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7KH�'RQGHUV�1HZVOHWWHU�LV�SXEOLVKHG�WZLFH�
D�\HDU�E\�WKH�'RQGHUV�,QVWLWXWH�IRU�%UDLQ��
&RJQLWLRQ�DQG�%HKDYLRXU��ZKLFK�FRQVLVWV�
RI�UHVHDUFK�JURXSV�DW�5DGERXG�8QLYHUVLW\�
1LMPHJHQ�DQG�WKH�5DGERXG�8QLYHUVLW\�
1LMPHJHQ�0HGLFDO�&HQWUH�DV�ZHOO�DV�WKH�
0D[�3ODQFN�,QVWLWXWH�IRU�3V\FKROLQJXLVWLFV��
,WV�SXUSRVH�LV�WR�NHHS�\RX�LQIRUPHG�RI�
GHYHORSPHQWV�ZLWKLQ�WKH�'RQGHUV�,QVWLWXWH�
DQG�WKH�ILHOG�RI�QHXURVFLHQFH�
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6LPRQ�(��)LVKHU�LV�3URIHVVRU�RI�/DQJXDJH�
DQG�*HQHWLFV�DW�WKH�'RQGHUV�,QVWLWXWH�
DQG�GLUHFWRU�RI�D�QHZ�GHSDUWPHQW�DW�WKH�
0D[�3ODQFN�,QVWLWXWH�IRU�3V\FKROLQJXLV�
WLFV��7KLV�GHSDUWPHQW�ZDV�HVWDEOLVKHG�
DW�WKH�HQG�RI������ZLWK�WKH�JRDO�RI�
XVLQJ�JHQHV�WR�SURYLGH�LQVLJKW�LQWR�WKH�
ELRORJLFDO�EDVLV�RI�VSHHFK�DQG�ODQJXDJH��
3URI��)LVKHU�DQG�KLV�FROOHDJXHV�DUH�WDN�
LQJ�DGYDQWDJH�RI�WKH�ODWHVW�LQQRYDWLRQV�
LQ�PROHFXODU�PHWKRGV�WR�GLVFRYHU�KRZ�
RXU�JHQRPH�KHOSV�XV�OHDUQ�WR�VSHDN��
¨:H�ZDQW�WR�UHYHDO�WKH�'1$�YDULDWLRQV�
WKDW�DIIHFW�RXU�H[WUDRUGLQDU\�DELOLW\�WR�
FRPPXQLFDWH�LQ�D�FRPSOH[�ZD\�©�KH�
H[SODLQV��¨7KLV�LV�D�QRYHO�DSSURDFK�WR�
WKH�HQLJPD�RI�VSRNHQ�ODQJXDJH��EXW�RQH�
WKDW�FDQ�EH�UHPDUNDEO\�HIIHFWLYH��:H�
KDYH�DOUHDG\�JDLQHG�H[FLWLQJ�LQVLJKWV�E\�
VWXG\LQJ�FKLOGUHQ�ZKR�P\VWHULRXVO\�IDLO�
WR�GHYHORS�SURILFLHQF\�LQ�WKLV�DUHD�©

'HVSLWH�WKH�H[WUHPH�FRPSOH[LW\�RI�WKH�
WDVN��PRVW�FKLOGUHQ�OHDUQ�WKHLU�QDWLYH�
ODQJXDJH�DOPRVW�HIIRUWOHVVO\��ZLWKRXW�
QHHGLQJ�WR�EH�IRUPDOO\�WDXJKW��:KDW�
UROH�GRHV�RXU�JHQHWLF�PDNHXS�SOD\�LQ�
ODQJXDJH�OHDUQLQJ"�¨,QLWLDO�FOXHV�FRPH�
IURP�SLQSRLQWLQJ�VXVFHSWLELOLW\�JHQHV�
WKDW�FRQWULEXWH�WR�ODQJXDJH�LPSDLU�

PHQWV�©�3URI��)LVKHU�VD\V��¨)2;3��ZDV�
WKH�ILUVW�H[DPSOH�RI�WKLV��:H�LGHQWLILHG�
WKH�JHQH�LQ������ZKHQ�,�ZDV�DW�2[IRUG�
8QLYHUVLW\��DQG�LW�VSDUNHG�RII�D�ZKROH�
QHZ�ZDYH�RI�UHVHDUFK�©

3NZVYf�`abQVR`
¨,Q�WKH�PLG�����V��ZKHQ�,�ZDV�D�SRVW�
GRFWRUDO�UHVHDUFKHU�DW�2[IRUG�©�KH�FRQ�
WLQXHV��¨P\�SURMHFWV�LQYROYHG�JHQH�KXQW�
LQJ�LQ�IDPLOLHV�ZLWK�VSHFLILF�ODQJXDJH�
LPSDLUPHQWV�RU�UHDGLQJ�GLVDELOLWLHV��
7KHVH�GLVRUGHUV�W\SLFDOO\�KDYH�FRPSOH[�
JHQHWLF�XQGHUSLQQLQJV�LQYROYLQJ�VHY�
HUDO�¤�SHUKDSV�PDQ\�¤�GLIIHUHQW�JHQHV��
%XW�WKHQ�ZH�VWDUWHG�ZRUNLQJ�ZLWK�DQ�
XQXVXDO�IDPLO\��NQRZQ�DV�WKH�.(�IDPLO\��
ZKLFK�ZDV�RULJLQDOO\�LGHQWLILHG�E\�RXU�
FROODERUDWRUV�LQ�/RQGRQ��+DOI�RI�WKH�
IDPLO\�¤����SHRSOH�DFURVV�WKUHH�JHQHUD�
WLRQV�¤�ZHUH�DIIHFWHG�E\�SUREOHPV�ZKLFK�
UHYHDOHG�D�VXUSULVLQJO\�VLPSOH�SDWWHUQ�
RI�LQKHULWDQFH�©�3URI��)LVKHU�DQG�KLV�FRO�
OHDJXHV�WUDFNHG�WKH�FDXVH�RI�WKH�GLVRUGHU�
WR�SDUW�RI�FKURPRVRPH���DQG�HYHQWXDOO\�
]HURHG�LQ�RQ�WKH�PXWDWLRQ�UHVSRQVLEOH��
ZKLFK�GLVUXSWHG�)2;3���¨)DPLO\�PHP�
EHUV�ZKR�FDUU\�WKLV�PXWDWLRQ�DOO�KDYH�
VHYHUH�SUREOHPV�ZLWK�OHDUQLQJ�WR�PDNH�
VHTXHQFHV�RI�PRXWK�PRYHPHQWV�WKDW�

DUH�LPSRUWDQW�IRU�VSHHFK��DFFRPSD�
QLHG�E\�IXUWKHU�GLIILFXOWLHV�LQ�ODQJXDJH�
SURGXFWLRQ�DQG�XQGHUVWDQGLQJ��-XVW�D�
VLQJOH�OHWWHU�RI�'1$�LV�DIIHFWHG��D�*�PX�
WDWHG�WR�DQ�$��7KDW©V�HQRXJK�WR�FKDQJH�
WKH�VKDSH�RI�WKH�SURWHLQ�ZKLFK�)2;3��
HQFRGHV�LQ�D�FULWLFDO�ZD\�WKDW�SUHYHQWV�LW�
IURP�ZRUNLQJ�SURSHUO\�©

&RXOG�WKLV�IDPLO\�EH�XQLTXH�¤�3URI��
)LVKHU�DQG�KLV�FROOHDJXHV�ZRQGHUHG�¤�RU�
ZRXOG�PXWDWLRQV�RI�)2;3��DOVR�H[SODLQ�
FRPPRQ�IRUPV�RI�ODQJXDJH�LPSDLU�
PHQW"�¨:H�IRXQG�WKDW�LW©V�UDWKHU�UDUH�
WR�KDYH�PXWDWLRQV�LQ�)2;3���ZH�QRZ�
NQRZ�RI�VHYHUDO�RWKHU�IDPLOLHV�ZKLFK�
ZHUH�VLPLODUO\�DIIHFWHG�E\�YXOQHUDELOLW\�
WR�GLVUXSWLRQV�RI�WKLV�JHQH��6R�PRVW�
FDVHV�RI�VSHHFK�DQG�ODQJXDJH�SURE�
OHPV�UHPDLQ�XQH[SODLQHG�DQG�WKLV�LV�
VRPHWKLQJ�ZH�UHDOO\�ZDQW�WR�WDFNOH�LQ�
WKH�QHZ�GHSDUWPHQW�©�3URI��)LVKHU�LV�DOVR�
FRQFHUQHG�WKDW�ODQJXDJH�LPSDLUPHQWV�
DUH�QRW�VXIILFLHQWO\�ZHOO�XQGHUVWRRG�
LQ�VRFLHW\��¨:KHQ�DQ�LQGLYLGXDO�KDV�D�
SUREOHP�LQ�WKLV�DUHD��LW�FDQ�PDNH�LW�GLI�
ILFXOW�WR�IXQFWLRQ�LQ�WKH�PRGHUQ�ZRUOG��
D�ZRUOG�ZKLFK�LV�LQFUHDVLQJO\�GHSHQGHQW�
RQ�ODQJXDJH��2QH�RI�RXU�JRDOV�LV�WR�UDLVH�
DZDUHQHVV�RI�WKH�LPSDFW�WKDW�WKHVH�W\SHV�
RI�GLVRUGHUV�KDYH�RQ�SHRSOH©V�OLYHV�©

@R^bR[PV[T�dU\YR�TR[\ZR`
0HDQZKLOH��WKH�WHFKQRORJ\�IRU�WUDFN�
LQJ�GRZQ�JHQHWLF�FDXVHV�RI�GLVHDVH�
KDV�PDGH�HQRUPRXV�VWULGHV�ZLWK�WKH�

DUULYDO�RI�QH[W�JHQHUDWLRQ�'1$�VH�
TXHQFLQJ��¨,W�WRRN�D�ODUJH�LQWHUQDWLRQDO�
FRQVRUWLXP�RYHU�D�GHFDGH�DQG�ELOOLRQV�
RI�GROODUV�WR�VHTXHQFH�WKH�ILUVW�KXPDQ�
JHQRPH��1RZ�LW©V�SRVVLEOH�WR�GHWHU�
PLQH�WKH�'1$�VHTXHQFH�RI�D�SHUVRQ©V�
HQWLUH�JHQRPH�LQ�D�PDWWHU�RI�GD\V��
DW�D�FRVW�RI�DURXQG�VHYHUDO�KXQGUHG�
HXURV�©�3URI��)LVKHU©V�GHSDUWPHQW�KDV�
EHHQ�FROODERUDWLQJ�ZLWK�3URIHVVRUV�
-RULV�9HOWPDQ�DQG�+DQ�%UXQQHU�DV�ZHOO�
DV�FROOHDJXHV�DW�WKH�+XPDQ�*HQHWLFV�
'HSDUWPHQW�RI�5DGERXG�8QLYHUVLW\�
1LMPHJHQ�RQ�VHTXHQFLQJ�ZKROH�H[RPHV�
�DOO�WKH�SURWHLQ�FRGLQJ�SDUWV�RI�WKH�
JHQRPH��FRPSULVLQJ�DURXQG��������
JHQHV��LQ�FKLOGUHQ�DQG�IDPLOLHV�ZLWK�
ODQJXDJH�UHODWHG�LPSDLUPHQWV��%XW�
¨ZKLOH�WKH�WRROV�IRU�'1$�VHTXHQFLQJ�
KDYH�DGYDQFHG�GUDPDWLFDOO\��RXU�DELOLW\�
WR�LQWHUSUHW�JHQRPLF�GDWD�LV�ODJJLQJ�
EHKLQG�©�FDXWLRQV�)LVKHU��¨(DFK�KXPDQ�
LQGLYLGXDO�FDUULHV�D�JUHDW�PDQ\�'1$�
YDULDWLRQV��PRVW�RI�ZKLFK�DUH�EHQLJQ��
WKH�ELJ�FKDOOHQJH�LQ�WKH�IXWXUH�LV�WR�
ILJXUH�RXW�ZKLFK�YDULDQWV�DUH�IXQFWLRQ�
DOO\�LPSRUWDQW�©�7KHVH�LVVXHV�EHFRPH�
HYHQ�PRUH�SHUWLQHQW�DV�WKH�UHVHDUFKHUV�
EURDGHQ�WKHLU�IRFXV�EH\RQG�GLVRU�
GHUV�WR�FRQVLGHU�QDWXUDO�YDULDWLRQV�LQ�
ODQJXDJH�SHUIRUPDQFH�LQ�WKH�JHQHUDO�
SRSXODWLRQ��¨:H�DOVR�DLP�WR�H[WHQG�RXU�
ZRUN�WR�FDVHV�RI�H[FHSWLRQDO�VNLOOV��VXFK�
DV�WKRVH�RI�VLPXOWDQHRXV�WUDQVODWRUV�
DQG�SHRSOH�ZKR�TXLFNO\�EHFRPH�IOXHQW�
LQ�QXPHURXV�ODQJXDJHV�©

