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7KH�6KRZ�0XVW�*R�RQ��7HDFKLQJ�GXULQJ�WKH�3DQGHPLF 

:KHQ�WKH������6W��3DW¶V�IHVWLYLWLHV�ZHUH�FDQFHOOHG��ZH�NQHZ��
&RYLG� KDG� FRPH� WR� 0LVVRXUL� 6	7�� 7ZR� GD\V� ODWHU�� LW� ZDV�
DQQRXQFHG� WKDW� FODVVHV� ZRXOG� KDYH� WR� PRYH� RQOLQH� LQ� WKH�
PLGGOH� RI� WKH� IROORZLQJ� ZHHN��:H� VWDUWHG� WR� SUHSDUH�� 7KH�
LQVWUXFWRUV�ZKR�KDG� H[SHULHQFH�ZLWK�RQOLQH� WHDFKLQJ� KHOSHG�
WKHLU�FROOHDJXHV�VHWWLQJ�XS�WKH�WHFKQRORJ\��2Q�6DWXUGD\��DQ�
RWKHU�HPDLO��DOO�FRXUVHV�KDG�WR�EH�RQOLQH�DOUHDG\�E\�0RQGD\� 

:LWK�WZR�GD\V�QRWLFH��RXU�IDFXOW\�VFUDPEOHG�WKURXJK�D�FUD]\�
ZHHNHQG��DQG�FRPH�0RQGD\��ZH�ZHUH�UHDG\�WR�WHDFK�RQOLQH��
)RU�WKH�ILUVW�ZHHN��ZH�ZHUH�VWLOO�SHUPLWWHG�WR�XVH�WKH�FDPSXV�
IDFLOLWLHV�� 3URIHVVRUV� ZHUH� WHDFKLQJ� LQ� HPSW\� FODVVURRPV��
ZULWLQJ�HTXDWLRQV�RQ�:DFRP�WDEOHWV�RU�RQ�SDSHUV�XQGHU�GRF�
XPHQW�FDPHUDV�RU�KDG�WKHLU�FDPHUDV�DLPHG�DW�WKH�FKDONERDUG��
ZKLOH� WKH� VWXGHQWV� ZDWFKHG� RQ� =RRP�� $W� WKH� HQG� RI� WKDW�
ZHHN�� FDPSXV� FORVHG� FRPSOHWHO\�� DQG� IDFXOW\� ZHUH� VHQW� WR�
WHDFK�IURP�KRPH�IRU�WKH�UHPDLQGHU�RI�WKH�VHPHVWHU��1RQHWKH�
OHVV��QR�FRXUVHV�ZHUH�FDQFHOHG�DQG�ZH�VXFFHVVIXOO\� ILQLVKHG�
WKH�VHPHVWHU� 

:LWK�WKH�IDOO�VHPHVWHU��ZH�ZHUH�ILQDOO\�DEOH�WR�UHWXUQ�WR�FDPSXV�–�ZLWK�
PDVNV� DQG� IDFH� VKLHOGV�� DQG� ZLWK� OLPLWHG� FODVVURRP� RFFXSDQF\�� 2XU�
FODVVURRPV�LQ�WKH�SK\VLFV�EXLOGLQJ�WKDW�QRUPDOO\�KROG����VWXGHQWV�ZHUH�
QRZ�SHUPLWWHG� WR�VHDW� WHQ��RXU� OHFWXUH�KDOO� IRU�����QRZ�VHDWHG� MXVW�����
5RZV� ZHUH� EORFNHG� RII� ZLWK� WUDVK� EDJV� RU� \HOORZ� WDSH� WR� OHDYH� RQO\�
VHDWV�VL[�IHHW�DSDUW�IURP�HDFK�RWKHU��7KH�XQLYHUVLW\�FRQYHUWHG�WKH�J\P�
QDVLXP�LQWR�D�PDNHVKLIW�OHFWXUH�KDOO�IRU�ODUJH�FODVVHV�OLNH�RXU�HQJLQHHU�
LQJ�SK\VLFV��6RPH�FRXUVHV�UHPDLQHG�RQOLQH��$QG�PDQ\�LQVWUXFWRUV�QRZ�
KDG� WR� MXJJOH�K\EULG�FODVVHV�ZLWK�KDOI� WKH� VWXGHQWV�DWWHQGLQJ� LQ�SHUVRQ�
DQG�WKH�RWKHU�KDOI�RQ�=RRP�DW�WKH�VDPH�WLPH��&ROORTXLXP��JURXS�PHHW�
LQJV��KHOS�VHVVLRQV��DQG�DGYLVLQJ�DOO�KDSSHQHG�RQ�=RRP�� 

7KDQNV�WR�WKH�VDIHW\�SUHFDXWLRQV�DQG�WKH�FRPSUHKHQVLYH�FRQWDFW�WUDFLQJ�
DQG� TXDUDQWLQH� SURFHGXUHV�� 0LVVRXUL� 6	7� ZDV� DEOH� WR� UHPDLQ� RSHQ�
WKURXJKRXW� WKH� VHPHVWHU�� DQG� QR� &RYLG� LQIHFWLRQV� ZHUH� WUDFHG� WR� DQ\�
FODVVHV�RU� ODEV��:KLOH�ZH�FDQ¶W�ZDLW� IRU� WKLQJV� WR� UHWXUQ� WR�QRUPDO��ZH�
IRXQG� QHZ� ZD\V� WR� HQJDJH� ZLWK� RXU� VWXGHQWV�� DQG� RXU� VWXGHQWV� KDYH�
EHHQ�OHDUQLQJ�DQG�SURJUHVVLQJ�WRZDUGV�WKHLU�GHJUHHV�� 



7KH� \HDU� ����� ZDV� GHILQLWHO\� RQH� IRU� WKH� KLVWRU\� ERRNV� DQG�
EURXJKW��GDUH�,�VD\�LW��XQSUHFHGHQWHG�FKDOOHQJHV�IRU�WKH�GHSDUW�
PHQW� DQG� WKH�XQLYHUVLW\�� DV� ,� DP� VXUH� LW� GLG� IRU� DOO� RI� \RX�� ,Q�
0DUFK�� WKH�&RYLG-���SDQGHPLF� FORVHG� WKH� FDPSXV� DQG� IRUFHG�
XV� WR� VZLWFK� WR�RQOLQH� LQVWUXFWLRQ�RQ�D� WZR�GD\V¶� QRWLFH�� ,� DP�
SURXG�RI�RXU�VWXGHQWV��IDFXOW\��DQG�VWDII�IRU�PDVWHULQJ�WKLV�GLIIL�
FXOW�WUDQVLWLRQ�DQG�FRPSOHWLQJ�WKH�VHPHVWHU�VXFFHVVIXOO\��1RQH�
WKHOHVV��ZH�ZHUH�KDSS\�WR�UHWXUQ�WR�FDPSXV�IRU�WKH�IDOO�VHPHVWHU�
GHVSLWH� RFFXSDQF\� OLPLWV� DQG� VRFLDO� GLVWDQFLQJ� UHTXLUHPHQWV�
EHFDXVH�ZH� FRXOG� ILQDOO\� VHH� HDFK� RWKHU�PDVN-WR-PDVN� DJDLQ��
5HDG� PRUH� DERXW� WKH� &RYLG-��� UHVSRQVH� LQ� WKH� DUWLFOH� ³7KH�
VKRZ�PXVW�JR�RQ´�RQ�WKH�IURQW�SDJH��$V�\RX�SHUXVH�WKLV�QHZV�
OHWWHU�� \RX� ZLOO� DOVR� QRWLFH� WKDW� WKHUH� DUH� KDUGO\� DQ\� SLFWXUHV�
VKRZLQJ�PRUH�WKDQ�RQH�SHUVRQ��DQG�WKH�IHZ�WKDW�GR�ZHUH�WDNHQ�
EHIRUH�WKH�SDQGHPLF�VWDUWHG� 

'HVSLWH� WKH� GLIILFXOW� FLUFXPVWDQFHV�� RXU� IDFXOW\� FRQWLQXHG� WR�
H[FHO�LQ�WKHLU�UHVHDUFK�DQG�WHDFKLQJ��3URI��'DQLHO�)LVFKHU�ZDV�
SURPRWHG� WR� $VVRFLDWH� 7HDFKLQJ� 3URIHVVRU� ZLWK� WHQXUH�� 3URI��
-XOLD�0HGYHGHYD�LV�SDUW�RI�D�WHDP�ZLQQLQJ�D�����PLOOLRQ�$U�
P\� 5HVHDUFK� /DERUDWRU\� JUDQW�� 3URIV��0DUFR� &DYDJOLD�� 0L�
FKDHO� 6FKXO]�� DQG�$OH[H\� <DPLORY� UHFHLYHG�PDMRU�QHZ�16)�
DZDUGV��7KH�VWURQJ�SHUIRUPDQFH�RI�RXU�IDFXOW\�ZDV�UHFRJQL]HG�
E\�WKH�FROOHJH�DQG�WKH�XQLYHUVLW\�DV�ZHOO�DV�E\�WKH�LQWHUQDWLRQDO�
FRPPXQLW\�� 3URIV��0DUFR� &DYDJOLD� DQG�8OULFK� -HQWVFKXUD�
ZRQ� FDPSXV� )DFXOW\� 5HVHDUFK� $ZDUGV�� ZKLOH� 3URI�� 'DQLHO�
)LVFKHU� UHFHLYHG� D� UHVHDUFK� DZDUG� IURP� WKH� &ROOHJH� RI� $UWV��
6FLHQFHV�� DQG� %XVLQHVV�� � 3URI�� *UHJ� 6WRU\� UHFHLYHG� ERWK� D�
FDPSXV�)DFXOW\�7HDFKLQJ�$ZDUG�DQG�DQ�2XWVWDQGLQJ�7HDFKLQJ�
$ZDUG� �KLV� ��WK� VR� IDU���3URIV��$OH[H\� <DPLORY� DQG�7KRPDV�
9RMWD� UHFHLYHG�2XWVWDQGLQJ� 7HDFKLQJ� &RPPHQGDWLRQV�� � 3URI��
<HZ�6DQ�+RU�ZDV�RQFH�DJDLQ�OLVWHG�DV�RQH�RI�WKH�QDWLRQ¶V�PRVW�
³KLJKO\� FLWHG� UHVHDUFKHUV´� LQ� KLV� ILHOG�� 3URIV�� 8OULFK�
-HQWVFKXUD��7KRPDV� 9RMWD�� DV� ZHOO� DV� HPHULWL�%RE� 'XERLV��
'RQ�0DGLVRQ�DQG�5RQ�2OVRQ�ZHUH�OLVWHG�LQ�D�GDWDEDVH�RI�WKH�
WRS����VFLHQWLVWV�DFURVV�DOO�DUHDV�RI�VFLHQFH� 

:H� ZHOFRPHG� VHYHUDO� SRVWGRFV� DQG� YLVLWLQJ� VFLHQWLVWV�� 'U��
%LVKDO�%KDWWDUDL�MRLQHG�3URI��-XOLD�0HGYHGHYD¶V�JURXS�IURP�
:DVKLQJWRQ� 8QLYHUVLW\�� 'U��&KULVWRSKHU� 0RRUH� FDPH� IURP�
&OHPVRQ�XQLYHUVLW\� WR�ZRUN�ZLWK�3URI��8OULFK� -HQWVFKXUD��DV�
GLG�$OEHUW�:LHQF]HN� IURP�3RODQG�� -LQ�:DQJ�DQG�+XDQJZX�
/\X�FDPH�IURP�&KLQD�WR�ZRUN�ZLWK�3URI��$OHNVDQGU�&KHUQDW�
\QVNL\� 

7KH� HQUROOPHQW� LQ� WKH� SK\VLFV� GHSDUWPHQW� FRQWLQXHV� WR� EH�
VWURQJ�� DQG� WKH� TXDOLW\� RI� WKH� QHZ� VWXGHQWV� LV� H[FHOOHQW�� 7ZR�
1DWLRQDO�0HULW� ILQDOLVWV��6WHYHQ� .DUVW� DQG�'DQLHO� 5LSS�� DUH�
LQYROYHG� LQ� UHVHDUFK� LQWHUQVKLS� LQ� WKH�GHSDUWPHQW�� ,Q� WRWDO��ZH�
FXUUHQWO\� KDYH� DERXW� ��� XQGHUJUDGXDWHV� DQG� ��� JUDGXDWH� VWX�
GHQWV�� ,Q� ������ ��� VWXGHQWV� JUDGXDWHG� ZLWK� D� %6� GHJUHH�� DQG�
IRXU�VWXGHQWV�UHFHLYHG�D�3K'�GHJUHH�� 

0HPR�IURP�WKH�&KDLU 

3ODQQHG�*LYLQJ� 
/HDYLQJ�D�/HJDF\�WR�0LVVRXUL�6	7 

0DQ\� DOXPQL� DQG� IULHQGV� KDYH� UHDOL]HG� WKDW� D� IXWXUH� JLIW—RQH�
DUUDQJHG�WKURXJK�WKHLU�ZLOO�RU�WUXVW—DOORZV�WKHP�WR�JLYH�EDFN�WR�
WKHLU� DOPD� PDWHU� PRUH� WKDQ� WKH\� HYHU� WKRXJKW� SRVVLEOH�� � :LWK�
FDUHIXO�SODQQLQJ��FKDULWDEOH�HVWDWH�JLYLQJ�FDQ�UHGXFH�\RXU�HVWDWH�
WD[� OLDELOLW\�RU� WUDQVIHU�DVVHWV� WR�\RXU� IDPLO\�DW� D� ORZHU�JLIW� WD[�
FRVW� 

0DNLQJ�D�SODQQHG�JLIW�VKRZV�\RXU� OR\DOW\� WR�0LVVRXUL�6	7��DQ�
LQVWLWXWLRQ� WKDW� SOD\HG� D� VLJQLILFDQW� UROH� LQ� VKDSLQJ� \RXU� IXWXUH���
)RU� PRUH� LQIRUPDWLRQ�� DERXW� JLYLQJ� D� FXUUHQW� RU� SODQQHG� JLIW��
FRQWDFW� WKH�2IILFH�RI�'HYHORSPHQW� DW� �-���-���-�����RU�HPDLO�
JLYLQJ#PVW�HGX� 

