


$W�RXU�ILUVW�LQ�SHUVRQ�%URZQ�%DJ�LQ�DOPRVW
WZR�\HDUV��8*$�DOXPQD�'U��6DUDK�&DUU�(YDQV

GLVFXVVHG�KHU�FDUHHU�LQ�H[WHUQDO�FRQVXOWLQJ
DQG�KHU�WKRXJKWV�RQ�KDYLQJ�D�PHDQLQJIXO�,�2

FDUHHU�

Ɣ .ULVWHQ�6KRFNOH\�ZHOFRPHG�$GHOLQH��³$GGLH´�
)UDQFHV�:LQWHUV�LQWR�WKH�ZRUOG�RQ�0D\����������
ZHLJKLQJ�LQ�DW���OEV����RXQFHV��6KH�LV�WKH�VZHHWHVW�
KDSSLHVW�EDE\�ZLWK�WKH�PRVW�VTXHH]DEOH�FKLSPXQN
FKHHNV�
Ɣ 1HDO�2XWODQG�ZHOFRPHG�KLV

ILUVWERUQ�GDXJKWHU�$OLDQD�RQ
-XO\����������
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2XU�JUDGXDWH�VWXGHQWV�DQG�IDFXOW\�PHPEHUV�SDUWLFLSDWHG�LQ�D
QXPEHU�RI�VRFLDO�HYHQWV�WKURXJKRXW
WKH�\HDU�

3LFWXUHG�RQ�WKH�ULJKW�LV�WKLV�\HDU¶V�,2
+DOORZHHQ�FHOHEUDWLRQ��FRPSOHWH�ZLWK�VRPH

IXQ�FRVWXPHV�

3LFWXUHG�RQ�WKH�OHIW�LV�RXU�ILUVW�DQQXDO�,2
NLFNEDOO�JDPH�ZLWK�WKH�3V\�.LFNV�IDFLQJ�WKH
+HU�,�2V�

3LFWXUHG�RQ�WKH�ULJKW�LV�RXU�KROLGD\�SDUW\�ZLWK
IDFXOW\�DQG�JUDGXDWH�VWXGHQWV��&RQJUDWXODWLRQV�WR

%HFN\�+DUPDWD�IRU�ZLQQLQJ�WKH�XJO\�VZHDWHU
FRPSHWLWLRQ�
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6KD\OD�%LDQFKL
0\ QDPH LV 6KD\OD� , DP IURP %UDGHQWRQ� )ORULGD� DQG UHFHLYHG P\ %�$�
LQ 3V\FKRORJ\ IURP WKH 8QLYHUVLW\ RI 6RXWK )ORULGD� , DP FXUUHQWO\
ZRUNLQJ ZLWK 'U� /LOOLDQ (E\ LQ WKH (&+2 /DE� 0\ UHVHDUFK LQWHUHVWV
EURDGO\ IDOO ZLWKLQ RFFXSDWLRQDO KHDOWK SV\FKRORJ\ DQG PRUH VSHFLILFDOO\
LQ ZRUN VWUHVV DQG UHFRYHU\� , DP HVSHFLDOO\ LQWHUHVWHG LQ UHVHDUFKLQJ WKH
RUJDQL]DWLRQDO DQG SHUVRQDO FLUFXPVWDQFHV WKDW IDFLOLWDWH RU LQKLELW
HPSOR\HH GHWDFKPHQW IURP ZRUN� ZLWK WKH JRDO RI RSWLPL]LQJ ZRUN�OLIH
EDODQFH DQG LQFUHDVLQJ HPSOR\HH ZHOO�EHLQJ� 2XWVLGH RI UHVHDUFK� , HQMR\
UHDGLQJ��KLNLQJ��DQG�ND\DNLQJ�

%HWK�%XFKDQDQ
+H\� HYHU\RQH� 0\ QDPH LV %HWK %XFKDQDQ� DQG ,
P RULJLQDOO\ IURP
)UHVQR� &DOLIRUQLD� , FRPSOHWHG P\ %�$� LQ 3V\FKRORJ\ DW 5LFH
8QLYHUVLW\ LQ 0D\ ����� ZKHUH , ZRUNHG ZLWK 'U� (GHQ .LQJ DQG
'U� 0LNNL +HEO� ,¶P DGYLVHG E\ 'U� .ULVWHQ 6KRFNOH\ LQ WKH L:LOO
ODE� 0\ UHVHDUFK LQWHUHVWV EURDGO\ LQFOXGH WKH ZRUN�IDPLO\
LQWHUIDFH� ZRUN UHFRYHU\� DQG JHQGHU LVVXHV� ,Q P\ IUHH WLPH� , OLNH
WR SOD\ ZLWK P\ FDW %RED� FRRN QHZ UHFLSHV� DQG H[SORUH QHZ SODFHV
LQ�*HRUJLD�

1LQD�&DUPLFKDHO�7DQDND
+L� 0\ QDPH LV 1LQD� DQG , JUHZ XS LQ 6DLQW 3DXO� 01� ,
JUDGXDWHG IURP 2KLR :HVOH\DQ 8QLYHUVLW\ LQ ���� ZLWK D GRXEOH
PDMRU LQ 3V\FKRORJ\ DQG 1HXURVFLHQFH� +HUH DW 8*$� , ZRUN ZLWK
'U� 1HDO 2XWODQG DQG P\ UHVHDUFK LQWHUHVWV OLH DW WKH LQWHUVHFWLRQ
RI 7HDPV� /HDGHUVKLS� DQG 'LYHUVLW\ DQG ,QFOXVLRQ� :KHQ ,
P QRW
ZRUNLQJ LQ WKH ODE RU UHDGLQJ IRU FODVVHV� , HQMR\ WU\LQJ QHZ
UHVWDXUDQWV LQ $WKHQV� VHHLQJ PRYLHV DW &LQp ZLWK IULHQGV� DQG
WUDLO�UXQQLQJ�LQ�YDULRXV�SDUNV�

7DOLD�&XORWWD
+L HYHU\RQH� P\ QDPH LV 7DOLD DQG , DP IURP WKH &KLFDJR VXEXUEV� )RU
XQGHUJUDG �DQG WR HVFDSH WKH FROG�� , DWWHQGHG 6WHWVRQ 8QLYHUVLW\ LQ
'HODQG� )/� EHIRUH FRPLQJ KHUH WR 8*$� , ZRUN ZLWK %ULDQ +RIIPDQ DQG
DP JHQHUDOO\ LQWHUHVWHG LQ UHVHDUFKLQJ OHDGHUVKLS� ZRUN WHDPV� DQG
FRXQWHUSURGXFWLYH ZRUN EHKDYLRUV� ,Q P\ IUHH WLPH� \RX FDQ XVXDOO\ ILQG
PH UHDGLQJ QRYHOV� KDQJLQJ RXW LQ QDWXUH� RU SOD\LQJ ZLWK P\ FDW )LQOH\�
, DP VXSHU H[FLWHG WR KDYH MRLQHG WKH GDZJ IDPLO\ DQG ORRN IRUZDUG WR
P\�IXWXUH�KHUH�DW�8*$�
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.DWKHULQH�)DFWHDX
0\ QDPH LV .DWKHULQH )DFWHDX DQG , DP D ILUVW�\HDU LQ WKH SURJUDP�
,
P IURP -RKQV &UHHN� *$� DQG , UHFHLYHG P\ %�6� IURP $XEXUQ
8QLYHUVLW\ LQ 0D\ RI ����� , DP ZRUNLQJ ZLWK ERWK 'U� /LOOLDQ (E\
DQG 'U� .ULVWHQ 6KRFNOH\� %URDGO\� P\ UHVHDUFK LQWHUHVWV LQFOXGH
ZRUN�OLIH EDODQFH� HPSOR\HH KHDOWK DQG ZHOO�EHLQJ� DQG OHDGHUVKLS�
2XWVLGH RI VFKRRO� , ORYH WUDYHOLQJ WR $XEXUQ IRRWEDOO JDPHV DQG
VSHQGLQJ�WLPH�RXWVLGH�

%UDQGRQ�.DQJ
+L HYHU\RQH� 0\ QDPH LV %UDQGRQ .DQJ� DQG ,¶P IURP /LOEXUQ�
*HRUJLD� , JUDGXDWHG WKLV SDVW 0D\ ZLWK P\ EDFKHORU¶V GHJUHH IURP
8*$� , DP FXUUHQWO\ ZRUNLQJ ZLWK 'U� 1HDO 2XWODQG DQG 'U� %ULDQ
+RIIPDQ� 0\ UHVHDUFK LQWHUHVWV LQFOXGH DUWLILFLDO LQWHOOLJHQFH
V\VWHPV DW ZRUN� VHOHFWLRQ DQG DVVHVVPHQW� DQG '(,� &XUUHQWO\� ,
DP H[DPLQLQJ WKH GHWHUPLQDQWV RI WUXVW LQ $, DQG WKH QDWXUH RI
FRJQLWLYH WHVWLQJ LQ XQGHUJUDGXDWH FRXUVHV� 2XWVLGH RI VFKRRO� ,
HQMR\�KLNLQJ��SOD\LQJ�WHQQLV�EDGPLQWRQ��DQG�WUDYHOLQJ�

6N\ODU�2QH\
+HOOR� 0\ QDPH LV 6N\ODU� , ZDV ERUQ LQ &KDPSDLJQ� ,OOLQRLV� DQG
JUHZ XS LQ &OHUPRQW� )ORULGD IRU PRVW RI P\ OLIH� , UHFHLYHG P\
%DFKHORU RI 6FLHQFH LQ 3V\FKRORJ\ LQ 0D\ ���� IURP WKH 8QLYHUVLW\
RI &HQWUDO )ORULGD LQ 2UODQGR� )ORULGD� , DP YHU\ H[FLWHG WR EH KHUH
DW 8*$� ZKHUH , DP ZRUNLQJ XQGHU WKH GLUHFWLRQ RI 'U� 0DOLVVD
&ODUN LQ WKH :$)(5 /DE� 6RPH RI P\ SULPDU\ UHVHDUFK LQWHUHVWV
LQFOXGH RUJDQL]DWLRQDO FLWL]HQVKLS EHKDYLRUV� FLWL]HQVKLS SUHVVXUH�
DQG ZHOO�EHLQJ� ,Q P\ VSDUH WLPH� , HQMR\ UHDGLQJ� VSHQGLQJ WLPH
ZLWK�IULHQGV��DQG�H[SORULQJ�$WKHQV�
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3URIHVVLRQDO�$FFRPSOLVKPHQWV�DQG�$ZDUGV

+RQRUDEOH�0HQWLRQ��:LOOLDP�$��2ZHQV�$ZDUG�IRU�$FDGHPLF�$FKLHYHPHQW� 6RFLHW\�IRU
,QGXVWULDO�DQG�2UJDQL]DWLRQDO�3V\FKRORJ\ �&DUWHU� /RZHU\��:LOOLDPVRQ��+DUULV��/LVW\J�
&RQOH\��0DXSLQ� .LQJ��	 &DUWHU� �����

'HVLJQDWHG�)HOORZ�6WDWXV� $VVRFLDWLRQ�IRU�3V\FKRORJLFDO 6FLHQFH �/LOOLDQ�(E\�

'HVLJQDWHG�)HOORZ�6WDWXV� $FDGHP\�RI�0DQDJHPHQW �/LOOLDQ (E\�

�����$OYDK�+��&KDSPDQ�2XWVWDQGLQJ�'LVVHUWDWLRQ�$ZDUG� $FDGHP\�RI�0DQDJHPHQW¶V
1HWZRUN�RI�/HDGHUVKLS�6FKRODUV��),8�&HQWHU�IRU�/HDGHUVKLS �&LQG\�0DXSLQ�

�����=LVNLQ�)XWXUH�RI�:RUN�5HVHDUFK�$ZDUG �&LQG\�0DXSLQ�

'HVLJQDWHG�)HOORZ�6WDWXV� 6RFLHW\�IRU�,QGXVWULDO�DQG 2UJDQL]DWLRQDO�3V\FKRORJ\ �.ULVWHQ
6KRFNOH\��

�����6FKPLGW�+XQWHU�0HWD�$QDO\VLV�$ZDUG� 6RFLHW\�IRU ,QGXVWULDO�DQG�2UJDQL]DWLRQDO
3V\FKRORJ\ �)UHQFK��'XPDQL��$OOHQ��	 6KRFNOH\�������

7KH�,�2�3V\FKRORJ\�([FHOOHQFH�LQ�7HDFKLQJ�$ZDUG�IRU���������� �.ULVWHQ�6KRFNOH\�

�
8*$�,236$�1(:6/(77(5��)$//�����



-REV�	�,QWHUQVKLSV

0DOLVVD�&ODUN ZDV�DSSRLQWHG�DV�$VVRFLDWH�(GLWRU�IRU WKH -RXUQDO�RI�%XVLQHVV�DQG�3V\FKRORJ\
DQG�DV�WKH�*UDGXDWH�&RRUGLQDWRU�RI�8*$¶V�3V\FKRORJ\�'HSDUWPHQW�

-RUJH�/XPEUHUDV DFFHSWHG�D�SRVLWLRQ�DV�$VVLVWDQW�3URIHVVRU RI�3V\FKRORJ\�DW�6HDWWOH�3DFLILF
8QLYHUVLW\�

&LQG\�0DXSLQ ZDV�DSSRLQWHG�DV�D�FROXPQLVW�IRU 7KH ,QGXVWULDO�2UJDQL]DWLRQDO�3V\FKRORJLVW
WR�PDQDJH�³7KH�$FDGHPLFV¶�)RUXP�´

)RUPHU�YLVLWLQJ�VFKRODU*RXUL�0RKDQ DFFHSWHG�D�SRVLWLRQ DV�$VVLVWDQW�3URIHVVRU�RI
0DQDJHPHQW�DW�,e6(*�(FROH�GH�&RPPHUFH�j�3DULV�HW�/LOOH��3DULV��)UDQFH�

1HDO�2XWODQG ZDV�DSSRLQWHG�DV�*UDGXDWH�&RRUGLQDWRU RI�WKH�8*$�$UWLILFLDO�,QWHOOLJHQFH
,QVWLWXWH�

+D\OH\�7UDLQHU DFFHSWHG�D�SRVLWLRQ�DV�6HQLRU�5HVHDUFK 6FLHQWLVW�DW�%RHLQJ�

3URJUDP�0LOHVWRQHV

'HIHQGHG�7KHVLV� $UWXULD�0HOVRQ�6LOLPRQ� -DNH�3HQGHUJUDIW� DQG .DWHO\Q�6DQGHUV

'HIHQGHG�'LVVHUWDWLRQ� <RXQJ�-DH�.LP

*UDQWV

�5LVH$QG*ULQG��,PSDFW�RI�2YHUZRUN�&OLPDWH�DQG�6WUHVVRU�$SSUDLVDO�&RQILJXUDWLRQV�RQ
&KDQJHV�LQ�:RUNDKROLVP�DQG�+HDOWK �����±�������6XQVKLQH (5&�3LORW�3URMHFW�*UDQW�1LFN
+D\QHV��3,� DQG0DOLVVD�&ODUN��)DFXOW\�$GYLVRU�

&HQWHU�IRU�5HVHDUFK�DQG�(QJDJHPHQW�LQ�'LYHUVLW\��5('��6HHG�*UDQW �$UWXULD
0HOVRQ�6LOLPRQ��

�
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3XEOLFDWLRQV
5ROOLQV��/���/OHZHOO\Q��1���1JDL]D��0���1HKO��(�� &DUWHU��'�5�� 	�6DQGV��-�0����������8VLQJ�WKH

SD\EDFN�IUDPHZRUN�WR�HYDOXDWH�WKH�RXWFRPHV�RI�SLORW�SURMHFWV�VXSSRUWHG�E\�WKH�*HRUJLD
&OLQLFDO�DQG�7UDQVODWLRQDO�6FLHQFH�$OOLDQFH� -RXUQDO RI�&OLQLFDO�DQG�7UDQVODWLRQDO
6FLHQFH��������(���

+\DWW��&�6���&URZH��0�/���:HVW��6�-���9L]H��&�(�� &DUWHU��1�7���&KHVWHU��'�6���	�0LOOHU��-�'�
�LQ�SUHVV���$Q�HPSLULFDOO\�EDVHG�SRZHU�SULPHU�IRU�ODERUDWRU\�EDVHG�DJJUHVVLRQ�UHVHDUFK�
$JJUHVVLYH�%HKDYLRU�

6KDUSH��%�0���/DYQHU��-�$�� &DUWHU��1�7���/\QDP��'�5�� 	�0LOOHU��-�'����������7HFKQLFDO
FRPPHQW�RQ�-RQDVRQ�	�/XRWR�������� 3HUVRQDOLW\�DQG ,QGLYLGXDO�'LIIHUHQFHV� ����
�������

6OHHS��&�(���&URZH��0��/�� &DUWHU��1��7���/\QDP��'� 5���	�0LOOHU��-��'����������8QFRYHULQJ
WKH�VWUXFWXUH�RI�DQWDJRQLVP� 3HUVRQDOLW\�'LVRUGHU� 7KHRU\��5HVHDUFK��DQG�7UHDWPHQW�
������������

:HLVV��%���-DKQ��$��+\DWW��&�6���2ZHQV��0�0��� &DUWHU� 1�7���6ZHHW��/�+���0LOOHU��-�'��	
+DDV��%�:����������,QYHVWLJDWLQJ�WKH�QHXUDO�VXEVWUDWHV�RI�H[WHUQDOL]LQJ�V\PSWRPV�DQG
VRFLDO�FRJQLWLYH�WKHRU\�RI�PLQG��$Q�I05,�H[DPLQDWLRQ�RI�IXQFWLRQDO�DFWLYLW\�DQG
V\QFKURQ\� 3HUVRQDOLW\�1HXURVFLHQFH� ��������

:HLVV��%���0LOOHU��-�'�� &DUWHU��1�7���	�&DPSEHOO� :�.����������([DPLQLQJ�FKDQJHV�LQ
SHUVRQDOLW\�IROORZLQJ�VKDPDQLF�FHUHPRQLDO�XVH�RI�D\DKXDVFD� 6FLHQWLILF�5HSRUWV� ���
�����

%DOGXFFL��&���6SDJQROL��3���7RGHUL��6���	 &ODUN��0� $� �LQ�SUHVV���$�ZLWKLQ�LQGLYLGXDO
LQYHVWLJDWLRQ�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�GD\�OHYHO�ZRUNDKROLVP�DQG�V\VWROLF�EORRG
SUHVVXUH�:RUN�DQG�6WUHVV�KWWSV��������������������������������

&ODUN��0��$���+XQWHU��(��0���	�&DUOVRQ��'��6���LQ SUHVV���+LGGHQ�FRVWV�RI�DQWLFLSDWHG�ZRUNORDG
IRU�LQGLYLGXDOV�DQG�SDUWQHUV��([SORULQJ�WKH�UROH�RI�GDLO\�IOXFWXDWLRQV�LQ�ZRUNDKROLVP�
-RXUQDO�RI�2FFXSDWLRQDO�+HDOWK�3V\FKRORJ\�

&KHVWHU��'��6�� &ODUN��0��$���	�'H:DOO��&��1��������� 7KH�IOX[��SXOVH��DQG�VSLQ�RI
DJJUHVVLRQ�UHODWHG�DIIHFW� (PRWLRQ�����������������
KWWSV���GRL�RUJ���������HPR��������
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3XEOLFDWLRQV�&RQWLQXHG
5XGROSK��&�:���$OODQ��%�� &ODUN��0���+HUWHO��*���+LUVFKL� $���.XQ]H��)�� 6KRFNOH\��.���6KRVV�

0���6RQQHQWDJ��6���	�=DFKHU��+����������3DQGHPLFV��,PSOLFDWLRQV�IRU�UHVHDUFK�DQG
SUDFWLFH�LQ�,QGXVWULDO�DQG�2UJDQL]DWLRQDO�3V\FKRORJ\� ,QGXVWULDO�DQG�2UJDQL]DWLRQDO
3V\FKRORJ\�3HUVSHFWLYHV�RQ�6FLHQFH�DQG�3UDFWLFH���������� �����

'RGG��+���/HIHYUH�/HY\��5���	�6KRFNOH\��.��0� �LQ SUHVV���*HQGHU��VWUHVV��DQG�ZHOO�EHLQJ�
,Q�/��0��/DSLHUUH�	�&��&RRSHU��(GV��� 2UJDQLVDWLRQDO VWUHVV�DQG�ZHOO�EHLQJ��&DPEULGJH
8QLYHUVLW\�3UHVV�

+DUULV��$�0��0F0LOODQ��-�� 	 &DUWHU��1�7� ������� 7HVW�WDNHU�UHDFWLRQV�WR�LGHDO�SRLQW
PHDVXUHV�RI�SHUVRQDOLW\� -RXUQDO�RI�%XVLQHVV�DQG�3V\FKRORJ\� ������������

+DUULV�:DWVRQ��$�0���.XQJ��0��&���7RFFL��0�&���%R\FH� $�6���:HHNOH\��-�$���*XHQROH��1��
	 &DUWHU��1�7� �LQ�SUHVV���7KH�LQWHUDFWLRQ�EHWZHHQ FRQVFLHQWLRXVQHVV�DQG�JHQHUDO
PHQWDO�DELOLW\��6XSSRUW�IRU�D�FRPSHQVDWRU\�PHFKDQLVP�LQ�H[SODLQLQJ�WDVN�SHUIRUPDQFH�
-RXUQDO�RI�%XVLQHVV�DQG�3V\FKRORJ\�

&URZH��0��/���:HLVV��%��0���6OHHS��&��(��+DUULV� $��0�� &DUWHU��1��7���/\QDP��'��5���	�0LOOHU�
-��'����������)HDUOHVV�'RPLQDQFH�%ROGQHVV�LV�QRW�VWURQJO\�UHODWHG�WR�H[WHUQDOL]LQJ
EHKDYLRUV��$Q�LWHP�UHVSRQVH�EDVHG�DQDO\VLV� $VVHVVPHQW� ������������

+D\QHV��1��-���9DQGHQEHUJ��5��-���:LOVRQ��0��*���'H-R\� '��0���3DGLOOD��+��0���	�6PLWK��0��/�
�LQ�SUHVV���(YDOXDWLQJ�WKH�LPSDFW�RI�7KH�/LYH�+HDOWK\��:RUN�+HDOWK\�3URJUDP�RQ
RUJDQL]DWLRQDO�RXWFRPHV��$�UDQGRPL]HG�ILHOG�H[SHULPHQW� -RXUQDO�RI�$SSOLHG
3V\FKRORJ\�

-RQHV��-��0�� &DUWHU��'��5�� 	�&RQWUDFWRU��1���IRUWKFRPLQJ�� $�QHWZRUN�DSSURDFK�WR
VWXG\LQJ�JURXS�FRPPXQLFDWLRQ��,Q�6��-���%HFN��-��.H\WRQ��	�0��6��3RROH��(GV��� 7KH
KDQGERRN�RI�JURXS�DQG�WHDP�FRPPXQLFDWLRQ�UHVHDUFK�

/H)HYUH�/HY\��5���+DUPDWD��5���0HOVRQ�6LOLPRQ��$���+XOOHWW��$���	�&DUWHU��1�7� �LQ
SUHVV���1HXURGLYHUVLW\�LQ�WKH�ZRUNSODFH��&RQVLGHULQJ�QHXURDW\SLFDOLW\�DV�D�IRUP�RI
GLYHUVLW\�>)RFDO�DUWLFOH@� ,QGXVWULDO�DQG�2UJDQL]DWLRQDO 3V\FKRORJ\��3HUVSHFWLYHV�RQ
6FLHQFH�DQG�3UDFWLFH�

+\DWW��&�6���6KDUSH��%�0���2ZHQV��0�0�� /LVW\J��%�� &DUWHU��1�7���/\QDP��'�5���	�0LOOHU�
-�'���LQ�SUHVV���6HDUFKLQJ�KLJK�DQG�ORZ�IRU�PHDQLQJIXO�DQG�UHSOLFDEOH�PRUSKRPHWULF
FRUUHODWHV�RI�SHUVRQDOLW\� -RXUQDO�RI�3HUVRQDOLW\ DQG�6RFLDO�3V\FKRORJ\�

/RZHU\��0�5�� &ODUN��0�$�� 	 &DUWHU��1�7� ������� 7KH�EDODQFLQJ�DFW�RI�SHUIRUPDQFH�
3HUVRQ�FHQWULF�QHWZRUNV�DQG�WKH�FDXVDO�LQWHUSOD\�RI�RUJDQL]DWLRQDO�FLWL]HQVKLS�DQG
FRXQWHUSURGXFWLYH�ZRUN�EHKDYLRUV� -RXUQDO�RI�9RFDWLRQDO %HKDYLRU� ������������

�
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3XEOLFDWLRQV�&RQWLQXHG
1HZWRQ��'���&KDPEHUOLQ��0��0DXSLQ��&�.���1DKUJDQJ� -���	 &DUWHU��'�5� ��������9RLFH�DV�D

VLJQDO�RI�KXPDQ�DQG�VRFLDO�FDSLWDO�LQ�WHDP�DVVHPEO\�GHFLVLRQV� -RXUQDO�RI�0DQDJHPHQW�
KWWSV���GRL�RUJ��������������������������

0HOVRQ�6LOLPRQ��$��+DUPDWD��5�� /HIHYUH�/HY\��5�� %HKUHQG��7���	 &DUWHU��1�7�
�IRUWKFRPLQJ���'LYHUVLW\�LQ�WKH�GLJLWDO�DJH��&\EHUYHWWLQJ��GR[[LQJ��DQG�HPSOR\PHQW
GLVFULPLQDWLRQ��,Q�(�%��.LQJ��4��5REHUVRQ��	�0�5��+HEO��(GV�� 5HVHDUFK�RQ�6RFLDO
,VVXHV�LQ�0DQDJHPHQW��7KH�)XWXUH�RI�'LYHUVLW\�	�,QFOXVLRQ �YRO������,QIRUPDWLRQ�$JH
3XEOLVKLQJ�

0HOVRQ�6LOLPRQ��$�7���6DOWHU��1�3���	 &DUWHU��1�7� �IRUWKFRPLQJ���/*%74�ULJKWV�LQ
WKH�ZRUNSODFH�DQG�LQGXVWULDO�RUJDQL]DWLRQDO�SV\FKRORJ\��,Q�/��.RSSHV�%U\DQ��(G���
+LVWRULFDO�SHUVSHFWLYHV�LQ�LQGXVWULDO�DQG�RUJDQL]DWLRQDO�SV\FKRORJ\����QG (GLWLRQ��
0DKZDK��1-��/DZUHQFH�(DUOEDXP�

5REHUWVRQ��0��0��	�(E\��/��7� ��������7R�JUDQGPRWKHU¶V KRXVH�\RX�JR��$�FURVV�ODJJHG�WHVW
RI�WKH�DVVRFLDWLRQ�EHWZHHQ�JUDQGFKLOG�FDUH�DQG�ZRUN�IDPLO\�FRQIOLFW� -RXUQDO�RI
9RFDWLRQDO�%HKDYLRU� $GYDQFH�RQOLQH KWWSV���GRL�RUJ���������M�MYE�������������

6KRFNOH\��.��0�� &ODUN��0��$��'RGG��+���	�.LQJ��(� %����������:RUN�IDPLO\�VWUDWHJLHV
GXULQJ�&29,'�����([DPLQLQJ�JHQGHU�G\QDPLFV�DPRQJ�GXDO�HDUQHU�FRXSOHV�ZLWK�\RXQJ
FKLOGUHQ� -RXUQDO�RI�$SSOLHG�3V\FKRORJ\����������������
KWWS���G[�GRL�RUJ���������DSO�������

6KRFNOH\��.�0���*DEULHO��$�6���5REHUWVRQ��'���&KDZOD� 1���5RVHQ��&�&���*DQVWHU��0�/���	
(UH]LQV��0�(����������7KH�IDWLJXLQJ�HIIHFWV�RI�FDPHUD�XVH�LQ�YLUWXDO�PHHWLQJV��$
ZLWKLQ�SHUVRQ�ILHOG�H[SHULPHQW� -RXUQDO�RI�$SSOLHG 3V\FKRORJ\����������
����������GRL�RUJ���������DSO��������

6KRFNOH\��.�0���$OOHQ��7�'��'RGG��+���:DLZRRG��$� �LQ�SUHVV���5HPRWH�ZRUNHU
FRPPXQLFDWLRQ�GXULQJ�&29,'�����7KH�UROH�RI�TXDQWLW\��TXDOLW\��DQG�VXSHUYLVRU
H[SHFWDWLRQ�VHWWLQJ� -RXUQDO�RI�$SSOLHG�3V\FKRORJ\�

+LUVFKL��$���=DFKHU��+�� 6KRFNOH\��.�0� �LQ�SUHVV� SXEOLVKHG�RQOLQH�ILUVW���:KROH�OLIH�FDUHHU
VHOI�PDQDJHPHQW��$�FRQFHSWXDO�IUDPHZRUN� &DUHHU�'HYHORSPHQW ,QWHUQDWLRQDO�
KWWSV���GRL�RUJ�������������������������

6KHQ��:���	 6KRFNOH\��.�0���LQ�SUHVV���&XOWXUH�DQG :RUN�)DPLO\�'\QDPLFV��,Q�0��*HOIDQG
DQG�0��(UH]��(GV�� 2[IRUG�+DQGERRN�RQ�&XOWXUH�DQG 2UJDQL]DWLRQV��2[IRUG�8QLYHUVLW\
3UHVV�
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3XEOLFDWLRQV�&RQWLQXHG
6KHQ��:���	 6KRFNOH\��.�0� �LQ�SUHVV���:RUN�IDPLO\ UHVHDUFK��4XHVWLRQLQJ�DVVXPSWLRQV�DQG

ORRNLQJ�IRUZDUG�IRU�WUXH�LPSDFW��,Q�(��.��.HOORZD\�DQG�&��&RRSHU��(GV�� 5HVHDUFK
$JHQGD�IRU�:RUNSODFH�6WUHVV�DQG�:HOOEHLQJ��(OJDU�

:D\��-���&RQZD\��-�� 6KRFNOH\��.�0���/LQHEHUU\��0� �LQ�SUHVV��SXEOLVKHG�RQOLQH�ILUVW��
3UHGLFWLQJ�WHDPZRUN�DWWLWXGHV�XVLQJ�2SWLPDO�'LVWLQFWLYHQHVV�7KHRU\� 6PDOO�*URXSV�
KWWSV���GRL�RUJ���������������������������

&XOOHQ�/HVWHU��.�/���3RUWHU��&�0�� 7UDLQHU��+�0�� 6RODQHOOHV��3���	 &DUWHU��'�5� �������
1HWZRUN�VWUXFWXUHV�RI�LQIOXHQFH�ZLWKLQ�RUJDQL]DWLRQV�DQG�LPSOLFDWLRQV�IRU�+50�
5HVHDUFK�LQ�3HUVRQQHO�DQG�+XPDQ�5HVRXUFHV�0DQDJHPHQW����� �������� >,QYLWHG
0RQRJUDSK@
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3UHVHQWDWLRQV
&DUWHU��'�5� �-DQXDU\��������6XSSRUWLQJ�WKH�PXOWLWHDP V\VWHPV�WDNLQJ�XV�WR�WKH�PRRQ�DQG

EH\RQG��$PHULFDQ�$VVRFLDWLRQ�IRU�WKH�$GYDQFHPHQW�RI�6FLHQFH��$$$6��$QQXDO�0HHWLQJ�

&DUWHU��'��5�� 6KXIIOHU��0���'H&KXUFK��/���6FKHFWHU� $���&RQWUDFWRU��1���/XQJHQHDX��$��
/DQGRQ��/���%XUNH��6���=DFFDUR��6�� 3HQGHUJUDIW��-�� 7UDLQHU��+���-RQHV��-���*HUNLQ�
(���3HDUPDQ��-�� $OYDUDGR��/���:ROI��$���1HOVRQ��$�� %HUJHURZVNL��6���	�+HGULFN��.�
�-DQXDU\��������3URMHFW�)86,21��6XSSRUWLQJ�VSDFHIOLJKW�PXOWLWHDP�V\VWHP
FRRUGLQDWLRQ�DQG�SHUIRUPDQFH��1$6$�+53�,QYHVWLJDWRUV¶�:RUNVKRS��*DOYHVWRQ��7;�

7KD\HU��$�� &DUWHU��'�5���6KXIIOHU��0��/XFLDQR��0�� %URZQ��7���7DQQHQEDXP��6���6DODV��(���	
5XDUN��*���$SULO��������7RZDUG�DQ�LQQRYDWLYH�H[SHULPHQWDO�SDUDGLJP�IRU�VWXG\LQJ�WHDP
VWDIILQJ�DQG�FRPSRVLWLRQ��,Q�$OWHUQDWLYH�6HVVLRQ�5HVHDUFK�,QFXEDWRU��0HWKRGRORJLFDO
FKDOOHQJHV�LQ�WHDP�FRPSRVLWLRQ�UHVHDUFK��7KH�6RFLHW\�IRU�,QGXVWULDO�2UJDQL]DWLRQDO
3V\FKRORJ\��6,23��$QQXDO�&RQIHUHQFH�

:ROI��$���6KXIIOHU��0�� &DUWHU��'���1HOVRQ��$��*HUNLQ� (���0HOVRQ�6LOPRQ��$��
%HUJHURZVNL��6���+HGULFN��.���%U\DQW��.���;R[DNRV��3���	�:LSHU��'���-DQXDU\�������
3URMHFW�)86,21��)LHOG�VWXGLHV�DGYDQFLQJ�GHEULHILQJ�UHFRPPHQGDWLRQV�IRU�VSDFHIOLJKW
PXOWLWHDP�V\VWHPV��1$6$�+53�,QYHVWLJDWRUV¶�:RUNVKRS��*DOYHVWRQ��7;�

&ODUN��0��$� ��������³,W¶V�\RXU�WXUQ´��$Q�H[DPLQDWLRQ RI�ZRUN�IDPLO\�FKLOGFDUH�VWUDWHJLHV�RI
GXDO�HDUQHU�FRXSOHV�GXULQJ�&29,'�����3DSHU�SUHVHQWHG�DW�WKH�(XURSHDQ�$VVRFLDWLRQ�RI
:RUN�DQG�2UJDQL]DWLRQDO�3V\FKRORJ\��YLUWXDO��

(E\��/��7� �1RYHPEHU�������� )XQGLQJ�RXU�VFLHQFH�DW WKH�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�
7RSLFV��SURFHVVHV�DQG�UHVHDUFK�PHWKRGV� &HQWHU�IRU WKH�$GYDQFHPHQW�RI�5HVHDUFK
0HWKRGV��&$50$��/HFWXUH�6HULHV��YLUWXDO��

(E\��/��7� �1RYHPEHU�������� $OO\VKLS�LQ�VFLHQFH� 5HIOHFWLRQV�IURP�WKH�HGLWRUV�RQ�SDWKZD\V�WR
LQFOXVLRQ� $QQXDO�PHHWLQJ�RI�WKH�6RXWKHUQ�0DQDJHPHQW $VVRFLDWLRQ��1HZ�2UOHDQV��/$�

(E\��/��7� �1RYHPEHU�������� -RXUQDO�RI�$SSOLHG�3V\FKRORJ\� *RDOV��QHZ�LQLWLDWLYHV�	�RWKHU
IXQ�VWXII��,QYLWHG�SUHVHQWDWLRQ��7HPSOH�8QLYHUVLW\�

(E\��/��7� �6HSWHPEHU��������0HHW�LQWHUQDWLRQDO�MRXUQDO HGLWRUV��UHDG�E\�WKH�ZRUOG��&KLQD
1DWLRQDO�.QRZOHGJH�,QIUDVWUXFWXUH�*OREDO�/HFWXUH�6HULHV�

(E\��/��7� �6HSWHPEHU�������� 2SHQ�VFLHQFH�DW�WKH -RXUQDO�RI�$SSOLHG�3V\FKRORJ\�
0HWDVFLHQFH������&RQIHUHQFH��YLUWXDO��
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3UHVHQWDWLRQV�&RQWLQXHG
(E\��/��7� �3DQHOLVW���6HSWHPEHU������� 3URPRWLQJ RSHQ�VFLHQFH�DQG�WUDQVSDUHQF\�DFURVV

VXE�GLVFLSOLQHV�LQ�3V\FKRORJ\��0HWDVFLHQFH������&RQIHUHQFH �YLUWXDO��

(E\��/��7� �$XJXVW��������0HHW�WKH�HGLWRUV�URXQGWDEOH� +XPDQ�5HVRXUFHV�'LYLVLRQ�'RFWRUDO
&RQVRUWLD��$QQXDO�PHHWLQJ�RI�WKH�$FDGHP\�RI�0DQDJHPHQW��YLUWXDO��

(E\��/��7� �3DQHOLVW���$XJXVW�������� %HVW�SUDFWLFHV DQG�UHFRPPHQGDWLRQV�IRU�FRQGXFWLQJ
KLJK�TXDOLW\�ILHOG�UHVHDUFK��3URIHVVLRQDO�'HYHORSPHQW :RUNVKRS��$FDGHP\�RI
0DQDJHPHQW��YLUWXDO��

(E\��/��7� �3DQHOLVW���-XQH�������� 2SHQ�VFLHQFH�VXPPHU ZRUNVKRS��� &HQWHU�IRU�WKH
$GYDQFHPHQW�RI�5HVHDUFK�0HWKRGV�DQG�6,23��YLUWXDO��

(E\��/��7� �3DQHOLVW���-XQH�������� ([SORULQJ�WKH IXWXUH�RI�UHVHDUFK�DQG�SXEOLVKLQJ�
3URIHVVLRQDO�GHYHORSPHQW�ZRUNVKRS�DW�WKH�$GPLQLVWUDWLYH�6FLHQFHV�$VVRFLDWLRQ�RI
&DQDGD��YLUWXDO��

(E\��/��7� �3DQHOLVW���$SULO�������� 9LVLEO\�DQG�PHDQLQJIXOO\ PRYLQJ�,�2�IRUZDUG�
$GGUHVVLQJ�VRFLHWDO�LVVXHV� 3DQHO�GLVFXVVLRQ�SUHVHQWHG DW�WKH�DQQXDO�PHHWLQJ�RI�WKH
6RFLHW\�IRU�,QGXVWULDO�DQG�2UJDQL]DWLRQDO�3V\FKRORJ\��YLUWXDO��

(E\��/��7� �$SULO�������� (GLWRU¶V�SDQHO��6,23�GRFWRUDO DQG�HDUO\�FDUHHU�IDFXOW\�FRQVRUWLD�
$QQXDO�PHHWLQJ�RI�WKH�6RFLHW\�IRU�,QGXVWULDO�DQG�2UJDQL]DWLRQDO�3V\FKRORJ\��YLUWXDO��

(E\��/��7� �)HEUXDU\�������� -RXUQDO�RI�$SSOLHG�3V\FKRORJ\� :KHUH�ZH¶YH�EHHQ�DQG�ZKHUH
ZH¶UH�KHDGLQJ��,QYLWHG�WDON�IRU�WKH�'HSDUWPHQW�RI 0DQDJHPHQW��8QLYHUVLW\�RI�6FLHQFH
DQG�7HFKQRORJ\�RI�&KLQD��+HIHL��&KLQD�

(E\��/��7� �&KDLU���$XJXVW�������� 7KH�IHPDOH�OHDGHUVKLS DGYDQWDJH�LQ�FULVLV� 3DQHO
GLVFXVVLRQ�SUHVHQWHG�DW�$FDGHP\�RI�0DQDJHPHQW��YLUWXDO��

(E\��/��7��	�)DFWHDX��'��%� �&R�&KDLUV���$SULO�������� $GYDQFLQJ�RXU�XQGHUVWDQGLQJ�RI
PHQWDO�LOOQHVV�DW�ZRUN� 6\PSRVLXP�SUHVHQWHG�DW�WKH DQQXDO�PHHWLQJ�RI�WKH�6RFLHW\�IRU
,QGXVWULDO�DQG�2UJDQL]DWLRQDO�3V\FKRORJ\��YLUWXDO��

(E\��/��7� 	�7UDLQHU��+� �&R�&KDLUV���$SULO�������� 7RRONLWV�IRU�SK\VLRORJLFDO�PHDVXUHPHQW�
EHKDYLRUDO�FRGLQJ�DQG�FRPSXWDWLRQDO�PRGHOLQJ� $OWHUQDWLYH VHVVLRQ�SUHVHQWHG�DW�WKH
DQQXDO�PHHWLQJ�RI�WKH�6RFLHW\�IRU�,QGXVWULDO�DQG�2UJDQL]DWLRQDO�3V\FKRORJ\��YLUWXDO��
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3UHVHQWDWLRQV�&RQWLQXHG
)DFWHDX��'��%���$QNHU��-��*���(E\��/��7�� 5REHUWVRQ� 0��0���	�3DWHO��.���$SULO��������

3RVLWLYH�DFWLYLW\�LQWHUYHQWLRQV�DQG�WKH�UHGXFWLRQ�RI�GHSUHVVLYH�V\PSWRPV� 3DSHU
SUHVHQWHG�DW�WKH�DQQXDO�PHHWLQJ�RI�WKH�6RFLHW\�IRU�,QGXVWULDO�DQG�2UJDQL]DWLRQDO
3V\FKRORJ\��YLUWXDO��

/H)HYUH��5���6KRFNOH\��.��0���(E\��/��7���	�/DXWHQVFKODJHU��*��/� �$SULO��������
%RXQGDU\�PDQDJHPHQW�EHKDYLRUV�DQG�FDUHHU�VXFFHVV�3RVWHU SUHVHQWHG�DW�WKH�DQQXDO
PHHWLQJ�RI�WKH�6RFLHW\�IRU�,QGXVWULDO�DQG�2UJDQL]DWLRQDO�3V\FKRORJ\��YLUWXDO��

3HQGHUJUDIW��-���&DUWHU��'���6KXIIOHU��0�� *HUNLQ� (���7UDLQHU��+���-RQHV��-���3HDUPDQ�
-���$OYDUDGR���/���:ROI��$���1HOVRQ��$���%HUJHURZVNL� 6���	�+HGULFN��.���-DQXDU\�������
3URMHFW�)86,21��+LVWRULRPHWULF�VWXG\�LQYHVWLJDWLQJ�DGDSWDWLRQ�LQ�VSDFHIOLJKW�PXOWLWHDP
V\VWHPV��1$6$�+53�,QYHVWLJDWRUV¶�:RUNVKRS��*DOYHVWRQ��7;�

7UDLQHU��+�� (E\��/��7�� 5REHUWVRQ��0��0�� 	 )DFWHDX� '��%� �$SULO��������
8QGHUVWDQGLQJ�UHODWLRQDO�EHKDYLRU�XVLQJ�PLFUR�EHKDYLRUDO�FRGLQJ��3DSHU�SUHVHQWHG�DW
WKH�DQQXDO�PHHWLQJ�RI�WKH�6RFLHW\�IRU�,QGXVWULDO�DQG�2UJDQL]DWLRQDO�3V\FKRORJ\��YLUWXDO��
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3XEOLVKHG�%\

,236$
7KH�,QGXVWULDO�2UJDQL]DWLRQDO�3V\FKRORJ\�6WXGHQW�$VVRFLDWLRQ

8QLYHUVLW\�RI�*HRUJLD
����%DOGZLQ�6WUHHW

$WKHQV��*$�����������
��������������

)ROORZ�XV�RQ�,QVWDJUDP��#XJDBLRSV\FK

����������,236$�3UHVLGHQW
-RVLH�$QNHU

DQNHUM#XJD�HGX

����������,236$�6RFLDO�0HGLD�1HZVOHWWHU�&KDLUV
%HWK�%XFKDQDQ

EHWK�EXFKDQDQ�#XJD�HGX
6N\ODU�2QH\

VN\ODU�RQH\#XJD�HGX

3URJUDP�&KDLU
'U��.ULVWHQ�6KRFNOH\
NVKRFN#XJD�HGX
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