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7DJJHG�IRU�LWV�RGG�YLVXDOV�IURP�,VWDQEXO
V�PRGLVK�0RGD
GLVWULFW�RI�.DGÕN|\��WKH�2GGYL]�FROOHFWLYH�IXVHG
SKRWRJUDPPHWU\�ZLWK��'�PRGHOLQJ�RQ�LWV�WXUI��DQG�LQ�1HZ
<RUN��%HUOLQ�DQG�9HQLFH�IRU�LWV�ILUVW�FRPPHUFLDO�H[KLELWLRQ�
µ,QYHQWRU\�
�DW�$UW�2Q�,VWDQEXO��WR�WDNH�VWRFN�RI�WKH�YDQLVKLQJ
ORFDO�FRORU�RI�JOREDO�FLWLHV

KH�HFOHFWLF�WULDG�EHKLQG�WKH�2GGYL]�FROOHFWLYH�DOO�KDLO�IURP�$QNDUD�
DQG�ZHUH�ERUQ�LQ�WKH�VDPH�\HDU��������SODFLQJ�WKHP�DV�WKUHH�DPRQJ

D�JHQHUDWLRQ�ZKR�UHPHPEHU�OLIH�EHIRUH�WKH�RPQLSUHVHQW�SHUYDVLRQV�RI
GLJLWDO�H[SHULHQFHV�DQG�SHUVRQDO�FRPSXWHUV��ZKHQ�JURZLQJ�XS�PHDQW
GLUW\�KDQGV��VFUDSHG�NQHHV��EDFNZRRGV�IRUWV�DQG�JHWWLQJ�ORVW��%\�WKH�WLPH
DFDGHPLD�EDUHG�LWV�VWHULOL]LQJ�IDQJV�HQRXJK�WR�FDOP�WKH�ZLOG�VSLULW�RI
\RXWK�GXULQJ�WKDW�SUH�GLJLWL]HG�SDUDGLJP�LQWR�IRUPDO�WUDLQLQJ�LQ
VWDQGDUGL]HG�GLVFLSOLQHV��WKH�HDUO\�ZDYHV�RI�QHZ�PHGLD�KDG�EHJXQ�WR
FUDVK�DVKRUH�RQ�WKH�WHHQDJH�FRQVFLRXVQHVV�RI�WKH�����V��ZLWK�WKH
DIIRUGDELOLW\�RI�KDQGKHOG�YLGHR�FDPHUDV�DQG�RWKHU�UHFRUGLQJ�DQG
SOD\EDFN�GHYLFHV�ZLWK�ZKLFK�WR�SRVVHVV�DQG�UHPL[�UHDOLW\�

7KDW�ROG�ZRUOG�IORZHG�SDVW�KXPDQ�H\HV�ZLWK�D�VORZ�IDGH��&RQWHPSRUDULHV
WKHQ�HPEUDFHG�WKH�IOHHWLQJ�TXDOLW\�RI�H[LVWHQFH�ZLWK�D�IXOO�KHDUW��YRLG�RI
YLUWXDO�DOWHUQDWLYHV��LPPHUVHG�LQ�GLUHFW�SHUFHSWLRQ��$XGLRYLVXDO�VWLPXOL
ZHUH�QRW�DV�WKRXJKWOHVVO\�GLVPLVVHG�ZLWKLQ�LQVWDQWDQHRXV��SUHIDEULFDWHG
IUDPHV�EXLOW�WR�WDNH�DQG�WUDVK�WKH�LQFUHDVLQJO\�WULYLDOL]HG�SUHVHQW�
LQIOXHQFLQJ�EDG�KDELWV�VLQFH�SRSXODUL]HG�WR�DEDQGRQ�E\�VRFLDO�PHGLD
DGGLFWV�DQG�WKH�UHFNOHVV�FRQVXPHULVP�RI�WKH�JOREDO�PLGGOH�FODVV�

$V�DUWLVWV�ZLWK�DQ�LQWXLWLYH�VHQVH�IRU�WKH�HYHUJUHHQ�TXDOLW\�DQG�FUHDWLYH
SOLDELOLW\�RI�FRQWHPSRUDU\�NQRZOHGJH��2GGYL]�XVHV�GLJLWDO�WHFKQRORJLHV�WR
FRQFHLYH�SKRWRJUDPPHWULF�YLUWXDO�LQVWDOODWLRQV��,W
V�D�FRQFHSW�WKDW
FRPELQHV�D�YDULHW\�RI�VKDUHG��WHFKQLFDO��DQG�DUWLVWLF�VNLOOV�LQ�QHZ�PHGLD
VRIWZDUH�DQG�HTXLSPHQW��DOORZLQJ�WKH�FROOHFWLYH�WR�PLQH�WKH�IRUPDWLYH
FXULRVLWLHV�RI�PLOOHQQLDO�\RXWK�ZLWK�D�FRPPRQ�NQDFN�IRU�FRPSXWHU
LQQRYDWLRQ�

2GGYL]�DUH�WKH�HOGHUV�RI�DQ�LQFUHDVLQJO\�DXWR�GLJLWL]HG�JHQHUDWLRQ�
LQVSLUHG�E\�HIIRUWV�WR�GRFXPHQW�DQG�YLVXDOL]H�WKH�UDSLGO\�FKDQJLQJ�IURQWV
RI�GHVWUXFWLYH�XUEDQL]DWLRQ�DURXQG�WKH�ZRUOG��(UGDO�øQFL��IRU�H[DPSOH��LV�D
SDLQWHU�E\�HGXFDWLRQ�DQG�JHQHUDOO\�WKH�EHVW�NQRZQ�DUWLVW�IURP�WKH�2GGYL]
FUHZ��JDLQLQJ�QRWRULHW\�LQ�WKH�QHWKHU�ZRUOG�RI�7XPEOU�*,)V�LQ������DQG
ZLWK�WKH�UHFHQW�7LPHV�6TXDUH�LQVWDOODWLRQ�RI�KLV�YLGHR�ZRUN���&HQWLSHGHV�
��������+H�H[SHULPHQWHG�ZLWK�GLJLWDO�PHGLD�DV�HDUO\�DV�������DQG
SUHYLRXVO\�ZRUNHG�ZLWK�$UW�2Q�DV�DQ�LQGLYLGXDO�DUWLVW��\HW�KDV�VLQFH
GHGLFDWHG�KLPVHOI�WR�2GGYL]�DQG�LWV�,QYHQWRU\�FRQWDLQLQJ�KXQGUHGV�RI
SKRWRJUDPPHWULF�PRGHOV�WR�FUHDWH�YLUWXDO�LQVWDOODWLRQV�
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2GGYL]�UHFODLPV�WKH�SUHHPSWLYH�GULYH�RI�PLOOHQQLDO�\RXWK�WR�SURPSW
GLJLWDO�UHYROXWLRQ��HPSOR\LQJ�LWV�ODWHVW�DGYDQFHV�WRZDUGV�KDUGHQHG�
SKRWRUHDOLVW�LQVLJKWV�LQWR�WKH�YDQLVKLQJ�FLW\VFDSHV�RI�WKH�JOREDOL]HG
ZRUOG��LQ�WKH�SURFHVV�VSRWOLJKWLQJ�]RQHV�RI�FROOHFWLYH�DPQHVLD�DQG�SXEOLF
QHJOLJHQFH�WKDW�FRPH�ZKHQ�SHRSOH�DUH�RYHUVDWXUDWHG�ZLWK�VWUHDPV�DQG
WKUHDGV�RI�YLYLG�RQOLQH�FRQWHQW��\HW�GR�QRW�HYHQ�VHHP�WR�QRWLFH��RU�DW�OHDVW
UHPDLQ�VLOHQW��ZKHQ�WKH�SK\VLFDO�UHDOLW\�DURXQG�WKHP�LV�DOWHUHG�RYHUQLJKW�
RU�VORZO\�GLVDSSHDUV��ZKHWKHU�E\�D�VOHLJKW�RI�RYHUUHDFKLQJ�KXPDQ�KDQGV�
RU�E\�WKH�IRUHERGLQJ�FKDQJHV�H[SHFWHG�IURP�WKH�SODQHW�DV�D�ZKROH�

6HUNDQ�.DSWDQ��DQ�HQYLURQPHQWDO�HQJLQHHU�E\�WUDLQLQJ��DOVR�KDV�D�VWURQJ
EDFNJURXQG�LQ�DUWLVWLF�GLVFLSOLQHV�VXFK�DV�VFXOSWXUH��DQG�dD÷UÕ�7DúNÕQ�LV
WKH�DUFKLWHFW�RI�WKH�FODQ��\HW�HDFK�LQGLYLGXDO�LQ�2GGYL]�KROGV�WKH�VNLOOV�RI
WKH�FROOHFWLYH��IXOO\�FDSDEOH�RI�SURGXFLQJ�WKH�FUHDWLYH�ZRUN�RI�WKH�JURXS
DORQH�

$Q�RGG�DUWLVWU\

2GGYL]�EHJDQ�DV�D�WULR�RI�KLJK�VFKRRO�IULHQGV�LQ�$QNDUD��2Q�HQWHULQJ
XQLYHUVLW\�DQG�ODWHU�WKH�SURIHVVLRQDO�ZRUOG��WKH\�SXUVXHG�VHSDUDWH�SDWKV
DSDUW�IRU�D�GHFDGH��GHYHORSLQJ�WKHPVHOYHV�LQ�WKH�GLYHUVH�ILHOGV�WKDW�WKH\
QRZ�EULQJ�WR�WKH�WDEOH�LQ�0RGD�ZKHQ�KDVKLQJ�RXW�WKH�QH[W�FRQFHSW�ZLWK
LQWHUGLVFLSOLQDU\�DSSURDFKHV�WKDW�KDYH�PDGH�IRU�DQ�H[FLWLQJ�YLVXDO�EOHQG
IRU�WKH�FRQWHPSRUDU\�DUW�ZRUOG�LQ�,VWDQEXO��IRUHVKDGRZLQJ�D�KLJKO\
LQWHUQDWLRQDO�SUHVHQFH�

,Q�������WKH\�ZHQW�RQ�D�WULS�WRJHWKHU�WR�0DUGLQ��SDFNHG�D�VXUYHLOODQFH
GURQH�DQG�'6/5�FDPHUDV��WR�SURGXFH�D��'�PRGHO�RI�WKH�DQFLHQW��KLOOWRS
FLW\�LQ�7XUNH\
V�VRXWKHDVW��([HFXWLQJ�WHFKQLTXHV�LQ�SKRWRJUDPPHWU\
EURXJK�WKHP�WRJHWKHU�WR�IRUP�2GGYL]��WKH�XPEUHOOD�LGHQWLW\�WKDW�WKH\
KDYH�SRVWHG�EHKLQG�RQ�YDULRXV�SODWIRUPV��LQFOXGLQJ�7ZLWWHU��ZKLFK
IHDWXUHV�WKH�FROOHFWLYH
V�HQWLUH�SURMHFW�FKURQRORJ\�VLQFH�LWV�LQFHSWLRQ�DW
WKH�'DUD�QHFURSROLV�LQ�0DUGLQ��XQLQWHUUXSWHG�DQG�VROHO\�GHGLFDWHG�WR
FUHDWLYH�ZRUNV�

$�GD\�DIWHU�ILUVW�SRVWLQJ�RQ�VRFLDO�PHGLD��2GGYL]�EHJDQ�WR�H[SHULPHQW
ZLWK�WKH��'�IRUP�RI�0DUGLQ
V�ROG�WRZQ��ZKLFK�WKH\�FDSWXUHG�XVLQJ
SKRWRJUDPPHWU\�LQ�MXVW�D�VLQJOH�GD\��IROGLQJ�LWV�VKDSH�LQWR�D�YLUWXDO�FXEH�
7KH�LQLWLDO�VHULHV�WKDW�WKH\�SURGXFHG�ZDV�FDOOHG��&RQWH[WXUHV���DOVR
VWDUWLQJ�ZLWK�PRGHOV�RI�,VWDQEXO
V�DEDQGRQHG�-HZLVK�RUSKDQDJH�LQ
2UWDN|\��WKH�(O�2UIHOLQDWR��$�VLPLODU�ZRUN�UHOHDVHG�DV�WKH�ILUVW�RIILFLDO
2GGYL]�DUWZRUN�LQ�0D\�RI������XQUDYHOHG�WKH�LQWHULRU�RI�D�KRWHO�LQ
1LúDQWDúÕ�ZLWK��������SKRWRJUDSKV��HDUQLQJ�WKH�\RXQJ�FROOHFWLYH�D�FOLS�LQ
7LPH�0DJD]LQH��,WV�GHVLJQ�LQYROYHG�D�G\QDPLF�PDQLSXODWLRQ�RI�YLUWXDO
OLJKWLQJ��ZKLFK�LV�FHQWUDO�WR�WKH�PHWLFXORXV�YLEUDQF\�H[KLELWHG�DW�WKH
FXUUHQW�VKRZ��,QYHQWRU\�

:KLOH�WKH�WHFKQLTXHV�XVHG�E\�2GGYL]�DUH�DOVR�HPSOR\HG�E\
DUFKDHRORJLVWV��DUFKLWHFWV��JHRORJLVWV��DQG�PDSPDNHUV��WKH�FROOHFWLYH
IRFXVHV�LWV�HIIRUWV�LQ�WKH�YLVXDO�DUWV�FRQWH[W��,Q�IDFW��DOWKRXJK�WKH�WKUHH
DUWLVWV�DUH�H[WUHPHO\�ZHOO�HGXFDWHG�DV�DFDGHPLF�UHVHDUFKHUV��.DSWDQ��IRU
H[DPSOH��KROGV�D�GRFWRUDWH�IURP�WKH�(FRORJLFDO�6FLHQFHV�,QVWLWXWH�DW
%R÷D]LoL�8QLYHUVLW\��WKH\�JDLQHG�ZRUNLQJ�NQRZOHGJH�RI�SKRWRJUDPPHWU\
DQG��'�PRGHOLQJ�VLPSO\�E\�ZDWFKLQJ�LQVWUXFWLRQDO�<RX7XEH�YLGHRV�

�,W
V�D�WHFKQLTXH�IRU�WKH�QHZ�JHQHUDWLRQ��,W
V��'��SKRWRUHDOLVWLF��:H
PDQLSXODWH�WKH�PRGHOV�XVLQJ�$JLVRIW�3KRWR6FDQ��:H�VWLWFK�WKHP�DOO�LQWR�D
�'�PRGHO�ZLWK�SKRWRJUDSKLF�WH[WXUH��2XU�ILUVW�ZRUNV�ZHUH�DUFKLWHFWXUDO
ZRUNV��)RU�WKH�ODVW�\HDU��ZH�KDYH�EHHQ�ZRUNLQJ�RQ�WKH�,QYHQWRU\�VHULHV�
7DNLQJ�SLFWXUHV�LQ�D�EXLOGLQJ�UHTXLUHV�EXUHDXFUDF\��SHUPLVVLRQV�IURP�WKH
RZQHUV��OLPLWHG�WLPH��WKHUHIRUH�ZH�VWDUWHG�VKRRWLQJ�LQ�SXEOLF�VSDFH���VDLG
.DSWDQ��VWDQGLQJ�SURXG�ZLWK�øQFL�EHIRUH�WKH�SKRWRJUDPPHWULF�YLUWXDO
LQVWDOODWLRQ��.DGÕN|\�,���������PRXQWHG�RQ�DQ�DFU\OLF�'LDVHF�SULQW�
UHOLVKLQJ�LQ�WKH�IUXLW�RI�KLV�ODERUV�ZLWK�KLV�ROG�FKXPV�IURP�$QNDUD��QRZ
H[KLELWHG�EULJKWO\�LQVLGH�WKH�FRUH�GRZQWRZQ�JDOOHU\�DW�$UW�2Q�,VWDQEXO
RQO\�D�IHZ�VWHSV�IURP�3HUD�0XVHXP�

,Q�.DGÕN|\��WKH\�VWDUWHG�FLUFOLQJ�WKH�SDLQWHG��FRQFUHWH�EROODUGV�WKDW��XQWLO
UHFHQWO\��FRPSOHPHQWHG�WKH�WUDP�OLQHG�WKRURXJKIDUH�RI�%DKDUL\H�$YHQXH�
FHQWUDO�WR�WKH�QHLJKERUKRRG�IRU�LWV�FXOWXUDO�YLWDOLW\��SKRWRJUDSKLQJ�WKHP
DW�HYHU\�DQJOH�
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7KH\�GLG�WKH�VDPH�ZLWK�TXLUN\�ODQGPDUNV�LFRQLF�WR�ORFDOV��OLNH�D�JUDIILWLHG
FDU�MXQNHG�IRU�VHYHQ�\HDUV�DORQJ�D�VWUHHW�IDPHG�IRU�LWV�QLJKW�OLIH�XQWLO�LW
ZDV�WRZHG�DZD\�RQO\�PRQWKV�DJR��QRW�ORQJ�DIWHU�2GGYL]�SKRWRJUDSKHG�LW�
6DGO\��WKH�UDGLDQFH�RI�WKH�EROODUGV�KDV�IDGHG��2QFH�WKH�PHGLXP�IRU
DUWLVDQV�DQG�FUDIWVPHQ�ZKR�EHDXWLILHG�WKHP�ZLWK�WUDGLWLRQDO�7XUNLVK
IORUDO�SDWWHUQV�DQG�KDQG�NQLW�\DUQ��WKH�SXEOLF�REMHFWV�ZHUH�UHFHQWO\
FRYHUHG�ZLWK�PRQRFKURPDWLF�SDLQW��FRXUWHV\�RI�WKH�PXQLFLSDOLW\��7KH
DFFRPSDQ\LQJ�SLHFH���.DGÕN|\�,,����������DQRWKHU�SKRWRJUDPPHWULF
YLUWXDO�LQVWDOODWLRQ��IXUWKHU�FRQGHQVHV�VXFK�E\JRQH�DHVWKHWLFV�RI�SXEOLF
JRRG�LQWR�D�NDOHLGRVFRSLF�EDOO�SRRO�LQWHUPL[HG�ZLWK�VWUHHW�VWDQGV�

$�JOREDO�YLVXDOL]DWLRQ

7KH�JOHDPLQJ�SKRWRUHDOLVP�H[KLELWHG�E\�WKH�HLJKW�VWLOOV�DQG�WZR�YLGHR
ZRUNV�DW�,QYHQWRU\�LV�DFFHQWHG�E\�WKH�VSRQWDQHRXV�VSHFWUXP�RI�LQQHU�FLW\
OLIH�DV�LW�GRXVHV�DQG�VPHDUV�HYHU\�ODVW�VXUIDFH�ZLWK�WKH�PDUN�RI
XQVHOIFRQVFLRXV��FROOHFWLYH�KXPDQ�H[SUHVVLRQLVP��,W�LV�D�UHSHWLWLYH��H\H�
SRSSLQJ�HIIHFW�LQJHQLRXVO\�UHDOL]HG�E\�WKH�SLHFHV�IURP�1HZ�<RUN�&LW\
HVSHFLDOO\��7KH�VFXOSWHG�IRUP�RI�WKH�EXOO�DSSHDUV�SDUDOOHOHG�IURP�.DGÕN|\
WR�:DOO�6WUHHW�LQ��0DQKDWWDQ�,����������D�SKRWRJUDPPHWULF�YLUWXDO
LQVWDOODWLRQ�NH\LQJ�RQ�WKH�ILUH�K\GUDQW�DV�D�V\PERO�IRU�VWUHHW�FXOWXUH�LQ�WKH
%LJ�$SSOH��ZKHUH�FXWRXWV�RI�VLGHZDON�DUH�UDLVHG�WR�WKH�KHLJKWV�RI
VN\VFUDSHUV��XSHQGLQJ�WKH�FODVVLF�YLVXDOL]DWLRQ�RI�ZHDOWK�LQHTXDOLW\�LQ�WKH
FLW\�WKDW�LV�VOHHSOHVV�IRU�PDQ\�UHDVRQV�

$V�D�PRYLQJ�LPDJH���:DOO�6WUHHW����������D��.�UHVROXWLRQ�VLQJOH�FKDQQHO
YLGHR�ORRS��WUDLQV�WKH�H\H�WR�UHLPDJLQH�OLJKW�DV�D�SXUHO\�GLJLWDO
SKHQRPHQRQ�XVLQJ�*OREDO�,OOXPLQDWLRQ��*,��WHFKQRORJ\��$�GD\�RI�PRYLQJ
VXQOLJKW�SDVVHV�LQ�XQGHU�WKUHH�PLQXWHV�DERYH�WKH�FRQIURQWDWLRQDO�SDLU�RI
FDVW�EURQ]H�JXHUULOOD�LQVWDOODWLRQV��)HDUOHVV�*LUO���������DQG��&KDUJLQJ
%XOO���������

,Q�9HQLFH��WKH��N�VLQJOH�FKDQQHO�YLGHR�ORRS���$FTXD�$OWD����������H[KLELWV
WKH�WHFKQLFDO�DUWLVWU\�WKDW�2GGYL]�DGYDQFHV�LQ�LWV�GLJLWDO�UHQGHULQJ�RI
ZDWHU��ZKLFK��LQ�FRPSDULVRQ�ZLWK�WKH�OLJKW�RI�WKH�1HZ�<RUN�SLHFH�LV�QRW�DV
ULYHWLQJ��WKRXJK�ZKDW�LW�ODFNV�LQ�YLVXDOL]DWLRQ��LW�PDNHV�XS�IRU�LQ�LWV
VWDWHPHQW��$FFRUGLQJ�WR�SUHGLFWLRQV�IRUPXODWHG�E\�FOLPDWH�FKDQJH
VFLHQWLVWV��ULVLQJ�ZDWHU�OHYHOV�DORQJ�WKH�VWRULHG�FDQDOV�RI�9HQLFH�DUH�GXH�WR
VLQN�WKH�HQWLUH�RSHQ�DLU�PXVHXP�RI�D�FLW\�LQ�D�PDWWHU�RI�GHFDGHV�

6KDUH�RQ�)DFHERRN 6KDUH�RQ�7ZLWWHU

3UHYLRXV�LQ�$UWV

/XFUHFLD�0DUWHO��RQH�RI�WKH
OHDGLQJ�GLUHFWRUV�RI�$UJHQWLQH����

1H[W�LQ�$UWV

+XQGUHGV�RI�SHRSOH�WXUQHG�XS
6DWXUGD\�WR�ELG�WKHLU�ILQDO����

7KLV�ZHHN
V�ILOPV�RQ�ELJ�VFUHHQ $�PRQWK�RI�FODVVLFV��$OEHUW�/RQJ
+DOO�FRQFHUWV�KRQRU�JUHDWV�LQ
,VWDQEXO


3DUDVLWH
�FHOHEUDWHV�KLVWRULF
2VFDU�ZLQV
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6XEVFULSWLRQV $GYHUWLVH 3ULYDF\ $ERXW�8V &RQWDFW�8V

7XUNH\
,VWDQEXO
$QNDUD
(GXFDWLRQ
,QYHVWLJDWLRQV
0LQRULWLHV
([SDW�&RUQHU

3ROLWLFV
'LSORPDF\
/HJLVODWLRQ
:DU�2Q�7HUURU
(8�$IIDLUV
(OHFWLRQV

:RUOG
0LG�(DVW
%DONDQV
(XURSH
$PHULFDV
$VLD�3DFLILF
$IULFD
6\ULDQ�&ULVLV
øVODPRSKRELD

%XVLQHVV
5HDO�(VWDWH
$XWRPRWLYH
(FRQRP\
(QHUJ\
)LQDQFH
7RXULVP
7HFK
'HIHQVH

,OOXVWUDWLRQ
*DOOHU\
566
-REV

6SRUWV
)RRWEDOO
%DVNHWEDOO
0RWRUVSRUWV
7HQQLV

/LIH
)HDWXUH
+HDOWK
(QYLURQPHQW
7UDYHO
)RRG
)DVKLRQ
6FLHQFH
5HOLJLRQ
+LVWRU\

$UWV
&LQHPD
0XVLF
(YHQWV
%RRNV
3RUWUDLW

2SLQLRQ
&ROXPQV
2S�(G
5HDGHU
V�&RUQHU
(GLWRULDO
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