7KH� \HDU� ����� DOVR� ZDV� D� FRPSOH[� \HDU� IRU� WKH� XQLYHUVLW\�
ILQDQFLDOO\�� �2Q� WKH�RQH� KDQG�� WKH�SDQGHPLF� OHDG� WR� VLJQLIL�
FDQW�EXGJHW�FXWV�IRU�WKH�FDPSXV�DQG�WKH�SK\VLFV�GHSDUWPHQW��
2Q�WKH�RWKHU�KDQG��WKH�XQLYHUVLW\�UHFHLYHG�D������PLOOLRQ�JLIW�
IURP� -XQH� DQG� )UHG� .XPPHU�� WKH� ODUJHVW� VLQJOH� JLIW� LQ� WKH�
KLVWRU\� RI� 0LVVRXUL� KLJKHU� HGXFDWLRQ�� 0XFK� RI� WKLV� JLIW� LV�
GLUHFWHG� DW� VSHFLILF� SURMHFWV�� DQG� LWV� LPSDFW� RQ� WKH� SK\VLFV�
GHSDUWPHQW�LV�QRW�\HW�FOHDU� 

,� FORVH�� DV� DOZD\V�� E\� WKDQNLQJ�RXU� DOXPQL� IRU� WKHLU� GHGLFD�
WLRQ�DQG�JHQHURXV�GRQDWLRQV�ZLWKRXW�ZKLFK�WKH�GHSDUWPHQW¶V�
VXFFHVV�LQ�LWV�WHDFKLQJ��UHVHDUFK��DQG�VHUYLFH�PLVVLRQV�ZRXOG�
EH�LPSRVVLEOH��,�NQRZ�WKDW�ZH�FDQ�FRXQW�RQ�\RXU�FRQWLQXLQJ�
VXSSRUW��7KDQN�\RX�YHU\�PXFK� 

,� KRSH� WKDW� WKH� SDQGHPLF� ZLOO� VXEVLGH� VRRQ� VR� \RX� ZLOO� EH�
DEOH�WR�YLVLW�XV�LQ�5ROOD�WR�VHH�WKH�H[FLWLQJ�WKLQJV�KDSSHQLQJ�
LQ�WKH�SK\VLFV�GHSDUWPHQW�DQG�WR�VKDUH�ZLWK�XV�ZKDW�\RX�KDYH�
EHHQ�GRLQJ�VLQFH�JUDGXDWLRQ� 

    7KRPDV�9RMWD��������� 



3K\VLFV�'HSDUWPHQW�$ZDUGV�����-�����6FKRODUVKLSV�DQG�)HOORZVKLSV 

7KH�IROORZLQJ�VFKRODUVKLSV�KDYH�EHHQ�HQGRZHG�WKURXJK�WKH�JHQHURXV�JLIWV�RI�WKH�IULHQGV�RI�WKH�0LVVRXUL�6	7�3K\VLFV�'HSDUW�
PHQW���3OHDVH�FRQWDFW�WKH�3K\VLFV�'HSDUWPHQW�LI�\RX�ZRXOG�OLNH�WR�DGG�WR�WKH�HQGRZPHQW�IXQG�RI�WKHVH�VFKRODUVKLSV�RU�ZRXOG�
OLNH�WR�HVWDEOLVK�D�QHZ�RQH� 

'U��-RKQ�5��DQG�3DWW\�5RJHUV�(QGRZHG�6FKRODUVKLS� UHFLSLHQWV�ZHUH�+DUROG�%DNHU�IURP�+ROOLVWHU��02��7XFNHU�0DWWVRQ�
IURP�%OXH�6SULQJV��02��/LO\�6PLWK�IURP�0DU\ODQG�+HLJKWV��02��6DPXHO�&ORGIHOWHU�IURP�6DLQW�&KDUOHV��02��DQG�$OH[DQGHU�
/RYH�IURP�(OOLVYLOOH��02� 

-RKQ�/��	�%HWW\�/��0F'DQLHOV�6FKRODUVKLS�UHFLSLHQW�ZDV�-RQDWKDQ�(YDQV�IURP�/DPDU��02� 

*HUULH�)OHWFKHU�(QGRZHG�6FKRODUVKLS� LQ�0HPRU\� RI�'DOH� 6KXOO� UHFLSLHQWV�ZHUH�-RGLH�+HUPDQQ� IURP�$UOLQJWRQ��,/�DQG�
&DUROLQH�%HVKHDUV�IURP�.DQVDV�&LW\��02� 

5LFKDUG�$QGHUVRQ�6FKRODUVKLS�)XQG� UHFLSLHQWV�ZHUH�,DQ�6PLWK�IURP�6DLQW�-RVHSK��02��1LFKRODV�7KHRGRURX� IURP�6DLQW�
/RXLV��02��5HHFH�%HDWWLH-+DXVHU�IURP�:LOGZRRG��02��DQG�.HLWK�0LOOHU�IURP�0DOGHQ��02� 

+DUROG�4�)XOOHU��6FKRODUVKLS-/RDQ��UHFLSLHQWV�ZHUH��-RVKXD�0DHFKOHU�IURP�2¶)DOORQ��02��6HDQ�$QGHUVRQ�IURP�:DUUHQV�
EXUJ��02��DQG�5DYL�6KDVWUL�IURP�)HQWRQ��02��� 

5LFKDUG�:��+DQQXP�(QGRZHG�'HYHORSPHQW�)XQG� UHFLSLHQWV�ZHUH�-DYLHU�)UDQFR�+HUQDQGH]�IURP�&KHVWHUILHOG��02�DQG�
0FJRZDQ�7RRPEV�IURP�$UQROG��02� 

%XUNH�+��0LOOHU�0HPRULDO�6FKRODUVKLS�UHFLSLHQW�ZDV�.HQQHWK�'LVWHIDQR�IURP��.DQVDV�&LW\��02���� 

$OODQ� 3ULQJOH� (QGRZHG� 6FKRODUVKLS� � UHFLSLHQWV� RI� WKH� DZDUG� ZHUH�%HQMDPLQ� (GZDUGV� IURP� 5ROOD�� 02� DQG�&DUROLQH�
%HVKHDUV�IURP�.DQVDV�&LW\��02� 

3ULQJOH��00�0LQHU��0DWFK�PRQH\�ZDV�DZDUGHG�WR�0DVRQ�7RRPEV�IURP�$UQROG��02��.DWKU\Q�=\FKLQVNL�IURP�6DLQW�/RX�
LV��02��(PLO\�5LFKDUGVRQ�IURP�6DLQW�3HWHUV��02�DQG�6WHYHQ�.DUVW�IURP�%DOOZLQ��02� 

(G�DQG�0DU\�6XH�6LFNDIXV�(QGRZHG�6FKRODUVKLS�)HOORZVKLS�UHFLSLHQWV�ZHUH��5HEHFFD�&DPSEHOO�IURP�6DLQW�&KDUOHV��02��
.HQQHWK�'LVWHIDQR�IURP�.DQVDV�&LW\��02��6DPXHO�+DOODGD\�IURP�0RXQW�9HUQRQ��,$�DQG�$DURQ�6LOYXV�IURP�/HH¶V�6XPPLW��
02�� 

/HRQ� (��:RRGPDQ�0HPRULDO� 6FKRODUVKLS� UHFLSLHQWV�ZHUH�-RVH� 3DGURQ� IURP�6SULQJILHOG�� �02�DQG�&ROWRQ� +HOPV� IURP�
)UHGHULFNWRZQ��02��� 

3K\VLFV�'HSDUWPHQW�6FKRODUVKLS� �UHFLSLHQWV�ZHUH�-RVKXD�'DOWRQ� IURP�6DLQW�3HWHUV��02��=DFKDU\�'ULHPH\HU� IURP�+RXVH�
6SULQJV��02��-RVHSK�)UDQ]�IURP�.DQVDV�&LW\��02��6DPXHO�+DOODGD\� IURP�0RXQW�9HUQRQ��,$���-RGLH�+HUPDQQ�IURP�6DLQW�
/RXLV��02��$OH[DQGHU�+RIIPDQ�IURP�:LOGZRRG��02��$QGUHZ�-DQHV�IURP�2¶)DOORQ��02��.HLWK�0LOOHU�IURP�0DOGHQ��02��
=DFKDU\�0LOOHU� IURP�6DLQW�3HWHUV��02��1DWKDQLHO� 3DJH� IURP�6SULQJILHOG��02��5DYL�6KDVWUL�IURP�)HQWRQ��02��6HWK� 6WXE�
EOHILHOG� IURP� 6DLQW� 3HWHUV�� 02�� =DFKDU\� 6]DWNRZVNL� IURP� 6DLQW� /RXLV�� 02�� -DFRE� 7KLHO� IURP� 5ROOD�� 02��0FJRZDQ�
7RRPEV�IURP�$UQROG��02��DQG�7LPRWK\�9DQ�+RRVH�IURP�5ROOD��02� 

3K\VLFV�6FKRODUVKLSV�IRU�$FDGHPLF�$FFHVV� UHFLSLHQWV�ZHUH�6DPXHO�+DOODGD\�IURP�0RXQW�9HUQRQ��,$��%URFN�+LQWRQ�IURP�
+LQGVYLOOH��$5��-RUGDQ�6WHYHQV�IURP�%RQQH�7HUUH��02�DQG�&ROH�5LVFKELHWHU�IURP�%DUQKDUW��02��� 

'21$7,216����� 
<RXU�GRQDWLRQV�KHOS�PDNH�LW�SRVVLEOH�WR�FRQWLQXH�WR�DWWUDFW�TXDOLW\�XQGHUJUDGXDWH�DQG�JUDGXDWH�VWXGHQWV�LQ�RXU�GHSDUWPHQW���&XU�
UHQWO\�ZH�KDYH�DSSUR[LPDWHO\����XQGHUJUDGXDWHV�DQG����JUDGXDWH�VWXGHQWV��DQG�ZH�KDYH�D�JRDO�RI�JURZLQJ�WKHVH�QXPEHUV�LQ��������
(YHU\�GROODU�\RX�FDQ�JLYH�IRU�VFKRODUVKLS�DQG�JUDGXDWH�IHOORZVKLSV�ZLOO�JUHDWO\�DVVLVW�WKH�GHSDUWPHQW�LQ�LWV�DJJUHVVLYH�UHFUXLWPHQW�
SODQ��DQG�ZLOO�EH�JUHDWO\�DSSUHFLDWHG� 

<RXU�FRQWLQXHG�JHQHURVLW\�ZLWK�3KRQDWKRQ�GRQDWLRQV�DQG�RWKHU�SULYDWH�GRQDWLRQV��KDV�DOORZHG�XV�WR�LQFUHDVH�WHDFKLQJ�ODERUDWRU\�
FDSDFLW\�E\�XS�WR�����RYHU�WKH�SDVW�\HDUV��� 

/DVW�\HDU¶V�GRQDWLRQV�WR�WKH�GHSDUWPHQW�WRWDOHG������������IURP����GRQRUV� 

:H�JUHDWO\�DSSUHFLDWH� \RXU�JHQHURVLW\� LQ�KHOSLQJ�XV� VXSSRUW� VFKRODUVKLSV�DQG�VWXGHQW�DFWLYLWLHV� VXFK�DV� WKH�6RFLHW\�RI�3K\VLFV�
6WXGHQWV� 



7RS�OHIW�WR�ULJKW��(OL]DEHWK�&DSXWD-+DWOH\��&DPHURQ�0DXSLQ��.\OH�0F0LOOHQ��9LQFH�
3UHLV��$Q]XPDDQ�&KDNUDERUW\��%RWWRP�OHIW� WR� ULJKW��'RPLQLF�'DOED��$VKOH\�3UXHWW��
%UHWW�%DOODUG���=HQRQ�.ORN� 

/HIW� WR� ULJKW�� .HQQHWK� 'LVWHIDQR�� WRS�� 1DWKDQLHO� 3DJH�� (OL]DEHWK� 7ULOOHU�� ERWWRP��
5DYL�6KDVWUL�DQG�$OH[�:DUKRYHU� 

0D\����� 

%DFKHORU�RI�6FLHQFH 

%UHWW�%DOODUG 

-RQDV�%X[WRQ 

(OL]DEHWK�&DSXWD-+DWOH\ 

$Q]XPDDQ�&KDNUDERUW\ 

'RPLQLF�'DOED 

0LFKDHO�(OOLV 

=HQRQ�.ORN 

&DPHURQ�0DXSLQ 

.\OH�0F0LOOHQ 

0DUN�0\HUV 

9LQFH�3UHLV 

$VKOH\�3UXHWW 

 

'HFHPEHU����� 
%DFKHORU�RI�6FLHQFH 

.HQQHWK�'LVWHIDQR 

1DWKDQLHO�$��3DJH 

5DYL�6��6KDVWUL 

(OL]DEHWK�7ULOOHU 

$OH[�:DUKRYHU 

 

'RFWRU�RI�3KLORVRSK\ 

$��+��1LVKVKDQND�&��'H�6LOYD 

0DGKDY�'KLWDO 

3DXI�1HXSDQH 

0DWW�:HQW]HO-/RQJ 

6WXGHQWV�ZKR�PDLQWDLQHG�DW�OHDVW�D������*3$�IRU�WZHOYH�KRXUV�RU�PRUH�RI��FRXUVHZRUN 

6SULQJ����� 

6HDQ�$QGHUVRQ��%UHWW�%DOODUG��(OL]DEHWK�&DSXWD-+DWOH\�� -RVKXD�'DOWRQ��.HQQHWK�'LVWHIDQR��=DFKDU\� �'ULHPH\HU��$QGUHDV�(OOLQDV��
-RVHSK�)UDQ]��6DPXHO�+DOODGD\��&ROWRQ�+HOPV��-RGLH�+HUPDQQ��(WKDQ�+LVOH��&KDUOHV�.URSS��7D\ORU�/LQGHQEXVFK��&DPHURQ�0DXSLQ��
.\OH�0F0LOOHQ��'LOORQ�0F1DPDUD��.HLWK�0LOOHU� ,,,��=DFKDU\�0LOOHU�� -RVH�3DGURQ��1DWKDQLHO�3DJH��$VKOH\�3UXHWW��1LFKRODV�5D]R��
&ROH� 5LVFKELHWHU�� %UDQGRQ� 5RELQVRQ�� -RUGDQ� 6WHYHQV�� 6HWK� 6WXEEOHILHOG�� =DFKDU\� 6]DWNRZVNL�� 1LFKRODV� 7KHRGRURX�� 0FJRZDQ�
7RRPEV��DQG�%HQMDPLQ�<LQJOLQJ� 

