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6SHDNHUV���'U�)UDQFHV�&RRSHU

6SHDNHUV���'U�-RVKXD�*ULIÀWKV

6SHDNHUV���'U�-HVVLFD�3XJVOH\

6SHDNHUV���'U�-HUHP\�6ORDQ

6SHDNHUV���'U�.DWK\UQ�0RRUH

6SRQVRUV���/LYHUSRRO�*HRORJLFDO�6RFLHW\

6SRQVRUV���7KH�*HRORJLVWV·�$VVRFLDWLRQ

6SRQVRUV���*HRVFLHQFH�(QHUJ\�6RFLHW\�RI�*UHDW�%ULWDLQ

6SRQVRUV���*HRWHFKQLFV

6SRQVRUV���6RLOVDIH

�

7KH�+HUGPDQ�6RFLHW\�ZRXOG�OLNH�WR�JLYH�D�PDVVLYH�WKDQN�\RX�WR�DOO
RXU�VSRQVRUV��WKH�8QLYHUVLW\�RI�/LYHUSRRO�6FKRRO�RI�(QYLURQPHQWDO
6FLHQFHV��DQG�(DUWK�6FLHQFH�5HVHDUFK�*URXS��(65*��IRU�WKHLU�VXSSRUW

DQG�GRQDWLRQV�WR�KHOS�UXQ�WKLV�HYHQW�
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:HOFRPH�DQG�UHJLVWUDWLRQ

,QWURGXFWLRQ
3UHVHQWDWLRQ�E\�-DFN�/\QFK��+HUGPDQ�6RFLHW\�3UHVLGHQW��
,QWURGXFWLRQV�IURP�'U�-DQLQH�.DYDQDJK��5HDGHU�LQ
9ROFDQRORJ\��8QLYHUVLW\�RI�/LYHUSRRO��
-HQQLIHU�'DYLHV�DQG�/LDP�5RRQH\��+HUGPDQ�6\PSRVLXP
6HFUHWDULHV��

'U�'DYLG�0F1DPDUD���8QLYHUVLW\�RI�/LYHUSRRO
¶0LQHUDO�SURFHVVHV�LPSDFWLQJ�JHRORJLFDO�VROXWLRQV�IRU
1HW�=HUR·

'U�)UDQFHV�&RRSHU���8QLYHUVLW\�&ROOHJH�/RQGRQ
¶7HFWRQLFV��FOLPDWH��DQG�FRSSHU�LQ�WKH�&HQWUDO�$QGHV·

%UHDN

'U�-RVKXD�*ULIÀWKV���1DWLRQDO�1XFOHDU�/DERUDWRU\
¶1XFOHDU�ZDVWH�PDQDJHPHQW�DQG�GLVSRVDO�LQ�WKH�8.·

/XQFK

'U�-HVVLFD�3XJVOH\���8QLYHUVLW\�RI�$EHUGHHQ
¶9LUWXDO�RXWFURSV�LQ�WKH�PRGHUQ�JHRORJLFDO�WRRONLW·

'U�-HUHP\�6ORDQ���8QLYHUVLW\�RI�:DUZLFN
¶3HURYVNLWHV�LQ�JHRORJ\�DQG�PDWHULDO�VFLHQFH��IURP�LJQHRXV
URFNV�WR�WKH�SLFRVFDOH·