=RR_V[T�V[a\�aUR�OYNPX�O\e
6LPRQ�)LVKHU©V�GHSDUWPHQW�LV�QRW�RQO\�
LQWHUHVWHG�LQ�LGHQWLI\LQJ�JHQRPLF�
YDULDQWV��¨7KHUH©V�D�YDVW�JDS�EHWZHHQ�
'1$�RQ�WKH�RQH�KDQG�DQG�IHDWXUHV�RI�
EHKDYLRXU�DQG�FRJQLWLRQ�RQ�WKH�RWKHU��
6SHHFK�DQG�ODQJXDJH�DUH�GHILQLQJ�
IHDWXUHV�RI�WKH�KXPDQ�FRQGLWLRQ�¤�D�
IXQGDPHQWDO�SDUW�RI�ZKDW�PDNHV�XV�
KXPDQ��<HW��ZH�VWLOO�NQRZ�YHU\�OLWWOH�
DERXW�KRZ�WKH�JHQRPH�LV�DEOH�WR�EXLOG�D�
ODQJXDJH�UHDG\�EUDLQ�DQG�ZK\�HYHQ�RXU�
FORVHVW�SULPDWH�¨FRXVLQV©�DSSHDU�XQDEOH�
WR�PDWFK�KXPDQ�FDSDELOLWLHV�LQ�WKLV�
DUHD�©�3URI��)LVKHU�EHOLHYHV�WKDW�JHQHV�
)2;3��SURYLGH�XQSUHFHGHQWHG�RSSRU�
WXQLWLHV�WR�ORRN�LQWR�WKH�EODFN�ER[�DQG�
VKHG�OLJKW�RQ�WKH�ELRORJLFDO�PDFKLQHU\�
WKDW�VXSSRUWV�VSHHFK�DQG�ODQJXDJH��5H�
VHDUFKHUV�LQ�WKH�GHSDUWPHQW�DQDO\VH�WKH�
UHODWLRQVKLS�EHWZHHQ�JHQH�YDULDQWV�DQG�
IXQFWLRQ�DW�PXOWLSOH�OHYHOV��LQ�KXPDQ�
QHXURQ�OLNH�FHOOV�JURZQ�LQ�WKH�ODERUD�
WRU\��LQ�QHXUDO�FLUFXLWU\�IURP�DQLPDO�
PRGHOV�FDUU\LQJ�JHQH�GLVUXSWLRQV��DOO�
WKH�ZD\�WR�KXPDQ�EUDLQ�VWUXFWXUHV�
DQG�IXQFWLRQV��3URI��)LVKHU�ZDV�RQH�RI�
WKH�LQLWLDWRUV��WRJHWKHU�ZLWK�3URIHV�
VRUV�%DUEDUD�)UDQNH��3HWHU�+DJRRUW�DQG�
FROOHDJXHV�ZKR�ZRUN�LQ�WKH�1LMPHJHQ�
&RJQRPLFV�SURJUDPPH��ZKLFK�OLQNV�
WKH�DGYHQW�RI�SHUVRQDOLVHG�JHQRPLFV�
WR�VWDWH�RI�WKH�DUW�EUDLQ�LPDJLQJ�DQG�
RWKHU�FXWWLQJ�HGJH�WHFKQLTXHV�XVHG�E\�
PRGHUQ�QHXURVFLHQWLVWV�LQ�VWXGLHV�WKDW�
LQFOXGH�WKRXVDQGV�RI�SHRSOH��

.�1N_dV[VN[�cVRd
5HVHDUFKHUV�ZRUNLQJ�RQ�DQRWKHU�UH�
VHDUFK�OLQH�LQ�WKH�GHSDUWPHQW�DVN�KRZ�
ODQJXDJH�UHODWHG�JHQHV�KDYH�FKDQJHG�
LQ�WKH�FRXUVH�RI�HYROXWLRQ�DQG�KRZ�
YDULDQWV�RI�VXFK�JHQHV�VSUHDG�DURXQG�
WKH�ZRUOG��¨$JDLQ��)2;3��KDV�SURYHG�
WR�EH�SUHWW\�LQWHUHVWLQJ�©�KH�VD\V��¨,W©V�
EHHQ�DURXQG�IRU�D�ORQJ�WLPH�DQG�LV�LQ�
IDFW�RQH�RI�WKH�ROGHVW�JHQHV��ZKLFK�LV�
IRXQG�LQ�DOO�YHUWHEUDWHV�DV�IDU�DV�ZH�
NQRZ��6RPH�\HDUV�DJR�¤�WRJHWKHU�ZLWK�
3URIHVVRU�6YDQWH�3llER©V�WHDP�DW�WKH�
0D[�3ODQFN�,QVWLWXWH�IRU�(YROXWLRQDU\�
$QWKURSRORJ\�LQ�/HLS]LJ�¤�ZH�FRPSDUHG�
)2;3��LQ�KXPDQV�WR�YHUVLRQV�IRXQG�
LQ�RWKHU�SULPDWHV��&XULRXVO\��WKHUH�
ZDV�HYLGHQFH�WKDW�WKH�JHQH�XQGHUZHQW�
DFFHOHUDWHG�FKDQJH�LQ�WKH�OLQH�WKDW�
OHG�WR�KXPDQV��DIWHU�VSOLWWLQJ�IURP�
FKLPSDQ]HHV��ZKLFK�VXJJHVWV�LWV�IXQF�
WLRQV�PLJKW�KDYH�EHHQ�WZHDNHG�GXULQJ�
KXPDQ�HYROXWLRQ�©�6WXGLHV�LQ�DQLPDO�
PRGHOV�LPSOLFDWH�WKH�JHQH�LQ�PRWRU�
VNLOO�OHDUQLQJ�DQG�DXGLWRU\�PRWRU�DV�
VRFLDWLRQV��6R�6LPRQ�)LVKHU�WKLQNV�WKDW�
DQ\�UROH�WKDW�)2;3��SOD\V�LQ�ODQJXDJH�
PXVW�KDYH�EHHQ�EXLOW�RQ�DQFLHQW�HYR�
OXWLRQDU\�IXQFWLRQV�VXFK�DV�WKHVH��¨,W©V�
D�'DUZLQLDQ�YLHZ�RI�WKH�HPHUJHQFH�RI�
ODQJXDJH�©�KH�VD\V�
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7R�KDYH�D�VFDQQHU�LV�RQH�WKLQJ��EXW�WR�
NQRZ�ZKDW�\RX�FDQ�GR�ZLWK�LW©V�DQRWKHU��
VD\V�'DYLG�1RUULV��3URIHVVRU�RI�05�
3K\VLFV�LQ�UHODWLRQ�WR�DSSOLFDWLRQV�
LQ�FRJQLWLYH�QHXURVFLHQFH��DW�WKH�
'RQGHUV�,QVWLWXWH���+H�DQG�KLV�WHDP�
DUH�GHYHORSLQJ�WHFKQLTXHV�WR�HQDEOH�
UHVHDUFKHUV�WR�JHW�PRUH�EHQHILW�IURP�WKH�
WHFKQLFDO�SRWHQWLDO�RI�D��7�VFDQQHU��

7KH��7��WKH�H[WUHPHO\�H[SHQVLYH�FURZQ�
MHZHO�RI�VFDQQHUV��JLYHV�EHWWHU�VSDWLDO�
UHVROXWLRQ�DQG�KLJKHU�VHQVLWLYLW\�WKDQ�
LWV�OLWWOH�EURWKHU��WKH��7��%XW�JHQHUDWLQJ�
GDWD�RQ�WKH��7�WDNHV�PRUH�WLPH��7KH�
'RQGHUV�,QVWLWXWH�SXEOLVKHV�DURXQG�����
DUWLFOHV�EDVHG�RQ�I05,�UHVHDUFK�HYHU\�
\HDU��VD\V�1RUULV��¦6R�UHGXFLQJ�WKH�WLPH�
VSHQW�RQ�UHVHDUFK�LV�LPSRUWDQW�§�$QG�LW�
KDV�EHHQ�UHGXFHG�

,W©V�QRZ�SRVVLEOH�WR�PDNH�D�WKUHH�
GLPHQVLRQDO�LPDJH�RI�D�EUDLQ�WKUHH�
WLPHV�IDVWHU�WKDQ�ZDV�SUHYLRXVO\�
SRVVLEOH��7KDQNV�WR�WKDW�LQFUHDVHG�
VSHHG��UHVHDUFKHUV�FDQ�HDVLO\�ILOWHU�
LQWHUIHUHQFH�IURP�WKH�GDWD��1RUULV�
H[SODLQV�LW�WKLV�ZD\��¦,I�SHRSOH�ZULJJOH�

LQ�WKH�VFDQQHU��WKH�VLJQDOV�WKDW�WKLV�
SURGXFHV�DUH�VR�GLIIHUHQW�IURP�WKH�
SDWWHUQ�\RX©UH�ORRNLQJ�IRU�WKDW�\RX�FDQ�
FROOHFW�WKHP�TXLWH�FOHDUO\��%XW�EUHDWKLQJ�
DQG�WKH�KHDUWEHDW�DUH�PRUH�GLIILFXOW�WR�
LGHQWLI\��7KH�KLJKHU�VSHHG�PHDQV�QRW�
RQO\�WKDW�PRUH�GDWD�FDQ�EH�JDWKHUHG�
¤�WKH�PHDVXUHPHQWV�DUH�DOVR�PRUH�
SUHFLVH��7KH�IDVWHU�\RX�JR��WKH�FOHDQHU�
WKH�VLJQDO�§�

7KDW©V�LPSRUWDQW��HVSHFLDOO\�LQ�UHVWLQJ�
VWDWH�UHVHDUFK��KH�VD\V��7KLV�LV�WKH�VWXG\�
RI�VSRQWDQHRXV�FRUUHODWLRQV�EHWZHHQ�
DUHDV�RI�WKH�EUDLQ�ZKHUH�WKHUH�LV�QR�
WDVN�UHODWHG�EUDLQ�DFWLYLW\��1RUULV��
¦,Q�D�UHVWLQJ�VWDWH��WKHUH�LV�QR�D�SULRUL�
ZD\�RI�DYRLGLQJ�SK\VLRORJLFDO�QRLVH��
%XW�LI�\RX�PDNH�\RXU�REVHUYDWLRQ�
YHU\�TXLFNO\��\RX�FDQ�UHPRYH�D�ORW�
RI�QRLVH�DW�WKH�VRXUFH��7KDQNV�WR�
WKHVH�PXOWLEDQG�WHFKQLTXHV��ZKLFK�
DUH�DOVR�EHLQJ�XVHG�LQ�WKH�+XPDQ�
&RQQHFWRPH�SURMHFW�LQ�WKH�86��ZH�JHW�
D�EHWWHU�SLFWXUH�RI�VSRQWDQHRXV�DFWLYLW\�
LQ�WKH�EUDLQ�§�$QG�WKHUH©V�DQRWKHU�
LPSRUWDQW�FRQVLGHUDWLRQ��¦)RU�D��7�
VFDQQHU��\RX�QHHG�IRXU�WLPHV�DV�PXFK�

KLJK�IUHTXHQF\�SRZHU�WR�GR�WKH�VDPH�
H[SHULPHQW�§

,Q�WKH�PXOWLEDQG�WHFKQLTXH��GLIIHUHQW�
DUHDV�RI�WKH�EUDLQ�DUH�VFDQQHG�DW�WKH�
VDPH�WLPH��7KH�WHFKQLTXH�FDQ�EH�
FRPELQHG�ZLWK�D�PXOWL�HFKR�WHFKQLTXH��
ZKLFK�LPSURYHV�WKH�VHQVLWLYLW\�DQG�
IXUWKHU�HQKDQFHV�WKH�VHSDUDWLRQ�RI�
SK\VLRORJLFDO�QRLVH�IURP�WKH�UHDO�VLJQDO�

1HZ�WHFKQLTXHV�PDNH�LW�SRVVLEOH�WR�
VWXG\�WKH�FRUWLFDO�OD\HUV�RI�WKH�EUDLQ�
RQ�WKH��7�VFDQQHU�DV�ZHOO��¦,W©V�RIWHQ�
WKRXJKW�WKDW�WKLV�LV�RQO\�SRVVLEOH�ZLWK�
D��7��EXW�ZH�KDYH�GHYHORSHG�WHFKQLTXHV�
WR�PDNH�LW�SRVVLEOH�ZLWK�D��7�§�VD\V�
1RUULV��7KH�FRUWH[�FRQVLVWV�RI�VL[�
GLIIHUHQW�OD\HUV��ZKLFK�WRJHWKHU�DUH�
EHWZHHQ�����DQG���PLOOLPHWUHV�WKLFN��
1RUULV��¦&RJQLWLYH�EUDLQ�UHVHDUFK�LV�QR�
ORQJHU�DERXW�ZKLFK�DUHDV�RI�WKH�EUDLQ�
DUH�DFWLYH��EXW�DERXW�WKH�UHODWLRQVKLS�
EHWZHHQ�WKHP��DERXW�WKH�QHWZRUN�
DFWLYLW\��3DUWLFXODU�VPDOO�DUHDV�DUH�
DFWLYDWHG�VLPXOWDQHRXVO\�DQG�ZRUN�
WRJHWKHU��6RPH�FRUWLFDO�OD\HUV�DUH�PDLQO\�
SURFHVVLQJ�LQSXW��ZKLOH�RWKHUV�PDLQO\�
SURGXFH�RXWSXW��,I�\RX�FDQ�GLIIHUHQWLDWH�
WKH�YDULRXV�OD\HUV�LQ�WKH�QHWZRUN��
\RX�FDQ�VHH�ZKDW�WKH�LQIRUPDWLRQ�LV�
LQGLFDWLQJ�DQG�EHWWHU�XQGHUVWDQG�KRZ�
WKH�QHWZRUN�IXQFWLRQV�§�

1RUULV�ZDQWV�WR�PDNH�WRROV�WKDW�
UHVHDUFKHUV�FDQ�HDVLO\�XVH��¦7KHVH�
VKRXOG�EHFRPH�VWDQGDUG�PHWKRGV��,©P�
QRW�VR�PXFK�LQWHUHVWHG�LQ�D�SURRI�RI�
SULQFLSOH��RI�WKH�VRUW�\RX�RIWHQ�ILQG�LQ�
WKH�OLWHUDWXUH��<RX�VKRXOG�EH�DEOH�WR�
XVH�WKHP�LQ�\RXU�ZRUN�§�7ZHQW\�ILYH�
UHVHDUFK�JURXSV�DUH�QRZ�XVLQJ�WKH�
PHWKRGV�GHYHORSHG�DW�WKH�'RQGHUV�
,QVWLWXWH��

¦7KH�SRWHQWLDO�RI�05,�LV�YLUWXDOO\�
XQOLPLWHG�§�VD\V�1RUULV��¦,Q�IXWXUH�
WKH�WHFKQLTXHV�ZLOO�EH�HYHQ�IDVWHU�DQG�
WKH\©OO�SURYLGH�HYHQ�KLJKHU�UHVROXWLRQ��
,W�ZLOO�EH�SRVVLEOH�WR�H[DPLQH�QRW�
RQO\�WKH�FRUWLFDO�OD\HUV��EXW�DOVR�
WKH�FRUWLFDO�FROXPQV�LQ�WKH�EUDLQ�§�
7KH�ILQDO�JRDO�LV�WR�EH�DEOH�WR�PDNH�
VFLHQWLILFDOO\�YDOLG�VWDWHPHQWV�DW�DQ�
LQGLYLGXDO�OHYHO��

1RUULV��¦:H©YH�EHHQ�GRLQJ�I05,�
UHVHDUFK�IRU�WZHQW\�\HDUV�QRZ��,W©V�
DOPRVW�DOZD\V�DERXW�WKH�DYHUDJHV�LQ�
D�JURXS��3V\FKLDWULF�DQG�QHXURORJLFDO�
GLVHDVHV�GHPDQG�D�QHZ�DSSURDFK�
EDVHG�RQ�LQGLYLGXDO�PHGLFLQH�DQG�
YHU\�KLJK�UHVROXWLRQ�LPDJLQJ��,W©V�YHU\�
GLIILFXOW�WHUULWRU\��EXW�WKDW©V�ZKDW�ZH©UH�
FRPPLWWHG�WR�DFKLHYLQJ�§

0DORX�YDQ�+LQWXP
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3VRYQA_V]'�
1\[QR_`�T\R`�TY\ONY
>c�VYY^i^dc�id�YZkZade^c\�^bV\^c\�iddah!�
i]Z�9dcYZgh�>chi^ijiZ�^h�Vahd�ldg`^c\�]VgY�
dc�YViV�VcVanh^h�iddah#�HZc^dg�gZhZVgX]Zg�
GdWZgi�DdhiZckZaY�VcY�]^h�iZVb�igVkZa�Vaa�
dkZg�i]Z�ldgaY�id�ZmeaV^c�i]Z�B:<$::<�
hd[ilVgZ�i]Zn»kZ�YZkZadeZY�id�jhZgh#�I]^h�
nZVg�i]Zn�l^aa�\d�id�Idgdcid!�7^gb^c\]Vb!�
HVc�HZWVhi^Vc�VcY�IjZW^c\Zc!�VcY�i]Vi»h�
_jhi�[dg�V�hiVgi#�

I]Z�WVh^h�[dg�i]Z�;^ZaYIg^e�hd[ilVgZ�
lVh�aV^Y�^c�'%%(�WZXVjhZ�VcVanh^c\�d[�
B:<�YViV�hiVgiZY�i]Zc#�I]Z�gZhZVgX]Zgh�
XdbW^cZY�ild�iZX]c^fjZh/�bjai^iVeZg�
heZXigVa�VcVanh^h�VcY�WZVb[dgbZg�hdjgXZ�
gZXdchigjXi^dc#�DdhiZckZaY/�¸LZ�[djcY�
V�lVn�id�gZa^VWan�adXVa^hZ�kZgn�hbVaa�
dhX^aaVidgn�VXi^k^in#�>c�'%%+�lZ�lZgZ�
i]Z�Âghi�id�h]dl�i]Vi�ndj�XVc�bZVhjgZ�
\VbbV�lVkZh�l^i]�Vc�B:<�hnhiZb#�Jci^a�
i]Zc�i]ZgZ�lZgZ�hZg^djh�YdjWih�i]Vi�i]^h�
XdjaY�WZ�YdcZ#�Cdl�eZdeaZ�VgdjcY�i]Z�
ldgaY�]VkZ�gZea^XViZY�i]Vi�gZhZVgX]�VcY�
ZkZgndcZ�^h�iV`^c\�^i�[jgi]Zg#¹

DdhiZckZaY�YZkZadeh�i]Z�hd[ilVgZ�Wn�
Xdb^c\�je�l^i]�V�bZi]dY^XVa�hdaji^dc�[dg�
Vc�ZmeZg^bZciVa�egdWaZb#�Hd�]Z�YdZhc»i�
lg^iZ�V�Ygn�bZi]dYdad\^XVa�eVeZg#�I]^h�

]Vh�i]Z�Y^hVYkVciV\Z�i]Vi�ndj�XVc»i�hijYn�
ZkZgni]^c\�^c�YZiV^a!�Wji�i]Z�VYkVciV\Z�
i]Vi�i]Z�gZhjaih�XVc�WZ�ejWa^h]ZY�^c�
_djgcVah�hjX]�Vh�HX^ZcXZ!�CZjgdc�VcY�
i]Z�?djgcVa�d[�CZjgdhX^ZcXZ!�]Z�hVnh#�¸7n�
a^c`^c\�i]Z�bZi]dY�id�i]Z�Veea^XVi^dc!�^ih�
kVajZ�^h�bjX]�]^\]Zg#¹

Idda`^i�XdjghZh�]VkZ�WZZc�\^kZc�^c�
C^_bZ\Zc�[dg�i]Z�eVhi�iZc�nZVgh�cdl#�
¸7ZXVjhZ�i]ZgZ�lVh�V�adi�d[�YZbVcY!�
lZ�hiVgiZY�id�dg\Vc^hZ�ldg`h]deh�
djih^YZ�i]Z�9dcYZgh�>chi^ijiZ�Vh�lZaa!¹�
hVnh�DdhiZckZaY#�¸LZ�VgZ�YZkZade^c\�
;^ZaYIg^e�Vh�Vc�deZc�hdjgXZ�egd_ZXi#�LZ�
lVci�id�XgZViZ�V�Xdbbjc^in�i]Vi�l^aa�
ZcXdjgV\Z�eZdeaZ�Vi�i]Z�9dcYZgh�>chi^ijiZ�
VcY�^ciZgcVi^dcVaan�id�Xdcig^WjiZ�i]Z^g�
ZmeZgi^hZ#�L]Zc�>�]VkZ�id�ZmeaV^c�i]Z�
;^ZaYIg^e�egd_ZXi�id�gZhZVgX]Zgh�l]d�lVci�
id�Veean�^i�ZahZl]ZgZ!�[dg�ZmVbeaZ�^c�i]Z^g�
dlc�^chi^ijiZ!�>�ValVnh�hVn/�^i�Xdch^hih�d[�i]Z�
hd[ilVgZ!�i]Z�YdXjbZciVi^dc�i]Vi»h�WZZc�
YZkZadeZY�dkZg�i]Z�nZVgh!�VcY�ZheZX^Vaan�
d[�i]Z�ZmeZgi^hZ�^c�i]Z�jhZg�\gdje#�Hd�i]Z�
egd_ZXi�Xdbeg^hZh�i]gZZ�VheZXih/�ild�^c�i]Z�
XdbejiZg!�VcY�i]Z�i]^gY�^c�i]Z�]ZVYh�d[�i]Z�
jhZgh#�I]Vi»h�i]Z�ldg`^c\�bZi]dY�i]Vi�lZ�
jhZ#�>i�gZÃZXih�]dl�lZ�ldg`�id\Zi]Zg�^c�
i]Z�9dcYZgh�>chi^ijiZ/�^c�^ciZgY^hX^ea^cVgn�
iZVbh�^c�l]^X]�eZdeaZ�Xdcig^WjiZ�VcY�h]VgZ�
i]Z^g�ZmeZgi^hZ#¹�

GVYWdjY�Jc^kZgh^in�Egd[Zhhdgh�8]VgaZh�YZ�
LZZgi��a��VcY�EZiZg�YZ�Kdd^_h��g��eaVnZY�Vc�
^bedgiVci�gdaZ�^c�i]Z�[djcYVi^dc�d[�i]Z�
9dcYZgh�>chi^ijiZ�[dg�7gV^c!�8d\c^i^dc�
VcY�7Z]Vk^djg�iZc�nZVgh�V\d#�Dc�'�6eg^a�
'%&(�i]Zn�]VY�i]Z�]dcdjg�d[�deZc^c\�
i]Z�cZl�(�IZhaV�hXVccZg#�I]^h�i]^gY�BG>�
hXVccZg�^c�C^_bZ\Zc��9dcYZgh�Vahd�
Xd"dlch�V�[djgi]�BG>�hXVccZg!�V,�IZhaV�
hiVi^dcZY�^c�:hhZc�!�l^aa�]Zae�h]dgiZc�
i]Z�lV^i^c\�a^hi�[dg�gZhZVgX]Zgh!�VcY�l^aa�
egdk^YZ�^begdkZY�^bV\Z�fjVa^in#

what you can do with it <is> another 
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� 'RQGHUV�,QVWLWXWH�IRU�%UDLQ��&RJQLWLRQ�DQG�%HKDYLRXU �1HZVOHWWHU����-XQH�����

&KULVWLDQ�'|OOHU�KDV�PHW�:DJQHU�D�FRXSOH�RI�WLPHV�DW�
LQWHUQDWLRQDO�FRQIHUHQFHV�DQG�DOZD\V�HQMR\HG�WKH�LQWHUHVWLQJ�
GLVFXVVLRQV�KH�KDG�ZLWK�KLP��¨:DJQHU�SLRQHHUHG�WKH�VWXG\�RI�
KXPDQ�PHPRU\�XVLQJ�I05,��+H�ZDV�WKH�ILUVW�WR�GHPRQVWUDWH�WKDW�
DFWLYLW\�GXULQJ�WKH�HQFRGLQJ�RI�QHZ�H[SHULHQFHV�KLSSRFDPSXV�¤�D�
EUDLQ�VWUXFWXUH�LQ�WKH�PHGLDO�WHPSRUDO�OREH�¤�SUHGLFWV�ZKHWKHU�
SDUWLFLSDQWV�ODWHU�UHPHPEHU�RU�IRUJHW�WKHVH�HSLVRGHV�©

&KULVWLDQ�'|OOHU�KHDGV�XS�WKH�¨0HPRU\�DQG�6SDFH©�UHVHDUFK�
JURXS�DW�WKH�'RQGHUV�,QVWLWXWH��ZKLFK�FRRSHUDWHV�ZLWK�WKH�
)DFXOW\�RI�6FLHQFH�/LNH�:DJQHU�KH�LQYHVWLJDWHV�WKH�EUDLQ�
V\VWHPV�ZKLFK�VXSSRUW�WKH�WUDQVIRUPDWLRQ�RI�H[SHULHQFH�LQWR�
HQGXULQJ�HSLVRGLF�PHPRULHV�DQG�KRZ�WKHVH�QHWZRUNV�KHOS�XV�
WR�PDS�DQG�QDYLJDWH�RXU�ZD\�WKURXJK�RXU�VXUURXQGLQJV��

¨$�ORW�RI�RXU�NQRZOHGJH�DERXW�WKH�KLSSRFDPSXV�FRPHV�IURP�
VLQJOH�FHOO�VWXGLHV�LQ�IUHHO\�PRYLQJ�URGHQWV��6R�FDOOHG�SODFH�
FHOOV�LQ�WKH�KLSSRFDPSXV�¤�LQ�FRQFHUW�ZLWK�RWKHU�VSDWLDOO\�
WXQHG�FHOOV�¤�SURYLGH�DQ�LQWHUQDO�PDS�RI�RXU�ZRUOG��UDWKHU�
OLNH�KDYLQJ�D�VDWQDY�LQ�\RXU�KHDG�RU�OLNH�GRWV�KLJKOLJKWV�RQ�D�
WRXULVW�PDS�WKDW�\RX�XVH�ZKHQ�SODQQLQJ�D�KROLGD\�©

¨$W�WKH�'RQGHUV�,QVWLWXWH�ZH�FRPELQH�IXQFWLRQDO�
QHXURLPDJLQJ�ZLWK�YLUWXDO�UHDOLW\��95��WHFKQLTXHV��2XU�
SDUWLFLSDQWV�QDYLJDWH�YLUWXDO�ZRUOGV�ZKHQ�WKH\�DUH�LQVLGH�WKH�
EUDLQ�VFDQQHU��,Q�WKLV�ZD\��ZH�DUH�DEOH�WR�OLQN�WKH�FHOOXODU�DQG�
V\VWHPV�OHYHOV��ZKLFK�ZH�KRSH�ZLOO�HQDEOH�XV�WR�VHH�KRZ�VSDWLDO�
PHPRU\��ZKHUH�\RX�ZHUH��DQG�HSLVRGLF�PHPRU\��ZKDW�\RX�
GLG��ILW�WRJHWKHU�©�

¨,Q�KLV�OHFWXUH�$QWKRQ\�:DJQHU�ZLOO�GLVFXVV�WKH�FRJQLWLYH�
QHXURVFLHQFH�RI�UHPHPEHULQJ��8QGHUVWDQGLQJ�KRZ�WKH�EUDLQ�
UHFDOOV�HSLVRGHV�DQG�GHVFULELQJ�WKH�W\SH�RI�LQIRUPDWLRQ�ZH�
UHPHPEHU�ZLOO�KHOS�XV�XQUDYHO�KRZ�PHPRULHV�DUH�VWRUHG�LQ�
WKH�EUDLQ��,Q�SDUWLFXODU��KRZ�GR�QHXUDO�SURFHVVHV�DQG�GHFLVLRQV�
PDGH�LQ�WKH�EUDLQ�LQIOXHQFH�DFFHVV�WR�VWRUHG�LQIRUPDWLRQ"�$QG�
KRZ�GR�WKHVH�PHFKDQLVPV�LQWHUDFW�ZLWK�PHPRU\�IRUPDWLRQ��
ZKLFK�LV�JXLGHG�E\�WKH�KLSSRFDPSXV"�1RYHOW\�PLJKW�EH�DQ�
LPSRUWDQW�IDFWRU��1H[W�\HDU�\RX�ZLOO�SUREDEO\�UHPHPEHU�'DYLG�
1RUULV�GURSSLQJ�LQ�GXULQJ�RXU�FRQYHUVDWLRQ��HYHQ�WKRXJK�WKLV�
HYHQW�ZDVQ©W�DW�DOO�UHOHYDQW�WR�WKLV�DUWLFOH�©

1\[QR_`�YRPab_R�"�@R]aRZOR_'
.[aU\[f�1��DNT[R_��=U1

=_\SR``\_�\S�=`fPU\Y\Tf�N[Q�;Rb_\`PVR[PR�N[Q�0\�1V_RPa\_�\S�
aUR�0\T[VaVcR�N[Q�;Rb_\OV\Y\TVPNY�6ZNTV[T�0R[aR_�Na�@aN[S\_Q�
B[VcR_`Vaf�

/RFDWLRQ��RQ�WKH�FDPSXV�RI�5DGERXG�8QLYHUVLW\�1LMPHJHQ�
LQ�WKH�/LQQDHXV�%XLOGLQJ��+H\HQGDDOVHZHJ������
VWDUWLQJ�DW�������RQ�7KXUVGD\���6HSWHPEHU�

?bOVP\[�T_N[a�
'U�0DUOLHNH�YDQ�.HVWHUHQ�KDV�UHFHLYHG�
D�5XELFRQ�JUDQW�IURP�WKH�1HWKHUODQGV�
2UJDQLVDWLRQ�IRU�6FLHQWLILF�5HVHDUFK�
�1:2��IRU�KHU�SURMHFW�HQWLWOHG�¨+RZ�
VFKHPDV�LQIOXHQFH�QHZ�OHDUQLQJ��
'LIIHUHQW�PHFKDQLVPV��GLVWLQFW�
PHPRULHV"©�7KH�5XELFRQ�SURJUDPPH�
DOORZV�UHFHQWO\�JUDGXDWHG�UHVHDUFKHUV�WR�
JDLQ�YDOXDEOH�UHVHDUFK�H[SHULHQFH�DW�D�
OHDGLQJ�LQVWLWXWH�DEURDG��9DQ�.HVWHUHQ�
ZLOO�VWXG\�WKH�LQIOXHQFH�RI�VFKHPDV�
�SULRU�NQRZOHGJH��RQ�OHDUQLQJ�DW�WKH�
'HSDUWPHQW�RI�3V\FKRORJ\�DW�6WDQIRUG�
8QLYHUVLW\�

@bPPR``SbY�/_RV[SR`a�V[�Y\PNY�aURNa_R
%UHLQIHVW�ZDV�WKH�IHVWLYH�FXOPLQDWLRQ�
RI�%UDLQ*DLQ��WKH�'XWFK�UHVHDUFK�
FRQVRUWLXP�FRQVLVWLQJ�RI�UHVHDUFKHUV��
FRPSDQLHV�DQG�SRWHQWLDO�XVHUV�RI�
EUDLQ�FRPSXWHU�DQG�FRPSXWHU�EUDLQ�
LQWHUIDFHV��%&,���2Q�7XHVGD\�0DUFK�
����WKH�/LQGHQEHUJ�WKHDWUH�LQ�1LMPHJHQ�
ZDV�ILOOHG�ZLWK�DOPRVW�����JXHVWV��
ZKR�DWWHQGHG�EUDLQ�UHODWHG�WDONV�
JLYHQ�E\�H[SHUWV�RQ�QHXURVFLHQFH�DQG�
%&,��GHPRQVWUDWLRQV�DQG�WKHDWULFDO�
SHUIRUPDQFHV��9LVLWRUV�LQFOXGHG�\RXQJ�
DQG�ROG��H[SHUWV�DQG�WKH�JHQHUDO�SXEOLF��

��aU�N[[VcR_`N_f�\S�:@P�]_\T_NZZR�
0\T[VaVcR�;Rb_\`PVR[PR�
,Q�$XJXVW��WKH�5HVHDUFK�0DVWHU©V�
SURJUDPPH�LQ�&RJQLWLYH�1HXURVFLHQFH��
ZKLFK�LV�RIIHUHG�E\�WKH�'RQGHUV�
*UDGXDWH�6FKRRO�IRU�&RJQLWLYH�
1HXURVFLHQFH��ZLOO�FHOHEUDWH�KDYH�LWV�
���\HDU�DQQLYHUVDU\��7R�PDUN�WKLV�
PLOHVWRQH��VWXGHQWV�DQG�DOXPQL�MRLQHG�
IRUFHV�WR�RUJDQL]H�D�RQH�GD\�V\PSRVLXP�
DQG�6XPPHU�%DOO��7KH�V\PSRVLXP�
WRRN�SODFH�RQ�0D\�����6WXGHQWV�DQG�
UHQRZQHG�UHVHDUFKHUV�HQJDJHG�LQ�
FRJQLWLYH�QHXURVFLHQFH�SUHVHQWHG�WKHLU�
ZRUN�LQ�RUDO�DQG�SRVWHU�SUHVHQWDWLRQV��

CVPV�T_N[a`�
7KH�1:2©V�SUHVWLJLRXV�9LFL�JUDQWV�
ZHUH�DZDUGHG�WR�%DUEDUD�)UDQNH��
3URIHVVRU�RI�0ROHFXODU�3V\FKLDWU\�DQG�
3ULQFLSDO�,QYHVWLJDWRU�DW�WKH�'RQGHUV�
,QVWLWXWH��DQG�.DULQ�5RHORIV��3URIHVVRU�
RI�([SHULPHQWDO�3V\FKRSDWKRORJ\�DW�
WKH�%HKDYLRXUDO�6FLHQFH�,QVWLWXWH�DQG�
UHVHDUFK�IHOORZ�DW�WKH�'RQGHUV�,QVWLWXWH��
3URI��)UDQNH�ZLOO�XVH�WKH�¼����PLOOLRQ�
JUDQW�WR�VWXG\�WKH�ELRORJLFDO�FDXVHV�RI�
$'+'�E\�FRPELQLQJ�JHQHWLF�UHVHDUFK��
05,�VWXGLHV�RI�WKH�EUDLQ�DQG�JHQHWLF�
UHVHDUFK�RQ�IUXLW�IOLHV��3URI��5RHORIV�ZLOO�
XVH�WKH�JUDQW�WR�LGHQWLI\�QHXURELRORJLFDO�
YXOQHUDELOLW\�PDUNHUV�IRU�WKH�
GHYHORSPHQW�RI�SRVWWUDXPDWLF�VWUHVV�
V\PSWRPV�LQ�\RXQJ�SROLFH�UHFUXLWV��

5bZN[�/_NV[�=_\WRPa�_RPRVcR`�Ú��OVYYV\[�
7KH�+XPDQ�%UDLQ�3URMHFW�ZDV�VHOHFWHG�
E\�WKH�(XURSHDQ�&RPPLVVLRQ�DV�RQH�RI�
WZR�)(7�)ODJVKLS�SURMHFWV��5HVHDUFKHUV�
ZRUNLQJ�RQ�WKLV�SURMHFW�ZLOO�XVH�WKH�
JUDQW��ZKLFK�LV�ZRUWK�D�ELOOLRQ�HXURV��
WR�DGGUHVV�RQH�RI�WKH�JUHDWHVW�FKDOOHQJHV�
RI�PRGHUQ�VFLHQFH��XQGHUVWDQGLQJ�WKH�
KXPDQ�EUDLQ��&HQWUDO�WR�WKH�SURMHFW�LV�
WKH�GHYHORSPHQW�RI�,&7�SODWIRUPV�IRU�
1HXURLQIRUPDWLFV�DQG�EUDLQ�VLPXODWLRQ�
DV�ZHOO�DV�VXSHUFRPSXWLQJ��ZKLFK�ZLOO�
PDNH�LW�SRVVLEOH�WR�FROODWH�QHXURVFLHQFH�
GDWD�IURP�DOO�RYHU�WKH�ZRUOG��LQWHJUDWH�
WKH�GDWD�LQ�XQLI\LQJ�PRGHOV�DQG�
VLPXODWLRQV�RI�WKH�EUDLQ��FKHFN�WKH�
PRGHOV�DJDLQVW�GDWD�IURP�ELRORJ\��DQG�
PDNH�WKHP�DYDLODEOH�WR�WKH�VFLHQWLILF�
FRPPXQLW\��7KH�XOWLPDWH�JRDO�LV�WR�DOORZ�
QHXURVFLHQWLVWV�WR�FRQQHFW�WKH�GRWV�
OHDGLQJ�IURP�JHQHV��PROHFXOHV�DQG�FHOOV�
WR�KXPDQ�FRJQLWLRQ�DQG�EHKDYLRXU��7KH�
+XPDQ�%UDLQ�3URMHFW��ZKLFK�LV�SODQQHG�
WR�ODVW�WHQ�\HDUV��IURP������WR��������
ZLOO�EULQJ�WRJHWKHU�UHVHDUFKHUV�IURP�
RYHU����(XURSHDQ��1RUWK�$PHULFDQ�
DQG�$VLDQ�UHVHDUFK�LQVWLWXWLRQV��3HWHU�
+DJRRUW�DQG�3DXO�7LHVLQJD��GLUHFWRUV�DW�
WKH�'RQGHUV�,QVWLWXWH��ZLOO�FRQWULEXWH�
WR�WKLV�(XURSHDQ�SURMHFW��3URI��+DJRRUW�
ZLOO�IRFXV�RQ�FRJQLWLYH�QHXURVFLHQFH��
ZKLOH�3URI��7LHVLQJD�ZLOO�ZRUN�RQ�
QHXURLQIRUPDWLFV��3DXO�7LHVLQJD��¨:H©UH�
JRLQJ�WR�GHVFULEH�WKH�FRQQHFWLRQV�LQ�
WKH�EUDLQ��7KLV�LV�D�JLJDQWLF�HIIRUW��
WKH�KXPDQ�EUDLQ�FRQWDLQV�D�KXQGUHG�
ELOOLRQ�QHXURQV��HDFK�RI�ZKLFK�FDQ�
EH�FRQQHFWHG�WR�WHQ�WKRXVDQG�RWKHUV��
6R�IDU�WKHUH�LV�QR�FRPSXWHU�WKDW�FDQ�
KDQGOH�WKLV�DPRXQW�RI�GDWD��:H�ZLOO�
VWDUW�SXWWLQJ�WRJHWKHU�H[LVWLQJ�EUDLQ�
GDWD�WR�PDNH�VWDWLVWLFDO�PRGHOV�RI�WKLV�
FRQQHFWLYLW\�©

:RN[dUVYR�Na�ddd�_b�[Y�Q\[QR_`
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1VN_f��
��6HSWHPEHU��������SP�'RQGHUV�/HFWXUH�E\�$QWKRQ\�:DJQHU��6WDQIRUG�8QLYHUVLW\��

5DGERXG�8QLYHUVLW\�1LMPHJHQ��/LQQDHXV�%XLOGLQJ��+H\HQGDDOVHZHJ������1LMPHJHQ

���6HSWHPEHU������������SP�,QDXJXUDO�/HFWXUH�$VLI�0DMLG�5DGERXG�8QLYHUVLW\�

1LMPHJHQ��$XOD��&RPHQLXVODDQ����1LMPHJHQ

���6HSWHPEHU������������SP�,QDXJXUDO�/HFWXUH�6LPRQ�)LVKHU�5DGERXG�8QLYHUVLW\�

1LMPHJHQ��$XOD��&RPHQLXVODDQ����1LMPHJHQ

��2FWREHU���������SP��'RQGHUV�/HFWXUH�E\�6XVDQ�*DWKHUFROH��05&�&RJQLWLRQ�

DQG�%UDLQ�6FLHQFH�8QLW��&DPEULGJH��8.��5DGERXG�8QLYHUVLW\�1LMPHJHQ��/LQQDHXV�

%XLOGLQJ��+H\HQGDDOVHZHJ������1LMPHJHQ

���1RYHPEHU���������SP��'RQGHUV�/HFWXUH�E\�5DLQHU�*RHEHO��8QLYHUVLW\�RI�0DDVWULFKW��

5DGERXG�8QLYHUVLW\�1LMPHJHQ��/LQQDHXV�%XLOGLQJ��+H\HQGDDOVHZHJ������1LMPHJHQ

=U1�QRSR[PR`�
��IHEUXDU\������%|FNOHU��$��/RRNLQJ�DW�WKH�ZRUOG�WRJHWKHU��+RZ�RWKHUV©�

DWWHQWLRQDO�UHODWLRQV�WR�MRLQWO\�DWWHQGHG�VFHQHV�VKDSH�FRJQLWLYH�SURFHVVLQJ��

�'RQGHUVVHULHV������

��IHEUXDU\������7HVLQN��&�0�-�<��1HXURELRORJLFDO�LQVLJKWV�LQWR�ODQJXDJH�
FRPSUHKHQVLRQ�LQ�DXWLVP��FRQWH[W�PDWWHUV���'RQGHUVVHULHV������

���DSULO������9ROPDQ��,��7KH�QHXUDO�DQG�HQGRFULQH�UHJXODWLRQ�RI�HPRWLRQDO�

DFWLRQV���'RQGHUVVHULHV�����

���0D\������%XFKKRO]��9��2VFLOODWRU\�DFWLYLW\�LQ�WDFWLOH�UHPDSSLQJ��

�'RQGHUVVHULHV�����

���0D\�YDQ�'RQJHQ��(�9��6OHHSLQJ�WR�5HPHPEHU��2Q�WKH�QHXUDO�DQG�EHKDYLRUDO�

PHFKDQLVPV�RI�VOHHS�GHSHQGHQW�PHPRU\�FRQVROLGDWLRQ���'RQGHUVVHULHV�����

���-XQH������9DQ�'HXU]HQ��3�$�0��,QIRUPDWLRQ�SURFHVVLQJ�DQG�GHSUHVVLYH�

V\PSWRPV�LQ�KHDOWK\�DGROHVFHQWV���'RQGHUVVHULHV������

���$XJXVW�:KLWPDUVK��6��1RQUHDFWLYLW\�DQG�0HWDFRJQLWLRQ�LQ�0LQGIXOQHVV��

�'RQGHUVVHULHV�����

���$XJXVW�9HVSHU��&��$FWLQJ�7RJHWKHU��0HFKDQLVPV�RI�,QWHQWLRQDO�

&RRUGLQDWLRQ�'RQGHUVVHULHV�����

���$XJXVW�(VNHQD]L��7�7��<RX��8V�	�7KHP��)URP�PRWRU�VLPXODWLRQ�WR�DVFULEHG�

VKDUHG�LQWHQWLRQDOLW\�LQ�VRFLDO�SHUFHSWLRQ��'RQGHUVVHULHV�����
���VHSWHPEHU������/DJUR��-��&DUGLRYDVFXODU�DQG�FHUHERYDVFXODU�SK\VLRORJLFDO�

PHDVXUHPHQWV�LQ�FOLQLFDO�SUDFWLFH�DQG�SURJQRVWLFV�LQ�JHULDWULF�SDWLHQWV���'RQGHUVVHULHV�����
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0DUYHO�YDQ�*HUYHQ��6DVNLD�6FKHSHUV
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3KRWRJUDSK\��'RQGHUV�,QVWLWXWH��%HUW�%HHOHQ

*UDSKLF�GHVLJQ�DQG�OD\RXW��+DUWHEHHVW��ZZZ�KDUWHEHHVW�QO�
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