)DOO����� 

6HDQ�$QGHUVRQ��5HHFH�%HDWWLH-+DXVHU��6DPXHO�&ORGIHOWHU��-RVKXD�'DOWRQ��.HQQHWK�'LVWHIDQR��$QGUHDV�(OOLQDV��-RVHSK�)UDQ]��6DPXHO�
+DOODGD\��-RGLH�+HUPDQQ��(WKDQ�+LVOH��$QGUHZ�-DQHV��6WHYHQ�.DUVW��&KDUOHV�.URSS��0DVRQ�/DEURW��.HLWK�0LOOHU�,,,��=DFKDU\�0LOOHU��
:LQVWRQ�3HQURG��&ROH�5LVFKELHWHU��5DYL�6KDVWUL��=DFKDU\�6]DWNRZVNL��0DVRQ�7RRPEV�DQG��0FJRZHQ�7RRPEV� 

&RQJUDWXODWLRQV�WR������3K\VLFV�'HJUHH�5HFLSLHQWV 

&RQJUDWXODWLRQV�WR�WKH������3K\VLFV�$FDGHPLF�6FKRODUV 



 

7KUHH�*UDGXDWH�6WXGHQWV�'HIHQG�3K'�7KHVHV 

7KUHH� SK\VLFV� JUDGXDWH� VWXGHQWV� 3DXI�
1HXSDQH� VXFFHVVIXOO\� GHIHQGHG� WKHLU� GRF�
WRUDO�WKHVHV� 

0DGKDY�'KLWDO��³)XOO\�GLIIHUHQWLDO�VWXG\�RI�
KLJKHU-RUGHU� FRQWULEXWLRQV� WR� WKH� IHZ-ERG\�
G\QDPLFV� RI� VLPSOH� DWRPLF� V\VWHPV´��
�$GYLVRU��0LFKDHO�6FKXO]� 

3DXI�1HXSDQH��³0ROHFXODU�G\QDPLFV�VWXG\�
RI�WHPSHUDWXUH�GHSHQGHQW�ZHWWLQJ�LQ�DONDQH-
ZDWHU� V\VWHPV´�� � �$GYLVRU�� *HUDOG�
:LOHPVNL� 

$UXPD� +DQGL� 1LVKVKDQND� 'H6LOYD��
³6\PPHWU\-EUHDNLQJ� LQ� WKH� PXOWL-SKRWRQ�
LRQL]DWLRQ� G\QDPLFV� RI� RULHQWHG� DWRPV´���
�$GYLVRU��'DQLHO�)LVFKHU� 

7KH\� DOO� FRQWLQXHG� DV� SRVWGRFV� LQ� WKH� GH�
SDUWPHQW� 

-XOLD�0HGYHGHYD�6WXGLHV�+\GURJHQ�LQ�$PRUSKRXV�2[LGH�6HPLFRQGXFWRUV 

)RU�GHFDGHV��K\GURJHQ�KDV�EHHQ�NQRZQ�WR�SOD\�D�NH\�UROH�LQ�GHIHFW�SDVVLYDWLRQ��GRSLQJ��FU\V�
WDOOL]DWLRQ�� DQG� LPSURYHG� WUDQVSRUW� SURSHUWLHV� LQ� 6L-EDVHG� VHPLFRQGXFWRUV�� 'HVSLWH� WUHPHQ�
GRXV�SURJUHVV��K\GURJHQ�UHPDLQV�D�P\VWHULRXV�LRQ�LQ�PDWHULDOV�FKHPLVWU\�DQG�SK\VLFV�RZLQJ�
WR�LWV�ELSROH�QDWXUH��PRGHUDWH�HOHFWURQHJDWLYLW\��ODFN�RI�S-RUELWDOV��IOH[LEOH�LRQLF�VL]H��DQG�WKH�
DELOLW\�WR�IRUP�FRYDOHQW��PHWDOOLF��RU�LRQLF�ERQGLQJ�GHSHQGLQJ�RQ�WKH�HOHFWURQLF�FKDUDFWHULVWLFV�
RI� WKH� VXUURXQGLQJ� DWRPV�� 5HYHDOLQJ� WKH� PLFURVFRSLF� EHKDYLRU� RI� K\GURJHQ� LQ� DPRUSKRXV�
R[LGH� VHPLFRQGXFWRUV� WKDW� UHFHQWO\� EHFDPH� FRPSHWLWLYH� ZLWK� VLOLFRQ� DV� DQ� DFWLYH� WUDQVLVWRU�
OD\HU�LQ�ODUJH-DUHD�DQG�IOH[LEOH�GLVSOD\V��SUHVHQWV�D�PRUH�IRUPLGDEOH�SUREOHP���:HDN�PHWDO-
R[\JHQ�ERQGLQJ��LRQLF�LQ�QDWXUH��UHQGHUV�VWURQJ�VWUXFWXUDO�GLVRUGHU�HYHQ�LQ�WKH�VKRUW��QHDUHVW-
QHLJKERU�UDQJH�RI�WKH�DPRUSKRXV�R[LGH��GUDPDWLFDOO\�LQFUHDVLQJ�WKH�QXPEHU�RI�SRVVLEOH�ORFD�
WLRQV�IRU�+�GHIHFWV�LQ�WKH�VWUXFWXUH�WKDW�GHWHUPLQHV�WKH�FRQFHQWUDWLRQ��VWDELOLW\��DQG�GLIIXVLRQ�
RI�K\GURJHQ�DV�ZHOO�DV�WKH�UHVXOWLQJ�PDFURVFRSLF�SURSHUWLHV�RI�+-GRSHG�R[LGHV� 

0HGYHGHYD� HPSOR\HG� FRPSXWDWLRQDOO\-LQWHQVLYH� DE-LQLWLR� PROHFXODU� G\QDPLFV� VLPXODWLRQV� FRPELQHG� ZLWK� DFFXUDWH� GHQVLW\–�
DQG�K\EULG-IXQFWLRQDO�FDOFXODWLRQV�DQG�DQDO\]HG�WKH�UHVXOWV�XVLQJ�VWDWLVWLFDO�WLPH–�DQG�WHPSHUDWXUH-GHSHQGHQW�WRROV�GHYHORSHG�LQ�
KHU�JURXS��*LYHQ�WKH�ZLGH�VWUXFWXUDO�GLVWULEXWLRQV�LQ�DPRUSKRXV�R[LGH�VHPLFRQGXFWRU��VXFK�VLPXODWLRQV�UHTXLUH�ODUJH�FRPSXWHU�
SRZHU�DQG�ZHUH�SHUIRUPHG�XVLQJ�WKH�)RXQGU\��WKH�KLJK-SHUIRUPDQFH�FRPSXWHU�FOXVWHU�WKDW�ZDV�FRPPLVVLRQHG�DW�0LVVRXUL�6	7�
LQ�ZLQWHU�RI�������WKDQNV�WR�D����PLOOLRQ�0DMRU�5HVHDUFK�,QVWUXPHQWDWLRQ��05,��JUDQW�IURP�1DWLRQDO�6FLHQFH�)RXQGDWLRQ��RQ�
ZKLFK�0HGYHGHYD�VHUYHG�DV�FR-3ULQFLSDO�,QYHVWLJDWRU� 

7KH�UHVXOWV�RI�KHU�VWXGLHV�KDYH�UHYHDOHG�D�VWDUN�GLIIHUHQFH�EHWZHHQ�+-SDVVLYDWLRQ�LQ�FRYDOHQW�6L-EDVHG�VHPLFRQGXFWRUV�DQG�WKH�
LRQLF�PHWDO�R[LGHV��UHPDUNDEO\��K\GURJHQ�GRSLQJ�WULJJHUV�DQ�H[WHQGHG�ERQG�UHFRQILJXUDWLRQ�LQ�WKH�R[LGH�DQG�WKLV�VWUXFWXUDO�UHDU�
UDQJHPHQW�UHVXOWV�LQ�HQHUJ\�JDLQV�WKDW�RXWZHLJK�SDVVLYDWLRQ�RI�GDQJOLQJ�2-S–RUELWDOV���7KLV�+-LQGXFHG�VWUXFWXUDO�WUDQVIRUPDWLRQ�
LQ�WKH�PRUSKRORJ\�UHVXOWV� LQ�D�PRUH�XQLIRUP�GLVWULEXWLRQ�RI�WKH�FRQGXFWLRQ�SDWKV�LQ� WKH�DPRUSKRXV�PDWHULDO�� �$ORQJ�ZLWK�WKH�
LQFUHDVHG�+�PRELOLW\�� WKH� ILQGLQJV�KHOSHG�H[SODLQ� WKH�REVHUYHG���-IROG� LQFUHDVH� LQ� WKH�FDUULHU�PRELOLW\�RI�+-GRSHG� ,Q-*D-2���
7RJHWKHU�ZLWK�KHU�FROOHDJXHV�IURP�1RUWKZHVWHUQ�8QLYHUVLW\��0HGYHGHYD�SXEOLVKHG�KHU�ZRUN�LQ��WKH�SUHVWLJLRXV�3URFHHGLQJV�RI�
WKH�$FDGHP\�RI�6FLHQFH��DV�ZHOO�DV�LQ�-RXUQDO�RI�0DWHULDOV�&KHPLVWU\�&���0RUHRYHU��VKH�ZDV�LQYLWHG�WR�SUHVHQW�KHU�ZRUN�DW�'LV�
SOD\�:HHN�������WKH�,QWHUQDWLRQDO�6\PSRVLXP�DQG�([KLELWLRQ�E\�WKH�6RFLHW\�RI�,QIRUPDWLRQ�'LVSOD\�WR�EH�KHOG�LQ�0D\������LQ�
6DQ�-RVH��&DOLIRUQLD� 



 

 

$OH[H\�<DPLORY�SXEOLVKHV�LQ�SUHVWLJLRXV�1DWXUH�3KRWRQLFV 

,W� LV� FRPPRQO\� WKRXJKW� WKDW� RSWLFDO�EHDPV��
SURSDJDWLQJ� WKURXJK� D� VFDWWHULQJ� PHGLXP�
VXFK� DV� IRJ�� VSUHDG� ODWHUDOO\� DQG� WKDW� RQH�
KDV�QR�FRQWURO�RYHU�WKLV�SURFHVV��,Q�FROODER�
UDWLRQ�ZLWK� WKH�H[SHULPHQWDO�JURXS�RI�3URI��
+XL� &DR� IURP� <DOH� 8QLYHUVLW\�� $OH[H\�
<DPLORY� GHPRQVWUDWHG� LQ� D� UHFHQW� 1DWXUH�
3KRWRQLFV�SDSHU�³7UDQVYHUVH�ORFDOL]DWLRQ�RI�
WUDQVPLVVLRQ�HLJHQFKDQQHOV´�WKDW�LW�LV�SRVVL�
EOH�WR�VHOHFW�VSHFLDO�LQSXW�ZDYH�SDWWHUQV�WKDW�
ZRXOG�WUDYHO�ZLWKRXW�VSUHDGLQJ�� 

7KH� FRQFHSW� RI� VXFK� WUDQVPLVVLRQ� HL�
JHQFKDQQHOV�ZDV�FRQFHLYHG�LQ�WKH�����V�LQ�
FRQWH[W� RI� PHVRVFRSLF� SK\VLFV� WR� H[SODLQ�
H[SHULPHQWV� ZLWK� HOHFWURQ� ZDYHV� LQ� VPDOO�
PHWDO�ZLUHV�DW�YHU\�ORZ�WHPSHUDWXUHV��+RZ�

HYHU��EHFDXVH�LW�LV�QRW�SRVVLEOH�WR�SUHFLVHO\�FRQWURO�LQSXW�ZDYH�IRU�HOHFWURQV��WKH�
HLJHQFKDQQHOV� FRXOG� QRW� EH� REVHUYHG� GLUHFWO\�� 7KH� 1DWXUH� 3KRWRQLFV� SDSHU�
FRPHV�RQ� WKH�KHHOV�RI� WKH� ILUVW� H[SHULPHQWDO�GHPRQVWUDWLRQ�RI� WKH�H[LVWHQFH�RI�
HLJHQFKDQQHOV�IRU�OLJKW�ZDYHV�E\�<DPLORY¶V�DQG�&DR¶V�JURXSV�³&RQWURO�RI�HQHU�
J\�GHQVLW\� LQVLGH�GLVRUGHUHG�PHGLXP�E\�FRXSOLQJ� WR�RSHQ�RU�FORVHG�FKDQQHOV�´�
SXEOLVKHG� LQ�3K\VLFDO�5HYLHZ�/HWWHUV��+DYLQJ�DFKLHYHG�VXFK�DQ�XQSUHFHGHQWHG�
OHYHO�RI�FRQWURO�RI�RSWLFDO�ZDYHV�RSHQHG�XS�H[FLWLQJ�RSSRUWXQLWLHV�WR�LQYHVWLJDWH�
XQXVXDO� SURSHUWLHV� RI� HLJHQFKDQQHOV�� LQFOXGLQJ� D� SRVVLELOLW\� WR� VWHHU� WKHP�� DV�
VKRZQ� E\� WKH� FROODERUDWRUV� LQ� DQRWKHU� 3K\VLFDO� 5HYLHZ� /HWWHUV� ³$QJXODU�
PHPRU\�HIIHFW�RI�WUDQVPLVVLRQ�HLJHQFKDQQHOV´��7KHVH�VWXGLHV�QRW�RQO\�KDYH�LP�
DJLQJ� DQG� FRPPXQLFDWLRQ� DSSOLFDWLRQV� LQ� WKH� ILHOG� RI� RSWLFV�� EXW� DOVR� OHDG� WR�
SURIRXQG� LPSOLFDWLRQV� LQ� FRQGHQVHG�PDWWHU� SK\VLFV�� DFRXVWLFV�� DQG�RWKHU� ILHOGV�
LQYROYLQJ�ZDYH�SURSDJDWLRQ�DQG�VFDWWHULQJ� 

'DQLHO�)LVFKHU�SURPRWHG�WR�$VVRFLDWH�3URIHVVRU 

'DQLHO� )LVFKHU� ZDV� SURPRWHG� WR� $VVRFLDWH� 3URIHVVRU� ZLWK�
7HQXUH�VWDUWLQJ�6HSWHPEHU��VW���&RQJUDWXODWLRQV�'DQLHO� 

'DQLHO�ZDV�DOVR�VHOHFWHG�WR�UHFHLYHG�WKH�0LVVRXUL�6	7�&RO�
OHJH� RI� $UWV�� 6FLHQFHV�� DQG� %XVLQHVV� �&$6%�� 5HVHDUFK�
$ZDUG� ������ 7KH� DZDUG� KRQRUV� IDFXOW\� ZKR� GR� UHVHDUFK�
ZLWK� XQGHUJUDGXDWH� DQG� JUDGXDWH� VWXGHQWV�� DQG� 'DQLHO� LV�
UHFRJQL]HG� IRU� KLV� ODUJH� LPSDFW� RQ� WKH� VWXGHQWV� LQ� RXU� GH�
SDUWPHQW� 

5HVHDUFK� RQ� FKLUDO� V\PPHWU\� EUHDNLQJ� SHUIRUPHG� LQ� 'DQ�
LHO¶V�ODE�ZDV�SXEOLVKHG�LQ�SUHVWLJLRXV�3K\VLFDO�5HYLHZ�/HW�
WHUV���$Q�REMHFW��VXFK�DV�DQ�DWRP�RU�PROHFXOH��LV�FKLUDO�ZKHQ�
LW�FDQQRW�EH�VXSHULPSRVHG�RQWR�LWV�PLUURU�LPDJH��� 



5HSRUW�IURP�WKH�636 6LJPD�3L�6LJPD�,QGXFWHHV 

'HVSLWH�WKH�GLIILFXOWLHV�RI�VWXGHQW�OLIH�GXULQJ�WKH��SDQGHPLF��WKH�
6RFLHW\�RI�3K\VLFV�6WXGHQWV�KHOG�PHHWLQJV�LQ�SHUVRQ�IRU�KDOI�RI�
WKH� VSULQJ� VHPHVWHU� DQG� YLUWXDOO\� GXULQJ� WKH� IDOO� VHPHVWHU��2XU�
RIILFHU�ERDUG�GXULQJ�WKH�VSULQJ�VHPHVWHU�LQFOXGHG�=DFKDU\�0LOOHU�
DV�3UHVLGHQW��=DFK�'ULHPH\HU�DV�9LFH�3UHVLGHQW��&ROH�5LVFKELHW�
HU�DV�6HFUHWDU\��7HGG\�&DSXWD�DV�7UHDVXUHU��1LFN�5D]R�DV�+LVWR�
ULDQ� DQG�%UHWW�%DOODUG� DV� 6WXGHQW�&RXQFLO�5HSUHVHQWDWLYH�� � )RU�
WKH� IDOO� VHPHVWHU�� WKH�RIILFHU� ERDUG�FRQVLVWHG�RI�=DFKDU\�0LOOHU�
DV�3UHVLGHQW��6DPXHO�+DOODGD\�DV�9LFH�3UHVLGHQW��&ROH�5LVFKEL�
HWHU� DV� 6HFUHWDU\�� $OH[� :DUKRYHU� DV� 7UHDVXUHU�� 1LFN� 5D]R� DV�
+LVWRULDQ��DQG�-RVH�3DGURQ�DV�6WXGHQW�&RXQFLO�5HSUHVHQWDWLYH� 

:H�KRVWHG�YLUWXDO� WDONV� IURP�'U�� -RVHSK�*UDKDP�DQG�'U��6\HG�
$ODP� IURP� WKH�1XFOHDU�(QJLQHHULQJ�'HSDUWPHQW��'U�� -RKQ�*DO�
IRUP�WKH�1XFOHDU�(QJLQHHULQJ�'HSDUWPHQW�DW�0L]]RX��'U��-DVRQ�
0XUSK\� IURP� WKH� 0DWK� 'HSDUWPHQW�� 'U�� 'DRUX� +DQ� IURP� WKH�
0HFKDQLFDO� (QJLQHHULQJ� 'HSDUWPHQW�� 'U�� .DWLH� 6KDQQRQ� IURP�
WKH�%LRORJ\�'HSDUWPHQW��'UV��0DUFR�&DYDJOLD��'DQLHO� )LVFKHU��
8OULFK�-HQWVFKXUD��'DQ�:DGGLOO��DQG�6KXQ�6DLWR�IURP�WKH�3K\V�
LFV��'HSDUWPHQW��:H�DOVR�EURDGHQHG�RXU�RXWUHDFK�WR�WKH�1XFOHDU�
(QJLQHHULQJ� 'HSDUWPHQW� EHFDXVH� D� QXPEHU� RI� VWXGHQWV� LQ� WKDW�
GHSDUWPHQW�VKRZ�VLJQLILFDQW�LQWHUHVW�LQ�SK\VLFV� 

7KLV� KDV� FHUWDLQO\� EHHQ� D� FKDOOHQJLQJ� \HDU� IRU� 636� EHFDXVH� RI�
WKH� OLPLWHG�QXPEHU�RI� LQ-SHUVRQ�PHHWLQJV��+RSHIXOO\�QH[W�\HDU��
636�PD\� KDYH� LWV� EHVW� \HW� DQG� FRQWLQXH� RXU� FHOHEUDWLRQ� RI� WKH�
ZRUOG�RI�SK\VLFV�� 

   =DFKDU\�0LOOHU��636�3UHVLGHQW 

����� KDV� VKDNHQ� WKLQJV� XS� IRU� WKH� REVHUYDWRU\�� � ,Q� WKH��
VSULQJ� VHPHVWHU�� ZH� KHOG� WZR� REVHUYDWRU\� HYHQWV�� � 7KH�
YLHZLQJ�REMHFWV�IRU�WKHVH�QLJKWV�ZHUH�9HQXV�DQG�7KH�2ULRQ�
1HEXOD���7KHUH�ZDV�RQO\�RQH�REVHUYDWRU\�QLJKW�IRU�WKH�IDOO�
VHPHVWHU�� �'XH�WR�WKH�PDQ\�&29,'�UHJXODWLRQV�� WKH�HYHQW�
ZDV� OLPLWHG� WR�PHPEHUV�RI�67$56�� �7KRVH�ZKR�DWWHQGHG�
ZHUH�DEOH�WR�ORRN�DW�DPD]LQJ�LPDJHV�RI�6DWXUQ�DQG�-XSLWHU��� 

   1LFN�)XOOHU��67$56�3UHVLGHQW 

7KH������,QGXFWHHV�ZHUH���6HDQ�$QGHUVRQ��=DFKDU\�
'ULHPH\HU��1LFKRODV�7KHRGRURX��&DUROLQH�%HVKHDUV��5HHFH�
%HDWWLH-+DXVHU��&KDUOHV�.QRSS��$QGUHDV�(OOLQDV��6DPXHO�
+DOODGD\��DQG�=DFKDU\�0LOOHU� 

2EVHUYDWRU\ 

1HZ�SRVWGRFV�DQG�YLVLWLQJ�VFKRODUV 

'U��%LVKDO�%KDWWDUDL�IURP�:DVKLQJ�
WRQ�8QLYHUVLW\�6W��/RXLV��SRVWGRF�
ZLWK�-XOLD�0HGYHGHYD� 

'U��&KULVWRSKHU�0RRUH�IURP�&OHP�
VRQ�8QLYHUVLW\��SRVWGRF�ZLWK�8OULFK�
-HQWVFKXUD� 

-LQJ�:DQJ��DQG�+XDQJZX�/\X��
IURP�&KLQD�ZHUH�ZRUNLQJ�ZLWK��
$OHNVDQGU�&KHUQDW\QVNL\� 

$OEHUW� :LHQF]HN� IURP� 3RODQG�
ZRUNLQJ�ZLWK�8OULFK�-HQWVFKXUD� 



8OULFK�-HQWVFKXUD�VSHDNV�RQ�WZR�FRQWLQHQWV�RQ�WKH�VDPH�GD\ 

7KH�\HDU������ZDV�D� VXFFHVVIXO�RQH� IRU� IDFXOW\�PHPEHU�8OULFK� -HQWVFKXUD��GHVSLWH�DOO� WKH��
LQWHUHVWLQJ�ERXQGDU\�FRQGLWLRQV� 

,Q�WKH�VXPPHU��8OULFK�JDYH�IRXU�LQYLWHG�WDONV�DW�FRQIHUHQFHV��DPRQJ�WKHVH��WZR�RQ�WKH�VDPH�
GD\� ��WK� RI� -XO\��� RQ� WZR� GLIIHUHQW� FRQWLQHQWV�� � $W� WKH� 5$'&25� �UDGLDWLYH� FRUUHFWLRQV��
ZRUNVKRS�DW�6WRQ\�%URRN��1�<����KH�SUHVHQWHG�D�WDON�RQ�TXDQWXP�HOHFWURG\QDPLF�HIIHFWV�DQG�
WKHLU�RYHUODS�ZLWK�SRVVLEOH�QHZ�ILIWK-IRUFH�HIIHFWV�LQ�DWRPLF�SK\VLFV��ZKLFK�ZRXOG�RSHQ�WKH�
GRRU�WR�D�QHZ�OHYHO�RI�XQGHUVWDQGLQJ�RI�IXQGDPHQWDO�SK\VLFDO�IRUFHV� 

,Q�(XURSH�� WKH�YLUWXDO�FRQIHUHQFH�RQ�³3K\VLFV�%H\RQG� WKH�6WDQGDUG�0RGHOV´� WRRN�SODFH�DW�
WKH�VDPH�WLPH��ZLWK�PDQ\�SDUWLFLSDQWV�IURP�&(51�DQG�125',7$�LQ�&RSHQKDJHQ��WZR�RI�

WKH�PRVW� SUHVWLJLRXV�SDUWLFOH�SK\VLFV� ODERUDWRULHV� LQ� WKH�ZRUOG���7UDYHOLQJ� DW� K\SHUVRQLF� VSHHGV�YLD�=RRP�EHWZHHQ� WKH� WZR�
FRQWLQHQWV��8OULFK�YLUWXDOO\� WUDYHOHG� WR�6WRQ\�%URRN� IURP� WKH�EHDXWLIXO� UHVRUW�RI�%OHG�� LQ�6ORYHQLD��ZKHUH� WKH�ZRUNVKRS�RQ�
SK\VLFV�EH\RQG�WKH�6WDQGDUG�0RGHO�ZDV�KHOG��DQG�ZKHUH�8OULFK�JDYH�WZR�LQYLWHG�WDONV��,Q�RUGHU�WR�DFFRPSOLVK�WKH�IHDW��8OULFK�
JRW�XS�DW��DP�WR�MRLQ�WKH�(XURSHDQ�PHHWLQJ��ZKLFK�FRQFOXGHG�DW�DURXQG��DP�&HQWUDO�6WDQGDUG�7LPH��DW�ZKLFK�SRLQW�WKH�PHHW�
LQJ�DW�6WRQ\�%URRN�VWDUWHG��� 

7KH�SURJUDP�RI�WDONV�ZDV�FRPSOHWHG�RQ�WKH��VW�RI�2FWREHU��ZLWK�D�WDON�RQ�PHGLFDO�WRSLFV��DW�WKH�0DGULGJH�&DQFHU�5HVHDUFK�
&RQIHUHQFH��YLUWXDOO\�KHOG�IURP�WKH�0DUULRWW�+RWHO�LQ�2UODQGR��)/��$W�WKDW�FRQIHUHQFH��8OULFK�UHSRUWHG�RQ�D�WKHUDS\�DSSURDFK�
IRU�FDQFHU�ZKLFK�KH�GHYHORSHG�DQG�E\�ZKLFK�KH�PDQDJHG�WR�VXFFHVVIXOO\�DGGUHVV�KHDOWK�LVVXHV�WKDW�KDG�DIIHFWHG�KLV�OLIH�LQ�UH�
FHQW�\HDUV� 

/DWH�ODVW�\HDU��D�QHZ�DGGLWLRQ�WR�KLV�IDPLO\�PDGH�8OULFK�YHU\�KDSS\��2Q�WKH���WK�RI�'HFHPEHU��D�GDWH�ZKLFK�KDSSHQHG�WR�FRLQ�
FLGH�ZLWK�WKH����WK�ELUWKGD\�RI�WKH�IDPRXV�FRPSRVHU��/XGZLJ�YDQ�%HHWKRYHQ��ZKR�ZDV�ERUQ�RQ�WKH���WK�RI�'HFHPEHU���������
8OULFK¶V�VRQ��7KHRGRUH�/RZHOO��ZDV�ERUQ�LQ�6SULQJILHOG��0LVVRXUL� 

6KXQ�6DLWR�YLVLWV�6RXWK�$IULFD� 

,Q�)HEUXDU\������� IDFXOW\�PHPEHU�6KXQ�6DLWR�DQG�
KLV�SRVWGRFWRUDO�UHVHDUFKHU��'U��6LGGKDUWKD�*XUXQJ-
/RSH]��YLVLWHG� WKH�8QLYHUVLW\�RI� WKH�:HVWHUQ�&DSH�
�8:&�� LQ� 6RXWK� $IULFD� IRU� WZR� ZHHNV�� 7KH� WULS�
ZDV� VXSSRUWHG� WKURXJK� WKH�8QLYHUVLW\� RI�0LVVRXUL�
6RXWK�$IULFDQ�(GXFDWLRQ�3URJUDP� �806$(3��� ,WV�
JRDO� ZDV� WR� LQLWLDWH� D� FROODERUDWLRQ� RQ� FRVPRORJ\�
DQG� WKH� ODUJH-VFDOH� VWUXFWXUH� RI� WKH� XQLYHUVH� ZLWK�
3URI��5R\�0DDUWHQV�DQG�3URI��6DQWRV��� 

6KXQ�DQG�KLV�SRVWGRF�YLVLWHG�WKH�REVHUYDWRU\�IDFLOL�
W\�DW�WKH�6RXWK�$IULFDQ�5DGLR�$VWURQRP\�2EVHUYD�
WRU\�� JDYH� D� VHPLQDU� WDON�� DQG� KDG� IUXLWIXO� GLVFXV�
VLRQV�ZLWK�ORFDO�UHVHDUFKHUV�DW�8:&���,W�ZDV�LQWHU�
HVWLQJ�WR�H[SHULHQFH�SRZHU�IDLOXUHV�VFKHGXOHG�D�IHZ�
WLPHV� SHU� GD\� DV� ZHOO� DV� DQ� HYDFXDWLRQ� IURP� WKH�
8:&�FDPSXV�GXH�WR�VHULRXV�SURWHVW�DFWLYLWLHV���2Q�
WKH� GD\� WKH\� IOHZ� EDFN� WR� WKH� 8�6��� 6KXQ� DQG� KLV�
SRVWGRF� KDG� D� FKDQFH� WR� YLVLW� WKH� IDPRXV�&DSH� RI�
*RRG�+RSH� 



7KH�3K\VLFV�'HSDUWPHQW�JUDWHIXOO\�DFNQRZOHGJHV�WKH�VXSSRUW� 
��RI�WKH�IROORZLQJ�DOXPQL�DQG�IULHQGV� 

&25325$7(� 
%RLQJ�&RPSDQ\ 

0DWFKLQJ�*LIW�&RPSDQ\ 
 
 