%UHDN

'U�.DWK\UQ�0RRUH���&DPERUQH�6FKRRO�RI�0LQHV�
8QLYHUVLW\�RI�([HWHU
¶*HRHQHUJ\��FULWLFDO�PHWDOV�DQG�UHVSRQVLEOH�PLQLQJ·

)LQDO�UHPDUNV

'ULQNV�UHFHSWLRQ



6S
HD
NH
UV

�

3HURYVNLWHV�LQ�*HRORJ\�DQG�0DWHULDOV
6FLHQFH��IURP�,JQHRXV�5RFNV�WR�WKH�3LFRVFDOH

'U��-HUHP\�6ORDQ���5HDGHU�LQ�(OHFWURQ
0LFURVFRS\��'HSDUWPHQW�RI�3K\VLFV�	
:DUZLFN�&HQWUH�IRU�$QDO\WLFDO�6FLHQFH�

8QLYHUVLW\�RI�:DUZLFN�&RYHQWU\�

$EVWUDFW

%DFNJURXQG
-HUHP\�FRPSOHWHG�KLV�3K'�LQ�0DWHULDOV�LQ������LQ�WKH�6FKRRO�
RI�(QJLQHHULQJ�DW�WKH�8QLYHUVLW\�RI�:DOHV��&DUGLII�XQGHU�
3URI��5LFKDUG�-��'��7LOOH\�)56&��+H�WKHQ�MRLQHG�WKH�,QRUJDQLF�
&KHPLVWU\�/DERUDWRU\�DW�WKH�8QLYHUVLW\�RI�2[IRUG�LQ������
DV�D�3'5$��LQLWLDOO\�ZRUNLQJ�ZLWK�3URI��0DOFROP�/��+��*UHHQ�
)56��DQG�GXULQJ�WKLV�WLPH�GLVFRYHUHG���[���DQG���[���DWRPLF�
OD\HU�.,��)H\QPDQ�&U\VWDOV���DND�
([WUHPH�1DQRZLUHV
��DQG�
�'�SRO\KHGUDO�FKDLQV�RI�ODQWKDQLGH��EDULXP��FREDOW�DQG�
RWKHU�KDOLGHV�JURZQ�LQ�VLQJOH�ZDOOHG�QDQRWXEHV��,Q������KH�
ZDV�DZDUGHG�D�5R\DO�6RFLHW\�8QLYHUVLW\�5HVHDUFK�
)HOORZVKLS�DQG�LQ������,�UHFHLYHG�WKH�)(,�(XURSHDQ�
0LFURVFRS\�$ZDUG�DW�WKH�,&(0�LQ�$QWZHUS��$IWHU�D�6HQLRU�
/HFWXUHVKLS�DW�WKH�8QLYHUVLW\�RI�6XUUH\�DQG�D�5HDGHUVKLS�DW�
408/��-HUHP\�PRYHG�WR�WKH�8QLYHUVLW\�RI�:DUZLFN�ZKHUH�
KH�LV�QRZ�5HDGHU�LQ�(OHFWURQ�0LFURVFRS\��6XEVHTXHQWO\�LQ�
�����KH�ZDV�DZDUGHG�DQ�(365&�(VWDEOLVKHG�&DUHHU�
)HOORZVKLS�WR�IXUWKHU�UHVHDUFK�WKH�FU\VWDOORJUDSK\�DQG�
IXQFWLRQDO�HYROXWLRQ�RI�DWRPLFDOO\�WKLQ�FRQÀQHG�QDQRZLUHV�
IRUPHG�LQ�FDUERQ�QDQRWXEHV�

7KH�SHURYVNLWH�VWUXFWXUH��ZLWK�LWV�DOPRVW�LQÀQLWHO\�DGDSWDEOH�DUUD\�RI�GHULYDWLYHV��PXVW�FRXQW�DV�RQH�RI�WKH�PRVW�
LPSRUWDQW�LQ�PDWHULDOV�VFLHQFH�ZLWK�WKH�HVVHQWLDO�$%; ��$� �D�ODUJH�FDWLRQ��%� �D�VPDOOHU�FDWLRQ��;� �DQ�DQLRQ���

VWUXFWXUDO�DUFKHW\SH�FRQWULEXWLQJ�WR�IHUURHOHFWULF��SLH]RHOHFWULF��VXSHUFRQGXFWLQJ��SKRWRFKHPLFDO��DQG�PDQ\�
RWKHU�WHFKQRORJLFDOO\�LPSRUWDQW�SURSHUWLHV��7KH�3HURYVNLWH�VWUXFWXUH�RI�FRXUVH�KDV�JHRORJLFDO�RULJLQV�DQG�ZDV�
GLVFRYHUHG�LQ������E\�WKH�3UXVVLDQ�PLQHUDORJLVW�*XVWDY�5RVH�LQ�PLQHUDO�GHSRVLWV�LQ�WKH�8UDO�0RXQWDLQV�ZKR�
QDPHG�WKH�VWUXFWXUH�IRU�WKH�5XVVLDQ�PLQHUDORJLVW�&RXQW�/HY�$OHNVHYLFK�YRQ�3HWURVNL��7KLV�QDPH�KDV�EHHQ�
H[WHQGHG�WR�D�IDPLO\�RI�FRPSRXQGV�FROOHFWLYHO\�UHIHUUHG�WR�DV�WKH�SHURYVNLWHV�LQ�RUGHU�WR�DFFRPPRGDWH�WKH�
YDVW��SUROLIHUDWLRQ�RI�GHULYDWLYHV�PDQ\�RI�ZKLFK�GHYLDWH�IURP�WKH�$%; �DUFKHW\SH��H�J��5XGGOHVGHQ�3RSSHU��

$ % 2 �DQG�5RWK�$ % 2 �SKDVHV���7KH�LPPHQVH�GLYHUVLW\�RI�SHURYVNLWH�IXQFWLRQDO�SURSHUWLHV�GLG�QRW�MXVW�[�� [ �[�� [ [ �[��

GHYHORS�IURP�WKH�LQWHUHVWV�RI�PDWHULDOV�VFLHQWLVWV�DV�PDQ\�RI�WKH�GHÀQLQJ�FKDUDFWHULVWLFV�DUH�DOVR�SUHVHQW�LQ�WKH�
RULJLQDO�PLQHUDOV��)RU�H[DPSOH��QDWXUDOO\�RFFXULQJ�&D7L2 �DQG�%D7L2 �ERWK�H[KLELW�QRQ�FHQWURV\PPHWULF�� �

GLVWRUWLRQV�FDXVLQJ�WKHP�WR�KDYH�RUWKRUKRPELF�UDWKHU�WKDQ�WKH�H[SHFWHG�FXELF�FU\VWDO�VWUXFWXUHV��7KHVH�
GHYLDWLRQV�IURP�
LGHDO
�V\PPHWU\��SDLUHG�ZLWK�WKH�LPPHQVH�FRPSRVLWLRQDO�YDULHW\�SRVVLEOH�DW�WKH�$�DQG�%�VLWHV�
KDYH�JLYHQ�ULVH�WR�VR�PDQ\�RI�WKH�LPSRUWDQW�SK\VLFDO�FKDUDFWHULVWLFV�PHQWLRQHG�DERYH�DQG�EHORZ�
*OREDO�,QWHUHVW�LQ�SHURYVNLWHV�LV�UDSLGO\�DFFHOHUDWHG�E\�GHYHORSPHQWV�LQ�WKH�IDEULFDWLRQ�RI�K\EULG�RU�DOO�
LQRUJDQLF�KDOLGH�SHURYVNLWH�$%; �VWUXFWXUHV�ZKHUH�$�LV�DQ�RUJDQLF�RU�DONDOL�PHWDO�FRXQWHULRQ��%�W\SLFDOO\�OHDG��

RU�WLQ��DQG�;�DQ\�RQH�RI�WKH�KDORJHQV��DOORZLQJ�PDWHULDOV�ZLWK�RSWLFDO�DQG�SKRWRYROWDLF�FKDUDFWHULVWLFV��
H[SORLWDEOH�LQ�VRODU�FHOOV��VXSHUFDSDFLWRUV��DQG�RWKHU�HQHUJ\�VWRUDJH�GHYLFHV�WR�EH�GHYHORSHG��7KHVH�
VWUXFWXUHV�DOVR�KDYH�JHRORJLFDO�FRXQWHUSDUWV�DPRQJ�ÁXRURSHURYVNLWHV��IRU�H[DPSOH�HOSDVROLWH��L�H��. 1L$O) ���� �

WKRPVHQROLWH��1D&D$O) �+ 2���ZHEHULWH��1D 0J$O) ��DQG�FU\ROLWKLRQLWH��1D /L $O ) ��DPRQJ�PDQ\�RWKHUV��� � � � � � � ��

,Q�FRPPRQ�ZLWK�V\QWKHWLF�R[LGH�SHURYVNLWHV��KDOLGH�SHURYVNLWHV�DUH�W\SLFDOO\�PDQXIDFWXUHG�LQ�JUDP�WR�PLOOLJUDP�
� �TXDQWLWLHV�ZKHUHDV�QDWXUDOO\�RFFXUULQJ�SHURYVNLWHV�RQ�(DUWK
V�VXUIDFH�W\SLFDOO\�IRUP��P �WR�FP �VFDOH�FU\VWDOV�

WKDW�FDQ�EH�REVHUYHG�LQ�DQ�RSWLFDO�PLFURVFRSH�RU�D�PDJQLI\LQJ�JODVV��7KLV�EHOLHV�WKH�IDFW�WKDW�VLOLFDWH�
SHURYVNLWHV�SUHGRPLQDWH�LQ�WKH�(DUWK
V�PDQWOH�ZLWK�%ULGJPDQLWH��RU�VLOLFDWH�SHURYVNLWH��IRUPLQJ�DQ�DVWRQLVKLQJ�
����RI�WKH�(DUWK
V�YROXPH��$W�WKH�RWKHU�HQG�RI�WKH�VFDOH��KRZ�VPDOO�FDQ�ZH�JR�"�0RGHUQ�DSSOLFDWLRQV�RI�
SHURYVNLWHV�RIWHQ�UHTXLUH�WKHP�WR�EH�PDGH�RQ�D�TXDQWXP�VFDOH�ZLWK�FROORLGDO���'��TXDQWXP�GRW��DQG��LQ�WKLQ�
ÀOPV��PROHFXODU�VFDOH�SUHSDUDWLRQV�EHLQJ�GHYHORSHG��ÀQH�WXQLQJ�RSWLFDO�EDQG�JDSV�DQG�RWKHU�SURSHUWLHV��,Q�
:DUZLFN�DQG��LQ�FRPSOHPHQWDU\�UHVHDUFK�LQ�%HUNHOH\�LQ�WKH�86��ZH�KDYH�PDGH�XQLW�FHOO�DQG�VXE�XQLW�FHOO�
KDOLGH�SHURYVNLWHV�E\�JURZLQJ�WKHP�LQVLGH�FDUERQ�QDQRWXEHV��7KLV�KDV�HQDEOHG�WKH�JURZWK�RI�VLQJOH�XQLW��DQG�
VXE�XQLW�FHOO��FHOO�ZLGH�&V3E; ��;� �%U��,��DQG�&V6Q, ��(YHQ�RQ�WKLV�VPDOO�VFDOH��WKHVH�PDWHULDOV�UHSURGXFH�PDQ\�� �

RI�WKH�VDPH�VWUXFWXUDO�FKDUDFWHULVWLFV�WKDW�ZH�FRPPRQO\�DVVRFLDWH�ZLWK�WKH�EXON�PDWHULDOV�EXW�DOVR�ZLWK�VRPH�
H\H�FDWFKLQJ�GLIIHUHQFHV��,Q�P\�SUHVHQWDWLRQ��,�ZLOO�DWWHPSW�WR�SXW�DOO�RI�WKHVH�DVSHFWV�LQWR�FRQWH[W��QHYHU�ORVLQJ�
VLJKW�RI�WKH�IDFW�WKDW��ZLWKRXW�WKH�FRQWULEXWLRQ�RI�WKH�JHRORJLFDO�VFLHQFHV��QRQH�RI�WKLV�ZRXOG�KDYH�EHHQ�
SRVVLEOH�
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7KH�/LYHUSRRO�*HRORJLFDO�6RFLHW\��/*6��KDV�EHHQ�D�FRQVLVWHQW�
VSRQVRU�RI�WKH�+HUGPDQ�6\PSRVLXP�IRU�PDQ\�\HDUV��IRU�ZKLFK�ZH��
DV�D�VRFLHW\��DUH�YHU\�JUDWHIXO�
7KH�/*6�ZDV�IRUPHG�LQ�������2XU�3DVW�3UHVLGHQW�DQG�0HPEHU��
3URIHVVRU�+HUGPDQ�DQG�KLV�ZLIH�HQGRZHG�D�&KDLU�RI�*HRORJ\�LQ�
7KH�8QLYHUVLW\�RI�/LYHUSRRO�LQ������LQ�PHPRU\�RI�WKHLU�VRQ�
/LHXWHQDQW�*HRUJH�+HUGPDQ�ZKR�ZDV�NLOOHG�LQ�WKH�)LUVW�:RUOG�:DU��
:LWK�WKH�RSHQLQJ�RI�D�'HSDUWPHQW�RI�*HRORJ\�LQ�������DJDLQ�GXH�
WR�3URIHVVRU�+HUGPDQ
V�JHQHURVLW\�LQ�PHPRU\�RI�KLV�ZLIH��-DQH��
PDQ\�/*6�PHHWLQJV�ZHUH�KHOG�LQ�WKDW�EXLOGLQJ�DW�WKH�LQYLWDWLRQ�RI�
3URIHVVRU�3*+�%RVZHOO��WKH�ÀUVW�3URIHVVRU�RI�*HRORJ\�DW�7KH�
8QLYHUVLW\�RI�/LYHUSRRO�
$IWHU�PRUH�WKDQ�����\HDUV��PHHWLQJV�FRQWLQXH�WR�EH�KHOG�LQ�7KH�
8QLYHUVLW\�RI�/LYHUSRRO��DOWKRXJK�DUH�QRZ�KHOG�LQ�WKH�&HQWUDO�
7HDFKLQJ�+XE��7KH�6RFLHW\�VWLOO�ÁRXULVKHV�DQG�RIIHUV�D�YDULHG�
SURJUDPPH�RI�LOOXVWUDWHG�WDONV��RFFDVLRQDO�SUDFWLFDO�VHVVLRQV��DQG�
ÀHOG�H[FXUVLRQV��
/HFWXUH�PHHWLQJV�DQG�SUDFWLFDO�VHVVLRQV�DUH�KHOG�RQ�VHOHFWHG�
7XHVGD\�HYHQLQJV�IURP�2FWREHU�WR�$SULO��*XHVW�VSHDNHUV�LQFOXGH�
ORFDO�H[SHUWV�DQG�LQWHUQDWLRQDOO\�UHFRJQLVHG�VFLHQWLVWV��)LHOG�
H[FXUVLRQV��XVXDOO\�RQ�VHOHFWHG�ZHHNHQGV�GXULQJ�0DUFK�WR�
6HSWHPEHU��LQFOXGH�QHDUE\�GD\�WULSV�DV�ZHOO�DV�UHVLGHQWLDO�YLVLWV�WR�
PRUH�GLVWDQW�SDUWV�RI�WKH�8.�RU�RYHUVHDV��9LVLWRUV�DQG�QHZ�PHPEHUV�
DUH�ZHOFRPH�DW�DOO�PHHWLQJV�
)RU�PRUH�LQIRUPDWLRQ�DERXW�WKH�VRFLHW\�DQG�LWV�DFWLYLWLHV�IROORZ�WKH�
OLQN�WR�LWV�ZHEVLWH�
KWWSV���ZZZ�OLYHUSRROJHRORJLFDOVRFLHW\�RUJ�

/LYHUSRRO�*HRORJLFDO�6RFLHW\
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7KH�*(6*%��SUHYLRXVO\�FDOOHG�3(6*%��ZDV�HVWDEOLVKHG�LQ������E\�
D�JURXS�RI�OLNH�PLQGHG�SURIHVVLRQDOV�NHHQ�WR�FUHDWH�D�FRPPXQLW\�RI�
JHRVFLHQWLVWV�IRU�QHWZRUNLQJ�DQG�VKDULQJ�LGHDV��2YHU����\HDUV�RQ��
ZH�KDYH�PDLQWDLQHG�WKRVH�IRXQGLQJ�SULQFLSOHV�

:LWK�D�PHPEHUVKLS�RI�DURXQG������LQGLYLGXDOV��DFWLYH�LQ�VL[�
FRQWLQHQWV��WKH�*(6*%�FRPPXQLW\�LV�VXSSRUWHG�E\�YDULRXV�5HJLRQDO�
%UDQFKHV�DQG�6SHFLDO�,QWHUHVW�*URXSV��:H�KDYH�HVWDEOLVKHG�D�
QXPEHU�RI�ÁDJVKLS�HYHQWV�ZKHUH�SURIHVVLRQDOV�QHWZRUN��VKDUH�
WHFKQLFDO�H[FHOOHQFH��DQG�GLVFXVV�WKH�ODWHVW�GHYHORSPHQWV��7KHVH�
HYHQWV�LQFOXGH�3(7(;��%(26��$VLD�3DFLÀF�DQG�D�YDVW�DUUD\�RI�ÀHOG�
WULSV��FRXUVHV��VHPLQDUV�DQG�FRQIHUHQFHV�

:H�KDYH�GRQDWHG�RYHU���P�RYHU�WKH�\HDUV�VXSSRUWLQJ�YDULRXV�
HGXFDWLRQDO�SURMHFWV�LQFOXGLQJ��VFKRRO�EDVHG�HGXFDWLRQ��XQLYHUVLW\�
VXSSRUW�DQG�SXEOLF�HQJDJHPHQW��ZLWK�WKH�DLP�RI�UDLVLQJ�WKH�SURÀOH�
DQG�LPSDFW�RI�JHRVFLHQFH��:H�DOVR�HVWDEOLVKHG�D�SXEOLF�DQQXDO�
OHFWXUH�SURJUDPPH�GHVLJQHG�WR�SURPRWH�JHRORJ\�DQG�HDUWK�VFLHQFH�
ZKLFK�KDV�IHDWXUHG�VSHDNHUV�LQFOXGLQJ�/RUG�5REHUW�:LQVWRQ��6LU�
7RQ\�5RELQVRQ��+XJK�'HQQLV��'DOODV�&DPSEHOO�DQG�3URIHVVRU�,DLQ�
6WHZDUW��,Q�������3URIHVVRU�.HQQHWK�/DFRYDUD�KHDGOLQHG�RXU�
QDWLRQDO�*(2/LWHUDF\�7RXU�ZKHUH�KH�GHOLYHUHG�KLV�HQJDJLQJ�WDON�
¶:K\�'LQRVDXUV�0DWWHU·��ZKLFK�HQJDJHG�RYHU�������SHRSOH�RXWVLGH�
WKH�VRFLHW\�

$V�ZH�ZRUN�WR�SURPRWH�RXU�LQGXVWU\��*(6*%�KDV�FUHDWHG�
SDUWQHUVKLSV�ZLWK�RWKHU�SURIHVVLRQDO�VRFLHWLHV�DQG�RUJDQLVDWLRQV�WR�
VKDUH�NQRZOHGJH�DQG�VXSSRUW�WKH�DVSLUDWLRQV�RI�RXU�PHPEHUV�
)RU�PRUH�LQIRUPDWLRQ�DERXW�WKH�VRFLHW\�DQG�LWV�DFWLYLWLHV�IROORZ�WKH�
OLQN�WR�LWV�ZHEVLWH�
KWWSV���ZZZ�JHV�JE�RUJ�XN�

*HRVFLHQFH�(QHUJ\�6RFLHW\�RI
*UHDW�%ULWDLQ��*(6*%�


