQ
SHRSOH DQG WKH HQYLURQPHQW� ZDV 1LNROD 7HVOD� 6DGO\� KRZHYHU� KH ZDV WHUULEOH DW SXEOLF
UHODWLRQV� PDUNHWLQJ DQG DGYHUWLVLQJ KLV VFLHQWLILF DGYDQFHV DQG LQYHQWLRQV� +H LV DQ H[DPSOH
RI D EULOOLDQW VFLHQWLVW ZKRVH PDQ\ GLVFRYHULHV DUH EHKLQG PXFK RI WKH WHFKQRORJ\ ZH XVH
WRGD\� EXW KH DOVR NHSW VRPH GLVFRYHULHV WR KLPVHOI VR WKDW WKH\ ZRXOGQ¶W EH XVHG WR KDUP
KXPDQLW\� $OWKRXJK IDPRXV LQ KLV RZQ HUD� DW WKH HQG RI KLV OLIH KH ZDV FRQVLGHUHG WR EH
LQVDQH��DQG�IRU�GHFDGHV�DIWHU�KH�GLHG��KH�DOPRVW�GLVDSSHDUHG�IURP�KLVWRU\��&DUOVRQ��������

8QIRUWXQDWHO\� HYHQ WKRXJK KH ZDV D EULOOLDQW DQG FOHYHU LQGLYLGXDO� 7HVOD GLG QRW XQGHUVWDQG
HFRQRPLFV DQG WKH SRZHU RI SXEOLF UHODWLRQV� +H ZDV UHOLDQW RQ IXQGLQJ IRU KLV UHVHDUFK�
7KRPDV (GLVRQ ZDV JLYHQ WKH FUHGLW IRU WKH LQYHQWLRQ RI HOHFWULFLW\� DOWKRXJK KH KDG LQ IDFW
XVHG 7HVOD¶V ZRUN RQ GLUHFW FXUUHQW �'&�� (GLVRQ ZDV UHQRZQHG IRU KDYLQJ JUHDW VNLOOV LQ
SXEOLF UHODWLRQV DV ZHOO DV D ORW RI PRQH\ WR SXUVXH KLV JRDOV� +LVWRU\ VKRZV KRZ (GLVRQ XVHG
KLV ZHDOWK DQG FDPSDLJQV WR WU\ DQG WXUQ WKH SXEOLF DJDLQVW 7HVOD DQG KLV LQYHQWLRQ�
DOWHUQDWLQJ FXUUHQW �$&� HOHFWULFLW\� VR WKDW WKH\ ZRXOG XVH (GLVRQ¶V '& HOHFWULFLW\ IRU WKH
QDWLRQDO JULG� (GLVRQ ZDV UHVSRQVLEOH IRU WKH LQYHQWLRQ RI WKH HOHFWULF FKDLU LQ D ELG WR VKRZ
WKDW�$&�HOHFWULFLW\�ZDV�WRR�GDQJHURXV�WR�XVH�

7RGD\ 7HVOD LV EHLQJ UHFRJQLVHG DV D OHDGHU RI LQQRYDWLRQ� DQG LW LV HVWLPDWHG KH LV SHUVRQDOO\
UHVSRQVLEOH IRU PRUH WKDQ ��� RI WKH WHFKQRORJ\ WKDW ZH XVH WRGD\� 2XU QDWLRQDO HOHFWULFLW\
JULG� PRVW HOHFWURQLFV� UHPRWH FRQWUROV� IOXRUHVFHQW DQG QHRQ OLJKWV� ZLUHOHVV WUDQVPLVVLRQ�
PRELOH SKRQHV� WKH $& PRWRU� FRPSXWHUV DQG WKH LQWHUQHW� WR QDPH D IHZ� ZHUH DOO HLWKHU
LQYHQWHG RU SUHGLFWHG E\ 7HVOD� <HW EHFDXVH RI KLV DOWUXLVWLF QDWXUH WRZDUG KLV IHOORZ PDQ� DQG
KLV GHVLUH WR SURYLGH HQHUJ\ IRU IUHH� KH ZDV XQDEOH WR ILQG ILQDQFLDO EDFNHUV DQG EULQJ VRPH
RI�KLV�LQYHQWLRQV�WR�OLIH�

,Q WHUPV RI WKH SURJUHVV RI VFLHQFH� KRZ GRHV 7HVOD ILW LQ" :RXOG KH KDYH WKRXJKW KLV
LQYHQWLRQV EURXJKW PDQNLQG FORVHU WR WKH ³WUXWK´� VROYHG SX]]OHV DQG SUREOHPV� RU DGGHG WR
DFFXPXODWHG NQRZOHGJH RU XQGHUVWDQGLQJ" +H ZDV FRQFHUQHG WKDW KLV LQYHQWLRQV PLJKW EH
XVHG IRU ZDU UDWKHU WKDQ SHDFH DQG SXUSRVHO\ GLG QRW UHOHDVH VRPH RI KLV PRUH GDULQJ
LQYHQWLRQV� VXFK DV D GHYLFH WKDW FRXOG EULQJ GRZQ EXLOGLQJV XVLQJ YLEUDWLRQ� +RZHYHU� IRU
GHFDGHV SHRSOH KDYH EHHQ ORRNLQJ DW 7HVOD¶V SDWHQWV DQG ZRUNLQJ RXW KRZ KH WKRXJKW ZLUHOHVV
HQHUJ\ FRXOG EH VXSSOLHG WR PDQNLQG IRU IUHH� 0DQ\ RI WKHVH SHRSOH KDYH PDGH ZRUNLQJ
PRGHOV RI ZLUHOHVV SRZHU WUDQVPLVVLRQ V\VWHPV WKDW FRXOG VXSSO\ IUHH HQHUJ\� DQG TXDQWXP
SK\VLFV KDV FDXJKW XS DQG YHULILHG WKLV WHFKQRORJ\ LV SRVVLEOH� +RZHYHU� XQWLO UHFHQWO\ WKH
WHFKQRORJ\ IDLOHG WR UHFHLYH ILQDQFLDO EDFNLQJ RU PDNH LW LQWR WKH FRQYHQWLRQDO ZRUOG RI
HOHFWULFLW\�

)UHH HOHFWULFLW\ JHQHUDWRUV SURGXFH QR FDUERQ HPLVVLRQV VR DQ\ WHFKQRORJ\ EDVHG RQ 7HVOD¶V
LGHDV ZRXOG KHOS WKH (DUWK HQYLURQPHQWDOO\� ZH FRXOG UHGXFH RXU FDUERQ HPLVVLRQV
RYHUQLJKW� :H ZRXOGQ¶W QHHG SRZHU VWDWLRQV� FRPSDQLHV ZRXOG KDYH DFFHVV WR
HQYLURQPHQWDOO\ IULHQGO\ HQHUJ\ WKDW FRXOG UHSODFH WKH EXUQLQJ RI IRVVLO IXHOV� $OWKRXJK
LPSXJQHG E\ WKH IRVVLO IXHO LQGXVWU\� WKHVH WKHRULHV DUH EHLQJ SURYHQ DJDLQ DQG DJDLQ XVLQJ
VRXQG VFLHQWLILF PHWKRGV RI H[SHULPHQWDWLRQ� 6R� ZKDW LV VWRSSLQJ WKHVH LQYHQWLRQV IURP
PDNLQJ LW RQWR WKH PDUNHW" )LQDQFH SOD\V DQ HQRUPRXV SDUW� LW LV GLIILFXOW WR ILQG VRPHRQH WR
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EDFN \RX ILQDQFLDOO\ ZKHQ \RXU LQYHQWLRQ ZLOO QRW SURGXFH DQ\ UHYHQXH IRU WKH VSRQVRU� 6R
WKHQ ZK\ GRHVQ¶W WKH JRYHUQPHQW VWHS LQ DQG VHL]H WKLV RSSRUWXQLW\ WR QRW RQO\ SURYLGH IUHH
HQHUJ\ IRU WKHLU SHRSOH EXW DOVR FOHDQ XS WKH SODQHW DW WKH VDPH WLPH" 2QFH DJDLQ� ORRN DW KRZ
PXFK UHYHQXH LV JHQHUDWHG E\ WKH WD[ FROOHFWHG IRU WKH VDOH RI HQHUJ\� WKH JRYHUQPHQW LV QRW
UHDOO\�PRWLYDWHG�WR�PRYH�WR�DQ�XQWD[HG�FRPPRGLW\�

6R� ZDV 7HVOD¶V LQDELOLW\ WR DWWUDFW IXQGLQJ D IDXOW RI KLV RU D EDUULHU HUHFWHG E\ D FDSLWDOLVW
VRFLHW\ EDVHG RQ IRVVLO IXHOV" 2QH FRXOG DUJXH WKDW 7HVOD KDG VRPH LQWHOOHFWXDOO\ YLUWXRXV
FKDUDFWHULVWLFV DQG WUDLWV EXW IDLOHG LQ VRPH DUHDV WKDW SUHYHQWHG KLP IURP UHDOLVLQJ KLV
VFLHQWLILF DPELWLRQV� 2QH FRXOG DOVR DUJXH WKDW 7HVOD ZDV OHW GRZQ E\ WKH VFLHQWLILF
FRPPXQLW\ DV WKH\ IDLOHG WR VXSSRUW KLV LGHDV DQG ZHUH QRW LQWHOOHFWXDOO\ YLUWXRXV ZLWK UHJDUG
WR WKH FKDUDFWHULVWLFV RI LQWHOOHFWXDO FR�RSHUDWLRQ� LQWHOOHFWXDO RSHQ�PLQGHGQHVV RU LQWHOOHFWXDO
FRXUDJH�

)XQGLQJ FRQWLQXHV WR EH D SUREOHP ZKHQ LW FRPHV WR 63 DV JRYHUQPHQWV RU FRUSRUDWLRQV
SURYLGLQJ WKH IXQGLQJ RIWHQ KDYH WKHLU RZQ DJHQGDV WKDW WKH\ ZDQW FHUWDLQ UHVHDUFK IRU� 7KLV
FDQ UHVXOW LQ VFLHQWLVWV ILQGLQJ WKH UHVXOWV WKH\ ZHUH IXQGHG WR ILQG DQG QRW LQGHSHQGHQW�
XQELDVHG UHVHDUFK� 2QFH DJDLQ LW FDOOV IRU VFLHQWLVWV DQG VFLHQWLILF FRPPXQLWLHV WR SXW PRUH
HPSKDVLV RQ WKLV SUREOHP� HVSHFLDOO\ LQ WHUPV RI 63� DQG LQWHOOHFWXDO YLUWXHV ZRXOG SOD\ D
ODUJH�SDUW�LQ�VROYLQJ�WKLV�SUREOHP�

���:KDW�DFFRXQW�EHVW�HOLPLQDWHV�ELDV�DQG�LQWHUIHUHQFH"

7HVOD¶V H[DPSOH ZLWK EDWWOLQJ SXEOLF UHODWLRQ FDPSDLJQV DQG ODFN RI IXQGLQJ LV D VWRU\ WKDW
HFKRHV WKURXJK KLVWRU\ ZLWK FKDQJLQJ FKDUDFWHUV� 7KH HQOLJKWHQPHQW SHULRG VDZ VFLHQWLVWV
WU\LQJ WR EUHDN DZD\ IURP UHOLJLRQ DQG HVWDEOLVK LWVHOI DV DQ LQGHSHQGHQW GRPDLQ EDVHG RQ
HPSLULFDO HYLGHQFH� 7KLV ZDV D ELJ EUHDN DZD\ IURP WKH ³VFLHQWLILF´ WUXWK DV WKH FKXUFK
SUHVHQWHG LW WR WKH JHQHUDO SRSXODWLRQ� IRU ZKDW WKH ZRUOG ZDV UHDOO\ OLNH� +RZHYHU� LW ZRXOG
DSSHDU WKDW VFLHQFH LV QRW DV LQGHSHQGHQW DV LW ZRXOG OLNH WR WKLQN� DQG WKLV KDV PDGH GHILQLQJ
63 HYHQ PRUH GLIILFXOW� :KHQ IXQGLQJ IURP LQGXVWU\ DQG JRYHUQPHQW FRPHV LQWR SOD\ LW
ZRXOG�VHHP�WKDW�VFLHQFH�KDV�PHUHO\�FKDQJHG�WKH�KDQG�KROGLQJ�WKH�OHDVK�

,I ZH ORRN EDFN DW WKH ODVW FHQWXU\� ZH XQFRYHU FDVHV ZKHUH VFLHQFH KDV EHHQ XVHG WR PXGG\
WKH ZDWHUV RI WKH SXEOLF SHUFHSWLRQ RI PDQ\ FUXFLDO DUHDV DQG SUREOHPV EHLQJ IDFHG WRGD\� :H
FDQ ORRN DW WKH RQJRLQJ GHEDWH DERXW ZKDW WKH FDXVH RI FOLPDWH FKDQJH LV� ZKHWKHU &29,'���
ZDV PDQXIDFWXUHG LQ D ODE� DERXW ZKDW WKH FDXVHV RI FDQFHU DQG RWKHU VHULRXV GLVHDVHV DUH�
DERXW ZKDW LV KHDOWK\ WR HDW� 7KH OLVW FRXOG JR RQ� EXW LQ DQ\ DUHD WKDW LQYROYHV LQGXVWU\ DQG
ODUJH DPRXQWV RI PRQH\� VFLHQFH LV LQ GDQJHU RI EHLQJ XVHG LQDFFXUDWHO\ WR DGYLVH WKH SXEOLF
RQ�WKH�EHVW�FRXUVH�IRUZDUG�

7KH QDWXUH RI VFLHQFH LV WKDW WKH EHVW WKHRU\ RU SUDFWLFH LV RQO\ WKH EHVW WKHRU\ RU SUDFWLFH XQWLO
RXU NQRZOHGJH DQG XQGHUVWDQGLQJ H[SDQG DQG ZH KDYH EHWWHU WKHRULHV DQG SUREOHP�VROYLQJ
FDSDELOLWLHV� 7KLV LV KDUG WR PDLQWDLQ ZKHQ WKHUH DUH RWKHU LQWHUHVWV DW ZRUN WKDW WU\ WR
PDQLSXODWH�VFLHQFH�IRU�WKHLU�RZQ�DJHQGD�

3UHVWLJH ELDV SOD\V D ELJ SDUW LQ LGHQWLI\LQJ 63� 6FLHQWLVWV WKDW DUH ZHOO NQRZQ WHQG WR JDWKHU
PRUH SUHVWLJH WKDQ RWKHU OHVVHU�NQRZQ VFLHQWLVWV� 7KH\ WHQG WR JHW SXEOLVKHG PRUH RIWHQ DQG
ZLOO EH FLWHG PRUH EHFDXVH RI WKHLU QDPH DQG QRW QHFHVVDULO\ WKH UHVHDUFK� 2WKHU FROODERUDWRUV
ZKR DUH QRW DV ZHOO�NQRZQ RIWHQ JHW RYHUORRNHG LQ D SLHFH RI UHVHDUFK ZKHQ WKH\ VKDUH WKH
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VWDJH ZLWK D ZHOO�NQRZQ SHUVRQ HYHQ WKRXJK WKH\ PD\ KDYH GRQH WKH PDMRULW\ RI WKH ZRUN
�&UDQIRUG��������

0LVXVH RI VFLHQFH� 7KH WREDFFR LQGXVWU\ XVHG VFLHQFH WR SUHYHQW ODZV SURKLELWLQJ VPRNLQJ
EHLQJ LQWURGXFHG LQ WKH 86$� (YHQ WKRXJK UHVHDUFK KDG EHHQ GRQH WKDW VKRZHG QLFRWLQH WDU
FDXVHG FDUFLQRJHQLF WXPRXUV� LQ WKH OXQJ� RQ WKH IDFH� HWF� WKH\ IRXQG VWXGLHV WKDW DOVR
VKRZHG WKDW ZKHQ WHVWHG QLFRWLQH WDU KDG QRW FDXVHG DQ\ WXPRXUV RU FDQFHU �2
&RQQRU 	
:HDWKHUDOO� ������ 7KLV LV GHILQLWHO\ D FDVH RI VFLHQWLILF UHVHDUFK EHLQJ XVHG LQFRUUHFWO\� 7KHUH
DUH PDQ\ UHDVRQV ZK\ UHVHDUFK UHVXOWV PLJKW QRW EH UHSOLFDEOH LQ GLIIHUHQW VWXGLHV� 7KLV FRXOG
EH IURP WKH PHWKRGV XVHG� WLPH SHULRGV� PLVWDNHV PDGH LQ SURFHGXUHV� GLIIHUHQW DQLPDOV XVHG�
HWF� +RZHYHU� ZKHQ VHOHFWHG UHVHDUFK LV FRPSDUHG PDQ\ RI WKHVH IDFWRUV DUH QRW FRQVLGHUHG�
DQG WKH UHVHDUFK EHLQJ FRPSDUHG LV OLNH WU\LQJ WR PDWFK RUDQJHV DQG DSSOHV� 0RVW RI WKH
SXEOLF GR QRW ORRN DW WKH DFWXDO UHVHDUFK EHFDXVH WKH\ GR QRW XQGHUVWDQG WKH SUHVHQWDWLRQ RI
WKH IDFWV DQG ILJXUHV DQG WKH VFLHQWLILF ODQJXDJH PRVW UHVHDUFK LV ZULWWHQ XS LQ� 2QO\ DQRWKHU
ZHOO�WUDLQHG VFLHQWLVW LQ WKH VDPH DUHD FRXOG XQGHUVWDQG WKH UHVHDUFK LQ LWV HQWLUHW\� EXW
DQ\RQH ZKR FRQGXFWV UHVHDUFK KDV WKH DELOLW\ WR UHDG WKURXJK WKH PHWKRG DQG FRQFOXVLRQ WR
FRPH�WR�VRPH�XQGHUVWDQGLQJ�RI�ZKDW�ZDV�GRQH�DQG�ZKDW�ZDV�DFKLHYHG�

:LWK SUHVWLJH FRPHV WKH 0DWWKHZV (IIHFW� 7KH 0DWWKHZV (IIHFW LV WKH VLWXDWLRQ ZKHUH WKRVH
ZKR KDYH QRWDELOLW\ LQ D FHUWDLQ DUHD WHQG WR UHDS PRUH VWDQGLQJ WKDQ WKRVH OHVV ZHOO NQRZQ LQ
WKH VDPH GLVFLSOLQH �0HUWRQ� ������ 7R SXW LW LQ FHOHEULW\ WHUPV� LW LV OLNH JRLQJ WR D PRYLH
EHFDXVH 7RP +DQNV VWDUV LQ LW� EHFDXVH 7RP +DQNV DOZD\V DFWV LQ WKH EHVW PRYLHV� 7KH PRUH
VXFFHVVIXO PRYLHV KH DFWV LQ UHVXOWV LQ KLV EHLQJ RIIHUHG WKH EHVW VFULSWV� 7KH PRUH KH JHWV
RIIHUHG JRRG FKDUDFWHUV WR SRUWUD\ LQ VXFFHVVIXO ILOPV� WKH PRUH KLV SUHVWLJH NHHSV ULVLQJ� WR
WKH SRLQW ZKHUH ZH GR QRW HYHQ DVN ZKDW WKH PRYLH LV JRLQJ WR EH DERXW� ZH MXVW JR EHFDXVH
ZH KHDUG 7RP +DQNV ZDV DFWLQJ LQ LW� 2WKHU OHVV ZHOO�NQRZQ DFWRUV PD\ KDYH EHHQ MXVW DV
JRRG LQ WKH SDUW EXW WKH SHRSOH SURGXFLQJ WKH PRYLH NQRZ WKDW WKH\ ZLOO PDNH PRUH PRQH\ LI
WKH\ FDQ VD\ 7RP +DQNV LV LQ WKH PRYLH� 7KLV DOVR PHDQV 7RP +DQNV LV IUHH WR FKRRVH
ZKDWHYHU UROH KH IHHOV OLNH GRLQJ� $ FKDUDFWHU PD\ FRPH XS LQ D PRYLH WKDW KH UHDOO\ OLNHV EXW
WKH SURGXFHUV GR QRW KDYH D ELJ EXGJHW VR KH FDQ DIIRUG WR WDNH OHVV PRQH\ WR GR WKH PRYLH�
7KLV KHOSV WKH SURGXFHUV DFKLHYH PRUH SUHVWLJH� LI KH GRHV D JRRG MRE� DV WKH ILOP ZLOO JHW
QRWLFHG� DQG SRVVLEO\ ZLQ DZDUGV� HYHQ WKRXJK LW ZDV ORZ EXGJHW� %HLQJ QRWLFHG DQG ZLQQLQJ
DZDUGV�DW�WKH�2VFDUV�ZLOO�LQFUHDVH�DOO�WKHLU�SRWHQWLDO�HDUQLQJV�LQ�WKH�IXWXUH�

&RQILUPDWLRQ ELDV DQG QHJOLJHQFH� ,I VFLHQWLILF UHVHDUFK FDQ EH VHOHFWLYHO\ FKRVHQ WR SUHVHQW
WR WKH SXEOLF� E\ ELJ LQGXVWU\ RU JRYHUQPHQW� LI LW LV DOVR VHOHFWLYHO\ SXEOLVKHG RU
DFNQRZOHGJHG E\ SHHUV� ZLWKLQ XQLYHUVLWLHV RU RWKHU RUJDQLVDWLRQV DFFRUGLQJ WR WKH VFLHQWLVW¶V
SUHVWLJH� WKHQ KRZ DUH ZH DEOH WR IRUP DQ DFFXUDWH SLFWXUH RI 63� ,I WKH QDWXUH RI VFLHQFH LV
DFWXDOO\ GLIIHUHQW WR ZKDW ZH WKLQN LW LV� WKHQ KRZ GR ZH PHDVXUH SURJUHVV" ,I VFLHQFH FDQ
RQO\ HYHU EH WKH ³EHVW WKHRU\´ DYDLODEOH DW WKH WLPH� WKHUH LV QR ZD\ RI MXGJLQJ ZKHWKHU
VRPHWKLQJ PD\ EH DQ LPSURYHPHQW RU QRW� 7KH KLVWRU\ RI VFLHQFH LV OLWWHUHG ZLWK WKHRULHV WKDW
KDYH EHHQ VKRZQ WR EH LQFRUUHFW� OLNH SKORJLVWRQ �0DXVNRS� ������ EXW LW DOVR LV IXOO RI
WKHRULHV WKDW ZHUH GLVFDUGHG DV SVHXGRVFLHQFH DQG WKHQ WXUQHG RXW WR EH WUXH� DV LQ WKH
GLVFRYHU\ RI GRFWRUV ZDVKLQJ WKHLU KDQGV EHWZHHQ GRLQJ DXWRSVLHV DQG GHOLYHULQJ EDELHV
�1XODQG� ������ ,W ZRXOG VHHP DV VFLHQFH EUDQFKHV RXW WKHUH DUH PRUH DQG PRUH FRPSHWLQJ
WKHRULHV�DQG�WKH�ZLQQHUV�VHHP�WR�EH�WKRVH�ZKR�JHW�WKH�PRVW�PHGLD�FRYHUDJH�
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���:KDW�DFFRXQW�RI�VFLHQWLILF�SURJUHVV�HQJHQGHUV�WUXVW�LQ�WKH�SXEOLF"

7UXVW LV D ELJ SDUW RI D SROLFH RIILFHU¶V MRE LI WKH\ DUH WR EH VXFFHVVIXO LQ SUHYHQWLQJ FULPH�
7KH LQWURGXFWLRQ RI &RPS6WDW� ZKLOH DW ILUVW YHU\ JRRG� KDG D GUDPDWLF GHWULPHQWDO HIIHFW RQ
WKH SROLFH DQG WKH SXEOLF� 7KH SROLFH ORVW WKH WUXVW RI WKH SHRSOH WKH\ ZHUH FKDUJHG ZLWK
SURWHFWLQJ DQG VHUYLQJ� 2Q WRS RI WKH SXEOLF EHFRPLQJ LQFUHDVLQJO\ GLVWUXVWIXO RI WKH SROLFH
IRUFH� WKH SROLFH ZHUH DW ULVN IURP DWWDFN E\ DQ LQFUHDVLQJO\ KRVWLOH DQG GLVWUXVWIXO SXEOLF�
7KLV LV MXVW RQH H[DPSOH RI SHUKDSV PDQ\ DGYDQFHPHQWV� WKRXJKW RI DV SURJUHVV DW WKH
PRPHQW RI LQFHSWLRQ� EXW RQO\ ODWHU WR KDYH EHHQ GLVFRYHUHG WR KDYH VHULRXVO\ GHWULPHQWDO
FRQVHTXHQFHV� 7KLV LV GXH WR PDQ\ FDXVHV ZKLFK ZRXOG EH KLJKOLJKWHG LQ DQ LQFUHDVHG
DZDUHQHVV RI ZKDW 63 HQWDLOV� D PRUH IXOO\ H[SDQGHG XQGHUVWDQGLQJ FRPELQHG ZLWK
LQWHOOHFWXDO�YLUWXHV�

$QRWKHU H[DPSOH RI WUXVW DULVHV IURP WKH TXHVWLRQ RYHU YDFFLQDWLRQV� $QGUHZ :DNHILHOG¶V
UHVHDUFK VKRZLQJ WKDW 005 YDFFLQDWLRQV FDXVH DXWLVP LQ FKLOGUHQ KDV EHHQ ZHOO DQG WUXO\
GHEXQNHG �)LRQD HW DO�� ������ 'HVSLWH WKLV� SHRSOH VWLOO IHDU KDYLQJ WKHLU FKLOGUHQ YDFFLQDWHG�
,I SHRSOH GR QRW WUXVW WKH VFLHQFH WKDW VKRZV WKH 005 YDFFLQH LV VDIH DQG ZLOO SURWHFW
FKLOGUHQ IURP PXFK ZRUVH� OLNH PHDVOHV DQG PXPSV� ZKDW LV VFLHQFH GRLQJ ZURQJ" 9DFFLQHV
DUH D VWHS IRUZDUG LQ 63� \HW SHRSOH DUH VWLOO DIUDLG RI WKHP� ,V LW EHFDXVH WKH\ KDYH KHDUG WKH
DXWLVP WKHRU\ RU GR WKH\ MXVW QRW XQGHUVWDQG KRZ WKH YDFFLQHV ZRUN" 6RPH SHRSOH PD\ ORRN
DW YDFFLQHV WKH ZD\ ZH QRZ ORRN DW WKH ROG SUDFWLFH RI EORRGOHWWLQJ WR FXUH LOOQHVV� 2U
YDFFLQDWLRQV DPRXQW WR WKH HTXLYDOHQW RI PDJLF DQG ZLWFKFUDIW� D SVHXGRVFLHQFH QRW WR EH
EHOLHYHG� 7KH IDFW WKDW WKHUH DUH SHRSOH ZKR ZLOO QRW JHW YDFFLQDWHG RU YDFFLQDWH WKHLU FKLOGUHQ
EHFDXVH�WKH\�GR�QRW�IHHO�WKH\�FDQ�WUXVW�63�VKRZV�WKHUH�LV�D�SUREOHP�WR�EH�DGGUHVVHG�

:H QHHG WR FKDQJH WKH ZD\ ZH ORRN DW 63 VR WKDW ZH FDQ KDYH D FOHDUHU LGHD RI ZKDW LV
KDSSHQLQJ LQ WKH VFLHQWLILF ZRUOG� DQG ZKDW LV FKDQJLQJ� :KDW ZDV RQFH FRQVLGHUHG
SVHXGRVFLHQFH QRZ KDV VROLG UHVHDUFK WR VKRZ WKDW LGHDV ZH RQFH WKRXJKW ULGLFXORXV RU ZDFN\
DUH DFWXDOO\ JHQXLQH H[SHULHQFHV DQG KDYH VFLHQWLILF WKHRULHV WR H[SODLQ WKHP� +RZHYHU� ZH
VWLOO QHHG VRPH ZD\ WR GHWHUPLQH WKH GLIIHUHQFH� 6FLHQWLILF SURJUHVV LV DFFHOHUDWLQJ DQG DV WKH
GLIIHUHQW GLVFLSOLQHV EHJLQ WR XQGHUVWDQG WKH XQGHUO\LQJ QDWXUH RI WKH XQLYHUVH� ZH DUH JRLQJ
WR�KDYH�WR�FKDQJH�PDQ\�RI�RXU�FXUUHQW�VFLHQWLILF�EHOLHIV�

/HW¶V UHWXUQ WR WKH H[DPSOH RI WKH QHZ &29,'��� YDFFLQDWLRQV� ZKLFK LV UHOHYDQW WR WKH LVVXH
FRQFHUQLQJ WKH FRPPXQLFDWLRQ RI 63 WR WKH JHQHUDO SXEOLF� 7KH &29,'��� YDFFLQDWLRQV
EHFDPH DYDLODEOH YHU\ TXLFNO\ DIWHU WKH RXWEUHDN RI WKH YLUXV EHJDQ LQ 'HFHPEHU �����
%HFDXVH RI LWV ZLGH DYDLODELOLW\ VR VRRQ DIWHU WKH VWDUW RI WKH RXWEUHDN� VRPH SHRSOH IDOVHO\
EHOLHYH WKDW WKH YDFFLQH LV VWLOO LQ DQ ³H[SHULPHQWDO VWDJH´ �6HH ³'HSXW\ 30� 1R 5RRP IRU
7KUHDWV RI 9LROHQFH 2YHU 9DFFLQDWLRQV´
KWWSV���ZZZ�UQ]�FR�Q]�DXGLR�SOD\HU"DXGLRBLG ������������ 7KLV VKRZV KRZ PLVLQIRUPDWLRQ
PD\ SUROLIHUDWH JLYHQ KRZ VFLHQFH SURJUHVVHV LQ UHDO WLPH� ,W RQO\ DSSHDUV WR XV QRQ�VFLHQWLVWV
WKDW WKH YDFFLQH KDV UROOHG RXW TXLFNO\� RU HYHQ WRR TXLFNO\� ,Q IDFW� WKH VWRU\ RI WKH GLVFRYHU\
DQG FUHDWLRQ RI WKH &29,'��� YDFFLQDWLRQ VWDUWHG �� \HDUV DJR LQ D XQLYHUVLW\ ODERUDWRU\� DQG
WKH UHVHDUFK ZDV DOPRVW DEDQGRQHG DV LW ZDV QRW SURGXFLQJ DQ\ SUDFWLFDEOH UHVXOWV� 6R ZKDW
ORRNV�OLNH�UHDO�WLPH�DGYDQFHPHQWV�LV�EXLOW�RQ�D�ORQJ�KLVWRU\�

(YHQ WKRXJK WKH YDFFLQH ZDV GHYHORSHG RYHU WLPH� LWV UHOHDVH WR WKH JHQHUDO SXEOLF FRLQFLGHG
ZLWK WKH WROO WKDW &29,'��� ZDV WDNLQJ RQ WKH ZRUOGZLGH SRSXODWLRQ� 7KH YDFFLQH KDV VKRZQ
WR EH HIIHFWLYH DJDLQVW &29,'���� 6RPH SHRSOH EHOLHYH WKH YDFFLQH WR EH LQHIIHFWLYH EHFDXVH
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WKH 'HOWD YDULDQW FDQ VWLOO EH FDXJKW E\ YDFFLQDWHG SHRSOH LQ ZKDW KDV EHHQ FDOOHG
³EUHDNWKURXJK´ FDVHV� +RZHYHU� WKDW LV DJDLQ D FDVH RI PLVLQIRUPDWLRQ� 3HRSOH ZKR KDYH
UHFHLYHG WKH YDFFLQH �HYHQ MXVW RQH GRVH� DUH OHVV OLNHO\ WR VXIIHU VHULRXV FRPSOLFDWLRQV IURP
WKH�FRURQDYLUXV�

&RPS6WDW DQG WKH &29,'��� YDFFLQDWLRQ VKRZ SURJUHVV LQ WZR GLIIHUHQW OLJKWV� &RPS6WDW
DGYDQFHG TXLFNO\ WKURXJK DFKLHYLQJ UHVXOWV TXLFNO\� HYHQ WKRXJK WKH UHVXOWV LQ WKH ORQJ WHUP
HQGHG XS EHLQJ GHWULPHQWDO� &29,'��� YDFFLQDWLRQV ZHUH PDGH WKURXJK VORZ SORGGLQJ
SURJUHVV ZLWK WKH UHVXOWV QRW UHDFKLQJ IUXLWLRQ XQWLO WKHUH ZDV D UHDO QHHG IRU LW� 7KH PRQH\
EHLQJ PDGH E\ SKDUPDFHXWLFDO FRPSDQLHV ZKR DUH PDNLQJ ELOOLRQV IURP VHOOLQJ WKH YDFFLQH�
HYHQ DW D UHGXFHG FRVW� KDV PDGH D ORW RI SHRSOH ZDU\ RI WKH YDFFLQH� HYHQ WKRXJK WKH UHVXOWV
VR�IDU�DUH�H[FHOOHQW�DW�SUHYHQWLQJ�GHDWKV�

���,V�K\SHUVSHFLDOL]DWLRQ�JRRG�IRU�WKH�VFLHQFHV"

&RPS6WDW LV DOVR DQ H[DPSOH RI VFLHQWLILF K\SHUVSHFLDOL]DWLRQ� 6FLHQFH HYROYHV E\ VROYLQJ
SUREOHPV� EXW DV LW GRHV VR QHZ� PRUH QDUURZO\ FRQFHLYHG SUREOHPV DULVH� 7KLV OHDGV WR
VFLHQWLILF GLVFLSOLQHV VSOLWWLQJ LQWR VPDOOHU DQG VPDOOHU SDUWV WR FRQFHQWUDWH RQ SDUWLFXODU SDUWV
RI WKH SUREOHP� 7KH FULPH SUREOHP LQ 1HZ <RUN &LW\ KDG PDQ\ YDULDEOHV DIIHFWLQJ WKH
VLWXDWLRQ� WKH 1<3' GLG QRW WDNH DOO RI WKHVH LQWR WKHLU XQGHUVWDQGLQJ RI WKH SUREOHPV� 7KH
FUHDWRUV RI WKH &RPS6WDW SURJUDP GLG QRW FRQVLGHU RWKHU SV\FKRORJLFDO DVSHFWV� VXFK DV WKH
HIIHFW RI IHDU DQG GLVWUXVW RI WKH SROLFH E\ WKH SXEOLF� WKH SHRSOH WKH\ ZHUH WKHUH WR SURWHFW�
ZRXOG KDYH RQ WKH FRPPXQLW\ DV D ZKROH� $ WUXH XQGHUVWDQGLQJ RI WKH SUREOHP DQG WKH
GLIIHUHQW DVSHFWV QHHGHG WR LQFOXGH PDQ\ VFLHQWLILF GLVFLSOLQHV WR PDNH UHDO SURJUHVV LQ WKH
UHGXFWLRQ�RI�FULPH�DQG�PDNLQJ�WKH�FRPPXQLW\�IHHO�VDIH��6FKU\YHUV��������S����������

$V VFLHQFH VSOLWV LQWR VPDOOHU GLYLVLRQV� LW FUHDWHV PRUH H[SHUWV� H[SHUWV ZKR PD\ KDYH
FRQVLGHUDEOH NQRZOHGJH LQ RQH VPDOO DUHD� )RU H[DPSOH� ELRVHFXULW\ FRPHV XQGHU WKH VFLHQFH
RI ELRORJ\� EXW ZLWKLQ ELRVHFXULW\ LWVHOI WKHUH DUH VXEGLYLVLRQV ZKLFK D VFLHQWLVW FDQ VSHFLDOLVH
IXUWKHU� VXFK DV XQLYHUVLW\� FRUSRUDWH RU JRYHUQPHQW ODERUDWRULHV� DOO KDYH WKHLU RZQ YHUVLRQV
RI ELRVHFXULW\� 7KHQ WKHUH LV ELRVHFXULW\ DW WKH ERUGHUV� KD]DUGRXV JRRGV WUDQVSRUWDWLRQ� ORFDO
ELRVHFXULW\� LQWHUQDWLRQDO ELRVHFXULW\� MXVW WR QDPH D IHZ� 8VXDOO\� D VFLHQWLVW ZLOO KDYH VRPH
LGHD RI ZKDW PLJKW EH LQYROYHG LQ RWKHU DUHDV RI ELRVHFXULW\� EXW WKH\ ZLOO RQO\ EH DQ ³H[SHUW´
LQ�RQH�SDUWLFXODU�ELRVHFXULW\�DUHD�

:H QHHG DQ H[SHUW IRU MXVW DERXW HYHU\ GRPDLQ LQ RXU OLYHV� ,Q VRPH FDVHV� LW LV QRW KDUG WR
ZRUN RXW ZKDW VRUW RI H[SHUW \RX QHHG� VXFK DV ZKHQ \RX EXLOG D KRXVH� 8VXDOO\� \RX ZLOO
DSSURDFK D UHSXWDEOH EXLOGHU ZKRVH H[SHUWLVH KDV EHHQ FHUWLILHG E\ WKH EXLOGLQJ LQGXVWULHV
DVVRFLDWLRQ� 7KH EXLOGLQJ DVVRFLDWLRQ KDV H[SHUWV ZKR JXDUDQWHH WKDW WKH ZRUN EHLQJ FDUULHG
RXW E\ \RXU FHUWLILHG EXLOGHU ZLOO EH XS WR D FHUWDLQ VWDQGDUG� 7KLV LV WKH VDPH IRU HYHU\RQH
ZKR ZRUNV RQ \RXU KRXVH� SOXPEHUV� HOHFWULFLDQV� FRQFUHWH OD\HUV� SODVWHUHUV� SDLQWHUV� NLWFKHQ
PDNHUV DQG LQVWDOOHUV� HWF� $OO WKHVH SHRSOH DUH H[SHUWV LQ WKHLU RZQ WUDGH RU DUH EHLQJ
VXSHUYLVHG E\ DQ H[SHUW LQ WKDW WUDGH� +RZHYHU� WKH\ DUH RQO\ DQ H[SHUW LQ WKHLU RZQ SDUWLFXODU
WUDGH� \RX ZRXOG QRW H[SHFW WR JR WR \RXU SDUWLDOO\ EXLOW KRXVH DQG ILQG DQ HOHFWULFLDQ WU\LQJ WR
LQVWDOO�WKH�SOXPELQJ�

'RFWRUV DQG QXUVHV PXVW EH UHJLVWHUHG E\ WKH DSSURSULDWH H[SHUWV LQ WKHLU RZQ SURIHVVLRQV VR
WKH\ FDQ SUDFWLFH PHGLFLQH� %XW ZKDW KDSSHQV ZKHQ \RXU GRFWRU FRPHV DFURVV VRPHWKLQJ WKH\
FDQQRW WUHDW WKHPVHOYHV" 8VXDOO\� WKH\ VHQG \RX RQ WR DQRWKHU H[SHUW ZKR KDV VSHFLDOLVHG LQ D
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VPDOOHU DUHD RI PHGLFLQH� 6R� LI \RXU GRFWRU WKLQNV \RX KDYH D KHDUW SUREOHP� KH ZLOO VHQG \RX
WR D FDUGLRORJLVW� $OO RI WKHVH VSHFLDOLVWV RU H[SHUWV DUH VXSSRVHG WR NHHS XS WR GDWH ZLWK WKH
ODWHVW�UHVHDUFK�VR�WKDW�WKH\�FDQ�RIIHU�WKH�EHVW�DGYLFH�DQG�WUHDWPHQWV�WR�SDWLHQWV�

:H DUH OHG WR EHOLHYH WKDW WKHVH VSHFLDOLVWV DUH H[SHUWV LQ WKHLU ILHOG� EXW ZH DOVR NQRZ WKDW
WKHUH DUH VRPH GRFWRUV RU VXUJHRQV ZKR DUH EHWWHU WKDQ RWKHUV� :H RIWHQ VHHN DGYLFH IURP
RWKHU SHRSOH ZKR KDYH WKH VDPH GLVHDVH RU LVVXH ZH KDYH DV WR ZKR WKH\ ZRXOG UHFRPPHQG
WR JR DQG VHH� 6RPH SHRSOH GR QRW DVN� WKH\ MXVW WUXVW WKDW WKH VXUJHRQ WKH\ DUH VHQW WR ZLOO EH
DEOH WR GR ZKDW LV QHHGHG� VRPH SHRSOH OLNH WR DVN IULHQGV DQG WRGD\ \RX FDQ VHDUFK *RRJOH
IRU LQIRUPDWLRQ DERXW \RXU VXUJHRQ WR JHW EDVLF LQIRUPDWLRQ WR KHOS \RX PDNH \RXU FKRLFH�
+RZHYHU� DW WKH HQG RI WKH GD\ \RX KDYH WR WUXVW WKH VXUJHRQ \RX KDYH FKRVHQ� RU \RX ZLOO
QHYHU KDYH WKH RSHUDWLRQ \RX QHHG� &RPSDULQJ GRFWRUV KRZHYHU FDQ EH GLIILFXOW EHFDXVH HYHQ
WKRXJK \RX PLJKW KDYH WKH VDPH FRQGLWLRQ DV VRPHRQH HOVH \RX PD\ EH SUHVFULEHG GLIIHUHQW
PHGLFDWLRQ� 7KLV PD\ QRW EH EHFDXVH RQH PHGLFDWLRQ LV EHWWHU WKDQ DQRWKHU� EXW SHRSOH UHDFW
GLIIHUHQWO\ WR GLIIHUHQW PHGLFDWLRQV DQG ZKDW PLJKW EH VXLWDEOH IRU \RXU IULHQG PD\ QRW EH
VXLWDEOH�IRU�\RX�

���:KDW�GRHV�XQGHUVWDQGLQJ�DV�LQWHOOHFWXDO�YLUWXH�KDYH�WR�GR�ZLWK�ZLVGRP"

7KHUH LV RQH RWKHU TXDOLW\ WKDW 63 DV XQGHUVWDQGLQJ DV LQWHOOHFWXDO YLUWXH VKRXOG LQFOXGH DQG
WKDW LV ZLVGRP �5\DQ� ������ 6R� DW OHDVW RQH TXHVWLRQ , ZLOO KDYH WR FRQWHQG ZLWK LQ WKH WKHVLV
LV� ZLWK UHVSHFW WR VFLHQWLILF SURJUHVV� ZKDW LV ZLVGRP" )RU VFLHQFH� ZLVGRP DSSHDUV WR EH D
FRPELQDWLRQ RI NQRZOHGJH� XQGHUVWDQGLQJ� DQG UHVSRQVLELOLW\� +HUH LV D VLPSOH EXW SURIRXQG
H[DPSOH� :KHQ WKH ZDVKLQJ PDFKLQH ZDV LQYHQWHG� QRERG\ ORRNHG EH\RQG WKH FRQYHQLHQFH
RI VXFK DQ DPHQLW\� 1RERG\ WKRXJKW RI WKH GHWULPHQWDO LPSDFW WKDW WKH ZDVKLQJ PDFKLQH
PLJKW KDYH RQ WKH HQYLURQPHQW� 7KH PDFKLQH XVHV WR[LF FKHPLFDOV� FRQVXPHV QDWXUDO
UHVRXUFHV� DQG HPSOR\V FRSLRXV DPRXQWV RI ZDWHU ZLWK HDFK XVH� 7KH IRFXV RI PDQXIDFWXUHUV
KDV EHHQ RQ KHDOWK DQG FOHDQOLQHVV� ZKLFK KDV QRZ UHDFKHG WKH VWDJH WKDW KRXVHKROGV DUH
YLUWXDOO\ ����� JHUP IUHH� 7RGD\ ZLWK &29,'��� ZH GR KDYH WR EH PRUH YLJLODQW DJDLQVW
EULQJLQJ JHUPV LQWR WKH KRXVH� 6WLOO� ZH KDYH WR HYDOXDWH QRW RQO\ WKH EHQHILWV VXFK D
FRQYHQLHQFH ZLOO EULQJ ZLWK LW EXW WKH FRQVHTXHQFHV WKDW IROORZ IURP WKHP WRR� ,Q WKLV VHQVH�
63 DV XQGHUVWDQGLQJ LV SRVVLEOH RQO\ ZKHQ ZH KDYH D PRUH EDODQFHG YLHZ RI WKH H[SHULPHQWDO
UHVXOWV��,W�FDQQRW�DOZD\V�EH�DERXW�FRQYHQLHQFH�RU�RXU�SOHDVXUH�

6FLHQWLILF SURJUHVV QHHGV WR EH UH�HYDOXDWHG LQ WHUPV RI XQGHUVWDQGLQJ DQG WKH ZLVGRP EHKLQG
WKH SURJUHVV� ,I DOO ZH KDYH DFKLHYHG LV D JUHDWHU DELOLW\ WR GHVWUR\ RXUVHOYHV DQG RXU SODQHW
WKHQ�LV�LW�63�RU�D�YDLQ�DWWHPSW�WR�VD\�ZH�XQGHUVWDQG�ZKDW�ZH�DUH�GRLQJ"

���:KDW�LV�JDWHNHHSLQJ�DQG�LV�LW�DSSURSULDWH"

7KHUH PD\ EH D IHZ SHRSOH LQ WKH ZRUOG ZKR FDQ VLQJ H[TXLVLWHO\� SLFN XS DQ LQVWUXPHQW DQG
SOD\ LW DW D SURIHVVLRQDO OHYHO� ZULWH WKHLU RZQ PXVLF� FUHDWH� DQG FRQGXFW PXVLFDO
FRPSRVLWLRQV� DQG DFKLHYH WKH ODEHO RI PXVLFDO JHQLXV� 0RVW SHRSOH DUH FRQWHQW ZLWK FKRRVLQJ
RQH DUHD RI PXVLF WR H[FHO LQ� EHFDXVH WR EH WKH WRS RI DQ DUHD QHHGV KRXUV HYHU\ GD\ RI
SUDFWLFH DQG GHGLFDWLRQ� 6R� ZKLOH WKH\ PD\ EH SURILFLHQW LQ RWKHU DUHDV RI PXVLF� WKH\ XVXDOO\
KDYH RQH DVSHFW� OLNH VLQJLQJ� SLDQR� YLROLQ� WKDW WKH\ VSHFLDOLVHG LQ WR EHFRPH DQ H[SHUW DQG
ZHOO�NQRZQ�PXVLFLDQ�
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$Q 2UFKHVWUD FRQWDLQV PDQ\ GLIIHUHQW LQVWUXPHQWV� EXW HDFK SOD\HU XQGHUVWDQGV WKH EDVLF
ODQJXDJH WKH\ DOO VSHDN� PXVLF� 7KH\ FDQ DOO WDNH WKH PXVLF VKHHWV DQG UHDG WKHLU SDUW DPRQJVW
WKH PDQ\ RWKHUV� 7KH\ FDQ DOVR UHO\ RQ WKH &RQGXFWRU RI WKH RUFKHVWUD WR EULQJ WKHP LQ RQ
WLPH DQG NHHS HYHU\RQH SOD\LQJ DW WKH FRUUHFW WLPH� VSHHG� LQWHQVLW\� DQG YROXPH� 7KH\ GR QRW
QHHG WR NQRZ KRZ HYHU\ LQVWUXPHQW LQ WKH RUFKHVWUD LV SOD\HG� WKH\ MXVW QHHG WR EH SURILFLHQW
LQ WKHLU RZQ VSHFLDOW\ DQG EH DEOH WR UHDG WKH PXVLF DQG IROORZ WKH FRQGXFWRU� 7KH FRQGXFWRU
GRHV QRW QHFHVVDULO\ QHHG WR H[FHO LQ DQ\ SDUWLFXODU LQVWUXPHQW� EXW KH QHHGV WR EH DEOH WR
FRRUGLQDWH DOO WKH GLIIHUHQW PXVLFLDQV DQG LQVWUXPHQWV VR WKDW WKH\ SURGXFH D EHDXWLIXO
V\PSKRQ\ WKDW LV FRKHUHQW WR WKH OLVWHQHU� $ JRRG FRQGXFWRU ZLOO EH DEOH WR WDNH WKH ZULWWHQ
FRPSRVLWLRQ� DQG XVH WKH RUFKHVWUD� WR DWWDLQ WKH GHVLUHG HIIHFW RQ WKH OLVWHQHU WKDW WKH
FRPSRVHU�LQWHQGHG�

6FLHQFH LV OLNH DQ RUFKHVWUD� EXW DW WKH PRPHQW LW VHHPV LW LV ODFNLQJ WKH HVVHQWLDO FRQGXFWRU�
$V VFLHQFH EHFRPHV HYHQ PRUH K\SHUVSHFLDOL]HG� WKH GLIIHUHQW VXEGLVFLSOLQHV ZLWKLQ VFLHQFH
HLWKHU VWDUW LJQRULQJ RWKHU SDUWV RU FDQQRW HYHQ FRPSUHKHQG ZKDW RWKHU VXEGLVFLSOLQHV DUH
GRLQJ� HYHQ LI WKH\ FDQ VSHDN D FRPPRQ ODQJXDJH� 6FLHQWLVWV FDQQRW QHFHVVDULO\ WDON DFURVV
VXEGLVFLSOLQHV EHFDXVH HDFK VXEGLVFLSOLQH XVHV VSHFLDOLVHG YRFDEXODU\� 6XUH� WKH\ PD\ EH
IDPLOLDU ZLWK WKH EDVLF ODQJXDJH RI FRQGXFWLQJ VFLHQWLILF UHVHDUFK EXW WKDW PD\ QRW EH
VXIILFLHQW WR WDON DFURVV VXEGLVFLSOLQHV� 7KLV UHVXOWV LQ WKH RUFKHVWUD JHWWLQJ ZRHIXOO\ RXW RI
VWHS��LQFRKHUHQW�DQG�XQPHORGLRXV��DQG�WKLV�LV�RFFXUULQJ�LQ�VFLHQFH�

)RU 63 WR EH UHFRJQLVHG SURSHUO\ WKH ZKROH RI WKH QDUUDWLYH QHHGV WR EH YLHZHG XVLQJ
XQGHUVWDQGLQJ� +RZHYHU� , DP QRW WDONLQJ DERXW XQGHUVWDQGLQJ DW WKH LQVWUXPHQW OHYHO EXW DW
WKH OHYHO RI WKH FRQGXFWRU� 7KH FRQGXFWRU QHHGV WR NQRZ KRZ HDFK SLHFH RI WKH RUFKHVWUD ILWV
WRJHWKHU DQG EULQJ WKLQJV WRJHWKHU WKDW DSDUW ZRXOG VRXQG GUHDGIXO� ,Q VFLHQFH D FRQGXFWRU
ZRXOG EH JDWKHULQJ XS DOO WKH VWUDQGV RI GLIIHUHQW GLVFLSOLQHV DQG FR�RUGLQDWLQJ WKHP� DQG
ZRUNLQJ RXW ZKDW ZDV DSSURSULDWH IRU FRQWLQXLQJ VWXG\� 6RPHWLPHV WKH LQWURGXFWLRQ RI
GLIIHUHQW LQVWUXPHQWV LQWR D SDUWLFXODU RUFKHVWUD GRHV QRW ZRUN� VXFK DV D JXLWDU LQ D EUDVV
EDQG� 2WKHU WLPHV LQWURGXFLQJ VRPHWKLQJ FRPSOHWHO\ XQWKRXJKW RI FDQ KDYH H[WUDRUGLQDU\
UHVXOWV� ,W LV WKH UHVSRQVLELOLW\ RI WKH FRQGXFWRU WR KDYH WKLV XQGHUVWDQGLQJ VR WKH\ FDQ EULQJ
WKH ZKROH FRPSRVLWLRQDO SLHFH WRJHWKHU� %XW DW ZKDW OHYHO RI WKH VFLHQWLILF FRPPXQLW\ VKRXOG
WKH FRQGXFWRU EH SODFHG" 6KRXOG WKHUH EH RQH FRQGXFWRU RU PDQ\� 'R ZH UHTXLUH WKH VDPH
LQWHOOHFWXDO YLUWXHV RI HYHU\RQH� IRU H[DPSOH� WKH VFLHQWLVWV LQGLYLGXDOO\� RU GR ZH MXVW LQVLVW
WKDW WKH VFLHQWLILF FRPPXQLW\ DQG LWV OHDGHUV SRVVHVV WKH QHFHVVDU\ FKDUDFWHULVWLFV DQG WUDLWV RI
LQWHOOHFWXDO�YLUWXH"

6FLHQWLILF SURJUHVV VKRXOG WDNH VRPH RI WKH UHVSRQVLELOLW\ IRU ZKDW LW KDV SURGXFHG� 3URJUHVV
LPSOLHV VRPHWKLQJ JRRG� \RX KDYH SURJUHVVHG IURP D ORZ DELOLW\ WR D KLJKHU DELOLW\� %XW ZKDW
LI ZH WKRXJKW RI 63 GLIIHUHQWO\" :H GR QRW ZDQW WR JR EDFN WR WKH ZLWFK GRFWRU GD\V� EXW ZH
QHHG WR EH PRUH DZDUH RI ZKDW 63 LV GRLQJ DQG ZKDW QHHGV ZH DFWXDOO\ KDYH� 7KH EDWWOH RI
HXWKDQDVLD IRU WKRVH ZKR DUH G\LQJ LQ H[FUXFLDWLQJ SDLQ LV WKH UHVXOW RI 63� 7KRVH DJDLQVW
HXWKDQDVLD VWDWHG LW ZRXOG EH WKH VWDUW RI D VOLSSHU\ VORSH DOORZLQJ WKHVH SHRSOH WR FKRRVH
WKHLU RZQ GHDWK� DV LW ZRXOG HYHQWXDOO\ VWDUW WR LQFOXGH WR SHRSOH ZKR ZHUH G\LQJ KDYLQJ WR EH
HXWKDQLVHG ZKHWKHU WKH\ ZDQWHG WR RU QRW� +RZHYHU� WKH SURWHVWHUV GR QRW UHDOLVH WKH VOLSSHU\
VORSH VWDUWHG D ORQJ WLPH DJR ZKHQ GRFWRUV OHDUQW KRZ WR SURORQJ SHRSOH¶V OLYHV� HYHQ WKRXJK
WKH\ ZHUH WDNLQJ ORQJHU WR GLH DQG RIWHQ SDLQIXOO\ DQG LQ XQGLJQLILHG FLUFXPVWDQFHV� 63 QHHGV
WR EH UHXQLWHG ZLWK ZLVGRP DQG HWKLFV� :H QHHG WR ILQG D ZD\ RI PDNLQJ DGYDQFHV LQ VFLHQFH
WKDW EULQJ WR WKH ZRUOG D PRUH KROLVWLF YLHZ RI KRZ WKH ZRUOG ZRUNV DQG VWRS WU\LQJ WR EUHDN

��



LW GRZQ LQWR HYHU VPDOOHU SLHFHV� +RZ ELJ ZRXOG WKH RUFKHVWUD EH LI HYHU\ PXVLFLDQ
VSHFLDOLVHG�LQ�RQH�QRWH�ZLWKLQ�RQH�SLHFH�RI�PXVLF"

7KH PXVLF WKH RUFKHVWUD LV SOD\LQJ DOVR QHHGV WR PHDQ VRPHWKLQJ WR WKH DXGLHQFH� 7KH
DXGLHQFH QHHGV WR KHDU LW LQ D FRQWH[W WKH\ XQGHUVWDQG WR EH DEOH WR MXGJH ZKHWKHU WKH\ OLNH
WKH PXVLF RU QRW� 6RPHWLPHV WKH PXVLF LV SDUW RI WKH VWRU\� ZLWK DFWRUV� SLFWXUHV RU ZRUGV
KHOSLQJ WR FRQYH\ WKH VWRU\� RWKHU WLPHV WKH FRPSRVHU LV WHOOLQJ D VWRU\ MXVW XVLQJ WKH PXVLF
LWVHOI� :H DOO KDYH RXU IDYRXULWH PXVLF JHQUHV DQG WKRVH ZH GLVOLNH EXW PXVLF KDV D ELJ SODFH
LQ WKH ZRUOG OLNH VFLHQFH GRHV� -XVW DV ZH GR QRW OLNH VRPH JHQUHV RI PXVLF IRU GLIIHUHQW
UHDVRQV� ZH FDQ GLVOLNH FHUWDLQ DVSHFWV RI 63� 7KLV LV ZKHUH GLIIHUHQW GLVFLSOLQHV IURP VFLHQFH
PD\ EH DEOH WR KHOS� 7KH DUWV DQG VRFLDO VFLHQFHV KDYH WKHLU RZQ NQRZOHGJH DQG
XQGHUVWDQGLQJ DQG FDQ WHOO XV D JUHDW GHDO DERXW RXUVHOYHV DQG WKH ZRUOG ZH OLYH LQ� 7DNLQJ
WKHVH LQWR FRQVLGHUDWLRQ JLYHV XV WKH FRQWH[W ZH QHHG WR YLHZ SURJUHVV� MXVW DV ZH QHHG
FRQWH[W�WR�XQGHUVWDQG�DQG�HQMR\�GLIIHUHQW�W\SHV�RI�PXVLF�

6R� ZKLOH LW PLJKW EH QLFH� DV SKLORVRSKHUV� WR ZRUN RXW KRZ WR MXGJH 63 DQG OLPLW RXU
SHUVSHFWLYH WR FRJQLWLYH LPSURYHPHQW RQO\ WKHUH DUH PDQ\ RWKHU YDULDEOHV WKDW VKRXOG EH
LQFOXGHG� 7KLV ZLOO PDNH LW IDU PRUH GLIILFXOW WR MXGJH ZKDW LV 63 ZKHQ ZH LQFOXGH�
HFRQRPLFV� SROLWLFV� HGXFDWLRQ� SKLORVRSK\� VRFLRORJ\� SV\FKRORJ\� DQG KLVWRU\� +RZHYHU� LI
ZH ZDQW WR FODVVLI\ 63 DV DQ LQFUHDVH LQ XQGHUVWDQGLQJ ZH FDQQRW OLPLW XQGHUVWDQGLQJ WR D
PHUH FRJQLWLYH SHUVSHFWLYH� 7R ORRN DW 63 RQO\ IURP D FRJQLWLYH SHUVSHFWLYH LV WR MXVW VNLP
DFURVV�WKH�SUREOHP�ZLWKRXW�GHOYLQJ�LQWR�WKH�GHHS�XQGHUVWDQGLQJ�WKLV�WRSLF�UHTXLUHV�

, WKLQN 63 QHHGV WR EH YLHZHG WKURXJK XQGHUVWDQGLQJ� EXW DQ H[SDQGHG IRUP RI
XQGHUVWDQGLQJ� ,W VKRXOG LQFOXGH NQRZOHGJH� XQGHUVWDQGLQJ WKDW NQRZOHGJH� LQWHOOHFWXDO
YLUWXHV DQG ZLVGRP� ,W QHHGV WKH DELOLW\ WR VWDQG RXWVLGH WKDW SURJUHVV DQG DSSUHFLDWH ZKDW LWV
FRQVHTXHQFHV FRXOG PHDQ� E\ DGGUHVVLQJ LW DFURVV DOO VFLHQWLILF GLVFLSOLQHV� QRW MXVW WKH
VSHFLDOLVHG DUHD LW RFFXUUHG LQ� ,W QHHGV LQSXW IURP DUHDV WKDW DUH QRW XVXDOO\ FRQVLGHUHG
³VFLHQFH´� WKDW LV WKH DUWV DQG VRFLDO VFLHQFHV� 3URJUHVV QHHGV WR EH UHVSRQVLEOH DQG
DFFRXQWDEOH�
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0HWKRGRORJ\�	�)RUPV�RI�$QDO\VLV

3KLORVRSKLFDO UHVHDUFK WDNHV D GLIIHUHQW IRUP IURP PRVW UHVHDUFK LQ WKDW LW LV QRW XVXDOO\
FRQGXFWHG DV D ODERUDWRU\ H[SHULPHQW� 0\ UHVHDUFK ZLOO EH EDVHG RQ OLWHUDWXUH UHVHDUFK DQG
WKLQNLQJ DERXW WKH FXUUHQW DFFRXQWV RI 63 DQG KRZ WKH\ FRXOG EH LPSURYHG XVLQJ UHVHDUFK
IURP WKH DUHD RI YLUWXH HSLVWHPRORJ\� 7KLV ZLOO EH PRVWO\ E\ FRQFHSWXDO DQDO\VLV� XVLQJ ORJLF
DQG WKRXJKW H[SHULPHQWV RU DQDORJLHV WR GHILQH D QHZ DFFRXQW RI 63 WKDW LQFOXGHV LQWHOOHFWXDO
YLUWXHV�

6LQFH P\ VWXG\ ZLOO QRW LQYROYH UHVHDUFK RQ KXPDQ SDUWLFLSDQWV DQG VLQFH LW ZLOO QRW LQYROYH
WKH H[SORUDWLRQ RI VHQVLWLYH VXEMHFW PDWWHUV� , ZLOO QRW UHTXLUH HWKLFDO DSSURYDO DV , ZLOO QRW EH
FRQGXFWLQJ�DQ\�H[SHULPHQWV�WKDW�ZRXOG�UHTXLUH�SDUWLFLSDWLRQ�IURP�KXPDQ�EHLQJV�RU�DQLPDOV�
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7KHVLV�2XWOLQH

7KH WKHVLV ZLOO EH GLYLGHG LQWR WZR VHFWLRQV� �$� *URXQGZRUN IRU DQ $FFRXQW RI 6FLHQWLILF
3URJUHVV DQG �%� 6FLHQWLILF 3URJUHVV DV 9LUWXRXV 8QGHUVWDQGLQJ� 3DUW $ ZLOO EH FRPSRVHG RI
&KDSWHUV���WKURXJK����DQG�3DUW�%�ZLOO�EH�FRPSRVHG�RI�&KDSWHUV���WKURXJK����

&KDSWHU�� ,QWURGXFWLRQ

,Q WKLV FKDSWHU� , ZLOO LQWURGXFH WKH SUREOHP RI VFLHQWLILF SURJUHVV�63�� 7R GR WKDW , ZLOO KDYH
WR PRWLYDWH P\ SURMHFW E\ FDOOLQJ RQ VRPH H[DPSOHV RI WKH ZD\ ZH FXUUHQWO\ DSSUHFLDWH 63�
7KH GLVFXVVLRQ ZLOO LQYROYH VXPPDULVLQJ VRPH IDPRXV H[DPSOHV IURP WKH OLWHUDWXUH� DV ZHOO
DV RXWOLQLQJ VRPH VSHFLILF FDVHV WKDW DUH QRW QRUPDOO\ LQFOXGHG LQ GLVFXVVLRQ RI 63� 2QH
GHILFLHQF\ RI WKH OLWHUDWXUH RQ 63 LV LWV RYHUO\ QDUURZ FRQFHSWLRQ RI ZKDW FRXQWV DV VFLHQFH�
7R P\ PLQG� WKH OLWHUDWXUH KDV EHHQ WRR IRFXVHG XSRQ ODUJH ZRUNV RI VFLHQFH� UDWKHU WKDQ RQ
FRPPRQ HYHU\GD\ SUREOHPV RI HQJLQHHULQJ WKDW FRQWULEXWH WR RXU DSSUHFLDWLRQ RI 63� , ZLOO
WKHQ DVN VRPH TXHVWLRQV DERXW WKHVH H[DPSOHV DQG WKH SUREOHPV FUHDWHG ZKHQ DOO WKH IDFWRUV
LQYROYHG DUH QRW FRQVLGHUHG DGHTXDWHO\� )LQDOO\� WKH FKDSWHU ZLOO HQG ZLWK D VXPPDU\ RI ZKDW
,�ZLOO�GR�LQ�WKH�UHPDLQGHU�RI�WKH�WKHVLV�

&KDSWHU�� 6HPDQWLF�9HULVLPLOLWXGH�$FFRXQW�RI�6FLHQWLILF�3URJUHVV

,Q WKLV FKDSWHU , ZLOO FRQGXFW D OLWHUDWXUH UHYLHZ RI WKH VHPDQWLF DFFRXQW RI 63� 7KLV ZLOO VWDUW
ZLWK .DUO 3RSSHU¶V RULJLQDO DFFRXQW DQG ORRN DW DFFRXQWV WKDW DWWHPSW WR VXSSRUW 3RSSHU¶V
DFFRXQW� 3RSSHU¶V DFFRXQW RI 63 LV UHIHUUHG WR DV WKH VHPDQWLF RU YHULVLPLOLWXGH DFFRXQW�
ZKLFK ORRNV DW VFLHQFH DV JHWWLQJ HYHU FORVHU WR WKH WUXWK� 6FLHQWLILF SURJUHVV LQ WKLV DFFRXQW
PHDQV WKDW D QHZ WKHRU\� WKDW UHSODFHV RU DGGV WR DQ ROGHU WKHRU\� EULQJV XV FORVHU WR WKH WUXWK�
'DYLG 0LOOHU DQG 3DYHO 7LFKĨ DUJXHG WKDW 3RSSHU¶V DFFRXQW RI DSSUR[LPDWH WUXWK IDLOHG WR
FRQVLGHU WKH VLWXDWLRQ WKDW PRVW WKHRULHV DUH HYHQWXDOO\ SURYHQ WR EH IDOVH� ,I ERWK WKHRULHV DUH
IDOVH� \RX FDQQRW PDNH D FRPSDULVRQ EHWZHHQ WKRVH WKHRULHV WR ZRUN RXW ZKLFK RQH LV FORVHU
WR WKH WUXWK DV QHLWKHU FRQWDLQV DQ\ WUXWK� *UDKDP 2GGLH DQG ,ONND 1LLQLOXRWR ERWK DUJXHG WKDW
3RSSHU¶V DFFRXQW FRXOG VWLOO EH XVHG LI DOWHUHG VOLJKWO\ WR EUHDN GRZQ WKHRULHV LQWR
FRPSRQHQWV DQG WKHQ ZRUN RXW KRZ PDQ\ FRPSRQHQWV LQ WKH WKHRU\ ZHUH IDFWXDO� 7KHQ WKH
WKHRULHV�FRXOG�EH�FRPSDUHG�WR�VHH�ZKLFK�KDG�PRUH�FRPSRQHQWV�RI�WUXWK�ZLWKLQ�LW�

&KDSWHU�� )XQFWLRQDO�$FFRXQW�RI�6FLHQWLILF�3URJUHVV

&KDSWHU � ZLOO EH D OLWHUDWXUH UHYLHZ RI WKH IXQFWLRQDO DFFRXQW RI 63� 7KLV ZLOO EHJLQ ZLWK DQ
RYHUYLHZ RI 7KRPDV .XKQ¶V� 7KH 6WUXFWXUH RI 6FLHQWLILF 5HYROXWLRQV ������� DQG ORRN DW
DFFRXQWV WKDW DWWHPSW WR VXSSRUW KLV DFFRXQW� .XKQ¶V IXQFWLRQDO DFFRXQW SLYRWV DURXQG WKH
DELOLW\ RI VFLHQFH WR VROYH SX]]OHV DQG SUREOHPV� ,I D QHZ WKHRU\ VROYHV PRUH SUREOHPV DQG
SX]]OHV WKDQ D SUHYLRXV RQH WKHQ WKLV VKRXOG EH FRQVLGHUHG 63� +H LQWURGXFHG WKH FRQFHSW RI
³LQFRPPHQVXUDELOLW\´ �%LUG� ����� 3UHVWRQ� ������ ZKLFK VKRZHG WKDW GLIIHUHQW WKHRULHV
FRXOG EH GLIILFXOW WR FRPSDUH EHFDXVH WKH\ ZHUH VR FRPSOHWHO\ GLIIHUHQW� .XKQ ZDV DOVR WKH
ILUVW WR XVH WKH SKUDVH ³SDUDGLJP´� DOWKRXJK LQ KLV ODWHU ZRUN KH PDLQWDLQHG WKDW WKH ZD\ WKH
ZRUG ZDV QRZ EHLQJ XVHG ZDV QRW ZKDW KH LQWHQGHG� $OH[DQGHU %LUG DUJXHV WKDW .XKQ¶V
DFFRXQW RI ³EHLQJ DEOH WR VROYH PRUH SUREOHPV DQG SX]]OHV´ LV LWVHOI SUREOHPDWLFDO EHFDXVH
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RIWHQ QHZ WKHRULHV FUHDWH PRUH SUREOHPV DQG SX]]OHV WR DQVZHU� DQG DUH ZH ORRNLQJ DW WKH ELJ
SUREOHPV�RU�WKH�OLWWOH�SUREOHPV�ZKHQ�ZH�WU\�WR�FRXQW�WKHP�

&KDSWHU�� (SLVWHPLF�$FFRXQW�RI�6FLHQWLILF�3URJUHVV

,Q WKLV FKDSWHU , ZLOO FRQGXFW D OLWHUDWXUH UHYLHZ RI WKH HSLVWHPLF DFFRXQW RI 63� 7KLV ZLOO
LQYROYH VHYHUDO GLIIHUHQW SKLORVRSKHUV� VWDUWLQJ ZLWK $OH[DQGHU %LUG DQG 6HXQJEDH 3DUN� %LUG
DQG 3DUN¶V HSLVWHPLF DFFRXQW VXSSRUWV WKH FRQFHSW WKDW 63 LV PHDVXUHG ZKHQ ZH FDQ VD\ ZH
KDYH DFFXPXODWHG PRUH NQRZOHGJH� 3DUN DGGHG WR DQG WULHG WR VWUHQJWKHQ %LUG¶V RULJLQDO
DFFRXQW E\ LQFOXGLQJ ZKDW KH FDOOHG ³PHDQV�WR�DQ�HQG´ DGYDQFHV� ZKHUH OLWWOH DGYDQFHV DUH
PDGH WKDW FRQWULEXWH WR D PXFK ODUJHU LQFUHDVH LQ NQRZOHGJH� 7KHUH LV VRPH GHEDWH RYHU WKLV
DFFRXQW DV WKH\ KDYH QRW SURYLGHG D GHILQLWLRQ RI NQRZOHGJH� ,ONND 1LLQLOXRWR SURYLGHV WKH
GHILQLWLRQ WKDW NQRZOHGJH LV MXVWLILHG WUXH EHOLHI� DQG LI WKLV LV WKH FDVH WKHQ WKH HSLVWHPLF
DFFRXQW ZRXOG VXIIHU IURP WKH VDPH SUREOHPV DV WKH VHPDQWLF DFFRXQW� , ZLOO DOVR EH ORRNLQJ
DW 'DUUHOO 5RZERWWRP ZKR DUJXHV DJDLQVW WKH HSLVWHPLF DFFRXQW LI NQRZOHGJH LV WDNHQ WR EH
MXVWLILHG WUXH EHOLHI� )LQQXU 'HOOVpQ DOVR DUJXHV DJDLQVW WKH HSLVWHPLF DFFRXQW DV KH WKLQNV
DFFXPXODWLQJ NQRZOHGJH GRHV QRW PHDVXUH 63 LI ZH GR QRW IXOO\ XQGHUVWDQG WKH NQRZOHGJH
ZH�KDYH�JDLQHG�

&KDSWHU�� 1RHWLF�$FFRXQW�RI�6FLHQWLILF�3URJUHVV

,Q WKLV FKDSWHU , ZLOO FRQGXFW D OLWHUDWXUH UHYLHZ RI WKH QRHWLF DFFRXQW RI 63� 7KLV ZLOO PRVWO\
EH RQ WKH ZRUN E\ )LQQXU 'HOOVpQ DV WKLV LV D IDLUO\ QHZ DFFRXQW WR WKH OLWHUDWXUH� +H DUJXHV
WKDW DQ LQFUHDVH LQ XQGHUVWDQGLQJ RI WKH NQRZOHGJH ZH KDYH LV ZKDW FRQVWLWXWHV 63� +H PDNHV
D FDVH IRU XQGHUVWDQGLQJ DV LW GRHV QRW UHTXLUH MXVWLILHG WUXH EHOLHI LQ WKH ZD\ NQRZOHGJH GRHV�
+RZHYHU� , IHHO KH GRHV QRW PDNH KLV DFFRXQW RI XQGHUVWDQGLQJ VWURQJ HQRXJK DQG , WKLQN LW
QHHGV�H[SDQGLQJ��ZKLFK�LV�ZKDW�,�ZLOO�EH�ORRNLQJ�DW�LQ�WKLV�FKDSWHU�DV�ZHOO�

&KDSWHU�� 9LUWXH�(SLVWHPRORJ\

,Q WKLV FKDSWHU , ZLOO FRQGXFW D OLWHUDWXUH UHYLHZ RI YLUWXH HSLVWHPRORJ\� IRFXVLQJ RQ KRZ WKH
LQWHOOHFWXDO YLUWXHV DUH GHSOR\HG LQ YLUWXH UHVSRQVLELOLVP� 7KHUH DUH D ORW RI GLIIHUHQW DVSHFWV
WR YLUWXH HSLVWHPRORJ\ EXW , ZLOO EH FRQFHQWUDWLQJ RQ LQWHOOHFWXDO YLUWXH WKURXJK WKH OHQV RI
YLUWXH UHVSRQVLELOLVP ZKLFK ZLOO LQYROYH SHUVSHFWLYHV IURP (UQHVW 6RVD� +HDWKHU %DWWDO\� DQG
/LQGD =DJ]HEVNL� , ZLOO DOVR ORRN DW VRPH RI WKH ZRUN WKDW KDV EHHQ GRQH RQ LQGLYLGXDO
FKDUDFWHULVWLFV DQG WUDLWV WKDW DUH DOLJQHG ZLWK LQWHOOHFWXDO YLUWXH� VXFK DV RSHQ�PLQGHGQHVV�
LQWHOOHFWXDO KRQHVW\� LQWHOOHFWXDO DXWRQRP\� DQG LQWHOOHFWXDO FXULRVLW\� 7KLV UHYLHZ ZLOO IRUP
WKH�IRXQGDWLRQ�RI�P\�DFFRXQW�RI�63�DV�YLUWXRXV�XQGHUVWDQGLQJ�

&KDSWHU�� &DXVHV�%HKLQG�DQG�)DLOXUHV�RI�6FLHQWLILF�3URJUHVV

,Q WKLV FKDSWHU� , ZLOO EH ORRNLQJ DW GLIIHUHQW IDFWRUV WKDW FDQ LQIOXHQFH 63 LQ QHJDWLYH DQG
SRVLWLYH ZD\V� , WKLQN WKDW DVVHVVLQJ 63 IURP D SXUHO\ FRJQLWLYH SHUVSHFWLYH GRHV QRW JLYH XV
WKH DELOLW\ WR GLVFHUQ EHWZHHQ JRRG DQG EDG 63� , ZLOO EH FRQVLGHULQJ RWKHU DVSHFWV WKDW LPSDFW
RQ VFLHQWLILF UHVHDUFK� VXFK DV� ELDVHV� HFRQRPLFV� VRFLDO SUHVVXUH� HGXFDWLRQ� FXOWXUH DQG
SXEOLF UHODWLRQV� , ZLOO DOVR EH FRQVLGHULQJ KRZ K\SHUVSHFLDOL]DWLRQ DQG FRQVLOLHQFH LQ VFLHQFH
FDQ SRVLWLYHO\ DQG QHJDWLYHO\ DIIHFW 63� 3DUW RI WKLV FKDSWHU ZLOO FRQWHQG ZLWK VFLHQFH DV D
FRPPXQLW\ DQG VRFLDO HIIRUW� VLQFH YHU\ IHZ VFLHQWLVWV ZRUN DORQH RQ DQ\ JLYHQ SUREOHP� ,

��



ZLOO EH ORRNLQJ DW GLIIHUHQW ELDV HIIHFWV� VXFK DV WKH 0DWWKHZV HIIHFW� FRQILUPDWLRQ ELDV DQG
QHJOHFW� SUHVWLJH ELDV� DQG WKH PLVXVH RI VFLHQFH� $OVR HFRQRPLFV� ZKLFK LQFOXGHV KRZ
VFLHQWLVWV JHW IXQGLQJ IRU WKHLU UHVHDUFK DQG WKH ILQDQFLDO UHWXUQV UHVHDUFK FDQ JLYH ELJ
FRPSDQLHV� +LJKOLJKWLQJ DOO RI WKHVH LQIOXHQFHV RQ 63 VKRXOG VKRZ WKDW WKH FXUUHQW DFFRXQWV
RI�63�DUH�LQDGHTXDWH�DQG�QHHG�H[SDQGLQJ�

&KDSWHU��������6FLHQWLILF�3URJUHVV�DV�8QGHUVWDQGLQJ

:H KDYH D ORW RI DFFXPXODWHG NQRZOHGJH� WKLQJV WKDW ZH NQRZ ZRUN� EXW RIWHQ ZH GR QRW
XQGHUVWDQG ZK\ LW ZRUNV� , WKLQN WKLV FDQ EH D GDQJHURXV VLWXDWLRQ LI ZH GR QRW FRPSOHWHO\
XQGHUVWDQG WKH FRQVHTXHQFHV RI ZKDW ZH DUH GRLQJ� :H PD\ KDYH WR DFFHSW WKDW ZH ZLOO QHYHU
DFTXLUH D FRPSOHWH NQRZOHGJH RI RXU ZRUOG WKURXJK VFLHQFH� EXW VFLHQFH PD\ DOORZ XV WR
KDYH D EHWWHU XQGHUVWDQGLQJ� LI XVHG FRUUHFWO\� 8QGHUVWDQGLQJ VXSHUVHGHV NQRZOHGJH ZKHQ
DVVHVVLQJ 63� EXW WKH WZR DUH LQH[WULFDEO\ ERXQG WRJHWKHU LQ D F\FOH RI JDLQLQJ NQRZOHGJH�
XQGHUVWDQGLQJ WKDW NQRZOHGJH� ZKLFK OHDGV WR PRUH NQRZOHGJH� +RZHYHU� ZLWKRXW
XQGHUVWDQGLQJ NQRZOHGJH LWVHOI LV QRW VXIILFLHQW DV D PHDVXUHPHQW RI 63� 8QGHUVWDQGLQJ
QHHGV WR EH H[SDQGHG XSRQ IURP WKH 1RHWLF DFFRXQW WR D FRPSUHKHQVLYH H[SODQDWLRQ RI ZKDW
LW�UHDOO\�PHDQV�WR�XQGHUVWDQG�VRPHWKLQJ�LQ�VFLHQFH��DQG�KRZ�WKDW�LV�RQH�SDUW�RI�PHDVXULQJ�63�

&KDSWHU�� 8QGHUVWDQGLQJ�DV�9LUWXH

8QGHUVWDQGLQJ� DV LW KDV EHHQ FRQFHLYHG E\ 'HOOVpQ IRU H[DPSOH� LV QRW HQRXJK LI LW LV QRW
VXSSRUWHG E\ LQWHOOHFWXDO YLUWXHV� 7DNLQJ YLUWXH UHVSRQVLELOLVP ZKLFK ORRNV DW WKH LQWHOOHFWXDO
YLUWXHV� YLUWXH XQGHUVWDQGLQJ FRXOG EH LQFOXGHG� 9LUWXH UHVSRQVLELOLVP ORRNV DW FKDUDFWHULVWLFV
VXFK DV RSHQ�PLQGHGQHVV� LQWHOOHFWXDO KRQHVW\� LQWHOOHFWXDO FXULRVLW\� LQWHOOHFWXDO DXWRQRP\�
DQG LQWHOOHFWXDO KXPLOLW\� DOO RI ZKLFK FRXOG FRQWULEXWH WR D WKHRU\ RI YLUWXRXV LQWHOOHFWXDO
XQGHUVWDQGLQJ� ZKLFK , WKLQN ZRXOG DGG D GLPHQVLRQ WKDW LV FXUUHQWO\ PLVVLQJ IURP DQ\
DFFRXQW�RI�63�

&KDSWHU�������6FLHQWLILF�3URJUHVV�DV�9LUWXRXV�8QGHUVWDQGLQJ

,Q WKLV ODVW FKDSWHU , ZLOO FRPSOHWH D VXPPDU\ RI DOO WKH DUJXPHQWV DQG SUHVHQW D SRVVLEOH
DFFRXQW IRU 63 WKDW LQFOXGHV YLUWXRXV XQGHUVWDQGLQJ DV D FKDUDFWHULVWLF RU WUDLW WKDW VFLHQWLVWV
DQG VFLHQWLILF FRPPXQLWLHV QHHG WR SRVVHVV IRU VFLHQWLILF GLVFRYHULHV WR OHDG WR JHQXLQH
SURJUHVV� 5HDVVHVVLQJ KRZ ZH MXGJH 63 ZLWK WKH DGGLWLRQ RI YLUWXRXV XQGHUVWDQGLQJ ZLOO
KRSHIXOO\ PHDQ WKDW UHVHDUFK LV FRQGXFWHG UHVSRQVLEO\� UHVXOWV FRPPXQLFDWHG LQ D PDQQHU
XQGHUVWDQGDEOH WR DOO� DQG UHVSRQVLEO\ XVHG LI DSSOLFDEOH� 7KLV ZRXOG LQFUHDVH SHRSOH¶V WUXVW
LQ VFLHQFH DQG DFNQRZOHGJH ZKDW LW KDV WKH DELOLW\ WR DFKLHYH DQG ZKDW LW FDQQRW DFKLHYH� ,W
ZRXOG DOVR DFNQRZOHGJH WKDW PRVW 63 LV D WHPSRUDU\ VWHS� WKDW FRXOG EH ZURQJ� XQWLO WKH QH[W
UHVXOWV�RI�QHZ�UHVHDUFK�DUULYH�

,Q�D�SHUIHFW�ZRUOG�VFLHQWLVWV�DQG�VFLHQWLILF�FRPPXQLWLHV�ZRXOG�UHDFK�WKH�YLUWXRXV�VWDQGDUG�RI
ZLVGRP��DQG�DFNQRZOHGJH�WKDW�HYHQ�ZKHQ�VFLHQFH�VKRZV�XV�ZH�FDQ�GR�VRPHWKLQJ�LW�GRHV�QRW
PHDQ�ZH�VKRXOG�GR�LW�

��



5HVRXUFH�5HTXLUHPHQWV
5HVHDUFK LQ 3KLORVRSK\ GRHV QRW UHTXLUH PDQ\ UHVRXUFHV DV LW LV PRVWO\ D FRJQLWLYH DFWLYLW\� ,
ZLOO UHTXLUH DFFHVV WR WKH 8QLYHUVLW\ RI :DLNDWR /LEUDU\ DQG GDWDEDVHV� DQ RIILFH ZLWK
FRPSXWHU�DQG�LQWHUQHW�DFFHVV�

, ZLOO DWWHQG FRQIHUHQFHV ORFDOO\ DQG LQWHUQDWLRQDOO\� :KHUH SRVVLEOH� , ZLOO VHHN H[WHUQDO
IXQGLQJ WR FRYHU WKH FRVWV DVVRFLDWHG ZLWK DWWHQGLQJ FRQIHUHQFHV� 'XH WR WKH FXUUHQW VLWXDWLRQ
ZLWK &29,'��� LW LV SUREDEOH WKDW QR WUDYHO PD\ EH SRVVLEOH DQG FRQIHUHQFHV ZLOO EH DWWHQGHG
E\�=RRP�PHHWLQJV�
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7LPHWDEOH�IRU�WKH�SURMHFW

Ɣ 3DUW�$��7KH�*URXQGZRUN�IRU�DQ�$FFRXQW�RI�6FLHQWLILF�3URJUHVV

ż &RPSOHWH�&KDSWHU�����GUDIWV��-XQH�����

ż &RPSOHWH�&KDSWHU���GUDIW��'HFHPEHU�����

Ɣ 3DUW�%��6FLHQWLILF�3URJUHVV�DV�9LUWXRXV�8QGHUVWDQGLQJ

ż &RPSOHWH�&KDSWHU���GUDIW��'HFHPEHU�����

ż &RPSOHWH�&KDSWHU���GUDIW��0DUFK�����

ż &RPSOHWH�&KDSWHU���GUDIW��-XQH�����

ż &RPSOHWH�&KDSWHU����GUDIW��2FWREHU�����

Ɣ &RPSOHWH�,QWURGXFWLRQ�DQG�&RQFOXVLRQ��'HFHPEHU�����

Ɣ 5HYLHZ��HGLW�DQG�ILQDOLVH�WKHVLV��)HEUXDU\�����

Ɣ &RPSOHWH�ILQDO�UHYLVLRQV��$SULO�����

Ɣ 6XEPLW�WKHVLV��0D\�����
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%LEOLRJUDSK\
%DFK� -��)� ������� ³7KH +\JLHQH +\SRWKHVLV LQ $XWRLPPXQLW\� 7KH 5ROH RI 3DWKRJHQV DQG

&RPPHQVDOV�´ 1DWXUH�UHYLHZV��,PPXQRORJ\�����������������

%DWWDO\��+����������³9LUWXH�(SLVWHPRORJ\�´ 3KLORVRSK\ &RPSDVV� ��������������

%LUG��$����������³:KDW�,V�6FLHQWLILF�3URJUHVV"´ 1RXV� �������������

%LUG� $OH[DQGHU� �7KRPDV .XKQ�� 7KH 6WDQIRUG (QF\FORSHGLD RI 3KLORVRSK\ �:LQWHU ����
(GLWLRQ�� (GZDUG 1� =DOWD �HG��� 85/  
�KWWSV���SODWR�VWDQIRUG�HGX�DUFKLYHV�ZLQ�����HQWULHV�WKRPDV�NXKQ�!�

&DUOVRQ��:��%��������� 7HVOD���,QYHQWRU�RI�WKH�(OHFWULFDO $JH��3ULQFHWRQ�8QLYHUVLW\�3UHVV�

&RGH�/�������� ³7RZDUG D µ5HVSRQVLELOLVW¶ (SLVWHPRORJ\�´ 3KLORVRSK\ DQG
3KHQRPHQRORJLFDO�5HVHDUFK� �������������

&RVWD� 1� &� $� G�� 	 )UHQFK� 6� ������� 6FLHQFH DQG 3DUWLDO 7UXWK� $ 8QLWDU\ $SSURDFK WR
0RGHOV�DQG�6FLHQWLILF�5HDVRQLQJ��2[IRUG�8QLYHUVLW\ 3UHVV�

&UDQIRUG� 6� ������� ³7KH 3XUVXHG� WKH 3XUVXLQJ� DQG 8QFRQVFLRXV 3UHVWLJH %LDV�´ 0DWWHU�
����������������

'HOOVpQ� )� ������� ³6FLHQWLILF 3URJUHVV� .QRZOHGJH 9HUVXV 8QGHUVWDQGLQJ�´ 6WXGLHV LQ
+LVWRU\�DQG�3KLORVRSK\�RI�6FLHQFH�3DUW�$������������

'HOOVpQ��)����������³6FLHQWLILF�3URJUHVV��)RXU�$FFRXQWV�´ 3KLORVRSK\�&RPSDVV��������

1= 'RFWRU 7HDP� �Q�G��� ³7LPHOLQH � &RURQDYLUXV�´ 1= 'RFWRU :HESDJH
KWWSV���ZZZ�Q]GRFWRU�FR�Q]�WLPHOLQH�FRURQDYLUXV

(OJLQ��&��=��������� 7UXH�(QRXJK��&DPEULGJH��8.��7KH 0,7�3UHVV�

)HUQiQGH]� -�5� ������� ³$ 9LQGLFDWLRQ RI .DQWLDQ (XFOLGHDQ 6SDFH�´ 7HRUDPD ��������
��������

*ROGPDQ��$��,��������� 'LVFULPLQDWLRQ�DQG�3HUFHSWXDO .QRZOHGJH��%HUOLQ��'H�*UX\WHU�

*UHFR� -� ������� ³7KH 1DWXUH RI $ELOLW\ DQG WKH 3XUSRVH RI .QRZOHGJH�´ 3KLORVRSKLFDO
,VVXHV� ���������

+HOPKROW]� +� ������� ³(SLVWHPRORJLFDO :ULWLQJV�´ ,Q %RVWRQ 6WXGLHV LQ WKH 3KLORVRSK\ RI
6FLHQFH ���������������

+HWKHULQJWRQ� 6� &� ������� 7KH *HWWLHU 3UREOHP� &DPEULGJH� 8.� &DPEULGJH 8QLYHUVLW\
3UHVV�

+RRNZD\� &� ������� +RZ WR EH D 9LUWXH (SLVWHPRORJLVW� ,Q ,QWHOOHFWXDO 9LUWXH� 2[IRUG
8QLYHUVLW\�3UHVV����������

��



.DQW� ,� ������������ &ULWLTXH RI 3XUH 5HDVRQ� 3� *X\HU DQG $�:� :RRG� WUDQV� DQG HGV�
&DPEULGJH��8.��&DPEULGJH�8QLYHUVLW\�3UHVV�

.XKQ� 7� 6� ������� 7KH 6WUXFWXUH RI 6FLHQWLILF 5HYROXWLRQV� �QG HG� &KLFDJR� 8QLYHUVLW\ RI
&KLFDJR�3UHVV�

0DXVNRS� 6� ������� ³5LFKDUG .LUZDQ
V 3KORJLVWRQ 7KHRU\� ,WV 6XFFHVV DQG )DWH�´ $PEL[�
���������������

0HUWRQ� ������� 7KH 0DWWKHZ (IIHFW LQ 6FLHQFH� 6FLHQFH �$PHULFDQ $VVRFLDWLRQ IRU WKH
$GYDQFHPHQW�RI�6FLHQFH�� �������������±���

0LOOJUDP��(��������� +DUG�7UXWKV��2[IRUG��:LOH\�%ODFNZHOO�

0LOOJUDP� (� ������� 7KH *UHDW (QGDUNHQPHQW� 3KLORVRSK\ LQ DQ $JH RI +\SHUVSHFLDOL]DWLRQ�
2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV�

0LQLVWU\ 2I +HDOWK ������� 6LQJOH FDVH RI &29,'��� FRQILUPHG LQ 1HZ =HDODQG�
KWWSV���ZZZ�KHDOWK�JRYW�Q]�QHZV�PHGLD�PHGLD�UHOHDVHV�VLQJOH�FDVH�FRYLG����FRQILUPHG�Q
HZ�]HDODQG

0RQWPDUTXHW� -� ������� ³(SLVWHPLF 9LUWXH DQG 'R[DVWLF 5HVSRQVLELOLW\�´ $PHULFDQ
3KLORVRSKLFDO�4XDUWHUO\� ���������������

1LLQLOXRWR��,��������� ,V�6FLHQFH�3URJUHVVLYH" 'RUGUHFKW� 6SULQJHU�

1LLQLOXRWR��,��������� 7UXWKOLNHQHVV��'RUGUHFKW��6SULQJHU�

1LLQLOXRWR� ,� ������� ³6FLHQWLILF 3URJUHVV DV ,QFUHDVLQJ 9HULVLPLOLWXGH�´ 6WXGLHV LQ +LVWRU\
DQG�3KLORVRSK\�RI�6FLHQFH������������

1LLQLOXRWR� ,ONND� �6FLHQWLILF 3URJUHVV�� 7KH 6WDQIRUG (QF\FORSHGLD RI 3KLORVRSK\ �:LQWHU
���� (GLWLRQ�� (GZDUG 1� =DOWD �HG��� 85/  
�KWWSV���SODWR�VWDQIRUG�HGX�DUFKLYHV�ZLQ�����HQWULHV�VFLHQWLILF�SURJUHVV�!�

1XODQG� 6� %� ������� 7KH 'RFWRUV¶ 3ODJXH� *HUPV� &KLOGEHG )HYHU� DQG WKH 6WUDQJH 6WRU\ RI
,JQDF�6HPPHOZHLV��1HZ�<RUN��:�:��1RUWRQ�	�&RPSDQ\�

2
&RQQRU� &�� 	 :HDWKHUDOO� -� 2� ������� 7KH 0LVLQIRUPDWLRQ $JH� +RZ )DOVH %HOLHIV
6SUHDG��1HZ�+DYHQ��&7��<DOH�8QLYHUVLW\�3UHVV�

2GGLH� *� ������� ³9HULVLPLOLWXGH 5HYLHZHG�´ 7KH %ULWLVK -RXUQDO IRU WKH 3KLORVRSK\ RI
6FLHQFH�����������������

3DUN� 6� ������� ³'RHV 6FLHQWLILF 3URJUHVV &RQVLVW LQ ,QFUHDVLQJ .QRZOHGJH RU
8QGHUVWDQGLQJ"´ -RXUQDO�IRU�*HQHUDO�3KLORVRSK\�RI 6FLHQFH�����������������

3DUN� 6� ������� ³6FLHQWLILF 8QGHUVWDQGLQJ� )LFWLRQDO 8QGHUVWDQGLQJ� DQG 6FLHQWLILF 3URJUHVV�´
-RXUQDO�IRU�*HQHUDO�3KLORVRSK\�RI�6FLHQFH�������� ��������

3RSSHU��.��5��������� 7KH�/RJLF�RI�6FLHQWLILF�'LVFRYHU\� /RQGRQ��+XWFKLQVRQ�

3RSSHU� .� 5� ������� &RQMHFWXUHV DQG 5HIXWDWLRQV� 7KH *URZWK RI 6FLHQWLILF .QRZOHGJH� �G
HG��/RQGRQ��5RXWOHGJH�DQG�.HJDQ�3DXO�

��

https://www.health.govt.nz/news-media/media-releases/single-case-covid-19-


3UHVWRQ� -�������� .XKQ¶V 7KH 6WUXFWXUH RI 6FLHQWLILF 5HYROXWLRQ� $ 5HDGHU¶V *XLGH� /RQGRQ�
&RQWLQXXP�

3VLOORV��6��������� 6FLHQWLILF�5HDOLVP��+RZ�6FLHQFH 7UDFNV�7UXWK��/RQGRQ��5RXWOHGJH�

5\DQ��6����������³:KDW�,V�:LVGRP"´ 3KLORVRSKLFDO�6WXGLHV� ���������������

6FKU\YHUV��3��������� %DG�'DWD��1HZ�<RUN��3URPHWKHXV %RRNV�

6RVD� (� ������� ³7KH 5DIW DQG WKH 3\UDPLG� &RKHUHQFH 9HUVXV )RXQGDWLRQV LQ WKH 7+HRU\ RI
.QRZOHGJH�´ 0LGZHVW�6WXGLHV�LQ�3KLORVRSK\ ����������

6RVD��(��������� $�9LUWXH�(SLVWHPRORJ\��2[IRUG��&ODUHQGRQ 3UHVV�

7LFKê� 3� ������� ³2Q 3RSSHU¶V 'HILQLWLRQV RI 9HULVLPLOLWXGH�´ 7KH %ULWLVK -RXUQDO IRU WKH
3KLORVRSK\�RI�6FLHQFH�����������������

:RUOG +HDOWK 2UJDQLVDWLRQ� �Q�G�� 7LPHOLQH� :+2¶V &29,'��� UHVSRQVH�
KWWSV���ZZZ�ZKR�LQW�HPHUJHQFLHV�GLVHDVHV�QRYHO�FRURQDYLUXV������LQWHUDFWLYH�WLPHOLQH

:RUOG +HDOWK 2UJDQLVDWLRQ� ������� :+2 LVVXHV LWV ILUVW HPHUJHQF\ XVH YDOLGDWLRQ IRU D
&29,'��� YDFFLQH DQG HPSKDVL]HV QHHG IRU HTXLWDEOH JOREDO DFFHVV�
KWWSV���ZZZ�ZKR�LQW�QHZV�LWHP������������ZKR�LVVXHV�LWV�ILUVW�HPHUJHQF\�XVH�YDOLGDWLR
Q�IRU�D�FRYLG����YDFFLQH�DQG�HPSKDVL]HV�QHHG�IRU�HTXLWDEOH�JOREDO�DFFHVV

:RUOG +HDOWK 2UJDQLVDWLRQ� �Q�G��� 5HVHDUFK 	 'HYHORSPHQW %OXHSULQW DQG &29,'����
KWWSV���ZZZ�ZKR�LQW�WHDPV�EOXHSULQW�FRYLG���

:yMFLFNL� 5� �����D�� ³7KHRULHV� 7KHRUHWLFDO 0RGHOV� 7UXWK�´ )RXQGDWLRQV RI 6FLHQFH� �����
��������

:RMFLFNL� 5� �����E�� ³7KHRULHV� 7KHRUHWLFDO 0RGHOV� 7UXWK 3DUW ,,� 7DUVNL
V 7KHRU\ RI 7UXWK
DQG�LWV�5HOHYDQFH�IRU�WKH�7KHRU\�RI�6FLHQFH�´ )RXQGDWLRQV RI�6FLHQFH����������������

:RMFLFNL� 5� ������� 7RSLFV LQ WKH )RUPDO 0HWKRGRORJ\ RI (PSLULFDO 6FLHQFHV� 'RUGUHFKW�
6SULQJHU�

=DJ]HEVNL� /� 7� ������� 9LUWXHV RI WKH 0LQG � $Q ,QTXLU\ LQWR WKH 1DWXUH RI 9LUWXH DQG WKH
(WKLFDO�)RXQGDWLRQV�RI�.QRZOHGJH��&DPEULGJH��8.��&DPEULGJH 8QLYHUVLW\�3UHVV�
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https://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-
https://www.who.int/news/item/31-12-2020-who-issues-its-first-emergency-use-