'RQDWLRQV�XQGHU������ 
 

3DWULFN�/��&ROH 
5RJHU�)RHKUZHLVHU 
6WDQOH\�6��+DQVHQ�,, 

0DUN�$��-RQHV 
:LOOLDP�$��/LQGJUHQ 

(ULF�-��1RUPDQ 
0RUJDQ�3��6OXVKHU 

=X-(Q�:DQJ 
 
 

'RQDWLRQV�����-���� 
 

.HQQHWK�(��$UQHWW 
&KDUORWWH�$��%KDVLQ 

.XO�%KDVLQ 
-DPHV�3��&DQQHU 

*HRUJH�$��&ROJURYH 
5RQDOG�&��(SSV 
&OD\WRQ�(YDQV 
0DUVKD�6��(YDQV 

%HUQDUG�-RVHSK�)HQGOHU 
(G�+DOH 

%DUEDUD�+DOH 
:D\QH�(��+ROODQG 
-DUHG�)��+XQG 

'HQQLV�&��-RKQVRQ 
+DUULV�&��-RQHV 
6KHOOD�.HLOKRO] 

 

'RQDWLRQV�����-�����FRQW� 
 

-DPHV�,��/DWKDP 
5H[�$��0DQQ 

7KRPDV�-��0F0DKRQ 
%ULDQ�*��0LOEXUQ 
0DUN�:��0RUULV 

-RQ�1DQFH 
3DXO�3DUULV 

$QGUHZ�5LFKDUG�3ULGHDX[ 
.DWK\�$��5DJHV 

5RGQH\�2��5DQGROO 
-RKQ�5HDJDQ 

*DU\�6��6DPPHOPDQQ 
-DPHV�*��6PLWK 

.HQQHWK�0��6WHSKHQV 
5REHUW�(��7KXUPDQ 
5D\PRQG�/��:LOOV 
*DU\�.��:RRGZDUG 

 
 

'RQDWLRQV�����-���� 
 

+DUUR�$FNHUPDQQ 
6WHSKHQ�'��&KULVWLDQVHQ 

7KRPDV�0�-RUGDQ 
&KULVWRSKHU�:LOOLDP�/OR\G 

/DQH�$��0DUWLQ 
'RQQLH�:��3ULHVW 
)UDQN�(��6DOWHU 

5LFKDUG�+��6KLHOGV 
%DUW�6PLWK 

5REHUW�7��6PLWK��3K' 
7HUUHQFH�5��:DUG 

$XJXVW�&��:HLVOHU�-U� 
 

'RQDWLRQV�����-���� 
 

5LFKDUG�+��%XUNHO 
'DYLG�:��)DKH\ 

7KRPDV�.��*D\ORUG 
.HYLQ�0ROO 
$P\�0RUULVV 
&DVH\�0RUULVV 
0LFKDHO�1REOH 

7LPRWK\�-��6RPPHUHU 
1DQF\�6WHSS 

*HUDOG�:LOHPVNL 
 

'RQDWLRQV��������WR������� 
 

-XQIDQJ�-HII�*DR 
;LDRTLDQ�/LX 

8OULFK�'��-HQWVFKXUD 
'RQ�3DFNZRRG 
$JQHV�9RMWD 
7KRPDV�9RMWD 

 

(QGRZPHQWV��*LIWV�WKDW�&RQWLQXH�WR�*LYH 
0DQ\�JHQHURXV�GRQRUV�KDYH�IRXQG�WKDW�FUHDWLQJ�DQ�HQGRZPHQW��D�IXQG�HVWDEOLVKHG�ZLWK�FDVK��VHFXULWLHV�RU�RWKHU�DVVHWV�ZKLFK�SUR�
YLGHV�LQFRPH�LQ�SHUSHWXLW\��RIIHUV�D�VLJQLILFDQW��ORQJ-WHUP�LPSDFW�RQ�0LVVRXUL�6	7���(QGRZPHQWV�FDQ�EH�XQUHVWULFWHG�RU�UHVWULFWHG�
IRU�D�VSHFLILF�SXUSRVH�VXFK�DV�VFKRODUVKLSV��GHSDUWPHQW�SURJUDPV��IDFXOW\�VXSSRUW��HWF��(QGRZPHQWV�FDQ�EH�VWDUWHG�ZLWK�DV�OLWWOH�DV�
��������DQG�DGGLWLRQDO�IXQGV�FDQ�EH�DGGHG�DW�DQ\�WLPH�LQ�WKH�IXWXUH� 

7KH�0LVVRXUL�6	7�3K\VLFV�'HSDUWPHQW�KDV�VHYHUDO�GRQRUV�WKDW�KDYH�EHHQ�DGGLQJ�WR�WKHLU�HQGRZPHQW�IRU�VHYHUDO�\HDUV��LQFOXGLQJ�
HQGRZPHQWV�HVWDEOLVKHG�E\�(G�DQG�0DU\�6XH�6LFNDIXV��-RKQ�DQG�3DWW\�5RJHUV��-RKQ�DQG�%HWW\�0F'DQLHOV���/�(��:RRGPDQ�
DQG�E\�WKH�HVWDWHV�RI��5LFKDUG�$QGHUVRQ�DQG�5LFKDUG�+DQQXP��2XU�PRVW�UHFHQW�HQGRZPHQW�ZDV�HVWDEOLVKHG�LQ�PHPRU\�RI�'U��
2UDQ�$OODQ�3ULQJOH� 

7KH�RQJRLQJ�QDWXUH�RI�DQ�HQGRZPHQW�SURYLGHV�D�ZD\�WR�VXSSRUW�\RXU�DOPD�PDWHU�DQG�JLYH�WKHP�WKH�ILQDQFLDO�VWUHQJWK�WR�GR�WKLQJV�
WKDW�PLJKW�QRW�RWKHUZLVH��EH�SRVVLEOH��,I�\RX�ZDQW�WR�OHDUQ�PRUH�DERXW�WKH�0LVVRXUL�6	7�HQGRZPHQW�SURJUDP�DQG�KRZ�\RX�FDQ�
SDUWLFLSDWH��SOHDVH�FDOO��-���-���-�����RU�HPDLO�JLYLQJ�#PVW�HGX� 



)DFXOW\�1RWHV 

8OULFK� -HQWVFKXUD��7KRPDV�9RMWD�DQG�HPHULWL�%RE�'X%RLV��
'RQ�0DGLVRQ��DQG�5RQ�2OVRQ�DUH�OLVWHG�LQ�WKH�GDWDEDVH�RI�WKH�
WRS����VFLHQWLVWV�DFURVV�DOO�DUHDV�RI�VFLHQFH�WKDW�ZDV�UHOHDVHG�
E\�D�WHDP�RI�UHVHDUFKHUV�OHG�E\�-RKQ�3�$��,RDQQLGLV�IURP�6WDQ�
IRUG�8QLYHUVLW\���7KH�OLVW�LV�EDVHG�RQ�D�QXPEHU�RI�FLWDWLRQ�PHW�
ULFV�WKDW�UHIOHFW�WKH�FDUHHU-ORQJ�LPSDFW�RI�D�VFLHQWLVW¶V�ZRUN� 
 
0DUFR�&DYDJOLD�ZRQ�D�PDMRU�QHZ�16)�DZDUG�IRU�WKH�SURMHFW��
³:R8-00$�� (QDEOLQJ� 0XOWL-0HVVHQJHU� $VWURSK\VLFV� ZLWK�
$GYDQFHG� /,*2�� IURP�'HWHFWRU� &DOLEUDWLRQ� WR� ,QWHUSUHWDWLRQ�
RI�*UDYLWDWLRQDO-:DYH-6LJQDOV´�� 
 
0DUFR� &DYDJOLD� FRQWLQXHV� WR� FR-FKDLU� WKH� ³%XUVW� 6RXUFHV´�
ZRUNLQJ� JURXS�� WKH� VHFRQG� ODUJHVW� REVHUYDWLRQDO� JURXS� LQ� WKH�
LQWHUQDWLRQDO�/,*2�6FLHQWLILF�&ROODERUDWLRQ� 
 
�0LFKDHO� 6FKXO]� UHFHLYHG�D�PDMRU�16)�DZDUG�IRU� WKH�SURMHFW�
³&RKHUHQFH�(IIHFWV��$�6HQVLWLYH�7RRO�WR�6WXG\�WKH�)HZ-%RG\�
'\QDPLFV�LQ�6LPSOH�$WRPLF�6\VWHPV´� 
 
7KRPDV� 9RMWD� SHUIRUPHG� VXSHUFRPSXWHU� VLPXODWLRQV� WR� VXS�
SRUW� D� SLORW� VWXG\� DW�86&%
V�&DOLIRUQLD�1DQRV\WHPV� ,QVWLWXWH�
WKDW�VHHNV� WR�XQGHUVWDQG� WKH�GLVWULEXWLRQ�RI�VHURWRQLQ�FDUU\LQJ�
ILEHUV� LQ� WKH� EUDLQ� DQG� WKH� UROH� WKLV� GLVWULEXWLRQ� SOD\V� LQ� WKH�
PDQ\� QHXURORJLFDO� GLVRUGHUV�� 7KH� ZRUN� LV� SXEOLVKHG� LQ� WKH�
MRXUQDO�)URQWLHUV�LQ�&RPSXWDWLRQDO�1HXURVFLHQFH� 
 
$OH[H\�<DPLORY�ZRQ�D�PDMRU�JUDQW�IURP�WKH�16)�IRU�KLV�SUR�
MHFW� ³:DYH� WUDQVSRUW� YLD� HLJHQFKDQQHOV� RI� FRPSOH[� PHGLD´�
ZKLFK� LV� D� FROODERUDWLRQ� EHWZHHQ� 'U�� <DPLORY� DQG� 'U�� +XL�
&DR¶V�JURXS�DW�<DOH� 

-XOLD� 0HGYHGHYD� GHOLYHUHG� DQ� LQYLWHG� YLUWXDO� SUHVHQWDWLRQ�
RQ� KHU� ODWHVW� UHVHDUFK� RQ� DPRUSKRXV� R[LGH� VHPLFRQGXFWRUV�
DW�WKH�7KRPDV�<RXQJ�&HQWUH��7<&��6\PSRVLXP�LQ�/RQGRQ��
7<&�LV�WKH�/RQGRQ�&HQWUH�IRU�WKH�7KHRU\�DQG�6LPXODWLRQ�RI�
0DWHULDOV� DQG� 0ROHFXOHV� ZLWK� RYHU� ���� UHVHDUFKHUV� IURP�
VHYHUDO� DUHD� XQLYHUVLWLHV�� 7KH� V\PSRVLXP� EURXJKW� WRJHWKHU�
H[SHULPHQWDOLVWV� DQG�PRGHOHUV� WR� GLVFXVV� FKDOOHQJHV� LQ� XQ�
GHUVWDQGLQJ�DQG�SUHGLFWLQJ� WKH�SURSHUWLHV�RI�GLVRUGHUHG�DQG�
DPRUSKRXV�IXQFWLRQDO�PDWHULDOV� 
 
-XOLD� 0HGYHGHYD� LV� D� FR-3ULQFLSDO� ,QYHVWLJDWRU� RI� D� QHZ�
FRRSHUDWLYH�DJUHHPHQW�ZLWK� WKH�$UP\�5HVHDUFK�/DERUDWRU\�
WKDW�ZLOO�EULQJ�QHDUO\�����PLOOLRQ�WR�0LVVRXUL�6	7�RYHU�ILYH�
\HDUV��0HGYHGHYD�OHDGV�WKH�,QWHJUDWHG�&RPSXWDWLRQDO�0DWH�
ULDOV� (QJLQHHULQJ� DUHD� WKDW� DLPV� DW� D� PDWHULDOV-E\-GHVLJQ�
DSSURDFK�IRU��XOWUD-KLJK-VWUHQJWK�VWHHOV�IRU�WKH�PLOLWDU\� 
 
7KH� )RXQGU\�� 0LVVRXUL� 6	7¶V� QHZHVW� +LJK� 3HUIRUPDQFH�
&RPSXWLQJ��+3&��FOXVWHU��LV�QRZ�RSHUDWLQJ��7KH�SURMHFW�ZDV�
IXQGHG�WR�D�ODUJH�SDUW�E\�D�������PLOOLRQ�16)�DZDUG�ZRQ�E\�
D� WHDP� RI� 0LVVRXUL� 6	7� IDFXOW\� FRQVLVWLQJ� RI� 5LFKDUG�
'DZHV�� &KHPLVWU\�� -XOLD� 0HGYHGHYD� DQG�7KRPDV� 9RMWD�
IURP�3K\VLFV��6WHSKHQ�*DR�IURP�*HRVFLHQFHV�DQG�*HRORJL�
FDO�	�3HWUROHXP�(QJLQHHULQJ��DQG�6HUKDW�+RVGHU��0HFKDQL�
FDO�	�$HURVSDFH�(QJLQHHULQJ� 

)DFXOW\�DZDUGV 

0DUFR� &DYDJOLD� �WRS� OHIW�� DQG� 8OULFK� -HQWVFKXUD� �WRS� ULJKW�
UHFHLYHG������FDPSXV�)DFXOW\�5HVHDUFK�$ZDUGV��UHFRJQL]LQJ�IDFXOW\�
PHPEHUV�ZKR�KDYH�GHPRQVWUDWHG�H[FHOOHQFH�LQ�UHVHDUFK�DQG�VFKRODU�
VKLS�GXULQJ�WKH�ODVW�WZR�\HDUV� 

'DQLHO�)LVFKHU��ERWWRP�ULJKW��ZRQ�D�&ROOHJH�RI�$UWV��6FLHQFHV��DQG�
%XVLQHVV�5HVHDUFK�DZDUG�ZKLFK�KRQRUV�IDFXOW\�ZKR�GR�UHVHDUFK�ZLWK�
XQGHUJUDGXDWH�DQG�JUDGXDWH�VWXGHQWV 

*UHJ�6WRU\��ERWWRP�OHIW��UHFHLYHG�ERWK�D�)DFXOW\�7HDFKLQJ�$ZDUG�
DQG�DQ�2XWVWDQGLQJ�7HDFKLQJ�$ZDUG� 

7KRPDV�9RMWD�DQG�$OH[H\�<DPLORY�UHFHLYHG�2XWVWDQGLQJ�7HDFKLQJ�
&RPPHQGDWLRQV� 

$JQHV�9RMWD�ZRQ�VHFRQG�SODFH�LQ�WKH�6	7�$GYLVLQJ�&HQWHU¶V�³:H�
/RYH�<RXU�&ODVV´�DZDUG��-RHO�3HDFKHU�UHFHLYHG�D�QRPLQDWLRQ� 



,QVWLWXWH�RI�0XOWL-PHVVHQJHU�$VWURSK\VLFV�DQG�&RVPRORJ\�WDNHV�RII 

0HHW� WKH� \RXQJHVW� PHPEHU� RI� 0LVVRXUL� 6	7
V� ,QVWLWXWH� IRU�
0XOWL-0HVVHQJHU�$VWURSK\VLFV�DQG�&RVPRORJ\��$VKLQL�0RGL�
LV� D� 6RSKRPRUH� DW� &DGGR� 3DULVK� 0DJQHW� +LJK� 6FKRRO� LQ�
6KUHYHSRUW�� /RXLVLDQD�� 6KH� KDV� EHHQ� ZRUNLQJ� ZLWK� 0DUFR�
&DYDJOLD� DQG� DOUHDG\� SXEOLVKHG� D� SDSHU�� LW� � SUHVHQWV� WKH� ILUVW�
HYHU� HVWLPDWH� RI� WKH� VSDWLDO� FRUUHODWLRQ� RI� FRVPLF� EODFN� KROH�
FROOLVLRQV� 

³,W�KDV�DOZD\V�EHHQ�D�GUHDP�RI�PLQH�WR�EH�D�SDUW�RI�WKH�VFLHQFH�
WKDW� JRHV� RQ� DW� /,*2´�� VD\V� $VKLQL�� ³DQG� WKDW� ZDV� ILQDOO\�
PDGH�SRVVLEOH� ODVW� \HDU�ZKHQ� ,�PHW�'U��&DYDJOLD� DW� DQ�$$6�
FRQIHUHQFH��«�%HLQJ�DEOH�WR�FRQGXFW�DVWURSK\VLFV�UHVHDUFK�DV�
RQO\� D� ��WK� JUDGHU� KDV� VKRZQ� PH� WKDW� DVWURQRP\� LV� D� ILHOG�
RSHQ�WR�DQ\RQH��QR�PDWWHU�KRZ�\RXQJ�\RX�DUH�� 

7KH�,QVWLWXWH�RI�0XOWL-PHVVHQJHU�$VWURSK\VLFV�DQG�&RVPRORJ\��,0$&��OHG�E\�'U��0DUFR�&DYDJOLD�KDG�PDQ\�DFFRPSOLVKPHQWV�
HYHQ�GXULQJ�WKH�&29,'�SDQGHPLF� 

%\�WKH�HQG�RI�������MXVW�RYHU�D�\HDU�DIWHU�LWV�LQFHSWLRQ��,0$&�KDG�JURZQ�WR����PHPEHUV�DQG�SXEOLVKHG�RYHU�WZR�GR]HQ�DUWLFOHV�LQ�
SHHU-UHYLHZHG� MRXUQDOV�RQ�DVWURSK\VLFV�DQG�FRVPRORJ\��6HYHUDO�RI� WKHVH�SXEOLFDWLRQV�UHFHLYHG� LQWHUQDWLRQDO�PHGLD�DWWHQWLRQ�DV�
PDMRU� GLVFRYHULHV� LQ� WKH� ILHOG� 2QH�RI� WKHVH�SXEOLFDWLRQV�E\� WKH�/DVHU-,QWHUIHURPHWHU�*UDYLWDWLRQDO-ZDYH�2EVHUYDWRU\� �/,*2��
6FLHQWLILF�&ROODERUDWLRQ��/6&���DQG�FR-DXWKRUHG�E\�VHYHUDO� ,0$&�UHVHDUFKHUV�DQG�VWXGHQWV��ZDV�DERXW�D�VLJQDO� IURP� WKH�PRVW�
PDVVLYH�EODFN�KROH�PHUJHU�\HW�REVHUYHG�LQ�JUDYLWDWLRQDO�ZDYHV� 2WKHU�QRWDEOH�/,*2�SXEOLFDWLRQV�ZLWK�,0$&�FRQWULEXWLRQV�ZHUH�
DERXW�WKH�GHWHFWLRQ�RI�WKH�VHFRQG�FROOLVLRQ�EHWZHHQ�QHXWURQ�VWDUV�HYHU�PHDVXUHG��DQG�WKH�GLVFRYHU\�RI�ZKDW�PD\�EH�DQ�HQWLUHO\�
QHZ�SRSXODWLRQ�RI�DVWURQRPLFDO�REMHFWV��LQFOXGLQJ�SRVVLEO\�WKH�PHUJHU�RI�D�QHXWURQ�VWDU�ZLWK�D�EODFN�KROH�� 

7KH�FRVPRORJ\�JURXS�OHG�E\�'U��6KXQ�6DLWR�FUHDWHG�FRVPRORJLFDO�VLPXODWLRQV�UHSUHVHQWLQJ�WKH�GLVWULEXWLRQ�RI�QHXWULQRV�LQ� WKH�
HDUO\�XQLYHUVH�WKDW�ZDV�SXEOLVKHG�LQ�7KH�$VWURSK\VLFDO�-RXUQDO�� 

,0$&�UHVHDUFKHUV�ZHUH�DOVR�DFWLYH�LQ�SURPRWLQJ�VFLHQFH�WR�WKH�JHQHUDO�SXEOLF��&DYDJOLD�JDYH�SXEOLF�OHFWXUHV�DW�WKH�6DLQW�/RXLV�
$VWURQRPLFDO�6RFLHW\�� DW� WKH� 6	7�*OREDO�/HDUQLQJ�6SHDNHU�6HULHV�� DQG� D�SUH-SDQGHPLF� VWDJH� WDON� DW� WKH�6DLQW�/RXLV� 6FLHQFH�
&HQWHU������6FL)HVW�(QJLQHHULQJ�([SR��ZKHUH�WKH�/,*2�JURXS SDUWLFLSDWHG�LQ�WKH�HYHQW�DV�DQ�H[KLELWRU� &DYDJOLD�DQG�6DLWR�JDYH�
WKH�3K\VLFV�'HSDUWPHQW�1REHO�3UL]H� OHFWXUH�FROORTXLXP� LQ�1RYHPEHU�FHOHEUDWLQJ� WKH������1REHO�3UL]H� LQ�SK\VLFV�ZKLFK�ZDV�
DZDUGHG�IRU�GLVFRYHULHV�LQ�DVWURSK\VLFV�DQG�EODFN�KROHV� ,0$&�UHVHDUFKHUV�DQG�VWXGHQWV�SUHVHQWHG�WKHLU�ZRUN�LQ�PDQ\�LQYLWHG�
WDONV�DQG�FROORTXLD�DW�QDWLRQDO�DQG�LQWHUQDWLRQDO�YHQXHV��IURP�&ROXPELD��02��WR�&DSH�7RZQ� 

*UDGXDWH� 6WXGHQW� 'ULSWD� %KDWWDFKDUMHH�ZDV� IHDWXUHG� LQ� WKH�
6HSWHPEHU� LVVXH�RI� ³+XPDQV�RI�/,*2´� LQ� UHFRJQLWLRQ�RI� KHU�
ZRUN�DV�D�/,*2�6FLHQWLILF�&ROODERUDWLRQ�)HOORZ�DW�WKH�/,*2-
+DQIRUG�2EVHUYDWRU\��'ULSWD� LV�ZRUNLQJ�ZLWK�IDFXOW\�PHPEHU�
0DUFR�&DYDJOLD�RQ�WKH�FDOLEUDWLRQ�RI�JUDYLWDWLRQDO-ZDYH�LQWHU�
IHURPHWHUV���6KH�EHOLHYHV�WKH�PRVW�FKDOOHQJLQJ�SDUW�RI�ZRUNLQJ�
ZLWK� /,*2�� QR� PDWWHU� KRZ� IRROLVK� WKLV� VRXQGV�� LV� WR� XQGHU�
VWDQG� DOO� WKH� DFURQ\PV� DQG� DEEUHYLDWLRQV�� ,Q� KHU� IUHH� WLPH��
'ULSWD� OLNHV� WR� SUDFWLFH� %KDUDWDQDW\DP�� DQ� ,QGLDQ� FODVVLFDO�
GDQFH�IRUP�� �6KH�DOVR� ORYHV� WR� UHDG�ERRNV��XVXDOO\� ILFWLRQ��$�
7KRXVDQG�6SOHQGLG�6XQV�E\�.KDOHG�+RVVHLQL�LV�KHU�IDYRULWH���� 

'ULSWD�%KDWWDUFKDUMHH�IHDWXUHG�RQ�
+XPDQV�RI�/,*2 

0HHW�$VKLQL�0RGL 



)URQWLHUV�LQ��3K\VLFV�&ROORTXLXP�6HULHV 

7KH�IDOO�FROORTXLXP�VHULHV�FRQWLQXHG�E\�]RRP� 

¨ �'U�� 'DQLHO� *UXHQ� �6/$&� 1DWLRQDO� $FFHOHUDWRU�
&HQWHU�� ³&RVPRORJ\� IURP� JDOD[LHV� DQG� OHQVLQJ� LQ�
WKH�'DUN�(QHUJ\�6XUYH\´� 

¨ 'U��5RELQ�6PLWK��8QLYHUVLW\�RI�6KHIILHOG��³1XFOHDU�
VWUXFWXUH� DQG� DVWURSK\VLFV� ZLWK� 73&� GHWHFWRUV� DQG�
JDPPD�EHDPV´ 

¨ 'U��5��:HLVV��0,7�RQ�EHKDOI�RI�WKH�/,*2�6FLHQWLILF�
&ROODERUDWLRQ�� ³7KH� EHJLQQLQJV� RI� JUDYLWDWLRQDO�
ZDYH�DVWURQRP\��FXUUHQW�VWDWH�DQG�IXWXUH´ 

¨ 'U�� $QGUHZ� $�� *HUDFL� �1RUWKZHVWHUQ�� ³6HDUFKLQJ�
IRU� ³)LIWK� IRUFHV´�� 'DUN� 0DWWHU�� DQG� 4XDQWXP�
*UDYLW\�LQ�WKH�/DE´ 

¨ 'UV��0DUFR� &DYDJOLD� DQG�'U�� 6KXQ� 6DLWR� �0LVVRXUL�
6	7� 3K\VLFV� 'HSDUWPHQW�� ³3XEOLF� /HFWXUH—7KH�
�����1REHO�3UL]H� LQ�3K\VLFV�� � %ODFN�+ROHV�DQG� WKH�
0LON\�:D\¶V�'DUNHVW�6HFUHW´ 

¨ ��WK�$QQXDO�/DLUG�'��6FKHDUHU�3UL]H�&RPSHWLWLRQ� 
 
:H� FRQFOXGHG� WKH� \HDU� ZLWK� 'U�� 5\DQ� 4XLW]RZ--DPHV�
�,QVWLWXWH�RI�0XOWL-PHVVHQJHU�$VWURSK\VLFV�DQG�&RVPRO�
RJ\-0LVVRXUL� 6	7�� ³6HDUFK� IRU� *UDYLWDWLRQDO� :DYHV�
IURP�0DJQHWDU�%XUVWV´� 

3URIHVVRU�HPHULWXV�:LOOLDP�)��3DUNV�SDVVHG�DZD\ 

'U��:LOOLDP�)UDQN�3DUNV��RI�5ROOD��SDVVHG�DZD\�6XQGD\��1RYHPEHU���������DW�WKH�DJH�
RI� ���� +H� ZDV� ERUQ� LQ� 3LWWVEXUJK�� 3$� RQ� -XQH� ��� ����� WR� WKH� ODWH� /HH� DQG� )UDQFHV�
�*DLWR�� 3DUNV�� 2Q�'HFHPEHU� ���� ����� KH� PDUULHG� &DURO� �1HZPDQ�� 3DUNV�� ZKR� VXU�
YLYHV��%LOO�ILUVW�JUDGXDWHG�IURP�&HQWUDO�+LJK�6FKRRO�LQ�3KLODGHOSKLD��3$�LQ�-DQXDU\�RI�
�����ZLWK� D�%DFKHORU� RI�$UWV� GHJUHH��+H� HDUQHG� D�%DFKHORU� RI� 6FLHQFH� GHJUHH� IURP�
/HKLJK�8QLYHUVLW\� LQ������ LQ�(QJLQHHULQJ�3K\VLFV�DQG�KLV�3K'�LQ�3K\VLFV� IURP�,RZD�
6WDWH�8QLYHUVLW\� 

'U��3DUNV�KDG�D�GLVWLQJXLVKHG�FDUHHU�DV�D�3URIHVVRU�RI�7KHRUHWLFDO�3K\VLFV��ILUVW�DW�.DQ�
VDV�6WDWH�8QLYHUVLW\�IURP�����-�����DQG�WKHQ�DW�805��QRZ�0LVVRXUL�6	7�IURP������
XQWLO� UHWLULQJ� LQ�������2XWVLGH�KLV� SURIHVVLRQDO� FDUHHU�� KLV� LQWHUHVWV� LQFOXGHG�EHLQJ� DQ�
DYLG�RXWGRRUVPDQ�DQG� ORYHU� RI�QDWXUH�� H[SORULQJ� LWV�EHDXW\� WKURXJK�KLNLQJ��PRXQWDLQ�
FOLPELQJ��ELF\FOLQJ��FDPSLQJ��DQG�VQRZ�VNLLQJ��+LV�PDLQWDLQHG�SULRULW\�ZDV�DOZD\V�KLV�
ORYH�DQG�GHYRWLRQ�WR�IDPLO\� 

,Q�DGGLWLRQ�WR�KLV�SDUHQWV��0U��3DUNV�ZDV�SUHFHGHG�LQ�GHDWK�E\�D�GDXJKWHU��6WHIDQLH�0DULD�(OGHU�DQG�RQH�EURWKHU��-RKQ�3DUNV��
+H�ZLOO� EH� GHHSO\�PLVVHG� E\� KLV� VXUYLYLQJ� IDPLO\�ZKLFK� LQFOXGHV� KLV�ZLIH��&DURO� 3DUNV�� RI�5ROOD�� KLV� GDXJKWHU�� -HQQLIHU�
+HEHUOLH�DQG�KXVEDQG�-RH��RI�5ROOD��IRXU�JUDQGFKLOGUHQ��-XVWLQ�(OL�+HEHUOLH��RI�5ROOD��-DFRE�6LQFODLU�+HEHUOLH��RI�6W��/RXLV��
02���.DQH�&��0HHN�DQG�-DFH�5REHUW�(OGHU��ERWK�RI�5ROOD��RWKHU�H[WHQGHG�IDPLO\�PHPEHUV�DQG�GHDU�IULHQGV�� 

0HPRULDO�FRQWULEXWLRQV�LQ�KLV�PHPRU\�DUH�VXJJHVWHG�WR�WKH�2]DUN�5LYHUV�$XGXERQ�&KDSWHU�1DWXUH�&HQWHU�RU�WKH�5ROOD�+LJK�
6FKRRO�6FLHQFH�'HSDUWPHQW��6HUYLFHV�ZLOO�EH�VHW�IRU�D�IXWXUH�GDWH�WR�EH�GHWHUPLQHG���<RX�FDQ�VKRZ�\RXU�VXSSRUW�E\�SODQWLQJ�
D�WUHH�LQ�PHPRU\�RI�'U��3DUNV� 

3K\VLFV�&ROORTXLXP�6HULHV�LQ�6SULQJ������� 

¨ 'U��&DUORV�7UDOOHUR��8QLYHUVLW\�RI�&RQQHFWLFXW��WDON�
LQJ�DERXW�³1HZ�WLPH�DQG�HQHUJ\� VFDOHV� IRU�DWWRVHF�
RQG�VFLHQFH´� 

¨ 'U�� 6HUJHL� 6KHOXGLDNRY� �7H[DV� $	0�� ³6HDUFK� IRU�
TXDQWXP� SKHQRPHQD� RI� K\GURJHQ� DQG� GHXWHULXP� LQ�
VROLG�PROHFXODU�K\GURJHQ´� 

¨ 'U�� &KLHQ-/XQJ� +XDQJ� �5LFH� 8QLYHUVLW\��
³(PHUJHQW� TXDQWXP� VWDWHV� FORVH� WR� WKH� ERXQGDU\�
EHWZHHQ�PDJQHWLF�RUGHU�DQG�GLVRUGHU�SKDVH´��� 

 
&DPSXV�FORVHG�GRZQ�GXH� WR�&29,'��DQG� WKH�UHPDLQLQJ�
VSULQJ�FROORTXLD�ZHUH�KHOG�RQ�=RRP� 

¨ �'U�� %LQRG� 5DL� �2DN� 5LGJH� 1DWLRQDO� /DERUDWRU\��
³&RPSOH[�PDJQHWLF�WH[WXUHV�LQ�TXDQWXP�PDWHULDOV´ 

¨ 'U�� .D\D� :HL� �1DWLRQDO� +LJK� 0DJQHWLF� )LHOG� /D�
ERUDWRU\-)ORULGD� 6WDWH�� � � ³4XDQWXP� 0DWHULDOV� 5H�
VHDUFK� IRU� 3RWHQWLDO� (QHUJ\� &RQYHUVLRQ� $SSOLFD�
WLRQV´� 

¨ 'U�� +\XQVRR� .LP� �8QLYHUVLW\� RI� 0DU\ODQG��
³4XDQWXP�PDWHULDOV� UHVHDUFK� DQG� KLJK-VSLQ� VXSHU�
FRQGXFWLYLW\´ 

¨ 9LUWXDO�SRVWHU�VHVVLRQ�IRU�WKH���WK�$QQXDO�+DUROG�4�
)XOOHU�3UL]H�&RPSHWLWLRQ 



��WK�$QQXDO�6FKHDUHU�3UL]H�&RPSHWLWLRQ 

7KH�7ZHQW\-6HYHQWK�$QQXDO�/DLUG�'��6FKHDUHU�&RPSHWLWLRQ� IRU�
*UDGXDWH�5HVHDUFK�ZDV�KHOG�RQ�'HFHPEHU��������� 

7KH�FRPSHWLWLRQ�LV�KHOG�LQ�PHPRU\�RI�/DLUG�'��6FKHDUHU��WKH�GH�
SDUWPHQW¶V�ILUVW��&XUDWRUV¶�3URIHVVRU�RI�3K\VLFV���,Q�NHHSLQJ�ZLWK�
3URIHVVRU�6FKHDUHU¶V�ORQJWLPH�LQWHUHVW�LQ�HQKDQFLQJ�WKH�TXDOLW\�RI�
UHVHDUFK� SHUIRUPHG� DW� WKH� XQLYHUVLW\�� WKH� 3UL]H�� HVWDEOLVKHG� E\���
WKH�6FKHDUHU�IDPLO\��UHZDUGV�JUDGXDWH�VWXGHQWV�RI�WKH�'HSDUWPHQW�
RI�3K\VLFV�IRU�RXWVWDQGLQJ�UHVHDUFK� 

 

,�DP�GHHSO\�KRQRUHG�WR�KDYH�EHHQ�QDPHG�WKH�ZLQQHU�RI�WKH���WK�DQQXDO�6FKHDUHU�3UL]H���$V�DQ�XQGHUJUDGXDWH�,�VWURYH�WR�RQH�GD\�
DFKLHYH�VRPHWKLQJ�ZRUWK\�RI�VXFK�D�SUL]H��DQG�QRZ�,�DP�EH\RQG�GHOLJKWHG�WR�KDYH�GRQH�LW�IRU�D�VHFRQG�WLPH���2I�FRXUVH��QRQH�RI�
WKLV�DFKLHYHPHQW�ZRXOG�EH�SRVVLEOH� LI� LW�ZHUHQ¶W� IRU� WKH�QXPHURXV�SHRSOH�ZKR�SURYLGHG� WKHLU�VXSSRUW�DORQJ� WKH�ZD\��)RU� WKLV�
\HDU¶V�FRPSHWLWLRQ�,�SUHVHQWHG�ZRUN�WKDW�ZDV�GRQH�RQ�D�VL[-PRQWK�YLVLW�WR�WKH�8QLYHUVLW\�RI�5HJHQVEXUJ�LQ�*HUPDQ\���,�WKDQN�P\�
DGYLVRU��'U��7KRPDV�9RMWD��ZKRVH�VXSSRUW�DQG�JXLGDQFH�QRW�RQO\�PDGH�VXFK�D�UHVHDUFK�H[SHULHQFH�SRVVLEOH���EXW�DOVR�SURYLGHG�
PH�ZLWK�WKH�WRROV�WR�PDNH�LW�TXLWH�VXFFHVVIXO���,�HTXDOO\�WKDQN�)HUGLQDQG�(YHUV�RI�WKH�8QLYHUVLW\�RI�5HJHQVEXUJ��ZKR�KRVWHG�PH�
DV�D�YLVLWLQJ�UHVHDUFKHU�LQ�KLV�JURXS�DQG�SURYLGHG�YDOXDEOH�JXLGDQFH�LQ�PDNLQJ�WKLV�SURMHFW�D�VXFFHVV���$GGLWLRQDOO\��,�JLYH�WKDQNV�
WR� WKH�PHPEHUV�RI� WKH�(YHUV� UHVHDUFK�JURXS� IRU�EHLQJ�VR�ZHOFRPLQJ��HVSHFLDOO\�-DQ�:LOKHOP�DQG�3DWULFN�*URHVVLQJ��/DVWO\�� ,�
ZRXOG�OLNH�WR�WKDQN�P\�ORYLQJ�DQG�VXSSRUWLYH�ILDQFp��6KD\��ZKR�DFFHSWHG�P\�SURSRVDO�ZKLOH�YLVLWLQJ�PH�LQ�*HUPDQ\��HYHQ�DIWHU�
SXWWLQJ�XS�ZLWK�PH�EHLQJ�JRQH�IRU�KDOI�D�\HDU� 

7KH�ZRUN�,�SUHVHQWHG�IRU�WKLV�\HDU¶V�FRPSHWLWLRQ�FRQFHUQV�WKH�JHQHUDWLRQ�RI�KLJK-KDUPRQLF�UDGLDWLRQ�UHVXOWLQJ�IURP�WKH�LQWHUDF�
WLRQ�RI�LQWHQVH��WHUDKHUW]-IUHTXHQF\�OLJKW�ZDYHV�ZLWK�HOHFWURQV�LQ�D�VROLG���5HFHQW�DGYDQFHV�LQ�WLPH-UHVROYHG�VSHFWURVFRS\�KDYH�
DOORZHG�H[SHULPHQWDOLVWV� WR�REVHUYH� WKHVH� LQWHUHVWLQJ� UDGLDWLRQ� UHVSRQVHV�ZKLFK�FRQWDLQ� ULFK�GHWDLOV�RI�XOWUD-IDVW� �IHPWRVHFRQG�
VFDOH��G\QDPLFDO�SURSHUWLHV�RI�WKH�VWXGLHG�PDWHULDO���0RWLYDWHG�E\�WKH�ULVLQJ�LQWHUHVW�LQ�WKLV�KLJK-KDUPRQLF�JHQHUDWLRQ��++*��WKH�
JURXS�RI�)HUGLQDQG�(YHUV�DVNHG�WKH�TXHVWLRQ��ZKDW�KDSSHQV�LQ�D�WRSRORJLFDOO\�QRQ-WULYLDO�PDWHULDO"��7R�DQVZHU�WKLV�TXHVWLRQ��ZH�
GHYHORSHG�D�QXPHULFDO�VLPXODWLRQ�RI�WKH�VR-FDOOHG�³VHPLFRQGXFWRU-%ORFK´�HTXDWLRQV�WKDW�PRGHOV�WKH�WLPH-HYROXWLRQ�RI�WKH�HOHF�
WURQV�DV�WKH\�DUH�DFFHOHUDWHG�E\�DQ�H[WHUQDO�HOHFWULF�ILHOG��WKH�ODVHU����%\�FRPSDULQJ�FDOFXODWHG�HPLVVLRQ�VSHFWUD�RI�WKHVH�DFFHOHU�
DWHG�HOHFWURQV�IRU�ERWK�D� W\SLFDO�VHPLFRQGXFWRU�DQG�D� WRSRORJLFDO� LQVXODWRU�PDWHULDO� �L�H��%LVPXWK�7HOOXULGH���ZH�FDQ�VWXG\� WKH�
HIIHFWV� RI� EDQG� VWUXFWXUH� WRSRORJ\�RQ� WKH�++*�SURFHVV�� �7KH� UHVXOWV� RI� RXU� VLPXODWLRQV� VKRZ� WKH�++*� LV� VLJQLILFDQWO\�PRUH�
³HIILFLHQW´�LQ�WRSRORJLFDO�VXUIDFH�VWDWHV�DQG�HIIHFWV�IURP�WRSRORJLFDO�LQYDULDQWV�VXFK�DV�WKH�%HUU\�FXUYDWXUH�FDQ�EH�REVHUYHG�LQ�WKH�
SRODUL]DWLRQ�RI�WKH�HPLWWHG�UDGLDWLRQ����$GGLWLRQDOO\��RXU�UHVXOWV�LQGLFDWH�WKDW�WKH�³FDUULHU-HQYHORSH�SKDVH´�RI�WKH�SHUWXUELQJ�ODVHU�
SXOVH�H[KLELWV�VRPH�FRQWURO�RYHU�WKHVH�KLJK-KDUPRQLF�SHDNV�LQ�WKH�HPLVVLRQ�VSHFWUD���7KH�SK\VLFDO�RULJLQ�RI�WKH�FDUULHU-HQYHORSH�
SKDVH�FRQWURO�RI�WKH�++*�LV�D�VXEMHFW�RI�FRQWLQXLQJ�GHEDWH��EXW�WKLV�REVHUYDWLRQ�PD\�VWLOO�SURYLGH�H[SHULPHQWDOLVWV�ZLWK�DQRWKHU�
WRRO�WR�IXUWKHU�DGYDQFH�LQYHVWLJDWLRQV� 

7KDQN�\RX�WR�ERWK�WKH�6FKHDUHU�IDPLO\�DV�ZHOO�DV�WKH�6FKHDUHU�3UL]H�FRPPLWWHH�IRU�PDNLQJ�WKLV�FRPSHWLWLRQ�D�SRVVLELOLW\� 

������������������������������������������������������������������������������������������������������������    ���-DFN�&UHZVH������������������������������������������ 

)URP�WKH�6FKHDUHU�3UL]H�:LQQHU�-DFN�&UHZVH 

7KH������6FKHDUHU�3UL]H�&RPPLWWHH��'UV��'DQ�:DGGLOO�
�&KDLUPDQ��� -HUU\� 3HDFKHU� DQG� $OH[H\� <DPLORY�
�-XGJHV��VHOHFWHG�WKUHH�ILQDOLVWV�ZKR�JDYH�RUDO�SUHVHQWD�
WLRQV�DERXW�WKHLU�ZRUN�LQ�D�GHSDUWPHQWDO�FROORTXLXP�� 

· )LUVW� SODFH� ������� —� -DFN� &UHZVH�� ³+LJK-
KDUPRQLF� JHQHUDWLRQ� LQ�'LUDF�PHWDOV�� $SSOLFDWLRQ�
RI�WKH�VHPLFRQGXFWRU—%ORFK�IRUPDOLVP�WR�WRSRORJ�
LFDO�V\VWHPV´��$GYLVRU��7KRPDV�9RMWD 

· 6HFRQG�SODFH��������—�%LVKQX�$FKDU\D��³$�FRP�
SOHWH�H[SHULPHQW�RQ�PXOWL-SKRWRQ�LRQL]DWLRQ�RI�XOWUD
-FROG�DQG�SRODUL]HG�DWRPV´�$GYLVRU��'DQLHO�)LVFKHU� 

· 7KLUG�SODFH� �������—�*DXUDY� .KDLUQDU��³3KDVH�
ERXQGDU\� QHDU� D� PDJQHWLF� SHUFRODWLRQ� WUDQVLWLRQ´���
$GYLVRU��7KRPDV�9RMWD 

�7KH� FDVK� DZDUGV�ZHUH�PDGH� SRVVLEOH� E\� WKH� JHQHURXV�
GRQDWLRQV�RI�WKH�6FKHDUHU�IDPLO\��� 



��WK�$QQXDO�)XOOHU 
5HVHDUFK�6HPLQDU 

)URP�)XOOHU�3UL]H�:LQQHU 
$OH[�:DUKRYHU 

6L[� XQGHUJUDGXDWH� VWXGHQWV� SUHVHQWHG� SRVWHUV� DERXW� WKHLU�������
UHVHDUFK�SURMHFWV�DW� WKH���WK�$QQXDO�+DUROG�4�)XOOHU�8QGHU�
JUDGXDWH� 5HVHDUFK� &RPSHWLWLRQ�� KHOG� RQ� 0D\� ��� ������ 7KH�
SRVWHUV�ZHUH�MXGJHG�E\�WKH�)XOOHU�3UL]H�&RPPLWWHH��'UV��3DXO�
3DUULV���&KDLU���<HZ�6DQ�+RU�DQG�-LP�0XVVHU� 

¨ )LUVW�SODFH� �������� $OH[�:DUKRYHU�� ³$QRPDORXV�'LIIX�
VLRQ�ZLWK�DQ�$EVRUELQJ�:DOO�´��$GYLVRU��7KRPDV�9RMWD 

¨ �6HFRQG� SODFH� �WLH�� ������� (OL]DEHWK� &DSXWD-+DWOH\��
³+LJKO\� QRQ-VWRLFKLRPHWULF� DPRUSKRXV� R[LGH� VHPLFRQ�
GXFWRUV�� WKH�VWUXFWXUH�DQG�HOHFWURQLF�SURSHUWLHV�RI�GHIHFWV�
LQ�D�–,Q��2�-[´���$GYLVRU��-XOLD��0HGYHGHYD 

¨ 6HFRQG� SODFH� �WLH�� ������� .\OH� 0F0LOOHQ�
³&KDUDFWHUL]DWLRQ� RI� 6XSHUVRQLF� *DV--HW� 7DUJHWV� IURP�
/DVHU�:DNHILHOG�$FFHOHUDWRUV´��$GYLVRU��'DRUX�+DQ 

$JQHV� 9RMWD¶V� VHFRQG�SRHWU\� FROOHFWLRQ� ³7KH�(GHQ�RI�
3HUKDSV´�ZDV�SXEOLVKHG�E\�6SDUWDQ�3UHVV�LQ�0DUFK�� 

$JQHV�9RMWD¶V�ERRN�SXEOLVKHG 

$OXPQL�$FKLHYHPHQW�$ZDUGV 

&RQJUDWXODWLRQV� WR� WZR� SK\VLFV� DOXPQL� ZKR� UHFHLYHG� WKH�
$OXPQL�$FKLHYHPHQW�$ZDUGV�DW�WKH������KRPHFRPLQJ� 

'U��)UHGHULFN� %DJDQRII�� 3K\V¶���� LV� D� UHVHDUFK� VFLHQWLVW� DW�
0,7¶V� .DYOL� ,QVWLWXWH� IRU� $VWURSK\VLFV� DQG� 6SDFH� 5HVHDUFK�
DQG�D�PHPEHU�RI�WKH�(YHQW�+RUL]RQ�7HOHVFRSH�&ROODERUDWLRQ�
WKDW�FDSWXUHG�WKH�ILUVW�EODFN�KROH�LPDJH�LQ������ 

'U��-RKQ�$VKHU�-RKQVRQ��3K\V¶����LV�D�SURIHVVRU�RI�DVWURQR�
P\�DW�+DUYDUG�8QLYHUVLW\¶V�+DUYDUG-6PLWKVRQLDQ�&HQWHU� IRU�
$VWURSK\VLFV� DQG� WKH� IRXQGHU� DQG� GLUHFWRU� RI� +DUYDUG¶V�
%DQQHNHU� ,QVWLWXWH�� DQ� DVWURQRP\� SURJUDP� IRU� PLQRULW\� XQ�
GHUJUDGXDWHV� 

,�DP�GHHSO\�KRQRUHG� WR�KDYH�EHHQ�DZDUGHG�ILUVW�SUL]H� LQ� WKH�
��WK�$QQXDO� )XOOHU�&RPSHWLWLRQ�� � ,�ZRXOG� OLNH� WR� WKDQN�'U��
9RMWD�IRU�KLV�LQFUHGLEOH�JXLGDQFH�DQG�VXSSRUW�DV�P\�UHVHDUFK�
PHQWRU�� WKH� 3UL]H� &RPPLWWHH� DQG� DOO� RWKHU� IDFXOW\� LQYROYHG�
IRU� WKHLU�KDUG�ZRUN�PDNLQJ�VXUH� WKLV�FRPSHWLWLRQ�FRXOG�KDS�
SHQ�GHVSLWH�WKH�SDQGHPLF��DQG�WKH�)XOOHU�IDPLO\�IRU�WKHLU�VXS�
SRUW�WKDW�PDGH�WKLV�FRPSHWLWLRQ�SRVVLEOH�LQ�WKH�ILUVW�SODFH� 

0\�SURMHFW�FDQ�EH�VXPPDUL]HG�DV�D�FRPSXWDWLRQDO�LQYHVWLJD�
WLRQ�LQWR�GLIIHUHQW�VSHFLILF�W\SHV�RI�UDQGRP�ZDONV���7KH�PDMRU�
DVSHFWV�WR�RXU�LQYHVWLJDWLRQ�ZHUH�FKDQJLQJ�WKH�EHKDYLRU�RI�WKH�
UDQGRP�ZDON� EDVHG� RQ� SUHYLRXV� VWHSV� DQG� LQWURGXFLQJ� QRQ�
WULYLDO� ERXQGDU\� FRQGLWLRQV�� WKHQ� LQYHVWLJDWLQJ� WKH� HIIHFWV� RI�
WKHVH� PRGLILFDWLRQV� QHDU� WKHVH� ERXQGDULHV�� � 7KURXJKRXW� WKH�
SURMHFW�� ,�KDYH�HQMR\HG� WKH�SURFHVV�RI�DQDO\]LQJ�GDWD� IURP�D�
FRPSXWDWLRQDO�PRGHO�� WKH� Q� XVLQJ� WKLV� DQDO\VLV� WR� UHILQH� WKH�
PRGHO�WR�EHVW�FDSWXUH�WKH�SKHQRPHQRQ�\RX�DUH�UHVHDUFKLQJ���,�
KDYH�DOVR�HQMR\HG�VHYHUDO�RSSRUWXQLWLHV�WR�GLVFXVV�DQG�SUHVHQW�
P\� UHVHDUFK�� ZKLFK� DUH� LPSRUWDQW� H[SHULHQFH� V� IRU� DQ\� UH�
VHDUFKHU�WR�EHFRPH�IDPLOLDU�ZLWK� 

0\�H[SHULHQFH�RQ�WKLV�SURMHFW�KDV�OHG�PH�WR�SXUVXH�D�JUDGXDWH�
GHJUHH�LQ�FRPSXWDWLRQDO�FRQGHQVHG�PDWWHU�SK\VLFV���,�DP�FHU�
WDLQ�WKDW�WKH�H[SHULHQFH�,�KDYH�ZRUNLQJ�RQ�WKLV�SURMHFW�ZLOO�EH�
YLWDO�IRU�P\�VXFFHVV�DV�D�JUDGXDWH�VWXGHQW���0\�UHVHDUFK�H[SH�
ULHQFH�KDV�EHHQ�P\� IDYRULWH� DVSHFW�RI�P\�XQGHUJUDGXDWH�FD�
UHHU�� DQG� ,�ZRXOG� HQFRXUDJH� DOO� XQGHUJUDGXDWH� VWXGHQWV�ZKR�
DUH�QRW�DOUHDG\�D�SDUW�RI�D�SURMHFW�WR�VWDUW�FRPPXQLFDWLQJ�ZLWK�
SURIHVVRUV�WR�JHW�LQYROYHG�LQ�RQH�DV�VRRQ�DV�\RX�DUH�DEOH�WR� 

 �������������������������������� ��$OH[�:DUKRYHU 



,QVWHDG�RI�WKH�$36�0DUFK�PHHWLQJ 

7KH� VWXGHQWV� DQG� SRVWGRFV� RI� -XOLD� 0HGYHGHYD¶V� JURXS� DQG� 7KRPDV�
9RMWD¶V� JURXS� ZHUH� SDFNHG� DQG� UHDG\� WR� OHDYH� IRU� WKH� $36� 0DUFK�
0HHWLQJ�ZKHQ�WKH�FRQIHUHQFH�ZDV�FDQFHOOHG��DW�WKH�ODVW�PLQXWH�EHFDXVH�
RI�WKH�ZRUVHQLQJ�&RYLG�VLWXDWLRQ��� 

7R�JLYH�WKHP�DQ�RSSRUWXQLW\�WR�SUHVHQW�WKHLU�ZRUN�� WKH�GHSDUWPHQW�RU�
JDQL]HG�DQ�LQIRUPDO�SRVWHU�VHVVLRQ�LQ�WKH�OREE\��/LWWOH�GLG�ZH�NQRZ�WKDW�
WKLV�ZRXOG�EH�WKH�ODVW�LQ-SHUVRQ�HYHQW�LQ�WKH�GHSDUWPHQW�IRU�D�ORQJ�WLPH��
WKH�)XOOHU�&RPSHWLWLRQ�IRU�XQGHUJUDGXDWH�UHVHDUFK�LQ�0D\�ZDV�KHOG�RQ�
=RRP� 

8QGHUJUDGXDWH�1DWKDQLHO�3DJH�DQG�JUDGXDWH�VWXGHQW�
;XHFKHQJ�<H�IURP�WKH�9RMWD�JURXS� 

8QGHUJUDGXDWH�(OL]DEHWK�&DSXWD-+DWOH\��0HGYHGHYD�
JURXS��H[SODLQV�KHU�SRVWHU�WR�-LP�0XVVHU� 

-XOLD�0HGYHGHYD�DQG�KHU�
SRVWGRF�%LVKDO�%KDWWDUDL�
H[SORULQJ�WKH�SRVWHUV 

*UDGXDWH�VWXGHQW�*DXUDY�
.KDLUQDU��9RMWD�JURXS��SUH�
VHQWLQJ�KLV�ZRUN� 

*UDGXDWH�VWXGHQW�.DSLO�6KDUPD��0HGYHGHYD�JURXS��GLVFXVVLQJ�
ZLWK�7KRPDV�9RMWD� 

3RVWGRF�+DWHP�%DUJKDWKL��9RMWD�JURXS��VKRZV�KLV�ZRUN�WR�
0DGKDY�'KLWDO��6DP�+DOODGD\��DQG�*DXUDY�.KDLUQDU� 

0LVVRXUL�6	7�6WXGHQWV�DQG�$OXPQL��,Q�3UHVV� 

$UH� \RX� PLVVLQJ� WKH� DQQXDO� OLVW� RI� SXEOLFDWLRQV� LQYROYLQJ�
6	7�VWXGHQWV�DQG�DOXPQL"��/DVW�\HDU�WKLV�OLVW�FRQWDLQHG����
SXEOLFDWLRQV�� LW� KDV� JURZQ� WRR� ORQJ� WR� EH� LQFOXGHG� LQ� WKH�
QHZVOHWWHU�� 



3K\VLFV�'HSDUWPHQW 

0LVVRXUL�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\ 

����3K\VLFV�������1�3LQH�6WUHHW 

5ROOD��02������-���� 

6R�:KDW
V�1HZV�ZLWK�<RX" 

:H�KRSH�\RX�HQMR\HG�WKLV�\HDU
V�HGLWLRQ�RI�0DWWHU� 
Q�0RWLRQ��:H�ZRXOG�OLNH�WR�NQRZ�ZKDW�LV�KDSSHQLQJ�LQ�WKH�OLYHV�RI�RXU�
DOXPQL�WR�LQFOXGH�LQ�QH[W�\HDU¶V�QHZVOHWWHU���6HQG�XV�VWRULHV��SLFWXUHV�DQG�PXVLQJV�E\�PDLO�WR�WKH�3K\VLFV�'HSDUWPHQW��0LV�
VRXUL� 8QLYHUVLW\� RI� 6FLHQFH� DQG� 7HFKQRORJ\�� ����� 1�� 3LQH� 6W��� 5ROOD� 02� �����-����� RU� H-PDLO� DW�SK\VLFV#PVW�HGX��
7KDQNV�IRU�NHHSLQJ�LQ�WRXFK��,W
V�DOZD\V�JRRG�WR�KHDU�IURP�ROG�IULHQGV��,I�\RX�ZRXOG�OLNH�WR�FRQWDFW�XV��\RX�FDQ�UHDFK�XV�DW������
���-������ �<RX�PLJKW�DOVR�EH� LQWHUHVWHG� LQ�FKHFNLQJ�RXW�RXU�ZHE�SDJH��KWWS���SK\VLFV�PVW�HGX�DQG�RXU� IDFHERRN�SDJH�6DQG7�
3K\VLFV� 
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&RPH�%DFN�IRU�+RPHFRPLQJ����� 

3ODQV�DUH�WHQWDWLYH�GXH�WR�WKH�SDQGHPLF���,I�SRVVLEOH�WKH�0LVVRXUL�6	7�3K\VLFV�'HSDUWPHQW�ZDUPO\�LQYLWHV�\RX�WR�UHWXUQ�WR�5RO�
OD�IRU�WKH�6	7�+RPHFRPLQJ������RQ�2FWREHU���	�����������2Q�)ULGD\�DIWHUQRRQ��2FWREHU��WK���WKH�GHSDUWPHQW�ZLOO�KROG�DQ�
RSHQ�KRXVH�DQG�VSHFLDO�SURJUDPV�IRU�LWV�DOXPQL�DQG�IULHQGV���7RXUV�RI�ODERUDWRULHV�DQG�HGXFDWLRQDO�IDFLOLWLHV�ZLOO�EH�RIIHUHG��DQG�
WKHUH�ZLOO�EH�RSSRUWXQLWLHV�IRU�LQWHUDFWLRQ�ZLWK�FXUUHQW�0LVVRXUL�6	7�SK\VLFV�VWXGHQWV���&RPH�VHH�ZKDW�ZH�KDYH�GRQH�VLQFH�\RX�
UHFHLYHG�\RXU�GHJUHH� 

,Q�NHHSLQJ�ZLWK�D�ORQJ-VWDQGLQJ�WUDGLWLRQ��DQ�6	7�DOXP��6KHOOD�.HLOKRO]���%6�������ZLOO�GHOLYHU�WKH�+RPHFRPLQJ�3K\VLFV�&RO�
ORTXLXP�DW��30�RQ�)ULGD\��2FWREHU������������ 

&RQWDFW� XV� DW� SK\VLFV#PVW�HGX� IRU� VSHFLILF� LQIRUPDWLRQ� DERXW� SK\VLFV�GHSDUWPHQW� DFWLYLWLHV�� RU� DOXPQL#PVW�HGX� IRU� JHQHUDO�
KRPHFRPLQJ�LQIRUPDWLRQ���&RPH�KRPH�WR�\RXU�FROOHJH�URRWV��DQG�KHOS�XV�FHOHEUDWH�RXU�SDVW�DV�060-805���DV�ZH�ZRUN�WR�GLJ�
GHHSHU�LQWR�RXU�IXWXUH�DW�0LVVRXUL�6	7� 


